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0-912.10nil : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 12-1212.11Symbols : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 12-1212.11.1Test for symbol type : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 12-1212.11.2Access to the �elds of a symbol : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 12-1312.11.3Variables : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 12-1312.12Numbers : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 12-1312.12.116-bit integer numbers : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 12-1412.12.2Floating-point numbers : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 12-1612.13Vectors of Lisp pointers : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 12-1712.13.1Test for vector of pointers : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 12-1712.13.2Access to internal �elds of a vector of pointers : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 12-1812.13.3Access to elements of a vector of pointers : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 12-1812.13.4Creation : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 12-1812.14Character strings : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 12-1812.14.1Test for character string : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 12-1812.14.2Access to the internal �elds of a character string : : : : : : : : : : : : : : : : : : : : : : : : : : : 12-1812.14.3Access to characters : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 12-1912.14.4Creation : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 12-1912.15Heap zone : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 12-1912.16Extending the Loader/Assembler : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 12-1912.17Functions : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 12-2012.17.1Types of functions : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 12-2012.17.2Function calling rules : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 12-2012.18Examples : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 12-2013 Compilation 13-113.0.1 Calling the compilers : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 13-113.0.2 Compiler macros : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 13-313.0.3 Closed macros : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 13-313.0.4 Open macros : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 13-413.0.5 Modules : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 13-613.0.6 Source �les : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 13-1113.0.7 Object �les : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 13-1213.0.8 Controlling evaluation : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 13-12



0-1013.1 Use and manipulation of modules : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 13-1513.1.1 Functions on modules : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 13-1613.1.2 Loading and compiling modules : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 13-1613.2 Complice : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 13-1813.2.1 Compatibility messages : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 13-1813.2.2 Errors and warnings : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 13-1913.2.3 General remarks and examples : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 13-2514 External interfaces 14-114.1 Interface functions : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 14-114.2 Links with external procedures under Unix : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 14-514.2.1 Principles : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 14-514.2.2 Calling functions written in C : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 14-514.2.3 Calling Lisp from C : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 14-1615 Virtual terminal 15-115.1 Virtual terminal functions : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 15-215.1.1 Standard functions : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 15-315.1.2 Required functions : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 15-415.1.3 Optional functions : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 15-715.2 Screen functions : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 15-915.3 Using the virtual terminal : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 15-1015.4 De�ning a virtual terminal : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 15-1116 Full-page editor 16-116.1 Functions to call the full-page editor : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 16-116.2 Full-page editor commands : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 16-216.2.1 Extensions to the full-page editor : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 16-317 Terminal-based line editor 17-117.1 Loading the terminal-based line editor : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 17-117.2 Terminal-based line-editor commands : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 17-218 Virtual bitmap display 18-118.1 Loading the description �le : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 18-118.2 Screen preparation : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 18-2



0-1118.2.1 Managing a single screen : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 18-218.2.2 Managing several screens : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 18-318.3 Functions on screens : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 18-518.4 Functions on windows : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 18-918.4.1 Global coordinates : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 18-918.4.2 Local coordinates : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 18-918.5 Windows : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 18-1018.5.1 Creating windows : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 18-1118.5.2 Drawing in windows : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 18-1418.5.3 Attaching properties to windows : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 18-1518.5.4 Functions on windows : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 18-1618.5.5 Primitive functions on windows : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 18-2018.5.6 Minimal graphics primitives : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 18-2118.5.7 Character strings : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 18-2219 Virtual mouse 19-119.1 Events : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 19-119.2 Structure and types of events : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 19-219.3 Mouse modes : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 19-519.4 Events queue : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 19-619.5 Programmable interrupts : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 19-819.6 Synchronous mouse tracking : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 19-919.7 Virtual menus : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 19-919.8 Cut and Paste : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 19-1120 Graphics primitives 20-120.1 Graphics environments : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 20-120.1.1 Current font : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 20-120.1.2 Foreground and background colors : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 20-220.1.3 Cursor : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 20-520.1.4 Line style : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 20-620.1.5 Fill patterns (or textures) : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 20-720.1.6 Drawing (combination) mode : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 20-720.1.7 Clipping zone : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 20-820.2 Graphics primitives : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 20-9
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FOREWORDLE-LISP [Chailloux et al.] is a LISP system developed at INRIA (Institut National de Recherche enInformatique et en Automatique) in France. This dialect of the LISP language [McCarthy 62] is the`spiritual child' of Vlisp [Greussay 77], [Chailloux 80], from which LE-LISP gets its conciseness andinterpreter speed, and the `natural child' of MacLisp or, more precisely, of the Post-MacLisp LISPssuch as MIT Lisp Machine Lisp [Weinreb and Moon 81], NIL [White 79] [Burke and Carette 82]and Franz Lisp [Foderaro and Sklower 81], to which LE-LISP owes its strength as a language for thedevelopment of sound and powerful compiled applications.0.1 HistoryIn 1981, researchers at INRIA began to develop an ambitious vlsi design system, using a uniquestructure to represent all aspects of the project: graphics, simulation, etc. For the implementationlanguage, LISP was an obvious choice. The INRIA designers were thinking, more precisely, ofone of the powerful Post-MacLisp languages. Fortunately (or unfortunately, as the case maybe), hardware was quickly evolving, and the vlsi project called upon many heterogeneous andincompatible machines. Various existing LISP systems|otherwise perfectly satisfactory|weresimply not available on the required range of machines. For instance, at that time, Franz Lisponly existed on Vaxen. The implementation of the LISP system on a new computer had to be faster,of course, than the translation of the vlsi design system from one LISP dialect to the other. Out ofthis context grew the LE-LISP system, to ful�l well-identi�ed goals. And, to this day, portability ofthe LISP system and its applications has remained a hallmark of LE-LISP.0.1.1 Design goalsE�ciency and 
exibilityLE-LISP is designed for maximum e�ciency both in terms of execution resources (main memoryand execution time) and development resources (application development time and workstationcon�gurations).Extensions and integrationThe LE-LISP system allows you to make full use of existing system facilities by means of the conceptof virtual devices . In this way, access to �le-management procedures, graphic libraries, routineswritten in other languages and operating-system calls is provided with no sacri�ce of portability.The user can create new instances of such facilities while retaining a standardized interface.



0-2Portability of applicationsSince all system facilities are accessed via their virtual counterpart, user applications are neverrequired to contain implementation-speci�c details|even though they might call upon the fullrichness of the system.Compatibility among implementationsSince the implementation of LE-LISP is based upon a virtual machine (called LLM3), only this virtualmachine is ported from one real machine to another. The rest of the system is guaranteed to becompatible, because all implementations share the same code. A corollary is the rapid availabilityof top-quality implementations on new machines that appear on the market.0.1.2 OutcomeAll the above-mentioned goals were attained in the resulting system. The �rst LE-LISP systembegan to run|during the autumn of 1981|on an Exormacs (Motorola's machine based upon the68000). That �rst implementation formed the basis of a vlsi design workstation that incorporateda colored bit-mapped display and a mouse [Chailloux et al.]. The system was then implemented onthe vax, under UNIX, during the autumn of 1982. After its successful beginnings, LE-LISP simply\went forth and multiplied".0.1.3 Current state of the systemToday, LE-LISP is a rich LISP system that is implemented on more than thirty kinds of machines,based upon more than twelve cpus running under a variety of operating systems. The industrialavailability of all these versions is a re
ection of the countless enhancements made to LE-LISP overthe years. Indeed, since its inception, LE-LISP has been enlarged to include user-extensible genericarithmetic, an object-oriented type system, virtual graphic libraries, a modular compiler, full accessto foreign routines and many other marvels.More importantly, environments constructed using LE-LISP provide a huge array of functionalities.The application environments include numerous expert-system generators, simulation tools,database access tools, graphic development tools, music and acoustic research tools, symbolicmathematics systems, case environments and, of course (since it was the initial motivation behindthe creation of the language), vlsi design environments.0.1.4 Le-Lisp Version 15.26LE-LISP Version 15.26 (December 1, 1993) is totally compatible (as well as backward compatible)with Lisp code - both interpreted and compiled.The LLM3 virtual machine has been ported onto the HP/PA and DEC ALPHA processors.Some new functions have been introduced : copyfile, create-directory, delete-directory,map-expand-pathname, at-end and printf.



READER'S GUIDE 0-3The information issued from the function gcinfo has been �ne tuned.A new programmable interruption at-end is now available.The defextern function systematically creates a test of type dynamic.The new functions C C_LL_FIX, LL_C_FIX, C_LL_FLOAT and LL_C_FLOAT are available in theexternal interface.0.2 Reader's guideThe present document is a reference manual . As such, it provides precise and completeinformation|rather than tutorial material|on the subject of LE-LISP. For newcomers to thelanguage, excellent introductory books on LE-LISP exist already in French, English and otherEuropean languages.
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Chapter 1Use and installation1.1 Le-Lisp on various systemsLE-LISP has been ported to the following processors:� Motorola 88x00� DEC VAX 11� Intel 80386/80486/Pentium� Ridge 32/SPS9� IBM/RS 6000� SPARC� MIPS R4x00� HP-PA� DEC ALPHAIn the following list of machines on which LE-LISP works at present, the name returned by thesystem function is indicated between square brackets:� APOLLO (MC680x0 base, under system Domain/OS, SysV et BSD [apollo]).� DecStation 3100 and 5000 (MIPS base, under ULTRIX [decstation]).� HP9000 300 et 400 series (MC680x0 base, under HP/UX [hp9300] [hp9400]).� HP9700 (HP-PA base, under system HP/UX [hp9700]).� Silicon Graphics IRIS (MIPS base, under system IRIX4 [iris4d ]).� Silicon Graphics IRIS (MIPS base, under system IRIX5 [irix5] ).� PC Compatibles (under DOS system [msdos]).� PC Compatibles (under Windows [windows]).� PC Compatibles (under Windows NT [nt386]).1



1-2 CHAPTER 1. USE AND INSTALLATION� PC Compatibles (under UNIX SCO [sco386].� PC Compatibles (under Solaris x86 [solaris386]).� IBM/RS 6000 (RS6000 base or PowerPC under AIX [rs6 000]).� SM90/SPS7 (MC68000 base, under sytems SMX et SPIX [sm90] |[spix]|).� Ridge 32/SPS9 (under ROS [sps9]).� SUN 3 (MC680x0 base, under SUN OS [sun]).� SUN 4 (SPARC base, under SUN OS [sun4]).� SUN 4 (SPARC base, under Solaris [solaris]).� VAX 11 (under systems Ultrix and VMS [vaxunix] [vaxvms]).� ALPHA (under systems OSF et VMS [alphaosf] [alphavms]).1.2 Starting with Le-LispTo start up LE-LISP on any of the systems that support it, just type the command lelisp on theterminal. The system responds with; Le-Lisp (by INRIA) version 15.26 (dd/mm/yy) [system]; Standard modular system: << date of the core-image >>= << list of the pre-loaded system features >>where (dd/mm/yy) is the last system-modi�cation date and [system] is the type of the LE-LISPsystem being used. At this point, LE-LISP enters the main interactive loop, which reads an expressionfrom the terminal, evaluates it, and prints its value, inde�nitely. LE-LISP indicates that it is waitingto read an expression by printing the question-mark character ? on the terminal at the beginningof each line. The value of an evaluation is printed preceded by an equal sign =.Here is an example of a LE-LISP session run on a Sun 4/75:% # we use the c-shell (csh)% lelisp; Le-Lisp (by INRIA) version 15.26 (17/Nov/91) [sun4]; Standard modular system: Sat 28 Dec 91 19:34:39= (31bitfloats edlin microceyx abbrev date debug setf pepevirbitmap virtty compiler pretty loader pathnamedefstruct callext module messages)? () ; the null list!= ()? (length (oblist)) ; number of active symbols= 3190? (version) ; number of the current version



STARTING THE LE-LISP SYSTEM UNDER UNIX 1-3= 15.26? (system) ; the system type= sun4? (+ 1 2 3 4)= 10? (defun fib (n)? (cond ((= n 1) 1)? ((= n 2) 1)? (t (+ (fib (1- n)) (fib (- n 2))))))= fib? (fib 20)= 6765? (time '(fib 20))= 0.42?? (gcinfo t) ; the initial working space= (gc 0 0 0 0 0 0 0 0 cons (32) symbol 5120 string 5120vector 4096 float 0 fix 0 heap (256) code (1500))? (gc t) ; remaining work space= (gc 24 0 0 0 0 0 0 2 cons 25646 symbol 2027 string 2093vector 4041 float 0 fix 0 heap (168) code (908))? (time '(gc)) ; the time a gc takes= .14? ^Lhanoi ; loading a library= /usr/local/lelispv15.26/llib/hanoi.ll? (hanoi 4) ; try this.. it's nice!= hanoi? (end) ; to leave Le-Lisp.Que Le-Lisp soit avec vous.1.3 Starting the Le-Lisp system under UnixThe command used to start up LE-LISP under the UNIX operating system has the following form:lelisp [n] [[-r] file]The strings in square brackets are optional.� The n argument is the size of the list zone in multiples of 8K list cells. By default, n has thevalue 4. In other words, 32k list cells are allocated. The theoretical limit on this value is 128,for a maximum of 1024k list cells. The practical limit is the physical memory size of the hostmachine, or the maximum process size of the host operating system.� The file argument provides a way to specify the name of a �le containing LISP programs tobe loaded before the system enters its main read-eval-print loop.



1-4 CHAPTER 1. USE AND INSTALLATION� The -r file argument string lets you specify a core-image �le to be loaded before the systementers its main interactive read-eval-print loop.After loading the standard executable core-image �le, LE-LISP automatically loads the �le named$HOME/.lelisp.1.4 Installation of the Le-Lisp system under UnixThis section covers LE-LISP systems running under UNIX: Vax-11 (Ultrix), DecStation (Ultrix), Sun3 & 4 (SunOS), HP9300 (HP/UX), etc.1.4.1 Installing the systemThe LE-LISP system, version 15.26, is distributed on magnetic medium (1600-bpi tar-format tape,dma or Streamer cartridge) that should be copied to disk in the system's installation directory .Usually this is the /usr/local/lelisp directory, or maybe the /usr/local/lelispv15.26directory when you want to keep several di�erent versions of LE-LISP. When installed, the systemoccupies about twelve megabytes of disk storage.Since a typical LE-LISP implementation is locked when you receive it, make sure that you haveinstalled the access key that came along with the product.The installation directory contains several sub-directories, one of which, called the system directory ,is named according to the host machine (vaxunix, sun4, etc.).This system directory must contain a sub-directory called llcore, containing core-image �lesappropriate to the system involved.$ ls -F /usr/local/lelispv15.26README ceyx/ llobj/ vaxunix/LLUSERFILES common/ lltest/ virbitmap/TARUSER* llib/ llub/ virtty/benchmarks/ llmod/ manl/It is also necessary for all users to have write permission in the virtty sub-directory. (Use chmoda+w virtty.)Installation requires the initialization of some absolute pathnames and the construction of LE-LISPcore-image �les.Initializing some absolute pathnamesChange directories (cd) to the system directory and execute the newdir command without anyarguments. This command is to be done only once, after the system has been copied from themagnetic medium onto disk. If the LE-LISP system is ever moved to a new location in the �lesystem, this procedure must be carried out again.



INSTALLATION OF THE LE-LISP SYSTEM UNDER UNIX 1-5$ cd /usr/local/lelispv15.26/vaxunix$ newdir2000DIR=/usr/local/lelispv15.26SYSDIR=/usr/local/lelispv15.26/vaxunix20002000DIR=/usr/local/lelispv15.26200020828 (defvar #:system:directory "/usr/local/lelispv15.26/"))20826Building Le-Lisp core-image �lesChange directories to the system directory and execute the make command with the name of thecore-image �le to construct as argument.There are several entry points (targets) in the system make�le, allowing the construction of di�erentcore-image �les (lelisp-, lelisp, cmplc, lelispX11) with di�erent memory con�gurations(normal, +, ++). This make�le can be extended to accomodate the construction of new systems.The make�le uses the config command, which builds a shell script that launches LE-LISP usingthe constructed core-image �le. This shell script should be copied into a command directory (thedirectory /usr/local/bin, for instance) in the host �le system.Core-image �les are stored in the system/llcore directory. Since they occupy a lot of disk storagespace, it might be advantageous to mount the llcore directory onto a special disk partition.$ cd /usr/ilog/lelispv15.26/sun4$ make lelisp./config lelisp lelispbin Lelispconf.ll -stack 6 -code 1500 -heap 256\\-number 0 -vector 4 -string 5 -symbol 5 -cons 4 -float 0; Le-Lisp (by INRIA) version 15.26 (17/nov/91) [sun4]= (Version: 15.26)= (Subversion: 1)= unix system(load-std sav min pepe env ld llcp) to load standard environment,(load-stm sav min pepe env ld llcp) to load modular environment,(load-cpl sav min meme env ld cmpl) to load complice environment.= /usr/ilog/lelispv15.26/llib/startup.ll? (setq #:system:name (quote |lelisp|))= lelisp? (progn(load-stm #:system:name t t t t t)(add-feature (if (eq 0.0 0.0)'31BITFLOATS



1-6 CHAPTER 1. USE AND INSTALLATION'64BITFLOATS)))Loading loader.lm ... done.Loading /usr/ilog/lelispv15.26/llmod/llpatch.lm ... done.Loading /usr/ilog/lelispv15.26/llmod/messages.lm ... already loaded.Loading /usr/ilog/lelispv15.26/llmod/path.lm ... already loaded.Loading /usr/ilog/lelispv15.26/llmod/files.lm ... already loaded.Loading /usr/ilog/lelispv15.26/llmod/module.lm ... done.Loading /usr/ilog/lelispv15.26/llmod/defs.lm ... done.Loading /usr/ilog/lelispv15.26/llmod/genarith.lm ... done.Loading /usr/ilog/lelispv15.26/llmod/toplevel.lm ... done.Loading /usr/ilog/lelispv15.26/llmod/cpmac.lm ... done.Loading /usr/ilog/lelispv15.26/llmod/llcp.lm ... done.Loading /usr/ilog/lelispv15.26/llmod/peephole.lm ... done.Loading /usr/ilog/lelispv15.26/llmod/virtty.lm ... done.Loading /usr/ilog/lelispv15.26/llmod/virbitmap.lm ... done.Loading /usr/ilog/lelispv15.26/llmod/pepe.lm ... done.Loading /usr/ilog/lelispv15.26/llmod/setf.lm ... done.Loading /usr/ilog/lelispv15.26/llmod/defstruct.lm ... already loaded.Loading /usr/ilog/lelispv15.26/llmod/sort.lm ... already loaded.Loading /usr/ilog/lelispv15.26/llmod/array.lm ... done.Loading /usr/ilog/lelispv15.26/llmod/callext.lm ... already loaded.Loading /usr/ilog/lelispv15.26/llmod/trace.lm ... done.Loading /usr/ilog/lelispv15.26/llmod/pretty.lm ... already loaded.Loading /usr/ilog/lelispv15.26/llmod/debug.lm ... done.Loading /usr/ilog/lelispv15.26/llmod/ttywindow.lm ... done.Loading /usr/ilog/lelispv15.26/llmod/abbrev.lm ... done.Loading /usr/ilog/lelispv15.26/llmod/microceyx.lm ... done.Wait, saving: Standard modular system; Le-Lisp (by INRIA) version 15.26 (17/Nov/91) [sun4]; Standard modular system : Mon 17 Dec 91 14:36:02= (31bitfloats microceyx abbrev date debug setf pepe virbitmap virttycompiler pretty loader pathname defstruct callext module messages)? (end)May Le-Lisp be with you.$ cp lelisp /usr/local/bin$The installation is finished!$$ lelisp; Le-Lisp (by INRIA) version 15.26 ( 2/Jan/91) [sun4]; Standard modular system: Sat 29 Dec 90 19:34:39= (31bitfloats edlin display date microceyx debug setf pepe virbitmapvirtty compiler pretty abbrev loader callext defstruct pathname messages)?



INSTALLATION OF THE LE-LISP SYSTEM UNDER UNIX 1-7Generally, the installation just described su�ces. For certain applications, it is sometimes necessaryto modify the con�guration of the system, that is, the set of LISP �les loaded in as the core-image,or to �ne-tune the organization of the LISP memory space.1.4.2 Modi�cation of the system con�gurationThe standard distribution allows the system to be built in three di�erent con�gurations, which arenot exclusive, and which correspond to di�erent makefile entry points:� lelispComplete environment with debugging tools, an editor and the standard compiler.� cmplc++Complete environment with debugging tools, an editor and the modular COMPLICE compilerused by the complice command.The exact composition of each of these system con�gurations is described in a �le in the confsub-directory: lelispconf.ll and cmplcconf.ll. You can change a con�guration by editing oneof these �les. It is also possible to create a new entry point in the makefile describing a new systemcon�guration.Example:Construction of a core-image �le named mylisp containing the standard environment without aneditor, but with the edlin line editor and with the scheduler scheduler functions. This new systemcan be started up by the command mylisp.A con�guration �le (for example, conf/mylispconf.ll) must be created.$ cat conf/mylispconf.ll(load-std () ; load the environment without backupt ; the minimum environment,() ; no editor,t ; the complete environment,t ; the loader,t) ; and the compiler.(libload edlin) ; load the edlin line editor(libload schedule) ; and the scheduler.(progn(llcp-std #:system:name) ; compilation and construction of the image(edlin) ; execution of edlin after initialization"Welcome to my-lisp")) ; welcome message.Then add the entry point (target) mylisp to the make�le in the system directory. The mylispsystem is built using the lelispbin standard system (no supplementary C modules), and thestandard SIZE memory zone sizes.mylisp: mylispconf.ll./config mylisp lelispbin mylispconf.ll $(SIZE)



1-8 CHAPTER 1. USE AND INSTALLATIONAfter this is done, the system can be built by executing the make mylisp command.$ make mylisp USERLELISP=monlelisp USERLELISPBIN=mylispbinUSERO=monc.o cc -o monlelispbin \o/llnumb.o o/llmain.o o/llstdio.o o/llfloat.o \o/lelisp.o o/getgloba.o lelisp31bin.o \monc.o \-z -x -A systype,bsd4.3 -A runtype,bsd4.3./config monlelisp monlelispbin monlelispconf.ll -stack 6 -code 600 \\-heap 256 -number 0 -vector 4 -string 5 -symbol 5 -cons 4 -float 0; Le-Lisp (by INRIA) version 15.26 (17/nov/91) [apollo]= (Version: 15.26)= subversion= herald= defvar= syste`me unix(load-std sav min pepe env ld llcp) to load standard environment,(load-stm sav min pepe env ld llcp) to load modular environment,(load-cpl sav min meme env ld cmpl) to load complice environment.= /usr/ilog/lelispv15.26/llib/startup.ll? (setq #:system:name (quote |monlelisp|))= monlelisp? (load-stm () ; load environment without backup,? t ; minimum environment,? () ; no editor,? t ; complete environment,? t ; loader,? ()) ; no compilerLoading loader.lmLoading /usr/ilog/lelispv15.26/llmod/llpatch.lmLoading /usr/ilog/lelispv15.26/llmod/module.lmLoading /usr/ilog/lelispv15.26/llmod/defs.lmLoading /usr/ilog/lelispv15.26/llmod/genarith.lmLoading /usr/ilog/lelispv15.26/llmod/toplevel.lmLoading /usr/ilog/lelispv15.26/llmod/virtty.lmLoading /usr/ilog/lelispv15.26/llmod/virbitmap.lmLoading /usr/ilog/lelispv15.26/llmod/setf.lmLoading /usr/ilog/lelispv15.26/llmod/defstruct.lmLoading /usr/ilog/lelispv15.26/llmod/sort.lmLoading /usr/ilog/lelispv15.26/llmod/array.lmLoading /usr/ilog/lelispv15.26/llmod/callext.lmLoading /usr/ilog/lelispv15.26/llmod/trace.lmLoading /usr/ilog/lelispv15.26/llmod/pretty.lmLoading /usr/ilog/lelispv15.26/llmod/debug.lmLoading /usr/ilog/lelispv15.26/llmod/ttywindow.lmLoading /usr/ilog/lelispv15.26/llmod/abbrev.lm



INSTALLATION OF THE LE-LISP SYSTEM UNDER UNIX 1-9Loading /usr/ilog/lelispv15.26/llmod/microceyx.lm= ()? (libload edlin)= /usr/local/lelispv15.26/llib/edlin.ll? (libload schedule)= /usr/local/lelispv15.26/llib/schedule.ll? (progn (save-std #:system:name)? (edlin)? "Welcome to my lisp")))Wait, saving: Standard modular system; Le-Lisp (by INRIA) version 15.26 ( 2/Jan/91) [vaxunix]; Standard modular system: Sat 29 Dec 90 19:34:39= (31bitfloats edlin display date microceyx debug setf pepe virbitmapvirtty compiler pretty abbrev loader callext defstruct pathname messages)? (end)Que Le-Lisp soit avec vous.$$ cp mylisp /usr/local/bin$ mylisp; Le-Lisp (by INRIA) version 15.26 ( 2/Jan/91) [vaxunix]; Standard modular system: Sat 29 Dec 90 19:34:39= Welcome to my lisp?1.4.3 Modi�cation of data zone sizesThe sizes of the di�erent system data zones are �xed during the construction of each core-image�le, and they cannot be modi�ed dynamically. It is quite possible to saturate one of these zones,which causes one of the fatal errors described in section 7.10:*** fatal error : no room for XXXXs.Notice the following points:� The size of the list storage zone can be modi�ed at each invocation of the system. So, it isnot necessary to construct a new core-image �le in order to rectify a situation that causesthe list-memory-zone-full error.� The saturation of a zone could well be due to an error in a user program.� The LISP function gcinfo gives information on how full memory zones are.The makefile has entry points that permit the construction of each system con�guration (lelisp,cmplc) with di�erent zone sizes. For instance the system lelisp++ is a LE-LISP system with verybig memory zones.The make�le's SIZEx variables contain the values indicating the size of the di�erent zones.For example, the size of the LE-LISP system is described by the SIZE variable:



1-10 CHAPTER 1. USE AND INSTALLATIONSIZE= -stack 6 -code 256 -heap 100 -vector 3 -number 0 -float 0-string 4 -symbol 3 -cons 4Each -zone option sets the size of zone. Here are the units that describe these sizes:LE-LISP memory zonesName LISP object Unit Real sizestack Stack K-word 1 = 4 K-bytecode Compiled code K-byte 1 = 1 K-byteheap Heap K-byte 1 = 1 K-bytevector Vectors K-vector 1 = 1 K-vector (8Kb)float Floating-point numbers K-
oat 1 = 1 K-
oat (8Kb) (*)string Character strings K-string 1 = 1 K-string (8Kb)symbol Symbols K-symbol 1 = 1 K-symbol (64 Kb)cons Pairs 8K-pair 1 = 1 K-pair (64 Kb)(*) set to 0 for 31-bit 
oat system.Strings and vectors take up space in the heap, as indicated in the following table:Heap usen-object vector 8+4n bytesCharacter string 9+n bytesTo build a core-image �le with new zone sizes, the de�nitions of the SIZEx variables must bechanged, or new entry points (targets) using other SIZE parameters must be added to the make�le,and then the make command must be executed again.Example:To add an entry point that constructs a system named lelispv with 10,240 (10K) vectors.SIZEV= -stack 6 -code 256 -heap 100 -vector 10 -number 0 -float 1-string 4 -symbol 3 -cons 4lelispv: lelispconf.ll./config lelispv lelispbin lelispconf.ll $(SIZEV)Next, the execution of the make command builds the core-image �le for the lelispv system.$ make lelispv./config lelispv .....$ cp lelispv /usr/local/bin$ lelispv; Le-Lisp by INRIA ......



STARTING THE LE-LISP SYSTEM UNDER VMS 1-111.4.4 Linking the Le-Lisp system with C modulesChapter 14 of this manual describes how to link the lelispbin system with C programs to makea new executable �le.To perform this operation, the lelispbin.o binary �le in the system directory must be used. This�le is the result of a link (using ld -r) of all of the LE-LISP system's constituant modules, exceptthe C modules. These last modules are obtained by compiling the C �les in the common directory.The generic entries of the Make�le allow you to do that in a very homogeneous manner. See theon-line UNIX information called lelisp-manl.1.4.5 Calling the shellThe shell can be called by using the comline function (and the ! macro character). This willexecute /bin/sh which a local interpretation of the cd command.% lelisp; Le-Lisp (by INRIA) version 15.26 ( 2/Jan/91) [vaxunix]; Standard modular system: Sat 29 Dec 90 19:34:39= (compiler debug defstruct loader pepe pretty virbitmap virtty)?? !pwd/usr/local/lelispv15.26/vaxunix= t? !cd ../= t? !pwd/usr/local/lelispv15.26.....1.5 Starting the Le-Lisp system under VMSComplete documentation covering the installation and execution of LE-LISP under vms is availablein [Dana86]. The command used to start the LE-LISP system under the vms operating system hasthe following form:$ lelisp1.6 Practical adviceFinally, here is some practical information that will be developed in detail in the chapters to come.In particular, we give hints about how to use the system comfortably right from the very start.



1-12 CHAPTER 1. USE AND INSTALLATION� To erase a character, use the BACKSPACE key or the LEFT arrow. The character to the left ofthe cursor will be erased from the screen.� To kill a line of input, type CONTROL-X, obtained by holding down the CONTROL key andpressing the X key. We write this key combination as ^X. The line is erased from the screen.You can obtain the same result by typing ^U.� To return to the main interactive loop when you are in the midst of typing an expression,provoke an error by typing two dots (periods), one right after the other. If nothing (visible)happens, you are probably within a comment or a character string.� To return to the main interactive loop when you have lost control of things, or LISP is nolonger responding, type BREAK, DELETE or ^C on UNIX hosts, or ^C under vms.� To return to the host OS in really desperate circumstances, enter ^\ on UNIX systems, or ^Yunder vms. In this case you loose your LISP environment.� To send a command line to the host system (if the latter permits this kind of request), typethe exclamation point character ! followed by the command, as shown here:? !dir� To load a previously-created �le, simply type? ^LfileTo obtain CONTROL-L, hold down the CONTROL key and type L simultaneously. Follow thisimmediately by the name of the �le, without its extension, which is .ll by default.� To edit or create a �le, call one of the full-screen editors by simply typing? ^EfileTo obtain CONTROL-E, hold down the CONTROL key and type E simultaneously. Follow this bythe name of the �le, without its extension, which is .ll by default.� To see a replay of the commands recently executed, use the following command from withinthe editor:ESC ?� To edit a particular function that is in a �le, call one of the screen editors by simply typing? ^FfunctionTo obtain CONTROL-F, hold down the CONTROL key and type F simultaneously. Follow this bythe name of the function. The system will try to locate the �le that contains it, and will callone of the available full-screen editors on this �le, as with the ^E command.� To insert a comment into a LISP expression, type a semi-colon. The rest of the line, up to theend-of-line character, will be ignored.Finally, you have access to the source code of a large number of utilities that are written in LISP. Theeditor, the pretty-printer, debugging tools, visualization tools, etc. are included in the distribution.Go ahead and read them, try to understand them, and do not be afraid to extend and improvethem.
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Chapter 2Evaluation2.1 Basic objectsThe LE-LISP language operates on objects called symbolic expressions, generally referred to asS-expressions .An S-expression can have any one of the following types:� Atomic objects{ Symbol.{ Number: an integer, a 
oating-point number|often referred to simply as a 
oat|or anarbitrary-precision number.{ Character string.� Composite objects{ List.{ Vector.LE-LISP also allows you to de�ne new types, called extended types .Inside the machine, every S-expression is represented by a pointer to its value. You can think ofthis pointer as the address of the value. The value of an object is always accessed by means of anindirection. Consequently, LE-LISP is optimized for pointer manipulation.LE-LISP runs principally on processors with 32-bit pointers. This allows you to manipulate addressesup to 232: that is, in the four-gigabyte region. Hardware limitations sometimes restrict the addressspace to only 24 or even 20 bits. However, in most cases, the address space of this kind of processoris adequate.2.1.1 Atomic objectsSymbolsSymbols play the rôle of identi�ers that are used to name variables, functions and labels. They arecreated automatically when read from the input stream. They can also be created explicitly by the1



2-2 CHAPTER 2. EVALUATIONsymbol, implode, concat and gensym functions. So, they do not need to be declared.The external name of a symbol|referred to as its print name, abbreviated to p-name|can beany string of no more than 128 characters containing at least one non-numeric character. Youcan include special characters or delimiters in a p-name by surrounding the entire p-name by thecharacter referred to as absolute value bar : represented by a vertical bar. (See the section on thestandard reader.)A symbol is represented in the system by a pointer to a descriptor stored in a special memory zone.This descriptor has the following nine intrinsic properties :� c-val (an abbreviation for cell value) always contains the value associated with a symbolthat is considered as a variable. Access to this value is extremely rapid. When a symbol iscreated, its c-val is unde�ned . Any attempt to reference a symbol that has not had a valueassigned to it raises the errudv error.� p-list (an abbreviation for property list) always contains the property list of the symbol.These properties are managed by the user by means of special functions that operate onP-lists: addprop, putprop, getprop, remprop and defprop. By default, the list of propertieshas the value ().� f-val (an abbreviation for function value) always contains the value associated with a symbolthat is considered as a function. This value can be of two kinds:{ In the case of subr functions, it is a machine address.{ In the case of expr, fexpr, macro and dmacro functions, it is a list.You can fully access the f-val of a symbol by means of the valfn, setfn, remfn and getdeffunctions. If the symbol has no function de�nition this property has the value 0.� f-type (an abbreviation for function type) contains the type of the function stored inthe f-val �eld. Together, the f-val/f-type combination enables the evaluator to executefunction calls very rapidly. You can access directly the f-type of symbols by means of thetypefn and setfn functions. When a symbol does not have a function de�nition, this propertyhas the value ().� p-type (an abbreviation for print type) contains necessary information for the edition of theexternal representation of the symbol. There are two possibilities:{ The symbol is a variable. The p-name string can be enclosed within a pair of absolutevalue characters.{ The symbol designates a function. In this case, the pretty-printer uses the appropriateprint format.The p-type cell of a symbol is accessed by means of the special ptype function.� o-val (an abbreviation for object value) can contain any S-expression, and can be used tohold special values. This �eld is particularly useful in the implementation of object-orientedextensions.



BASIC OBJECTS 2-3� a-link (an abbreviation for atom link) contains the address of the next symbol in the symboltable. Among other things, this link facilitates the hashing of the symbol table. This attributecannot be accessed directly by the user.� pckgcell (an abbreviation for package cell) contains the name of the package to which thesymbol belongs. The package is accessed by means of the symbol and packagecell functions.� p-name (an abbreviation for print name) contains the address of the character string thatrepresents the name of the symbol.These intrinsic properties are stored in memory with the following layout:-------------------| c-val | <----- symbol pointer|-----------------|| p-list ||-----------------|| f-val ||-----------------|| o-val ||-----------------|| f-type | p-type ||-----------------|| a-link ||-----------------|| pckgcell ||-----------------|| p-name |-------------------Certain symbols are de�ned at system-initialization time:� Symbolic constants that contain their own names as values: ||, t, lambda, flambda, mlambda,subr0, subr1, subr2, subr3, nsubr, fsubr, expr, fexpr, macro, dmacro and quote.� Prede�ned functions.� System variables.NumbersLE-LISP uses 16-bit integers, allowing calculations in the range of �215 to +(215)� 1: that is, from�32768 to +32767. Floating-point numbers are composed of either 31, 32, 48 or 64 bits, dependingon the implementation. LE-LISP also incorporates libraries for arbitrary-precision arithmetic.The p-name of a number is the representation of its value in the output conversion base. (See theobase function.) The value of a number is, of course, the number itself.



2-4 CHAPTER 2. EVALUATIONCharacter stringsLE-LISP has character strings, which have the sequence of characters enclosed in quote characters asexternal representations. The quote character can be represented in strings by inserting a sequenceof two quote characters in a row. A character string cannot be longer than 32767 characters inthe current implementation. Character strings are stored in a special memory segment which isdynamically compacted in by a linear-time garbage-collection algorithm. The value of a characterstring is the string itself, thus there is no need to quote it.Each character string can also have its own particular type. By default, the type of a string isstring."foo bar" corresponds to the string foo bar"""abc""" corresponds to the string "abc""""" corresponds to the string "All these three examples are of type string.#:foo:"abc" corresponds to the string abcIn this fourth example, on the contrary, the type is foo.2.1.2 Compound objectsObjects are said to be compound when they are made up of other LE-LISP objects.ListsLE-LISP represents lists in a standard fashion. The following diagram shows, for example, how thelist (a (b c . d) e) is stored in memory:--------- --------- ---------| | | | | | | | /|--> | | -|------> | | -|-------> | | / || | | | | | | | | | |/ |--|------ --|------ --|------| | |--> a | --> e|| --------- ---------| | | | | | |-----> | | -|-------> | | || | | | | | | | |--|------ --|---|--| | |



BASIC EVALUATION ACTIONS 2-5--> b | --> d|--> cA list element is stored in a list cell made up of a pair of pointers. It is often referred to as a conscell. The �rst member, or car, of this cell contains a pointer to the list element. Its second member,or cdr, contains a pointer to the next list element, or to a special end-of-list marker. LE-LISP usesthe symbol ||, whose name has a length of zero, as an end-of-list marker.LE-LISP allows a list cell to be labelled. A label is a special mark that can be tagged on to anylist cell. The label can be removed from the cell to which it is attached. Also, you can search fora particular labelled cell. These operations are carried out by specialized functions such as tcons,tconsp, tconsmk and tconscl. The mark is invisible to all other list-manipulation functions, andneither slows nor otherwise modi�es normal access to list cell members. Among other things, theselabels allow you to de�ne new user types. (See the section on extended types.)Vectors of S-expressionsLE-LISP has a vector of S-expressions type, which allows for indexed access to LISP objects. Theexternal representation of a vector is#[s1 s2 : : : sn]The vector elements are shown here as s1 s2 : : : sn. Our use of subscripts aims solely at improvingthe readability of this manual, and should not be taken literally, since there are no real subscriptsin LE-LISP. Access to a vector element is very rapid. In the current implementation, a vector cancontain no more than 32767 elements. Since vectors are authentic LISP objects, vectors of vectorsare allowed. Vectors are stored in a special memory space that is dynamically compacted by alinear-time garbage-collection algorithm. Since the value of a vector is the vector itself, there is noneed to quote them. Each vector can also have its own particular type. By default, the type of avector is vector.For example, #[a b #[x y z] d e] is a vector with �ve elements, of which the third is a vectorof three elements. And #:foo:#[1 2] is a vector of two elements, of type foo.2.2 Basic evaluation actions2.2.1 Evaluation of atomic objectsThe value of a symbol considered as a variable is its c-val. The evaluation of a symbol whosec-val is unde�ned|that is, a symbol that does not yet have a value|raises the errudv error atevaluation time. Its screen display is** <fn> : undefined variable : <symb>Here, the name of the symbol at fault is symb, and fn is the name of the function that caused theerror. Usually, it is one of the two evaluation functions: eval or symeval.



2-6 CHAPTER 2. EVALUATIONVariables are used in LISP in three circumstances:� As global variables , which are constantly accessible by all functions. It is recommended toinitialize them with the defvar function. (See the following chapter.)� As local variables , which only retain their values during the execution of a function. Indeed,they are the parameters of the function.� Finally, they can be used in the style of the own variables of algol. In this case, they are localto a function, but they do not loose their value between successive evaluations of this function.These variables must be enclosed within a function by means of the closure function.The value of a number or a character string is the number or character string itself. So, there is noneed to quote them.2.2.2 Evaluation of composite objectsThe evaluator always considers that a list is a function call. The list is referred to as a form. Thecar of the form is the function, and its cdr is the argument list of the function.The value of a form is the value returned when the function is applied to its arguments.The value of a vector of S-expressions is the vector itself. As in the case of numbers and characterstrings, it is not necessary to quote vectors, which are always treated like constants.2.3 Evaluation of functionsA function|the car of a form|can be a symbol or a special list. The cdr of the form is theargument list of the function. If this list of arguments is not terminated by (), the errbal error israised. Its screen display is** <fn> : bad arguments list : <a>Here, fn is the name of the function that caused the error, and a is the �nal cdr of the list ofarguments.(cons 1 . 2) =) ** cons : bad argument list : 2(if () 2 3 . 4) =) ** if : bad argument list : 4If the function is a symbol, LE-LISP uses the function associated with the f-val of this symbol.� This association can be established at system initialization. This is the case for prede�nedfunctions, which are also called standard functions .� The user can make this association by means of static or dynamic de�nition functions.If, even after searching through the extended types (see that section), no function has beenassociated with this symbol, the errudf error is raised. Its screen display is



EVALUATION OF FUNCTIONS 2-7** <fn> : undefined function : <symb>Here, symb is the name of the unde�ned symbol, and fn is the function that caused the error. It isusually one of the functions eval, apply or funcall.(cons 'a 'b) =) (a . b)(setq kons 'cons) =) cons(kons 'x 'y) =) ** eval : undefined function : konsWhen the function is a number, a vector or a character string, the evaluator also raises the errudferror, whose screen display is the same as in the preceding case.(3 '(1 2 3)) =) ** eval : undefined function : 3When the function is a list, an anonymous function is explicitly declared.The �rst element of the list must be one of the special symbols lambda, flambda or mlambda.((lambda (x) (+ x x 2)) 5) =) 12((flambda (x) x) (+ x x)) =) (+ x x)((lambda (x) x) (lambda (x) x)) =) (lambda (x) x)A calculated function call is made by using the funcall function. LISP is one of the rare languagesin which it is possible to write convenient calls of the form(funcall (if (< n 0) '* '+) val 2)LE-LISP has two main classes of functions: those written in the LLM3 machine language, and thosewritten in LISP. All functions written in LISP can be translated into LLM3 machine language by thecompiler. Each of these two classes of functions has four types of functions:� Functions that evaluate their arguments: called subr in LLM3 and expr in LISP.� Functions that do not evaluate their arguments: called fsubr in LLM3 and fexpr in LISP.� Simple macro functions: called msubr in LLM3 and macro in LISP.� Substitution macro functions: called dmsubr in LLM3 and dmacro in LISP.2.3.1 Functions of the subr kindFunctions of the subr kind are written in LLM3machine language. The arguments of these functionsare always evaluated. Some subr functions have a �xed numbers of arguments. Depending on theprecise number of arguments, they are referred to as either subr0, subr1, subr2 or subr3. Othersubr functions have a variable numbers of arguments, and are sometimes referred to as nsubrfunctions. In the case of subr functions with a �xed number of arguments, the evaluator checkswhether the correct number of arguments has been passed to the function. If not, the errwna erroris raised. Its screen display is** <fn> : wrong number of arguments : <n>



2-8 CHAPTER 2. EVALUATIONHere, fn is the name of the subr that was called, and n is the number of arguments required bythis function.In the case of subr functions with a variable number of arguments, the evaluator sometimes checkswhether a minimum number of arguments required by the nsubr is passed in the function call.If this is not the case, the errwna error is raised. Its screen display is the same as that for subrfunctions.It is possible to add subr functions to the system by writing them directly in LLM3 machinelanguage, or by compiling appropriate expr functions.There are many subr or nsubr functions in the system: between 400 and 500, depending on thesystem being used.(cons) =) ** cons : wrong number of arguments : 2(cons 'a) =) ** cons : wrong number of arguments : 2(cons 'a 'b) =) (a . b)(cons 'a 'b 'c) =) ** cons : wrong number of arguments : 2(apply 'cons '()) =) ** cons : wrong number of arguments : 2(apply 'cons '(a)) =) ** cons : wrong number of arguments : 2(apply 'cons '(a b)) =) (a . b)(apply 'cons '(a b c)) =) ** cons : wrong number of arguments : 2(funcall 'cons) =) ** cons : wrong number of arguments : 2(funcall 'cons 'a) =) ** cons : wrong number of arguments : 2(funcall 'cons 'a 'b) =) (a . b)(funcall 'cons 'a 'b 'c) =) ** cons : wrong number of arguments : 22.3.2 Functions of the fsubr kindfsubrs are also functions written in machine language. They are resident in the system frominitialization time onward, and they are executed very rapidly. These functions take a variablenumber of arguments, which are never evaluated. In certain cases, though, these arguments areevaluated by the function itself. These very special functions are used primarily as control functionsor for name manipulation and are often referred as special forms. There are relatively few fsubrfunctions in LE-LISP.It is possible to add functions of this type by writing them directly in LLM3 machine language, orby compiling appropriate fexpr functions.2.3.3 Functions of the msubr kindFunctions of the msubr kind are also written in LLM3 machine language. They are created bycompiling macro functions.These functions have a variable number of arguments, which are never evaluated.



EVALUATION OF FUNCTIONS 2-92.3.4 Functions of the dmsubr kindFunctions of the dmsubr kind are also written in LLM3 machine language. They are created bycompiling dmacro functions.These functions have a variable number of arguments, which are never evaluated.2.3.5 Functions of the expr kindFunctions of the expr kind are written in LISP. They are evaluated by the functions: eval, applyand funcall. According to their de�nition, these functions expect a certain number of arguments,represented by a list or a tree of lvar variables. They also expect a function body, made up of asequence of expressions s1 : : : sn, to be evaluated.A function of this kind is written by using a list, called a lambda-expression, of the form(lambda lvar s1 : : : sn)Here, the lambda symbol designates an expr-type function, lvar is the list or tree of parameters,and s1 : : : sn is the body of the function.A typical example is (lambda (x y) (cons (car x) (cdr y))).The de�nition of an expr-type function consists of associating a lambda-expression with a symbol.This is done by means of the defun function.The evaluation of an expr-type function call takes place in three steps:1. After current values of function parameter names are saved on the stack, the argument valuesare bound to the function parameter names. Calls to expr-type functions are by value.2. The expressions in the function body s1 : : : sn are evaluated. The value returned by thefunction is the value of the last evaluation: that is, the result of the evaluation of sn.3. The bindings performed in step 1 are undone. The previous values of the parameter names,saved on the stack, are restored.The binding of argument values to function parameters is carried out by a recursive procedurethat treats the list of lvar parameters as a tree. This binding takes place between the leaves ofthe parameter tree and the list of argument values. This kind of binding allows the value of anargument to be split, when the function is called, between di�erent parameter variables.If there are too few or too many elements in the argument list after the binding is performed, theerrwna error is raised. Its screen display is** <fn> : wrong number of arguments : <s>Here, fn is the name of the function that was called, or lambda in the case of an anonymousfunction. If too many arguments were supplied, s is the remainder of the argument list. If therewere too few, () is displayed.If a value cannot be bound to a parameter tree, the errilb error is raised. This happens if anattempt is made to bind an atomic value of the list of argument values to a non-atomic parameter.The screen display is



2-10 CHAPTER 2. EVALUATION** <fn> : illegal binding : (<p> <v>)Here, fn is the name of the function that was called, or lambda in the case of an anonymousfunction, and (p v) is a list of the parameter tree p and the value v that could not be bound.If the parameter tree contains no variables, the errbpa error is raised. Its screen display is** <fn> : bad parameter : <s>Here, fn is the name of the function that was called, or lambda in the case of an anonymousfunction, and s is the faulty parameter.If an error occurs during the operation of the extended binding mechanism, no parameter bindingis performed.Here is the extended binding mechanism, written in LISP:(defun bindvar (tvar lval); tvar : the parameter tree; lval : the list of argument values; push (using the push function) the; "value - variable" pairs(cond ((null tvar)(when lval(error 'eval 'errwna lval)))((variablep tvar)(push (symeval tvar))(push tvar)(set tvar lval))((consp tvar)(if (atom lval)(error 'eval 'errilb (list tvar lval))(bindvar (car tvar) (car lval))(bindvar (cdr tvar) (cdr lval))))(t (error 'eval 'errbpa tvar))))Here are some examples of expr binding:? ((lambda (x y z) (list x y z)) (1+ 1) (1+ 2) (1+ 3))= (2 3 4) ? ((lambda (x y z) (list x y z)) (1+ 1))** lambda : wrong number of arguments : ()? ((lambda (x y z) (list x y z)) 1 2 3 4 5)** lambda : wrong number of arguments : (4 5)? ((lambda x x) (1+ 1) (1+ 2) (1+ 3))= (2 3 4) ? ((lambda (x y . z) (list x y z))? (1+ 1) (1+ 2) (1+ 3) (1+ 4))= (2 3 (4 5)) ? ((lambda ((x . y) . z) (list x y z)) (cons 1 2) 'c))= (1 2 (c)) ? ((lambda (x (y . z)) (list x y z)) 'a 'b)** lambda : illegal binding : ((y . z) b)



EVALUATION OF FUNCTIONS 2-11? ((lambda (t 1) (list x)) 'a 'b)** lambda : bad parameter : t? ((lambda (x 1) (list x)) 'a 'b)** lambda : bad parameter : 12.3.6 Functions of the expr kind with a &nobind argumentIf the argument list of an expr function is made up uniquely of the keyword &nobind, then bindingis carried out in a di�erent manner. No variables are bound. The actual number of arguments of thecall is returned by the (arg) function. The arguments are retrieved using the (arg n) function,where n is the number of the argument, starting with n= 0 for the �rst argument. This featureallows for the de�nition of functions with a variable number of arguments without the necessity ofbuilding an argument list.This construction resembles lexpr function of MacLisp.? (defun gog &nobind? (list (arg) (arg 0) (arg 1)))= gog ? (gog 10 11)= (2 10 11) ? (gog 10 11 12 13 14 15)= (6 10 11) ? (defun magog &nobind? (if (> (arg) 2)? (error 'magog "unexpected arguments" (arg))? (let ((arg1 (if (< (arg) 1) 'default1 (arg 0)))? (arg2 (if (< (arg) 2) 'default2 (arg 1))))? (list arg1 arg2))))= magog ? (magog)= (default1 default2) ? (magog 10)= (10 default2) ? (magog 10 11)= (10 11) ? (magog 10 11 12 13)** magog : unexpected arguments : 42.3.7 Functions of the fexpr kindfexprs are functions written in LISP and evaluated by the standard evaluation functions (eval,apply, or funcall). Just like exprs, these functions have a variable number of parameters,described in a parameter list (or tree) lvar, and a function body made up of a number of expressionss1 ... sN.A function of this type is described by using a list, called an flambda-expression, of the followingform:(flambda lvar s1 ... sN)where the symbol flambda is a function indicator of type fexpr, lvar is the list (or tree) ofparameters, and s1 ... sN make up the body of the function.



2-12 CHAPTER 2. EVALUATIONExample:(flambda (var val) (set var (eval val)))The de�nition of fexpr-type functions (that is, the association of a flambda-expression with asymbol) is done by means of the df function.These functions di�er from exprs only in the way parameters are bound in fexprs. It is the setof arguments that are not evaluated : that is, the cdr of the form itself, which is bound to theparameter list lvar by the same bindvar procedure used for exprs.These function calls can raise the same errors as exprs: errwna, errilb, and errbpa.2.3.8 Functions of the macro kindThe evaluator permits another type of functions, the macro functions. Just like exprs and fexprs,these functions, written in LISP, have variable numbers of parameters which are stored in a listlvar, and function bodies made up of expressions s1 ... sN.macro functions are described by using a list, called an mlambda-expression, of the form(mlambda lvar s1 ... sN)where the symbol mlambda is a function indicator of type macro, lvar is the parameter list, ands1 ... sN make up the body of the function.Example:(mlambda (n var) (list 'setq var (list 'cdr var)))The de�nition of macro-type functions (that is, the association of a mlambda-expression with asymbol) is done by means of the dm function.To evaluate a form which has a macro as its function, the evaluator �rst evaluates the functionassociated with this macro using the whole form (obviously, not evaluated) as its argument, usingthe bindvar procedure. Then it re-evaluates the value returned by this initial evaluation. Theevaluation of a macro thus happens in two steps.It is the entire macro call which is taken as the argument; it is therefore possible to physicallymodify the form itself during the �rst evaluation of the macro.The use of macros, truly a sport in itself, allows for easy and powerful extensions of the language,LISP being both the macro description language and the target language of macro expansions.macro function calls can raise the same errors as expr calls: errwna, errlib, errbpa.2.3.9 Functions of the dmacro kindThe evaluator accepts a second kind of macro de�nition, the dmacros. dmacros are de�ned withthe defmacro function.The evaluation of a function of this type di�ers from the evaluation of macro functions in two ways:



DEFINING FUNCTIONS 2-13� the cdr of the form (not evaluated) is used as the argument (the same as with fexprs),� after the �rst evaluation has been performed, the entire form is physically replaced by thevalue returned by the displace function. (Whence the name, dmacro.)Though less general than the macro functions, the dmacros are more frequently used. In fact mostoccurrences of macro functions are calls to dmacro.dmacro function calls can raise the same errors as expr calls: errwna, errlib, errbpa.2.4 De�ning functionsTwo kinds of functions are encountered in LE-LISP:� Global functionsThese functions are de�ned globally and keep their de�nition as long as they are not explicitlymodi�ed. This kind of de�nition does not allow dynamic recovery of previous de�nitions. Seethe defun, df, dm and defmacro functions.� Local functionsThe de�nition of these functions can change during certain evaluations and then assume theirprevious de�nition. See the flet and letn functions.Recall that function de�nitions are stored in the f-val and f-type intrinsic properties of symbols.Since direct access to these properties is not at all convenient, there are a number of prede�nedfunctions facilitating static and dynamic function de�nition at very little cost. (See the FunctionDe�nition section of the next chapter.)2.5 PackagesLE-LISP has a multiple name-space. Each symbol, unique in the system, has an external name:its so-called pname. This name is not necessarily unique. Each symbol also has a package name,indicating to which package the symbol belongs. A package name is also a symbol, which can inturn have a package name, and so on. The global package is named ||. It is possible to managename hierarchies. In LE-LISP, packages allow you to perform the following operations:� The name space can be shared among several programs.� Functions can be invoked within speci�c names spaces.� Method execution within a simple hierarchy|of a SmallTalk variety|can be implementedin a very e�cient manner.2.6 Extended typesIn LE-LISP, you can de�ne other types of objects. These extended types are always built witha labelled list cell (tcons), which contains the symbolic name of the extended type in the car.



2-14 CHAPTER 2. EVALUATIONIts value, stored in the cdr, is either a typed vector or a typed string. The extended types arerecognized by the LE-LISP evaluator and printer.When the evaluator (eval) evaluates a form which has a labelled list cell as the �rst element, and ifthe car of this labelled list is a symbol or a typed vector or typed string to be evaluated, it searchesto see if it can �nd a function named eval in the package with the same name as the result ofevaluating the type-of function on its argument. If this function exists, it is called by eval; if not,or if there is no such package, an error is raised. The search for the eval function in the packageuses the getfn function with third argument equal to (). The evaluator's search up the packagehierarchy stops just below the level of the global package, thus avoiding an in�nite evaluation loop.Warning : The search for the evaluation function takes place after the normal evaluation. It istherefore impossible, in the present implementation, to use de�ned function names as names ofextended types.When the printer (the function prin) prints a LISP object, it searches for a function named prin inthe package with the same name as the result of evaluating the type-of function on its argument.If this function exists, it is called by prin in place of the standard LE-LISP prin function. Thesearch for this function in the package uses the getfn function with third argument equal to ().The evaluator's search up the package hierarchy stops just below the level of the global package,thus avoiding an in�nite print loop.The functionality of the printer can be expressed in LISP in the following manner:(if (getfn (type-of x) 'prin)(funcall (getfn (type-of x) 'prin ()) x)(prin x))As an example, let us de�ne the list-of-numerals extended type. The input of such a list willbe done with the #-macro <>.#<cccccccc>where the numerals ..ccc.. are surrounded by the delimiters <>.Here is the LISP de�nition of the read function:(defsharp |<| ()(list (let (x c v)(while (neq (setq c (readcn)) #/>)(newl x c))(setq v (apply 'vector (nreverse x)))(typevector v 'list-of-numerals)v)))This function behaves as follows:? '#<01234>= #:list-of-numerals:#[48 49 50 51 52] ? (type-of '#<123>)= list-of-numeralsLet us now de�ne the printer for this extended type:



META-CIRCULAR DEFINITION OF THE EVALUATOR 2-15(defun #:list-of-numerals:prin (x)(prin "#<")(mapvector 'princn x)(prin ">"))Here is the behavior of the new device:? #<0246>= #<0246> ? (cons #<0234> #<067>)= (#<0234> . #<067>)2.7 Meta-circular de�nition of the evaluatorThis �nal section proposes a meta-circular description of the LE-LISP evaluator. This description|which provides a global view of the operation of the evaluator|is obviously incomplete, and doesnot represent the actual implementation. The style in which the evaluator is really implemented isfar more e�cient than what you see here, especially in the number of cons operations used in theevaluator functions, and in the management of the stack. In fact, the LE-LISP evaluator performsno cons operations at all for its own use.; Special package(defvar #:sys-package:colon 'eval); Main loop(defun :toplevel ()(tag :error(print "<toplevel>")(let ((stack) (it))(setq it (:eval (with ((prompt ":? ")) (read))))(print ":= " it)))(:toplevel)); Handle errors(defvar #:system:error-flag t)(defvar #:system:debug t)(defun :error (f m a)(when #:system:error-flag(print "** " f " : " m " : " a))(exit :error)); Evaluate a form



2-16 CHAPTER 2. EVALUATION(defun :eval (form)(cond((symbolp form)(if (boundp form)(symeval form)(:error 'eval 'errudv form)))((or (fixp form) (floatp form))form)((atom form)(if (getfn (type-of form) 'eval ())(:funcall (getfn (type-of form) 'eval ()) form)form))(t (let ((funct (car form)) (lval (cdr form)))(cond((symbolp funct)(cond ((typefn funct)(:evalinternal formfunct(typefn funct)(valfn funct)lval))((and (tconsp form)(getfn funct 'eval ()))(:funcall (getfn funct 'eval ()) form))(t (:error 'eval 'errudf funct))))((atom funct)(:error 'eval 'errudf funct))((eq (car funct) 'lambda)(:evalinternal form funct 'expr (cdr funct) lval))((eq (car funct) 'flambda)(:evalinternal form funct 'fexpr (cdr funct) lval))((eq (car funct) 'mlambda)(:evalinternal form funct 'macro (cdr funct) lval))(t (:error 'eval 'errudf funct))))))); Evaluate a function according to its type(defun :evalinternal (form funct ftype fval lval)(if (or (and (atom lval) lval)(and (consp lval) (cdr (last lval))))(:error funct 'errbal (if (atom lval) lval (cdr (last lval))))(selectq ftype(subr0 (if (= (length lval) 0)(call fval () () ())(:error funct 'errwna 0)))



META-CIRCULAR DEFINITION OF THE EVALUATOR 2-17(subr1 (if (= (length lval) 1)(call fval (:eval (car lval)) () ())(:error funct 'errwna 1)))(subr2 (if (= (length lval) 2)(call fval (:eval (car lval))(:eval (cadr lval))())(:error funct 'errwna 2)))(subr3 (if (= (length lval) 3)(call fval (:eval (car lval))(:eval (cadr lval))(:eval (caddr lval)))(:error funct 'errwna 3)))(nsubr (calln fval (:evlis lval)))(msubr (call fval form () ()))(dmsubr (displace form (call fval (cdr form) () ())))(fsubr; All the FSUBRs are evaluated directly; since they can call EVAL again.; Only the most important ones are defined here.(selectq funct(quote (car lval))(lambda form)(if (if (:eval (car lval))(:eval (cadr lval))(:eval (caddr lval))))(progn (:eprogn lval))(defun (setfn (car lval) 'expr (cdr lval)))(df (setfn (car lval) 'fexpr (cdr lval)))(dm (setfn (car lval) 'macro (cdr lval)))(defmacro (setfn (car lval) 'dmacro (cdr lval)))(setq (while (cddr lval)(set (nextl lval)(:eval (nextl lval))))(set (nextl lval) (:eval (car lval))))(t (:error 'eval 'errudf funct))))(expr (:evalambda fval (:evlis lval)))(fexpr (:evalambda fval lval))(macro (:eval (:evalambda fval form)))(dmacro (:eval (displace form(:evalambda fval (cdr form)))))(t (:error 'eval 'errudf funct))))); Build the list of values of the evaluations of all list elements



2-18 CHAPTER 2. EVALUATION(defun :evlis (l)(if (null l)()(cons (:eval (car l)) (:evlis (cdr l))))); Evaluate the body of l(defun :eprogn (l)(if (null (cdr l))(:eval (car l))(:eval (car l))(:eprogn (cdr l)))); Apply an F-VAL of type (<lvar> <s1> ... <sn>); to the list of arguments lval(defun :evalambda (fval lval)(:push ())(:bindvar (car fval) lval)(protect (:eprogn (cdr fval))(:unbindvar))); Carry out a generalized tree binding(defun :bindvar (lvar lval)(cond ((null lvar)(when lval(:error 'eval 'errwna lval)))((variablep lvar)(:push (if (boundp lvar) (symeval lvar) '<undef>))(:push lvar)(set lvar lval))((consp lvar)(if (atom lval)(:error 'eval 'errilb (list lvar lval))(:bindvar (car lvar) (car lval))(:bindvar (cdr lvar) (cdr lval))))(t (:error 'eval 'errbpa lvar))))(defun :unbindvar ()(untilexit :done(set (or (:pop) (exit :done)) (:pop)))); With the stack manipulation functions(defun :push l (while l (newl stack (nextl l))))



META-CIRCULAR DEFINITION OF THE EVALUATOR 2-19(defun :pop () (nextl stack)); Apply funct to the lval arguments(defun :apply (funct lval)(cond((symbolp funct)(:applyinternal funct(typefn funct)(valfn funct)lval))((atom funct)(:error ':apply 'errudf funct))((eq (car funct) 'lambda)(:applyinternal funct 'expr funct lval))((eq (car funct) 'flambda)(:applyinternal funct 'fexpr funct lval))((eq (car funct) 'mlambda)(:applyinternal funct 'macro funct lval))(t (:error ':apply 'errudf funct)))); Application of a function according to its type(defun :applyinternal (funct ftype fval lval)(selectq ftype(subr0 (if (= (length lval) 0)(call fval () () ())(:error funct 'errwna 0)))(subr1 (if (= (length lval) 1)(call fval (car lval) () ())(:error funct 'errwna 1)))(subr2 (if (= (length lval) 2)(call fval (car lval) (cadr lval) ())(:error funct 'errwna 2)))(subr3 (if (= (length lval) 3)(call fval (car lval)(cadr lval)(caddr lval))(:error funct 'errwna 3)))(nsubr (calln fval lval))(msubr (:eval (call fval (cons funct lval) () ())))(dmsubr (:eval (call fval lval () ())))(fsubr (call fval lval () () ))(expr (:evalambda fval lval))



2-20 CHAPTER 2. EVALUATION(fexpr (:evalambda fval (list lval)))(macro (:eval (:evalambda fval (cons funct lval))))(dmacro (:eval (displace form (:evalambda fval lval))))(t (:error ':apply 'errudf funct)))); Application to funcall(defun :funcall (funct . larg)(:apply funct larg))
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Chapter 3Prede�ned functionsThe functions described in this lengthy chapter are always resident in all versions of the LE-LISPsystem. Each function is listed here with its type|function or special-form|as well as thenumber of arguments it expects. For each argument, the requested or required argument type isindicated, using the following notation:� s for S-expressions� l for lists� a for atoms: symbols, numbers or character strings� symb for symbols� n for numbers� strg for character strings, or objects that could be converted to character strings by usingthe string function� vect for vectors of S-expressions� ch for characters: that is, for the �rst character of character strings or objects that could beconverted to character strings by using the string function� cn for internal character codes� fn for functions: symbols de�ned as functions, and anonymous or named lambda-expressions.Whenever possible, functions of the subr type are described here in LISP terms, in the form of defun,df, dm or defmacro de�nitions. These descriptions are merely LISP equivalents of the functions. Adescription of this kind represents no more than the behavior of the corresponding function, butnot its actual implementation in LE-LISP.Numerous type tests are carried out by the functions presented in this chapter. The following errorscan be raised:� errnaa, with the following default screen display:** <fn> : not an atom : <e> 1



3-2 CHAPTER 3. PREDEFINED FUNCTIONS� errnla, with the following default screen display:** <fn> : not a list : <e>� errsym, with the following default screen display:** <fn> : not a symbol : <e>� errnva, with the following default screen display:** <fn> : not a variable : <e>� errnsa, with the following default screen display:** <fn> : not a string : <e>In these displays, e is name of the the faulty argument, and fn is the function that caused theerror.3.1 Evaluation functions(eval s env) [function with one or two arguments]This is the main function of the interpreter. eval returns the value of the evaluation of the arguments. (See the complete description of this function in the preceding chapter.) The second argument,env, if supplied, is a lexical environment passed by the stepeval function. (See section 5 of chapter7.) (eval '(1+ 55)) =) 56(eval (list '+ 8 '(1+ 3) 3)) =) 15(eval (list (car '(cdr)) ''(a b c))) =) (b c)(evlis l) [function with one argument ]Returns a list of the values of the evaluations of all the elements of the list l.In LE-LISP, evlis could be de�ned in the following manner:(defun evlis (l)(if (null l)()(cons (eval (car l)) (evlis (cdr l)))))(setq l '((1+ 5) (1+ 7) (1+ 9))) =) ((1+ 5) (1+ 7) (1+ 9))(evlis l) =) (6 8 10)



EVALUATION FUNCTIONS 3-3(eprogn l) [function with one argument ]Sequentially evaluates all the elements in the list l, and returns the value of the �nal element of l.If l is not a well-formed list, the errbal error is raised.In LE-LISP, eprogn could be de�ned in the following manner:(defun eprogn (l)(cond ((consp l)(if (null (cdr l))(eval (car l))(eval (car l))(eprogn (cdr l))))((null l) ())(t (error 'eprogn 'errbal l))))? (setq l '((prin 1) (prin 2) (prin 3)))= ((prin 1) (prin 2) (prin 3)) ? (eprogn l)123= 3(prog1 s1 : : : sn) [special form]Sequentially evaluates the expressions s1 : : : sn, and returns the value of the �rst evaluation:that of s1.In LE-LISP, prog1 could be de�ned in the following manner:(df prog1 (first . rest)(let ((result (eval first)))(eprogn rest)result))Alternatively, it could be de�ned in the form of an expr:(defun prog1 l (car l))? (prog1 (prin 1) (prin 2) (prin 3))123= 1prog1 is always used to generate side-e�ects.Here is a macro, (exch var1 var2), that exchanges the values of var1 and var2 withoutusing other memory than for var1 and var2:(dm exch (exch var1 var2)(list 'setq var1



3-4 CHAPTER 3. PREDEFINED FUNCTIONS(list 'prog1 var2(list 'setq var2 var1))))))A form such as (exch v1 v2) is expanded to (setq v1 (prog1 v2 (setq v2 v1))).(prog2 s1 s2 : : : sn) [special form]Sequentially evaluates the expressions s1 s2 : : : sn and returns the value of the secondevaluation: that of s2.In LE-LISP, prog2 could be de�ned in the following manner:(df prog2 (first second . rest)(eval first)(let ((result (eval second)))(eprogn rest)result))Alternatively, it could be de�ned in the form of an expr:(defun prog2 (first second . l) second)? (prog2 (prin 1) (prin 2) (prin 3))123= 2Like prog1, prog2 is always used to generate side-e�ects.(progn s1 : : : sn) [special form]Evaluates the expressions s1 : : : sn in sequence, and returns the value of the last evaluation:that is, the evaluation of sn.progn is the fsubr form of the eprogn function. So, it can be described in the form of anfexpr, in the following manner:(df progn l (eprogn l))Alternatively, it could be de�ned in the form of an expr:(defun progn l (car (last l)))? (progn (prin 1) (prin 2) (prin 3))123= 3(quote s) [special form]



EVALUATION FUNCTIONS 3-5Returns the unevaluated S-expression s. This function is used to inhibit argument-evaluationin calls to functions.A prede�ned macro character, the apostrophe sign, can be used in place of the quote primitive.Written as ', it is often referred to as quote. Placed before any expression s, this apostropheis read as (quote s).For readability reasons, output functions print lists of the form (quote s) as 's.In LE-LISP, quote could be de�ned in the following manner:(df quote (s) s)(quote (1+ 4)) =) (1+ 4)'(a (b c)) =) (a (b c))'a =) a''a =) 'a'''a =) ''a(quote (quote a)) =) 'a'(quote a b) =) (quote a b)(function fn) [special form]If a lexical environment is present, this function returns the lexical closure composed of the functionfn and this lexical environment. If there is no lexical environment present, function is equivalent toquote. LE-LISPVersion 15.22 only builds a lexical environment for the labels de�ned by the tagbodyspecial-form and the block names de�ned by the block special-form. The function function cannotbe described in LISP.(arg n) [function with an optional argument ]This function is used inside an expr &nobind. Without arguments, (arg) returns the number ofarguments of the last expr &nobind function call. With a numeric argument, (arg n) returns thevalue of the nth argument of the last expr &nobind function call. If n is greater than the numberof arguments, the result is indeterminate, since arg does not test the validity of n.(identity s) [function with one argument ]As its name indicates, this function is the identity function. It returns its argument.In LE-LISP, identity could be de�ned in the following manner:(defun identity (s) s)(identity 'a) =) a(identity (1+ 5)) =) 6(comment e1 : : : en) [special form]



3-6 CHAPTER 3. PREDEFINED FUNCTIONSReturns the symbol comment itself, and does not evaluate the arguments. This function is veryuseful for commenting out an S-expression in the middle of a �le. It is not recommended for theintroduction of program comments, which should be written after the special semi-colon character.Warning : This function can only be inserted into an implicit or explicit progn. Otherwise,the evaluation will be disrupted.In LE-LISP, comment could be de�ned in the following manner:(df comment l 'comment)(comment 'foo bar) =) comment(comment) =) comment(comment but no) =) comment3.2 Application functions(lambda l s1 : : : sn) [special form](flambda l s1 : : : sn) [special form](mlambda l s1 : : : sn) [special form]The value of a lambda, flambda or mlambda lambda-expression is the expression itself. These newfunctions were added to eliminate the need to quote anonymous explicit lambda-expressions inapplication functions.In LE-LISP, lambda could be de�ned in the following manner:(df lambda l (cons 'lambda l))Alternatively, it could be de�ned in the form of a macro:(dm lambda l (kwote l))The second de�nition is more exact, since it preserves the physical address of the lambda-expression.In LE-LISP, flambda could be de�ned in the following manner:(df flambda l (cons 'flambda l))In LE-LISP, mlambda could be de�ned in the following manner:(df mlambda l (cons 'mlambda l))



APPLICATION FUNCTIONS 3-7? (lambda (x) x)= (lambda (x) x) ? (mapc (lambda (x) (prin x)) '(a b c))abc= ()3.2.1 Simple application functions(apply fn s1 : : : sn l) [function with a variable number of arguments]The arguments s1 : : : sn are optional. apply returns the value of the application of the functionfn to the list of arguments l with the arguments s1 : : : sn appended in front, if they are present.The argument l must be a list, which might be empty. Otherwise, the errbal error is raised. Thefunction fn is of one of the following types: subr, nsubr, fsubr, msubr, dmsubr, expr, fexpr, macroor dmacro.(apply 'cons (list (1+ 1) (1+ 2))) =) (2 . 3)(apply 'cons (1+ 1) (list (1+ 3))) =) (2 . 4)(apply 'list 1 2 3 '(4 5)) =) (1 2 3 4 5)(apply (lambda (x y) (+ x y)) (list (1+ 8) (- 10 3))) =) 16(apply (flambda (x y) (cons x y)) '((1+ 1) (1- 2))) =) ((1+ 1) 1- 2)(funcall fn s1 : : : sn) [function with a variable number of arguments]This is another form of the apply function. The form (funcall fn s1 : : : sn) is equivalent to theform (apply fn (list s1 : : : sn)). But funcall does not really construct any lists. Consequently,it is much more e�cient than apply.In LE-LISP, funcall could be de�ned in the following manner:(defun funcall (fnt . larg)(apply fnt larg))(funcall (lambda (x y) (cons x y)) 'a 'b) =) (a . b)(funcall '+ (1+ 1) (1+ 2) (1+ 3)) =) 9(setq kons 'cons) =) cons(funcall kons (1+ 1) (1+ 2)) =) (2 . 3)3.2.2 Application functions of the map typeThese functions allow for the repeated application of a function to a set of argument lists. Theapplied function can have any number of arguments, and the applications stop when the end ofone of these argument lists is reached. To apply invariant arguments, include them in a circularlist, by using for example the cirlist function. Obviously, at least one of these arguments listsmust terminate in the context of the evaluation, so that these application functions do not loopinde�nitely.



3-8 CHAPTER 3. PREDEFINED FUNCTIONS(allcar l) [function with one argument ]In the LISP descriptions accompanying these functions, we shall use the following auxiliaryfunctions:(defun allcar (e); e is a list of lists.; This function returns the list of all their cars.(if (null e) () (cons (caar e) (allcar (cdr e)))))(defun allcdr (e); e is a list of lists.; This function returns a list of all their cdrs.(if (null e) () (cons (cdar e) (allcdr (cdr e)))))(mapl fn l1 : : : ln) [function with a variable number of arguments](map fn l1 : : : ln) [function with a variable number of arguments]These apply the function fn to the lists li, then to all the cdrs of these lists, until the end of oneof the lists is reached.In LE-LISP, mapl and map could be de�ned in the following manner:(defun mapl (f . l)(when (every 'consp l)(apply f l)(apply 'mapl f (allcdr l))))? (mapl 'print '(a (b c) d) '(x y z))(a (b c) d)(x y z)((b c) d)(y z)(d)(z)= ()(mapc fn l1 : : : ln) [function with a variable number of arguments]Applies the function fn to the cars of the lists li, then to all the cadrs of these lists, then tothe caddrs, and so on, until the end of one of these lists is reached.In LE-LISP, mapc could be de�ned in the following manner:



APPLICATION FUNCTIONS 3-9(defun mapc (f . l)(when (every 'consp l)(apply f (allcar l))(apply 'mapc f (allcdr l))))? (mapc 'print '(a (b c) d) '(x y z))ax(b c)ydz= ()(maplist fn l1 : : : ln) [function with a variable number of arguments]Applies the function fn to the lists li, then to the cdrs of these lists : : : until the end of oneof the lists is reached. So, maplist is functionally similar to the map or mapl functions, butit returns as its value the list of the values of the applications.In LE-LISP, maplist could be de�ned in the following manner:(defun maplist (f . l)(when (every 'consp l)(cons (apply f l)(apply 'maplist f (allcdr l)))))(maplist 'length '(a (b c) d)) =) (3 2 1)(mapcar fn l1 : : : ln) [function with a variable number of arguments]Applies the function fn to the cars of the lists li, then to the cadrs of these lists, then to theircaddrs : : : until the end of one of the lists is reached. So, mapcar is functionally similar to the mapcfunction, but it returns as its value the list of values of the applications.In LE-LISP, mapcar could be de�ned in the following manner:(defun mapcar (f . l)(when (every 'consp l)(cons (apply f (allcar l))(apply 'mapcar f (allcdr l)))))(mapcar 'cons '(a b c) '(1 2)) =) ((a . 1) (b . 2))(mapcar 'list '(a b c d e f) (cirlist 1 2)) =) ((a 1) (b 2) (c 1) (d 2) (e 1) (f 2))(mapcon fn l1 : : : ln) [function with a variable number of arguments]Applies the function fn to the lists li, then to their cdrs, then to their cddrs : : : until theend of one of the lists is reached. mapcon is therefore functionally similar to the map function.



3-10 CHAPTER 3. PREDEFINED FUNCTIONSHowever, each application must return a list as its value, and mapcon returns the list of valuesof these applications, which are nconced together (see the description of this function) to givethe return value. If one of the returned values is not a list, it is ignored and does not appearin the list returned by mapcon.In LE-LISP, mapcon could be de�ned in the following manner:(defun mapcon (f . l)(when (every 'consp l)(nconc (apply f l)(apply 'mapcon f (allcdr l)))))? (mapcon 'list '(1 2 3) '(4 5 6))= ((1 2 3) (4 5 6) (2 3) (5 6) (3) (6)) ? (mapcon (lambda (x) (list (car (last x)))) '(ab c))= (c c c)The following code makes the last function loop the third time:(mapcon 'last '(a b c)) =) ? ?(mapcan fn l1 : : : ln) [function with a variable number of arguments]Applies the function fn to the cars of the lists li, then to the cadrs of these lists, then totheir caddrs : : : until the end of one of these lists is reached. mapcan is therefore functionallysimilar to the mapc function. However, each application must return a list as its value andmapcan returns the list of values of these applications, which are nconced together (see thedescription of this function) to give the return value. If one of these values is not a list, it isignored and does not appear in the list returned by mapcan.In LE-LISP, mapcan could be de�ned in the following manner:(defun mapcan (f . l)(when (every 'consp l)(nconc (apply f (allcar l))(apply 'mapcan f (allcdr l)))))? (mapcan (lambda (x y) (list (1+ x) (1- y)))? '(1 2 3)? '(1 2 3))= (2 0 3 1 4 2) ? (mapcan 'list '(a b c d)? (cirlist 1 2)? '(w x y z)? (cirlist 0))= (a 1 w 0 b 2 x 0 c 1 y 0 d 2 z 0)3.2.3 Other application functions



APPLICATION FUNCTIONS 3-11(every fn l1 : : : ln) [function with a variable number of arguments]Applies the function fn to the cars of the lists li, then to the cadrs of these lists, then to theircaddrs : : : until the value returned by one of these applications is (), or until the end of one ofthe lists li is reached. In the latter case, every returns the value of the last application. Due tothe way the boolean functions are represented in LISP, with () representing false, this function isprincipally used to apply a predicate to all the elements of a list.In LE-LISP, every could be de�ned in the following manner:(defun every (f . l)(if (caar l)(ifn (cdar l)(apply f (allcar l))(and (apply f (allcar l))(apply 'every f (allcdr l))))t))This description assumes that all list arguments have the same length.(every 'consp '((1) (2) (3))) =) (3)(every 'eq '(1 2 3) '(1 2 3)) =) t(every 'eq '(1 2) '(1 2 3)) =) t(every 'eq '(1 2 3) '(1 2 4)) =) ()(any fn l1 : : : ln) [function with a variable number of arguments]Applies the function fn to the cars of the lists li, then to the cadrs of these lists, then totheir caddrs, : : : until the value returned by one of these applications is not equal to (),or until the end of one of the lists li is reached. Due to the way the boolean functions arerepresented in LISP, with () representing false, this function is principally used to apply apredicate to all the elements of a list.In LE-LISP, any could be de�ned in the following manner:(defun any (f . l)(when (car l)(or (apply f (allcar l))(apply 'any f (allcdr l)))))This description assumes that all list arguments have the same length.(any 'consp '(1 "foo" (1) 10)) =) (1)(any '= '(1 2 3) '(10 2 30)) =) 2(mapvector fn vect) [function with two arguments]Applies the function fn, which must be de�ned to take a single argument, to each element ofthe vector vect, beginning with the zeroth element. mapvector returns () as its value.



3-12 CHAPTER 3. PREDEFINED FUNCTIONSIn LE-LISP, mapvector could be de�ned in the following manner:(defun mapvector (fn vect)(for (i 0 1 (1- (vlength vect)))(funcall fn (vref vect i))))? (mapvector 'prin #[a b c])abc= ()(mapoblist fn) [function with one argument ]Applies the function fn, which must be de�ned to take a single argument, to all the elements|in turn|of the oblist. This function is therefore equivalent to (mapc fn (oblist)), but itis much more e�cient, mainly because it does not build the entire list of symbols: typicallyabout two thousand elements.Here, for example, is a function that prints the names of all the nsubrs in the system:(defun printnsubr ()(mapoblist (lambda (symb)(when (eq (typefn symb) 'nsubr)(print symb)))))(mapcoblist fn) [function with one argument ]Applies the function fn, which must be de�ned to take a single argument, to all the elements|inturn|of the oblist. Each evaluation returns a list, and these are nconced together to give thereturn value. If one of the values is not a list, it is ignored and it does not appear in the result.mapcoblist is therefore equivalent to (mapcan fn (oblist)), but it is much more e�cient, mainlybecause it does not build the entire list of symbols: about two thousand elements.Here is a function that returns a list of the form (symb objval symb objval ...) for all thesymbols that have an objval:(defun findoval ()(mapcoblist (lambda (symb)(when (objval symb)(list symb(objval symb))))))(maploblist fn) [function with one argument ]Applies the function fn, which must be de�ned to take a single argment, to all the elements|inturn|of the oblist. Each evaluation returns a boolean value, and maploblist returns the list ofsymbols in the oblist of which the function, usually a predicate, is true.In LE-LISP, maploblist could be de�ned in the following manner:



ENVIRONMENT MANIPULATION FUNCTIONS 3-13(defun maploblist (fn)(mapcoblist(lambda (s)(when (funcall fn s) (list s)))))To obtain the number of functions in the system, evaluate(length (maploblist 'typefn))Here is a function that returns the list of all the functions of type fsubr in the system:(defun findfsubr ()(maploblist (lambda (symb)(eq (typefn symb) 'fsubr))))3.3 Environment manipulation functionsThese functions temporarily change the dynamic environment. Here, the term `environment' meansthe variable-value bindings. The initial environment, which was current before one of these functioncalls, is automatically restored upon function termination.(let lv s1 : : : sn) [special form]By means of let, you can make anonymous expr-type function calls. In other words, you can createlambda-expressions.lv is a list with elements of the form� var, or� (var val).s1 : : : sn is the body of the function.The let function binds the variables vari, dynamically and simultaneously, with the valuesvali, if the latter are supplied, or with () by default. It then executes the body of the functions1 : : : sn. After completing this execution, let unbinds the variables and binds them to theirprevious values. let simpli�es the de�nition and initialization of local variables.let is an abbreviated form of anonymous expr-type function call, and can therefore raise thesame errors: errbpa, errlib or errbal.The form(let ((var val)) s1 : : : sn)corresponds to the call((lambda (var) s1 : : : sn) val)and the form



3-14 CHAPTER 3. PREDEFINED FUNCTIONS(let ((var1 val1) ... (varn valn))s1 : : : sm)corresponds to the call((lambda (var1 : : : varn) s1 : : : sm)val1 : : : valn)In LE-LISP, let could be de�ned in the following manner:(defmacro let (lv . body)(cond ((null lv)(cons (cons 'lambda (cons () body))))(t (cons (cons 'lambda(cons (mapcar(lambda (l)(if (consp l)(car l)l))lv)body))(mapcar (lambda (l)(if (consp l)(cadr l)()))lv)))))Here is a more readable de�nition:(defmacro let (lv . body)(if (null lv)`((lambda () ,@body))`((lambda ,(mapcar (lambda (l) (if (consp l) (car l) l))lv),@body),@(mapcar (lambda (l) (if (consp l) (cadr l) ()))lv))))(let ((i 10) (j 20)) (+ i j)) =) 30(let ((a 'foo) ((b . c) (cons 1 2))) (list a b c)) =) (foo 1 2)(let ((i 10) j k) (list i j k)) =) (10 () ())(letv lvar lval s1 : : : sn) [special form]This function is identical to the let function, but allows for the calculation of the variable namesto be bound. lvar is an argument that should result, when evaluated, in a tree of symbols. lvalis an argument that should result, when evaluated, in a list of values. letv links the symbols ofthe lvar tree with the values of the lval list, and then evaluates the expressions s1 : : : sn in this



ENVIRONMENT MANIPULATION FUNCTIONS 3-15new environment. letv returns the value of the last evaluation (that of sn), and then restores theenvironment to the state it was in before the call. letv can raise the same errors (errbpa, errilb,errwna or errbal) as the evaluation of an anonymous function.In LE-LISP, letv could be de�ned in the following manner:(defmacro letv (lvar lval . body)`((lambda (,(eval lvar)) ,@body) ,lval))(letv '(a (b . c) d) '(1 (2 3) 4) (list a b c d)) =) (1 2 (3) 4)(letvq lvar lval s1 : : : sn) [special form]This function is identical to the preceding one, except that the �rst argument, lvar (the tree ofvariables), is not evaluated.In LE-LISP, letvq could be de�ned in the following manner:(defmacro letvq (lvar lval . body)`((lambda (,lvar) ,@body) ,lval))(letvq (a . b) '(1 2) (list a b)) =) (1 (2))(lets lv s1 : : : sn) [special form](slet lv s1 : : : sn) [special form](let* lv s1 : : : sn) [special form]These functions are identical to the let function, but the arguments are bound sequentially, notin parallel. They di�er from let in the same way that psetq di�ers from setq. So, a value alreadybound in the lets can be used to calculate the value of another expression in the list lv. There isno di�erence between lets, slet and let*.The form(lets ((var1 val1) (var2 val2) : : : (varn valn))s1 : : : sn)corresponds, therefore, to(let ((var1 val1))(let ((var2 val2)): : : : : :(let ((varn valn))s1 : : : sn) : : : ))and also to



3-16 CHAPTER 3. PREDEFINED FUNCTIONS((lambda (var1)((lambda (var2): : : : : :((lambda (varn)s1 : : : sn)valn) : : : )val2)val1)(let ((i 10)) (slet ((i 20) (j (+ i i))) (list i j))) =) (20 40)(letn symb lv s1 : : : sn) [special form]Makes it possible to call named expr-type functions. symb is the temporary function name,lv is a list of variable/value pairs, as in the let function, and s1 : : : sn is a function body.The letn function will dynamically, and in parallel, bind the variables with the values in thelist lv. It will then execute the body of the function s1 : : : sn, after having associated (duringthe evaluation of the body) the same lambda-expression as in the let function to the namesymb. letn therefore simpli�es the dynamic de�nition and call of a recursive function.The form(letn symb ((var1 val1) ... (varn valn)) s1 ... sn)is equivalent to(flet ((symb (var1 ... varn) s1 ... sn)) (symb val1 ... valn))In LE-LISP, letn could be de�ned in the following manner:(defmacro letn (name lv . body)`(flet ((,name ,(mapcar 'car `,lv) ,@body))(,name ,@(mapcar 'cadr `,lv)))))))))Let us look at an example that uses letn: the index function. It returns the index of thesub-string pname1 of the string pname2, starting at index n:(defun index (pname1 pname2 n)(letn inxaux1 ((p1 (pname pname1))(p2 (nthcdr n (pname pname2)))(n n))(cond ((< (length p2) (length p1)) ())((<> (car p1) (car p2))(inxaux1 p1 (cdr p2) (1+ n)))(t (letn inxaux2 ((pp1 (cdr p1))(pp2 (cdr p2)))(cond ((null pp1) n)((= (car pp1) (car pp2))(inxaux2 (cdr pp1)(cdr pp2)))(t (inxaux1 p1 (cdr p2)(1+ n)))))))))



FUNCTION-DEFINITION FUNCTIONS 3-173.4 Function-de�nition functionsThese functions allow for the de�nition of new functions. All of them test the validity of theirarguments:� Names of functions must be symbols.� All the variables in the list or in the parameter tree must also be symbols.These symbols can only appear once in the list or in the parameter tree.If not, the errbdf or errbpa errors are raised, with default screen displays:** <fn> : bad definition : <symb>** <fn> : bad parameter : <e>There are two types of function de�nition: static de�nitions and dynamic de�nitions. (See thepreceding chapter on the operation of the interpreter.)3.4.1 Static function de�nitionsAll these functions will permanently change the functions associated with the symbols. Thesechanges are controlled by the following variables:#:system:previous-def-flag [variable]#:system:previous-def [property ]All function rede�nitions can be preceded by a save of the previous de�nition associated with thesymbol|if it had one|on its P-list by use of the #:system:previous-def property. This saveis controlled by the #:system:previous-def-flag variable. If it is true|that is, if its value isdi�erent from ()|the save takes place. If it is false, no save is performed. By default the value ofthis variable is ().#:system:redef-flag [variable]The #:system:redef-flag 
ag allows for warning on function rede�nition.If #:system:redef-flag is false|that is, equal to (), as it is by default|a warning message isprinted on any attempt to rede�ne a function. If this 
ag is true|di�erent from ()|functionrede�nitions cause no warning messages. Such a message will have the form** <fn> : redefined function : <symb>where fn is the de�nition function that was called, and symb is the name of the function thatwas just rede�ned.



3-18 CHAPTER 3. PREDEFINED FUNCTIONS#:system:loaded-from-file [variable]#:system:loaded-from-file [property ]Moreover, all the following de�nition functions add, to the P-list of the newly de�ned symbolsby use of the #:system:loaded-from-file property, the name of the �le from which thefunction was loaded. This name will be found in the #:system:loaded-from-file variable.If the value of this variable is (), nothing is added on to the P-list of the function namesymbol.(defun symb lvar s1 : : : sn) [special form](de symb lvar s1 : : : sn) [special form]defun allows for the static de�nition of new exprs. symb is the name of the symbol to which alambda-expression of the type(lambda lvar s1 ... sn)will be attached.defun returns the name of the function, symb, as its value. There is no di�erence between deand defun.Up to validity checks, the form(defun symb lvar s1 ... sn)is equivalent to(setfn 'symb 'expr '(lvar s1 ... sn)(defun foo (x) (if (null (cdr x)) x (foo (cdr x)))) =) foo(valfn 'foo) =) ((x) (if (null (cdr x)) x (foo (cdr x))))(typefn 'foo) =) expr(foo '(a b c)) =) (c)(df symb lvar s1 : : : sn) [special form]Allows for the static de�nition of new fexprs. symb is the name of the symbol to which alambda expression of the type(flambda lvar s1 ... sn)will be attached.df returns the name of the de�ned function, symb, as its value.Up to validity checks,(df symb lvar s1 ... sn)is equivalent to



FUNCTION-DEFINITION FUNCTIONS 3-19(setfn 'symb 'fexpr '(lvar s1 ... sn)? (df increm (var . val)? (set var (if (consp val)? (+ (eval var) (eval (car val)))? (1+ (eval var)))))= increm ? (typefn 'increm)= fexpr ? (setq nb 7)= 7 ? (increm nb)= 8 ? nb= 8(dm symb lvar s1 : : : sn) [special form]Allows for the static de�nition of new macros. symb is the name of the symbol to which alambda expression of the type(mlambda lvar s1 ... sn)will be attached.dm returns the name of the de�ned function, symb, as its value.Up to validity checks, the form(dm symb lvar s1 ... sn)is equivalent to(setfn 'symb 'macro '(lvar s1 ... sn)? (dm decr (decr var . val)? (list 'setq var? (if val? (list '- var (car val))? (list '1- var))))= decr ? (setq n 10)= 10 ? (decr n)= 9(defmacro symb lvar s1 : : : sn) [special form](dmd symb lvar s1 : : : sn) [special form]defmacro allows for the static de�nition of a new dmacro named symb that accepts a tree ofvariables lvar. This tree of variables will be bound to the cdr of the call to this macro. defmacroreturns symb as its value. There is no di�erence between defmacro and dmd.In LE-LISP, defmacro could be de�ned in the following manner:(df defmacro (name larg . corps)



3-20 CHAPTER 3. PREDEFINED FUNCTIONS(eval `(dm ,name -l-(letvq ,larg (cdr -l-)(displace -l-,(if (and (consp corps)(consp (car corps))(null (cdr corps)))(car corps)(cons 'progn corps)))-l-))))Up to validity checks, the form(defmacro symb lvar s1 ... sn)is equivalent to(setfn 'symb 'dmacro '(lvar s1 ... sn)Here is an example:(defmacro if (test then else1 . elsen)`(cond ((,test ,then) (t ,else1 ,@elsen))))(ds symb type adr) [special form]Allows for the static de�nition of functions whose type is subr or fsubr. symb is the name ofa symbol to which a machine-language function, beginning at address adr, will be attached. Itstype is given by the argument type. This function, which is little used but included for reasons ofhomogeneity, is an fsubr variant of setfn.Up to validity tests, the form(ds symb type adr)is equivalent to(setfn 'symb 'type 'adr)3.4.2 Advanced use of macro functionsWriting macro functions is a challenging activity. LE-LISP encourages their use over fexprs, whichcause variable capture. In order to facilitate the writing of macros, the backquote macro-characteris provided (described in the chapter on input/output), along with the next two functions, whichallow for control of the results of macro-expansions.(macroexpand1 s) [function with one argument ]If the expression s is a macro, dmacro, msubr or dmsubr call, macroexpand1 returns the expandedvalue of this macro. This is obviously very useful for testing your own macros.In LE-LISP, macroexpand1 could be de�ned in the following manner:



FUNCTION-DEFINITION FUNCTIONS 3-21(defun macroexpand1 (x); expands a macro one level(cond ((eq (typefn (car x)) 'macro)(apply (cons 'lambda (valfn (car x))) x))((eq (typefn (car x) 'dmacro)(apply (cons 'lambda (valfn (car x))) (cdr x)))((eq (typefn (car x)) 'msubr)(call (valfn (car x)) x () ()))((eq (typefn (car x)) 'dmsubr)(call (valfn (car x)) (cdr x) () ()))(t x))))(defmacro foo (x1 x2) `(mcons ,x1 foo ,x2)) =) foo(macroexpand1 '(foo 10 20)) =) (mcons 10 foo 20)(macroexpand s) [function with one argument ]Allows for the multi-level expansion of macro, dmacro, msubr or dmsubr calls in the expression s.In LE-LISP, macroexpand could be de�ned in the following manner:(defun macroexpand (x); expand a call until no macros remain(cond ((atom x) x)((symbolp (car x))(cond ((eq (typefn (car x)) 'macro)(macroexpand(apply (cons 'lambda (valfn (car x)))x)))((eq (typefn (car x)) 'dmacro)(macroexpand(apply (cons 'lambda (valfn (car x)))(cdr x))))((eq (typefn (car x)) 'msubr)(macroexpand(call (valfn (car x)) x () ())))((eq (typefn (car x)) 'dmsubr)(macroexpand(call (valfn (car x)) (cdr x) () ())))((eq (car x) 'quote) x)(t (let ((s ()))(while (consp x)(newl s (macroexpand (nextl x))))(prog1 (nreverse s) (rplacd s x))))))(t (let ((s ()))(while (consp x)(newl s (macroexpand (nextl x))))



3-22 CHAPTER 3. PREDEFINED FUNCTIONS(prog1 (nreverse s) (rplacd s x))))))(defmacro foo (x1 x2) `(mcons ,x1 foo ,x2)) =) foo(dm bar (bar x) `(foo ,x 30)) =) bar(macroexpand '(bar (foo 10 20))) =) (mcons (mcons 10 foo 20) foo 30)3.4.3 De�nition of closures(closure lvar fn) [function with two arguments]Allows for the de�nition of a closure made up of a list of variables lvar and a function fn. Eachvariable in the list lvar must have a non-inde�nite value that will be used to construct the closure.In LE-LISP, closure could be de�ned in the following manner:(defun closure (lvarclot fnt)(let ((listval (mapcar '(lambda (val)(kwote (eval val)))lvarclot))(lvar (cadr fnt))(corps (cddr fnt)))`(lambda ,lvar((lambda ,lvarclot(protect (progn ,@corps),@(mapcar'(lambda (slot var)`(rplaca(cdr ,`(quote ,slot)),var))listval lvarclot))),@listval)))))For example, here is a natural number generator:(setfn 'nextint 'expr(let ((n 1))(cdr (closure '(n)'(lambda () (setq n (1+ n)))))))Here is a Fibonacci number generator:(setfn 'fib 'expr(let ((x 1) (y 1))(cdr (closure '(x y)'(lambda ()(setq y (prog1 (+ x y)(setq x y))))))))



FUNCTION-DEFINITION FUNCTIONS 3-23(nextint) =) 2(nextint) =) 3n =) ** eval : undefined variable : n(fib) =) 2(fib) =) 3(fib) =) 53.4.4 De�nition of dynamic functions(flet l s1 : : : sn) [special form]Allows for the de�nition of dynamic functions|analogous to the let function for variables.The argument l is a list of lists. Each sub-list has the form (symb l e1 ... en).The arguments s1 : : : sn represent the function body.The flet function binds a new function to each symbol symb during the evaluation of s1 : : : sn.Each of these functions|which are themselves expr-type expressions|has an argument list l anda body e1 : : : en. The return value of flet is the evaluation of the last function body in the flet:that of sn. After the flet, the symbols symb retrieve their previous de�nitions : : : if they had one.Due to the introduction of programmable interrupts, flet is not used very often. Moreover, itsuse leads to poor performance in compiled code because of the totally dynamic nature of therede�nition. Consequently, it should be avoided.? (flet ((car (x) (cdr x))) (car '(a b c)))= (b c) ? (car '(a b c))= a ? (flet ((car (x) (cdr x))? (cdr (x) (cddr x)))? (cdr (car '(a b c d e))))= (e)3.4.5 Generalized assignmentLISP allows assignment of values to variables by means of functions such as setq, set and psetq.Often, however, values are stored in di�erent kinds of data structures: lists, vectors and structures.For each type of storage, two functions need to be de�ned: an access function and an assignmentfunction. They are akin to the vref and vset functions for reading from and writing to vectorstorage.Generalized assignment allows you to use the access function to carry out an assignment by meansof the setf macro.The advantage of generalized assignment is the economy gained in the initial assignment of valuesto symbols. It also provides a uniform means of writing such assignment functions.(setf loc1 val1 : : : locn valn) [macro]



3-24 CHAPTER 3. PREDEFINED FUNCTIONSUpdates the locations loc1 : : : locn with the values of the expressions val1 : : : valn. As in thecase of the setq function, the assignments are carried out sequentially. setf returns the value ofthe last assignment that was performed.setf is a macro that is expanded into assignment functions for the locations loci.The locations loci must be one of the following:� A variable name. In this case, the setf macro is equivalent to the setq function.� A prede�ned locations, with one of the following forms: (car x), (cdr x), (caar x),(cadr x), (cadar x), (cddr x), (getprop s i), (vref v i) and (nth i l). The listcan be extended by using the defsetf macro, which is about to be presented.� One of the access functions of any de�ned structure.(setf (vref v i) x) is equivalent to (vset v i x).(defsetf access lparams store . body) [macro]Lets you de�ne the assignment function associated with the form (access . lparams). Thestore argument is a single-element list, the updated value is bound to the contents of store.The body argument is a macro body that must return the form that does the updating.(defsetf (vref v i) (x) `(vset ,v ,i ,x))(defsetf (cdr lst) (val)`(progn (rplacd ,lst ,val),val)) ; because rplacd does not return the right value3.5 Variable functionsA function with a variable number of arguments that gives read and write access (get/set) to aLISP datum will be referred to as a variable function. Read access takes place by calling this functionwith n-1 arguments. Write access takes place by calling it with n arguments. In the write call, thelast argument is the new value of the variable function. The type of the LISP datum manipulatedby these variable functions can be one of the following:� An internal LE-LISP system type: for example, the numerical output conversion base, orinput/output stamps.� Speci�c to a particular program, in which case any LISP object whatever can be used.A variable function has all the properties of a function. Indeed, it is a function. But it can also bedynamically bound|in the same way as LISP variables|by using the following function:(with l s1 : : : sn) [special form]



VARIABLE FUNCTIONS 3-25The argument l is a list of the form((symb1 arg11 ... arg1n) ... (symbn argn1 ... argnn))where the symbi are the names of the variable functions, and argi1 ... argin are their write-access arguments. with performs these writes after saving the values of calls to these variablefunctions in the read mode, then evaluating the expressions s1 : : : sn and returning the valueof sn as its result. But, in the spirit of dynamic binding, with calls these function variablesagain in write mode, with the values of the variable functions previously saved as arguments.The reconstitution of these values is protected in the manner of the protect function.In LE-LISP, with could be de�ned in the following manner:(defmacro with (l . body)(let ((var(let ((n -1))(mapcar (lambda (x)(symbol 'with(concat "arg" (incr n))))l))))`(let (,@(mapcar(lambda (var l)(list var(or (consp (firstn (1- (length l))l))(error 'with 'errsxt l))))varl))(protect(progn ,@l ,@body),@(mapcar(lambda (var l)(append1 (firstn (1- (length l)) l)var))varl)))))For example, obase is the system variable-function for accessing the numeric base of numbersbeing printed out:? (obase)= 10 ? (prin 100)100= 100 ? (with ((obase 16)) (prin 100))64= 100 ? (obase)= 10(with ((obase 16)) (prin 100)) is equivalent to



3-26 CHAPTER 3. PREDEFINED FUNCTIONS(let ((xxx (obase)))(protect (progn (obase 16)(prin 100))(obase xxx)))Here is another example:(defun monindic (pl . n)(ifn (consp n)(getprop pl 'indic)(putprop pl (car n) 'indic)(car n)))(monindic 'x '(a)) =) (a)(monindic 'x) =) (a)(with ((monindic 'x 20)) (monindic 'x)) =) 20(monindic 'x) =) (a)3.6 Basic control functionsAll the functions described in this section allow the sequential chain of evaluations to be broken.That is why they are all of type fsubr. The arguments are not evaluated by eval, but by thefunctions themselves. Even then, this is not always the case.The simplest control function is the conditional if function. This function will be used with thewhile function to describe all the other control functions in LISP, in the form of fexprs.(if s1 s2 s3 : : : sn) [special form]If the value of the evaluation of s1 di�ers from (), if returns the value of the evaluation of theexpression s2. Otherwise, if evaluates the expressions s3 : : : sn in turn, and returns the value ofthe last evaluation: sn. if allows for the construction of a control structure of the form if s thens2 else s3 : : : sn.(if t 1 2 3) =) 1(if () 1 2 3) =) 3Here is Ackermann's function described with the use of the if function:(defun ack (x y)(if (= x 0)(1+ y)(ack (1- x)(if (= y 0)1(ack x (1- y))))))(ifn s1 s2 s3 : : : sn) [special form]



BASIC CONTROL FUNCTIONS 3-27If the value of the evaluation of s1 is equal to (), ifn returns the value of the evaluation of theexpression s2. Otherwise, ifn evaluates the expressions s3 : : : sn in turn, and returns the value ofthe last evaluation: that of sn. ifn allows for the construction of a control structure of the form ifnot s1 then s2 else s3 : : : sn.ifn is therefore equivalent to (if (not s1) s2 s3 : : : sn).In LE-LISP, ifn could be de�ned in the following manner:(df ifn (test then . else)(if (null (eval test))(eval then)(eprogn else)))(ifn t 1 2 3) =) 3(ifn () 1 2 3) =) 1(when s1 s2 : : : sn) [special form]If the value of the evaluation of s1 di�ers from (), when evaluates the expressions s2 : : : sn in turn,and returns the value of the last evaluation: that of sn. If the value of s1 is (), when returns ().when gives rise to a control structure of the form if s1 then s2 : : : sn else ().In LE-LISP, when could be de�ned in the following manner:(df when (test . body)(if (eval test)(eprogn body)()))(when t 1 2 3) =) 3(when () 1 2 3) =) ()(unless s1 s2 : : : sn) [special form]If the value of the evaluation of s1 is equal to (), unless evaluates the expressions s2 : : : sn inturn, and returns the value of the last evaluation: that of sn. If the value of s1 di�ers from (),unless returns (). unless allows for the construction of a control structure of the form if s1 then() else s2 : : : sn.In LE-LISP, unless could be de�ned in the following manner:(df unless (test . body)(if (eval test)()(eprogn body)))(unless t 1 2 3) =) ()(unless () 1 2 3) =) 3



3-28 CHAPTER 3. PREDEFINED FUNCTIONS(or s1 : : : sn) [special form]Evaluates the expressions s1 : : : sn, in turn, until one of these evaluations has a value di�erentthan (). or returns this value. If no expression is given as argument, this function returns ().In LE-LISP, or could be de�ned in the following manner:(df or l(letn oreval ((l l))(if (null (cdr l))(eval (car l))(let ((resul (eval (car l))))(if resulresul(oreval (cdr l)))))))(or) =) ()(or ()) =) ()(or 1 2) =) 1(or () () 2 3) =) 2(and s1 : : : sn) [special form]Evaluates the expressions s1 : : : sn, in turn, until the value of one of these evaluations is equalto (), and then returns (). If this does not occur|that is, if all the expressions, when evaluated,di�er from ()|and returns the value of the last evaluation: that of sn. If no expressions are givenas arguments, this function returns t. and allows for the construction of control structures of theform if s1 then if s2 then if : : : then sn.In LE-LISP, and could be de�ned in the following manner:(df and l(if (null l)t(letn andeval ((l l))(if (null (cdr l))(eval (car l))(if (eval (car l))(andeval (cdr l))())))))(and) =) t(and ()) =) ()(and 1 2 3 4) =) 4(and 1 2 () 4) =) ()(cond l1 : : : ln) [special form]



BASIC CONTROL FUNCTIONS 3-29The famous cond primitive is the most general conditional function in LISP. The arguments l1 : : :ln are lists, called clauses , each of which has the structure (ss s1 : : : sn).ss is any expression, and s1 : : : sn are the body of the clause. cond evaluates the body ofthe �rst clause whose �rst element, ss, evaluates to something other than (). cond evaluatessequentially the expressions of the body, s1 : : : sn, and returns the value of the last evaluation:that of sn. If the clause in question has only one element, ss, cond returns the value of ss:that is, the value that caused the clause to be chosen for evaluation. cond allows for theconstruction of control structures of the form if ... then ... else if ... then ...If no clause is chosen for evaluation, cond returns (). In order to force the selection of thelast clause, it is customary to use the symbolic constant t as the selector, since its value isalways di�erent to (). (See the section on predicates.)In LE-LISP, cond could be de�ned in the following manner:(df cond l(letn condeval ((l l))(when l(if (or (atom l) (atom (car l)))(error 'cond 'errsxt l)(let ((select (eval (caar l))))(if select(if (cdar l)(eprogn (cdar l))select)(condeval (cdr l))))))))The form(cond(p1 e11 e12 e13)(p2 e21 e22)(p3)(p4 e41))is therefore equivalent to(cond(p1 (progn e11 e12 e13))(p2 (progn e21 e22))((let ((aux p3)) aux))(p4 e41))(cond (() 1 2) (t 3 4 5)) =) 5(selectq s l1 : : : ln) [special form]Like the cond function, selectq chooses one of the clauses l1 : : : ln. The selector of these clausesis the value of the evaluation of s, the selection being accomplished by the comparison of thisevaluation with one of the following:



3-30 CHAPTER 3. PREDEFINED FUNCTIONS� The unevaluated car of the clause if this is an atom. This comparison uses the equalpredicate.� The elements of the unevaluated car of the clause if this is a list. In this case, thecomparison uses the member search function. This option allows for the selection to takeplace between s and an arbitrary number of objects.Upon the selection of a clause, selectq evaluates the rest of the clause in order, and returnsthe value of the last evaluation.If none of the clauses l1 : : : ln is selected, selectq returns ().selectq therefore allows for the construction of switches on constant values.As in the cond function, it is possible to force the selection of the last clause by using thesymbolic constant t as its �rst element.In LE-LISP, selectq could be de�ned in the following manner:(df selectq (sel . cl)(letn sel1 ((sel (eval sel)) (cl cl))(cond((null cl); no more clauses())((or (atom cl) (atom (car cl))); bad clause(error 'selectq 'errsxt cl))((eq (caar cl) t); selection of the "always true" clause(eprogn (cdar cl)))((and (atomp (caar cl)) (equal sel (caar cl))); simple selection(eprogn (cdar cl)))((member sel (caar cl)); general selection(eprogn (cdar cl)))(t (sel1 sel (cdr cl))))))? (selectq 'red? (green 'hope)? (red 'ok)? (t 'no))= ok ? (selectq 'red? ((blue green red) 'color)? ((rose iris) 'flower)? (t 'dunno))= color



BASIC CONTROL FUNCTIONS 3-31(while s s1 : : : sn) [special form]As long as the value of s di�ers from (), while evaluates the expressions s1 : : : sn in turn.while always returns () as its value. This is the value of the last evaluation of s. The loopterminates at this point. This function allows for the construction of in�nite loops with theform (while t ...), since the symbolic constant t always has a value di�erent to ().In LE-LISP, while could be de�ned in the following manner:(df while (test . body)(letn while1 ()(if (null (eval test))()(eprogn body)(while1))))while is equivalent to the following LISP form:(letn while () (ifn s () s1 ... sn (while)))Here is an example of this function:? (setq s '(a b c d))= (a b c d) ? (while s (prin (nextl s)))abcd= ()(until s s1 : : : sn) [special form]As long as the value of the evaluation of s is equal to (), until evaluates all the expressionss1 : : : sn in turn. until returns the value of the �rst evaluation of s that di�ers from (). Thisis the value that causes the exit from the until loop. Like the preceding function, while,until provides a very convenient way to construct conditional loops, as well as in�nite loopswith the form (until () ... ).In LE-LISP, until could be de�ned in the following manner:(df until (test . body)(letn until1 ()(or (eval test)(progn (eprogn body) (until1)))))until is equivalent|up to the return value|to the following LISP form:(while (not s) s1 ... sn)Here is an example of this function:? (setq s '(a b c d))= (a b c d) ? (until (null s) (prin (nextl s)))



3-32 CHAPTER 3. PREDEFINED FUNCTIONSabcd= t(repeat m s1 : : : sn) [special form]repeat evaluates the expression m. The resulting value must be a whole number. repeat thenperforms m evaluations of the expressions s1 : : : sn. If the value of m is not a number, the errniaerror is raised. If m is not strictly greater than zero, the loop is not executed. In any case, repeatreturns t as its value.In LE-LISP, repeat could be de�ned in the following manner:(df repeat (n . l)(let ((n (eval n)))(if (fixp n)(while (>= n 0) (eprogn l) (decr n))(error 'repeat 'errnia n)))t)? (repeat 10 (prin '*))**********= t ? (repeat 0 (prin '*))= t(for (var in ic ntl e1 : : : em) s1 : : : sn) [special form]Allows nostalgic programmers to implement a loop of the Algol variety. The argument varmust be a symbol. It is the numeric control variable for the loop. The in argument is theinitial numeric value of var at the beginning of the loop, and ic is the numeric incrementadded to var each time round the loop. Finally, ntl is the maximal value|or minimal value,depending on the sign of ic|that the control variable can receive. It is the limit value ofvar. The for function returns the value of the evaluation of (progn e1 ... em).In LE-LISP, for could be de�ned in the following manner:(defmacro for ((var init step end . res) . body)(unless (variablep var)(error 'for 'errnva var))(unless (and init step end)(error 'for 'errsxt (list var init step end)))(let ((endvar (concat 'for (gensym)))(test (if (numberp step)(if (> step 0) '<= '>=)`(if (> ,step 0) '<=(if (< ,step 0) '>=(error 'for "increment nul" 0))))))`(let ((,var ,init)



LEXICAL CONTROL FUNCTIONS 3-33(,endvar ,end))(while (,test ,var ,endvar),@body(incr ,var ,step)),@res)))? (for (i 0 1 9 'ok) (prin i))0123456789= ok3.7 Lexical control functionsLE-LISP version 15.22 introduces the notion of lexical, or textual, control. The control structuresdescribed in this section have a strictly lexical scope. Incorrect use of one of them can raise theerrnab or errxia errors, which have the default screen displays:** <fn> : no lexical scope : <e>** <fn> : inactive lexical scope : <e>3.7.1 Primitive lexical control forms(block symb e1 : : : en) [special form]symb is the unevaluated symbolic name of a lexical block that evaluates the expressions e1 : : :en. By default, block returns the value of the last evaluation: that is, that of en. However, thesesequential evaluations can be interrupted by the next function.(return-from symb e) [special form]symb must be the name of a lexical block, of type block, and it is not evaluated. return-from exitsfrom this lexical block and returns the value of the evaluation of e. If this function occurs outsidethe lexical scope of the block in question, the errnab error is raised.(return e) [special form]This function is the same as the following form:(return-from () e)(tagbody ec1 : : : ecn) [special form]ec1 : : : ecn are either symbols considered as labels, or lists that are forms to be evaluated. tagbodyevaluates the forms in turn, and returns () by default. The sequential evaluation of these formscan be interrupted by the next function.



3-34 CHAPTER 3. PREDEFINED FUNCTIONS(go symb) [special form]symb is the name of a label in the current tagbody. The go function, called with symb as itsargument, allows you to restart the sequential evaluation from the point at which symb appears inthe tagbody. If symb is not a label in a lexical tagbody, the errnab error is raised.Here are examples of the use of lexical control functions:? (block commonality 1 (return-from commonality 2) 3)= 2 ? (block () 1 (block portability 2 (return 3) 4) 5)= 3 ? (block consistency (eval '(return-from consistency 10)))** return-from : no lexical scope : consistency? (block expressiveness? (let ((y #'(lambda () (return-from expressiveness 10))))? (funcall y)))= 10 ? (let (y) (block compatibility? (setq y #'(lambda () (return-from compatibility 10))))? (funcall y))** return-from : inactive lexical scope : compatibility? (let ((n 5) l)? (tagbody? efficiency (if (<= n 0)? (go power)? (newl l (decr n))? (go efficiency))? power)? l)= (0 1 2 3 4)The following example is inspired by a well-known source [Steele 84]:(defun cex (f g x)(if (= x 0)(funcall f)(block here(+ 5 (cex g#'(lambda () (return-from here 4))(- x 1))))))(cex () () 2) =) 43.7.2 Iteration functions of the prog kind(prog l ec1 : : : ecn) [macro]Allows you to combine the block, let and tagbody functions.In LE-LISP, prog could be de�ned in the following manner:(defmacro prog (l . body)



LEXICAL CONTROL FUNCTIONS 3-35`(block ()(let ,l(tagbody ,@body))))(prog* l ec1 : : : ecn) [macro]prog* is equivalent to the preceding function, prog, except that the variable bindings take placein sequence|not in parallel|due to the use of the let* form.In LE-LISP, prog* could be de�ned in the following manner:(defmacro prog* (l . body)`(block ()(let* ,l(tagbody ,@body))))3.7.3 Iteration functions of the do kind(do lv lr ec1 : : : ecn) [macro]This macro, borrowed from MacLisp, is a very general iteration function with one or several controlvariables. It, too, is a combination of the let, block and tagbody functions, enriched by an iterationstructure.� lv is a list of triples, each of which describes a control variable as (symb val inc).� symb is the name of the control variable.� The expression val is its initial value, before entering the loop. By default, it is ().� inc is the expression indicating its increment value, added after each iteration. If thisexpression is not supplied, the variable does not change values during loop execution. lr,the second argument of a do, is a list of the form(test e1 : : : en)where test is the end-of-iteration expression and e1 : : : en constitute the value to returnat the end of the iterations. This argument is analogous to a cond clause. If the value oftest is equal to (), the body of the do is executed. If not, the expressions e1 : : : en areevaluated, and the value of the evaluation of en is the return value of the do.� ec1 : : : ecn is the body of the do: the analog of the tagbody function.The evaluation of a do proceeds in the following manner:� The expressions val1 : : : valn of the triples are evaluated, and are used to bind thecontrol variables sym1 : : : symn. This is done in parallel, in the style of let or psetq.� test is evaluated. If its value is di�erent to (), the expressions e1 : : : en are evaluated,and do returns the value of en.



3-36 CHAPTER 3. PREDEFINED FUNCTIONS� If the test returns (), the do body ec1 : : : ecn is executed, as in a prog.� At the end of the do body, the expressions inc1 : : : incn in the triples are evaluated andare used|if they exist|to bind the control variables sym1 : : : symn. The process thencontinues at the second step.In LE-LISP, do could be de�ned in the following manner:(defmacro do (lv (test . resul) . body)`(block ()(let ,(mapcar (lambda (x) (list (car x) (cadr x)))lv)(until ,test(tagbody ,@body)(psetq ,@(mapcan (lambda (x)(when (consp (cddr x))(list (car x) (caddr x))))lv))),@resul)))Notice that this de�nition is not optimized for empty blocks or tagbody forms.Let us look at some examples of the use of do without a body. Here is a way of writing thelength function:(defun lngt (l)(do ((x l (cdr x))(j 0 (1+ j)))((atom x) j)))This function is transformed as follows:(defun lngt (l)(let ((x l) (j 0))(until (atom x)(psetq x (cdr x) j (1+ j)))j))Here is a of writing the reverse function:(defun rev (l)(do ((x l (cdr x))(y () (cons (car x) y)))((atom x) y)))This function is transformed as follows:(defun rev (l)(let ((x l) (y ()))(until (atom x)(psetq x (cdr x) y (cons (car x) y)))y))



DYNAMIC, NON-LOCAL CONTROL FUNCTIONS 3-37(do* lv lr ec1 : : : ecn) [macro]do* is identical to the preceding function, do, except that the bindings take place sequentially andnot in parallel. The relationship between do* and do is the same as that between let* and let.In LE-LISP, do* could be de�ned in the following manner:(defmacro do* (lv (test . resul) . body)`(block ()(let* ,(mapcar (lambda (x) (list (car x) (cadr x)))lv)(until ,test(tagbody ,@body)(setq ,@(mapcan (lambda (x)(when (consp (cddr x))(list (car x) (caddr x))))lv))),@resul)))Notice that this de�nition is not optimized for empty blocks or tagbody forms.Here is an example of an exponentiation function:(defun expt (m n)(do* ((result m (* m result))(exponent n (1- exponent))(counter (1- exponent) (1- exponent)))((= counter 0) result)))This function is transformed as follows:(defun expt (m n)(let* ((result m)(exponent n)(counter (1- exponent)))(until (= counter 0)(setq result (* m result)exponent (1- exponent)counter (1- exponent)))result))3.8 Dynamic, non-local control functionsThe following control functions are powerful and rapid, both in compiled and interpreted code.They are necessary components of more sophisticated control structures, and their use is stronglyrecommended.A dynamically-de�ned label is referred to as an escape. LE-LISP associates symbols with theseescapes. These associations initialize neither the values of symbols, nor the functions associatedwith them.



3-38 CHAPTER 3. PREDEFINED FUNCTIONS(tag symb s1 : : : sn) [special form]This lets you de�ne an escape named symb. This name is not evaluated, but s1 : : : sn are evaluatedin turn. If there is no exit function call executed during these evaluations, tag returns the valueof the last evaluation: that is, the evaluation of sn. On the other hand, if a call of the form (exitsymb s1 : : : sn) is encountered among s1 : : : sn, the evaluations inside the tag are terminated,the expressions e1 : : : en are evaluated in turn, and tag returns the value of the evaluation of enas its value.(defun present (l e)(tag find(letn auxfn ((l l))(cond ((null l) ())((eq l e) (exit find l))((consp l)(auxfn (car l))(auxfn (cdr l)))(t ())))))(present '(1 (2 . 3) 4) 3) =) 3(present '(1 (2 . 3) 4) 5) =) ()(evtag s s1 : : : sn) [special form]evtag is similar to the preceding function, tag, except that the name of the escape is evaluated.evtag therefore provides the means to de�ne computed escapes.(exit symb s1 : : : sn) [special form]Can be used to leave escapes. After evaluating the expressions s1 : : : sn in the environment of theexit, it returns to the last dynamically de�ned (tag symb ...) or (evtag symb ...).If symb is not the name of a dynamically-accessible escape, the exit from the escape can be capturedby a lock form. It is up to this form to raise the errudt error in certain cases. This error has thescreen display:** <fn> : undefined tag : <symb>where symb is the name of the escape and fn is the type of the lock form that caught theescape. By default, the main interaction loop has a lock form and raises the following error:** toplevel : undefined tag : <symb>(evexit s s1 : : : sn) [special form]evexit is similar to exit, except that the name of the escape is evaluated.



DYNAMIC, NON-LOCAL CONTROL FUNCTIONS 3-39(unexit symb s1 : : : sn) [special form]Can be used to leave escapes. It returns to the last dynamically-de�ned (tag symb ...) or (evtagsymb ...). It also evaluates the expressions s1 : : : sn in the environment of the corresponding tagor evtag.(let ((i 10)) (tag out (let ((i 20)) (exit out i)))) =) 20(let ((i 10)) (tag out (let ((i 20)) (evexit 'out i)))) =) 20(let ((i 10)) (tag out (let ((i 20)) (unexit out i)))) =) 10(untilexit symb e1 : : : en) [special form]Provides the means to create loops that are controlled by escapes. symb is the name of an escape.The expressions e1 : : : en are repeated inde�nitely until the occurrence of an explicit call to exitthe escape symb, or an escape for which symb lies in its dynamic scope.The form (untilexit symb s1 ... sn) therefore corresponds to the following call:(tag symb (while t s1 ... sn))(lock fn s1 : : : sn) [special form]First, lock evaluates the argument fn, which must return a two-argument function as itsvalue. This function is called the lock function.Then, lock evaluates the expressions s1 : : : sn as a progn. If an escape occurs in the courseof these evaluations, the lock function is automatically called with two arguments. The �rstis the name of the current escape, and the second is the value which this escape returns.The value returned by this lock function fn, if it returns one, becomes the value of the lockfunction. Even if the evaluation of the body of the lock terminates normally, the lock functionis called, but with () as the name of the escape and with the value of the evaluation of sn asits second argument. In this case, too, the value returned by lock is the value returned bythe lock function fn.Here is a lock function that is useless, because it reactivates an escape with the same nameand the same value:(lambda (tag val) (if tag (evexit tag val) val))Here is a lock function that stops all escapes and raises an error:(lambda (tag val)(if tag(error 'lock 'errudt tag)val))(protect s1 s2 : : : sn) [special form]Evaluates the expressions s1 : : : sn and returns the value of the �rst evaluation: that of s1. In thissimple case, it behaves like the prog1 function. However, if an escape occurs during the evaluation



3-40 CHAPTER 3. PREDEFINED FUNCTIONSof s1, the expressions s2 : : : sn are evaluated during the restoration of the exit context of theescape. This function|needed for the construction of LISP sub-systems|allows for the automaticrestoration of complex environments in the case of exceptional exits or errors.In LE-LISP, protect could be de�ned in the following manner:(df protect (e1 . l)(lock (lambda (tag val)(eprogn l)(if tag(evexit tag val)val))(eval e1)))Let us look at a function that prints the hexadecimal value of a number. The number isshifted left by two bits. That is, it is multiplied by four:? (defun prinhex (n)? (protect (progn (obase 16)? (print (* n 4)))? (obase 10)))= prinhex ? (prinhex 100)190= 400 ? (prinhex 'foo)** * : not a number : foo? 100= 100 The output base has been restored.(unwind n s1 : : : sn) [special form]After having unstacked n activation blocks from the dynamic execution stack (see thecstack function), unwind evaluates the expressions s1 : : : sn and returns the value of thelast evaluation: that is, of sn. These evaluations are performed, therefore, in a previousenvironment. If there are not at least n activation blocks still on the dynamic executionstack, the fatal errfsud is raised, and the following default screen is displayed:***** Fatal error : stack underflow.This function cannot be described in LE-LISP in a simple manner.? (let ((x 10)) (let ((x '(a))) (unwind 1 x)))= 10 ? (let ((x 10))? (protect (let ((x '((a)))) (unwind 2 x))? (print 'ok)))ok= 10



DYNAMIC, NON-LOCAL CONTROL FUNCTIONS 3-41(catch-all-but l s1 : : : sn) [special form]l is a list of escape names. During the evaluation of the expressions s1 : : : sn, if there is an escapecall|that is, a call to exit or to evexit|that causes an exit from the catch-all-but, then thefunction searches the list l for an occurrence of the escape name in question. If it occurs in l, theescape takes place normally. If not, the errudt error|unde�ned escape|is raised. This functiontherefore provides a way of �ltering escapes.In LE-LISP, catch-all-but could be de�ned in the following manner:(defmacro catch-all-but (l . body)`(lock (lambda (tag val)(cond ((null tag) val)((memq tag ',l) (evexit tag val))(t (error 'catch-all-but'errudttag)))),@body)))(backtrack symb l e1 : : : en) [special form]Provides a means of executing backup control structures. symb is a symbol that has the backtrackname as its value. l is a list of variables to be guarded. e1 : : : en are the various actions of thebacktrack. Unless interrupted, backtrack evaluates e1 and returns its value. During this evaluation,if an escape with the name symb occurs, the evaluation of e1 is abandonned, the values of thevariables in the list l are restored, and evaluation of e2 is undertaken. It too can e�ect an escape, byperforming an exit or evexit with symb as its �rst argument. Evaluation of e3 is then undertaken,after the variables are restored as described above. The same actions take place for e3 : : : en. Toquit a backtrack structure exceptionally, use the form(exit backtrack return value)In LE-LISP, backtrack could be de�ned in the following manner:(defmacro backtrack (name lvar . body)(unless (symbolp name)(error 'backtrack 'errnaa name))`(tag backtrack,@(if (null lvar)(mapcar (lambda (e)`(tag ,name ,e(exit backtrack)))body)`((let ((backtrack (list ,@lvar))),@(mapcan(lambda (e)`((tag ,name ,e



3-42 CHAPTER 3. PREDEFINED FUNCTIONS(exit backtrack))(desetq ,lvar backtrack)))body))))))))))(pprint (macroexpand1'(backtrack re(s1 s2)(try1 s1)(try2 s2)(try3 s1 s2))))(tag backtrack(let ((backtrack (list s1 s2)))(tag re (try1 s1) (exit backtrack))(desetq (s1 s2) backtrack)(tag re (try2 s2) (exit backtrack))(desetq (s1 s2) backtrack)(tag re (try3 s1 s2) (exit backtrack))(desetq (s1 s2) backtrack)))3.9 Basic predicatesIn LISP, the boolean value false is equivalent to the value (), and the boolean value true is equivalentto any value other than (). The latter fact allows you to choose any kind of representation.Certain predicates that must return the boolean value true use the symbolic constant t. Byde�nition, this constant is di�erent to (), since the value of the symbol t is the symbol t itself.All predicates which are false of the value () return their �rst argument if the predicate is a�rmedof that argument, and () otherwise; all predicates which are true of the value () return t if thepredicate is a�rmed of its argument, and () otherwise.The majority of the names of these functions end with the letter p, which is meant to stand forpredicate.This section only describes the basic predicates. Tests on integer and mixed-arithmetic expressionsare described elsewhere in this manual.(false e1 : : : en) [function with a variable number of arguments]Returns the boolean value false|that is, ()|regardless of the number or values of its arguments.(true e1 : : : en) [function with a variable number of arguments]Returns the boolean value true|that is, the symbolic constant t|regardless of the number orvalues of its arguments.(null s) [function with one argument ]Tests whether s is equal to (). If so, null returns t. Otherwise, it returns ().



BASIC PREDICATES 3-43In LE-LISP, null could be de�ned in the following manner:(defun null (s)(if (eq s ()) t ()))(null ()) =) t(null t) =) ()(not s) [function with one argument ]Inverts the boolean value of s. Due to the implementation of the boolean values in LISP, thisfunction is identical to the function null. To make your programs more readable, it is preferableto use null to test whether a list is empty, and not to invert a logical value.(atom s) [function with one argument ](atomp s) [function with one argument ]These predicates test whether s is an atom: that is, either a symbol, a number or a character string.atom returns t if this is the case. Otherwise, it returns (). In order to handle the relation (atomx) == (not (consp x)), atom returns t when its argument is a vector of S-expressions. atompbehaves in the same manner; it is merely another name for atom.(atom ()) =) t(atom 'argh) =) t(atom #[1 2]) =) t(atom "oops") =) t(atom 42) =) t(atom '(a b)) =) ()(constantp s) [function with one argument ]Tests whether s is a constant: that is the special nil or an object that returns, when evaluated,the same object. Basic numbers, character strings, vectors of S-expressions and symbols of whichvariablep are not true are all constants. constantp returns t if the test is positive, and () if not.In LE-LISP, constantp could be de�ned in the following manner:(defun constantp (s)(if (or (fixp s)(floatp s)(vectorp s)(stringp s)(and (symbolp s) (not (variablep s))))t()))



3-44 CHAPTER 3. PREDEFINED FUNCTIONS(constantp ()) =) t(constantp nil) =) t(constantp 'nil) =) t(constantp 123) =) t(constantp 1.14) =) t(constantp "barf") =) t(constantp #[1 2]) =) t(constantp 'argh) =) ()(constantp '(a b)) =) ()(symbolp s) [function with one argument ]Tests whether s is a symbol. symbolp returns t if so, and () if not.(symbolp ()) =) t(symbolp 'argh) =) t(symbolp #[1 2]) =) ()(symbolp "oops") =) ()(symbolp 44) =) ()(symbolp '(a b)) =) ()(variablep s) [function with one argument ]Tests whether s is a symbol that is not a symbolic constant: that is, whether it is a symbol di�erentfrom (), ||, nil and t. It returns s if this is so, and () if not.(variablep ()) =) ()(variablep nil) =) ()(variablep 'nil) =) ()(variablep 'argh) =) argh(variablep 123) =) ()(variablep "barf") =) ()(variablep #[1 2]) =) ()(variablep '(a b)) =) ()(numberp s) [function with one argument ]Tests whether s is a number. numberp returns the number s if the test is positive. Otherwise, itreturns (). Tests on di�erent types of numbers are described in chapter 4.(numberp ()) =) ()(numberp 'argh) =) ()(numberp #[1 2]) =) ()(numberp "oops") =) ()(numberp 44) =) 44(numberp '(a b)) =) ()



BASIC PREDICATES 3-45(vectorp s) [function with one argument ]Tests whether s is a vector. vectorp returns s if this is so, and () if not.(vectorp ()) =) ()(vectorp 'argh) =) ()(vectorp #[1 2]) =) #[1 2](vectorp "oops") =) ()(vectorp 44) =) ()(vectorp '(a b)) =) ()(stringp s) [function with one argument ]Tests whether s is a character string. stringp returns s if this is so, and () if not.(stringp ()) =) ()(stringp 'argh) =) ()(stringp #[1 2]) =) ()(stringp "oops") =) "oops"(stringp 44) =) ()(stringp '(a b)) =) ()(consp s) [function with one argument ]Tests whether s is a non-empty list. consp returns s if the test is positive. Otherwise, it returns(). consp is the inverse predicate of atom.(consp ()) =) ()(consp nil) =) ()(consp 'nil) =) ()(consp 'argh) =) ()(consp #[1 2]) =) ()(consp "oops") =) ()(consp 44) =) ()(consp '(a b)) =) (a b)(listp s) [function with one argument ]Tests whether s is a list. The test includes the possibility of the empty list, written as ||. listpreturns the symbol t if the test is positive. Otherwise, it returns ().The representation of the empty list as () or as a symbol||| poses the problem of the status ofthis symbol. || is simultaneuosly a symbol and the representation of the empty list. LE-LISP|likemost post-MacLisp versions of LISP|resolves this ambiguity by calling upon two functions to testlists: consp and listp.(listp ()) =) t(listp ||) =) t(listp '||) =) t



3-46 CHAPTER 3. PREDEFINED FUNCTIONS(listp nil) =) t(listp 'nil) =) ()(listp 'argh) =) ()(listp #[1 2]) =) ()(listp "oops") =) ()(listp 44) =) ()(listp '(a b)) =) t(nlistp s) [function with one argument ]Tests whether s is neither a list nor the symbol for the empty list. In LE-LISP, the latter is writtenas the symbol ||. If the test is positive, nlistp returns the argument s. Otherwise, it returns ().Up to the return value, this function is the inverse of the preceding one.In LE-LISP, nlistp could be de�ned in the following manner:(defun nlistp (x)(if (or (null x) (consp x))()x))(nlistp ()) =) ()(nlistp nil) =) ()(nlistp 'nil) =) nil(nlistp 'argh) =) argh(nlistp #[1 2]) =) #[1 2](nlistp "oops") =) "oops"(nlistp 44) =) 44(nlistp '(a b)) =) ()(eq s1 s2) [function with two arguments]eq tests whether the two symbols s1 and s2 are equal, and returns t if this is the case. Otherwise,it returns (). When the arguments are not symbols, the eq function tests for the equality of theinternal representations of s1 and s2. In fact, eq tests for the equality of the physical addresses ofits two arguments.Since the internal representation of numbers, vectors and character strings varies with di�erentimplementations of the system, it is recommended that the function = (which is described withthe numeric predicates) be used to test for the equality of numeric values. Similarly, the eqvectorfunction should be used for the same test on vectors, and eqstring should be used to test forequality between two strings.(eq () nil) =) t(eq nil 'nil) =) ()(eq 'a (car '(a))) =) t(eq #[1 2] #[1 2]) =) () or t (depending on the implementation)(eq "strr" "strr") =) () or t (depending on the implementation)



BASIC PREDICATES 3-47(eq (1+ 119) 120) =) t or () (depending on the implementation)(eq '(a b) '(a b)) =) ()(setq l '(x y)) =) (x y)(eq l l) =) t(neq s1 s2) [function with two arguments]neq is equivalent to (not (eq s1 s2)).In LE-LISP, neq could be de�ned in the following manner:(defun neq (s1 s2)(if (eq s1 s2) () t))(equal s1 s2) [function with two arguments]This functions carries out the most general kind of comparison that is available in LE-LISP, andmust be used if the exact type of the objects to be compared is not known. Up to the return value,when s1 and s2 are symbols, equal is identical to the eq function. equal is identical to eqn inthe case of integer numbers, and to feqn in the case of 
oating-point numbers. If s1 and s2 arevectors, equal is identical to the eqvector function. If the arguments are character strings, equalis identical to the eqstring function. If they are lists, equal tests whether they have the samestructure: that is, whether they have the same elements. In all cases, if the test is positive, equalreturns t. Otherwise, it returns ().To compare extended arithmetic numbers, the = function must be used.In LE-LISP, equal could be de�ned in the following manner:(defun equal (s1 s2)(tag no (if (equalaux s1 s2) t ()))))(defun equalaux (s1 s2)(cond ((symbolp s1)(if (symbolp s2)(eq s1 s2)(exit no ())))((or (fixp s1) (floatp s1))(if (or (fixp s2) (floatp s2))(= s1 s2)(exit no ())))((vectorp s1)(if (vectorp s2)(eqvector s1 s2)(exit no ())))((stringp s1)(if (stringp s2)(eqstring s1 s2)



3-48 CHAPTER 3. PREDEFINED FUNCTIONS(exit no ())))(t (if (consp s2)(and (equalaux (car s1) (car s2))(equalaux (cdr s1) (cdr s2)))(exit no ())))))(equal () ()) =) t(equal 'a '|a|) =) t(equal 1214 (1+ 1213)) =) t(equal 10 10.) =) t(equal #[1 2] #[1 2]) =) t(equal #[1 2 3] #[1 2]) =) ()(equal "foo bar" "foo bar") =) t(equal '(a (b . c) d) '(a (b . c) d)) =) t(equal '(a b c) '(a b c d)) =) ()John McCarthy posed an interesting problem. Can we �nd non-trivial solutions for s suchthat (equal s (eval s))? Here are three proposed solutions, due to Christian Queinnec:Solution #1 :(setq s1 '((lambda (s) (list (car s)(subst s '= (cadr s))))'((lambda (s)(list (car s)(subst s '= (cadr s))))'=)))(equal s1 (eval s1)) =) tSolution #2 :(setq s2 '((lambda (s) (list (car s) (kwote s)))'((lambda (s) (list (car s) (kwote s))))))(equal s2 (eval s2)) =) tSolution #3 :(setq s3 '((flambda (s) `(,s ,s))(flambda (s) `(,s ,s))))(equal s3 (eval s3)) =) t(nequal s1 s2) [function with two arguments]The form (nequal s1 s2) is equivalent to (not (equal s1 s2)).In LE-LISP, nequal could be de�ned in the following manner:(defun nequal (s1 s2)(if (equal s1 s2) () t))



FUNCTIONS ON LISTS 3-493.10 Functions on lists3.10.1 Search functions on listsAll these functions accept a single list l as their argument. It can be the empty list (). If any othertype or number of arguments is given, the errnla error is raised.(car l) [function with one argument ]If l is a list, car returns its �rst element. If l equals (), car returns (). The car of a symbol otherthan ||, of a number, a vector or a character string is unde�ned, and therefore raises the errnlaerror. This error is not generated by compiled code.(car '(a b c)) =) a(setq x '(u p)) =) (u p)(car x) =) u(car 'x) =) ** car : not a list : x(cdr l) [function with one argument ]If l is a list, cdr returns this list without its �rst element. The cdr of () is, by de�nition, ().The cdr of a symbol other than ||, of a number, a vector or a character string is unde�ned, andraises|as in the case of the previous function, car|the errnla error under the interpreter. Incompiled code, this error does not occur for bad arguments to cdr.(cdr '(a b c)) =) (b c)(cdr '(x . y)) =) y(cdr ()) =) ()(c----r l) [functions of one argument ]There are overlapping combinations of car and cdr, with up to four letters between the c and ther. This gives rise to 28 di�erent functions.� (cadr l) is equivalent to (car (cdr l)).� (cdaar l) is equivalent to (cdr (car (car l))).� (cadaar l) is equivalent to (car (cdr (car (car l)))).(memq symb l) [function with two arguments]If the symbol symb is an element of the list l, memq returns the sublist of l that begins at the �rstoccurrence of the symbol symb. Otherwise, it returns (). This function uses the eq predicate totest for the presence of symb in the list l. This function is often used as a predicate to test for thepresence of an element in a given list.In LE-LISP, memq could be de�ned in the following manner:



3-50 CHAPTER 3. PREDEFINED FUNCTIONS(defun memq (at l)(cond ((atom l) ())((eq at (car l)) l)(t (memq at (cdr l)))))(memq 'c '(a b c d e)) =) (c d e)(memq 'z '(a b c d e)) =) ()(memq 'f '(a . f)) =) ()(member s l) [function with two arguments]If the expression s is an element of the list l, member returns the sublist of l that begins at the�rst occurrence of symb in l. Otherwise, it returns (). This function uses the equal predicate, andso facilitates searches for elements of any type whatsoever in a list.In LE-LISP, member could be de�ned in the following manner:(defun member (s l)(cond ((atom l) ())((equal s (car l)) l)(t (member s (cdr l)))))(member 'c '(a b c d e)) =) (c d e)(member 'z '(a b c d e)) =) ()(member 'f '(a . f)) =) ()(member '(a b) '(a (a b) c)) =) ((a b) c)(tailp s l) [function with two arguments]If s is one of the cdrs of l, tailp returns s. Otherwise, it returns ().In LE-LISP, tailp could be de�ned in the following manner:(defun tailp (s l)(cond ((atom l) ())((eq s l) s)(t (tailp s (cdr l)))))(setq l '(a b c d) ll (cddr l)) =) (c d)(tailp ll l) =) (c d)(tailp '(c d) '(a b c d)) =) () tailp uses eq(nthcdr n l) [function with two arguments]Returns the sublist of l that begins with its nth cdr. If l is not a list, or if (length l) is less thann, nthcdr returns (). If n is less than or equal to zero, nthcdr returns the entire list l.In LE-LISP, nthcdr could be de�ned in the following manner:



FUNCTIONS ON LISTS 3-51(defun nthcdr (n l)(if (<= n 0)l(nthcdr (1- n) (cdr l))))(nthcdr 3 '(a b c d e)) =) (d e)(nthcdr 0 '(a b)) =) (a b)(nthcdr 10 '(a b)) =) ()(nth n l) [function with two arguments]Returns the nth element of the list l, counting the car of l as its zeroth element. nth is equivalentto (car (nthcdr n l))In LE-LISP, nth could be de�ned in the following manner:(defun nth (n l)(if (<= n 0)(car l)(nth (1- n) (cdr l))))(nth 3 '(a b c d e f)) =) d(nth 10 '(a b c)) =) ()(last s) [function with one argument ]If s is a list, last returns the list composed of its �nal element. If s is not a list, last returns s.In LE-LISP, last could be de�ned in the following manner:(defun last (s)(if (or (atom s) (atom (cdr s)))s(last (cdr s))))(last '(a b c d e)) =) (e)(last '(a b c . d)) =) (c . d)(last 120) =) 120(length s) [function with one argument ]If s is a list, length returns the number of elements in s. If s is not a list|that is, if s is anatom|length returns zero.In LE-LISP, length could be de�ned in the following manner:(defun length (s)



3-52 CHAPTER 3. PREDEFINED FUNCTIONS(if (atom s)0(1+ (length (cdr s)))))(length '(a (b c) d e)) =) 4(length '(a b . c)) =) 2(length "esar") =) 03.10.2 List creation functionsAll the functions that are described in this subsection build new lists. The management of memoryallocated to lists is dynamic and automatic. (See the section on the garbage collector.)(cons s1 s2) [function with two arguments]Builds a list that has s1 as its �rst element and s2 as the rest. If s2 is an atom, cons builds thedotted pair (s1 . s2).If we suppose that the variable free contains the list of available memory cells, cons could bedescribed in LE-LISP in the following manner:(defun cons (x y)(rplaca free x)(rplacd (prog1 free (setq free (cdr free))) y))(cons 'a '(b c)) =) (a b c)(cons 1 'x) =) (1 . x)(setq s '(x y z)) =) (x y z)(equal (cons (car s) (cdr s)) s) =) t(xcons s1 s2) [function with two arguments]This function is equivalent to (cons s2 s1). The order of the arguments is simply reversed.(xcons 1 2) =) (2 . 1)(setq x 10) =) 10(xcons (incr x) (incr x)) =) (12 . 11)(ncons s) [function with one argument ]This function is the equivalent of (cons s ()) or (list s).(mcons s1 : : : sn) [function with a variable number of arguments]This function performs a multiple cons. The form(mcons s1 s2 : : : sn{1 sn)is equivalent to the form



FUNCTIONS ON LISTS 3-53(cons s1 (cons s2 : : : (cons sn{1 sn) : : : ))In LE-LISP, mcons could be de�ned in the following manner:(df mcons l(cons (eval (car l))(eval (if (null (cddr l))(cadr l)(cons 'mcons (cdr l))))))mcons has been de�ned here in the form of an fexpr, assuming the presence of at least twoarguments. Alternatively, it could be de�ned in the form of a macro:(dm mcons (mcons . l)(list 'cons (cadr l)(if (null (cdddr l))(caddr l)(cons 'mcons (cddr l)))))(mcons) =) ()(mcons 'a) =) a(mcons 'a 'b) =) (a . b)(mcons 'a 'b 'c) =) (a b . c)(list s1 : : : sn) [function with a variable number of arguments]Returns the list of the values of the expressions s1 : : : sn. In terms of cons, the call(list s1 s2 : : : sn{1 sn)is equivalent to(cons s1 (cons s2 : : : (cons sn{1 (cons sn ())) : : : ))In LE-LISP, list could be de�ned in the following manner:(defun list l l)list has been de�ned here in the form of an expr. Alternatively, we could de�ne it in theform of an fexpr:(df list l(let ((r))(while l (newr r (eval (nextl l))))r))(list 'a 'b 'c) =) (a b c)(list) =) ()



3-54 CHAPTER 3. PREDEFINED FUNCTIONS(kwote s) [function with one argument ]Builds a two-element list that has the symbol quote as its �rst element, and the value of s as itssecond argument.In LE-LISP, kwote could be de�ned in the following manner:(defun kwote (s)(list 'quote s))(kwote 'a) =) 'a(kwote (cdr '(a . b))) =) 'b(makelist n s) [function with two arguments]Returns a list of n elements, each one having the value of s as its own value. This function is usefulfor building lists of a given length.In LE-LISP, makelist could be de�ned in the following manner:(defun makelist (n s)(if (<= n 0)()(cons s (makelist (1- n) s))))(makelist 4 'a) =) (a a a a)(append l1 : : : ln) [function with a variable number of arguments]Returns the concatenation of a copy of the �rst level of all the lists l1 : : : ln{1 to the list ln.Arguments that are not lists are ignored, except that ln, if atomic, becomes the last cdr of theresulting list. To copy the �rst level of a list l, use the form (append l ()).In LE-LISP, append could be de�ned in the following manner:(defun append l(append2 (car l)(if (null (cddr l))(cadr l)(apply 'append (cdr l)))))(defun append2 (l1 l2)(if (null l1)l2(cons (car l1) (append2 (cdr l1) l2))))(append '(a b c) '(x y)) =) (a b c x y)(append () '(x y) '(z)) =) (x y z)(append '(a) 1 '(b) 2 '(c)) =) (a b c)(append '(a) 1 '(b) 2 'c) =) (a b . c)



FUNCTIONS ON LISTS 3-55(setq l1 '(a b c)) =) (a b c)(eq l1 (append l1)) =) t(setq l3 (append l1 ())) =) (a b c)(eq l1 (append l1 ())) =) ()(append1 l s) [function with two arguments]The form (append1 l s) is equivalent to (append l (list s)).This allows you to copy the �rst level of the list l and add the element s to its tail.In LE-LISP, append1 could be de�ned in the following manner:(defun append1 (l s)(append l (list s)))(append1 '(a b) 'c) =) (a b c)(reverse s) [function with one argument ]Returns a reversed copy of the �rst level of the list s.In LE-LISP, reverse could be de�ned in the following manner:(defun reverse (s)(letn rev2 ((s s) (r ()))(if (atom s)r(rev2 (cdr s) (cons (car s) r)))))(reverse '(a (b c) d)) =) (d (b c) a)It is sometimes claimed that the following function also reverses its argument:(defun rev (l)(if (null (cdr l))l(cons (car (rev (cdr l)))(rev (cons (car l)(rev (cdr (rev (cdr l))))))))(copylist l) [function with one argument ]Builds a new copy of l in its entirety. In this function, the copying takes place at every level ofnesting within l. To copy character strings, the cells of labelled lists and vectors of S-expressions,use the next function to be described.In LE-LISP, copylist could be de�ned in the following manner:(defun copylist (s)



3-56 CHAPTER 3. PREDEFINED FUNCTIONS(if (atom s)s(cons (copylist (car s)) (copylist (cdr s)))))(copylist 'a) =) a(copylist '(a (b (c (d))))) =) (a (b (c (d))))(copylist '#(a b . #(d))) =) (a b d)This function does not handle circular or shared lists. To solve this problem, use the followingfunction:(defun circopylist (l)(let ((d) (e))(letn circ1 ((l l))(cond ((atom l) l)((cdr (assq l d)))(t (setq e (cons () ())d (acons l e d))(rplac e(circ1 (car l))(circ1 (cdr l))))))))(copy s) [function with one argument ]Returns a distinct copy of the object s. This is true for character strings, cells of labelled lists andvectors of S-expressions.In LE-LISP, copy could be de�ned in the following manner:(defun copy (s)(cond ((atom s)(cond((stringp s) (substring s 0))((vectorp s)(let ((v (makevector (vlength s) ())))(for (i 0 1 (1- (vlength s)))(vset v i(copy (vref s i))))v))(t s)))((tconsp s)(tcons (copy (car s)) (copy (cdr s))))(t (cons (copy (car s)) (copy (cdr s))))))(setq strg "gdy jest") =) "gdy jest"(eq strg strg) =) t(eq strg (copy strg)) =) ()(equal strg (copy strg)) =) t



FUNCTIONS ON LISTS 3-57(setq vect #[1 2]) =) #[1 2](eq vect vect) =) t(eq vect (copy vect)) =) ()(equal vect (copy vect)) =) t(copy '#(a b . #(d))) =) #(a b . #(d))(firstn n l) [function with two arguments]Returns a copy of the �rst n elements of the list l. It might happen that l contains fewer than nelements. In other words, n is greater than (length l). In this case, firstn returns a copy of theentire list l.In LE-LISP, firstn could be de�ned in the following manner:(defun firstn (n l)(cond ((null l) ())((<= n 0) ())(t (cons (car l) (firstn (1- n) (cdr l))))))(firstn 3 '(a b c d e f)) =) (a b c)(firstn 5 '(a b c d)) =) (a b c d)(firstn 0 '(a b c)) =) ()(lastn n l) [function with two arguments]Returns a copy of the last n elements of the list l. It might happen that the list contains fewerthan the number of elements requested. In other words, (length l) is less than n. In this case,lastn returns a copy of the entire list l.In LE-LISP, lastn could be de�ned in the following manner:(defun lastn (n l)(reverse (firstn n (reverse l))))(lastn 2 '(a b c d e)) =) (d e)(lastn 10 '(a b c)) =) (a b c)(lastn 0 '(a)) =) ()(subst s1 s2 s) [function with three arguments]Builds a new copy of the expression s, substituting the expression s1 for each occurrence of theexpression s2 in s. The substitution takes place at every level of s. This function uses the equalpredicate to perform the test, and builds a new expression by sharing the greatest possible numberof list cells with the original expression s.Use the form (nsubst s1 s2 (copy s)) to obtain a distinct copy of the expression. By this, wemean a copy that shares no cells whatsoever with the original list s.In LE-LISP, subst could be de�ned in the following manner:



3-58 CHAPTER 3. PREDEFINED FUNCTIONS(defun subst (new old s)(cond ((equal s old) new)((atom s) s)(t (let ((car (subst new old (car s)))(cdr (subst new old (cdr s))))(if (and (eq car (car s))(eq cdr (cdr s)))s(cons car cdr))))))(subst '(x y z) 'a '(a c (d a))) =) ((x y z) c (d (x y z)))(remq symb l) [function with two arguments]Returns a copy of l in which occurrences of the symbol symb have been removed. This modi�cationis e�ected only at the �rst level of l.In LE-LISP, remq could be de�ned in the following manner:(defun remq (symb l)(cond ((atom l) l)((eq symb (car l)) (remq symb (cdr l)))(t (cons (car l) (remq symb (cdr l))))))(remq 'a '(a b a (c a b) d a s)) =) (b (c a b) d s)(remq 'a '(a . b)) =) b(remq 'a '(a b . a)) =) (b . a)(remq 'a '(a a a)) =) ()(remove s l) [function with two arguments]This function is identical to the last one described, except that it uses equal to test for occurrencesof s in l.In LE-LISP, remove could be de�ned in the following manner:(defun remove (s l)(cond ((atom l) l)((equal s (car l)) (remove s (cdr l)))(t (cons (car l) (remove s (cdr l))))))(remove '(a) '(a b (a) (c a b) (a) s)) =) (a b (c a b) s)(remove '(a) '((a) (a) (a))) =) ()3.10.3 Functions on cells of labelled listsThese functions use an invisible bit that can be set and tested for each list cell. By default, theexternal representation of a labelled list cell|one whose invisible bit is set|is #(car . cdr) for



FUNCTIONS ON LISTS 3-59input and output functions. However, it is possible to e�ect the evaluation and the printing of theselabelled list cells by means of user functions. (See the section on extended types in chapter 2.)(tconsp s) [function with one argument ]Returns s if s is a labelled cons, and () if this is not the case. This function cannot be describedin LISP.(tconsmk s) [function with one argument ]Sets the invisible bit for the cons referred to as s. The �nal letters in the name of this function,mk, stand for `mark': a synonym of `set'. This function cannot be described in LISP.(setq x '(a . b)) =) (a . b)(tconsmk x) =) #(a . b)x =) #(a . b)(tconscl s) [function with one argument ]Clears the invisible bit for the cons referred to as s. This function cannot be described in LISP.(setq x '#(a . b)) =) #(a . b)(tconscl x) =) (a . b)x =) (a . b)(tcons s1 s2) [function with two arguments]Creates a labelled cons with s1 as its car and s2 as its cdr.In LE-LISP, tcons could be de�ned in the following manner:(defun tcons (car cdr)(tconsmk (cons car cdr)))(setq x (tcons 'a '(b c))) =) #(a b c)(tcons 'd (cons 'e x)) =) #(d e . #(a b c))3.10.4 Physical modi�cation functionsAll the functions presented in this sub-section must be used with caution, and exactly as described.Otherwise, you might run into serious problems. These functions enable you to physically modifyLISP structures. Be especially careful whenever you set out to physically modify shared lists. Thispossibility of operating upon the internal representations of lists means that LISP o�ers the samepower that you �nd in machine languages.(rplaca l s) [function with two arguments]



3-60 CHAPTER 3. PREDEFINED FUNCTIONSReplaces the car of the list l by s. It returns the modi�ed list l as its value. If the argument l isnot a list, the errnla error occurs.(rplaca '(a b c) '(x y)) =) ((x y) b c)(rplaca 'x 'foo) =) ** rplaca : not a list : x(rplacd l s) [function with two arguments]Replaces the cdr of the list l with s. It returns the new list l as its value. If the argument l is nota list, the errnla error occurs.(rplacd '(a b c) '(x y z)) =) (a x y z)(rplacd () 't) =) ** rplacd : not a list : ()(rplac l s1 s2) [function with three arguments]Replaces the car of the list l with s1 and its cdr with s2, and returns the modi�ed list. If theargument l is not a list, the errnla error occurs.In LE-LISP, rplac could be de�ned in the following manner:(defun rplac (l s1 s2)(if (atom l)(error 'rplac 'errnla l)(rplaca l s1)(rplacd l s2)l))(setq l1 '(a b) l2 l1) =) (a b)(rplac l1 1 '(2)) =) (1 2)l1 =) (1 2)l2 =) (1 2)(displace l ln) [function with two arguments]Replaces the car of the list l with the car of ln, and the cdr of l with the cdr of ln. If ln is not alist, it is transformed into (progn ln). This function is often used in macros, to physically modifythe macro call itself.In LE-LISP, displace could be de�ned in the following manner:(defun displace (l ln)(if (atom l)(error 'displace 'errnla l)(if (atom ln)(rplac l 'progn (list ln))(rplac l (car ln) (cdr ln)))))(setq l1 '(a b c)) =) (a b c)



FUNCTIONS ON LISTS 3-61(setq l2 l1) =) (a b c)(displace l1 '(x y)) =) (x y)l2 =) (x y)(displace l1 'z) =) (progn z)l2 =) (progn z)(placdl l s) [function with two arguments]Lets you attach a new cell to the cdr of the list l. This new cell has s as its car. placdl returnsthis new cell as its value. This function is used extensively to build lists|in the right order|inone single non-recursive pass.In LE-LISP, placdl could be de�ned in the following manner:(defun placdl (l s)(cdr (rplacd l (cons s ()))))(evlis l) [function with one argument ]Returns a list composed of the values of the evaluations of all the elements of l.In LE-LISP, evlis could be de�ned in the following manner:(defun evlis (l)(cond ((null l) ())((null (cdr l)) (list (eval (car l))))(t (let ((head (list (eval (car l)))))(evlisaux (cdr l) head)head)))))(defun evlisaux (rest current)(when rest(evlisaux (cdr rest)(placdl current (eval (car rest))))))(nconc l1 : : : ln) [function with a variable number of arguments]Physically concatenates all the lists li. In other words, it places a pointer to the list li in the cdrof the last element of the list li{1. It returns the new list l1 as its value. If two of the li lists arethe same physical pointers, nconc builds a circular list by forcing the last cdr of the list to pointto the �rst element of this same list. Arguments that are not lists are ignored, except for the �nalargument, ln. If this last argument is atomic, it becomes the �nal cdr of the resulting list.In LE-LISP, nconc could be de�ned in the following manner:(defun nconc2 (l1 l2) ; Assume that l1 and l2 are well-formed lists(let ((l1 l1))



3-62 CHAPTER 3. PREDEFINED FUNCTIONS(while (consp (cdr l1)) (nextl l1))(rplacd l1 l2))l1)(setq x1 '(a b c) x2 x1) =) (a b c)(nconc x1 '(d e) '(f g)) =) (a b c d e f g)x2 =) (a b c d e f g)(nconc () '(a) () '(b)) =) (a b)(setq x1 '(a b c)) =) (a b c)(nconc x1 x1) =) (a b c a b c a b : : :(nconc1 l s) [function with two arguments]Physically adds the new element s to the end of the list l.In LE-LISP, nconc1 could be de�ned in the following manner:(defun nconc1 (l a)(nconc l (list a)))(setq l1 '(a b c) l2 l1) =) (a b c)(nconc1 l1 'd) =) (a b c d)l2 =) (a b c d)(cirlist e1 : : : en) [function with a variable number of arguments]Builds a circular list composed of the elements e1 : : : en. Since this function builds a new list, itdoes not modify the elements. Among other things, cirlist provides the means to build invariantsin map-type functions.In LE-LISP, cirlist could be de�ned in the following manner:(defun cirlist l(nconc l l))(cirlist 'a) =) (a a a a a a : : :(cirlist 'a 'b 'c) =) (a b c a b c a b c : : :(nreverse l) [function with one argument ]Reverses, physically and rapidly, the list l. This function must be used with caution, since itphysically modi�es the whole list. This brings about a disaster if the list was shared.In LE-LISP, nreverse could be de�ned in the following manner:(defun nreverse (l)(if (consp l)(letn nr ((l l) (r))(if (null (cdr l))



FUNCTIONS ON LISTS 3-63(rplacd l r)(nr (cdr l) (rplacd l r))))l))(setq l1 '(a b c d e)) =) (a b c d e)(setq l2 (cdr l1)) =) (b c d e)(setq l3 (last l1)) =) (e)(nreverse l1) =) (e d c b a)l1 =) (a)l2 =) (b a)l3 =) (e d c b a)(nreconc l s) [function with two arguments]Reverses, physically and rapidly, the list l, and adds|by means of a physical nconc|the list s.This function therefore corresponds to (nconc (nreverse l) s).This function must be used with caution, for it physically modi�es LE-LISP structures. Operationson shared structures can be particularly confusing. On the other hand, this function is far morerapid than the conventional reverse.In LE-LISP, nreconc could be de�ned in the following manner:(defun nreconc (l s)(if (consp l)(nconc (nreverse l) s)s))(setq l1 '(a b c d e)) =) (a b c d e)(setq l2 (cdr l1)) =) (b c d e)(setq l3 (last l1)) =) (e)(nreconc l1 '(x y)) =) (e d c b a x y)l1 =) (a x y)l2 =) (b a x y)l3 =) (e d c b a x y)(nsubst s1 s2 l) [function with three arguments]Physically modi�es the list l by substituting the expression s1 for each occurrence of the expressions2 in l. This function uses the equal predicate to test for occurences of s2 in l. To obtain a copyof the modi�ed list, instead of changing l physically, use the subst function.In LE-LISP, nsubst could be de�ned in the following manner:(defun nsubst (new old s)(cond ((equal s old) new)((atom s) s)(t (rplac s



3-64 CHAPTER 3. PREDEFINED FUNCTIONS(nsubst new old (car s))(nsubst new old (cdr s)))))))(setq l '(a c (d a))) =) (a c (d a))(nsubst '(x y z) 'a l) =) ((x y z) c (d (x y z)))l =) ((x y z) c (d (x y z)))(delq symb l) [function with two arguments]Physically removes all occurrences of the symbol symb from the �rst level of the list l, and returnsthe modi�ed list. If this list was shared|for example, if a variable pointed at or into it|the valuesin pointers that previously e�ected this sharing will be possibly invalid. This function uses the eqpredicate. In order to get a physically distinct copy of such a modi�ed list, use the remq function.In LE-LISP, delq could be de�ned in the following manner:(defun delq (symb l)(cond ((atom l) l)((eq symb (car l)) (delq symb (cdr l)))(t (rplacd l (delq symb (cdr l))))))(setq l '(a b c b b d)) =) (a b c b b d)(setq l (delq 'b l)) =) (a c d)(delq 'a l) =) (c d)l =) (a c d)(setq l (delq 'a l)) =) (c d)l =) (c d)(delete s l) [function with two arguments]Physically removes all occurrences of the expression s from the �rst level of the list l, and returnsthe modi�ed list. If this list was shared|for example, if a variable pointed at or into it|the valuesin pointers that previously e�ected this sharing will be possibly invalid. This function uses theequal predicate. In order to get a physically distinct copy of such a modi�ed list, use the removefunction.In LE-LISP, delete could be de�ned in the following manner:(defun delete (s l)(cond ((atom l) l)((equal s (car l)) (delete s (cdr l)))(t (rplacd l (delete s (cdr l))))))(setq l '(a (b) c b (b) d)) =) (a (b) c b (b) d)(setq l (delete '(b) l)) =) (a c b d)l =) (a c b d)



FUNCTIONS ON LISTS 3-653.10.5 Functions on A-listsThe term A-lists stands for association lists, which are tables|in the snobol 4 sense|that havethe following structure:((key1 . val1) (key2 . val2) : : : (keyn . valn))Each element of an A-list is a pair composed of a key and a value. The key is the car of the tableelement, and the corresponding value is its cdr. A value is accessed by means of its key.In all the functions to be described here, the argument al is an A-list. For A-list access functionsthat use the eq predicate, the keys must be symbols. For access functions that use equal, thesekeys must be S-expressions. All elements of an A-list that are not of a cons nature are ignored.(acons s1 s2 al) [function with three arguments]Adds an element to the A-list al. The element is composed of the key s1, and its value is s2. aconsreturns the newly-modi�ed A-list as its value.In LE-LISP, acons could be de�ned in the following manner:(defun acons (s1 s2 al)(cons (cons s1 s2) al))(acons 'a 10 '((b . 11) (z . 40))) =) ((a . 10) (b . 11) (z . 40))(pairlis l1 l2 al) [function with three arguments]Here, l1 is a list of keys, and l2 is a list of values. pairlis returns a new A-list composed of thekeys in l1 and the associated values in l2. If a third argument, al, is supplied, it is added to theend of the newly-created A-list.In LE-LISP, pairlis could be de�ned in the following manner:(defun pairlis (l1 l2 al)(if (and (consp l1) (listp l2))(acons (car l1)(car l2)(pairlis (cdr l1) (cdr l2) al))al))(pairlis '(the big tree) '(le grand arbre) ()) =) ((the . le) (big . grand) (tree . arbre))(pairlis '(x y z) '(a (b)) '((a . x) (b . y))) =) ((x . a) (y b) (z) (a . x) (b . y))(assq symb al) [function with two arguments]Returns the element of the A-list al whose key|that is, whose car|is equal to the symbol symb.If there is no such element, assq returns ().In LE-LISP, assq could be de�ned in the following manner:



3-66 CHAPTER 3. PREDEFINED FUNCTIONS(defun assq (symb al)(cond ((atom al) ())((and (consp (car al))(eq (caar al) symb))(car al))(t (assq symb (cdr al)))))(assq 'b '((a) (b 1) (c d e))) =) (b 1)(cassq symb al) [function with two arguments]cassq is identical to assq, except that it returns only the value|or cdr|of the element of theA-list al whose key matches symb.So, (cassq symb al) is equivalent to (cdr (assq symb al)).Warning : The value () could be returned as the successful result of a match on a key withwhich it is associated in al. On the other hand, this same () value could be returned becausethere was no match on the given key value, symb. It is not possible to distinguish betweenthese two cases.(cassq 'c '((a) (b 1) (c d e))) =) (d e)(rassq symb al) [function with two arguments]Returns the element of the A-list al whose value|or cdr|is equal to the symbol symb. Ifthere is no such element, rassq returns ().In LE-LISP, rassq could be de�ned in the following manner:(defun rassq (symb al)(cond ((atom al) ())((and (consp (car al))(eq (cdar al) symb))(car al))(t (rassq symb (cdr al)))))(rassq 1 '((a) (b . 1) (c d e))) =) (b . 1)(assoc s al) [function with two arguments]This function is identical to rassq, except that it uses the equal predicate to test for matchesbetween s and the keys of the elements in al. These keys can therefore be of any type whatsoever.In LE-LISP, assoc could be de�ned in the following manner:(defun assoc (s al)(cond((atom al) ())((and (consp (car al))



FUNCTIONS ON LISTS 3-67(equal s (caar al)))(car al))(t (assoc s (cdr al)))))(assoc '(b) '((a) ((b) 1) (c d e))) =) ((b) 1)(cassoc s al) [function with two arguments]This function is identical to the cassq function, except that it uses the equal predicate to test formatches between s and the keys of the elements in al. These keys can therefore be of any typewhatsoever.(cassoc s l) is therefore equivalent to (cdr (assoc s l)).(cassoc '(c) '((a) (b 1) ((c) d e))) =) (d e)(rassoc s al) [function with two arguments]This function is equivalent to the rassq function, except that it uses the equal predicate totest for matches between s and the values of the elements in al.In LE-LISP, rassoc could be de�ned in the following manner:(defun rassoc (s al)(cond ((atom al) ())((and (consp (car al))(equal s (cdar al)))(car al))(t (rassoc a (cdr al)))))(rassoc '(d e) '((a) ((b) 1) (c d e))) =) (c d e)(sublis al s) [function with two arguments]sublis returns a copy of the expression s in which all occurrences of the keys of the A-list al havebeen replaced by their associated values. The returned copy shares|as far as possible|the cellsof the initial expression. This function uses the assq predicate.In LE-LISP, sublis could be de�ned in the following manner:(defun sublis (al s)(if (atom s)(let ((x (assq s al)))(if x (cdr x) s))(let ((car (sublis al (car s)))(cdr (sublis al (cdr s))))(if (and (eq car (car s))(eq cdr (cdr s)))s(cons car cdr)))))



3-68 CHAPTER 3. PREDEFINED FUNCTIONS(sublis '((a . z) (b 2 3)) '(a (b a c) d b . b)) =) (z ((2 3) z c) d (2 3) 2 3)3.10.6 Sorting functionssort [feature]This feature indicates whether the sorting functions are loaded into memory.(sort fn l) [function with two arguments]Physically sorts the list l. The elements of the list are compared by using the two-argument functionfn. If this list was shared|for example, if a variable pointed at or into it|the values in pointersthat previously e�ected this sharing will be possibly invalid. sort returns the modi�ed list l as itsvalue. The sort e�ected by sort is unstable. Identical elements in the original list might not be inthe same physical location in the resulting list.In LE-LISP, sort could be de�ned in the following manner:(defun sort (fn l)(if (null (cdr l))l(let ((l1 l) (l2))(setq l (nthcdr (1- (div (length l) 2)) l)l2 (cdr l))(rplacd l ())(ffusion (sort fn l1)(sort fn l2)))))(defun ffusion (l1 l2) ; Physically merge two sorted lists(unless (funcall fn (car l1) (car l2))(psetq l1 l2 l2 l1))(prog1 l1(while (and (cdr l1) l2)(when (funcall fn (car l2) (cadr l1))(rplacd l1(prog1 l2(setq l2 (cdr l1)))))(nextl l1))(when l2 (rplacd l1 l2))))(sortl l) [function with one argument ]Performs a physical alphabetic sort of the list l.In LE-LISP, sortl could be de�ned in the following manner:(defun sortl (l) (sort 'alphalessp l))



FUNCTIONS ON SYMBOLS 3-69? (mapcar 'sortl? '((requiem aeternam dona eis domine)? (et lux perpetua luceat eis)? (in memoria aeterna eris justus)? (ab auditione mala non timebit)))= ((aeternam domine dona eis requiem)(eis et luceat lux perpetua)(aeterna eris in justus memoria)(ab auditione mala non timebit))(sortp l) [function with one argument ]Performs a physical sort of the symbols in the list l, including packages.In LE-LISP, sortp could be de�ned in the following manner:(defun sortp (l) (sort 'pkgcmp l))(defun pkgcmp (s1 s2)(if (eq (packagecell s1) (packagecell s2))(alphalessp s1 s2)(pkgcmp (packagecell s1) (packagecell s2))))(sortp '(a #:b:a z #:b:c:a y)) =) (a y z #:b:a #:b:c:a)(sortn l) [function with one argument ]Performs a physical numeric sort of the list l.In LE-LISP, sortn could be de�ned in the following manner:(defun sortn (l) (sort '< l))(sortn '(6 4 8 6 5 8 7)) =) (4 5 6 6 7 8 8)3.11 Functions on symbols3.11.1 Functions that access symbol valuesThe value cells of a symbol are usually accessed by eval, when it evaluates the symbol. eval alwayschecks whether a symbol possesses a value. If not, it raises the errudv error. The following twospecial functions also allow access to symbol values.(boundp symb) [function with one argument ]This functions checks whether the argument symb is a symbol that has a value. If so, boundpreturns t. Otherwise, it returns (). With boundp, you can avoid the raise of the errudv error for



3-70 CHAPTER 3. PREDEFINED FUNCTIONSan unde�ned variable. If the argument symb is not a symbol, boundp returns (). This functioncannot be represented in LISP, which has no means for representing unde�ned values.(boundp t) =) t(boundp ()) =) t because () is identical to ||(boundp 'foofoo) =) () if foofoo has no value(symeval symb) [function with one argument ]symeval returns the value of the symbol symb. This function is therefore equivalent to a call toeval, but it is a lot more e�cient, particularly for the compiler. symeval has the same behavior aseval, and it raises the same errudv error if its argument is unde�ned.(setq foo 'bar) =) bar(boundp 'foo) =) t(symeval 'foo) =) bar(symeval 'niema) =) ** symeval : undefined variable : niemaIn the last example, it is assumed that niema has no value.3.11.2 Functions that modify symbol values(defvar symb e) [special form]Even though variables do not need to be declared, it is good practice to de�ne global variables withthis function. It assigns the value of e to the value of symb. The expression e is evaluated, but notsymb. defvar returns symb as its value. As with all other de�nition functions, if the value of the#:system:loaded-from-file symbol is not (), it is added to the P-list of the symbol symb underthe #:system:loaded-from-file property.#:system:loaded-from-file [variable]In LE-LISP, defvar could be de�ned in the following manner:(df defvar (var val)(set var (eval val))(when #:system:loaded-from-file(putprop var#:system:loaded-from-file'#:system:loaded-from-file))var)(defvar foo 100) =) foofoo =) 100(makunbound symb) [function with one argument ]



FUNCTIONS ON SYMBOLS 3-71Changes the value of the symbol symb in such a way that all future attempts to access its valuewill raise the errudv error, indicating an unde�ned variable. makunbound returns s as its value.(setq x 10) =) 10x =) 10(makunbound 'x) =) xx =) ** eval : undefined variable : x(set symb s) [function with two arguments]Changes the value of the symbol symb into s. set returns s as its value.(set 'x (1+ 5)) =) 6x =) 6(setq sym1 s1 : : : symn sn) [special form]sym1 : : : symn are symbols that are not evaluated.s1 : : : sn are expressions that are evaluated. setq is the initialization function that is usedmost often in LISP. Each symbol symi is initialized with the value of the correspondingexpression si. The initializations and evaluations of the expressions si are carried out insequence. setq returns the result of the evaluation of sn as its value.(setq l1 '(a b c)) =) (a b c)(setq l2 l1) =) (a b c)(setq l3 l2 l4 'foo) =) fool3 =) (a b c)(setqq sym1 e1 : : : symn en) [special form]setqq is identical to setq, except that the values assigned to the symbols|that is, the expressionsei|are not evaluated.(setqq a 10 b (x y z) c b) =) bb =) (x y z)c =) b(psetq sym1 s1 : : : symn sn) [special form]psetq is identical to setq, except that the assignments take place in parallel . It is very useful forpermuting variable values. psetq returns s1 as its value.In LE-LISP, psetq could be de�ned in the following manner:(df psetq l(let ((lvar) (lval))(while l (newl lvar (nextl l))(newl lval (eval (nextl l))))



3-72 CHAPTER 3. PREDEFINED FUNCTIONS(while lvar (set (nextl lvar) (nextl lval)))))(setq x 10 y 11 z 12) =) 12(psetq x y y z z x) =) 11x =) 11y =) 12z =) 10(deset l1 l2) [function with two arguments]deset implements the destructuring set of the nil system [White 79]. The argument l1 is a tree ofvariables, and l2 is a list of values. deset assigns the values in the tree of values to the correspondingvariables in the tree of variables.deset uses the same algorithm as the evaluator for binding a tree of parameters to a list ofvalues. deset always returns t as its value.In LE-LISP, deset could be de�ned in the following manner:(defun deset (l1 l2)(cond ((null l1)(or (null l2)(error 'deset 'errwna l2)))((variablep l1) (set l1 l2) t)((atom l1) (error 'deset 'errbpa l1))((and (consp l1) (consp l2))(deset (car l1) (car l2))(deset (cdr l1) (cdr l2)))(t (error 'deset 'errilb (list l1 l2)))))(deset '(a (b . c)) '((1 2) (3 4))) =) ta =) (1 2)b =) 3c =) (4)(desetq l1 l2) [special form]desetq is equivalent to the preceding function, except that the �rst argument is not evaluated : : :as in setq.The form(desetq l1 l2)is therefore equivalent to(deset (quote l1) l2)(nextl sym1 sym2) [special form]



FUNCTIONS ON SYMBOLS 3-73sym1 must be a symbol, and its value must be a list. It is not evaluated. nextl returns the car ofthis list as its value, and assigns the cdr of this list to the value cell of sym1. If the second argument,sym2, is supplied, it too must be a symbol, which is not evaluated. In this case, the return value ofnextl|the car of sym1|is assigned to sym2.This function is useful for `moving down through' a list that is the value of a certain symbol.With a single argument, this function corresponds to(prog1 (car symb) (setq symb (cdr symb)))With two arguments, it corresponds to(prog1 (setq sym2 (car sym1))(setq sym1 (cdr sym1)))(setq a '(x y z)) =) (x y z)(nextl a) =) xa =) (y z)(nextl a b) =) ya =) (z)b =) y(newl symb s) [special form]symb must be a symbol, and its value must be a list. It is not evaluated. newl puts the value of sat the head of this list, and returns the resulting list as its value. The combined use of the nextland newl functions makes it easy to implement stacks as lists.In LE-LISP, newl could be de�ned in the following manner:(defmacro newl (symb s)`(setq ,symb (cons ,s ,symb)))(setq a '(x y z)) =) (x y z)(newl a 'w) =) (w x y z)a =) (w x y z)(newr symb s) [special form]symb must be a symbol, and its value must be a list. It is not evaluated. newr adds the value of sto the tail of this list, and returns the resulting list as its value. If the value of symb is not a list,newr creates the list (s), and assigns it to the value cell of symb.In LE-LISP, newr could be de�ned in the following manner:(defmacro newr (symb s)`(setq ,symb (nconc ,symb (ncons ,s))))(setq a '(x y z)) =) (x y z)(newr a 'w) =) (x y z w)



3-74 CHAPTER 3. PREDEFINED FUNCTIONSa =) (x y z w)(setq b ()) =) ()(newr b 'z) =) (z)b =) (z)(incr symb n) [special form]symb must be the name of a symbol that has a numeric value. If the argument n is supplied, incrincrements the value of symb by the value of the expression n. Otherwise, it increments symb byone. This function uses generic arithmetic. incr raises an error if symb is not a variable.(incr symb n) is equivalent to (setq symb (+ symb n)).(incr symb) is equivalent to (setq symb (1+ symb)).In LE-LISP, incr could be de�ned in the following manner:(df incr (var . val)(if (variablep var)(set var(if (consp val)(+ (symeval var) (eval (car val)))(1+ (symeval var))))(error 'incr 'errnva var)))(setq x 10) =) 10(incr x) =) 11x =) 11(incr x 3) =) 14(incr x 2.5) =) 16.5(incr x) =) 17.5x =) 17.5(decr symb n) [special form]symb must be the name of a symbol that has a numeric value. If the argument n is supplied, decrdecrements the value of symb by the value of the expression n. Otherwise, it decrements symb byone. This function uses generic arithmetic. decr raises an error if symb is not a variable.(decr symb n) is equivalent to (setq symb (- symb n)).(decr symb) is equivalent to (setq symb (1- symb)).In LE-LISP, decr could be de�ned in the following manner:(df decr (var . val)(if (variablep var)(set var(if (consp val)(- (symeval var) (eval (car val)))



FUNCTIONS ON SYMBOLS 3-75(1- (symeval var))))(error 'decr 'errnva var)))(setq x 10) =) 10(decr x) =) 9x =) 9(decr x 3) =) 6(decr x 0.5) =) 5.5(decr x) =) 4.53.11.3 Functions on P-listsThe term P-lists stands for property lists, which are composed of indicators and values that havethe following structure:(indic1 val1 indic2 val2 : : : indicn valn)Each indicator indici is followed immediately in the P-list by its associated value, vali. Searcheson P-lists therefore take place in a two-elements-at-a-time fashion.Each symbol has its own P-list, which is initialized to the value () at the creation of the symbol.The arguments of functions on P-lists can be described as follows:� pl is a symbol whose P-list is to be accessed. Functions on P-lists raise the errnaa or errnvaerrors if this argument is not a symbol, or if it is equal to ||.� ind is an indicator. It must be a symbol, since searches on indicators are carried out with theeq predicate.� pval can be any expression.(plist pl l) [function with one or two arguments]If the argument l is not supplied, plist returns the P-list associated with the symbol pl. If pl hasno P-list, plist returns (). If the argument l is supplied, it becomes the new value of the P-listof the symbol pl, and is returned by plist as its value.plist cannot be described in LE-LISP in a simple manner.(plist 'computer '(tool scientific toy expensive)) =) (tool scientific toy expensive)(plist 'computer) =) (tool scientific toy expensive)(getprop pl ind) [function with two arguments](get pl ind) [function with two arguments]These functions return the value in the P-list of the symbol pl that is associated withthe indicator ind. If there is no such indicator in the P-list, getprop and get|which areidentical|return ().



3-76 CHAPTER 3. PREDEFINED FUNCTIONSWarning : A value of () would be returned if it is the value associated with an indicator in aP-list. On the other hand, this same value might be returned because getprop did not �nda given indicator in the P-list. There is no way of distinguishing between these two cases.(Concerning this problem, see the following function.)In LE-LISP, getprop could be de�ned in the following manner:(defun getprop (pl ind)(letn get1 ((pl (plist pl)))(cond ((atom pl) ())((eq (car pl) ind) (cadr pl))(t (when (consp (cdr pl))(get1 (cddr pl)))))))(plist 'computer) =) (tool scientific toy expensive)(getprop 'computer 'tool) =) scientific(getprop 'computer 'intelligence) =) ()(getl pl l) [function with two arguments]l must be a list of indicators. getl determines whether one of the indicators in l exists in the P-listof the symbol pl. If so, getl returns the sub-list of the P-list beginning with this indicator. Thisbeing the case, getl provides the means to resolve the potential ambiguity arising with the use ofthe previous function.In LE-LISP, getl could be de�ned in the following manner:(defun getl (pl l); pl = a p-list; l = a list of indicators(letn getl1 ((pl (plist pl)))(cond((atom pl) ())((memq (car pl) l) pl)(t (when (consp (cdr pl))(getl1 (cddr pl)))))))(plist 'rose '(noun common nature flower)) =) (noun common nature flower)(getl 'rose '(nature noun)) =) (noun common nature flower)(getl 'rose '(size nature)) =) (nature flower)(getl 'rose '(type size)) =) ()(addprop pl pval ind) [function with three arguments]addprop adds the indicator ind and its associated value pval to the head of the P-list of the symbolpl. It returns pval as its value.In LE-LISP, addprop could be de�ned in the following manner:



FUNCTIONS ON SYMBOLS 3-77(defun addprop (pl pval ind)(plist pl (mcons ind pval (plist pl))))(plist 'plt '(i1 a i2 b)) =) (i1 a i2 b)(addprop 'plt 'c 'i1) =) c(plist 'plt) =) (i1 c i1 a i2 b)(putprop pl pval ind) [function with three arguments]If the indicator ind already appears in the P-list of the symbol pl, its associated value is changedto pval. Otherwise, the indicator ind and the value pval are added|in that order|to the headof the P-list : : : in the same manner as for addprop. putprop returns pval as its value.In LE-LISP, putprop could be de�ned in the following manner:(defun putprop (pl pval ind)(letn put1 ((p (plist pl)))(cond ((atom p) (addprop pl pval ind))((eq (car p) ind)(rplaca (cdr p) pval) pval)(t (put1 (when (consp (cdr p))(cddr p))))))pval)(plist 'plt '(i1 a i2 b)) =) (i1 a i2 b)(putprop 'plt 'c 'i1) =) c(plist 'plt) =) (i1 c i2 b)(putprop 'plt 0 'i9) =) 0(plist 'plt) =) (i9 0 i1 c i2 b)(defprop pl pval ind) [special form]defprop is the fsubr version of the preceding function. In other words, it is the same as defpropexcept for the fact that it does not evaluate its arguments. It is useful in the case of argumentsthat are all constants.(plist 'pink ()) =) ()(defprop pink 123 price) =) 123(defprop pink red color) =) red(plist 'pink) =) (color red price 123)(remprop pl ind) [function with two arguments]remprop removes the indicator ind and its associated value from the P-list associated with thesymbol pl. This removal only takes place, of course, if ind was present in the P-list. In this case,remprop returns the sublist of the original P-list beginning with ind. Otherwise, it returns ().The combined use of the remprop and addprop functions facilitates the use of P-lists as property-value stacks.



3-78 CHAPTER 3. PREDEFINED FUNCTIONSIn LE-LISP, remprop could be de�ned in the following manner:(defun remprop (pl ind)(letn rem1 ((pl1 pl) (pl2 (plist pl)))(cond ((atom pl2) ())((eq (car pl2) ind)(if (atom pl1)(plist pl1(when (consp (cdr pl2))(cddr pl2)))(rplacd pl1(when (consp (cdr pl2))(cddr pl2)))))(t (rem1 pl2(when (consp (cdr pl2))(cddr pl2)))))))(plist 'plt '(i1 a i2 b)) =) (i1 a i2 b)(remprop 'plt 'i2) =) (i2 b)(plist 'plt) =) (i1 a)3.11.4 Access to function de�nitionsLE-LISP manages function de�nitions by means of two intrinsic properties associated with eachsymbol:� ftype: the function type.� fval: the function value.The functions in this section are independent of packages. For an explanation of how to access afunction in a particular package, see the entries for the getfn1 and getfn functions.(typefn symb) [function with one argument ]typefn returns the type of the function associated with the symbol symb, or () if the symbol has nofunction de�nition. The type of a function can be one of the following symbols: expr, fexpr, macro,dmacro, subr0, subr1, subr2, subr3, nsubr, fsubr, msubr or dmsubr. This function provides ameans of determining whether the error errudf will be raised when the symbol symb is used asa function. typefn cannot be represented in LISP, which is incapable of representing unde�nedfunctions.(typefn 'cond) =) fsubr(typefn 'foofoo) =) () if foofoo has no function value(valfn symb) [function with one argument ]



FUNCTIONS ON SYMBOLS 3-79valfn returns the function value associated with the symbol symb, or () if it has none. This valueis an address for subr- or fsubr-type functions, and a list in the case of exprs, fexprs, macros,and dmacros.(setfn symb ftype fval) [function with three arguments]setfn allows you to initialize the function type, ftype, and the function value, fval, associatedwith the symbol symb. setfn is used as a de�nition function in the case of computed functionnames.Warning : setfn performs only limited validity testing on its arguments. Whenever possible,it is preferable to use true de�nition functions that verify the validity of the function.(setfn 'foo 'expr '((x) (+ x x))) =) foo(typefn 'foo) =) expr(valfn 'foo) =) ((x) (+ x x))(resetfn symb ftype fval) [function with three arguments]resetfn allows you to change the type, ftype, and the value, fval, of the function associatedwith the symbol symb. It also assures that they are both compatible with the previous functionde�nition. If this is not the case, and if the #:system:redef-flag 
ag is equal to (), which is thedefault value, the following message is printed:** resetfn : incompatible function : <symb>resetfn is used by the standard de�nition functions to assure the compatibility of callsbetween compiled and interpreted functions.(resetfn 'foo 'expr '((x) (+ x x))) =) foo(typefn 'foo) =) expr(valfn 'foo) =) ((x) (+ x x))(findfn s) [function with one argument ]findfn searches the entire oblist for the symbol whose function value is equal to s. If found, itreturns this symbol. Otherwise, it returns ().In LE-LISP, findfn could be de�ned in the following manner:(defun findfn (s)(tag found(mapoblist(lambda (symb)(when (eq (valfn symb) s)(exit found symb))))))(defun foo (x) (+ x 2)) =) foo



3-80 CHAPTER 3. PREDEFINED FUNCTIONS(valfn 'foo) =) ((x) (+ x 2))(findfn (valfn 'foo)) =) foo(remfn symb) [function with one argument ]remfn removes the function de�nition associated with the symbol symb. It returns symb as its value.(defun foo (x) (+ x x)) =) foo(foo 10) =) 20(remfn 'foo) =) foo(foo 10) =) ** eval : undefined function : foo(makedef symb ftyp fval) [function with three arguments]makedef builds the de�nition of the function named symb, using the ftyp and fval componentswithin a de�nition|that is, within a call to one of the de, df, dm, defmacro or ds functions.In LE-LISP, makedef could be de�ned in the following manner:(defun makedef (x typefn valfn)(selectq (typefn x)((subr0 subr1 subr2 subr3 nsubr fsubr msubr dmsubr)(list 'ds x typefn valfn))(expr (mcons 'defun x valfn))(fexpr (mcons 'df x valfn))(macro (mcons 'dm x valfn))(dmacro (mcons 'defmacro x valfn))(t ())))(makedef 'f 'expr '((x) (+ x x))) =) (defun f (x) (+ x x))(getdef symb) [function with one argument ]getdef allows you to retrieve the de�nition of the function associated with the symbol symb in theform of its de�nition: that is, in the form of a call to one of the defun, df, dm, defmacro, or dsfunctions.In LE-LISP, getdef could be de�ned in the following manner:(defun getdef (x)(if (symbolp x)(makedef x (typefn x) (valfn x))(error 'getdef 'errsym x)))(defun bar (n) (+ n n)) =) bar(typefn 'bar) =) expr(getdef 'bar) =) (defun bar (n) (+ n n))



FUNCTIONS ON SYMBOLS 3-81(revert symb) [function with one argument ]revert allows you to retrieve the former de�nition associated with a symbol symb, if this de�nitionwas previously saved by a static de�nition function. (See the description of these functions.)In LE-LISP, revert could be de�ned in the following manner:(defun revert (symb)(let ((oldef (getprop symb '#:system:previous-def)))(when oldef (eval oldef))))(synonym sym1 sym2) [function with two arguments]synonym lets you assign to the symbol sym1 the type and value of the function associated with thesymbol sym2.In LE-LISP, synonym could be de�ned in the following manner:(defun synonym (at1 at2)(let ((ftype (typefn at2)) (fval (valfn at2)))(if ftype(setfn at1 ftype fval)(error 'synonym 'errudf at2))))(synonym 'kons 'cons) =) kons(kons 'a 'b) =) (a . b)(synonymq sym1 sym2) [special form]This function is the fsubr form of the preceding function. In other words, it is identical except forthe fact that it does not evaluate its arguments.In LE-LISP, synonymq could be de�ned in the following manner:(df synonymq (sym1 sym2)(synonym sym1 sym2))There is an alternative de�nition:(defmacro synonymq (sym1 sym2)(list 'synonym sym1 sym2))(synonymq foo bar) is equivalent to (synonym 'foo 'bar).3.11.5 Access to symbol special �elds(objval symb s) [function with one or two arguments]



3-82 CHAPTER 3. PREDEFINED FUNCTIONSobjval retrieves the o-val �eld of the symbol symb. If the second argument, s, is supplied, itbecomes the new value of this �eld. This function cannot be described in LE-LISP in an easymanner. (objval 'gee) =) ()(objval 'gee 'haugh) =) haugh(objval 'gee) =) haugh(packagecell symb pkgc) [function with one or two arguments]If the second argument is not supplied, this function reads the package �eld, pkgc, of the symbolsymb. If this argument is supplied, it becomes the new package of the symbol. This function cannotbe described in LE-LISP in an easy manner.(defvar x '#:sator:arepo:tenet:opera:rotas) =) x(packagecell x) =) #:sator:arepo:tenet:opera(packagecell (packagecell x)) =) #:sator:arepo:tenet(packagecell (packagecell (packagecell x))) =) #:sator:arepo(packagecell x '#:en:to:pan) =) #:en:to:panx =) #:en:to:pan:rotas(getfn1 pkgc symb) [function with two arguments]getfn1 returns the symbol #:pkgc:symb if the symbol symb has a function de�nition in the packagepkgc.In LE-LISP, getfn1 could be de�ned in the following manner:(defun getfn1 (pkgc symb)(let ((nom (symbol pkgc symb)))(if (typefn nom)nom())))(getfn1 () 'car) =) car(defun #:foo:bar ()) =) #:foo:bar(getfn1 'foo 'bar) =) #:foo:bar(getfn1 'gee 'bar) =) ()(getfn pkgc symb lastpkgc) [function with two or three arguments]getfn searches in the package pkgc for a symbol named symb that has an associated functionde�nition. It it �nds none, it continues searching through the package hierarchy up to, but excluding,the package lastpkgc, or to the top of the hierarchy|to the global package ()|if lastpkgc isnot speci�ed. getfn returns the name of this function if it was found, or () if not. If found, thefunction name could then be used as the �rst argument to the apply or funcall functions, forexample. getfn is used inside the interpreter to manage programmable interrupts, the starting upof #-macros, and the control of the virtual terminal.



FUNCTIONS ON SYMBOLS 3-83In LE-LISP, getfn could be de�ned in the following manner:(defun getfn (pkgc symb . lastpkgc)(let ((name (symbol pkgc symb)))(cond ((typefn name) name)((null pkgc) ())((and (consp lastpkgc)(eq (packagecell pkgc)(car lastpkgc)))())(t (getfn (packagecell pkgc)symb lastpkgc)))))(defun foo ()) =) foo(defun #:bar:foo ()) =) #:bar:foo(defun #:bar:gee:buz:foo ()) =) #:bar:gee:buz:foo(getfn '#:bar:gee:buz 'foo) =) #:bar:gee:buz:foo(getfn '#:bar:gee 'foo) =) #:bar:foo(getfn 'bar 'foo) =) #:bar:foo(getfn () 'foo) =) foo(getfn '#:potop:teraz 'foo) =) foo(getfn '#:bar:gee 'foo ()) =) #:bar:foo(getfn 'bar 'foo ()) =) #:bar:foo(getfn 'gee 'foo ()) =) ()(getfn '#:bar:gee:buz 'foo 'bar) =) #:bar:gee:buz:foo(getfn '#:bar:gee 'foo 'bar) =) ()3.11.6 Symbol creation functionsSymbols are managed by means of a hash table shared among all the packages. The externalrepresentation of a symbol outside the current package is #:package:symbol. (See the informationon input/output functions.)(symbol pkgc strg) [function with two arguments]symbol creates a new symbol named, strg, in the package named pkgc. If the pkgc argument is(), the root package is used. This function cannot be described in LE-LISP in an easy manner.(symbol 'foo "bar") =) #:foo:bar(symbol () "fuu") =) fuu(concat str1 : : : strn) [function with a variable number of arguments]Creates a new symbol whose p-name is built by concatenating all the strings str1 : : : strn.In LE-LISP, concat could be de�ned in the following manner:



3-84 CHAPTER 3. PREDEFINED FUNCTIONS(defun concat lpname(symbol () (mapcan 'pname lpname)))(concat 'foo (1+ 5) () 'bar) =) foo6bar(concat "foo" nil '#"bar" -2) =) foobar-2(gensym) [function with no arguments]Each time it is called, gensym returns a new symbol of type Gxxx . In this type name, G is a string,stored in the #:system:gensym-string system variable, and xxx is a number that is incrementedby one after each call to gensym. This number is the value of the gensym counter, which is stored inthe #:system:gensym-counter system variable. When the interpreter starts up, G and xxx havethe respective values of g and 100.In LE-LISP, gensym could be de�ned in the following manner:(defvar #:system:gensym-string "g")(defvar #:system:gensym-counter 100)(defun gensym ()(concat #:system:gensym-string(incr #:system:gensym-counter)))(gensym) =) g101(gensym) =) g102(gensym) =) g103(let ((#:system:gensym-string "etiq")) (gensym)) =) etiq1043.11.7 Symbol management functions(oblist pkgc symb) [function with zero, one or two arguments]If oblist is called with no arguments, it returns the lengthy list of all the symbols present inthe system. At system initialization, this list contains the names of all prede�ned functions andvariables. Since this list is very long (often of the order of two thousand symbols), you are advisedto use the mapoblist, mapcoblist or maploblist functions to sequentially access these symbols.The two optional arguments provide means of �ltering the oblist.If the �rst argument, pkgc, is supplied, it must be a symbol that designates the package fromwhich the symbols are to be extracted. If the second argument, symb, is supplied, it too must bea symbol that designates the name of the symbols, since there could be multiple instances of symbin the oblist, in di�erent packages. A call such as (oblist pkgc symb) is therefore an e�ectivemeans of testing whether a symbol is present in a certain package, without creating it if it was notalready there. It is not possible to de�ne this function in LISP. To do so, we would need a means ofaccessing the a-link and p-name intrinsic properties of the symbols, and only the functions locand memory provide such a means.(oblist) =)



FUNCTIONS ON SYMBOLS 3-85(assoc sin cadadr funcall typecn eqn tracend plist#:system:var var nom symbolp get addadr load letvqcurread false plength cddadr fileout pairlis ex*...............libload #:system:length-float quo inbuf untilexit xdef)(oblist 'sharp) =)(#:sharp:" #:sharp:value #:sharp:$ #:sharp:% #:sharp:(#:sharp:+ #:sharp:- #:sharp:. #:sharp:/ #:sharp::#:sharp:[ #:sharp:\\ #:sharp:^ #:sharp:|)(lhoblist strg) [function with one argument ]lhoblist returns the list of all the symbols that contain strg as a substring in their name. Thisfunction therefore provides a way of �ltering the symbols of the oblist. It is useful for �nding theexact spelling of a function name.In LE-LISP, lhoblist could be de�ned in the following manner:(defun lhoblist (pname)(maploblist (lambda (symb) (index pname symb 0))))(lhoblist "apc") =) (mapc mapcon mapcan mapcar mapcoblist)(lhoblist "string") =)(string duplstring makestring fillstring eqstringprinstring spanstring readstring bltstring substring#:system:gensym-string scanstring stringp)(boblist n) [function with an optional argument ]If the argument n is not present, boblist returns the list of buckets of the global symbol hash tableof the system. If the argument n is provided, boblist returns the nth bucket. This function cannotbe described easily in LISP.� To obtain the size of the hash table|that is, the number of buckets|type(length (boblist))� To obtain a list of the sizes of all the buckets, type(mapcar 'length (boblist))� To obtain the size of the largest bucket, type(apply 'max (mapcar 'length (boblist)))� To obtain a copy of the bucket where a symbol lives, type(boblist (hash symb))



3-86 CHAPTER 3. PREDEFINED FUNCTIONS(remob symb) [function with one argument ]remob removes the values of all the intrinsic properties of the symbol symb, so that it be destroyedduring the next garbage collection : : : provided that there are no other pointers to symb.In LE-LISP, remob could be de�ned in the following manner:(defun remob (symb)(makunbound symb)(plist symb ())(remfn symb)(objval symb ())symb)To recover all the symbols of a package, enter(mapc 'remob (oblist 'pkgc)).The mapoblist, mapcoblist and maploblist functions are described in the section onapplication functions.3.12 Functions on character stringsA character string is a collection of characters accessible by their index, which is a number. Indexesof character strings begin at zero. Each character string also possesses its own symbolic type. Bydefault, this type is string, but it can be changed with the typestring function.The external representation of a character string of type string is "xxxxxxxxx". The externalrepresentation of a character string of any other type is #:type:"xxxxxxxxx".For all these functions, the strg argument must be of the type known as character string . If it isnot of this type, it will be automatically converted to an object of this type by the string function.This conversion does not occur in the case of the basic string-manipulation functions: slen, sref,sset, typestring and exchstring.If the conversion is not possible, the errnsa error is raised. Its default screen display is** <fn> : non string argument : <s>where the faulty object s is displayed, along with the name of the function, fn, that raised theerror.The functions makestring, fillstring, set, chset and chrpos, used for the manipulation ofcharacter strings, take as argument a character in the range [0,256[. In other words, a modulo256 operation is performed automatically.Since the size of a string is limited to 32k (32,767) characters, the catenate and duplstring string-creation functions might raise the errstl error, which has the following default screen display:** <fn> : string too long : <s>



FUNCTIONS ON CHARACTER STRINGS 3-87Here, the maximum size, s, is displayed along with the name of the function, fn, that raised theerror.In the case of the basic functions, attempts to access a character beyond the string boundary|itsmaximum legal index value|raises the erroob error, which has the following default screen display:** <fn> : out of bounds : <s>where the faulty index, s, is printed along with the name of the function, fn, that raised the error.The character-string test predicate stringp is described in the section on basic predicates.To describe these functions in LISP, we shall use the basic pname function, which provides a way ofconverting from the internal representation of a p-name to its representation in the form of internalcharacter codes. These descriptions do not re
ect the real implementation details of the functions,which obviously involve no list cells.3.12.1 Basic manipulation functionsThese functions are the basic primitives for use on character strings. They are su�cient to de�neall other functions on character strings.(slen strg) [function with one argument ]slen returns the length of the character string strg. The type test on the argument is not performedafter compilation in `open' mode. For reasons of e�ciency, slen compiles into a single LLM3instruction. This function cannot be described easily in LISP.(slen "abc") =) 3(slen "") =) 0(slen t) =) ** slen : non string argument : t(sref strg n) [function with two arguments]sref returns the nth character in the string strg. If n is beyond the limit of strg, the erroob erroris raised. This test for over
ow, as well as the type test, are not performed, however, after code iscompiled in `open' mode. For reasons of e�ciency, sref compiles into a single LLM3 instruction.This function cannot be described easily in LISP.(setq x "abcdef") =) "abcdef"(sref x 0) =) 97 that is, #/a(sref x 5) =) 102 that is, #/f(sref t 1) =) ** sref : non string argument : t(sref x -2) =) ** sref : argument out of bounds : -2(sref x 6) =) ** sref : argument out of bounds : 6(sset strg n cn) [function with three arguments]



3-88 CHAPTER 3. PREDEFINED FUNCTIONSsset sets the value if the nth character in the string strg to cn. If n is beyond the limit of thestring strg, the erroob error is raised. This test for over
ow, as well as the type test, are notperformed, however, after code is compiled in `open' mode. For reasons of e�ciency, sset compilesinto a single LLM3 instruction. This function cannot be described in LE-LISP in an easy manner.(setq x "abcdef") =) "abcdef"(sset x 1 #/y) =) 121 that is, #/y(sset x 3 #/z) =) 122 that is, #/zx =) "ayczef"(sset x -3 #/t) =) ** sset : argument out of bounds : -3(sset x 6 #/t) =) ** sset : argument out of bounds : 6(typestring strg symb) [function with one or two arguments]The second argument, if supplied, becomes the new type of the character string strg. In general,this symb type is a symbol. But it could be a list of symbols, allowing you to carry out multipleinheritance. For further details, look up the topic of object-oriented programming. The typestringfunction returns the new type of strg.The type-of function, applied to a string, returns the value of typestring applied to the string.The typestring function cannot be described easily in LISP.(setq s "abc") =) "abc"(typestring s) =) string(type-of s) =) string(typestring s 'foo) =) foo(typestring s) =) foos =) #:foo:"abc"(type-of s) =) foo(typestring t) =) ** typestring : non string argument : t(typestring "v" "bar") =) ** typestring : not a symbol : bar(exchstring strg1 strg2) [function with two arguments]This rather esoteric function provides a means of physically exchanging the values and types of thestrings strg1 and strg2. exchstring returns the modi�ed strg1 string: that is, the one that wasinitially called strg2. This function cannot be described easily in LISP.(setq v "abc" w "de") =) "de"(typestring v 'foo) =) foo(setq y v z w) =) "de"(exchstring v w) =) "de"v =) "de"w =) #:foo:"abc"y =) "de"z =) #:foo:"abc"



FUNCTIONS ON CHARACTER STRINGS 3-893.12.2 Character string conversion(string s) [function with one argument ]string converts the argument s into a character string. The sequence of characters of this stringis determined by the following rules:� If s is the empty list|that is, ()|the sequence is empty.� If s is a symbol, the sequence is nothing other than the sequence of characters of thesymbol's external name: its p-name.� If s is a character string, the sequence is just this sequence of characters.� If s is a list, it is assumed to be a list of internal character codes, and must not be morethan 1024 in length.If one of these conditions is not met, the errnsa error is raised.(string ()) =) ""(string '||) =) ""(string '|foo|) =) "foo"(string "bar") =) "bar"(string -345) =) "-345"(string 2.3) =) "2.3"(string '#"abc") =) "abc"(string (makelist 5 #/x)) =) "xxxxx"(pname strg) [function with one argument ]pname returns the string strg in the form of a list of internal character codes. This function, whichdepends on internal LISP representations, cannot be simply described (in LISP).(pname ()) =) ()(pname nil) =) ()(pname 'nil) =) (110 105 108)(pname 'foobar) =) (102 111 111 98 97 114)(pname -123) =) (45 49 50 51)(pname "abcdef") =) (97 98 99 100 101 102)(pname '#"abc") =) (97 98 99)(plength strg) [function with one argument ](slength strg) [function with one argument ]These functions return the number of characters in the string strg as their values. There isno di�erence between the two.In LE-LISP, plength could be de�ned in the following manner:



3-90 CHAPTER 3. PREDEFINED FUNCTIONS(defun plength (strg)(length (pname strg)))(plength ()) =) 0(plength nil) =) 0(plength 'nil) =) 3(plength 'foobar) =) 6(plength -123) =) 4(plength "sobota") =) 6(plength '#"dzien") =) 5(hash strg) [function with one argument ]Returns the internal hash algorithm key for the string strg. The performance of this algorithmcan be measured by using the boblist function. The following description is only given by way ofexplanation, and the actual implementation is much speedier.In LE-LISP, hash could be de�ned in the following manner:(defun hash (strg)(rem (logand (hashaux (pname strg)) #$7fff)(length (boblist))))(defun hashaux (pn)(if (<= (length pn) 6)(hashcount (length pn) pn (length pn))(hashcount 6(lastn 6 pn)(hashcount 6(firstn 6 pn)(length pn)))))(defun hashcount (count pn val)(setq pn (reverse pn))(repeat count(setq val (add (logshift val 1) (nextl pn))))val)(hash ()) =) 0(hash 'nil) =) 776(hash 'foobar) =) 157(hash -123) =) 815(hash "abcdef") =) 771(hash "galamantdelareine") =) 105(hash '#"abcd") =) 556



FUNCTIONS ON CHARACTER STRINGS 3-913.12.3 Comparison of character strings(eqstring str1 str2) [function with two arguments]Tests whether the two arguments|of type character string|are equal. If they are, eqstringreturns str1. If not, it returns ().In LE-LISP, eqstring could be de�ned in the following manner:(defun eqstring (str1 str2)(and (= (slength str1) (slength str2))(eq (typestring str1) (typestring str2))(equal (pname str1) (pname str2))))(eqstring "foo" "bar") =) ()(eqstring "foo" "foo") =) "foo"(eqstring "Foo" "foo") =) ()(eqstring (string (1+ 11)) (catenate 1 2)) =) "12"(alphalessp str1 str1) [function with two arguments]Returns t if the p-name of str1 is lexicographically less than or equal to the p-name of str2.Otherwise, it returns (). This function is used to perform alphabetic sorts. (See the sortl function.)In LE-LISP, alphalessp could be de�ned in the following manner:(defun alphalessp (str1 str2)(letn alphal1 ((lst1 (pname str1)) (lst2 (pname str2)))(cond ((null lst1) t)((null lst2) ())((= (car lst1) (car lst2))(alphal1 (cdr lst1) (cdr lst2)))(t (if (< (car lst1) (car lst2)) t ()))))))(alphalessp 'a 'a) =) t(alphalessp 'b 'a) =) ()(alphalessp 'a 'b) =) t(alphalessp 'zzz 'zzzz) =) t3.12.4 Character-string creation functions(catenate str1 : : : strn) [function with a variable number of arguments]catenate builds a new string, the result of the concatenation of the strings str1 : : : strn.The newly-formed string cannot be longer than 32k (32,767) characters, or the errstl error willbe raised.This function is not to be confused with the concat function, which creates a symbol.



3-92 CHAPTER 3. PREDEFINED FUNCTIONSIn LE-LISP, catenate could be de�ned in the following manner:(defun catenate lst(string (mapcan 'pname lst)))(catenate "foo" () 'bar (1+ 10) '#"()") =) "foobar11()"(catenate -34 0 12) =) "-34012"(catenate "" || () nil) =) ""(makestring n cn) [function with two arguments]Returns a string of n characters, each of which has cn as its internal character code.In LE-LISP, makestring could be de�ned in the following manner:(defun makestring (n cn)(string (makelist n cn)))(makestring 0 #/a) =) ""(makestring 4 #/a) =) "aaaa"(makestring -1 #/a) =) ""(substring strg n1 n2) [function with two or three arguments]Returns a copy of the substring of strg that starts at position n1|starting with count zero|andhas length n2. If this last argument is not supplied, the returned substring is the maximal substringbeginning at position n1. That is, it extends to the end of strg.In LE-LISP, substring could be de�ned in the following manner:(defun substring (strg n1 . n2)(string (firstn (- (if (consp n2)(car n2)(plength strg))n1)(nthcdr n1 (pname strg)))))(substring "abcde" 0 3) =) "abc"(substring "abcde" 1 2) =) "bc"(substring "abcde" 2) =) "cde"(substring "abcde" 9 2) =) ""(duplstring n strg) [function with two arguments]Makes a string of n copies of the string strg.The resulting string cannot be longer than 32k (32,767) characters long, otherwise the errstl erroris raised.In LE-LISP, duplstring could be de�ned in the following manner:



FUNCTIONS ON CHARACTER STRINGS 3-93(defun duplstring (n strg)(if (<= n 0)""(catenate strg (duplstring (1- n) strg))))(duplstring 3 "ab") =) "ababab"(duplstring 3 "") =) ""(duplstring 1 "abc") =) "abc"(duplstring 0 "abc") =) ""3.12.5 Character-string access functionsThese functions provide means to manipulate single characters within a character string.(chrpos cn strg pos) [function with two or three arguments]chrpos returns the position of the internal character code cn in the string strg. If the thirdargument is not supplied, the position of the �rst character in strg is presumed to be zero.Otherwise, it is presumed to be pos. If the code cn does not occur in the string, chrpos returns(). chrpos can therefore be used as a predicate for testing the presence of a character in a string.In LE-LISP, chrpos could be de�ned in the following manner:(defun chrpos (cn strg . pos)(letn chrp ((lcn (pname strg))(n (if (consp pos)(car pos)0)))(cond ((null lcn) ())((eq (car lcn) cn) n)(t (chrp (cdr lcn) (1+ n))))))(chrpos #/y "otyoty") =) 2(chrpos #/n "oty") =) ()(chrpos #/d '#"0123456789abcdef") =) 13(chrpos #/a 'abc 1) =) ()(chrnth n strg) [function with two arguments]chrnth returns the internal character code of the nth character in the string strg. The position,or index, of the �rst character is zero, not one. So, there is no nth character in the string when n>= (length strg) or n < 0. In such a case, chrnth returns ().In LE-LISP, chrnth could be de�ned in the following manner:(defun chrnth (n strg)(nth n (pname strg)))



3-94 CHAPTER 3. PREDEFINED FUNCTIONS(chrnth 0 "Fob") =) 70 that is, #/F(chrnth 2 "FoB") =) 66 that is, #/B(chrnth 3 "fob") =) ()(chrnth -1 "fob") =) ()(chrnth 10 "0123456789ABcdE") =) 65 that is, #/A(chrset n strg cn) [function with three arguments]chrset provides a means of changing the nth character in the string strg to the character withinternal character code cn. This internal character code is returned by chrset as its value. Theposition, or index, of the �rst character in a string is zero. This function, which physically modi�esthe string, cannot be described in LISP.(setq x "abc") =) "abc"(chrset 0 x #/A) =) 65 that is, #/Ax =) "Abc"3.12.6 Functions that physically modify stringsThese physical-modi�cation functions can be described in LISP using the chrset function.(bltstring str1 n1 str2 n2 n3) [function with four or �ve arguments]Copies n3 characters from the string str2, beginning at position n2, into the string str1, beginningat position n1. All indexes are relative to zero. If the n3 argument is not included, the whole ofstr2, beginning at position n3, will be transferred. This happens up to the limit of str1, which isnever extended by this function. bltstring returns the modi�ed str1 string. str1 and str2 canbe the same physical string. So, it is possible to write over the contents of a string with the stringitself, using any combination of valid index values.In LE-LISP, bltstring could be de�ned in the following manner:(defun bltstring (str1 n1 str2 n2 n3); Does not treat the shared strings nor limit cases.(repeat (min (if (consp n3)(car n3)(- (slength str2) n2))(- (slength str1) n1))(chrset n1 str1 (chrnth n2 str2))(incr n1)(incr n2))str1)(bltstring "foobar" 1 "xyz" 2 1) =) "fzobar"(bltstring "foobar" 1 "xyz" 0) =) "fxyzar"(bltstring "foobar" 1 "toto" 0 6) =) "ftotor"(bltstring "foobar" 3 "toto" 0 8) =) "footot"



FUNCTIONS ON CHARACTER STRINGS 3-95(setq strt "abcdefghij") =) "abcdefghij"(bltstring strt 1 strt 3 4) =) "adefgfghij"(bltstring strt 6 strt 0 2) =) "adefgfadij"(bltstring strt 0 strt 4 4) =) "gfadgfadij"(fillstring strg n1 cn n2) [function with three or four arguments]Fills the string strg with n2 characters having internal character code cn, beginning at the n1thcharacter. If the argument n2 is not given, or if n1 + n2 is longer than the length of the string, thestring will be �lled only through its last character position, and not extended. fillstring returnsthe modi�ed string as its value.In LE-LISP, fillstring could be de�ned in the following manner:(defun fillstring (strg n1 cn . n2)(repeat (if (consp n2)(min (car n2) (- (slength strg) n1)(- (slength strg) n1))(chrset n1 strg cn) (incr n1))))(fillstring "foobar" 1 #/x 2) =) "fxxbar"(fillstring "foobar" 0 #/y 3) =) "yyybar"(fillstring "foobar" 2 #/x) =) "foxxxx"(fillstring "foobar" 2 #/x 10) =) "foxxxx"3.12.7 Search functions on character strings(index str1 str2 n) [function with two or three arguments]Determines whether the argument str1 is a substring of the tail of str2 that begins at characterposition n. If so, index returns the index (counting from zero) in str2 of the �rst instance of thissubstring. Otherwise, it returns ().If the n argument is not supplied, the search starts with zero.In LE-LISP, index could be de�ned in the following manner:(defun index (str1 str2 . n)(letn inxaux1 ((p1 (pname str1))(p2 (nthcdr (or (car n) 0)(pname str2)))(n n))(cond ((< (length p2) (length p1)) ())((<> (car p1) (car p2))(inxaux1 p1 (cdr p2) (1+ n)))(t (letn inxaux2 ((pp1 (cdr p1))(pp2 (cdr p2)))



3-96 CHAPTER 3. PREDEFINED FUNCTIONS(cond ((null pp1) n)((= (car pp1) (car pp2))(inxaux2 (cdr pp1)(cdr pp2)))(t (inxaux1 p1 (cdr p2)(1+ n))))))))))(index "foo" "foobar") =) 0(index "bar" "foobar") =) 3(index "foo" "xfoobar") =) 1(index "foo" "xfoobar" 2) =) ()(index "foo" "xfoobar" 1) =) 1(index "foo" "" 0) =) ()(index "" "foo" 0) =) 0(substring-equal size strg1 pos1 strg2 pos2) [function with �ve arguments]Compares the substring of length size beginning at position pos1 in strg1 with the substringof the same length beginning at position pos2 in strg2. This comparison is carried out withoutcreating a new string. substring-equal returns size if the comparison succeeds, or () if it doesnot. substring-equal can raise the erroob, errnia and errnsa errors.In LE-LISP, substring-equal could be de�ned in the following manner:(defun substring-equal (size strg1 pos1 strg2 pos2); this description includes no tests for value validity..(letn substrgeq ((count size))(cond ((eq count 0) size)((eq (sref strg1 pos1) (sref strg2 pos2))(substrgeq (sub1 count) strg1 (add1 pos1)strg2 (add1 pos2)))(t ()))))(substring-equal 0 "fobar" 0 "gezu" 0) =) 0(substring-equal 5 "fobar" 0 "fobar" 0) =) 5(substring-equal 5 "fobara" 0 "fobar" 0) =) 5(substring-equal 5 "fobar" 0 "fobara" 0) =) 5(substring-equal 2 "fobar" 0 "afob" 1) =) 2(substring-equal 2 "fobar" 0 "afab" 1) =) ()(substring-equal 2 "fobar" 3 "afar" 2) =) 2(scanstring str1 str2 n) [function with two or three arguments]Searches from character position n (relative to zero, the default value of this argument) in the stringstr1 for characters occurring in the string str2. scanstring returns the index|again, relative tozero|of the �rst character in str1 that matches any of those in str2, or () if no such thing exists.(scanstring "abcd" "sbe") =) 1



FUNCTIONS ON CHARACTERS 3-97(scanstring "abcd" "efg") =) ()(scanstring "abcd" ".a" 1) =) ()(scanstring "abc" "defghc") =) 2(scanstring "foo" "") =) ()(spanstring str1 str2 n) [function with two or three arguments]Searches from character position n|relative to zero, the default value of this argument|in thestring str1 for a character not occurring in the string str2. spanstring returns the index|again,relative to zero|of the �rst character of str1 that does not occur in str2, or () if no such thingexists. (spanstring "abcb" "ab") =) 2(spanstring "abcd" "aabbccdd") =) ()(spanstring "abcd" "bcd" 1) =) ()(spanstring "foo" "") =) 03.13 Functions on charactersThese functions manipulate internal character codes. Throughout this section, an internal charactercode is denoted by cn. Character coding used in LE-LISP is mainly ascii.(ascii cn) [function with one argument ]Returns the character whose ascii code is cn, modulo 256. A character is a LE-LISP object with asingle-character p-name.(ascii 67) =) C(ascii 99) =) c(1+ (ascii 49)) =) 2(cascii ch) [function with one argument ]Returns the ascii code of the character ch.(cascii 'c) =) 99(cascii 1) =) 49(uppercase cn) [function with one argument ]If cn is the internal character code of a lower-case character, then uppercase returns the code ofthe corresponding upper-case character. If not, the function returns cn, unchanged.(uppercase #/a) =) 65 that is, #/A(uppercase #/A) =) 65 that is, #/A(uppercase #/2) =) 50 that is, #/2



3-98 CHAPTER 3. PREDEFINED FUNCTIONS(lowercase cn) [function with one argument ]If cn is the internal character code of a upper-case character, then lowercase returns the code ofthe corresponding lower-case character. If not, the function returns cn, unchanged.(lowercase #/3) =) 51 that is, #/3(lowercase #/A) =) 97 that is, #/a(lowercase #/z) =) 122 that is, #/z(asciip cn) [function with one argument ]Tests whether cn is in fact an internal character code: that is, a small integer in the range 0-255inclusive. If so, it returns the code itself. If not, it returns ().(asciip 0) =) 0(asciip 127) =) 127(asciip -1) =) ()(asciip 128) =) 128(asciip 256) =) ()(digitp cn) [function with one argument ]Tests whether cn is the internal character code of a decimal numeral. If so, it returns the code. Ifnot, it returns ().(digitp #/0) =) 48 that is, #/0(digitp #/9) =) 57 that is, #/9(digitp #//) =) ()(digitp #/:) =) ()(letterp cn) [function with one argument ]Tests whether cn is the internal character code of a letter. If so, it returns the code. If not, itreturns ().(letterp #/a) =) 97 that is, #/a(letterp #/z) =) 122 that is, #/z(letterp #/A) =) 65 that is, #/A(letterp #/Z) =) 90 that is, #/Z(letterp #sp) =) ()(letterp #/.) =) ()(letterp #/]) =) ()3.14 Functions on vectorsThe �nal type of LE-LISP to be presented is the vector of S-expressions.



FUNCTIONS ON VECTORS 3-99A vector is a collection of LISP objects accessible by their index, or object number. Vector indexesbegin at zero.Each vector has its own symbolic type. By default, this type is vector, but it can be changed bymeans of the typevector function.By default, this type is vector, but it can be changed by using the typevector function.The external representation of a vector of any other type is#:type:#[s1 s2 : : : sn]In the following descriptions of functions, the arguments designated by vect must be of the vectortype. Otherwise, the errvec error is raised, and the following default error screen will be displayed:** <fn> : not a vector : <v>Here, v is the faulty object, and fn is the name of the function that raised the error.Out-of-bounds access attempts raise the erroob error, which has the following default screendisplay:** <fn> : out of bounds : <v>Here, v is the faulty index, and fn is the name of the function that raised the error.The vector test predicate, vectorp, is described in the section on basic predicates.(makevector n s) [function with two arguments]Creates a new vector, of type vector, comprising n elements. Each of these elements is initializedwith the value s. If n is not a positive integer, the errnia and erroob errors are raised. makevectorreturns the newly-created vector as its value. This function cannot be described satisfactorily inLISP. (makevector 5 ()) =) #[() () () () ()](makevector 3 '(a b)) =) #[(a b) (a b) (a b)](makevector 0 'a) =) #[](makevector -1 ()) =) ** makevector : argument out of bounds : -1(makevector t ()) =) ** makevector : not a fixnum : t(vector s1 : : : sn) [function with a variable number of arguments]Creates a new vector, of type vector, comprising n elements, where n is the number of argumentsprovided in the function call. The elements are initialized with the values s1 : : : sn. vector returnsthis newly-created vector as its value.In LE-LISP, vector could be de�ned in the following manner:(defun vector lst(let ((vect (makevector (length lst) ())))



3-100 CHAPTER 3. PREDEFINED FUNCTIONS(for (i 0 1 (1- (vlength vect)))(vset vect i (nextl lst)))vect))(vector 0 1 2 3 4) =) #[0 1 2 3 4](vector) =) #[](apply 'vector '(a b c)) =) #[a b c](vector 1 #[1 2] "foo" 'a '(b c)) =) #[1 #[1 2] "foo" a (b c)](vlength vect) [function with one argument ]Returns the number of elements in the vector vect. This function cannot be satisfactorily describedin LISP. The type test on the argument, which is performed by the interpreter, is not carried outwhen code is compiled in `open' mode. For reasons of e�ciency, vlength compiles into a singleLLM3 instruction.(vlength #[]) =) 0(vlength #[1 2 3]) =) 3(vlength t) =) ** vlength : not a vector : t(vref vect n) [function with two arguments]Returns the nth element of the vector vect. If n goes beyond the boundary of vect, the erroob erroris raised. This boundary check is not carried out, however, once the function has been compiled in`open' mode. For reasons of e�ciency, vref compiles into a single LLM3 instruction. This functioncannot be satisfactorily described in LISP.(setq x #[a b c d e f]) =) #[a b c d e f](vref x 0) =) a(vref x 5) =) f(vref t 1) =) ** vref : not a vector : t(vref x -2) =) ** vref : argument out of bounds : -2(vref x 6) =) ** vref : argument out of bounds : 6(vset vect n e) [function with three arguments]Sets the value of the nth element of the vector vect to the object e. If n goes beyond the boundaryof vect, the erroob error is raised. This boundary check will not be performed, however, when thefunction has been compiled in `open' mode. For reasons of e�ciency, vref compiles into a singleLLM3 instruction . vset returns the new value of the element: that is, e. This function cannot bedescribed in LE-LISP in a simple manner.(setq x #[a b c d e f]) =) #[a b c d e f](vset x 1 #[x y]) =) #[x y](vset x 3 '(h i)) =) (h i)x =) #[a #[x y] c (h i) e f](vset x -3 #[1]) =) ** vset : argument out of bounds : -3



FUNCTIONS ON VECTORS 3-101(vset x 6 #[1]) =) ** vset : argument out of bounds : 6(typevector vect symb) [function with one or two arguments]The second argument, if it is supplied, becomes the new type of the vector vect. In general,this symb type is a symbol. But it could be a list of symbols, allowing you to carry out multipleinheritance. For further details, look up the topic of object-oriented programming. The typevectorfunction returns the new type of vect.The type-of function, applied to a vector, returns the value of typevector applied to the vector.This function cannot be satisfactorily described in LISP.(setq v #[a b c]) =) #[a b c](typevector v) =) vector(type-of v) =) vector(typevector v 'foo) =) foo(typevector v) =) foov =) #:foo:#[a b c](type-of v) =) foo(typevector t) =) ** typevector : not a vector : t(typevector v "bar") =) ** typevector : not a symbol : bar(eqvector vect1 vect2) [function with two arguments]Tests whether the two arguments|both of which are vectors|are equal. That is, it tests whetherthey both have the same type and the same number of elements, and whether their elements areequal according to the equal predicate.In LE-LISP, eqvector could be de�ned in the following manner:(defun eqvector (vect1 vect2)(cond ((not (vectorp vect1))(error 'eqvector 'errvec vect1))((not (vectorp vect2))(error 'eqvector 'errvec vect2))((and (= (vlength vect1) (vlength vect2))(eq (typevector vect1) (typevector vect2)))(tag no(for (i 0 1 (1- (vlength vect1)))(unless (equal (vref vect1 i)(vref vect2 i))(exit no ())))vect1))(t ())))(eqvector #[1 2 3] #[1 2 3]) =) #[1 2 3](eqvector #[1 2 3] #[1 2]) =) ()(eqvector #:foo:#[1 2] #[1 2]) =) ()



3-102 CHAPTER 3. PREDEFINED FUNCTIONS(eqvector #:foo:#[1] #:foo:#[1]) =) #:foo:#[1](bltvector vect1 n1 vect2 n2 n3) [function with �ve arguments]Copies n3 elements of the vector vect2, beginning at position n2, into the vector vect1, beginningat position n1. Both index values start at zero. The vector vect1 is never extended. bltvectorreturns the modi�ed vect1.In LE-LISP, bltvector could be de�ned in the following manner:(defun bltvector (vect1 n1 vect2 n2 n3); Does not treat the shared vector nor limit cases.(repeat n3(vset vect1 n1 (vref vect2 n2))(incr n1)(incr n2))vect1)(bltvector #[f o o b a r] 1 #[x y z] 2 1) =) #[f z o b a r](bltvector #[f o o b a r] 1 #[t o t o] 0 6) =) #[f t o t o r](bltvector #[f o o b a r] 3 #[t o t o t a] 0 8) =) #[f o o t o t](bltvector (setq v #[a b c d]) 2 v 0 2) =) #[c d c d]v =) #[c d c d](fillvector vect n1 e n2) [function with three or four arguments]Fills the vector vect, beginning at position n1, counting from zero, with n2 expressions e of whateverdescription. If n2 is not supplied, or if the sum of n1 and n2 is larger than the length of the vector,fillvector �lls up to the end of vect, and does not extend it. fillvector returns the modi�edvect as its value.In LE-LISP, fillvector could be de�ned in the following manner:(defun fillvector (vect n1 s . n2)(repeat (if (consp n2)(min (car n2) (- (vlength vect) n1)(- (vlength vect) n1))(vset vect n1 s) (incr n1))))(fillvector #[f o o b a r] 1 'x 2) =) #[f x x b a r](fillvector #[f o o b a r] 0 'y 3) =) #[y y y b a r](fillvector #[f o o b a r] 2 'x) =) #[f o x x x x](fillvector #[f o o b a r] 2 'x 10) =) #[f o x x x x](exchvector vect1 vect2) [function with two arguments]This rather esoteric function provides a way of physically exchanging the values and the types ofthe vectors vect1 and vect2. It returns the modi�ed value of vect1: that is, the previous value ofvect2.



FUNCTIONS ON ARRAYS 3-103(setq v #[a b c] w #[d e]) =) #[d e](typevector v 'foo) =) foov =) #:foo:#[a b c](setq y v z w) =) #[d e](exchvector v w) =) #[d e]v =) #[d e]w =) #:foo:#[a b c]y =) #[d e]z =) #:foo:#[a b c]The mapvector function is described in the section on application functions.3.15 Functions on arraysarray [feature]This feature indicates whether the functions on array are loaded into memory.It is easy to implement multi-dimensional arrays with the functions of the preceding section.(makearray a1 : : : an s) [function with a variable number of arguments]Makes an array of a1 � a1 � : : : � an{1 � an elements, all initialized to the value s.In LE-LISP, makearray could be de�ned in the following manner:(defun makearray (arg1 . args)(if (consp args)(let ((result (makevector arg1 ())))(for (i 0 1 (1- arg1))(vset result i (apply 'makearray args)))result)arg1))(aref array i1 : : : in) [function with a variable number of arguments]Returns the value of the array array that has the index i1 : : : in. Each index is relative to zero.In LE-LISP, aref could be de�ned in the following manner:(defmacro aref (inst . args)(cond ((null args) inst)((atom args) (error 'aref 'errwna args))(t `(vref (aref ,inst ,@(nreverse (cdr (reverse args)))),(car (last args))))))



3-104 CHAPTER 3. PREDEFINED FUNCTIONS(aset array i1 : : : in e) [function with a variable number of arguments]Provides a means of setting the value of the element of the array array to the value e. The indexvalues are relative to zero. aset returns e as its value.In LE-LISP, aset could be de�ned in the following manner:(defmacro aset (inst . args)(cond ((atom args) (error 'aref 'errwna args))((consp (cdr args))`(vset (aref ,inst,.(nreverse (cddr (reverse args)))),(cadr (reverse args)),(car (last args))))(t inst)))(setq x (makearray 3 4 0)) =) #[#[0 0 0 0] #[0 0 0 0] #[0 0 0 0]](aset x 1 2 -1) =) -1(aref x 1 2) =) -1x =) #[#[0 0 0 0] #[0 0 -1 0] #[0 0 0 0]]3.16 Hash tableshash [feature]This feature indicates whether the functions on hash tables are loaded into memory.LE-LISP version 15.2 incorporates a new data structure, called hash tables , for processing pairscomposed of a key and a value. These pairs are managed in a more e�cient manner than in thecase of association lists. Association lists (cf. section 3.10.5) use a higher number of keys. With thehash table implementation, search time is not a function of the number of elements in the table,but rather of a constant that depends only on the state of the hash table. These hash tables areadaptive. They automatically minimize the search time constant as a function of the number ofcurrently active associations, and at the same time optimize the use of the memory space dedicatedto storing key/value associations.There are two kinds of hash tables, according to the function that is used to perform key lookups:� Tables using the eq predicate.� Hash tables using the equal predicate.The value of a hash table-type object is the hash table itself, so there is no need to `quote' it.The external representation of a hash table depends on the #:system:print-for-read 
ag. If this
ag is false|equal to ()|the printed image of a table is#entriesHelementswhere entries is the number of table entries, and elements is the number of associations actuallystored in the table. If the 
ag is true|not equal to ()|the printed image of a hash table is



HASH TABLES 3-105#entriesH(type (key1 value1) ... (keyn valuen))This image|which explicitly represents every association in the table and can in some cases bevery long|allows for the saving of a hash table object so that it can be subsequently read.In the description of each function presented in this section, the ht argument must be of thehash-table type, or else the errnht error will be raised. The default screen display of this latter is** <fn> : not an hash table : <s>where s is the faulty argument and fn is the name of the function that raised the error.Similarly, if the type of the hash table is incorrect, the errbht error is raised. Its default screendisplay is** <fn> : bad type for an hash table : <s>where s is the faulty object and fn is the name of the function that raised the error.3.16.1 Hash table creation functionsThere are currently two kinds of hash tables, which di�er according to how keys are retrieved. Onekind uses the built-in eq predicate. The other kind uses the equal predicate.(make-hash-table-eq) [function with no arguments]Returns a new hash table that tests keys using the eq predicate.(make-hash-table-equal) [function with no arguments]Returns a new hash table that tests keys using the equal predicate.(hash-table-p obj) [function with one argument ]This predicate returns obj if it is a hash-table object of any type. Otherwise, it returns ().3.16.2 Hash table access functions(gethash key ht default) [function with two or three arguments]Returns the value associated with the key in the hash table ht. If no key in ht matches key,gethash returns the value default, if it is provided, or () if not.(puthash key ht value) [function with three arguments]Adds the key/value pair composed of key and value to the hash table ht. If the key existed alreadyin ht, its value is changed to value. puthash always returns value.



3-106 CHAPTER 3. PREDEFINED FUNCTIONS(remhash key ht) [function with two arguments]Removes the key and its associated value from the hash table ht. The function returns t if the keyexisted in ht, and () if not.(maphash fnt ht) [function with two arguments]Applies the function fnt to all the pairs in the hash table ht. This function, fnt, expects to receivetwo arguments. The �rst is a hash-pair key, and the second is its associated value.(clrhash ht) [function with one argument ]Removes the entire contents of the hash table ht.(hash-table-count ht) [function with one argument ]Returns the number of key/value pairs stored in the table ht.? (setq ht (make-hash-table-eq))= #17H<0> ? (puthash 'k1 ht 'v1)= v1 ? (gethash 'k1 ht)= v1 ? (gethash 'k2 ht)= () ? (gethash 'k2 ht 'ko)= ko ? ht= #17H<1>3.17 Mathematical setssets [feature]This feature indicates whether the functions on sets are loaded into memory.LE-LISP includes functions that let you handle lists as if they were sets. They enable you to performoperations of the following kinds:� Add an element to a set.� Obtain the union of two sets.� Obtain the intersection of two sets.� Obtain the di�erence between two sets.� Obtain the symmetric di�erence between two sets.� Compare two sets to see if they are identical, or if one is a sub-set of the other.



MATHEMATICAL SETS 3-107In a list argument that is meant to be handled as a set, the order of the elements is of no signi�cance.When such a list happens to be returned as a function value, the order of its elements is, in fact,unpredictable.All the functions described below use the eq predicate, but they allow you to specify|by means ofan optional argument|another kind of equality test. If speed is important for you, it is preferablenot to use this facility. Using eq, execution of tests takes place directly, without the need for afuncall. The implementation also calls upon rapid functions such as memq and delq. If you areforced to use the optional argument, it is better to choose the equal predicate rather than, say,eqstring, since the implementation optimizes execution time by avoiding calls to funcall and byusing the appropriate functions: member and delete.Any function whose name starts with n physically modi�es its arguments. While its e�ects aredestructive for the arguments, such a function has the advantage of never calling upon cons.3.17.1 Operations on sets(adjoin item list eq-func) [function with two or three arguments]If item is not already a member of the list called list, it is added to this list. If this additiontakes place, item appears at the head of the new list. The optional argument eq-func allows youto choose a di�erent equality operator to the default primitive, which is eq.(adjoin 'a '(b q f a g)) =) (b q f a g)(adjoin 'c '(b q f a g)) =) (c b q f a g)(adjoin "abc" '("dw" "abc")) =) ("abc" "dw" "abc")(adjoin "abc" '("dw" "abc") 'equal) =) ("dw" "abc")(union list1 list2 eq-func) [function with two or three arguments]Takes a pair of lists and produces a new list in which each element belongs to one or other, ormaybe both, of the initial lists. The optional argument eq-func allows you to choose a di�erentequality operator to the default primitive, which is eq.(union '(a b c) '(f b h a q)) =) (c f b h a q)(nunion list1 list2 eq-func) [function with two or three arguments]This is the destructive version of the previous function. It returns a new list that is built directlyfrom the cells of list1 and list2, which can no longer be used as before. The optional argumenteq-func allows you to choose a di�erent equality operator to the default primitive, which is eq.(intersection list1 list2 eq-func) [function with two or three arguments]Takes a pair of lists and returns a new list containing all the elements that appear in both of theinitial lists. The optional argument eq-func allows you to choose a di�erent equality operator tothe default primitive, which is eq.



3-108 CHAPTER 3. PREDEFINED FUNCTIONS(intersection '(a b c) '(f b h a q)) =) (b a)(nintersection list1 list2 eq-func) [function with two or three arguments]This is the destructive version of the previous function. It returns a new list that is built by usingthe cells of list1. On the other hand, list2 is not altered by this function. The optional argumenteq-func allows you to choose a di�erent equality operator to the default primitive, which is eq.(set-difference list1 list2 eq-func) [function with two or three arguments]Returns a list comprising all the elements of list1 that do not appear in list2. The optionalargument eq-func allows you to choose a di�erent equality operator to the default primitive,which is eq.(set-difference '(a b c) '(f h a q)) =) (c b)(nset-difference list1 list2 eq-func) [function with two or three arguments]This is the destructive version of the previous function. It returns a new list that is built by usingthe cells of list1. On the other hand, list2 is not altered by this function. The optional argumenteq-func allows you to choose a di�erent equality operator to the default primitive, which is eq.(set-exclusive-or list1 list2 eq-func) [function with two or three arguments]Returns the symmetric di�erence between list1 and list2. This is a list containing all elementsthat occur in only one of the initial lists. The optional argument eq-func allows you to choose adi�erent equality operator to the default primitive, which is eq.(set-exclusive-or '(a b c) '(f h a q)) =) (q h f b c)(set-exclusive-or '(a b c) '(f g h)) =) (h g f a b c)(set-exclusive-or '(3 s 2 3.5) '(3.50 8 b s)) =) (b 8 3 2)(nset-exclusive-or list1 list2 eq-func) [function with two or three arguments]This is the destructive version of the previous function. It returns a new list that is built directlyfrom the cells of list1 and list2, which can no longer be used as before. The optional argumenteq-func allows you to choose a di�erent equality operator to the default primitive, which is eq.(power-set set) [function with one argument ]Creates the power set of set.(power-set ()) =) ()(power-set '(a b c)) =) (() (c) (b) (b c) (a) (a c) (a b) (a b c))(cartesian-product set1 set2) [function with two arguments]



MATHEMATICAL SETS 3-109Creates the Cartesian product of set1 and set2. The elements of the resulting set are pointedpairs built from the elements of set1 and set2.(cartesian-product '(a b) ()) =) ()(cartesian-product '(a b) '(c d)) =) ((a . c) (a . d) (b . c) (b . d))3.17.2 Comparisons on sets(subsetp list1 list2 eq-func) [function with two or three arguments]Returns t if list1 is a sub-set of list2. For this to be the case, every element of list1 must alsoappear in list2. If this is not the case, the function returns (). The optional argument eq-funcallows you to choose a di�erent equality operator to the default primitive, which is eq.(subsetp '(a b) '(b c f)) =) ()(subsetp '(a b) '(b f a q)) =) t(subsetp '("asd") '("xhg" "asd")) =) ()(subsetp '("asd") '("xhg" "asd") 'equal) =) t(set-equal list1 list2 eq-func) [function with two or three arguments]Returns t if list1 and list2 are identical lists. The optional argument eq-func allows you tochoose a di�erent equality operator to the default primitive, which is eq.In LE-LISP, set-equal could be de�ned in the following manner:(defun set-equal (list1 list2)(and (subsetp list1 list2) (subsetp list2 list1)))(set-equal '(a b c) '(b a c)) =) t(set-equal '((a b) (c d)) '((c d) (a b))) =) ()(set-equal '((a b) (c d)) '((c d) (a b)) 'equal) =) t(set-equal '((a b) (c d)) '((a b) (d c)) 'equal) =) ()(set-equal '((a b) (c d)) '((a b) (d c)) 'set-equal) =) t3.17.3 Transitive closureConsider f to be an arbitrary single-argument function that returns, as its value, a set. The uniqueargument of f is a set element. The transitive closure of a set E by the f function is de�ned to bea minimal sub-set of E, called F, such that, for each element x in F, f(x) is a sub-set of F.Transitive closure can be a useful operation when you need to search, say, for all the descendentsof a summit in a tree or a graph.(transitive-closure fn list eq-func) [function with two or three arguments]



3-110 CHAPTER 3. PREDEFINED FUNCTIONSReturns a list that represents the transitive closure of list by the function fn. The optionalargument eq-func allows you to choose a di�erent equality operator to the default primitive,which is eq.(defun test1 (elt)(cassq elt '((b a f c) (d e b) (c q))))(transitive-closure 'test1 '(a)) =) (a)(transitive-closure 'test1 '(b)) =) (a f q c b)(transitive-closure 'test1 '(d g)) =) (g e a f q c b d)The following example shows a possible use for transitive-closure :(defun submodules (mod)(getdefmodule (readdefmodule mod) 'import))(submodules 'complice) =) (files module loader)(submodules 'files) =) (path)(submodules 'module) =) (files)(submodules 'loader) =) (files)(transitive-closure 'submodules '(complice)) =) (path files module loader complice)The next example demonstrates the way in which a bad choice for the equality-test predicatecan cause a function to loop:(defun test2 (s)(list (substring s 0 (sub1 (slen s)))))(transitive-closure 'test2 '("hip" "hop") 'eqstring) =) ("ho" "hop" "" "h" "hi" "hip")(transitive-closure 'test2 '("hip" "hop")) =)***** Fatal error : no room for strings.The transitive-closure function could be implemented|but not very successfully|in thefollowing manner:(defun transitive-closure (fn list)(let ((old-list list)(new-list list))(while list(setq new-list (union new-list (funcall fn (nextl list)))))(if (set-equal old-list new-list)old-list(transitive-closure fn new-list))))
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3-114 FUNCTION INDEX(mapvector fn vect) [function with two arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-11(mapoblist fn) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-12(mapcoblist fn) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-12(maploblist fn) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-12(let lv s1 : : : sn) [special form] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-13(letv lvar lval s1 : : : sn) [special form] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-14(letvq lvar lval s1 : : : sn) [special form] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-15(lets lv s1 : : : sn) [special form] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-15(slet lv s1 : : : sn) [special form] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-15(let* lv s1 : : : sn) [special form] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-15(letn symb lv s1 : : : sn) [special form] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-16#:system:previous-def-flag [variable] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-17#:system:previous-def [property ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-17#:system:redef-flag [variable] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-17#:system:loaded-from-file [variable] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-18#:system:loaded-from-file [property ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-18(defun symb lvar s1 : : : sn) [special form] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-18(de symb lvar s1 : : : sn) [special form] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-18(df symb lvar s1 : : : sn) [special form] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-18(dm symb lvar s1 : : : sn) [special form] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-19(defmacro symb lvar s1 : : : sn) [special form] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-19(dmd symb lvar s1 : : : sn) [special form] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-19(ds symb type adr) [special form] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-20(macroexpand1 s) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-20(macroexpand s) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-21(closure lvar fn) [function with two arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-22(flet l s1 : : : sn) [special form] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-23(setf loc1 val1 : : : locn valn) [macro] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-24(defsetf access lparams store . body) [macro] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-24(with l s1 : : : sn) [special form] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-25(if s1 s2 s3 : : : sn) [special form] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-26(ifn s1 s2 s3 : : : sn) [special form] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-27(when s1 s2 : : : sn) [special form] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-27(unless s1 s2 : : : sn) [special form] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-27



FUNCTION INDEX 3-115(or s1 : : : sn) [special form] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-28(and s1 : : : sn) [special form] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-28(cond l1 : : : ln) [special form] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-29(selectq s l1 : : : ln) [special form] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-29(while s s1 : : : sn) [special form] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-31(until s s1 : : : sn) [special form] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-31(repeat m s1 : : : sn) [special form] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-32(for (var in ic ntl e1 : : : em) s1 : : : sn) [special form] : : : : : : : : : : : : : : : : : : : : : : : : : : 3-32(block symb e1 : : : en) [special form] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-33(return-from symb e) [special form] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-33(return e) [special form] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-33(tagbody ec1 : : : ecn) [special form] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-33(go symb) [special form] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-34(prog l ec1 : : : ecn) [macro] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-34(prog* l ec1 : : : ecn) [macro] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-35(do lv lr ec1 : : : ecn) [macro] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-35(do* lv lr ec1 : : : ecn) [macro] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-37(tag symb s1 : : : sn) [special form] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-38(evtag s s1 : : : sn) [special form] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-38(exit symb s1 : : : sn) [special form] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-38(evexit s s1 : : : sn) [special form] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-38(unexit symb s1 : : : sn) [special form] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-39(untilexit symb e1 : : : en) [special form] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-39(lock fn s1 : : : sn) [special form] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-39(protect s1 s2 : : : sn) [special form] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-39(unwind n s1 : : : sn) [special form] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-40(catch-all-but l s1 : : : sn) [special form] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-41(backtrack symb l e1 : : : en) [special form] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-41(false e1 : : : en) [function with a variable number of arguments] : : : : : : : : : : : : : : : : : : : : : : : 3-42(true e1 : : : en) [function with a variable number of arguments] : : : : : : : : : : : : : : : : : : : : : : : : 3-42(null s) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-42(not s) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-43(atom s) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-43(atomp s) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-43



3-116 FUNCTION INDEX(constantp s) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-43(symbolp s) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-44(variablep s) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-44(numberp s) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-44(vectorp s) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-45(stringp s) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-45(consp s) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-45(listp s) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-45(nlistp s) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-46(eq s1 s2) [function with two arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-46(neq s1 s2) [function with two arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-47(equal s1 s2) [function with two arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-47(nequal s1 s2) [function with two arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-48(car l) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-49(cdr l) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-49(c----r l) [functions of one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-49(memq symb l) [function with two arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-49(member s l) [function with two arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-50(tailp s l) [function with two arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-50(nthcdr n l) [function with two arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-50(nth n l) [function with two arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-51(last s) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-51(length s) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-51(cons s1 s2) [function with two arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-52(xcons s1 s2) [function with two arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-52(ncons s) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-52(mcons s1 : : : sn) [function with a variable number of arguments] : : : : : : : : : : : : : : : : : : : : : : : 3-52(list s1 : : : sn) [function with a variable number of arguments] : : : : : : : : : : : : : : : : : : : : : : : : 3-53(kwote s) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-54(makelist n s) [function with two arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-54(append l1 : : : ln) [function with a variable number of arguments] : : : : : : : : : : : : : : : : : : : : : : 3-54(append1 l s) [function with two arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-55(reverse s) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-55(copylist l) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-55



FUNCTION INDEX 3-117(copy s) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-56(firstn n l) [function with two arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-57(lastn n l) [function with two arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-57(subst s1 s2 s) [function with three arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-57(remq symb l) [function with two arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-58(remove s l) [function with two arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-58(tconsp s) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-59(tconsmk s) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-59(tconscl s) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-59(tcons s1 s2) [function with two arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-59(rplaca l s) [function with two arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-60(rplacd l s) [function with two arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-60(rplac l s1 s2) [function with three arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-60(displace l ln) [function with two arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-60(placdl l s) [function with two arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-61(evlis l) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-61(nconc l1 : : : ln) [function with a variable number of arguments] : : : : : : : : : : : : : : : : : : : : : : : 3-61(nconc1 l s) [function with two arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-62(cirlist e1 : : : en) [function with a variable number of arguments] : : : : : : : : : : : : : : : : : : : : : 3-62(nreverse l) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-62(nreconc l s) [function with two arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-63(nsubst s1 s2 l) [function with three arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-63(delq symb l) [function with two arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-64(delete s l) [function with two arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-64(acons s1 s2 al) [function with three arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-65(pairlis l1 l2 al) [function with three arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-65(assq symb al) [function with two arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-65(cassq symb al) [function with two arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-66(rassq symb al) [function with two arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-66(assoc s al) [function with two arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-66(cassoc s al) [function with two arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-67(rassoc s al) [function with two arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-67(sublis al s) [function with two arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-67sort [feature] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-68



3-118 FUNCTION INDEX(sort fn l) [function with two arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-68(sortl l) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-68(sortp l) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-69(sortn l) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-69(boundp symb) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-69(symeval symb) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-70(defvar symb e) [special form] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-70#:system:loaded-from-file [variable] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-70(makunbound symb) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-71(set symb s) [function with two arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-71(setq sym1 s1 : : : symn sn) [special form] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-71(setqq sym1 e1 : : : symn en) [special form] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-71(psetq sym1 s1 : : : symn sn) [special form] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-71(deset l1 l2) [function with two arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-72(desetq l1 l2) [special form] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-72(nextl sym1 sym2) [special form] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-73(newl symb s) [special form] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-73(newr symb s) [special form] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-73(incr symb n) [special form] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-74(decr symb n) [special form] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-74(plist pl l) [function with one or two arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-75(getprop pl ind) [function with two arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-75(get pl ind) [function with two arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-75(getl pl l) [function with two arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-76(addprop pl pval ind) [function with three arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-76(putprop pl pval ind) [function with three arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-77(defprop pl pval ind) [special form] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-77(remprop pl ind) [function with two arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-77(typefn symb) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-78(valfn symb) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-79(setfn symb ftype fval) [function with three arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-79(resetfn symb ftype fval) [function with three arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-79(findfn s) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-79(remfn symb) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-80



FUNCTION INDEX 3-119(makedef symb ftyp fval) [function with three arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-80(getdef symb) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-80(revert symb) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-81(synonym sym1 sym2) [function with two arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-81(synonymq sym1 sym2) [special form] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-81(objval symb s) [function with one or two arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-82(packagecell symb pkgc) [function with one or two arguments] : : : : : : : : : : : : : : : : : : : : : : : 3-82(getfn1 pkgc symb) [function with two arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-82(getfn pkgc symb lastpkgc) [function with two or three arguments] : : : : : : : : : : : : : : : : : : : 3-82(symbol pkgc strg) [function with two arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-83(concat str1 : : : strn) [function with a variable number of arguments] : : : : : : : : : : : : : : : : : 3-83(gensym) [function with no arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-84(oblist pkgc symb) [function with zero, one or two arguments] : : : : : : : : : : : : : : : : : : : : : : : : : 3-84(lhoblist strg) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-85(boblist n) [function with an optional argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-85(remob symb) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-86(slen strg) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-87(sref strg n) [function with two arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-87(sset strg n cn) [function with three arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-88(typestring strg symb) [function with one or two arguments] : : : : : : : : : : : : : : : : : : : : : : : : : 3-88(exchstring strg1 strg2) [function with two arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-88(string s) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-89(pname strg) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-89(plength strg) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-89(slength strg) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-89(hash strg) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-90(eqstring str1 str2) [function with two arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-91(alphalessp str1 str1) [function with two arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-91(catenate str1 : : : strn) [function with a variable number of arguments] : : : : : : : : : : : : : : : 3-91(makestring n cn) [function with two arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-92(substring strg n1 n2) [function with two or three arguments] : : : : : : : : : : : : : : : : : : : : : : : : 3-92(duplstring n strg) [function with two arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-92(chrpos cn strg pos) [function with two or three arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : 3-93(chrnth n strg) [function with two arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-93



3-120 FUNCTION INDEX(chrset n strg cn) [function with three arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-94(bltstring str1 n1 str2 n2 n3) [function with four or �ve arguments] : : : : : : : : : : : : : : : 3-94(fillstring strg n1 cn n2) [function with three or four arguments] : : : : : : : : : : : : : : : : : : 3-95(index str1 str2 n) [function with two or three arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-95(substring-equal size strg1 pos1 strg2 pos2) [function with �ve arguments] : : : : : : 3-96(scanstring str1 str2 n) [function with two or three arguments] : : : : : : : : : : : : : : : : : : : : : 3-96(spanstring str1 str2 n) [function with two or three arguments] : : : : : : : : : : : : : : : : : : : : : 3-97(ascii cn) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-97(cascii ch) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-97(uppercase cn) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-97(lowercase cn) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-98(asciip cn) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-98(digitp cn) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-98(letterp cn) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-98(makevector n s) [function with two arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-99(vector s1 : : : sn) [function with a variable number of arguments] : : : : : : : : : : : : : : : : : : : : : : 3-99(vlength vect) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-100(vref vect n) [function with two arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-100(vset vect n e) [function with three arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-100(typevector vect symb) [function with one or two arguments] : : : : : : : : : : : : : : : : : : : : : : : : : 3-101(eqvector vect1 vect2) [function with two arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-101(bltvector vect1 n1 vect2 n2 n3) [function with �ve arguments] : : : : : : : : : : : : : : : : : : : : 3-102(fillvector vect n1 e n2) [function with three or four arguments] : : : : : : : : : : : : : : : : : : : : 3-102(exchvector vect1 vect2) [function with two arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-102array [feature] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-103(makearray a1 : : : an s) [function with a variable number of arguments] : : : : : : : : : : : : : : : : 3-103(aref array i1 : : : in) [function with a variable number of arguments] : : : : : : : : : : : : : : : : : : 3-103(aset array i1 : : : in e) [function with a variable number of arguments] : : : : : : : : : : : : : : : 3-104hash [feature] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-104(make-hash-table-eq) [function with no arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-105(make-hash-table-equal) [function with no arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-105(hash-table-p obj) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-105(gethash key ht default) [function with two or three arguments] : : : : : : : : : : : : : : : : : : : : : : 3-105(puthash key ht value) [function with three arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-105



FUNCTION INDEX 3-121(remhash key ht) [function with two arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-106(maphash fnt ht) [function with two arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-106(clrhash ht) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-106(hash-table-count ht) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-106sets [feature] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-106(adjoin item list eq-func) [function with two or three arguments] : : : : : : : : : : : : : : : : : : : 3-107(union list1 list2 eq-func) [function with two or three arguments] : : : : : : : : : : : : : : : : : : 3-107(nunion list1 list2 eq-func) [function with two or three arguments] : : : : : : : : : : : : : : : : : 3-107(intersection list1 list2 eq-func) [function with two or three arguments] : : : : : : : : : : 3-107(nintersection list1 list2 eq-func) [function with two or three arguments] : : : : : : : : : 3-108(set-difference list1 list2 eq-func) [function with two or three arguments] : : : : : : : 3-108(nset-difference list1 list2 eq-func) [function with two or three arguments] : : : : : : 3-108(set-exclusive-or list1 list2 eq-func) [function with two or three arguments] : : : : : 3-108(nset-exclusive-or list1 list2 eq-func) [function with two or three arguments] : : : : 3-108(power-set set) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-108(cartesian-product set1 set2) [function with two arguments] : : : : : : : : : : : : : : : : : : : : : : 3-109(subsetp list1 list2 eq-func) [function with two or three arguments] : : : : : : : : : : : : : : : : 3-109(set-equal list1 list2 eq-func) [function with two or three arguments] : : : : : : : : : : : : : 3-109(transitive-closure fn list eq-func) [function with two or three arguments] : : : : : : : 3-110



Chapter 4Arithmetic functionsLE-LISP uses several types of numbers:� Fixed-precision numbers.� Integers of 16 bits.� Floating-point numbers with 31, 32, 48 or 64 bits, depending on the system. In this manual,we often refer to 
oating-point numbers as 
oats .� Arbitrary-precision numbers supported by a LE-LISP library.LE-LISP also proposes �ve types of arithmetic:� Generic arithmetic.� Integer arithmetic.� Extended integer arithmetic.� Floating-point arithmetic.� Mixed arithmetic.Functions described in this chapter only treat 16-bit integers and 
oating-point numbers. Chapter10 describes rational and complex arithmetic, which use extended numeric types.Division by zero invariably raises the err0dv error, which has the following default screen display:** function : division by zerowhere function is the name of the function that raised the error.4.1 Generic arithmeticArguments to the functions described here can be integer numbers, 
oats or numbers of an extendedtype. If one of the arguments is a 
oat, the result will also be a 
oat. If all the arguments are integers,the result is an integer. If a calculation over
ows, or if one of the function's arguments is neitheran integer nor a 
oat, the genarith interrupt is called.1



4-2 CHAPTER 4. ARITHMETIC FUNCTIONSWhile it is advisable to use the functions described here, due to their generality, they are notparticularly fast in execution. If e�ciency is important, specialized arithmetic functions can beused on integers or on 
oats.4.1.1 Generic arithmetic interrupt(genarith) [arithmetic interrupt ]This interrupt is called if a calculation cannot be performed by a generic arithmetic function. Itinvokes a function whose name is the value of the following expression:(or (getfn (type-of arg1) fn ())(getfn #:sys-package:genarith fn ()))where fn is the name of the generic function that cannot perform the calculation, and arg1 isthe value of its �rst argument. This function is called with one or two arguments, dependingon its type (see section 4.1.7). If the function does not exist, the errgen error is raised. Itsdefault screen display is** function : can't compute : argument-listwhere function is the name of the function that could not be found, and argument-list is thelist of evaluated arguments of the unsuccessful function call. This escape mechanism providesa way to easily build interfaces to other arithmetic packages written entirely in LISP.#:sys-package:genarith [variable]This variable holds the name of the package in which generic functions will be searched for, inthe case that a function associated with the type of the �rst argument supplied is not found.By default, its value is genarith.4.1.2 Type testsOnly the �rst function described here, numberp, calls the genarith interrupt on error.(numberp x) [function with one argument ]numberp determines whether x is a number. If this is so, it returns x. If not, it returns ().(numberp 44) =) 44(numberp 3.14) =) 3.14(fixp x) [function with one argument ]If x is a �xed-precision integer number, fixp returns x. If not, it returns ().(fixp 120) =) 120(fixp 10.256) =) ()



GENERIC ARITHMETIC 4-3(floatp x) [function with one argument ]If x is a �xed-precision 
oating-point number, floatp returns x. If not, it returns ().(floatp 120) =) ()(floatp 10.256) =) 10.2564.1.3 Numeric conversionsEven though certain numeric functions do their own argument conversion, it is also possible toexplicitly convert numeric values by means of the following three functions.(truncate x) [function with one argument ](fix x) [function with one argument ]If the argument x is an integer, truncate returns it as its value. If x is a 
oating-point number, itwill be converted into an integer if possible, and this value will be returned. If the conversion cannotbe carried out, truncate calls the genarith interrupt. The conversion is a truncation. The result isan integer with the same sign as the argument x. Its absolute value is equal to the greatest integerless than or equal to the absolute value of the argument. fix is simply another name|retained forreasons of compatibility|for the same function.(truncate 10.) =) 10(truncate 10.4) =) 10(truncate 10.6) =) 10(truncate -10.) =) -10(truncate -10.4) =) -10(truncate -10.6) =) -10(truncate 32766.2) =) 32766(truncate 32768.) =) ** call to genarith **(floor n) [function with one argument ]If the argument n is an integer, floor returns it. If n is a 
oat, it is converted, if possible, into aninteger. If not, floor raises the genarith interrupt. This conversion is a `downwards' truncation.The result is an integer with the same sign as the n argument. Its value is the largest integer thatis smaller than n.(floor 10.) =) 10(floor 10.4) =) 10(floor 10.6) =) 10(floor -10.) =) -10(floor -10.4) =) -11(floor -10.6) =) -11



4-4 CHAPTER 4. ARITHMETIC FUNCTIONS(ceiling n) [function with one argument ]If the argument n is an integer, ceiling returns it. If n is a 
oat, it is converted, if possible, into aninteger. If not, ceiling raises the genarith interrupt. This conversion is an `upwards' truncation.The result is an integer with the same sign as the n argument. Its value is the smallest integer thatis larger than n.(ceiling 10.) =) 10(ceiling 10.4) =) 11(ceiling 10.4) =) 11(ceiling -10.) =) -10(ceiling -10.4) =) -10(ceiling -10.4) =) -10(round n d) [function with two arguments]Carries out a division of n by d. The function returns the integer that is closest to the result of thedivision. When d is one, round simply returns the integer that is closest to n.(round 10. 1) =) 10(round 10.4 1) =) 10(round 10.6 1) =) 11(round 5 2) =) 2(round 5.2 -2) =) -3(round -5 2) =) -2(float x) [function with one argument ]If the argument x is a 
oating-point number, float returns it as its value. If x is an integer, it isconverted into a 
oat, and this value is returned. Otherwise, float calls the genarith interrupt.(float 123) =) 123.4.1.4 Generic arithmetic functions(+ x1 : : : xn) [function with a variable number of arguments]This function, referred to as plus , returns the value of the sum x1 + x2 + : : : + xn. If no argumentis given, it returns the additive identity, 0.(+) =) 0(+ 8) =) 8(+ 5 6) =) 11(+ -5 -6 1) =) -10(+ 32000 32000) =) ** call to genarith **(+ 32000. 32000. 1) =) 64001.



GENERIC ARITHMETIC 4-5(+ 100. 1000. 10000. 100000.) =) 111100.(1+ x) [function with one argument ]The form (1+ x) is equivalent to (+ x 1).(- x1 : : : xn) [function with a variable number of arguments]This function, referred to as minus , returns the value of the di�erence x1 - x2 - : : : - xn. If noargument is given, it returns the additive identity, 0. If a single argument is given, this functionreturns the additive inverse of its argument: that is, -x.(-) =) 0(- 20) =) -20(- 123.) =) -123.(- 6 2) =) 4(- 12 -7) =) 19(- 10000. 1000. 100) =) 8900.(- #$8000 1 1) =) ** call to genarith **(1- x) [function with one argument ]The form (1- x) is equivalent to (- x 1).(abs x) [function with one argument ]The abs function returns the absolute value of its argument x: that is, |x|.(abs 10) =) 10(abs -10) =) 10(abs 10.23) =) 10.23(abs -10.23) =) 10.23To calculate the square of x without changing its sign, use: (* x (abs x)).(* x1 : : : xn) [function with a variable number of arguments]The * function returns the value of the product x1 � x2 � : : : � xn. If no argument is given,* returns the multiplicative identity: that is, 1.(*) =) 1(* 5) =) 5(* 10 4) =) 40(* 2 -3) =) -6(* -100 -100) =) 10000(* 1000 1000) =) ** call to genarith **(* 2.2 3 2) =) 13.2



4-6 CHAPTER 4. ARITHMETIC FUNCTIONS(/ x y) [function with one or two arguments](// x y) [function with one or two arguments]These identical functions return the value of the division of x by y. If a single argument isgiven, the inverse 1/x is calculated and returned. If two integer arguments are given and theirquotient is not exact, a call to genarith takes place, and genarith attempts to producea rational number as result. To produce a 
oating-point result, the divide function mustbe used. To produce a rounded integer result, the quotient function should be used. If theargument y is zero, the err0dv error is raised.(/ 40.) =) .025(/ 5) =) ** call to genarith **(/ 20 5) =) 4(/ 21 5) =) ** call to genarith **(/ 40 -4) =) -10(/ 123.45 6.7) =) 18.42537(quo x y) [function with two arguments](quotient x y) [function with two arguments]These two identical functions return the value of the whole division of x by y. More precisely,they return an integer value that we shall refer to here as q. If n and d are two integers, thenthe quotient q and the remainder r satisfy the relation n = q * d + r, where r lies betweenzero and the absolute value of d. If the argument y is zero, the err0dv error is raised.(quotient 17 7) =) 2(quotient 17 -7) =) -2(quotient -17 7) =) -3(quotient -17 -7) =) 3(quotient 12. 5) =) 2(quotient 123.45 6.7) =) 18(modulo x y) [function with two arguments]Returns the value of the remainder of the integer division of x by y. If one of the argumentsis not an integer, the genarith interrupt is raised. The remainder of an integer division|represented by the formula in the description of the preceding function|is always positive.The result a�ects the #:ex:mod variable.(modulo 17 7) =) 3(modulo 17 -7) =) 3(modulo -17 7) =) 4(modulo -17 -7) =) 4



GENERIC ARITHMETIC 4-7(modulo -8 2) =) 0(modulo 123 0) =) ** call to genarith **(modulo 12.4 2) =) ** call to genarith **(quomod x y) [function with two arguments]#:ex:mod [variable]This function combines the functionality of the two preceding functions. It returns the samevalue as quotient and writes the result of applying the modulo function to x and y into the#:ex:mod global variable.In LE-LISP, quomod could be de�ned in the following manner:(defun quomod (n1 n2); The actual implementation is much more efficient(setq #:ex:mod (modulo n1 n2))(quotient n1 n2))(min x1 : : : xn) [function with a variable number of arguments]The symbol min stands forminimum. This function returns the smallest numeric value from amongx1 : : : xn.(min 10) =) 10(min 10 20) =) 10(min -10 -20) =) -20(min 1 3. 2 -7) =) -7(min -2. 3 0 7) =) -2.(max x1 : : : xn) [function with a variable number of arguments]The symbol max stands for maximum. This function returns the numerically largest value fromamong x1 : : : xn.(max 10) =) 10(max 10 20) =) 20(max -10 -20) =) -10(max 1 3. 2 -7) =) 3.(max -2 3. 0 7) =) 74.1.5 Predicates of generic arithmeticThese functions generally accept a variable number of arguments, which can be numbers of anytype: integers, 
oats or extended numerics. If one of the arguments is a 
oat, these functions do
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oating-point comparisons. If all the arguments are integers, they do integer comparisons. Thereis automatic conversion between the arguments, with priority given to 
oating-point numbers.All these functions return their �rst argument if the predicate holds true, and () if not.In the event of a call to the genarith interrupt, the <?> function must be de�ned, since all theother functions are de�ned as functions of <?>.(<?> x y) [function with two arguments]The <?> function returns -1 if x is strictly less than y, 0 if x equals y, and 1 if x is strictly greaterthan y. (<?> 100 100) =) 0(<?> 100 200.) =) -1(<?> 200. 100) =) 1(= x1 x2 : : : xn) [function with a variable number of arguments]If x1 is equal to x2, and x2 is equal to x3, and : : : and xn{1 is equal to xn, then the = functionreturns x1. Otherwise, it returns ().(= 10 10) =) 10(= -3 -2) =) ()(= 10 10.) =) 10(= 10 10. 10) =) 10(= 10 9 10) =) ()(<> x y) [function with two arguments](/= x y) [function with two arguments]These two functions are identical. If the value of x is di�erent to that of y, they return x. Otherwise,they return (). This function is binary, since the function `not equal to' is not transitive.(<> 11 10) =) 11(<> -3 -3) =) ()(<> 10. 10) =) ()(>= x1 x2 : : : xn) [function with a variable number of arguments]If the value of x1 is greater than or equal to that of x2, and the value of x2 is greater than or equalto that of x3, and : : : and the value of xn{1 is greater than or equal to that of xn, then the >=function returns x1 as its value. If such is not the case, the function returns (). This function canbe used to test intervals.(>= 3 7) =) ()(>= 7 7) =) 7



GENERIC ARITHMETIC 4-9(>= 9. 9) =) 9.(>= 11 11 10) =) 11(>= 10 11 10) =) ()(> x1 x2 : : : xn) [function with a variable number of arguments]If the value of x1 is strictly greater than the value of x2, and the value of x2 is strictly greater thanthe value of x3, and : : : and the value of xn{1 is strictly greater than the value of xn, then the >function returns the value of x1. If this is not the case, it returns ().(> 5 5) =) ()(> 7 4) =) 7(> 9. 9) =) ()(> 11 10 10) =) ()(> 10 11 12) =) ()(<= x1 x2 : : : xn) [function with a variable number of arguments]If the value of x1 is less than or equal to that of x2, and the value of x2 is less than or equal to thatof x3, and : : : and the value of xn{1 is less than or equal to that of xn, then the <= function returnsthe value of x1. If this is not the case, it returns ().(<= 5 5) =) 5(<= 4 6) =) 4(<= 9. 9) =) 9.(<= 9 10 10) =) 9(<= 10 9 10) =) ()(< x1 x2 : : : xn) [function with a variable number of arguments]If the value of x1 is less than that of x2, and the value of x2 is less than that of x3, and : : : and thevalue of xn{1 is less than that of xn, the < function returns the value of x1. If this is not the case,it returns ().(< 5 5) =) ()(< 4 5) =) 4(< 9. 9) =) ()(< 8 9 10) =) 8(< 8 9 9) =) ()(zerop x) [function with one argument ](zerop x) is equivalent to (= x 0).(plusp x) [function with one argument ](plusp x) is equivalent to (>= x 0).



4-10 CHAPTER 4. ARITHMETIC FUNCTIONS(minusp x) [function with one argument ](minusp x) is equivalent to (< x 0).4.1.6 Circular and mathematical functionsAll these functions expect 
oating-point or integer arguments. If an argument of some other typeis passed to one of them, the genarith interrupt is raised.(sin x) [function with one argument ](cos x) [function with one argument ](asin x) [function with one argument ](acos x) [function with one argument ](atan x) [function with one argument ](setq pi 3.1415926535) =) 3.1415926535(setq pi/2 (/ pi 2.)) =) 1.570795(setq pi/4 (/ pi 4.)) =) 0.7853975(sin 0) =) 0.(sin pi/4) =) 0.707107(sin pi/2) =) 1.(asin (sin 1.2)) =) 1.2(cos 0) =) 1.(cos pi/4) =) 0.707107(cos pi/2) =) 0.(acos (cos 1.2)) =) 1.2(* 4 (atan 1)) =) 3.141593(defun fnt (x y)(* nf (+ (cos (/ x nd)) (cos (/ y nd)) 2)))(defun pattern (nl nf nd)(let ((x) (y 30))(repeat nl(setq x -30 y (1- y))(repeat 59(princn(chrnth (fix (fnt (incr x) y))"0 1 2 3 4 5 6 7 8 9 ")))(terpri))))



GENERIC ARITHMETIC 4-11The evaluation of (pattern 13 3.5 5.5) produces55 44 33 33 44 5 66666 5 44 33 33 44 555 44 33 2222 33 44 55 55 44 33 2222 33 44 544 3 22222222 33 44 555 555 44 33 22222222 3 4444 3 22 22 33 44 5555555 44 33 22 22 3 444 3 22 11 22 33 44 44 33 22 11 22 3 43 22 1111111 22 33 44 44 33 22 1111111 22 33 22 111 111 22 33 4444444 33 22 111 111 22 333 22 11 11 2 33 444 33 2 11 11 22 333 22 1 0000 11 22 33 33 22 11 0000 1 22 32 11 000000 1 22 333 333 22 1 000000 11 222 1 00000000 11 22 333 333 22 11 00000000 1 2222 11 00000000 11 2 3333 3333 2 11 00000000 11 2222 11 00000000 11 2 3333 3333 2 11 00000000 11 22(exp x) [function with one argument ](log x) [function with one argument ](log10 x) [function with one argument ](power x y) [function with two arguments](sqrt x) [function with one argument ](power 10 0) =) 1.(power 10 1) =) 10.(power 10 10) =) 1e+10(power 10 -1) =) .1(power 10 -2) =) .01(power 123.45 6.7) =) 1.030362e+14(exp 0) =) 1.(exp 1) =) 2.718282(log 1) =) 0.(log 2.718282) =) 1.(log (exp 1)) =) 1.(log10 1) =) 0.(log10 10) =) 1.(log10 20) =) 1.30103(log10 100) =) 2.(sqrt 100) =) 10.(sqrt 1000000.) =) 1000.(setq x 1.2) =) 1.2(sqrt (+ (power (sin x) 2) (power (cos x) 2))) =) 1.



4-12 CHAPTER 4. ARITHMETIC FUNCTIONS4.1.7 Extensions to generic arithmeticTo create new generic arithmetic facilities, the following functions should be de�ned in the extendedarithmetic package, called ext in the list that follows. These functions are all unary or binary, andthe system handles multiple arguments.(#:ext:numberp s)(#:ext:float s)(#:ext:truncate s)(#:ext:+ s1 s2)(#:ext:- s1 s2)(#:ext:0- s)(#:ext:/ s1 s2)(#:ext:1/ s1)(#:ext:quomod s1 s2)(#:ext:abs n)(#:ext:<?> s1 s2)(#:ext:sin s)(#:ext:cos s)(#:ext:asin s)(#:ext:acos s)(#:ext:atan s)(#:ext:exp s)(#:ext:log s)(#:ext:log10 s)(#:ext:power s)(#:ext:sqrt s)To de�ne a new extended type, the following two functions are needed:(#:ext:eval n)(#:ext:prin n)An example of the creation of extended arithmetic functions is given in chapter 10, section 3.4.2 Integer arithmeticInteger arithmetic functions use operands n| in the following descriptions that follow|that mustnecessarily be 16-bit �xed-precision integer-type objects. These functions only do type validitychecking in the interpreted mode, and never do over
ow checks. If the arguments received by oneof them are not integers, the results will be unpredictable, and can even cause errors in the hostoperating system or hardware. All these functions are almost always compiled into a single LLM3instruction.In the interpreter, if one of the arguments is not an integer, the errnia error is raised. Its defaultscreen is



INTEGER ARITHMETIC 4-13** function : not a fix : argumentwhere function is the name of the function that raised the error, and argument is the faultyargument.4.2.1 Integer arithmetic functions(add1 x) [function with one argument ]Returns the value x+ 1.(add1 6) =) 7(add1 -3) =) -2(sub1 x) [function with one argument ]Returns the value x {1.(sub1 7) =) 6(sub1 -3) =) -4(add x y) [function with two arguments]Returns the value of the sum x+ y.(add 5 6) =) 11(sub x y) [function with two arguments]Returns the value of the di�erence x {y.(sub 6 2) =) 4(mul x y) [function with two arguments]Returns the value of the product x� y.(mul 10 4) =) 40(div x y) [function with two arguments]Returns the integer value of the quotient x�y, truncated to the integer value. div does an integerdivision on integer arguments. If the argument y is zero, the err0dv error is raised.(div 20 5) =) 4(div 21 5) =) 4



4-14 CHAPTER 4. ARITHMETIC FUNCTIONS(rem x y) [function with two arguments]Returns the value of the remainder of the integer division of x by y.(rem 11 3) =) 2(rem 14 22) =) 14(scale x y z) [function with three arguments]Returns the value of the calculation of x� y�z.So, (scale x y z) is equivalent to (div (mul x y) z).The intermediate value is stored in double-precision integer memory (depending somewhat on thehost machine, but in at least 32 bits of storage) in order to avoid over
ow in the intermediatecalculation. The �nal result is an integer, truncated|if necessary|to 16 bits.(scale 1000 1000 1000) =) 1000(scale -100 2000 -1000) =) 200(scale 1000 1000 3000) =) 3334.2.2 Fixed-precision integer comparison functionsThese functions have either one or two arguments, written as x and y, which must be integernumber expressions. The functions carry out type checking only in the interpreted mode. If thearguments given in a call to one of them are not integers, the results are meaningless in compiledcode. All of these functions are almost always compiled into a single LLM3 instruction.Each of these functions returns its �rst argument if the test is true of the arguments. If not, () isreturned.(evenp x) [function with one argument ]If the value of the argument x is even, evenp returns it as its value. Otherwise, it returns ().(oddp x) [function with one argument ]If the value of the argument x is odd, oddp returns it as its value. Otherwise, it returns ().(eqn x y) [function with two arguments]If the value of x is equal to the value of y, eqn returns the value of x. Otherwise, it returns ().(eqn 10 10) =) 10(eqn -3 3) =) ()(neqn x y) [function with two arguments]



INTEGER ARITHMETIC 4-15If the value of x is not equal to the value of y, neqn returns the value of x. Otherwise, it returns(). (neqn 11 10) =) 11(neqn -3 -3) =) ()(ge x y) [function with two arguments]If the value of x is greater than or equal to the value of y, ge returns the value of x. Otherwise, itreturns ().(ge 3 7) =) ()(ge 7 7) =) 7(gt x y) [function with two arguments]If the value of x is greater than the value of y, gt returns the value of x. Otherwise, it returns ().(gt 5 5) =) ()(gt 7 4) =) 7(le x y) [function with two arguments]If the value of x is less than or equal to the value of y, le returns the value of x. Otherwise, itreturns ().(le 5 5) =) 5(le 4 6) =) 4(lt x y) [function with two arguments]If the value of x is less than the value of y, lt returns the value of x. Otherwise, it returns ().(lt 5 5) =) ()(lt 4 5) =) 4(imin x y) [function with two arguments]If the value of x is less than or equal to the value of y, imin returns the value of x. Otherwise, itreturns the value of y.In LE-LISP, imin could be de�ned in the following manner:(defun imin (x y)(if (le x y)xy))(imin 10 10) =) 10



4-16 CHAPTER 4. ARITHMETIC FUNCTIONS(imin 10 11) =) 10(imin 11 10) =) 10(imin -10 -10) =) -10(imin -10 -11) =) -11(imin -11 -10) =) -11(imax x y) [function with two arguments]If the value of x is greater than or equal to the value of y, imax returns the value of x. Otherwise,it returns the value of y.In LE-LISP, imax could be de�ned in the following manner:(defun imax (x y)(if (ge x y)xy))(imax 10 10) =) 10(imax 10 11) =) 11(imax 11 10) =) 11(imax -10 -10) =) -10(imax -10 -11) =) -10(imax -11 -10) =) -104.2.3 Boolean functionsIn all the function descriptions that follow, the arguments x and ymust be integers. These functionsonly work on 16-bit words, do no type conversion, and never cause numeric over
ow exceptions.They are all compiled from single LLM3 instructions.(lognot x) [function with one argument ]Returns the logical complement of its argument n.The form (lognot x) is equivalent to (logxor x #$ffff).(lognot 0) =) -1 That is, hexadecimal #$ffff(lognot -2) =) 1(logand x y) [function with two arguments]Returns the logical AND of the values of x and y.(logand #$36 #$25) =) #$24To determine whether x is a power of 2, evaluate(= x (logand x (- x)))



INTEGER ARITHMETIC 4-17(logor x y) [function with two arguments]Returns the logical OR of the values of x and y.(logor #$15 #$17) =) #$17(logxor x y) [function with two arguments]Returns the logical exclusive OR of the values of x and y.(logxor 5 3) =) 6(logshift x y) [function with two arguments]Logically shifts the value x by y bit positions. If the value of y is positive, the shift istowards the left: that is, towards the most signi�cant bit|the msb|performing in e�ecta multiplication on x. If the value of y is negative, the shift is rightwards: towards the leastsigni�cant bit|the lsb|performing in e�ect a division on x.In LE-LISP, logshift could be de�ned in the following manner:(defun logshift (n nb) ; This definition assumes n positive(if (= nb 0)n(if (< nb 0)(logshift (div n 2) (1+ nb))(logshift (mul n 2) (1- nb)))))(logshift 1 0) =) 1(logshift 1 1) =) 2(logshift 1 3) =) 8(logshift 1 15) =) #$8000(logshift 8 -3) =) 14.2.4 Functions on bit �eldsAll these functions work on 16-bit words, and provide various means to manipulate arbitrary bit�elds within these words. Throughout this section, a bit �eld is described by two numbers:� np is the number of the �rst bit of the �eld, counting from zero.� nl is the length of the bit �eld.(2** n) [function with one argument ]Returns the value of two raised to the power n. This is the value that corresponds to a word withonly the nth bit set.In LE-LISP, 2** could be de�ned in the following manner:



4-18 CHAPTER 4. ARITHMETIC FUNCTIONS(defun 2** (n)(logshift 1 n))(2** 0) =) 1(2** 4) =) 16(2** 15) =) #$8000(mask-field n np nl) [function with three arguments]Returns the bit �eld of length nl beginning at bit np in the word n.In LE-LISP, mask-field could be de�ned in the following manner:(defun mask-field (n np nl)(logand (logshift (sub1 (2** nl)) np) n))(mask-field #$f0 2 4) =) #$30(load-byte n np nl) [function with three arguments]Extracts the bit �eld of length nl, beginning at the bit np, from the word n.In LE-LISP, load-byte could be de�ned in the following manner:(defun load-byte (n np nl)(logshift (mask-field n np nl) (sub 0 np)))(load-byte #$f0 2 4) =) #$c(deposit-byte n np nl m) [function with four arguments]Returns the value of the word n after the bit �eld of length nl beginning at bit np has been replacedby the value m.In LE-LISP, deposit-byte could be de�ned in the following manner:(defun deposit-byte (n np nl m)(let ((n1 (mask-field (logshift m np) np nl))(n2 (logand n (sub1 (2** np))))(n3 (logand n (lognot (sub1 (2** (add np nl)))))))(logor n1 (logor n2 n3))))(deposit-byte #$f0 2 4 #$3) =) #$cc(deposit-field n np nl m) [function with four arguments]Returns the value of the word n after the bit-�eld of length nl beginning at bit np has been replacedby the corresponding bit �eld in the word m.In LE-LISP, deposit-field could be de�ned in the following manner:



EXTENDED INTEGER ARITHMETIC 4-19(defun deposit-field (n np nl m)(let ((n1 (mask-field m np nl))(n2 (logand n (sub1 (2** np))))(n3 (logand n (lognot (sub1 (2** (add np nl)))))))(logor n1 (logor n2 n3))))(deposit-field #$f0 2 4 #$c) =) #$cc(load-byte-test n np nl) [function with three arguments]The load-byte-test function tests whether the bit �eld of length nl beginning at position np isnon-zero. If so, the bit �eld is returned as value. Otherwise, load-byte-test returns ().In LE-LISP, load-byte-test could be de�ned in the following manner:(defun load-byte-test (n np nl)(neqn (load-byte n np nl) 0))(load-byte-test #$f0 2 2) =) ()(load-byte-test #$f0 2 4) =) #$c4.2.5 Pseudo-random functions(srandom x) [function with an optional argument ]Initializes the internal accumulator| the seed| of the pseudo-random number generator with thenumber x. If the argument is not provided, srandom returns the current accumulator value.(random x y) [function with two arguments]Returns a number from the interval [x : : : y[. This function uses the method of linear congruencedescribed in [Knuth vol 2]. The internal accumulator, g, is calculated according to the formulag(n+1) = (a * g(n) + c) modulo mwith m = 7*7*7*7*13, a = (7 * 13) + 1 and c = 2731 (prime).This gives a sequence of accumulators with period m (= 31213), ranging across the segment[0 : : : m-1]. The random number is then calculated by means of the following formular = n1 + ((g * (n2 - n1)) / m)This avoids the uneven distribution of the least signi�cant �gures of the results of theaccumulator, modulo 7 or 13.4.3 Extended integer arithmeticIn order to implement arbitrary-precision numbers, a group of extended �xed-precision integerfunctions is available. For all these functions, arguments|expressed here as x, y or z|are 16-bit



4-20 CHAPTER 4. ARITHMETIC FUNCTIONSintegers. All calculations are carried out upon unsigned 16-bit quantities. For reasons of e�ciency,these functions do not test the type(s) of their argument(s), nor do they raise any errors. Thecarry-over of return values, when these are longer than 16 bits, is always stored in the systemvariable #:ex:regret.#:ex:regret [variable]This variable always contains the most signi�cant bytes of extended �xed-precision integerfunctions, in the form of a 16-bit integer.(ex+ x y) [function with two arguments]Returns the least-signi�cant bytes (a total of 16 bits) of the sumx + y + #:ex:regretThe new over
ow is found in the #:ex:regret variable.(setq #:ex:regret 0) =) 0(ex+ 100 200) =) 300#:ex:regret =) 0(setq #:ex:regret 1) =) 1(ex+ 100 200) =) 301#:ex:regret =) 0(setq #:ex:regret 0) =) 0(ex+ #$ffff #$ffff) =) -2#:ex:regret =) 1(setq #:ex:regret 1) =) 1(ex+ #$ffff #$ffff) =) -1#:ex:regret =) 1(ex1+ x) [function with one argument ]Returns the least-signi�cant bytes (a total of 16 bits) of the sumx + 1 + #:ex:regretIt is therefore equivalent to (ex+ x 1).The new over
ow is found in the #:ex:regret variable.(setq #:ex:regret 0) =) 0(ex1+ 10) =) 11#:ex:regret =) 0(ex1+ #$ffff) =) 0#:ex:regret =) 1(ex- x) [function with one argument ]Returns the unsigned 16-bit inverse of x.



EXTENDED INTEGER ARITHMETIC 4-21(ex- -2) =) 1(ex- -1) =) 0(ex- 0) =) -1(ex- 1) =) -2(ex- 2) =) -3(ex* x y z) [function with three arguments]Returns the least-signi�cant bytes (16 bits total) of the calculationx * y + z + #:ex:regretThe most-signi�cant bytes (16 bits total) are found in the #:ex:regret variable.(setq #:ex:regret 0) =) 0(ex* 100 100 10) =) 10010#:ex:regret =) 0(setq #:ex:regret 0) =) 0(ex* -1 -1 0) =) 1#:ex:regret =) -2(setq #:ex:regret -1) =) -1(ex* -1 -1 0) =) 0#:ex:regret =) -1(ex/ x y) [function with two arguments]The #:ex:regret variable should contain the most-signi�cant bytes of the dividend, andx should contain the least-signi�cant bytes of this same dividend. ex/ returns the least-signi�cant bytes (16 bits total) of the division of this dividend by the divisor y, and theremainder is stored in the #:ex:regret variable.#:ex:regret|x / y is returned as the value of ex/.#:ex:regret gets set to #:ex:regret|x rem y.(setq #:ex:regret 0) =) 0(ex/ 100 5) =) 20#:ex:regret =) 0(setq #:ex:regret 1) =) 1(ex/ 100 5) =) 13127#:ex:regret =) 1(setq #:ex:regret -2) =) -2(ex/ 0 -1) =) -2#:ex:regret =) -2(setq #:ex:regret -3) =) -3(ex/ 3 -1) =) -2#:ex:regret =) 1



4-22 CHAPTER 4. ARITHMETIC FUNCTIONS(ex? x y) [function with two arguments]Returns -1 if the value of x is strictly less than the value of y, 0 if these values are equal, and1 if the value of x is strictly greater than the value of y. The comparisons are carried out on16-bit unsigned quantities.(ex? 0 0) =) 0(ex? 2 3) =) -1(ex? 3 2) =) 1(ex? -1 -2) =) 1(ex? -1 1) =) 1(ex? -1 -1) =) 0(ex? -2 -1) =) -14.4 Floating-point arithmeticFunctions described here take arguments|x and y in the descriptions that follow|that must be
oats. They perform type checking only in the interpreted mode. If the arguments given in acall to one of them are not 
oating-point numbers, the results will be unde�ned and might causeerrors in the host operating system or hardware. All these functions are compiled into single LLM3instructions.In the interpreter, if one of the arguments is not a 
oating-point number, the errnfa error is raised.Its default screen display is** function : not a float : argumentwhere function is the name of the function that raised the error, and argument is the faultyargument.4.4.1 Floating-point arithmetic functions(fadd x y) [function with two arguments]Returns the value of the sum x+ y.(fadd 5. 6.) =) 11.(fsub x y) [function with two arguments]Returns the value of the di�erence x {y.(fsub 6. 2.) =) 4.(fmul x y) [function with two arguments]Returns the value of the product x� y.



FLOATING-POINT ARITHMETIC 4-23(fmul 10. 4.) =) 40.(fdiv x y) [function with two arguments]Returns the quotient x�y. If the argument y is 0., the err0dv error is raised.(fdiv 11. 2.) =) 5.5(fdiv 10. 2.) =) 5.4.4.2 Floating-point arithmetic comparisonsEach of these functions takes two arguments|x and y in the descriptions that follow|which mustbe 
oating-point numbers. They only perform type checks on their arguments in the interpretedmode. If the arguments passed to these functions are not 
oating-point numbers, the results aremeaningless for compiled functions.All these functions return their �rst argument if the test succeeds, and () if not.(feqn x y) [function with two arguments]If the value of x is equal to the value of y, feqn returns x. Otherwise, it returns ().(feqn 10. 10.) =) 10.(feqn -3. 3.) =) ()(fneqn x y) [function with two arguments]If the value of x is not equal to the value of y, fneqn returns x. Otherwise, it returns ().(fneqn 11. 10.) =) 11.(fneqn -3. -3.) =) ()(fge x y) [function with two arguments]If the value of x is greater than or equal to the value of y, fge returns x. Otherwise, it returns ().(fge 3. 7.) =) ()(fge 7. 7.) =) 7.(fgt x y) [function with two arguments]If the value of x is greater than the value of y, fgt returns x. Otherwise, it returns ().(fgt 5. 5.) =) ()(fgt 7. 4.) =) 7.(fle x y) [function with two arguments]



4-24 CHAPTER 4. ARITHMETIC FUNCTIONSIf the value of x is less than or equal to the value of y, fle returns x. Otherwise, it returns ().(fle 5. 5.) =) 5.(fle 4. 6.) =) 4.(flt x y) [function with two arguments]If the value of x is less than the value of y, flt returns x. Otherwise, it returns ().(flt 5. 5.) =) ()(flt 4. 5.) =) 4.(fmin x y) [function with two arguments]If the value of x is less than or equal to the value of y, fmin returns x. Otherwise, it returns n2.In LE-LISP, fmin could be de�ned in the following manner:(defun fmin (x y)(if (fle x y)xy))(fmin 10. 10.) =) 10.(fmin 10. 11.) =) 10.(fmin 11. 10.) =) 10.(fmin -10. -10.) =) -10.(fmin -10. -11.) =) -11.(fmin -11. -10.) =) -11.(fmax x y) [function with two arguments]If the value of x is greater than or equal to the value of y, fmax returns x. Otherwise, it returns y.In LE-LISP, fmax could be de�ned in the following manner:(defun fmax (x y)(if (fge x y)xy))(fmax 10. 10.) =) 10.(fmax 10. 11.) =) 11.(fmax 11. 10.) =) 11.(fmax -10. -10.) =) -10.(fmax -10. -11.) =) -10.(fmax -11. -10.) =) -10.



MIXED ARITHMETIC 4-254.5 Mixed arithmeticArguments to these functions can be either integers or 
oating-point numbers. If one of theirarguments is a 
oat, or if an integer arithmetic operation over
ows, the result is a 
oat. If allthe arguments are integers, the result is an integer. Therefore, the functions carry out automaticargument conversion, giving priority to 
oating-point numbers. If one of the arguments is neitheran integer nor a 
oating-point number, the errnna error is raised. Its default screen display is** function : not a number : argumentwhere function is the name of the function that raised the error, and argument is the faultyargument.There are no special comparison functions for this kind of arithmetic. The generic comparisons aresu�cient.Mixed arithmetic is just a kind of 
oating-point arithmetic in which integers can be used.(plus x1 : : : xn) [function with a variable number of arguments]Returns the value of the sum x1 + x2 + : : : + xn. If no argument is given, plus returns the additiveidentity: 0.(plus) =) 0(plus 10) =) 10(plus 5 6) =) 11(plus -5 -6 1) =) -10(plus 100. 1000. 10000. 100000.) =) 111100.(plus 32000 32000 1) =) 64001.(differ x1 : : : xn) [function with a variable number of arguments](difference x1 : : : xn) [function with a variable number of arguments]These two identical functions return the value of the di�erence x1 � x2 � : : : � xn. If no argumentis given, they return the (right) subtractive identity: 0. Given a single argument, they return itsadditive inverse.(difference) =) 0(difference 20.) =) -20.(difference 6 2) =) 4(difference 12 -7) =) 19(difference 10000. 1000. 100) =) 8900.(difference #$8000 1 1) =) -32770(times x1 : : : xn) [function with a variable number of arguments]Returns the value of the product x1 � x2 � : : : � xn. If no argument is given, times returns the



4-26 CHAPTER 4. ARITHMETIC FUNCTIONSmultiplicative identity: 1.(times) =) 1(times 5) =) 5(times 10 4) =) 40(times 2 -3) =) -6(times -100 -100) =) 10000(times 2.2 3 2) =) 13.2(times 1000 1000) =) 1.e+06(divide x y) [function with two arguments]Returns the value of the quotient x � y. If the two arguments are both integers and their quotientis not exact, divide returns a 
oating-point value. If the argument y is zero, the err0dv error israised. (divide 10 5) =) 2(divide 12 5) =) 2.4(divide 12. 5) =) 2.4(divide 40 -4) =) -10(divide 123.45 6.7) =) 18.42537
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Chapter 5Object-oriented programmingThis chapter �rst describes functions that provide ways to create structured objects in LISP. Theseobjects are analogous to Pascal records . In addition, LISP allows you to create a hierarchy ofstructure types.The second section is a description of the basic LISP type hierarchy and the means provided forextending it: typed vectors, typed strings and tagged pairs. Since they are implemented as typedvectors, structures provide the most immediate way to extend the LE-LISP type scheme.The third section explains how to use the primitive oblist search functions and the typing functionsto implement an object-oriented language of the SmallTalk variety.The fourth section presents an abbreviation facility for describing typed objects.The �nal section describes a minimal kernel on which object-oriented extensions can be built. Thiskernel, called MicroCeyx, bene�ts from experience acquired in the creation at INRIA of earlierobject-oriented products called Ceyx and Alcyone.5.1 StructuresThe defstruct primitive provides the means to de�ne new types of structured objects (structures)analogous to Pascal records. The new function facilitates the creation of instances of these types ofobjects.Structured objects are made up of a number of named �elds. Each �eld can contain any kind ofLISP object. These �elds are not typed. You can examine and modify the contents of the �elds ofa structured object by means of �eld-access functions, which are de�ned along with structures.You can de�ne a structure as a sub-structure of a previously de�ned structure. In this case, inaddition to the �elds explicitly declared within its de�nition, the sub-structure will inherit all the�elds of the original parent structure.defstruct [feature]This feature indicates that functions on structures are loaded into the system.1



5-2 CHAPTER 5. OBJECT-ORIENTED PROGRAMMING5.1.1 Structure de�nition(defstruct struct field1 : : : fieldn) [macro]De�nes a structure named struct, which is a symbol, containing the �elds field1 : : : fieldn.struct becomes a new type of LISP object. (See the type-of function.)field1 : : : fieldn are the names of the structure's �elds. They are either symbols or two-element lists. In the second case, the �rst element in the list is the �eld name, and the secondelement is a LISP form that is evaluated to assign an initial value to the �eld when instancesare created. This evaluation takes place each time an instance of the structure is created.When a structure is de�ned, read-access and write-access functions, as well as a speci�cinstance creation function, are de�ned simultaneously. These functions are described furtheron in this document.If struct is of the form #:super-structure:structure, where super-structure is thename of a structure previously de�ned in the system, struct will have, in addition tothe �elds field1 : : : fieldn, all the �elds of super-structure. In this case, the type#:super-structure:structure is a sub-type of the super-structure type.#:system:defstruct-all-access-flag [variable]The defstruct macro examines this 
ag to determine whether access functions de�ned forinherited �elds should be made available for use with the structure currently being de�ned.By default, this 
ag is true. In other words, it has the value t. If it is false, then the onlyaccess functions de�ned and available for use with this structure will be those for �elds thatare supplied explicitly as arguments to the relevant defstruct macro.5.1.2 Instance creation(new struct) [function with one argument ](#:struct:make) [function with no arguments]These two functions create a new instance of the struct structure, and return it as their value.The #:struct:make function is the creation function|constructor|for the struct structure. Itis automatically de�ned by the defstruct macro. Objects created with this constructor will havetype struct. (See the type-of function.)The �elds of the object so created are (optionally) initialized with the initialization forms includedin the structure de�nition. These forms are evaluated when the object is created. The order ofevaluation of the initialization forms is not fully determined. Fields for which no initializationforms are provided are initialized with the value ().If the argument to the new function is not the name of a structure already de�ned in the system,the errstc error is raised, and this screen is displayed:



STRUCTURES 5-3** <fn> : not a structure : <s>where fn is the name of the function that raised the error (in this case, new), and s is thebad argument.In LE-LISP, new could be de�ned in the following manner:(defun new (type)(if (structurep type)(apply (symbol type 'make) ())(error 'new 'errstc type)))5.1.3 Access to �elds(#:struct:field o e) [function with one or two arguments]struct is the name of a structure, and field is the name of one of the structure's �elds. The#:struct:field functions are the access functions to the �elds of instances of the structure struct,and they are automatically de�ned by the defstruct function.If the object o is not an instance of the struct structure (see the typep function), the errstcerror is raised. Given a single argument, an access function returns the value of the �eld field ofthe object o. If a second argument is given, its value is stored in the �eld field of the object oand is also returned as the value of the access function.Suppose that the LE-LISP compiler is active when the structure is de�ned. Consequently, the form(featurep 'compiler) is true. In this case, �eld-access functions are de�ned to be compilermacros. (See the defmacro-open function.) Compilation of calls to these functions producesextremely e�cient code. After being compiled, access functions will not do type checks on their�rst arguments.5.1.4 Type tests(structurep o) [function with one argument ]This predicate is true if the object o is an instance of a de�ned structure. (See also the typepfunction.)Here, for example, is the de�nition of a structure, person, with two �elds: age and weight. Thesecond �eld is initialized with the value 123:? (defstruct person? age? (weight 123))= person



5-4 CHAPTER 5. OBJECT-ORIENTED PROGRAMMINGCreation of an instance:? (setq person1 (#:person:make))= #:person:#[() 123]Assign the value 36 to the age �eld of the person1 object:? (#:person:age person1 36)= 36Extract the weight �eld:? (#:person:weight person1)= 123Use the structurep function:? (structurep person1)= tNext, we look at an example of a sub-structure. Extend the person structure into aresearcher structure:? (defstruct #:person:researcher? project? articles)= #:person:researcherCreation of a researcher and automatic initialization of a �eld:? (setq r1 (#:person:researcher:make))= #:person:researcher:#[() 123 () ()] ? (#:person:researcher:articles r1'("conf-proc" "thesis"))= (conf-proc thesis)The researcher inherits the �elds of the person structure:? (#:person:weight r1)= 123 ? (#:person:age r1 26)= 26 ? (#:person:researcher:weight r1)= 123 ? (#:person:researcher:age r1)= 265.1.5 Implementation of structuresInstances of a structure are implemented as typed vectors whose type is the name of the structure.The values of the object's �elds are stored in vector cells.5.2 Le-Lisp typologyLE-LISP object types are represented by symbols. The LISP package hierarchy provides a way toorganize these types. The symbol #:person:researcher represents the researcher sub-type ofthe person type.



LE-LISP TYPOLOGY 5-5It is not strictly necessary to explicitly create new types. Simply invoking the symbol #:foo:barresults in a successful mention of the type foo and its sub-type bar. Any LISP symbol can thereforebe interpreted as being a type.In practice, the interesting types are those capable of being returned as values of the type-offunction, either a prede�ned system type, or a user type: that is, the type of a typed vector, atyped string or a tagged pair.The basic LISP types are prede�ned. In other words, they are `already present' at system start-up.They all have the empty type (the type ||), which is the universal type.The basic LISP types are:� fix: small integers� float: 
oating-point numbers� symbol: symbols� null: the end-of-list marker, ()� string: character strings� vector: vectors of pointers� cons: list cells(type-of s) [function with one argument ]This function determines the type of any LISP object. If the argument is a string or a vector, type-ofreturns the type of the object in question. In these cases, type-of is equivalent to typestring ortypevector, respectively. If the argument is a tagged pair, type-of returns its car, provided thatthis is an atom or a list whose car is an atom. In all other cases|except the error conditionassociated with tagged pairs (see below)|type-of returns the LISP type of the object: fix, float,cons, etc.If the car of a tagged pair argument is neither a symbol nor the symbol of a list, the result oftype-of is unde�ned.In LE-LISP, type-of could be de�ned in the following manner:(defun type-of (s)(cond ((fixp s) 'fix)((floatp s) 'float)((null s) 'null)((symbolp s) 'symbol)((consp s)(if (tconsp s)(when (or (atom (car s)) (symbolp (caar s)))(car s))'cons))((vectorp s) (typevector s))



5-6 CHAPTER 5. OBJECT-ORIENTED PROGRAMMING((stringp s) (typestring s))(t ())))? (type-of 12)= fix ? (type-of 12.2)= float ? (type-of ())= null ? (type-of 'asd)= symbol ? (type-of "assasa")= string ? (type-of #[1 12 3])= vector ? (type-of #:foo:bar:"hello mamma")= #:foo:bar ? (type-of #:person:#[() 75])= person ? (type-of '(1))= cons ? (type-of '#(foo . a))= foo(subtypep type1 type2) [function with two arguments]type1 and type2 are two symbols, representing LISP types. The predicate subtypep is true if type1is a sub-type of type2, and false otherwise.In LE-LISP, subtypep could be de�ned in the following manner:(defun subtypep (type1 type2)(or (eq type1 type2)(ifn (packagecell type1)(null type2)(subtypep (packagecell type1) type2))))? (subtypep '#:person:researcher 'person)= t ? (subtypep 'symbol 'symbol)= t ? (subtypep '#:person:researcher '#:person:discoverer)= () ? (subtypep 'fix '||)= t(typep s type) [function with two arguments]This predicate is true if the type of the object s is a sub-type of type.In LE-LISP, typep could be de�ned in the following manner:(defun typep (s type)(subtypep (type-of s) type))? (typep (#:person:researcher:make) 'person)= t ? (typep 'foo 'symbol)= t ? (typep (#:person:researcher:make) '#:person:discoverer)= () ? (typep 12 '||)= t



OBJECT-ORIENTED PROGRAMMING 5-75.3 Object-oriented programmingThe LE-LISP package hierarchy is used to encode the hierarchy of data types. In an object-orientedlanguage of the SmallTalk variety|such as Ceyx or Alcyone, for example|one wants to be ableto attach methods to object types.In LE-LISP, these methods are LISP functions, de�ned in the packages to whose types they areattached. So, the function #:person:describe is considered to be the describe method attachedto the person type.The goal is for the sub-types of a given type to inherit the methods attached to this type. Forexample, the objects of type #:person:researcher should inherit the describe method of theperson object. The prede�ned getfn function provides a way to do this method search, accountingfor inheritance.Sometimes it is desirable to have an object type inherit methods from several LISP types. This ismultiple inheritance. The getfn function searches for a function in a list of packages, by �rst doinga depth-�rst search in the parent (superior) packages of those in the list.Finally, you sometimes need methods associated with a mixture of several types of objects. Forinstance, to implement a generic arithmetic package, methods would have to be de�ned that allowyou to add together di�erent types of numbers such as float, fix, bignum and rational. In LE-LISP, the methods of the product of types t1 and t2 are located in the product package designatedas (t1 . t2). An addition method of the desired kind would be written as #:(t1 . t2):add. Theprede�ned getfn2 function provides a means of searching for product methods.5.3.1 Searching for methodsThe following functions are prede�ned search functions that operate on methods.(getfn1 pkgc fn) [function with two arguments]Searches for a function named fn in the pkgc package. If this function exists, it is returned as thevalue of getfn1. If not, the function returns ().In LE-LISP, getfn1 could be de�ned in the following manner:(defun getfn1 (pkgc fn)(let ((nom (symbol pkgc fn)))(if (typefn nom)nom())))(getfn1 () 'car) =) car(defun #:foo:bar ()) =) #:foo:bar(getfn1 'foo 'bar) =) #:foo:bar(getfn1 'gee 'bar) =) ()



5-8 CHAPTER 5. OBJECT-ORIENTED PROGRAMMING(getfn pkgc1 fn pkgc2) [function with two or three arguments]Searches for a function named fn in the pkgc1 package, or in one of the packages that is superiorto pkgc1 in the package hierarchy. If the optional pkgc2 argument is given, it is excluded fromthe search. On the search up the package tree, if pkgc2 is encountered, the search is terminatedimmediately. pkgc2 is not searched. If the function is found, it is returned as the value of getfn. Ifnot, getfn returns ().If pkgc1 is a list of packages, the search begins in the �rst package in the list and in all its parentpackages, then in the second package in the list and in all its parent packages, and so on, untileither the function is found or the list of packages names is exhausted. This depth-search also takesplace if one of the parents of pkgc1 is a list. This mechanism can be used to implement multipleinheritance of methods. In this case, the third argument, if present, provides a way to stop thesearch for each package in the list.In LE-LISP, getfn could be de�ned in the following manner:(defun getfn (pkgc symb . lastpkgc)(let ((nom (symbol pkgc symb)))(cond ((typefn nom) nom)((null pkgc) ())((and (consp lastpkgc)(eq (packagecell pkgc)(car lastpkgc)))())(t (getfn (packagecell pkgc)symb lastpkgc)))))Let us de�ne some functions:(defun foo ()) =) foo(defun #:bar:foo ()) =) #:bar:foo(defun #:bar:gee:buz:foo ()) =) #:bar:gee:buz:foo(getfn '#:bar:gee:buz 'foo) =) #:bar:gee:buz:foo(getfn '#:bar:gee 'foo) =) #:bar:foo(getfn 'bar 'foo) =) #:bar:foo(getfn () 'foo) =) foo(getfn '#:potop:teraz 'foo) =) foo(getfn '#:bar:gee 'foo ()) =) #:bar:foo(getfn 'bar 'foo ()) =) #:bar:foo(getfn 'gee 'foo ()) =) ()(getfn '#:bar:gee:buz 'foo 'bar) =) #:bar:gee:buz:foo(getfn '#:bar:gee 'foo 'bar) =) ()(getfn2 pkgc1 pkgc2 fn) [function with three arguments]Allows you to search for the function fn in the product package (pkgc1 . pkgc2), or in one ofthe product packages that is superior to this one. The product package hierarchy is built from the



OBJECT-ORIENTED PROGRAMMING 5-9package hierarchy by imposing a lexicographic ordering on the combinations of possible pairs. Theclimb up the product package hierarchy is always stopped before reaching the root package for oneof the two members of the product.The packages superior to the package (#:a:b . #:c:d) are, in order(#:a:b . #:c:d) < (#:a:b . c) < (a . #:c:d) < (a . c)5.3.2 Invoking methodsThe combination of type-determinating functions and method search functions provides a way toimplement message transmission functions.(send symb o p1 : : : pn) [function with a variable number of arguments](send-error symb rest) [function with two arguments]The send function searches for and invokes the method symb asssociated with the type of the objecto. This method must be a LISP function that takes n + 1 arguments. It is called with the list ofarguments formed by the object o and the n arguments p1 : : : pn.The intended method is the LISP function named symb in the package that is the type of the objecto, or in one of its parent packages, up to and excluding the root package. If no such method isfound, send calls the send-error function. By default, this function raises the errudm error anddisplays the following error screen:** <fn> : undefined method : <l>where l is the list of arguments supplied to send, and fn is the name of the function thatraises the error: here, send.In LE-LISP, send could be de�ned in the following manner:(defun send (m o . larg)(let ((fn (getfn (type-of o) m '||)))(if fn(apply fn o larg)(funcall 'send-error m (cons o larg)))))In LE-LISP, send-error could be de�ned in the following manner:(defun send-error (m rest)(error 'send 'errudm (cons m rest)))Here is a de�nition of the hello method for objects of type fix:? (defun #:fix:hello (n)? (repeat n (print "hello")))= #:fix:hello



5-10 CHAPTER 5. OBJECT-ORIENTED PROGRAMMINGSearch for this method and invoke it:? (send 'hello 3)hellohellohello= tAnd here is a de�nition of the hello method for objects of the type person:? (defun #:person:hello (pers)? (print "I am a person")? (print "I weigh " (#:person:weight pers) " pounds"))= #:person:hello ? (send 'hello (#:person:make))I am a personI weigh 123 pounds= pounds ? (send 'hello (#:person:researcher:make))I am a personI weigh 123 pounds= pounds(send-super type symb o p1 : : : pn) [function with a variable number of arguments]The function behaves very much like the send function, except that the method is soughtbeginning with (but excluding) the package type, and not beginning with the type of theobject o. type must, however, be the name of one of the parent types|that is, parentpackages|of the type (or package) of object o. If not, an error will be raised.send-super is used primarily inside methods to invoke a method of the same name butde�ned at a higher level in the type hierarchy.In the following example, the describe method is de�ned for objects of type person. It isrede�ned for objects of the sub-type #:person:researcher, so that it invokes the describemethod at the level immediately above #:person:researcher in the type hierarchy, and thendoes some processing speci�c to objects of the #:person:researcher type.? (defun #:person:describe (p)? (print "A person " (#:person:age p) " years old, who weighs "? (#:person:weight p) " pounds"))= #:person:describe ?? (defun #:person:researcher:describe (r)? (send-super '#:person:researcher 'describe r)? (print "who has written "? (length (#:person:researcher:articles r))? " articles"))= #:person:researcher:describe ?? (send 'describe (#:person:researcher:make))A person () years old, who weighs 123 poundswho has written 0 articles



OBJECT-ORIENTED PROGRAMMING 5-11= articles



5-12 CHAPTER 5. OBJECT-ORIENTED PROGRAMMING(csend fndef symb o p1 : : : pn) [function with a variable number of arguments]This function is similar to the send function. If the search for the method fails, instead ofrising an error, csend calls the fndef function with all the arguments of csend except the�rst.This function is particularly useful for rede�ning the search for methods. One can de�nemethods by default in a special package, for instance, or implement another multipleinheritance.In LE-LISP, csend could be de�ned in the following manner:(defun csend (default s o . largs)(let ((fun (getfn (type-of o) s '||)))(if fun(apply fun o largs)(apply default s o largs))))Use the * package as a default:? (defun default (m . para)? (apply (getfn '* m 'jj) para))= default ?? (defun #:*:describe (o)? (print "An unknown object"))= #:*:describe ?? (csend 'default 'describe 12)An unknown object= An unknown object ? (csend 'default 'describe (#:person:make))A person () years old, who weighs 123 pounds= pounds(send2 symb o1 o2 p1 : : : pn) [function with a variable number of arguments]This function searches for and invokes the method symb associated with the product type ofthe objects o1 and o2. Searching is done by the getfn2 function (see its description). Thefunction, if it is found, is invoked with o1, o2 and p1 : : : pn as arguments.Here are some de�nitions of methods for product types:? (defun #:(a . a):foo (o1 o2)? 'aa)= #:(a . a):foo ?? (defun #:(a . #:a:b):foo (o1 o2)? 'ab)= #:(a . #:a:b):foo ?? (defun #:(#:a:b . a):foo (o1 o2)? 'ba)= #:(#:a:b . a):foo ?



OBJECT-ORIENTED PROGRAMMING 5-13? (defun #:(a . #:a:c):foo (o1 o2)? 'ac)= #:(a . #:a:c):fooWe can invoke these methods. The objects here are tagged pairs:? (send2 'foo '#(a) '#(a))= aa ? (send2 'foo '#(a) '#(#:a:b))= ab ? (send2 'foo '#(#:a:b) '#(a))= ba ? (send2 'foo '#(#:a:b) '#(#:a:b))= ba ? (send2 'foo '#(#:a:c) '#(#:a:b))= ab ? (send2 'foo '#(#:a:b) '#(#:a:c))= ba ? (send2 'foo '#(#:a:c) '#(#:a:c))= ac5.3.3 Prede�ned methodsLE-LISP uses the send function internally to print and evaluate LISP objects.Commands to print LISP objects that are implemented as typed vectors, typed character strings,and tagged pairs cause a prin message to be sent to these objects. This message should cause theobject to be printed onto the output channel, without any end-of-line character. If no print methodexists for the object, the default print format is used.Print methods are used by all the printing functions such as print, prin, prinflush and explode.They will be used, for instance, when the parameters of a traced function, entire functions, or errormessages are printed.The following warning applies in the last of these cases. If the print method raises an error, it isvery probable the error procedure reuses the same print method and raises : : : the same error! Youtherefore run the risk of getting the famous looping `error in the error handler' error. It is thereforesuggested that the print methods for an object be implemented under a name other than prin.Name them prin only when they seem to have been completely debugged.The evaluation methods are used for typed vectors. The evaluation of a typed vector causes theeval message to be sent to the vector. If no eval method exists for the vector, the evaluation ofthe vector returns the vector itself as its value. Otherwise, if an eval method exists, it is the resultof the vector's eval method that is returned as a value.In the following example, the objects of person type will be printed as #P(<age> <weight>). The#-macro provides a means of rereading this form of output:? (defun #:person:prin (p)? (prin "#m(" (#:person:age p) " " (#:person:weight p) ")"))= #:person:prin ?? (new 'person)= #m(() 123) ?? (defsharp |m| ()? (let ((age-weight (read))? (person (new 'person)))



5-14 CHAPTER 5. OBJECT-ORIENTED PROGRAMMING? (#:person:age person (car age-weight))? (#:person:weight person (cadr age-weight))? (list person)))= h ?? #m(25 123)= #m(25 123)5.4 Abbreviation functionsThis section describes a set of functions that allow the programmer to use abbreviations whileaddressing the LE-LISP reader. Once instantiated, these abbreviations are used by the LE-LISPreader if the #:system:print-with-abbrev-flag 
ag is set.In the worst of cases, this feature can raise the following errors:errsxtacc, which has the following default screen display:** <fn> : bad {} abbreviation : <e>errsxtclosingacc, which has the following default screen display:** <fn> : } not within {} : <e>errnotanabbrev, which has the following default screen display:** <fn> : not an abbreviation : <e>abbrev [feature]This 
ag indicates that the abbreviation package has been loaded into the system.(put-abbrev sym1 sym2) [function with two arguments](defabbrev sym1 sym2) [macro]These two functions de�ne the symbol sym1 to be an abbreviation of the symbol sym2. After callingone of these functions, the occurrence of the symbol sym1 between braces|the characters { and}|is exactly equivalent, for the LISP reader, to the occurrence of the symbol sym2. If a previousabbreviation existed, it is changed.defabbrev is identical to put-abbrev, except that it does not evaluate its arguments.Consider, for instance, the following de�nition.? (defabbrev foo #:bar:gee)= foo



ABBREVIATION FUNCTIONS 5-15{foo} is read as #:bar:gee{foo}:muu is read as #:bar:gee:muu{foo}:#[1 2] is read as #:bar:gee:#[1 2](get-abbrev symb) [function with one argument ]Returns the symbol that has symb as its abbreviation. If symb is not an abbreviation, it raises theerrnotanabbrev error.(get-abbrev 'foo) =) #:bar:gee(get-abbrev 'bar) =) ** get-abbrev : not an abbreviation : bar(abbrevp symb) [function with one argument ]Returns t if symb is an abbreviation. If not, it returns ().(abbrevp 'foo) =) t(abbrevp 'bar) =) ()(has-an-abbrev symb) [function with one argument ]Returns the abbreviation of the symbol symb.(has-an-abbrev '#:bar:gee) =) foo(rem-abbrev symb) [function with one argument ]Removes the abbreviation associated with the symbol symb, and returns symb as its value.(rem-abbrev 'foo) =) foofsymbg [macro character ]The macro characters { and } facilitate the reading of abbreviations. A symbol between braces isread as though it were the symbol it abbreviates. If symb is not an abbreviation, then symb is readas ||, or (). If symb is not a symbol, or if there are several LISP objects between a single pair ofbraces, the errsxtacc error is raised.#:system:print-with-abbrev-flag [variable]If this 
ag is set|that is, if it is true|the standard printer unabbreviates abbreviated symbols onoutput. By default, this 
ag has the value true.Here is a de�nition of the print method for symbols with abbreviations:(defun #:symbol:prin (symb)(if (and #:system:print-with-abbrev-flag



5-16 CHAPTER 5. OBJECT-ORIENTED PROGRAMMING(has-an-abbrev (packagecell symb)))(progn (let ((#:system:print-for-read ()))(pratom '|{|))(pratom (has-an-abbrev (packagecell symb)))(let ((#:system:print-for-read ()))(pratom '|}:|))(let ((#:system:print-package-flag ()))(pratom symb)))(pratom symb)))5.5 MicroCeyxThis section describes the MicroCeyx object layer, which is a smaller version of the original Ceyx.All the MicroCeyx structures are sub-types of a root class called tclass, which will be mentionedfrequently in the rest of this chapter.microceyx [feature]This feature indicates whether or not MicroCeyx is loaded into the system.5.5.1 Speci�c errorsAll the MicroCeyx functions check the type and form of their arguments. They can raise one of theerrors listed below.(defvar errnotafield"argument not a field of a microceyx tclass")(defvar errnotatclass"argument not a name of a microceyx tclass")(defvar errtclassabbrev"abbrev of microceyx tclass already defined")(defvar errrecordabbrev"abbrev of microceyx record already defined")(defvar errbadfield"syntax error in field")(defvar errrecordtoolong"16 fields maximum per record")(defvar errnotarecordoratclass



MICROCEYX 5-17"argument not a name of microceyx tclass or record")5.5.2 De�nition of structures(deftclass symbol field1 : : : fieldn) [macro]This function is identical to the defstruct function, the only di�erence being that the type itde�nes is a sub-type of tclass : : : if this was not already the case. Moreover, the symbol symbolof the root package is de�ned as being the abbreviation for symbol in its entirety.The form? (deftclass foo a (b 2) c)= #:tclass:foocorresponds to(progn (let ((#:system:defstruct-all-access-flag ()))(defstruct #:tclass:foo a (b 2) c))(defabbrev foo #:tclass:foo))Likewise, the form? (deftclass ffoog:bar (d 4))= ffoog:barcorresponds to(progn (let ((#:system:defstruct-all-access-flag ()))(defstruct #:tclass:foo:bar (d 4)))(defabbrev bar #:tclass:foo:bar))(defrecord symbol field1 : : : fieldn) [macro]This function is similar to the defstruct function, except that the instances it creates areimplemented in the form of balanced binary trees of lists cells. Moreover, the instances containno type information. They only satisfy the consp and listp predicates.symbol must be in the root package. There is no inheritance for the records. For consistencywith the deftclass function, the abbreviation symbol|standing for symbol itself|isde�ned.A record cannot have more than 16 �elds, otherwise the errrecordtoolong error is raised.? (defrecord recfoo a b)= recfoo(tclass-namep symbol) [function with one argument ]This predicate is true if its argument is the name of a class de�ned by the deftclass function.



5-18 CHAPTER 5. OBJECT-ORIENTED PROGRAMMING(tclass-namep '#:tclass:foo) =) t(tclass-namep 'fbarg) =) t(tclass-namep 'foothebarre) =) ()(tclass-namep '(foo bar)) =) ()(record-namep symbol) [function with one argument ]This predicate is true if its argument is the name of a record de�ned by defrecord.(record-namep 'recfoo) =) t(record-namep 'bar) =) ()(record-namep '(1 2 3)) =) ()(field-list symbol) [function with one argument ]Returns the list of the �eld names of instances of the tclass referred to as symbol, whichmust be a valid tclass name, and not an abbreviation.(field-list 'ffoog) =) (a b c)(field-list '#:tclass:foo:bar) =) (a b c d)5.5.3 Tclass and record instances(defmake type fn (field1 : : : fieldn)) [macro]De�nes the function fn to be an instance constructor function for the tclass or record referred toas type. The function fn takes n arguments, which are the values of the �elds named fieldi ofthe instance that is created.? (defmake ffoog make-foo (c a))= make-foo ? (setq x (make-foo 12 34))= #:tclass:foo:#[34 2 12] ? (ffoog:a x)= 34 ? (ffoog:c x)= 12(omakeq type field1 val1 : : : fieldn valn) [macro]Returns an instance of the tclass referred to as type. Within this instance, each fieldi hasthe value vali. Neither type nor the fieldi are evaluated.(omakeq fbarg) =) #:tclass:foo:bar:#[() 2 () 4](omakeq fbarg a 3) =) #:tclass:foo:bar:#[3 2 () 4](ogetq tclass-or-record field obj) [macro]



MICROCEYX 5-19(oputq tclass-or-record field obj val) [macro](omatchq tclass obj) [macro]These functions are identical to the corresponding Ceyx functions.(ogetq ffoog b (omakeq ffoog)) =) 2(ogetq frecfoog b (omakeq frecfoog b 48)) =) 48(omatchq ffoog (omakeq fbarg)) =) t5.5.4 Methods and message sending(demethod ftclassg:name (obj p1 : : : pn) (f1 : : : fn) . body) [macro]f1 : : : fn are �elds of tclass.(demethod {foo}:gee (obj x y z) (a b)<body>)is equivalent to(defun {foo}:gee (obj x y z)(let ((a ({foo}:a obj))(b ({foo}:b obj)))<body>))(send message objet par1 : : : parn) [function with a variable number of arguments](sendq message object par1 : : : parn) [macro]This function is similar to the standard send function, except that in MicroCeyx it searches formethods up to but excluding the root package. In the case of no match, it searches in the * package,and then in the || package.sendq is like send, except that it does not evaluate its �rst argument.In LE-LISP, sendq could be de�ned in the following manner:(defmacro sendq (message . rest)`(send ',message ,@rest))The search for methods carried out by the send function is implemented by rede�ning thesend-error function in the following manner:(defun send-error (sem argslist)(let ((fun (getfn '* sem)))(if fun



5-20 CHAPTER 5. OBJECT-ORIENTED PROGRAMMING(apply fun argslist)(error 'send 'errudm (cons sem argslist)))))(sendf message par1 : : : parn) [macro](sendfq message par1 : : : parn) [macro]Generates a one-argument function that transmits to its argument the message message with theparameters pari. This function is especially useful for mapping the send function.sendfq is like sendf, except that it does not evaluate its �rst argument.? (defun ffoog:goo (o a)? (print "ffoog:goo " (ffoog:b o) " " a))= ffoog:goo ? (mapc (sendf 'goo 12)? (list (omakeq ffoog b 14) (omakeq ffoog b 20)))ffoog:goo 14 12ffoog:goo 20 12= ()
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Chapter 5Object-oriented programmingThis chapter �rst describes functions that provide ways to create structured objects in LISP. Theseobjects are analogous to Pascal records . In addition, LISP allows you to create a hierarchy ofstructure types.The second section is a description of the basic LISP type hierarchy and the means provided forextending it: typed vectors, typed strings and tagged pairs. Since they are implemented as typedvectors, structures provide the most immediate way to extend the LE-LISP type scheme.The third section explains how to use the primitive oblist search functions and the typing functionsto implement an object-oriented language of the SmallTalk variety.The fourth section presents an abbreviation facility for describing typed objects.The �nal section describes a minimal kernel on which object-oriented extensions can be built. Thiskernel, called MicroCeyx, bene�ts from experience acquired in the creation at INRIA of earlierobject-oriented products called Ceyx and Alcyone.5.1 StructuresThe defstruct primitive provides the means to de�ne new types of structured objects (structures)analogous to Pascal records. The new function facilitates the creation of instances of these types ofobjects.Structured objects are made up of a number of named �elds. Each �eld can contain any kind ofLISP object. These �elds are not typed. You can examine and modify the contents of the �elds ofa structured object by means of �eld-access functions, which are de�ned along with structures.You can de�ne a structure as a sub-structure of a previously de�ned structure. In this case, inaddition to the �elds explicitly declared within its de�nition, the sub-structure will inherit all the�elds of the original parent structure.defstruct [feature]This feature indicates that functions on structures are loaded into the system.1



5-2 CHAPTER 5. OBJECT-ORIENTED PROGRAMMING5.1.1 Structure de�nition(defstruct struct field1 : : : fieldn) [macro]De�nes a structure named struct, which is a symbol, containing the �elds field1 : : : fieldn.struct becomes a new type of LISP object. (See the type-of function.)field1 : : : fieldn are the names of the structure's �elds. They are either symbols or two-element lists. In the second case, the �rst element in the list is the �eld name, and the secondelement is a LISP form that is evaluated to assign an initial value to the �eld when instancesare created. This evaluation takes place each time an instance of the structure is created.When a structure is de�ned, read-access and write-access functions, as well as a speci�cinstance creation function, are de�ned simultaneously. These functions are described furtheron in this document.If struct is of the form #:super-structure:structure, where super-structure is thename of a structure previously de�ned in the system, struct will have, in addition tothe �elds field1 : : : fieldn, all the �elds of super-structure. In this case, the type#:super-structure:structure is a sub-type of the super-structure type.#:system:defstruct-all-access-flag [variable]The defstruct macro examines this 
ag to determine whether access functions de�ned forinherited �elds should be made available for use with the structure currently being de�ned.By default, this 
ag is true. In other words, it has the value t. If it is false, then the onlyaccess functions de�ned and available for use with this structure will be those for �elds thatare supplied explicitly as arguments to the relevant defstruct macro.5.1.2 Instance creation(new struct) [function with one argument ](#:struct:make) [function with no arguments]These two functions create a new instance of the struct structure, and return it as their value.The #:struct:make function is the creation function|constructor|for the struct structure. Itis automatically de�ned by the defstruct macro. Objects created with this constructor will havetype struct. (See the type-of function.)The �elds of the object so created are (optionally) initialized with the initialization forms includedin the structure de�nition. These forms are evaluated when the object is created. The order ofevaluation of the initialization forms is not fully determined. Fields for which no initializationforms are provided are initialized with the value ().If the argument to the new function is not the name of a structure already de�ned in the system,the errstc error is raised, and this screen is displayed:



STRUCTURES 5-3** <fn> : not a structure : <s>where fn is the name of the function that raised the error (in this case, new), and s is thebad argument.In LE-LISP, new could be de�ned in the following manner:(defun new (type)(if (structurep type)(apply (symbol type 'make) ())(error 'new 'errstc type)))5.1.3 Access to �elds(#:struct:field o e) [function with one or two arguments]struct is the name of a structure, and field is the name of one of the structure's �elds. The#:struct:field functions are the access functions to the �elds of instances of the structure struct,and they are automatically de�ned by the defstruct function.If the object o is not an instance of the struct structure (see the typep function), the errstcerror is raised. Given a single argument, an access function returns the value of the �eld field ofthe object o. If a second argument is given, its value is stored in the �eld field of the object oand is also returned as the value of the access function.Suppose that the LE-LISP compiler is active when the structure is de�ned. Consequently, the form(featurep 'compiler) is true. In this case, �eld-access functions are de�ned to be compilermacros. (See the defmacro-open function.) Compilation of calls to these functions producesextremely e�cient code. After being compiled, access functions will not do type checks on their�rst arguments.5.1.4 Type tests(structurep o) [function with one argument ]This predicate is true if the object o is an instance of a de�ned structure. (See also the typepfunction.)Here, for example, is the de�nition of a structure, person, with two �elds: age and weight. Thesecond �eld is initialized with the value 123:? (defstruct person? age? (weight 123))= person



5-4 CHAPTER 5. OBJECT-ORIENTED PROGRAMMINGCreation of an instance:? (setq person1 (#:person:make))= #:person:#[() 123]Assign the value 36 to the age �eld of the person1 object:? (#:person:age person1 36)= 36Extract the weight �eld:? (#:person:weight person1)= 123Use the structurep function:? (structurep person1)= tNext, we look at an example of a sub-structure. Extend the person structure into aresearcher structure:? (defstruct #:person:researcher? project? articles)= #:person:researcherCreation of a researcher and automatic initialization of a �eld:? (setq r1 (#:person:researcher:make))= #:person:researcher:#[() 123 () ()] ? (#:person:researcher:articles r1'("conf-proc" "thesis"))= (conf-proc thesis)The researcher inherits the �elds of the person structure:? (#:person:weight r1)= 123 ? (#:person:age r1 26)= 26 ? (#:person:researcher:weight r1)= 123 ? (#:person:researcher:age r1)= 265.1.5 Implementation of structuresInstances of a structure are implemented as typed vectors whose type is the name of the structure.The values of the object's �elds are stored in vector cells.5.2 Le-Lisp typologyLE-LISP object types are represented by symbols. The LISP package hierarchy provides a way toorganize these types. The symbol #:person:researcher represents the researcher sub-type ofthe person type.



LE-LISP TYPOLOGY 5-5It is not strictly necessary to explicitly create new types. Simply invoking the symbol #:foo:barresults in a successful mention of the type foo and its sub-type bar. Any LISP symbol can thereforebe interpreted as being a type.In practice, the interesting types are those capable of being returned as values of the type-offunction, either a prede�ned system type, or a user type: that is, the type of a typed vector, atyped string or a tagged pair.The basic LISP types are prede�ned. In other words, they are `already present' at system start-up.They all have the empty type (the type ||), which is the universal type.The basic LISP types are:� fix: small integers� float: 
oating-point numbers� symbol: symbols� null: the end-of-list marker, ()� string: character strings� vector: vectors of pointers� cons: list cells(type-of s) [function with one argument ]This function determines the type of any LISP object. If the argument is a string or a vector, type-ofreturns the type of the object in question. In these cases, type-of is equivalent to typestring ortypevector, respectively. If the argument is a tagged pair, type-of returns its car, provided thatthis is an atom or a list whose car is an atom. In all other cases|except the error conditionassociated with tagged pairs (see below)|type-of returns the LISP type of the object: fix, float,cons, etc.If the car of a tagged pair argument is neither a symbol nor the symbol of a list, the result oftype-of is unde�ned.In LE-LISP, type-of could be de�ned in the following manner:(defun type-of (s)(cond ((fixp s) 'fix)((floatp s) 'float)((null s) 'null)((symbolp s) 'symbol)((consp s)(if (tconsp s)(when (or (atom (car s)) (symbolp (caar s)))(car s))'cons))((vectorp s) (typevector s))



5-6 CHAPTER 5. OBJECT-ORIENTED PROGRAMMING((stringp s) (typestring s))(t ())))? (type-of 12)= fix ? (type-of 12.2)= float ? (type-of ())= null ? (type-of 'asd)= symbol ? (type-of "assasa")= string ? (type-of #[1 12 3])= vector ? (type-of #:foo:bar:"hello mamma")= #:foo:bar ? (type-of #:person:#[() 75])= person ? (type-of '(1))= cons ? (type-of '#(foo . a))= foo(subtypep type1 type2) [function with two arguments]type1 and type2 are two symbols, representing LISP types. The predicate subtypep is true if type1is a sub-type of type2, and false otherwise.In LE-LISP, subtypep could be de�ned in the following manner:(defun subtypep (type1 type2)(or (eq type1 type2)(ifn (packagecell type1)(null type2)(subtypep (packagecell type1) type2))))? (subtypep '#:person:researcher 'person)= t ? (subtypep 'symbol 'symbol)= t ? (subtypep '#:person:researcher '#:person:discoverer)= () ? (subtypep 'fix '||)= t(typep s type) [function with two arguments]This predicate is true if the type of the object s is a sub-type of type.In LE-LISP, typep could be de�ned in the following manner:(defun typep (s type)(subtypep (type-of s) type))? (typep (#:person:researcher:make) 'person)= t ? (typep 'foo 'symbol)= t ? (typep (#:person:researcher:make) '#:person:discoverer)= () ? (typep 12 '||)= t



OBJECT-ORIENTED PROGRAMMING 5-75.3 Object-oriented programmingThe LE-LISP package hierarchy is used to encode the hierarchy of data types. In an object-orientedlanguage of the SmallTalk variety|such as Ceyx or Alcyone, for example|one wants to be ableto attach methods to object types.In LE-LISP, these methods are LISP functions, de�ned in the packages to whose types they areattached. So, the function #:person:describe is considered to be the describe method attachedto the person type.The goal is for the sub-types of a given type to inherit the methods attached to this type. Forexample, the objects of type #:person:researcher should inherit the describe method of theperson object. The prede�ned getfn function provides a way to do this method search, accountingfor inheritance.Sometimes it is desirable to have an object type inherit methods from several LISP types. This ismultiple inheritance. The getfn function searches for a function in a list of packages, by �rst doinga depth-�rst search in the parent (superior) packages of those in the list.Finally, you sometimes need methods associated with a mixture of several types of objects. Forinstance, to implement a generic arithmetic package, methods would have to be de�ned that allowyou to add together di�erent types of numbers such as float, fix, bignum and rational. In LE-LISP, the methods of the product of types t1 and t2 are located in the product package designatedas (t1 . t2). An addition method of the desired kind would be written as #:(t1 . t2):add. Theprede�ned getfn2 function provides a means of searching for product methods.5.3.1 Searching for methodsThe following functions are prede�ned search functions that operate on methods.(getfn1 pkgc fn) [function with two arguments]Searches for a function named fn in the pkgc package. If this function exists, it is returned as thevalue of getfn1. If not, the function returns ().In LE-LISP, getfn1 could be de�ned in the following manner:(defun getfn1 (pkgc fn)(let ((nom (symbol pkgc fn)))(if (typefn nom)nom())))(getfn1 () 'car) =) car(defun #:foo:bar ()) =) #:foo:bar(getfn1 'foo 'bar) =) #:foo:bar(getfn1 'gee 'bar) =) ()



5-8 CHAPTER 5. OBJECT-ORIENTED PROGRAMMING(getfn pkgc1 fn pkgc2) [function with two or three arguments]Searches for a function named fn in the pkgc1 package, or in one of the packages that is superiorto pkgc1 in the package hierarchy. If the optional pkgc2 argument is given, it is excluded fromthe search. On the search up the package tree, if pkgc2 is encountered, the search is terminatedimmediately. pkgc2 is not searched. If the function is found, it is returned as the value of getfn. Ifnot, getfn returns ().If pkgc1 is a list of packages, the search begins in the �rst package in the list and in all its parentpackages, then in the second package in the list and in all its parent packages, and so on, untileither the function is found or the list of packages names is exhausted. This depth-search also takesplace if one of the parents of pkgc1 is a list. This mechanism can be used to implement multipleinheritance of methods. In this case, the third argument, if present, provides a way to stop thesearch for each package in the list.In LE-LISP, getfn could be de�ned in the following manner:(defun getfn (pkgc symb . lastpkgc)(let ((nom (symbol pkgc symb)))(cond ((typefn nom) nom)((null pkgc) ())((and (consp lastpkgc)(eq (packagecell pkgc)(car lastpkgc)))())(t (getfn (packagecell pkgc)symb lastpkgc)))))Let us de�ne some functions:(defun foo ()) =) foo(defun #:bar:foo ()) =) #:bar:foo(defun #:bar:gee:buz:foo ()) =) #:bar:gee:buz:foo(getfn '#:bar:gee:buz 'foo) =) #:bar:gee:buz:foo(getfn '#:bar:gee 'foo) =) #:bar:foo(getfn 'bar 'foo) =) #:bar:foo(getfn () 'foo) =) foo(getfn '#:potop:teraz 'foo) =) foo(getfn '#:bar:gee 'foo ()) =) #:bar:foo(getfn 'bar 'foo ()) =) #:bar:foo(getfn 'gee 'foo ()) =) ()(getfn '#:bar:gee:buz 'foo 'bar) =) #:bar:gee:buz:foo(getfn '#:bar:gee 'foo 'bar) =) ()(getfn2 pkgc1 pkgc2 fn) [function with three arguments]Allows you to search for the function fn in the product package (pkgc1 . pkgc2), or in one ofthe product packages that is superior to this one. The product package hierarchy is built from the



OBJECT-ORIENTED PROGRAMMING 5-9package hierarchy by imposing a lexicographic ordering on the combinations of possible pairs. Theclimb up the product package hierarchy is always stopped before reaching the root package for oneof the two members of the product.The packages superior to the package (#:a:b . #:c:d) are, in order(#:a:b . #:c:d) < (#:a:b . c) < (a . #:c:d) < (a . c)5.3.2 Invoking methodsThe combination of type-determinating functions and method search functions provides a way toimplement message transmission functions.(send symb o p1 : : : pn) [function with a variable number of arguments](send-error symb rest) [function with two arguments]The send function searches for and invokes the method symb asssociated with the type of the objecto. This method must be a LISP function that takes n + 1 arguments. It is called with the list ofarguments formed by the object o and the n arguments p1 : : : pn.The intended method is the LISP function named symb in the package that is the type of the objecto, or in one of its parent packages, up to and excluding the root package. If no such method isfound, send calls the send-error function. By default, this function raises the errudm error anddisplays the following error screen:** <fn> : undefined method : <l>where l is the list of arguments supplied to send, and fn is the name of the function thatraises the error: here, send.In LE-LISP, send could be de�ned in the following manner:(defun send (m o . larg)(let ((fn (getfn (type-of o) m '||)))(if fn(apply fn o larg)(funcall 'send-error m (cons o larg)))))In LE-LISP, send-error could be de�ned in the following manner:(defun send-error (m rest)(error 'send 'errudm (cons m rest)))Here is a de�nition of the hello method for objects of type fix:? (defun #:fix:hello (n)? (repeat n (print "hello")))= #:fix:hello



5-10 CHAPTER 5. OBJECT-ORIENTED PROGRAMMINGSearch for this method and invoke it:? (send 'hello 3)hellohellohello= tAnd here is a de�nition of the hello method for objects of the type person:? (defun #:person:hello (pers)? (print "I am a person")? (print "I weigh " (#:person:weight pers) " pounds"))= #:person:hello ? (send 'hello (#:person:make))I am a personI weigh 123 pounds= pounds ? (send 'hello (#:person:researcher:make))I am a personI weigh 123 pounds= pounds(send-super type symb o p1 : : : pn) [function with a variable number of arguments]The function behaves very much like the send function, except that the method is soughtbeginning with (but excluding) the package type, and not beginning with the type of theobject o. type must, however, be the name of one of the parent types|that is, parentpackages|of the type (or package) of object o. If not, an error will be raised.send-super is used primarily inside methods to invoke a method of the same name butde�ned at a higher level in the type hierarchy.In the following example, the describe method is de�ned for objects of type person. It isrede�ned for objects of the sub-type #:person:researcher, so that it invokes the describemethod at the level immediately above #:person:researcher in the type hierarchy, and thendoes some processing speci�c to objects of the #:person:researcher type.? (defun #:person:describe (p)? (print "A person " (#:person:age p) " years old, who weighs "? (#:person:weight p) " pounds"))= #:person:describe ?? (defun #:person:researcher:describe (r)? (send-super '#:person:researcher 'describe r)? (print "who has written "? (length (#:person:researcher:articles r))? " articles"))= #:person:researcher:describe ?? (send 'describe (#:person:researcher:make))A person () years old, who weighs 123 poundswho has written 0 articles



OBJECT-ORIENTED PROGRAMMING 5-11= articles(csend fndef symb o p1 : : : pn) [function with a variable number of arguments]This function is similar to the send function. If the search for the method fails, instead ofrising an error, csend calls the fndef function with all the arguments of csend except the�rst.This function is particularly useful for rede�ning the search for methods. One can de�nemethods by default in a special package, for instance, or implement another multipleinheritance.In LE-LISP, csend could be de�ned in the following manner:(defun csend (default s o . largs)(let ((fun (getfn (type-of o) s '||)))(if fun(apply fun o largs)(apply default s o largs))))Use the * package as a default:? (defun default (m . para)? (apply (getfn '* m 'jj) para))= default ?? (defun #:*:describe (o)? (print "An unknown object"))= #:*:describe ?? (csend 'default 'describe 12)An unknown object= An unknown object ? (csend 'default 'describe (#:person:make))A person () years old, who weighs 123 pounds= pounds(send2 symb o1 o2 p1 : : : pn) [function with a variable number of arguments]This function searches for and invokes the method symb associated with the product type ofthe objects o1 and o2. Searching is done by the getfn2 function (see its description). Thefunction, if it is found, is invoked with o1, o2 and p1 : : : pn as arguments.Here are some de�nitions of methods for product types:? (defun #:(a . a):foo (o1 o2)? 'aa)= #:(a . a):foo ?? (defun #:(a . #:a:b):foo (o1 o2)? 'ab)= #:(a . #:a:b):foo ?? (defun #:(#:a:b . a):foo (o1 o2)



5-12 CHAPTER 5. OBJECT-ORIENTED PROGRAMMING? 'ba)= #:(#:a:b . a):foo ?? (defun #:(a . #:a:c):foo (o1 o2)? 'ac)= #:(a . #:a:c):fooWe can invoke these methods. The objects here are tagged pairs:? (send2 'foo '#(a) '#(a))= aa ? (send2 'foo '#(a) '#(#:a:b))= ab ? (send2 'foo '#(#:a:b) '#(a))= ba ? (send2 'foo '#(#:a:b) '#(#:a:b))= ba ? (send2 'foo '#(#:a:c) '#(#:a:b))= ab ? (send2 'foo '#(#:a:b) '#(#:a:c))= ba ? (send2 'foo '#(#:a:c) '#(#:a:c))= ac5.3.3 Prede�ned methodsLE-LISP uses the send function internally to print and evaluate LISP objects.Commands to print LISP objects that are implemented as typed vectors, typed character strings,and tagged pairs cause a prin message to be sent to these objects. This message should cause theobject to be printed onto the output channel, without any end-of-line character. If no print methodexists for the object, the default print format is used.Print methods are used by all the printing functions such as print, prin, prinflush and explode.They will be used, for instance, when the parameters of a traced function, entire functions, or errormessages are printed.The following warning applies in the last of these cases. If the print method raises an error, it isvery probable the error procedure reuses the same print method and raises : : : the same error! Youtherefore run the risk of getting the famous looping `error in the error handler' error. It is thereforesuggested that the print methods for an object be implemented under a name other than prin.Name them prin only when they seem to have been completely debugged.The evaluation methods are used for typed vectors. The evaluation of a typed vector causes theeval message to be sent to the vector. If no eval method exists for the vector, the evaluation ofthe vector returns the vector itself as its value. Otherwise, if an eval method exists, it is the resultof the vector's eval method that is returned as a value.In the following example, the objects of person type will be printed as #P(<age> <weight>). The#-macro provides a means of rereading this form of output:? (defun #:person:prin (p)? (prin "#m(" (#:person:age p) " " (#:person:weight p) ")"))= #:person:prin ?? (new 'person)= #m(() 123) ?? (defsharp |m| ()



ABBREVIATION FUNCTIONS 5-13? (let ((age-weight (read))? (person (new 'person)))? (#:person:age person (car age-weight))? (#:person:weight person (cadr age-weight))? (list person)))= h ?? #m(25 123)= #m(25 123)5.4 Abbreviation functionsThis section describes a set of functions that allow the programmer to use abbreviations whileaddressing the LE-LISP reader. Once instantiated, these abbreviations are used by the LE-LISPreader if the #:system:print-with-abbrev-flag 
ag is set.In the worst of cases, this feature can raise the following errors:errsxtacc, which has the following default screen display:** <fn> : bad {} abbreviation : <e>errsxtclosingacc, which has the following default screen display:** <fn> : } not within {} : <e>errnotanabbrev, which has the following default screen display:** <fn> : not an abbreviation : <e>abbrev [feature]This 
ag indicates that the abbreviation package has been loaded into the system.(put-abbrev sym1 sym2) [function with two arguments](defabbrev sym1 sym2) [macro]These two functions de�ne the symbol sym1 to be an abbreviation of the symbol sym2. After callingone of these functions, the occurrence of the symbol sym1 between braces|the characters { and}|is exactly equivalent, for the LISP reader, to the occurrence of the symbol sym2. If a previousabbreviation existed, it is changed.defabbrev is identical to put-abbrev, except that it does not evaluate its arguments.Consider, for instance, the following de�nition.? (defabbrev foo #:bar:gee)= foo



5-14 CHAPTER 5. OBJECT-ORIENTED PROGRAMMING{foo} is read as #:bar:gee{foo}:muu is read as #:bar:gee:muu{foo}:#[1 2] is read as #:bar:gee:#[1 2](get-abbrev symb) [function with one argument ]Returns the symbol that has symb as its abbreviation. If symb is not an abbreviation, it raises theerrnotanabbrev error.(get-abbrev 'foo) =) #:bar:gee(get-abbrev 'bar) =) ** get-abbrev : not an abbreviation : bar(abbrevp symb) [function with one argument ]Returns t if symb is an abbreviation. If not, it returns ().(abbrevp 'foo) =) t(abbrevp 'bar) =) ()(has-an-abbrev symb) [function with one argument ]Returns the abbreviation of the symbol symb.(has-an-abbrev '#:bar:gee) =) foo(rem-abbrev symb) [function with one argument ]Removes the abbreviation associated with the symbol symb, and returns symb as its value.(rem-abbrev 'foo) =) foofsymbg [macro character ]The macro characters { and } facilitate the reading of abbreviations. A symbol between braces isread as though it were the symbol it abbreviates. If symb is not an abbreviation, then symb is readas ||, or (). If symb is not a symbol, or if there are several LISP objects between a single pair ofbraces, the errsxtacc error is raised.#:system:print-with-abbrev-flag [variable]If this 
ag is set|that is, if it is true|the standard printer unabbreviates abbreviated symbols onoutput. By default, this 
ag has the value true.Here is a de�nition of the print method for symbols with abbreviations:(defun #:symbol:prin (symb)(if (and #:system:print-with-abbrev-flag



MICROCEYX 5-15(has-an-abbrev (packagecell symb)))(progn (let ((#:system:print-for-read ()))(pratom '|{|))(pratom (has-an-abbrev (packagecell symb)))(let ((#:system:print-for-read ()))(pratom '|}:|))(let ((#:system:print-package-flag ()))(pratom symb)))(pratom symb)))5.5 MicroCeyxThis section describes the MicroCeyx object layer, which is a smaller version of the original Ceyx.All the MicroCeyx structures are sub-types of a root class called tclass, which will be mentionedfrequently in the rest of this chapter.microceyx [feature]This feature indicates whether or not MicroCeyx is loaded into the system.5.5.1 Speci�c errorsAll the MicroCeyx functions check the type and form of their arguments. They can raise one of theerrors listed below.(defvar errnotafield"argument not a field of a microceyx tclass")(defvar errnotatclass"argument not a name of a microceyx tclass")(defvar errtclassabbrev"abbrev of microceyx tclass already defined")(defvar errrecordabbrev"abbrev of microceyx record already defined")(defvar errbadfield"syntax error in field")(defvar errrecordtoolong"16 fields maximum per record")(defvar errnotarecordoratclass



5-16 CHAPTER 5. OBJECT-ORIENTED PROGRAMMING"argument not a name of microceyx tclass or record")5.5.2 De�nition of structures(deftclass symbol field1 : : : fieldn) [macro]This function is identical to the defstruct function, the only di�erence being that the type itde�nes is a sub-type of tclass : : : if this was not already the case. Moreover, the symbol symbolof the root package is de�ned as being the abbreviation for symbol in its entirety.The form? (deftclass foo a (b 2) c)= #:tclass:foocorresponds to(progn (let ((#:system:defstruct-all-access-flag ()))(defstruct #:tclass:foo a (b 2) c))(defabbrev foo #:tclass:foo))Likewise, the form? (deftclass ffoog:bar (d 4))= ffoog:barcorresponds to(progn (let ((#:system:defstruct-all-access-flag ()))(defstruct #:tclass:foo:bar (d 4)))(defabbrev bar #:tclass:foo:bar))(defrecord symbol field1 : : : fieldn) [macro]This function is similar to the defstruct function, except that the instances it creates areimplemented in the form of balanced binary trees of lists cells. Moreover, the instances containno type information. They only satisfy the consp and listp predicates.symbol must be in the root package. There is no inheritance for the records. For consistencywith the deftclass function, the abbreviation symbol|standing for symbol itself|isde�ned.A record cannot have more than 16 �elds, otherwise the errrecordtoolong error is raised.? (defrecord recfoo a b)= recfoo(tclass-namep symbol) [function with one argument ]This predicate is true if its argument is the name of a class de�ned by the deftclass function.



MICROCEYX 5-17(tclass-namep '#:tclass:foo) =) t(tclass-namep 'fbarg) =) t(tclass-namep 'foothebarre) =) ()(tclass-namep '(foo bar)) =) ()(record-namep symbol) [function with one argument ]This predicate is true if its argument is the name of a record de�ned by defrecord.(record-namep 'recfoo) =) t(record-namep 'bar) =) ()(record-namep '(1 2 3)) =) ()(field-list symbol) [function with one argument ]Returns the list of the �eld names of instances of the tclass referred to as symbol, whichmust be a valid tclass name, and not an abbreviation.(field-list 'ffoog) =) (a b c)(field-list '#:tclass:foo:bar) =) (a b c d)5.5.3 Tclass and record instances(defmake type fn (field1 : : : fieldn)) [macro]De�nes the function fn to be an instance constructor function for the tclass or record referred toas type. The function fn takes n arguments, which are the values of the �elds named fieldi ofthe instance that is created.? (defmake ffoog make-foo (c a))= make-foo ? (setq x (make-foo 12 34))= #:tclass:foo:#[34 2 12] ? (ffoog:a x)= 34 ? (ffoog:c x)= 12(omakeq type field1 val1 : : : fieldn valn) [macro]Returns an instance of the tclass referred to as type. Within this instance, each fieldi hasthe value vali. Neither type nor the fieldi are evaluated.(omakeq fbarg) =) #:tclass:foo:bar:#[() 2 () 4](omakeq fbarg a 3) =) #:tclass:foo:bar:#[3 2 () 4](ogetq tclass-or-record field obj) [macro]



5-18 CHAPTER 5. OBJECT-ORIENTED PROGRAMMING(oputq tclass-or-record field obj val) [macro](omatchq tclass obj) [macro]These functions are identical to the corresponding Ceyx functions.(ogetq ffoog b (omakeq ffoog)) =) 2(ogetq frecfoog b (omakeq frecfoog b 48)) =) 48(omatchq ffoog (omakeq fbarg)) =) t5.5.4 Methods and message sending(demethod ftclassg:name (obj p1 : : : pn) (f1 : : : fn) . body) [macro]f1 : : : fn are �elds of tclass.(demethod {foo}:gee (obj x y z) (a b)<body>)is equivalent to(defun {foo}:gee (obj x y z)(let ((a ({foo}:a obj))(b ({foo}:b obj)))<body>))(send message objet par1 : : : parn) [function with a variable number of arguments](sendq message object par1 : : : parn) [macro]This function is similar to the standard send function, except that in MicroCeyx it searches formethods up to but excluding the root package. In the case of no match, it searches in the * package,and then in the || package.sendq is like send, except that it does not evaluate its �rst argument.In LE-LISP, sendq could be de�ned in the following manner:(defmacro sendq (message . rest)`(send ',message ,@rest))The search for methods carried out by the send function is implemented by rede�ning thesend-error function in the following manner:(defun send-error (sem argslist)(let ((fun (getfn '* sem)))(if fun



MICROCEYX 5-19(apply fun argslist)(error 'send 'errudm (cons sem argslist)))))(sendf message par1 : : : parn) [macro](sendfq message par1 : : : parn) [macro]Generates a one-argument function that transmits to its argument the message message with theparameters pari. This function is especially useful for mapping the send function.sendfq is like sendf, except that it does not evaluate its �rst argument.? (defun ffoog:goo (o a)? (print "ffoog:goo " (ffoog:b o) " " a))= ffoog:goo ? (mapc (sendf 'goo 12)? (list (omakeq ffoog b 14) (omakeq ffoog b 20)))ffoog:goo 14 12ffoog:goo 20 12= ()
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5-24 FUNCTION INDEX#:system:print-with-abbrev-flag [variable] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 5-15microceyx [feature] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 5-16(deftclass symbol field1 : : : fieldn) [macro] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 5-17(defrecord symbol field1 : : : fieldn) [macro] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 5-17(tclass-namep symbol) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 5-17(record-namep symbol) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 5-18(field-list symbol) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 5-18(defmake type fn (field1 : : : fieldn)) [macro] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 5-18(omakeq type field1 val1 : : : fieldn valn) [macro] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 5-18(ogetq tclass-or-record field obj) [macro] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 5-18(oputq tclass-or-record field obj val) [macro] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 5-19(omatchq tclass obj) [macro] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 5-19(demethod ftclassg:name (obj p1 : : : pn) (f1 : : : fn) . body) [macro] : : : : : : : : : : 5-19(send message objet par1 : : : parn) [function with a variable number of arguments] : : : : 5-19(sendq message object par1 : : : parn) [macro] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 5-19(sendf message par1 : : : parn) [macro] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 5-20(sendfq message par1 : : : parn) [macro] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 5-20



Chapter 6Input and outputIn LE-LISP, basic input/output|referred to, throughout this chapter, as i/o|operates on sequentialstreams at either a character level, a line level or an S-expression level.6.1 IntroductionThis introduction presents the principal ideas used in the description of i/o functions.6.1.1 CharactersCharacters can be represented in two ways:� In the form of an integer number, which represents the internal character code of the character,often written cn.� In the form of an atom (symbol, string or integer), ch. If the atom is a symbol or a string,its �rst character is used. If the atom is a number, the �rst digit of the representation of thevalue of the number, in the current output base (see the function obase), is used.LE-LISP uses either of these two representations. Functions that use the �rst form generally havethe su�x cn, and those which use the second form have the su�x ch. The internal character codeused depends on the host system. In general, the ASCII code is used. Internal character codes rangebetween 0{255 (inclusive).It is always more e�cient and more space-conserving to use the internal character coderepresentation. Morever, the use of the #-macros #/, #^ and #\ makes this representation almostas readable as the other, single-character atom representation.6.1.2 Character stringsCharacter strings can be represented in three di�erent forms:� Strings of characters, represented in the descriptions as string.1



6-2 CHAPTER 6. INPUT AND OUTPUT� Lists of internal character codes, represented in the descriptions as lcn.� Lists of single-character atoms, represented in the descriptions as lch.Functions that use the �rst of these representations have the su�x string. They are generallymore e�cient in performance and in memory use than the others.6.1.3 LinesUsually, read and write functions are used to manipulate S-expressions. In these cases, the formatis free and the physical end-of-line character can occur anywhere. It is nevertheless sometimesnecessary to read or write character by character or line by line. Then the position of the end-of-line characters is important. When reading a character at a time (using the readcn/readch orpeekcn/peekch functions), LE-LISP delimits the end of a line with the two consecutive characters#\cr and #\lf. This is true for terminals as well as for �les.When reading a line at a time (using the readstring or readline functions), the physical end-of-line is not included in the result.When printing, end-of-line marks are explicitly inserted by the user (by calling the print, terpri,and tynewline functions), and automatically by the system when the right margin of the outputbu�er is reached. Just which marks are inserted depends on the system and the type of terminalbeing used. They do not necessarily result in additional output characters (in the case of outputto a bitmapped display, or output to record �les, etc.).The right margin can be positioned beyond the end of the bu�er. In this case, the system does notautomatically add the end-of-line mark (see the rmargin function).6.1.4 ChannelsAll i/o takes place in a context of sequential streams that are connected to terminals or �les.LE-LISP's basic architecture includes the current input and output streams, which are set by thetwo functions named inchan and outchan. All reading is done on the current input stream, andall writing is done on the current output stream.6.1.5 Programmable I/O interruptsThe most often-used i/o functions|such as read and print|read and write characters to andfrom i/o bu�ers. They do not physically access the terminal or the disk.The lowest-level functions provide means to manage the i/o bu�ers. These are the programmableinterrupts bol, eol and flush. They are easily rede�nable by the user, through the programmableinterrupt management mechanism. One can thereby extend the i/o system to read from a list ofcharacter strings, write to several �les simultaneously, etc. While these functions are very powerful,they are seldom used explicitly.



BASIC INPUT FUNCTIONS 6-36.2 Basic input functions(read) [function with no arguments]Reads the next S-expression (of any type, atom or list) from the current input stream, and returnsit as its value. read is the main read function, and provides the means to read any LISP object, ofany size whatsoever. Its behavior is given in detail in the next section.If a syntax error is detected, the LISP error errsxt is raised. This gives you the name of the functionthat caused the error, fn, and a message indicating the type of error:** <fn> : syntax error : <msg>Here is the list of possible messages:1 list too short2 string too long3 symbol too long4 bad beginning of expression5 special symbol too long6 bad package7 bad dotted pair construction8 reread list contains non-characters9 bad argument list10 bad splice-macro11 EOF during READ12 bad use of BACKQUOTEMore often than not, this error is due to a bad use of dotted pairs; to a special p-name thatis too long (more than 128 characters), as a result of the omission of the | character; or to acharacter string that is too long, as a result of the omission of a " (double-quote) character.(stratom n strg i) [function with three arguments]Performs a partial read of n characters from the character string strg. stratom returns asymbol or a number if the i 
ag is equal to (), and always returns a symbol if this 
ag isnot equal to (). This function gives access to the internal part of the LE-LISP reader thatdoes numerical conversions and searches for symbols in the oblist, and so cannot be easilydescribed in LE-LISP. It is used primarily to write new readers in LE-LISP.(stratom 3 "abcdef" ()) =) abc(stratom 3 "01234" ()) =) 12(stratom 3 "01234" t) =) |012|(stratom 4 " () " ()) =) | () |(stratom 5 "00012.34" ()) =) 12(stratom 6 "00012.34" ()) =) 12.(stratom 7 "00012.34" ()) =) 12.3



6-4 CHAPTER 6. INPUT AND OUTPUT(readstring) [function with no arguments]Reads the next line from the input stream and returns it in the form of a character string.This string contains no end-of-line delimiters that might have been present in the input.readstring provides a way to do portable reads at the input line level. It is used to builde�cient and easily-implemented interfaces between programs and users.Warning : This function does not convert upper-case letters into their lower-case equivalents.In LE-LISP, readstring could be de�ned in the following manner:(defun readstring ()(let ((l) (c))(while (neq (setq c (readcn)) #\cr) ; read up to #\cr(newl l c))(readcn) ; skip #\lf(string (nreverse l))))(readline) [function with no arguments]Like the previous function, readline reads the next line from the input stream, but it returns thisline in the form of a list of internal character codes. This list contains no end-of-line delimitersthat might have been present in the input. This function is more expensive (in terms of memoryresources) than the previous one, but sometimes provides a more practical interface.In LE-LISP, readline could be de�ned in the following manner:(defun readline ()(explode (readstring)))? (progn (readline) ; terminate the current line,? (mapcar 'ascii (readline))) ; then read another line.? the gay nightingale= (t h e g a y n i g h t i n g a l e )To build a sequence of words from a line that contains no special characters (, ), ., [, or ], usethe following.? (progn (readline)? (implode (append '#"(" (readline) '#")")))? the singing mockingbird= (the singing mockingbird)



BASIC INPUT FUNCTIONS 6-5(readcn) [function with no arguments]Reads and returns the value of the next character of the input stream. The value returnedis the character's internal character code|that is, a number. This function does not doautomatic conversion from upper-case to lower-case character codes. It cannot be easilydescribed in LISP.(readch) [function with no arguments]readch is like the preceding function, except that it returns a single-character atom, and not acharacter code.In LE-LISP, readch could be de�ned in the following manner:(defun readch ()(ascii (readcn)))(peekcn) [function with no arguments]This function returns the next character in the input stream in the same way that the readcnfunction does, except that the character is not really read. It is merely examined . As a result,consecutive calls to peekcn always return the same result. peekcn is used for look-ahead operationson the input stream.In LE-LISP, peekcn could be de�ned in the following manner:(defun peekcn ()(let ((cn (readcn)))(reread (list cn))))(peekch) [function with no arguments]peekch is like the preceding function, except that it returns a single-character atom, and not acharacter code.In LE-LISP, peekch could be de�ned in the following manner:(defun peekch ()(ascii (peekcn)))(reread lcn) [function with one argument ]Pushes the list of characters lcn onto the front of the input stream. These characters will be readby the next call to one of the preceding read functions (read, readstring, readcn, ...) before itcontinues with the actual input stream. This function is particularly powerful if it is used inside aread or a macro character. reread returns the list of characters that were added onto the head ofthe input stream as its value.



6-6 CHAPTER 6. INPUT AND OUTPUT? (progn (reread (list #/' #/a #\sp)) (read))= 'aTo print the list of characters to reread, type (print (reread ())).(read-delimited-list cn) [function with one argument ]Reads a list of S-expressions up to the occurrence of a character whose internal charactercode is cn. The type of the character cn must be cmacro, csplice, or cmsymb (see the sectionon character types.) This function is particularly useful inside a macro to read a group ofS-expressions.In LE-LISP, read-delimited-list could be de�ned in the following manner:(defun read-delimited-list (cn)(let ((res ()))(until (eq (validcn) cn)(newl res (read)))(readcn) ; read the character cn(nreverse res)))(defun validcn ()(selectq (typecn (peekcn))((csep cecom)(readcn)(validcn))(cbcom(readcn)(until (eq (typecn (readcn)) 'cecom))(validcn))(t (peekcn))))Let us de�ne two macro characters:? (dmc |[| ()? (cons 'list (read-delimited-list #/])))= [ ? (dmc |]| ()? (error '|]| 'errsxt "must appear after a ["))= ]From this point on, expressions containing braces will be read in the following manner:[1 2 3 4] is read as (list 1 2 3 4)['print [a b c] 'foo] is read as (list 'print (list a b c) 'foo)[1 2 ; Comments ignored3] is read as (list 1 2 3)



BASIC INPUT FUNCTIONS 6-7(teread) [function with no arguments]Flushes all the characters waiting in the input bu�er of the current input channel. The �rst readimmediately following a call to this function will trigger the programmable interrupt bol. Thisfunction is particularly useful for 
ushing the separation characters (delimiters) present in thereader's internal bu�ers just after the action of the read function. Since the reader's internalbu�ers cannot be easily described in LISP, this function has no LISP description.? (defun foo ()? (print "read->" (read))? (print "readstring->" (readstring))? t)= foo ? (foo)? helloread->helloreadstring->= t ? (defun bar ()? (print "read->" (read))? (teread)? (print "readstring->" (readstring))? t)= bar ? (bar)? helloread->hello? hello worldreadstring->hello world= t6.2.1 Inside readThe variable and the function described next are only meaningful inside a read. They will only beused in a macro character or in the processing of the programmable interrupts bol or eof.#:system:in-read-flag [variable]This internal variable, which is maintained by the read function, indicates whether the LISP readeris in the middle of a read (that is, if a LISP object of any type is in the process of being read).This variable is used for example in the eof function to test whether an end-of-�le appears whilea LISP object is being read (see the eof function).(curread) [function with no arguments]Returns either the list currently being read or () if the reader is not in the process of reading alist. The returned list contains an additional element at its head: the curread symbol.



6-8 CHAPTER 6. INPUT AND OUTPUTLet us de�ne a macro character as follows:(dms |%| ()(print (curread))())Reading '(a b % c (% d %) % e %) will produce the following results:(curread a b)(curread)(curread d)(curread a b c (d))(curread a b c (d) e)Now let us rede�ne the percentage sign as an in�x binary operator:(dms |%| ()(if (consp (cdr (curread)))(rplacd (curread) (cons '|%| (cdr (curread))))(error '|%| 'errsxt ()))())Reading '(a % (b % c)) will produce (% a (% b c)).6.3 Use of the terminal for inputBefore each request for input from the terminal, the system prints a prompt string (? by default).(This can be modi�ed by way of the prompt function.) It then reads a line of terminal input.The user terminates the line by typing either the #\cr or #\lf character. The currently activeprogramming interrupt bol manages the dialog with the user (see the section on programmablei/o interrupts).LE-LISP echos each character as it is read. ASCII control characters (characters entered by holdingdown the CONTROL key and pressing a printable character key at the same time) are printed witha ^ character followed by the printable character.A minimal line editor is also activated. It understands the following character keys with the meaningindicated:� rubout, delete or backspace: Erase the last character entered.� ^U or ^X: Completely erase the current line.A full line editor called edlin is provided with the system. It has a command-history facility andcommand-name completion. edlin is activated by evaluating the edlin function (see chapter 17).The ESCAPE-? command gives on-line help for edlin.The global system variables #:system:real-terminal-flag and #:system:line-mode-flag canbe used to supress the character echoing and the minimal line editor functions.



STANDARD READER 6-9#:system:real-terminal-flag [variable]If this 
ag is set (the default depends upon the system), the line editor and character echo functionsare activated. If it is cleared, both these functions are deactivated, and the system assumes thatanother process performs these tasks.#:system:line-mode-flag [variable]If this 
ag is set (the default option depends upon the system), the line editor assumes that readingcan be carried out one line at a time. In this case, the behavior of the tyi and tys functions isunpredictable, and the system uses the tyinstring function to read a line from the terminal.(prompt strg) [function with an optional argument ]The prompt variable holds the prompt string printed by the system when it is ready to receiveinput from the terminal. This function can be used with the with control structure to change theprompt dynamically.By default this string has the value ?.? () ; the default prompt character string= ()? (prompt "> ")= >> () ; it has been changed= ()> (with ((prompt "hello>")) ; with the prompt string "hello>"> (toplevel)) ; call the toplevel (interpreter)hello>(cons 1 2)= (1 . 2) ; value of the cons= (1 . 2) ; value of the call to toplevel> ; return to the string "> "6.4 Standard readerThe read function reads LISP S-expressions in free format : that is, each syntactic element can besurrounded by one or more delimiters (spaces, end-of-line characters or comments).The LISP reader is parameterized by a read table, which indicates which are the special characters(list delimiters, comments string delimiters, macro characters, etc.). All other characters arecharacters of type pname, or \normal" characters.6.4.1 Reading symbolsA symbol is a sequence of characters of type pname which does not represent a number (integer or
oating-point).



6-10 CHAPTER 6. INPUT AND OUTPUTTo include special characters in a symbol, enclose the entire symbol within a pair of symbol delimitercharacters (the vertical, or \absolute value", bar by default).The reader will not accept symbols longer than 128 characters. Very long symbols can neverthelessbe made, by using the concat function.Symbol packages are speci�ed in three ways, which are described further on:� the #-macro written as #:� the macro character writen as a : sign� a character of type package-delimiter .#:system:read-case-flag [variable]This variable provides a way to regulate the automatic conversion of upper-case characters into theirlower-case equivalents. If the value of this variable is (), which is its default value, the conversionis performed automatically. If not, no conversion is done.Here are several examples of equivalences when this variable has its default value of ():car corresponds to the symbol carLONGVERYLONGATOM " " " " longverylongatom|Foo Bar| " " " " Foo Bar#:Foo:Bar " " " " #:foo:bar#:foo:|Bar()|:gee " " " " #:foo:Bar():geeSuppose that we read the symbols in the following manner:(let ((#:system:read-case-flag t))(read))In that case, the following results are obtained:CdR corresponds to the symbol CdR|AcH| " " " " AcH6.4.2 Reading character stringsCharacter strings are written between pairs of string delimiter characters (the double quotecharacter " by default). If this character is to be included in a string, it should be introduced intothe string twice in succession. Any character can be included in a string. If there is an end-of-line inthe middle of a string, this latter will contain the two characters #\cr and #\lf in the position ofthe end-of-line. Currently a string cannot exceed 256 characters on input; the makestring functionallows for the creation of longer strings. Uppercase to lowercase conversion is never done duringthe reading of a string.A type can be assigned to a string by means of the #-macro written as the #: signs.



STANDARD READER 6-11"hello" contains the characters hello"with ""dblquotes""" " " " with "dblquotes"#:schiz:"parano" is a typed string of type schizcontaining the characters parano6.4.3 Reading integer and rational numbersInteger numbers are represented by a string of digits of any length, optionally preceded by a + or- sign. Rational numbers are represented by an integer immediately followed by the / character,which is itself immediately followed by a second integer.The construction of numbers from their textual representation is done with generic arithmetic.This means that if a numeral given to the system is not the representation of a small (16-bit)integer, its value will depend on the generic arithmetic being used. The standard generic arithmeticconverts representations of integers whose values are outside the range of 16-bit storage, and thoseof rationals which are not reducible to integers, to 
oating-point numbers.Here are some examples of integers:12 corresponds to the integer 12-1 " " " " -1+0 " " " " 012/4 " " " " 312/-4 " " " " -3Here are some examples of standard generic arithmetic:32767 corresponds to the integer 32767-32767 " " " " -3276732768 corresponds to 
oating-point 32768.-32769 " " " " -32769.-32768 " " " " -32768.12/5 " " " " 2.4-12/5 " " " " -2.412/-5 " " " " -2.4-12/-5 " " " " 2.4And here are some examples of rational arithmetic, as described in chapter 10:30424324324 corresponds to the integer 3042432432412/5 corresponds to the rational 12/545574512/56 " " " " 5696814/7(ibase n) [function with an optional argument ]



6-12 CHAPTER 6. INPUT AND OUTPUTibase (for input base) called without an argument returns the input conversion base of the system.If the argument n is provided, ibase changes the input conversion base to this value. The input basea�ects only the input of integer and rational numbers, since the input of 
oating-point numbersalways takes place in base 10. Values for the input base must be between 2 and 36, inclusive. Thisfunction is the counterpart to the obase function.? (ibase)= 10 ? (ibase 16)= 16 ? fff ; this is no longer a symbol= 4095 ? (ibase a) ; to go back to base 10= 10 ? (ibase 36) ; gag!= 36 ? ibase ; this is a number! so are all other symbols containing= 23902 ; only letters and numerals. ? ; so -- how to get the input base back to10 ?!?? (|ibase| a) ; simple ..= 10There are other ways to read numbers. The #-macros written as #$, #% and #<base>r providethe means for describing numbers in any base.6.4.4 Reading 
oating-point numbersFloating-point numbers are represented by a sequence of decimal numerals (the integer or \whole"part), optionally followed by a decimal point (\period" character) and another sequence of decimalnumerals (the fractional part), optionally followed by the character E (or e) followed by a signedinteger number (the exponent part). The integer part or the fractional part can be missing, butboth cannot be missing simultaneously. The exponent part can optionally be omitted altogether.1.50 corresponds to the number 1.501e+0 " " " " 1.10e+1 " " " " 100.-10e-1 " " " " -1.0e+1 " " " " 0..45 " " " " .4512.34e-3 " " " " .01234e- is a symbol!6.4.5 Reading listsThe representation of lists in LE-LISP is quite conventional. A list is represented by an opening (parenthesis sign followed by the elements of the list. These are separated by spaces, and followedby a closing ) parenthesis sign. It is also possible to use the generalized dot notation:( s-expr . s-expr )



STANDARD READER 6-13e.g. (a . (b . (c . d))) corresponds to (a b c . d)((a) . (b)) " " ((a) b)At the end of an expression read by the read function, there can be any number of closingparentheses which are ignored. This gives a sure way to close o� S-expressions without havingto count the exact number of closing parentheses required.(defun foo (n) (+ n 2)))))) ; is read without error6.4.6 Reading vectorsVectors are represented by the two characters #[ followed by the elements of the vector (which areseparated by blanks), followed by the character ]. Vectors are read using the #-macro written as#[. You can give vectors a type by using the #-macro designated by the #: signs.#[a b c] is a vector with three elements: a, b, c#[] is an empty vector#:type:#[12 23 40] is a typed vector6.4.7 Reading commentsIt is possible to insert comments into the input stream, which are treated as delimiters. A commentis any sequence of characters, preceded by a character of type begin-comment and terminated bya character of type end-comment.By default there is only one character of type begin-comment, the semi-colon (;), and a singlecharacter of type end-comment, the RETURN character. By default, then, all comments areterminated at the end-of-line.(defun foo (n ; the numberl) ; the list(if (= n 0) ; nothing more to do...It is also possible to write multi-line comments, by using the #-macros #| and |#. These multi-linecomments can be embedded.(defun foo #|the name|# (n)#| this commentgoes on for severallines and contains #|other comments |#which are very neatly embedded |#(+ n n))



6-14 CHAPTER 6. INPUT AND OUTPUT6.4.8 Types of charactersThe LE-LISP lexical analyzer (in other words, the read function) uses a read table in order tofacilitate its analysis. This table associates with each character a symbolic type.The read table is totally accessible to the user, who can therefore change it to be able to easilyread new LISP dialects with di�ering syntaxes.The available character types are:cnull [character type]All characters of this type are completely ignored by the reader. (Examples: the character Advance-tape, or the character null ...).cbcom [character type]A character of this type serves to indicate the beginning of a comment, which will be terminatedat the occurrence of a character of the type described next. By default, there is only one characterof this type, the semi-colon ;.cecom [character type]A character of this type serves to indicate the end of a comment. By default there is only onecharacter of this type, the #\cr (Carriage-Return) character.cquote [character type]A character of this type is used to quote any other character. This amounts to giving (this instanceof the character concerned) the cpname type (the type of normal characters). By default, there areno characters of this type, but it is the custom to use either the slash / or the backslash \ wheneveryou happen to need such a character.clpar [character type]A character of this type|the opening parenthesis ( by default|serves to demarcate the beginningof a list.crpar [character type]A character of this type|the closing parenthesis ) by default|serves to demarcate the end of alist.cdot [character type]A character of this type|the period . by default|is used to enter pointed pairs, when they occursurrounded by characters of the type csep.



STANDARD READER 6-15csep [character type]Characters of type csep are normal separators (examples: space, tab, ...).cpkgc [character type]Characters of this type play the rôle of package delimiter characters. By default there are nocharacters assigned to this type. It is however common practice to use the colon character (:). Theuse of : as a package delimiter character results in the following readings, which are more readablethan the corresponding uses of the #: #-macro.? (typecn #/: 'cpkgc)= cpkgc ? 'foo:bar= #:foo:bar ? 'gee:muu:wizz= #:gee:muu:wizz ? (setq #:sys-package:colon 'my:private:package)= #:my:private:package ? ':bizarre= #:my:private:package:bizarrecsplice [character type]A character with this type is a splice-macro. A function is associated with the symbol whosep-name is this character. This function is invoked automatically when this character is readin the input stream. (See the following section.) The classic example of such a character isthe macro character \pound sign" (or \hash sign") #.cmacro [character type]A character with this type is a macro character. A function is associated with the symbolwhose p-name is this character. This function is invoked automatically when this character isread in the input stream. (See the following section.)cstring [character type]Characters of this type play the rôle of character string delimiter characters. By default thereis a single character of this type, namely the double quote character ".cpname [character type]Characters of this type are normal characters, and are thus capable of being used to build ap-name.csymb [character type]This type indicates that a character is a delimiter of special symbols. By default there is onlyone character of this type: the vertical bar sign written as | (also referred to as the absolutevalue sign).



6-16 CHAPTER 6. INPUT AND OUTPUTcmsymb [character type]Characters of this type must be read as mono-character symbols, and need not be delimited.(typecn cn symb) [function with one or two arguments]Provides a means to know (if symb is not supplied) or to modify (if symb is supplied) thetype of the character cn. This function returns the current type of the character cn, aftermodi�cation in the case the symb is present.After the < and > characters have been rede�ned as follows:(typecn #/< 'clpar) =) clpar(typecn #/> 'crpar) =) crparthe input <cons '(a> '<b)> will be read as (cons '(a) '(b)).(typech ch symb) [function with one or two arguments]typech is like the preceding function, except that the character is speci�ed in the form of a mono-character symbol.Here is a program that prints the table of character types:(defun printablech (); print the table of characters' types(let ((i -1) (j 63)(al (mapcoblist (lambda (x)(when (getprop x '#:sharp:value)(list (cons (getprop x '#:sharp:value)x)))))))(repeat 64(printablech1 (incr i) 3 al)(printablech1 (incr j) 34 al)(terpri))))(defun printablech1 (val pos al); print the type of a character(outpos pos)(with ((obase 10)) (prin val) (outpos (+ pos 5)))(with ((obase 16)) (prin "#$" val) (outpos (+ pos 10)))(cond ((assoc val al) (prin "#\" (cassoc val al)))((< val 32) (prin "#^") (princn (+ val 64)))(t (prin "#/") (princn val)))(if (>= (outpos) (+ pos 17))(prin " ")(outpos (+ pos 17)))(prin (typecn val)))Here is the printed character type table:= t0 #$0 #\null cnull 64 #$40 #/@ cpname1 #$1 #^A cmacro 65 #$41 #/A cpname



STANDARD READER 6-172 #$2 #^B cpname 66 #$42 #/B cpname3 #$3 #^C cpname 67 #$43 #/C cpname4 #$4 #^D cpname 68 #$44 #/D cpname5 #$5 #^E cmacro 69 #$45 #/E cpname6 #$6 #^F cmacro 70 #$46 #/F cpname7 #$7 #\bell cpname 71 #$47 #/G cpname8 #$8 #\bs csep 72 #$48 #/H cpname9 #$9 #\tab csep 73 #$49 #/I cpname10 #$A #\lf cecom 74 #$4A #/J cpname11 #$B #^K csep 75 #$4B #/K cpname12 #$C #^L cmacro 76 #$4C #/L cpname13 #$D #\cr cecom 77 #$4D #/M cpname14 #$E #^N cpname 78 #$4E #/N cpname15 #$F #^O cpname 79 #$4F #/O cpname16 #$10 #^P cmacro 80 #$50 #/P cpname17 #$11 #^Q cpname 81 #$51 #/Q cpname18 #$12 #^R cpname 82 #$52 #/R cpname19 #$13 #^S cpname 83 #$53 #/S cpname20 #$14 #^T cpname 84 #$54 #/T cpname21 #$15 #^U cpname 85 #$55 #/U cpname22 #$16 #^V cpname 86 #$56 #/V cpname23 #$17 #^W cpname 87 #$57 #/W cpname24 #$18 #^X cpname 88 #$58 #/X cpname25 #$19 #^Y cpname 89 #$59 #/Y cpname26 #$1A #^Z cpname 90 #$5A #/Z cpname27 #$1B #\esc cpname 91 #$5B #/[ cmacro28 #$1C #^\ cpname 92 #$5C #/\ cpname29 #$1D #^] cpname 93 #$5D #/] cmacro30 #$1E #^^ cpname 94 #$5E #/^ cmacro31 #$1F #^_ cpname 95 #$5F #/_ cpname32 #$20 #\sp csep 96 #$60 #/` cmacro33 #$21 #/! cmacro 97 #$61 #/a cpname34 #$22 #/" cstring 98 #$62 #/b cpname35 #$23 #/# csplice 99 #$63 #/c cpname36 #$24 #/$ cpname 100 #$64 #/d cpname37 #$25 #/% cpname 101 #$65 #/e cpname38 #$26 #/& cpname 102 #$66 #/f cpname39 #$27 #/' cmacro 103 #$67 #/g cpname40 #$28 #/( clpar 104 #$68 #/h cpname41 #$29 #/) crpar 105 #$69 #/i cpname42 #$2A #/* cpname 106 #$6A #/j cpname43 #$2B #/+ cpname 107 #$6B #/k cpname44 #$2C #/, cmacro 108 #$6C #/l cpname45 #$2D #/- cpname 109 #$6D #/m cpname46 #$2E #/. cdot 110 #$6E #/n cpname



6-18 CHAPTER 6. INPUT AND OUTPUT47 #$2F #// cpname 111 #$6F #/o cpname48 #$30 #/0 cpname 112 #$70 #/p cpname49 #$31 #/1 cpname 113 #$71 #/q cpname50 #$32 #/2 cpname 114 #$72 #/r cpname51 #$33 #/3 cpname 115 #$73 #/s cpname52 #$34 #/4 cpname 116 #$74 #/t cpname53 #$35 #/5 cpname 117 #$75 #/u cpname54 #$36 #/6 cpname 118 #$76 #/v cpname55 #$37 #/7 cpname 119 #$77 #/w cpname56 #$38 #/8 cpname 120 #$78 #/x cpname57 #$39 #/9 cpname 121 #$79 #/y cpname58 #$3A #/: cmacro 122 #$7A #/z cpname59 #$3B #/; cbcom 123 #$7B #/{ cmacro60 #$3C #/< cpname 124 #$7C #/| csymb61 #$3D #/= cpname 125 #$7D #/} cmacro62 #$3E #/> cpname 126 #$7E #/~ cpname63 #$3F #/? cpname 127 #$7F #\del cnull128 to 255 cpname6.4.9 Macro charactersA macro character is any character to which a function is associated by the following macrode�nition functions. The associated function is automatically executed when this character isencountered in the input stream. There are two types of macro characters, cmacro and csplice.In the case of cmacros, the value returned by the function associated with the macro characterreplaces the macro character read. In the case of csplices, the value returned by the functionassociated with this macro character must be a list (which can be empty). This list will be addedto the expression being read by means of the nconc function. If the value returned by this functionis not a list, syntax error number 10 will be raised. All characters can be used as macro characters.(dmc ch () s1 : : : sn) [special form]Used to de�ne a macro character of the �rst (cmacro) type. The argument ch must be a mono-character symbol. dmc associates, with this character, a function with an empty parameter list (thisempty list is required to occupy this position in the call) and a function body s1 : : : sn. dmc hasthe same syntax as the other de�nition functions (defun, df and dm), and returns ch as its value.In LE-LISP, dmc could be de�ned in the following manner:(df dmc l; construct the associated function(apply 'defun l)); set the new type of this character(typech (car l) 'cmacro); and return the character as value(car l))



STANDARD READER 6-19(dms ch () s1 : : : sn) [special form]Used to de�ne a macro character of the second (csplice) type. The argument ch must be a mono-character symbol. dms associates, with this character, a function with an empty parameter list (thisempty list is required to occupy this position in the call) and a function body s1 : : : sn. dms hasthe same syntax as the other de�nition functions (defun, df and defmacro), and returns ch as itsvalue.In LE-LISP, dms could be de�ned in the following manner:(df dms l; build the associated function(apply 'defun l)); set the character's new type(typech (car l) 'csplice); and return the character as value.(car l))In order to destroy a macro character de�nition, the type of the character must be changedand the associated function must be destroyed, with for example the following function:(defun remach (ch); [for remove macro character]; the character returns to normal(typech ch 'cpname); destruction of the function(remfn ch)ch))Warning : Since the function associated with a macro character is of the same type as functionscreated by the user (of type defun), it is not possible for a mono-character atom to have adefun-type de�nition and a dmc- or dms-type de�nition at the same time.There are 13 pre-de�ned macro characters:� apostrophe macro character '� grave accent macro character `� comma macro character ,� colon macro character :� circum
ex macro character ^� open bracket macro character [� pound sign macro character #� bang macro character !� load-�le macro character ^L (CONTROL-L)



6-20 CHAPTER 6. INPUT AND OUTPUT� load-module macro character ^A (CONTROL-A)� edit-�le macro character ^E (CONTROL-E)� edit-function macro character ^F (CONTROL-F)� paragraph macro character ^P (CONTROL-P)Basic macro characters: colon, circum
ex and open bracket' [macro character ]The apostrophe or single quote ' is the best known and most used of the macro characters. Placedbefore any ordinary S-expression, it returns the list (quote S-expression).In LE-LISP, ' could be de�ned in the following manner:(dmc |'| ()(list 'quote (read)))e.g. '(a b) is read as (quote (a b))''a " (quote (quote a))^ [macro character ]This macro character lets mono-character symbols whose p-names are control characters, be read.In LE-LISP, ^ could be de�ned in the following manner:(dmc |^| ()(ascii (logand (readcn) 31)))to read a mono-character symbol with ascii code 004e.g. ^d[ [macro character ]This macro character is only de�ned within the arbitrary-precision arithmetic libraries, anddescribes numbers longer than a line long or using specialized notation.Warning : this macro character should not be confused with the representation of vectors ofS-expressions: #[ ... ]Backquote macro character` [macro character ]



STANDARD READER 6-21, [macro character ],. [macro character ],@ [macro character ]This macro character is used to build programs which construct Lisp S-expressions (in general,lists). The S-expressions built by this macro character will use the quote, cons, mcons, list,append, and nconc functions. Everything that follows the backquote character is considered to bethe model of the list to construct. The variable elements of this model will be indicated by a commaplaced before the expression to calculate. All the other elements of the model are considered asconstants. There are three kinds of variable elements:� simple elements pre�xed by a comma� list segments which will be added to the list by means of the append function, pre�xedby a comma followed by the ampersand (or at-sign) character "@"� list segments which will be added to the list by means of the nconc function, pre�xed bya comma followed by the period character "."In LE-LISP, backquote could be de�ned in the following manner:(dmc |,| (); to circumvent a large number of errors(error '|,| 'errsxt "outside a `"))(dmc |`| ()(flet ((|,| ()(cond((eq (peekcn) #/@)(readcn)(cons '|,@| (read)))((eq (peekcn) #/.)(readcn)(cons '|,.| (read)))(t (cons '|,| (read))))))(backquotify (read))))(defun backconstant (x); test if the object x is a constant(or (null x)(and (consp x)(eq (car x) 'quote)(null (cddr x)))))



6-22 CHAPTER 6. INPUT AND OUTPUT(defun backquotify (x); construction of the backquoted expression(cond ((null x) ())((atom x) (list 'quote x))((eq (car x) '|,|) (cdr x))((and (consp (car x)) (eq (caar x) '|,@|)); simplification of the append(let ((a (cdar x))(d (backquotify (cdr x))))(cond; (append x ()) --> x((null d) a); (app x (app . l)) --> (app x . l)((and (consp d) (eq (car d) 'append))(mcons 'append a (cdr d))); nothing to do(t (list 'append a d)))))((and (consp x)(consp (car x))(eq (caar x) '|,.|))(if (cdr x)(list 'nconc(cdar x)(backquotify (cdr x)))(cdar x)))(t (let ((a (backquotify (car x)))(d (backquotify (cdr x)))); simplification of the conses(cond((null d); (cons x ()) --> (list x) or '(x)(if (backconstant a)(list 'quote (list (cadr a)))(list 'list a)))((and (backconstant a)(backconstant d)); (cons 'x 'y) --> '(x . y)(list 'quote(cons (cadr a) (cadr d))))((and (consp d) (eq (car d) 'cons)); (cons x (cons y z)); --> (mcons x y z)(list 'mcons a (cadr d) (caddr d)))((and (consp d) (eq (car d) 'list))



STANDARD READER 6-23; (cons x (list y1 ... yn)); --> (list x y1 ... yn)(cons 'list (cons a (cdr d))))((and (consp d) (eq (car d) 'mcons)); (cons x (mcons y1 ... yn)); --> (mcons x y1 ... yn)(mcons 'mcons a (cdr d)))(t ; the general case(list 'cons a d)))))))`(a b c) is read as '(a b c)`(a ,b c) "" (mcons 'a b ('c))`(,x . y) "" (cons x 'y)`(a b . ,c) "" (mcons 'a 'b c)`(a b ,@c d e) "" (mcons 'a 'b (append c '(d e)))`(x ,@y ,@z v) "" (cons 'x (append y z '(v))`(x ,.y ,z) "" (cons 'x (nconc y (list z)))Sharp macro character# [macro character ]This macro character provides a means for converting numbers or for calling the interpreter in thecourse of a normal read. Its action is very general and can be explained in the following way. Whena # character occurs in the input stream, the LISP reader reads the next character using the readchfunction. This character, called the #-macro selector, must have a function de�nition in the packagewhose name is found in the #:sys-package:sharp variable. The value returned by a call to thisfunction must be a list (which can be empty), which will be inserted into the object being read bymeans of the nconc function.Certain macro character selectors accept numeric parameters. In these cases, the function associatedwith the selector receives this parameter as its argument. The parameters are supplied between the# character and the selector. They are always interpreted in base 10.The following read invokes the selector r with the parameter 36.? #36rfoo= 20328#:sys-package:sharp [variable]This variable contains the name of the package in which the functions associated with thevarious #-macro selectors must reside in order to be found by LE-LISP. By default, its valueis sharp.Here is the LISP description of this macro character.(defvar #:sys-package:sharp 'sharp)



6-24 CHAPTER 6. INPUT AND OUTPUT(dms |#| ()(let ((c (readcn))argnum)(when (memq c '#"0123456789")(setq argnum (sub c #/0))(while (memq (setq c (readcn)) '#"0123456789")(setq argnum (add (sub c #/0)(mul argnum 10)))))(let ((f (getfn #:sys-package:sharp (ascii c) ())))(if f(apply f (when argnum (list argnum)))(error '|#| 'errudf c)))))It is possible to de�ne new #-macros with the following function.(defsharp ch larg s1 : : : sN) [special form]defsharp de�nes a new #-macro. ch is the new selector character. The list larg is the parameterlist of the function associated with the selector. This list is empty if the selector does not accepta numerical parameter. If so, it is a list of the usual parameter (the selector), and the functionreceives the numerical parameter as its argument. defsharp thus has the same syntax as theordinary de�nition functions (de, dmd, etc.).In LE-LISP, defsharp could be de�ned in the following manner:(df defsharp (ch . f)(setfn (symbol #:sys-package:sharp ch) 'expr f)ch)There are a number of prede�ned selectors:#/ [#-macro]This #-macro returns the internal character code of the next character in the input stream. It isthe best way known to enter character codes as data in a program. #/A is a convenient replacementfor 65 as the internal character code of the character A.e.g. #/A is read as 65#/a " " " 97#n [#-macro]#:sharp:value [property ]



STANDARD READER 6-25This #-macro returns the value associated with the next symbol in the input stream. This value isfound on the P-list of the symbol under the #:sharp:value property. This macro is often used tode�ne or retrieve the internal character codes of non-printable characters. If no value is found onthe P-list, #:sharp:value raises the errudv error.#\cr is read as 13#\esc " " " 27#\sp " " " 32to get the list of current values:(maploblist (lambda (x) (getprop x '#:sharp:value)))#^ [#-macro]This #-macro returns the internal character code of the next character in the input stream,considered as an ascii control character, that is, with bits 6 and 7 set to 0.#^c is read as 3#^Z " " " 26#$ [#-macro]This #-macro reads the next number in the input stream in base sixteen: that is, in hexadecimal.#$ffff is read as -1#$1000 " " " 4096#% [#-macro]This #-macro reads the next number in the input stream in base two: that is, in binary.#%1100001 is read as 97#%110 " " " 6#<base>r [#-macro]This #-macro reads the next number in the input stream in base base, which is a numericalparameter accepted by the #-macro.#8r177 is read as 127#3r221 " " " 25



6-26 CHAPTER 6. INPUT AND OUTPUT| [inside #-macro]This macro character allows for the construction of 16-bit numeric values from two 8-bit values,with the vertical bar separating the bytes.This character can only appear after one of the selectors /, \ or ^.#^x|^a is read as 6145#^a|/a " " " 353#\cr|\lf " " " 3338#' [#-macro]Placed before an S-expression, this macro returns the list (function s-expression).#'foo is read as (function foo)It is therefore an abbreviation for calls to the function function.#" [#-macro]This #-macro returns the list of internal character codes of the characters enclosed withinquotes. To include the quote character, double it (enter it twice in a row) in the input stream.#"Foo Bar" is read as the list (70 111 111 32 66 97 114)#"F""B" " " " " " (70 34 66)#: [#-macro]This #-macro provides a way to refer to the name of a symbol and its package(s). With thisselector, one can de�ne or retrieve any kind of package symbol (symbols or lists). It also allows oneto describe the type of a vector or a typed character string. This same idiom is used by the printer,when it uses the #:system:print-package-flag option.#:pkgc:symb is read as the symbol <symb>in the package <pkgc>#:(a . b):foo ... the symbol foo in the package (a . b)#:bar:#[e1 e2] ... the vector [e1 e2] of type bar#. [#-macro]This #-macro evaluates the next expression in the input stream. It returns the value of theexpression. This #-macro provides a way to call the evaluator in the midst of a read.#.(1+ 4) is read as 5



STANDARD READER 6-27#( [#-macro]This #-macro reads a list whose �rst cell is tagged.(tconsp '#(a . b)) =) #(a . b)#[ [#-macro]This #-macro reads a vector of S-expressions.(vectorp (makevector 2 4)) =) #[4 4](equal (makevector 2 'a) #[a a])) =) t#+ [#-macro]This #-macro evaluates the next expression in the input stream. If its value is equal to true, the#-macro returns the following expression in the input stream, otherwise it returns (), but skipsover the following expression. This macro character can thus be used to do conditional reads.#+ gc-on (defun gc-alarm () ); if the value of variable gc-on is not equal to (),; return the list (defun gc-alarm ()), otherwise return ().#- [#-macro]This #-macro is the opposite of the preceding one. If the value of the next expression in the inputstream is false (equal to ()), the expression following it is returned, otherwise it is skipped and themacro returns ().#| [#-macro]This #-macro starts a multi-line comment that terminates at the occurrence of the sequence ofcharacters |#. There can be multi-line comments in the middle of multi-line comments.Here are LISP equivalents for the standard #-macros:(defsharp |.| ()(list (eval (read))))(defsharp + ()(if (eval (read))(list (read))(read)()))(defsharp - ()(ifn (eval (read))(list (read))(read)



6-28 CHAPTER 6. INPUT AND OUTPUT()))(defsharp |'| ()(list (list 'function (read))))(defsharp |/| ()(#:sharp:lowbyte (readcn)))(defsharp |\| ()(let ((l (read)))(let ((n (getprop l '#:sharp:value)))(if n(#:sharp:lowbyte n)(error '#:sharp:value 'errudv l)))))(mapc(lambda (x y) (putprop x y '#:sharp:value))'(null bell bs tab lf return cr esc sp del rubout)'(0 7 8 9 10 13 13 27 32 127 127))(defsharp |^| ()(#:sharp:lowbyte (logand 31 (readcn))))(de #:sharp:lowbyte (n)(if (neq (peekcn) 124) ; the vertical bar, or absolute value, character(list n)(readcn) ; skip the vertical bar(list(let ((n1 (logshift n 8)) (n2 (readcn)))(selectq n2(47 ; i.e., slash(logor n1 (readcn)))(94 ; i.e., carret(logor n1 (logand 31 (readcn))))(92 ; i.e., backslash(let ((l (read)))(let ((n (getprop l 'sharp:value)))(if n(logor n1 n)(error 'sharp:value 'errudv l)))))(t ; all the others(error '#:sharp:lowbyte 'errsxt n2)))))))(defsharp |"| ()



STANDARD READER 6-29(let ((l) (i))(untilexit eoc(if (= (setq i (readcn)) #/")(if (= (peekcn) #/")(newl l (readcn))(exit eoc (list (nreverse l))))(newl l i)))))))(defsharp |$| ()(with ((ibase 16))(let ((r (read)))(if (fixp r)(list r)(error '|#$| 'errsxt r)))))(defsharp |%| ()(with ((ibase 2))(let ((r (read)))(if (fixp r)(list r)(error '|#%| 'errsxt r)))))(defsharp |r| (base)(with ((ibase base))(let ((r (read)))(if (fixp r)(list r)(error '|#r| 'errsxt r)))))(defsharp |||| ()(skip-sharp-comment)())(de skip-sharp-comment ()(untilexit eoc(selectq (readcn)(#/# (when (eq (peekcn) #/|)(readcn)(skip-sharp-comment)))(#/| (when (eq (peekcn) #/#)(readcn)(exit eoc)))(t ())))))(defsharp |:| ()



6-30 CHAPTER 6. INPUT AND OUTPUT(with ((typecn #/: 'cpkgc)(typecn #/# 'cpname))(list (read))))(defsharp |(| ()(reread '(#/())(let ((l (read))) (list (tconsmk l))))(defsharp |[| ()(list (apply 'vector (read-delimited-list #/]))))Colon (:) macro characterEven though it is always possible to describe a symbol and its package by using the absolutenotation #:pkgc:symb, it is often useful to be able to use an abbreviation. This is the purpose ofthe colon (:) macro character, placed in front a symbol. The symbol will be created in the packagewhose name is the value stored the #:sys-package:colon variable.#:sys-package:colon [variable]This variable contains the name of the package to use when the macro character colon (:) is usedin front of a symbol. By default its value is user. This variable also describes the package to usewhen a symbol beginning with a character of type cpkgc is read.(defvar #:sys-package:colon 'local) -> #:sys-package:colon:foo will be read as #:local:foo(defvar #:sys-package:colon'#:pk1:pk2) -> #:sys-package:colon:foo:bar will be read as #:pk1:pk2:foo:bar(typecn #// 'cpkgc) / is a package delimter char/foo will be read as #:pk1:pk2:foo/foo/bar " " #:pk1:pk2:foo:barTerminal macro characters ! ^L ^A ^E ^F ^PThese macro characters are used to quickly enter commands interactively on the terminal.^L [macro character ]Placed in front of a symbol, this macro character executes the expression (libloadfile "symbol"t).It therefore allows you to load a LISP �le interactively in an extremely concise manner. ^L returnsthe name of the �le loaded. The su�x #:system:lelisp-extension is not added at the end ofthe �lename if it is already present.



STANDARD READER 6-31In LE-LISP, ^L could be de�ned in the following manner:(dmc ^L (); ^L : to load a file(list 'libloadfile (readstring) t))e.g. ^Lfoo is read as (libloadfile "foo" t)^A [macro character ]CONTROL-A has the same rôle as ^L, but it loads a compiled module with the modular compiler.In LE-LISP, ^A could be de�ned in the following manner:(dmc ^A (); to load a module(list 'loadmodule (readstring)))^E [macro character ]Provides a way to call the pepe editor to treat the contents of a �le, or the result of the evaluationof an expression.^Ebar is read as (pepe bar)^E(pretty foo) " " " (pepe (pretty foo))^E^Pfoo bar " " " (pepe (pretty foo bar))To call pepe on the sorted list of names of global functions^E(sortl (maploblist (lambda (x)(and (null (packagecell x))(typefn x)))))^F [macro character ]CONTROL-F lets you call the host system's editor on a �le in which a function was de�ned, andreload the �le upon exiting from the editor. The name of the host system's editor is stored in the#:system:editor global variable.#:system:editor [variable]The #:system:loaded-from-file property, set by the function-de�nition functions, indicates that�les should be edited.



6-32 CHAPTER 6. INPUT AND OUTPUTif the function bar was loaded from the file foo.lle.g. ^Fbar; is read as:(progn (comline (catenate #:system:editor" foo.ll"))(load "foo.ll" t)); but if it was not loaded from a file, a temporary file <file>,; having the name (gensym), is created and^Fbar; is read as(progn (prettyf <file> bar)(comline (catenate #:system:editor " <file>")(load <file> t))^P [macro character ]CONTROL-P calls the pretty-printer on one or several functions whose names are given.In LE-LISP, ^P could be de�ned in the following manner:(dmc ^P ()(cons 'pretty(implode (pname (catenate "("(readstring)")")))))^Pfoo is read as (pretty foo)^Pfoo bar " " " (pretty foo bar)! [macro character ]Used in front of a line while in interactive mode, this macro character executes the call (comlinerest of the line). It thus provides a very concise way to send a command to the local operatingsystem.!ls -ls ; is read as (comline "ls -ls")



BASIC OUTPUT FUNCTIONS 6-336.5 Basic output functionsAll the following functions print their arguments into the output bu�er. The expressions are notactually printed until the bu�er is emptied.This can happen at di�erent times:1. when the characters reach the right margin of the bu�er2. when the characters reach the end of the bu�er3. upon calls to functions that empty the bu�er after placing something into it (print,prinflush, terpri).In the �rst of these cases, the progammable interrupt eol is triggered, and an end-of-line is insertedinto the output stream. In the second case, the flush interrupt is triggered. The bu�er is thensimply emptied. This can only happen if the right margin is beyond the end of the output bu�er(see the rmargin function).(prin s1 : : : sn) [function with a variable number of arguments]prin prints the S-expressions s1 ... sN in the output bu�er and returns the value of sN. Thisfunction cannot be simply described in LISP. The expressions will not actually be printed until thebu�er is emptied. A call to prin without arguments, (prin), has absolutely no e�ect and returns().(print s1 : : : sn) [function with a variable number of arguments]This function is similar to prin, but it empties the output bu�er immediately after printing the S-expression arguments therein, and begins a new line by triggering the eol programmable interrupt.A call to print without arguments, (print), empties the bu�er, starts a new line and returns ().In LE-LISP, print could be de�ned in the following manner:(dmd print l`(prog1 (prin ,@l) (itsoft 'eol ())))? (print (1+ 9) (cdr '(a b c))) ; form to evaluate10(b c)= (b c) ; value returned ? (progn (prin 123) (print 'foo)) ; formto evaluate123foo= foo ; value returned ? (progn (repeat 12 (prin 'a))? (print)) ; form to evaluateaaaaaaaaaaaa= () ; value returned ? (print)= ()



6-34 CHAPTER 6. INPUT AND OUTPUT(prinflush s1 : : : sn) [function with a variable number of arguments]This function is similar to prin, but empties the output bu�er immediately after havingprinted the S-expression contained therein (by triggering the flush programmable interrupt).prinflush does not begin a new line. A call to the function with no arguments, (prinflush),empties the output bu�er and returns ().In LE-LISP, prinflush could be de�ned in the following manner:(dmd prinflush l`(prog1 (prin ,@l) (itsoft 'flush ())))? (defun quam (msg)? (prinflush msg) ; print the msg into the buffer, empty same? (read)) ; read a reply= quam ? (quam "number of vega's satellites")number of vega's satellites ?xxx ; xxx is the user reply= xxx? ; to print several items and then empty the buffer? (defun prin-and-flush (exp n)? (repeat n (prin exp))? (prinflush))= prin-and-flush(terpri n) [function with an optional argument ]Skips n lines on the current output channel by calling the print function n times. It is possibleto call terpri without an argument. The default value of n is 1. Such a call is equivalent toboth (terpri 1) and to (print).In LE-LISP, terpri could be de�ned in the following manner:(defun terpri n(repeat (if n (car n) 1)(print)))(princn cn n) [function with one or two arguments]Prints the cn character code n times into the output stream. If n is omitted, the code cn is onlyprinted once. princn returns the internal character code cn as its value.? (let ((cn #/a))? (repeat 10 (princn (incr cn))))bcdefghijk= t ? (defun pyr (n1 n2)? (when (> n1 0)



CONTROLLING THE OUTPUT FUNCTIONS 6-35? (princn #\sp n1)? (princn #/* (1+ (* n2 2)))? (print)? (pyr (1- n1) (1+ n2))))= pyr ? (pyr 4 0)? ; will produce****************= ()(princh ch n) [function with one or two arguments]This function is similar to the preceding one, except that the character ch is speci�ed in theform of a mono-character symbol.e.g. ; print ten '+' characters in the buffer(princh '|+| 10)6.6 Controlling the output functions6.6.1 Limitations on printingIn order to limit the printing of very long structures, and to avoid in�nite print loops on circularor shared lists, three functions are available.(printlength n) [function with an optional argument ]Provides a means of modifying the maximum number of list elements to be printed by a print orprin statement. Without an argument, the function returns the current maximum length value.By default, this value is 5000. If a list contains more elements than the current maximum lengthvalue, the remaining elements are not printed, and three suspension points are printed instead.This function can be used to terminate output from functions which are iterating or recursivelylooping on a list's cdr. In order to deactivate the print length limitation, call printlength with 0as its argument. The function returns the current maximum print length value as its result.(printlength 6) =) 6'(1 2 3 4 5 6 7 8 9) =) (1 2 3 4 5 6 : : :)(printlevel n) [function with an optional argument ]Provides a means to modify the maximum print depth of a print or prin statement. (Withoutan argument, the function returns the current maximum depth value.) By default the maximumprint depth is 100. This value represents the maximum number of unmatched opening parenthesesallowed in a list to be printed. Upon overload, the list causing the condition will not be printed,



6-36 CHAPTER 6. INPUT AND OUTPUTand the ampersand character & is printed in its place. This function allows the results of functionswhich are iterating or recursively looping on a list's car to be printed. In order to deactivate thiskind of limitation, call printlevel with zero as its argument. The function returns the currentmaximum print level value as its result.? (printlevel 3)= 3 ? '(defun foo (l)? (if (null (cdr l))? l? (foo (cdr l))))= (defun foo (l) (if (null &) ...Here are some examples of printing circular lists.? (printlevel 10)= 10 ? (printlength 50)= 50 ? (setq l '(x y z))= (x y z) ? (rplacd (cddr l) l)= (z x y z x y z x y z x y z x y z x y z x y z x y z xy z x y z x y z x y z x y z x y z x y z x y z x ... ? (rplaca l l)= ((((((((((& y z & y z & y z & y z & y z & y z & y z &y z & y z & y z & y z & y z & y z & y z & y z & y ...(printline n) [function with an optional argument ]Provides a way to modify the maximum number of lines which will be printed by a print orprin statement. By default this value is 2000. If an expression requires more than this numberof lines, the last line will appear with suspension points at the end. In order to deactivatethis limit, call printline with 0 as its argument. The function returns the current maximumnumber of print lines allowed as its result.There is a library which lets LE-LISP functions be printed in a much more readable manner(see chapter 8), as well as a print library for circular or shared lists (see chapter 9).6.6.2 Standard printing environmentThe various LISP objects are printed in the output bu�er according to the constraint that theexternal representation of an atomic object cannot be printed across a line boundary. This is thecase for symbols, character strings and numbers.S-expressions of the form (quote s) are printed as 's to improve readability.The unnameable number in two's complement, `-0', is always written in the following manner:#$8000 [unnameable number ]#$8000 =) #$8000(logshift 1 15) =) #$8000Finally, all pointers that are not LE-LISP pointers are written in the following manner:



CONTROLLING THE OUTPUT FUNCTIONS 6-37#<> [non-Lisp pointer ]? (vag '(#$7f . -1))= #<>On machines with IEEE-compatible 
oating-point processing, this value may be printed asthe value `negative Not-a-Number': that is, -NaN..Three system variables and two functions control various print modes:#:system:print-for-read [variable]This variable contains the print indicator of symbols and character strings.If #:system:print-for-read has value t, symbols containing characters of type other thancpname are surrounded by vertical bar (|) characters when being printed. Character stringswith this same property are surrounded by " quote characters. The | and " characters arethemselves represented by || and "" (pairs of | or ") in the middle of these objects. Finally,the system prints a space between each argument of the print, prin or prinflush functions.When this indicator is set, then, the print output can be re-read by the read function.? (setq a '(foobar |bar foo| |12| "with ""quote"""))= (foobar bar foo 12 with "quote") ? (setq #:system:print-for-read t)= t ? a= (foobar |bar foo| |12| "with ""quote""")#:system:print-case-flag [variable]This variable contains the output case indicator. If #:system:print-case-flag has the valuet, symbols are printed in upper case. If it has the value () (the initial, default, value), symbolsare printed in the form in which they were entered. Notice that in general the read indicator#:system:read-case-flag has the value () and that all symbols are therefore read in lowercase.Here are some examples of the distinction between upper and lower case in reading:? (setq #:system:read-case-flag t)= t ? (setq a '(foobar FOOBAR FooBar))= (foobar FOOBAR FooBar) ? (setq #:system:print-case-flag t)= T ? a= (FOOBAR FOOBAR FOOBAR) ? (setq #:system:print-case-flag ())= () ? a= (foobar FOOBAR FooBar)#:system:print-package-flag [variable]This variable contains the package print indicator, which can take three values:� (): Packages are not printed.� t (default): Packages are printed in complete path (full) form: #:pkg:sym.



6-38 CHAPTER 6. INPUT AND OUTPUT� 0: If the value of the package is equal to the value of the variable #:sys-package:colon,packages are printed in short form, using the macro character :.? (setq #:system:print-package-flag t)= t ? (setq #:sys-package:colon 'user)= user ? '#:foo:bar= #:foo:bar ? ':foo= #:user:foo ? (setq #:system:print-package-flag ())= () ? '#:foo:bar= bar ? ':foo= foo ? (setq #:system:print-package-flag 0)= 0 ? '#:foo:bar= #:foo:bar ? ':foo= :foo(obase n) [function with an optional argument ]Provides a way to modify the numeric output conversion base. If it is called without theargument n, it returns the current output base. As in the case of the corresponding ibasefunction, the value of obase must be between 2 and 36, inclusive.? 100= 100 ? (obase 16) ; obase always returns 10, do you see why?= 10 ? 100= 64 ? (obase 17) ; why not?= 10 ? (ibase 13) ; conversion of base 13 to base 17!= D ? 23ab= 107A ? 34ab= 18AD(ptype symb n) [function with one or two arguments]Provides a way to modify the value of the p-type of the symbol symb. Called without asecond argument n, ptype will simply return the p-type of the symbol symb. The p-type isprincipally used by the LISP pretty-printer (see chapter 8) to determine the format to use toprint the function value of a symbol. ptype returns the current value of the p-type of symbas its value.6.6.3 Extending the printerIt is possible to rede�ne the way in which objects are printed, for the standard print functions allsearch for methods named prin associated with the type of the object to be printed. If such amethod exists, it is called in lieu of the standard print function.Warning : This function invocation takes place in the current printer context. In particular, allprinter variables and variable-functions remain in their current state.



INPUT/OUTPUT FOR LISTS 6-39(pratom atom) [function with one argument ]The standard print function for atoms. atom can be of any type other than list. This function mustbe called from within a speci�c print method, and provides a way to return to the current printmode. ? ; modification of the representation of the symbol || to nil? (defun #:null:prin (obj)? (pratom 'nil))= #:null:pratom ? ()= nil6.7 Input/output for lists(explode s) [function with one argument ]Returns the list of all the internal character codes of the external representation of the expressions, which can be of any type whatsoever. explode returns the list of codes that would be printed ifone asked for s to be printed by the prin function. (In fact there is not really an explode function,properly speaking, in the system; the output of the prin function is simply redirected.)(explode -120) =) (45 49 50 48)(explode '(car '(a b))) =) (40 99 97 114 32 39 40 97 32 98 41 41)(explodech s) [function with one argument ]This is like the preceding function, except that it returns a list of atoms (mono-character symbolsfor letters and special characters, numbers for numerals).In LE-LISP, explodech could be de�ned in the following manner:(defun explodech (s)(mapcar 'ascii (explode s)))(explodech -120) =) (- 1 2 0)(explodech '(car '(a b))) =) (|(| c a r | | |'| |(| a | | b |)| |)|)(implode ln) [function with one argument ]Suppose that ln is a list of ascii codes. implode returns the Lisp object which has this list ofinternal character codes as its external representation. implode is the inverse of explode, andprovides a way to build new LISP objects from their external representations, analogous to the useof the read function. (There is not really a separate implode function in the system; the input tothe read function is simply redirected.)(implode '(45 50 51 55)) =) -237(implode (explode '(a b))) =) (a b)



6-40 CHAPTER 6. INPUT AND OUTPUT(implodech s) [function with one argument ]This is similar to the preceding function, except that it uses a list of atoms (mono-character symbolsfor letters and special characters, numbers for numerals).In LE-LISP, implodech could be de�ned in the following manner:(defun implodech (s)(implode (mapcar 'cascii s)))(implodech '(- 1 2 3)) =) -123(implodech (explodech '(a b))) =) (a b)6.8 Input/output on character stringsInput/output can be thought of as a problem of transformations between an arbitrary object anda character string. The following functions let you carry out either reading operations within acharacter string that is considered as an input stream, or writing operations within a characterstring that is considered as an output stream. To obtain these functions, load the stringiomodule.(with-input-from-string string . body) [macro]Rede�nes the input stream as string, and evaluates sequentially the forms contained in body.After the evaluation of body, each read call performs a read operation within string. This functionreturns the value of the �nal evaluation inside body.(with-input-from-string "12 34" (list (read) 55 (read))) =) (12 55 34)(with-output-to-string string n . body) [macro]Rede�nes the output stream as string, and evaluates sequentially the forms contained in body.After the evaluation of body, each print call performs a write operation within string. The �rstprinting occurs at position n in string. This function returns the number of characters written instring. (with-output-to-string (setq s "----") 0 (print 0)) =) 1s =) "0---"(with-output-to-string (setq s "----") 1 (print 'a)(print 'b)) =) 2s =) "-ab-"(read-from-string string) [function with one argument ]Uses the read function to perform reading operations within string, as if the latter were an inputbu�er. The returned value is that of read. If string is not in fact a string, the value returned isstring.In LE-LISP, read-from-string could be de�ned in the following manner:



INPUT/OUTPUT BUFFER MANAGEMENT 6-41(defun read-from-string (s)(if (stringp s)(with-input-from-string s (read))s))(read-from-string "12") =) 12(type-of (read-from-string "12")) =) fix(read-from-string 1.2) =) 1.2(read-from-string "as 12") =) as(print-to-string s) [function with one argument ]Creates a string that represents the s object printed by means of print.(print-to-string 1.2) =) "1.2"(print-to-string '(a . b)) =) "(a . b)"6.9 Input/Output bu�er managementAll the read and print functions described up to this point work using bu�ers. Read functions readcharacters in the input bu�er, and print functions write characters in the output bu�er.These bu�ers are �lled and emptied by the system using the three programmable interrupts: bol(beginning-of-line), eol (end-of-line), and flush.There is actually a separate bu�er for each input or output channel, so i/o can be done on severalchannels in parallel. The bu�er character string store is allocated automatically by the system whennew channels are created.Its length, 1024 characters, cannot be modi�ed.6.9.1 Input bu�erIntroductionA character string, inbuf, contains the contents of the current input bu�er. Two indices into thisstring, inmax and inpos, indicate the end of the bu�er and the position of the current read. inposis the index of the next character to be read in the string.If inpos becomes equal to inmax during a read operation, this means that all the charactersavailable in the bu�er have been read. At this point the programmable interrupt bol is triggered.The function invoked by this interrupt must re�ll the input bu�er and set inmax to indicate howmany characters were put into the bu�er.Manipulating the input bu�erAll these functions manipulate the bu�er of the current input channel, which is selected by theinchan function.



6-42 CHAPTER 6. INPUT AND OUTPUT(inbuf n cn) [function with one or two optional arguments]Returns the character string representing the current contents of the input bu�er. The string-handling functions provide an easy means for manipulating this value. Here, for instance, is aparticularly e�cient way to implement the readstring function:(defun readstring ()(when (= (inpos) (inmax))(itsoft 'bol ()))(prog1 (substring (inbuf) 0 (sub (inmax) 2))(inpos (inmax))))inbuf accepts two optional arguments, giving access to the current input bu�er contents. Thefollowing equivalences hold:(inbuf n) == (sref (inbuf) n)(inbuf n cn) == (sset (inbuf) n cn)(inmax n) [function with an optional argument ]Called with the argument n, inmax provides a way to specify the maximum number of charactersavailable in the input bu�er. If n is not supplied, inmax returns the current number of charactersin the input bu�er. This function is used mainly inside a bol function, to specify the number ofcharacters to be loaded into the bu�er.(inpos n) [function with an optional argument ]Called with the argument n, inpos changes the position of the read pointer (index) into the inputbu�er. Without an argument, it returns the current value of this index. This function is very rarelyused.Beginning-of-line programmable interruptWhen there are no more characters to read in the input bu�er (that is, when imax charactershave been read from the input bu�er), the system triggers an interrupt called bol. The functionassociated with this interrupt �lls the input bu�er with characters read from the inchan channel,adds end-of-line characters #\cr and #\lf if necessary, and sets the inmax index. Of course it ispossible to manage this interrupt yourself, by setting the #:sys-package:itsoft variable; in thiscase, you must �ll the bu�er and set the inmax variable appropriately. The system sets inpos backto zero after it processes a bol interrupt, so it is super
uous to do this, even if you are managingthe process.bol [programmable interrupt ]This programmable interrupt is triggered by the read, readcn, peekcn, readstring and associatedfunctions, when the input bu�er is empty: that is, when inpos = inmax.



INPUT/OUTPUT BUFFER MANAGEMENT 6-43(bol) [function with no arguments]This function reads the next line from the terminal or from a �le, puts it into the input bu�er, andsets inmax. This is the function that permits input processing on lines typed by the user (charactererasure with #\bs or #\del, line erasure with #^X or #^U and which echoes control characters witha ^ character followed by the printable character.)The bol function uses the virtual terminal functions (tyi, tycn, etc.) to read characters and, unlessotherwise programmed, echo them. It is thus usually su�cient to de�ne a new terminal type inorder to e�ect reads from new input streams (windows, serial ports, etc.).What follows is a partial description of the bol function in LISP. We describe niether reads on �les,nor the line editing aspects, nor the echoing of control characters. The interested reader can consultthe source of the edlin line editor in the standard library.(defun bol ()(if (fixp (inchan))(...code for reading files...) ; cannot be described in Lisp(let ((max 0))(tystring (prompt) (slen (prompt)))(cond(#:system:line-mode-flag(setq max (tyinstring (inbuf))))((not #:system:real-terminal-flag)(until (memq (sset (inbuf) max (tyi)) '(#\cr #\lf))(incr max)))(t (let ((inbuf (inbuf))(char 0))(until (memq (setq char (tyi)) '(#\cr #\lf))(tycn char)(sset inbuf max char)(incr max))(tynewline))))(sset (inbuf) max #\cr)(incr max)(sset (inbuf) max #\lf)(incr max)(inmax max))))Here is an example bol function that counts the number of lines the user types into theterminal. It changes the prompt to display this value.? (defvar #:numbering:line 0)= #:numbering:line? (defun #:numbering:bol ()? (when (null (inchan))



6-44 CHAPTER 6. INPUT AND OUTPUT? (prompt (catenate (incr #:numbering:line) "? ")))? (super-itsoft 'numbering 'bol ()))= #:numbering:bol? (setq #:sys-package:itsoft (cons 'numbering #:sys-package:itsoft))= (numbering)1?2? 123= 1233? ()= ()4? (defun foo (x)5? (+ x x))= foo6? (foo 12)= 247?6.9.2 Output bu�erIntroductionA character string, outbuf, holds the contents of the current output bu�er. An index into the string,outpos, marks the current write position (the position in the bu�er where the next character shouldbe written). Two indices, lmargin and rmargin, mark the left and right margins, respectively, ofthe output bu�er.If output becomes equal to rmargin during a write, this means that a program is trying to writea character beyond the right margin of the output bu�er. The programmable interrupt eol istriggered at this point. The function invoked by this interrupt must empty the output bu�er ontothe current output channel (terminal or �le), add an end-of-line mark, �ll the output bu�er withthe space character, and set the outpos index to the left margin (lmargin).If outpos reaches the end of the bu�er during a write, this means that a program is trying to writea line longer than the bu�er. This is possible when the right margin (rmargin) is beyond the endof the bu�er. In this case, the flush programmable interrupt is triggered. The function invoked bythis interrupt must empty the output bu�er onto the current output channel, �ll the output bu�erwith space characters, and set the outpos index to zero.Manipulating the output bu�er(lmargin n) [function with an optional argument ]Sets the left print margin to n. By default, at system initialization, lmargin is 0. If n is omitted,the left margin value is not changed. In any case, lmargin returns the value of the current leftmargin. It is used primarily by the LISP pretty-printer to automatically manage the placement ofleft braces in the printing of control structures.



INPUT/OUTPUT BUFFER MANAGEMENT 6-45(rmargin n) [function with an optional argument ]Sets the right print margin to n. By default, at system initialization, rmargin is 78. If n is omitted,the right margin is not changed. In any case, rmargin returns the current value of the rightmargin. It is used primarily to set the line length for the output terminal being used (teletype,screen, printer, etc.).It is possible to set the right margin outside the output bu�er by executing:(rmargin (add1 (slen (outbuf))))In this case, the eol programmable interrupt is never called, but at the end of the bu�er, theflush programmable interrupt will always be called.(outpos n) [function with an optional argument ]Sets the current output bu�er pointer (index) to n. This index is always treated as the �rstfree character position in the bu�er. outpos returns its current value.(outbuf n cn) [function with one or two optional arguments]Returns the character string representing the current contents of the output bu�er. Thisstring can be manipulated by the usual string-handling functions.outbuf can optionally take two arguments, giving access to the contents of the output bu�er.The following equivalences hold:(outbuf n) == (sref (outbuf) n)(outbuf n cn) == (sset (outbuf) n cn)Programmable interrupts eol and flusheol [programmable interrupt ]The eol programmable interrupt is triggered by the prin, print, prinflush, princn and princhfunctions when the current write position, outpos, goes beyond the right bu�er margin, rmargin.The print and terpri functions invoke this programmable interrupt more explicitly.The function invoked by this interrupt must perform the following operations:� empty the output bu�er, from position 0 through position outpos, onto the currentoutput channel;� put an end-of-line onto the channel;� �ll the output bu�er with the space character;� set the outpos index to the value of the left margin, lmargin.



6-46 CHAPTER 6. INPUT AND OUTPUT(eol) [function with no arguments]This function performs the standard processing of the eol programmable interrupt. What follows isa partial description of it in LISP. We do not describe printing onto �les, which cannot be describedin LISP.Notice that this function uses the tystring and tynewline virtual terminal functions, to print tothe terminal. This means that it is usually su�cient to de�ne a new type of virtual terminal inorder to redirect writes onto new streams (music synthesizers, windows, etc.).(defun eol ()(if (fixp (outchan))(...code for writing to file...) ; cannot be described in lisp(tystring (outbuf) 0 (outpos)) ; empty the buffer to the terminal(tynewline) ; print an end-of-line(fillstring (outbuf) 0 #\sp (rmargin)) ; clean the buffer(outpos (lmargin)))) ; set to left marginflush [programmable interrupt ]This programmable interrupt is triggered by the print functions when the current print position,outpos, reaches the end of the output bu�er. This is possible if the right margin, rmargin, is greaterthan the length of the print bu�er. The interrupt is also triggered explicitly by the prinflushfunction.The function invoked by this by this interrupt must perform the following operations:� empty the output bu�er, from position 0 through position outpos, onto the currentoutput channel;� �ll the output bu�er with the space character;� set the outpos index to the beginning of the output bu�er.(flush) [function with no arguments]This function performs the standard processing of the eol programmable interrupt. What followsis a partial description of it in LISP. We do not describe writes to �les, which cannot be describedin LISP.(defun flush ()(if (fixp (outchan))(...code for printing onto files...) ; cannot be described in lisp(tystring (outbuf) 0 (outpos)) ; empty the buffer to the terminal(fillstring (outbuf) 0 #\sp (rmargin)) ; clean up the buffer(outpos 0))) ; set to beginning of buffer



FUNCTIONS ON I/O STREAMS 6-47The eol and, less frequently, flush programmable interrupts can be rede�ned in order to extendthe printing system.The following function returns the list of lines printed by the evaluation of its body, in the form ofa list of character strings:(df stream-output #:system:f(let ((#:sys-package:itsoft 'stream-output)(#:system:l ())) ; the resulting list(eprogn #:system:f)(nreverse #:system:l)))(defun #:stream-output:eol ()(newl #:system:l (substring (outbuf) 0 (outpos)))(fillstring (outbuf) 0 #\sp (rmargin))(outpos (lmargin)))6.10 Functions on i/o streamsLE-LISP manages i/o streams composed of:� an i/o terminal (3 distinct streams)� a number (in general 12) input or output �les.A channel , chan, is a number associated with an open stream. All open streams have channelnumbers.They are used to connect open streams to the current input or output stream. By convention, the\number" of the terminal's input stream is (), and the \numbers" of the terminal's two outputstreams (normal stream and virtual terminal stream) are () and t.In LE-LISP, a �le speci�cation, file, is a character string (or an argument that can be convertedinto a string by using the string function) that has the same syntax as the host operating system's�le-naming scheme."llib.virtty.ll""/usr/local/lelisp/foo.ll""lelisp$disk:[lelisp.llib]vdt.ll"">udd>vlsi>lelisp>startup.ll""\lelisp\llib\pepe.ll"LE-LISP has a standard virtual �le management library, which is described in the following section.All arguments of type file in the following function descriptions can be virtual �le descriptors.All the functions described in this section will use the �le system of the host system, which canreturn error codes in the case of �le i/o problems. In these cases, the errios LISP error is triggered,which has the following default screen display:



6-48 CHAPTER 6. INPUT AND OUTPUT** <fn> : i/o error : <n>where fn is the name of the LISP function that was called, and n is the error code returned by thehost �le system.Errors detected by LE-LISP are:� -1 function not implemented� -2 no more channels available� -3 incorrect channel number� -4 non-open channelPositive-valued error codes are operating-system speci�c; in general the error number is 1.In certain cases it is possible to get the system to print the error message itself. The followingvariable can be set to choose this option.#:system:print-msgs [variable]If the value of this variable is di�erent than 0, the host operating system will print (if it can) theerror messages it encounters in i/o management.6.10.1 Default directories and extensionsTo permit functions to be written in a �le system-independent manner, these variables are alwaysinitialized:#:system:llib-directory [variable]This variable contains the name of the directory where the standard LE-LISP library is to be found.#:system:llub-directory [variable]This variable contains the name of the directory where the user LE-LISP library is to be found.#:system:lelisp-extension [variable]This variable contains the default extension of LE-LISP source �les.6.10.2 Selecting i/o streams(openi file) [function with one argument ]Opens the �le named file in read mode and returns the associated channel number: chan.(openi "foo.ll") =) 11



FUNCTIONS ON I/O STREAMS 6-49(openib file) [function with one argument ]Opens the �le named file in binary read mode and returns the associated channel number: chan.This �le can only be read with the readcn and readch functions.(openib "foo.dir") =) 11(openo file) [function with one argument ]Opens the �le named file in write mode and returns the associated channel number: chan. If this�le already exists, it is destroyed and recreated as an empty �le.(openo "src.list") =) 10(openob file) [function with one argument ]Opens the �le named file in binary write mode and returns the associated channel number: chan.If this �le already exists, it is destroyed and recreated as an empty �le. Writes to such a �le mustbe done with the princn or princh functions.(openob "foo.o") =) 10(opena file) [function with one argument ]Opens the �le named file in append mode and returns the associated channel number: chan. Ifthis �le does not already exist, it will be created. If it does exist, its �le pointer is positioned atthe end of the �le, so that all writes to the �le will take place at the end of its current contents.(opena "subsys.log") =) 9(openab file) [function with one argument ]Opens the �le named file in binary append mode and returns the associated channel number: chan.If this �le does not already exist, it will be created. If it does exist, its �le pointer is positioned atthe end of the �le, so that all writes to the �le will take place at the end of its current contents.Writes to such a �le must be done with the princn or princh functions.(openab "subsys.lib") =) 9(inchan chan) [function with an optional argument ]Ties the current input stream to the channel chan. This means that all succeeding reads (untilthe next call to inchan) will be on the channel chan. If no argument is given, inchan returns thenumber of the current input channel. An error -4 occurs when the channel associated with thecurrent input stream has been closed (with the eof or close function), and a read is requested,but no new input channel has been selected. This error also ties the current input stream to theterminal value, ().(outchan chan) [function with an optional argument ]



6-50 CHAPTER 6. INPUT AND OUTPUTTies the current output stream to the channel chan. This means that all succeeding writes (untilthe next call to outchan) will be on the channel chan. If no argument is given, outchan returnsthe number of the current output channel. An error -4 occurs when the channel associated withthe current output stream has been closed (with the close function), and a write is requested,but no new output channel has been selected. This error also ties the current output stream to theterminal value, ().(channel chan) [function with an optional argument ]Returns a descriptor of channel number chan. This function gives control of the state of channels. Ifthe argument chan is omitted, a list of all the channel descriptors is returned. A channel descriptoris a list of the form (state name).state is the value of the channel's state:� 0 non-open channel� 1 channel open in read mode� 2 channel open in write mode� 3 channel open in binary read mode� 4 channel open in binary write modename is the �lename associated with the channel, if one exists.In order to get the number of available channels, evaluate:(length (channel))(close chan) [function with an optional argument ]Closes channel number chan, and always returns t. If no argument is given, close closes all openchannels and then re-opens the terminal.(input file) [function with one argument ]This function closes the current input stream, opens the �le file in read mode, and ties the currentinput stream to its channel number.Warning : This function loses track of the number of the previously open channel, and canonly be used in the command loop at the terminal. An end-of-�le will nevertheless raise theerrudt error. (See the following section.)In LE-LISP, input could be de�ned in the following manner:(defun input (f)(when (fixp (inchan))(close (inchan)))



FUNCTIONS ON I/O STREAMS 6-51(if f(inchan (openi f))(inchan ())))Here is a rather unorthodox way to load a �le from the terminal, by printing the values ofthe evaluations:(input <f>)(output file) [function with one argument ]This function closes the current output stream, opens the �le named file, and selects this channelfor output.Warning : This function loses track of the number of the previously open output channel andmust be used only from the terminal to store the values of evaluations in a �le. To restoreoutput to the terminal, simply evaluate:(output ())In LE-LISP, output could be de�ned in the following manner:(defun output (f)(when (fixp (outchan))(close (outchan)))(if f(outchan (openo f))(outchan ())))Here is an example of �le handling:; copyfile function, which copies the entire contents of the; input file <filin> to the output file <filout>, compacting; at the same time the representations of lisp expressions; in the latter.(defun copyfile (filin filout)(with ((inchan (openi filin))(outchan (openo filout))(obase 10)(lmargin 0)(rmargin 70))(let ((#:system:print-for-read t)(#:system:print-package t))(untilexit eof (print (read))))(close (outchan))filout))



6-52 CHAPTER 6. INPUT AND OUTPUT? (with ((outchan (openo "foo.ll")))? (print "(defun foo (x) (+ x x))"))= (defun foo (x) (+ x x)) ? (copyfile 'foo.ll 'bar.ll)= bar.ll6.10.3 End-of-�le programmable interrupteof [programmable interrupt ]The end of a �le causes the eof programmable interrupt, which receives as a parameter the numberof the channel on which the end-of-�le occurred.The function invoked by this programmable interrupt must in general close the channel using theclose function, and cause an escape with name eof.(eof chan) [function with one argument ]This function closes channel number chan and propagates an escape with name eof. If this functionis called while an S-expression is being read (for instance in the middle of reading a list), it causesa syntax error: End of �le during read .In LE-LISP, eof could be de�ned in the following manner:(defun eof (n)(close n)(inchan ())(if #:system:in-read-flag(error 'read 'errsxt "eof during a read")(exit eof n)))The eof programmable interrupt can be rede�ned by the user.The following functions, for example, provide a way to load a sequence of �les named file.1.. file.n all at once. S-expressions can straddle two �les.(defvar #:sys-package:colon 'load-in-sequence)(defvar :number) ; the current extension(defvar :file) ; the filename(de load-in-sequence (file)(let ((:number 1)(:file file)(#:sys-package:itsoft(cons 'load-in-sequence #:sys-package:itsoft)))(loadfile (catenate file "." :number) t)))



FUNCTIONS ON I/O STREAMS 6-53(de :eof (n)(if (not (probefile (catenate :file "." (1+ :number)))); no more files:; standard end-of-file processing(super-itsoft 'load-in-sequence 'eof (list n)); go on to the next file in the sequence(print "closing " n ", opening " (1+ n))(close n)(inchan (openi (catenate :file "." (incr :number))))))6.10.4 Functions on �les(probefile file) [function with one argument ]Returns t if file exists, and () if not.In certain operating systems (like UNIX), a call to probefile with an empty argument|either ""or ()|will always return t.In LE-LISP, probefile could be de�ned in the following manner:(defun probefile (f)(let ((i (catcherror () (openi f))))(when (consp i)(close (car i))t)))(renamefile ofile nfile) [function with two arguments]Changes the name of �le ofile to nfile, and returns t.(copyfile ofile nfile) [function with two arguments]Copies the contents of �le ofile in the �le nfile, and returns t.(deletefile file) [function with one argument ]Deletes the �le named file, and returns t.(create-directory dir) [function with one argument ]Creates the directory dir, and returns t.(delete-directory dir) [function with one argument ]Deletes the directory dir, and returns t.



6-54 CHAPTER 6. INPUT AND OUTPUT6.10.5 load function and autoload mode(loadfile file i) [function with two arguments]Loads the �le named file and evaluates all the expressions it contains. The indicator i is the valueof the variable #:system:redef-flag (see the description of the de�nition functions) during theload. loadfile always returns file as its value.In LE-LISP, loadfile could be de�ned in the following manner:(defun loadfile (file redef?)(ifn (probefile file)(error 'loadfile "file unknown" file)(let ((#:system:loaded-from-file file)(#:system:redef-flag redef?)(#:sys-package:colon #:sys-package:colon)(#:system:in-read-flag ())(inchan (inchan)) )(inchan (openi file))(protect (untilexit eof (eval (read)))(let ((in (inchan)))(when in (close in)))(inchan inchan) ))file ))(load file i) [special form]This function is the fsubr form of the preceding function. Moreover, the i argument is optionaland equals () by default.In LE-LISP, load could be de�ned in the following manner:(df load (file . redef?)(loadfile file (car redef?)) )(autoload file sym1 : : : symn) [special form]Since it is tiresome to load several �les of functions by hand at every execution, LE-LISP allows theuse of autoload functions (which load automatically the �rst time they are called).file is the name of a �le that should be loaded automatically, using the loadfile function,if one of the symbols sym1 : : : symn is to be evaluated as a function. File loading follows thecall-by-necessity convention.In LE-LISP, autoload could be de�ned in the following manner:(df autoload (f . l); (autoload file at1 ... atn)



FUNCTIONS ON I/O STREAMS 6-55(mapc (lambda (at)(eval (list 'dm at 'l(list 'remfn (kwote at))(list 'load f t)'l)))l)))The call (autoload pretty pprint) results in the following de�nition of the pprint function:(dm pprint l(remfn 'pprint)(load pretty t)l)This results in the macro being called at the �rst evaluation of (pprint ...). This macrodestroys itself (to avoid looping in case the function is not de�ned in the �le), then evaluates(load pretty t), which silently loads the �le pretty.Since the value returned by the macro was the original call (pretty ...) itself, eval re-evaluatesthis form, in which pretty is now de�ned.6.10.6 File access pathsAn ordered set of pre�xes or libraries can be de�ned, to avoid always having to explicitly specifycomplete �lenames. This set is found in the variable:#:system:path [variable]This variable contains the directories that will be searched when �le access is requested. At theinitialization of LE-LISP, it contains the names of the system directories:(defvar #:system:path(list ""#:system:llib-directory#:system:llub-directory#:system:llmod-directory#:system:llobj-directory#:system:lltest-directory#:system:virtty-directory#:system:virbitmap-directory#:system:system-directory))(search-in-path path file) [function with two arguments]Returns the complete �lename of the �le file if it is found in one of the directories named in path.If no such �le is found, the function returns ().



6-56 CHAPTER 6. INPUT AND OUTPUTIn LE-LISP, search-in-path could be de�ned in the following manner:(defun search-in-path (path file)(when path(let ((real-file (catenate (if (consp path)(car path)path)file)))(if (probefile real-file)real-file(when (consp path)(search-in-path (cdr path)file))))))(probepathf file) [function with one argument ]If the �le named file#:system:lelisp-extension exists in one of the directories named in#:system:path, probepathf returns its complete name. Otherwise it returns ().In LE-LISP, probepathf could be de�ned in the following manner:(defun probepathf (file)(search-in-path#:system:path(catenate file #:system:lelisp-extension)))6.10.7 Access to libraries(libloadfile file i) [function with two arguments]This function is similar to the loadfile function, except that it searches for the �le named filein the various directories named in the #:system:path variable. It returns the actual name of the�le loaded, or else raises an error if the �le is not found.In LE-LISP, libloadfile could be de�ned in the following manner:(defun libloadfile (file redef?)(let ((real-file (probepathf file)))(ifn real-file(error 'libloadfile 'errfile file)(loadfile real-file redef?) )))(libload file i) [special form]This is the fsubr form of the preceding function. Furthermore, the i argument is optional, andhas the value () by default.



EVENT LOOP 6-57In LE-LISP, libload could be de�ned in the following manner:(df libload (file . redef?)(libloadfile file (car redef?)))For an example, try (libload hanoi).(libautoload file sym1 : : : symn) [special form]This function is similar to the autoload function, except that �les will be loaded with the libloadfunction, instead of with load.6.11 Event loopThe LE-LISP event loop is a functional interface that enables you to associate processing functionswith various kinds of input events. This event loop has no problems with interrupts . While awaitingvarious types of events, the event loop handles all conventional interrupts.In a LE-LISP program, a single event loop can take care of several di�erent kinds of input:� Graphic input generated by the mouse and/or the keyboard.� Files in the UNIX sense: socket or pipe.� MAILBOX in the VMS sense.The implementation of the event loop is based upon the so-called Virtual Terminal of LE-LISP,described in chapter 15 of the present manual. In UNIX, the select device is brought into play. InVMS, the AST device is used.Today, the functions described here only work in either UNIX or VMS. The event loop uses a virtualterminal of the #:tty:evloop type. In fact, the events loop cannot be used with a virtual terminalthat is not of the #:tty:evloop type. An exception is the virtual terminal used by A�IDA, whichincludes a standard integration of the event loop.To use the event loop of LE-LISP, load the evloop module.event-loop [feature]This feature indicates that the event-loop functions are loaded. In other words, the evloop moduleis present.6.11.1 Functions(evloop-init) [function with no arguments]Initializes the event loop and sets the virtual terminal #:tty:evloop as the current terminal. Thisfunction should only be called once.



6-58 CHAPTER 6. INPUT AND OUTPUT(evloop-stop) [function with no arguments]Stops the event loop and sets the default terminal of the tty system as the virtual terminal.(evloop-restart) [function with no arguments]Restarts the event loop and reassigns the #:tty:evloop virtual terminal as the current terminal.(evloop-disallow-tty-input) [function with no arguments]Inhibits the processing by the event loop of standard user input. This function is only e�ective ifthe event loop has been initialized and is active.(evloop-allow-tty-input) [function with no arguments]Enables the processing by the event loop of standard user input. This function is only e�ective ifthe event loop has been initialized and is active.(evloop-add-input fd manage-fct arg-to-use) [function with three arguments]Adds the UNIX �le descriptor fd to the event loop. Imagine that the event loop is active, and thatthere's something to read in the case of the fd �le descriptor. In such a situation, the manage-fctfunction is executed with arg-to-use as its argument. This function has no e�ect if the event loophas not been initialized.(evloop-remove-input fd) [function with one argument ]Removes the fd �le descriptor from the list of �le descriptors handled by the event loop. Beforedeleting fd, evaluate (evloop-input-managedp fd) to make sure that fd is processed by the eventloop. (evloop-change-manage-function fd new-manage-fct new-arg-to-use)[function with three arguments]If the �le descriptor fd is already being processed in the event loop, this function replaces thefunction to be executed for this descriptor by the function new-manage-fct with new-arg-to-useas its argument.(evloop-select) [function with no arguments]This function is not required for standard use of the event loop module. It is only needed by userswho wish to implement new types of virtual terminals. This function represents the engine of theevent loop. It is called regularly by the system. This is the function that blocks the program whilewaiting for one or several �le descriptors to be ready for reading, at which time their associatedfunctions are executed.



EVENT LOOP 6-59(evloop-readp fd) [function with one argument ]Returns t if an input is ready for reading. Otherwise, it returns (). This is a generalized versionof the eventp function of the Virtual Bitmap.(evloop-input-managedp fd) [function with one argument ]Returns t if the fd input is being processed by the event loop. The argument fd is typically aninteger that designates a �le descriptor under UNIX.(evloop-initialized-p) [function with no arguments]Returns t if the event loop has already been initialized.(evloop-wait) [function with no arguments]Causes the process to wait for an input. After the wait, when a descriptor is ready, the functionreturns an expression of the form (fd . (function . arg)). Here, fd is the �le descriptor,function is the associated processing function and arg is an argument. If more than one descriptoris ready to be read, the function returns a list of expressions of the form (fd . (function . arg)).(evloop-set-timeout secs millisecs) [function with two arguments]This function allows you to limit the waiting time of the process in the evloop-select andevloop-wait functions. This waiting time is indicated in secs (seconds) and millisecs. Whenthe time has run out, the function speci�ed by evloop-set-timeout-handler (described below) isexecuted. The arguments secs and millisecs must be positive integers. If both of them are givenas zero, this represents an in�nite waiting time. So, evloop-set-timeout lets you periodicallytrigger processing operations while awaiting an event. Unlike the clockalarm function of LE-LISP,the processing is not triggered during the execution of any other processing apart from the calls toevloop-select and evloop-wait.(evloop-set-timeout-handler handler) [function with one argument ]The handler argument must be either () or a function with no argument that is to be called whenthe time speci�ed by the evloop-set-timeout function has run out.Output processingWe now describe functions that let you add output (�les, �le descriptors and other entities) intothe events loop.(evloop-add-output fd manage-fct arg-to-use) [function with three arguments]



6-60 CHAPTER 6. INPUT AND OUTPUTAdds the UNIX �le descriptor fd into the events loop. If the events loop is active as soon as the�le descriptor fd is ready, the manage-fct function is executed with arg-to-use as its argument.This function has no e�ect if the events loop has not been initialized.(evloop-remove-output fd) [function with one argument ]Removes the �le descriptor fd from the list of �le descriptors being processed for output by theevent loop. (evloop-change-output-manage-function fd new-manage-fctnew-arg-to-use) [function with three arguments]If the �le descriptor fd is already being processed in the event loop, this function replaces thefunction to be executed by the function new-manage-fct with new-arg-to-use as its argument.Processing the Virtual BitmapThree functions within this module allow you to manipulate graphic input for the VB (virtualbitmap):(evloop-add-display display manage-fct) [function with two arguments]Lets you record input (graphic events) associated with the display device. When there is a graphicevent from the display device, the manage-fct function is executed with display as its argument.(evloop-remove-display display) [function with one argument ]Removes the display device from the inputs processed by the events loop.(evloop-display-managed-p display) [function with one argument ]Returns t when the display device is being processed by the events loop. If not, the function returns().6.11.2 Technical notesUsing the events loop in UnixMost of the functionalities of the events loop are implemented in C code under UNIX. This C code isstored in the evloop.c �le, which is included in the standard LE-LISP distribution. Before using theevents loop, this code should be compiled and present in the LE-LISP binary. This code is not presentin a standard binary, but it exists by default when the Virtual Bitmap has been implemented bymeans of X11.



EVENT LOOP 6-61Portability of the events loop under VMSAll the functions that we have just described have been implemented under the VMS operatingsystem. The UNIX concept of a �le descriptor has been replaced by the notion of an input/outputchannel. Under VMS, there are several input types, but only the MAILBOX and graphic events arehandled by LE-LISP. The VMS user should create the MAILBOX and record the associated channel inthe loop. It is important to understand that the implementations of these two systems are basedupon di�erent principles:� Under UNIX, the implementation is based upon the select functionality.� Under VMS, the implementation is based upon the AST functionality.Both modules nevertheless behave identically.6.11.3 PrecautionsAn important remark needs to be made concerning the use of the event loop in conjunction withthe LE-LISP save-core functionality. The use of this module means that the event loop must bereinitialized each time you launch LE-LISP. So, the following actions must be carried out:1. Use evloop-remove-input and evloop-remove-output to remove all input/output recordedin the loop.2. Use evloop-stop to stop the loop.3. Call the save-core function.4. Initialize the loop with the evloop-init function.5. Once again, record all input/output.ExampleLet us look at an example of the use of the events loop with the LE-LISP VB device (virtual bitmap)under X11. We need the following utility function that reads all events that are waiting in thedisplay device and displays them on the screen:(defun display-manage-events (display)(current-display display)(while (eventp) (print (read-event))))We launch LE-LISP:% lelispX11; Le-Lisp (by INRIA) version 15.25 (17/nov/91) [sony]; Systeme standard sur X11-windows : ven 26 nov 91 14:25:52= (31bitfloats abbrev callext compiler date debug defstruct edlin loadermc68881 messages microceyx pathname pepe pretty setf virbitmap virtty)



6-62 CHAPTER 6. INPUT AND OUTPUTLoad the module that de�nes the events loop:? (loadmodule 'evloop)= evloopInitialize the display device:? (setq display (bitprologue))= #<#:display:x11 X11 trocadero:0.0>Get the �le descriptor (socket) associated with display:? (evloop-init)= t ? (setq fd (send 'file-descriptor display))= 3Add it to the standard events loop:? (evloop-add-file-descriptor fd 'display-manage-events display)= tCreate a window:? (setq w (create-window 'window 0 0 200 200 "lisp window1" 1 1))= #<#:image:rectangle:window lisp window1>Initialize the display device on a second screen:? (setq display1 (bitprologue '|X11| "host1:0"))= #<#:display:x11 X11 trocadero:0.0>Get the �le descriptor (socket) associated with the second display:? (setq fd1 (send 'file-descriptor display))= 4Add it to the standard events loop:? (evloop-add-file-descriptor fd1 'display-manage-events display)= tCreate a second window on the screen of the host machine.? (setq w1 (create-window 'window 0 0 200 200 "lisp window2" 1 1))= #<#:image:rectangle:window lisp window2>All mouse/keyboard events associated with the windows w and w1 will be displayed, as well asanything typed by the user in the LE-LISP startup window:#:event:#[enterwindow-event #<#:image:rectangle:window lisp window1>() 175 194 167 169 () ()]#:event:#[down-event #<#:image:rectangle:window lisp window1>0 143 154 135 129 () ()]#:event:#[up-event #<#:image:rectangle:window lisp window1>0 143 154 135 129 () ()]#:event:#[leavewindow-event #<#:image:rectangle:window lisp window1>() 279 254 271 229 () ()]#:event:#[enterwindow-event #<#:image:rectangle:window lisp window2>() 174 177 166 152 () ()]#:event:#[ascii-event #<#:image:rectangle:window lisp window2>97 193 147 185 122 () ()]



VIRTUAL FILE SYSTEM 6-63#:event:#[leavewindow-event #<#:image:rectangle:window lisp window2>() 225 180 217 155 () ()]Terminate the session:? (end)May Le-Lisp be with you ...6.12 Virtual �le systemThis section describes the virtual �le system implemented in LE-LISP . This facility provides away to manipulate �les without regard to the host operating system. It is easily extensible to newoperating systems.In order to gain access to functions described in this section, the module named path must beloaded. Since this module rede�nes some standard i/o functions, it should not be loaded into thesystem more than once.First we describe the new LE-LISP object type pathname, and the meaning of its �elds. Thenwe describe the �eld access and manipulation functions. Finally we describe some higher-levelfunctions, and the means to rede�ne the access functions.pathname [feature]This 
ag indicates whether the functions treating pathnames are loaded into the system: that is,whether the path module is present.6.12.1 PathnamesThe pathname object is a LE-LISP structure that represents �le names without regard to particularoperation system conventions. In some systems, these objects could represent other structures, forexample interprocess communications channels, etc.Programmers wanting to use these primitives to increase the portability of their code will have torestrain the syntax of pathnames to a subset common to and compatible with all the operatingsystem environments in which LE-LISP is used. In the rest of this chapter, any functionality whichcould be somehow non-portable to any system, will be explicitly described as such.Pathnames do not necessarily represent a complete �lename. Some �elds in the speci�cation of aname could be missing, and in such cases it is useful to designate directories or default �eld valuesduring evaluation.pathname [structure]This structure describes the LE-LISP object representing operating system-independent pathnames.In LE-LISP, pathname could be de�ned in the following manner:



6-64 CHAPTER 6. INPUT AND OUTPUT(defstruct pathname host device directory name type version)� The host �eld should hold the name of the machine on which the �le physically exists,in a network-based environment. This �eld can also contain access control information.The exact syntax of this �eld depends on the OS and is therefore not portable. For �leson machines not supporting network-based �le systems, the value of this �eld is (); inthe other case, this �eld contains a character string.� The device �eld contains the name of the disk on which the �le is stored, when theoperating system explicitly designates the peripheral device (as do vms and ms/dos, forinstance). If the OS does not support the notion of a �le tree, this �eld has the value ();otherwise, it should contain a character string.� The directory �eld contains the list of directories and sub-directories where �les can befound. Each directory name is a character string. This list is in the \intuitive" order (i.e.,the �rst element is the root of the hierarchy), and can designate either an absolute tree,or a relative access path. (See the section on access paths.)� The name �eld contains the name of the �le, in the traditional sense of the term. It isstored as a character string.� The type �eld contains the character string designating the extension of the �lename.This extension indicates in a general way the nature of the contents of the �le. Thus, inmost LE-LISP implementations, this �eld has the value ll for a LE-LISP source �le.� The version �eld contains a version number. The exact version numbering conventiondepends on the operations system, but generally the higher the �le version number, themore recent the vintage of the version of the �le.(pathname string) [function with one argument ]Converts the character string string corresponding to a �lename in the syntax of the operatingsystem into an object of type pathname.? ; Under UNIX, with #:system:print-for-read set to t.? (pathname "/udd/lelisp/llib/path.ll")= #:pathname:#[ () () ("udd" "lelisp" "llib") "path" "ll" () ]? ; The same thing on a VAX/VMS system.? (pathname "lelisp$disk:[lelisp.llib]path.ll;1")= #:pathname:#[ () "lelisp$disk:" ("lelisp" "llib") "path" "ll" 1](pathnamep s) [function with one argument ]This predicate returns () if its argument is not an object of type pathname, and t otherwise.? ; Example on VAX/VMS..? (pathnamep (pathname "[lelisp.llib]path.ll"))= t ? ; ..same thing on UNIX.



VIRTUAL FILE SYSTEM 6-65? (pathnamep (pathname "/usr/local/lelisp/llib/path.ll"))= t(equal-pathname path1 path2) [function with two arguments]Returns t if the two arguments are equivalent pathnames.Examples under UNIX:? (equal-pathname #u"/a/./b" #u"/a/b")= t ? (equal-pathname #u"/a/../b" #u"/b")= ()This function considers that /a/../b and /b are di�erent UNIX pathnames because of thepossible presence of symbolic links.(namestring path) [function with one argument ]Returns a character string that is the external representation, for the host operating system,of the argument path. This external form is obtained by combining the pathname elementsaccording to the operating system-speci�c syntax rules.Warning : No syntax validation is carried out by LE-LISP. Obviously, invalid �lenames can begenerated.#p [#-macro]This macro character returns the path that follows it, parsing it according to the hostoperating system syntax.In LE-LISP, #p could be de�ned in the following manner:(defsharp p ()(ncons (pathname (read))))#u [#-macro]This macro character performs a function similar to the one described immediately above, but itparses the pathname according to UNIX syntax on all operating systems. It o�ers a portable wayto enter pathnames.? ; Example on a VAX/VMS system.? #u"/usr/lelisp/llib/path.ll"= #p"[usr.lelisp.llib]path.ll"(#:pathname:prin path) [function with one argument ]De�nes the print method for objects with type pathname. Its behavior depends on the valueof the #:system:print-for-read indicator. If this latter has the value (), pathnames are



6-66 CHAPTER 6. INPUT AND OUTPUTprinted in the system-speci�c form of the host operating system. If it is not equal to (), thepathnames are printed as LE-LISP structures. This feature allows pathnames to be saved in�les in a machine-independent way. The standard form is, however, more convenient to theuser who knows the local operating system �lename syntax.? ; Example on a UNIX system.? (setq #:system:print-for-read ())= ()? #p"/usr/local/lelisp/llib/test.ll"= #p"/usr/local/lelisp/llib/test.ll"? (setq #:system:print-for-read t)= t? #p"/usr/local/lelisp/llib/test.ll"= #:pathname:#[ () () ( "usr" "local" "lelisp" "llib") "test" "ll" () ]6.12.2 Relative access pathsMost operating systems organize �les in a hierarchy of directories and sub-directories, and givethe user the means to move around in the tree. The de�nition of a `current working directory' isfundamental to many systems, and �lename syntax is then relative to this current directory.LE-LISP allows keywords to be substituted for certain pathname �elds so that these relative accesspaths can be formed.Warning : Relative access paths are not necessarily portable to every operating system on whichLE-LISP is used.#:pathname:up [indicator ]This keyword can be placed in the directory �eld of a pathname structure. It signi�es that the�lename is to be relative to the next higher level of the �le-system hierarchy. In the �rst positionof the directory �eld, it indicates that the pathname is relative to the user's current workingdirectory.On a UNIX system with #:system:print-for-read set to t:? #p"../foo/bar.ll"= #:pathname:#[ () () (#:pathname:up "foo") "bar" "ll" () ]#:pathname:current [indicator ]This keyword can only be placed in the �rst position of the list in a pathname's directory�eld. It indicates that this pathname starts in the user's current directory, instead of beginningat the root of the �le system.On a VAX/VMS system:? #p"[.foo]bar.ll"= #:pathname:#[ () () (#:pathname:current "foo") "bar" "ll" ()]



VIRTUAL FILE SYSTEM 6-67#:pathname:wild [indicator ]This keyword can be placed in any �eld in a pathname, and will be replaced by a particularvalue by the operating system. Pathnames containing this indicator cannot be passed asarguments directly to LE-LISP �le access functions. First a wildcard function (describedbelow) must be executed to convert the wildcard into a particular value.In the following example, we select all �les in ../foo that have toto as their name, with anyextension whatsoever. On a UNIX system with #:system:print-for-read set to t:? #p"../foo/toto.*"= #:pathname:#[ () () (#:pathname:up "foo") "toto" #:pathname:wild () ](wildcard path) [function with one argument ](expand-pathname path) [function with one argument ]This function takes a pathname argument containing �elds with #:pathname:wild values,or a character string in the host system �le-naming syntax, and returns the list of expandedpathnames of �les on the host machine's �le system that match the pattern. If no such �le isfound, it returns ().On a UNIX system:? (expand-pathname #p"../*/*.ll")= (#p"../lisp/path.ll" #p"../demo/games.ll")On an OS/2 machine, the catalogue cannot be expanded:? (expand-pathname #p"\lelisp\llib\path*")= (#p"\lelisp\llib\path.ll")6.12.3 Pathname manipulation functionsArguments to these functions can be either pathnames or character strings representing the external�le speci�cations (i.e., �lenames) for the host operating system. In the second case, an intermediateconversion into pathname representation is done. It is thus recommended, for reasons of e�ciency, toavoid making frequent calls to these functions with character string (i.e., host �lename) arguments.(pathname-host path) [function with one argument ]This function returns the host �eld of its argument, or (). This �eld has the type string.(pathname-device path) [function with one argument ]This function returns the device �eld of its argument, or (). This �eld has the type string.(pathname-directory path) [function with one argument ]



6-68 CHAPTER 6. INPUT AND OUTPUTThis function returns the directory �eld of its argument, or (). This �eld is a list of characterstrings, or the empty list ().(pathname-name path) [function with one argument ]This function returns the name �eld of its argument, or (). This �eld has the type string.(pathname-type path) [function with one argument ]This function returns the type �eld of its argument, or (). This �eld has the type string.(pathname-version path) [function with one argument ]This function returns the version �eld of its argument, or (). This �eld has the type fix.All the �elds of objects of pathname type can be modi�ed by means of the following functions:(set-pathname-host path host) [function with two arguments]Lets you modify the host �eld of the argument path of pathname type. The function returns thenew value of the �eld. The host argument must be either of string type or equal to ().(set-pathname-device path device) [function with two arguments]Lets you modify the device �eld of the argument path of pathname type. The function returnsthe new value of the �eld. The device argument must be either of string type or equal to ().(set-pathname-directory path dir) [function with two arguments]Lets you modify the directory �eld of the argument path of pathname type. The function returnsthe new value of the �eld. The dir argument must be a list whose elements are character stringsor one of the symbols #:pathname:up, #:pathname:current or #:pathname:wild.(set-pathname-name path name) [function with two arguments]Lets you modify the name �eld of the argument path of pathname type. The function returns thenew value of the �eld. The name argument must be either of string type, equal to (), or the#:pathname:wild symbol.(set-pathname-type path type) [function with two arguments]Lets you modify the type �eld of the argument path of pathname type. The function returns thenew value of the �eld. The type argument must be either of string type or equal to ().(set-pathname-version path version) [function with two arguments]



VIRTUAL FILE SYSTEM 6-69Lets you modify the version �eld of the argument path of pathname type. The function returnsthe new value of the �eld.*default-pathname-defaults* [variable]This variable is initialized to the empty pathname (all �elds equal to ()). It is used to indicate thedefault values of various �leds during pathname creation and merging operations.(make-pathname element1 : : : elementn) [function with a variable number of arguments]This function takes a variable number of arguments, and builds a pathname. The argumentsmust be supplied in the following order: host, device, directory, name, type and version. Ifan argument is missing or has the value (), the value for the same �eld in the global variable*default-pathname-defaults* is used.The arguments are as follows:� host is either a character string or ().� device is either a character string or ().� directory is either a list of character strings or ().� name is either a character string or ().� type is either a character string or ().� version is either an integer or ().On a UNIX system with #:system:print-for-read set to ():? *default-pathname-defaults*= #p""? (make-pathname () () () "toto" "ll" ())= #p"toto.ll"? (setq *default-pathname-defaults* #p"/udd/lelisp/")= #p"/udd/lelisp/"? (make-pathname () () () "toto" "ll" ())= #p"/udd/lelisp/toto.ll"(file-namestring path) [function with one argument ]This function returns the character string corresponding to the external speci�cation of the�lename, type, and version part of its (pathname) argument for the host �le system.On a UNIX system with #:system:print-for-read set to ():? (file-namestring #p"/udd/lelisp/test.ll.3")= test.ll.3(host-namestring path) [function with one argument ]



6-70 CHAPTER 6. INPUT AND OUTPUTThis function returns the character string representing the �le system's host machine, or ifthis �eld is equal to (), the empty character string "".On a VAX/VMS machine:? (host-namestring #p"asterix::[lelisp.llib]startup.ll")= asterix::(device-namestring path) [function with one argument ]This function returns the character string representing the disk on which the �le systemresides, or if this �eld is equal to (), the empty character string "".On a VAX/VMS machine:? (device-namestring "lelisp$disk:[lelisp.llib]startup.ll")= lelisp$disk:(directory-namestring path) [function with one argument ]This function returns the character string representing the directory tree stored in thedirectory �eld of its argument, in the syntax of the host operating system.On a UNIX system with #:system:print-for-read set to ():? (directory-namestring #p"/udd/lelisp/toto.ll")= /udd/lelisp/ ? ; Example on a VAX/VMS machine.? (directory-namestring #p"lelisp$disk:[lelisp.llib]startup.ll;1")= [lelisp.llib](merge-pathnames path default-path) [function with two arguments]This function merges two pathnames. It returns a pathname in which the �elds missing fromthe �rst argument are �lled in with values from the corresponding �elds from the secondargument.On a UNIX system with #:system:print-for-read set to ():? (merge-pathnames #p"test.ll" #p"/usr/spool/uucp/toto.ll.3")= #p"/usr/spool/uucp/test.ll.3"(combine-pathnames path1 path2) [function with two arguments]This function has two arguments: the pathnames path1 and path2. It returns the pathnamethat results from their composition. The composition of two pathnames is obtained in thefollowing manner:� Choose the host �eld of path2. If it is empty, then choose the host �eld of path1.� Choose the device �eld of path2. If it is empty, then choose the device �eld of path1.� If the directory �eld of path2 describes a relative path, then concatenate the directory�elds of the two pathnames. If the directory �eld of path2 is not relative, then take it



VIRTUAL FILE SYSTEM 6-71as it stands. The resulting directory �eld might be simpli�ed in both cases.� The name, type and version �elds are taken solely from path2. Those of path1 aredisregarded.? (combine-pathnames #u"/home/" #u"foo.sh")= #p"/home/foo.sh"? (combine-pathnames #u"/usr/lelisp/llib/" #u"../llobj/pretty.lo")= #p"/usr/lelisp/llobj/pretty.lo"? (combine-pathnames #u"/usr/lelisp/llib/path.ll" #u"../llmod/path.lm")= #p"/usr/lelisp/llmod/path.lm"? (combine-pathnames #u"/usr/lelisp/llib/path.ll"? #u"/usr/lelisp/llobj/path.lo")= #p"/usr/lelisp/llobj/path.lo"This function is di�erent from merge-pathnames in that the latter is used to �ll in the missing�elds of a pathname, whereas combine-pathnames is a composition of two things:� Certain �elds indicate the place where the �le is located: host, device and directory.� Other �elds, taken from the second pathname, indicate the nature of what the �lecontains: name, type and version.Note that, for any two pathnames p1 and p2 whatsoever, the evaluation? (probefile (combine-pathnames p1 p2))produces exactly the same result as? (with ((current-directory p1)) (probefile p2))(enough-namestring path default) [function with one or two arguments]Builds the shortest possible character string that di�erentiates the pathname path from thedefault value default, which is an optional parameter. If the second argument is not supplied,values stored in *default-pathname-defaults* are used instead.On a UNIX system with #:system:print-for-read set to ():? (enough-namestring #p"/udd/lelisp/toto.ll" #p"/udd/lelisp/foo.bar")= toto.ll(true-pathname path) [function with one argument ]Some operating systems allow users to de�ne special symbols which can appear thereafter in�lenames. Examples are UNIX environment variables or VMS or tops20 logical names. Thetrue-pathname function translates a given pathname (which may well contain such a symbol)into its real (`hard') pathname. The translation scheme that is used depends on the system.On UNIX systems, shell variables can be used in either the head or tail positions in a �lename:that is, either as the �rst or last elements in the �lename. LE-LISP will search the shell



6-72 CHAPTER 6. INPUT AND OUTPUTenvironment for variables in these positions that begin with the $ character. Consequently,the UNIX dereferencing syntax must be respected.On VMS systems, the pathname is examined to see whether any of its �elds correspondto logical names. If so, they are translated. This translation is not performed recursively.If an exact (physical or `hard') �lename is required, it might be necessary to apply thetrue-pathname function to the result.On a UNIX system with #:system:print-for-read set to ():? (true-pathname #p"$HOME/.lelisp")= #p"/nfs/home/rodine/.lelisp" ? (true-pathname #p"/dev/$TERM")= #p"/dev/xterm"On a VAX/VMS system:? (true-pathname "sys$login:test.ll")= #p"amon$dra2:[dana]test.ll"If this functionality is not o�ered by a given operating system, true-pathname returns itsargument unchanged.(user-homedir-pathname) [function with no arguments]This function returns the pathname corresponding to the notion of Home-directory foroperating systems that support this. In other cases, it returns the name of a directory, whichmust always be valid.On a UNIX system with #:system:print-for-read set to ():? (user-homedir-pathname)= #p"/nfs/home/rodine"On a VAX/VMS system:? (user-homedir-pathname)= #p"sys$login:"(control-file-pathname name path) [function with one or two arguments]This function takes a character string as its �rst argument, and returns the associatedpathname found in the user's home directory. The aim of this function is to provide a standardmeans of creating initialization control �les for applications written in LE-LISP. The defaultname of this �le depends on the operating system:� Under UNIX, it is $HOME/.<name>.� Under VMS, it is SYS$LOGIN:.<name>.� Under OS/2, it is $HOME<name>.ini.If the path argument is supplied, it must be the name of the initialization �le, of string or



VIRTUAL FILE SYSTEM 6-73pathname type, for the name product.On a UNIX system:? (control-file-pathname 'aida)= #p"/udd/chatelet/dana/.aida"On a VAX/VMS system:? (control-file-pathname 'aida)= #p"sys$login:.aida"On an OS/2 system:? (control-file-pathname 'aida)= #p"\udd\chatelet\dana\aida.ini"An imposed name on a UNIX system:? (control-file-pathname 'csh #p".cshrc")= #p"/udd/chatelet/dana/.cshrc" ? (control-file-pathname 'csh)= #p"/udd/chatelet/dana/.cshrc"(temporary-file-pathname name) [function with one argument ]This function provides a standard way to create a �le in a temporary storage area providedby the operating system, with the name given as argument. It returns a pathname.On a UNIX system with #:system:print-for-read set to ():? (temporary-file-pathname "toto")= #p"/tmp/toto"On a VAX/VMS system:? (temporary-file-pathname "toto")= #p"sys$scratch:toto"(current-directory path) [function with an optional argument ]If used without an argument, this function returns the user's current working directory. Ifthe path argument is supplied, it must be either a pathname whose directory speci�cation|obtained by the call (directory-namestring path)|is valid, or a character string in the�lename syntax of the host system. The function changes the current working directory ofthe LE-LISP process to the given argument.(directoryp path) [function with one argument ]This function lets you �nd out whether or not the path pathname is a catalogue. directoryphas the same relationship with catalogues as probefile with �les. The path argument can beof pathname or string type. directoryp is a natural complement to current-directory.directoryp returns either a pathname or (). The name �eld of the pathname is always empty,so that the pathname is a perfect description of a catalogue.



6-74 CHAPTER 6. INPUT AND OUTPUT6.12.4 PortabilityWhen the path module is loaded, the set of standard functions which work on �les designatedherein by file is rede�ned (cf. section 6.9) to accept both character strings and also pathnames.The following variable and function provide a way to test the absolute portability of �lenames.*portable-pathname* [variable]When this global variable is set to a value di�erent than (), all functions using pathnames verifythat their pathname arguments are portable over the entire set of machines supporting LE-LISPimplementations, by using the predicate described next. This feature is particularly attractive todeveloppers building portable applications in LE-LISP.(portable-pathname-p path) [function with one argument ]This function takes a pathname as argument. It tests the validity of this pathname for the variousoperating systems supporting LE-LISP implementations. It returns () if the given pathname is notportable, and sends messages describing the possible incompatibilities found.6.13 FeaturesLE-LISP can manage the names of libraries loaded into memory.Here are the names of features in the standard library:abbrev de�nition of abbreviationscallext connection module for Ccompiler standard or modular compilercomplex complex-number arithmeticcomplice modular compilerdate date manipulation librarydebug debugging toolsdefstruct structure de�nitionsedlin default line editorevent-loop interface of the event loopformat format librarygen library of generic operators for bignumsgenr library of generic operatorshash-table hash tableslibcir circular objects libraryloader loadermessages multi-language messagesmicroceyx MicroCeyx object-oriented languagemodule module management functionsn natural integers of arbitrary precision



FEATURES 6-75pathname virtual �le systempepe full-page editorpretty S-expression pretty-printerq rationals of arbitrary precisionratio rational-number arithmeticsetf generalized assignmentsets mathematical setsstringio I/O on stringstermcap termcap-to-virtty translatorterminfo terminfo-to-virtty translatorvirbitmap virtual bitmapvirtty virtual terminalwindow virtual windowingz relative integers of arbitrary precision(list-features) [function with no arguments]Returns the list of features currently in memory.(add-feature symb) [function with one argument ]Adds the name symb to the list of loaded features.(rem-feature symb) [function with one argument ]Removes the name symb from the list of loaded features.(featurep symb) [function with one argument ]Returns symb if the feature symb is found in the list of loaded features.
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Function Index(read) [function with no arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-3(stratom n strg i) [function with three arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-3(readstring) [function with no arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-4(readline) [function with no arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-4(readcn) [function with no arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-5(readch) [function with no arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-5(peekcn) [function with no arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-5(peekch) [function with no arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-5(reread lcn) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-5(read-delimited-list cn) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-6(teread) [function with no arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-7#:system:in-read-flag [variable] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-7(curread) [function with no arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-7#:system:real-terminal-flag [variable] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-9#:system:line-mode-flag [variable] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-9(prompt strg) [function with an optional argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-9#:system:read-case-flag [variable] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-10(ibase n) [function with an optional argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-12cnull [character type] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-14cbcom [character type] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-14cecom [character type] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-14cquote [character type] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-14clpar [character type] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-14crpar [character type] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-14cdot [character type] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-14csep [character type] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-1579



6-80 FUNCTION INDEXcpkgc [character type] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-15csplice [character type] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-15cmacro [character type] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-15cstring [character type] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-15cpname [character type] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-15csymb [character type] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-15cmsymb [character type] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-16(typecn cn symb) [function with one or two arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-16(typech ch symb) [function with one or two arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-16(dmc ch () s1 : : : sn) [special form] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-18(dms ch () s1 : : : sn) [special form] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-19' [macro character ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-20^ [macro character ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-20[ [macro character ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-20` [macro character ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-20, [macro character ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-21,. [macro character ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-21,@ [macro character ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-21# [macro character ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-23#:sys-package:sharp [variable] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-23(defsharp ch larg s1 : : : sN) [special form] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-24#/ [#-macro] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-24#n [#-macro] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-24#:sharp:value [property ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-25#^ [#-macro] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-25#$ [#-macro] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-25#% [#-macro] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-25#<base>r [#-macro] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-25| [inside #-macro] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-26#' [#-macro] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-26#" [#-macro] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-26#: [#-macro] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-26#. [#-macro] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-26#( [#-macro] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-27



FUNCTION INDEX 6-81#[ [#-macro] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-27#+ [#-macro] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-27#- [#-macro] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-27#| [#-macro] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-27#:sys-package:colon [variable] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-30^L [macro character ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-30^A [macro character ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-31^E [macro character ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-31^F [macro character ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-31#:system:editor [variable] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-31^P [macro character ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-32! [macro character ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-32(prin s1 : : : sn) [function with a variable number of arguments] : : : : : : : : : : : : : : : : : : : : : : : : 6-33(print s1 : : : sn) [function with a variable number of arguments] : : : : : : : : : : : : : : : : : : : : : : : 6-33(prinflush s1 : : : sn) [function with a variable number of arguments] : : : : : : : : : : : : : : : : : : 6-34(terpri n) [function with an optional argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-34(princn cn n) [function with one or two arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-34(princh ch n) [function with one or two arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-35(printlength n) [function with an optional argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-35(printlevel n) [function with an optional argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-35(printline n) [function with an optional argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-36#$8000 [unnameable number ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-36#<> [non-Lisp pointer ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-37#:system:print-for-read [variable] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-37#:system:print-case-flag [variable] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-37#:system:print-package-flag [variable] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-37(obase n) [function with an optional argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-38(ptype symb n) [function with one or two arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-38(pratom atom) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-39(explode s) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-39(explodech s) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-39(implode ln) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-39(implodech s) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-40(with-input-from-string string . body) [macro] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-40



6-82 FUNCTION INDEX(with-output-to-string string n . body) [macro] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-40(read-from-string string) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-40(print-to-string s) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-41(inbuf n cn) [function with one or two optional arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-42(inmax n) [function with an optional argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-42(inpos n) [function with an optional argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-42bol [programmable interrupt ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-42(bol) [function with no arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-43(lmargin n) [function with an optional argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-44(rmargin n) [function with an optional argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-45(outpos n) [function with an optional argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-45(outbuf n cn) [function with one or two optional arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-45eol [programmable interrupt ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-45(eol) [function with no arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-46flush [programmable interrupt ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-46(flush) [function with no arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-46#:system:print-msgs [variable] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-48#:system:llib-directory [variable] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-48#:system:llub-directory [variable] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-48#:system:lelisp-extension [variable] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-48(openi file) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-48(openib file) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-49(openo file) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-49(openob file) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-49(opena file) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-49(openab file) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-49(inchan chan) [function with an optional argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-49(outchan chan) [function with an optional argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-50(channel chan) [function with an optional argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-50(close chan) [function with an optional argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-50(input file) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-50(output file) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-51eof [programmable interrupt ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-52(eof chan) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-52



FUNCTION INDEX 6-83(probefile file) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-53(renamefile ofile nfile) [function with two arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-53(copyfile ofile nfile) [function with two arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-53(deletefile file) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-53(create-directory dir) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-53(delete-directory dir) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-53(loadfile file i) [function with two arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-54(load file i) [special form] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-54(autoload file sym1 : : : symn) [special form] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-54#:system:path [variable] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-55(search-in-path path file) [function with two arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : 6-55(probepathf file) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-56(libloadfile file i) [function with two arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-56(libload file i) [special form] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-56(libautoload file sym1 : : : symn) [special form] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-57event-loop [feature] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-57(evloop-init) [function with no arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-57(evloop-stop) [function with no arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-58(evloop-restart) [function with no arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-58(evloop-disallow-tty-input) [function with no arguments] : : : : : : : : : : : : : : : : : : : : : : : : : 6-58(evloop-allow-tty-input) [function with no arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-58(evloop-add-input fd manage-fct arg-to-use) [function with three arguments] : : : : : : 6-58(evloop-remove-input fd) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-58(evloop-change-manage-function fd new-manage-fct new-arg-to-use) [functionwith three arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-58(evloop-select) [function with no arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-58(evloop-readp fd) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-59(evloop-input-managedp fd) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : 6-59(evloop-initialized-p) [function with no arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-59(evloop-wait) [function with no arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-59(evloop-set-timeout secs millisecs) [function with two arguments] : : : : : : : : : : : : : : : : 6-59(evloop-set-timeout-handler handler) [function with one argument ] : : : : : : : : : : : : : : 6-59(evloop-add-output fd manage-fct arg-to-use) [function with three arguments] : : : : 6-59(evloop-remove-output fd) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-60



6-84 FUNCTION INDEX(evloop-change-output-manage-function fd new-manage-fct new-arg-to-use)[function with three arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-60(evloop-add-display display manage-fct) [function with two arguments] : : : : : : : : : : : 6-60(evloop-remove-display display) [function with one argument ] : : : : : : : : : : : : : : : : : : : : 6-60(evloop-display-managed-p display) [function with one argument ] : : : : : : : : : : : : : : : : : 6-60pathname [feature] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-63pathname [structure] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-63(pathname string) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-64(pathnamep s) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-64(equal-pathname path1 path2) [function with two arguments] : : : : : : : : : : : : : : : : : : : : : : : : 6-65(namestring path) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-65#p [#-macro] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-65#u [#-macro] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-65(#:pathname:prin path) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-65#:pathname:up [indicator ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-66#:pathname:current [indicator ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-66#:pathname:wild [indicator ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-67(wildcard path) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-67(expand-pathname path) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-67(pathname-host path) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-67(pathname-device path) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-67(pathname-directory path) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-68(pathname-name path) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-68(pathname-type path) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-68(pathname-version path) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-68(set-pathname-host path host) [function with two arguments] : : : : : : : : : : : : : : : : : : : : : : 6-68(set-pathname-device path device) [function with two arguments] : : : : : : : : : : : : : : : : : : 6-68(set-pathname-directory path dir) [function with two arguments] : : : : : : : : : : : : : : : : : 6-68(set-pathname-name path name) [function with two arguments] : : : : : : : : : : : : : : : : : : : : : : 6-68(set-pathname-type path type) [function with two arguments] : : : : : : : : : : : : : : : : : : : : : : 6-68(set-pathname-version path version) [function with two arguments] : : : : : : : : : : : : : : : 6-69*default-pathname-defaults* [variable] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-69(make-pathname element1 : : : elementn) [function with a variable number of arguments] 6-69(file-namestring path) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-69



FUNCTION INDEX 6-85(host-namestring path) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-70(device-namestring path) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-70(directory-namestring path) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : 6-70(merge-pathnames path default-path) [function with two arguments] : : : : : : : : : : : : : : : : 6-70(combine-pathnames path1 path2) [function with two arguments] : : : : : : : : : : : : : : : : : : : : 6-70(enough-namestring path default) [function with one or two arguments] : : : : : : : : : : : : : 6-71(true-pathname path) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-71(user-homedir-pathname) [function with no arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-72(control-file-pathname name path) [function with one or two arguments] : : : : : : : : : : : 6-72(temporary-file-pathname name) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : 6-73(current-directory path) [function with an optional argument ] : : : : : : : : : : : : : : : : : : : : : : 6-73(directoryp path) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-73*portable-pathname* [variable] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-74(portable-pathname-p path) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : 6-74(list-features) [function with no arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-75(add-feature symb) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-75(rem-feature symb) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-75(featurep symb) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-75



Chapter 7System functionsThe functions described in this chapter provide the means to create sub-systems written in LE-LISP.By means of programmable interrupts, it is possible to de�ne new interaction loops and new waysto handle errors.7.1 Programmable interruptsLE-LISP handles its internal interrupts by calling a specialized function for each of these interrupts.The names of these functions are not �xed, but are dynamically sought when an interrupt occurs.This search follows the search path stored in the #:sys-package:itsoft variable. Thus the internalinterrupts are programmable.#:sys-package:itsoft [variable]This variable contains the list of packages in which functions associated with internal programmableinterrupts must belong. By default its value is (), so initially only the global package (named ||)is searched for these interrupt functions. All the internal programmable interrupts have a functionde�ned in the global package, which is therefore the interrupt function called by default.The value of this variable can be a list of symbols or a single symbol. In the former case, thefunction associated with the programmable interrupt named foo is the �rst function named foofound in one of the packages named in the list. In the latter case, it is the function named foofound in the package having the same name as the symbol, or in one of its parent packages.The function search is performed in `horizontal' order in the �rst case, and in `vertical' order, byclimbing the package hierarchy, in the second case. It is modelled by the following function:(defun get-it-handler (itpath itname)(cond ((symbolp itpath)(getfn itpath itname))((consp itpath)(or (getfn1 (car itpath) itname)(get-it-handler (cdr itpath) itname)))))LE-LISP has twelve programmable internal interrupts:1



7-2 CHAPTER 7. SYSTEM FUNCTIONSbol beginning-of-lineeol end-of-lineflush end-of-buffereof end-of-filetoplevel interaction loopgc-before-alarm beginning of gcgcalarm end of gcsyserror internal errorstepeval entrance into evaluser-interrupt user interruptclock clock machine interruptbut it is entirely possible to de�ne your own programmable interrupts.(itsoft symb larg) [function with two arguments]Explicitly calls the programmable interrupt named symb with larg as its argument list. Thede�nition of this function has the following approximate form:(defun itsoft (nom larg)(apply (get-it-handler #:sys-package:itsoft nom) larg))but it creates a special scope block and resets the evaluator's trace 
ag to ().(super-itsoft package symb larg) [function with three arguments]Explicitly invokes the programmable interrupt named symb with larg as its argument list.It assumes that there is a function #:package:symb to be invoked by the itsoft function.The function invoked by super-itsoft is the function which would be invoked by itsoft if#:package:symb did not exist.super-itsoft is particularly useful for putting pre- or post-processors on programmableinterrupts. For example, to keep a count in a variable of the number of lines printed onto thescreen:(defvar #:count:nlines 0)(defun #:count:eol ()(incr #:count:nlines)(super-itsoft 'count 'eol ()))(setq #:sys-package:itsoft (cons 'count #:sys-package:itsoft))The following example implements a utility similar to more on UNIX.(defvar #:sys-package:colon 'minimore)(defvar :count (tyymax))(defvar :string "--more--")



MACHINE INTERRUPTS 7-3(defun more ()(setq #:sys-package:itsoft(cons 'minimore #:sys-package:itsoft)))(defun morend ()(setq #:sys-package:itsoft(delq 'minimore #:sys-package:itsoft)))(defun :bol ()(setq :count (tyymax))(super-itsoft '#.#:sys-package:colon 'bol ()))(defun :eol ()(when (= :count 0)(tystring :string (slength :string))(selectq (tyi)((#^m #^j) (setq :count 1))(#^d (setq :count (div (tyymax) 2)))(#\\sp (setq :count (tyymax)))(#/q (setq :count (tyymax))(for (i (sub1 (slength :string)) -1 0)(tyback (chrnth i :string)))(fillstring (outbuf) 0 #\\sp (outpos))(outpos 0)(exit #:system:toplevel-tag))(t (setq :count 1)))(for (i (sub1 (slength :string)) -1 0)(tyback (chrnth i :string))))(decr :count)(super-itsoft '#.#:sys-package:colon 'eol ()))7.2 Machine interruptsLE-LISP handles three machine interrupts, the user interrupt, the clock interrupt, and the eventinterrupt.The management of these interrupts can be activated (authorized) or inhibited (masked). Duringthe execution of the function associated with these programmable machine interrupts, they aremasked. It is up to the user to authorize (reset) them if that becomes necessary.(without-interrupts e1 : : : en) [special form]This function masks machine interrupts while it evaluates the expressions e1 : : : en, in the sameway as progn. The value of en is returned.7.2.1 User interruptIt is possible at any moment to cause a user interrupt by sending a special character from thekeyboard. The speci�c character depends on the system, but it is always available.



7-4 CHAPTER 7. SYSTEM FUNCTIONSuser-interrupt [programmable interrupt ]This is the name of the programmable machine interrupt triggered by the user's keyboard action.(user-interrupt) [function with no arguments]This is the default function executed by the user-interrupt programmable interrupt.In LE-LISP, user-interrupt could be de�ned in the following manner:(defun user-interrupt ()(with-interrupts(itsoft 'syserror '(break break ()))))7.2.2 Real-time clock(clockalarm n) [function with one argument ]n is a 
oating-point number indicating the number of seconds the system should wait before emittinga single clock programmable machine interrupt. If n equals 0.0, the real-time clock is deactivatedand all previous interrupt requests are lost. Note that very small values (< 0.001 seconds) shouldnot be used, for the time it takes to process the clock programmable interrupt itself is considerable(especially if a context switch is thereby generated, see the suspend function).clock [programmable interrupt ]This is the name of the programmable machine interrupt triggerred by the real-time clock.(clock) [function with no arguments]This is also the name of the default function executed by the clock programmable interrupt.In LE-LISP, clock could be de�ned in the following manner:(defun clock ())



MULTIPLE TASKS 7-57.3 Multiple tasksLE-LISP has an integrated multi-task system. It has only three basic functions.(schedule fnt e1 : : : en) [special form](suspend) [function with no arguments](resume env) [function with one argument ]The schedule function lets you de�ne a scheduling function. The suspend function provides a wayof stopping a task from running, and resume lets you start it running again.In schedule, fnt is a one-argument function. This function evaluates (�a la progn) the expressionse1 : : : en. In general the value returned by schedule is en, but if in the course of the evaluations anexplicit or implicit (by way of the programmable interrupts) call to the suspend function occurs,the current calculation is stopped, the dynamic execution environment is saved, and the functionfnt associated with the most recently encountered schedule function is called with the savedenvironment as its argument. Finally, resume is a function which takes an environment built bythe suspend function as its argument, which resumes an interrupted calculation where it left o�.7.3.1 Basic sequencersUsing the three functions just described, it is possible to de�ne the following basic sequencers. Timesharing is done using the real-time clock. These function are found in the �le named schedule inthe standard library.(parallel e1 : : : en) [special form]Launches the evaluations of the expressions e1 : : : en in parallel. It always returns ().(parallelvalues e1 : : : en) [special form]Launches the evaluations of the expressions e1 : : : en in parallel, and returns the list of the results.(tryinparallel e1 : : : en) [special form]Launches the evaluations of the expressions e1 : : : en in parallel. When one of these evaluationsterminates, tryinparallel returns its value and stops the rest of the evaluations.Example: using the real-time clock to do time-sharing among tasks.(defvar #:system:clock-tick 0.05)(defun clock (); it's the clock that causes the suspension of the tasks.



7-6 CHAPTER 7. SYSTEM FUNCTIONS(when (debug) (princn #/.))(suspend))(defun clockstart (); start the clock(clockalarm #:system:clock-tick))(defun clockstop (); stop the clock(clockalarm 0.))(df parallel :ll(without-interrupts(let ((:l (append :ll ())))(while :l(schedule (lambda (:v)(newr :l (list 'resume (kwote :v))))(let ((:e (nextl :l)))(clockstart)(with-interrupts (eval :e))(clockstop)))))))(df parallelvalues :ll(without-interrupts(let ((:ltask ())(:l :ll)(:r (makelist (length :ll) ()))(:i -1))(while (or :l :ltask)(schedule (lambda (:v) (newr :ltask :v))(clockstart)(ifn :l(resume (nextl :ltask))(let ((:e (nextl :l)))(incr :i)(rplaca (nthcdr :i :r)(with-interrupts (eval :e)))))(clockstop))):r)))(df tryinparallel :ll(without-interrupts(let ((:ltask ())(:l :ll))(tag :return-value(while (or :l :ltask)(schedule (lambda (:v) (newr :ltask :v))(clockstart)(let ((:e (nextl :l)))(if :e(exit :return-value(prog1(with-interrupts(eval :e))(clockstop))))(resume (nextl :ltask)))))))))



ERRORS PROVOKED BY THE LE-LISP SYSTEM 7-7Here are examples of things that use the parallel sequencers.? (defun fib (n)? (cond ((= n 1) 1)? ((= n 2) 1)? (t (apply '+ (parallelvalues (fib (1- n))? (fib (- n 2))))))))= fib? (defun neg (n)? (if (= n 0)? 'negative? (neg (1+ n))))= neg? (defun pos (n)? (if (= n 0)? 'positive? (pos (1- n))))= pos? (defun sign (n)? ; a very fast way to check the sign of a number:? (if (= n 0)? 'zero? (tryinparallel (neg n) (pos n))))= sign7.4 Errors provoked by the Le-Lisp systemsyserror [programmable interrupt ]When an error is raised during an evaluation, the programmable interrupt named syserror istriggered. It invokes a function (whose name is computed according to the explanation given inx7.1) that takes three arguments:� the name of the function that raised the error;� the error name;� the faulty argument.The standard behavior is that a message describing the error condition is printed on thecurrent output stream.This message always contains the name of the function which raised the error, an explanatorymessage and the faulty argument.LE-LISP also provides a way to explicitly raise an error with the error function, and to testwhether an evaluation would raise an error with the catcherror and errset functions.



7-8 CHAPTER 7. SYSTEM FUNCTIONS7.4.1 Standard error processing(syserror symb s1 s2) [function with three arguments]This is the default function invoked by the syserror programmable interrupt. symb is the name ofthe function that raised the error. s1 is the error name. s2 is the faulty argument or argument list.syserror will print a complete error message onto the current output stream using the printerrorfunction, then unbinds all variables and returns to the Lisp top-level. In debug mode, it is alsopossible to enter an inspection loop before returning to the top-level in order to examine the stateof various local variables or to run certain evaluations (see Chapter 11).(printerror symb s1 s2) [function with three arguments]Prints a complete error message of the following form:** <symb> : <s1> : <s2>symb is the name of the function that raised the error, s1 is the error name, and s2 is generallythe faulty argument. There are about thirty prede�ned error types available in the system.7.4.2 Explicit call and error test(error s1 s2 s3) [function with three arguments]Lets you call an error explicitly. s1 is the name of the function that causes the error, s2 is the errortype, and s3 is the faulty argument.In LE-LISP, error could be de�ned in the following manner:(dmd error l`(itsoft 'syserror ,l))(catcherror i s1 : : : sn) [special form]i is a 
ag that is evaluated and then set in the system variable #:system:error-flag. Theexpressions s1 : : : sn are evaluated sequentially. If an error is raised during one of these evaluations,catcherror immediately returns () and, depending upon the state of the #:system:error-flagvariable, prints an error message using the printerror function. If the evaluation of the expressionsraises no error, catcherror returns a one-element list which contains the value of the last expressionevaluated, that is, of sn to distinguish this value from () which is returned upon error.catcherror never catchs the errudt unde�ned escape error. It has to be caught by using thespecial form lock.(errset e i) [macro]



ERRORS PROVOKED BY THE LE-LISP SYSTEM 7-9This is a predecessor of the previous function, and is included in LE-LISP for historical andcompatibility reasons only.In LE-LISP, errset could be de�ned in the following manner:(dmd errset (e i) `(catcherror ,i ,e))(err s1 : : : sn) [special form]Evaluates the expressions s1 : : : sn. The value of sn is the value returned by the dynamically-englobing catcherror, or by toplevel if no catcherror was dynamically de�ned.Warning : This value must be an atom if you want to place the catcherror in an errorcontext: that is, when err returns a simulated error. The value must be a list if err returnsa value without error. In the latter case, the result|which is also that of catcherror|willbe interpreted as a list whose �rst element is the expected result.7.4.3 Examples of exception handlingLet us look at some examples of error exception handling.Normal behavior of the errduv error (unde�ned variable):? (gensym)= g101 ? (eval (gensym))** eval : undefined variable : g102Rede�nition of the errduv error|the unde�ned variable is set to ():? (defun #:pierre:syserror (f m a)? (if (eq m 'errudv)? (set a ())? (syserror f m a)))= #:pierre:syserror? (setq #:sys-package:itsoft 'pierre)= pierre? (setq x (gensym))= g103 ? (eval x)= () ? x= g103 ? (eval 'g103)= ()Rede�nition of the same error|the unde�ned variables will be changed into constants:? (defun #:christian:syserror (f m a)? (if (eq m 'errudv)? (set a a)? (syserror f m a)))= #:christian:syserror



7-10 CHAPTER 7. SYSTEM FUNCTIONS? (setq #:sys-package:itsoft 'christian)= christian? (setq x (gensym))= g104 ? (eval x)= g104 ? (eval 'g104)= g104Return to the normal error handling:? (setq #:sys-package:itsoft ())= ()? (eval (gensym))** eval : undefined variable : g105Rede�nition of the errudf error:? (defun danger (f l)? (f l))= danger ? (danger 'car '(a b c))** eval : undefined function : f? (defun #:odd:syserror (#:system:f #:system:m #:system:a)? (if (and (eq #:system:f 'eval)? (eq #:system:m 'errudf))? (eval #:system:a)? (syserror #:system:f #:system:m #:system:a)))= #:odd:syserror ? (defvar #:sys-package:itsoft 'odd)= odd ? (danger 'car '(a b c))? a ; if there is no function f in the system7.5 Access to the evaluatorLE-LISP has three internal evaluator control functions. The are used to implement the interpreter andsome debugging tools (trace, incremental execution and dynamic control) which will be describedin Chapter 11.The evaluator has an internal 
ag which for reasons of e�ciency is not a LISP variable. When this
ag which is set, every call to the evaluator, that is to the eval function, causes the stepevalprogrammable interrupt.stepeval [programmable interrupt ]This programmable interrupt will call a function with the value to be evaluated as its argument.



CORE-IMAGE FILES 7-11(stepeval e env) [function with two arguments]This is the default function called by the stepeval programmable interrupt. e is the form to beevaluated and env is the lexical environment in which evaluation is to be done.By default, stepeval prints onto the current output stream:--> the form that was to have been evaluated<-- the result of the evaluation of this formIn LE-LISP, stepeval could be de�ned in the following manner:(defun stepeval (e env)(print "-->" e)(print "<--" (traceval e env)))(traceval e env) [function with one or two arguments]Evaluates the expression e in trace mode, that is with the internal trace 
ag set. If env is supplied,it is used as the lexical environment for the evaluation. (env is produced by the stepval function.)traceval returns the value of e evaluated in trace mode.(cstack) [function with no arguments]Each time it enters a function, an escape, a lock, the evaluator builds an activation block on thedynamic execution stack. cstack returns the activation blocks on the Lisp stack, represented asa list of lists, the elements of which have the coded type of the block in their car and the blockarguments in their cdr. Here is the list of block types currently built by the system.1 lambda2 flet3 tag4 itsoft5 lock6 protect7 sysprot8 schedule9 tagbody10 block7.6 Core-image �lesIt is possible to save the entire system in a core-image �le at any time and restore it at a latertime. This feature is particularly useful for saving compiled sub-systems and calling them up veryrapidly.



7-12 CHAPTER 7. SYSTEM FUNCTIONSWarning : When a core-image �le is restored, execution starts up exactly where it was interrupted,although the i/o channels and other host operating system parameters, like timers, cannot berestored.#:system:core-directory [variable]This variable contains the name of the directory that holds the standard system core-image �les.#:system:core-extension [variable]This variable contains the default extension of core-image �lenames.(save-core file) [function with one argument ]Saves the current memory image in the core-image �le named file and returns the value t. Thisfunction is a basic primitive, and it is suggested that save-std be used to create standard core-image �les. You can save a screen by combining save-core and bitmap-save.(restore-core file) [function with one argument ]Restores an core-image into memory from the core-image �le named file.restore-core returns the value (), in order to be able to distinguish it from returns fromsavecore, but continues evaluation at the same place at which it was stopped by thecorresponding save-core.See bitmap-restore in chapter 18.Here are some examples of how to use the preceding functions:? (save-core 'image)= t ? (restore-core 'image)= ()? (progn (print 1)? (save-core 'qwer)? (print 2))12= 2 ? (restore-core 'qwer)2= 2Here is a good way to save a core-image so that you get a sub-system.? (progn? (save-core 'bar)? (core-init-std "You are in the system: bar")); Le-Lisp (by INRIA) version 15.24 ( 2/Jan/91) [sun4]You are in the system: bar : Tue Jan 8 19 11:50:55



INSTALLATION FUNCTIONS 7-13= (31bitfloats abbrev callext compiler date debug defstruct display edlinloader messages microceyx pathname pepe pretty setf virbitmap virtty)To restart it, type this expression.? (restore-core 'bar); Le-Lisp (by INRIA) version 15.24 ( 2/Jan/91) [sun4]You are in the system: bar : Tue Jan 8 19 11:50:55= (31bitfloats abbrev callext compiler date debug defstruct display edlinloader messages microceyx pathname pepe pretty setf virbitmap virtty)Here is another example, resulting in the temporary suspension of the interpreter.? (defun foo (n)? (if (> n 0)? (prog1 (* n (foo (1- n)))? (print n))? (save-core 'foo)? (print 'at-bottom)? 1))= foo? (foo 4)at-bottom1234= 24Here is something to avoid, in order not to send the system looping forever.? (progn? (print "I start")? (save-core 'qaz)? (print "I continue")? (restore-core 'qaz)? (print "I finish"))I startI continueI continueI continue.....7.7 Installation functionsThe functions described in this section facilitate the loading and compiling of the standard or themodular LE-LISP system environments. They are used only in the construction of core-images �les,that is, when the system is being installed at a new site.



7-14 CHAPTER 7. SYSTEM FUNCTIONSThese functions are de�ned in the startup �le in the standard library, which is loaded automaticallyat system startup if no core-image �le is being restored.(load-std im min ed env ld cmp) [function with one to six arguments]load-std loads all or part of the interpreter's standard environment, and optionally builds a core-image �le. This function accepts from one to six arguments, which are 
ags. Arguments that arenot supplied are set to ().If the im 
ag is not (), it is passed to the function save-std after the environment is loaded, sothat a core-image �le named im is created.The min 
ag indicates that the minimum required system environment is to be loaded, includingonly toplevel, virtual terminal and virtual bitmap functions.The ed 
ag indicates that the full-page pepe editor is to be loaded.The env 
ag indicates that the LE-LISP development environment, including structures, sorting,tables, external procedures, stepping, formatted printing, generic arithmetic and debugginginspection loop, is to be loaded.The ld 
ag indicates that the loader, which provides a way to dynamically load compiled lispmodules and lap programs, is to be loaded.The cmp 
ag indicates that the standard LE-LISP compiler is to be loaded. Loading the compilercauses the compiled-code loader to be loaded if it is not already present in the LISP environment.Here is how to load the whole environment, without creating a core-image �le.? (load-std () t t t t t)(llcp-std name) [function with one argument ]Compiles the interpreter environment that was stored by the load-std function. If theargument name is not equal to (), it is passed to the save-std function after compilation sothat a core-image �le of the compiled system will be built.It is absolutely necessary to use this function in order to compile the Lisp environment, sincethis compilation poses some di�cult problems (most notably the compilation of the loader)which the compile-all-in-core function cannot resolve.Here is how to load the environment, compile it, and save it in a compiled core-image.? (load-std () t t t t t)? (llcp-std 'compile)(load-stm im min ed env ld cmp) [function with one to six arguments]This function is similar to the load-std function, except that it uses modules that werepre-compiled by Complice. It loads all or part of the environment and optionally builds acore-image �le. This function also accepts from one to six 
ag arguments; arguments not



INSTALLATION FUNCTIONS 7-15explicitly provided are set to ().(load-cpl im min ed env ld cmp) [function with one to six arguments]This function is similar to the load-std function, except that it loads compiled modulesinstead of interpreted ones. Moreover the cmp 
ag indicates in this case that the Complicecompiler, and not the standard compiler, should be loaded.Since the environment loaded by this function has already been compiled, the llcp-stdfunction need not be used after a call to load-cpl.Here is how to load the compiled development environment and save it in the core-image �lecalled mylisp.? (load-cpl "mylisp" t () t)(core-init-std msg) [function with one argument ]Performs the standard initializations after a core-image �le has been restored. The virtualterminal and the virtual bitmap are loaded (quali�ed by the two variables described below),the banner is printed (by the herald function), and a start-up �le, whose name is system-dependent, is optionally loaded. The system then prints the welcome message msg as wellas the date the core-image �le was built. core-init-std returns features-list, the list offeatures loaded into memory.In LE-LISP, core-init-std could be de�ned in the following manner:(defun core-init-std (msg)(when #:system:initty-after-restore-flag(initty))(when #:system:inibitmap-after-restore-flag(inibitmap))(herald)(when #:system:unixp(let ((f (catenate (getenv "home") "/.lelisp")))(when (probefile f)(loadfile f t))))(print "; " msg " : " (date))(sortl (list-features)))#:system:initty-after-restore-flag [variable]If this 
ag is true, the core-init-std function will initialize the terminal after each restore-coreusing the initty function. Its default value is t.#:system:inibitmap-after-restore-flag [variable]



7-16 CHAPTER 7. SYSTEM FUNCTIONSIf this 
ag is true, the core-init-std function will initialize the virtual bitmap after eachrestore-core using the initbitmap function. Its default value is t.(save-std name msg fnt-sav fnt-rest) [function of two, three or four arguments]name is a character string or a LISP symbol. This function constructs a core-image �le called namewith the su�x #:system:core-extension. This core-image �le is created in the directory named#:system:core-directory.Just after the creation of the core-image �le by save-std, a function is launched automatically.This function is either fnt-sav, if supplied, or core-init-std.When the core-image �le is restored using the restore-core function, the fnt-rest function isautomatically run. If this function is not supplied, save-std uses the same function as for saving:fnt-save, if supplied, or else the core-init-std function. Finally the main interaction loop, theprogrammable interrupt called toplevel, is launched.One of two functions is run immediately after a core-image �le has been created by the save-stdfunction. If the fn-std} function is provided, then it will be run; otherwise the same function thatis in core-image �le restoration, fnt-rest, is run.The save-std function is used by the load-std, load-cpl and llcp-std functions when their imparameter is not equal to ().Various errors can be produced during the restoration of a core-image �le created by the save-stdfunction. They often occur during initialization of the virtual terminal or the virtual bitmap. Seethe documentation concerning the initty and inibitmap functions.Here is typical use of the save-std function:? (save-std 'application ``Welcome to the Application''? 'end 'core-init-std)Wait, I am saving : Welcome to the ApplicationThis results in a core-image �le named application being saved which will execute thecore-init-std function when it is restored. After the creation of the core-image �le, theapplication will exit from the LE-LISPsystem.7.8 Calling and leaving the system(herald) [function with no arguments]Prints the system banner on the entry terminal. Before reporting any errors found in your system,please run this function to identify it exactly.(system) [function with no arguments]Returns the name of the LE-LISP system that runs it. This name depends on the system you areusing.



CALLING AND LEAVING THE SYSTEM 7-17#:system:unixp [variable]This variable has the value t if the host operating system is UNIX and () otherwise.(version) [function with no arguments]Returns the version number of the LE-LISP system in the form of a number. Today, this numberwould be 15.25.(version) =) 15.25(floatp (version)) =) 15.25(> (version) 15) =) 15.25(subversion) [function with no arguments]Returns the sub-version number of the LE-LISP system in the form of a number. Today, this numberwould be sub-version 1 within version 15.25.(subversion) =) 1(numberp (subversion)) =) 1at-end [programmable interrupt ]At the call of the end function, the programmable interrupt at-end is activated. It is going to invokea function (whose name is explained in Section 7.1) that uses (as an argument) that argument thatwas passed to the end function.(at-end return-code) [function with an optional argument ]This is the default function that is automatically started by the programmable interrupt at-end.By default, this function doesn't do anything.Note: The use of this function will virtually always require you to quit the application at the timeof the call to the end function.(end return-code) [function with an optional argument ]Starts the programmable interrupt at-end, stops the evaluation currently underway, closes all open�les, leaves the LE-LISP system for good, and returns control to the host operating system. end isthe only prede�ned function that does not return a value.If no argument is supplied, LE-LISP automatically prints the exit banner. If an argument is furnished,the banner is not printed. This argument can be used by the host operating system to determinewhether or not the system exited normally or not. If the value is other than (), an error hasoccurred.A normal return to the host system, with banner:? (end)Que Le-Lisp soit avec vous.



7-18 CHAPTER 7. SYSTEM FUNCTIONSA normal return to the host system, without banner:? (end ())An abnormal return to the host system:? (end 1)7.9 Top levelThe principal loop, or top-level, of the LE-LISP system consists of the in�nite evaluation of theform:(while t (itsoft 'toplevel ()))It is thus the programmable interrupt toplevel which determines the operating mode of the LE-LISP system. This interrupt is quite obviously rede�nable by any user who wants to build their ownsystem.toplevel [programmable interrupt ]This is the name of the programmable interrupt run by the LE-LISP top level.(toplevel) [function with no arguments]This function will, in the standard environment:� read an S-expression from the current input stream;� evaluate this S-expression;� print the result of this evaluation onto the current output stream.#:toplevel:status [variable]This variable holds the top level 
ag. If this 
ag is false, the toplevel function does not print theresults of evaluations, and in any other case, it prints the values returned by each evaluation.#:toplevel:read [variable]This variable contains the last form read by the top level.#:toplevel:eval [variable]This variable contains the last value computed by the top level.



GARBAGE COLLECTOR 7-19(#:system:toplevel-tag) [escape]This is the name of the escape that is used to return directly to the top level.At system initialization the toplevel function is equivalent to:(defvar #:toplevel:status ())(defvar #:toplevel:read ())(defvar #:toplevel:cread ())(defvar #:toplevel:eval ())(defun toplevel ()(tag #:system:toplevel-tag(setq #:toplevel:read #:toplevel:cread#:toplevel:cread (read)#:toplevel:eval (eval #:toplevel:cread))(when #:toplevel:status(print "= " #:toplevel:eval)))Warning : A rede�nition of this function that fails to evaluate the forms read renders theentire LE-LISP system totally unusable.Example of the kind of de�nition to avoid:(defun toplevel () (read) (print 'swamp))7.10 Garbage collectorMemory zones that contain LISP objects are allocated dynamically. When one of the zones issaturated, the garbage collector is automatically called to recover unused objects.If this e�ort at recovery comes to naught, a fatal error is raised. The names of this kind of fatalerror all begin with errf and have the form errfxxx.errfcns : the list zone is full. The screen display is:***** fatal error : no room for lists.errfvec: the vector zone is full. The screen display is:***** fatal error : no room for vectors.errfstr: the character string zone is full. The screen display is:***** fatal error : no room for strings.errfsym: the symbol zone is full. The screen display is:



7-20 CHAPTER 7. SYSTEM FUNCTIONS***** fatal error : no room for symbols.errfflt: the 
oating-point zone is full. The screen display is:***** fatal error : no room for floats.errffix: the integer (�xed-point) zone is full. The screen display is:***** fatal error : no room for fixs.LE-LISP also manages two other memory spaces, which do not contain LISP objects:� The code space, which contains code generated by the compiler. This space is managed bythe loaders. If space runs out in it, the errfcod fatal error occurs, with the screen display:***** fatal error : no room for code.� The heap space, which contains values of character strings, values of S-expression vectors,etc. The heap space is dynamically managed and is compacted when space runs out. If oneof these garbage collections fails to render space available, the errfhep fatal error is raised,with the screen display:***** fatal error : no room for heap.LE-LISP uses a single dynamic execution stack for both control and data. Code resulting in stackover
ow or under
ow raises the errfstk fatal error, which has the screen display:***** fatal error : stack overflow.This error is not fatal. A stack tolerance scheme lets the execution stack be inspected andmanipulated with the standard debugging tools even after a \full stack" error has been raised.(gc i) [function with an optional argument ]gc calls the garbage-collector explicitly. If no argument is provided, gc returns t. If an argumentis given, gc returns a list just like that which the gcinfo function returns (see the explanationimmediately following this one.)(gcinfo i) [function with an optional argument ]If called with no argument, gcinfo returns a list containing information on the last memory recoverydone. If an argument is supplied, gcinfo returns a list describing the initial memory state of thesystem at start-up, before any allocation was done.The list, in either case, is in the following form:



GARBAGE COLLECTOR 7-21(gc <n1> <n2> <n3> <n4> <n5> <n6> <n7> <n8>cons <ncons>symbol <nsymb>string <nstrg>vector <nvect>float <nfloat>fix <nfix>heap <nheap>code <ncode>)where� n1 is the total number of gcs done (since the session began) due to a shortage of list cells.� n1 is the total number of gcs done (since the session began) due to a shortage of symbols.� n3 is the total number of gcs done (since the session began) due to a shortage of characterstrings.� n4 is the total number of gcs done (since the session began) due to a shortage of vectors.� n5 is the total number of gcs done (since the session began) due to a shortage of 
oating-point store.� n6 is the total number of gcs done (since the session began) due to a shortage of integerstore.� n7 is the total number of gcs done due to a shortage of heap store.� n8 is the total number of gcs done due to explicit calls to the gc function.The other values indicate the remaining size of each memory zone. These values are expressedin the number of objects if this is su�ciently small, or else in a list of which the car is in kobjets and the cdr in number of objects remaining.In this case the number is in a list.� ncons is the number of list cells remaining in the list zone.� nsymb is the number of symbols remaining in the symbol zone.� nstrg is the number of strings remaining in the string zone.� nvect is the number of vectors remaining in the vector zone.� nfloat is the number of 
oats remaining in the 
oating-point zone.� nfix is the number of �xed-point numbers remaining in the �xed-point number zone, ifthis latter exists.� nheap is the size of the remaining heap store in the heap zone.� ncode is the size of the remaining code store in the code zone.



7-22 CHAPTER 7. SYSTEM FUNCTIONSgcalarm [programmable interrupt ]This is a programmable interrupt that is automatically run by the system after each garbagecollection. It provides a way to dynamically control memory recovery.(gcalarm) [function with no arguments]The gcalarm function is called by the gcalarm programmable interrupt. The standard gcalarmfunction supplied by default does nothing.The following rede�nition of gcalarm provokes a `soft' error when too many list cells|that is, morethan remained free in the list zone|are consumed by the user program:(defun gcalarm ()(let ((nbcons (cadr (memq 'cons (gcinfo)))))(when (and (fixp nbcons) (< nbcons 1000))(print "stopping the run on the list cell bank.")(error 'gcalarm "number of list cells remaining" nbcons)))gc-before-alarm [programmable interrupt ]This is a programmable interrupt that is automatically run by the system before each memoryrecovery.Warning : During its operation, this programmable interrupt must not allocate memory, orit will throw the gc into an in�nite loop. This interrupt only indicates to user programs thata gc cycle has begun. It could be used, for instance, to change the appearance or position ofthe cursor, to account for gc elapsed time, etc.(gc-before-alarm) [function with no arguments]This function is called by the gc-before-alarm programmable interrupt. The standardgcalarm function supplied by default does nothing.The following rede�nition of the gc-related programmable interrupts prints the time used byeach gc cycle on the console.(defvar gc-runtime ())(defun gc-before-alarm ()(setq gc-runtime (runtime)))(defun gcalarm ()(let ((rt (- (runtime) gc-runtime)))(with ((outchan ()))(print "gc runtime: " gc-runtime " sec."))))(freecons cons) [function with one argument ]Enables you to put the cons onto the cons freelist. This function yields performance gains in memorymanagement. In certain well-understood cases, obsolete objects can be incrementally freed by using



DATE PROCESSING 7-23freecons as soon as they are no longer needed. freecons is not interruptible and always returns(). Warning : This function can permanently and de�nitively confuse the memory managementif it is called on a cons to which active pointers still exist.freecons cannot be easily described in LISP.(defun number-of-cons (); return the number of conses on the cons freelist(let ((x (cons () ())) (n 0))(freecons x)(while x (incr n) (nextl x))n))(freetree tree) [function with one argument ]Enables you to put the tree tree onto the cons freelist. tree cannot be a circular or shared list.Calling freetree on such an object runs the risk of destroying the whole system. Like the precedingfunction, freetree facilitates, in certain well-understood cases, memory management gains viaincremental liberation of obsolete objects. freetree is not interruptible and always returns ().Warning : This function can permanently and de�nitively confuse the memory managementif it is called on a cons to which active pointers still exist.In LE-LISP, freetree could be de�ned in the following manner:(defun freetree (s)(when (consp s)(freecons s)(freetree (car s))(freetree (cdr s))))7.11 Date processing7.12 Other access to the systemLE-LISP o�ers access to other system characteristics. Considering the signi�cant di�erences amongsystems, it would be wise, before using the following functions, to �rst test their e�ects in simplecases.(runtime) [function with no arguments]Returns the cpu time used since this LE-LISP session began. This time is given in either integer or
oating-point seconds, depending upon the system being used.(time e) [function with one argument ]



7-24 CHAPTER 7. SYSTEM FUNCTIONSReturns the time used by the cpu to evaluate the expression e. As in the last function, the time isgiven in either integer or 
oating-point seconds, depending upon the system being used.In LE-LISP, time could be de�ned in the following manner:(defun time (e)(let ((runt (runtime)))(eval e)(- (runtime) runt)))(time '(fib 20)) =) 0.42(sleep n) [function with one argument ]Requests the host system to put LE-LISP into an inactive state for n seconds. This number n isgiven in integer or 
oating-point units, depending on the system being used.(comline strg) [function with one argument ]Sends the command line strg to the host operating system. This function is not available on everyimplementation of LE-LISP.A macro character at the top level|the exclamation point|makes it simple to perform a comline:? (comline "pwd")/nfs/home2/rodine/itex= t ? (comline 'nil)sh: nil: not found= t ? !ls -ls ; a listing of the current directory is printed....= t(getenv strg) [function with one argument ]Sends the string strg, which is presumed to be the name of a system variable, to the hostoperating system. getenv returns a number or system atom which is either a non-null valueassociated with strg or else () if this variable name has no value in the host operating systemcontext. This function is not available on all LE-LISP systems.(getenv "TERM") =) xterm(getenv "DISPLAY") =) unix:0.0(getenv "MYPORT") =) ()
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Function Index#:sys-package:itsoft [variable] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 7-1(itsoft symb larg) [function with two arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 7-2(super-itsoft package symb larg) [function with three arguments] : : : : : : : : : : : : : : : : : : 7-2(without-interrupts e1 : : : en) [special form] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 7-3user-interrupt [programmable interrupt ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 7-4(user-interrupt) [function with no arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 7-4(clockalarm n) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 7-4clock [programmable interrupt ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 7-4(clock) [function with no arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 7-4(schedule fnt e1 : : : en) [special form] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 7-5(suspend) [function with no arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 7-5(resume env) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 7-5(parallel e1 : : : en) [special form] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 7-5(parallelvalues e1 : : : en) [special form] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 7-5(tryinparallel e1 : : : en) [special form] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 7-5syserror [programmable interrupt ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 7-7(syserror symb s1 s2) [function with three arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 7-8(printerror symb s1 s2) [function with three arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 7-8(error s1 s2 s3) [function with three arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 7-8(catcherror i s1 : : : sn) [special form] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 7-8(errset e i) [macro] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 7-9(err s1 : : : sn) [special form] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 7-9stepeval [programmable interrupt ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 7-10(stepeval e env) [function with two arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 7-11(traceval e env) [function with one or two arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 7-11(cstack) [function with no arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 7-1127



7-28 FUNCTION INDEX#:system:core-directory [variable] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 7-12#:system:core-extension [variable] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 7-12(save-core file) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 7-12(restore-core file) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 7-12(load-std im min ed env ld cmp) [function with one to six arguments] : : : : : : : : : : : : : : : 7-14(llcp-std name) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 7-14(load-stm im min ed env ld cmp) [function with one to six arguments] : : : : : : : : : : : : : : : 7-14(load-cpl im min ed env ld cmp) [function with one to six arguments] : : : : : : : : : : : : : : : 7-15(core-init-std msg) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 7-15#:system:initty-after-restore-flag [variable] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 7-15#:system:inibitmap-after-restore-flag [variable] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 7-16(save-std name msg fnt-sav fnt-rest) [function of two, three or four arguments] : : : : : 7-16(herald) [function with no arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 7-16(system) [function with no arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 7-16#:system:unixp [variable] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 7-17(version) [function with no arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 7-17(subversion) [function with no arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 7-17at-end [programmable interrupt ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 7-17(at-end return-code) [function with an optional argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : 7-17(end return-code) [function with an optional argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 7-17toplevel [programmable interrupt ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 7-18(toplevel) [function with no arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 7-18#:toplevel:status [variable] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 7-18#:toplevel:read [variable] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 7-18#:toplevel:eval [variable] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 7-18(#:system:toplevel-tag) [escape] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 7-19(gc i) [function with an optional argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 7-20(gcinfo i) [function with an optional argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 7-20gcalarm [programmable interrupt ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 7-22(gcalarm) [function with no arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 7-22gc-before-alarm [programmable interrupt ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 7-22(gc-before-alarm) [function with no arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 7-22(freecons cons) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 7-22(freetree tree) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 7-23



FUNCTION INDEX 7-29(runtime) [function with no arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 7-23(time e) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 7-24(sleep n) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 7-24(comline strg) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 7-24(getenv strg) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 7-24



Chapter 8S-expression pretty-printerThe prede�ned functions print and prin are normally used to print LE-LISP S-expressions. Theonly things done to render them readable are :� a space is inserted between atoms ;� atoms (symbols and numbers) are not broken up by end-of-lines.These measures are clearly insu�cient for program display. The pretty-print functions, usingvariable indentation and line feeds where necessary, bring out the control structure of code and sorender it much more readable.To further increase readability, calls to the quote function are represented by the macro ' , andthe macro forms of lets are printed in full.To demonstrate the utility of the pretty-printer, we �rst present a function in the manner it isprinted by the normal print functions (for a given terminal or window line width) :? (getdef '#:pretty:cond)= (defun #:pretty:cond () (with ((lmargin) (add (lmargin 3))) (while (consp l)(terpri) (if (#:pretty:inlinep (car l) (nextl l) (let ((l (nextl l) (f t))(princn 40) (when (consp l (#:pretty:p (next l))) (when l (#:pretty:progn))(#:pretty:pdot))))))Here is how the pretty-printer presents it :? (pretty #:pretty:cond)(de #:pretty:cond ()(with ((lmargin (add (lmargin) 3)))(while (consp l)(terpri)(if (#:pretty:inlinep (car l))(nextl l)(let ((l (nextl l)) (f t))(princn 40)(when (consp l) (#:pretty:p (nextl l)))(when l (#:pretty:progn))(#:pretty:pdot))))))= () 1



8-2 CHAPTER 8. S-EXPRESSION PRETTY-PRINTER8.0.1 Pretty-print functionsThe following functions are found in the �le named pretty in the standard library, and they areautoloaded (automatically loaded) the �rst time one of them is called.pretty [feature]This feature indicates whether the pretty-printer is loaded into memory.(pprint s) [function with one argument ]Pretty-prints the expresssion s onto the current output stream and goes to the next output line (ala print). It returns s as its value.(pprin s) [function with one argument ]Pretty-prints the expression s onto the current output stream and stays on the same output line(a la prin). It returns s as its value.(pretty sym1 : : : symn) [special form]The arguments sym1 : : :symn are symbols that have function de�nitions. pretty prints thesefunctions onto the current ouptut stream and returns () as its value. This function also knowsabout rede�ned or traced functions, so it will use the true de�nitions of these functions. There isa macro character that e�ects this function: ^P.(prettyf file sym1 : : : symn) [special form]This function is similar to the previous one, except that it prints the functions sym1 : : :symn intothe output �le named file. It returns file as its value.For example, to create a �le named foo.ll containing the text of the de�nitions of the functionsfoo and bar, evaluate (prettyf "foo.ll" foo bar).(prettyend) [function with no arguments]Reclaims the space occupied by the pretty-print functions (about 700 list cells). It can be calledwhen the pretty-printer is no longer being used. The functions return to autoload status and thepretty feature disappears.8.0.2 Control of pretty-printer functionsThe pretty-printer uses the lmargin and rmargin functions to calculate the size of line it can use.Two variables control the printing of constants in program:



8-3#:pretty:quotelevel [variable]This variable contains the value to give to the printlevel function when a constant is to beprinted. By default it is equal to zero.#:pretty:quotelength [variable]This variable contains the value to give to the printlength function when a constant is to beprinted. By default it is equal to zero.8.0.3 Standard pretty-printer formatBy default the pretty-printer prints S-expressions on a single line. In the case of over
ow, it startsover at the left margin using the following seven standard formats :Format 1 : progns(progn<e1>...<en>)Format 2 : ifs(if <e1><e2>...<en>)Format 3 : defuns(defun <e1> <e2><e3>....<en>)Format 4 : conds(cond (<e11><e12> ... <eix>)....(<en1><en2> ... <enz>))Format 5 : selectqs(selectqs <e1>(<e21><e22> ... <e2x>)....(<en1><en2> ... <enz>))



8-4 CHAPTER 8. S-EXPRESSION PRETTY-PRINTERFormat 6 : setqs(setq <e1> <e2>....<en-1> <en>)Format 7 : tagbodys(tagbody<e1><label>...<en>)These formats are stored in the symbols' P-types. These P-types are accessed with the prede�nedptype function, so any function can be assigned a default pretty-print format type.8.0.4 Extending the pretty-printerIt is also possible to de�ne special print formats for extended LE-LISP types. These are functionsnamed pretty in the extended type package.? (defstruct foo a b c)= foo? (setq v (#:foo:make))= #:foo:[() () ()? (#:foo:b v '( 1 2 3 4 5))= (1 2 3 4 5)? (#:foo:c v 100)= 100? v= #:foo:[() (1 2 3 4 5) 100]? (defun #:foo:pretty (x)? (princh "<")? (pprin (#:foo:b x))? (princh "/")? (pprin (#:foo:c x))? (princh "/")? (pprin (#:foo:a x))? (princh ">"))= #:foo:pretty? (pprint (list v v v))(<(1 2 3 4 5)/100/()><(1 2 3 4 5)/100/()><(1 2 3 4 5)/100/()>)= (#:foo:[() (1 2 3 4 5) 100] #:foo:[() (1 2 3 4 5) 100]#:foo:[() (1 2 3 4 5) 100])
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Function Indexpretty [feature] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 8-2(pprint s) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 8-2(pprin s) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 8-2(pretty sym1 : : : symn) [special form] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 8-2(prettyf file sym1 : : : symn) [special form] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 8-2(prettyend) [function with no arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 8-2#:pretty:quotelevel [variable] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 8-3#:pretty:quotelength [variable] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 8-3
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Chapter 9Specialized outputThis chapter presents three subjects:� The format printing function.� A set of functions that work on circular or shared lists.� The multi-language message facility.9.1 Formatted outputformat [feature]This feature indicates whether the format function is loaded into memory.9.1.1 Print-formatting function(format dest cntrl e1 : : : en) [function with two or more arguments]Prints the cntrl character string onto the dest output channel. This string can contain printdirectives made up of tilde characters (~) followed by a format-speci�cation character. When cntrlis printed, these directives cause the evaluation of the LISP objects e1 : : : en, which can be of anyde�ned type. The �rst directive in the control string cntrl describes the print format of the e1argument, the second that of e2, etc.The argument dest speci�es the output channel used for printing. It can take various values:� an input/output channel number opened by the either the openo or opena function,� the symbol t, in which case printing is done on the terminal channel (value ()),� the symbol (), in which case the output is directed to a character string, which is returnedby the format function as its value, and no other printing is actually done.1



9-2 CHAPTER 9. SPECIALIZED OUTPUT(prinf <cntrl> <e1> : : : <eN>) [SUBR �a 1 or N arguments]is identical to the preceding function except that output takes place in the current output channel.(printf <cntrl> <e1> : : : <eN>) [SUBR �a 1 or N arguments]is identical to the prinf function except that it prints a line skip using the terpri function at theend of the printing.The directive most often used is ~A, which e�ects the same print format as the prin command.Here is an example of printing with the ~A format:? (defun loves (x y)? (prinf "~A loves ~A." x y)? (terpri))= loves ? (loves 'romeo 'juliet)romeo loves juliet.= tSome print formats accept modi�ers and numerical parameters.A modi�er is one of the two characters : or @, occurring immediately before the formatspeci�cation character. Modi�ers are used to change the action of the format directive thatthey modify. Their speci�c actions depend, of course, on what they modify.Here is an example of the ~C directive, which handles characters:? (format () "the character ~C" #/a)= "the character a"The ~C directive can be modi�ed by a colon sign, indicating that the name of the characteris required:? (format () "the character named ~:C" #^a)= "the character named control-A"The ~C directive can be modi�ed by a @, indicating that we want to obtain a character thatis readable by a #-macro:? (format () "(setq char ~@C)" #^a)= "(setq char #^A)"Numeric parameters appear between the tilde character and the modi�ers, if there are any.They specify various characteristics of the format to which they are applied: the number ofcolumns to be used, the �ll character, tab positions and the numeric base for printing.When several numeric parameters are required, the must be separated by commas. Certainparameters are optional, and take on default values if they are not supplied.Numeric parameters can be entered in various forms:� An integer number, read in the current input base.� A quoted character whose value becomes the internal character code (number) of the



FORMATTED OUTPUT 9-3character.� The `v' or `V' character. The value of the parameter is the value of the argument ei thatis next in order. The argument printed will then be the following one: namely ei+1.� The # character. The parameter's value is the number of ei arguments remaining to beformatted.The ~D directive is used for base-10 numbers. It accepts two optional parameters: the numberof columns and the �ll character to be used.First, we use the ~D directive without parameters:? (format () "the number ~D" 314)= "the number 314"Here is an example of the ~D directive with the number of columns to be used, namely 12:? (format () "the number ~12D" 314)= "the number 314"The following example shows the ~D directive with both the number of columns, 12, and the�ll character, namely '0:? (format () "the number ~12,'0D" 314)= "the number 000000000314"The number of columns can be given in the argument list:? (format () "the number ~vD" 10 314)= "the number 314"Both the number of columns and the �ll character can be given in the argument list:? (format () "the number ~v,vD" 10 #/. 314)= "the number .......314"9.1.2 Format directivesThroughout this section, optional parameters in the syntactic forms of the various format directivesare enclosed in square brackets.~A [print format ]This is the ASCII print format, which prints an argument in the same way that prin would. Ithas the following syntactic forms:~A~mincol [,pad ]A~<mincol,colinc,minpad [,pad ]A



9-4 CHAPTER 9. SPECIALIZED OUTPUTThe @ sign can be used as a modi�er.In the case of the syntax involving one or two parameters, mincol is the minimum width ofthe printed string, and the result is padded with either #\sp, by default, or the pad character.Normally, the string is left-padded. It is right-padded when the @ modi�er is used.In the case of the syntax involving three or four parameters, the result is padded by thenumber minpad of pad characters, then adjusted to a minimum width ofmincol by incrementsof colinc characters. The respective default values of the four parameters are zero, one, zeroand #\sp.(format () "~A" 'abcd) =) "abcd"(format () "~6A" 'abcd) =) " abcd"(format () "~6@A" 'abcd) =) "abcd "(format () "~6,'*A" 'abcd) =) "**abcd"(format () "~1,,2A" 'abcd) =) " abcd"(format () "~8,,2A" 'abcd) =) " abcd"(format () "~8,10,2,v@A" #/u 'abcd) =) "abcduuuuuuuuuuuu"~S [print format ]This S-expression directive is similar to the previous one, except that it sets the#:system:print-for-read indicator. The printed result can then be re-read by the LISPreader. This directive accepts the same parameters and modi�ers as the ~A directive.(format () "~S ~A" "abcd" "efgh") =) """abcd"" efgh"~R [print format ]This radix directive has the following syntactic forms:~baseR~base,mincol[,padchar]RThe @ sign can be used as a modi�er.If the next argument is an integer or rational number, it is printed in the output base referredto as base. (See the obase function.) If the argument is not numeric, the ~A format is used.The mincol and pad parameters, as well as the @ modi�er, play the same rôle as for the ~Adirective.(format () "~2R" 15) =) "1111"(format () "~3,5,'*@R" 13) =) "111**"~D [print format ]This decimal directive is equivalent to the ~10R directive, specifying a base-10 print format.It has the following syntactic forms:



FORMATTED OUTPUT 9-5~D~mincol [,padchar ]DThe @ sign can be used as a modi�er.(format () "~D" 5) =) "5"(format () "~3,'0D" 5) =) "005"(format () "~3,'*@D" 5) =) "5**"(format () "~7D" 'abcd) =) " abcd"~B [print format ]This binary directive is equivalent to the ~2R directive, specifying a base-2 print format. ~Baccepts the same parameters and modi�er as the ~D directive.(format () "~5,vB" #/0 15) =) "01111"~O [print format ]This octal directive is equivalent to the ~8R directive, specifying a base-8 print format. ~Oaccepts the same parameters and modi�er as the ~D directive.(format () "~#,'0O" 63 7 8) =) "077"~X [print format ]This hexadecimal directive is equivalent to the ~16R directive, specifying a base-16 printformat. ~X accepts the same parameters and modi�er as the ~D directive.(format () "~5@X" 17) =) "11 "~P [print format ]This English-plural directive prints the character s if the next argument is not equal to 1.Otherwise, it prints nothing.It can be used with the signs @ and : as modi�ers. The @modi�er produces either the charactery, when the next argument is equal to 1, or the characters ies when the next argument is notequal to 1. If the : modi�er is present, the argument tested is the one that was just processedby the format function. This allows an argument and its plural su�x to be printed from asingle occurrence of the argument in the argument list. The : modi�er, in this case, inhibitsargument pointer incrementation.(format () "~P" 1) =) ""(format () "~P" 'abcd) =) "s"(format () "~D tr~:@P/~D win~:P" 7 1) =) "7 tries/1 win"(format () "~D tr~:@P/~D win~:P" 1 0) =) "1 try/0 wins"(format () "~D tr~:@P/~D win~:P" 1 3) =) "1 try/3 wins"



9-6 CHAPTER 9. SPECIALIZED OUTPUT~C [print format ]This character directive prints the character whose internal character code is equal to thenext argument.It can be used with the signs @ and : as modi�ers. The @ modi�er assures that the printedcharacter will be re-readable by one of the #-macros: #/, #^ or #\. The : modi�er prints thename of the character.(format () "~C" #/+) =) "+"(format () "~@C" #/+) =) "#/+"(format () "~@C" #\sp) =) "#\sp"(format () "~@C" #^A) =) "#^A"(format () "~:C" #/+) =) "+"(format () "~:C" #^A) =) "control-A"(format () "~:C" #^I) =) "tab"~E [print format ]This exponential 
oating-point directive has the following syntactic form:~[width],[digits ],[exp],[factor ],[o
ow ],[pad ],[letter ]EThe @ sign can be used as a modi�er.This format prints the next argument, which must be numeric. The width parameter speci�esthe width of the resulting string. If the result is wider than width characters, then a string ofo
ow characters, of length width, is printed instead of a mangled numeric string.The digits parameter speci�es the number of signi�cant digits, and exp is the number of digitsin the exponent. Character �ll with pad , if any, is to the left. The factor parameter|whosedefault value is one|indicates the number of digits to the left of the decimal point. Themodi�er @ indicates that a plus sign + should be printed if the argument is not negative. Theexponent is always printed with a sign. By default, the letter parameter is e: the characterthat separates the exponent from the mantissa.If the argument is not a 
oating-point value, the ~widthD format is used. If width, digits andexp are omitted, free-print format of the prin style is used.(format () "~9,2E" 3.14159) =) " 3.14e+0"(format () "~13,6,2,vE" -7 3.14159) =) ".00000003e+08"(format () "~13,6,2,vE" -6 3.14159) =) "0.0000003e+07"(format () "~13,6,2,vE" -5 3.14159) =) " 0.000003e+06"(format () "~13,6,2,vE" -4 3.14159) =) " 0.000031e+05"(format () "~13,6,2,vE" -3 3.14159) =) " 0.000314e+04"(format () "~13,6,2,vE" -2 3.14159) =) " 0.003142e+03"(format () "~13,6,2,vE" -1 3.14159) =) " 0.031416e+02"(format () "~13,6,2,vE" 0 3.14159) =) " 0.314159e+01"(format () "~9,2,1,,'*E" 3.14159) =) " 3.14e+0"



FORMATTED OUTPUT 9-7(format () "~9,2,1,,'*E" -3.14159) =) " -3.14e+0"(format () "~9,2,1,,'*E" 1100.) =) " 1.10e+3"(format () "~9,2,1,,'*E" 1.1e+13) =) "*********"(format () "~9,3,2,-2,'%@E" 3.14159) =) "+.003e+03"(format () "~9,3,2,-2,'%@E" -3.14159) =) "-.003e+03"(format () "~10,3,2,2,'?,,'$E" 3.14159) =) " 31.42$-01"(format () "~10,3,2,2,'?,,'$E" -3.14159) =) "-31.42$-01"(format () "~10,3,2,2,'?,,'$E" 1100.) =) " 11.00$+02"(format () "~10,3,2,2,'?,,'$E" 1.1e+13) =) " 11.00$+12"~F [print format ]This �xed-format 
oating-point directive has the following syntactic form:~[width],[digits ],[factor ],[o
ow ],[pad ]FThe @ sign can be used as a modi�er.This format prints the next argument, which must be numeric. The width parameter speci�esthe width of the resulting character string, with optional padding by the pad character tothe left. By default, pad is the space character: #\sp. The digits parameter indicates thenumber of digits to the right of the decimal point. The factor parameter is a scaling factor.The number actually printed is ten to the power factor times the argument. If the resultstring is wider than width characters, then a string of o
ow characters, of length width, isprinted. The @ modi�er indicates that a plus sign + should be printed when the argument isnon-negative.(format () "~6F" 3.14159) =) "3.1416"(format () "~6F" -3.14159) =) "-3.142"(format () "~6F" 100) =) "100.00"(format () "~6F" 1234.0) =) "1234.0"(format () "~6F" 0.006) =) "0.0060"(format () "~,2F" 3.14159) =) "3.14"(format () "~6,2F" 3.14159) =) " 3.14"(format () "~6,2@F" 3.14159) =) " +3.14"(format () "~6,2,1,'*F" 3.14159) =) " 31.42"(format () "~6,2,1,'*F" 100) =) "******"(format () "~6,2,1,'*F" 0.006) =) " 0.06"



9-8 CHAPTER 9. SPECIALIZED OUTPUT~G [print format ]This general 
oating-point directive has the same syntactic structure as the ~E directive:~[width],[digits ],[exp],[factor ],[o
ow ],[pad ],[letter ]GThe @ sign can be used as a modi�er.As in the case of the ~F and ~E directives, this format prints the next argument, which mustbe numeric. The actual printing is carried out as if either the ~F or the ~E directive wereused:� If the given argument can be handled successfully by means of the �xed-format 
oating-point ~F directive, then that is how the ~G directive in fact behaves. If a value for the expparameter is supplied, then exp is incremented by two to obtain the number of blanks onthe right. Otherwise, four blanks are added.� If, however, the value to be printed over
ows when the ~F directive is used, then the ~Edirective is applied, with all its default arguments.~~ [print format ]This tilde directive has the following syntactic structure:~[number ]~The ~~ directive prints a single tilde character. When the number parameter is supplied, astring of tilde characters, of length number , is produced.(format () "~~") =) "~"(format () "~v~" 3) =) "~~~"~% [print format ]This newline directive has the following syntactic structure:~[number ]%The ~% format directive prints a single #\lf character. When the number parameter issupplied, a string of #\lf characters, of length number , is produced.This directive is included only to ensure compatibility with COMMON LISP. It is preferable tocall the terpri function.(pname (format () "~% a")) =) (13 10 32 97)(pname (format () "~2% a")) =) (13 10 13 10 32 97)



FORMATTED OUTPUT 9-9~#\lf [print format ]This skip directive has the following syntactic structure:~#\lf characterEither a : or a @ character can be used as modi�er.This directive is made up of the tilde character ~ followed immediately by an end-of-linemark.Without modi�ers, it skips over the end-of-line character and any white-space characters thatfollow. With @, it prints the end-of-line, but skips any white-space that follows. With :, itskips the end-of-line but prints all characters that follow, including white-space, according tothe rest of the format statement. This directive is included solely for reasons of COMMON LISPcompatibility.(format () (string '(#/~ #\lf #\sp #\tab #/b))) =) "b"(pname (format () (string '(#/~ #/: #\lf #\sp #\tab #/b)))) =) (32 9 98)(pname (format () (string '(#/~ #/@ #\lf #\sp #\tab #/b)))) =) (10 98)~T [print format ]This tabulation directive has the following syntactic structure:~T~colnum,colincTThe character @ can be used as a modi�er.The ~T directive moves the cursor to the next tab stop, printing spaces if necessary to producewhite-space. Both parameters have default values of one.Without @, tabulation is absolute. Spaces are printed up to the column colnum. Column-numbering starts at zero. The cursor is displaced to the column following the one that isspeci�ed. If the cursor is in column colnum or beyond, it is repositioned at the column whosenumber is colnum + k * colinc, where k takes on the minimum possible non-negative value.Used with @, ~T performs relative tabulation. The cursor is moved colnum positions forward,and to the column whose number is k * colinc, where k takes on the minimum possible value.(format () "~T") =) " "(format () "~8T") =) " "(format () "ab~8,2T") =) "ab "(format () "0123456789~8T") =) "0123456789"(format () "0123456789~8,5T") =) "0123456789 "(format () "ab~2,5@T") =) "ab "~* [print format ]This ignore directive has the following syntactic structure:



9-10 CHAPTER 9. SPECIALIZED OUTPUT~[number ]%Either a : or a @ character can be used as modi�er.The ~* directive ignores the next argument. The default value of number is one, except whenthe modi�er @ appears, in which case its default value is zero. Without modi�ers, the nextnumber arguments are skipped. With the : modi�er, the argument pointer is moved back bynumber arguments. With the @ modi�er, the number th argument of the original argumentlist, counting from zero, will be read next. In an indirection or an iteration, access is relativeto the sublists involved.(format () "~2*~A" 1 2 3 4) =) "3"(format () "~D ~:* ~D" 1 2) =) "1 1"(format () "~D~2* ~:2*~D" 12 3 4) =) "12 3"(format () "~D ~D ~@*~D" 1 2 3) =) "1 2 1"~? [print format ]This indirection directive has the following syntactic structure:~?The @ character can be used as modi�er.The ~? format directive performs an indirection. The next argument, which must be acharacter string, is taken to be the format speci�cation. If no @modi�er is given, the argumentto this format speci�cation is the argument that follows it, which should therefore be a list.With the @modi�er present, the arguments following the format speci�cation are used directly.(format () "~? ~D" "<~A ~D>" '("foo" 5) 7) =) "<foo 5> 7"(format () "~@? ~D" "<~A ~D>" "foo" 5 7) =) "<foo 5> 7"~[;] [print format ]This conditional directive has the following syntactic structures:~[number ][strg0~;strg1 ... ~;strgn~]~[number ][strg0~;strg1 ... ~:;default~]~:[false~;true~]~@[true~]Warning : In the �rst two syntactic structures shown above, the square brackets around thenumber parameter indicate, as usual, that it is optional. But all other square brackets includedin these four lines|and printed in a di�erent typeface|are actual terminal characters thatmust appear as such in your LISP code.This directive performs a conditional print format. The strg i format is used, where i is equal



FORMATTED OUTPUT 9-11to number if it is supplied, or to zero if number is not present. If there are not enough strgparameters, then default is used. If this last parameter is not given, then nothing is printed.The colon modi�er : serves as a boolean argument. If the @ modi�er is used, then eitherthe argument is (), in which case nothing is printed, and the next argument will be used asthe next format, or the argument does not equal (), and it is then printed according to theformat true. A ~^ in a conditional returns to the embedding ~? or ~{, if this exists.(format () "~[siamese~;manx~;persian~] cat" 0) =) "siamese cat"(format () "~[siamese~;manx~;persian~] cat" 2) =) "persian cat"(format () "~[siamese~;manx~;persian~] cat" 8) =) " cat"(format () "~[siamese~;manx~:;persian~] cat" 8) =) "persian cat"(format () "~:[true~;false~]" t) =) "false"(format () "~:[true~;false~]" ()) =) "true"(format () "~@[ print level = ~D~]~@[ print length = ~D~]" () 5) =) " print length = 5"~fg [print format ]This iteration directive has the following syntactic structure:~[number ]{strg~[:]}The modi�ers : and @ can be used, possibly combined.This format directive performs an iteration. strg is applied to as many arguments as are given.If number is supplied, at most number loops through strg will be performed. If a ~:} ispresent, at least one loop is performed, unless nb is equal to zero. If strg is empty, the nextargument|which should be a character string|is used. Without modi�ers, the iteration isexecuted using the argument that immediately follows, which must in this case be a list. With@ all the remaining arguments are used. If a : is present, each iteration is performed on adi�erent constituent sub-list each time around. Note that the ~{ and ~[ format directives canonly be embedded if they concern formats of di�erent type.(format () "The winners are:~ ~S~." '(fred harry)) =) "The winners are: fred harry."(format () "Pairs:~ <~S,~S>~." '(a 1 b 2)) =) "Pairs: <a,1> <b,2>."(format () "Pairs:~ <~S,~S>~." '(a 1)) =) "Pairs: <a,1>."(format () "Pairs:~@ <~S,~S>~." 'a 1 'b 2) =) "Pairs: <a,1> <b,2>."(format () "Pairs:~:@ <~S,~S>~." '(a 1) '(b 2) '(c 3)) =) "Pairs: <a,1> <b,2> <c,3>."(format () "~2~D ~" '(1 2 3 4)) =) "1 2 "~^ [print format ]This escape directive has the following syntactic structure:~[n1 ],[n2 ],[n3 ][:]^This format directive performs an escape. Formatting is terminated from within indirectionsor iteration loops, or if no format directives remain.



9-12 CHAPTER 9. SPECIALIZED OUTPUTIf no parameters are given, the number of remaining arguments is considered to be the soleparameter. If there is only one parameter, its value is examined and, if it is zero, the exit isperformed. If there are two parameters and they are equal, the exit occurs. If three parametersare given, then the exit occurs if n1 <= n2 or if n2 <= n3 , or both. In an indirection witha :, the escape occurs at the sub-list level, except when the : modi�er is present.(format () "Done. ~^~D warning~:P.~^~D error~:P.") =) "Done. "(format () "Done. ~^~D warning~:P.~^~D error~:P." 3) =) "Done. 3 warnings."(format () "Done. ~^~D warning~:P. ~^~D error~:P." 1 5) =) "Done. 1 warning. 5 errors."9.2 Handling circular or shared objectsAlthough the print limiting functions described in chapter 6 truncate the display of circular orshared structures, and thus give an abbreviated view of them, they still do not show clearly whichlist cells or vectors are actually being shared.Special functions for printing and reading circular objects (lists, vectors, circular symbols onpackages) are furnished in the standard library. They can be loaded with the following command:(libload libcir)libcir [feature]This 
ag indicates whether the library of special functions for circular objects has been loaded.(#n=) [#-macro]Enumerates a shared or circular object that can then be referenced by the #n# macro.(#n#) [#-macro]References the nth shared or circular object, numbered by #n=.For example, #1=(a . #2=(#1# . #2#)) has the following structure:+----------------------+| || --------- ---------+-> | | | | | | |------> | * | *-|------> | * | * || | | | +--> | | | |--------- | ---------| | || +----------++-> a



HANDLING CIRCULAR OR SHARED OBJECTS 9-13(cirprin e) [function with one argument ](cirprinflush e) [function with one argument ](cirprint e) [function with one argument ]These functions print their arguments using the #-macros #n= and #n# on circular or sharedconstructions that are passed to them, if they cannot be printed normally.(printlevel 8) =) 8(progn (setq e '(1)) (rplaca e e) e) =) ((((((((&))))))))(cirprint e) =) #1=(#1#)(setq s (cirlist 1)) =) (1 1 1 1 1 1 1 1 ...(cirprint s) =) #1=(1 . #1#)(cirprint '(a a)) =) (a a)(progn (setq v #[0]) (vset v 0 v) v) =) #[#[#[#[#[#[#[#[&]]]]]]]](cirprint v) =) #1=#[#1# ](progn (setq x '(p q) y (list x 'foo x))(rplacd (last y) (cdr y)) y) =) ((p q) foo (p q) foo (p q) ...(cirprint y) =) (#2=(p q) . #1=(foo #2# . #1#))(cirequal e1 e2) [function with two arguments](cirnequal e1 e2) [function with two arguments]These functions compare their two arguments, even if they involve circular or sharedconstructions. In these cases, equality is understood as structure isomorphism.(setq x '(a) y (list x x) z (list '(a) '(a))) =) ((a) (a))(cirprint y) =) (#1=(a) . #1#)(equal y z) =) t(cirequal x y) =) ()(circopy e) [function with one argument ]Copies its argument, reproducing circular or shared structures.(progn (setq x (circopy y)) (cirprint x)) =) (#1=(a) . #1#)(cirequal x y) =) t#:libcir:package-parano [variable]If this variable is equal to t, it indicates that packages of symbols can contain circularstructures. Use of such structures is normally strictly forbidden. Functions operating on



9-14 CHAPTER 9. SPECIALIZED OUTPUTcircular or shared objects are seriously slowed down, but in this way some nasty errors canbe chased away.(progn (setq x 'foo) (packagecell x x) x) =) ...(cirprint x) =) #1=#:#1#:foo9.3 Multi-language messagesProducts based upon LE-LISP are being marketed in many di�erent countries. This means that LE-LISP messages have to be localized into various foreign languages. The goal of the present sectionis to describe an easy and e�cient methodology for handling this question.The initial LE-LISP �le called startup.ll o�ered a rudimentary solution to this problem. Theglobal variable #:system:foreign-language had the value t when messages were to appear inEnglish, and () when they were to appear in French. This variable was used in LE-LISP libraries inthe following manner:(defvar :errnht#+ #:system:foreign-language "not a Hash Table"#- #:system:foreign-language "L'argument n'est pas une table de hachage")(defvar :errbht#+ #:system:foreign-language "Bad type for a Hash Table"#- #:system:foreign-language "Le type de la table de hachage est inconnu") ...(error 'get-hash ':errnht foo)...This solution is too limited. The choice of a language was made when the �le was loaded and aboutto be interpreted, or when the �le was compiled, and it could not be changed afterwards. Only twolanguages could be handled, and you had to create a separate compiled �le for each language.The new solution o�ers the following advantages:� You can handle several di�erent languages.� You can change your choice of a language, dynamically, during program execution.� If you prefer, you can limit your choice to a single language.� For reasons of compatibility, the new solution does not interfere with the old one.The basic idea is that languages and messages are handled within the context of a global multi-language database that can be shared by all applications.messages [feature]This feature indicates whether the multi-language database is loaded into memory.



MULTI-LANGUAGE MESSAGES 9-159.3.1 LanguagesFrom the user's viewpoint, a language is simply a symbol. There are two prede�ned languages:english and french. Any mention a language which is not a symbol raises the error:error-wrong-language. Any use of a language that has not been recorded in the database raisesanother error: error-not-recorded-language. Here are the standard de�nitions of these errors:(defmessage error-wrong-language(english "not a language name")(french "l'argument n'est pas un nom de langue"))(defmessage error-not-recorded-language(english "not a recorded language")(french "l'argument n'est pas une langue enregistre'e"))(record-language language) [function with one argument ]The language argument is the name of a new language which is recorded in the multi-language database. If this language existed already, the database is not modi�ed. The functionreturns language in the �rst case, and () in the second. This function can raise the error:error-wrong-language.(record-language 'polish) =) polish(current-language language) [function with an optional argument ]Without an argument, this function returns the symbolic name of the current language. Itsargument, if it has one, is a language that was previously recorded by the record-languagefunction. In this case, language becomes the new current language. This function can raise theerrors error-wrong-language and error-not-recorded-language.(default-language language) [function with an optional argument ]Without an argument, this function returns the symbolic name of the default language. Itsargument, if it has one, is a language that was previously recorded by the record-languagefunction. In this case, language becomes the new default language. The default language isenglish.This function can raise the errors error-wrong-language and error-not-recorded-language.(remove-language language) [function with one argument ]Removes language and all messages associated with this language in the database. If languagedid in fact exist in the database, then this symbol is returned. If not, the function returns (). Thetwo prede�nied languages english and french can't be removed. This function can raise the twoerrors: error-wrong-language and error-not-recorded-language.(message-languages) [function with no arguments]



9-16 CHAPTER 9. SPECIALIZED OUTPUTReturns the list of all the language known to the database. This list does not represent all or evenpart of the actual data structures recorded in the multi-language database. So, modi�cations tothis list have no e�ect whatsoever on the database itself.(message-languages) =) (polish esperanto english french)9.3.2 MessagesA message name is a symbol of the variable kind. The functions described in this section raisethe error, error-wrong-message, if the message argument is not a symbol of this kind. Thestring value that is associated with a message name must be a character string. If not, the errorerror-not-string-message is raised. Here are the standard de�nitions of these errors:(defmessage error-wrong-message(english "not a message name")(french "l'argument n'est pas un nom de message"))(defmessage error-not-string-message(english "not a message string")(french "l'argument n'est pas une chai^ne de message"))(get-message message) [function with one argument ]Returns the character string associated with the message name message in the current languageor, if this message is not de�ned, in the default language. The current language|if such a languagestill exists (see the remove-language function)|is the one returned by the current-languagefunction. The default language is the one returned by the default-language function. If no suchmessage exists, the string representing the message name itself is returned. This function can raisethe error error-wrong-message.#M [sharp macro]#m [sharp macro]The #M macro character enables you to access the value of a message:#Mfoo is read as (get-message (quote foo))#M:gee is read as (get-message (quote :gee))(get-message-p message) [function with one argument ]Identical to get-message, except that get-message-p never raises an error. It is generally used asa predicate.(put-message message language string) [function with three arguments]



MULTI-LANGUAGE MESSAGES 9-17Within the multi-language message database, this function associates string with message inthe language corresponding to language. The function returns the value message. It can raise thefollowing errors: error-wrong-language, error-not-recorded-language, error-wrong-messageand error-not-string-message.(remove-message message language) [function with two arguments]Removes message, in the language corresponding to language, from the multi-language messagedatabase. This function returns the value message, and can raise the following errors:error-wrong-language, error-not-recorded-language and error-wrong-message.(defmessage message def1 : : : defn) [macro]This macro provides a convenient way of associating a list of values in di�erent languages to acertain message name. In other words, it lets you group together, in one place, all the linguisticvariants of a particular message. The function returns the value message, and can trigger thefollowing errors: error-wrong-language, error-not-recorded-language, error-wrong-messageand error-not-string-message.In LE-LISP, defmessage could be de�ned in the following manner:(defmacro defmessage (msg . ldef)`(progn ,@(mapcar (lambda (def) `(put-message ,msg ,@def)),ldef)',msg))Here is an example:(defmessage smeci-error-not-a-prototype(english "Not a prototype")(french "L'argument n'est pas un prototype")(polish "Argumentyws nie jest prototypuxzy")(esperanto "La argumento ne estas prototipo"))(get-all-messages language) [function with one argument ]Returns the list of all messages recorded in the language language. get-all-messagesmight raisethe errors error-wrong-language or error-not-recorded-language.To �nd out how many messages have been pre-recorded in LE-LISP:(length (get-all-messages 'english)) =) 167(length (get-all-messages 'french)) =) 1679.3.3 AdviceSince the names of messages are global, it is important to use di�erent message names in eachapplication. You can use LE-LISP packages, or you might prefer to write names in full: for example,#:smeci:error22 or smeci-error-not-a-prototype.



9-18 CHAPTER 9. SPECIALIZED OUTPUTLet us look at some examples of the handling of multi-language messages. You can temporarilychange the language of a message in the following manner:(with ((current-language 'polish))....)The following example shows how to obtain the list of all the messages de�ned in a particularlanguage:(defun get-all-messages (language)(with ((current-language language)(default-language language))(mapcoblist (lambda (msg)(when (get-message-p msg)(list msg))))))To destroy all messages in all languages except English, act as follows:(mapc (lambda (lang) (when (neq lang 'english)(remove-language lang)))(message-languages))Finally, you might wish to verify that all the messages in English, say, have French equivalents.The following example does this, and it returns you the list of English messages that do not yethave French equivalents:(defun verifyfrench ()(with ((current-language 'english)(default-language 'english))(mapcoblist (lambda (msg)(when (get-message-p msg)(with ((current-language 'french)(default-language 'french))(if (get-message msg)()(list msg))))))))
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Chapter 10Rational and complex arithmeticLE-LISP has libraries which extend the basic generic arithmetic to operations on relative, rational,and complex numbers.Since the version 15.22, LE-LISP has a new, very fast implementation of relative and rationalnumbers: the result of a joint development e�ort at DEC PRL [Serpette&al. 1989] and INRIA[mvs 89].In order to load the old rational number library, named ratio, type the following:(loadmodule 'ratio) or^AratioTo load the new, and preferred, rational number library, type:(loadmodule 'bnq) or^AbnqTo load the complex number library, named complex, type:(loadmodule 'complex) or^Acomplexratio [feature]q [feature]complex [feature]These features indicate whether the various libraries mentioned above are present.1



10-2 CHAPTER 10. RATIONAL AND COMPLEX ARITHMETIC10.1 Rationals (�le Q)10.1.1 Rational number I/ORationals are entered in the form z=n, where the numerator z is a relative number, and thedenominator n is a positive whole number or zero.12345678910 =) 1234567891000000123 =) 123-1234567 =) -12345672/3 =) 2/34/6 =) 2/35/1 =) 5-10/2 =) -51/0 =) 1/0-2/0 =) 1/0The system prints out the rationals in a compact form. Insigni�cant zeros are suppressed, values aresimpli�ed (numerator and denominator are each divided by their greatest common denominator,or gcd), and values with denominator equal to 1 are transformed into elements of Z (the relativeintegers).The evaluation of a rational number returns the number itself, so it need not be quoted.Notice the presence in the rationals of the values for positive and negative in�nity, 1/0 and -1/0(respectively), as well as a value representing unde�ned results, 0/0. Any arithmetic operationcontaining an expression whose value is 0/0 returns 0/0, which can be considered to be an errorvalue. The unde�ned value 0/0 actually represents the closed interval [-1/0,1/0] which containsall the rationals including `plus in�nity' and `minus in�nity.' Due to the presence of these elements,the Q of LE-LISP does not qualify as a �eld.Decimal output { approximating values in QIn addition to the standard LE-LISP print routines, which display rational values in their exactreduced forms, a variable-precision approximate decimal form is also available.The function which sets the output precision is:(precision n) [function with an optional argument ]Called with no argument, precision returns the current print precision. If an argument is supplied,the print precision is determined according to the following scheme:If the argument is any non-numeric constant, including t, the print mode is set to produce exactreduced representation of rationals.If the argument is a 
oating-point value, its integer part indicates the number of digits that shouldbe printed after the decimal point in the current output base (obase).When the denominator is small, the decimal form (which is always periodic) is exact, so LE-LISP



RATIONALS (FILE Q) 10-3prints the repeating part between braces ({ and }). Otherwise the number of digits requested isprinted after the decimal point, followed by an ellipse (...).If the argument is a positive integer of type fixp, it indicates the number of terms to be printedin continuous normal fraction notation.Rationals printed in any form other than (precision t) are not re-readable by the LE-LISP reader.(precision 10.) =) 10.22/7 =) 3.f142857g ; exact representation333/106 =) 3.1f415094339...g ; 10 digits to the right of .103993/33102 =) 3.1f415926530...g(precision 10) =) 1022/7 =) /3 7/ ; 22/7 = (+ 3 (/ 7))333/106 =) /3 7 15/103993/33102 =) /3 7 15 1 292/10.1.2 Tests for typeObjects can be tested for membership in the set of integers Z (= ...,-1,0,1,2,...) or in the rationalsQ by using the predicates:(rationalp q) [function with one argument ]Returns the value of q if it is rational, or () if not.(precision t) =) t(rationalp 234567) =) 234567(rationalp -4/6) =) -2/3(rationalp 2.34567) =) () ; a float is not a rational(integerp z) [function with one argument ]Returns the value of z if it is integral, or () if not.(integerp -4/2) =) -2(integerp 2) =) 2(integerp 4/3) =) ()(integerp 2.) =) () ; a float is not an integer.These two functions are generic. To extend them to type foo, it is su�cient to de�ne#:foo:integerp and #:foo:rationalp.10.1.3 Generic rational arithmeticAll of the generic arithmetic functions of LE-LISP (see chapter 4) work on Q, and try when possibleto perform exact calculations. The syntax of these calls is the same as those with LE-LISP smallinteger arguments.



10-4 CHAPTER 10. RATIONAL AND COMPLEX ARITHMETIC(+ 3 (/ (+ 7 (/ 15)))) =) 333/106(quotient 333/106 1) =) 3 ; modulo is in #:ex:mod(modulo 333/106 1) =) 15/106 ; here it is now!(* 22/7 7/11 -1/3) =) -2/3(< 1/3 2 7/2) =) 1/3(* 1/0 0) =) 0/0 ; q*0=0 is false in q(- 1/0) =) 1/0(+ 1/0 -1/0) =) 0/0Integer division (quotient n d), given n and d in Q, returns a quotient d in Z and a remainder r(stored in the variable #:ex:mod) in Q such that:n = d*q + r, with 0 <= r < abs(d).10.1.4 Functions limited to Z(gcd z1 : : : zn) [function with a variable number of arguments]Calculates the greatest common divisor of its relative integer arguments z1 : : : zn.(pgcd z0 z1) [function with two arguments]Similar to the last function, but limited to two arguments and without veri�cation of their type(s).(even? z) [function with one argument ]Returns the value of z if this is an even relative integer, and () if not.(fact n) [function with one argument ]Calculates the factorial 1*2* ... *n = n!, for positive integer arguments. NB: By convention, 0!is equal to 1.(fib n) [function with one argument ]Computes the nth Fibonacci number, where F(0)=0, F(1)=1, F(i+2) = F(i) + F(i+1). (Of course,n must be a positive integer value.)(gcd 864164 11578 -168 252) =) 14(fact 30) =) 265252859812191058636308480000000(fib 200) =) 28057117299251014003761193241303867718952510.1.5 Functions limited to rational arguments (limited to Q)The numerator and denominator functions give access to the numerator and the denominator,respectively, of rationals, without reducing them by their common factors. Computation on Q is



RATIONALS (FILE Q) 10-5done directly on the representation of rationals as entered; reduction is explicitly done only whenprin or integerp functions are called.(numerator f) [function with one argument ](denominator f) [function with one argument ](numerator 6/10) =) 6 ; no reduction done(denominator 6/10) =) 10(setq a (prin 6/10)) =) 3/5 ; reduction done by print(numerator a) =) 3 ; a has been reduced(numerator 12) =) 12(denominator (fib 100))) =) 1The power function (**) tries in more cases than the power function to do exact arithmetic.(** n m) [function with two arguments]Computes the product n * n * ... * n (m times), for m a positive integer.(** 2 128) =) 340282366920938463463374607431768211456(** 10 10) =) 10000000000(** 2/3 10) =) 1024/5904910.1.6 Two examplesThe zeta function (zeta n e) computes the sum of the terms 1/i**e, for i from 1 to n.(defun zeta (n e)(let ((z 0))(for (i 1 1 n) (setq z (+ z (/ (** i e)))))z))For e=1, one obtains the harmonic numbers, a divergent series.For e=2, the series converges slowly toward the square of pi divided by six.For e=3, the series converges toward zeta(3), which Ap�ery showed to be transcendant.Let's compute (qe n), the sum of the terms 1=i!, for i from 1 to n. This expression converges rapidlytoward the number e.(defun qe (n)(let ((e 0))(for (i 0 1 n) (setq e (+ e (/ (fact i)))))e))(zeta 10 1) =) 7381/2520(zeta 10 2) =) 1968329/1270080



10-6 CHAPTER 10. RATIONAL AND COMPLEX ARITHMETIC(zeta 10 3) =) 19164113947/16003008000(qe 10) =) 9864101/3628800(precision 20.) =) 20.(zeta 10 1) =) 2.92896825396825396825...(zeta 10 2) =) 1.54976773116654069035...(zeta 10 3) =) 1.19753198567419325166...(qe 10) =) 2.71828180114638447971...10.2 Complex numbers (the �eld C)After charging complex, the complex number manipulation package, the symbols i and pi havethe values [i] and 3.141593.... It would not be wise to change their values.10.2.1 Complex number I/O[ [macro character ]Complex numbers are printed between square brackets ([,]) in the form [xi+y], where x is theimaginary part and y is the real part. Some simpli�cations are used: [xi] when y=0, [xi-y] wheny<0, [i+y] when x=1, and [-i+y] when x=-1. Thus the pure imaginary number is known as [i],and its square is equal to -1.#C [#-macro]Complex numbers can be also represented in the form #C(y x), where x is the imaginary part andy is the real part. In order to get this printed representation, evaluate (precision 'cl).(precision 'cl) =) cl[i] =) #C(0 1)[2i+1] =) #C(1 2)[-i+1] =) #C(1 -1)10.2.2 Tests for type(complexp c) [function with one argument ]Returns the value of c if it is complex, or () if not.(realp r) [function with one argument ]Returns the value of r if it is numeric and not complex, or () if not. This is a generic functionwhich can be extended to the type foo by de�ning foo:realp.(realp 2) =) 2



COMPLEX NUMBERS (THE FIELD C) 10-7(realp 2.3) =) 2.3(realp [2/3]) =) 2/3(realp [i]) =) ()(complexp [-1234]) =) ()(complexp [-i]) =) [-i]10.2.3 Complex generic arithmeticThe arithmetic functions known as +;�; �; and � have been extended to the complex numbers.(+ [i] 3) =) [i+3](* [i] [i]) =) -1(* [i] (+ [i] [i])) =) -2(* (* 1/3 [i]) [i]) =) -1/3(+ [i] (/ [i])) =) 0(/ [2i+3]) =) [-2/13i+3/13](<?> [i] 1) =) [i-1](<?> [-2i+3] [i+1]) =) [-i+1](float [2/3i+5]) =) [.6666666i+5.]Whole division using quotient makes no sense in C, and raises an error. The same is true oftruncate and floor.The float function converts real and imaginary parts of complex numbers into 
oating-pointnumbers. The comparison function applied to two complex numbers, (<?> [ai+b] [ci+d]),returns the value [(<?> a c)i + (<?> b c)] which only makes mathematical sense when theresult is 0, that is when [ai+b] = [ci+d].The domain of the sqrt and log functions extends to C following the formulas:sqrt(-r)=rsqrt(r) log(-r)=pi*i+log(r).The asin and acos functions are de�ned on C by:acos(z)=pi/2-asin(z) and asin(z)=-i*log(iz+sqrt(1-z*z)).(sqrt -2) =) [1.414213i](log -2) =) [3.141593i+.6931472](log -1) =) [3.141593i](log 0) =) 1/0(sqrt -1) =) [i](asin 2) =) [-1.316958i+1.570796](acos 2) =) 1.57079610.2.4 Functions limited to the complex numbers (limited to C)(makecomplex c i) [function with two arguments]This function returns [ii + c], in which the arguments i and c must be reals.



10-8 CHAPTER 10. RATIONAL AND COMPLEX ARITHMETIC(realpart c) [function with one argument ]If c = [xi+y], realpart returns y.(imagpart c) [function with one argument ]If c = [xi+y], imagpart returns x.(conjugate c) [function with one argument ]If c = [xi+y], conjugate returns [-xi+y].(conjugate [2/5i+3/5]) =) [-2/5i+3/5](realpart [2i-3]) =) -3(imagpart [2i-3]) =) 210.2.5 Polar coordinatesWe write [rc:tc] for the polar representation of c = [yi+x]. The value of the angle tc=arctan(y/x)modulo pi is determined by the location of [yi+x] in the complex plane. The following relationshipshold: if y>0 and x>0, 0<tc<pi/2. if y>0 and x<0, pi/2<tc<pi.if y<0 and x>0, -pi/2<tc<0. if y<0 and x<0, -pi<tc<-pi/2.if y>0 and x=0, tc=pi/2.if y<0 and x=0, tc=-pi/2.The modulus rc is given by (abs c), while the angle tc can be obtained with:(phase c) [function with one argument ]If c = [xi+y] = [rc:tc], phase returns tc.(signum c) [function with one argument ]If c = [xi+y] = [rc:tc], signum returns [1:tc] = c / (abs c).(phase [i+1]) =) .7853982(phase [-i+1]) =) -.7853982(phase [i-1]) =) 2.356194(phase [-i-1]) =) -2.356194(abs [i+1]) =) 1.414214(signum (/ pi 2)) =) 1The complex logarithm and exponential functions are de�ned in relation to the polar representationas follows:



COMPLEX NUMBERS (THE FIELD C) 10-9log[r:t] = [ti+log(r)] and exp[r:t] = [exp(r)sin(t)i+exp(r)cos(t)] .(cis r) [function with one argument ]Computes [sin(r)i+cos(r)].The sqrt function is de�ned for the complex numbers by:sqrt(z) = exp(log(z)/2)The trigonometric functions are de�ned by:sin(z) = (exp[ci]-exp[-ci])/2icos(z) = (exp[ci]+exp[-ci])/2atan(z) = -i*log([zi+1]/sqrt(1+z*z))tan(z) = sin(z)/cos(z)The results of the following calculations depend on the 
oating-point precision used.(log (exp [3i+2])) =) [3.i+2.](exp (log [3i+2])) =) [3.i+2.](exp (* i pi)) =) [0.i-1.](setq a (sqrt [i])) =) [.7071067i+.7071067](* a a) =) [i](asin (sin i)) =) [i](cos (acos [i])) =) [i](atan [i]) =) 1/0(atan (tan [i])) =) [i]10.2.6 Hyperbolic functions(sinh z) [function with one argument ]Computes (exp(z)-exp(-z))/2.(cosh z) [function with one argument ]Computes (exp(z)+exp(-z))/2.(tanh z) [function with one argument ]Computes sinh(z)/cosh(z).(asinh z) [function with one argument ]Computes log(z+sqrt(1+z*z)).



10-10 CHAPTER 10. RATIONAL AND COMPLEX ARITHMETIC(acosh z) [function with one argument ]Computes log(z+(z+1)sqrt((z-1)/z+1)).(atanh z) [function with one argument ]Computes log((1+z)sqrt(1-1/x*x)).10.3 A complex mini-extension of generic arithmeticThis example, the construction of a simpli�ed version of the module complex, illustrates the ideaof an extension to the generic arithmetic package. While it is incomplete, does no error checking,and does not exactly agree with the preceding description of the complex numbers (C), we presentit for its pedagogical utility.First we put ourselves in the C package:(setq #:sys-package:colon 'C)10.3.1 RepresentationA complex C is represented by its real part (:r c) and its complex part (:i c).(defstruct C r i)To test the type C:(defun complexp (c) (eq 'C (type-of c)))To construct a+ib = [a:b] :(defun makecomplex (a b)(if (= 0 b)a(let ((c (:make)))(:i c b)(:r c a)c)))The pure complex number i*i=-1:(defvar i (makecomplex 0 1))10.3.2 I/O for CBy convention, a+ib is written [bi+a]:



A COMPLEX MINI-EXTENSION OF GENERIC ARITHMETIC 10-11(defun :prin (c)(prin "[" (:i c) "i+" (:r c) "]"))To be able to reread these complex numbers:(dmc |[| ()(let ((j) (r))(setq j ; read the imaginary part(with ((typecn #/i 'csep)) (read)))(readcn) ; read i.(readcn) ; read the +.(setq r (read)) ; read the real part.(readcn) ; read the ].(makecomplex r j)))10.3.3 Complex arithmeticThe comparison is only de�ned in the case of equality:(defun :<?> (a b)(if (and (complexp b) (= (:i a) (:i b)) (= (:r a) (:r b)))0(error '<?>"complex comparison undefined"(list a b))))Binary addition:(defun :+ (c r)(if (complexp r)(makecomplex (+ (:r c) (:r r)) (+ (:i c) (:i r)))(makecomplex (+ r (:r c)) (:i c))))Extension of + to �xed- and 
oating-point values:(defun #:fix:+ (r c) (+ c r)) ; r+c = c+r(defun #:float:+ (r c) (+ c r))Binary subtraction:(defun :- (c r) (:+ c (0- r))) ; c-r = c+(-r)Extension of � to �xed-point and 
oating-point values:(defun #:fix:- (r c) (+ r (0- c)))(defun #:float:- (r c) (+ r (0- c)))Unary negation:



10-12 CHAPTER 10. RATIONAL AND COMPLEX ARITHMETIC(defun :0- (c) (makecomplex (- (:r c)) (- (:i c))))Binary multiplication:(defun :* (c r)(if (complexp r)(makecomplex (- (* (:r c) (:r r)) (* (:i c) (:i r)))(+ (* (:r c) (:i r)) (* (:i c) (:r r))))(makecomplex (* r (:r c)) (* r (:i c)))))Extension of * to �xed- and 
oating-point values:(defun #:fix:* (r c) (* c r)) ; r*c = c*r(defun #:float:* (r c) (* c r))Binary division:(defun :/ (a b) (:* a (1/ b)))Extension of / to �xed- and 
oating-point values:(defun #:fix:/ (r c) (+ r (1/ c)))(defun #:float:/ (r c) (+ r (1/ c)))Unary multiplicative inverse 1/: 1/a+ib = a/m-ib/m with m=a*a+b*b:(defun :1/ (c)(:* (makecomplex (:r c) (- (:i c))) (/ (:module2 c))))(defun #:fix:1/ (r) (/ (float r)))Compute the square of the modulus of c:(defun :module2 (c)(+ (* (:i c) (:i c)) (* (:r c) (:r c))))Compute the modulus of c:(defun :abs (c) (if (zerop (:r c)) (abs (:i c)) (sqrt (:module2 c))))10.3.4 exp, log and sqrt functionsexp[ai+b] = exp(b)*[sina*i+cosa]:(defun :exp (c)(:* (makecomplex (cos (:i c)) (sin (:i c))) (exp (:r c))))The number pi:



A COMPLEX MINI-EXTENSION OF GENERIC ARITHMETIC 10-13(defvar pi (* 4 (atan 1)))log(r*e**i*theta) = log(r)+i*theta; The definition that follows is mathematically false,; to simplify things!(defun :log (c)(makecomplex (log (:abs c))(if (= 0 (:r c))(/ pi 2)(atan (/ (:i c) (:r c))))))To extend the log function to negative �xed-point values:(defun #:fix:log (r)(selectq (<?> r 0)(1 (log (float r)))(0 (- (/ 0)))(-1 (makecomplex (log (- r)) pi))))Extension to 
oats:(defun #:float:log (r) (:log r))(sqrt c) = c**1/2 = e**(log(c)/2)(defun :sqrt (c) (:exp (/ (:log c) 2)))To extend the sqrt function to negative �xed-point and 
oating-point values:(defun #:fix:sqrt (r)(selectq (<?> r 0)(1 (sqrt (float r)))(0 0)(-1 (makecomplex 0 (sqrt (- r))))))(defun #:float:sqrt (r) (#:fix:sqrt r))
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Chapter 11Debugging toolsThis chapter describes several utilities, written in LISP, that make it easier to debug your LISPprograms. They are automatically loaded the �rst time they are called. They include toolssupporting step-by-step execution of code, program tracing, and an inspection loop which allowsthe environment to be examined on the occurrence of errors. All these tools use the virtual multiplewindows if they are available.debug [feature]This feature indicates whether the debugging tools are loaded into memory.(debugend) [function with no arguments]Recovers memory that was being used by the debugging tools. It also removes the debug featurefrom the environment. Each debugging function will be loaded anew the next time it is called.11.1 TracingRecall that it is possible to trace all the internal calls to the eval function during the executionof a program by using the traceval function. (See the description of this function.) This is usefulfor understanding the internal behavior of the evaluator, but not very handy for debugging largerprograms because it provides too much information for that purpose.Therefore, it is also possible to trace calls to any function. A trace prints certain information theuser has selected at the entry and the exit of a function. The printing can be controlled by a LISPexpression which is evaluated when the evaluator enters and exits the function.It is also possible to conditionally enter an inspection loop at the entry of a function. As a �nalpossibility, you can redirect the output of the trace by assigning a channel to the *trace-output*global variable.11.1.1 Stepping functions 1



11-2 CHAPTER 11. DEBUGGING TOOLS(trace trace1 : : : tracen) [special form]Traces the functions described by arguments trace1 : : : tracen. These arguments are not evaluated.They are either function names or lists which have function names in their cars. The former kind ofargument activates a standard trace on the given function. The latter form lets the caller give traceparameters for the function involved, forms to be evaluated on function entry and exit, conditionaltrace points, and conditional breakpoints. These trace parameters are descibed in section 11.1.2.trace returns a list of all the functions a�ected.(untrace sym1 : : : symn) [special form]Disables tracing on functions named by the symbols sym1 : : : symn. These names are not evaluated.If no argument is given, that is, if the call was (untrace), all current traces will be disabled.untrace returns a list of the functions a�ected.11.1.2 Trace parametersThe standard trace on a function prints the following information:� Upon entering the function, its name and the name(s) and value(s) of its parameter(s).� Just before exiting the function, its name followed by the value it returns.List arguments to trace must have the following form:(fn par1 : : : parn)where fn is the name of the function to trace and par1 : : : parn are the parameters.The parameters recognized by the trace function are:� (when e) : conditional trace.� (break e) : conditional breakpoint� (step e) : conditional switch into stepwise execution mode.� (entry e1 : : : em) : sets LISP forms to evaluate upon function entry.� (exit e1 : : : em) : sets LISP forms to evaluate upon function exit.The when parameter is a LISP form which is evaluated at function entry and exit. If the evaluationof this form results in () the other trace conditions break, step, entry and exit are ignored.The break parameter is a LISP form which is evaluated at function entry. If the evaluation doesnot result in () an inspection loop is activated at the function entry point. (See the break functiondescribed in section 11.2.) Note that the break parameter is evaluated after the when parameter.The breakpoint is created only when both the when and break parameters are true.The step parameter is a LISP form which is evaluated after the break parameter but before thebody of the function being traced. If its value is di�erent than (), the body of the function isevaluated in stepwise execution mode. (See the step function described in section 11.3.) Otherwise



TRACING 11-3the body of the function is evaluated normally. The step parameter is only evaluated when thewhen parameter is true.All the operations which are activated upon entry into a function are done after variable bindingshave been done. All the operations which happen upon exit from a function are done after theevaluation of the last form in the function, in the environment of the function. In addition, as theevaluator exits the function, the variable #:trace:value will contain the value that the functionwill return, and it can be used for examining or printing this value.If some values are not furnished in a call to trace, they take on the values they would have in astandard trace. They are de�ned as follows for a two-argument function called foo:(trace (foo (when t) ; non-conditional trace - always active(break ()) ; no breakpoints created(step ()) ; execute normally, not in step mode(entry (print "foo --> x=" x ", y=" y))(exit (print "foo <-- " #:trace:value))))11.1.3 Trace global variables#:trace:arg1 [variable]#:trace:arg2 [variable]#:trace:arg3 [variable]The values of these variables are only meaningful during the evaluation of when, break, entry, andexit parameters of a compiled traced function, which can be a prede�ned compiled function or afunction compiled by the user.Their values depend upon the type of the traced function, as follows:� For subr0 functions, none of these values are meaningful.� For subr1 functions, #:trace:arg1 contains the value of the function's �rst argument.� For subr2 functions, #:trace:arg1 and #:trace:arg2 contain the values of the function's�rst and second arguments, respectively.� For subr3 functions, #:trace:arg1, #:trace:arg2, and #:trace:arg3 contain the values ofthe function's �rst, second, and third arguments, respectively.� For subrn functions, #:trace:arg1 contains the list of values of all the function's arguments.� For fsubr, msubr and dmsubr functions, #:trace:arg1 contains the list of the function'snon-evaluated arguments.The use of these variables in trace parameters can result in a very �ne-grained trace of compiledfunctions.



11-4 CHAPTER 11. DEBUGGING TOOLSHere are some examples of their use:� Breakpoint on car when the argument's value is a number:(trace (car (when (numberp #:trace:arg1)) (break t)))� Trace putprop when the value of the third argument is ():(trace (putprop (when (null #:trace:arg3))))� Trace calls to list with seven arguments:(trace (list (when (= (length #:trace:arg1) 7))))� Trace all the setqs on the variable foo:(trace (setq (when (eq (car #:trace:arg1) 'foo))))Perverse e�ects can result from using the trace functions. The following call reverses the argumentorder of all calls to the cons function.(trace (cons(entry (psetq #:trace:arg1 #:trace:arg2#:trace:arg2 #:trace:arg1))))#:trace:value [variable]This variable contains the last value returned by a traced function. This value is only meaningfulinside forms associated with trace exit parameters.#:trace:not-in-trace-flag [variable]This variable has the value () during the evaluation of trace parameters, and t at other times. Itis used by the tracer as a supplementary condition on function tracing. Functions are not actuallytraced unless this variable has the value (). This enables traced functions to be used in theevaluation of trace parameters without sending the evaluator into an in�nite loop. For examplethe print function can be traced even though it is being used to print trace messages.Here is an example of a trace of the print function. Follow it carefully|we are also tracingtoplevel's calls to print, (print (eval (read))) :? (trace print)= print ---> ((print))(print)print <--- (print)? (print 1 2 3)print ---> (1 2 3)123print <--- 3= print ---> (3)3print <--- 3



TRACING 11-5? (untrace)= (print)#:trace:trace [variable]This variable contains the list of all the functions being traced at a given moment.11.1.4 Example of trace useWe reproduce here a LE-LISP session illustrating the use of the tracer:Switch into debug mode. ? (debug t)= t? (defun rv (s res)? (if (null s)? res? (rv (cdr s) (cons (car s) res))))= rvA normal try, without tracing. ? (rv '(1 2 3) ())= (3 2 1)Standard tracing. ? (trace rv)= (rv) ? (rv '(1 2 3) ())rv ---> s=(1 2 3) res=()rv ---> s=(2 3) res=(1)rv ---> s=(3) res=(2 1)rv ---> s=() res=(3 2 1)rv <--- (3 2 1)rv <--- (3 2 1)rv <--- (3 2 1)rv <--- (3 2 1)= (3 2 1)Pick some information to be printed upon function entry and exit. ? (trace (rv (entry(print "rv: res=" res))? (exit (print "rv returns:" #:trace:value))))= ((rv (entry (print rv: res= res)) (exit (print rv returns: #:trace:value)))) ? (rv '(12 3) ())rv: res=()rv: res=(1)rv: res=(2 1)rv: res=(3 2 1)rv returns:(3 2 1)rv returns:(3 2 1)rv returns:(3 2 1)rv returns:(3 2 1)



11-6 CHAPTER 11. DEBUGGING TOOLS= (3 2 1)Trace conditionally. ? (trace (rv (when (< (length s) 2))))= ((rv (when (< (length s) 2)))) ? (rv '(1 2 3) ())rv ---> s=(3) res=(2 1)rv ---> s=() res=(3 2 1)rv <--- (3 2 1)rv <--- (3 2 1)= (3 2 1)Invoke an inspection loop on a condition. ? (trace (rv (break (null s))))= ((rv (break (null s)))) ? (rv '(1 2 3) ())rv ---> s=(1 2 3) res=()rv ---> s=(2 3) res=(1)rv ---> s=(3) res=(2 1)rv ---> s=() res=(3 2 1)** rv : break : tracebreak(defun rv (s res)(if (null s) res (rv (cdr s) (cons (car s) res))))>? vs=()res=(3 2 1)>? rrv <--- (3 2 1)rv <--- (3 2 1)rv <--- (3 2 1)rv <--- (3 2 1)= (3 2 1)Use stepwise execution mode. ? (trace (rv (step (= 1 (length s)))))= ((rv (step (= 1 (length s))))) ? (rv '(1 2 3) ())rv ---> s=(1 2 3) res=()rv ---> s=(2 3) res=(1)rv ---> s=(3) res=(2 1)1 -> (if (null s) res (rv (cdr s) (cons & res))) step>? ; return2 -> (null s) step>? ; return3 -> s step>? ; return3 <- (3)2 <- ()2 -> (rv (cdr s) (cons (car s) res)) step>? ; return3 -> (cdr s) step>? ; return4 -> s step>? ; return4 <- (3)3 <- ()3 -> (cons (car s) res) step>? <3 <- (3 2 1)



BREAK AND DEBUG MODE 11-7rv ---> s=() res=(3 2 1)4 -> (if (null s) res (rv (cdr s) (cons & res))) step>? <4 <- (3 2 1)rv <--- (3 2 1)2 <- (3 2 1)1 <- (3 2 1)rv <--- (3 2 1)rv <--- (3 2 1)rv <--- (3 2 1)= (3 2 1)Suppress tracing. ? (untrace rv)= (rv) Redirect the trace output. ? (de foo (x) (car '(1 2 3)))= foo ? (trace foo)= (foo) ? (let ((*trace-output* (openo "see")))? (protect (foo '(1 2 3))? (close *trace-output*)))= 1 ? !cat seefoo ---> x=(1 2 3)foo <--- 1= t ? (foo '(1 2 3))foo ---> x=(1 2 3)foo <--- 1= 111.2 Break and debug modeWhen an error is raised, a message is printed and the environment is restored, which results inthe reinitialization of all the dynamic objects. Sometimes, however, it is preferable to stay in theenvironment which raised the error to examine the variables or the stack as they were when theerror was raised. This is accomplished by switching to debug mode.(debug s) [special form]If the argument s, which is not evaluated, is equal to t, debug mode is globally activated. If theargument is (), debug mode is globally deactivated. If the argument s is an expression, the debugmode will be activated only during the evaluation of this expression. debug returns the value ofthe evaluation of s as its value. This incidentally allows any Lisp expression to be submitted to thedebug statement as an argument for debugging.(break) [function with no arguments]Outside debug mode, this function just causes a return to the LISP toplevel by calling the errfunction. (See the explanation of the err function.) In debug mode it activates an inspection loopin its dynamic call environment. The inspection loop is recognizable by its >? prompt. One can



11-8 CHAPTER 11. DEBUGGING TOOLSreturn to the LISP toplevel from the inspection loop by evaluating (exit break) or using theshorthand t. break is systematically called by the standard error-handling function syserror. Indebug mode, therefore, all user errors send the evaluator into an inspection loop.If a new error is raised in the inspection loop, break will only be called recursively if the form (debugt) was evaluated from within the �rst inspection loop. In this case, the prompt will indicate thenumber of active embedded calls to break.11.2.1 Inspection (or debug) loopAn inspection (or debug) loop is a read-eval-print loop which runs in a function's localenvironment. It is created in debug mode by a call to the break function; that is, when an error, abreakpoint (see the trace function), or an explicit user call to the function occurs. An inspectionloop can be recognized by its prompt \>?".An inspection loop can be terminated by returning to the Lisp toplevel or by continuing theinterrupted computation.When a debug loop starts executing, the name of the function being called it is printed on thescreen and, if possible, the section of the function currently being evaluated is highlighted. (Thisoperation uses the tyattrib function.)In a debug loop any LISP function whatsoever can be evaluated, just like at the system toplevel.The expression evaluation takes place, however, in the local environment of the function whichcalled the loop. It is therefore possible to examine the values of the function's parameters. Inaddition, a number of commands let the environments of calls waiting on the stack be pushed orpopped, so parameters and local variables of all the waiting functions can be examined.The stack inspection commands take the form of characters to be typed at the beginning of a line.If a LISP form which begins with a command character is to be evaluated, it must be preceded bythe space character.The debug, or inspection, loop commands are:� v: Print the current function's local variables.� e: Print the full error message of the error that raised the debug loop.� . (dot or period): Print the current function.� +: Pop a function call o� the stack.� {: Push the current function (back) onto the stack.� h(istory): Print the �rst few function calls beginning with the current one. The number oflevels printed is the value of the #:system:stack-depth global variable.� H: Print all suspended function calls.� q(uit): Leave the debug loop.� t(op): Return immmediately to the LISP top level.



BREAK AND DEBUG MODE 11-9� r: Continue the program which caused the debug loop to be activated. This function providesa way to continue evaluation after a breakpoint and to correct the unde�ned variable (errudv)and unde�ned function (errudf) errors.� z: Continue a function stopped at a breakpoint in stepwise execution mode.� ?: Print this list of debug loop commands.Those commands which terminate the debug loop also restore the stack context by pushing functioncontexts which may have been popped before continuing execution.Switch to global debug mode. ? (debug t)= t De�ne an incorrect function. ? (defun foo (x)? (if (= x 0)? (lisp 1)? (cons (1+ x) x (foo (1- x)))))= foo Try the function. ? (foo 3)** cons : wrong number of arguments : 2(ds cons subr2)-----(defun foo (x)(if (= x 0) (lisp 1) (cons (1+ x) x (foo (1- x)))))----------------------------(The function was printed with the faulty part (cons...) underlined. cons requires twoarguments! Return to the top level.)>? tCorrect the function. ? (defun foo (x)? (if (= x 0)? (lisp 1)? (mcons (1+ x) x (foo (1- x)))))** de : function redefined : foo= foo ? (foo 3)** eval : undefined function : lisp(defun foo (x)(if (= x 0) (lisp 1) (mcons (1+ x) x (foo (1- x)))))-------->? ; The part that caused the error (lisp 1) is highlighted.>? ; Now examine the local variables.>? vx=0>? ; Evaluate some lisp forms...>? x= 0>? (mcons (1+ x) x '(1))= (1 0 1)



11-10 CHAPTER 11. DEBUGGING TOOLS>? ; Print a history trace of the function calls on the stack.>? h[stack 4] (foo ...)[stack 3] (foo ...)[stack 2] (foo ...)[stack 1] (foo ...)>? ; List of the available debug comands...>? ?; v: show variables; h: print top of stack; h: print complete stack; e: show error message; .: show current stack frame; +: down stack; -: up stack; t: back to toplevel; q: exit inspection loop; r: resume; z: step traced functions; ?: list commands>? ; Pop a function call...>? +(defun foo (x)(if (= x 0) (lisp 1) (mcons (1+ x) x (foo (1- x)))))>? ; x equals 1 in this environment.>? vx=1>? ; Push the call back on the stack.>? -(defun foo (x)(if (= x 0) (lisp 1) (mcons (1+ x) x (foo (1- x)))))-------->? ; Continue the computation by correcting the "undefined function".>? rfunction >? list= (4 3 3 2 2 1 1)The function foo must be corrected. ? (defun foo (x)? (if (= x 0)? (list 1)? (mcons (1+ x) x (foo (1- x)))))** de : function redefined : foo= foo ? (foo 3)= (4 3 3 2 2 1 1) Set a conditional break point. ? (trace (foo (break (= x 0))))= ((foo (break (= x 0)))) ? (foo 5)



BREAK AND DEBUG MODE 11-11foo ---> x=5foo ---> x=4foo ---> x=3foo ---> x=2foo ---> x=1foo ---> x=0** foo : break : tracebreak(defun foo (x)(if (= x 0) (list 1) (mcons (1+ x) x (foo (1- x)) )))------------>? vx=0>? ; Let's modify foo's parameter.>? (setq x 4)= 4>? ; Continue the computation...>? rfoo ---> x=3foo ---> x=2foo ---> x=1foo ---> x=0** foo : break : tracebreak(defun foo (x)(if (= x 0) (list 1) (mcons (1+ x) x (foo (1- x)) )))------------>? ; We are at the breakpoint again...>? ; finish the computation.>? rfoo <--- (1)foo <--- (2 1 1)foo <--- (3 2 2 1 1)foo <--- (4 3 3 2 2 1 1)foo <--- (5 4 4 3 3 2 2 1 1)foo <--- (2 1 5 4 4 3 3 2 2 1 1)foo <--- (3 2 2 1 5 4 4 3 3 2 2 1 1)foo <--- (4 3 3 2 2 1 5 4 4 3 3 2 2 1 1)foo <--- (5 4 4 3 3 2 2 1 5 4 4 3 3 2 2 1 1)foo <--- (6 5 5 4 4 3 3 2 2 1 5 4 4 3 3 2 2 1 1)= (6 5 5 4 4 3 3 2 2 1 5 4 4 3 3 2 2 1 1)11.2.2 Debug mode functionsThe functions described in this section may be useful to users who want to extend the debug modefunctionality.



11-12 CHAPTER 11. DEBUGGING TOOLS(printstack n s) [function with one or two optional arguments]Prints a visual representation of the last n levels of the Lisp dynamic execution stack or the wholestack if n is not furnished. If the s argument is given, it must be a list returned by the cstackfunction. Such a list represents a LISP stack state, and it is the contents of this list, and not thecurrent state of the stack, that would be printed if s were present in the call.(debug-command cn) [function with one argument ]The cn argument is an internal character code. This function executes the debug loop commandassociated with this character.#:system:stack-depth [variable]The value of this variable is a number that indicates the number of stack levels that the h debugloop command will print. Its initial value is 5. This variable is ignored by the H command, whichprints the entire stack contents.#:system:debug-line [variable]This variable provides a way to limit the number of lines printed by the debug loop informationmessages. Its value is the maximum number of lines to be printed, and its initial value is 5. Thisvariable is particularly useful for limiting the printing of functions which have caused errors.11.3 Stepwise executionSingle-step mode lets the user stop at each internal evaluator call. During these halts, dynamicobjects can be examined and the dynamic behavior of a program can thus be followed very closely.As in the case of tracing, you can redirect the display of stepwise execution by means of the*trace-output* variable. It is also possible to read the stepwise commands by assigning a channel,opened as input, to the *trace-input* global variable.Warning : The current implementation of this feature does not allow the evaluator to be stoppedduring the evaluation of &nobind functions.In order to implement this incremental execution feature, the system invokes the stepevalprogrammable interrupt, with the form to evaluate as its argument, at each internal call to theevaluator.Here are the various actions possible at each pause:� return: Continue the stepwise evaluation one step at a time.� <: Evaluate the current expression without stopping at each step and then continue in single-step mode after the evaluation is done.� q: Quit single-step mode and return the value of the expression that launched it.



STEPWISE EXECUTION 11-13� =: Activate a debug (inspection) loop, in which all the debug loop commands are available.Return to single-step mode by typing the I command in the debug loop.� h: Print a history of the suspended evaluations.� ?: Print an abbreviated command list.(step s) [special form]Evaluate the expression s in single-step mode. step returns the value of the evaluation of s.(unstep s1 : : : sn) [special form]Suspend single-step mode during the evaluation of the expressions s1 : : : sn and return the valueof sn.Change globally into debug mode. ? (debug t)= t ? (defun f (n)? (if (<= n 1)? 1? (* (f (1- n)) n)))= f? (step (f 5))1 -> 5 step> 1 <- 51 -> (if (<= n 1) 1 (* (f \&) n)) step>? ; return2 -> (<= n 1) step>? ; return3 -> n step>? ; return3 <- 53 -> 1 step>? ; return3 <- 12 <- ()2 -> (* (f (1- n)) n) step>? ; return3 -> (f (1- n)) step>? ; return4 -> (1- n) step>? ; return5 -> n step>? ; return5 <- 54 <- 44 -> (if (<= n 1) 1 (* (f \&) n)) step>? ; return5 -> (<= n 1) step>? ; return6 -> n step>? ; return6 <- 46 -> 1 step>? ; return6 <- 15 <- ()5 -> (* (f (1- n)) n) step>? ?(The single-step mode commands are:)



11-14 CHAPTER 11. DEBUGGING TOOLS; CR go to next expression; . see current expression; < evaluate without step and come back; q return to toplevel; h view history; ? this message ...5 -> (* (f (1- n)) n) step>? h1 (if (<= n 1) 1 (* (f (1- n)) n))2 (* (f (1- n)) n)3 (f (1- n))4 (if (<= n 1) 1 (* (f (1- n)) n))5 (* (f (1- n)) n)5 -> (* (f (1- n)) n) step>? =** step : break : (* (f (1- n)) n)(defun f (n)(if (<= n 1) 1 (* (f (1- n)) n) ))---------------->? vn=4>? h[stack 2] (f ...)[stack 1] (f ...)>? r 5 -> (* (f (1- n)) n) step>? ; return6 -> (f (1- n)) step>? <6 <- 66 -> n step>? ; return6 <- 45 <- 244 <- 243 <- 243 -> n step>? ; return3 <- 52 <- 1201 <- 120= 120
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Chapter 12Loader/assembler LLM3The heart of the LE-LISP system is written in the LLM3 virtual machine language [Chailloux 85b].This language is available in LISP. It is used by the various LE-LISP compilers but can also be usedto write new standard functions, or to write compilers for languages other than LISP. This chapterdescribes the functions that provide access to internal machine resources and the syntax used bythe LLM3 loader/assembler, often called lap, for Lisp Assembly Program.12.1 Access to memory and the CPUFunctions provided in this section allow you to directly access memory and the cpu. TheLLM3 loader/assembler uses a special memory zone, called the code zone, to load and storeinstructions. The following functions are obviously machine-dependent, and are used to build theLLM3 loader/assembler.These functions are designed to operate on all possible memory addresses, for all machinearchitectures. Since LE-LISP integers are 16 bits long, they cannot always represent memoryaddresses. A memory address|referred to as addr throughout this chapter|is thereforerepresented in LISP in one of two possible ways:� By a 16-bit number with an extended sign, to represent a complete 32-bit address.� By a cons of two numbers of the form (high . low). The car, high, contains the 16 high-order bits of the address. The cdr, low, contains the 16 low-order bits.The address #$001f3c00 is stored as (#$1f . #$3c00)" " #$00008000 " " (0 . #$8000)" " #$ffff0000 " " (#$ffff . 0)" " #$0000ffff " " (0 . #$ffff)" " #$ffff8100 " " #$8100" " #$00001000 " " #$1000The functions that follow test the validity of memory address-type arguments. They can raise theerrdna error, which has the following default screen display:1



12-2 CHAPTER 12. LOADER/ASSEMBLER LLM3** <fn> : bad address : <s>Here, fn is the name of the function called, and s is the argument that is not of type memoryaddress.(#:system:ccode addr) [function with an optional argument ]This function reads|or writes, if the addr argument is given|the current memory load addressin the code zone.(#:system:ecode) [function with no arguments]Reads the last memory address in the code zone.(addadr addr1 addr2) [function with two arguments]Returns the sum of the two memory addresses addr1 and addr2. It allocates a new cons if itsresult must be represented in the cons form.(addadr '(3 . 657) '(4 . 4567)) =) (7 . 5224)(addadr '(1 . #$8000) '(1 . #$8000)) =) (3 . 0)(addadr -1 -1) =) -2(addadr -1 1) =) 0(addadr #$7fff 1) =) (0 . #$8000)(addadr 1 '(1 . 234)) =) (1 . 235)(addadr 1 '(1 . #$ffff)) =) (2 . 0)(addadr '(1 . #$ffff) 1) =) (2 . 0)(addadr '(#$ffff . #$8001) 1) =) -32766(subadr addr1 addr2) [function with two arguments]Returns the di�erence of the two addresses addr1 and addr2. It allocates a new cons if its resultmust be represented in the cons form.(subadr '(56 . 7899) '(45 . 3333)) =) (11 . 4566)(subadr '(1 . #$8000) '(1 . #$8001)) =) -1(subadr 0 '(3 . 3)) =) (-4 . -3)(subadr 1 '(1 . 0)) =) (-1 . 1)(subadr 1 '(1 . #$ffff)) =) (-2 . 2)(incradr addr n) [function with two arguments]Adds n to the memory address addr. If this address is in the form of a cons, incradr physicallymodi�es the cons cell.(setq addr '(3 . #$fffe)) =) (3 . -2)(incradr addr 1) =) (3 . -1)



ACCESS TO MEMORY AND THE CPU 12-3(incradr addr 1) =) (4 . 0)(incradr addr 1) =) (4 . 1)(incradr addr 100) =) (4 . 101)addr =) (4 . 101)(gtadr addr1 addr2) [function with two arguments]Returns t if the memory address addr1 is greater than the address addr2 and () otherwise.(setq addr '(4 . 101)) =) (4 . 101)(gtadr addr '(4 . -10)) =) ()(gtadr addr '(4 . 100)) =) t(gtadr addr '(4 . 101)) =) ()(loc s) [function with one argument ]Provides a way to get the absolute memory address of the LISP object s. The memory address of aLISP object is the pointer to it. This function provides a means of locating in memory objects thatare created dynamically. loc cannot be described in LISP.(loc '(a b c)) =) (15 . 288)(loc '(a b c)) =) (13 . 1200)(vag addr) [function with one argument ]This is the inverse of the loc function. vag returns the LISP object whose absolute memory addressis supplied as the argument. So, (vag (loc s)) is equivalent to s itself. The vag function cannotbe described in LISP.Warning : vag does not test whether or not addr is the address of a real LISP object, andan erroneous call to this function could raise an error on the host system. In particular it ispossible to refer to objects that have disappeared:(let ((x (loc (cons 'a 'b))))(gc)(vag x)) ; the value of x no longer exists!; vag returns a pointer to the; free list of conses!(memory addr n) [function with one or two arguments]memory samples, or if the second numeric argument n is provided changes, the word of memorywhose address addr is given as its �rst argument. This function does no perform validity checkingand must be used with the utmost care. It returns a number representing the value of the memoryword (after modi�cation, if the two-argument form was used). This function is limited by the natureof the host cpu: 8-bit or 16-bit words, word alignment considerations, etc.



12-4 CHAPTER 12. LOADER/ASSEMBLER LLM3(call addr a1 a2 a3) [function with four arguments]The �rst argument addr must be the memory address of a memory-resident subroutine. call willcall this subroutine after having loaded the three values a1, a2 and a3 into the LLM3 accumulatorsA1, A2, and A3, respectively. This call format is used by subr0s, subr1s, subr2s, subr3s, fsubrs,msubrs and dmsubrs. (See the section on function calls 12.7.) This function must be used with care,since it performs no tests for the validity of the executed code.call returns as its value the contents of the A1 accumulator after the code beginning at addrhas been executed.Warning : The code executed by means of a call statement must end with an LLM3 returninstruction, and load the A1 register with a LISP value to be returned by the call function.(calln addr l) [function with two arguments]This function is similar to call, but pushes the list of arguments contained in l onto thestack before calling the subroutine stored at memory address addr. The number of argumentspushed will be available in the A4 accumulator. This is the form that nsubrs take. (See thesection on function calls 12.7.)Warning : The code invoked by means of calln must remove its arguments from the stack(using the number of arguments value stored in A4 and, for example, the LLM3 adjstkinstruction), terminate with the LLM3 return instruction, and load the A1 register with aLISP value to be returned by the calln function.12.2 LLM3 memory loaderloader [feature]This feature indicates whether the LLM3 loader/assembler is currently in memory.(loader l i) [function with two arguments]The loader function loads the list of LLM3 instructions l into memory. The format of theseinstructions is described in the next section. If the indicator i is true, the loader will print, inthe host machine language, the assembly listing of these instructions on the current output stream.loader returns () as its value.#:ld:special-case-loader [variable]The pseudo-instruction fentry changes the functional value of functions during loading. Incertain di�cult boot-strapping cases (loading the loader itself, for example), functional valuesmust be resolved at the end of the load (when the pseudo-instruction end is encountered). The#:ld:special-case-loader variable is t in these special cases, but () by default.



LLM3 INSTRUCTION FORMAT 12-5#:ld:shared-strings [variable]This variable indicates whether character string constants should be shared during the loading ofLLM3 instructions.12.3 LLM3 instruction formatA list of LLM3 instructions contains atoms representing the labels and lists representing theinstructions. An instruction is itself a list of the form:(codop op1 : : : opn)where codop is the instruction mnemonic, and op1 : : : opn are the operands. Only the codop �eldis obligatory.12.4 Modules and labelsA module is a set of lists of instructions beginning with the title pseudo-instruction and endingwith the end pseudo-instruction.There are three types of labels:1. Labels local to a list of instructions.2. Labels local to a module.3. Global labels.Labels local to a list of instructions are represented by integers or by symbols declared using thelocal pseudo-instruction. A symbolic label which is local to a list of instructions must be declaredbefore it is used. These labels must be resolved before the end of the list of instructions, or when theendl pseudo-instruction is encountered. All references to this kind of label generate jumps relativeto the program counter.Labels local to a module are always symbolic. They are de�ned using the entry pseudo-instruction.They can be unde�ned at incremental calls to the loader but must be resolved when the endpseudo-instruction is encountered. All references to this kind of label generate jumps relative tothe program counter.Global labels are also always symbolic. They are de�ned using the fentry pseudo-instruction. Allreferences to this type of label generate an access to the functional value of the symbol. All thestandard functions are of this type.



12-6 CHAPTER 12. LOADER/ASSEMBLER LLM312.5 LLM3 instruction operandsLLM3 has four types of operands:1. Registers (accumulators).2. LISP object immediate values.3. LISP object �elds.4. Labels.a1 [LLM3 operand ]a2 [LLM3 operand ]a3 [LLM3 operand ]a4 [LLM3 operand ]These four operands represent the registers (accumulators) of the LLM3 machine.nil [LLM3 operand ]This operand represents the special null symbol ||, which is used as the end-of-list marker and asthe boolean false value.quote exp [LLM3 operand ]This operand represents a LE-LISP constant of any type.car accu [LLM3 operand ]cdr accu [LLM3 operand ]These operands represent access to the constituents of a list element.cval accu [LLM3 operand ]plist accu [LLM3 operand ]fval accu [LLM3 operand ]



LLM3 INSTRUCTION OPERANDS 12-7pkgc accu [LLM3 operand ]oval accu [LLM3 operand ]alink accu [LLM3 operand ]pname accu [LLM3 operand ]These operands represent access to the various constituents of a symbol.cvalq symb [LLM3 operand ]This operand gives direct access to the value of the symbol named symb, considered as a variable:that is, its cval.fvalq symb [LLM3 operand ]This operand gives direct access to the value of the symbol named symb, considered as a function:that is, its fval.typ accu [LLM3 operand ]val accu [LLM3 operand ]These operands represent access to constituents of objects of type character string or vector ofS-expressions.& n [LLM3 operand ]This operand represents the nth element on the stack. The top element of the stack is representedby (& 0), the next-to-top element by (& 1), and so on.lab [LLM3 operand ]This operand refers to a label which is local to a list of instructions or to a module.@ lab [LLM3 operand ]This operand represents the address of an LLM3 label. This label is either local to a list ofinstructions or to a module.eval expr [LLM3 operand ]



12-8 CHAPTER 12. LOADER/ASSEMBLER LLM3This operand dynamically calls the LE-LISP evaluator on the expression expr. The value returnedby the evaluation of an eval operand must be a legal LLM3 operand.12.6 Pseudo-instructionstitle symb [LLM3 pseudo-instruction]Declares the name of a module. Inside a module, title appears as the �rst instruction.local symb [LLM3 pseudo-instruction]local provides a way to declare a label local to a list of instructions. By default, numeric labelsare always local, and symbolic labels are always global.fentry symb ftype [LLM3 pseudo-instruction]The symb argument is the name of the LISP symbol that will have a global function (of type subr)written in LLM3 as its function value. ftype must be one of the following LE-LISP functional types:subr0, subr1, subr2, subr3, nsubr, fsubr, msubr or dmsubr.entry symb ftype [LLM3 pseudo-instruction]The symb argument is the name of the LISP symbol that will have a local function (of type subr)written in LLM3 as its function value. ftype is one of the following LE-LISP functional types: subr0,subr1, subr2, subr3, nsubr, fsubr, msubr ou dmsubr. After loading, this function is no longeraccessible.endl [LLM3 pseudo-instruction]Terminates the loading of a local function. All local labels must be resolved at this point and arethen discarded.end [LLM3 pseudo-instruction]Terminates the loading of a module.eval e [LLM3 pseudo-instruction]Evaluates the expression e within the context of the loader. It loads nothing into memory unlessexplicitly instructed to do so.



BASIC INSTRUCTIONS 12-912.7 Basic instructions12.7.1 Moving pointersAlong with the mov instruction, which provides a means to move any pointer to a LISP object, thereare other specialized instructions for moving pointers or bytes in the heap storage or on the stack.mov op1 op2 [LLM3 instruction]Moves the pointer contained in the source operand op1 to the destination operand op2. Thedestination operand cannot be an immediate value.12.7.2 Pointer comparisonscabeq op1 op2 lab [LLM3 instruction]Performs a pointer comparison. If the operand op1 is equal to the operand op2, a branch will occurto the local label lab.cabne op1 op2 lab [LLM3 instruction]Like cabeq, cabne does a pointer comparison. If the operand op1 is not equal to the operand op2,a branch will occur to the local label lab.12.7.3 Controlbra lab [LLM3 instruction]Branches to the local label lab, which must be within the LLM3module. The branch is done relativeto the program counter.jmp symb [LLM3 instruction]Jumps to the address of the functional value associated with the symbol symb. The branch is anindirection through the fval of the symbol symb. Jumps to the code of standard functions are jmpsand not bras.bri op [LLM3 instruction]Branches indirectly to the address contained in the operand op.brx llab op [LLM3 instruction]Performs an indexed branch through the list of labels llab. op is the zero-relative index used. Thelist of labels is a list of operands of label-reference type: that is, (@ lab).



12-10 CHAPTER 12. LOADER/ASSEMBLER LLM3sobgez op lab [LLM3 instruction]Decrements the operand op. If this operand is greater than or equal to zero, a branch is done tothe label lab.nop [LLM3 instruction]Takes up a little space, wastes a little time, and �nally does nothing visible.12.8 StackLLM3 has a single stack for both control and data. It is used as an implicit operand in some specialstack-oriented instructions. These instructions|which use the stack pointer register, referred to asSP|do not require the stack to grow in a speci�c direction. Also, they do not require the stack tohave implicit boundary-over
ow tests built in. The stack normally occupies the space of 6K objects.12.8.1 Management of the stack pointerTwo instructions provide for the explicit manipulation of the stack pointer SP.stack op [LLM3 instruction]Moves the current contents of the stack pointer into the operand op.sstack op [LLM3 instruction]Moves the operand op into the stack pointer.12.8.2 As a control stackThree instructions provide for the manipulation of return addresses stored on the stack.call lab [LLM3 instruction]Pushes the current program counter onto the top of the stack and branches to the local label lab,which must be in the current LLM3 module. The branch is direct and relative.calli op [LLM3 instruction]Pushes the current program counter onto the top of the stack and branches to the address containedin the operand op.jcall symb [LLM3 instruction]



STACK 12-11This function is similar to calli, but the destination of the branch can be in another LLM3module.The branch is an indirection through the fval of the symbol symb. All the standard function callsmust use jcall and not call.



12-12 CHAPTER 12. LOADER/ASSEMBLER LLM3return [LLM3 instruction]Pops the top address o� the stack, and it becomes the new value of the program counter.12.8.3 As a data stackpush op [LLM3 instruction]Pushes the operand op onto the stack. The stack pointer is modi�ed as required.pop op [LLM3 instruction]Pops the value on the top of the stack into the operand op. The stack pointer is modi�ed asrequired.adjstk op [LLM3 instruction]Adjusts the stack pointer so that the op last objects on the stack are popped o�. If op is negative,then -op places are created at the top of the stack.For the next two instructions, assume that the index for the top of the stack is zero, that the indexfor the second element is one, that the index for the third element is two, and so on.movxsp op1 op2 [LLM3 instruction]Moves the operand op1 into the op2th position on the stack.xspmov op1 op2 [LLM3 instruction]Moves the object contained in the op1th stack position into the operand op2.12.9 List cell cons operations12.9.1 Test for list cell typebtcons op lab [LLM3 instruction]If the operand op has type list cell, then btcons branches to the address lab.bfcons op lab [LLM3 instruction]If the operand op does not have type list cell, then bfcons branches to the address lab.



NIL 12-1312.9.2 Access to list cell �eldsThese operands are only valid for pointers to list cells. Code written in LLM3 has to check thataccu always contains a pointer to a list cell before using these operands.car accu [LLM3 operand ]cdr accu [LLM3 operand ]12.9.3 Creation of list cellsThere is no special instruction for this task. List cell creation is accomplished by explicitly callingone of the cons family LE-LISP functions such as cons, ncons or xcons.12.10 nilThe nil operand contains the value of the end-of-list indicator. This is equivalent to the booleanfalse value.btnil op lab [LLM3 instruction]If the operand op is equal to nil, btnil branches to the address lab.bfnil op lab [LLM3 instruction]If the operand op is not equal to nil, bfnil branches to the address lab.12.11 Symbols12.11.1 Test for symbol typebtsymb op lab [LLM3 instruction]If the operand op is a symbol, btsymb branches to the address lab.bfsymb op lab [LLM3 instruction]If the operand op is not a symbol, bfsymb branches to the address lab.



12-14 CHAPTER 12. LOADER/ASSEMBLER LLM312.11.2 Access to the �elds of a symbolThese operands are only valid for pointers to symbols. Code written in LLM3 has to check thataccu always contains a pointer to a symbol before using these operands.cval accu [LLM3 operand ]cvalq symb [LLM3 operand ]plist accu [LLM3 operand ]fval accu [LLM3 operand ]fvalq symb [LLM3 operand ]oval accu [LLM3 operand ]alink accu [LLM3 operand ]pkgc accu [LLM3 operand ]pname accu [LLM3 operand ]12.11.3 VariablesA variable is a symbol whose value can be changed. (See the function variablep.)btvar op lab [LLM3 instruction]If the operand op is a variable, btvar branches to the address lab.bfvar op lab [LLM3 instruction]If the operand op is not a variable, bfvar branches to the address lab.12.12 Numbersllm3 uses two types of numbers:



NUMBERS 12-15� Integer numbers of 16 bits.� Floating-point numbers of 31, 32, 48 or 64 bits, depending on the implementation.12.12.1 16-bit integer numbersTests for integer typebtfix op lab [LLM3 instruction]If the operand op is an integer, btfix branches to the address lab.bffix op lab [LLM3 instruction]If the operand op is not an integer, bffix branches to the address lab.Instructions for numeric calculationsincr op [LLM3 instruction]Performs the integer calculation op + 1 ! op.decr op [LLM3 instruction]Performs the integer calculation op - 1 ! op.plus op1 op2 [LLM3 instruction]Performs the integer calculation op2 + op1 ! op2.diff op1 op2 [LLM3 instruction]Performs the integer calculation op2 - op1 ! op2.negate op [LLM3 instruction]Performs the integer calculation 0 - op ! op.times op1 op2 [LLM3 instruction]Performs the integer calculation op2 � op1 ! op2.quo op1 op2 [LLM3 instruction]Performs the integer calculation op2 � op1 ! op2.



12-16 CHAPTER 12. LOADER/ASSEMBLER LLM3rem op1 op2 [LLM3 instruction]Performs the integer calculation op2 rem op1 ! op2.Instructions for integer numeric comparisonscnbeq op1 op2 lab [LLM3 instruction]Performs an integer numeric comparison. If the operand op1 is equal to the operand op2, a branchto the label lab occurs.cnbne op1 op2 lab [LLM3 instruction]Performs an integer numeric comparison. If the operand op1 is not equal to the operand op2, abranch to the label lab occurs.cnble op1 op2 lab [LLM3 instruction]Performs an integer numeric comparison. If the operand op1 is less than or equal to the operandop2, a branch to the label lab occurs.cnblt op1 op2 lab [LLM3 instruction]Performs an integer numeric comparison. If the operand op1 is less than the operand op2, a branchto the label lab occurs.cnbge op1 op2 lab [LLM3 instruction]Performs an integer numeric comparison. If the operand op1 is greater than or equal to the operandop2, a branch to the label lab occurs.cnbgt op1 op2 lab [LLM3 instruction]Performs an integer numeric comparison. If the operand op1 is greater than the operand op2, abranch to the label lab occurs.Instructions for performing logical operationsOperands of these instructions must always be 16-bit integer values. The results of these instructionsare always 16-bit values.land op1 op2 [LLM3 instruction]Performs the boolean calculation op2 and op1 ! op2.



NUMBERS 12-17lor op1 op2 [LLM3 instruction]Performs the boolean calculation op2 or op1 ! op2.lxor op1 op2 [LLM3 instruction]Performs the boolean calculation op2 xor op1 ! op2.lshift op1 op2 [LLM3 instruction]The operand op2 is shifted op1 bit positions, and the result is stored in op2. If op1 is positive, aleft shift (multiplication) is performed. If it is negative, a right shift (division) is performed.12.12.2 Floating-point numbersTests for 
oating-point typebtfloat op lab [LLM3 instruction]If the operand op is a 
oating-point number, btfloat branches to the label lab.bffloat op lab [LLM3 instruction]If the operand op is not a 
oating-point number, bffloat branches to the label lab.Floating-point calculationsfplus op1 op2 [LLM3 instruction]Performs the 
oating-point calculation op2 + op1 ! op2.fdiff op1 op2 [LLM3 instruction]Performs the 
oating-point calculation op2 - op1 ! op2.ftimes op1 op2 [LLM3 instruction]Performs the 
oating-point calculation op2 � op1 ! op2.fquo op1 op2 [LLM3 instruction]Performs the 
oating-point calculation op2 � op1 ! op2.



12-18 CHAPTER 12. LOADER/ASSEMBLER LLM3Floating-point comparisonscfbeq op1 op2 lab [LLM3 instruction]Performs a 
oating-point numeric comparison. If the operand op1 is equal to the operand op2, abranch to the label lab occurs.cfbne op1 op2 lab [LLM3 instruction]Performs a 
oating-point numeric comparison. If the operand op1 is not equal to the operand op2,a branch to the label lab occurs.



VECTORS OF LISP POINTERS 12-19cfblt op1 op2 lab [LLM3 instruction]Performs a 
oating-point numeric comparison. If the operand op1 is less than the operand op2, abranch to the label lab occurs.cfble op1 op2 lab [LLM3 instruction]Performs a 
oating-point numeric comparison. If the operand op1 is less than or equal to theoperand op2, a branch to the label lab occurs.cfbgt op1 op2 lab [LLM3 instruction]Performs a 
oating-point numeric comparison. If the operand op1 is greater than the operand op2,a branch to the label lab occurs.cfbge op1 op2 lab [LLM3 instruction]Performs a 
oating-point numeric comparison. If the operand op1 is greater than or equal to theoperand op2, a branch to the label lab occurs.12.13 Vectors of Lisp pointers12.13.1 Test for vector of pointersbtvect op lab [LLM3 instruction]If op is a vector of pointers, then btvect branches to the label lab.bfvect op lab [LLM3 instruction]If op is not a vector of pointers, then bfvect branches to the label lab.12.13.2 Access to internal �elds of a vector of pointersval accu [LLM3 operand ]This operand gives access to the heap pointer of a pointer.Warning : This value cannot reside in a register, since the gc could become perturbed.typ accu [LLM3 operand ]This operand gives access to the type of a vector.



12-20 CHAPTER 12. LOADER/ASSEMBLER LLM312.13.3 Access to elements of a vector of pointershpxmov vect n op [LLM3 instruction]Moves the nth element of the vector of pointers vect into the operand op.hpmovx op vect n [LLM3 instruction]Moves the operand op into the nth element of the vector of pointers vect.12.13.4 CreationThere is no special insruction for the creation of vectors of pointers. Call the LE-LISP functionmakevector.12.14 Character strings12.14.1 Test for character stringbtstrg op lab [LLM3 instruction]If op is a character string, btstrg branches to the label lab.bfstrg op lab [LLM3 instruction]If op is not a character string, bfstrg branches to the label lab.12.14.2 Access to the internal �elds of a character stringval accu [LLM3 operand ]This operand returns a string's heap pointer. Warning : This value cannot reside in a register, sincethe gc might be perturbed.typ accu [LLM3 operand ]This operand returns the type of a string.12.14.3 Access to charactershbxmov strg index op [LLM3 instruction]Moves the indexth character of the LISP string strg into the operand op.



HEAP ZONE 12-21hbmovx op strg index [LLM3 instruction]Moves the operand op into the indexth character position of the LISP string strg.12.14.4 CreationThere is no special instruction to create strings. Call the LE-LISP function makestring.12.15 Heap zonehgsize op1 op2 [LLM3 instruction]Puts the size of the character string or vector pointer object op1 in operand op2.12.16 Extending the Loader/AssemblerIt is possible to extend the syntax of the LLM3 loader/assembler by de�ning functions in specialpackages. These extensions are, by de�nition, machine-speci�c.ld-codop [constant ]This is the name of the package in which functions associated with extended op codes must reside.ld-dir [constant ]This is the name of the package in which functions associated with extended direct operands mustreside.ld-ind [constant ]This is the name of the package in which functions associated with extended indirect operandsmust reside.12.17 Functions12.17.1 Types of functionsFunctions written in LLM3 have one of four types:1. subrs, which evaluate their arguments.2. fsubrs, which do not evaluate their arguments.



12-22 CHAPTER 12. LOADER/ASSEMBLER LLM33. msubrs, which do not evaluate their arguments.4. dmsubrs, which do not evaluate their arguments.12.17.2 Function calling rules� In the case of a subr with 0, 1, 2, or 3 arguments (referred to as a subr0, a subr1, a subr2or a subr3), arguments are passed in the registers A1, A2, and A3 respectively.� In the case of a subr with more than three arguments, or with a variable number of arguments(referred to as an nsubr), the arguments are all pushed onto the stack and the number ofarguments is placed in A4.� In the case of a fsubr, the list of arguments, not evaluated (that is, the cdr of the call), isplaced in A1.� In the case of a msubr, the list of arguments, not evaluated (that is, the call form itself), isplaced in A1.� In the case of a dmsubr, the list of arguments, not evaluated (that is, the cdr of the call), isplaced in A1.All functions return a value in A1.12.18 ExamplesThis section gives short examples of functions written in LLM3. There is a test �le in the testdirectory named testlap which contains all the loader tests. It is also possible to examine theLLM3 code generated by the compilers. (See the next chapter.)? ; These examples were produced on a Vax.? ;? ; Manual translation, into lap, of the celebrated fib function:?? ; (defun fiblap (n)? ; (if (le n 2)? ; 1? ; (add (fiblap (sub n 1))? ; (fiblap (sub n 2)))))?? (defvar fiblap '(? (fentry fiblap subr1)? (cnbgt a1 '2 100)? (mov '1 a1)? (return)? 100? (diff '1 a1)? (push a1)? (call fiblap)? (mov a1 a2)? (pop a1)



EXAMPLES 12-23? (push a2)? (diff '1 a1)? (call fiblap)? (pop a2)? (plus a2 a1)? (return)))?? (loader fiblap t)(fentry fiblap subr1) 000454e0(cnbgt a1 '2 100) 000454e0 b1 52 02 14 00(mov '1 a1) 000454e5 d0 01 52(return) 000454e8 05100 000454e9(diff '1 a1) 000454e9 b7 52(push a1) 000454eb dd 52(call fiblap) 000454ed 10 f1(mov a1 a2) 000454ef d0 52 53(pop a1) 000454f2 d0 8e 52(push a2) 000454f5 dd 53(diff '1 a1) 000454f7 b7 52(call fiblap) 000454f9 10 e5(pop a2) 000454fb d0 8e 53(plus a2 a1) 000454fe a0 53 52(return) 00045501 05(endl) 00045502= ()? (fiblap 20)= 6765?? ; Manual translation, into lap, of the dlq function:? ;? ; (defun dlq (a l)? ; (cond ((not (consp l)) ())? ; ((eq a (car l)) (dlq a (cdr l)))? ; (t (cons (car l) (dlq a (cdr l)))))?? (defvar llap1 '(? (fentry dlq subr2)? (btcons a2 1001)? (mov nil a1)? (return)? 1001? (cabne a1 (car a2) 1003)? (mov (cdr a2) a2)? (bra dlq)? 1003? (push (car a2))? (mov (cdr a2) a2)? (call dlq)? (mov a1 a2)? (pop a1)? (jmp cons))= llap1?? (loader llap1 t)(fentry dlq subr2) 00043e2c



12-24 CHAPTER 12. LOADER/ASSEMBLER LLM3(btcons a2 1001) 00043e2c d1 5a 53 15 00(mov nil a1) 00043e31 d0 58 52(return) 00043e34 051001 00043e35(cabne a1 (car a2) 1003) 00043e35 d1 52 63 12 00(mov (cdr a2) a2) 00043e3a d0 a3 04 53(bra dlq) 00043e3e 11 ec1003 00043e40(push (car a2)) 00043e40 dd 63(mov (cdr a2) a2) 00043e42 d0 a3 04 53(call dlq) 00043e46 10 e4(mov a1 a2) 00043e48 d0 52 53(pop a1) 00043e4b d0 8e 52(jmp cons) 00043e4e 17 d8 c8 3a(endl) 00043e52= ()?? (dlq 'a '(b a c a b))= (b c b)?? ; This example demonstrates Lisp character string manipulation.? ; The function definition is given below in Le-Lisp:?? ; (defun screat (x y)? ; (let ((s (makestring 6 #/x)))? ; (sset s x #/a)? ; (sset s y #/b)? ; s))?? (defvar llap2 '(? (fentry screat subr2)? (push a1)? (push a2)? (mov '6 a1)? (mov '#/x a2)? (jcall makestring)? (hbmovx '#/a a1 (& 1))? (hbmovx '#/b a1 (& 0))? (adjstk '2)? (return)))= llap2?? (loader llap2 t)(fentry screat subr2) 00045e94(push a1) 00045e94 dd 52(push a2) 00045e96 dd 53(mov '6 a1) 00045e98 d0 06 52(mov '88 a2) 00045e9b d0 8f 58 00 00 00 53(jcall makestring) 00045ea2 16 d8 88 51(hbmovx '97 a1 (& 1)) 00045ea6 d0 62 51 d0 ae 04 50 90 8f 61 4000045eb1 a1 08(hbmovx '98 a1 (& 0)) 00045eb3 d0 62 51 d0 6e 50 90 8f 62 40 a100045ebe 08(adjstk '2) 00045ebf c0 08 5e(return) 00045ec2 05(endl) 00045ec3



EXAMPLES 12-25= ()?? (screat 2 4)= "xxaxbx"?? ; This last example demonstrates vector manipulation.? ; invector is similar to the vector function, but produces? ; an inverted list. This example also shows the manipulation? ; of n-ary functions in llm3.?? (defvar llap3 '(? (fentry invector nsubr)? (push a4)? (mov a4 a1)? (mov nil a2)? (jcall makevector)? (pop a4)? (mov '0 a3)? (bra 1005)? 1002? (pop a2)? (hpmovx a2 a1 a3)? (plus '1 a3)? 1005? (sobgez a4 1002)? (return)))= llap3?? (loader llap3 t)(fentry invector nsubr) 00045ec4(push a4) 00045ec4 dd 55(mov a4 a1) 00045ec6 d0 55 52(mov nil a2) 00045ec9 d0 58 53(jcall makevector) 00045ecc 16 d8 e8 53(pop a4) 00045ed0 d0 8e 55(mov '0 a3) 00045ed3 d0 00 54(bra 1005) 00045ed6 11 001002 00045ed8(pop a2) 00045ed8 d0 8e 53(hpmovx a2 a1 a3) 00045edb d0 62 51 d0 53 44 a1 08(plus '1 a3) 00045ee3 b6 541005 00045ee5(sobgez a4 1002) 00045ee5 b7 55 18 ef(return) 00045ee9 05(endl) 00045eea= ()?? (invector 1 2 3 4 5)= #[5 4 3 2 1]
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FUNCTION INDEX 12-33hgsize op1 op2 [LLM3 instruction] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 12-21ld-codop [constant ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 12-21ld-dir [constant ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 12-21ld-ind [constant ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 12-21



Chapter 12Loader/assembler LLM3The heart of the LE-LISP system is written in the LLM3 virtual machine language [Chailloux 85b].This language is available in LISP. It is used by the various LE-LISP compilers but can also be usedto write new standard functions, or to write compilers for languages other than LISP. This chapterdescribes the functions that provide access to internal machine resources and the syntax used bythe LLM3 loader/assembler, often called lap, for Lisp Assembly Program.12.1 Access to memory and the CPUFunctions provided in this section allow you to directly access memory and the cpu. TheLLM3 loader/assembler uses a special memory zone, called the code zone, to load and storeinstructions. The following functions are obviously machine-dependent, and are used to build theLLM3 loader/assembler.These functions are designed to operate on all possible memory addresses, for all machinearchitectures. Since LE-LISP integers are 16 bits long, they cannot always represent memoryaddresses. A memory address|referred to as addr throughout this chapter|is thereforerepresented in LISP in one of two possible ways:� By a 16-bit number with an extended sign, to represent a complete 32-bit address.� By a cons of two numbers of the form (high . low). The car, high, contains the 16 high-order bits of the address. The cdr, low, contains the 16 low-order bits.The address #$001f3c00 is stored as (#$1f . #$3c00)" " #$00008000 " " (0 . #$8000)" " #$ffff0000 " " (#$ffff . 0)" " #$0000ffff " " (0 . #$ffff)" " #$ffff8100 " " #$8100" " #$00001000 " " #$1000The functions that follow test the validity of memory address-type arguments. They can raise theerrdna error, which has the following default screen display:1



12-2 CHAPTER 12. LOADER/ASSEMBLER LLM3** <fn> : bad address : <s>Here, fn is the name of the function called, and s is the argument that is not of type memoryaddress.(#:system:ccode addr) [function with an optional argument ]This function reads|or writes, if the addr argument is given|the current memory load addressin the code zone.(#:system:ecode) [function with no arguments]Reads the last memory address in the code zone.(addadr addr1 addr2) [function with two arguments]Returns the sum of the two memory addresses addr1 and addr2. It allocates a new cons if itsresult must be represented in the cons form.(addadr '(3 . 657) '(4 . 4567)) =) (7 . 5224)(addadr '(1 . #$8000) '(1 . #$8000)) =) (3 . 0)(addadr -1 -1) =) -2(addadr -1 1) =) 0(addadr #$7fff 1) =) (0 . #$8000)(addadr 1 '(1 . 234)) =) (1 . 235)(addadr 1 '(1 . #$ffff)) =) (2 . 0)(addadr '(1 . #$ffff) 1) =) (2 . 0)(addadr '(#$ffff . #$8001) 1) =) -32766(subadr addr1 addr2) [function with two arguments]Returns the di�erence of the two addresses addr1 and addr2. It allocates a new cons if its resultmust be represented in the cons form.(subadr '(56 . 7899) '(45 . 3333)) =) (11 . 4566)(subadr '(1 . #$8000) '(1 . #$8001)) =) -1(subadr 0 '(3 . 3)) =) (-4 . -3)(subadr 1 '(1 . 0)) =) (-1 . 1)(subadr 1 '(1 . #$ffff)) =) (-2 . 2)(incradr addr n) [function with two arguments]Adds n to the memory address addr. If this address is in the form of a cons, incradr physicallymodi�es the cons cell.(setq addr '(3 . #$fffe)) =) (3 . -2)(incradr addr 1) =) (3 . -1)



ACCESS TO MEMORY AND THE CPU 12-3(incradr addr 1) =) (4 . 0)(incradr addr 1) =) (4 . 1)(incradr addr 100) =) (4 . 101)addr =) (4 . 101)(gtadr addr1 addr2) [function with two arguments]Returns t if the memory address addr1 is greater than the address addr2 and () otherwise.(setq addr '(4 . 101)) =) (4 . 101)(gtadr addr '(4 . -10)) =) ()(gtadr addr '(4 . 100)) =) t(gtadr addr '(4 . 101)) =) ()(loc s) [function with one argument ]Provides a way to get the absolute memory address of the LISP object s. The memory address of aLISP object is the pointer to it. This function provides a means of locating in memory objects thatare created dynamically. loc cannot be described in LISP.(loc '(a b c)) =) (15 . 288)(loc '(a b c)) =) (13 . 1200)(vag addr) [function with one argument ]This is the inverse of the loc function. vag returns the LISP object whose absolute memory addressis supplied as the argument. So, (vag (loc s)) is equivalent to s itself. The vag function cannotbe described in LISP.Warning : vag does not test whether or not addr is the address of a real LISP object, andan erroneous call to this function could raise an error on the host system. In particular it ispossible to refer to objects that have disappeared:(let ((x (loc (cons 'a 'b))))(gc)(vag x)) ; the value of x no longer exists!; vag returns a pointer to the; free list of conses!(memory addr n) [function with one or two arguments]memory samples, or if the second numeric argument n is provided changes, the word of memorywhose address addr is given as its �rst argument. This function does no perform validity checkingand must be used with the utmost care. It returns a number representing the value of the memoryword (after modi�cation, if the two-argument form was used). This function is limited by the natureof the host cpu: 8-bit or 16-bit words, word alignment considerations, etc.



12-4 CHAPTER 12. LOADER/ASSEMBLER LLM3(call addr a1 a2 a3) [function with four arguments]The �rst argument addr must be the memory address of a memory-resident subroutine. call willcall this subroutine after having loaded the three values a1, a2 and a3 into the LLM3 accumulatorsA1, A2, and A3, respectively. This call format is used by subr0s, subr1s, subr2s, subr3s, fsubrs,msubrs and dmsubrs. (See the section on function calls 12.7.) This function must be used with care,since it performs no tests for the validity of the executed code.call returns as its value the contents of the A1 accumulator after the code beginning at addrhas been executed.Warning : The code executed by means of a call statement must end with an LLM3 returninstruction, and load the A1 register with a LISP value to be returned by the call function.(calln addr l) [function with two arguments]This function is similar to call, but pushes the list of arguments contained in l onto thestack before calling the subroutine stored at memory address addr. The number of argumentspushed will be available in the A4 accumulator. This is the form that nsubrs take. (See thesection on function calls 12.7.)Warning : The code invoked by means of calln must remove its arguments from the stack(using the number of arguments value stored in A4 and, for example, the LLM3 adjstkinstruction), terminate with the LLM3 return instruction, and load the A1 register with aLISP value to be returned by the calln function.12.2 LLM3 memory loaderloader [feature]This feature indicates whether the LLM3 loader/assembler is currently in memory.(loader l i) [function with two arguments]The loader function loads the list of LLM3 instructions l into memory. The format of theseinstructions is described in the next section. If the indicator i is true, the loader will print, inthe host machine language, the assembly listing of these instructions on the current output stream.loader returns () as its value.#:ld:special-case-loader [variable]The pseudo-instruction fentry changes the functional value of functions during loading. Incertain di�cult boot-strapping cases (loading the loader itself, for example), functional valuesmust be resolved at the end of the load (when the pseudo-instruction end is encountered). The#:ld:special-case-loader variable is t in these special cases, but () by default.



LLM3 INSTRUCTION FORMAT 12-5#:ld:shared-strings [variable]This variable indicates whether character string constants should be shared during the loading ofLLM3 instructions.12.3 LLM3 instruction formatA list of LLM3 instructions contains atoms representing the labels and lists representing theinstructions. An instruction is itself a list of the form:(codop op1 : : : opn)where codop is the instruction mnemonic, and op1 : : : opn are the operands. Only the codop �eldis obligatory.12.4 Modules and labelsA module is a set of lists of instructions beginning with the title pseudo-instruction and endingwith the end pseudo-instruction.There are three types of labels:1. Labels local to a list of instructions.2. Labels local to a module.3. Global labels.Labels local to a list of instructions are represented by integers or by symbols declared using thelocal pseudo-instruction. A symbolic label which is local to a list of instructions must be declaredbefore it is used. These labels must be resolved before the end of the list of instructions, or when theendl pseudo-instruction is encountered. All references to this kind of label generate jumps relativeto the program counter.Labels local to a module are always symbolic. They are de�ned using the entry pseudo-instruction.They can be unde�ned at incremental calls to the loader but must be resolved when the endpseudo-instruction is encountered. All references to this kind of label generate jumps relative tothe program counter.Global labels are also always symbolic. They are de�ned using the fentry pseudo-instruction. Allreferences to this type of label generate an access to the functional value of the symbol. All thestandard functions are of this type.



12-6 CHAPTER 12. LOADER/ASSEMBLER LLM312.5 LLM3 instruction operandsLLM3 has four types of operands:1. Registers (accumulators).2. LISP object immediate values.3. LISP object �elds.4. Labels.a1 [LLM3 operand ]a2 [LLM3 operand ]a3 [LLM3 operand ]a4 [LLM3 operand ]These four operands represent the registers (accumulators) of the LLM3 machine.nil [LLM3 operand ]This operand represents the special null symbol ||, which is used as the end-of-list marker and asthe boolean false value.quote exp [LLM3 operand ]This operand represents a LE-LISP constant of any type.car accu [LLM3 operand ]cdr accu [LLM3 operand ]These operands represent access to the constituents of a list element.cval accu [LLM3 operand ]plist accu [LLM3 operand ]fval accu [LLM3 operand ]



LLM3 INSTRUCTION OPERANDS 12-7pkgc accu [LLM3 operand ]oval accu [LLM3 operand ]alink accu [LLM3 operand ]pname accu [LLM3 operand ]These operands represent access to the various constituents of a symbol.cvalq symb [LLM3 operand ]This operand gives direct access to the value of the symbol named symb, considered as a variable:that is, its cval.fvalq symb [LLM3 operand ]This operand gives direct access to the value of the symbol named symb, considered as a function:that is, its fval.typ accu [LLM3 operand ]val accu [LLM3 operand ]These operands represent access to constituents of objects of type character string or vector ofS-expressions.& n [LLM3 operand ]This operand represents the nth element on the stack. The top element of the stack is representedby (& 0), the next-to-top element by (& 1), and so on.lab [LLM3 operand ]This operand refers to a label which is local to a list of instructions or to a module.@ lab [LLM3 operand ]This operand represents the address of an LLM3 label. This label is either local to a list ofinstructions or to a module.eval expr [LLM3 operand ]



12-8 CHAPTER 12. LOADER/ASSEMBLER LLM3This operand dynamically calls the LE-LISP evaluator on the expression expr. The value returnedby the evaluation of an eval operand must be a legal LLM3 operand.12.6 Pseudo-instructionstitle symb [LLM3 pseudo-instruction]Declares the name of a module. Inside a module, title appears as the �rst instruction.local symb [LLM3 pseudo-instruction]local provides a way to declare a label local to a list of instructions. By default, numeric labelsare always local, and symbolic labels are always global.fentry symb ftype [LLM3 pseudo-instruction]The symb argument is the name of the LISP symbol that will have a global function (of type subr)written in LLM3 as its function value. ftype must be one of the following LE-LISP functional types:subr0, subr1, subr2, subr3, nsubr, fsubr, msubr or dmsubr.entry symb ftype [LLM3 pseudo-instruction]The symb argument is the name of the LISP symbol that will have a local function (of type subr)written in LLM3 as its function value. ftype is one of the following LE-LISP functional types: subr0,subr1, subr2, subr3, nsubr, fsubr, msubr ou dmsubr. After loading, this function is no longeraccessible.endl [LLM3 pseudo-instruction]Terminates the loading of a local function. All local labels must be resolved at this point and arethen discarded.end [LLM3 pseudo-instruction]Terminates the loading of a module.eval e [LLM3 pseudo-instruction]Evaluates the expression e within the context of the loader. It loads nothing into memory unlessexplicitly instructed to do so.



BASIC INSTRUCTIONS 12-912.7 Basic instructions12.7.1 Moving pointersAlong with the mov instruction, which provides a means to move any pointer to a LISP object, thereare other specialized instructions for moving pointers or bytes in the heap storage or on the stack.mov op1 op2 [LLM3 instruction]Moves the pointer contained in the source operand op1 to the destination operand op2. Thedestination operand cannot be an immediate value.12.7.2 Pointer comparisonscabeq op1 op2 lab [LLM3 instruction]Performs a pointer comparison. If the operand op1 is equal to the operand op2, a branch will occurto the local label lab.cabne op1 op2 lab [LLM3 instruction]Like cabeq, cabne does a pointer comparison. If the operand op1 is not equal to the operand op2,a branch will occur to the local label lab.12.7.3 Controlbra lab [LLM3 instruction]Branches to the local label lab, which must be within the LLM3module. The branch is done relativeto the program counter.jmp symb [LLM3 instruction]Jumps to the address of the functional value associated with the symbol symb. The branch is anindirection through the fval of the symbol symb. Jumps to the code of standard functions are jmpsand not bras.bri op [LLM3 instruction]Branches indirectly to the address contained in the operand op.brx llab op [LLM3 instruction]Performs an indexed branch through the list of labels llab. op is the zero-relative index used. Thelist of labels is a list of operands of label-reference type: that is, (@ lab).



12-10 CHAPTER 12. LOADER/ASSEMBLER LLM3sobgez op lab [LLM3 instruction]Decrements the operand op. If this operand is greater than or equal to zero, a branch is done tothe label lab.nop [LLM3 instruction]Takes up a little space, wastes a little time, and �nally does nothing visible.12.8 StackLLM3 has a single stack for both control and data. It is used as an implicit operand in some specialstack-oriented instructions. These instructions|which use the stack pointer register, referred to asSP|do not require the stack to grow in a speci�c direction. Also, they do not require the stack tohave implicit boundary-over
ow tests built in. The stack normally occupies the space of 6K objects.12.8.1 Management of the stack pointerTwo instructions provide for the explicit manipulation of the stack pointer SP.stack op [LLM3 instruction]Moves the current contents of the stack pointer into the operand op.sstack op [LLM3 instruction]Moves the operand op into the stack pointer.12.8.2 As a control stackThree instructions provide for the manipulation of return addresses stored on the stack.call lab [LLM3 instruction]Pushes the current program counter onto the top of the stack and branches to the local label lab,which must be in the current LLM3 module. The branch is direct and relative.calli op [LLM3 instruction]Pushes the current program counter onto the top of the stack and branches to the address containedin the operand op.jcall symb [LLM3 instruction]



LIST CELL CONS OPERATIONS 12-11This function is similar to calli, but the destination of the branch can be in another LLM3module.The branch is an indirection through the fval of the symbol symb. All the standard function callsmust use jcall and not call.return [LLM3 instruction]Pops the top address o� the stack, and it becomes the new value of the program counter.12.8.3 As a data stackpush op [LLM3 instruction]Pushes the operand op onto the stack. The stack pointer is modi�ed as required.pop op [LLM3 instruction]Pops the value on the top of the stack into the operand op. The stack pointer is modi�ed asrequired.adjstk op [LLM3 instruction]Adjusts the stack pointer so that the op last objects on the stack are popped o�. If op is negative,then -op places are created at the top of the stack.For the next two instructions, assume that the index for the top of the stack is zero, that the indexfor the second element is one, that the index for the third element is two, and so on.movxsp op1 op2 [LLM3 instruction]Moves the operand op1 into the op2th position on the stack.xspmov op1 op2 [LLM3 instruction]Moves the object contained in the op1th stack position into the operand op2.12.9 List cell cons operations12.9.1 Test for list cell typebtcons op lab [LLM3 instruction]If the operand op has type list cell, then btcons branches to the address lab.



12-12 CHAPTER 12. LOADER/ASSEMBLER LLM3bfcons op lab [LLM3 instruction]If the operand op does not have type list cell, then bfcons branches to the address lab.12.9.2 Access to list cell �eldsThese operands are only valid for pointers to list cells. Code written in LLM3 has to check thataccu always contains a pointer to a list cell before using these operands.car accu [LLM3 operand ]cdr accu [LLM3 operand ]12.9.3 Creation of list cellsThere is no special instruction for this task. List cell creation is accomplished by explicitly callingone of the cons family LE-LISP functions such as cons, ncons or xcons.12.10 nilThe nil operand contains the value of the end-of-list indicator. This is equivalent to the booleanfalse value.btnil op lab [LLM3 instruction]If the operand op is equal to nil, btnil branches to the address lab.bfnil op lab [LLM3 instruction]If the operand op is not equal to nil, bfnil branches to the address lab.12.11 Symbols12.11.1 Test for symbol typebtsymb op lab [LLM3 instruction]If the operand op is a symbol, btsymb branches to the address lab.bfsymb op lab [LLM3 instruction]If the operand op is not a symbol, bfsymb branches to the address lab.



NUMBERS 12-1312.11.2 Access to the �elds of a symbolThese operands are only valid for pointers to symbols. Code written in LLM3 has to check thataccu always contains a pointer to a symbol before using these operands.cval accu [LLM3 operand ]cvalq symb [LLM3 operand ]plist accu [LLM3 operand ]fval accu [LLM3 operand ]fvalq symb [LLM3 operand ]oval accu [LLM3 operand ]alink accu [LLM3 operand ]pkgc accu [LLM3 operand ]pname accu [LLM3 operand ]12.11.3 VariablesA variable is a symbol whose value can be changed. (See the function variablep.)btvar op lab [LLM3 instruction]If the operand op is a variable, btvar branches to the address lab.bfvar op lab [LLM3 instruction]If the operand op is not a variable, bfvar branches to the address lab.12.12 Numbersllm3 uses two types of numbers:



12-14 CHAPTER 12. LOADER/ASSEMBLER LLM3� Integer numbers of 16 bits.� Floating-point numbers of 31, 32, 48 or 64 bits, depending on the implementation.12.12.1 16-bit integer numbersTests for integer typebtfix op lab [LLM3 instruction]If the operand op is an integer, btfix branches to the address lab.bffix op lab [LLM3 instruction]If the operand op is not an integer, bffix branches to the address lab.Instructions for numeric calculationsincr op [LLM3 instruction]Performs the integer calculation op + 1 ! op.decr op [LLM3 instruction]Performs the integer calculation op - 1 ! op.plus op1 op2 [LLM3 instruction]Performs the integer calculation op2 + op1 ! op2.diff op1 op2 [LLM3 instruction]Performs the integer calculation op2 - op1 ! op2.negate op [LLM3 instruction]Performs the integer calculation 0 - op ! op.times op1 op2 [LLM3 instruction]Performs the integer calculation op2 � op1 ! op2.quo op1 op2 [LLM3 instruction]Performs the integer calculation op2 � op1 ! op2.



NUMBERS 12-15rem op1 op2 [LLM3 instruction]Performs the integer calculation op2 rem op1 ! op2.Instructions for integer numeric comparisonscnbeq op1 op2 lab [LLM3 instruction]Performs an integer numeric comparison. If the operand op1 is equal to the operand op2, a branchto the label lab occurs.cnbne op1 op2 lab [LLM3 instruction]Performs an integer numeric comparison. If the operand op1 is not equal to the operand op2, abranch to the label lab occurs.cnble op1 op2 lab [LLM3 instruction]Performs an integer numeric comparison. If the operand op1 is less than or equal to the operandop2, a branch to the label lab occurs.cnblt op1 op2 lab [LLM3 instruction]Performs an integer numeric comparison. If the operand op1 is less than the operand op2, a branchto the label lab occurs.cnbge op1 op2 lab [LLM3 instruction]Performs an integer numeric comparison. If the operand op1 is greater than or equal to the operandop2, a branch to the label lab occurs.cnbgt op1 op2 lab [LLM3 instruction]Performs an integer numeric comparison. If the operand op1 is greater than the operand op2, abranch to the label lab occurs.Instructions for performing logical operationsOperands of these instructions must always be 16-bit integer values. The results of these instructionsare always 16-bit values.land op1 op2 [LLM3 instruction]Performs the boolean calculation op2 and op1 ! op2.



12-16 CHAPTER 12. LOADER/ASSEMBLER LLM3lor op1 op2 [LLM3 instruction]Performs the boolean calculation op2 or op1 ! op2.lxor op1 op2 [LLM3 instruction]Performs the boolean calculation op2 xor op1 ! op2.lshift op1 op2 [LLM3 instruction]The operand op2 is shifted op1 bit positions, and the result is stored in op2. If op1 is positive, aleft shift (multiplication) is performed. If it is negative, a right shift (division) is performed.12.12.2 Floating-point numbersTests for 
oating-point typebtfloat op lab [LLM3 instruction]If the operand op is a 
oating-point number, btfloat branches to the label lab.bffloat op lab [LLM3 instruction]If the operand op is not a 
oating-point number, bffloat branches to the label lab.Floating-point calculationsfplus op1 op2 [LLM3 instruction]Performs the 
oating-point calculation op2 + op1 ! op2.fdiff op1 op2 [LLM3 instruction]Performs the 
oating-point calculation op2 - op1 ! op2.ftimes op1 op2 [LLM3 instruction]Performs the 
oating-point calculation op2 � op1 ! op2.fquo op1 op2 [LLM3 instruction]Performs the 
oating-point calculation op2 � op1 ! op2.



VECTORS OF LISP POINTERS 12-17Floating-point comparisonscfbeq op1 op2 lab [LLM3 instruction]Performs a 
oating-point numeric comparison. If the operand op1 is equal to the operand op2, abranch to the label lab occurs.cfbne op1 op2 lab [LLM3 instruction]Performs a 
oating-point numeric comparison. If the operand op1 is not equal to the operand op2,a branch to the label lab occurs.cfblt op1 op2 lab [LLM3 instruction]Performs a 
oating-point numeric comparison. If the operand op1 is less than the operand op2, abranch to the label lab occurs.cfble op1 op2 lab [LLM3 instruction]Performs a 
oating-point numeric comparison. If the operand op1 is less than or equal to theoperand op2, a branch to the label lab occurs.cfbgt op1 op2 lab [LLM3 instruction]Performs a 
oating-point numeric comparison. If the operand op1 is greater than the operand op2,a branch to the label lab occurs.cfbge op1 op2 lab [LLM3 instruction]Performs a 
oating-point numeric comparison. If the operand op1 is greater than or equal to theoperand op2, a branch to the label lab occurs.12.13 Vectors of Lisp pointers12.13.1 Test for vector of pointersbtvect op lab [LLM3 instruction]If op is a vector of pointers, then btvect branches to the label lab.bfvect op lab [LLM3 instruction]If op is not a vector of pointers, then bfvect branches to the label lab.



12-18 CHAPTER 12. LOADER/ASSEMBLER LLM312.13.2 Access to internal �elds of a vector of pointersval accu [LLM3 operand ]This operand gives access to the heap pointer of a pointer.Warning : This value cannot reside in a register, since the gc could become perturbed.typ accu [LLM3 operand ]This operand gives access to the type of a vector.12.13.3 Access to elements of a vector of pointershpxmov vect n op [LLM3 instruction]Moves the nth element of the vector of pointers vect into the operand op.hpmovx op vect n [LLM3 instruction]Moves the operand op into the nth element of the vector of pointers vect.12.13.4 CreationThere is no special insruction for the creation of vectors of pointers. Call the LE-LISP functionmakevector.12.14 Character strings12.14.1 Test for character stringbtstrg op lab [LLM3 instruction]If op is a character string, btstrg branches to the label lab.bfstrg op lab [LLM3 instruction]If op is not a character string, bfstrg branches to the label lab.12.14.2 Access to the internal �elds of a character stringval accu [LLM3 operand ]



HEAP ZONE 12-19This operand returns a string's heap pointer. Warning : This value cannot reside in a register, sincethe gc might be perturbed.typ accu [LLM3 operand ]This operand returns the type of a string.12.14.3 Access to charactershbxmov strg index op [LLM3 instruction]Moves the indexth character of the LISP string strg into the operand op.hbmovx op strg index [LLM3 instruction]Moves the operand op into the indexth character position of the LISP string strg.12.14.4 CreationThere is no special instruction to create strings. Call the LE-LISP function makestring.12.15 Heap zonehgsize op1 op2 [LLM3 instruction]Puts the size of the character string or vector pointer object op1 in operand op2.12.16 Extending the Loader/AssemblerIt is possible to extend the syntax of the LLM3 loader/assembler by de�ning functions in specialpackages. These extensions are, by de�nition, machine-speci�c.ld-codop [constant ]This is the name of the package in which functions associated with extended op codes must reside.ld-dir [constant ]This is the name of the package in which functions associated with extended direct operands mustreside.ld-ind [constant ]



12-20 CHAPTER 12. LOADER/ASSEMBLER LLM3This is the name of the package in which functions associated with extended indirect operandsmust reside.12.17 Functions12.17.1 Types of functionsFunctions written in LLM3 have one of four types:1. subrs, which evaluate their arguments.2. fsubrs, which do not evaluate their arguments.3. msubrs, which do not evaluate their arguments.4. dmsubrs, which do not evaluate their arguments.12.17.2 Function calling rules� In the case of a subr with 0, 1, 2, or 3 arguments (referred to as a subr0, a subr1, a subr2or a subr3), arguments are passed in the registers A1, A2, and A3 respectively.� In the case of a subr with more than three arguments, or with a variable number of arguments(referred to as an nsubr), the arguments are all pushed onto the stack and the number ofarguments is placed in A4.� In the case of a fsubr, the list of arguments, not evaluated (that is, the cdr of the call), isplaced in A1.� In the case of a msubr, the list of arguments, not evaluated (that is, the call form itself), isplaced in A1.� In the case of a dmsubr, the list of arguments, not evaluated (that is, the cdr of the call), isplaced in A1.All functions return a value in A1.12.18 ExamplesThis section gives short examples of functions written in LLM3. There is a test �le in the testdirectory named testlap which contains all the loader tests. It is also possible to examine theLLM3 code generated by the compilers. (See the next chapter.)? ; These examples were produced on a Vax.? ;? ; Manual translation, into lap, of the celebrated fib function:?? ; (defun fiblap (n)? ; (if (le n 2)
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FUNCTION INDEX 12-29push op [LLM3 instruction] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 12-12pop op [LLM3 instruction] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 12-12adjstk op [LLM3 instruction] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 12-12movxsp op1 op2 [LLM3 instruction] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 12-12xspmov op1 op2 [LLM3 instruction] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 12-12btcons op lab [LLM3 instruction] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 12-12bfcons op lab [LLM3 instruction] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 12-12car accu [LLM3 operand ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 12-13cdr accu [LLM3 operand ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 12-13btnil op lab [LLM3 instruction] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 12-13bfnil op lab [LLM3 instruction] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 12-13btsymb op lab [LLM3 instruction] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 12-13bfsymb op lab [LLM3 instruction] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 12-13cval accu [LLM3 operand ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 12-14cvalq symb [LLM3 operand ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 12-14plist accu [LLM3 operand ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 12-14fval accu [LLM3 operand ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 12-14fvalq symb [LLM3 operand ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 12-14oval accu [LLM3 operand ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 12-14alink accu [LLM3 operand ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 12-14pkgc accu [LLM3 operand ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 12-14pname accu [LLM3 operand ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 12-14btvar op lab [LLM3 instruction] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 12-14bfvar op lab [LLM3 instruction] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 12-14btfix op lab [LLM3 instruction] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 12-15bffix op lab [LLM3 instruction] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 12-15incr op [LLM3 instruction] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 12-15decr op [LLM3 instruction] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 12-15plus op1 op2 [LLM3 instruction] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 12-15diff op1 op2 [LLM3 instruction] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 12-15negate op [LLM3 instruction] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 12-15times op1 op2 [LLM3 instruction] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 12-15quo op1 op2 [LLM3 instruction] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 12-15rem op1 op2 [LLM3 instruction] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 12-16



12-30 FUNCTION INDEXcnbeq op1 op2 lab [LLM3 instruction] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 12-16cnbne op1 op2 lab [LLM3 instruction] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 12-16cnble op1 op2 lab [LLM3 instruction] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 12-16cnblt op1 op2 lab [LLM3 instruction] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 12-16cnbge op1 op2 lab [LLM3 instruction] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 12-16cnbgt op1 op2 lab [LLM3 instruction] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 12-16land op1 op2 [LLM3 instruction] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 12-16lor op1 op2 [LLM3 instruction] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 12-17lxor op1 op2 [LLM3 instruction] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 12-17lshift op1 op2 [LLM3 instruction] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 12-17btfloat op lab [LLM3 instruction] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 12-17bffloat op lab [LLM3 instruction] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 12-17fplus op1 op2 [LLM3 instruction] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 12-17fdiff op1 op2 [LLM3 instruction] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 12-17ftimes op1 op2 [LLM3 instruction] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 12-17fquo op1 op2 [LLM3 instruction] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 12-17cfbeq op1 op2 lab [LLM3 instruction] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 12-18cfbne op1 op2 lab [LLM3 instruction] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 12-18cfblt op1 op2 lab [LLM3 instruction] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 12-19cfble op1 op2 lab [LLM3 instruction] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 12-19cfbgt op1 op2 lab [LLM3 instruction] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 12-19cfbge op1 op2 lab [LLM3 instruction] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 12-19btvect op lab [LLM3 instruction] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 12-19bfvect op lab [LLM3 instruction] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 12-19val accu [LLM3 operand ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 12-19typ accu [LLM3 operand ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 12-19hpxmov vect n op [LLM3 instruction] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 12-20hpmovx op vect n [LLM3 instruction] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 12-20btstrg op lab [LLM3 instruction] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 12-20bfstrg op lab [LLM3 instruction] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 12-20val accu [LLM3 operand ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 12-20typ accu [LLM3 operand ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 12-20hbxmov strg index op [LLM3 instruction] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 12-20hbmovx op strg index [LLM3 instruction] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 12-21
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Chapter 13CompilationThis chapter describes the two compilers available in LE-LISP version 15.26: the standard compilerand the modular compiler called COMPLICE. They perform the same function, so there is no pointin having both of them in your LISP system.� The standard compiler is totally compatible with the interpreter. In particular , itconsistently builds the same dynamic and lexical activation blocks as the interpreter. Itsonly limitations are its inability to process self-modifying programs, its failure to raise theerrudv error in the case of unde�ned variables, and the fact that it does not fully implementthe dynamic aspect of the flet form. It is small, it has fair performance (between three andsix times faster than the interpreter), and it permits function de�nitions to be moved fromthe list zone into the code zone. This can improve the performance of garbage collection and,depending on the host architecture, can also achieve space savings.� The modular compiler, COMPLICE, produces much better code than the standard compiler.It also supports separate compilation of modules. The code it produces is between two and�ve times faster than the equivalent standard compiled code (and therefore six to thirty timesfaster than interpreted code), but certain precautions have to be taken. These are describedbelow. COMPLICE uses a lexical scheme to bind function variables.The two compilers use the same memory loader, described in the previous chapter.13.0.1 Calling the compilerscompiler [feature]This feature indicates whether one of the compilers is loaded into memory.complice [feature]This feature indicates whether the COMPLICE compiler is loaded into memory.(compiler source status print loader) [function with four arguments]1



13-2 CHAPTER 13. COMPILATIONCompiles the function or list of functions referred to as source. If status is not a list, then all thefunctions inside functions in source are compiled. In calls to the standard compiler, a value of ()for status indicates that none of the functions called by functions in source should be compiled.The print argument is a 
ag that indicates, when set, that the list of LLM3 instructions generatedby the compiler should be printed on the current output stream. loader is a 
ag that is passedto the loader. status indicates the status of functions used inside source. If status is a list, it istaken to be the list of functions that should not be compiled during the compilation of the functionsin source.This is not possible using the COMPLICE compiler. If one the functions in status is a subr, theCOMPLICE compiler generates a call to the evaluator when this subr function is called. The standardcompiler ignores the occurrence of subr functions in status.(compile source status print loader) [special form with one, two, three or four arguments]This is the fsubr form of the preceding function. So, none of its arguments is evaluated. Thestatus, print and loader arguments are optional, with default values of ().(compile-all-in-core print loader) [function with zero, one or two optionalarguments]Compiles all the functions in the oblist of type subr, fsurb, macro or dmacro. The print andloader 
ags perform the same functions here as they do in the compiler function.In LE-LISP, compile-all-in-core could be de�ned in the following manner:(defun compile-all-in-core flags(let ((print-flag (car flags)) (loader-flag (cadr flags)));First deal with subrs/fsubrs (if the macros use them)(compiler (maploblist (lambda (x)(and (null (getprop x 'dont-compile))(memq (or (car (getprop x 'resetfn))(typefn x))'(subr fsubr)))))tprint-flagloader-flag); then all the macros(compiler (maploblist (lambda (x)(and (null (getprop x 'dont-compile))(memq (or (car getprop x 'resetfn))(typefn x))'(macro dmacro)))))tprint-flagloader-flag)))



13-3(compilefiles source object) [function with two arguments]Compiles all the functions in the �le or list of �les source and stores the result of the compilationin the �le named object. The extension #:system:lelisp-extension is automatically added tothe �lenames in source that do not already have it. The output �le object can be loaded into LISPby using the classic load, loadfile and ^L functions.The object argument is optiomal in calls to the COMPLICE modular compiler. By default, it is setto the �rst element in the list source. In addition, COMPLICE adds the #:system:obj-extensionextension to the object �lename, if it does not already have it. In any case, the �le should thenbe loaded with the loadobjectfile function.(precompile exp1 result exp2 operand) [special form]When interpreted, precompile returns the value of the evaluation of exp1 and ignores the otherthree arguments. The compilers assume that result is the result of the compilation of the expressionexp1, and they load the LLM3 instructions that it contains. After loading result, the compilerexecutes the expression exp2 in the compiler environment. The operand argument is the LLM3operand indicating the place where the result can be found. Its default value is A1. This functionallows precompilers to match the interface that the current compilers present.(dont-compile exp1 : : : expn) [special form]Informs the compiler that the functions exp1 : : : expn should never be compiled. To force one ofthem to be compiled, use the function compiler explicitly.13.0.2 Compiler macrosBefore compilation, LISP forms are subjected to macro-expansion, which recognizes not only usermacros (functions of macro, dmacro, msubr or dmsubr type), but also two new compiler-speci�ckinds of macro functions : open macros and closed macros.Some system functions have open or closed macro de�nitions. Functions that have closed macrode�nitions must not be rede�ned. Compiler macro de�nitions are included in the cpmac �le in thestandard library.13.0.3 Closed macrosClosed macros are always expanded during the compilation phase. In the case of certain functionsthat are implemented in the interpreter in a subr or fsubr form, this expansion gives the compileran opportunity of generating highly e�cient code. The mapc function, for instance, which generatyesa simple loop, is a subrn in the interpreter and a closed macro in the compiler.Here is a list of the standard closed macros of the compiler:add1 any atomp catcherror conddecr defprop desetq err errseteval-when every ifn incr letvq



13-4 CHAPTER 13. COMPILATIONlognot loop map mapc mapcanmapcar mapcon mapl maplist mapvectorneq nequal newl newr nextlnull prog2 psetq return setqqsub1 time unless untilexit when13.0.4 Open macrosFor open macros to be expanded during the compilation phase, the #:compiler:openp 
ag mustbe set. In the standard implementation, the car and cdr primitives are open compiler macros. Theuser can use open de�nitions for any function at all, except those with closed macro de�nitions.The user who makes such a replacement must verify that the open macro de�nition is consistentwith the regular function de�nition, so that compatibility between compiled and interpreted codeis maintained.#:compiler:open-p [variable]This variable indicates whether open compiler macros should be expanded. When a compiler isloaded, this variable is set by default to t. This 
ag also speci�es whether access functions to LE-LISP object �elds and the low-level primitives shoud be compiled without tests for argument types.This a less secure but more e�cient executable image.The following functions are a�ected by this feature :add car cdr comment divfadd fdiv fmul fsub logandlogor logshift logxor mul objvalpackagecell plist rem rplaca rpacdset slen sref sset subsymeval vlength vref vsetThe generated code is obviously denser and faster, but does not perform tests that the interpreterdoes. For instance, the car function no longer veri�es that its argument is in fact a list. Machineerrors can therefore be brought about by incorrect programs.? (defun test1 (l)? (cons (car l) (cdr l)))= test1? (defun test2 (l)? (cons (car l) (cdr l)))= test2? (defvar #:compiler:open-p t)= #:compiler:open-pHere is the direct LLM3 expansion for car cdr �eld access:? (compile test1 t t)



13-5fentry test1,subr1entry test1, subr1mov cdr(a1),a2mov car(a1),a1jmp cons= (test1)Here are calls to car and cdr functions :? (defvar #:compiler:open-p ())= #:compiler:open-p? (compile test2 t t)fentry test2,subr1entry test2, subr1push a1jcall carpush a1mov &1, a1jcall cdrmov a1,a2pop a1adjstk '1jmp cons= (test2)(defmacro-open name : : : fval) [special form]Gives the name function an open macro de�nition. The arguments to this function follow exactlythe same description as for defmacro.(make-macro-open name fval) [function with two arguments]This is the subr version fo defmacro-open. It is particularly useful for generating open macro fromprograms.(macro-openp name) [function with one argument ]Returns a function that has the open macro de�nition associated with the name function. If namedoes not have an open macro de�nition, this function returns (). The open macro associated witha function can be expanded in the following manner:? (defun expand-open (call)? (let ((open-macro (macro-openp (car call))))? (when open-macro? (apply open-macro)))))= expand-open? (defun second (v)? (vref v 2))= second? (defmacro-open second (v)



13-6 CHAPTER 13. COMPILATION? `(vref ,v 2))= second? (expand-open '(second #[1 2 3]))= (vref #[1 2 3] 2)(remove-macro-open name) [function with one argument ]Removes the open macro de�nition from the name function.13.0.5 ModulesFrom this point on, all we have to say concerns COMPLICE exclusively, and not the standard compiler.COMPLICE is an optimizing compiler that enables large and complex LISP programs to be compiledin a fragmented fashion described as modular.The set of all the �les involved in a compilation is referred to as a module. The minimum numberof �les in a module is three. They can be described as follows :� A source file (by default, with the extension .ll) contains de�nitions of LISP functionsand methods.� A description file (with the extension .lm) describes the contents of the module.� An object file (with the extension .lo) is generated by COMPLICE using the two �les thatwere just mentioned.A typical module contains no more than these three �les, but there may be cases in which a moduleincorporates more than a single source �le.Description �leLet us create module called mymodule. When we say that the name of this future module ismymodule, this means that the description �le of this module will be called mymodule.lm. Inother words, the name of a module can be de�ned as the name of its description without the.lm extension.The �rst item of information in the mymodule.lm �le starts with the keyword defmodule, followedby a symbol that we can choose. You might think of this defmodule statement as a declarationof the existence of the module that we are about to create. This �rst line of the mymodule.lm �lemight read as follows :defmodule mypackageHere, we have chosen the word mypackage because this information relates, as we shall see in amoment, to the general theme, in LE-LISP, of packages.We now indicate the name of the source �le containing the LISP code that we wish to compile. Thisis done using the keyword files. Suppose that our �le is called mysource. In that case, the secondline of the �le mymodule.lm would be



13-7files (mysource)Suppose that there are functions in mysource that need some of functions contained in an existingmodule, which we call anothermodule. In other words, there is another module description �lein the system, called anothermodule.lm which contains compiled LISP code that we need withinmymodule. We indicate this fact by using the keyword import, followed by the name of this outsidemodule, enclosed in parentheses. So, our mymodule.lm description �le now reads as follows :defmodule mypackagefiles (mysource)import (anothermodule)In the modular context of compilation this use of the import keyword brings us to the all-importantconcepts of import and export, which can be thought of as complementary. When we state, as wehave just done, that mymodule needs to import anothermodule, we are implying that, within this`foreign' module called anothermodule, there are various functions that we can use in mymodule. Inother words, mymodulemust be able to refer to these functions that are located within the importedmodule called anothermodule. Now, if it is true that there are functions within anothermodulethat can be referred to in our own module, these functions are described, from the viewpoint of the`foreign' module called anothermodule, as exported. This means that the creators of anothermodulesaid to themselves, as it were, when they were developing this module : `Maybe other people mightlike to use our function called alpha, say. So let's export it'.Just as the people who created anothermodulewent to the trouble of making some of their functionsexportable, we too should think about this question in the case of our construction of mymodule.To indicate the various functions in mymodule that we are prepared to make available to furthermodules, we use the keyword export. Suppose that our functions beta and gamma fall into thiscategory. In that case, we would add a fourth line to the mymodule.lm description �le, which wouldnow read as follows :desmodule mypackagefiles (mysource)import (anothermodule)export (beta : gamma)We shall explain in a moment why there is a colon before the name of the gamma function.Let us step back to the previous line, with import keyword. We said a moment ago that the creatorsof anothermodule exported their alpha function, which we now intend to use in mymodule. Thismeans, then, that the �le anothermodule.lm must contain the following line:export (alpha)To summarize, then : The creators of a module export functions that might be required in othermodules. Inversely, when you import a `foreign' module into the one that you are creating, yousuppose that the creators of this outside module have exported the functions that you need for yourown module.



13-8 CHAPTER 13. COMPILATIONNatually, within our �le mysource, at the base fo mymodule, there are no doubt many otherfunctions, besides the exported ones called beta and gamma, that we do not wish to make availableto outside modules. We say that these functions are local to our own module.Keys and valuesIn the terminology commonly used in the domain of modules, the various keywords defmodule,files, import and export are referred to as keys, and the indications that accompany them arereferred to as the corresponding values of these keys. So the general syntactic structure of a moduledescription �le could be presented in the following manner:key1 value1: : : : : :: : : : : :: : : : : :keyn valuenThe four lines of the mymodule.lm description that we have just written might be thought ofmerely as a `preface', in the sense that COMPLICE, during the compilation of mymodule, adds furtherkey/value pairs to the �le. But the user does not have to be concerned with theses additonal keysand values. In fact COMPLICE inserts a line just after your preface, warning you not to touchanything beyond that point.As for the preface, written by the user, it can be in any layout whatsoever, with comments precededby a semi-colon sign as in LISP. The files, import and export keys can be repeated, so long asthe attached value always appears in the form of a list... which could be empty in certain cases. Ifkeys are repeated, only the last instance is used. COMPLICE merely reads this preface, but does notmodify it in any way whatsoever.In the �rst line that we wrote for the mymodule.lm description �le, we used the word mypackage:defmodule mypackageWhat this really means is that is a package called #:mypackage, and that the exported functionreferred to as :gamma, with a colon, is to be found in this #:mypackage package. It is as if we hadwritten the mymodule.lm �le in the following manner:defmodule anythingfiles (mysource)import (anothermodule)export (beta #:mypackage:gamma)In other words, this title following the keyword defmodule is a convenient means of avoiding tohave to include these explicit package references in the names of exported �les.In actual fact, the solution adopted by most programmers would consist of using one single symbol,namely mymodule, and writing the mymodule.lm �le in the following manner:defmodule mymodule



13-9files (mymodule)import (anothermodule)export (Beta :gamma)Here, the symbol mymodule is used for the name of the module, the name of the package, and eventhe name of the source �le.The use of the keys and their values in a module description �le can be summarized as follows:� The �rst key is defmodule. The associated value must be a LISP symbol. The sole purpose ofthis name is to be used as an input package for the remainder of the description �le.� The next key, files, is followed by a list indicating the set of LISP source �les containing thefunctions of the module. Both COMPLICE and the loadmodule function (described later on)make use of this files key and its value.� The next key, import, is followed by a list containing the names of other modules that containcompiled LISP code required for the execution of the present module. The exported functionscontained in an imported module are used at execution time by the functions contained inthe present module. Both COMPLICE and the loadmodule function (described later on) makeuse of this import key and its value.� The next key is export. The associated list indicates the exported functions in the presentmodule. Above all, the names of these exported functions will be known outside the presentmodule, so that other modules could import the present module and call upon these exportedfunctions.Structures can be used to de�ne several functions serving as `lexical sugar' enabling you toavoid having to explicitly indicate the name of each function to be exported. To use thisfacility, use the special (structure <structure-name>) notation in the exported functionlist. This form concerns structures de�ned with defstruct, defrecord and deftclass. Inthe latter case, don't forget to make the name of the structure internal inside the tclasspackage. Only COMPLICE makes use of this export key and its value. Here's an example ofsource code in a �le named mymodule.ll:(defun myfunct (x) x)(defstruct mystruct a b)(defrecord myrecord cd)(deftclass mytclass e f)Here is the module description �le named mymodule.lm:defmodule mymodulefiles (numodule)export (myfunct(structure mystruct)(structure myrecord)(structure #:tclass:mytclass))



13-10 CHAPTER 13. COMPILATION� There is also an include key, which exists solely for compatibility with older versions ofCOMPLICE. It can now be replaced by the use of the eval-when function in the source �le.This function is described later on in this chapter.� COMPLICE inserts into a module description �le, for its own needs, various internal keys thatdo not normally concern the programmer. In particular, there is a cpenv key that describesthe exact compilation environnement that would be transmitted to any other module thathappened to import the present one. This key and its associated value would play a role ifthe creator of the present module were to use the above-mentioned eval-when function tomodify the compilation environment.As we mentioned earlier on, when a module is compiled, only these internal keys are modi�edby COMPLICE. The so-called `preface' of the description �le, concerning the defmodule, files,import and export keys, emains unchanged by the compilation.Let's look at an example. Consider a �le f1.ll containing(defun example1 (1) (tmp1 l))(defun tmp1 (l) (cons (car l) (example1 l)))and a �le f2.ll containing(defun example2 (l) (tmp2 l))(defun tmp2 (l) (cons (car l) (example1 l)))The module description �le for f1.ll is the �le m1.lm containingdefmodule userfiles (fl)export (example1)and the module description �le for f2.ll si the �le m2.lm containingdefmodule userfiles (f2)export (Example2)import (m1)Let us look at an example of the use of modules in interpreted form, and the compilation of modules.We start out by loading the interpreted module m2:? (loadmodule 'm2 t)** loadmodule : load interpreted module : m1** loadmodule : load interpreted module : m2= m2? (pretty example1)(defun example1 (l)(tmp1 l))= ()? (compilemodule 'm2 t)= ()? #:module:interpreted-list= (m1 m2)



13-11Here is an example of the use of a compiled module:? (loadmodule 'm2 t)= m2? (pretty example1)(ds example1 subr1 (19 . 2152))= ()? (pretty tmp2)()= ()? (example2 '(1 2 3))= (1 1 2 3)13.0.6 Source �lesThe main components of the module under construction come from one or several �les. The nameof a source �le has, by default, the extension .ll. A source �le must contain all the data that isnecessary for the successful construction of the desired module. Here are several points that shouldbe kept in mind:� Naturally, the source �le must contain the de�nitions of all the functions, macros and otherdefstruct data structures that are to be exported. These entities will be made available tousers of the present module, and to any other module that imports the present module. Aswe pointed out earlier on, the names of all these entities must appear in the list that followsthe export keyword in the description �le of the present module.� The source �le also includes other entities, described as local, which are used by the exportedentities, but without being made available to the outside world. These internal entities canusually be compiled more e�ciently than for exported entities, since their calling protocolsare relatively simpli�ed.� Other important elements in a source �le are related to the possibilities of an interestingfunction called eval-when, which we examine in the next section, under the general themeof evaluation. This function enables you to control the compilation environment.COMPLICE generates compiled code for all the functions de�ned in the �les listed under the fileskey, and only for these �les. Functions de�ned in the import or include �les never give rise tocode in the compiled module.The code produced by COMPLICE contains compiled de�nitions of the exported functions of themodule. In other words, the compiled code is associated with the LISP symbol that names eachfunction. The other entities appearing in the source �les mentioned after the files keyword giverise to code in the compiled module, but no symbols are associated with them.When you load a compiled module by means of the loadmodule function, the imported modulesare loaded �rst of all (except, of course, if they have already been loaded), then the compiledcode of the module is loaded into the zone reserved for compiled code in the LE-LISP system. Theinclude �les are never loaded by the loadmodule function. If you want these �les to be present inthe extension environment of the module, which is not generally the case, you have to load themexplicitly.



13-12 CHAPTER 13. COMPILATIONDuring compilation, COMPLICE does not automatically import modules imported by importedmodules. The import key is not transitive during the compilation. In the same way, the compilernever loads the include �les of imported modules. If you want to use the include or import �lesof imported modules, you have to list them explicitly under the corresponding keys of the module,Note that include �les are loaded in the order in which they are listed. This might be importantwhen these �les contain successive the de�nitions of abbreviations or LISP structures.13.0.7 Object �lesThe COMPLICE compiler, which is used to compile modules, builds object �les, which contain LLM3code in lap form. These �les always have the value of #:system:obj-extension as their extension.#:system:obj-extension [variable]This variable contains the default extension of LE-LISP object �les.(probepatho file) [function with one argument ]Returns the complete �lename of the object �le file if it is found in the #:system:path directorylist. If the module is not found there probepatho returns ().In LE-LISP, probepatho could be de�ned in the following manner:(defun probepatho (mod)(search-in-path#:system:path(catenate mod #:system:obj-extension)))? (probepatho 'pretty)= /nfs/current/lelisp/llobj/pretty.lo(loadobjectfile file) [function with one argument ]Loads the object �le file if it is found in the #:system:path directory list. In LE-LISP,loadobjectfile could be de�ned in the following manner:(defun loadobjectfile (file)(let ((real-file (probepatho file)))(ifn real-file(error 'loadobjectfile "unknown file" file)(loadfile real-file t))))13.0.8 Controlling evaluationUsing modules means that you have to be able to precisely control the moment at which expressionswithin a module are evaluated. When a module is compiled, the default behavior is that all the



13-13forms in the module are evaluated before the actual moment of compilation. The following specialform lets you specify, for each form in a module, whether it should be evaluted when the module isloaded in interpreted mode, when the module is loaded in compiled mode, or during the compilationprocess.(eval-when moments . expressions) [function with a variable number of arguments]The moments argument is a non-evaluated list of symbols from the set of eval, load, local-compileor compile. The expressions argument is a sequence of arbitrary legal expressions that beevaluated according to the presence of one of the symbols of the moments argument. This evaluationtakes place according to the following criteria:� eval: The expressions are evaluated when the source �les of the module are loaded with thelibloadfile function, or from the main interpreter interactive loop.� load: The expressions are evaluated when the module is loaded with the loadobjectfilefunction.� local-compile: The expressions are evaluated when the module is compiled, but they willnot be exported.� compile: The expressions are evaluated when the module is compiled, or when any othermodule that imports this module is compiled.By default, all the expressions in a module are surrounded by the form(eval-when (eval load local-compile)...)Having seen this description of the eval-when function, we can now return to the question (thatwe started to examine earlier on) of the possible contents of a source �le:� A source �le might contain certain de�nitions that are exploited solely during the compilationof the present module. This possibility is made available by the eval-when function with thelocal-compile keyword.� Other de�nitions in the source �le might be used both when compiling the present moduleand when compiling another module that imports the present one. This is the case of theeval-when function with the compile keyword.� There might be de�nitions that are useful both at execution time and in the case of a localcompilation. This involves using eval-when with the local-compile and load keywords,together with export.� Finally, there might be de�nitions that are useful both at execution time and in the case oflocal and external compilations. This involves using eval-when with the compile and loadkeywords, together with export. The eval keyword would be added if you wanted to use sucha de�nition in interpreted mode. In fact, any of the combinations of the keywords compile,local-compile, load and eval can be envisaged.



13-14 CHAPTER 13. COMPILATIONLet us look at examples of the use of evaluation control. The source �le called when contains thefollowing forms:(eval-when (eval)(print "(eval)"))(eval-when (load)(print "(load)"))(eval-when (local-compile)(print "(local-compile)"))(eval-when (compile)(print "(compile)"))(eval-when (eval load local-compile compile)(print "(eval load local-compile compile)"))(defun first ()'first)This has the following module de�nition:defmodule whenfiles (when)export (first)It behaves in the following manner:? ^Lwhen(eval)(eval load local-compile compile)= when.ll? (compilemodule 'when)(local-compile)(compile)(eval load local-compile compile)(eval load local-compile compile)(eval load local-compile compile)= ()? ^Awhen(load)(eval load local-compile compile)= whenThe source �le named when2 contains(eval-when (eval)(print "**2**(eval)"))(eval-when (load)(print "**2**(load)"))



USE AND MANIPULATION OF MODULES 13-15(eval-when (local-compile)(print "**2**(compile)"))(eval-when (compile)(print "**2**(compile)"))(eval-when (eval load local-compile compile)(pirnt "**2**(eval load local-compile compile)"))(defun second ()'second)It has the following module de�nition:defmodule (when2)files (when2)export (second)import (when)It behaves in the following manner:?^Lwhen2**2**(eval)**2**(eval load local-compile compile)= when2.ll? (compilemodule 'when2)(compile)(eval load local-compile compile)**2**(local-compile)**2**(compile)**2**(eval load local-compile compile)**2**(eval load local-compile compile)**2**(eval load local-compile compile)=()? ^Pfirst()=()?^Awhen2(eval)(eval load local-compile compile)**2**(eval)**2**(eval load local-compile compile)= when2? ^Pfirst(ds first subr0 (8 . 21196))= ()13.1 Use and manipulation of modulesThis section presents seven functions and two variables that are used by COMPLICE.



13-16 CHAPTER 13. COMPILATION13.1.1 Functions on modules(probepathm module) [function with one argument ]Returns the complete �lename of the module description �le of module, if it is found in the#:system:path directory tree. If the module is not found there, probepathm returns ().In LE-LISP, probepathm, could be de�ned in the following manner:(defun probepathm (mod)(search-in-path#:system:path(catenate mod #:system:mod-extension)))? (probepathm 'pretty)= /nfs/current/lelisp/llmod/pretty.lm(readdefmodule module) [function with one argument ]Returns a LISP structure containing the information in the module description �le of module. Thisstruture will be referred to, from now on, as a module de�nition, and will be denoted by theargument defmod.(getdefmodule defmod key) [function with two arguments]Returns the value associated with key in the module de�nition defmod.(setdemodule defmod key value) [function with three arguments]Adds the pair value/key to the module de�nition defmod. If the key already exists in the de�nition,its existing value is replaced by the value argument.(printdefmodule defmod module) [function with two arguments]Updates the module description �le that corresponds to the module module, using the modulede�nition defmod.13.1.2 Loading and compiling modules(loadmodule module reload-p interpreted-p) [function with one, two or three arguments]Loads module and all the modules that it imports. Imported modules are loaded in the �rst instance,using a single loadmodule function. Loading is recursive. Consequently, modules imported byimported modules are likewise imported, and so on. Only modules that have not already been



USE AND MANIPULATION OF MODULES 13-17loaded into the system are loaded. Nevertheless, the reload-p argument provides a means offorcing all the imported modules to be loaded or reloaded.If the module was compiled, loadmodule loads it using the loadobjectfile function. If the modulewas not compiled, loadmodule loads the uncompiled source �les de�ned in the files key using thelibloadfile function. The interpreted-p 
ag, when set, forces all the source �les of a moduleto be loaded regardless of whether compiled versions of the module are already loaded.When a module is loaded from source �les, a warning with the following standard screen displayis printed:;; load interpreted module : `module'Here, module is the name of the module loaded and interpreted.The following two variables are maintained by the loadmodule function:#:module:interpreted-list [variable]This variable contains the set of names of modules whose �les have been loaded by the libloadfilefunction.#:module:compiled-list [variable]This variable contains the set of names of modules whose �les have been loaded by theloadobjectfile function.(compilemodule module ind) [function with one or two arguments]Compiles module with the COMPLICE modular compiler. The result of the compilation is stored inthe �le named module with the extension #:system:obj-extension, which is created if it doesnot already exist. If the ind 
ag is set, the modules imported by module are recursively compiledusing the same compilemodule function.Files produced by the compilation can be loaded using the loadobjectfile function. The compiledmodule and the modules it imports can be loaded all at once using the loadmodule function.When the 
ag is not supplied, the de�nition of compilemodule is almost equivalent to the followingcode: (defun compilemodule (mod)(compilefiles(getdefmodule (readefmodule mod) 'files)mod))The module description is updated, though, to re
ect the fact that the module was compiled.Moreover, functions not exported by the module will no longer exist after the compilation. Writeaccess to the module description �le is needed in order to carry out a module compilation.



13-18 CHAPTER 13. COMPILATION13.2 CompliceTo compile a module, you use the COMPLICE compiler. This section describes the features speci�cto COMPLICE, as well as its error and warning messages.13.2.1 Compatibility messagesWhenever possible, COMPLICE compiles variable bindings as lexical bindings. This means thatvariables do not exist, properly speaking, outside the lexical block in which they are declared.Programs normally executed in intrepreted mode might therefore be rendered incompatible orunworkable after compilation by COMPLICE. In order to alleviate these problems, COMPLICE has a
ag called #:complice:parano-flag. When this 
ag is set, explicit calls to the evaluator resultin dynamic binding of the variables involved, so that compiled and interpreted versions have thesame behavior.#:complice:parano-flag [variable]This variable indicates whether complete compatibility with the interpreter is required. WhenCOMPLICE is �rst loaded, the value of this 
ag is t, meaning that total compatibility is required.Let us look at an example:? (defun test1 (word) (funcall 'test2))= test1? (defun test2 () word)= test2(test1 'local) =) localNow compile test1 by entering (compile test1). Since the #:complice:parano-flag is set tot, the test1 function still works normally:(test1 'local) =) localLet us now rede�ne the same test1 function. Before recompiling it, we shall set the 
ag to () with(defvar #:complice:parano-flag ()). Then we recompile the function.(defun test1 (word) (funcall 'test2))= test1? (defvar #:complice:parano-flag ())= #:complice:parano-flag? (compile test1 t t)fentry test1, subr1entry test1, subr1push @101push 'test2mov '1,a4jmp funcall101 eval ()return= (test1)This time, the evaluation produces a di�erent result:



COMPLICE 13-19? (let ((word 'global))? (test1 'local))= globalHere is a list of functions that modi�ty the behavior of the compiler according to the setting of the#:complice:parano-flag variable:apply deset eval evlis flambdaflet funcall lambda lock setsymeval time unexit unwind13.2.2 Errors and warningsCOMPLICE errors and warning are printed onto the current output stream in one of two formats:� For an error, the format isE.n.entity..message:argument� For a warning, the format isW.n.entity..message:argumentThe items in italics have the following meanings:� n is the number of the error or warning.� entity is the entity (such as a function or a variable) that was being compiled.� message is a complete explanatory message.� argument is the faulty argument.When an error is raised, entity is not compiled. If a warning occurs, the code produced might beincompatible with the interpreter. See, however, the #:complice:parano-flag 
ag.#:complice:warning-flag [
ag ]This 
ag allows you to suppress warning messages. By default, its value is t, and warnings areprinted. To turn them o�, set #:complice:warning-flag to ().#:complice:no-warning [variable]This variable contains the list of warning message numbers that correspond to messages that youdo wish to see printed. When COMPLICE is initially loaded, #:complice:no-warning contains thelist (7 8).



13-20 CHAPTER 13. COMPILATIONE.0 [Complice error message]This error message is displayed as follows:E.0.entity..Internal error:(f m b)Cause: Sometimes, for e�ciency reasons, or in unforeseen cases, COMPLICE does not systematicallyverify that the code it produces is valid. For example, it might produce the instruction (add1 .2), which is not legal. In these cases, a machine error is usually raised, and the m argument will beequal to errmac.Arguments: f, m and b are standard error handling arguments. (See the explanation of the syserrorfunction).Remedy: Verify that entity works in interpreted mode, and verify that the LISP code of entity iscoherent and correct.E.1 [Complice error message]This error message is displayed as follows:E.1.entity..Function computed:LISP-expressionCause: This error is raised when the �rst element of a form is neither a symbol nor a lambda-expression, as in the case of ((if x '1+ '1-) 8).Argument: For the above example, the LISP expression is (if x '1+ '1-).Remedy: Replace this expression with (funcall (if x '1+ '1-) 8).E.2 [Complice error message]This error message is displayed as follows:E.2.entity..Application of an mlambda:lambda-expressionCause: COMPLICE cannot compile a form such as ((mlambda (1 x) '(ncons ,x)) x).Argument: For the above example, the lambda-expression is (mlambda (1 x) '(ncons ,x)).Remedy: If the macro generation can be performed during the compilation, use an intermediatemacro function.E.3 [Complice error message]This error message is displayed as follows:E.3.entity..Error during macro expansion:macro-functionCause: All macro expansions, both macro and dmacro, are performed in the compiler environment.So, the macro functions that use the dynamic environment of the user's program raise this error.



COMPLICE 13-21Here is an example:(defun f (a)(bclos a (+ a a)))(dmd bclos (v . pg)`(let ((,v ',(symeval v))),@pg))Argument: For the above example, macro-function is bclos.Remedy: If the macro generation can only be performed a single time in the user-programenvironment, do it before the compilation in a test case.E.4 [Complice error message]This error message is displayed as follows:E.4.entity..Function not defined:functionCause: The function designated as entity called a function that was not de�ned at the time thecompilation took place. Here is an example:(defun f () (g))Argument: For the above example, the function is g.Remedy : If the problem was not simply the result of a typing error, perform the call by means ofa funcall such as (defun f () (funcall g)).E.5 [Complice error message]This error message is displayed as follows:E.5.entity..Cannot compile an flet:LISP expressionCause: When the #:complice:parano-flag 
ag is not set, COMPLICE refuses to compile a formbeginning with flet.Remedy: If you want to temporarily modify the behavior of functions such as syserror, bol oreol, you might use the #:system:itsoft programmable-interrupt approach. The other obvioussolution is to set #:complice:parano-flag to t.E.6 [Complice error message]This error message is displayed as follows:E.6.entity..Cannot compile a letv:LISP expressionCause: COMPLICE can only compile dynamic-environment constructions when the variable tree issupplied explicitly. Here is an example:



13-22 CHAPTER 13. COMPILATION(defun goodf (vals) (letv '(a b) vals (+ a b)))(defun badf (env vals) (letv env vals (+ a b)))Argument: For the above example, the LISP expression is env.Remedy: None.W.0 [Complice warning message]This warning message is displayed as follows:W.0.entity..Undeclared global variable:variableCause: In the transitive closure of entity, variable can be used without having been instantiated.Here is an example:(defun f () xyz)or(defun last (1) (ifn 1 xyz (let ((xyz 1)) (last (cdr 1)))))Argument: In the above example, the variable is xyz.Remedy: If the problem stems from neither a typing error nor a logical error in the program, givethe variable in question a global value using the defvar function. The call to defvar must be in a�le.W.2 [Complice warning message]This warning message is displayed as follows:W.2.module..Unused function:functionCause: This warning only occurs with the compilemodule function. It appears if function iscreated in module, but is not used by any of the exported functions.Remedy: If the function is needed, it should be added to the module description of module underthe export key.W.3 [Complice warning message]This warning message is displayed as follows:W.3.entity..Wrong function type:function typeCause: If entity is the same symbol as function, and type is not (), an attempt was made to compilea non-compilable function: for example, (compile car). Otherwise, function is unde�ned, type is(), and the evaluator will be called explicitly.



COMPLICE 13-23Remedy: In the �rst case, the funcall function should be used to compile the arguments offunction. In the second case, de�ne function in your source code. (At times, you have to becareful of synonymq).W.4 [Complice warning message]This warning message is displayed as follows:W.4.module..External function:functionW.5 [Complice warning message]This warning message is displayed as follows :W.5.entity..Wrong number of arguments:functionCause: The call sequence of function inside entity does not macth its de�nition. Here is an example:(defun f () (cons 1 2 3))or(defun f() (g 1 2 3))(defun g (x y) (cons x y))W.6 [Complice warning message]This warning message is displayed as follows:W.6.module..Function external to module:functionCause: This warning is only produced with the compilemodule function. It appears if function isused in module, but is not created by one of the imported modules.Remedy: If it is known which module contains function, it should be added to the module descriptionof module under the import key. Otherwise, arrange things in such a way that function is alreadycompiled when compilemodule is called, and that it is also there at execution time.W.7 [Complice warning message]This warning message is displayed as follows:W.7.entity..Calculated function:LISP-expressionCause: The entity function uses a function such as funcall or apply. The LISP expression is afunctional value. Here is an example:(defun tw (f a) (funcall f (funcall f a)))



13-24 CHAPTER 13. COMPILATIONArgument: In the above example, the LISP expression is f.Remedy: If there is no interaction between the called functional value and the calling function,high-performance code is generated when the #:complice:parano-flag 
ag is set to ().W.8 [Complice warning message]This warning message is displayed as follows:W.8.entity..Explicit call to evaluator:LISP-expressionCause: The entity function uses a function such as eval or set. Here is an example:(defun symev (v env) (or (cassq v env) (symeval v)))Argument: In the above example, the LISP expression is v.Remedy: If there is no interaction between the called functional value and the calling function,high-performance code is generated when the #:complice:parano-flag 
ag is set to ().W.9 [Complice warning message]This warning message is displayed as follows:W.9.compilefiles..Function external to file:functionCause: This warning only occurs with the compilefiles function. It appears if function is used inone of the �les appearing in the arguments to a call to compilefiles, but was not created by oneof these �les.Remedy: Arrange things is such a way that function has already been compiled whencompilefiles is executed, and that it is present at execution time as well.W.10 [Complice warning message]This warning message is displayed as follows:W.10.makemodule..Module interdependence:module-listCause: This warning only occurs with the compilemodule function. It appears if the compilerdetects a circularity in the set of modules being compiled, according to the links de�ned by theimport key. In this case, all the �les involved in modules in module-list will be recompiled once,independently of all links to other members of module-list, and then a second time, to resolvedynamic variable bindings. The module-list argument does not describe the smallest circularityof inter-module reference. Given the prohibitive cost of the double compilation, you are advisedto recompile one of the modules involved in the circularity by hand before trying to compile themodules together a second time.



COMPLICE 13-25W.11 [Complice warning message]This warning message is displayed as follows:W.11.entity..Function redefined in the module:moduleCause: This warning indicates that entity, which appears in the module being compiled, is also afunction exported by module, and that the latter is imported by the module being compiled. Inthis case, it is the local de�nition that is used during the compilation of the current module.13.2.3 General remarks and examplesUsing defvarIn some particular cases, COMPLICE does not �nd variables that should be dynamically linked, evenwhen the #:complice:parano-flag is set to t. Here is an example:(defun line-count ()(let ((#:sys-package-itsoft 'count) (#:count:n 0))(untilexit eof (read))#:count:n))(defun #:count:bol ()(setq #:count:n (add1 #:count:n))(bol))In this case, the variable #:count:n is used in a dynamic manner, but it will be compiled `lexically'.To alleviate these problems, a global variable declared by defvar can be used for it, and will alwaysbe compiled by COMPLICE according to dynamic binding rules.The above program would be rewritten as follows:(defar #:count:n)(defun line-count ()(let ((#:sys-package-itsoft 'count) (#:count:n 0))(untilexit eof (read))#:count:n))(defun #:count:bol ()(setq #:count:n (add1 #:count:n))(bol))It is therefore suggested that defvars be used for variables such as l, n and at.Using macrosA macro function instantiated in a module, but not exported, will no longer exist after compilation.For example, the module �le test might contain



13-26 CHAPTER 13. COMPILATIONdefmodule userfiles (test)export (test)and the LISP source �le test might contain(defun test (n) (test-macro n))(dmd test-macro (n) `(add1 ,n))Once the module is compiled, the test-macro function will no longer exist.Function generatorsIn processing the compilefiles and compilemodule functions, COMPLICE determines whichfunctions to compile by isolating the occurrence of the de, df, defun, setfn, dm, dmd, anddefmacro primitives. There are two compiler features that provide the means to de�ne new functiongenerators.The �rst follows from the fact that forms read from �les are macro-expanded. It is possible to de�nemacro functions that de�ne calls to the standard primitives introduced above. Here is an example:(dmd defsys (name . fval)`(defun ,(symbol 'system name) ,@fval) )(defsys ob () (oblist 'system))On the other hand, the module description �les must specify the complete names of functions toexport, as shown here:defmodule systemfiles (foo)export (#:system:ob)The second phenomenon is due to the fact that forms beginning with progn are themselves scannedto determine possible function de�nitions.(dmd newtype (type make pred)`(progn(defun ,make (l)(let ((v (apply 'vector l)))(typevector v ',type)))(newl list-type ',type)(defun ,pred (v) (eq (typevector v) ',type))(defmacro-open ,pred (v) `(eq (typevector ,,v) ',,type))))(defvar list-type () )(newtype cell makecell cellp)



COMPLICE 13-27Using the precompile functionAmong other things, the precompile function allows data de�nition to be delayed until load time.Consider the following example:(defun static-stream ()(let ((stream '#.(cons -1 (cirlist 0 1))))(prog1 (cadr stream)(rplacd stream (cddr stream)))))This function is correctly compiled by the compile and compile-all-in-core functions, but thecorresponding lap code will not be able to be loaded into a �le because of the circularity of thedata. In such cases, the precompile function can be used in the following manner:(dmd reconstruct (data)`(precompile ',(eval data) () () (eval kwote ,data))))(defun static-stream ()(let ((stream (reconstruct (cons -1 (cirlist 0 1)))))(prog1 (cadr stream)(rplacd stream (cddr stream)))))Undesirable aspects of CompliceThe compilemodule function can create the object �le only in the current working directory.Lexical control functions such as tagbody, block, go and return systematically call specializedevaluation routines.In imported modules, be wary of any macro de�nitions that are not inside an (eval-when(compile...construction. Such de�nitions might cause the total loading of the imported moduleduring the compilation of the module that imports it.
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Chapter 14External interfacesThe �rst section of this chapter describes functions that interface LE-LISP system with externalprocedures written in other programming languages. The following sections describe the details ofthe process of interfacing LE-LISP with di�erent languages on di�erent systems. Only the sectioncovering the UNIX system is included in this manual. For the vms interface, see [Dana86].14.1 Interface functionsLE-LISP provides ways to call external procedures written in another programming language. Theseexternal procedures must be integrated into LE-LISP with the host system's link editor.The following functions, which provide the interface of external procedures, are not standard onall LE-LISP systems. Check to see if they exist on your system before trying to use them.(getglobal strg) [function with one argument ]Returns the starting address (entry point) of the external procedure name strg. This name mustexist in the symbol table generated by the link editor when LE-LISP is created. The result of thisfunction can be used as the �rst argument to callextern.The notion of a symbol depends of course upon the the host system. On UNIX systems, for example,C-language names are usually preceded by the underscore character, as in _getenv, whereasfortran names are surrounded by this same character, as in _getenv_. Depending on the machineon which it is running, LE-LISP takes account of the possible presence of such pre�xes. For example,you �nd the underscore _ pre�x on a Sun, whereas it is a dot on the RS6000.In no case does the user have to be aware of the convention in use. He or she only needs to use thename of the symbol as it is de�ned in C.Of course, for compatibility reasons, the user can indicate a pre�x when performing a getglobal,but this technique is slow, and it might cause portability problems when the code is taken ontoanother machine. In any case, the presence of a pre�x in the character string sent to getglobal isa means of avoiding possible name con
icts between LE-LISP functions and C procedures.On a Sun4, with no pre�x:(getglobal "getenv") =) (4 . 22192)1



14-2 CHAPTER 14. EXTERNAL INTERFACES(time '(getglobal "getenv")) =) 0.01On a Sun4, with a pre�x:(getglobal "_getenv") =) (4 . 22192)(time '(getglobal "_getenv")) =) 0.02With the pre�x of an RS6000:(getglobal ".getenv") =) 0(callextern address type v1 t1 : : : vn tn) [function with a variable number ofarguments]Calls an external procedure starting at address. This call must return a value whose type is type.The vi designate values transmitted to the external procedure, and their corresponding types areindicated by the ti. These ti are coded in the following manner:0 �! pointer1 �! integer number2 �! 
oating-point number3 �! character string4 �! vector of S-expressions5 �! integer number, passed by reference (fortran)6 �! 
oating-point number, passed by reference (fortran)7 �! vector of integer numbers8 �! vector of 
oating-point numbers.The type of the result returned by the external procedure call, referred to as type, can onlycorrespond to one of the �rst four items in this list: either pointer, integer number, 
oating-point number or character string.(defextern symb ltype type) [special form]Dynamically associates a LE-LISP function to an external procedure. symb is the name of anexternal module that is going to become a new LE-LISP function. ltype is the list of types ofinput arguments. The version 15.26 introduces a dynamic veri�cation of the types <ltype>at the time of the call to the function <symb>.ex : ? (defextern ma-fonction (string) fix)? = ma-function? (ma-function 5)** ma-fonction : the argument is not a string : 5type is the type of the return value. The possible types for the ltype argument are members ofthe following set of symbols:



INTERFACE FUNCTIONS 14-3� t: a LE-LISP pointer.� external: an external pointer.� fix: an integer number.� float: a 
oating-point number.� string: a character string.� vector: a vector of S-expressions.� rfix: an integer passed by reference.� rfloat: a 
oat passed by reference.� fixvector: a vector of integers.� floatvector: a vector of 
oats.The returned type is one of the following symbols:� t: a LE-LISP pointer.� external: an external pointer.� fix: an integer number.� float: a 
oating-point number.� string: a character string.Let us examine these symbols more closely:� The t type corresponds to any LE-LISP pointer that is passed without being altered.� The external type corresponds to a pointer external to the LISP memory space. It isrepresented by a LE-LISP address. A detailed description of this kind of address is providedin section 12.1. Generally, such a pointer is the result of a previous call to an externalprocedure, and it is su�cient to store and pass it to other external procedures when it iscalled for.� The fix type corresponds to an integer numeric value.� The float type corresponds to a 
oating-point numeric value. When the port allows it,this type works equally well in both the 31-bit and 64-bit LE-LISP 
oating-point modes.� The string type corresponds to the address of the �rst character of a character string.It is impossible to pass a character string by value.� The rfix type corresponds to a reference to an integer numeric value. This is the typeof argument passing that is used in fortran.� The rfloat type corresponds to a reference to a 
oating-point numeric value. This is thetype of argument passing that is used in fortran. When the port allows it, this typeworks equally well in both 31-bit and 64-bit LE-LISP 
oating-point mode.



14-4 CHAPTER 14. EXTERNAL INTERFACES� The fixvector type corresponds to the address of the �rst element of a vector of integernumeric values. Vectors of integers are therefore always passed by reference. Because ofthe way integers are represented in LE-LISP, this type is di�erent to the type of a vectorof S-expressions containing only integer numeric values.� The floatvector type corresponds to the address of the �rst element of a vector of
oating-point numeric values. Vectors of 
oats are therefore always passed by reference.Because of the way that 
oats are represented in LE-LISP, this type is di�erent to the typeof a vector of S-expression containing only 
oating-point numeric values. Note that thisfloatvector type works only in 31-bit 
oating-point mode. You cannot use it in 64-bit
oating-point mode.Example: the following external procedure is de�ned in C:double c_test (strg,nf,ni,vect)char *strg; double nf; int ni; int *vect;{ int i;printf("the string is %s\n\r", strg);printf("the float is %e\n\r", nf);printf("the integer is %d\n\r", ni);printf("the vector contains vect[0]=%8x, vect[1]=%8x\n\r", vect[0], vect[1]);i = vect[0]; vect[0] = vect[1]; vect[1] = i;return(nf*ni);}Here is the corresponding LE-LISP interface:? (defextern c test (string float fix vector) float)= c test ? (defvar vec #[(a b) #[1 2 3]])= vec ? (c test "fou barr" 123.45 12 vec)the string is fou barrthe float is 1.234500e+02the integer is 12the vector contains vect[0]= 9ed30, vect[1]= 63ae4= 1481.4 ? vec= #[#[1 2 3] (a b)]The following external procedure is de�ned in fortran:subroutine tabflt (lg, tfloat)integer lg,ireal*4 tfloat(lg)do 33 i=1,lgtfloat(i)=tfloat(i) * 2.33 continuereturnendHere is the corresponding LE-LISP interface:



LINKS WITH EXTERNAL PROCEDURES UNDER UNIX 14-5? (defextern tabflt (rfix floatvector))= tabflt ? (setq v #[1.2 4.0 9.9 .25])= #[1.2 4. 9.9 .25] ? ( tabflt (vlength v) v)= 1020 ? v= #[2.4 8. 19.8 .5](defextern-cache flag) [special form]If flag is true, the following defexterns will be cached. When the 
ag will be set to false,all the cached defexterns will be resolved.14.2 Links with external procedures under UnixWe explain here how to interface LISP with external procedures written in C, using defextern, andhow to call LISP from external procedures, using lispcall.These features|the least portable in the system|are described here only for UNIX systems.14.2.1 PrinciplesThe LE-LISP language is not perfectly adapted to every possible computing task. It is notablyine�ective for long numeric calculations such resolutions of di�erential equations and �nite elementmethods, or bit-based operations on high-resolution screens such as general raster-op procedures.For these tasks, programmers generally prefer languages that perform these special tasks well, suchas fortran, C or an assembly language.LE-LISP provides the means to interface procedures written in other languages. These proceduresbecome regular LISP functions.It is possible to pass arguments of all types|such as integer and 
oating-point numeric values,character strings, vectors of LE-LISP objects, and any LISP object|to these procedures, and toreceive their typed results.LE-LISP can therefore be used to drive very fast procedures written in other languages, and can beconsidered as a tool for interfacing and carrying on dialogues with these procedures.14.2.2 Calling functions written in CWe describe here the way to interface LISP with C programs. Everything described here is alsovalid for fortran, which repects the C calling conventions under UNIX, and for those assemblylanguages that do likewise.There could be problems with a pascal interface, due to �le handling procedures. In pascal, �lesmust be declared in the program declaration. It is therefore di�cult to link pascal proceduresoutside a pascal context. The solution in this case is to write a pascal program that calls theLE-LISP system as an external procedure.



14-6 CHAPTER 14. EXTERNAL INTERFACESTo call a C function from the LISP system, you have to link the compiled function object and thesystem kernel into the same executable program, and then associate the C entry point to a LISPfunction. The LISP function call then lets the C program be run.Linking external proceduresThe link operation consists of binding the code of several external procedures into a singleexecutable program. In this case, the LISP system and the C modules containing the C proceduresthat will be called are linked together.This link can be created statically, when the system is created, or dynamically at any time, underthe control of the system.The static link operation consists of creating a new executable binary containing the kernel ofthe LE-LISP system and the C modules. The new binary can then be used to generate a new LISPsystem. It can be installed on any and all UNIX machines. This is a major undertaking, though,since it requires the recreation of the system every time that one of the C modules is changed.The dynamic link operation can only be carried out on machines that have linkers|also knownas link editors|that make it possible to carry out incremental linking. In the UNIX system, thelinker is called using the ld command with the -A option. The dynamic linking operation happilyreplaces the static link described above, and eliminates the need for recreation after each change inthe C modules. Moreover, the dynamically linked modules are maintained in memory images �les.So, the dynamic link actually ends up being more durable than the static link.Dynamic links(cload string) [function with one argument ]The argument to this function is the name of a compiled module that is to be linked to the system.cload calls the UNIX linker ld to link the C module with the system being used. The compiledcode of the C module is loaded into the LISP code memory zone, and can thereby be saved into aLISP memory image. Here is an example:$ lelisp; Le-Lisp (by INRIA) version 15.24 ( 2/Jan/91) [sun4]; Standard modular system: Sat 29 Dec 90 19:34:39= (31bitfloats date microceyx pathname debug setf pepe virbitmapdefstruct virtty compiler pretty abbrev loader messages callext)We compile a C module named foo.c, thereby creating the binary object named foo.o:? !cc -c foo.c= tWe then link the foo.o module to the system:? (cload "foo.o")= (19 . 2345)



LINKS WITH EXTERNAL PROCEDURES UNDER UNIX 14-7The character string argument is passed to the ld link editor. This means that options to loadlibraries, to get a trace of the link edit, or to link several modules at once can be exercised withthe cload function. For more details, see the UNIX documentation for ld on your machine.Let us look at other examples of the use of the cload function. The next call loads the ash.omodule and the raster.a library:(cload "ash.o -lraster")The next example loads the hyperbolic sine entry point from the mathematical functionlibrary:(cload "-u _sinh -lm")The next call loads three modules named foo.o, gee.o and bar.o:(cload "foo.o gee.o bar.o")The character string argument is the means by which the call to the ld link editor isconstructed. For more precision, see the UNIX documentation concerning ld(1).Consider the call (cload string).On a Sun, this generates the callld -A lelispbin -Bstatic -N -x -T end -o temporary string -lcOn an SPS9, this generates the callld -C -A lelispbin -N -x -T end -o temporary string -lcHere, lelispbin is a path that contains the directory where the currently-running LE-LISPbinary is located, end is the �rst available address in the LISP zone reserved for compiledcode, and temporary is a unique temporary �le in the directory /tmp.After the module is linked, the temporary �le contains the code of the C module. It is loadedinto the LISP code zone. It is this temporary �le that will be used in place of lelispbin forsubsequent calls to cload. So, numerous calls to cload can be made to sequentially build andmodify an executable image.Static linksThe static link is described in the system installation documentaton, in the beginning of thereference manual. It consists of a permanent link between the LE-LISP system lelispbin andthe relevant C modules, to make a new binary. After this, the system must be con�gured. Thisinvolves loading an environment and creating a memory image, as described in the installationdocumentation. Generally, an entry point is made in the makefile so that the new LISP systemcan be linked and con�gured.Let us look at an example. Here are the makefile declarations that allow the ash.o module andthe raster.a library to the lelispbin system and to con�gure a system named ashlelisp. Seethe documentation on the installation of LE-LISP on UNIX for more details.ashlelisp : ashlelispbin ash.llconfig ashlelisp ashlelispbin ash.ll



14-8 CHAPTER 14. EXTERNAL INTERFACESashlelispbin : ash.occ -x -n $(cflags) lelispbin.o ../common/lelisp.c \ash.o -lraster -lm -lc -o ashlelispbinAn inconvenience of the static link is the need to recreate the complete system each time that theC �les are modi�ed. This operation can often be quite time-consuming.C function declarationsOnce the modules are linked to the system, the C functions must be linked to LISP functions. TheLISP function defextern (see above) performs this association.LISP type C type Argument Resultfix long Sign extended to 32 bits. Converted to 16 bits.float double Value passed. Lisp 
oat created.string char * Pointer to char string passed. Lisp string allocated. C string copiedinto it.vector any * Vector of Lisp pointers passed. No change: Lisp receives C pointer `asis'.rfix long * Integer passed by reference. Usedabove all to exchange integerswith Fortran. Not implemented.rfloat double * Float passed by reference. Singleor double precision 
oat changedto double in external language.Used above all to exchange 
oatswith Fortran. Not implemented.fixvector long * Array of integers passed. Sign ofeach integer extended to 32 bits. Not implemented, but changes made toC array are recovered by Lisp.floatvector float * Array of 
oats passed. Single-precision Lisp 
oats changed toC 
oats. Not implemented, but changes made toC array are recovered by Lisp.t any * No change: C receives the Lisppointers `as is'. No change: Lisp receives C pointers `asis'. Warning : Le-Lisp might do strangethings if random pointer values arepassed to it.external any * Lisp object must be a cons oftwo integers coding an address.(See vag function in Lisp.)Passed to C. Lisp cons is allocated and initializedwith most/least signi�cant parts of theaddress of the C object. (See locfunction in Lisp.) The function returnsthe cons as its result.The above table describes the conversions that take place when arguments are passed to C, andwhen results are returned. In this table, the so-called `LISP type' is the type de�ned at the timeof the defextern, whereas the so-called `C type' is the type of the arguments received by the Cfunction connected to LISP.



LINKS WITH EXTERNAL PROCEDURES UNDER UNIX 14-9LISP pointers are either pointers into the LISP data zone or 16-bit short integers. The lelisp.h �lecontains the declarations of the type of C structure to which LISP pointers point. More details arerevealed below. The external type provides a way of manipulating C structures in LISP. It is nottrue that any C pointer at all can be manipulated within the system. It must �rst be convertedinto a cons of two integers that represent the high-order and low-order parts of the address. Theexternal type permits values to be converted between C pointer and LISP-doublet representationsat each call to, or return from, a C function.ExamplesLet's look at examples of the use of the defextern function. For each example, we �rst show a Cprogram to be called. Next, there is the defextern declaration that allows the corresponding LISPfunction to be built. Finally, there are samples showing the function being used.The �rst function takes three arguments|an integer, a string and a 
oat|and returns a 
oat:double foo (x, s, f)int x; char *s; double f;{ printf("integer : %d, string : %s, float : %g\n", x, s, f);return(x * strlen(s) * f);}? (defextern foo (fix string float) float)= foo? (setq str "hello")= "hello" ? (foo 10 str 1.2e+10)integer : 10, string : hello, float : 1.2e+10= 6.e+11The next function accepts a string and returns a string.char *getenv();char *envar (s);char *s;{ return(getenv (s));}? (defextern envar (string) string)= envar? (envar "HOME")= /udd/halles/rodine ; Now it is a Lisp stringWe next look at a function that takes a vector. Its argument v is declared as having the type



14-10 CHAPTER 14. EXTERNAL INTERFACESint v[]. It will be able to be used on vectors of 16-bit LISP integers, which will appear to itlike C vectors of 32-bit integers that happen to have values between zero and 65536, inclusive.It is generally handy, too, to pass the length of the vector as an argument.whatyousay (v, l)int v[], l; /* l is the length of the vector */{ int i;for (i = 0; i < l; i++)printf"%d ", v[i]);printf("\r\n");}? (defextern whatyousay (vector fix))= whatyousay? (whatyousay #[1 2 3 4 -4 -3 -2 -1] 8)1 2 3 4 65532 65533 65534 65535= 0The next example involves the use of the external type. It shows how to manipulate apointer of any type received from C. In this example, it is meant to be a pointer to a windowallocated in the C context.window *create_a_window (x, y, l, h)int x, y, l, h;{ ... /* create a structured window object andreturn a pointer to it. */}select_a_window (w)window *w;{ .... /* receive a pointer to a structured window object */}? (defextern create_a_window (fix fix fix fix) external)= create_a_window? (defextern select_a_window (external))= select_a_window?? (setq a (create_a_window 10 10 400 400))= (12 . 2348) ; the pointer that is manipulable in Lisp?? (select_a_window a) ; which can be sent back to C when necessary.= 0Arguments whose type is t are passed straight through to C functions `as is', without modi�cation.These functions therefore receive LISP objects: generally pointers to structures. The integer and



LINKS WITH EXTERNAL PROCEDURES UNDER UNIX 14-11
oating-point cases are slightly di�erent. See the remainder of this chapter. The lelisp.h �leincluded in the standard distribution contains C structures corresponding to LISP objects.For example, here is the C structure declaration for cons, with two �elds, ll_car and ll_cdr, eachof which contains a LISP object:struct LL_CONS {LL_OBJECT ll_car;LL_OBJECT ll_cdr;};The LL_OBJECT type is a polymorphic type that covers all LISP object types such as LL_SYMBOLand LL_CONS. Since C has no notion of polymorphic type, LL_OBJECT is declared as follows:typedef char *LL_OBJECT;Let us look at an example. The following function extracts the car of a LISP pair received as itsargument:#include "lelisp.h"LL_OBJECT car_in_c (o)struct LL_CONS *o;{ return (o->ll_car);}? (defextern car in c (t) t)= car in c? (car in c '((a) (b) (c)))= (a) ? ; warning: it can be dangerous to take the car of just anything!? (car in c 1)I quit on signal 3$Symbols are treated in the same way as cons. The ll_alink and ll_pname �elds are usedby LE-LISP to link symbols in the object, and their contents should never be touched.struct LL_SYMBOL {LL_OBJECT ll_cval;LL_OBJECT ll_plist;LL_OBJECT ll_fval;LL_OBJECT ll_alink;LL_OBJECT ll_pkgc;LL_OBJECT ll_oval;char ll_ftype;char ll_ptype;short ll_pad;



14-12 CHAPTER 14. EXTERNAL INTERFACESLL_OBJECT ll_pname;};Character strings and vectors are pointers to pointers to variable-sized structures. This doubleindirection is needed for memory deallocation. Since variable-sized structures do not exist in C, thefollowing declarations correspond to one-byte objects, such as a single-character constant or a vectorwith one element. The ll_xxxsiz �eld indicates the real size of the object: that is, the number ofcharacters in a string or the number of elements in a vector. The �rst element in the object is thell_xxxfil �eld, and the other elements follow it contiguously in memory. The ll_xxxtyp �eldscontain the types of strings and vectors.struct LL_STRING {struct {struct LL_STRING *ll_strarr;int ll_strsiz;char ll_strfil;} *ll_strobj;LL_OBJECT ll_strtyp;};struct LL_VECTOR {struct {struct LL_VECTOR *ll_vecarr;int ll_vecsiz;LL_OBJECT ll_vecfil;} *ll_vecobj;LL_OBJECT ll_vectyp;};Here is an example function that prints the characters in a LISP string one by one:one_by_one (string)struct LL_STRING *string;{ int i;int size;char *s;size = (string->ll_strobj)->ll_strsiz; /* the size of the string */s = &((string->ll_strobj)->ll_strfil); /* the address of the firstcharacter */for (i = 0; i < size; i++)printf("character %d :%c\r\n", i, *(s+i));}LISP objects of the fix type are not pointers, but rather immediate values. Integers are 16-bitnumbers. A LISP object of type integer is therefore a 32-bit pointer whose �rst 16 bits are alwayszero.Floats can be implemented in various di�erent ways according to host system architecture. The



LINKS WITH EXTERNAL PROCEDURES UNDER UNIX 14-13next example shows how to send to C a vector of LISP 
oats. C raises each 
oat to the secondpower, and LISP recovers the vector with these side e�ects.C_LL_FIX [Fonction C ]The function C, C_LL_FIX allows you to transform a C integer into a Lisp object of the type fix.This function does not carry out over
ow control on the domain of Lisp objects of type fix.The example below presents how to carry out the addition of two Lisp fix's in C with conversionof the results into Lisp format in C.In C:LL_OBJECT tcclfix(i,j)long i,j;{return(C_LL_FIX(i+j));}In Lisp:? (defextern tcclfix (fix fix) t)= tcclfix? (tcclfix 32000 767)= 32767LL_C_FIX [Fonction C ]The function C, LL_C_FIX allows you to transform a Lisp object of type fix into a C integer.Because of the existence of the domain of C integer representations (always at least superior tothe domain of Lisp object representations of type fix) over
ow is not possible at the time of thisconversion.Example of the use of the function LL_C_FIX.In C:long tllcfix(i,j)LL_OBJECT i,j;{return(LL_C_FIX(i) + LL_C_FIX(j));}In Lisp:? (defextern tllcfix (t t) fix)= tllcfix? (tllcfix 32000 767)= 32767Floating point numbers can be implemented in various di�erent ways according to host systemarchitecture.



14-14 CHAPTER 14. EXTERNAL INTERFACESC_LL_FLOAT [Fonction C ]The function C, C_LL_FLOAT allows you to transform a C double 
oating point number into a Lispobject of type float.Example of the use of the function C_LL_FLOAT.In C:LL_OBJECT tcllfloat(f)double f;{return((LL_OBJECT)C_LL_FLOAT(f + 1.));}In Lisp:? (defextern tcllfloat (float) t)= tcllfloat? (tcllfloat 2.)= 3.LL_C_FLOAT [Fonction C ]The function C, LL_C_FLOAT allows you to transform a Lisp object of type float into a C double
oating point number.Example of the use of the function LL_C_FLOATIn C:double tllcfloat(f)LL_OBJECT f;{return(LL_C_FLOAT(f) + 1.);}? (defextern tllcfloat (t) float)= tllcfloat? (tllcfloat 2.)= 3.The LL_C_FLOAT C macro transforms LISP 
oating-point numbers into C 
oating-point numbers.The next function copies a vector of LISP 
oats into an array of C 
oats:



LINKS WITH EXTERNAL PROCEDURES UNDER UNIX 14-15In C:int ttabflt (size, tabf)int size;float tabf[];{int i;for (i=0; i<size; i++)tabf[i] = tabf[i] * tabf[i];return size;}In Lisp:? {(defextern ttabflt (fix floatvector))}= {ttabflt}? {(setq v \#[1. 2. 3. 4. 5.])}= {\#[1. 2. 3. 4. 5.]}? {(ttabflt 5 v)}= {5}? {v}= {\#[1. 4. 9. 16. 25.]}WARNINGThe manipulation of LISP objects in C is a risky activity. Be careful when modifying the contentsof LISP objects received as arguments. In particular, never touch the following �elds: ll_pname,ll_alink, ll_strobj, ll_vecobj, ll_strarr, ll_vecarr, ll_strtyp or ll_vectyp. If you wereto interfere with any of these �elds, this could raise system errors.Communication with fortran takes place in a similar fashion, the only di�erence being theargument declarations on the fortran side:� An integer is declared rfix on the defextern side, and integer on the fortran side.� A 
oat is declared rfloat on the defextern side, and real*8 on the fortran side.� An array of integers is declared fixvector on the defextern side, and integer (lg) on thefortran side.� An array of 
oats is declared floatvector on the defextern side, and real*4 (lg) on thefortran side.As before, in the case of arrays, every modi�cation carried out in fortran is recovered in LISPwhen control returns to the defextern.



14-16 CHAPTER 14. EXTERNAL INTERFACES14.2.3 Calling Lisp from COn certain machines|such as the Sm90, VAX, Sps7 and Sun|it is possible to call the LISP systemfrom a C function that was itself called from LISP. Here is a sketch of this interaction:1. The LISP system is called.2. The C function is called from LISP by defextern.3. The system is called from one of the the C functions.These back-and-forth calls between LISP and C can be embedded until system resources are depleted.ImplementationThis dialog is carried out on the LISP side by using the defextern primitive described above, andon the C side by using three functions: getsym, pusharg and lispcall. These functions use theLISP object de�nitions from the lelisp.h �le, and are de�ned as follows:struct LL_SYMBOL *getsym(s)char *s; {... /* Return the Lisp symbol that has the string s as its pname */}pusharg(type, val)int type; any val;{ ... /* Stack up the argument ival, which has type itype */}LL_OBJECT lispcall(typeres, narg, function)int typeres; /* the type of the Lisp function's result */int narg; /* the number of args pushed by pusharg */struct LL_SYMBOL *function; /* the Lisp function to run */{... /* Call the Lisp function with the narg arguments on the stack.Return the result of this function. */}The argument types for the pusharg, as for the return from lispcall, can be chosen from thefollowing symbolic types: LLT_FIX, LLT_FLOAT, LLT_STRING, LLT_VECTOR and LLT_T (which is apointer to anything). As in the LISP to C call, automatic conversion of argument format is alsocarried out in the other direction, from C to LISP, as described in the table above.ExamplesSeveral examples of de�nitions of C functions that call the LISP system follow, along with sampleuses of them.



LINKS WITH EXTERNAL PROCEDURES UNDER UNIX 14-17Calling the cons functionThis C function takes two LISP objects of any type as arguments, and returns a cons of these twoobjects: struct LL_CONS * cons_in_c (a, b)LL_OBJECT a, b;{ struct LL_SYMBOL *lisp_cons;lisp_cons = getsym("cons");pusharg(LLT_T, a);pusharg(LLT_T, b);return( (struct LL_CONS *) lispcall(LLT_T, 2, lisp_cons));}? (defextern cons in c (t t) t)= cons in c? (cons in c 1 2)= (1 . 2)? (trace cons)= cons? (cons_in_c 1 2)cons ---> 1 2 ; the Lisp cons function is called, sure enoughcons <--- (1 . 2)= (1 . 2)N-ary functionsN-ary LISP functions can also be called from C. This example function transforms a vector into alist by calling the LISP list function.Note that, in general, the getsym function is not called each time that the C function is called, butonly once during an initialization pass.#define null (struct LL_SYMBOL *) 0struct LL_SYMBOL *lisp_list = null;struct LL_CONS *vect_to_list (v, l)int v[], l;{ int i;if(lisp_list == null)lisp_list = getsym("list");for (i = 0; i < l; i++)pusharg(LLT_T, v[i]);



14-18 CHAPTER 14. EXTERNAL INTERFACESreturn( (struct LL_CONS *) lispcall(LLT_T, l, lisp_list));}? (defextern vect to list (vector fix) t)= vect to list? (vect to list #[1 2 3 4 -4 -3 -2 -1] 8)= (1 2 3 4 -4 -3 -2 -1)RecursionRemember that the LISP and C inter-language calls can be recursively embedded. For example, youcould write the Fibonnacci function in the form of mutually-recursive LISP and C functions:? !cat fib.c#include "lelisp.h"struct LL_SYMBOL *lisp_fib;init_c_fib(){ lisp_fib = getsym("fib");}intc_fib (n)int n;{int x;if (n==1) return(1);elseif (n==2) return(1);else{pusharg(LLT_FIX, n-1);x = (int) lispcall(LLT_FIX, 1, lisp_fib);pusharg(llt_fix, n-2);return(x+ (int) lispcall(llt_fix, 1, lisp_fib));}}= t? ; Dynamic link of the fib.o module with the intepreter? !cc -c fib.c= t ? (cload "fib.o")= (17 . 16384)? (defextern c fib (fix) fix)= c fib ? (defextern init c fib ())= init c fib ? (init c fib)



LINKS WITH EXTERNAL PROCEDURES UNDER UNIX 14-19= 0Here is the Lisp function that calls the C function in the midst of the recursion:? (defun fib (n)? (cond ((eq n 1) 1)? ((eq n 2) 1)? (t (+ (c fib (1- n)) ; the first recursive (C) call? (c fib (- n 2)))))) ; the second ...= fib? (fib 4)= 3? (trace fib c fib)= (fib c fib)? (fib 4)fib ---> n=4c fib ---> arg106=3fib ---> n=2fib <--- 1fib ---> n=1fib <--- 1c fib <--- 2c fib ---> arg106=2c fib <--- 1fib <--- 3= 3Launching Lisp from COn certain machines, you can hand over the control of a LISP application to C. In such a situation,it is no longer LISP that calls C, but rather C that calls LISP. Some UNIX ports have a llmain.c�le that has no other rôle than to act as the main program that launches LE-LISP. The user canexecute all the code he wants to before launching LISP. After that, he can either recall C using thedefextern process described earlier on, or return to his C environment of the main program. Thismechanism is implemented by means of the UNIX system calls setjmp and longjmp. UNIX portsthat o�er this possibility contain demonstration �les named fromc.c and fromc.ll in the LE-LISPdirectory called lltest.
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Chapter 15Virtual terminalTo free the user from the explicit management of all the di�erent kinds of alphanumeric ttysthat exist, LE-LISP has included the notion of a virtual terminal, which is composed of a set ofvariables and functions that describe the functionalities of a certain `ideal' terminal type. A largenumber of physical terminals have LE-LISP virtual-terminal descriptions. The virtual terminal isinitialized by the initty function, which loads a �le from the library of LE-LISP virtual terminals.If a terminal has no LE-LISP virtual-terminal description, initty compiles the description usingother terminal-description databases such as termcap and terminfo.(initty symb) [function with an optional argument ]Initializes the virtual terminal for a terminal of type symb. If no argument is given, the physicalterminal type is determined �rst by a call to (getenv "TERM"), and next by using the name of thesystem returned by (system). If virtual terminal initialization fails, the errvirtty error is raised,and its default screen display is printed as follows:** <fnt> : unknown terminal : <symb>Here, fnt is the name of the function that caused the error|termcap or terminfo|and symbis the name of the unknown terminal. The following messages are displayed when a terminaltype cannot be found:? (initty 'alogon)? ; attempt to make the virtty file using the termcap entry for: alogon** termcap : unknown terminal type: alogon? ; attempt to make the virtty file using the terminfo entry for: alogon** terminfo : unknown terminal type: alogon= alogon#:system:virtty-directory [variable]This variable contains the name of the directory where the LE-LISP virtual-terminal description�les are located. The default extension attached to these �les names is the value of the#:system:lelisp-extension variable. 1



15-2 CHAPTER 15. VIRTUAL TERMINAL#:system:termcap-file [variable]This variable contains the name of the �le with the termcap-format terminal descriptions. If theTERMCAP environment variable has a value, obtained from (getenv "TERMCAP"), then this is usedinstead of the value in #:system:termcap-file.#:system:terminfo-directory [variable]This variable contains the name of the directory where the terminfo-format terminal description�les are stored. If the TERMINFO environment variable has a value, obtained from (getenv"TERMINFO"), then this is used instead of the value in #:system:termcap-file.termcap [feature]This feature indicates that the LE-LISP virtual terminal description-to-termcap format translatorhas been loaded into memory. This translator is found in the standard library under the nametermcap.terminfo [feature]This feature indicates that the LE-LISP virtual terminal description-to-terminfo format translatorhas been loaded into memory. This translator is found in the standard library under the nameterminfo.15.1 Virtual terminal functionsThe virtual terminal functions can be divided into three groups: the standard functions, the requiredfunctions, and the optional functions.� The standard functions provide the minimal level of interaction with the LE-LISPsystem by implementing basic write-character-to-screen and read-character-from-keyboardfunctionalities. These functions are also used by the bol, eol and flush LISP functions tohandle dialogue with the terminal.� The required functions are used by full-screen tools such as the pepe full-screen editor, themulti-window interface and games.� The optional functions perform more sophisticated video functions, but are not used byfunctions in the standard library.The action of the functions described here varies according to the kind of terminal actuallyconnected to the system. When a terminal cannot bring about the desired e�ect, the tyerrorfunction is raised. This function returns () by default, and can be rede�ned to generate an erroror to try to perform the desired action in another way.



VIRTUAL TERMINAL FUNCTIONS 15-3(tyerror list) [function with one argument ]This function is automatically called by the virtual terminal functions when it is not possible toobtain a particular e�ect on a connected terminal. The argument list is the name of the functioncall that failed. The default behavior of tyerror is to return (), which is compatible with version15.15.1.1 Standard functions(tyi) [function with no arguments]Reads a character from the keyboard and returns its internal character code.(tys) [function with no arguments]Reads the keyboard. If a character is waiting to be read, it is returned in the same manner as withthe tyi function. If there are no outstanding characters, tys will return () immediately.For example, we might decide to increment a counter until a character is typed:(let ((counter 0))(until (tys)(incr counter))counter)The tyi can be de�ned in terms of tys:(defun tyi ()(let ((c))(until (setq c (tys)))))(tyinstring string) [function with one argument ]Reads a line from the keyboard and stores the input characters in string, a character string. Itreturns the number of characters read as its value. A line longer than the length of string will betruncated to its length. This function should be used when the #:system:line-mode-flag 
ag isset. (See the de�nition of the bol function, for example.)(tycn cn) [function with one argument ]Displays the character whose internal character code is cn. The character is sent immediately tothe screen.(tystring string length) [function with two arguments]Sends the length �rst characters of string to the screen.In LE-LISP, tystring could be de�ned in the following manner:



15-4 CHAPTER 15. VIRTUAL TERMINAL(defun tystring (s l)(for (i 0 1 (sub1 (min (slen s) l)))(tycn (sref s i))))(tynewline) [function with no arguments]Sends an end-of-line marker to the screen.(tyback cn) [function with one argument ]Erases the character whose internal code is cn, which is assumed to be immediately before thecursor on the screen, and moves the cursor back one space. If the character just before the cursordoes not have internal code cn, the e�ect on the screen is unde�ned. This function is used by thebol function to erase a character when the user types an erase character like delete or backspace.The character code argument allows the line editor to work with proportionally-spaced characters.For example, the following sequence leaves the screen unchanged:(tycn #/a)(tyback #/a)Generally, the following de�nition produces the desired e�ect:(defun tyback (cn)(tycn #\bs)(tycn #\sp)(tycn #\bs))15.1.2 Required functionsThe printing functions described in this section print characters to the virtual terminal's outputchannel. This channel is distinct from the ordinary terminal channel and has the `number' t asits index. When the current channel is t, prints resulting from the action of the prin, print andprincn functions and character emissions by the tyo and tyod functions occur in the same bu�er.The t channel is an output channel with the same status as the () channel. Its right margin is setjust after the end of the bu�er. Recall the familiar formula: (1+ (slen (outbuf))). Therefore,there is never an eol programmable interrupt on the t channel, but only the flush interrupt whenthe write position reaches the end of the bu�er.The tyflush function triggers a flush interrupt on the channel of the virtual terminal.Furthermore, the bu�er is emptied by the system after each read performed by a tyi, tys ortyinstring function.(tyo o1 : : : on) [function with a variable number of arguments]Prints the characters corresponding to the objects o1 : : : on into the virtual terminal's bu�er. Eachobject oi can be one of the following:



VIRTUAL TERMINAL FUNCTIONS 15-5� An internal character code.� A character string.� A list of internal character codes.In LE-LISP, tyo could be de�ned in the following manner:(defun tyo objs(with ((outchan t))(while objs (tyo1 (nextl objs)))))(defun tyo1 (o1)(cond ((consp o1) (mapc 'princn o1))((stringp o1) (prin o1))((fixp o1) (princn o1))))(tyflush) [function with no arguments]Empties the virtual terminal's bu�er by causing a flush programmable interrupt on the channelt. The flush function is invoked by this programmable interrupt, and prints the contents of thebu�er to the screen.In LE-LISP, tyflush could be de�ned in the following manner:(defun tyflush ()(with ((outchan t))(itsoft 'flush ())))(tyod n nc) [function with two arguments]Prints the base-10 nc-character representation of the number n into the virtual terminal bu�er.The functions described next give full-screen editing control over the screen. They are required forthe use of various tools furnished with the system; for example, the pepe full-screen editor. If thesefunctions send escape sequences or other control characters or sequences to the screen, they mustuse the virtual terminal output channel via the tyo function to ensure the proper synchronizationof full-page functions.(typrologue) [function with no arguments]Activates the terminal in full-page mode. This function must be called before any calls to thefollowing functions.(tyepilogue) [function with no arguments]Returns the screen to normal scrolling mode.



15-6 CHAPTER 15. VIRTUAL TERMINAL(tyxmax) [function with no arguments]Returns the zero-based number of columns currently printable on the terminal. Generally, (tyxmax)return 79 for 80-column terminals.This function in fact returns the value of the xmax global variable of the #:sys-package:ttypackage.In LE-LISP, tyxmax could be de�ned in the following manner:(defun tyxmax ()(symeval (getsymb #:sys-package:tty 'xmax ())))(tyymax) [function with no arguments]Returns the zero-based number of lines currently printable on the terminal. Generally, (tyymax)return 23 for 24-column terminals.(tycursor x y) [function with two arguments]Places the cursor in column position x on line y. The upper-lefthand-most character position, inthe corner of the screen, has the index (0,0).(tybs cn) [function with one argument ]Moves the cursor position back one place without erasing anything on the screen. The argumentspeci�es the character immediately preceding the cursor on the screen. This lets programs back upover proportionally-spaced characters.In general, the following de�nition produces the desired e�ect:(defun tybs (cn)(tyo #\bs))(tycr) [function with no arguments]Places the cursor at the beginning of the current line.In general, the following de�nition produces the desired e�ect:(defun tycr ()(tyo #\cr))(tycls) [function with no arguments]Erases the entire screen.(tybeep) [function with no arguments]



VIRTUAL TERMINAL FUNCTIONS 15-7Triggers the alarm or bell of the terminal.(tyleftkey) [function with no arguments]Returns the key code associated with the left arrow ` ' key. By default, this code is #^B.(tyrightkey) [function with no arguments]Returns key code associated with the right arrow `!' key. By default, this code is #^F.(tyupkey) [function with no arguments]Returns the key code associated with the up arrow `"' key. By default, this code is #^P.(tydownkey) [function with no arguments]Returns the key code associated with the down arrow `#' key. By default, this code is #^N.15.1.3 Optional functions(tycleol) [function with no arguments]Erases the screen and places the cursor at the end-of-line position.(tycleos) [function with no arguments]Erases the screen and places the cursor at the end-of-screen position.(tyinscn cn) [function with one argument ](tyinsch ch) [function with one argument ]These two functions, which are identical in their behavior, insert the character whose internalcharacter code is cn at the current cursor position.(tydelcn cn) [function with one argument ](tydelch) [function with no arguments]These two functions erase the character at the current cursor position. The tydelcn function takesin addition a character code cn which speci�es the character to be erased, to facilitate the treatmentof proportionally-spaced characters. If the character at the current cursor position does not haveinternal code cn, the e�ect on the screen is unde�ned.In LE-LISP, tydelcn could be de�ned in the following manner:



15-8 CHAPTER 15. VIRTUAL TERMINAL(defun tydelcn (cn)(tydelch))(tyinsln) [function with no arguments]Inserts a new line at the current cursor position. Lines below the current line are scrolled downand the last line (if it was not empty) disappears.(tydelln) [function with no arguments]Erases the line at the current cursor position. Lines below the current line are scrolled up and thelast line on the screen becomes blank.(tyattrib i) [function with an optional argument ]If the i 
ag is true|that is, if it is di�erent to ()|tyattrib activates attribute mode. Otherwise,when it is equal to (), the attribute mode will be turned o�. Called with no arguments, tyattribreturns the current value of attribute mode. Attribute mode highlights text on the screen and itsexact nature depends on the terminal. It can be implemented as underlining, blinking or reversevideo.This function can be used with the with control structure to modify the attribute in a local context:(with ((tyattrib t))(tyo "hello"))(defun tyattrib x(ifn x(symeval (getsymb #:sys-package:tty 'tyattrib ()))(funcall (getfn #:sys-package:tty 'tyattrib ()) (car x))(set (getsymb #:sys-package:tty 'tyattrib ()) (car x))))(tyshowcursor i) [function with an optional argument ]If the i 
ag is true|that is, di�erent to ()|tyshowcursor activates cursor display on the terminal.If i is false|if it is equal to ()|then tyshowcursor deactivates cursor display. Called with noarguments, the function returns the current value of the cursor display 
ag.This function can be used with the with control structure to modify the cursor display in a localcontext: (with ((tyshowcursor ()))(vdt))(tyco x y cn1 : : : cnn) [function with a variable number of arguments]The form (tyco x y cn1 : : : cnn) is equivalent to(progn (tycursor x y) (tyo cn1 ... cnN))



SCREEN FUNCTIONS 15-9It places the cursor at position (x, y), then prints the characters with codes cn1 : : : cnn intothe terminal bu�er using the tyo function.(tycot x y cn1 : : : cnn) [function with a variable number of arguments]The form (tycot x y cn1 : : : cnn) is equivalent to(with ((tyattrib t))(tyco x y cn1 ... cnN))It places the cursor at position (x, y), shifts into attribute mode, prints the characters withcodes cn1 : : : cnn into the terminal bu�er using the tyo function, and shifts back into theprevious mode.15.2 Screen functionsA screen is a matrix of characters, with a width w and a height h, that is stored in the form ofa character string. The following functions determine the di�erences between two screen images,so that asynchronous screen updates can be performed. They also let you place and manage sub-screens within a screen.(redisplayscreen sn so w h) [function with four or twelve arguments]Suppose that sn and so are character strings that hold screen representations that are w wide by hhigh. redisplayscreen will update the terminal, using the tycursor and tyo functions describedabove, by sending sequences representing the di�erences between the old screen, so, and the newone, sn. At the end of the update, so will have been physically modi�ed to contain all the charactersof sn, so that calls to redisplayscreen can be iterated.It is possible to add eight more arguments, which have the same meaning here as they do in thecontext of the next funtion.(bltscreen sd ss w h) [function with four or twelve arguments]Moves characters from screen ss onto screen sd. The screens are w characters wide and h charactershigh. If this function is called with only four arguments, then the sizes of the screens are consideredto be identical. If twelve arguments are used, a sub-screen can be placed anywhere on the mainscreen. The following is a description of these twelve arguments:� sd: destination screen.� ss: source screen.� wd: width of the destination screen.� hd: height of the destination screen.� ws: width of the source screen.



15-10 CHAPTER 15. VIRTUAL TERMINAL� hs: height of the source screen.� xd: x-coordinate of the destination sub-screen.� yd: y-coordinate of the destination sub-screen.� xs: x-coordinate of the source sub-screen.� ys: y-coordinate of the source sub-screen.� wt: width of the sub-screen moved.� ht: height of the sub-screen moved.Here is a demonstration of the combined use of the two screen-manipulation functions that havejust been described:(defun bltdemo ()(let ((nscreen (makestring (* 80 24) #\sp))(oscreen (makestring (* 80 24) #\sp)))(for (i 0 80 240)(bltstring nscreen i "******")(bltstring nscreen (+ i 12) "------")(bltstring nscreen (+ i 24) "......"))(tycls)(while t(redisplayscreen nscreen oscreen 80 24)(for (i 0 6 30)(bltscreen nscreen nscreen80 24 80 24(random 0 80) (random 4 19)i 0 6 4)))))15.3 Using the virtual terminalThere are three demonstration programs for the virtual terminal:� hanoi simulates the well-known Tower of Hanoi puzzle.� whanoi does the same, but with asynchronous screen refresh.� vdt simulates the di�cult life of an earthworm.They are found in the �les hanoi, whanoi and vdt in the standard library. They are easy to read,and serve as guides to using the terminal directly, the virtual terminal and the asynchronous refreshfunctions.(hanoi n) [function with one argument ]Animates the Towers of Hanoi puzzle using n disks. This n must lie between three and nine,inclusive. This function is loaded automatically, the �rst time it is called.



DEFINING A VIRTUAL TERMINAL 15-11(hanoiend) [function with no arguments]Reclaims space used by the functions comprising the game described immediately above.(whanoi n) [function with one argument ]This function is similar to the hanoi function, except that it uses the asynchronous redisplayprovided by the redisplayscreen function.(whanoiend) [function with no arguments]Reclaims space used by the functions comprising the game described immediately above.(vdt) [function with no arguments]Runs an animated game that simulates the growth of an earthworm. Use the arrow keys on theterminal to direct the growth of the worm. This function is loaded the �rst time that it is called.(vdtend) [function with no arguments]Reclaims space used by the functions comprising the game described immediately above.15.4 De�ning a virtual terminal#:sys-package:tty [variable]All the virtual-terminal functions call functions whose names are computed according to thefollowing scheme:(getfn #:sys-package:tty <name of the function> ())The tycn function, for example, is de�ned as follows:(defun tycn (cn)(funcall (getfn #:sys-package:tty 'tycn ()) cn))At system initialization, the #:sys-package:tty variable has the value tty. The functionsthat implement the standard interface are therefore searched for in the tty package. Thefunctions in this package|such as #:tty:tycn, #:tty:tyi and #:tty:tyo|are the functionsthat implement the physical interface to the user terminals.There are two things that you have to do when de�ning a virtual terminal:� Assign the appropriate value to the #:sys-package:tty global variable.� De�ne the required functions in the package whose value is that of #:sys-package:tty.



15-12 CHAPTER 15. VIRTUAL TERMINALThe #:sys-package:tty variable must always point to a sub-package of the tty package, topermit the use of the virtual terminal default behaviors.These default behaviors are implemented by the following functions:� tyi, tys and tyinstring: empty the terminal bu�er after reads.� tyo, tyod, tyco and tycot: govern the use of the virtual terminal bu�er.� tyinsch, tydelch and other optional functions: call the tyerror function.� tyerror: returns ().� redisplayscreen: determines the di�erence between two screens, and sends sequencesto the screen using the tyo and tycursor functions.Usually, for a speci�c terminal, it su�ces to rede�ne the functions that handle insertionand deletion of lines and characters. See, however, the example of a virtual terminal of type#:tty:window in the virbitmap �le of the standard library. It rede�nes the tyi, tys, tycn,tynewline and redisplayscreen functions.As an example, here is the de�nition of a virtual terminal for the H19 terminal:; Le-Lisp version 15.2 : compilation of the virtual terminal : H19(setq #:sys-package:tty '#:tty:h19)(defvar #:tty:h19:xmax 79)(defvar #:tty:h19:ymax 23)(defun #:tty:h19:tycursor (col line)(#:tty:tyo 27 89 (+ 32 line) (+ 32 col)))(defun #:tty:h19:tycls ()(#:tty:tyo 27 69))(defun #:tty:h19:tycleol ()(#:tty:tyo 27 75))(defun #:tty:h19:tycleos ()(#:tty:tyo 27 74))(defun #:tty:h19:tydelch ()(#:tty:tyo 27 78))(defun #:tty:h19:tyinsln ()(#:tty:tyo 27 76))(defun #:tty:h19:tydelln ()(#:tty:tyo 27 77))(defun #:tty:h19:tyattrib (x)(if x (#:tty:tyo 27 112) (#:tty:tyo 27 113)))(defvar #:tty:h19:tyattrib ())



DEFINING A VIRTUAL TERMINAL 15-13(defun #:tty:h19:tyinsch (arg)(#:tty:tyo 27 64 arg 27 79))(defun #:tty:h19:typrologue ()(#:tty:h19:tycls))(defun #:tty:h19:tyepilogue ()(tycursor 0 (sub1 #:tty:h19:ymax)))(defvar #:tty:h19:tyshowcursor t)



15-14 CHAPTER 15. VIRTUAL TERMINAL



Table of contents15 Virtual terminal 15-115.1 Virtual terminal functions : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 15-215.1.1 Standard functions : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 15-315.1.2 Required functions : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 15-415.1.3 Optional functions : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 15-715.2 Screen functions : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 15-915.3 Using the virtual terminal : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 15-1015.4 De�ning a virtual terminal : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 15-11

15



15-16 Table of Contents



Function Index(initty symb) [function with an optional argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 15-1#:system:virtty-directory [variable] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 15-1#:system:termcap-file [variable] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 15-2#:system:terminfo-directory [variable] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 15-2termcap [feature] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 15-2terminfo [feature] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 15-2(tyerror list) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 15-3(tyi) [function with no arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 15-3(tys) [function with no arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 15-3(tyinstring string) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 15-3(tycn cn) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 15-3(tystring string length) [function with two arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 15-3(tynewline) [function with no arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 15-4(tyback cn) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 15-4(tyo o1 : : : on) [function with a variable number of arguments] : : : : : : : : : : : : : : : : : : : : : : : : : 15-4(tyflush) [function with no arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 15-5(tyod n nc) [function with two arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 15-5(typrologue) [function with no arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 15-5(tyepilogue) [function with no arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 15-5(tyxmax) [function with no arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 15-6(tyymax) [function with no arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 15-6(tycursor x y) [function with two arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 15-6(tybs cn) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 15-6(tycr) [function with no arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 15-6(tycls) [function with no arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 15-6(tybeep) [function with no arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 15-717



15-18 FUNCTION INDEX(tyleftkey) [function with no arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 15-7(tyrightkey) [function with no arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 15-7(tyupkey) [function with no arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 15-7(tydownkey) [function with no arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 15-7(tycleol) [function with no arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 15-7(tycleos) [function with no arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 15-7(tyinscn cn) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 15-7(tyinsch ch) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 15-7(tydelcn cn) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 15-7(tydelch) [function with no arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 15-7(tyinsln) [function with no arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 15-8(tydelln) [function with no arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 15-8(tyattrib i) [function with an optional argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 15-8(tyshowcursor i) [function with an optional argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 15-8(tyco x y cn1 : : : cnn) [function with a variable number of arguments] : : : : : : : : : : : : : : : : : : 15-8(tycot x y cn1 : : : cnn) [function with a variable number of arguments] : : : : : : : : : : : : : : : : 15-9(redisplayscreen sn so w h) [function with four or twelve arguments] : : : : : : : : : : : : : : : : 15-9(bltscreen sd ss w h) [function with four or twelve arguments] : : : : : : : : : : : : : : : : : : : : : : : 15-9(hanoi n) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 15-10(hanoiend) [function with no arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 15-11(whanoi n) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 15-11(whanoiend) [function with no arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 15-11(vdt) [function with no arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 15-11(vdtend) [function with no arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 15-11#:sys-package:tty [variable] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 15-11



Chapter 16Full-page editorA virtual terminal|as described in the previous chapter|can be used to construct a full-pageeditor. In the context of LE-LISP, the �le pepe in the standard library presents us with an editorof this kind. The use of LE-LISP as the implementation language for such an editor facilitatesdevelopment and debugging, and gives rise to an extensible editor.16.1 Functions to call the full-page editorpepe [feature]This 
ag indicates whether the full-page editor, called pepe, has been loaded into memory.(pepe f) [special form]This function calls the pepe editor on the object f, which is not evaluated. There is an easier wayto do the same thing, using the macro character CONTROL-E (which we often write as ^E). Typing^E and then thing|with no blank between ^E and thing|corresponds to the call (pepe thing).� If the thing object is (), the current bu�er is edited.� If the object is t, editing begins on a new bu�er named tmp.� If the object is an atom, the �le of the same name is edited.� If the object is a list , it is evaluated and editing begins on a bu�er named tmp thatcontains everything that was printed as a result of this evaluation.Let us look at a few examples. To edit a disk �le named foo.ll, type^Efoo.llTo edit the pretty-printed versions of the foo and bar functions, type^E(pretty foo bar)To edit the sorted list of system functions, type1



16-2 CHAPTER 16. FULL-PAGE EDITOR^E(mapc 'print (sortl (maploblist 'typefn)))(pepefile f) [function with one argument ]This function is similar to the previous one, except that it evaluates its argument.(pepend) [function with no arguments]Allows you to regain space taken up by the editor functions. The pepe 
ag disappears, and anysucceeding call to pepe will reload these functions. The editor bu�er is also deallocated.16.2 Full-page editor commandsCONTROL-A Go to the beginning of the lineCONTROL-B  Go back one characterCONTROL-C Quit the pepe editor; reenter with ^ECONTROL-D Erase the current characterCONTROL-E Go to the end of the lineCONTROL-F ! Go forward one characterCONTROL-G Kill the current commandCONTROL-K Erase the line containing the cursorCONTROL-L Redisplay the entire screenCONTROL-M  - Break the line at the cursor positionCONTROL-N # Go to the next lineCONTROL-O Break the line at the cursor levelCONTROL-P " Go to the preceding lineCONTROL-S Search for a stringCONTROL-V Go to the next screenCONTROL-Y Insert, at the current cursor position, the last line erased with ^KDELETE Erase the character to the left of the cursorESCAPE-E Execute the contents of the current bu�erESCAPE-F Change the name of the current �leESCAPE-I Insert the contents of another �leESCAPE-R Read a new �le into the bu�erESCAPE-S Save the current bu�er into the current �leESCAPE-V Go to the previous screenESCAPE-W Write the current bu�er into a �leESCAPE-X Call a pepe function directlyESCAPE-Z Save the current bu�er onto disk and load it into memoryESCAPE-) Place the cursor on the next ) character, in a LISP styleESCAPE-] Place the cursor on the next ] character, in a LISP styleESCAPE-> Go to the beginning of the bu�erESCAPE-< Go to the end of the bu�erESCAPE-? Display the present pepe help list



FULL-PAGE EDITOR COMMANDS 16-316.2.1 Extensions to the full-page editorAn interesting feature of pepe is its extensibility. Extensions can be made simply by assigning newoperations to keystrokes. The following two functions associate LE-LISP expressions with keystrokes.(defkey key e1 : : : en) [special form]Associates the expressions e1 : : : en with the value of key.(defesckey key e1 : : : en) [special form]Associates the expressions e1 : : : en with the sequence of keystrokes ESCAPE-key.



16-4 CHAPTER 16. FULL-PAGE EDITOR



Table of contents16 Full-page editor 16-116.1 Functions to call the full-page editor : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 16-116.2 Full-page editor commands : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 16-216.2.1 Extensions to the full-page editor : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 16-3

5



16-6 Table of Contents



Function Indexpepe [feature] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 16-1(pepe f) [special form] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 16-1(pepefile f) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 16-2(pepend) [function with no arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 16-2(defkey key e1 : : : en) [special form] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 16-3(defesckey key e1 : : : en) [special form] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 16-3
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Chapter 17Terminal-based line editorThe terminal-based command-line editor called edlin is available in interactive mode fromthe keyboard. Using this editor, you do not need to retype long or complicated commands. Theeditor facilitates all the usual editing operations on input lines, and it can carry out automaticsearches for symbols.The edlin tool is not a full-page editor, since it works on one line at a time. It does not usecursor-addressing functions, and it scrolls the screen when necessary. The following virtual-terminalprimitives are used to insert and erase characters, erase end-of-lines, and move the cursor aroundwithin a line:tyinscntydelcntycleoltycrtybstynewlineThe edlin tool is written so that it can be used with proportionally-spaced fonts. The functionsassociated with this editor are found in the standard library named edlin.17.1 Loading the terminal-based line editoredlin [feature]This 
ag indicates whether the edlin line editor has been loaded into memory.(edlin) [function with no arguments]If the edlin line editor has not already been loaded and activated, this function performs thesetasks.The editor|available as soon as this function has been called|manages the LE-LISP reader. Thismeans that the editing capability of edlin can be available throughout an entire session, regardlessof the application that carries out reading. 1



17-2 CHAPTER 17. TERMINAL-BASED LINE EDITORThe edlin editor provides on-line help, which can be obtained by hitting the ESCAPE key followedby a question mark.17.2 Terminal-based line-editor commandsCursor movement of an EMACS kind:CONTROL-F Move forward one characterCONTROL-B Move back one characterESCAPE-F Move forward one wordESCAPE-B Move back one wordCONTROL-A Move to the beginning of the lineCONTROL-E Move to the end of the lineDeletions (the DELETE key can be used in place of BACKSPACE):CONTROL-D Erase the next characterBACKSPACE Erase the previous characterESCAPE-D Erase the next wordESCAPE-BACKSPACE Erase the previous wordCONTROL-U Erase to the beginning of the line (see ^Y)CONTROL-K Erase to the end of the line (see ^Y)CONTROL-Y Reinsert characters erased by ^U or ^KCommand history:CONTROL-I Recall the previous commandCONTROL-N Recall the next commandESCAPE-< Beginning of historyESCAPE-> End of historyESCAPE-H Show historyESCAPE-ESCAPE Retrieve a previous command that begins like the current oneEnd of line:RETURN or LINEFEED Send the line to LISP and save it in the historyCONTROL-O Send the line to LISP and skip to the next line in the historyShortcuts:ESCAPE-SPACEBAR Complete the symbol preceding the cursor, or show all completion possibilitiesESCAPE-' Quote the current symbol



TERMINAL-BASED LINE-EDITOR COMMANDS 17-3Miscellaneous:ESCAPE-number command Repeat command number timesCONTROL-L Redisplay the line\ Quote character: forces literal interpretation of the following characterESCAPE-CONTROL-G Illegal sequence: useful when ESCAPE has been hit by mistakeESCAPE-? edlin helpCONTROL-T Translate: that is, interchange the two previous characters(edlin) Run edlin(edlinend) Kill edlinCommands that are also LE-LISP macro characters|such as ^L, for example|are not interpretedas macros at the beginning of a command line. Consequently, the quote character \ does not needto be used in these cases.
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Chapter 18Virtual bitmap displayThe LE-LISP system provides a portable graphics facility called theVirtual Bitmap Display, oftenreferred to as vbd. It is capable of managing|independently of the underlying hardware|a high-resolution bit-mapped screen and a pointing device. This graphics facility provides LISP functionsthat construct windows, draw into these windows, and react to pointing-device movements. Thesethree aspects are relatively independent. They are described in chapters 18, 19, and 20 of thepresent Reference Manual.The Virtual Bitmap Display facility has been ported to a variety of hardware devices using di�erentwindow systems, servers and managers.A version running on classic alphanumeric terminals, based on the virtual terminal facility, isavailable in the standard LE-LISP system con�gured with the bvtty feature. This version is quitelimited due to the low resolution of alphanumeric terminals.18.1 Loading the description �leThe vbd functions are parameterized by con�guration �les describing the various screen managersto which the system has been ported. These �les are stored in the virbitmap directory of thestandard LE-LISP distribution.Before the vbd functions can be used, the description �le corresponding to the relevant screenmanager must be loaded. This is done by the inibitmap LISP function. This operation should becarried out only once per LISP session. It is possible, of course, to save a core image �le after thisoperation has been performed. When the image is restored, the description �le does not need to bereloaded.On some systems, and in particular on most UNIX systems, loading a screen manager requires theuse of a LISP executable that includes low-level primitives that read from and write to the screenand the pointing device. For more details, see the manual describing the LE-LISP implementationon your particular system.(inibitmap symbol) [function with an optional argument ]Loads the screen manager description �le. symbol is the name of the kind of screen manager to beloaded. 1



18-2 CHAPTER 18. VIRTUAL BITMAP DISPLAYHere are the names that are currently recognized:� X11, to load the X WINDOW System, versions X11r2, X11r3 or X11r4.� mac, to load the Macintosh ToolBox.� uis, to load a VaxStation with uis.� bvtty, to load the minimal vbd for alphanumeric terminals.If symbol is not given, the value of the BITMAP environment variable is used. (See the getenvfunction.)Here, for example, is the loading of an X WINDOW System 11rx description �le:? (inibitmap '|X11|)= X11Note that several di�erent description �les can be loaded in succession. This might benecessary if di�erent screen types are to be managed during a single session.? (inibitmap 'bvtty)= bvttyAt this stage, X11 and bvtty are both available in the LE-LISP environment.18.2 Screen preparationA so-called screen is a LISP structure that allows you to manipulate a physical screen device. Aphysical screen device normally includes a bitmapped video display tube, a keyboard and a mouse.The vbd functions can build screens on di�erent physical screen devices simultaneously, sincethese functions work on the logically current screen, which can be read from and written to by thecurrent-display function.18.2.1 Managing a single screenIf only a single screen is to be used in a LISP session, the �rst call to one of the vbd functions willautomatically allocate a screen of the type loaded by inibitmap, and will set the current screenvariable to point to it. In this case, it is not necessary to call the bitprologue and current-displayfunctions, since the work they do will have already been done.Here, for example, is the creation of a window:? (create-window 'window 0 0 100 100 "fenestre" 0 1)= #<window fenestre>



SCREEN PREPARATION 18-318.2.2 Managing several screensIf several di�erent screens are to be managed simultaneously, bitprologue has to be called, tocreate them explicitly. The current-display function lets you move from one screen to another.(bitprologue name device) [function with one or two optional arguments]Creates, initializes and returns as its result a screen for the screen manager of type name. name isone of the symbols recognized by the inibitmap function. If name is not supplied, the name of thelast window manager loaded by inibitmap is used.The screen returned by this function can be used as an argument in the screen position in thefunctions described below.device is a supplementary argument that depends on the screen manager being used. Forthe X WINDOW System environments (X11), this argument is a character string describing theconnection in the standard X format. If the device argument is not supplied, the value ofthe DISPLAY environment variable is used.(current-display screen) [function with an optional argument ]Returns the current screen. If an argument is supplied, the current display is changed to bethe argument value. This current screen is involved in the following operations:� Windows are created on the current screen by means of create-window and make-window.� Icons are created on the current screen by means of create-bitmap.� Fonts are created on the current screen by means of load-font.� Colors are created on the current screen by means of make-color, make-named-colorand make-mutable-color.� Cursors are created on the current screen by means of make-cursor.� Patterns are created on the current screen by means of make-pattern.� Events are read on the current screen by means of read-event, peek-event and eventp.� Windows are found on the current screen by means of find-window.The current window is an implicit argument for the vbd drawing functions.In the following examples, we are dealing with machines named london and paris. We �rstopen the screen of the machine called london:? (setq london (bitprologue '|X11| "london:0.0"))= #<#:display:X11 X11 london:0.0>We then open the screen on the machine called paris:? (setq paris (bitprologue '|X11| "paris:0.0"))= #<#:display:X11 X11 paris:0.0>



18-4 CHAPTER 18. VIRTUAL BITMAP DISPLAYWe now open a window on london:? (current-display london)= #<#:display:X11 X11 paris:0.0>? (setq london-window (create-window 'window 0 0 100 100 "london" 0 1))= #<window london>Next, we open a window on paris:? (with ((current-display paris))? (setq paris-window (create-window 'window 0 0 100 100 "paris" 0 1)))= #<window paris>We draw something on london:? (with ((current-window london-window))? (draw-line 0 100 100 0))= 0Finally, we draw something on paris:? (with ((current-display paris)? (current-window paris-window))? (draw-line 0 0 100 100))= 0(bitepilogue screen) [function with an optional argument ]Closes screen by killing all its open windows and all the icons, fonts, colors, cursors and patternsthat might have been created within it. It also empties the queue of events waiting on this screen.You cannot use screen as an argument to the current-display function after this call. If thescreen argument is not supplied, the current screen is closed.(bitmap-save screen) [function with an optional argument ]Closes screen in the same way as the previous function, but stores in screen the set of objectsthat were created within it. It also returns the saved screen as its value. The saved screen canbe passed later to the bitmap-restore function, in order to automatically reconstruct all theobjects it contained before the save. Warning: The contents of windows are not saved, but eachwindow receives a repaint-window-event event as the restore comes to completion. If the screenargument is not supplied, the current screen is saved.Used in conjunction with the save-core function, bitmap-savemakes it possible to save LISP coreimage �les containing windows.? (let ((saved-screen (bitmap-save)))? (save-core "image.core")? (bitmap-restore saved-screen))



FUNCTIONS ON SCREENS 18-5(bitmap-restore screen) [function with one argument ]The screen argument is a screen saved by the previous function. The function initializes screenand reconstructs all the objects|windows, icons, fonts, cursors, colors and patterns|that werewithin it when it was saved. The contents of windows are not saved, but each window receives arepaint-window-event event as the restore comes to completion.18.3 Functions on screensThe functions in this section report data concerning the current screen: its size, fonts, colors, cursorsand patterns, and its prede�ned windows, if any.These functions can take an optional screen argument. If this argument is not supplied, theyoperate on the current screen.(bitxmax screen) [function with an optional argument ](bitymax screen) [function with an optional argument ]These functions return the dimensions of the screen. The value of bitxmax is the width of thescreen minus one, and the value of bitymax is its height minus one. The units are those of theelementary display points (pixels) of the device.For an Apollo screen, these functions return the following values:(bitxmax) =) 1023(bitymax) =) 799(root-window screen) [function with an optional argument ]Returns the window associated with the screen background. Drawing carried out in this windowwrites over all the other windows posted to the screen.The root window can be used to follow the mouse on the whole screen: for example, when a(non-root) window is being moved or resized.Operations in the root window should be as non-destructive as possible|using xor for drawing andthen erasing images, for example|so that the contents of other windows will not be perturbed.The following visually-striking function, for example, blinks the whole screen once:(defun flash-screen ()(with ((current-window (root-window)))(with ((current-mode 6))(fill-rectangle 0 0 (bitxmax) (bitymax))(bitmap-flush)(fill-rectangle 0 0 (bitxmax) (bitymax))(bitmap-flush))))



18-6 CHAPTER 18. VIRTUAL BITMAP DISPLAY(all-colors screen) [function with an optional argument ]Returns the list of colors that have been allocated by the make-color, make-named-color andmake-mutable-color functions. (See the descriptions of these functions.)(bitmap-refresh screen) [function with an optional argument ]Requests that screen be refreshed. This function can be used to clear the screen of stray bits thatmight be left after the execution of an incorrect graphics program.If the host system does not preserve window contents (the X WINDOW system does not, for example),the windows will all be simply erased and sent repaint-window-event events.(bitmap-flush screen) [function with an optional argument ]In some systems, for example in the X WINDOW system, the stream of graphic operations isbu�ered. These operations will be visible on the screen only when the bu�er has been emptied. Thisbu�er is automatically emptied by a call to one of the event manipulation functions: read-event,peek-event or eventp.Sometimes it is necessary to explicitly empty the bu�er. This happens, for instance, when frequentupdates are required for animating a simulation, or when event reads are not being constantlydone. At such times, bitmap-flush can be used to explicitly empty the bu�er of surplus events.In the following function, which displaces a character in the screen background, the use ofbitmap-flush makes sure that the movement is regular:(defun move-char (cn)(let ((x 0) (y 0) (dx 3) (dy 3))(with ((current-window (root-window)))(current-mode #:mode:xor)(current-font (large-roman-font))(while t(draw-cn x y cn)(setq x (+ x dx)y (+ y dy))(when (or (> x (bitxmax)) (< x 0))(setq x (- x dx)dx (- dx)))(when (or (> y (bitymax)) (< y 0))(setq y (- y dy)dy (- dy)))(draw-cn x y cn)(bitmap-flush)))))(bitmap-sync display) [function with an optional argument ]This function makes sure that all requests sent to the server have been executed, and that allevents generated by these requests are in the events �le. If the display argument is not supplied,the current display is used.



FUNCTIONS ON SCREENS 18-7(display-synchronize display flag) [function with one or two arguments]Certain systems, such as X11, can operate in two modes:� Asynchronous: A graphic action might not be terminated when the function that triggeredit returns control (the default option under X11).� Synchronous: A graphic action is terminated when the function that triggered it returnscontrol.On systems operating in the two modes, synchronous and asynchronous, this function lets youknow the current mode, or go from one to the other. The synchronous mode corresponds to a truevalue of the flag argument. The asynchronous mode corresponds to a false value. This functionshould only be used for debug, and must not be employed in normal use.(display-depth display) [function with one argument ]This function returns the number of plans (bits by pixel) in the screen used by the display device.If the display device is monochrome, it therefore returns 1.(default-window-type screen type) [function with one or two arguments]If the type argument is not supplied, this function gives you the type used by default by thewindows in screen. Supply type if you want to modify it.(standard-roman-font screen) [function with an optional argument ](standard-bold-font screen) [function with an optional argument ](large-roman-font screen) [function with an optional argument ](small-roman-font screen) [function with an optional argument ]These functions return the numeric indices of the preloaded fonts of screen or the current screen.(See the current-font function.) Four �xed-width fonts are always available:� standard-roman-font is a regular font that can be used for text.� standard-bold-font is a bolder font that can be used to highlight text.� large-roman-font is a larger font that can be used for titles.� small-roman-font is a smaller font that can be used for notes and captions.(standard-foreground screen) [function with an optional argument ]



18-8 CHAPTER 18. VIRTUAL BITMAP DISPLAY(standard-background screen) [function with an optional argument ]These two functions return the initial foreground and background colors.(See the current-foreground and current-background functions.)(standard-foreground-pattern screen) [function with an optional argument ](standard-background-pattern screen) [function with an optional argument ](standard-light-gray-pattern screen) [function with an optional argument ](standard-medium-gray-pattern screen) [function with an optional argument ](standard-dark-gray-pattern screen) [function with an optional argument ]These functions return the numeric indices of the prede�ned textures (�ll patterns) of screen orthe current screen. (See the current-pattern function.)The standard-foreground-pattern and standard-background-pattern are solids that usethe current value returned by (current-foreground) and the current value returned by(current-background). Their e�ect therefore depends on the current colors.The other prede�ned patterns are `grays' that are independent of the current foreground andbackground colors. They provide a regular gradation between the initial foreground color givenby the value of (standard-foreground) and the initial background color given by the value of(standard-background). Here are the details:� standard-medium-gray-pattern:A medium `grayed' value between these two colors.� standard-light-gray-pattern:Between standard-background and standard-medium-gray-pattern.� standard-dark-gray-pattern:Between standard-foreground and standard-medium-gray-pattern.(standard-lelisp-cursor screen) [function with an optional argument ](standard-gc-cursor screen) [function with an optional argument ](standard-busy-cursor screen) [function with an optional argument ]These functions return the numeric indices of the prede�ned cursors of screen or the current screen.(See the current-cursor function.)



FUNCTIONS ON WINDOWS 18-9These cursors can be used in one of the following capacities:� standard-lelisp-cursor is displayed during normal LE-LISP operation.� standard-gc-cursor is displayed during garbage-collection cycles. (See the gcalarm andgc-before-alarm functions.)� standard-busy-cursor is displayed when LE-LISP is carrying out a long computation.(standard-foreground screen) [function with an optional argument ](standard-background screen) [function with an optional argument ]These function return initial foreground and background colors. These are the foreground andbackground colors which are set for each newly-created window.In some systems these colors are selectable by the user at LE-LISP startup time. In the X WINDOWSystem, for example, this can be done in the .Xdefaults �le.18.4 Functions on windows18.4.1 Global coordinatesA global bitmap coordinate is a pair of integers (x,y) that represents an address on a high-resolutionscreen.The origins of this coordinate system are de�ned as follows:� Upper left corner: x=0, y=0� Lower left corner: x=0, y=(bitymax)� Upper right corner: x=(bitxmax), y=0� Lower right corner: x=(bitxmax), y=(bitymax).18.4.2 Local coordinatesThe graphics environment attached to a window de�nes a local coordinate system in the window,de�ned as follows:� Upper left corner of the window: x=0, y=0� Lower right corner of the window: x=window height�1, y=window width�1.The title and border regions are outside this coordinate system, but can be represented in it byusing negative coordinates. The point (-1,-1), for example, is in the border region of the window.



18-10 CHAPTER 18. VIRTUAL BITMAP DISPLAY18.5 WindowsWindows are typed structured objects that have graphical representations on the screen. (See theexplanation of structures.) These are rectangular frames that can have an optional title. A graphicsenvironment is attached to each window. This environment supports various text, line, and zonedrawing operations within the window. (See the section on virtual graphics.)Window events are caused by mouse pointer movements and button clicks or selections that occurwhen the pointer is within a window. (See the read-event function.) Likewise, the displacementor resizing of windows by a non-LISP tool, such as the window manager running in an X WINDOWSystem environment, can cause events informing LE-LISP that the windows were modi�ed or needto be redrawn.The Virtual Bitmap Display facility does not assume that the contents of hidden parts of windowsare saved by the system. When they are not saved, a repaint-window-event indicates theconcealed areas that need to be redrawn.Each window can contain any number of sub-windows, which have neither borders nor titles. Theycan cover each other in any manner, but they are all transparent, so that a sub-window does notobscure the contents of a daughter or sister sub-window that it covers. Moreover, sub-windows haveno contents. The displacement or resizing of a sub-window never visually a�ects the screen.Sub-windows are manipulated in the same way as windows. All the graphics and window-manipulation functions can be performed on sub-windows. It is even possible to divide sub-windowsinto sub-sub-windows. Graphics operations in sub-windows are carried out in the coordinatesystem of the sub-window, but the image is clipped (limited) to that part of the sub-windowcontained within the mother window. Sub-windows obtain mouse events with the priority duethe super-window that contains them. However, they never receive repaint-window-event ormodify-window-event events.The total number of windows that can be displayed at a given moment might be limited in somesystems. If this limit is surpassed, window creation functions raise the errnmw error, which has thefollowing screen display:** <fn>: no more windows available: ()Some systems|such as virtual windows on the virtual terminal|do not have virtual graphics. Evenso, these systems have a minimal graphics environment that allows only the display of text. Thisminimal graphics environment is described in the remainder of this chapter, and the full graphicsenvironment is described in chapter 20.The system recognizes a current window on which display-oriented functions occur. There is onecurrent window per screen.At system-window initialization|that is, after the call to the bitprologue function|the currentwindow is the special window (), which indicates that the only available `window' is the virtualterminal, and that graphics functions will have no e�ect.



WINDOWS 18-1118.5.1 Creating windowsThe creation of a window or a sub-window usually happens with a call to the make-window function,which receives an instance of the #:image:rectangle:window structure as its argument. Thisstructure must be allocated and its �elds must be �lled in with appropriate values before thecall to make-window. The create-window and create-subwindow functions provide the means toallocate an instance of this structure and to call the make-window function in a single call.#:image:rectangle:window [structure]This LISP structure represents a window. It is de�ned as follows:(defstruct #:image:rectanglex y w h)(defstruct #:image:rectangle:windowtitlehilitedvisiblegraph-envextendfatherproperties(cursor 0)displaysubwindowsevents-listwindow-typegraphic-propertiesstate)Some �elds must be set by the user before a call to the make-window function is made. Other �eldswill be set automatically by the system.The �elds that must be �lled are described next. They should never be modi�ed directly after thecall to make-window has been made. Instead, window manipulation functions should be used tomodify them, although they can be directly examined (i.e., read) at any time.� x, y (short integers): the upper left corner of the window, expressed in the global coordinatesystem for windows, and in the local coordinate system of the mother window for sub-windows.The window can contain various borders and titles, according to the host system. (See thehilited and visible �elds.) These will always be outside the window proper. The coordinatepoint (0,0) in the window will always be a point (x,y) in the global coordinate system fora window, or in the local coordinate system of the mother window for a sub-window.� w, h (short integers): the width and height of the useful zone of the window, that is, notcounting the border or title zones. Each value is indicated as a number of basic display points(pixels) for the device.



18-12 CHAPTER 18. VIRTUAL BITMAP DISPLAY� title (character string): the optional title to be posted in the window border.� hilited (short integer): indicates the highlight mode of the window. If this �eld has the valuezero, the window is not highlighted. If it is not equal to zero, its value indicates the highlightmode: title highlighted, window colored, etc. The various highlight modes available dependon the system. By default, only one mode exists, coded by the value 1.� visible (short integer): indicates the window's visibility degree on the screen. If this 
aghas the value zero, the window is invisible. If it is not equal to zero, its value indicates thevisibility degree: entirely visible, semi-visible, transparent, etc. The available visibility degreesdepend on the system. By default, a single degree of visibility is available, coded by the value1. This represents opacity, meaning that the window obscures windows that it covers.� father (window, or ()): contains the window's parent window. If it has the special value(), then there is no parent window. Otherwise, this �eld represents a previously-constructedwindow, of which the current window is a sub-window.� display (screen): contains the screen on which the window is displayed. If this �eld isnot �lled, the make-window function displays the window on the current screen. (See thebitprologue function.)� window-type: the type of the window (transparent or opaque). In X WINDOW, these typescorrespond to InputOnly and InputOutput. Opaque windows can receive events of redisplaytype, whereas transparent windows cannot.� state (symbol): the current state of the window: iconify, map or unmap.The other �elds are maintained by the system. They can be read by the user at any time, but mustnot be modi�ed.� graph-env (structure graph-env): contains the graphics environment attached to the window.� extend: the contents and type of this �eld are system-dependent and not of much interest tothe user.� properties (a list): contains the property A-list attached to the window. (See thedefine-window-property-accessor function.)� cursor (short integer): contains the cursor currently attached to the window. (See thecurrent-cursor function.)� subwindows (list of windows): contains the list of the window's sub-windows.� events-list: contains the list of authorized events of the window.� graphic-properties: contains a list of internal graphic properties.Windows can be instances of any sub-structure of the #:image:rectangle:window structure. This,together with the fact that window-manipulation functions work by sending messages to windows,means that the Virtual Bitmap Display facility can be easily extended. (See the virbitmap �le ofthe standard distribution for more information on this subject.)



WINDOWS 18-13(make-window win) [function with one argument ]This function takes an instance of a window structure of a certain type as argument, and doeseverything necessary to create a window of this type described by the structure. It returns win asits value, with the system-maintained �elds �lled in, as described above. All the other �elds of thewin structure|x, y, w, h, title, hilited, visible, father and display|should be initializedbefore the call to make-window. To make a sub-window, set the father �eld of win to containthe structure of a previously-created window. In all other cases, father must contain (). If thedisplay �eld contains (), then make-window �lls it with the value of the current screen. (See thecurrent-display function.)The following function creates a window whose position and size are passed as arguments:(defun build-window (x y w h)(let ((window (new '#:image:rectangle:window)))(#:image:rectangle:x window x)(#:image:rectangle:y window y)(#:image:rectangle:w window w)(#:image:rectangle:h window h)(#:image:rectangle:window:title window "fenestre")(#:image:rectangle:window:hilited window 1)(#:image:rectangle:window:visible window 1)(#:image:rectangle:window:display window (current-display))(make-window window)window))(create-window type x y w h ti hi vi) [function with eight arguments]Allocates a window of type type. This must be a sub-type of the #:image:rectangle:window type.The function initializes the �elds of the window with the values passed as arguments, and calls themake-window function. create-window provides a convenient means for building a window withoutexplictly allocating its structure instance.create-window has the same behavior as the following function:(defun create-window (type x y w h ti hi vi)(let ((window (new type)))(#:image:rectangle:x window x)(#:image:rectangle:y window y)(#:image:rectangle:w window w)(#:image:rectangle:h window h)(#:image:rectangle:window:title window ti)(#:image:rectangle:window:hilited window hi)(#:image:rectangle:window:visible window vi)(#:image:rectangle:window:display window (current-display))(make-window window)window))(create-subwindow type x y w h ti hi vi fa) [function with nine arguments]This function is similar to the last one, except that it creates a sub-window of the fa parent window.The x and y coordinates should be in the local coordinate system of fa.



18-14 CHAPTER 18. VIRTUAL BITMAP DISPLAY18.5.2 Drawing in windowsThe make-window call adds a repaint-window-event event to the event queue as soon as thewindow has actually been created. This event must be received and handled before any drawing isdone in the window. Requests to draw in the window that occur before this event might in fact belost.Well-structured programs using the vbd should therefore create windows and then enter an event-handling loop, which primarily waits on repaint-window-event events and paints the windows,both initially and then after changes are made to windows during the execution of the program.The following example shows how such an event-handling loop might be written. The nice-picturefunction draws something in the window. The open-window function creates a window, then entersan event-handling loop: the process-events function. This loop reacts to repaint-window-eventevents by calling nice-picture to draw or redraw the window contents. The loop terminates andkills the window as soon as a mouse click occurs. The process-events loop is a typical event-handling procedure that is presented here as a model for writing other loops of a similar nature.Chapter 20 describes in detail the kind of behavior that should be associated with the various typesof vbd facility events.(defun open-window ()(let ((window (create-window '#:image:rectangle:window 0 0 200 200 "target" 1 1)))(protect(process-events)(kill-window window)(bitmap-flush))))(defun process-events ()(untilexit done(let ((event (read-event)))(selectq (#:event:code event)(repaint-window-event(with ((current-window (#:event:window event)))(current-clip (#:event:x event)(#:event:y event)(#:event:w event)(#:event:h event))(nice-picture)))(down-event(exit done))(modify-window-event(update-window (#:event:window event)(#:event:x event)(#:event:y event)(#:event:w event)(#:event:h event)))))))(defun nice-picture ()(unless nice-colors (nice-init))(let ((colors (apply 'cirlist nice-colors)))(for (i (div (#:image:rectangle:w (current-window)) 2)-10 1)(with ((current-foreground (nextl colors)))(fill-circle



WINDOWS 18-15(div (#:image:rectangle:w (current-window)) 2)(div (#:image:rectangle:h (current-window)) 2)i)))))(defvar nice-colors ())(defun nice-init ()(setq nice-colors(list(make-color 32000 24000 16000)(make-color 26000 24000 10000)(make-color 26000 28000 16000)(make-color 24000 28000 24000)(make-color 22000 24000 32000))))18.5.3 Attaching properties to windowsIt is possible to attach named properties to each instance of the #:image:rectangle:window type.These properties are manipulated like �elds, but they are stored in an A-list in the window'sproperties �eld.(define-window-property-accessor prop) [macro]This macro de�nes the #:image:rectangle:window:prop function to be an access function to thewindow property named prop, which must be a symbol.(#:image:rectangle:window:prop w v) [function with one or two arguments]Examines or sets (if the second argument is supplied) the value associated with the property namedprop belonging to the window w. If the window does not have the prop property, () is returned.The property is stored in the A-list in the properties �eld of window w. To distinguish between theabsence of the property and its presence with the value (), examine this A-list directly.Properties only take up memory space in a window structure if the window actually has theproperties in question.Here, for example, is the de�nition of a window property named contents:? (define-window-property-accessor contents)= #:image:rectangle:window:contentsFor the win1 window, this property has the value "in win1":? (#:image:rectangle:window:contents win1 "in win1")= in win1Let us look at this value:? (#:image:rectangle:window:contents win1)= in win1



18-16 CHAPTER 18. VIRTUAL BITMAP DISPLAYFinally, let us look at the property lists of win1 and of another window called win2:? (#:image:rectangle:window:properties win1)= ((contents . in win1))? (#:image:rectangle:window:properties win2)= ()18.5.4 Functions on windowsThe following functions let programs act on windows created by the make-window, create-windowor create-subwindow functions. Their rôle is to simply transmit messages to the window speci�edin their arguments. It is the primitive window functions, described in the next section, which actdirectly on windows. Generally, only the functions described in this section are used.(current-window win) [function with an optional argument ]The window passed as the argument will become the current window on the screen to which it isattached. All ensuing graphics functions will take place in this window. If no argument is furnishedcurrent-window returns the current window. The current window has no rôle other than to be theimplicit argument for drawing functions.If the argument is (), the screen's current window becomes (), and the graphics printing functionswill not be e�ective on this screen.If the argument is a window which has been killed, the system raises the errnotawindow error,with the following display:** <fn>: not a window: <e>Whenever an argument is supplied, the uncurrent-window message is sent to the currentwindow before the current window is changed.A window can be temporarily selected by using current-window within a with controlstructure. Here, for example, is a way to draw a line in a window:(with ((current-window window))(draw-line 0 0 100 100))(current-keyboard-focus-window win) [function with an optional argument ]Examines or modi�es (if the second argument is given) the current owner of the keyboard. Theowner of the keyboard is the window that receives ascii-event events. (See the read-eventfunction.) After a call to this function, keyboard strokes will result in ascii-event events beingsent to the win window.The host windowing system (or a window manager) can sometimes change the keyboard ownerindependently of LE-LISP. In this case keyboard-focus-event events will be generated and placedin the event queue; LE-LISP structures can be kept up to date by treating them appropriately.



WINDOWS 18-17(modify-window win x y w h ti hi vi) [function with eight arguments]The win agument is a window previously created by the make-window function. The x, y, w, h,ti, hi and vi arguments are similar to the arguments of the same name of the create-windowfunction. This function provides a means of modifying the parameters of a window. Its position,title or size can be changed, it can be highlighted or unhighlighted, and it can be made visible orinvisible. The function returns the modi�ed window structure as its value. By convention, if oneof the arguments x, y, w, h, ti, hi or vi has the value (), the corresponding parameter remainsunchanged.Window size modi�cations do not a�ect the size of sub-windows.As an example, let us create a window entitled Lisp and a window entitled Foo:(defvar wlisp (create-window 'window 10 10 400 400 "Lisp" 0 1)wfoo (create-window 'window 30 30 500 500 "Foo" 0 1))Move the window named Lisp:(modify-window wlisp 20 20 () () () () ())Reduce the size of the window named Foo:(modify-window wfoo () () 50 100 () () ())Modify the title of the window named Lisp:(modify-window wlisp () () () () "New Title" () ())Highlight the title of the wfoo window:(modify-window wfoo () () () () () 1 ())Erase the wlisp window from the screen, making it invisible:(modify-window wlisp () () () () () () 0)Cause this same window to reappear:(modify-window wlisp () () () () () () 1)(kill-window win) [function with one argument ]Kills the window given as its argument, as well as all its sub-windows, if it has any. If thewindow is visible, it will be erased from the screen. Any further use of this window will raise theerrnotawindow error. The windowp predicate applied to win will subsequently return (). Note thatwin can be rebuilt using the make-window function, but this would not rebuild any sub-windowsit might have had.If the current window is killed by this function, the window () becomes the current window. Thewindow that was current before kill-window was called receives an uncurrent-window messagebefore being killed.



18-18 CHAPTER 18. VIRTUAL BITMAP DISPLAY(move-window win x y) [function with three arguments]Move the win window at the coordinate point x, y.(resize-window win w h) [function with three arguments]Resize the win window with a width of w and a height of h.(move-resize-window win x y w h) [function with �ve arguments]Perform a (move-window win x y) followed by a (resize-window win w h).(window-events-list win events) [function with one or two arguments]Consult or set, if the events argument is present, the event list attached to the win window.events, when present, is a list of events among down-event, up-event, ascii-event : : :(window-title win title) [function with one or two arguments]Consult or set, if the title argument is present, the title of the win window. title, when present,must be a character string. Only main windows can have a title.(window-state win state) [function with one or two arguments]Consult or set, if the state argument is present, the state of the win window. state, when present,must be a symbol among map, unmap, lower, raise and iconify. This function can iconify awindow and later raise it.(window-background win color) [function with one or two arguments]Consult or set, if the color argument is present, the background color of the win window. color,when present, must be a valid instance of the color type.(window-border win border) [function with one or two arguments]Consult or set, if the border argument is present, the size (in pixels) of the border of the winwindow.(window-clear-region win x y w h) [function with �ve arguments]Clear the rectangle x, y, w, h of the win window.(windowp win) [function with one argument ]This predicate is true if win is an instance of the #:image:rectangle:window type, or of one of



WINDOWS 18-19its sub-types, and if win has been created by create-window, create-subwindow or make-window,and has not yet been killed by kill-window.The next two functions provide means to manage the display order of windows displayed on thescreen. They modify the `stacking order' of the windows, but not their (x, y) coordinates.(pop-window win) [function with one argument ]Puts the win window in the foreground.(move-behind-window win1 win2) [function with two arguments]Puts the win1 window behind the win2 window on the screen. This does not necessarily mean thatwin1 is directly behind win2. The stacking position of win2 is not changed.The next two functions provide means to use absolute coordinates when dealing with windows.(find-window x y) [function with two arguments]Returns the lowest LISP window in the stacking hierarchy that contains the screen point (x, y),considered as a point in the global coordinate system. If this point does not appear in any window,find-window returns ().Points in border and title areas count for find-window as being included in their windows.(map-window win x y symbx symby) [function with �ve arguments]The win argument is a window. x and y are numbers designating a point in the global coordinatesystem of the screen. symbx and symby are symbols. When map-window returns, these symbolscontain as their values the coordinates, in the local coordinate system of win, of the global point(x, y).Return values from map-window are only meaningful for (x.y) points that are in the window winor in its border or title regions. Given points in the border or title regions, map-window will justreturn local coordinates that are not contained in the window area proper.? (defvar w (create-window 'window 10 10 400 400 "w" 0 1)? x 0? y 0)= 0? (eq w (find-window 200 200))= t? (map-window w 200 200 'x 'y)? x= 190? y= 190



18-20 CHAPTER 18. VIRTUAL BITMAP DISPLAY18.5.5 Primitive functions on windowsThese functions are the primitive functions of the virtual multi-windowing system. Theyare the methods for the current-window, uncurrent-window, modify-window, kill-window,move-behind-window and map-window messages for objects of type #:image:rectangle:window.Normally, you will never need to use them directly. They are included here merely for reasons ofcompleteness at a documentary level.(#:image:rectangle:window:current-window win) [function with oneargument ](#:image:rectangle:window:current-keyboard-focus-window w)[function with one argument ](#:image:rectangle:window:uncurrent-window win) [function with oneargument ](#:image:rectangle:window:modify-window win left top w h ti hi vi)[function with eight arguments](#:image:rectangle:window:kill-window win) [function with one argument ](#:image:rectangle:window:pop-window win) [function with one argument ](#:image:rectangle:window:move-behind-window win1 win2) [functionwith two arguments](#:image:rectangle:window:map-window win x y symbx symby) [functionwith �ve arguments]



WINDOWS 18-2118.5.6 Minimal graphics primitivesThe Virtual Bitmap Display facility de�nes a set of minimal graphics primitives that work onevery implementation, even on alphanumeric terminals. Extended graphics primitives, available onworkstations with high-resolution screens, are described in Chapter 20.All the drawing functions operate in the current window on the current screen. (See thecurrent-window function.)(clear-graph-env) [function with no arguments]Erases the screen. In other words, the screen is uniformly �lled with the (standard-background)color. (See the description of this attribute.)(draw-cursor x y i) [function with three arguments]This function provides a way to display and erase a cursor at the point (x, y) in the currentwindow. i is a binary 
ag. If it has the value (), the cursor is erased. If it has the value t, thecursor is displayed. The actual form of the cursor that is displayed depends, of course, on thesystem.This cursor is generally used to tell the user that they should type a character. Here is the standardtechnique for reading a character from the keyboard and echoing it at the position (x, y), whichit takes as its argument:(defun wtyi-echo (x y)(draw-cursor x y t)(let ((c (tyi)))(draw-cursor x y ())(draw-cn x y c)))(draw-cn x y cn) [function with three arguments]Writes the character whose internal code is cn at the (x,y) position of the current window. Thecharacter is in fact a two-colored rectangular tile,the letter being drawn in the (current-foreground) color, and the background in the(current-background) color.In LE-LISP, draw-cn could be de�ned in the following manner:(defun draw-cn (x y cn)(draw-substring x y (string (ascii cn)) 0 1)(draw-string x y s) [function with three arguments](draw-substring x y s start length) [function with �ve arguments]



18-22 CHAPTER 18. VIRTUAL BITMAP DISPLAYThe draw-substring function writes length characters of the string s, taken from the positionstart, at the (x, y) position in the current graphics environment.The draw-string macro writes the complete string s at the point (x, y).Here, for example, we write the string "foothebar" at local coordinate point (10, 10) in thecurrent window:(draw-substring 10 10 "foothebar" 2 5)In LE-LISP, draw-string could be de�ned in the following manner:(dmd draw-string (x y s)`(let ((s ,s))(draw-substring ,x ,y s 0 (slength s))))18.5.7 Character stringsA character string on the screen has a display rectangle, a base point and an increment point .� The display rectangle is the screen zone occupied by the string.� The base point is the point within the display rectangle at the lower-left corner of the �rstcharacter of the string. It is passed to the draw-string function, which displays the stringat the point (x, y). (See the description of draw-string.)� The increment point is a point of the display rectangle that can be used as the base point ofthe next character string, to be displayed after the current string.The following diagrams illustrate these various quantities.The display rectangle (width and height):width<----------------------------->^+-----------------------------+|| | | ||| .... | ..... | ..... ||| . | . . | . . ||| . | . . | . . |height || .... | . . | . . ||| . | . . | . . ||| . | . . | . . ||| . | ..... | ..... ||| | | ||| | | |v+-----------------------------+



WINDOWS 18-23The base point (in the local coordinates of the display rectangle):x-base<->^+-----------------------------+|| | | ||| .... | ..... | ..... ||| . | . . | . . ||| . | . . | . . |y-base || .... | . . | . . ||| . | . . | . . ||| . | . . | . . |v| . | ..... | ..... || | | || | | |+-----------------------------+The increment point (relative to the base point):x-inc<------------------------->+-----------------------------+| | | || .... | ..... | ..... || . | . . | . . || . | . . | . . || .... | . . | . . || . | . . | . . || . | . . | . . |y-inc 0 | b. | ..... | .....i || | | || | | |+-----------------------------+In the above example, the increment point and the base point have the same y-coordinate. Thevalue of y-inc is therefore zero.These six quantities, representing the visual aspects of a character string, obviously depend onthe display attributes such as body, boldface and font. They can be computed by the followingfunctions:(width-substring string start length) [function with three arguments](height-substring string start length) [function with three arguments]



18-24 CHAPTER 18. VIRTUAL BITMAP DISPLAY(x-base-substring string start length) [function with three arguments](y-base-substring string start length) [function with three arguments](x-inc-substring string start length) [function with three arguments](y-inc-substring string start length) [function with three arguments]These functions return the values described above for the length characters of the string stringbeginning in position start. The values returned take account of the current window's font. (Seethe current-font function.)The following function can be used, for example, to determine if the point (px,py) is in thegraphics representation of the string "foo" at position (x,y):(defun in-stringp (px py s x y)(let ((lx (- x (x-base-substring s 0 (slength s))))(ty (- y (y-base-substring s 0 (slength s)))))(and (> px lx)(> py ty)(< (- px lx) (width-substring s 0 (slength s)))(< (- py ty) (height-substring s 0 (slength s))))))The next function displays n strings on the screen, one after the other.(defun draw-n-strings (x y string . strings)(draw-string x y string 1)(while strings(draw-string(incr x (x-inc-substring string 0 (slength string)))(incr y (y-inc-substring string 0 (slength string)))(nextl strings string))))(width-space) [function with no arguments](height-space) [function with no arguments](x-base-space) [function with no arguments](y-base-space) [function with no arguments]These four functions calculate the width, height and base-point coordinates of the space character.They are particularly useful for manipulating �xed-width text.In LE-LISP, width-space could be de�ned in the following manner:



WINDOWS 18-25(defun width-space ()(width-substring " " 0 1))(font-height) [function with no arguments]Returns the di�erence between the ordinates (y-axis) of two successive lines of text in the currenttype font.(font-ascent) [function with no arguments]Returns the ascent of the current type font. This is the greatest height of a character above thebase line.(display-get-font-names display max pattern) [function with two or threearguments]Takes a pattern character string that can contain the characters * (any series of characters, evenempty) and ? (any character whatsoever) and returns the names of the loadable type fonts thatcorrespond to this expression. The pattern argument is optional, and is equal to "*" by default.The max argument lets you limit the number of replies, because there could be a very large numberof type fonts in the system.In the following example, we look for all the type fonts whose names start with "adobe":? (display-get-font-names (current-display) 100 "adobe*")(display-get-font-info display font-name font-info) [function with two or threearguments]Returns an instance of the font-info class whose �elds provide metric data concerning thetype font called font-name. If the font-info argument is supplied, this function does notallocate a new instance of font-info, but uses the font-info argument, which must be offont-info type. This function does not require the type font called font-name to be alreadyloaded. The function is useful, for example, to �nd out whether a type font is of �xed orproportional spacing. This function provides the following metric data:� General data on the font:ascent and descent �elds.� Data concerning the smallest character:minlbearing, minrbearing, minascent, mindescent and minwidth �elds.� Data concerning the largest character:maxlbearing, maxrbearing, maxascent, maxdescent and maxwidth �elds.� An angle for the slope of italic fonts.� A width, Iweight, for boldface fonts.



18-26 CHAPTER 18. VIRTUAL BITMAP DISPLAYThe result depends upon the screen system, and certain �elds can remain empty. If the typefont called font-name does not exist, the function returns ().
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Function Index(inibitmap symbol) [function with an optional argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 18-1(bitprologue name device) [function with one or two optional arguments] : : : : : : : : : : : : : : 18-3(current-display screen) [function with an optional argument ] : : : : : : : : : : : : : : : : : : : : : : 18-3(bitepilogue screen) [function with an optional argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : 18-4(bitmap-save screen) [function with an optional argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : 18-4(bitmap-restore screen) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 18-5(bitxmax screen) [function with an optional argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 18-5(bitymax screen) [function with an optional argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 18-5(root-window screen) [function with an optional argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : 18-5(all-colors screen) [function with an optional argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : 18-6(bitmap-refresh screen) [function with an optional argument ] : : : : : : : : : : : : : : : : : : : : : : : 18-6(bitmap-flush screen) [function with an optional argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : 18-6(bitmap-sync display) [function with an optional argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : 18-6(display-synchronize display flag) [function with one or two arguments] : : : : : : : : : : 18-7(display-depth display) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 18-7(default-window-type screen type) [function with one or two arguments] : : : : : : : : : : : 18-7(standard-roman-font screen) [function with an optional argument ] : : : : : : : : : : : : : : : : : 18-7(standard-bold-font screen) [function with an optional argument ] : : : : : : : : : : : : : : : : : : : 18-7(large-roman-font screen) [function with an optional argument ] : : : : : : : : : : : : : : : : : : : : : 18-7(small-roman-font screen) [function with an optional argument ] : : : : : : : : : : : : : : : : : : : : : 18-7(standard-foreground screen) [function with an optional argument ] : : : : : : : : : : : : : : : : : 18-7(standard-background screen) [function with an optional argument ] : : : : : : : : : : : : : : : : : 18-8(standard-foreground-pattern screen) [function with an optional argument ] : : : : : : : : 18-8(standard-background-pattern screen) [function with an optional argument ] : : : : : : : : 18-8(standard-light-gray-pattern screen) [function with an optional argument ] : : : : : : : : 18-8(standard-medium-gray-pattern screen) [function with an optional argument ] : : : : : : : 18-829



18-30 FUNCTION INDEX(standard-dark-gray-pattern screen) [function with an optional argument ] : : : : : : : : : 18-8(standard-lelisp-cursor screen) [function with an optional argument ] : : : : : : : : : : : : : : 18-8(standard-gc-cursor screen) [function with an optional argument ] : : : : : : : : : : : : : : : : : : : 18-8(standard-busy-cursor screen) [function with an optional argument ] : : : : : : : : : : : : : : : : 18-8(standard-foreground screen) [function with an optional argument ] : : : : : : : : : : : : : : : : : 18-9(standard-background screen) [function with an optional argument ] : : : : : : : : : : : : : : : : : 18-9#:image:rectangle:window [structure] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 18-11(make-window win) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 18-13(create-window type x y w h ti hi vi) [function with eight arguments] : : : : : : : : : : : : : 18-13(create-subwindow type x y w h ti hi vi fa) [function with nine arguments] : : : : : : 18-13(define-window-property-accessor prop) [macro] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 18-15(#:image:rectangle:window:prop w v) [function with one or two arguments] : : : : : : : : 18-15(current-window win) [function with an optional argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : 18-16(current-keyboard-focus-window win) [function with an optional argument ] : : : : : : : : : 18-16(modify-window win x y w h ti hi vi) [function with eight arguments] : : : : : : : : : : : : : : 18-17(kill-window win) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 18-17(move-window win x y) [function with three arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 18-18(resize-window win w h) [function with three arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : 18-18(move-resize-window win x y w h) [function with �ve arguments] : : : : : : : : : : : : : : : : : : : 18-18(window-events-list win events) [function with one or two arguments] : : : : : : : : : : : : : : 18-18(window-title win title) [function with one or two arguments] : : : : : : : : : : : : : : : : : : : : : : 18-18(window-state win state) [function with one or two arguments] : : : : : : : : : : : : : : : : : : : : : : 18-18(window-background win color) [function with one or two arguments] : : : : : : : : : : : : : : : : 18-18(window-border win border) [function with one or two arguments] : : : : : : : : : : : : : : : : : : : : 18-18(window-clear-region win x y w h) [function with �ve arguments] : : : : : : : : : : : : : : : : : : 18-18(windowp win) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 18-18(pop-window win) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 18-19(move-behind-window win1 win2) [function with two arguments] : : : : : : : : : : : : : : : : : : : : : 18-19(find-window x y) [function with two arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 18-19(map-window win x y symbx symby) [function with �ve arguments] : : : : : : : : : : : : : : : : : : : : 18-19(#:image:rectangle:window:current-window win) [function with one argument ] : : : 18-20(#:image:rectangle:window:current-keyboard-focus-window w) [functionwith one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 18-20(#:image:rectangle:window:uncurrent-window win) [function with one argument ] : 18-20



FUNCTION INDEX 18-31(#:image:rectangle:window:modify-window win left top w h ti hi vi) [functionwith eight arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 18-20(#:image:rectangle:window:kill-window win) [function with one argument ] : : : : : : : 18-20(#:image:rectangle:window:pop-window win) [function with one argument ] : : : : : : : : 18-20(#:image:rectangle:window:move-behind-window win1 win2) [functionwith two arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 18-20(#:image:rectangle:window:map-window win x y symbx symby) [functionwith �ve arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 18-20(clear-graph-env) [function with no arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 18-21(draw-cursor x y i) [function with three arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 18-21(draw-cn x y cn) [function with three arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 18-21(draw-string x y s) [function with three arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 18-21(draw-substring x y s start length) [function with �ve arguments] : : : : : : : : : : : : : : : : 18-22(width-substring string start length) [function with three arguments] : : : : : : : : : : : : 18-23(height-substring string start length) [function with three arguments] : : : : : : : : : : : 18-23(x-base-substring string start length) [function with three arguments] : : : : : : : : : : : 18-24(y-base-substring string start length) [function with three arguments] : : : : : : : : : : : 18-24(x-inc-substring string start length) [function with three arguments] : : : : : : : : : : : : 18-24(y-inc-substring string start length) [function with three arguments] : : : : : : : : : : : : 18-24(width-space) [function with no arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 18-24(height-space) [function with no arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 18-24(x-base-space) [function with no arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 18-24(y-base-space) [function with no arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 18-24(font-height) [function with no arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 18-25(font-ascent) [function with no arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 18-25(display-get-font-names display max pattern) [function with two or threearguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 18-25(display-get-font-info display font-name font-info) [function with twoor three arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 18-25



Chapter 19Virtual mouseThe LE-LISP system provides the means to manage a device that selects discrete points on a high-resolution screen. This device, called the virtual mouse, can be an actual physical mouse with oneor several buttons, an optical pen, a graphics tablet, a touch screen, or any other pointing device.The binding of the cursor associated with the virtual mouse is always performed by the underlyinggraphics system.The pointing device is always multiplexed with the user keyboard. This chapter describes all thepointing-device and keyboard manipulation functions.The Virtual Bitmap Display device includes events that are enqueued to re
ect changes in the stateof the underlying graphics system. Pointing-device actions, keyboard actions, actions on windowsbrought about by agents outside the LE-LISP system, and refresh requests for particular zones ofthe screen, all result in events being queued. In addition, the use of structures to represent eventsmakes the event system easy to extend.19.1 EventsAn event is an information unit emanating from the Virtual Bitmap Display facility. Thisinformation might be generated because of one of the following `happenings':� a physical mouse action selecting points in a window or sub-window in various ways;� a keystroke;� an action on windows carried out via the underlying window manager;� a window refresh request.The set of events actually generated depends upon the system being used. The list of event typesprovided later on in this chapter is complete enough to deal with most of the well-known graphicssystems. It could easily be enriched and extended to deal with other systems.Events are stored in a queue that a program can consult at any time. There is one single eventqueue, and all events are multiplexed on a single channel.A convenient way of managing events consists of the using the event loop described in chapter 6of this manual. This approach generalizes the input/output notion by harmonizing input from the1



19-2 CHAPTER 19. VIRTUAL MOUSEkeyboard and the mouse with all other kinds of input such as the reading of a process or a UNIXpipe.19.2 Structure and types of eventsevent [structure]This structure describes LISP objects that represent events in the queue. It has the followingde�nition:(defstruct eventcode window detail gx gy x y w h)The code �eld contains a symbol describing the event type. The window �eld indicates thewindow a�ected by the event, which is usually the lowest window in the hierarchy thatcontained the mouse when the event was triggered. (See, however, the grab-event function.)The meaning of the other �elds depends on the type that the code �eld contains. Thelist of event types is not exhaustive and, on some systems, supplementary codes could beimplemented. Also, some systems do not generate certain event codes. Only the ascii-eventand down-event events are implemented in all cases. In general, the drag-event, up-eventand move-event events, with several values of the detail �eld, are also fully implemented.Note: From this point on, an event name such as drag-event will often be used to refer bothto the event type and to an instance of that event. This enables us to avoid awkward phrasessuch as `drag-event event'.The various event types are described below.move-event [event ]The move-event describes a pointing-device movement when no buttons are pushed. The gxand gy �elds in the associated event structure represent the global coordinates of the mouseat the moment of the event, while x and y are the mouse coordinates relative to the localwindow coordinate system.down-event [event ]drag-event [event ]up-event [event ]down-event indicates that a mouse button has been pushed. It can be followed by any number ofdrag-events indicating that the mouse was moved while a button was held down.



STRUCTURE AND TYPES OF EVENTS 19-3The numbers gx, gy, x and y play the same rôle as in the case of the move-event event.detail is a numeric code describing the action of pushing a button. It encodes informationabout which button was pushed, whether the button single-clicked, double-clicked or triple-clicked, whether a key was being held down at the same time that the button was pushed,etc. The values of detail lie between zero and some positive integer, depending upon thesystem. The zero value corresponds to the simplest manner in which a button can be pushedin the underlying graphics system.The system guarantees that, after a down-event occurs in a window, it receives a matchingup-event.ascii-event [event ]This event indicates that a character has been typed on the keyboard. detail representsthe ASCII code of the typed character. The window a�ected by this event is the one thatwas designated as the recipient of keyboard events, either by the system or by a call to thecurrent-keyboard-focus-window function. (See the description of this function.)modify-window-event [event ]This event indicates that an agent outside the LE-LISP system has modi�ed the size or theposition of window. gx, gy, w and h represent the new position and size of the window. Afteran event of this type occurs, the update-window function must be called, so that the LISPdata structures representing the window are kept up to date.kill-window-event [event ]This event indicates that an agent external to the LE-LISP system is requesting the destructionof window. After this type of event occurs, and when the program `agrees' to kill the window,the kill-window function must be called to actually carry out this task.enterwindow-event [event ]leavewindow-event [event ]These events indicate that the mouse entered or left a window. window is the windowconcerned.repaint-window-event [event ]This event indicates that the system needs to refresh a part of window, and is asking LE-LISPto do the work. x, y, w and h represent the rectangular zone of the window to be repainted. xand y are given in the window's local coordinates. When this event occurs, it is possible thatthe zone has been erased, that is, �lled with the (standard-background) color.The standard reaction to this event is to call a function to redraw the window's contents by



19-4 CHAPTER 19. VIRTUAL MOUSEdrawing the clipping region in the speci�ed refresh zone. This can be done in the followingmanner:(defun repaint-window (event)(let ((window (#:event:window event))#:clip:x #:clip:y #:clip:w #:clip:h)(with ((current-window window))(current-clip) ; get the current clip; clip to the zone(current-clip (#:event:x event) (#:event:y event)(#:event:w event) (#:event:h event))<repaint the window here>; reposition the old clip(current-clip #:clip:x #:clip:y #:clip:w #:clip:h))))This event also makes it possible to synchronize LE-LISP and the underlying window system. In somesystems|the X WINDOW system, for example|an arbitrary time can pass between the returnof the create-window function and the actual creation of the window on the screen. The �rstrepaint-window-event indicates that the window has actually been created.All operations carried out on a window between the occurrence of the create-window event andthe repaint-window-event event are in general lost. It is therefore important to wait for therefresh event before doing anything in the window. For a better understanding of event handling,see the process-events function in the Drawing in windows section of Chapter 18, as well as theprocess-events function in the examples of grab-event in this chapter.keyboard-focus-event [event ]This event indicates that the host system has changed the owner of the keyboard. window containseither the new owner or () if the owner is no longer a window managed by LE-LISP. After an eventof this type, the current-keyboard-focus-window function must be called so that the LISP datastructures representing the window are kept up to date.map-window [event ]This event occurs when a window comes to the top of all the other windows.unmap-window [event ]This event occurs when a window disappears from the screen or is iconi�ed.visibility-change [event ]This event occurs when the level of visibility of a window changes. The detail �eld of the event isa positive integer with the following possible values:� 0: totally visible



MOUSE MODES 19-5� 1: partly visible� 2: totally invisible.client-message [event ]This is a communication-type event whose detail �eld contains the message sent, if it is a characterstring.19.3 Mouse modesThe mouse can function in several modes, which are determined by the settings of two independent
ags, the abbreviated mouse mode 
ag and the mouse interrupt mode 
ag.If the abbreviated mouse mode 
ag is set, the insertion of a new move-event in the event queueproceeds according to the following rules:� If the last event in the queue is also a move-event, or a drag-event, the new event replacesthe previous one.� Otherwise it is added to the queue, as in the normal case.This mechanism allows the size of the event queue to be kept small.If the mouse interrupt mode 
ag is set, a programmable interrupt named event is raised just beforeany event is added to the queue.(event-mode mode) [function with an optional argument ]mode becomes the new mouse mode. Without an event-mode argument, this function returns thecurrent mouse mode. Used with the with control structure, this function can temporarily modifythe mouse mode.The codes are de�ned as follows:Mode Mouse interrupt mode* Abbreviated mouse mode02 �4 �6 � �* This is the case on some systems only.At the initialization of the system, the mouse mode is zero. The event interrupts are notraised, and the queue does not use abbreviated mouse mode.



19-6 CHAPTER 19. VIRTUAL MOUSE19.4 Events queueEvents are instances of the event structure, and are placed onto the event queue.The length of the event queue depends on the particular system. If the queue over
ows, the oldestevents are lost or, in the worst of cases|as with some X WINDOW implementations|LE-LISP isabruptly killed.(eventp) [function with no arguments]This predicate is true if there is at least one event waiting for service in the queue. This functionnever modi�es the contents of the queue.(read-event event) [function with an optional argument ](peek-event event) [function with an optional argument ]These functions provide ways to read and examine the next event in the queue. The read-eventfunction removes the �rst event from the queue, while peek-event just examines it withoutremoving it.These functions return an instance of the event structure whose �elds have been �lled with thedescriptors of the event being read or examined.If an argument is provided, it must be an instance of the event structure, and it is this structure,duly updated, that is returned. Otherwise, a common global structure instance is always returned,since successive calls to these functions update its contents.Both read-event and peek-event call the bitmap-flush function before reading the event queue.This guarantees that display operations are actually carried out before user actions are handled.The following function prints a trace of mouse events:(defun trace-events ()(let (e)(loop(setq e (read-event))(print "place " (#:event:x e) ", " (#:event:y e)" event " (#:event:code e))))))In general, every program should contain an event-handling routine. The process-eventsfunction of Chapter 18 is an example of such a routine.(flush-event) [function with no arguments]Empties all waiting events from the events queue.(add-event event) [function with one argument ]



EVENTS QUEUE 19-7(add-event gx gy code) [function with three arguments]If there is a single argument, add-event copies event onto the head of the event queue. Thisfunction is particularly useful for extending the available types of events.When there are three arguments, add-event behaves like the following function:(defun add-event3 (x y code)(let ((event (#event:make)))(#:event:gx event x)(#:event:gy event y)(#:event:code event code)(add-event event)))(grab-event window) [function with an optional argument ]Given a window argument, grab-event makes it the owner of all the events in the queue. Thismeans that all mouse events (down-event, drag-event, up-event and move-event) and keyboardevents (ascii-event) will then have window as their destination. On some systems, where themouse is shared by several programs, this function also makes LE-LISP the owner of the mouse.Consequently, programs other than LE-LISP no longer receive mouse events.If the argument has the value (), the mouse is treated normally.Without an argument, grab-event returns the LISP window that owns the queue, or () if no LISPwindow has called the grab-event function.This function is particularly useful for forcing the user to con�rm that he really wants a certainoperation to be performed. A typical example might involve a question from the machine, such as:Do you really want to erase all your �les?Making LISP the owner of the mouse might render the system unusable in the case of a LISP error.If this were to happen, it would no longer be possible to select another window with the mouse inorder to kill LE-LISP. This function should therefore be used with care.Let us look at an example. The following function creates a window and blocks all operations|even those meant for or coming from other programs that share the screen with LISP|until theuser clicks the mouse in the window. Notice that the grab-event function is not called until theoccurrence of the �rst repaint-window-event for the con�rmation window. This message indicatesthat the window has actually been created, and it makes it possible to synchronize the `grabbing'of the mouse with the creation of the window.(defun confirm (string)(let ((window (create-window 'window 100 100 100 100 "" 0 1)))(protect(process-events window string)(grab-event ())(kill-window window)(bitmap-flush)))))(defun process-events (window string)



19-8 CHAPTER 19. VIRTUAL MOUSE(untilexit done(let ((event (read-event)))(selectq (#:event:code event)(down-event (exit done))(repaint-window-event(when (eq (#:event:window event) window)(grab-event window)(with ((current-window window))(draw-string 10 50 string))))))))(allow-event display event) [function with two arguments]This function lets you add event to the list of events handled by the display device called display.All windows created after this function is called, will ask the system to receive this new type ofevent, except if they have speci�ed their own event lists. The function returns the event.Example:(allow-event (current-display) 'functionkey-event)(disallow-event display event) [function with two arguments]This function lets you remove event of the list of the events handled by the display device calleddisplay. All windows created after this function is called, will ask the system to receive this newtype of event, except if they have speci�ed their own event lists. The function returns the event.Example:(disallow-event (current-display) 'functionkey-event)(allowed-event-p display event) [function with two arguments]This predicate indicates whether event belongs to the events handled by the display device calleddisplay. If this is the case, it returns the event. Otherwise, it returns ().19.5 Programmable interruptsIt must be pointed out that the event programmable interrupt is not available in some systems.event [programmable interrupt ]When the mouse interrupt 
ag is set, the event programmable interrupt is triggered just beforethe posting of an event onto the event queue. (See the event-mode function.) In such a case, theevent is not added to the event queue. Instead, the interrupt receives as an argument the eventthat triggered the interrupt.



SYNCHRONOUS MOUSE TRACKING 19-9This interrupt has the same status as the break and clock interrupts. It is inhibited by the functionwith-no-interrupts and, during the handling of event interrupts, all other interrupts are blockedby an implicit call to this same function. The events that occur during the handling of an eventinterrupt are added normally to the queue. The function called by this interrupt to actually handleevents must empty the queue before termination.The default handling of this interrupt consists of adding the event to the queue by using theadd-event function, as described in the function below.(event event) [function with one argument ]This is the standard event-handling function associated with the event programmable interrupt.In LE-LISP, event could be de�ned in the following manner:(defun event (event)(add-event event))19.6 Synchronous mouse trackingThe next function informs you, at all times, of the position and state of the mouse.(read-mouse event) [function with an optional argument ]Returns an instance of the event structure whose �elds describe the current position and stateof the mouse. If an argument is supplied, it is this structure, duly updated, that is returned.Otherwise, the same structure instance is always returned, since successive calls to read-mouseupdate its contents.The �elds of the structure have the following meanings:� gx, gy: global coordinates of the mouse.� window: `lowest' window (in stacking order) appearing under the current mouse position.� x, y: window-local mouse coordinates.� detail: state of the mouse buttons. A zero value indicates that all buttons are up.19.7 Virtual menusVirtual menus allow the user to make a choice from among a set of character strings.A menu proposes a choice in one or several lists of character strings called selection lists . Theoperations actually carried out on the screen in order to post choices, and then validate theparticular choice, depend on the system being used. Selection lists can be implemented in oneof several ways:



19-10 CHAPTER 19. VIRTUAL MOUSE� Pull-down menus hung o� a menu bar, in an Apple Macintosh style.� Wandering menus, as in the Sun Microsystems SunViews product.� A deck of cards, as in the XMenu package.(create-menu ti n1 v1 : : : nn vn) [function with a variable number of arguments]Creates and initializes a menu containing the items ni with values vi in a selection list named ti.The ni and vi arguments have the same meanings as those of the string and value arguments inthe menu-insert-item function. The selection list and the menu items placed in the menu are allactive. Here is an example of the creation of a menu:? (setq menu (create-menu "tty menu"? "aidapaint" 0? "calculator" 1? "function" 2? "file" 3? "help" 4? "icon" 5? "lhoblist" 6? "object" 7? "structure" 8? "end" 9))= #<menu tty menu>(kill-menu menu) [function with one argument ]Destroys menu.(activate-menu menu x y) [function with three arguments]Displays and activates menu at the global coordinate point (x,y). This function returns either thevalue associated with the chosen item, or () if the user did not make a choice.(menu-insert-item-list menu choice string active) [function with fourarguments]Inserts a new selection list, named string, in the choice position of the selection list of menu. Ifchoice has the value 0, the list becomes the �rst selection list. If choice is greater than or equalto the number of selection lists in the menu, it is added in the last position.The short integer active indicates whether the selection list to be added is selectable (value 1) ornot (value 0).The menu-insert-item-list function returns the index of the inserted selection list as its value.(menu-insert-item menu choice item string active value) [function with sixarguments]



CUT AND PASTE 19-11Adds an item to a menu in the item position of the choice list. item indicates the item's row in themenu, counting from zero. value is the value associated with the item, and must be a LISP objectnot equal to (). The activate-menu function returns this value when the item has been chosen.active is a short integer acting as a 
ag, indicating whether the item is selectable (active= 1) ornot (active=0).The menu-insert-item function returns the index of the inserted item as its value.(menu-delete-item-list menu choice) [function with two arguments]Removes the selection list in the choice row, counting from zero, in menu.(menu-delete-item menu choice item) [function with three arguments]Removes item from the choice selection list of menu.(menu-modify-item-list menu choice string active) [function with fourarguments]Modi�es the selection list whose index is choice in menu. If either string or active has the value(), it is not modi�ed.(menu-modify-item menu choice item string active value) [function with sixarguments]Modi�es a menu item. If either string, value or active has the value (), it is not modi�ed.19.8 Cut and PasteThe virtual bitmap proposes two cut-&-paste functions that can work in conjunction with otherapplications when the screen system allows it.(display-store-selection display buffer) [function with two arguments]Takes the buffer character string and copies it into a bu�er associated with the display devicecalled display. If the display device allows it, buffer is shared with all non-LE-LISP applicationsthat use this display device.(display-get-selection display) [function with one argument ]This function retrieves a character string representing the current selection in the display devicecalled display. If the display device o�ers this characteristic (this is true for X11), this functionlets you retrieve a character string coming from another application using the same display device.
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Chapter 20Graphics primitivesThis chapter describes the portable graphics aspects of the Virtual Bitmap Display (vbd)facility. These primitives constitute a virtual graphics interface that provides you with the meansto draw and �ll �gures and to display text on color bitmap screens.20.1 Graphics environmentsThe graphics environment is the set of graphics attributes employed by a drawing function. Thefollowing attributes are retained by the vbd facility:� cursor: current-cursor� foreground color: current-foreground� background color: current-background� character font: current-font� �ll pattern or texture: current-pattern� line style: current-line-style� drawing (combination) mode: current-mode� clipping zone: current-clip.A separate graphics environment is attached to each window. All the graphics operations use thegraphics attributes de�ned in the graphics environment of the current window.A set of functions, described below, allows the graphics environment of the current window to bemodi�ed.20.1.1 Current fontA font is a collection of �gures used by the draw-cn, draw-string and draw-substring functionsto represent characters on the screen. In the Virtual Bitmap Display, a font is represented by asmall integer called the font identi�er. 1



20-2 CHAPTER 20. GRAPHICS PRIMITIVESA number of fonts is initally available in the system. Some of these fonts have standard uses. (Seethe standard-roman-font function.) A new font can be added to the system at any time|thesystem simply allocates a new font identi�er for it. The name of the fonts available for loadingdepends of course on the system being used.(current-font font) [function with an optional argument ]font becomes the font for the current graphics environment. Called without an argument,current-font returns the font for the current graphics environment. font is a font identi�er,that is, an integer between zero and (font-max). The number of utilizable fonts, their image onthe screen and their sizes all depend on the system being used.(font-max) [function with no arguments]Returns the biggest legal argument usable in a call to the current-font function, that is also equalto the number of fonts available minus one. This number is always greater than or equal to one.(load-font string) [function with one argument ]Loads the font described in the system by the character string string. It returns a small integerwhich can be used as a parameter to the current-font function. Subsequent calls to the font-maxfunction will re
ect the fact that this new font was loaded into the system. If the character fontnamed string was already loaded, load-font will return its font identi�er.The value of the string called string depends on the system and is absolutely not portable.If the font does not exist in the system being used, the erroob error is raised, with the followingscreen display:** load-font: out of bounds : <string>(font-name font) [function with one argument ]Returns the character string that describes the font whose identi�er is font, an integer between 0and (font-max).20.1.2 Foreground and background colorsThe foreground color is the color used for drawing lines and characters and for �lling zones when thecurrent �ll pattern is standard-foreground-pattern.The background is used as the background ofcharacter designs and to �ll zones when the current �ll pattern is standard-background-pattern.Two colors are initally available, standard-foreground and standard-background. (See thefunction of the same names.) New colors can be constructed by either using the rgb system ofcolor de�nition, or by using a Virtual Bitmap Display facility database which allows colors to benamed symbolically. Since colors are expensive resources, and since only a few are usually needed,it is suggested that they be freed as soon as they are no longer being used.



GRAPHICS ENVIRONMENTS 20-3One can also allocate dynamically modi�able colors. In general, these are even more expensiveresources than the regular colors just described.(current-foreground color) [function with an optional argument ](current-background color) [function with an optional argument ]These function examine or, if an argument is provided, set the foreground and background colorsof the current window.(name-to-rgb name) [function with one argument ]Takes the name of a color, name, and returns the corresponding RGB values (red, green and blue)in the form of a vector of three integers. If this color does not exist, () is returned.(get-rgb-values pixel) [function with one argument ]Takes a color pixel value, pixel (of the kind that would be returned by the byteref function),and returns the corresponding RGB values (red, green and blue) in the form of a vector of threeintegers. If this pixel value does not correspond to a color, () is returned.(make-color red green blue) [function with three arguments]red, green and blue are integers in the range of zero to 32767. make-color returns a new colorwith rgb components equal to the argument values. A value of 32767 indicates saturation. Blackand white are represented, therefore, by the following colors:(setq black (make-color 0 0 0))(setq white (make-color 32767 32767 32767))(make-named-color name) [function with one argument ]Returns a new color whose rgb components are those speci�ed in the system color database. Acertain system-dependent number of colors are prede�ned in this database.(setq red (make-named-color "red"))(setq gr (make-named-color "goldenrod"))(make-mutable-color red green blue) [function with three arguments]This function is similar to the last one but returns a modi�able color, whose rgb componentscan be changed in the course of a session. In certain cases, this enables you to carry out e�cientanimations. (See the example below.)



20-4 CHAPTER 20. GRAPHICS PRIMITIVES(kill-color color) [function with one argument ]Frees the color color. A color can no longer be used after this function has been called on it.(red-component color value) [function with one or two arguments](green-component color value) [function with one or two arguments](blue-component color value) [function with one or two arguments]Given a single argument these functions return the value of the corresponding (red, green, or blue)component of color. If two arguments are supplied, color must be a modi�able color. (See themake-mutable-color function.) These functions then modify the value of the corresponding (red,green or blue) component of the color. value has the same meaning here as in the argument listsof the make-color and make-mutable-color functions.Here is an example of the use of modi�able colors in an animation:(defun modifiable-colors (n); return a list of n modifiable colors(let ((res ()))(repeat n(newl res (make-mutable-color 0 0 0)))res))(defun draw-bar (colors); draw the form to animate,; fill it with the foreground color(current-pattern (standard-foreground-pattern))(let ((circolors (apply 'cirlist colors)))(for (i 150 -3 1)(current-foreground (nextl circolors))(fill-circle 150 50 i))))(defun animate-bar (colors); animate the colors in the color list(let ((circolors (apply 'cirlist colors)))(while t(red-component (nextl circolors) 0)(red-component (car circolors) 32767)(bitmap-flush)(flush-event))))(defun animation (n)(with ((current-window (create-window '#:image:rectangle:window100 100 300 100 "tube" 1 1)))(let ((colors (modifiable-colors n)))(protect(progn (draw-bar colors)(animate-bar colors))(mapc 'kill-color colors)



GRAPHICS ENVIRONMENTS 20-5(kill-window (current-window))(bitmap-flush)))))Test the example with (animation 5) or even (animation 45). Quit by typing CONTROL-C.20.1.3 CursorThe cursor is the mouse's image on the screen. Three prede�ned cursors|standard-lelisp-cursor,standard-gc-cursor and standard-busy-cursor|are available.(current-cursor cursor) [function with an optional argument ]cursor becomes the cursor for the current screen. Called without an argument, current-cursorreturns the current cursor. cursor is a small positive integer which designates a cursor. The numberof di�erent cursors available and their image on the screen depend on the system being used.(cursor-max) [function with no arguments]Returns the largest legal argument usable in a call to the function current-cursor.(make-cursor b1 b2 x y) [function with four arguments]Returns a new cursor identi�er. b1 and b2 are bitmaps that hold the foreground drawing and thebackground pattern of the cursor. x and y are the coordinates of the `hot point' of the cursor.(make-named-cursor name) [function with one argument ]This function loads a new cursor whose name, name, must be a character string from the followinglist: � circle: transparent circle� cross: crossroads� crosshair: thin cross� diamond-cross: diamond composed of four triangles� dot: full circle� exchange: icon representing an exchange of two entities� compass: north/south/east/west icon.� left-hand: handing pointing left� heart: heart



20-6 CHAPTER 20. GRAPHICS PRIMITIVES� x-cross: x-shaped cross� left-ptr: arrow pointing left� mouse: computer mouse� pencil: pencil� pirate: skull and crossbones� plus: addition symbol� question: question mark� sizing: icon representing a size change� spray: spray can� watch: watch indicating wait time� i-beam: vertical insertion bar.The new cursor is only inserted into the list of available cursors if it was not there already. Thenamed cursors are portable, since they are similar on all Virtual Bitmap implementations.(cursor-name num) [function with one argument ]Takes a cursor number (such as the current-cursor function would supply), and returns eitherthe character string corresponding to the name of this cursor, if it is a named cursor, or () if thisis not the case. If this number does not correspond to a loaded cursor, an error is raised.(move-cursor x y) [function with two arguments]Displaces the current cursor to the global coordinate-relative point (x,y) on the screen.20.1.4 Line styleThe line style describes the way that lines are drawn. The draw-polyline, draw-rectangle,draw-circle and draw-ellipse functions all use lines that are a�ected by the line style. A numberof di�erent styles|such as dotted and double-dashed|are initally available, depending on thesystem being used.(current-line-style line-style) [function with an optional argument ]line-style becomes the line style for the current window. Called without an argument,current-line-style returns the current line style. line-style is a small positive integer whichdesignates a line style. The number of di�erent available styles and their images on the screendepend on the system being used.



GRAPHICS ENVIRONMENTS 20-7(line-style-max) [function with no arguments]Returns the biggest legal argument usable in a call to the current-line-style function.(make-line-style width style) [function with two arguments]Creates a new line-drawing style and returns its number. The new style is de�ned by width,expressed in pixels. and style, which is a positive integer that will interpreted by the particularkind of display device. For example, in X11, there are three possible styles: 0, 1 and 2.20.1.5 Fill patterns (or textures)The �ll functions fill-area, fill-rectangle, fill-circle and fill-ellipse can use single-color or two-color patterns. A pattern or texture is located by use of a pattern identi�er, a numberbetween zero and the value of (pattern-max).Single-color patterns called standard-foreground-pattern and standard-background-patterncan be used to �ll forms with the current foreground or background color.The other patterns have two color values which are independent of the foreground and backgroundcolors. A number of two-color patterns are initally available which provide a set of `gray-tones', ormixtures of colors. (See the standard-gray-pattern function.)New two-color patterns can be created using icons as the starting point. The pattern will do a �llby regularly repeating the icon image on the screen.(current-pattern pattern) [function with an optional argument ]pattern becomes the pattern for the current graphics environment. Called without an argument,current-pattern returns the current pattern. pattern is a small positive integer which designatesa pattern. The number of di�erent patterns available and their image on the screen depends on thesystem being used.(pattern-max) [function with no arguments]Returns the biggest legal value which can be used in a call to the current-pattern function.(make-pattern bitmap) [function with one argument ]Returns a new pattern identi�er. The use of this pattern in a �ll command will result in thedupli�cation of the icon bitmap to �ll the zone in question. Patterns made in this way will use theicon's colors and so are independent of the foreground and background colors.20.1.6 Drawing (combination) modeIn drawing operations, the points drawn onto the screen (the source points or source image) can becombined in various ways with the points already displayed on the screen (the destination points



20-8 CHAPTER 20. GRAPHICS PRIMITIVESor destination image). The combination, or drawing, mode does not have much signi�cance whenmore than two colors are being used. This mode only works, then, with drawing operations usingthe prede�ned standard-foreground and standard-background colors.(current-mode mode) [function with an optional argument ]mode becomes the drawing mode for the current graphics environment. Called without an argument,current-mode returns the current drawing mode. mode is a small integer which designates adrawing, or combination, mode. Sixteen modes are available, numbered from zero to 15. Eachmode indicates the manner in which the drawing primitives will combine a pixel from the graphicsenvironment (stored images, textures, etc.) and a pixel displayed on the screen.The modes are de�ned as a function of the source pixel, S, and the destination pixel, D, in thefollowing manner:S D Resulting pixelMode 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 150 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 10 1 0 0 0 0 1 1 1 1 0 0 0 0 1 1 1 11 0 0 0 1 1 0 0 1 1 0 0 1 1 0 0 1 11 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1#:mode:set [variable]#:mode:or [variable]#:mode:xor [variable]#:mode:not [variable]These variables contain the most often-used drawing modes. They have the following values:#:mode:set 3#:mode:or 7#:mode:xor 6#:mode:not 1220.1.7 Clipping zoneAll graphics operations will draw only that part of the requested image which, based on the positionat which the image is to be attached to the current window, will be included therein. One can



GRAPHICS PRIMITIVES 20-9furthermore specify a rectangular zone within the window to which images will be limited. This isparticularly useful for treating repaint-window-events, when it is only necessary to redraw thepart of the image e�ected by the event. (See the read-event function.)(current-clip x y w h) [function with zero or four arguments]The rectangle with upper left-hand corner at the point (x, y), with width w and height h becomesthe current clipping rectangle. Called without an argument, current-mode returns the currentclipping rectangle in the global variables #:clip:x, #:clip:y, #:clip:w and #:clip:h. All displayoperations are limited by this clipping rectangle. So, only those operations requested to be carriedout within this region will be performed.#:clip:x [variable]#:clip:y [variable]#:clip:w [variable]#:clip:h [variable]These variables contain the coordinates of the current clipping rectangle after a call to thecurrent-clip function without arguments.20.2 Graphics primitivesThe absolutely lowest-level primitives are the four functions de�ned in the gks graphics standard,these being draw-polyline, draw-polymarker, fill-area and draw-substring. For e�ciencyreasons, extensions to these primitives are furnished in LE-LISP. These extensions for the most partare dedicated to the display and �lling of rectangular zones, operations which are often very rapidon bitmap screens. These functions could, of course, be de�ned using gks primitives.(draw-polyline n vx vy) [function with three arguments]vx and vy are two vectors of length greater than or equal to n. This function draws the n vectorsde�ned by the sequence of points (vx[0], vy[0]) ... (vx[n-1], vy[n-1]). The line style usedto draw the vectors is determined by the value of the current line-style parameter. The currentdrawing mode determines how the vectors will be combined with objects already drawn on thescreen.For example, the following call draws a triangle:(draw-polyline 4 #[0 10 20 0] #[0 10 0 0])



20-10 CHAPTER 20. GRAPHICS PRIMITIVES(draw-polymarker n vx vy) [function with three arguments]This function is similar to the previous one, but draws only the extremities|the endpoints|of thevectors. The current drawing mode determines how the vector endpoints will be combined withobjects already present on the screen.For example, the following call draws the vertices of a triangle:(draw-polymarker 4 #[0 10 20 0] #[0 10 0 0])(fill-area n vx vy) [function with three arguments]vx and vy are two vectors of length greater than or equal to n. This function �lls the polygonde�ned by the n points whose (x,y) coordinates are given by the vectors vx and vy. The polygonis �lled by the pattern de�ned by the current value of the pattern parameter. The current drawingmode determines how the polygon will be combined with objects already drawn on the screen.For example, the following call �lls a triangular zone:(fill-area 3 #[0 10 20] #[0 10 0])(draw-substring x y s start length) [function with �ve arguments]See Chapter 18 and the description there of the minimal graphics environment.(draw-ellipse x y rx ry) [function with four arguments]Draws an ellipse whose axes are parallel to the two coordinate axes. The coordinate point (x,y)is the center of the ellipse, and rx and ry are integers representing the two half-axes of the ellipse.(fill-ellipse x y rx ry) [function with four arguments]This function is similar to the last one, except that it �lls the ellipse's outline with the currentpattern instead of drawing it.These two ellipse functions are not, strictly speaking, gks primitives, but most gks systems providesimilar functionality by means of escape functions.(clear-graph-env) [function with no arguments]See Chapter 18 for a description of the minimal graphics environment.20.3 Extended graphics functions20.3.1 Line-drawing functionsThese functions draw lines using the line current style, given by (line-style). We give theirde�nitions in terms of gks or gks-compatible primitives.



EXTENDED GRAPHICS FUNCTIONS 20-11(draw-point x y) [function with two arguments]In LE-LISP, draw-point could be de�ned in the following manner:(defun draw-point (x y)(draw-polymarker 1 (vector x) (vector y)))(draw-line x0 y0 x1 y1) [function with four arguments]In LE-LISP, draw-line could be de�ned in the following manner:(defun draw-line (x0 y0 x1 y1)(draw-polyline 2 (vector x0 x1) (vector y0 y1)))(draw-rectangle x y w h) [function with four arguments]In LE-LISP, draw-rectangle could be de�ned in the following manner:(defun draw-line (x0 y0 w h)(draw-polyline 5 (vector x0 (+ x0 w) (+ x0 w) x0 y0)(vector y0 y0 (+ y0 h) (+ y0 h) y0)))(draw-circle x y r) [function with four arguments]In LE-LISP, draw-circle could be de�ned in the following manner:(defun draw-circle (x y r)(draw-ellipse x y r r))(draw-arc x y w h angle1 angle2) [function with six arguments]This function draws an arc of a circle or an ellipse in the current window. This arc is de�ned bythe rectangle centered at x and y, of height h and width w. It draws only the portion of the ellipsebetween the two angles angle1 and angle2, expressed in degrees in a trigonometrical sense (withthe origin at 3 o'clock). Here is an example that draws the half-circle at (10, 10) with a radius of20: (draw-arc 10 10 40 40 0 180)(draw-segments n vx1 vy1 vx2 vy2) [function with �ve arguments]As the outcome of a single call, this function draws n segments in the current window. Segmentnumber i is de�ned by its two extremities: (vx[i], vy[i]) and (vx2[i], vy2[i]). The vx1,vy1, vx2 and vy2 arguments are therefore objects of vector type including at least n elements.



20-12 CHAPTER 20. GRAPHICS PRIMITIVES(draw-rectangles n vx vy vw vh) [function with �ve arguments]As the outcome of a single call, this function draws n rectangles. Rectangle number i is de�nedby (vx[i], vy[i], vw[i], vh[i]). The vx, vy, vw and vh arguments are vectors of integers. Ifone or several values are identical for all the rectangles, it is possible to pass a single integer ratherthan a vector whose values all identical.20.3.2 Fill functionsThese functions �ll zones using the current �ll pattern, given by (pattern).We give their de�nitionsin terms of gks primitives.(fill-rectangle x y w h) [function with four arguments]In LE-LISP, fill-rectangle could be de�ned in the following manner:(defun fill-rectangle (x y w h)(fill-area 4 (vector x0 (+ x0 w) (+ x0 w) x0)(vector y0 y0 (+ y0 h) (+ y0 h))))(fill-circle x y r) [function with three arguments]In LE-LISP, fill-circle could be de�ned in the following manner:(defun fill-circle (x y r)(fill-ellipse x y r r))(fill-arc x y w h angle1 angle2) [function with six arguments]This function �lls in a portion of a pie chart (circle graph) in the current window. The arc thatis �lled in is de�ned by the rectangle centered at x and y, of height h and width w. It only �llsin the portion of the ellipse between the two angles angle1 and angle2, expressed in degrees in atrigonometrical sense (with the origin at 3 o'clock). Here is an example that draws the half-circlewith its center at (10, 10), and a radius of 20:(fill-arc 10 10 20 20 0 180)(fill-rectangles n vx vy vw vh) [function with �ve arguments]Fills n rectangles in a single call. Rectangle number i is de�ned by (vx[i], vy[i], vw[i],vh[i]). The vx, vy, vw and vh arguments are vectors of integers. If one or several values areidentical for all the rectangles, it is possible to pass a single integer rather than a vector whosevalues all identical.



EXTENDED GRAPHICS FUNCTIONS 20-13(highlight-rectangle x y w h) [function with four arguments]This function inverses a rectangle, de�ned as (x, y, w, h), by interchanging the background color,current-background, with the drawing color, current-foreground, and vice versa. It thereforecauses inversion in a color-screen system. In a monochrome system, it has the same e�ect asfill-rectangle in #:mode:xor mode. Points that start out with neither the background nor theforeground color end up with an indeterminate color.20.3.3 Displaying textThese functions are de�ned in Chapter 18. They are mentioned here to remind the reader of theirexistence and form.(draw-string x y s) [function with three arguments](draw-cn x y cn) [function with three arguments](width-substring string start length) [function with three arguments](height-substring string start length) [function with three arguments](x-base-substring string start length) [function with three arguments](y-base-substring string start length) [function with three arguments](x-inc-substring string start length) [function with three arguments](y-inc-substring string start length) [function with three arguments]20.3.4 Bitmapsbitmap [structure]A bitmap is a two-dimensional bit array implemented in the form of a LISP structure as de�nedbelow.The current version of the Virtual Bitmap Display facility manipulates only tow-color bitmaps, withset bits (value 1) painted with the foreground color and the cleared bits (value 0) painted with thebackground color. The values of these two colors are determined, for any particular bitmap, at themoment the bitmap is created.



20-14 CHAPTER 20. GRAPHICS PRIMITIVES(defstruct bitmapwhextenddisplay)The w and h �elds contain the width and height of the bitmap. These are short integers. Thecontents of the extend �eld are system-dependent, although it often contains a pointer to anexternal memory zone containing the bitmap bits. This �eld cannot be manipulated by theuser. The w and h �elds can only be examined via the #:bitmap:w and #:bitmap:h functions.The bitmap's set of image points can be examined and a�ected by the #:bitmap:bitsfunction, described below.(create-bitmap w h bits) [function with two or three arguments]Creates and returns a new bitmap. The optional third argument is analogous to the secondargument of the #:bitmap:bits function. It allows the bitmap's set of image points to beinitalized from the point store.(window-bitmap window) [function with one argument ]Returns the bitmap store of the graphics environment of window. This bitmap store is sharedwith the graphics environment of window. All operations on one of these are therefore re
ectedin the other.(#:bitmap:w bitmap) [function with one argument ](#:bitmap:h bitmap) [function with one argument ]These two functions report the values of the w and h �elds of the bitmap passed as theirargument.(#:bitmap:bits bitmap bits) [function with one or two arguments]Given a single argument, #:bitmap:bits returns a LISP object representing the set of imagepoints of bitmap. With two arguments, it copies the set of points described by the LISP objectbits into bitmap. This function is particularly useful for reading and writing bitmaps, and forloading a set of prede�ned bitmaps, for example a set of icons used by another programminglanguage processor.A set of points is represented by a vector of character strings, these being of type bitvector.Each string represents a line of the bitmap. The �rst character of the �rst string describes the�rst eight bits of the �rst line of the bitmap. The most signi�cant bit in this string correspondsto the �rst (leftmost) bit in the bitmap.If a string does not contain enough characters to �ll a line of the bitmap, the remainingbits are set to a system-dependent `garbage' value. If a string contains more characters thanneeded to �ll a line, the surplus characters are ignored and do no harm.



EXTENDED GRAPHICS FUNCTIONS 20-15#* [#-macro]This macro allows character strings of type bitvector to be �lled with hexadecimal values.For example, #*aa is read as a character string of type bitvector containing the eight bits10101010. And #*012a10 is read as a character string of type bitvector containing the 24bits 000000010010101000010000.(#:bitvector:prin bitvector) [function with one argument ](#:bitmap:prin bitmap) [function with one argument ]These functions are used by the system to print a bitmap. If the #:system:print-for-read
ag is set, the bits of the bitmap are also be printed. This makes it possible for bitmaps tobe easily saved into �les.The format used to write a bitmap is determined by the 
ag that we now present.#:system:compressed-icon [variable]If this variable is not equal to (), bitmaps will be printed using a compressed mode whichgains a space factor of around �ve. This is re
ected in proportionally faster read times, too.If this 
ag is not set, then bitmaps are simply printed as they appear.It is not necessary to set this 
ag when reading in bitmaps, for the read format is automaticallydetermined from the read source. It is strongly suggested that the 
ag be set when doing I/Oon very large bitmaps.#b w h bits [#-macro]This #-macro reads in a bitmap. The required parameters w and h indicate the width andheight of the bitmap. The optional bits parameter is the LISP representation of the imagepoints of the bits bitmap. It must be a vector of character strings, each of which is a stringof type bitvector.#B(24 13) is read as #.(create-bitmap 24 13)#B(2 2 #[#*8 #*4]) is read as #.(create-bitmap 2 2 #[#*8 #*4])The latter example refers to the following little 2� 2 bitmap:+-+-+|*| |+-+-+| |*|+-+-+(defsharp |B| ()(ncons (apply 'create-bitmap (read))))



20-16 CHAPTER 20. GRAPHICS PRIMITIVES(kill-bitmap bitmap) [function with one argument ]kill-bitmap liberates the memory space used by the bitmap passed to it as an argument. Thisfunction is necessary for bitmaps that contain pointers to a memory zone external to the LE-LISPsystem. A bitmap should never be used again after this function has been applied to it.(defun kill-bitmap (bitmap)(to-bitmap 'kill-bitmap bitmap))(bmref bitmap x y) [function with three arguments](bmset bitmap x y bit) [function with four arguments]These functions are used to examine and modify the bit at coordinate (x, y) in bitmap.(bitblit b1 b2 x1 y1 x2 y2 w h) [function with eight arguments]Copies the rectangle whose upper left-hand corner is (x2,y2), with width w and height h, fromthe bitmap b2 into the bitmap b1 at coordinate point (x1,y1).The points of the source zone in b2 combine with the destination bits in b1 in one or other of thefollowing modes:� Current combination mode (see the current-mode function) if the bitmap b1 is a window.� Otherwise, in global (top window) mode.The value returned by bitblit has no particular meaning.b1 and b2 can represent the same bitmap, and this makes it possible to perform animation,scrolling and other essential graphics operations.In the following example, the joke function scrolls the screen|the bitmap of the rootwindow|from left to right:(defun joke ()(let ((b (window-bitmap (root-window))))(for (i 0 1 (bitxmax))(bitblit b b i 0 0 0 (bitxmax) (bitymax))(bitmap-flush))))#:bitmap:bytemap [structure]The bytemap type is a sub-type of bitmap type, with no additional �elds. It lets you manipulatebitmaps in 256 colors.You can create a color bitmap by calling the create-bytemap function.



EXTENDED GRAPHICS FUNCTIONS 20-17(create-bytemap w h bytes table) [function with two to four arguments]Allocates a bytemap structure whose dimensions are w and h. The third argument, if it is supplied,is the vector of byte strings indicating the index of the color of each point (from 0 to 255). Thefourth argument lets you specify the color table to be used to initialize the bitmap. For example,we can write the following code:? (create-bytemap 10 10)= #BC(10 10 #[])?? (create-bytemap 10 10#[#*00010203040500010203#* ...... ]'(#[0 0 0 0 ()]#[1 24576 24576 24576 ()]#[2 0 24576 24576 ()]#[3 24576 0 0 ()]#[4 0 0 24576 ()]#[5 0 24576 0 t]))= #BC(10 10 #[])Each vector of the color table is composed of the following values, in this order:� Color number� Red component� Green component� Blue component� Indicator of a mutable color.Each occurrence of a color number will be replaced, if need be, by the the closest color in thecurrent color table (obtained through the all-colors function). Mutable colors are replaced,if possible, by the closest mutable colors in the color table. The `closeness' between two colorsis evaluated by obtaining the sum of di�erences, component by component.#BC [#-macro]The Bmacro-character lets you de�ne color bitmaps. Consider the following examples of code:#BC(10 10)and(create-bytemap 10 10)They are equivalent.



20-18 CHAPTER 20. GRAPHICS PRIMITIVES(#:bitmap:bytes bytemap bytes) [function with one or two arguments]This function lets you set or consult the totality of bytemap.(byteref bytemap i j) [function with three arguments]For the point whose coordinates are i and j, this function returns the index of its color inthe color table.(byteset bytemap i j col) [function with four arguments]This function sets the point whose coordinates are i and j to the color whose index is colin the color table.(substitute-color bytemap oldcol newcol) [function with three arguments]This function lets you change the oldcol color to newcol throughout the entire bytemap.(subst-colors bytetmap l) [function with two arguments]The l argument is a list of the form ((old1. new1)... (oldn. newn)). Here, oldi andnewi are instances of the color class. This function lets you replace, in bytemap, all thepoints whose color is oldi by the color newi. This function has no e�ect on a monochromebitmap. The subst-colors function returns the obsolete substitute-color function.(send '#:bitmap:bytemap:prin bitmap) [method with one argument ]This function is used by the system to print a color bitmap. If the #:system:print-for-readindicator is set, the bits of the bitmap are also printed, as well as the current color table.20.3.5 Compatibility between types of bitmapsThe functions described above, as well as the similar functions that operate on black and whitebitmaps (bmset, bmref : : : ), can be applied both to objects of bitmap type and to those of bytemaptype.You can de�ne and use color bitmaps in a monochrome environment. The create-bytemap functionthen creates bitmap objects, and all the functions that operate on bytemap objects behave in thesame way as those that operate on bitmap objects.
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0-2(acons s1 s2 al) [function with three arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-65(acosh z) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 10-10(acos x) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 4-10(activate-menu menu x y) [function with three arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 19-10(add-event event) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 19-6(add-event gx gy code) [function with three arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 19-7(add-feature symb) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-75(add1 x) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 4-13(addprop pl pval ind) [function with three arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-76(add x y) [function with two arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 4-13(adjoin item list eq-func) [function with two or three arguments] : : : : : : : : : : : : : : : : : : : : : : : 3-107(all-colors screen) [function with an optional argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 18-6(allcar l) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-8(allow-event display event) [function with two arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : 19-8(allowed-event-p display event) [function with two arguments] : : : : : : : : : : : : : : : : : : : : : : : 19-8(alphalessp str1 str1) [function with two arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-91(and s1 : : : sn) [special form] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-28(any fn l1 : : : ln) [function with a variable number of arguments] : : : : : : : : : : : : : : : : : : : : : : : : : 3-11(append1 l s) [function with two arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-55(append l1 : : : ln) [function with a variable number of arguments] : : : : : : : : : : : : : : : : : : : : : : : : : 3-54(apply fn s1 : : : sn l) [function with a variable number of arguments] : : : : : : : : : : : : : : : : : : : : : 3-7(aref array i1 : : : in) [function with a variable number of arguments] : : : : : : : : : : : : : : : : : : : : : 3-103(arg n) [function with an optional argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-5array [feature] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-103ascii-event [event ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 19-3(asciip cn) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-98(ascii cn) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-97(aset array i1 : : : in e) [function with a variable number of arguments] : : : : : : : : : : : : : : : : : : 3-104(asinh z) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 10-9(asin x) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 4-10(assoc s al) [function with two arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-66(assq symb al) [function with two arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-65(at-end return-code) [function with an optional argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 7-17at-end [programmable interrupt ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 7-17



0-3(atanh z) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 10-10(atan x) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 4-10(atomp s) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-43(atom s) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-43(autoload file sym1 : : : symn) [special form] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-54(backtrack symb l e1 : : : en) [special form] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-41#<base>r [#-macro] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-25#BC [#-macro] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 20-17(bitblit b1 b2 x1 y1 x2 y2 w h) [function with eight arguments] : : : : : : : : : : : : : : : : : : : : : : : 20-16(bitepilogue screen) [function with an optional argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 18-4(bitmap-flush screen) [function with an optional argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 18-6(bitmap-refresh screen) [function with an optional argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : 18-6(bitmap-restore screen) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 18-5(bitmap-save screen) [function with an optional argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 18-4(bitmap-sync display) [function with an optional argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 18-6(#:bitmap:bits bitmap bits) [function with one or two arguments] : : : : : : : : : : : : : : : : : : : : : : 20-14(send '#:bitmap:bytemap:prin bitmap) [method with one argument ] : : : : : : : : : : : : : : : : : : : 20-18#:bitmap:bytemap [structure] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 20-16(#:bitmap:bytes bytemap bytes) [function with one or two arguments] : : : : : : : : : : : : : : : : : : 20-18(#:bitmap:h bitmap) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 20-14(#:bitmap:prin bitmap) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 20-15(#:bitmap:w bitmap) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 20-14bitmap [structure] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 20-13(bitprologue name device) [function with one or two optional arguments] : : : : : : : : : : : : : : : : : 18-3(#:bitvector:prin bitvector) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : 20-15(bitxmax screen) [function with an optional argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 18-5(bitymax screen) [function with an optional argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 18-5(block symb e1 : : : en) [special form] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-33(bltscreen sd ss w h) [function with four or twelve arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : 15-9(bltstring str1 n1 str2 n2 n3) [function with four or �ve arguments] : : : : : : : : : : : : : : : : : : 3-94(bltvector vect1 n1 vect2 n2 n3) [function with �ve arguments] : : : : : : : : : : : : : : : : : : : : : : : 3-102(blue-component color value) [function with one or two arguments] : : : : : : : : : : : : : : : : : : : : : 20-4(bmref bitmap x y) [function with three arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 20-16(bmset bitmap x y bit) [function with four arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 20-16



0-4(boblist n) [function with an optional argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-85(bol) [function with no arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-43bol [programmable interrupt ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-42(boundp symb) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-69(break) [function with no arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 11-7(byteref bytemap i j) [function with three arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 20-18(byteset bytemap i j col) [function with four arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 20-18#b w h bits [#-macro] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 20-15(c----r l) [functions of one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-49(callextern address type v1 t1 : : : vn tn) [function with a variable number of arguments]14-2(cartesian-product set1 set2) [function with two arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : 3-109(car l) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-49(cascii ch) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-97(cassoc s al) [function with two arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-67(cassq symb al) [function with two arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-66(catch-all-but l s1 : : : sn) [special form] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-41(catcherror i s1 : : : sn) [special form] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 7-8(catenate str1 : : : strn) [function with a variable number of arguments] : : : : : : : : : : : : : : : : : : 3-91cbcom [character type] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-14cdot [character type] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-14(cdr l) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-49cecom [character type] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-14(ceiling n) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 4-4(channel chan) [function with an optional argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-50(chrnth n strg) [function with two arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-93(chrpos cn strg pos) [function with two or three arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-93(chrset n strg cn) [function with three arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-94(circopy e) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 9-13(cirequal e1 e2) [function with two arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 9-13(cirlist e1 : : : en) [function with a variable number of arguments] : : : : : : : : : : : : : : : : : : : : : : : : 3-62(cirnequal e1 e2) [function with two arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 9-13(cirprinflush e) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 9-13(cirprint e) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 9-13(cirprin e) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 9-13



0-5(cis r) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 10-9(clear-graph-env) [function with no arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 18-21(clear-graph-env) [function with no arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 20-10client-message [event ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 19-5#:clip:h [variable] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 20-9#:clip:w [variable] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 20-9#:clip:x [variable] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 20-9#:clip:y [variable] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 20-9(cload string) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 14-6(clockalarm n) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 7-4(clock) [function with no arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 7-4clock [programmable interrupt ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 7-4(close chan) [function with an optional argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-50(closure lvar fn) [function with two arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-22clpar [character type] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-14(clrhash ht) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-106cmacro [character type] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-15cmsymb [character type] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-16cnull [character type] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-14(combine-pathnames path1 path2) [function with two arguments] : : : : : : : : : : : : : : : : : : : : : : : 6-70(comline strg) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 7-24(comment e1 : : : en) [special form] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-6(compile-all-in-core print loader) [function with zero, one or two optional arguments] : 13-2(compilefiles source object) [function with two arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : 13-3(compilemodule module ind) [function with one or two arguments] : : : : : : : : : : : : : : : : : : : : : : : 13-17#:compiler:open-p [variable] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 13-4(compiler source status print loader) [function with four arguments] : : : : : : : : : : : : : : : : : 13-2compiler [feature] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 13-1(compile source status print loader) [special form with one, two, three or four arguments]13-2(complexp c) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 10-6complex [feature] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 10-1#:complice:no-warning [variable] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 13-19#:complice:parano-flag [variable] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 13-18#:complice:warning-flag [
ag ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 13-19



0-6complice [feature] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 13-1(concat str1 : : : strn) [function with a variable number of arguments] : : : : : : : : : : : : : : : : : : : : : 3-83(cond l1 : : : ln) [special form] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-29(conjugate c) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 10-8(consp s) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-45(constantp s) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-43(cons s1 s2) [function with two arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-52(control-file-pathname name path) [function with one or two arguments] : : : : : : : : : : : : : : : 6-72(copyfile ofile nfile) [function with two arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-53(copylist l) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-55(copy s) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-56(core-init-std msg) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 7-15(cosh z) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 10-9(cos x) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 4-10cpkgc [character type] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-15cpname [character type] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-15cquote [character type] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-14(create-bitmap w h bits) [function with two or three arguments] : : : : : : : : : : : : : : : : : : : : : : : : 20-14(create-bytemap w h bytes table) [function with two to four arguments] : : : : : : : : : : : : : : : : 20-17(create-directory dir) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-53(create-menu ti n1 v1 : : : nn vn) [function with a variable number of arguments] : : : : : : : : : 19-10(create-subwindow type x y w h ti hi vi fa) [function with nine arguments] : : : : : : : : : 18-13(create-window type x y w h ti hi vi) [function with eight arguments] : : : : : : : : : : : : : : : : 18-13crpar [character type] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-14(csend fndef symb o p1 : : : pn) [function with a variable number of arguments] : : : : : : : : : : : : 5-11csep [character type] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-15csplice [character type] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-15(cstack) [function with no arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 7-11cstring [character type] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-15csymb [character type] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-15(curread) [function with no arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-7(current-background color) [function with an optional argument ] : : : : : : : : : : : : : : : : : : : : : : : 20-3(current-clip x y w h) [function with zero or four arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : 20-9(current-cursor cursor) [function with an optional argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : 20-5



0-7(current-directory path) [function with an optional argument ] : : : : : : : : : : : : : : : : : : : : : : : : : 6-73(current-display screen) [function with an optional argument ] : : : : : : : : : : : : : : : : : : : : : : : : : 18-3(current-font font) [function with an optional argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 20-2(current-foreground color) [function with an optional argument ] : : : : : : : : : : : : : : : : : : : : : : : 20-3(current-keyboard-focus-window win) [function with an optional argument ] : : : : : : : : : : : : 18-16(current-language language) [function with an optional argument ] : : : : : : : : : : : : : : : : : : : : : : 9-15(current-line-style line-style) [function with an optional argument ] : : : : : : : : : : : : : : : : : 20-6(current-mode mode) [function with an optional argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 20-8(current-pattern pattern) [function with an optional argument ] : : : : : : : : : : : : : : : : : : : : : : : : 20-7(current-window win) [function with an optional argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 18-16(cursor-max) [function with no arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 20-5(cursor-name num) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 20-6C_LL_FIX [Fonction C ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 14-13C_LL_FLOAT [Fonction C ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 14-14#C [#-macro] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 10-6(debug-command cn) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 11-12(debugend) [function with no arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 11-1(debug s) [special form] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 11-7debug [feature] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 11-1(decr symb n) [special form] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-74(defabbrev sym1 sym2) [macro] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 5-13(default-language language) [function with an optional argument ] : : : : : : : : : : : : : : : : : : : : : : 9-15*default-pathname-defaults* [variable] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-69(default-window-type screen type) [function with one or two arguments] : : : : : : : : : : : : : : : 18-7(defesckey key e1 : : : en) [special form] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 16-3(defextern-cache flag) [special form] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 14-5(defextern symb ltype type) [special form] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 14-2(define-window-property-accessor prop) [macro] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 18-15(defkey key e1 : : : en) [special form] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 16-3(defmacro-open name : : : fval) [special form] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 13-5(defmacro symb lvar s1 : : : sn) [special form] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-19(defmake type fn (field1 : : : fieldn)) [macro] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 5-17(defmessage message def1 : : : defn) [macro] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 9-17(defprop pl pval ind) [special form] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-77



0-8(defrecord symbol field1 : : : fieldn) [macro] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 5-16(defsetf access lparams store . body) [macro] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-24(defsharp ch larg s1 : : : sN) [special form] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-24(defstruct struct field1 : : : fieldn) [macro] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 5-2defstruct [feature] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 5-1(deftclass symbol field1 : : : fieldn) [macro] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 5-16(defun symb lvar s1 : : : sn) [special form] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-18(defvar symb e) [special form] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-70(delete-directory dir) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-53(deletefile file) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-53(delete s l) [function with two arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-64#n [#-macro] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-24(delq symb l) [function with two arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-64(demethod ftclassg:name (obj p1 : : : pn) (f1 : : : fn) . body) [macro] : : : : : : : : : : : : : : 5-18(denominator f) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 10-5(deposit-byte n np nl m) [function with four arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 4-18(deposit-field n np nl m) [function with four arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 4-18(desetq l1 l2) [special form] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-72(deset l1 l2) [function with two arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-72(device-namestring path) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-70(de symb lvar s1 : : : sn) [special form] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-18(df symb lvar s1 : : : sn) [special form] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-18(difference x1 : : : xn) [function with a variable number of arguments] : : : : : : : : : : : : : : : : : : : : 4-25(differ x1 : : : xn) [function with a variable number of arguments] : : : : : : : : : : : : : : : : : : : : : : : : : 4-25(digitp cn) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-98(directory-namestring path) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-70(directoryp path) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-73(disallow-event display event) [function with two arguments] : : : : : : : : : : : : : : : : : : : : : : : : : 19-8(displace l ln) [function with two arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-60(display-depth display) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 18-7(display-get-font-info display font-name font-info) [function with two orthree arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 18-25(display-get-font-names display max pattern) [function with two or three arguments] : 18-25(display-get-selection display) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : 19-11



0-9(display-store-selection display buffer) [function with two arguments] : : : : : : : : : : : : : 19-11(display-synchronize display flag) [function with one or two arguments] : : : : : : : : : : : : : : 18-7(divide x y) [function with two arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 4-26(div x y) [function with two arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 4-13(dmc ch () s1 : : : sn) [special form] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-18(dmd symb lvar s1 : : : sn) [special form] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-19(dms ch () s1 : : : sn) [special form] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-19(dm symb lvar s1 : : : sn) [special form] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-19(do* lv lr ec1 : : : ecn) [macro] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-37(dont-compile exp1 : : : expn) [special form] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 13-3down-event [event ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 19-2(do lv lr ec1 : : : ecn) [macro] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-35drag-event [event ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 19-2(draw-arc x y w h angle1 angle2) [function with six arguments] : : : : : : : : : : : : : : : : : : : : : : : : 20-11(draw-circle x y r) [function with four arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 20-11(draw-cn x y cn) [function with three arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 18-21(draw-cn x y cn) [function with three arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 20-13(draw-cursor x y i) [function with three arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 18-21(draw-ellipse x y rx ry) [function with four arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 20-10(draw-line x0 y0 x1 y1) [function with four arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 20-11(draw-point x y) [function with two arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 20-11(draw-polyline n vx vy) [function with three arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 20-9(draw-polymarker n vx vy) [function with three arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 20-10(draw-rectangles n vx vy vw vh) [function with �ve arguments] : : : : : : : : : : : : : : : : : : : : : : : : 20-12(draw-rectangle x y w h) [function with four arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 20-11(draw-segments n vx1 vy1 vx2 vy2) [function with �ve arguments] : : : : : : : : : : : : : : : : : : : : : 20-11(draw-string x y s) [function with three arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 18-21(draw-string x y s) [function with three arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 20-13(draw-substring x y s start length) [function with �ve arguments] : : : : : : : : : : : : : : : : : : : 18-22(draw-substring x y s start length) [function with �ve arguments] : : : : : : : : : : : : : : : : : : : 20-10(ds symb type adr) [special form] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-20(duplstring n strg) [function with two arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-92E.0 [Complice error message] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 13-20E.1 [Complice error message] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 13-20



0-10E.2 [Complice error message] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 13-20E.3 [Complice error message] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 13-20E.4 [Complice error message] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 13-21E.5 [Complice error message] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 13-21E.6 [Complice error message] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 13-21(edlin) [function with no arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 17-1edlin [feature] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 17-1(end return-code) [function with an optional argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 7-17(enough-namestring path default) [function with one or two arguments] : : : : : : : : : : : : : : : : 6-71enterwindow-event [event ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 19-3(eof chan) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-52eof [programmable interrupt ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-52(eol) [function with no arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-46eol [programmable interrupt ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-45(eprogn l) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-3(eqn x y) [function with two arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 4-14(eqstring str1 str2) [function with two arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-91(equal-pathname path1 path2) [function with two arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-65(equal s1 s2) [function with two arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-47(eqvector vect1 vect2) [function with two arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-101(eq s1 s2) [function with two arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-46(error s1 s2 s3) [function with three arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 7-8(errset e i) [macro] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 7-9(err s1 : : : sn) [special form] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 7-9(eval-when moments . expressions) [function with a variable number of arguments] : : : : : : : 13-13(eval s env) [function with one or two arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-2(even? z) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 10-4(evenp x) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 4-14event-loop [feature] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-57(event-mode mode) [function with an optional argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 19-5(eventp) [function with no arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 19-6(event event) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 19-9event [programmable interrupt ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 19-8event [structure] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 19-2



0-11(every fn l1 : : : ln) [function with a variable number of arguments] : : : : : : : : : : : : : : : : : : : : : : : 3-11(evexit s s1 : : : sn) [special form] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-38(evlis l) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-2(evlis l) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-61(evloop-add-display display manage-fct) [function with two arguments] : : : : : : : : : : : : : : 6-60(evloop-add-input fd manage-fct arg-to-use) [function with three arguments] : : : : : : : : : 6-58(evloop-add-output fd manage-fct arg-to-use) [function with three arguments] : : : : : : : : 6-59(evloop-allow-tty-input) [function with no arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-58(evloop-change-manage-function fd new-manage-fct new-arg-to-use) [functionwith three arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-58(evloop-change-output-manage-function fd new-manage-fct new-arg-to-use)[function with three arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-60(evloop-disallow-tty-input) [function with no arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-58(evloop-display-managed-p display) [function with one argument ] : : : : : : : : : : : : : : : : : : : : 6-60(evloop-initialized-p) [function with no arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-59(evloop-init) [function with no arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-57(evloop-input-managedp fd) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-59(evloop-readp fd) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-59(evloop-remove-display display) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : 6-60(evloop-remove-input fd) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-58(evloop-remove-output fd) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-60(evloop-restart) [function with no arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-58(evloop-select) [function with no arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-58(evloop-set-timeout-handler handler) [function with one argument ] : : : : : : : : : : : : : : : : : : 6-59(evloop-set-timeout secs millisecs) [function with two arguments] : : : : : : : : : : : : : : : : : : : 6-59(evloop-stop) [function with no arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-58(evloop-wait) [function with no arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-59(evtag s s1 : : : sn) [special form] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-38(ex* x y z) [function with three arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 4-21(ex+ x y) [function with two arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 4-20(ex- x) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 4-20(ex/ x y) [function with two arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 4-21(ex1+ x) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 4-20#:ex:mod [variable] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 4-7



0-12#:ex:regret [variable] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 4-20(ex? x y) [function with two arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 4-22(exchstring strg1 strg2) [function with two arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-88(exchvector vect1 vect2) [function with two arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-102(exit symb s1 : : : sn) [special form] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-38(expand-pathname path) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-67(explodech s) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-39(explode s) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-39(exp x) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 4-11(fact n) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 10-4(fadd x y) [function with two arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 4-22(false e1 : : : en) [function with a variable number of arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : 3-42(fdiv x y) [function with two arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 4-23(featurep symb) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-75(feqn x y) [function with two arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 4-23(fge x y) [function with two arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 4-23(fgt x y) [function with two arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 4-23(fib n) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 10-4(field-list symbol) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 5-17(file-namestring path) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-69(fill-arc x y w h angle1 angle2) [function with six arguments] : : : : : : : : : : : : : : : : : : : : : : : : 20-12(fill-area n vx vy) [function with three arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 20-10(fill-circle x y r) [function with three arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 20-12(fill-ellipse x y rx ry) [function with four arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 20-10(fill-rectangles n vx vy vw vh) [function with �ve arguments] : : : : : : : : : : : : : : : : : : : : : : : : 20-12(fill-rectangle x y w h) [function with four arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 20-12(fillstring strg n1 cn n2) [function with three or four arguments] : : : : : : : : : : : : : : : : : : : : : : 3-95(fillvector vect n1 e n2) [function with three or four arguments] : : : : : : : : : : : : : : : : : : : : : : : 3-102(find-window x y) [function with two arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 18-19(findfn s) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-79(firstn n l) [function with two arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-57(fixp x) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 4-2(fix x) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 4-3(flambda l s1 : : : sn) [special form] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-6



0-13(flet l s1 : : : sn) [special form] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-23(fle x y) [function with two arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 4-24(floatp x) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 4-3(float x) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 4-4(floor n) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 4-3(flt x y) [function with two arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 4-24(flush-event) [function with no arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 19-6(flush) [function with no arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-46flush [programmable interrupt ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-46(fmax x y) [function with two arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 4-24(fmin x y) [function with two arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 4-24(fmul x y) [function with two arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 4-22(fneqn x y) [function with two arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 4-23(font-ascent) [function with no arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 18-25(font-height) [function with no arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 18-25(font-max) [function with no arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 20-2(font-name font) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 20-2(format dest cntrl e1 : : : en) [function with two or more arguments] : : : : : : : : : : : : : : : : : : : : 9-1format [feature] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 9-1(for (var in ic ntl e1 : : : em) s1 : : : sn) [special form] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-32(freecons cons) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 7-22(freetree tree) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 7-23(fsub x y) [function with two arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 4-22(funcall fn s1 : : : sn) [function with a variable number of arguments] : : : : : : : : : : : : : : : : : : : : 3-7(function fn) [special form] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-5(gc-before-alarm) [function with no arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 7-22gc-before-alarm [programmable interrupt ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 7-22(gcalarm) [function with no arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 7-22gcalarm [programmable interrupt ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 7-22(gcd z1 : : : zn) [function with a variable number of arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 10-4(gcinfo i) [function with an optional argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 7-20(gc i) [function with an optional argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 7-20(genarith) [arithmetic interrupt ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 4-2(gensym) [function with no arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-84



0-14(get-abbrev symb) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 5-14(get-all-messages language) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 9-17(get-message-p message) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 9-16(get-message message) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 9-16(get-rgb-values pixel) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 20-3(getdefmodule defmod key) [function with two arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 13-16(getdef symb) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-80(getenv strg) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 7-24(getfn1 pkgc fn) [function with two arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 5-7(getfn1 pkgc symb) [function with two arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-82(getfn2 pkgc1 pkgc2 fn) [function with three arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 5-8(getfn pkgc symb lastpkgc) [function with two or three arguments] : : : : : : : : : : : : : : : : : : : : : : : 3-82(getfn pkgc1 fn pkgc2) [function with two or three arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : 5-8(getglobal strg) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 14-1(gethash key ht default) [function with two or three arguments] : : : : : : : : : : : : : : : : : : : : : : : : : 3-105(getl pl l) [function with two arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-76(getprop pl ind) [function with two arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-75(get pl ind) [function with two arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-75(ge x y) [function with two arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 4-15(go symb) [special form] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-34(grab-event window) [function with an optional argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 19-7(green-component color value) [function with one or two arguments] : : : : : : : : : : : : : : : : : : : : 20-4(gt x y) [function with two arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 4-15(hanoiend) [function with no arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 15-11(hanoi n) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 15-10(has-an-abbrev symb) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 5-14(hash-table-count ht) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-106(hash-table-p obj) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-105(hash strg) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-90hash [feature] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-104(height-space) [function with no arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 18-24(height-substring string start length) [function with three arguments] : : : : : : : : : : : : : : 18-23(height-substring string start length) [function with three arguments] : : : : : : : : : : : : : : 20-13(herald) [function with no arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 7-16



0-15(highlight-rectangle x y w h) [function with four arguments] : : : : : : : : : : : : : : : : : : : : : : : : : 20-13(host-namestring path) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-70(ibase n) [function with an optional argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-12(identity s) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-5(ifn s1 s2 s3 : : : sn) [special form] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-27(if s1 s2 s3 : : : sn) [special form] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-26(#:image:rectangle:window:current-keyboard-focus-window w) [functionwith one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 18-20(#:image:rectangle:window:current-window win) [function with one argument ] : : : : : : 18-20(#:image:rectangle:window:kill-window win) [function with one argument ] : : : : : : : : : : 18-20(#:image:rectangle:window:map-window win x y symbx symby) [function with�ve arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 18-20(#:image:rectangle:window:modify-window win left top w h ti hi vi) [functionwith eight arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 18-20(#:image:rectangle:window:move-behind-window win1 win2) [function withtwo arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 18-20(#:image:rectangle:window:pop-window win) [function with one argument ] : : : : : : : : : : : 18-20(#:image:rectangle:window:prop w v) [function with one or two arguments] : : : : : : : : : : : : 18-15(#:image:rectangle:window:uncurrent-window win) [function with one argument ] : : : : 18-20#:image:rectangle:window [structure] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 18-11(imagpart c) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 10-8(imax x y) [function with two arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 4-16(imin x y) [function with two arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 4-15(implodech s) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-40(implode ln) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-39(inbuf n cn) [function with one or two optional arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-42(inchan chan) [function with an optional argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-49(incr symb n) [special form] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-74(index str1 str2 n) [function with two or three arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-95(inibitmap symbol) [function with an optional argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 18-1(initty symb) [function with an optional argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 15-1(inmax n) [function with an optional argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-42(inpos n) [function with an optional argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-42(input file) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-50(integerp z) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 10-3



0-16(intersection list1 list2 eq-func) [function with two or three arguments] : : : : : : : : : : : : : 3-107(itsoft symb larg) [function with two arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 7-2keyboard-focus-event [event ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 19-4(kill-bitmap bitmap) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 20-16(kill-color color) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 20-4(kill-menu menu) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 19-10kill-window-event [event ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 19-3(kill-window win) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 18-17(kwote s) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-54(lambda l s1 : : : sn) [special form] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-6(large-roman-font screen) [function with an optional argument ] : : : : : : : : : : : : : : : : : : : : : : : : 18-7(lastn n l) [function with two arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-57(last s) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-51leavewindow-event [event ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 19-3(length s) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-51(let* lv s1 : : : sn) [special form] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-15(letn symb lv s1 : : : sn) [special form] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-16(lets lv s1 : : : sn) [special form] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-15(letterp cn) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-98(letvq lvar lval s1 : : : sn) [special form] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-15(letv lvar lval s1 : : : sn) [special form] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-14(let lv s1 : : : sn) [special form] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-13(le x y) [function with two arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 4-15(lhoblist strg) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-85(libautoload file sym1 : : : symn) [special form] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-57#:libcir:package-parano [variable] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 9-13libcir [feature] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 9-12(libloadfile file i) [function with two arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-56(libload file i) [special form] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-56(line-style-max) [function with no arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 20-7(list-features) [function with no arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-75(listp s) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-45(list s1 : : : sn) [function with a variable number of arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-53(llcp-std name) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 7-14



0-17LL_C_FIX [Fonction C ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 14-13LL_C_FLOAT [Fonction C ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 14-14(lmargin n) [function with an optional argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-44(load-byte-test n np nl) [function with three arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 4-19(load-byte n np nl) [function with three arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 4-18(load-cpl im min ed env ld cmp) [function with one to six arguments] : : : : : : : : : : : : : : : : : : : 7-15(load-font string) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 20-2(load-std im min ed env ld cmp) [function with one to six arguments] : : : : : : : : : : : : : : : : : : : 7-14(load-stm im min ed env ld cmp) [function with one to six arguments] : : : : : : : : : : : : : : : : : : : 7-14(loadfile file i) [function with two arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-54(loadmodule module reload-p interpreted-p) [function with one, two or three arguments] 13-16(loadobjectfile file) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 13-12(load file i) [special form] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-54(lock fn s1 : : : sn) [special form] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-39(log10 x) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 4-11(logand x y) [function with two arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 4-16(lognot x) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 4-16(logor x y) [function with two arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 4-17(logshift x y) [function with two arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 4-17(logxor x y) [function with two arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 4-17(log x) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 4-11(lowercase cn) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-98(lt x y) [function with two arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 4-15(macro-openp name) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 13-5(macroexpand1 s) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-20(macroexpand s) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-21(make-color red green blue) [function with three arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : 20-3(make-cursor b1 b2 x y) [function with four arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 20-5(make-hash-table-equal) [function with no arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-105(make-hash-table-eq) [function with no arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-105(make-line-style width style) [function with two arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : 20-7(make-macro-open name fval) [function with two arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : 13-5(make-mutable-color red green blue) [function with three arguments] : : : : : : : : : : : : : : : : : : 20-3(make-named-color name) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 20-3



0-18(make-named-cursor name) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 20-5(make-pathname element1 : : : elementn) [function with a variable number of arguments] : : : 6-69(make-pattern bitmap) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 20-7(make-window win) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 18-13(makearray a1 : : : an s) [function with a variable number of arguments] : : : : : : : : : : : : : : : : : : : 3-103(makecomplex c i) [function with two arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 10-7(makedef symb ftyp fval) [function with three arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-80(makelist n s) [function with two arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-54(makestring n cn) [function with two arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-92(makevector n s) [function with two arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-99(makunbound symb) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-71(map-window win x y symbx symby) [function with �ve arguments] : : : : : : : : : : : : : : : : : : : : : : : 18-19map-window [event ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 19-4(mapcan fn l1 : : : ln) [function with a variable number of arguments] : : : : : : : : : : : : : : : : : : : : : : 3-10(mapcar fn l1 : : : ln) [function with a variable number of arguments] : : : : : : : : : : : : : : : : : : : : : : 3-9(mapcoblist fn) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-12(mapcon fn l1 : : : ln) [function with a variable number of arguments] : : : : : : : : : : : : : : : : : : : : : : 3-9(mapc fn l1 : : : ln) [function with a variable number of arguments] : : : : : : : : : : : : : : : : : : : : : : : : 3-8(maphash fnt ht) [function with two arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-106(maplist fn l1 : : : ln) [function with a variable number of arguments] : : : : : : : : : : : : : : : : : : : : 3-9(maploblist fn) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-12(mapl fn l1 : : : ln) [function with a variable number of arguments] : : : : : : : : : : : : : : : : : : : : : : : : 3-8(mapoblist fn) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-12(mapvector fn vect) [function with two arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-11(map fn l1 : : : ln) [function with a variable number of arguments] : : : : : : : : : : : : : : : : : : : : : : : : : 3-8(mask-field n np nl) [function with three arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 4-18(max x1 : : : xn) [function with a variable number of arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 4-7(mcons s1 : : : sn) [function with a variable number of arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : 3-52(member s l) [function with two arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-50(memq symb l) [function with two arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-49(menu-delete-item-list menu choice) [function with two arguments] : : : : : : : : : : : : : : : : : : 19-11(menu-delete-item menu choice item) [function with three arguments] : : : : : : : : : : : : : : : : : : 19-11(menu-insert-item-list menu choice string active) [function with four arguments] : : 19-10



0-19(menu-insert-item menu choice item string active value) [function with sixarguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 19-11(menu-modify-item-list menu choice string active) [function with four arguments] : : 19-11(menu-modify-item menu choice item string active value) [function with sixarguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 19-11(merge-pathnames path default-path) [function with two arguments] : : : : : : : : : : : : : : : : : : : 6-70(message-languages) [function with no arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 9-16messages [feature] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 9-14microceyx [feature] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 5-15(minusp x) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 4-10(min x1 : : : xn) [function with a variable number of arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 4-7(mlambda l s1 : : : sn) [special form] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-6#:mode:not [variable] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 20-8#:mode:or [variable] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 20-8#:mode:set [variable] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 20-8#:mode:xor [variable] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 20-8modify-window-event [event ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 19-3(modify-window win x y w h ti hi vi) [function with eight arguments] : : : : : : : : : : : : : : : : : 18-17#:module:compiled-list [variable] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 13-17#:module:interpreted-list [variable] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 13-17(modulo x y) [function with two arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 4-6(move-behind-window win1 win2) [function with two arguments] : : : : : : : : : : : : : : : : : : : : : : : : 18-19(move-cursor x y) [function with two arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 20-6move-event [event ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 19-2(move-resize-window win x y w h) [function with �ve arguments] : : : : : : : : : : : : : : : : : : : : : : 18-18(move-window win x y) [function with three arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 18-18(mul x y) [function with two arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 4-13#M [sharp macro] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 9-16#m [sharp macro] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 9-16(#n=) [#-macro] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 9-12(name-to-rgb name) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 20-3(namestring path) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-65(nconc1 l s) [function with two arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-62(nconc l1 : : : ln) [function with a variable number of arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : 3-61



0-20(ncons s) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-52(neqn x y) [function with two arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 4-14(nequal s1 s2) [function with two arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-48(neq s1 s2) [function with two arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-47(newl symb s) [special form] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-73(newr symb s) [special form] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-73(new struct) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 5-2(nextl sym1 sym2) [special form] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-73(nintersection list1 list2 eq-func) [function with two or three arguments] : : : : : : : : : : : : 3-108(nlistp s) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-46! [macro character ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-32' [macro character ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-20(** n m) [function with two arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 10-5(* x1 : : : xn) [function with a variable number of arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 4-5(+ x1 : : : xn) [function with a variable number of arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 4-4(- x1 : : : xn) [function with a variable number of arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 4-5(// x y) [function with one or two arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 4-6(/= x y) [function with two arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 4-8(/ x y) [function with one or two arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 4-6(1+ x) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 4-5(1- x) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 4-5(2** n) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 4-17(<= x1 x2 : : : xn) [function with a variable number of arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : 4-9(<> x y) [function with two arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 4-8(<?> x y) [function with two arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 4-8(< x1 x2 : : : xn) [function with a variable number of arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : 4-9(= x1 x2 : : : xn) [function with a variable number of arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : 4-8(>= x1 x2 : : : xn) [function with a variable number of arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : 4-8(> x1 x2 : : : xn) [function with a variable number of arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : 4-9,. [macro character ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-21,@ [macro character ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-21, [macro character ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-21[ [macro character ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 10-6[ [macro character ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-20



0-21#" [#-macro] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-26#<> [non-Lisp pointer ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-37#' [#-macro] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-26#( [#-macro] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-27#* [#-macro] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 20-15#+ [#-macro] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-27#- [#-macro] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-27#. [#-macro] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-26#/ [#-macro] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-24#: [#-macro] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-26#[ [#-macro] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-27#% [#-macro] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-25#| [#-macro] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-27# [macro character ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-23` [macro character ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-20| [inside #-macro] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-26(not s) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-43(nreconc l s) [function with two arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-63(nreverse l) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-62(nset-difference list1 list2 eq-func) [function with two or three arguments] : : : : : : : : : 3-108(nset-exclusive-or list1 list2 eq-func) [function with two or three arguments] : : : : : : : 3-108(nsubst s1 s2 l) [function with three arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-63(nthcdr n l) [function with two arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-50(nth n l) [function with two arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-51(null s) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-42(numberp s) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-44(numberp x) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 4-2(numerator f) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 10-5(nunion list1 list2 eq-func) [function with two or three arguments] : : : : : : : : : : : : : : : : : : : : 3-107(#n#) [#-macro] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 9-12(obase n) [function with an optional argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-38(objval symb s) [function with one or two arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-82(oblist pkgc symb) [function with zero, one or two arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-84(oddp x) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 4-14



0-22(ogetq tclass-or-record field obj) [macro] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 5-17(omakeq type field1 val1 : : : fieldn valn) [macro] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 5-17(omatchq tclass obj) [macro] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 5-18(openab file) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-49(opena file) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-49(openib file) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-49(openi file) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-48(openob file) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-49(openo file) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-49(oputq tclass-or-record field obj val) [macro] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 5-18(or s1 : : : sn) [special form] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-28(outbuf n cn) [function with one or two optional arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-45(outchan chan) [function with an optional argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-50(outpos n) [function with an optional argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-45(output file) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-51(packagecell symb pkgc) [function with one or two arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-82(pairlis l1 l2 al) [function with three arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-65(parallelvalues e1 : : : en) [special form] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 7-5(parallel e1 : : : en) [special form] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 7-5(pathname-device path) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-67(pathname-directory path) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-68(pathname-host path) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-67(pathname-name path) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-68(pathname-type path) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-68(pathname-version path) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-68#:pathname:current [indicator ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-66(#:pathname:prin path) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-65#:pathname:up [indicator ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-66#:pathname:wild [indicator ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-67(pathnamep s) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-64(pathname string) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-64pathname [feature] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-63pathname [structure] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-63(pattern-max) [function with no arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 20-7



0-23#$8000 [unnameable number ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-36#$ [#-macro] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-25(peek-event event) [function with an optional argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 19-6(peekch) [function with no arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-5(peekcn) [function with no arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-5(pepefile f) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 16-2(pepend) [function with no arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 16-2(pepe f) [special form] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 16-1pepe [feature] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 16-1(pgcd z0 z1) [function with two arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 10-4(phase c) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 10-8(placdl l s) [function with two arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-61(plength strg) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-89(plist pl l) [function with one or two arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-75(plusp x) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 4-9(plus x1 : : : xn) [function with a variable number of arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : 4-25(pname strg) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-89(pop-window win) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 18-19*portable-pathname* [variable] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-74(portable-pathname-p path) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-74(power-set set) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-108(power x y) [function with two arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 4-11(pprint s) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 8-2(pprin s) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 8-2(pratom atom) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-39(precision n) [function with an optional argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 10-2(precompile exp1 result exp2 operand) [special form] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 13-3#:pretty:quotelength [variable] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 8-3#:pretty:quotelevel [variable] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 8-3(prettyend) [function with no arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 8-2(prettyf file sym1 : : : symn) [special form] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 8-2(pretty sym1 : : : symn) [special form] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 8-2pretty [feature] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 8-2(princh ch n) [function with one or two arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-35



0-24(princn cn n) [function with one or two arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-34(prinflush s1 : : : sn) [function with a variable number of arguments] : : : : : : : : : : : : : : : : : : : : : : 6-34(prinf <cntrl> <e1> : : : <eN>) [SUBR �a 1 or N arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 9-2(print-to-string s) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-41(printdefmodule defmod module) [function with two arguments] : : : : : : : : : : : : : : : : : : : : : : : : : 13-16(printerror symb s1 s2) [function with three arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 7-8(printf <cntrl> <e1> : : : <eN>) [SUBR �a 1 or N arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : 9-2(printlength n) [function with an optional argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-35(printlevel n) [function with an optional argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-35(printline n) [function with an optional argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-36(printstack n s) [function with one or two optional arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : 11-12(print s1 : : : sn) [function with a variable number of arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : 6-33(prin s1 : : : sn) [function with a variable number of arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-33(probefile file) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-53(probepathf file) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-56(probepathm module) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 13-16(probepatho file) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 13-12(prog* l ec1 : : : ecn) [macro] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-35(prog1 s1 : : : sn) [special form] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-3(prog2 s1 s2 : : : sn) [special form] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-4(progn s1 : : : sn) [special form] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-4(prog l ec1 : : : ecn) [macro] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-34(prompt strg) [function with an optional argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-9(protect s1 s2 : : : sn) [special form] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-39(psetq sym1 s1 : : : symn sn) [special form] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-71(ptype symb n) [function with one or two arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-38(put-abbrev sym1 sym2) [function with two arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 5-13(put-message message language string) [function with three arguments] : : : : : : : : : : : : : : : : 9-17(puthash key ht value) [function with three arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-105(putprop pl pval ind) [function with three arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-77#p [#-macro] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-65(quomod x y) [function with two arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 4-7(quote s) [special form] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-5(quotient x y) [function with two arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 4-6



0-25(quo x y) [function with two arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 4-6q [feature] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 10-1(random x y) [function with two arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 4-19(rassoc s al) [function with two arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-67(rassq symb al) [function with two arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-66(rationalp q) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 10-3ratio [feature] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 10-1(read-delimited-list cn) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-6(read-event event) [function with an optional argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 19-6(read-from-string string) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-40(read-mouse event) [function with an optional argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 19-9(readch) [function with no arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-5(readcn) [function with no arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-5(readdefmodule module) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 13-16(readline) [function with no arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-4(readstring) [function with no arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-4(read) [function with no arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-3(realpart c) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 10-8(realp r) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 10-6(record-language language) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 9-15(record-namep symbol) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 5-17(red-component color value) [function with one or two arguments] : : : : : : : : : : : : : : : : : : : : : : 20-4(redisplayscreen sn so w h) [function with four or twelve arguments] : : : : : : : : : : : : : : : : : : : 15-9(rem-abbrev symb) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 5-14(rem-feature symb) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-75(remfn symb) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-80(remhash key ht) [function with two arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-106(remob symb) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-86(remove-language language) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 9-15(remove-macro-open name) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 13-6(remove-message message language) [function with two arguments] : : : : : : : : : : : : : : : : : : : : : 9-17(remove s l) [function with two arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-58(remprop pl ind) [function with two arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-77(remq symb l) [function with two arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-58



0-26(rem x y) [function with two arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 4-14(renamefile ofile nfile) [function with two arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-53repaint-window-event [event ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 19-3(repeat m s1 : : : sn) [special form] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-32(reread lcn) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-5(resetfn symb ftype fval) [function with three arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-79(resize-window win w h) [function with three arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 18-18(restore-core file) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 7-12(resume env) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 7-5(return-from symb e) [special form] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-33(return e) [special form] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-33(reverse s) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-55(revert symb) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-81(rmargin n) [function with an optional argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-45(root-window screen) [function with an optional argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 18-5(round n d) [function with two arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 4-4(rplaca l s) [function with two arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-60(rplacd l s) [function with two arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-60(rplac l s1 s2) [function with three arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-60(runtime) [function with no arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 7-23(save-core file) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 7-12(save-std name msg fnt-sav fnt-rest) [function of two, three or four arguments] : : : : : : : : 7-16(scale x y z) [function with three arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 4-14(scanstring str1 str2 n) [function with two or three arguments] : : : : : : : : : : : : : : : : : : : : : : : : 3-96(schedule fnt e1 : : : en) [special form] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 7-5(search-in-path path file) [function with two arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-55(selectq s l1 : : : ln) [special form] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-29(send-error symb rest) [function with two arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 5-9(send-super type symb o p1 : : : pn) [function with a variable number of arguments] : : : : : : : 5-10(send2 symb o1 o2 p1 : : : pn) [function with a variable number of arguments] : : : : : : : : : : : : : : 5-11(sendfq message par1 : : : parn) [macro] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 5-19(sendf message par1 : : : parn) [macro] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 5-19(sendq message object par1 : : : parn) [macro] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 5-18(send message objet par1 : : : parn) [function with a variable number of arguments] : : : : : : : 5-18



0-27(send symb o p1 : : : pn) [function with a variable number of arguments] : : : : : : : : : : : : : : : : : : : : 5-9(set-difference list1 list2 eq-func) [function with two or three arguments] : : : : : : : : : : : 3-108(set-equal list1 list2 eq-func) [function with two or three arguments] : : : : : : : : : : : : : : : : : 3-109(set-exclusive-or list1 list2 eq-func) [function with two or three arguments] : : : : : : : : 3-108(set-pathname-device path device) [function with two arguments] : : : : : : : : : : : : : : : : : : : : : 6-68(set-pathname-directory path dir) [function with two arguments] : : : : : : : : : : : : : : : : : : : : : 6-68(set-pathname-host path host) [function with two arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : 6-68(set-pathname-name path name) [function with two arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : 6-68(set-pathname-type path type) [function with two arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : 6-68(set-pathname-version path version) [function with two arguments] : : : : : : : : : : : : : : : : : : : 6-69(setdemodule defmod key value) [function with three arguments] : : : : : : : : : : : : : : : : : : : : : : : : 13-16(setfn symb ftype fval) [function with three arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-79(setf loc1 val1 : : : locn valn) [macro] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-24(setqq sym1 e1 : : : symn en) [special form] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-71(setq sym1 s1 : : : symn sn) [special form] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-71sets [feature] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-106(set symb s) [function with two arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-71#:sharp:value [property ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-25(signum c) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 10-8(sinh z) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 10-9(sin x) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 4-10(sleep n) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 7-24(slength strg) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-89(slen strg) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-87(slet lv s1 : : : sn) [special form] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-15(small-roman-font screen) [function with an optional argument ] : : : : : : : : : : : : : : : : : : : : : : : : 18-7(sortl l) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-68(sortn l) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-69(sortp l) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-69(sort fn l) [function with two arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-68sort [feature] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-68(spanstring str1 str2 n) [function with two or three arguments] : : : : : : : : : : : : : : : : : : : : : : : : 3-97(sqrt x) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 4-11(srandom x) [function with an optional argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 4-19



0-28(sref strg n) [function with two arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-87(sset strg n cn) [function with three arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-88(standard-background-pattern screen) [function with an optional argument ] : : : : : : : : : : : 18-8(standard-background screen) [function with an optional argument ] : : : : : : : : : : : : : : : : : : : : : 18-8(standard-background screen) [function with an optional argument ] : : : : : : : : : : : : : : : : : : : : : 18-9(standard-bold-font screen) [function with an optional argument ] : : : : : : : : : : : : : : : : : : : : : : 18-7(standard-busy-cursor screen) [function with an optional argument ] : : : : : : : : : : : : : : : : : : : 18-8(standard-dark-gray-pattern screen) [function with an optional argument ] : : : : : : : : : : : : 18-8(standard-foreground-pattern screen) [function with an optional argument ] : : : : : : : : : : : 18-8(standard-foreground screen) [function with an optional argument ] : : : : : : : : : : : : : : : : : : : : : 18-7(standard-foreground screen) [function with an optional argument ] : : : : : : : : : : : : : : : : : : : : : 18-9(standard-gc-cursor screen) [function with an optional argument ] : : : : : : : : : : : : : : : : : : : : : : 18-8(standard-lelisp-cursor screen) [function with an optional argument ] : : : : : : : : : : : : : : : : : 18-8(standard-light-gray-pattern screen) [function with an optional argument ] : : : : : : : : : : : 18-8(standard-medium-gray-pattern screen) [function with an optional argument ] : : : : : : : : : : 18-8(standard-roman-font screen) [function with an optional argument ] : : : : : : : : : : : : : : : : : : : : : 18-7(stepeval e env) [function with two arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 7-11stepeval [programmable interrupt ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 7-10(step s) [special form] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 11-13(stratom n strg i) [function with three arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-3(stringp s) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-45(string s) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-89(#:struct:field o e) [function with one or two arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 5-3(#:struct:make) [function with no arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 5-2(structurep o) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 5-3(sub1 x) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 4-13(sublis al s) [function with two arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-67(subsetp list1 list2 eq-func) [function with two or three arguments] : : : : : : : : : : : : : : : : : : : 3-109(subst-colors bytetmap l) [function with two arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 20-18(substitute-color bytemap oldcol newcol) [function with three arguments] : : : : : : : : : : : : 20-18(substring-equal size strg1 pos1 strg2 pos2) [function with �ve arguments] : : : : : : : : : 3-96(substring strg n1 n2) [function with two or three arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-92(subst s1 s2 s) [function with three arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-57(subtypep type1 type2) [function with two arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 5-6



0-29(subversion) [function with no arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 7-17(sub x y) [function with two arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 4-13(super-itsoft package symb larg) [function with three arguments] : : : : : : : : : : : : : : : : : : : : : 7-2(suspend) [function with no arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 7-5(symbolp s) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-44(symbol pkgc strg) [function with two arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-83fsymbg [macro character ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 5-14(symeval symb) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-70(synonymq sym1 sym2) [special form] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-81(synonym sym1 sym2) [function with two arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-81#:sys-package:colon [variable] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-30#:sys-package:genarith [variable] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 4-2#:sys-package:itsoft [variable] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 7-1#:sys-package:sharp [variable] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-23#:sys-package:tty [variable] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 15-11(syserror symb s1 s2) [function with three arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 7-8syserror [programmable interrupt ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 7-7#:system:compressed-icon [variable] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 20-15#:system:core-directory [variable] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 7-12#:system:core-extension [variable] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 7-12#:system:debug-line [variable] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 11-12#:system:defstruct-all-access-flag [variable] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 5-2#:system:editor [variable] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-31#:system:in-read-flag [variable] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-7#:system:inibitmap-after-restore-flag [variable] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 7-16#:system:initty-after-restore-flag [variable] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 7-15#:system:lelisp-extension [variable] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-48#:system:line-mode-flag [variable] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-9#:system:llib-directory [variable] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-48#:system:llub-directory [variable] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-48#:system:loaded-from-file [property ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-18#:system:loaded-from-file [variable] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-18#:system:loaded-from-file [variable] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-70#:system:obj-extension [variable] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 13-12



0-30#:system:path [variable] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-55#:system:previous-def-flag [variable] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-17#:system:previous-def [property ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-17#:system:print-case-flag [variable] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-37#:system:print-for-read [variable] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-37#:system:print-msgs [variable] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-48#:system:print-package-flag [variable] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-37#:system:print-with-abbrev-flag [variable] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 5-14#:system:read-case-flag [variable] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-10#:system:real-terminal-flag [variable] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-9#:system:redef-flag [variable] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-17#:system:stack-depth [variable] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 11-12#:system:termcap-file [variable] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 15-2#:system:terminfo-directory [variable] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 15-2(#:system:toplevel-tag) [escape] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 7-19#:system:unixp [variable] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 7-17#:system:virtty-directory [variable] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 15-1(system) [function with no arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 7-16(tagbody ec1 : : : ecn) [special form] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-33(tag symb s1 : : : sn) [special form] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-38(tailp s l) [function with two arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-50(tanh z) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 10-9(tclass-namep symbol) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 5-16(tconscl s) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-59(tconsmk s) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-59(tconsp s) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-59(tcons s1 s2) [function with two arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-59(temporary-file-pathname name) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : 6-73(teread) [function with no arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-7termcap [feature] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 15-2terminfo [feature] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 15-2(terpri n) [function with an optional argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-34(times x1 : : : xn) [function with a variable number of arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : 4-25(time e) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 7-24



0-31#:toplevel:eval [variable] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 7-18#:toplevel:read [variable] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 7-18#:toplevel:status [variable] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 7-18(toplevel) [function with no arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 7-18toplevel [programmable interrupt ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 7-18#:trace:arg1 [variable] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 11-3#:trace:arg2 [variable] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 11-3#:trace:arg3 [variable] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 11-3#:trace:not-in-trace-flag [variable] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 11-4#:trace:trace [variable] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 11-5#:trace:value [variable] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 11-4(traceval e env) [function with one or two arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 7-11(trace trace1 : : : tracen) [special form] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 11-2(transitive-closure fn list eq-func) [function with two or three arguments] : : : : : : : : : : 3-110(true-pathname path) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-71(true e1 : : : en) [function with a variable number of arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-42(truncate x) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 4-3(tryinparallel e1 : : : en) [special form] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 7-5(tyattrib i) [function with an optional argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 15-8(tyback cn) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 15-4(tybeep) [function with no arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 15-7(tybs cn) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 15-6(tycleol) [function with no arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 15-7(tycleos) [function with no arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 15-7(tycls) [function with no arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 15-6(tycn cn) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 15-3(tycot x y cn1 : : : cnn) [function with a variable number of arguments] : : : : : : : : : : : : : : : : : : : : 15-9(tyco x y cn1 : : : cnn) [function with a variable number of arguments] : : : : : : : : : : : : : : : : : : : : : 15-8(tycr) [function with no arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 15-6(tycursor x y) [function with two arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 15-6(tydelch) [function with no arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 15-7(tydelcn cn) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 15-7(tydelln) [function with no arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 15-8(tydownkey) [function with no arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 15-7



0-32(tyepilogue) [function with no arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 15-5(tyerror list) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 15-3(tyflush) [function with no arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 15-5(tyinsch ch) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 15-7(tyinscn cn) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 15-7(tyinsln) [function with no arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 15-8(tyinstring string) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 15-3(tyi) [function with no arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 15-3(tyleftkey) [function with no arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 15-7(tynewline) [function with no arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 15-4(tyod n nc) [function with two arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 15-5(tyo o1 : : : on) [function with a variable number of arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 15-4(type-of s) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 5-5(typech ch symb) [function with one or two arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-16(typecn cn symb) [function with one or two arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-16(typefn symb) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-78(typep s type) [function with two arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 5-6(typestring strg symb) [function with one or two arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-88(typevector vect symb) [function with one or two arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-101(typrologue) [function with no arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 15-5(tyrightkey) [function with no arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 15-7(tyshowcursor i) [function with an optional argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 15-8(tystring string length) [function with two arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 15-3(tys) [function with no arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 15-3(tyupkey) [function with no arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 15-7(tyxmax) [function with no arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 15-6(tyymax) [function with no arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 15-6(unexit symb s1 : : : sn) [special form] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-39(union list1 list2 eq-func) [function with two or three arguments] : : : : : : : : : : : : : : : : : : : : : : 3-107(unless s1 s2 : : : sn) [special form] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-27unmap-window [event ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 19-4(unstep s1 : : : sn) [special form] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 11-13(untilexit symb e1 : : : en) [special form] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-39(until s s1 : : : sn) [special form] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-31



0-33(untrace sym1 : : : symn) [special form] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 11-2(unwind n s1 : : : sn) [special form] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-40up-event [event ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 19-2(uppercase cn) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-97(user-homedir-pathname) [function with no arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-72(user-interrupt) [function with no arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 7-4user-interrupt [programmable interrupt ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 7-4#u [#-macro] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-65(valfn symb) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-79(variablep s) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-44(vdtend) [function with no arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 15-11(vdt) [function with no arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 15-11(vectorp s) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-45(vector s1 : : : sn) [function with a variable number of arguments] : : : : : : : : : : : : : : : : : : : : : : : : : 3-99(version) [function with no arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 7-17visibility-change [event ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 19-4(vlength vect) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-100(vref vect n) [function with two arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-100(vset vect n e) [function with three arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-100W.0 [Complice warning message] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 13-22W.10 [Complice warning message] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 13-24W.11 [Complice warning message] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 13-25W.2 [Complice warning message] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 13-22W.3 [Complice warning message] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 13-22W.4 [Complice warning message] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 13-23W.5 [Complice warning message] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 13-23W.6 [Complice warning message] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 13-23W.7 [Complice warning message] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 13-23W.8 [Complice warning message] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 13-24W.9 [Complice warning message] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 13-24(whanoiend) [function with no arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 15-11(whanoi n) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 15-11(when s1 s2 : : : sn) [special form] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-27(while s s1 : : : sn) [special form] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-31



0-34(width-space) [function with no arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 18-24(width-substring string start length) [function with three arguments] : : : : : : : : : : : : : : : : 18-23(width-substring string start length) [function with three arguments] : : : : : : : : : : : : : : : : 20-13(wildcard path) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-67(window-background win color) [function with one or two arguments] : : : : : : : : : : : : : : : : : : : 18-18(window-bitmap window) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 20-14(window-border win border) [function with one or two arguments] : : : : : : : : : : : : : : : : : : : : : : : 18-18(window-clear-region win x y w h) [function with �ve arguments] : : : : : : : : : : : : : : : : : : : : : 18-18(window-events-list win events) [function with one or two arguments] : : : : : : : : : : : : : : : : : 18-18(window-state win state) [function with one or two arguments] : : : : : : : : : : : : : : : : : : : : : : : : : 18-18(window-title win title) [function with one or two arguments] : : : : : : : : : : : : : : : : : : : : : : : : : 18-18(windowp win) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 18-18(with-input-from-string string . body) [macro] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-40(with-output-to-string string n . body) [macro] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 6-40(without-interrupts e1 : : : en) [special form] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 7-3(with l s1 : : : sn) [special form] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-25(x-base-space) [function with no arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 18-24(x-base-substring string start length) [function with three arguments] : : : : : : : : : : : : : : 18-24(x-base-substring string start length) [function with three arguments] : : : : : : : : : : : : : : 20-13(x-inc-substring string start length) [function with three arguments] : : : : : : : : : : : : : : : : 18-24(x-inc-substring string start length) [function with three arguments] : : : : : : : : : : : : : : : : 20-13(xcons s1 s2) [function with two arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 3-52(y-base-space) [function with no arguments] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 18-24(y-base-substring string start length) [function with three arguments] : : : : : : : : : : : : : : 18-24(y-base-substring string start length) [function with three arguments] : : : : : : : : : : : : : : 20-13(y-inc-substring string start length) [function with three arguments] : : : : : : : : : : : : : : : : 18-24(y-inc-substring string start length) [function with three arguments] : : : : : : : : : : : : : : : : 20-13(zerop x) [function with one argument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 4-9


