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Informatique et en A utomatique ) in F rance. This dialect of the L ISP language [McCarth y 62 ] is the

`spiritual c hild' of Vlisp [Greussa y 77], [Chailloux 80 ], from whic h L E -L ISP gets its conciseness and

in terpreter sp eed, and the `natural c hild' of MacLisp or, more precisely , of the Post-MacLisp L ISP s

suc h as MIT Lisp Mac hine Lisp [W einreb and Mo on 81], NIL [White 79 ] [Burk e and Carette 82]

and F ranz Lisp [F o deraro and Sklo w er 81 ], to whic h L E -L ISP o w es its strength as a language for the

dev elopmen t of sound and p o w erful compiled applications.

0.1 History

In 1981, researc hers at I NRIA b egan to dev elop an am bitious vlsi design system, using a unique

structure to represen t all asp ects of the pro ject: graphics, sim ulation, etc. F or the implemen tation

language, L ISP w as an ob vious c hoice. The I NRIA designers w ere thinking, more precisely , of

one of the p o w erful Post-MacLisp languages. F ortunately (or unfortunately , as the case ma y

b e), hardw are w as quic kly ev olving, and the vlsi pro ject called up on man y heterogeneous and

incompatible mac hines. V arious existing L ISP systems|otherwise p erfectly satisfactory|w ere

simply not a v ailable on the required range of mac hines. F or instance, at that time, F ranz Lisp

only existed on V axen. The implemen tation of the L ISP system on a new computer had to b e faster,

of course, than the translation of the vlsi design system from one L ISP dialect to the other. Out of

this con text grew the L E -L ISP system, to ful�l w ell-iden ti�ed goals. And, to this da y , p ortabilit y of

the L ISP system and its applications has remained a hallmark of L E -L ISP .

0.1.1 Design goals

E�ciency and 
exibilit y

L E -L ISP is designed for maxim um e�ciency b oth in terms of execution resources (main memory

and execution time) and dev elopmen t resources (application dev elopmen t time and w orkstation

con�gurations).

Extensions and in tegration

The L E -L ISP system allo ws y ou to mak e full use of existing system facilities b y means of the concept

of virtual devic es . In this w a y , access to �le-managemen t pro cedures, graphic libraries, routines

written in other languages and op erating-system calls is pro vided with no sacri�ce of p ortabilit y .

The user can create new instances of suc h facilities while retaining a standardized in terface.
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P ortabilit y of applications

Since all system facilities are accessed via their virtual coun terpart, user applications are nev er

required to con tain implemen tation-sp eci�c details|ev en though they migh t call up on the full

ric hness of the system.

Compatibilit y among implemen tations

Since the implemen tation of L E -L ISP is based up on a virtual mac hine (called LLM 3 ), only this virtual

mac hine is p orted from one real mac hine to another. The rest of the system is guaran teed to b e

compatible, b ecause all implemen tations share the same co de. A corollary is the rapid a v ailabilit y

of top-qualit y implemen tations on new mac hines that app ear on the mark et.

0.1.2 Outcome

All the ab o v e-men tioned goals w ere attained in the resulting system. The �rst L E -L ISP system

b egan to run|during the autumn of 1981|on an Exormacs (Motorola's mac hine based up on the

68000). That �rst implemen tation formed the basis of a vlsi design w orkstation that incorp orated

a colored bit-mapp ed displa y and a mouse [Chailloux et al.]. The system w as then implemen ted on

the v ax , under U NIX , during the autumn of 1982. After its successful b eginnings, L E -L ISP simply

\w en t forth and m ultiplied".

0.1.3 Curren t state of the system

T o da y , L E -L ISP is a ric h L ISP system that is implemen ted on more than thirt y kinds of mac hines,

based up on more than t w elv e cpu s running under a v ariet y of op erating systems. The industrial

a v ailabilit y of all these v ersions is a re
ection of the coun tless enhancemen ts made to L E -L ISP o v er

the y ears. Indeed, since its inception, L E -L ISP has b een enlarged to include user-extensible generic

arithmetic, an ob ject-orien ted t yp e system, virtual graphic libraries, a mo dular compiler, full access

to foreign routines and man y other marv els.

More imp ortan tly , en vironmen ts constructed using L E -L ISP pro vide a h uge arra y of functionalities.

The application en vironmen ts include n umerous exp ert-system generators, sim ulation to ols,

database access to ols, graphic dev elopmen t to ols, m usic and acoustic researc h to ols, sym b olic

mathematics systems, case en vironmen ts and, of course (since it w as the initial motiv ation b ehind

the creation of the language), vlsi design en vironmen ts.

0.1.4 Le-Lisp V ersion 15.26

L E -L ISP V ersion 15.26 (Decem b er 1, 1993) is totally compatible (as w ell as bac kw ard compatible)

with Lisp co de - b oth in terpreted and compiled.

The LLM3 virtual mac hine has b een p orted on to the HP/P A and DEC ALPHA pro cessors.

Some new functions ha v e b een in tro duced : copyfile , create-directory , delete-directory ,

map-expand-pathname , at-end and printf .
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The information issued from the function gcinfo has b een �ne tuned.

A new programmable in terruption at-end is no w a v ailable.

The defextern function systematically creates a test of t yp e dynamic.

The new functions C C_LL_FIX , LL_C_FIX , C_LL_FLOAT and LL_C_FLOAT are a v ailable in the

external in terface.

0.2 Reader's guide

The presen t do cumen t is a r efer enc e manual . As suc h, it pro vides precise and complete

information|rather than tutorial material|on the sub ject of L E -L ISP . F or new comers to the

language, excellen t in tro ductory b o oks on L E -L ISP exist already in F renc h, English and other

Europ ean languages.
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Chapter 1

Use and installatio n

1.1 Le-Lisp on v arious systems

L E -L ISP has b een p orted to the follo wing pro cessors:

� Motorola 88x00

� DEC V AX 11

� In tel 80386/80486/P en tium

� Ridge 32/SPS9

� IBM/RS 6000

� SP AR C

� MIPS R4x00

� HP-P A

� DEC ALPHA

In the follo wing list of mac hines on whic h L E -L ISP w orks at presen t, the name returned b y the

system function is indicated b et w een square brac k ets:

� APOLLO (MC680x0 base, under system Domain/OS, SysV et BSD [apollo] ).

� DecStation 3100 and 5000 (MIPS base, under UL TRIX [decstation] ).

� HP9000 300 et 400 series (MC680x0 base, under HP/UX [hp9300] [hp9400] ).

� HP9700 (HP-P A 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 Windo ws [windows] ).

� PC Compatibles (under Windo ws NT [nt386] ).

1
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� PC Compatibles (under UNIX SCO [sco386] .

� PC Compatibles (under Solaris x86 [solaris386] ).

� IBM/RS 6000 (RS6000 base or P o w erPC under AIX [rs6 000] ).

� SM90/SPS7 (MC68000 base, under sytems SMX et SPIX [sm90] |[spix]|).

� Ridge 32/SPS9 (under R OS [sps9] ).

� SUN 3 (MC680x0 base, under SUN OS [sun] ).

� SUN 4 (SP AR C base, under SUN OS [sun4] ).

� SUN 4 (SP AR C base, under Solaris [solaris] ).

� V AX 11 (under systems Ultrix and VMS [vaxunix] [vaxvms] ).

� ALPHA (under systems OSF et VMS [alphaosf] [alphavms] ).

1.2 Starting with Le-Lisp

T o start up L E -L ISP on an y of the systems that supp ort it, just t yp e the command lelisp on the

terminal. The system resp onds 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-mo di�cation date and [system] is the t yp e of the L E -L ISP

system b eing used. A t this p oin t, L E -L ISP en ters the main in teractiv e lo op, whic h reads an expression

from the terminal, ev aluates it, and prin ts its v alue, inde�nitely . L E -L ISP indicates that it is w aiting

to read an expression b y prin ting the question-mark c haracter ? on the terminal at the b eginning

of eac h line. The v alue of an ev aluation is prin ted preceded b y an equal sign = .

Here is an example of a L E -L ISP 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 pepe

virbitmap virtty compiler pretty loader pathname

defstruct callext module messages)

? () ; the null list!

= ()

? (length (oblist)) ; number of active symbols

= 3190

? (version) ; number of the current version
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= 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 5120

vector 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 2093

vector 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/lli b/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 Unix

The command used to start up L E -L ISP under the U NIX op erating system has the follo wing form:

lelisp [n] [[-r] file]

The strings in square brac k ets are optional.

� The n argumen t is the size of the list zone in m ultiples of 8K list cells. By default, n has the

v alue 4 . In other w ords, 32k list cells are allo cated. The theoretical limit on this v alue is 128 ,

for a maxim um of 1024k list cells. The practical limit is the ph ysical memory size of the host

mac hine, or the maxim um pro cess size of the host op erating system.

� The file argumen t pro vides a w a y to sp ecify the name of a �le con taining L ISP programs to

b e loaded b efore the system en ters its main read-eval-print lo op.
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� The -r file argumen t string lets y ou sp ecify a core-image �le to b e loaded b efore the system

en ters its main in teractiv e read-eval-print lo op.

After loading the standard executable core-image �le, L E -L ISP automatically loads the �le named

$HOME/.lelisp .

1.4 Installation of the Le-Lisp system under Unix

This section co v ers L E -L ISP systems running under U NIX : V ax-11 (Ultrix), DecStation (Ultrix), Sun

3 & 4 (SunOS), HP9300 (HP/UX), etc.

1.4.1 Installing the system

The L E -L ISP system, v ersion 15.26, is distributed on magnetic medium ( 1600 -bpi tar -format tap e,

dma or Streamer cartridge) that should b e copied to disk in the system's instal lation dir e ctory .

Usually this is the /usr/local/lelisp directory , or ma yb e the /usr/local/lelispv15.26

directory when y ou w an t to k eep sev eral di�eren t v ersions of L E -L ISP . When installed, the system

o ccupies ab out t w elv e megab ytes of disk storage.

Since a t ypical L E -L ISP implemen tation is lo c k ed when y ou receiv e it, mak e sure that y ou ha v e

installed the access k ey that came along with the pro duct.

The installation directory con tains sev eral sub-directories, one of whic h, called the system dir e ctory ,

is named according to the host mac hine ( v axunix, sun4, etc.).

This system directory m ust con tain a sub-directory called llcore , con taining core-image �les

appropriate to the system in v olv ed.

$ ls -F /usr/local/lelispv15.26

README ceyx/ llobj/ vaxunix/

LLUSERFILES common/ lltest/ virbitmap/

TARUSER* llib/ llub/ virtty/

benchmarks/ llmod/ manl/

It is also necessary for all users to ha v e write p ermission in the virtty sub-directory . (Use chmod

a+w virtty .)

Installation requires the initialization of some absolute pathnames and the construction of L E -L ISP

core-image �les.

Initializi ng some absolute pathnames

Change directories ( cd ) to the system directory and execute the newdir command without an y

argumen ts. This command is to b e done only once, after the system has b een copied from the

magnetic medium on to disk. If the L E -L ISP system is ev er mo v ed to a new lo cation in the �le

system, this pro cedure m ust b e carried out again.
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$ cd /usr/local/lelispv15.26/ vaxunix

$ newdir

2000

DIR=/usr/local/lelispv15.26

SYSDIR=/usr/local/lelispv15.2 6/vaxun ix

2000

2000

DIR=/usr/local/lelispv15.26

2000

20828

(defvar #:system:directory "/usr/local/lelispv15.26/ "))

20826

Building Le-Lisp core-image �les

Change directories to the system directory and execute the make command with the name of the

core-image �le to construct as argumen t.

There are sev eral en try p oin ts (targets) in the system mak e�le, allo wing the construction of di�eren t

core-image �les ( lelisp- , lelisp , cmplc , lelispX11 ) with di�eren t memory con�gurations

(normal, +, ++). This mak e�le can b e extended to accomo date the construction of new systems.

The mak e�le uses the config command, whic h builds a shell script that launc hes L E -L ISP using

the constructed core-image �le. This shell script should b e copied in to a command directory (the

directory /usr/local/bin , for instance) in the host �le system.

Core-image �les are stored in the system/llcore directory . Since they o ccup y a lot of disk storage

space, it migh t b e adv an tageous to moun t the llcore directory on to a sp ecial disk partition.

$ cd /usr/ilog/lelispv15.26/s un4

$ 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 /startu p.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
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'64BITFLOATS))

)

Loading loader.lm ... done.

Loading /usr/ilog/lelispv15.26/llmod /llpatc h.lm ... done.

Loading /usr/ilog/lelispv15.26/llmod /messag es.lm ... already loaded.

Loading /usr/ilog/lelispv15.26/llmod /path.l m ... 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.l m ... done.

Loading /usr/ilog/lelispv15.26/llmod /genari th.lm ... done.

Loading /usr/ilog/lelispv15.26/llmod /toplev el.lm ... done.

Loading /usr/ilog/lelispv15.26/llmod /cpmac. lm ... done.

Loading /usr/ilog/lelispv15.26/llmod /llcp.l m ... done.

Loading /usr/ilog/lelispv15.26/llmod /peepho le.lm ... done.

Loading /usr/ilog/lelispv15.26/llmod /virtty .lm ... done.

Loading /usr/ilog/lelispv15.26/llmod /virbit map.lm ... done.

Loading /usr/ilog/lelispv15.26/llmod /pepe.l m ... done.

Loading /usr/ilog/lelispv15.26/llmod /setf.l m ... done.

Loading /usr/ilog/lelispv15.26/llmod /defstr uct.lm ... already loaded.

Loading /usr/ilog/lelispv15.26/llmod /sort.l m ... already loaded.

Loading /usr/ilog/lelispv15.26/llmod /array. lm ... done.

Loading /usr/ilog/lelispv15.26/llmod /callex t.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 /ttywin dow.lm ... done.

Loading /usr/ilog/lelispv15.26/llmod /abbrev .lm ... done.

Loading /usr/ilog/lelispv15.26/llmod /microc eyx.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 virtty

compiler 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 virbitmap

virtty compiler pretty abbrev loader callext defstruct pathname messages)

?
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Generally , the installation just describ ed su�ces. F or certain applications, it is sometimes necessary

to mo dify the con�guration of the system, that is, the set of L ISP �les loaded in as the core-image,

or to �ne-tune the organization of the L ISP memory space.

1.4.2 Mo di�cation of the system con�guration

The standard distribution allo ws the system to b e built in three di�eren t con�gurations, whic h are

not exclusiv e, and whic h corresp ond to di�eren t makefile en try p oin ts:

� lelisp

Complete en vironmen t with debugging to ols, an editor and the standard compiler.

� cmplc++

Complete en vironmen t with debugging to ols, an editor and the mo dular C OMPLICE compiler

used b y the complice command.

The exact comp osition of eac h of these system con�gurations is describ ed in a �le in the conf

sub-directory: lelispconf.ll and cmplcconf.ll . Y ou can c hange a con�guration b y editing one

of these �les. It is also p ossible to create a new en try p oin t in the makefile describing a new system

con�guration.

Example :

Construction of a core-image �le named mylisp con taining the standard en vironmen t without an

editor, but with the edlin line editor and with the scheduler sc heduler functions. This new system

can b e started up b y the command mylisp .

A con�guration �le (for example, conf/mylispconf.ll ) m ust b e created.

$ cat conf/mylispconf.ll

(load-std () ; load the environment without backup

t ; 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 en try p oin t (target) mylisp to the mak e�le in the system directory . The mylisp

system is built using the lelispbin standard system (no supplemen tary C mo dules), and the

standard SIZE memory zone sizes.

mylisp: mylispconf.ll

./config mylisp lelispbin mylispconf.ll $(SIZE)
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After this is done, the system can b e built b y executing the make mylisp command.

$ make mylisp USERLELISP=monlelisp USERLELISPBIN=mylispbin

USERO=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 /startu p.ll

? (setq #:system:name (quote |monlelisp|))

= monlelisp

? (load-stm () ; load environment without backup,

? t ; minimum environment,

? () ; no editor,

? t ; complete environment,

? t ; loader,

? ()) ; no compiler

Loading loader.lm

Loading /usr/ilog/lelispv15.26/llmod /llpatc h.lm

Loading /usr/ilog/lelispv15.26/llmod /module .lm

Loading /usr/ilog/lelispv15.26/llmod /defs.l m

Loading /usr/ilog/lelispv15.26/llmod /genari th.lm

Loading /usr/ilog/lelispv15.26/llmod /toplev el.lm

Loading /usr/ilog/lelispv15.26/llmod /virtty .lm

Loading /usr/ilog/lelispv15.26/llmod /virbit map.lm

Loading /usr/ilog/lelispv15.26/llmod /setf.l m

Loading /usr/ilog/lelispv15.26/llmod /defstr uct.lm

Loading /usr/ilog/lelispv15.26/llmod /sort.l m

Loading /usr/ilog/lelispv15.26/llmod /array. lm

Loading /usr/ilog/lelispv15.26/llmod /callex t.lm

Loading /usr/ilog/lelispv15.26/llmod /trace. lm

Loading /usr/ilog/lelispv15.26/llmod /pretty .lm

Loading /usr/ilog/lelispv15.26/llmod /debug. lm

Loading /usr/ilog/lelispv15.26/llmod /ttywin dow.lm

Loading /usr/ilog/lelispv15.26/llmod /abbrev .lm
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Loading /usr/ilog/lelispv15.26/llmod /microc eyx.lm

= ()

? (libload edlin)

= /usr/local/lelispv15.26/lli b/edlin .ll

? (libload schedule)

= /usr/local/lelispv15.26/lli b/sched ule.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 virbitmap

virtty 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 Mo di�cation of data zone sizes

The sizes of the di�eren t system data zones are �xed during the construction of eac h core-image

�le, and they cannot b e mo di�ed dynamically . It is quite p ossible to saturate one of these zones,

whic h causes one of the fatal errors describ ed in section 7.10:

*** fatal error : no room for XXXXs.

Notice the follo wing p oin ts:

� The size of the list storage zone can b e mo di�ed at eac h in v o cation of the system. So, it is

not necessary to construct a new core-image �le in order to rectify a situation that causes

the list-memory-zone-full error.

� The saturation of a zone could w ell b e due to an error in a user program.

� The L ISP function gcinfo giv es information on ho w full memory zones are.

The makefile has en try p oin ts that p ermit the construction of eac h system con�guration ( lelisp ,

cmplc ) with di�eren t zone sizes. F or instance the system lelisp++ is a L E -L ISP system with v ery

big memory zones.

The mak e�le's SIZE x v ariables con tain the v alues indicating the size of the di�eren t zones.

F or example, the size of the L E -L ISP system is describ ed b y the SIZE v ariable:
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SIZE= -stack 6 -code 256 -heap 100 -vector 3 -number 0 -float 0

-string 4 -symbol 3 -cons 4

Eac h -zone option sets the size of zone . Here are the units that describ e these sizes:

L E -L ISP memory zones

Name L ISP ob ject Unit Real size

stack Stac k K-w ord 1 = 4 K-b yte

code Compiled co de K-b yte 1 = 1 K-b yte

heap Heap K-b yte 1 = 1 K-b yte

vector V ectors K-v ector 1 = 1 K-v ector (8Kb)

float Floating-p oin t n um b ers K-
oat 1 = 1 K-
oat (8Kb) (*)

string Character strings K-string 1 = 1 K-string (8Kb)

symbol Sym b ols K-sym b ol 1 = 1 K-sym b ol (64 Kb)

cons P airs 8K-pair 1 = 1 K-pair (64 Kb)

(*) set to 0 for 31-bit 
oat system.

Strings and v ectors tak e up space in the heap , as indicated in the follo wing table:

Heap use

n -ob ject v ector 8+4 n b ytes

Character string 9+ n b ytes

T o build a core-image �le with new zone sizes, the de�nitions of the SIZE x v ariables m ust b e

c hanged, or new en try p oin ts (targets) using other SIZE parameters m ust b e added to the mak e�le,

and then the make command m ust b e executed again.

Example :

T o add an en try p oin t that constructs a system named lelispv with 10,240 ( 10K ) v ectors.

SIZEV= -stack 6 -code 256 -heap 100 -vector 10 -number 0 -float 1

-string 4 -symbol 3 -cons 4

lelispv: 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 ...

...
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1.4.4 Linking the Le-Lisp system with C mo dules

Chapter 14 of this man ual describ es ho w to link the lelispbin system with C programs to mak e

a new executable �le.

T o p erform this op eration, the lelispbin.o binary �le in the system directory m ust b e used. This

�le is the result of a link (using ld -r ) of all of the L E -L ISP system's constituan t mo dules, except

the C mo dules. These last mo dules are obtained b y compiling the C �les in the common directory .

The generic en tries of the Mak e�le allo w y ou to do that in a v ery homogeneous manner. See the

on-line U NIX information called lelisp-manl .

1.4.5 Calling the shell

The shel l can b e called b y using the comline function (and the ! macro c haracter). This will

execute /bin/sh whic h a lo cal in terpretation 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/vaxun ix

= t

? !cd ../

= t

? !pwd

/usr/local/lelispv15.26

.....

1.5 Starting the Le-Lisp system under VMS

Complete do cumen tation co v ering the installation and execution of L E -L ISP under vms is a v ailable

in [Dana86]. The command used to start the L E -L ISP system under the vms op erating system has

the follo wing form:

$ lelisp

1.6 Practical advice

Finally , here is some practical information that will b e dev elop ed in detail in the c hapters to come.

In particular, w e giv e hin ts ab out ho w to use the system comfortably righ t from the v ery start.
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� T o erase a c haracter, use the BA CKSP A CE k ey or the LEFT arro w. The c haracter to the left of

the cursor will b e erased from the screen.

� T o kill a line of input, t yp e CONTR OL - X , obtained b y holding do wn the CONTR OL k ey and

pressing the X k ey . W e write this k ey com bination as ^X . The line is erased from the screen.

Y ou can obtain the same result b y t yping ^U .

� T o return to the main in teractiv e lo op when y ou are in the midst of t yping an expression,

pro v ok e an error b y t yping t w o dots (p erio ds), one righ t after the other. If nothing (visible)

happ ens, y ou are probably within a commen t or a c haracter string.

� T o return to the main in teractiv e lo op when y ou ha v e lost con trol of things, or L ISP is no

longer resp onding, t yp e BREAK , DELETE or ^C on U NIX hosts, or ^C under vms .

� T o return to the host OS in really desp erate circumstances, en ter ^\ on U NIX systems, or ^Y

under vms . In this case y ou lo ose y our L ISP en vironmen t.

� T o send a command line to the host system (if the latter p ermits this kind of request), t yp e

the exclamation p oin t c haracter ! follo w ed b y the command, as sho wn here:

? !dir

� T o load a previously-created �le, simply t yp e

? ^Lfile

T o obtain CONTR OL - L , hold do wn the CONTR OL k ey and t yp e L sim ultaneously . F ollo w this

immediately b y the name of the �le, without its extension, whic h is .ll b y default.

� T o edit or create a �le, call one of the full-screen editors b y simply t yping

? ^Efile

T o obtain CONTR OL - E , hold do wn the CONTR OL k ey and t yp e E sim ultaneously . F ollo w this b y

the name of the �le, without its extension, whic h is .ll b y default.

� T o see a repla y of the commands recen tly executed, use the follo wing command from within

the editor:

ESC ?

� T o edit a particular function that is in a �le, call one of the screen editors b y simply t yping

? ^Ffunction

T o obtain CONTR OL - F , hold do wn the CONTR OL k ey and t yp e F sim ultaneously . F ollo w this b y

the name of the function. The system will try to lo cate the �le that con tains it, and will call

one of the a v ailable full-screen editors on this �le, as with the ^E command.

� T o insert a commen t in to a L ISP expression, t yp e a semi-colon. The rest of the line, up to the

end-of-line c haracter, will b e ignored.

Finally , y ou ha v e access to the source co de of a large n um b er of utilities that are written in L ISP . The

editor, the prett y-prin ter, debugging to ols, visualization to ols, etc. are included in the distribution.

Go ahead and read them, try to understand them, and do not b e afraid to extend and impro v e

them.



T able of con ten ts

1 Use and installation 1-1

1.1 Le-Lisp on v arious systems : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 1-1

1.2 Starting with Le-Lisp : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 1-2

1.3 Starting the Le-Lisp system under Unix : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 1-3

1.4 Installation of the Le-Lisp system under Unix : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 1-4

1.4.1 Installing the system : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 1-4

1.4.2 Mo di�cation of the system con�guration : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 1-7

1.4.3 Mo di�cation of data zone sizes : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 1-9

1.4.4 Linking the Le-Lisp system with C mo dules : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 1-11

1.4.5 Calling the shell : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 1-11

1.5 Starting the Le-Lisp system under VMS : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 1-11

1.6 Practical advice : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 1-11

13



1-14 T able of Con ten ts



F unction Index

15



Chapter 2

Ev aluation

2.1 Basic ob jects

The L E -L ISP language op erates on ob jects called sym b olic expressions , generally referred to as

S-expr essions .

An S-expression can ha v e an y one of the follo wing t yp es:

� A tomic ob jects

{ Sym b ol.

{ Num b er: an in teger, a 
oating-p oin t n um b er|often referred to simply as a 
o at |or an

arbitrary-precision n um b er.

{ Character string.

� Comp osite ob jects

{ List.

{ V ector.

L E -L ISP also allo ws y ou to de�ne new t yp es, called extende d typ es .

Inside the mac hine, ev ery S-expression is represen ted b y a p oin ter to its v alue. Y ou can think of

this p oin ter as the address of the v alue. The v alue of an ob ject is alw a ys accessed b y means of an

indir e ction . Consequen tly , L E -L ISP is optimized for p oin ter manipulation.

L E -L ISP runs principally on pro cessors with 32-bit p oin ters. This allo ws y ou to manipulate addresses

up to 2

32

: that is, in the four-gigab yte region. Hardw are limitations sometimes restrict the address

space to only 24 or ev en 20 bits. Ho w ev er, in most cases, the address space of this kind of pro cessor

is adequate.

2.1.1 A tomic ob jects

Sym b ols

Sym b ols pla y the r^ ole of iden ti�ers that are used to name v ariables, functions and lab els. They are

created automatically when read from the input stream. They can also b e created explicitly b y the

1
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symbol , implode , concat and gensym functions. So, they do not need to b e declared.

The external name of a sym b ol|referred to as its print name , abbreviated to p-name |can b e

an y string of no more than 128 c haracters con taining at least one non-n umeric c haracter. Y ou

can include sp ecial c haracters or delimiters in a p-name b y surrounding the en tire p-name b y the

c haracter referred to as absolute value b ar : represen ted b y a v ertical bar. (See the section on the

standard reader.)

A sym b ol is represen ted in the system b y a p oin ter to a descriptor stored in a sp ecial memory zone.

This descriptor has the follo wing nine intrinsic pr op erties :

� c-val (an abbreviation for c el l value ) alw a ys con tains the v alue asso ciated with a sym b ol

that is considered as a v ariable. Access to this v alue is extremely rapid. When a sym b ol is

created, its c-val is unde�ne d . An y attempt to reference a sym b ol that has not had a v alue

assigned to it raises the errudv error.

� p-list (an abbreviation for pr op erty list ) alw a ys con tains the prop ert y list of the sym b ol.

These prop erties are managed b y the user b y means of sp ecial functions that op erate on

P-lists: addprop , putprop , getprop , remprop and defprop . By default, the list of prop erties

has the v alue () .

� f-val (an abbreviation for function value ) alw a ys con tains the v alue asso ciated with a sym b ol

that is considered as a function. This v alue can b e of t w o kinds:

{ In the case of subr functions, it is a mac hine address.

{ In the case of expr , fexpr , macro and dmacro functions, it is a list.

Y ou can fully access the f-val of a sym b ol b y means of the valfn , setfn , remfn and getdef

functions. If the sym b ol has no function de�nition this prop ert y has the v alue 0 .

� f-type (an abbreviation for function typ e ) con tains the t yp e of the function stored in

the f-val �eld. T ogether, the f-val / f-type com bination enables the ev aluator to execute

function calls v ery rapidly . Y ou can access directly the f-type of sym b ols b y means of the

typefn and setfn functions. When a sym b ol do es not ha v e a function de�nition, this prop ert y

has the v alue () .

� p-type (an abbreviation for print typ e ) con tains necessary information for the edition of the

external represen tation of the sym b ol. There are t w o p ossibilitie s:

{ The sym b ol is a v ariable. The p-name string can b e enclosed within a pair of absolute

value c haracters.

{ The sym b ol designates a function. In this case, the prett y-prin ter uses the appropriate

prin t format.

The p-type cell of a sym b ol is accessed b y means of the sp ecial ptype function.

� o-val (an abbreviation for obje ct value ) can con tain an y S-expression, and can b e used to

hold sp ecial v alues. This �eld is particularly useful in the implemen tation of ob ject-orien ted

extensions.
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� a-link (an abbreviation for atom link ) con tains the address of the next sym b ol in the sym b ol

table. Among other things, this link facilitates the hashing of the sym b ol table. This attribute

cannot b e accessed directly b y the user.

� pckgcell (an abbreviation for p ackage c el l ) con tains the name of the pac k age to whic h the

sym b ol b elongs. The pac k age is accessed b y means of the symbol and packagecell functions.

� p-name (an abbreviation for print name ) con tains the address of the c haracter string that

represen ts the name of the sym b ol.

These in trinsic prop erties are stored in memory with the follo wing la y out:

-------------------

| c-val | <----- symbol pointer

|-----------------|

| p-list |

|-----------------|

| f-val |

|-----------------|

| o-val |

|-----------------|

| f-type | p-type |

|-----------------|

| a-link |

|-----------------|

| pckgcell |

|-----------------|

| p-name |

-------------------

Certain sym b ols are de�ned at system-initialization time:

� Sym b olic constan ts that con tain their o wn names as v alues: || , t , lambda , flambda , mlambda ,

subr0 , subr1 , subr2 , subr3 , nsubr , fsubr , expr , fexpr , macro , dmacro and quote .

� Prede�ned functions.

� System v ariables.

Num b ers

L E -L ISP uses 16-bit in tegers, allo wing calculations in the range of � 2

15

to +(2

15

) � 1: that is, from

� 32768 to +32767. Floating-p oin t n um b ers are comp osed of either 31, 32, 48 or 64 bits, dep ending

on the implemen tation. L E -L ISP also incorp orates libraries for arbitrary-precision arithmetic.

The p-name of a n um b er is the represen tation of its v alue in the output con v ersion base. (See the

obase function.) The value of a n um b er is, of course, the n um b er itself.



2-4 CHAPTER 2. EV ALUA TION

Character strings

L E -L ISP has c haracter strings, whic h ha v e the sequence of c haracters enclosed in quote c haracters as

external represen tations. The quote c haracter can b e represen ted in strings b y inserting a sequence

of t w o quote c haracters in a ro w. A c haracter string cannot b e longer than 32767 c haracters in

the curren t implemen tation. Character strings are stored in a sp ecial memory segmen t whic h is

dynamically compacted in b y a linear-time garbage-collection algorithm. The v alue of a c haracter

string is the string itself, th us there is no need to quote it.

Eac h c haracter string can also ha v e its o wn particular t yp e. By default, the t yp e of a string is

string .

"foo bar" corresp onds to the string foo bar

"""abc""" corresp onds to the string "abc"

"""" corresp onds to the string "

All these three examples are of t yp e string .

#:foo:"abc" corresp onds to the string abc

In this fourth example, on the con trary , the t yp e is foo .

2.1.2 Comp ound ob jects

Ob jects are said to b e c omp ound when they are made up of other L E -L ISP ob jects.

Lists

L E -L ISP represen ts lists in a standard fashion. The follo wing diagram sho ws, for example, ho w the

list (a (b c . d) e) is stored in memory:

--------- --------- ---------

| | | | | | | | /|

--> | | -|------> | | -|-------> | | / |

| | | | | | | | | | |/ |

--|------ --|------ --|------

| | |

--> a | --> e

|

| --------- ---------

| | | | | | |

-----> | | -|-------> | | |

| | | | | | | | |

--|------ --|---|--

| | |
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--> b | --> d

|

--> c

A list elemen t is stored in a list c el l made up of a pair of p oin ters. It is often referred to as a cons

cell. The �rst mem b er, or car , of this cell con tains a p oin ter to the list elemen t. Its second mem b er,

or cdr , con tains a p oin ter to the next list elemen t, or to a sp ecial end-of-list mark er. L E -L ISP uses

the sym b ol || , whose name has a length of zero, as an end-of-list mark er.

L E -L ISP allo ws a list cell to b e lab elled. A lab el is a sp ecial mark that can b e tagged on to an y

list cell. The lab el can b e remo v ed from the cell to whic h it is attac hed. Also, y ou can searc h for

a particular lab elled cell. These op erations are carried out b y sp ecialized functions suc h as tcons ,

tconsp , tconsmk and tconscl . The mark is in visible to all other list-manipulation functions, and

neither slo ws nor otherwise mo di�es normal access to list cell mem b ers. Among other things, these

lab els allo w y ou to de�ne new user t yp es. (See the section on extended t yp es.)

V ectors of S-expressions

L E -L ISP has a ve ctor of S-expr essions t yp e, whic h allo ws for indexed access to L ISP ob jects. The

external represen tation of a v ector is

#[s

1

s

2

: : : s

n

]

The v ector elemen ts are sho wn here as s

1

s

2

: : : s

n

. Our use of subscripts aims solely at impro ving

the readabilit y of this man ual, and should not b e tak en literally , since there are no real subscripts

in L E -L ISP . Access to a v ector elemen t is v ery rapid. In the curren t implemen tation, a v ector can

con tain no more than 32767 elemen ts. Since v ectors are authen tic L ISP ob jects, v ectors of v ectors

are allo w ed. V ectors are stored in a sp ecial memory space that is dynamically compacted b y a

linear-time garbage-collection algorithm. Since the v alue of a v ector is the v ector itself, there is no

need to quote them. Eac h v ector can also ha v e its o wn particular t yp e. By default, the t yp e of a

v ector is vector .

F or example, #[a b #[x y z] d e] is a v ector with �v e elemen ts, of whic h the third is a v ector

of three elemen ts. And #:foo:#[1 2] is a v ector of t w o elemen ts, of t yp e foo .

2.2 Basic ev aluation actions

2.2.1 Ev aluation of atomic ob jects

The v alue of a sym b ol considered as a v ariable is its c-val . The ev aluation of a sym b ol whose

c-val is unde�ned|that is, a sym b ol that do es not y et ha v e a v alue|raises the errudv error at

ev aluation time. Its screen displa y is

** <fn> : undefined variable : <symb>

Here, the name of the sym b ol at fault is symb , and fn is the name of the function that caused the

error. Usually , it is one of the t w o ev aluation functions: eval or symeval .
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V ariables are used in L ISP in three circumstances:

� As glob al variables , whic h are constan tly accessible b y all functions. It is recommended to

initialize them with the defvar function. (See the follo wing c hapter.)

� As lo c al variables , whic h only retain their v alues during the execution of a function. Indeed,

they are the parameters of the function.

� Finally , they can b e used in the st yle of the own v ariables of algol . In this case, they are lo cal

to a function, but they do not lo ose their v alue b et w een successiv e ev aluations of this function.

These v ariables m ust b e enclosed within a function b y means of the closure function.

The v alue of a n um b er or a c haracter string is the n um b er or c haracter string itself. So, there is no

need to quote them.

2.2.2 Ev aluation of comp osite ob jects

The ev aluator alw a ys considers that a list is a function call. The list is referred to as a form . The

car of the form is the function , and its cdr is the ar gument list of the function.

The v alue of a form is the v alue returned when the function is applied to its argumen ts.

The v alue of a v ector of S-expressions is the v ector itself. As in the case of n um b ers and c haracter

strings, it is not necessary to quote v ectors, whic h are alw a ys treated lik e constan ts.

2.3 Ev aluation of functions

A function|the car of a form|can b e a sym b ol or a sp ecial list. The cdr of the form is the

argumen t list of the function. If this list of argumen ts is not terminated b y () , the errbal error is

raised. Its screen displa y 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 of

argumen ts.

(cons 1 . 2) = ) ** cons : bad argument list : 2

(if () 2 3 . 4) = ) ** if : bad argument list : 4

If the function is a sym b ol, L E -L ISP uses the function asso ciated with the f-val of this sym b ol.

� This asso ciation can b e established at system initialization. This is the case for prede�ned

functions, whic h are also called standar d functions .

� The user can mak e this asso ciation b y means of static or dynamic de�nition functions.

If, ev en after searc hing through the extended t yp es (see that section), no function has b een

asso ciated with this sym b ol, the errudf error is raised. Its screen displa y is



EV ALUA TION OF FUNCTIONS 2-7

** <fn> : undefined function : <symb>

Here, symb is the name of the unde�ned sym b ol, and fn is the function that caused the error. It is

usually one of the functions eval , apply or funcall .

(cons 'a 'b) = ) (a . b)

(setq kons 'cons) = ) cons

(kons 'x 'y) = ) ** eval : undefined function : kons

When the function is a n um b er, a v ector or a c haracter string, the ev aluator also raises the errudf

error, whose screen displa y is the same as in the preceding case.

(3 '(1 2 3)) = ) ** eval : undefined function : 3

When the function is a list, an anon ymous function is explicitly declared.

The �rst elemen t of the list m ust b e one of the sp ecial sym b ols lambda , flambda or mlambda .

((lambda (x) (+ x x 2)) 5) = ) 12

((flambd a (x) x) (+ x x)) = ) (+ x x)

((lambda (x) x) (lambda (x) x)) = ) (lambda (x) x)

A calculated function call is made b y using the funcall function. L ISP is one of the rare languages

in whic h it is p ossible to write con v enien t calls of the form

(funcall (if (< n 0) '* '+) val 2)

L E -L ISP has t w o main classes of functions: those written in the LLM 3 mac hine language, and those

written in L ISP . All functions written in L ISP can b e translated in to LLM 3 mac hine language b y the

compiler. Eac h of these t w o classes of functions has four t yp es of functions:

� F unctions that ev aluate their argumen ts: called subr in LLM 3 and expr in L ISP .

� F unctions that do not ev aluate their argumen ts: called fsubr in LLM 3 and fexpr in L ISP .

� Simple macro functions: called msubr in LLM 3 and macro in L ISP .

� Substitution macro functions: called dmsubr in LLM 3 and dmacro in L ISP .

2.3.1 F unctions of the subr kind

F unctions of the subr kind are written in LLM 3 mac hine language. The argumen ts of these functions

are alw a ys ev aluated. Some subr functions ha v e a �xed n um b ers of argumen ts. Dep ending on the

precise n um b er of argumen ts, they are referred to as either subr0 , subr1 , subr2 or subr3 . Other

subr functions ha v e a v ariable n um b ers of argumen ts, and are sometimes referred to as nsubr

functions. In the case of subr functions with a �xed n um b er of argumen ts, the ev aluator c hec ks

whether the correct n um b er of argumen ts has b een passed to the function. If not, the errwna error

is raised. Its screen displa y is

** <fn> : wrong number of arguments : <n>
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Here, fn is the name of the subr that w as called, and n is the n um b er of argumen ts required b y

this function.

In the case of subr functions with a v ariable n um b er of argumen ts, the ev aluator sometimes c hec ks

whether a minim um n um b er of argumen ts required b y the nsubr is passed in the function call.

If this is not the case, the errwna error is raised. Its screen displa y is the same as that for subr

functions.

It is p ossible to add subr functions to the system b y writing them directly in LLM 3 mac hine

language, or b y compiling appropriate expr functions.

There are man y subr or nsubr functions in the system: b et w een 400 and 500, dep ending on the

system b eing 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 : 2

2.3.2 F unctions of the fsubr kind

fsubr s are also functions written in mac hine language. They are residen t in the system from

initialization time on w ard, and they are executed v ery rapidly . These functions tak e a v ariable

n um b er of argumen ts, whic h are nev er ev aluated. In certain cases, though, these argumen ts are

ev aluated b y the function itself. These v ery sp ecial functions are used primarily as con trol functions

or for name manipulation and are often referred as sp e cial forms . There are relativ ely few fsubr

functions in L E -L ISP .

It is p ossible to add functions of this t yp e b y writing them directly in LLM 3 mac hine language, or

b y compiling appropriate fexpr functions.

2.3.3 F unctions of the msubr kind

F unctions of the msubr kind are also written in LLM 3 mac hine language. They are created b y

compiling macro functions.

These functions ha v e a v ariable n um b er of argumen ts, whic h are nev er ev aluated.
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2.3.4 F unctions of the dmsubr kind

F unctions of the dmsubr kind are also written in LLM 3 mac hine language. They are created b y

compiling dmacro functions.

These functions ha v e a v ariable n um b er of argumen ts, whic h are nev er ev aluated.

2.3.5 F unctions of the expr kind

F unctions of the expr kind are written in L ISP . They are ev aluated b y the functions: eval , apply

and funcall . According to their de�nition, these functions exp ect a certain n um b er of argumen ts,

represen ted b y a list or a tree of lvar v ariables. They also exp ect a function b o dy , made up of a

sequence of expressions s

1

: : : s

n

, to b e ev aluated.

A function of this kind is written b y using a list, called a lambda -expression, of the form

(lambda lvar s

1

: : : s

n

)

Here, the lambda sym b ol designates an expr -t yp e function, lvar is the list or tree of parameters,

and s

1

: : : s

n

is the b o dy of the function.

A t ypical example is (lambda (x y) (cons (car x) (cdr y))) .

The de�nition of an expr -t yp e function consists of asso ciating a lambda -expression with a sym b ol.

This is done b y means of the defun function.

The ev aluation of an expr -t yp e function call tak es place in three steps:

1. After curren t v alues of function parameter names are sa v ed on the stac k, the argumen t v alues

are b ound to the function parameter names. Calls to expr -t yp e functions are b y v alue.

2. The expressions in the function b o dy s

1

: : : s

n

are ev aluated. The v alue returned b y the

function is the v alue of the last ev aluation: that is, the result of the ev aluation of s

n

.

3. The bindings p erformed in step 1 are undone. The previous v alues of the parameter names,

sa v ed on the stac k, are restored.

The binding of argumen t v alues to function parameters is carried out b y a recursiv e pro cedure

that treats the list of lvar parameters as a tree. This binding tak es place b et w een the lea v es of

the parameter tree and the list of argumen t v alues. This kind of binding allo ws the v alue of an

argumen t to b e split, when the function is called, b et w een di�eren t parameter v ariables.

If there are to o few or to o man y elemen ts in the argumen t list after the binding is p erformed, the

errwna error is raised. Its screen displa y is

** <fn> : wrong number of arguments : <s>

Here, fn is the name of the function that w as called, or lambda in the case of an anon ymous

function. If to o man y argumen ts w ere supplied, s is the remainder of the argumen t list. If there

w ere to o few, () is displa y ed.

If a v alue cannot b e b ound to a parameter tree, the errilb error is raised. This happ ens if an

attempt is made to bind an atomic v alue of the list of argumen t v alues to a non-atomic parameter.

The screen displa y is
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** <fn> : illegal binding : (<p> <v>)

Here, fn is the name of the function that w as called, or lambda in the case of an anon ymous

function, and (p v) is a list of the parameter tree p and the v alue v that could not b e b ound.

If the parameter tree con tains no v ariables, the errbpa error is raised. Its screen displa y is

** <fn> : bad parameter : <s>

Here, fn is the name of the function that w as called, or lambda in the case of an anon ymous

function, and s is the fault y parameter.

If an error o ccurs during the op eration of the extended binding mec hanism, no parameter binding

is p erformed.

Here is the extended binding mec hanism, written in L ISP :

(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)



EV ALUA TION 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 : 1

2.3.6 F unctions of the expr kind with a &nobind argumen t

If the argumen t list of an expr function is made up uniquely of the k eyw ord &nobind , then binding

is carried out in a di�eren t manner. No v ariables are b ound. The actual n um b er of argumen ts of the

call is returned b y the (arg) function. The argumen ts are retriev ed using the (arg n) function,

where n is the n um b er of the argumen t, starting with n = 0 for the �rst argumen t. This feature

allo ws for the de�nition of functions with a v ariable n um b er of argumen ts without the necessit y of

building an argumen t list.

This construction resem bles 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 "unexpecte d argument s" (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 : 4

2.3.7 F unctions of the fexpr kind

fexpr s are functions written in L ISP and ev aluated b y the standard ev aluation functions ( eval ,

apply , or funcall ). Just lik e exprs , these functions ha v e a v ariable n um b er of parameters,

describ ed in a parameter list (or tree) lvar , and a function b o dy made up of a n um b er of expressions

s1 ... sN .

A function of this t yp e is describ ed b y using a list, called an flambda -expression, of the follo wing

form:

( flambda lvar s1 ... sN )

where the sym b ol flambda is a function indicator of t yp e fexpr , lvar is the list (or tree) of

parameters, and s1 ... sN mak e up the b o dy of the function.
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Example:

(flambda (var val) (set var (eval val)))

The de�nition of fexpr -t yp e functions (that is, the asso ciation of a flambda -expression with a

sym b ol) is done b y means of the df function.

These functions di�er from expr s only in the w a y parameters are b ound in fexpr s. It is the set

of argumen ts that are not evaluate d : that is, the cdr of the form itself, whic h is b ound to the

parameter list lvar b y the same bindvar pro cedure used for expr s.

These function calls can raise the same errors as expr s: errwna , errilb , and errbpa .

2.3.8 F unctions of the macro kind

The ev aluator p ermits another t yp e of functions, the macro functions. Just lik e expr s and fexpr s,

these functions, written in L ISP , ha v e v ariable n um b ers of parameters whic h are stored in a list

lvar , and function b o dies made up of expressions s1 ... sN .

macro functions are describ ed b y using a list, called an mlambda -expression, of the form

( mlambda lvar s1 ... sN )

where the sym b ol mlambda is a function indicator of t yp e macro , lvar is the parameter list, and

s1 ... sN mak e up the b o dy of the function.

Example:

(mlambda (n var) (list 'setq var (list 'cdr var)))

The de�nition of macro -t yp e functions (that is, the asso ciation of a mlambda -expression with a

sym b ol) is done b y means of the dm function.

T o ev aluate a form whic h has a macro as its function, the ev aluator �rst ev aluates the function

asso ciated with this macro using the whole form (ob viously , not ev aluated) as its argumen t, using

the bindvar pro cedure. Then it re-ev aluates the v alue returned b y this initial ev aluation. The

ev aluation of a macro th us happ ens in t w o steps.

It is the en tire macro call whic h is tak en as the argumen t; it is therefore p ossible to ph ysically

mo dify the form itself during the �rst ev aluation of the macro .

The use of macro s, truly a sp ort in itself, allo ws for easy and p o w erful extensions of the language,

L ISP b eing b oth 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 F unctions of the dmacro kind

The ev aluator accepts a second kind of macro de�nition, the dmacro s. dmacro s are de�ned with

the defmacro function.

The ev aluation of a function of this t yp e di�ers from the ev aluation of macro functions in t w o w a ys:
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� the cdr of the form (not ev aluated) is used as the argumen t (the same as with fexpr s),

� after the �rst ev aluation has b een p erformed, the en tire form is ph ysically replaced b y the

v alue returned b y the displace function. (Whence the name, dmacro .)

Though less general than the macro functions, the dmacro s are more frequen tly used. In fact most

o ccurrences 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 functions

Tw o kinds of functions are encoun tered in L E -L ISP :

� Global functions

These functions are de�ned globally and k eep their de�nition as long as they are not explicitly

mo di�ed. This kind of de�nition do es not allo w dynamic reco v ery of previous de�nitions. See

the defun , df , dm and defmacro functions.

� Lo cal functions

The de�nition of these functions can c hange during certain ev aluations and then assume their

previous de�nition. See the flet and letn functions.

Recall that function de�nitions are stored in the f-val and f-type in trinsic prop erties of sym b ols.

Since direct access to these prop erties is not at all con v enien t, there are a n um b er of prede�ned

functions facilitating static and dynamic function de�nition at v ery little cost. (See the F unction

De�nition section of the next c hapter.)

2.5 P ac k ages

L E -L ISP has a m ultiple name-space. Eac h sym b ol, unique in the system, has an external name:

its so-called pname . This name is not necessarily unique. Eac h sym b ol also has a pac k age name,

indicating to whic h pac k age the sym b ol b elongs. A pac k age name is also a sym b ol, whic h can in

turn ha v e a pac k age name, and so on. The global pac k age is named || . It is p ossible to manage

name hierarc hies. In L E -L ISP , pac k ages allo w y ou to p erform the follo wing op erations:

� The name space can b e shared among sev eral programs.

� F unctions can b e in v ok ed within sp eci�c names spaces.

� Metho d execution within a simple hierarc h y|of a SmallT alk v ariet y|can b e implemen ted

in a v ery e�cien t manner.

2.6 Extended t yp es

In L E -L ISP , y ou can de�ne other t yp es of ob jects. These extended t yp es are alw a ys built with

a lab elled list cell ( tcons ), whic h con tains the sym b olic name of the extended t yp e in the car .
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Its v alue, stored in the cdr , is either a t yp ed v ector or a t yp ed string. The extended t yp es are

recognized b y the L E -L ISP ev aluator and prin ter.

When the ev aluator ( eval ) ev aluates a form whic h has a lab elled list cell as the �rst elemen t, and if

the car of this lab elled list is a sym b ol or a t yp ed v ector or t yp ed string to b e ev aluated, it searc hes

to see if it can �nd a function named eval in the pac k age with the same name as the result of

ev aluating the type-of function on its argumen t. If this function exists, it is called b y eval ; if not,

or if there is no suc h pac k age, an error is raised. The searc h for the eval function in the pac k age

uses the getfn function with third argumen t equal to () . The ev aluator's searc h up the pac k age

hierarc h y stops just b elo w the lev el of the global pac k age, th us a v oiding an in�nite ev aluation lo op.

Warning : The searc h for the ev aluation function tak es place after the normal ev aluation. It is

therefore imp ossible, in the presen t implemen tation, to use de�ned function names as names of

extended t yp es.

When the prin ter (the function prin ) prin ts a L ISP ob ject, it searc hes for a function named prin in

the pac k age with the same name as the result of ev aluating the type-of function on its argumen t.

If this function exists, it is called b y prin in place of the standard L E -L ISP prin function. The

searc h for this function in the pac k age uses the getfn function with third argumen t equal to () .

The ev aluator's searc h up the pac k age hierarc h y stops just b elo w the lev el of the global pac k age,

th us a v oiding an in�nite prin t lo op.

The functionalit y of the prin ter can b e expressed in L ISP in the follo wing 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 t yp e. The input of suc h a list will

b e done with the #-macro <> .

#<cccccccc>

where the n umerals ..ccc.. are surrounded b y the delimiters <> .

Here is the L ISP 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)))

(typevecto r v 'list-of- nu mer al s)

v)))

This function b eha v es as follo ws:

? '#<01234>

= #:list-of -n ume ral s: #[4 8 49 50 51 52] ? (type-of '#<123>)

= list-of-n um era ls

Let us no w de�ne the prin ter for this extended t yp e:
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(defun #:list-of -n ume ral s: pri n (x)

(prin "#<")

(mapvecto r 'princn x)

(prin ">"))

Here is the b eha vior of the new device:

? #<0246>

= #<0246> ? (cons #<0234> #<067>)

= (#<0234> . #<067>)

2.7 Meta-circular de�nition of the ev aluator

This �nal section prop oses a meta-circular description of the L E -L ISP ev aluator. This description|

whic h pro vides a global view of the op eration of the ev aluator|is ob viously incomplete, and do es

not represen t the actual implemen tation. The st yle in whic h the ev aluator is really implemen ted is

far more e�cien t than what y ou see here, esp ecially in the n um b er of cons op erations used in the

ev aluator functions, and in the managemen t of the stac k. In fact, the L E -L ISP ev aluator p erforms

no cons op erations at all for its o wn 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
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(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 form

funct

(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)))
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(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
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(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))))
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(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))
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(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 3

Prede�ned functions

The functions describ ed in this length y c hapter are alw a ys residen t in all v ersions of the L E -L ISP

system. Eac h function is listed here with its t yp e| function or special-form |as w ell as the

n um b er of argumen ts it exp ects. F or eac h argumen t, the requested or required argumen t t yp e is

indicated, using the follo wing notation:

� s for S-expressions

� l for lists

� a for atoms: sym b ols, n um b ers or c haracter strings

� symb for sym b ols

� n for n um b ers

� strg for c haracter strings, or ob jects that could b e con v erted to c haracter strings b y using

the string function

� vect for v ectors of S-expressions

� ch for c haracters: that is, for the �rst c haracter of c haracter strings or ob jects that could b e

con v erted to c haracter strings b y using the string function

� cn for in ternal c haracter co des

� fn for functions: sym b ols de�ned as functions, and anon ymous or named lam b da-expressions.

Whenev er p ossible, functions of the subr t yp e are describ ed here in L ISP terms, in the form of defun ,

df , dm or defmacro de�nitions. These descriptions are merely L ISP equiv alen ts of the functions. A

description of this kind represen ts no more than the b ehavior of the corresp onding function, but

not its actual implemen tation in L E -L ISP .

Numerous t yp e tests are carried out b y the functions presen ted in this c hapter. The follo wing errors

can b e raised:

� errnaa , with the follo wing default screen displa y:

** <fn> : not an atom : <e>

1
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� errnla , with the follo wing default screen displa y:

** <fn> : not a list : <e>

� errsym , with the follo wing default screen displa y:

** <fn> : not a symbol : <e>

� errnva , with the follo wing default screen displa y:

** <fn> : not a variable : <e>

� errnsa , with the follo wing default screen displa y:

** <fn> : not a string : <e>

In these displa ys, e is name of the the fault y argumen t, and fn is the function that caused the

error.

3.1 Ev aluation functions

(eval s env ) [ function with one or two ar guments ]

This is the main function of the in terpreter. eval returns the v alue of the ev aluation of the argumen t

s . (See the complete description of this function in the preceding c hapter.) The second argumen t,

env , if supplied, is a lexical en vironmen t passed b y the stepeval function. (See section 5 of c hapter

7.)

(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 ar gument ]

Returns a list of the v alues of the ev aluations of all the elemen ts of the list l .

In L E -L ISP , evlis could b e de�ned in the follo wing 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)
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(eprogn l ) [ function with one ar gument ]

Sequen tially ev aluates all the elemen ts in the list l , and returns the v alue of the �nal elemen t of l .

If l is not a w ell-formed list, the errbal error is raised.

In L E -L ISP , eprogn could b e de�ned in the follo wing 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 s

1

: : : s

n

) [ sp e cial form ]

Sequen tially ev aluates the expressions s

1

: : : s

n

, and returns the v alue of the �rst ev aluation:

that of s

1

.

In L E -L ISP , prog1 could b e de�ned in the follo wing manner:

(df prog1 (first . rest)

(let ((result (eval first)))

(eprogn rest)

result))

Alternativ ely , it could b e de�ned in the form of an expr :

(defun prog1 l (car l))

? (prog1 (prin 1) (prin 2) (prin 3))

123

= 1

prog1 is alw a ys used to generate side-e�ects.

Here is a macro , (exch var1 var2) , that exc hanges the v alues of var1 and var2 without

using other memory than for var1 and var2 :

(dm exch (exch var1 var2)

(list 'setq var1
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(list 'prog1 var2

(list 'setq var2 var1))))))

A form suc h as (exch v1 v2) is expanded to (setq v1 (prog1 v2 (setq v2 v1))) .

(prog2 s

1

s

2

: : : s

n

) [ sp e cial form ]

Sequen tially ev aluates the expressions s

1

s

2

: : : s

n

and returns the v alue of the second

ev aluation: that of s

2

.

In L E -L ISP , prog2 could b e de�ned in the follo wing manner:

(df prog2 (first second . rest)

(eval first)

(let ((result (eval second)))

(eprogn rest)

result))

Alternativ ely , it could b e de�ned in the form of an expr :

(defun prog2 (first second . l) second)

? (prog2 (prin 1) (prin 2) (prin 3))

123

= 2

Lik e prog1 , prog2 is alw a ys used to generate side-e�ects.

(progn s

1

: : : s

n

) [ sp e cial form ]

Ev aluates the expressions s

1

: : : s

n

in sequence, and returns the v alue of the last ev aluation:

that is, the ev aluation of s

n

.

progn is the fsubr form of the eprogn function. So, it can b e describ ed in the form of an

fexpr , in the follo wing manner:

(df progn l (eprogn l))

Alternativ ely , it could b e 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 ) [ sp e cial form ]
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Returns the unev aluated S-expression s . This function is used to inhibit argumen t-ev aluation

in calls to functions.

A prede�ned macro c haracter, the ap ostrophe sign, can b e used in place of the quote primitiv e.

W ritten as ' , it is often referred to as quote . Placed b efore an y expression s , this ap ostrophe

is read as (quote s) .

F or readabilit y reasons, output functions prin t lists of the form (quote s) as 's .

In L E -L ISP , quote could b e de�ned in the follo wing 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 ) [ sp e cial form ]

If a lexical en vironmen t is presen t, this function returns the lexic al closur e comp osed of the function

fn and this lexical en vironmen t. If there is no lexical en vironmen t presen t, function is equiv alen t to

quote . L E -L ISP V ersion 15.22 only builds a lexical en vironmen t for the lab els de�ned b y the tagbody

sp ecial-form and the blo c k names de�ned b y the block sp ecial-form. The function function cannot

b e describ ed in L ISP .

(arg n ) [ function with an optional ar gument ]

This function is used inside an expr &nobind . Without argumen ts, (arg) returns the n um b er of

argumen ts of the last expr &nobind function call. With a n umeric argumen t, (arg n) returns the

v alue of the n

th

argumen t of the last expr &nobind function call. If n is greater than the n um b er

of argumen ts, the result is indeterminate, since arg do es not test the v alidit y of n .

(identity s ) [ function with one ar gument ]

As its name indicates, this function is the iden tit y function. It returns its argumen t.

In L E -L ISP , identity could b e de�ned in the follo wing manner:

(defun identity (s) s)

(identit y 'a) = ) a

(identit y (1+ 5)) = ) 6

(comment e

1

: : : e

n

) [ sp e cial form ]
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Returns the sym b ol comment itself, and do es not ev aluate the argumen ts. This function is v ery

useful for commen ting out an S-expression in the middle of a �le. It is not recommended for the

in tro duction of program commen ts, whic h should b e written after the sp ecial semi-c olon c haracter.

Warning : This function can only b e inserted in to an implicit or explicit progn . Otherwise,

the ev aluation will b e disrupted.

In L E -L ISP , comment could b e de�ned in the follo wing manner:

(df comment l 'comment)

(comment 'foo bar) = ) comment

(comment ) = ) comment

(comment but no) = ) comment

3.2 Application functions

(lambda l s

1

: : : s

n

) [ sp e cial form ]

(flambda l s

1

: : : s

n

) [ sp e cial form ]

(mlambda l s

1

: : : s

n

) [ sp e cial form ]

The v alue of a lambda , flambda or mlambda lam b da-expression is the expression itself. These new

functions w ere added to eliminate the need to quote anon ymous explicit lam b da-expressions in

application functions.

In L E -L ISP , lambda could b e de�ned in the follo wing manner:

(df lambda l (cons 'lambda l))

Alternativ ely , it could b e de�ned in the form of a macro:

(dm lambda l (kwote l))

The second de�nition is more exact, since it preserv es the ph ysical address of the lam b da-

expression.

In L E -L ISP , flambda could b e de�ned in the follo wing manner:

(df flambda l (cons 'flambda l))

In L E -L ISP , mlambda could b e de�ned in the follo wing manner:

(df mlambda l (cons 'mlambda l))
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? (lambda (x) x)

= (lambda (x) x) ? (mapc (lambda (x) (prin x)) '(a b c))

abc

= ()

3.2.1 Simple application functions

(apply fn s

1

: : : s

n

l ) [ function with a variable numb er of ar guments ]

The argumen ts s

1

: : : s

n

are optional. apply returns the v alue of the application of the function

fn to the list of argumen ts l with the argumen ts s

1

: : : s

n

app ended in fron t, if they are presen t.

The argumen t l m ust b e a list, whic h migh t b e empt y . Otherwise, the errbal error is raised. The

function fn is of one of the follo wing t yp es: subr , nsubr , fsubr , msubr , dmsubr , expr , fexpr , macro

or 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 s

1

: : : s

n

) [ function with a variable numb er of ar guments ]

This is another form of the apply function. The form (funcall fn s

1

: : : s

n

) is equiv alen t to the

form (apply fn (list s

1

: : : s

n

)) . But funcall do es not really construct an y lists. Consequen tly ,

it is m uc h more e�cien t than apply .

In L E -L ISP , funcall could b e de�ned in the follo wing 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 t yp e

These functions allo w for the rep eated application of a function to a set of argumen t lists. The

applied function can ha v e an y n um b er of argumen ts, and the applications stop when the end of

one of these argumen t lists is reac hed. T o apply invariant argumen ts, include them in a circular

list, b y using for example the cirlist function. Ob viously , at least one of these argumen ts lists

m ust terminate in the con text of the ev aluation, so that these application functions do not lo op

inde�nitely .
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(allcar l ) [ function with one ar gument ]

In the L ISP descriptions accompan ying these functions, w e shall use the follo wing auxiliary

functions:

(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 l

1

: : : l

n

) [ function with a variable numb er of ar guments ]

(map fn l

1

: : : l

n

) [ function with a variable numb er of ar guments ]

These apply the function fn to the lists l

i

, then to all the cdr s of these lists, un til the end of one

of the lists is reac hed.

In L E -L ISP , mapl and map could b e de�ned in the follo wing 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 l

1

: : : l

n

) [ function with a variable numb er of ar guments ]

Applies the function fn to the car s of the lists l

i

, then to all the cadr s of these lists, then to

the caddr s, and so on, un til the end of one of these lists is reac hed.

In L E -L ISP , mapc could b e de�ned in the follo wing manner:
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(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)y

dz

= ()

(maplist fn l

1

: : : l

n

) [ function with a variable numb er of ar guments ]

Applies the function fn to the lists l

i

, then to the cdr s of these lists : : : un til the end of one

of the lists is reac hed. So, maplist is functionally similar to the map or mapl functions, but

it returns as its v alue the list of the v alues of the applications.

In L E -L ISP , maplist could b e de�ned in the follo wing 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 l

1

: : : l

n

) [ function with a variable numb er of ar guments ]

Applies the function fn to the car s of the lists l

i

, then to the cadr s of these lists, then to their

caddr s : : : un til the end of one of the lists is reac hed. So, mapcar is functionally similar to the mapc

function, but it returns as its v alue the list of v alues of the applications.

In L E -L ISP , mapcar could b e de�ned in the follo wing 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 l

1

: : : l

n

) [ function with a variable numb er of ar guments ]

Applies the function fn to the lists l

i

, then to their cdr s, then to their cddr s : : : un til the

end of one of the lists is reac hed. mapcon is therefore functionally similar to the map function.
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Ho w ev er, eac h application m ust return a list as its v alue, and mapcon returns the list of v alues

of these applications, whic h are nconc ed together (see the description of this function) to giv e

the return v alue. If one of the returned v alues is not a list, it is ignored and do es not app ear

in the list returned b y mapcon .

In L E -L ISP , mapcon could b e de�ned in the follo wing 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)))) '(a

b c))

= (c c c)

The follo wing co de mak es the last function lo op the third time:

(mapcon 'last '(a b c)) = ) ? ?

(mapcan fn l

1

: : : l

n

) [ function with a variable numb er of ar guments ]

Applies the function fn to the car s of the lists l

i

, then to the cadr s of these lists, then to

their caddr s : : : un til the end of one of these lists is reac hed. mapcan is therefore functionally

similar to the mapc function. Ho w ev er, eac h application m ust return a list as its v alue and

mapcan returns the list of v alues of these applications, whic h are nconc ed together (see the

description of this function) to giv e the return v alue. If one of these v alues is not a list, it is

ignored and do es not app ear in the list returned b y mapcan .

In L E -L ISP , mapcan could b e de�ned in the follo wing 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
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(every fn l

1

: : : l

n

) [ function with a variable numb er of ar guments ]

Applies the function fn to the car s of the lists l

i

, then to the cadr s of these lists, then to their

caddr s : : : un til the v alue returned b y one of these applications is () , or un til the end of one of

the lists l

i

is reac hed. In the latter case, every returns the v alue of the last application. Due to

the w a y the b o olean functions are represen ted in L ISP , with () represen ting false , this function is

principally used to apply a predicate to all the elemen ts of a list.

In L E -L ISP , every could b e de�ned in the follo wing 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 argumen ts ha v e 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 l

1

: : : l

n

) [ function with a variable numb er of ar guments ]

Applies the function fn to the car s of the lists l

i

, then to the cadr s of these lists, then to

their caddr s, : : : un til the v alue returned b y one of these applications is not equal to () ,

or un til the end of one of the lists l

i

is reac hed. Due to the w a y the b o olean functions are

represen ted in L ISP , with () represen ting false , this function is principally used to apply a

predicate to all the elemen ts of a list.

In L E -L ISP , any could b e de�ned in the follo wing manner:

(defun any (f . l)

(when (car l)

(or (apply f (allcar l))

(apply 'any f (allcdr l)))))

This description assumes that all list argumen ts ha v e the same length.

(any 'consp '(1 "foo" (1) 10)) = ) (1)

(any '= '(1 2 3) '(10 2 30)) = ) 2

(mapvecto r fn vect ) [ function with two ar guments ]

Applies the function fn , whic h m ust b e de�ned to tak e a single argumen t, to eac h elemen t of

the v ector vect , b eginning with the zero

th

elemen t. mapvector returns () as its v alue.
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In L E -L ISP , mapvector could b e de�ned in the follo wing manner:

(defun mapvector (fn vect)

(for (i 0 1 (1- (vlength vect)))

(funcall fn (vref vect i))))

? (mapvecto r 'prin #[a b c])

abc

= ()

(mapoblis t fn ) [ function with one ar gument ]

Applies the function fn , whic h m ust b e de�ned to tak e a single argumen t, to all the elemen ts|

in turn|of the oblist . This function is therefore equiv alen t to (mapc fn (oblist)) , but it

is m uc h more e�cien t, mainly b ecause it do es not build the en tire list of sym b ols: t ypically

ab out t w o thousand elemen ts.

Here, for example, is a function that prin ts the names of all the nsubr s in the system:

(defun printnsubr ()

(mapoblist (lambda (symb)

(when (eq (typefn symb) 'nsubr)

(print symb)))))

(mapcobli st fn ) [ function with one ar gument ]

Applies the function fn , whic h m ust b e de�ned to tak e a single argumen t, to all the elemen ts|in

turn|of the oblist . Eac h ev aluation returns a list, and these are nconc ed together to giv e the

return v alue. If one of the v alues is not a list, it is ignored and it do es not app ear in the result.

mapcoblist is therefore equiv alen t to (mapcan fn (oblist)) , but it is m uc h more e�cien t, mainly

b ecause it do es not build the en tire list of sym b ols: ab out t w o thousand elemen ts.

Here is a function that returns a list of the form (symb objval symb objval ...) for all the

sym b ols that ha v e an objval :

(defun findoval ()

(mapcoblist (lambda (symb)

(when (objval symb)

(list symb

(objval symb))))))

(maplobli st fn ) [ function with one ar gument ]

Applies the function fn , whic h m ust b e de�ned to tak e a single argmen t, to all the elemen ts|in

turn|of the oblist . Eac h ev aluation returns a b o olean v alue, and maploblist returns the list of

sym b ols in the oblist of whic h the function, usually a predicate, is true.

In L E -L ISP , maploblist could b e de�ned in the follo wing manner:
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(defun maploblist (fn)

(mapcoblist

(lambda (s)

(when (funcall fn s) (list s)))))

T o obtain the n um b er of functions in the system, ev aluate

(length (maploblis t 'typefn))

Here is a function that returns the list of all the functions of t yp e fsubr in the system:

(defun findfsubr ()

(maplobli st (lambda (symb)

(eq (typefn symb) 'fsubr))))

3.3 En vironmen t manipulation functions

These functions temp orarily c hange the dynamic en vironmen t. Here, the term `en vironmen t' means

the v ariable-v alue bindings. The initial en vironmen t, whic h w as curren t b efore one of these function

calls, is automatically restored up on function termination.

(let lv s

1

: : : s

n

) [ sp e cial form ]

By means of let , y ou can mak e anon ymous expr -t yp e function calls. In other w ords, y ou can create

lam b da-expressions.

lv is a list with elemen ts of the form

� var , or

� (var val) .

s

1

: : : s

n

is the b o dy of the function.

The let function binds the v ariables var

i

, dynamically and sim ultaneously , with the v alues

val

i

, if the latter are supplied, or with () b y default. It then executes the b o dy of the function

s

1

: : : s

n

. After completing this execution, let un binds the v ariables and binds them to their

previous v alues. let simpli�es the de�nition and initialization of lo cal v ariables.

let is an abbreviated form of anon ymous expr -t yp e function call, and can therefore raise the

same errors: errbpa , errlib or errbal .

The form

(let ((var val)) s

1

: : : s

n

)

corresp onds to the call

((lambda (var) s

1

: : : s

n

) val)

and the form
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(let ((var

1

val

1

) ... (var

n

val

n

))

s

1

: : : s

m

)

corresp onds to the call

((lambda (var

1

: : : var

n

) s

1

: : : s

m

)

val

1

: : : val

n

)

In L E -L ISP , let could b e de�ned in the follo wing 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 s

1

: : : s

n

) [ sp e cial form ]

This function is iden tical to the let function, but allo ws for the calculation of the v ariable names

to b e b ound. lvar is an argumen t that should result, when ev aluated, in a tree of sym b ols. lval

is an argumen t that should result, when ev aluated, in a list of v alues. letv links the sym b ols of

the lvar tree with the v alues of the lval list, and then ev aluates the expressions s

1

: : : s

n

in this
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new en vironmen t. letv returns the v alue of the last ev aluation (that of s

n

), and then restores the

en vironmen t to the state it w as in b efore the call. letv can raise the same errors ( errbpa , errilb ,

errwna or errbal ) as the ev aluation of an anon ymous function.

In L E -L ISP , letv could b e de�ned in the follo wing 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 s

1

: : : s

n

) [ sp e cial form ]

This function is iden tical to the preceding one, except that the �rst argumen t, lvar (the tree of

v ariables), is not ev aluated.

In L E -L ISP , letvq could b e de�ned in the follo wing manner:

(defmacro letvq (lvar lval . body)

`((lambda (,lvar) ,@body) ,lval))

(letvq (a . b) '(1 2) (list a b)) = ) (1 (2))

(lets lv s

1

: : : s

n

) [ sp e cial form ]

(slet lv s

1

: : : s

n

) [ sp e cial form ]

(let* lv s

1

: : : s

n

) [ sp e cial form ]

These functions are iden tical to the let function, but the argumen ts are b ound sequen tially , not

in parallel. They di�er from let in the same w a y that psetq di�ers from setq . So, a v alue already

b ound in the lets can b e used to calculate the v alue of another expression in the list lv . There is

no di�erence b et w een lets , slet and let* .

The form

(lets ((var

1

val

1

) (var

2

val

2

) : : : (var

n

val

n

))

s

1

: : : s

n

)

corresp onds, therefore, to

(let ((var

1

val

1

))

(let ((var

2

val

2

))

: : : : : :

(let ((var

n

val

n

))

s

1

: : : s

n

) : : : ))

and also to
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((lambda (var

1

)

((lambda (var

2

)

: : : : : :

((lambda (var

n

)

s

1

: : : s

n

)

val

n

) : : : )

val

2

)

val

1

)

(let ((i 10)) (slet ((i 20) (j (+ i i))) (list i j))) = ) (20 40)

(letn symb lv s

1

: : : s

n

) [ sp e cial form ]

Mak es it p ossible to call named expr -t yp e functions. symb is the temp orary function name,

lv is a list of v ariable/v alue pairs, as in the let function, and s

1

: : : s

n

is a function b o dy .

The letn function will dynamically , and in parallel, bind the v ariables with the v alues in the

list lv . It will then execute the b o dy of the function s

1

: : : s

n

, after ha ving asso ciated (during

the ev aluation of the b o dy) the same lam b da-expression as in the let function to the name

symb . letn therefore simpli�es the dynamic de�nition and call of a recursiv e function.

The form

(letn symb ((var

1

val

1

) ... (var

n

val

n

)) s

1

... s

n

)

is equiv alen t to

(flet ((symb (var

1

... var

n

) s

1

... s

n

)) (symb val

1

... val

n

))

In L E -L ISP , letn could b e de�ned in the follo wing manner:

(defmacro letn (name lv . body)

`(flet ((,name ,(mapcar 'car `,lv) ,@body))

(,name ,@(mapcar 'cadr `,lv)))))))))

Let us lo ok at an example that uses letn : the index function. It returns the index of the

sub-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)))))))))
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3.4 F unction-de�nition functions

These functions allo w for the de�nition of new functions. All of them test the v alidit y of their

argumen ts:

� Names of functions m ust b e sym b ols.

� All the v ariables in the list or in the parameter tree m ust also b e sym b ols.

These sym b ols can only app ear once in the list or in the parameter tree.

If not, the errbdf or errbpa errors are raised, with default screen displa ys:

** <fn> : bad definition : <symb>

** <fn> : bad parameter : <e>

There are t w o t yp es of function de�nition: static de�nitions and dynamic de�nitions. (See the

preceding c hapter on the op eration of the in terpreter.)

3.4.1 Static function de�nitions

All these functions will p ermanen tly c hange the functions asso ciated with the sym b ols. These

c hanges are con trolled b y the follo wing v ariables:

#:system: pre vi ous -d ef- fla g [ variable ]

#:system: pre vi ous -d ef [ pr op erty ]

All function rede�nitions can b e preceded b y a sa v e of the previous de�nition asso ciated with the

sym b ol|if it had one|on its P-list b y use of the #:system:previous-def prop ert y . This sa v e

is con trolled b y the #:system:previous-def-fl ag v ariable. If it is true|that is, if its v alue is

di�eren t from () |the sa v e tak es place. If it is false, no sa v e is p erformed. By default the v alue of

this v ariable is () .

#:system: red ef -fl ag [ variable ]

The #:system:redef-flag 
ag allo ws for w arning on function rede�nition.

If #:system:redef-flag is false|that is, equal to () , as it is b y default|a w arning message is

prin ted on an y attempt to rede�ne a function. If this 
ag is true|di�eren t from () |function

rede�nitions cause no w arning messages. Suc h a message will ha v e the form

** <fn> : redefined function : <symb>

where fn is the de�nition function that w as called, and symb is the name of the function that

w as just rede�ned.
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#:system: loa de d-f ro m-f ile [ variable ]

#:system: loa de d-f ro m-f ile [ pr op erty ]

Moreo v er, all the follo wing de�nition functions add, to the P-list of the newly de�ned sym b ols

b y use of the #:system:loaded-from-file prop ert y , the name of the �le from whic h the

function w as loaded. This name will b e found in the #:system:loaded-from-file v ariable.

If the v alue of this v ariable is () , nothing is added on to the P-list of the function name

sym b ol.

(defun symb lvar s

1

: : : s

n

) [ sp e cial form ]

(de symb lvar s

1

: : : s

n

) [ sp e cial form ]

defun allo ws for the static de�nition of new expr s. symb is the name of the sym b ol to whic h a

lam b da-expression of the t yp e

(lambda lvar s

1

... s

n

)

will b e attac hed.

defun returns the name of the function, symb , as its v alue. There is no di�erence b et w een de

and defun .

Up to v alidit y c hec ks, the form

(defun symb lvar s

1

... s

n

)

is equiv alen t to

(setfn 'symb 'expr '(lvar s

1

... s

n

)

(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 s

1

: : : s

n

) [ sp e cial form ]

Allo ws for the static de�nition of new fexpr s. symb is the name of the sym b ol to whic h a

lam b da expression of the t yp e

(flambda lvar s

1

... s

n

)

will b e attac hed.

df returns the name of the de�ned function, symb , as its v alue.

Up to v alidit y c hec ks,

(df symb lvar s

1

... s

n

)

is equiv alen t to
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(setfn 'symb 'fexpr '(lvar s

1

... s

n

)

? (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 s

1

: : : s

n

) [ sp e cial form ]

Allo ws for the static de�nition of new macro s. symb is the name of the sym b ol to whic h a

lam b da expression of the t yp e

(mlambda lvar s

1

... s

n

)

will b e attac hed.

dm returns the name of the de�ned function, symb , as its v alue.

Up to v alidit y c hec ks, the form

(dm symb lvar s

1

... s

n

)

is equiv alen t to

(setfn 'symb 'macro '(lvar s

1

... s

n

)

? (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 s

1

: : : s

n

) [ sp e cial form ]

(dmd symb lvar s

1

: : : s

n

) [ sp e cial form ]

defmacro allo ws for the static de�nition of a new dmacro named symb that accepts a tree of

v ariables lvar . This tree of v ariables will b e b ound to the cdr of the call to this macro. defmacro

returns symb as its v alue. There is no di�erence b et w een defmacro and dmd .

In L E -L ISP , defmacro could b e de�ned in the follo wing manner:

(df defmacro (name larg . corps)
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(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 v alidit y c hec ks, the form

(defmacro symb lvar s

1

... s

n

)

is equiv alen t to

(setfn 'symb 'dmacro '(lvar s

1

... s

n

)

Here is an example:

(defmacro if (test then else1 . elsen)

`(cond ((,test ,then) (t ,else1 ,@elsen))) )

(ds symb type adr ) [ sp e cial form ]

Allo ws for the static de�nition of functions whose t yp e is subr or fsubr . symb is the name of

a sym b ol to whic h a mac hine-language function, b eginning at address adr , will b e attac hed. Its

t yp e is giv en b y the argumen t type . This function, whic h is little used but included for reasons of

homogeneit y , is an fsubr v arian t of setfn .

Up to v alidit y tests, the form

(ds symb type adr)

is equiv alen t to

(setfn 'symb 'type 'adr)

3.4.2 Adv anced use of macro functions

W riting macro functions is a c hallenging activit y . L E -L ISP encourages their use o v er fexpr s, whic h

cause v ariable capture. In order to facilitate the writing of macro s, the bac kquote macro-c haracter

is pro vided (describ ed in the c hapter on input/output), along with the next t w o functions, whic h

allo w for con trol of the results of macro -expansions.

(macroexp and 1 s ) [ function with one ar gument ]

If the expression s is a macro , dmacro , msubr or dmsubr call, macroexpand1 returns the expanded

v alue of this macro . This is ob viously v ery useful for testing y our o wn macro s.

In L E -L ISP , macroexpand1 could b e de�ned in the follo wing manner:
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(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))))

(defmacr o foo (x1 x2) `(mcons ,x1 foo ,x2)) = ) foo

(macroex pan d1 '(foo 10 20)) = ) (mcons 10 foo 20)

(macroexp and s ) [ function with one ar gument ]

Allo ws for the m ulti-lev el expansion of macro , dmacro , msubr or dmsubr calls in the expression s .

In L E -L ISP , macroexpand could b e de�ned in the follo wing 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))))
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(prog1 (nreverse s) (rplacd s x))))))

(defmacr o foo (x1 x2) `(mcons ,x1 foo ,x2)) = ) foo

(dm bar (bar x) `(foo ,x 30)) = ) bar

(macroex pan d '(bar (foo 10 20))) = ) (mcons (mcons 10 foo 20) foo 30)

3.4.3 De�nition of closures

(closure lvar fn ) [ function with two ar guments ]

Allo ws for the de�nition of a closure made up of a list of v ariables lvar and a function fn . Eac h

v ariable in the list lvar m ust ha v e a non-inde�nite v alue that will b e used to construct the closure.

In L E -L ISP , closure could b e de�ned in the follo wing 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)))))

F or example, here is a natural n um b er generator:

(setfn 'nextint 'expr

(let ((n 1))

(cdr (closure '(n)

'(lambda () (setq n (1+ n)))))))

Here is a Fib onacci n um b er generator:

(setfn 'fib 'expr

(let ((x 1) (y 1))

(cdr (closure '(x y)

'(lambda ()

(setq y (prog1 (+ x y)

(setq x y))))))))
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(nextint ) = ) 2

(nextint ) = ) 3

n = ) ** eval : undefined variable : n

(fib) = ) 2

(fib) = ) 3

(fib) = ) 5

3.4.4 De�nition of dynamic functions

(flet l s

1

: : : s

n

) [ sp e cial form ]

Allo ws for the de�nition of dynamic functions|analogous to the let function for v ariables.

The argumen t l is a list of lists. Eac h sub-list has the form (symb l e

1

... e

n

) .

The argumen ts s

1

: : : s

n

represen t the function b o dy .

The flet function binds a new function to eac h sym b ol symb during the ev aluation of s

1

: : : s

n

.

Eac h of these functions|whic h are themselv es expr -t yp e expressions|has an argumen t list l and

a b o dy e

1

: : : e

n

. The return v alue of flet is the ev aluation of the last function b o dy in the flet :

that of s

n

. After the flet , the sym b ols symb retriev e their previous de�nitions : : : if they had one.

Due to the in tro duction of programmable in terrupts, flet is not used v ery often. Moreo v er, its

use leads to p o or p erformance in compiled co de b ecause of the totally dynamic nature of the

rede�nition. Consequen tly , it should b e a v oided.

? (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 assignmen t

L ISP allo ws assignmen t of v alues to v ariables b y means of functions suc h as setq , set and psetq .

Often, ho w ev er, v alues are stored in di�eren t kinds of data structures: lists, v ectors and structures.

F or eac h t yp e of storage, t w o functions need to b e de�ned: an access function and an assignmen t

function. They are akin to the vref and vset functions for reading from and writing to v ector

storage.

Generalized assignmen t allo ws y ou to use the access function to carry out an assignmen t b y means

of the setf macro.

The adv an tage of generalized assignmen t is the econom y gained in the initial assignmen t of v alues

to sym b ols. It also pro vides a uniform means of writing suc h assignmen t functions.

(setf loc

1

val

1

: : : loc

n

val

n

) [ macr o ]
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Up dates the lo cations loc

1

: : : loc

n

with the v alues of the expressions val

1

: : : val

n

. As in the

case of the setq function, the assignmen ts are carried out sequen tially . setf returns the v alue of

the last assignmen t that w as p erformed.

setf is a macro that is expanded in to assignmen t functions for the lo cations loc

i

.

The lo cations loc

i

m ust b e one of the follo wing:

� A v ariable name. In this case, the setf macro is equiv alen t to the setq function.

� A prede�ned lo cations, with one of the follo wing forms: (car x) , (cdr x) , (caar x) ,

(cadr x) , (cadar x) , (cddr x) , (getprop s i) , (vref v i) and (nth i l) . The list

can b e extended b y using the defsetf macro, whic h is ab out to b e presen ted.

� One of the access functions of an y de�ned structure.

(setf (vref v i) x) is equiv alen t to (vset v i x) .

(defsetf access lparams store . body ) [ macr o ]

Lets y ou de�ne the assignmen t function asso ciated with the form (access . lparams) . The

store argumen t is a single-elemen t list, the up dated v alue is b ound to the con ten ts of store .

The body argumen t is a macro b o dy that m ust return the form that do es the up dating.

(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 value

3.5 V ariable functions

A function with a v ariable n um b er of argumen ts that giv es read and write access ( get / set ) to a

L ISP datum will b e referred to as a variable function . Read access tak es place b y calling this function

with n-1 argumen ts. W rite access tak es place b y calling it with n argumen ts. In the write call, the

last argumen t is the new v alue of the v ariable function. The t yp e of the L ISP datum manipulated

b y these v ariable functions can b e one of the follo wing:

� An in ternal L E -L ISP system t yp e: for example, the n umerical output con v ersion base, or

input/output stamps.

� Sp eci�c to a particular program, in whic h case an y L ISP ob ject whatev er can b e used.

A v ariable function has all the prop erties of a function. Indeed, it is a function. But it can also b e

dynamic al ly b ound |in the same w a y as L ISP v ariables|b y using the follo wing function:

(with l s

1

: : : s

n

) [ sp e cial form ]
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The argumen t l is a list of the form

((symb

1

arg

1 1

... arg

1 n

) ... (symb

n

arg

n 1

... arg

nn

))

where the symb

i

are the names of the v ariable functions, and arg

i 1

... arg

i n

are their write-

access argumen ts. with p erforms these writes after sa ving the v alues of calls to these v ariable

functions in the read mo de, then ev aluating the expressions s

1

: : : s

n

and returning the v alue

of s

n

as its result. But, in the spirit of dynamic binding, with calls these function v ariables

again in write mo de, with the v alues of the v ariable functions previously sa v ed as argumen ts.

The reconstitution of these v alues is protected in the manner of the protect function.

In L E -L ISP , with could b e de�ned in the follo wing 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))))

var

l))

(protect

(progn ,@l ,@body)

,@(mapcar

(lambda (var l)

(append1 (firstn (1- (length l)) l)

var))

var

l)))))

F or example, obase is the system v ariable-function for accessing the n umeric base of n um b ers

b eing prin ted out:

? (obase)

= 10 ? (prin 100)

100

= 100 ? (with ((obase 16)) (prin 100))

64

= 100 ? (obase)

= 10

(with ((obase 16)) (prin 100)) is equiv alen t to
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(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)))

(monindi c 'x '(a)) = ) (a)

(monindi c 'x) = ) (a)

(with ((monindic 'x 20)) (monindic 'x)) = ) 20

(monindi c 'x) = ) (a)

3.6 Basic con trol functions

All the functions describ ed in this section allo w the sequen tial c hain of ev aluations to b e brok en.

That is wh y they are all of t yp e fsubr . The argumen ts are not ev aluated b y eval , but b y the

functions themselv es. Ev en then, this is not alw a ys the case.

The simplest con trol function is the conditional if function. This function will b e used with the

while function to describ e all the other con trol functions in L ISP , in the form of fexpr s.

(if s

1

s

2

s

3

: : : s

n

) [ sp e cial form ]

If the v alue of the ev aluation of s

1

di�ers from () , if returns the v alue of the ev aluation of the

expression s

2

. Otherwise, if ev aluates the expressions s

3

: : : s

n

in turn, and returns the v alue of

the last ev aluation: s

n

. if allo ws for the construction of a con trol structure of the form if s then

s

2

else s

3

: : : s

n

.

(if t 1 2 3) = ) 1

(if () 1 2 3) = ) 3

Here is Ac k ermann's function describ ed 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 s

1

s

2

s

3

: : : s

n

) [ sp e cial form ]
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If the v alue of the ev aluation of s

1

is equal to () , ifn returns the v alue of the ev aluation of the

expression s

2

. Otherwise, ifn ev aluates the expressions s

3

: : : s

n

in turn, and returns the v alue of

the last ev aluation: that of s

n

. ifn allo ws for the construction of a con trol structure of the form if

not s

1

then s

2

else s

3

: : : s

n

.

ifn is therefore equiv alen t to (if (not s

1

) s

2

s

3

: : : s

n

) .

In L E -L ISP , ifn could b e de�ned in the follo wing 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 s

1

s

2

: : : s

n

) [ sp e cial form ]

If the v alue of the ev aluation of s

1

di�ers from () , when ev aluates the expressions s

2

: : : s

n

in turn,

and returns the v alue of the last ev aluation: that of s

n

. If the v alue of s

1

is () , when returns () .

when giv es rise to a con trol structure of the form if s

1

then s

2

: : : s

n

else () .

In L E -L ISP , when could b e de�ned in the follo wing manner:

(df when (test . body)

(if (eval test)

(eprogn body)

()))

(when t 1 2 3) = ) 3

(when () 1 2 3) = ) ()

(unless s

1

s

2

: : : s

n

) [ sp e cial form ]

If the v alue of the ev aluation of s

1

is equal to () , unless ev aluates the expressions s

2

: : : s

n

in

turn, and returns the v alue of the last ev aluation: that of s

n

. If the v alue of s

1

di�ers from () ,

unless returns () . unless allo ws for the construction of a con trol structure of the form if s

1

then

() else s

2

: : : s

n

.

In L E -L ISP , unless could b e de�ned in the follo wing manner:

(df unless (test . body)

(if (eval test)

()

(eprogn body)))

(unless t 1 2 3) = ) ()

(unless () 1 2 3) = ) 3
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(or s

1

: : : s

n

) [ sp e cial form ]

Ev aluates the expressions s

1

: : : s

n

, in turn, un til one of these ev aluations has a v alue di�eren t

than () . or returns this v alue. If no expression is giv en as argumen t, this function returns () .

In L E -L ISP , or could b e de�ned in the follo wing manner:

(df or l

(letn oreval ((l l))

(if (null (cdr l))

(eval (car l))

(let ((resul (eval (car l))))

(if resul

resul

(oreval (cdr l)))))))

(or) = ) ()

(or ()) = ) ()

(or 1 2) = ) 1

(or () () 2 3) = ) 2

(and s

1

: : : s

n

) [ sp e cial form ]

Ev aluates the expressions s

1

: : : s

n

, in turn, un til the v alue of one of these ev aluations is equal

to () , and then returns () . If this do es not o ccur|that is, if all the expressions, when ev aluated,

di�er from () | and returns the v alue of the last ev aluation: that of s

n

. If no expressions are giv en

as argumen ts, this function returns t . and allo ws for the construction of con trol structures of the

form if s

1

then if s

2

then if : : : then s

n

.

In L E -L ISP , and could b e de�ned in the follo wing 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 l

1

: : : l

n

) [ sp e cial form ]
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The famous cond primitiv e is the most general conditional function in L ISP . The argumen ts l

1

: : :

l

n

are lists, called clauses , eac h of whic h has the structure (ss s

1

: : : s

n

) .

ss is an y expression, and s

1

: : : s

n

are the b o dy of the clause. cond ev aluates the b o dy of

the �rst clause whose �rst elemen t, ss , ev aluates to something other than () . cond ev aluates

sequen tially the expressions of the b o dy , s

1

: : : s

n

, and returns the v alue of the last ev aluation:

that of s

n

. If the clause in question has only one elemen t, ss , cond returns the v alue of ss :

that is, the v alue that caused the clause to b e c hosen for ev aluation. cond allo ws for the

construction of con trol structures of the form if ... then ... else if ... then ...

If no clause is c hosen for ev aluation, cond returns () . In order to force the selection of the

last clause, it is customary to use the sym b olic constan t t as the selector, since its v alue is

alw a ys di�eren t to () . (See the section on predicates.)

In L E -L ISP , cond could b e de�ned in the follo wing 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 equiv alen t 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 l

1

: : : l

n

) [ sp e cial form ]

Lik e the cond function, selectq c ho oses one of the clauses l

1

: : : l

n

. The selector of these clauses

is the v alue of the ev aluation of s , the selection b eing accomplished b y the comparison of this

ev aluation with one of the follo wing:
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� The unev aluated car of the clause if this is an atom. This comparison uses the equal

predicate.

� The elemen ts of the unev aluated car of the clause if this is a list. In this case, the

comparison uses the member searc h function. This option allo ws for the selection to tak e

place b et w een s and an arbitrary n um b er of ob jects.

Up on the selection of a clause, selectq ev aluates the rest of the clause in order, and returns

the v alue of the last ev aluation.

If none of the clauses l

1

: : : l

n

is selected, selectq returns () .

selectq therefore allo ws for the construction of switc hes on constan t v alues.

As in the cond function, it is p ossible to force the selection of the last clause b y using the

sym b olic constan t t as its �rst elemen t.

In L E -L ISP , selectq could b e de�ned in the follo wing 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
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(while s s

1

: : : s

n

) [ sp e cial form ]

As long as the v alue of s di�ers from () , while ev aluates the expressions s

1

: : : s

n

in turn.

while alw a ys returns () as its v alue. This is the v alue of the last ev aluation of s . The lo op

terminates at this p oin t. This function allo ws for the construction of in�nite lo ops with the

form (while t ...) , since the sym b olic constan t t alw a ys has a v alue di�eren t to () .

In L E -L ISP , while could b e de�ned in the follo wing manner:

(df while (test . body)

(letn while1 ()

(if (null (eval test))

()

(eprogn body)

(while1))))

while is equiv alen t to the follo wing L ISP form:

(letn while () (ifn s () s

1

... s

n

(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 s

1

: : : s

n

) [ sp e cial form ]

As long as the v alue of the ev aluation of s is equal to () , until ev aluates all the expressions

s

1

: : : s

n

in turn. until returns the v alue of the �rst ev aluation of s that di�ers from () . This

is the v alue that causes the exit from the until lo op. Lik e the preceding function, while ,

until pro vides a v ery con v enien t w a y to construct conditional lo ops, as w ell as in�nite lo ops

with the form (until () ... ) .

In L E -L ISP , until could b e de�ned in the follo wing manner:

(df until (test . body)

(letn until1 ()

(or (eval test)

(progn (eprogn body) (until1)))))

until is equiv alen t|up to the return v alue|to the follo wing L ISP form:

(while (not s) s

1

... s

n

)

Here is an example of this function:

? (setq s '(a b c d))

= (a b c d) ? (until (null s) (prin (nextl s)))
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abcd

= t

(repeat m s

1

: : : s

n

) [ sp e cial form ]

repeat ev aluates the expression m . The resulting v alue m ust b e a whole n um b er. repeat then

p erforms m ev aluations of the expressions s

1

: : : s

n

. If the v alue of m is not a n um b er, the errnia

error is raised. If m is not strictly greater than zero, the lo op is not executed. In an y case, repeat

returns t as its v alue.

In L E -L ISP , repeat could b e de�ned in the follo wing 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 e

1

: : : e

m

) s

1

: : : s

n

) [ sp e cial form ]

Allo ws nostalgic programmers to implemen t a lo op of the Algol v ariet y . The argumen t var

m ust b e a sym b ol. It is the n umeric con trol v ariable for the lo op. The in argumen t is the

initial n umeric v alue of var at the b eginning of the lo op, and ic is the n umeric incremen t

added to var eac h time round the lo op. Finally , ntl is the maximal v alue|or minimal v alue,

dep ending on the sign of ic |that the con trol v ariable can receiv e. It is the limit v alue of

var . The for function returns the v alue of the ev aluation of (progn e

1

... e

m

) .

In L E -L ISP , for could b e de�ned in the follo wing 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)
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(,endvar ,end))

(while (,test ,var ,endvar)

,@body

(incr ,var ,step))

,@res)))

? (for (i 0 1 9 'ok) (prin i))

0123456789

= ok

3.7 Lexical con trol functions

L E -L ISP v ersion 15.22 in tro duces the notion of lexical, or textual, con trol. The con trol structures

describ ed in this section ha v e a strictly lexical scop e. Incorrect use of one of them can raise the

errnab or errxia errors, whic h ha v e the default screen displa ys:

** <fn> : no lexical scope : <e>

** <fn> : inactive lexical scope : <e>

3.7.1 Primitiv e lexical con trol forms

(block symb e

1

: : : e

n

) [ sp e cial form ]

symb is the unev aluated sym b olic name of a lexical blo c k that ev aluates the expressions e

1

: : :

e

n

. By default, block returns the v alue of the last ev aluation: that is, that of e

n

. Ho w ev er, these

sequen tial ev aluations can b e in terrupted b y the next function.

(return-f rom symb e ) [ sp e cial form ]

symb m ust b e the name of a lexical blo c k, of t yp e block , and it is not ev aluated. return-from exits

from this lexical blo c k and returns the v alue of the ev aluation of e . If this function o ccurs outside

the lexical scop e of the blo c k in question, the errnab error is raised.

(return e ) [ sp e cial form ]

This function is the same as the follo wing form:

(return-from () e)

(tagbody ec

1

: : : ec

n

) [ sp e cial form ]

ec

1

: : : ec

n

are either sym b ols considered as lab els, or lists that are forms to b e ev aluated. tagbody

ev aluates the forms in turn, and returns () b y default. The sequen tial ev aluation of these forms

can b e in terrupted b y the next function.
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(go symb ) [ sp e cial form ]

symb is the name of a lab el in the curren t tagbody . The go function, called with symb as its

argumen t, allo ws y ou to restart the sequen tial ev aluation from the p oin t at whic h symb app ears in

the tagbody . If symb is not a lab el in a lexical tagbody , the errnab error is raised.

Here are examples of the use of lexical con trol functions:

? (block commonalit y 1 (return-f ro m commonali ty 2) 3)

= 2 ? (block () 1 (block portabil ity 2 (return 3) 4) 5)

= 3 ? (block consistenc y (eval '(return-f rom consisten cy 10)))

** return-fro m : no lexical scope : consisten cy

? (block expressive ne ss

? (let ((y #'(lambda () (return-fr om expressive nes s 10))))

? (funcall y)))

= 10 ? (let (y) (block compatibil ity

? (setq y #'(lambda () (return-f ro m compatibi li ty 10))))

? (funcall y))

** return-fro m : inactive lexical scope : compatibil ity

? (let ((n 5) l)

? (tagbody

? efficienc y (if (<= n 0)

? (go power)

? (newl l (decr n))

? (go efficiency ))

? power)

? l)

= (0 1 2 3 4)

The follo wing example is inspired b y a w ell-kno wn source [Steele 84]:

(defun cex (f g x)

(if (= x 0)

(funcall f)

(block here

(+ 5 (cex g

#'(lambda () (return-f rom here 4))

(- x 1))))))

(cex () () 2) = ) 4

3.7.2 Iteration functions of the prog kind

(prog l ec

1

: : : ec

n

) [ macr o ]

Allo ws y ou to com bine the block , let and tagbody functions.

In L E -L ISP , prog could b e de�ned in the follo wing manner:

(defmacro prog (l . body)
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`(block ()

(let ,l

(tagbody ,@body))))

(prog* l ec

1

: : : ec

n

) [ macr o ]

prog* is equiv alen t to the preceding function, prog , except that the v ariable bindings tak e place

in sequence|not in parallel|due to the use of the let* form.

In L E -L ISP , prog* could b e de�ned in the follo wing manner:

(defmacro prog* (l . body)

`(block ()

(let* ,l

(tagbody ,@body))))

3.7.3 Iteration functions of the do kind

(do lv lr ec

1

: : : ec

n

) [ macr o ]

This macro, b orro w ed from MacLisp, is a v ery general iteration function with one or sev eral con trol

v ariables. It, to o, is a com bination of the let , block and tagbody functions, enric hed b y an iteration

structure.

� lv is a list of triples, eac h of whic h describ es a con trol v ariable as (symb val inc) .

� symb is the name of the con trol v ariable.

� The expression val is its initial v alue, b efore en tering the lo op. By default, it is () .

� inc is the expression indicating its incremen t v alue, added after eac h iteration. If this

expression is not supplied, the v ariable do es not c hange v alues during lo op execution. lr ,

the second argumen t of a do , is a list of the form

(test e

1

: : : e

n

)

where test is the end-of-iteration expression and e

1

: : : e

n

constitute the v alue to return

at the end of the iterations. This argumen t is analogous to a cond clause. If the v alue of

test is equal to () , the b o dy of the do is executed. If not, the expressions e

1

: : : e

n

are

ev aluated, and the v alue of the ev aluation of e

n

is the return v alue of the do .

� ec

1

: : : ec

n

is the b o dy of the do : the analog of the tagbody function.

The ev aluation of a do pro ceeds in the follo wing manner:

� The expressions val

1

: : : val

n

of the triples are ev aluated, and are used to bind the

con trol v ariables sym

1

: : : sym

n

. This is done in parallel, in the st yle of let or psetq .

� test is ev aluated. If its v alue is di�eren t to () , the expressions e

1

: : : e

n

are ev aluated,

and do returns the v alue of e

n

.



3-36 CHAPTER 3. PREDEFINED FUNCTIONS

� If the test returns () , the do b o dy ec

1

: : : ec

n

is executed, as in a prog .

� A t the end of the do b o dy , the expressions inc

1

: : : inc

n

in the triples are ev aluated and

are used|if they exist|to bind the con trol v ariables sym

1

: : : sym

n

. The pro cess then

con tin ues at the second step.

In L E -L ISP , do could b e de�ned in the follo wing 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 empt y blo c ks or tagbody forms.

Let us lo ok at some examples of the use of do without a b o dy . Here is a w a y of writing the

length function:

(defun lngt (l)

(do ((x l (cdr x))

(j 0 (1+ j)))

((atom x) j)))

This function is transformed as follo ws:

(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 follo ws:

(defun rev (l)

(let ((x l) (y ()))

(until (atom x)

(psetq x (cdr x) y (cons (car x) y)))

y))
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(do* lv lr ec

1

: : : ec

n

) [ macr o ]

do* is iden tical to the preceding function, do , except that the bindings tak e place sequen tially and

not in parallel. The relationship b et w een do* and do is the same as that b et w een let* and let .

In L E -L ISP , do* could b e de�ned in the follo wing 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 empt y blo c ks or tagbody forms.

Here is an example of an exp onen tiation function:

(defun expt (m n)

(do* ((result m (* m result))

(exponen t n (1- exponent))

(counter (1- exponent ) (1- exponent)) )

((= counter 0) result)))

This function is transformed as follo ws:

(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-lo cal con trol functions

The follo wing con trol functions are p o w erful and rapid, b oth in compiled and in terpreted co de.

They are necessary comp onen ts of more sophisticated con trol structures, and their use is strongly

recommended.

A dynamically-de�ned lab el is referred to as an esc ap e . L E -L ISP asso ciates sym b ols with these

escap es. These asso ciations initialize neither the v alues of sym b ols, nor the functions asso ciated

with them.
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(tag symb s

1

: : : s

n

) [ sp e cial form ]

This lets y ou de�ne an escap e named symb . This name is not ev aluated, but s

1

: : : s

n

are ev aluated

in turn. If there is no exit function call executed during these ev aluations, tag returns the v alue

of the last ev aluation: that is, the ev aluation of s

n

. On the other hand, if a call of the form (exit

symb s

1

: : : s

n

) is encoun tered among s

1

: : : s

n

, the ev aluations inside the tag are terminated,

the expressions e

1

: : : e

n

are ev aluated in turn, and tag returns the v alue of the ev aluation of e

n

as its v alue.

(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 s

1

: : : s

n

) [ sp e cial form ]

evtag is similar to the preceding function, tag , except that the name of the escap e is ev aluated.

evtag therefore pro vides the means to de�ne computed escap es.

(exit symb s

1

: : : s

n

) [ sp e cial form ]

Can b e used to lea v e escap es. After ev aluating the expressions s

1

: : : s

n

in the en vironmen t of the

exit , it returns to the last dynamically de�ned (tag symb ...) or (evtag symb ...) .

If symb is not the name of a dynamically-accessibl e escap e, the exit from the escap e can b e captured

b y a lock form. It is up to this form to raise the errudt error in certain cases. This error has the

screen displa y:

** <fn> : undefined tag : <symb>

where symb is the name of the escap e and fn is the t yp e of the lock form that caugh t the

escap e. By default, the main in teraction lo op has a lock form and raises the follo wing error:

** toplevel : undefined tag : <symb>

(evexit s s

1

: : : s

n

) [ sp e cial form ]

evexit is similar to exit , except that the name of the escap e is ev aluated.
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(unexit symb s

1

: : : s

n

) [ sp e cial form ]

Can b e used to lea v e escap es. It returns to the last dynamically-de�ne d (tag symb ...) or (evtag

symb ...) . It also ev aluates the expressions s

1

: : : s

n

in the en vironmen t of the corresp onding tag

or 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

(untilexi t symb e

1

: : : e

n

) [ sp e cial form ]

Pro vides the means to create lo ops that are con trolled b y escap es. symb is the name of an escap e.

The expressions e

1

: : : e

n

are rep eated inde�nitely un til the o ccurrence of an explicit call to exit

the escap e symb , or an escap e for whic h symb lies in its dynamic scop e.

The form (untilexit symb s

1

... s

n

) therefore corresp onds to the follo wing call:

(tag symb (while t s

1

... s

n

))

(lock fn s

1

: : : s

n

) [ sp e cial form ]

First, lock ev aluates the argumen t fn , whic h m ust return a t w o-argumen t function as its

v alue. This function is called the lo ck function .

Then, lock ev aluates the expressions s

1

: : : s

n

as a progn . If an escap e o ccurs in the course

of these ev aluations, the lo c k function is automatically called with t w o argumen ts. The �rst

is the name of the curren t escap e, and the second is the v alue whic h this escap e returns.

The v alue returned b y this lo c k function fn , if it returns one, b ecomes the v alue of the lock

function. Ev en if the ev aluation of the b o dy of the lock terminates normally , the lo c k function

is called, but with () as the name of the escap e and with the v alue of the ev aluation of s

n

as

its second argumen t. In this case, to o, the v alue returned b y lock is the v alue returned b y

the lo c k function fn .

Here is a lock function that is useless, b ecause it reactiv ates an escap e with the same name

and the same v alue:

(lambda (tag val) (if tag (evexit tag val) val))

Here is a lock function that stops all escap es and raises an error:

(lambda (tag val)

(if tag

(error 'lock 'errudt tag)

val))

(protect s

1

s

2

: : : s

n

) [ sp e cial form ]

Ev aluates the expressions s

1

: : : s

n

and returns the v alue of the �rst ev aluation: that of s

1

. In this

simple case, it b eha v es lik e the prog1 function. Ho w ev er, if an escap e o ccurs during the ev aluation
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of s

1

, the expressions s

2

: : : s

n

are ev aluated during the restoration of the exit con text of the

escap e. This function|needed for the construction of L ISP sub-systems|allo ws for the automatic

restoration of complex en vironmen ts in the case of exceptional exits or errors.

In L E -L ISP , protect could b e de�ned in the follo wing manner:

(df protect (e1 . l)

(lock (lambda (tag val)

(eprogn l)

(if tag

(evexit tag val)

val))

(eval e1)))

Let us lo ok at a function that prin ts the hexadecimal v alue of a n um b er. The n um b er is

shifted left b y t w o bits. That is, it is m ultiplied b y 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 b ase has b e en r estor e d.

(unwind n s

1

: : : s

n

) [ sp e cial form ]

After ha ving unstac k ed n activ ation blo c ks from the dynamic execution stac k (see the

cstack function), unwind ev aluates the expressions s

1

: : : s

n

and returns the v alue of the

last ev aluation: that is, of s

n

. These ev aluations are p erformed, therefore, in a previous

en vironmen t. If there are not at least n activ ation blo c ks still on the dynamic execution

stac k, the fatal errfsud is raised, and the follo wing default screen is displa y ed:

***** Fatal error : stack underflow.

This function cannot b e describ ed in L E -L ISP 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
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(catch-al l-b ut l s

1

: : : s

n

) [ sp e cial form ]

l is a list of escap e names. During the ev aluation of the expressions s

1

: : : s

n

, if there is an escap e

call|that is, a call to exit or to evexit |that causes an exit from the catch-all-but , then the

function searc hes the list l for an o ccurrence of the escap e name in question. If it o ccurs in l , the

escap e tak es place normally . If not, the errudt error|unde�ned escap e|is raised. This function

therefore pro vides a w a y of �ltering escap es.

In L E -L ISP , catch-all-but could b e de�ned in the follo wing 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

'errudt

tag))))

,@body)))

(backtrac k symb l e

1

: : : e

n

) [ sp e cial form ]

Pro vides a means of executing b ackup con trol structures. symb is a sym b ol that has the bac ktrac k

name as its v alue. l is a list of v ariables to b e guarded. e

1

: : : e

n

are the v arious actions of the

bac ktrac k. Unless in terrupted, backtrack ev aluates e

1

and returns its v alue. During this ev aluation,

if an escap e with the name symb o ccurs, the ev aluation of e

1

is abandonned, the v alues of the

v ariables in the list l are restored, and ev aluation of e

2

is undertak en. It to o can e�ect an escap e, b y

p erforming an exit or evexit with symb as its �rst argumen t. Ev aluation of e

3

is then undertak en,

after the v ariables are restored as describ ed ab o v e. The same actions tak e place for e

3

: : : e

n

. T o

quit a bac ktrac k structure exceptionally , use the form

(exit backtrack r eturn value )

In L E -L ISP , backtrack could b e de�ned in the follo wing 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
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(exit backtrack))

(desetq ,lvar backtrack)))

body))))))))))

(pprint (macroexpa nd1

'(backtra ck re

(s1 s2)

(try1 s1)

(try2 s2)

(try3 s1 s2))))

(tag backtrac k

(let ((backtr ack (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 predicates

In L ISP , the b o olean v alue false is equiv alen t to the v alue () , and the b o olean v alue true is equiv alen t

to an y v alue other than () . The latter fact allo ws y ou to c ho ose an y kind of represen tation.

Certain predicates that m ust return the b o olean v alue true use the sym b olic constan t t . By

de�nition, this constan t is di�eren t to () , since the v alue of the sym b ol t is the sym b ol t itself.

All predicates whic h are false of the v alue () return their �rst argumen t if the predicate is a�rmed

of that argumen t, and () otherwise; all predicates whic h are true of the v alue () return t if the

predicate is a�rmed of its argumen t, and () otherwise.

The ma jorit y of the names of these functions end with the letter p , whic h is mean t to stand for

pr e dic ate .

This section only describ es the basic predicates. T ests on in teger and mixed-arithmetic expressions

are describ ed elsewhere in this man ual.

(false e

1

: : : e

n

) [ function with a variable numb er of ar guments ]

Returns the b o olean v alue false |that is, () |regardless of the n um b er or v alues of its argumen ts.

(true e

1

: : : e

n

) [ function with a variable numb er of ar guments ]

Returns the b o olean v alue true |that is, the sym b olic constan t t |regardless of the n um b er or

v alues of its argumen ts.

(null s ) [ function with one ar gument ]

T ests whether s is equal to () . If so, null returns t . Otherwise, it returns () .
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In L E -L ISP , null could b e de�ned in the follo wing manner:

(defun null (s)

(if (eq s ()) t ()))

(null ()) = ) t

(null t) = ) ()

(not s ) [ function with one ar gument ]

In v erts the b o olean v alue of s . Due to the implemen tation of the b o olean v alues in L ISP , this

function is iden tical to the function null . T o mak e y our programs more readable, it is preferable

to use null to test whether a list is empt y , and not to in v ert a logical v alue.

(atom s ) [ function with one ar gument ]

(atomp s ) [ function with one ar gument ]

These predicates test whether s is an atom: that is, either a sym b ol, a n um b er or a c haracter string.

atom returns t if this is the case. Otherwise, it returns () . In order to handle the relation (atom

x) == (not (consp x)) , atom returns t when its argumen t is a v ector of S-expressions. atomp

b eha v es 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)) = ) ()

(constant p s ) [ function with one ar gument ]

T ests whether s is a constan t: that is the sp ecial nil or an ob ject that returns, when ev aluated,

the same ob ject. Basic n um b ers, c haracter strings, v ectors of S-expressions and sym b ols of whic h

variablep are not true are all constan ts. constantp returns t if the test is p ositiv e, and () if not.

In L E -L ISP , constantp could b e de�ned in the follo wing manner:

(defun constantp (s)

(if (or (fixp s)

(floatp s)

(vectorp s)

(stringp s)

(and (symbolp s) (not (variablep s))))

t

()))
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(constan tp ()) = ) t

(constan tp nil) = ) t

(constan tp 'nil) = ) t

(constan tp 123) = ) t

(constan tp 1.14) = ) t

(constan tp "barf") = ) t

(constan tp #[1 2]) = ) t

(constan tp 'argh) = ) ()

(constan tp '(a b)) = ) ()

(symbolp s ) [ function with one ar gument ]

T ests whether s is a sym b ol. symbolp returns t if so, and () if not.

(symbolp ()) = ) t

(symbolp 'argh) = ) t

(symbolp #[1 2]) = ) ()

(symbolp "oops") = ) ()

(symbolp 44) = ) ()

(symbolp '(a b)) = ) ()

(variable p s ) [ function with one ar gument ]

T ests whether s is a sym b ol that is not a sym b olic constan t: that is, whether it is a sym b ol di�eren t

from () , || , nil and t . It returns s if this is so, and () if not.

(variabl ep ()) = ) ()

(variabl ep nil) = ) ()

(variabl ep 'nil) = ) ()

(variabl ep 'argh) = ) argh

(variabl ep 123) = ) ()

(variabl ep "barf") = ) ()

(variabl ep #[1 2]) = ) ()

(variabl ep '(a b)) = ) ()

(numberp s ) [ function with one ar gument ]

T ests whether s is a n um b er. numberp returns the n um b er s if the test is p ositiv e. Otherwise, it

returns () . T ests on di�eren t t yp es of n um b ers are describ ed in c hapter 4.

(numberp ()) = ) ()

(numberp 'argh) = ) ()

(numberp #[1 2]) = ) ()

(numberp "oops") = ) ()

(numberp 44) = ) 44

(numberp '(a b)) = ) ()
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(vectorp s ) [ function with one ar gument ]

T ests whether s is a v ector. 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 ar gument ]

T ests whether s is a c haracter 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 ar gument ]

T ests whether s is a non-empt y list. consp returns s if the test is p ositiv e. Otherwise, it returns

() . consp is the in v erse 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 ar gument ]

T ests whether s is a list. The test includes the p ossibilit y of the empt y list, written as || . listp

returns the sym b ol t if the test is p ositiv e. Otherwise, it returns () .

The represen tation of the empt y list as () or as a sym b ol| || p oses the problem of the status of

this sym b ol. || is sim ultaneuosly a sym b ol and the represen tation of the empt y list. L E -L ISP |lik e

most p ost-MacLisp v ersions of L ISP |resolv es this am biguit y b y calling up on t w o functions to test

lists: consp and listp .

(listp ()) = ) t

(listp ||) = ) t

(listp '||) = ) t
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(listp nil) = ) t

(listp 'nil) = ) ()

(listp 'argh) = ) ()

(listp #[1 2]) = ) ()

(listp "oops") = ) ()

(listp 44) = ) ()

(listp '(a b)) = ) t

(nlistp s ) [ function with one ar gument ]

T ests whether s is neither a list nor the sym b ol for the empt y list. In L E -L ISP , the latter is written

as the sym b ol || . If the test is p ositiv e, nlistp returns the argumen t s . Otherwise, it returns () .

Up to the return v alue, this function is the in v erse of the preceding one.

In L E -L ISP , nlistp could b e de�ned in the follo wing 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 ar guments ]

eq tests whether the t w o sym b ols s1 and s2 are equal, and returns t if this is the case. Otherwise,

it returns () . When the argumen ts are not sym b ols, the eq function tests for the equalit y of the

in ternal represen tations of s1 and s2 . In fact, eq tests for the equalit y of the ph ysical addresses of

its t w o argumen ts.

Since the in ternal represen tation of n um b ers, v ectors and c haracter strings v aries with di�eren t

implemen tations of the system, it is recommended that the function = (whic h is describ ed with

the n umeric predicates) b e used to test for the equalit y of n umeric v alues. Similarly , the eqvector

function should b e used for the same test on v ectors, and eqstring should b e used to test for

equalit y b et w een t w o strings.

(eq () nil) = ) t

(eq nil 'nil) = ) ()

(eq 'a (car '(a))) = ) t

(eq #[1 2] #[1 2]) = ) () or t (dep ending on the implementation)

(eq "strr" "strr") = ) () or t (dep ending on the implementation)
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(eq (1+ 119) 120) = ) t or () (dep ending on the implementation)

(eq '(a b) '(a b)) = ) ()

(setq l '(x y)) = ) (x y)

(eq l l) = ) t

(neq s1 s2 ) [ function with two ar guments ]

neq is equiv alen t to (not (eq s1 s2)) .

In L E -L ISP , neq could b e de�ned in the follo wing manner:

(defun neq (s1 s2)

(if (eq s1 s2) () t))

(equal s1 s2 ) [ function with two ar guments ]

This functions carries out the most general kind of comparison that is a v ailable in L E -L ISP , and

m ust b e used if the exact t yp e of the ob jects to b e compared is not kno wn. Up to the return v alue,

when s1 and s2 are sym b ols, equal is iden tical to the eq function. equal is iden tical to eqn in

the case of in teger n um b ers, and to feqn in the case of 
oating-p oin t n um b ers. If s1 and s2 are

v ectors, equal is iden tical to the eqvector function. If the argumen ts are c haracter strings, equal

is iden tical to the eqstring function. If they are lists, equal tests whether they ha v e the same

structure: that is, whether they ha v e the same elemen ts. In all cases, if the test is p ositiv e, equal

returns t . Otherwise, it returns () .

T o compare extended arithmetic n um b ers, the = function m ust b e used.

In L E -L ISP , equal could b e de�ned in the follo wing 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)
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(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 McCarth y p osed an in teresting problem. Can w e �nd non-trivial solutions for s suc h

that (equal s (eval s)) ? Here are three prop osed 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)) = ) t

Solution #2 :

(setq s2 '((lambda (s) (list (car s) (kwote s)))

'((lambd a (s) (list (car s) (kwote s))))))

(equal s2 (eval s2)) = ) t

Solution #3 :

(setq s3 '((flambd a (s) `(,s ,s))

(flambda (s) `(,s ,s))))

(equal s3 (eval s3)) = ) t

(nequal s1 s2 ) [ function with two ar guments ]

The form (nequal s1 s2) is equiv alen t to (not (equal s1 s2)) .

In L E -L ISP , nequal could b e de�ned in the follo wing manner:

(defun nequal (s1 s2)

(if (equal s1 s2) () t))
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3.10 F unctions on lists

3.10.1 Searc h functions on lists

All these functions accept a single list l as their argumen t. It can b e the empt y list () . If an y other

t yp e or n um b er of argumen ts is giv en, the errnla error is raised.

(car l ) [ function with one ar gument ]

If l is a list, car returns its �rst elemen t. If l equals () , car returns () . The car of a sym b ol other

than || , of a n um b er, a v ector or a c haracter string is unde�ned, and therefore raises the errnla

error. This error is not generated b y compiled co de.

(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 ar gument ]

If l is a list, cdr returns this list without its �rst elemen t. The cdr of () is, b y de�nition, () .

The cdr of a sym b ol other than || , of a n um b er, a v ector or a c haracter string is unde�ned, and

raises|as in the case of the previous function, car |the errnla error under the in terpreter. In

compiled co de, this error do es not o ccur for bad argumen ts to cdr .

(cdr '(a b c)) = ) (b c)

(cdr '(x . y)) = ) y

(cdr ()) = ) ()

(c----r l ) [ functions of one ar gument ]

There are o v erlapping com binations of car and cdr , with up to four letters b et w een the c and the

r . This giv es rise to 28 di�eren t functions.

� (cadr l) is equiv alen t to (car (cdr l)) .

� (cdaar l) is equiv alen t to (cdr (car (car l))) .

� (cadaar l) is equiv alen t to (car (cdr (car (car l)))) .

(memq symb l ) [ function with two ar guments ]

If the sym b ol symb is an elemen t of the list l , memq returns the sublist of l that b egins at the �rst

o ccurrence of the sym b ol symb . Otherwise, it returns () . This function uses the eq predicate to

test for the presence of symb in the list l . This function is often used as a predicate to test for the

presence of an elemen t in a giv en list.

In L E -L ISP , memq could b e de�ned in the follo wing 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 ar guments ]

If the expression s is an elemen t of the list l , member returns the sublist of l that b egins at the

�rst o ccurrence of symb in l . Otherwise, it returns () . This function uses the equal predicate, and

so facilitates searc hes for elemen ts of an y t yp e whatso ev er in a list.

In L E -L ISP , member could b e de�ned in the follo wing 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 ar guments ]

If s is one of the cdr s of l , tailp returns s . Otherwise, it returns () .

In L E -L ISP , tailp could b e de�ned in the follo wing 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 ar guments ]

Returns the sublist of l that b egins with its n

th

cdr . If l is not a list, or if (length l) is less than

n , nthcdr returns () . If n is less than or equal to zero, nthcdr returns the en tire list l .

In L E -L ISP , nthcdr could b e de�ned in the follo wing manner:
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(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 ar guments ]

Returns the n

th

elemen t of the list l , coun ting the car of l as its zero

th

elemen t. nth is equiv alen t

to

(car (nthcdr n l))

In L E -L ISP , nth could b e de�ned in the follo wing 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 ar gument ]

If s is a list, last returns the list comp osed of its �nal elemen t. If s is not a list, last returns s .

In L E -L ISP , last could b e de�ned in the follo wing 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 ar gument ]

If s is a list, length returns the n um b er of elemen ts in s . If s is not a list|that is, if s is an

atom| length returns zero.

In L E -L ISP , length could b e de�ned in the follo wing manner:

(defun length (s)
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(if (atom s)

0

(1+ (length (cdr s)))))

(length '(a (b c) d e)) = ) 4

(length '(a b . c)) = ) 2

(length "esar") = ) 0

3.10.2 List creation functions

All the functions that are describ ed in this subsection build new lists. The managemen t of memory

allo cated to lists is dynamic and automatic. (See the section on the garbage collector.)

(cons s1 s2 ) [ function with two ar guments ]

Builds a list that has s1 as its �rst elemen t and s2 as the rest. If s2 is an atom, cons builds the

dotted pair (s1 . s2) .

If w e supp ose that the v ariable free con tains the list of a v ailable memory cells, cons could b e

describ ed in L E -L ISP in the follo wing 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 ar guments ]

This function is equiv alen t to (cons s2 s1) . The order of the argumen ts is simply rev ersed.

(xcons 1 2) = ) (2 . 1)

(setq x 10) = ) 10

(xcons (incr x) (incr x)) = ) (12 . 11)

(ncons s ) [ function with one ar gument ]

This function is the equiv alen t of (cons s ()) or (list s) .

(mcons s

1

: : : s

n

) [ function with a variable numb er of ar guments ]

This function p erforms a m ultiple cons . The form

(mcons s

1

s

2

: : : s

n{1

s

n

)

is equiv alen t to the form
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(cons s

1

(cons s

2

: : : (cons s

n { 1

s

n

) : : : ))

In L E -L ISP , mcons could b e de�ned in the follo wing manner:

(df mcons l

(cons (eval (car l))

(eval (if (null (cddr l))

(cadr l)

(cons 'mcons (cdr l))))))

mcons has b een de�ned here in the form of an fexpr , assuming the presence of at least t w o

argumen ts. Alternativ ely , it could b e 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 s

1

: : : s

n

) [ function with a variable numb er of ar guments ]

Returns the list of the v alues of the expressions s

1

: : : s

n

. In terms of cons , the call

(list s

1

s

2

: : : s

n {1

s

n

)

is equiv alen t to

(cons s

1

(cons s

2

: : : (cons s

n {1

(cons s

n

())) : : : ))

In L E -L ISP , list could b e de�ned in the follo wing manner:

(defun list l l)

list has b een de�ned here in the form of an expr . Alternativ ely , w e could de�ne it in the

form of an fexpr :

(df list l

(let ((r))

(while l (newr r (eval (nextl l))))

r))

(list 'a 'b 'c) = ) (a b c)

(list) = ) ()
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(kwote s ) [ function with one ar gument ]

Builds a t w o-elemen t list that has the sym b ol quote as its �rst elemen t, and the v alue of s as its

second argumen t.

In L E -L ISP , kwote could b e de�ned in the follo wing manner:

(defun kwote (s)

(list 'quote s))

(kwote 'a) = ) 'a

(kwote (cdr '(a . b))) = ) 'b

(makelist n s ) [ function with two ar guments ]

Returns a list of n elemen ts, eac h one ha ving the v alue of s as its o wn v alue. This function is useful

for building lists of a giv en length.

In L E -L ISP , makelist could b e de�ned in the follo wing manner:

(defun makelist (n s)

(if (<= n 0)

()

(cons s (makelist (1- n) s))))

(makelis t 4 'a) = ) (a a a a)

(append l

1

: : : l

n

) [ function with a variable numb er of ar guments ]

Returns the concatenation of a cop y of the �rst lev el of all the lists l

1

: : : l

n {1

to the list l

n

.

Argumen ts that are not lists are ignored, except that l

n

, if atomic, b ecomes the last cdr of the

resulting list. T o cop y the �rst lev el of a list l , use the form (append l ()) .

In L E -L ISP , append could b e de�ned in the follo wing 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)
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(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 ar guments ]

The form (append1 l s) is equiv alen t to (append l (list s)) .

This allo ws y ou to cop y the �rst lev el of the list l and add the elemen t s to its tail.

In L E -L ISP , append1 could b e de�ned in the follo wing manner:

(defun append1 (l s)

(append l (list s)))

(append1 '(a b) 'c) = ) (a b c)

(reverse s ) [ function with one ar gument ]

Returns a rev ersed cop y of the �rst lev el of the list s .

In L E -L ISP , reverse could b e de�ned in the follo wing 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 follo wing function also rev erses its argumen t:

(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 ar gument ]

Builds a new cop y of l in its en tiret y . In this function, the cop ying tak es place at ev ery lev el of

nesting within l . T o cop y c haracter strings, the cells of lab elled lists and v ectors of S-expressions,

use the next function to b e describ ed.

In L E -L ISP , copylist could b e de�ned in the follo wing manner:

(defun copylist (s)
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(if (atom s)

s

(cons (copylist (car s)) (copylist (cdr s)))))

(copylis t 'a) = ) a

(copylis t '(a (b (c (d))))) = ) (a (b (c (d))))

(copylis t '#(a b . #(d))) = ) (a b d)

This function do es not handle circular or shared lists. T o solv e this problem, use the follo wing

function:

(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 ar gument ]

Returns a distinct cop y of the ob ject s . This is true for c haracter strings, cells of lab elled lists and

v ectors of S-expressions.

In L E -L ISP , copy could b e de�ned in the follo wing 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
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(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 ar guments ]

Returns a cop y of the �rst n elemen ts of the list l . It migh t happ en that l con tains few er than n

elemen ts. In other w ords, n is greater than (length l) . In this case, firstn returns a cop y of the

en tire list l .

In L E -L ISP , firstn could b e de�ned in the follo wing 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 ar guments ]

Returns a cop y of the last n elemen ts of the list l . It migh t happ en that the list con tains few er

than the n um b er of elemen ts requested. In other w ords, (length l) is less than n . In this case,

lastn returns a cop y of the en tire list l .

In L E -L ISP , lastn could b e de�ned in the follo wing 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 thr e e ar guments ]

Builds a new cop y of the expression s , substituting the expression s1 for eac h o ccurrence of the

expression s2 in s . The substitution tak es place at ev ery lev el of s . This function uses the equal

predicate to p erform the test, and builds a new expression b y sharing the greatest p ossible n um b er

of list cells with the original expression s .

Use the form (nsubst s1 s2 (copy s)) to obtain a distinct cop y of the expression. By this, w e

mean a cop y that shares no cells whatso ev er with the original list s .

In L E -L ISP , subst could b e de�ned in the follo wing manner:
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(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 ar guments ]

Returns a cop y of l in whic h o ccurrences of the sym b ol symb ha v e b een remo v ed. This mo di�cation

is e�ected only at the �rst lev el of l .

In L E -L ISP , remq could b e de�ned in the follo wing 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 ar guments ]

This function is iden tical to the last one describ ed, except that it uses equal to test for o ccurrences

of s in l .

In L E -L ISP , remove could b e de�ned in the follo wing 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 F unctions on cells of lab elled lists

These functions use an invisible bit that can b e set and tested for eac h list cell. By default, the

external represen tation of a lab elled list cell|one whose in visible bit is set|is #(car . cdr) for
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input and output functions. Ho w ev er, it is p ossible to e�ect the ev aluation and the prin ting of these

lab elled list cells b y means of user functions. (See the section on extended t yp es in c hapter 2.)

(tconsp s ) [ function with one ar gument ]

Returns s if s is a lab elled cons , and () if this is not the case. This function cannot b e describ ed

in L ISP .

(tconsmk s ) [ function with one ar gument ]

Sets the in visible bit for the cons referred to as s . The �nal letters in the name of this function,

mk , stand for `mark': a synon ym of `set'. This function cannot b e describ ed in L ISP .

(setq x '(a . b)) = ) (a . b)

(tconsmk x) = ) #(a . b)

x = ) #(a . b)

(tconscl s ) [ function with one ar gument ]

Clears the in visible bit for the cons referred to as s . This function cannot b e describ ed in L ISP .

(setq x '#(a . b)) = ) #(a . b)

(tconscl x) = ) (a . b)

x = ) (a . b)

(tcons s1 s2 ) [ function with two ar guments ]

Creates a lab elled cons with s1 as its car and s2 as its cdr .

In L E -L ISP , tcons could b e de�ned in the follo wing 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 Ph ysical mo di�cation functions

All the functions presen ted in this sub-section m ust b e used with caution, and exactly as describ ed.

Otherwise, y ou migh t run in to serious problems. These functions enable y ou to ph ysically mo dify

L ISP structures. Be esp ecially careful whenev er y ou set out to ph ysically mo dify shar e d lists. This

p ossibilit y of op erating up on the in ternal represen tations of lists means that L ISP o�ers the same

p o w er that y ou �nd in mac hine languages.

(rplaca l s ) [ function with two ar guments ]
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Replaces the car of the list l b y s . It returns the mo di�ed list l as its v alue. If the argumen t l is

not a list, the errnla error o ccurs.

(rplaca '(a b c) '(x y)) = ) ((x y) b c)

(rplaca 'x 'foo) = ) ** rplaca : not a list : x

(rplacd l s ) [ function with two ar guments ]

Replaces the cdr of the list l with s . It returns the new list l as its v alue. If the argumen t l is not

a list, the errnla error o ccurs.

(rplacd '(a b c) '(x y z)) = ) (a x y z)

(rplacd () 't) = ) ** rplacd : not a list : ()

(rplac l s1 s2 ) [ function with thr e e ar guments ]

Replaces the car of the list l with s1 and its cdr with s2 , and returns the mo di�ed list. If the

argumen t l is not a list, the errnla error o ccurs.

In L E -L ISP , rplac could b e de�ned in the follo wing 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 ar guments ]

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 a

list, it is transformed in to (progn ln) . This function is often used in macros, to ph ysically mo dify

the macro call itself.

In L E -L ISP , displace could b e de�ned in the follo wing 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)
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(setq l2 l1) = ) (a b c)

(displac e l1 '(x y)) = ) (x y)

l2 = ) (x y)

(displac e l1 'z) = ) (progn z)

l2 = ) (progn z)

(placdl l s ) [ function with two ar guments ]

Lets y ou attac h a new cell to the cdr of the list l . This new cell has s as its car . placdl returns

this new cell as its v alue. This function is used extensiv ely to build lists|in the righ t order|in

one single non-recursiv e pass.

In L E -L ISP , placdl could b e de�ned in the follo wing manner:

(defun placdl (l s)

(cdr (rplacd l (cons s ()))))

(evlis l ) [ function with one ar gument ]

Returns a list comp osed of the v alues of the ev aluations of all the elemen ts of l .

In L E -L ISP , evlis could b e de�ned in the follo wing 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 l

1

: : : l

n

) [ function with a variable numb er of ar guments ]

Ph ysically concatenates all the lists l

i

. In other w ords, it places a p oin ter to the list l

i

in the cdr

of the last elemen t of the list l

i {1

. It returns the new list l

1

as its v alue. If t w o of the l

i

lists are

the same ph ysical p oin ters, nconc builds a circular list b y forcing the last cdr of the list to p oin t

to the �rst elemen t of this same list. Argumen ts that are not lists are ignored, except for the �nal

argumen t, l

n

. If this last argumen t is atomic, it b ecomes the �nal cdr of the resulting list.

In L E -L ISP , nconc could b e de�ned in the follo wing manner:

(defun nconc2 (l1 l2) ; Assume that l1 and l2 are well-formed lists

(let ((l1 l1))
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(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 ar guments ]

Ph ysically adds the new elemen t s to the end of the list l .

In L E -L ISP , nconc1 could b e de�ned in the follo wing 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 e

1

: : : e

n

) [ function with a variable numb er of ar guments ]

Builds a circular list comp osed of the elemen ts e

1

: : : e

n

. Since this function builds a new list, it

do es not mo dify the elemen ts. Among other things, cirlist pro vides the means to build in v arian ts

in map -t yp e functions.

In L E -L ISP , cirlist could b e de�ned in the follo wing 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 ar gument ]

Rev erses, ph ysically and rapidly , the list l . This function m ust b e used with caution, since it

ph ysically mo di�es the whole list. This brings ab out a disaster if the list w as shared.

In L E -L ISP , nreverse could b e de�ned in the follo wing 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)

(nrevers e l1) = ) (e d c b a)

l1 = ) (a)

l2 = ) (b a)

l3 = ) (e d c b a)

(nreconc l s ) [ function with two ar guments ]

Rev erses, ph ysically and rapidly , the list l , and adds|b y means of a ph ysical nconc |the list s .

This function therefore corresp onds to (nconc (nreverse l) s) .

This function m ust b e used with caution, for it ph ysically mo di�es L E -L ISP structures. Op erations

on shared structures can b e particularly confusing. On the other hand, this function is far more

rapid than the con v en tional reverse .

In L E -L ISP , nreconc could b e de�ned in the follo wing 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 thr e e ar guments ]

Ph ysically mo di�es the list l b y substituting the expression s1 for eac h o ccurrence of the expression

s2 in l . This function uses the equal predicate to test for o ccurences of s2 in l . T o obtain a cop y

of the mo di�ed list, instead of c hanging l ph ysically , use the subst function.

In L E -L ISP , nsubst could b e de�ned in the follo wing 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 ar guments ]

Ph ysically remo v es all o ccurrences of the sym b ol symb from the �rst lev el of the list l , and returns

the mo di�ed list. If this list w as shared|for example, if a v ariable p oin ted at or in to it|the v alues

in p oin ters that previously e�ected this sharing will b e p ossibly in v alid. This function uses the eq

predicate. In order to get a ph ysically distinct cop y of suc h a mo di�ed list, use the remq function.

In L E -L ISP , delq could b e de�ned in the follo wing 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 ar guments ]

Ph ysically remo v es all o ccurrences of the expression s from the �rst lev el of the list l , and returns

the mo di�ed list. If this list w as shared|for example, if a v ariable p oin ted at or in to it|the v alues

in p oin ters that previously e�ected this sharing will b e p ossibly in v alid. This function uses the

equal predicate. In order to get a ph ysically distinct cop y of suc h a mo di�ed list, use the remove

function.

In L E -L ISP , delete could b e de�ned in the follo wing 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)
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3.10.5 F unctions on A-lists

The term A-lists stands for asso ciation lists , whic h are tables|in the snobol 4 sense|that ha v e

the follo wing structure:

((key

1

. val

1

) (key

2

. val

2

) : : : (key

n

. val

n

))

Eac h elemen t of an A-list is a pair comp osed of a key and a value . The k ey is the car of the table

elemen t, and the corresp onding v alue is its cdr . A v alue is accessed b y means of its k ey .

In all the functions to b e describ ed here, the argumen t al is an A-list. F or A-list access functions

that use the eq predicate, the k eys m ust b e sym b ols. F or access functions that use equal , these

k eys m ust b e S-expressions. All elemen ts of an A-list that are not of a cons nature are ignored.

(acons s1 s2 al ) [ function with thr e e ar guments ]

Adds an elemen t to the A-list al . The elemen t is comp osed of the k ey s1 , and its v alue is s2 . acons

returns the newly-mo di�ed A-list as its v alue.

In L E -L ISP , acons could b e de�ned in the follo wing 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 thr e e ar guments ]

Here, l1 is a list of k eys, and l2 is a list of v alues. pairlis returns a new A-list comp osed of the

k eys in l1 and the asso ciated v alues in l2 . If a third argumen t, al , is supplied, it is added to the

end of the newly-created A-list.

In L E -L ISP , pairlis could b e de�ned in the follo wing 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 ar guments ]

Returns the elemen t of the A-list al whose k ey|that is, whose car |is equal to the sym b ol symb .

If there is no suc h elemen t, assq returns () .

In L E -L ISP , assq could b e de�ned in the follo wing manner:
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(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 ar guments ]

cassq is iden tical to assq , except that it returns only the v alue|or cdr |of the elemen t of the

A-list al whose k ey matc hes symb .

So, (cassq symb al) is equiv alen t to (cdr (assq symb al)) .

Warning : The v alue () could b e returned as the successful result of a matc h on a k ey with

whic h it is asso ciated in al . On the other hand, this same () v alue could b e returned b ecause

there w as no matc h on the giv en k ey v alue, symb . It is not p ossible to distinguish b et w een

these t w o cases.

(cassq 'c '((a) (b 1) (c d e))) = ) (d e)

(rassq symb al ) [ function with two ar guments ]

Returns the elemen t of the A-list al whose v alue|or cdr |is equal to the sym b ol symb . If

there is no suc h elemen t, rassq returns () .

In L E -L ISP , rassq could b e de�ned in the follo wing 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 ar guments ]

This function is iden tical to rassq , except that it uses the equal predicate to test for matc hes

b et w een s and the k eys of the elemen ts in al . These k eys can therefore b e of an y t yp e whatso ev er.

In L E -L ISP , assoc could b e de�ned in the follo wing manner:

(defun assoc (s al)

(cond

((atom al) ())

((and (consp (car al))
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(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 ar guments ]

This function is iden tical to the cassq function, except that it uses the equal predicate to test for

matc hes b et w een s and the k eys of the elemen ts in al . These k eys can therefore b e of an y t yp e

whatso ev er.

(cassoc s l) is therefore equiv alen t to (cdr (assoc s l)) .

(cassoc '(c) '((a) (b 1) ((c) d e))) = ) (d e)

(rassoc s al ) [ function with two ar guments ]

This function is equiv alen t to the rassq function, except that it uses the equal predicate to

test for matc hes b et w een s and the v alues of the elemen ts in al .

In L E -L ISP , rassoc could b e de�ned in the follo wing 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 ar guments ]

sublis returns a cop y of the expression s in whic h all o ccurrences of the k eys of the A-list al ha v e

b een replaced b y their asso ciated v alues. The returned cop y shares|as far as p ossible|the cells

of the initial expression. This function uses the assq predicate.

In L E -L ISP , sublis could b e de�ned in the follo wing 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)))))
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(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 functions

sort [ fe atur e ]

This feature indicates whether the sorting functions are loaded in to memory .

(sort fn l ) [ function with two ar guments ]

Ph ysically sorts the list l . The elemen ts of the list are compared b y using the t w o-argumen t function

fn . If this list w as shared|for example, if a v ariable p oin ted at or in to it|the v alues in p oin ters

that previously e�ected this sharing will b e p ossibly in v alid. sort returns the mo di�ed list l as its

v alue. The sort e�ected b y sort is unstable . Iden tical elemen ts in the original list migh t not b e in

the same ph ysical lo cation in the resulting list.

In L E -L ISP , sort could b e de�ned in the follo wing 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 ar gument ]

P erforms a ph ysical alphab etic sort of the list l .

In L E -L ISP , sortl could b e de�ned in the follo wing manner:

(defun sortl (l) (sort 'alphalessp l))
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? (mapcar 'sortl

? '((requie m aeternam dona eis domine)

? (et lux perpetua luceat eis)

? (in memoria aeterna eris justus)

? (ab auditione mala non timebit)) )

= ((aeterna m domine dona eis requiem)

(eis et luceat lux perpetua)

(aeterna eris in justus memoria)

(ab auditione mala non timebit))

(sortp l ) [ function with one ar gument ]

P erforms a ph ysical sort of the sym b ols in the list l , including pac k ages.

In L E -L ISP , sortp could b e de�ned in the follo wing 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 ar gument ]

P erforms a ph ysical n umeric sort of the list l .

In L E -L ISP , sortn could b e de�ned in the follo wing manner:

(defun sortn (l) (sort '< l))

(sortn '(6 4 8 6 5 8 7)) = ) (4 5 6 6 7 8 8)

3.11 F unctions on sym b ols

3.11.1 F unctions that access sym b ol v alues

The v alue cells of a sym b ol are usually accessed b y eval , when it ev aluates the sym b ol. eval alw a ys

c hec ks whether a sym b ol p ossesses a v alue. If not, it raises the errudv error. The follo wing t w o

sp ecial functions also allo w access to sym b ol v alues.

(boundp symb ) [ function with one ar gument ]

This functions c hec ks whether the argumen t symb is a sym b ol that has a v alue. If so, boundp

returns t . Otherwise, it returns () . With boundp , y ou can a v oid the raise of the errudv error for
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an unde�ned v ariable. If the argumen t symb is not a sym b ol, boundp returns () . This function

cannot b e represen ted in L ISP , whic h has no means for represen ting unde�ned v alues.

(boundp t) = ) t

(boundp ()) = ) t b e c ause () is identic al to ||

(boundp 'foofoo) = ) () if foofoo has no value

(symeval symb ) [ function with one ar gument ]

symeval returns the v alue of the sym b ol symb . This function is therefore equiv alen t to a call to

eval , but it is a lot more e�cien t, particularly for the compiler. symeval has the same b eha vior as

eval , and it raises the same errudv error if its argumen t is unde�ned.

(setq foo 'bar) = ) bar

(boundp 'foo) = ) t

(symeval 'foo) = ) bar

(symeval 'niema) = ) ** symeval : undefine d variable : niema

In the last example, it is assumed that niema has no v alue.

3.11.2 F unctions that mo dify sym b ol v alues

(defvar symb e ) [ sp e cial form ]

Ev en though v ariables do not need to b e declared, it is go o d practice to de�ne global v ariables with

this function. It assigns the v alue of e to the v alue of symb . The expression e is ev aluated, but not

symb . defvar returns symb as its v alue. As with all other de�nition functions, if the v alue of the

#:system:loaded-from-file sym b ol is not () , it is added to the P-list of the sym b ol symb under

the #:system:loaded-from-fi le prop ert y .

#:system: loa de d-f ro m-f ile [ variable ]

In L E -L ISP , defvar could b e de�ned in the follo wing manner:

(df defvar (var val)

(set var (eval val))

(when #:system:loaded-from-file

(putprop var

#:system:loaded-from-fil e

'#:system:loaded-from-fi le))

var)

(defvar foo 100) = ) foo

foo = ) 100

(makunbou nd symb ) [ function with one ar gument ]
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Changes the v alue of the sym b ol symb in suc h a w a y that all future attempts to access its v alue

will raise the errudv error, indicating an unde�ned v ariable. makunbound returns s as its v alue.

(setq x 10) = ) 10

x = ) 10

(makunbo und 'x) = ) x

x = ) ** eval : undefined variable : x

(set symb s ) [ function with two ar guments ]

Changes the v alue of the sym b ol symb in to s . set returns s as its v alue.

(set 'x (1+ 5)) = ) 6

x = ) 6

(setq sym

1

s

1

: : : sym

n

s

n

) [ sp e cial form ]

sym

1

: : : sym

n

are sym b ols that are not ev aluated.

s

1

: : : s

n

are expressions that ar e ev aluated. setq is the initialization function that is used

most often in L ISP . Eac h sym b ol sym

i

is initialized with the v alue of the corresp onding

expression s

i

. The initializations and ev aluations of the expressions s

i

are carried out in

se quenc e . setq returns the result of the ev aluation of s

n

as its v alue.

(setq l1 '(a b c)) = ) (a b c)

(setq l2 l1) = ) (a b c)

(setq l3 l2 l4 'foo) = ) foo

l3 = ) (a b c)

(setqq sym

1

e

1

: : : sym

n

e

n

) [ sp e cial form ]

setqq is iden tical to setq , except that the v alues assigned to the sym b ols|that is, the expressions

e

i

|are not ev aluated.

(setqq a 10 b (x y z) c b) = ) b

b = ) (x y z)

c = ) b

(psetq sym

1

s

1

: : : sym

n

s

n

) [ sp e cial form ]

psetq is iden tical to setq , except that the assignmen ts tak e place in p ar al lel . It is v ery useful for

p erm uting v ariable v alues. psetq returns s

1

as its v alue.

In L E -L ISP , psetq could b e de�ned in the follo wing manner:

(df psetq l

(let ((lvar) (lval))

(while l (newl lvar (nextl l))

(newl lval (eval (nextl l))))
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(while lvar (set (nextl lvar) (nextl lval)))))

(setq x 10 y 11 z 12) = ) 12

(psetq x y y z z x) = ) 11

x = ) 11

y = ) 12

z = ) 10

(deset l1 l2 ) [ function with two ar guments ]

deset implemen ts the destructuring set of the nil system [White 79]. The argumen t l1 is a tree of

v ariables, and l2 is a list of v alues. deset assigns the v alues in the tree of v alues to the corresp onding

v ariables in the tree of v ariables.

deset uses the same algorithm as the ev aluator for binding a tree of parameters to a list of

v alues. deset alw a ys returns t as its v alue.

In L E -L ISP , deset could b e de�ned in the follo wing 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))) = ) t

a = ) (1 2)

b = ) 3

c = ) (4)

(desetq l1 l2 ) [ sp e cial form ]

desetq is equiv alen t to the preceding function, except that the �rst argumen t is not ev aluated : : :

as in setq .

The form

(desetq l1 l2)

is therefore equiv alen t to

(deset (quote l1) l2)

(nextl sym1 sym2 ) [ sp e cial form ]



FUNCTIONS ON SYMBOLS 3-73

sym1 m ust b e a sym b ol, and its v alue m ust b e a list. It is not ev aluated. nextl returns the car of

this list as its v alue, and assigns the cdr of this list to the v alue cell of sym1 . If the second argumen t,

sym2 , is supplied, it to o m ust b e a sym b ol, whic h is not ev aluated. In this case, the return v alue of

nextl |the car of sym1 |is assigned to sym2 .

This function is useful for `mo ving do wn through' a list that is the v alue of a certain sym b ol.

With a single argumen t, this function corresp onds to

(prog1 (car symb) (setq symb (cdr symb)))

With t w o argumen ts, it corresp onds to

(prog1 (setq sym2 (car sym1))

(setq sym1 (cdr sym1)))

(setq a '(x y z)) = ) (x y z)

(nextl a) = ) x

a = ) (y z)

(nextl a b) = ) y

a = ) (z)

b = ) y

(newl symb s ) [ sp e cial form ]

symb m ust b e a sym b ol, and its v alue m ust b e a list. It is not ev aluated. newl puts the v alue of s

at the head of this list, and returns the resulting list as its v alue. The com bined use of the nextl

and newl functions mak es it easy to implemen t stac ks as lists.

In L E -L ISP , newl could b e de�ned in the follo wing 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 ) [ sp e cial form ]

symb m ust b e a sym b ol, and its v alue m ust b e a list. It is not ev aluated. newr adds the v alue of s

to the tail of this list, and returns the resulting list as its v alue. If the v alue of symb is not a list,

newr creates the list (s) , and assigns it to the v alue cell of symb .

In L E -L ISP , newr could b e de�ned in the follo wing 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)
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a = ) (x y z w)

(setq b ()) = ) ()

(newr b 'z) = ) (z)

b = ) (z)

(incr symb n ) [ sp e cial form ]

symb m ust b e the name of a sym b ol that has a n umeric v alue. If the argumen t n is supplied, incr

incremen ts the v alue of symb b y the v alue of the expression n . Otherwise, it incremen ts symb b y

one. This function uses generic arithmetic. incr raises an error if symb is not a v ariable.

(incr symb n) is equiv alen t to (setq symb (+ symb n)) .

(incr symb) is equiv alen t to (setq symb (1+ symb)) .

In L E -L ISP , incr could b e de�ned in the follo wing 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) = ) 11

x = ) 11

(incr x 3) = ) 14

(incr x 2.5) = ) 16.5

(incr x) = ) 17.5

x = ) 17.5

(decr symb n ) [ sp e cial form ]

symb m ust b e the name of a sym b ol that has a n umeric v alue. If the argumen t n is supplied, decr

decremen ts the v alue of symb b y the v alue of the expression n . Otherwise, it decremen ts symb b y

one. This function uses generic arithmetic. decr raises an error if symb is not a v ariable.

(decr symb n) is equiv alen t to (setq symb (- symb n)) .

(decr symb) is equiv alen t to (setq symb (1- symb)) .

In L E -L ISP , decr could b e de�ned in the follo wing manner:

(df decr (var . val)

(if (variablep var)

(set var

(if (consp val)

(- (symeval var) (eval (car val)))
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(1- (symeval var))))

(error 'decr 'errnva var)))

(setq x 10) = ) 10

(decr x) = ) 9

x = ) 9

(decr x 3) = ) 6

(decr x 0.5) = ) 5.5

(decr x) = ) 4.5

3.11.3 F unctions on P-lists

The term P-lists stands for prop ert y lists , whic h are comp osed of indicators and v alues that ha v e

the follo wing structure:

(indic

1

val

1

indic

2

val

2

: : : indic

n

val

n

)

Eac h indicator indic

i

is follo w ed immediately in the P-list b y its asso ciated v alue, val

i

. Searc hes

on P-lists therefore tak e place in a t w o-elemen ts-at-a-time fashion.

Eac h sym b ol has its o wn P-list, whic h is initialize d to the v alue () at the creation of the sym b ol.

The argumen ts of functions on P-lists can b e describ ed as follo ws:

� pl is a sym b ol whose P-list is to b e accessed. F unctions on P-lists raise the errnaa or errnva

errors if this argumen t is not a sym b ol, or if it is equal to || .

� ind is an indicator. It m ust b e a sym b ol, since searc hes on indicators are carried out with the

eq predicate.

� pval can b e an y expression.

(plist pl l ) [ function with one or two ar guments ]

If the argumen t l is not supplied, plist returns the P-list asso ciated with the sym b ol pl . If pl has

no P-list, plist returns () . If the argumen t l is supplied, it b ecomes the new v alue of the P-list

of the sym b ol pl , and is returned b y plist as its v alue.

plist cannot b e describ ed in L E -L ISP in a simple manner.

(plist 'computer '(tool scientific toy expensive)) = ) (tool scientifi c toy expensive)

(plist 'computer ) = ) (tool scientifi c toy expensive)

(getprop pl ind ) [ function with two ar guments ]

(get pl ind ) [ function with two ar guments ]

These functions return the v alue in the P-list of the sym b ol pl that is asso ciated with

the indicator ind . If there is no suc h indicator in the P-list, getprop and get |whic h are

iden tical|return () .
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Warning : A v alue of () w ould b e returned if it is the v alue asso ciated with an indicator in a

P-list. On the other hand, this same v alue migh t b e returned b ecause getprop did not �nd

a giv en indicator in the P-list. There is no w a y of distinguishing b et w een these t w o cases.

(Concerning this problem, see the follo wing function.)

In L E -L ISP , getprop could b e de�ned in the follo wing 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 scientif ic toy expensive )

(getprop 'computer 'tool) = ) scientifi c

(getprop 'computer 'intellige nce ) = ) ()

(getl pl l ) [ function with two ar guments ]

l m ust b e a list of indicators. getl determines whether one of the indicators in l exists in the P-list

of the sym b ol pl . If so, getl returns the sub-list of the P-list b eginning with this indicator. This

b eing the case, getl pro vides the means to resolv e the p oten tial am biguit y arising with the use of

the previous function.

In L E -L ISP , getl could b e de�ned in the follo wing 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 thr e e ar guments ]

addprop adds the indicator ind and its asso ciated v alue pval to the head of the P-list of the sym b ol

pl . It returns pval as its v alue.

In L E -L ISP , addprop could b e de�ned in the follo wing manner:
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(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 thr e e ar guments ]

If the indicator ind already app ears in the P-list of the sym b ol pl , its asso ciated v alue is c hanged

to pval . Otherwise, the indicator ind and the v alue pval are added|in that order|to the head

of the P-list : : : in the same manner as for addprop . putprop returns pval as its v alue.

In L E -L ISP , putprop could b e de�ned in the follo wing 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 ) [ sp e cial form ]

defprop is the fsubr v ersion of the preceding function. In other w ords, it is the same as defprop

except for the fact that it do es not ev aluate its argumen ts. It is useful in the case of argumen ts

that are all constan ts.

(plist 'pink ()) = ) ()

(defprop pink 123 price) = ) 123

(defprop pink red color) = ) red

(plist 'pink) = ) (color red price 123)

(remprop pl ind ) [ function with two ar guments ]

remprop remo v es the indicator ind and its asso ciated v alue from the P-list asso ciated with the

sym b ol pl . This remo v al only tak es place, of course, if ind w as presen t in the P-list. In this case,

remprop returns the sublist of the original P-list b eginning with ind . Otherwise, it returns () .

The com bined use of the remprop and addprop functions facilitates the use of P-lists as prop ert y-

v alue stac ks.
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In L E -L ISP , remprop could b e de�ned in the follo wing 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�nitions

L E -L ISP manages function de�nitions b y means of t w o in trinsic prop erties asso ciated with eac h

sym b ol:

� ftype : the function typ e .

� fval : the function value .

The functions in this section are indep enden t of pac k ages. F or an explanation of ho w to access a

function in a particular pac k age, see the en tries for the getfn1 and getfn functions.

(typefn symb ) [ function with one ar gument ]

typefn returns the t yp e of the function asso ciated with the sym b ol symb , or () if the sym b ol has no

function de�nition. The t yp e of a function can b e one of the follo wing sym b ols: expr , fexpr , macro ,

dmacro , subr0 , subr1 , subr2 , subr3 , nsubr , fsubr , msubr or dmsubr . This function pro vides a

means of determining whether the error errudf will b e raised when the sym b ol symb is used as

a function. typefn cannot b e represen ted in L ISP , whic h is incapable of represen ting unde�ned

functions.

(typefn 'cond) = ) fsubr

(typefn 'foofoo) = ) () if foofoo has no function value

(valfn symb ) [ function with one ar gument ]
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valfn returns the function v alue asso ciated with the sym b ol symb , or () if it has none. This v alue

is an address for subr - or fsubr -t yp e functions, and a list in the case of expr s, fexpr s, macro s,

and dmacro s.

(setfn symb ftype fval ) [ function with thr e e ar guments ]

setfn allo ws y ou to initialize the function t yp e, ftype , and the function v alue, fval , asso ciated

with the sym b ol symb . setfn is used as a de�nition function in the case of computed function

names.

Warning : setfn p erforms only limited v alidit y testing on its argumen ts. Whenev er p ossible,

it is preferable to use true de�nition functions that v erify the v alidit y of the function.

(setfn 'foo 'expr '((x) (+ x x))) = ) foo

(typefn 'foo) = ) expr

(valfn 'foo) = ) ((x) (+ x x))

(resetfn symb ftype fval ) [ function with thr e e ar guments ]

resetfn allo ws y ou to c hange the t yp e, ftype , and the v alue, fval , of the function asso ciated

with the sym b ol symb . It also assures that they are b oth compatible with the previous function

de�nition. If this is not the case, and if the #:system:redef-flag 
ag is equal to () , whic h is the

default v alue, the follo wing message is prin ted:

** resetfn : incompatible function : <symb>

resetfn is used b y the standard de�nition functions to assure the compatibilit y of calls

b et w een compiled and in terpreted functions.

(resetfn 'foo 'expr '((x) (+ x x))) = ) foo

(typefn 'foo) = ) expr

(valfn 'foo) = ) ((x) (+ x x))

(findfn s ) [ function with one ar gument ]

findfn searc hes the en tire oblist for the sym b ol whose function v alue is equal to s . If found, it

returns this sym b ol. Otherwise, it returns () .

In L E -L ISP , findfn could b e de�ned in the follo wing manner:

(defun findfn (s)

(tag found

(mapoblist

(lambda (symb)

(when (eq (valfn symb) s)

(exit found symb))))))

(defun foo (x) (+ x 2)) = ) foo
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(valfn 'foo) = ) ((x) (+ x 2))

(findfn (valfn 'foo)) = ) foo

(remfn symb ) [ function with one ar gument ]

remfn remo v es the function de�nition asso ciated with the sym b ol symb . It returns symb as its v alue.

(defun foo (x) (+ x x)) = ) foo

(foo 10) = ) 20

(remfn 'foo) = ) foo

(foo 10) = ) ** eval : undefined function : foo

(makedef symb ftyp fval ) [ function with thr e e ar guments ]

makedef builds the de�nition of the function named symb , using the ftyp and fval comp onen ts

within a de�nition|that is, within a call to one of the de , df , dm , defmacro or ds functions.

In L E -L ISP , makedef could b e de�ned in the follo wing 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 ar gument ]

getdef allo ws y ou to retriev e the de�nition of the function asso ciated with the sym b ol symb in the

form of its de�nition: that is, in the form of a call to one of the defun , df , dm , defmacro , or ds

functions.

In L E -L ISP , getdef could b e de�ned in the follo wing 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))
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(revert symb ) [ function with one ar gument ]

revert allo ws y ou to retriev e the former de�nition asso ciated with a sym b ol symb , if this de�nition

w as previously sa v ed b y a static de�nition function. (See the description of these functions.)

In L E -L ISP , revert could b e de�ned in the follo wing manner:

(defun revert (symb)

(let ((oldef (getprop symb '#:system:previous-def)))

(when oldef (eval oldef))))

(synonym sym1 sym2 ) [ function with two ar guments ]

synonym lets y ou assign to the sym b ol sym1 the t yp e and v alue of the function asso ciated with the

sym b ol sym2 .

In L E -L ISP , synonym could b e de�ned in the follo wing 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 ) [ sp e cial form ]

This function is the fsubr form of the preceding function. In other w ords, it is iden tical except for

the fact that it do es not ev aluate its argumen ts.

In L E -L ISP , synonymq could b e de�ned in the follo wing manner:

(df synonymq (sym1 sym2)

(synonym sym1 sym2))

There is an alternativ e de�nition:

(defmacro synonymq (sym1 sym2)

(list 'synonym sym1 sym2))

(synonymq foo bar) is equiv alen t to (synonym 'foo 'bar) .

3.11.5 Access to sym b ol sp ecial �elds

(objval symb s ) [ function with one or two ar guments ]
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objval retriev es the o-val �eld of the sym b ol symb . If the second argumen t, s , is supplied, it

b ecomes the new v alue of this �eld. This function cannot b e describ ed in L E -L ISP in an easy

manner.

(objval 'gee) = ) ()

(objval 'gee 'haugh) = ) haugh

(objval 'gee) = ) haugh

(packagec ell symb pkgc ) [ function with one or two ar guments ]

If the second argumen t is not supplied, this function reads the pac k age �eld, pkgc , of the sym b ol

symb . If this argumen t is supplied, it b ecomes the new pac k age of the sym b ol. This function cannot

b e describ ed in L E -L ISP in an easy manner.

(defvar x '#:sator: ar epo :t ene t:o pe ra: ro tas ) = ) x

(package cel l x) = ) #:sator:ar ep o:t en et: ope ra

(package cel l (package cel l x)) = ) #:sator:ar ep o:t en et

(package cel l (package cel l (packagecel l x))) = ) #:sator:ar ep o

(package cel l x '#:en:to: pa n) = ) #:en:to:pa n

x = ) #:en:to:pa n: rot as

(getfn1 pkgc symb ) [ function with two ar guments ]

getfn1 returns the sym b ol #:pkgc:symb if the sym b ol symb has a function de�nition in the pac k age

pkgc .

In L E -L ISP , getfn1 could b e de�ned in the follo wing 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 thr e e ar guments ]

getfn searc hes in the pac k age pkgc for a sym b ol named symb that has an asso ciated function

de�nition. It it �nds none, it con tin ues searc hing through the pac k age hierarc h y up to, but excluding,

the pac k age lastpkgc , or to the top of the hierarc h y|to the global pac k age () |if lastpkgc is

not sp eci�ed. getfn returns the name of this function if it w as found, or () if not. If found, the

function name could then b e used as the �rst argumen t to the apply or funcall functions, for

example. getfn is used inside the in terpreter to manage programmable in terrupts, the starting up

of # -macros, and the con trol of the virtual terminal.
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In L E -L ISP , getfn could b e de�ned in the follo wing 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 :bu z: foo ()) = ) #:bar:gee: buz :f oo

(getfn '#:bar:ge e:b uz 'foo) = ) #:bar:gee: buz :f oo

(getfn '#:bar:ge e 'foo) = ) #:bar:foo

(getfn 'bar 'foo) = ) #:bar:foo

(getfn () 'foo) = ) foo

(getfn '#:potop: ter az 'foo) = ) foo

(getfn '#:bar:ge e 'foo ()) = ) #:bar:foo

(getfn 'bar 'foo ()) = ) #:bar:foo

(getfn 'gee 'foo ()) = ) ()

(getfn '#:bar:ge e:b uz 'foo 'bar) = ) #:bar:gee: buz :f oo

(getfn '#:bar:ge e 'foo 'bar) = ) ()

3.11.6 Sym b ol creation functions

Sym b ols are managed b y means of a hash table shared among all the pac k ages. The external

represen tation of a sym b ol outside the curren t pac k age is #:package:symbol . (See the information

on input/output functions.)

(symbol pkgc strg ) [ function with two ar guments ]

symbol creates a new sym b ol named, strg , in the pac k age named pkgc . If the pkgc argumen t is

() , the ro ot pac k age is used. This function cannot b e describ ed in L E -L ISP in an easy manner.

(symbol 'foo "bar") = ) #:foo:bar

(symbol () "fuu") = ) fuu

(concat str

1

: : : str

n

) [ function with a variable numb er of ar guments ]

Creates a new sym b ol whose p-name is built b y concatenating all the strings str

1

: : : str

n

.

In L E -L ISP , concat could b e de�ned in the follo wing manner:
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(defun concat lpname

(symbol () (mapcan 'pname lpname)))

(concat 'foo (1+ 5) () 'bar) = ) foo6bar

(concat "foo" nil '#"bar" -2) = ) foobar-2

(gensym) [ function with no ar guments ]

Eac h time it is called, gensym returns a new sym b ol of t yp e Gxxx . In this t yp e name, G is a string,

stored in the #:system:gensym-string system v ariable, and xxx is a n um b er that is incremen ted

b y one after eac h call to gensym . This n um b er is the v alue of the gensym coun ter, whic h is stored in

the #:system:gensym-counter system v ariable. When the in terpreter starts up, G and xxx ha v e

the resp ectiv e v alues of g and 100 .

In L E -L ISP , gensym could b e de�ned in the follo wing 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 ((#:syste m: gen sy m-s tr ing "etiq")) (gensym)) = ) etiq104

3.11.7 Sym b ol managemen t functions

(oblist pkgc symb ) [ function with zer o, one or two ar guments ]

If oblist is called with no argumen ts, it returns the length y list of all the sym b ols presen t in

the system. A t system initialization, this list con tains the names of all prede�ned functions and

v ariables. Since this list is v ery long (often of the order of t w o thousand sym b ols), y ou are advised

to use the mapoblist , mapcoblist or maploblist functions to sequen tially access these sym b ols.

The t w o optional argumen ts pro vide means of �ltering the oblist .

If the �rst argumen t, pkgc , is supplied, it m ust b e a sym b ol that designates the pac k age from

whic h the sym b ols are to b e extracted. If the second argumen t, symb , is supplied, it to o m ust b e

a sym b ol that designates the name of the sym b ols, since there could b e m ultiple instances of symb

in the oblist , in di�eren t pac k ages. A call suc h as (oblist pkgc symb) is therefore an e�ectiv e

means of testing whether a sym b ol is presen t in a certain pac k age, without creating it if it w as not

already there. It is not p ossible to de�ne this function in L ISP . T o do so, w e w ould need a means of

accessing the a-link and p-name in trinsic prop erties of the sym b ols, and only the functions loc

and memory pro vide suc h a means.

(oblist) = )
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(assoc sin cadadr funcall typecn eqn tracend plist

#:system:v ar var nom symbolp get addadr load letvq

curread false plength cddadr fileout pairlis ex*

.....

.....

.....

libload #:system: len gth -f loa t quo inbuf untilexi t xdef)

(oblist 'sharp) = )

(#:sharp:" #:sharp:v alu e #:sharp:$ #:sharp: % #:sharp:(

#:sharp:+ #:sharp:- #:sharp:. #:sharp:/ #:sharp: :

#:sharp:[ #:sharp:\\ #:sharp:^ #:sharp:|)

(lhoblist strg ) [ function with one ar gument ]

lhoblist returns the list of all the sym b ols that con tain strg as a substring in their name. This

function therefore pro vides a w a y of �ltering the sym b ols of the oblist . It is useful for �nding the

exact sp elling of a function name.

In L E -L ISP , lhoblist could b e de�ned in the follo wing manner:

(defun lhoblist (pname)

(maploblist (lambda (symb) (index pname symb 0))))

(lhoblis t "apc") = ) (mapc mapcon mapcan mapcar mapcoblis t)

(lhoblis t "string") = )

(string duplstrin g makestri ng fillstring eqstring

prinstrin g spanstrin g readstring bltstring substring

#:system: gen sy m-s tri ng scanstring stringp)

(boblist n ) [ function with an optional ar gument ]

If the argumen t n is not presen t, boblist returns the list of buckets of the global sym b ol hash table

of the system. If the argumen t n is pro vided, boblist returns the n

th

buc k et. This function cannot

b e describ ed easily in L ISP .

� T o obtain the size of the hash table|that is, the n um b er of buc k ets|t yp e

(length (boblist))

� T o obtain a list of the sizes of all the buc k ets, t yp e

(mapcar 'length (boblist))

� T o obtain the size of the largest buc k et, t yp e

(apply 'max (mapcar 'length (boblist)))

� T o obtain a cop y of the buc k et where a sym b ol liv es, t yp e

(boblist (hash symb))
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(remob symb ) [ function with one ar gument ]

remob remo v es the v alues of all the in trinsic prop erties of the sym b ol symb , so that it b e destro y ed

during the next garbage collection : : : pro vided that there are no other p oin ters to symb .

In L E -L ISP , remob could b e de�ned in the follo wing manner:

(defun remob (symb)

(makunbound symb)

(plist symb ())

(remfn symb)

(objval symb ())

symb)

T o reco v er all the sym b ols of a pac k age, en ter

(mapc 'remob (oblist 'pkgc)) .

The mapoblist , mapcoblist and maploblist functions are describ ed in the section on

application functions.

3.12 F unctions on c haracter strings

A c haracter string is a collection of c haracters accessible b y their index, whic h is a n um b er. Indexes

of c haracter strings b egin at zero. Eac h c haracter string also p ossesses its o wn sym b olic t yp e. By

default, this t yp e is string , but it can b e c hanged with the typestring function.

The external represen tation of a c haracter string of t yp e string is "xxxxxxxxx" . The external

represen tation of a c haracter string of an y other t yp e is #:type:"xxxxxxxxx" .

F or all these functions, the strg argumen t m ust b e of the t yp e kno wn as char acter string . If it is

not of this t yp e, it will b e automatically con v erted to an ob ject of this t yp e b y the string function.

This con v ersion do es not o ccur in the case of the basic string-manipulation functions: slen , sref ,

sset , typestring and exchstring .

If the con v ersion is not p ossible, the errnsa error is raised. Its default screen displa y is

** <fn> : non string argument : <s>

where the fault y ob ject s is displa y ed, along with the name of the function, fn , that raised the

error.

The functions makestring , fillstring , set , chset and chrpos , used for the manipulation of

c haracter strings, tak e as argumen t a c haracter in the range [0,256[ . In other w ords, a mo dulo

256 op eration is p erformed automatically .

Since the size of a string is limited to 32k (32,767) c haracters, the catenate and duplstring string-

creation functions migh t raise the errstl error, whic h has the follo wing default screen displa y:

** <fn> : string too long : <s>
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Here, the maxim um size, s , is displa y ed along with the name of the function, fn , that raised the

error.

In the case of the basic functions, attempts to access a c haracter b ey ond the string b oundary|its

maxim um legal index v alue|raises the erroob error, whic h has the follo wing default screen displa y:

** <fn> : out of bounds : <s>

where the fault y index, s , is prin ted along with the name of the function, fn , that raised the error.

The c haracter-string test predicate stringp is describ ed in the section on basic predicates.

T o describ e these functions in L ISP , w e shall use the basic pname function, whic h pro vides a w a y of

con v erting from the in ternal represen tation of a p-name to its represen tation in the form of in ternal

c haracter co des. These descriptions do not re
ect the real implemen tation details of the functions,

whic h ob viously in v olv e no list cells.

3.12.1 Basic manipulation functions

These functions are the basic primitiv es for use on c haracter strings. They are su�cien t to de�ne

all other functions on c haracter strings.

(slen strg ) [ function with one ar gument ]

slen returns the length of the c haracter string strg . The t yp e test on the argumen t is not p erformed

after compilation in `op en' mo de. F or reasons of e�ciency , slen compiles in to a single LLM 3

instruction. This function cannot b e describ ed easily in L ISP .

(slen "abc") = ) 3

(slen "") = ) 0

(slen t) = ) ** slen : non string argument : t

(sref strg n ) [ function with two ar guments ]

sref returns the n

th

c haracter in the string strg . If n is b ey ond the limit of strg , the erroob error

is raised. This test for o v er
o w, as w ell as the t yp e test, are not p erformed, ho w ev er, after co de is

compiled in `op en' mo de. F or reasons of e�ciency , sref compiles in to a single LLM 3 instruction.

This function cannot b e describ ed easily in L ISP .

(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 thr e e ar guments ]
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sset sets the v alue if the n

th

c haracter in the string strg to cn . If n is b ey ond the limit of the

string strg , the erroob error is raised. This test for o v er
o w, as w ell as the t yp e test, are not

p erformed, ho w ev er, after co de is compiled in `op en' mo de. F or reasons of e�ciency , sset compiles

in to a single LLM 3 instruction. This function cannot b e describ ed in L E -L ISP in an easy manner.

(setq x "abcdef") = ) "abcdef"

(sset x 1 #/y) = ) 121 that is, #/y

(sset x 3 #/z) = ) 122 that is, #/z

x = ) "ayczef"

(sset x -3 #/t) = ) ** sset : argument out of bounds : -3

(sset x 6 #/t) = ) ** sset : argument out of bounds : 6

(typestri ng strg symb ) [ function with one or two ar guments ]

The second argumen t, if supplied, b ecomes the new t yp e of the c haracter string strg . In general,

this symb t yp e is a sym b ol. But it could b e a list of sym b ols, allo wing y ou to carry out m ultiple

inheritance. F or further details, lo ok up the topic of ob ject-orien ted programming. The typestring

function returns the new t yp e of strg .

The type-of function, applied to a string, returns the v alue of typestring applied to the string.

The typestring function cannot b e describ ed easily in L ISP .

(setq s "abc") = ) "abc"

(typestr ing s) = ) string

(type-of s) = ) string

(typestr ing s 'foo) = ) foo

(typestr ing s) = ) foo

s = ) #:foo:"abc "

(type-of s) = ) foo

(typestr ing t) = ) ** typestring : non string argument : t

(typestr ing "v" "bar") = ) ** typestring : not a symbol : bar

(exchstri ng strg1 strg2 ) [ function with two ar guments ]

This rather esoteric function pro vides a means of ph ysically exc hanging the v alues and t yp es of the

strings strg1 and strg2 . exchstring returns the mo di�ed strg1 string: that is, the one that w as

initially called strg2 . This function cannot b e describ ed easily in L ISP .

(setq v "abc" w "de") = ) "de"

(typestr ing v 'foo) = ) foo

(setq y v z w) = ) "de"

(exchstr ing v w) = ) "de"

v = ) "de"

w = ) #:foo:"a bc"

y = ) "de"

z = ) #:foo:"a bc"
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3.12.2 Character string con v ersion

(string s ) [ function with one ar gument ]

string con v erts the argumen t s in to a c haracter string. The sequence of c haracters of this string

is determined b y the follo wing rules:

� If s is the empt y list|that is, () |the sequence is empt y .

� If s is a sym b ol, the sequence is nothing other than the sequence of c haracters of the

sym b ol's external name: its p-name .

� If s is a c haracter string, the sequence is just this sequence of c haracters.

� If s is a list, it is assumed to b e a list of in ternal c haracter co des, and m ust not b e more

than 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 ar gument ]

pname returns the string strg in the form of a list of in ternal c haracter co des. This function, whic h

dep ends on in ternal L ISP represen tations, cannot b e simply describ ed (in L ISP ).

(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 ar gument ]

(slength strg ) [ function with one ar gument ]

These functions return the n um b er of c haracters in the string strg as their v alues. There is

no di�erence b et w een the t w o.

In L E -L ISP , plength could b e de�ned in the follo wing manner:
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(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 ar gument ]

Returns the in ternal hash algorithm k ey for the string strg . The p erformance of this algorithm

can b e measured b y using the boblist function. The follo wing description is only giv en b y w a y of

explanation, and the actual implemen tation is m uc h sp eedier.

In L E -L ISP , hash could b e de�ned in the follo wing 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 "galamantd ela re ine ") = ) 105

(hash '#"abcd") = ) 556
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3.12.3 Comparison of c haracter strings

(eqstring str1 str2 ) [ function with two ar guments ]

T ests whether the t w o argumen ts|of t yp e char acter string |are equal. If they are, eqstring

returns str1 . If not, it returns () .

In L E -L ISP , eqstring could b e de�ned in the follo wing manner:

(defun eqstring (str1 str2)

(and (= (slength str1) (slength str2))

(eq (typestring str1) (typestring str2))

(equal (pname str1) (pname str2))))

(eqstrin g "foo" "bar") = ) ()

(eqstrin g "foo" "foo") = ) "foo"

(eqstrin g "Foo" "foo") = ) ()

(eqstrin g (string (1+ 11)) (catenate 1 2)) = ) "12"

(alphales sp str1 str1 ) [ function with two ar guments ]

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 p erform alphab etic sorts. (See the sortl function.)

In L E -L ISP , alphalessp could b e de�ned in the follo wing 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 ()))))))

(alphale ssp 'a 'a) = ) t

(alphale ssp 'b 'a) = ) ()

(alphale ssp 'a 'b) = ) t

(alphale ssp 'zzz 'zzzz) = ) t

3.12.4 Character-string creation functions

(catenate str

1

: : : str

n

) [ function with a variable numb er of ar guments ]

catenate builds a new string, the result of the concatenation of the strings str

1

: : : str

n

.

The newly-formed string cannot b e longer than 32k (32,767) c haracters, or the errstl error will

b e raised.

This function is not to b e confused with the concat function, whic h creates a sym b ol.
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In L E -L ISP , catenate could b e de�ned in the follo wing manner:

(defun catenate lst

(string (mapcan 'pname lst)))

(catenat e "foo" () 'bar (1+ 10) '#"()") = ) "foobar1 1() "

(catenat e -34 0 12) = ) "-34012"

(catenat e "" || () nil) = ) ""

(makestri ng n cn ) [ function with two ar guments ]

Returns a string of n c haracters, eac h of whic h has cn as its in ternal c haracter co de.

In L E -L ISP , makestring could b e de�ned in the follo wing manner:

(defun makestring (n cn)

(string (makelist n cn)))

(makestr ing 0 #/a) = ) ""

(makestr ing 4 #/a) = ) "aaaa"

(makestr ing -1 #/a) = ) ""

(substrin g strg n1 n2 ) [ function with two or thr e e ar guments ]

Returns a cop y of the substring of strg that starts at p osition n1 |starting with coun t zero|and

has length n2 . If this last argumen t is not supplied, the returned substring is the maximal substring

b eginning at p osition n1 . That is, it extends to the end of strg .

In L E -L ISP , substring could b e de�ned in the follo wing manner:

(defun substring (strg n1 . n2)

(string (firstn (- (if (consp n2)

(car n2)

(plength strg))

n1)

(nthcdr n1 (pname strg)))))

(substri ng "abcde" 0 3) = ) "abc"

(substri ng "abcde" 1 2) = ) "bc"

(substri ng "abcde" 2) = ) "cde"

(substri ng "abcde" 9 2) = ) ""

(duplstri ng n strg ) [ function with two ar guments ]

Mak es a string of n copies of the string strg .

The resulting string cannot b e longer than 32k (32,767) c haracters long, otherwise the errstl error

is raised.

In L E -L ISP , duplstring could b e de�ned in the follo wing manner:
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(defun duplstring (n strg)

(if (<= n 0)

""

(catenate strg (duplstring (1- n) strg))))

(duplstr ing 3 "ab") = ) "ababab"

(duplstr ing 3 "") = ) ""

(duplstr ing 1 "abc") = ) "abc"

(duplstr ing 0 "abc") = ) ""

3.12.5 Character-string access functions

These functions pro vide means to manipulate single c haracters within a c haracter string.

(chrpos cn strg pos ) [ function with two or thr e e ar guments ]

chrpos returns the p osition of the in ternal c haracter co de cn in the string strg . If the third

argumen t is not supplied, the p osition of the �rst c haracter in strg is presumed to b e zero.

Otherwise, it is presumed to b e pos . If the co de cn do es not o ccur in the string, chrpos returns

() . chrpos can therefore b e used as a predicate for testing the presence of a c haracter in a string.

In L E -L ISP , chrpos could b e de�ned in the follo wing 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 '#"012345 678 9a bcd ef" ) = ) 13

(chrpos #/a 'abc 1) = ) ()

(chrnth n strg ) [ function with two ar guments ]

chrnth returns the in ternal c haracter co de of the n

th

c haracter in the string strg . The p osition,

or index, of the �rst c haracter is zero, not one. So, there is no n

th

c haracter in the string when n

> = (length strg) or n < 0 . In suc h a case, chrnth returns () .

In L E -L ISP , chrnth could b e de�ned in the follo wing manner:

(defun chrnth (n strg)

(nth n (pname strg)))
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(chrnth 0 "Fob") = ) 70 that is, #/F

(chrnth 2 "FoB") = ) 66 that is, #/B

(chrnth 3 "fob") = ) ()

(chrnth -1 "fob") = ) ()

(chrnth 10 "012345678 9AB cd E") = ) 65 that is, #/A

(chrset n strg cn ) [ function with thr e e ar guments ]

chrset pro vides a means of c hanging the n

th

c haracter in the string strg to the c haracter with

in ternal c haracter co de cn . This in ternal c haracter co de is returned b y chrset as its v alue. The

p osition, or index, of the �rst c haracter in a string is zero. This function, whic h ph ysically mo di�es

the string, cannot b e describ ed in L ISP .

(setq x "abc") = ) "abc"

(chrset 0 x #/A) = ) 65 that is, #/A

x = ) "Abc"

3.12.6 F unctions that ph ysically mo dify strings

These ph ysical-mo di�cation functions can b e describ ed in L ISP using the chrset function.

(bltstrin g str1 n1 str2 n2 n3 ) [ function with four or �ve ar guments ]

Copies n3 c haracters from the string str2 , b eginning at p osition n2 , in to the string str1 , b eginning

at p osition n1 . All indexes are relativ e to zero. If the n3 argumen t is not included, the whole of

str2 , b eginning at p osition n3 , will b e transferred. This happ ens up to the limit of str1 , whic h is

nev er extended b y this function. bltstring returns the mo di�ed str1 string. str1 and str2 can

b e the same ph ysical string. So, it is p ossible to write o v er the con ten ts of a string with the string

itself, using an y com bination of v alid index v alues.

In L E -L ISP , bltstring could b e de�ned in the follo wing 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)

(bltstri ng "foobar" 1 "xyz" 2 1) = ) "fzobar"

(bltstri ng "foobar" 1 "xyz" 0) = ) "fxyzar"

(bltstri ng "foobar" 1 "toto" 0 6) = ) "ftotor"

(bltstri ng "foobar" 3 "toto" 0 8) = ) "footot"
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(setq strt "abcdefghi j") = ) "abcdefgh ij"

(bltstri ng strt 1 strt 3 4) = ) "adefgfgh ij"

(bltstri ng strt 6 strt 0 2) = ) "adefgfad ij"

(bltstri ng strt 0 strt 4 4) = ) "gfadgfad ij"

(fillstri ng strg n1 cn n2 ) [ function with thr e e or four ar guments ]

Fills the string strg with n2 c haracters ha ving in ternal c haracter co de cn , b eginning at the n1

th

c haracter. If the argumen t n2 is not giv en, or if n1 + n2 is longer than the length of the string, the

string will b e �lled only through its last c haracter p osition, and not extended. fillstring returns

the mo di�ed string as its v alue.

In L E -L ISP , fillstring could b e de�ned in the follo wing 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))))

(fillstr ing "foobar" 1 #/x 2) = ) "fxxbar"

(fillstr ing "foobar" 0 #/y 3) = ) "yyybar"

(fillstr ing "foobar" 2 #/x) = ) "foxxxx"

(fillstr ing "foobar" 2 #/x 10) = ) "foxxxx"

3.12.7 Searc h functions on c haracter strings

(index str1 str2 n ) [ function with two or thr e e ar guments ]

Determines whether the argumen t str1 is a substring of the tail of str2 that b egins at c haracter

p osition n . If so, index returns the index (coun ting from zero) in str2 of the �rst instance of this

substring. Otherwise, it returns () .

If the n argumen t is not supplied, the searc h starts with zero.

In L E -L ISP , index could b e de�ned in the follo wing 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)))
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(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

(substrin g-e qu al size strg1 pos1 strg2 pos2 ) [ function with �ve ar guments ]

Compares the substring of length size b eginning at p osition pos1 in strg1 with the substring

of the same length b eginning at p osition pos2 in strg2 . This comparison is carried out without

creating a new string. substring-equal returns size if the comparison succeeds, or () if it do es

not. substring-equal can raise the erroob , errnia and errnsa errors.

In L E -L ISP , substring-equal could b e de�ned in the follo wing 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 ()))))

(substri ng- equ al 0 "fobar" 0 "gezu" 0) = ) 0

(substri ng- equ al 5 "fobar" 0 "fobar" 0) = ) 5

(substri ng- equ al 5 "fobara" 0 "fobar" 0) = ) 5

(substri ng- equ al 5 "fobar" 0 "fobara" 0) = ) 5

(substri ng- equ al 2 "fobar" 0 "afob" 1) = ) 2

(substri ng- equ al 2 "fobar" 0 "afab" 1) = ) ()

(substri ng- equ al 2 "fobar" 3 "afar" 2) = ) 2

(scanstri ng str1 str2 n ) [ function with two or thr e e ar guments ]

Searc hes from c haracter p osition n (relativ e to zero, the default v alue of this argumen t) in the string

str1 for c haracters o ccurring in the string str2 . scanstring returns the index|again, relativ e to

zero|of the �rst c haracter in str1 that matc hes an y of those in str2 , or () if no suc h thing exists.

(scanstr ing "abcd" "sbe") = ) 1
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(scanstr ing "abcd" "efg") = ) ()

(scanstr ing "abcd" ".a" 1) = ) ()

(scanstr ing "abc" "defghc" ) = ) 2

(scanstr ing "foo" "") = ) ()

(spanstri ng str1 str2 n ) [ function with two or thr e e ar guments ]

Searc hes from c haracter p osition n |relativ e to zero, the default v alue of this argumen t|in the

string str1 for a c haracter not o ccurring in the string str2 . spanstring returns the index|again,

relativ e to zero|of the �rst c haracter of str1 that do es not o ccur in str2 , or () if no suc h thing

exists.

(spanstr ing "abcb" "ab") = ) 2

(spanstr ing "abcd" "aabbccdd" ) = ) ()

(spanstr ing "abcd" "bcd" 1) = ) ()

(spanstr ing "foo" "") = ) 0

3.13 F unctions on c haracters

These functions manipulate in ternal c haracter co des. Throughout this section, an in ternal c haracter

co de is denoted b y cn . Character co ding used in L E -L ISP is mainly ascii .

(ascii cn ) [ function with one ar gument ]

Returns the c haracter whose ascii co de is cn , mo dulo 256 . A c haracter is a L E -L ISP ob ject with a

single-c haracter p-name .

(ascii 67) = ) C

(ascii 99) = ) c

(1+ (ascii 49)) = ) 2

(cascii ch ) [ function with one ar gument ]

Returns the ascii co de of the c haracter ch .

(cascii 'c) = ) 99

(cascii 1) = ) 49

(uppercas e cn ) [ function with one ar gument ]

If cn is the in ternal c haracter co de of a lo w er-case c haracter, then uppercase returns the co de of

the corresp onding upp er-case c haracter. If not, the function returns cn , unc hanged.

(upperca se #/a) = ) 65 that is, #/A

(upperca se #/A) = ) 65 that is, #/A

(upperca se #/2) = ) 50 that is, #/2
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(lowercas e cn ) [ function with one ar gument ]

If cn is the in ternal c haracter co de of a upp er-case c haracter, then lowercase returns the co de of

the corresp onding lo w er-case c haracter. If not, the function returns cn , unc hanged.

(lowerca se #/3) = ) 51 that is, #/3

(lowerca se #/A) = ) 97 that is, #/a

(lowerca se #/z) = ) 122 that is, #/z

(asciip cn ) [ function with one ar gument ]

T ests whether cn is in fact an in ternal c haracter co de: that is, a small in teger in the range 0-255

inclusiv e. If so, it returns the co de itself. If not, it returns () .

(asciip 0) = ) 0

(asciip 127) = ) 127

(asciip -1) = ) ()

(asciip 128) = ) 128

(asciip 256) = ) ()

(digitp cn ) [ function with one ar gument ]

T ests whether cn is the in ternal c haracter co de of a decimal n umeral. If so, it returns the co de. If

not, it returns () .

(digitp #/0) = ) 48 that is, #/0

(digitp #/9) = ) 57 that is, #/9

(digitp #//) = ) ()

(digitp #/:) = ) ()

(letterp cn ) [ function with one ar gument ]

T ests whether cn is the in ternal c haracter co de of a letter. If so, it returns the co de. If not, it

returns () .

(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 F unctions on v ectors

The �nal t yp e of L E -L ISP to b e presen ted is the v ector of S-expressions.



FUNCTIONS ON VECTORS 3-99

A v ector is a collection of L ISP ob jects accessible b y their index, or ob ject n um b er. V ector indexes

b egin at zero.

Eac h v ector has its o wn sym b olic t yp e. By default, this t yp e is vector , but it can b e c hanged b y

means of the typevector function.

By default, this t yp e is vector , but it can b e c hanged b y using the typevector function.

The external represen tation of a v ector of an y other t yp e is

#:type:#[s

1

s

2

: : : s

n

]

In the follo wing descriptions of functions, the argumen ts designated b y vect m ust b e of the v ector

t yp e. Otherwise, the errvec error is raised, and the follo wing default error screen will b e displa y ed:

** <fn> : not a vector : <v>

Here, v is the fault y ob ject, and fn is the name of the function that raised the error.

Out-of-b ounds access attempts raise the erroob error, whic h has the follo wing default screen

displa y:

** <fn> : out of bounds : <v>

Here, v is the fault y index, and fn is the name of the function that raised the error.

The v ector test predicate, vectorp , is describ ed in the section on basic predicates.

(makevect or n s ) [ function with two ar guments ]

Creates a new v ector, of t yp e vector , comprising n elemen ts. Eac h of these elemen ts is initialized

with the v alue s . If n is not a p ositiv e in teger, the errnia and erroob errors are raised. makevector

returns the newly-created v ector as its v alue. This function cannot b e describ ed satisfactorily in

L ISP .

(makevec tor 5 ()) = ) #[() () () () ()]

(makevec tor 3 '(a b)) = ) #[(a b) (a b) (a b)]

(makevec tor 0 'a) = ) #[]

(makevec tor -1 ()) = ) ** makevector : argument out of bounds : -1

(makevec tor t ()) = ) ** makevector : not a fixnum : t

(vector s

1

: : : s

n

) [ function with a variable numb er of ar guments ]

Creates a new v ector, of t yp e vector , comprising n elemen ts, where n is the n um b er of argumen ts

pro vided in the function call. The elemen ts are initialize d with the v alues s

1

: : : s

n

. vector returns

this newly-created v ector as its v alue.

In L E -L ISP , vector could b e de�ned in the follo wing manner:

(defun vector lst

(let ((vect (makevector (length lst) ())))
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(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 ar gument ]

Returns the n um b er of elemen ts in the v ector vect . This function cannot b e satisfactorily describ ed

in L ISP . The t yp e test on the argumen t, whic h is p erformed b y the in terpreter, is not carried out

when co de is compiled in `op en' mo de. F or reasons of e�ciency , vlength compiles in to a single

LLM 3 instruction.

(vlength #[]) = ) 0

(vlength #[1 2 3]) = ) 3

(vlength t) = ) ** vlength : not a vector : t

(vref vect n ) [ function with two ar guments ]

Returns the n

th

elemen t of the v ector vect . If n go es b ey ond the b oundary of vect , the erroob error

is raised. This b oundary c hec k is not carried out, ho w ev er, once the function has b een compiled in

`op en' mo de. F or reasons of e�ciency , vref compiles in to a single LLM 3 instruction. This function

cannot b e satisfactorily describ ed in L ISP .

(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 thr e e ar guments ]

Sets the v alue of the n

th

elemen t of the v ector vect to the ob ject e . If n go es b ey ond the b oundary

of vect , the erroob error is raised. This b oundary c hec k will not b e p erformed, ho w ev er, when the

function has b een compiled in `op en' mo de. F or reasons of e�ciency , vref compiles in to a single

LLM 3 instruction . vset returns the new v alue of the elemen t: that is, e . This function cannot b e

describ ed in L E -L ISP 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
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(vset x 6 #[1]) = ) ** vset : argument out of bounds : 6

(typevect or vect symb ) [ function with one or two ar guments ]

The second argumen t, if it is supplied, b ecomes the new t yp e of the v ector vect . In general,

this symb t yp e is a sym b ol. But it could b e a list of sym b ols, allo wing y ou to carry out m ultiple

inheritance. F or further details, lo ok up the topic of ob ject-orien ted programming. The typevector

function returns the new t yp e of vect .

The type-of function, applied to a v ector, returns the v alue of typevector applied to the v ector.

This function cannot b e satisfactorily describ ed in L ISP .

(setq v #[a b c]) = ) #[a b c]

(typevec tor v) = ) vector

(type-of v) = ) vector

(typevec tor v 'foo) = ) foo

(typevec tor v) = ) foo

v = ) #:foo:#[a b c]

(type-of v) = ) foo

(typevec tor t) = ) ** typevecto r : not a vector : t

(typevec tor v "bar") = ) ** typevecto r : not a symbol : bar

(eqvector vect1 vect2 ) [ function with two ar guments ]

T ests whether the t w o argumen ts|b oth of whic h are v ectors|are equal. That is, it tests whether

they b oth ha v e the same t yp e and the same n um b er of elemen ts, and whether their elemen ts are

equal according to the equal predicate.

In L E -L ISP , eqvector could b e de�ned in the follo wing 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 ())))

(eqvecto r #[1 2 3] #[1 2 3]) = ) #[1 2 3]

(eqvecto r #[1 2 3] #[1 2]) = ) ()

(eqvecto r #:foo:#[1 2] #[1 2]) = ) ()
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(eqvecto r #:foo:#[1 ] #:foo:#[1]) = ) #:foo:#[1]

(bltvecto r vect1 n1 vect2 n2 n3 ) [ function with �ve ar guments ]

Copies n3 elemen ts of the v ector vect2 , b eginning at p osition n2 , in to the v ector vect1 , b eginning

at p osition n1 . Both index v alues start at zero. The v ector vect1 is nev er extended. bltvector

returns the mo di�ed vect1 .

In L E -L ISP , bltvector could b e de�ned in the follo wing 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)

(bltvect or #[f o o b a r] 1 #[x y z] 2 1) = ) #[f z o b a r]

(bltvect or #[f o o b a r] 1 #[t o t o] 0 6) = ) #[f t o t o r]

(bltvect or #[f o o b a r] 3 #[t o t o t a] 0 8) = ) #[f o o t o t]

(bltvect or (setq v #[a b c d]) 2 v 0 2) = ) #[c d c d]

v = ) #[c d c d]

(fillvect or vect n1 e n2 ) [ function with thr e e or four ar guments ]

Fills the v ector vect , b eginning at p osition n1 , coun ting from zero, with n2 expressions e of whatev er

description. If n2 is not supplied, or if the sum of n1 and n2 is larger than the length of the v ector,

fillvector �lls up to the end of vect , and do es not extend it. fillvector returns the mo di�ed

vect as its v alue.

In L E -L ISP , fillvector could b e de�ned in the follo wing 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))))

(fillvec tor #[f o o b a r] 1 'x 2) = ) #[f x x b a r]

(fillvec tor #[f o o b a r] 0 'y 3) = ) #[y y y b a r]

(fillvec tor #[f o o b a r] 2 'x) = ) #[f o x x x x]

(fillvec tor #[f o o b a r] 2 'x 10) = ) #[f o x x x x]

(exchvect or vect1 vect2 ) [ function with two ar guments ]

This rather esoteric function pro vides a w a y of ph ysically exc hanging the v alues and the t yp es of

the v ectors vect1 and vect2 . It returns the mo di�ed v alue of vect1 : that is, the previous v alue of

vect2 .
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(setq v #[a b c] w #[d e]) = ) #[d e]

(typevec tor v 'foo) = ) foo

v = ) #:foo:#[ a b c]

(setq y v z w) = ) #[d e]

(exchvec tor v w) = ) #[d e]

v = ) #[d e]

w = ) #:foo:#[ a b c]

y = ) #[d e]

z = ) #:foo:#[ a b c]

The mapvector function is describ ed in the section on application functions.

3.15 F unctions on arra ys

array [ fe atur e ]

This feature indicates whether the functions on arra y are loaded in to memory .

It is easy to implemen t m ulti-dimensional arra ys with the functions of the preceding section.

(makearra y a

1

: : : a

n

s ) [ function with a variable numb er of ar guments ]

Mak es an arra y of a

1

� a

1

� : : : � a

n { 1

� a

n

elemen ts, all initialize d to the v alue s .

In L E -L ISP , makearray could b e de�ned in the follo wing 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 i

1

: : : i

n

) [ function with a variable numb er of ar guments ]

Returns the v alue of the arra y array that has the index i

1

: : : i

n

. Eac h index is relativ e to zero.

In L E -L ISP , aref could b e de�ned in the follo wing 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))))))
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(aset array i

1

: : : i

n

e ) [ function with a variable numb er of ar guments ]

Pro vides a means of setting the v alue of the elemen t of the arra y array to the v alue e . The index

v alues are relativ e to zero. aset returns e as its v alue.

In L E -L ISP , aset could b e de�ned in the follo wing 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) = ) -1

x = ) #[#[0 0 0 0] #[0 0 -1 0] #[0 0 0 0]]

3.16 Hash tables

hash [ fe atur e ]

This feature indicates whether the functions on hash tables are loaded in to memory .

L E -L ISP v ersion 15.2 incorp orates a new data structure, called hash tables , for pro cessing pairs

comp osed of a key and a value . These pairs are managed in a more e�cien t manner than in the

case of asso ciation lists. Asso ciation lists (cf. section 3.10.5) use a higher n um b er of k eys. With the

hash table implemen tation, searc h time is not a function of the n um b er of elemen ts in the table,

but rather of a constan t that dep ends only on the state of the hash table. These hash tables are

adaptiv e. They automatically minimize the searc h time constan t as a function of the n um b er of

curren tly activ e asso ciations, and at the same time optimize the use of the memory space dedicated

to storing k ey/v alue asso ciations.

There are t w o kinds of hash tables, according to the function that is used to p erform k ey lo okups:

� T ables using the eq predicate.

� Hash tables using the equal predicate.

The v alue of a hash table-t yp e ob ject is the hash table itself, so there is no need to `quote' it.

The external represen tation of a hash table dep ends on the #:system:print-for-read 
ag. If this


ag is false |equal to () |the prin ted image of a table is

#entriesHelements

where entries is the n um b er of table en tries, and elements is the n um b er of asso ciations actually

stored in the table. If the 
ag is true |not equal to () |the prin ted image of a hash table is



HASH T ABLES 3-105

#entriesH(type (key

1

value

1

) ... (key

n

value

n

))

This image|whic h explicitly represen ts ev ery asso ciation in the table and can in some cases b e

v ery long|allo ws for the sa ving of a hash table ob ject so that it can b e subsequen tly read.

In the description of eac h function presen ted in this section, the ht argumen t m ust b e of the

hash-table t yp e, or else the errnht error will b e raised. The default screen displa y of this latter is

** <fn> : not an hash table : <s>

where s is the fault y argumen t and fn is the name of the function that raised the error.

Similarly , if the t yp e of the hash table is incorrect, the errbht error is raised. Its default screen

displa y is

** <fn> : bad type for an hash table : <s>

where s is the fault y ob ject and fn is the name of the function that raised the error.

3.16.1 Hash table creation functions

There are curren tly t w o kinds of hash tables, whic h di�er according to ho w k eys are retriev ed. One

kind uses the built-in eq predicate. The other kind uses the equal predicate.

(make-has h-t ab le- eq ) [ function with no ar guments ]

Returns a new hash table that tests k eys using the eq predicate.

(make-has h-t ab le- eq ual ) [ function with no ar guments ]

Returns a new hash table that tests k eys using the equal predicate.

(hash-tab le- p obj ) [ function with one ar gument ]

This predicate returns obj if it is a hash-table ob ject of an y t yp e. Otherwise, it returns () .

3.16.2 Hash table access functions

(gethash key ht default ) [ function with two or thr e e ar guments ]

Returns the v alue asso ciated with the key in the hash table ht . If no k ey in ht matc hes key ,

gethash returns the v alue default , if it is pro vided, or () if not.

(puthash key ht value ) [ function with thr e e ar guments ]

Adds the k ey/v alue pair comp osed of key and value to the hash table ht . If the key existed already

in ht , its v alue is c hanged to value . puthash alw a ys returns value .
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(remhash key ht ) [ function with two ar guments ]

Remo v es the key and its asso ciated v alue from the hash table ht . The function returns t if the k ey

existed in ht , and () if not.

(maphash fnt ht ) [ function with two ar guments ]

Applies the function fnt to all the pairs in the hash table ht . This function, fnt , exp ects to receiv e

t w o argumen ts. The �rst is a hash-pair k ey , and the second is its asso ciated v alue.

(clrhash ht ) [ function with one ar gument ]

Remo v es the en tire con ten ts of the hash table ht .

(hash-tab le- co unt ht ) [ function with one ar gument ]

Returns the n um b er of k ey/v alue pairs stored in the table ht .

? (setq ht (make-hash -ta bl e-e q))

= #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 sets

sets [ fe atur e ]

This feature indicates whether the functions on sets are loaded in to memory .

L E -L ISP includes functions that let y ou handle lists as if they w ere sets . They enable y ou to p erform

op erations of the follo wing kinds:

� Add an elemen t to a set.

� Obtain the union of t w o sets.

� Obtain the in tersection of t w o sets.

� Obtain the di�erence b et w een t w o sets.

� Obtain the symmetric di�erence b et w een t w o sets.

� Compare t w o sets to see if they are iden tical, or if one is a sub-set of the other.
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In a list argumen t that is mean t to b e handled as a set, the order of the elemen ts is of no signi�cance.

When suc h a list happ ens to b e returned as a function v alue, the order of its elemen ts is, in fact,

unpredictable.

All the functions describ ed b elo w use the eq predicate, but they allo w y ou to sp ecify|b y means of

an optional argumen t|another kind of equalit y test. If sp eed is imp ortan t for y ou, it is preferable

not to use this facilit y . Using eq , execution of tests tak es place directly , without the need for a

funcall . The implemen tation also calls up on rapid functions suc h as memq and delq . If y ou are

forced to use the optional argumen t, it is b etter to c ho ose the equal predicate rather than, sa y ,

eqstring , since the implemen tation optimizes execution time b y a v oiding calls to funcall and b y

using the appropriate functions: member and delete .

An y function whose name starts with n ph ysically mo di�es its argumen ts. While its e�ects are

destructiv e for the argumen ts, suc h a function has the adv an tage of nev er calling up on cons .

3.17.1 Op erations on sets

(adjoin item list eq-func ) [ function with two or thr e e ar guments ]

If item is not already a mem b er of the list called list , it is added to this list. If this addition

tak es place, item app ears at the head of the new list. The optional argumen t eq-func allo ws y ou

to c ho ose a di�eren t equalit y op erator to the default primitiv e, whic h 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 thr e e ar guments ]

T ak es a pair of lists and pro duces a new list in whic h eac h elemen t b elongs to one or other, or

ma yb e b oth, of the initial lists. The optional argumen t eq-func allo ws y ou to c ho ose a di�eren t

equalit y op erator to the default primitiv e, whic h 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 thr e e ar guments ]

This is the destructiv e v ersion of the previous function. It returns a new list that is built directly

from the cells of list1 and list2 , whic h can no longer b e used as b efore. The optional argumen t

eq-func allo ws y ou to c ho ose a di�eren t equalit y op erator to the default primitiv e, whic h is eq .

(intersec tio n list1 list2 eq-func ) [ function with two or thr e e ar guments ]

T ak es a pair of lists and returns a new list con taining all the elemen ts that app ear in b oth of the

initial lists. The optional argumen t eq-func allo ws y ou to c ho ose a di�eren t equalit y op erator to

the default primitiv e, whic h is eq .
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(interse cti on '(a b c) '(f b h a q)) = ) (b a)

(ninterse cti on list1 list2 eq-func ) [ function with two or thr e e ar guments ]

This is the destructiv e v ersion of the previous function. It returns a new list that is built b y using

the cells of list1 . On the other hand, list2 is not altered b y this function. The optional argumen t

eq-func allo ws y ou to c ho ose a di�eren t equalit y op erator to the default primitiv e, whic h is eq .

(set-diff ere nc e list1 list2 eq-func ) [ function with two or thr e e ar guments ]

Returns a list comprising all the elemen ts of list1 that do not app ear in list2 . The optional

argumen t eq-func allo ws y ou to c ho ose a di�eren t equalit y op erator to the default primitiv e,

whic h is eq .

(set-dif fer enc e '(a b c) '(f h a q)) = ) (c b)

(nset-dif fer en ce list1 list2 eq-func ) [ function with two or thr e e ar guments ]

This is the destructiv e v ersion of the previous function. It returns a new list that is built b y using

the cells of list1 . On the other hand, list2 is not altered b y this function. The optional argumen t

eq-func allo ws y ou to c ho ose a di�eren t equalit y op erator to the default primitiv e, whic h is eq .

(set-excl usi ve -or list1 list2 eq-func ) [ function with two or thr e e ar guments ]

Returns the symmetric di�erence b et w een list1 and list2 . This is a list con taining all elemen ts

that o ccur in only one of the initial lists. The optional argumen t eq-func allo ws y ou to c ho ose a

di�eren t equalit y op erator to the default primitiv e, whic h is eq .

(set-exc lus ive -o r '(a b c) '(f h a q)) = ) (q h f b c)

(set-exc lus ive -o r '(a b c) '(f g h)) = ) (h g f a b c)

(set-exc lus ive -o r '(3 s 2 3.5) '(3.50 8 b s)) = ) (b 8 3 2)

(nset-exc lus iv e-o r list1 list2 eq-func ) [ function with two or thr e e ar guments ]

This is the destructiv e v ersion of the previous function. It returns a new list that is built directly

from the cells of list1 and list2 , whic h can no longer b e used as b efore. The optional argumen t

eq-func allo ws y ou to c ho ose a di�eren t equalit y op erator to the default primitiv e, whic h is eq .

(power-se t set ) [ function with one ar gument ]

Creates the p o w er set of set .

(power-s et ()) = ) ()

(power-s et '(a b c)) = ) (() (c) (b) (b c) (a) (a c) (a b) (a b c))

(cartesia n-p ro duc t set1 set2 ) [ function with two ar guments ]
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Creates the Cartesian pro duct of set1 and set2 . The elemen ts of the resulting set are p oin ted

pairs built from the elemen ts of set1 and set2 .

(cartesi an- pro du ct '(a b) ()) = ) ()

(cartesi an- pro du ct '(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 thr e e ar guments ]

Returns t if list1 is a sub-set of list2 . F or this to b e the case, ev ery elemen t of list1 m ust also

app ear in list2 . If this is not the case, the function returns () . The optional argumen t eq-func

allo ws y ou to c ho ose a di�eren t equalit y op erator to the default primitiv e, whic h 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-equa l list1 list2 eq-func ) [ function with two or thr e e ar guments ]

Returns t if list1 and list2 are iden tical lists. The optional argumen t eq-func allo ws y ou to

c ho ose a di�eren t equalit y op erator to the default primitiv e, whic h is eq .

In L E -L ISP , set-equal could b e de�ned in the follo wing manner:

(defun set-equal (list1 list2)

(and (subsetp list1 list2) (subsetp list2 list1)))

(set-equ al '(a b c) '(b a c)) = ) t

(set-equ al '((a b) (c d)) '((c d) (a b))) = ) ()

(set-equ al '((a b) (c d)) '((c d) (a b)) 'equal) = ) t

(set-equ al '((a b) (c d)) '((a b) (d c)) 'equal) = ) ()

(set-equ al '((a b) (c d)) '((a b) (d c)) 'set-equa l) = ) t

3.17.3 T ransitiv e closure

Consider f to b e an arbitrary single-argumen t function that returns, as its v alue, a set. The unique

argumen t of f is a set elemen t. The tr ansitive closur e of a set E b y the f function is de�ned to b e

a minimal sub-set of E , called F , suc h that, for eac h elemen t x in F , f(x) is a sub-set of F .

T ransitiv e closure can b e a useful op eration when y ou need to searc h, sa y , for all the descenden ts

of a summit in a tree or a graph.

(transiti ve- cl osu re fn list eq-func ) [ function with two or thr e e ar guments ]
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Returns a list that represen ts the transitiv e closure of list b y the function fn . The optional

argumen t eq-func allo ws y ou to c ho ose a di�eren t equalit y op erator to the default primitiv e,

whic h is eq .

(defun test1 (elt)

(cassq elt '((b a f c) (d e b) (c q))))

(transit ive -cl os ure 'test1 '(a)) = ) (a)

(transit ive -cl os ure 'test1 '(b)) = ) (a f q c b)

(transit ive -cl os ure 'test1 '(d g)) = ) (g e a f q c b d)

The follo wing example sho ws a p ossible use for transitive-closure :

(defun submodule s (mod)

(getdefm odu le (readdefmo du le mod) 'import))

(submodu les 'complice ) = ) (files module loader)

(submodu les 'files) = ) (path)

(submodu les 'module) = ) (files)

(submodu les 'loader) = ) (files)

(transit ive -cl os ure 'submodul es '(complice )) = ) (path files module loader complice )

The next example demonstrates the w a y in whic h a bad c hoice for the equalit y-test predicate

can cause a function to lo op:

(defun test2 (s)

(list (substrin g s 0 (sub1 (slen s)))))

(transit ive -cl os ure 'test2 '("hip" "hop") 'eqstring) = ) ("ho" "hop" "" "h" "hi" "hip")

(transit ive -cl os ure 'test2 '("hip" "hop")) = )

***** Fatal error : no room for strings.

The transitive-closure function could b e implemen ted|but not v ery successfully|i n the

follo wing manner:

(defun transitiv e- clo sur e (fn list)

(let ((old-list list)

(new-list list))

(while list

(setq new-list (union new-list (funcall fn (nextl list)))))

(if (set-equ al old-list new-list)

old-list

(transiti ve- cl osu re fn new-list)) ))
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Chapter 4

Arithmetic functions

L E -L ISP uses sev eral t yp es of n um b ers:

� Fixed-precision n um b ers.

� In tegers of 16 bits.

� Floating-p oin t n um b ers with 31, 32, 48 or 64 bits, dep ending on the system. In this man ual,

w e often refer to 
oating-p oin t n um b ers as 
o ats .

� Arbitrary-precision n um b ers supp orted b y a L E -L ISP library .

L E -L ISP also prop oses �v e t yp es of arithmetic:

� Generic arithmetic.

� In teger arithmetic.

� Extended in teger arithmetic.

� Floating-p oin t arithmetic.

� Mixed arithmetic.

F unctions describ ed in this c hapter only treat 16-bit in tegers and 
oating-p oin t n um b ers. Chapter

10 describ es rational and complex arithmetic, whic h use extended n umeric t yp es.

Division b y zero in v ariably raises the err0dv error, whic h has the follo wing default screen displa y:

** function : division by zero

where function is the name of the function that raised the error.

4.1 Generic arithmetic

Argumen ts to the functions describ ed here can b e in teger n um b ers, 
oats or n um b ers of an extended

t yp e. If one of the argumen ts is a 
oat, the result will also b e a 
oat. If all the argumen ts are in tegers,

the result is an in teger. If a calculation o v er
o ws, or if one of the function's argumen ts is neither

an in teger nor a 
oat, the genarith in terrupt is called.

1
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While it is advisable to use the functions describ ed here, due to their generalit y , they are not

particularly fast in execution. If e�ciency is imp ortan t, sp ecialized arithmetic functions can b e

used on in tegers or on 
oats.

4.1.1 Generic arithmetic in terrupt

(genarith ) [ arithmetic interrupt ]

This in terrupt is called if a calculation cannot b e p erformed b y a generic arithmetic function. It

in v ok es a function whose name is the v alue of the follo wing expression:

(or (getfn (type-of arg

1

) fn ())

(getfn #:sys-package:genarith fn ()))

where fn is the name of the generic function that cannot p erform the calculation, and arg

1

is

the v alue of its �rst argumen t. This function is called with one or t w o argumen ts, dep ending

on its t yp e (see section 4.1.7). If the function do es not exist, the errgen error is raised. Its

default screen displa y is

** function : can't compute : ar gument-list

where function is the name of the function that could not b e found, and ar gument-list is the

list of ev aluated argumen ts of the unsuccessful function call. This escap e mec hanism pro vides

a w a y to easily build in terfaces to other arithmetic pac k ages written en tirely in L ISP .

#:sys-pac kag e: gen ar ith [ variable ]

This v ariable holds the name of the pac k age in whic h generic functions will b e searc hed for, in

the case that a function asso ciated with the t yp e of the �rst argumen t supplied is not found.

By default, its v alue is genarith .

4.1.2 T yp e tests

Only the �rst function describ ed here, numberp , calls the genarith in terrupt on error.

(numberp x ) [ function with one ar gument ]

numberp determines whether x is a n um b er. If this is so, it returns x . If not, it returns () .

(numberp 44) = ) 44

(numberp 3.14) = ) 3.14

(fixp x ) [ function with one ar gument ]

If x is a �xed-precision in teger n um b er, fixp returns x . If not, it returns () .

(fixp 120) = ) 120

(fixp 10.256) = ) ()
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(floatp x ) [ function with one ar gument ]

If x is a �xed-precision 
oating-p oin t n um b er, floatp returns x . If not, it returns () .

(floatp 120) = ) ()

(floatp 10.256) = ) 10.256

4.1.3 Numeric con v ersions

Ev en though certain n umeric functions do their o wn argumen t con v ersion, it is also p ossible to

explicitly con v ert n umeric v alues b y means of the follo wing three functions.

(truncate x ) [ function with one ar gument ]

(fix x ) [ function with one ar gument ]

If the argumen t x is an in teger, truncate returns it as its v alue. If x is a 
oating-p oin t n um b er, it

will b e con v erted in to an in teger if p ossible, and this v alue will b e returned. If the con v ersion cannot

b e carried out, truncate calls the genarith in terrupt. The con v ersion is a truncation. The result is

an in teger with the same sign as the argumen t x . Its absolute v alue is equal to the greatest in teger

less than or equal to the absolute v alue of the argumen t. fix is simply another name|retained for

reasons of compatibilit y|for the same function.

(truncat e 10.) = ) 10

(truncat e 10.4) = ) 10

(truncat e 10.6) = ) 10

(truncat e -10.) = ) -10

(truncat e -10.4) = ) -10

(truncat e -10.6) = ) -10

(truncat e 32766.2) = ) 32766

(truncat e 32768.) = ) ** call to genarith **

(floor n ) [ function with one ar gument ]

If the argumen t n is an in teger, floor returns it. If n is a 
oat, it is con v erted, if p ossible, in to an

in teger. If not, floor raises the genarith in terrupt. This con v ersion is a `do wn w ards' truncation.

The result is an in teger with the same sign as the n argumen t. Its v alue is the largest in teger that

is 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
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(ceiling n ) [ function with one ar gument ]

If the argumen t n is an in teger, ceiling returns it. If n is a 
oat, it is con v erted, if p ossible, in to an

in teger. If not, ceiling raises the genarith in terrupt. This con v ersion is an `up w ards' truncation.

The result is an in teger with the same sign as the n argumen t. Its v alue is the smallest in teger that

is 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 ar guments ]

Carries out a division of n b y d . The function returns the in teger that is closest to the result of the

division. When d is one, round simply returns the in teger 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 ar gument ]

If the argumen t x is a 
oating-p oin t n um b er, float returns it as its v alue. If x is an in teger, it is

con v erted in to a 
oat, and this v alue is returned. Otherwise, float calls the genarith in terrupt.

(float 123) = ) 123.

4.1.4 Generic arithmetic functions

(+ x

1

: : : x

n

) [ function with a variable numb er of ar guments ]

This function, referred to as plus , returns the v alue of the sum x

1

+ x

2

+ : : : + x

n

. If no argumen t

is giv en, it returns the additiv e iden tit y , 0 .

(+) = ) 0

(+ 8) = ) 8

(+ 5 6) = ) 11

(+ -5 -6 1) = ) -10

(+ 32000 32000) = ) ** call to genarith **

(+ 32000. 32000. 1) = ) 64001.
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(+ 100. 1000. 10000. 100000.) = ) 111100.

(1+ x ) [ function with one ar gument ]

The form (1+ x) is equiv alen t to (+ x 1) .

(- x

1

: : : x

n

) [ function with a variable numb er of ar guments ]

This function, referred to as minus , returns the v alue of the di�erence x

1

- x

2

- : : : - x

n

. If no

argumen t is giv en, it returns the additiv e iden tit y , 0 . If a single argumen t is giv en, this function

returns the additiv e in v erse of its argumen t: 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 ar gument ]

The form (1- x) is equiv alen t to (- x 1) .

(abs x ) [ function with one ar gument ]

The abs function returns the absolute v alue of its argumen t x : that is, |x| .

(abs 10) = ) 10

(abs -10) = ) 10

(abs 10.23) = ) 10.23

(abs -10.23) = ) 10.23

T o calculate the square of x without c hanging its sign, use: (* x (abs x)) .

(* x

1

: : : x

n

) [ function with a variable numb er of ar guments ]

The * function returns the v alue of the pro duct x

1

� x

2

� : : : � x

n

. If no argumen t is giv en,

* returns the m ultiplicativ e iden tit y: 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
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(/ x y ) [ function with one or two ar guments ]

(// x y ) [ function with one or two ar guments ]

These iden tical functions return the v alue of the division of x b y y . If a single argumen t is

giv en, the in v erse 1/x is calculated and returned. If t w o in teger argumen ts are giv en and their

quotien t is not exact, a call to genarith tak es place, and genarith attempts to pro duce

a rational n um b er as result. T o pro duce a 
oating-p oin t result, the divide function m ust

b e used. T o pro duce a rounded in teger result, the quotient function should b e used. If the

argumen t 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 ar guments ]

(quotient x y ) [ function with two ar guments ]

These t w o iden tical functions return the v alue of the whole division of x b y y . More precisely ,

they return an in teger v alue that w e shall refer to here as q . If n and d are t w o in tegers, then

the quotien t q and the remainder r satisfy the relation n = q * d + r , where r lies b et w een

zero and the absolute v alue of d . If the argumen t y is zero, the err0dv error is raised.

(quotien t 17 7) = ) 2

(quotien t 17 -7) = ) -2

(quotien t -17 7) = ) -3

(quotien t -17 -7) = ) 3

(quotien t 12. 5) = ) 2

(quotien t 123.45 6.7) = ) 18

(modulo x y ) [ function with two ar guments ]

Returns the v alue of the remainder of the in teger division of x b y y . If one of the argumen ts

is not an in teger, the genarith in terrupt is raised. The remainder of an in teger division|

represen ted b y the form ula in the description of the preceding function|is alw a ys p ositiv e.

The result a�ects the #:ex:mod v ariable.

(modulo 17 7) = ) 3

(modulo 17 -7) = ) 3

(modulo -17 7) = ) 4

(modulo -17 -7) = ) 4
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(modulo -8 2) = ) 0

(modulo 123 0) = ) ** call to genarith **

(modulo 12.4 2) = ) ** call to genarith **

(quomod x y ) [ function with two ar guments ]

#:ex:mod [ variable ]

This function com bines the functionalit y of the t w o preceding functions. It returns the same

v alue as quotient and writes the result of applying the modulo function to x and y in to the

#:ex:mod global v ariable.

In L E -L ISP , quomod could b e de�ned in the follo wing manner:

(defun quomod (n1 n2)

; The actual implementation is much more efficient

(setq #:ex:mod (modulo n1 n2))

(quotient n1 n2))

(min x

1

: : : x

n

) [ function with a variable numb er of ar guments ]

The sym b ol min stands for minimum . This function returns the smallest n umeric v alue from among

x

1

: : : x

n

.

(min 10) = ) 10

(min 10 20) = ) 10

(min -10 -20) = ) -20

(min 1 3. 2 -7) = ) -7

(min -2. 3 0 7) = ) -2.

(max x

1

: : : x

n

) [ function with a variable numb er of ar guments ]

The sym b ol max stands for maximum . This function returns the n umerically largest v alue from

among x

1

: : : x

n

.

(max 10) = ) 10

(max 10 20) = ) 20

(max -10 -20) = ) -10

(max 1 3. 2 -7) = ) 3.

(max -2 3. 0 7) = ) 7

4.1.5 Predicates of generic arithmetic

These functions generally accept a v ariable n um b er of argumen ts, whic h can b e n um b ers of an y

t yp e: in tegers, 
oats or extended n umerics. If one of the argumen ts is a 
oat, these functions do
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oating-p oin t comparisons. If all the argumen ts are in tegers, they do in teger comparisons. There

is automatic con v ersion b et w een the argumen ts, with priorit y giv en to 
oating-p oin t n um b ers.

All these functions return their �rst argumen t if the predicate holds true, and () if not.

In the ev en t of a call to the genarith in terrupt, the <?> function m ust b e de�ned, since all the

other functions are de�ned as functions of <?> .

(<?> x y ) [ function with two ar guments ]

The <?> function returns -1 if x is strictly less than y , 0 if x equals y , and 1 if x is strictly greater

than y .

(<?> 100 100) = ) 0

(<?> 100 200.) = ) -1

(<?> 200. 100) = ) 1

(= x

1

x

2

: : : x

n

) [ function with a variable numb er of ar guments ]

If x

1

is equal to x

2

, and x

2

is equal to x

3

, and : : : and x

n {1

is equal to x

n

, then the = function

returns x

1

. Otherwise, it returns () .

(= 10 10) = ) 10

(= -3 -2) = ) ()

(= 10 10.) = ) 10

(= 10 10. 10) = ) 10

(= 10 9 10) = ) ()

(<> x y ) [ function with two ar guments ]

(/= x y ) [ function with two ar guments ]

These t w o functions are iden tical. If the v alue of x is di�eren t to that of y , they return x . Otherwise,

they return () . This function is binary , since the function `not equal to' is not transitiv e.

(<> 11 10) = ) 11

(<> -3 -3) = ) ()

(<> 10. 10) = ) ()

(>= x

1

x

2

: : : x

n

) [ function with a variable numb er of ar guments ]

If the v alue of x

1

is greater than or equal to that of x

2

, and the v alue of x

2

is greater than or equal

to that of x

3

, and : : : and the v alue of x

n { 1

is greater than or equal to that of x

n

, then the >=

function returns x

1

as its v alue. If suc h is not the case, the function returns () . This function can

b e used to test in terv als.

(>= 3 7) = ) ()

(>= 7 7) = ) 7



GENERIC ARITHMETIC 4-9

(>= 9. 9) = ) 9.

(>= 11 11 10) = ) 11

(>= 10 11 10) = ) ()

(> x

1

x

2

: : : x

n

) [ function with a variable numb er of ar guments ]

If the v alue of x

1

is strictly greater than the v alue of x

2

, and the v alue of x

2

is strictly greater than

the v alue of x

3

, and : : : and the v alue of x

n { 1

is strictly greater than the v alue of x

n

, then the >

function returns the v alue of x

1

. If this is not the case, it returns () .

(> 5 5) = ) ()

(> 7 4) = ) 7

(> 9. 9) = ) ()

(> 11 10 10) = ) ()

(> 10 11 12) = ) ()

(<= x

1

x

2

: : : x

n

) [ function with a variable numb er of ar guments ]

If the v alue of x

1

is less than or equal to that of x

2

, and the v alue of x

2

is less than or equal to that

of x

3

, and : : : and the v alue of x

n {1

is less than or equal to that of x

n

, then the <= function returns

the v alue of x

1

. If this is not the case, it returns () .

(<= 5 5) = ) 5

(<= 4 6) = ) 4

(<= 9. 9) = ) 9.

(<= 9 10 10) = ) 9

(<= 10 9 10) = ) ()

(< x

1

x

2

: : : x

n

) [ function with a variable numb er of ar guments ]

If the v alue of x

1

is less than that of x

2

, and the v alue of x

2

is less than that of x

3

, and : : : and the

v alue of x

n {1

is less than that of x

n

, the < function returns the v alue of x

1

. 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 ar gument ]

(zerop x) is equiv alen t to (= x 0) .

(plusp x ) [ function with one ar gument ]

(plusp x) is equiv alen t to (>= x 0) .



4-10 CHAPTER 4. ARITHMETIC FUNCTIONS

(minusp x ) [ function with one ar gument ]

(minusp x) is equiv alen t to (< x 0) .

4.1.6 Circular and mathematical functions

All these functions exp ect 
oating-p oin t or in teger argumen ts. If an argumen t of some other t yp e

is passed to one of them, the genarith in terrupt is raised.

(sin x ) [ function with one ar gument ]

(cos x ) [ function with one ar gument ]

(asin x ) [ function with one ar gument ]

(acos x ) [ function with one ar gument ]

(atan x ) [ function with one ar gument ]

(setq pi 3.14159265 35 ) = ) 3.14159265 35

(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)) ))
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The ev aluation of (pattern 13 3.5 5.5) pro duces

55 44 33 33 44 5 66666 5 44 33 33 44 55

5 44 33 2222 33 44 55 55 44 33 2222 33 44 5

44 3 22222222 33 44 555 555 44 33 22222222 3 44

44 3 22 22 33 44 5555555 44 33 22 22 3 44

4 3 22 11 22 33 44 44 33 22 11 22 3 4

3 22 1111111 22 33 44 44 33 22 1111111 22 3

3 22 111 111 22 33 4444444 33 22 111 111 22 3

33 22 11 11 2 33 444 33 2 11 11 22 33

3 22 1 0000 11 22 33 33 22 11 0000 1 22 3

2 11 000000 1 22 333 333 22 1 000000 11 2

22 1 00000000 11 22 333 333 22 11 00000000 1 22

22 11 00000000 11 2 3333 3333 2 11 00000000 11 22

22 11 00000000 11 2 3333 3333 2 11 00000000 11 22

(exp x ) [ function with one ar gument ]

(log x ) [ function with one ar gument ]

(log10 x ) [ function with one ar gument ]

(power x y ) [ function with two ar guments ]

(sqrt x ) [ function with one ar gument ]

(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.
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4.1.7 Extensions to generic arithmetic

T o create new generic arithmetic facilities, the follo wing functions should b e de�ned in the extended

arithmetic pac k age, called ext in the list that follo ws. These functions are all unary or binary , and

the system handles m ultiple argumen ts.

(#: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)

T o de�ne a new extended t yp e, the follo wing t w o functions are needed:

(#:ext:eval n)

(#:ext:prin n)

An example of the creation of extended arithmetic functions is giv en in c hapter 10, section 3.

4.2 In teger arithmetic

In teger arithmetic functions use op erands n | in the follo wing descriptions that follo w|that m ust

necessarily b e 16-bit �xed-precision in teger-t yp e ob jects. These functions only do t yp e v alidit y

c hec king in the in terpreted mo de, and nev er do o v er
o w c hec ks. If the argumen ts receiv ed b y one

of them are not in tegers, the results will b e unpredictable, and can ev en cause errors in the host

op erating system or hardw are. All these functions are almost alw a ys compiled in to a single LLM 3

instruction.

In the in terpreter, if one of the argumen ts is not an in teger, the errnia error is raised. Its default

screen is
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** function : not a fix : ar gument

where function is the name of the function that raised the error, and ar gument is the fault y

argumen t.

4.2.1 In teger arithmetic functions

(add1 x ) [ function with one ar gument ]

Returns the v alue x + 1 .

(add1 6) = ) 7

(add1 -3) = ) -2

(sub1 x ) [ function with one ar gument ]

Returns the v alue x { 1 .

(sub1 7) = ) 6

(sub1 -3) = ) -4

(add x y ) [ function with two ar guments ]

Returns the v alue of the sum x + y .

(add 5 6) = ) 11

(sub x y ) [ function with two ar guments ]

Returns the v alue of the di�erence x { y .

(sub 6 2) = ) 4

(mul x y ) [ function with two ar guments ]

Returns the v alue of the pro duct x � y .

(mul 10 4) = ) 40

(div x y ) [ function with two ar guments ]

Returns the in teger v alue of the quotien t x � y , truncated to the in teger v alue. div do es an in teger

division on in teger argumen ts. If the argumen t y is zero, the err0dv error is raised.

(div 20 5) = ) 4

(div 21 5) = ) 4
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(rem x y ) [ function with two ar guments ]

Returns the v alue of the remainder of the in teger division of x b y y .

(rem 11 3) = ) 2

(rem 14 22) = ) 14

(scale x y z ) [ function with thr e e ar guments ]

Returns the v alue of the calculation of x � y � z .

So, (scale x y z) is equiv alen t to (div (mul x y) z) .

The in termediate v alue is stored in double-precision in teger memory (dep ending somewhat on the

host mac hine, but in at least 32 bits of storage) in order to a v oid o v er
o w in the in termediate

calculation. The �nal result is an in teger, truncated|if necessary|to 16 bits.

(scale 1000 1000 1000) = ) 1000

(scale -100 2000 -1000) = ) 200

(scale 1000 1000 3000) = ) 333

4.2.2 Fixed-precision in teger comparison functions

These functions ha v e either one or t w o argumen ts, written as x and y , whic h m ust b e in teger

n um b er expressions. The functions carry out t yp e c hec king only in the in terpreted mo de. If the

argumen ts giv en in a call to one of them are not in tegers, the results are meaningless in compiled

co de. All of these functions are almost alw a ys compiled in to a single LLM 3 instruction.

Eac h of these functions returns its �rst argumen t if the test is true of the argumen ts. If not, () is

returned.

(evenp x ) [ function with one ar gument ]

If the v alue of the argumen t x is ev en, evenp returns it as its v alue. Otherwise, it returns () .

(oddp x ) [ function with one ar gument ]

If the v alue of the argumen t x is o dd, oddp returns it as its v alue. Otherwise, it returns () .

(eqn x y ) [ function with two ar guments ]

If the v alue of x is equal to the v alue of y , eqn returns the v alue of x . Otherwise, it returns () .

(eqn 10 10) = ) 10

(eqn -3 3) = ) ()

(neqn x y ) [ function with two ar guments ]
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If the v alue of x is not equal to the v alue of y , neqn returns the v alue of x . Otherwise, it returns

() .

(neqn 11 10) = ) 11

(neqn -3 -3) = ) ()

(ge x y ) [ function with two ar guments ]

If the v alue of x is greater than or equal to the v alue of y , ge returns the v alue of x . Otherwise, it

returns () .

(ge 3 7) = ) ()

(ge 7 7) = ) 7

(gt x y ) [ function with two ar guments ]

If the v alue of x is greater than the v alue of y , gt returns the v alue of x . Otherwise, it returns () .

(gt 5 5) = ) ()

(gt 7 4) = ) 7

(le x y ) [ function with two ar guments ]

If the v alue of x is less than or equal to the v alue of y , le returns the v alue of x . Otherwise, it

returns () .

(le 5 5) = ) 5

(le 4 6) = ) 4

(lt x y ) [ function with two ar guments ]

If the v alue of x is less than the v alue of y , lt returns the v alue of x . Otherwise, it returns () .

(lt 5 5) = ) ()

(lt 4 5) = ) 4

(imin x y ) [ function with two ar guments ]

If the v alue of x is less than or equal to the v alue of y , imin returns the v alue of x . Otherwise, it

returns the v alue of y .

In L E -L ISP , imin could b e de�ned in the follo wing manner:

(defun imin (x y)

(if (le x y)

x

y))

(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 ar guments ]

If the v alue of x is greater than or equal to the v alue of y , imax returns the v alue of x . Otherwise,

it returns the v alue of y .

In L E -L ISP , imax could b e de�ned in the follo wing manner:

(defun imax (x y)

(if (ge x y)

x

y))

(imax 10 10) = ) 10

(imax 10 11) = ) 11

(imax 11 10) = ) 11

(imax -10 -10) = ) -10

(imax -10 -11) = ) -10

(imax -11 -10) = ) -10

4.2.3 Bo olean functions

In all the function descriptions that follo w, the argumen ts x and y m ust b e in tegers. These functions

only w ork on 16-bit w ords, do no t yp e con v ersion, and nev er cause n umeric o v er
o w exceptions.

They are all compiled from single LLM 3 instructions.

(lognot x ) [ function with one ar gument ]

Returns the logical complemen t of its argumen t n .

The form (lognot x) is equiv alen t to (logxor x #$ffff) .

(lognot 0) = ) -1 That is, hexadecim al #$ffff

(lognot -2) = ) 1

(logand x y ) [ function with two ar guments ]

Returns the logical AND of the v alues of x and y .

(logand #$36 #$25) = ) #$24

T o determine whether x is a p o w er of 2 , ev aluate

(= x (logand x (- x)))
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(logor x y ) [ function with two ar guments ]

Returns the logical OR of the v alues of x and y .

(logor #$15 #$17) = ) #$17

(logxor x y ) [ function with two ar guments ]

Returns the logical exclusiv e OR of the v alues of x and y .

(logxor 5 3) = ) 6

(logshift x y ) [ function with two ar guments ]

Logically shifts the v alue x b y y bit p ositions. If the v alue of y is p ositiv e, the shift is

to w ards the left: that is, to w ards the most signi�can t bit|the msb |p erforming in e�ect

a m ultiplication on x . If the v alue of y is negativ e, the shift is righ t w ards: to w ards the least

signi�can t bit|the lsb |p erforming in e�ect a division on x .

In L E -L ISP , logshift could b e de�ned in the follo wing 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)))))

(logshif t 1 0) = ) 1

(logshif t 1 1) = ) 2

(logshif t 1 3) = ) 8

(logshif t 1 15) = ) #$8000

(logshif t 8 -3) = ) 1

4.2.4 F unctions on bit �elds

All these functions w ork on 16-bit w ords, and pro vide v arious means to manipulate arbitrary bit

�elds within these w ords. Throughout this section, a bit �eld is describ ed b y t w o n um b ers:

� np is the n um b er of the �rst bit of the �eld, coun ting from zero.

� nl is the length of the bit �eld.

(2** n ) [ function with one ar gument ]

Returns the v alue of t w o raised to the p o w er n . This is the v alue that corresp onds to a w ord with

only the n

th

bit set.

In L E -L ISP , 2** could b e de�ned in the follo wing manner:
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(defun 2** (n)

(logshift 1 n))

(2** 0) = ) 1

(2** 4) = ) 16

(2** 15) = ) #$8000

(mask-fie ld n np nl ) [ function with thr e e ar guments ]

Returns the bit �eld of length nl b eginning at bit np in the w ord n .

In L E -L ISP , mask-field could b e de�ned in the follo wing manner:

(defun mask-field (n np nl)

(logand (logshift (sub1 (2** nl)) np) n))

(mask-fi eld #$f0 2 4) = ) #$30

(load-byt e n np nl ) [ function with thr e e ar guments ]

Extracts the bit �eld of length nl , b eginning at the bit np , from the w ord n .

In L E -L ISP , load-byte could b e de�ned in the follo wing manner:

(defun load-byte (n np nl)

(logshift (mask-field n np nl) (sub 0 np)))

(load-by te #$f0 2 4) = ) #$c

(deposit- byt e n np nl m ) [ function with four ar guments ]

Returns the v alue of the w ord n after the bit �eld of length nl b eginning at bit np has b een replaced

b y the v alue m .

In L E -L ISP , deposit-byte could b e de�ned in the follo wing 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 -by te #$f0 2 4 #$3) = ) #$cc

(deposit- fie ld n np nl m ) [ function with four ar guments ]

Returns the v alue of the w ord n after the bit-�eld of length nl b eginning at bit np has b een replaced

b y the corresp onding bit �eld in the w ord m .

In L E -L ISP , deposit-field could b e de�ned in the follo wing manner:
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(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 -fi eld #$f0 2 4 #$c) = ) #$cc

(load-byt e-t es t n np nl ) [ function with thr e e ar guments ]

The load-byte-test function tests whether the bit �eld of length nl b eginning at p osition np is

non-zero. If so, the bit �eld is returned as v alue. Otherwise, load-byte-test returns () .

In L E -L ISP , load-byte-test could b e de�ned in the follo wing manner:

(defun load-byte-test (n np nl)

(neqn (load-byte n np nl) 0))

(load-by te- tes t #$f0 2 2) = ) ()

(load-by te- tes t #$f0 2 4) = ) #$c

4.2.5 Pseudo-random functions

(srandom x ) [ function with an optional ar gument ]

Initializes the in ternal accum ulator| the seed| of the pseudo-random n um b er generator with the

n um b er x . If the argumen t is not pro vided, srandom returns the curren t accum ulator v alue.

(random x y ) [ function with two ar guments ]

Returns a n um b er from the in terv al [x : : : y[ . This function uses the metho d of linear congruence

describ ed in [Kn uth v ol 2]. The in ternal accum ulator, g , is calculated according to the form ula

g(n+1) = (a * g(n) + c) modulo m

with m = 7*7*7*7*13 , a = (7 * 13) + 1 and c = 2731 (prime).

This giv es a sequence of accum ulators with p erio d m ( = 31213 ), ranging across the segmen t

[ 0 : : : m-1 ]. The random n um b er is then calculated b y means of the follo wing form ula

r = n1 + ((g * (n2 - n1)) / m)

This a v oids the unev en distribution of the least signi�can t �gures of the results of the

accum ulator, mo dulo 7 or 13.

4.3 Extended in teger arithmetic

In order to implemen t arbitrary-precision n um b ers, a group of extended �xed-precision in teger

functions is a v ailable. F or all these functions, argumen ts|expressed here as x , y or z |are 16-bit
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in tegers. All calculations are carried out up on unsigned 16-bit quan tities. F or reasons of e�ciency ,

these functions do not test the t yp e(s) of their argumen t(s), nor do they raise an y errors. The

carry-o v er of return v alues, when these are longer than 16 bits, is alw a ys stored in the system

v ariable #:ex:regret .

#:ex:regr et [ variable ]

This v ariable alw a ys con tains the most signi�can t b ytes of extended �xed-precision in teger

functions, in the form of a 16-bit in teger.

(ex+ x y ) [ function with two ar guments ]

Returns the least-signi�can t b ytes (a total of 16 bits) of the sum

x + y + #:ex:regret

The new o v er
o w is found in the #:ex:regret v ariable.

(setq #:ex:regre t 0) = ) 0

(ex+ 100 200) = ) 300

#:ex:reg ret = ) 0

(setq #:ex:regre t 1) = ) 1

(ex+ 100 200) = ) 301

#:ex:reg ret = ) 0

(setq #:ex:regre t 0) = ) 0

(ex+ #$ffff #$ffff) = ) -2

#:ex:reg ret = ) 1

(setq #:ex:regre t 1) = ) 1

(ex+ #$ffff #$ffff) = ) -1

#:ex:reg ret = ) 1

(ex1+ x ) [ function with one ar gument ]

Returns the least-signi�can t b ytes (a total of 16 bits) of the sum

x + 1 + #:ex:regret

It is therefore equiv alen t to (ex+ x 1) .

The new o v er
o w is found in the #:ex:regret v ariable.

(setq #:ex:regre t 0) = ) 0

(ex1+ 10) = ) 11

#:ex:reg ret = ) 0

(ex1+ #$ffff) = ) 0

#:ex:reg ret = ) 1

(ex- x ) [ function with one ar gument ]

Returns the unsigned 16-bit in v erse of x .
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(ex- -2) = ) 1

(ex- -1) = ) 0

(ex- 0) = ) -1

(ex- 1) = ) -2

(ex- 2) = ) -3

(ex* x y z ) [ function with thr e e ar guments ]

Returns the least-signi�can t b ytes (16 bits total) of the calculation

x * y + z + #:ex:regret

The most-signi�can t b ytes (16 bits total) are found in the #:ex:regret v ariable.

(setq #:ex:regre t 0) = ) 0

(ex* 100 100 10) = ) 10010

#:ex:reg ret = ) 0

(setq #:ex:regre t 0) = ) 0

(ex* -1 -1 0) = ) 1

#:ex:reg ret = ) -2

(setq #:ex:regre t -1) = ) -1

(ex* -1 -1 0) = ) 0

#:ex:reg ret = ) -1

(ex/ x y ) [ function with two ar guments ]

The #:ex:regret v ariable should con tain the most-signi�can t b ytes of the dividend, and

x should con tain the least-signi�can t b ytes of this same dividend. ex/ returns the least-

signi�can t b ytes (16 bits total) of the division of this dividend b y the divisor y , and the

remainder is stored in the #:ex:regret v ariable.

#:ex:regret|x / y is returned as the v alue of ex/ .

#:ex:regret gets set to #:ex:regret|x rem y .

(setq #:ex:regre t 0) = ) 0

(ex/ 100 5) = ) 20

#:ex:reg ret = ) 0

(setq #:ex:regre t 1) = ) 1

(ex/ 100 5) = ) 13127

#:ex:reg ret = ) 1

(setq #:ex:regre t -2) = ) -2

(ex/ 0 -1) = ) -2

#:ex:reg ret = ) -2

(setq #:ex:regre t -3) = ) -3

(ex/ 3 -1) = ) -2

#:ex:reg ret = ) 1
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(ex? x y ) [ function with two ar guments ]

Returns -1 if the v alue of x is strictly less than the v alue of y , 0 if these v alues are equal, and

1 if the v alue of x is strictly greater than the v alue of y . The comparisons are carried out on

16-bit unsigned quan tities.

(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) = ) -1

4.4 Floating-p oin t arithmetic

F unctions describ ed here tak e argumen ts| x and y in the descriptions that follo w|that m ust b e


oats. They p erform t yp e c hec king only in the in terpreted mo de. If the argumen ts giv en in a

call to one of them are not 
oating-p oin t n um b ers, the results will b e unde�ned and migh t cause

errors in the host op erating system or hardw are. All these functions are compiled in to single LLM 3

instructions.

In the in terpreter, if one of the argumen ts is not a 
oating-p oin t n um b er, the errnfa error is raised.

Its default screen displa y is

** function : not a float : ar gument

where function is the name of the function that raised the error, and ar gument is the fault y

argumen t.

4.4.1 Floating-p oin t arithmetic functions

(fadd x y ) [ function with two ar guments ]

Returns the v alue of the sum x + y .

(fadd 5. 6.) = ) 11.

(fsub x y ) [ function with two ar guments ]

Returns the v alue of the di�erence x { y .

(fsub 6. 2.) = ) 4.

(fmul x y ) [ function with two ar guments ]

Returns the v alue of the pro duct x � y .
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(fmul 10. 4.) = ) 40.

(fdiv x y ) [ function with two ar guments ]

Returns the quotien t x � y . If the argumen t y is 0. , the err0dv error is raised.

(fdiv 11. 2.) = ) 5.5

(fdiv 10. 2.) = ) 5.

4.4.2 Floating-p oin t arithmetic comparisons

Eac h of these functions tak es t w o argumen ts| x and y in the descriptions that follo w|whic h m ust

b e 
oating-p oin t n um b ers. They only p erform t yp e c hec ks on their argumen ts in the in terpreted

mo de. If the argumen ts passed to these functions are not 
oating-p oin t n um b ers, the results are

meaningless for compiled functions.

All these functions return their �rst argumen t if the test succeeds, and () if not.

(feqn x y ) [ function with two ar guments ]

If the v alue of x is equal to the v alue of y , feqn returns x . Otherwise, it returns () .

(feqn 10. 10.) = ) 10.

(feqn -3. 3.) = ) ()

(fneqn x y ) [ function with two ar guments ]

If the v alue of x is not equal to the v alue of y , fneqn returns x . Otherwise, it returns () .

(fneqn 11. 10.) = ) 11.

(fneqn -3. -3.) = ) ()

(fge x y ) [ function with two ar guments ]

If the v alue of x is greater than or equal to the v alue of y , fge returns x . Otherwise, it returns () .

(fge 3. 7.) = ) ()

(fge 7. 7.) = ) 7.

(fgt x y ) [ function with two ar guments ]

If the v alue of x is greater than the v alue of y , fgt returns x . Otherwise, it returns () .

(fgt 5. 5.) = ) ()

(fgt 7. 4.) = ) 7.

(fle x y ) [ function with two ar guments ]
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If the v alue of x is less than or equal to the v alue of y , fle returns x . Otherwise, it returns () .

(fle 5. 5.) = ) 5.

(fle 4. 6.) = ) 4.

(flt x y ) [ function with two ar guments ]

If the v alue of x is less than the v alue of y , flt returns x . Otherwise, it returns () .

(flt 5. 5.) = ) ()

(flt 4. 5.) = ) 4.

(fmin x y ) [ function with two ar guments ]

If the v alue of x is less than or equal to the v alue of y , fmin returns x . Otherwise, it returns n2 .

In L E -L ISP , fmin could b e de�ned in the follo wing manner:

(defun fmin (x y)

(if (fle x y)

x

y))

(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 ar guments ]

If the v alue of x is greater than or equal to the v alue of y , fmax returns x . Otherwise, it returns y .

In L E -L ISP , fmax could b e de�ned in the follo wing manner:

(defun fmax (x y)

(if (fge x y)

x

y))

(fmax 10. 10.) = ) 10.

(fmax 10. 11.) = ) 11.

(fmax 11. 10.) = ) 11.

(fmax -10. -10.) = ) -10.

(fmax -10. -11.) = ) -10.

(fmax -11. -10.) = ) -10.
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4.5 Mixed arithmetic

Argumen ts to these functions can b e either in tegers or 
oating-p oin t n um b ers. If one of their

argumen ts is a 
oat, or if an in teger arithmetic op eration o v er
o ws, the result is a 
oat. If all

the argumen ts are in tegers, the result is an in teger. Therefore, the functions carry out automatic

argumen t con v ersion, giving priorit y to 
oating-p oin t n um b ers. If one of the argumen ts is neither

an in teger nor a 
oating-p oin t n um b er, the errnna error is raised. Its default screen displa y is

** function : not a number : ar gument

where function is the name of the function that raised the error, and ar gument is the fault y

argumen t.

There are no sp ecial comparison functions for this kind of arithmetic. The generic comparisons are

su�cien t.

Mixed arithmetic is just a kind of 
oating-p oin t arithmetic in whic h in tegers can b e used.

(plus x

1

: : : x

n

) [ function with a variable numb er of ar guments ]

Returns the v alue of the sum x

1

+ x

2

+ : : : + x

n

. If no argumen t is giv en, plus returns the additiv e

iden tit y: 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 x

1

: : : x

n

) [ function with a variable numb er of ar guments ]

(differen ce x

1

: : : x

n

) [ function with a variable numb er of ar guments ]

These t w o iden tical functions return the v alue of the di�erence x

1

� x

2

� : : : � x

n

. If no argumen t

is giv en, they return the (righ t) subtractiv e iden tit y: 0 . Giv en a single argumen t, they return its

additiv e in v erse.

(differe nce ) = ) 0

(differe nce 20.) = ) -20.

(differe nce 6 2) = ) 4

(differe nce 12 -7) = ) 19

(differe nce 10000. 1000. 100) = ) 8900.

(differe nce #$8000 1 1) = ) -32770

(times x

1

: : : x

n

) [ function with a variable numb er of ar guments ]

Returns the v alue of the pro duct x

1

� x

2

� : : : � x

n

. If no argumen t is giv en, times returns the
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m ultiplicativ e iden tit y: 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 ar guments ]

Returns the v alue of the quotien t x � y . If the t w o argumen ts are b oth in tegers and their quotien t

is not exact, divide returns a 
oating-p oin t v alue. If the argumen t y is zero, the err0dv error is

raised.

(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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x
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x
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x
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Chapter 5

Ob ject-orien ted programming

This c hapter �rst describ es functions that pro vide w a ys to create structured ob jects in L ISP . These

ob jects are analogous to P ascal r e c or ds . In addition, L ISP allo ws y ou to create a hierarc h y of

structure t yp es.

The second section is a description of the basic L ISP t yp e hierarc h y and the means pro vided for

extending it: t yp ed v ectors, t yp ed strings and tagged pairs. Since they are implemen ted as t yp ed

v ectors, structures pro vide the most immediate w a y to extend the L E -L ISP t yp e sc heme.

The third section explains ho w to use the primitiv e oblist searc h functions and the t yping functions

to implemen t an ob ject-orien ted language of the SmallT alk v ariet y .

The fourth section presen ts an abbreviation facilit y for describing t yp ed ob jects.

The �nal section describ es a minimal k ernel on whic h ob ject-orien ted extensions can b e built. This

k ernel, called MicroCeyx , b ene�ts from exp erience acquired in the creation at I NRIA of earlier

ob ject-orien ted pro ducts called Ceyx and Alcy one.

5.1 Structures

The defstruct primitiv e pro vides the means to de�ne new t yp es of structured ob jects (structures)

analogous to P ascal records. The new function facilitates the creation of instanc es of these t yp es of

ob jects.

Structured ob jects are made up of a n um b er of named �elds. Eac h �eld can con tain an y kind of

L ISP ob ject. These �elds are not t yp ed. Y ou can examine and mo dify the con ten ts of the �elds of

a structured ob ject b y means of �eld-access functions, whic h are de�ned along with structures.

Y ou can de�ne a structure as a sub-structure of a previously de�ned structure. In this case, in

addition to the �elds explicitly declared within its de�nition, the sub-structure will inherit all the

�elds of the original paren t structure.

defstruct [ fe atur e ]

This feature indicates that functions on structures are loaded in to the system.

1
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5.1.1 Structure de�nition

(defstruc t struct field

1

: : : field

n

) [ macr o ]

De�nes a structure named struct , whic h is a sym b ol, con taining the �elds field

1

: : : field

n

.

struct b ecomes a new t yp e of L ISP ob ject. (See the type-of function.)

field

1

: : : field

n

are the names of the structure's �elds. They are either sym b ols or t w o-

elemen t lists. In the second case, the �rst elemen t in the list is the �eld name, and the second

elemen t is a L ISP form that is ev aluated to assign an initial v alue to the �eld when instances

are created. This ev aluation tak es place eac h time an instance of the structure is created.

When a structure is de�ned, read-access and write-access functions, as w ell as a sp eci�c

instance creation function, are de�ned sim ultaneously . These functions are describ ed further

on in this do cumen t.

If struct is of the form #:super-structure:struct ure , where super-structure is the

name of a structure previously de�ned in the system, struct will ha v e, in addition to

the �elds field

1

: : : field

n

, all the �elds of super-structure . In this case, the t yp e

#:super-structure:structure is a sub-t yp e of the super-structure t yp e.

#:system: def st ruc t- all -ac ce ss- fl ag [ variable ]

The defstruct macro examines this 
ag to determine whether access functions de�ned for

inherited �elds should b e made a v ailable for use with the structure curren tly b eing de�ned.

By default, this 
ag is true . In other w ords, it has the v alue t . If it is false, then the only

access functions de�ned and a v ailable for use with this structure will b e those for �elds that

are supplied explicitly as argumen ts to the relev an t defstruct macro.

5.1.2 Instance creation

(new struct ) [ function with one ar gument ]

(#:struct :ma ke ) [ function with no ar guments ]

These t w o functions create a new instance of the struct structure, and return it as their v alue.

The #:struct:make function is the creation function| c onstructor |for the struct structure. It

is automatically de�ned b y the defstruct macro. Ob jects created with this constructor will ha v e

t yp e struct . (See the type-of function.)

The �elds of the ob ject so created are (optionally) initialized with the initialization forms included

in the structure de�nition. These forms are ev aluated when the ob ject is created. The order of

ev aluation of the initialization forms is not fully determined. Fields for whic h no initialization

forms are pro vided are initialize d with the v alue () .

If the argumen t 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 displa y ed:
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** <fn> : not a structure : <s>

where fn is the name of the function that raised the error (in this case, new ), and s is the

bad argumen t.

In L E -L ISP , new could b e de�ned in the follo wing manner:

(defun new (type)

(if (structurep type)

(apply (symbol type 'make) ())

(error 'new 'errstc type)))

5.1.3 Access to �elds

(#:struct :fi el d o e ) [ function with one or two ar guments ]

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 b y the defstruct function.

If the ob ject o is not an instance of the struct structure (see the typep function), the errstc

error is raised. Giv en a single argumen t, an access function returns the v alue of the �eld field of

the ob ject o . If a second argumen t is giv en, its v alue is stored in the �eld field of the ob ject o

and is also returned as the v alue of the access function.

Supp ose that the L E -L ISP compiler is activ e when the structure is de�ned. Consequen tly , the form

(featurep 'compiler) is true. In this case, �eld-access functions are de�ned to b e compiler

macros. (See the defmacro-open function.) Compilation of calls to these functions pro duces

extremely e�cien t co de. After b eing compiled, access functions will not do t yp e c hec ks on their

�rst argumen ts.

5.1.4 T yp e tests

(structur ep o ) [ function with one ar gument ]

This predicate is true if the ob ject o is an instance of a de�ned structure. (See also the typep

function.)

Here, for example, is the de�nition of a structure, person , with t w o �elds: age and weight . The

second �eld is initialized with the v alue 123 :

? (defstruc t person

? age

? (weight 123))

= person
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Creation of an instance:

? (setq person1 (#:person: mak e))

= #:person: #[ () 123]

Assign the v alue 36 to the age �eld of the person1 ob ject:

? (#:person :a ge person1 36)

= 36

Extract the weight �eld:

? (#:person :w eig ht person1)

= 123

Use the structurep function:

? (structur ep person1)

= t

Next, w e lo ok at an example of a sub-structure. Extend the person structure in to a

researcher structure:

? (defstruc t #:person:re se arc her

? project

? articles)

= #:person: re sea rch er

Creation of a researcher and automatic initialization of a �eld:

? (setq r1 (#:person: res ea rch er: ma ke) )

= #:person: re sea rch er :#[ () 123 () ()] ? (#:person :r ese arc he r:a rt icl es r1

'("conf-pr oc" "thesis") )

= (conf-pro c thesis)

The researcher inherits the �elds of the person structure:

? (#:person :w eig ht r1)

= 123 ? (#:person: ag e r1 26)

= 26 ? (#:person:r es ear che r: wei gh t r1)

= 123 ? (#:person: re sea rch er :ag e r1)

= 26

5.1.5 Implem en tation of structures

Instances of a structure are implemen ted as t yp ed v ectors whose t yp e is the name of the structure.

The v alues of the ob ject's �elds are stored in v ector cells.

5.2 Le-Lisp t yp ology

L E -L ISP ob ject t yp es are represen ted b y sym b ols. The L ISP pac k age hierarc h y pro vides a w a y to

organize these t yp es. The sym b ol #:person:researcher represen ts the researcher sub-t yp e of

the person t yp e.
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It is not strictly necessary to explicitly cr e ate new t yp es. Simply in v oking the sym b ol #:foo:bar

results in a successful mention of the t yp e foo and its sub-t yp e bar . An y L ISP sym b ol can therefore

b e in terpreted as b eing a t yp e.

In practice, the in teresting t yp es are those capable of b eing returned as v alues of the type-of

function, either a prede�ned system t yp e, or a user typ e : that is, the t yp e of a t yp ed v ector, a

t yp ed string or a tagged pair.

The basic L ISP t yp es are prede�ned. In other w ords, they are `already presen t' at system start-up.

They all ha v e the empt y t yp e (the t yp e || ), whic h is the univ ersal t yp e.

The basic L ISP t yp es are:

� fix : small in tegers

� float : 
oating-p oin t n um b ers

� symbol : sym b ols

� null : the end-of-list mark er, ()

� string : c haracter strings

� vector : v ectors of p oin ters

� cons : list cells

(type-of s ) [ function with one ar gument ]

This function determines the t yp e of an y L ISP ob ject. If the argumen t is a string or a v ector, type-of

returns the t yp e of the ob ject in question. In these cases, type-of is equiv alen t to typestring or

typevector , resp ectiv ely . If the argumen t is a tagged pair, type-of returns its car , pro vided that

this is an atom or a list whose car is an atom. In all other cases|except the error condition

asso ciated with tagged pairs (see b elo w)| type-of returns the L ISP t yp e of the ob ject: fix , float ,

cons , etc.

If the car of a tagged pair argumen t is neither a sym b ol nor the sym b ol of a list, the result of

type-of is unde�ned.

In L E -L ISP , type-of could b e de�ned in the follo wing 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))
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((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:" he llo mamma")

= #:foo:bar ? (type-of #:person:# [() 75])

= person ? (type-of '(1))

= cons ? (type-of '#(foo . a))

= foo

(subtypep type1 type2 ) [ function with two ar guments ]

type1 and type2 are t w o sym b ols, represen ting L ISP t yp es. The predicate subtypep is true if type1

is a sub-t yp e of type2 , and false otherwise.

In L E -L ISP , subtypep could b e de�ned in the follo wing manner:

(defun subtypep (type1 type2)

(or (eq type1 type2)

(ifn (packagecell type1)

(null type2)

(subtypep (packagecell type1) type2))))

? (subtypep '#:person :re se arc her 'person)

= t ? (subtypep 'symbol 'symbol)

= t ? (subtypep '#:person: re sea rc her '#:person :di sc ove rer )

= () ? (subtypep 'fix '||)

= t

(typep s type ) [ function with two ar guments ]

This predicate is true if the t yp e of the ob ject s is a sub-t yp e of type .

In L E -L ISP , typep could b e de�ned in the follo wing manner:

(defun typep (s type)

(subtypep (type-of s) type))

? (typep (#:person: re sea rc her :ma ke ) 'person)

= t ? (typep 'foo 'symbol)

= t ? (typep (#:person: res ea rch er :ma ke) '#:person :d isc ove re r)

= () ? (typep 12 '||)

= t
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5.3 Ob ject-orien ted programming

The L E -L ISP pac k age hierarc h y is used to enco de the hierarc h y of data t yp es. In an ob ject-orien ted

language of the SmallT alk v ariet y|suc h as Ceyx or Alcy one, for example|one w an ts to b e able

to attac h metho ds to ob ject t yp es.

In L E -L ISP , these metho ds are L ISP functions, de�ned in the pac k ages to whose t yp es they are

attac hed. So, the function #:person:describe is considered to b e the describe metho d attac hed

to the person t yp e.

The goal is for the sub-t yp es of a giv en t yp e to inherit the metho ds attac hed to this t yp e. F or

example, the ob jects of t yp e #:person:researcher should inherit the describe metho d of the

person ob ject. The prede�ned getfn function pro vides a w a y to do this metho d searc h, accoun ting

for inheritance.

Sometimes it is desirable to ha v e an ob ject t yp e inherit metho ds from sev eral L ISP t yp es. This is

m ultiple inheritance. The getfn function searc hes for a function in a list of pac k ages, b y �rst doing

a depth-�rst searc h in the paren t (sup erior) pac k ages of those in the list.

Finally , y ou sometimes need metho ds asso ciated with a mixture of sev eral t yp es of ob jects. F or

instance, to implemen t a generic arithmetic pac k age, metho ds w ould ha v e to b e de�ned that allo w

y ou to add together di�eren t t yp es of n um b ers suc h as float , fix , bignum and rational . In L E -

L ISP , the metho ds of the pr o duct of t yp es t1 and t2 are lo cated in the pr o duct p ackage designated

as (t1 . t2) . An addition metho d of the desired kind w ould b e written as #:(t1 . t2):add . The

prede�ned getfn2 function pro vides a means of searc hing for pro duct metho ds.

5.3.1 Searc hing for metho ds

The follo wing functions are prede�ned searc h functions that op erate on metho ds.

(getfn1 pkgc fn ) [ function with two ar guments ]

Searc hes for a function named fn in the pkgc pac k age. If this function exists, it is returned as the

v alue of getfn1 . If not, the function returns () .

In L E -L ISP , getfn1 could b e de�ned in the follo wing 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) = ) ()
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(getfn pkgc1 fn pkgc2 ) [ function with two or thr e e ar guments ]

Searc hes for a function named fn in the pkgc1 pac k age, or in one of the pac k ages that is sup erior

to pkgc1 in the pac k age hierarc h y . If the optional pkgc2 argumen t is giv en, it is excluded from

the searc h. On the searc h up the pac k age tree, if pkgc2 is encoun tered, the searc h is terminated

immediately . pkgc2 is not searc hed. If the function is found, it is returned as the v alue of getfn . If

not, getfn returns () .

If pkgc1 is a list of pac k ages, the searc h b egins in the �rst pac k age in the list and in all its paren t

pac k ages, then in the second pac k age in the list and in all its paren t pac k ages, and so on, un til

either the function is found or the list of pac k ages names is exhausted. This depth-se ar ch also tak es

place if one of the paren ts of pkgc1 is a list. This mec hanism can b e used to implemen t multiple

inheritanc e of metho ds. In this case, the third argumen t, if presen t, pro vides a w a y to stop the

searc h for eac h pac k age in the list.

In L E -L ISP , getfn could b e de�ned in the follo wing 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 :bu z: foo ()) = ) #:bar:gee: buz :f oo

(getfn '#:bar:ge e:b uz 'foo) = ) #:bar:gee: buz :f oo

(getfn '#:bar:ge e 'foo) = ) #:bar:foo

(getfn 'bar 'foo) = ) #:bar:foo

(getfn () 'foo) = ) foo

(getfn '#:potop: ter az 'foo) = ) foo

(getfn '#:bar:ge e 'foo ()) = ) #:bar:foo

(getfn 'bar 'foo ()) = ) #:bar:foo

(getfn 'gee 'foo ()) = ) ()

(getfn '#:bar:ge e:b uz 'foo 'bar) = ) #:bar:gee: buz :f oo

(getfn '#:bar:ge e 'foo 'bar) = ) ()

(getfn2 pkgc1 pkgc2 fn ) [ function with thr e e ar guments ]

Allo ws y ou to searc h for the function fn in the pro duct pac k age (pkgc1 . pkgc2) , or in one of

the pro duct pac k ages that is sup erior to this one. The pro duct pac k age hierarc h y is built from the
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pac k age hierarc h y b y imp osing a lexicographic ordering on the com binations of p ossible pairs. The

clim b up the pro duct pac k age hierarc h y is alw a ys stopp ed b efore reac hing the ro ot pac k age for one

of the t w o mem b ers of the pro duct.

The pac k ages sup erior to the pac k age (#:a:b . #:c:d) are, in order

(#:a:b . #:c:d) < (#:a:b . c) < (a . #:c:d) < (a . c)

5.3.2 In v oking metho ds

The com bination of t yp e-determinating functions and metho d searc h functions pro vides a w a y to

implemen t message transmission functions.

(send symb o p

1

: : : p

n

) [ function with a variable numb er of ar guments ]

(send-err or symb rest ) [ function with two ar guments ]

The send function searc hes for and in v ok es the metho d symb assso ciated with the t yp e of the ob ject

o . This metho d m ust b e a L ISP function that tak es n + 1 argumen ts. It is called with the list of

argumen ts formed b y the ob ject o and the n argumen ts p

1

: : : p

n

.

The in tended metho d is the L ISP function named symb in the pac k age that is the t yp e of the ob ject

o , or in one of its paren t pac k ages, up to and excluding the ro ot pac k age. If no suc h metho d is

found, send calls the send-error function. By default, this function raises the errudm error and

displa ys the follo wing error screen:

** <fn> : undefined method : <l>

where l is the list of argumen ts supplied to send , and fn is the name of the function that

raises the error: here, send .

In L E -L ISP , send could b e de�ned in the follo wing 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 L E -L ISP , send-error could b e de�ned in the follo wing manner:

(defun send-error (m rest)

(error 'send 'errudm (cons m rest)))

Here is a de�nition of the hello metho d for ob jects of t yp e fix :

? (defun #:fix:hell o (n)

? (repeat n (print "hello")) )

= #:fix:hel lo
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Searc h for this metho d and in v ok e it:

? (send 'hello 3)

hello

hello

hello

= t

And here is a de�nition of the hello metho d for ob jects of the t yp e person :

? (defun #:person:h el lo (pers)

? (print "I am a person")

? (print "I weigh " (#:person:w ei ght pers) " pounds"))

= #:person: he llo ? (send 'hello (#:person :ma ke ))

I am a person

I weigh 123 pounds

= pounds ? (send 'hello (#:perso n:r ese ar che r: mak e) )

I am a person

I weigh 123 pounds

= pounds

(send-sup er type symb o p

1

: : : p

n

) [ function with a variable numb er of ar guments ]

The function b eha v es v ery m uc h lik e the send function, except that the metho d is sough t

b eginning with (but excluding) the pac k age type , and not b eginning with the t yp e of the

ob ject o . type m ust, ho w ev er, b e the name of one of the paren t t yp es|that is, paren t

pac k ages|of the t yp e (or pac k age) of ob ject o . If not, an error will b e raised.

send-super is used primarily inside metho ds to in v ok e a metho d of the same name but

de�ned at a higher lev el in the t yp e hierarc h y .

In the follo wing example, the describe metho d is de�ned for ob jects of t yp e person . It is

rede�ned for ob jects of the sub-t yp e #:person:researcher , so that it in v ok es the describe

metho d at the lev el immediately ab o v e #:person:researcher in the t yp e hierarc h y , and then

do es some pro cessing sp eci�c to ob jects of the #:person:researcher t yp e.

? (defun #:person:d es cri be (p)

? (print "A person " (#:person: ag e p) " years old, who weighs "

? (#:person: wei ght p) " pounds"))

= #:person: de scr ibe ?

? (defun #:person:r es ear ch er: des cr ibe (r)

? (send-supe r '#:person :r ese arc he r 'describe r)

? (print "who has written "

? (length (#:person: res ea rch er: ar tic le s r))

? " articles "))

= #:person: re sea rch er :de sc rib e ?

? (send 'describe (#:perso n:r ese ar che r: mak e))

A person () years old, who weighs 123 pounds

who has written 0 articles
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= articles
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(csend fndef symb o p

1

: : : p

n

) [ function with a variable numb er of ar guments ]

This function is similar to the send function. If the searc h for the metho d fails, instead of

rising an error, csend calls the fndef function with all the argumen ts of csend except the

�rst.

This function is particularly useful for rede�ning the searc h for metho ds. One can de�ne

metho ds b y default in a sp ecial pac k age, for instance, or implemen t another m ultiple

inheritance.

In L E -L ISP , csend could b e de�ned in the follo wing 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 * pac k age as a default:

? (defun default (m . para)

? (apply (getfn '* m ' jj ) para))

= default ?

? (defun #:*:descri be (o)

? (print "An unknown object"))

= #:*:descr ib e ?

? (csend 'default 'describ e 12)

An unknown object

= An unknown object ? (csend 'default 'describ e (#:person :m ake ))

A person () years old, who weighs 123 pounds

= pounds

(send2 symb o1 o2 p

1

: : : p

n

) [ function with a variable numb er of ar guments ]

This function searc hes for and in v ok es the metho d symb asso ciated with the pro duct t yp e of

the ob jects o1 and o2 . Searc hing is done b y the getfn2 function (see its description). The

function, if it is found, is in v ok ed with o1 , o2 and p

1

: : : p

n

as argumen ts.

Here are some de�nitions of metho ds for pro duct t yp es:

? (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 ?
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? (defun #:(a . #:a:c):foo (o1 o2)

? 'ac)

= #:(a . #:a:c):foo

W e can in v ok e these metho ds. The ob jects 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))

= ac

5.3.3 Prede�ned metho ds

L E -L ISP uses the send function in ternally to prin t and ev aluate L ISP ob jects.

Commands to prin t L ISP ob jects that are implemen ted as t yp ed v ectors, t yp ed c haracter strings,

and tagged pairs cause a prin message to b e sen t to these ob jects. This message should cause the

ob ject to b e prin ted on to the output c hannel, without an y end-of-line c haracter. If no prin t metho d

exists for the ob ject, the default prin t format is used.

Prin t metho ds are used b y all the prin ting functions suc h as print , prin , prinflush and explode .

They will b e used, for instance, when the parameters of a traced function, en tire functions, or error

messages are prin ted.

The follo wing w arning applies in the last of these cases. If the prin t metho d raises an error, it is

v ery probable the error pro cedure reuses the same prin t metho d and raises : : : the same error! Y ou

therefore run the risk of getting the famous lo oping `error in the error handler' error. It is therefore

suggested that the prin t metho ds for an ob ject b e implemen ted under a name other than prin .

Name them prin only when they seem to ha v e b een completely debugged.

The ev aluation metho ds are used for t yp ed v ectors. The ev aluation of a t yp ed v ector causes the

eval message to b e sen t to the v ector. If no eval metho d exists for the v ector, the ev aluation of

the v ector returns the v ector itself as its v alue. Otherwise, if an eval metho d exists, it is the result

of the v ector's eval metho d that is returned as a v alue.

In the follo wing example, the ob jects of person t yp e will b e prin ted as #P(<age> <weight>) . The

# -macro pro vides a means of rereading this form of output:

? (defun #:person:p ri n (p)

? (prin "#m(" (#:person :a ge p) " " (#:perso n:w eig ht p) ")"))

= #:person: pr in ?

? (new 'person)

= #m(() 123) ?

? (defsharp |m| ()

? (let ((age-weigh t (read))

? (person (new 'person)))
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? (#:person: age person (car age-weight ))

? (#:person: wei ght person (cadr age-weigh t))

? (list person)))

= h ?

? #m(25 123)

= #m(25 123)

5.4 Abbreviation functions

This section describ es a set of functions that allo w the programmer to use abbreviations while

addressing the L E -L ISP reader. Once instan tiated, these abbreviations are used b y the L E -L ISP

reader if the #:system:print-with-abbrev-fl ag 
ag is set.

In the w orst of cases, this feature can raise the follo wing errors:

errsxtacc , whic h has the follo wing default screen displa y:

** <fn> : bad {} abbreviation : <e>

errsxtclosingacc , whic h has the follo wing default screen displa y:

** <fn> : } not within {} : <e>

errnotanabbrev , whic h has the follo wing default screen displa y:

** <fn> : not an abbreviation : <e>

abbrev [ fe atur e ]

This 
ag indicates that the abbreviation pac k age has b een loaded in to the system.

(put-abbr ev sym1 sym2 ) [ function with two ar guments ]

(defabbre v sym1 sym2 ) [ macr o ]

These t w o functions de�ne the sym b ol sym1 to b e an abbreviation of the sym b ol sym2 . After calling

one of these functions, the o ccurrence of the sym b ol sym1 b et w een braces|the c haracters { and

} |is exactly equiv alen t, for the L ISP reader, to the o ccurrence of the sym b ol sym2 . If a previous

abbreviation existed, it is c hanged.

defabbrev is iden tical to put-abbrev , except that it do es not ev aluate its argumen ts.

Consider, for instance, the follo wing de�nition.

? (defabbre v foo #:bar:gee )

= foo
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{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-abbr ev symb ) [ function with one ar gument ]

Returns the sym b ol that has symb as its abbreviation. If symb is not an abbreviation, it raises the

errnotanabbrev error.

(get-abb rev 'foo) = ) #:bar:gee

(get-abb rev 'bar) = ) ** get-abbrev : not an abbreviati on : bar

(abbrevp symb ) [ function with one ar gument ]

Returns t if symb is an abbreviation. If not, it returns () .

(abbrevp 'foo) = ) t

(abbrevp 'bar) = ) ()

(has-an-a bbr ev symb ) [ function with one ar gument ]

Returns the abbreviation of the sym b ol symb .

(has-an- abb rev '#:bar:ge e) = ) foo

(rem-abbr ev symb ) [ function with one ar gument ]

Remo v es the abbreviation asso ciated with the sym b ol symb , and returns symb as its v alue.

(rem-abb rev 'foo) = ) foo

f symb g [ macr o char acter ]

The macro c haracters { and } facilitate the reading of abbreviations. A sym b ol b et w een braces is

read as though it w ere the sym b ol it abbreviates. If symb is not an abbreviation, then symb is read

as || , or () . If symb is not a sym b ol, or if there are sev eral L ISP ob jects b et w een a single pair of

braces, the errsxtacc error is raised.

#:system: pri nt -wi th -ab bre v- fla g [ variable ]

If this 
ag is set|that is, if it is true|the standard prin ter unabbreviates abbreviated sym b ols on

output. By default, this 
ag has the v alue true .

Here is a de�nition of the prin t metho d for sym b ols with abbreviations:

(defun #:symbol:prin (symb)

(if (and #:system:print-with-abb rev-fla g
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(has-an-abbrev (packagecell symb)))

(progn (let ((#:system:print-for-re ad ()))

(pratom '|{|))

(pratom (has-an-abbrev (packagecell symb)))

(let ((#:system:print-for-re ad ()))

(pratom '|}:|))

(let ((#:system:print-packag e-flag ()))

(pratom symb)))

(pratom symb)))

5.5 MicroCeyx

This section describ es the MicroCeyx ob ject la y er, whic h is a smaller v ersion of the original Ceyx.

All the MicroCeyx structures are sub-t yp es of a ro ot class called tclass , whic h will b e men tioned

frequen tly in the rest of this c hapter.

microceyx [ fe atur e ]

This feature indicates whether or not MicroCeyx is loaded in to the system.

5.5.1 Sp eci�c errors

All the MicroCeyx functions c hec k the t yp e and form of their argumen ts. They can raise one of the

errors listed b elo w.

(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
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"argument not a name of microceyx tclass or record")

5.5.2 De�nition of structures

(deftclas s symbol field

1

: : : field

n

) [ macr o ]

This function is iden tical to the defstruct function, the only di�erence b eing that the t yp e it

de�nes is a sub-t yp e of tclass : : : if this w as not already the case. Moreo v er, the sym b ol symbol

of the ro ot pac k age is de�ned as b eing the abbreviation for symbol in its en tiret y .

The form

? (deftclas s foo a (b 2) c)

= #:tclass: fo o

corresp onds to

(progn (let ((#:system:defstruct-all -access -flag ()))

(defstruct #:tclass:foo a (b 2) c))

(defabbrev foo #:tclass:foo))

Lik ewise, the form

? (deftclas s f foo g :bar (d 4))

= f foo g :bar

corresp onds to

(progn (let ((#:system:defstruct-all -access -flag ()))

(defstruct #:tclass:foo:bar (d 4)))

(defabbrev bar #:tclass:foo:bar))

(defrecor d symbol field

1

: : : field

n

) [ macr o ]

This function is similar to the defstruct function, except that the instances it creates are

implemen ted in the form of balanced binary trees of lists cells. Moreo v er, the instances con tain

no t yp e information. They only satisfy the consp and listp predicates.

symbol m ust b e in the ro ot pac k age. There is no inheritance for the records. F or consistency

with the deftclass function, the abbreviation symbol |standing for symbol itself|is

de�ned.

A record cannot ha v e more than 16 �elds, otherwise the errrecordtoolong error is raised.

? (defrecor d recfoo a b)

= recfoo

(tclass-n ame p symbol ) [ function with one ar gument ]

This predicate is true if its argumen t is the name of a class de�ned b y the deftclass function.
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(tclass- nam ep '#:tclass: fo o) = ) t

(tclass- nam ep ' f bar g ) = ) t

(tclass- nam ep 'foothebar re ) = ) ()

(tclass- nam ep '(foo bar)) = ) ()

(record-n ame p symbol ) [ function with one ar gument ]

This predicate is true if its argumen t is the name of a record de�ned b y defrecord .

(record- nam ep 'recfoo) = ) t

(record- nam ep 'bar) = ) ()

(record- nam ep '(1 2 3)) = ) ()

(field-li st symbol ) [ function with one ar gument ]

Returns the list of the �eld names of instances of the tclass referred to as symbol , whic h

m ust b e a v alid tclass name, and not an abbreviation.

(field-l ist ' f foo g ) = ) (a b c)

(field-l ist '#:tclass :fo o: bar ) = ) (a b c d)

5.5.3 Tclass and record instances

(defmake type fn (field

1

: : : field

n

) ) [ macr o ]

De�nes the function fn to b e an instance constructor function for the tclass or record referred to

as type . The function fn tak es n argumen ts, whic h are the v alues of the �elds named field

i

of

the instance that is created.

? (defmake f foo g make-foo (c a))

= make-foo ? (setq x (make-foo 12 34))

= #:tclass: fo o:# [34 2 12] ? ( f foo g :a x)

= 34 ? ( f foo g :c x)

= 12

(omakeq type field

1

val

1

: : : field

n

val

n

) [ macr o ]

Returns an instance of the tclass referred to as type . Within this instance, eac h field

i

has

the v alue val

i

. Neither type nor the field

i

are ev aluated.

(omakeq f bar g ) = ) #:tclass: foo :b ar: #[ () 2 () 4]

(omakeq f bar g a 3) = ) #:tclass: foo :b ar: #[ 3 2 () 4]

(ogetq tclass-or-record field obj ) [ macr o ]
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(oputq tclass-or-record field obj val ) [ macr o ]

(omatchq tclass obj ) [ macr o ]

These functions are iden tical to the corresp onding Ceyx functions.

(ogetq f foo g b (omakeq f foo g )) = ) 2

(ogetq f recfoo g b (omakeq f recfoo g b 48)) = ) 48

(omatchq f foo g (omakeq f bar g )) = ) t

5.5.4 Metho ds and message sending

(demethod f tclass g :name (obj p

1

: : : p

n

) (f

1

: : : f

n

) . body ) [ macr o ]

f

1

: : : f

n

are �elds of tclass .

(demethod {foo}:gee (obj x y z) (a b)

<body>)

is equiv alen t to

(defun {foo}:gee (obj x y z)

(let ((a ({foo}:a obj))

(b ({foo}:b obj)))

<body>))

(send message objet par

1

: : : par

n

) [ function with a variable numb er of ar guments ]

(sendq message object par

1

: : : par

n

) [ macr o ]

This function is similar to the standard send function, except that in MicroCeyx it searc hes for

metho ds up to but excluding the ro ot pac k age. In the case of no matc h, it searc hes in the * pac k age,

and then in the || pac k age.

sendq is lik e send , except that it do es not ev aluate its �rst argumen t.

In L E -L ISP , sendq could b e de�ned in the follo wing manner:

(defmacro sendq (message . rest)

`(send ',message ,@rest))

The searc h for metho ds carried out b y the send function is implemen ted b y rede�ning the

send-error function in the follo wing manner:

(defun send-error (sem argslist)

(let ((fun (getfn '* sem)))

(if fun
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(apply fun argslist)

(error 'send 'errudm (cons sem argslist)))))

(sendf message par

1

: : : par

n

) [ macr o ]

(sendfq message par

1

: : : par

n

) [ macr o ]

Generates a one-argumen t function that transmits to its argumen t the message message with the

parameters par

i

. This function is esp ecially useful for mapping the send function.

sendfq is lik e sendf , except that it do es not ev aluate its �rst argumen t.

? (defun f foo g :goo (o a)

? (print " f foo g :goo " ( f foo g :b o) " " a))

= f foo g :goo ? (mapc (sendf 'goo 12)

? (list (omakeq f foo g b 14) (omakeq f foo g b 20)))

f foo g :goo 14 12

f foo g :goo 20 12

= ()
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Chapter 5

Ob ject-orien ted programming

This c hapter �rst describ es functions that pro vide w a ys to create structured ob jects in L ISP . These

ob jects are analogous to P ascal r e c or ds . In addition, L ISP allo ws y ou to create a hierarc h y of

structure t yp es.

The second section is a description of the basic L ISP t yp e hierarc h y and the means pro vided for

extending it: t yp ed v ectors, t yp ed strings and tagged pairs. Since they are implemen ted as t yp ed

v ectors, structures pro vide the most immediate w a y to extend the L E -L ISP t yp e sc heme.

The third section explains ho w to use the primitiv e oblist searc h functions and the t yping functions

to implemen t an ob ject-orien ted language of the SmallT alk v ariet y .

The fourth section presen ts an abbreviation facilit y for describing t yp ed ob jects.

The �nal section describ es a minimal k ernel on whic h ob ject-orien ted extensions can b e built. This

k ernel, called MicroCeyx , b ene�ts from exp erience acquired in the creation at I NRIA of earlier

ob ject-orien ted pro ducts called Ceyx and Alcy one.

5.1 Structures

The defstruct primitiv e pro vides the means to de�ne new t yp es of structured ob jects (structures)

analogous to P ascal records. The new function facilitates the creation of instanc es of these t yp es of

ob jects.

Structured ob jects are made up of a n um b er of named �elds. Eac h �eld can con tain an y kind of

L ISP ob ject. These �elds are not t yp ed. Y ou can examine and mo dify the con ten ts of the �elds of

a structured ob ject b y means of �eld-access functions, whic h are de�ned along with structures.

Y ou can de�ne a structure as a sub-structure of a previously de�ned structure. In this case, in

addition to the �elds explicitly declared within its de�nition, the sub-structure will inherit all the

�elds of the original paren t structure.

defstruct [ fe atur e ]

This feature indicates that functions on structures are loaded in to the system.

1
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5.1.1 Structure de�nition

(defstruc t struct field

1

: : : field

n

) [ macr o ]

De�nes a structure named struct , whic h is a sym b ol, con taining the �elds field

1

: : : field

n

.

struct b ecomes a new t yp e of L ISP ob ject. (See the type-of function.)

field

1

: : : field

n

are the names of the structure's �elds. They are either sym b ols or t w o-

elemen t lists. In the second case, the �rst elemen t in the list is the �eld name, and the second

elemen t is a L ISP form that is ev aluated to assign an initial v alue to the �eld when instances

are created. This ev aluation tak es place eac h time an instance of the structure is created.

When a structure is de�ned, read-access and write-access functions, as w ell as a sp eci�c

instance creation function, are de�ned sim ultaneously . These functions are describ ed further

on in this do cumen t.

If struct is of the form #:super-structure:struct ure , where super-structure is the

name of a structure previously de�ned in the system, struct will ha v e, in addition to

the �elds field

1

: : : field

n

, all the �elds of super-structure . In this case, the t yp e

#:super-structure:structure is a sub-t yp e of the super-structure t yp e.

#:system: def st ruc t- all -ac ce ss- fl ag [ variable ]

The defstruct macro examines this 
ag to determine whether access functions de�ned for

inherited �elds should b e made a v ailable for use with the structure curren tly b eing de�ned.

By default, this 
ag is true . In other w ords, it has the v alue t . If it is false, then the only

access functions de�ned and a v ailable for use with this structure will b e those for �elds that

are supplied explicitly as argumen ts to the relev an t defstruct macro.

5.1.2 Instance creation

(new struct ) [ function with one ar gument ]

(#:struct :ma ke ) [ function with no ar guments ]

These t w o functions create a new instance of the struct structure, and return it as their v alue.

The #:struct:make function is the creation function| c onstructor |for the struct structure. It

is automatically de�ned b y the defstruct macro. Ob jects created with this constructor will ha v e

t yp e struct . (See the type-of function.)

The �elds of the ob ject so created are (optionally) initialized with the initialization forms included

in the structure de�nition. These forms are ev aluated when the ob ject is created. The order of

ev aluation of the initialization forms is not fully determined. Fields for whic h no initialization

forms are pro vided are initialize d with the v alue () .

If the argumen t 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 displa y ed:
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** <fn> : not a structure : <s>

where fn is the name of the function that raised the error (in this case, new ), and s is the

bad argumen t.

In L E -L ISP , new could b e de�ned in the follo wing manner:

(defun new (type)

(if (structurep type)

(apply (symbol type 'make) ())

(error 'new 'errstc type)))

5.1.3 Access to �elds

(#:struct :fi el d o e ) [ function with one or two ar guments ]

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 b y the defstruct function.

If the ob ject o is not an instance of the struct structure (see the typep function), the errstc

error is raised. Giv en a single argumen t, an access function returns the v alue of the �eld field of

the ob ject o . If a second argumen t is giv en, its v alue is stored in the �eld field of the ob ject o

and is also returned as the v alue of the access function.

Supp ose that the L E -L ISP compiler is activ e when the structure is de�ned. Consequen tly , the form

(featurep 'compiler) is true. In this case, �eld-access functions are de�ned to b e compiler

macros. (See the defmacro-open function.) Compilation of calls to these functions pro duces

extremely e�cien t co de. After b eing compiled, access functions will not do t yp e c hec ks on their

�rst argumen ts.

5.1.4 T yp e tests

(structur ep o ) [ function with one ar gument ]

This predicate is true if the ob ject o is an instance of a de�ned structure. (See also the typep

function.)

Here, for example, is the de�nition of a structure, person , with t w o �elds: age and weight . The

second �eld is initialized with the v alue 123 :

? (defstruc t person

? age

? (weight 123))

= person
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Creation of an instance:

? (setq person1 (#:person: mak e))

= #:person: #[ () 123]

Assign the v alue 36 to the age �eld of the person1 ob ject:

? (#:person :a ge person1 36)

= 36

Extract the weight �eld:

? (#:person :w eig ht person1)

= 123

Use the structurep function:

? (structur ep person1)

= t

Next, w e lo ok at an example of a sub-structure. Extend the person structure in to a

researcher structure:

? (defstruc t #:person:re se arc her

? project

? articles)

= #:person: re sea rch er

Creation of a researcher and automatic initialization of a �eld:

? (setq r1 (#:person: res ea rch er: ma ke) )

= #:person: re sea rch er :#[ () 123 () ()] ? (#:person :r ese arc he r:a rt icl es r1

'("conf-pr oc" "thesis") )

= (conf-pro c thesis)

The researcher inherits the �elds of the person structure:

? (#:person :w eig ht r1)

= 123 ? (#:person: ag e r1 26)

= 26 ? (#:person:r es ear che r: wei gh t r1)

= 123 ? (#:person: re sea rch er :ag e r1)

= 26

5.1.5 Implem en tation of structures

Instances of a structure are implemen ted as t yp ed v ectors whose t yp e is the name of the structure.

The v alues of the ob ject's �elds are stored in v ector cells.

5.2 Le-Lisp t yp ology

L E -L ISP ob ject t yp es are represen ted b y sym b ols. The L ISP pac k age hierarc h y pro vides a w a y to

organize these t yp es. The sym b ol #:person:researcher represen ts the researcher sub-t yp e of

the person t yp e.
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It is not strictly necessary to explicitly cr e ate new t yp es. Simply in v oking the sym b ol #:foo:bar

results in a successful mention of the t yp e foo and its sub-t yp e bar . An y L ISP sym b ol can therefore

b e in terpreted as b eing a t yp e.

In practice, the in teresting t yp es are those capable of b eing returned as v alues of the type-of

function, either a prede�ned system t yp e, or a user typ e : that is, the t yp e of a t yp ed v ector, a

t yp ed string or a tagged pair.

The basic L ISP t yp es are prede�ned. In other w ords, they are `already presen t' at system start-up.

They all ha v e the empt y t yp e (the t yp e || ), whic h is the univ ersal t yp e.

The basic L ISP t yp es are:

� fix : small in tegers

� float : 
oating-p oin t n um b ers

� symbol : sym b ols

� null : the end-of-list mark er, ()

� string : c haracter strings

� vector : v ectors of p oin ters

� cons : list cells

(type-of s ) [ function with one ar gument ]

This function determines the t yp e of an y L ISP ob ject. If the argumen t is a string or a v ector, type-of

returns the t yp e of the ob ject in question. In these cases, type-of is equiv alen t to typestring or

typevector , resp ectiv ely . If the argumen t is a tagged pair, type-of returns its car , pro vided that

this is an atom or a list whose car is an atom. In all other cases|except the error condition

asso ciated with tagged pairs (see b elo w)| type-of returns the L ISP t yp e of the ob ject: fix , float ,

cons , etc.

If the car of a tagged pair argumen t is neither a sym b ol nor the sym b ol of a list, the result of

type-of is unde�ned.

In L E -L ISP , type-of could b e de�ned in the follo wing 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))
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((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:" he llo mamma")

= #:foo:bar ? (type-of #:person:# [() 75])

= person ? (type-of '(1))

= cons ? (type-of '#(foo . a))

= foo

(subtypep type1 type2 ) [ function with two ar guments ]

type1 and type2 are t w o sym b ols, represen ting L ISP t yp es. The predicate subtypep is true if type1

is a sub-t yp e of type2 , and false otherwise.

In L E -L ISP , subtypep could b e de�ned in the follo wing manner:

(defun subtypep (type1 type2)

(or (eq type1 type2)

(ifn (packagecell type1)

(null type2)

(subtypep (packagecell type1) type2))))

? (subtypep '#:person :re se arc her 'person)

= t ? (subtypep 'symbol 'symbol)

= t ? (subtypep '#:person: re sea rc her '#:person :di sc ove rer )

= () ? (subtypep 'fix '||)

= t

(typep s type ) [ function with two ar guments ]

This predicate is true if the t yp e of the ob ject s is a sub-t yp e of type .

In L E -L ISP , typep could b e de�ned in the follo wing manner:

(defun typep (s type)

(subtypep (type-of s) type))

? (typep (#:person: re sea rc her :ma ke ) 'person)

= t ? (typep 'foo 'symbol)

= t ? (typep (#:person: res ea rch er :ma ke) '#:person :d isc ove re r)

= () ? (typep 12 '||)

= t
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5.3 Ob ject-orien ted programming

The L E -L ISP pac k age hierarc h y is used to enco de the hierarc h y of data t yp es. In an ob ject-orien ted

language of the SmallT alk v ariet y|suc h as Ceyx or Alcy one, for example|one w an ts to b e able

to attac h metho ds to ob ject t yp es.

In L E -L ISP , these metho ds are L ISP functions, de�ned in the pac k ages to whose t yp es they are

attac hed. So, the function #:person:describe is considered to b e the describe metho d attac hed

to the person t yp e.

The goal is for the sub-t yp es of a giv en t yp e to inherit the metho ds attac hed to this t yp e. F or

example, the ob jects of t yp e #:person:researcher should inherit the describe metho d of the

person ob ject. The prede�ned getfn function pro vides a w a y to do this metho d searc h, accoun ting

for inheritance.

Sometimes it is desirable to ha v e an ob ject t yp e inherit metho ds from sev eral L ISP t yp es. This is

m ultiple inheritance. The getfn function searc hes for a function in a list of pac k ages, b y �rst doing

a depth-�rst searc h in the paren t (sup erior) pac k ages of those in the list.

Finally , y ou sometimes need metho ds asso ciated with a mixture of sev eral t yp es of ob jects. F or

instance, to implemen t a generic arithmetic pac k age, metho ds w ould ha v e to b e de�ned that allo w

y ou to add together di�eren t t yp es of n um b ers suc h as float , fix , bignum and rational . In L E -

L ISP , the metho ds of the pr o duct of t yp es t1 and t2 are lo cated in the pr o duct p ackage designated

as (t1 . t2) . An addition metho d of the desired kind w ould b e written as #:(t1 . t2):add . The

prede�ned getfn2 function pro vides a means of searc hing for pro duct metho ds.

5.3.1 Searc hing for metho ds

The follo wing functions are prede�ned searc h functions that op erate on metho ds.

(getfn1 pkgc fn ) [ function with two ar guments ]

Searc hes for a function named fn in the pkgc pac k age. If this function exists, it is returned as the

v alue of getfn1 . If not, the function returns () .

In L E -L ISP , getfn1 could b e de�ned in the follo wing 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) = ) ()
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(getfn pkgc1 fn pkgc2 ) [ function with two or thr e e ar guments ]

Searc hes for a function named fn in the pkgc1 pac k age, or in one of the pac k ages that is sup erior

to pkgc1 in the pac k age hierarc h y . If the optional pkgc2 argumen t is giv en, it is excluded from

the searc h. On the searc h up the pac k age tree, if pkgc2 is encoun tered, the searc h is terminated

immediately . pkgc2 is not searc hed. If the function is found, it is returned as the v alue of getfn . If

not, getfn returns () .

If pkgc1 is a list of pac k ages, the searc h b egins in the �rst pac k age in the list and in all its paren t

pac k ages, then in the second pac k age in the list and in all its paren t pac k ages, and so on, un til

either the function is found or the list of pac k ages names is exhausted. This depth-se ar ch also tak es

place if one of the paren ts of pkgc1 is a list. This mec hanism can b e used to implemen t multiple

inheritanc e of metho ds. In this case, the third argumen t, if presen t, pro vides a w a y to stop the

searc h for eac h pac k age in the list.

In L E -L ISP , getfn could b e de�ned in the follo wing 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 :bu z: foo ()) = ) #:bar:gee: buz :f oo

(getfn '#:bar:ge e:b uz 'foo) = ) #:bar:gee: buz :f oo

(getfn '#:bar:ge e 'foo) = ) #:bar:foo

(getfn 'bar 'foo) = ) #:bar:foo

(getfn () 'foo) = ) foo

(getfn '#:potop: ter az 'foo) = ) foo

(getfn '#:bar:ge e 'foo ()) = ) #:bar:foo

(getfn 'bar 'foo ()) = ) #:bar:foo

(getfn 'gee 'foo ()) = ) ()

(getfn '#:bar:ge e:b uz 'foo 'bar) = ) #:bar:gee: buz :f oo

(getfn '#:bar:ge e 'foo 'bar) = ) ()

(getfn2 pkgc1 pkgc2 fn ) [ function with thr e e ar guments ]

Allo ws y ou to searc h for the function fn in the pro duct pac k age (pkgc1 . pkgc2) , or in one of

the pro duct pac k ages that is sup erior to this one. The pro duct pac k age hierarc h y is built from the
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pac k age hierarc h y b y imp osing a lexicographic ordering on the com binations of p ossible pairs. The

clim b up the pro duct pac k age hierarc h y is alw a ys stopp ed b efore reac hing the ro ot pac k age for one

of the t w o mem b ers of the pro duct.

The pac k ages sup erior to the pac k age (#:a:b . #:c:d) are, in order

(#:a:b . #:c:d) < (#:a:b . c) < (a . #:c:d) < (a . c)

5.3.2 In v oking metho ds

The com bination of t yp e-determinating functions and metho d searc h functions pro vides a w a y to

implemen t message transmission functions.

(send symb o p

1

: : : p

n

) [ function with a variable numb er of ar guments ]

(send-err or symb rest ) [ function with two ar guments ]

The send function searc hes for and in v ok es the metho d symb assso ciated with the t yp e of the ob ject

o . This metho d m ust b e a L ISP function that tak es n + 1 argumen ts. It is called with the list of

argumen ts formed b y the ob ject o and the n argumen ts p

1

: : : p

n

.

The in tended metho d is the L ISP function named symb in the pac k age that is the t yp e of the ob ject

o , or in one of its paren t pac k ages, up to and excluding the ro ot pac k age. If no suc h metho d is

found, send calls the send-error function. By default, this function raises the errudm error and

displa ys the follo wing error screen:

** <fn> : undefined method : <l>

where l is the list of argumen ts supplied to send , and fn is the name of the function that

raises the error: here, send .

In L E -L ISP , send could b e de�ned in the follo wing 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 L E -L ISP , send-error could b e de�ned in the follo wing manner:

(defun send-error (m rest)

(error 'send 'errudm (cons m rest)))

Here is a de�nition of the hello metho d for ob jects of t yp e fix :

? (defun #:fix:hell o (n)

? (repeat n (print "hello")) )

= #:fix:hel lo
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Searc h for this metho d and in v ok e it:

? (send 'hello 3)

hello

hello

hello

= t

And here is a de�nition of the hello metho d for ob jects of the t yp e person :

? (defun #:person:h el lo (pers)

? (print "I am a person")

? (print "I weigh " (#:person:w ei ght pers) " pounds"))

= #:person: he llo ? (send 'hello (#:person :ma ke ))

I am a person

I weigh 123 pounds

= pounds ? (send 'hello (#:perso n:r ese ar che r: mak e) )

I am a person

I weigh 123 pounds

= pounds

(send-sup er type symb o p

1

: : : p

n

) [ function with a variable numb er of ar guments ]

The function b eha v es v ery m uc h lik e the send function, except that the metho d is sough t

b eginning with (but excluding) the pac k age type , and not b eginning with the t yp e of the

ob ject o . type m ust, ho w ev er, b e the name of one of the paren t t yp es|that is, paren t

pac k ages|of the t yp e (or pac k age) of ob ject o . If not, an error will b e raised.

send-super is used primarily inside metho ds to in v ok e a metho d of the same name but

de�ned at a higher lev el in the t yp e hierarc h y .

In the follo wing example, the describe metho d is de�ned for ob jects of t yp e person . It is

rede�ned for ob jects of the sub-t yp e #:person:researcher , so that it in v ok es the describe

metho d at the lev el immediately ab o v e #:person:researcher in the t yp e hierarc h y , and then

do es some pro cessing sp eci�c to ob jects of the #:person:researcher t yp e.

? (defun #:person:d es cri be (p)

? (print "A person " (#:person: ag e p) " years old, who weighs "

? (#:person: wei ght p) " pounds"))

= #:person: de scr ibe ?

? (defun #:person:r es ear ch er: des cr ibe (r)

? (send-supe r '#:person :r ese arc he r 'describe r)

? (print "who has written "

? (length (#:person: res ea rch er: ar tic le s r))

? " articles "))

= #:person: re sea rch er :de sc rib e ?

? (send 'describe (#:perso n:r ese ar che r: mak e))

A person () years old, who weighs 123 pounds

who has written 0 articles
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= articles

(csend fndef symb o p

1

: : : p

n

) [ function with a variable numb er of ar guments ]

This function is similar to the send function. If the searc h for the metho d fails, instead of

rising an error, csend calls the fndef function with all the argumen ts of csend except the

�rst.

This function is particularly useful for rede�ning the searc h for metho ds. One can de�ne

metho ds b y default in a sp ecial pac k age, for instance, or implemen t another m ultiple

inheritance.

In L E -L ISP , csend could b e de�ned in the follo wing 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 * pac k age as a default:

? (defun default (m . para)

? (apply (getfn '* m ' jj ) para))

= default ?

? (defun #:*:descri be (o)

? (print "An unknown object"))

= #:*:descr ib e ?

? (csend 'default 'describ e 12)

An unknown object

= An unknown object ? (csend 'default 'describ e (#:person :m ake ))

A person () years old, who weighs 123 pounds

= pounds

(send2 symb o1 o2 p

1

: : : p

n

) [ function with a variable numb er of ar guments ]

This function searc hes for and in v ok es the metho d symb asso ciated with the pro duct t yp e of

the ob jects o1 and o2 . Searc hing is done b y the getfn2 function (see its description). The

function, if it is found, is in v ok ed with o1 , o2 and p

1

: : : p

n

as argumen ts.

Here are some de�nitions of metho ds for pro duct t yp es:

? (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)
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? 'ba)

= #:(#:a:b . a):foo ?

? (defun #:(a . #:a:c):foo (o1 o2)

? 'ac)

= #:(a . #:a:c):foo

W e can in v ok e these metho ds. The ob jects 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))

= ac

5.3.3 Prede�ned metho ds

L E -L ISP uses the send function in ternally to prin t and ev aluate L ISP ob jects.

Commands to prin t L ISP ob jects that are implemen ted as t yp ed v ectors, t yp ed c haracter strings,

and tagged pairs cause a prin message to b e sen t to these ob jects. This message should cause the

ob ject to b e prin ted on to the output c hannel, without an y end-of-line c haracter. If no prin t metho d

exists for the ob ject, the default prin t format is used.

Prin t metho ds are used b y all the prin ting functions suc h as print , prin , prinflush and explode .

They will b e used, for instance, when the parameters of a traced function, en tire functions, or error

messages are prin ted.

The follo wing w arning applies in the last of these cases. If the prin t metho d raises an error, it is

v ery probable the error pro cedure reuses the same prin t metho d and raises : : : the same error! Y ou

therefore run the risk of getting the famous lo oping `error in the error handler' error. It is therefore

suggested that the prin t metho ds for an ob ject b e implemen ted under a name other than prin .

Name them prin only when they seem to ha v e b een completely debugged.

The ev aluation metho ds are used for t yp ed v ectors. The ev aluation of a t yp ed v ector causes the

eval message to b e sen t to the v ector. If no eval metho d exists for the v ector, the ev aluation of

the v ector returns the v ector itself as its v alue. Otherwise, if an eval metho d exists, it is the result

of the v ector's eval metho d that is returned as a v alue.

In the follo wing example, the ob jects of person t yp e will b e prin ted as #P(<age> <weight>) . The

# -macro pro vides a means of rereading this form of output:

? (defun #:person:p ri n (p)

? (prin "#m(" (#:person :a ge p) " " (#:person :w eig ht p) ")"))

= #:person: pr in ?

? (new 'person)

= #m(() 123) ?

? (defsharp |m| ()
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? (let ((age-weigh t (read))

? (person (new 'person)))

? (#:person: age person (car age-weight ))

? (#:person: wei ght person (cadr age-weigh t) )

? (list person)))

= h ?

? #m(25 123)

= #m(25 123)

5.4 Abbreviation functions

This section describ es a set of functions that allo w the programmer to use abbreviations while

addressing the L E -L ISP reader. Once instan tiated, these abbreviations are used b y the L E -L ISP

reader if the #:system:print-with-abbrev-fl ag 
ag is set.

In the w orst of cases, this feature can raise the follo wing errors:

errsxtacc , whic h has the follo wing default screen displa y:

** <fn> : bad {} abbreviation : <e>

errsxtclosingacc , whic h has the follo wing default screen displa y:

** <fn> : } not within {} : <e>

errnotanabbrev , whic h has the follo wing default screen displa y:

** <fn> : not an abbreviation : <e>

abbrev [ fe atur e ]

This 
ag indicates that the abbreviation pac k age has b een loaded in to the system.

(put-abbr ev sym1 sym2 ) [ function with two ar guments ]

(defabbre v sym1 sym2 ) [ macr o ]

These t w o functions de�ne the sym b ol sym1 to b e an abbreviation of the sym b ol sym2 . After calling

one of these functions, the o ccurrence of the sym b ol sym1 b et w een braces|the c haracters { and

} |is exactly equiv alen t, for the L ISP reader, to the o ccurrence of the sym b ol sym2 . If a previous

abbreviation existed, it is c hanged.

defabbrev is iden tical to put-abbrev , except that it do es not ev aluate its argumen ts.

Consider, for instance, the follo wing de�nition.

? (defabbre v foo #:bar:gee )

= foo
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{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-abbr ev symb ) [ function with one ar gument ]

Returns the sym b ol that has symb as its abbreviation. If symb is not an abbreviation, it raises the

errnotanabbrev error.

(get-abb rev 'foo) = ) #:bar:gee

(get-abb rev 'bar) = ) ** get-abbrev : not an abbreviati on : bar

(abbrevp symb ) [ function with one ar gument ]

Returns t if symb is an abbreviation. If not, it returns () .

(abbrevp 'foo) = ) t

(abbrevp 'bar) = ) ()

(has-an-a bbr ev symb ) [ function with one ar gument ]

Returns the abbreviation of the sym b ol symb .

(has-an- abb rev '#:bar:ge e) = ) foo

(rem-abbr ev symb ) [ function with one ar gument ]

Remo v es the abbreviation asso ciated with the sym b ol symb , and returns symb as its v alue.

(rem-abb rev 'foo) = ) foo

f symb g [ macr o char acter ]

The macro c haracters { and } facilitate the reading of abbreviations. A sym b ol b et w een braces is

read as though it w ere the sym b ol it abbreviates. If symb is not an abbreviation, then symb is read

as || , or () . If symb is not a sym b ol, or if there are sev eral L ISP ob jects b et w een a single pair of

braces, the errsxtacc error is raised.

#:system: pri nt -wi th -ab bre v- fla g [ variable ]

If this 
ag is set|that is, if it is true|the standard prin ter unabbreviates abbreviated sym b ols on

output. By default, this 
ag has the v alue true .

Here is a de�nition of the prin t metho d for sym b ols with abbreviations:

(defun #:symbol:prin (symb)

(if (and #:system:print-with-abb rev-fla g



MICR OCEYX 5-15

(has-an-abbrev (packagecell symb)))

(progn (let ((#:system:print-for-re ad ()))

(pratom '|{|))

(pratom (has-an-abbrev (packagecell symb)))

(let ((#:system:print-for-re ad ()))

(pratom '|}:|))

(let ((#:system:print-packag e-flag ()))

(pratom symb)))

(pratom symb)))

5.5 MicroCeyx

This section describ es the MicroCeyx ob ject la y er, whic h is a smaller v ersion of the original Ceyx.

All the MicroCeyx structures are sub-t yp es of a ro ot class called tclass , whic h will b e men tioned

frequen tly in the rest of this c hapter.

microceyx [ fe atur e ]

This feature indicates whether or not MicroCeyx is loaded in to the system.

5.5.1 Sp eci�c errors

All the MicroCeyx functions c hec k the t yp e and form of their argumen ts. They can raise one of the

errors listed b elo w.

(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
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"argument not a name of microceyx tclass or record")

5.5.2 De�nition of structures

(deftclas s symbol field

1

: : : field

n

) [ macr o ]

This function is iden tical to the defstruct function, the only di�erence b eing that the t yp e it

de�nes is a sub-t yp e of tclass : : : if this w as not already the case. Moreo v er, the sym b ol symbol

of the ro ot pac k age is de�ned as b eing the abbreviation for symbol in its en tiret y .

The form

? (deftclas s foo a (b 2) c)

= #:tclass: fo o

corresp onds to

(progn (let ((#:system:defstruct-all -access -flag ()))

(defstruct #:tclass:foo a (b 2) c))

(defabbrev foo #:tclass:foo))

Lik ewise, the form

? (deftclas s f foo g :bar (d 4))

= f foo g :bar

corresp onds to

(progn (let ((#:system:defstruct-all -access -flag ()))

(defstruct #:tclass:foo:bar (d 4)))

(defabbrev bar #:tclass:foo:bar))

(defrecor d symbol field

1

: : : field

n

) [ macr o ]

This function is similar to the defstruct function, except that the instances it creates are

implemen ted in the form of balanced binary trees of lists cells. Moreo v er, the instances con tain

no t yp e information. They only satisfy the consp and listp predicates.

symbol m ust b e in the ro ot pac k age. There is no inheritance for the records. F or consistency

with the deftclass function, the abbreviation symbol |standing for symbol itself|is

de�ned.

A record cannot ha v e more than 16 �elds, otherwise the errrecordtoolong error is raised.

? (defrecor d recfoo a b)

= recfoo

(tclass-n ame p symbol ) [ function with one ar gument ]

This predicate is true if its argumen t is the name of a class de�ned b y the deftclass function.
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(tclass- nam ep '#:tclass: fo o) = ) t

(tclass- nam ep ' f bar g ) = ) t

(tclass- nam ep 'foothebar re ) = ) ()

(tclass- nam ep '(foo bar)) = ) ()

(record-n ame p symbol ) [ function with one ar gument ]

This predicate is true if its argumen t is the name of a record de�ned b y defrecord .

(record- nam ep 'recfoo) = ) t

(record- nam ep 'bar) = ) ()

(record- nam ep '(1 2 3)) = ) ()

(field-li st symbol ) [ function with one ar gument ]

Returns the list of the �eld names of instances of the tclass referred to as symbol , whic h

m ust b e a v alid tclass name, and not an abbreviation.

(field-l ist ' f foo g ) = ) (a b c)

(field-l ist '#:tclass :fo o: bar ) = ) (a b c d)

5.5.3 Tclass and record instances

(defmake type fn (field

1

: : : field

n

) ) [ macr o ]

De�nes the function fn to b e an instance constructor function for the tclass or record referred to

as type . The function fn tak es n argumen ts, whic h are the v alues of the �elds named field

i

of

the instance that is created.

? (defmake f foo g make-foo (c a))

= make-foo ? (setq x (make-foo 12 34))

= #:tclass: fo o:# [34 2 12] ? ( f foo g :a x)

= 34 ? ( f foo g :c x)

= 12

(omakeq type field

1

val

1

: : : field

n

val

n

) [ macr o ]

Returns an instance of the tclass referred to as type . Within this instance, eac h field

i

has

the v alue val

i

. Neither type nor the field

i

are ev aluated.

(omakeq f bar g ) = ) #:tclass: foo :b ar: #[ () 2 () 4]

(omakeq f bar g a 3) = ) #:tclass: foo :b ar: #[ 3 2 () 4]

(ogetq tclass-or-record field obj ) [ macr o ]
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(oputq tclass-or-record field obj val ) [ macr o ]

(omatchq tclass obj ) [ macr o ]

These functions are iden tical to the corresp onding Ceyx functions.

(ogetq f foo g b (omakeq f foo g )) = ) 2

(ogetq f recfoo g b (omakeq f recfoo g b 48)) = ) 48

(omatchq f foo g (omakeq f bar g )) = ) t

5.5.4 Metho ds and message sending

(demethod f tclass g :name (obj p

1

: : : p

n

) (f

1

: : : f

n

) . body ) [ macr o ]

f

1

: : : f

n

are �elds of tclass .

(demethod {foo}:gee (obj x y z) (a b)

<body>)

is equiv alen t to

(defun {foo}:gee (obj x y z)

(let ((a ({foo}:a obj))

(b ({foo}:b obj)))

<body>))

(send message objet par

1

: : : par

n

) [ function with a variable numb er of ar guments ]

(sendq message object par

1

: : : par

n

) [ macr o ]

This function is similar to the standard send function, except that in MicroCeyx it searc hes for

metho ds up to but excluding the ro ot pac k age. In the case of no matc h, it searc hes in the * pac k age,

and then in the || pac k age.

sendq is lik e send , except that it do es not ev aluate its �rst argumen t.

In L E -L ISP , sendq could b e de�ned in the follo wing manner:

(defmacro sendq (message . rest)

`(send ',message ,@rest))

The searc h for metho ds carried out b y the send function is implemen ted b y rede�ning the

send-error function in the follo wing manner:

(defun send-error (sem argslist)

(let ((fun (getfn '* sem)))

(if fun
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(apply fun argslist)

(error 'send 'errudm (cons sem argslist)))))

(sendf message par

1

: : : par

n

) [ macr o ]

(sendfq message par

1

: : : par

n

) [ macr o ]

Generates a one-argumen t function that transmits to its argumen t the message message with the

parameters par

i

. This function is esp ecially useful for mapping the send function.

sendfq is lik e sendf , except that it do es not ev aluate its �rst argumen t.

? (defun f foo g :goo (o a)

? (print " f foo g :goo " ( f foo g :b o) " " a))

= f foo g :goo ? (mapc (sendf 'goo 12)

? (list (omakeq f foo g b 14) (omakeq f foo g b 20)))

f foo g :goo 14 12

f foo g :goo 20 12

= ()
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Chapter 6

Input and output

In L E -L ISP , basic input/output|referred to, throughout this c hapter, as i/o |op erates on sequen tial

streams at either a c haracter lev el, a line lev el or an S-expression lev el.

6.1 In tro duction

This in tro duction presen ts the principal ideas used in the description of i/o functions.

6.1.1 Characters

Characters can b e represen ted in t w o w a ys:

� In the form of an in teger n um b er, whic h represen ts the in ternal c haracter co de of the c haracter,

often written cn .

� In the form of an atom (sym b ol, string or in teger), ch . If the atom is a sym b ol or a string,

its �rst c haracter is used. If the atom is a n um b er, the �rst digit of the represen tation of the

v alue of the n um b er, in the curren t output base (see the function obase ), is used.

L E -L ISP uses either of these t w o represen tations. F unctions that use the �rst form generally ha v e

the su�x cn , and those whic h use the second form ha v e the su�x ch . The in ternal c haracter co de

used dep ends on the host system. In general, the ASCI I co de is used. In ternal c haracter co des range

b et w een 0{255 (inclusiv e).

It is alw a ys more e�cien t and more space-conserving to use the in ternal c haracter co de

represen tation. Morev er, the use of the # -macros #/ , #^ and #\ mak es this represen tation almost

as readable as the other, single-c haracter atom represen tation.

6.1.2 Character strings

Character strings can b e represen ted in three di�eren t forms:

� Strings of c haracters, represen ted in the descriptions as string .

1
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� Lists of in ternal c haracter co des, represen ted in the descriptions as lcn .

� Lists of single-c haracter atoms, represen ted in the descriptions as lch .

F unctions that use the �rst of these represen tations ha v e the su�x string . They are generally

more e�cien t in p erformance and in memory use than the others.

6.1.3 Lines

Usually , read and write functions are used to manipulate S-expressions. In these cases, the format

is free and the ph ysical end-of-line c haracter can o ccur an ywhere. It is nev ertheless sometimes

necessary to read or write c haracter b y c haracter or line b y line. Then the p osition of the end-

of-line c haracters is imp ortan t. When reading a c haracter at a time (using the readcn/readch or

peekcn/peekch functions), L E -L ISP delimits the end of a line with the t w o consecutiv e c haracters

#\cr and #\lf . This is true for terminals as w ell as for �les.

When reading a line at a time (using the readstring or readline functions), the ph ysical end-of-

line is not included in the result.

When prin ting, end-of-line marks are explicitly inserted b y the user (b y calling the print , terpri ,

and tynewline functions), and automatically b y the system when the righ t margin of the output

bu�er is reac hed. Just whic h marks are inserted dep ends on the system and the t yp e of terminal

b eing used. They do not necessarily result in additional output c haracters (in the case of output

to a bitmapped display , or output to record �les, etc.).

The righ t margin can b e p ositioned b ey ond the end of the bu�er. In this case, the system do es not

automatically add the end-of-line mark (see the rmargin function).

6.1.4 Channels

All i/o tak es place in a con text of sequen tial streams that are connected to terminals or �les.

L E -L ISP 's basic arc hitecture includes the curren t input and output streams, whic h are set b y the

t w o functions named inchan and outchan . All reading is done on the curren t input stream, and

all writing is done on the curren t output stream.

6.1.5 Programmable I/O in terrupts

The most often-used i/o functions|suc h as read and print |read and write c haracters to and

from i/o bu�ers. They do not ph ysically access the terminal or the disk.

The lo w est-lev el functions pro vide means to manage the i/o bu�ers. These are the programmable

in terrupts bol , eol and flush . They are easily rede�nable b y the user, through the programmable

in terrupt managemen t mec hanism. One can thereb y extend the i/o system to read from a list of

c haracter strings, write to sev eral �les sim ultaneously , etc. While these functions are v ery p o w erful,

they are seldom used explicitly .
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6.2 Basic input functions

(read) [ function with no ar guments ]

Reads the next S-expression (of an y t yp e, atom or list) from the curren t input stream, and returns

it as its v alue. read is the main read function, and pro vides the means to read an y L ISP ob ject, of

an y size whatso ev er. Its b eha vior is giv en in detail in the next section.

If a syn tax error is detected, the L ISP error errsxt is raised. This giv es y ou the name of the function

that caused the error, fn , and a message indicating the t yp e of error:

** <fn> : syntax error : <msg>

Here is the list of p ossible messages:

1 list too short

2 string too long

3 symbol too long

4 bad beginning of expression

5 special symbol too long

6 bad package

7 bad dotted pair construction

8 reread list contains non-characters

9 bad argument list

10 bad splice-macro

11 EOF during READ

12 bad use of BACKQUOTE

More often than not, this error is due to a bad use of dotted pairs; to a sp ecial p-name that

is to o long (more than 128 c haracters), as a result of the omission of the | c haracter; or to a

c haracter string that is to o long, as a result of the omission of a " (double-quote) c haracter.

(stratom n strg i ) [ function with thr e e ar guments ]

P erforms a partial read of n c haracters from the c haracter string strg . stratom returns a

sym b ol or a n um b er if the i 
ag is equal to () , and alw a ys returns a sym b ol if this 
ag is

not equal to () . This function giv es access to the in ternal part of the L E -L ISP reader that

do es n umerical con v ersions and searc hes for sym b ols in the oblist, and so cannot b e easily

describ ed in L E -L ISP . It is used primarily to write new readers in L E -L ISP .

(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
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(readstri ng) [ function with no ar guments ]

Reads the next line from the input stream and returns it in the form of a c haracter string.

This string con tains no end-of-line delimiters that migh t ha v e b een presen t in the input.

readstring pro vides a w a y to do p ortable reads at the input line lev el. It is used to build

e�cien t and easily-implemen ted in terfaces b et w een programs and users.

Warning : This function do es not con v ert upp er-case letters in to their lo w er-case equiv alen ts.

In L E -L ISP , readstring could b e de�ned in the follo wing 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 ar guments ]

Lik e the previous function, readline reads the next line from the input stream, but it returns this

line in the form of a list of in ternal c haracter co des. This list con tains no end-of-line delimiters

that migh t ha v e b een presen t in the input. This function is more exp ensiv e (in terms of memory

resources) than the previous one, but sometimes pro vides a more practical in terface.

In L E -L ISP , readline could b e de�ned in the follo wing manner:

(defun readline ()

(explode (readstring)))

? (progn (readline) ; terminate the current line,

? (mapcar 'ascii (readlin e)) ) ; then read another line.

? the gay nightinga le

= (t h e g a y n i g h t i n g a l e )

T o build a sequence of w ords from a line that con tains no sp ecial c haracters (, ), ., [, or ], use

the follo wing.

? (progn (readline)

? (implode (append '#"(" (readline) '#")")))

? the singing mockingbir d

= (the singing mockingbi rd )
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(readcn) [ function with no ar guments ]

Reads and returns the v alue of the next c haracter of the input stream. The v alue returned

is the c haracter's in ternal c haracter co de|that is, a n um b er. This function do es not do

automatic con v ersion from upp er-case to lo w er-case c haracter co des. It cannot b e easily

describ ed in L ISP .

(readch) [ function with no ar guments ]

readch is lik e the preceding function, except that it returns a single-c haracter atom, and not a

c haracter co de.

In L E -L ISP , readch could b e de�ned in the follo wing manner:

(defun readch ()

(ascii (readcn)))

(peekcn) [ function with no ar guments ]

This function returns the next c haracter in the input stream in the same w a y that the readcn

function do es, except that the c haracter is not really read. It is merely examine d . As a result,

consecutiv e calls to peekcn alw a ys return the same result. peekcn is used for lo ok-ahead op erations

on the input stream.

In L E -L ISP , peekcn could b e de�ned in the follo wing manner:

(defun peekcn ()

(let ((cn (readcn)))

(reread (list cn))))

(peekch) [ function with no ar guments ]

peekch is lik e the preceding function, except that it returns a single-c haracter atom, and not a

c haracter co de.

In L E -L ISP , peekch could b e de�ned in the follo wing manner:

(defun peekch ()

(ascii (peekcn)))

(reread lcn ) [ function with one ar gument ]

Pushes the list of c haracters lcn on to the fron t of the input stream. These c haracters will b e read

b y the next call to one of the preceding read functions ( read , readstring , readcn , ...) b efore it

con tin ues with the actual input stream. This function is particularly p o w erful if it is used inside a

read or a macro c haracter. reread returns the list of c haracters that w ere added on to the head of

the input stream as its v alue.
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? (progn (reread (list #/' #/a #\sp)) (read))

= 'a

T o prin t the list of c haracters to reread, t yp e (print (reread ())) .

(read-del imi te d-l is t cn ) [ function with one ar gument ]

Reads a list of S-expressions up to the o ccurrence of a c haracter whose in ternal c haracter

co de is cn . The t yp e of the c haracter cn m ust b e cmacro , csplice , or cmsymb (see the section

on c haracter t yp es.) This function is particularly useful inside a macro to read a group of

S-expressions.

In L E -L ISP , read-delimited-list could b e de�ned in the follo wing 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 t w o macro c haracters:

? (dmc |[| ()

? (cons 'list (read-del im ite d-l is t #/])))

= [ ? (dmc |]| ()

? (error '|]| 'errsxt "must appear after a ["))

= ]

F rom this p oin t on, expressions con taining braces will b e read in the follo wing manner:

[1 2 3 4] is r e ad as (list 1 2 3 4)

['print [a b c] 'foo] is r e ad as (list 'print (list a b c) 'foo)

[1 2 ; Comments ignored

3

] is r e ad as (list 1 2 3)
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(teread) [ function with no ar guments ]

Flushes all the c haracters w aiting in the input bu�er of the curren t input c hannel. The �rst read

immediately follo wing a call to this function will trigger the programmable in terrupt bol . This

function is particularly useful for 
ushing the separation c haracters (delimiters) presen t in the

reader's in ternal bu�ers just after the action of the read function. Since the reader's in ternal

bu�ers cannot b e easily describ ed in L ISP , this function has no L ISP description.

? (defun foo ()

? (print "read->" (read))

? (print "readstri ng ->" (readstri ng) )

? t)

= foo ? (foo)

? hello

read->hello

readstring- >

= t ? (defun bar ()

? (print "read->" (read))

? (teread)

? (print "readstri ng ->" (readstri ng) )

? t)

= bar ? (bar)

? hello

read->hello

? hello world

readstring- >h ell o world

= t

6.2.1 Inside read

The v ariable and the function describ ed next are only meaningful inside a read . They will only b e

used in a macro c haracter or in the pro cessing of the programmable in terrupts bol or eof .

#:system: in- re ad- fl ag [ variable ]

This in ternal v ariable, whic h is main tained b y the read function, indicates whether the L ISP reader

is in the middle of a read (that is, if a L ISP ob ject of an y t yp e is in the pro cess of b eing read).

This v ariable is used for example in the eof function to test whether an end-of-�le app ears while

a L ISP ob ject is b eing read (see the eof function).

(curread) [ function with no ar guments ]

Returns either the list curren tly b eing read or () if the reader is not in the pro cess of reading a

list. The returned list con tains an additional elemen t at its head: the curread sym b ol.
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Let us de�ne a macro c haracter as follo ws:

(dms |%| ()

(print (curread))

())

Reading '(a b % c (% d %) % e %) will pro duce the follo wing results:

(curread a b)

(curread)

(curread d)

(curread a b c (d))

(curread a b c (d) e)

No w let us rede�ne the p ercen tage sign as an in�x binary op erator:

(dms |%| ()

(if (consp (cdr (curread)))

(rplacd (curread) (cons '|%| (cdr (curread))))

(error '|%| 'errsxt ()))

())

Reading '(a % (b % c)) will pro duce (% a (% b c)) .

6.3 Use of the terminal for input

Before eac h request for input from the terminal, the system prin ts a prompt string ( ? b y default).

(This can b e mo di�ed b y w a y of the prompt function.) It then reads a line of terminal input.

The user terminates the line b y t yping either the #\cr or #\lf c haracter. The curren tly activ e

programming in terrupt bol manages the dialog with the user (see the section on programmable

i/o in terrupts).

L E -L ISP ec hos eac h c haracter as it is read. ASCI I con trol c haracters (c haracters en tered b y holding

do wn the CONTR OL k ey and pressing a prin table c haracter k ey at the same time) are prin ted with

a ^ c haracter follo w ed b y the prin table c haracter.

A minimal line editor is also activ ated. It understands the follo wing c haracter k eys with the meaning

indicated:

� r ubout , delete or ba cksp a ce : Erase the last c haracter en tered.

� ^U or ^X : Completely erase the curren t line.

A full line editor called edlin is pro vided with the system. It has a command-history facilit y and

command-name completion. edlin is activ ated b y ev aluating the edlin function (see c hapter 17).

The ESCAPE - ? command giv es on-line help for edlin .

The global system v ariables #:system:real-terminal-fla g and #:system:line-mode-flag can

b e used to supress the c haracter ec hoing and the minimal line editor functions.
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#:system: rea l- ter mi nal -fl ag [ variable ]

If this 
ag is set (the default dep ends up on the system), the line editor and c haracter ec ho functions

are activ ated. If it is cleared, b oth these functions are deactiv ated, and the system assumes that

another pro cess p erforms these tasks.

#:system: lin e- mod e- fla g [ variable ]

If this 
ag is set (the default option dep ends up on the system), the line editor assumes that reading

can b e carried out one line at a time. In this case, the b eha vior of the tyi and tys functions is

unpredictable, and the system uses the tyinstring function to read a line from the terminal.

(prompt strg ) [ function with an optional ar gument ]

The prompt v ariable holds the pr ompt string prin ted b y the system when it is ready to receiv e

input from the terminal. This function can b e used with the with con trol structure to c hange the

prompt dynamically .

By default this string has the v alue ? .

? () ; 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 reader

The read function reads L ISP S-expressions in fr e e format : that is, eac h syn tactic elemen t can b e

surrounded b y one or more delimiters (spaces, end-of-line c haracters or commen ts).

The L ISP reader is parameterized b y a r e ad table , whic h indicates whic h are the sp ecial c haracters

(list delimiters, commen ts string delimiters, macro c haracters, etc.). All other c haracters are

c haracters of t yp e pname , or \normal" c haracters.

6.4.1 Reading sym b ols

A sym b ol is a sequence of c haracters of t yp e pname whic h do es not represen t a n um b er (in teger or


oating-p oin t).
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T o include sp ecial c haracters in a sym b ol, enclose the en tire sym b ol within a pair of sym b ol delimiter

c haracters (the v ertical, or \absolute v alue", bar b y default).

The reader will not accept sym b ols longer than 128 c haracters. V ery long sym b ols can nev ertheless

b e made, b y using the concat function.

Sym b ol pac k ages are sp eci�ed in three w a ys, whic h are describ ed further on:

� the #-macro written as #:

� the macro c haracter writen as a : sign

� a c haracter of t yp e p ackage-delimiter .

#:system: rea d- cas e- fla g [ variable ]

This v ariable pro vides a w a y to regulate the automatic con v ersion of upp er-case c haracters in to their

lo w er-case equiv alen ts. If the v alue of this v ariable is () , whic h is its default v alue, the con v ersion

is p erformed automatically . If not, no con v ersion is done.

Here are sev eral examples of equiv alences when this v ariable has its default v alue of () :

car c orr esp onds to the symb ol car

LONGVERYLONGATOM " " " " longverylongatom

|Foo Bar| " " " " Foo Bar

#:Foo:Bar " " " " #:foo:bar

#:foo:|Bar()|:gee " " " " #:foo:Bar():gee

Supp ose that w e read the sym b ols in the follo wing manner:

(let ((#:system:read-case-fla g t))

(read))

In that case, the follo wing results are obtained:

CdR c orr esp onds to the symb ol CdR

|AcH| " " " " AcH

6.4.2 Reading c haracter strings

Character strings are written b et w een pairs of string delimiter c haracters (the double quote

c haracter " b y default). If this c haracter is to b e included in a string, it should b e in tro duced in to

the string t wice in succession. An y c haracter can b e included in a string. If there is an end-of-line in

the middle of a string, this latter will con tain the t w o c haracters #\cr and #\lf in the p osition of

the end-of-line. Curren tly a string cannot exceed 256 c haracters on input; the makestring function

allo ws for the creation of longer strings. Upp ercase to lo w ercase con v ersion is nev er done during

the reading of a string.

A t yp e can b e assigned to a string b y means of the # -macro written as the #: signs.
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"hello" c ontains the char acters hello

"with ""dblquotes""" " " " with "dblquotes"

#:schiz:"parano" is a typ e d string of typ e schiz

c ontaining the char acters parano

6.4.3 Reading in teger and rational n um b ers

In teger n um b ers are represen ted b y a string of digits of an y length, optionally preceded b y a + or

- sign. Rational n um b ers are represen ted b y an in teger immediately follo w ed b y the / c haracter,

whic h is itself immediately follo w ed b y a second in teger.

The construction of n um b ers from their textual represen tation is done with generic arithmetic.

This means that if a n umeral giv en to the system is not the represen tation of a small (16-bit)

in teger, its v alue will dep end on the generic arithmetic b eing used. The standard generic arithmetic

con v erts represen tations of in tegers whose v alues are outside the range of 16-bit storage, and those

of rationals whic h are not reducible to in tegers, to 
oating-p oin t n um b ers.

Here are some examples of in tegers:

12 c orr esp onds to the inte ger 12

-1 " " " " -1

+0 " " " " 0

12/4 " " " " 3

12/-4 " " " " -3

Here are some examples of standard generic arithmetic:

32767 c orr esp onds to the inte ger 32767

-32767 " " " " -32767

32768 c orr esp onds to 
o ating-p oint 32768.

-32769 " " " " -32769.

-32768 " " " " -32768.

12/5 " " " " 2.4

-12/5 " " " " -2.4

12/-5 " " " " -2.4

-12/-5 " " " " 2.4

And here are some examples of rational arithmetic, as describ ed in c hapter 10:

30424324324 c orr esp onds to the inte ger 30424324324

12/5 c orr esp onds to the r ational 12/5

45574512/56 " " " " 5696814/7

(ibase n ) [ function with an optional ar gument ]
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ibase (for i nput base ) called without an argumen t returns the input con v ersion base of the system.

If the argumen t n is pro vided, ibase c hanges the input con v ersion base to this v alue. The input base

a�ects only the input of in teger and rational n um b ers, since the input of 
oating-p oin t n um b ers

alw a ys tak es place in base 10. V alues for the input base m ust b e b et w een 2 and 36, inclusiv e. This

function is the coun terpart 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 containin g

= 23902 ; only letters and numerals. ? ; so -- how to get the input base back to

10 ?!?

? (|ibase| a) ; simple ..

= 10

There are other w a ys to read n um b ers. The #-macro s written as #$ , #% and #<base>r pro vide

the means for describing n um b ers in an y base.

6.4.4 Reading 
oating-p oin t n um b ers

Floating-p oin t n um b ers are represen ted b y a sequence of decimal n umerals (the in teger or \whole"

part), optionally follo w ed b y a decimal p oin t (\p erio d" c haracter) and another sequence of decimal

n umerals (the fractional part), optionally follo w ed b y the c haracter E (or e ) follo w ed b y a signed

in teger n um b er (the exp onen t part). The in teger part or the fractional part can b e missing, but

b oth cannot b e missing sim ultaneously . The exp onen t part can optionally b e omitted altogether.

1.50 c orr esp onds to the numb er 1.50

1e+0 " " " " 1.

10e+1 " " " " 100.

-10e-1 " " " " -1.

0e+1 " " " " 0.

.45 " " " " .45

12.34e-3 " " " " .01234

e- is a symb ol!

6.4.5 Reading lists

The represen tation of lists in L E -L ISP is quite con v en tional. A list is represen ted b y an op ening (

paren thesis sign follo w ed b y the elemen ts of the list. These are separated b y spaces, and follo w ed

b y a closing ) paren thesis sign. It is also p ossible to use the generalized dot notation:

( s-expr . s-expr )
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e.g. (a . (b . (c . d))) corresponds to (a b c . d)

((a) . (b)) " " ((a) b)

A t the end of an expression read b y the read function, there can b e an y n um b er of closing

paren theses whic h are ignored. This giv es a sure w a y to close o� S-expressions without ha ving

to coun t the exact n um b er of closing paren theses required.

(defun foo (n) (+ n 2)))))) ; is read without error

6.4.6 Reading v ectors

V ectors are represen ted b y the t w o c haracters #[ follo w ed b y the elemen ts of the v ector (whic h are

separated b y blanks), follo w ed b y the c haracter ] . V ectors are read using the # -macro written as

#[ . Y ou can giv e v ectors a t yp e b y using the # -macro designated b y 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 vector

6.4.7 Reading commen ts

It is p ossible to insert commen ts in to the input stream, whic h are treated as delimiters. A commen t

is an y sequence of c haracters, preceded b y a c haracter of t yp e begin-comment and terminated b y

a c haracter of t yp e end-comment .

By default there is only one c haracter of t yp e b egin-commen t, the semi-colon (;), and a single

c haracter of t yp e end-commen t, the RETURN c haracter. By default, then, all commen ts are

terminated at the end-of-line.

(defun foo (n ; the number

l) ; the list

(if (= n 0) ; nothing more to do

...

It is also p ossible to write m ulti-line commen ts, b y using the # -macros #| and |# . These m ulti-line

commen ts can b e em b edded.

(defun foo #|the name|# (n)

#| this comment

goes on for several

lines and contains #|

other comments |#

which are very neatly embedded |#

(+ n n))
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6.4.8 T yp es of c haracters

The L E -L ISP lexical analyzer (in other w ords, the read function) uses a r e ad table in order to

facilitate its analysis. This table asso ciates with eac h c haracter a sym b olic t yp e.

The read table is totally accessible to the user, who can therefore c hange it to b e able to easily

read new L ISP dialects with di�ering syn taxes.

The a v ailable c haracter t yp es are:

cnull [ char acter typ e ]

All c haracters of this t yp e are completely ignored b y the reader. (Examples: the c haracter A dvanc e-

tap e , or the c haracter null ...).

cbcom [ char acter typ e ]

A c haracter of this t yp e serv es to indicate the b eginning of a commen t, whic h will b e terminated

at the o ccurrence of a c haracter of the t yp e describ ed next. By default, there is only one c haracter

of this t yp e, the semi-colon ; .

cecom [ char acter typ e ]

A c haracter of this t yp e serv es to indicate the end of a commen t. By default there is only one

c haracter of this t yp e, the #\cr (Carriage-Return) c haracter.

cquote [ char acter typ e ]

A c haracter of this t yp e is used to quote an y other c haracter. This amoun ts to giving (this instance

of the c haracter concerned) the cpname t yp e (the t yp e of normal c haracters). By default, there are

no c haracters of this t yp e, but it is the custom to use either the slash / or the bac kslash \ whenev er

y ou happ en to need suc h a c haracter.

clpar [ char acter typ e ]

A c haracter of this t yp e|the op ening paren thesis ( b y default|serv es to demarcate the b eginning

of a list.

crpar [ char acter typ e ]

A c haracter of this t yp e|the closing paren thesis ) b y default|serv es to demarcate the end of a

list.

cdot [ char acter typ e ]

A c haracter of this t yp e|the p erio d . b y default|is used to en ter p oin ted pairs, when they o ccur

surrounded b y c haracters of the t yp e csep .
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csep [ char acter typ e ]

Characters of t yp e csep are normal separators (examples: space, tab, ...).

cpkgc [ char acter typ e ]

Characters of this t yp e pla y the r^ ole of pac k age delimiter c haracters. By default there are no

c haracters assigned to this t yp e. It is ho w ev er common practice to use the colon c haracter ( : ). The

use of : as a pac k age delimiter c haracter results in the follo wing readings, whic h are more readable

than the corresp onding uses of the #: # -macro.

? (typecn #/: 'cpkgc)

= cpkgc ? 'foo:bar

= #:foo:bar ? 'gee:muu: wiz z

= #:gee:muu :w izz ? (setq #:sys-pa cka ge: co lon 'my:priva te: pa cka ge )

= #:my:priv at e:p ack ag e ? ':bizarr e

= #:my:priv at e:p ack ag e:b iz arr e

csplice [ char acter typ e ]

A c haracter with this t yp e is a splice-macro. A function is asso ciated with the sym b ol whose

p-name is this c haracter. This function is in v ok ed automatically when this c haracter is read

in the input stream. (See the follo wing section.) The classic example of suc h a c haracter is

the macro c haracter \p ound sign" (or \hash sign") # .

cmacro [ char acter typ e ]

A c haracter with this t yp e is a macro c haracter. A function is asso ciated with the sym b ol

whose p-name is this c haracter. This function is in v ok ed automatically when this c haracter is

read in the input stream. (See the follo wing section.)

cstring [ char acter typ e ]

Characters of this t yp e pla y the r^ ole of c haracter string delimiter c haracters. By default there

is a single c haracter of this t yp e, namely the double quote c haracter " .

cpname [ char acter typ e ]

Characters of this t yp e are normal c haracters, and are th us capable of b eing used to build a

p-name .

csymb [ char acter typ e ]

This t yp e indicates that a c haracter is a delimiter of sp ecial sym b ols. By default there is only

one c haracter of this t yp e: the vertic al b ar sign written as | (also referred to as the absolute

value sign).
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cmsymb [ char acter typ e ]

Characters of this t yp e m ust b e read as mono-c haracter sym b ols, and need not b e delimited.

(typecn cn symb ) [ function with one or two ar guments ]

Pro vides a means to kno w (if symb is not supplied) or to mo dify (if symb is supplied) the

t yp e of the c haracter cn . This function returns the curren t t yp e of the c haracter cn , after

mo di�cation in the case the symb is presen t.

After the < and > c haracters ha v e b een rede�ned as follo ws:

(typecn #/< 'clpar) = ) clpar

(typecn #/> 'crpar) = ) crpar

the input <cons '(a> '<b)> will b e read as (cons '(a) '(b)) .

(typech ch symb ) [ function with one or two ar guments ]

typech is lik e the preceding function, except that the c haracter is sp eci�ed in the form of a mono-

c haracter sym b ol.

Here is a program that prin ts the table of c haracter t yp es:

(defun printable ch ()

; print the table of character s' types

(let ((i -1) (j 63)

(al (mapcoblis t (lambda (x)

(when (getprop x '#:sharp:v alu e)

(list (cons (getprop x '#:sharp: va lue )

x)))))))

(repeat 64

(printabl ech 1 (incr i) 3 al)

(printabl ech 1 (incr j) 34 al)

(terpri)) ))

(defun printable ch 1 (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 prin ted c haracter t yp e table:

= t

0 #$0 #\null cnull 64 #$40 #/@ cpname

1 #$1 #^A cmacro 65 #$41 #/A cpname
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2 #$2 #^B cpname 66 #$42 #/B cpname

3 #$3 #^C cpname 67 #$43 #/C cpname

4 #$4 #^D cpname 68 #$44 #/D cpname

5 #$5 #^E cmacro 69 #$45 #/E cpname

6 #$6 #^F cmacro 70 #$46 #/F cpname

7 #$7 #\bell cpname 71 #$47 #/G cpname

8 #$8 #\bs csep 72 #$48 #/H cpname

9 #$9 #\tab csep 73 #$49 #/I cpname

10 #$A #\lf cecom 74 #$4A #/J cpname

11 #$B #^K csep 75 #$4B #/K cpname

12 #$C #^L cmacro 76 #$4C #/L cpname

13 #$D #\cr cecom 77 #$4D #/M cpname

14 #$E #^N cpname 78 #$4E #/N cpname

15 #$F #^O cpname 79 #$4F #/O cpname

16 #$10 #^P cmacro 80 #$50 #/P cpname

17 #$11 #^Q cpname 81 #$51 #/Q cpname

18 #$12 #^R cpname 82 #$52 #/R cpname

19 #$13 #^S cpname 83 #$53 #/S cpname

20 #$14 #^T cpname 84 #$54 #/T cpname

21 #$15 #^U cpname 85 #$55 #/U cpname

22 #$16 #^V cpname 86 #$56 #/V cpname

23 #$17 #^W cpname 87 #$57 #/W cpname

24 #$18 #^X cpname 88 #$58 #/X cpname

25 #$19 #^Y cpname 89 #$59 #/Y cpname

26 #$1A #^Z cpname 90 #$5A #/Z cpname

27 #$1B #\esc cpname 91 #$5B #/[ cmacro

28 #$1C #^\ cpname 92 #$5C #/\ cpname

29 #$1D #^] cpname 93 #$5D #/] cmacro

30 #$1E #^^ cpname 94 #$5E #/^ cmacro

31 #$1F #^_ cpname 95 #$5F #/_ cpname

32 #$20 #\sp csep 96 #$60 #/` cmacro

33 #$21 #/! cmacro 97 #$61 #/a cpname

34 #$22 #/" cstring 98 #$62 #/b cpname

35 #$23 #/# csplice 99 #$63 #/c cpname

36 #$24 #/$ cpname 100 #$64 #/d cpname

37 #$25 #/% cpname 101 #$65 #/e cpname

38 #$26 #/& cpname 102 #$66 #/f cpname

39 #$27 #/' cmacro 103 #$67 #/g cpname

40 #$28 #/( clpar 104 #$68 #/h cpname

41 #$29 #/) crpar 105 #$69 #/i cpname

42 #$2A #/* cpname 106 #$6A #/j cpname

43 #$2B #/+ cpname 107 #$6B #/k cpname

44 #$2C #/, cmacro 108 #$6C #/l cpname

45 #$2D #/- cpname 109 #$6D #/m cpname

46 #$2E #/. cdot 110 #$6E #/n cpname
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47 #$2F #// cpname 111 #$6F #/o cpname

48 #$30 #/0 cpname 112 #$70 #/p cpname

49 #$31 #/1 cpname 113 #$71 #/q cpname

50 #$32 #/2 cpname 114 #$72 #/r cpname

51 #$33 #/3 cpname 115 #$73 #/s cpname

52 #$34 #/4 cpname 116 #$74 #/t cpname

53 #$35 #/5 cpname 117 #$75 #/u cpname

54 #$36 #/6 cpname 118 #$76 #/v cpname

55 #$37 #/7 cpname 119 #$77 #/w cpname

56 #$38 #/8 cpname 120 #$78 #/x cpname

57 #$39 #/9 cpname 121 #$79 #/y cpname

58 #$3A #/: cmacro 122 #$7A #/z cpname

59 #$3B #/; cbcom 123 #$7B #/{ cmacro

60 #$3C #/< cpname 124 #$7C #/| csymb

61 #$3D #/= cpname 125 #$7D #/} cmacro

62 #$3E #/> cpname 126 #$7E #/~ cpname

63 #$3F #/? cpname 127 #$7F #\del cnull

128 to 255 cpname

6.4.9 Macro c haracters

A macro c haracter is an y c haracter to whic h a function is asso ciated b y the follo wing macro

de�nition functions. The asso ciated function is automatically executed when this c haracter is

encoun tered in the input stream. There are t w o t yp es of macro c haracters, cmacro and csplice .

In the case of cmacro s, the v alue returned b y the function asso ciated with the macro c haracter

replaces the macro c haracter read. In the case of csplice s, the v alue returned b y the function

asso ciated with this macro c haracter m ust b e a list (whic h can b e empt y). This list will b e added

to the expression b eing read b y means of the nconc function. If the v alue returned b y this function

is not a list, syn tax error n um b er 10 will b e raised. All c haracters can b e used as macro c haracters.

(dmc ch () s

1

: : : s

n

) [ sp e cial form ]

Used to de�ne a macro c haracter of the �rst (cmacro) t yp e. The argumen t ch m ust b e a mono-

c haracter sym b ol. dmc asso ciates, with this c haracter, a function with an empt y parameter list (this

empt y list is required to o ccup y this p osition in the call) and a function b o dy s

1

: : : s

n

. dmc has

the same syn tax as the other de�nition functions ( defun , df and dm ), and returns ch as its v alue.

In L E -L ISP , dmc could b e de�ned in the follo wing 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))
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(dms ch () s

1

: : : s

n

) [ sp e cial form ]

Used to de�ne a macro c haracter of the second (csplice) t yp e. The argumen t ch m ust b e a mono-

c haracter sym b ol. dms asso ciates, with this c haracter, a function with an empt y parameter list (this

empt y list is required to o ccup y this p osition in the call) and a function b o dy s

1

: : : s

n

. dms has

the same syn tax as the other de�nition functions ( defun , df and defmacro ), and returns ch as its

v alue.

In L E -L ISP , dms could b e de�ned in the follo wing 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 destro y a macro c haracter de�nition, the t yp e of the c haracter m ust b e c hanged

and the asso ciated function m ust b e destro y ed, with for example the follo wing 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 asso ciated with a macro c haracter is of the same t yp e as functions

created b y the user (of t yp e defun ), it is not p ossible for a mono-c haracter atom to ha v e a

defun -t yp e de�nition and a dmc - or dms -t yp e de�nition at the same time.

There are 13 pre-de�ned macro c haracters:

� ap ostrophe macro c haracter '

� gra v e accen t macro c haracter `

� comma macro c haracter ,

� colon macro c haracter :

� circum
ex macro c haracter ^

� op en brac k et macro c haracter [

� p ound sign macro c haracter #

� bang macro c haracter !

� load-�le macro c haracter ^L ( CONTR OL - L )
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� load-mo dule macro c haracter ^A ( CONTR OL - A )

� edit-�le macro c haracter ^E ( CONTR OL - E )

� edit-function macro c haracter ^F ( CONTR OL - F )

� paragraph macro c haracter ^P ( CONTR OL - P )

Basic macro c haracters: colon, circum
ex and op en brac k et

' [ macr o char acter ]

The ap ostrophe or single quote ' is the b est kno wn and most used of the macro c haracters. Placed

b efore an y ordinary S-expression, it returns the list ( quote S-expression ).

In L E -L ISP , ' could b e de�ned in the follo wing manner:

(dmc |'| ()

(list 'quote (read)))

e.g. '(a b) is read as (quote (a b))

''a " (quote (quote a))

^ [ macr o char acter ]

This macro c haracter lets mono-c haracter sym b ols whose p-name s are con trol c haracters, b e read.

In L E -L ISP , ^ could b e de�ned in the follo wing manner:

(dmc |^| ()

(ascii (logand (readcn) 31)))

to read a mono-character symbol with ascii code 004

e.g. ^d

[ [ macr o char acter ]

This macro c haracter is only de�ned within the arbitrary-precision arithmetic libraries, and

describ es n um b ers longer than a line long or using sp ecialized notation.

Warning : this macro c haracter should not b e confused with the represen tation of v ectors of

S-expressions: # [ ... ]

Bac kquote macro c haracter

` [ macr o char acter ]
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, [ macr o char acter ]

,. [ macr o char acter ]

,@ [ macr o char acter ]

This macro c haracter is used to build programs whic h construct Lisp S-expressions (in general,

lists). The S-expressions built b y this macro c haracter will use the quote , cons , mcons , list ,

append , and nconc functions. Ev erything that follo ws the bac kquote c haracter is considered to b e

the mo del of the list to construct. The v ariable elemen ts of this mo del will b e indicated b y a comma

placed b efore the expression to calculate. All the other elemen ts of the mo del are considered as

constan ts. There are three kinds of v ariable elemen ts:

� simple elemen ts pre�xed b y a comma

� list segmen ts whic h will b e added to the list b y means of the append function, pre�xed

b y a comma follo w ed b y the amp ersand (or at-sign) c haracter "@"

� list segmen ts whic h will b e added to the list b y means of the nconc function, pre�xed b y

a comma follo w ed b y the p erio d c haracter "."

In L E -L ISP , backquote could b e de�ned in the follo wing 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)))))
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(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))
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; (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 c haracter

# [ macr o char acter ]

This macro c haracter pro vides a means for con v erting n um b ers or for calling the in terpreter in the

course of a normal read. Its action is v ery general and can b e explained in the follo wing w a y . When

a # c haracter o ccurs in the input stream, the L ISP reader reads the next c haracter using the readch

function. This c haracter, called the # -macro selector, m ust ha v e a function de�nition in the pac k age

whose name is found in the #:sys-package:sharp v ariable. The v alue returned b y a call to this

function m ust b e a list (whic h can b e empt y), whic h will b e inserted in to the ob ject b eing read b y

means of the nconc function.

Certain macro c haracter selectors accept n umeric parameters. In these cases, the function asso ciated

with the selector receiv es this parameter as its argumen t. The parameters are supplied b et w een the

# c haracter and the selector. They are alw a ys in terpreted in base 10.

The follo wing read in v ok es the selector r with the parameter 36.

? #36rfoo

= 20328

#:sys-pac kag e: sha rp [ variable ]

This v ariable con tains the name of the pac k age in whic h the functions asso ciated with the

v arious # -macro selectors m ust reside in order to b e found b y L E -L ISP . By default, its v alue

is sharp .

Here is the L ISP description of this macro c haracter.

(defvar #:sys-package:sharp 'sharp)
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(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 p ossible to de�ne new # -macros with the follo wing function.

(defsharp ch larg s1 : : : sN ) [ sp e cial form ]

defsharp de�nes a new # -macro. ch is the new selector c haracter. The list larg is the parameter

list of the function asso ciated with the selector. This list is empt y if the selector do es not accept

a n umerical parameter. If so, it is a list of the usual parameter (the selector), and the function

receiv es the n umerical parameter as its argumen t. defsharp th us has the same syn tax as the

ordinary de�nition functions ( de , dmd , etc.).

In L E -L ISP , defsharp could b e de�ned in the follo wing manner:

(df defsharp (ch . f)

(setfn (symbol #:sys-package:sharp ch) 'expr f)

ch)

There are a n um b er of prede�ned selectors:

#/ [ #-macr o ]

This # -macro returns the in ternal c haracter co de of the next c haracter in the input stream. It is

the b est w a y kno wn to en ter c haracter co des as data in a program. #/A is a con v enien t replacemen t

for 65 as the in ternal c haracter co de of the c haracter A .

e.g. #/A is read as 65

#/a " " " 97

# n [ #-macr o ]

#:sharp:v alu e [ pr op erty ]
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This # -macro returns the v alue asso ciated with the next sym b ol in the input stream. This v alue is

found on the P-list of the sym b ol under the #:sharp:value prop ert y . This macro is often used to

de�ne or retriev e the in ternal c haracter co des of non-prin table c haracters. If no v alue is found on

the P-list, #:sharp:value raises the errudv error.

#\cr is read as 13

#\esc " " " 27

#\sp " " " 32

to get the list of current values:

(maploblist (lambda (x) (getprop x '#:sharp:value)))

#^ [ #-macr o ]

This # -macro returns the in ternal c haracter co de of the next c haracter in the input stream,

considered as an ascii con trol c haracter, that is, with bits 6 and 7 set to 0.

#^c is read as 3

#^Z " " " 26

#$ [ #-macr o ]

This # -macro reads the next n um b er in the input stream in base sixteen: that is, in hexadecimal.

#$ffff is read as -1

#$1000 " " " 4096

#% [ #-macr o ]

This # -macro reads the next n um b er in the input stream in base t w o: that is, in binary .

#%1100001 is read as 97

#%110 " " " 6

#<base>r [ #-macr o ]

This # -macro reads the next n um b er in the input stream in base base , whic h is a n umerical

parameter accepted b y the # -macro.

#8r177 is read as 127

#3r221 " " " 25
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| [ inside #-macr o ]

This macro c haracter allo ws for the construction of 16 -bit n umeric v alues from t w o 8-bit v alues,

with the v ertical bar separating the b ytes.

This c haracter can only app ear after one of the selectors / , \ or ^ .

#^x|^a is read as 6145

#^a|/a " " " 353

#\cr|\lf " " " 3338

#' [ #-macr o ]

Placed b efore 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.

#" [ #-macr o ]

This # -macro returns the list of in ternal c haracter co des of the c haracters enclosed within

quotes. T o include the quote c haracter, double it (en ter it t wice in a ro w) in the input stream.

#"Foo Bar" is read as the list (70 111 111 32 66 97 114)

#"F""B" " " " " " (70 34 66)

#: [ #-macr o ]

This # -macro pro vides a w a y to refer to the name of a sym b ol and its pac k age(s). With this

selector, one can de�ne or retriev e an y kind of pac k age sym b ol (sym b ols or lists). It also allo ws one

to describ e the t yp e of a v ector or a t yp ed c haracter string. This same idiom is used b y the prin ter,

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

#. [ #-macr o ]

This # -macro ev aluates the next expression in the input stream. It returns the v alue of the

expression. This # -macro pro vides a w a y to call the ev aluator in the midst of a read.

#.(1+ 4) is read as 5
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#( [ #-macr o ]

This # -macro reads a list whose �rst cell is tagged.

(tconsp '#(a . b)) = ) #(a . b)

#[ [ #-macr o ]

This # -macro reads a v ector of S-expressions.

(vectorp (makevecto r 2 4)) = ) #[4 4]

(equal (makevect or 2 'a) #[a a])) = ) t

#+ [ #-macr o ]

This # -macro ev aluates the next expression in the input stream. If its v alue is equal to true, the

# -macro returns the follo wing expression in the input stream, otherwise it returns () , but skips

o v er the follo wing expression. This macro c haracter can th us b e 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 ().

#- [ #-macr o ]

This # -macro is the opp osite of the preceding one. If the v alue of the next expression in the input

stream is false (equal to () ), the expression follo wing it is returned, otherwise it is skipp ed and the

macro returns () .

#| [ #-macr o ]

This # -macro starts a m ulti-line commen t that terminates at the o ccurrence of the sequence of

c haracters |# . There can b e m ulti-line commen ts in the middle of m ulti-line commen ts.

Here are L ISP equiv alen ts for the standard #-macros:

(defsharp |.| ()

(list (eval (read))))

(defsharp + ()

(if (eval (read))

(list (read))

(read)

()))

(defsharp - ()

(ifn (eval (read))

(list (read))

(read)
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()))

(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 |"| ()
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(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 |:| ()
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(with ((typecn #/: 'cpkgc)

(typecn #/# 'cpname))

(list (read))))

(defsharp |(| ()

(reread '(#/())

(let ((l (read))) (list (tconsmk l))))

(defsharp |[| ()

(list (apply 'vector (read-delimited-list #/]))))

Colon (:) macro c haracter

Ev en though it is alw a ys p ossible to describ e a sym b ol and its pac k age b y using the absolute

notation #:pkgc:symb , it is often useful to b e able to use an abbreviation. This is the purp ose of

the colon (:) macro c haracter, placed in fron t a sym b ol. The sym b ol will b e created in the pac k age

whose name is the v alue stored the #:sys-package:colon v ariable.

#:sys-pac kag e: col on [ variable ]

This v ariable con tains the name of the pac k age to use when the macro c haracter colon (:) is used

in fron t of a sym b ol. By default its v alue is user . This v ariable also describ es the pac k age to use

when a sym b ol b eginning with a c haracter of t yp e 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:bar

T erminal macro c haracters ! ^L ^A ^E ^F ^P

These macro c haracters are used to quic kly en ter commands in teractiv ely on the terminal.

^L [ macr o char acter ]

Placed in fron t of a sym b ol, this macro c haracter executes the expression (libloadfile "symbol"

t) .

It therefore allo ws y ou to load a L ISP �le in teractiv ely in an extremely concise manner. ^L returns

the name of the �le loaded. The su�x #:system:lelisp-extensi on is not added at the end of

the �lename if it is already presen t.
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In L E -L ISP , ^L could b e de�ned in the follo wing manner:

(dmc ^L ()

; ^L : to load a file

(list 'libloadfile (readstring) t))

e.g. ^Lfoo is read as (libloadfile "foo" t)

^A [ macr o char acter ]

CONTR OL - A has the same r^ ole as ^L , but it loads a compiled mo dule with the mo dular compiler.

In L E -L ISP , ^A could b e de�ned in the follo wing manner:

(dmc ^A ()

; to load a module

(list 'loadmodule (readstring)))

^E [ macr o char acter ]

Pro vides a w a y to call the pepe editor to treat the con ten ts of a �le, or the result of the ev aluation

of an expression.

^Ebar is read as (pepe bar)

^E(pretty foo) " " " (pepe (pretty foo))

^E^Pfoo bar " " " (pepe (pretty foo bar))

T o call p ep e on the sorted list of names of global functions

^E(sortl (maploblist (lambda (x)

(and (null (packagecell x))

(typefn x)))))

^F [ macr o char acter ]

CONTR OL - F lets y ou call the host system's editor on a �le in whic h a function w as de�ned, and

reload the �le up on exiting from the editor. The name of the host system's editor is stored in the

#:system:editor global v ariable.

#:system: edi to r [ variable ]

The #:system:loaded-from-fil e prop ert y , set b y the function-de�nition functions, indicates that

�les should b e edited.
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if the function bar was loaded from the file foo.ll

e.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 [ macr o char acter ]

CONTR OL - P calls the prett y-prin ter on one or sev eral functions whose names are giv en.

In L E -L ISP , ^P could b e de�ned in the follo wing manner:

(dmc ^P ()

(cons 'pretty

(implode (pname (catenate "("

(readstring)

")")))))

^Pfoo is read as (pretty foo)

^Pfoo bar " " " (pretty foo bar)

! [ macr o char acter ]

Used in fron t of a line while in in teractiv e mo de, this macro c haracter executes the call ( comline

r est of the line ). It th us pro vides a v ery concise w a y to send a command to the lo cal op erating

system.

!ls -ls ; is read as (comline "ls -ls")
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6.5 Basic output functions

All the follo wing functions prin t their argumen ts in to the output bu�er. The expressions are not

actually prin ted un til the bu�er is emptied.

This can happ en at di�eren t times:

1. when the c haracters reac h the righ t margin of the bu�er

2. when the c haracters reac h the end of the bu�er

3. up on calls to functions that empt y the bu�er after placing something in to it ( print ,

prinflush , terpri ).

In the �rst of these cases, the progammable in terrupt eol is triggered, and an end-of-line is inserted

in to the output stream. In the second case, the flush in terrupt is triggered. The bu�er is then

simply emptied. This can only happ en if the righ t margin is b ey ond the end of the output bu�er

(see the rmargin function).

(prin s

1

: : : s

n

) [ function with a variable numb er of ar guments ]

prin prin ts the S-expressions s1 ... sN in the output bu�er and returns the v alue of sN . This

function cannot b e simply describ ed in L ISP . The expressions will not actually b e prin ted un til the

bu�er is emptied. A call to prin without argumen ts, ( prin ), has absolutely no e�ect and returns

() .

(print s

1

: : : s

n

) [ function with a variable numb er of ar guments ]

This function is similar to prin , but it empties the output bu�er immediately after prin ting the S-

expression argumen ts therein, and b egins a new line b y triggering the eol programmable in terrupt.

A call to print without argumen ts, ( print ), empties the bu�er, starts a new line and returns () .

In L E -L ISP , print could b e de�ned in the follo wing manner:

(dmd print l

`(prog1 (prin ,@l) (itsoft 'eol ())))

? (print (1+ 9) (cdr '(a b c))) ; form to evaluate

10(b c)

= (b c) ; value returned ? (progn (prin 123) (print 'foo)) ; form

to evaluate

123foo

= foo ; value returned ? (progn (repeat 12 (prin 'a))

? (print)) ; form to evaluate

aaaaaaaaaaa a

= () ; value returned ? (print)

= ()
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(prinflus h s

1

: : : s

n

) [ function with a variable numb er of ar guments ]

This function is similar to prin , but empties the output bu�er immediately after ha ving

prin ted the S-expression con tained therein (b y triggering the flush programmable in terrupt).

prinflush do es not b egin a new line. A call to the function with no argumen ts, ( prinflush ),

empties the output bu�er and returns () .

In L E -L ISP , prinflush could b e de�ned in the follo wing 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 satellite s ?

xxx ; xxx is the user reply

= xxx

? ; to print several items and then empty the buffer

? (defun prin-and-f lu sh (exp n)

? (repeat n (prin exp))

? (prinflush ))

= prin-and- fl ush

(terpri n ) [ function with an optional ar gument ]

Skips n lines on the curren t output c hannel b y calling the print function n times. It is p ossible

to call terpri without an argumen t. The default v alue of n is 1 . Suc h a call is equiv alen t to

b oth ( terpri 1) and to ( print ).

In L E -L ISP , terpri could b e de�ned in the follo wing manner:

(defun terpri n

(repeat (if n (car n) 1)

(print)))

(princn cn n ) [ function with one or two ar guments ]

Prin ts the cn c haracter co de n times in to the output stream. If n is omitted, the co de cn is only

prin ted once. princn returns the in ternal c haracter co de cn as its v alue.

? (let ((cn #/a))

? (repeat 10 (princn (incr cn))))

bcdefghi jk

= t ? (defun pyr (n1 n2)

? (when (> n1 0)
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? (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 ar guments ]

This function is similar to the preceding one, except that the c haracter ch is sp eci�ed in the

form of a mono-c haracter sym b ol.

e.g. ; print ten '+' characters in the buffer

(princh '|+| 10)

6.6 Con trolling the output functions

6.6.1 Limitations on prin ting

In order to limit the prin ting of v ery long structures, and to a v oid in�nite prin t lo ops on circular

or shared lists, three functions are a v ailable.

(printlen gth n ) [ function with an optional ar gument ]

Pro vides a means of mo difying the maxim um n um b er of list elemen ts to b e prin ted b y a print or

prin statemen t. Without an argumen t, the function returns the curren t maxim um length v alue.

By default, this v alue is 5000 . If a list con tains more elemen ts than the curren t maxim um length

v alue, the remaining elemen ts are not prin ted, and three susp ension p oin ts are prin ted instead.

This function can b e used to terminate output from functions whic h are iterating or recursiv ely

lo oping on a list's cdr . In order to deactiv ate the prin t length limitation, call printlength with 0

as its argumen t. The function returns the curren t maxim um prin t length v alue as its result.

(printle ngt h 6) = ) 6

'(1 2 3 4 5 6 7 8 9) = ) (1 2 3 4 5 6 : : : )

(printlev el n ) [ function with an optional ar gument ]

Pro vides a means to mo dify the maxim um prin t depth of a print or prin statemen t. (Without

an argumen t, the function returns the curren t maxim um depth v alue.) By default the maxim um

prin t depth is 100 . This v alue represen ts the maxim um n um b er of unmatc hed op ening paren theses

allo w ed in a list to b e prin ted. Up on o v erload, the list causing the condition will not b e prin ted,
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and the amp ersand c haracter & is prin ted in its place. This function allo ws the results of functions

whic h are iterating or recursiv ely lo oping on a list's car to b e prin ted. In order to deactiv ate this

kind of limitation, call printlevel with zero as its argumen t. The function returns the curren t

maxim um prin t lev el v alue as its result.

? (printlev el 3)

= 3 ? '(defun foo (l)

? (if (null (cdr l))

? l

? (foo (cdr l))))

= (defun foo (l) (if (null &) ...

Here are some examples of prin ting circular lists.

? (printlev el 10)

= 10 ? (printlengt h 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 x

y 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 ...

(printlin e n ) [ function with an optional ar gument ]

Pro vides a w a y to mo dify the maxim um n um b er of lines whic h will b e prin ted b y a print or

prin statemen t. By default this v alue is 2000 . If an expression requires more than this n um b er

of lines, the last line will app ear with susp ension p oin ts at the end. In order to deactiv ate

this limit, call printline with 0 as its argumen t. The function returns the curren t maxim um

n um b er of prin t lines allo w ed as its result.

There is a library whic h lets L E -L ISP functions b e prin ted in a m uc h more readable manner

(see c hapter 8), as w ell as a prin t library for circular or shared lists (see c hapter 9).

6.6.2 Standard prin ting en vironmen t

The v arious L ISP ob jects are prin ted in the output bu�er according to the constrain t that the

external represen tation of an atomic ob ject cannot b e prin ted across a line b oundary . This is the

case for sym b ols, c haracter strings and n um b ers.

S-expressions of the form (quote s) are prin ted as 's to impro v e readabilit y .

The unname able n um b er in t w o's complemen t, ` -0 ', is alw a ys written in the follo wing manner:

#$8000 [ unname able numb er ]

#$8000 = ) #$8000

(logshif t 1 15) = ) #$8000

Finally , all p oin ters that are not L E -L ISP p oin ters are written in the follo wing manner:



CONTR OLLING THE OUTPUT FUNCTIONS 6-37

# <> [ non-Lisp p ointer ]

? (vag '(#$7f . -1))

= #<>

On mac hines with IEEE -compatible 
oating-p oin t pro cessing, this v alue ma y b e prin ted as

the v alue `negativ e Not-a-Num b er': that is, -NaN. .

Three system v ariables and t w o functions con trol v arious prin t mo des:

#:system: pri nt -fo r- rea d [ variable ]

This v ariable con tains the prin t indicator of sym b ols and c haracter strings.

If #:system:print-for-read has v alue t , sym b ols con taining c haracters of t yp e other than

cpname are surrounded b y v ertical bar ( | ) c haracters when b eing prin ted. Character strings

with this same prop ert y are surrounded b y " quote c haracters. The | and " c haracters are

themselv es represen ted b y || and "" (pairs of | or " ) in the middle of these ob jects. Finally ,

the system prin ts a space b et w een eac h argumen t of the print , prin or prinflush functions.

When this indicator is set, then, the prin t output can b e re-read b y the read function.

? (setq a '(foobar |bar foo| |12| "with ""quote""" ))

= (foobar bar foo 12 with "quote") ? (setq #:system :pr int -f or- re ad t)

= t ? a

= (foobar |bar foo| |12| "with ""quote" "")

#:system: pri nt -ca se -fl ag [ variable ]

This v ariable con tains the output case indicator. If #:system:print-case-flag has the v alue

t , sym b ols are prin ted in upp er case. If it has the v alue () (the initial, default, v alue), sym b ols

are prin ted in the form in whic h they w ere en tered. Notice that in general the read indicator

#:system:read-case-flag has the v alue () and that all sym b ols are therefore read in lo w er

case.

Here are some examples of the distinction b et w een upp er and lo w er case in reading:

? (setq #:system:re ad -ca se -fl ag t)

= t ? (setq a '(foobar FOOBAR FooBar))

= (foobar FOOBAR FooBar) ? (setq #:system:pr in t-c as e-f lag t)

= T ? a

= (FOOBAR FOOBAR FOOBAR) ? (setq #:system:pr in t-c as e-f lag ())

= () ? a

= (foobar FOOBAR FooBar)

#:system: pri nt -pa ck age -fl ag [ variable ]

This v ariable con tains the pac k age prin t indicator, whic h can tak e three v alues:

� () : P ac k ages are not prin ted.

� t (default): P ac k ages are prin ted in complete path (full) form: #:pkg:sym .
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� 0 : If the v alue of the pac k age is equal to the v alue of the v ariable #:sys-package:colon ,

pac k ages are prin ted in short form, using the macro c haracter : .

? (setq #:system:pr in t-p ac kag e-f la g t)

= t ? (setq #:sys-pa cka ge: co lon 'user)

= user ? '#:foo:ba r

= #:foo:bar ? ':foo

= #:user:fo o ? (setq #:system:p ri nt- pac ka ge- fl ag ())

= () ? '#:foo:bar

= bar ? ':foo

= foo ? (setq #:system: pri nt -pa ck age -fl ag 0)

= 0 ? '#:foo:ba r

= #:foo:bar ? ':foo

= :foo

(obase n ) [ function with an optional ar gument ]

Pro vides a w a y to mo dify the n umeric output con v ersion base. If it is called without the

argumen t n , it returns the curren t output base. As in the case of the corresp onding ibase

function, the v alue of obase m ust b e b et w een 2 and 36 , inclusiv e.

? 100

= 100 ? (obase 16) ; obase always returns 10, do you see why?

= 10 ? 100

= 64 ? (obase 17) ; why not?

= 10 ? (ibase 13) ; conversio n of base 13 to base 17!

= D ? 23ab

= 107A ? 34ab

= 18AD

(ptype symb n ) [ function with one or two ar guments ]

Pro vides a w a y to mo dify the v alue of the p-type of the sym b ol symb . Called without a

second argumen t n , ptype will simply return the p-type of the sym b ol symb . The p-type is

principally used b y the L ISP prett y-prin ter (see c hapter 8) to determine the format to use to

prin t the function v alue of a sym b ol. ptype returns the curren t v alue of the p-type of symb

as its v alue.

6.6.3 Extending the prin ter

It is p ossible to rede�ne the w a y in whic h ob jects are prin ted, for the standard prin t functions all

searc h for metho ds named prin asso ciated with the t yp e of the ob ject to b e prin ted. If suc h a

metho d exists, it is called in lieu of the standard prin t function.

Warning : This function in v o cation tak es place in the curren t prin ter con text. In particular, all

prin ter v ariables and v ariable-functions remain in their curren t state.
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(pratom atom ) [ function with one ar gument ]

The standard prin t function for atoms. atom can b e of an y t yp e other than list. This function m ust

b e called from within a sp eci�c prin t metho d, and pro vides a w a y to return to the curren t prin t

mo de.

? ; modificat ion of the representa tio n of the symbol || to nil

? (defun #:null:pri n (obj)

? (pratom 'nil))

= #:null:pr at om ? ()

= nil

6.7 Input/output for lists

(explode s ) [ function with one ar gument ]

Returns the list of all the in ternal c haracter co des of the external represen tation of the expression

s , whic h can b e of an y t yp e whatso ev er. explode returns the list of co des that w ould b e prin ted if

one ask ed for s to b e prin ted b y the prin function. (In fact there is not really an explode function,

prop erly sp eaking, 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)

(explodec h s ) [ function with one ar gument ]

This is lik e the preceding function, except that it returns a list of atoms (mono-c haracter sym b ols

for letters and sp ecial c haracters, n um b ers for n umerals).

In L E -L ISP , explodech could b e de�ned in the follo wing manner:

(defun explodech (s)

(mapcar 'ascii (explode s)))

(explode ch -120) = ) (- 1 2 0)

(explode ch '(car '(a b))) = ) (|(| c a r | | |'| |(| a | | b |)| |)|)

(implode ln ) [ function with one ar gument ]

Supp ose that ln is a list of ascii co des. implode returns the Lisp ob ject whic h has this list of

in ternal c haracter co des as its external represen tation. implode is the in v erse of explode , and

pro vides a w a y to build new L ISP ob jects from their external represen tations, analogous to the use

of the read function. (There is not really a separate implode function in the system; the input to

the read function is simply redirected.)

(implode '(45 50 51 55)) = ) -237

(implode (explode '(a b))) = ) (a b)
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(implodec h s ) [ function with one ar gument ]

This is similar to the preceding function, except that it uses a list of atoms (mono-c haracter sym b ols

for letters and sp ecial c haracters, n um b ers for n umerals).

In L E -L ISP , implodech could b e de�ned in the follo wing manner:

(defun implodech (s)

(implode (mapcar 'cascii s)))

(implode ch '(- 1 2 3)) = ) -123

(implode ch (explodech '(a b))) = ) (a b)

6.8 Input/output on c haracter strings

Input/output can b e though t of as a problem of transformations b et w een an arbitrary ob ject and

a c haracter string. The follo wing functions let y ou carry out either r e ading op erations within a

c haracter string that is considered as an input stream, or writing op erations within a c haracter

string that is considered as an output stream. T o obtain these functions, load the stringio mo dule.

(with-inp ut- fr om- st rin g string . body ) [ macr o ]

Rede�nes the input stream as string , and ev aluates sequen tially the forms con tained in body .

After the ev aluation of body , eac h read call p erforms a read op eration within string . This function

returns the v alue of the �nal ev aluation inside body .

(with-in put -fr om -st ri ng "12 34" (list (read) 55 (read))) = ) (12 55 34)

(with-out put -t o-s tr ing string n . body ) [ macr o ]

Rede�nes the output stream as string , and ev aluates sequen tially the forms con tained in body .

After the ev aluation of body , eac h print call p erforms a write op eration within string . The �rst

prin ting o ccurs at p osition n in string . This function returns the n um b er of c haracters written in

string .

(with-ou tpu t-t o- str in g (setq s "----") 0 (print 0)) = ) 1

s = ) "0---"

(with-ou tpu t-t o- str in g (setq s "----") 1 (print 'a)(print 'b)) = ) 2

s = ) "-ab-"

(read-fro m-s tr ing string ) [ function with one ar gument ]

Uses the read function to p erform reading op erations within string , as if the latter w ere an input

bu�er. The returned v alue is that of read . If string is not in fact a string, the v alue returned is

string .

In L E -L ISP , read-from-string could b e de�ned in the follo wing manner:
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(defun read-from-string (s)

(if (stringp s)

(with-input-from-string s (read))

s))

(read-fr om- str in g "12") = ) 12

(type-of (read-from -s tri ng "12")) = ) fix

(read-fr om- str in g 1.2) = ) 1.2

(read-fr om- str in g "as 12") = ) as

(print-to -st ri ng s ) [ function with one ar gument ]

Creates a string that represen ts the s ob ject prin ted b y means of print .

(print-t o-s tri ng 1.2) = ) "1.2"

(print-t o-s tri ng '(a . b)) = ) "(a . b)"

6.9 Input/Output bu�er managemen t

All the read and prin t functions describ ed up to this p oin t w ork using bu�ers. Read functions read

c haracters in the input bu�er, and prin t functions write c haracters in the output bu�er.

These bu�ers are �lled and emptied b y the system using the three programmable in terrupts: bol

(b eginning-of-lin e), eol (end-of-line), and flush .

There is actually a separate bu�er for eac h input or output c hannel, so i/o can b e done on sev eral

c hannels in parallel. The bu�er c haracter string store is allo cated automatically b y the system when

new c hannels are created.

Its length, 1024 c haracters, cannot b e mo di�ed.

6.9.1 Input bu�er

In tro duction

A c haracter string, inbuf , con tains the con ten ts of the curren t input bu�er. Tw o indices in to this

string, inmax and inpos , indicate the end of the bu�er and the p osition of the curren t read. inpos

is the index of the next c haracter to b e read in the string.

If inpos b ecomes equal to inmax during a read op eration, this means that all the c haracters

a v ailable in the bu�er ha v e b een read. A t this p oin t the programmable in terrupt bol is triggered.

The function in v ok ed b y this in terrupt m ust re�ll the input bu�er and set inmax to indicate ho w

man y c haracters w ere put in to the bu�er.

Manipulating the input bu�er

All these functions manipulate the bu�er of the curren t input c hannel, whic h is selected b y the

inchan function.
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(inbuf n cn ) [ function with one or two optional ar guments ]

Returns the c haracter string represen ting the curren t con ten ts of the input bu�er. The string-

handling functions pro vide an easy means for manipulating this v alue. Here, for instance, is a

particularly e�cien t w a y to implemen t the readstring function:

(defun readstring ()

(when (= (inpos) (inmax))

(itsoft 'bol ()))

(prog1 (substring (inbuf) 0 (sub (inmax) 2))

(inpos (inmax))))

inbuf accepts t w o optional argumen ts, giving access to the curren t input bu�er con ten ts. The

follo wing equiv alences hold:

(inbuf n) == (sref (inbuf) n)

(inbuf n cn) == (sset (inbuf) n cn)

(inmax n ) [ function with an optional ar gument ]

Called with the argumen t n , inmax pro vides a w a y to sp ecify the maxim um n um b er of c haracters

a v ailable in the input bu�er. If n is not supplied, inmax returns the curren t n um b er of c haracters

in the input bu�er. This function is used mainly inside a bol function, to sp ecify the n um b er of

c haracters to b e loaded in to the bu�er.

(inpos n ) [ function with an optional ar gument ]

Called with the argumen t n , inpos c hanges the p osition of the read p oin ter (index) in to the input

bu�er. Without an argumen t, it returns the curren t v alue of this index. This function is v ery rarely

used.

Beginning-of-li ne programmable in terrupt

When there are no more c haracters to read in the input bu�er (that is, when imax c haracters

ha v e b een read from the input bu�er), the system triggers an in terrupt called bol . The function

asso ciated with this in terrupt �lls the input bu�er with c haracters read from the inchan c hannel,

adds end-of-line c haracters #\cr and #\lf if necessary , and sets the inmax index. Of course it is

p ossible to manage this in terrupt y ourself, b y setting the #:sys-package:itsoft v ariable; in this

case, y ou m ust �ll the bu�er and set the inmax v ariable appropriately . The system sets inpos bac k

to zero after it pro cesses a bol in terrupt, so it is sup er
uous to do this, ev en if y ou are managing

the pro cess.

bol [ pr o gr ammable interrupt ]

This programmable in terrupt is triggered b y the read , readcn , peekcn , readstring and asso ciated

functions, when the input bu�er is empt y: that is, when inpos = inmax .
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(bol) [ function with no ar guments ]

This function reads the next line from the terminal or from a �le, puts it in to the input bu�er, and

sets inmax . This is the function that p ermits input pro cessing on lines t yp ed b y the user (c haracter

erasure with #\bs or #\del , line erasure with #^X or #^U and whic h ec ho es con trol c haracters with

a ^ c haracter follo w ed b y the prin table c haracter.)

The bol function uses the virtual terminal functions ( tyi , tycn , etc.) to read c haracters and, unless

otherwise programmed, ec ho them. It is th us usually su�cien t to de�ne a new terminal t yp e in

order to e�ect reads from new input streams (windo ws, serial p orts, etc.).

What follo ws is a partial description of the bol function in L ISP . W e describ e niether reads on �les,

nor the line editing asp ects, nor the ec hoing of con trol c haracters. The in terested reader can consult

the 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 coun ts the n um b er of lines the user t yp es in to the

terminal. It c hanges the prompt to displa y this v alue.

? (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

= 123

3? ()

= ()

4? (defun foo (x)

5? (+ x x))

= foo

6? (foo 12)

= 24

7?

6.9.2 Output bu�er

In tro duction

A c haracter string, outbuf , holds the con ten ts of the curren t output bu�er. An index in to the string,

outpos , marks the curren t write p osition (the p osition in the bu�er where the next c haracter should

b e written). Tw o indices, lmargin and rmargin , mark the left and righ t margins, resp ectiv ely , of

the output bu�er.

If output b ecomes equal to rmargin during a write, this means that a program is trying to write

a c haracter b ey ond the righ t margin of the output bu�er. The programmable in terrupt eol is

triggered at this p oin t. The function in v ok ed b y this in terrupt m ust empt y the output bu�er on to

the curren t output c hannel (terminal or �le), add an end-of-line mark, �ll the output bu�er with

the sp ac e c haracter, and set the outpos index to the left margin ( lmargin ).

If outpos reac hes the end of the bu�er during a write, this means that a program is trying to write

a line longer than the bu�er. This is p ossible when the righ t margin ( rmargin ) is b ey ond the end

of the bu�er. In this case, the flush programmable in terrupt is triggered. The function in v ok ed b y

this in terrupt m ust empt y the output bu�er on to the curren t output c hannel, �ll the output bu�er

with sp ac e c haracters, and set the outpos index to zero.

Manipulating the output bu�er

(lmargin n ) [ function with an optional ar gument ]

Sets the left prin t margin to n . By default, at system initialization, lmargin is 0 . If n is omitted,

the left margin v alue is not c hanged. In an y case, lmargin returns the v alue of the curren t left

margin. It is used primarily b y the L ISP prett y-prin ter to automatically manage the placemen t of

left braces in the prin ting of con trol structures.
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(rmargin n ) [ function with an optional ar gument ]

Sets the righ t prin t margin to n . By default, at system initialization, rmargin is 78 . If n is omitted,

the righ t margin is not c hanged. In an y case, rmargin returns the curren t v alue of the righ t

margin. It is used primarily to set the line length for the output terminal b eing used (telet yp e,

screen, prin ter, etc.).

It is p ossible to set the righ t margin outside the output bu�er b y executing:

(rmargin (add1 (slen (outbuf))))

In this case, the eol programmable in terrupt is nev er called, but at the end of the bu�er, the

flush programmable in terrupt will alw a ys b e called.

(outpos n ) [ function with an optional ar gument ]

Sets the curren t output bu�er p oin ter (index) to n . This index is alw a ys treated as the �rst

free c haracter p osition in the bu�er. outpos returns its curren t v alue.

(outbuf n cn ) [ function with one or two optional ar guments ]

Returns the c haracter string represen ting the curren t con ten ts of the output bu�er. This

string can b e manipulated b y the usual string-handling functions.

outbuf can optionally tak e t w o argumen ts, giving access to the con ten ts of the output bu�er.

The follo wing equiv alences hold:

(outbuf n) == (sref (outbuf) n)

(outbuf n cn) == (sset (outbuf) n cn)

Programmable in terrupts eol and flush

eol [ pr o gr ammable interrupt ]

The eol programmable in terrupt is triggered b y the prin , print , prinflush , princn and princh

functions when the curren t write p osition, outpos , go es b ey ond the righ t bu�er margin, rmargin .

The print and terpri functions in v ok e this programmable in terrupt more explicitly .

The function in v ok ed b y this in terrupt m ust p erform the follo wing op erations:

� empt y the output bu�er, from p osition 0 through p osition outpos , on to the curren t

output c hannel;

� put an end-of-line on to the c hannel;

� �ll the output bu�er with the sp ac e c haracter;

� set the outpos index to the v alue of the left margin, lmargin .
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(eol) [ function with no ar guments ]

This function p erforms the standard pro cessing of the eol programmable in terrupt. What follo ws is

a partial description of it in L ISP . W e do not describ e prin ting on to �les, whic h cannot b e describ ed

in L ISP .

Notice that this function uses the tystring and tynewline virtual terminal functions, to prin t to

the terminal. This means that it is usually su�cien t to de�ne a new t yp e of virtual terminal in

order to redirect writes on to new streams (m usic syn thesizers, windo ws, 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 margin

flush [ pr o gr ammable interrupt ]

This programmable in terrupt is triggered b y the prin t functions when the curren t prin t p osition,

outpos , reac hes the end of the output bu�er. This is p ossible if the righ t margin, rmargin , is greater

than the length of the prin t bu�er. The in terrupt is also triggered explicitly b y the prinflush

function.

The function in v ok ed b y this b y this in terrupt m ust p erform the follo wing op erations:

� empt y the output bu�er, from p osition 0 through p osition outpos , on to the curren t

output c hannel;

� �ll the output bu�er with the sp ac e c haracter;

� set the outpos index to the b eginning of the output bu�er.

(flush) [ function with no ar guments ]

This function p erforms the standard pro cessing of the eol programmable in terrupt. What follo ws

is a partial description of it in L ISP . W e do not describ e writes to �les, whic h cannot b e describ ed

in L ISP .

(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
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The eol and, less frequen tly , flush programmable in terrupts can b e rede�ned in order to extend

the prin ting system.

The follo wing function returns the list of lines prin ted b y the ev aluation of its b o dy , in the form of

a list of c haracter 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 F unctions on i/o streams

L E -L ISP manages i/o str e ams comp osed of:

� an i/o terminal (3 distinct streams)

� a n um b er (in general 12) input or output �les.

A channel , chan , is a n um b er asso ciated with an op en stream. All op en streams ha v e c hannel

n um b ers.

They are used to connect op en streams to the curren t input or output stream. By con v en tion, the

\n um b er" of the terminal's input stream is () , and the \n um b ers" of the terminal's t w o output

streams (normal stream and virtual terminal stream) are () and t .

In L E -L ISP , a �le sp e ci�c ation , file , is a c haracter string (or an argumen t that can b e con v erted

in to a string b y using the string function) that has the same syn tax as the host op erating system's

�le-naming sc heme.

"llib.virtty.ll"

"/usr/local/lelisp/foo.ll"

"lelisp$disk:[lelisp.llib]vdt .ll"

">udd>vlsi>lelisp>startup.ll"

"\lelisp\llib\pepe.ll"

L E -L ISP has a standard virtual �le managemen t library , whic h is describ ed in the follo wing section.

All argumen ts of t yp e file in the follo wing function descriptions can b e virtual �le descriptors.

All the functions describ ed in this section will use the �le system of the host system, whic h can

return error co des in the case of �le i/o problems. In these cases, the errios L ISP error is triggered,

whic h has the follo wing default screen displa y:
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** <fn> : i/o error : <n>

where fn is the name of the L ISP function that w as called, and n is the error co de returned b y the

host �le system.

Errors detected b y L E -L ISP are:

� -1 function not implemen ted

� -2 no more c hannels a v ailable

� -3 incorrect c hannel n um b er

� -4 non-op en c hannel

P ositiv e-v alued error co des are op erating-system sp eci�c; in general the error n um b er is 1 .

In certain cases it is p ossible to get the system to prin t the error message itself. The follo wing

v ariable can b e set to c ho ose this option.

#:system: pri nt -ms gs [ variable ]

If the v alue of this v ariable is di�eren t than 0, the host op erating system will prin t (if it can) the

error messages it encoun ters in i/o managemen t.

6.10.1 Default directories and extensions

T o p ermit functions to b e written in a �le system-indep enden t manner, these v ariables are alw a ys

initialized :

#:system: lli b- dir ec tor y [ variable ]

This v ariable con tains the name of the directory where the standard L E -L ISP library is to b e found.

#:system: llu b- dir ec tor y [ variable ]

This v ariable con tains the name of the directory where the user L E -L ISP library is to b e found.

#:system: lel is p-e xt ens ion [ variable ]

This v ariable con tains the default extension of L E -L ISP source �les.

6.10.2 Selecting i/o streams

(openi file ) [ function with one ar gument ]

Op ens the �le named file in r e ad mo de and returns the asso ciated c hannel n um b er: chan .

(openi "foo.ll") = ) 11
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(openib file ) [ function with one ar gument ]

Op ens the �le named file in binary r e ad mo de and returns the asso ciated c hannel n um b er: chan .

This �le can only b e read with the readcn and readch functions.

(openib "foo.dir") = ) 11

(openo file ) [ function with one ar gument ]

Op ens the �le named file in write mo de and returns the asso ciated c hannel n um b er: chan . If this

�le already exists, it is destro y ed and recreated as an empt y �le.

(openo "src.list ") = ) 10

(openob file ) [ function with one ar gument ]

Op ens the �le named file in binary write mo de and returns the asso ciated c hannel n um b er: chan .

If this �le already exists, it is destro y ed and recreated as an empt y �le. W rites to suc h a �le m ust

b e done with the princn or princh functions.

(openob "foo.o") = ) 10

(opena file ) [ function with one ar gument ]

Op ens the �le named file in app end mo de and returns the asso ciated c hannel n um b er: chan . If

this �le do es not already exist, it will b e created. If it do es exist, its �le p oin ter is p ositioned at

the end of the �le, so that all writes to the �le will tak e place at the end of its curren t con ten ts.

(opena "subsys.l og" ) = ) 9

(openab file ) [ function with one ar gument ]

Op ens the �le named file in binary app end mo de and returns the asso ciated c hannel n um b er: chan .

If this �le do es not already exist, it will b e created. If it do es exist, its �le p oin ter is p ositioned at

the end of the �le, so that all writes to the �le will tak e place at the end of its curren t con ten ts.

W rites to suc h a �le m ust b e done with the princn or princh functions.

(openab "subsys.lib ") = ) 9

(inchan chan ) [ function with an optional ar gument ]

Ties the curren t input stream to the c hannel chan . This means that all succeeding reads (un til

the next call to inchan ) will b e on the c hannel chan . If no argumen t is giv en, inchan returns the

n um b er of the curren t input c hannel. An error -4 o ccurs when the c hannel asso ciated with the

curren t input stream has b een closed (with the eof or close function), and a read is requested,

but no new input c hannel has b een selected. This error also ties the curren t input stream to the

terminal v alue, () .

(outchan chan ) [ function with an optional ar gument ]
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Ties the curren t output stream to the c hannel chan . This means that all succeeding writes (un til

the next call to outchan ) will b e on the c hannel chan . If no argumen t is giv en, outchan returns

the n um b er of the curren t output c hannel. An error -4 o ccurs when the c hannel asso ciated with

the curren t output stream has b een closed (with the close function), and a write is requested,

but no new output c hannel has b een selected. This error also ties the curren t output stream to the

terminal v alue, () .

(channel chan ) [ function with an optional ar gument ]

Returns a descriptor of c hannel n um b er chan . This function giv es con trol of the state of c hannels. If

the argumen t chan is omitted, a list of all the c hannel descriptors is returned. A c hannel descriptor

is a list of the form (state name) .

state is the v alue of the c hannel's state:

� 0 non-op en c hannel

� 1 c hannel op en in read mo de

� 2 c hannel op en in write mo de

� 3 c hannel op en in binary read mo de

� 4 c hannel op en in binary write mo de

name is the �lename asso ciated with the c hannel, if one exists.

In order to get the n um b er of a v ailable c hannels, ev aluate:

(length (channel))

(close chan ) [ function with an optional ar gument ]

Closes c hannel n um b er chan , and alw a ys returns t . If no argumen t is giv en, close closes all op en

c hannels and then re-op ens the terminal.

(input file ) [ function with one ar gument ]

This function closes the curren t input stream, op ens the �le file in read mo de, and ties the curren t

input stream to its c hannel n um b er.

Warning : This function loses trac k of the n um b er of the previously op en c hannel, and can

only b e used in the command lo op at the terminal. An end-of-�le will nev ertheless raise the

errudt error. (See the follo wing section.)

In L E -L ISP , input could b e de�ned in the follo wing manner:

(defun input (f)

(when (fixp (inchan))

(close (inchan)))
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(if f

(inchan (openi f))

(inchan ())))

Here is a rather unortho do x w a y to load a �le from the terminal, b y prin ting the v alues of

the ev aluations:

(input <f>)

(output file ) [ function with one ar gument ]

This function closes the curren t output stream, op ens the �le named file , and selects this c hannel

for output.

Warning : This function loses trac k of the n um b er of the previously op en output c hannel and

m ust b e used only from the terminal to store the v alues of ev aluations in a �le. T o restore

output to the terminal, simply ev aluate:

(output ())

In L E -L ISP , output could b e de�ned in the follo wing 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 ((#:syste m: pri nt -fo r-r ea d t)

(#:system: pri nt -pa cka ge t))

(untilexi t eof (print (read))))

(close (outchan) )

filout))
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? (with ((outchan (openo "foo.ll") ))

? (print "(defun foo (x) (+ x x))"))

= (defun foo (x) (+ x x)) ? (copyfile 'foo.ll 'bar.ll)

= bar.ll

6.10.3 End-of-�le programmable in terrupt

eof [ pr o gr ammable interrupt ]

The end of a �le causes the eof programmable in terrupt, whic h receiv es as a parameter the n um b er

of the c hannel on whic h the end-of-�le o ccurred.

The function in v ok ed b y this programmable in terrupt m ust in general close the c hannel using the

close function, and cause an escap e with name eof .

(eof chan ) [ function with one ar gument ]

This function closes c hannel n um b er chan and propagates an escap e with name eof . If this function

is called while an S-expression is b eing read (for instance in the middle of reading a list), it causes

a syn tax error: End of �le during r e ad .

In L E -L ISP , eof could b e de�ned in the follo wing 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 in terrupt can b e rede�ned b y the user.

The follo wing functions, for example, pro vide a w a y to load a sequence of �les named file .1

.. file .n all at once. S-expressions can straddle t w o �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)))
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(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 F unctions on �les

(probefil e file ) [ function with one ar gument ]

Returns t if file exists, and () if not.

In certain op erating systems (lik e U NIX ), a call to probefile with an empt y argumen t|either ""

or () |will alw a ys return t .

In L E -L ISP , probefile could b e de�ned in the follo wing manner:

(defun probefile (f)

(let ((i (catcherror () (openi f))))

(when (consp i)

(close (car i))

t)))

(renamefi le ofile nfile ) [ function with two ar guments ]

Changes the name of �le ofile to nfile , and returns t .

(copyfile ofile nfile ) [ function with two ar guments ]

Copies the con ten ts of �le ofile in the �le nfile , and returns t .

(deletefi le file ) [ function with one ar gument ]

Deletes the �le named file , and returns t .

(create-d ire ct ory dir ) [ function with one ar gument ]

Creates the directory dir , and returns t .

(delete-d ire ct ory dir ) [ function with one ar gument ]

Deletes the directory dir , and returns t .
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6.10.5 load function and autoload mo de

(loadfile file i ) [ function with two ar guments ]

Loads the �le named file and ev aluates all the expressions it con tains. The indicator i is the v alue

of the v ariable #:system:redef-flag (see the description of the de�nition functions) during the

load. loadfile alw a ys returns file as its v alue.

In L E -L ISP , loadfile could b e de�ned in the follo wing 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 ) [ sp e cial form ]

This function is the fsubr form of the preceding function. Moreo v er, the i argumen t is optional

and equals () b y default.

In L E -L ISP , load could b e de�ned in the follo wing manner:

(df load (file . redef?)

(loadfile file (car redef?)) )

(autoload file sym

1

: : : sym

n

) [ sp e cial form ]

Since it is tiresome to load sev eral �les of functions b y hand at ev ery execution, L E -L ISP allo ws the

use of autoload functions (whic h load automatically the �rst time they are called).

file is the name of a �le that should b e loaded automatically , using the loadfile function,

if one of the sym b ols sym

1

: : : sym

n

is to b e ev aluated as a function. File loading follo ws the

call-b y-necessit y con v en tion.

In L E -L ISP , autoload could b e de�ned in the follo wing manner:

(df autoload (f . l)

; (autoload file at1 ... atn)
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(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 follo wing de�nition of the pprint function:

(dm pprint l

(remfn 'pprint)

(load pretty t)

l)

This results in the macro b eing called at the �rst ev aluation of ( pprint ...). This macro

destro ys itself (to a v oid lo oping in case the function is not de�ned in the �le), then ev aluates

( lo ad pr etty t ), whic h silen tly loads the �le pretty .

Since the v alue returned b y the macro w as the original call ( pretty ...) itself, eval re-ev aluates

this form, in whic h pretty is no w de�ned.

6.10.6 File access paths

An ordered set of pre�xes or libraries can b e de�ned, to a v oid alw a ys ha ving to explicitly sp ecify

complete �lenames. This set is found in the v ariable:

#:system: pat h [ variable ]

This v ariable con tains the directories that will b e searc hed when �le access is requested. A t the

initialization of L E -L ISP , it con tains 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-i n-p at h path file ) [ function with two ar guments ]

Returns the complete �lename of the �le file if it is found in one of the directories named in path .

If no suc h �le is found, the function returns () .
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In L E -L ISP , search-in-path could b e de�ned in the follo wing 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))))))

(probepat hf file ) [ function with one ar gument ]

If the �le named file#:system:lelisp-extens ion exists in one of the directories named in

#:system:path , probepathf returns its complete name. Otherwise it returns () .

In L E -L ISP , probepathf could b e de�ned in the follo wing manner:

(defun probepathf (file)

(search-in-path

#:system:path

(catenate file #:system:lelisp-extension)))

6.10.7 Access to libraries

(libloadf ile file i ) [ function with two ar guments ]

This function is similar to the loadfile function, except that it searc hes for the �le named file

in the v arious directories named in the #:system:path v ariable. It returns the actual name of the

�le loaded, or else raises an error if the �le is not found.

In L E -L ISP , libloadfile could b e de�ned in the follo wing manner:

(defun libloadfile (file redef?)

(let ((real-file (probepathf file)))

(ifn real-file

(error 'libloadfile 'errfile file)

(loadfile real-file redef?) )))

(libload file i ) [ sp e cial form ]

This is the fsubr form of the preceding function. F urthermore, the i argumen t is optional, and

has the v alue () b y default.
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In L E -L ISP , libload could b e de�ned in the follo wing manner:

(df libload (file . redef?)

(libloadfile file (car redef?)))

F or an example, try (libload hanoi) .

(libautol oad file sym

1

: : : sym

n

) [ sp e cial form ]

This function is similar to the autoload function, except that �les will b e loaded with the libload

function, instead of with load .

6.11 Ev en t lo op

The L E -L ISP ev en t lo op is a functional in terface that enables y ou to asso ciate pro cessing functions

with v arious kinds of input ev en ts. This ev en t lo op has no problems with interrupts . While a w aiting

v arious t yp es of ev en ts, the ev en t lo op handles all con v en tional in terrupts.

In a L E -L ISP program, a single ev en t lo op can tak e care of sev eral di�eren t kinds of input:

� Graphic input generated b y the mouse and/or the k eyb oard.

� Files in the U NIX sense: so c k et or pip e.

� MAILBO X in the VMS sense.

The implemen tation of the ev en t lo op is based up on the so-called Virtual T erminal of L E -L ISP ,

describ ed in c hapter 15 of the presen t man ual. In U NIX , the select device is brough t in to pla y . In

VMS , the AST device is used.

T o da y , the functions describ ed here only w ork in either U NIX or VMS . The ev en t lo op uses a virtual

terminal of the #:tty:evloop t yp e. In fact, the ev en ts lo op cannot b e used with a virtual terminal

that is not of the #:tty:evloop t yp e. An exception is the virtual terminal used b y A

•

ID A , whic h

includes a standard in tegration of the ev en t lo op.

T o use the ev en t lo op of L E -L ISP , load the evloop mo dule.

event-loo p [ fe atur e ]

This feature indicates that the ev en t-lo op functions are loaded. In other w ords, the evloop mo dule

is presen t.

6.11.1 F unctions

(evloop-i nit ) [ function with no ar guments ]

Initializes the ev en t lo op and sets the virtual terminal #:tty:evloop as the curren t terminal. This

function should only b e called once.
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(evloop-s top ) [ function with no ar guments ]

Stops the ev en t lo op and sets the default terminal of the tty system as the virtual terminal.

(evloop-r est ar t) [ function with no ar guments ]

Restarts the ev en t lo op and reassigns the #:tty:evloop virtual terminal as the curren t terminal.

(evloop-d isa ll ow- tt y-i npu t) [ function with no ar guments ]

Inhibits the pro cessing b y the ev en t lo op of standard user input. This function is only e�ectiv e if

the ev en t lo op has b een initialized and is activ e.

(evloop-a llo w- tty -i npu t) [ function with no ar guments ]

Enables the pro cessing b y the ev en t lo op of standard user input. This function is only e�ectiv e if

the ev en t lo op has b een initialized and is activ e.

(evloop-a dd- in put fd manage-fct arg-to-use ) [ function with thr e e ar guments ]

Adds the U NIX �le descriptor fd to the ev en t lo op. Imagine that the ev en t lo op is activ e, and that

there's something to read in the case of the fd �le descriptor. In suc h a situation, the manage-fct

function is executed with arg-to-use as its argumen t. This function has no e�ect if the ev en t lo op

has not b een initialize d.

(evloop-r emo ve -in pu t fd ) [ function with one ar gument ]

Remo v es the fd �le descriptor from the list of �le descriptors handled b y the ev en t lo op. Before

deleting fd , ev aluate (evloop-input-managedp fd) to mak e sure that fd is pro cessed b y the ev en t

lo op.

(evloop-ch ang e- man age -f unc ti on fd new-manage-fct new-arg-to-use )

[ function with thr e e ar guments ]

If the �le descriptor fd is already b eing pro cessed in the ev en t lo op, this function replaces the

function to b e executed for this descriptor b y the function new-manage-fct with new-arg-to-use

as its argumen t.

(evloop-s ele ct ) [ function with no ar guments ]

This function is not required for standard use of the ev en t lo op mo dule. It is only needed b y users

who wish to implemen t new t yp es of virtual terminals. This function represen ts the engine of the

ev en t lo op. It is called regularly b y the system. This is the function that blo c ks the program while

w aiting for one or sev eral �le descriptors to b e ready for reading, at whic h time their asso ciated

functions are executed.
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(evloop-r ead p fd ) [ function with one ar gument ]

Returns t if an input is ready for reading. Otherwise, it returns () . This is a generalized v ersion

of the eventp function of the Virtual Bitmap.

(evloop-i npu t- man ag edp fd ) [ function with one ar gument ]

Returns t if the fd input is b eing pro cessed b y the ev en t lo op. The argumen t fd is t ypically an

in teger that designates a �le descriptor under U NIX .

(evloop-i nit ia liz ed -p) [ function with no ar guments ]

Returns t if the ev en t lo op has already b een initialized.

(evloop-w ait ) [ function with no ar guments ]

Causes the pro cess to w ait for an input. After the w ait, when a descriptor is ready , the function

returns an expression of the form (fd . (function . arg)) . Here, fd is the �le descriptor,

function is the asso ciated pro cessing function and arg is an argumen t. If more than one descriptor

is ready to b e read, the function returns a list of expressions of the form (fd . (function . arg)) .

(evloop-s et- ti meo ut secs millisecs ) [ function with two ar guments ]

This function allo ws y ou to limit the w aiting time of the pro cess in the evloop-select and

evloop-wait functions. This w aiting time is indicated in secs (seconds) and millisecs . When

the time has run out, the function sp eci�ed b y evloop-set-timeout-handler (describ ed b elo w) is

executed. The argumen ts secs and millisecs m ust b e p ositiv e in tegers. If b oth of them are giv en

as zero, this represen ts an in�nite w aiting time. So, evloop-set-timeout lets y ou p erio dically

trigger pro cessing op erations while a w aiting an ev en t. Unlik e the clockalarm function of L E -L ISP ,

the pro cessing is not triggered during the execution of an y other pro cessing apart from the calls to

evloop-select and evloop-wait .

(evloop-s et- ti meo ut -ha ndl er handler ) [ function with one ar gument ]

The handler argumen t m ust b e either () or a function with no argumen t that is to b e called when

the time sp eci�ed b y the evloop-set-timeout function has run out.

Output pro cessing

W e no w describ e functions that let y ou add output (�les, �le descriptors and other en tities) in to

the ev en ts lo op.

(evloop-a dd- ou tpu t fd manage-fct arg-to-use ) [ function with thr e e ar guments ]
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Adds the U NIX �le descriptor fd in to the ev en ts lo op. If the ev en ts lo op is activ e as so on as the

�le descriptor fd is ready , the manage-fct function is executed with arg-to-use as its argumen t.

This function has no e�ect if the ev en ts lo op has not b een initialized.

(evloop-r emo ve -ou tp ut fd ) [ function with one ar gument ]

Remo v es the �le descriptor fd from the list of �le descriptors b eing pro cessed for output b y the

ev en t lo op.

(evloop- cha nge -o utp ut- ma nag e- fun cti on fd new-manage-fct

new-arg-to-use ) [ function with thr e e ar guments ]

If the �le descriptor fd is already b eing pro cessed in the ev en t lo op, this function replaces the

function to b e executed b y the function new-manage-fct with new-arg-to-use as its argumen t.

Pro cessing the Virtual Bitmap

Three functions within this mo dule allo w y ou to manipulate graphic input for the VB (virtual

bitmap):

(evloop-a dd- di spl ay display manage-fct ) [ function with two ar guments ]

Lets y ou record input (graphic ev en ts) asso ciated with the display device. When there is a graphic

ev en t from the display device, the manage-fct function is executed with display as its argumen t.

(evloop-r emo ve -di sp lay display ) [ function with one ar gument ]

Remo v es the display device from the inputs pro cessed b y the ev en ts lo op.

(evloop-d isp la y-m an age d-p display ) [ function with one ar gument ]

Returns t when the displa y device is b eing pro cessed b y the ev en ts lo op. If not, the function returns

() .

6.11.2 T ec hnical notes

Using the ev en ts lo op in Unix

Most of the functionalities of the ev en ts lo op are implemen ted in C co de under U NIX . This C co de is

stored in the evloop.c �le, whic h is included in the standard L E -L ISP distribution. Before using the

ev en ts lo op, this co de should b e compiled and presen t in the L E -L ISP binary . This co de is not presen t

in a standard binary , but it exists b y default when the Virtual Bitmap has b een implemen ted b y

means of X11 .
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P ortabilit y of the ev en ts lo op under VMS

All the functions that w e ha v e just describ ed ha v e b een implemen ted under the VMS op erating

system. The U NIX concept of a �le descriptor has b een replaced b y the notion of an input/output

c hannel. Under VMS , there are sev eral input t yp es, but only the MAILBOX and graphic ev en ts are

handled b y L E -L ISP . The VMS user should create the MAILBOX and record the asso ciated c hannel in

the lo op. It is imp ortan t to understand that the implemen tations of these t w o systems are based

up on di�eren t principles:

� Under U NIX , the implemen tation is based up on the select functionalit y .

� Under VMS , the implemen tation is based up on the AST functionalit y .

Both mo dules nev ertheless b eha v e iden tically .

6.11.3 Precautions

An imp ortan t remark needs to b e made concerning the use of the ev en t lo op in conjunction with

the L E -L ISP save-core functionalit y . The use of this mo dule means that the ev en t lo op m ust b e

reinitialized eac h time y ou launc h L E -L ISP . So, the follo wing actions m ust b e carried out:

1. Use evloop-remove-input and evloop-remove-output to remo v e all input/output recorded

in the lo op.

2. Use evloop-stop to stop the lo op.

3. Call the save-core function.

4. Initialize the lo op with the evloop-init function.

5. Once again, record all input/output.

Example

Let us lo ok at an example of the use of the ev en ts lo op with the L E -L ISP VB device (virtual bitmap)

under X11 . W e need the follo wing utilit y function that reads all ev en ts that are w aiting in the

display device and displa ys them on the screen:

(defun display-m an age -e ven ts (display)

(current-d isp la y display)

(while (eventp) (print (read-even t)) ))

W e launc h L E -L ISP :

% lelispX1 1

; Le-Lisp (by INRIA) version 15.25 (17/nov/9 1) [sony]

; Systeme standard sur X11-windows : ven 26 nov 91 14:25:52

= (31bitfl oat s abbrev callext compiler date debug defstruct edlin loader

mc68881 messages microceyx pathname pepe pretty setf virbitmap virtty)
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Load the mo dule that de�nes the ev en ts lo op:

? (loadmodu le 'evloop)

= evloop

Initialize the displa y device:

? (setq display (bitprolog ue) )

= #<#:displ ay :x1 1 X11 trocadero: 0. 0>

Get the �le descriptor (so c k et) asso ciated with display :

? (evloop-i ni t)

= t ? (setq fd (send 'file-desc ri pto r display) )

= 3

Add it to the standard ev en ts lo op:

? (evloop-a dd -fi le- de scr ip tor fd 'display- man ag e-e ve nts display)

= t

Create a windo w:

? (setq w (create-w in dow 'window 0 0 200 200 "lisp window1" 1 1))

= #<#:image :r ect ang le :wi nd ow lisp window1>

Initialize the displa y device on a second screen:

? (setq display1 (bitprolo gue '|X11| "host1:0") )

= #<#:displ ay :x1 1 X11 trocadero: 0. 0>

Get the �le descriptor (so c k et) asso ciated with the second displa y:

? (setq fd1 (send 'file-de scr ipt or display))

= 4

Add it to the standard ev en ts lo op:

? (evloop-a dd -fi le- de scr ip tor fd1 'display-ma na ge- ev ent s display)

= t

Create a second windo w on the screen of the host mac hine.

? (setq w1 (create-wi ndo w 'window 0 0 200 200 "lisp window2" 1 1))

= #<#:image :r ect ang le :wi nd ow lisp window2>

All mouse/k eyb oard ev en ts asso ciated with the windo ws w and w1 will b e displa y ed, as w ell as

an ything t yp ed b y the user in the L E -L ISP startup windo w:

#:event:#[ ent erw in dow -e ven t #<#:imag e:r ect an gle :w ind ow lisp window1>

() 175 194 167 169 () ()]

#:event:#[ dow n-e ve nt #<#:image: rec ta ngl e:w in dow lisp window1>

0 143 154 135 129 () ()]

#:event:#[ up- eve nt #<#:image: re cta ng le: win do w lisp window1>

0 143 154 135 129 () ()]

#:event:#[ lea vew in dow -e ven t #<#:imag e:r ect an gle :w ind ow lisp window1>

() 279 254 271 229 () ()]

#:event:#[ ent erw in dow -e ven t #<#:imag e:r ect an gle :w ind ow lisp window2>

() 174 177 166 152 () ()]

#:event:#[ asc ii- ev ent #<#:image :re ct ang le: wi ndo w lisp window2>

97 193 147 185 122 () ()]
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#:event:#[ lea vew in dow -e ven t #<#:imag e:r ect an gle :w ind ow lisp window2>

() 225 180 217 155 () ()]

T erminate the session:

? (end)

May Le-Lisp be with you ...

6.12 Virtual �le system

This section describ es the virtual �le system implemen ted in L E -L ISP . This facilit y pro vides a

w a y to manipulate �les without regard to the host op erating system. It is easily extensible to new

op erating systems.

In order to gain access to functions describ ed in this section, the mo dule named path m ust b e

loaded. Since this mo dule rede�nes some standard i/o functions, it should not b e loaded in to the

system more than once.

First w e describ e the new L E -L ISP ob ject t yp e pathname , and the meaning of its �elds. Then

w e describ e the �eld access and manipulation functions. Finally w e describ e some higher-lev el

functions, and the means to rede�ne the access functions.

pathname [ fe atur e ]

This 
ag indicates whether the functions treating pathnames are loaded in to the system: that is,

whether the p ath mo dule is presen t.

6.12.1 P athnames

The pathname ob ject is a L E -L ISP structure that represen ts �le names without regard to particular

op eration system con v en tions. In some systems, these ob jects could represen t other structures, for

example in terpro cess comm unications c hannels, etc.

Programmers w an ting to use these primitiv es to increase the p ortabilit y of their co de will ha v e to

restrain the syn tax of pathnames to a subset common to and compatible with all the op erating

system en vironmen ts in whic h L E -L ISP is used. In the rest of this c hapter, an y functionalit y whic h

could b e someho w non-p ortable to an y system, will b e explicitly describ ed as suc h.

P athnames do not necessarily represen t a complete �lename. Some �elds in the sp eci�cation of a

name could b e missing, and in suc h cases it is useful to designate directories or default �eld v alues

during ev aluation.

pathname [ structur e ]

This structure describ es the L E -L ISP ob ject represen ting op erating system-indep enden t pathnames.

In L E -L ISP , pathname could b e de�ned in the follo wing manner:
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(defstruct pathname host device directory name type version)

� The host �eld should hold the name of the mac hine on whic h the �le ph ysically exists,

in a net w ork-based en vironmen t. This �eld can also con tain access con trol information.

The exact syn tax of this �eld dep ends on the OS and is therefore not p ortable. F or �les

on mac hines not supp orting net w ork-based �le systems, the v alue of this �eld is () ; in

the other case, this �eld con tains a c haracter string.

� The device �eld con tains the name of the disk on whic h the �le is stored, when the

op erating system explicitly designates the p eripheral device (as do vms and ms/dos , for

instance). If the OS do es not supp ort the notion of a �le tree, this �eld has the v alue () ;

otherwise, it should con tain a c haracter string.

� The directory �eld con tains the list of directories and sub-directories where �les can b e

found. Eac h directory name is a c haracter string. This list is in the \in tuitiv e" order (i.e.,

the �rst elemen t is the ro ot of the hierarc h y), and can designate either an absolute tree,

or a relativ e access path. (See the section on access paths.)

� The name �eld con tains the name of the �le, in the traditional sense of the term. It is

stored as a c haracter string.

� The type �eld con tains the c haracter string designating the extension of the �lename.

This extension indicates in a general w a y the nature of the con ten ts of the �le. Th us, in

most L E -L ISP implemen tations, this �eld has the v alue ll for a L E -L ISP source �le.

� The version �eld con tains a v ersion n um b er. The exact v ersion n um b ering con v en tion

dep ends on the op erations system, but generally the higher the �le v ersion n um b er, the

more recen t the vin tage of the v ersion of the �le.

(pathname string ) [ function with one ar gument ]

Con v erts the c haracter string string corresp onding to a �lename in the syn tax of the op erating

system in to an ob ject of t yp e pathname .

? ; Under UNIX, with #:system:pr in t-f or -re ad set to t.

? (pathname "/udd/lel isp /l lib /pa th .ll ")

= #:pathnam e: #[ () () ("udd" "lelisp" "llib") "path" "ll" () ]

? ; The same thing on a VAX/VMS system.

? (pathname "lelisp$d isk :[ lel isp .l lib ]p ath .ll ;1 ")

= #:pathnam e: #[ () "lelisp$di sk: " ("lelisp" "llib") "path" "ll" 1]

(pathname p s ) [ function with one ar gument ]

This predicate returns () if its argumen t is not an ob ject of t yp e pathname , and t otherwise.

? ; Example on VAX/VMS..

? (pathname p (pathname "[lelisp. ll ib] pa th. ll" ))

= t ? ; ..same thing on UNIX.
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? (pathname p (pathname "/usr/loc al /le li sp/ ll ib/ pat h. ll" ))

= t

(equal-pa thn am e path1 path2 ) [ function with two ar guments ]

Returns t if the t w o argumen ts are equiv alen t pathnames.

Examples under U NIX :

? (equal-pa th nam e #u"/a/./ b" #u"/a/b")

= t ? (equal-pa thn am e #u"/a/../ b" #u"/b")

= ()

This function considers that /a/../b and /b are di�eren t U NIX pathnames b ecause of the

p ossible presence of sym b olic links.

(namestri ng path ) [ function with one ar gument ]

Returns a c haracter string that is the external represen tation, for the host op erating system,

of the argumen t path . This external form is obtained b y com bining the pathname elemen ts

according to the op erating system-sp eci�c syn tax rules.

Warning : No syn tax v alidation is carried out b y L E -L ISP . Ob viously , in v alid �lenames can b e

generated.

#p [ #-macr o ]

This macro c haracter returns the path that follo ws it, parsing it according to the host

op erating system syn tax.

In L E -L ISP , #p could b e de�ned in the follo wing manner:

(defsharp p ()

(ncons (pathname (read))))

#u [ #-macr o ]

This macro c haracter p erforms a function similar to the one describ ed immediately ab o v e, but it

parses the pathname according to U NIX syn tax on al l op erating systems. It o�ers a p ortable w a y

to en ter pathnames.

? ; Example on a VAX/VMS system.

? #u"/usr/l el isp /ll ib /pa th .ll "

= #p"[usr.l el isp .ll ib ]pa th .ll "

(#:pathna me: pr in path ) [ function with one ar gument ]

De�nes the prin t metho d for ob jects with t yp e pathname . Its b eha vior dep ends on the v alue

of the #:system:print-for-read indicator. If this latter has the v alue () , pathnames are
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prin ted in the system-sp eci�c form of the host op erating system. If it is not equal to () , the

pathnames are prin ted as L E -L ISP structures. This feature allo ws pathnames to b e sa v ed in

�les in a mac hine-indep ende n t w a y . The standard form is, ho w ev er, more con v enien t to the

user who kno ws the lo cal op erating system �lename syn tax.

? ; Example on a UNIX system.

? (setq #:system:pr in t-f or -re ad ())

= ()

? #p"/usr/l oc al/ lel is p/l li b/t est .l l"

= #p"/usr/l oc al/ lel is p/l li b/t est .l l"

? (setq #:system:pr in t-f or -re ad t)

= t

? #p"/usr/l oc al/ lel is p/l li b/t est .l l"

= #:pathnam e: #[ () () ( "usr" "local" "lelisp" "llib") "test" "ll" () ]

6.12.2 Relativ e access paths

Most op erating systems organize �les in a hierarc h y of directories and sub-directories, and giv e

the user the means to mo v e around in the tree. The de�nition of a `curren t w orking directory' is

fundamen tal to man y systems, and �lename syn tax is then relativ e to this curren t directory .

L E -L ISP allo ws k eyw ords to b e substituted for certain pathname �elds so that these relativ e access

paths can b e formed.

Warning : Relativ e access paths are not necessarily p ortable to ev ery op erating system on whic h

L E -L ISP is used.

#:pathnam e:u p [ indic ator ]

This k eyw ord can b e placed in the directory �eld of a pathname structure. It signi�es that the

�lename is to b e relativ e to the next higher lev el of the �le-system hierarc h y . In the �rst p osition

of the directory �eld, it indicates that the pathname is relativ e to the user's curren t w orking

directory .

On a U NIX system with #:system:print-for-read set to t :

? #p"../foo /b ar. ll"

= #:pathnam e: #[ () () (#:pathnam e: up "foo") "bar" "ll" () ]

#:pathnam e:c ur ren t [ indic ator ]

This k eyw ord can only b e placed in the �rst p osition of the list in a pathname 's directory

�eld. It indicates that this pathname starts in the user's curren t directory , instead of b eginning

at the ro ot of the �le system.

On a V AX/VMS system:

? #p"[.foo] ba r.l l"

= #:pathnam e: #[ () () (#:pathnam e: cur re nt "foo") "bar" "ll" ()]



VIR TUAL FILE SYSTEM 6-67

#:pathnam e:w il d [ indic ator ]

This k eyw ord can b e placed in an y �eld in a pathname , and will b e replaced b y a particular

v alue b y the op erating system. P athnames con taining this indicator cannot b e passed as

argumen ts directly to L E -L ISP �le access functions. First a wildcard function (describ ed

b elo w) m ust b e executed to con v ert the wildcard in to a particular v alue.

In the follo wing example, w e select all �les in ../foo that ha v e toto as their name, with an y

extension whatso ev er. On a U NIX system with #:system:print-for-read set to t :

? #p"../foo /t oto .*"

= #:pathnam e: #[ () () (#:pathnam e: up "foo") "toto" #:pathnam e:w il d () ]

(wildcard path ) [ function with one ar gument ]

(expand-p ath na me path ) [ function with one ar gument ]

This function tak es a pathname argumen t con taining �elds with #:pathname:wild v alues,

or a c haracter string in the host system �le-naming syn tax, and returns the list of expanded

pathnames of �les on the host mac hine's �le system that matc h the pattern. If no suc h �le is

found, it returns () .

On a U NIX system:

? (expand-p at hna me #p"../*/*. ll" )

= (#p"../li sp /pa th. ll " #p"../dem o/ gam es .ll ")

On an OS/2 mac hine, the catalogue cannot b e expanded:

? (expand-p at hna me #p"\lelisp \ll ib \pa th *")

= (#p"\leli sp \ll ib\ pa th. ll ")

6.12.3 P athname manipulation functions

Argumen ts to these functions can b e either pathnames or c haracter strings represen ting the external

�le sp eci�cations (i.e., �lenames) for the host op erating system. In the second case, an in termediate

con v ersion in to pathname represen tation is done. It is th us recommended, for reasons of e�ciency , to

a v oid making frequen t calls to these functions with c haracter string (i.e., host �lename) argumen ts.

(pathname -ho st path ) [ function with one ar gument ]

This function returns the host �eld of its argumen t, or () . This �eld has the t yp e string .

(pathname -de vi ce path ) [ function with one ar gument ]

This function returns the device �eld of its argumen t, or () . This �eld has the t yp e string .

(pathname -di re cto ry path ) [ function with one ar gument ]



6-68 CHAPTER 6. INPUT AND OUTPUT

This function returns the directory �eld of its argumen t, or () . This �eld is a list of c haracter

strings, or the empt y list () .

(pathname -na me path ) [ function with one ar gument ]

This function returns the name �eld of its argumen t, or () . This �eld has the t yp e string .

(pathname -ty pe path ) [ function with one ar gument ]

This function returns the type �eld of its argumen t, or () . This �eld has the t yp e string .

(pathname -ve rs ion path ) [ function with one ar gument ]

This function returns the version �eld of its argumen t, or () . This �eld has the t yp e fix .

All the �elds of ob jects of pathname t yp e can b e mo di�ed b y means of the follo wing functions:

(set-path nam e- hos t path host ) [ function with two ar guments ]

Lets y ou mo dify the host �eld of the argumen t path of pathname t yp e. The function returns the

new v alue of the �eld. The host argumen t m ust b e either of string t yp e or equal to () .

(set-path nam e- dev ic e path device ) [ function with two ar guments ]

Lets y ou mo dify the device �eld of the argumen t path of pathname t yp e. The function returns

the new v alue of the �eld. The device argumen t m ust b e either of string t yp e or equal to () .

(set-path nam e- dir ec tor y path dir ) [ function with two ar guments ]

Lets y ou mo dify the directory �eld of the argumen t path of pathname t yp e. The function returns

the new v alue of the �eld. The dir argumen t m ust b e a list whose elemen ts are c haracter strings

or one of the sym b ols #:pathname:up , #:pathname:current or #:pathname:wild .

(set-path nam e- nam e path name ) [ function with two ar guments ]

Lets y ou mo dify the name �eld of the argumen t path of pathname t yp e. The function returns the

new v alue of the �eld. The name argumen t m ust b e either of string t yp e, equal to () , or the

#:pathname:wild sym b ol.

(set-path nam e- typ e path type ) [ function with two ar guments ]

Lets y ou mo dify the type �eld of the argumen t path of pathname t yp e. The function returns the

new v alue of the �eld. The type argumen t m ust b e either of string t yp e or equal to () .

(set-path nam e- ver si on path version ) [ function with two ar guments ]
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Lets y ou mo dify the version �eld of the argumen t path of pathname t yp e. The function returns

the new v alue of the �eld.

*default- pat hn ame -d efa ult s* [ variable ]

This v ariable is initialized to the empt y pathname (all �elds equal to () ). It is used to indicate the

default v alues of v arious �leds during pathname creation and merging op erations.

(make-pat hna me element

1

: : : element

n

) [ function with a variable numb er of ar guments ]

This function tak es a v ariable n um b er of argumen ts, and builds a pathname. The argumen ts

m ust b e supplied in the follo wing order: host , device , directory , name , type and version . If

an argumen t is missing or has the v alue () , the v alue for the same �eld in the global v ariable

*default-pathname-defaults* is used.

The argumen ts are as follo ws:

� host is either a c haracter string or () .

� device is either a c haracter string or () .

� directory is either a list of c haracter strings or () .

� name is either a c haracter string or () .

� type is either a c haracter string or () .

� version is either an in teger or () .

On a U NIX system with #:system:print-for-read set to () :

? *default- pa thn ame -d efa ul ts*

= #p""

? (make-pat hn ame () () () "toto" "ll" ())

= #p"toto.l l"

? (setq *default-pa th nam e- def aul ts * #p"/udd/ lel isp /" )

= #p"/udd/l el isp /"

? (make-pat hn ame () () () "toto" "ll" ())

= #p"/udd/l el isp /to to .ll "

(file-nam est ri ng path ) [ function with one ar gument ]

This function returns the c haracter string corresp onding to the external sp eci�cation of the

�lename, t yp e, and v ersion part of its (pathname) argumen t for the host �le system.

On a U NIX system with #:system:print-for-read set to () :

? (file-nam es tri ng #p"/udd/le lis p/ tes t. ll. 3" )

= test.ll.3

(host-nam est ri ng path ) [ function with one ar gument ]
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This function returns the c haracter string represen ting the �le system's host mac hine, or if

this �eld is equal to () , the empt y c haracter string "" .

On a V AX/VMS mac hine:

? (host-nam es tri ng #p"asterix ::[ le lis p. lli b]s ta rtu p. ll" )

= asterix::

(device-n ame st rin g path ) [ function with one ar gument ]

This function returns the c haracter string represen ting the disk on whic h the �le system

resides, or if this �eld is equal to () , the empt y c haracter string "" .

On a V AX/VMS mac hine:

? (device-n am est rin g "lelisp$dis k: [le li sp. lli b] sta rt up. ll ")

= lelisp$di sk :

(director y-n am est ri ng path ) [ function with one ar gument ]

This function returns the c haracter string represen ting the directory tree stored in the

directory �eld of its argumen t, in the syn tax of the host op erating system.

On a U NIX system with #:system:print-for-read set to () :

? (director y- nam est ri ng #p"/udd/le lis p/ tot o.l l" )

= /udd/leli sp / ? ; Example on a VAX/VMS machine.

? (director y- nam est ri ng #p"lelisp$ dis k: [le lis p. lli b] sta rt up. ll; 1" )

= [lelisp.l li b]

(merge-pa thn am es path default-path ) [ function with two ar guments ]

This function merges t w o pathnames. It returns a pathname in whic h the �elds missing from

the �rst argumen t are �lled in with v alues from the corresp onding �elds from the second

argumen t.

On a U NIX system with #:system:print-for-read set to () :

? (merge-pa th nam es #p"test.ll " #p"/usr/ spo ol/ uu cp/ to to. ll .3" )

= #p"/usr/s po ol/ uuc p/ tes t. ll. 3"

(combine- pat hn ame s path1 path2 ) [ function with two ar guments ]

This function has t w o argumen ts: the pathnames path1 and path2 . It returns the pathname

that results from their comp osition. The comp osition of t w o pathnames is obtained in the

follo wing manner:

� Cho ose the host �eld of path2 . If it is empt y , then c ho ose the host �eld of path1 .

� Cho ose the device �eld of path2 . If it is empt y , then c ho ose the device �eld of path1 .

� If the directory �eld of path2 describ es a relativ e path, then concatenate the directory

�elds of the t w o pathnames. If the directory �eld of path2 is not relativ e, then tak e it



VIR TUAL FILE SYSTEM 6-71

as it stands. The resulting directory �eld migh t b e simpli�ed in b oth cases.

� The name , type and version �elds are tak en solely from path2 . Those of path1 are

disregarded.

? (combine- pa thn ame s #u"/home/" #u"foo.sh" )

= #p"/home/ fo o.s h"

? (combine- pa thn ame s #u"/usr/lel is p/l li b/" #u"../llo bj/ pr ett y.l o" )

= #p"/usr/l el isp /ll ob j/p re tty .lo "

? (combine- pa thn ame s #u"/usr/lel is p/l li b/p at h.l l" #u"../llmo d/p at h.l m" )

= #p"/usr/l el isp /ll mo d/p at h.l m"

? (combine- pa thn ame s #u"/usr/lel is p/l li b/p at h.l l"

? #u"/usr/le li sp/ ll obj /pa th .lo ")

= #p"/usr/l el isp /ll ob j/p at h.l o"

This function is di�eren t from merge-pathnames in that the latter is used to �ll in the missing

�elds of a pathname, whereas combine-pathnames is a comp osition of t w o things:

� Certain �elds indicate the place where the �le is lo cated: host , device and directory .

� Other �elds, tak en from the second pathname, indicate the nature of what the �le

con tains: name , type and version .

Note that, for an y t w o pathnames p1 and p2 whatso ev er, the ev aluation

? (probefil e (combine-pa th nam es p1 p2))

pro duces exactly the same result as

? (with ((current-d ir ect or y p1)) (probefil e p2))

(enough-n ame st rin g path default ) [ function with one or two ar guments ]

Builds the shortest p ossible c haracter string that di�eren tiates the pathname path from the

default v alue default , whic h is an optional parameter. If the second argumen t is not supplied,

v alues stored in *default-pathname-defaults* are used instead.

On a U NIX system with #:system:print-for-read set to () :

? (enough-n am est rin g #p"/udd/lel is p/t ot o.l l" #p"/udd/le li sp/ foo .b ar" )

= toto.ll

(true-pat hna me path ) [ function with one ar gument ]

Some op erating systems allo w users to de�ne sp ecial sym b ols whic h can app ear thereafter in

�lenames. Examples are U NIX en vironmen t v ariables or VMS or tops20 logical names. The

true-pathname function translates a giv en pathname (whic h ma y w ell con tain suc h a sym b ol)

in to its real (`hard') pathname. The translation sc heme that is used dep ends on the system.

On U NIX systems, shell v ariables can b e used in either the head or tail p ositions in a �lename:

that is, either as the �rst or last elemen ts in the �lename. L E -L ISP will searc h the shell
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en vironmen t for v ariables in these p ositions that b egin with the $ c haracter. Consequen tly ,

the U NIX dereferencing syn tax m ust b e resp ected.

On VMS systems, the pathname is examined to see whether an y of its �elds corresp ond

to logical names. If so, they are translated. This translation is not p erformed recursiv ely .

If an exact (ph ysical or `hard') �lename is required, it migh t b e necessary to apply the

true-pathname function to the result.

On a U NIX system with #:system:print-for-read set to () :

? (true-pat hn ame #p"$HOME/ .le lis p" )

= #p"/nfs/h om e/r odi ne /.l el isp " ? (true-pathn am e #p"/dev/$ TE RM" )

= #p"/dev/x te rm"

On a V AX/VMS system:

? (true-pat hn ame "sys$logi n:t est .l l")

= #p"amon$d ra 2:[ dan a] tes t. ll"

If this functionalit y is not o�ered b y a giv en op erating system, true-pathname returns its

argumen t unc hanged.

(user-hom edi r- pat hn ame ) [ function with no ar guments ]

This function returns the pathname corresp onding to the notion of Home-dir e ctory for

op erating systems that supp ort this. In other cases, it returns the name of a directory , whic h

m ust alw a ys b e v alid.

On a U NIX system with #:system:print-for-read set to () :

? (user-hom ed ir- pat hn ame )

= #p"/nfs/h om e/r odi ne "

On a V AX/VMS system:

? (user-hom ed ir- pat hn ame )

= #p"sys$lo gi n:"

(control- fil e- pat hn ame name path ) [ function with one or two ar guments ]

This function tak es a c haracter string as its �rst argumen t, and returns the asso ciated

pathname found in the user's home directory . The aim of this function is to pro vide a standard

means of creating initialization con trol �les for applications written in L E -L ISP . The default

name of this �le dep ends on the op erating system:

� Under U NIX , it is $HOME/.

<

name

>

.

� Under VMS , it is SYS$LOGIN:.

<

name

>

.

� Under OS/2 , it is $HOME

<

name

>

.ini .

If the path argumen t is supplied, it m ust b e the name of the initialization �le, of string or
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pathname t yp e, for the name pro duct.

On a U NIX system:

? (control- fi le- pat hn ame 'aida)

= #p"/udd/c ha tel et/ da na/ .a ida "

On a V AX/VMS system:

? (control- fi le- pat hn ame 'aida)

= #p"sys$lo gi n:. aid a"

On an OS/2 system:

? (control- fi le- pat hn ame 'aida)

= #p"\udd\c ha tel et\ da na\ ai da. ini "

An imp osed name on a U NIX system:

? (control- fi le- pat hn ame 'csh #p".cshrc ")

= #p"/udd/c ha tel et/ da na/ .c shr c" ? (control-f il e-p at hna me 'csh)

= #p"/udd/c ha tel et/ da na/ .c shr c"

(temporar y-f il e-p at hna me name ) [ function with one ar gument ]

This function pro vides a standard w a y to create a �le in a temp orary storage area pro vided

b y the op erating system, with the name giv en as argumen t. It returns a pathname.

On a U NIX system with #:system:print-for-read set to () :

? (temporar y- fil e-p at hna me "toto")

= #p"/tmp/t ot o"

On a V AX/VMS system:

? (temporar y- fil e-p at hna me "toto")

= #p"sys$sc ra tch :to to "

(current- dir ec tor y path ) [ function with an optional ar gument ]

If used without an argumen t, this function returns the user's curren t w orking directory . If

the path argumen t is supplied, it m ust b e either a pathname whose directory sp eci�cation|

obtained b y the call (directory-namestring path) |is v alid, or a c haracter string in the

�lename syn tax of the host system. The function c hanges the curren t w orking directory of

the L E -L ISP pro cess to the giv en argumen t.

(director yp path ) [ function with one ar gument ]

This function lets y ou �nd out whether or not the path pathname is a catalogue. directoryp

has the same relationship with catalogues as probefile with �les. The path argumen t can b e

of pathname or string t yp e. directoryp is a natural complemen t to current-directory .

directoryp returns either a pathname or () . The name �eld of the pathname is alw a ys empt y ,

so that the pathname is a p erfect description of a catalogue.
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6.12.4 P ortabilit y

When the path mo dule is loaded, the set of standard functions whic h w ork on �les designated

herein b y file is rede�ned (cf. section 6.9) to accept b oth c haracter strings and also pathnames.

The follo wing v ariable and function pro vide a w a y to test the absolute p ortabilit y of �lenames.

*portable -pa th nam e* [ variable ]

When this global v ariable is set to a v alue di�eren t than () , all functions using pathnames v erify

that their pathname argumen ts are p ortable o v er the en tire set of mac hines supp orting L E -L ISP

implemen tations, b y using the predicate describ ed next. This feature is particularly attractiv e to

dev elopp ers building p ortable applications in L E -L ISP .

(portable -pa th nam e- p path ) [ function with one ar gument ]

This function tak es a pathname as argumen t. It tests the v alidit y of this pathname for the v arious

op erating systems supp orting L E -L ISP implemen tations. It returns () if the giv en pathname is not

p ortable, and sends messages describing the p ossible incompatibilities found.

6.13 F eatures

L E -L ISP can manage the names of libraries loaded in to memory .

Here are the names of features in the standard library:

abbrev de�nition of abbreviations

callext connection mo dule for C

compiler standard or mo dular compiler

complex complex-n um b er arithmetic

complice mo dular compiler

date date manipulation library

debug debugging to ols

defstruct structure de�nitions

edlin default line editor

event-loop in terface of the ev en t lo op

format format library

gen library of generic op erators for bign ums

genr library of generic op erators

hash-table hash tables

libcir circular ob jects library

loader loader

messages m ulti-language messages

microceyx MicroCeyx ob ject-orien ted language

module mo dule managemen t functions

n natural in tegers of arbitrary precision
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pathname virtual �le system

pepe full-page editor

pretty S-expression prett y-prin ter

q rationals of arbitrary precision

ratio rational-n um b er arithmetic

setf generalized assignmen t

sets mathematical sets

stringio I/O on strings

termcap termcap -to- virtty translator

terminfo terminfo -to- virtty translator

virbitmap virtual bitmap

virtty virtual terminal

window virtual windo wing

z relativ e in tegers of arbitrary precision

(list-fea tur es ) [ function with no ar guments ]

Returns the list of features curren tly in memory .

(add-feat ure symb ) [ function with one ar gument ]

Adds the name symb to the list of loaded features.

(rem-feat ure symb ) [ function with one ar gument ]

Remo v es the name symb from the list of loaded features.

(featurep symb ) [ function with one ar gument ]

Returns symb if the feature symb is found in the list of loaded features.
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Chapter 7

System functions

The functions describ ed in this c hapter pro vide the means to create sub-systems written in L E -L ISP .

By means of programmable in terrupts, it is p ossible to de�ne new in teraction lo ops and new w a ys

to handle errors.

7.1 Programmable in terrupts

L E -L ISP handles its in ternal in terrupts b y calling a sp ecialized function for eac h of these in terrupts.

The names of these functions are not �xed, but are dynamically sough t when an in terrupt o ccurs.

This searc h follo ws the searc h path stored in the #:sys-package:itsoft v ariable. Th us the in ternal

in terrupts are programmable.

#:sys-pac kag e: its of t [ variable ]

This v ariable con tains the list of pac k ages in whic h functions asso ciated with in ternal programmable

in terrupts m ust b elong. By default its v alue is () , so initially only the global pac k age (named || )

is searc hed for these in terrupt functions. All the in ternal programmable in terrupts ha v e a function

de�ned in the global pac k age, whic h is therefore the in terrupt function called b y default.

The v alue of this v ariable can b e a list of sym b ols or a single sym b ol. In the former case, the

function asso ciated with the programmable in terrupt named foo is the �rst function named foo

found in one of the pac k ages named in the list. In the latter case, it is the function named foo

found in the pac k age ha ving the same name as the sym b ol, or in one of its paren t pac k ages.

The function searc h is p erformed in `horizon tal' order in the �rst case, and in `v ertical' order, b y

clim bing the pac k age hierarc h y , in the second case. It is mo delled b y the follo wing function:

(defun get-it-ha nd ler (itpath itname)

(cond ((symbol p itpath)

(getfn itpath itname))

((consp itpath)

(or (getfn1 (car itpath) itname)

(get-it-han dl er (cdr itpath) itname)))) )

L E -L ISP has t w elv e programmable in ternal in terrupts:

1
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bol beginning-of-line

eol end-of-line

flush end-of-buffer

eof end-of-file

toplevel interaction loop

gc-before-alarm beginning of gc

gcalarm end of gc

syserror internal error

stepeval entrance into eval

user-interrupt user interrupt

clock clock machine interrupt

but it is en tirely p ossible to de�ne y our o wn programmable in terrupts.

(itsoft symb larg ) [ function with two ar guments ]

Explicitly calls the programmable in terrupt named symb with larg as its argumen t list. The

de�nition of this function has the follo wing appro ximate form:

(defun itsoft (nom larg)

(apply (get-it-ha ndl er #:sys-pack ag e:i ts oft nom) larg))

but it creates a sp ecial scop e blo c k and resets the ev aluator's trace 
ag to () .

(super-it sof t package symb larg ) [ function with thr e e ar guments ]

Explicitly in v ok es the programmable in terrupt named symb with larg as its argumen t list.

It assumes that there is a function #:package:symb to b e in v ok ed b y the itsoft function.

The function in v ok ed b y super-itsoft is the function whic h w ould b e in v ok ed b y itsoft if

#:package:symb did not exist.

super-itsoft is particularly useful for putting pre- or p ost-pro cessors on programmable

in terrupts. F or example, to k eep a coun t in a v ariable of the n um b er of lines prin ted on to the

screen:

(defvar #:count:nl ine s 0)

(defun #:count:e ol ()

(incr #:count: nli nes )

(super-it sof t 'count 'eol ()))

(setq #:sys-pack ag e:i tso ft (cons 'count #:sys-pack ag e:i ts oft ))

The follo wing example implemen ts a utilit y similar to more on U NIX .

(defvar #:sys-pack age :co lo n 'minimore )

(defvar :count (tyymax))

(defvar :string "--more--" )
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(defun more ()

(setq #:sys-pa cka ge: it sof t

(cons 'minimore #:sys-packa ge :it so ft) ))

(defun morend ()

(setq #:sys-pa cka ge: it sof t

(delq 'minimore #:sys-packa ge :it so ft) ))

(defun :bol ()

(setq :count (tyymax))

(super-it sof t '#.#:sys-pa ck age :co lo n 'bol ()))

(defun :eol ()

(when (= :count 0)

(tystrin g :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)))

(fillstrin g (outbuf) 0 #\\sp (outpos))

(outpos 0)

(exit #:system: top le vel -ta g) )

(t (setq :count 1)))

(for (i (sub1 (slength :string)) -1 0)

(tyback (chrnth i :string))) )

(decr :count)

(super-it sof t '#.#:sys-pa ck age :co lo n 'eol ()))

7.2 Mac hine in terrupts

L E -L ISP handles three mac hine in terrupts, the user in terrupt, the clo c k in terrupt, and the ev en t

in terrupt.

The managemen t of these in terrupts can b e activ ated (authorized) or inhibited (mask ed). During

the execution of the function asso ciated with these programmable mac hine in terrupts, they are

mask ed. It is up to the user to authorize (reset) them if that b ecomes necessary .

(without- int er rup ts e

1

: : : e

n

) [ sp e cial form ]

This function masks mac hine in terrupts while it ev aluates the expressions e

1

: : : e

n

, in the same

w a y as progn . The v alue of e

n

is returned.

7.2.1 User in terrupt

It is p ossible at an y momen t to cause a user interrupt b y sending a sp ecial c haracter from the

k eyb oard. The sp eci�c c haracter dep ends on the system, but it is alw a ys a v ailable.
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user-inte rru pt [ pr o gr ammable interrupt ]

This is the name of the programmable mac hine in terrupt triggered b y the user's k eyb oard action.

(user-int err up t) [ function with no ar guments ]

This is the default function executed b y the user-interrupt programmable in terrupt.

In L E -L ISP , user-interrupt could b e de�ned in the follo wing manner:

(defun user-interrupt ()

(with-interrupts

(itsoft 'syserror '(break break ()))))

7.2.2 Real-tim e clo c k

(clockala rm n ) [ function with one ar gument ]

n is a 
oating-p oin t n um b er indicating the n um b er of seconds the system should w ait b efore emitting

a single clock programmable mac hine in terrupt. If n equals 0.0, the real-time clo c k is deactiv ated

and all previous in terrupt requests are lost. Note that v ery small v alues ( < 0.001 seconds) should

not b e used, for the time it tak es to pro cess the clock programmable in terrupt itself is considerable

(esp ecially if a con text switc h is thereb y generated, see the suspend function).

clock [ pr o gr ammable interrupt ]

This is the name of the programmable mac hine in terrupt triggerred b y the real-time clo c k.

(clock) [ function with no ar guments ]

This is also the name of the default function executed b y the clock programmable in terrupt.

In L E -L ISP , clock could b e de�ned in the follo wing manner:

(defun clock ())
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7.3 Multiple tasks

L E -L ISP has an in tegrated m ulti-task system. It has only three basic functions.

(schedule fnt e

1

: : : e

n

) [ sp e cial form ]

(suspend) [ function with no ar guments ]

(resume env ) [ function with one ar gument ]

The schedule function lets y ou de�ne a sche duling function . The suspend function pro vides a w a y

of stopping a task from running, and resume lets y ou start it running again.

In schedule , fnt is a one-argumen t function. This function ev aluates ( �a la progn ) the expressions

e

1

: : : e

n

. In general the v alue returned b y schedule is e

n

, but if in the course of the ev aluations an

explicit or implicit (b y w a y of the programmable in terrupts) call to the suspend function o ccurs,

the curren t calculation is stopp ed, the dynamic execution en vironmen t is sa v ed, and the function

fnt asso ciated with the most recen tly encoun tered schedule function is called with the sa v ed

en vironmen t as its argumen t. Finally , resume is a function whic h tak es an en vironmen t built b y

the suspend function as its argumen t, whic h resumes an in terrupted calculation where it left o�.

7.3.1 Basic sequencers

Using the three functions just describ ed, it is p ossible to de�ne the follo wing basic sequencers. Time

sharing is done using the real-time clo c k. These function are found in the �le named schedule in

the standard library .

(parallel e

1

: : : e

n

) [ sp e cial form ]

Launc hes the ev aluations of the expressions e

1

: : : e

n

in parallel. It alw a ys returns () .

(parallel val ue s e

1

: : : e

n

) [ sp e cial form ]

Launc hes the ev aluations of the expressions e

1

: : : e

n

in parallel, and returns the list of the results.

(tryinpar all el e

1

: : : e

n

) [ sp e cial form ]

Launc hes the ev aluations of the expressions e

1

: : : e

n

in parallel. When one of these ev aluations

terminates, tryinparallel returns its v alue and stops the rest of the ev aluations.

Example: using the real-time clo c k to do time-sharing among tasks.

(defvar #:system:c loc k-t ic k 0.05)

(defun clock ()

; it's the clock that causes the suspension of the tasks.
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(when (debug) (princn #/.))

(suspend) )

(defun clockstar t ()

; start the clock

(clockal arm #:system: clo ck -ti ck) )

(defun clockstop ()

; stop the clock

(clockal arm 0.))

(df parallel :ll

(without- int er rup ts

(let ((:l (append :ll ())))

(while :l

(schedule (lambda (:v)

(newr :l (list 'resume (kwote :v))))

(let ((:e (nextl :l)))

(clockstart )

(with-inter ru pts (eval :e))

(clockstop) )) ))) )

(df parallelv alu es :ll

(without- int er rup ts

(let ((:ltask ())

(:l :ll)

(:r (makelist (length :ll) ()))

(:i -1))

(while (or :l :ltask)

(schedule (lambda (:v) (newr :ltask :v))

(clocksta rt )

(ifn :l

(resume (nextl :ltask))

(let ((:e (nextl :l)))

(incr :i)

(rplaca (nthcdr :i :r)

(with-int err up ts (eval :e)))))

(clocksto p) ))

:r)))

(df tryinpara lle l :ll

(without- int er rup ts

(let ((:ltask ())

(:l :ll))

(tag :return-v alu e

(while (or :l :ltask)

(schedule (lambda (:v) (newr :ltask :v))

(clocksta rt )

(let ((:e (nextl :l)))

(if :e

(exit :return-v alu e

(prog1

(with-int err up ts

(eval :e))

(clockstop ))) )

(resume (nextl :ltask)))) ))) ))
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Here are examples of things that use the parallel sequencers.

? (defun fib (n)

? (cond ((= n 1) 1)

? ((= n 2) 1)

? (t (apply '+ (parallel val ue s (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

? (tryinpar all el (neg n) (pos n))))

= sign

7.4 Errors pro v ok ed b y the Le-Lisp system

syserror [ pr o gr ammable interrupt ]

When an error is raised during an ev aluation, the programmable in terrupt named syserror is

triggered. It in v ok es a function (whose name is computed according to the explanation giv en in

x 7.1) that tak es three argumen ts:

� the name of the function that raised the error;

� the error name;

� the fault y argumen t.

The standard b eha vior is that a message describing the error condition is prin ted on the

curren t output stream.

This message alw a ys con tains the name of the function whic h raised the error, an explanatory

message and the fault y argumen t.

L E -L ISP also pro vides a w a y to explicitly raise an error with the error function, and to test

whether an ev aluation w ould raise an error with the catcherror and errset functions.
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7.4.1 Standard error pro cessing

(syserror symb s1 s2 ) [ function with thr e e ar guments ]

This is the default function in v ok ed b y the syserror programmable in terrupt. symb is the name of

the function that raised the error. s1 is the error name. s2 is the fault y argumen t or argumen t list.

syserror will prin t a complete error message on to the curren t output stream using the printerror

function, then un binds all v ariables and returns to the Lisp top-lev el. In debug mo de, it is also

p ossible to en ter an insp ection lo op b efore returning to the top-lev el in order to examine the state

of v arious lo cal v ariables or to run certain ev aluations (see Chapter 11).

(printerr or symb s1 s2 ) [ function with thr e e ar guments ]

Prin ts a complete error message of the follo wing form:

** <symb> : <s1> : <s2>

symb is the name of the function that raised the error, s1 is the error name, and s2 is generally

the fault y argumen t. There are ab out thirt y prede�ned error t yp es a v ailable in the system.

7.4.2 Explicit call and error test

(error s1 s2 s3 ) [ function with thr e e ar guments ]

Lets y ou call an error explicitly . s1 is the name of the function that causes the error, s2 is the error

t yp e, and s3 is the fault y argumen t.

In L E -L ISP , error could b e de�ned in the follo wing manner:

(dmd error l

`(itsoft 'syserror ,l))

(catcherr or i s

1

: : : s

n

) [ sp e cial form ]

i is a 
ag that is ev aluated and then set in the system v ariable #:system:error-flag . The

expressions s

1

: : : s

n

are ev aluated sequen tially . If an error is raised during one of these ev aluations,

catcherror immediately returns () and, dep ending up on the state of the #:system:error-flag

v ariable, prin ts an error message using the printerror function. If the ev aluation of the expressions

raises no error, catcherror returns a one-elemen t list whic h con tains the v alue of the last expression

ev aluated, that is, of s

n

to distinguish this v alue from () whic h is returned up on error.

catcherror nev er catc hs the errudt unde�ned escap e error. It has to b e caugh t b y using the

sp ecial form lock .

(errset e i ) [ macr o ]
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This is a predecessor of the previous function, and is included in L E -L ISP for historical and

compatibilit y reasons only .

In L E -L ISP , errset could b e de�ned in the follo wing manner:

(dmd errset (e i) `(catcherror ,i ,e))

(err s

1

: : : s

n

) [ sp e cial form ]

Ev aluates the expressions s

1

: : : s

n

. The v alue of s

n

is the v alue returned b y the dynamically-

englobing catcherror , or b y toplevel if no catcherror w as dynamically de�ned.

Warning : This v alue m ust b e an atom if y ou w an t to place the catcherror in an error

con text: that is, when err returns a sim ulated error. The v alue m ust b e a list if err returns

a v alue without error. In the latter case, the result|whic h is also that of catcherror |will

b e in terpreted as a list whose �rst elemen t is the exp ected result.

7.4.3 Examples of exception handling

Let us lo ok at some examples of error exception handling.

Normal b eha vior of the errduv error (unde�ned v ariable):

? (gensym)

= g101 ? (eval (gensym))

** eval : undefined variable : g102

Rede�nition of the errduv error|the unde�ned v ariable is set to () :

? (defun #:pierre:s ys err or (f m a)

? (if (eq m 'errudv)

? (set a ())

? (syserror f m a)))

= #:pierre: sy ser ror

? (setq #:sys-packa ge :it so ft 'pierre)

= pierre

? (setq x (gensym))

= g103 ? (eval x)

= () ? x

= g103 ? (eval 'g103)

= ()

Rede�nition of the same error|the unde�ned v ariables will b e c hanged in to constan ts:

? (defun #:christia n: sys er ror (f m a)

? (if (eq m 'errudv)

? (set a a)

? (syserror f m a)))

= #:christi an :sy ser ro r
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? (setq #:sys-packa ge :it so ft 'christian )

= christian

? (setq x (gensym))

= g104 ? (eval x)

= g104 ? (eval 'g104)

= g104

Return to the normal error handling:

? (setq #:sys-packa ge :it so ft ())

= ()

? (eval (gensym))

** eval : undefined variable : g105

Rede�nition of the errudf error:

? (defun danger (f l)

? (f l))

= danger ? (danger 'car '(a b c))

** eval : undefined function : f

? (defun #:odd:syse rr or (#: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:sys er ror ? (defvar #:sys-pac kag e: its of t 'odd)

= odd ? (danger 'car '(a b c))

? a ; if there is no function f in the system

7.5 Access to the ev aluator

L E -L ISP has three in ternal ev aluator con trol functions. The are used to implemen t the in terpreter and

some debugging to ols ( tr ac e, incr emental exe cution and dynamic c ontr ol ) whic h will b e describ ed

in Chapter 11.

The ev aluator has an in ternal 
ag whic h for reasons of e�ciency is not a L ISP v ariable. When this


ag whic h is set, ev ery call to the ev aluator, that is to the eval function, causes the stepeval

programmable in terrupt.

stepeval [ pr o gr ammable interrupt ]

This programmable in terrupt will call a function with the v alue to b e ev aluated as its argumen t.
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(stepeval e env ) [ function with two ar guments ]

This is the default function called b y the stepeval programmable in terrupt. e is the form to b e

ev aluated and env is the lexical en vironmen t in whic h ev aluation is to b e done.

By default, stepeval prin ts on to the curren t output stream:

--> the form that was to have been evaluated

<-- the result of the evaluation of this form

In L E -L ISP , stepeval could b e de�ned in the follo wing manner:

(defun stepeval (e env)

(print "-->" e)

(print "<--" (traceval e env)))

(traceval e env ) [ function with one or two ar guments ]

Ev aluates the expression e in trace mo de, that is with the in ternal trace 
ag set. If env is supplied,

it is used as the lexical en vironmen t for the ev aluation. ( env is pro duced b y the stepval function.)

traceval returns the v alue of e ev aluated in trace mo de.

(cstack) [ function with no ar guments ]

Eac h time it en ters a function, an escap e, a lo c k, the ev aluator builds an activ ation blo c k on the

dynamic execution stac k. cstack returns the activ ation blo c ks on the Lisp stac k, represen ted as

a list of lists, the elemen ts of whic h ha v e the co ded t yp e of the blo c k in their car and the blo c k

argumen ts in their cdr . Here is the list of blo c k t yp es curren tly built b y the system.

1 lambda

2 flet

3 tag

4 itsoft

5 lock

6 protect

7 sysprot

8 schedule

9 tagbody

10 block

7.6 Core-image �les

It is p ossible to sa v e the en tire system in a core-image �le at an y time and restore it at a later

time. This feature is particularly useful for sa ving compiled sub-systems and calling them up v ery

rapidly .
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Warning : When a core-image �le is restored, execution starts up exactly where it w as in terrupted,

although the i/o c hannels and other host op erating system parameters, lik e timers, cannot b e

restored.

#:system: cor e- dir ec tor y [ variable ]

This v ariable con tains the name of the directory that holds the standard system core-image �les.

#:system: cor e- ext en sio n [ variable ]

This v ariable con tains the default extension of core-image �lenames.

(save-cor e file ) [ function with one ar gument ]

Sa v es the curren t memory image in the core-image �le named file and returns the v alue t . This

function is a basic primitiv e, and it is suggested that save-std b e used to create standard core-

image �les. Y ou can sa v e a screen b y com bining save-core and bitmap-save .

(restore- cor e file ) [ function with one ar gument ]

Restores an core-image in to memory from the core-image �le named file .

restore-core returns the v alue () , in order to b e able to distinguish it from returns from

savecore , but con tin ues ev aluation at the same place at whic h it w as stopp ed b y the

corresp onding save-core .

See bitmap-restore in c hapter 18.

Here are some examples of ho w to use the preceding functions:

? (save-cor e 'image)

= t ? (restore- cor e 'image)

= ()

? (progn (print 1)

? (save-core 'qwer)

? (print 2))

1

2

= 2 ? (restore- cor e 'qwer)

2

= 2

Here is a go o d w a y to sa v e a core-image so that y ou get a sub-system.

? (progn

? (save-core 'bar)

? (core-init -st d "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
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= (31bitflo at s abbrev callext compiler date debug defstruct display edlin

loader messages microceyx pathname pepe pretty setf virbitmap virtty)

T o restart it, t yp e this expression.

? (restore- co re '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

= (31bitflo at s abbrev callext compiler date debug defstruct display edlin

loader messages microceyx pathname pepe pretty setf virbitmap virtty)

Here is another example, resulting in the temp orary susp ension of the in terpreter.

? (defun foo (n)

? (if (> n 0)

? (prog1 (* n (foo (1- n)))

? (print n))

? (save-core 'foo)

? (print 'at-botto m)

? 1))

= foo

? (foo 4)

at-bottom

1

2

3

4

= 24

Here is something to a v oid, in order not to send the system lo oping forev er.

? (progn

? (print "I start")

? (save-core 'qaz)

? (print "I continue")

? (restore-c ore 'qaz)

? (print "I finish"))

I start

I continue

I continue

I continue

.....

7.7 Installation functions

The functions describ ed in this section facilitate the loading and compiling of the standard or the

mo dular L E -L ISP system en vironmen ts. They are used only in the construction of core-images �les,

that is, when the system is b eing installed at a new site.
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These functions are de�ned in the startup �le in the standard library , whic h is loaded automatically

at system startup if no core-image �le is b eing restored.

(load-std im min ed env ld cmp ) [ function with one to six ar guments ]

load-std loads all or part of the in terpreter's standard en vironmen t, and optionally builds a core-

image �le. This function accepts from one to six argumen ts, whic h are 
ags. Argumen ts that are

not supplied are set to () .

If the im 
ag is not () , it is passed to the function save-std after the en vironmen t is loaded, so

that a core-image �le named im is created.

The min 
ag indicates that the minim um required system en vironmen t is to b e loaded, including

only toplev el, virtual terminal and virtual bitmap functions.

The ed 
ag indicates that the full-page pepe editor is to b e loaded.

The env 
ag indicates that the L E -L ISP dev elopmen t en vironmen t, includin g structures, sorting,

tables, external pro cedures, stepping, formatted prin ting, generic arithmetic and debugging

insp ection lo op, is to b e loaded.

The ld 
ag indicates that the loader, whic h pro vides a w a y to dynamically load compiled lisp

mo dules and lap programs, is to b e loaded.

The cmp 
ag indicates that the standard L E -L ISP compiler is to b e loaded. Loading the compiler

causes the c ompile d-c o de lo ader to b e loaded if it is not already presen t in the L ISP en vironmen t.

Here is ho w to load the whole en vironmen t, without creating a core-image �le.

? (load-std () t t t t t)

(llcp-std name ) [ function with one ar gument ]

Compiles the in terpreter en vironmen t that w as stored b y the load-std function. If the

argumen t name is not equal to () , it is passed to the save-std function after compilation so

that a core-image �le of the compiled system will b e built.

It is absolutely necessary to use this function in order to compile the Lisp en vironmen t, since

this compilation p oses some di�cult problems (most notably the compilation of the loader)

whic h the compile-all-in-core function cannot resolv e.

Here is ho w to load the en vironmen t, compile it, and sa v e 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 ar guments ]

This function is similar to the load-std function, except that it uses mo dules that w ere

pre-compiled b y Complice. It loads all or part of the en vironmen t and optionally builds a

core-image �le. This function also accepts from one to six 
ag argumen ts; argumen ts not
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explicitly pro vided are set to () .

(load-cpl im min ed env ld cmp ) [ function with one to six ar guments ]

This function is similar to the load-std function, except that it loads compiled mo dules

instead of in terpreted ones. Moreo v er the cmp 
ag indicates in this case that the Complice

compiler, and not the standard compiler, should b e loaded.

Since the en vironmen t loaded b y this function has already b een compiled, the llcp-std

function need not b e used after a call to load-cpl .

Here is ho w to load the compiled dev elopmen t en vironmen t and sa v e it in the core-image �le

called mylisp .

? (load-cpl "mylisp" t () t)

(core-ini t-s td msg ) [ function with one ar gument ]

P erforms the standard initializations after a core-image �le has b een restored. The virtual

terminal and the virtual bitmap are loaded (quali�ed b y the t w o v ariables describ ed b elo w),

the banner is prin ted (b y the herald function), and a start-up �le, whose name is system-

dep enden t, is optionally loaded. The system then prin ts the w elcome message msg as w ell

as the date the core-image �le w as built. core-init-std returns features-list , the list of

features loaded in to memory .

In L E -L ISP , core-init-std could b e de�ned in the follo wing manner:

(defun core-init-std (msg)

(when #:system:initty-after-rest ore-fla g

(initty))

(when #:system:inibitmap-after-r estore- 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: ini tt y-a ft er- res to re- fla g [ variable ]

If this 
ag is true, the core-init-std function will initialize the terminal after eac h restore-core

using the initty function. Its default v alue is t .

#:system: ini bi tma p- aft er- re sto re- fl ag [ variable ]
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If this 
ag is true, the core-init-std function will initialize the virtual bitmap after eac h

restore-core using the initbitmap function. Its default v alue is t .

(save-std name msg fnt-sav fnt-rest ) [ function of two, thr e e or four ar guments ]

name is a c haracter string or a L ISP sym b ol. This function constructs a core-image �le called name

with 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 b y save-std , a function is launc hed 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 is

automatically run. If this function is not supplied, save-std uses the same function as for sa ving:

fnt-save , if supplied, or else the core-init-std function. Finally the main in teraction lo op, the

programmable in terrupt called toplevel , is launc hed.

One of t w o functions is run immediately after a core-image �le has b een created b y the save-std

function. If the fn-std} function is pro vided, then it will b e run; otherwise the same function that

is in core-image �le restoration, fnt-rest , is run.

The save-std function is used b y the load-std , load-cpl and llcp-std functions when their im

parameter is not equal to () .

V arious errors can b e pro duced during the restoration of a core-image �le created b y the save-std

function. They often o ccur during initializati on of the virtual terminal or the virtual bitmap. See

the do cumen tation concerning the initty and inibitmap functions.

Here is t ypical use of the save-std function:

? (save-std 'applicat ion ``Welcome to the Applicatio n''

? 'end 'core-init- st d)

Wait, I am saving : Welcome to the Applicatio n

This results in a core-image �le named application b eing sa v ed whic h will execute the

core-init-std function when it is restored. After the creation of the core-image �le, the

application will exit from the L E -L ISP system.

7.8 Calling and lea ving the system

(herald) [ function with no ar guments ]

Prin ts the system banner on the en try terminal. Before rep orting an y errors found in y our system,

please run this function to iden tify it exactly .

(system) [ function with no ar guments ]

Returns the name of the L E -L ISP system that runs it. This name dep ends on the system y ou are

using.



CALLING AND LEA VING THE SYSTEM 7-17

#:system: uni xp [ variable ]

This v ariable has the v alue t if the host op erating system is U NIX and () otherwise.

(version) [ function with no ar guments ]

Returns the v ersion n um b er of the L E -L ISP system in the form of a n um b er. T o da y , this n um b er

w ould b e 15.25 .

(version ) = ) 15.25

(floatp (version)) = ) 15.25

(> (version) 15) = ) 15.25

(subversi on) [ function with no ar guments ]

Returns the sub-v ersion n um b er of the L E -L ISP system in the form of a n um b er. T o da y , this n um b er

w ould b e sub-v ersion 1 within v ersion 15.25 .

(subvers ion ) = ) 1

(numberp (subversio n) ) = ) 1

at-end [ pr o gr ammable interrupt ]

A t the call of the end function, the programmable in terrupt at-end is activ ated. It is going to in v ok e

a function (whose name is explained in Section 7.1) that uses (as an argumen t) that argumen t that

w as passed to the end function.

(at-end return-code ) [ function with an optional ar gument ]

This is the default function that is automatically started b y the programmable in terrupt at-end .

By default, this function do esn't do an ything.

Note: The use of this function will virtually alw a ys require y ou to quit the application at the time

of the call to the end function.

(end return-code ) [ function with an optional ar gument ]

Starts the programmable in terrupt at-end , stops the ev aluation curren tly underw a y , closes all op en

�les, lea v es the L E -L ISP system for go o d, and returns con trol to the host op erating system. end is

the only prede�ned function that do es not return a v alue.

If no argumen t is supplied, L E -L ISP automatically prin ts the exit banner. If an argumen t is furnished,

the banner is not prin ted. This argumen t can b e used b y the host op erating system to determine

whether or not the system exited normally or not. If the v alue is other than () , an error has

o ccurred.

A normal return to the host system, with banner:

? (end)

Que Le-Lisp soit avec vous.
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A normal return to the host system, without banner:

? (end ())

An abnormal return to the host system:

? (end 1)

7.9 T op lev el

The principal lo op, or top-level , of the L E -L ISP system consists of the in�nite ev aluation of the

form:

(while t (itsoft 'toplevel ()))

It is th us the programmable in terrupt toplevel whic h determines the op erating mo de of the L E -

L ISP system. This in terrupt is quite ob viously rede�nable b y an y user who w an ts to build their o wn

system.

toplevel [ pr o gr ammable interrupt ]

This is the name of the programmable in terrupt run b y the L E -L ISP top lev el.

(toplevel ) [ function with no ar guments ]

This function will, in the standard en vironmen t:

� read an S-expression from the curren t input stream;

� ev aluate this S-expression;

� prin t the result of this ev aluation on to the curren t output stream.

#:topleve l:s ta tus [ variable ]

This v ariable holds the top lev el 
ag. If this 
ag is false, the toplevel function do es not prin t the

results of ev aluations, and in an y other case, it prin ts the v alues returned b y eac h ev aluation.

#:topleve l:r ea d [ variable ]

This v ariable con tains the last form read b y the top lev el.

#:topleve l:e va l [ variable ]

This v ariable con tains the last v alue computed b y the top lev el.
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(#:system :to pl eve l- tag ) [ esc ap e ]

This is the name of the escap e that is used to return directly to the top lev el.

A t system initialization the toplevel function is equiv alen t 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 ev aluate the forms read renders the

en tire L E -L ISP system totally un usable.

Example of the kind of de�nition to a v oid:

(defun toplevel () (read) (print 'swamp))

7.10 Garbage collector

Memory zones that con tain L ISP ob jects are allo cated dynamically . When one of the zones is

saturated, the garb age c ol le ctor is automatically called to reco v er un used ob jects.

If this e�ort at reco v ery comes to naugh t, a fatal error is raised. The names of this kind of fatal

error all b egin with errf and ha v e the form errf xxx.

errfcns : the list zone is full. The screen displa y is:

***** fatal error : no room for lists.

errfvec : the v ector zone is full. The screen displa y is:

***** fatal error : no room for vectors.

errfstr : the c haracter string zone is full. The screen displa y is:

***** fatal error : no room for strings.

errfsym : the sym b ol zone is full. The screen displa y is:
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***** fatal error : no room for symbols.

errfflt : the 
oating-p oin t zone is full. The screen displa y is:

***** fatal error : no room for floats.

errffix : the in teger (�xed-p oin t) zone is full. The screen displa y is:

***** fatal error : no room for fixs.

L E -L ISP also manages t w o other memory spaces, whic h do not con tain L ISP ob jects:

� The c o de sp ac e , whic h con tains co de generated b y the compiler. This space is managed b y

the loaders. If space runs out in it, the errfcod fatal error o ccurs, with the screen displa y:

***** fatal error : no room for code.

� The he ap sp ac e , whic h con tains v alues of c haracter strings, v alues of S-expression v ectors,

etc. The heap space is dynamically managed and is compacted when space runs out. If one

of these garbage collections fails to render space a v ailable, the errfhep fatal error is raised,

with the screen displa y:

***** fatal error : no room for heap.

L E -L ISP uses a single dynamic execution stac k for b oth con trol and data. Co de resulting in stac k

o v er
o w or under
o w raises the errfstk fatal error, whic h has the screen displa y:

***** fatal error : stack overflow.

This error is not fatal. A stac k tolerance sc heme lets the execution stac k b e insp ected and

manipulated with the standard debugging to ols ev en after a \full stac k" error has b een raised.

(gc i ) [ function with an optional ar gument ]

gc calls the garb age-c ol le ctor explicitly . If no argumen t is pro vided, gc returns t . If an argumen t

is giv en, gc returns a list just lik e that whic h the gcinfo function returns (see the explanation

immediately follo wing this one.)

(gcinfo i ) [ function with an optional ar gument ]

If called with no argumen t, gcinfo returns a list con taining information on the last memory reco v ery

done. If an argumen t is supplied, gcinfo returns a list describing the initial memory state of the

system at start-up, b efore an y allo cation w as done.

The list, in either case, is in the follo wing form:
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(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 n um b er of gc s done (since the session b egan) due to a shortage of list cells.

� n1 is the total n um b er of gc s done (since the session b egan) due to a shortage of sym b ols.

� n3 is the total n um b er of gc s done (since the session b egan) due to a shortage of c haracter

strings.

� n4 is the total n um b er of gc s done (since the session b egan) due to a shortage of v ectors.

� n5 is the total n um b er of gc s done (since the session b egan) due to a shortage of 
oating-

p oin t store.

� n6 is the total n um b er of gc s done (since the session b egan) due to a shortage of in teger

store.

� n7 is the total n um b er of gc s done due to a shortage of heap store.

� n8 is the total n um b er of gc s done due to explicit calls to the gc function.

The other v alues indicate the remaining size of eac h memory zone. These v alues are expressed

in the numb er of obje cts if this is su�cien tly small, or else in a list of whic h the car is in k

objets and the cdr in number of objects remaining.

In this case the n um b er is in a list.

� ncons is the n um b er of list cells remaining in the list zone.

� nsymb is the n um b er of sym b ols remaining in the sym b ol zone.

� nstrg is the n um b er of strings remaining in the string zone.

� nvect is the n um b er of v ectors remaining in the v ector zone.

� nfloat is the n um b er of 
oats remaining in the 
oating-p oin t zone.

� nfix is the n um b er of �xed-p oin t n um b ers remaining in the �xed-p oin t n um b er zone, if

this latter exists.

� nheap is the size of the remaining heap store in the heap zone.

� ncode is the size of the remaining co de store in the co de zone.
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gcalarm [ pr o gr ammable interrupt ]

This is a programmable in terrupt that is automatically run b y the system after eac h garbage

collection. It pro vides a w a y to dynamically con trol memory reco v ery .

(gcalarm) [ function with no ar guments ]

The gcalarm function is called b y the gcalarm programmable in terrupt. The standard gcalarm

function supplied b y default do es nothing.

The follo wing rede�nition of gcalarm pro v ok es a `soft' error when to o man y list cells|that is, more

than remained free in the list zone|are consumed b y 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 -al ar m [ pr o gr ammable interrupt ]

This is a programmable in terrupt that is automatically run b y the system b efore eac h memory

reco v ery .

Warning : During its op eration, this programmable in terrupt must not allo cate memory , or

it will thro w the gc in to an in�nite lo op. This in terrupt only indicates to user programs that

a gc cycle has b egun. It could b e used, for instance, to c hange the app earance or p osition of

the cursor, to accoun t for gc elapsed time, etc.

(gc-befor e-a la rm) [ function with no ar guments ]

This function is called b y the gc-before-alarm programmable in terrupt. The standard

gcalarm function supplied b y default do es nothing.

The follo wing rede�nition of the gc -related programmable in terrupts prin ts the time used b y

eac h gc cycle on the console.

(defvar gc-runtime ())

(defun gc-before -a lar m ()

(setq gc-runti me (runtime)) )

(defun gcalarm ()

(let ((rt (- (runtime) gc-runtime )) )

(with ((outchan ()))

(print "gc runtime: " gc-runtime " sec."))))

(freecons cons ) [ function with one ar gument ]

Enables y ou to put the cons on to the cons freelist. This function yields p erformance gains in memory

managemen t. In certain w ell-understo o d cases, obsolete ob jects can b e incremen tally freed b y using
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freecons as so on as they are no longer needed. freecons is not in terruptible and alw a ys returns

() .

Warning : This function can p ermanen tly and de�nitiv ely confuse the memory managemen t

if it is called on a cons to whic h activ e p oin ters still exist.

freecons cannot b e easily describ ed in L ISP .

(defun number-of -c ons ()

; 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 ar gument ]

Enables y ou to put the tree tree on to the cons freelist. tree cannot b e a circular or shared list.

Calling freetree on suc h an ob ject runs the risk of destro ying the whole system. Lik e the preceding

function, freetree facilitates, in certain w ell-understo o d cases, memory managemen t gains via

incremen tal lib eration of obsolete ob jects. freetree is not in terruptible and alw a ys returns () .

Warning : This function can p ermanen tly and de�nitiv ely confuse the memory managemen t

if it is called on a cons to whic h activ e p oin ters still exist.

In L E -L ISP , freetree could b e de�ned in the follo wing manner:

(defun freetree (s)

(when (consp s)

(freecons s)

(freetree (car s))

(freetree (cdr s))))

7.11 Date pro cessing

7.12 Other access to the system

L E -L ISP o�ers access to other system c haracteristics. Considering the signi�can t di�erences among

systems, it w ould b e wise, b efore using the follo wing functions, to �rst test their e�ects in simple

cases.

(runtime) [ function with no ar guments ]

Returns the cpu time used since this L E -L ISP session b egan. This time is giv en in either in teger or


oating-p oin t seconds, dep ending up on the system b eing used.

(time e ) [ function with one ar gument ]
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Returns the time used b y the cpu to ev aluate the expression e . As in the last function, the time is

giv en in either in teger or 
oating-p oin t seconds, dep ending up on the system b eing used.

In L E -L ISP , time could b e de�ned in the follo wing manner:

(defun time (e)

(let ((runt (runtime)))

(eval e)

(- (runtime) runt)))

(time '(fib 20)) = ) 0.42

(sleep n ) [ function with one ar gument ]

Requests the host system to put L E -L ISP in to an inactiv e state for n seconds. This n um b er n is

giv en in in teger or 
oating-p oin t units, dep ending on the system b eing used.

(comline strg ) [ function with one ar gument ]

Sends the command line strg to the host op erating system. This function is not a v ailable on ev ery

implemen tation of L E -L ISP .

A macro c haracter at the top lev el|the exclamation p oint |mak es it simple to p erform a comline :

? (comline "pwd")

/nfs/hom e2/ ro din e/i te x

= t ? (comline 'nil)

sh: nil: not found

= t ? !ls -ls ; a listing of the curr ent dir e ctory is printe d....

= t

(getenv strg ) [ function with one ar gument ]

Sends the string strg , whic h is presumed to b e the name of a system v ariable, to the host

op erating system. getenv returns a n um b er or system atom whic h is either a non-n ull v alue

asso ciated with strg or else () if this v ariable name has no v alue in the host op erating system

con text. This function is not a v ailable on all L E -L ISP systems.

(getenv "TERM") = ) xterm

(getenv "DISPLAY") = ) unix:0.0

(getenv "MYPORT") = ) ()
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Chapter 8

S-expression prett y-prin ter

The prede�ned functions print and prin are normally used to prin t L E -L ISP S-expressions. The

only things done to render them readable are :

� a space is inserted b et w een atoms ;

� atoms (sym b ols and n um b ers) are not brok en up b y end-of-lines.

These measures are clearly insu�cien t for program displa y . The prett y-prin t functions, using

v ariable inden tation and line feeds where necessary , bring out the con trol structure of co de and so

render it m uc h more readable.

T o further increase readabilit y , calls to the quote function are represen ted b y the macro ' , and

the macro forms of lets are prin ted in full.

T o demonstrate the utilit y of the prett y-prin ter, w e �rst presen t a function in the manner it is

prin ted b y the normal prin t functions (for a giv en terminal or windo w line width) :

? (getdef '#:prett y:c ond )

= (defun #:pretty: con d () (with ((lmargin) (add (lmargin 3))) (while (consp l)

(terpri) (if (#:pretty:i nl ine p (car l) (nextl l) (let ((l (nextl l) (f t))

(princn 40) (when (consp l (#:pretty: p (next l))) (when l (#:pretty: pr ogn ))

(#:pretty:p do t)) )) ))

Here is ho w the prett y-prin ter presen ts it :

? (pretty #:pretty :co nd)

(de #:pretty: con d ()

(with ((lmargi n (add (lmargin) 3)))

(while (consp l)

(terpri)

(if (#:pretty: inl ine p (car l))

(nextl l)

(let ((l (nextl l)) (f t))

(princn 40)

(when (consp l) (#:pretty: p (nextl l)))

(when l (#:pretty: pro gn) )

(#:pretty:p do t)) )) ))

= ()

1
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8.0.1 Prett y-prin t functions

The follo wing functions are found in the �le named pretty in the standard library , and they are

autoloaded (automatically loaded) the �rst time one of them is called.

pretty [ fe atur e ]

This feature indicates whether the prett y-prin ter is loaded in to memory .

(pprint s ) [ function with one ar gument ]

Prett y-prin ts the expresssion s on to the curren t output stream and go es to the next output line (a

la print ). It returns s as its v alue.

(pprin s ) [ function with one ar gument ]

Prett y-prin ts the expression s on to the curren t output stream and sta ys on the same output line

(a la prin ). It returns s as its v alue.

(pretty sym

1

: : : sym

n

) [ sp e cial form ]

The argumen ts sym

1

: : : sym

n

are sym b ols that ha v e function de�nitions. prett y prin ts these

functions on to the curren t ouptut stream and returns () as its v alue. This function also kno ws

ab out rede�ned or traced functions, so it will use the true de�nitions of these functions. There is

a macro c haracter that e�ects this function: ^P .

(prettyf file sym

1

: : : sym

n

) [ sp e cial form ]

This function is similar to the previous one, except that it prin ts the functions sym

1

: : : sym

n

in to

the output �le named file . It returns file as its v alue.

F or example, to create a �le named foo.ll con taining the text of the de�nitions of the functions

foo and bar , ev aluate (prettyf "foo.ll" foo bar) .

(prettyen d) [ function with no ar guments ]

Reclaims the space o ccupied b y the prett y-prin t functions (ab out 700 list cells). It can b e called

when the prett y-prin ter is no longer b eing used. The functions return to autoload status and the

pretty feature disapp ears.

8.0.2 Con trol of prett y-prin ter functions

The prett y-prin ter uses the lmargin and rmargin functions to calculate the size of line it can use.

Tw o v ariables con trol the prin ting of constan ts in program:
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#:pretty: quo te lev el [ variable ]

This v ariable con tains the v alue to giv e to the printlevel function when a constan t is to b e

prin ted. By default it is equal to zero.

#:pretty: quo te len gt h [ variable ]

This v ariable con tains the v alue to giv e to the printlength function when a constan t is to b e

prin ted. By default it is equal to zero.

8.0.3 Standard prett y-prin ter format

By default the prett y-prin ter prin ts S-expressions on a single line. In the case of o v er
o w, it starts

o v er at the left margin using the follo wing sev en 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>))
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Format 6 : setqs

(setq <e1> <e2>

....

<en-1> <en>)

Format 7 : tagbodys

(tagbody

<e1>

<label>

...

<en>)

These formats are stored in the sym b ols' P -t yp es. These P -t yp es are accessed with the prede�ned

ptype function, so an y function can b e assigned a default prett y-prin t format t yp e.

8.0.4 Extending the prett y-prin ter

It is also p ossible to de�ne sp ecial prin t formats for extended L E -L ISP t yp es. These are functions

named pretty in the extended t yp e pac k age.

? (defstruc t foo a b c)

= foo

? (setq v (#:foo:m ake ))

= #: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:pre tty (x)

? (princh "<")

? (pprin (#:foo:b x))

? (princh "/")

? (pprin (#:foo:c x))

? (princh "/")

? (pprin (#:foo:a x))

? (princh ">"))

= #:foo:pre tt y

? (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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Chapter 9

Sp ecialize d output

This c hapter presen ts three sub jects:

� The format prin ting function.

� A set of functions that w ork on circular or shared lists.

� The m ulti-language message facilit y .

9.1 F ormatted output

format [ fe atur e ]

This feature indicates whether the format function is loaded in to memory .

9.1.1 Prin t-formatting function

(format dest cntrl e

1

: : : e

n

) [ function with two or mor e ar guments ]

Prin ts the cntrl c haracter string on to the dest output c hannel. This string can con tain print

dir e ctives made up of tilde c haracters ( ~ ) follo w ed b y a format-sp eci�cation c haracter. When cntrl

is prin ted, these directiv es cause the ev aluation of the L ISP ob jects e

1

: : : e

n

, whic h can b e of an y

de�ned t yp e. The �rst directiv e in the con trol string cntrl describ es the prin t format of the e

1

argumen t, the second that of e

2

, etc.

The argumen t dest sp eci�es the output c hannel used for prin ting. It can tak e v arious v alues:

� an input/output c hannel n um b er op ened b y the either the openo or opena function,

� the sym b ol t , in whic h case prin ting is done on the terminal c hannel (v alue () ),

� the sym b ol () , in whic h case the output is directed to a c haracter string, whic h is returned

b y the format function as its v alue, and no other prin ting is actually done.

1
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(prinf <cntrl> <e1> : : : <eN> ) [ SUBR � a 1 or N ar guments ]

is iden tical to the preceding function except that output tak es place in the curren t output c hannel.

(printf <cntrl> <e1> : : : <eN> ) [ SUBR � a 1 or N ar guments ]

is iden tical to the prinf function except that it prin ts a line skip using the terpri function at the

end of the prin ting.

The directiv e most often used is ~A , whic h e�ects the same prin t format as the prin command.

Here is an example of prin ting with the ~A format:

? (defun loves (x y)

? (prinf "~A loves ~A." x y)

? (terpri))

= loves ? (loves 'romeo 'juliet)

romeo loves juliet.

= t

Some prin t formats accept mo di�ers and n umerical parameters.

A mo di�er is one of the t w o c haracters : or @ , o ccurring immediately b efore the format

sp eci�cation c haracter. Mo di�ers are used to c hange the action of the format directiv e that

they mo dify . Their sp eci�c actions dep end, of course, on what they mo dify .

Here is an example of the ~C directiv e, whic h handles c haracters:

? (format () "the characte r ~C" #/a)

= "the character a"

The ~C directiv e can b e mo di�ed b y a colon sign, indicating that the name of the c haracter

is required:

? (format () "the characte r named ~:C" #^a)

= "the character named control-A "

The ~C directiv e can b e mo di�ed b y a @ , indicating that w e w an t to obtain a c haracter that

is readable b y a # -macro:

? (format () "(setq char ~@C)" #^a)

= "(setq char #^A)"

Numeric parameters app ear b et w een the tilde c haracter and the mo di�ers, if there are an y .

They sp ecify v arious c haracteristics of the format to whic h they are applied: the n um b er of

columns to b e used, the �ll c haracter, tab p ositions and the n umeric base for prin ting.

When sev eral n umeric parameters are required, the m ust b e separated b y commas. Certain

parameters are optional, and tak e on default v alues if they are not supplied.

Numeric parameters can b e en tered in v arious forms:

� An in teger n um b er, read in the curren t input base.

� A quoted c haracter whose v alue b ecomes the in ternal c haracter co de (n um b er) of the
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c haracter.

� The ` v ' or ` V ' c haracter. The v alue of the parameter is the v alue of the argumen t e

i

that

is next in order. The argumen t prin ted will then b e the follo wing one: namely e

i+1

.

� The # c haracter. The parameter's v alue is the n um b er of e

i

argumen ts remaining to b e

formatted.

The ~D directiv e is used for base-10 n um b ers. It accepts t w o optional parameters: the n um b er

of columns and the �ll c haracter to b e used.

First, w e use the ~D directiv e without parameters:

? (format () "the number ~D" 314)

= "the number 314"

Here is an example of the ~D directiv e with the n um b er of columns to b e used, namely 12 :

? (format () "the number ~12D" 314)

= "the number 314"

The follo wing example sho ws the ~D directiv e with b oth the n um b er of columns, 12 , and the

�ll c haracter, namely '0 :

? (format () "the number ~12,'0D" 314)

= "the number 0000000003 14 "

The n um b er of columns can b e giv en in the argumen t list:

? (format () "the number ~vD" 10 314)

= "the number 314"

Both the n um b er of columns and the �ll c haracter can b e giv en in the argumen t list:

? (format () "the number ~v,vD" 10 #/. 314)

= "the number .......314 "

9.1.2 F ormat directiv es

Throughout this section, optional parameters in the syn tactic forms of the v arious format directiv es

are enclosed in square brac k ets.

~A [ print format ]

This is the ASCI I prin t format, whic h prin ts an argumen t in the same w a y that prin w ould. It

has the follo wing syn tactic forms:

~A

~ minc ol [ , p ad ] A

~< minc ol , c olinc , minp ad [ , p ad ] A



9-4 CHAPTER 9. SPECIALIZED OUTPUT

The @ sign can b e used as a mo di�er.

In the case of the syn tax in v olving one or t w o parameters, minc ol is the minim um width of

the prin ted string, and the result is padded with either #\sp , b y default, or the p ad c haracter.

Normally , the string is left-padded. It is righ t-padded when the @ mo di�er is used.

In the case of the syn tax in v olving three or four parameters, the result is padded b y the

n um b er minp ad of p ad c haracters, then adjusted to a minim um width of minc ol b y incremen ts

of c olinc c haracters. The resp ectiv e default v alues of the four parameters are zero, one, zero

and #\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) = ) "abcduuuuu uu uuu uu"

~S [ print format ]

This S-expression directiv e is similar to the previous one, except that it sets the

#:system:print-for-read indicator. The prin ted result can then b e re-read b y the L ISP

reader. This directiv e accepts the same parameters and mo di�ers as the ~A directiv e.

(format () "~S ~A" "abcd" "efgh") = ) """abcd"" efgh"

~R [ print format ]

This radix directiv e has the follo wing syn tactic forms:

~ b ase R

~ b ase , minc ol [, p adchar ]R

The @ sign can b e used as a mo di�er.

If the next argumen t is an in teger or rational n um b er, it is prin ted in the output base referred

to as b ase . (See the obase function.) If the argumen t is not n umeric, the ~A format is used.

The minc ol and p ad parameters, as w ell as the @ mo di�er, pla y the same r^ ole as for the ~A

directiv e.

(format () "~2R" 15) = ) "1111"

(format () "~3,5,'*@R " 13) = ) "111**"

~D [ print format ]

This decimal directiv e is equiv alen t to the ~10R directiv e, sp ecifying a base-10 prin t format.

It has the follo wing syn tactic forms:
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~D

~ minc ol [ , p adchar ] D

The @ sign can b e used as a mo di�er.

(format () "~D" 5) = ) "5"

(format () "~3,'0D" 5) = ) "005"

(format () "~3,'*@D" 5) = ) "5**"

(format () "~7D" 'abcd) = ) " abcd"

~B [ print format ]

This binary directiv e is equiv alen t to the ~2R directiv e, sp ecifying a base-2 prin t format. ~B

accepts the same parameters and mo di�er as the ~D directiv e.

(format () "~5,vB" #/0 15) = ) "01111"

~O [ print format ]

This o ctal directiv e is equiv alen t to the ~8R directiv e, sp ecifying a base-8 prin t format. ~O

accepts the same parameters and mo di�er as the ~D directiv e.

(format () "~#,'0O" 63 7 8) = ) "077"

~X [ print format ]

This hexadecimal directiv e is equiv alen t to the ~16R directiv e, sp ecifying a base-16 prin t

format. ~X accepts the same parameters and mo di�er as the ~D directiv e.

(format () "~5@X" 17) = ) "11 "

~P [ print format ]

This English-plural directiv e prin ts the c haracter s if the next argumen t is not equal to 1 .

Otherwise, it prin ts nothing.

It can b e used with the signs @ and : as mo di�ers. The @ mo di�er pro duces either the c haracter

y , when the next argumen t is equal to 1 , or the c haracters ies when the next argumen t is not

equal to 1 . If the : mo di�er is presen t, the argumen t tested is the one that w as just pro cessed

b y the format function. This allo ws an argumen t and its plural su�x to b e prin ted from a

single o ccurrence of the argumen t in the argumen t list. The : mo di�er, in this case, inhibits

argumen t p oin ter incremen tation.

(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"
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~C [ print format ]

This c haracter directiv e prin ts the c haracter whose in ternal c haracter co de is equal to the

next argumen t.

It can b e used with the signs @ and : as mo di�ers. The @ mo di�er assures that the prin ted

c haracter will b e re-readable b y one of the # -macros: #/ , #^ or #\ . The : mo di�er prin ts the

name of the c haracter.

(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 exp onen tial 
oating-p oin t directiv e has the follo wing syn tactic form:

~ [ width ] , [ digits ] , [ exp ] , [ factor ] , [ o
ow ] , [ p ad ] , [ letter ] E

The @ sign can b e used as a mo di�er.

This format prin ts the next argumen t, whic h m ust b e n umeric. The width parameter sp eci�es

the width of the resulting string. If the result is wider than width c haracters, then a string of

o
ow c haracters, of length width , is prin ted instead of a mangled n umeric string.

The digits parameter sp eci�es the n um b er of signi�can t digits, and exp is the n um b er of digits

in the exp onen t. Character �ll with p ad , if an y , is to the left. The factor parameter|whose

default v alue is one|indicates the n um b er of digits to the left of the decimal p oin t. The

mo di�er @ indicates that a plus sign + should b e prin ted if the argumen t is not negativ e. The

exp onen t is alw a ys prin ted with a sign. By default, the letter parameter is e : the c haracter

that separates the exp onen t from the man tissa.

If the argumen t is not a 
oating-p oin t v alue, the ~ width D format is used. If width , digits and

exp are omitted, free-prin t format of the prin st yle is used.

(format () "~9,2E" 3.14159) = ) " 3.14e+0"

(format () "~13,6,2,v E" -7 3.14159) = ) ".00000003 e+0 8"

(format () "~13,6,2,v E" -6 3.14159) = ) "0.0000003 e+0 7"

(format () "~13,6,2,v E" -5 3.14159) = ) " 0.000003e+0 6"

(format () "~13,6,2,v E" -4 3.14159) = ) " 0.000031e+0 5"

(format () "~13,6,2,v E" -3 3.14159) = ) " 0.000314e+0 4"

(format () "~13,6,2,v E" -2 3.14159) = ) " 0.003142e+0 3"

(format () "~13,6,2,v E" -1 3.14159) = ) " 0.031416e+0 2"

(format () "~13,6,2,v E" 0 3.14159) = ) " 0.314159e+0 1"

(format () "~9,2,1,,' *E" 3.14159) = ) " 3.14e+0"
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(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 ,'? ,, '$E " -3.14159 ) = ) "-31.42$-0 1"

(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-p oin t directiv e has the follo wing syn tactic form:

~ [ width ] , [ digits ] , [ factor ] , [ o
ow ] , [ p ad ] F

The @ sign can b e used as a mo di�er.

This format prin ts the next argumen t, whic h m ust b e n umeric. The width parameter sp eci�es

the width of the resulting c haracter string, with optional padding b y the p ad c haracter to

the left. By default, p ad is the space c haracter: #\sp . The digits parameter indicates the

n um b er of digits to the righ t of the decimal p oin t. The factor parameter is a scaling factor.

The n um b er actually prin ted is ten to the p o w er factor times the argumen t. If the result

string is wider than width c haracters, then a string of o
ow c haracters, of length width , is

prin ted. The @ mo di�er indicates that a plus sign + should b e prin ted when the argumen t is

non-negativ e.

(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"
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~G [ print format ]

This general 
oating-p oin t directiv e has the same syn tactic structure as the ~E directiv e:

~ [ width ] , [ digits ] , [ exp ] , [ factor ] , [ o
ow ] , [ p ad ] , [ letter ] G

The @ sign can b e used as a mo di�er.

As in the case of the ~F and ~E directiv es, this format prin ts the next argumen t, whic h m ust

b e n umeric. The actual prin ting is carried out as if either the ~F or the ~E directiv e w ere

used:

� If the giv en argumen t can b e handled successfully b y means of the �xed-format 
oating-

p oin t ~F directiv e, then that is ho w the ~G directiv e in fact b eha v es. If a v alue for the exp

parameter is supplied, then exp is incremen ted b y t w o to obtain the n um b er of blanks on

the righ t. Otherwise, four blanks are added.

� If, ho w ev er, the v alue to b e prin ted o v er
o ws when the ~F directiv e is used, then the ~E

directiv e is applied, with all its default argumen ts.

~~ [ print format ]

This tilde directiv e has the follo wing syn tactic structure:

~ [ numb er ] ~

The ~~ directiv e prin ts a single tilde c haracter. When the numb er parameter is supplied, a

string of tilde c haracters, of length numb er , is pro duced.

(format () "~~") = ) "~"

(format () "~v~" 3) = ) "~~~"

~% [ print format ]

This newline directiv e has the follo wing syn tactic structure:

~ [ numb er ] %

The ~% format directiv e prin ts a single #\lf c haracter. When the numb er parameter is

supplied, a string of #\lf c haracters, of length numb er , is pro duced.

This directiv e is included only to ensure compatibilit y with C OMMON L ISP . It is preferable to

call the terpri function.

(pname (format () "~% a")) = ) (13 10 32 97)

(pname (format () "~2% a")) = ) (13 10 13 10 32 97)
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~#\lf [ print format ]

This skip directiv e has the follo wing syn tactic structure:

~#\lf char acter

Either a : or a @ c haracter can b e used as mo di�er.

This directiv e is made up of the tilde c haracter ~ follo w ed immediately b y an end-of-line

mark.

Without mo di�ers, it skips o v er the end-of-line c haracter and an y white-space c haracters that

follo w. With @ , it prin ts the end-of-line, but skips an y white-space that follo ws. With : , it

skips the end-of-line but prin ts all c haracters that follo w, including white-space, according to

the rest of the format statemen t. This directiv e is included solely for reasons of C OMMON L ISP

compatibilit y .

(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 directiv e has the follo wing syn tactic structure:

~T

~ c olnum , c olinc T

The c haracter @ can b e used as a mo di�er.

The ~T directiv e mo v es the cursor to the next tab stop, prin ting spaces if necessary to pro duce

white-space. Both parameters ha v e default v alues of one.

Without @ , tabulation is absolute. Spaces are prin ted up to the column c olnum . Column-

n um b ering starts at zero. The cursor is displaced to the column follo wing the one that is

sp eci�ed. If the cursor is in column c olnum or b ey ond, it is rep ositioned at the column whose

n um b er is c olnum + k * c olinc , where k tak es on the minim um p ossible non-negativ e v alue.

Used with @ , ~T p erforms relativ e tabulation. The cursor is mo v ed c olnum p ositions forw ard,

and to the column whose n um b er is k * c olinc , where k tak es on the minim um p ossible v alue.

(format () "~T") = ) " "

(format () "~8T") = ) " "

(format () "ab~8,2T") = ) "ab "

(format () "012345678 9~8 T" ) = ) "0123456789 "

(format () "012345678 9~8 ,5 T") = ) "0123456789 "

(format () "ab~2,5@T" ) = ) "ab "

~* [ print format ]

This ignore directiv e has the follo wing syn tactic structure:
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~ [ numb er ] %

Either a : or a @ c haracter can b e used as mo di�er.

The ~* directiv e ignores the next argumen t. The default v alue of numb er is one, except when

the mo di�er @ app ears, in whic h case its default v alue is zero. Without mo di�ers, the next

numb er argumen ts are skipp ed. With the : mo di�er, the argumen t p oin ter is mo v ed bac k b y

numb er argumen ts. With the @ mo di�er, the numb er

th

argumen t of the original argumen t

list, coun ting from zero, will b e read next. In an indirection or an iteration, access is relativ e

to the sublists in v olv ed.

(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 directiv e has the follo wing syn tactic structure:

~?

The @ c haracter can b e used as mo di�er.

The ~? format directiv e p erforms an indirection. The next argumen t, whic h m ust b e a

c haracter string, is tak en to b e the format sp eci�cation. If no @ mo di�er is giv en, the argumen t

to this format sp eci�cation is the argumen t that follo ws it, whic h should therefore b e a list.

With the @ mo di�er presen t, the argumen ts follo wing the format sp eci�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 directiv e has the follo wing syn tactic structures:

~ [ numb er ] [ str g

0

~; str g

1

... ~; str g

n

~]

~ [ numb er ] [ str g

0

~; str g

1

... ~:; default ~]

~:[ false ~; true ~]

~@[ true ~]

Warning : In the �rst t w o syn tactic structures sho wn ab o v e, the square brac k ets around the

numb er parameter indicate, as usual, that it is optional. But all other square brac k ets included

in these four lines|and prin ted in a di�eren t t yp eface|are actual terminal c haracters that

m ust app ear as suc h in y our L ISP co de.

This directiv e p erforms a conditional prin t format. The str g

i

format is used, where i is equal
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to numb er if it is supplied, or to zero if numb er is not presen t. If there are not enough str g

parameters, then default is used. If this last parameter is not giv en, then nothing is prin ted.

The colon mo di�er : serv es as a b o olean argumen t. If the @ mo di�er is used, then either

the argumen t is () , in whic h case nothing is prin ted, and the next argumen t will b e used as

the next format, or the argumen t do es not equal () , and it is then prin ted according to the

format true . A ~^ in a conditional returns to the em b edding ~? or ~{ , if this exists.

(format () "~[siamese ~;m an x~; per si an~ ] cat" 0) = ) "siamese cat"

(format () "~[siamese ~;m an x~; per si an~ ] cat" 2) = ) "persian cat"

(format () "~[siamese ~;m an x~; per si an~ ] cat" 8) = ) " cat"

(format () "~[siamese ~;m an x~: ;pe rs ian ~] cat" 8) = ) "persian cat"

(format () "~:[true~; fal se ~]" t) = ) "false"

(format () "~:[true~; fal se ~]" ()) = ) "true"

(format () "~@[ print level = ~D~]~@[ print length = ~D~]" () 5) = ) " print length = 5"

~ fg [ print format ]

This iteration directiv e has the follo wing syn tactic structure:

~ [ numb er ] { str g ~ [ : ] }

The mo di�ers : and @ can b e used, p ossibly com bined.

This format directiv e p erforms an iteration. str g is applied to as man y argumen ts as are giv en.

If numb er is supplied, at most numb er lo ops through str g will b e p erformed. If a ~:} is

presen t, at least one lo op is p erformed, unless nb is equal to zero. If str g is empt y , the next

argumen t|whic h should b e a c haracter string|is used. Without mo di�ers, the iteration is

executed using the argumen t that immediately follo ws, whic h m ust in this case b e a list. With

@ all the remaining argumen ts are used. If a : is presen t, eac h iteration is p erformed on a

di�eren t constituen t sub-list eac h time around. Note that the ~{ and ~[ format directiv es can

only b e em b edded if they concern formats of di�eren t t yp e.

(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 escap e directiv e has the follo wing syn tactic structure:

~ [ n1 ] , [ n2 ] , [ n3 ][ : ] ^

This format directiv e p erforms an escap e. F ormatting is terminated from within indirections

or iteration lo ops, or if no format directiv es remain.
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If no parameters are giv en, the n um b er of remaining argumen ts is considered to b e the sole

parameter. If there is only one parameter, its v alue is examined and, if it is zero, the exit is

p erformed. If there are t w o parameters and they are equal, the exit o ccurs. If three parameters

are giv en, then the exit o ccurs if n1 < = n2 or if n2 < = n3 , or b oth. In an indirection with

a : , the escap e o ccurs at the sub-list lev el, except when the : mo di�er is presen t.

(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 ob jects

Although the prin t limiting functions describ ed in c hapter 6 truncate the displa y of circular or

shared structures, and th us giv e an abbreviated view of them, they still do not sho w clearly whic h

list cells or v ectors are actually b eing shared.

Sp ecial functions for prin ting and reading circular ob jects (lists, v ectors, circular sym b ols on

pac k ages) are furnished in the standard library . They can b e loaded with the follo wing command:

(libload libcir)

libcir [ fe atur e ]

This 
ag indicates whether the library of sp ecial functions for circular ob jects has b een loaded.

(#n=) [ #-macr o ]

En umerates a shared or circular ob ject that can then b e referenced b y the #n# macro.

(#n#) [ #-macr o ]

References the n

th

shared or circular ob ject, n um b ered b y #n= .

F or example, #1=(a . #2=(#1# . #2#)) has the follo wing structure:

+----------------------+

| |

| --------- ---------

+-> | | | | | | |

------> | * | *-|------> | * | * |

| | | | +--> | | | |

--------- | ---------

| | |

| +----------+

+-> a
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(cirprin e ) [ function with one ar gument ]

(cirprinf lus h e ) [ function with one ar gument ]

(cirprint e ) [ function with one ar gument ]

These functions prin t their argumen ts using the # -macros #n= and #n# on circular or shared

constructions that are passed to them, if they cannot b e prin ted normally .

(printle vel 8) = ) 8

(progn (setq e '(1)) (rplaca e e) e) = ) ((((((((& )) ))) )))

(cirprin t e) = ) #1=(#1#)

(setq s (cirlist 1)) = ) (1 1 1 1 1 1 1 1 ...

(cirprin t s) = ) #1=(1 . #1#)

(cirprin t '(a a)) = ) (a a)

(progn (setq v #[0]) (vset v 0 v) v) = ) #[#[#[#[# [# [#[ #[& ]] ]]] ]] ]

(cirprin t 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) ...

(cirprin t y) = ) (#2=(p q) . #1=(foo #2# . #1#))

(cirequal e1 e2 ) [ function with two ar guments ]

(cirnequa l e1 e2 ) [ function with two ar guments ]

These functions compare their t w o argumen ts, ev en if they in v olv e circular or shared

constructions. In these cases, equalit y is understo o d as structure isomorphism.

(setq x '(a) y (list x x) z (list '(a) '(a))) = ) ((a) (a))

(cirprin t y) = ) (#1=(a) . #1#)

(equal y z) = ) t

(cirequa l x y) = ) ()

(circopy e ) [ function with one ar gument ]

Copies its argumen t, repro ducing circular or shared structures.

(progn (setq x (circopy y)) (cirprint x)) = ) (#1=(a) . #1#)

(cirequa l x y) = ) t

#:libcir: pac ka ge- pa ran o [ variable ]

If this v ariable is equal to t , it indicates that pac k ages of sym b ols can con tain circular

structures. Use of suc h structures is normally strictly forbidden. F unctions op erating on
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circular or shared ob jects are seriously slo w ed do wn, but in this w a y some nast y errors can

b e c hased a w a y .

(progn (setq x 'foo) (packagecel l x x) x) = ) ...

(cirprin t x) = ) #1=#:#1#: foo

9.3 Multi-language messages

Pro ducts based up on L E -L ISP are b eing mark eted in man y di�eren t coun tries. This means that L E -

L ISP messages ha v e to b e lo calized in to v arious foreign languages. The goal of the presen t section

is to describ e an easy and e�cien t metho dology for handling this question.

The initial L E -L ISP �le called startup.ll o�ered a rudimen tary solution to this problem. The

global v ariable #:system:foreign-langua ge had the v alue t when messages w ere to app ear in

English, and () when they w ere to app ear in F renc h. This v ariable w as used in L E -L ISP libraries in

the follo wing manner:

(defvar :errnht

#+ #:system:f or eig n- lan gua ge "not a Hash Table"

#- #:system:f or eig n- lan gua ge "L'argume nt n'est pas une table de hachage"

)

(defvar :errbht

#+ #:system:f or eig n- lan gua ge "Bad type for a Hash Table"

#- #:system:f or eig n- lan gua ge "Le type de la table de hachage est inconnu"

)

...

(error 'get-hash ':errnht foo)

...

This solution is to o limited. The c hoice of a language w as made when the �le w as loaded and ab out

to b e in terpreted, or when the �le w as compiled, and it could not b e c hanged afterw ards. Only t w o

languages could b e handled, and y ou had to create a separate compiled �le for eac h language.

The new solution o�ers the follo wing adv an tages:

� Y ou can handle sev eral di�eren t languages.

� Y ou can c hange y our c hoice of a language, dynamically , during program execution.

� If y ou prefer, y ou can limit y our c hoice to a single language.

� F or reasons of compatibilit y , the new solution do es not in terfere with the old one.

The basic idea is that languages and messages are handled within the con text of a global m ulti-

language database that can b e shared b y all applications.

messages [ fe atur e ]

This feature indicates whether the m ulti-language database is loaded in to memory .
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9.3.1 Languages

F rom the user's viewp oin t, a language is simply a sym b ol. There are t w o prede�ned languages:

english and french . An y men tion a language whic h is not a sym b ol raises the error:

error-wrong-language . An y use of a language that has not b een recorded in the database raises

another error: error-not-recorded-language . Here are the standard de�nitions of these errors:

(defmessag e error-wro ng -la ngu ag e

(english "not a language name")

(french "l'argume nt n'est pas un nom de langue"))

(defmessag e error-not -r eco rde d- lan gu age

(english "not a recorded language ")

(french "l'argume nt n'est pas une langue enregistr e'e "))

(record-l ang ua ge language ) [ function with one ar gument ]

The language argumen t is the name of a new language whic h is recorded in the m ulti-

language database. If this language existed already , the database is not mo di�ed. The function

returns language in the �rst case, and () in the second. This function can raise the error:

error-wrong-language .

(record- lan gua ge 'polish) = ) polish

(current- lan gu age language ) [ function with an optional ar gument ]

Without an argumen t, this function returns the sym b olic name of the curren t language. Its

argumen t, if it has one, is a language that w as previously recorded b y the record-language

function. In this case, language b ecomes the new curren t language. This function can raise the

errors error-wrong-language and error-not-recorded-language .

(default- lan gu age language ) [ function with an optional ar gument ]

Without an argumen t, this function returns the sym b olic name of the default language. Its

argumen t, if it has one, is a language that w as previously recorded b y the record-language

function. In this case, language b ecomes the new default language. The default language is

english .

This function can raise the errors error-wrong-language and error-not-recorded-language .

(remove-l ang ua ge language ) [ function with one ar gument ]

Remo v es language and all messages asso ciated with this language in the database. If language

did in fact exist in the database, then this sym b ol is returned. If not, the function returns () . The

t w o prede�nied languages english and french can't b e remo v ed. This function can raise the t w o

errors: error-wrong-language and error-not-recorded-language .

(message- lan gu age s) [ function with no ar guments ]
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Returns the list of all the language kno wn to the database. This list do es not represen t all or ev en

part of the actual data structures recorded in the m ulti-language database. So, mo di�cations to

this list ha v e no e�ect whatso ev er on the database itself.

(message -la ngu ag es) = ) (polish esperanto english french)

9.3.2 Messages

A message name is a sym b ol of the v ariable kind. The functions describ ed in this section raise

the error, error-wrong-message , if the message argumen t is not a sym b ol of this kind. The

string v alue that is asso ciated with a message name m ust b e a c haracter string. If not, the error

error-not-string-message is raised. Here are the standard de�nitions of these errors:

(defmessag e error-wro ng -me ssa ge

(english "not a message name")

(french "l'argume nt n'est pas un nom de message"))

(defmessag e error-not -s tri ng- me ssa ge

(english "not a message string")

(french "l'argume nt n'est pas une chai^ne de message"))

(get-mess age message ) [ function with one ar gument ]

Returns the c haracter string asso ciated with the message name message in the curren t language

or, if this message is not de�ned, in the default language. The curren t language|if suc h a language

still exists (see the remove-language function)|is the one returned b y the current-language

function. The default language is the one returned b y the default-language function. If no suc h

message exists, the string represen ting the message name itself is returned. This function can raise

the error error-wrong-message .

#M [ sharp macr o ]

#m [ sharp macr o ]

The #M macro c haracter enables y ou to access the v alue of a message:

#Mfoo is read as (get-message (quote foo))

#M:gee is read as (get-message (quote :gee))

(get-mess age -p message ) [ function with one ar gument ]

Iden tical to get-message , except that get-message-p nev er raises an error. It is generally used as

a predicate.

(put-mess age message language string ) [ function with thr e e ar guments ]
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Within the m ulti-language message database, this function asso ciates string with message in

the language corresp onding to language . The function returns the v alue message . It can raise the

follo wing errors: error-wrong-language , error-not-recorded-languag e , error-wrong-message

and error-not-string-message .

(remove-m ess ag e message language ) [ function with two ar guments ]

Remo v es message , in the language corresp onding to language , from the m ulti-language message

database. This function returns the v alue message , and can raise the follo wing errors:

error-wrong-language , error-not-recorded-language and error-wrong-message .

(defmessa ge message def

1

: : : def

n

) [ macr o ]

This macro pro vides a con v enien t w a y of asso ciating a list of v alues in di�eren t languages to a

certain message name. In other w ords, it lets y ou group together, in one place, all the linguistic

v arian ts of a particular message. The function returns the v alue message , and can trigger the

follo wing errors: error-wrong-language , error-not-recorded-languag e , error-wrong-message

and error-not-string-message .

In L E -L ISP , defmessage could b e de�ned in the follo wing manner:

(defmacro defmessage (msg . ldef)

`(progn ,@(mapcar (lambda (def) `(put-message ,msg ,@def))

,ldef)

',msg))

Here is an example:

(defmessage smeci-err or- no t-a -p rot oty pe

(english "Not a prototype" )

(french "L'argumen t n'est pas un prototype")

(polish "Argumenty ws nie jest prototyp uxz y")

(esperant o "La argumento ne estas prototipo" ))

(get-all- mes sa ges language ) [ function with one ar gument ]

Returns the list of all messages recorded in the language language . get-all-messages migh t raise

the errors error-wrong-language or error-not-recorded-language .

T o �nd out ho w man y messages ha v e b een pre-recorded in L E -L ISP :

(length (get-all-me ss age s 'english)) = ) 167

(length (get-all-me ss age s 'french)) = ) 167

9.3.3 Advice

Since the names of messages are global, it is imp ortan t to use di�eren t message names in eac h

application. Y ou can use L E -L ISP pac k ages, or y ou migh t prefer to write names in full: for example,

#:smeci:error22 or smeci-error-not-a-prototyp e .
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Let us lo ok at some examples of the handling of m ulti-language messages. Y ou can temp orarily

c hange the language of a message in the follo wing manner:

(with ((current- la ngu ag e 'polish))

....)

The follo wing example sho ws ho w to obtain the list of all the messages de�ned in a particular

language:

(defun get-all-m es sag es (language)

(with ((current -la ng uag e language )

(default-la ng uag e language ))

(mapcoblis t (lambda (msg)

(when (get-mes sag e-p msg)

(list msg))))))

T o destro y all messages in all languages except English, act as follo ws:

(mapc (lambda (lang) (when (neq lang 'english)

(remove-l ang uag e lang)))

(message-l an gua ge s))

Finally , y ou migh t wish to v erify that all the messages in English, sa y , ha v e F renc h equiv alen ts.

The follo wing example do es this, and it returns y ou the list of English messages that do not y et

ha v e F renc h equiv alen ts:

(defun verifyfre nc h ()

(with ((current -la ng uag e 'english )

(default-la ng uag e 'english ))

(mapcoblis t (lambda (msg)

(when (get-mess age -p msg)

(with ((current -l ang ua ge 'french)

(default-l ang ua ge 'french))

(if (get-messa ge msg)

()

(list msg)))))) ))
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Chapter 10

Rational and complex arithmetic

L E -L ISP has libraries whic h extend the basic generic arithmetic to op erations on relativ e, rational,

and complex n um b ers.

Since the v ersion 15.22, L E -L ISP has a new, v ery fast implemen tation of relativ e and rational

n um b ers: the result of a join t dev elopmen t e�ort at DEC PRL [Serp ette&al. 1989] and INRIA

[m vs 89].

In order to load the old rational n um b er library , named ratio , t yp e the follo wing:

(loadmodule 'ratio) or

^Aratio

T o load the new, and preferred, rational n um b er library , t yp e:

(loadmodule 'bnq) or

^Abnq

T o load the complex n um b er library , named complex , t yp e:

(loadmodule 'complex) or

^Acomplex

ratio [ fe atur e ]

q [ fe atur e ]

complex [ fe atur e ]

These features indicate whether the v arious libraries men tioned ab o v e are presen t.

1
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10.1 Rationals (�le Q)

10.1.1 Rational n um b er I/O

Rationals are en tered in the form z =n , where the n umerator z is a relativ e n um b er, and the

denominator n is a p ositiv e whole n um b er or zero.

12345678 910 = ) 12345678910

00000123 = ) 123

-1234567 = ) -1234567

2/3 = ) 2/3

4/6 = ) 2/3

5/1 = ) 5

-10/2 = ) -5

1/0 = ) 1/0

-2/0 = ) 1/0

The system prin ts out the rationals in a compact form. Insigni�can t zeros are suppressed, v alues are

simpli�ed (n umerator and denominator are eac h divided b y their greatest common denominator,

or gcd), and v alues with denominator equal to 1 are transformed in to elemen ts of Z (the relativ e

in tegers).

The ev aluation of a rational n um b er returns the n um b er itself, so it need not b e quote d.

Notice the presence in the rationals of the v alues for p ositiv e and negativ e in�nit y , 1/0 and -1/0

(resp ectiv ely), as w ell as a v alue represen ting unde�ned results, 0/0 . An y arithmetic op eration

con taining an expression whose v alue is 0/0 returns 0/0 , whic h can b e considered to b e an error

v alue. The unde�ned v alue 0/0 actually represen ts the closed in terv al [ -1/0,1/0 ] whic h con tains

all the rationals including `plus in�nit y' and `min us in�nit y .' Due to the presence of these elemen ts,

the Q of L E -L ISP do es not qualify as a �eld.

Decimal output { appro ximating v alues in Q

In addition to the standard L E -L ISP prin t routines, whic h displa y rational v alues in their exact

reduced forms, a v ariable-precisi on appro ximate decimal form is also a v ailable.

The function whic h sets the output precision is:

(precisio n n ) [ function with an optional ar gument ]

Called with no argumen t, precision returns the curren t prin t precision. If an argumen t is supplied,

the prin t precision is determined according to the follo wing sc heme:

If the argumen t is an y non-n umeric constan t, including t , the prin t mo de is set to pro duce exact

reduced represen tation of rationals.

If the argumen t is a 
oating-p oin t v alue, its in teger part indicates the n um b er of digits that should

b e prin ted after the decimal p oin t in the curren t output base ( obase ).

When the denominator is small, the decimal form (whic h is alw a ys p erio dic) is exact, so L E -L ISP
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prin ts the rep eating part b et w een braces ( { and } ). Otherwise the n um b er of digits requested is

prin ted after the decimal p oin t, follo w ed b y an ellipse (...).

If the argumen t is a p ositiv e in teger of t yp e fixp , it indicates the n um b er of terms to b e prin ted

in con tin uous normal fraction notation.

Rationals prin ted in an y form other than (precision t) are not re-readable b y the L E -L ISP reader.

(precisi on 10.) = ) 10.

22/7 = ) 3. f 142857 g ; exact representa tio n

333/106 = ) 3.1 f 4150943 39 ... g ; 10 digits to the right of .

103993/3 310 2 = ) 3.1 f 4159265 30 ... g

(precisi on 10) = ) 10

22/7 = ) /3 7/ ; 22/7 = (+ 3 (/ 7))

333/106 = ) /3 7 15/

103993/3 310 2 = ) /3 7 15 1 292/

10.1.2 T ests for t yp e

Ob jects can b e tested for mem b ership in the set of in tegers Z (= ... ,-1 ,0,1,2, ... ) or in the rationals

Q b y using the predicates:

(rational p q ) [ function with one ar gument ]

Returns the v alue of q if it is rational, or () if not.

(precisi on t) = ) t

(rationa lp 234567) = ) 234567

(rationa lp -4/6) = ) -2/3

(rationa lp 2.34567) = ) () ; a float is not a rational

(integerp z ) [ function with one ar gument ]

Returns the v alue of z if it is in tegral, or () if not.

(integer p -4/2) = ) -2

(integer p 2) = ) 2

(integer p 4/3) = ) ()

(integer p 2.) = ) () ; a float is not an integer.

These t w o functions are generic. T o extend them to t yp e foo , it is su�cien t to de�ne

#:foo:integerp and #:foo:rationalp .

10.1.3 Generic rational arithmetic

All of the generic arithmetic functions of L E -L ISP (see c hapter 4) w ork on Q, and try when p ossible

to p erform exact calculations. The syn tax of these calls is the same as those with L E -L ISP small

in teger argumen ts.
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(+ 3 (/ (+ 7 (/ 15)))) = ) 333/106

(quotien t 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) = ) 0/0

In teger division ( quotient n d), giv en n and d in Q, returns a quotien t d in Z and a remainder r

(stored in the v ariable #:ex:mod ) in Q suc h that:

n = d*q + r, with 0 <= r < abs(d).

10.1.4 F unctions limite d to Z

(gcd z

1

: : : z

n

) [ function with a variable numb er of ar guments ]

Calculates the greatest common divisor of its relativ e in teger argumen ts z

1

: : : z

n

.

(pgcd z0 z1 ) [ function with two ar guments ]

Similar to the last function, but limited to t w o argumen ts and without v eri�cation of their t yp e(s).

(even? z ) [ function with one ar gument ]

Returns the v alue of z if this is an ev en relativ e in teger, and () if not.

(fact n ) [ function with one ar gument ]

Calculates the factorial 1*2* ... *n = n! , for p ositiv e in teger argumen ts. NB : By con v en tion, 0!

is equal to 1 .

(fib n ) [ function with one ar gument ]

Computes the n

th

Fib onacci n um b er, where F(0)=0, F(1)=1, F(i+2) = F(i) + F(i+1). (Of course,

n m ust b e a p ositiv e in teger v alue.)

(gcd 864164 11578 -168 252) = ) 14

(fact 30) = ) 2652528598 121 91 058 63 630 848 00 000 00

(fib 200) = ) 2805711729 925 10 140 03 761 193 24 130 38 677 189 52 5

10.1.5 F unctions limite d to rational argumen ts (limited to Q)

The numerator and denominator functions giv e access to the n umerator and the denominator,

resp ectiv ely , of rationals, without reducing them b y their common factors. Computation on Q is
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done directly on the represen tation of rationals as en tered; reduction is explicitly done only when

prin or integerp functions are called.

(numerato r f ) [ function with one ar gument ]

(denomina tor f ) [ function with one ar gument ]

(numerat or 6/10) = ) 6 ; no reduction done

(denomin ato r 6/10) = ) 10

(setq a (prin 6/10)) = ) 3/5 ; reduction done by print

(numerat or a) = ) 3 ; a has been reduced

(numerat or 12) = ) 12

(denomin ato r (fib 100))) = ) 1

The p o w er function (**) tries in more cases than the power function to do exact arithmetic.

(** n m ) [ function with two ar guments ]

Computes the pro duct n * n * ... * n ( m times), for m a p ositiv e in teger.

(** 2 128) = ) 3402823669 209 384 63 463 37 460 743 17 682 11 456

(** 10 10) = ) 1000000000 0

(** 2/3 10) = ) 1024/59049

10.1.6 Tw o examples

The 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))

F or e=1, one obtains the harmonic n um b ers, a div ergen t series.

F or e=2, the series con v erges slo wly to w ard the square of pi divided b y six.

F or e=3, the series con v erges to w ard zeta(3), whic h Ap � ery sho w ed to b e transcendan t.

Let's compute (qe n), the sum of the terms 1 =i !, for i from 1 to n. This expression con v erges rapidly

to w ard the n um b er 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) = ) 1968329/1 270 08 0
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(zeta 10 3) = ) 191641139 47/ 16 003 00 800 0

(qe 10) = ) 9864101/3 628 80 0

(precisi on 20.) = ) 20.

(zeta 10 1) = ) 2.9289682 539 68 253 96 825 ...

(zeta 10 2) = ) 1.5497677 311 66 540 69 035 ...

(zeta 10 3) = ) 1.1975319 856 74 193 25 166 ...

(qe 10) = ) 2.7182818 011 46 384 47 971 ...

10.2 Complex n um b ers (the �eld C)

After c harging complex , the complex n um b er manipulation pac k age, the sym b ols i and pi ha v e

the v alues [i] and 3.141593.... It w ould not b e wise to c hange their v alues.

10.2.1 Complex n um b er I/O

[ [ macr o char acter ]

Complex n um b ers are prin ted b et w een square brac k ets ( [ , ] ) in the form [ xi+y ] , where x is the

imaginary part and y is the real part. Some simpli�cations are used: [ xi ] when y=0, [ xi-y ] when

y < 0, [ i+y ] when x=1, and [ -i+y ] when x=-1. Th us the pure imaginary n um b er is kno wn as [ i ] ,

and its square is equal to -1.

#C [ #-macr o ]

Complex n um b ers can b e also represen ted in the form #C(y x), where x is the imaginary part and

y is the real part. In order to get this prin ted represen tation, ev aluate ( precision 'cl).

(precisi on 'cl) = ) cl

[i] = ) #C(0 1)

[2i+1] = ) #C(1 2)

[-i+1] = ) #C(1 -1)

10.2.2 T ests for t yp e

(complexp c ) [ function with one ar gument ]

Returns the v alue of c if it is complex, or () if not.

(realp r ) [ function with one ar gument ]

Returns the v alue of r if it is n umeric and not complex, or () if not. This is a generic function

whic h can b e extended to the t yp e foo b y de�ning foo:realp .

(realp 2) = ) 2
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(realp 2.3) = ) 2.3

(realp [2/3]) = ) 2/3

(realp [i]) = ) ()

(complex p [-1234]) = ) ()

(complex p [-i]) = ) [-i]

10.2.3 Complex generic arithmetic

The arithmetic functions kno wn as + ; � ; � ; and � ha v e b een extended to the complex n um b ers.

(+ [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 mak es no sense in C, and raises an error. The same is true of

truncate and floor .

The float function con v erts real and imaginary parts of complex n um b ers in to 
oating-p oin t

n um b ers. The comparison function applied to t w o complex n um b ers, (<?> [ai+b] [ci+d]) ,

returns the v alue [(<?> a c)i + (<?> b c)] whic h only mak es mathematical sense when the

result is 0, that is when [ai+b] = [ci+d] .

The domain of the sqrt and log functions extends to C follo wing the form ulas:

sqrt(-r)=rsqrt(r) log(-r)=pi*i+log(r) .

The asin and acos functions are de�ned on C b y:

acos(z)=pi/2-asin(z) and asin(z)=-i*log(iz+sqrt(1-z*z)).

(sqrt -2) = ) [1.414213i ]

(log -2) = ) [3.141593i +. 693 147 2]

(log -1) = ) [3.141593i ]

(log 0) = ) 1/0

(sqrt -1) = ) [i]

(asin 2) = ) [-1.316958 i+ 1.5 707 96 ]

(acos 2) = ) 1.570796

10.2.4 F unctions limite d to the complex n um b ers (limite d to C)

(makecomp lex c i ) [ function with two ar guments ]

This function returns [ i i + c ], in whic h the argumen ts i and c m ust b e reals.



10-8 CHAPTER 10. RA TIONAL AND COMPLEX ARITHMETIC

(realpart c ) [ function with one ar gument ]

If c = [xi+y], realpart returns y .

(imagpart c ) [ function with one ar gument ]

If c = [xi+y], imagpart returns x.

(conjugat e c ) [ function with one ar gument ]

If c = [xi+y], conjugate returns [-xi+y].

(conjuga te [2/5i+3/5] ) = ) [-2/5i+3/5 ]

(realpar t [2i-3]) = ) -3

(imagpar t [2i-3]) = ) 2

10.2.5 P olar co ordinates

W e write [rc:tc] for the p olar represen tation of c = [yi+x]. The v alue of the angle tc=arctan(y/x)

mo dulo pi is determined b y the lo cation of [yi+x] in the complex plane. The follo wing relationships

hold:

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 mo dulus rc is giv en b y ( abs c), while the angle tc can b e obtained with:

(phase c ) [ function with one ar gument ]

If c = [xi+y] = [rc:tc], phase returns tc.

(signum c ) [ function with one ar gument ]

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)) = ) 1

The complex logarithm and exp onen tial functions are de�ned in relation to the p olar represen tation

as follo ws:
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log[r:t] = [ti+log(r)] and exp[r:t] = [exp(r)sin(t)i+exp(r)cos(t)] .

(cis r ) [ function with one ar gument ]

Computes [sin(r)i+cos(r)].

The sqrt function is de�ned for the complex n um b ers b y:

sqrt(z) = exp(log(z)/2)

The trigonometric functions are de�ned b y:

sin(z) = (exp[ci]-exp[-ci])/2i

cos(z) = (exp[ci]+exp[-ci])/2

atan(z) = -i*log([zi+1]/sqrt(1+z*z))

tan(z) = sin(z)/cos(z)

The results of the follo wing calculations dep end on the 
oating-p oin t 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 +.7 07 106 7]

(* a a) = ) [i]

(asin (sin i)) = ) [i]

(cos (acos [i])) = ) [i]

(atan [i]) = ) 1/0

(atan (tan [i])) = ) [i]

10.2.6 Hyp erb olic functions

(sinh z ) [ function with one ar gument ]

Computes (exp(z)-exp(-z))/2 .

(cosh z ) [ function with one ar gument ]

Computes (exp(z)+exp(-z))/2 .

(tanh z ) [ function with one ar gument ]

Computes sinh(z)/cosh(z) .

(asinh z ) [ function with one ar gument ]

Computes log(z+sqrt(1+z*z)) .
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(acosh z ) [ function with one ar gument ]

Computes log(z+(z+1)sqrt((z-1)/z+1)) .

(atanh z ) [ function with one ar gument ]

Computes log((1+z)sqrt(1-1/x*x)) .

10.3 A complex mini-extensi on of generic arithmetic

This example, the construction of a simpli�ed v ersion of the mo dule complex , illustrates the idea

of an extension to the generic arithmetic pac k age. While it is incomplete, do es no error c hec king,

and do es not exactly agree with the preceding description of the complex n um b ers (C), w e presen t

it for its p edagogical utilit y .

First w e put ourselv es in the C pac k age:

(setq #:sys-package:colon 'C)

10.3.1 Represen tation

A complex C is represen ted b y its real part (:r c) and its complex part (:i c).

(defstruct C r i)

T o test the t yp e C:

(defun complexp (c) (eq 'C (type-of c)))

T o construct a+ib = [a:b] :

(defun makecompl ex (a b)

(if (= 0 b)

a

(let ((c (:make)))

(:i c b)

(:r c a)

c)))

The pure complex n um b er i*i=-1:

(defvar i (makecom ple x 0 1))

10.3.2 I/O for C

By con v en tion, a+ib is written [bi+a]:
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(defun :prin (c)

(prin "[" (:i c) "i+" (:r c) "]"))

T o b e able to reread these complex n um b ers:

(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 ].

(makecompl ex r j)))

10.3.3 Complex arithmetic

The comparison is only de�ned in the case of equalit y:

(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)

(makecompl ex (+ (:r c) (:r r)) (+ (:i c) (:i r)))

(makecompl ex (+ r (:r c)) (:i c))))

Extension of + to �xed- and 
oating-p oin t v alues:

(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-p oin t and 
oating-p oin t v alues:

(defun #:fix:- (r c) (+ r (0- c)))

(defun #:float:- (r c) (+ r (0- c)))

Unary negation:
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(defun :0- (c) (makecomp le x (- (:r c)) (- (:i c))))

Binary m ultiplication:

(defun :* (c r)

(if (complexp r)

(makecompl ex (- (* (:r c) (:r r)) (* (:i c) (:i r)))

(+ (* (:r c) (:i r)) (* (:i c) (:r r))))

(makecompl ex (* r (:r c)) (* r (:i c)))))

Extension of * to �xed- and 
oating-p oin t v alues:

(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-p oin t v alues:

(defun #:fix:/ (r c) (+ r (1/ c)))

(defun #:float:/ (r c) (+ r (1/ c)))

Unary m ultiplicativ e in v erse 1/: 1/a+ib = a/m-ib/m with m=a*a+b*b:

(defun :1/ (c)

(:* (makecompl ex (:r c) (- (:i c))) (/ (:module2 c))))

(defun #:fix:1/ (r) (/ (float r)))

Compute the square of the mo dulus of c:

(defun :module2 (c)

(+ (* (:i c) (:i c)) (* (:r c) (:r c))))

Compute the mo dulus of c:

(defun :abs (c) (if (zerop (:r c)) (abs (:i c)) (sqrt (:module 2 c))))

10.3.4 exp, log and sqrt functions

exp[ai+b] = exp(b)*[sina*i+cosa] :

(defun :exp (c)

(:* (makecomp lex (cos (:i c)) (sin (:i c))) (exp (:r c))))

The n um b er pi:
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(defvar pi (* 4 (atan 1)))

log(r*e**i*theta) = log(r)+i*theta

; The definition that follows is mathemati ca lly false,

; to simplify things!

(defun :log (c)

(makecomp lex (log (:abs c))

(if (= 0 (:r c))

(/ pi 2)

(atan (/ (:i c) (:r c))))))

T o extend the log function to negativ e �xed-p oin t v alues:

(defun #:fix:log (r)

(selectq (<?> r 0)

(1 (log (float r)))

(0 (- (/ 0)))

(-1 (makecom ple x (log (- r)) pi))))

Extension to 
oats:

(defun #:float:l og (r) (:log r))

(sqrt c) = c **1/2 = e**(log(c)/2)

(defun :sqrt (c) (:exp (/ (:log c) 2)))

T o extend the sqrt function to negativ e �xed-p oin t and 
oating-p oin t v alues:

(defun #:fix:sqr t (r)

(selectq (<?> r 0)

(1 (sqrt (float r)))

(0 0)

(-1 (makecom ple x 0 (sqrt (- r))))))

(defun #:float:s qr t (r) (#:fix:sqr t r))
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Chapter 11

Debugging to ols

This c hapter describ es sev eral utilities, written in L ISP , that mak e it easier to debug y our L ISP

programs. They are automatically loaded the �rst time they are called. They include to ols

supp orting step-b y-step execution of co de, program tracing, and an insp ection lo op whic h allo ws

the en vironmen t to b e examined on the o ccurrence of errors. All these to ols use the virtual m ultiple

windo ws if they are a v ailable.

debug [ fe atur e ]

This feature indicates whether the debugging to ols are loaded in to memory .

(debugend ) [ function with no ar guments ]

Reco v ers memory that w as b eing used b y the debugging to ols. It also remo v es the debug feature

from the en vironmen t. Eac h debugging function will b e loaded anew the next time it is called.

11.1 T racing

Recall that it is p ossible to trace all the in ternal calls to the eval function during the execution

of a program b y using the traceval function. (See the description of this function.) This is useful

for understanding the internal b eha vior of the ev aluator, but not v ery handy for debugging larger

programs b ecause it pro vides to o m uc h information for that purp ose.

Therefore, it is also p ossible to trace calls to an y function. A trace prin ts certain information the

user has selected at the en try and the exit of a function. The prin ting can b e con trolled b y a L ISP

expression whic h is ev aluated when the ev aluator en ters and exits the function.

It is also p ossible to conditionally en ter an insp ection lo op at the en try of a function. As a �nal

p ossibilit y , y ou can redirect the output of the trace b y assigning a c hannel to the *trace-output*

global v ariable.

11.1.1 Stepping functions

1
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(trace trace

1

: : : trace

n

) [ sp e cial form ]

T races the functions describ ed b y argumen ts trace

1

: : : trace

n

. These argumen ts are not ev aluated.

They are either function names or lists whic h ha v e function names in their car s. The former kind of

argumen t activ ates a standard trace on the giv en function. The latter form lets the caller giv e trace

parameters for the function in v olv ed, forms to b e ev aluated on function en try and exit, conditional

trace p oin ts, and conditional breakp oin ts. These trace parameters are descib ed in section 11.1.2.

trace returns a list of all the functions a�ected.

(untrace sym

1

: : : sym

n

) [ sp e cial form ]

Disables tracing on functions named b y the sym b ols sym

1

: : : sym

n

. These names are not ev aluated.

If no argumen t is giv en, that is, if the call w as (untrace) , all curren t traces will b e disabled.

untrace returns a list of the functions a�ected.

11.1.2 T race parameters

The standard trace on a function prin ts the follo wing information:

� Up on en tering the function, its name and the name(s) and v alue(s) of its parameter(s).

� Just b efore exiting the function, its name follo w ed b y the v alue it returns.

List argumen ts to trace m ust ha v e the follo wing form:

(fn par

1

: : : par

n

)

where fn is the name of the function to trace and par

1

: : : par

n

are the parameters.

The parameters recognized b y the trace function are:

� (when e) : conditional trace.

� (break e) : conditional breakp oin t

� (step e) : conditional switc h in to step wise execution mo de.

� (entry e

1

: : : e

m

) : sets L ISP forms to ev aluate up on function en try .

� (exit e

1

: : : e

m

) : sets L ISP forms to ev aluate up on function exit.

The when parameter is a L ISP form whic h is ev aluated at function en try and exit. If the ev aluation

of this form results in () the other trace conditions break , step , entry and exit are ignored.

The break parameter is a L ISP form whic h is ev aluated at function en try . If the ev aluation do es

not result in () an insp e ction lo op is activ ated at the function en try p oin t. (See the break function

describ ed in section 11.2.) Note that the break parameter is ev aluated after the when parameter.

The breakp oin t is created only when b oth the when and break parameters are true.

The step parameter is a L ISP form whic h is ev aluated after the break parameter but b efore the

b o dy of the function b eing traced. If its v alue is di�eren t than () , the b o dy of the function is

ev aluated in step wise execution mo de. (See the step function describ ed in section 11.3.) Otherwise
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the b o dy of the function is ev aluated normally . The step parameter is only ev aluated when the

when parameter is true.

All the op erations whic h are activ ated up on entry into a function are done after v ariable bindings

ha v e b een done. All the op erations whic h happ en up on exit fr om a function are done after the

ev aluation of the last form in the function, in the en vironmen t of the function. In addition, as the

ev aluator exits the function, the v ariable #:trace:value will con tain the v alue that the function

will return, and it can b e used for examining or prin ting this v alue.

If some v alues are not furnished in a call to trace , they tak e on the v alues they w ould ha v e in a

standard trace. They are de�ned as follo ws for a t w o-argumen t 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 T race global v ariables

#:trace:a rg1 [ variable ]

#:trace:a rg2 [ variable ]

#:trace:a rg3 [ variable ]

The v alues of these v ariables are only meaningful during the ev aluation of when , break , entry , and

exit parameters of a compiled traced function, whic h can b e a prede�ned compiled function or a

function compiled b y the user.

Their v alues dep end up on the t yp e of the traced function, as follo ws:

� F or subr0 functions, none of these v alues are meaningful.

� F or subr1 functions, #:trace:arg1 con tains the v alue of the function's �rst argumen t.

� F or subr2 functions, #:trace:arg1 and #:trace:arg2 con tain the v alues of the function's

�rst and second argumen ts, resp ectiv ely .

� F or subr3 functions, #:trace:arg1 , #:trace:arg2 , and #:trace:arg3 con tain the v alues of

the function's �rst, second, and third argumen ts, resp ectiv ely .

� F or subrn functions, #:trace:arg1 con tains the list of v alues of all the function's argumen ts.

� F or fsubr , msubr and dmsubr functions, #:trace:arg1 con tains the list of the function's

non-ev aluated argumen ts.

The use of these v ariables in trace parameters can result in a v ery �ne-grained trace of compiled

functions.
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Here are some examples of their use:

� Breakp oin t on car when the argumen t's v alue is a n um b er:

(trace (car (when (numberp #:trace:arg1)) (break t)))

� T race putprop when the v alue of the third argumen t is () :

(trace (putprop (when (null #:trace:arg3))))

� T race calls to list with sev en argumen ts:

(trace (list (when (= (length #:trace:arg1) 7))))

� T race all the setq s on the v ariable foo :

(trace (setq (when (eq (car #:trace:arg1) 'foo))))

P erv erse e�ects can result from using the trace functions. The follo wing call rev erses the argumen t

order of all calls to the cons function.

(trace (cons

(entry (psetq #:trace:arg1 #:trace:arg2

#:trace:arg2 #:trace:arg1))))

#:trace:v alu e [ variable ]

This v ariable con tains the last v alue returned b y a traced function. This v alue is only meaningful

inside forms asso ciated with trace exit parameters.

#:trace:n ot- in -tr ac e-f lag [ variable ]

This v ariable has the v alue () during the ev aluation of trace parameters, and t at other times. It

is used b y the tracer as a supplemen tary condition on function tracing. F unctions are not actually

traced unless this v ariable has the v alue () . This enables traced functions to b e used in the

ev aluation of trace parameters without sending the ev aluator in to an in�nite lo op. F or example

the print function can b e traced ev en though it is b eing used to prin t trace messages.

Here is an example of a trace of the print function. F ollo w it carefully|w e are also tracing

toplevel 's calls to print , (print (eval (read))) :

? (trace print)

= print ---> ((print))

(print)

print <--- (print)

? (print 1 2 3)

print ---> (1 2 3)

123

print <--- 3

= print ---> (3)

3

print <--- 3
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? (untrace)

= (print)

#:trace:t rac e [ variable ]

This v ariable con tains the list of all the functions b eing traced at a giv en momen t.

11.1.4 Example of trace use

W e repro duce here a L E -L ISP session illustrating the use of the tracer:

Switch into debug mo de. ? (debug t)

= t

? (defun rv (s res)

? (if (null s)

? res

? (rv (cdr s) (cons (car s) res))))

= rv

A normal try, without tr acing. ? (rv '(1 2 3) ())

= (3 2 1)

Standar d tr acing. ? (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 b e printe d up on function entry and exit. ? (trace (rv (entry

(print "rv: res=" res))

? (exit (print "rv returns:" #:trace:v alu e) )))

= ((rv (entry (print rv: res= res)) (exit (print rv returns: #:trace:v alu e)) )) ? (rv '(1

2 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)
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= (3 2 1)

T r ac e c onditional ly. ? (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 insp e ction lo op on a c ondition. ? (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))))

>? v

s=()

res=(3 2 1)

>? r

rv <--- (3 2 1)

rv <--- (3 2 1)

rv <--- (3 2 1)

rv <--- (3 2 1)

= (3 2 1)

Use stepwise exe cution mo de. ? (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>? ; return

2 -> (null s) step>? ; return

3 -> s step>? ; return

3 <- (3)

2 <- ()

2 -> (rv (cdr s) (cons (car s) res)) step>? ; return

3 -> (cdr s) step>? ; return

4 -> s step>? ; return

4 <- (3)

3 <- ()

3 -> (cons (car s) res) step>? <

3 <- (3 2 1)
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rv ---> 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)

Suppr ess tr acing. ? (untrace rv)

= (rv) Redirect the trace output. ? (de foo (x) (car '(1 2 3)))

= foo ? (trace foo)

= (foo) ? (let ((*trace-ou tp ut* (openo "see")))

? (protect (foo '(1 2 3))

? (close *trace-ou tp ut* )) )

= 1 ? !cat see

foo ---> x=(1 2 3)

foo <--- 1

= t ? (foo '(1 2 3))

foo ---> x=(1 2 3)

foo <--- 1

= 1

11.2 Break and debug mo de

When an error is raised, a message is prin ted and the en vironmen t is restored, whic h results in

the reinitialization of all the dynamic ob jects. Sometimes, ho w ev er, it is preferable to sta y in the

en vironmen t whic h raised the error to examine the v ariables or the stac k as they w ere when the

err or was r aise d. This is accomplished b y switc hing to debug mo de.

(debug s ) [ sp e cial form ]

If the argumen t s , whic h is not ev aluated, is equal to t , debug mo de is globally activ ated. If the

argumen t is () , debug mo de is globally deactiv ated. If the argumen t s is an expression, the debug

mo de will b e activ ated only during the ev aluation of this expression. debug returns the v alue of

the ev aluation of s as its v alue. This inciden tally allo ws an y Lisp expression to b e submitted to the

debug statemen t as an argumen t for debugging.

(break) [ function with no ar guments ]

Outside debug mo de, this function just causes a return to the L ISP toplevel b y calling the err

function. (See the explanation of the err function.) In debug mo de it activ ates an insp e ction lo op

in its dynamic call en vironmen t. The insp ection lo op is recognizable b y its >? prompt. One can
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return to the L ISP toplevel from the insp ection lo op b y ev aluating ( exit break ) or using the

shorthand t . break is systematically called b y the standard error-handling function syserror . In

debug mo de, therefore, all user errors send the ev aluator in to an insp ection lo op.

If a new error is raised in the insp ection lo op, break will only b e called recursiv ely if the form (debug

t) w as ev aluated from within the �rst insp ection lo op. In this case, the prompt will indicate the

n um b er of activ e em b edded calls to break .

11.2.1 Insp ection (or debug) lo op

An insp ection (or debug) lo op is a read-eval-print lo op whic h runs in a function's lo cal

en vironmen t. It is created in debug mo de b y a call to the break function; that is, when an error, a

breakp oin t (see the trace function), or an explicit user call to the function o ccurs. An insp ection

lo op can b e recognized b y its prompt \ > ?".

An insp ection lo op can b e terminated b y returning to the Lisp toplevel or b y con tin uing the

in terrupted computation.

When a debug lo op starts executing, the name of the function b eing called it is prin ted on the

screen and, if p ossible, the section of the function curren tly b eing ev aluated is highligh ted. (This

op eration uses the tyattrib function.)

In a debug lo op an y L ISP function whatso ev er can b e ev aluated, just lik e at the system toplevel .

The expression ev aluation tak es place, ho w ev er, in the lo cal en vironmen t of the function whic h

called the lo op. It is therefore p ossible to examine the v alues of the function's parameters. In

addition, a n um b er of c ommands let the en vironmen ts of calls w aiting on the stac k b e pushed or

p opp ed, so parameters and lo cal v ariables of all the w aiting functions can b e examined.

The stac k insp ection commands tak e the form of c haracters to b e t yp ed at the b eginning of a line.

If a L ISP form whic h b egins with a command c haracter is to b e ev aluated, it m ust b e preceded b y

the sp ac e c haracter.

The debug, or insp ection, lo op commands are:

� v : Prin t the curren t function's lo cal v ariables.

� e : Prin t the full error message of the error that raised the debug lo op.

� . (dot or p erio d): Prin t the curren t function.

� + : P op a function call o� the stac k.

� { : Push the curren t function (bac k) on to the stac k.

� h (istory): Prin t the �rst few function calls b eginning with the curren t one. The n um b er of

lev els prin ted is the v alue of the #:system:stack-depth global v ariable.

� H : Prin t all susp ended function calls.

� q (uit): Lea v e the debug lo op.

� t (op): Return immmediately to the L ISP top lev el.
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� r : Con tin ue the program whic h caused the debug lo op to b e activ ated. This function pro vides

a w a y to con tin ue ev aluation after a breakp oin t and to correct the unde�ne d variable ( errudv )

and unde�ne d function ( errudf ) errors.

� z : Con tin ue a function stopp ed at a breakp oin t in step wise execution mo de.

� ? : Prin t this list of debug lo op commands.

Those commands whic h terminate the debug lo op also restore the stac k con text b y pushing function

con texts whic h ma y ha v e b een p opp ed b efore con tin uing execution.

Switch to glob al debug mo de. ? (debug t)

= t De�ne an inc orr e ct function. ? (defun foo (x)

? (if (= x 0)

? (lisp 1)

? (cons (1+ x) x (foo (1- x)))))

= foo T ry 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 printe d with the faulty p art (c ons...) underline d. cons r e quir es two

ar guments! R eturn to the top level.)

>? t

Corr e ct 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.

>? v

x=0

>? ; Evaluate some lisp forms...

>? x

= 0

>? (mcons (1+ x) x '(1))

= (1 0 1)
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>? ; 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.

>? v

x=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".

>? r

function >? list

= (4 3 3 2 2 1 1)

The function foo must b e c orr e cte d. ? (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 c onditional br e ak p oint. ? (trace (foo (break (= x 0))))

= ((foo (break (= x 0)))) ? (foo 5)
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foo ---> x=5

foo ---> x=4

foo ---> x=3

foo ---> x=2

foo ---> x=1

foo ---> x=0

** foo : break : tracebrea k

(defun foo (x)

(if (= x 0) (list 1) (mcons (1+ x) x (foo (1- x)) )))

---------- --

>? v

x=0

>? ; Let's modify foo's parameter.

>? (setq x 4)

= 4

>? ; Continue the computation...

>? r

foo ---> x=3

foo ---> x=2

foo ---> x=1

foo ---> 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.

>? r

foo <--- (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 mo de functions

The functions describ ed in this section ma y b e useful to users who w an t to extend the debug mo de

functionalit y .
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(printsta ck n s ) [ function with one or two optional ar guments ]

Prin ts a visual represen tation of the last n lev els of the Lisp dynamic execution stac k or the whole

stac k if n is not furnished. If the s argumen t is giv en, it m ust b e a list returned b y the cstack

function. Suc h a list represen ts a L ISP stac k state, and it is the con ten ts of this list, and not the

curren t state of the stac k, that w ould b e prin ted if s w ere presen t in the call.

(debug-co mma nd cn ) [ function with one ar gument ]

The cn argumen t is an in ternal c haracter co de. This function executes the debug lo op command

asso ciated with this c haracter.

#:system: sta ck -de pt h [ variable ]

The v alue of this v ariable is a n um b er that indicates the n um b er of stac k lev els that the h debug

lo op command will prin t. Its initial v alue is 5. This v ariable is ignored b y the H command, whic h

prin ts the en tire stac k con ten ts.

#:system: deb ug -li ne [ variable ]

This v ariable pro vides a w a y to limit the n um b er of lines prin ted b y the debug lo op information

messages. Its v alue is the maxim um n um b er of lines to b e prin ted, and its initial v alue is 5. This

v ariable is particularly useful for limiting the prin ting of functions whic h ha v e caused errors.

11.3 Step wise execution

Single-step mo de lets the user stop at eac h in ternal ev aluator call. During these halts, dynamic

ob jects can b e examined and the dynamic b eha vior of a program can th us b e follo w ed v ery closely .

As in the case of tracing, y ou can redirect the displa y of step wise execution b y means of the

*trace-output* v ariable. It is also p ossible to read the step wise commands b y assigning a c hannel,

op ened as input, to the *trace-input* global v ariable.

Warning : The curren t implemen tation of this feature do es not allo w the ev aluator to b e stopp ed

during the ev aluation of &nobind functions.

In order to implemen t this incremen tal execution feature, the system in v ok es the stepeval

programmable in terrupt, with the form to ev aluate as its argumen t, at eac h in ternal call to the

ev aluator.

Here are the v arious actions p ossible at eac h pause:

� return : Con tin ue the step wise ev aluation one step at a time.

� < : Ev aluate the curren t expression without stopping at eac h step and then con tin ue in single-

step mo de after the ev aluation is done.

� q : Quit single-step mo de and return the v alue of the expression that launc hed it.
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� = : Activ ate a debug (insp ection) lo op, in whic h all the debug lo op commands are a v ailable.

Return to single-step mo de b y t yping the I command in the debug lo op.

� h : Prin t a history of the susp ended ev aluations.

� ? : Prin t an abbreviated command list.

(step s ) [ sp e cial form ]

Ev aluate the expression s in single-step mo de. step returns the v alue of the ev aluation of s .

(unstep s

1

: : : s

n

) [ sp e cial form ]

Susp end single-step mo de during the ev aluation of the expressions s

1

: : : s

n

and return the v alue

of s

n

.

Change glob al ly into debug mo de. ? (debug t)

= t ? (defun f (n)

? (if (<= n 1)

? 1

? (* (f (1- n)) n)))

= f

? (step (f 5))

1 -> 5 step> 1 <- 5

1 -> (if (<= n 1) 1 (* (f \&) n)) step>? ; return

2 -> (<= n 1) step>? ; return

3 -> n step>? ; return

3 <- 5

3 -> 1 step>? ; return

3 <- 1

2 <- ()

2 -> (* (f (1- n)) n) step>? ; return

3 -> (f (1- n)) step>? ; return

4 -> (1- n) step>? ; return

5 -> n step>? ; return

5 <- 5

4 <- 4

4 -> (if (<= n 1) 1 (* (f \&) n)) step>? ; return

5 -> (<= n 1) step>? ; return

6 -> n step>? ; return

6 <- 4

6 -> 1 step>? ; return

6 <- 1

5 <- ()

5 -> (* (f (1- n)) n) step>? ?

(The single-step mode commands are:)
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; 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>? h

1 (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) ))

----------------

>? v

n=4

>? h

[stack 2] (f ...)

[stack 1] (f ...)

>? r

5 -> (* (f (1- n)) n) step>? ; return

6 -> (f (1- n)) step>? <

6 <- 6

6 -> n step>? ; return

6 <- 4

5 <- 24

4 <- 24

3 <- 24

3 -> n step>? ; return

3 <- 5

2 <- 120

1 <- 120

= 120
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11.1 T racing : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 11-1

11.1.1 Stepping functions : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 11-1

11.1.2 T race parameters : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 11-2

11.1.3 T race global v ariables : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 11-3

11.1.4 Example of trace use : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 11-5

11.2 Break and debug mo de : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 11-7

11.2.1 Insp ection (or debug) lo op : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 11-8

11.2.2 Debug mo de functions : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 11-11

11.3 Step wise execution : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 11-12
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F unction Index

debug [ fe atur e ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 11-1

(debugend) [ function with no ar guments ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 11-1

(trace trace

1

: : : trace

n

) [ sp e cial form ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 11-2

(untrace sym

1

: : : sym

n

) [ sp e cial form ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 11-2

#:trace:arg 1 [ variable ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 11-3

#:trace:arg 2 [ variable ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 11-3

#:trace:arg 3 [ variable ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 11-3

#:trace:val ue [ variable ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 11-4

#:trace:not -in -tr ac e-f lag [ variable ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 11-4

#:trace:tra ce [ variable ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 11-5

(debug s ) [ sp e cial form ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 11-7

(break) [ function with no ar guments ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 11-7

(printstack n s ) [ function with one or two optional ar guments ] : : : : : : : : : : : : : : : : : : : : : : : : 11-12

(debug-comm and cn ) [ function with one ar gument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 11-12

#:system:st ack -de pt h [ variable ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 11-12

#:system:de bug -li ne [ variable ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 11-12

(step s ) [ sp e cial form ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 11-13

(unstep s

1

: : : s

n

) [ sp e cial form ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 11-13
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Chapter 12

Loader/assem bler LLM3

The heart of the L E -L ISP system is written in the LLM 3 virtual mac hine language [Chailloux 85b].

This language is a v ailable in L ISP . It is used b y the v arious L E -L ISP compilers but can also b e used

to write new standard functions, or to write compilers for languages other than L ISP . This c hapter

describ es the functions that pro vide access to in ternal mac hine resources and the syn tax used b y

the LLM 3 loader/assem bler, often called lap , for Lisp Assembly Pr o gr am .

12.1 Access to memory and the CPU

F unctions pro vided in this section allo w y ou to directly access memory and the cpu . The

LLM 3 loader/assem bler uses a sp ecial memory zone, called the c o de zone , to load and store

instructions. The follo wing functions are ob viously mac hine-dep enden t, and are used to build the

LLM 3 loader/assem bler.

These functions are designed to op erate on all p ossible memory addresses, for all mac hine

arc hitectures. Since L E -L ISP in tegers are 16 bits long, they cannot alw a ys represen t memory

addresses. A memory address|referred to as addr throughout this c hapter|is therefore

represen ted in L ISP in one of t w o p ossible w a ys:

� By a 16-bit n um b er with an extended sign, to represen t a complete 32-bit address.

� By a cons of t w o n um b ers of the form (high . low) . The car , high , con tains the 16 high-

order bits of the address. The cdr , low , con tains the 16 lo w-order bits.

The address #$001f3c00 is stored as (#$1f . #$3c00)

" " #$00008000 " " (0 . #$8000)

" " #$ffff0000 " " (#$ffff . 0)

" " #$0000ffff " " (0 . #$ffff)

" " #$ffff8100 " " #$8100

" " #$00001000 " " #$1000

The functions that follo w test the v alidit y of memory address-t yp e argumen ts. They can raise the

errdna error, whic h has the follo wing default screen displa y:

1
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** <fn> : bad address : <s>

Here, fn is the name of the function called, and s is the argumen t that is not of t yp e memory

address.

(#:system :cc od e addr ) [ function with an optional ar gument ]

This function reads|or writes, if the addr argumen t is giv en|the curren t memory load address

in the co de zone.

(#:system :ec od e) [ function with no ar guments ]

Reads the last memory address in the co de zone.

(addadr addr1 addr2 ) [ function with two ar guments ]

Returns the sum of the t w o memory addresses addr1 and addr2 . It allo cates a new cons if its

result m ust b e represen ted 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 ar guments ]

Returns the di�erence of the t w o addresses addr1 and addr2 . It allo cates a new cons if its result

m ust b e represen ted 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 ar guments ]

Adds n to the memory address addr . If this address is in the form of a cons , incradr ph ysically

mo di�es the cons cell.

(setq addr '(3 . #$fffe)) = ) (3 . -2)

(incradr addr 1) = ) (3 . -1)
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(incradr addr 1) = ) (4 . 0)

(incradr addr 1) = ) (4 . 1)

(incradr addr 100) = ) (4 . 101)

addr = ) (4 . 101)

(gtadr addr1 addr2 ) [ function with two ar guments ]

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 ar gument ]

Pro vides a w a y to get the absolute memory address of the L ISP ob ject s . The memory address of a

L ISP ob ject is the p oin ter to it. This function pro vides a means of lo cating in memory ob jects that

are created dynamically . loc cannot b e describ ed in L ISP .

(loc '(a b c)) = ) (15 . 288)

(loc '(a b c)) = ) (13 . 1200)

(vag addr ) [ function with one ar gument ]

This is the in v erse of the loc function. vag returns the L ISP ob ject whose absolute memory address

is supplied as the argumen t. So, (vag (loc s)) is equiv alen t to s itself. The vag function cannot

b e describ ed in L ISP .

Warning : vag do es not test whether or not addr is the address of a real L ISP ob ject, and

an erroneous call to this function could raise an error on the host system. In particular it is

p ossible to refer to ob jects that ha v e disapp eared:

(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 ar guments ]

memory samples, or if the second n umeric argumen t n is pro vided c hanges, the w ord of memory

whose address addr is giv en as its �rst argumen t. This function do es no p erform v alidit y c hec king

and m ust b e used with the utmost care. It returns a n um b er represen ting the v alue of the memory

w ord (after mo di�cation, if the t w o-argumen t form w as used). This function is limited b y the nature

of the host cpu : 8-bit or 16-bit w ords, w ord alignmen t considerations, etc.
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(call addr a1 a2 a3 ) [ function with four ar guments ]

The �rst argumen t addr m ust b e the memory address of a memory-residen t subroutine. call will

call this subroutine after ha ving loaded the three v alues a1 , a2 and a3 in to the LLM 3 accum ulators

A1, A2, and A3, resp ectiv ely . This call format is used b y subr0 s, subr1 s, subr2 s, subr3 s, fsubr s,

msubr s and dmsubr s. (See the section on function calls 12.7.) This function m ust b e used with care,

since it p erforms no tests for the v alidit y of the executed co de.

call returns as its v alue the con ten ts of the A1 accum ulator after the co de b eginning at addr

has b een executed.

Warning : The co de executed b y means of a call statemen t m ust end with an LLM 3 return

instruction, and load the A1 register with a L ISP v alue to b e returned b y the call function.

(calln addr l ) [ function with two ar guments ]

This function is similar to call , but pushes the list of argumen ts con tained in l on to the

stac k b efore calling the subroutine stored at memory address addr . The n um b er of argumen ts

pushed will b e a v ailable in the A4 accum ulator. This is the form that nsubr s tak e. (See the

section on function calls 12.7.)

Warning : The co de in v ok ed b y means of calln m ust remo v e its argumen ts from the stac k

(using the n um b er of argumen ts v alue stored in A4 and, for example, the LLM 3 adjstk

instruction), terminate with the LLM 3 return instruction, and load the A1 register with a

L ISP v alue to b e returned b y the calln function.

12.2 LLM3 memory loader

loader [ fe atur e ]

This feature indicates whether the LLM 3 loader/assem bler is curren tly in memory .

(loader l i ) [ function with two ar guments ]

The loader function loads the list of LLM 3 instructions l in to memory . The format of these

instructions is describ ed in the next section. If the indicator i is true, the loader will prin t, in

the host mac hine language, the assem bly listing of these instructions on the curren t output stream.

loader returns () as its v alue.

#:ld:spec ial -c ase -l oad er [ variable ]

The pseudo-instruction fentry c hanges the functional v alue of functions during loading. In

certain di�cult b o ot-strapping cases (loading the loader itself, for example), functional v alues

m ust b e resolv ed at the end of the load (when the pseudo-instruction end is encoun tered). The

#:ld:special-case-loader v ariable is t in these sp ecial cases, but () b y default.
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#:ld:shar ed- st rin gs [ variable ]

This v ariable indicates whether c haracter string constan ts should b e shared during the loading of

LLM 3 instructions.

12.3 LLM3 instruction format

A list of LLM 3 instructions con tains atoms represen ting the lab els and lists represen ting the

instructions. An instruction is itself a list of the form:

(codop op

1

: : : op

n

)

where codop is the instruction mnemonic, and op

1

: : : op

n

are the op erands. Only the codop �eld

is obligatory .

12.4 Mo dules and lab els

A mo dule is a set of lists of instructions b eginning with the title pseudo-instruction and ending

with the end pseudo-instruction.

There are three t yp es of lab els:

1. Lab els lo cal to a list of instructions.

2. Lab els lo cal to a mo dule.

3. Global lab els.

L ab els lo c al to a list of instructions are represen ted b y in tegers or b y sym b ols declared using the

local pseudo-instruction. A sym b olic lab el whic h is lo cal to a list of instructions m ust b e declared

b efore it is used. These lab els m ust b e resolv ed b efore the end of the list of instructions, or when the

endl pseudo-instruction is encoun tered. All references to this kind of lab el generate jumps relativ e

to the program coun ter.

L ab els lo c al to a mo dule are alw a ys sym b olic. They are de�ned using the entry pseudo-instruction.

They can b e unde�ned at incremen tal calls to the loader but m ust b e resolv ed when the end

pseudo-instruction is encoun tered. All references to this kind of lab el generate jumps relativ e to

the program coun ter.

Glob al lab els are also alw a ys sym b olic. They are de�ned using the fentry pseudo-instruction. All

references to this t yp e of lab el generate an access to the functional v alue of the sym b ol. All the

standard functions are of this t yp e.
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12.5 LLM3 instruction op erands

LLM 3 has four t yp es of op erands:

1. Registers (accum ulators).

2. L ISP ob ject immediate v alues.

3. L ISP ob ject �elds.

4. Lab els.

a1 [ LLM3 op er and ]

a2 [ LLM3 op er and ]

a3 [ LLM3 op er and ]

a4 [ LLM3 op er and ]

These four op erands represen t the registers (accum ulators) of the LLM 3 mac hine.

nil [ LLM3 op er and ]

This op erand represen ts the sp ecial n ull sym b ol || , whic h is used as the end-of-list mark er and as

the b o olean false v alue.

quote exp [ LLM3 op er and ]

This op erand represen ts a L E -L ISP constan t of an y t yp e.

car accu [ LLM3 op er and ]

cdr accu [ LLM3 op er and ]

These op erands represen t access to the constituen ts of a list elemen t.

cval accu [ LLM3 op er and ]

plist accu [ LLM3 op er and ]

fval accu [ LLM3 op er and ]
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pkgc accu [ LLM3 op er and ]

oval accu [ LLM3 op er and ]

alink accu [ LLM3 op er and ]

pname accu [ LLM3 op er and ]

These op erands represen t access to the v arious constituen ts of a sym b ol.

cvalq symb [ LLM3 op er and ]

This op erand giv es direct access to the v alue of the sym b ol named symb , considered as a v ariable:

that is, its cval .

fvalq symb [ LLM3 op er and ]

This op erand giv es direct access to the v alue of the sym b ol named symb , considered as a function:

that is, its fval .

typ accu [ LLM3 op er and ]

val accu [ LLM3 op er and ]

These op erands represen t access to constituen ts of ob jects of t yp e c haracter string or v ector of

S-expressions.

& n [ LLM3 op er and ]

This op erand represen ts the n

th

elemen t on the stac k. The top elemen t of the stac k is represen ted

b y (& 0) , the next-to-top elemen t b y (& 1) , and so on.

lab [ LLM3 op er and ]

This op erand refers to a lab el whic h is lo cal to a list of instructions or to a mo dule.

@ lab [ LLM3 op er and ]

This op erand represen ts the address of an LLM 3 lab el. This lab el is either lo cal to a list of

instructions or to a mo dule.

eval expr [ LLM3 op er and ]
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This op erand dynamically calls the L E -L ISP ev aluator on the expression expr . The v alue returned

b y the ev aluation of an eval op erand m ust b e a legal LLM 3 op erand.

12.6 Pseudo-instructions

title symb [ LLM3 pseudo-instruction ]

Declares the name of a mo dule. Inside a mo dule, title app ears as the �rst instruction.

local symb [ LLM3 pseudo-instruction ]

local pro vides a w a y to declare a lab el lo cal to a list of instructions. By default, n umeric lab els

are alw a ys lo cal, and sym b olic lab els are alw a ys global.

fentry symb ftype [ LLM3 pseudo-instruction ]

The symb argumen t is the name of the L ISP sym b ol that will ha v e a global function (of t yp e subr )

written in LLM 3 as its function v alue. ftype m ust b e one of the follo wing L E -L ISP functional t yp es:

subr0 , subr1 , subr2 , subr3 , nsubr , fsubr , msubr or dmsubr .

entry symb ftype [ LLM3 pseudo-instruction ]

The symb argumen t is the name of the L ISP sym b ol that will ha v e a lo cal function (of t yp e subr )

written in LLM 3 as its function v alue. ftype is one of the follo wing L E -L ISP functional t yp es: subr0 ,

subr1 , subr2 , subr3 , nsubr , fsubr , msubr ou dmsubr . After loading, this function is no longer

accessible.

endl [ LLM3 pseudo-instruction ]

T erminates the loading of a lo cal function. All lo cal lab els m ust b e resolv ed at this p oin t and are

then discarded.

end [ LLM3 pseudo-instruction ]

T erminates the loading of a mo dule.

eval e [ LLM3 pseudo-instruction ]

Ev aluates the expression e within the con text of the loader. It loads nothing in to memory unless

explicitly instructed to do so.
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12.7 Basic instructions

12.7.1 Mo ving p oin ters

Along with the mov instruction, whic h pro vides a means to mo v e an y p oin ter to a L ISP ob ject, there

are other sp ecialized instructions for mo ving p oin ters or b ytes in the heap storage or on the stac k.

mov op1 op2 [ LLM3 instruction ]

Mo v es the p oin ter con tained in the source op erand op1 to the destination op erand op2 . The

destination op erand cannot b e an immediate v alue.

12.7.2 P oin ter comparisons

cabeq op1 op2 lab [ LLM3 instruction ]

P erforms a p oin ter comparison. If the op erand op1 is equal to the op erand op2 , a branc h will o ccur

to the lo cal lab el lab .

cabne op1 op2 lab [ LLM3 instruction ]

Lik e cabeq , cabne do es a p oin ter comparison. If the op erand op1 is not equal to the op erand op2 ,

a branc h will o ccur to the lo cal lab el lab .

12.7.3 Con trol

bra lab [ LLM3 instruction ]

Branc hes to the lo cal lab el lab , whic h m ust b e within the LLM 3 mo dule. The branc h is done relativ e

to the program coun ter.

jmp symb [ LLM3 instruction ]

Jumps to the address of the functional v alue asso ciated with the sym b ol symb . The branc h is an

indirection through the fval of the sym b ol symb . Jumps to the co de of standard functions are jmp s

and not bra s.

bri op [ LLM3 instruction ]

Branc hes indirectly to the address con tained in the op erand op .

brx llab op [ LLM3 instruction ]

P erforms an indexed branc h through the list of lab els llab . op is the zero-relativ e index used. The

list of lab els is a list of op erands of lab el-reference t yp e: that is, (@ lab) .
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sobgez op lab [ LLM3 instruction ]

Decremen ts the op erand op . If this op erand is greater than or equal to zero, a branc h is done to

the lab el lab .

nop [ LLM3 instruction ]

T ak es up a little space, w astes a little time, and �nally do es nothing visible.

12.8 Stac k

LLM 3 has a single stac k for b oth con trol and data. It is used as an implicit op erand in some sp ecial

stac k-orien ted instructions. These instructions|whic h use the stac k p oin ter register, referred to as

SP |do not require the stac k to gro w in a sp eci�c direction. Also, they do not require the stac k to

ha v e implicit b oundary-o v er
o w tests built in. The stac k normally o ccupies the space of 6K ob jects.

12.8.1 Managemen t of the stac k p oin ter

Tw o instructions pro vide for the explicit manipulation of the stac k p oin ter SP .

stack op [ LLM3 instruction ]

Mo v es the curren t con ten ts of the stac k p oin ter in to the op erand op .

sstack op [ LLM3 instruction ]

Mo v es the op erand op in to the stac k p oin ter.

12.8.2 As a con trol stac k

Three instructions pro vide for the manipulation of return addresses stored on the stac k.

call lab [ LLM3 instruction ]

Pushes the curren t program coun ter on to the top of the stac k and branc hes to the lo cal lab el lab ,

whic h m ust b e in the curren t LLM 3 mo dule. The branc h is direct and relativ e.

calli op [ LLM3 instruction ]

Pushes the curren t program coun ter on to the top of the stac k and branc hes to the address con tained

in the op erand op .

jcall symb [ LLM3 instruction ]
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This function is similar to calli , but the destination of the branc h can b e in another LLM 3 mo dule.

The branc h is an indirection through the fval of the sym b ol symb . All the standard function calls

m ust use jcall and not call .
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return [ LLM3 instruction ]

P ops the top address o� the stac k, and it b ecomes the new v alue of the program coun ter.

12.8.3 As a data stac k

push op [ LLM3 instruction ]

Pushes the op erand op on to the stac k. The stac k p oin ter is mo di�ed as required.

pop op [ LLM3 instruction ]

P ops the v alue on the top of the stac k in to the op erand op . The stac k p oin ter is mo di�ed as

required.

adjstk op [ LLM3 instruction ]

Adjusts the stac k p oin ter so that the op last ob jects on the stac k are p opp ed o�. If op is negativ e,

then - op places are created at the top of the stac k.

F or the next t w o instructions, assume that the index for the top of the stac k is zero, that the index

for the second elemen t is one, that the index for the third elemen t is t w o, and so on.

movxsp op1 op2 [ LLM3 instruction ]

Mo v es the op erand op1 in to the op2

th

p osition on the stac k.

xspmov op1 op2 [ LLM3 instruction ]

Mo v es the ob ject con tained in the op1

th

stac k p osition in to the op erand op2 .

12.9 List cell cons op erations

12.9.1 T est for list cell t yp e

btcons op lab [ LLM3 instruction ]

If the op erand op has t yp e list cell, then btcons branc hes to the address lab .

bfcons op lab [ LLM3 instruction ]

If the op erand op do es not ha v e t yp e list cell, then bfcons branc hes to the address lab .
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12.9.2 Access to list cell �elds

These op erands are only v alid for p oin ters to list cells. Co de written in LLM 3 has to c hec k that

accu alw a ys con tains a p oin ter to a list cell b efore using these op erands.

car accu [ LLM3 op er and ]

cdr accu [ LLM3 op er and ]

12.9.3 Creation of list cells

There is no sp ecial instruction for this task. List cell creation is accomplished b y explicitly calling

one of the cons family L E -L ISP functions suc h as cons , ncons or xcons .

12.10 nil

The nil op erand con tains the v alue of the end-of-list indicator. This is equiv alen t to the b o olean

false v alue.

btnil op lab [ LLM3 instruction ]

If the op erand op is equal to nil , btnil branc hes to the address lab .

bfnil op lab [ LLM3 instruction ]

If the op erand op is not equal to nil , bfnil branc hes to the address lab .

12.11 Sym b ols

12.11.1 T est for sym b ol t yp e

btsymb op lab [ LLM3 instruction ]

If the op erand op is a sym b ol, btsymb branc hes to the address lab .

bfsymb op lab [ LLM3 instruction ]

If the op erand op is not a sym b ol, bfsymb branc hes to the address lab .
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12.11.2 Access to the �elds of a sym b ol

These op erands are only v alid for p oin ters to sym b ols. Co de written in LLM 3 has to c hec k that

accu alw a ys con tains a p oin ter to a sym b ol b efore using these op erands.

cval accu [ LLM3 op er and ]

cvalq symb [ LLM3 op er and ]

plist accu [ LLM3 op er and ]

fval accu [ LLM3 op er and ]

fvalq symb [ LLM3 op er and ]

oval accu [ LLM3 op er and ]

alink accu [ LLM3 op er and ]

pkgc accu [ LLM3 op er and ]

pname accu [ LLM3 op er and ]

12.11.3 V ariables

A v ariable is a sym b ol whose v alue can b e c hanged. (See the function variablep .)

btvar op lab [ LLM3 instruction ]

If the op erand op is a v ariable, btvar branc hes to the address lab .

bfvar op lab [ LLM3 instruction ]

If the op erand op is not a v ariable, bfvar branc hes to the address lab .

12.12 Num b ers

llm3 uses t w o t yp es of n um b ers:
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� In teger n um b ers of 16 bits.

� Floating-p oin t n um b ers of 31, 32, 48 or 64 bits, dep ending on the implemen tation.

12.12.1 16-bit in teger n um b ers

T ests for in teger t yp e

btfix op lab [ LLM3 instruction ]

If the op erand op is an in teger, btfix branc hes to the address lab .

bffix op lab [ LLM3 instruction ]

If the op erand op is not an in teger, bffix branc hes to the address lab .

Instructions for n umeric calculations

incr op [ LLM3 instruction ]

P erforms the in teger calculation op + 1 ! op .

decr op [ LLM3 instruction ]

P erforms the in teger calculation op - 1 ! op .

plus op1 op2 [ LLM3 instruction ]

P erforms the in teger calculation op2 + op1 ! op2 .

diff op1 op2 [ LLM3 instruction ]

P erforms the in teger calculation op2 - op1 ! op2 .

negate op [ LLM3 instruction ]

P erforms the in teger calculation 0 - op ! op .

times op1 op2 [ LLM3 instruction ]

P erforms the in teger calculation op2 � op1 ! op2 .

quo op1 op2 [ LLM3 instruction ]

P erforms the in teger calculation op2 � op1 ! op2 .
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rem op1 op2 [ LLM3 instruction ]

P erforms the in teger calculation op2 r em op1 ! op2 .

Instructions for in teger n umeric comparisons

cnbeq op1 op2 lab [ LLM3 instruction ]

P erforms an in teger n umeric comparison. If the op erand op1 is equal to the op erand op2 , a branc h

to the lab el lab o ccurs.

cnbne op1 op2 lab [ LLM3 instruction ]

P erforms an in teger n umeric comparison. If the op erand op1 is not equal to the op erand op2 , a

branc h to the lab el lab o ccurs.

cnble op1 op2 lab [ LLM3 instruction ]

P erforms an in teger n umeric comparison. If the op erand op1 is less than or equal to the op erand

op2 , a branc h to the lab el lab o ccurs.

cnblt op1 op2 lab [ LLM3 instruction ]

P erforms an in teger n umeric comparison. If the op erand op1 is less than the op erand op2 , a branc h

to the lab el lab o ccurs.

cnbge op1 op2 lab [ LLM3 instruction ]

P erforms an in teger n umeric comparison. If the op erand op1 is greater than or equal to the op erand

op2 , a branc h to the lab el lab o ccurs.

cnbgt op1 op2 lab [ LLM3 instruction ]

P erforms an in teger n umeric comparison. If the op erand op1 is greater than the op erand op2 , a

branc h to the lab el lab o ccurs.

Instructions for p erforming logical op erations

Op erands of these instructions m ust alw a ys b e 16-bit in teger v alues. The results of these instructions

are alw a ys 16-bit v alues.

land op1 op2 [ LLM3 instruction ]

P erforms the b o olean calculation op2 and op1 ! op2 .
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lor op1 op2 [ LLM3 instruction ]

P erforms the b o olean calculation op2 or op1 ! op2 .

lxor op1 op2 [ LLM3 instruction ]

P erforms the b o olean calculation op2 xor op1 ! op2 .

lshift op1 op2 [ LLM3 instruction ]

The op erand op2 is shifted op1 bit p ositions, and the result is stored in op2 . If op1 is p ositiv e, a

left shift (m ultiplication) is p erformed. If it is negativ e, a righ t shift (division) is p erformed.

12.12.2 Floating-p oin t n um b ers

T ests for 
oating-p oint t yp e

btfloat op lab [ LLM3 instruction ]

If the op erand op is a 
oating-p oin t n um b er, btfloat branc hes to the lab el lab .

bffloat op lab [ LLM3 instruction ]

If the op erand op is not a 
oating-p oin t n um b er, bffloat branc hes to the lab el lab .

Floating-p oi n t calculatio ns

fplus op1 op2 [ LLM3 instruction ]

P erforms the 
oating-p oin t calculation op2 + op1 ! op2 .

fdiff op1 op2 [ LLM3 instruction ]

P erforms the 
oating-p oin t calculation op2 - op1 ! op2 .

ftimes op1 op2 [ LLM3 instruction ]

P erforms the 
oating-p oin t calculation op2 � op1 ! op2 .

fquo op1 op2 [ LLM3 instruction ]

P erforms the 
oating-p oin t calculation op2 � op1 ! op2 .
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Floating-p oi n t comparisons

cfbeq op1 op2 lab [ LLM3 instruction ]

P erforms a 
oating-p oin t n umeric comparison. If the op erand op1 is equal to the op erand op2 , a

branc h to the lab el lab o ccurs.

cfbne op1 op2 lab [ LLM3 instruction ]

P erforms a 
oating-p oin t n umeric comparison. If the op erand op1 is not equal to the op erand op2 ,

a branc h to the lab el lab o ccurs.
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cfblt op1 op2 lab [ LLM3 instruction ]

P erforms a 
oating-p oin t n umeric comparison. If the op erand op1 is less than the op erand op2 , a

branc h to the lab el lab o ccurs.

cfble op1 op2 lab [ LLM3 instruction ]

P erforms a 
oating-p oin t n umeric comparison. If the op erand op1 is less than or equal to the

op erand op2 , a branc h to the lab el lab o ccurs.

cfbgt op1 op2 lab [ LLM3 instruction ]

P erforms a 
oating-p oin t n umeric comparison. If the op erand op1 is greater than the op erand op2 ,

a branc h to the lab el lab o ccurs.

cfbge op1 op2 lab [ LLM3 instruction ]

P erforms a 
oating-p oin t n umeric comparison. If the op erand op1 is greater than or equal to the

op erand op2 , a branc h to the lab el lab o ccurs.

12.13 V ectors of Lisp p oin ters

12.13.1 T est for v ector of p oin ters

btvect op lab [ LLM3 instruction ]

If op is a v ector of p oin ters, then btvect branc hes to the lab el lab .

bfvect op lab [ LLM3 instruction ]

If op is not a v ector of p oin ters, then bfvect branc hes to the lab el lab .

12.13.2 Access to in ternal �elds of a v ector of p oin ters

val accu [ LLM3 op er and ]

This op erand giv es access to the heap p oin ter of a p oin ter.

Warning : This v alue cannot reside in a register, since the gc could b ecome p erturb ed.

typ accu [ LLM3 op er and ]

This op erand giv es access to the t yp e of a v ector.
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12.13.3 Access to elemen ts of a v ector of p oin ters

hpxmov vect n op [ LLM3 instruction ]

Mo v es the n

th

elemen t of the v ector of p oin ters vect in to the op erand op .

hpmovx op vect n [ LLM3 instruction ]

Mo v es the op erand op in to the n

th

elemen t of the v ector of p oin ters vect .

12.13.4 Creation

There is no sp ecial insruction for the creation of v ectors of p oin ters. Call the L E -L ISP function

makevector .

12.14 Character strings

12.14.1 T est for c haracter string

btstrg op lab [ LLM3 instruction ]

If op is a c haracter string, btstrg branc hes to the lab el lab .

bfstrg op lab [ LLM3 instruction ]

If op is not a c haracter string, bfstrg branc hes to the lab el lab .

12.14.2 Access to the in ternal �elds of a c haracter string

val accu [ LLM3 op er and ]

This op erand returns a string's heap p oin ter. Warning : This v alue cannot reside in a register, since

the gc migh t b e p erturb ed.

typ accu [ LLM3 op er and ]

This op erand returns the t yp e of a string.

12.14.3 Access to c haracters

hbxmov strg index op [ LLM3 instruction ]

Mo v es the index

th

c haracter of the L ISP string strg in to the op erand op .
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hbmovx op strg index [ LLM3 instruction ]

Mo v es the op erand op in to the index

th

c haracter p osition of the L ISP string strg .

12.14.4 Creation

There is no sp ecial instruction to create strings. Call the L E -L ISP function makestring .

12.15 Heap zone

hgsize op1 op2 [ LLM3 instruction ]

Puts the size of the c haracter string or v ector p oin ter ob ject op1 in op erand op2 .

12.16 Extending the Loader/Assem bler

It is p ossible to extend the syn tax of the LLM 3 loader/assem bler b y de�ning functions in sp ecial

pac k ages. These extensions are, b y de�nition, mac hine-sp eci�c.

ld-codop [ c onstant ]

This is the name of the pac k age in whic h functions asso ciated with extended op co des m ust reside.

ld-dir [ c onstant ]

This is the name of the pac k age in whic h functions asso ciated with extended direct op erands m ust

reside.

ld-ind [ c onstant ]

This is the name of the pac k age in whic h functions asso ciated with extended indirect op erands

m ust reside.

12.17 F unctions

12.17.1 T yp es of functions

F unctions written in LLM 3 ha v e one of four t yp es:

1. subr s, whic h ev aluate their argumen ts.

2. fsubr s, whic h do not ev aluate their argumen ts.
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3. msubr s, whic h do not ev aluate their argumen ts.

4. dmsubr s, whic h do not ev aluate their argumen ts.

12.17.2 F unction calling rules

� In the case of a subr with 0, 1, 2, or 3 argumen ts (referred to as a subr0 , a subr1 , a subr2

or a subr3 ), argumen ts are passed in the registers A1, A2, and A3 resp ectiv ely .

� In the case of a subr with more than three argumen ts, or with a v ariable n um b er of argumen ts

(referred to as an nsubr ), the argumen ts are all pushed on to the stac k and the n um b er of

argumen ts is placed in A4.

� In the case of a fsubr , the list of argumen ts, not ev aluated (that is, the cdr of the call), is

placed in A1.

� In the case of a msubr , the list of argumen ts, not ev aluated (that is, the call form itself ), is

placed in A1.

� In the case of a dmsubr , the list of argumen ts, not ev aluated (that is, the cdr of the call), is

placed in A1.

All functions return a v alue in A1.

12.18 Examples

This section giv es short examples of functions written in LLM 3 . There is a test �le in the test

directory named testlap whic h con tains all the loader tests. It is also p ossible to examine the

LLM 3 co de generated b y the compilers. (See the next c hapter.)

? ; These examples were produced on a Vax.

? ;

? ; Manual translatio n, into lap, of the celebrat ed 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)
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? (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 05

100 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 translatio n, 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
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(btcons a2 1001) 00043e2c d1 5a 53 15 00

(mov nil a1) 00043e31 d0 58 52

(return) 00043e34 05

1001 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 ec

1003 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 demonstra tes Lisp character string manipulati on.

? ; The function definitio n is given below in Le-Lisp:

?

? ; (defun screat (x y)

? ; (let ((s (makestri ng 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 makestri ng)

? (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 40

00045eb1 a1 08

(hbmovx '98 a1 (& 0)) 00045eb3 d0 62 51 d0 6e 50 90 8f 62 40 a1

00045ebe 08

(adjstk '2) 00045ebf c0 08 5e

(return) 00045ec2 05

(endl) 00045ec3
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= ()

?

? (screat 2 4)

= "xxaxbx"

?

? ; This last example demonstra tes vector manipulati on .

? ; invector is similar to the vector function, but produces

? ; an inverted list. This example also shows the manipulati on

? ; of n-ary functions in llm3.

?

? (defvar llap3 '(

? (fentry invector nsubr)

? (push a4)

? (mov a4 a1)

? (mov nil a2)

? (jcall makevect or)

? (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 00

1002 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 54

1005 00045ee5

(sobgez a4 1002) 00045ee5 b7 55 18 ef

(return) 00045ee9 05

(endl) 00045eea

= ()

?

? (invecto r 1 2 3 4 5)

= #[5 4 3 2 1]
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Chapter 12

Loader/assem bler LLM3

The heart of the L E -L ISP system is written in the LLM 3 virtual mac hine language [Chailloux 85b].

This language is a v ailable in L ISP . It is used b y the v arious L E -L ISP compilers but can also b e used

to write new standard functions, or to write compilers for languages other than L ISP . This c hapter

describ es the functions that pro vide access to in ternal mac hine resources and the syn tax used b y

the LLM 3 loader/assem bler, often called lap , for Lisp Assembly Pr o gr am .

12.1 Access to memory and the CPU

F unctions pro vided in this section allo w y ou to directly access memory and the cpu . The

LLM 3 loader/assem bler uses a sp ecial memory zone, called the c o de zone , to load and store

instructions. The follo wing functions are ob viously mac hine-dep enden t, and are used to build the

LLM 3 loader/assem bler.

These functions are designed to op erate on all p ossible memory addresses, for all mac hine

arc hitectures. Since L E -L ISP in tegers are 16 bits long, they cannot alw a ys represen t memory

addresses. A memory address|referred to as addr throughout this c hapter|is therefore

represen ted in L ISP in one of t w o p ossible w a ys:

� By a 16-bit n um b er with an extended sign, to represen t a complete 32-bit address.

� By a cons of t w o n um b ers of the form (high . low) . The car , high , con tains the 16 high-

order bits of the address. The cdr , low , con tains the 16 lo w-order bits.

The address #$001f3c00 is stored as (#$1f . #$3c00)

" " #$00008000 " " (0 . #$8000)

" " #$ffff0000 " " (#$ffff . 0)

" " #$0000ffff " " (0 . #$ffff)

" " #$ffff8100 " " #$8100

" " #$00001000 " " #$1000

The functions that follo w test the v alidit y of memory address-t yp e argumen ts. They can raise the

errdna error, whic h has the follo wing default screen displa y:

1
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** <fn> : bad address : <s>

Here, fn is the name of the function called, and s is the argumen t that is not of t yp e memory

address.

(#:system :cc od e addr ) [ function with an optional ar gument ]

This function reads|or writes, if the addr argumen t is giv en|the curren t memory load address

in the co de zone.

(#:system :ec od e) [ function with no ar guments ]

Reads the last memory address in the co de zone.

(addadr addr1 addr2 ) [ function with two ar guments ]

Returns the sum of the t w o memory addresses addr1 and addr2 . It allo cates a new cons if its

result m ust b e represen ted 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 ar guments ]

Returns the di�erence of the t w o addresses addr1 and addr2 . It allo cates a new cons if its result

m ust b e represen ted 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 ar guments ]

Adds n to the memory address addr . If this address is in the form of a cons , incradr ph ysically

mo di�es the cons cell.

(setq addr '(3 . #$fffe)) = ) (3 . -2)

(incradr addr 1) = ) (3 . -1)
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(incradr addr 1) = ) (4 . 0)

(incradr addr 1) = ) (4 . 1)

(incradr addr 100) = ) (4 . 101)

addr = ) (4 . 101)

(gtadr addr1 addr2 ) [ function with two ar guments ]

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 ar gument ]

Pro vides a w a y to get the absolute memory address of the L ISP ob ject s . The memory address of a

L ISP ob ject is the p oin ter to it. This function pro vides a means of lo cating in memory ob jects that

are created dynamically . loc cannot b e describ ed in L ISP .

(loc '(a b c)) = ) (15 . 288)

(loc '(a b c)) = ) (13 . 1200)

(vag addr ) [ function with one ar gument ]

This is the in v erse of the loc function. vag returns the L ISP ob ject whose absolute memory address

is supplied as the argumen t. So, (vag (loc s)) is equiv alen t to s itself. The vag function cannot

b e describ ed in L ISP .

Warning : vag do es not test whether or not addr is the address of a real L ISP ob ject, and

an erroneous call to this function could raise an error on the host system. In particular it is

p ossible to refer to ob jects that ha v e disapp eared:

(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 ar guments ]

memory samples, or if the second n umeric argumen t n is pro vided c hanges, the w ord of memory

whose address addr is giv en as its �rst argumen t. This function do es no p erform v alidit y c hec king

and m ust b e used with the utmost care. It returns a n um b er represen ting the v alue of the memory

w ord (after mo di�cation, if the t w o-argumen t form w as used). This function is limited b y the nature

of the host cpu : 8-bit or 16-bit w ords, w ord alignmen t considerations, etc.
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(call addr a1 a2 a3 ) [ function with four ar guments ]

The �rst argumen t addr m ust b e the memory address of a memory-residen t subroutine. call will

call this subroutine after ha ving loaded the three v alues a1 , a2 and a3 in to the LLM 3 accum ulators

A1, A2, and A3, resp ectiv ely . This call format is used b y subr0 s, subr1 s, subr2 s, subr3 s, fsubr s,

msubr s and dmsubr s. (See the section on function calls 12.7.) This function m ust b e used with care,

since it p erforms no tests for the v alidit y of the executed co de.

call returns as its v alue the con ten ts of the A1 accum ulator after the co de b eginning at addr

has b een executed.

Warning : The co de executed b y means of a call statemen t m ust end with an LLM 3 return

instruction, and load the A1 register with a L ISP v alue to b e returned b y the call function.

(calln addr l ) [ function with two ar guments ]

This function is similar to call , but pushes the list of argumen ts con tained in l on to the

stac k b efore calling the subroutine stored at memory address addr . The n um b er of argumen ts

pushed will b e a v ailable in the A4 accum ulator. This is the form that nsubr s tak e. (See the

section on function calls 12.7.)

Warning : The co de in v ok ed b y means of calln m ust remo v e its argumen ts from the stac k

(using the n um b er of argumen ts v alue stored in A4 and, for example, the LLM 3 adjstk

instruction), terminate with the LLM 3 return instruction, and load the A1 register with a

L ISP v alue to b e returned b y the calln function.

12.2 LLM3 memory loader

loader [ fe atur e ]

This feature indicates whether the LLM 3 loader/assem bler is curren tly in memory .

(loader l i ) [ function with two ar guments ]

The loader function loads the list of LLM 3 instructions l in to memory . The format of these

instructions is describ ed in the next section. If the indicator i is true, the loader will prin t, in

the host mac hine language, the assem bly listing of these instructions on the curren t output stream.

loader returns () as its v alue.

#:ld:spec ial -c ase -l oad er [ variable ]

The pseudo-instruction fentry c hanges the functional v alue of functions during loading. In

certain di�cult b o ot-strapping cases (loading the loader itself, for example), functional v alues

m ust b e resolv ed at the end of the load (when the pseudo-instruction end is encoun tered). The

#:ld:special-case-loader v ariable is t in these sp ecial cases, but () b y default.
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#:ld:shar ed- st rin gs [ variable ]

This v ariable indicates whether c haracter string constan ts should b e shared during the loading of

LLM 3 instructions.

12.3 LLM3 instruction format

A list of LLM 3 instructions con tains atoms represen ting the lab els and lists represen ting the

instructions. An instruction is itself a list of the form:

(codop op

1

: : : op

n

)

where codop is the instruction mnemonic, and op

1

: : : op

n

are the op erands. Only the codop �eld

is obligatory .

12.4 Mo dules and lab els

A mo dule is a set of lists of instructions b eginning with the title pseudo-instruction and ending

with the end pseudo-instruction.

There are three t yp es of lab els:

1. Lab els lo cal to a list of instructions.

2. Lab els lo cal to a mo dule.

3. Global lab els.

L ab els lo c al to a list of instructions are represen ted b y in tegers or b y sym b ols declared using the

local pseudo-instruction. A sym b olic lab el whic h is lo cal to a list of instructions m ust b e declared

b efore it is used. These lab els m ust b e resolv ed b efore the end of the list of instructions, or when the

endl pseudo-instruction is encoun tered. All references to this kind of lab el generate jumps relativ e

to the program coun ter.

L ab els lo c al to a mo dule are alw a ys sym b olic. They are de�ned using the entry pseudo-instruction.

They can b e unde�ned at incremen tal calls to the loader but m ust b e resolv ed when the end

pseudo-instruction is encoun tered. All references to this kind of lab el generate jumps relativ e to

the program coun ter.

Glob al lab els are also alw a ys sym b olic. They are de�ned using the fentry pseudo-instruction. All

references to this t yp e of lab el generate an access to the functional v alue of the sym b ol. All the

standard functions are of this t yp e.



12-6 CHAPTER 12. LO ADER/ASSEMBLER LLM3

12.5 LLM3 instruction op erands

LLM 3 has four t yp es of op erands:

1. Registers (accum ulators).

2. L ISP ob ject immediate v alues.

3. L ISP ob ject �elds.

4. Lab els.

a1 [ LLM3 op er and ]

a2 [ LLM3 op er and ]

a3 [ LLM3 op er and ]

a4 [ LLM3 op er and ]

These four op erands represen t the registers (accum ulators) of the LLM 3 mac hine.

nil [ LLM3 op er and ]

This op erand represen ts the sp ecial n ull sym b ol || , whic h is used as the end-of-list mark er and as

the b o olean false v alue.

quote exp [ LLM3 op er and ]

This op erand represen ts a L E -L ISP constan t of an y t yp e.

car accu [ LLM3 op er and ]

cdr accu [ LLM3 op er and ]

These op erands represen t access to the constituen ts of a list elemen t.

cval accu [ LLM3 op er and ]

plist accu [ LLM3 op er and ]

fval accu [ LLM3 op er and ]
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pkgc accu [ LLM3 op er and ]

oval accu [ LLM3 op er and ]

alink accu [ LLM3 op er and ]

pname accu [ LLM3 op er and ]

These op erands represen t access to the v arious constituen ts of a sym b ol.

cvalq symb [ LLM3 op er and ]

This op erand giv es direct access to the v alue of the sym b ol named symb , considered as a v ariable:

that is, its cval .

fvalq symb [ LLM3 op er and ]

This op erand giv es direct access to the v alue of the sym b ol named symb , considered as a function:

that is, its fval .

typ accu [ LLM3 op er and ]

val accu [ LLM3 op er and ]

These op erands represen t access to constituen ts of ob jects of t yp e c haracter string or v ector of

S-expressions.

& n [ LLM3 op er and ]

This op erand represen ts the n

th

elemen t on the stac k. The top elemen t of the stac k is represen ted

b y (& 0) , the next-to-top elemen t b y (& 1) , and so on.

lab [ LLM3 op er and ]

This op erand refers to a lab el whic h is lo cal to a list of instructions or to a mo dule.

@ lab [ LLM3 op er and ]

This op erand represen ts the address of an LLM 3 lab el. This lab el is either lo cal to a list of

instructions or to a mo dule.

eval expr [ LLM3 op er and ]
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This op erand dynamically calls the L E -L ISP ev aluator on the expression expr . The v alue returned

b y the ev aluation of an eval op erand m ust b e a legal LLM 3 op erand.

12.6 Pseudo-instructions

title symb [ LLM3 pseudo-instruction ]

Declares the name of a mo dule. Inside a mo dule, title app ears as the �rst instruction.

local symb [ LLM3 pseudo-instruction ]

local pro vides a w a y to declare a lab el lo cal to a list of instructions. By default, n umeric lab els

are alw a ys lo cal, and sym b olic lab els are alw a ys global.

fentry symb ftype [ LLM3 pseudo-instruction ]

The symb argumen t is the name of the L ISP sym b ol that will ha v e a global function (of t yp e subr )

written in LLM 3 as its function v alue. ftype m ust b e one of the follo wing L E -L ISP functional t yp es:

subr0 , subr1 , subr2 , subr3 , nsubr , fsubr , msubr or dmsubr .

entry symb ftype [ LLM3 pseudo-instruction ]

The symb argumen t is the name of the L ISP sym b ol that will ha v e a lo cal function (of t yp e subr )

written in LLM 3 as its function v alue. ftype is one of the follo wing L E -L ISP functional t yp es: subr0 ,

subr1 , subr2 , subr3 , nsubr , fsubr , msubr ou dmsubr . After loading, this function is no longer

accessible.

endl [ LLM3 pseudo-instruction ]

T erminates the loading of a lo cal function. All lo cal lab els m ust b e resolv ed at this p oin t and are

then discarded.

end [ LLM3 pseudo-instruction ]

T erminates the loading of a mo dule.

eval e [ LLM3 pseudo-instruction ]

Ev aluates the expression e within the con text of the loader. It loads nothing in to memory unless

explicitly instructed to do so.
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12.7 Basic instructions

12.7.1 Mo ving p oin ters

Along with the mov instruction, whic h pro vides a means to mo v e an y p oin ter to a L ISP ob ject, there

are other sp ecialized instructions for mo ving p oin ters or b ytes in the heap storage or on the stac k.

mov op1 op2 [ LLM3 instruction ]

Mo v es the p oin ter con tained in the source op erand op1 to the destination op erand op2 . The

destination op erand cannot b e an immediate v alue.

12.7.2 P oin ter comparisons

cabeq op1 op2 lab [ LLM3 instruction ]

P erforms a p oin ter comparison. If the op erand op1 is equal to the op erand op2 , a branc h will o ccur

to the lo cal lab el lab .

cabne op1 op2 lab [ LLM3 instruction ]

Lik e cabeq , cabne do es a p oin ter comparison. If the op erand op1 is not equal to the op erand op2 ,

a branc h will o ccur to the lo cal lab el lab .

12.7.3 Con trol

bra lab [ LLM3 instruction ]

Branc hes to the lo cal lab el lab , whic h m ust b e within the LLM 3 mo dule. The branc h is done relativ e

to the program coun ter.

jmp symb [ LLM3 instruction ]

Jumps to the address of the functional v alue asso ciated with the sym b ol symb . The branc h is an

indirection through the fval of the sym b ol symb . Jumps to the co de of standard functions are jmp s

and not bra s.

bri op [ LLM3 instruction ]

Branc hes indirectly to the address con tained in the op erand op .

brx llab op [ LLM3 instruction ]

P erforms an indexed branc h through the list of lab els llab . op is the zero-relativ e index used. The

list of lab els is a list of op erands of lab el-reference t yp e: that is, (@ lab) .
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sobgez op lab [ LLM3 instruction ]

Decremen ts the op erand op . If this op erand is greater than or equal to zero, a branc h is done to

the lab el lab .

nop [ LLM3 instruction ]

T ak es up a little space, w astes a little time, and �nally do es nothing visible.

12.8 Stac k

LLM 3 has a single stac k for b oth con trol and data. It is used as an implicit op erand in some sp ecial

stac k-orien ted instructions. These instructions|whic h use the stac k p oin ter register, referred to as

SP |do not require the stac k to gro w in a sp eci�c direction. Also, they do not require the stac k to

ha v e implicit b oundary-o v er
o w tests built in. The stac k normally o ccupies the space of 6K ob jects.

12.8.1 Managemen t of the stac k p oin ter

Tw o instructions pro vide for the explicit manipulation of the stac k p oin ter SP .

stack op [ LLM3 instruction ]

Mo v es the curren t con ten ts of the stac k p oin ter in to the op erand op .

sstack op [ LLM3 instruction ]

Mo v es the op erand op in to the stac k p oin ter.

12.8.2 As a con trol stac k

Three instructions pro vide for the manipulation of return addresses stored on the stac k.

call lab [ LLM3 instruction ]

Pushes the curren t program coun ter on to the top of the stac k and branc hes to the lo cal lab el lab ,

whic h m ust b e in the curren t LLM 3 mo dule. The branc h is direct and relativ e.

calli op [ LLM3 instruction ]

Pushes the curren t program coun ter on to the top of the stac k and branc hes to the address con tained

in the op erand op .

jcall symb [ LLM3 instruction ]
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This function is similar to calli , but the destination of the branc h can b e in another LLM 3 mo dule.

The branc h is an indirection through the fval of the sym b ol symb . All the standard function calls

m ust use jcall and not call .

return [ LLM3 instruction ]

P ops the top address o� the stac k, and it b ecomes the new v alue of the program coun ter.

12.8.3 As a data stac k

push op [ LLM3 instruction ]

Pushes the op erand op on to the stac k. The stac k p oin ter is mo di�ed as required.

pop op [ LLM3 instruction ]

P ops the v alue on the top of the stac k in to the op erand op . The stac k p oin ter is mo di�ed as

required.

adjstk op [ LLM3 instruction ]

Adjusts the stac k p oin ter so that the op last ob jects on the stac k are p opp ed o�. If op is negativ e,

then - op places are created at the top of the stac k.

F or the next t w o instructions, assume that the index for the top of the stac k is zero, that the index

for the second elemen t is one, that the index for the third elemen t is t w o, and so on.

movxsp op1 op2 [ LLM3 instruction ]

Mo v es the op erand op1 in to the op2

th

p osition on the stac k.

xspmov op1 op2 [ LLM3 instruction ]

Mo v es the ob ject con tained in the op1

th

stac k p osition in to the op erand op2 .

12.9 List cell cons op erations

12.9.1 T est for list cell t yp e

btcons op lab [ LLM3 instruction ]

If the op erand op has t yp e list cell, then btcons branc hes to the address lab .
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bfcons op lab [ LLM3 instruction ]

If the op erand op do es not ha v e t yp e list cell, then bfcons branc hes to the address lab .

12.9.2 Access to list cell �elds

These op erands are only v alid for p oin ters to list cells. Co de written in LLM 3 has to c hec k that

accu alw a ys con tains a p oin ter to a list cell b efore using these op erands.

car accu [ LLM3 op er and ]

cdr accu [ LLM3 op er and ]

12.9.3 Creation of list cells

There is no sp ecial instruction for this task. List cell creation is accomplished b y explicitly calling

one of the cons family L E -L ISP functions suc h as cons , ncons or xcons .

12.10 nil

The nil op erand con tains the v alue of the end-of-list indicator. This is equiv alen t to the b o olean

false v alue.

btnil op lab [ LLM3 instruction ]

If the op erand op is equal to nil , btnil branc hes to the address lab .

bfnil op lab [ LLM3 instruction ]

If the op erand op is not equal to nil , bfnil branc hes to the address lab .

12.11 Sym b ols

12.11.1 T est for sym b ol t yp e

btsymb op lab [ LLM3 instruction ]

If the op erand op is a sym b ol, btsymb branc hes to the address lab .

bfsymb op lab [ LLM3 instruction ]

If the op erand op is not a sym b ol, bfsymb branc hes to the address lab .
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12.11.2 Access to the �elds of a sym b ol

These op erands are only v alid for p oin ters to sym b ols. Co de written in LLM 3 has to c hec k that

accu alw a ys con tains a p oin ter to a sym b ol b efore using these op erands.

cval accu [ LLM3 op er and ]

cvalq symb [ LLM3 op er and ]

plist accu [ LLM3 op er and ]

fval accu [ LLM3 op er and ]

fvalq symb [ LLM3 op er and ]

oval accu [ LLM3 op er and ]

alink accu [ LLM3 op er and ]

pkgc accu [ LLM3 op er and ]

pname accu [ LLM3 op er and ]

12.11.3 V ariables

A v ariable is a sym b ol whose v alue can b e c hanged. (See the function variablep .)

btvar op lab [ LLM3 instruction ]

If the op erand op is a v ariable, btvar branc hes to the address lab .

bfvar op lab [ LLM3 instruction ]

If the op erand op is not a v ariable, bfvar branc hes to the address lab .

12.12 Num b ers

llm3 uses t w o t yp es of n um b ers:
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� In teger n um b ers of 16 bits.

� Floating-p oin t n um b ers of 31, 32, 48 or 64 bits, dep ending on the implemen tation.

12.12.1 16-bit in teger n um b ers

T ests for in teger t yp e

btfix op lab [ LLM3 instruction ]

If the op erand op is an in teger, btfix branc hes to the address lab .

bffix op lab [ LLM3 instruction ]

If the op erand op is not an in teger, bffix branc hes to the address lab .

Instructions for n umeric calculations

incr op [ LLM3 instruction ]

P erforms the in teger calculation op + 1 ! op .

decr op [ LLM3 instruction ]

P erforms the in teger calculation op - 1 ! op .

plus op1 op2 [ LLM3 instruction ]

P erforms the in teger calculation op2 + op1 ! op2 .

diff op1 op2 [ LLM3 instruction ]

P erforms the in teger calculation op2 - op1 ! op2 .

negate op [ LLM3 instruction ]

P erforms the in teger calculation 0 - op ! op .

times op1 op2 [ LLM3 instruction ]

P erforms the in teger calculation op2 � op1 ! op2 .

quo op1 op2 [ LLM3 instruction ]

P erforms the in teger calculation op2 � op1 ! op2 .
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rem op1 op2 [ LLM3 instruction ]

P erforms the in teger calculation op2 r em op1 ! op2 .

Instructions for in teger n umeric comparisons

cnbeq op1 op2 lab [ LLM3 instruction ]

P erforms an in teger n umeric comparison. If the op erand op1 is equal to the op erand op2 , a branc h

to the lab el lab o ccurs.

cnbne op1 op2 lab [ LLM3 instruction ]

P erforms an in teger n umeric comparison. If the op erand op1 is not equal to the op erand op2 , a

branc h to the lab el lab o ccurs.

cnble op1 op2 lab [ LLM3 instruction ]

P erforms an in teger n umeric comparison. If the op erand op1 is less than or equal to the op erand

op2 , a branc h to the lab el lab o ccurs.

cnblt op1 op2 lab [ LLM3 instruction ]

P erforms an in teger n umeric comparison. If the op erand op1 is less than the op erand op2 , a branc h

to the lab el lab o ccurs.

cnbge op1 op2 lab [ LLM3 instruction ]

P erforms an in teger n umeric comparison. If the op erand op1 is greater than or equal to the op erand

op2 , a branc h to the lab el lab o ccurs.

cnbgt op1 op2 lab [ LLM3 instruction ]

P erforms an in teger n umeric comparison. If the op erand op1 is greater than the op erand op2 , a

branc h to the lab el lab o ccurs.

Instructions for p erforming logical op erations

Op erands of these instructions m ust alw a ys b e 16-bit in teger v alues. The results of these instructions

are alw a ys 16-bit v alues.

land op1 op2 [ LLM3 instruction ]

P erforms the b o olean calculation op2 and op1 ! op2 .
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lor op1 op2 [ LLM3 instruction ]

P erforms the b o olean calculation op2 or op1 ! op2 .

lxor op1 op2 [ LLM3 instruction ]

P erforms the b o olean calculation op2 xor op1 ! op2 .

lshift op1 op2 [ LLM3 instruction ]

The op erand op2 is shifted op1 bit p ositions, and the result is stored in op2 . If op1 is p ositiv e, a

left shift (m ultiplication) is p erformed. If it is negativ e, a righ t shift (division) is p erformed.

12.12.2 Floating-p oin t n um b ers

T ests for 
oating-p oint t yp e

btfloat op lab [ LLM3 instruction ]

If the op erand op is a 
oating-p oin t n um b er, btfloat branc hes to the lab el lab .

bffloat op lab [ LLM3 instruction ]

If the op erand op is not a 
oating-p oin t n um b er, bffloat branc hes to the lab el lab .

Floating-p oi n t calculatio ns

fplus op1 op2 [ LLM3 instruction ]

P erforms the 
oating-p oin t calculation op2 + op1 ! op2 .

fdiff op1 op2 [ LLM3 instruction ]

P erforms the 
oating-p oin t calculation op2 - op1 ! op2 .

ftimes op1 op2 [ LLM3 instruction ]

P erforms the 
oating-p oin t calculation op2 � op1 ! op2 .

fquo op1 op2 [ LLM3 instruction ]

P erforms the 
oating-p oin t calculation op2 � op1 ! op2 .
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Floating-p oi n t comparisons

cfbeq op1 op2 lab [ LLM3 instruction ]

P erforms a 
oating-p oin t n umeric comparison. If the op erand op1 is equal to the op erand op2 , a

branc h to the lab el lab o ccurs.

cfbne op1 op2 lab [ LLM3 instruction ]

P erforms a 
oating-p oin t n umeric comparison. If the op erand op1 is not equal to the op erand op2 ,

a branc h to the lab el lab o ccurs.

cfblt op1 op2 lab [ LLM3 instruction ]

P erforms a 
oating-p oin t n umeric comparison. If the op erand op1 is less than the op erand op2 , a

branc h to the lab el lab o ccurs.

cfble op1 op2 lab [ LLM3 instruction ]

P erforms a 
oating-p oin t n umeric comparison. If the op erand op1 is less than or equal to the

op erand op2 , a branc h to the lab el lab o ccurs.

cfbgt op1 op2 lab [ LLM3 instruction ]

P erforms a 
oating-p oin t n umeric comparison. If the op erand op1 is greater than the op erand op2 ,

a branc h to the lab el lab o ccurs.

cfbge op1 op2 lab [ LLM3 instruction ]

P erforms a 
oating-p oin t n umeric comparison. If the op erand op1 is greater than or equal to the

op erand op2 , a branc h to the lab el lab o ccurs.

12.13 V ectors of Lisp p oin ters

12.13.1 T est for v ector of p oin ters

btvect op lab [ LLM3 instruction ]

If op is a v ector of p oin ters, then btvect branc hes to the lab el lab .

bfvect op lab [ LLM3 instruction ]

If op is not a v ector of p oin ters, then bfvect branc hes to the lab el lab .
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12.13.2 Access to in ternal �elds of a v ector of p oin ters

val accu [ LLM3 op er and ]

This op erand giv es access to the heap p oin ter of a p oin ter.

Warning : This v alue cannot reside in a register, since the gc could b ecome p erturb ed.

typ accu [ LLM3 op er and ]

This op erand giv es access to the t yp e of a v ector.

12.13.3 Access to elemen ts of a v ector of p oin ters

hpxmov vect n op [ LLM3 instruction ]

Mo v es the n

th

elemen t of the v ector of p oin ters vect in to the op erand op .

hpmovx op vect n [ LLM3 instruction ]

Mo v es the op erand op in to the n

th

elemen t of the v ector of p oin ters vect .

12.13.4 Creation

There is no sp ecial insruction for the creation of v ectors of p oin ters. Call the L E -L ISP function

makevector .

12.14 Character strings

12.14.1 T est for c haracter string

btstrg op lab [ LLM3 instruction ]

If op is a c haracter string, btstrg branc hes to the lab el lab .

bfstrg op lab [ LLM3 instruction ]

If op is not a c haracter string, bfstrg branc hes to the lab el lab .

12.14.2 Access to the in ternal �elds of a c haracter string

val accu [ LLM3 op er and ]
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This op erand returns a string's heap p oin ter. Warning : This v alue cannot reside in a register, since

the gc migh t b e p erturb ed.

typ accu [ LLM3 op er and ]

This op erand returns the t yp e of a string.

12.14.3 Access to c haracters

hbxmov strg index op [ LLM3 instruction ]

Mo v es the index

th

c haracter of the L ISP string strg in to the op erand op .

hbmovx op strg index [ LLM3 instruction ]

Mo v es the op erand op in to the index

th

c haracter p osition of the L ISP string strg .

12.14.4 Creation

There is no sp ecial instruction to create strings. Call the L E -L ISP function makestring .

12.15 Heap zone

hgsize op1 op2 [ LLM3 instruction ]

Puts the size of the c haracter string or v ector p oin ter ob ject op1 in op erand op2 .

12.16 Extending the Loader/Assem bler

It is p ossible to extend the syn tax of the LLM 3 loader/assem bler b y de�ning functions in sp ecial

pac k ages. These extensions are, b y de�nition, mac hine-sp eci�c.

ld-codop [ c onstant ]

This is the name of the pac k age in whic h functions asso ciated with extended op co des m ust reside.

ld-dir [ c onstant ]

This is the name of the pac k age in whic h functions asso ciated with extended direct op erands m ust

reside.

ld-ind [ c onstant ]
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This is the name of the pac k age in whic h functions asso ciated with extended indirect op erands

m ust reside.

12.17 F unctions

12.17.1 T yp es of functions

F unctions written in LLM 3 ha v e one of four t yp es:

1. subr s, whic h ev aluate their argumen ts.

2. fsubr s, whic h do not ev aluate their argumen ts.

3. msubr s, whic h do not ev aluate their argumen ts.

4. dmsubr s, whic h do not ev aluate their argumen ts.

12.17.2 F unction calling rules

� In the case of a subr with 0, 1, 2, or 3 argumen ts (referred to as a subr0 , a subr1 , a subr2

or a subr3 ), argumen ts are passed in the registers A1, A2, and A3 resp ectiv ely .

� In the case of a subr with more than three argumen ts, or with a v ariable n um b er of argumen ts

(referred to as an nsubr ), the argumen ts are all pushed on to the stac k and the n um b er of

argumen ts is placed in A4.

� In the case of a fsubr , the list of argumen ts, not ev aluated (that is, the cdr of the call), is

placed in A1.

� In the case of a msubr , the list of argumen ts, not ev aluated (that is, the call form itself ), is

placed in A1.

� In the case of a dmsubr , the list of argumen ts, not ev aluated (that is, the cdr of the call), is

placed in A1.

All functions return a v alue in A1.

12.18 Examples

This section giv es short examples of functions written in LLM 3 . There is a test �le in the test

directory named testlap whic h con tains all the loader tests. It is also p ossible to examine the

LLM 3 co de generated b y the compilers. (See the next c hapter.)

? ; These examples were produced on a Vax.

? ;

? ; Manual translatio n, into lap, of the celebrat ed fib function:

?

? ; (defun fiblap (n)

? ; (if (le n 2)
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? ; 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)

? (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 05

100 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 translatio n, 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)
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? 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

(btcons a2 1001) 00043e2c d1 5a 53 15 00

(mov nil a1) 00043e31 d0 58 52

(return) 00043e34 05

1001 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 ec

1003 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 demonstra tes Lisp character string manipulati on.

? ; The function definitio n is given below in Le-Lisp:

?

? ; (defun screat (x y)

? ; (let ((s (makestri ng 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 makestri ng)

? (hbmovx '#/a a1 (& 1))

? (hbmovx '#/b a1 (& 0))

? (adjstk '2)

? (return)))

= llap2
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?

? (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 40

00045eb1 a1 08

(hbmovx '98 a1 (& 0)) 00045eb3 d0 62 51 d0 6e 50 90 8f 62 40 a1

00045ebe 08

(adjstk '2) 00045ebf c0 08 5e

(return) 00045ec2 05

(endl) 00045ec3

= ()

?

? (screat 2 4)

= "xxaxbx"

?

? ; This last example demonstra tes vector manipulati on .

? ; invector is similar to the vector function, but produces

? ; an inverted list. This example also shows the manipulati on

? ; of n-ary functions in llm3.

?

? (defvar llap3 '(

? (fentry invector nsubr)

? (push a4)

? (mov a4 a1)

? (mov nil a2)

? (jcall makevect or)

? (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 00

1002 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 54
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1005 00045ee5

(sobgez a4 1002) 00045ee5 b7 55 18 ef

(return) 00045ee9 05

(endl) 00045eea

= ()

?

? (invecto r 1 2 3 4 5)

= #[5 4 3 2 1]
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Chapter 13

Compilatio n

This c hapter describ es the t w o compilers a v ailable in L E -L ISP v ersion 15.26: the standard compiler

and the mo dular compiler called C OMPLICE . They p erform the same function, so there is no p oin t

in ha ving b oth of them in y our L ISP system.

� The standard compiler is totally compatible with the in terpreter. In particular , it

consisten tly builds the same dynamic and lexical activ ation blo c ks as the in terpreter. Its

only limitations are its inabilit y to pro cess self-mo difying programs, its failure to raise the

errudv error in the case of unde�ned v ariables, and the fact that it do es not fully implemen t

the dynamic asp ect of the flet form. It is small, it has fair p erformance (b et w een three and

six times faster than the in terpreter), and it p ermits function de�nitions to b e mo v ed from

the list zone in to the co de zone. This can impro v e the p erformance of garbage collection and,

dep ending on the host arc hitecture, can also ac hiev e space sa vings.

� The modular compiler , C OMPLICE , pro duces m uc h b etter co de than the standard compiler.

It also supp orts separate compilation of mo dules. The co de it pro duces is b et w een t w o and

�v e times faster than the equiv alen t standard compiled co de (and therefore six to thirt y times

faster than in terpreted co de), but certain precautions ha v e to b e tak en. These are describ ed

b elo w. C OMPLICE uses a lexical sc heme to bind function v ariables.

The t w o compilers use the same memory loader, describ ed in the previous c hapter.

13.0.1 Calling the compilers

compiler [ fe atur e ]

This feature indicates whether one of the compilers is loaded in to memory .

complice [ fe atur e ]

This feature indicates whether the C OMPLICE compiler is loaded in to memory .

(compiler source status print loader ) [ function with four ar guments ]
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Compiles the function or list of functions referred to as source . If status is not a list, then all the

functions inside functions in source are compiled. In calls to the standard compiler, a v alue of ()

for status indicates that none of the functions called b y functions in source should b e compiled.

The print argumen t is a 
ag that indicates, when set, that the list of LLM 3 instructions generated

b y the compiler should b e prin ted on the curren t output stream. loader is a 
ag that is passed

to the loader. status indicates the status of functions used inside source . If status is a list, it is

tak en to b e the list of functions that should not b e compiled during the compilation of the functions

in source .

This is not p ossible using the C OMPLICE compiler. If one the functions in status is a subr , the

C OMPLICE compiler generates a call to the ev aluator when this subr function is called. The standard

compiler ignores the o ccurrence of subr functions in status .

(compile source status print loader ) [ sp e cial form with one, two, thr e e or four ar guments ]

This is the fsubr form of the preceding function. So, none of its argumen ts is ev aluated. The

status , print and loader argumen ts are optional, with default v alues of () .

(compile- all -i n-c or e print loader ) [ function with zer o, one or two optional

ar guments ]

Compiles all the functions in the oblist of t yp e subr , fsurb , macro or dmacro . The print and

loader 
ags p erform the same functions here as they do in the compiler function.

In L E -L ISP , compile-all-in-core could b e de�ned in the follo wing 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)))))

t

print-flag

loader-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)))))

t

print-flag

loader-flag)))
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(compilef ile s source object ) [ function with two ar guments ]

Compiles all the functions in the �le or list of �les source and stores the result of the compilation

in the �le named object . The extension #:system:lelisp-extension is automatically added to

the �lenames in source that do not already ha v e it. The output �le ob ject can b e loaded in to L ISP

b y using the classic load , loadfile and ^L functions.

The object argumen t is optiomal in calls to the C OMPLICE mo dular compiler. By default, it is set

to the �rst elemen t in the list source. In addition, C OMPLICE adds the #:system:obj-extension

extension to the object �lename, if it do es not already ha v e it. In an y case, the �le should then

b e loaded with the loadobjectfile function.

(precompi le exp1 result exp2 operand ) [ sp e cial form ]

When in terpreted, precompile returns the v alue of the ev aluation of exp1 and ignores the other

three argumen ts. The compilers assume that result is the result of the compilation of the expression

exp1 , and they load the LLM 3 instructions that it con tains. After loading result , the compiler

executes the expression exp2 in the compiler en vironmen t. The operand argumen t is the LLM 3

op erand indicating the place where the result can b e found. Its default v alue is A1 . This function

allo ws precompilers to matc h the in terface that the curren t compilers presen t.

(dont-com pil e exp

1

: : : exp

n

) [ sp e cial form ]

Informs the compiler that the functions exp

1

: : : exp

n

should nev er b e compiled. T o force one of

them to b e compiled, use the function compiler explicitly .

13.0.2 Compiler macros

Before compilation, L ISP forms are sub jected to macro-expansion, whic h recognizes not only user

macros (functions of macro , dmacro , msubr or dmsubr t yp e), but also t w o new compiler-sp eci�c

kinds of macro functions : op en macr os and close d macr os .

Some system functions ha v e op en or closed macro de�nitions. F unctions that ha v e closed macro

de�nitions m ust not b e rede�ned. Compiler macro de�nitions are included in the cpmac �le in the

standard library .

13.0.3 Closed macros

Closed macros are alw a ys expanded during the compilation phase. In the case of certain functions

that are implemen ted in the in terpreter in a subr or fsubr form, this expansion giv es the compiler

an opp ortunit y of generating highly e�cien t co de. The mapc function, for instance, whic h generat y es

a simple lo op, is a subrn in the in terpreter and a closed macro in the compiler.

Here is a list of the standard closed macros of the compiler:

add1 any atomp catcherror cond

decr defprop desetq err errset

eval-when every ifn incr letvq
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lognot loop map mapc mapcan

mapcar mapcon mapl maplist mapvector

neq nequal newl newr nextl

null prog2 psetq return setqq

sub1 time unless untilexit when

13.0.4 Op en macros

F or op en macros to b e expanded during the compilation phase, the #:compiler:openp 
ag m ust

b e set. In the standard implemen tation, the car and cdr primitiv es are op en compiler macros. The

user can use op en de�nitions for an y function at all, except those with closed macro de�nitions.

The user who mak es suc h a replacemen t m ust v erify that the op en macro de�nition is consisten t

with the regular function de�nition, so that compatibilit y b et w een compiled and in terpreted co de

is main tained.

#:compile r:o pe n-p [ variable ]

This v ariable indicates whether op en compiler macros should b e expanded. When a compiler is

loaded, this v ariable is set b y default to t . This 
ag also sp eci�es whether access functions to L E -

L ISP ob ject �elds and the lo w-lev el primitiv es shoud b e compiled without tests for argumen t t yp es.

This a less secure but more e�cien t executable image.

The follo wing functions are a�ected b y this feature :

add car cdr comment div

fadd fdiv fmul fsub logand

logor logshift logxor mul objval

packagecell plist rem rplaca rpacd

set slen sref sset sub

symeval vlength vref vset

The generated co de is ob viously denser and faster, but do es not p erform tests that the in terpreter

do es. F or instance, the car function no longer v eri�es that its argumen t is in fact a list. Mac hine

errors can therefore b e brough t ab out b y incorrect programs.

? (defun test1 (l)

? (cons (car l) (cdr l)))

= test1

? (defun test2 (l)

? (cons (car l) (cdr l)))

= test2

? (defvar #:compil er: ope n- p t)

= #:compile r: ope n- p

Here is the direct LLM 3 expansion for car cdr �eld access:

? (compile test1 t t)
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fentry test1,subr 1

entry test1, subr1

mov cdr(a1),a2

mov car(a1),a1

jmp cons

= (test1)

Here are calls to car and cdr functions :

? (defvar #:compil er: ope n- p ())

= #:compile r: ope n- p

? (compile test2 t t)

fentry test2,sub r1

entry test2, subr1

push a1

jcall car

push a1

mov &1, a1

jcall cdr

mov a1,a2

pop a1

adjstk '1

jmp cons

= (test2)

(defmacro -op en name : : : fval ) [ sp e cial form ]

Giv es the name function an op en macro de�nition. The argumen ts to this function follo w exactly

the same description as for defmacro .

(make-mac ro- op en name fval ) [ function with two ar guments ]

This is the subr v ersion fo defmacro-open . It is particularly useful for generating op en macro from

programs.

(macro-op enp name ) [ function with one ar gument ]

Returns a function that has the op en macro de�nition asso ciated with the name function. If name

do es not ha v e an op en macro de�nition, this function returns () . The op en macro asso ciated with

a function can b e expanded in the follo wing manner:

? (defun expand-op en (call)

? (let ((open-mac ro (macro-ope np (car call))))

? (when open-macr o

? (apply open-mac ro) ))) )

= expand-op en

? (defun second (v)

? (vref v 2))

= second

? (defmacro -o pen second (v)
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? `(vref ,v 2))

= second

? (expand-o pe n '(second #[1 2 3]))

= (vref #[1 2 3] 2)

(remove-m acr o- ope n name ) [ function with one ar gument ]

Remo v es the op en macro de�nition from the name function.

13.0.5 Mo dules

F rom this p oin t on, all w e ha v e to sa y concerns C OMPLICE exclusiv ely , and not the standard compiler.

C OMPLICE is an optimizing compiler that enables large and complex L ISP programs to b e compiled

in a fragmen ted fashion describ ed as mo dular .

The set of all the �les in v olv ed in a compilation is referred to as a module . The minim um n um b er

of �les in a mo dule is three. They can b e describ ed as follo ws :

� A source file (b y default, with the extension .ll ) con tains de�nitions of L ISP functions

and metho ds.

� A description file (with the extension .lm ) describ es the con ten ts of the mo dule.

� An object file (with the extension .lo ) is generated b y C OMPLICE using the t w o �les that

w ere just men tioned.

A t ypical mo dule con tains no more than these three �les, but there ma y b e cases in whic h a mo dule

incorp orates more than a single source �le.

Description �le

Let us create mo dule called mymodule . When w e sa y that the name of this future mo dule is

mymodule , this means that the description �le of this mo dule will b e called mymodule.lm . In

other w ords, the name of a mo dule can b e 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 k eyw ord defmodule , follo w ed

b y a sym b ol that w e can c ho ose. Y ou migh t think of this defmodule statemen t as a declaration

of the existence of the mo dule that w e are ab out to create. This �rst line of the mymodule.lm �le

migh t read as follo ws :

defmodule mypackage

Here, w e ha v e c hosen the w ord mypackage b ecause this information relates, as w e shall see in a

momen t, to the general theme, in L E -L ISP , of p ackages .

W e no w indicate the name of the source �le con taining the L ISP co de that w e wish to compile. This

is done using the k eyw ord files . Supp ose that our �le is called mysource . In that case, the second

line of the �le mymodule.lm w ould b e
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files (mysource)

Supp ose that there are functions in mysource that need some of functions con tained in an existing

mo dule, whic h w e call anothermodule . In other w ords, there is another mo dule description �le

in the system, called anothermodule.lm whic h con tains compiled L ISP co de that w e need within

mymodule . W e indicate this fact b y using the k eyw ord import , follo w ed b y the name of this outside

mo dule, enclosed in paren theses. So, our mymodule.lm description �le no w reads as follo ws :

defmodule mypackage

files (mysource)

import (anothermodule)

In the mo dular con text of compilation this use of the import k eyw ord brings us to the all-imp ortan t

concepts of imp ort and exp ort , whic h can b e though t of as complemen tary . When w e state, as w e

ha v e just done, that mymodule needs to imp ort anothermodule , w e are implying that, within this

`foreign' mo dule called anothermodule , there are v arious functions that w e can use in mymodule . In

other w ords, mymodule m ust b e able to refer to these functions that are lo cated within the imp orted

mo dule called anothermodule . No w, if it is true that there are functions within anothermodule

that can b e referred to in our o wn mo dule, these functions are describ ed, from the viewp oin t of the

`foreign' mo dule called anothermo dule, as exp orted. This means that the creators of anothermodule

said to themselv es, as it w ere, when they w ere dev eloping this mo dule : `Ma yb e other p eople migh t

lik e to use our function called alpha , sa y . So let's exp ort it'.

Just as the p eople who created anothermodule w en t to the trouble of making some of their functions

exp ortable, w e to o should think ab out this question in the case of our construction of mymodule .

T o indicate the v arious functions in mymodule that w e are prepared to mak e a v ailable to further

mo dules, w e use the k eyw ord export . Supp ose that our functions beta and gamma fall in to this

category . In that case, w e w ould add a fourth line to the mymodule.lm description �le, whic h w ould

no w read as follo ws :

desmodule mypackage

files (mysource)

import (anothermodule)

export (beta : gamma)

W e shall explain in a momen t wh y there is a colon b efore the name of the gamma function.

Let us step bac k to the previous line, with import k eyw ord. W e said a momen t ago that the creators

of anothermodule exp orted their alpha function, whic h w e no w in tend to use in mymodule . This

means, then, that the �le anothermodule.lm m ust con tain the follo wing line:

export (alpha)

T o summarize, then : The creators of a mo dule exp ort functions that migh t b e required in other

mo dules. In v ersely , when y ou imp ort a `foreign' mo dule in to the one that y ou are creating, y ou

supp ose that the creators of this outside mo dule ha v e exp orte d the functions that y ou need for y our

o wn mo dule.
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Natually , within our �le mysource , at the base fo mymodule , there are no doubt man y other

functions, b esides the exp orted ones called beta and gamma , that w e do not wish to mak e a v ailable

to outside mo dules. W e sa y that these functions are lo c al to our o wn mo dule.

Keys and v alues

In the terminology commonly used in the domain of mo dules, the v arious k eyw ords defmodule ,

files , import and export are referred to as keys , and the indications that accompan y them are

referred to as the corresp onding values of these k eys. So the general syn tactic structure of a mo dule

description �le could b e presen ted in the follo wing manner:

key

1

value

1

: : : : : :

: : : : : :

: : : : : :

key

n

value

n

The four lines of the mymodule.lm description that w e ha v e just written migh t b e though t of

merely as a `preface', in the sense that C OMPLICE , during the compilation of mymodule , adds further

k ey/v alue pairs to the �le. But the user do es not ha v e to b e concerned with theses additonal k eys

and v alues. In fact C OMPLICE inserts a line just after y our preface, w arning y ou not to touc h

an ything b ey ond that p oin t.

As for the preface, written b y the user, it can b e in an y la y out whatso ev er, with commen ts preceded

b y a semi-colon sign as in L ISP . The files , import and export k eys can b e rep eated, so long as

the attac hed v alue alw a ys app ears in the form of a list... whic h could b e empt y in certain cases. If

k eys are rep eated, only the last instance is used. C OMPLICE merely reads this preface, but do es not

mo dify it in an y w a y whatso ev er.

In the �rst line that w e wrote for the mymodule.lm description �le, w e used the w ord mypackage :

defmodule mypackage

What this really means is that is a pac k age called #:mypackage , and that the exp orted function

referred to as :gamma , with a colon, is to b e found in this #:mypackage pac k age. It is as if w e had

written the mymodule.lm �le in the follo wing manner:

defmodule anything

files (mysource)

import (anothermodule)

export (beta #:mypackage:gamma)

In other w ords, this title follo wing the k eyw ord defmodule is a con v enien t means of a v oiding to

ha v e to include these explicit pac k age references in the names of exp orted �les.

In actual fact, the solution adopted b y most programmers w ould consist of using one single sym b ol,

namely mymodule , and writing the mymodule.lm �le in the follo wing manner:

defmodule mymodule
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files (mymodule)

import (anothermodule)

export (Beta :gamma)

Here, the sym b ol mymodule is used for the name of the mo dule, the name of the pac k age, and ev en

the name of the source �le.

The use of the k eys and their v alues in a mo dule description �le can b e summarized as follo ws:

� The �rst k ey is defmodule . The asso ciated v alue m ust b e a L ISP sym b ol. The sole purp ose of

this name is to b e used as an input pac k age for the remainder of the description �le.

� The next k ey , files , is follo w ed b y a list indicating the set of L ISP source �les con taining the

functions of the mo dule. Both C OMPLICE and the loadmodule function (describ ed later on)

mak e use of this files k ey and its v alue.

� The next k ey , import , is follo w ed b y a list con taining the names of other mo dules that con tain

compiled L ISP co de required for the execution of the presen t mo dule. The exp orted functions

con tained in an imp orted mo dule are used at execution time b y the functions con tained in

the presen t mo dule. Both C OMPLICE and the loadmodule function (describ ed later on) mak e

use of this import k ey and its v alue.

� The next k ey is export . The asso ciated list indicates the exp orted functions in the presen t

mo dule. Ab o v e all, the names of these exp orted functions will b e kno wn outside the presen t

mo dule, so that other mo dules could imp ort the presen t mo dule and call up on these exp orted

functions.

Structures can b e used to de�ne sev eral functions serving as `lexical sugar' enabling y ou to

a v oid ha ving to explicitly indicate the name of eac h function to b e exp orted. T o use this

facilit y , use the sp ecial (structure <structure-name>) notation in the exp orted function

list. This form concerns structures de�ned with defstruct , defrecord and deftclass . In

the latter case, don't forget to mak e the name of the structure in ternal inside the tclass

pac k age. Only C OMPLICE mak es use of this export k ey and its v alue. Here's an example of

source co de in a �le named mymodule.ll :

(defun myfunct (x) x)

(defstruct mystruct a b)

(defrecord myrecord cd)

(deftclass mytclass e f)

Here is the mo dule description �le named mymodule.lm :

defmodule mymodule

files (numodule)

export (myfunct

(structure mystruct)

(structure myrecord)

(structure #:tclass:mytclass))
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� There is also an include k ey , whic h exists solely for compatibilit y with older v ersions of

C OMPLICE . It can no w b e replaced b y the use of the eval-when function in the source �le.

This function is describ ed later on in this c hapter.

� C OMPLICE inserts in to a mo dule description �le, for its o wn needs, v arious internal keys that

do not normally concern the programmer. In particular, there is a cpenv k ey that describ es

the exact compilation en vironnemen t that w ould b e transmitted to an y other mo dule that

happ ened to imp ort the presen t one. This k ey and its asso ciated v alue w ould pla y a role if

the creator of the presen t mo dule w ere to use the ab o v e-men tioned eval-when function to

mo dify the compilation en vironmen t.

As w e men tioned earlier on, when a mo dule is compiled, only these in ternal k eys are mo di�ed

b y C OMPLICE . The so-called `preface' of the description �le, concerning the defmodule , files ,

import and export k eys, emains unc hanged b y the compilation.

Let's lo ok at an example. Consider a �le f1.ll con taining

(defun example1 (1) (tmp1 l))

(defun tmp1 (l) (cons (car l) (example1 l)))

and a �le f2.ll con taining

(defun example2 (l) (tmp2 l))

(defun tmp2 (l) (cons (car l) (example1 l)))

The mo dule description �le for f1.ll is the �le m1.lm con taining

defmodule user

files (fl)

export (example1 )

and the mo dule description �le for f2.ll si the �le m2.lm con taining

defmodule user

files (f2)

export (Example2 )

import (m1)

Let us lo ok at an example of the use of mo dules in in terpreted form, and the compilation of mo dules.

W e start out b y loading the in terpreted mo dule m2 :

? (loadmodu le 'm2 t)

** loadmodule : load interprete d module : m1

** loadmodule : load interprete d module : m2

= m2

? (pretty example1 )

(defun example1 (l)

(tmp1 l))

= ()

? (compilem od ule 'm2 t)

= ()

? #:module: in ter pr ete d-l is t

= (m1 m2)
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Here is an example of the use of a compiled mo dule:

? (loadmodu le 'm2 t)

= m2

? (pretty example1 )

(ds example1 subr1 (19 . 2152))

= ()

? (pretty tmp2)

()

= ()

? (example2 '(1 2 3))

= (1 1 2 3)

13.0.6 Source �les

The main comp onen ts of the mo dule under construction come from one or sev eral �les. The name

of a source �le has, b y default, the extension .ll . A source �le m ust con tain all the data that is

necessary for the successful construction of the desired mo dule. Here are sev eral p oin ts that should

b e k ept in mind:

� Naturally , the source �le m ust con tain the de�nitions of all the functions, macros and other

defstruct data structures that are to b e exp orte d . These en tities will b e made a v ailable to

users of the presen t mo dule, and to an y other mo dule that imp orts the presen t mo dule. As

w e p oin ted out earlier on, the names of all these en tities m ust app ear in the list that follo ws

the export k eyw ord in the description �le of the presen t mo dule.

� The source �le also includes other en tities, describ ed as lo c al , whic h are used b y the exp orted

en tities, but without b eing made a v ailable to the outside w orld. These in ternal en tities can

usually b e compiled more e�cien tly than for exp orted en tities, since their calling proto cols

are relativ ely simpli�ed.

� Other imp ortan t elemen ts in a source �le are related to the p ossibiliti es of an in teresting

function called eval-when , whic h w e examine in the next section, under the general theme

of ev aluation. This function enables y ou to con trol the compilation en vironmen t.

C OMPLICE generates compiled co de for all the functions de�ned in the �les listed under the files

k ey , and only for these �les. F unctions de�ned in the import or include �les nev er giv e rise to

co de in the compiled mo dule.

The co de pro duced b y C OMPLICE con tains compiled de�nitions of the exp orted functions of the

mo dule. In other w ords, the compiled co de is asso ciated with the L ISP sym b ol that names eac h

function. The other en tities app earing in the source �les men tioned after the files k eyw ord giv e

rise to co de in the compiled mo dule, but no sym b ols are asso ciated with them.

When y ou load a compiled mo dule b y means of the loadmodule function, the imp orted mo dules

are loaded �rst of all (except, of course, if they ha v e already b een loaded), then the compiled

co de of the mo dule is loaded in to the zone reserv ed for compiled co de in the L E -L ISP system. The

include �les are nev er loaded b y the loadmodule function. If y ou w an t these �les to b e presen t in

the extension en vironmen t of the mo dule, whic h is not generally the case, y ou ha v e to load them

explicitly .
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During compilation, C OMPLICE do es not automatically imp ort mo dules imp orted b y imp orted

mo dules. The import k ey is not transitiv e during the compilation. In the same w a y , the compiler

nev er loads the include �les of imp orted mo dules. If y ou w an t to use the include or import �les

of imp orted mo dules, y ou ha v e to list them explicitly under the corresp onding k eys of the mo dule,

Note that include �les are loaded in the order in whic h they are listed. This migh t b e imp ortan t

when these �les con tain successiv e the de�nitions of abbreviations or L ISP structures.

13.0.7 Ob ject �les

The C OMPLICE compiler, whic h is used to compile mo dules, builds ob ject �les, whic h con tain LLM 3

co de in lap form. These �les alw a ys ha v e the v alue of #:system:obj-extension as their extension.

#:system: obj -e xte ns ion [ variable ]

This v ariable con tains the default extension of L E -L ISP ob ject �les.

(probepat ho file ) [ function with one ar gument ]

Returns the complete �lename of the ob ject �le file if it is found in the #:system:path directory

list. If the mo dule is not found there probepatho returns () .

In L E -L ISP , probepatho could b e de�ned in the follo wing manner:

(defun probepatho (mod)

(search-in-path

#:system:path

(catenate mod #:system:obj-extension)))

? (probepat ho 'pretty)

= /nfs/curr en t/l el isp /ll ob j/p re tty .lo

(loadobje ctf il e file ) [ function with one ar gument ]

Loads the ob ject �le file if it is found in the #:system:path directory list. In L E -L ISP ,

loadobjectfile could b e de�ned in the follo wing manner:

(defun loadobjectfile (file)

(let ((real-file (probepatho file)))

(ifn real-file

(error 'loadobjectfile "unknown file" file)

(loadfile real-file t))))

13.0.8 Con trolling ev aluation

Using mo dules means that y ou ha v e to b e able to precisely con trol the momen t at whic h expressions

within a mo dule are ev aluated. When a mo dule is compiled, the default b eha vior is that all the
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forms in the mo dule are ev aluated b efore the actual momen t of compilation. The follo wing sp ecial

form lets y ou sp ecify , for eac h form in a mo dule, whether it should b e ev aluted when the mo dule is

loaded in in terpreted mo de, when the mo dule is loaded in compiled mo de, or during the compilation

pro cess.

(eval-whe n moments . expressions ) [ function with a variable numb er of ar guments ]

The moments argumen t is a non-ev aluated list of sym b ols from the set of eval , load , local-compile

or compile . The expressions argumen t is a sequence of arbitrary legal expressions that b e

ev aluated according to the presence of one of the sym b ols of the moments argumen t. This ev aluation

tak es place according to the follo wing criteria:

� eval : The expressions are ev aluated when the source �les of the mo dule are loaded with the

libloadfile function, or from the main in terpreter in teractiv e lo op.

� load : The expressions are ev aluated when the mo dule is loaded with the loadobjectfile

function.

� local-compile : The expressions are ev aluated when the mo dule is compiled, but they will

not b e exp orted.

� compile : The expressions are ev aluated when the mo dule is compiled, or when an y other

mo dule that imp orts this mo dule is compiled.

By default, all the expressions in a mo dule are surrounded b y the form

(eval-when (eval load local-compile)...)

Ha ving seen this description of the eval-when function, w e can no w return to the question (that

w e started to examine earlier on) of the p ossible con ten ts of a source �le:

� A source �le migh t con tain certain de�nitions that are exploited solely during the compilation

of the presen t mo dule. This p ossibilit y is made a v ailable b y the eval-when function with the

local-compile k eyw ord.

� Other de�nitions in the source �le migh t b e used b oth when compiling the presen t mo dule

and when compiling another mo dule that imp orts the presen t one. This is the case of the

eval-when function with the compile k eyw ord.

� There migh t b e de�nitions that are useful b oth at execution time and in the case of a lo cal

compilation. This in v olv es using eval-when with the local-compile and load k eyw ords,

together with exp ort.

� Finally , there migh t b e de�nitions that are useful b oth at execution time and in the case of

lo cal and external compilations. This in v olv es using eval-when with the compile and load

k eyw ords, together with export . The eval k eyw ord w ould b e added if y ou w an ted to use suc h

a de�nition in in terpreted mo de. In fact, an y of the com binations of the k eyw ords compile ,

local-compile , load and eval can b e en visaged.
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Let us lo ok at examples of the use of ev aluation con trol. The source �le called when con tains the

follo wing forms:

(eval-when (eval)

(print "(eval)") )

(eval-when (load)

(print "(load)") )

(eval-when (local-com pil e)

(print "(local-c omp il e)" ))

(eval-when (compile)

(print "(compile )") )

(eval-when (eval load local-com pil e compile)

(print "(eval load local-comp ile compile)" ))

(defun first ()

'first)

This has the follo wing mo dule de�nition:

defmodule when

files (when)

export (first)

It b eha v es in the follo wing manner:

? ^Lwhen

(eval)

(eval load local-comp ile compile)

= when.ll

? (compilem od ule 'when)

(local-comp il e)

(compile)

(eval load local-comp ile compile)

(eval load local-comp ile compile)

(eval load local-comp ile compile)

= ()

? ^Awhen

(load)

(eval load local-comp ile compile)

= when

The source �le named when2 con tains

(eval-when (eval)

(print "**2**(ev al) ") )

(eval-when (load)

(print "**2**(lo ad) ") )
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(eval-when (local-com pil e)

(print "**2**(co mpi le )") )

(eval-when (compile)

(print "**2**(co mpi le )") )

(eval-when (eval load local-com pil e compile)

(pirnt "**2**(ev al load local-comp ile compile)" ))

(defun second ()

'second)

It has the follo wing mo dule de�nition:

defmodule (when2)

files (when2)

export (second)

import (when)

It b eha v es in the follo wing manner:

?^Lwhen2

**2**(eval)

**2**(eval load local-comp ile compile)

= when2.ll

? (compilem od ule 'when2)

(compile)

(eval load local-comp ile compile)

**2**(local -c omp il e)

**2**(compi le )

**2**(eval load local-comp ile compile)

**2**(eval load local-comp ile compile)

**2**(eval load local-comp ile compile)

=()

? ^Pfirst

()

=()

?^Awhen2

(eval)

(eval load local-comp ile compile)

**2**(eval)

**2**(eval load local-comp ile compile)

= when2

? ^Pfirst

(ds first subr0 (8 . 21196))

= ()

13.1 Use and manipulation of mo dules

This section presen ts sev en functions and t w o v ariables that are used b y C OMPLICE .
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13.1.1 F unctions on mo dules

(probepat hm module ) [ function with one ar gument ]

Returns the complete �lename of the mo dule description �le of module , if it is found in the

#:system:path directory tree. If the mo dule is not found there, probepathm returns () .

In L E -L ISP , probepathm , could b e de�ned in the follo wing manner:

(defun probepathm (mod)

(search-in-path

#:system:path

(catenate mod #:system:mod-extension)))

? (probepat hm 'pretty)

= /nfs/curr en t/l el isp /ll mo d/p re tty .lm

(readdefm odu le module ) [ function with one ar gument ]

Returns a L ISP structure con taining the information in the mo dule description �le of module . This

struture will b e referred to, from no w on, as a mo dule de�nition , and will b e denoted b y the

argumen t defmod .

(getdefmo dul e defmod key ) [ function with two ar guments ]

Returns the v alue asso ciated with key in the mo dule de�nition defmod .

(setdemod ule defmod key value ) [ function with thr e e ar guments ]

Adds the pair value/key to the mo dule de�nition defmod . If the k ey already exists in the de�nition,

its existing v alue is replaced b y the value argumen t.

(printdef mod ul e defmod module ) [ function with two ar guments ]

Up dates the mo dule description �le that corresp onds to the mo dule module , using the mo dule

de�nition defmod .

13.1.2 Loading and compiling mo dules

(loadmodu le module reload-p interpreted-p ) [ function with one, two or thr e e ar guments ]

Loads module and all the mo dules that it imp orts. Imp orted mo dules are loaded in the �rst instance,

using a single loadmodule function. Loading is recursiv e. Consequen tly , mo dules imp orted b y

imp orted mo dules are lik ewise imp orted, and so on. Only mo dules that ha v e not already b een
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loaded in to the system are loaded. Nev ertheless, the reload-p argumen t pro vides a means of

forcing all the imp orted mo dules to b e loaded or reloaded.

If the mo dule w as compiled, loadmodule loads it using the loadobjectfile function. If the mo dule

w as not compiled, loadmodule loads the uncompiled source �les de�ned in the files k ey using the

libloadfile function. The interpreted-p 
ag, when set, forces all the source �les of a mo dule

to b e loaded regardless of whether compiled v ersions of the mo dule are already loaded.

When a mo dule is loaded from source �les, a w arning with the follo wing standard screen displa y

is prin ted:

;; load interpreted module : `module'

Here, module is the name of the mo dule loaded and in terpreted.

The follo wing t w o v ariables are main tained b y the loadmodule function:

#:module: int er pre te d-l ist [ variable ]

This v ariable con tains the set of names of mo dules whose �les ha v e b een loaded b y the libloadfile

function.

#:module: com pi led -l ist [ variable ]

This v ariable con tains the set of names of mo dules whose �les ha v e b een loaded b y the

loadobjectfile function.

(compilem odu le module ind ) [ function with one or two ar guments ]

Compiles module with the C OMPLICE mo dular compiler. The result of the compilation is stored in

the �le named module with the extension #:system:obj-extension , whic h is created if it do es

not already exist. If the ind 
ag is set, the mo dules imp orted b y module are recursiv ely compiled

using the same compilemodule function.

Files pro duced b y the compilation can b e loaded using the loadobjectfile function. The compiled

mo dule and the mo dules it imp orts can b e loaded all at once using the loadmodule function.

When the 
ag is not supplied, the de�nition of compilemodule is almost equiv alen t to the follo wing

co de:

(defun compilemodule (mod)

(compilefiles

(getdefmodule (readefmodule mod) 'files)

mod))

The mo dule description is up dated, though, to re
ect the fact that the mo dule w as compiled.

Moreo v er, functions not exp orted b y the mo dule will no longer exist after the compilation. W rite

access to the mo dule description �le is needed in order to carry out a mo dule compilation.
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13.2 Complice

T o compile a mo dule, y ou use the C OMPLICE compiler. This section describ es the features sp eci�c

to C OMPLICE , as w ell as its error and w arning messages.

13.2.1 Compatibilit y messages

Whenev er p ossible, C OMPLICE compiles v ariable bindings as lexical bindings. This means that

v ariables do not exist, prop erly sp eaking, outside the lexical blo c k in whic h they are declared.

Programs normally executed in in trepreted mo de migh t therefore b e rendered incompatible or

un w ork able after compilation b y C OMPLICE . In order to alleviate these problems, C OMPLICE has a


ag called #:complice:parano-flag . When this 
ag is set, explicit calls to the ev aluator result

in dynamic binding of the v ariables in v olv ed, so that compiled and in terpreted v ersions ha v e the

same b eha vior.

#:complic e:p ar ano -f lag [ variable ]

This v ariable indicates whether complete compatibilit y with the in terpreter is required. When

C OMPLICE is �rst loaded, the v alue of this 
ag is t , meaning that total compatibilit y is required.

Let us lo ok at an example:

? (defun test1 (word) (funcall 'test2))

= test1

? (defun test2 () word)

= test2

(test1 'local) = ) local

No w compile test1 b y en tering (compile test1) . Since the #:complice:parano-flag is set to

t , the test1 function still w orks normally:

(test1 'local) = ) local

Let us no w rede�ne the same test1 function. Before recompiling it, w e shall set the 
ag to () with

(defvar #:complice:parano-flag ()) . Then w e recompile the function.

(defun test1 (word) (funcall 'test2))

= test1

? (defvar #:compli ce: par an o-f la g ())

= #:complic e: par an o-f lag

? (compile test1 t t)

fentry test1, subr1

entry test1, subr1

push @101

push 'test2

mov '1,a4

jmp funcall

101 eval ()

return

= (test1)

This time, the ev aluation pro duces a di�eren t result:
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? (let ((word 'global))

? (test1 'local))

= global

Here is a list of functions that mo di�t y the b eha vior of the compiler according to the setting of the

#:complice:parano-flag v ariable:

apply deset eval evlis flambda

flet funcall lambda lock set

symeval time unexit unwind

13.2.2 Errors and w arnings

C OMPLICE errors and w arning are prin ted on to the curren t output stream in one of t w o formats:

� F or an error, the format is

E. n . entity .. message :

ar gument

� F or a w arning, the format is

W. n . entity .. message :

ar gument

The items in italics ha v e the follo wing meanings:

� n is the n um b er of the error or w arning.

� entity is the en tit y (suc h as a function or a v ariable) that w as b eing compiled.

� message is a complete explanatory message.

� ar gument is the fault y argumen t.

When an error is raised, entity is not compiled. If a w arning o ccurs, the co de pro duced migh t b e

incompatible with the in terpreter. See, ho w ev er, the #:complice:parano-flag 
ag.

#:complic e:w ar nin g- fla g [ 
ag ]

This 
ag allo ws y ou to suppress w arning messages. By default, its v alue is t , and w arnings are

prin ted. T o turn them o�, set #:complice:warning-flag to () .

#:complic e:n o- war ni ng [ variable ]

This v ariable con tains the list of w arning message n um b ers that corresp ond to messages that y ou

do wish to see prin ted. When C OMPLICE is initially loaded, #:complice:no-warning con tains the

list (7 8) .
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E.0 [ Complic e err or message ]

This error message is displa y ed as follo ws:

E.0. entity ..Internal error:

(f m b)

Cause : Sometimes, for e�ciency reasons, or in unforeseen cases, C OMPLICE do es not systematically

v erify that the co de it pro duces is v alid. F or example, it migh t pro duce the instruction (add1 .

2) , whic h is not legal. In these cases, a mac hine error is usually raised, and the m argumen t will b e

equal to errmac .

A r guments : f , m and b are standard error handling argumen ts. (See the explanation of the syserror

function).

R eme dy : V erify that entity w orks in in terpreted mo de, and v erify that the L ISP co de of entity is

coheren t and correct.

E.1 [ Complic e err or message ]

This error message is displa y ed as follo ws:

E.1. entity ..Function computed:

L ISP - expr ession

Cause : This error is raised when the �rst elemen t of a form is neither a sym b ol nor a lam b da-

expression, as in the case of ((if x '1+ '1-) 8) .

A r gument : F or the ab o v e example, the L ISP expression is ( if x '1+ '1-) .

R eme dy : Replace this expression with (funcall (if x '1+ '1-) 8) .

E.2 [ Complic e err or message ]

This error message is displa y ed as follo ws:

E.2. entity ..Application of an mlambda:

lamb da-expr ession

Cause : C OMPLICE cannot compile a form suc h as ((mlambda (1 x) '(ncons ,x)) x) .

A r gument : F or the ab o v e example, the lam b da-expression is (mlambda (1 x) '(ncons ,x)) .

R eme dy : If the macro generation can b e p erformed during the compilation, use an in termediate

macro function.

E.3 [ Complic e err or message ]

This error message is displa y ed as follo ws:

E.3. entity ..Error during macro expansion:

macr o-function

Cause : All macro expansions, b oth macro and dmacro , are p erformed in the compiler en vironmen t.

So, the macro functions that use the dynamic en vironmen t of the user's program raise this error.
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Here is an example:

(defun f (a)

(bclos a (+ a a)))

(dmd bclos (v . pg)

`(let ((,v ',(symeva l v)))

,@pg))

A r gument : F or the ab o v e example, macro-function is bclos .

R eme dy : If the macro generation can only b e p erformed a single time in the user-program

en vironmen t, do it b efore the compilation in a test case.

E.4 [ Complic e err or message ]

This error message is displa y ed as follo ws:

E.4. entity ..Function not defined:

function

Cause : The function designated as entity called a function that w as not de�ned at the time the

compilation to ok place. Here is an example:

(defun f () (g))

A r gument : F or the ab o v e example, the function is g .

R eme dy : If the problem w as not simply the result of a t yping error, p erform the call b y means of

a funcall suc h as (defun f () (funcall g)) .

E.5 [ Complic e err or message ]

This error message is displa y ed as follo ws:

E.5. entity ..Cannot compile an flet:

L ISP expr ession

Cause : When the #:complice:parano-flag 
ag is not set, C OMPLICE refuses to compile a form

b eginning with flet .

R eme dy : If y ou w an t to temp orarily mo dify the b eha vior of functions suc h as syserror , bol or

eol , y ou migh t use the #:system:itsoft programmable-in terrupt approac h. The other ob vious

solution is to set #:complice:parano-flag to t .

E.6 [ Complic e err or message ]

This error message is displa y ed as follo ws:

E.6. entity ..Cannot compile a letv:

L ISP expr ession

Cause : C OMPLICE can only compile dynamic-en vironmen t constructions when the v ariable tree is

supplied explicitly . Here is an example:
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(defun goodf (vals) (letv '(a b) vals (+ a b)))

(defun badf (env vals) (letv env vals (+ a b)))

A r gument : F or the ab o v e example, the L ISP expression is env .

R eme dy : None.

W.0 [ Complic e warning message ]

This w arning message is displa y ed as follo ws:

W.0. entity ..Undeclared global variable:

variable

Cause : In the transitiv e closure of entity , variable can b e used without ha ving b een instan tiated.

Here is an example:

(defun f () xyz)

or

(defun last (1) (ifn 1 xyz (let ((xyz 1)) (last (cdr 1)))))

A r gument : In the ab o v e example, the v ariable is xyz .

R eme dy : If the problem stems from neither a t yping error nor a logical error in the program, giv e

the v ariable in question a global v alue using the defvar function. The call to defvar m ust b e in a

�le.

W.2 [ Complic e warning message ]

This w arning message is displa y ed as follo ws:

W.2. mo dule ..Unused function:

function

Cause : This w arning only o ccurs with the compilemodule function. It app ears if function is

created in module , but is not used b y an y of the exp orted functions.

R eme dy : If the function is needed, it should b e added to the mo dule description of module under

the export k ey .

W.3 [ Complic e warning message ]

This w arning message is displa y ed as follo ws:

W.3. entity ..Wrong function type:

function typ e

Cause : If entity is the same sym b ol as function , and typ e is not () , an attempt w as made to compile

a non-compilable function: for example, (compile car) . Otherwise, function is unde�ned, t yp e is

() , and the ev aluator will b e called explicitly .
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R eme dy : In the �rst case, the funcall function should b e used to compile the argumen ts of

function . In the second case, de�ne function in y our source co de. (A t times, y ou ha v e to b e

careful of synonymq ).

W.4 [ Complic e warning message ]

This w arning message is displa y ed as follo ws:

W.4. mo dule ..External function:

function

W.5 [ Complic e warning message ]

This w arning message is displa y ed as follo ws :

W.5. entity ..Wrong number of arguments:

function

Cause : The call sequence of function inside entity do es 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 [ Complic e warning message ]

This w arning message is displa y ed as follo ws:

W.6. mo dule ..Function external to module:

function

Cause : This w arning is only pro duced with the compilemodule function. It app ears if function is

used in mo dule, but is not created b y one of the imp orted mo dules.

R eme dy : If it is kno wn whic h mo dule con tains function , it should b e added to the mo dule description

of mo dule under the import k ey . Otherwise, arrange things in suc h a w a y that function is already

compiled when compilemodule is called, and that it is also there at execution time.

W.7 [ Complic e warning message ]

This w arning message is displa y ed as follo ws:

W.7. entity ..Calculated function:

L ISP - expr ession

Cause : The entity function uses a function suc h as funcall or apply . The L ISP expression is a

functional v alue. Here is an example:

(defun tw (f a) (funcall f (funcall f a)))
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A r gument : In the ab o v e example, the L ISP expression is f .

R eme dy : If there is no in teraction b et w een the called functional v alue and the calling function,

high-p erformance co de is generated when the #:complice:parano-flag 
ag is set to () .

W.8 [ Complic e warning message ]

This w arning message is displa y ed as follo ws:

W.8. entity ..Explicit call to evaluator:

L ISP - expr ession

Cause : The entity function uses a function suc h as eval or set . Here is an example:

(defun symev (v env) (or (cassq v env) (symeval v)))

A r gument : In the ab o v e example, the L ISP expression is v .

R eme dy : If there is no in teraction b et w een the called functional v alue and the calling function,

high-p erformance co de is generated when the #:complice:parano-flag 
ag is set to () .

W.9 [ Complic e warning message ]

This w arning message is displa y ed as follo ws:

W.9.compilefiles..Function external to file:

function

Cause : This w arning only o ccurs with the compilefiles function. It app ears if function is used in

one of the �les app earing in the argumen ts to a call to compilefiles , but w as not created b y one

of these �les.

R eme dy : Arrange things is suc h a w a y that function has already b een compiled when

compilefiles is executed, and that it is presen t at execution time as w ell.

W.10 [ Complic e warning message ]

This w arning message is displa y ed as follo ws:

W.10.makemodule..Module interdependence:

mo dule-list

Cause : This w arning only o ccurs with the compilemodule function. It app ears if the compiler

detects a circularit y in the set of mo dules b eing compiled, according to the links de�ned b y the

import k ey . In this case, all the �les in v olv ed in mo dules in mo dule-list will b e recompiled once,

indep enden tly of all links to other mem b ers of mo dule-list , and then a second time, to resolv e

dynamic v ariable bindings. The mo dule-list argumen t do es not describ e the smallest circularit y

of in ter-mo dule reference. Giv en the prohibitiv e cost of the double compilation, y ou are advised

to recompile one of the mo dules in v olv ed in the circularit y b y hand b efore trying to compile the

mo dules together a second time.
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W.11 [ Complic e warning message ]

This w arning message is displa y ed as follo ws:

W.11. entity ..Function redefined in the module:

mo dule

Cause : This w arning indicates that entity , whic h app ears in the mo dule b eing compiled, is also a

function exp orted b y mo dule , and that the latter is imp orted b y the mo dule b eing compiled. In

this case, it is the lo cal de�nition that is used during the compilation of the curren t mo dule.

13.2.3 General remarks and examples

Using defv ar

In some particular cases, C OMPLICE do es not �nd v ariables that should b e dynamically link ed, ev en

when the #:complice:parano-flag is set to t . Here is an example:

(defun line-coun t ()

(let ((#:sys-p ack age -i tso ft 'count) (#:count:n 0))

(untilexi t eof (read))

#:count:n ))

(defun #:count:b ol ()

(setq #:count: n (add1 #:count:n))

(bol))

In this case, the v ariable #:count:n is used in a dynamic manner, but it will b e compiled `lexically'.

T o alleviate these problems, a global v ariable declared b y defvar can b e used for it, and will alw a ys

b e compiled b y C OMPLICE according to dynamic binding rules.

The ab o v e program w ould b e rewritten as follo ws:

(defar #:count:n )

(defun line-coun t ()

(let ((#:sys-p ack age -i tso ft 'count) (#:count:n 0))

(untilexi t eof (read))

#:count:n ))

(defun #:count:b ol ()

(setq #:count: n (add1 #:count:n))

(bol))

It is therefore suggested that defvars b e used for v ariables suc h as l , n and at .

Using macros

A macro function instan tiated in a mo dule, but not exp orted, will no longer exist after compilation.

F or example, the mo dule �le test migh t con tain
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defmodule user

files (test)

export (test)

and the L ISP source �le test migh t con tain

(defun test (n) (test-macr o n))

(dmd test-mac ro (n) `(add1 ,n))

Once the mo dule is compiled, the test-macro function will no longer exist.

F unction generators

In pro cessing the compilefiles and compilemodule functions, C OMPLICE determines whic h

functions to compile b y isolating the o ccurrence of the de , df , defun , setfn , dm , dmd , and

defmacro primitiv es. There are t w o compiler features that pro vide the means to de�ne new function

generators.

The �rst follo ws from the fact that forms read from �les are macro-expanded. It is p ossible to de�ne

macro functions that de�ne calls to the standard primitiv es in tro duced ab o v e. Here is an example:

(dmd defsys (name . fval)

`(defun ,(symbol 'system name) ,@fval) )

(defsys ob () (oblist 'system))

On the other hand, the mo dule description �les m ust sp ecify the complete names of functions to

exp ort, as sho wn here:

defmodule system

files (foo)

export (#:syste m:o b)

The second phenomenon is due to the fact that forms b eginning with progn are themselv es scanned

to determine p ossible 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 (typevect or v) ',type))

(defmacro -op en ,pred (v) `(eq (typevector ,,v) ',,type)) ))

(defvar list-type () )

(newtype cell makecell cellp)



COMPLICE 13-27

Using the precompile function

Among other things, the precompile function allo ws data de�nition to b e dela y ed un til load time.

Consider the follo wing example:

(defun static-st re am ()

(let ((stream '#.(cons -1 (cirlist 0 1))))

(prog1 (cadr stream)

(rplacd stream (cddr stream))) ))

This function is correctly compiled b y the compile and compile-all-in-core functions, but the

corresp onding lap co de will not b e able to b e loaded in to a �le b ecause of the circularit y of the

data. In suc h cases, the precompile function can b e used in the follo wing manner:

(dmd reconstr uct (data)

`(precom pil e ',(eval data) () () (eval kwote ,data))))

(defun static-st re am ()

(let ((stream (reconstruc t (cons -1 (cirlist 0 1)))))

(prog1 (cadr stream)

(rplacd stream (cddr stream)))) )

Undesirable asp ects of Complice

The compilemodule function can create the ob ject �le only in the curren t w orking directory .

Lexical con trol functions suc h as tagbody , block , go and return systematically call sp ecialized

ev aluation routines.

In imp orted mo dules, b e w ary of an y macro de�nitions that are not inside an (eval-when

(compile ...construction. Suc h de�nitions migh t cause the total loading of the imp orted mo dule

during the compilation of the mo dule that imp orts it.
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Chapter 14

External in terfaces

The �rst section of this c hapter describ es functions that in terface L E -L ISP system with external

pro cedures written in other programming languages. The follo wing sections describ e the details of

the pro cess of in terfacing L E -L ISP with di�eren t languages on di�eren t systems. Only the section

co v ering the U NIX system is included in this man ual. F or the vms in terface, see [Dana86].

14.1 In terface functions

L E -L ISP pro vides w a ys to call external pro cedures written in another programming language. These

external pro cedures m ust b e in tegrated in to L E -L ISP with the host system's link editor.

The follo wing functions, whic h pro vide the in terface of external pro cedures, are not standard on

all L E -L ISP systems. Chec k to see if they exist on y our system b efore trying to use them.

(getgloba l strg ) [ function with one ar gument ]

Returns the starting address (en try p oin t) of the external pro cedure name strg . This name m ust

exist in the sym b ol table generated b y the link editor when L E -L ISP is created. The result of this

function can b e used as the �rst argumen t to callextern .

The notion of a symb ol dep ends of course up on the the host system. On U NIX systems, for example,

C-language names are usually preceded b y the underscore c haracter, as in _getenv , whereas

f or tran names are surrounded b y this same c haracter, as in _getenv_ . Dep ending on the mac hine

on whic h it is running, L E -L ISP tak es accoun t of the p ossible presence of suc h pre�xes. F or example,

y ou �nd the underscore _ pre�x on a Sun, whereas it is a dot on the RS6000 .

In no case do es the user ha v e to b e a w are of the con v en tion in use. He or she only needs to use the

name of the sym b ol as it is de�ned in C.

Of course, for compatibilit y reasons, the user can indicate a pre�x when p erforming a getglobal ,

but this tec hnique is slo w, and it migh t cause p ortabilit y problems when the co de is tak en on to

another mac hine. In an y case, the presence of a pre�x in the c haracter string sen t to getglobal is

a means of a v oiding p ossible name con
icts b et w een L E -L ISP functions and C pro cedures.

On a Sun4, with no pre�x:

(getglob al "getenv") = ) (4 . 22192)

1
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(time '(getgloba l "getenv" )) = ) 0.01

On a Sun4, with a pre�x:

(getglob al "_getenv") = ) (4 . 22192)

(time '(getgloba l "_getenv ")) = ) 0.02

With the pre�x of an RS6000 :

(getglob al ".getenv") = ) 0

(callexte rn address type v

1

t

1

: : : v

n

t

n

) [ function with a variable numb er of

ar guments ]

Calls an external pro cedure starting at address . This call m ust return a v alue whose t yp e is type .

The v

i

designate v alues transmitted to the external pro cedure, and their corresp onding t yp es are

indicated b y the t

i

. These t

i

are co ded in the follo wing manner:

0 � ! p oin ter

1 � ! in teger n um b er

2 � ! 
oating-p oin t n um b er

3 � ! c haracter string

4 � ! v ector of S-expressions

5 � ! in teger n um b er, passed b y reference ( f or tran )

6 � ! 
oating-p oin t n um b er, passed b y reference ( f or tran )

7 � ! v ector of in teger n um b ers

8 � ! v ector of 
oating-p oin t n um b ers.

The t yp e of the result returned b y the external pro cedure call, referred to as type , can only

corresp ond to one of the �rst four items in this list: either p oin ter, in teger n um b er, 
oating-

p oin t n um b er or c haracter string.

(defexter n symb ltype type ) [ sp e cial form ]

Dynamically asso ciates a L E -L ISP function to an external pro cedure. symb is the name of an

external mo dule that is going to b ecome a new L E -L ISP function. ltype is the list of t yp es of

input argumen ts. The v ersion 15.26 in tro duces a dynamic v eri�cation of the t yp es <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 : 5

type is the t yp e of the return v alue. The p ossible t yp es for the ltype argumen t are mem b ers of

the follo wing set of sym b ols:
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� t : a L E -L ISP p oin ter.

� external : an external p oin ter.

� fix : an in teger n um b er.

� float : a 
oating-p oin t n um b er.

� string : a c haracter string.

� vector : a v ector of S-expressions.

� rfix : an in teger passed b y reference.

� rfloat : a 
oat passed b y reference.

� fixvector : a v ector of in tegers.

� floatvector : a v ector of 
oats.

The returned type is one of the follo wing sym b ols:

� t : a L E -L ISP p oin ter.

� external : an external p oin ter.

� fix : an in teger n um b er.

� float : a 
oating-p oin t n um b er.

� string : a c haracter string.

Let us examine these sym b ols more closely:

� The t t yp e corresp onds to an y L E -L ISP p oin ter that is passed without b eing altered.

� The external t yp e corresp onds to a p oin ter external to the L ISP memory space. It is

represen ted b y a L E -L ISP address. A detailed description of this kind of address is pro vided

in section 12.1. Generally , suc h a p oin ter is the result of a previous call to an external

pro cedure, and it is su�cien t to store and pass it to other external pro cedures when it is

called for.

� The fix t yp e corresp onds to an in teger n umeric v alue.

� The float t yp e corresp onds to a 
oating-p oin t n umeric v alue. When the p ort allo ws it,

this t yp e w orks equally w ell in b oth the 31-bit and 64-bit L E -L ISP 
oating-p oin t mo des.

� The string t yp e corresp onds to the address of the �rst c haracter of a c haracter string.

It is imp ossible to pass a c haracter string b y v alue.

� The rfix t yp e corresp onds to a reference to an in teger n umeric v alue. This is the t yp e

of argumen t passing that is used in f or tran .

� The rfloat t yp e corresp onds to a reference to a 
oating-p oin t n umeric v alue. This is the

t yp e of argumen t passing that is used in f or tran . When the p ort allo ws it, this t yp e

w orks equally w ell in b oth 31-bit and 64-bit L E -L ISP 
oating-p oin t mo de.
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� The fixvector t yp e corresp onds to the address of the �rst elemen t of a v ector of in teger

n umeric v alues. V ectors of in tegers are therefore alw a ys passed b y reference. Because of

the w a y in tegers are represen ted in L E -L ISP , this t yp e is di�eren t to the t yp e of a v ector

of S-expressions con taining only in teger n umeric v alues.

� The floatvector t yp e corresp onds to the address of the �rst elemen t of a v ector of


oating-p oin t n umeric v alues. V ectors of 
oats are therefore alw a ys passed b y reference.

Because of the w a y that 
oats are represen ted in L E -L ISP , this t yp e is di�eren t to the t yp e

of a v ector of S-expression con taining only 
oating-p oin t n umeric v alues. Note that this

floatvector t yp e w orks only in 31-bit 
oating-p oin t mo de. Y ou cannot use it in 64-bit


oating-p oin t mo de.

Example: the follo wing external pro cedure is de�ned in C:

double c_test (strg,nf,n i, vec t)

char *strg; double nf; int ni; int *vect;

{

int i;

printf("t he string is %s\n\r", strg);

printf("t he float is %e\n\r", nf);

printf("t he integer is %d\n\r", ni);

printf("t he 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 *n i);

}

Here is the corresp onding L E -L ISP in terface:

? (defexter n 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 barr

the float is 1.234500e+0 2

the integer is 12

the vector contains vect[0]= 9ed30, vect[1]= 63ae4

= 1481.4 ? vec

= #[#[1 2 3] (a b)]

The follo wing external pro cedure is de�ned in f or tran :

subroutine tabflt (lg, tfloat)

integer lg,i

real*4 tfloat(lg)

do 33 i=1,lg

tfloat(i) =tf loa t( i) * 2.

33 continue

return

end

Here is the corresp onding L E -L ISP in terface:



LINKS WITH EXTERNAL PR OCEDURES UNDER UNIX 14-5

? (defexter n tabflt (rfix floatvect or ))

= 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]

(defexter n-c ac he flag ) [ sp e cial form ]

If flag is true, the follo wing defextern s will b e cac hed. When the 
ag will b e set to false,

all the cac hed defextern s will b e resolv ed.

14.2 Links with external pro cedures under Unix

W e explain here ho w to in terface L ISP with external pro cedures written in C, using defextern , and

ho w to call L ISP from external pro cedures, using lispcall .

These features|the least p ortable in the system|are describ ed here only for U NIX systems.

14.2.1 Principles

The L E -L ISP language is not p erfectly adapted to ev ery p ossible computing task. It is notably

ine�ectiv e for long n umeric calculations suc h resolutions of di�eren tial equations and �nite elemen t

metho ds, or bit-based op erations on high-resolution screens suc h as general raster-op pro cedures.

F or these tasks, programmers generally prefer languages that p erform these sp ecial tasks w ell, suc h

as f or tran , C or an assem bly language.

L E -L ISP pro vides the means to in terface pro cedures written in other languages. These pro cedures

b ecome regular L ISP functions.

It is p ossible to pass argumen ts of all t yp es|suc h as in teger and 
oating-p oin t n umeric v alues,

c haracter strings, v ectors of L E -L ISP ob jects, and an y L ISP ob ject|to these pro cedures, and to

receiv e their t yp ed results.

L E -L ISP can therefore b e used to driv e v ery fast pro cedures written in other languages, and can b e

considered as a to ol for in terfacing and carrying on dialogues with these pro cedures.

14.2.2 Calling functions written in C

W e describ e here the w a y to in terface L ISP with C programs. Ev erything describ ed here is also

v alid for f or tran , whic h rep ects the C calling con v en tions under U NIX , and for those assem bly

languages that do lik ewise.

There could b e problems with a p ascal in terface, due to �le handling pro cedures. In p ascal , �les

m ust b e declared in the program declaration. It is therefore di�cult to link p ascal pro cedures

outside a p ascal con text. The solution in this case is to write a p ascal program that calls the

L E -L ISP system as an external pro cedure.
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T o call a C function from the L ISP system, y ou ha v e to link the compiled function ob ject and the

system k ernel in to the same executable program, and then asso ciate the C en try p oin t to a L ISP

function. The L ISP function call then lets the C program b e run.

Linking external pro cedures

The link op eration consists of binding the co de of sev eral external pro cedures in to a single

executable program. In this case, the L ISP system and the C mo dules con taining the C pro cedures

that will b e called are link ed together.

This link can b e created statically , when the system is created, or dynamically at an y time, under

the con trol of the system.

The static link op eration consists of creating a new executable binary con taining the k ernel of

the L E -L ISP system and the C mo dules. The new binary can then b e used to generate a new L ISP

system. It can b e installed on an y and all U NIX mac hines. This is a ma jor undertaking, though,

since it requires the recreation of the system ev ery time that one of the C mo dules is c hanged.

The dynamic link op eration can only b e carried out on mac hines that ha v e link ers|also kno wn

as link editors|that mak e it p ossible to carry out incremen tal linking. In the U NIX system, the

link er is called using the ld command with the -A option. The dynamic linking op eration happily

replaces the static link describ ed ab o v e, and eliminates the need for recreation after eac h c hange in

the C mo dules. Moreo v er, the dynamically link ed mo dules are main tained in memory images �les.

So, the dynamic link actually ends up b eing more durable than the static link.

Dynamic links

(cload string ) [ function with one ar gument ]

The argumen t to this function is the name of a compiled mo dule that is to b e link ed to the system.

cload calls the U NIX link er ld to link the C mo dule with the system b eing used. The compiled

co de of the C mo dule is loaded in to the L ISP code memory zone, and can thereb y b e sa v ed in to a

L ISP 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

= (31bitflo at s date microceyx pathname debug setf pepe virbitmap

defstruct virtty compiler pretty abbrev loader messages callext)

W e compile a C mo dule named foo.c , thereb y creating the binary ob ject named foo.o :

? !cc -c foo.c

= t

W e then link the foo.o mo dule to the system:

? (cload "foo.o")

= (19 . 2345)
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The c haracter string argumen t is passed to the ld link editor. This means that options to load

libraries, to get a trace of the link edit, or to link sev eral mo dules at once can b e exercised with

the cload function. F or more details, see the U NIX do cumen tation for ld on y our mac hine.

Let us lo ok at other examples of the use of the cload function. The next call loads the ash.o

mo dule and the raster.a library:

(cload "ash.o -lraster")

The next example loads the h yp erb olic sine en try p oin t from the mathematical function

library:

(cload "-u _sinh -lm")

The next call loads three mo dules named foo.o , gee.o and bar.o :

(cload "foo.o gee.o bar.o")

The c haracter string argumen t is the means b y whic h the call to the ld link editor is

constructed. F or more precision, see the U NIX do cumen tation concerning ld(1) .

Consider the call (cload string ) .

On a Sun, this generates the call

ld -A lelispbin -Bstatic -N -x -T end -o temp or ary string -lc

On an SPS9, this generates the call

ld -C -A lelispbin -N -x -T end -o temp or ary string -lc

Here, lelispbin is a path that con tains the directory where the curren tly-running L E -L ISP

binary is lo cated, end is the �rst a v ailable address in the L ISP zone reserv ed for compiled

co de, and temp or ary is a unique temp orary �le in the directory /tmp .

After the mo dule is link ed, the temp or ary �le con tains the co de of the C mo dule. It is loaded

in to the L ISP code zone. It is this temp or ary �le that will b e used in place of lelispbin for

subsequen t calls to cload . So, n umerous calls to cload can b e made to sequen tially build and

mo dify an executable image.

Static links

The static link is describ ed in the system installation do cumen taton, in the b eginning of the

reference man ual. It consists of a p ermanen t link b et w een the L E -L ISP system lelispbin and

the relev an t C mo dules, to mak e a new binary . After this, the system m ust b e con�gured. This

in v olv es loading an en vironmen t and creating a memory image, as describ ed in the installation

do cumen tation. Generally , an en try p oin t is made in the makefile so that the new L ISP system

can b e link ed and con�gured.

Let us lo ok at an example. Here are the makefile declarations that allo w the ash.o mo dule and

the raster.a library to the lelispbin system and to con�gure a system named ashlelisp . See

the do cumen tation on the installation of L E -L ISP on U NIX for more details.

ashlelisp : ashlelisp bi n ash.ll

config ashlelisp ashlelispb in ash.ll
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ashlelispbi n : ash.o

cc -x -n $(cflags) lelispbin.o ../common /le li sp. c \

ash.o -lraster -lm -lc -o ashlelispb in

An incon v enience of the static link is the need to recreate the complete system eac h time that the

C �les are mo di�ed. This op eration can often b e quite time-consuming.

C function declarations

Once the mo dules are link ed to the system, the C functions m ust b e link ed to L ISP functions. The

L ISP function defextern (see ab o v e) p erforms this asso ciation.

L ISP t yp e C t yp e Argumen t Result

fix long Sign extended to 32 bits. Con v erted to 16 bits.

float double V alue passed. Lisp 
oat created.

string char * P oin ter to char string passed. Lisp string allo cated. C string copied

in to it.

vector any * V ector of Lisp p oin ters passed. No c hange: Lisp receiv es C p oin ter `as

is'.

rfix long * In teger passed b y reference. Used

ab o v e all to exc hange in tegers

with F ortran.

Not implemen ted.

rfloat double * Float passed b y reference. Single

or double precision 
oat c hanged

to double in external language.

Used ab o v e all to exc hange 
oats

with F ortran.

Not implemen ted.

fixvector long * Arra y of in tegers passed. Sign of

eac h in teger extended to 32 bits.

Not implemen ted, but c hanges made to

C arra y are reco v ered b y Lisp.

floatvector float * Arra y of 
oats passed. Single-

precision Lisp 
oats c hanged to

C 
oats.

Not implemen ted, but c hanges made to

C arra y are reco v ered b y Lisp.

t any * No c hange: C receiv es the Lisp

p oin ters `as is'.

No c hange: Lisp receiv es C p oin ters `as

is'. Warning : Le-Lisp migh t do strange

things if random p oin ter v alues are

passed to it.

external any * Lisp ob ject m ust b e a cons of

t w o in tegers co ding an address.

(See vag function in Lisp.)

P assed to C.

Lisp cons is allo cated and initialized

with most/least signi�can t parts of the

address of the C ob ject. (See loc

function in Lisp.) The function returns

the cons as its result.

The ab o v e table describ es the con v ersions that tak e place when argumen ts are passed to C, and

when results are returned. In this table, the so-called ` L ISP t yp e' is the t yp e de�ned at the time

of the defextern , whereas the so-called `C t yp e' is the t yp e of the argumen ts receiv ed b y the C

function connected to L ISP .
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L ISP p oin ters are either p oin ters in to the L ISP data zone or 16-bit short in tegers. The lelisp.h �le

con tains the declarations of the t yp e of C structure to whic h L ISP p oin ters p oin t. More details are

rev ealed b elo w. The external t yp e pro vides a w a y of manipulating C structures in L ISP . It is not

true that an y C p oin ter at all can b e manipulated within the system. It m ust �rst b e con v erted

in to a cons of t w o in tegers that represen t the high-order and lo w-order parts of the address. The

external t yp e p ermits v alues to b e con v erted b et w een C p oin ter and L ISP -doublet represen tations

at eac h call to, or return from, a C function.

Examples

Let's lo ok at examples of the use of the defextern function. F or eac h example, w e �rst sho w a C

program to b e called. Next, there is the defextern declaration that allo ws the corresp onding L ISP

function to b e built. Finally , there are samples sho wing the function b eing used.

The �rst function tak es three argumen ts|an in teger, a string and a 
oat|and returns a 
oat:

double foo (x, s, f)

int x; char *s; double f;

{

printf("i nt ege r : %d, string : %s, float : %g\n", x, s, f);

return(x * strlen(s) * f);

}

? (defexter n 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+11

The next function accepts a string and returns a string.

char *getenv( );

char *envar (s);

char *s;

{

return(ge te nv (s));

}

? (defexter n envar (string) string)

= envar

? (envar "HOME")

= /udd/hall es /ro din e ; Now it is a Lisp string

W e next lo ok at a function that tak es a v ector. Its argumen t v is declared as ha ving the t yp e
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int v[] . It will b e able to b e used on v ectors of 16-bit L ISP in tegers, whic h will app ear to it

lik e C v ectors of 32-bit in tegers that happ en to ha v e v alues b et w een zero and 65536, inclusiv e.

It is generally handy , to o, to pass the length of the v ector as an argumen t.

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") ;

}

? (defexter n whatyousay (vector fix))

= whatyousa y

? (whatyous ay #[1 2 3 4 -4 -3 -2 -1] 8)

1 2 3 4 65532 65533 65534 65535

= 0

The next example in v olv es the use of the external t yp e. It sho ws ho w to manipulate a

p oin ter of an y t yp e receiv ed from C. In this example, it is mean t to b e a p oin ter to a windo w

allo cated in the C con text.

window *

create_a_wi nd ow (x, y, l, h)

int x, y, l, h;

{

... /* create a structur ed window object and

return a pointer to it. */

}

select_a_wi nd ow (w)

window *w;

{

.... /* receive a pointer to a structured window object */

}

? (defexter n create_a_wi nd ow (fix fix fix fix) external)

= create_a_ wi ndo w

? (defexter n select_a_wi nd ow (external) )

= select_a_ wi ndo w

?

? (setq a (create_ a_w ind ow 10 10 400 400))

= (12 . 2348) ; the pointer that is manipulab le in Lisp

?

? (select_a _w ind ow a) ; which can be sent back to C when necessary.

= 0

Argumen ts whose t yp e is t are passed straigh t through to C functions `as is', without mo di�cation.

These functions therefore receiv e L ISP ob jects: generally p oin ters to structures. The in teger and
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oating-p oin t cases are sligh tly di�eren t. See the remainder of this c hapter. The lelisp.h �le

included in the standard distribution con tains C structures corresp onding to L ISP ob jects.

F or example, here is the C structure declaration for cons , with t w o �elds, ll_car and ll_cdr , eac h

of whic h con tains a L ISP ob ject:

struct LL_CONS {

LL_OBJEC T ll_car;

LL_OBJEC T ll_cdr;

};

The LL_OBJECT t yp e is a p olymorphic t yp e that co v ers all L ISP ob ject t yp es suc h as LL_SYMBOL

and LL_CONS . Since C has no notion of p olymorphic t yp e, LL_OBJECT is declared as follo ws:

typedef char *LL_OBJECT;

Let us lo ok at an example. The follo wing function extracts the car of a L ISP pair receiv ed as its

argumen t:

#include "lelisp.h "

LL_OBJECT car_in_c (o)

struct LL_CONS *o;

{

return (o->ll_ca r);

}

? (defexter n 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

$

Sym b ols are treated in the same w a y as cons . The ll_alink and ll_pname �elds are used

b y L E -L ISP to link sym b ols in the ob ject, and their con ten ts should nev er b e touc hed.

struct LL_SYMBOL {

LL_OBJEC T ll_cval;

LL_OBJEC T ll_plist;

LL_OBJEC T ll_fval;

LL_OBJEC T ll_alink;

LL_OBJEC T ll_pkgc;

LL_OBJEC T ll_oval;

char ll_ftype;

char ll_ptype;

short ll_pad;



14-12 CHAPTER 14. EXTERNAL INTERF A CES

LL_OBJEC T ll_pname;

};

Character strings and v ectors are p oin ters to p oin ters to v ariable-sized structures. This double

indirection is needed for memory deallo cation. Since v ariable-sized structures do not exist in C, the

follo wing declarations corresp ond to one-b yte ob jects, suc h as a single-c haracter constan t or a v ector

with one elemen t. The ll_xxxsiz �eld indicates the real size of the ob ject: that is, the n um b er of

c haracters in a string or the n um b er of elemen ts in a v ector. The �rst elemen t in the ob ject is the

ll_xxxfil �eld, and the other elemen ts follo w it con tiguously in memory . The ll_xxxtyp �elds

con tain the t yp es of strings and v ectors.

struct LL_STRING {

struct {

struct LL_STRING *ll_strar r;

int ll_strsiz ;

char ll_strfil ;

} *ll_stro bj;

LL_OBJECT ll_strtyp;

};

struct LL_VECTOR {

struct {

struct LL_VECTOR *ll_vecar r;

int ll_vecsiz ;

LL_OBJECT ll_vecfil ;

} *ll_vecob j;

LL_OBJEC T ll_vectyp ;

};

Here is an example function that prin ts the c haracters in a L ISP string one b y one:

one_by_one (string)

struct LL_STRING *string;

{

int i;

int size;

char *s;

size = (string-> ll_ str ob j)- >l l_s trs iz ; /* the size of the string */

s = &((string- >l l_s tro bj )-> ll _st rfi l) ; /* the address of the first

character */

for (i = 0; i < size; i++)

printf(" cha ra cte r %d :%c\r\n", i, *(s+i));

}

L ISP ob jects of the fix t yp e are not p oin ters, but rather immediate v alues. In tegers are 16-bit

n um b ers. A L ISP ob ject of t yp e integer is therefore a 32-bit p oin ter whose �rst 16 bits are alw a ys

zero.

Floats can b e implemen ted in v arious di�eren t w a ys according to host system arc hitecture. The
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next example sho ws ho w to send to C a v ector of L ISP 
oats. C raises eac h 
oat to the second

p o w er, and L ISP reco v ers the v ector with these side e�ects.

C_LL_FIX [ F onction C ]

The function C , C_LL_FIX allo ws y ou to transform a C in teger in to a Lisp ob ject of the t yp e fix .

This function do es not carry out o v er
o w con trol on the domain of Lisp ob jects of t yp e fix .

The example b elo w presen ts ho w to carry out the addition of t w o Lisp fix 's in C with con v ersion

of the results in to 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)

= 32767

LL_C_FIX [ F onction C ]

The function C , LL_C_FIX allo ws y ou to transform a Lisp ob ject of t yp e fix in to a C in teger.

Because of the existence of the domain of C in teger represen tations (alw a ys at least sup erior to

the domain of Lisp ob ject represen tations of t yp e fix ) o v er
o w is not p ossible at the time of this

con v ersion.

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)

= 32767

Floating p oin t n um b ers can b e implemen ted in v arious di�eren t w a ys according to host system

arc hitecture.
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C_LL_FLOA T [ F onction C ]

The function C , C_LL_FLOAT allo ws y ou to transform a C double 
oating p oin t n um b er in to a Lisp

ob ject of t yp e 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_FLOA T [ F onction C ]

The function C , LL_C_FLOAT allo ws y ou to transform a Lisp ob ject of t yp e float in to a C double


oating p oin t n um b er.

Example of the use of the function LL_C_FLOAT

In 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 L ISP 
oating-p oin t n um b ers in to C 
oating-p oin t n um b ers.

The next function copies a v ector of L ISP 
oats in to an arra y of C 
oats:
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In 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.]}

W ARNING

The manipulation of L ISP ob jects in C is a risky activit y . Be careful when mo difying the con ten ts

of L ISP ob jects receiv ed as argumen ts. In particular, nev er touc h the follo wing �elds: ll_pname ,

ll_alink , ll_strobj , ll_vecobj , ll_strarr , ll_vecarr , ll_strtyp or ll_vectyp . If y ou w ere

to in terfere with an y of these �elds, this could raise system errors.

Comm unication with f or tran tak es place in a similar fashion, the only di�erence b eing the

argumen t declarations on the f or tran side:

� An in teger is declared rfix on the defextern side, and integer on the f or tran side.

� A 
oat is declared rfloat on the defextern side, and real*8 on the f or tran side.

� An arra y of in tegers is declared fixvector on the defextern side, and integer (lg) on the

f or tran side.

� An arra y of 
oats is declared floatvector on the defextern side, and real*4 (lg) on the

f or tran side.

As b efore, in the case of arra ys, ev ery mo di�cation carried out in f or tran is reco v ered in L ISP

when con trol returns to the defextern .
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14.2.3 Calling Lisp from C

On certain mac hines|suc h as the Sm90, V AX, Sps7 and Sun|it is p ossible to call the L ISP system

from a C function that w as itself called from L ISP . Here is a sk etc h of this in teraction:

1. The L ISP system is called.

2. The C function is called from L ISP b y defextern .

3. The system is called from one of the the C functions.

These bac k-and-forth calls b et w een L ISP and C can b e em b edded un til system resources are depleted.

Implemen tation

This dialog is carried out on the L ISP side b y using the defextern primitiv e describ ed ab o v e, and

on the C side b y using three functions: getsym , pusharg and lispcall . These functions use the

L ISP ob ject de�nitions from the lelisp.h �le, and are de�ned as follo ws:

struct LL_SYMBOL *

getsym(s)

char *s; {

... /* Return the Lisp symbol that has the string s as its pname */

}

pusharg(typ e, val)

int type; any val;

{

... /* Stack up the argument ival, which has type itype */

}

LL_OBJECT lispcall (ty per es , 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 argumen t t yp es for the pusharg , as for the return from lispcall , can b e c hosen from the

follo wing sym b olic t yp es: LLT_FIX , LLT_FLOAT , LLT_STRING , LLT_VECTOR and LLT_T (whic h is a

p oin ter to an ything). As in the L ISP to C call, automatic con v ersion of argumen t format is also

carried out in the other direction, from C to L ISP , as describ ed in the table ab o v e.

Examples

Sev eral examples of de�nitions of C functions that call the L ISP system follo w, along with sample

uses of them.
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Calling the cons function

This C function tak es t w o L ISP ob jects of an y t yp e as argumen ts, and returns a cons of these t w o

ob jects:

struct LL_CONS * cons_in_c (a, b)

LL_OBJECT a, b;

{

struct LL_SYMBOL *lisp_cons ;

lisp_cons = getsym("co ns ");

pusharg(L LT _T, a);

pusharg(L LT _T, b);

return( (struct LL_CONS *) lispcall(L LT_ T, 2, lisp_cons ));

}

? (defexter n 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 enough

cons <--- (1 . 2)

= (1 . 2)

N-ary functions

N-ary L ISP functions can also b e called from C. This example function transforms a v ector in to a

list b y calling the L ISP list function.

Note that, in general, the getsym function is not called eac h time that the C function is called, but

only once during an initialization pass.

#define null (struct LL_SYMBOL *) 0

struct LL_SYMBOL *lisp_lis t = null;

struct LL_CONS *vect_to_ li st (v, l)

int v[], l;

{

int i;

if(lisp_l is t == null)

lisp_list = getsym("li st" );

for (i = 0; i < l; i++)

pusharg(L LT_ T, v[i]);
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return( (struct LL_CONS *) lispcall(L LT_ T, l, lisp_list ));

}

? (defexter n 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)

Recursion

Remem b er that the L ISP and C in ter-language calls can b e recursiv ely em b edded. F or example, y ou

could write the Fib onnacci function in the form of m utually-recursiv e L ISP and C functions:

? !cat fib.c

#include "lelisp.h "

struct LL_SYMBOL *lisp_fib ;

init_c_fib( )

{

lisp_fib = getsym("fib ") ;

}

int

c_fib (n)

int n;{

int x;

if (n==1) return(1) ;

else

if (n==2) return(1) ;

else{

pusharg(L LT _FI X, n-1);

x = (int) lispcall( LLT _F IX, 1, lisp_fib) ;

pusharg(l lt _fi x, n-2);

return(x+ (int) lispcall(ll t_ fix , 1, lisp_fib));

}

}

= t

? ; Dynamic link of the fib.o module with the inteprete r

? !cc -c fib.c

= t ? (cload "fib.o")

= (17 . 16384)

? (defexter n c fib (fix) fix)

= c fib ? (defexter n init c fib ())

= init c fib ? (init c fib)
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= 0

Here 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=4

c fib ---> arg106=3

fib ---> n=2

fib <--- 1

fib ---> n=1

fib <--- 1

c fib <--- 2

c fib ---> arg106=2

c fib <--- 1

fib <--- 3

= 3

Launc hing Lisp from C

On certain mac hines, y ou can hand o v er the con trol of a L ISP application to C. In suc h a situation,

it is no longer L ISP that calls C, but rather C that calls L ISP . Some U NIX p orts ha v e a llmain.c

�le that has no other r^ ole than to act as the main program that launc hes L E -L ISP . The user can

execute all the co de he w an ts to b efore launc hing L ISP . After that, he can either recall C using the

defextern pro cess describ ed earlier on, or return to his C en vironmen t of the main program. This

mec hanism is implemen ted b y means of the U NIX system calls setjmp and longjmp . U NIX p orts

that o�er this p ossibilit y con tain demonstration �les named fromc.c and fromc.ll in the L E -L ISP

directory called lltest .
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Chapter 15

Virtual terminal

T o free the user from the explicit managemen t of all the di�eren t kinds of alphan umeric tty s

that exist, L E -L ISP has included the notion of a virtual terminal , whic h is comp osed of a set of

v ariables and functions that describ e the functionalities of a certain `ideal' terminal t yp e. A large

n um b er of ph ysical terminals ha v e L E -L ISP virtual-terminal descriptions. The virtual terminal is

initialized b y the initty function, whic h loads a �le from the library of L E -L ISP virtual terminals.

If a terminal has no L E -L ISP virtual-terminal description, initty compiles the description using

other terminal-description databases suc h as termcap and terminfo .

(initty symb ) [ function with an optional ar gument ]

Initializes the virtual terminal for a terminal of t yp e symb . If no argumen t is giv en, the ph ysical

terminal t yp e is determined �rst b y a call to (getenv "TERM") , and next b y using the name of the

system returned b y (system) . If virtual terminal initialization fails, the errvirtty error is raised,

and its default screen displa y is prin ted as follo ws:

** <fnt> : unknown terminal : <symb>

Here, fnt is the name of the function that caused the error| termcap or terminfo |and symb

is the name of the unkno wn terminal. The follo wing messages are displa y ed when a terminal

t yp e cannot b e 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: vir tt y-d ir ect ory [ variable ]

This v ariable con tains the name of the directory where the L E -L ISP virtual-terminal description

�les are lo cated. The default extension attac hed to these �les names is the v alue of the

#:system:lelisp-extension v ariable.

1
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#:system: ter mc ap- fi le [ variable ]

This v ariable con tains the name of the �le with the termcap -format terminal descriptions. If the

TERMCAP en vironmen t v ariable has a v alue, obtained from (getenv "TERMCAP") , then this is used

instead of the v alue in #:system:termcap-file .

#:system: ter mi nfo -d ire cto ry [ variable ]

This v ariable con tains the name of the directory where the terminfo -format terminal description

�les are stored. If the TERMINFO en vironmen t v ariable has a v alue, obtained from (getenv

"TERMINFO") , then this is used instead of the v alue in #:system:termcap-file .

termcap [ fe atur e ]

This feature indicates that the L E -L ISP virtual terminal description-to- termcap format translator

has b een loaded in to memory . This translator is found in the standard library under the name

termcap .

terminfo [ fe atur e ]

This feature indicates that the L E -L ISP virtual terminal description-to- terminfo format translator

has b een loaded in to memory . This translator is found in the standard library under the name

terminfo .

15.1 Virtual terminal functions

The virtual terminal functions can b e divided in to three groups: the standar d functions, the r e quir e d

functions, and the optional functions.

� The standard functions pro vide the minimal lev el of in teraction with the L E -L ISP

system b y implemen ting basic write-c haracter-to-screen and read-c haracter-from-k eyb oard

functionalities. These functions are also used b y the bol , eol and flush L ISP functions to

handle dialogue with the terminal.

� The required functions are used b y full-screen to ols suc h as the pepe full-screen editor, the

m ulti-windo w in terface and games.

� The optional functions p erform more sophisticated video functions, but are not used b y

functions in the standard library .

The action of the functions describ ed here v aries according to the kind of terminal actually

connected to the system. When a terminal cannot bring ab out the desired e�ect, the tyerror

function is raised. This function returns () b y default, and can b e rede�ned to generate an error

or to try to p erform the desired action in another w a y .
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(tyerror list ) [ function with one ar gument ]

This function is automatically called b y the virtual terminal functions when it is not p ossible to

obtain a particular e�ect on a connected terminal. The argumen t list is the name of the function

call that failed. The default b eha vior of tyerror is to return () , whic h is compatible with v ersion

15.

15.1.1 Standard functions

(tyi) [ function with no ar guments ]

Reads a c haracter from the k eyb oard and returns its in ternal c haracter co de.

(tys) [ function with no ar guments ]

Reads the k eyb oard. If a c haracter is w aiting to b e read, it is returned in the same manner as with

the tyi function. If there are no outstanding c haracters, tys will return () immediately .

F or example, w e migh t decide to incremen t a coun ter un til a c haracter is t yp ed:

(let ((counte r 0))

(until (tys)

(incr counter))

counter)

The tyi can b e de�ned in terms of tys :

(defun tyi ()

(let ((c))

(until (setq c (tys)))))

(tyinstri ng string ) [ function with one ar gument ]

Reads a line from the k eyb oard and stores the input c haracters in string , a c haracter string. It

returns the n um b er of c haracters read as its v alue. A line longer than the length of string will b e

truncated to its length. This function should b e used when the #:system:line-mode-flag 
ag is

set. (See the de�nition of the bol function, for example.)

(tycn cn ) [ function with one ar gument ]

Displa ys the c haracter whose in ternal c haracter co de is cn . The c haracter is sen t immediately to

the screen.

(tystring string length ) [ function with two ar guments ]

Sends the length �rst c haracters of string to the screen.

In L E -L ISP , tystring could b e de�ned in the follo wing manner:
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(defun tystring (s l)

(for (i 0 1 (sub1 (min (slen s) l)))

(tycn (sref s i))))

(tynewlin e) [ function with no ar guments ]

Sends an end-of-line mark er to the screen.

(tyback cn ) [ function with one ar gument ]

Erases the c haracter whose in ternal co de is cn , whic h is assumed to b e immediately b efore the

cursor on the screen, and mo v es the cursor bac k one space. If the c haracter just b efore the cursor

do es not ha v e in ternal co de cn , the e�ect on the screen is unde�ned. This function is used b y the

bol function to erase a c haracter when the user t yp es an erase c haracter lik e delete or backspace .

The c haracter co de argumen t allo ws the line editor to w ork with prop ortionally-spaced c haracters.

F or example, the follo wing sequence lea v es the screen unc hanged:

(tycn #/a)

(tyback #/a)

Generally , the follo wing de�nition pro duces the desired e�ect:

(defun tyback (cn)

(tycn #\bs)

(tycn #\sp)

(tycn #\bs))

15.1.2 Required functions

The prin ting functions describ ed in this section prin t c haracters to the virtual terminal's output

c hannel. This c hannel is distinct from the ordinary terminal c hannel and has the `n um b er' t as

its index. When the curren t c hannel is t , prin ts resulting from the action of the prin , print and

princn functions and c haracter emissions b y the tyo and tyod functions o ccur in the same bu�er.

The t c hannel is an output c hannel with the same status as the () c hannel. Its righ t margin is set

just after the end of the bu�er. Recall the familiar form ula: (1+ (slen (outbuf))) . Therefore,

there is nev er an eol programmable in terrupt on the t c hannel, but only the flush in terrupt when

the write p osition reac hes the end of the bu�er.

The tyflush function triggers a flush in terrupt on the c hannel of the virtual terminal.

F urthermore, the bu�er is emptied b y the system after eac h read p erformed b y a tyi , tys or

tyinstring function.

(tyo o

1

: : : o

n

) [ function with a variable numb er of ar guments ]

Prin ts the c haracters corresp onding to the ob jects o

1

: : : o

n

in to the virtual terminal's bu�er. Eac h

ob ject o

i

can b e one of the follo wing:
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� An in ternal c haracter co de.

� A c haracter string.

� A list of in ternal c haracter co des.

In L E -L ISP , tyo could b e de�ned in the follo wing 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 ar guments ]

Empties the virtual terminal's bu�er b y causing a flush programmable in terrupt on the c hannel

t . The flush function is in v ok ed b y this programmable in terrupt, and prin ts the con ten ts of the

bu�er to the screen.

In L E -L ISP , tyflush could b e de�ned in the follo wing manner:

(defun tyflush ()

(with ((outchan t))

(itsoft 'flush ())))

(tyod n nc ) [ function with two ar guments ]

Prin ts the base- 10 nc -c haracter represen tation of the n um b er n in to the virtual terminal bu�er.

The functions describ ed next giv e full-screen editing con trol o v er the screen. They are required for

the use of v arious to ols furnished with the system; for example, the pepe full-screen editor. If these

functions send escap e sequences or other con trol c haracters or sequences to the screen, they m ust

use the virtual terminal output c hannel via the tyo function to ensure the prop er sync hronization

of full-page functions.

(typrolog ue) [ function with no ar guments ]

Activ ates the terminal in full-page mo de. This function m ust b e called b efore an y calls to the

follo wing functions.

(tyepilog ue) [ function with no ar guments ]

Returns the screen to normal scrolling mo de.



15-6 CHAPTER 15. VIR TUAL TERMINAL

(tyxmax) [ function with no ar guments ]

Returns the zero-based n um b er of columns curren tly prin table on the terminal. Generally , (tyxmax)

return 79 for 80-column terminals.

This function in fact returns the v alue of the xmax global v ariable of the #:sys-package:tty

pac k age.

In L E -L ISP , tyxmax could b e de�ned in the follo wing manner:

(defun tyxmax ()

(symeval (getsymb #:sys-package:tty 'xmax ())))

(tyymax) [ function with no ar guments ]

Returns the zero-based n um b er of lines curren tly prin table on the terminal. Generally , (tyymax)

return 23 for 24-column terminals.

(tycursor x y ) [ function with two ar guments ]

Places the cursor in column p osition x on line y . The upp er-lefthand-most c haracter p osition, in

the corner of the screen, has the index (0, 0) .

(tybs cn ) [ function with one ar gument ]

Mo v es the cursor p osition bac k one place without erasing an ything on the screen. The argumen t

sp eci�es the c haracter immediately preceding the cursor on the screen. This lets programs bac k up

o v er prop ortionally-spaced c haracters.

In general, the follo wing de�nition pro duces the desired e�ect:

(defun tybs (cn)

(tyo #\bs))

(tycr) [ function with no ar guments ]

Places the cursor at the b eginning of the curren t line.

In general, the follo wing de�nition pro duces the desired e�ect:

(defun tycr ()

(tyo #\cr))

(tycls) [ function with no ar guments ]

Erases the en tire screen.

(tybeep) [ function with no ar guments ]
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T riggers the alarm or b ell of the terminal.

(tyleftke y) [ function with no ar guments ]

Returns the k ey co de asso ciated with the left arr ow `  ' k ey . By default, this co de is #^B .

(tyrightk ey) [ function with no ar guments ]

Returns k ey co de asso ciated with the right arr ow ` ! ' k ey . By default, this co de is #^F .

(tyupkey) [ function with no ar guments ]

Returns the k ey co de asso ciated with the up arr ow ` " ' k ey . By default, this co de is #^P .

(tydownke y) [ function with no ar guments ]

Returns the k ey co de asso ciated with the down arr ow ` # ' k ey . By default, this co de is #^N .

15.1.3 Optional functions

(tycleol) [ function with no ar guments ]

Erases the screen and places the cursor at the end-of-line p osition.

(tycleos) [ function with no ar guments ]

Erases the screen and places the cursor at the end-of-screen p osition.

(tyinscn cn ) [ function with one ar gument ]

(tyinsch ch ) [ function with one ar gument ]

These t w o functions, whic h are iden tical in their b eha vior, insert the c haracter whose in ternal

c haracter co de is cn at the curren t cursor p osition.

(tydelcn cn ) [ function with one ar gument ]

(tydelch) [ function with no ar guments ]

These t w o functions erase the c haracter at the curren t cursor p osition. The tydelcn function tak es

in addition a c haracter co de cn whic h sp eci�es the c haracter to b e erased, to facilitate the treatmen t

of prop ortionally-spaced c haracters. If the c haracter at the curren t cursor p osition do es not ha v e

in ternal co de cn , the e�ect on the screen is unde�ned.

In L E -L ISP , tydelcn could b e de�ned in the follo wing manner:
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(defun tydelcn (cn)

(tydelch))

(tyinsln) [ function with no ar guments ]

Inserts a new line at the curren t cursor p osition. Lines b elo w the curren t line are scrolled do wn

and the last line (if it w as not empt y) disapp ears.

(tydelln) [ function with no ar guments ]

Erases the line at the curren t cursor p osition. Lines b elo w the curren t line are scrolled up and the

last line on the screen b ecomes blank.

(tyattrib i ) [ function with an optional ar gument ]

If the i 
ag is true|that is, if it is di�eren t to () | tyattrib activ ates attribute mo de. Otherwise,

when it is equal to () , the attribute mo de will b e turned o�. Called with no argumen ts, tyattrib

returns the curren t v alue of attribute mo de. A ttribute mo de highligh ts text on the screen and its

exact nature dep ends on the terminal. It can b e implemen ted as underlining, blinking or rev erse

video.

This function can b e used with the with con trol structure to mo dify the attribute in a lo cal con text:

(with ((tyattrib t))

(tyo "hello"))

(defun tyattrib x

(ifn x

(symeval (getsymb #:sys-pack ag e:t ty 'tyattrib ()))

(funcall (getfn #:sys-pac kag e: tty 'tyattrib ()) (car x))

(set (getsymb #:sys-pa cka ge: tt y 'tyattrib ()) (car x))))

(tyshowcu rso r i ) [ function with an optional ar gument ]

If the i 
ag is true|that is, di�eren t to () | tyshowcursor activ ates cursor displa y on the terminal.

If i is false|if it is equal to () |then tyshowcursor deactiv ates cursor displa y . Called with no

argumen ts, the function returns the curren t v alue of the cursor displa y 
ag.

This function can b e used with the with con trol structure to mo dify the cursor displa y in a lo cal

con text:

(with ((tyshowcu rs or ()))

(vdt))

(tyco x y cn

1

: : : cn

n

) [ function with a variable numb er of ar guments ]

The form (tyco x y cn

1

: : : cn

n

) is equiv alen t to

(progn (tycursor x y) (tyo cn1 ... cnN))
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It places the cursor at p osition (x, y) , then prin ts the c haracters with co des cn

1

: : : cn

n

in to

the terminal bu�er using the tyo function.

(tycot x y cn

1

: : : cn

n

) [ function with a variable numb er of ar guments ]

The form (tycot x y cn

1

: : : cn

n

) is equiv alen t to

(with ((tyattrib t))

(tyco x y cn1 ... cnN))

It places the cursor at p osition (x, y) , shifts in to attribute mo de, prin ts the c haracters with

co des cn

1

: : : cn

n

in to the terminal bu�er using the tyo function, and shifts bac k in to the

previous mo de.

15.2 Screen functions

A scr e en is a matrix of c haracters, with a width w and a heigh t h , that is stored in the form of

a c haracter string. The follo wing functions determine the di�erences b et w een t w o screen images,

so that async hronous screen up dates can b e p erformed. They also let y ou place and manage sub-

screens within a screen.

(redispla ysc re en sn so w h ) [ function with four or twelve ar guments ]

Supp ose that sn and so are c haracter strings that hold screen represen tations that are w wide b y h

high. redisplayscreen will up date the terminal, using the tycursor and tyo functions describ ed

ab o v e, b y sending sequences represen ting the di�erences b et w een the old screen, so , and the new

one, sn . A t the end of the up date, so will ha v e b een ph ysically mo di�ed to con tain all the c haracters

of sn , so that calls to redisplayscreen can b e iterated.

It is p ossible to add eigh t more argumen ts, whic h ha v e the same meaning here as they do in the

con text of the next fun tion.

(bltscree n sd ss w h ) [ function with four or twelve ar guments ]

Mo v es c haracters from screen ss on to screen sd . The screens are w c haracters wide and h c haracters

high. If this function is called with only four argumen ts, then the sizes of the screens are considered

to b e iden tical. If t w elv e argumen ts are used, a sub-screen can b e placed an ywhere on the main

screen. The follo wing is a description of these t w elv e argumen ts:

� sd : destination screen.

� ss : source screen.

� wd : width of the destination screen.

� hd : heigh t of the destination screen.

� ws : width of the source screen.
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� hs : heigh t of the source screen.

� xd : x-co ordinate of the destination sub-screen.

� yd : y-co ordinate of the destination sub-screen.

� xs : x-co ordinate of the source sub-screen.

� ys : y-co ordinate of the source sub-screen.

� wt : width of the sub-screen mo v ed.

� ht : heigh t of the sub-screen mo v ed.

Here is a demonstration of the com bined use of the t w o screen-manipulation functions that ha v e

just b een describ ed:

(defun bltdemo ()

(let ((nscreen (makestrin g (* 80 24) #\sp))

(oscreen (makestrin g (* 80 24) #\sp)))

(for (i 0 80 240)

(bltstring nscreen i "******")

(bltstring nscreen (+ i 12) "------")

(bltstring nscreen (+ i 24) "......"))

(tycls)

(while t

(redisplay scr ee n nscreen oscreen 80 24)

(for (i 0 6 30)

(bltscreen nscreen nscreen

80 24 80 24

(random 0 80) (random 4 19)

i 0 6 4)))))

15.3 Using the virtual terminal

There are three demonstration programs for the virtual terminal:

� hanoi sim ulates the w ell-kno wn T o w er of Hanoi puzzle.

� whanoi do es the same, but with async hronous screen refresh.

� vdt sim ulates the di�cult life of an earth w orm.

They are found in the �les hanoi , whanoi and vdt in the standard library . They are easy to read,

and serv e as guides to using the terminal directly , the virtual terminal and the async hronous refresh

functions.

(hanoi n ) [ function with one ar gument ]

Animates the T o w ers of Hanoi puzzle using n disks. This n m ust lie b et w een three and nine,

inclusiv e. This function is loaded automatically , the �rst time it is called.
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(hanoiend ) [ function with no ar guments ]

Reclaims space used b y the functions comprising the game describ ed immediately ab o v e.

(whanoi n ) [ function with one ar gument ]

This function is similar to the hanoi function, except that it uses the async hronous redispla y

pro vided b y the redisplayscreen function.

(whanoien d) [ function with no ar guments ]

Reclaims space used b y the functions comprising the game describ ed immediately ab o v e.

(vdt) [ function with no ar guments ]

Runs an animated game that sim ulates the gro wth of an earth w orm. Use the arro w k eys on the

terminal to direct the gro wth of the w orm. This function is loaded the �rst time that it is called.

(vdtend) [ function with no ar guments ]

Reclaims space used b y the functions comprising the game describ ed immediately ab o v e.

15.4 De�ning a virtual terminal

#:sys-pac kag e: tty [ variable ]

All the virtual-terminal functions call functions whose names are computed according to the

follo wing sc heme:

(getfn #:sys-package:tty <name of the function> ())

The tycn function, for example, is de�ned as follo ws:

(defun tycn (cn)

(funcall (getfn #:sys-pac ka ge: tty 'tycn ()) cn))

A t system initializati on, the #:sys-package:tty v ariable has the v alue tty . The functions

that implemen t the standard in terface are therefore searc hed for in the tty pac k age. The

functions in this pac k age|suc h as #:tty:tycn , #:tty:tyi and #:tty:tyo |are the functions

that implemen t the ph ysical in terface to the user terminals.

There are t w o things that y ou ha v e to do when de�ning a virtual terminal:

� Assign the appropriate v alue to the #:sys-package:tty global v ariable.

� De�ne the required functions in the pac k age whose v alue is that of #:sys-package:tty .
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The #:sys-package:tty v ariable m ust alw a ys p oin t to a sub-pac k age of the tty pac k age, to

p ermit the use of the virtual terminal default b eha viors.

These default b eha viors are implemen ted b y the follo wing functions:

� tyi , tys and tyinstring : empt y the terminal bu�er after reads.

� tyo , tyod , tyco and tycot : go v ern 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 b et w een t w o screens, and sends sequences

to the screen using the tyo and tycursor functions.

Usually , for a sp eci�c terminal, it su�ces to rede�ne the functions that handle insertion

and deletion of lines and c haracters. See, ho w ev er, the example of a virtual terminal of t yp e

#: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 : compilati on of the virtual terminal : H19

(setq #:sys-pack ag e:t ty '#:tty:h19 )

(defvar #:tty:h19: xma x 79)

(defvar #:tty:h19: yma x 23)

(defun #:tty:h19 :t ycu rso r (col line)

(#:tty:ty o 27 89 (+ 32 line) (+ 32 col)))

(defun #:tty:h19 :t ycl s ()

(#:tty:ty o 27 69))

(defun #:tty:h19 :t ycl eol ()

(#:tty:ty o 27 75))

(defun #:tty:h19 :t ycl eos ()

(#:tty:ty o 27 74))

(defun #:tty:h19 :t yde lch ()

(#:tty:ty o 27 78))

(defun #:tty:h19 :t yin sln ()

(#:tty:ty o 27 76))

(defun #:tty:h19 :t yde lln ()

(#:tty:ty o 27 77))

(defun #:tty:h19 :t yat tri b (x)

(if x (#:tty:t yo 27 112) (#:tty:tyo 27 113)))

(defvar #:tty:h19: tya ttr ib ())
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(defun #:tty:h19 :t yin sch (arg)

(#:tty:ty o 27 64 arg 27 79))

(defun #:tty:h19 :t ypr olo gu e ()

(#:tty:h1 9:t yc ls) )

(defun #:tty:h19 :t yep ilo gu e ()

(tycursor 0 (sub1 #:tty:h19 :ym ax) ))

(defvar #:tty:h19: tys how cu rso r t)



15-14 CHAPTER 15. VIR TUAL TERMINAL



T able of con ten ts

15 Virtual terminal 15-1

15.1 Virtual terminal functions : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 15-2

15.1.1 Standard functions : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 15-3

15.1.2 Required functions : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 15-4

15.1.3 Optional functions : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 15-7

15.2 Screen functions : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 15-9

15.3 Using the virtual terminal : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 15-10

15.4 De�ning a virtual terminal : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 15-11

15



15-16 T able of Con ten ts



F unction Index

(initty symb ) [ function with an optional ar gument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 15-1

#:system:vi rtt y-d ir ect ory [ variable ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 15-1

#:system:te rmc ap- fi le [ variable ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 15-2

#:system:te rmi nfo -d ire cto ry [ variable ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 15-2

termcap [ fe atur e ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 15-2

terminfo [ fe atur e ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 15-2

(tyerror list ) [ function with one ar gument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 15-3

(tyi) [ function with no ar guments ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 15-3

(tys) [ function with no ar guments ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 15-3

(tyinstring string ) [ function with one ar gument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 15-3

(tycn cn ) [ function with one ar gument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 15-3

(tystring string length ) [ function with two ar guments ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 15-3

(tynewline) [ function with no ar guments ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 15-4

(tyback cn ) [ function with one ar gument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 15-4

(tyo o

1

: : : o

n

) [ function with a variable numb er of ar guments ] : : : : : : : : : : : : : : : : : : : : : : : : : 15-4

(tyflush) [ function with no ar guments ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 15-5

(tyod n nc ) [ function with two ar guments ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 15-5

(typrologue ) [ function with no ar guments ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 15-5

(tyepilogue ) [ function with no ar guments ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 15-5

(tyxmax) [ function with no ar guments ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 15-6

(tyymax) [ function with no ar guments ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 15-6

(tycursor x y ) [ function with two ar guments ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 15-6

(tybs cn ) [ function with one ar gument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 15-6

(tycr) [ function with no ar guments ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 15-6

(tycls) [ function with no ar guments ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 15-6

(tybeep) [ function with no ar guments ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 15-7

17



15-18 FUNCTION INDEX

(tyleftkey) [ function with no ar guments ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 15-7

(tyrightkey ) [ function with no ar guments ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 15-7

(tyupkey) [ function with no ar guments ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 15-7

(tydownkey) [ function with no ar guments ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 15-7

(tycleol) [ function with no ar guments ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 15-7

(tycleos) [ function with no ar guments ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 15-7

(tyinscn cn ) [ function with one ar gument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 15-7

(tyinsch ch ) [ function with one ar gument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 15-7

(tydelcn cn ) [ function with one ar gument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 15-7

(tydelch) [ function with no ar guments ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 15-7

(tyinsln) [ function with no ar guments ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 15-8

(tydelln) [ function with no ar guments ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 15-8

(tyattrib i ) [ function with an optional ar gument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 15-8

(tyshowcurs or i ) [ function with an optional ar gument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 15-8

(tyco x y cn

1

: : : cn

n

) [ function with a variable numb er of ar guments ] : : : : : : : : : : : : : : : : : : 15-8

(tycot x y cn

1

: : : cn

n

) [ function with a variable numb er of ar guments ] : : : : : : : : : : : : : : : : 15-9

(redisplays cre en sn so w h ) [ function with four or twelve ar guments ] : : : : : : : : : : : : : : : : 15-9

(bltscreen sd ss w h ) [ function with four or twelve ar guments ] : : : : : : : : : : : : : : : : : : : : : : : 15-9

(hanoi n ) [ function with one ar gument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 15-10

(hanoiend) [ function with no ar guments ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 15-11

(whanoi n ) [ function with one ar gument ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 15-11

(whanoiend) [ function with no ar guments ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 15-11

(vdt) [ function with no ar guments ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 15-11

(vdtend) [ function with no ar guments ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 15-11

#:sys-packa ge: tty [ variable ] : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : 15-11



Chapter 16

F ull-page editor

A virtual terminal|as describ ed in the previous c hapter|can b e used to construct a full-page

editor . In the con text of L E -L ISP , the �le pepe in the standard library presen ts us with an editor

of this kind. The use of L E -L ISP as the implemen tation language for suc h an editor facilitates

dev elopmen t and debugging, and giv es rise to an extensible editor.

16.1 F unctions to call the full-page editor

pepe [ fe atur e ]

This 
ag indicates whether the full-page editor, called pepe , has b een loaded in to memory .

(pepe f ) [ sp e cial form ]

This function calls the pepe editor on the ob ject f , whic h is not ev aluated. There is an easier w a y

to do the same thing, using the macro c haracter CONTR OL - E (whic h w e often write as ^E ). T yping

^E and then thing |with no blank b et w een ^E and thing |corresp onds to the call (pepe thing) .

� If the thing ob ject is () , the curren t bu�er is edited.

� If the ob ject is t , editing b egins on a new bu�er named tmp .

� If the ob ject is an atom , the �le of the same name is edited.

� If the ob ject is a list , it is ev aluated and editing b egins on a bu�er named tmp that

con tains ev erything that w as prin ted as a result of this ev aluation.

Let us lo ok at a few examples. T o edit a disk �le named foo.ll , t yp e

^Efoo.ll

T o edit the prett y-prin ted v ersions of the foo and bar functions, t yp e

^E(pretty foo bar)

T o edit the sorted list of system functions, t yp e

1
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^E(mapc 'print (sortl (maplobli st 'typefn)))

(pepefile f ) [ function with one ar gument ]

This function is similar to the previous one, except that it ev aluates its argumen t.

(pepend) [ function with no ar guments ]

Allo ws y ou to regain space tak en up b y the editor functions. The pepe 
ag disapp ears, and an y

succeeding call to pepe will reload these functions. The editor bu�er is also deallo cated.

16.2 F ull-page editor commands

CONTR OL - A Go to the b eginning of the line

CONTR OL - B  Go bac k one c haracter

CONTR OL - C Quit the pepe editor; reen ter with ^E

CONTR OL - D Erase the curren t c haracter

CONTR OL - E Go to the end of the line

CONTR OL - F ! Go forw ard one c haracter

CONTR OL - G Kill the curren t command

CONTR OL - K Erase the line con taining the cursor

CONTR OL - L Redispla y the en tire screen

CONTR OL - M  - Break the line at the cursor p osition

CONTR OL - N # Go to the next line

CONTR OL - O Break the line at the cursor lev el

CONTR OL - P " Go to the preceding line

CONTR OL - S Searc h for a string

CONTR OL - V Go to the next screen

CONTR OL - Y Insert, at the curren t cursor p osition, the last line erased with ^K

DELETE Erase the c haracter to the left of the cursor

ESCAPE - E Execute the con ten ts of the curren t bu�er

ESCAPE - F Change the name of the curren t �le

ESCAPE - I Insert the con ten ts of another �le

ESCAPE - R Read a new �le in to the bu�er

ESCAPE - S Sa v e the curren t bu�er in to the curren t �le

ESCAPE - V Go to the previous screen

ESCAPE - W W rite the curren t bu�er in to a �le

ESCAPE - X Call a pepe function directly

ESCAPE - Z Sa v e the curren t bu�er on to disk and load it in to memory

ESCAPE - ) Place the cursor on the next ) c haracter, in a L ISP st yle

ESCAPE - ] Place the cursor on the next ] c haracter, in a L ISP st yle

ESCAPE - > Go to the b eginning of the bu�er

ESCAPE - < Go to the end of the bu�er

ESCAPE - ? Displa y the presen t pepe help list
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16.2.1 Extensions to the full-page editor

An in teresting feature of pepe is its extensibilit y . Extensions can b e made simply b y assigning new

op erations to k eystrok es. The follo wing t w o functions asso ciate L E -L ISP expressions with k eystrok es.

(defkey key e

1

: : : e

n

) [ sp e cial form ]

Asso ciates the expressions e

1

: : : e

n

with the v alue of key .

(defescke y key e

1

: : : e

n

) [ sp e cial form ]

Asso ciates the expressions e

1

: : : e

n

with the sequence of k eystrok es ESCAPE - key .
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Chapter 17

T erminal-based line editor

The terminal-based command-line editor called edlin is a v ailable in in teractiv e mo de from

the k eyb oard. Using this editor, y ou do not need to ret yp e long or complicated commands. The

editor facilitates all the usual editing op erations on input lines, and it can carry out automatic

searc hes for sym b ols.

The edlin to ol is not a full-page editor, since it w orks on one line at a time. It do es not use

cursor-addressing functions, and it scrolls the screen when necessary . The follo wing virtual-terminal

primitiv es are used to insert and erase c haracters, erase end-of-lines, and mo v e the cursor around

within a line:

tyinscn

tydelcn

tycleol

tycr

tybs

tynewline

The edlin to ol is written so that it can b e used with prop ortionally-spaced fon ts. The functions

asso ciated with this editor are found in the standard library named edlin .

17.1 Loading the terminal-based line editor

edlin [ fe atur e ]

This 
ag indicates whether the edlin line editor has b een loaded in to memory .

(edlin) [ function with no ar guments ]

If the edlin line editor has not already b een loaded and activ ated, this function p erforms these

tasks.

The editor|a v ailable as so on as this function has b een called|manages the L E -L ISP reader. This

means that the editing capabilit y of edlin can b e a v ailable throughout an en tire session, regardless

of the application that carries out reading.

1
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The edlin editor pro vides on-line help, whic h can b e obtained b y hitting the ESCAPE k ey follo w ed

b y a question mark.

17.2 T erminal-based line-editor commands

Cursor mo v emen t of an E MA CS kind:

CONTR OL - F Mo v e forw ard one c haracter

CONTR OL - B Mo v e bac k one c haracter

ESCAPE - F Mo v e forw ard one w ord

ESCAPE - B Mo v e bac k one w ord

CONTR OL - A Mo v e to the b eginning of the line

CONTR OL - E Mo v e to the end of the line

Deletions (the DELETE k ey can b e used in place of BA CKSP A CE ):

CONTR OL - D Erase the next c haracter

BA CKSP A CE Erase the previous c haracter

ESCAPE - D Erase the next w ord

ESCAPE - BA CKSP A CE Erase the previous w ord

CONTR OL - U Erase to the b eginning of the line (see ^Y )

CONTR OL - K Erase to the end of the line (see ^Y )

CONTR OL - Y Reinsert c haracters erased b y ^U or ^K

Command history:

CONTR OL - I Recall the previous command

CONTR OL - N Recall the next command

ESCAPE - < Beginning of history

ESCAPE - > End of history

ESCAPE - H Sho w history

ESCAPE - ESCAPE Retriev e a previous command that b egins lik e the curren t one

End of line:

RETURN or LINEFEED Send the line to L ISP and sa v e it in the history

CONTR OL - O Send the line to L ISP and skip to the next line in the history

Shortcuts:

ESCAPE - SP A CEBAR Complete the sym b ol preceding the cursor, or sho w all completion p ossibilities

ESCAPE - ' Quote the curren t sym b ol
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Miscellaneous:

ESCAPE - numb er c ommand Rep eat c ommand numb er times

CONTR OL - L Redispla y the line

\ Quote c haracter: forces literal in terpretation of the follo wing c haracter

ESCAPE - CONTR OL - G Illegal sequence: useful when ESCAPE has b een hit b y mistak e

ESCAPE - ? edlin help

CONTR OL - T T ranslate: that is, in terc hange the t w o previous c haracters

(edlin) Run edlin

(edlinend) Kill edlin

Commands that are also L E -L ISP macro c haracters|suc h as ^L , for example|are not in terpreted

as macros at the b eginning of a command line. Consequen tly , the quote c haracter \ do es not need

to b e used in these cases.
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Chapter 18

Virtual bitmap displa y

The L E -L ISP system pro vides a p ortable graphics facilit y called the Virtual Bitmap Displa y , often

referred to as vbd . It is capable of managing|indep endently of the underlying hardw are|a high-

resolution bit-mapp ed screen and a p oin ting device. This graphics facilit y pro vides L ISP functions

that construct windo ws, dra w in to these windo ws, and react to p oin ting-device mo v emen ts. These

three asp ects are relativ ely indep enden t. They are describ ed in c hapters 18, 19, and 20 of the

presen t Reference Man ual.

The Virtual Bitmap Displa y facilit y has b een p orted to a v ariet y of hardw are devices using di�eren t

windo w systems, serv ers and managers.

A v ersion running on classic alphan umeric terminals, based on the virtual terminal facilit y , is

a v ailable in the standard L E -L ISP system con�gured with the bvtty feature. This v ersion is quite

limited due to the lo w resolution of alphan umeric terminals.

18.1 Loading the description �le

The vbd functions are parameterized b y con�guration �les describing the v arious screen managers

to whic h the system has b een p orted. These �les are stored in the virbitmap directory of the

standard L E -L ISP distribution.

Before the vbd functions can b e used, the description �le corresp onding to the relev an t screen

manager m ust b e loaded. This is done b y the inibitmap L ISP function. This op eration should b e

carried out only once p er L ISP session. It is p ossible, of course, to sa v e a core image �le after this

op eration has b een p erformed. When the image is restored, the description �le do es not need to b e

reloaded.

On some systems, and in particular on most U NIX systems, loading a screen manager requires the

use of a L ISP executable that includes lo w-lev el primitiv es that read from and write to the screen

and the p oin ting device. F or more details, see the man ual describing the L E -L ISP implemen tation

on y our particular system.

(inibitma p symbol ) [ function with an optional ar gument ]

Loads the screen manager description �le. symbol is the name of the kind of screen manager to b e

loaded.

1
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Here are the names that are curren tly recognized:

� X11 , to load the X W INDO W System, v ersions X11r2 , X11r3 or X11r4 .

� mac , to load the Macin tosh T o olBo x.

� uis , to load a V axStation with uis .

� bvtty , to load the minimal vbd for alphan umeric terminals.

If symbol is not giv en, the v alue of the BITMAP en vironmen t v ariable is used. (See the getenv

function.)

Here, for example, is the loading of an X W INDO W System 11r x description �le:

? (inibitma p '|X11|)

= X11

Note that sev eral di�eren t description �les can b e loaded in succession. This migh t b e

necessary if di�eren t screen t yp es are to b e managed during a single session.

? (inibitma p 'bvtty)

= bvtty

A t this stage, X11 and bvtty are b oth a v ailable in the L E -L ISP en vironmen t.

18.2 Screen preparation

A so-called scr e en is a L ISP structure that allo ws y ou to manipulate a ph ysical screen device. A

ph ysical screen device normally includes a bitmapp ed video displa y tub e, a k eyb oard and a mouse.

The vbd functions can build screens on di�eren t ph ysical screen devices sim ultaneously , since

these functions w ork on the logically curren t screen, whic h can b e read from and written to b y the

current-display function.

18.2.1 Managing a single screen

If only a single screen is to b e used in a L ISP session, the �rst call to one of the vbd functions will

automatically allo cate a screen of the t yp e loaded b y inibitmap , and will set the curren t screen

v ariable to p oin t to it. In this case, it is not necessary to call the bitprologue and current-display

functions, since the w ork they do will ha v e already b een done.

Here, for example, is the creation of a windo w:

? (create-w in dow 'window 0 0 100 100 "fenestre" 0 1)

= #<window fenestre>
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18.2.2 Managing sev eral screens

If sev eral di�eren t screens are to b e managed sim ultaneously , bitprologue has to b e called, to

create them explicitly . The current-display function lets y ou mo v e from one screen to another.

(bitprolo gue name device ) [ function with one or two optional ar guments ]

Creates, initializes and returns as its result a screen for the screen manager of t yp e name . name is

one of the sym b ols recognized b y the inibitmap function. If name is not supplied, the name of the

last windo w manager loaded b y inibitmap is used.

The screen returned b y this function can b e used as an argumen t in the screen p osition in the

functions describ ed b elo w.

device is a supplemen tary argumen t that dep ends on the screen manager b eing used. F or

the X W INDO W System en vironmen ts ( X11 ), this argumen t is a c haracter string describing the

connection in the standard X format. If the device argumen t is not supplied, the v alue of

the DISPLAY en vironmen t v ariable is used.

(current- dis pl ay screen ) [ function with an optional ar gument ]

Returns the curren t screen. If an argumen t is supplied, the curren t displa y is c hanged to b e

the argumen t v alue. This curren t screen is in v olv ed in the follo wing op erations:

� Windo ws are created on the curren t screen b y means of create-window and make-window .

� Icons are created on the curren t screen b y means of create-bitmap .

� F on ts are created on the curren t screen b y means of load-font .

� Colors are created on the curren t screen b y means of make-color , make-named-color

and make-mutable-color .

� Cursors are created on the curren t screen b y means of make-cursor .

� P atterns are created on the curren t screen b y means of make-pattern .

� Ev en ts are read on the curren t screen b y means of read-event , peek-event and eventp .

� Windo ws are found on the curren t screen b y means of find-window .

The curren t windo w is an implicit argumen t for the vbd dra wing functions.

In the follo wing examples, w e are dealing with mac hines named london and paris . W e �rst

op en the screen of the mac hine called london :

? (setq london (bitprolo gu e '|X11| "london:0 .0" ))

= #<#:displ ay :X1 1 X11 london:0. 0>

W e then op en the screen on the mac hine called paris :

? (setq paris (bitprolog ue '|X11| "paris:0.0 "))

= #<#:displ ay :X1 1 X11 paris:0.0 >
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W e no w op en a windo w on london :

? (current- di spl ay london)

= #<#:displ ay :X1 1 X11 paris:0.0 >

? (setq london-win dow (create-w ind ow 'window 0 0 100 100 "london" 0 1))

= #<window london>

Next, w e op en a windo w on paris :

? (with ((current- dis pla y paris))

? (setq paris-wind ow (create-wi nd ow 'window 0 0 100 100 "paris" 0 1)))

= #<window paris>

W e dra w something on london :

? (with ((current- win dow london-wi ndo w) )

? (draw-line 0 100 100 0))

= 0

Finally , w e dra w something on paris :

? (with ((current- dis pla y paris)

? (current- win dow paris-win dow ))

? (draw-line 0 0 100 100))

= 0

(bitepilo gue screen ) [ function with an optional ar gument ]

Closes screen b y killing all its op en windo ws and all the icons, fon ts, colors, cursors and patterns

that migh t ha v e b een created within it. It also empties the queue of ev en ts w aiting on this screen.

Y ou cannot use screen as an argumen t to the current-display function after this call. If the

screen argumen t is not supplied, the curren t screen is closed.

(bitmap-s ave screen ) [ function with an optional ar gument ]

Closes screen in the same w a y as the previous function, but stores in screen the set of ob jects

that w ere created within it. It also returns the sa v ed screen as its v alue. The sa v ed screen can

b e passed later to the bitmap-restore function, in order to automatically reconstruct all the

ob jects it con tained b efore the sa v e. W arning: The con ten ts of windo ws are not sa v ed, but eac h

windo w receiv es a repaint-window-event ev en t as the restore comes to completion. If the screen

argumen t is not supplied, the curren t screen is sa v ed.

Used in conjunction with the save-core function, bitmap-save mak es it p ossible to sa v e L ISP core

image �les con taining windo ws.

? (let ((saved-s cr een (bitmap-s ave )))

? (save-cor e "image.core ")

? (bitmap-r es tor e saved-sc ree n))
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(bitmap-r est or e screen ) [ function with one ar gument ]

The screen argumen t is a screen sa v ed b y the previous function. The function initialize s screen

and reconstructs all the ob jects|windo ws, icons, fon ts, cursors, colors and patterns|that w ere

within it when it w as sa v ed. The con ten ts of windo ws are not sa v ed, but eac h windo w receiv es a

repaint-window-event ev en t as the restore comes to completion.

18.3 F unctions on screens

The functions in this section rep ort data concerning the curren t screen: its size, fon ts, colors, cursors

and patterns, and its prede�ned windo ws, if an y .

These functions can tak e an optional screen argumen t. If this argumen t is not supplied, they

op erate on the curren t screen.

(bitxmax screen ) [ function with an optional ar gument ]

(bitymax screen ) [ function with an optional ar gument ]

These functions return the dimensions of the screen. The v alue of bitxmax is the width of the

screen min us one, and the v alue of bitymax is its heigh t min us one. The units are those of the

elemen tary displa y p oin ts (pixels) of the device.

F or an Ap ollo screen, these functions return the follo wing v alues:

(bitxmax ) = ) 1023

(bitymax ) = ) 799

(root-win dow screen ) [ function with an optional ar gument ]

Returns the windo w asso ciated with the screen bac kground. Dra wing carried out in this windo w

writes o v er all the other windo ws p osted to the screen.

The ro ot windo w can b e used to follo w the mouse on the whole screen: for example, when a

(non-ro ot) windo w is b eing mo v ed or resized.

Op erations in the ro ot windo w should b e as non-destructiv e as p ossible|using xor for dra wing and

then erasing images, for example|so that the con ten ts of other windo ws will not b e p erturb ed.

The follo wing visually-striking function, for example, blinks the whole screen once:

(defun flash-scr ee n ()

(with ((curren t-w ind ow (root-wind ow )))

(with ((current- mod e 6))

(fill-rect ang le 0 0 (bitxmax ) (bitymax) )

(bitmap-fl ush )

(fill-rect ang le 0 0 (bitxmax ) (bitymax) )

(bitmap-fl ush )) ))
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(all-colo rs screen ) [ function with an optional ar gument ]

Returns the list of colors that ha v e b een allo cated b y the make-color , make-named-color and

make-mutable-color functions. (See the descriptions of these functions.)

(bitmap-r efr es h screen ) [ function with an optional ar gument ]

Requests that screen b e refreshed. This function can b e used to clear the screen of stra y bits that

migh t b e left after the execution of an incorrect graphics program.

If the host system do es not preserv e windo w con ten ts (the X W INDO W system do es not, for example),

the windo ws will all b e simply erased and sen t repaint-window-event ev en ts.

(bitmap-f lus h screen ) [ function with an optional ar gument ]

In some systems, for example in the X W INDO W system, the stream of graphic op erations is

bu�ered. These op erations will b e visible on the screen only when the bu�er has b een emptied. This

bu�er is automatically emptied b y a call to one of the ev en t manipulation functions: read-event ,

peek-event or eventp .

Sometimes it is necessary to explicitly empt y the bu�er. This happ ens, for instance, when frequen t

up dates are required for animating a sim ulation, or when ev en t reads are not b eing constan tly

done. A t suc h times, bitmap-flush can b e used to explicitly empt y the bu�er of surplus ev en ts.

In the follo wing function, whic h displaces a c haracter in the screen bac kground, the use of

bitmap-flush mak es sure that the mo v emen t is regular:

(defun move-char (cn)

(let ((x 0) (y 0) (dx 3) (dy 3))

(with ((current -w ind ow (root-wind ow )))

(current- mo de #:mode:xor )

(current- fo nt (large-rom an- fo nt) )

(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-fl us h)) )))

(bitmap-s ync display ) [ function with an optional ar gument ]

This function mak es sure that all requests sen t to the serv er ha v e b een executed, and that all

ev en ts generated b y these requests are in the ev en ts �le. If the display argumen t is not supplied,

the curren t displa y is used.
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(display- syn ch ron iz e display flag ) [ function with one or two ar guments ]

Certain systems, suc h as X11 , can op erate in t w o mo des:

� Async hronous: A graphic action migh t not b e terminated when the function that triggered

it returns con trol (the default option under X11 ).

� Sync hronous: A graphic action is terminated when the function that triggered it returns

con trol.

On systems op erating in the t w o mo des, synchronous and asynchronous , this function lets y ou

kno w the curren t mo de, or go from one to the other. The sync hronous mo de corresp onds to a true

v alue of the flag argumen t. The async hronous mo de corresp onds to a false v alue. This function

should only b e used for debug , and m ust not b e emplo y ed in normal use.

(display- dep th display ) [ function with one ar gument ]

This function returns the n um b er of plans (bits b y pixel) in the screen used b y the display device.

If the displa y device is mono c hrome, it therefore returns 1 .

(default- win do w-t yp e screen type ) [ function with one or two ar guments ]

If the type argumen t is not supplied, this function giv es y ou the t yp e used b y default b y the

windo ws in screen . Supply type if y ou w an t to mo dify it.

(standard -ro ma n-f on t screen ) [ function with an optional ar gument ]

(standard -bo ld -fo nt screen ) [ function with an optional ar gument ]

(large-ro man -f ont screen ) [ function with an optional ar gument ]

(small-ro man -f ont screen ) [ function with an optional ar gument ]

These functions return the n umeric indices of the preloaded fon ts of screen or the curren t screen.

(See the current-font function.) F our �xed-width fon ts are alw a ys a v ailable:

� standard-roman-font is a regular fon t that can b e used for text.

� standard-bold-font is a b older fon t that can b e used to highligh t text.

� large-roman-font is a larger fon t that can b e used for titles.

� small-roman-font is a smaller fon t that can b e used for notes and captions.

(standard -fo re gro un d screen ) [ function with an optional ar gument ]
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(standard -ba ck gro un d screen ) [ function with an optional ar gument ]

These t w o functions return the initial foreground and bac kground colors.

(See the current-foreground and current-background functions.)

(standard -fo re gro un d-p att er n screen ) [ function with an optional ar gument ]

(standard -ba ck gro un d-p att er n screen ) [ function with an optional ar gument ]

(standard -li gh t-g ra y-p att er n screen ) [ function with an optional ar gument ]

(standard -me di um- gr ay- pat te rn screen ) [ function with an optional ar gument ]

(standard -da rk -gr ay -pa tte rn screen ) [ function with an optional ar gument ]

These functions return the n umeric indices of the prede�ned textures (�ll patterns) of screen or

the curren t screen. (See the current-pattern function.)

The standard-foreground-patt ern and standard-background-pat tern are solids that use

the curren t v alue returned b y ( current-foreground ) and the curren t v alue returned b y

( current-background ). Their e�ect therefore dep ends on the curren t colors.

The other prede�ned patterns are `gra ys' that are indep enden t of the curren t foreground and

bac kground colors. They pro vide a regular gradation b et w een the initial foreground color giv en

b y the v alue of (standard-foreground) and the initial bac kground color giv en b y the v alue of

(standard-background) . Here are the details:

� standard-medium-gray-pattern :

A medium `gra y ed' v alue b et w een these t w o colors.

� standard-light-gray-pattern :

Bet w een standard-background and standard-medium-gray-pa ttern .

� standard-dark-gray-pattern :

Bet w een standard-foreground and standard-medium-gray-pa ttern .

(standard -le li sp- cu rso r screen ) [ function with an optional ar gument ]

(standard -gc -c urs or screen ) [ function with an optional ar gument ]

(standard -bu sy -cu rs or screen ) [ function with an optional ar gument ]

These functions return the n umeric indices of the prede�ned cursors of screen or the curren t screen.

(See the current-cursor function.)
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These cursors can b e used in one of the follo wing capacities:

� standard-lelisp-cursor is displa y ed during normal L E -L ISP op eration.

� standard-gc-cursor is displa y ed during garbage-collection cycles. (See the gcalarm and

gc-before-alarm functions.)

� standard-busy-cursor is displa y ed when L E -L ISP is carrying out a long computation.

(standard -fo re gro un d screen ) [ function with an optional ar gument ]

(standard -ba ck gro un d screen ) [ function with an optional ar gument ]

These function return initial foreground and bac kground colors. These are the foreground and

bac kground colors whic h are set for eac h newly-created windo w.

In some systems these colors are selectable b y the user at L E -L ISP startup time. In the X W INDO W

System, for example, this can b e done in the .Xdefaults �le.

18.4 F unctions on windo ws

18.4.1 Global co ordinates

A glob al bitmap c o or dinate is a pair of in tegers (x, y) that represen ts an address on a high-resolution

screen.

The origins of this co ordinate system are de�ned as follo ws:

� Upp er left corner: x = 0 , y = 0

� Lo w er left corner: x = 0 , y = (bitymax)

� Upp er righ t corner: x = (bitxmax) , y = 0

� Lo w er righ t corner: x = (bitxmax) , y = (bitymax) .

18.4.2 Lo cal co ordinates

The graphics en vironmen t attac hed to a windo w de�nes a lo cal co ordinate system in the windo w,

de�ned as follo ws:

� Upp er left corner of the windo w: x = 0 , y = 0

� Lo w er righ t corner of the windo w: x =windo w heigh t � 1 , y =windo w width � 1 .

The title and b order regions are outside this co ordinate system, but can b e represen ted in it b y

using negativ e co ordinates. The p oin t (-1, -1) , for example, is in the b order region of the windo w.
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18.5 Windo ws

Windo ws are t yp ed structured ob jects that ha v e graphical represen tations on the screen. (See the

explanation of structures.) These are rectangular frames that can ha v e an optional title. A graphics

en vironmen t is attac hed to eac h windo w. This en vironmen t supp orts v arious text, line, and zone

dra wing op erations within the windo w. (See the section on virtual graphics.)

Windo w ev en ts are caused b y mouse p oin ter mo v emen ts and button clic ks or selections that o ccur

when the p oin ter is within a windo w. (See the read-event function.) Lik ewise, the displacemen t

or resizing of windo ws b y a non- L ISP to ol, suc h as the windo w manager running in an X W INDO W

System en vironmen t, can cause ev en ts informing L E -L ISP that the windo ws w ere mo di�ed or need

to b e redra wn.

The Virtual Bitmap Displa y facilit y do es not assume that the con ten ts of hidden parts of windo ws

are sa v ed b y the system. When they are not sa v ed, a repaint-window-event indicates the

concealed areas that need to b e redra wn.

Eac h windo w can con tain an y n um b er of sub-windo ws, whic h ha v e neither b orders nor titles. They

can co v er eac h other in an y manner, but they are all transparen t, so that a sub-windo w do es not

obscure the con ten ts of a daugh ter or sister sub-windo w that it co v ers. Moreo v er, sub-windo ws ha v e

no con ten ts. The displacemen t or resizing of a sub-windo w nev er visually a�ects the screen.

Sub-windo ws are manipulated in the same w a y as windo ws. All the graphics and windo w-

manipulation functions can b e p erformed on sub-windo ws. It is ev en p ossible to divide sub-windo ws

in to sub-sub-windo ws. Graphics op erations in sub-windo ws are carried out in the co ordinate

system of the sub-windo w, but the image is clipp ed (limited) to that part of the sub-windo w

con tained within the mother windo w. Sub-windo ws obtain mouse ev en ts with the priorit y due

the sup er-windo w that con tains them. Ho w ev er, they nev er receiv e repaint-window-event or

modify-window-event ev en ts.

The total n um b er of windo ws that can b e displa y ed at a giv en momen t migh t b e limited in some

systems. If this limit is surpassed, windo w creation functions raise the errnmw error, whic h has the

follo wing screen displa y:

** <fn>: no more windows available: ()

Some systems|suc h as virtual windo ws on the virtual terminal|do not ha v e virtual graphics. Ev en

so, these systems ha v e a minimal graphics en vironmen t that allo ws only the displa y of text. This

minimal graphics en vironmen t is describ ed in the remainder of this c hapter, and the full graphics

en vironmen t is describ ed in c hapter 20.

The system recognizes a curren t windo w on whic h displa y-orien ted functions o ccur. There is one

curren t windo w p er screen.

A t system-windo w initialization|that is, after the call to the bitprologue function|the curren t

windo w is the sp ecial windo w () , whic h indicates that the only a v ailable `windo w' is the virtual

terminal, and that graphics functions will ha v e no e�ect.
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18.5.1 Creating windo ws

The creation of a windo w or a sub-windo w usually happ ens with a call to the make-window function,

whic h receiv es an instance of the #:image:rectangle:window structure as its argumen t. This

structure m ust b e allo cated and its �elds m ust b e �lled in with appropriate v alues b efore the

call to make-window . The create-window and create-subwindow functions pro vide the means to

allo cate an instance of this structure and to call the make-window function in a single call.

#:image:r ect an gle :w ind ow [ structur e ]

This L ISP structure represen ts a windo w. It is de�ned as follo ws:

(defstruct #:image:rectangle

x y w h)

(defstruct #:image:rectangle:window

title

hilited

visible

graph-env

extend

father

properties

(cursor 0)

display

subwindows

events-list

window-type

graphic-properties

state)

Some �elds m ust b e set b y the user b efore a call to the make-window function is made. Other �elds

will b e set automatically b y the system.

The �elds that m ust b e �lled are describ ed next. They should nev er b e mo di�ed directly after the

call to make-window has b een made. Instead, windo w manipulation functions should b e used to

mo dify them, although they can b e directly examined ( i.e. , read) at an y time.

� x , y (short in tegers): the upp er left corner of the windo w, expressed in the global co ordinate

system for windo ws, and in the lo cal co ordinate system of the mother windo w for sub-windo ws.

The windo w can con tain v arious b orders and titles, according to the host system. (See the

hilited and visible �elds.) These will alw a ys b e outside the windo w prop er. The co ordinate

p oin t (0, 0) in the windo w will alw a ys b e a p oin t (x, y) in the global co ordinate system for

a windo w, or in the lo cal co ordinate system of the mother windo w for a sub-windo w.

� w , h (short in tegers): the width and heigh t of the useful zone of the windo w, that is, not

coun ting the b order or title zones. Eac h v alue is indicated as a n um b er of basic displa y p oin ts

(pixels) for the device.
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� title (c haracter string): the optional title to b e p osted in the windo w b order.

� hilited (short in teger): indicates the highligh t mo de of the windo w. If this �eld has the v alue

zero, the windo w is not highligh ted. If it is not equal to zero, its v alue indicates the highligh t

mo de: title highligh ted, windo w colored, etc. The v arious highligh t mo des a v ailable dep end

on the system. By default, only one mo de exists, co ded b y the v alue 1 .

� visible (short in teger): indicates the windo w's visibilit y degree on the screen. If this 
ag

has the v alue zero, the windo w is in visible. If it is not equal to zero, its v alue indicates the

visibilit y degree: en tirely visible, semi-visible, transparen t, etc. The a v ailable visibili t y degrees

dep end on the system. By default, a single degree of visibilit y is a v ailable, co ded b y the v alue

1 . This represen ts opacit y , meaning that the windo w obscures windo ws that it co v ers.

� father (windo w, or () ): con tains the windo w's paren t windo w. If it has the sp ecial v alue

() , then there is no paren t windo w. Otherwise, this �eld represen ts a previously-constructed

windo w, of whic h the curren t windo w is a sub-windo w.

� display (screen): con tains the screen on whic h the windo w is displa y ed. If this �eld is

not �lled, the make-window function displa ys the windo w on the curren t screen. (See the

bitprologue function.)

� window-type : the t yp e of the windo w (transparen t or opaque). In X W INDO W , these t yp es

corresp ond to InputOnly and InputOutput . Opaque windo ws can receiv e ev en ts of redisplay

t yp e, whereas transparen t windo ws cannot.

� state (sym b ol): the curren t state of the windo w: iconify , map or unmap .

The other �elds are main tained b y the system. They can b e read b y the user at an y time, but m ust

not b e mo di�ed.

� graph-env (structure graph-env ): con tains the graphics en vironmen t attac hed to the windo w.

� extend : the con ten ts and t yp e of this �eld are system-dep enden t and not of m uc h in terest to

the user.

� properties (a list): con tains the prop ert y A-list attac hed to the windo w. (See the

define-window-property-acc essor function.)

� cursor (short in teger): con tains the cursor curren tly attac hed to the windo w. (See the

current-cursor function.)

� subwindows (list of windo ws): con tains the list of the windo w's sub-windo ws.

� events-list : con tains the list of authorized ev en ts of the windo w.

� graphic-properties : con tains a list of in ternal graphic prop erties.

Windo ws can b e instances of an y sub-structure of the #:image:rectangle:windo w structure. This,

together with the fact that windo w-manipulation functions w ork b y sending messages to windo ws,

means that the Virtual Bitmap Displa y facilit y can b e easily extended. (See the virbitmap �le of

the standard distribution for more information on this sub ject.)
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(make-win dow win ) [ function with one ar gument ]

This function tak es an instance of a windo w structure of a certain t yp e as argumen t, and do es

ev erything necessary to create a windo w of this t yp e describ ed b y the structure. It returns win as

its v alue, with the system-main tained �elds �lled in, as describ ed ab o v e. All the other �elds of the

win structure| x , y , w , h , title , hilited , visible , father and display |should b e initialized

b efore the call to make-window . T o mak e a sub-windo w, set the father �eld of win to con tain

the structure of a previously-created windo w. In all other cases, father m ust con tain () . If the

display �eld con tains () , then make-window �lls it with the v alue of the curren t screen. (See the

current-display function.)

The follo wing function creates a windo w whose p osition and size are passed as argumen ts:

(defun build-win do w (x y w h)

(let ((window (new '#:image :re cta ng le: wi ndo w)) )

(#:image: rec tan gl e:x window x)

(#:image: rec tan gl e:y window y)

(#:image: rec tan gl e:w window w)

(#:image: rec tan gl e:h window h)

(#:image: rec tan gl e:w in dow :ti tl e window "fenestre ")

(#:image: rec tan gl e:w in dow :hi li ted window 1)

(#:image: rec tan gl e:w in dow :vi si ble window 1)

(#:image: rec tan gl e:w in dow :di sp lay window (current-d is pla y))

(make-win dow window)

window))

(create-w ind ow type x y w h ti hi vi ) [ function with eight ar guments ]

Allo cates a windo w of t yp e type . This m ust b e a sub-t yp e of the #:image:rectangle:window t yp e.

The function initializes the �elds of the windo w with the v alues passed as argumen ts, and calls the

make-window function. create-window pro vides a con v enien t means for building a windo w without

explictly allo cating its structure instance.

create-window has the same b eha vior as the follo wing function:

(defun create-wi nd ow (type x y w h ti hi vi)

(let ((window (new type)))

(#:image: rec tan gl e:x window x)

(#:image: rec tan gl e:y window y)

(#:image: rec tan gl e:w window w)

(#:image: rec tan gl e:h window h)

(#:image: rec tan gl e:w in dow :ti tl e window ti)

(#:image: rec tan gl e:w in dow :hi li ted window hi)

(#:image: rec tan gl e:w in dow :vi si ble window vi)

(#:image: rec tan gl e:w in dow :di sp lay window (current-d is pla y))

(make-win dow window)

window))

(create-s ubw in dow type x y w h ti hi vi fa ) [ function with nine ar guments ]

This function is similar to the last one, except that it creates a sub-windo w of the fa paren t windo w.

The x and y co ordinates should b e in the lo cal co ordinate system of fa .
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18.5.2 Dra wing in windo ws

The make-window call adds a repaint-window-event ev en t to the ev en t queue as so on as the

windo w has actually b een created. This ev en t m ust b e receiv ed and handled b efore an y dra wing is

done in the windo w. Requests to dra w in the windo w that o ccur b efore this ev en t migh t in fact b e

lost.

W ell-structured programs using the vbd should therefore create windo ws and then en ter an ev en t-

handling lo op, whic h primarily w aits on repaint-window-event ev en ts and pain ts the windo ws,

b oth initially and then after c hanges are made to windo ws during the execution of the program.

The follo wing example sho ws ho w suc h an ev en t-handling lo op migh t b e written. The nice-picture

function dra ws something in the windo w. The open-window function creates a windo w, then en ters

an ev en t-handling lo op: the process-events function. This lo op reacts to repaint-window-event

ev en ts b y calling nice-picture to dra w or redra w the windo w con ten ts. The lo op terminates and

kills the windo w as so on as a mouse clic k o ccurs. The process-events lo op is a t ypical ev en t-

handling pro cedure that is presen ted here as a mo del for writing other lo ops of a similar nature.

Chapter 20 describ es in detail the kind of b eha vior that should b e asso ciated with the v arious t yp es

of vbd facilit y ev en ts.

(defun open-wind ow ()

(let ((window (create-win do w '#:image: re cta ngl e: win do w 0 0 200 200 "target" 1 1)))

(protect

(process-ev en ts)

(kill-windo w window)

(bitmap-flu sh ))) )

(defun process-e ve nts ()

(untilexi t done

(let ((event (read-eve nt )))

(selectq (#:event:c ode event)

(repaint-w ind ow -ev ent

(with ((current -wi nd ow (#:event:w ind ow event)))

(current- cli p (#:event:x event)

(#:event:y event)

(#:event:w event)

(#:event:h event))

(nice-pic tur e) ))

(down-even t

(exit done))

(modify-wi ndo w- eve nt

(update-wi ndo w (#:event :wi ndo w event)

(#:event :x event)

(#:event :y event)

(#:event :w event)

(#:event :h event))))) ))

(defun nice-pict ur e ()

(unless nice-colo rs (nice-init ))

(let ((colors (apply 'cirlist nice-color s)) )

(for (i (div (#:image: rec tan gl e:w (current- win do w)) 2)

-10 1)

(with ((current -f ore gro un d (nextl colors)))

(fill-cir cl e
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(div (#:image:re ct ang le: w (current-w ind ow) ) 2)

(div (#:image:re ct ang le: h (current-w ind ow) ) 2)

i)))))

(defvar nice-color s ())

(defun nice-init ()

(setq nice-col ors

(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 A ttac hing prop erties to windo ws

It is p ossible to attac h named prop erties to eac h instance of the #:image:rectangle:windo w t yp e.

These prop erties are manipulated lik e �elds, but they are stored in an A-list in the windo w's

properties �eld.

(define-w ind ow -pr op ert y-a cc ess or prop ) [ macr o ]

This macro de�nes the #:image:rectangle:window:pr op function to b e an access function to the

windo w prop ert y named prop , whic h m ust b e a sym b ol.

(#:image: rec ta ngl e: win dow :p rop w v ) [ function with one or two ar guments ]

Examines or sets (if the second argumen t is supplied) the v alue asso ciated with the prop ert y named

prop b elonging to the windo w w . If the windo w do es not ha v e the prop prop ert y , () is returned.

The prop ert y is stored in the A-list in the prop erties �eld of windo w w . T o distinguish b et w een the

absence of the prop ert y and its presence with the v alue () , examine this A-list directly .

Prop erties only tak e up memory space in a windo w structure if the windo w actually has the

prop erties in question.

Here, for example, is the de�nition of a windo w prop ert y named contents :

? (define-w in dow -p rop ert y- acc es sor contents)

= #:image:r ec tan gl e:w ind ow :co nt ent s

F or the win1 windo w, this prop ert y has the v alue "in win1" :

? (#:image: re cta ng le: win do w:c on ten ts win1 "in win1")

= in win1

Let us lo ok at this v alue:

? (#:image: re cta ng le: win do w:c on ten ts win1)

= in win1
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Finally , let us lo ok at the prop ert y lists of win1 and of another windo w called win2 :

? (#:image: re cta ng le: win do w:p ro per tie s win1)

= ((content s . in win1))

? (#:image: re cta ng le: win do w:p ro per tie s win2)

= ()

18.5.4 F unctions on windo ws

The follo wing functions let programs act on windo ws created b y the make-window , create-window

or create-subwindow functions. Their r^ ole is to simply transmit messages to the windo w sp eci�ed

in their argumen ts. It is the primitiv e windo w functions, describ ed in the next section, whic h act

directly on windo ws. Generally , only the functions describ ed in this section are used.

(current- win do w win ) [ function with an optional ar gument ]

The windo w passed as the argumen t will b ecome the curren t windo w on the screen to whic h it is

attac hed. All ensuing graphics functions will tak e place in this windo w. If no argumen t is furnished

current-window returns the curren t windo w. The curren t windo w has no r^ ole other than to b e the

implicit argumen t for dra wing functions.

If the argumen t is () , the screen's curren t windo w b ecomes () , and the graphics prin ting functions

will not b e e�ectiv e on this screen.

If the argumen t is a windo w whic h has b een killed, the system raises the errnotawindow error,

with the follo wing displa y:

** <fn>: not a window: <e>

Whenev er an argumen t is supplied, the uncurrent-window message is sen t to the curren t

windo w b efore the curren t windo w is c hanged.

A windo w can b e temp orarily selected b y using current-window within a with con trol

structure. Here, for example, is a w a y to dra w a line in a windo w:

(with ((current- wi ndo w window))

(draw-line 0 0 100 100))

(current- key bo ard -f ocu s-w in dow win ) [ function with an optional ar gument ]

Examines or mo di�es (if the second argumen t is giv en) the curren t o wner of the k eyb oard. The

o wner of the k eyb oard is the windo w that receiv es ascii-event ev en ts. (See the read-event

function.) After a call to this function, k eyb oard strok es will result in ascii-event ev en ts b eing

sen t to the win windo w.

The host windo wing system (or a windo w manager) can sometimes c hange the k eyb oard o wner

indep enden tly of L E -L ISP . In this case keyboard-focus-event ev en ts will b e generated and placed

in the ev en t queue; L E -L ISP structures can b e k ept up to date b y treating them appropriately .
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(modify-w ind ow win x y w h ti hi vi ) [ function with eight ar guments ]

The win agumen t is a windo w previously created b y the make-window function. The x , y , w , h ,

ti , hi and vi argumen ts are similar to the argumen ts of the same name of the create-window

function. This function pro vides a means of mo difying the parameters of a windo w. Its p osition,

title or size can b e c hanged, it can b e highligh ted or unhighligh ted, and it can b e made visible or

in visible. The function returns the mo di�ed windo w structure as its v alue. By con v en tion, if one

of the argumen ts x , y , w , h , ti , hi or vi has the v alue () , the corresp onding parameter remains

unc hanged.

Windo w size mo di�cations do not a�ect the size of sub-windo ws.

As an example, let us create a windo w en titled Lisp and a windo w en titled Foo :

(defvar wlisp (create-wi nd ow 'window 10 10 400 400 "Lisp" 0 1)

wfoo (create-wi nd ow 'window 30 30 500 500 "Foo" 0 1))

Mo v e the windo w named Lisp :

(modify-win do w wlisp 20 20 () () () () ())

Reduce the size of the windo w named Foo :

(modify-win do w wfoo () () 50 100 () () ())

Mo dify the title of the windo w named Lisp :

(modify-win do w wlisp () () () () "New Title" () ())

Highligh t the title of the wfoo windo w:

(modify-win do w wfoo () () () () () 1 ())

Erase the wlisp windo w from the screen, making it in visible:

(modify-win do w wlisp () () () () () () 0)

Cause this same windo w to reapp ear:

(modify-win do w wlisp () () () () () () 1)

(kill-win dow win ) [ function with one ar gument ]

Kills the windo w giv en as its argumen t, as w ell as all its sub-windo ws, if it has an y . If the

windo w is visible, it will b e erased from the screen. An y further use of this windo w will raise the

errnotawindow error. The windowp predicate applied to win will subsequen tly return () . Note that

win can b e rebuilt using the make-window function, but this w ould not rebuild an y sub-windo ws

it migh t ha v e had.

If the curren t windo w is killed b y this function, the windo w () b ecomes the curren t windo w. The

windo w that w as curren t b efore kill-window w as called receiv es an uncurrent-window message

b efore b eing killed.
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(move-win dow win x y ) [ function with thr e e ar guments ]

Mo v e the win windo w at the co ordinate p oin t x , y .

(resize-w ind ow win w h ) [ function with thr e e ar guments ]

Resize the win windo w with a width of w and a heigh t of h .

(move-res ize -w ind ow win x y w h ) [ function with �ve ar guments ]

P erform a (move-window win x y) follo w ed b y a (resize-window win w h ).

(window-e ven ts -li st win events ) [ function with one or two ar guments ]

Consult or set, if the events argumen t is presen t, the ev en t list attac hed to the win windo w.

events , when presen t, is a list of ev en ts among down-event , up-event , ascii-event : : :

(window-t itl e win title ) [ function with one or two ar guments ]

Consult or set, if the title argumen t is presen t, the title of the win windo w. title , when presen t,

m ust b e a c haracter string. Only main windo ws can ha v e a title.

(window-s tat e win state ) [ function with one or two ar guments ]

Consult or set, if the state argumen t is presen t, the state of the win windo w. state , when presen t,

m ust b e a sym b ol among map , unmap , lower , raise and iconify . This function can iconify a

windo w and later raise it.

(window-b ack gr oun d win color ) [ function with one or two ar guments ]

Consult or set, if the color argumen t is presen t, the bac kground color of the win windo w. color ,

when presen t, m ust b e a v alid instance of the color t yp e.

(window-b ord er win border ) [ function with one or two ar guments ]

Consult or set, if the border argumen t is presen t, the size (in pixels) of the b order of the win

windo w.

(window-c lea r- reg io n win x y w h ) [ function with �ve ar guments ]

Clear the rectangle x , y , w , h of the win windo w.

(windowp win ) [ function with one ar gument ]

This predicate is true if win is an instance of the #:image:rectangle:window t yp e, or of one of
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its sub-t yp es, and if win has b een created b y create-window , create-subwindow or make-window ,

and has not y et b een killed b y kill-window .

The next t w o functions pro vide means to manage the displa y order of windo ws displa y ed on the

screen. They mo dify the `stac king order' of the windo ws, but not their (x, y) co ordinates.

(pop-wind ow win ) [ function with one ar gument ]

Puts the win windo w in the foreground.

(move-beh ind -w ind ow win1 win2 ) [ function with two ar guments ]

Puts the win1 windo w b ehind the win2 windo w on the screen. This do es not necessarily mean that

win1 is dir e ctly b ehind win2 . The stac king p osition of win2 is not c hanged.

The next t w o functions pro vide means to use absolute co ordinates when dealing with windo ws.

(find-win dow x y ) [ function with two ar guments ]

Returns the lo w est L ISP windo w in the stac king hierarc h y that con tains the screen p oin t (x, y) ,

considered as a p oin t in the global co ordinate system. If this p oin t do es not app ear in an y windo w,

find-window returns () .

P oin ts in b order and title areas coun t for find-window as b eing included in their windo ws.

(map-wind ow win x y symbx symby ) [ function with �ve ar guments ]

The win argumen t is a windo w. x and y are n um b ers designating a p oin t in the global co ordinate

system of the screen. symbx and symby are sym b ols. When map-window returns, these sym b ols

con tain as their v alues the co ordinates, in the lo cal co ordinate system of win , of the global p oin t

(x, y) .

Return v alues from map-window are only meaningful for (x. y) p oin ts that are in the windo w win

or in its b order or title regions. Giv en p oin ts in the b order or title regions, map-window will just

return lo cal co ordinates that are not con tained in the windo w area prop er.

? (defvar w (create-w ind ow 'window 10 10 400 400 "w" 0 1)

? x 0

? y 0)

= 0

? (eq w (find-wind ow 200 200))

= t

? (map-wind ow w 200 200 'x 'y)

? x

= 190

? y

= 190
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18.5.5 Primitiv e functions on windo ws

These functions are the primitiv e functions of the virtual m ulti-windo wing system. They

are the metho ds for the current-window , uncurrent-window , modify-window , kill-window ,

move-behind-window and map-window messages for ob jects of t yp e #:image:rectangle:window .

Normally , y ou will nev er need to use them directly . They are included here merely for reasons of

completeness at a do cumen tary lev el.

(#:image: rec ta ngl e: win dow :c urr en t-w ind ow win ) [ function with one

ar gument ]

(#:image:r ec tan gl e:w ind ow :cu rre nt -ke yb oar d-f oc us- wi ndo w w )

[ function with one ar gument ]

(#:image: rec ta ngl e: win dow :u ncu rr ent -wi nd ow win ) [ function with one

ar gument ]

(#:image: re cta ng le: win do w:m odi fy -wi nd ow win left top w h ti hi vi )

[ function with eight ar guments ]

(#:image: rec ta ngl e: win dow :k ill -w ind ow win ) [ function with one ar gument ]

(#:image: rec ta ngl e: win dow :p op- wi ndo w win ) [ function with one ar gument ]

(#:image: rec ta ngl e: win dow :m ove -b ehi nd- wi ndo w win1 win2 ) [ function

with two ar guments ]

(#:image: rec ta ngl e: win dow :m ap- wi ndo w win x y symbx symby ) [ function

with �ve ar guments ]
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18.5.6 Minimal graphics primitiv es

The Virtual Bitmap Displa y facilit y de�nes a set of minimal graphics primitiv es that w ork on

ev ery implemen tation, ev en on alphan umeric terminals. Extended graphics primitiv es, a v ailable on

w orkstations with high-resolution screens, are describ ed in Chapter 20.

All the dra wing functions op erate in the curren t windo w on the curren t screen. (See the

current-window function.)

(clear-gr aph -e nv) [ function with no ar guments ]

Erases the screen. In other w ords, the screen is uniformly �lled with the (standard-background)

color. (See the description of this attribute.)

(draw-cur sor x y i ) [ function with thr e e ar guments ]

This function pro vides a w a y to displa y and erase a cursor at the p oin t (x, y) in the curren t

windo w. i is a binary 
ag. If it has the v alue () , the cursor is erased. If it has the v alue t , the

cursor is displa y ed. The actual form of the cursor that is displa y ed dep ends, of course, on the

system.

This cursor is generally used to tell the user that they should t yp e a c haracter. Here is the standard

tec hnique for reading a c haracter from the k eyb oard and ec hoing it at the p osition (x, y) , whic h

it tak es as its argumen t:

(defun wtyi-echo (x y)

(draw-cur sor x y t)

(let ((c (tyi)))

(draw-cur sor x y ())

(draw-cn x y c)))

(draw-cn x y cn ) [ function with thr e e ar guments ]

W rites the c haracter whose in ternal co de is cn at the (x, y) p osition of the curren t windo w. The

c haracter is in fact a t w o-colored rectangular tile,

the letter b eing dra wn in the (current-foreground) color, and the bac kground in the

(current-background) color.

In L E -L ISP , draw-cn could b e de�ned in the follo wing manner:

(defun draw-cn (x y cn)

(draw-substring x y (string (ascii cn)) 0 1)

(draw-str ing x y s ) [ function with thr e e ar guments ]

(draw-sub str in g x y s start length ) [ function with �ve ar guments ]
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The draw-substring function writes length c haracters of the string s , tak en from the p osition

start , at the (x, y) p osition in the curren t graphics en vironmen t.

The draw-string macro writes the complete string s at the p oin t (x, y) .

Here, for example, w e write the string "foothebar" at lo cal co ordinate p oin t (10, 10) in the

curren t windo w:

(draw-subst ri ng 10 10 "footheba r" 2 5)

In L E -L ISP , draw-string could b e de�ned in the follo wing manner:

(dmd draw-string (x y s)

`(let ((s ,s))

(draw-substring ,x ,y s 0 (slength s))))

18.5.7 Character strings

A c haracter string on the screen has a display r e ctangle , a b ase p oint and an incr ement p oint .

� The displa y rectangle is the screen zone o ccupied b y the string.

� The base p oin t is the p oin t within the displa y rectangle at the lo w er-left corner of the �rst

c haracter of the string. It is passed to the draw-string function, whic h displa ys the string

at the p oin t (x, y) . (See the description of draw-string .)

� The incremen t p oin t is a p oin t of the displa y rectangle that can b e used as the base p oin t of

the next c haracter string, to b e displa y ed after the curren t string.

The follo wing diagrams illustrate these v arious quan tities.

The display r e ctangle (width and heigh t):

width

<---------------------- ------- >

^+---------------------- ------- +

|| | | |

|| .... | ..... | ..... |

|| . | . . | . . |

|| . | . . | . . |

height || .... | . . | . . |

|| . | . . | . . |

|| . | . . | . . |

|| . | ..... | ..... |

|| | | |

|| | | |

v+---------------------- ------- +



WINDO WS 18-23

The b ase p oint (in the lo cal co ordinates of the displa y rectangle):

x-base

<->

^+---------------------- ------- +

|| | | |

|| .... | ..... | ..... |

|| . | . . | . . |

|| . | . . | . . |

y-base || .... | . . | . . |

|| . | . . | . . |

|| . | . . | . . |

v| . | ..... | ..... |

| | | |

| | | |

+---------------------- ------- +

The incr ement p oint (relativ e to the base p oin t):

x-inc

<------------------------->

+---------------------- ------- +

| | | |

| .... | ..... | ..... |

| . | . . | . . |

| . | . . | . . |

| .... | . . | . . |

| . | . . | . . |

| . | . . | . . |

y-inc 0 | b. | ..... | .....i |

| | | |

| | | |

+---------------------- ------- +

In the ab o v e example, the incremen t p oin t and the base p oin t ha v e the same y-co ordinate. The

v alue of y-inc is therefore zero.

These six quan tities, represen ting the visual asp ects of a c haracter string, ob viously dep end on

the displa y attributes suc h as b o dy , b oldface and fon t. They can b e computed b y the follo wing

functions:

(width-su bst ri ng string start length ) [ function with thr e e ar guments ]

(height-s ubs tr ing string start length ) [ function with thr e e ar guments ]
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(x-base-s ubs tr ing string start length ) [ function with thr e e ar guments ]

(y-base-s ubs tr ing string start length ) [ function with thr e e ar guments ]

(x-inc-su bst ri ng string start length ) [ function with thr e e ar guments ]

(y-inc-su bst ri ng string start length ) [ function with thr e e ar guments ]

These functions return the v alues describ ed ab o v e for the length c haracters of the string string

b eginning in p osition start . The v alues returned tak e accoun t of the curren t windo w's fon t. (See

the current-font function.)

The follo wing function can b e used, for example, to determine if the p oin t (px, py) is in the

graphics represen tation of the string "foo" at p osition (x, y) :

(defun in-string p (px py s x y)

(let ((lx (- x (x-base-su bs tri ng s 0 (slength s))))

(ty (- y (y-base-su bs tri ng s 0 (slength s)))))

(and (> px lx)

(> py ty)

(< (- px lx) (width-sub st rin g s 0 (slength s)))

(< (- py ty) (height-su bs tri ng s 0 (slength s))))))

The next function displa ys n strings on the screen, one after the other.

(defun draw-n-st ri ngs (x y string . strings)

(draw-str ing x y string 1)

(while strings

(draw-str in g

(incr x (x-inc-sub st rin g string 0 (slength string)) )

(incr y (y-inc-sub st rin g string 0 (slength string)) )

(nextl strings string))))

(width-sp ace ) [ function with no ar guments ]

(height-s pac e) [ function with no ar guments ]

(x-base-s pac e) [ function with no ar guments ]

(y-base-s pac e) [ function with no ar guments ]

These four functions calculate the width, heigh t and base-p oin t co ordinates of the space c haracter.

They are particularly useful for manipulating �xed-width text.

In L E -L ISP , width-space could b e de�ned in the follo wing manner:
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(defun width-space ()

(width-substring " " 0 1))

(font-hei ght ) [ function with no ar guments ]

Returns the di�erence b et w een the ordinates (y-axis) of t w o successiv e lines of text in the curren t

t yp e fon t.

(font-asc ent ) [ function with no ar guments ]

Returns the ascent of the curren t t yp e fon t. This is the greatest heigh t of a c haracter ab o v e the

base line.

(display- get -f ont -n ame s display max pattern ) [ function with two or thr e e

ar guments ]

T ak es a pattern c haracter string that can con tain the c haracters * (an y series of c haracters, ev en

empt y) and ? (an y c haracter whatso ev er) and returns the names of the loadable t yp e fon ts that

corresp ond to this expression. The pattern argumen t is optional, and is equal to "*" b y default.

The max argumen t lets y ou limit the n um b er of replies, b ecause there could b e a v ery large n um b er

of t yp e fon ts in the system.

In the follo wing example, w e lo ok for all the t yp e fon ts whose names start with "adobe" :

? (display- ge t-f ont -n ame s (current-di sp lay ) 100 "adobe*")

(display- get -f ont -i nfo display font-name font-info ) [ function with two or thr e e

ar guments ]

Returns an instance of the font-info class whose �elds pro vide metric data concerning the

t yp e fon t called font-name . If the font-info argumen t is supplied, this function do es not

allo cate a new instance of font-info , but uses the font-info argumen t, whic h m ust b e of

font-info t yp e. This function do es not require the t yp e fon t called font-name to b e already

loaded. The function is useful, for example, to �nd out whether a t yp e fon t is of �xed or

prop ortional spacing. This function pro vides the follo wing metric data:

� General data on the fon t:

ascent and descent �elds.

� Data concerning the smallest c haracter:

minlbearing , minrbearing , minascent , mindescent and minwidth �elds.

� Data concerning the largest c haracter:

maxlbearing , maxrbearing , maxascent , maxdescent and maxwidth �elds.

� An angle for the slop e of italic fon ts.

� A width, Iweight , for b oldface fon ts.
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The result dep ends up on the screen system, and certain �elds can remain empt y . If the t yp e

fon t called font-name do es not exist, the function returns () .
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Chapter 19

Virtual mouse

The L E -L ISP system pro vides the means to manage a device that selects discrete p oin ts on a high-

resolution screen. This device, called the virtual mouse , can b e an actual ph ysical mouse with one

or sev eral buttons, an optical p en, a graphics tablet, a touc h screen, or an y other p oin ting device.

The binding of the cursor asso ciated with the virtual mouse is alw a ys p erformed b y the underlying

graphics system.

The p oin ting device is alw a ys m ultiplexed with the user k eyb oard. This c hapter describ es all the

p oin ting-device and k eyb oard manipulation functions.

The Virtual Bitmap Displa y device includes ev en ts that are enqueued to re
ect c hanges in the state

of the underlying graphics system. P oin ting-device actions, k eyb oard actions, actions on windo ws

brough t ab out b y agen ts outside the L E -L ISP system, and refresh requests for particular zones of

the screen, all result in ev en ts b eing queued. In addition, the use of structures to represen t ev en ts

mak es the ev en t system easy to extend.

19.1 Ev en ts

An event is an information unit emanating from the Virtual Bitmap Displa y facilit y . This

information migh t b e generated b ecause of one of the follo wing `happ enings':

� a ph ysical mouse action selecting p oin ts in a windo w or sub-windo w in v arious w a ys;

� a k eystrok e;

� an action on windo ws carried out via the underlying windo w manager;

� a windo w refresh request.

The set of ev en ts actually generated dep ends up on the system b eing used. The list of ev en t t yp es

pro vided later on in this c hapter is complete enough to deal with most of the w ell-kno wn graphics

systems. It could easily b e enric hed and extended to deal with other systems.

Ev en ts are stored in a queue that a program can consult at an y time. There is one single ev en t

queue, and all ev en ts are m ultiplexed on a single c hannel.

A con v enien t w a y of managing ev en ts consists of the using the event lo op describ ed in c hapter 6

of this man ual. This approac h generalizes the input/output notion b y harmonizing input from the

1
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k eyb oard and the mouse with all other kinds of input suc h as the reading of a pro cess or a U NIX

pip e.

19.2 Structure and t yp es of ev en ts

event [ structur e ]

This structure describ es L ISP ob jects that represen t ev en ts in the queue. It has the follo wing

de�nition:

(defstruct event

code window detail gx gy x y w h)

The code �eld con tains a sym b ol describing the ev en t t yp e. The window �eld indicates the

windo w a�ected b y the ev en t, whic h is usually the lo w est windo w in the hierarc h y that

con tained the mouse when the ev en t w as triggered. (See, ho w ev er, the grab-event function.)

The meaning of the other �elds dep ends on the t yp e that the code �eld con tains. The

list of ev en t t yp es is not exhaustiv e and, on some systems, supplemen tary co des could b e

implemen ted. Also, some systems do not generate certain ev en t co des. Only the ascii-event

and down-event ev en ts are implemen ted in all cases. In general, the drag-event , up-event

and move-event ev en ts, with sev eral v alues of the detail �eld, are also fully implemen ted.

Note : F rom this p oin t on, an ev en t name suc h as drag-event will often b e used to refer b oth

to the ev en t t yp e and to an instanc e of that ev en t. This enables us to a v oid a wkw ard phrases

suc h as ` drag-event ev en t'.

The v arious ev en t t yp es are describ ed b elo w.

move-even t [ event ]

The move-event describ es a p oin ting-device mo v emen t when no buttons are pushed. The gx

and gy �elds in the asso ciated ev en t structure represen t the global co ordinates of the mouse

at the momen t of the ev en t, while x and y are the mouse co ordinates relativ e to the lo cal

window co ordinate system.

down-even t [ event ]

drag-even t [ event ]

up-event [ event ]

down-event indicates that a mouse button has b een pushed. It can b e follo w ed b y an y n um b er of

drag-event s indicating that the mouse w as mo v ed while a button w as held do wn.
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The n um b ers gx , gy , x and y pla y the same r^ ole as in the case of the move-event ev en t.

detail is a n umeric co de describing the action of pushing a button. It enco des information

ab out whic h button w as pushed, whether the button single-clic k ed, double-clic k ed or triple-

clic k ed, whether a k ey w as b eing held do wn at the same time that the button w as pushed,

etc. The v alues of detail lie b et w een zero and some p ositiv e in teger, dep ending up on the

system. The zero v alue corresp onds to the simplest manner in whic h a button can b e pushed

in the underlying graphics system.

The system guaran tees that, after a down-event o ccurs in a windo w, it receiv es a matc hing

up-event .

ascii-eve nt [ event ]

This ev en t indicates that a c haracter has b een t yp ed on the k eyb oard. detail represen ts

the ASCI I co de of the t yp ed c haracter. The windo w a�ected b y this ev en t is the one that

w as designated as the recipien t of k eyb oard ev en ts, either b y the system or b y a call to the

current-keyboard-focus-window function. (See the description of this function.)

modify-wi ndo w- eve nt [ event ]

This ev en t indicates that an agen t outside the L E -L ISP system has mo di�ed the size or the

p osition of window . gx , gy , w and h represen t the new p osition and size of the windo w. After

an ev en t of this t yp e o ccurs, the update-window function m ust b e called, so that the L ISP

data structures represen ting the windo w are k ept up to date.

kill-wind ow- ev ent [ event ]

This ev en t indicates that an agen t external to the L E -L ISP system is requesting the destruction

of window . After this t yp e of ev en t o ccurs, and when the program `agrees' to kill the windo w,

the kill-window function m ust b e called to actually carry out this task.

enterwind ow- ev ent [ event ]

leavewind ow- ev ent [ event ]

These ev en ts indicate that the mouse en tered or left a windo w. window is the windo w

concerned.

repaint-w ind ow -ev en t [ event ]

This ev en t indicates that the system needs to refresh a part of window , and is asking L E -L ISP

to do the w ork. x , y , w and h represen t the rectangular zone of the windo w to b e repain ted. x

and y are giv en in the windo w's lo cal co ordinates. When this ev en t o ccurs, it is p ossible that

the zone has b een erased, that is, �lled with the (standard-background) color.

The standard reaction to this ev en t is to call a function to redra w the windo w's con ten ts b y
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dra wing the clipping region in the sp eci�ed refresh zone. This can b e done in the follo wing

manner:

(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 ev en t also mak es it p ossible to sync hronize L E -L ISP and the underlying windo w system. In some

systems|the X W INDO W system, for example|an arbitrary time can pass b et w een the return

of the create-window function and the actual creation of the windo w on the screen. The �rst

repaint-window-event indicates that the windo w has actually b een created.

All op erations carried out on a windo w b et w een the o ccurrence of the create-window ev en t and

the repaint-window-event ev en t are in general lost. It is therefore imp ortan t to w ait for the

refresh ev en t b efore doing an ything in the windo w. F or a b etter understanding of ev en t handling,

see the process-events function in the Dr awing in windows section of Chapter 18, as w ell as the

process-events function in the examples of grab-event in this c hapter.

keyboard- foc us -ev en t [ event ]

This ev en t indicates that the host system has c hanged the o wner of the k eyb oard. window con tains

either the new o wner or () if the o wner is no longer a windo w managed b y L E -L ISP . After an ev en t

of this t yp e, the current-keyboard-focus-wi ndow function m ust b e called so that the L ISP data

structures represen ting the windo w are k ept up to date.

map-windo w [ event ]

This ev en t o ccurs when a windo w comes to the top of all the other windo ws.

unmap-win dow [ event ]

This ev en t o ccurs when a windo w disapp ears from the screen or is iconi�ed.

visibilit y-c ha nge [ event ]

This ev en t o ccurs when the lev el of visibilit y of a windo w c hanges. The detail �eld of the ev en t is

a p ositiv e in teger with the follo wing p ossible v alues:

� 0 : totally visible
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� 1 : partly visible

� 2 : totally in visible.

client-me ssa ge [ event ]

This is a comm unication-t yp e ev en t whose detail �eld con tains the message sen t, if it is a c haracter

string.

19.3 Mouse mo des

The mouse can function in sev eral mo des, whic h are determined b y the settings of t w o indep enden t


ags, the abbreviated mouse mo de 
ag and the mouse in terrupt mo de 
ag.

If the abbr eviate d mouse mo de 
ag is set, the insertion of a new move-event in the ev en t queue

pro ceeds according to the follo wing rules:

� If the last ev en t in the queue is also a move-event , or a drag-event , the new ev en t r eplac es

the previous one.

� Otherwise it is adde d to the queue, as in the normal case.

This mec hanism allo ws the size of the ev en t queue to b e k ept small.

If the mouse interrupt mo de 
ag is set, a programmable in terrupt named event is raised just b efore

an y ev en t is added to the queue.

(event-mo de mode ) [ function with an optional ar gument ]

mode b ecomes the new mouse mo de. Without an event-mode argumen t, this function returns the

curren t mouse mo de. Used with the with con trol structure, this function can temp orarily mo dify

the mouse mo de.

The co des are de�ned as follo ws:

Mo de Mouse in terrupt mo de* Abbreviated mouse mo de

0

2 �

4 �

6 � �

* This is the case on some systems only .

A t the initialization of the system, the mouse mo de is zero. The event in terrupts are not

raised, and the queue do es not use abbreviated mouse mo de.
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19.4 Ev en ts queue

Ev en ts are instances of the event structure, and are placed on to the ev en t queue.

The length of the ev en t queue dep ends on the particular system. If the queue o v er
o ws, the oldest

ev en ts are lost or, in the w orst of cases|as with some X W INDO W implemen tations| L E -L ISP is

abruptly killed.

(eventp) [ function with no ar guments ]

This predicate is true if there is at least one ev en t w aiting for service in the queue. This function

nev er mo di�es the con ten ts of the queue.

(read-eve nt event ) [ function with an optional ar gument ]

(peek-eve nt event ) [ function with an optional ar gument ]

These functions pro vide w a ys to read and examine the next ev en t in the queue. The read-event

function remo v es the �rst ev en t from the queue, while peek-event just examines it without

remo ving it.

These functions return an instance of the event structure whose �elds ha v e b een �lled with the

descriptors of the ev en t b eing read or examined.

If an argumen t is pro vided, it m ust b e an instance of the event structure, and it is this structure,

duly up dated, that is returned. Otherwise, a common global structure instance is alw a ys returned,

since successiv e calls to these functions up date its con ten ts.

Both read-event and peek-event call the bitmap-flush function b efore reading the ev en t queue.

This guaran tees that displa y op erations are actually carried out b efore user actions are handled.

The follo wing function prin ts a trace of mouse ev en ts:

(defun trace-events ()

(let (e)

(loop

(setq e (read-event))

(print "place " (#:event:x e) ", " (#:event:y e)

" event " (#:event:code e))))))

In general, ev ery program should con tain an ev en t-handling routine. The process-events

function of Chapter 18 is an example of suc h a routine.

(flush-ev ent ) [ function with no ar guments ]

Empties all w aiting ev en ts from the ev en ts queue.

(add-even t event ) [ function with one ar gument ]
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(add-even t gx gy code ) [ function with thr e e ar guments ]

If there is a single argumen t, add-event copies event on to the head of the ev en t queue. This

function is particularly useful for extending the a v ailable t yp es of ev en ts.

When there are three argumen ts, add-event b eha v es lik e the follo wing 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-eve nt window ) [ function with an optional ar gument ]

Giv en a windo w argumen t, grab-event mak es it the o wner of all the ev en ts in the queue. This

means that all mouse ev en ts ( down-event , drag-event , up-event and move-event ) and k eyb oard

ev en ts ( ascii-event ) will then ha v e window as their destination. On some systems, where the

mouse is shared b y sev eral programs, this function also mak es L E -L ISP the o wner of the mouse.

Consequen tly , programs other than L E -L ISP no longer receiv e mouse ev en ts.

If the argumen t has the v alue () , the mouse is treated normally .

Without an argumen t, grab-event returns the L ISP windo w that o wns the queue, or () if no L ISP

windo w has called the grab-event function.

This function is particularly useful for forcing the user to con�rm that he really w an ts a certain

op eration to b e p erformed. A t ypical example migh t in v olv e a question from the mac hine, suc h as:

Do you r e al ly want to er ase al l your �les?

Making L ISP the o wner of the mouse migh t render the system un usable in the case of a L ISP error.

If this w ere to happ en, it w ould no longer b e p ossible to select another windo w with the mouse in

order to kill L E -L ISP . This function should therefore b e used with care.

Let us lo ok at an example. The follo wing function creates a windo w and blo c ks all op erations|

ev en those mean t for or coming from other programs that share the screen with L ISP |un til the

user clic ks the mouse in the windo w. Notice that the grab-event function is not called un til the

o ccurrence of the �rst repaint-window-event for the con�rmation windo w. This message indicates

that the windo w has actually b een created, and it mak es it p ossible to sync hronize the `grabbing'

of the mouse with the creation of the windo w.

(defun confirm (string)

(let ((window (create-win do w 'window 100 100 100 100 "" 0 1)))

(protect

(process-ev en ts window string)

(grab-event ())

(kill-windo w window)

(bitmap-flu sh ))) ))

(defun process-e ve nts (window string)
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(untilexi t done

(let ((event (read-eve nt )))

(selectq (#:event:c ode event)

(down-even t (exit done))

(repaint-w ind ow- ev ent

(when (eq (#:event :wi ndo w event) window)

(grab-even t window)

(with ((current -wi nd ow window))

(draw-str ing 10 50 string))))

))))

(allow-ev ent display event ) [ function with two ar guments ]

This function lets y ou add event to the list of ev en ts handled b y the displa y device called display .

All windo ws created after this function is called, will ask the system to receiv e this new t yp e of

ev en t, except if they ha v e sp eci�ed their o wn ev en t lists. The function returns the ev en t.

Example:

(allow-event (current-display) 'functionkey-event)

(disallow -ev en t display event ) [ function with two ar guments ]

This function lets y ou remo v e event of the list of the ev en ts handled b y the displa y device called

display . All windo ws created after this function is called, will ask the system to receiv e this new

t yp e of ev en t, except if they ha v e sp eci�ed their o wn ev en t lists. The function returns the ev en t.

Example:

(disallow-event (current-display) 'functionkey-event)

(allowed- eve nt -p display event ) [ function with two ar guments ]

This predicate indicates whether event b elongs to the ev en ts handled b y the displa y device called

display . If this is the case, it returns the ev en t. Otherwise, it returns () .

19.5 Programmable in terrupts

It m ust b e p oin ted out that the event programmable in terrupt is not a v ailable in some systems.

event [ pr o gr ammable interrupt ]

When the mouse in terrupt 
ag is set, the event programmable in terrupt is triggered just b efore

the p osting of an ev en t on to the ev en t queue. (See the event-mode function.) In suc h a case, the

ev en t is not added to the ev en t queue. Instead, the in terrupt receiv es as an argumen t the ev en t

that triggered the in terrupt.
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This in terrupt has the same status as the break and clock in terrupts. It is inhibited b y the function

with-no-interrupts and, during the handling of event in terrupts, all other in terrupts are blo c k ed

b y an implicit call to this same function. The ev en ts that o ccur during the handling of an event

in terrupt are added normally to the queue. The function called b y this in terrupt to actually handle

ev en ts m ust empt y the queue b efore termination.

The default handling of this in terrupt consists of adding the ev en t to the queue b y using the

add-event function, as describ ed in the function b elo w.

(event event ) [ function with one ar gument ]

This is the standard ev en t-handling function asso ciated with the event programmable in terrupt.

In L E -L ISP , event could b e de�ned in the follo wing manner:

(defun event (event)

(add-event event))

19.6 Sync hronous mouse trac king

The next function informs y ou, at all times, of the p osition and state of the mouse.

(read-mou se event ) [ function with an optional ar gument ]

Returns an instance of the event structure whose �elds describ e the curren t p osition and state

of the mouse. If an argumen t is supplied, it is this structure, duly up dated, that is returned.

Otherwise, the same structure instance is alw a ys returned, since successiv e calls to read-mouse

up date its con ten ts.

The �elds of the structure ha v e the follo wing meanings:

� gx , gy : global co ordinates of the mouse.

� window : `lo w est' windo w (in stac king order) app earing under the curren t mouse p osition.

� x , y : windo w-lo cal mouse co ordinates.

� detail : state of the mouse buttons. A zero v alue indicates that all buttons are up.

19.7 Virtual men us

Virtual men us allo w the user to mak e a c hoice from among a set of c haracter strings.

A men u prop oses a c hoice in one or sev eral lists of c haracter strings called sele ction lists . The

op erations actually carried out on the screen in order to p ost c hoices, and then v alidate the

particular c hoice, dep end on the system b eing used. Selection lists can b e implemen ted in one

of sev eral w a ys:
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� Pull-do wn men us h ung o� a men u bar, in an Apple Macin tosh st yle.

� W andering men us, as in the Sun Microsystems SunViews pro duct.

� A dec k of cards, as in the XMen u pac k age.

(create-m enu ti n

1

v

1

: : : n

n

v

n

) [ function with a variable numb er of ar guments ]

Creates and initializes a men u con taining the items n

i

with v alues v

i

in a selection list named ti .

The n

i

and v

i

argumen ts ha v e the same meanings as those of the string and value argumen ts in

the menu-insert-item function. The selection list and the men u items placed in the men u are all

activ e. Here is an example of the creation of a men u:

? (setq menu (create-men u "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-men u menu ) [ function with one ar gument ]

Destro ys menu .

(activate -me nu menu x y ) [ function with thr e e ar guments ]

Displa ys and activ ates menu at the global co ordinate p oin t (x, y) . This function returns either the

v alue asso ciated with the c hosen item, or () if the user did not mak e a c hoice.

(menu-ins ert -i tem -l ist menu choice string active ) [ function with four

ar guments ]

Inserts a new selection list, named string , in the choice p osition of the selection list of menu . If

choice has the v alue 0, the list b ecomes the �rst selection list. If choice is greater than or equal

to the n um b er of selection lists in the men u, it is added in the last p osition.

The short in teger active indicates whether the selection list to b e added is selectable (v alue 1 ) or

not (v alue 0 ).

The menu-insert-item-list function returns the index of the inserted selection list as its v alue.

(menu-ins ert -i tem menu choice item string active value ) [ function with six

ar guments ]
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Adds an item to a men u in the item p osition of the choice list. item indicates the item's ro w in the

men u, coun ting from zero. value is the v alue asso ciated with the item, and m ust b e a L ISP ob ject

not equal to () . The activate-menu function returns this v alue when the item has b een c hosen.

active is a short in teger acting as a 
ag, indicating whether the item is selectable ( active = 1 ) or

not ( active = 0 ).

The menu-insert-item function returns the index of the inserted item as its v alue.

(menu-del ete -i tem -l ist menu choice ) [ function with two ar guments ]

Remo v es the selection list in the choice ro w, coun ting from zero, in menu .

(menu-del ete -i tem menu choice item ) [ function with thr e e ar guments ]

Remo v es item from the choice selection list of menu .

(menu-mod ify -i tem -l ist menu choice string active ) [ function with four

ar guments ]

Mo di�es the selection list whose index is choice in menu . If either string or active has the v alue

() , it is not mo di�ed.

(menu-mod ify -i tem menu choice item string active value ) [ function with six

ar guments ]

Mo di�es a men u item. If either string , value or active has the v alue () , it is not mo di�ed.

19.8 Cut and P aste

The virtual bitmap prop oses t w o cut-&-paste functions that can w ork in conjunction with other

applications when the screen system allo ws it.

(display- sto re -se le cti on display buffer ) [ function with two ar guments ]

T ak es the buffer c haracter string and copies it in to a bu�er asso ciated with the displa y device

called display . If the displa y device allo ws it, buffer is shared with all non- L E -L ISP applications

that use this displa y device.

(display- get -s ele ct ion display ) [ function with one ar gument ]

This function retriev es a c haracter string represen ting the curren t selection in the displa y device

called display . If the displa y device o�ers this c haracteristic (this is true for X11 ), this function

lets y ou retriev e a c haracter string coming from another application using the same displa y device.
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Chapter 20

Graphics primiti v es

This c hapter describ es the p ortable graphics asp ects of the Virtual Bitmap Displa y ( vbd )

facilit y . These primitiv es constitute a virtual graphics in terface that pro vides y ou with the means

to dra w and �ll �gures and to displa y text on color bitmap screens.

20.1 Graphics en vironmen ts

The gr aphics envir onment is the set of graphics attributes emplo y ed b y a dra wing function. The

follo wing attributes are retained b y the vbd facilit y:

� cursor: current-cursor

� foreground color: current-foreground

� bac kground color: current-background

� c haracter fon t: current-font

� �ll pattern or texture: current-pattern

� line st yle: current-line-style

� dra wing (com bination) mo de: current-mode

� clipping zone: current-clip .

A separate graphics en vironmen t is attac hed to eac h windo w. All the graphics op erations use the

graphics attributes de�ned in the graphics en vironmen t of the curren t windo w.

A set of functions, describ ed b elo w, allo ws the graphics en vironmen t of the curren t windo w to b e

mo di�ed.

20.1.1 Curren t fon t

A fon t is a collection of �gures used b y the draw-cn , draw-string and draw-substring functions

to represen t c haracters on the screen. In the Virtual Bitmap Displa y , a fon t is represen ted b y a

small in teger called the fon t iden ti�er.

1



20-2 CHAPTER 20. GRAPHICS PRIMITIVES

A n um b er of fon ts is initally a v ailable in the system. Some of these fon ts ha v e standard uses. (See

the standard-roman-font function.) A new fon t can b e added to the system at an y time|the

system simply allo cates a new fon t iden ti�er for it. The name of the fon ts a v ailable for loading

dep ends of course on the system b eing used.

(current- fon t font ) [ function with an optional ar gument ]

font b ecomes the fon t for the curren t graphics en vironmen t. Called without an argumen t,

current-font returns the fon t for the curren t graphics en vironmen t. font is a fon t iden ti�er,

that is, an in teger b et w een zero and (font-max) . The n um b er of utilizable fon ts, their image on

the screen and their sizes all dep end on the system b eing used.

(font-max ) [ function with no ar guments ]

Returns the biggest legal argumen t usable in a call to the current-font function, that is also equal

to the n um b er of fon ts a v ailable min us one. This n um b er is alw a ys greater than or equal to one.

(load-fon t string ) [ function with one ar gument ]

Loads the fon t describ ed in the system b y the c haracter string string . It returns a small in teger

whic h can b e used as a parameter to the current-font function. Subsequen t calls to the font-max

function will re
ect the fact that this new fon t w as loaded in to the system. If the c haracter fon t

named string w as already loaded, load-font will return its fon t iden ti�er.

The v alue of the string called string dep ends on the system and is absolutely not p ortable.

If the fon t do es not exist in the system b eing used, the erroob error is raised, with the follo wing

screen displa y:

** load-font: out of bounds : <string>

(font-nam e font ) [ function with one ar gument ]

Returns the c haracter string that describ es the fon t whose iden ti�er is font , an in teger b et w een 0

and (font-max) .

20.1.2 F oreground and bac kground colors

The foreground color is the color used for dra wing lines and c haracters and for �lling zones when the

curren t �ll pattern is standard-foreground-pattern . The bac kground is used as the bac kground of

c haracter designs and to �ll zones when the curren t �ll pattern is standard-background-pattern .

Tw o colors are initally a v ailable, standard-foreground and standard-background . (See the

function of the same names.) New colors can b e constructed b y either using the r gb system of

color de�nition, or b y using a Virtual Bitmap Displa y facilit y database whic h allo ws colors to b e

named sym b olically . Since colors are exp ensiv e resources, and since only a few are usually needed,

it is suggested that they b e freed as so on as they are no longer b eing used.
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One can also allo cate dynamically mo di�able colors. In general, these are ev en more exp ensiv e

resources than the regular colors just describ ed.

(current- for eg rou nd color ) [ function with an optional ar gument ]

(current- bac kg rou nd color ) [ function with an optional ar gument ]

These function examine or, if an argumen t is pro vided, set the foreground and bac kground colors

of the curren t windo w.

(name-to- rgb name ) [ function with one ar gument ]

T ak es the name of a color, name , and returns the corresp onding R GB v alues (red, green and blue)

in the form of a v ector of three in tegers. If this color do es not exist, () is returned.

(get-rgb- val ue s pixel ) [ function with one ar gument ]

T ak es a color pixel v alue, pixel (of the kind that w ould b e returned b y the byteref function),

and returns the corresp onding R GB v alues (red, green and blue) in the form of a v ector of three

in tegers. If this pixel v alue do es not corresp ond to a color, () is returned.

(make-col or red green blue ) [ function with thr e e ar guments ]

red , green and blue are in tegers in the range of zero to 32767 . make-color returns a new color

with r gb comp onen ts equal to the argumen t v alues. A v alue of 32767 indicates saturation. Blac k

and white are represen ted, therefore, b y the follo wing colors:

(setq black (make-col or 0 0 0))

(setq white (make-col or 32767 32767 32767))

(make-nam ed- co lor name ) [ function with one ar gument ]

Returns a new color whose r gb comp onen ts are those sp eci�ed in the system color database. A

certain system-dep enden t n um b er of colors are prede�ned in this database.

(setq red (make-na med -co lo r "red"))

(setq gr (make-nam ed- col or "goldenrod ") )

(make-mut abl e- col or red green blue ) [ function with thr e e ar guments ]

This function is similar to the last one but returns a mo di�able color, whose r gb comp onen ts

can b e c hanged in the course of a session. In certain cases, this enables y ou to carry out e�cien t

animations. (See the example b elo w.)
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(kill-col or color ) [ function with one ar gument ]

F rees the color color . A color can no longer b e used after this function has b een called on it.

(red-comp one nt color value ) [ function with one or two ar guments ]

(green-co mpo ne nt color value ) [ function with one or two ar guments ]

(blue-com pon en t color value ) [ function with one or two ar guments ]

Giv en a single argumen t these functions return the v alue of the corresp onding (red, green, or blue)

comp onen t of color . If t w o argumen ts are supplied, color m ust b e a mo di�able color. (See the

make-mutable-color function.) These functions then mo dify the v alue of the corresp onding (red,

green or blue) comp onen t of the color. value has the same meaning here as in the argumen t lists

of the make-color and make-mutable-color functions.

Here is an example of the use of mo di�able colors in an animation:

(defun modifiabl e- col ors (n)

; return a list of n modifiabl e colors

(let ((res ()))

(repeat n

(newl res (make-muta bl e-c ol or 0 0 0)))

res))

(defun draw-bar (colors)

; draw the form to animate,

; fill it with the foregrou nd color

(current- pat te rn (standard- for egr ou nd- pa tte rn) )

(let ((circolo rs (apply 'cirlist colors)))

(for (i 150 -3 1)

(current-f or egr ou nd (nextl circolors ))

(fill-circ le 150 50 i))))

(defun animate-b ar (colors)

; animate the colors in the color list

(let ((circolo rs (apply 'cirlist colors)))

(while t

(red-compo nen t (nextl circolors ) 0)

(red-compo nen t (car circolor s) 32767)

(bitmap-fl ush )

(flush-eve nt) )) )

(defun animation (n)

(with ((curren t-w ind ow (create-wi nd ow '#:image:r ect an gle :w ind ow

100 100 300 100 "tube" 1 1)))

(let ((colors (modifiabl e-c ol ors n)))

(protect

(progn (draw-bar colors)

(animate- ba r colors))

(mapc 'kill-colo r colors)



GRAPHICS ENVIR ONMENTS 20-5

(kill-wind ow (current-w ind ow) )

(bitmap-fl ush ))) ))

T est the example with (animation 5) or ev en (animation 45) . Quit b y t yping CONTR OL - C .

20.1.3 Cursor

The cursor is the mouse's image on the screen. Three prede�ned cursors| standard-lelisp-cursor ,

standard-gc-cursor and standard-busy-cursor |are a v ailable.

(current- cur so r cursor ) [ function with an optional ar gument ]

cursor b ecomes the cursor for the curren t screen. Called without an argumen t, current-cursor

returns the curren t cursor. cursor is a small p ositiv e in teger whic h designates a cursor. The n um b er

of di�eren t cursors a v ailable and their image on the screen dep end on the system b eing used.

(cursor-m ax) [ function with no ar guments ]

Returns the largest legal argumen t usable in a call to the function current-cursor .

(make-cur sor b1 b2 x y ) [ function with four ar guments ]

Returns a new cursor iden ti�er. b1 and b2 are bitmaps that hold the foreground dra wing and the

bac kground pattern of the cursor. x and y are the co ordinates of the `hot p oin t' of the cursor.

(make-nam ed- cu rso r name ) [ function with one ar gument ]

This function loads a new cursor whose name, name , m ust b e a c haracter string from the follo wing

list:

� circle : transparen t circle

� cross : crossroads

� crosshair : thin cross

� diamond-cross : diamond comp osed of four triangles

� dot : full circle

� exchange : icon represen ting an exc hange of t w o en tities

� compass : north/south/east/w est icon.

� left-hand : handing p oin ting left

� heart : heart
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� x-cross : x-shap ed cross

� left-ptr : arro w p oin ting left

� mouse : computer mouse

� pencil : p encil

� pirate : skull and crossb ones

� plus : addition sym b ol

� question : question mark

� sizing : icon represen ting a size c hange

� spray : spra y can

� watch : w atc h indicating w ait time

� i-beam : v ertical insertion bar.

The new cursor is only inserted in to the list of a v ailable cursors if it w as not there already . The

named cursors are p ortable, since they are similar on all Virtual Bitmap implemen tations.

(cursor-n ame num ) [ function with one ar gument ]

T ak es a cursor n um b er (suc h as the current-cursor function w ould supply), and returns either

the c haracter string corresp onding to the name of this cursor, if it is a named cursor, or () if this

is not the case. If this n um b er do es not corresp ond to a loaded cursor, an error is raised.

(move-cur sor x y ) [ function with two ar guments ]

Displaces the curren t cursor to the global co ordinate-relativ e p oin t (x, y) on the screen.

20.1.4 Line st yle

The line st yle describ es the w a y that lines are dra wn. The draw-polyline , draw-rectangle ,

draw-circle and draw-ellipse functions all use lines that are a�ected b y the line st yle. A n um b er

of di�eren t st yles|suc h as dotted and double-dashed|are initally a v ailable, dep ending on the

system b eing used.

(current- lin e- sty le line-style ) [ function with an optional ar gument ]

line-style b ecomes the line st yle for the curren t windo w. Called without an argumen t,

current-line-style returns the curren t line st yle. line-style is a small p ositiv e in teger whic h

designates a line st yle. The n um b er of di�eren t a v ailable st yles and their images on the screen

dep end on the system b eing used.



GRAPHICS ENVIR ONMENTS 20-7

(line-sty le- ma x) [ function with no ar guments ]

Returns the biggest legal argumen t usable in a call to the current-line-style function.

(make-lin e-s ty le width style ) [ function with two ar guments ]

Creates a new line-dra wing st yle and returns its n um b er. The new st yle is de�ned b y width ,

expressed in pixels. and style , whic h is a p ositiv e in teger that will in terpreted b y the particular

kind of displa y device. F or example, in X11, there are three p ossible st yles: 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 t w o-color patterns. A pattern or texture is lo cated b y use of a pattern iden ti�er, a n um b er

b et w een zero and the v alue of (pattern-max) .

Single-color patterns called standard-foreground-pat tern and standard-background-patte rn

can b e used to �ll forms with the curren t foreground or bac kground color.

The other patterns ha v e t w o color v alues whic h are indep enden t of the foreground and bac kground

colors. A n um b er of t w o-color patterns are initally a v ailable whic h pro vide a set of `gra y-tones', or

mixtures of colors. (See the standard-gray-pattern function.)

New t w o-color patterns can b e created using icons as the starting p oin t. The pattern will do a �ll

b y regularly rep eating the icon image on the screen.

(current- pat te rn pattern ) [ function with an optional ar gument ]

pattern b ecomes the pattern for the curren t graphics en vironmen t. Called without an argumen t,

current-pattern returns the curren t pattern. pattern is a small p ositiv e in teger whic h designates

a pattern. The n um b er of di�eren t patterns a v ailable and their image on the screen dep ends on the

system b eing used.

(pattern- max ) [ function with no ar guments ]

Returns the biggest legal v alue whic h can b e used in a call to the current-pattern function.

(make-pat ter n bitmap ) [ function with one ar gument ]

Returns a new pattern iden ti�er. The use of this pattern in a �ll command will result in the

dupli�cation of the icon bitmap to �ll the zone in question. P atterns made in this w a y will use the

icon's colors and so are indep enden t of the foreground and bac kground colors.

20.1.6 Dra wing (com bination) mo de

In dra wing op erations, the p oin ts dra wn on to the screen (the sour c e p oints or sour c e image ) can b e

com bined in v arious w a ys with the p oin ts already displa y ed on the screen (the destination p oints
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or destination image ). The com bination, or dra wing, mo de do es not ha v e m uc h signi�cance when

more than t w o colors are b eing used. This mo de only w orks, then, with dra wing op erations using

the prede�ned standard-foreground and standard-background colors.

(current- mod e mode ) [ function with an optional ar gument ]

mode b ecomes the dra wing mo de for the curren t graphics en vironmen t. Called without an argumen t,

current-mode returns the curren t dra wing mo de. mode is a small in teger whic h designates a

dra wing, or com bination, mo de. Sixteen mo des are a v ailable, n um b ered from zero to 15 . Eac h

mo de indicates the manner in whic h the dra wing primitiv es will com bine a pixel from the graphics

en vironmen t (stored images, textures, etc.) and a pixel displa y ed on the screen.

The mo des are de�ned as a function of the source pixel, S , and the destination pixel, D , in the

follo wing manner:

S D Resulting pixel

Mode 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1

0 1 0 0 0 0 1 1 1 1 0 0 0 0 1 1 1 1

1 0 0 0 1 1 0 0 1 1 0 0 1 1 0 0 1 1

1 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1

#:mode:se t [ variable ]

#:mode:or [ variable ]

#:mode:xo r [ variable ]

#:mode:no t [ variable ]

These v ariables con tain the most often-used dra wing mo des. They ha v e the follo wing v alues:

#:mode:set 3

#:mode:or 7

#:mode:xor 6

#:mode:not 12

20.1.7 Clipping zone

All graphics op erations will dra w only that part of the requested image whic h, based on the p osition

at whic h the image is to b e attac hed to the curren t windo w, will b e included therein. One can
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furthermore sp ecify a rectangular zone within the windo w to whic h images will b e limited. This is

particularly useful for treating repaint-window-event s, when it is only necessary to redra w the

part of the image e�ected b y the ev en t. (See the read-event function.)

(current- cli p x y w h ) [ function with zer o or four ar guments ]

The rectangle with upp er left-hand corner at the p oin t (x, y) , with width w and heigh t h b ecomes

the curren t clipping rectangle. Called without an argumen t, current-mode returns the curren t

clipping rectangle in the global v ariables #:clip:x , #:clip:y , #:clip:w and #:clip:h . All displa y

op erations are limited b y this clipping rectangle. So, only those op erations requested to b e carried

out within this region will b e p erformed.

#:clip:x [ variable ]

#:clip:y [ variable ]

#:clip:w [ variable ]

#:clip:h [ variable ]

These v ariables con tain the co ordinates of the curren t clipping rectangle after a call to the

current-clip function without argumen ts.

20.2 Graphics primitiv es

The absolutely lo w est-lev el primitiv es are the four functions de�ned in the gks graphics standard,

these b eing draw-polyline , draw-polymarker , fill-area and draw-substring . F or e�ciency

reasons, extensions to these primitiv es are furnished in L E -L ISP . These extensions for the most part

are dedicated to the displa y and �lling of rectangular zones, op erations whic h are often v ery rapid

on bitmap screens. These functions could, of course, b e de�ned using gks primitiv es.

(draw-pol yli ne n vx vy ) [ function with thr e e ar guments ]

vx and vy are t w o v ectors of length greater than or equal to n . This function dra ws the n v ectors

de�ned b y the sequence of p oin ts (vx[0], vy[0]) ... (vx[n-1], vy[n-1]) . The line st yle used

to dra w the v ectors is determined b y the v alue of the curren t line-style parameter. The curren t

dra wing mo de determines ho w the v ectors will b e com bined with ob jects already dra wn on the

screen.

F or example, the follo wing call dra ws a triangle:

(draw-polyl in e 4 #[0 10 20 0] #[0 10 0 0])
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(draw-pol yma rk er n vx vy ) [ function with thr e e ar guments ]

This function is similar to the previous one, but dra ws only the extremities|the endp oin ts|of the

v ectors. The curren t dra wing mo de determines ho w the v ector endp oin ts will b e com bined with

ob jects already presen t on the screen.

F or example, the follo wing call dra ws the v ertices of a triangle:

(draw-polym ar ker 4 #[0 10 20 0] #[0 10 0 0])

(fill-are a n vx vy ) [ function with thr e e ar guments ]

vx and vy are t w o v ectors of length greater than or equal to n . This function �lls the p olygon

de�ned b y the n p oin ts whose (x, y) co ordinates are giv en b y the v ectors vx and vy . The p olygon

is �lled b y the pattern de�ned b y the curren t v alue of the pattern parameter. The curren t dra wing

mo de determines ho w the p olygon will b e com bined with ob jects already dra wn on the screen.

F or example, the follo wing call �lls a triangular zone:

(fill-area 3 #[0 10 20] #[0 10 0])

(draw-sub str in g x y s start length ) [ function with �ve ar guments ]

See Chapter 18 and the description there of the minimal graphics en vironmen t.

(draw-ell ips e x y rx ry ) [ function with four ar guments ]

Dra ws an ellipse whose axes are parallel to the t w o co ordinate axes. The co ordinate p oin t (x, y)

is the cen ter of the ellipse, and rx and ry are in tegers represen ting the t w o half-axes of the ellipse.

(fill-ell ips e x y rx ry ) [ function with four ar guments ]

This function is similar to the last one, except that it �lls the ellipse's outline with the curren t

pattern instead of dra wing it.

These t w o ellipse functions are not, strictly sp eaking, gks primitiv es, but most gks systems pro vide

similar functionalit y b y means of escap e functions.

(clear-gr aph -e nv) [ function with no ar guments ]

See Chapter 18 for a description of the minimal graphics en vironmen t.

20.3 Extended graphics functions

20.3.1 Line-dra wing functions

These functions dra w lines using the line curren t st yle, giv en b y (line-style) . W e giv e their

de�nitions in terms of gks or gks -compatible primitiv es.
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(draw-poi nt x y ) [ function with two ar guments ]

In L E -L ISP , draw-point could b e de�ned in the follo wing manner:

(defun draw-point (x y)

(draw-polymarker 1 (vector x) (vector y)))

(draw-lin e x0 y0 x1 y1 ) [ function with four ar guments ]

In L E -L ISP , draw-line could b e de�ned in the follo wing manner:

(defun draw-line (x0 y0 x1 y1)

(draw-polyline 2 (vector x0 x1) (vector y0 y1)))

(draw-rec tan gl e x y w h ) [ function with four ar guments ]

In L E -L ISP , draw-rectangle could b e de�ned in the follo wing 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-cir cle x y r ) [ function with four ar guments ]

In L E -L ISP , draw-circle could b e de�ned in the follo wing manner:

(defun draw-circle (x y r)

(draw-ellipse x y r r))

(draw-arc x y w h angle1 angle2 ) [ function with six ar guments ]

This function dra ws an arc of a circle or an ellipse in the curren t windo w. This arc is de�ned b y

the rectangle cen tered at x and y , of heigh t h and width w . It dra ws only the p ortion of the ellipse

b et w een the t w o angles angle1 and angle2 , expressed in degrees in a trigonometrical sense (with

the origin at 3 o'clo c k). Here is an example that dra ws the half-circle at (10, 10) with a radius of

20 :

(draw-arc 10 10 40 40 0 180)

(draw-seg men ts n vx1 vy1 vx2 vy2 ) [ function with �ve ar guments ]

As the outcome of a single call, this function dra ws n segmen ts in the curren t windo w. Segmen t

n um b er i is de�ned b y its t w o extremities: (vx[i], vy[i]) and (vx2[i], vy2[i]) . The vx1 ,

vy1 , vx2 and vy2 argumen ts are therefore ob jects of vector t yp e including at least n elemen ts.
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(draw-rec tan gl es n vx vy vw vh ) [ function with �ve ar guments ]

As the outcome of a single call, this function dra ws n rectangles. Rectangle n um b er i is de�ned

b y (vx[i], vy[i], vw[i], vh[i]) . The vx , vy , vw and vh argumen ts are v ectors of in tegers. If

one or sev eral v alues are iden tical for all the rectangles, it is p ossible to pass a single in teger rather

than a v ector whose v alues all iden tical.

20.3.2 Fill functions

These functions �ll zones using the curren t �ll pattern, giv en b y (pattern) . W e giv e their de�nitions

in terms of gks primitiv es.

(fill-rec tan gl e x y w h ) [ function with four ar guments ]

In L E -L ISP , fill-rectangle could b e de�ned in the follo wing 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-cir cle x y r ) [ function with thr e e ar guments ]

In L E -L ISP , fill-circle could b e de�ned in the follo wing manner:

(defun fill-circle (x y r)

(fill-ellipse x y r r))

(fill-arc x y w h angle1 angle2 ) [ function with six ar guments ]

This function �lls in a p ortion of a pie c hart (circle graph) in the curren t windo w. The arc that

is �lled in is de�ned b y the rectangle cen tered at x and y , of heigh t h and width w . It only �lls

in the p ortion of the ellipse b et w een the t w o angles angle1 and angle2 , expressed in degrees in a

trigonometrical sense (with the origin at 3 o'clo c k). Here is an example that dra ws the half-circle

with its cen ter at (10, 10) , and a radius of 20 :

(fill-arc 10 10 20 20 0 180)

(fill-rec tan gl es n vx vy vw vh ) [ function with �ve ar guments ]

Fills n rectangles in a single call. Rectangle n um b er i is de�ned b y (vx[i], vy[i], vw[i],

vh[i]) . The vx , vy , vw and vh argumen ts are v ectors of in tegers. If one or sev eral v alues are

iden tical for all the rectangles, it is p ossible to pass a single in teger rather than a v ector whose

v alues all iden tical.
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(highligh t-r ec tan gl e x y w h ) [ function with four ar guments ]

This function in v erses a rectangle, de�ned as (x, y, w, h) , b y in terc hanging the bac kground color,

current-background , with the dra wing color, current-foreground , and vice v ersa. It therefore

causes in v ersion in a color-screen system. In a mono c hrome system, it has the same e�ect as

fill-rectangle in #:mode:xor mo de. P oin ts that start out with neither the bac kground nor the

foreground color end up with an indeterminate color.

20.3.3 Displa ying text

These functions are de�ned in Chapter 18. They are men tioned here to remind the reader of their

existence and form.

(draw-str ing x y s ) [ function with thr e e ar guments ]

(draw-cn x y cn ) [ function with thr e e ar guments ]

(width-su bst ri ng string start length ) [ function with thr e e ar guments ]

(height-s ubs tr ing string start length ) [ function with thr e e ar guments ]

(x-base-s ubs tr ing string start length ) [ function with thr e e ar guments ]

(y-base-s ubs tr ing string start length ) [ function with thr e e ar guments ]

(x-inc-su bst ri ng string start length ) [ function with thr e e ar guments ]

(y-inc-su bst ri ng string start length ) [ function with thr e e ar guments ]

20.3.4 Bitmaps

bitmap [ structur e ]

A bitmap is a t w o-dimensional bit arra y implemen ted in the form of a L ISP structure as de�ned

b elo w.

The curren t v ersion of the Virtual Bitmap Displa y facilit y manipulates only to w-color bitmaps, with

set bits (v alue 1 ) pain ted with the foreground color and the cleared bits (v alue 0 ) pain ted with the

bac kground color. The v alues of these t w o colors are determined, for an y particular bitmap, at the

momen t the bitmap is created.
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(defstruct bitmap

w

h

extend

display)

The w and h �elds con tain the width and heigh t of the bitmap. These are short in tegers. The

con ten ts of the extend �eld are system-dep enden t, although it often con tains a p oin ter to an

external memory zone con taining the bitmap bits. This �eld cannot b e manipulated b y the

user. The w and h �elds can only b e examined via the #:bitmap:w and #:bitmap:h functions.

The bitmap's set of image p oin ts can b e examined and a�ected b y the #:bitmap:bits

function, describ ed b elo w.

(create-b itm ap w h bits ) [ function with two or thr e e ar guments ]

Creates and returns a new bitmap. The optional third argumen t is analogous to the second

argumen t of the #:bitmap:bits function. It allo ws the bitmap's set of image p oin ts to b e

initalized from the p oin t store.

(window-b itm ap window ) [ function with one ar gument ]

Returns the bitmap store of the graphics en vironmen t of window . This bitmap store is shared

with the graphics en vironmen t of window . All op erations on one of these are therefore re
ected

in the other.

(#:bitmap :w bitmap ) [ function with one ar gument ]

(#:bitmap :h bitmap ) [ function with one ar gument ]

These t w o functions rep ort the v alues of the w and h �elds of the bitmap passed as their

argumen t.

(#:bitmap :bi ts bitmap bits ) [ function with one or two ar guments ]

Giv en a single argumen t, #:bitmap:bits returns a L ISP ob ject represen ting the set of image

p oin ts of bitmap . With t w o argumen ts, it copies the set of p oin ts describ ed b y the L ISP ob ject

bits in to bitmap . This function is particularly useful for reading and writing bitmaps, and for

loading a set of prede�ned bitmaps, for example a set of icons used b y another programming

language pro cessor.

A set of p oin ts is represen ted b y a v ector of c haracter strings, these b eing of t yp e bitvector .

Eac h string represen ts a line of the bitmap. The �rst c haracter of the �rst string describ es the

�rst eigh t bits of the �rst line of the bitmap. The most signi�can t bit in this string corresp onds

to the �rst (leftmost) bit in the bitmap.

If a string do es not con tain enough c haracters to �ll a line of the bitmap, the remaining

bits are set to a system-dep enden t `garbage' v alue. If a string con tains more c haracters than

needed to �ll a line, the surplus c haracters are ignored and do no harm.
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#* [ #-macr o ]

This macro allo ws c haracter strings of t yp e bitvector to b e �lled with hexadecimal v alues.

F or example, #*aa is read as a c haracter string of t yp e bitvector con taining the eigh t bits

10101010 . And #*012a10 is read as a c haracter string of t yp e bitvector con taining the 24

bits 000000010010101000010000 .

(#:bitvec tor :p rin bitvector ) [ function with one ar gument ]

(#:bitmap :pr in bitmap ) [ function with one ar gument ]

These functions are used b y the system to prin t a bitmap. If the #:system:print-for-read


ag is set, the bits of the bitmap are also b e prin ted. This mak es it p ossible for bitmaps to

b e easily sa v ed in to �les.

The format used to write a bitmap is determined b y the 
ag that w e no w presen t.

#:system: com pr ess ed -ic on [ variable ]

If this v ariable is not equal to () , bitmaps will b e prin ted using a compressed mo de whic h

gains a space factor of around �v e. This is re
ected in prop ortionally faster read times, to o.

If this 
ag is not set, then bitmaps are simply prin ted as they app ear.

It is not necessary to set this 
ag when reading in bitmaps, for the read format is automatically

determined from the read source. It is strongly suggested that the 
ag b e set when doing I/O

on v ery large bitmaps.

#b w h bits [ #-macr o ]

This # -macro reads in a bitmap. The required parameters w and h indicate the width and

heigh t of the bitmap. The optional bits parameter is the L ISP represen tation of the image

p oin ts of the bits bitmap. It m ust b e a v ector of c haracter strings, eac h of whic h is a string

of t yp e bitvector .

#B(24 13) is read as #.(create -bi tm ap 24 13)

#B(2 2 #[#*8 #*4]) is read as #.(create -bi tm ap 2 2 #[#*8 #*4])

The latter example refers to the follo wing little 2 � 2 bitmap:

+-+-+

|*| |

+-+-+

| |*|

+-+-+

(defsharp |B| ()

(ncons (apply 'create-bi tm ap (read))))
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(kill-bit map bitmap ) [ function with one ar gument ]

kill-bitmap lib erates the memory space used b y the bitmap passed to it as an argumen t. This

function is necessary for bitmaps that con tain p oin ters to a memory zone external to the L E -L ISP

system. A bitmap should nev er b e used again after this function has b een applied to it.

(defun kill-bitmap (bitmap)

(to-bitmap 'kill-bitmap bitmap))

(bmref bitmap x y ) [ function with thr e e ar guments ]

(bmset bitmap x y bit ) [ function with four ar guments ]

These functions are used to examine and mo dify the bit at co ordinate (x, y) in bitmap .

(bitblit b1 b2 x1 y1 x2 y2 w h ) [ function with eight ar guments ]

Copies the rectangle whose upp er left-hand corner is (x2, y2) , with width w and heigh t h , from

the bitmap b2 in to the bitmap b1 at co ordinate p oin t (x1, y1) .

The p oin ts of the source zone in b2 com bine with the destination bits in b1 in one or other of the

follo wing mo des:

� Curren t com bination mo de (see the current-mode function) if the bitmap b1 is a windo w.

� Otherwise, in global (top windo w) mo de.

The v alue returned b y bitblit has no particular meaning.

b1 and b2 can represen t the same bitmap, and this mak es it p ossible to p erform animation,

scrolling and other essen tial graphics op erations.

In the follo wing example, the joke function scrolls the screen|the bitmap of the ro ot

windo w|from left to righ t:

(defun joke ()

(let ((b (window-bit ma p (root-win do w)) ))

(for (i 0 1 (bitxmax))

(bitblit b b i 0 0 0 (bitxmax) (bitymax))

(bitmap-fl us h)) ))

#:bitmap: byt em ap [ structur e ]

The bytemap t yp e is a sub-t yp e of bitmap t yp e, with no additional �elds. It lets y ou manipulate

bitmaps in 256 colors.

Y ou can create a color bitmap b y calling the create-bytemap function.
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(create-b yte ma p w h bytes table ) [ function with two to four ar guments ]

Allo cates a bytemap structure whose dimensions are w and h . The third argumen t, if it is supplied,

is the v ector of b yte strings indicating the index of the color of eac h p oin t (from 0 to 255 ). The

fourth argumen t lets y ou sp ecify the color table to b e used to initialize the bitmap. F or example,

w e can write the follo wing co de:

? (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 #[])

Eac h v ector of the color table is comp osed of the follo wing v alues, in this order:

� Color n um b er

� Red comp onen t

� Green comp onen t

� Blue comp onen t

� Indicator of a m utable color.

Eac h o ccurrence of a color n um b er will b e replaced, if need b e, b y the the closest color in the

curren t color table (obtained through the all-colors function). Mutable colors are replaced,

if p ossible, b y the closest m utable colors in the color table. The `closeness' b et w een t w o colors

is ev aluated b y obtaining the sum of di�erences, comp onen t b y comp onen t.

#BC [ #-macr o ]

The B macro-c haracter lets y ou de�ne color bitmaps. Consider the follo wing examples of co de:

#BC(10 10)

and

(create-bytemap 10 10)

They are equiv alen t.
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(#:bitmap :by te s bytemap bytes ) [ function with one or two ar guments ]

This function lets y ou set or consult the totalit y of bytemap .

(byteref bytemap i j ) [ function with thr e e ar guments ]

F or the p oin t whose co ordinates are i and j , this function returns the index of its color in

the color table.

(byteset bytemap i j col ) [ function with four ar guments ]

This function sets the p oin t whose co ordinates are i and j to the color whose index is col

in the color table.

(substitu te- co lor bytemap oldcol newcol ) [ function with thr e e ar guments ]

This function lets y ou c hange the oldcol color to newcol throughout the en tire bytemap .

(subst-co lor s bytetmap l ) [ function with two ar guments ]

The l argumen t is a list of the form ((old1. new1)... (oldn. newn)) . Here, oldi and

newi are instances of the color class. This function lets y ou replace, in bytemap , all the

p oin ts whose color is oldi b y the color newi . This function has no e�ect on a mono c hrome

bitmap. The subst-colors function returns the obsolete substitute-color function.

( send ' #:bitmap:b yte ma p:p rin bitmap ) [ metho d with one ar gument ]

This function is used b y the system to prin t a color bitmap. If the #:system:print-for-read

indicator is set, the bits of the bitmap are also prin ted, as w ell as the curren t color table.

20.3.5 Compatibilit y b et w een t yp es of bitmaps

The functions describ ed ab o v e, as w ell as the similar functions that op erate on blac k and white

bitmaps ( bmset , bmref : : : ), can b e applied b oth to ob jects of bitmap t yp e and to those of bytemap

t yp e.

Y ou can de�ne and use color bitmaps in a mono c hrome en vironmen t. The create-bytemap function

then creates bitmap ob jects, and all the functions that op erate on bytemap ob jects b eha v e in the

same w a y as those that op erate on bitmap ob jects.
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