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AN APOLOGY 

The substance of this memo is to initiate the na~ve LISP user 
into the intricacies of the system at the Project MAC A.I. Lab. It 
is composed, at this time, of a Progress Report on the development of 
the LISP system and a few appendices but as such should be nearly 
adequate to start out a person who understands the basic ideas of LISP, 
and has understood a minimal part of the LISP 1.5 Programmers manual 
or a maximal part of Clark Weissman's LISP' 1.5 Primer. At some un­
determined time in the future a comprehensive document will be issued, 
consisting of an elementary introduction to LISP, a- self-primer, the 
core of this document, and numerous reference appendices. The com­
prehensive guide will then replace A.I. memos numbers l16A, 152, 157, 
the LISP Progress Report, this memo and all informal notes and communica­
tions. 

In the meantime, in order to inure' the current user to the 
shock of an information blackout, and in order to give him a glimmer 
of what it is that he doesn't know about, the following list of Appendix 
titles if offered: 

A: The True Meaning of Top-level Global Variables in MACLISP 
B: How to Speak to the LISP Allocator, When Initially 

Allocating the Size of Storage Areas 
C: Syntax for Use with STATUS and SSTATUS 
D: All About TRACE and BREAK 
E: The EDIT Feature in LISP 
F: Using GRIND and INDEX 
G: Setting up Displays on the CRT 340 
H: Preparations for Compiling 
I: Coding in LAP 
J: Moby I/O Devices usable in LISP; The Vidissector, the Clock, 

the Calcomp Plotter, A/D and D/A Converters 
K: The PIC-PAC Package for Storing and Using Vidissector Pictures 
L: An Annotated Index of Functions, Facilities and Terms 

Preliminary versions of some of these appendices are attached to the 
back of this memo, along with a very temporary Appendix X which attempts 
to update those changes which are missing or at variance with the main 
body of this memo or with memo l16A. Except for such variances, memo 
l16A is still recommended as an annotated index of functions and terms. 
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!·jOTAIION 

The following items of notation are Observeu in tne '11[1 tirlrj of 

this report: 

ITElvl ]he aouble-quote character (It) 

meta-linguistic wora or string quotin9 device. j .. 1 as, i r l 5 c! v e r (j 1 

instdnces it is used in the more vulgar Sf;nse 01 inclicatin/j a 

non-5tandara or insecure meaning imputeu to d word or f..'(lrasf~. 

untortunately, the oouble-quote character is itself part of th:j AjC II 

alphabet that makes up the LISP input character set {in category ()) 

of the HEAD syntax, see page 25}, and in oruer to avo! a a:noigu i ty, tne 

examples of s-expressions on the succeeaing pages will not utilize it. 

lIENI "Llt>Pl.5PMIt is an abbreviation for the LISP 1.5 ~rograrrJfler's 

JAanual, published by the 11..1.1. Press. 

ITEM "~ACLI5P" refers to the PDP/6 implementation of the programming 

language LISP in use at the Artificial Intelligence Group of Project 

ITEM Capital letters of the English alphabet are useu as atom 

constituents in sample s-expressions, and small letters are usee as 

meta-linguistic variables whose range must be deduced from context. 

Tnus lI(cVAL s)U coula stano for II(EVAL ABC)II, or 

U{EVAL (CONS X (LIST 'i»)" ana so on. Sometimes it is clear that toe 

ranC)e of the variable is restri.cted to atoms, or to lists, but 

occasionally the variable may be a list fragment: ~.g., "(LI~T trag)" 

could be U(LIST A)", or "{LIST A 2)", or "(LIST X Y (CAR Z»il. 

o 

o 
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o 
ITB'/i Nlany sample programs and functions are gi vel! in the vl-langu6ge as 

usee in LISP1.3PM, ana in some instances suggestive names are usea tor 

variables assumeo to be permenantly set to some character object. 

This is for emphasis, since no reference to an input fteAL; syntdx, or 

to a uniyersal evaluator is necessary for interpretation of the 

meaning of the program. S-expressions given as examples con only hove 

functional meaning, or computational meaning, wnen the m9dOS of 

application is specified; that is, they induce functions when pairea 

with universal evaluator such as Since various 

imp·leinentations ailier in the action ot C:vAL, the one aescriDea in 

LISP) • SPNI wi 11 be conside rea the common aenominat or; the on8 ernp loyed 

by l~lACLISP, however, will be the arbiter tor interpretation in this 

o report. Some examples are best given as s-expressions because of the 

extenaea role that f-type functions {F~UB~, FiXPh} play for EVAL, and 

because of the unity of function type within the M-language. 

I TEI'II Norma 1 input mode for j'viACLI SP is base e i 9ht, and hence a 11 

numbers appearing in this report are to oe understood as represented 

in base eight. ~xceptions: the following constructions inuicate base 

ten - page number references, English-aescribed numbers (as oppose~ to 

<:" nurneral-describeo), numbers followed by a decimal-point, numbers 

having non-octal dig-its, and the phrase "36-bit ll when r~terring to 

machine cell capacity. 

I Tc!.! I'here are two print sets acceptea for the A5CII alpllC;t~)et, 

variously calleu uolo ASCII" ana "new ASCII". Gene ra Ily t.hl s repor t 

atte~pts to use or simulate th~ alphabet of ti·18 Hlodel 

teletype, There dIre 

______ ~----------~----------------------------------------------------------------Ij 
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only a few characters that are really different, b notable exa~ple 

bein9 character number 136 which prints an an up-arrow in the uololl 

and d 5 a c a ra tin t he It new" • 

lIENI Includeo in the ASCII character set are ,non-printing characters 

ootainee 0Y'uepressing a printing character while hol~ing down the 

control key; if this is done with "Hu, for eXdJnple, the character is 

callea control-r.t ana is denoted by "I HU. 

-_ .. __ .--_._- -_.- ---------------._-----_. __ .. _---------------

o 

o 



o 

LISP P.k. 3/~~/7~ v 

INT RODuCTI Oi'J 

MACLIS? is a descendent of the first operational program eV8r 

written tor the Digital Equipment Corporation PUP/6 computer. It WdS 

an interpreter and minimal LISP system, wri tten ana aeou~'::Jc:j in L:he 

spring of 1964 by the sta tf at DEC ano members or the T8Ch 1I,ooe I 

~ailroao Club - an organization which along with the ~.I.I. stuJent 

radio stat ion virES has suppli ed a continuing st ream of prospect i ve 

programmers to the Artificial Intelligence Group. Ihis unlikely feat 

was accomplisheo with the aia of a well-equipped PuP/4 for editing, 

assembling ana punching the program on paper tape. At about that time 

a working ?0P/6 was oeliverea to Project MAC, ano.the LISP prograla was 

o an a i,j in test Ing the ne\'I machine. 

o 

loeas from several other implementations influenced the 

initial oesign, notably the CTSS versiofl on the 10M 1~94, and the very 

mlni~al version for the PDP/J. however, the decision to dispense with 

the a-list in the implementation,a major factor in the space econonmy 

dnd running speed of NIACLI5?, came some time later. An iinproved 

compiler was written as an abjunc~ to the system - compilation is done 

Hoff-line", and the resulting LAP code loaded into the system when 

c:iesired. Although the cornpileri's output is both space-efficient and 

time-saving, it is the central focus of attention today for improved 

schemes such as "fast arithmetiC". in the hope that many reasonac)le 

computations programmed in LISP may run in times comparable to their 

~ORldA~ counterparts. 

Indeed, because of the prominence of LISP in Artificial 
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intelligence applications, there is no other higher-level language 

useQ in the A.I. Group, although an i~pressive array or utility 

s y s t din s con t rib ute tot i'l e e a s e 0 f us i n9 bot h LIS Pan G :~l a C ·:1 i n ·2 

langudge: T1::CO,6 text saitor \"Jitn oisplay scope, tor crecting dnc 

servicing paper. tape, magnetic tape, and magnetic :iisc Iil::;s {(10 

punched-cara equipment is available}; ~IDAS, a machine 1~n9uage 

assembler ~"itn superb lnacro-generating features;' Di.:/l, 21 il10ni t()r-li~:e 

system very helpful in ceougging {an.o extenaeo in tile time-sndring 

version to proviae other service funcl:ions, such as oinary dUll1pin9 and 

1080 1n9); ana lIS, the Inconlpati yle T ime-sharingSy st em. Trle or i gina 1 

style. ot' JilACLISP was console oriented - i.e., on-line ana intersctive 

with' READ input and control comiTiands accepted tro:n an on-line 

teletype. hitri little mouification, the same structure adapted itself 

well to the time-sharing framework, namely a job unaer tne ITS system 

controlling one oithe many teletype-like consoles available as remote 

terminals of the PLP/6 (currerytly thare are four Model 35 teletypes, 

tour General ilectric remote keyboaros with cnaracter-scope displays, 

one ARDS console, ana three telephone data-sets for automatic 

connection to ot.her i~lodel 35 ana Niooel 37 teletypes). Ini t~ally, 'NIlen 

the job is started, i~1ACLISP requests and accepts commanos tor 
.. 

allocating its il~emory usage - ho~ much core is to be used in total, 

how illuch of it is to be usee for full-word space, how much tor the 

syste~ push oown stack, ana so on. from that time on, only a t0W 

• control characters have an immeaiate command effect; the main running 

of the job is controllea by a "top-level u function {see page 10}. 

o 

o 



o 
Refinements and Restrictions of the LISP Interpreter 

There is no explicit a-list tor EVAL. All variable bin~ings 

occur bS SP~CIAL values, and EVAL ooes not search an a-list tor 

variable binaings, but searches the p-list (property list) of the 

variable to be EVALeo, in order to find the address ot i t.s ~lJt:.CIAL 

value cell. On the whole, this implementation is considerably faster 

running since atom evaluation is quick and not depenoent on tne length 

of the a-list (which increases, of course, with increasing depth of 

function calling). MACLISP, however, cannot aispense with the binding 

lana unbinding of variables, and a. special stack is used to hold the 

o information for unbinding after lambda conversion {also, for unbinding 

after PROG evaluation}. Thus thosevariaoles whose values are changed 

by lambda or prog binding must be restored after the evaluation is 

completed. The stack of restoration information is called The Special 

PDL {PDL tor push down list} and is a weak equivalent of the a-list in 

other systems. By rneansindicated below, a program may obtain a 

pointer. into the stack area which will serve ~s an a-list to give as 

an argument to subsequent explicitly called functions, but which will 
• 

no longer have meaning if returned as a value of the function which 

created it. In short, such an a-list will be useful at deeper levels 

in the computation, but not at higher levels. The problem is, quite 

simply, that this weak a-list is only a linear stack and does not hay 

the tree-like structure necessary in general. Needless to say, there 

o is no need tor COMMON variables, since the interpreter has access to 

the SPECIAL cells, and there are no APV~Li, nor functions CSET or 

-------------------.-.;.--_. ~ 
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CSETQ. 'In order to conserve space, a VALUE property pointing to the 

atom#s'SPECIAL cell is not placed on its p-list until it is first 

bound, either through lambda or prog binding -or through use of S~T. 

The interpreter admits three conventions for passing arguments 

to machine language functions{so~e syst~ms have many more - the bolt, 

Berane-k & Newman LISP has fi va or eight depending on how one counts). 

The name of each defined function carries on i~s p-list an indicator 

of which convention is used, paired with the address of the subroutine 

code. The three types are called SUBR, FSUBR, and LSUBR. The first 

two'should be familiar enough to persons acquainted with LISP 1.5; the 

o 

third may be (loosely] viewed as indicating a function generalized 

along the, lines of the function LI5T- there are a variable number of 0 
arguments and EVAL, when working on a form FF whose car is an LSUBn, 

obtains the arguments by successive evaluation ot cadrCFfl t caddr(FFJ, 

• • • • The arguments are placed on a stack. calladthe Regular 

PDL, ana the number of arguments is itself also passed along to the 

subroutine. One may [agaIn loosely) view FSUBR's as indicating 

functions generalized along the lines of the funttlon QUOTE - there is 

exactly one argument, and when EVAL Is working on a form FF whose car 

is an FSUBR. it simply passes along carIFF) as argument., EXPR"s and 

FEXPR's may be viewea simply as SUBR's and FSUBR"s written In LISP 

code rather than machine code. As in other implementations, if the 

LNABDA expression paired With a FEXPR has two lambda variables instead 

of theexpecteo one, then~~pon entry to the function the second 
• 

variable is bauno to a representation of the currenta-iist,whlch may 

subs8y uently oe given as an argument to EVAL or APPLY. Indee'd, a-list 

o 
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manipulations are rare among the users ot MACLISP and EvAL and APPLY 

always permit the omi ssion of arguments or lambda variabl es pertaining 

to a-lists. Thus one generally writes 

(EVAL EXPRESSION) 

rather than 

(EVAL EXPRESSION CURRENT-A-LIST) 

and similarly one usually defines FEXPR's 

(LAMBDA eL) (PRlr'(f (CAR L)) 

In fact, another important application of ~Ubh's is for SUciR 

type routines which have, say, three arguments, the third of which is 

almost always given some standard value~ thus the subroutine may be 

called with two arguments only t the thi rd being su pplied by defaul t; 

yet the third may be supplied explicitly in the calling program when 

some non-standard value is desired. To obtain the L-:type argument 

convention for an EXPR, no new indicator is used {such as one might 

expect L~XPR)t but instead the lambda list is replaced by a non-~IL· 

atom which upon entry Is bound to the number of arguments; and in the 

code, the form 

(ARG N) 

is used to obtain the n'th argument. 

The MACLISP interpreter has been slightly extended in the 

airection of computea functions. The indicator MACHO is' recognized by 

EVAL as follo\\'s: when EVAL'ing FF with car(FFl being atomic and having 

a MACRe property, the function corresponding to the property Ls 

appliea to FF yielaing FF', ana the whole EVAL cycle begins anew on 

OFF'. functional arguments and computed function descriptions are 



discovered by EVAL in the following circumstance: 

(I) car[FfJ is not a lambda, label, nor funarg expression, 
(2) car[FFJ is not an atom with some appropriate function 
inaicator on its p-list. 

In such a case, FF is replaced by FF':: cons(eval[car(F1-JJ; 

cdr[ffJl and again the eval cycle begins anew on ft'. ApPcin· .. :d x D of 

LISPl.5Pi-/~ shows an implementation which woula allow only J::.~{?te's, 

SUB~'s, and lambda, label and funarg expressions to occur in such 

circumstances. In fact, most· systems have not generalizea apply to 

accept an F-type function as argument. A somewhat arbitrary choice 

has been made for this generalization in MACLISP - the second argument 

to APPLY is passed along directly as the single argument to the f-iorm 

function - and although it has some applications, it has not been used 

extensively ana is still considered open to change • 

• 

o 

o 
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C~\t8nueo Interpretation of i~ami1iar f'Unct.iOl)S 

Conultional expression structure is' OOB Oi t~~ iirsc LI~~ 

conc(~pts tLa'c onE; '(vents to sJeneralize. 

a~ditions rnwue to the intdrpretatioll 01 CO~,JL~s: 

(I) All COl"JU~s \, .. il1 proauce a value; it: the C01\i) c16u;:.ics are 
e x l"~ au s t e ;j v: i t :1 non e 0 (; in g s e 1 e c t e (i, ·c i1 t1 n id Lis c n e val u 8 t C) 

be returne;',A 
(2) COrd) iipairs ll are extence\j to CUj\u n-tup18s. if 'C;-1',3 ti rst 
.nerrioer of an n-tuple eVCJ.lu6tes to non-i.,IL, tn,~~n th~ 
r81);o.iooer are evaluatea in oreier una the valu,;:; 01: the 155t 
onE: is tIle return value. One-tuples ard per;iliSS1Jle, in 
'/·,l"liC{"i case the one value, itnon-i,dL, is retUrfl,;::;u. 

0C and nEIU nl\ may 06 composed to any oeptil in the scope oL a 

? ,-(OG; ev alu Cit ion of e i tIle r one is va ry iiiuch 1 ike t he appedranc~:; or' an 

arror curing an error-set cOffiputation. hov,{e ver, it shou 10 C t-~ 

consiJereo b :nist6ic8 to execute a GO or rtETUH1~ whi eh is not expli citl.y 

wit~in the scope of a PRGG, for such usage cannot be properly 

compileu. Similarly, it is not possole to 1190" to a ta9 outsicie t;)8 

imme:Jidtely jOiilindt 1n9 PEOG. Computea J0's are permittee; iT toe 

3rgu~ent in a GG is not explicitly an atom, then it 15 evaluat8G and 

an attempt is maae to IigO" to the result. r:or 8xamf:,le, if X is oouno 

to A, tnen 

~ill go to tag ~, wn~reLS 

(00 (LVi\.L (~UOTc i..))) 

usinc; tne LSUD;. convention, Liciny I'2i,ailiar functions of t,,';"O 
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o 
ar<.;:u:nents nave been extendea to operate on a variobld nUl"f.uer of 

drgu1ii8nts, genera lly by repeated apl1cation of 'the !uflction trOtH lett 

JOOL~ {see p~ge 16 for explanation of EOOLE}. The oroar at arguiTJdrlc.s 

to tile {,iA.f' series of functionals is in conflict with that or LISP 1.5 

the first arg is a function GG of n arguments (n>0) ana the 

remaining n arguments are 1 i sts Vvhich wi 11 De s1 mul tane ous ly inc: pped 

into the argui"nents of GG. The lists nee~ not be of equal length; the 

process stops when the shortest is exhausted. 

MAPCA~ are just like MAP, MAPLISI, and MAPCON respectively except that 

CA; of each successive sublist is taken as argument to the supplied 

tunction, ratr1er than the sUblist ciirectly. 

PR002 is implemented as an LSUdR with two or more arguments, 

and whose value is the second argument; evaluation of course, still 

follows tne regular order. Every lambaa expression is also implicitly 

what in some other systems is callao PhOG~. Applying 

(LAMBDA list el e~ • • • en) 

will cause the evaluation of e) to en, in order, returning the value 

of en as result. 

LAST ana ME~BEri have been extended to provide slightly more 

useful values: 

o 



o 
last(l) - [ null(ll v null(cdr[lJJ • 1 

I.last[car(l)]] 

.nel110er (x; 1 J = nu 11 [1] ~ 1< I L 
equal[x; carCl]) • 1 
T + member [x; ~or[lJJ] 

LISP F.k. J/2~/70 7 

The new in t e r pre t c. t ion of LAS T pro v ida s a fa 5 t wa y to fin (1 t n \;J C 1'1 U 0 t 

a list rather than the last element of the list. Similarly, if ",;:'j"luC,i 

is to return a non-l'''!IL value, it will be that tail of the ori~)inal 

list ll'ihereat the :nember was round. 

which is meraly MfMSfR using an E~ test rather than an eWUAL ~est as 

displayed above. Similarly, ASSQ is ASSOC with an ~u test (A~SOC uses 

an EJUAL test). 

PRINI will print out one fullS-expression {not necessarily 

o dtomic}, ana when printing a literal atom whose PNAiVd: contains 

characters which are not sy n ta c tic a 11 y legal tor ttt:.Au"ing back in, 

Pr~IN 1 will print a slash before such illegal cha ra c t e r 5 • Tnus the 

atom with PNAdlE "A.B" wi 11 print out as the four characters U A", "/U ., 

Ii I • . , READ, in turn, recognizes slash as a speCial character 

that in effect causes the next character to be treated syntactically 

as an alphabetic character. for example, the string "A/( Bile II \'JOU 1 

be rea din as the 1 i t era 1 a t om \OJ i t h P N AJ'A E II A ( t:/ Cit; P x I !',J Cis a new 

function, ~/hich 't1ill print out one S-expression, Witr-'10Ut inserting ony 

slasnes before HEAD-illegal characters. ,PEli\ll is important when one 

wishes to write S-expressions out on auxilliary memory ana reaa 

back in at a later time; ~RINC is important when one wants to generate 

his own output fOTillat, or print a message which is stored as the? E 

o of some atom. 



• 
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The function PRINT is defined as 

~[(x); prog[(]; terprl(]; prinlCxl; princ(spaceJ; return(xJJl 

The function TRACE is not built into EVAL, but is encoded in 

EXPR form. No part of it is normally resident in the system, out it 

must be read-in from an auxilliary file {in the Time Sharing 

environment, many such extra packages are stored on a disc pack called 

the COMMON device}. A traced function has the function property on 

its p-list temporarily replaced by a standard form EXPR or fEXPf~ which 

handles the traceing work before actually applying the original 

function. The faci lity has been extenaed to work wi th every function 

{yes, even PRINT, COND, SETQ. etc.} except possibly GO and RETURN •. A 

program swltch exists to inhibit direct linking from compiled 

functions, so that even calls from compiled code may b·etraced {see 

page 2'1, STATUS). Provision has also been mad~ for conditional 

tracing {at each call of the traced function, a predicate will be 

evaiuated to determine whether or not to trace thSt call} ,and for 

conditional break-upon-entry (a BREAK calls a reao~eval-print loop 

similar to the normal top level, but some input, usually SP, is 

reservea to signal the return from the BREAK and the con·tlnuation of 

computation) • 

• 

The garbage collector. sometimes called the retlaimer, of 

MACLISP performs a few more functions than that of more standard 

implementations. On the simpler sioe, an internal switch {set. by 

typing m on the job console or by ca 111n9 SSTATUS . with an appropriate 

argu;nent - see page 21} can cause the garbage collector to print out t 

on each collection, statistics telling why the collection was 

- .---.... - •.. -.-----~---•. ----- ..•........ _ .........• 

o 

o 
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o 



o 
in i t 1 a t (; G a n..:.l n ov-/ mu C h 5 pa c e is a v ail aD 1 e in eo c I',. s t () r d ';1C-; l-' r 0~ ~~ • 

tde .. ;i\Ci..L:)rJ Gllocator, ana v:hile one seldom expect;:;) tc I.J)C:bJSl, dlS 

create ana ~8stroy' arrays v/ith dlcirilling rapluiLy. 

collector uYilar;iically handles thcc.s5ic.::;nment anc. rec13mb Ci0ij :Jf Si)(jC2 

1: 0 r .3 r r 6 y 5 { calI i n 9 the tim e 5 ha r in:] cor 8 d 11 0 c c.rt 0 r , Vi ,', e n u 11 :~ 1 s e 

f ails, t u t. r y toe x ten a t 11 e job" 5 III e ill 0 r y d 11 0 'C ill t;; n t ) • ~jccas iOl"i0 l1y, 

t n eli v i ng a r ray s will 0 ere 1 0 C 6. t U u an u COin pac tit i c G tow d n:.. t 1-1 etc p 

ena of D~Onu space, but 5S 'yet no fdcility' is (~ .. v0ila01;:~ ter ,.;ynddlic 

relocation of cOlapiled pro<]rElH1S {see ci"iapter on l\ ... ture pIons, pc.s~e 

39) • liccasiona lly t also, trle r;:;.aoagc collect.or vrill oecic8 t:H:(C far 

Otoo ;nucn 0PGh0 space is sitting iule, ano it · ... 'il1 cttcmpt to returr} 

some core memory to t~ne time s:taring .system, althougi"~ ttlis feature may 

oe aisenab lea wi ttl SSI"ATUS. 

/\.Ithough atomtc' objects read in oy Kt:AD ore placeci in the 

06LI:':)T to protect tl'-lem troln inooverten"C collection anei to irlsure 

i G en t i f i cat ion 0 t tu tu ret 0 k e I) S 0 f the sa d1 eat 0 fn , s Olll e a p pI i cat ion 5 i n 

natural language occasionally get 00ggeo down with a bloateo oblist in 

'dnicn not all cto.ns are of continuir19 utility, and tne LISP prograrfis 

the;r,sdlves are not able to uecide v,.rl··~icl·l deor-IS shoulo oe EE/t06'80. 

trivial p-list {only a ?i'~Al' .. ~E property} ano which is part of no l.iv t'; 

list structure except the OLLIST. A f6~ture of the garbage collector 

Vi i 11 .r e c 1 a i l;i any' Th A , 0 U t sue h fee t u r e .n a y bet u r (j (:; d 0 f for on \..! ne e r 

o p r O(] r a ill con t r () 1, Lee c use U 0 S tap p 1 i cat ion 5 u 0 n 0(, nee ci it, i tis fH) 

-------------,j 



norifldlly on {see page 2) on S~rATUS). Compileu code l;..Jirectly :JCG!;~Ei~\;S 

t h. e .s ? tL I ALe ~ lis 0 t f r e e { 0 r SPEC I A L ) va rid b 1 e s, anu no pro vis i Ci i j S 

D88n made tor relocating such a(~dresses when useo in cindry }.JT"c)qrciT1 

space; thus chis feature, chosen tor 

illajor urdWOaCK to implementation of 

relocating} garbage collector, ana is 

spet:u considerations, is "':'(je 

a cOlnpactityin';; {or frEe scorog8 

tile sole rea.son that an atu:n 

W!"liCh- has a VALuE inaicator on its p-list cannot oe · rdclC.li;-n,:~;... 65 C1 

Tv"-Li\., even though the atom is no longer bouna to any value \see pZ(;:,;e 2 

for more on the VALLE indicator}. 

J4'lA.CL13? is essentially a machioH lan9ucHJe itnple:nentation of 

the universal function EVAL along with some initial a-list {tor 

lIenvironment u since N~ACLISP has no t.rue a-list} arlO ~'iith flldny otr-ier 

subroutines useful for reading, inanipulating, an(jtl1/riting out 

S-expressions. Tne system comes to lite 

t un c t i on ; tha t 1 S tilt op 1 eve III dia y be" 

re-application in the top-level environment 

througll 1 ts " .. top levell! 

viewea b~ the continiJous 

of some function of no 

argu:aents. ror .systems using E.VALJLJOIE, the top-level function is 

very in u c h 1 ike 

~([)i print[apply[reaa(]; ~ead[J]J) 

where Hl::AD reaas in one S-expression tram the current input cnonnel. 

The norrnal top ..... level for ,iiACLISP" is equivalent to 

~[(]; errsat[prog2(terpri(J; printleval(reaa[ JJJJ; I1J 

In the verndcular of programmers, one could say that 2VAL is the 

top-level for MACLISP, rather than cvALGUOIE. 

o 

o 

o 



o 

m ',ljHWMMNu1wr ¥",.n'!V!U'Ul lUh! '-W' 

forlil :;1 i yen to t hhSfT for eva 1 ua t ion. 

p r 09 2 [ t e r p r i ( ~; p r i n t ( a p ply L red G [ J; r :~ ci i~ l J ] J J 

have special relevance to the top-level function: 

(1) 1ft n e va I u e 0 fdA KG A Gis not .'; 1 L , t. h 8ft d i:; ci C K t r ij c G 1 S 

printea out tor bny error which propogates all the way up co 
ti'18 top level function {e rrors which have :been J:.:.1·(;-.Sl:.T 00 not 
pop ba Cl( beyona tOe E~lj~~St.l 141 wnich tney 0 ccu r j • The 
oa c k t r ace, e sse n t i a 11 y an ins p e c t ion 0 f t he s y stu rn P LJ L , wi 11 
print out utunl -EVALAk0S u to in~icate tha-c L:vi'~L i")as at that 
point co:nmenced tha evaluation of ar9UInents Lor the tunction 
turd, anu "tun l-J:.l\:TEt~U to inai cate t~lC:lt funct.i on fun 1 (loS 
oeen entersG but not yet exit0~. Ucasionally, 8AKJA0 will 
print out. lit'unl-tun2u to inuicote tnat iun2 t"-.BS Oi3en er)ter(:;d 
oy a call troill funl. 
(2) It the value of *hS~T is not ~IL, then toe phase ot 
ERRS~I which restores the binoing of special variaoles is 
oypasseo {ana inaeed a 11 va riables in i',.ACLIS? are special). 
This applies only to tl'le to,IJ-l(:;vel uf::.t:~aSElll t but in j;iany 
cases allows the user to inspect the environment at toe ti~e 
at tne error. 
(3) cf-(}:~LISTt nonnally set to i,;IL, is a list or iorms- to Oe 
iVAL'eu upon recovering from an error propagating to top 
level; this allows the user to supply a little of his own 
re-in1tialization tor special purposes. 

Both *RSET dna cAKGAJ are also tunction names Such ti-lat E\iltL'inq 

(*i1:ScT T) is fu 11y 8Clui valent to c.vAL'1n9 (SETQ *RSEI T), arlU 

s1 mi la r ly for BAKGAG. Typing fG on tr;e job console {or i\,AL'ing (IOC 

J) lldS special relevance for the top-level f.f~hSi:.] -an 8rroris 

creacea whicn no other i2hSEl can catch, all 1/0 channel switcnes are 

returneo to their initial state {see page 3~), the top-level function 

o i S r 8 s tor e c tot h e no r fii a 1 on e for jl'i .A CL L.5 ~, an cl t 11 e me s sag e Ii ~,..! U 11 H j, 5 



pr in t ,~8 on 1.:he console. Thus:O is an unconuiticnal ~~{uit si")ncil, 

similar T.O t{)8 r/~quit si9nal c..iescrlDso on pa.Je 10. 

'11)e tunction JliACUMrJ prcvices a aleans oJ hultinc; CGj~'ii:>Jl.,-,ti0n 

clnu returninC) control 01: the console 'co (.fh~ lIlorlitori't19 pro(:.:~:rc..;.i. 

Usually the :nonitor is the extenoeo'v6rsion of Ut:.C"s !_:Lil 'v'l;iic'l is 

loaua~ when toe usar logs in st a consol8 t but occdsioocllly it is ilS 

oirectly. In tIlE;! 'tonner case, storage areas not e.c·cive 6,(: tnt;! Cil.;(;; of 

,:,.'IAClJ,il2"ing are zeroeo 50 that a binary Clump to auxil1idry :L8Jiory will 

take less space; in the latter ca$e, it is assumeo tnat tne ussr has 

relinquishea the job, and it is logged out. 

,., '---'.~.-'-""- ... ~~-.~,,---------.. --.--

o 

\,., 

o 



o 
:'Je~,;' l-unctions A(]Oed ana Lirnitclt.ions on l~af'nlliar raci Ii ";ci'~s 

All property list [p-listJ usage must De in pair0v icr.~ 

a m~ans of placing a value ano correspoiliJin;; indicator on un ,:;"GU' 5 

p-l ist. 

putprop(atom; value; indicatorJ 

p-lisc or lIatom U, unless there is alr,aady an inaicdtur or: ttL) sallIe 

name on the p-list, in which case the ala value will be ~pLACA'o out 

witn the new. It is liKely tnat the implemen~ation of atomic 

o structures will change,out the tunctions PUTPFKit-' ana GET will al'r'lays 

c 

b8 Kept "up to oate" {see chapter on future plans). The iliGicator 

VALu~, whose pairea value points to the atom's SP~CIAL valu8 cell, ana 

tne indicator ARRAY, are treatea specially by the p-list hanuling 

routines, and ti1ere may soon be a oifferent, and 

implementation tor the three basi c and imp ort ant ,prop;;:; rt i e s: 

pname,volue, dna function. Although 01:.T serves oS tr~e stanoard p-:-list 

retrievbl function, another function GEIL is proviaed to solve the 

following proolems: 

( 1 ) to dis t i ng u ish bet wee n t he non -0 ccu r r e n ceo f ~ n 
inoicator, and the retrieval ot d ~IL value, 
(2) to fino which inoicator trom among a list at indicators 
is the one which occurrs first {if any from the list ocCUrr 
at all). 

Lettint] "plist(a]U stano tor the p-list of an ato;n Ha
U

, the 

implementation of JelL is very much like 



getl(a; 1J = [not(atom(aJJ + errore]; 
T-" label (g et 11 ; 

lambda( (x; 1]; 
( nu 11 [ x] ~ ~'i I L ; 
;n em q ( car ( x J; 1) ~ 1; 
T .... ge t 11 [ c do r [ x]; 1 J J JJ 

[plist[a); IJ) 

DiFPFiJP is essentia lly the fSUol:'~ form of fJUTp:;;OlJ, onu is 

g~nerally use~ at top level to place EXP], ~EXPHt an~ MACHO properties 

on atoms; it has been the usual method' of oefin1ng functions in 

MACLISP, but DEfUN has been implemented toprovioe a more ,tlear 

indication that such a ceiini tion is being pe.rtonr~edtan0 to a 110w 

silloother axperimentation in the structure of p-list ano function 

representation. Some example definitions: 

(DEfPHOP DOUBLE 
(LAMBDA (N) (PLUS N N». 
EXPR) 

An optional type inaicator to DEfUN {from among FEXPh, EXPR, or MACRO} 

is placed just after uDEFUNu t the default option being "EXPH". 

(DEFU1~ fEXPR 
FPUTPf"OP (X) 

is equivalent to 

(PJTPROP (CAR X) (GADa X) (CADDR X» 
(CAn X» 

(DEfPROP FPUTPROP 
(LAI'ABDA <X) CPUTPROP (CArt X) (CADR X) (CADDH X» (CAR Xl) 
r=EX P R"> 

The pseudo-function ARRAY serves to make array declarations, 

turning the name of the array into a finite functiori. An a rray may 

nave from one to five dimensions [indices), ant.. may be aeclared 't,Q 

holo list structure or, Simply, aire.ct data - the matter of importance 

is whether or not the garbage collector is to trecit tne atray ant ri c 

as pointing to living s-expressions. ARRAY is implemented 65 an. 

o 

o 

o 



o 

o 

o 

(Al"LhA':{ aname t-or-ni 1 n 1 nd • • • rb~) 

L ,~l ,:; . 0 '~, , 'i ',,~~ r 

ar~fu;rlcnt5 ore eValuated. Tne array !:lett-iog functicfl, or, t"0Vtj",., i;,f0rk:3 

(5101 ... t: {anci IDe i1 i 2 • . . 
'I·t[ i 11 s tor e t n e v u 1 u e 0 t 1:. t. i 0 a n a 1'.18 [ i}; i 2: ; • i K J • 'i n c ":'i\~~ LIS e 

use r ha s t he a b iIi t Y t 0 S t retch or s n r i II ~< t :1 e s i z eel cit! Q r r ~~ i ,i.;; va 11 

clttdr it has been in use, tor some time. lheresre d few uppliccltions 

'.'i;1erein t{'H~ jJroper size ot, the array is not knovn-. until Jtter is I"laS 

oee!) partially fi11eo. It woula be too w6stef~1 to ~6veto declare a 

new array and transfer toe entries oy means of LISP COOd, or to 

cieclare initially the array to 08 of I:lOnstroub size. 

i:~C:·);A .. rirL~Y is calleo just like A:ll'~/t''{ t ana perfonns a stre'cchi n9 or 

shrinking in the size aecldration {this usually involves a cell to 

A~RAi and a fast, memory block transfer}. 

SOi'ilettling 1 i ke lamboa bin d i 09 0 t a rr d Y 5 , anu the cOdsequen-c 

reclam6tioli of their space upon unbinoin9, one otten COElPUt8S 

.norill 
( ;::~, AL (C 0 i< S 

(0 U 0 Ie A i~dV;"'l' ) 
(LIST 

(SE.Tw A (Gf.~·'i,JYdL) 
t-or-ni 1 
nl 

• 

nk) » 



il'l order to use ;:~ like a functional argu;nent, 8i tt'H;;r ':Ii tj'\ .\;~:r>L'i 

( j\ fJ PLy J\ (L lSI' iIi ~ • • • i ~() ) 

or, ii i\ rl.~.s no function indicators on its p-list, (,ir(:;c'cly '.;i'\~i·l "~'~'",L 

(A ili2 ••• i~)' 

oecomes cu~-:..)tt ironl living lisT, struct.urG, t::!ici"'ler t:lrod···.~l r·;;:~·~)d·.:::;U 

applicctlon 01: Ah:~i}!.'r to the sd;il8·n2.iT!(;;1, ~')r t~lrou~~;:'i use 01 iL~:'.";~l~,'/ 

unbinuinu, vIIi 11 eventually be recldll1l8C by thf:; S)·st(~in. 

SOijl8 functicns have not been impleii'ient0u because ctleir :~)lJ r(.~C5~ 

has O(i8n fultilled by ottler teatures. 1'"or exa:nplb, 0U0Lc is vary i'iiUC:') 

lik3 a funct:.iof16l - its first ar<;iU.l'lent selects one of tni;; sixteGi! 

pos3ible. boolean functions ot two vdria~les, which is toen applie~ to 

tIle rejcainin~) ar9uments as . a 36-oit lo9icol bitwi5a operatIon - Dr1G 

~ 1ll1i lar Iy tll:':; 

eXce 11ent aeou9gin9 features at the monitor-like syste;'g LUr, anu t,j"Je 

otlldr teatur8S of lIS iTiake the function of DUiAtJ unnc;;cessary. in plcci; 

of fCI,:PuS-i-::UGIT t the j';,ACLISe user'liIay redO a real 'citHe internal clcc.( 

{accur~te to about j microseconas}, ano may rea~ a run-time ClOCK ~o 

JieCi3Ure C.l).U. runfiin9 time useo by the joo ltU"iich. reaJ it {accuracy' 

c. e p e :1 os 0 n c 1-16 ng in 9 c 0 no i t ion S 'd i t hi nIT S , but at 0 est' i s a ~ 0 U ,(, 

;11 i erOS6 cones l. CCF;-'x ana CP 1 00 not exi st - one may ob"caift a copy Oi' 

an 3-expression s, Gown to atornic level, by' 

sUbst(~IL; ~IL; sJ 

anci a copy or the top level of a list I by 

a pp enu [ 1; / .. ; I L) 

o 

o 

o 
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o 
.:JU6LIS has been i~nplementeQ very lilucn Q~ shown ..lor 

.'i .. 

~j i 1 J), ,t'1 j:' 

is no a-lis'c, and consequently only ::)rJiCI/\,L value;;,;, tner8 is no ne(~u 

for AP~AL5, nor functions C5El or ~5~Iu. 

tunction61ly equivalent to QuOTE, out it the J'"'Ij'\CLIS~ ·user nl;8(js a 

he will obtain it using the function .',·rUi~CTI()i.·J. Otc~er tunct iOClS n2.l ve 

not been implemented at all, ana 6syet thHre 1"iaS ~)ecin o(lly one 

o 
functions of the compilBr or ot LAP are nODHally r~siaent in the 

system- see page 34 about their usage. 

is ,,0 a-list nor any means to t rbp out on exce ssi ve consing, tn,:; re are 

no arguments passec along for t~ese two fdcilities. 

Implementea as an f5UBh and ~VAL'ing 

~'/ill return list[evc;l(f:E.J] if no errors are encounte.red duri n 9 'che 

ava luat ion 0 t f..t.; othe rw i se at the occu ranee oi" an error, computat i on 

will be intBrruptea, ~he state ot the system restored to that just 

berore beginning the evaluation oftha ERR5cI, a~d an 6pprcpriate 

o in e s S d9 e ~' r i n t. e Q au t i f e val [ i) i 5 1-'1 on -1< I L • For a 11 errors gencrateo 

oy the system, EhhSt:I returns the value HIL, but if tIie tunetion t:it.i 



· _.,.'_' __ . ___ _ ·...,._._. __ ,-_·.·· ..... __ r,..-----_--····:-··, -"-~"~,,,.-,,,,,, .,. 

o 
is calleG ouring the evaluation ot fE, then a dci:rJ;jle~,.s dr~·(;:r is 

returncu as the value oi the tid.SLI. 

u~nerdlly, one ~08S not 

','IiS;"lC0 sup~reSS (~rror messages, so an alternate StiOrc lor:n 1:3 

evaluates just like 

( E RhS ET 1:.c T) 

In view of the implementation of Input/Ouput for . ACLI~~ {see 

pagas 2.3, 24}~ it is . hardly necessary to mention tnat none of thd 

funct ions in Appenoi x f of the LISP 1. j ?rogra Jfllner" s j\'lanua 1 are 

neeJeo; ana furthermore there is no initial set otcharacter objects, 0 
since there is no aifficulty in reading in objects with bizarre names 

using the slash-sign convention for ilquotingU charac"(,ers in the input 

string {see page 27}. Although the $$ convention tor reading strings 

as atorflsis not directly implementeo, it [Hay be simulated throU91) the 

.Jevice of a rd::AD1',jACFlO choracter {se~ Example 4, page 30}. t"'or really 

oddoall atoms, the string-quoting convention saves the effort of 

flaving to IIquote" every non-alphabetic ci-laracter in the name. Ihe 

tunct ions EX1.JLOLE ana E)~PLOU.EC proviue . -ehe means ol breaKin9 up an 

atom into a list of the characters of its PNAME, using respectively 

the conventions of ?~d2''i I ano PEINe {see page 7); cLATSIZt.: ana .r-

are Gqulvalent to \([x];length[exploue[xJll and to 

\([x);length[exploGec[x]]] respectively. i~EADLI;,)'l is the means to 

apply ~Li::AJj to a list' of cnaracters rather than to the string of t:h~: o 



• 

o 

o 
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cu rrent input channel. MAKNAM· a I so takes 

chdracters, and creates an atomic object whose ~~A~~ is composd~ tro~ 

tnose charbctersi this new object is not I~rfRN'Q. 

0EL.t::l'E, d new function, is provided as a V~·i;,;.y to Spl1Ce out an 

ale;nent irom a list {in effect using 1i:PLi\CD}; t~·)e surqlcally t.rLn;;18u 

list is returnea, which will be i::.Q to tiu:;) ori9inbl list unl.~ss th~:! 

ele~nent removeu was at ti'le first of the list. U fiLl Co is i rnp 1 8ifi en t e~ 

as an LSUbh so that it may oe applied with two arguillents, or with 

three arguments - the optional third argument being an upper lli.,it on 

the number of aeletions to be made. The oefault o}:.:.tion for the third 

argument is "delete a 11 occurrences". D2LETE uses an iJUAL t~st on 

each element of the list DELQ is provideo to operate just like 

OfLciTE except that an fQ test is used. Ordinarily, one writes (SETQ 

rOO (DELW X rOO). 

In conjunction with the PROG feature, a fast, machine language 

DO isprovideo, whose action is most accurately described oy the 

macro-produced expression used by the compiler in place of the DO 

expression= 

(DO inaex initval stepfundonep • ~ .) 

expands into 

(paOJ (index) 
(SET~ index initval) 

tag (CONG' oonep (HETU!1N index») 

• 
-(SEll ingex stepfun) 
(GO tag)) 

The compilation of a DO actually results in the compilation of its 

o corresponding ehOG; using DO wi tn the int arpreter nO\</ave r, reau cas t r'le 
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overheaa of inaex manipulations and is much more mnamonic. 

the frag~ent indicatea above by II • 

(DO 1 ~ (ADD 1 I) ( G i:'lt.AT1:.HfJ I 1\) 

• II • may incluoe prog tags, 

(COrd) «NOI(NU1.u3fRP (Atdi I») (RETUi,n,J (UUOTf: i~UO»)) 
(~~TQ SUM (PLUS SUM (Ahri I)l» 

Ihere are specializeo I/O functions to access an~ utilize the 

various peripheral aevicesatt~chea to the PD~6/10: a DEC J4~ oisplay 

scope with character generating featUres, a light pen input from the 

d i sp 1 a y s cop e , a Cal Com p p lot t e r wit 1', ani n t er pre t i ve 5 u b r 0 uti n e 

package {which accepts a wide variety of commanas including tha 

plotting of a display from the 0bC 340}, analog-to digital and 

dlgital-to-analog converters for use with robotics devices and with a 

o 

few other raneom aevices, a viaeo signal processor attachable to 0 
either a modifieo III image dissector or an III image dissector {an 

ima.ge dissector, or "vidissector", is ~ike a TV camera except· that the 

scan is' rando·Jil-access addressable rather than· continuous ana 

sy chroniz ed.'} There are no card reaoingor punching facilities, but 

all the external memory devices available through ITS are available: a 

paper tape reaaer ana punch,· tour DEC ~agnetic "micro" tapes, three 

IBNi mooel 2311 magnetic disc units, and a Data Prooucts line printer .. 

There is also providea a software simulatea vidissector t which can 

read storea images from auxi lliary memory, so that pa ttern recognition 

pro9rams may be tested regardless of the physical condition of the tvvo 

real vidissectors. 

o 
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o The function STATUS has been installea as acentralizea means 

of querying the status of many syste~ variables and conditions; given 

an appropriate argument, it prOvlOGs: the lindts allocat0::::1 tor the 

various storage areas in memory, the amount of core occupied 'c:'j thJ 

job, the arllountof storage still tree in a givdn area (curr.8nLly 

impl emen-c eo only for It free storage II, .. fu 11 wor(.j spa ce ", an..:. I'D inary 

prograHi space"), the acti vi ty ot ti"le various I/O channels, the cu rr~,:nt 

input channel tor HE.AD, t11e syntactic category of the 2'.:0 A~,CII 

characters used for input to READ, switches tor various g~rbaga 

collector features, switch to allow reading o f nUlI~i:Jer s with 

non-decimal digits {hexadecimal, tor example), the: switch to inhibit 

decimal-point print when printout is in base ten,tne switch to 

inhibit dlrectlinking from compilea coae, the switch to inilibit 

o adaress checKing on array accessing, and the form of the top level 

function. The function SSTATUS provides a means of setting all these 

variables or switches, except for the allocat~d limits ot, storage 

areas. A number of system variables, including some of those 

mentioned above, are implemented as the special value cell of an atom, 

ana are thus referred to <.is a "global" variable. There \\'111 be an 

appendix (APPENDIX C}whlch will explain more of theaetails of using 

o 

STATUS ar1dSSTATUS. 

CDkMiNT is a ao-nothing function, fSUBR type; which hlerely 

returns JlCOi.{j'i\ENTu. DECLARE, also an FSU BE, is sim i lar, ex Cdpt tha t 

the compiler tatces notice of DECLAhE's. BREAK operates as describeJ 

on page 8 and is called like U(jjfH:.AK faO s)U - if the value of s is 

non-;;JIL, trHH) uFOQ" is printed out ana the break-loop ent8reo. 



o 

o 

o 
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1/0 Channels. READ and PRINT 

The major input function for any LISP system is R~AD, which 

inputs characters, one at a time, from the current input chonnel, 

interprets the characters as being the linear-parenthesized 

representation of an s-expression {or list}, and constructs the 

s-expression in the free storage area of the system. 

5ub-secti6n of the input string is parsec as an atom token {tor 

example, a string of alphabetic characters followea by a space}, the 

function INTERN is called to see whether or not an oLjectof the same 

?NAME is already in theOBLIST; if so, no new·structure is constructed 

Coy F~EA1.), but instead the atom token is identi f i eo with the atomi c 

object already there. Otherwis~, a ·new object has to be created, with 

PNAME composed of the' inputted characters . of the atom tOken, ana the 

resultant placed in the OBLIST. Rather than the ca ro-ori ent ed 

functions STA~TREAD and ADVANCE, MACLlSP ha~ the new fucntion READCh 

which inputs exactly one character from the current input channel and 

returns the' atom whose PN~~E is just that One character {called in 

LISP1.5PM a ucharacter object"}; as wi th READ, the function INIERH is 

invoked. The naw function TYI also inputs exactly one character, but 

returns the numerical atom whose value is the ASCII value of the 

inputted character. 

There is a unique input channel for READ, READCH,and IYI 

whose normal, or default, source is the Job console. By typing :Q on 

Othe console, or by calling SSTATUS with an appropriote argument, the 

• 



• 
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input channel source will-be switched to an auxilliary memory f11e 

previously selected by ttlefunctlonUREAD«ltis, of course,an error 

to try to change sources when no tile has been selectee}. The 

argument ,to UREAD, an FSUBI1, specifys the aevic~ ano two file names, 

but if no argument 15 supplied, certqin convenient oetault options 

will be exercised. As soon as the command is given, READ {or READCH 

or TVI} begins inputting characters from the selected file, rather 

than the Job console; the job console is re-seiected as source 

whenever rs is typed on it, or SSTATUS is calleo with appropriate 

argument, or ~hen the end-of-file character is encountered in the 

selectea file. 

Prob~~lYt th~ mQ$t 1mportant use of the auxi,11iary memory as 

• 

o 

an input source is to augment, mass! vely and rapidly', _ the store of 0, 
named LISP functions. . Instead of typing many DEfUN' sor' DEFPROP;~s' at 

the console, the user simply stores a sequence of such rormson a 

file, selects the tile with UREAD,and gives the :a command. The top 

level function is still running, so under normal circumstances, the 

forms are r.ead in, EVAL~edtand printed out {unless all output 

channels ,have been disenabled)~ When all' 1s done, i.e. the 

end-of-file character is encountered, the Job console is re-selected. 

The E-O .... F charater is not actually used by READ or i1EADCH or TYI, but 

merely. serves as a sIgnal to restore the console as input source. 

o 
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o 

o 

o 
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Of course, a selectee file mdY serve as a ~dta source ior a 

sequence:; of nU;Tlbers, terminated by 6 ~·IIL, anu returns tLi::;;ir SUiH. 

( L}~t;·~ dDA 1\ I L 
( P i~(OG (S UtA X) 

(!')fTW S 01,,1 ;0) 

CLI i::~i:A1..i LUI SA ~.~ UtA JlihS ) 
(SSTAIUS lOC (,;) 

A (CONU «~ULL (SLIG X (H6AJ») 
(SSTATUS I 'JC 5) 
(RCrU fiN SU;/l» 
«~LT (~U~BCh~ X» 
o::~a (wuuT2 (hOi'·i-L·~Lj;"lfi~IC I." r IL0:»») 

(SETQ SU;'.·~ (PLUS SJl"'1 S» 
(GO A)) 

To i 11 u s t r ace s om e "t her f eat u res, t h t.; e x am p 18 i s r e - v,' r i t t.J i'l not i r 1.;1 

(1) the swi~ch for input channel source is actually the v61ue of the 

global varioble in this particular case, the IOC "for I/O 

control; CO~fhTlanas mc:.y be replaced by a SETJ or la~1;bda binoin!]; more 

importantly, the status may be pushed and poppeo by la;noaa or prog 

ointiing; (2) if HEAD, implementea as an L3U3R, is called witi"j one 

drgu~ent, the E-O-~ character not only causes the console to be 

re-selected as noted above, but also causes RiAD to return its one 

drgu.I1eot. ~s a value; if the E-O-F is not encountered "'/ilile readirHJ tile 

currdnt s-expression trom the file, then HeAL) operates normally; t.hus 

a r3dO illode is available which will actually rdclU an f-O-~ and return 

som8 given ~4dntity;' (3) The name of the file is made an argument tor 

trie 5i::ELple tunctior'i ana i~F?LY is use:) ','iith U'i·d':AD {instea0 OT 

corls-cructlng an dppropriate form to give to E'v'AL, a flc:cessary task iT 

} .. fl.JL'f is not c~PQ018 of applying an f-type function}. 1r)8 reviseu 

5 inc 0 t:. (" e i-u-r C Co use s red u tor e t urn 0 nun 1 i 1( ely Cj Ucdyt i t y • 
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(L)~i'l LjA (1- I L) 
( lli-(iJ v (S Gi'i J.. t I~) 

( oS ,:::'j~ l S U .,i ;.:;.) 

~-.--.--------~------.-.--.--------.. -----.--.,-.. ---- ------. 

(j:LlJeL'y' (CiUGTE UJ:d:.fiL) 1~IL) 

C::;· c. '1 (~ t J T) 
(C0l"lL «c.~ (ScTU i~ (;;c/~D (,,1U::n~t:: c~C·CEY-c-c.--.,·')))) 

tUUOIE ~C06)-t-0-f» 
( ncTUhl~S L"'I ) ) 

( (l'JOT C'·lJ;,'d)t:.n~· ,\» 

L:.;:~E (GUOTc ~~c..J-l,lU'ilcii Ie L,. elL::'::)) 
(S~'iQ 5Ui~'1 (PL0S SU,·, ~.~» 
(G-J },»)) 

ch~r3Cters into an s-expression is uLacst iUeiltical co tLdt (iescriodd 

on pa9Bs J and 24 cf LISP 1.5?M; a Ie'!! axtensions, one of t.hCiJi very 

powerful, are noted below. 

o0jects {on of the more complicatdu tasks tor ~tAL}~ the synt~x is 

iHdcHiingiul to h:c.~·\.0fall irrco flinecot.ec;:ories: 

(1) olpnabetic, i.e. "Au, "D iI , etc., and exten:.~ea 
alphaoetic, e.g. "!", IIt il , I8:;iU, U+H, Ii_if, etc. 

( 2) G e c i HI a lui 9 its, i • e • II ill, U 2 ", l • .3 if,. • • U Sf Ii , Ii K;' .1 

(3) contcxt-oependent number llloui J:ers, i. e. 
( 3 u) Ii tilt 0 r t i x e cJ poi n t sea 1 e t ac tor i no i cat 0 r , 
(30) h'::" tor :floating point E;xporlent inaicator, 
(3c) "+ »I for 0 le ft-siti it in C1clS-8 2 notation, 
(3c) 11+" anel II_II for algebraic sign, 
(3·8) lI.u tor aecimal t=)oint; 

( 4 ) 0 pen po r e ns, i. e • it ( Ii 

( :5 ) v. ot, i. e. Ii. u 

(6) close parens"i.e. t1)l! 

(7) rubout {A5CII value 177) 
(d) 'che I1t.eral-cDclrocter-quotinJ cClaracter, i.~;:. Ii/" 
(,;;) macrocharocters, speci :fiable un~er prograal control. 

• 

::xcept v/hefl praCeeGed by c. slash, tlll other characters encouf1t~~reQ Qy 

;:·:CA0 ore Siiilply ignoreo and oiscarued. Clot su rprisingly, tilf) 

cont.:.L;{C-U8,Je{i;Jent cf.circicters of cat.eJory (3) are wiso incluuc;u in 

---- ... "-~-------"----'---,, .•. ----~-- .. ~-~,,.---~--- _.-- --.-------.------~-

o 

o 

o 
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o 

rubout vd-licl'l io1lo't/s slasi"l in the incoraing charucter sere.l.L1 \iii 11 :_e c.:.\: 

t t"l a t po in t t rea ted as i tit we reo t cat e 9 0 ry (1) \ 5 8 e 00 t t 01'."[ ii (;<.1 I C ..l 

page 7 tor eXdmples and more aetails). 

ot cOillposed of characters from categories (1) an~ (2) will normally ce 

parsed as a literal atoill token unless it consi~ts only of ui9i'(,s, in 

'."hi cil case f of course, it is pd rseo as 0 !"lUinbe r atui!; token. Tnus , 
IIJAII is a perfectly gooa literal atOiH tOKen lor ,.-'IACLIS1) , and 

inc i J en tall y, so is II / 1 2. »I sin c e the t irs t c h a r act e r w i lIb (;; in pu t teo 

as category (1). 

o as 

Thbre is no lirniL of 3~ characters 

suggesteo in LISP1.5P~. A f eat u rei 5 pro v i a eo in II/ hi c han y 5 t. r in 9 

cOinposea of letters ana uigits ana preceecieo by a U+U or II_It is taken 

as a number token, using alA II , lib", He", • • as 5upra-aecimdl 

oi9 i tS. The feature is not norQslly turnea on, an~ may be switched 

with SSIATUS. 

~"vhen inputting from an auxilliary dienlory file, the rubout 

character is ignoreo, but when .inputting from the· job console, tno 

rubout character causes the preceeaing character to be "rubbGu-out u
, 

i.e. it is removea from tile buffer~a input string, ana imGleaiately 

printed back ag5in on tne console to announce its removal. 1':0 Sp6Cl~1 

chardcter, or sequdnce of character is necessary to signal t.he eno ot 

an s-expression since it is oetennine-:J 'rJholly by syntax. l<~ et:d 1 eSS to 

o say, 'dhen one s~e~pres5ion's wortn of characters are fuly inputt.e . .:1, 
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;-lwve oeen a cGo~nplisheG. 

The syntactic catetory of anychdr~cter ffi&Y be inspecta~ with 

SfATJS, and lildY actually be altereo with S31i\TUS \S8b Pd(}J 21). L'lUS 

ona coula re-spE:city "[ u to be in category (4), or II] II 'to be itl (6), 

insteau of in (1). (The unfortunate user GOulci eVeIi sene nili-is;.;ll up 

the ac.AL stream withoul:. a parens by shutting off the c.;:~t ory «,) 

iueaning tor II (II). Syntax iniormat ion is stord0 in Co 2ft-vIora t,.l;:)lt:, 

alon,.) witY'i a Pi:'iA1¥!c translation; the la.tt~r feature tlncis l-CS use 

p rim a r i 1 yin con vert in 9 .. a II in to U A II t It b II in toll i3 II, 8 t C • sot :-i d ton e 

neeu not continually hola down the Sllitt key '~:nen using 0 IHocel ~7 

teletype. {Model 3~ teletypes ana GE consoles have only 141 

characters on their keyboard Model 37 teletypes have all 200 

characters of the new ASCII alphabet}. dowevE:;:r t U/all will still be 

irlputtea as Ha U • {l\,ote that all syntactic and translation properties 

a t.triouteo tochciract ers only apply to the operations of F1EAD. ti cALC ri 

ana TYI,explained on pa9€ 23,oirectly input on8 choracter.} 

• 

The aEADjl;,iACh.O character iaea is a means of usi09 LIS? 

functions to gc:nerate s-axpressions at aEAiJ tiHl8; qu i te simply, 

wn~rclver a macro charcter appears in an input streahl, it is replaced 

by the result of calling an associated function. A macro Chdracter is 

oeclarec and its corresponding function spec! tied \Aj ' i th SSTATUS, 2ind 

edch such macro is further classifiea into one oi four types (probably 

b~st uncierstood froln tl'ie examples below)' ( 1) elemental, ilmlleaiate; 

(~) elemental, uelayed; (3) splicing, 

delayao. Tha' first dimension inaicates whether tne 

(4) splicing, 

result ot the 

associateu function is to be treatd~ as a sing10 el~::ment, or w~lethur 

o 

o 

o 
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o 
its :)Ou 1 C 0 ~ d 1 i s t w h i chi .s a p pen Q eo, 0 r s p 1 ice G , inc 0 c:;I 1: 0 n'l i il ~~ 1 is': 

(i.e. it is a list fragment). 

Htiuld ii at wi)icr-~ the ossocidtGd function should be c,--lleo - Sil'lC(; i>.4.:.:.\u 

;"iLay ,:Je called (recursively) by ti'18 associ;;;ltc:G .cunctic.n, l'C 1S 

input as t.hose characters immediately tollowing the occurr6rlcc,: 0.i. "tliC 

lil6cro chorocc er, or \\jhcltn~r i t waits bnu uses t.J.OSG ch2ractdrs co:ning 

in alter tile l~irst-initiateo i~EAL (laS inputteu its share. 

associateu with im,TIcuiate macros have no drgulnerrts, tllOS';;;; ',vi tl"j ,.jsldY8G 

macros ['lave on~ argument, which is bound to tYle cUrrer)c prouuct of 

di.Au. 

r.:XclH, f) leI • In order to use It's" in tile input 5trearn inst-Jo.o of 

OU(L,iU.]ff S)II, the character single-4uote is Q8clared as cllernental, 

immeiiate macro witn function 

~((); list [QUOTE; reao[]]] 

ThUS w1'ten ReAD'ing II (COl<S ~ ( r- 00 01",l YOU) ) U , a s 5 00 n as the 

single-quote is encountered, hEAD is callao recursively to ootaiI'l (t'GO 

Oi'~ {au) whic() is then combineo in the ca 11 to list, ano the final 

result is the same as if 

(COnS 1 (wUOTE.( FOO Oi~ YOU))) 

were the expres~ion to oe read in. This tacility v.:ith "sin91e-quote 

nas oeen ad~mdd so meritorious that IILACLISP contains the c,1efinition as 

part 01 its initial ~tructure onG wou 10 [lOVe to rE:;;nove IU' U froi;] L. 

macro C!1dracter category, again usin() ~STAIu3, if he aid not u8sire 

its LIse. 

0,::,: x' '~"l""'lo ' J.-. "co.! lj..J.... L. 0sin::] ti'~e some function as in eX6mpl,::.:; 1 t let "lli 08 a 
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splicing, immediate macro. the n .. ( rEV A L I ! (r: 00 0 i ,; ): 0 U ) ) if i oS r e 6 (j i n 

as 

(FEVAL I QUOTE (FOG ON YOU»). 

Example 3. Let U<" be a splicing, aelayea macro wit}"; functiocl 

~((lJ; 

label[toqi 
)\((x]; (eq[x; rightanglebracketJ'" NIL; 

r. cons(x; too(r~aa[JJJJJ 
]reaa(]) 

The following english aescription of the action of tnis function is 

offered to the the reader who has not already adducea it: 6 xaximal 

sequence of s-expressions terminatea by a II>H is read ano a list of 

them, in the oreer in which they were read. is returned. 

embellished, the'DO example on page 20 could oe rewritten 

(DO I '" (ADD 1 I) (GHEATEHP I :~) <) 
{COND «NOTCNUMBERP CARRl))) (RETURN (QUOTE fOOl»~) 
(SETQ SUM (PLUS ,SUM CARR I»)) 
> 

ixample 4. Althoughan'elemental, immediate type example has alreaoy 

been given, this one is produced to show how the literal atom string 

feature aescribed at the top of page 84 of LISP 1.5PM can be simulated 

in MACLISP. Let 11$" be a macro with function 

",,((l; 
preg((endch; x; III 

reaach[ J ; 
endch :~ readch[li 

A x:= readch[); 
[eq{x; enoch] + return(readlist[lll); 
1:= append!l; list[slash; xJ); 
go[AJ)) 

o 

o 

o 
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o The syntax for number tokens is similar to that descci0~j in 

(l) the input base tor integers is not necijssarily ten; it is fuun8 as 
;- . the value of the global variable IBA.-SE, which is initially ~c:.-:. co 

eight. 

(2) 11.:1
11 does not serve as an octal indicator; rather it II . 

decLnal indicator; e.g. t the string "6lO. ", illegal in LLJr; J .:.;., is 

taken as an integer base ten regardless of the value ot IJASc. 

results in nUiaber oillultiplied by IBASE b ti:nes; Uc+-o ll results iri 

numbar a multiplieo by 2 b times. 

114096. H, "1+12. II, "10t3", and "64. t2H all .Jenote the same BU1l1ericel 

value. 

o ( 4) It is permissible to begin atloating-point number token with a 

o2ciii1a 1 po int; however one must remember ti"18 oav i ce to place spa ces 

around a dot which is intended as a separdtor for a dottea pair, but 

','/nicn occurrs aojacent to a digit. 

Internally, numerical objects are 36-bit quantities with one 

of two possible indicators flXNUM or FLONUM. Thus all record is 

lost of the form of the token in the input stream whiCh gave rise to 

the nUfiloer, ana it is possible that a printout ot the object will. not 

yielJ the same string that causeo its generation. 

o 

--------~-----------------------------~. 



for P~INT, PRIN1, PRINe, ana Ito output there ~r0 tour 

indepenC8i:'ltly enaoleo channels, 65Ch \'Ji th its Oh'fl 5'~'li tel'! iri tl":t~ te:r:;: 

or a gloodl variable: 

( 1) tn(;;: joe console; non-l~lL 
(2) the Jata Froaucts 11ne 
endbled 

v (;;11 u e tor ~ H .il e.:;; n s ~j 1 .3 (; (Ll L 1 C G 

P r i n t e r ; non - i.I i.~ i 0 r +.::' L; e;j n s 

(3) the JiC 34i.:J aispley scope, buffsreu tor cl'loruC'c,er Oucpi.,r~ 
by lIS; .lon-L<IL tor tl'J means enoDlec 
( 4) a n a u xiII i a ry fn a rno r y u e vic e 0 r r 8 Gl 0 't e C () CI .s old, 
pre v i ou sly s e 1 e c t e ci by t 1'1 e tun c t ion U • ~ H I '1 c; . ! 0 n - .< I L v cl 1 U l; 

for .~ m~ans en~bled. 
Sinc,: all four s\\'itches are varibale values, cht::ir state :110;'.' b~; r:u.s:tej 

LinJ ~oppeU., along wi th that ot the stdte of tne cu rrsnt Llpu'C channel 

{see pages 23, 25), by lambod or pro9 bindin::;. T [18 val" 1 a b I e J's ~. a ;r~ e s 

derive :frorn ti1e corly implementatiofl of I/O control; typing 1'7-':;, r.'" 
fL,r:··.i, or rR respectively set t~, t~·~, ~bt t~"J t cHid +;{ to non-~JIL, and 

typing r~, fv t fE, r" t or rT sets the respective switch to ~·~lL. 

,:\lthough tnese five switches may be changau witn 51.::.1Q, the function 

lOC (ana SSTATUS) is provided to perform, by evaluation, the same 

action that occurs when. a control character is typed on the job 

console. An output channel selected byUhi:dTE., ano possiblywri tten 

on atter enablement, is then closeaan~ filed with the function U~ILE 

the file str~cture of lIS does not permit any other access to t;18 

o~tput file until it has been properly closed and tiled. Optional 

drgu~ents to JfILE are file names, with certain oefault;options, which 

wi 11 .;)ecome tl'le two names iaenti fyin9 the ii ll~ on an auxi lliary l~lemory 

device. 

numericcil object, the base representation is not necessarily ten, ~ut 

o 

o 

ttle v dlu e of the 910001 variable dASE t dno i i theoase is t;::)n, tt'len 0 



L ','. .. 
~ 1~ r' ? .'~. 

o 
~~cn in~eger-output-5ting is tollowea by a ue c iii.o 1 1 .. ;81 nt, .1 ~. "l'.' 

.l :, .. .lJ. 

r,Joc-in under trH~ convention (2) o0.scriuec on pa0e 3;:.". 

It is possiule to output in Cd-58 r8prtJsentG.f,iolIS l~.(J:~r ti~L.lL 

aoout tnis i83ture. 

o 

o 
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The Compiler, LAP, ana Auxilliary Aius 

• 
,.Liny i:unctions, because of trleir inJrdciuency oi use, .i.ee iiO'(. 

,~)drt oi tile uasic !.U\CLISf.' system, but nldY IJ8 lOo(H~I. .• lfl i.:::n;.:, u;j:;;;~ \,'/;.211 

so o0sireu. 

routines. 

Tn8 LI SF COlllpiler 6nu LAi-- ci55er;,:~lcr' arc:; t1dO SUCil utlll-.:y 

00th are \~jritten in Li13P coce, as LJ\ijl· ...... S anu 4~;.L:.h4,';·S' uiJC 

t;-18 cOlnpiler is so lcln;1e that the ini tidl ,JLP/6 con1:l::;:;urc.cion tlc.n .. .< _~ust 

;:i;..)OUt. erlough corE: to hold a SYStelH 1,\fiLii d ccmpi10r lOd~eCl iL clnu 1(~ov8 

SOri,€ free stora<;;e for 5l1J.ooth runnin9. A s a r 0 suI t , C Oili P iIi n~; i s 

usually uon8 only in an augmentec LL:::iij systel;'! ed:03111Si"18G 1;,'i\:.!i d 

COillp i leu varsi on ot tile comp i ler. The conlpi 18c C/: P :,~" san..... c L..;';.,) ,i/ S 

occupy aoout 11,0(:21 {4700.) cells onu run aboue ten ti;nes taster thcln 

t l'l e i r L I~ ? C ou n t e r part 5 {f 0 rex D rnp 1 e, ~'i i t h s i [n i I c; r a ill 0 un t sol 1,-/0 r kin q 

spac~3, COlflpi li ng ti16 compi ler takes 3 J • fni nu te s l.; oS i ng int erpret eel 

COGE:" bu t only .3. 1 iiJinutes using compi leo 

cOiupileG CQQe requires on the avera98 only about 

aoes tn8 LISr code giving rise to it, ana 

C00e). In adJition, 

half as iildny ce 115 d 5 

Goes not rec;uire tne 

eLne-consuming marking pl'iase (Jurin(;l garbage collection wnich is 

,(ldc~s5ary to protect the ce lIs JiolCiing LIS? coae. A.lthough t~1e 

compiler ~ay De appliea to functions aefinec or reao into the 

embellished Systt:i1i, it is generally' usea as a file tranSducer i.e., 

s-expressions are reao in, one at 6 time to prevent frue stor~gs 

strain, tram a s818ctea auxilliary memory file, anu those which 

rep r d 5 e il t fun c t ion G e fin i t i 0 rl.S t' S U C has (J E i~ ij d • .) or (0ff?~OP • 

. ) , ar e cO;'upi lee int 0 corre SPOf'luin9 LA? ccoe on an output. til e., 

o 

o 

o 



• 

o 
;:;)-expressions, ona for each machin8 instructioh 01" loOt;;; 1 , Lcr.ilirJdt::;:u 

This iorrn6t is uScu, rather t.hon a sinyl-.;-list {orLiO'l:' 6S 

6'sse.ublYi ... ~'or0S one Cit a time ane. thus avoici Uili.:iUe st,('::lin on tree 

stor.:l.;;Je. rorln5 in the input iile 

([)ECLAi:~c •• .) 

compiler, such 6S speciul o6clor6tions, etc; ot>ler tori;lS \,,;t'.l.ic{l ;..::r'j not 

tunctiofl uefini tions or DECLAaE.'s are mdrely pa SStd frotd In.-Ju"t. to 

out pu t f i 1 e • 

o file or functions appears secure, it is compiled for subsequent use. 

Although one dxpects a speea-up in general of aoaut a factor af ten, 

many functions seem to be limiteo by tne speea ot macnine language 

50bR'~, such as READ or AS50C~ ana some show speeo-ups of less thcin a 

factor of two. 

The first iinplementations ot LAP for lvlACLISlJ were entirely in 

EXPH-reXPK form, but very shortly an "inner loop" was cooeci 'oy hane in 

L.\? and appendeo to the tile of EXPR's inoroet to be bootstrappeo in. 

In fact~ so critIcal' is this lIinner loop" that when the remainoar of 

LA? is compileo, the observea speed-up is only about a f~ctor ot two. 

Currantly, t.h0 9reater port of this cri tical' loop, compri sin9 aoout 

2~~ cells, is resi~ent in the system, as a .compromise be~ween ~na 

undesiraole effects at having 011 14k";.::) instructions in the SystOfd and 

o t [1e unc.esi r~01y long tin~d requir ea to b ootst rap in tne cr it i Co 1 

portions. 
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o 
i.5 a language, LAP very c los e ly re 5emb 185 tho t 0 I" .. , LjA,) , the; 

extensiv~ m6cro tbcllities. Trle si_milarities ano 'L:.;,;~r;J, ilOV,!2v.:;r, roY" 

L.A? is (;n in-core assemol0r and loaoer, ·,'Il1(:;reas ,,~lDI .. ~ is Cl l..-'fO-I.JciSS, 

off-line, assemble-only systel'n. 

subroutines into l",ACLISF, 0 fairly sopLlsticatec rcloca-cin-; anu 

linking loaeer is requireoi ana occcbsioncil~y the extra error~ is 

warrantee over the other alternatives: (1) merely using LAtJ, 

especially it the subrou tin,es t. otal 1 ess than a iew thou sana o instruct.ions; (2) airectly ass?mbling the subroutines along witn the 

entire LISP system. l\J eeul ass to_ say, for each a 1 t ernati va, there are 

reasonaole applications for which that alternative seems cast 5uitec. 

The assemble and loaa processing otLAP takes about 14. seconds per 

2~C~-wora block ot instructions {as measured on an average task - the 

LiU) coce tor tr-16 cOifipiler J, \',hereas the action oi i;~l GAS laay often be 

quic~er. On the other hana, LA~ neeas only aoout 40~~ cells Lotal tor 

S,fiootn o}:Jeration, v,'hereas :,~ IUAS, wi ttl a large nash-coded tciole, 

ganeraly occupies in excess of 4~,~~0 cells. 

j\. s~mple cOGipilation; 

( LJl::.r:; ur~ P 02 S'l Ni (A) 
Cl cS T tJ ( C A ii ~{) f OC v A E S ) 
(~UIPf-(OP {CAE xJ (CJJh X) (QuOIt:. S'L);») 
(CA~~\ X» 

'doul.:; <;;Jive rise to the following LAP coue {commentary in square 0 
oracJ;(st.s is for illustration only, and is not produce-a oy ti-le 
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o 
cOlap i ler) : 

(LA~ ~OP~iM S0d~) 
(PU.jh P 1) 
(~Qvi 2 (S~~CIAL fOGVARS») 

(HLHZ ~ 1 1) 
(CALL 2 (fU~CIIU~ TESIP» 
(MU~EI 3 (WUOIE SY~» 
(bi:t~~Z 0 2 k:,' P) 
( hL !~ l ~ 1 b P) 
(CALL 3 (~UNCTION PU1PkO~» 
(r1L,~l ~' 1 k.; p) 
(SU B P (;~ 0 0 1 t) ) 
(POt>J f.-) 
NIL 

[save /\ on t~ l~ILJ 
(get value of speciel 
ire e v 0. r i u b 1 d l.~ ()U v 1:,J ~J J 

(g e~ (CAR A) J 
[;;;xacute tunctioI1 Tt.:::d}Jj 
( II SY Nl U i oS j.r j Q r(J J 
[get (CUI~: J~)' 2no a:rr'] j 
[ get (CA h l\») 

(pertorill ~uTPkOPJ 
[return (Ciu'~ X)] 
(restore PUL) 
(exitJ 

"CALLa is not a PDP/6 instruction, out causes a trap toa special 

interpretive routine which either (1) acts as an interface oetween 

compiled coce ana interpreted functions (e.g., it I~STP is an EX~R, 

o then APPLY will have to be ca lledi, or (2) smashes the CALL with a 

direct link to a machine language subroutine {if the code tor the SUbR 
~ 

PuTP~OP begins on location 672, then the CALL will be replace~ oy 

IItJUSriJ P,672"}. 

As mentionea already on page cit the tunctions of IRAC~ are 

encoded in LISP ano stored on an auxilliary file. Several otner 

debugging a.idsa're likewise implemented ano st~reo on the CO.'i'i device, 

although some t1aVe been compiled for greater operating speeo& 

() The whole editing pacKage as used at bOLl, BERAN~K. and NE~MA~ in 

their BbN~LISP is av~il~ble both in LISP ana LAP code. 

(2) A aebugging aio called SPY, available in LISP coae; SPY is 

e ssent ia lly an evaluation controller with a more sophisticsteo 

breaK-restart facility than a~EAK. 

o (3) 1\. "pretty-print .. and indexer package. in LISP COde. GRINUEf is 

usee to print out 1unctions in a properly-inaenteb format for easy 
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viewing; GRINJ0 and GBI~Dl are file transducers tor toe Sd~e purpose; 

I{'·~ut. .. ( scans a file and prepares an inaex tor it includin9 :{unct.ions 

aefined, free variable functions {or unaefined functIons) refereflceJ, 

ano a very brief analysis 01~ each definea fUflGtiorl. 

(4) A display g~nerating package for easier construction ot the arrays 

from which tile DEC 340 aisplay scope takes its comalanas. f..vailaole 

both as a machine-language augmented system, ana in pure LIS~ COGG for 

regular systems; there are routines to generate displays or pOints, 

lines, curves, connected lists of points, axes, labelling text, and a 

moveable cursor. 

It has been noticed in LAP, in TRACE, ana in the ~isplay 

generation packages, that some parts can be encooed in LISP only with 

o 

great loss at efficiency, while many functions are tor all intents and 0 
purposes just as efficient when encoded in LISP as when encoded any 

other way. The interpreter, a very general tool, has its 

shortcomings; but, for a number of jobs, they are Just never 

noticeable. 

N.B. Appendices will appear to explain to the user the details 

of using the compiler, LAP, and other such aids as above.· 

o 
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future Plans 

For some time there has been expressed a hope of speeding up 

the running of compiled arithmetic programs. To this ena t we are 

working with the MATHLAB project on a new representation for numbers 

so that compiled code may handle numbers directly, rather than through 

the medium of an amorphous9arb~ge-collectable storeage space. It is 

the consumption of number spaces, and consequent time-consuming 

garbage collections, wh1ch' 1s responsible for the time slowdown of 
,I 

ar1thmet ic ope'k'-ations in LISP. There will be a ~IXNUM space and a 

fLONUM space; numbers wtll be represented by , pointers directly into 
,. 

theappropr1ate spa,ce,;,· w1thoutrequir1ng an atom header or any free 

• 

o storage space. ,However,this in itself is not sufficient tor great 

savings - it will only reduce by some 'smalltactor thenumber of 

number conses availablebetore a garba.ge collection is necessary_' The 

innovative feature of the plan l1es in the creation ot two more linear 

stack areas, the FIXNUMpdl and the F'LONUM pal.' When, a compiled 

function is enter,ed, a small block of the pdl area is taken for 

holding the pattial results ot numerical computations, and pointers 

into the pdl area may be passed along as arguments to other' functions 

just as pointers into the number spaces 'would be; trus no, consing need 

be done in order to pass along arguments to other functi.ons. In 

certain cases of compiled code calling EXPR code, additional work may 

be requireo at the interface in order to convert numbers in the pdl 

area into regular LISP numbers {see discussion ot uCALL" on page 37}. 

o Certain aevelopments 1n hardware modifications for the PDP/10 
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are opening the way for several desirable features in MACLISP. A 

hardware paging scheme will allow jobs in the ITS system to overlap 

core areas with other jobs; thus a pure-procedure, or re-entrant, 

implementation of the basic MACLISP systefu becom~s fecisible so tnat 

many active LISP job~ ~ay be initiated with each one requiring only as 

much core as is "ne~dedtor its own private storage areas. In 

addi tion, it wi 11 be much more practical to implment a run-time 
\ 

linking relocator for the purpose of loading MIDAS-assembled 

"subroutines in~o' an already running LISP job {a relocating loader 
1\ 

could be trivially implemented now, but the linking phase, for global 

symbolic references, dep~nds 6n ready access to the job's ~ymbol 

table; this is 'somewhat 'cumbersome in the current implementati"on of 

o 

IrS, but with the proposed paging scheme, a job which neeas to access 0 
its symbol table "could a"ttach it simply by adding to its legal page 

a llotmentthose pagesoffts symbol table.} We are planning new ways 

to store >binary programsiJ'both those loaded by LAP and those loaded" by 

the yet-to-be-1mplemented" linking relocater, so that the whole of 

binary program space may be dynamically relocated "at will. The next 

step, then~ i~ to re-work the representation ot ato~s so that all 

stora~~ areas may be dynamically expanded Bnd/or relocated; the 

garbage collector will then be able, as the execotionof the job 

progresses,'to re~allocatethe amountot core assigned to any given 

storeage area. 

The current representation 'ot atoms has lea to the problem 

discussed at the top of pageJ0, pnd this problem must be averted in 

order to realize th~ dynamic re-allocator. One way of solving the o 
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o 
problem is the creation of a separate space for the stor8ay(;; of atoLlS, 

out apart from this problem, experience has shown t.he cs,Sirai'::'ii lity 0./. 

an uatoiH header" space on other grounds. 

fun c t ion prop e rt i e sot a nat om are 9 8 n era 11 y 0 f pa r EHii (j U n tiLl;J 0 r L Cl Ii C e -

tne .nore rapidly they may be retrieved, the t)c tter. Our cLY'r8nt 

thin.t<ing on t.his matter calls for a space of atom l'lt.~,jers cont,~i'lin(), 

for each atom, imneciately accessible pointers to ti-le v,:\L0L:, \ , 

i""'" .. ''( i'~,·~ c.. , 

and function {it any) properties, with aooltional oiLs tor i:~;(;:;rOci';ie 

collector usage;o.na tor a' separate space tor Ph.i\i"lt: stcrcLJe •• ·~e !,'/Quld 

expect a speed-up of a factor of two in the inter~retation of ~X~R 

code, ana a small economy {perhaps 15)~ to 30;~} in the amount of L18Jlory 

occupiea by atoms. The proliteration of separate .;>toreage spaces is 

0 not 50 bad as it might seem at first, since one ot the ultimate 

oenetits is the aynamic re-a llocator the user 'lJou 10 De less 

conscious than ever of the separation of memory. 

The problem referred to above ffiay be circumvented by another 

application of the paging concept: allocation is fixea, but each space 

is made to bd very, very large. A LIS? job woulo utilize the full 

eighteerl oits of the address space, but only those pages wilicr) j'love 

been reierencea are actually held in memory. The major orawbcick to 

tnis plan is t.hat our haraware mociification plans do not provide for a 

pcHJe-on-oemana interrupt; but at any rate, tilis circumspection is 2.t 

best a postponement of the real problem. 

~Oille aiscussion is also taking place on the matter or 
progra r:unab 1 e format specification for number print-out; on the 

o possi olE: opp1i Cut ion in LISP 0 f the "local - globa 1" a i st incti on lou flU 



in t{')8 cloGf": .3tructure of ALGOL; ano on a IiJore vers5tili:.-;; I/u cLdf)/i81 

stu r c(' u r e " su c has t h 2t t 0 f LIS? I • 6 a t the ~ t CI fL.[ 0 r ci J\ r t i r.i c Li 1 

Inte lligetiC8 Laooratory.) 

---",'-----

o 

o 

o 
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APPENDIX f0 

Preview of Global Variables and Table of Control Characters 

NOUUO, NOCHK, NORET, BAKGAG, GCTWA, *NOPOINT, *RSET al I set 

accessible switches, namely their own special value cel Is. Thus (NOCHK 5) 

accompl ishes the same as (SETQ NOCHK 5). 

There are a number of global variables critically pertinent to 

system operation - a brief catalog fol lows: 

ATOM VALUE OR HEANING 

BASE Radix to be used when printing out fixed point numbers. 

BPORG 

BPEND 

CHRCT 

U§ed by PRINT. 

When the system is initially loaded, al I the memory from 

BPORG up to the top of the core allotment is avai lable as a 

kind of amorphous storage (not part of free storage or ful I 

word space. Subroutines loaded by LAP are generally stored in the 

lower end of the space ,and Arrays are dynamfcal Iy stored at the 

higher end. BPORG is adjusted by LAP to indicate the lowest 

currently avai lable cel I of this space, and BPEND is updated 

by the array ~andler and garbage col lector to indicate the 

highest currently avai lable cel I. 

Number of character spaces remaining in the current output line. 

PRINT enforces a maximum output I ine length bf LINEL (q.v.), and 

when CHRCT reaches zero, a carriage return is emitted and CHRCT 

reset to LINEL. 

DISLIST One means of displaying information on the 340 display scope is 

by the creation of "display arrays" - each such array is a 
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sequence of instructions to the 340 (see Manual for usage). 

Disl ist is a I ist at the special array cel Is of those displays ~ 

that one want active. In time sharing LISP the display is not a 

actually carried out unless therF switch is on (q.v.). 

ERRLIST When at non-ERRSET error is detected, control passes to an 

IBASE 

LINEL 

initial ization routine, just before re-entering the top level main 

loop. Average other things mapc [EVAL; ERRLIST] is performed, thus 

al lowing the user to add his own two cents to the error receiving 

process. 

Radix to be used by READ when converting a number-I ike string on 

input. May be any value from to 36., except that any number-I ike 

string having non-decimal digit must begin with either +" or _". 

EXAMPLES: 

If lBASE is 8, then "47" is read as 39. 

If IBASE is i2., then "f4" is read as 16. 

I f I BASE i s f 6. 1 then "+ fA" is read as 27 . 

The I ine length for PRINT to use. After LINEL characters have 

been outputted, a carriage-return I ine-feed is automatically 

inserted. When the job is started up, LINEL is set to 72. for 

jobs control I ing teletype, and to 45. for those control I ing the 

,",datanets. 

NI L NIL 

OBL 1ST 

TTY 

A I ist of I ists: each interior I ist (of atoms) is cal led a 

bucket. Every atom read in by READ on READCH, or expl icitly 

INTERN'd is put on the OBL 1ST. I f there is a I ready an atom of the 

same pname on the OBLIST, then no new entry is made to OBLIST, but 

instead INTERN returns a pointer to the already-existing atom. 

When job is started up, set to NIL if at teletype, to 0 if at GE 

o 

o 
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o 
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A .... 3 

Datanet. 

Here IIX" and lIy ll are used as meta-characters. TypingIX - control x 

On a job console, or evaluating (IDC x) or (SSTATUS lDC x) 

sets the x switch to non-NIL. The x switch is merely the value 

of the atom tx - up-arrow x -, except for G and X. Each switch, 

except for A,G, and X has a corresponding control character to 

turn it off (set to NIL), denoted by y. 

X Meaning of Switch 

A 

B 

D 

F 

G 

N 

P 

Q 

R 

w 

x 

Avai lable to user, not used by system. 

Enable I ine printer to receive PRINT output. 

Turn on output of garbage col lector 

statistics (one set produced at each 

collection) 

Enable displaying from the display arrays 

on DISLIST. 

Unconditional qui~ not caught by ERREST. 

In time sharing, turn on the DIS devices to 

receive PRINT output. (Physically, the DIS 

device is the same as the 340 display, and 

one cannot use them simultaneously). 

Seize the Calcomp plotter faci lity. 

Let READ receive its input from the 

currently selected input file, rather ~han 

the job console. 

Enab1e the currently open output fi Ie to 

receive PRINT output. 

Disenable the job console from receiving 

PRINT output. 

Quit, acts very much I ike an internal error. 

y 

(none) 

E 

C 

y 

(none) 

y 

u 

S 

T 

v 

(none) 
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APPENDIX B 

Some AI locator Goodies 

When a ~ISP job is started up under time sharing, the system 

first interrogates the user as to the al location of memory for the various 

storage areas used. The system types: 

LISP 105 

ALLOC? 

If the user then types "N" for IIno" certain standard options are 

ta ken; i f he types " yn for "yes" the system then p r i nts out, line by 

I ine, the standard options, pausing at the end of each line for the user's 

·response. 

CORE = 22 

FXS = 400 

FLS = 400 

REGPOL = 777 

SPECP = 777 

FXDL = 7 

FXDL = 7 

By typing a space or carriage return, the user accepts the standard 

option; by typing a number, he specif1es that al location (a string of 

digits is a number base eight; a string of digits fol lowed by a 

decimal point is a number base ten): by typing an alt-mode al I 

o 

o 
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o 

c 

\". "-±'W""Ir"")"f'H1! rat! 1"' 1'"M' '"P."' 

remaining standard options are taken and the al location phase completed; 

by typing a control-G the al location phase is re-started. 

In the current system, CORE cannot be specified to be less than 

8,...2 

20 blocks (16K words). Regardless of the specification for FXS (FIXNUM space) 

remaining after al location is divided as fol lows: 

31/32 to free storage and 1/32 added to the FXS al location. This is partly 

motivated by the fact that PNAME strings are stored in FXS. FLS is FLONUM space, 

regular and special POL's are obvious, and the two number POL's wi I I be relevant 

only for functions campi led by the soon-to-be seen fast arithmetic compi ler. 

Additional core may be grabbed by the system when more binary program space 

is needed. 
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APPENDIX C STATUS and SSTATUS 

The FSUBR's STATUS and SSTATUS are implemented to aid in 

querying the state of the LISP system, and in setting some of its 

conditions. The first item in the,arglist is always an atom which 

tells what kind of query, or command, is wanted; but some of the other 

items may be EVAL'ed, just as with the FSUBR "ARRAY". A dispatching is 

done on the first five characters of the PNAME of the first item, so 

that if atoms like CORE and NOUUO are REl"10B' ed, the functions of STATUS 

and SSTATUS may still be properly performed. In fact, the main purpose 

of the function EXCISE is to reclaim from freestorage all those atoms 

with SUBR properties whose functions have been subsumed by the STATUS 

s.eries. In the tables below, the small letters x, y, n, m, as well as 

"devil and "usr" are used as metavariables ranging over LISP atoms. "frag" 

is used for representing a list fragment. 

arglist for STATUS 

(CHTRAN n) 

(CORE) 

(CRUNIT) 

(DATE) 

(DAYTIME) 

(FREE y) 

(GCTWA) 

(IOC x) 

meaning, or va lue 

The character translation value in the nth entry 
of the READ translation table. 

Number of blocks of core occupied by the job. 

A 2-list of the most recently referenced device 
and sname. Updated by UREAD, UWRITE, and SSTATUS 

A 3-list with year, month, and day number. E.g., 
on Mar 20, 1970, this would be (70. 3. 20.) 

A 3-list with hours, minutes, and seconds of the day. 

Amount of space available in the y space. Currently 
y can be BPS for binary program space, FS for 
freestorage, FXS for fixnum sapce, FLS for flonums. 

The GCTWA feature (see page 9 of Progress Report) 
consists of two switches - one forcing TWA removal 
on every garbage collection, and one forcing -, 
removal only on the next occurring collection. 

° neither switch is on 
1 "next" switch is set, "every" is off 

10, 11 "every" .. switch is set. 

If x is a character with a control action listed 
.at the end of appendix A, the this gives the 
state of the x switch. E.g., (STATUS IOC B) 
tells whether the line printer is selected. 

o 

o 

o 



o 

o 

(MACRO x) 

(RUNTIME) 

(SYNTAX n) 

(TIME) 

(TOPLEVEL) 

(TTY) 

(UREAD) 

(UWRITE) 

(+) 

(x) 

arglist for SSTATUS 

(CHTRAN n m) 

(CORE n) 

(CRUNIT dev) 

(CRUNIT dev usr) 

(FREE BPS n) 

-C2-

NIL if x is not a READMACRO character (see 
Progress Report page 27); otherwise a number 
describing the type of macro. 

o normal 
1 splicing 

10 delayed 
11 delayed and splicing 

same as calling the function RUNTIME 

The bitwise decomposition of this number tells 
the syntactic categories of the nth entry in 
the READ syntax 'table for characters. 

same as calling function TIME 

NIL if standard; otherwise the form used in the 
top level function (see Progress Report page 10) 

NIL if job console is a teletype,-O if a GE datanet. 

NIL if no file currently open b¥'UREAD; otherwise 
a list describing the open file. E.g., 

(FNAMEI FNAME2 dev usr) 

NIL if no device open by UWRITE for writing; 
otherwise a 2-list describing the currently open 
device in format similar to CRuNIT 

T if the super-decimal digit feature is enabled, 
NIL if not. This feature allows non-decimal digits 
to be used when reading in numbers: any atom 
beginning with "+" or"-", except those single­
character atoms themselves, will be interpreted 
as a number base lBASE. "A" is used as the tenth 
digit, "B" the eleventh, etc. 

If x is among NOUUO NORET *NOPOINT NOCHK 
*RSET BAKGAG, returns the value of the associated 
switch. 

meaning. or action 

Sets nth character translation to m. 

Requests the time-sharing system to set the job 
core allotment to n blocks 

Updates the "current I/O unit" to be device dev 

As above, but also changes sname to 

Will insure that there are at least 
available in binary program space. 
job core allotment if necessary 

usr. 

n words 
Will increase 



(IOC x) 

(MACRO x y) 

(MACRO x y S) 

(MACRO x y D) 

(MACRO x y S D) 

(SYNTAX n m) 

(TOPLEVEL x) 

(UREAD frag) 

(UWRITE frag) 

(+ y) 

(x y) 

-C3-

same as EVAL ling" (IOC x)" 

Sets x to be a READMACRO character of regular 
type with associated function to be the value of y. 
E.g., (SSTATUS MACRO /1 (QUOTE (LAMBDA NIL 

(LIST (QUOTE QUOTE) (READ»»)) 

splicing type (see Progress Report page 27) 

delayed type 

splicing and delayed type 

Sets nth entry in READ syntax table to m. 

Sets the toplevel form to the value of x. (see 
Progress Report page 10) 

same as EVAL I ing "(UREAD frag)" 

same as EVAL I ing "(UWRITE frag)" 

Sets the state of the super-decimal digit feature 
to the value of y. see above under STATUS 

If x is among NOUUO NORET *NOPOINT NOCHK *RSET 
BAKGAG,sets the state of the x switch to 
the value of y. 

o 

o 

o 
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o APPENDIX D 

Some About Trace and Break 

The FSUBR BREAK is used much I ike a break point in DDT. EVAL'ing 

(BREAK ident predicate) 

wi I I do nothing if the value of "predicate" is NIL, otherwise wi I I print 

out "ident" for identification and then enter a REAO-EVAL-PRINT loop. Thus 

one may inspect variable values and initiate certain remedial actions. 

Exiting from the break, which returns NIL is done by typing the atom 

"$ P" .a I t-mode liP" .space ). An alternate form is avai lable: 

(BREAK ident predicate retval) 

in \xhich the va I ue of "retval n is retu rned, rather than NIL. By us i ng the ED I T 

feature, it is very convenient to insert and delete such "breakpoints" in_ 

4Ct EXPR and FEXPR code. 

TRACE is a FEXPR generally found on the Fi Ie COM:TRACE LtSP, used to trace 
, 

the flow of control of a program. A function which has been set for tracing 

wi I I reg'urg i tate a I itt I e note each time the f unct i on is entered or ex i ted. 

The basi c format of the -message is, for entry, 

(n ENTER FOO argl ist) 

where n j s the recursion depth at th is ca I I to the function FOO, andarg list is 

a list of the arguments for th is ca II [un less foo is a FEXPR or FSUBR, in 

wh i ch case arg I j st is direct I y the one argument - see Progress Report page 2J. 

The base format open exiting is 

(n EXIT foo value) 

where value is the returned value of function Foo. 

o 
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The user. when setting up a trace, may request other values to be printed out 

along with these messages; for example, if (CDR L) and (PLUS BRORG LOC) were 

requested, a _ s~mple message might look I ike 

(6 ENTER LAPEVAL ( ~ ) // o i) 3500 i ) 

when L = (~ 0 ~), BPORG = 34777, LOC = 2 and the argument to LAPEVAL is ~. 

Simi larly upon exiting one might see: 

(6 EXIT LAPEVAL ~ // (0 ~) 3500~) 

In addition, the user may request (4) that only one, or perhaps neither, of 

"arg list" and "va I ue" be pr i nted out, (2) that ca I Is to the trace-set 

function be"traced" only when a given predicate is true, and (3) that a 

condftional break point be placed as the first item of execution of the function. 

The syntax of a trace request is very simple evaluate "(TRACE ri r2 

o 

rn)" where each r i is either an atom foo (mean i ng setup a trace for function 0 
foo wJthstandard options) or a I ist interpreted as fol lows: 

(foo c) Trace foo, showing both '~argl ist" and "value" if e = 

BOTH; showing neither if C = NIL; showing only "ani', ist" 

if c = ARG; showing only "value" if c = VALUE 

(foo c s1 s2 .•• sn) As above, but also show the values of 51, S2, ... 5n. 

(foo COND pred e) As above for ~'(too c)Hbut trace a call to foo 

on I y if "pred" eval uates to, non-N IL when, foo -i s entered. 

The atom ARGL 1ST, where it occu rs in pred, will have as 

value the argl ist discussed above. 

o 
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o (foo BREAK pred c) - As above for ~tfoo c)~ but 

insert a breakpoint with identification foo and 

conditional predicate pred, just after entry to foo. 

Combinations of these forms are permitted, such as (foo COND p1 

BREAK p2 c s1 s2) but Qne must nof forget to include c as 

part of each individual trace request. The standard option mentioned 

above is just "(foo BOTH)". 

A function set for tracing actually has its function ~roperty altered -

SUBR's an EXPR's are turned into a new: EXPR; FSUBR's and FEXPRS are turned 

into a new FEXPR. This new function handles the administrative detai Is of 

tracing (and incidentally may introduce quite an overhead in time), and 

applys the original fun9tion to the argl ist. One may reset functions to 

o tbeir original pre-trace definitions by evaluating 

o 

(UNTRACE fooi foo2 ..• foon) 

EVAL'ing "(TRACE)" 'Will yield a I ist at .all-functlons\...c~rrently bei.ng traced 

and EVAL'ing "(UNTRACE)" wi II untrace all such functions. 

EXAMPLES: 

1) To trace BUGLE whenever its first argument is greater than 30, 

and to trace al I cal Is to HORN. Let us suppose that BUGLE is 

defined as (DEFUN BUGLE (N X) (PROG2 (SLEEP N) (HORN X») 

then -

{TRACE HORN ( BUG LE COND ( (GREATERP N 30) BOTH) ) 

wi I I do the job, as wei I as 



(TRACE HORN (BUGLE COND (GREATERP (CAR ARGLIST) 30) BOTH) 0 
2) To trace DEFPROP, showing only the argl ist, and breaking 

whenever a property is about to be defined for BLAND: 

(TRACE (DEFPROP BREAK (EQ (CAR ARGLIST) 'BLAND) ARG» 

3) To trace LAP, showing only the amount of binary program 

space 

(TRACE (LAP NIL (DIFFERENCE BPEND BPORG)) 

One of the functions on the TRACE fi Ie is "?" EVAL'ing "(?)" wi II 

cause a printout of a short note about TRACE with a few example uses. Since 

this note takes up valuable space, it may be removed by EVAL'ing II(??)". 

Eval ' i ng !: (REMTRACE)!' wi I I remove a I I the functions of TRACE. 

o 

o 
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~ Using Index and Grind 

o 

o 

PART f Introduction 

INDEX and INDEX1 are functions that permit the LISP programmer 

to more easi Iy debug or interpret long, compl icated LISP programs. 

Both functions operate on some fi Ie indicated by the user producing new 

fi Ie with information for each function defined by a DEfPROP or DEFUN: 

i. type (EXPR, FEXPR, MACRO) 

2. arguments 

3. free variables appearing 

4. free variables modified by SETQ 

5. functions in the fi Ie used in the definition 

6. functions in the fi Ie that use the function defined 

7. undefined functions or free variables used as function names 

Additionally, notes are made of any function2 defined more than once 

and of any function already defined in the system. 

To use these functions, one need only perform the fol lowing 

incantations: 

1 • Read in some version of GRINDEF: 

f (0110 GR I-Lstl (UREAP E GRIND COM) 1 0 of I Uth:"~ 1-\10 r 

fQ [ means type Q with CONTROL key held down] 

2. Read in index fi Ie: 

(UREAD INDEX LISP COM) 
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3. Attack fi Ie: 

(INDEXI fi lenamef fi lename2 device user) 

(UFILE fi lename 3 fi lename 4) 

The commentary wi I I then appear in a fi Ie bearing the names 

fi lename3 and fi lename 4 as selected by the ~ser. 

It should be real ized that the functions involved are sti I I in 

development, and any bugs should be reported to Patrick Winston. 
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WARNING: the ~rograms assume al I fixed point numbers are decimal. 

Part II Deta i Is 

Three free variables give the user some control over what the 

program does, namely ALPHA, GRIND, and GOBBLE. Normally al I come set 

to T. If ALPHA is set to NIL, the information for the functions appears 

o 

in the same order as do the funct ions in the f i I e under invest i gat i on. 1 f 0 
ALPHA is set to T, the order is alphabetical. 

If GRIND is set to T, function deflnitions are added and are 

interleaved with function commentary. If GRIND is set to NIL functio~ 

definitions are omitted. 

If GOBBLE is set to T, GRIND is set to T automatically and al I 

commentary appears inside the scope of COMMENTs. The idea is to produce 

an indexed fi Ie that LISP can read and enjoy as if it were the original 

fi Ie. Material in the original fi Ie that is not the form of a function 

definition also appears in the indexed version according to the fol lowing 

rules: 

f. Anything appearing after the first function definition in the 

o 
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o 

o 

2. 
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original fi Ie appears at the end of the indexed fi Ie. 

Anything appearing before the first function definition in 

the original fi Ie appears at the beginning of the indexed 

fi Ie. This prevents misplacement of any loader code that may 

be present. 

With GOBBLE set to T, it is bel ieved that al I material in the original 

fi Ie ~i I I be retained, even multiple definitions bearing the same name. 

INDE~_ 1 , is des i g ned to pa ra I I elf i I e convent ions of GRINDl 

returns the same sort of thing as its value. That is: 

( I NDEXf fn·1 fn2 dev user) 

returns 

(UFILE fn 1 fn 2 dev user) 

INDEX differs from INDEX~ only in that the usual Iy desired file 

naming is done automatically according to the fol lowing conventions: 

I. If GOBBLE is set to T, the indexed version has the same 

names as the original fi Ie and replaces it. 

2. Otherwise, if the origfnal fi Ie has the names fnl fn2, then 

the . indexed f i lew i I I have the names fn1 INDEX. Natu ra I I Y 

care should be taken to avoid indexing a fi Ie with the names 

fni INDEX, for the original fi Ie wi I I be lost in this case 

and the indexed fi Ie wi I I not contain al I of its material. 

EVAL'ing H(REMGRIND)" will remove those functions read in from the 

GRIND FILE; II (REMINDEX)" will remove those read in from the INDEX FILE. 



APPENDIX 

USING LAP 

This section of this memo replaces enti ley A.I memo 152, 

PDP -6 LAP. 

INTRODUCTION 

Lap is a LISP FEXPR (or FSUBR when compi led)which is executed 

primari Iy for its side effect --,namely assembl ing a symbol ic I isting into 

core as a machine language subroutine. As such, it is about the most 

convenient and rapid way for a liSP user to add machine language primitives 

to the liSP system, expecia\ Iy if the functions in question are in a 

developmental stage and are reasonably smal I (e.g. 1-500 instructions). 

Also, the LISP compi ler currently gives its result as a fi Ie of LAP code, 

which may then be loaded into core by LAP. 

Virtually, any function definition, whether by DEFPROP, LABEL, or 

LAP, is an extension of LISP's primitives; and as in any actual programming 

language, the side-effects and global interactions are often of primary 

importance. Because of this, and because of the inherently broader range 

of machine instructions and data formats, a function quite easi Iy 

described and written in PDP-6 machine language may accomplish what is 

I-I 

only most painfully and. artificially written in LISP, One must, then, 

consider the total amount of code in each language to accomplish a given task, 

the amount of commentary necessary to clarify the intent of the task given 

the program (in this sense, LISP code rates very high a major benefit of 

the confines of Lisp is that a good program serves as its own comment, 

--.. -.---------------------------

o 

o 

o 
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o and usua II y needs no further e I uc i dation), and other cons i derat ions of 

programming convenience. 

Experience has shown that many such subroutines may be assembled 

by a smal I system, i.e. one such as the current LAP, without conditional 

assembly, macro, or sophisticated I iteral generation features. These 

latter three features are the major differences in language between LAP 

and MIDAS; the major operational differences are (1) LAP is one-pass and 

MIDAS is two, (2) LAP uses the LISP READ function whi Ie MIDAS is more 

efficient, and (3) LAP assembles directly into the binary program space of the 

LISP system using it whi Ie MIDAS fi les its assembly on a peripheral 

device (which must then be loaded by STINK or the ITS version of DDT). Thus 

one must consider the scope of his task in relation to the language desired 

and the operational ease preferred. 

o Unfortunately neither LAP nor the system reported in A.I. memo No. 127 

solves the problem of loading and running arbitrary binary programs jointly 

with LISP, Something I ike a runtime primitive STINK is needed for LISP, 

and such may have to wait for further development in the multi~rogramming 

capabi 1 ities of the PDP-6 systems. 

FORMAT OF LAP USAGE 

A cal I to LAP is even a I ittle more non-standard than indicated in the 

introduction in that not al I the arguments are included in the S-expcession 

which commences assembly LAP repeatedly cal Is READ, operating on the 

S-expressions read-in (from the current input device and fi Ie), unti I a NIL 

is encountered, at which time assembly is terminated. Only after successful 

o 



termination of assembly is BPORG updated and the correct flag (Sl!JBR, 

FSUBR or LSUBR) inserted on the property list of the atoms wh i ch name 

1-3 

the newly assembled functions. Thus a cal I ~o LAP would look I ike the 

sequence. 

( LAP FOO SUBR) 

(OEFSYM A 1) 

(HLRZ A, 0 (A», 

(~CPJ P) 

NIL 

Insteeddof the fol lowing written in a hypothetical style after 7090 LAP 

(LAP «FOO SUBR 2) 

(HLRZ A, 0 (A» 

(POPJ P) 

«HLRZ • 554~27.) 

(POPJ . 263+27.) 

(P . 14) 

(A . 1») 

The most serious drawback to the latter style is the strain placed on free 

storage, since the entire expression would have to be in core before 

evaruation could begin. 

Hence evaluation of (LAP name indicator) or (LAP name indicator 

address update) begins a LAP assembly for a function with name "name" of 

type "indicator" (such as SUBR, FSUBR, or LSUBR) and with entry point 

the first location assembled into; if the second form is used, assembly 

, f; 

o 

o 

o 
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o 

o 

begins in the core location "address" instead of SPORG. Ordinari Iy at 

assembly termination, BPORG is set to the address fol lowing the last one 

assembled into by LAP, but if "update" is NIL, SPORG is undisturbed. 

LAP acts on the quantities it reads as fol lows: 

9UANITITY 

NIL 

atom 

(DEFSYM atom sexp 

(ENTRY name ty pe) 

(ENTRY name) 

ACTION 

Terminate assembly and return. Literal generated 

constants are assembled into core, symbol definitions 

from DEFSYM are flushed, and worthless atoms are 

removed f rom the ob list. A common error is to forget 

that carriage return and E-O-F are not atom break characters; 

NIL should befol lowed by a space. 

Assign "atom" an assembly symbol value equal to the 

address of· the current assembly location; no additional 

assembly takes place. Thus one uses atoms for symbol ic 

location tags and under certain conditions these names are 

entered in DDT's symbol table (see b.tow). 

atom sexp) 

Assi gn "atom "an assemb I y symbo I va I ue equa I to 

(EVAL sexp)j no additional assembly takes ~Iace, and 

these names are not entered into DDT's symbol table. 

Sets up "name" as a function of type litype" {default-same as 

cal I to LAP)and with entry point the current assembly location; 

no further assembly takes place. 

(COMMENT I ist~fragment) By a neat technique, no unnecessary atoms remain on 

the obi ist after assembly; however, during assemb1y, 

there must be enough ful I word space to hold print names 

• .. 



(SYMBOLS t-or-ni I) 

(BLOCK 1;1' ) 

(ASC I I sexp) 

(S IXBIT sexp) 

(x) 

for al I the atoms and to hold the numerical values 

of a few LISP numbers. 

1-5 

NIL turns off and non-NIL turns on the LAP feature which 

passes along symbol ic location names to the job symbol 

table; currently al I symbols so entered are treated 

as global, but at some time in the future this may be 

modified to permit flexible dupl ication of symbols in 

severa I p rog rams. I f the SYMBOLS pseudo~:UiP appears anywhere 

in an assembly, then the names of functions thus defined 

wi I I be transmitted to DDT. NOTE WELL: Although LISP 

atoms may be composed from upwards o~ 80 characters, 

those used as tags which are entered in the symbol table 

should include only ,legaJMIDAS characters, and 

only the first six characters of the atom's PNAME are 

relevant to this feature. 

A block of n words is assembled, each containing a zero. 

The s-express ion sexp is ~XPLO.DEC1dand the resu I t i ng list 

of 7-bit characters is assembled, 5/word, in successive 

words. 

Same as for ASCI I, except that the 6-bit form of the 

character is used, 6/word. 

(x ; I i st-g ragment) x (wh i ch is not one of the a'bove ;'i tems) 

'-------'--------------

is evaluated by LAPEVAL and the numerlcal result stored 

in the cllrrent assembly location, which is then advanced 

o 

o 

o 



.. II"" 

o 

o 

o 

(x y) 
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by one. For the meaning of LAPEVAL, see the next section on 

assembly constituents. "I ist-fragment" is ignored and 

may serve as commentary (see note above for Comment) . 

(x y ; I ist-{ragment) Same as immediately abov~, but (LSH (LAPEVAL y) 23.) 

is added into the stored result. 

(x Y z 

(xy z w) 

(x y z w 

list fragment), Same as immediately above, but (BOOLE 1 (LAPEVEL z) 

777777) is added into the stored result. Forward 

reference symbols may appear only in the z field; that is, 

if a symbol is used before it is defined, it must be 

• used only in the address part of the instruction. 

list fragment) Same as immediately above, but the numerical value 

of (LAPEVAL w), treated as a 36-bit quantity, is swapped 

left-half fo~ right and then added into the ~tored.result. 

LAP initially checks whether or n.ot the atom @ is a member of the list '_,"F 

forming the assembly word, and it'so sets the indirect bIt (bit 13) ~nd deletes 

the @ f rom the i nd i catedassemb I y j thus an @ does not count as one of' x, y, Z I 

or w_, 

One notices that there is a strong similarity between LAP'format and MIDAS 

format, an essential difference being that LAP processes assembly quantities "in orde 

let-to-right, to determine which is the AC field, which the address fjeld, and 

wh i ch the index fie I d. One must remember that the LISP read routi ne im'poses a 

certain dissimi larity in text for the two assemblers, since "space", "comma", 

"teft paren", and "right paren" are the only break characters for atom names. 

[, 
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Hence spaces are necessary on both sides of a semi-colon or at-sign 
o 

when they are used as described above, and the AC field may not be ommitted 

in instructions I ike (JRST 0 ADDRESS). The index field need not be 

enclosed in parentheses as in MIDAS, but in general there is no harm in 

do i ng so (see lIanyother list" under assemb I y const i tuents) . 

NORMAL AND ERROR RETURNS 

Normally, after terminating assembly, LAP returns a list contalning 

the current value of BPORG, and the names of the subroutines just assembled 

(there may be more than one entry for the routine assembled,the principle entry is 

declared in the cal I to LAP and others may be declared by means of the 

pseudo-operation ENTRY). If, after assembly, some referenced symbols 

remain undefined, the message "UNDEF SYMBOLS", fol lowed by the offending 

atoms, wi II be printed out. If there were any mutl iple-defined symbols, 

"AMBIG SYMBOLS" is printed along with a I ist of the offenders. One 

particular disaster caught by LAP is indicated by the message "not enough core". 

Since LAP uses so many free variables (and for several other reasons), 

one should al Iowa cal I to LAP to exit by itself rather than stopping it 

with ro or some other ruse. 

ASSEMBLY CON$TITUENTS 

Each of the parts of an assembly word (x, y, z, or w) is evaluated 

by LAPEVAL, in the context of the assembly. The assembly quantities whose 

CAR is among DEFSYM, EVAL, COMMENT, and SYMBOLS, may be termed 

pseudo-ops in that they do not give rise to an assembly word but merely 

0 

o 
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~ give directions to the assembler. @ and j are treated specially by LAP 

and are not considered to be assembly constituents. 

number 

NIL 

* 

atom 

o QUOTE sexp) 

(SPECIAL atom) 

(FUNCTION atom) 

o 

VALUE 

Fixed-point numbers always evaluate to themselves. 

Floating-point numbers in an address field may produce 

Random Results. 

Same as (QUOTE NIL). 

The address of the current ~ssembly location. Same as 

in MIDAS. 

Except for @, ;, *, and NIL, al I atoms evaluate to 

their assembly symbol value; i.e. (GET (QUOTE atom) 

(QUOTE SYM») , 

(MAKNUM (QUOTE sexp) (QUOTEFIXNUM) .. For example, 

(MOVEr 1, (QUOTE (SMALL LIST») assemb les into an 

instruction which moves a pointer to the I ist (SMALL 

LIST) into accumulator ~. 

Prov i des a po inter to the va I ue ce I I of "atom",~ thus 

(MOVE 1, (SPECIAL FOO» moves the value of FOO into 1 

instead of a pointer to FOO, as would happen if 

(QUOTE FOO) were used. In addition 

(MOVE ~, (SPECIAL BAR» 

(MOVEM 1, (SPECIAL FOO» 

accomp I i shes ina SUBR what (SETQ FOO BAR) does in an 

EXPR. 

Essentially the same as (QUOTE atom), but is used to 



9UANTITY 

C ASC 1 1 sexp) 

(SIXBIT sexp) 

(% x y z w) 
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VALUE 

emphas i ze that "atom" is used as a funct i on name C see sect ion 

on UUO instructions}. 

Provides a 36-bit asci i representation of the first five 

characters from (EXPLODECsexp r., 

As above, except sixbit representation. 

Literal generation feature, like L>< y, z (w)] in MIDAS. 

Assembles (x Y z w) as described above and provides the 

o 

address thereof. Similarly,theforms C%x}, <%xy), <%xyz) may 

be used. A I iteral constant is restricted to the z-field 

(or ~ddress field~ of a LAP instruction, but may appear 

nested to any finite depth. Examp..l~ -::"'" (MOVE i, (% I.O)} 

moves a machine floating point number into ~, whereas 

(MOVE I 4, (QUOTE 4.0» moves a LISP number. 

SYMBOL DEFINITIONS 

LAP is initial ized with a few basic symbol definitions needed by code 

generated from the comp i I er, such as P ~ ~ 4, and proper addresses for NUMVAL, 

SPECB I NO, UN,B I NO J, FLOAT, etc. Not a I I PDP-6 op-codes are p re-def i ned, but i f 

one of the missing ones is ,used in LAP code, then LAP wi I I obtain a correct value 

for it from DDT. Temporary symbol definitions may be made by the user with 

the pseudo-op DEFSYM (see section on "Format of LAP usage). 

If there remain any undefined, referenced symbols of the end of a LAP 

assembly, then the DDT symboltable is interrogated to try to find a definition. 

o 

o 



o 

o 

o 

I - 10 

Thus one can write LAP code as if it were being assembled together with 

the LISP system. When passing along entries to the DOT symbol table, or when 

looking up a symbol in it, any character of the symbol not a legal MIDAS syllable 

constituent is converted to the character" ." 

Four trap instructions are provided to help I ink up compi led code with 

other functions, possibly in EXPR forms: CALL, CALLF, JCALL, JCALLF. The 

first two simulate a transfer I ike PUSHJ P, Faa; whi Ie the latter two simulate a transfer 

I ike JRST Faa. The accumulator field of an instruction with op-code in this 

sense te I Is wh i ch of the th ree argument convent ions has been fo I lowed; In 

(CALL n (FUNCTION f» i f O~ n~5 , then the EXPR-SUBR convention is used, 

with the n a rguments located in accumu I ators ~ to n; If n = 17, then the 

FEXPR-FSUBR convention is used, with the one argument located in accumulator 1; 

If n = 16 then the LSUBR convention is used, which assumes that accumulator 

6 contains the negative of the number of arguments, which are stacked up on 

the regular POL last on top, and the return address is on the POL before al I the 

arguments. Under favorable conditions, when CALL'ing a SUBR, LSUBR, or FSUBR, 

no further interfacing need be done and the CALL instruction is actually 

replaced in core with a PUSHJ or JRST. The ops CALLF and JCALLF, however, are 

never replaced. Simi larly, if NOUUO is non-NIL, the instruction-modify phase is 

inhibited. 

AVAILABILITY 

The COM device holds fi les E LAP and CLAP. E LAP is an EXPR version 

of the functions necessary to make LAP work, and C LAP is a compi led version of 

the same. If one plans to load in a fi Ie with cal Is to LAP on it, then he should 

first load in one of these two LAP fi les. In the future, this might be done 



Automatically, but right now the user must expl icitly take care of loading 

In needed auxi I liary functions. 

Evallng "(REMLAP)" wi I I remove as!much of LAP as possible, and the 

garbage col lector wi I I be able to reclaim Its space. 

AN EXAMPLE 

(LAP DONTFOOP SUBR) 

(MOVEI 2 (QUOTE PNAME» 

(ENTRY DONTFOO) 

(PUSH P 1) 

(CALL 2 (FUNCTION GET» 

(HLRZ 1 0 1 ; THIS COULD ALSO BE (HLRZ 1 ., 1» 

(MOVE 1 0 (1) ; GETS FIRST WORD) 

(CAMN 1 (1, ASCII FOO» 

(JRST 0 POPAJ) 

(POp PI). 

(JCALL 1 (FUNCTION PRINT» 

NI.L 

NUMERICAL ROUTINES ENCODED IN LAP 

On one of the tapes of Jon L. White, there Is a fi Ie LAP routines for 

I-II. 

the functions SIN, COS, ATAN [arc tangentJ, SQRT, LOG [Natural. 10gJ, and EXP 

[base eJ. Also there is a fi Ie @ lAS which is a general matrix inverter and 

simultaneous linear equation solver. Cal ling 

o 

o 

o 
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(lAS A NEW N M) 

performs gaussian row reduction on the first N rows of the array A (and in 

fact operates on only the first M columns); so that if M<N then the N + I st 

through the Mth columns of the output array contain the solutions to the 

impl icit M-N+I systems of NxN simultaneous I inear equations, whi Ie the first 

N columns contain the inverse matrix 0 A ,' .••• 

" 
A nn 

If NEW is 'T' then a new 

array of size NxM is declared and the answers are stored in it leaving the 

input array A alone; if NEW is 'NIL' then the output array is stored directly 

over the input array and no new array declarations are done. 

Currently, maximization of\'pivotal elements is not done; thus lAS wi I I 

give wrong answers on certain numerically i I I-conditioned matrices even 

though they be non-singular. It is possible to remedy this problem, at some 

expense, if necessary. lAS also uses a portion of binary program space for 

temporary storage and may give an error message if not ~ncugh space is avai lable. 
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APPENDIX J 

MOBY I/O 

Used to set certain programmable conditions for the new 

video processor The arguments are in order: 

J -1 

Fi Iter - three bits (0 - 7) to designate the presence 

or absence of the color fi Iters over the lens. 

confidence - should be 0,(,2, or 3. Determines the 

speed and accuracy of the video processor, 0 being 

the slowest but most accurate. 

resolution - that number 0f equally-spaced I ines over 

the- field of view - maximum of 40000. (Actually, the 

video pocessor always dissects the scene onto a 20000x20000 

grid. This merely provides a scale factor for the 

arguments to NVID and NVFIX). For many reasons 4000 

to ~OOOO is an extraordinari Iy good range for this 

argument. 

dim - should be in the range 0 - ~7 inclusive. Selects 

one of sixteen dim cut off levels. See a hacker for more 

elucidation. 

xyz - Zero means the video processor rece i ves its input 

from the new ITT vidisctor (TVe); non-zero means the signal 

comes from the old ITT vidisector (TVB). 

o 

o 

o 
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NIL may be used for any of the above arguments, in which case 

the specified condition is not changed. Initially al I conditions 

are 0 except resolution, which is 20000. 

Reads the new video processor and retur~s a floating-point 

number (with an information content of ten bits) which is an inverse 

I inear measure of the I ight intensity at the selected vidisector 

point. (The manual switch located on the video processor should 

be in the "LIN" position when NVID is used. Use NVFIX when it is in 

the "LOG" position). The two arguments are respectively abscissa and 

ordinate values for the image dissector, and must be fixed-point. 

Returns -1.0 for the dim or dark cutoff condition. 

As above for NVID, but is essentially a logrithmic measure of 

intensity, scaled between ~ and i777. Returns a fixed point 

number. (NVFIX and NVl'D wi I I differ at most in the three least 

significant bits depending on the state of the "LIN-LOG" switch. 

See NVID) • Return 0 for the dim or dark cutoff condition. 

NVF I X can a I so read in block mode: -nvf ix [a rrayname; nO wi I I 

assume, for O~ i <:.. n ,that arrayname [2 i] has an x-va I ue and 

arrayname [zrtl'J has a y-value , and wi I I replace the latter by 

NVPIX [x;y]. LISP numbers are used both coming and going, but 

generally smal I numbers wi I I suffice. 

One can write a smal I LAP routine to fi II the first n words of 

some array for input to NVFIX, if the points to be read are related 

"%' r 
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in some reasonab Ie fash ion. I n each word the I eft-ha If ho Ids 

the x -value, the right-half the y-value. and the return v~lue is 

in the right-half. 

NVSET is used to set the conditions for NVFIXregardless of which 

mode is used. An error occurs if the fIrst argument to NVFIX is neither 

an array nor a number. 

MPX To use the A/D and D/A converters, open up the faci I ity with a 

(MPX ad da) 

Where ad specifies the mode of operations for the A/D and da for 

the D/A converter. Legal ranges for ad and da are: 

NIL leave status alone 

o close out device 

of 

2 

open device in normal (image) mode 

open devi ce in fast (asc i,i) mode 

See the ITS reference manual for more information about this device. 

IMPX Reads the input multiplexor, A/O, channel specified by its 

argument (a number ~ 77). 

OMPX 

PLOT 

First argument is a channel number, and second is a value to be 

outputted on the O/A output multiplexor. 

This is just t~e Plot function of Mike SpecinerJ s Interpretative 

p I otter. Wi I I requ ire some tutor i ng before the user w il I know 

what he is doing. 

o 

o 
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PLOTLI ST 

my' 

If first argument is a I ist constructed I ike a DISLIST, then 

it wi I I be plotted on the calcomp plotter just as it would be 

d I sp I ayed on the CRT 340. I f opt lona I second a rg ument is given, 

then a point wi I I not be plotted as a dot, but rather as the 

first character of the PNAME of the second argument. Example; 

to have points plot out as asterisks: 

(PLOTIST DISLIST (QUOTE *) 

J -4 

PLOTTEXT PRINe's its argument at wherever the plotter head finds 

itself; sample use: 

LPEN 

(PLOTTEXT (QUOTE Y-AXIS» 

Has no arguments. Reads the 340 I ight pen scanner and returns 

(count. (x . y» where count is the number of times the light 

pen was seen (since the last call to LPEN or since the program's 

beginning) and x and yare the average abscissa and ordinate values 

of the I ight pen when seen. 
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APPENDIX K 

PIC - PAC STUFF o 
In an effort to uti I ize taped vidisector scenes, severa! functions 

for performing the necessary I/O have been added to LISP. (See PICARRY, 

READPIC and WRITEPIC). There are obvious advantages for the 

debugging programmer to having standard, wei I-described scenes 

avai lable, as it were, through a simulated vidisctor. Before using 

the routines, however, one must become aware of the image conventions 

of PicPac. Images (or scenes) are considered to be rectangular 

sub-portions of a u init square, and hence image co-ordinates 

are floating-point numbers between 0.0 and ~ .0. This faci I itates 

the mapping of an image space onto various I/O devices. Needless to say, 

to the nearest lattice point in the image space recorded on tape. 

Once an array has been read in, however, there is no further use of 

image space co-ordinates except for the description produced 

by DESCR. Reference to the array is done as usual on ordinary 

LISP arrays. The PicPac system wi I I be maintained by Larry Krakauer, 

Room 8i9, 545 Technology Square. 

PICARRAY Dec I ares an i mage a rray for use with Pi cPac. I ts use· is exact I y the 

same as the function ARRAy: its arguments are respectively: 

the array name 

NIL 

the x dimension (or number of rows) 

the y dimension (or number of columns) o 



\ 

o 
READPIC 

o 

'"II"!!!'II'II rum "m"", If ['JWIIY - hW,w "'FHtiEHri±HHWM'riW#'ffiHrlHtif"1Wb T'" . ·!·'Ff8W".·i'b8rlt* 

K-2 

The array elements are accessed as usual - (arrayname n m) evaluating 

to the n,mth entry in the array. 

Reads into the array specified by the first argument (which must 

have been declared by PICARRAY), receiving data from the device 

and fi Ie selected by the most recent UREAD. The second and third arguments 

specify lower-left x- and y- co-ordinates respectively; the fourth 

argument is a delta d such that adjacent entries in the array are 

fi I led by incrementing the image co-ordinates by an amount d. 

(See PicPac for an elucidation of image space co-ordinates). An 

alternative form is to specify separate deltas for the x and y directions: 

(READPIC array lowx lowy d) or (READIC array lowx lowy dx dy). 

The coordinates of the upper-right point of the image area read in are given 

by upx ~ lowx + xdim*dx and upy ~ lowy + ydim*dy, where xdim and tdim 

are the x-and-y dimensions respectively of "array". All arguments 

except "array!! are assumed to be floating, in accord with the PicPac 

convention; however fixed-point numbers may be used; it wi I I be 

assumed that they refer to a iOOOO by iOOOO grid and they wi I I be 

floated accordingly. If a section of the requested input areal i.e. 

the rectangle from (lowx,lowy) to (upx,upy), is not recorded on 

the input fi Ie, then READPIC prints an error comment and returns NIL; 

otherwise it returns the name "array". 

WRITEPIC FSUBR 

o 

------

(WRITEPIC array) writes out on the currently open output device 

the entire array specified by the argument (in binary image mode). 

I n genera I, WR I TEP I Cis p receded by a m.ffiITE and followed by a UFILE. 



OESCR 

OESCRX 

.~------,,--.. --.-.--•.. ---------

Part of the PicPac package If there is an argument, 

its value is assumed to be an array name and OESCR (for "describe") 

produces a I ist of ten numbers# associated with the array: (xdim ydim lowx 

lowy dx dy hash vd I ight data) where the last three numbers give 

information about the vidiscetor used, the I ighting, and the mode of 

the data. Numbers three through six are in floating point, and "hash" 

is irrelevant. xdim and ydim are the x and y dimension (see PICARRAY). 

If there is no argument given, the array described is the one which 

the most recent cal I to REAOPIC read from. The array stored on 

tape wh i ch serves as the data source for the ca I I to REAOP I C wi I lin 

general have a description different from that of the array in core. 

(OESCR NIL) is NIL so that (OESCR (REAOPIC arr lowx lowy delta) 

produces either a description or NIL depending on whether or not the 

read was successful. (See REAOPIC). 

Same as OESCR except that numbers three through six are converted to 

fixed point# assuming a grid of 10000 by iOOOO. 

o 

o 

o 



o 

o 

o 

APPENDIX X 

An attempt to update A.I. memo I 16A with respect to 

items not wei I-discussed elsewhere. 

X ... f 

Two q~dck I ittle goodies: (4) accumulator ~3 is not used by LISP 

anywhere, and, may be ul itized to the programmer's pleasure; (2) when debugging, 

one often finds himself crawl ing around in DDT to inspect the ruins after a 

catastrophe, and it is an annoyance to see DDT type at you 34735 when you know 

that this is a pointer to some list - therefore, if the currently open cel I in 

DDT points to an s-expression, typingflP.$X ii wi II cause DOT to enter a special 

part of LISP which wi I I print out this quantity in the usual LISP style. 

[Actua I I y "P." is a symbo lin the symb.o I tab Ie equ i va I ent to "PUSHJ P, PSYM" , 

so symbols must be loaded for this to work.] 

The remainder of this appendlx is in the mosaic style of A.I·. memo 416A, 

and there are no apologies for its terseness. 

ASSOC 

ASSQ 

Comp i I er 

Uses EQUAL 

Uses EQ 

One may load a LISP compi ler by typing at DDT "COMPLR H". One may 

sti I I use the previous method of compi I ing a fi Ie, but a more convenient 

may now exists. When the compi ler is ready itwi I I type out 

"LISP COMPILER 77". If the user then types "(MAKLAP)" he may then type 

a task specification exactly as with MIDAS, TJ6 and COPY, namely 

<target fi Ie 7...(1 eft arrow/ "",-source fi le7 <carriage return'? to 

that the source fi Ie is to be compiled and the resulting LAP code 

specify 
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stored away on the target fi Ie. Example: 

(MAKLAP) 4:) 

Faa: ·COMP +- Faa BAR (f.~ 

or (MAKLAP) 

FOO BAR @ 

In the latter case, the target fi Ie wi I I be Faa LAP. The same 

options exist as in MIDAS for default on specifying device and 

sname. 

Current I/O Device 

DISAD 

LISP has bookkeeping room for one input fi Ie, opened by UREAD, 

and one ourput fi Ie, opened by UWRITE. There is an internal 

register herein cal led current device name, that remembers which 

auxi I I iary storage device contains the newly opened fi Ie, and this 

register may be changed by optional arguments to UREAD, UWRITE and 

UKILL. An open read fi Ie is closed by reading an E-O-F character, 

and an open write fi Ie is closed by executing a UFILE (q.v.) 

No longer keeps the counters DISCH or DISLP; but has been 

extended to work wei I with nearly al I the ASCII characters, including 

carriage return, I ine feed, and lower case. 

Display The time-sharing system provides a means for "printingH'on the 

CRT 390. scope di sp lay. The N sw itch wi I I send PR INT output to it. 

If one bui Ids up his own display arrays, either with DISAD, or 

by some display generating routines, then each array A to be part 

of the picture must be put on DISLAST as fol lows: 

(SETQ DISLIST (CONS (GET (QUOTE A) (QUOTE ARRAY») 

DISLIST» 

o 

o 

/ 



o 

o 

o 

EXCISE 

FIXP 

FLOATP 

X-3 

typing fF starts the display running from DISLIST. 

An EXPR which REMOB's many system atoms which the average 

user finds of I ittle value. Thus about 500-1000 words of free 

storage may be gained. Almost al I the functions so lost may be 

dupl icated with STATUS or SSTATUS. Atoms remob'ed are 

REMOB RANDOM GCTWA NOUUO NOCHK RE*ARRAY VALRET CRUNIT 

to FIXP FLOATP EXAMINE DEPOSIT TIME NORET SLEEP RUNTINE 

LISTEN LPEN DISAD DISINI ~F and al I functions mentioned in 

appendices J and K. 

A SUBR, NON-NrL only for fixed-point numbers. 

A SUBR, NON-NIL only for Floating-point numbers. 

lOG has been changed to a more useful form. Essentially operates 

as if it were defined 

MACDMP 

(DEFUN lOG FEXPR (L) 

(PROG to ~R tW tB ~N) 

(COND «CAR L) (EVAL (LIST (QUOTE 10C) (CAR L»») 

(EVAL CADR L»» 

In time sharing, passes control to DDT rather than the non-time­

shar i ng "MCDMP". If job is disowned, then a logout is performed.­

Has argument which is given as a VALRET string to DDT. E.G. 

(MACDMP (QUOTE TECO$J$I [XI . LISP$J» 

MAX An LSUBR which returns the maximum(numerical)of its arguments, 

using contagious floating arithmetic. Thus (MAX is 4.0 7) is 10.0 

MIN As for MAX, but returns minimum. 
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Numbers LISP numbers; stored in special areas, are represented simply o 
by a pointer into that area. Thus there is a FIXNUM space, and 

a FLONUM space~ as wei I as Binary program space, and free 

storage space (in which I ists are stored). 

RUNT I ME For time-sharing LISP, returns the number of microseconds of CPU 

ti~e used by the current job, as a fixed-point LISP number, 

accurate to about 50 microseconds. 

SLEEP (SLEEP n) causes the program to stop temporari Iy and take a 

nap for n thirtieths of a second. SLEEP is a SUBR. 

TIME For time-sharing LISP, returns the time counter from 'the IS system, 

as a fixed point LISP number. Currently, this is the number of 

thirtieths of a second that ~he system has been running. Note 

that in TS LISP there is no settime. (Using STATUS, the user 

may read a real time clock to obtain the time of day. See 
o 

Appendix C under "DAYTIME") 

UKILL An FSUBR (UKI LL n) or (UKI LL UTn) sti II, flaps tape n. But any 

other syntax on the argl ist wi I I be interpreted as a fi Ie 

specification ( I ike those with UREAD which it tries to delete. e.g. 

(UKILL LOST FILE DSK PHW) wi I I delete some worthless fi Ie on the 

DSK device with sname PHW. 

VALRET PRINC's its one argument as a val ret string to DDT'. Logs out 

if job is disowned. 

o 

/ 
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