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Preface 

LISP j. g 5 18 a prograaa1ns .,.atem ~or the IBJII 709 and 70900 
It baa been used tor eymboll0 oalculatlons in differential and 
int.sral ~culu9 electric oircuit tbe017, _the_tioal logio, 
and artlt1u1al lntell1genoeo 

!hi. manual contains .. full desoription of the teature. of 
LISP 105 u ot July 19619 !be LISP .,..telll le bued on the tbe017 
ot reourai va tun()t1vM of aJ1lbolle expre.slons \) An understand .. 
ing ot this theory 18 important in order to .. e LIBP .ttl01eot17o 
e:ttle neoeeaiLl7 background 1. supplied 1n Cbapter 11l If tbla a.o­
tion ot the manual 1~ 8tudled caretully. maar prqpertl •• ot the 

LISP lnterpreter will be aeen to tollow autOllllatlcally" 
Chapter.. 2 tbroUSh 6 contain the buic intormation Dloe.aal7 

to program 1n LISP" This 'include. the interpreter, the oompllerg 

the program teature, the antbmetlc operatione, and aOlN Int'or­
_tion on running and clebusg1ng LISP propsms 0 

Chap~r 7 18 a 4e~crlptlon ot the .., In whlCh llst .truc­
tUN 111 staNd Il.nd modifled in the computer" An undentaDdlna 
ot this vill e:!tibl~ the uer to de?i. mON powerful Pl'ogna1ng 
_thodao 

A complGte li6t1ns ot LIBP tunctloM and detailed intona­
t10n about V~OUl} upeot~ of the 1IJ),5telB ilN incl.uded in the 

fiIlPP*n41cle5Q 
1'hls UIIUllV.lAl \.Y1.11 b~ eupplement.d at various tiIMlI by _m­

orMida .. 
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i... Recur';)lve Functions 2! ~boli~ Expreaaions1 

'1'he,lSP programming aystem ia baaed on a clus ot func­
tions of :ymbollc expressions which we now proceed to descr1be 0 

:t.,1 Fun~",ion!!\ and Function Def1n1tions -, __ ~ ....................... -.----......................... 

We 811.11 need a number of mathematical 1deaa and notat10na 
coneemini'; functions in general. Moat ot the 1deas are well 
known but the notion ot conditional expression 18 believed to 
be newv &),d the use ot conditional expressions permits functions 
to be def" ned recursively in a new and convenient • .,. 

a.. Parti.'_l Functions 

A pa:'·tla.l tunetion i8 a function that is detined only on 
part of i JS domain.. Partial functions nece.sarily arise when 
functions are detined by computations because tor aome values 
ot the ar'r;umente II the computation defining the value of the 
function i lQ' not terminate.. However, some ot our elementary 
functions will be defined as partial functions. 

----"----,------------------------------------------------"-
Most ot 'his chapter is taken tram "Recursive Functions of 
Symbolic Expressions and !heir Computation by Machine, Part In, 
by John 1 oCarthy II Communications ot ~ Aeaociatlon !:2£ CO!Dput1gs 
MachlneIA~ $ Vol" 3 , No.4, April, 1960 
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b 0 Proposi tlonal Expressiona and Predlcates 

A proposltional expresslon ls an expresslon whose possible 
values are l' (tor truth) and P (tor talslty). We ahall .. sume 
that the reader ls tamlllar with the propositional connectives 
A (nanel"). V COorD), and ........ COnotn)0 Typical propositional 
expresslons are 

x<7 
(x~) A (b-c) 
It is prime 

A predicate is a functlon whose range consists ot the truth 
values T and P. 

c. Concii tlona! Expressions 

The dependence or trutb values on the values ot quantitles 
,of other k1nda ls expressed in mathe_tics by predlcates" and 
the dependence ot truth values on 'lther truth values b7 10g1ca1 
connectives • However" the notationa tor expres.ing s~l1bo11cFt 11y 

the dependence of quant1tles ot other kinde on truth values 1s 
1nadequate" so that Eng11sh words and phrases are generally used 
for expresSing these dependences 1n texts that describe other 
dependenc~~ symbolically. Por example, the functlon Ixl 1s 
usually detined in worda. 

Conditional expressions are a devlce tor expressing the 
dependence or quantities on proposltlonal quant1tles. • condl­
t10nal expression has the torm 

(Pi ..... e:1' 0 0 o"Pn ... en) 

where the piS are propositional expressions and the e's are ex­
presslons ot an.v kind. It may be read" "It P1 then e1" otber--

wise it P2 then e2,0 ••• otherw1se it Pn then en,·or "P1 y1el48 

e1,ooo,Pn ylelds eno" 
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; 

We no. give the rulea tor dete1"lDin1ng whether the value 
of (P1 ..... e1 , 0 0 0 "Pn ..... en) ia defined, and it 80 what ita value 

is 0 Examine the p' a tram lett to right 0 If a p whose value 
ia T ia encountered betore anv p whoae value i8 undetined i. 
encountered, then the value of the conditional expres.ion ia 
the value of the correaponding e (it this 18 def1ned)o If ana 
undetined p ia encountered betore a true p" or it all p' a are 
falae, or 1f the e corresponding to the first true p ia un­
defi~. then the value ot the conditional expression ia un­
definedo We now give examples 0 

(1<2 ..... 4,1"2 .. 3) .. "-
(2<1 ..... 4.271" 3.271 ..... 2) : 3 
(2<1" 4,T .... 3) .. 3 
(2<1" ~,T" 3) .. 3 
(2<1 ..... 3,T ..... g> is undefined 
(2(1 ..... 3,"-d" 4) ia undetined 
Some ot the simplest applications at conditional exprea-

sions are in giving such definitions as 
Ilf .. (x<O .... -x,'1' ..... x) 
~+j ~ {1-j'" 1,'1' .... 0) 

agn(x) &11 (x~O .... -1,x-o ..... O,T" 1) 

d. Recursive Punction defin1tions 

By using conditional expresaiona we can. without circu­
lari ty, detine functions by formulas in which the defined func­
tion OC~Ul'a. Por example. we write 

nt = Cns() ..... 1,'1' .... no Cn-1) 1) 
When we use this formula to evaluate 0& we get the answer 1; 
because of the WQ' in which the value ot a conditional 
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expression was defined, the meaningle88 expression O· (0-1) l 

does not arise" The evaluation ot 21 .acoording to this defi­
nition proceeds &8 tollows: 

2' - (2!f10 .... 1,T .... 2· (2-1H) 
1!11 2.,1t 

III< 2 6 (1=*0 .... 1,T .... 1 0 (1-1)!) 
= 201o0~ 
:3 2 0 1 0 (O::fdO .... 1~T .... 0 0 (0-1H) 
=: 2 0 1 0 1 
=2 

We now give two ot~~r applications ot recursive tunction 
defin1tions,. The greatest oommon divisor, scd{m .. n), ot two 
posi ti ve integers m and n is computed by means ot the 
Euclidean algor1thmo This algorltt-..m 1s expressed by the re­
cursive function definition; 

gcd(m"n) :z (mpn .... gcd(n,m),rem(n,m)=O" m,T" gcd(rem(n,1D),m» 
where ~!!!.(n,m) denotes the remainder lett when n is divided by m .. 

~~ Newtonian algorithm tor obtaining an approx1mate square 
root ot a number ., starting with an init1al approximation x - -
and requir1ng that an acceptable approximation ~ satisty 

ly2_al c €. m~T he written as 

sqrt(a,x.rf~ ,.( lx2-af.c e;, .. x,'!' .... 8qrt(a.~(x+~),€») 
The s1multaneoue recursive definition of several funotions 

18 also possihle $ and we shall use s'ooh definitions if they 

are requ.1.red" 
There is no guarantee that the oomputation determ1ned by 

a reoursive definition will ever terminate and, tor example, an 
attempt to compute nl trom our definition will only suoce~d 1t 

n 1s a non-negative 1ntegero It the computation does not ter­
minate, tl;le function must be regarded as undetined tor the 
given arguments" 
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The propos1t1onal connect1ves themselves can be det1ned 
by condit1onal expressions. We wr1te 

pAq - {p .... Q,T .... 1') 
pVQ - (p .... T,T .... q) 
~p - (p .... F, ~ .... T) 
p.:>q == (p .... q,T .... T) 

It is readily seen that the right-hand sides of the 
equations have tl-. correct truth tables. If we consider s1tuat1oDS 
in which p or q IDa3' be defined, the connect1ves V and A are aeen 
to be noncol1lDutat1 V8. Por example, if p is talse and q is un­
det1nedB we 8ee that aooord1ng to the definitions given above 
p,Aq is talse g but QAp 1s undefined. For our app11cat10na this 
noncommutativ1 ty is desirable It sinoe pAq 18 oomputed. bJ' tirat 
oomputing p. and it p is talae q 1.8 not computed.. It the oom-
-put.tioD tor Ii doe8 not terminate B we never get around to oom... 
put1ng qo We ahall use propoSitional connect'.vea in th1s sense 
hereattero 

It 18 usual in mathe~tic8--outside of mathematioal 10g1o-­
to use tt-..e word &/If'unct10nD 1mprecise17 and to apply it to torms 
euc-h as yarx... Because we ahall later compute with expressions 
tor functiOns, we need a distinction between functions and forme 
and 9. notation tor expressinS this d1stinctlouo '!biB cti.at1D.co 
1:!{'!! e."'ld. a !!otat1on tor doscnb1ng it. rroli which we deViate 
trlVSal:Q' 18 glwn ..,. Cbarcho 1. w 

1A• Church" ~ Calculi ~ Lambda-Conversion (Princeton 
Un1vers1tJ' Prees;) Princeton, No J G, -19_1) G 
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Let f be an expression that stands fOf! a function ot two 
integer varlableso It should make sense to write r(3,4) and 
the value of this expression should be determ1ned. The ex­
pression y2+x does not meet this requirement; y2+X{3~4) 18 not 
a conventional notatlong and if we attempted to define it we 
would be uncertain whether its vAl\w would turn out to be 13 
or 19., Church calls an expression like y2+x a form.. A form 
can be converted into a function 1t we can determine the cor­
respondence between the variables occurring 1n the form and 
the ordered list ot arguments ot the des1red function.. This 
is accomplished by ChurchBs ~~notationo 

It is a form 1n variables X1~O~9,Xn' then ~(X1'.D.,Xn)' J, 
will be taken to be the function of ~ variables whose value 1s 
determ1ned by substituting the arguments tor the variables 
x1,ooo,xn in that order in and evaluating the resulting ex-

'p~ession., For example)l h ( {x,y L,y2.rx} 1s a function ot two 
;ariabl&S, and h«x,y),y2+x) (3,4) '~ 190 

The variables occurring in the list ot variables ot a 
A-expression are dummy or bound, like variables 01' Integration 
i.n a det1n1 te integral 0 ~hat 1s, we may change the names ot 
the bound variables in a function expression without changing 
the value of the expression, provided that we make the same 
change for each occurrence of the variable and do not make two 
variables the same that previously were ditterento Thus ~(x,y)g 
y2+x L.)"{ CUg vL. va;.u) and ),( (y ,x) ,X2.ry) denote the same function" 

We shall frequently use expressions in which some of the 
variables ~l bound by hiS and others are nato Such an expres­
aion may be regarded as defining a function with parametersa 
The unbound variables are called tree variable-so 

An adequate notation that dist1nguishes funotions from forms 
allows an unambiguous treatment of functions 01' functions" It 
would involve too much ot a digress10n to give examples here, 
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but we 8~.all use funct10ns w1th functions as arguments later in 
this manual" 

D1fficulties arise in combIning functions described by 
~-exPress1ons, or by any other notation involving variables, 
because ditferent bound variables may be represented by the same 
s7lllbol" This 1s called collis10n 01' bound variables. There 1s 
a notation involv1ng operators that are called combinators for 
combining functions w1hhout the use ot variables. llntor­
tunately~ the combinatory expressions tor 1nteresting combina­
tions of tunct10r..s tend to be lengthy and unreadable" 

to) Expressions tor Reoursive Functions 

The A-notation 1s inadequate tor naming functions defined 
recurs1v~17. For example, using Aia, we can convert the 
definition 

sqrt(a,x,E) - ('x2_aJ~~ .... x,T .... sqrt(a';~x+l1,f=)} 

into 

sqrt :lIS J\«a"x,6), Clx2-al"'-€ .... x.T· .... sqrt(a,j(x+}),e») 

but the right-hand side oannot serve as an expression tor the 
function because there would be nothing to indicate that the re­
ference to sqrt with1n the expression stood tor the expression 
as a. whole. 

In ord&r to be able to write expressions for recursive f'una­
tions~ we introduce another notat1on~ label(a,l) denotes the 
~Ipres81on !' tJ provided that occurrences. ot ~ within f are to 
be interpreted as referr1ng to the expression as a \thole.. Thus 
we can write 

label {sqrt, ).{ (a,x,e), (/x2_al.c.6 .... x,T .... sqrt (a,tex-$ ,~»») 
as a name tor our 8gr~ funct1ono 
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The symbol a in label(a/fg; 1s also bound;o that is, it may 
be altered systematically without changing the meaning of the 
express1on6 It behaves difterently from a variable bound by a 
}', however" 

~,2 Sy!pollc Expressions 

We shall first define a alass ot symbolic express10ns 1n 
terms of ordered pairs and lists~ Then we shall define five 
elementary functions and predicates, and buIld from them by 

composition, conditional expressions, and recursive definitions 
an extensive class ot functions of which we shall give a num­
ber of examples~ We shall then show how these functions can_be 
expressed as symbolic expreaslons e and we shall define a uni­
versal function eva~guot~ tha~ allows us to compute from the ex­
pression for a given function its value for given argumentso 
Finally; we sr~ll define aome functIons with functions as ar­
guments and give aome useful examplese 

eo A Class of Symbolic Expressions 

We shall now define the S-expressions (8 stands for sym­
bolic)o They are formed by using the special characters 

0 

j 
( 

and an infinite ae~ of distinguishable atomic symbols~ For 
atomic symbols j w~ ahall use strings of oapital Latin letters 
and d1gits () Examples of atomic symbols are 

A 

ABA 
APPLEPIENUMBER3 
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'l'bere 'is a twofold reason tor departinS trom the usual 
mathematical practice ot ustns single letters tor atomiC S¥m­
bols. lPirst, computer programs trequent17 require hundreds ot 
distinguishable sJlllbols that must be to~d from the 1f.7 charac­
ters that are printable by the IBM computer. Second, it 
is convenient t~ allow English words and phrases to stand tor 
atomic entities tor mnemonic reasonso fbe symbols are atomiC 
in the senae that &rrI substructure they ID8l' have as sequences 
ot characters is ignored. We assume only that difterent 8J'IIl­
bols can be distinguished ° 

S-expressions are then defined as follows: 
1. AtomiC symbols are S-expressiona. 
20 It e1 and e2 are S-expressiona. so is (e1oe2). 

Examples of S-expressiona are 
AB 

(AoB) 

«AB"C)oD) 

An S-express10n 1s then either an atom, or an ordered 
pairs the terms ot which may be atomic symbols 01' simpler S­
expressions 0 We can represent a list ot arbitraI7 length in 
terms o~ S-express1ons as tollowso The list 

(m1 ,m2,0"",mo) 

1s represented by the S-expression 

(m1" (m2" (., 0 " (mn orm.)" • ° ») 

Here NIL is an atomic symbol used to terminate lists .. 
Since many ot the symbolic expressions with which we deal 

are convenien1;1,. expressed as lists, we shall introduce a lis~ 
notation to abbrev1ate certain S-expre8s1008" We have 

1.. (m) stands tor (m"HIL) .. 

20 (m190009mn) stands tor (m1°(ooo(mnoNIL).op»o 

30 (m1~ooo,mnox) stands tor (m1°(OO.,(mnox)ooo» 
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SUbexpressions can be similarly abbreviatedo Some examples 
of these abbreviations are 

«AB,C),D) tor «ABo(coHIL»o(DoNIL» 
«A,B),C,DoE) for ((Ao(BoNIL»o(C.(D'E») 

Since we Nprd the expressions with commas as abbreviations 
tor those not involving ca.as, we shall refer to them all as 
S-express10M. 

b. functions of S-express10na and the Express10ns that 
Represent Them 

We now define a class of funct10ns of S-expres8ions ° 'l'be 
expressions representing these funct10ns are wr1tten in a con­
ventional functional notation. However, in order to clearly 
distinguish the e;tpressions representing funct10ns from S­
expreSSions, we shall use sequences of lower-case letters tor 
function names and variables ranging over the set of S-express10ns. 
We also use brackPt. and sem1colons, instead ot parentheses and 

commas, tor denot1ng the app11cat10n of funct10ns to the1r argu­
ments. Thus we wr1te 

car[x] 
car[cons[(AoB);x)] 

In these M-express1ona (meta-expressions) an;, S-expre8810na that 
occur stand tor themselves. 

Co The Elementary S-tunct1ona and Predicates 

We introduce the following functions and predicates: 
10 atom -
atom[x) has the value of T or Ii', accordingly as x 18 an 

atomic symbol or not 0 '!bus 



atom[x] = T 
atoml (X o A)] == :r 
20 !S. 
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eq[xJY] is de tined it and only it either x or Y is atomic. 
eq(xJY] == '1' !,,:r x and " are the same SJ'IDbol. and eq(x;y] - :r 
otherwise. Thus 

eq[X;X) == 'l' 

eq[X;A] = F 
eq[X; (XiA)] .. II 

3" ~ 
car[x] ia defined it and only 1t X i8 not atomic 

car[(eioe2») = e1 0 Thus 
car[X] is undefinedo 

car[(X"A)] ~ X 
car[«XoA)oY)] u (XoA) 

4.. cdr -cdr[x] 1s also defined when x is noJ; atomic.. We have 
od~[(e1~e2)1 == e2 0 Thus 
cdr[X] ia-undetinedo 
cdr[ (XoA) 1 Ill< A 
cdr[ (X"A) oy}] - Y 

5... aons -cons[x;y] 1s defined tor artI x and "80 We have 
cons[e1;e2] .. (e1 oe2). Thus 
cons[X;A] = (xoA) 
conal {XoA);Y] ~. ((X-A) oy) 
~, c~ ant; ~ are easily seen to satisty the relations 
car[cons:x;~]l ~ x 
cdr[cons :Xi)t] 1 ,. y 
cons[car:x];cdr[x]] - x. provided that x is not atomic. 
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The names ncar" and "cons n will come to have mnemon1c s1g­
nit1cance on17 when we discuss the representation ot the 87stem 
in the com,puteru Compos1t10ns' or car and cdr g1ve the subex-

. - -
press10ns ot a g1ven express10n 1n a g1ven pos1tion. Composi-
tions ot cons torm expressions ot a g1ven structure out ot -parts. The class ot tunctions which can be tormed in this WQ' 

is quite limited and not very 1nteresting. 

d. Recursive S~tunctions 

We get a muoh larger class ot tunctions (1n tact, all com­
putable functions) when we allow ourselves to torm new tunct10ns 
ot S-express10ns by cond1tional express10ns and recurs1ve 
det1n1tion. 

We now give some examples ot tunct10ns that are detinable 
in this way. 

1. !!:[x] 
The value ot tt[x] 1s the t1rst atom1c symbol ot the S­

expression x w1 th the parentheses 19nored.. Thus 
tt£{(A"B)oC)] =A 

We have 
tt[x] - [atom[x] ... x;T'" tt[car[x]]] 
We now trace in detail the steps 1n the evaluation ot 

ft[ {(A B) "C) h 
rt[«A.GB)oC)i u [atom[«A"B)oC)]'" «AoB)·C);T'" tt(carI«A·B)"C)]]l 

= (F'" UAQB)"C};T'" tt[car[ «AoB)·C)]]] 
=" !,.l-+ :r[aal"'[ ((AeB)"C)]]] 

:: ff'( ca:,.< ((A oB)" C)]] ] 

- tti (AoB)] 
= [atom[ {A-B)] ...... (A 'B) .. ! ... tt[car[ (A"B))]] 

- [F ...... {A"B);T'" ft[car[ (AoB)]]) 
- [T'" f't[car[(AoB)]]] 
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- tt[car[(AoB»)) 
- tt[A] 
- (atom[A) ..... A.T ..... tt(car[A]]] 
- [T ..... AJT .... tt[car[A)]] 
-A 
20 subst[xJY;z] 
fbis function gives the result ot substituting tbeS­

expression ~ tor all occurrences ot the atomic a,mbol l in tbe 
S-expression !.. It is de tined bJ' 

subst[X;YIZ] • (atOm(z] ..... [eq[zJJ'] ... x;T ..... zl;T'" cons[subst 
[xJ"Jcar[z));subst[x;y;cdr[z] 1)] 

As an example, we have 

subst[CXoA);B;«AoB)oC») - «Ao(XoA»oC) 

30 equal[xl") 
This 1s a pred1cate that has the value T 1t x and ,. are 

the same S-expression# and bas the value P otherwise oJ We have 

equal[x;y] - [atom[x]Aatom[y]Aeq[x;y)lv[~tom(x]A~tom[7]A 

equal[car[x];car[y)]Aequal(cdr(x);cdr(ylJl 

It 1s conven1ent to see how the elementar,r tunctions look 
1n the abbreviated list notationo The reader will e&8i17 verif)' 
that 

(1) car[(m1 ,m2,ooo,mn)] - m1 
(11) cdr(m1,m2, .. oo,mn») - (m2,000,mn) 
(111) cdr(m)] - NIL 
(1v) cona[m1;(m2, ••• ,mn») - (m1,m2'.oo,~) 
'tv) cons[m;BIL] .. Cm> 
We def1ne 
null(x] • eq[x;BIL) 

Th1s pred1cate 1s useful in dealing with l1sts • 



Com,positloM of car and cdr ar1se eo frequentl., that m&nJ' - -expressions can be written more conclael7 lf we abbrev1ate 
oadr[x] tor o~[cdr(x]), 
caddr[x] tor car(cdr[cdr(xlll. etoo 
Another useful abbreviation 18 to write 11at(e1,e2J oooJen] 

tor cODS[e1~cona[e2;ooozcone[.nJHIL]ooo))o !hie function gives 
the li8t# (e190QQg6n)' ae a funct10n ot 1ts elementso 

1be following funotions ere usetul when S-eXpree8ionIJ are 
regarded aa 11stao 

10 §E!h5![xnr] 
append[x~y] - [null[x] .. 7;T" coms[oar(x} Jappend(odr[x] rJl ] 1 

An example 1s 

append[(A9B);(C,D,E)1 - (A#B.O.D~E) 
20 ,!IDo.[x~y] 
'l"b13 predicate is true it the S-expression x oocurs amorc 

the elements of' the list yo We have 
among[xjY] w~null[,.]A[equal[x~car[,.]]Yamong[x;cdr[,.]]l 

30 Ra1rl~J![x~YJ.} 
fbi. function gives the l1st ot pa1re of oorresponding ele­

ments of the lists x and ., ~ and appends thls to the 11st &0 The 

resultant list of pain, which 18 11ke a table with two C01UDm8. 
18 called an asaoc1~t1on listo We have 

pa1rlts(x~y~a] - [null(x) .. aJ'l ... cona(coM[car[x];car[y] h 
pa1rlie[cdr[xlzodr(y]~a)ll 

An example 1!1 

pa1r11~[{A~B9C);(U9VDW)~«DoX}g(EoY»1 -
(AoU)g (BaV), (CoW). (DoX)g (EoY» 

40 U$oc[x~~] 

It a& 1~ lID u~ocl .. t1on list such d the one formed by p.,irlie 
in the ahowe ~l~ g then uaoo Will produce the tiNt pur eOlSe 
first term 18 Xo 'l'hus it 1s a table searching tunctloDo 
We have 

U&§oc[x~&l,] liB [equal[cu.r[a);x] ... car[.hT" u8oc[x~cdr[a]]] 
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An example 1s 
.. soc(BJ(Ao(MgB»,OBo(OAR,X»,(Co(QUorE,M»,(O.(CDR,X»)] 
• (B. (CAR. X) ) 
50 sublla[a;y) 
Here .. 18 uaumed 'to be an ... oclatlon llst of the torm 

«~oV1).QOq,(unoVn»' wbere the U's are atom1c, and 7 1. anr 
8-expre.a1ono What sublle does, 1. to treat tile u.. as varlables 
when t1'ae7 occur 1D :I, and to substltute the o0l'1'88pondlns v'. 
trom the pd.r 11sto In order to detiDe sublls, _ t1nt detine 
an aux111al7 tunct1oDo We have 

aub2(!I.;z] • [DUll[a) .. zJeq[caar[ahz] .. c4ar[ahT" 
sub2[cdr[al,zll 

sub11e[a;y] .. ratom(71 .. aub2(aJy],T" oona[.ublls(aJcar[71h 
aublla[a.cdr(7111) 

An example 1. 

aubl18[ «XoSBAKESPEARE). (YoJlAIllLft) h (X,WRO'l'E,Y) 1 
- (SHAKESPEARE, WRO'lE,JIAIlILft) 

S-functions haw been described b7 M-expre.slonao We now 
81ve .. rule for tranalat1n8 M-expressions 1I1to 8-expreas1olUl, 
in order to be able to Wle S-tunotloD8 tor mald.ng certain 0011-

putatlcms With S ... tunct101W and tor aNI-ring certain questiOns 
about 8-tunctlone" 

1'be tl'uwlat1on 18 detel'tD1l1ed b7 the tollow1nS 1'Ul.es 1n 
which we denote the translation ot an M-~re.slon G bJ' E *0 

10 It !lrj I'm a-expression E* 18 (QUafE, E)o 
20 Vu1ablee and function names that were represented bJ' 

str1ng8 of lo_r~c .. e lettera are translated to the oorre.pond-
1Dg str1DSe of the corresponding upper-cue lettel'8o Thus car· 
1e CAR» and ~ubelt* 115 S'OBBTo 



30 A torm t(811000,80] 1s translated to (t*,et,ooo,e:)o 
~ua [oonas[oar(xhodr[x)]} * 18 (COlfS .. (OAR,X),(ClJl,X»o 

-'0 [Pi .... e1 'oooJPo " en) .. 18 (Cotm .. (pl,el),ooo,(p:,e:»o 
50 ),(tx1;'OQwJ~h ) .. 1s (LAJlBDA,(Xf,ooo,X:;). ·)0 
60 label[aJ ]. 18 (LABEL,a., .)0 

to ~ UD1ver~al S-Funotion eva1quote 

There 18 iIn S-expre •• 1on evalg,uote(tnJx] with the propertJ' 

that it to - t· where t 111\\ • funot1on tOl'lD, and 1t x - (&1'81, 
ooo,arsn), then £!!lgqot!(fnJx] - t(ars1iooo'arsn] unless both 
are undef1ned 0 J;t.>r example, 

~([x;y].con~[~~r{x);7]][(A,B);(C,D)] 
-eValquote[(LAMBDA,(X,Y),(CORS,(CAR,X),Y»J«A,B),(O,D»l 
-(A,C .. D) 
'.l'he S-tunctlon evalquote 1. derined b)' 
evalquote[tn»x) !I'll IlPPl,J'[tnJlxJNIL) 

where 
app17(rn.x;al iii [eq[tn;RIL] .... NIL; 

atom[tn] .... [eq(tn;CAR) .... cur[x] ~ 
eq[tn;OIIt] .... cdar(x) J 

eq(fn;COIfS] .... oona[car[xhcadr(x) h 
eq[tn;A'IOJII] .... atom[oar[x] h 
eq[tn;EQ] .... eq[xar[x]; oadr[x] ]: 

if ... app17(eval[tnJahxJa]]; 
eq(cu[tn];LAMBDA] .... eval(oaddr( t.uhpa1rlia[cadr[tn];xJa] 1.; 
~[cu[rn] $LABELJ .... applJ'[ ca44r[fn] ;~; ~ona(COD[ oadr[tn]; 

oad4r[tn]];a]]] 



evaJ,[e,.] - [atom[e] .... cdr[u8oc[e;a11; 
ratom[car[e[eoot{ 

[eq(oar[el;QUO'tE] .. cadr[e); 
[eq[ carl e ] • COlD 1 .... e'V'con[ ov[ e 1 ;.] ; 
T .... app17[oar[ehev11s(04r[e1;a];a]] 

T .... app17[car(e];ev11a[cdr[e];al;]] 

... 19-

2811'11& and .8~OC were prenouslY det1nedo 
evoon[c;~] 8!i [eval[cu.r[ol.;a] .. eva1[oa4ar[c);a];T .... 

evoon[cdr(01;.1] 

ev11s(m;A] m,[cona[eval(oar[m]ia ];mrl1e(cdr[m)Jall)J 
We now explain a number ot pOinte about theae 4et1n1tiolUJo 
10 !Rply l~el8l a function bJ' pa11'1ng ita name 'With 1tll 

det1n1t1oM and ~1ng th1s to the pair 11sto It. funot1on 
begins With LAMBDA,\) then ,!ppll pairs the bound variables with 
the arguments and g1 vea the result to eva! 0 It a tunction 1. 
atomio, then ~ looka tor ita defin1t1on on the pa1r 118to 
Th1e would be tbe caee tor sucoessi va recurSions ot .. labeled 
tunOtl0DQ In the ~ma1n1ng cues, the tunction 18 evalua.tedo 

20 !!!![e~~] bu two arguments, an expression e to be 

e\i.'aluatedg ~ Iln dsooiAtion l1at ao The first item ot each pair -
i~ an atomic t.l\ymbol!l and the seoond 1s the expres.ion tor whlch 

tile ~ymbol ~t~ Q 

30 If' ttle expresII10n to be evaluated ie .,tomleD eval -
e~al~te:8 wha~wel" iii! paired with it first on the list &0 -

40 Xf e 1~ t'1,ot II.tcmd.c but ear[el 18 atomic. then the ex-
p:NiIss10n hu one of' the fOrmal (QUOTE"e) or (ATOM,.) or (EQ"e1 .ge 2) 

or (COND9(P~~91)gooojl(Pn»en»jI or (CAR.e) or (CDR,e) or 
(CORS"e1ae2) or (fae1»ooo.en) Where t is an atomlc aymbolo 



In the cue (QUOTE,e) the expression e, itself, 1s takeno 
In the cue of (ATO.,.) or (CAR,e) or (CIIl,e) the expression e 
115 evaluated md the IIPPl"Opr1ate function takeno In the cue ot 
(EQ,e1,e2 ) or (CONS,e1 ,82 ) two expre •• ioM have to be evaltatedo 
In the case ot (OOND,(P1,e1 ),ooo,{Pn,en » the pBS have to be 
evaluated in order untll a true p ls found, and then the corre .... 
pon41ng e must be evaluatedo this 18 accompllshed by evoono 
1'1nal.ly» in the cue ot (t,e l , ~ .. o,en ) we evaluate the 8 1 De and 

give the result to !Pill u a l1st ot arguments .. 
'!'he li.t a could be ellmlnated, and LAMBDA and LABEL ex---

pre •• 1ona evaluated b,. aubstl tutlng the arguments tor the varl-
able. in the expre~810n !., Untor1;unatelYa dlfflcultles involving 

ool1181oM ot bomati variables ar13e, but they are avolded by ue1ng 
the l1st au ... 
go Punct10M with Functions U Al'gumenta 

There are a number ot wsetul ttmotlona aome ot whoae argu_ 
ments are f'\1not1oM Q The,. are expeciall,J' useful 1n detlmng 
other tunct1oM" One such tunction i& mapllet[xjr] with an S­
eltprese10n U'~n't x and am argument t that 18 a function trom 
S .. expN8s1oM to S=express1oM 0 We define 

map11~t[x~t] "" [null(x] .... NILgT" cona(t[x];map11st[cdr(xht])] 
The ~etulne~~ of M.p11st is 111wstrated by tomulu tor the 

pa1~1~ der1 vlJ:ti'l/e with I"e$!peot to x ot exprer5sione 1nvol wing 
f§um~ Md pr,;>-duert~ or x and other wU'1a.bles 0 '!"be S .... expre!S81oM 

tM:t we ~~l differentiate are tormed as tollows 0 

1.. An atomi«;; symbol 18 an fallowed expreslfj1ono 
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2. It e1,e2,o •• ,en are allo.ed expressions. (PLUS,el' 
0 ... ,en) and (TIMES,e1' •• o,en ) are a180, and represent the 8um 

1 and product.. respecti vel,J', or e1,. 0 • ,en" . 
T.bis is. essentially, the Polish notation tor functiona, 

except that the inclusion ot pare~the8e8 and commas allows tunc­
tions ot var1able numbers ot arguments.. An example ot an 
allowed expression is (TIIlES,X, (PLUS,X,A),Y), the conventional 

~ 
algebraic notation tor which i8 X(X+A)Y 0 •• 

Our ditterentiation tormula, which. gives the derivat1ve ot 
y with respect to x, is 

di:tt[y;x) ~ [atom(y] .... [eq[y;x) ... 1;'1' ... O];eq[car(y); 
PLUS] .... cona[PLUS;_plist[cdr[y];'A[[z];ditt( 
car[z];x)]] );eq[car[y);TIJlJES) .... cons(PLUS;map11st[ 
cdr[Y);h[[~l;cona[~MES;maplist[cdr[yJ;'A([w]; eq[ 
z~wl .. car[w];'1''' dift[car[whx]])]]])) 

T.be derivative ot the allowed expression, as computed by 

this formula, i8 (PLUS, (TIMES, 1, (PLUS,X,A),y), (TIMES, X, ( 
PLUS,1,O),Y),('1'IMES,X,(PLUS,X,A),O» 

Besides maplist, another usetul tunction with functional 
arguments 1s search, which 18 det1ned as 

search(x;p; t; u] - [null(x] ... u( ];p[x] ... f(x];T ... search 
[cdr[x);p;t;u] ) 

'!'be function search is used to search a list tor an element that 
has the property p. and it SUC:1 an element 1s tound, ! ot that 
element 1s taken.. It there 1s no such element, the t1.mction u 
of no argument 1s computed .. 

1por more exact intormation on arithmetic functions see Section 2 .. 4~ 

2In LISP 1 .. 5 actual numbers can be used in these tOrlDS, and the 
corresponding ar1 thmetic function w111 be performed 0 '!'bia 1s 
described 1n Section 2.4. 
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The folllAdng example 1s .. LISP program that det1nee three 

tunctiona un1cn, 1n~.r8ect1onjjl and member, and then applies 
theee tunct10na to some teat ca.e. o !he tunctiona union and 
~nt.raeot1on i\N tv be applied to "set. II, eaob set being repre­
.ented by a 1118t of' atomig aymbola 0 'lbe functions are defined 
&S follow~;; llote that they are all Ncurel ve, aDd both union 
and 1nte~ect1(.:,.n make wse ot memberg 
~~~~~ .. 

_m1?~t"{~~X] t,;, [null[x] .... r:eq[ajcar[x]] .... 'l'j'l' .... 
member(~;odr(x]]) 

ur..1on[x;y] .. [null[xl'" J'~memlHn .• tGlar[xhJ'] .... union 

[edr[xhy)'f .... cons[cu[x],un1on[odr[x];7)]] 

lntalCJ15eetion[x~y] .. [null[x] .... NIL~_mber[car[x]jY] 
.... oOM[Ilu[x);1ntereectlon[cdr[x);y));T .... 
l~~erae~tion[odr{xl;yl] 

To ~t1n~ the1ile functions, we use the pseudo-function 
define 0 1he progru loob like this g 

DEFINE « 
(MEMBER (J~JAME'DA (A X) (CONI> ((NOLL X) F) 

(CEQ A (CAR Xl) T) (T (MEMBER A (CDR X») ») 
{UNlON (LAJlm1~ (X :1) (COND «NOLL X) Y) «MEMBER 

(CAR xl 1) (maON (CDR X) Y» (T (CONS (CAR X) 
(Um:")N (CDR X) Y») ») 

(INTERSEC!fION (LAMBDA eX y) (COHO «NULL X) NIL) 
«(EMBER (CAR X) Y) (CONS (OAR X) (INfERSEC'lION 
(CDR x) y») CT (DflERSEOTIOH (a.5>R X) Y» ») 

) 
Ilft"'ERSEClION C {Ai A~ A3} (Ai A3 AS») 
UNlON (Y Y 7-) (u V' w ,.,} 
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~8 prvgrcm ~onta1na three distinct funotiona tor the 

LISP 1Dterp1'8tel"" fte tirat function 1s the pseudo-tunction 
detiDe" A ps~~~o=tunctlon is'. function that is executed tor 
I 

1 te ettect on the system in core memory as _11 u tor 1 t. 
t'uue" ~ti~ Cll,lIl8es thea. functions to be defined and ...., '1_ 
available td.th1n the .,.stelD" It. valVllt 1. a list ot the 

functions de tined ¥ 1n thi8 eue (MEJIBER URIOR Ilf.rERSECft01J) 0 

The value 0'- the aecond function 1s (A1 A3) 0 11w' value 
ot the third function :1. (y Z U V' W X) 0 An iMpeotion ot the 
way in wblob the Nourillon 121 carried out will abo. wh;r the 
lIelementslr.J ot the "set" appear In just thi. ordereo 

'l!le f'ollowing are some element&l7 rulea ror wrlt1n& 
LISP 105 prO~"8o 

1G A program tor exeoution in LISP oonsists ot a 8e­
.qUtetnca of doublet~ u '!he tiNt list or atomic Q'IIIbol ot eacb 
doublet 1t! 1nterpNted u a tunctlono '!be seoond is 4& list 
of arsume~te for the tunct10no 

2 'I "the~ 1~ no particular oard format tor wzoit1ng LISP 0 

ColUlllMl 1-12 ur iU'!I number ot carda IIIIq be ued... Card 

boundar1(!~ are ignoredo 'I~ format ot the above eumple ll 

1:n~ludirc 1~~l'Ilt~t1on" w_ choaen mere17 tor ease ot readlng" 
3.. A bl!f:nk iii"! the equivalent ot .. COllltm&o An/! number ot 

bl~ IWi:/Ol:" ~, mr;:Jf':~ OW! occur at ana point in a prosr­
tCtxeept :5~1'll ~I;m lil.V;t,:-, h~ of an atomic Q1IIbol" 

4... ,...):) n,~;t ~;e the torms (QUOTE ~). (QUOTE P)8 and 

(Q(J01'E NIl,) 0 U~~ l'~iI "$ IU!.d MIL iMted" 
50 Atomio l'Iymbolt§ Ii.1hould begin With alphabetical cb.arao .... 

te1"~ to dia\tllllgillEth them trom numbers Q 

6 0 Dot notation mq be used 1n LISP ~o 50 An¥ number ot 
blanks before or ~tter the dot Will be ignored" 



1 g Dotted pa1rs ..,. oocur as el_nta of • 118t. and 
lists IIIQ' occur u elements ot dotted paira" )lor example 

«AoB) X (Co(E Fa») 
is • val14 S-expression" It could alao be written 

«AoB)o(XQ«Cw(Eo(po(aoHIL»»"RIL») or 
«AoB) X (0 EPa) 
8 0 A form ot the tJpe (A B CoD) is an abbreviation for 

{Ao {Bo (CoD»),. An.1 other m1.X1DS of COIDIDU (apaces) and'dot. 
on the same level 1e an error. e080 (AoB 0)0 

9\J A selection ot bas1c functions 18 provided w:lth the 
LISP .&,.m~mo other tunet1o_ mq be introduced 1>7 the pro­
grammer" !be order 111 which tunctions are introduced i8 not 
It1gn1t1oante ArIty function m..,. make Wle ot any otber function" 

A variable 1s .. QlDbol that 18 used to represent an 

argument ot I/. tunctiono !bus one might write ". + b where 
a - 3-'1. an4 b - 2160 II In this sit_tioD no COnfU10D oan 
result aM all will agree that the ana_r 18 5510 In order 
to arrive at th11\ result, 1 t 18 necesR17 to substitute the 

actual nimber'!! tor the vuiablefll II U1d then add the two Dum­
ben {on maddIng mach1M for l..wwtmce)Q 

One Nd-on q there is no ab1gu1t7 1n tbls cue 1. 
that "an ~ "bill U"'e not acceptable 1q>uta tor an add1ns _­
chine, and it i~ therefore obviows that tbe7 merel,. represent 
the /ict'Wi!.1 argumel'ts II In LISP, the 81 tuat10n can be much 
more comp11Clited~ An atomic flIl'I!IIbol ma;v be either .. variable 
0.' an actu.al argUDIento !fo further compllcate the 81t_tlon~ a 
part ot an argument 1IIlQ be a variable when a function 1M1de 
another function 1& evaluatedo \be intuitive approach is no 
longer adequte" An undentur4ing ot the tormallsm 1n uae 18 

• 



• -25-

DeOe811U'J' to do an.J ertective LISP pl'O~~ 

Lest tile prospective LISP user be d1800urapd at thi8 

point" it should be po1nted out that noth1ns DeW 18 so1nS to 
be introduced here Q '!hI. 8eotlon i8 1ntended to re1ntorce 
the diacussion o~ Chapter 10 Evel'J'1;b1Ds ln th18 Motlon oan 
be der1wcl troll the rule tor tranalat1na lI-ezpre8s10na 1nto 
I-expressions" or alternatelJ' eve17tb1na 111 thi8 seotlon can 
be interred trom the unl versal runct10n evalquote of Chapter -

!'be toJ.'lDal1_ tor variables in LISP i8 the Church-lambda 
notatlono 'l'ba part ot the interpreter that blnda variables 
is called g11,0 When appll encounters .. funct10n be81Jm1ng 
with LAlllBDA" the 11et ot ftl'1ablee i8 paired witb tbe 11st ot 
arguments aDtl adQed to the tront of the a-1i.to Durins the 

evaluation of the functlon. variable. .., be enoounteredo 
'l'be7 are evaluated b,. looking tbeIII up on the &-ll.to It 11 

var1.able bas been bound several times. the flNt or 1II08t . 

recent value ill usedo The part of tbe interpreter that doe8 
this 1. called eval 0 918 tollow1ns example will illustrate -tb1a Macussien.. Suppose the interpreter 1. given the follow-
1n3 doublet: 

tn~ (LAMDDA (X Y) (CONS X y» 
lU (A B) 
!v~guot~ will give these argument. to ..,17u (Look at 

the Ul'l1vcHiljja.l fm{·tion of Chapter 1,,) 
apply[ {LAMBDA (X Y) (CONS X Y) h (A BhNILl 
Apply Will bInd the variable. and gift the function and 

a-llat to eval .. 

eval[(CONS X Y);«XoA) (YoB»] 
Eva]. will eva] uate the variable. and g1 va it to cons" - -cona[A;B} - (AoB) 
'1'be aotual interpreter skips ODe step requ:1red b,. tile 

un1 veNal function., n.amelJ' 9 apply { COBS J (A B) 1 ... 
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202 Coutants 

It 111 sometimes ...... 4 tbat • conetant atal'l4a tor ltself 
as opposed to • variable wh1ch stands tor sometb1Dg el .. g 

'l'b1a 1s not a VJe1!7 workable ooncept alnoe the atudent leaming 
caloulus is taught to represent coutant. 'bJ a. b 11 0 0 "" and 
variable. b,. X,"8 "z" g .. " It a •••• more rauonable to a.,. that 
one variable 18 more nearlJ' conatant tbm another 11 1t ls 
bound at a h1gher level and cbanps value leas trequent17" 

In LISPg IJ. 'M.r1able remains bound Witb1n the scope ot 
the LAJl!BDA that b-lnda it" When a variable alW87. baa .. cer­
tain value ~p,rd1e.B ot the ourrent a-11st 9 1 t will be called 
a constan~o ibis 18 aooomplished'bJ' meana ot the propertJ" 
118t1 (p-liet) of the variable .7IDbo10 Ever.v atom1c Q1Dbol 
had a p-11atv ~n the p-11et oontains the lndioator APVAL 
or ANALit} then the 871Dbol ls a oonstant and the next Item OD 

the 11st i8 the v&&lue" Eval aearches p-11ata betore a-11sts 
when evaluating variables B thus mak1ns it impossible to b1ncl 
coutant. ette~t1 ve17 0 

Conatant8 can be made b7 the profP'&lllllll8zo" To make the 
variable X a:t~S !>taDds tor (A BCD) Wle the pseudo-functlon 
I).at.., 

CSEi' ex (A BOD» 

An 1ntere~t1TlI8 tJ'pe ot conatant i8 one that .ta,nda tor 
1tl8elt., NIL :hil an ezample o~ tMllo It oan be evaluated re­
peatedly ~ will !tit!ll be NIL.. 'l,J'"HIL, and other oonstant. 
cannot be ws~d }~ '~"U'1ablefillJ 

__________ =-_~_~~~ __ . ________________________ .. ___ =_rt __ • ____ • ___ _ 

j.o Property lists are disoussed in Ohapter 10 
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811D11ar to that in wh10h a a_ol atamde tor an ~Dt. 
When a function 1s reoural ft It 1t lIust be &1 ven .. name 0 91la 
la done by means ot the torm LABEL. tdI1cl\ paiN the DUI8 td.tb 
tile ttmotion det1nitlon on the a-l1at. The name 18 tIlen bound 
to the tunotion det1n1t1on. 3ut as a var1able 1. bound to It. 
value. 

In actual practlce IJ LABEL 1. se1doll used. It 18 more OOD­

venient to attaeb the name to the det1n1tlon ln a coutant -.n­
ner. '1b1a:1. done bJ' putting on the P1'Operi;J' 118t ot the -- 11 

the Qmbol EXPR followed by the tunct10n det1ll1tloft. The 

pseudo-tunctlon detine used at the bepnn1ng or this cbapter 
acoompliahea thi80 When ell' 1Dter,preta a tunotlOll repre­
sented by an atomio QIIIbol. 1t searches the p-118t ot the atomle 
Q1Dbol betore searobing the current a-11st. 'l'hua a det1ne will 
override a LABEL" 

'1'be tact 'that moat tunetloDB are oonstanta deflned by the 
pro8l'_r~ and not variables that are mocl1t1ed by the pr08l'aJD 
18 not due to any _akness ot the a.,.8t8ll. OIl the contr&17 6 lt 
1Di1catea a riohness ot the a,.stem that we do IlOt know how to 
exploit wry wel10 

SeE tunct10M inStead ot bell'll det1Ded bJ' S-expre •• lona 
are coded as closed machine language subroutines 0 Sucb .. tu.nc­
t1.on 1dl;i hawe tt..~ indicator SUBR on lta propertJ' list followed 
by @. pointer th.at rIllon the interpreter to 11nk With the sub­
routine: 0 !bare are three W'a)'s in whicb a subroutlne can be 
pre~nt ~n the sJ'~temo 

1.0 '1be sl.1brout1ne was coded into the LISP .,-stem. 
20 1'be function ... s band-coded ~ the wser in the aaHII­

bly tJpe languqe LISP-Sapo 
30 The tvmctlon was tir.t det1ned b7 an a-expre88ion, 

and then compiled b7 the LISP compiler. Complled funotions 
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run about 40 tiEs as rut as when thq are Interpreted" 

205 Special Forma 

Bonnal.ly eval evaluates the a,rsaaents ot a tuDotl0D be--
tore app171nS the tunotlon 1taelr" !bus 11' eval 18 Siven 
(COBS X Y). it will evaluate X aDd Y, aDd then ~ the." 
But U eval 18 given (Q'OO'.fE %)g X 8bould not be evaluated" 
QtJO'IE 18 a ape~1al. torm that prevents 1 ta argument from be1n8 

evaluated~ 

A special t01l'm cJ1tteN trom .. function 1n two W8J'8., It. 
arguDBnta do not set evaluated betore the apeo1al. form 8ee8 
them" COiro for eumple has a ve17 special WQ' ot eval .. t1ng 
Its argumentll using evcono The secord WQ that speolal tOl'lD8 

d1ttel' from functions 18 that thq mq bava aD 1ndet1D1te 
nUllber ot arguments" Special tOrlDa have 1nd1catol'8 on their 
property 11at8 called PEXPR and l'SUBR tor LISP·detined tOl'lllS 

aDd maoh1ne l~ coded. ttorma" respectively., 

!be purpo~~ of this section 1s to help the programmer a­
void certUn oOtt.m<: .. r<l errors <; 

E!gle !g 
fn3 CAR 

JU (A E» 
~ ~'alue is A" Note that the interpreter expeots a list 

ot arguments.. ~lbe one argument tor oar 18 (A B).. 'J.be extra -pair ot parenthesirs are DecesSU7" 
One ooUld write (LAMBDA (X) (CAR X» 1Utead ot Just OAR" 

Th18 1s oorreot but unneoessar.ro 

Ex!!ple ,g~ 
fn~ CONS 

X8 {A (13 ... 0) j 



~ value 1s ~ons(AJ(BoC)] • (AQ(B~C»o 

The print program 'nll write this as (A BoC) .. 

Ex!!Rle J:: 
~~ CONS 
x: «CAR (QUOTE (AuB)) (CDR (QUarE (CoD»» 

'l'be value of 'this computatIon Will be (CAR eQUCYtE (AoS») 
CDR (QUCffE (,) ... .0»).. '!'his 18 not what the programmer e;~J.)'!cted., 

He expected (OAR (QUCfm (A .. B») to evaluate to Af) and e~'ot"" 
ed (AoD) as the 1¥a.lue of ~9 

~ .!¥!t~r.P~~£!!: eZJ?ec~ ! ~ .2! 8.!'JW!!nta., n ~ ,t~.,~ 
,eJ!pct ! l1fel~ 5~ !'!e:rel!i,!!o~ !..~ ~ eval.W!t~ ~=~ !11!. ~ ... 
:menta.. Below are two correct ways or wr1 ting this funotiono 
~l'he tiNt; one make~ the ,g£ and ~ part ot a funotion speci ... 
tled by ~ LAMBDA" The second one usee quoted ~nt8 and 
geta thet3 evuuated by eval with a null a-liatu -

t~~ (LAMBDA eX y) (COBS (CAR x) (CDR Y») 
X~ ({AoB) (C~D» 

f'r~~ BoVAt, 

Xg «(CONS (CAR (QUOD (AoB») (CDR (QtJOfE (CoD»» NIL) 
The walllJa ot both ot these 18 (AoD) 0 

~e f;.'~' er: .. 
........ ..,.,. - Ht-~ 

t!'J. ~ {LAMaDA.(A xl (MAPLlST A (Fl1N~ON 
(t.1L"IBDA i.T) (OO!~S (CAR J) xl» }). 

Xg «(XYZ)S) 

Th1~ ey.,ample ·~onta1M a new special torm called FmfC'.rIONo 
FONC'rION 1~ ~~i1Q~wMt ~1m11ar to QUOTE in i te etteot 01 It 1& 
:alclIitet1met; nee)ded. ':Jiihen t.ne quoted expres8ion 1e a tunCt10DQ 

'ntiS! 18 explained in detail in Appendix B.. Por the present we 
sti!te the tol1o'$1iDg I'Ule \) 

Wh~n a quoted B-expression 1& to be used as a 
ta..\'I'li,~t.1cn; quote it With PONOTlONv not QU<Y.rE", 

'l~ tu:n·~t1on in the example replaces each element ot the 
l1at With a new element obtained by cOM-1ng it with the flee ... 
and arg\llfilientu 'i"he waloo of' example 4 1. ((X.,S) (YoS) (ZoS» v 
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Betore attemptiDS a:ll8 ma30r progrUD1nI the user should 
look at Append1:J: A 80 as to avo14 red8tln1ns functions tbat are 
available 1ft the lIJ'.tem~ 

It 18 general pollCJ' not to plaoe urmeceeS&l7 d.etlD1tlona 
in the sJ'liitem .. alJ this reduces the apace available for compu-' 
tat1oD" Extra teaturea such as differentiation and alIebra 
a1mpllt1oat1c.m ld.ll be distributed in the tON of card decks 
with memo~ deecribing themo 

!be following list contains a tew functions ot the basic 
aJ'8tem tMt are of 1mmed1a.te Interest" 

Ao Bas1c Functions S COM s car 9 cdr.. tmd all car-cdr 
compositions ot length 2.3, and 4, eoso cadar, odaddru 

So Buic Pred1cate8~ atom81 Dull" eq, and equal" 
Co Lo81cal Preticatess and, or. and Doto 
Do In'terp1'e'ter Componentll g app17 &I eval, 8vl1e.. and pair .. 
Eo I)!t1n1ng Functions g define and c.et" 
1'0 I,18§t Hu41:lng :run"tlonIU list, apperd, 8ubet, and 

sublleo 



30 Ar1~t1.c 1n LISP '""'==== .... -- --

-~-

LISP 105 has provi8iOn ror handl1Ds r1xed polDt and 
rloat1ng polnt numbel'8 and lOSloal words g !bere are tunctlou 
and pred1catea in the .,.steat tor pertoN1ng ar1tbMtlc and 
10810al operations and mak1ng basic teats 0 

."'e1'8 are atored in the oomputet'" .. thousb they were 1\ 

epeclal type o~ atomic ..,.01 g 'l'h1a 18 discueaed more thor .... 
oUSblr in Se~tlon 1030 !he tollowtng pointe sboUld be noted 
at this tiES 

10 NUll8bers 1DQ' occur in a-expressions .. 'bho. the7 
_re atomic aplbola 0 

20 N\illlBbers IU.'e co_tents tbat evaluate to themaelve8u 
~ 40 not Deed to 'be quoted o 

30 NumbeN Mould not be used u' variable. or function 

"0 no.ting Po1nt HUmbers 
The xJUles lor punching theee tor the read P1"OCt'am are 8 

10 A dec1lilal point mwst be iooluded but not ~ the 
first or last character" 

20 A pltlS sign or minus cd,sn mq precede tile l'1\1111ber~ 

'J.Ihe plw :'il1grI i:a not required ... 

3 Q Exp(llMnt indication 11ii optiol1llll" Dle letter E 
tollowed bY' tbe exponent to the baae 1() it; written d1l:'eotl:J 
after the n_berQ '!he exponent conaiata tlt one or t1m cl1gits 
which mQ' be preceded bJ' • plul or m1nWl signa 

4., Absolute valuea must lie between ~128 and 2-128 
( 1038 and 1.0=38)" 

59 S1sn1t1can~ 1s l1mited to eight dec1mal d1S1tso 
6 0 ArrI pO:ls1ble ubigu.1iiJ' between t~A aec1111l. po1nt W'd 



-32-

the point used 1n dot notat1on .. be e11lD1nated bJ' putt1nS 
,paces before and after the LISP doto 1'h18 18 Dot requ1re4 
where there 1s no Ulb1gu1t7o 

1'he following are examples ot correct t10at1ns polnt 
nUlllbel'8o !bese are all 4U'terent tOl'll8 tor the s_ n\Bber /I 
and 11111 have the same etteot wheD read IDo 

6000 

60 Ei 
600 0 OOE ... 1 

Oo6E+2 
tile tOl'lU 0 EiE+2 and 6061 are incorreot beoause the deci­

mal point 18 the t'1ret or last character" 

b" l'1xed Point Numbers 

!'heae are written a& 1ntePN with an optional stsno 
Examples! 

... 11 
32119 

Co Octal l'Uibe:ra 01' Losteal Worc18 
!be correct torm coneists at 
1" A 8ign (optional) 
2.. Up to 1,2 d181t8 (0 throUBh 1) 0 

30 The letter Qo 

40 An op~lom.l scale :ractor 0 !be scale tact01' 18 a 
decimal. lntepl' !I no s1p allowed" 

Examples ~8 
a o 1""(7Q' 

b o T11Q4 
CO =3Q1:L 
do -'7Q11 
e g +1Q11 

1'be ette~t ot the read program on ootal maben 18 u 1'01-
101lll u 

10 The number 1s placed in. the acoumulator three blt. pel' 
octal digit With ~er~v8 added to tbe lett band slde, to make 
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twelve d1g1tt\L. The r1sbt moat 41g1t i8 plaoed in bit. 33-35" 
the twelfth digit 18 placed 1n bite P, 1D and 2Q 

2" DJlhe l&o@UlDulator i8 lett.bitted three bits (one octal 
Mg! t) time. the soale factor Q 'l'bus the scale factor i8 an 
exponent to the blJ.n eight u 

30 It there 1s a vegative a1en. it 18 OR-ed into the P 
III til t.l'he number i.e the!::. stoNd as a logical word g 

'l'he examples a tbrougb e above will be converted to the 
follow1ng octal words 0 Note thr£t· becauee the sign i8 OR-ed 
with the 36th numbrical b1t II e.9 (1 and e are eqU! valent 0 

ao 000000000171 

b", OOOOorrrOCOO 

0 0 '(00000000000 

do 700000000000 
e .. '700000000000 

All of the~e functions work on e1ther fiXed point or 
floating point arguments" It allot the arguments tor a 
numer1~al tun~tlo~ are fixed point numbers g then the value will 
be a tixet:\ pC)int w;alue" If' at least one ~nt 18 a tloating 
P01n~ numtJsr It all ii~ument~ will be converted to tloat1Dg 
~-c.~nt; niimllt}el""~;;,1 ~l the v~ue \trill be a floating point number" 

~[lt1t .'''''tll:i;~j 1s a function of' n ~nt8 whOH value 
15 'the Ql,~,~blJ~1i(:~ I.~;:j,m of the arsumentso 

d1tt~rel.~e:l:ltr,1] bul as v~ue the algebraic difference ot 
.~-=,~~-~,,-:::;- . 

itB ~m:>~'~t~_ '" 
-.t .... li~,~,[ ... 1 tt7tl~ "':r,\ "1i'~"il'1.6 -x J,lL&.oI.!;"i!d'i-':.;< .=.rt.;!. -,' \-,,~ ........ a~ VlC&el.lWIIiiiiP G 
~.=:~-. . 

~11'1le,.:Jlt.t ~ 0':' o~:~_ E it! a funotion ot n argllDl1lEtnts_ W088 value 
- <:If.... iE 

115 the pro!iu©t hiith COr.f'ect s1p) ot its arsuaents o 

a.dd1lx] hu ';'+1 u its value Q The value 18 tued point 
.~~ 

lOr floating point depeDd1ng on 'the ~nt Q 

~ub1[x] ha~ x ... 1 as its value u 
~ .......... 
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!!!!!(X1 J u " " ;~] chooses the largest ot 1 ts arsu-nta &., 

ita v&lUte" 
!!!![~J 0" o~~) chooNa the _.lleat ot ita arsumenta .a 

ita value .. 
Ncip[x] eomputea 1/XG Tbe reciprocal ot taDJ' tiXed point 

number is detined to be zeroo 
g..uo:t:te:n![x;y] computes the quotient ot ita argumentao 

"or fiXed point IIJ."g1WID8nta, the walue 18 the number theoretic 
,quotient" A divide cbeck or floating point trap Will result 
in a ~SF error~ 

NJ!!!.inde,..E.[X;Y] computes the number theoret1c remainder 
tor fiXed point numbers $ and the tloating point reaidue tor 
floating point ~umentso 

d1v1de[xtY) Iiti liat[quotlent[xIJ'hremainder[xJ'Y] 1 
;;ti;~Y] ,. ~ 0 It both x and y are fixed polnt numbeN i 

this 18 ~omputed by reiterative multlpllcatloDQ otherwise the 

po.n· 18 ~ompu~d uainglogarlthma o· 1'he tiNt arsu-nt cannot 
be nep't:1ve o 

We now 11~t il';he arlthmcst10 pre410atesQ !be rule. OOD­

cern1ng mued eJCpN81al0M and evaluation of arguments aN the 
".- u for t'Jh;~ ~'l;"j>tlDet1c tUllct1oMo 'rhe value ot a pre ... 
41cate 1~ NIL (tll.l~") or true.) 

le~~R.[x~yl 1~ true it' .x~".\t and talee otherwise .. -S'!~i~!!'R,[:r,;;] i,~ tr~ it x ~yo 
!e~.£l2,[:X] ttl t;!~~ it X.~; lOr it \xl ~ 3-6 

f> 

OM{;fx) i$i tif'lUtlil it Jtg10 
~----,!, 

!:1nt~i.(:~] i)i~· tJl"ue it X 1~ Mpt1veo 
~1i",,~i[~ is Mpt1'i!I\e 0) 

~~{x] 1~ true it x i~ a number (fixed point or 
floating point)o 

!!!.£(x] :l~ true only it ::It iss a tixed point number.. It x 
is not a r.umbeX" at all R an error will reilul to 

tloa~[x] 18 ~1m111U' to t1xp[x] but tor floatins point 
numbeNo 
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.!9.2[xr,.) 111 true 1r X1' or 1r Ix-,.I ~ 3-6 0 

.qual[lt~y] works on an;r aJ.'SUII8nta 1nclud1ng S-.~8S101'l8 
incorporating n1Bbera 1nelde tbemo It. value is true 1t the 
ars-ents are identloal Q lfloat1ng point n-..bera muet b$ ex. 
aot17 equal .. 

'l'be log1~ t'uDotlone operate 011 36 -bit .oMs 0 '1.1te ~n1.,. 

acceptable arguments are r1Zed polnt mabeN Q '1'beae Ill.Q' l.~ 

read 1n as ootal or c:lec1mal lnteprs. or they mQ' be the re .. · 
aul t or .. previoWi computatlono 

logo~.[x1 ~ " " Ii ~~] pertorma .. lopcal OR OD It. ~nt5o 
lopnc![x1; g " ~ ;~1 pertOl'll8 • loS1oa1 ARJ) 011 Ita U'S .... nt •.. 
logxor(x:t$" Q oJx.,] pertOI'U an excluslve OR 

(0 Y 0 - O. 1 V 0 - 1. 1 V 1 - 0)" 
lettljb1f'.![JtJn] - x·'if1o !be rlrat U"S'Btnt 18 lenabltted 

bJ' the number or bit. speoified by the second aJ.'SUII8nto If the 
&Second ugument 1~ negative, the tlNt arsument will be r1ght­
shlftedo 

303 ~ w1tb Aritbllletlc 

'fbe ~1 ~hMtlc tunot10M IIBQ be used recural '1817 l1ke an.Y 
other tw.letl0D8 &wailable to the lnterpretero As an ezample, 
we define raCJ'tor!ljtl all it wu given 1D CMpter 1Q - " 

n! C!i [ n SIll fJ'" j,;; " ... Do Cn-i)!) 
DEFINE {( 

('A'~AL (LAEDA eN) -(OOlm 
«(ZEROP x) 1) 
(~~ ("lDIES H {J'AC1.OORIAL (SUB1 R}») ») 

» 
It 1:£ asomet1mee cODwn1eDt to reter to ruaerlcal oonstanta 

by I'lUI8Q The pseudo-funotion oonatftl allow ODe to 40 tMllo 

'!be araument of conatval ill .. 11st ot pairs II each palr oona1at-
1D8 ot .. name and a n\lDberG 

After execut1ns oOMtvalt«PI 301Ji.) (E 2oi.8»)) the atomic 



8ymbo18 PI aM E 'nll behave u thoUSh the,. were actuall,. 
numbers ... 

Provi8ion i~ made in ~8P 105 tor allocating blocks ot 
.tonae tor data.. The data 1DQ' co_1at ~t numbers" atomic 
aJ1Dbols # 01" other 3 .. expreeIl101~ 0 

!he pseudo-function !!!!l reserves apace tor arr.,8$ 
and turrw the nuIIe ot an array into fA tunction that can be 

used to rill the ~., or locate &nJ element of ito 
ArrQ'8 lU.:J M;we up to three indicie8.. Each element 

(uniquely t:lp~~lf1ed b,. its coordinates) contdns _ pointer! 
to an S-expres81onu 

Arr8l 1~ a function ot one argument wh1ch is .. list of 
arraI78 to be de@lU9do Each 1tem 1s .. list contain1ns the 

name of am IJlI'~Y!1 tts dimensions II and the word LIm Q (Non-
11~t arr~s ~.re t"e<lerved tor future developments ot the LISP 
~Y8tem" ) 

Por eDmpl~iJ tc wake-Jan UTQ' called alpha of a1lie 1x10., 
anti OM ~led Vt':\c;,.jj, (it 3ixe 3][4x5 one should eDcllli9s2 

====-
ax'~~[ ({ALPHA (1 1~) LIST) (BETA (3 '" 5) LIS'l»j 

Af't6IS th1!@ l!'T~~ been exs@uted, both arl'Q's exist and 
their' ele_r.,t@l ~~ u.l ~e;t to NIL", 

!!Rh:! ~rJj~~! are nQW tunct10M that oan be uaed to 
~et or lo~ate el.e~ent~ of the8~ reapect1we ~*7~~ ........ 

To ;~let ~1L:P:~lfii.il'j to ltd eXSl~ute -
3.1phia[~Er;x~ i$ j] 

To 'i'.at UPh~3~4 to (A B 0) exec~te ... 
ALPHA (SET (A B C) 3 4) 

IMide It tun~tion or progrp, X might be bound to (A Be) IJ 
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I boUDd to 3~ 11m J bound to 4. in wh1ch cue the settina 
CaD be done bY' ewliluat1ng .... 

. (ALPHA (QUO'.fE 8ft) X I J) 
1'0 locate an element of an 8l'l'Q'. use the &l'rQ' name u 

a. function Wi tb the coordinates as axea Q Thus aA9' t1me after 
exeouting the pre~10U8 example -

alpha[3~41 - (A B C) 
ArrQ'a use marg1nal. iDdex1ns tor -.xim.. apeed9 .01' 

moat efficient resultsg ap801f7 d1mena1oDCI in 1ncreaalDS 01'­

deru Beta[314;51 is better than betalSJ3;4)Q 



'!be LISP 1.-5 Prosr&1D ~eature allow the user to Wl'1te 

8& Bortran-llke program oonta1D1ns LISP statements to be 

executed 0 

An example tor the pros,ra teature 1s the function 
lenstb. which examinee a list and deoldes bow Mn;J element. 
tbere are in the top level ot the 11sto \be value ot legsth 
1s an integer 0 

Legst!!. 1s a tumct10n ot OM U"SWI8nt 1.0 '1'he Prosr&1D 
uses two program ~ar1able8 .!! and 1. wtd.ob can be recarded as 
iltorage locations to be obanpd b,. tb.e Pl"opuIo In EDsl1ah 
the Pl"ogNID 18 wr:t:tteDo 

!hi. is a funot1on at ana argument ,. -It if:§ a prosram with two Prosr&1D variables u and Vo - -
Store f; in ! 0 

Store the argument J in \10 - -
A If' .2 COlrntaiu NIL, 'then the program 1s tlDiahed .. 

~ the value 18 whatever 1s DOW in Yo -
sto~ in .!a ~ ot what 18 now 1n .!!Q 
Store in w 11 one more than wbat 18 now 1n v 0 

""" -
Go to A ... 

We now wr1:t~ this program u an "-expression, with • tew 
new not .. tiol!i$.. 1:nis C01'l"6S1POnda line tor line nth the pro ... 
gram u>i tten at~OWf;~:.! 

le~!i'~~:~~\'[ :;:1 !3i pros! [ Uj v 1 ; 
';rt ti!iI 0; . 

~1 a:i! /,f. 

A l null [u] .. retu.m( v 1 ] 
U !Ill ud.r[u]; 

'if - v+1J 
£to [A}] 
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Rewriting tMf,j u am S .... axpreSsiollg .. get the following 

program" 
DEl'INE (( 

(LE!t!lTH (LAMBDA (L) 
(PROO (v V) 

(SE'fQ V p> 
(BEi'Q U Xu) 

A (COND «(WLtt U) (REl'DRN V») 
(SE'lY;A ti (CDR U)) 
(SEll'Q V (ADU1 V) 
(00 A) ))) }) 
~ (A BCD) 

LEm'1H {(X"Y) A CAR (11 la) (X Y Z» 
The ·:S'alf.le~ of' tM 'telStc'jSel! are t'our and tive, respeot .... 

i'Wely" 

file pro~ torm Ms the .stNCture ... 
(PROOJ/ list ot J,)r'OgrwD 'variablee, sequence of state-

I!Ilentrel and atomc l$y:lIbolH 0 III .. ) 

An atomic symbol in the 11~t i3t the lo~atlon marker for the 
8§tatement that fellow 0 In the &bO\.1/'8 example, A 18 a location 
marker tOl" the ~t~t;ement b'f.,gultlng l)r1th COlD" 
~ t1r~t 11~t ~~r the ~ymbol PROG 18 a list ot pr~ 

war:1abl,e~... It i';;here ~ none tJ then th1t~ Mould be written NIL 
or ()" }':t''Og'~~ 'm."-"1abl~5 ~ '(;r-e:a.ted m\Wh like bound vari~le8!) 

but they &;;re f~:t b,o-amd by Ll.\JlBtIA.. The va.1ue of each program 

w.riable i~ mG\ u-*Jlt:Ll 1',~ ~ beon eet to '~ometh1ng el~e ... 
1"0 ~let (£:, Pf"Of.·~_ va"1~t.blfj $ Wle tJ.ie form Sm'o To set var1". 

@le P1. t<c! 3"i~f w.:"tte (SE'r (QUOfE Pi) 3 ... 1~~) Q SE'1'Q ls like Sft 
except ".16hat t~ qJf;:tt:;es it!' t1rRJt a1"gument" !thus (Sa'Q Pi 3 ... 14)0 
SE"lQ 1~ ~ua-1I.1~· m(I;J;l"e Ct),)f'X"dment 0 [JET ~nd j~ can ch.an8e vei .... 

able~ tha'lt a.re on the !l.=l:!fit trom higher ltivel functioM .. 
Stateme~'il~8 ~ nomalJ'.,. executed :in aequence 0 Executing 

tl tltatemerit r:oe~ E}vLlua~1ng it \t1.ttl the current a-.list and 
ignoring i t'J Yal~' 18 0 Prof;rat1 statements are otten executed tor 
their etfe'Jt I''it'\;her' than '~tte 11" w~lue: Q 
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GO 13 • tom Wlad to cause .. traruster" (00 A) will cause 
the program to continue at statement A" 

Conditional. expres.ions as prosru statements have .. use­
ful pecul1ar1tJ'g It none of the propositions are true" instead 
ot an error 1l'ld.1cat1oD wb1ch would otbe1'W18e occur" the prop81lJ 
oontinues wi til the next statement g 

RE'roRB 111 the normal end ot a prosr-o 1'be argument ot 
1W1"ORB 18 evaluated .. and tb1s 18 the value ot the program" No 
t'Urther IItatement~ are executed g 

It II pro.grp :Mm8 aut ot statements, 1 t NtU1'1'l8 with the 

value NIl" 
9le ptGogrp feature II l1b other LISP functl~na" can be wsed 

reo~lvelyo !he function rev. wh10b Nverses • list and a.ll -1te ~ub11~t. 1~ an example ot thlsy 

re~~xJ - p~~I~~J.1J 
A [nalllA] ..... retm.llJl.{)t h 

z liB OU[X]; 
[atom[z) ... go[B] h 
:Ii!; a;;: rev(z); 

~ 7 ~ ~onu[~~71; 
x i:JI edr[x]; 
So[A]] 

~ t~tlon IJ8V will N'\YeNe a l1e'e on all level. fJO that 
="'~ 

j~~{(A «(B C) n»)J - (CD (C B» A) 



'1'be LISP compiler m tea _chine language subroutines 
tram S-expre~s1oD8 def1nlng tunotlon8o Com.pl1ed functions 
run up to 60 times as tut as interpreted functiOns" 

!be ~omp11er 18 Itself a pseudo-function Whlob 18 avail­
able to the APPLY operator" The compiler 1s called 1n b,- the 
LISP tunCltioll'ilg 

eomde~Jx] Ii 
where x 1~ ., l1f1Jt of names ot the funotions to be compl1ed Q 

Each function on the list will be oomp1led into a blnar,v ma­
eh1ne program prow1ded the tunctlon 18 defined on its u8ocl­

atlon list by an indicator EXPR pointing to an S-expreasloDo 
The value of comdet 1& ~ li8t ot the names ot the funotions it ___ r~ 

.... able to ~omp11eo 
!be eomp11er proceeds in three stases 

1) Generation of LISP-SAP 
~) (]enel'..tl&tlon of b~ Pl"08l"U 

3) sueR put on usoclation list 
LISP~SAP 1~ ~AP in 11$t forme tor example 

( {NIL {,1:D 0 4) (lfIL Tn 0Q0OO7 4 ... 1) 

f~tL 'ERA *+5) (000008 :ass 0) .,.,.,) 
III th1$ fjT.R.mp1e:J tM ob 3ect21 beg1nn1ng With G are atomic sym ... 
bcl~ genet"2.ted iOi\~) Wje wi thin the compiler g The BSS 0 in the 
l~~'t eleu,ent al;,oWt; ifIJ ~ed .~ it 18 in SAP to tag 811Dbo18 

whi@h ~~i t©1 t,avt:: a memory location usigned to them, but no 
~i.etual 8pfice l.t"e'~e~""Jed tor 'theme 1 0 e .. the usual location-field 
gAP 8_o~1." 

After the compiler baa created the LISP-SAP program tor 
fA t'unctioDg the b1na.ry program 15 generated. from LISP-SAP in 
two passeBo In th~ t1ret paso all ~bo18 88sociated with 
BaS 0 ~ u~1gned locations in me!DOry" In the second pasfI 

elf..-lh 1Mt~ct~,on 1~ usembled into memory" Then U17 unaelflisned 



,._ols tounc1 dur1ns the aecODe! pasa are .. a1ped 10ea'tlOM ln 
II81DOrN tollow1na the sa_rated 1Datructlollll 0 

When the b1n&l'J' Pl'OP'U baa been pneratecJ, tbe eompller 
puta on the funotion' a assoclatlon l1at the indicator 8tJBR 
po1Dting to • TIL to the b~ procr8llo 

Attar a funotioD baa been oompUed. lt ~an be used u it 
1t had been det1ned. but ot courae 1t w1l1 run IDUOh tuter 
than lt would have aa an lnterpreted expreasloDo 

If' a function llsted in oOldet baa SUBR on lta ... oelatlon 
11st already I the compller lenorea the request tor oompllatlon 
and goes ahead after prlntinc out 

(function name) BAS BEEN ALREADf COJIJPILED 
It a funotion baa not been detlned at all, 10eo bas 

neither EXPR or SUBR on its ... oclatlon 118t, the o~ller 

printe out 
(functlon name) IS NOT DEnImD 

and goes Ofto 

It a programmer bas a collection ot tunetloDS whlob be 
warrta to oOllP11e and lt aome ot the t\DlOtlone use each other 
as aubtunctloM Ii a certain order ot oompilation should be tol­
lowed 0 I~ a ~unct10n t usee a functlon S as a sUbtunctlon. 
then g Mould be included 1n a comdef which ca.. before the 

cOlldet 1nvol v1ng t excel!! in the tollow1ns speoial oue 3 it 
a closed clr~le or tunction usaae oocur., eogo 

t1 WIles t2 

t2 WJea t3 

tn ll8ee t 1" 
then allot the f'm.'lOtiona in the olrole must be oompiled 1n 
the 8ame @omdet 0 1'bWJ the funotions l1sted in a liven oOlDdet 

I 

should be either unrelated or related in this oircular senae .. 



ArrI other subtunotlol'l8 Oil wblcb 'the,. depend ~ul4 have been 
compl1ed bJ' a prev10us comdet 0 

Another pseudo-functlon, cO!pl1e[J], 1e available to 
oOID.P11e tunctions not prev1oua17 detiDedo Dae ..... nt J of 
CO!IIJ)11~ 18 • list of hnctlon det1Jd.tlons, eaob ODe ot wblcb 
.uat be ot the tom 

(LABEL IfAJIE (LAllBDA (llst ot tree variables) 8ZpNsslon» 
9ae c01Dpller will acoept most tunctlon detln1tlons acoept­

able to the interpreter, lnclud1Ds the prosr- feature c In 
tact, the prop. feature 11111 oOllP~le lION ett101entl,J tbat\ 
tunctlons using reouralve cle1'1D1tlon, and sbould be uaed when­
ever possible when o01llPl11n8o 

SE'! 18 not allowed in complIed propule 0 8ETQ must be used 
lneteacto 

9le oompller w111 give trouble in the to11ow1DS sltuationao 
10 U an.v Ott' the tunotlorus to be oompiled call OD PEXPR 

det1Ded functions. the oompi1er will tall 0 

20 U' a function uses rree variables not bound by ita 
OWD LAJlBDA, th1rs will cause trouble" \be one ... to __ such 
ttmotloM comp:!.le 18 aa tollowa8 Suppa .. ti, oo",tIl 18 • se­
quence or tunctl0M each or which 1IQ' uae tree variables bound 
b7 the tlmct:1ona betore ito The,. w.lll cOlII.Pile oorreotlJ' it the 
order ot oompilation i8 to .tart With tn and end With flo '1tl1e 
maJ' be done in ~el':reral collldet I all 01" 1n one cOllldet 0 Functlons 
WittJUn a ~omdet ~~ ooapilecl in the order listed" ==---= 

!be compiler modea are 8~tche8 set by the tunctlon 
compl1emode 0 ~y control the -.nner in which oompll1n8 1. 
40ne II and the compiler output" 

~ eet a particular mode II execute ogi1emode ot the mode 

OORPlLEMODE (OPEHCORS) 
COHPILEMODE (NOPURCH) 



The modes tire 8 

PIUJfrg The LISP ... sap progrua will appear 111 the 
pr1n~d output.., 

NOPRDff: No pr1nted LI3P-Sa,p output.., 

PONCBg The LISP-Sap prosru will be punched on 
ca.rdso 

HOPUBCHs No punched LISP .... Sap output.., 

TRACEg, ] 
NomACEa 

See Section 602 

OPENCONSg When cons occurs in functions to be COlD­
piled,-y.e-w1ll be oom,p11ed as an open sUb­
routine or _croo 

CLOSECONSll Cons Will be complled as a TSJ: to the 
clol!ed subroutine COIlS" , 

OpencoM ia $11ghtly f'uter than closecona 1D execution 
but take~ more b1lr1U7 pl"OgNJD space 0 OpencoDS oannot affect 
the cons counter.., (See Sectlon 6.4)0 

Before they have been eet otherwise 11 the modes are 
UMPRIJf1'fI UJmJNCH9 UHfRACEa and OLOSECONSo 

!he function member defined in Section 2 Q1 baa been COll­

piled as an eumple ot the W8¥ in which the compiler wora Q 

Tbe printed cutpu'f;~ 1B liasted below With coDJrtlJ&nte to the right 

ot the UlBlembly li~t1ngo 
BeCftwse the tunction member is reclJ.1Ds1 ve b the subroutine 

C~ be entered ~e\i:eral timebJ during a 8ingle computation" 
Thil'il require~ 'ilP.ha"ig cert~1n partial relJul ts be saved. at each 
entry 0 Bavirllg 1~ done on the push down list which 18 simp17 a 
l~ blo~k ~t storag$o A pOinter to the head ot the list 1e 
stored in $OfPlo When the push down lIst 1s usedl} th1s po1nter 
MU8t be ~~tedQ 



Conventions tor LISP subroutines are .. toll0W1!l8 

1 Al"Sumenta are put 111 AO I) ~g tAR03, 0 0 0, $.AlD10o 
2 AMwer 1s returned in ACo 

3 Oall1D8 sequeDCe 1s mx SUSH,4o 
IJ All 1ndez registers IDU8t be savedo 

5 Exit is tRA 1~4 
1'he program tor member contaiM the tollowJ.rJs locations 

tor tempol'al7 f!Itorap 

000516 IX4 
000511 A 

000518 X 
000519 Anner 
000583 car[X] 
000585 oclr[X] 
$AR02 tempora1'7' saving of JIQ 

$ERPDL 1& a teet tor out of push down 1i8to 

'1'he printed output iB as follons 
l'mfCTION E.VALQU<Ym BAS BEER EN'.I!'ERED, .ARG'OIIEftSo 0 

JEPDE 
«((mEER (LAJlBDA (A X) (COND «wu:, X) .) (CEQ A (CAR X»~ T) 

(~ (MEMBER A (CDR X»»»» 

END 0., EVALQUO'fE~ VAWE IS 00 

(JIEMBER) 

PO'lfCfION EVAJ.QUorE BAS BEER ENfEREDg ARGUJJE!fJ.'So 0 

COlIDEI' 

( (JllEJlBER) ) 

(MEJJ9ER W $ZERO) ent17 PQint to function member 
(NIL 8m 000516 4) l§a't'e IX 4 
(1'f.tI. STQ $AM2) ~tore MQ 



(RIL LXI) $CPPI -.> pick up the 10cat10n ot the next available 

(m:, DC $gpDL) 
em, LDQ (00516) 
(m. S!'Q 0 4) 

(NIL fiX -+1 4 1) 
(NIL SID $OPPI 4) 
(lUL LDQ $AR02) 

(HIL ST<> 00(511) 
(NIL STQ 0(0518) 
(BIL CLA GOO518) 
(lUL ~ GOO581) 
(NIL CLA $ZERO) 
(NIL STO (00519) 
(NIL TRA GOCl58o) 
(000581 :6SS $ZERO) 
(BIL LJID OOCJ518 4) 
(JfIL CLA 0 4) 
(RIL PAX 0 t.) 

(NIL sm OOC583 4) 

(NIL CLA 00(571) 
(NIL StJlB ooc583) 
(RlL HZ (00582) 
(NIL CLA $ONE) 
(~UL mo 000519) 
('I'l.'L mA (10058 \.J ) 

(000582 :tiSS $ZER() 
(NlL LJD OO(t.3'1~' ~,) 

(mI,;, CL/L 0 1t.; 
(lUL STD 0(0585) 
(MIL LDQ OOC)5.8 5) 
(NIL eLA oo(511) 
(NIL TSX EMBER ~) 

(HlL STO 300519) 
(000580 ESS *ZERC) 

word on the puab down list 
teat to e.e 1t out of pueb down l1et' 
eave IX ... on the push clown 11st 

update $OPfl 

reatore MQ 
store A 

store X 
put X 1n AC 
it X 18 not Dull .. go to next cond1tion 
:x: 1& null. pick up talae 
store talse 1n answer 
go to end ot progrua 
start of second condition 
~t pointer to X 
piok up X 
get po1rlter to car[X] 
store pointer to car[X] 
pick qp pointer to A 
eq te~t for car[Xl and A 

11 r..ot eqv so 'to next comlt1on 
ptck up true -fl:itore true in anawl" -SO to end ot program 
~tart at last condition 
set pOinter to X 
pj.ck u.p X 

store pOinter to cdr[X] 
cdr(X] in MQ 
A in AC 

recur!!S1ve entry to member 
store ~wer 



(NIL LID $alPI 4) 
(m, 'DI *+1 4 1.) 
(NIL SID $OPPI 4) 
(RIL LDQ 0 4) 
(BIL S'lQ (100516) 

em, OLA ooo519} 
(BIL Lm 000576 ~) 
(XIL 'IRA 1 4) 
JlJEMBER 

restore toPPI 

una.va IX .... 

pick up aMwer 
restore IX J&. 

exit 

BlJIARf PROGRAM OCCUPIES 23407 !'O 23411 ()C4fAL 

END OJ' EtlALQ.tlJorEu VALUE IS Q .. 

(JIJEEER} 
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A LISP program consiats ot several sections called pack­

etso Each packet starts with an overlord direction card" to1-
10_d bJ' a set of doublete tor evalguo~.9 aDd en41nS With the 

word STOPo 
OVerlord directions control tape movement, restoration ot 

the 8J'stem m8mo17 between packet8~ and core dumps., A oOlDPlete 
listing ot (Iverlord cU.rectiona i8 Biven in Append1x Do 

OVe~lord direotion cards are punched in Share Q1IIbo110 
format; the direction starts 1n collBll 8» and the cOIIIII8nta 

field starts in ftolUIIID 160 Some overlord carda are desoribed 
here: 
1'EMs Subsequent doublets are read in unt1l the word S'ROP 1s 

encounteredi. or until a read el"TOr occureo '1t1e doublets 
are then ev8l.uate4 and each doublet With 1ta value 1. 
written 01l the output tape., It aD error ocoura.9 a 4188-
nostlc wi 11 be written and the p1'08J.'811 w1U continue W1th 
the next dO\i~leto When evalquote 18 t1M.bed, oontrol 18 
returned ~l9o overlord which restores the core me1lO17 to 
what it 'tII:Ui before the TEST b7 read1l1s 1n a core melDOJ'J' 
image trOtt5 the temporary tapeo 

S~~ ']he dcub',let~ are read a.nd interpreted 1n the 8ame man­
ner as a ~<$5.'r (I However when evalquote 18 t:ln18bed, the 
core memc~':7 1s not l'-estoredo Instead. the oore -11017 1. 
read out ':»n1;o the tempol'U7 tape over-writing the previous 
core imq,e e and becomes the base memol7 tor all :rema1n1ns 
packets 0 Defin1tions and other -11017 obanps made dur_ 
a SET will afteot all rema1n1n8 packet. 0 

Severa.1 SR'.f liS durtns a LISP run will set on top or 
each otheru 

A SET will not Bet it it contuns an error., The _11-



sms~: '!his direction 1$ like SE'I'e except that it Will eet 
even it there 18 am erroro 

PIN: End of LISP runo 

'1'he readi,ng of doublets i8 normall,. term1Dated b7 the 
word STOP 0 It parentheee81 do not count out, STOP will appear 
to be 1rWlde an S=expreasion and will DOt be recogrd.zed as 
eucho To prevent read1Dg trom cont1n.u1ns 1ndef1D1telJ', each 
packet ~hould eM witb STOP followed b7 a la.r'P n\1ll)er ot 
right parenthe~e~ v An unpaired right parenthesis w.11l cause 
Q, read el'T'tlr and terminate read1n8o 

A Njlmplete ·cued deck tor a LIBP run. m18ht C0D8ist ot: 
a l: .iLJLSP loader 
b g ID card (Optional) 
e ~ Sle<il1eral Packets 

d~ IPIN card 
e ~ Two blank carda to prevent card reader trOll 

banging up 

!be ID card 1Da;f have arr8 intormatlon desired b7 the computa­
tion center.. It will be printed at the head ot the output 0 

~t31ng 1~ :£;, technique used to debug recurs1ve tUllct1omJo 
The trat.&r pr1-~r. the name ot a function ard ita arguJDente-
when it 18 ent-!rE;!iA} ard lta value 'llben it 18 t1n1shedo _ 

tracing ~el"t~1:1 c·cl:tlaal subtunctlone, the user can otten 10-
c,:8l.te a fault 11. a large programo 

Tracing 1,,~ controlled b7 the pseudo-tunction trac11s • 
whose argment 1~ a list ot tunct10na to be tracedo After 
trao118 has been executed" trac1as Will occur wbeaever theae 
tunotlolW are enteredo 

When tracing ot oertain funotions i8 no lonser des1redg 

it can be te~*ed by the peeudoM tunct1on !9trao11! whoee 



·e 

U'8'JIl8nt 18 a list of funotlons that are no longer to be 

traced 0 

'!rael!. nan trace ..". t7Pe ot function which ls indicated 
by EXPR9 SUBRp l'EXPR, or PSUBRo However 9 It can on17 trace a 
funct10n when it has been entered from the interpreter Q iftlws 
~n a comp~lBd funct10n usee certain subtunctlons, theae eUb­
functions will not be traced when entered trom the higher lev­
el compiled functloDo 

1'be compiler tracer called track ill entirely independent ... = 
of tracl18 0 It CaD trace compUed tunct10M regardleeill ot how -
they are entered ... 

In order to track a function, it 1e necess8r,J to c~11e 
= 

the function while the co~11er 1& in a special mode... fhe 

compiler 1s put in the tracing IIlOde by .,. 

C;OMPIIm40DE (TRACE) 

amd 18 restored by ... 
COJIIPlLERODE (JIOfi!RACE) 

It a turwtlon bu been compiled in the tracinc m:Xle g then 
it can be tra~d at a:D3 time b,. track who8e arsument 18 a 11.lt 
of functions 'to be tra,cedo tJntracic tUl"M ott the tra~1ng tor . 
a I1st at tunctloDao 

When an error ocours in ~ LISP 105 p~gruJl, a. diagnostic 
g1 rins the nature ot the erroJ;'l lSI printed out 4) Tbe «llagno§t1~ 

g1vell the type ot errorg and the location in the maeh1ne \Where 
it occurred g In 80me cues a baek=trace is al.so pr1ntedc ~:l1S 

11m! a list ot tunct10M that were entered t'lecur~1'lrel.,. but :nc~c 

completed at the time of the error g 

In moet case8~ the program continues With tba rb.~n (lo001e1;0 

However ~erta1n er!"ON are fatal. a.rd 1..""\ th1~ cue control if.§ 

gl wen to the mOon! tor ove't,1l1ordo El"~or.J, during owel'loX"\1 ~lEYO 

@ontinup, wdth {J\!f~!'ll.Crdu 
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A complete llet ot error d1agnoat1cs ls given belew, with 
cOllllllent8o 

Interpreter Errore 11 

A 1 APPLIED l'URCTl0ll CALI,ED ERROR 
9le tunot1on error will ca~ an error dlagnol!ltlc to , 

oocur.. 918 &rg\D8nt (It an.v) ot error rill be print ... 
edG Error 18 ot acme use as .. debUCS1ns ald" -- -

A 2 PUHO'1'ION OBJECT HAS RO. lJElPINrlION ... APPLY 
!'hI. occura when an atomio .ymbol 18 g1 ven as the 
tiNt argument ot apply. and it does not bave a defi­
nition either on Ita property list or on the ~-llat 
ot g!l., 

A 3 CORDn'IONAL UlfBATISll'IED - EVOON 
None ot the propoeltlona tolloWing COND aN tr'Ueo 

A Ja. SE'l'Q GIVEN Olf NON-EnftEN'l PROGRAM VARIABLE .. APPLY 
A 5 SET GIVEN ON NON-EXISTElfl' PROGRAM VARIABLE "" JtPPLY 
A 6 GO RE1'ERS TO A POIlfl' HC1t LABEIUD ... INTER 
A 1 '.rOO MANY AROtJMENlM - SPREAD 

!be interpreter can bandle only 10 arguments tor a 
t'.~ct1()n" 

A 8 UlIBOUND VARIABLE - EVAL 
~e atomic aJmbol in question 18 not bound on the 
a-liatt tor eva]. nor doeJ it have an APVAL or ANAL! .. 

A 9 1PONOflOH OBJECT HAS NO DEJ'INI'lION - EVAL 
Eval e~ota the f'lNt ob ject on .. list to be fiV&l­

uated to be an atomio Q1Dbol., A 8 and A 9 trt1~lu.entl:v 
occur when .. parenthes18 miacount Of! U15~~ t~ ~:rong 

phrue to be evaluated ... 

Compiler Errore: 
C 1 Bot ENOUGH NUl4BERS FOR SAVING ... COMPILER 

!be tunction cannot be compiled because there are too 
~ v&U"1ables that mecl to be 8""4,, The 11m! t 1. 
c ur1"8ntly 15" 



(J 2 NOT ENOUGH WEERS FOR UlfSAVIHG - COMPILER 
C 3 NOf ENOUUR BINARY PROGRAM SPACE - COMPILER 

Lack ot room to store compiled propUlo 

Charaoter Handling l'unct1ona g 

CH 1 TOO JIIAR! OHARACftRS IN PHII'! NAME - PAOlt 

CB 2 PLOAURG POIN'I NUJBBR om 0' IWfGE - NUMOB 
CH 3 TAPE READ.DII ERROR - AWANCE 
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1be character handl1Dg funotions are c1eacr1'bed in 
Appendix Eo 

Ri8cellaneoua Erro~; 
P 1 CORS COUNfER mAP 

'the OODa counter i5 described in the next aect'ioDo 
., 2 l'IRST ARGUJIIJEIf.r LIST- TOO SUOR'! ... PAIR 
P 3 SECOND ARGlJIIJElff LIS!' 'f00 SHORr - PAIR 

Pair 1s used 1>7 the interpreter to bind variable. to 
arguments G It ... tunction i8 &i van the wrong nliJllllber 
ot arguments II thea. erroN mQ' oaf-nut <) 

.,.\ OB3EC'f GIVEN AS IRPtJll.r ..,. DEBe 

., 5 :mt TRAP - CON'nlftJIRG WITH BEJ.If EVALQU01fE 
When the 1n8truct10D S'l'R 181 e_(nltedS' this el'Tl,r oc­
cura Q It senee an tob 6 1s down when an 8m 1.~'§ ex­
ecuted$ control gce. to overloN 1n1ltea4 .. 

G 1 PLOA'fi1G POIft D.AP OR 19IVIDE CHECK 
G:2 em OF PUSH oon LIft 

'!'he ptWh down list 18 the memory device that k~eplI 
track ot the leve:L of rec~1ono Wben rec~1 :,In gete 
very deep" this eitTor w111 OOOW:-o 'Ion-teN1IB~1D& re·", 
curalon Will cause this error 0 

Garbaae 'Collector Errors~ 
OC 1 FATAL ERROR - RECLADIER 

~1" error only occurs when the Q'fitem 18 so chocked 
tbat 1 t mamot be reatorect.. Oontrol goe~ to o\fer-lor<! .. 
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OC 2 NCI! ENOUGH WORDS COLLEC'fED - REOLAllIER 
!fbi. error restore a tree atorage a8 beat 1 t Cii,n and 
oontinuea wltb tile next 4oubleto 

Number Errol'll: 
1 1 Nor DOUGH ROOM POR ARRAY 

Arra7a are etorecl in b1!!!l7 proS£!! "pace 0 

I 2 1'IB8l' .ARGUJIEJff BEGATIVE .... EXPT 
I 3 BAD ARGtJMEIi'! .. J'OlW AL 

I'" BAD AROUJJEN'.r - nXVAL 
ElTON I 3 and I ,. will occur wen DWllJerica]. t unctions 

arE S1 Yen wrong argumenta 0 

Overlord Errore1 

o 1 ERROR IN SIZE CARD .... OVERLORD 
0:2 DWALID TAPE DESIGNATION .... OVERLORD 
o 3 110 SIZE CARD :> OVERLORD 
o Ja. BAD roMP ARGUJIIEtllS .. OVERLORD 
o 5 BAD Itmn' BOT GOZ. 011 AlMIOW ... OVERLORD 
o 6 END OP PILE ON llPUf - OVERLORD 
o 1 OVERLAPPIlIJ PAIWIEftRS ... S;JmJP 

OVerlord 115 d1aouaaed in Appendix Do 

Input - output Errore: 
P 1 PRINt A8XED TO PRIft NON-OBJECf 
R 1 'IRST OBJEO"l ON INPUf LIS'!' IS ILLEGAL ... RDA 

'lb:l-s error oocura when the read prosr_ encoUlIlteN 
a chara<eter such as fa) VII or til 0 fi out of context... 'fbi. 

occuras trequently when there 18 a parenthel!§is!Zl1ecount \j 
R 2 COlfJ.'EJ.l! ERROR WITH DOT NOl'A'fIOB - RDA 
R 3 lIft.F.GAI. CHAftAO'l'ER .. RnA 

R'" END 0' PILE ON READ-IN - RDA 
R 5 PRIft NAME 1'00 LOW - RDA 

Print name8 m8¥ contain QP tv 30 BCD characterso 
Ii 6 JruMBER TOO LAHGE IN C0!NER810N = RDA 



!be Cone counter 18 a useful device tor bre&k1n8 cut of 
prosrua loops 0 It auttaatloallJ' cause8 • trap when a certain 
n_ber ot cone'. have been pertormed41 

!'be counter 18 turned on bJ' exeout1ng oount (nl1l where n 
18 an integer., It n cone'8 are pertora.d betore the counter 
18 turae4 oft .. trap rill oocur and an error diapostlc will be 
stveno IIJ.'he counter i8 turned ott 'b7 UDOOunt [NIL) 41 ~~ count­
er 18 turned on and reset each time oount [nl 18 executedg !be 

counter can be turned on 110 .. to continue comt1l18 troi:lll tbe 
8tate It wa. in when last turned ott bJ' executing count [Rn] 41 

11\8 funct10n apeak [MIL] gives the number ot COM~~ eount­
ed s1nce the counter .. lut Nseto 

Open cona' e 1n cOIIq)11ed tunct1cma will bOt be co.mted I) 
Erroreet 18 a funotion available to the interpreter aDd ._, 

compller tor 1Dak1ng • graceful retreat trom an error condition 
encountered during .. subroutIne 41 

errorset[e~n~m] 18 .. function ot three &rSumenteo e 18 a 
torm to be evaluated" n i8 the mabel' ot conae. to be perm1t ... 

ted before an error should be ind1cate4o II 18 the mode ot op­
en.tlon; 'I It errol" diagnostics are to be prlnted, P 1t the,­
are to be auppl'88aedo 

Erroraet computes eval[ejNIL] 0 Sinoe e 1s evalw.:t,~d once 
betore erroraet 8ee8 1ta it mQ' need to be quotedo 1'h~ value 
of erroraet 1 •• list ot the value ot e~ that 189 

11st[eval[e»NIL]]Q 
It ~ error oondition occura during the erroreet e~a1ua­

tl0D ot e, e1'ror8e1; Will return the value NIL" Too UlJ;y' COMes 
wl11 be treated as an erroro 

~ng an ~rrorset, the cone counter Will be decrement$d 
whether it is turned OD or otto An error conditlon will result 
when e1 the l' the ortg1nal value of the cone counter 1s reduced 
to zero fJ or the number speclfled 1n the 8rronet hat.5 been re­
duoed to Z6rO., ~ther am errol' WIJ.Il enoountered or not 51 the- ~OM 



.,,55 ... 

counter 1d.ll be lett at ita ttr1S1nal value mjl.Dus the ft:JJDber 

of 00118e8 actuall,. used" when 6tTOraet is completed.. \1be 

on-ott status ot the cons oounter will be as it W8JJ be:~ore 

entering the erroreet 0 

Erroraet mQ be used reoura1velyo 



1 Q List structures __ ~ tttrer 

In previous sections ot this manual, lists haw belen 

discussed us1. the LISP lDput-output lana .. 0 In th1 .• 
section" we cUecuss the representation ot lists 1081cJe the 
computer. the nature ot property' l1sts ot t&tom1c Ilpbola 5) re­
presentat10n ot numbers. and the sarbase collectol'o 

Listll are not stored in the computer U lIequencea of BOD 
charaoters e but u structural t01"llB8 W!l1ng computer WO~S5 as 
parts ot trees o 

In representing llst structure" it computer word. \ldll be 
deplcted aa a rectansJ,e 41 v1ded into two aeot1oM, the addres. 
Imd 4eoNment o 

Each of these 1e & fifteen bit t1eld ot t~ _ordg 
We define a pointer to a oomputer word u the f1tt~en bit 

QUidltl~ that 11!ll the comple_nt ot the addre8a ot tbe \\tOMo 

'!hue a pOinter to looation 11771 would be 00001101 

Suppa.e the decrement ot word :It oontuM a po1ntel" to 
word ~" We d1~ this u-

We can now Sive & rule tor repreeentlbg B-expres8ioM in 

the oomputer 0 The representation ot atomic sJ1l)bola will be 
explained in section 7030 When a computer ward contUfI.$ a 
pOinter to an atomic Q1Dbol in the address or decrement B the 
atomic ~ymbol Will be wr1 tten there g 

I ONlt;N I - - -
\ ___ ( __ .i.~_ ~ .... ___ ' ... 



'!'be rule tor representing non-atomic S-exp1"e8f!l1oM ls to start 
with a word containing a pointer to car of too expression in -
the address p and a pointer to ~ in the decrement OJ 

PollowinS ~ aome diagrammed S-expre~8ions ~ they would 
appear 1n the ~omputer <I It 18 convenient to 1nd1@~te nIL 

by == L211Mtead of == I NIL I <I 

(AoB) ~ A I B J 

(A B C) I~AD·· ~ B 1'=0=]·- {~];2J 

~~~~ 
L~.J N ~ I 

It 1s pos~1ble tor lists to make _e ot ($ommo" Su.tr~X­
presa10M ~ «M",Nj X (14oN» could Alao be I'epreeented i'J~"" 

Circular lialt~ are oNirw.r117 not pe:f'131 tt;ed ~ !hel m.Q' 

not be read in; however the,. can occur 1nfJl.illie the comp~ter tiS 

the reaUlt ot @o!r,putat1or..8 involving ~ert~in tW<l@tiOM.. .\'heir 
printed repre~ent~tion 1s infinite in le~t;ih1;j j'()l:' eUlltple&o 
the 3tructure 

:~ =~=[ ---, 



r 

tbe following 18 an actual 88sembly listing ot tb~ list 
{A (B (C"A» (CoA» which i8 dtasr_d-

\be ato_ AI B IJ and C are represented 'b7 pointers t;o loca­
tions 12327., 12330p aDd 12331 l'eapect1velJ'" NIL 1~ repJt88-
aented by a pOinter to location 00000" 

10425 o 65451 0 61352 -As $' ... ~ ... 1 
:1oJ1.26 o 61350 0 61351 ... f&..,~2$ f) ... ·=1 
10-'21 o 67346 0 00000 -01),=3 
10430 c 65450 0 61341 ... B~9 ... * ... 1 
10431 o 67346 0 00000 -~=1 

10432 o 65441 0 65451 -Cji~-A 

'.HIe ad~& of list structures tor the stonge 'Ot 
s,rmbolic expre~~1ons are: 

10 ~e 81~e a:n4 even the number of expre8810ns 1ft ttl 
wbich the Pl'ogrd will bave to deal cannot be pred1cte(1i, in 
advance" tiflherefo!'e, 1t 18 diff1cult to U'Ta.ng8 blc,eias .of 
iltOrap ot' fued: length to oontain tbemo 

20 Registers can be put back on the tree-sto:r;;'I!P list 
when the,- are no lonser neededo Even one register r-etw:-ned 
to the list 18 of' value ~ but U expre •• 10M are stored 11neu .... 
17:1 1t 18 difficult to __ ue ot blooke c,t reSisters ot odd 

.1ze8 tbat ID8¥ become available Q 

30 An expre!ll$lon that ooours as a subexpI'ess1on ot 
several expreiJ~1QT&s need be represented in !Stonge only ohce q 
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702 Construction ot Li8t Structure b _ 

!he folloWing a~le example baa been include(; to il­
lustrate the exact oonstruction ot li8t structures" 'rt10 

tJpea ot list structure are shown» and a function ~or ~r1v­
inS ODe from the other 18 Siven in LISP ... 

In the tollow1ng example _ 88eU1D8 that we ha,\!te a list 
or the torm 

J1 ~ «(A B c) (D E .)gooe.(l Y Z»)$ 
wb10h i8 repre.ented au; 

a!ld that we wieh to construct a l1at o~ the tOftll 

12 .. ((A (B C» CD (E I'»~I Q',,,» eX (y z»: 
which 18 repreeen'ted -u 



1'1Nt we cona1.der the tJp10al 8ub8tru~ture, (A (B e» 
or tbe second 11st '20 '!'bi8 DI8J' be c0D8tructed from A,. B_ 

and C b7 the operat10n 
oona(A,oons[cona[BJcona[CJNIL)lJNIL)] 

orB ua1nS the !!!! tunction, we can write the same tb1~ as 
liat[Ajllat[BjC]] 

In any cue g given a list, x, ot three atom1c symbols .. 
It III {A B a)a 

the arguments A~ Ba and C to be used in the previo!,. Cl,n ... 

atruotion are tound trom 
A - car[x] 
B .. cadJ,t[x] 

C - caddr[x] 
'Ble tiNt step 1n obtaining "2 trom J1 18 to ~J1et1Jle a 

function" .E:2, ot three arsumenta which creates (X (y ~:~» 
froID a list ot the torm (X Y Z) 0 

sr,p[lt) - 11at[car[x]J118t(cadr[x);oaddr[xl]] 
!'hen JER. 18 used on the l1st "1B u8wolng "1 ~o btl ot 

the torm giveno For tb18 purpose a new tU,flOt1oft9 f/..:ltgl;:p, 18 

defined u , 

mlt8l'P[I] .. [nIl1.1.1[I] ... BILJ'l .... cone[szep[o&t"[JJ] ~mltgrpfcdr[J) 1]] 
So ,!L1tpR applied to the list .11 takes eacb th1'ees<.-e .. eX y z). 
in turn and Qpliea .E2 to 1t to put it 1n the new tor{~Si 

(x (y Z» until the list .Ii baa been exba\llited ~ the new 118t 

'2 acbleV'edo 

In the previous aeotiona~ atomio 8J1Dbol& were t~oM1dered 
onJ.7 as pointer&'! 0 i'bia section desor1bes the prop::I"tJ' lists 
ot atomic 8_018 wbio.h baSin at the appointed loc&.~tlot. 0 

EV817 atomic &_01 baa a property l1fito Wbel1'. an atomlq 
8,.01 18 read in tor the first time, a property liGt 111 ere ... 
ated tor it" 
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A propertJ" l1st 1s cbaracter1zed by havins the special 
constant 777178 (1 0 8 0 minus 1) u the tiNt element ot the 
l1st 0 '!be rest ot the list con tal_ varloWJ properties ot the 
atom1o 8pbolo Each propert,. i8 preoeded b7 an atom10 a_01 
which 18 called lta 1M1oatwo Some of the 1ndicators are: 

PNAME - the BOD print name of the ~tOlt:1o 8JID­
bol tor inpu.t-output ge o 

EXPR ~ S-expre8sion det1r~~ns a funct10n whose 
name 1.8 the atomi~ eJmbol on whose 
propertJ' list the EXPR appears t' 

SUBR - l'unotion det1ned b~v $), mr.tch1ne lansuase 
aubroutlne 0 

ANAL! "" Permanent value tor' tbe attDl0 871Dbol 
cOMldered au! A v~1able 0 

ANAL .... Similar to APVALi 0ixcept that it points 
to .. full word imtead ot :~lat structure 0 

FLOA~ "" In41catea a tloat1»:1g point number Q 

FIX - Indicates a fixed poInt number 
The atomic ~ol NIL has two th1ngs {1ft it!:! px-operty 

liat--1tfi PRAl'JEjI U1d an ANAL Whioh gives :::..t .. 'll'al\l-le of HILo 
Ita property 11~t looks l1ke this g , 

00000 o 00134 0 71111 -i}1,-NI1. 

T1644 o 00133 0 11141 -APfALgjV",,* ... i 

rr645 o 00131 0 00132 .. *,..,1" .,_fi",,2 

rr6J4.6 o 00000 0 00000 0 

7164', o 001.30 C 1.0236 ""PWA~b v=~·<t 



e. 

o 00000 0 00121 

o 00000 0 00126 

453143T11'171 

... 62 ... 

.... ~=1 

BCD NIL'" 

'!be print MJDe (PNAME) 18 depressed two level$ to allow 
for names o~ more than sU: BCD characters" The lut W4>rd ot 
the print nue 18 t11led out with the 1l1egal BOD chuaeter 
118 .. C' ) g The print name ot EXAMPLE would look like g 

--. 

'.ftle property l1st ot a maoh1n.e langUige function ('~ontait'l8 
the indicator SUBR followed b,. 1\ TXt iMtruct10n giving the 
looation ot the i!!Iubrout1ne and th.e DlBbe1" of arguments " .01" 

eXUlPle ... 

!be 1ndicator EXPR pOints to an S ... explije~81on (~et1t}.1:ng a 
funotion" &]!he function define puts EXPR II ~ on PI"Op;·~ lists;) -After definIng!!:, ita property 11fit wo\lllld look lit.~ .... 



!be funotion I!l[X;1] can be used to tind Ii. pj;ll()pe-~ ot 
x whose 1DI!icator 18 10 The value or get{1'PjEXPR] woUld be 
(LAJfJBDA (x) (CONDo 00 

A property Wi tb Ita 1nd1cator can be removed by 

remprop[x; 1] 0 

C0!BJ)11e, ,collide..!. and. $?o.!l!!E are tunc/tiona th~t put St1BR' IS 

on property 118t~o 
'!'he function detl18t[x;1] oan be uset to pu%t '>m.J indicator 

on a Pl'OpertJ' 118t 0 The tiNt argument 1~ a 11~$t :yt pdr. u 
tor define, the second fI.l'SUIII8nt 18 the 1nd1ciJ,tOl'i: tn be Wiled., --detllet(x;EXPR] s det1ne(x] 0 

Bumbers haw propertJ' lists 81m1lar ttl those r~or Qtomic 
symbols 0 The actWll number 18 in a full word Wi tb the ~pro­
priate 1nd1cator JJ l'LOAT or PUo '1be proPfr~~ 1:1 ®t tor the in­
teger 20 (dec1wu) 1s-

Because Dtl.ill1Jl!bers have ANAL:1I. pointing to ',~betl(ljel're8g 
the,- are cODatall.i:s and ~ not need to be ~ 'ooted ... 

Numbe~8 dO' '!lot have PNAME indicators.. Conwel"nio1"£ to or 
from Bel 18 _d~ during read1ns or writing" 

Unlike ato'~ic Q'lDbols, Dt.Dben are net fl:to!'~d unique17 ... 
It a number 1sread in tWice 9 there will be two ~eVU'a',~e pro­
pertJ' lists e~eatedQ When a DUlDber 18 the 1'esUl.t 'Of a ~om­

putatioD" a p·ttope~ list for it 18 automat1cLlly (~Na'~e4g 

It a nUUBber 18 read 1n a8 an octal~ it bAfi an indicator 
ocr in addi'tioD to the 1hd1catol' FIXo 1b1~ ~1gnal!5>J the print 

program t~ print the number as Bel octal rather tl»n deo1mal .. 



1'be theorJ' or recursive functions 4e'trelopett in Chapter 1 
Will be reterred to as pure LISP Q Although this l.anguqe 18 
universal in terms ot computable funotlorw ot ~_olic ez­
pre88ioDe. it 1& not convenient u a prosrsming l!'Ystem with­
out additional tools to 1Dcreaae its powe~o 

In particular" pure LISP baa DO abi11tJ' to'} mo4117 list 
atruoture 0 The onlJ' basic fUDCt10n that ~;rtect ~ 1 'let :!!§truc­
ture i8 !.2!!!. and thls does not change ext:~t1ng 11iits ~ but cre­
ates DeW 11sts" Punct10M wr1 tten in P~i LISP 8~b a~ au.bst -do not actually mo4.1f)' their ~:nte~ bt.tt ~ t;,. moditica-
tions while eow1n8 the original $ 

LISP 18 made general 1D term. of list 8trt:.~tVll'e by meaDS 
ot the bu10 list operato1'8 rplaoag and mla~~v 'he8e opera .. 
tol'S can be used to replace the addre.8 or deore_m Of!! an;v 
word in a list., They are used tor their ~:f'tect as -11 as tor 
their value" and are sometimes called pseudo .... tu?""ctioM;; 

rplaoa(x;,-l replacee the a.d.d.'re88 of x with 70 It~ value 
is x" but x Ie ~CD!t'tl11nc different from 1d'13.t it _Ii§ betoN 0 

In terms ot value~ glaca cm be deBcribei&;\ bJ' tlrle eq~it;lon: 

rplaoa[x;7] - cons[7~~[X]] 
But the etfect is quite ditterento !'bere 18 no !2~ 1nvolve4g 

and a new worcl 1ij not oreatedo 
!7Rlacd[x~y] replaces tbe decrement of' X Wi~tb :J!J 

9lese 2~tors ~ !!! !!!! with ca,l~o T'le," ·c;an per­
mamently alter existing detin1t1oM and ot~.r b~;B1·~ me~17" 
~ey oan be \Wed to create circular lists> wt:lic'i;.; C:iY.& CJ'l,use in­
finite pr1nting) amd look infinite to t'un(';;'~1om tha't s~arcb 
such as equal ar .. d eubut (,) 

As an exurple # consider the function unl tF-E o~ 8e~t1on 1 ~ 2 (,) 
1'b1s 1s a 11st alterins function that alte~ a OOP'! or ita U'su­
ment" The eubtu..~t1on E2 1"eUTangea a auhsro\ilJ; g 



l·A I H B 
, H~ 121 to • 

H 
~ 

I A I 

L71 H c 

'!'be or1S1Dal function does tb18 b7 creating new 11et structure II 
and WJe. tour OOM 118 0 Because there are onlJ' three vor.11e 1n -
the or1s'nal, at least one co. is neces8al7 II but 1£:2 can be 
rewritten ua1nS w1aca and rilacdo 

'!'he mod1t1cat1on is lUI tollow: 

I A I ] al B L,~1 J(., ~ 121 
! • 
• .--- T - --. • "-~ B' ,.._J --- ..... _ ....... 

The new word 1s created 1>7 cons [cadrbC) : cddr(x] ] u A po1nter to 
it i8 proVided bJ' rplaca[cdr[x];oona[cadr(x]Jcd4r[x]]]o 

!be other modifioation ill to break the pointer trom the 
seoond to the third word. '1'h18 18 done bJ' rplacd(cdr[x] ,RIL) 0 

E.IE2 18 now def1ned as 
pgrp[x] -= r.plaod[rplaca[ cdr[x] J cnns [ cadr[ x] J cdc:1r(x] ] ] J BIL) 

!he tWlot1~n ~ 18 ued entirely tOl" 1tl\ ~tt~ct" It. 
value 1$ not lIm\(:sf'ul ll bt!:1ng t1v9 lIub8truct~ (CB .~»" !h@Ator a 

new ml tm 1~ maded that execut@1i .EI£2 and 19ne;'Na :1 t8 val_ 0 

Since the top l~wel 1~ not to be copied. mltgr,p ~hculd do no 
corud.D8<1 

pmltgrp[I) - [null(ll .. HlL; 
-.r" proa2[srp[car(l] ];mltgrp[cdr·[J]] 1] 

Prug2 i8 • function that evaluate a ita two arg~ntJo Itfj value 

1s the •• coneS argumento 
'DM value ot pmltpp 18 MILQ It i8 .. pure pse'1do-tMctiotl., 
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At anv given time onl1 a part ot tbe ~.mo~ reserved tor 
list atructure8 will aotual17 be in us. to~ 8to~in@ S-exprea­
siona 0 !be rem~ln1ns rep.teN aN U'TVJ8~d in ~ tl1ngl-e 118t 
called the .!£!!-l8torye l:!!!o A certain Ngil5t@'tt>w PREE'9 in 
the program contains tbe location ot the first f~gi.ter in this 
liato When a word 18 reqUired to ton !I~ II.ddl t1~nal 118t 
IStruoture, the tiNt word on the !!!!-!,j:2r~ !!.!! ill taken and 
the Dumber in register PREE 18 obanSed to b.c~ tt~ lOQat1on 
ot the second 1fvrd on the tNe storage 11ert.. Nt) pt'ovillion nee4 
be made tor the uaer to program the return of l"~gll.teN to the 

tree-8torase 11~to 
'l'b1a retum takes place autout1callJ' wh4ttl'1J!"'\V(\U the tree­

~~orqe 11~t M>~ b6.n exhausted during tM rmm~U1g of ~ LISP 
progruo The program which Ntrie .. " the !:tON!l3l'~ ttl CIbllted the 
sarbase oolleotoru 

_ pieee at list stJ:euGture that 1~ ~;;:@~I!!l~: "~'i>lt~ to proarama 
1n the machine 123 considered an act1ve 11~t and ts not touohed -
by the sarbase Golleotoro tbe active 11at~ are ~c~e8.1ble to 
the propeam through oertain fixed .eta ot \':)&StI J;-~g!,.ter5 '!uch 
u the reg:l.ateN in the list ot atomio 1JY'ID');ol~ v tbti' r-eg1atel'l1 

lfbich contain p~1al Nsults ot the LISP .1'ompuif.,tJ1tf.qp in Pl'O­
groeaa, etc.. 'l'tM 11st atructUNf§ lnvolftd '~ b·::. A1~b1t:r;ul1J' 

long but each Ng1~ter which 1&j act! w m~;::, b~ (>:.·ru ~ct~dl to a 

bue regiater thruugh .. car-cdr cM.1n ut t:",.g1~t~ :;':'~, Art'3 Nsle---tGr that cannot be eo Nached Is not- &Cc(att~;:\lble 'to Ul\Y progrua 
g,nd 18 non-act1 ':f~ ~ therefoN 1. til etontentll i:.I,N It.... li i!3$;R" ot 1n ... 
teNst .. 

\'be iA.>h-actlft" 1 oe o available" regl~t)er~ Iii'~ r .. c1~i_d 
tor) the fNe-stoNge 11st by the garbage (i;vll~ct,l::>r liS rollow v 

:Flnst e'"l7 ..... _ct .... l_'W.;,.,.._'" register which can be r~.ched. til-rough • !E"" 
cdr ohain i8 muked by' setting :I. ta alp negatl V<GI • VbeMwer • ..-
Mgatl ve NgiQt~:t' '111 "ached in Ii, ohain rdw:'lng 1r;E1!l~ pr..)O~II., 



the &arb..- ooll~ctor knows that the re.t ot the 11~t involv­
ing that Nli81;~r baa alr0ead7 been marked... 1bert. t~ prbq. 
collector 4C"8 ~ linear swep ot the tree !:tor~~ aNa. col­
lecting ul regiflteN w1 th .. poei t1 ve tlign into f.~ n~. tree­
storage list If and NIStor1ng the or1g1nal 81~ CIt ti:1e a~tl ",e 
regist.No 

So_times 11~t structure po1ntfS to tul. t wor.1!J f~\i}ch u 
BCD print DfUIIeft and numbeNo !be garbage f.ulle<':tor Cantl'llot 

mark the.. WOrf.1!§ t>~?)&~e the aign b~~ t ~ b~ in <~e" 'fiile 

prbage collectcl' ID'BWJt a1t10 .top trlicing b~ ~&USe: th~~ pOinters 

1n the addrel'h' ~rn~ dec~ment ot ~ t illl woN ~ i!'llOt meM1ng­
ful~ 

Theile prdb 1~m8 aN sol ftd by putting f' 'l.ll \j\!i:;!'dfj in a N­

L.a~d section vt _1IIOl'7 called !!!!! ~ !.g~c~... 'l:tll~ ~..trb_ 

collector ~top~ tracing u eoon as it l~aV$.Sl tb® !!!! '!~£Me 
~ • .,.ce 0 MIPlrldJrjg in !!!!! .!,Orq 8p'()e 18 IJ.ccotr:§)11I!lh@d 1'Jy a b1 t 

table" 



!'bis appendix contains functions available in the LISP 
S¥lItem _ ot July 19610 Suppl ,~-ntU7 functions and prosnma 
such as Integrate ~ 1I1m,pllt) are not includedQ 

Dle description ot each function contulW the t7Pe (1 Q. I,) 

EXPR, l'EXPR, SUBR19 psvma), the Mture ot tM U'S .. nt5" a LISP 
definition wben @pp11cablea and an explanation of ita purpose" 

~ep1ng t:roa~lc of the contents of a part1oul.ar s},5tem can be 
81mp11f1ed by th@ following trioks: 

10 1be ~nt1~~ liiet ot objects (atomic symbols) exlstins 1n 
too Q'8t~m C/liIl'! b!<l' pl'l1nted ou.t by the doubl6t 

E'tfAL (OBLl~ NIL) 

2 ~ The prq;:€:{~1ee of an atomic tQ'IDbol caD be pr1Dted. ... 
executSns p~rop[xl., 

FunctloM U~ ~~d in g..'r'lOupe in the d.ti~Cr1pt1 ~;o 11&1; .... 
1ngo An alph&betical tndex tollo .. " 

.'!!!:(X] 8 SUBR 

~[x] : sueR 
All mult1pl~ .~88 and ~!lll ot length ttro~ three81 and tour 

aN .va11~bl~ in ;U'Ji~ ~Y8tem, eog-o cadr. caJ.1~, ~tco -
COMl1tiY] g SU£·f: ----

cons [x.nr ) - (X:QY) 

!'PlACi1{XiY] g SHaR pseudo-tunotlon 

!his tunctic!'; Nplaces the address ot x With}'o The value 
ot §laca it:; the MW X Q 



·rpla~[XJ7) g BnSR pseudo-tunction 
9118 tunotion replacee the deONlD8nt ot x With 70 '!be value 

ot !'P1acd 1e the new x .. 
See Section 1v3 ot this manual .. 

atom(x] 11 sueR 
The ~nt ot atolD 1s evaluated and the value of atom i8 -true or .tQj.lae depand1ns on .ether tbe argument i8 or i8 not an 

atOlD1c symbol.. 1"n 118t terminology (see Chapter 1) the U'@UIIent 
i. an atomic elymbol it and onl7 it car[x] ii!I =10 

null[x] : stmR -
1be value at !!!!!! 18 true 1t its U'SUllBent i8 NIL, ar.ad talse 

o'therw18e o 

.!!!![X1l~; 0 .... ~~] : lI'SUBR 

1'be arg~nt~ of and are evaluated in sequence. trolD lett to -
right, until OM 1~ tound that 1111 talae, or untll the end ot the 
l1fJt 18 reached.. 1M value ot and 18 taise or 'rue respeot1vel,-" -
.2!:r~~Jt21 '''I o~~] ~ J'SUBR 

~e arg~n%r~ of .££ a:r."e evaluated in elequance I trom lett to 
right, p until ObJ-_@ found that 18 true, or until the eM ot the 
11I:'Jt is reach~do '1he value ot~r :'-8 true or talse respeotively 0 -
~[x) g SUBR 

1118 xt'uue of ~. i8 true it 1 trs arsument 18 talse, and talee 
it 1 ta a1'gI~nt ~,~~ true 0 

,!g(xnr] g StmR 

If' x and Y ta!~ atom1c eymbole, then eq[x"J'] ls true lt the7 
~ identical @l!.u f&ii.l~e it they aN d1ttex.nt !atomic Qmbola" It. 
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the arsuments are not atomio Q'IIIbole but S-expreaslons or nWlbera .. 
tben the value 5 Will oerta1nl:,. be talse It the7 are ditterent I 
and IIIQ' be true or talse it theJ' are identloal. depen41DS on how 
the7 happen to be represented 1n the _chine., 

5ual[XJ7] g SUER 
lf4ual 1e true it Its arsument. are 1dentloal and talae otber­

wiae" !he arguments ., be aDJ' tJl)8 ot legal list atructure such 
al5 n_bera, atom1~ !Symbola, or S .... expre8Qlou Which ., oontain 
numbers" 

iill [eq[m,n] ... TJ • atomtm] ... m =:1h 
atom[ n] ... IPI . 
equa1[oar[m]jcar[nJ] ... equal(odr[m],odr[nll • ., .... ,.] 

Information en these ttmctlQIl8 1s contained 1ft Chapters 1, 2. 
and in Append1x B... evalguote [tn, up] operates automatloal17 on 
tM input doublet!l ~ bowever.. It can also be oalled expl1clt17 t.l 

!ppll[tnJarsB~~-l~~tl applies Ita t1rst (tunct~Onal) ~ument to 
Its ~~oond argumeht~ thereb)" comput1nS tn[ars1;ars2, 0" oJU'SD] 0 

'l"be a ... 11st 18 ued to bind variables and tunction .. a.., !RPll 
use. eValo -
eval(expres81oD,a.,-",li8t) evaluatea ita tiNt argument, and 1n par­
ticular evttJ.uates variable. ualns the a-118t" !!!l aDd gpg are 
Interdependent" 

* te~t tor numer1~al equal1t.J 
.. 



detine[x] 8 EXPR peeudo-tunct1on 
"Dle ~nt ot det~.. X, 1~ ~ list ot pairs 

«~~ 'Wi) (~V2) 00" (Un Vn» 
where each u 1~ ~ name and each v ia a ~-expre88ion tor a funct1on" 
For each pall" 6 ,detlne puts an EXPR on the property li8t tor u 
pointing to VI" ~ tW'lction det1!!!, puts things on at the tront ot 
the pr~rt.r 11~tw The value ot detine 1$ the list ot ueso 

de tine [x] ~ det11st[xJEXPR] 

" o EXPR pseudo=tunct1on 
~ function det11st is a more general defining functiono ..,...... .............. 

Ita tiNt argument it!l a 11st of paiN as tor define" Its seoond 
arg~nt 18 the 1r~1@ator that is to be USiedfl Atter det11at has 

...-~~ 

been executed with (llli Vi) pong it!! tiNt ~g~nt8 the pro-
perty list ot u1 ~~ll begin -

'"'1 
__ ~~ __ ~~L1n~d~ __ -I--~ __ ~ __ . __ 

It detlist or derl~ is used twice on 
~~_:s:t::_ 

the sure 1nd1c~'t©:r;' Jl tM old value will 

new one" 

attrib[x;e] & &ltrBR p~eudo-tunction 
~~ 

The function !ttr1b concatenate~ its two arguments b.r chang-
ing the l.st elem~nt ot ita tirot argument to point to the second 
argument {> tfhus:1 t 1® commonly used to tack something onto the 

end of a prope~y 11~t" The value ot (l.ttr1b i~ the aseoODCl argu .. 
,.-m;o". 

ment \I For exampl~ 
attr1b[Wf) (EXPR (llAMBDA (X) (COND ({MOON X) X) (T (D (CAR X»»»)J 
would put EXPR followed by the LAMBDA expre~8ion tor FP onto the 
end ot the property list tor FFQ 

~(XIY1iU] ~ SUBR 
"!be function P.!_~ ~et.rChe~ the 11@tNl xA/ tor an item identioal. 
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nth 70 If' such an element 1s found, the value of 1!£!?2 18 the 
rest ot the l1lit beg1nn1D8 1aIDed1atelJ' after the element 0 other­
wise the val.. 18 u" where u i8 a function Qf no arsuments 0 

prop[xJ7JU] !!iB [null[x) .. u[],eq[oar(xh,.l" cc!r(xl. 
T .. prop [ cdr(xJ J7J ul ] 

.I!![JtiJ') g SVlBR 

gn :1s scmewh~t 11ke RE9pS ~wr ita value 18 !E ot tba 
rost ot t). 11~t if the 1ncl1c.to~ Is to~ end BIL otbL"'td.aeo 

get[J:JJ'] Bill (n:1ll1[x) .. NILJtltq[car[x].J'] .. ca4l'bcl. 
T" get(odr[x]JY)1 

cset[ob,va1] ~ EXPR pseudo-function 
'1'b18 pseudo-t~ctlo" 1s used to create a constant by putt1DS 

the 1nd1cator ANA1A. and a value on the propertJ' 118t Qt an atOlllic 
Q'lDbol o Tbe first argument should be an atomic Qlllbol, the seoond 
arsument 1& the value 0 

oaetq[objval] g FEXPR pseudo-function 
,2se'tq 1s like .2!!! except that it quotes ita first arsument 

instead ot evaluating ito 

l"e!frse[XJind] g saBR pseudo-function 
i'he function re!DJ!!:OJ? searcheR the 118t, x, look1nS for all 

oocurrences ot thE indioator indo When eucb an iad1oator 1s found, 
/ 

1ts name and tbe ~ 'llCceed1nS property are removed trom the 11&to 
The two "enda" ot the 118t are tied together as 1Dd1oated bJ' the 
daahed line below" 

A - - -.-.-..-. ..... ----- _ .... _, 

y---~~r--1-r..d~I""'-""H:J ~r---,:---...,H'_ ______ ..."I-+ ---
C propert,-

'!'he value ot remprop 1& NIL., 
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118t[~J~J 0 0 0 Jllb] g PSUBR 
- i'be funotion list ot aI\Y number of arguments bas as value .... u"_ 

the 11st or 1t~ a%<gumentso 

apP!M.[XJ7 ] ~ St'<B..'R 

'Dle funct10n JRP!!4 combines 1t8 two &rSwaent. into one DeW 

118to 1'he valU(lot append 1s the resultant 11sto Pol' example, 
append[(A B} (0)1 - (A B C, 
appebd((A» (0 D)l - (eA) ~ D) 
append[XJY] ~ [null[x] ... 7j'l'''' cone[car[xlJappend[Qdr[x]'J'lll 

Rote that a;epe!!! (lloplea the top level ot the flNt l18tl !pR!nd 
18 like neone except that noono doe8 not oo,pJ 1t. t1rBt arsument. -
oonc[~'X2Jooo~~1 : PBXPR pseudo-function 

Cone conoatenates 1ta arguments by str1ns1na tbean all tosether -on the top level., F01/ eltU.lPle ... 
oone[(A (BoC) D). (p)J (0 B)] - (A (BoO) D P 0 B). 
Cone ooncatenates its a,rsumenta Without oowing them. '!hue 

1t O~8 exist1ng l1st atruoture and 18 a pseudo-function. 

nconc[xJY] g smR paeudo-tunQt1on 
'lhe fWlct10n neone concatenates ita arguments without co~ 

the first one 0 1'l~e operation 1a identical to that ot attrib ex­
cept that thil Va2l<!B 18 the entire Nault" (ioeo the modified f1r8t 
argument & x) 0 

1!le program tell' ncOM[JtJY] baa the program variable m and 1. 
as fol108ll . 

nconc[x,y] - proS'[ tm] J 

null[x] ..... returnl"lJ 



A 

:a 

~):SUlIR 
tis tuDct1Cl1l JDa1tea a ceJpT of the 11at x. '!he Talue of .29Bt.1a the 

locat1CD t:4 the copied 11st. . 

eow[z] -[iuu('zJ ".nLJatcaLX1--t XiT ---}CQD8[:ow[Cez(;i]]; 
cow[ cd%( zJJD 

al!:[X;7] : sum 

-74-

'Jhe :ruact1Cl1l l!I!:£. baa U value the 1:1at of pairs t:4 c~ el-.ate or 
the l.18t8 z IID4 7. 9le aqpamta z aad 7 III8t be l1sts or the ... I11IIbeX" at el ___ • 

DIq aboulc1 El. be atard.c QIIbala. 

patr liJ7] - (Foe [u;v;m] 

A 

,,,age (Zi7iUJ : smm 
Dle fuDctlca !Msoc searohea 7, 1Ib1ch 18 a list or dotted pairs, tor " patr 

Whose tint ellrtDt 18 1c1eDt1eal v.lth z. It sucb a pa1r 18 touDc1, tile value at 

8f88OC 18 this pair. Othe1"vtse the fuDct1an U of DO ~8 18 taken as the value 



aubat[xJYjz] ~ ifOBR 

Tbe tunct10n subs! has u value the result ot aubstltut1ng x 
tor all occ~ncea ot t~ 8-expzre8.1on y ~ the S-express1on So 

aubst[x;y,u:] ,. [equalb'jz]'" x,atom[a] .... " ... oona[aubrst[ 
xiYJcar(zl),8Ubat[xJYJcdr[z)1]] 

aub11a[XJY] il St'ER 

Here x 18 a list ot patre8 

(C~. Vi) (~.V2) 0,)" ("n,.Vn » 
'lbe value ot eub\!!h,.y) 18 the reault of eubat1tuttDs each " tor 
the cOJ.'1'lleepond1l'\f.! u in "0 

Note that th~ t'ollow1ns M-expre~81on 15 dUterent from that 
given 1ft Chapter :1 .. thoUSh the resUlt 18 the same" 

sub11s[xnd g;g [nul1[x) ... J'J . 

null[y] .. NIXs. 

T" aearob[ltJ 
~[[3]Jequal[YJcaar[3]]]j 
).[ [ 3 hedarLll 11 
'A[(]J(atom(y] .. 71 

T .. cons [sub1le [xJ carr,. ] J ,.ubl18 [x; 
odr(,.J]]]] 

]] 

re\'7e~e [J] ~ 8'~R 
_T=""," 

'1b1!iJ 1s ~ ttt"'l©t1on to reverse the top level ot a 11st lol !bus 
reverse[(A B (CoD»].- «Co~) B A) 
rewer8e [J] . ,s prog[ v 1 J 

U\ - I, 
A null{u) ..... return[v]j 

v - con~{car[u]jv] 
u • cdr~u] 

gO[A] 



mep11st[X,1'] : 5UBR functional 
!be function map118~ 18 a mapping at the list x onto a new 

list 1'[x] 0 

maplll\t[x~t] s [nuU[x] ... NILJ'!'" OOM[t[X] JIDaP11at[odr(x] Jt]]] 

!!pcon(xjf] : SaBR functional 
~e function mapoon 1s llke the tunction mael18t except that 

the resUltant 11&3)'& is! a concatenated one instead of having been 
created by cOnii!,=ll1"Jg", 

m&pcon[x,;t] ~ [null(Jt] ... NILJT -+ ncollQ(t(xhmapcon(c4r(xl,t]]] 

~e[x~r] : SUBR functional 
!he function!!R i8 like the functIon !!R11st exoeptthat the 

value 01' !!2 1$ JUL~ and .!!R. does ~ do a ~ 01' the evaluated 
functions" ~R i~ \Wed on.l7 when the action 01' doing t[x] i8 1m­
port~to 

The progl"'~ t"or ma;p[Xlr] bas the program variable m aDd 18!J 
the f'ollowingg 

map[X$t] so!. P:c~g[ [m] J 

m ~ x~ 
LOOP null{ml .... return[NILh 

f[m]~ 

[ , " go LOOP 1 

search[x;Pi:tp.d SUBR functional 
~ae tunct1o~ ~earch looks through a list x tor an element 

~rm 

that has the prC;f)i~·rt7 fa and if' such AD element i8 tound the tunc ... 
tion f ot that el~~ment 18 the value ot aearcho It there i8 no 
such element., 'the funotion U ot one argument, x. i8 taken as the 
value of .!eU"~h (~n this cue x i8" ot. course, NIL)o 

8earch[x;p~t'fU] ..,. [nullL~l."'" u[xhp[x] ... t[x}JT'" ssarch[ 
cdr[x]jp~t;u]] 
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Arlthmetl0 Punct10ns ..-

Dleee are d19CUB8ecl at length 111 Chapter 30 

tuDot1on ,~ ntlllber .2! .!!It!. value 
plus IPstlBR 1D1eto ~+~+ooo+Xn 
minus mmR 1 -z 
cJ1fterence ,sueR 2 x-y 
times .'SUBR 1ndeto zt °x2 °0 09 o~ 
divide ,3tlBR 2 list[x!7Jrema1Dder] 
quotient auBR 2 x/7 
remainder dUBR 2 x - *I.,.> 
add! :1OBR 1 x+1 
Bub! 'MBR 1 x-1 

e max MmBR 1ndet" l.arpat of xi 
miD ·?SUBR 1ndeto aallest of ~ 
ree1p f3UBR 1 11 X} t1xp(x] .... 0 
apt ;~R 2 P 
leasp ~3UBR 2 X~,. 

peaterp gmm 2 x ~,. 
zerop BUBR 1. , x I :!:- 3x10 ... 6 
onep troBR 1. x-1 
m1nUIJp :S'UBR 1 X 18 nes,atlve 
nUlBberp SOBR 1 :It 1s a nllDbel" 
t'1xp SUBR 1 x 18 a fixed point n_ber 
tloatp .&lBR 1. x 18 a noat!. point DOo 
eqp ~WR 2 I %"",-1 ~ 3X10-6 ' 
loger fSUBR 1ndef" x1VX2VoooV~ ORA 
logand :j'snBR 1ndeto ztlar.~uo.~ AllA 
lopaZ' ISUBR 1Ddeto x1'x2too.'~ ERA 
lettsh1tt ,~aaR 2 "027 

constva1[p] .. EXPR 0 

Cgtval makes (Sartain atomio 8ymbol~ appear as numbers s thus 



tUl'D1ng them into constants 0 Ita ars-w.nt 18 a l1at ~ paiN 

auch as -
«PI 301~) (E 20718» 

Its effeot on each pair 18 as tollowa 

Y _if l---r"'--K:----tlr--....... --

• L _____ ... ~ __ .., __ ... ~ .. ___ ~ ....... , 

oonatva1(p] - mapl18t(PI~([jlr.plaod[caar[3]Jo4r[DCODC[oadar[j]J 
cdaarL11 ] ] ] 1 ] 

a.rrqbd : st18R. peeudo-tuncti~n 

"l'be Ar.Ta7 J'e.ature is discuseed in SectiOD 3040 

error[x] : SUBR 
This will cause error A1 to occur.. i'be pr1Dtout Will 1r101ude 

x which IDQ' be Ul5ed':as a diagnostic 0 

errorset(ejn,m] ~ SUBR 
Errorset 18 difJCUS"'cl in Sect1QD 6040 
error cl~1;ng eval[ejRIL] ... NIL, 
T .... 11lJt[eval[e~RIL]] 
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track - untrack g tor compiler tracing" 
== 

See Section 602 

count - UMount ... 8R!ak & for 'the cons counter" See Section 604 

comde~[J] g EXPR pseudo-function 
The argument of coildet 1s a 11st of the names of tunctloM 

to be compIled.. 6j::bey mwJt already have EXPR cht1n1tiom at 
oompll1ng t1me 0 t1ubtunct1ona used b7 the functIons to be com ... 
piled Will also b@ compiled automatically if the7 are defined by 

EXPR 0 ~ 0 '.Ib.e o~~ in whicb tun@t1oM should be compIled 111 de ... 

~~r1bed in ~t~~ 5u 

CO!E1!![J] ~ SijfJR p~eudoQtunction 

The ~n~ ot c0!P11! 1~ a 11st ot functions each ot tbe 
form (LABEL FN (LAMBDA (IOu 

sap[a;orgl : SaaR pleudo-funotion 
~1a pa~udo=~unct1on calla the LISP~Sap a88emblero The 

tint ~nt i@ f2!. ~ymbo11c listing fJuch u «SYM CLA 0 4) 
(NIL TlX 0 4 1) .. v" ) (I 8Jhe aecond argUDTJant i& the location tor 
~ first u~emblifJd wordo It org is NILe the program rill be 
placed 1n the t1it"lrt tNe apace ~va11~le in b1~ ;eropUl epac@o 

LISP""~ 1~ d1$c~k"5~ed in the compl1el"=ullembler appendix ... 

~O!DPS~[ A] :; SUBR p$)smo-f'unct1on 
This 1~ ~ ~~embly p~eudo=tunct1on that aseemblea At org & 

NIL.!) and l:1nk~ wi:bh tm interpreter by putting SUBR on the pro­
perty 118t ot th~ 0bject which 18 the location name of the tirst 
as~embly 1nstru~tion .. 

oEdet1ne[J] g ScrBR pseudo-function 
Ttll!! PI3l~ooo,~rl.m©tlon det1ne~ MlW machine 1Mtruct1orus 0 Por 
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example .. 
op4et1ne[ ((CAL Ji.5Q10) ('!IX 2Q1i)}) 

read[ ] I SUBR - '!'be tunotion read ot ~o arsument. reada one list from carde 
or tape (4epencl1ng on the .eDH~.w1toh aettlnp·)o !be value ot 
read 18 the 11at it bas Nado 

Rr~~[x) : SUBRpaeudo.tunctlon 
!IU. function print. OM S-expre •• ion (OD the on-11M pnnter 

&D!J/ or output tfIP~ dependinc aD the .. ne_ aw1tcb .ett1nga) 0 The 

value ot print 18 ita U'Sumentc 
Pr1nt alwa;ve !Start. pr1ntins at the beS1DD1ns of a liM or -rellordo 

punch[z] g SUBR pseudo-tunction 
i!l1a tunct10n 1s exact17 like print except that the output 

appeara on the punohe4 output tape 0 

12r1ntprop[x) 8 EXPR pseudo-tunct1on 
The argument ot Rr1ntprop 1. an atom10 .JllBbolo PrirltF9R 

will print the lUUte ot the atomio QlDbolg all 1ndio.tora on 1ta 
propelrt;v ll.t B mt1i the properties .s.oc1ated w1 th certain 1nd1 ... 
~.torliJ that point to list atructurec 

2unchde.![x] ~ EXPR pHudo-tUDCt1oD 
It X 1.8 a I1tlit ot atom10 Q!Dbol. each at wh1eb baa EXPR on 

Its propert,v llatv then ~un0b4e~ will wr1te tbe EXPR aet1n1t10na 
on the punched OU\;put tapa 0 
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'!'be t-ollow1ng t-unct10ns are deBcribe4 in deta1l in the ap­

peD4ix 1ft LISP input .... output. read1ng. ard pr1nt1n8 operat1ou 
(and in Memo 22A until 1t 18 ava1lable)o 

advance liter 
oharoount mJenam 
olearbutt numOb 
our~har opcbar 
~h pad 
cliglt 

endread 
intel'll 

.tartread. 
terp1'1 
unpack 

Interpreter 8f!c1f1l FOnDa 

(gUOTE 0<) 
'1'ba uneval_ted U'SUID8nt 0< i. tbe value ot quotEo 

(cmm (Pi 8 1 ) (P2 e2 ) 000 (Pn en» 
-= 

QORI? evalua~~ ertoh P1 1n order until OM 1s found whoae 
value 111 not NIL (0)" !ben the corresponding 8:1 18 evaluated. 
and th18 1s the W~.lM ot CoNDo • 

(I'tJIfM'ION tn) . -
. It the tint cslement ~ an S-expre.a1on 18 I'tJIfM'IOB, tbe 
aeuond element 1s understood to be the tunct1oDo A new 118t 18 
constructed With tirst element J'OIfARG, aeooM el~t equal to tn.~ 
and thlrc! element uqual to the ourrent l1st ot bound variables 0 

lcae~ 

eval[ (I'tJIfM'IOlf 1'nhb] .. (l'OBARB 1n 'b) 
Having such a list or bound variables earr1ecl along With 

the function 1M1!.tfi'e8 that the propel' value. ot the bound var1a-



bles are used when the tWlct10n 18 evaluated" !bus 
applJ[(POHARG t b)jxJa} s apply[t;xJb] 

El"OS( ."0 1 ~ ~ 

... 82 ... 

Prog s1puUs the program featUN" 'lbe first argument irs a 
l1st ot prosram wrtablea 0 Each noD-atom1c argument after the 
f1rst 1s a statement" Each atomic symbol 1& a location symbol tor 
the next I!Jtatement;" 

.I2[X] :: PSUBR plfleooo ... tunct1on 
Go caWJe~ ~ transfer to the location xo It3 argument 1ss not -

8et(x~y] 8 SOBR pseudo-function - Set can be ~ed to change ~ 't7:Pe ot variable on the current -
a-l18to iJ.be fir-ralt argument la the variable to be seto 'lbe second . 
argument 1a the 'S"~~oo Q 

se~[XJ7] 8 FSUBR p~eudo=tunct1on 

Setq 18 111m ~ except that it quote~ l.t~ timt argument in­

stead ot ~valuat'.r.lg ltf.l 

!t'~urn[x] 
1!1e argumenti; of' return 18 evaluatedg and the program 18 tel'''' 

m~ted With th1~~ \ff!llue o 

prog2[x~,.1 ~ S:i:Kja.n 

IT?&.? is der.:'Jtned b,. A[ [.xJ7h~l] 0 It 18 Q.n 1dentii;J' in 1ts 
second argumerl>to ~ fimt ugument is evalUAted tor ita ettect 
r:ather than 1 t&1 WIil,l us '" 
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CP![X] : SOBR 
~ cop1ee its ~nt which must be a 118t of a vef!7 ape­

cia]. typeo 

prmrm[ 1 g BUSH 
1be functiolll 2MJ! haG no argument&) Q 1tl8 value i8 a MW, 

di8t1nctg am t~t~t!lly=creat~d atomic fi§J1Iibol With a print :name ot 
the torm 0000016 «~o02gouog099999o 

Th1~ tun~t;11,''Jr.i 1@ W!letul tor creating atomic Qllbols lJben OM 

ilS 1l~eded9 ea©h rrr~ i@ guarant~ed unique 0 O!!!J'! DaI'IlHl ue DGt 

pe~t ~ wi,ll not be re~ it Nad back 1no 

!!:l~~~[~U (c.t1 ®:t)j :(q2 e~h., ooj (Cln ~nh~] g FEXPR 

'!be ~ fl ~ 1ft ~1ectP aN eYalU&ted 1n ~~ troll lett to 
r3.gb<~ until ~ om :,LJ i'cl1.1fld ~~h that " 

q1 :: qh) 
ana 'the "fIUOO of ~:"e!e~t 1~ the \'1ll~ t}t th~ @o~8pond1ng e1 0 It 
no ~ooh ill:! 1~ tOUl:dd the val~ of sel~~t 1~ t~t ot e .. 

_mak~c_b~[x] ~ E~?R p@eudo-tunct1on 
This tun@t10Ll ~pee&il up the execution ot multiple care and 

~d.rs (n~s tJl~ or cdr abler") 0 The I.rgument is a. list ot p~1," 
~u.cll as 

«OAAR {A A» (OADR (A, D» "(CAntJR ~A " »» .... ")41 
Makcblr t~ e/l,~h tom such u CAm into a compiled function ~.th 
the appropriatE:ii def1nl"tion _ indicated by the string ot A f 5 and 
Ddgs", 



tormat[name,tormJv~1181 g EXPR pseudo-function 
ArguIDents g 

naJIIlei an atomic QlDbol 

forms ~ list structure 
var11~g ~ list ot variables each ot which ~ccurs once 

and onlJ once in rormQ 
Ettectg 

!g~~ cre8tee several cOmPiled tunct10nsG 
Ntmme be~;;)mes a function which ball as man.v arguments aa ---- there are variables in v~118 Q It 18 a aub-

r It 

st1tut1on function that Bubstitutea its argu-
ments tor the variable!! of .,arli. in the 
S=~resaion tormQ 

Each w~1able name becomes Ii. function of one argument" 
--=~--

'The function 18 a chain of carDs aDd cdrll~ 
th~t ls eutt1cient to obtain the varIable in 
1t~ proper looation :1n tormat!,} 

~on81der the ~nl~ow1ng ~pleg 

tormat[VICO~ {HE IS HCE WlrtJI AJ.;p SImN SHAW AND ISEUL'rh 
(HOE Allil mmM SHAml ISEmJJ.')] 

Arter executi'tg the pe;eudo""tmlctlon !Q.~:!?Ji $iU r,mli'Jt1oM 
Will 1~we been defir£d ~ compIled .. 

"lico :1~ now .'a. ~ub~t1tutlon function... For example"" . . ~ . 
;fleol (SUCH A1RANDFALLERh {A POOKED WIFE IN PICKLE);ftIO, 

(srwIlJ:nIN:1BtlG~ ) l' (ONE MIooI'! PUCELLE)] 

-- (HE IS (fB-1}1 A GRANDPALLER) WITH (A POOKED WIPE IN PICKLE) 
?NO ('1'WlLL,tNG!mGS ) AND (ONE MIOOIT PUCELiLE» 1 



.. 

.!!9.!g alR9 !hemo !~lmg and iseult are now functions each of 
wh10h selects from 1ts argument the lub8truct~ d&termlned by 

the position ot the function name in !2m .. 
!1'or eDmPle ''''' 
~(am THE (tWLIN seLPH) WAS IN GL'OOOER THAT LQft ... TO­

LEARMm,)]~ 

- GLWGER 

hlle [ «HOHOHonc MISTER PDm) (YOUR GOING TO BE) (MISTER 
nNNAOAIN'» ) ] 2 

1i!W (JllISTER FINNAGAIB) 

t!!RUS-fus!t[] g sueR pseudoQ tunet1on 
Executing th1~ Will cauee a time statement to appear in the 

Qutputo Thte ftlltJ;e 1~ NIL.. (Tempue-fug1t 1~ tor MIT users onl,J'o) 

load[] ~ SOBR p~eudo-tunct1on 

Program ~ontl"Ol 1s Siven to the LISP loade!9 whIch expects 
ootal correction ~arda9 104 row b~ ~ard89 ~ a transfer cardo 

pIb l] & SUBR :''5600o-tunction 
i'bis 1s eqm';~ent to pushing nLOAD CA.ROOVll in the cOMole in 

the rn1&ila of a L.:rsp progru .. 

re~l~[ ] : SUBf't pseudo-function 
~ 

Exeouting th'],1§! will aaua a garbqe collection to OCOUl";) The 
valu(j' i8 NILI) 

Rta.~[ 1 .:\ SUBR p8Seudo-:tunction 
Executing ttt~,,~ w111 cause a program halt.. Puahin8 START 

will cauee the p1"C'grp to continue by returning the value NILo 



ADDl 
ADVANCE 
AND 
APPEND 
APPLY 
ARRAY 
ATOM 
ATTRIB 
CAR 
CDR 
CHARCOUNT 
Ct..EARBUFF 
COMDEF 
COMPILE 
COMPSAP 
CONC 
COND 
CONS 
CONSTVAL 
COpy 
COUNT 
CPl 
CSET 
CSETQ 
CURCHAR 
DASH 
DEFINE 
DEFLIST 
DIFFERENCE 
DIGIT 
DIVIDE 
ENDREAD 
EQ 
EQP 
EQUAL 
ERROR 
ERRORSET 
EVAL 
EVALQUOTE 
EXPT 
FIXP 
FLOATP 
FORMAT 
FUNCTION 
GENSYM 
GET 
GO 
GREATERP 
INTERN 
LEFTSHIFT 
LESSP 
LIST 
LITER 
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•••••••••••••••••••• 00$ ..................... ~~ .................•.... ~ 
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•••••••••••••••••••••• $ ......•............... ~ •..........•....•..... ~ 
••••••••••••••••••••••• .................. ~ .... ...................... ~ 
••••••••••••••••••••••• 
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.~ .................... ~ 
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••••••••••••••••••••••• .•...............•.... ~ ................•..... ~ ...................... ~ ...................... ~ ...............•...... ~ ........•............. ~ 
•••••••••••••••••••••• e .......•.............. ~ •...............•..... ~ 
•••••••••••••••••••••• $ ••.................... ~ 
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••••••••••••••••••••••• 
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••••••••••••••••••••••• ...................... ~ ........•............. ~ ...................... ~ 
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••••••••••••••••••••••• ...................... ~ ...................... ~ 
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77 
81 
69 
73 
70 
78 
69 
11 
68 
68 
81 
81 
79 
79 
79 
15 
81 
68 
77 
74 
79 
83 
12 
72 
81 
81 
11 
71 
77 
81 
77 
81 
69 
77 
70 
78 
78 
70 
70 
17 
77 
77 
84 
81 
83 
72 
82 
77 
81 
77 
77 
77 
81 



e =87-

LOAD ••••••••••••••••••••••• 85 
LOGAND ...................... ~ 77 
LOGOR ••••••••••••••• u •••••• ~ 77 
LOGXOR .•......•....... ~ ..... ~ 77 
MAKCBLR .....................• ~ 83 
MAP .................. _ ... ,. 76 
MAPCON ...........•....... ~ .. ~ 76 
MAPLIST •••••••••••••••••••••• w*76 
MAX •••• o ••••••••••••••• ~.~ 71 
MIN •..........•......... ~~ 17 
MINUS .•.................... , 71 
MINUSP •••••••••••••••••••••• 71 
MKNAM •••••••••••••••••• b ••• ~ 81 
NCONC •.•................... ~ 73 
NOT •..................... ~ 69 
NULL ••••••••••••••••••••••• 6\ 
NUMBERP ..................... ~. 17 
NUMOB •.•.................. ~~ 81 
ONEP •••••••••••••••••••• 6.~ 77 
OPCHAR ..................... ~. 81 
OPDEFINE ••••••••••••••••••••••• 79 
OR ••••••••••••••••••••••• 69 
PACK ••••••••••••••••••••• *. 81 
PAIR ••••••••••••••••••••••• 74 
PAUSE ..................... ~. 85 
PLB .•................. o.~. 85 
PLUS ••••••••••••••••••••••• 71 
PRINT ••••••••••••••••••••••• 80 
PRINTPROP ••••••••••••••••••••••• 80 
PROG ••••••••••••••••••••••• 82 
PROG2 ..................... ~. 82 
PROP ..................... ~. 71 
PUNCH .•................... ,. 80 
PUNCHDEF ••••••••••••••••••••• u. 80 
QUOTE ••••••••••••••••••••••• 81 
QUOTIENT ..................... ~. 17 
READ ..................... ~. 80 
RECIP ••••••••••••••••••••••• 71 
RECLAIM ...................•. ~. 85 
REMAINDER ••••••••••••••••••••••• 77 
REMPROP ••••••••••••••••••••••• 12 
RETURN ••••••••••••••••••••••• 82 
REVERSE ••••••••••••••••••••••• 15 
RPLACA ••••••••••••••••••••••• 68 
RPLACD ••••••••••••••••••••••• 69 
SAP ••••••••••••••••••••••• 19 
SASSOC ••••••••••••••••••••••• 14 --. SEARCH ••••••••••••••••••••••• 16 
SELECT .••.....•.••.••...... 8. 83 
SET .................... ~ .. 82 
SETQ ••••••••••••••••••••••• 82 
SPEAK ...................... ~ 79 



STARTREAD ••••••••••••••••••••••• 81 
SUBLIS ................. ~ ..... 15 
SUBST ••••••••••••••••••••••• 15 
SUS1 ••••••••••••••••••••••• 11 
TEMPUS-FUGIT ••••••••••••••••••••••• 85 TERPRI ••••••••••••••••••••••• 81 
TIMES ••••••••••••••••••••••• 11 
TRACK ••••••••••••••••••••••• 79 
TRACLIS ••••••••••••••••••••••• 78 
UNCOUNT ••••••••••••••••••••••• 79 
UNPACK ••••••••••••••••••••••• 81 
UNTRACK ••••••••••••••••••••••• 79 
UNTRACLIS ••••••••••••••••••••••• 18 
ZEROP ••••••••••••••••••••••• 11 
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