
EARLY I-IIS'-!'ORY OF J~ISP 

(1956-1959) 
~, 

, \ 
, ! 

Herbert Stoyan 

,J University of Erlangen 

Germany 



Remal'l(s 

. Why history ? 

Do we learn from history? 
Have/un! 

• • • 

. How reliable are personal recol
lections? 

\-.J The problem of viewing things in the per-
, spective of the more recent events 

Should we prefer written sources to the 
writer's recollections? 

If a program is described- does that mean 
it is implemented that way? 
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A Proposal for the 

DARTMOUTH SUMMER RESEARCH PROJE\.; r ON ARTIFICIAL INTELLIGENCE 

We propose that a Z month. 10 man study of artificial intelligence be 

carried out during the summer of 1956 at Dartmouth College in Hanover. New 

Hampshire. The study is to proceed on the basis of the conjecture that every 

aspect of learning or any other feature of intelligence can in principle be 60 pre-

cisely described that a machine can be made to simulate it. An attempt will be 

made to fin«;l how to make machines use language. form abstractions and concepts. 

(1 solve kinds of problems now reserved for humans, and improve themselves. We 
'»-./ 

think that a significant a,dvance can be made in one or more of these problems if 

a carefully selected group of scientists work on it toget~er for a summer. 

The following are some aspects of the artificial intelligence problem: 

1) Automatic Computers 

1£ a machine can do a job. then an automatic calculator can 

be progranuned to simulate the machine. The speeds and 

memory capacities of present computers may be insufficient 

to simulate many of the higher functions of the human brain. 

but the major obstacle is not lack of machine capacity. but 

our inability ~o write programs taking full advantage of what 

we have. 

Z) How Can a Computer be Programmed to Use a Language 

It may' be speculated that a large part of human thought con-

sists of manipulating words according to rules of reasoning 
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PROPOSAL FOR RESEARCH BY JOHN MCCARTHY 

During next year and during the Summer Research Project on Artificial 

Intelligence, I propul:le to study the relation of language to intelligence. It seems 

clear that the direct -"pplication of trial and error methods to the relation between 

sensor"y data and motor activity will not lead to any very complicated behavior. 

Rather it is necessary for the trial and error methods to be applied at a higher 

level of abstraction. The human mind apparently uses language as its means of 

handling complicated phenomena. The trial and error processes at a higher level 

frequently-take the form of formulating conjectures and testing them. The English 
. ~. 

language has a number of properties which every formal language as-typed so far 

lacks. 

1. Arguments in English supplemente.d by informal 
mathematics can be concise. 

2.. English is universal in the sense that it can set 
up any other language within English and then 
use that language where it is appropriate. 

3. The user of English can refer to himself in it 
and formulate statements regarding his progress 
in solving the problem he is werking on. 

4. In addition to rules of proof, English if complete
ly formulated would have rules of conjecture. 

The logical languages so far formulated have either been instruction lists 

to make computers carry out calculations specified in advance or else formalizations 

" of parts of mathematics. The latter have been constructed so as: 

1. to be easily described in informal mathematics 

2.. to allow translation of statements from informal 
mathematics into the language. 

/ 

3. to make it easy to argue about whether proofs of 
certain classes of propositions exist. 



. l.A language fOl~ 1\1 
• 

o FORTRAN 

- algebraic notation for program-
• mlng 

IPL 
o 

- list processing 



The geometry 

theorem prover project 

. c) a maniage of FORTRAN 
with list processing 

Basicfunctions to access the 704 word: 

I p I decrement I t I address I' . 
Accessfunctions: 

(J XCPRF 
XCDRF 
XCTRF 
XCARF 

Constructorfunctions: 

• 

XCOMB4F 
'XCOMB5F 

• 
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The result: 

FLPL 

The marriage ~as a happy one ... 

But an important problem remained open: 

How to understand things 
like XCARF 
as functions mapping 
integers onto integers? 
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The driving exalnple 
during 1957 : 

chess 

Proposal of conditional function 

IF(p,a,b) 
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Ya8sachusetts ~Dstltute of TGChDOlol1 
caabrl41e 39, uaesactusett. 

To: p ••• IIurM 

Fr~: . J. IIcCartla, 

Date: Dec.-ber 13, 1t5T 

SUInC'l': A PIOPOIAL I'CIR A COIPILD 

ABSTRAC'I' 

Thl • ...-orand ... coatalas tile fint versloa of 

the first two chapter. of a propoaal for a ca.pl1er. 

eo...at. OD the point. raiaed ro far aDd ca.plaints 

aboat -.bleattt .. are earaeatly aolicited. 

1. latrodactlaa 

------.-._--

The ~e of an autOllatlc codi .. a,at. 11l sci_titlc 

ca.patlDi 1. to reduce the elapsed ti .. between the declsioa to make 

a coaputatiaa aDd lettiDI the reaul ts. It can ake feaalble COIIPuta

UODa 1IIale1a, wltlaoat it, ~ld be too cc:-mpl1catcd to undertak •• 

Thi. npoI't d .. crlbe. a propoae4 new autaatlc coctiDi BJ8t_ 

wblch I hope will be a 8U1flclent advacce over tho.. IlOW aval1ab1. or 

800D to be a9&11able to just1f, the effort of writiDC the required 

tl'&ll81atlcm pl'Op'aa. 'i'h. .peclfications for the .,stem are pr .. nteci 

III sufficlent detail for evaluation of !ts merlt3, but would be subject 

II!Odlflc:1tlO1l III the courae of wri tine the tr:lnslatlcm prosraa. A 

nueer of the Id~O pre.ented t:avo beeo aug~l3ated ~ tbe Fortraa 
G '\..'&'r- ,~...L.-l-

.,.tellS- t~l T # tb. propos!,", SCn.t systil1' for thet IfslS 109, ~ 
. 4 ~~ ~~~ • 

tb. PI tic ., t_ for tbe UlflYAc. T!:o source laDlUD8- 1. Dint, 

1l1depeDd_t 01 th. _chin. be1Dl uaed, acept that. the pJ"091alou for 

ref.rrll11 dlJ'M'tl, to acblae r .. t.t .... CLD<I th.ir parts, .tela .. 

bell ...... t be 11leluded III an, p""crf1l1 aoarce laJ1CU&lCl, haM ~en l'.:ork 

out oal, for tJae 1D Tot. 

ID 1IIaat follows, UIHI.rll:8'S te:!.":ua are d.fllled by til. sentences 

III _lela til., 0CCtU". 

1.1 Wbat 1. an Auto:aatlc Ccdn.s Slsten 

All aatoatlc cod!DI a,at. haa two parts. 'I'll ... ar~ 

1. a aourc. l!:1lU!f. 11l o::hlc1l proc.dure. for ao1Y1nl 



Charactel·istica 
of the proposed 

programming language 

1. large set of data types 
(numbers, logical types, lists, tables, . 
vectors etc.) 

2. describing results in terms of inputs 
independent of control structure 

3. conditional expressions 

4. extensibility of the language 
C) (abbreviations, . 

private typing conventions etc.) 

5. functions with multiple values 

6. implementation of interpreters 
or compilers 

7. mod~fication, construction, 
compilation and execution 
of statements at runtime 
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The first notation 
for conditional expressions 

W(P, expl:Q, exp2: ... OTHERWISE, ex] 
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Proposal For A Programming Lan6uage 

C'1!Jlel'~ Thia report gives the t~cbDical apecifications of a programmlni 
bnguaia proposed by the Ad Hoc Committoe OD Lan!ua.gss of the Aa8ociati.oQ 
tor Computing MachiDery. The mambership of this committee is aa follows: 

J. W. Backus (1.:S. M.) 
P. H. DeBileta (Remington Rand) 
D. C. Evano (Bendix Aviation Corp.) 
R. Oood.:n&!l (Westi:1gbouee) 
h. Huskey (University of Caliiornia) 
C. Katz (RQmingtoll Rand) 
J. McCarthy (M.I. T. ) 
A. Orden (Burrough. Corp.) 
A. J. PorUs (Ca::negie In.titute of Technology) 
R. Rich (JOilA8 Hopkin. Univeraity) 
S. RODen (Burrough. Corp.) 
W. Turanski (Reminlton Rand) 
J. \'Iogstsia (U. S. Burea.u of Stancb?r!3) 

The obj~ctivelJ oC the Ad Hoc Committee io de::;igning tha language deB
crib~d herein were to provide a. language suitable for: 

and 

(1; pui)\ication of computing procedures in a ~ollci8e and widely
understood notation. 

(2) accura.te nnd convenient programming o! computing procedul'ea 
in a 1.tlg\la~" rnecMmcally tl'anolatable into machine program. 
for a variaty oi machines. 

It is recoanized that c'!rtain one~for-olla 8ubatitu1ioDS of one character .. 
<J 3~quenc. for another will oiten b~ l'oequired to put a p:,:,('\~ram written in the pro

posecllaDguase into a iorm mecha.!llc~l1y acceptable b/ the input equipment of 
oil a1ven m4chiDe. 

Ce't"~in sub.ahli:u'y p:-oper tiea W~4~ taken to be necessary Qr str~!lgly 
cl29irable to satiafy th~ two main goala ?bove: 

~f . 
(~) ThQ s..,tA~ul~' r,:~quil'~d t~ lpecify tlla :.sY.ltax oi th~ 

hnguage should bo !-:apt a.lit briaf and lmcoUlplicat~d as 
p03.aiDta. 
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A 00 TO atatemallt may .pedfy 80m. atat.ment othal" th».a the ODe iaun •• 
di&tal, follow1na ... the statement to be e:ltecuted ne:,t. They have the form: 

OCTO. 

whel"e !.ls a Ge.18I1Ati~ expresaloD. A c1eaiau.tioDoaJ. expl"e •• lcm I. derme4l 
aa foll0.s: i 

,,,pef'~~~"~ 
1. Th. name (a symbol) of an.statement in the p&"oll'&m CODtab:aiDa 

thia cle.igDAUOD. 
2. AD e¥pr •• alOD aCE) wheZ'e • is a symbol &Del E ia an iDte,s .. 

expre.sion. Fot" each auch aymbol • there must be ilL co~Z' ..... 
POAd.iD, ciacla.rative .tat.JD_t~ 

SWITCH a,el_ ez- -..• eD) 

where Mch et i. ~ d •• ll~tiODal azpr ••• i01l. Tb.' statement 
d •• igzaat.d wheD E ba. tha value k i. that one (il aUly) de.l, ... 
zated by ek- 1i E S 0 OJ' E :> D. DO atatement ia deaignaCacl. 

3. AD expl'e aaioa of the form 

wher. each Pi is a boolND expre»eioo and each ei is ~ deais
national expression. The statement designated is that OA. 

(if any) d •• ignated by ek where Pk i. the first true exprs8.1oa 
of Pl. P2. - _ •• Ple- If no Pi ia tnle, no .tatement is deaigDatecl. 

When. desianate. no statement., the statement to be executed next is the 
one following "CiO TO Oil in the program. 

VARY and LOOP Statementa 

A VARY statement causes a segment of program immediately following 
Q. 

it to be executed .evaS'41 t!mes, once for each of a numbeZ' of value. of", vadable 
aiveA in the VARY .tatam.Dt. The segment of program to b. repeated i. ter
miutecl by a matchiAs LOO!=' statement: namely. the first subsequ.nt LOOP atate
men~ which is not the mat. 01 some other VARY atabmeDt. Thua VARY.ADd 
LOOP act Uke left and right ~aZ'oJltbesca respectively in their .role of de.ig~tiDl 
slIsme"te 01 proST.m. A VARY at4t.meAt U. the fol1owin. lorm: 

VA.~y v:.: r 

1H~Ol". v la .a ~ri~bla lIod ? is a Hat of vdue.. A Ibi of values may have one 



This proposal contains 

Conditional Expressions 

(J in the form of: 

arguments of GOTO 

Conditional Statements 

• 



A (:cod;.tiollal lS(at~:nent i3 :)ne whicil h.as th~ ~fhct .,1 one of :J~ve:-~\ 
.,,!..,~~ ~tat~maot5 in .lcco:,d~no:e wi~ certc.in conditiona '.;:/n.i.ch ,.:ri:it wb.C=!1 it i" 
~::lcol..U\,el'cd. l..~t -'Il¥ :>{ r4 .... ~ !'=.)llowing imperative st:lo;emant.s be t.!1"m.ul ~ 

r:1ocule: 

:'o!'!j)1.~,-: 3me~t :;s t..'\tei:l~nt • 
GO TO ".~~~~npm 

3. ,,\ ~"~.s!.'U:l~'i ~~,a::nent 

.1. .A S·:.:·C? :lta':~mer.t 
5. A :>:,oc~ .. :~r~ ::;tut~m~_'t 
b. _1. .~~"!)dt\1tion ~t;:,t;t'! mant 

:::'~n cor.dit'iutl::>.l .;,~;:tar.l~~~.t.j .~~'d l' ~;:'.!r.;si."e~·! -l~f!~:,:d r:D ~ny :Jtat;e_"n~nt of the 

£-:111 0 '-Vi. "l.~ ! O::-!T! : 

wh"1"f1 ~i\ch Pi iu 'A p1lohan cxpr:nulion and each ~ is a mcd'.ll" or "' cond.itio~ 

.".~., ~. 

V-{,~ 

·;:sta.tament enclo •• c1 lr. parella ••••• 

16. 

Th. eUect ol & conditioaal atatement b tAat of the sinlle .tatem.llt S1 
following the first irue boolean expreaaioD, Pi' i 2 1. Z •••• m. More prec:iaely. 
the eUect of th. c'Jlldition&l .tatement .. given above, where the name of the 
next .tatomeet b NEXT, i. the same i6O:» that of the following sequence of state-
mont.; 

NEXT) 

LABEL Statem.,nta 

CO TO(Pl~N l' P Z4NZ'···' Pm-..;.Nm) 

GO TO NEXT 

s . 
1 

GO TO NEXT 

CO TO NEXT 

A LABEL statement is a dac1araCive otatemt:tnt which aadociates a symbol 
(~bel) with an arbi.trary oequence of statemeDt" OC~Ul'1"ing in the program COD·· 
t::!.ining the L.ABEL stat-:meDt. The form of a LABEL .:Jtat .. ment io: 

wi!ere a~ch 82i -1 is the n~;na of a statament and -ait~al' ~.ch 8Zi i5 tha name of 
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The result of the 
Zurich Meeting:· 

Conditional expressions 
discarded 

But. McCarthy proposed 
. . 

even more futuristic things. 
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Subjec:t: 
" , 

," I 

1". General; aemarlitl 

1. 1 The material that waa cut out of Volume 1 and not lub-

3cquently reatored doe. not amount to enough to Jultily a Volume 1 1/ Z. 

The refore I think we Ihoulcl noC try to produce &A immediate report 

but Ihould aim dter lona range ioala. 

1. Z Our major eUort with r.lpeet to Volume Z Ihould be to 

make it pOI.ible to change the language within the language. Thil 

may mean having partl of the compiler under the control of the 
-T--,-C 

program aaa- object tim •• 

1. 3 The problem of compilation hal two partl. The Ie are 

translation and oPtim~a"on. The tranllation rulea determine from 

the given lource program a number of pOllibl. tranalatel which will 

(\ 
',->/1 -----=- perform the de.ired calculation. The opti~ation rule.~ selects the 

belt of thele accordinl tQ.J:ertain criteria. 1 thlAk that for now we 

"~ Ihould concentrate on the tran~ation problem ancl leave optim-,"zation 
• I 

,' .. 
for later:" This meana that .. e are interelted in ieneral ways of 

defining tranat'ormation of text that do not' involve Icanl of alte rnative 

ways of doing the .ame thins but are of a more Itl'aightforward nature. 

In order to tackle the tranal&tiOn~Oblem in itl barest form 

I propole that we conaidel' tran.lationa of text. wblch have a certain 
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. ..' --' , -:.,' ,; ,; ," " ,:~"r;'''' . ,'f:';: 
rr.:i=:r:~.I!'II • .t, .... :~, cl..,.:tM · .. ; .••• 1011 notati.a W. ,,"t;';::1 

:C::~ . -': . t ',:.~" . ,,-''', , ' 
sive aa "~]P~.f4,~,;~,o,~.in "~t"P both fA the IXPI' ••• toa notation 

. - .'" . , , 

and a not.~ lib that 01 Volume 1. but wbicb h •• vI""cal pal'eDthI.l •• 

The advutaae. of the Volume 1 noution tl'om thl humu poblt of 

view al'l cl.al'. 

~: Functional y.l'iabl'~J F~l'm. and Fluintl 
~,I F~ VA.~ 

In V 1 any iuDc:tioJl' which app •• r al'l COIl,taDt., 1. I. WI nevlr 

refer to a function I wblch 1 •• ometime. lme aD4 .ome~~. co.ine. 

We propo., that functioul quantUi •• bl admlttl. to Voblme Z, that 18 

our aymboll can l"pl'l'lnt not mel'ely iIlt ••• ~. 01' lloatUJ.1 point number. 

~ 
or .. U'eD llUantitll. but a1.0 function. &Ad thl functiOIl which a .ymbo1 

repre.ent. Call be cUA,ld by approplan .tatlml •• ju.t a. the number 

repre.ented by a 'rm"l 1. chUJlel by thl exlcution ot thl .utement. 

in a Volume 1 Pl'oll'.",. 1'01' convenience WI .hall live exampl •• in 

an operational notation ratbll' &han in the unitol'm 'xpre •• ion notation 

of the previo'" .eeUon. We will ele.cribe the ldDd. of proar&m we want 

to admit without .toppma to propo •• a way 0' l'.pr •••• iDa function. in 

the comput.r. Her. t ••• amp1e proaram. 

f •• la 
I • f + co. 
a • I (3) 
aa II + 3 

----"'0':. t'~ ( 0...) 
What ia finally printed by thie prolram i •• in (3) + coa (3). U 

functional quantitie. are admitted we .hall Wallt the followinl operation. 

on functioDl:' 
''fr'.'' ,-
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<;{ICI.~~~~ ,v: _r~~"~,: 
: :l;": .. :'~- ~ • 

. ' .. ' " .' . .. . 
.~ ~';a;"~ 

nUln.~r1C4~:~~'-'~~~Jl!!~:~~~~·~I~i-.al •• 'lhAll " ... flA'J»""a. .. ,~. :-. i: 
, . -~ . , '. ' . ..• !, - .~~ -::}:, ;:' - .... 

-··f.-t - .. ~. -'l':!·:'!'.· 

'Ma. of.a .et of fuactiQIl"" . 
. ;.',". 

;" • ;t-..... ->:f -_ "'1,,: «.;;~<..:~~. -:: ": . . 

Z. Compo.tt~~< '0' u'med by ( f 01) (x) • f (I (x) ) ia 
- H~ ') 

, 
approplate whenever tbe domain 01 f and the rani. of I coincide. 

/'- . 

3. Ab.tractioD bom form.. Elementary mathematlc. ia 

plagued by ambiguity between function. and their. value.. ,)4o.t 

mathematical text. de~nd upon context to teU the r.acle .. which i. 

meant. In dealing with • computer .e mu.l avo~ ... uu. amQipity 

and therefore I have cholen to propo •• that w •• ,. tile Clual'ch lambda 

notation. Accordinl to Church • J + y Z 1. not a Nnctloll 'but a form 

in x and y. We can make from it a function by wrUin, ~ lambda (x. y) 

(x l + Y Z). The lambda .ymbol i. a ,uantifi~ make. x and y into 

dummy variable.. Thu. we have lambcla (x. y) (x Z +y Z) (3.4, ) • zs 

and lambcla (x. y) (x Z + Y Z) (x + 1 t y) • (x+ 1 ) l + y Z. Thl. implie. 

I"L 

that we mu.t aho adlQU form. into our system and an appropiate 
A 

collection of operation. on them. We will not 10 into thi. dlht now. 

". Operation. on function. such a. differentation, other 

differential operator •• and intelration. The.e are defined only when 

the functions are repre.ented in eertain way •• i. e. one cannot differentiate 

a function. represented only by a .ubroutine. Note that the operator D 

which takes function. into function. may alain be relal'dec1 a. a ,unction 

whose amain and ranie are .pace. of function.. We.ba11 admit to the 

sy.tom variables who.e values a~e higher order function •• uch .s D but 

will not auarantee in the pre.ent .ystem to provide M.. ad",.at. aot of .... '.-

. -, 
quantiti.s of this kind in a fir.' ver.ion 01 the • .,.tem;- :"':-ilf 



This paper contains ... 

1. the first reference to Lambda-Calculus. 
made by computer language people 

2. the idea of making functions into 
first-class datatypes 

3. proposed operations on functions: 

a) Basic-functions of value-set 
b) symbolmanipulation of expression

representation 
c) composition 

4. compiler written in a rule-oriented 
manner 
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AN J\LGEBRAIC LANGUAGE It'On 'ilI-D~ 

r,1ANIPULN1'ION OF SYMBOLIC EXPRESSIONS 

bY,John McCarthy 

Abstract: This memorandum ia an outl~ne of the 

specification of an incomplete algebraic languaso 

for manipulatinr; symbolic expre3s1ons. The incoiii-

pleten05S lies in the fact that while I am confid3nt 

that the language so far developed and described ho .. ".: 

is adequate and even more convenient than any p~o

viouo language for describing symbolic manipulatlon3~ 

c~~:·tai:l details of the process have to be explici tly 

mentioned in 30me cases and can be left to the pl"ogram 

i!1 others. This l:1cmorandum is only an outline and 

ia slec tchy on some impol .. tnnt poln ts • 

I. Introduction 
'. 

Flr3 t l'la shall describe the uses to which the lan3uage 

can be put and the cencral features that distinguish it 

()! from oth0r lansuageo used for these purposes. 

1.1. Applications of the language 

1.1.1. Manipulating sentences 1n formal languages 

is ncceasul"y for programs that prove theorems and also 

for the v.c1v;~ tal<:er projec t. 

1.1.2. The formal processes of mathematics such as 

~ algebraic Simplification, formal differentiation and 

\ 
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involving the conditional expression 1s not to be e.i:ceutcd. 

2.1.4. Loeational quantities. A point in the program 

may be labelled and the address of' sueh a point (to t'Jhich 

control may be transferred)ia called a loeational quantity. 

The computations \'Jith these quant1ties is l1mited. 

2.1.5. Funct10nal quant1ties. These will certainly be 

allo\'Jed as parameters of subroutines, but their full possi

bilities r.light not be exploited 1n an early system. 

2.2 Kindo of Statement 

This list 1s aga1n incomplete. 

2.2.1. The arithmetic (Fortran term) or replaeetlcnt 

stat'3nlont 1s the most important ,kind.. It has the fm,"m a-b 

\'Jhcrc a and b have the following forms: 

a has ono of the follolJlng forms: 

1. The name of a variable (we shall not go into 

the typog~aphical rules for names at thin point.) 

2. A(1) \'lhere a is the name of a variable wbich 

hao been deSignated os 6ubscriptable and 1 is an integer 

e~~preosion. (Al"'rays of more than one dimension may not be 

included in the first system.) 

3. curCi), CPl." (i), otr (1)"oar (i)., C3l1 (1) 

c1r (i), c~~tr (l,n) or csegr (l,n,m). 

In nll the above 1 represents an integer expreosion 

deSignating a regiot0r in the mach1ne c . .-,d :..,,_ expression 

reprBoents the contents of a certain part of that register. 

For example, statement beginning car (i) = causes a quantity 

to be computed and stored in the address part of register 

leaving the rest of the register un~hangedD 
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The b in a statement a ... b is an al:'bitrnry cxpl"eooion 

l'lhose value is compatible with the space allotted 1'01' it. 

The recursive rules for the forn~tion of expreosions a~e 

similal" to those of FOl .. tran or the proposed international 

algebraic language. 

2.202. Control is transferred by the "go" statemento 

go(e) cnuses control to be tranoferred to the locution given 

by evaluating the locational expression a, (If e is a 

conditional oxpreooion then transfer of control will be 

conditional). 

2.2.3. The flexibltity of the go statement is increased 

by the ns~t" stat~ment set (Ai ql' ••• ' qm) causes un al"l"ay 

A of size to be established whose contents are the quantities 

ql J • 0 • I qn. In particular the q' s may be locatlonal expres.

sions and then the exprcsolon A(l) "There i is an integer 

eX9roos10n denotes the ith ot the 10cat10nal expressions 

mantioned. 

2.2.11·. Subroutines al"e called to be executed Simply 

by \"lritill3 them and their argumen~ as statementlJ. (l.e., 

as in Fortran but \'lithout the t'lord CALL.) 

2.2.5. Declarative sentenceso These have the form 

I declare ( •• o) where the dots represent a sequence of 

assertions of one of the following forms: 

1. (a; P11 ••• ,Pn) 

This causes the expressions Pl, •• o,Pn to be 

entered in the property list associated with the sym

bol a. Each symbol in the program has such a property 

, • "("0;, 

- -.---- _. - --~--~~ -_ .. -~=~~,,,:,~:~~-'---... . ",-';; 

~ ;::~ 
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d the decl:'cment (bits 3-17) 

t the tar:; (bito 18-20) 

a the address (bits 21-35) 

Cor~c3pon~ing to these we have the functions E~o, ind, 

~~n, ~ec, lag and !,dd \lJhich extract the corresponding pnI'cs 

of the arGument word. The result is regarded as an :i.n\:;~2;cr 

and hence 1s put in the decrement part of the \lJord. 

In odd1tion to the above \'Je can get the, nth bit of a 

\'lord \'1 \"lith the :function bit (w,n) and the segment of bits 

fr'om m to n 1I11th the function seg(u,m,n). (Needless to oay 

1'1 the others £l,l"e all special cases of oeg.) For putting n 
,~.J 

0, 

= -

\":o~"'d to~cther out of purts \'le have the functions 
-t,~)p.)cl 

1. comb l~ (1'.. d, t, a) t'Jhich f'ornls a W01"a out of the 

four parts indicated by the arguments. 
-t-I 0... I S I i..1 J 

2. comb 5 (0" i, d, t, a) ~Jhich forms a t'JOrd fl'oril a 

still rno~o detailed prescription). 

3. choice (c, ao ' a1 ,,) This forms a word {'lhose nth 

bit is the nth bit af ao if the nth bit of c is 0 and is 

the nth bit ~f a1 if' the nth bit of c is 1. 

3.2 .. 2. Next we have the reference functions whlch 

CJ:tl"cct n part ot the word in the register \,lhose n\ji:1L>Cl" 1s 

the nr;3umcnt. Thena functions are C11r .. cpr, csr, cirJ' cdl", 

ctr, and C(11". For c~ump1c, Co.l" (3) is the 15 bit quantity 

found in the addross part of regia t3r 3. In add! tlon \'J0 

have cbl". (n,IJ) \lJhich cxtl"acts the roth bit of register nand 

cSGl" (n,r.ll"m2) \'lhich cxtl"acts the scg~ent of bits from m1 to 

--~ ---- --- ---
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The driving example 
during 

summer IfaU of 1958: 

differentiation 

. . 

Importance of recursive functions 

and functionals 

maplist(list, 
variable, 
expression) 



(
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Highlights of the proposed language: 

1. ,starting from FORTRAN 

2. adding' new statements: 
a)a "set"-statement (A; ql, ... ,qm) 
b)" declarative" -statements (a; pl, ... ,pn) 

3. list processing 

a) Basic-functions: cwr,cpr,cdr,ctr,car 
b) extracting functions: pre,dec,tag,adr 
c) modification functions: stpr ,ctdr ,sttr ,star 
d) modification by using basic-functions 

on the left side of assignment stmt. 
d) constructorfunctions: comb4, comb5, 

consw, consel, consls 
e) other functions: pointer movement, 

erasure etc. 

4. no Lambda-notation 

5. data types: integers (= addressses !) "jO_ 

registers, truth values, locations, 
functions 
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m2 of thG word 1n register number n. 

Ncoc.ilcoo· to O.:ly, those flffiC{;1oilO are all comb:tna{;lon~ 

of tha extrnctioll functions ~nd CiJlr. For ci:alilplc, em .... (n) .... 

add (m-il" (n»). 

3.2.3. The storaze functions. In this oyntem otoragc 

in a rOGister can be accomplished in t\'JO \"1Q.ys. fi'he siopleat 

10 by t'1l"'ltina stntcrnonts cf one of the forms 

ct ... r ( ) =t 

cpr ( ) == 

CS1" ( ) a= 

Cil'" ( ) ;;I 

cell'" ( ) ... 
ct!' ( ) ... 
C0.1" ( ) = 

cbi.~ ( ,) n 

CO[;l" (,,) ~ 

The second is by usin~ one of the fWlctlonn at~r, stpr, 

stOI', stir, otcll", attr, and s{;al.'. Each of these han tt'iO 

arr;ur.j~nts, the number of the regis tor into \"lhich the datllIll 

is to be otol"'cd and tho datum itself. The rest of the t"lord 

refel'l"'ad to is unchanged and the value of the function is the , 

old contents of tho field ~eferred to. It is this facility 

rOl" getting the old contento to cel'VO as an cU"Bument of' a 

furth~r process that gives this second method ot storage 

some advantages. There are two additional storage functions 

stbr and otsgr of 3 and 4 argument respectively which store 

a single bit and a segment. 

= -- - _ . 
. ---_._----

--F- .' 
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function copy (J) , -, 
!copy = .<J=O > 0, 1· )con:n..r (comb 4(CPl"t (~)I copy 

(cdr(J», ctr (J), (cir' -(J) .. o. " cal" (J) I ell" (J) III 1 

--> conal'l, (ct~ (car (J»), cir (J) .. 2 - ~ copy (C~lA.' (J»»)) 

, return 

f equal (L1,L2) - eLl - L2~ l~ cir (L1) ~ cir (L2) 

-? 0 1 cir (Ll) ;a 0 (\ car (L1) f car (L2) ;>0, c1r (.L1) 

.. 1 A C\·11' (cat' (Ll » =" ctn" (car(.L2 » a •• ~ (, , car (L1) .. 2 1\ .,.., 

equal (car:(Ll), car (L2»)-->0, 1--7-equal (cdMLl), cdr(L2» 
'" 

, 
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function difr(J) 

dirt IC (ctr(J) ::a 1 -:;, 0, car(J) Q flxn -> 1. car (J) 

- IIpl uo n -)consel("plus", mapliet(cdr(J),K,difr(K)). car 

(J) .. "times n ___ ) cOl1sel ("plus n, rnapliat (cdr(J) .It, cor.Jel 
..... 

("times .... map11sl;(cdr(J),L,(L - K -> ditt(L) .. L _ K '). 

copy (L»»)))) 

retlu;,n I 



o 

After difficulties of D.C.Luckllam 
to implement maplist: 

Introduction of 

Lambda-notation 

maplist(list,A -( var , body)) 



ArtIf1c1al Intell1gence Pr:)Ject---R~E and MIT C~mputatl~n Ceni'.~ 

Symbol Man1pulating Language --Mem~ 2 

A ~j:;VIS~ Vl:.kSION OF "f'.APLIST" 

by J:)hn McCarthy 
() 

The v~re!~n ~r mapl1st In mem~ 1 w~s wrl~te" H~3Dl!et(L,J,t(J): 

\t.'here J is a dummy v~rlable which ranp:es ~ver the address 
• 

pal'ts ~r the WJ1"da !.n the list L and ~1 r(J) W3S an 

expreaat~n 1n J~ This vers1:)n had tw~ serl~ua detects. 

First. the l~eat1~n ~t the W~l~ 1n wh!ch J was st~red wa. 

trequently nee~ed. The aaa sec~nd 1z turned up when 1 tr1ed 

t~ write the SAP pr:)gram t:)r maol1et. The desl£natl~n ~r J 

aa the name ~t the Indexing variable cann~t c:)nvenlently 

(:Jbe d:)ne 1n the calling sequence:)t Mapllst. Instead we d~ 

it 1n apec1~111ng the tunctl:)n t ue1ng the Church ~ n~t~t1in 

r~r tWlct1~nal aoetl"actl:)n !.t r.~ce8sary. In ajd1 t l:,n t~ 

the ab:)ve mentl:)ned detects th~ 1 ~ld version was' ambleu~u~ 

1n that 1t d1d n~t say h:)w w:Jl'js :.f th~ thl'ee t~'pes sh:)uld 

"'h 1- t 1 ~tt " .,. teL r)" ~ e new ~ap ~S s ~r. en m~p~~s I • Its va1-..e 

. 
el~m~nt ~r t~~ new l!~t ~h!ch c:)rr~8p:)njs t~ the ~le~ent :)t 

the :)ld l~st In 1~cat1~n J has ajdress part f(J) and 
. 

a1w~ys has ~n11c3t:.r ~. The'new mapl1st thu~ ~lw~y! 
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• dlrr(L,V) :. (car(L)= conet ___ copy(CO) ,car(L) =. var-.(car 

( cd r (L» = V --'" copy (C 1 ) ,1-. copy (CO) ) , car (L).:: p 11 S "' 

• 

consel(plue ,mapllet(cdr(L),A (J ,dltr(ear(J)~, v»» ,car(L).: tlme~---, 

con8el(plu8,mapl18t(cdr(L),~(J,c~nsel(tlmes,mapl1st(cdr(L), 

~( K, ( J o:f:- K -1 C :> p y ( car ( K) ) I I-t d 1 r r ( car ( K) , V) ) ) ) ) ) ) ) ) 

'-
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Artific1al Intellisence Project---RLE and MIT C~mputation Center 
Symbol Man1pu1atlng Language---Memo 3---Reviaions ot the Lansuase 

John naCartbJ 

This memo supersedes the earlier memoranda or the aaa. 
t1tle in almost all matters ot detail, but some ot the seneral 
remarks in the tirst memo are not repeated here and should be 

read tor an explanat10n ot the mot1~atlon tor the development or 
the language. 

1. Representatlon or SyQbollc Express10ns by L1st Structures 
The kinds or express10n the language Is des1gned to manipu

late include funct10nal express10ns as 1n eleD!nta17 calculus, 
calculator programs either 1n ItGchine language or in an algebraic 
language 8uch as this one or Fortran, and the expres810na tor 
proposit1.ons as the7 occur In the proposltional calculus, the 
tunctional calculi, and other tormal languages or mathe_t1cal 
10&1c. It should be emphasized that we are presentl7 concerned 

. ,with a language ot imperatlve statements tor descrlb1nS processes . ' r-'- tor manipulating such expressions and not wlth a declarative 
_: 

r 
I 

language tor making assertlons about the expresslons. The 

problea ot expressing assertloM about expressions wl1l be, stu
died later in connection with the advice taker. 

'!'he 'expressions to be manipulated are represented 1n the 
machine ~ a' special war which tacilitate. the description or 
their manipulation. The trana!ation between the internal repre-

0: sentatioD' and more or less conventional tl87s or representIng 
the expressions outside the machine i8 handled b~ the rea~ and 
print programs. The pre1ImIDar7 version ot these prograllS whicb 
1s present~ being debugged (Oct. 21, 1958) translates between 
the internal notation and a ~8trlcted b~c1~li~.d oxternal r.otetlon. 
The direction in which the allowed external notation wl11 be 
senerallzed 1n later versionS will be described in connection 
with the descr1ptions of ,the read and prInt programs; at present 
it see_ that very llttle compromise wl11 be required wIth the 
conventional notations beyond that required b~ the need to write 
express10ns linearly with a limited set ot characters. 
1.1 External torm or expressions 

We ahall first describe the restr1cted external 
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AI-Memo 3 

1. first usage (10/21/58) of name 

LISP 
2. simplification of the design 

in the light of some experience: 

a) work only with address and 
decrement 

CJ . • new atom-symbol structure 

• consel and consls 
clash to cons 

b) storage and pointer functions dropped 
• dead of RPLACA/RPLACD 

-forerunner 
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/:.:-tii'ieial !ntel11Se:l'lce ProJect ... -Pl.~ s.nd I·UT Cor.!':~utat1on Center 
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John l·lcCal"thy 

1. ProtecSe4 '-POr&l7 ISOrap. 

When a routine il defined rec'Jfllftl1 as are mplllS and 41ft 

(that it. 1111'1 tbe routine 1 tself occur. in' the 1)l'Ogr&II defining tbe 

rouUn .. ):ertain .... clal problea with temtlOraJ7 ItOr&«8 arise. Sptci

t1ealll, the I18CUti01l of the routine as a lubroutine of itlslf .at'1 

use of tbe ... tnpo1'&l7 ItOrage registerl. nere are a Daber of .,. 

to a,old a conflict Oftr te.poraJ7 storaae. aDd after ncb &lpnt the 

following 101ution bal bUD adopted. '!'hose tee))Orarr .torac..-e regilterl 

Wbich aboul4 be pre.erwe4 When the routine usea a lubroutine Vb1ch mal 
'.. a 

. \USe the ~.ubrouttne ttself. tOnDNilngle block of consecuti1'l regilterl 

prlnte to -the routine ~tcb ~:t called tbe block ot protected teapo.!'.!!Z 

ItOrae! of thll routine. The regilter tn Wh1ch IR4 il store4 Is also 

included 1D thl. block. Except tor the register In whlcb IR4 11 store4 

the routine i. required to be transparent to the relisters ot tbe b10ct1 

that II -tbe CODtelltl of tbtl bloctr INlt be the ... WeD tbe routl •. 

aStl" Uta,.n .... D It •• 'Dtere4. I. orUr tor the routl. to 

" .~'. to ... \he re«ilteH of the bloclr 1\ aut 18ft thu betore 1\ 

111.. Uln -8114 reltore thO atten.ard.. the Ii t'.la\ln il tbeD .1m 1ar 

to the SJWII ccnmnUoD _OD III ~4 IR?. !beJ are lam " a rouUn. 

vblcb patl tbe.,,-OD vbat II ~lle4 the public pusb 40Vll lilt OJ' PPDt, 

u4 betore the aiD routine entl thel are reltored trOll tbi. lllt. 

!be SAn aDd tJlSAlI rouUnll are used .. tollon; a pro£raII ullq tbe. 

-iPt be 

SID 1S1,' 

m SAlI,_ 

1S1+1.0.S 

••• 

. -

••• (JII'OII'U tbat use. BS2 to ISS) 
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5.10 S~b3titutlonal funct1ons.~ 

The valt:e of a su!.?st:ttut1.ot1:l1 function appliccl to 
a list of arguments is .Iche result o~ substitutions these 
ar5t~J"~lents .for the objects on an ordered list O.r argun!ents 
in a certain e~~pression contalning 'chese arguments. A 
substitutional function is represented in the machine by 

a list structure as shown below. 
I 

l~ l~1:!..q£un ,,.-' l~------l I 

fIlet of a;,;;gi::m~ntsl ~)r expr:-:f1s.:l.o]j 
There is a routine appl:l( L" r) t~hose value 1.-:: the .................... -

ve~ult o~ applying a funct10n toa list or 2rgu~en~;G. 
This routine expects the function r itself to be des-
cribed by an e;:pression. T"he ~:inds of e:~preSSi0!13 ror 
functions tlhich apply will 1nterprst hes not-been ...... -
determined and for the present we shall only consider 
the case where car(f)=subfun. Tbus our in1tialversion 

or apply is: 



AI-Memo 4 

1. description of function 
calling conventions (SAVE, UNSAVE) 

o 

2. some new functions 
select, list, search, subst, pair 

3. first variant of apply 
for "substitutional" functions 
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AI-Memo 5 
(N at Rochester) 

1. first simplification program 

C) 2. proposals to simplify notation: 

C) 

a) for compositions of car and cdr 
write: C ••• f 

b) format rules 
• 

• indentation of conditional 
• expreSSIons 

• writing compositions decomposed 

3. proposal to. name recursive Lambda-
• expreSSIons 

( name (var), body) 

4. revival of REPLACE 
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Tile selni-annual report 
of the 

MIT-computer center 
December 1958 

A routine for applying a function to an 
argument, where the function is described 
by a symbolic expression has been 
programmed but ot yet debugged. 
This routine will be the basis of an 
interpreter. 
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will be used tor programming the advice ~ system but which is also 
ot more general use. 

During the past 3 months, the project has developed a pro
,ramming language (called LISP) tor manipulating symbolic expressions, 
Ind bas coded and debugged the major subroutines. The use of electronic 
computers tor symbolic work, such as formal differentiation and integra
tion, checking proofs and finding proofs in foraal logical systems, and 
tran,lating trom a source programming language to machine language has 
not been developed as tar as the programming of numerical calculation is 
concerned, partly because of the non-existence of standard ways of de
.cribing such computations. 

Our programming language has been developed as a more or less 
machine-independent way ot describing symbolic processing. The language 
to date has been described in internal memoranda ot the Artificial Intel~ 
ligence Project and in a forthcoming Research Laboratory of Electronics 
technical report. Its main features are: 

1. Expressions are represented in the machine by list struc
tures sim11ar to those used by Newell, Simon, and Shaw in their Informa
tion Processing Languages. 

2. Externally, expressions are represented by sequences written 
with parentheses and commas. (TlKES,X,(PLUS,X,I),(SIN,Y» is a typical 
sequence, corresponding to the elementary form X(X+l)sln(Y). 

3. Programs are written in an algebraic form resembling FORTRAN. 

4. By the use of conditional expressions and recurSive defini
tions, it 1s possible to describe complicated processes very briefly and 
1n a way that is natural to use. 

5. Functional abstraction as described by Church is used to 
convert foras into functions. 

At present, routines written in LISP are hand-translated into 
SAP, but we expect to begin on a compiler soon. A routine for applying 
• function to an argument, where the function is described by a symbolic 
expression, bas been programmed but not yet debugged. This routine will 
be tbe basis of an interpreter. 

A routine tor differentiating elementary functions analyti
cally bas been written and will be available tor demonstrations as soon 
as suitable input-output facilities have been added. 

3 

r 

,-.,.r .. 

'~';: y~,J 
~ .. t ,!: 
, '~ ~: 

,1 1 • 1 

',,~:'i'~ 



o 

The problem of the gap: 

between November 1958 and March 1959 
no saved record. 

However: 

After the Teddington-conference 

McCarthy started with writing 
the 

universal LISP-function. 

(J And when at all then in this time the 
famous event may have happened ... 

• Steve Russell started hand translating 

some version of the apply function . 

• McCarthy drafted his paper 
"Recursive Functions ... " . 
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3,1 Representation of S-funct1ons as S-expressions .. 
...--..- .... ---.-...................... . .................... - -..,. .. " ....................... -- ...... ,.-",~ .. """,.,,,,,,,-.. ,,,,,,. 

The representat1{} is determined by tl~\ following rules~ 
1.' Constant S-express1ons can occur as parts or the 

F-expres$~ons representing S-funetions: An S-expreSS1on~1S 
represented 'by the S-cxpression. ~QUOTEJ~) . 

2. Variables and :function names which were represented 
by strings or lower ease letters'are represented by th~ cor
responding strings of the corresponding lJppel· case letters, 

Thus we have FIRST~ REST and COMBlNE t and we shall use X~y 
etc. for variables. 

3. A form is repI'esented by an S-expre5s1on whose first 
term is the name or the main function and whose.remaining terms 
are the arguments of the function. Thus combine[flrst[x); 
reat[x)] is represented by (C·OMBINE, (FIRST,X):J (REST~xj) 

4. 
5. The null S-exoresSionJtis ·named NIL. 

~1e truth values 1 and 0 are denoted by T and F~ 
The eondi t16nal expressiol1. . 

wr1t~[ pr"e1J p2~e2i •• 01 p~ ek ] 
• is represented by 

6. 
7. 
8. 

'. 

(COND·(p11el),(p2Ie2),··-,(~,ek) 
~[[X; .•. iS],t:J is r~prese~ted by (LAM6DA~(X, •.. ,S);~ ) 
labelJ{;(ie] is represented by (LABEL:.t{,[) 
x=Y is ~epresented by (EQ,X,Y) 

• 
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_ C)C\ 
3~1 Representation of S-funct1on5 as S-expressions . .......... --.----................... .. . .. ....., ......... - ---. ......................................... -................... -......... --.. . 
The representation is determined by the following ~ules~ 
1. Constant S-express1ons can occur as parts or the 

F-expres~~ons representing S-functions: An s-express1on~1S 
represented 'by the S-cxpression. (QUOTET~) . 

2. Variables and runction names which were represented 
by strings of lower .case letters'are represented by the cor
responding strings of the corresponding l.lppel· case letters, 
Thus we have FIRST; REST and COMBlNE t and we shall use X,Y 
etc. for variables. 

3. A form is repI'esented by an S-expre5s1on whose first 
term 1s the name or the main function and whose.remaining terms 
are the arguments ot. the function. Thus cOmbine[flrst[x); 
rest[x)] is represented by (C·OMBINE, (FIRST,X), (REST,X) 

4. 
5. The null S-e~ressionJ1is ,named NIL. 

~le truth values 1 and 0 are denoted by T and F~ 
The eondlt16nal ~xpression . 

wr1t~[ Pr",e1j P2-+e2 i ••• , P~ ek ] .. 
is represented by 

6. 
7. 
s .. 

(COND·(pl,el)'(Pa,e2),··-~(~,ek» 
'. 

~[LXi ••• iS];t:J is represe~ted by (lAM6DA~(X, •.. ,S);~ ) 
labeliC{ie] is represented by (LABEI.!Ovl) 
x=="t1 1 ~ 't¥C)n'rP!!'It P ,., 1-:l!' r1 'h v I'fln~_Y' __ v_\~~ __ _ 

• 

-- ----_. -~----
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AI-Memo 8 

First draft of "Recursive Functions ... " 

1. consequent usage of 
FIRST, REST and COMBINE 

instead of CAR, CDR and CONS. 

2. first proposal of QUOTE. 

3. M-Language still called "F-Ianguage". 

4. S-Language uses commata. 

5. Truth-values in F-Ianguage: 1 and o. 
6. first design of translation rules. 

between F - 'and S-expressions. 

7. first LISP-interpreter variant. 



C) 
'-"'-

1(1----\ 
-~ 

apply [f,args] = eval[combine[fiargs ]] 
eval[e] = [first[e] = NULL ~[null[eval[first[rest[e]]]]+ T; 

1+ F]; 
first[e] = ATOM+[atom[eval[first[rest[e]]]]~ T; 

1 + F ; 
first[e] = EQ + [eval[first[rest[e]]] = eval[first[rest[rest[e]]]]~T; 

1 + Fl ; 
first[e] = QUOTE~ first[rest[ej]i 
first [e] = FIRST~ first [eval [first [rest [e] ] 1.1 ; 
first [e] = REST~ rest [eval [first [rest [e]]] 1 ; 
first[e] = OOMBINE~combineleval[first[rest[e]l]; 

eval[first[rest[rest[e]]]]]; 
first [e] = COND ~ evcon [rest [e]] ; . 
first [first [e]] = LAMBDA ~evlam [first [rest rfirs 1;. e]] 1 ; 

first[rest[rest[first[e]]]]; 
rest [e]] ; 

first [first [e]] . = LABEL ~ eval [combine [subst.[first [e] ; 
first[rest[first[e]]]; 
first[rest[rest[first[e]]]1 

rest[e]]]] 
evcon[c] = [eval[first[first[c]]] = 1 +eval[first[rest[first[e]]]]; 

1 ~evcon[rest[c]]] . 
evlam[vars;exp;args] = (null [vars] + eval [exp] ; 

1 + evlam [rest [vars] ; 
subst[first[args]ifirst[vars];exp]i 
rest[args]]] -

----------- -------- -- -------------
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1. cons(a,d) 3/3/59 

2. oonsw(~., ) 3/3/59 

3. copy(L) 3/3/59 
/ 'I 

U 4~ equa1(L1,L2) 3/3/59 

5. eral1s(L) 3/3/59 

60 erase(L) 3/3/59 

70 mapl1at(L,f) 3/3/59 

80 Open subroutines 3/3/59 

9· search(L,p,f,u) 3/3/59 

10. apply 3/3/59 

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



The first apply-eval 

1. substituting call-by-name interpreter. 

() 2. evaluates terms only. 
No variables etc. 

3. eval not necessary. 

4. Errors:. 
a) truth-values represented by 

T and F. 
b) substitution function substitutes 

C: everywhere. 
c) clause for Lambda-expressions 

forgotten. 

5. McCarthy . corrected a) 
and first case of b). 



The first known interpreter 

1. deep-binding call-by-value interpreter. 

2. evaluates terms and variables. 

3. eval contributes heavily. 

4. clauses of eval: 
a) variables 
b) CONST - constants (S-Exprs). 
c) VARC - variables evaluated. 

o d) VARE - variables to be evaluated. 
e) LABEL - evaluate function body. 
f) SUB - substituting the A-list. 
g) INTV - for truth-values. 
h) normal term. 
i) COND - forgotten. 

5. CAR, CDR, CONS separate. 
Other: SUBR or EXPR on P-List. 



3/3 
Lisp program tor Dingle statement interpreter' 

APPLY(P,L,A)-select(car(F)J 
-1,app2(p,L',A) ; 
lambda,eval(caddr(r),append(pa1r(cedr(p),L),A», 
label,apply(caddr(F),L,append(pa1r(cndr(F),caddr 

(l» ,A»); 
apply(eval(r,A),L,A» 

BVAL(E,A)-aelect(car(E), 
-1,8earch(AI~(J,caar(J)-g'~(J,cadar(J»,error), 
~tv ,Bcarch(cadr(E),~(J,car(J)"1nt),~(J,cdadr(J», 

error); 
IUb,8Ub11s(A,eval(cadr(E),A», 
CODst,cadi'(E), 
label,eval(c~d6r(E),append{pa1r(cadr(E),caddr(E», 

A) ); 
varc,8earcb(A,~(J,c3dar(J)-cadr(E»,~(J,cadar(J», 

error) ; 
care,oearcb(A,~(J,caar(J)-cadr(E»,~(J,eval(ca4ar(J)~ 

cdr(J» ,error); 
appl¥(car(E),mapllst(cdr(E),A(J,eval(car(J),A»),A» . " 

APP2(P,L,A)-select(Ficar,caar(L);cdr,cdar(L);cons,cono(car(L),cadr(L», 
118t,LJnull,car(L)~JatOQ,caer(L).-l, 

aearcb(p,l(J,car(J) .. ubr~spP), 
1(J,(car(J)-aubr-+app3(',L, 
1~app17(ca4r(J),L,A»), . 

8earch(A,l(J,c~(J)-P),A(J,appl7(cadar(J),L,A», 

error» 
evcon(B,A) - (~er.ror,eval(caer(E),A~eval(cadar(E),4,~evcon . 

~" 

I~arcb 3, 1959 
Author: S. Russell 

"( cdr(E) ,A» 

~od1t1cat1oD number 10 



The 2. theoretical apply-eval 

') 1. deep-binding call-by-name interpreter. 
'tC) 

2. evaluates terms and variables. 

3. eval contributes heavily. 

4. clauses of eval: 
a) variables 
b) basic-functions 
c) LAMBDA-expression 

/1 
'0 d) LABEL-expression 

e) evaluation of arguments for functions 
on A-list 

5. APPLY quotes its arguments. 

Theory behind practice. 



XIII. ARTIFICIAL INTELLIGENCE· 

Prof. J. McCarthy 
Prof. M. L. Minsky' 
Prof. N. Rochester t 
Prof. C. E. Shannon 
P. W. Abraham~ 

D. G. Bobrow 
R. K. Brayton 

_ L. Hodes 
L. Kleinrock 

A. THE LISP PROGRAMMING SYSTEM 

D. C. Luckham 
K. Maling 
D. M. R. Park_ 
S. R. Russell 
J. R. Slagle 

The purpose of this programming system, called LISP (for LISt Processor). is to 

facilitate programming manipulations of symbolic expressions. 

The present status of the system may be summarized as follows: 

(a) The source language has been developed and is described in several memoranda 

from the Artificial Intelligence group. 

(b) Twenty useful subroutines have been programmed in LISP. hand-translat-ed into 

SAP (symbolic machine language for the IBM 704 computer) and checked out on the 

IBM 704. These include routines for reading and printing list structures. 

(c) A routine for differentiating elementary functions has been written. A simple 

version has been checked out. and a more complicated version that can different~te any 

function when given a formula for its gradient is almost checked out. 

(d) A universal function apply has been written in L'ISP, hand-translated. and checked 

out. Given a symbolic expression for a LISP function and a list of arguments apply 

computes the result of applying the function to the arguments. It can serve as an inter

preter for the system and is being used to check out programs in the LISP language 

before translating them to machine language. 

(e) Work on a compiler has been started. A draft version has been written in LISP. 

and .. s being discus.ied bt:fore ~t is tra.lslated to machine language or checked Ol:t with 

apply. 

ef) The LISP programming system will be shown in this report to be based mathe

matically on a way of generating the general recursive functions of symbolic expressions. 

The mathematical LISP system is described in more detail in Section XIII-D. 

B. ENGINEERING CALCULATIONS IN LISP 

The application of the List Processing Language to the calculation of properties of 

linear passive networks is being studied by N. Rochester. S. Goldberg. C. S. Rubenstein. 

D. J. Edwards, and P. Markstein. A series of programs in List Processing Language 

is being written. ,These will enable the IBM 704 computer to accept a description of a 

*This work is supported jointly by Research Laboratory of Electronics and the 
Computation Center, M. I. T. 

t Visiting Professor of Electrical Engineering, M. I. T. 
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\vhere 
appq [m ] = [null[ m l-NIL;T _cons [list [QUOT E;car{m II ;appq{cdr{m un 

. and 

evaJ[e;a ]=[ 
atom[e l~eval[assoc[e;a];a 1: 
atom[carle ll-l 

~ar[e ]=QUOTE-cadr[e]; 

carle )=ATOl\l-atom[eval[cadr[e ];a]]; 

carre ]=EQ-[eval[cadr[e 1;a]=eval[caddr[e ];a]); 

carle ]=COND-evcon[cdr[e ];a): 

carre ]=CAR-car [e val [e adr[e 1;a]];· 
_ carle ]=CDR-cdr[eval[eadr[e ];al]; 
carle ]=CONS-cons[eval[cadr[e l;a ];eval[caddr[e ];a]]; 

t T-eval[cons[assoc[car[e ];a] ;evlis [cdr [e l;a]];a]]; 

caar[e }=LABEL-eval[cons[caddar[e ];cdr[e ]):cons[list[cadar[e ];car[e ];a]]; 
caar[e}=LAMBDA-eval[caddar[e];append[pair[cadar[e];cdr[e]];a]]] 

and 
evcon[c;a]= [eval[caar[ c];a ]-eval[cadar[c ];a] ;T-evcon[cdr[c l;a 11 

and . 

evlis[m;a]=[null[m]-NIL;T-cons[list[QUOTE;eval[car[m];a]]; 

eVlis[cdr[m];a 1] 
-.---~---.--- ~ 

~ 
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(XIII. ARTIFICIAL INTELLIGENCE) 

of the words with character information means that the association lists do not them

selves represent S -expressions, and that only some of the functions for dealing with 

S-expressions make sense within an association list. 

c. Free-Storage List 

At any given time only a part of the memory reserved for list structures will actu

ally be in use for storing S-expressions. The remaining registers (in our system the 

number, initially, is approximately 15,000) are arranged in a single list called the 

free-storage list. A certain register. FREE, in the program contains the location of. 

the first register in this list. When a word is required to form some additional list 

structure. the first word on the free.storage list is taken and the number in register 

FREE is changed to become the location of the second word on the free-storage list. 

No provision need be made for the user to program the return of registers to the free

storage list. 

This return takes place automatically. approximately as follows (it is necessary to 

give a simplified description of this process in this report): There is a fixed set of 

base r.egisters in the program which contains the locations of list structures that are 

accessible to the program. Of course. because list structures branch. an arbitrary 

number of registers may be involved. Each register that is accessible to the program 

is accessible because it can be reached from one or more of the base registers by a 

chain of ~ and cdr operations. When the contents of a base register are changed, it 

may happen that the register to which the base register formerly pointed cannot be 

reached by a £!!-cdr chain from any base register. Such a register may be considered 

abandoned by the p!"ogram because itE" contents can no longer be found by any p(lssible 

program; hence its contents are no longer of interest. and so we would like to have it 

back on the free-storage list. This comes about in the following way. 

Nothing happens until the program runs out of free storage. When a free register 

is wanted, and there is none left on the free-storage list, a reclamation cycle starts. 

First, the program finds all registers accessible from the base registers and makes 

their signs negative. This is accomplished by starting from each of the base registers 

and changing the sign of every register that can be reached from it by a car-cdr chain. 

If the program encounters a register in this process which already has a negat~ve ~ign. 

it assumes that this register has already been reached. 

Mter all of the accessible registers have had their signs changed, the program goes 

through the area of memory reserved for the storage of list structures and puts aU the 

registers whose signs were not changed in the previous step back on the free-storage 

list, and makes the signs of the accessible registers positive again. 

This process, because it is entirely automatic, is more convenient for the pro

gramme!" than a system in which he has to keep track of and erase unwanted lists. Its 
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(LAMBDA.(N),(CONS.CCONST,NODE),(NODAL.(CDR.N).(INTV.O)») 

(LABEL.NODAL.(LAMBDA,(J.K).(COND.((NULL,J).K), 

«INTV.l).(~EARCH,K,(CONST.(LAMBDA.(X).(EQUAL,(CAR.X). 

(CAR,(CDR.(CAR.J»))). 

(CONST,(LAMBDA.CX).(NDLIS.~.KI». <: 

(CONST.(LAMBDA,IX),(NDLIS.CCDR,JI.(CONS.(CAR.(CDR,(CAR,J)l', I 

K ) » ) ) ) ) ) ) ) 

(LABEL.NDLIS,(L'MBDA,(J,K).ISEARCH.K.(CONST,(LAMBDA.(XIt 

( EQUAL, ( CAR. X ) t ( CAR. ( CDR, 'COR. 'CAR. J) ) ) ) ) ) ) • 

(CONST.(LAMRDA.(X),(NODAL.(CDR.J).K»), 

( CONS T. (LAMBDA. (X·) • (NODAL. (CDR. J ) • «(ON.S, (CAR. (CDR. (CDR. 

(CAR,J»».K»»»)) 
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