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Preface and Aalmo\,11edgements 

This li1B.l1Ual was mainly 'l'Jri t ten by Fox on the bas is of 
i.nformation suppl:ted by ft~~Oarthy a.'10 the author-s of speaifi~ 
sections of L!SPo 

The overall design of the sye tem is the ~'ro~h: of r,laCa!?thy" 

Certain idee.s f'!'om FOl ... tl~anl Geler-nter fa FLPLp Newel1$ Sl'I..a.w 
and Simon's IPL, ~~d of No Rochester wer-e used~ 

The a~ply operator \'las wl"aittsn b:y Russell star-ting from 
a pr-alimina~T LISP version by KsCarthyo 

The. print and read programs wel'te l/1ritten by I~!aae.rtl1y and 
~~lil1g, ~espeetivelyo 

Tae garbage collector was t1ritten by Edwardso 
The parts of the system dealing with algebraic calcula

tions and ~loating~point numbers were written by No Rochester, 
So Goldberg and Edt'Jards 0 

The compiler .'Vas written by Brayton t'liith the assistance 

of Parko 
The fle2to-system was written by Ed\'!a.rci.s and Luclthamo 

All the listed author-s ~ontributed to the collection of 
flli,ct1ons available with the systemo 

The secretarial ~'lork was done by I.ws 0 r-1araia l'lebbero 



------------, 

• 
J 

Additions and Corrections to LISP Prelimin~~ ~~nual 
3anual'7 29 ~ 1960 

Page 2~ last tt'IO lines should read: 
a ~ a list of pai~~ of the form, (atomic symbol, value)~' 

used to assign values to free variableso 

Page 5, The fW1ct1on define is really a pSeudo-f~~~t1on (see 
below) 0' Note tha.t define mal:es the use of' label desirable 
only t'lhen the labeled fUJ."1gtion is itself the result of a 
computation and is not to be put on an assoeiation list 
for sto~age reasonso 

Page 6~ A further distinQtion should be made between· funotions 
and pseudo-funotionso In LISP a function is evaluated 
for i.ta value as such, Gogo car\!.A,B,C)] Iii"! A2I t'Jhereas'a 
pseudo-fw1ct1on is wanted for its sffeet rather than its 
value, Gogo define, compile~ etcc Tilere is no differ
ence in form howeve~ between r~~ctions and pseudo-func
t~.ons exoept that pseudo-functions are not usually used 
as suo.expressionse 

Page 12~ Note that the compile~ de~troys the ~R and S-expres
sion on the association list of the fvnction it compiles. 
!f these are to be saved one should compile a copy of 
the funatione. Compile is a pseudo-funationo 

Page 11, line 3 should read: 
of each triplet should be punched on cards sepal~ated by 

one or more apaee~ (blanks) 0 

Page 11~ line 5 from the bottom: 
That i8, room 26-265 at MeloTc: 



Additions and Corrections Page 20 

Page 223 line 9 should read: 
There is a free-storage counter: aalled the CONS counter, 
associated tlith the LXSP systemo 

Page 25, lines lO,1~!13,19,24 and Page 263 line 7 
The name tI'Ml':less should be changed to tracl~lis t .. 

Page 25, line 17 should read: 
FLwther2 the function must not oe one of the ones built
in to the APPLY ope~atoro 

Page ~8, replace the last four lines by: 
direction cards (or type-ins)o One can then type either 

--,..'> bFINbb :'\ .u. 
to' end the run, or 

.~~bCRDbbl 

to return control to the card-reader for the next direc
tion card, eag. TST,SET~FLX~F!N 

Page 30, line 

:ui+-L . 

11 should read (b is a blank 
>= -_~ bFII\'ft?b ".\ 

t:-

(space») : 

Page A5:1 lines 6 and. 1 'from the bottom should read~o 
Of 

condrX~;X2;GOO;Xl~ : machine 1mlguage; special form 
..... -
The fQ~ction ~ has a variable number of argu-

ments ~ach one of \'lhich is a pail:' of expressions the 
first of: which is propositionalo 



----~~--------~ 

P'l.-'<'ogr-c.m Fe<.:ttuz:e 

Compilel'> 

iLl Genel-'al lJ'esc1:iptic-1'1 

ll,.2 Associaticl'l !,ists 
f; 3 ~.Oe 

' .. 
5;", Ej~er~~>ses ~'Jith Solu.ticns 

6 e Ftlnctiol1s Available ;.tn the LISP System 
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as its eam.1s f' the E1a.nual 

'roei'eb-S to the s~stem as of Jan!J2.~y 1,. 1,9600 
1i1 the ~.nteb'lasts of quicl~ pu~li@at.ionl! the t.!SP system 

Ft-lnat5,ons of 

S~;-m~'il;(~ E;SEIf~s~;1.2D-s ~.nd their' Com9"uta~tiol1 b~7 [,z~~hil1e by 

~1Jc!1:-' r·:-:.:.G:a:r-tl!~T t':ll:f-"cli e!;~Gs_r~ed in tl1s 1·]0 X Q T 0 ReGe~z-;cll Labol.~a. .. 

gives t.he tl1eo-

il1te::::pr-etSj7 par-t of the systemo 

tioi1S .may b~ defined by 

'i'JI";tt-e~ ~ a p~-;::kag~ of Z"vutil1es, to cC~'lt::::ol the input-output a.a.

peets o~ t;1~ fleAO'i'I:!?iter has been aype:no.ed 'to the systemo 

Dss~j~ip1;icl:S of. thase ":.ral~iot'!.s i'eatt!r-sa er-e gi.ven in the rr.ariu-

a1 tose-;;t.~~; i:Ji th all e:J:;::>1a11Ett:1011 of: ths pj;o,~~d1.u:e to os f'01-

lcl':ed in s!..:innittinSl! Y'll..'1l1ing ll &...111 Qehuggin~, a. P~},C~l"am t'ix,vi~-

ten in ';;he L!SP lax&guc:ge 0 

The i~:ln.ds· of cOIl1!Jutations fo~, t-:hieh LI$P ~s !Suitabl~ are 

primal~ily those involvip..g s,y~bolic f'm."lmula Gv&iuation, pa,r

ticul~x-1y of a r~c~sive r~t~eo ~ae hetu;istics to bs tried 
~t>t ..... n<7"'1e_'"-' ..... ·ihr:""'e:' .... ~ ('?.!'l''''1''_t''l'~ .... ~Ylr<. _""~.,.n ... c ... 'i:"~rr: •.• p •• A. Pi','. J,.,'A ~~"I">'SIA~d 'C~ __ y ......... t..Jc..:.. ~ l==-~.~ ...... ~I..~.:::;. "".Y-=- C,,=-"H!'~ J..Y1~ .... ¥~:: .. '.,. ... -~ t~ -. .. _-.._ \..J...,...,J.5-"_ .!..-"l.!...b(;.;,_\;;; 
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I 

I ~ 'ii9 

is the value of the S- i'l;.nct:tO:n 

J0:.:;wmJ.e 1; 
r ..... __ ..-....-

As a simple i"iE'st exaffiple consiciel'l the ftL.l1ction 
(:.oi"ls [c~'>[yJ ; Cdl~ [~J 

't':l1sr-e n~ ?r-aa v8.t"i.ahles need to be assigned .. T11e argu'ffients 

'ij'~"H'='~"~i-l 
'1~C.~k ...., 

lista 

f: (LAf.lBDAs {Y gZ} ~ (CONS:: {CJ!.R p Y} f? (CDitttZ}) »~. 

x: ((A~B)~(CeD»e 
a: () 

"'!'"O .. " .. 
CAR, 
~ ~i1.;B) », 
~ ) 

s ~ru.~ U.A~B~J 

the lists x and. a 

The 

I~ote also tlw.t the LAiJiBDA definition is not 

It would he eorrect but t¥'111ecessary to 

r! (~lI,.r.ffiDAe ~Y) $ iQP..R~ YJ L 
::; ~ ( i A E- B) L 
2.: (» 

to 

" Tns 



k;iff"~!".::q-'!'ri;ti;.ki ';9 '*,:;';";"-6';';/ ~""ei ij' f~&1.g; .-, -"eie ""=--;;1":,. "j';N;- l' .. ,--~ riiiJSi-a!' h fiRMi+t'es""i§?'"'iV''''':'';? £:''b;;-~ ~'--''''''iii'6#P -"";(SWiw-ri.rtT-;-~-~f-h-··:';"jf1iPtM'·YztiiMt"ttlB .. a;?Ier&-Tt',,~,er==·'f((6 "? 

I .' 

1 J 

""- 1I ...... 
{LP"y.;E;")A:J ~Y} t1 {CONS ~ '£' ~ Z} J ~ 

{All! 
a! i {z II {B ~ ) > 

e.~,ply [r;;r;:;qJ Pi! ~ @rJ ;consG;; (EB] Ga.] f3 

al~gvEsnt~ y~ is given as A 

fr-2e var-iable~ Ze is set by 

Ej-~~; .. !:lD:.~ ~: 
-~---

'2.11::: fo:,-lo\·~ir.lg e:l{afCgle in·~tol~Jes a fV1i.(~tiol1 u.sed re
"''''-=P. :'.,'6 l)i F,n t:"1.'~~ ~ ~ , '" 't-o:o 1 a~""f>-i ''''-i ~~ ..... ,""' -1 0:', ~":':>""'~~i ~';""1'1 \:;~ iJo.'_'If ~~ -. _ ~ ~_.v. c:. ..:;.{;;".;w-~._ I.w.o~J.&_v~"""'':'li...b~ _~\r.l~.t-•. ~c.:;:\ditw4~ 

:3u.bstG-:ry~z i EO rat;ca1[zl-?,rv 9 z""""""x;T---;.",;>zl ~ 
- "r~ ;~.~~1S[stilist G-;:;~T;e~r- CzJJ~.~tj.l:?st [xey;~~r' [zJJJJ 

f'~, (LP.:BE1:tSW3ST~ «LAE5DA~ (x,l: ~z) f {C:0I~D8 f 
rfATOlii"Z) fJ ~CQED:r ~ {EQ.~ Y czj eX} 1: (T r z) j» E {Tc. 

(C{3l\JS {SUBSTfiX" Ye ~CI1R, zj > $ (SUE8=r~X; Y' g (Cr8E Z J) jl )} » »!l 
~.~ ({A~BLD~ f(D~C) ~D}» 
a:; ( ) 

(I "::lrf'}~ cr:' .; 't:) 1 i """ of' ~ 'hl ti ... .o "": ~ "" "':-0 '\~~Ve')~"csl) ~ ... ,.. _~~V .. _ _ ...... _ .~ c",u.vv~ . ... ~ ,I 
Si<TIl:) 1 .. 61:" to teo at,le to m."ite T ~Ol.ip> 

t:::'uth :f ~r i'fJ.si t~ } . 2~"lie . choice r.as 
L!SP E~Tste!i1 to ~eC1uij;e t~te T {O!~ F] 

It is 

and so fo:!:~ the cases of 

usage .... 
{Q;~Cfj3:!Fj m'e to lle ~epla~ed 11.y T ~":l1d F :r-espeetively, w..d 

onl~t th'3 laUjel~ eq:l76ssions '{;~il1 ~\!Ori'::o 

A: prog:r·am for the LISP system consists of sequences of 
i'p-;;a t:i?iplE·ts f;Jtil:U!-'lg togethel.~o 'Faa APPI;Y oper-atel." automatic

~lly ope~at~s on ea~h t~iplet L~ tur-n ella r.etut~S t~ith the 
va2ue or th~· t1">ipleto 'file details for; sti.bmit~inz e~nd. J:UI'I.ni!l--$ 

to only 



': \ I a 

for a function may be alr-eady availc.ble as par-.~ of: the LSSP 
system .~ .... s:C> "I f' 

~l, ~.--!J :1..n t'ihich l'Jase it ~.ppe$.z;s on t!18 list o or.> .t. rUi,1.c.". 

t~~'O!1"S -givsll il1 Section 6;t or it tray ·t1ave been pr-cduced bv .... 
the LdISP cr.:r.npilel"-" . Jrn ei tl1el: ~.as~" if a ma~l1:j>pe -la.nguage 
subr-o~tine jefLies a fun~tionp the aseoeiation lis~ f.o~ the 
Tl2.tD3 of t-;he i'unction '\:3i11 contain the and 

- -=1 -·-~-C~r~_ f r------?·lL_--:_-!. _____ ._!-,---~ 

~~----------. ~r__~~~~!.-2~--~--1~-;=-tl-t-~~-~-!l-e-~ 

If:; on the other Ital'ld$ a fun~tic1'l is dei'in~d ~y mea."lS 

of a LISP S-e.:::p~ession ~j7~p:;:esenti11g. en r4-:expr8ssion) t'Jhieh' 
is to be ~&rrtel"'Pr-eted clv.l~ing the 1:lli""ll'ling· of a L18P progmm" 
the ~1dieator 'Ej~~f'is on the essociat~on list' ro~ the ~~me 

c~\"ailal1::'e 1:) the f;,lSP :::ystem itself:1 ~.n t'lilich case it appears 
or.!. the :'ist of fU:~'1ctions given 1.1'1 Sect5,oll 6,? oi; it may. be qe
fined b~" th(~ use~ by using the dei'i!1e flli1ct~~On'1 Define' is a 

':?.k~ZU1'lction of.' Cl-;e 1Tru.~iable t'Jhiah is a list of' pairs G T"ne 

first m8m:~',:'@:.:- of each pa:t!.~ is f'" fun3tion l1ame.r at"'ld the second 

ffisr..1t·e:.'l :~,s coli e:;~'pression d€"7f:tni.l"1g a ftm.ot~oil \';~ .. th that nams., 
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• 1 

-

0' '';~-' -.' 
- -

fi· ar..ci 

lis t of t~H,) pai:i:s to 

.,-. tl I7 'fv:-;1 r{'.B-l .. Q,.~, ((Y'\ fi-F..r'F" (I (1 r. ri-;'-j',., -;-li. -:-t 

.A_~ ~ ~ \\~.L'!, \)~-- ~~.J..J';~z \~ .. '!'j,e t\.::;~~ .. :~.!.../~ ~J."'_.,'-:'ti.';;~.::.._/J Ji"a .. J1 ~ 

{T, {Vi? t: (CP-.ReX}) » » » $ {A:LT:t (:GPJ.iBDA~ (X), 
reeHm,. ((0" ~I\nr.LL:1xj, ~j}JJLL:r (CJEI' X} fi J :;K)., 
(T!I (COES, (CAl"tiX) ~ (AT,T p (CDR~ {CDR!?;:} ~} ~»j»»)>> ~ 

e-: (» 

Serre f?"r-theZ' amplification of the fer-ms tl'le funetion f 

the 

Zf either 
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s Lli;J;:~':.'l.tine m: an S-e:~pj;eSSiQl'l re::;:!lec t5,vely f. is u.J~ed to evalu
ate the atonic fUl1ction of the list !£ of argll!i:sntso If 
l1E.ither S~~ O~ E}~R is fo~n1d on ti1e ascociation list for 
the fm1ction, then the a-list is eear-ched for- the fw~ction's 
atcmie Eyn:'bol, e,J.1!i the exp:i:~esSiOl'l pa~:r-ed t:Jith the BYwool is 
used to eva1.ua'ce the at.om1c function of the list :tk of ar-gu.-
mentsc 

t.he; second element of the list is a li~t of the 
naEes of' the: dummy O;? horu.:d vat"}iebles fOl? the ft.'!..!.""lction g and 
the tllird ~~.2.st} element of the list is e fom fOi."1 ~he f't..':L"1.C-

. 
Tlle APPLY ope;oator- taJ:es tlte t"Lt:i.mes of. 

tile d.tm:l~:Y vf~;.:iables and pail:'s them \"1~J;l1 the values given on 

the list ~ (l.r ar-gumantso ':If ~he tt'IO lists are l"!Ot of the. 
Otl~e_;:t~;ise -the list of 

pail-':S i:::: ad:.ed to tl1e f:r-ont of the a-list.. Then the thi~ 

€:valuCl"ted Uf::iJ,1g tIle enlarged a-:tist of pairs of 2.sl3igned 

v;.1ueso 

asnoGiation list is sear-~hed to ~ee if it is a constant {ais-
:n£!,bled. by e:,tl1el" ii.f!V~ or AFVALl OD its assccirJ:;icn list
efc SGction d!.».!5 and 1.1' SOg the value of' the atomic f'or-m is 
the cOl'"tStant:1 ic eo CaELk" if the list to wLu.ch APv:J.\L or 
AP,rfu.al poil'ri..so .If the atomic form is not a eonstants tba 
r; ... lisi; j:s s~·t:'.l~ched for the most r-ecent pai,;il'1g of this 

VaJ:ift~le cn the a-list c ~d the value giVE::'l b.y this' pE.~ring 
'"' ."" '0".1. the 
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appl::ted to these vaJ.t'l.8S tosetter 'l1i t11 

~see E1::E:n:pl(Z; 4. above >:j tree second element of {:.he list is the 
~' ... !:>.-I'.O.~ ~f' t-:.'l-o,.,.,p' f',?1·1 .... ~~I-"\,... ""'u"'l { ... z .. o ,·,j.."'/ ... ·A I/<~a"'{-~ ""r.cr.c:.~(~ A'-;> t:.""' •. e l:..d.. "£0' ~I.b "'" ~ ..... '"",.,a. ... "..9t:1~ ........ _"" tJ. \o.!, v..\~~ l! ... c=b~ ~..:::.- .i:jt..';/I 'l.u~""""'~l..!-(;~Y v.!. 

list sec-end 

If the fi~st elerr~nt c? a con~ound flli~c~ion is F1rr~ARG~ 
th~ Eeecnc!. element· of the l:tst is a fil.nction definition, &.ud 
t~1e th::;J.7d (:,as t) element of the list il,s a. pc;u~ticm.lar list of 
pail""'s: an 8:ulist-; to be UEsd L"1 evaluating the. f'me:ion. i~~ 
place of thE: a-list of t.ne APPL'Z ope:;;atoro. £%1 o~ ~ Jj 

-. I 

~ ......... """. r-\ [,;-:T;:'j~Br.· .. N .? 'h..'." .. ;\ =: r...'!'Oo 1" r-~ •• "'.b:l 
c"~,,!:-l..,J ~<tI Mi~_.l;'I:-T:,.J. 8 k" h:'''E:':.,J -- a.!, .. p ... ;y t! zAr P..Jo 

Cel'taih GcmpCt47-d £Ol"m5 are ~la5sif'ie.d u..-:.1dGbl' the heading 

of S,.---·.,..;:~, ''I'"i-av;;:-;,s "'r..:l lO;"~,~ e",,,,·;<nu~t(.!.r! "H·?f'e~;.'t~..,t.'i1~ f'r·om t~e us'ml ~~''';c..>_t..a.o u- """~ J.,l.J.. ~61ooC. \oooCr..o __ Vc.;&..,!!.. _ ~'"'"' \oJ,.~-,"_" ,,~...c~ __ c.>-~- ... ~ 

eel.sa 0 If t~.e f~.rst element of a ecmpow:d rc~m ie one. of' the 
sps-::;ial fQ~iil8D t~:r-e r-est of the· elements :In the a<o~cil1d. form . ." . 
a~s treated i~ ~pecial t'Jays describsd oe10t4 under the' per.ti.-
cv2a~ cases~ A spscial form is signalled by either FSijEL~ or 
FE):FR ~.ll p1.2.ce of S1Jo"ER OJ:=' EXPR on its associatiol'l list" 

teing evalu~t6do is 
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• l 

pcsitidT~ ~:e evaluated tu~til one is found that is false or 

n,- • vrt l,.S f~ .. special ro~n tn test of the propositional 
exnressic;;LS follOi'jing OR in the list STB - . 

true 0 prcpoEi-

. . 
system u.ltirr!Eltel~r 'Nill he to handle 

Flc-ating ... point nv.mbers are desig2mted by a de~imal. point 
8,ppearir:g t'l~,thin the num~er~ e~' go 

:?s used. fob' 



· . 

Su~h num'beb"s can be z:ead 5~n Nithi"n a L11SP r>rogz:~rn» for 

e::ar.role the 11.~linber 006 cat''''! ba used :tn the f'CJ7n1 to be evalu-
, ~ 

~P!.tlJSs006!lX) 
5s.:plicatioll X in this 

"1h:i ,"h ~-s t'1ed to it ..:> .... ~ O"~03""""'J..-e o~'" ~-i"t':' .... l'i~'-~ _~ _ ~ ... _ J. Y'&' v .... c..-m.!."J - J..j. ."" <t;~ .=:- _w t.t J) 0 

l:.n associat,ic;n l:le.t for' a float:ti1g-point nu.r.ib3r> altJays 

d8s~gnation FLQAT on the l~st in pl~ce of 

The effect is ~ather 
:G1e staten::ents 

S~tmhols 

used as loc2.tiol1 1'i1ar!~ers t'ji thin the progl~am 0 

vmen a list begil!ning with GO is enao~~ter-edE the ~est 
of that list is evaluated lli1der the ass~~ption that the value 
~'lil1 be one of the lC~8.tiQn-r!W.rl:::!.ng atomic sYiL1!ols '" 

v2-.1ue ~ (Un uhen it, is fov':''ld the statements ili'JIl:ediately 1'01-

l·:ming the 1.co.ating symbol ar-e eJ;:ecutedo A ~o_l1c1ition.al e~

p:i:eSSiC~1 ,may 'be t~sed in a go list~ alloi'ling conditional 

J:;ranchi:L'1g c 

::itt' a l:Jst beginning t'lith RET1.J""RN is encounter-ad:? the 

:-sst of' the list :ts E.n.ralu.ated and the !'asu.lta.l1t value is the 

rim:.:!. v2~1u.e of the entii"e P~'Qgi'7amg 

The ot~le:,:~ s taterr:ent f;~,n,-:iUs appearinB in a pl"tosr-am are 

evaluated in sequence but the ~esulting values al~e ignoredo 
~1is i~)lies that these forms ab'S impo~tant ffiainly fo~ their 
act:J.0118.; sU-:'J.h as cha11.ging lists of vcS.r-ious ~OX't6g r-ather 

r1:.~ f;..~~" 
{:1'_2l" ? ... ,-~, \:'~,;"".AC.,7Q V!!i 1 ,~oc:! 
u ... _s" _lOr ..... ~ ""G"_~"-~Jic:.. c;iiJ~\ot..~..a 0 

_!.': r-_--.t.~~s::::_ .. ~~~1!.! f~G'3::~1" _tr~~P. I .... ' .... ~O C! l. ... ~~, .. *-;, '"*1'·"-:0. 
_ .... ..... V'1<' ..... -- __ ~ .~ ._ ,,:., _ ......... __ t.!'"i.:.l!,-.::> Q ~,.,J ......... \. .. > lr -..:-.~ ..... S 
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I • 

!t is also even pos-

~o prc •. ·~~de even U,O~e fle:i~ibilitY:1 the i'Ul1cticn L'G~ t'~s 

GS211 pi"cvid~.d 0, LOe is a fm'l~ tiol1 of one a:7gf).rI~nt}! the ~me 

cf _2- pl-:~gz.-ar:l Vm?i~1ble tl and tl1~ va.lu.e of LOO i~s the lo~ation 

LOJ~ asain ts 2. special f\)i,'tilljt c~ailc.ble tc c1Vo:ld th~ neG;.} for 

Q,TIC1.~o 

~EPLl\OA $ «Lf2G r. {Q1tDTE 8 V} } ; E » 
~npLM;'t~~ ~LC.oQ~ ~n t E ) 
~8~T- fQtiJ-Q~~' ~r~ E~ 
~ .J.,;;ie-~ ~,.., ~e,l.,.;.c,\i ut /} 

82'e all eq~ val~nt, in tl'leir effect (j 
T'~e follot-ling is an example of a prosram using the pro-

-- ----------
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TL1~ L1SP Compiler is itself a f't.'_n~tion ehich is 
e.va!lab;2e' tQ t;lw J;.pply opel'tatorB a..?1d it 'is used 111'::e a.-:.y 

'jc .. ,~ 
... , .... ..,.v 

COfi;p:tl~ is a f't.metioll of c'ne 2.rgllment 
to;h~ ~h iE· 2. :tis t of f'w:w ti.on def'ini tiOl1S e each enG or t'~hich 
mus t c'e of ~,iha r.Ob~m 

f"f';'C''''''''' ft11\~"""" fl-I\~<"DDn E o!"(o~ .,...%\\ ~);.-~<r~~~"'ti!'-':dFU!.$ 1!!.l..L.l-t!'ir;.:,;l •. H. y,:::;)!~·",,,,, .... bC&:'Li }j'e 

Tb~ QC!i';pi1e~: c:.r-eGl.tes a b:t119.J:'Y pi70p;r8.m for t.he fUl1c;;t:ton ,{Ol'" 

tu:.:~tiCl~:'s ~ t~;.a t-;he value of th.e (;ompile is eo liEt or !l...att1es 
of" the fun.~~:;ionB com'oiledo A SAP pr'cgz:am j.s P'Vinted OlZt fOI" 

ee.~h f't-lf;:ctio;') CC.~'il~d{on~line if' 6i:Jitch 3 .il3, Cl.ot·mp othel':l

t';iee off-linG'\' Aftel"> e fu.n~tion has bee:k1. corr(:.-:;il~d:; iJ:. can 
f 

b~ t!Sed a.s ~.f 'it h.ad been defined,? but of: courae ~,t \'i:1.11 r-tm 

The C.otlp11er proceeds in three stags,s: 
1:' (teneration of LISP-SAP 

2-:' Gena?atS.on of Bina.;y P';JogiJem 
~- tt. • Dt ~ f'...'! ; .t •• '01"'1 
~ , ' ''''~' ol'.!l_. t1:r. l.o 

L'2SP-SU? 2..8 SAP in list~ fU;fw:; feY" e1:ample 



tI , t • 

t!;;2 J.f:St element. above is used as it is j;1 SAP to t;a.g t'~ ....... -,";;, (;' ,~r'-
! 

boIs \'Jhich nzeci. to have a m.emoi:;Y- locat:i.on assigt1Sd to t!len1~ 

lccaticn~field SAP s~'1i'JJ:ol() 

Aft:e:-- 1:;1"'1.0 OOffiyilel'" has c,:;}aated th.e LISP-RllJ? p~ogl,.-a41 for 

in memoz"y 

as-
GociatiDn list of: each compiled function the item STiER point.:.. 
1ng to B. T:xr~ in.st~uctic11 to the a~n:n:opr>:tat~e compiled pr-o
gl"'amo Th:ts hz~p:;ens even if a Sll"R'1. l1E'.d ·a1.:,:~ead~! been -em the 

list·~the ::lG~'J SliBR l1aB p£"ec8dence end a~ts as the cm~"!a:1t de-

has a col1e~t~.cn of fv..ncticns trh:'i.al1 he 
if soma of: the i'u.rictions V.s8 eaC!l other 

heen cJ)mpiled <> 

to 

tt"'" m -•. ~H'i"ra 
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~ 
~ 

-.: .. .. :. ( 

., 
Q~::':P~:LE f: (1-, -~"x ~ ( ~\ : '~F Ii'~ I ~- ~ 1\ -~- !/ Il /) 

,c-
C?O!'~!LE ( {V£; \ } ~ 'q 

(.;: u t, 
~ - ... # ' g ~ 

3·~ COI;:11J:.CLE ({F3,F~-~ ) ~ 
{ ~c 

tlle cos2J:iJ.e~~.t SO it is possible to t'Jrite s~.mply (CADAR:>X) in 
-:.~ --1 OCl tlRr:n {?nn,;, t('t{J.R v\ 'lI '" =p e (,'!l .. ~~ ~"l"" o~ 1\ fa "' ....... :1 D'''' 0';;> .;...:;.;,:;:"" .!. ~ l"'.t'.~·t ~ ~ \,t--I..I' \ \0".-•• ~~ .. J t /) .. .!l.,L Q, .;.I I\:>.L.J. ..... .;b J..n ~.~ ... .:. 

IG~SE:h g:;,;ee:,&e~ tr:.al1, t!"~se is r-~qui!'-edr. it is again nSC~86~'""Y 

t~ ~O~~ the furr~tion by compcEition$ io eo (ODADR(o.fu1,X)} for 
,f ~T' r, ".f, ~ "I.~~ 
'\ ",u..,.i.J':-o'-l. z Ai .. 

'}.:~l?, 'J.("';: __ -::--Jil .... o -_;. ~".::tl1 "" f-> F>r.;.-•• I • . ,~,~ ... ;' f' .. '"", ,. ~ f"\'n r-::.~\"'~ ;"i·~t~ n.n' ·ror.;-·{-~~ , _ ___ \;!..... ~. __ ___ a\::9~ __ .,:.~ l., ~J.v ~ 'Oij.a.~ t..'tJ:,.V.L.... ..."'-::" __ .... ~~..r. .;t~:;,~~6 

\':hie;h i~ f:.(.. }.&ptable to the inte}~p;:3tet"i) t e;:e.ept that. the Pr-o
gz:am' FGE~tv.I'd is d;tf'f'el~~nt in!3ofm'" as the GO stateu;-3nt is 

e4Pr--e~,s~c.27!.~. JO get a~~und the restr-ietionE cc~:ditiop~,l 
.~.~ -

sta~et:-:Cltsr.:ff-!J thsIT':.Sslves allot-Jed as setiol1 stateuwl'!ts pro-
vided tl:.ey sive r-ise to a stmsequent aet5~olle e" So 

iaOlw." (P1e tGO:P..j j t} (P2 11 {RE'i.\v:RHt>X~). t' (p3:1 ~SE'~~tB,9 {C!illt:B})>» Q 

FV.j;~i1e~i.1o~e ~ cc,r!.di tS .. onal e~l:pr.-easions ~S· v.sett h~z-$ . do not n~ed 
to in~1t:~.e :~ tr.:lle ~T) a;:;ticn.. !f !10~1e of the conditions a,r-a 

,satisfied;, ~1".e l1e7.:t statemGlnt i..~ the p~oGl'·a..m i'ollcming the 

of' the PRCtf for sea~ch gi VeL? in the 

(1P.~zDA~~LEPIIFN,Uie(PRQGs{L~)$ 

h' q,""'~CI - en - \ \\t.;.!1;.t'~", 1.1£ t.w J !J 

(SET~6LT6(ODRBLT)~ 

<GOb TEST) 

) ) 
~~"'- C1"';,~ a"e._ b'£:'~~ ~-;.;:; tid' 



'1: ~ ., 

I 

I~ 

" 

• 

fil"'Sli e1ement is ':EXP" Q The second elem~nt in the £-6:;'

p~Gssion is a list of dun~~ variables of the for-m (X.Y,Q.o,Z} 
't'illez:e t11e fi~:'8t dv.mmy val,"iable 8 tru'1ds f'o~ ~~he location in 
t'Jhicl:. the value of the macro ~i.:."'l the USP sense) is to a-s 
stored" al'ld ;'lller-e the rest oT the dttiilE;y variahles are the 

t:ol"'I::ing vru;it~~les 0 T"ne firs t val:5.ab:le fr.v..s t e.lt:!(;~Y8 be in

clucied evel1 if it is not t!sed e2-:!llicitly ,tS L"1 the first ex
e.mple h'a~tcst'1" 'l:ue r:est o£ the .5.'-e}:pr-ession is a LltSP-SAP de
finitio:1 of' the macro D The el-::tra. null lis t B (~D' in eaoh in
stl~uetiol1 11.31ot'3 is r-equik"ed by a vas.&'Y in, the ~ead progl'"am .. 

T}1':~'?ee 0::~amples follow 

~;;Ol.i"1,a;l ff (EXP $ ( (X»Y) I ( {~11 CL..Il: Y~ ~ « ~»g !J)Dfj Ci:rE> (! 

{(L ST01iY)) 
A11 thi;3 ex-aITil'le, even tl1ougl1 the dur.JF,1' variable X is not 

used enplioitly it must he ineludedo T:~e effect of the mao!.'o 
:18 such l!Jr~';;" t'!i1e1"..sver the fUi'1etiong COm.iT.I' of om: ~gwnent: 
say As (C01DFCLtA) is mentioned at some later time :i.n' a funa
tiOTI to be co~piled the above sequence of instr-uctions is 
compiled as a~, open s~routine in the aou"iled p~ogr-am with 
A subst~tuted fv~ Yo 

P:.~:,ill:f..m 

((;Iffi.!1, {EXP 9 ({X., y)" (~» 3Lj;J)~ y 111~) D ~ f~ tJO"..GP. 1I O.t)t) It 
f r ~ ~Pi'1XJ1t\.l~» 1! {~}, I SXD;> Xp 4) ) 
~) 

!1'1 this eJ~rnple9 the value of ew i.s ectually stored at, 
X" thot!Sh the .ffu"1ctiol'l is still a ft.mati~ .. n1. of one argument .. 

~UNEQ,:r (EX?, ({X; Y ~z) # ((«» ~CLP.:>Y» 11 ~ ();,SUJBpzj~, 
{ f» fI~ZE, {-3-+2), ({} 1'C-L..~; ONE)", ({} ,S'tO, X)>> >>> > 
(» 

:Note that' t.1"~s SAP notation ~~:-n is used he~a 0 xt is e.1:
~zo~';ed only 20r 41. s -i r 2 D3$1l·,,5 ancl lfot i'm.') n ~ 0 or any othez:a-



I • , • 

E3S 

S£A~STDpSTO,ST~,Si~ 

r;:~~V' ".-Tt" !Tl";>TZ qo II ""'SY r.1~ t'"f\VV, r,;"'..'"f fj'#7'C' 
Q.f:.A~ rt:t!"t..t"'lJ obt,,," 1t l~4b.t'1y b "'&'1' ~.f".,J.~» ~.Jla_'!'!-, ..:...~ .... ':e .reLi£.t 

tI-:e state 

IJ~~g!:.~~~n:~;':~J~rz~ 1 :!,.f;~ ti10 [~PPLY oljer:Gto~:? Jt t:znie:ll is bB.r!€cl on t11e fU.l~C-

~ ... "t' """'-A ~"~r.,;,i-:1' l ~Q~" J 
\.!"~'.!..J~:' C~.;':'~!~"- ~~;,..:'},..!""G~ 0 

----- 1·~ -

Here f is ;zn S-e~tn.~~ssicn for - - . 
>~-'- .... ~- -1'" ~ "'I"'~- -~!> ""w,,·.~ ......... -<-,., e.-"'~ "" "'<!f ,. 1~8z.. oJ:> 1"'-"-· ..... 8 v.L·~~~, ..:i.. e:..b~ ;;;, c!:.~O '-' u~ ~ 6r.t!uc:;~t~.t::, ~-!~t ::. b'W". c.!, _.!- v J. .r.:..J.o!." c: r 
!l!'..-:st tS'oe l1:!!.:n'l defined by 'th.e DEF!1-lE fUl'lction or 'by o~e of 



C'1l 
V 

.. 
.. . ., 

(;':.",,!u.mT:B ~,-1E inclusivE!' of the ptrr.!.ohed c::m.'ld aJ':6 l:aad by ,t L 

t1:2. It:tSP :i7sad p:rDg:tJa.Ti1o Gflhe S-expression foI" llh~e fz!;', and a -/ )\ 

of ea~h t-;j;-ipl~t should be pun~hed on ce..rds sepal'"ated by (llom-~ 
mas 0 c:;.;11e.;;:~;;rr:e no rules about tr;.e location of the el~p~e3-
siens 011. ths CC'.1.'tu; 

"'~n e""""'';~~~~,,; .... ,., r.!'·u"'1 c:w..:."" "'~e!;.)c=.~.~hJ~ .. ..!.;:,_~ o.. .... ~ 

a nel'l cru:d may be s taJ~ted at eJ.1Y point in 
the pu..·I'wh~ng 011 a gi "!EHl cab'd ~a.y s top at 

s~;mb:ols 6 'T1w l;ead prog~anl ignol'tas j;adm:.-da11t comrr.as 

so a. d:mb4e bls.l-llt {bb~ fo~ eJw.mple is a;~8.d e.s a 61n$le 

comrna.. A l17i:J version of the i.7ead program will allm'1 single 

bl,,~'~s Hi thin (;'J.;omic symbols a."1cl \1:i11 iEnor-e lead·in.~ and 

. t:r-atl1ng bla:nlrn .. 

Only l',3ttel"S ar:.d floating-point ,numbers may be used in 

lists to be z:eade ·The aha];actersl' left pare!'ljUtesi8 (()~ 

~ight par-en~hesi~e C)}, and comma (~) a~e used fo~ punctua
tions but a:1Y ethel'" speaial e;hal~ac ter-'s i'iiil cause ~¥l error 
stopo 

symbols it ~a~ds into 



I , 

CXST: 

Z-!Dte: 

Q!:1D: 

i~Ol~ cff-line printing toge.the~ tJith a list of the 

e};(}mie s;gmncls in the Ir3.~hine ?ollcming the i:'.::adil'lg 0 . . 
(2c:,1t::;ool 1s then sent to the Dpply opet>at~or \·:l1ich 
t-1pe.j?:~tes on each ttviplet in t~nb puttir..g Ot1.t on 
tape :2 the tl"2iplet fpqa f'o1101':ed b~! the value of 

~ppl:r{g;~i iJ.. If &,y erl"Ol:S ~..re fcn.!!f.dJl an ~ln"Ol" i n-

heen eveJ.u.ated c the merncn:y is res tc~sd to its s tate at 

This card 'i:l0rks the sp.me tolay C'",c;:, CZ;ST e;;:~epf; that 

[~t t:re end of th~ t4.PP.1Jr~ opsL-ato~ t}:-l..e s tate of the 
f.~m~=~y at tlw.t point j,s read out onto tape 8 as the 

net:7 <'base" image for the memory!, 

r.ml~e SB;J; reru;ds are used" the fw"'ictions f'o11o!'.1iTl..g them 

. ui11 be eOlT1.Pounded i11tO the "base 11 i~.ge.. If &-t'l error 
{;~.et'L~S d:rin,g; the eva.luation of a gET tr-ip.let the net.'1 

base ~mage for tr~t -SIf}; is l'lot t<lvitten out on tepeo 

6,L~he v~iable field (coltl.mn6 12-1'2» for both SET 

m:d t.!:ST eez-ds should contain the pz:01:i,lem l1umhs~'!> II the 
p~cZ'?an:ille~ r s number!' ~n~ name» al1d al'lY othel"!) id~p.tif1-

Ti~ i'le;-;:cmr-iteb'1 m{;1e.: of ope~at.ion ~Bee Se~tion 

~;o4) is c~11ecl into contrcol ~ 

A :i~unn:l,ng decli: <assuming no USe of FT_-,X or eRD) hae the 

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



• I 

(. 

8 

5 

i'ollo1'zed by tile \'~;:;;b-r1 Sc.EQ? <:',scdn s 

ST~P})»3»)>>STOP 

USE 

, 
W»): 

~ II 

LXSP system tape 

UP: Supp::::ess ol1-1i11e Pl":i.~ .... t:i.ng 

D{)~m: P!:'inl~ on-line «see sense 

TI'y 

,YP: Single ~pace on~line pr!nt!ng 
OO~'rN: Double space ep-line pl'1.islti,~g 

UP: tap~ for 

r ¥ .. 



I J t I 

A tV 

bEn" of this taps :1s pc~ teci irR 1~~om 25-265 8!'1d on the 

bullet.~n boaro in t.he 10!o sohed11.1e~'s 1J:Oom 

~) ?,~~rwii;1e tape en ts.ps d1.:~i va 8· 

GEtR { \J le al" ) 

teD {Lca.d ©ar-"ds) 

r.G1e C"t8!~~t(; sn:il1d be submitted a],c,i'lg t':ith ~d~s p~b"i'o:;:;m.&'J.c.e re

'-lUeS t 6~a~~t1 to the llr-egula!" runz" file ~~n tt:e s:ghedtllel~ ts 

B~l"~!"J Z.r.'a lis ted the pri~1.t outs t11at ot;©lli~ cjJ,-line O:~ 

off-lit!~ d~i ei.1~1ing en sense st'Jit©i1, 31 t'J1'1en 8.s.'1 er-~cr- is f'olll'1d 

moa5 t i ~ S ;.t~;:'_ as r~o input da t2 a vc.iJ.8JJ.],e ©l:' no m~n;;oa f;:;se . 

" 

lrrEU1S ©f th$ L~rSp s:ys

Al be 1m'j e and. need 

X 0 eo 1:S: e:--e a.i."'S lilor-a than the i;en a[;'guments ~Jhi~h the 

CU2~ant A?PLY cperata~ is built to hzL~dleo 

A~ Fll;::·iCXatOS'~ OBJECH: HAS !fiO DZFnMIijflCO~~ -APP2-
1 

JI", eo ""R::B rlm~tio:n £12".8 n(;dth8~ SQ1'BR not EXPR m"l its ase.o-



------,'------------------------------------------------------------------------------------

, , 
f ~-. 

I e." -..--

r"O •. U 

All 

~~ its association 
p~ir:°.;d o'Ji.t;~l soreething Cln the ~.-l:i~st. 

(£-0 r;~~ C\. PQ;!u~ N;rJT L-lll!\ELLEl' -XR~1:ER-

8. p~~g!''''.?m u.sin.t~ ths Pt~ogJ,,"am f€1atw;~e 

T\,'j) I~?AE -f AR~1JJ1:lliSffS -S?REAv-
t}"'i~::-ca 

I Q e 0 ~';:~~~~ ~"e m~ve tha.!'1 the 
cur~?snt APPL~ opel't2tozo is b,uJ1.1t to !~l>:11e 

A14 APPL1ED ~~~~XON ~AY1~ EP~OR 

';.- . 
\ ~,. ~.' " 



---,.----------------------------------------

. ' 

-::> :: 0'-

Ei~l"ors due to c;~mnu_tel.." --= 

Bl C17-2 OF P~5BZ.,:c(J. PUSH D(M~~ L..1:sr.;;n .:;:.SA\'E-

:~" e 0 ~ flee page 1£f-4 Ci,:f.' RFSE > ~~ pifcgj,'<'am has i'JVIA cut or 

s,lP&::.~a a2.lotted to thft.s r;H.u~·oose 0 ~l'r-i;~tltly ahout ~.c~oo 

l:l5:gistsFs a~a allotted Sl arid if they' al:~ used v.p .the !~
©v.:h""si©n beil~ done is eithe~ too "deep" for the givet"} 

,.cr-
(2apti,©it~,. AC:1 non-terminating 

B~ FREE S~OPJ.;.GE CO~nR Pil~3I~ SIiL.ro? 0 FRESS START TO ©01'-a'lKlJE 

rr;;11'3noe in a ft:-ee storage COlh"1tel,"J a6iZo~'-,a.ted t'lit-h. the L~CSP 

system" Evel'"y time a t"-'egister from i'j~"2e stc1."'a.ge is used t 

the counteJ;' :2.8 r-eduC!ed by Cone 0 The C;OEr'ltei." is not 

©h£cg~d by the garbage eollectc~ ope~atiano Thue to 
SOU!2 ejttel1t the cOU!"lte~ indiaates 1>'01!J t~ pl:<ogcam is op-

6t;atir.:.g~>b.ol·] mu.ch 6to~age it .lceeps usinz up and so on, 'ora" 
f~Z"· a pFogJ:lam t·:h.ose opeYJati©n is Imot'!n, hot·J long it has 

beelt ru:nni~1go '.rae ©Olli"'lte~ ~,s initially set to lOO"OnO£l 
;.r.. . 

an.d t'1i;~eHrOb na.s rea©hed zero" the ~ompt..!tel~ steps.. tJhen 
the staJ?t. but.~-on h~ bs-:en pr-essed to l"estwt the ~cmpltter!, 

tnt,;: eounte~ is @o.t. out 0 

133 DJrI:~:;CDE IRROR - OCTAL TO DECJUlt\L ~O:W""~7ERTER -

fL11is er-l-:m~ ~omes only f~Cim t:ompute~ m2.1fv.n~ticli.ing O~ 

f~om Ecr~ of the pro~~~ havinz been written over 

02 CEJE~T f:Jfi'EH TO DESe AS LIST • 
~_';'t:> r! t\ r.." 

10 eo {~<!;o~ desc :In Section f?} ~E1 des@0;Y,J, .1t is an 
ato'n,i@ s.ymbol (object) instead of the l""~quired list. of 
A's a:.1d D fS .. 

F! YJ"lillQ,UAL L.EKaTH LJCSTS -fi1AP2-

CZ:hi,[I, e~'or Gc.l1 O©'@ll£'l o7i11y during the diffEn~~ntiaticn flli"1~-



-··In?2TYf'f1tt ... , .. mr ... = __ ... r ... _· .... • ... _-.., ____ .... _ .... _____ --------------------------------~ 

'c~,;!.t c,f ~;T;1O l~~sts 9 fer exemple \'JI"ien a ls' .. t of :f.'l-:ee 

• vGi.'i2iab~"es ~n~l theij.'ol valuf~s is being appel'l".1~d to the a-

p~j'li1.tec~ out follot'IiF'~ the el:~~or indi~ationo 

F~~ (;Ar(N(Jl.~ PPJrR OB-JE~S .. PLEASE USE LbS~ -PA1tR-
<~'1'1J? 

lG So C~,7cf the lists to b9 pai~ed is, e~~oneoUE1Y9 an 
2t~mi~ s~vmbol {objs@t).. L£~~1.s usucl1y t!.Sppe!n.S t'Jnen thE: 

u£;er g:tVG;S a siri$le f'~ce var-RffolG in 8. t,fJ·21lA e.i:pr-essica 

f:.S 8....<1. c.toffii© E~Jr.1~ol i~~s tefl.a. or as a. list 0 

F5 FUt [rl.~ f;.S::?~D TO FrrND Yll.L1J:"'E OF !\iO~J-OBJEC'-r 

F6 1lJ,Jj~1 AL f~SIcr-'.:J) 'fO FI~:D V'll,lf2i"'E OF c~0!~-FLOATXI'3G POICN~ X«;"T:1BER 
~:- ~.~.~ ~,; .~,tq "'11ft ..... t.-t~_ I-~i"'".- ... ."'\~~. ~ Tr.e - ~ tt., 1""" 1.l::;J ,:u.U .t·o C "",-" It;: t,,!,I'l.::::n ~~,,;; progr-o.rJ ,~S J.o.O~ .. .lhl1}£ I C!" .. La V$. ~.:: 

of a floatil1g-point numbe~D and finds eithe~ tl1at it is 
not an aton~~ symbol (obje~t) {F5} O~ a floating-point 
m_UIIbe2.~ ((if6) 

G~ T,O:J ffWCR r.1.~Ja~'G OF WON~L!ST STR~~--UPr.Eo l?A~"XC SGf'OPo 
-~:Almf .. G E COLLE(J'£'OR-
L'];hi3 ~7(':i;O.r-, is given af'te~ (13 bslo~i ha6 O{~~Ui,~~d te!) ti~.ee 0 

Th~ lei" ienc;y allen'fed here has been in86l?ted to pexom1t a. 
gA~at 6eal of inro~mation to be gleened fr-om.o~ ~un 
l"'athe~'O th.al'J, to allot'1 an i~ediate Bt~p 0[;1- an e2,Illly ell'ror·o 

G3 !~£~jcrN:l IN, I{CI~-L~S1j; [.u~A A"Jt O~I;ALI 

T;.'1.is e:;r~r O~i!urs t'1l1en illegal list str-u~turs is fOll..t'ld 

dl~ing the garbE~e col1e~tc~ ph~~eo 

Ove:!Jlo:::d is the MR1:JGjt:snL't!'.i1~ L.;lSP l~outine- "~hi~~"li' cperote,6 
f:r-oro tii a di;;a~ticn ~a.r-ds 0 This €:b-l"'30:i? azoie.es from an 'end

of -::'il~ j'?Clu.. ..... d 2 .. n th~ t·Ilf"~i.'lg place j! due to \':r-ong input data .. 
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Q,. ,,- .. : 
~\Y' " 

,-- . " 

~~:. ,.~. '"-

rr.eQ0F.'l on tape" 

OE~ m'~D OJ? ffl~E Oli~ INP'[f1: 

05 E...1tRQR 1G! P£!LDJU:f£ TAPE 

This j~s e. mB.~hit1e e~rOl? in l~ea:ding eit;h~~ ta.pe c1ri ve 8 Ob'; 9" 

Pl pR!nl~ iL3I:J3:D T{! PRXN'k !'JON-tQB~'E(Jl 

Rl 

-;-" }")(;' 
::c Q f-'; 0 ""1,:7./.;" p:;:'~ntil1g p::.~cgram tried i~o pr-int an i.tem ~';h:toh 
~·l2.S cot 2...~ 2t;cr.1:t~ symbol ({ Clbje~t) 0 

to p~int an atomi~ S~ITI-

'J:11iB e~"lr-~~'" may ari\.se when the~e is en e:v:r-C?l\,'"J in the; r"Ulli

bel." 0:;'" ~;;w:elltr~8ea on t~1e pr-evious li,st :!,'1eGido. 

R3 G2E~ l~ZS;CDE ll~J !uJPlv'1: wST drS I~,EGj1..L -REP..Dl-
",,,' C[·'!l~1';] Ii '- ..:l t': ~ 
,!.h 0 e" .t~n b~J!,egB.;L G .. wr=a© :.;el~ apP,zE..scv. .r..r!., a'Offie E.H~ 

atolJ.d\© sYr@ol ~ot:ilje~t}" 

il1'~gal ©h8b"a©tel ..... s 8);<0§ 

in the 't'r.{tong ~cntext I 
" " " " 
n If II If t 

o 

R5 ElJD OF :'llLLE -RDA-

/ 
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, .;, 
'-....J '. 

\.___ I 

..,l 

'/ 

~. 

tl!J tn 
Lr ~ 
~ "'~ i 

r .., • ..r/ 

Ear:;h fu~~ti":"·n ment~0D.ed in the lis~~ mu::::t be a. fU.1'1:gticm t>:h:1,ah_ j 'v 

:E'lli":i:.t::j,cn tr'o.:J.St liIl~t as 8.1."1. 8tom1c ftm~ticn ~SE!$ 
...... _-

C!.UZ'iug t~1e 6·u:.'ll'lir~ of the LXSP rn:og~Jam!, tl'ta~kless givG's eo 

pz.'irl:t 01.!.t ~ c 1'1 c~ off line ~J:j~~dit'lG o;;~ senge Bt;Ti t©~ 3} of 

TRAGE 

A ~ofkpletely e::l:h.aust:tve trace 

r 
I 

"' 



r;;;vsl :;;:11.1 J, ts as{;;otliated a-list of pa5,r:'s 0 a;.;:h~ pJ;intou.ts PbiO-

l:tfeb't".te iUrL a z;$rri?~~1::aljle \~a.y 1';i;[:$lill. ~EfJC;E j.s e,.tse.Ji I1 so that vast 

get f'<fLli:U.fl~ ·t'Jith the Fl~;:(t~n:"ite:xe s~..,~,tG'mt ~£n fi,nd &, \:~ite-up 

of it c ;~lil::)~;1h f@'l!' a d1ffeX"ent pru:,tPQsr;; t 1m HG~b ~2aeer f s mamo t 
p."',"" ..... .,."",~ .... .c '""'(7 - rr-'''n~'~' ~ P""":N ~T'"l'" "l.-~ 'lr T' T::l\1 ... ····,..".'·;v·i ,.,.,..,.." r-"~' ~ f,.",,~ 'if,,.,,,;,,t.:; =.: 
_ b '~L-'.b ~l"'.!...L~ul..::~ l·;.l:::2,.:i_'~JI. 6 ~i'b t~ac'Ci -"1;).db q: .!. ~ J .. ' tl.,~~~'4,.J'l;'~ .. "'ob !j.:-l;;';;1". :~:~ .. H;.U.-=J.:. Cove. rl..b6.11~.&" __ ';:;;"~~C:=' .~ 

0· ) 
(~> 
fl "'::' \ 
~\.;y [9 

Fleko~'2I:'i t';;l[ " '!~1.e 

has the f©11c.ri;Ji~tS; 

i~1p\,!.t de~l~ tOl be put into the ©e.,~---d rec.:.de'r 

fOll'l1'a t I' 



c;(!rQ. to call the NO/IoTa Automatic Oper-ator pl?ogram 
£!l'~d the FleT.:ot-'Jri ter p::-ogl"arns in from the lq o!C 0 "ilo 

carj to get the IJ.:SP-Flej~o System in. from tape 10 

Binal.~Y Q2 C{;fGaJ. corretJ t10n ~ards ~w;r-e!.'ltly needed fOT! the 
I~SP-Fle:i;:o S~!stem (obtaitla.ble alOllg \'1ith the three GET---

ca,,-:-ds f~i.')m R~C'm 26-265) 

F.l.:X 

Gards cot,-.('(l.~~ ',,-7 ni? the tl~iplets on which th.e APPLY onerator i8 _.~.! .. ~L---=_ ,;:) ._ 

to opeJ:ate.S)· provided the t~iplets are to be read in rather 
th~Ul typed 5.;:i en the Flexo't'il.-;i tel." 0 The las to triplet mUB t be 
fcllol'!ed by '\";\';0 car-ds of the fOA':ffi 

:JrOFLlP(READ) $ 0', ») »»" 
t';he~e thG ex":jr-a parentheees 8.J.~ v.s~d as inEt.U:ance Or See 'below 

1'01'1 a cleE.CI'ipt1on. of the fth"'letion XOIi'LIP" ~:r 110 tj;iplets '21o:e 

to be zt~ed i~"'" ~~ cards need be place;d hel:'e bs t;t'leen the' above 

FlaX cC'X'd anq, the FUl card be 10\,10 

FIN 



y~.} 
e~~ .. 

the t:-.'2-~e .8;1rmbols .l 8 "";<:7 , ~Ld b vSj\11 bs V.i3e'd! t'!r:Le{;~s 
""\. 
~-!', indi©atss ca~riage !,Gt~Ub'ra 

!OFLIP{READ),{)~ 
A:f:tel:' the ~at;b;iaga r-etv...!"':1nB • ©~s ~Clnt8.ining the tr':Jlp.lets for 

- ------ --'- ._----------



fa.fjt,.!y~:- th,e~n:'ed;i~a.l1y hut )i.n pratd..:ice v dus to the dit'f$.

cml tw c';i: t;TPi~lg S-expr-essi©r-~s, it is. in~onvenient sin~e an 
eL-~"O;;" c:;i;;,rt~het"e ~~n the eJq:n;~ssion r~~quib'es a tt'a t~rp:ln.g, of 

the e7l1l-:.iZ'e expi.,:c,ssicn:o and i.f the eZ-b",n;:" t'i&.S iii'"! a pJ;:evion.1s 

line ~Eee Ei:r01."S belen']) it, ©annot '0-$ d~leted at all., GJ:'he 

tn tcs Fle:;:o ~APPL'5f cpel,~atoK".'l .run the Flexcwr-i ter has t:Vl~ed 

Ct.'l.t aa E an S-e::p:;::ssS:!LClJl fm;,o an APPL"':l t;~iplet,l\' fp:sa p should 

t~TPing-in up to 12, i.;lhara.'~te~s (fewer;u if' desi~6d) followed b~f 
a ©ayc-iLa.ge ~ettU;nc The Flexom~"iteJt-> then types out S"r'OP end 

h::iS n:JJt 'teen cvmpletedJ) the Fle;;:Ot'l!>jt ter> types cut GO as a 

1[-·squest. f'©::- mo:r-a of the tr~:.plet., Xi' a tr-ipiet has ,been ©Otn

plete;dv th(-;: A?PL'31" opel'f-atoZ" tai{zs cVG.,!;,r.J end- perfcl~"ms the t~1p

lets t;rp~Jng' out the a.nsi;Je~ fol1c~led by a GO ~""Gquestig1g ~he 

ne:l::t t:';:'iplGt" 

~~o step the ©omj;>v.te.t1oinl' Qne m2Y l"-espond 

GOt O~~ t©· a GO fol1m'IJ.ng ttle use of' the APPLY 

to ~, ini t1al 

a G-.Q fcllcHilqg &.p e~J;;Qr{?1' {but not· it© a GO at e,tller· pO:i"l.nts!! 

s u©;;:J a~; in the middle of lis t t~rpe -ins}., by typ:tn,.~ in S'l"OP <> 

OI")r."1t;:;:::jl $~s then l"etur-ned to the c.ont:!."'ol z·outine t'Jhich ~ead8 

."..,.L7 bCRDbh i? 
to h-"gi;t:r-n tlont!"ol to ,the C!a~d-~.;;a.deI1:" for the next dj.;,r--e~tSl.on 



.1 

u.se ~T 

c;~a.,J. be 

asked 
to epe~~te ~~ 8rty set· of Go~~e~utive bur.fe~sD eo go ~ th!~ugh 

6~ or le, ~i:t:<;~ugh 90 
the 

(see pl:~~ed;tng; footnote) by t~Ting ~n 
.--":-;.". Tr;'~'l P) 

".- .uti /:.)~ 

typ~ a m.;tmbsJ,'":l i'zt'c,m 10 

been 

to 

in", the 

All the 

to tite 

be typed 
buf'f'e:tv 

the to 

tl'Rf,?n o!jel,~a·t;es (l)l1 this tt';?,plet D pl".lints out the m'lli.t;e~ ~ an¢! 

t.:hen if<=!tID?:"'r.S ©tmtr~]. to the ~et;J.cl rn;oe~ve.tilo The I"~aad 1'1.~Qgr-am 

1:$2.ds d1eE:l li.ll.t5~1 it finfl.s ei thel;.~ th~e iL~l;e lis ~s ro~ a 

th~ 

to 

type-in 



• .t 

pr,:t;;'ViQ~J.s E~·N r,"aquest~ and @on8idel~ i;his inf'cr-maticn tlO be 

the initial Pal~t of the next rnate~ial ~~adQ 
"Kt" S ~QP the pptZ:!?at';icn cf the TE!\j-r·1ode 01161 t~lpes (if nn 

e~Q~ has c~~w~~e4}~ in response to a "fresh" u@ {see p~-

insts2d 1;~g;plB)~e the gbove F!H b~l ~. CDR if one t'JisT:i.:.'Zs t;o sentd 

CJ~ntb'o)l 1nt~;i;; to the ©a.r:d I"eadelI;1l 0 

'fn stop the opel~atiolil of: the Gl!.'EH-Ncde $..fte~ an En."TO~ 

has. O@'!b(J,J;"';-£;I:l,e one types' ~ in r;.~8p0l1Se to a':.,y GO 9 into tl"wee 
, .. ' .. ""'.:\ 

@o~~~etH,n;J!~ ve regJ.s1be~s ni.!> Ini+l ~ ~~~y, 
, ~~mt ' 

: It'li -==.> > } ) } ) ) > ~ 

: ni+l ~ SCJ(\1)P B-
: il1iv2 ~ ~ bF'I~{Q~ ~ 

!iRte~1 07.'1G; d~'(:s a RLN of! these tm~e bui'i'er l."'agistel~ e.s above., 

~:,:) get, from, the TEii~I4~de ba@R: t© the Sequen©~-I.lode OT;U-:; 

tJ;-P~s iaL" zn b",;;;sponse to a ~OC 

T~JI:.1:::.g erb"V[7S Flay 00 eZ"aEEd by hitting the bCi,d;:spa©e ke~r 

'i:.'h,i©l'nl t.'lj,ll m;.aae the pre@eib\gtg ©ha.~a~teri ~ cn~ lJ.y h.:ttting~ t.he 

lliw.ab'lil~"e lW~l $ ,,}hi.e;h "Jill 6J0aSe the entire line", Seven«al 



4 • • 

':i,'l-;,e ef:"X'o:!? tlrpe-outs desm:-ibed ~Sl Segt-;j,on 3c>~ appea.r on 

the Fl~~~::;~':h"ite!l' t'1ithout the 8e~tenc:e desCl":libing thf2' el'tI'O~p 

BERGR !mI.mER : A2: 

~d thi3 ~~e-out is followed by the a~gument of the e~r-or if 
it had Ol1Bo The read pr-ogram does n~t etop at the errov; in 
the ~}i-Kode tlte r-ead pr:agztam goes en to stzr-t ~aa.d1ng a. r£w 

t~iplet in the rregister fol1otJ~ng that in t'Jhich t~he e~~or O~

cu::=r-edp ut. the Sequ.en~~-f-1Qde the read plo;ogram stai;'ts r-eacU~ng 

tIle ne.r.:t l:lne t:Yl?e~ in .. 

At~ s.lJ~! time eA~~pt tzhen the Fle.;;om7icer is itself' typing 

out a rl~ess:ige ene may t~n;e in any of the mon1t~""r' dil~~tioas 

T"tle funet~i(m.B JJ:OFLEX [xl JwiD IC!?}:"!?,. (y) 

The t~,;o new' fun~tions !OFLEX and lOF"'t.Jl:P have been ,added 
to the L:CSP-Fle4Q SY'ste~., cgtl9Y' we func.tioZ'..s of one argu
trent'· and E pull ~ list 8 oo1d they have the follot'iin$ effects! 

1COFT:£,;[t ~d J' {) is a predi©a.te t':h.iQ;ll 1:2s th.~ value tru.e (Tp 
c~ false {:J}.. If X 8 BEAD the pZ'edi~a~e asks if the Flej-:o~ 
t.':rit;el" is in the l'Oa.ading (type-in) m~jeg ~'!.f X ~ PR!I~ the 
pE:~di~~~te 3.s1ts if' the Fle~:ot'1i.'\)i~~er in the p7:'intil1g (type-out) 

r'! " !J,f:t \f . th . "II .a 11 ~ m~'-le 8 ~!l1:-J. 6~ 1~,:Jl.S soma .bng e.Lse aJ'l eIT.t'Ir- massage' J. 0 Ol'se", 

by II' is t~!:J~d out c 

~-cG~?.!I {y)., () ,is an operative ftl.\~'!tion t~hiah @hanges 

Y ES any
thit,ig 
else 

flips control bett:zeen r-e~difl.g from caros or 
z:aading f't"om type - ins en the FleJl:ot1r'i ter 
flips eontr-ol bettrl~H;;n pr=41ting on the on-lin~ 
pr-inter O~ p~inting by Flexci']j.~iter>· type-outs 
flips the last pai~ that was flippedo xt 
assurGas'initially that this "'las a P.EADo 



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

Not.;e. PI.:; ((;:~~;;tt_:.in t:l.n:es th~ r.~SP-lille.i~p System may ha.:1S up tr-,;v

jXv1: \;(\ r-ead thG c~)d z'es.d@2?o HO~'J it gets into this t1:;Otlrile s , 
fu!.::l hrm to get out rof it ar~ c1se©~i'bed helot'1" 

An in~)ut of th~ f'or'm I (tFLIP ~ (READ) Jj (~ given t'il1en cpeJ:'a.t

i&"1g in the Flexom:<tter typca-in ©ontl'lOol l:JiJ.l sele~t the ca..~ 
~~ade~ and cause the ~aad pro~am to t~y tc~ead in ~ar~s 
contai~~ing lists of t~ipletso !f no ©ar-as of this tOb-nl a~e 

i..T1 th8 t~earle!.'t1 a11 EOIi' (end-of'-file) err-or fb'"om the read pz:o

~c"m C;f'~UZ'n l) a.."'ld tha card zoeadel'" is selecl~ed aza:in" 'R"ne 
ce,,,,-d ~aaj.ep ~1il1 not be in b-aad~r, statu.s.., 8.nd!l ~,r the STAm~ 

START b V.t tcn on the c8;;:d ceader ~'1:1.11 get the 70~~ b2.@~i: en 

the l~,m.e Be} that the int~b"1?Upt' ~fl""om the t'ab type-in) will 

be pr·o·t;l~s~~'d C'J.1d r-etu:!:.."l contr-ol to the iwi.c~ent vi©tirno. 

NQ'tE: AN EI1l.r-lPLE OF A(JJ;JPJ:, FiBEXO T1fPIN~ USI!\f3 MaL mE OPJrlO!tS 

S~1Cm,D GO HERE: PoFo 

!J,li1.~ lis,-;; str-u~tw;~s used by JL.XSP ~e diScHl£sed in. parut 4 
of' furSEo r~Bei?iptians W\9 g;SLven the!"e of (e) the ,·repre.eenta
tiotll 't1f: S-EJtp~$ssi,tme by list, stt""u~ture81 e.nd ~b) the p~-
tj~~a.1.1Ej;" aeec2ia,tion lS~sts aES~Cd@,t8d "t'iith eaeh atomi~ symbol 

'i';hi;;;~11 ~,g C!y the list of atomi~ symhols.!' and fir.ally (C) the 

t'r-ee-~t,.)r<:lge list" In 8;;;©ti©in 4,,1 helot'? t'Je shall tr-y to 
clar-:i.fy lis t ;3 t~u.c tv ... -.;~s by sh~ling hc~'1 a pal~tiaula~ ki~ of 
list ';8;1 be con.str-m~f\;~d usir..g LISP.. In Se@tion ~,,~ tJ€ de-

S{Br~J,-1B' d's2.ct~!ation lists" and in Se©t1on l!'o$ we shall de-
vest-cres 
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.. • AI 

I 

1
8 

AESUu~ \lie ere given a. list of: the f'Ot"Ul 

).1 &i {(~»B;,C)~{D,E,F)fOO"l!{Xb1tI:Z>h 

vlh:teh .is :t..,:ap1::asented as 

tHO .. ) , 
I 

lyl-I .... 'YT--!--l> ~ 
ard. t:~t t'JE- t"1ish to ~Cl1Stb"U©t a list of ~he ro~m 

£2 s {{'AsOBJ)C}j II (DI' (Eel?»,\!.,., 0 & (X,;{Y eZj}) 

is ~Bp~sented as 

0or£~de~ f~s-st the p~t <~9(BJ)C») of the seeond 11st~,e~ .. 
~lis rr~y be ~Gr£t~u~ted f~om AD Be ard © by tha oper-ation 

CCl'l.SrJi.~~~u~:-(~Ci.1S~;©OnSrC;NXLll r~""XLll c Anoth~~ way of 't'?ritin.~ - ~ ~ - ~ ~~ . 

th~ same ~~ir~ i61~:~CAilistGe.a)"l 
-L~ ar~· '~as3» given a l~st~ t$ of thb~e ~tomi© 8~-mholB~ 

t 13 {A$E»C} 9 

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



, . 

e ... 
A .... 
~11e c..:;.gumf;nt~S A~BD and ~ ~b'e f'otmd fZ'om 

(5; ar-[tJ ~ A 

E E3 

C "" 

e~Qx-r2d1~ (tJ] E! C~[~B~CjJ R B 8 ~t;1d,.~ [tJ 
~(;n.':@d1:~c1r-l~]J113 ©GU;'l~d!JUB~©)JJ ~ ca:;::[lrcnJ ~ (; 

step L~ o~taining £2 f~om 21 is to der~1e a 
of tlwee ru;'ilgun:en~B Hh::1.~h areates ~x~ f~ ~ z) ) 

f~mn a :~ist; or the i'o;;,'Uf!1 (XrY,Z) 

defi.;16 C(gz:p; /):C[~ ;~©ns~ru: (t] ;©on.S{~Ol1B.G:adb"[tJ ;~ons ~add!" [t]' t 
. N~I0J2NXL)JJ)j . 

Then ~~~ is UBed en the li~t 21 assumin~ tl Co be of the 
form give~lo 'Fo~ this D!J.l.l?~SEl aJn~\'J ftl.'<1ctiol1" m:ftg,~"'p» is de-
06>~ r-eA MF" ... , •• - ~ ~ ··e 1 y A b&:'~~·~..4 b~,,·3 .. :I!!'~.tb .. ~£..v,....;, e 

de?il'le'[~mltgr-Pe~[GeJ; \Eull V~]-?!QI~.;T7 (~ons [gr-p @et,~.tiJJJ~ 
rnltgl~p[Cffi? (£)]]]]) ] ' 

So mlt;gJ,~ applied t© tbe list £1 tal~eB eaoh thZ"c0E:omSl' (:il';~Y:t.zL 

list 

.it to put it in ~~e Iiieyl ~Ol:m~ 

has b~en eJd1auBt~d a~d the ne~ 

L\:~(;e: In gG!H;;%1al any list t111ie;h. is x-ead illl ©.2.n ha'"JS 
--_. . . do c:.c. remenl: 

c'nly b'Dn~ (Z2.;:~) in ~"he fir~l ~c~·~~c~o That ,iBc the dot 

!1ot~~ti,cn KA ~B) of PJYSE ~e..i"'lnot be r-ead by th,e ~Uffe;nt r$ad. 

EVA?.:! 9.tc'l'ttl~ symb:o~. in the lis t of: ato~:te symhols 5'1d 

eve~;~r Dtlm1;;e}? on the ,list? CJ~ float~.>ng-point m.1m~eba8 {i~t~gez~s 

a,1"e i.rw:"ude:1 i!71tl1i.!i1 t~..e list of at;omi~ symh61s) h9..s ~n 8$

sc@iation lis t ~aftel'l1 lmo'Nll lc~ally as ~.' "p!"ope:roty li8 t" l~ 
The f'1 )at:1ng-point nmno-';1"e8 ar-e p~t ?~'l tb.e li8 t of: 

" . 
flo~ting-p@int nllm~2~s eithe~ as they are read-in Q~ as they, 

'\ 
\il:. 



/ 

, " 
th'3 list of' nmnl}ers 2 and to 911 atoEd~ Eym~ol 'd1en it is pflt 

on the 1:1.£ t. of attlmi~ symbols" 

f.a aSEQ~iaticn list has 11111 (io eo minus 1) in the 
ad~~£5 ae©tion of the first wo~do %TIe ~0St of 'the list 
co..rriBS other info:;.~m9.tian 8u.~h as possibly the pZ":1.nt name 9 

O~ the val~e of the intege~» or an indication {FL~AT> that 
the liB~ is associated i'Jl.th Go f'loetirl..£;-point n'..lmli::;';I"s ett;" 
Ti'JO k:f211s cf value indi@ators s-~e l'lZed: on association li8 ts, 
AFWili e3.ti AF\fALlo Both :Li''ldicG,te ~ value, 8.S in ~1~ Cl.8S0-

but AFffl:l--. 20tS J.:U~e a stop to the goz.~age col1ecto~ ( see 
S9~ti~m !~·,,3 belrJ't1j t>lhereas AFl!AL1& tJhian is used b.y att!;!]Jj'e 

al1m'm :'ihe ~arhage collector to loot·= a!tead th:t'-ough the PBl1't 

of list pointed to by AFVALlo 
On the association lists 'of t~1~se eJ~o111ia symb'c,ls t1h~©h 

!7ep~~sent f"ll1ctions $ SUER indieates that a SAP Sll.lhr-outine fOl? 

perfo:r;mi1.'tg ~he fUlt~tion<> SUB...'r{ points to a TXL to ths 

l-=-'?t,-_".:;.,l _ 



I 
I • , ( 

- ~ 

~,::::)~ 

have FS'UBR 'n~ FEXPR on theil'" assc@i"aticn lis ts 0 

E~>thel'1 a;t;tr-:i.b or define {see Se~tion ~} rr.E.Y be use.d ~o 

put sorr.e(~h~~"1.2; on a.il asso©i2,tion list.. Attrib puts the item 
at the e~d of the list, and define .puts it at the begir~i~~o 
Thlill def;l..ne G:an be u.~€d to ~8def:l1.11"le an at©!n:l.~ symbol 0 Dg

fif19 P~).ts EX:'?R follom;;d by the aS5ot':zated S-expl7;;,;ssion on 

the asEc~iaticn list of a fLmetitmo ©oIll}Jile ~see .SsQ:ticn ~.,6} 

puts S7,J;ER en the asso©iation list of the flL'1.ction ~cilipiledlJ 

and t~le S1JE::=t pOints 'GO t~e TXL f00 tl'le IJcrIl).:;iled suc:J::outine., 

Jtu;;t, ~s a £tatter of int;e~G8t v.-:e give be-1m'! the asso-

@iC'.ti~dn lista fez> atom and fOi; t.he ~cnsta71t 1.11 just a8 thsy _. 
ru;e l"t.;;pc~sen~;s,d in the 10~~<> "le use tl1~ bac i1ots.tion~ f to 
~~p~$sent the ~cs {S's) ©ampleffignt.©f an octai a~d~eG8o 

'. 
f;Jre(gsding all the individual esao~:;lation lists is the 

list o.f: all ato:mi~ symbols" Ee~h register of "this list has 
&,"'1. entr-y of l;h~ form 

whe~::-e oX is the addr-ess of the i'ib-'st ~'egister of the assoeia
~~ion list fCJ~ this atornie symbol, and y is the addr-es.s of the 
t1~xt en:}b'Y f«Yr; the l'lext at(}m~@ symbol in the l:ts t" "lnt1S for 

at~m i'lhasa aflSO(;iation list stwts in :251,£;·6 the ent~.; in the 

ent.:;;y 

05318:00sa632 
r-ern:esent:lng 
~ ~~.-

251-46 I! ~ 2465;8 

'£1113 assc~iatto:n lists t'1hi©h appear in the ?ollotrl.ing ru:ue 
atom~,c .symbol lo~at1Lon ©f' asso©5~aticm list 

atom 

St~J:l;:;,:a 

pr.~ 

(in;~egeX'l) 1r.:t 

a-c·val 
--::;.--

125)201 

26105 
~6231 

25665 
IF\l''' 1""ng 
~:P ..:l~ 



• 

8 

:,~ I ,_ 

§.i,en fob' atom the asscciaticn list loc~~s as fol1ot1s: 

l(,r~ation -

2515-~ 

~5151 

25152 
~5153 
.... .- 'i! c:. ,t, 
c:g~"';';;.t"t' 

~5155 

Fo~ 

lo,~ation 

25~Ol 

~3202 

~5~n3 

~l:.:;."Li 
~fIt.~t:J '3' 

""'~I'-Ot: ~.:.g.~ d 

·"".-1R··""'6 /!;JC;'=' 

25~O1 

25fl0 
~5~11 

2521~ 

~5~13 

th.~· 

05E631 
. Q5~630 
05~625 

000000 

~16346 

052621~ 

011171' 
051541 
05261'21 
052626 
441111 
051013 

Otlo,frOO 052-623 
rOOOOO Ol076~ 

-
~231. 
25151~ 

25152, ,0 
EaD A'£'tJt;I?? . (17 ~ y) 

~6705$ ~~515ti 
~5155'1 ,0 
Txt lOT6~ «L6~ati~n of SAP} 

sU \:.(eV!t~V1e -h.v CO"orr. --

·zonstant· 1, the association 11st looks as follm~.:, 
entr-y 

052516 011111 
052515 0515~·1 
G5251~ 052514 
ODOO:;)t) 052BT3 
011111 11m1 
052511' 052113 
·O5~567 052510' 
~OOtiOO OOOj~l 

052566 052644 
CrJO~~.o 052565 
000000 '000001 

~epre8entin~ 

-lb' .. 252'02 
26231g t2'5~03 
~ 

D~52C6 Ei56..,.t'\I1~ ,tt:;v-.. ~ 

Z5~t55 " , ,,0 

BCD 11717'1 

2:1bb5" ,25201 
~2r6, .,,2521i 

1, .. 0 
25134, '-6 25212 
....... -
25213. , o· 

1, ,0 

, 

. . . 



" ' 
("4.'- ~ 

~n this case II the ©cms tcu"'lt 1 is tG.gged both as 21.'1 in
~egej," ~tNT o:r value 1» and as a ©0l1Stal1\; which \'!L1en evaluated 

(£.l.P\:'"'ALJ y:!..elds the value 10 

~~L~g the rwLning of a LISP program ~henever the f~ee
storage list ha? been exhauste.d a l"et~ieval of stor-age is 
irLitiat~tid a:i:h.e, prog~8.m tJhi~h ret~ieves the s~orage is a 
SAP-coded prclgram called the Gal'lloage @o11~c ~or 0 

f.u:.y piece of list stZ:'uatwe, that is acee~ible to pea-
" grams ~1 the machine is cOlLSidered an active list al~ is not 

s tou:;;hed by the Garbage Col1eetol"0 These lists ar-e e.cce,s;"ble 
to the p:;;ogram tPJ:~ov.gh certain f:L~ed sets of base r-'sg1st«;rs 

, , 

such as the j:e,giBtel~e ~"1 the list of atomic syrebolB,e the 
l?egistez:s in t~e push-dotm ~'istl ,the r-egisters whic:h eon
~ain partial ~asults of the L~S? eomp~tation in progress, et~ 
The 'list structuces involved ~~y be arbitrarily long but eaah 
1~egi8te~ ~!b,ich is a~tive must be cor.ne~ted to a base ~eg1stej;; 

through a cat~··Cldr cr..a1n of I'aG;is te,l,':>s • Ar>.y regis ter that 
eannot be so reached. is not a~eessible to arry prog~c;uD an4 
tr-..el"af~r-e ltf\ 'l!ontents ere no 'longer of :tnte~e8to 

~1~ non-aetive~ i. eo available. ~egi6ters are re~laimad 

for the f~ee~storage list by the G~bage Colle~to~ as follows. 
FiX"st e:ve-g.y ~;;dlti"le ~agister t~hiah can be t¥ea~l1ed thll'ough a 
~a~-~d;(- c~1ain is ll"al"'lted by setting 1ts sign negative 0 (wnen-. ....., '. 
ev~l,? a ?i:ega~u::tve ~t';'$is~~ is rea~hed in a cl1iain' during, this 

p,;-o~ess.l! the Ga~bage ~olle@tol'" kno1'Js' that tl1:e rest of the 

list :ir;'1vclv:tq~ that registeI" has altteady been ma1:91:edo> Then 
the Gal"!lni~e C;o11e@t,o~ r,-;eePE th:!:"ough the lists again. collect;.. 

':lng all :r;~gi~t~b"s i'!itl~ positive sign into a. netJ f~ee-sto~e 
'I : 

lists and r-a~,toring the ori$iP41 signs of the active r~gi5ters~ 
t1J.~11 all the: lists have beel'l st~]ept 0 

~hus the pr~~amme~ does not have to keep track of and ' 
el~ase l.ml!1imted. lis ts 0 The pZlo~ess is ~ried ou.t aut~ma.t1cal
ly as ~;l'::9 n~:?d 2.J.."ises 0 Pcu:~ti8..1 e,;:psrienae i~ indicatea' that 
ab.:m.t a tI.1il:0. of: the XJu,.~'.lz'.!inQ; time is ta~!:en up by the Garbage 

e;olle~tm:o 

----~- ~---,-- --- - -~----' ---



Al 

In this section, a b~ier description is given of all the 
f~~~tiQns availab~e in the LISP system es of Janual" 1, 196o~ 
A brief acacunt is given fo~ eaah fun~tion expl~in1n$ t~e 
form cf its ar-gumet'lts, and its value~" t:lhether the fUl'letion . . .. . . . .' 
is i.n. Qachi.l1e l~nguage (other-wise it must be interpr-eted ~Y. 
th~ APP1!! ol:>et"'a,tor)" and t'lhetheJ:' ~.,t is a sp~c~al fo~m ~.~, also 
il1cltlded" I~,'l 'so~e eases /I ~"l M-expI'-esai~n f01! the funC!tion in 
te~s ~f mo~e b~sic funet~ons is appende~o 

Sil1~e the, numbsl" of fUnotions if: quite large (..-90) it 
~.~ suggected, that th .. ~ tiseIt mip;ht f'i~s t 'loo1ll: at the f'o11cming 

sele:eJted list: 

a~1d 

~~?~nd 
attl'lib 

~cn~ -

define 

desc -------
equ.al 

format - ... -...:.--

:Lns t 

list 

• • 

map eon 
map11st 
Deona 
not, -
null 

. 
pick 
,print; 

pr1ntprop 
prop 
pUl1chl 

read 

remprop 

search 
sele~t. 

sl!;plfy 

subl1s 
subst 

The, ar-gtments of and' ~--e evaluated in sequenee, from 
left to ~ight~ ill1til one 'is. fOt4~d that is false, O~ ~ntil the 
end of the l~st is rea~hedo ~1e value of ~~ bS false (zero) 

~1e rvn~tion app2 is the apply ope~ator (see app~) in
thi3 case 1'Jhen f' is' atomic 0 Pr-esumably f:l!,)ply \1-1111 not be used 

as' su~h by tbe :;;eade:i.~3 but ftfi.'1J the r-e~ol'd its ~odv..5 opera.,di 
a OD ~ 

( ~. 1.1 __ • ~ .':> •• J~.t ,,,. .... ...,- .; tA.,.il HtioA l1C""e.{ , .. '-
,~a:'l~ l!:!.:l~"iJ O.t .. ;~.!"-~.:..:.~~ a...~~~ ~~1,-...g ..... t:J.~~",", c V"'V~A~J d 



· " 

8.pp~nd[~A~E) l' (tiU ~ ~A¥Bb cL . . 
epP6nd[( [A) L {C~DH [;.;l ({ALtoD} 
8 ~Ull [?D-;~;,y;p.-:-7·@ons·(£az; [;;:] CaYP0!:dCed~ GtD ;yJJ] 

it gets 



:ls " symi.:;ol ci' (?call (?t:J E -:L 

or f~t t!:2:b, is tf.1e seccn~l 8.,~~t1.t:n:ent 0 FOj: ~:~t.ln}11j .. e 

c}::;tb'ibG:~ l! ~E2:PRff «LAE8DAt' ~x} /J {aij~®l' ~ rA~(ar-1rX} ~x):; {~t ~F1i 1: (OP.Rzx) ~ ~ ft) Q 
onto 

lat6~ 

-:..~" ..... 

@8V UA:Bj) 9 A 

~a!' f{ (ADB})] ~ ~AsE\} .... 

. -r.}" 

Se~ RFSE page 1310 



reaahine-la11.guage 

'1'he ftm3tion eotrpab is a pred5.~ate 't'n1ose 
Cone) ",f the absolute valu.e of the diffe~e!1Q.e 
Y is :".€:sa than Z 8' and ~Jhose value is false ~zez'o) othel~

t'Jise <) ArY D ar:.tl z ace all floatiIlg-point numh~~s 0 

Tns f'~Gticm aompsear-ch e.omposes an S-~J:p1.'-2ssion t'!hioh 

~'Jill 1;e i,ntE;::trJ:-~ted by the APPI.8"l ,opei:a.to~ as a 8ear-(lh.. The 

purpt:-Sf? or- this ne~1 functit:l'l is to Ejp~ed us) t~le opel?:£ttion 
Of' i~~c. ~C-~~"J-'-,! .. C,,;,"; -l: r:c:o V;~~,~li."e";'~,.~, ~"'~t:h~, 'T-!.I. ... ~ ",o~-;."","'h <:>{. t!>~f".l" _ VA..: .... 5 .... "\:.-~....,\d"" • .... .a. ~~..., .&.-w".,..-.... .......... v_ l..r-...v- a..;; .. u ~'J..<,,;;f __ ."~~~ .. l.$ G~' \d~~,A 

refJW;S~,Cn1 has the J: .. PPLY '~pe~2.tor rebind all of 'th~ va:ri-. -
aoles ;1:~6.br:; ;;:.11:1 u~ t-:hel.'Ieas g$neI'lally ~1"sly the 1;: need l}e 

l:evisso.o T48 se~©,h in ?cmpsea..1"~h !'-el.il'lds cnl~ the ~~ at~ 

each X'GCt7:l"'s~cn,n<l 

(Fqml,f \:lJ1, ~ ») ») 
{'(PRO..,EXPR) } 

)} 

i{ote tl-.zt (!.mJ\,,)8e.£~~.'}h avoids tha rebiii11.inr1: of d and f b,~~ 
. ~ -". -

fora Tl in,to 

As an e~:a:tpleB assume that a funatioo ll, called FXNDr~~Ar,1E, 
is to ts def~!.11ad for the intel<opreter" ~ll1e::re FIIIDN.4.ItiE is to 
sem:ch ai.:y :U,st f,Ol", FNAI11S a.ni! have the po~;">t1on of the list 



fi~?'''P-''': ~:::' (!T ~ .• "Pi11l #p' (lC!'i','\'01't":4" 
\,k.·c.::.!·1....J~~.!·~ .. ~~ .~-=!..;J·~-f~- .. B ~,)LJ¥, t ~UJ..!t ... Uby-!.6;,8le:1D 

{F2~,~~I·10H~ {&Ar·.:J:?11fo.:; {J}: {EQe (OARp~) IJ {Q1Jt):;'E: PIQllr.1E}) J »tr 
t z.- -.:~;C1':~ ~)l,~ 3 ~J .l:.f:IaDA Jl i QJ L~ ~ aAD.R e t'1) j » , 
(lTJl~O~t~:It- EP~QR) 

flr.n t,-'"Pn,t: ., '. i7'7)~::';~ ~, 
I), ... _.L·_~""'··S ~, j} ~=-~~ .. '\J e 
/1\\ 

U 

i'lmctiQn ~cn~ evalu.ates tll~ .items c,n the list,; 

AS 

'rhe value of conc is the i'ina1 

(the ~~-lj.8tjtl y~ or havE: AFvJI!JL 01'" 

E1~;ir~1Jle : let ... 
J\. P.! eXt Y ,z) 

tmd y 8 C {'to. l'r\ {z R P .!l.~ • u /l \ S t. 1/ 

a.rd let ~7 have Al?{P:!J c~'\ its list .c, "'. -the value y~ then 
...... 

~on~[~;y)'8 {t1t>\'tR} 

C::'2!.~ ~g equi\"~lent; to 

~). ['fr:~;)i=] [,ruaLH:;cnD~;" [[~jJ t eva1 §w [j] ;yJJJ.] 
co~:d Gh.J : rr,acl1it1e lan~uage 9 'spec 1a.l i'ol:m 

~he ar-g~Eent of cond is a list or pairso 



----.---------------------------------------------------------------

I 
'~ 

V 

E~~&pt,for its use with the eompile~ at least 
pr't.::<p8sitions must be tx:ue C~ an eIUr-or-' t'lill C.~CtU";o 

See Pill-BE pag~ 1360 

@en~ is eqt~~valent to (~ie the a-list of p~~rs) 

1~'~lUiv~~n6:;~ (&seil $ ~Ull (xJ-?e~rcr>;eval ~aru:Gi:J r,aJ -... ..;> 

eYE'll ~adar lZJ p oJ ~ T~av~orHS. Go~ G~J t a JJ J J 
language 

Q,UOTE should b-a usedo 

Ttl€! rlli1·~tion ©Ol1s't'J .c~Oit'lstr-:uct 't'1~n~d) is not striGtly 

g};amrr-..a.ti~al in the L.J1SP .. serise 0 xt ta1.tes the contlSnts of the 

lHJ a.n-d sen-ds them t~ the neAt i'g-=e stc,rage lc::;a~;j.o~. As ~i.:i.tl1 
-rkA 

C:jr'<..S ·~he valuE: of CO!'l"s'N is the {le~atioAl OfJ stor-cd t'lor-d .. 

~l"Jis fun:::tion ur.aJt~S a c;opy of' the list Xo ~he valu..e oX 
@opy is' the 1()e;at1·on @f: tns ~C'pied. li.s t Q 

copy is eqt!;e,;vc~lent to 
-,--

. • mc.~hini~ language 

Tl1e fill1~tion ~ount is a function of no erguments?' Its' 
vc:~llle is idt;;ntically zer~o Jets ef'feat is to turn en the (j(jNS 



~!-:~ fV .. n~t~.C:;1 e:nl Ql~p:tes c~ cne-1.e.:vel l~~Et =-; ir~t,o fr-ee -->-- . 

Gpl :;"..8. t;;q.UivBJi.aEt to 

1~t51ISpl: ::. ~~~;:] [. [:1ull \2tJ "-~N!1L9:r;~--'" 
(;:Kl~1S f(;;~;:1n:1 ~t'l!'" [©~~!.?C~] ] ~ ©Dl red!;? G::J JOJll,. 

~ .... CDI ~ ~ ,')' 

(rt.::·~'!r- ~11!'!" r\-""li. "7!=. {,,:T1~ ';16_1-~.e l: ~'L1'!j"~!-::C~1~~ Flo? "V't,~(;,"~ f_~(~~~VJ ~ ~ .:.~_.....,r-_ .~_.c:= Lt.""",: 0:,,,, __ '-..... ~c;:-:6../11 ~&f.:: ~~ ... J;j_ .... =c.;. '\4 ....... ~.- ~ --L.;:a.;..,-.:,.!;:i_ • .,b . .... (1 

Th~ :rlllUti~H1 de!'l put-s Bl. pof~nte:;;v to the e;.:pr'G,f.S~.~;;1 e en 

the r-ast tdlf the lj~Bt x from the point t'Iner6 it flno.e. thf;! at

tl"'.icute PRO fEee below} .. ' If' no su~h attl~ibute is fcundl' one 

defl i~. eouivalent to the f'ollo~;!ing il',here the PI~~~!;,~m - .. ~ 

T,hus th;~ a.s~c~iatio~~ list 'Nill end tlP tJith PRO pe;·itJ;ting to e 

as fcllm{Js 

~ ,-->- I 11-__ 
- '";;..',,-_r·p,\"O 1 f-f --......... -- - -~. t .•. " 

~ -!..~-..:...---rf ,,; \ _\~ ... --------.. 

\-?e. 
. . ~ 



dGfin~ is equivalent to 

'~Jideflist Gte EXPJUJ 

oi' aeflisl is .. f;.: list or pai~s c 

a defl of ea~h nair and has as - - .. 
lilSt af t;i:e f:Lj:'s~ e.lement ©f. ea@h ·pai.i;' 0 

TlL!.~S t!l~ fU:'..1c;t:tCJllS c1efl2.5t ami defl1s1 ~al"'b~ Gut tt7.~ pur-

dei'2:1s1 :i's equ:l valent to· 

12.b@lrc1~.flil:l1p.~C.Gi:Jv GU.:fl1/2;)· ~ Z,JJtL;T ~ ~ 
e;;c,£1S C:1~f'1 @aa~rli ~ad:~fx'12 t def'lisl ~(;di:' ctaJJJJ] 



• .. 
9a;a f'ut~~l;icn dift diffe;rantiateE the eigGb,i~(ii~ exp:r'Gs

siC!: ~,ts t'litb F~Spe'3t to xo !f'nc.=; value of d:t?f' i~. t:he ~m1.
simpl~fie:d) a~~ge~~~;l©! 'exp:ress~on$ ~ 0 f.ij::e.1~ents !i.iUEt be rn'"o':' 

videO. en the ~~ssoeiat1ol'l lists of all the f~m~tj.m!8 u.sed :tri 

See the nota.-

Thus ::"n the f~>lJ.O~lj..ng example let the pt;·~i?osit1.0bL p Qf a sum 

be ~l:at, "if' ~f! is in~luded in a SU.!ll~ do ~lo1~ di6tr-'i1Jut~ thie 
""'!llt1 ·.=bon 6l:)~ J} \& .. ,,'-..;.'- ... 

~;b+St) !y~?z ~b J (i'i4>Z> d:ts tributes to 
«;u'J) (Ycf.rZi·b j+(ax.) (y<{»z<u>bi j+ {a"i'l) ((y+z.;r.h )<2~i{2a.) «~r·~ .. z,,~b) 

See the ~m.~j;'>~(\ t notation fOl'fJ sv .. !uS arJ:i pr"Oducts fer I,'bSP llilder 

the ru.D.~t1t0n ~r;:yl~t 0 

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



-----------------:------------------- .-----------------

Al·g 

eq1 r~r.;~T1 : _L:c..- ma~l'line language 

The fur..~tj.on eql eon;pa.l~e8 the or:..e-level lists at 1: and 
"vT G ~he value Qf eql =-=;y i.e trt\€: (one) 'If the ~~o listis ru:e 
j.a.eL1tical~ 2.l'ld false. (zer-o) otheri.'lise ~ 

eCIl is equivalent to 

label[eqlbi~r ~t~~ rG-~ e Y~l;:;" 8 ';j'3 8 0 -7 0; 

T ~,:n'~" [g.ar C!JJ i"3 .@t'JI') @ar [YJ J /\. 
eql ~CirC;:'Jr.(;d~(yJJJJJ 

• .. 
qq .... e ./:>,.-..,~'i en eou~' b.:' .!..cAl co 'le"t1re.:;a ~ _;: .. c...,;a 

the valu? tb-ct~ ~ona) if 
talse (zero) othel:t:lise to 

cornpal~as t~e lis t8 J: and. y and !1aS 
the tt'JO lists ar-e j.denti~aljl anc1. 

equal is equivalent to ---- . 

la.belG:qu.a.l;,}~ [G~;y] ~Cx f:B y.~ 1;;:: e OVy @ O~ .. O. 

c~,(xJ ~ -1 V cro-;(yJ' &0,1 -l~ O. 

T-~ eQ.tJ.:3.1 \£.~[x] D ~ar-[y J] f\ equal f2dl~ UU; careyJ]]] J 

"Fee fm:.(;~:;io~'l el~O~ of one (OJ;l no) ·at=gu.l'TIent causes an 
er:-£cO:i? prin~-out follol'!ed by a p:i?int-out of ~,:uy reItgumsnt x 
giveno 

• . ' 

Tl1e ~'tea.di~~ sho.uld have no occasion to use this funct'ion 
a...s StJ.~h9 si.r:.t,;{~ jJ; is called in hy the APP~Y operatC':J::9" but he 



A!l 

~ -.-, ',' i ['"'. ~;,l c ... c·_......... ~.-: h.. 5 -" -

.... 
2.t~0;u ~c;.J} CEJj--7 

s,:.a.. .. 'Hh r:.,·'::::'\~"f ~ l·J' rC"J ·e'll~" r{] e WSi're-;:;,r,,~~~--: rJ,·l "" S\t;13R \j c-.8.r> rJ"] ~ 
--oS" :::- .~~ ... ~~--a t:z..~-..J!) U. ~ t,.! ~ ,c;:.1I;':. ~cE .... "iJ&l.\o.~·W'~".1a ~ ~ t..... 

F2!:j2R_\~' cc',Z"tj] :i" EXPR]; 

y"f (5J; sele(!t; [5;ar Cil ~ 
~~" ~S'iJJ3~tc,~;3 r(~;;;r'jl ~listrG6.j;'·le 1 fbJ]l r 

!!:' -- c.. t:.!!':';~ ~ ". .",.' 

L?CJBR;e.pp3 ~adr (jJ D6vlis lSd~2leJ gh]]J ~ 
GlEXPR.f~pP1Y ~c.d~-{jJ~listr~d~·(eJ ~bJ ~bJJ Y, 

~.-'i''''''·h7 G~r1'~( -i] • AV'" <ii q r;" .. :~,r:e 'i: 'o::t • hJ 1 ] 
'-*.J:;;~y l::''""'''' .... .l.~ .... ~, /) """ • ~c...!.o;..,; ~\.:..f!..> b:~'..J fJ ;.d y IL::_ .J. 

, A r [j] ~ search[b; , 
~ ~ -

j\LCj~;~aal" Ci] 8 ca~c.~J Js 
t~ C Cj1 ; apply ~ada'i,'" [sJ; ~vlis ~d!' (fJ ~ b J? b]] ; 

jI. [J];err"OrJ]J]; 
i~ ~ 6.pplYGar~J;evliS @cl:l;"Ce);b];bJJ 

machine language 

st;h"t.~5ts, a lis~; of the values obtained' ~y evaluEt5x![£ each 
eleu:-ent ,:;f the list ~.t using ev~l mtd the list b~ afKl t;he r-e. 

;~ is 

value of evliso ---,' 
evJLis is equivalent to 

u~C~;:;b};maplistCx; u\ CD] ;eval u:at>(S] i,pJJJ 

• . machine language 

pcsitive or negative rlo~ting-point iriteger~ 

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



. 'Wl 

~?'" ,.°0 """; '1 lve] 
"""' ~~..;~;.."....:." c= .I~ - ... ' 

T'n.s fun~tic.n fi1:nil ©opi~es the l:lst ;~~ b<6pla~:'tng; null 
l:Lsts en the list J; b~y the pair of: par'znthe~est 0 s so that 
nu.ll lis i~s til.ll pl."int ou.t as this ra the~ t~ha.n as bIz.nlcs .. 

. . 
The fU:tl~tion flval finds the adro:ess of. the flcatil1g-poillt 

b-epb-ssel1tativ~ of the number !:-apresented UJ1- the asso~iation 
list j~Q. T;;.e ValiJ.e of flval· is the addcess of the i'2oatiii'lg-

p;;-CSI'"B.m for flval is 

I 
Bl 

• . 

©?rG~] 
ceil? [~i) 

~ ... 1-> e~~:r-m." 
t. 

Eo:! 0 --> Gvt..'t>Ol'" 

. X 8 cdrC..~J 

ear~;1 4 FLO~\T --7? go C?:lJ 

retum:z t;:dai:l1 lA)] " . 

va~i-



Cm'1Sj,der fc(:-mat &fiJU\ESPEARE; {V$r'Z~ER!, GHEE!~!OOD, T?..EE) '; 

(GREE!lll'!OOD~ t.'£tREE)] , ...,. 
'L'ae:i?e E-:~e t~·!O val~iables invol ved D GREEm'!OOD and 'l?.EE 

Tha:l the eJ~ecution of f'or-m3.t ger:e~ate8 thr'ee ft'L:~tions 
~-;o t'J1'lich t'1e ~C'tlld g~n ve ru:gv.n;ents 

8112~li:esp3c..~a {§Pfu'3AD-IZ'iIG; CI-w,ST!,nn,ii] 

gb-8em'mc-d [{BE~'iEATH ~ SPRE..4.DI1-~l·!J az.:EST~lY.!: ~ 
~...... . ":1 

tz<~e [(EZHEA'lH., SPREADXEG: [, QHESTEl~"'E)J 
~ 

EJ~st;ut~.ng these ftm,~tion.s in f;G/.;;;n g:tves 

2nd CHES~£rrrg raBpe~tively 

Thus Sh?Jiespea,l'ls has as cu .. gument a. list u 't']~'l.ieh nm.st. eon
ta~~ as lliany te~n$ as Vj ~~d St~stitutes in f ro~ one O~~~
wai1~e of eaeh variable in v the ¢;or-l."tesponding variable in U" 

gr-aem'JCDg and tz:ee have as ru,-tgt:!.ITient a list etrur.;tW:~e g 

an-1 pi~lc out the element in g t'ihieh oe~u9ies a position C:Ol~-
~"'esp~nc1ir~ to thei~ J 8 ;,.n f 0 

t(it;liiat[p;f;il eI Ji>t.(n;f;v}; L~[Cf?; ~~~ttl~ib'C!lzSllbliS ((t~n~~; (FftJ ;[p; 
.for-matI' tYJ]1; {EXPR, (LA!r:6-DAl'V 11 (S!ffiLlSD (L:trSTgP) p; (CONST"F» )J] 
rC~lW~tq [n;f~ v) ]]].] . 

f.~:;rnat~p~vJ ~ G'1Ul1 (VJ-')vA;p.~ ..... ('cns[pUbntlSal"(v:J ~Xj {LXST, ~~O!~s~B.x),xD; 
f\J~·m~ tp' [?~ (y 11 J] ....-

fOl~atq[p;f;~~ ~ fuUll.Cv]~n;T,-,;>~[Czlh.(~ S3 t'ip~el"Tor;T-.>ic..(x;~B nTJ 
(!.tt~ibGa!' (vJ ;subst (Z~R; fEXPRp (~!c..l\r;1BDAJ (x) r (DESCe:R$.X) ») J]] 
G'©r-matq ~,j, f; tldc (v J]1]J U?iC~!: ~~,; f"J E r] JJ 

• • 

If t~le f'i~i?8t element of' an S-expressi!':m is FUN~TXo.:NB the 

se~olld element is u..~derstocd to be the fv..n~tion., A ~t'1 list 
~~s c~ns tr-u~·t~d t'1:1. tI~ fit's t e lerr.$!.1.t mJj~?AP..q., ~eQOl~d e lerr~~t equ:al 
t .t:> -... -., ~ t - f~."'" -;-:,!->9_ t>.t_,'.·7<(.'>; ....... 15 .. 8'- ..... ? 'I... ....... • ... •H" ::J ./,,:J at"1:t "Gi1J,b'.1. e..!!.er~sn ~ equaJ. ",v ~_ ... -. ~ ... ~.'.I.'" __ ... ...... L/.<.,"-S 



funatic~ is equivalent to 

l~[Cf;til ;liSt[FW1~ARGiCa.r(~ ;.b]J 

. . 
~-i12 fUll~.t~i(\):ri gens:\rrn has no ~gt!.n;ents" xts valu.e ~s a . . 

nau.e of the fOl"m G~n'Ol" GOOt)2~ 000,09999" 
~nis fu.1'l~tion is uSeftll for ~~aattnz ate-riiia 61.l:iliho15 t-:hen 

one is needed ~ ea~h one is gt~~,te.sd l;:':'l~;Cil-:.e 0 

. • 

T'ns .fun~tiQn ~eetel~ is a p~dicate ~;hose valt!s is true 
'(one) if' the fif'i;een-bit quantity p is gr-£;s.te~ than the fif

teen-hit qt1a:.~tity qo Other",'Jise IJ ti'".te value of: gz:eate~ :ts 

V'l~")e·"'e Sf':)l~-e 't; t ~ ~~\1 b'~ mil Se!"; r'O'.. Tl'i~ .... .... .. ... ~:::;.>.......... ~ .""", _C3 h01e=. c.g_ -..._ 

z canIlot be cbtai~.t-~c1 as sn.!bl~.s(i;y ] 
c~ x ot'tttinsd. uy substitut~ng pairs ~U9 v} -with th~ same u fogp 
t~~ ~~paired Glem~nts (u)o If z, can be cbtai~~d in this way, 
iel.St &.c;Y;z] has as ve~lue the eOll."Plet.e,d list ;r.. ~e' pUJ.~o~e 
of :.tnst :is t.O, determiree ~ltletl~~ z is a subst1t\.'!tiol"!. instan~s - . ~ 



P..15 

labGl Q~nst; ?\\.f G;;;Y:Z] 9 I!- r;;.! @->O,;y 8 oV~ e o"'?"'.>OVee..r[¥J t'5 -1 
-7Sea;;i1[i;:;?\(Cj];a2,f;U<:l[j].s YJt~[CjJ;cdill"(jJ F.l 0->. . 

li1aplist~Q'h[Q.~ p U~ .f. j ->aa.:i.-:.Q~J;T~Or1S(y;@OnS&;oJJ]]J; 
caQar(jJ r-:! Z-?:;;i~~~ OJ;{jr g;j z-'>~;'l'->{1lJJi 
T-p~~nst[;1115t fu6·e~'t(YJ rear LZJJ8CCll";~vJj;Cdr~JJ] J] 

iDtv is EQuivalent to 

.t'~[(jC] D@~{Rl';OP ~a:;{~J;IIi?F\f~tS~rorJ JJ 
,. 
• 

CEhs flli~ction joil!£t is the ~am~ as the fv~~tion inst ex
~~pt that fo~ ;joinst the lists y and z can he lists of :v-lists 

joir~t ~s equivalent to 

. • 

~le effe~t of label~ft the ri~st element eX a form is 

descl"'ihad in S:3~tion 203 of this rra..'"1ual .. 

label.is equivalent to 

~ [C?; b) ;eval G:ad~')~J r;epp~nd l2:ist (p.J; oJ]] 



. . 

t1o'n", tCll":t if' this is not t::elevl:1l1t 3 that the l;tet x. 'is the 

1 ci'tge 1"'> " 

lz,'i;;;alU:Wgel'" i fA (h.XsyJ t G"'lUl1 \1i:]->OPlul1Gt J --.:~:1~ 
p.1- r "nf"'"","1 1\ at"."'.....,r~~l ---- c;o_-.:..?)t_o • ."r...,. ... :1 .. c .. r...n1-~J.' l,:.i;o..1 t;"".:;u.l W· __ ~? ci...l."~r:~0~b L..!.\. ~~:J 1) 

c:.t;!:}wu.J~08atc:m[y J -?:>1; 

lm"ger- ~~.(hJ vcazs[YJ] --> 18 
la~gel"@a.r'C~:1 ;~~LXJJ~OJ J 

T~laJ."ge~ [Qd~Q~J ;~~(YJJJJJ 

val ue tha lls ~~ of i t~ (;:.z:gw-nents 0 

Fc(.:- tl'la i\P?LY ope~ato~" if" a is the assl}aiated Cl-:U.st~ 
list 

· " 
· · 

lue of t~1e pr-.gg~·am var~able» 1: 0 is stor-ed .. 

011 the ?J.:ogb"am Feflt3..we., 

--

~e the Se~t1on 



Al1 

This fUll~tion C"malre Car-' Ol.or. cdr e.blEn,.~tI) V$~S t~he ftll'lction 

de~~ to ppeed up ru1d irup~ove fun@t1cns such as ~ or ~add~r 
etc 0 Th.e e.::-gi.:EE!l'l.t x is a list of pair-s of the for-me fey!! ex
a1r.!)le, 

the laEbda e~~~essione 

U;, [cjJ ;des© @f'i~; j]J ~ 
sG~cnd list 9f tr~ pair 11P-S been sucstitut~d fo~ 
'rU:~1j ti{:\n fll.U"'lal"g is used be 101'1 to bind the PR© used 

~11?J::~blt' 1.8 equ',;t.ralent to 

ftlr..ab-gtj [[jJ ;rr.a.plist [j»fl.m©tion ~[ua idefl V (aru."Ceru.'t[kJ]; 
SV:ibSt ~P-~' (pdr[~al.'{jJJJ ~ iQifC;:IT:~ trAY> D (LAr:rEDA, (clJ} B 

{JESC" (QXOTEbl1A~)"J} D nJIJJ 1; (PRCzEXPRD ... 

U".ap is 11i"<.6 the ft.m~ticll maplis t e.h@spt 
~ 

valLIe or ~ is nile and map doss not do a cons of -
~ is.UBSd o~ly when the a~tic~ 

~h~ pcc,g1"2.JTI foi.'" ~i? CLT is the only prObJ7aJil var-iahle) B is 

/ '1&1: ~ ;;~ 

;LOP gO~Ull(LTJ~E!®;T' >C01~ 
Ci:)}3:. f ~"l"J . 

~T ~i ©f'&Z'~1ij; J 
gO~O~ 

E:~1) ~atur-a~lJ 
----... 



AlB 

It is lit-"..e mar.> --=-
e;;~ept the,,\; :tt, u,ses the f'lli'lction f on the 15.st x until eitli.el? 
the list is finishede O~ until a value of r[V] ~ 1 is found .. 

mEp~~ i~' eqv.i va.lent to 

la'h-;:l f!i~~)~al.~2 '2:. [[2::;(1; § ~ o~o;~ G'!] ~o;mapCa1"'{2drJ2:J ~r] ]JJ 

lw.vir~ been t;r-eated by ~-irnso 

rnB_n~Qn i~ eauivalent to . 

lew.a ~""n;', [~; ~ ; (Eull [xJ-:1'> J).'!L,'J.'-,..append I! \l<J i map""" [0<21'[ x J ; tJ J] 1 

a 1"t~'t'1 list f'f2J " 
SeeP~S3 page 1380 

l:lst x onto 

maolist is eouivalent to ~ 

label ~~P1i: i; J, C ~; 1'J > ~ull f.«J -;,. OJ 1---><)""8 f! \!-J ' """plis t Gdr-[::J i~J ] J 
mE-tl"i1~mB].tiP_l;\;-~;YJ: machine le.ngl1age 

T'ais rlli"l~:t:;'on has as value a. matriJi: ~'lhj~c;;n is the praoduct 
of the r-.::;:;1 m:~!.tri;;~" x" and the eclu.'rl!l mE~t1:'iJ;:l' yo. The t\,fO ~

tri~es ~~ ente~ed either as dir-e~t f~~~tional argUrn3n~8 in 
wzt~ixrr:ulti~ly O~ r~om being given on the a-listo For ex
ample» if the matrix 

t·KO arg1.1.ments f for the 

-



!t is onl~l ne~essa:Fg that the ~est of each sublist be the 
eri:eITIsnts of the l~O:rl rnatr-'i}~ and the ~olu.r:m fi18,trS.-A in the ~ight 

o~der:'o See nage 1~6 of the .fol1m'ling l<:,sf'ereuo!3 t':he1,'ts this 

{-'i.u'i~f:icl1 t"="'~ ,!eve~ cnJod, o .... 2"-' ... •. - . ~, ~ -,.~ _ I 

I 

\'1'. 

identie.al to that of 
is the enti're ;;esuit!' {i" e .. the 

if 8 o~ l'\>sturnLY J 
tIl 8 X 

~db':>QllJ 8 o~> gOQ.1J 
l>~ s c~~f1'll 
go ~~J ,. 

~ If,"] ,p, @Qb'b!;J B Jt 

r--atUl"'1(i, rX 1 
. ....... 

The function net is a. predi~ate Q. Its value is true 
false (x &'il zer:o» p anti false (zero) 



o .. 

A~O 

T.ne .fm1~tion null is a pr-ediaatso lts value is tr-ue 
if i.ts ftl')gtm1Bnt .is zel?o, and false {zeJ;o} ot:he~t';iseo 

. • 

cghe z~gu:.rente of 01" are evaluated in seqt~ence ~ fccm left 
to r:tght t until one is found that is t~ue If or until the eI1d 
of the lis t !is l~eael1-8d eo ~che value of 2!: is Cr-ue «one}: or 
fals~ (zez;o J r-eP.1pee ti va ly., 

The fU.n~ticl1 pair has as value the list of pait"s of 001:'

r-eepond~ el~mel1ts of tl1e lists x arid yG 'fae argu.m.snts J~ and

y must 'b't; lists 'of the same numbel? of elements 0 . OXthey ~annot 

be atomic 5ymools~ 
See P~!SE page 1330 

T11e fvncticn piek finds the atomi~ eyrabol. x t in the list 
strllct~e~ yo ~ae value of pie~ is a list of A's (for Cal~> 

lv.e. ~ollld: t~l :J..~ed fob' exa~le . a,s the fir-st- 8.l'lgLlIT}ent of dese. 

E1~cmi,;.le 

equivaJ.ent to 

lahel ~i~lq b~ l ~;:.~ ; LEUll [yJ~!~C;eqt!alGr;YJ -> ~~L; 
atom ~T J ~ NO; ~ ~ [ [j]; ~qv.a.l [j; NO J ... .-.~ 
6~CQ~] t· ~Q.ua1UCeNQ]-? ~.lO;T~cons[P»t~JJJ ... 
(pielt!1.<; edr (y}}] I'):""'" conS(A; :mJ iEict, Qt; ear!y JJ J 1 

Pb1C:':J~~ 0~il • . 



.. 

aS20~::E';,t~~cn lists o.f: .it al1d y.. '.ttia value c.f pr-det is the ad-
:--.1"_ 

db-eSS or tha ~tomi~ symbol containing the p~odueto 

pe~ji~1.S en se~1.Se st'litch settiA18s:, see SeetS-on 3.,1), its ~gu

rrent .;; ~~f 1;: is a legal list st::uetur-e,!l al1d malfunetions if it 

In the fol1c.n~:tng eQ.uivalent expr-essionp pj."lin~ is a 
:~'C'Utj~l:~ ~'lh:i~h l'::7ints up to sj.:.X EOD ©hal~a~ter-8 i:Jh~n the ch~

act~;::s ex-a juetified to the left!! follot<;ecl by the ],llegal 

\'"hez:a ~ql 

t~8 6 E:;D left-pc~enthes1sb' 'U (" 

3l!. '8 
eo; BCD ri~~t-pare~tr~sis~ ")It 

138 9 ECD co~a6 
tt ~ 

'" 

machine langvage 

~ne ~~utine p~inl p~ints th~ asso~iati~n list or tbe 
atc·m5~~ Sj"~'b:il .21:&. Xi.' X is not S-!"1 ato.-me an en."TC'r oe~v.I"S 0 

Tlle equivalent program fotD p~ii"M has the ~;o program 

varia1J.les ST ardi Vt'J.g, al'ld 18 as .follows" 

/ 

Al 
S~ B ;t 

cd~(x] 8 O~e~o~ 
.... ~ iJr:~-;r~i 
.0. '\.\~ ~l....,:'J 

car- l;;;:] 1'3 P:NAl,2 -;":;> go {}.3J 
car- ~"0 f aONE.-..;> go ~l ] 
J! e car [cdr Q~J] 



04.2 

\ 

2ist p~ii.1te6, to by any ar :b~-o~SUERtFS~13:R:PHAr,'lEEAP,;,"p..!~I' Or' Ih'1' 

a~~ not p~intedQ 
l'-.:.as the value 

Y 2 th0u.gh x may be used to erfe~t Q;om6' 8.Gtion" ,FcJ." e;~alT:ple! 

PEint:p;;'tcp C?:;J ~ p!'og~ ~b'l1nt \jist ~RgPERT=CES;OFP:]] rp~intpl \par [~JJJ 

labellFb-il1tP18 U:. [(21:] » (Pu.21 [ToJ~~ b'rJIL; T~:n:c:gfG?l.iE!'i;; ~~~!2r)l ~ 
sea:r-0,hr~F1~ t S:W3Re FS1ig13Rr'PE>lfU·~E~AF'l}?ftL~ Jrl'Fl") e' ' , 

(r.l!U.~-<JJA~ {~}! (EQ1JJJ~L! i©fill~J) l' i~ARt x} »'Po 

e . 

(L&E8DA t {Jr) ~ {PRXB1~Plp ~~DR~ (©DRvX))>> r 
(LAf.$DA" «,J) 1) ~PR~~~EPlt (cr/H~x)>> ))JJ11J 



t~ses 

a-list c·r pair-s, 00 There ar-e five prcgl"lam vS<lj.a.bles a 

is the list o~ program variables) t~e t3, p~! r, br 

I t2 ,.., 1EiPli8t(9~[eJ8~[t:jJ31ist~al"[jJp~~LJJJ 
bl"" a append ~2; i.il 

RET 

GO 

\ 

t13 8 pv 

pr Ell t2 
e.t tl"'ib [pvv t3] 
pr 8 ~dj,'l[eJ 

l? 9 'Ol? 

EO [@tom[ca.l':>[l'"J]->AUiFrG~ L'\.~] IS GO-> GO; 

caar[E,TIJ ~ RET!JRliI-? RET;T -;-"'NOP.1111 
eval @al-:l (p j B 01."J -
i> IS cdr-(r] 

. go@L) 
r-etUl~ ~valLcadar[taJ tb~J 
t2 ~ eval ~adal'{cl ;b',r] 
EearCh(p:r?;~((j];~ru:lI[jJ s t~;l[Lc:iJp.~ e ~dI.[jJJ; 

~ LCJ1;er-.c-or]] 
gOUQL] '. . 

Tne tm1)tion p~op seal~ches the list (or atcmi~ s~1nb~l) x~ 
far- an item :identical \'11th yo> Xf such an elem~nt ~.~ found, 
the value· of v~OD is the ~ast.of tIts list begi~~'i~g i~ediate-::..-::.. . 
ly Gfte~ t!~ eleu~nto Othe~~ise the value is Uo (u is a 
'~""fIq#-';',.,""t!:)"!. :1 do. t'.oa._.~V'c...., __ l __ .... J: J 

Pi:0P if:3 equivalent to 

label [p~p; do ~ G"'t;y; zJ; [nUll [x] 71.1; Cal'V Ci"J ~ y~ cdr (~J D 
T'~,..,. prop @dr [x] ; y; z)J] J 



'1)tLni0h:ief is €oui valent to .... '- .. 
"1.";',-,, '1 r~"···",,,,,n~e'<>. 'i), fr"".!1 • t··rf.?P r" ... 'l>. rr~ 1 . ... ",'nAh II r~ ~ st r"'ao '1l t .,J. ~~"t •. H:::~ !;l1..!..l1.~.J.c.\wt. -.l. 31l~ ~~ 9 i .. tJ.. l;Lt W kj-'1jlr v " '-c_ ,J l.:'~~. I ~ b. ~ 2 

~-1"'~""; 1 r,~~''')~A-''=O'''''' G.~""" r Ilj,':;'vnR. - -. _ ~~ht~u;. ~~ ~b- l:J ~{#..b. _~ til ifJ.!Wt.J; S 

'A [({m:q~ ~,~b~~{n~Gonc {]I~OtEXl?R."O:N~?ROPER<ff(i~!S~QFJ} _, 

lis t [3 az' (j J J • { {) , l?lr1'1CHDEl." , (tJ\lmO>.' , (lO:!>.'TXlfllE jJJ] J 11 J J 111 _ .... 

, 

the list i.nfOl?mation in ~orJ301ida.ted form.\' io e., e.:;::tZ'Q .. blar!l-::s 

have ~en lefi:; out and commas ~,n8er-tGd in I~l"o V,"':'> eOr'1:se t, lc~a-

tic!'h~ 0 All 12 CO ltUfw S of the c;ard ~e till.e~c; 

T"\~'n<'"·h~ \~"') t:r'~. ''2c!. ... \,.,.: .\:'''' .1 -- o' 
o 

out;· onto tape :3 
f.or off-line pm1~h~go Ea~h sublist of the top level of list 
x appr;;£~rs as a aepm:ate 'eal~ pimched in SAP foz<ma.t;.. p~.nehs is 
used t·;~, th the LISP Compiler .. 

quote . . 
'I{;~e valun ,or eo list beg1n11ing l'rtth Q::IJ0~ is always th~ 

b'GZst of the list ... 

~d : 

Tl1e f'u.r:.~ ~.;itm J;d of no arguments detEn.~:1l1es to l:hich eate
go:i;~ls {3,ette~" l.-:..umb-$!"t! pu-i:1etuat;\ons et:~.,L t116 s~lm1J;ol on the 

inpv.t lis t be'longs 0 

. . 

is t.he 

rd is used by th.e fWlction r--aad 0 



r-edi..l,:;@ ~ J: trL8.chine language 
~n 

Tlte fm1~tion 'reduce r-educes ~ nf.n mat~ut to a~ ~n-l)~ 
(11-1) n;~.tri:·:o The i'lli."lction has been used in eleGtttical net

t>Jol-'lt ~~ciuetiono See the referantJes u.Tld.e~ reducGtom::n b;elot'1 c 

This ftU1~tion uses the fun.~tion r--2d~2ce to l .... edt!ce .a 
sqUab'S mat::'"l;Lx m to all n by n ma.triX \'1hose :;;a111-: is less tl-w..n 

that of IDo The al'lgurn.ent. n rous t be given 11'1 floating-point· 
r~J-;~m() 'Iteis f'w~ation has been used in electl.~ical net~'1Ortt re-

Ed"!".jal~s", Do 301 ttS~nnbolic Cil~euit Analysis ~jith t~s 

604. Eleetl"Ol"liC qal~ulatcrt1 Jl SP. Eo' 'X"besiBl' Course VIi 
I:1!T /J J'tme 19590 

Cfold]J-erg". Solomon Ho B "Solution of &.1, Ele~tr·ica1-

1'!ett1ol'>~ using a Digital Computer." I s~ no ~esi.6» 
(;ou.j.~se VI, t-lITIl Augv.st, 1959 .. 

. • 

GJ:'l?~ :E'tEtc?;io.n rem:.~~..E sear-~hes tl1f; list, :Kg l.ooltin~ for. 
all o~~u~r-zn~es of the prope~ty po' t~nen such a p~op~~ty· is 
fouo1b its t~rr~ and the succeeding elem9n~ ~~~e ~emoved from 
tl~ listo LJ:11.~ t1'l0 "ends" of ths list ~a tied togethexo as 1n
<:1icated by the dashed line o-eloi'ls 

A"-' - - -- - - - --
L>[ 

t 
~ ~ 

J~\ ( )->-\": ( ~l: : :: 
1 .. 
. ~ 

of .,I' , 
pr-o ? e 1'-'C tl AO,:r-, e c... If'~ ~ , .... 

f-> 
" 



. '-

.' .', 

A:26 

i7empl\1~] 8' ~!.lllGtJ (\ null@Cll'ZrJ.:J]-7>~TbL;~8.dril:] ~ p _ ? 

pzcJg2 ~~pla~dGc; 0v.11 @dfu'> ~d]~l-mL8T~~dCll'JlFJJ]f 
. r;:m:.ol (20); ... . , 

'Z'--i?vempl (adr @;:] \1 $ 

.... --
1-';he;;.,~ iJ7',Y'2ru·v\ ha~ the valt;,e 11" thoursh u is ussd to ef-

- ..... .y (;;.; ...... l<.".:: IV_ 

feet an aotic:1o 

."""" '[ ""' "" ~ \~ •• ,,(71 \ -y=G;,·~'-l'/b~.i.J 

~,,;n' ~ .~.r. G·· '11 machine lan~ua~e ~_ ,-,,""'!"<Q_ ... cc.~c. .- _ _ 
I 

./ S add!:??,q·J(glJ~ (" 110 
' "": aJ;;Cb·';;I~li;;J.Lv I G); m:sse f'lE'lCtions ~epla~e the !....., - .' J part of 

the, fil."s t; c..l";g!J.i'TI8nt,, x t 'by the se(;cmd al:"gument 9 yo 160. e Co y is 

sto:N~d i:"1 tr~e (aDdJ! 01~ t'J part) o? the loeatio.l7. pointed to by 
value of these f~cticns 1,8 always 

zer-o 0 

valt:..e 

s~~soc. is equ~valent to 

labelGaSSOC;.L~C[xey~~ bCnUl1[YJ~ u;ce..w[yJ ~ ~~Cdru."[YJ; 
1j1-.;:,... ~'"' ~~oc('..,.· "'d .... (~'J-; • u i ""'If 11 

<!!:> --,- V a~ .. ..- 1 J:. ~ ~ -., 4.: __ ~ .... ' 0 .. 

... ""'''''' 

through the liE· t, for a.n 



,. 

ele,u:ent th?-t has the prope~tYe PI' and if su.ch an eleu::ent 1.8. 
f·~.y:.m(l~ tIle ftmcticn, f # of that element is ~he valu.e o,f 

£aai.:cc. Q Jrf' ~;heJ;e is ~10 such element" the functicn u [;d is 
tai'::e:;l ~)3' the value of se~©ho 

Ee8~~ch is equivalent to __ t __ 

lMa:!. ~ec.r-Ch;:t Wi:Hj;fDU]; (nUllLx]--> u ~::]~p C:;~J ..... >f·~J~ 
T ~Be2..t ~.ll @dl'eG:) ;. P ; f'; v]] ] ] . 

~;"'~""'1~f'G~"~iJ"p.o f'o <]-, w~ ...... -:..c.... ·~oi.,-e..:: 1-':";; t.!; ~ , ~t ! ... .... 
See the function ~ompse~chD the fuuqtion se~~t~ is t~e 

fast se2.l"'~h idlose S-e:itpr-ession is set up b.y C~"H~'ll1sear-~h" 

seax:c~~ is equivalent t!o' ' 

~~ rrX;VePif"~'liJJiSUbliSrC (HlU~6X)" {VP.R; 'ilL. (P!l\,p) g ~FFofL (W btl)}; _.... -
'L..~I;lBDA~ ~VAR) 6 (taOHD, (I'IDhlJ" ~'7P.R) .,ilJF} B {PI? "FFJ:t 

{T& CI~J!iE~ (CDR" \JAR) j» )JJ] . 

• • 

. i~r, ;p1-"';l:> el~p2·-~ e~; 0:" 0 ;Pn-7 el:l;~-''> u~ 

a~d an ar-gwTien~ ~ which is ~ list c~ pairs, e~1.~-listo ~1e 

Pi sS $ 

~~1 ~~ t~at c~se tha v~lue o~ seleot ~s e~~ ~f no su~h Pi 
is i'omld!, t.he value of seleet is u" 

selectr:~;'a"'l is equivalent' to - - . 
~W~;~ 2sele~t2~val~a~l?J s~1 ~ad~~'"tJJJ . 

{eval (:cz{?0 ieJ here to]ill give the v~i.l~e Qr ~he :5'ab'ov~ i t'. 

gele~.t~![lF;J 8 ~t1l1 ~dl'"Ul}->'eval ~ax"~~dtaJ; 
v i>l3 eva1l?s,£lr-U']) ;aJ-?="evelL:ad8..rQ.i}~€l $ 

~g' -:~ sele<t!t2rvilCl~\}lJl' ..... . ~..J 



" 

\" I U .. 
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machine language 
n-aeliine lai'lguage ; apscial fo!"m 

~be set &nd setq f~~etions are used to ch~~e ths va
lues ();f the ;,t"ogram variables !'lhen uSiO$ ~he Progr&1il Featur-e 
(see Se@tion ~05)o The p~g~am var-iables are initially 
b~lli"'11 ,to nv.ll list-so' 

l!ote th3.t (in S-expression form) ~ 

(SET, (QUOTEeV)se) "'_ {SE'lQl'Vge) 

. • 

The f't"~·;:~tiQn smplfy ta.tres tl?e algebraic; e2tpressicl1 x 
ar~ si~plifies ito Tile r-e6ult~~t expr-ession is the v21ue of 
smpl~J .. 

Tile notation allowed i~ the algebpaic 64pr-easion is any 

compoun~1ng ~f the followii1g'modified polish notation: 

(UJ.lJi:I'lESef.\,B,C); (any numbeI', (':71) of arguments) 
(Sbl,l~ A eB.I! C ) e (any number (" 1) of aJ,'tguments} 

~COS,x) 

CSINlIXj 
{!{[El-rJS» X) 
~P~trlER,J:g ~;) == Xy 

uPtECIP::XI'o - t ~ .. /} ="'R" 
(LOGBE'~X) '== lO';BX 

For £urther discU6~~on of the smplfy funation_ Bee 
~oldber-g21 Solomon He, "Solution of al'l Electrical I~tt:lorli: 

" 

·.'!.sil1g a Digital Computer"" 80£11D Thesis, Cot}.J."Ise \I7Jl:, mT.Aup;U:st$1959o 



~~"-------------------------------------------

\ 

I' ,,' 
._ • .IIi <" 

. . 
A~9 

Ti1e fUll'Ctic.n SPf13J\:e of no argums:nts'j; C8.U.Bes the con
tents of the C(n~S eounter to h~ pl."):tnted on-line or off-line 
depsl:!.1ing en the sense-s1'1itah settir.:.gso See t!'l..e fu.:'1etion 
count rc~ a descript~on of this covnte~Q 

o 
a 

~. lis t of pa~trs, 

(~Ql~Vl)t{~eV2)8o.o,{un$vn}) 

where the u ts a\"e atomico The ve.lue of su.bl:ts E;:;yJ is the 
~esu~t of substituting eaeh v fo~ the corre3p~nding u in yo 

See F2SE page 1340 

sublis is equivalent to 

labelrSUbliS;;.r~;y19[x !3 0-> y;y 8 O"'-p O/k""'-> 
. -;eal"chQt:;i'unctionQ. [[jJ;equallJr;caar (jJ]J]t 

. runctionC~ (Cj]icadar OJ]] ; _® 
~ar[y J g;! ... l~ Y8T~~ons(:;ubliS t2q,car~)J ;8Ub11a'\2qCd~[YJJ] 1\\ 

. ,....,.... , 

:, 

T'.ne funetion subst k'tC..s as value th.e !iesul~ of: ~ubstitu.t-. 
i.ng ;{ ror ru.l ,O~G1}J;r-ent;es of the, atomic s~llibo], y :In the 

S-eJi.-pr-essicn z .. 
See P.rS~ pag.e 1320 

subst is equivalent to 

labelGubstp~ C~;;Y~Z)gt! is Z~~Opy[xJ;caI'\i; 1 £3 -l~Zi 
, T~c{}ns~ubst~~,YD@ar[zJl;substf?:;y~cdr ~lJJJ]J 

The proposition substl'" is true {one> if the list strue-
':8 y is a 511hstr-v.~ttu."te of the list s;t;ructure ~:J othertJise 

pI"~posil.;ion is false ~zer:o) 0 

-.-



8ubstr is equivalent to 

lab~l ~l.lbsti:"~ d~r~sYJ;(: 8 y -.> lec;m1112~ 7 022to~112:J~ (I 
s~b'st~ r('e-~ 0,,"7 e:vJ ~-.1 • T-;;;'·f:l·'h~ tr> 1·;"!"h~r.··J" ,7 -I]l-j' ~' '" ~ ~.: 171.= ,.- ~':35 ~''''' -'" ~'~ e:"" ..r-v,er .-t 

. .. machine language 

Th~ tun~ti0l1 ~ will ~~o,mptlt.e the 82.m of the tt':a l"'loat

ing"'poL"2t nV.niilel"s \'inOSe a8s~H;~iat:!>cm llsts 2,1":e ~~ a.no yo 'She 

.. t.r..s SUffio 

value is false {zero} if x is net an a£8c~iation list t or if 
the !ist aces not eon~~in FIDAT-c 

". 

tsflot is equivalent to 

. .. 

I car .. ,. 
~ 

Bl ... \3 0 .1>-

ca.l~ x 

" go Bl 

i3 -1 r--e t'i..IT'l'l {O~ 
retwn ~ \G~ ~ 

~ FLOAT :r-e t lli-rn ~1) 

T~ f~.nction ~~~{'r!,ll"1t p of rl'C argt'lli;~ntc, f. tUr"nE off the 

COriS ~ounte;j,?o See the ftu."lQticn @OU.~1t fo!."" a des~r-';lption 01: 

END 
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Pl"ogrammers Mallual--Dr-af'b: Addendum to 
Section 304 on the Flexowriter Janual"'Y 29, 1960 

An example follo!'1s of an actual run tr1ith the Fle~o''I-riter. 
The F1exOl'Il"~.ter tj7pes ou.t 1n a different color f'ztom the type
in, 8.L"1a this is indicated belot"1 by underlil'ling... At present 
the commas separating elements of lists oan be replaced by 

bl8.nl~s Sil'lCe the comma is· inconveniently t.'I_ppe~ case" HOv-l

evel"1:. in the e};a.mple the commas al"e used for clal"ity" Ex

planatory comments have been P1..\t in Geloto.! in lOl're~ case t·o 
the right of the ·actual outputo 

The ca.:rd-l"eader ''''Jhich l'las called in' by !O!i'L1P{HEADl be
lot'l had c~.!'ds 11'1 it defining t~e function RVSE (revet·se a 
list)~ followed by a cal"'d IOFLIP(READ) to return to control 
to the Flexowritero 

ax 
GO 

CDR UA"B"cl) () 
STOP 

iB,>C) - .............. 
GO 

CDR (!A:rB:!C». 

STOP 

GO -{) . 

STOP 

{B;C) 
GO 

0 OAR 
&1 . -:- CDR 
.tj 
- c, CONS 
.? 
$ ~) {~r" J» 

{{(A"B,),O» 
((D, (E~FD) 

((G$-H), 

0 

o 
o 

the Flexo~'1riter talres over~ and 
requests a type-in (Sequence Mode} 
(type-in) 
the Fle~~owj..'Jiter digests the 1ni'ormatio:':· 

and finds the 8.J."1Sl'lsr I 

and asks f.o~ more~ 
(type-in) 

the Flexow~iter does notr 11ave a full 
tz;iplet f;x;a 980 asl.:s. for the res.t 

7 
J 



-~, 

... ' ~j 

~ 

'_. ;-

• RLN • 
o.i. 
0 

(A",B) 

:L 

'! '~~Fl) 
GO -

RLN 
22 
2 -

GO 
RLI'l 

32 
l'JRONG ORDER 

RLN 
33 

-tt 3 

~(G.!H)~I!Jl 
GO 

TEN 
CAR eCA B»-O 

LINE NU"1'1BER I,l!SSING REfiPE -
2 IOFLIP (READ) () 

:3 RVSE ((A,B:C,D» () 
l~_ IOF"J.aEX(PRIHT) () 

:,~ !OFLEX(I~G) 0 
:6 STOP 
~1 FIN 
• RLN • 
25 
:2 

(read lines 0 and 1. ) 
line 0 

anS~ler 
11ne:i. 

(rea.d line 2) 

line 2 

the FlexoWrite~ asks for the rest 
(read linea 3 to 2) 

error 

(read line -3)-line ~ has been r~
membered 

answer 

error indi~a.tion 

type-ins 

(read lines 2 through 5) 



......... ,\ ..... 

READ 

(RVSE"REVi) 

READ 

~ 

ERROR NUI,ffiER :F i: 

NG 

F 

GO 

.F1N 

go to card-reader to r.ead . . 

in definition of RVSE and 
REV! (used in RVSE) 

fl~p back to flexowriter 
read line 3 and find 

anS\'ler to RVSE 
read line 4 

True-the Flexow~iter is printing 
read line 5 

NG is not a valid a~gument 
for IOFLEXs so 

amn'1er is False 

(read line 6 and 1) 

end of computation 
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