
CO\fER -r .-r"~:· 
~) ,1 t; ~~~ t 

(0 Usr.r Group: FOCUS G:i 

l'k:lfle c(lmpldc thi s form nccording to the instrueiiol1s on the J'everse side 

CD Contribc~-in" Oc-"",,i'-3tion ·----rQ-~~~;::;~Clltif;CatiOn - . . ~ 
Kjel1er I"!1.stitute I._':.I_..!:.:.._. KJ~J:''''-'~''''' __ 'J--'-_.1 ___ ~_...J..-..l.-..J,--,-J 

Inst:dlniion J':~lrne Pr:lsi:anlmer/Submitler (uP to 19 char:wtt·rs) 

--~ 
f"J P E 
Hev. 

Lisp 

DC[H.:riptiYe TiLle (up to SCi Ch:ll'~C~l!rs lllCludilig" J3lanks) 

.. _ .. _--,--_._-,,.. 
If 
~H 11J LJ ;: 

If,' O.~ 
or 1>'1' 

L_ 
No. Tr/L Length 

l\irr [?] 
Sour;!o CD 0 
:\ledlum 1'1' 0 

Other (up to 4·1 I 
ch:lracte~'s) --- ----

(:0~\\rilten I@ H: stric ,"d, ,,-; IX! Yos 0 (""",,,",, ",d'T 'h' "'[O'~';;'li~:;l 
!_-~~'i~;-b2~jJ ______ -=-n~(-C_'~'=-i~2~~-:(_1.=~==_"--_-'_-__ , __ I_, __ ~~:~~~:_~L~~::~~"d D __ ~~~raPhic; ~~~.:~_[j ______ .~ 
1(1~) j!Cllui.'.'nd 1.i.bt·ary HO'JtilwS I 

I - I-'--L- "'-I --" _____ ---,---,--.-<-1-' I--l--,-_LJ l_ ....... ___ .~-..I-' __ .... ~ .... __ ----.: .. __ I __ ->..--'---'~! _ J I 
Cl. Cede Orr;. Code Pl'ogram Name: Hcv. ! 

I 

i---l.-_J __ l--<--_..l_' _Lj.. __ J __ ., ..•. -l_._ •. _-L.-LJ I 
. --- ·------.. --------~-------·i 

I -_·_·_---·----1 
I 

I 

I 
L1SP3600 reads LISP in S-cxpression fonDat. I 

Ie l\::ltu~': of Hevision 0 Pr()jJrietary Ordering Iniol"m:d.iull [] ,'\cldll.i,.lia} Inf01'm:lti09 [J 

I 

l --_ .. -_.-- -.--'~------
.-.- .-~----- ... ~--.,-. . _-- ---_. __ .-... -----.... '-"'-.'------~---.------

I 
j 
! 

I 

I 
I _·-----1 
\ 
I 
I 

I 
i 

i 
-----_ ... _. __ .. __ .,j 
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LISP 3600: USERS Iv1P.l\TUl.: L 

1 INTRODUCTION TO THE PROGRIMlv1ING Ll.NGU1.GE LISP 

LIS? is a progl"arnming langu3.ge for manipulating complex data strt:c­

tures. The data structtll"CS are built up as S-e)...'Prcssions~ LISP 

-programs arc also \vritten as S-expressions, because the LISP-inte~-

preter can only read G-expresBions. 

L 1 S-exprcf3 sians 

1. 1 .. 1 I.torfl 8 

1. 1" 2 

The most elementary type of S.'expression is the ato111.. l~n atoiTI is 

c:i:::!:c:- ::: ~~~~!"l:3 r,f no more than 82 letters and digits t the :first one of 

which mu st be a lette r, 01" 3. n12m b er c 

Examples! I.B z 1; 1 J 36 

Dot-notation 

More cDmplex S-expressions can be built up from atOIT1S and the celi­

nleters 11)11, 11(11 and It. ". The basic operation for forn1ing S-expT':;s­

sions is to cornbine two of thelTI to produce a larger one, c a.lled a dot­

ted pair. From the two S-e)...'Pressions P.B and 1.1 one can form fhe 

dotted pair (1. B .. 1:..1). This can f i .be dotted vvith itself to give 

«fB"/)l). (/: B· A 1)).. S-eA~ressions forr.ned in this way al"e sa.id tv 

be v/ritten in dot-notation. 

E xa m p Ie s: ( ( !~ B" 3 6 ) 0 ./'. 1) $ ( (V. V)" (X. (y .. 6))) 

1" 1. 3 List-notation 

Large E)-expressions are difficult to read when they are written in 

dot-notation. I-Iowever. S-expres'sions can in some cases be \vrittcil 
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ill an abbreviated form called list-notation.. If m l' ro Z' •• , n1n are 3-

expr es sions the Ii st (nIl m Z • •• m n ) is id.:!ntical to (n'l· (111 2 " (. •• • 

(rn • NIL) ••• ))). The aton, }:\TIL serves as ternlinator for lists'. The 
n 

enlpty list ( ) is identical to NIL. Lists may have sublists. The dot-

notation and the list-notatiDn D.1ay be used in the sarne S-cxpression, 

Blank is the usual delinleter in list-notation, but conlma. rnay also bc 

used. Blank and cornrna. are equivalent in LIS? 

(A (2" C)) - (A ~ (2~ C)) == (.t" «(2" C)" l\TIL)) 

1. 2 LIS"? -functions 

Vi e shall introduce some eler{}l:!ntary LIS? -functions. Every exalnple 

given frorn noyv on 'will, if pre£::xed with the atolTI EV .. ~ L: constitute 

complete LISP-prograrns whic1. n'1ay be punched and run. The effect 

1. 2. 1 QUCTE (one argument) 

To tell the interpreter what parts of an S-e}..'-pression are function calls 

anj what parts are argunlents for the functions J we "quote" the argu·· 

r:'1ents, with the function QUOTE:. In other words QUCTE is used to 

signify that an eA-pression stands for itseli rather than for sornething 

to be interpreted furthe r; thus it 5 erves to isolate a prograrn fron') 

its data. 

1.2 •. 2 CuNS (two argurf1ents) 

CONS cornbines the t\VO arguments to lY!ake a dotted pair. 

Exar{}ple: (CONG (OUCTE .A)(GUCTE(B»)) 

Upon reading this (with the prefix EVA L) the interpreter calls COi\TS 

and calculate s and prints out the value: 

(Pc B) 
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(./'. r.) is equivalent to (i~. (B)) but the interpreter will print in list­

notation whenever possible. 

We see that in LIS? the call on ~. function. fn with the argurnents xI'I 

x
Z

, ... J x
k 

are vlritten as 

In a list that is not quoted the fir at elem eat is take:a to be a function 

narfle. The function is called by the interpr eter and applied to the 

arguments. Functions may as in. the cxanlple above be nested; the 

innermost function is cor.oputed first. 

1 .. 2. 3 CAP... (one arguDlcnt) 

The argurnent of Cl:R should not be an atoll.'1. Its value is the first 

part of its composite argumentd 

vaiue p, 

( r jl. '0 (C: T.j r'f' !<' ((j.\. 1 2 \ ~ C) 
'-J ...... \. ..... U \;"..., ...... ..;.....J .J ~ I value (1;.· 12) 

1. 2, 4 CDR (one argunlent) 

The argunlent of CDR should not be an atom.. Its v2J.ue is the second 

part of its cornposite argument. The second part r;f a list is the rest 

of the list except the first element,. 

Examples: (CDR(QUCTE (/-: B))) value B 

.{CDR(QUOTE ((.A~ 12)" C·). \~alue C 

(CDR(O.UCTE (A))) value ~TIL 

That NIL r.£1ust be the value in this example can be seen frorn the fact 

that (A) ::: (p;" NIL)" 

1. 2. 5 EQUAL (t\.vo argulnents) predicate 

j'", function whc;se value is either true Ol~ false is called a predicate. 

In LID'? the values true and false ~.re represented by the atoms T 
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and F t respectively. A LISP-prGdicate is therefore a function whose 

value is either T or F. The atofl1 s T, F ~l.nd NIL ne ed. not be quoted, 

because they have an inherent rDeaning for the LIS"P-interpreter. Nul1.'1-

bers need n0t be quoted, bGca'Ll;se they are always taken to represent 

their nUD1eric value. 

Exar.oples: (EOU! L 12 13) value l'~TIL 

(F is equivalent to l'1IL) 

(E·QUAL(QUOTE (1"" B))(QUOTE (A· B))) value T 

(EQUAL (CDR (C:DCTE i=:)} NIL) value T 

1. 2. 6 A DDI (one argurllent) 

The arguroent of ADDI rDust be a nurnbel". This number is increased 

with 1. 

Example: (ADD 1 13) value,~-1 

l~ 2 .. 7 ATOM (one argul'Ylent) predicate 

The value of the predicate ATClvl is T if its argument is an atorn, and 

F other\vis e~ 

Examples: (ATCIv! (QUCTE ABC D E)) value T 

(i),TeM (CAR U:lUCTJ~~ (A· B))) value T 

( h TO'M" (Our-;'r'r:' I /I,. p))) .t"l. ..L • -1. V J __ ' \ r., ,;,J value F 

1 .. 2. 8 CCl\lD (indefinite nun1ber of areutnents) 

IVlore interesting functions rnay be constructed in LISP vlith the aid of 

the conditional expression, defi::1.able by the function COND. COl\ID is 

a special iorn.1 which takes an indefinite number of argurnents.. Each 

argument is a list of two elen1ents.. COI\TD proceeds irorn argul"n ent 

to argument, evaluating the fir st elem ent of each; and the value of 

COND is the second clenH:!nt of the first argurnent whose first clerne:ot 

is true. 
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Examples: (C Ol'~D (F (QUCTE~ J~.) (or (QUOTE B))) value B 

(CG:ND ((ATOl'v1 (QUOT;~ C))(OUOTE FIRST») 

((.ATGNI (CAR (QUOTE (A· B»)) NIL» value FIRST 

(COl\TD ((j\TOlvl (QUCTE (C»))(QUOTE FIRST) 

((p. TOr'll (Cl,H. (QUOTE (1;,· B)) NIL}) value NIL 

1. 2. 9 DEFINE (one argun.1cnt) 

The LISP-progralnmer may Cl'eate names for nevI functions and 
-

reference these nan1C s instead of writing the entire function each tirne 

it is needed. Up to this po:.nt \ve have defined ne"w functions by nesting 

knovm ones. Frorl1 now on VIe will allow l"ecursive functions. This is 

functions \vhich calls itselL It is necessa:.·y to create a name for a 

recursive function:, othel~v/ise it would be in"lpossible for the function 

to reference itself. A function TlCiXDe iG als'J handy \vhen \ve Vlant the 

same function co:-nputed several tirne..s 'J.'ith varying argurnents. If vVG 

",;,rani: t,:) define a function v,rithcut specifying the argurnents s we D1ust 

us e variables. 

1.2.10 L.AIv1BDA (t\VO argumer..ts) 

Variables are int}:oduced by the special fo:;:rn LAIVIB DiL The firs; 

argument of L.AIvIBD!:. is a 1iG~ cf the vari~.bles '.vhich \vill be used in 

the function which is the second argurnent of LAMBDA. Vvhen. the 

function is c~rnputed LP,1'/lBD1~. eGtablishes a correspondence betv'veen 

the supplied argur.nents a!ld the variables" 

The name of a function is created by the function DEFIl'TE. J~£ter a 

function narne have been created by DEF]l\.TE, the function n"lay be 

referenced any-vvhe14 e vlith its nar.oe. The arguu1ent of DEFINE is 

a list of function definitions. The d~finitions are lists of t·wo eler.ncnts: 

the first element is the aton"lic function·-narne a.nd the second elernent is 

the LAlVIBD1~ -expression \vh:ch defines the function. 

Suppose we ,vant to define a function called CADR whose vaiue shall be 

the second element of the list which is supplied as its argul'ncnt. 
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The function must contain a variable which we will call X. 

The following program will establish CilDR as a function in the LISp ... 

system ... 

(DEFll\1E(QUCTE ((CA D:R (LAlvlBDP" (X) (CP~.R (CDR :<))))))) 

'value (CP,DR) 

Tohe value of DEFll:-TE tells us that the definition has been accepted; 

and CADI?. is consequently available. Suppose we novI ',\rant the second 

element on the list (12 14 18 26). The follov/ing p~ogram \vould do this 

( Ci\ DR (Q UQ T E ('L 2 14 18 26))) v alu e 14 

Let us look at a recur sive definiticn: The function FF selects the first 

atoln of any given expression. FF is defined as follo\vs 

(T (F F (C 1\ R X')))))))}) v 2.1 u e (F F ) 

The exp 1'e s sion (FF (LAIVIBDiJ. w •• c'a.n be read: If)C is an a torn f thei"l 

X itself is the answer. Cther\vise the function FF is to be applied to 

CAR of X:. The use of CON::: is very irnportant since it assures Ub that 

the recursion 'will endG If X is atomic: then the fir st branch of the 

COND which is X will be selected. Ctherwise, the second branch 

(FF (CIR X:)) will be selected, since T is always true~ Let us nov:r 

use FF to find the first atom in the S-expression (Jc; B)" C). 

(FF (QUOTE ((p" B)" e»} v-alue P: 

As a last exalnple we will define the predicate MEl'v1BER of tV/O argu­

nlents X and Y. IV1EI\.1BER is true if the S-cxpression :X occurs al'"Dong 

the elelnents c£ the list Y. The predicate l\IULLI' which is true if its 

argument is NIL, is used in MEIVIBER. Rernembering that DEFIi'TE 

could deal '\,vith rnany definitions at the s arne time vve define both MElvI­

BEn. and !'TULL with the following progralTI. 



· : 

:0 

o 

,I 

·1 

- 10 -

(DEFIl'JE (QUCTE( 

(NULL (LP~MBDA (J) (EQUAL J NIL))) 

(l\1EMBEH. {LAlvfBD.A (X Y) 

») 

(COl'-TD «(NULL Y) F) 

))) 

((EQU.AL X (C/}.R Y) T) 

(T(MEM13ER X(CDR Y»)) 

(iYiElvlBER {QUOTE (j~. B))(QUCTE((E. F).C (1:· B»)) value T 

(lvIE:f\/IBER (QUCTE D) (GUOTE (1: BeE»)) value :NIL 

There are many other functions .'.11. LISP 3600, see bppendix IV for 

details about sorne of therfl. See also the LISP-run in Appendix VI. 

2 CPEP~ TIl\TG PROCEDURES 

The LISP-interpreter is located on a binary tape vlith tap8-1:tbel 

Bll\fAR Y LIt]? 3600, vihich rlJust be requested for a LISP··run .. 

2. 1 Running a prograrD punched on cards 

The LISP-progranJ can ·be punched on cards!, free-field, in colurnns 

1 - 72. 

The fallcwing control cards are necessax'y to run the LISP-progranl 

on the cards" 
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~ 11 ... 

~JOB, <acc. nr>. <program narne>,<time lir.oit> 
'7 . 

;EO:UIP, 6=(BIN.ARY LISP3600)~ SV 
/ 

~EQUIPp 10=60 

~EQUIP ~ 11=61 
") 

~R Ul'T r < tin.1C lin1it >, <print lilnit > 

8 

77 
88 

LISP -pro gra:'11 

Logical unit 10 and 11 are input and output units, respectively; for 

the LISP-interpreter. These are here equated to the standard inp'lt 

output units 60 and 61. Logical units 10 a;ld 11 may he equa.ted to 

any other available equipment the prograrnmer may need. The cal·d 

c ontaining ~ column 1 acts as end-ai-file rnark to the LISP-intcr-
o 

preter, \vhich upon reading it~ returns control to SCOPE" 

Prelistil1G the LIC:? -prograrn 

At the Kjeller Computer Installation it is possible to get a listing of 

the LISP-program prior to running it.. This can be very useful, be­

cause with large programs the interpreter print-out is very hard to 

read., The follo\ving control cards should be used. 
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~JCB, <ace nr>,<prog:t~aln na!11e>~<timc limit> 

;EQUIP p 6= (Bn\lf,.R Y LISP3600), SV 
-; 

7 
9EQUIP,lO=IviT 

~EQUIP, 11 =61 

7.,", .. 
9LIi:JT, L,O= 1 0 

4 
B 

77 
88 

LISP -progranl 

I R'7'-..nn'JD 10 9 l....... .,_. 

~L01~ D, 6 

7 
aRUN, <time lirnit>, <print limit> 
" 
77 
88 

2.3 Running a program punched on paper tape 

At the Kjellel" Cornputer Installation the LISP-program may also be 

punched on 8-channel papertape" The papertape's flexowritcr codes 

are translated to Ho.l1erith cardimages on a magnetic tape by the 

standard program PIJ.VIP. The rollowing conventions lnust be obser­

ved when punching LISP-programs on papertape: 

a) Use only lO'lNcrcase letters. 

b) Use co 11.1 rn a as separator between atorns, n eve r blank. 
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c) The LISP-program rnust bo pl·eceeded by the character; down­
strol::e, 1,;. (4~), and superceded by the character, dOVInstroke: or-
sign ("~r). . 

P, .papertape containing a LISP··program punched according to the above 

rules, can be run with the folle.·vving control cards. 

~ J C B ~ < ace n r > , < pro g r 2, In narD e > 1 < t in1 e Ii rrlit > 
"/ 

~'EnUIPJ 6=(BINI,P\. Y LISP3600)l! ,SV 
"/ 

~)~OUIP, 1 =PT 
'/ 

~PIMPr 1=1, P=lO~ L 

7 - r'r"- 6 9.L'JJ... J.J, 

7 
~)Itill.li <tin1:::! lirnit>.\ <pl~lnt lilnit> 

77 
88 

These control cards VJill also give a prelisting of the prograrD. 

~topping a LIS?:Erogran1 

If a LISP-program should go into an endless loop: it can be stopped 

in such a \vay as to give the prograrn~er some inforrnation about \vhat 

went w'rong. This is done by pres siYlg jump key 3 on the console. 

Jurnp key 3 transfers control to E)?-,,)~OR \vhich prints out 3..11 lists bound 

on the push-dovJ'nlist • 

Tracing in LIS? 3600 

Bit 7 in the D-rcgistcr 1I which is set by executing SETBIT(7), rnust be 

set if tracing is wanted. The bit may be cleared by executing CLEAH.­

BIT(7).. Clearing bit 7 stopa all tracing irnrnediately" Tracing:is furtitei.' 
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controlled by the pseudo-function TRACE$ whose argument is 3. list 

of functiono to be traced. 1~ft8rt:race has been executed, tracing i.vill 

occur \vhenevcr these functiono are entered. The tracer prints out the 

nan1e of a function and its argul11.cnts when it is entered t and its name 

and value when it is finished. ,ilhen tracing of certain functions is 

no longer c1csired t it can be termin3.ted by the pseudo-function 

U:NTRICE 'vvhose argulnent is a list of functions that 3.re no longer 

to be traced. 

ER.2 .. G'T:\. DLl:Gl\T C:STIeS 

3. 1 Syntactical errors 

If the reader finds syntactical C1TOl"O in an S-expression~ it inSel·ts 

special atOITlS at appropriate places in the S-e:v.:prcssion. The speci:-.d. 

atorns h2.ve the follo\l/ing nlcClning: 

atorn 

ERRI. 

ERRB 

DOTEj~R2 

meaning 

1'. or ) encountered as first non-blank charac­

ter in 3.n S-expres sien 

• (dot) encountered 2.8 first non-blank character 

after a ( 

The second G-expression in a dotted pair is not 

followed by a .right parenthesis 

,. or ) encountered as first non-blank chara.cter 

after a dot 

An illegal character is changed t:.-; ? by the reader, and recognized as 

a syntactical error. 1'.. doublet containing one or more syntactical 

errors is never run . 
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Runtime errors 

~':!hen an error occurs during a LISP-run the following general err':>r­

heading v;.rill be printed ')ut: 

LISTING OF LISTS B OUI\TD ON 

PUSHDO'WNLIST FOLLO"NS 

The appropriate errordl2vgnostic is ~.nserted into the blank sp:lce be­

tween EIG\.OR and LISTn~G before printing. f 8 the heading indicates 

the lists bound on the pushde:wnlist 3.re printed out a.fter the heading. 

Printing of the lists on the pushdov/nlist v/ill not 'Occur if the error 

diagnostic \vas ST bCK EXCEEDrD. The er~:orciiagn08tic 

:* * * /-,,1 j\ PPLIED FUNCTION CJ~ LLED ERROR will be given if a 

LISP-program calls ERROR. The argun1ent (if any) of ERROR will 

be prin.ted. 

1:· cornplete list of error diagno :;tics is given belo'.v, with cornrncnts .. 

1: 2 L?PL";l 3.l: SSOC 

i: 3 EVCOl'-T 

P.4 CR P.5 PRCG 

1,6 GO Il'1 PROG 

A 7 SPREJ:.D 

A8 EVJ~L Sl;SSOC 

A9 EVllL SLSSOC 

1'"'2 PIIRI 

This occu}"s \vhen an atorn given as tl1.C 

fir st argurnent of /; PP L Y, does nc'£: 
have a d8finition either on its property 
list or on the a.s sociation list of I; Pl:J LY. 

1'Tone of the propositions folJ.cv,!illg 
CON D are true. 

SET 01· SETQ given on nonex18tent . 
pro gram va.riable. 

GO refers to a nonexistent label. 

Too rnany argulTIents in an EXPR 01" 

FEXPR. 

The atom in question is not bound on 
the association list for EVIL nor does 
it have an 1. PV l'. L. 

EV r L expects the first object on a 
list to be an aton"}. j',,8 and 1> 9 frequent­
ly occurs when a parenthesis nliscount 
causes the v,rrong phrase to be evaluated. 

The va.riable list specified by LllvlBDIJ 
is shorter than. the subrnitted 3.rgur.oent~. 
list • 
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ST LeI< EXCE~~DED 

12 ll'T EXPT 

BIG IRGZ. EX?T 

I3 Bf·D LRIT l:RG 
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The variable Est specified by LA M.B ))1\ 
is longer than the submitted argurnent 
list .. 

Jump key 3 on the console has been 
pressed: see '2 .• 4. 

The garbaGe collectDr is un:::tble to find 
unused words in free word storage .. 

Recursion is very deep. Nonternlinat­
ing recursion will Cause this error. 
The list of lists bound on the pushdov,nl­
Ii st will not be given on this error .. 

First argument is negative in EXPT. 

Ibs value of second argurncnt in EX.PT 
is great8r than '709. 

1:n arithrnetic routine ha.s been given 
.. '1.n unusable argument. 

Is indicated above the lists bOl~nd on the pushdov/n!ist arc printed out 

(the list (jn t.op) is printed last. The la.st printed lists V/iH the:refol'~ 

give a good indication of v"hat ca.uscd the error .. 

Let us as sume that none of the functions being interpreted arc using 

the PROC-feature J and that the TH,f.·.CEIN D in the D-registcl' i~ .:d'f. 

Under these conditions the lis'i:s bound on the pushdovJnlist \vill be 

alternately function calls or definitions and as sociation lists. When 

reading the pushdownprintout keep in mind that the innermost June.tion 

are evaluated firnt, even though the functions are interpreted frorn 

the outside in.. Thus the call on the function being evaluated when the 

error occurred will be near the top of the stack. 

If the TR1.CEThTD in the D-reg ister was set, the narne of 30n EXPEt 

called will be found on the pushdovilnlist between the EXPR's definition. 

and the corresponding association list. 

The c?-ll on 3. function using the P]3 .. CG -feature \vill cause the following 

lists to appear in the pushdo\vnprintout: 
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a) The ccrnplete iunctio:r.L defini.tion (orD:'eting the nan18 of the function). 

c) The associa.~don list. 

d) A list vi the unint2rpr cted st9.tcrn.ents in ,the functions starting v/ith 
the one th,at was bcinrr eva.111atcd ,"vhen the error occurred. 

4 DIE'FE?,-~SI'! CES BETVifEE1,T LJ::3P:3 600 j'I'TD LIS1? 1. 5 

4. 1 Exter~.s iOJ).D 

Llphar~.1c!'ic a~:orDS ~nay in LISP 3600 h3.ve up to 82 cha14 acters. 

Fixed po5.nt l~1...1..rDbers Yi12 .. y h3.vC 2.'osol'L'..te values between 247 and 
-Ll·7 2 - ~ 

'")0"" 
Floating poInt nunlDe:i:.'S rnay have a.bsolute values betvl8cn 10':' I Zind 

·~307 
10 " 

Numb81'S aj~e COilsiclered 8ql..:al if the absolute value of their dif£e!'8nce 
··8 is less than 10 ~ 

j) cornpletely new fUf~c-:;ion c2.}.1ed Ii?"PEI\JDl is included as a SUBH.l' 

see .tppendi:r. IV £0:: de1:2:~ls~ 

1. 2 C mis ~~ions 

The iollovling functions are 110t irDp18l'ncnted: /,RRi:.Y, ERH.ORSET i 

RECJ.JLIM:, CCUJ\~T: Ul'JCOU1'1T and 8::;':8.1'.,1(. P11 other undefined 

iunctior.s in LISP 1.. 5 can be defined f:::orn those given in LISP 3600. 
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4.3 DUferences 

a) The scal;~~ factor in a loeica1 number is an exponent to the base 2" 

b) f. minus sign preceding a logical number will cause the t.;hifted 
nunlbe rto be C oln.plen'1entetl .. 

c) Blanks are used as fill-in in the fullv/ords. This rna.kes it inJpos­
sible to:; print rnore than a single blank 3.t a. tirne. But this means 
t ' J. t' t.... rj,(\";' -·(t, ·'1 . t . 1 -,-'laC llC cons :lnl- ~i)<I;:~) Jj~:) \V11. pr1l1' as a sIng e sp::cc. 

d) The function CLEIRBUFF has not been irnplenlentcd because it 
should never be needed. 

e) The functions IN'fERl'T and IvlKNl Mare conlbined into a single 
function. namely IviK/; T0Ivi.. 

MKfj TO Iv1 == il'J TERN (IvII<N J:. 1vi) 

£) Becau se of the reorganisatic l l1 of all prope l"ty lists, the printnarne 
is CLR. of the atolTI ... 

g) UNPl'.CJ'< takes an 3.torn as its arQUnlent. 
~ ~ 

h) PR1l\.TT nhould not be used directly after PRfl\JTl without e};.:ecut~ 
ing TE~'?F]7~I behv2en; because ":?RIN T ~:;etG tne ourput i.Jlli~e.c i.() 

bb .. nks befcre printing, thureby destroying what W.::t6· put in by 
PRlI'-J 1. 

i) GO must only be given atomic labels. 

j) + and - should never be used as characters in an atom .. 

See l,ppendix VI for the initial object list defined in LISP36oo. 

5 EX1:.}APLES OF THE USE OF LISP 

I. very short Dlentioning of two interesting and useful LISP-progran'ls 

will be given here. 

5. 1 METEOR: I LIS::-:>-interpreter fer string transforrnations 

Pa.rticulars about this pTog:rall1 are given in (5) in an article with the 

above heading as title written by Daniel G Bobrovv. 
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METEOR is a LISP-interpreter for ,3. CCIvlIT-likc language. This 

language is very useful for string rnanip'.llation and transfonnation. 

NIETE OR have been debuGged and run in LISP3600. The card deck 

defining IvIETEOR can be cbta.ined from the KjeUer Computer Insta.l­

lation_ 

5. 2 PRETTYPD.IN'T 

6~ 1 

This prograrn \vill print the functions, whose nan1eEi are on its argu­

rllentliGt. The functions must be E}(PRs or FEXP,Rs which have been 

defined previously \vith DEFli'TE or DEFLIST. The functions are 

printed in such a way'as to r.oake thenl very read3.ble~ Lll the LISP­

run contained in j~ppendix VI PRETTYPRTI'TT prints itself .. 

The folloVo/ing notes should be read by those \vno have obt~iiil..;;d 5-

LISP3600 systemtape through CO-OP. 

Contents of system tape 

The tape distributed through CG ··CP has tHe follo\vin.g contents. 

Label: BCD LISl?3600 

LISP-interpreter 

lVIETEOR-BCD 

\vith testcase. 

end-of-file 
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METEOR-BCD 

\-vith testcase. 

end-of -file 

I copy of this t:::.pe is included in the pTograrn-libra.l"Y at the Kjeller 

C ornpute r InGta.llation.~' 

Running the systerntape 

The t3.pe was made using GCOPB 6. 0 and should thel'efoi·c never be 

run on older versions of SCOPE (because of the label). The follow­

ing run will make 2. COSY -tape narned LISP3600 a.nd a bina.ry tape 

named BINLRY LISP36oo. 

The lvfETECR-iiltcrpreter lying irnrncdiately after the LISP,~int.el·-

preter will in this run be dcfin8d and run on a te~n;Caf:H:: ~v l,.~"" .. ~.l.;.(;. 

Contl'ol cards neces cary: 

~JOBi\ <ace nr> J < program narn,e> p 25 

~EQUIPt 3=(LISP360oL SV 

~EQUIP, 6=(Bn\lJ~R Y LI3P3600), SV 

~ZQUIP, 2=(BCD LISP360,O), SV 

7 
9EQUIP,11:-.:61 

7 "7 (1 UIP 10-2 9Ll",~ , .. -

~COMPP'SS/l L) R, X::: 6 , C:::3, I=2 

11 
o 
7 BI.i'TK, (O).I,LL 

9 
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7 ~LO!:D 6 
'7 ' 

'7 9RUN $i 5) 5000 

77 
88 

The COSY -tape should be put a8ide~ because any corrections or 

additions will be in the iorrn of COSY -correction cards. 

The binary tape n'lay be used for LISP-runs as described in 2.1. 

However, if the cOl'nputer jn c{f2ostion has two hanks or 1110Xe the card 

11 

~ BINI(p(O),ALL. 

9 

must be placed immediately before the LOJ~ D card. 

If the METEGR· .. inte1·pl"etel' Is v/anted J skip the first file anc"i ptln.cb. 

it out~ 
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f., P P E 1'1 D I X I V 

SOME FUNCTIONS il'I THE Jl\TTEH.PRETER DEFINED IN" lvi-

EXPRESSIONS 

Defined function s: 

EV l~LOUOTEL 

LPPLY 

JI'.V.AL 

EVLIS 

EVCOl\T 

LIST 

!~PPENDl 

f..?PE1'fD 

DEFll\JE 

DEFLIST 

The defnitl0D.s are chosen so as to resen'1ble the actual impJetYlen-· 

tat ion of these fLUl.ction::.; as closely as possible .. 
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THE LI~-;P INTERPRE1'ER 

evalquot~ [in; arGsl ::: [get [ fn; FEXPR] V get [in; FSUBH.l­

eva! [cons [fn~ arg:d~ NIL] 

T-~pply [fn~ ill'gs; 1'-HL1} 

~ply[fn~ arGo; al;:[ 

null [ fn] -j, NIL; 

atom [£n]-.. [get (fn; EXPRJ -> ::.pp!y k::.:pr; 1 arg2; a); 

rt)rn'C~.d [arg~d;} 
get[ f~~; SUBR1~· "') $ ALIST: = aj ; 

L TSX [lu1n . .l, . .£ 

T ... apply [Cdl'l n2.S soc [in; a:}. ([ 1 ; errOl" [A2.]]])~ argc; l!.J: 
cq [car [in]; LABEL] -> apply [caddT [fuJi al"gs; C:<?E8 [ conG [ c.:-.dr l £.1]; c::l.ddr [fnj}; a]j; 

eq [car [fn); FUNl' .. HG] -~ :~pply [cadr [£'1 Ji <lrg:..;; caddr [fnl]; 

eq lear Un); LAMB1JA1-.. eval [c2.ddr lfn]; nconc'[ pair leadr Un]; arS:J]; a]): 

T~apply (eva.} [in; <1]; argc; a]] 

~vaJ. (form; a) :;: [ 

1 

null [fol'm] - NIL; 

l1umberp [fol'n~] -.. fm.'m; 
1 atom (form) -;.. [get [£0 :Lr.n; APVAL 1 ...... car hpv;:d J; 

T-..cdr (l1J.['tiOC [:Conn; .).;).((_j~ erl'or[A8]]])J; 
".. 

zq Icar ilo1'mJ~, WUUT.L~J -<'" cadI' l!o:l."rnl; 
? 

eq [c2.r lfOrl1:oJ: FUNCTIONj -"'Hot lFUN ARG; c().dr [form]; al;-

cq [ca.::.' [forrnJ; CO:ND) ._p. ::veon (cell' [form]; ZI.J, 
eq ( C,.tl' l fonn]; FROG] -.. prog [cdr [form); a];2 

~l.ton1[c'ir[ fo:n.-l])-.. (get [car [form]; EXPi:-( j-·'·apply (p.xpr; 1 evliG [cdr lform}~ a:!~ ,.~)~ 
get (c~r (fo;cl"n]; PEXPRJ - apply lie:;~p::; 1 liBt [cdr f formJt ~~]; ~<L 

J
"'-sp:;:ocad [CVli8 (cdr tfo:rmJt ~]h .') 

get: [car (fol'm); SUER)..... te ALIS .. T: ::: <.'l.t ~" 
TqX b'- 11. Ii ..... ,. GU '-t 1: """ r AC: ::: cdr [form]; 1 

gt.::t [(;ar [fonn h FSUBR] -.. -) MQ; ::: $ ALIST: ::: a; r . ~ 
LTSX fsubr. 1. 4: ) 

T -.. e,'al [conG [cdr [sassoc [car [fol'mh .::i~ i,( (]; er.ror [1'...9]]1]; 

cdr [form)); aJ]; 

T -- apply [car [form); evli!} [cdr [form); al; Co)) 

The va.lue of get is set aside. This is the meaning 01 the apparent free or 
undefined variable. 

2 In the act.ual systern this is handled by 3.n FSUBR ~:a.ther than as the separate 
special case shown here . 
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e v 11 s [rn; aJ ::: pro g (( u ~ v; Vv·] ; 

w;= NIL; 

LI,'::.;" 'T' 1 [ 1 _ u ~ =:. car rn; 

v::=. eval [rn; a1; 
y(T"::': '''lJp'''nc11 f,'\" •• ·r~l • 

... '.1, C4. """ • l"v:- vJ~ 

Tn:::.: c d:c [ rn 1; 
[rn.'lll [rnJ -~ rctu:rn hv11; 

. . '.(" 'T' ., 1 1 go l L·l..:; J. J. J 

evcon [c~ 3.1 ::: prog[ [v1; 
EVCDN [null [c]-' [tcstbit [A] ~?1'eturn [el; T-> error [1\3]]1; 

V::::: c"I,ral [ v; ~t1; 

L nun [v) -l'- go [EVCC'l\T3] 1; 

V~:.:: cadar LcJ; 
v:::: eval [v; 31; 

l'e-turn [v~\ ; 
._._~_ fr-l. 

", .. 0 - '- '"'*... ;,. ..... 

1"' .•• ~. _ ~ ............. , .,.' 1 
go u~ V lJU1'.lj J 

(Reroen,1ber th2.t list is an FSUBIt) • 

.. . 
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appendl [x; y} -" prog ([1"n; n); 

y: ::: con s (y; 1\1 IL J; 
[null (x] -;,. rctuj~n, r. yJ]; 

m:::: x; 

1~ FPEI'TD2 n: ::: cdr (mh 
(null [n] -}> return [prog 2. (rplacd [rn;yJ;x]]]; 

r,n:::: n; 

go (1. p"'?El~ D2. ] ] 

append be; y] - pro g [[ u; v J; 
(null [x} -Y l'cturn [y]]; 

1,?Pl 

i:.P·P 2. 

u: :: 1'1ILi 

V • - c ~.,. [ '\'~-J " ..- c...... ...»- ~ 

u: ::: appendl [u; v] ; 

v: ~ cdt' [x]; 

(nun (v1 -~ go (A"Pl? l) 1; 

V! ;:: cdr [ vJ; 
[nuE (v] -~. l·etur.n [prc.li';; ?, [rplacd LV; yJ; u J 1J1 

go (I 'P1? 2)] 
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define [x]::: dcflist [x; EXPIt) 

deflist [x; i] ::: prog [(u; w; zJ; 

u: ::: I-..TILj 

jJEF2 z= ::: car [x 1 
Vv:= car [z}; 

rcn1prop [w;iJ; 

z. - c~' a~ 1", fZ ] • 
f\ - C-l - ~~ tf 

- 26 _. 

z: ::: cons (z; l\TIL]; 

z: ~ cons [i; z J; 
z: ::: attrib [v,r; z1 ; 
u: = appendl [u; \vJ ; 

y. = CC1"r [ ..... ~ 1 .. 
~. J~~~ 

[null (:d -» return [u1]; 

go [DEF2]] 
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RUI.J!:::3 FOR TItl;NGLJ:JTThTG FU1'TCTION·S V1RITTEl'T Il'l lvi-EXPRES­

SIONS Il\ITO S-EXPRESSICI\J,::; 
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1 If the function is represented by its narnc, it is translated by 

changins:; all of the letter 5 to upper cas e~ l1'1aldng it an atom. 

Thus car is translated into CAR. 

2 If the ftu1.etian usc s lan'1b da' notation~ then the expres sion 

A [[Xl; X2; ••• ; Xl.) So E] is translated into (I..JA IviEDA (Xl :X2 • • • 

Xl\!) L. -:-f] \vhel"'c l~7!: is the translation of E I> 

3 If the function begins \vith a label, then the translation of 

lab e 1 [cq ~:.:] i s (L1:. BEL a ;:·2 Z-:). 

4 .'"- variable, lil~e a function narr18 are translated using uppercase 

letter8~ Thus the translation of varl is V}:,.Rl. 

5 The obvious translation of letting a constant tr?~nsl2.te into itscli 

v/ill not \vork. Since the transl2.tion of x is Xp the transl3.tion of 

:X must be GorlJcthing 81s e to aV0id alnbiquity. The solution. is to 

6 

7 

• .~ I"fh 'T· 1 d . ("-' u'-- n-,----. '11")' quoce 11:.. us .. n. 1S tran~~J-at8 Into \".c: ;., 11:., ./\. " 

The:; £01'1'.11 fn[al~gl; arg8; 

( in:';; a r G.fr- a r g2~f: a r g~f:). 

The conditional expression [Pl -> 81 ~ 

into (C01'JD (p{f: et) . ". (Pl~ e~C:)). 

is trztnslatcd into 

.. . " ~ p -~. e ] i 8 t r 2. n s .1 ~ ted . n n 

8 Labels (in prog) translate into themsel'ves" Thus they aTe left 

unchanged .. go [J,:J translates into (GO I). 

9 The assignrnent syrnbol := is translated into SETQ. u: = cdr [u]; 

is translated into (SETQ U (CDR U)). 

10 Nur.obers and the at0111S T, F and NIL need not be quoted • 

Exan1ples: 

M-exprC8sion S-e::c:pres sian 

x x 
car Ci\R 

car [x] (C " -., }r) ,1-;. X\ ,.. 
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T T 

if [ca?: [ :r:] ] (FF (CAlt X)) 

[atorn hd -~ x; T -~" f£ [car [x]] ] (COND ((//"£01'11 :K) :X) 

(T (FF(CAft X)))) 

label [ff;}.. [[ ~d; 

[G~ . .ton1 [::d -~ ,:; T -I~ if [cal" (x})]]] 

(Ll;BEI.J FF (Lf:. !\/IBDi\ (X) 

( CO i'J D ((.t\ T 01'/1 X) :{) 

(T ( .,..,r. 'e r ') "'),r)'I)' ),\\ 1~~ \ .. ~"J.:... .•. :..! ;; 
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AP?EN'DIX VI 

A t~AMPLE LI0P-RUN SHC"\'Vi1\fG TI-IE COlvlPLETE II\TITI1:L 

OBJECT LIST bND PRETTYPRll'TT PRINTING ITSELF 



~ ~.: ~j t~: \: c t: ; 8:L 
.. ~:, ~ ":' 7 ~~ (1 : '",. T ~ ~J G t\ ~ j, 5 : 

':,': ~j r' E 6 \ 1 ~.' 1\ C ! N 
d!p,10::60 
:.J l P ~ :1, 1 ~ 6 J. 
UIP:6~(8I~ARY LISP3600),SV 

o 

o 

_________ . ____ ~ ______ F\i;)J~~··j i 

AT' "" , ........ r . ,- ," 
~. :.J ~j (; , , -'" • ; :; I~ 

-------------------------------------
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.. ~ :3 :: LED C 0 t·j i'1 0 i~ 
71~;:6 A 

J ;.AI :3 E R :: D' C 0 tv: Vi 0 N 
12':'00 i: 

I
'·! ';' :) v F) 0 Y \. I ... s· . 

. \ I I \ I ... '\j I . 

ODO~i·;t St::~\lTRY 

o 

o 

0 \"" ,.,. ") '1 ' 
:;i ~ ho .... 

00071: 
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EVAL. 

(GBL1ST' NIL) 

. TIME S?~NT I~ ~VALQUST~ 00000002 MS6 VALUE IS tOO' 

(~lL EqRA E~RB DOT~R~1 DOTERR2 APVAL T' V EXP~ SU8R ceNU LAMBDA FEXPR. FUNARG FSUBR 

CAR CDR CONS ATOM 

f\ P PLY ~ QUA L: :: V l., :1 S NCO N C ~i U :1 E3 c R P P R ! :\~ I' R P L ;, CpR P L t\ C D DEE I N E A "i T n I 8 R E t·j PRO PER R 0 R QUO '11 E N T 

FLO .~ T ? C]~ D D RCA D J\f~ R :: T U FL'J H! \J US' L E SSP G REA Y E ~~? 0 E F L ! ST' A P PEN D A P PEN D i' t·1 E r18 ERA D V~ NeE . . 

UN P F, C 1'\ ti r< A T 0 "'1 02 I i\(;.: T E R P R I 'f ~< A C f. U N T R ;\ eEl: F~ F' 0 ~J :~'i! NUS PTE S T BIT' SET 8 r TeL EAR 8 r T G ENS Y t·; 

ORA 'j D L! ST" L 1.J S P f~ 0 .:j G 0 SET !) r 1 \) E S LOG A 0,1 D 1. [) a U R LOG X 0 R FUN C 1'1 0 N QUO i E 0 8 LiS T D 1 F FER ENe E 

REMAINDER L~PTSH!FT ST~~TREAO SASSOC) 

.. A R G !) ~.; E \J T S 

v ) )' (S E T Q U (C D R U)) (S E j' Q V (A D D J.' V)) (G 0 A);)' (t-1 t. P, {L. ,A t·l 8 n A <:\ F' (P ~; 0 G (t-1) (S E T Q 

H X J L 0 0 P (G J :\l O. \ ( :~ U L L (1) (R E 'r U ({ \J NIL))) (F' :,'1) (S E T Q !'/J (C D 1< :1 j) ( GaL a 0 P ) ) » (P RET T Y P R 1 N T 

o 



T :. (G E j' (C A 2 ,,J j (C j Cj 7 ~ F = ~{ e R ) ») r t , (T (Q U 0 T E U il D f: F I ~\~ ED) , }) (P R ! N 1. R PAR) (T E R P R I ) ) ) i ) ) i ) ) 

< L E f': G T H :·1 A p ? R 2 TTY ? ~\ 1:'-1 T j 

«(PR!~TGEF. ~LAM8DA (~) (PROS 'i IUNITLJ (SET) I 1) (SETO IUN!TL .~~ (PRINl BLANK) 

I 1:: G r '., t ~ PiA. OJ '.~. i (:J ~ 'i '. ~ '\ ;: , . :. \! ",/ '-\ I <:' U D C ~, P R I ~ I -I·' r '1 
\ I I,.. • ""'. .... ... ~ ." . \ . .' \ ~ ,.;.. v t~ , .... i 'j : \ J \..., r .... n \ I 'J t: f . 
< C (j N i) {( A T 0 V; E) (? ~ r \1 1. t:») ('f' (P R 0 G (E P f'i) {S;: 'j] E P E) (P R I N j.: L PAR) A (G 0 N D « ~" E ~18 E R 

(~EQ (CAF< 2P) (OUCT:: Pf~OG) (GO PP») CSUPERPRINT' . . 

{ C ,:~ ;:~ E ,J,), (s :: TJ E P (C 0 ~i ~ ~"1 }) {C 0 \J D {( 1'~ U L L E P) (:~ E T ljr{ ~l (P R I, r·J l' R PAR ~ ~ ~ « A T 0 ~·1 E P ~ (G 
0 

?Lil)i (P'i!,\!. 8L.;~\Ji\l (GO A) ~';( (SETa i (SU% I» PO (PRIN18LAN10 (PRIN:1.' PERIOD) (PRIN:l: 

P2.ge 34 

o o 



B L A ~~ K l. (P in ,~1. :: Pi (F: E EiI{ N (P R I N 1 R PAR) P!. (S:: T ,; ! I" D D 1 !» ( SUP E R P R 1 NT (C ARE? l ) 

P:-\ (S E T Q E C ( CDR E f' » ( G 0 ,I D (nw L L' E P) i GOP ,j) 1 { AT :: ~i E P) ( GOP K ) » (E N D Ll N E) (5 UP E R P R IN Y 

E P) (G 0 P iO i) (f"m u \' E:) (~ 0 N 0 « A T 0 ;.j (C M1 2 p)! ;, G :1 P 7l ~) ( P R 1 N:I. B LAN I( ~ ( P R 1 N 1 8 LA N K ) 

~:~,\:~';:Pi) pY (SETO EP (CDr.~ ~:P)J . . 

eGO P J ») ({ A T 0 ~~ 

( C A H r:?) l (G 0 " 1-',) P J (S E T i) l' (S U 81 Il) ( R Er LJ K ,. i {P R H. j R P P. R II P P (P R I N :l 1 CAR E P ) l (5 E T Q 

EP (CD"l "P» (SETD ;i\DDllli (COND (PIULL Ef') (GO FJP \(ATOr1 EP) (GO PK») (PRINl 

( L !: N G T H (U ~ pt C ;\ (G ,,~( E"»»») A A (S E T Q ~, (S U :3!. (·1)) (P R iN;, B L. A N 10 ( CON D « NOT (0 R 

( Z E R Q PH) (C-; p~ J S P V))) (G 0 A A ) » (S E Hl ~ P (G D ~ E P )) < C I) N D {( NULl. E P) ( GOP J » « t. TO i'l 

E P) (G 0 P :< )) (\ AT D ,~ \ C\" ;: i'l) (G 0 P Z ) ) l (G G ~;;)))))) (S N D L PI E (L. A:" 8 DAN II,. (P R 0 G (J) 

,j {~U::: J. ,))' . . 

TIME SPE~T I~ EV~~CUJTE 
\/ AL U E IS •• e 

( P R I ~ T D t: F. S U ~ E R P R 1 !,! i E ~\J f) LIN c ) 

ARGUME~TS FoR ~V~LQUQT~ e" 

() o 



PRETTY?R I i\JT 

"«(P~~TTYPRINT SUPERPRI~T PRI~TDEF" ENDLINE») 

{ P R ~ TTY? R 1'J T 

\ ? R I ~i T D ~ F {C Q ~~ 0 . 

J { SET l~ i j. (82 (" (CAR J) (GUO i ::" EXPR) j ) .~ '1 ~ 

\ 
I.;., I 

-
( 

f (S::TD T ,. { ,., ,-. ..,.. (CAR ~J ) (GUQjt= FEXPR) ) , 1'1) 
\ '...1"= I 

(T (lUaTE UNDEF1NED)'" 

( T2~PK! ) ) ) ) ) ) ) 
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( suP t: r( P R I N T 

( L A ~i B D A 't :) (C 0 N 0 

((ATOK E) (PR!Nl E») 

(SETLJ E? E) 

( P R I \',)1' L fJ A R ~ 

o 
P L.U S 

COI'~D 

IF; 

SELECT' 

PROG2))) (GO PL.:;) 

o «(EQ (CAR EP) eQUaTE PROG)) (GO PP»)~ 

(SUPERPK I NT' 'CAR. EP) ) 

(SETQ EP: (con ~P» 

.. (COND 

( ( NUL L. E P) {R E rr URN (P R I N i: R P ~ R ) j ) 

( ( A T CH1 E P) (G O' P D ) ) ) 

(PR I Ni: 8LANI~) 

(GO /d 

P r<; (S E ~i Q I (S U tJ:1.: I) ), 



o 

o 

'REiU~N <PRrN~.: RPAR) 

P L, I (S E J Q I 'A 0 D ~l.: !) ) 

(SUPE=-\F'K t~~T' {CAR c:P) 

p~ (SETQ GP (CDR E?)) 

(COND 

( U~ULL .. ' SP) (GO PJ') 

({AI':)rl
, E?) (GO Pr\~) -

(SUPt.=nPR ~ ~JT' (CAR EP» 

, GOP ~iJ 

pp, (Pf~:1 Nl' 'CA~i: EP j ) 

< SETO Ei:1' (CDR EP)' 

(SETa I (f~,DD:L: I) ) 

(COND 

, ( \J U L L. E P > (G 0 .P J ) ) 

(CATOM' EP) (GO PK»)) 

( P R I N:1.' B l~ A N i\ ) 

(SlJPE2PR X NT' .( CAn EP}) 

?y' (SE;ra EP (COR EP)} 

(COND 

(P\ULL. EP) (GO PJ)) 

«ATOM EP) (GO PK») 

(ENDLrN~) 

(COND 

«ATOM tCAR EP)) (GO PZ~)~ 

_______________ --...!( P R X N".L' B L. A >J 1\ ) 



PX. 'SST~l ( Pt.,US 

( SUP E :; P K I I~ T' (C I .. r1 E P ) ) 

(SETO 1 (PLUS 

.1 

(GO py) 

A A'S E T Q ~" (S U B :1.: (,1) ) 

<COND 

o (,~OT' (OH 

( Z ER 0 P. t-1) 

.:, {SETQ E? (COR. EP» 

(COND 

«NULL EP) (GO PJ» 

«ATJM EP·) (GO PK») 

( ( A T 0 ,1 ~ CAR E P ) j (G 0 P Z ) ~ ) 

(GO PX») ~ ) ) ) 

U ... AHBDA {::) (PROG <J IUNITL.J 



t R - ,~ I J R I I \1;;1 '. , • \ t:: ;! ~. '\ ,\. I -. " ,,, I ; t ~ 

(LA~2DA NIL (PROG (J) 

! 'j-;::;:; :,.) P 7 ., 
\ ~. ~ . . . ...... 

«(MINUS? J)C~nROR X») 

( P R r N :1. 8 L ,\ :~ !\ ) 

(SETQ ,J. ,SUet: I.) , 

,GO A) > ) ; 

N ~ L.' 

VALUE IS 
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