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Summary 

Program name: 

Purpose: 

Programming lan,:ruage: 

Progr 8lllJl!ed by: 

Completed : 

Memory r equirements: 

LISP Fl 

Read LISP S- expressions, evaluate them by 

interpr etation, and print the values as 

S-expr essi ons , all i n interaetive mode . 

1. 

IBM Basic FORrRAN IV (:for a RAX- type TS system) 

Diz Br eslav , Hats Nor dstr om , and Erik Sandewall 

Program and minor data ar eas: 36 K bytes. 

Memory f or push- down stack, atom printnames 

(8 bytes/atem) , and free memory (8 bytes/LISP 

cell) must be added . 
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1. INTaODUCTION 

The LISP inter pr eter (LISP PI) describen here was ~itten in Basic 

FOTtTRJiN TV for rn~1 r.'IRchines by ~fnts Nordstro!'l ane''. F'rik SR.Ilde1o"a11. An 

editor M el tre.cintt: peckfiJ1;e was then written in LI SP by Diz Breslnt.t and 

added t o the systern. The wor k vas rerfort'led Ilt the Univer sity of Up ..... se.1a. 

(Depe.rt;,ent of Computer Sciences) . LISP FI is ~,e sir;ned for inter active 

use, but can also be r un in batch mode . It accents a. ni l'\.l ect of LISP 

which :LS essentially LISP 1. 5. hut contai ns som~ of the " small " anend­

ments to LISP that have been proposed end i~plemented at BBN, i . e. 

no- spread lenbda expressions, hr eAk functions, user contr ol of error s J.D 

inter pr etat i on, etc . (cr . r eference 4) 

Sections 2 - 5 of this r eport are intended as n user Manual; 

sections 6 - 9 as A. pro~ram desc r i ption ; and sections 10 - 11 as an 

impl ementat i on l':Uide ( "how to get the system runnin rr, and hov t o chann;i! 

it!!). All parts of the re~0rt presune a knowled2e o f LISP 1.5 . Sections 

6 - 11 also presurrte knowlec!ge of FORI'R .. \N . 
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2 . CONvERSf.TION \11TH LISP Fl 

2.1 The read-eval - print locp 

Welcome t o the Fl system. In order t o use it ~ ~o over t o your (te letype ) 

computer terT'linal . Lond LISP Fl hy f ollowinp; the instructions thnt your 

systems ~roup wrote after they had s et up the systen on your co~puter . 

When Fl h~s initialized , it asks you f or innut. (Here in Uppsal a , this 

is indicat ed by n question nark). Type an S-exnression that i s sui tabl e 

f or eveluatifm. ( next s ection specifie s details about the input f'ormat) . 

Fl r ean,s this expression~ evaluate s it, and prints the result. TyPe 

another exoression. It is also evaluat ed , and the value i s printed back. 

Here i s en ex~ple : 

( DE REVERSE(S u)(cOIm( ( NULL S)U)( T( REVFRSE( CDR S )(CONS 

?(CJIR S) U> 

REVERSE 

?(R EVERSE( CVorE( A( B C)n( E F)G> 

(G ( E F )D (B C )11 ) 

?( CDR( CVorE REVERSE)) 

(EYPR (L1IMBM ( S lJ ) 

(COND «NULL S )U ) 

(T ( REVERSF (CDR S ) 

(CONS ( CAR S )U »»» 

Thus the behavioral pattern of the Fl system 1S a read- eval- print l oop . 

The purpos e of sections 2 - 5 in this report 1S t o describe how you as 

a user CRn utilize and modify this behavi or . 

2. 2 Input f oroat 

S-exnres s i ons are t yped-in in free f ormat in col . 1-72 on the stpn darn 

input unit (i . e . the value of the vnriable LUNL~ , which is 9 initially). 

The f ollowine. rules apply t o S- exprcssinns: 



A separator 

(In some of 

~s one of the characters "space " • • 

the examples, [] are replaced by <» 

6. 

([)J 

A numerical atom : is a sequence of digits between t wo separators . 

Before the first digit + or - may occur. Floating point does not exist . 

An alphanumeric atom 16 any character string with at l east one non- digi t , 

all between two separators . Only the first 8 characters 1n the string 

will be read and used by the LISP- system. The character % has a special 

meaning for the function break , and should never be used in any other 

situation . The n$$" facility of some LISP systems does not exist here. 

A dotted list bas the form (sexpr sexpr ---sexpr . atom). Note that a 

dotted list must be terminated by ) . The rolloving "S-expr" is meani ng-

less and will cause a read error: (A B . C D) 

S-expressions are then formed in the normal way . 

Example : 

ABCDEFGHI the a1phanlli~erical atom ABCDEFGH 

123 numerical atom 123 

(123 . 4) a dotted pair (123 4) 

l23A+ an alphanumeric atom 

To facilitate the matching of parentheses , there is a bracket feature 

using "[" and "]". " " closes the l ast "[". If "] " occurs , and no 

corresponding n[lI exists, "]" closes the whole expression . "[" olso 

stands for one left parentheses . 

Ex. The following S-expressions given as an input arc identical : 

(L1 «(L4 L4 L4») L1 (12 (L3 (L4»» 
(L1 «(L4 L4 L4») L1 (L2 (L3 (L4J 

[L1 [«L4 L4 L4 J 
(L1 [ «L4 L4 L4 J 

L1 (L2 (L3 (L4 J 

Ll (12 (L3 (L4J 
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2. 3 Outnut f orrnet 

The velue of en S- exnr essi on is printed in a s i mple form of pr etty- pr i nt 

on the standard outnut unit (i . e . the vnlue of the variable LutRJr, 

which is 6 initi all y). The rules for the pretty-print pr ogr ammed in the 

system a.r e [liven on pa.(l:e 40 . 

An eXaMple of out vut : 

?(FAK (LAMBDA (N)(COND((ZEROP N) l)(T(TIMES N(F'K(SUB1 NJ 

will be printed as 

(F~K (LAMBDA (N) 

(COND ((ZEROP N) 1) 
(T (TIMES N (FAK (SUB1 "ll)) ll) 

System printout (value from eva! , but not printouts from 

print and ter pri) is switched off by evaluatin~ 

(SILENCE) 

and switched on ePa.in by doing 

(TALK) 

Both functions have NIL as value . 

Error-messnres Rre always printed on lo~icAl unit 6, end cannot be 

switched off (except sometirees by redefinin~ the functions A2 - A9 , see 

section 4 . 2). 

2 . 4 Alternati ve ton l evels . 

In st811dert1 us(>.ee, the PI system does r end , eve.l , and print , like e .g . 

MIl' PDP-lO LISP. Some other systems (e. D; . 7090 LISP, 3600 LISP) pr efer 

to do r eed , read ~ evalguote , nrint. The Pl sy stem can be changed to this 

evalquote mode by evaluatin~ 

(MODF. 2) 
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Aft er evaluetinn of this express~on, you are in evalquote mode . 

To get back to eval mode , sey 

MODE (1) 

This is the same function mode, but now you are t alking to evalquote . 

In some situati ons, it is desi r able to redefine the top-level loop in 

another fashi on . This happens e . g . if you wish to r ead natural lanSUQRc 

sentences one at n time , and apply so~e lan~ege pr ocessing operations 

to it. This can be accomplished by first definin~ the functi on SYS , and 

then doi ng (MODE 3) . (The order is impor tant) . After these t~o opera­

tions , the system will do ~,print in each cycle . Ther efor e , !l! 

should be e function of no ar~ents which reads text from the teletype 

accordinp, t o its O'Wll conventions, and then does somethinR t o it. The 

value t~~~ sys will be eutornntically printed , so ~ does not need t o 

call print . For example, one reasonabl e definition of sys would be 

(LAMllDA () (FROG (U) 

L (SErQU (CONS (RAT0l1) U» 

(COND «EQ (CAR U)(QUOTE STOP» 

(RErURN (ANBWFJlTO (CDR U))) )) 

(GO L))) 



3. "mOR MESSAGES 

3 .1 Read er r or s 

---READ ERROR. S-EXPR. BEllINS wrrH ) 

---READ mmOR 
- --READ ERROR 

• Nor FOLLOWEll BY ATOM 
. ATOM Nor FOLLOWED BY ) 

3 . 2 System errors 

OEJECr STACK IS EXEEDING n . 

FUNCTION PDL IS E>IPrY 

DONI' USE % - YOU ;WE Nor IN A BREAK 

MODE=3 Bur SYS UNDEF ? TALK TO EVAL 

BIT AnRAY USED our OF BOlTh.fJ)S, TIIDEX=n 

DIVIDE n BY ZERO 

Pt1l' ours IDE ITS DOMfI IN 

RErURN ours IDE rROG 

9 . 

the first char. i n an S-expr 
is ) . Re-ty\e the S-expr ~ 

the rules f or fo~ng n 
dotted pair are not sat i sfied . 
Re- tyne the S- expr. 

No ~ore at oms can be defined. 
All further attempts to define 

an atom will Rive NIL as r esul t . 

The funct i on stack i s empty 
and the system restarts . 

The system restarts . 

See PaRe ror proper use ~f 
mode . The system acts e.s an 
eva! systePl . 

When using cl ear bit(n) , 
setbi t(n) or t estbit(n). n 
i s outside (1,24) . The system 
goes d~wn i n a br eak . 

In quotient(m,n), n is equal 
t o zero . The system ~oes down 
J.n a brc!"_"::. 

In put( a, l , e ), a is not an at om . 
Put will be iP,nored. 

return(lnb ) i s used outside 
n ~rop . The syst em restarts . 

I HAVE UNDERFLOW IN NUMER ICAL OPERATION c ould be found in any numerical 
Lisn-function. The syst em 
restvts . 



I HAVE S- EXPRrnSION \/HOSE I NDEX <0 

10 . 

vh~t should be ~ list i s in 
f~ct (terminated by) a 
numeri col ~tom . The system 
r estarts . 

! 7! !! the i nter pr et er is entire l y 
confused by the data i t has 
set up for it self. Could be 
wrong use or rplac~ or rpl acd . 
The systen r estarts. 

BAD AR ITHM TIl l\RG: m IN rnOGRM-1 POS N: n a non- numerical argument i s 
~iven to a numer ical function . 
n stands for the statemcnt­
n~ber i n the main pr ORram 
and rn i s the value of fBG . 

INDEX OurSIDE (O , NFREE) I N POSITION n 
OF INrERPREl'ER 

ARGUMENl'S PDL IS FULL ; JP=n 

FUNcrION PDL IS FULL!! IP=n 

3. 3 Lisp errors A2 - A9 . 

I FAIL , 2 
D IJI.GNOST I C 1.9 

I FAIL, DIAGNOST IC 1.8 

FIRST ARG OF SEl' /SEI'Q mJr ON A- LIST 

GO TO xxxx Nor DEFINED 

The system goes down in a 
br eak . 

an ar p,unent , supposed t o be 
an at on or list, is not an 
atoM or list . The system r e­
star ts . 

the arf7:Ul'lent stack is full. 
The sys t em r estarts . 

the function stack lS full. 
The system r estarts . 

undefin ed function . 

undefined variable. 

error 1.4 

error />6 

A2.A4 . A6 ,l\8 e.net /19 nre ordinary SUBR's , which call break() aft er 
printin~ the error me9sape . For exnl anetion of br enk( ) see next 
page. 



11. 

4 . TOOLS FOR DEBUGGING LISP RROGRJlMS 

4 .1 The funct i on br eak 

When er rors A2 - A9 (and s ome oC·e ~s) occur, the system goes dO\lll in a. 

break . Thi s means that the system stor es that poi nt in t he pro~am wher e 

the error occurs, so that evaluation can be continue4 at a l ater stage . 

It then ~oes into a read-eva!-print loop (similar t o the t op- l evel l oop). 

Thus the user has here a faci lity to look at the val ues of the variabl es 

in the S-expr ession , which caused the error. or of just looking a r ound i n 

that S- expression . When wishing t o terminate a break , i. e . r estart from 

the point vher e th~ br eek occured , type 

"t S-eX9ression 

and the evaluation of the earlier S- expression will continue with the 

value of the undefi ned variable or funct i on . 

If an error occurs in R br eak, the system goes down in a br eak and 

% S-expression 

will take the system up to the firs t br eak . No special limit for the 

depth of a br eak is given, but as the depth of br eaks increases, the 

pushdown list will ultimatel y be exceeded . 

It is also possible to call br eak from LISP by the LISP- funct i on br eak(). 

Exampl e of usinr. break. (? stands f or input-lines) 

?(DE FOO (A)(PROG (N) (SErQ N (~arE IIBC» L1 (SErQ N (CAR H» 
? (BREAK) (RErURN NJ 

? (FOO NIL) 

I FAIL DIAGNOSTIC A8 UNDEFINED VARIABLE H 
BREAK 

?N 

ABC 

1% (QUarE (X Y Z» 

look at variable N. 

give (X Y Z) as value t o H and r eturn 
from break 



BREII.K CALLED FROM PROGRAM 

? N 

? ~ NIL 

X 

look e.t i~ 

r eturn from brealc; 

value of (FDa NIL) 

?(DE FAK (N) (COND « EO N l) A)(T(TJMrn N(FAK(SUB1 II> 

FAK 

?(Ff.K 3) 

I FAIL DIAGNOSrrC A8 UllDEl? VARlflllLE: 

BREAK 

?N look fO.t vari abl e N 

1 

?(FUNCr ION) look A.t the association- li st 

(FUNARG IIIL «N . 1)( 11 . 2)(N . 3)(NIL FAK ))) 

? (CD~ ( QUarE FAK> 

(EXPR (LAMBDA ( N ) 

(COND «EQ N 1 )A ) 

l ook at t he ~efinition of YAK 

(T (TlMrn II (FAK (SUB1 II )))))) ) 

12 . 

?% 1 give 1 (\$ val ue to A and return from 
br eaA 

6 

4.2 The functions A2 - A9 

As A2 - A9 are defi ned as normal SUBR's , it is poss i bl e t o re - define them 

as EXPR ' s and l et one 's own LISP-functions take care of those kinds of 

errors . For s~~estions how t o use this feature , see the 3600 LISP U3 

user 's manual. 

4 . 3 The function peek 

There is n LISP-function called peek() , which calls the subroutine TESTUT . 

With TESTUT it i s poss i bl e t o see how the l i st- structure s are r epresen­

t ed internA.lly . For using TESTUT see pa~e 44 . 
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4.4 The LISP editor 

The editor is e very si~pliried version of the one used in the BBN 

on- line LISP system (see refer ence 4, chE'.pt e r IX) . In its present rath.: r 

?ri~tive f~rrn. the editor pr~vides a number of commands for modiryinc 

~cticn definitions only of the EXPR or FEXPR variety (the BEN editor 

can be usecl not only on all functions but Also on variables , property 

lists. and arbitrary expressions) . Nor, f er the sake ~f economy of 

impl ementation, is ther e complete error checking - see Error Checking 

below. 

The Structur2 of the Editor Lan~age . There ere three types of commanc 

availa.ble :-

B.. those f or l ooki nR ar ound inside the definition of a function. that 

is f or accessinp: list and sub--list structures . 

b. those f or changinr the components of lists ~~G sub-lists. 

c . those f or ~odirying the structure of lists. 

We will consider the first her e . 

Entering the Editor . To enter the editor, type 

(EDIT FNAHE) 

wher e FNA!-IE is the nente of the function to be enit ed . 

At any moment the editor is l eoking at some 5ubexpr ession of the functi on 

definition list , called the Current Level (CL) , while the lambna expres-

sion of the function, viz . (LAMBDA ...... ) , is the value of what 1S 

callen the Current Ton Level (CTL). that is the r eference point from 

which l ower level suhexpressions nre nccessed . (But see Chan~inR the 

Value of CTL, below) . When the e~itor is first entered both CL and CTL 

point t o the sane list, namely (LAMBDA .•... ) . 

Sub-list Attention Commands . The current leve l of attenti on (CL) 1S chanqed 

by typing an inte~er n, wbere n sets CL to the nth subexpr ession of the 

current l evel 's pr esent value . For ex~le, if the current l evel 1S the 

list (A B C (D (E» F), then 3 wi l l let CL nointin~ t o the element G; 
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while 4 will set it t o the express10n (D (E» , etc . To access a sub­

expression at any dept h, one merely types in a succession of integers 

until CL points t o the right leve l . Thus . to point t o the element F, in 

the ebove ex~le . it is necessary to type 

? 4 2 1 

Wher eas t o point to the list (E) , type only 

? 4 2 

The Print Commands. The list or element t o which the current level is 

pointing , is printed on the console by typing the cornmanQ P. To avoid 

was t e ful printin~ . any list with sub- lists nestin~ to greater than a 

depth of 3, is printed only to depth 2 , afte r which a couple of 

~ signs are printed to indicat e continuation of the list. Thus if CL 

points t o (A (B (C (D)))), then 

? P 

(A (B (""" """ ) ) ) 

will occur. For purposes 0f clarity full lists will sometimes be shown 

in the examples below . 

The ot her print cOmMand i s PH n wher e n is a pos itive intep,er or zer o . 

The current l evel is printed t o depth n and then xxx signs are substi­

tuted for the CDR if n>o. If n=o the curr ent level is printed in full . 

Changing t he Value of the Curr ent Top Level . It may soretirnes be useful 

to have CTL pointing t o a l evel l ower than the (LAMBDA .... ) level. for 

exam:pl e ",hen editinR l.S beine; performed on sone deeply el'lbedCI.ed sub­

structure end it will never be necessRry to return risht to the t op . To 

set CTL to some l ower l evel, access the required l evel by suitabl e 

integer ettention commands, then type the command U?, thus :-

? P 

(A B C (D (E)) F) 
? 41JP2P 

(E) 
? 0 P 

(D (E)) 
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But not e that the cOMMano ur t\estro;v s all I:'lCl!I.ory {'\f hi:-hcr l eve ls. so 

it is impossihle t o ~et b" ck up a,r:/lin wit h0Ut exi tinr.- and re - enterinr 

thf: editt')r . 

Exiting t he Editor. When editin~ is cnmpl et ed , t~e OK which ~ 7St S t he 

eiii t or ('.nd returns the narrte o f the edited functi on t o the c onsol e . 

Comnonent Chan~in~ Commands . ~here ar e 3 co~p~nent ch~~inp conmands -

Replacinr. Cnnrnand. Tn replace the nth subcA~res sion of the current level 

by one nor e expr essions, t y?e 

(n e 1 c 2 . .. ) '.There n 1.5 An inte r.;er and cl' e2 ... e.re arbitrary 

S- expre s s i ons. F0r exanpl e 

? P 

(A B C ( D ( E)) F ) 

? 4 (2 (a) H (3 K)) 

? 0 P 

IA B C (n (a ) H 13 K)) F) 

Insertinr C~~~1 . To insert one or more express ~ons immedi at el y bef ore 

the nth sUbexpr ession of the curr ent l eve l , type 

(-n e 1 e 2 • • • ) whe r e -n i s a np.gative interer and e l' e 2 ... ar e 

arbitrary S-expres s ion~ . For example 

? 0 P 

(A B C (n (E)) F) 

? 4 (-2 (a) H) 0 P 

( t. R C ( D (a) H (E)) F) 

Del etinr- r ,..,mnan/t . To clel et e the nth sub0xpre s s i ("\n. apply the replacinll: 

commend ~ith null replaceMents , i. e . type 

(n) where n is a positive inteRer. e . ~ 

1 0 P 

(A B C ( n (E)) F) 

? (3) 0 P 

(I; B Ip (E)) F) 
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Structure Chan~in~ Commands . There ere six commands which allow alter­

Fl.ticn of the list structure itself . ~.j'e will use the list 

(A B C (D (E» F) as an example throughout. 

Left Parenthesis Out . The command (LO n) where n is a positive integer, 

takes out a l eft parenthesis at the nth 5ubexpression and de l etes all 

elements past th~ matchin~ ri~~t parenthesis. Thus typing 

? (LO 4) 

pr oduces (A BCD (E» 

Left Parenthesis In. The cnmmann (LI n) where n is a ,ositive integer, 

inserts a left parenthesis at the nth subexpression and a corresponding 

r iRht pnrenthesis at the enn of the list. Thus 

? (LI 3) 

p r oducos ( A B (C (D (E)) F)) 

Rig!lt Par enthesis Out . The c01l'llll.e."rJ.d (RO n) where n is a positive inte ­

ger, moves the ri0ht parenthesis of the nth subexpr ession Qut t o the 

end of the list. Thus 

? (RO 4) 

produces ( A B C (D (E) F» 

Ri~ht Parenthesis In . The command (RI m n) where rn end n are both posi­

tive integers , moves the rir,ht parenthesis at the end of the mth 5ub­

expr ession u~ to the nth subexpression of the oth 5ubexpression, and 

subor dinates the r emaining el ements one level . Thus 

? (RI 4 1) 

pr oduces (A n C (D) (E) F) 

Both Parenthes i s Out . The command (BO n) wher e n is a positive integer, 

removes both parenthesis of the nth subexpr ess i on and subordinates its 

elements t o the pr ecedinR level. Thus 

? (no 4) 

producos (~ B CD (E) F) 



Both Parenthesis In. The co~and (BI ~ n) where both m and n are 

positive integers and n> rn , raises the level of the mth through t o the 

nth sub expression by puttinp, a le!~ parenthesis befor e the mth and a 

right perenthesis after the nth . Thus 

? (BI Z 3) 

produces ( A (B C) (D (Ell F) 

Err or Checking . Should the user attempt to execute 

s . a co~~d that does not exist in the edit or's repetoi r e 

b . an attention command which is impossible, e.g . point t o the third 

sUbexpr ession of a list containinR only two 

c . a r eplacing command which is impossible , e . ~ . insert expressions 

before the third sUbexpression of a list containin~ only one . 

then the message 

will be output , and the value of CL will rema1n unchanged . 

However, for eccnomy of implementation and speed of execution of the 

edi t or , the error checkin~ mechanism does not extend to impossible 

structure chanRin~ commands. Any Rtte~pt to execut e such will either 

cause s br eak , destroy the functi on, or bring FI down. Ther ef ore great 

care oust be used when changing the str ucture of a list . 

Funct i ons and Atoms Used by the Editor 

EDIT, XEDIT , XCHANGE , XADJusr, SPRTh"l', sm , APPEND, COPY, Mn:uS, NI'H, 

LISTN, ILLGC . 

4.5 The LISP tracinB routine , TRl'.C 

TRAC is a simple tracing package for use on EXPR ' s and FEXPR t s. Any 

traced function results in the name of the runcti~n , the 

name of each paramet er and its value , and the value of the function, 

being printed whenever the function is called . 
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Usin~ DBUG , To set the trace on functions fl, f2, . . . • tyee 

~ (T~\CE f1 f2 ... . ) 

which returns the value OK when cOMplete . e . ~ . 

? (DE COPY (L) (COND ((NULL L) NIL) (T (CONS (CAR (T (CONS (CAR L)(COPY (CDF 

(CDR L 

coPY 

~ (TRACE COPY) 

OK 

? (COPY (QUOTE (A B») 

~ COPY L = (A B) 

~ COPY L = (E) 

~ COPY L = NIL 
+ COPY (A B) 

+ COPY (A B) 

+ COPY (A B) 

(A B) 

? 

To renove the trace fron functions fl, f2, . . , 1 type 

? (UNTRACE f1 f2 . .. ) 

which also re turns the value OK when complete. 

Method Used . Each function to be tr~ced is transfornen into a PROGN 

containin~ the print stateMents for nane and p~rameters and finally a 

call t o the function itself (called by a different na~e - this is dealt 

with by a GENSYM) . At the same time , the renamed oripinal function is 

stor ed under the indicator TRFL in the atom whose pr i nt-name is the narne 

of the function bein~ tracea . Because TRACE ehan~es the structure of the 

function body, it is unwi se t o attempt any cornputution on the function 

body of n tr~ced function. 

Untracinc; puts into tho: correct function type whatever is stored in the 

GENSYM atom vhich itself is i n TRFL of the function atom. 

Functions ~nn Atons Us en by DBUG . 

TRACE , UNl'RACE , TnCl, TJrRCl, DMf,P , FLIS'l:' . OTJrP , COPY, PR INL, (JJOl'EK , 

UOT, HAPCMl, PRINZ ~ LPAR , flP!;R, SPC , BLANK, DOT , IN!' , Ur.'!' . 
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5. DIFF£:gENCES mo.'l LISP 1. 5 

The follo~ing ReDer Rl changes have been made to the system specified 

in the LISP·1.5 ~roaraomer' s manual: 

1. Functions may be called with too many or too few arguments . 

Missing arguments are taken as NIL. Extra arguments ere evaluated 

but not used . 

2. Expressions of the type (LAMBDA U (--- ) are permitted . U is then 

bound to the list of evaluated arguments ("no- spread lambdas ll
) , 

Expressions like (LAMBDA (U V , W) (---» ar e also permitted~ U ~s 

then bound t o the first argument, V to the second argument , and W 

to the list of r emai ni ng arguments . 

3. If we " pass through the bottom" of a COND (Le. no condition is 

satisfiec) ~ the value of the whole expression is NIL . (In LISP 1 . 5 , 

an error message is obtained) . 

4 . The t op-level l oop and the responses to errors can be controlled 

by the user. 

5 . The system onl y handles f ixed- point ( inte~er) grithmeti c . QUOTIENT 

truncetes its value to the nearest lover integer. 

6 . A number of functions have been deleted and added to t he system . 

In particular , the f olioving functions have been added : 

BREAK 

DE 

DF 

DUMP 

EXIT 

GENSYM 

GOm 
10m 

MODE 

OBLIST 

PACKLIST, UNPACK 

PRINTPOS 

READPOS 



PROGN 

RlSTART 

SEl'Brr, CLEARBIT, TESTBIT 

SILENCE, TALK 

TERFRI 

The details of these functions ore : 

BREAK (See sec . 4 .i at"page 11) 

DE and DF . 

20 . 

The simpl est way to define a- expressions as expr's and fexpr' s is to 

use DE or DF (where DE stands for Define Expr and DF for Define Fexpr) . 

Use DE as follows: 

(DE ARG1 ftRG2 ARG3) 

where 

ARGI is the atom to be defined . 
ARG2 ~s a parameter-list . 
ARG3 is an S- expressi on . 

The value of DE is f~Gl . 

Example : For defining addl{x): =p!us(x,l) type 

(DE ADDl (X) (PLUS Xl» 

DE will E'.dd 

(EXPR (LAMBDA (X)(PLUS Xl») 

to the pr operty-l ist of ADDl . 

DUMP 

The function dump(l s) is used for dumping previously defined EXPR's 

and FEXPR's . 1 is the output unit number and s 15 a list of EXPR ' s and 

FEXPR ' s which will be dumped . Note that DUMP itself is a SUER . 

EXrr 
Evaluation of exit (with no arr,uments) terminates the execution of the 

LISP interpreter . 

GENSYM 

The functi on sensym(x) dirrers rrom gensym() in Lisp 1 . 5 in that a nev 

atom is created , ~hose printname consists or tvo parts . The first part 

i s the first 4 characters in the atom x . The second part is a runn~ne 



number. startinR from oono . Exampl e : 

?( GE!'SYM (~arE JlBCD)) 

ABCDOOOO 

?(GEriSYM (qrorE =x)) 

=X0001 

If x has less than four char acters , it is padded zer oes : 

? ?(GENSYM T) 

T0000002 

Garo 

21. 

goto(x) is defined as go(x ) in Lisp 1 . 5 but will evaluate x first. 

(The conventional GO also exists) . 

MEMB 

The function memb(x ,y) ~ s analor,ous to rnember(x ,y) . (see Lisp 1. 5) . 

The onl y differ ence ~s th~t ~ is defined with ~ and membe r is 

defined with egual. 

HODE 

The function mode(n) sets the variable MODE to n . The vari abl e MODE 

stands for the kind of top-level function. See pace 31. 

OBLI ST 

oblist(x) will generate en objectlist f r om the object stack (see fi g 

pcge 24) starting with the atom x . As the atom T is the l as t system 

atom. obli st(T) will Rener ate a list with T at the begi nning and then 

all atoms defi ned by the user. 

PACKLI ST 

Given a list x of sin~le- character atoms , packlist(x) vill create a 

new ato~ , whose printname consists of the characters in the list x. 

Note t hat onl y the first 8 characters are u sed . Exampl e : 

(PACKLIST (QUarE (A BCD ))) 

:1199!; i\BCD 

Packlist can also be used on a list of numerical atoms, or on a list of 

both numerical and non-numerical atoms . In the first case , the result will 

be a numerical atom , in the latter case a non- numerical atom . 
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PRINrPOS 

When cret'.ting an output line, the variable PRrPNI' points to the pl ace 

in the Qutputbuffer , where the next character is to be pl aced. 

The value of printpos() is the actual value of the variable PRTPNT - 1. 

Pri ntpos(n) sets PRTPNT to n (end r eturns ~th n as value) . 

Note : Printpos(6o) will skip to a new line . 

READPOS 

The input line is fir st pl acen in an i nputbuffer l Then succesive charac­

ters are r ead f r om this buffer . The char acter pointer i s the variable 

RDPm' . and it poi nts t o the next character t o be r eM . 

The value of reedpos() is the aet unl value of the variable RDPNT- l. 

Readpos(n) sets the ver i able RDPNr t o n (and r eturns with n as value) . 

Note: Readpos( 11) will cause the system to ski p to the next input line. 

UNPACK 

Thi s functi on " expl odes ll the name of en atom . If the a.tom ALPHA i s 

given as .... r eument, unpack(ALPHA) will :oeturn the list (A L P H 1\) of 

character-at oms . If you want to modi~ a printneme (e . g . r emove the l ast 

letter), use unpack, modi fY and then use packlist . The atom t o eplode may 

be a numerical atom . 

PROGN 

pr ogn( xl , x2.x3,x4, .... ,xn) evaluates all arguments and r eturns the value 

of the last argument . (cf . .I.?!:QB.2(x .y) ). 

RESTART 

restart() will r estart t he Lisp-Fl system to the same status as at the 

beginning of the run except that all user-defined atoms are l eft. 

5 m BlT , CLEf,RB:rr , TESTBlT 

In Li sp- Fl there is n simulated 24- bit register t o maintain competibility 

with 3600 LISP. The syste~ now uses bit nr 24 for silence ( ) and talk() . 

The user can mani pule.te and test the bits by us ing 

setbit(n) puts t he n ' th bit on . The value of set.bit is NIL . 

clearbit(n} puts the n'th bi t off . The value of clearbit is NIL . 

t estbit(n) T if the n'th bit is on , else NIL . 
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SILENCE, TALK 

Systen printout (value from eval, but not printouts f r om print and 

terpri) i s svitchcd off by evnluating silence()~ and 5vitched on aga1D 

by doin~ talk() . Both functions have NIL 3S value . The system uses bit 

or 24 in the simulated r eeister for controlling this. 



6 . REPRESENTATION OF ATOMS AND LIsr srRUCTURES 

The followin~ arrays and pointers ar e used by the system: 

Figure 6.1 

NILCAR 
0 I I 

CAR 
1 ----
2 
3 

NATOMP~ 

NATOM-----4j---I 
NFREEB----~) 

NFREEP~ 

NFREm'----~)I-~ 

NILCDR NILFNl NILPN2 

I 
, I I , PNflMEd CDR PNi\MEl 

1 

24 . 

object stack 

free memory 

All free meMory and the object stack are represent ed by the integer 

vectors CAR and CDR . The contents of CAR Are (most ly) used as indices 

to the vec t or CAR f or pointin:~ in car- direction . CDR is analoeous . NIL 

~s represented by zero. To make it possible to use NIL (= zero ) as an 

index in CAR and CDR, NILCAR and NILCDR ar e placed immediately before 

CAR and CDR r p.spectively in the common area . 

All atoms are represented by integers between 0 and NATOM (=500 for the 

pr esent). For atons ~ there are two correspondine BCD-vectors PNAMEI 

and PNAME2, containi ng the pr intnames (in this system max. 8 character s) . 

We are now ~eady to illustrate the repr esentation of a list- structure 

by an eXaI.'lplc 



Figure 6 . 2 

index CAR CDR PNA."IEl PNAME2 

0 NIL 

1 - 6000 0 A 

2 - 6000 0 B 

3 - 6000 0 C 

4 - 6000 0 ABCD m;H 

505 506 507 

506 1 0 

507 508 0 

508 2 509 

509 3 510 

510 4 0 

Index 505 represents tho list ((A)(B C ABCDEFGH)) . 

A C f.BCDEFGH 

The value of an atom is stored in CAR(ATOM) . The contents of 

CAR (ATOM) are 

UNDEF (=-6000) until the atom is defined . 

25. 

The property-list of an atom is stored in CDR(ATOM} . When the property­

list is empty , the c ontents o f cnn(M'OM) A.r e NIL ( = zero ) 

The printnam.e of an ator:l. i s stor ed in PNAMEl (ATOM) and PNAME2(ATOM). 

If the printname contains less then 8 characters, the end of the vrint­

name is merked by the BCD character stored in the FORTRAN variabl e 

ATEND(=%~ for the mo~ent) . Note , that this character can never be printed . 



26 . 

Numer ical stons are not stor ed like the ordinary atoms, but ar e r epre­

sented directly 1n the list- structures by integers preater than 

NFREET (=4500) . To cet the value of en nucericel atom, the system first 

subtracts NUNADD (=50000). hll numeri cal atoms have integer val ues . 

ATEND p~d NUMADD cen be changed by p,iving the~ new values i n r outine 

INTI . 

Fortran r epresentation of atoms sod other S- expressions 

Figure 6 . 3 

marked negative 
duri ng garbn~e 
collection 

NIL (= 0) 

non-numer ic 
atoms 

non- atomic 
S-expr essi ons 

numeric sterns 

Progran- vari ables used as pointers in the free memory ( see fie . 6 .1) 

NATOMP the last atom in the obj ect stack . 

NATOM top of the object steck ( =500) 

NFREEB the first cell in the free memory (=NflTOM +1) 

NFREEP points to the be~inning of the free list . 

the l ast cel l of the free memory (=4500 ) 

A property- list in this syste~ is a str a i ght l ist ~here indi cators and 

correspondin~ properties alter nate , like in 7090 LISP. For ~ach atom, 

~(atom) points to the value f or that atom (set by cset or csetq) and 

cdr( atoo) points t o the pr opertylist . 

(Pl Vl P2 V2 P3 V3 .•.... ) 

Pl is the first indicat or and Vl 15 the first property and so on. 



Exempl e of a typical propertylist of the atom X. 

x ~---'- I, r p:zJ I , T ~.:..:.lPRj'----.J+1 '-,-1--'+ IFEXPRI ~I 
value it - [ 
If you do 

S- expr S- expr 

(PUr (QUarE X)( QUarE ABC )( QUarE EXPR» 
the propertylis t will become 

and if you do 

(PUr (QUarE X)(QUarE DEF)(QUarE INn» 
the propertyli st will become 
X~ r + [E2> I i +IFEXPRI 

value~ ~-expr 

c;lDEF [21 
The function put( x , y.z) puts y on the propertylis t of x under the indi­

cator z , and i s defined as fol l ows : 

put(x.y.~{if cdr(x) =NIL then rplacd(x, list(z,y» 

elseif cadr(x) = z then r pl aca(cddr(x), y) 

e lse put(cddr (x ), y , z) ; y} 



7. RECliRSIVE PROGRAMMING IN FORTRAN 

The LISP Fl inter pr eter i s ~~ almost direct trans l ation from the defi ­

nition o f LISP in LISP 1 .5 (see ref . 1, pageS) to FORTR.lUi. That defi­

niticn i s hiRhly r ecursive . This chapter expl ains how r ecursion has 

been pr oGr acmed in FORTRAN. 

7 .1 The stacks . 

There ere two stacks f or r ecursive calls of " sub- pr ograms". One stack 

contains saved er~ents (the argument stack). and the other contains 

saved r eturn- junp i ndicetor s (the functi on stack) . They are both physi ­

cally stor ed i n the vect or STACK. The size of srACK is NSThCK (=900 ). 

IP and J P are the poi nters, whi ch hold the current sizes of each stack . 

To push down in the function st~ck increase IF nnd s t or e . To push down 

on the ar (2;ument stack decr~s.se J P and stor e . Vice VE'r sa f or pop up . 

FiBure 7 . 1 

!'1ST hCK 

ar("UI!l;ents 
(t~is part is refered to as the ar~ent stack) 

r eturn- jump indicator s (this part is r efer ed t o 
as the function stack 

The f ollowing 4 r 0utines hendle the stack : 

IlPUSH(J) Push down one argunent in argument stack . 

APOP(J) Pop up one argument f r om ar~ent stack . 



FFUSH(I,J) 
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Push down one return-jv~ indicator I in the function 

stflCk. J 1.5 a dUJ!lJYlY variable, only used in a call to 

have the pl"ogram mO~'e :reE:!.u3bl.::- fox' the progr ammer . Ex. 

PP''':SH(S ,J.3(2) I:lee.~s t"'a~ 5 is 8-'1 indicator for the 

st,m;en:.ent :;,U!rber 1302 . 

998 I=S7AG\(IP) T_is piece of co1e (lin~ s 62,63 i n t~e main progr~) 

IP=IP-l pm) s \'P one return- jl:..'1lp indi c 3.tor a..'ld !lla.ces i t in I. 

Stf'.t.f't'lerJ't 998 is tbe Bt~nrta:rr1. n'!t'Jr .... l fei' all !"ecursi ve 

rO'atines . 

All recUY.'s i ve fu.l').(;ticn~ (lc'Jp , cvqt. a~pyl.eva.l ,evIis ,evcon . CB.SSOC ,sassoe 

a'1d mach) are coG.(;d in the main p!"ogrom . It meens that they are not 

FORTRAH--sc.br outinl;:s , but just pi~ces of FOrtTRAN code . 

A cell ),0 Me.c.e by sa-ring neces?ary arguments ...,ith APUSH(ARG} a."ld by 

savin~ the return~· ump irdicator with FPUSH( IND , statement numher ). INn 

s t ands fo .. ~ ar. indj ca~or in a computed GO TO ( ) ,ED 1::_~1' C' IND corresponds '':'0 

to th\" corre..:t return statement number . Afte:- Sf1\"in~ , t.here i s an 

unconditic.neJ .. GO ~'O to the " subroutine ll
, p.nd the:l f011 0""5 ~he return­

state"l~~nt ( .. ··ith tle Brune statement number as indicp.ted ~y INn) ; ther e, 

cc:-respondi:~g t'nsl:ri~e; of arguments is (I .. one by APO?(A."qG ) • 

. ~_:;:gtll·:n. f:~C"t'1 J. rc cU7's ive fun<:tion is nO!'!llally dU:1c by GO TO 998 . At 

998 P. S·~P_t l~:"!~r.t n; 4ilb0r ind:;. ~ntor is popped up fJ:oT!l. the fu..~ction stack 

and U.8~~ : .. n ,2 cc~ut "' a. r- TO vr,:i.ch lenve~ the progrf-'JT\ co:\trol to the 

~ all ing ~t;:q:L·el1~e .. 
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Exampl e froD eval-e~ply: 

1 998 I=srf.CK( IP) 
2 IP=IP- 1 
3 GO TO(500 , 1103 , 3000 , 3501 , .... . .. •• ) ,I 

4 3500 CALL APUSH (I.nG2) 
5 CALL APUSH(ARG3) 
6 CALL FPUSH(4,3501) 
7 GO TO 4000 
8 3501 C,\LL APOP( ARG3) 
9 CALL APOP(ARG2 ) 

10 4000 IF( ... ) 

11 GO TO 998 

Begin at line 4! The lines 4-9 are taken from apply . The lines 10 ,11 

are taken fron eval . 

l ine 4 , 5 

line 6 

line 7 

line 10 

line 11 

line 1 

l ine 2 

save ARG2 and ARG3 (EVhL per heps destroys them) . 

save ret urn- jump i ndicator 4 (cor r espondine to statenent 

r.umber 3501) . 

jump t o eva! 

ent ry in eva! . After doing evnl . 

GO TO 998, which takes us to the standard r etur n 

there the jump- indicntor 4 

~ s now popped up from the function steck and used i n the 

GO TO( ) statement . We nov jump to the 4 ' th s tatement in 

GO TO ( ) end r each 3501 CALL APOP . 

line 8.9 Unsave ARG3 and ARG~ (note t he r everse or eer) . 



8 . THE MATI! !'[looRAM IN THE INTERPRErER 

8 . 1 The top level l oop 

In the t09 level loop , the syste~ behaves slightly differ entl y accor ninp 

t o the ve.lue of t he FORTRAN' variabl e MODE : 

1. 

2. 

3 . 

beh~vior in each cycle 

r ead an S-expressl on, send it to eva!, and 

(unless SILENCE has been or der ed by the user) 

print the r esult 

r ead tva S-c~ressions , send them t o evalquote, 

Mel (unless SILEJICE) print the result 

get the EXPR property of the LISP atom SYS and 

CE'.ll 9-.lli2J::t. ,,,i th it as the first e.rgtU!lcnt (and 

the other n:A~Ullents NIL) . Print the r esult unless 

SILENCE has been ordered . The function SYS rr.lst 

do p~l r eadi nG itself. 

The vo..lue of MODE is s et to 1 by INrr (the FORTRAN subroutine that 

performs initializati on in the interpreter). The user cun change the 

veluc of fl.10DE, usine the LISP function mode . 

Most o f the w~rk jn the i nterpreter is done i~ the sections of the ~C2n 

pr op,ram that ore J ".bel ed evnl , apI>yl , etc. The MODE f cp-ture is a super­

ficial thinr" and can be thought of as s pecifyins t hree differ ent ent~J 

points to the evaJ!appyl compl ex . 

8.2 Tr ensreirs i on of arRUments for ~ecursive functi ons 

In the m~~n pro~efl . ell areuments f or the r ecursive r outines are hel d 

in j\R':;, /,I'1G2 . JJW3 , lI.!!G4 . EXcept for sassoc and cassoc , ARG is the first 

arCll.'Uent , ARG2 is the second , nnd so on. In sassoc and cessoc the order 

is ARG,!IF.G2 ,ABG4 . 



32 . 

L~st~~~ c f ~~Qb[. the int erpr eter uses appyl(fn , n , args) =apply 

( fn. r. -:,: '1 , ~) a nd i nstead of s nssoc the inter pr eter uses £~(etr:l , a.erf ) 

"'cq:,\"~.f"_:~ .. 2 .. cJntm, 5. , err ) ) .. 
J_, t!1i~ ,\-.~,- ~ P.RG2 a l'. .. ays means the associat i on-list . A call i s then 

L.ono uy ~i'fin" vnlui;S t o l£G , ARG2 . .... .. , and us in:; the cc.ll i ng-te ch..."'l ique 

0y::·~ ". '" de _J.1; ~ fun~ti o:ls are numbered f r om 1 upwards .. 

. ~ .. ... 3 .. : ~ .. :e ';. 

Slmn' s ,-- - -'--==---=='::"~='1' ---..... -=+== ~,_.,.l...._ - -4.0. _ I 

J SU~ 1 SUBR2 SUDR 3 
'L':,; er de :l a.;-ed 

C:::'O.7.' atC:1!S [ T ee me!".or~r 
-"-==:r_~ , _____ ......=.0 

FSUBR ' s system­-...........--.- --.,. 
sunn FSUBn 

SU:'i ' 1" l- ~th T O o.r~ents are nUI!1ber ed i n t he 5.nterval (l , SUBRO) . SUBTI ' s 

~·;ith ~ arr;ume:1t ere nu.-nbe r e'l i n the inter val (SUBRO+l ,SUBR1 ) and so on 

f er Stm~~; 5 , -i '.;;h tHO and t hr e e areuments . In the i ntervo.l (SUBR3H . SUBR) 

~le h:;,ve Slt'3~ I S \li th p.n i!1defini t e nur.ber of e.rr,uments ( f or exat!lpl e; 

pJ.us) . ;'i'Sli13R :s are number ed in t he interva l (SUBR+l , FSUBR ) and a f ter 

~SUBn co~e ~l sy, t em anc user-de clared etons . 

2UEFO , GlP·Rl , 6UBR2 . • . Are FORTRI\J'I variabl e s . set by the r outine INIT 

uhen th~ at ol'lS a r e r~ad f r om l or,i ca l uni t 5. 

'!' l:esc ·_O! ~·/ :?~tions l"1.py.e i t easy for eval t o det er mine t he t ype of a pi ven 

f.-c~.:p:;,· , \ ;"nen p.val is celled , t he S-e xpr . i s hel d in ARG. If the ve.lue 

of ARG i ,. grc('.ter thp_'1 NFREEI' i t stends f or n nU"ller i cal atom (vhose 

': 'J.t 0f,'e:: v,:t.lce i - J.RG-NtlMJ~J)D ) . t her e NUMP.DD i s a ccnste.nt s et by r Ol.:-:.inc 

! :::' t.t.e r:<>:'.HC of JU G l i e s i n t he interval ( .WREEB , l"FREEI') it stands f or 

'\ -:h."x~:.· , If i t 1::e3 in (a , NATOM ) i t stand::; f or 8..11 ~tom . The interve.l 
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c('c~ai:ring ',;h e va.lue of ARG, defines the kind of atom . For exar.:.ple. if 

the y'~1:L1c of fffiG lies in ( SUBRl+l, SUBR2 ), MG stands fo r a. SUEF with 

2 a.::.:;t:.:.'le:1t3 . 3y sllbractin(T sumu r.,..Or.l .".HG we cnn use the conputed value 

in e cc"uted GO TO-~tatenent and junp di r ectly t o the code corrc~Jon­

di PS -;:0 ~.:.he actual SUER . 



9 . FUNCrIOl'S AND SUBROIJrINES TIl THE INTrnPIll'!!'rn 

Input routines : 
mEAD 
J J\TOM 
RATOM 
SHIFr 
SBYT 
VIATor" 
GErCH 
FUTCH 

Output routines: 
IPRINT 
PRINAT 
OUTSTR 

Routines used at garbage-collection: 
GARB 
f-1.,\KFRE 
CONS 
LISTNB 

Routines used fron eval : 
MEMB 
NBOX 
OK 
ADDAL 
KAH 
KDR 
GEr 
A.P1)SH 
FPUSH 
APOP 

Othe r s : 
INIT 
TESTUT 
EXCUSE 

9 . 1 FUNCIION IHEAD( DUMMY ) 

34 . 

IREAD i s the subroutine, which constructs new lists from the S-notntion 

input . IREAD uses the routine ~~OM . ITYP=RATOM(NnT) Uives the kind of 

atom in ITYF and the atom value in NAT . For ITYP- cones see p~~e 33 . 



Typed input 

e.) S-exrr . 

b) % S- expr . 

Value of IREAD and the COMMON-variabl e ARG 

lREtJ)=va.lue of S- expr . ARG undefi ned . 

IREAD=-l. .!\RG--=value of S- expr. 

The l etter r eturn b) is used by the br eak- function (page 11 ) 

mEAD o~nstructs ne", lists non- r ecursi-.'ely ~ and the nai n idea behi nd 

IREIID is desC:"ibed by the fol l owi ng example ; 

In gener a.l, start with 8. lisp-cell 

Then let ( mean "go do'\olIl one level (add a ne", cell in car-direetion)!! . 

let atons nean " add at this l evel (add 0. new cell in cdrdirect ion )" . 

l et ) IW8l1 "~o up one level". 

For .:;mng up one level , a pointer is al",ays kept to the l evel above 

in the cdr of the l ast cell of the sUblist . 

Let us no .... cons trl1ct the list « A B) C) . 

a . stut lo."ith 

b. ( gl.ves corresponding to ( 

c. ( Bi ves cor r espondi nF, t o « 

d . A f, i vCR corresponding to « A 



e . B gi v.;! s " corres!,(,n .... l.nr- to (( A B) 

f. ) 

NE"..J 

g . c ~ives corresponding t o «A B) C 

LAST NEW 

h . civr~s correspondinr, t~ ( {A B) C) 

NEW 

c (1r (I·:E'W ) "" NIL no,... indi r:: "ltes , that no mor e hiu;her l evels exi ;;t . T~ i 

list'-3tructu l"} is ccmrlet .: , I".nd the va lue is s t or ed in c a.::: ( NnV) . 

In c. dottc(~ !)air a.tOT.'~ . J'l.ton2) • etC">1"ll is treated as a new atOi!l 0n its sut ­

list l evel and . ~to~) i s treated as 1 [ or you eRn say , that 1 15 

t r eated as . NIL) ] 

The flO1"!char t f or IRE.AD 1.5 Flven in 9.ppendix C, ~af~r: 65 . 
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9. 2 SUBROUT INE JATOM(ITYP . ~OM) 

Rea ds an atom or c br e ak character . The typr, of the i tern is returned 

by setting rrYF to an inter;er . If the item type l.5 "Rt om", then this 

atoI.'1 is r eturned by sett:in[,: It.TOM. This rot:.tine 15 used by RAl'OM . 

The details are : J ATml obtai ns an input cha.rnc ter usin£: SBYT !Lnd SHIFl' . 

It classifi es the cb6J"c.cter and sets rryp as f ollows : 

character set ITYP to 

( 2 

) 3 

4 
[ 5 

1 6 

% 7 

otherwise 1 

If rTY P i s set to 1 the character is essuned t o be the first char acter 

of an eton. (Blanks are disre~arded ) . The ato~ is then compl eted (con­

tinue r~ading up to a hlank c r nne of the br eak characters above ), anJ 

the char acter-strinG f or the atom sent to MATOM. The index of the 

generated atom is r eturned thrrlUgh IMOM . 

9 . 3 FUNCT ION " ATOM ( !ATOM) 

RATOM is bas ically like JATOM, vith a few differ ences: 

(a) nATOM keeps "[" and "]" in a separate bracket st l'.ck ; 

(b) MTOM combines the tip of n dotted list, i . e . I . atom ) ! , into 

cne singl e item , 8. " e;enera.lized right parenthesis" ; 

(c) Bei np 8. function , nATOM r eturns the type (ITYP) as the value of th~ 

funct i on rather th~~ in an argunent . 

~he ~etails are : HATOM cnlls JATOM once (vith s ome exceptions), and 

returns e value [iven by the followine table : 



characters encountered 
by JATm-1 

. a tom 

atoJJ. 

% 
[ 

1 

"I:'!~ue put into value of RATOM 
ITYP by J.tcr'OM 

2 1 

3 2 

4, 1 , 3 2 

1 3 

7 5 

5 1 

6 2 

In the case of at(~ o.nd . atom ) , IATor~ is set t o the index of this e.tom . 

In the case of 1 rmd ] , !ATOM is set to NIL (zer o ) . ~1hen it sees a left 

bracket, RA'i'OJ'.1 mal~e . · a push opere.t i on 0:'1 its local bracket stack . "lhen 

it Gees e rieht b:'acl~et, it makes a pop and starts a countdown. During 

the countdown , e ach call (. :~ RATOM will r eturn a l' i c;htpai"' without calling 

JATOM. Thus HATOM ge:ler ates the necessary right p1;',rentheses until the 

brar.ket::; have been I:!o.tchcd . 

Sl.4 SfJBROvr lifE SrlIP!' ( Ie ) 

Useri by J P.Tmi. Uses PUTCH. 

SHIrT takc~ one BC~ cha~acter f rom the input string and give s it to 

J ATOi".f. . ane. then, if necessary , r eads one new input string from the 

sta..'1.da:-d i:~lI>ut unit . 

Used by JJtTOM . Us.s PUTCH. 

Stores onc BCD ch!xacter ~n an 8-bj~e buffer . used later by MATOM to 

forn t.he printna!l'.c: of an atom . 

Used by ,j1.?OM . 

14'\TOH makes en atc:.n . If nIl at o":! with the same printnane already exist:;, 

that atom will be the ....-".lue ; othei"",,,ise , 11 new atom i s stor ed on the 

obj ect s t a ck . 

The 'relue o f ·" ll\...'T'Of.! is the ::ndex o f t r..e atom (the existine; or the new one) . 
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9 .1 GETCH and FUTCH 

These are the tW'o assembly- c oded routines f or character - rnanipul .... t i ng . 

Cft~L GETCH(LIN~IC,N) 

puts the N'tb character in LIN (count i ng f rom the l eft) into IC , l eft 

j ust i fied . The r errai nder of IC is f illed with the bl~~ c~arectcrs . 

LIN n.nd IC are supposed t o contain at least 4 BCD char acters . 

E:m16.ple: 

@lCn', 

cftcr Ctl.LL GEI'CH(LIN,IC,3) IC will be [c:::==::J 

CAr,L PlJrCI!(LIN, IC , N) 

put~ the l eftmost chn=acter of IC into the N' th place ~n LIN. 

Ex8l:lpl e : 

LIlI= IiiilCD, 
Ie.:: !.~ __ I 

a.fter CALL PUTCH( LIN,IC. 3) , LIN ",ill be T.AMJl! . . 

9 , 8 SUBROlJrINE IPRINr( I) 

:::?RINl' is a non- recu" .. s ive r out i ne , which perfor ms a r rint-by-scan on 

a list 1. The scan method i s the same e.s in r out i ne GARB (sec rage 41) . 

The only difference i s that t he f orvard scan i s done in the car-directicn, 

whi l e sear chi ne fa:." branch- poi nts is 10ne in the cdr- di r ection . 

!PRINT , of course , l eaves the list unmarked after the pr i nti ng . (The 

r eader is now r ecommended t o read page 41 f or expl anat i on of forward 

scan and backward sca.'1) 

Forward scan (car direction) . 

If CAR ( I ) is ~ stem, print ato~ and start reverse scan, other ­

~~se pr int ( and BO on with forward scan . 

Reverse SCfl~ : 

If CDR(I) ~s en atom or NIL, print . atom) or ) end eo on with 

~everse scan, otherwise start forwar d scan on the sUbli st . 

The ~iint described ~riefly above is done by call to r outine PRINAT(I.IATOM) 



there 

1=1 means 

1=2 means 

1=3 mep~s . atom) 

I=4 mear.s atom 

end IJ\TO:;1 is the value of the atom :tn cases 3 end 4 . 

9.9 SUBROUTINE PRINAT(I,IATOM) 

Used by IPRINl' . Uses PCHAH,GF.!'CH and OvrsrR . 

Dependi n{!; anI , PRI NAT puts the follo'W'i nr,: in M output buffer , 'Hbich ).3 

t hen written by OUTSTR . 

I 

1 

2 

3 

4 

ATO!1 to put i n buf f er 

atom value . atort) 

" atoi'l atom her e is the printname 

of th'? atom 

K\ I NAT clso puts spaces in the output buffer in order to Get a pretty­

print lookin5 output. . The rules for prcttY-l?r iI!t prc~rammed in PRINAT 

are as follo'W's : 

a) the combination )( gives a ne'W' line . 

h) e, ll'!.bel in a prof, Gives a new line . 

c) every ne'W' line begi ns with spaces , indi cetinG th~ depth of this 

level . This is done by ca l culating the number of unbalanced left 

parentheses printed J:l r 0viously nnd. pri nt inc 2 bl anks for each . 

9 . 10 SUBROUTINE OUTsrR( !TIUFF , !TIL, I Nn ) 

Used by PRINAT . 

First wri tes one output line on standard output , and t hen puts a corr ect 

number of spaces in the output buffer (mUFF) . 
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aft er the f orwer d scan : 

~ 11 Ij M-.ll%a:ta 

Back' ... ard scan : 

Go in cdr- direction (~hich i s no~ to the left) and restor e old cd=- vclues . 

Whi l e doi ne that , search for any car ' s poi nting to sUblists . Call such a 

cell a b::-a;;ch-poi nt . Hhen a branch- poi nt i s fO\Uld , put ol d cdr- value in 

cdr, and put the II reverse cdr" (which just before wes the contents of 

cdr) in csr , end nark this cel l ns a branch- point (here indicated as ~). 

Then do the :",rwar d scan of the sub l ist found . 

E.'Canpl e : 

After forwar d ncp~ of t he bottom br anch the l ist above will be 

A flowchart for thi s procedure i s given in appendix C pace 68 . 
For narking a cell as examined ~ do 

£.!!!:(i) :"'-££,(i) - l 

and for ~?~kine ~ cell as a branch- point , do 

s:dr(i) :=-cdr(i) - l 

9 .13 FUNCTION MEMB(I , JJ) 

FOnTRAN- i·outine for the Lisp- function memb(x,y) . See also page 21. 

9 .1), FUNCTIO~ NBOX(I , J) 

NBOX(I,J) = I-NUMADD . The fUnction checks if the value of I lies in t he 

interval definec1. for numer ical atol]1S . 
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9 . 15 FUNCT ION ADDAL(IA, IV,E) 

Adds dctted pairs, taken froT". the elements of I1. and IV, t o the 

association list E. M- express i on definition : 

addel [ia, iv, el = nconc [ pair [ia ,ivl, e ] 

9 . 16 FUNCTION Kf~(I) 

9 . 17 FUNCTION KDR( I ) 

Does cc1r(i). 

In critical points ~n the program, KAR and KDR Rr e used instead of just 

the vectcr 3 CAR and CDR . The reason for this , i s that wh en debu~ging 

the Lisp-syst em , tests on I could be used in KAR and KDR . (When 

debURgin~ the system, it turned out that t his special t es t was not 

ne cessary and the function may be removed) . 

9 . 18 FUNCTION GEr(J ,I) 

FORTRAN-routine f or t he Lisp-function ~et(x.y) . 

9 . 19 SUBROUTINE flPUSH(J) 

Puts one value on the ar~ent s tack anc increases the stack-pointer . 

9 . 20 SUBnOUTINE FPUSH( I,J) 

Puts one value on the function stack and increases the stack- pointer . 

J is a d~-variable . 

9 . 21 SUBROUTINE AFOP(J) 

Takes one value from the ar~cnt stack &~d decreases the stack-pointer . 

r~ore .<lbout APUSH. FPUSH , and APQP e M be r ead on Pe.Ge 28 . 



9 . 22 SUBRotJrINE INrr(IRESTA) 

This r outine initiates the Lisp- system by doior. the following: 

R) Sets pointers to correct initial values. For actual pointers 

see f.86e 46 . 

b) Ree.ds BCD characters ().. and so on from l ogical unitS . The 

characters erc used for r eference later on . 

U" . 

c ) Reads nCD characters used as printnames f or system atoms . This will 

al so be from l ogical unit 5 . 

d) Puts sy~tem atoms on the object stack . 

e) J>!pJtes ~ free l i st by calling MAKFRE. 

f) Initi~.te~ -che routine s SHIFr , GEI'CH and JP.TOM. 

~ ) Define a cell ALIST used as a pointer to the association list 1D 

eval . 

If IRESTA<O, INIT restarts the system by doinC a , e,f , g . 

9 . 23 SUI3ROUTINE MAKrnE 

Gener ates a free l i st of all unmarked cells in the free memory spec~ . 

A marked cell is a cell with negative ~. MAKFTIE also unmarks all 

previously marked cells. 

9.24 FUNCTION CONS(Il , I2) 

Does ~.(x,y) . In the case of an empty free list, garbep;e collection is 

called . 

9.25 FUNCTION LISTNB(LISTST) 

Counts the r~l~:nents i n aa one-ve;y list. 

9.26 SUBTIOlll'INE TESTlIl' 

TESTUT is an auxiliPIY r outine for debugging the system and, in some 

cases, for d~buggin8 LISP-fUnctions . From LISP, it is entered by the 



LISP-function peek() . With TESTUT you can see hov li st - structur es are 

r epr esented in core . After callinc TESTUT , the folloving vill be vritten 

on standard output: 

rr MIN MAX 

? 

You no.., heve to type 1.n inteeer values for rr, MIN, and M.t\X 1.n free 

f omat . 

If IT is positive, t he object stack and/ or the free I'lenory . repres f'nt~d 

by CAR( I) and CDR( I) viII be printed vith I varying from MIN to t~~ . 

If rr i s zer o, the printnames of the at oms , represented by the vector s 

PNI\MEI(I) and PNANR2(I) viII also be printed . 

If IT i s negative , TESTUT makes an or dinary r eturn. 

Example: 

?( PEE'-) 
IT MIN MAX 

? 0 1 4 
1 -6000 0 A 
2 - 6000 0 B 
3 - 6000 0 C 
4 - 6000 0 ABCD EFGIl 
IT MIN ~,:AX 

? 1 505 507 
505 506 507 
506 1 0 
507 503 0 

Lines follo..,ed by ? are input-lines . 
The example i s taken f rom the exampl e 
of list structur es on page 25 . 

Note : For the pr esent, TESTI.1l' uses IINPUT( IT ,MIN, MAX) for input in free 

f omat . This is e library function of Dat ema timesharing ser vice 1.n 

Stockholn (see al~o pa~e 47) . 

9 _27 SUBROl1rINE EXCUSE 

Writes out an excuse-messaGe vhen the sys t em 1.S confused by the elet a it 

has set up f or itself . 
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10 . IMPLl'MEmATIO' GUIDE 

LISP- Fl is at present provi ded as a FORTRAN progr am on punched cards 

(in EBCDIC format) . It is written 1n Basic FORTRAN IV for IBM . For 

implement".ticrl of' the LISP Fl- system on other computers observe the 

follQwinG rules : 

10 . 1 r-1emory requirements 

For the present , the system neerls about 85 k bytes in an Iffi-1 360/40 . 

The space is divided into 

Program spnce 

Co~on space 

35k bytes 

45k bytes 

The common space ca."} be chan[!en , end in fA.ct this is recommended l.n 

or der to get as much free memory as possible . 

10 . 2 The COMMon ar ea 

The vectors CAR end CDR contain the ('.tom space and the free memory 

space . The total space f or this is now 11500 fullwords . The vectors 

prL"J.1El end PNAME2 contain the printnemes f or atoms (now 500 fullwords 

each) end STACK cont~ins the argument- functi on stack (900 fullwords). 

Changing the COMMON area must be done in the main program as well as 

in ell subroutines and functions . 

Ch&np,es in COMMON statements must be supplemented by changes of certain 

constants that are set in the r out i ne INIT . See the follovine section . 

10 . 3 Constants set in !NIT 

The follovin e constants are set 1n the initialization routine !NIT: 



· " 
Fortran variaole Hea.'ling 

NFREET 

NATO~! 

NSI'ACK 

The size of the vectors CAB and CDR . 

(NFREET stands for the total atom end free menory spece ) . 

Tho:> s i ze cf the vectcrs PNAt-1El and PNAt~E2 . (NATOH 

ri.i vidC!9 the totr.l space in atom S,::1.CC and free memory 

sr.'ace ) • 

The s~ ze of the vector STACK. 

ID.L. w/denl un i ts for I/O 

The veriable LUNIN indicates the standard input unit, and LUNDT the 

standard output unit . The variabl es tUN IN and LUNUT are set by r outine 

INIT to 9 and 6 , respectively. This can be ch?~f>ed by setting the variab­

les LUNIN e..nd IWM to My desired values . 

Stannard I/O units can nlso be che~r.ed from LISP hy the LISP- functions 

inunit( n) an~ outunit{n) wher e n is the unit number wanted . 

Note ~ All S-cxpressions ar e I'rinted on standFU"d output , but all system­

rnessap,es (i . e . error n~ssP-r.es, dump messages, etc .) are printen on 

l ogical unit 6. 

The initialization phase of the LISP-systeM. inVOlves r eading all syste ... 

atoms f r oI!l lo~iclll unit 5 via the routine INIT . Also .BCD- codes for 

(), .[ ] and so cn~ are r ead fron unit 5 at initieliz~tion. The required 

input for this is rsiven in apI'endix D pC?,e 69 . 

1 0 . 5 Non- standard FORTRAN-r outines 

The routines FUT CH and GETeH are coded in asscmhly len~are f or ~~-360. 

and have tn be re-coded in the case of other computers. For definiti ons 

of PUTCH and GETCH see page 39 . The r out i ne IINPUT used in r outine TESTUT 

is a library routine for format- free input at the Datema time-sharin~ 

service in Stockholm. In other systems th i s may have t o be re-vritten . 

For exemple in TESTUT, chanl!e 

t o 

1 

CALL IINFUI' { IT , MIN, MI\X} 

1 

TIEfIl)( LUNIlI , 100) IT ,I·ml , /IAX 

100 FORMAT(3I4) 



10.6 Use of LISP-Fl ~n i nter active mode 

Defor e compilin~ the pr or,rarn (after t~~ing care of points 1 to 5) the 

data deck containin~ the system- at ows ( appendix C PaGe 69 ) should be 

r ead t o l oeical unit 5 . Then cOI!!pile the Dr ogram and run it as an 

or dinary interactive FORTRAN-pr ogram . 

10.7 Use of LISP- Fl ~n be.tch mode 

The system ~s written for interactive use, but ccn be used as a betch­

pr ogram as well . In that cese , not ice the following : 

10 . 7 .1 If you get a LISP-error A2 - A9 , the debur,eing functi on bre~() 

wants input from the standard input unit . This input i s of course not 

avai labl e (in eeneral) on e batch- run . It is therefor e r ecommended to 

avoid this by r epl acing the s tatements 

GO TO 1000 

~n A2 - A9 by the statement 

GO TO 998 

The code f or A2 - t.9 is placed in the mein pr ogram between statement s 

nr 9201 and nr 9820+1 . 

This will hnve the same effect ~s if % NIL was gi ven t o br eak(), i . e . 

NIL i s !1iven to the undefined atom (or funct i on) nnd the system continues 

the evaluation . 

Anot her way of bypassin~ the br eak-funct ion , i s to ucfine the LISP­

functi ons A2 - A9 as EXPR ' s , (see secti on 4. 2) . 

10.7 . 2 As the inter pr et er is written f or interactive use , S-cxpr essi ons 

given as input are not printed out (since they arc normally typed in 

on the S' tIne nedi um as 1.5 used for output) . To have the interpreter nrint 

out input S- expr essi ons , odd the followin~ FORTRAN- st at ements t o the 

main pr ogrc...'ll : 



after ste.tenent 

insert 

1100 IARG=IREAD(O) 

IF(DREG(24)) 1150 , 1150 , 1151 
1150 IffiITE(LUNUT , 1160 ) 
1160 FOB.HAT (' ARGUI~ENr FOR EVAL . .. ') 

CAl,L IPRINT(:W;G) 

ch~nee 3tatement 
t, 

after statement 
insert 

1151 CONl'INUE 

1104 Cft.LL IPRmr(IRES) 

1104 
1161 

1200 

1152 

1153 

Wll ITB( LUN11l' , 1161) 
FOP.MIIT( ' VALUE IS ... ' 
CALL IPRHI'I'CIRES) 
I/\RG:::IREAD( 0) 
IF(DREG(24)) 1152 , 1152 , 1153 
'ffiITE(LUN11l' ,1l6o) 
CALL IFRINT ( IARG) 
CONTINUE 

Instead of chanaing the FORTRi\N pro£,,,rBm the top··level function can be 

changed as described in the example c iven below 

(DE SYS NIL (EVAL (PR I NT (READ ))NI L ) 

(MODE 3) eva1 
-----------------------------------------------------------------------
(DE SYS NIL (FROG (L ) 

(SEl'Q L (PRINT (READ ») 
(COND «( OR (GEl' L (QUarE FEXPR ») 

(GEl' L (QUarE FSUBR ))) 

(EVPL (CONS L (PRINT (READ ))NIL )) 

(T (APPLY [, (PR I NT (READ ))NIL ))))) 

(MODE 3) 

evalquote 
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11 f-:OW TO ADD NE\>T SUBR I S AND FSUDR I S 

In order to follow the instructions below, the r eader is r ecommended to 

read chapter 8, especially chapter 8.3 (Repr . of StmR and FSUBR) on 

p~e 32. 

To add !t new SUBR (or FSUER) you have to: 

a) L"lse;:--:' the function name in the data deck (see list, r.ppendix D 

page 69). The location of the name is important and must corresponrl 

t.o (I. cOJlputed GO TO-statement. Mor e about that under point b. 

The card shall b3 punc!1ed in the format (Al,2X,2A4) . The first 

charticter des cribes the type of the function: 

0 SUER no argu!nents 

1 " 1 p..r. :m.ent 

2 " 2 argl'ments 

3 " 3 arguments 

N " no limit in the number of argll.-rnents 

F FSUDR 

b ) Change the correspondinR computed GO TO-statement, dete~ined by 

the type of .he f unction: 

type: change statement: 

0 9004 + 1 

1 _"- (yes . it 1S the same) 

2 9200 + 3 

3 9309 + 4 

N 9400 + 1 

F 9591 + 1 

In the corresponding GO TO- statement , insert the statement number 

refering to your own pi ece of code, so t hat the or der in the d·3.te deck 

(aft er i nsertion) still corr esponds to the GO TO-statement . I t is elsa 

recommended t~ change the comment card. tel ling which statement number 

refers to which function . 



c) Put in your piece of code sornevhere. 

When entering the arguments is hold in ARC , t~C2 ,ARC3 as shown 

below: 

type : 

o 
1 

2 

3 

N 

F 

areuments are in 

ARG 

ATIG,ARG3 

ARG,ARG2 , A..~G3 

ARG3( list of the arGUments) 

ARG , l\RG2,(A.rg . list and association··list) 

NOrD3.1 r eturn i s then done by setting IRES to the result value end 

then dcing GO TO 998 (in fact, ARC and IRl."S are equivalent) 

Her e is an example: 

The functjon lestelem[x] = if cd~{x] =NlL then car[ x] else 

1asteleml cdr[ xl] 

1S to be implemented . 

a) In the data deck, chan~e : 

to 

b) Change: 

C 

t o 

c 

x 9180, 
cnDR 

1 lNUNIT 
1 NULL 

1 INUNIT 
1 LAsrELE4 
1 NULL 

9109, 9110, 91ll , 
CLFARB GENS lNUN 

~ 9108, 9109, 9110, 9111 , 
CDDn CLE.'.RB GENS INUN 

1
part of 

9112, 9113, 9114 , the com-' 
NULL NUMBP OlJI'UN puted 

GO TO 

91115, 9112 , 9113 , 9114, 
LASl'E NULL YUMBP OlJI'UN 



c) Insert the foll~wing code somewhere in the mein program (i. e . after 

the code for INUNIT) 

C 
C91115 LASrELEM 
91115 ~(CDR(ARG» 91116,91117,91116 
91116 ARG=CDR(ARG) 

GO TO 91115 

91117 rnES=CAR(ARG) 
GO TO 998 

WarninG: If' you use CONS( , ), variables which earlier have been g iven 

a list as a value may afterwards be pointin~ to the wrong list structure 

in case of gar~agc-collection . The followin~ lists ere saved at a 

Rarbagc-collec~ion : 

ar~ue~ts to CONS 

ARG ,ARG-2 • APG3 .L4S1'R 

011 list s which arc r e ferenced by an stan 

Exa"'lple: 

0) TINPl= CAR(ARG) 
rnES= CONS( I,J) 

b) TINPI = CAn(ARC) 
TD\P2 = CONS( I,J) 

c) TEMPI = CAn(I) 
TEMP2 = CONS(TEMPl ,J) 

TEMPI may now have been destroyed 

TEMPI may have been destroyed . TEHP2 
cannot be destr oyed by these state~entG 

either TEMPI or TEMP2 can be destroyed 
by these stateMe~ts 
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Aunendix A 

The LISP-Fl interpreter (defined 10 LISP M-expressions) . 

l oon (} = if mode=l .:then print( eva1(read() , NIL» 

elseif' mode=2 then print(evalquote(read(),reo.d() 

else if TEMP := get(SYS,EXPR) then print( eppyl(TEMP,NIL,NIL » 

els~ prog2(print(FBROR), pr int(eval(read(),NIL)} ) 

evalquote(fn,args) = if r,et(fn , FEXPR) V get(fn , FSUBR) ~ 

eval (cons (fn, args) . NIL) 

S' '":,-appyl (fn , NIt,ar es) 

appyl(fn,a,args) ,., if null(i'n) ~hen nIL 

elseif ~tom(fn) then 

if TEMP := ~et(fn,EXPR) then appyl(temp , a , arrs) 

elseif Ta{p := ~p.t (fn,SUBR) then mach(temp , a , nrgs) 

el se apDyl(cassoc(fn,n,A2) • e, e r gs ) 

elsei f car(fn) = LABEL ~ 

apryl(caddr(fn), cons( cons(cadr(fn ) , caddr(fn»,e),args 

elseif car(fn) = FUNARG then 

appyl(cadr(fn) , caddr(fn) ,arss) 

elseif car(fn) = LAMBDA then 

eval (cadrlr{ fn) , addal {cadr{ fn} , ar gs, a) 

else appyl(eval(fn,a), a, arGs) 

mach(le,e.,args) = as appyl but for SUBR ' s and FSUBR ' s 

adda1(a,b , c) = nconc{pair(cadr(fn) . ar6s),a) 

For nconc and pair see the Lisp 1 . 5 ~unl . 



eval (forrn , a) = if null(form) then NIL 

elseif number p( f orm) then f orm 

el seif atom (form) then 

if value ( form) then car( f orm) 

else cassoc (form,a ,A8 ) 

el seif atom ( car( f or m» then 

if TEMP := £"ct(car(forrn) , EXPR) then 

appyl (temp , a , evlis(cdr(form ) , a) ) 

el seif TEMP .:= P.'et (car( form) , FEXPR) then 

appyl(temp , a , li st( cdr(form) , a) ) 

el seif TEMP := get(car(form ), SUBR) then 

~ch(temp, e , evlis (cdr(form),a) ) 

elseif T~~P := get (cer(form), FSUBR) then 

nach(tcvp, a, cdr(form) ) 

else eval (cons(cassoc(car(for m), a , A9),cdr (form}),a) 

else Rppyl(car(form) , a , evlis( cdr(form) , a) ) 

cassoc(Rtrn , a , erf} =cdr (sassoc(atm , n, erf» 

sassoc(atm ,a , erf) = if null( a ) then eppyl( erf , a , cons(atrn , cons(a , NIL» ) 

el seif caar(a) = atm then car( a ) 

else sassoc(atm ,cdr(a) , erf) 

value(atm) = if car( atm ) ="undefined" then NIL else car(atm) 



Errorfunctions e.2 , a4,n6,a8 and e,9 

e,2,a9 

.4 
• 6 

.8 

undefined f unct i on 

f irst argument of set/setq not on the assoc iation list . 

undefined label i n pr op; 

undefined variable 

a2(atm, .) = prOB() 

print(ERROR A2) 

print( atrn) 

r eturn(break( )) 

n4 ,a6 ,a8,a9 are analogue . 

break() = pr or.() 

i f "next c).-pression is in the f or!:! % S- expr" 

then return (loop () ) else loop() 



Table of atoms and functi ons defined in LISP Fl 

This a.ppo::;>ndix con';:,ains three tables : 

(1) a list of all functions wh i ch are defined. 10 the syste:n,: 

(2 ) a list of all spec ial- purpose atoms; 

(3) e. lint of I/O and cheracter handling funct i ons uith more detailed 

a.c!"~ription 3 of each funct i on. 

In table 

value : 

the VU"10US c olUI!'.Ils use the following convent i ons : 

the ',ralue is defined under the convention that the evaJ.unted 

fi~st B.4gument to the function 1S called x , the second 

erRUInent. is called y, etc . (This convention is used. e...-en for 

FEXPR'SI so that e . g . plus is said to have 3 ar~~~~nts -, --. 
~d z in the expression 

(PLUS A B C) 

and we let Y. stand for the ...-alue of A, rather than .~\ ib:::0lf. 

'fhc associat i on- l i st , or the list of e.r~ents never get 

involved} . 

r.'hen nothin~ is said in th i s column, it rl.eans t.hat ue ha7e 

nothing to say (not that the functi on does not have a v"'J.uc) . 

side- effects : When nothing i s sai n 1n this colllrnl, it means that then: 

are no side- effects . 

7090 reference : T"'1is 1S a refer::>nce to pa("es in the LISP 1. 5 manu>;!.l 

(reference 1) where the function ~ is further ne:o:cr:'bed. 

r e ference here: This is <l. refer ence to sections (rsiven as n'.l..."'fJ.ber.3) or 

appendices (~iven as letters) in this manual . ~3 8te~ds for 

t.able 3 in appendi x E (Le . this appendix) . 



function 
nBl!le 

A2 

A4 

A6 

A8 

A9 

ADD1 

ADVANCE 

AND 

P.PPLY 

ATOM 

BREAK 

CAn, 
CDR, ... 

CLEAnBIT 

COND 

CONS 

type 

SUER 

SUEn 

8UBR 

SUER 

SUER 

SUER 

SUEn 

FSUHR 

S[J.dR 

5iJBR 

sung 

SUBR 

SUER 

SUBP. 

Table Bl 

nr of valuE: 
e.rg :s 

2 

2 

2 

2 

2 

1 x+l 

0 next input 
character ((1.5 

a cheracter-
atom) 

arb 

3 

1 

0 

1 the f ollowing 
exist : CAR ,COO 
CAAR, CADR, CDAR, 
CDDR 

1 NIL 

arb 

2 

side-effects 

prints out 
error J:!essage 
and docs a 
break 

se A2 

" 

" 

" 

advances input 
pointer; does 
not set CURCHf.R 
or CHAnCOUN!' RS 

in 7090 LISP . 
Note The first 
char. follovTing 
an S-expr will 

7090 r efer ence 
r efer ence here 
(page Ff) (section) 

3. 3 

26 ,64 

e8 n~ 

never be ~eached 
by advance 

21 ,58 

70 

3,57 

The LISP-inter- 4.1 
pr eter goes down 
in a break 

2,3 ,56 

clears the x ' th 5.6 
bit in a simula-
ted 24- bit 
r egist er 

18 5 . 3 

2,56 



function 
nome 

type n:::- of 
ax". :5 

Table Bl 

value s i de- effects 7090 reference 
refere:1ce here 
(page ff) (section) 

--------------------------------------------
DE FEXFR 3 

D~ FEXPR 3 

DIFFERENCE SUER 2 

SUDR 2 

SUBR o 

EQ SUBR 2 

EQuAl. SUER 2 

B'vAL SUER 2 

f.NLIS SUBR 2 

FSlr:F!l 1 

FORCrGDC SUER o 

GEtlS1M SUBR 1 

SUER 2 

GO FSUDR 1 

Garo SUER 1 

GnEATER!? SUER 2 

TIruNrr SUBR 1 

x 

x 

x - y 

NIL 

NIL 

T when x and 
y are same 
addres 5, NIT. 
otherwise 

number of free 
cells l eft 
; ~·:"'~_:: iri(.'d. a.s e 
numer~c f.. ';on) 

new c.tom with 
a fresh nBl!l.e 
(AK:DOOOO , 
Z:WOQQ01, etc . ) 

if x>y then T 
else NI~ 

x 

defines new 
EKPR 

defines new 
FEXPR 

Dumps EXPR' s 
and FEXPn ' : 

paze eject em 
print 

Cl".uses a p:ar­
bege collectio:.1 

increases 
gensY'l counter 
to '"'btsin nf'lIle 

as GO, but the 
GO-lab!;?l is the 
evaluated argu­
ment 

26,61~ 

3,2J,57 

11,26 . 57 

;1 

21 . 71 

66 

41,59 

30, 72 

26,64 

switches stlUl­
dard input to be 
taken frOM lOF,icl?.l 
uni t =: 

5.6 

5 .6 

D? 

r, (. 
-" . 

- , 
:; . 0 



function 
ur..ne 

!JIBEL 

LEBSP 

L!sr 

!1EMB 

J. :.f3~ 

i·:ODE 

r r,n -" h ... , 

!IULL 

NUMBERP 

OBLIST 

OR 

OlJI'UNIT 

POCKL:r -:: 

PAIR 

type nr of 
arg :s 

FSunR 2 

SUBR 2 

FSUBR arb 

SUBR 2 

SUBR 2 

SUllR 1 

SUBR 2 

SUBR 1 

3\JBR l 

SUBR 1 

FSUBR arb 

SUBR 1 

SUBR 1 

SUBR 2 

Table Bl 

value 

y 

if x-:.y then T 
else NIL 

x 

like APPEND 

if x=!HL the!':. 
T else NIL 

" . ... " .1_ x J. s 
nunerlcf'.l · at·"m 
~.;hen n .. 
r-:.ls~ nIL 

en objectHst . 
sta:=-tinft .. ri;; :~ y. 

x 

a ne\-, ntom 

side- effects 

binds x to y 
on the assocJ.a-
tien-list 

define c:. uith 
EQ 

defined wi;;'ll 
EQUAL 

sets type o f 
top-level 
function 

attaches y t o 
the e::;.d of x 
'<lith RPLACD 
type oper atiC'n 

switches 

7090 r eference 
refe::-ence here 
(page 7-,f) (se~t~. Oid 

8 ,18,70 

25,64 

57 

5.6 

11 , 62 

0 .. :' 

62 

11~57 

25.611 

5.6 

21 . 58 

. 'J . ) ~ 

standard (print) 
output t o be 
given t o 
lotdcal unit x 

5 .0 

60 



Table Bl 

fun~ti0n type n" of value side- effect!! 1090 :",, ~!'eren~0 

naLle arg :s l'efere:-.ce ::~:'e 

(:;>ace ~;. ) (sct;:tior) 

---- ._---
PF..I:K StJIW 0 rIL calls the 1· ":"> 

• • • j 

routine 
TE5T1JT 

PLUS fSUDR t.;-b x~:: ·:· . .. 25,63 

PRINl SUB~ .'. "puts x in 05,8!;' . . .. 
output buffer 

1--:-" "; IT' SUER 1 x print~ x nnd 6, ,[)I~ . , 

teT:'linatcs 
record,: 
f...~stroys pr e -
viouo contcn~s 
of O1.:.tP'lt b\~rfe~ .. 

FROG ?SUFR CXfiUinent of 29,7J. 
R!m1RN . If 
there is no 
RETORt; clause : 
cdr of the ~ro~" 
express i on it-
self 

t- PROGN ~su::m arb value of the cvals 211 5 . 5 
last argument e.rr,wrtents 

; 
PUT SUBTI 3 x adds the 

prc,erty y 
U!lder the il:di-
cat~r c or. . ' s 
property- Hst 

~Ol'Z F3LBR 1 10,22,71 

cvar IZl\"T SUE~ 2 x/y 2$,64 ~ .5 

RllJ\!) SUER 0 The S- e:cpr . 65,81- •. '":"> 

just read . 
'l~3T,I\HT SUB~ 0 resta.rt :l the 5.C 

sY3"'em 

n·~'f,' J!u: EULR 1 Cll.use:J ex:..'.; 30,72 
fro=, \ • l'}\')G 

~.ith x ac. 
v<W.ue of the 
PROC- expre~sion 



functi on 
name 

RPLACA 

RPLACD 

SASSOC 

SEr 

SErBIT 

SErQ 

SILEKCE 

SUlll. 

TALK 

TERPRI 

TESrDlT 

TIMES 

UNPACK 

type 

SOOR 

SUER 

SOOR 

SUBR 

SOOR 

FSUBR 

SUBR 

sum: 

SUER 

SUBR 

SOOR 

FSOOR 

SOOR 

nr o f 
arB :5 

2 

2 

3 

2 

1 

2 

0 

1 

° 
0 

1 

ar b 

1 

Table Bl 

value 

cons(y,cdr(x» 

cons(car(x),y ) 

Y 

NIL 

Y 

NIL 

x-l 

NIL 

NIL 

s t at e o f Y. ' th 
bit in e. s i mu-
l at eri 2h-bits 
r egi s t er 
(represented as 
T or NIL) 

product of all 
arew:'lcnts 

list of l ett ers 

s i de- eff ects 

modifies x 

modifies x 

changes the 
value of x 

sets the x 'th 
bit in the D 
r egister. Con 
he used e . g . 
to cont rol 
tracinr,: 

like SEI' , bt:.t 
the first 
argument is not 
evaluated 

62 . 

7090 r eference 
refer ence here 
(pa,ee ##) ( s cctiorl) 

41,58 

41,58 

60 

30,11 

9 5.6 

30 ,71 

turns off system 5.6 
printout 

26 ,64 

turns on system 5·.6 
printout after 
SILENCE 

"aitcs prescnt 65 ,84 5.6 , B3 
contents o f 
output buff er 
as onc record 
on printoutput 

5.6 

26 , 64 

87 5.6 
in the printname 
-, .. f, "," +o.,.c 



Table DO (LISP-CONSTANrS) 

consta".lt nBllle vclue purpose refe r ence here 

( seetic!)', 

NIL NIL 

T T 

FUNARG used i n eval. 
When (FUNCTION 
S) is used , 
(FUNJI,.,a S fl.' . ) is 
returned , wh ere 
al is the current 
association- l ist . 

SYS NIL or set by if HODE= 3 t he 2 . ",8.1,10 .7 .3 
the user value of SYS is 

the t op-level 
function . 

EXPR 

FEXJ'll 



functi on 
name 

PRUIT 

PRINI 

TERPRI 

F.J= 

(x) 

nr of 
arB :s 

a 

1 

o 

1 

o 

a 

64 . 

TABLE D3: DErAn.s OF 1/0 FUNCTIONS 

( suppl ements table Al) 

argurn.ent(s) 

arbitr ary 
S- expressi on 

alphameric 
e.tom 

side- effects 

reads f r om ~. te.nde.:,:,d input . ';"~ charac­
ters per record, until a correct 
par enthesis r.latch is ohta.:'ned . 
Replenishes the input buffe::" by 
reac1inl1 a ne\'" recor d ·"hene-veT 
necessary. 

canYer ts x to e. sequence of 
characte:::'s end puts it in the output 
buffer start.inp.; in pos ition n (i. e . 
over wri ting ;,-hat may pl' eviously 
have been in the buffer) . n depends 
on the depth of the list-structure, 
ann causes the output~ l ook like a 
p!'et ty- printed output . Urites the 
buffer on standard output each time 
it f ills up , end after operation 
is concluded . 

r e ads one character from standard 
input and re~urns it at e r.hara~ter­
atom 

puts its argument in the output 
buffer . If this fills the ~uffer> j , T , 

is pr i nted on standard 0utput ('.S O'lP. 

r ecord ; ane. the buff.~:L" is clE::1.r~t:. . , 

writes t he cut~ut buffer on st~:dn~d 
cut~ut end clears the buffer . 

writes a paF~ ejer.t (I'\. recore, '';J.' ,1 
an I i n the first pC'sitio!1) 01.1 
standard output . Docs not ~ffect th~ 
output buffer . 

For t he interfac e between READ . or evaJ. reading of S-expr ess i ons on the one hand, 
and fJ)VANCE rea.din~ on the other. notice the following. nEAD and eve.l take in O!1C 

S-cxpr ession plus one character each time they read (this ext r a chare.cter is bt'.ffered 
in a sepe.r ate pl",.ce). Theref ore , one blank should be all owed between the final 
parenthesis or character that ADVANCE is t o r eae . Exampl e : the system obtains 

TNAL ( (CSErQ COMMA (ADVANCE)) !iIL ) , 

There J. s one bla~~ between parenthesis &~d the " fI , . 



I 

J. 

6~ all 1 , 

I 

,--;>---~ lTYP : = 
lTYPl 

YES 

) initi lllE ". ___ J;'\ 
i.1ATOt>i ~ 

YES 

~M' 

NO 

% , 

NO 

~~YES 
~? 

NO 

(RErUnN ) 

IREAD=-l 
FROC . :[!>!D 

~_"" aII-I 

I 
I 

( RI::I.'IUr ) 

~TR scves the rc!:.d-list 
Hi. case of ga.::bo.ee colL 

er:~or 

atom el ) % 

frYP ,>-_.JYCll>llL_ ~[ 1(-)' - '- cdr lest] =, > -'UfS_...j !RE11D:=N:L 
1 
I 

NDl: ~: 

CO'1s~ ;·:IL LAST] 

I -
car[LAsr] := 
np,.,. 

I 

NIL 

INa 
1---'----- -, 

NiIT :=NIL 

ITYPl 1 
u-'_'AT-,lc-_.1J see 1

0 

0.tOI:\­V routine 

I 
I 

1000 

7 routine 



car[LAST] '"I 
NAT 

c YP1= ) ? 

~ 
I r:o 

!IU',= 
cons[NIL 
cdr [ LAsr lJ 

cdr[ LAsr l ,~ 
IJEH 

Lfl.sr :=liZ'l-l 

YES 

o lOO:T TYPE 

0lrryp= ynEAD ~mOR 

NEW ,= 
cdr(LAST] 

cdr[k\S:l :-, 

NAT1 

-
LAST:=NEW' 

end­
rout i ne 

5 ITYP=% 

PROC . INn 0 

PTIOC . IND 
ON? 

110 

ob. 

I 
" 

PRoe. r.:rl 
OFF 

I 
m::iru:m 



~ 
~ 

means a cA.ll to RtL.' OM, vhi ch 

[!l.ves the -: :-: :! i-: ::TYP 

end t he atom value in NAT (in c a.se 

o f atom-read ) 

The code fo:>:' rryp is 

1 means ( 

2 n 

3 n atOl!l 

4 n read error 

5 n % 

I I 

i I are ena.loa:ous to lTYP + NAT 

2° .~ton) i s ul~eys treat ed as ) 

(",hie!) il'i th~ SaI'le as . NIL ) 

01 . 



Forwa.rd scan : 

1 

r

-
se-L T . " _ to 
1'1 6ht (!ell ,-

DackYinrd SC8.Q.: 

Restore 
poin~er of NO 
C i.'" 

f: J../VIH .. nAltT 

( 

l' UJ~ V1U\,U I 

a~d f \~) 
___ or IPRINl') 

s~t I to 
f~rst ce 1 

! of ). ) st 

is 

"--Z€::_ I 
~ke 

NO 

[lr'.:lrk it! 

l 
reverse 
pointer 
c ell I 

NO 
is 

of 

cel l I 

re.nch7n · i- 01. 

? 

set I to 
left cell 

Restore 
pointer in 
car of I 

Clear h ..... . ~ an h-pOl.ntma.rk' set I to I 
~_____ 11-->-1 left cell I 

n"-" ""-' __ • cell 

68 . 

es branch 
po':'n~ 

set:;.: 1 
. , " v . -~ ~. 

'" ;,_ , J ('cl ' 1----- I 
..... .. bre.n r;~-

I 

1 



Appendix D. 

This deck should he r eo.d to l ogical unit 5 befor e runm.ng the system . 

Note : The or der is :!.£!:]l import::\!lt. 

Col 1231' 5678901 
0123 IiF-+ 
0 NIL 
0 J\DVAiTCE 
0 : rl EAK 
0 l" •. ;FCT 
0 I.,,)D~ 

0 FORCEnBC 
Q PREK 
0 ODLIST 
0 R:li\D 
0 RESTf.RT 
0 SILElICE 
0 '1'!.J,K 
0 TERPIn 
0 E(rr 
1 I'.DD1 
l ATOM 
1 CAR 
1 CDR 
1 CAAR 
1 CADR 
1 eilAn 
1 CDilR 
1 CLFMlIlrr 
1 GENSYM 
1 ThTUNIT 
, IIULL -. 
1 lTUMB"IDP 
1 OUTUNIT 
1 PACKLIST 
1 PRINl 
1 PRINr 
1 PRINTPOS 
1 ~YlDPOS 

1 REI'UBN 
1 SErBrr 
1 SUBl 
J. TESTBrr 
1 UNPf,CK 
1 ZEROr 
1 GOrO 
1 Dmp 
2 A2 
2 f.8 
2 1.9 
2 t.4 
2 A6 
2 CONS 
, Dl/F'Elm:.C:!: < 
2 rq 
2 rQUAL 



'(U . 

" '. EVAL 
:: EVLIS 
2 GEr 
2 GREATERP 
2 LEf3P 
2 MEMBER 
2 NCONe 
2 PA::R 
2 QUOTIENr 
2 r.FLACA 
2 EFLAcn 
2 SEr 
2 ?>.fEMI3 
3 t.PPLY 
3 PUr 
3 SASSOC 
N LIST 
N PLUS 
N PROGN 
N TUnS 
;' CONn 
F FROG 
F AND 
F DE 
F DF 
F FUNCTION 
F GO 
F OR 
F QUCTE 
F SEIQ 

Ltu\filDA 
LABEL 
FUNARG 
SYS 
r;zPR 
FE...~Pn 
e ., 

() . . [ J X+-OC23456789% 

::\!ot ~ . T~1~ l£.rt ca·:d defines "systen characters ". The card shall contain 

i n c;:-dej' : 

(me .pace chru.'acter 
:1 left par . character 
n rip;ht pv . character 
It ::omma. 11 

n c.ct " ,; 

,. 
'; 

" 

left b=-ac!~E't " 
rif;ht " :. 
character used for return 
plus ~i3n character 
minus sign character 

ten fir;ures 

from break (here %) 

Olle character used as end mark in printnames (here %) 
four space characters 



~ndh":._ 

S-exp~ession listing of the edit and trace packag~ . 

EI. )~::. 92?:!:.J?ac,!: age 

(D?; ):r.DIT (F '1'1') (PHOG (X Y CL CTL) 
(SS!'Q C,:,,, (!JIST I GE'.~ F TT ))) 
( "E:'Q Y CC:L) (SE'l'(.\ CL CTL) A (SETQ X (READ)) 
(COlW «(OR (A'illH X) (NUMBERP X)) (GO B)) 
( (A'r:J~! (CAR (;L) )( PK:NT ILLGC)) 
« i;U):!-,C7:"!'? (CAR Z)) (XCHAl,GE CL X)) 
(T i Xl· ATS'i' CL X) )) (GO A) B (COND 
W.ND (;.1' Gil (CAR CL ) ) (NUMBERP X) (GREATERP X 0)) 
(!,[1:!"NT "':':CC i ) 
«m ;; (QUO'l'S OK) ) «(";0 C)) 
(!:~;: (QUe;';]; UP ) )( SETQ CTL CL)) 
( (T.'() ~ (QUOTJ:: p)) (SPRINT (CAR CL) 2 )) 
( ( EQ X ((\UOT8 PH:.) (SPRINT (CAR CL)( READ) ) ) 
«7.bHOl' x ) (S2TQ CL CTL)) 
« liUM3EfP ;C)(COND «i'l'JLL (SETQ x (NTH X (CAR CL)))) 
(PRET lUGe)) (';' (SSTQ CL X)))) (T (PRINT ILLGC))) 
(GO) A) C (iDTURN (PUT F (CAR y) '1'1'> 
(DE SPRIlIT (L N) (COND (\) R (ATOH L) (ZEROP N)) 
(PRINT L))(T (PRI NT (SPR (COPY L) 0 N> 
(DE SPR (L Nl N2; ( CO~lD «NULL L) NIL) 
« ATOM L) L) (EQ III 112) (RPLJ\CA (RPLJ\CD L 
( '. ,(TOTE (!L"t.·d )) (QUOTE =l<))) (T (CONS (SPR 
(CAR L)( i\DDI NI) N2)(SPR(CDR L)Nl N2> 
(DE XCRA1,GE (L AL) (PROG (x) 
(COND « GREATERP (CAR AL) 0 ) ( corm «NULL (SE'.CQ 
x (}IDI (CAR AL ) ( CAR L)))) (PRINT ILLGC)) 
(T ( RPLACA L (APPEND (LISTN (SUBl (CAR AL ))(CAR L)) 
(APPE~lD (CDR AL)(CDR x ))))))) 
« LESSP (CAR AL) O)(COND «NULL (SETQ x (NTH (MINUS 



( C " , I . . \ ' r " .' I) ' 1'" "RIIT" , , - 7 C ) n.' _ I ~ .J.- ' J ' I \ J,. , _L .. ,I.;. I 

('2: ( " , ·T, ,'.e.' L ': ,: '." :') ( j~~3TN (SUBl (i~-:rlUS ( CAI1 AL) )) 
( C.<\J.; T_: )(1\F;:::;t:D (,:J;, .\'W ) A.' 
(;;':': :; rw;' 'J~ r (L I\L 1 (7110(, ( X i ( CClm 
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E2. The trace package 

(DE DMAP(L TRptl) (PROG (X y) 
LIP (SETQ X (QUOTE (EXPR FEXPR SUBR FSUBR))) 
LOP (CONn «GET (CAR L)(CAR X)) (TRPtI (CAR L)(CAR. X))) 
(T (PROGN (SETQ X (CDR X)) (GO LOP)))) 
(CONn «NULL (SETQ L (CDR L) ))( RETURN (QUOTE OK))) 
(T (GO LIP))))) 
(DF TRACE (pL AL) (DMAP FL (FUNCTION TRC1))) 
(DF UNTRACE (FL AL) (DMAP FL (FUNCTION UTRC1))) 
(DE TRCl (F TT) (PROG (X y) 
(SETQ X (GET F TT)) 
(SETQ Y (GENSYM (QUOTE GGGG))) 
(PUT Y (COPY X) (QUOTE EXPR)) 
(PUT F Y (QUOTE TRFL)) 
(RETURN (RPLACD (CDR X) (LIS'r(NCONC( QUOTEx(PROGN 
(PRIN2 INT) (PRIN2 (QUOTE (x .F)) ) )) 
(NCONC (FLIST (CADR X)) (LIST 
(QUOTEx (OUTP (x .F)(x .Y)(x CADR X» 

- (DE FLIST (L) (COtiD 
«NULL L) (LIST (qUOTE (TERPRI)))) 
(T (NCONC (LIST (QUOTEx (PRIN2 (QUOTE (x CAR L)))) 

(QUOTEx (PRIN2 (QUOTE =)) ) 
(QUOTE~t (PRINL (x CM L))) 
(QUOTEx (PRIN2 SPC)))(FLIST (CDR L> 

- (DF QUOTE* CU V) (UOT (CAR U 
- {DE UOI (X) (COND 

«ATOM X) X) 
«EQ (CM X) (QUOTE x)) (EVAL (CDR X) V)) 
(T (CONS (UOT (CM X))(UOT (CDR X> 

- (DE PRINL (L) (CONn 
«ATOM L) (PRIN2 L)) 
(T (RPOGN (PRINl LPAR)(MAPCARl L (FUNCTION PRINL)) 
(PRINl RPM> 
(DE MAPCARl (L F) (COND «NULL L) NIL) 
«ATOM L) (PROGN (PRINl DOT)(F L))) 
(T (CONS (F (CAR L))(MAPCARl (CDR L) F> 
(DF OUTP (U V) (PROG (X) 
(SETQ X (EVAL (CONS (CADR U)(CM (CDDR U) ) ) V)) 
(PRIN2 UNT)(PRIN2 (CAR U)) 
(PRINL X) (TERPRI) (RETURN X> 
(DE UTRCl (F TT) (PROG (X) 
(COND «NULL (SETQ X (GET F(QUOTE TRFL)))) (RETURN F))) 
(RETURN (PUT F (GET X (QUOTE EXPR)) TT)))) 
(DE COPY (L) (CONO «NULL L) NIL )«ATOM L) L) 
(T (CONS (COPY (CM L))(COPY (CDR L)))))) 
(DE PRIN2 (X) (PROGN (PRINl X)(PRINl BLANK> 
(J1PLACA (QUOTE LP M ) (ADVANCE> ( 
(RPLJ\CA (QUOTE RPAR) (ADVANCE> ) 
(RPLACA (QUOTE SPC) (ADVANCE> . 
(RPLACA (QUOTE BLANK) (ADVANCE> 
(RPLJ\CA (QUOTE INT) (PACKLIST (LIST 
(ADVANCE) (ADVANCE) (ADVANCE » --> 
(RPLACA (QUOTE rmT) (PACKLIST (LIST 
(ADVANCE) (ADVANCE) (ADVANCE » <- -
(RPLACA (QUOTE DOT) (ADVANCE> 
(INUNI'1' 9) 
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