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Summary 

PrOgram name: 

Purpose: 

ProfQ"amming language: 

Programmed bl,: 

Completed: 

Memory requirements: 

LISP Fl 

Read LISP S-e~sions~ evaluate them by 

interpretation, and print the values ~ 

S-expres8ions~ all in interaetive mode. 

1. 

IBM Basie FORl'RAN rr ({'"or a RAX- type TS System) ~ 

Diz Breslav 7 Hats Nordstrom, and Erik Sandeve.ll 

Program and minor data areas: 36 K bytes. 

Memory for push-doVIl stack, atom printnames 

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

eell) must be added. 



Tabl e of contents 

1. Introduction 

2. Conversation wi tb LISP Fl 

2.1 The rend-eval-~rint loop 

2.2 Input f ormat 

2.3 Output forrnnt 

2 . 4 Alternative top levels 

3. Error messages 

3.1 Rean errors 

3. 2 System error s 

3. 3 LISP error s A2 - A9 

4. Tool s f or debUF~in~ LISP pro~rams 

4. 1 The funetion br eak 

4 . 2 The fUncti ons 82 - ~9 

h. 1 ~hc function "peek 

4.4 The LISP editor 

4.5 The LISP tracinR r outine 

5. ~ifference8 ~~m LISP 1.5 

6 . nerr~sentetion of atoms and list structures 

7. Recursive pr o:u-amminp: in FORTRAN 

7 .1 The stacks 

7.2 Recursive calls end r eturns 

8 . The main program in the interpreter 

8. 1 The t op l evel l oop 

8.2 Transmission of arF,Uments f or r ecursive ~~ctions 

8. 3 nepr esentation of SUBR ' s and FSUBR's 

2 . 



3. 

9. Functions and subroutines ~ ~he interpreter 

10. Impl ementation guide 

10 .1 Memory requireI:lents 

10 .2 The COMMON area 

10 . 3 Constants set in INIT 

10 . 4 Lo~ical units f or I/O 

10 . 5 Non- standard FORTRAN routines 

10 . 6 Use of LISP Fl in interactive mode 

10 .7 USe of LISP F1 in batch mode 

11. HOI<7 to add new SUBR I S and FSUBR I s 

12. References 

Appendices : 

A. M-expression definit i on of the LISP Fl interpreter 

B. Tabl es 0f atoms and functions defined ~n LISP Fl 

C. Flowcharts for !RF..AD, and GARB 

D. Li sting of data deck containing pr intnarnes ot system ato~s 

E. S-exvression l ist ing of the edit and trace package 



4. 

1. INTRODUC'l'ION 

The LISP interpreter (LISP Fl) deseribed here vas written in Basic 

FORTRAN IV for IBM machines by Mats Nordstrom snd Erik Sandewell . An 

editor and tracin~ package vas then written in LISP by Diz Breslaw and 

added to the system. ~he work vas performed ~t the Univer sity of Uppsala 

(Department of Computer Sciences). LISP Fl is des i gned for inter active 

use, but can also be r un in batch mode . It accepts a dialect of LISP 

which is essentially LISP 1. 5. but contains some of the "small" amend

ments to LISP that have been proposed and i~lemented at BBN, i . e . 

no-spr ead l~bda expressions, nreak functi ons, user contr ol of errors ~n 

inter pretation, etc . (cr. refer ence 4) 

Sections 2 - 5 of this r eport are intended as a user manual; 

sections 6 - 9 as a pro~am description; and sections 10 - 11 as an 

implementation .a;uide ("how to get the system runm.ng, and how to chanp;e 

it") . All parts o~ the r eport presune a know1ed~e of LISP 1.5 . Sections 

6 - 11 also pr esume knowledge of FORl'RAN. 
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2. CONVERSATION \lITH LISP Fl 

2 . 1 The read-eval- print l oon. 

Welcome to the Fl system. In order to use it, go over to your (teletype) 

computer t eI'Jl'llnal . Load LISP Fl by falIennR the instructions thnt Y01.U' 

systems group wrote after they had set up the systeM on your computer . 

When Fl has initialized, it asks you f or input. (Here in Uppsala, this 

is indicated by a question nark). Type an S-expression that is suitable 

f or evaluation. (Next section specifies details about the input format). 

Fl reads this expression, evaluates it, and prints the result. Type 

another expression. It is also evaluated, and the value is printec back. 

Here is an example: 

(DE REVERSE(S U)(COND((NULL S)U)(T(REVF.IlSE(CDR S)(CONS 

?(CM S) U> 

REVERSE 

1(R=SE(~)OTEU.(B C)n(E F)G> 

(G (E F )D (B C ).~ ) 

?(CDR(~OTE REVERSE» 

(EXPR (LAMBJ)A (S U ) 

(CONn ((NULL S )U ) 

(T (REVERSE (CDR S ) 

(CONS (CAn S )U »»» 

Thus the behavioral pattern of the Fl system is a read.-eval-print locp . 

The purpose of sections 2 - 5 in this report is to describe how you as 

a user can utilize and modify this behavior. 

2.2 Input fornat 

S-exnressions are typed-in in free format in col. 1-72 on the standard 

input unit (i.e. the value of the vnriable LUNIN, vhich is 9 initially). 

The following rules apply to S-expressions: 



A separator 

(In some of 

is one of the characters "space" , . 
the examples, [] are replaced by <» 

6. 

([)] 

A numerical atom: is a sequence of digits between two separator s. 

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

An alphanumeric atom is any character string with at l east one " ~ n 
. ~ ,... . 

.... . ... > 

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

will be read and use d by the LISP- system. The character % has e r ::-:!cial 

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

situation . The "$$11 facility of some LISP systems does not exist here . 

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

dotte d list must be terminated by ) . The follo'W'ing "S-expr" is me aninG-

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

S-expressions are then formed ~n the normal way. 

Example: 

ABCDEFGHI the alphanumerical atom ABCDEFGH 

123 numerical atom 123 

(123.4) a dotted pair (123 4) 

123A+ an "'J .. -'1,..~ - •• • - ~ ,,""" 

To faci l itate the matching of parentheses, there ~s a bracket f eature 

using "[" and "]". 11 II closes the last "[". If U}" ooeUTS, and no 

corresponding 11[" exists, "]" closes the 'Whole expression. "[11 also 

stands for one left parentheses . 

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

(L1 (((L4 L4 L4») L1 (L2 (L3 (L4»» 

(L1 (((L4 L4 L4») L1 (L2 (L3 (L4J 

[L1 [((L4 L4 L4 J L1 (L2 (L3 (L4J 

(L1 [( (L4 L4 L4 J L1 (L2 (L3 (L4J 



2.3 Outnut format 

The value of en S-exPression is jlrinten in a simple form of pr etty-print 

on the stendnrd output unit (i . e . the vnlue of the variable Lillilll', 

~hich is 6 initi AllY). The rules for the pr0tty- print proRrp~ed in the 

system are given on p~e 40 . 

An eXaJ"1.pl e of out,!?ut: 

?(FAK (LAHBDA (~)(COND«ZEIlOP N) l)(T(TIMES N(FftK(SUB1 III 

will be printed es 

(FAK (LAMBPh (N) 

(COlID «Z~OP N) 1) 

(T (TIMES N (FAK (SUB1 ,,»»») 

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

print and terpri) i s switched off by eveluatin~ 

(S ILENCE) 

and s~itched on 8P.ain by doing 

(TALK) 

Both functions have NIL as value. 

Error-messa~es are always printed on l ogical unit 6 , end cannot be 

s~itched off (except sometimes by redefinin~ the functi ons ft2 - A9. see 

section 4.2) . 

2 . 4 Alternative t op l evels . 

In standard uSaJ:;e, the F'l system does r (,Rd , eval , and print , like e.g . 

MrI' PDP-I O LISP. Some other systems (e . ~ . 7090 LISP, 3600 LISP) prefer 

t o do re~rl , r ead, evalguote, nrint. The PI system can "he chan~eti t o this 

evalquote mode by cvaluatin~ 

(l10DF. 2) 
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After evaluation of this expression, you are ~n evolquote mone. 

To get back to eval mode , say 

MODE (1) 

This is the S8l!le !'unction mode, but nov you are talkine t o eValquote. 

In some situations , it is desi r able to r edefine the top- level loop in 

another f ashion. This ha~pens e .g. if you wish t o r ead natural language 

sentences one at a time, and apply SOffiC lan~~e ~rocessin~ oper ations 

to it . This can be accomplished by first defining the function SYS, ~~d 

then doing (MODE 3) . (The order is important). After these tva opera

tions , the system viII do !l!,print in each cycle. Therefore, ~ 

should be a function of DO ar~ents which reads t ext fTorI the tel etype 

according to its own conventions, and then does something to it. The 

value from sys vill be p..utomatice.lly printed , so !l!. does not need t o 

cnl l print . For exampl e, one reasonable definiti on of sys would be 

(LAMBDA () (P!1OG (U) 

L (SErQ U (COilS (RATOM) U)) 

(CONn «EQ (CAR U)(~orE STOP)) 

(RErURN (ANBlImJ'O (CDR U») » 

(GO L))) 



3. ERROR MESSAGES 

3. 1 Reed errors 

---READ ERROR . S- ElCPR . BIDINS IIrrH ) 

- - -READ ERROR 
---READ ERROR 

• NOT FOLLOWED BY ATOM 
. ATOM NOT FOLLOWED BY ) 

3.2 system errors 

OBJECT STACK IS EXEEDING n . 

FUNCTION PDL IS E)IPrY 

DONI' USE % - YOU ARE Nor IN A BREAK 

MODE=3 BUT SYS UNDEF? TALK TO EVAL 

BIT ARRAY USED our OF BOUNDS, llIDEX=n 

DIVIDE n BY ZERO 

ror OurSIDE rrs OOW IN 

RETURN OurSIDt PROG 

9. 

the first char. in an S-expr 
is ) . Re - tYre the S- expr ! 

the rules for formi ng a 
dotted pair are not satisfied . 
He - type the S-expr . 

No ~ore atoms cen be defi ned . 
All further attempts to define 

an atom will ~ive NIL as result. 

The function stack is emnty 
and the syste~ restarts. 

The system restarts. 

See page for proper use ~f 
mode . The system acts as An 

evalsysteI!l. 

When using clearbit(n). 
setbit(n) or testbit(n), n 
is outside (1 , 24) . The system 
goes d0wn in a break . 

In quotient(m,n), n is equal 
to zero . The system p,oes down 
l.D a bre~.k. 

In put ( a ,l , e). a is not an atom. 
Put will be i pnored . 

return(lab) is used outside 
n prop.. The system restarts . 

I HAVE UNDrnFLQW IN NUMERICAL OF:rnATION could be found in any numerical 
Lisn-function . The system 
restarts . 



I HAVE S- EXPRESSION WHOSE INDEX <0 

: ?! ! ! 

BAD ' ·JUTHM TIl flRG : m m PROGRAM POS N: n 

INDEX OurSIDE (O,NFREE) IN POSITION n 
OF INrERPRErER 

ARGUMENrS POL IS FULL ; JP=n 

FUNcrION PDL IS FULL'! IP=n 

3. 3 Lisp errors A2 - A9 . 

I FAIL, 2 
DIAGNOSTIC A9 

I FAIr, DIAGNOSTIC A8 

FIRST ARG OF SRI' /SEI'Q m::r:r ON A- LIST 

GO TO xxxx Nor D»'!NED 

10 . 

what should be ~ list i s i n 
feet (terminated by) a 
nume~icnl at om. The system 
r estarts . 

the inter preter is entirely 
confused by the data it has 
set up for its p.lf. Could be 
wrong use or rplac~ 0r rplacd . 
The system r csterts. 

n non- numer ical argument is 
given to a numerical functi on . 
n stands for the staternent
number in the main pro~rBm 
and m is the value 0 f f~G. 
The system goes down in a 
break. 

an ar gunent. supposed tn be 
an at om or list, is not an 
atoM or list. The syst em r e
starts. 

the arfSUJ"lent stack is full. 
The system r estarts. 

the functi on ste.ck is full . 
The system r estarts . 

undefined function. 

undefined vnriabl e . 

error f. Q 

err or f.6 

A?,A4,A6,A8 ann fi 9 rI e ordinary SUBR's, wh ich cAll br eak{) after 
printin~ the error messape. For expl anation of break{) see next 
page. 
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4. TOOLS FOR DEBUGGING LISP RROGRAMS 

4.1 The function break 

When errors A2 - A9 (and some ot :'...e·s) occur , the systet:l goes dovn in a 

break . This means that the system stores that point in the pr ogram where 

the error occurs, so that evaluation can be continued at a later stage . 

It then goes into a read- eval-print loop {s imilar to the top-level loop} . 

Thus the user has here a facility to look at the values of the variables 

in the S- expr ession, which caused the err or, or of just looking around in 

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

the point wher e the break occured, type 

'f S- expression 

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

value of the undefined variable or function. 

If an error occurs in a break, the system goes dovn in a break and 

~ S-expression 

will take the system up to the first break . No special limit f or the 

depth of a break is given , but as the depth of breaks increases, the 

pushdown list will ultimately be exceeded. 

It is also possibl e to call br eak from LISP by the LISP- function break ( ). 

Example of usinp. break . (? stands for input-lines) 

?(DE FOO (A)(PROG (N) (SErQ N (QUOTE ABC» L1 (SErQ N (CAR H» 
1 (BREAK) (RErURN N] 

1(FOO NIL) 

I FAIL DIAGNOSTIC A8 UNDEFINED VARIABLE H 
BREAK 

?N 

ABC 

?% (QUOTE (X Y 7.» 

look at variable N. 

give (X y Z) as value t o H and return 
from break 



BREJIK CALLED FROM PROGRAM 

? N 

?% NIL 

X 

look at IV 

return from break 

value of (FOC NIL) 

?(DE FAK (N) (COND( ( EQ N l )A)(T(TJMES N(FAK(SUBl N> 

FAK 

?(FAK 3) 

I FAIL DIAGNOSrrC A8 UNDEF VARHBLE , 

BREP.K 

1N look at variable N 

1 

?(FUNCT ION) lonk at the association- list 

(FUNARG NIL ((N .1 )(N . 2)(N .3)( NIL FAK))) 

?(CDR (QUorE FAlC> 

(EXPR (LAMBDA (N ) 

(COND ((EQ N 1 )A ) 

look at the defini tion of FAK 

(T (TIMES N (FAK (SUB1 II ))))))) 

12 . 

?% 1 gi ve 1 as val ue to A and return from 
brea)t 

6 

4. 2 The functions A2 - A9 

As A2 - A9 are defined as normal SUER ' s , it is possible to r e- define them 

as EXPR ' s and let one ' s own LISP- funct i ons take care of those kinds of 

errors . For su~gestions bow to use this feature, see the 3600 LISP U3 

user ' s manual . 

4 . 3 The funct ion peek 

Ther e is a LISP-funct i on called peek() , which call s the subroutine TESTUT . 

Wit h TESTUT it is poss ible to see how the list-structures ar e r epresen

ted i nternall y . For using TESTUT see pane 44. 



13 . 

4.4 The LISP editor 

The editor is a very simplified version of t he one used in the BBN 

on-line LISP system (see reference 4, chapter IX) . In its pr esent rather 

primitive form , the editor pr ovides a number of commands for modifying 

f'lanction defioi tions only of the EXPR or FEXPR variety (the BBt<: editor 

can be used not only on all functions but also on variables , property 

lists~ and arbitrary expr essions). Nor, for t he sake of economy of 

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

bela\{ • 

The Structure of the Editor Len lmage . Ther e are three types of commanc 

avai lable :--

a. those f or lookin~ around inside the ~efiDition of a functi on , that 

is f or accessin~ list and sub- list structures . 

b . those for changinp the components of lists Qnd sub-lists. 

c. those for modifYing the structure of lists . 

We will cons i der the first her e . 

Entering the Editor. To enter the editor. type 

(EDIT FNAl-1E) 

wher e FNAME is the name of the functi on to be edited . 

At any moment the editor is l ooking at some subeXDression of the funct i on 

definition list. called the Current Level (CL), while the lambda expres

sion of the function . viz. (LAMBDA ••• . .. ) . is the value of what 15 

called the Current Top Level (CTL). that is the r efer ence point from 

which l ower l evel suhexpr essions Are accessed . (But see Chan~n~ the 

Value of CTL, bel ow) . When the e:!itor i s first enter ed both CL and CTL 

point to the same list, namely (LAMBDA •..•. ) . 

Sub- list Att ention Commands . The curr ent l evel of attention (CL) 1 S chan~ec 

by typing an inte~er n . wher e n sets CL to the nth subexpr essi on of the 

current l evel's present value . For exar-ple, if the current l evel 1S the 

list (A B C (D (E)) F), then 3 will set CL pointin~ to the element C; 



while 4 will set it to the expression (D (E)) , etc . To access a sub

expression at any depth, one ~erely types 1n a successi on of intef,ers 

until CL points to the ri~ht level. Thus , t o poi nt t~ the el ement F, in 

the above example. it i s necessary to type 

? 4 2 1 

Whereas 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 comman1 P. To evoirl 

wasteful .printin~ , any list with sub- lists nestin~ to grea.ter than a 

depth of 3, is printed only t o nepth 2 , after which ~ couple of 

~ s i gns are printed t o indi cate continuation of the list. Thus if CL 

points t o (A (B (C (D»». then 

1 P 

(4 (B ( ...... """ ) ) ) 

will occur . For purposes of clarity full lists will sometimes be shown 

in the examples below . 

The other print command i s PR n wher e n 15 a positive inte~er or zer o . 

The cur r ent l evel i s printed t o depth n and then xxx si~s are substi

tuted for the CDR if n>o , If n=o the current l evel i s pr inted in full. 

Changing the Value of the Current Top Level. It may so~etimes be useful 

t o have CTL pointing t o a l evel 10wer than the (LAMBDA . .•. ) level , for 

example when editin{l is beinp. performed on sone deeply eMbedded sub

structure and it will never be necessary to r eturn right t~ t he top . To 

set CTL to some l ower l evel, nccess the r equired l evel hy suitahle 

integer attention commands, then type the command UP , thus :-

1 P 

(ABC(D (E»F) 

?4UP2P 

(E) 

? 0 P 

(D (E» 
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But note that the commend UP nestroys all memory 0f hi~her levels. so 

it is impossible tn Bet b~ck up again without exitin~ and re- entering 

the editor. 

Exiting the Editor . When editing is completed, type OK which p.xits the 

editor and returns the name of the edited function t o the console . 

Component Changin~ Ccmmands . There are 3 component changinr conmauds -

Replacin~ Command . To r eplace the nth sUbexpression of the current level 

by one mor e expr essions, type 

(n e1 e 2 ••• ) where n 15 an inte~er ~~ elt e2 •. . ere arbitr~r 

S- expressions. For exampl e 

? P 

(A B C (0 (E» F) 

? 4 (2 (G) H (J K)) 

? 0 P 

(A B C (0 (G) H (J K» F) 

Inserting C~d. To insert one or more expr essions it'1llledi ately before 

the nth subexpression of the current l evel , type 

(-n e 1 €2 , •• ) where -n is a np.gative inte~er and el ' e2 . .. are 

arbit r ary S-expression~ . For example 

? 0 P 

(A B C (0 (E)) F) 

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

( A B C (0 (G) H (E)) F) 

Deletin~ Command. To del ete the nth subexpression, apply the replacinR 

commend with null replacements, i . e. type 

(n) where n is a pos itive inteReT. e . ~ 

? 0 P 

(A B C (0 (E» F) 

? (3) 0 P 

(A B (D (E» F) 
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Structure Chan;dng Cormnands . There are six commands which clIo'" alter

Rtion of the list structure itself. We will use the list 

(A B C (D (E)) F) as an e xample throughout . 

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

t~.ke 5 out a l eft parenthesis at the nth subexpression and del et es al l 

elements past the matchinp, ri ~ht parenthesis. Thus typi ng 

? (LO 4) 

produces (A BCD (E)) 

Left Parenthesis In . The command (LI n) where n is e positive integer, 

inserts a l eft parenthesis at the nth 5ubexpression end a corresponding 

rl ~ht parenthesis at the end of the list. Thus 

? (LI 3) 

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

Right Parenthesis Out. The c~~~d (RO n) wher e n is a positive i nt e

Ber, ~oves the riGht ppxenthesis of the nth sUbexpression out t o the 

end of the list. Thus 

? (RO 4) 

produce s (A B C (D (E) F» 

Right Parenthesis In. The command (RI m n) wher e m and n ere both posi

tive i nt egers, moves the right p~renthes is at t he end of the mth s~b

expression u~ to the nth subexpression of the mth subexpression . and 

suhor dinates the remaining cl ements O~e l evel. Thus 

?(RI41) 

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

Both PRrenthesis Out. The command (EO n) ~here n is a positive integer, 

removes both parenthesis of t he nth subexpression and subordin~.s its 

el ements t o the precedin~ l evel . Thus 

? (BO 4 ) 

produce s (A BCD (E) F) 

, 
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Both Parenthesis In. The command (BI ~ n) wher e both m and n are 

positive integers and n> m, raises the level of the mth through to the 

nth subexpression by puttinp' a left parenthesis before the mth and a 

right parenthesis after the nth. Thus 

? (BI Z 3) 

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

Error Checking. Should the user atte~t to execute 

B. a conmand that does not exist in the editor's repetoire 

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

5ubexpression of R list containinR only two 

c. a repl ac ing command which is impossible, e . ~ . insert expr essions 

before the third 5ubexpression of a list containin~ only one . 

then the message 

?! ! ? 

will be output, and the value ~f CL will r emain unchan~ed. 

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

editor, the error checkin~ mechanism does not extend to i mposs ible 

structure changinr commands. Any ~ttempt t o execute such wi ll either 

cause a br eak , destroy the function, or bri ng Fl down. Ther efore great 

care cust be used when changing the structure of a list . 

Functions and Atoms Used by the Editor 

EDIT, XEDIT, XCHANGE , XADJUST, SPRn:T ~ 5PR, APPEND , COPY, Mnrus, Nl'H , 

LISTN, ILLGC. 

4.5 The LISP tracin~ r outine , TnAC 

TRAC is a simple tracing package for use on EXPR's and FEXPR's . Any 

traced function results in the name of the function, the 

name of each parameter and its value, and the value of the function, 

being printed whenever the functi on i s called. 
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Usine 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 (CDR L 

(CDR L 

COPY 

? (TRACE COPY) 

OK 

? (COPY (~.JOrE (A B))) 

+ COPY L = (A B) 

+ COPY L = (B) 

+ COPY L = NIL 
+ COPY (A B) 

+ COPY (A B) 

+ COPY (A B) 

(A B) 

? 

To remove the trace froM functions fl, f2, ...• type 

? (UNTRACE f1 f2 ... ) 

which also returns the value OK when complete . 

Method Used . Each function t~ be tr~ced is transformen into a PROGN 

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

call to 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 

stored under the indicator TRFL in the atom whose print-name is the name 

of the fUnction beinp; traced . Because TRACE ehan.cr.es the strueture of the 

function body, it is unwi se to attennt any computation on the function 

body of R traced function. 

Untracing puts into the correct functi on type whatever is stored in the 

GENSYM atom which itself is in TRFL of the function atom . 

Functions and Atoms Used by DBUG . 

TRACE, UNl'RACE, THCI , tJrRCl, DMAP , FLIST, Ot1l'P , COPY. PR INt., QUarD6:, 

uar , MJ\.PCAR1 , PRINZ. LPATl, flPf:F. SPC, BLANK, lXYI', IN!', UN!' . 
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5 . DIFFERENCES FROM LISP 1.5 

The followins gener al changes have been made to the system speci fied 

in the LISP·~. 5 proaraomer' s manual: 

1. Funct i ons may be called with too many or too few argument s. 

Missing arguments are taken as NIL . Extra arguments are evaluated 

but not used. 

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

bound to the list of evaluated arguments (llno- spread lambdas"). 

Expr essions like (LAMBDA (U V . w) (---» are also per mitted . U 15 

then bound to the fi r st argument, V to the second argument, and W 

to t he list of r emaining arguments . 

3. If we IIpass through the bottom" of a CONO (i . e . no condition is 

satisfied) ~ the value of the whol e expression is NIL. ( In LISP 1.5~ 

an error message is obtained) . 

4 . The top-level loop and the responses to er r or s can be controlled 

by t he user. 

5. The system only handles fixed-point (integer) ~ithmetic. QUOTIENT 

truncates its value to the nearest lower integer. 

6 . A number of funct i ons have been del eted and added t o the system. 

In par ticular, the f ollowing functions have been added: 

BREAK 

DE 

DF 

DUMP 

EXIT 

GENSYM 

GO'ro 

MEMB 

MODE 

OBLIST 

PACKLIST, UNPACK 

PRINTPOS 



FROGN 

RESTART 

SErBIT, CLEARBIT , TESTBrI' 

SILENCE, TALK 

TERFRI 

The details of these functions are: 

BREAK (See sec . 4 .1 ai-page 11) 

DE and DF . 

20. 

The simpl est way to define s - expressi ons 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 fo l lows: 

(DE ARGI ARG2 ARG3) 

where 

ARGI is the atom to be defined . 
ARG2 15 a parameter-list . 
ARG3 is an S-expression. 

The value of DE is ARGl. 

Example: For defining addl(x) :=pl us(x,l) type 

(DE ADDI (X) (PLUS Xl)) 

DE will add 

(EXPR (LAMBDA (X)(PLUS Xl))) 

to the pr operty-list of ADDI . 

DUMP 

The function dump(l 5) is used for dumping previousI.y defined EXPR ' s 

and FEXPR ' s . 1 is the output unit nwnber and 5 15 a l i st of EXPR ' s and 

FEXPR ' s which will be dumped. Note that DUMP itself 15 a SUER . 

EXIT 

Eval uati on of exit (wi th no arguments) terminates the execution of the 

LISP inter pr eter . 

GENSYM 

The funct i on gensym{x) differs f r om gensym{) 1n Li sp 1.5 i n tbat a new 

atom is created , whose printname consists of two parts . Tbe first part 

is the first 4 characters in the atom x. The second part is a r unning 



number, startinp; from 0000 . Example: 

' ( GENSYM (QJOTE ilBCD)) 

ABCDOOOO 

I(GENS1M (QJOTE XXXX)) 

XXXX0001 

If x has l ess than four characters, it ~s padded zeroes : 

, ?(GENSYM' T ) 

T0000002 

GOTO 

21. 

goto(x) is defined as go (x) in Lisp 1 . 5 but wi ll evaluat e x first. 

(The conventional GO also exists) . 

MEWl 

The function memb(x 7 y) i s anal0Rous t o member(x,y). (see Lisp 1 . 5). 

The onl y difference i s that memb is defined with ~ and member i s 

defined with equal . 

140DE 

The functi on mode(n) sets the variabl e MODE t o n . The variable MODE 

stands f or the kind of top-level functi on. See Dace 31. 

OBLIST 

oblist(x) wil l generate an objectl ist from the object stack (see fig 

pnge 24) starti ng with the atom x. As the atom T is the last system 

atom, oblist(T) will gener ate a list with T at the beginning and then 

all at oms defined by the user . 

PACKLIST 

Given a list x of single-character atoms , packlis t( x) will create a 

new at ern , whose printname consists of the characters in the lis t x . 

Note that only the first 8 charact ers are used . Exampl e : 

(PACKLIST (QUOTE (A BCD))) 

""" 1IBCD 
Packlist can also be used on a list of numerical atoms, or on a li st of 

both numerical and non-numerical atoms. I n the first case, the r esult will 

be a numerical atom, in the l atte r case a non-numerical atom. 
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PR:mrPOS 

When creating an output line, the variable PRTPNT points to the place 

in the Qutputbuffer, where the next character is to be placed. 

The value of printpos() 15 the actual value of the variable PRTPNT - 1. 

Pri ntpos (n) sets PRTPNI' to n (and returns \lith n as value) . 

Note: Print~os(60) ~ll skip to a new line. 

READPOS 

The input line is first placed in an inputbuffer. Then succesive charac

t ers are r ead fro~ this buffer. The characterpointer is the variable 

RDPNT, and it points t o the next character t o be r ead . 

The value of reedpos() is the actup~ value of t he variable RDPNT- l . 

Readpos(n) sets the veriable RDPNT to n (and returns with n ~s value ). 

Note: Readpos(71) will cause the system to skip to the next input line . 

UNPACK 

This function " explodes" the n8I!le of an atom. If the atom ALPHA is 

given 8S argument . unpack(ALPHJL) will return the list (A L P H A) of 

character-atoms. If you went to modify e printneme (e . g . r emove the last 

l etter), use unpack, modify and then use packlist. The atom to eplode may 

be a numerical atom. 

PROGN 

progn(xl.x2,x3.x4 •....• xn) evaluates all arguments and returns the value 

of the last 8rRUment. (cf. EtQg2(x,y) ) . 

RESTART 

restart() will r estart the Lisp-Fl syste~ to the same s t atus as at the 

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

SErBlT, CLEIIRBlT, TESTBlT 

In Lisp-FI there is e simulated 24-bit r egi ster to ~~intain compatibility 

with 3600 LISP. The system now uses bit nr 24 for s ilence() and talk{) . 

The user can manipulate and test the bits by using 

setbit(n) puts the n'th bit on. The value of set.bi t i s NIL. 

clearbit{n) puts the n'th bit off . The value of clearbit is NIL. 

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

System printout (value from eval, but not printout s f r om pri nt end 

terpri ) is switched off by evaluatine silence(), and switched on again 

by doinf, ~() . Both functi ons have NIL ss value . The system uses bit 

nr 24 in the simulat ed r eBister f or controlling this . 



6. REPRE']EmATION OF ATOMS AND LIST STRUCTURE'] 

The follovine arrays and pointers are used by the system: 

FiRUZ'e 6.1 

o 

1 
2 
3 

NATOMP~ 

NILCAR 

I I 
CAR 

NATOII-----"*"--1 
NFREEBr--------7) 

NFREEP~ 

NFRE~L-------7)1 __ ~ 

NILCDR 

I I 
CDR 

NILPNl 
I I 
, PNAMEl 

NILPN2 

I 
PNAME2 

24 . 

object stack 

free memory 

All free me~ory and the object stack are represented by the integer 

vector s CAR and CDR . The contents of CAR arc (mostly) used as indices 

to the vector CAR ~O~ pointin~ in car-direction . CDR is analoeous. NIL 

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

index in CAR and CDR, NILCAR and NILCDR are pl aced immediately befor e 

CAR and CDR respectively in the common area . 

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

present) . For atoms, there are two corresponnins BCD-vectors PNAMEI 

and PNAME2, contai ning the printnames ( i n this system max. 8 characters) . 

We are now r eady to illustrate the r epresentation of a list- structure 

by an example 



Figure 6 . 2 

index CAR CDR PNA.'lE1 PNAME2 

0 NIL 
1 - 6000 0 A 

2 - 6000 0 B 

3 - 6000 0 C 

4 - 6000 0 ABCD EIllH 

505 506 507 

506 1 0 

507 508 0 

508 2 509 

509 3 510 

510 4 0 

Index 505 represents the list «A)(B C ABCDEFGH)) . 

I +Q2J .L '" 

!L71 I 1 10 i~ I I 
Il' ~ T 
A B C f.BCDEFGH 

The value of an aton is stored in CAR(ATa4} . The contents of 

CAR(ATOM) are 

U~~EF (=-6000) until the atom is defined . 

25 . 

The property-list of an atom is s t ored in CDR(ATOM ). When the property

list is empty~ the contents of Cnf1(t,TQf·!) are NIL ( = zero) 

The printna.'!le of an aton is stored in PNAMEl (ATOM) Rlld PNAHE2(ATOM) . 

If the printname contains l ess than 8 characters , the end of the print

name is marked by the BCD character stored in the FORTRAN variable 

ATEND( =%. for the moment) . Note , that this character can never be printed. 
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Numerical atons are not stored like the or dinary atoms , but a r e repr e

sented di r ectly in the list-structures by integers freater than 

NFREET (=4500). To ~et the value of no numerical atom, the 3yste~ first 

subtracts NUMADD (=50000) , All numerical atoms heve integer vn!ues . 

ATEND and NU~D cr~ be chansed ty r,ivine them new values in routine 

INTI . 

Fortran repr esentation of atoms sne other S- expressions 

Figure 6.3 

marked negat ive 
during gar bnp:e 
collection 

1_ NIL (= 0) 

..... )(".:::: 
non-numeric 
atoms 

r NATOl4 ( = 500) 

1 L
NFR

-
..... T 

( = 4500) 

non- atomic 
S- expressions 

numeric atoms 

+~ 

Program-vari ables used as pointers in the free memory (see fie . 6.1) 

NATOMP the l as t atom in the object stack . 

top of the object steck ( =500) 

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

NFREEP poi nts to the beginning of the free list. 

the last cell of the free memory (=4500) 

A proper ty-list in this systeffi is a straight list where indicators and 

corresponding properties alternate, l ike in 7090 LISP . For each atom. 

~(atom) points to the value for that atom (set by cset or csetg) p~d 

cdr(atom) points to the pr opertylist. 

(Pl Vl P2 V2 P3 V3 .•••• • ) 

PI is the first indicat or and VI is the first pr operty ar.d so on. 



Exempl e of n typical propertylist of the at om x. 

X~.~~_ 

I . + jEXPRj 
value iZ 

If you de 

(FtJr (QUarE X)(QUarE ABC )(QUarE EXPR)) 

the propertylist will become 

and if you do 

(FtJr (QUarE X)(QUarE DEF)(QUarE INn)) 

the propertylist will bec~e 

X ---" [ - 0 : ~ +> i I + ! FEXPR I 

value~ :l'-expr 

S- expr 

+i I +>I IND I 
" S- expr 

27. 

The functi on put(x,y,z) puts y on the propertylist of J under the indi

cator z . and is defined as f ollows : 

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

e lseif c~dr(x) = z then rplaca(cddr(x) . y) 

e l s e put(cddr(x), y. z) ; y} 
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7. RECURSIVE PROGRAMMING IN FORTRAN 

The LISP Fl interpreter is ~~ almost dir ect translation Trom the defi 

ni ticD of LISP in LISP 1 . 5 (see ref . 1, page 53 to FORTRAU. That defi

nition is highly r ecursive. This chapter explains how r ecursion has 

heen pro~8r.lI!led in FORTRAN . 

7 .1 The stacks . 

There are two stacks for recursive calls of " sub- prograns". One stack 

contains saved arguments (the ar~ent stack), and the other contains 

saved r eturn- junp indicators (the function st~ck) . They are both physi

cally stored in the vector STACK. The size of STACK is NSTACK (=900). 

IP and JP are the pointer s, which hold the current sizes of each stack . 

To push down in the function stack increase IF and store. Tc push down 

on the argument stack decrease JP and store . Vice versa for pop up . 

Figure 7.1 

lBl'ACK 

arguments 
(this part is ~efered to as the ar gument stack) 

JP __ ->. jL,.L.~/-l 

IP> __ -»I~ 
return- jump indicators (this part is refer ed to 
as the function stack 

1 

The following 4 r outines hendle the stack: 

APUSH( J) Push down one erguoent in argument stack . 

APCP(J) Pop up one argument from Rrgument stack . 



FPUSH(I,J) 

29. 

Push down one r e turn- jump indicator I in the function 

stack . J is a dummy variable, only used in a call to 

have the program more readable for the programmer . Ex . 

FPUSH(S,1302) means that 5 i s an indicator for the 

statement number 1302. 

998 I=STACK( IP ) This piece of code ( lines 62,63 in the main program) 

IP=IP-l pops up one return- jump indicator and places it in I. 

Statement 998 is the standard r eturn f or all r ecursive 

r outines . 

1.2 Recurs i ve calls and returns. 

All recursive functions (loop,evqt , appyl,eval,evlis ,evcon , cassoc,sassoc 

and mach) ar e coded in the main pr ogram. It means that they are not 

FORTRAN-subroutines, but just pi eces of FORTRAN code. 

A call is made by saving necessary arguments with APUSH(ARG) and by 

saving t he r eturnjump indic ator with FPUSH(IND,statement number ). I ND 

stands for en indicator in a computed GO TO ( ) . IND ~here IND corresponds to 

t o the correct return s t at ement number . After seving , there is an 

unconditional GO TO to t he " subroutine", and then f ollows the r eturn

statement (with the same statement number as indicated by rND); ther e , 

corresponding unsaYing of arguments is done by APOP(ARG) . 

A r eturn from a recurs~ve function is normally done by GO TO 998 . At 

998 a statement number indioator is popped up from the funct i on stack 

and used in a computed GO TO ~hich l eaves the progr am control to the 

calling sequence. 
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Example fron eval-apply: 

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

4 3500 CALL APUSH (t.RG2) 
5 CALL APUSH(ARG3) 
6 CALL FPUSH(4,3501) 
7 GC TO 4000 
8 3501 CALL IJ'OP(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 from eval . 

line 4,5 

line 6 

line 7 

line 10 

line 11 

line 1 

line 2 

save ARG2 and ARG3 (EVAL perhaps destroys them). 

save r eturn-jump indicator 4 (corresponding to statement 

number 3501). 

jump to eval 

entry in eva! . After doing eval, 

GO TO 998 , vhich takes us to the standard return 

ther e the jump-indicator 4 

i s now popped up from the function stack and used in the 

GO TO( ) statement. We now jump t o the 4 I th statement in 

GO TO ( ) and reach 3501 CALL APOP . 

line 8,9 Unsave ARG3 and ARG2 (note the reverse order). 
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8. THE MAIN FIlOGRfJ.! IN THE INTERPRErER 

8. 1 The top level loop 

In the top l evel l oop , the system beheves slightly differently accor nine 

t o the value of the FORTRAN variab l e MODE: 

2 . 

3. 

behavior in each cycle 

r ead an S-cxpressi on , send it t o eva!, and 

(unless SILENCE has been orde r ed by t he user) 

print the r esult 

r end two S-cxpressions, send them to eval quot e, 

.omd (unless SILEJ'1CE) print the result 

get the EXI~ property of the LISP at om SYS ~~d 

call apply with it as the first argume~t (and 

the other areuments NIL) . Print the r esult unles s 

SILENCE has been or der ed . The function SYS must 

do all reading itself. 

The value of MODE is s et to 1 by !NIT ( t he FORTRAN subroutine that 

performs initialization in t he interpr et er). The user can change the 

value of ~ODE , using the LISP function ~ode . 

Most of the work in the interpreter is done in the sect i ons of the m~1n 

program thnt are label ed evnl, appyl, etc . The MODE f CA.ture is a super

ficial thing , and can be thought of as specifyins three differ ent entry 

points to the eval/appyl complex. 

8.2 Transmission of arguments for r ecurs1ve fUnctions 

In the main pr o;rao. all arguments for the recurs~ve r outines are held 

in f~G • • iRG2 . f~G3, ARG4 . EXcept f or sassoc and cassoc, ARG is the first 

argument, ARG2 is the second , and s o on . In sassoc p..od casscc the order 

is ARG,1\RG2 , ARG4 . 
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Instead of ~, the i nterpreter uses appyl(fn , a,args) =apply 

(fn , ergs , a) and instead of sassoc the interpr eter uses cassoc(etrn,a,er f) 

=cdr(sassoc{atm, a ,erf». 

In this way. ARG2 always means the association- list. A call is then 

done by givi ng values to ARG, ARG2 . •.. , and usin~ the call i ng- technique 

mentioned on page 29 . 

8.3 Representation of SUBR and FSUBR 

System dec l ared funct i ons are numbered from 1 upwards . 

Figure 8 . 3 

:::::::::;=::::::::::::::::::+=s~~::n='=s:; ::~::::::+=::::::=-~~"cF=S~~~=H='=S~ srst:m-NIT· ~. I I I I 
o SOORO SUDR 1 SOOR2 SOOR3 soon FSOOR 

user declared 
atoms atoms ~e memory 
~C- .... 

NATQl.1 

SUBR's ~~th no arguments are numbered ~n the interval (I,SUBRO). SUER's 

with 1 argument are numbered in the interval (SUBRO+l , SUBRl) and so on 

for SUBR ' s with two and three argument s. In the interval (SUBR3+1,SUBR) 

we have SUER's with an indefinite number of arr,uments (for example ; 

plus) . FSUBR's are numbered in the i nterval (SUBR +I,FSUBR) and after 

FSUBR come all system and user- declared atoms . 

SUBRO,SUBRI , SUBR2 •.. ere FORTRAN variables~ set by the r outine !NIT 

when the atoms a r e r ead rrom lop-icel unit 5. 

These convent i ons make i t easy ror eval to deter mine the type of a glven 

S-expr . When eval is called, the S-expr . is held in ARG. If the value 

of ARG is greater than NFREET it stands for a numerical atom (whose 

integer value ie ARG-NUMADD), there NUMADD is a const~~t set by routine 

INlT) . 

I f the value of f~G lies i n the interval (NFREEB,NFREEr) it stands for 

a S-expr . If it lies in (O, K4TOM) it stands for an atom . The interval 
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c0nteining the value nf ARG. defin es the kind of atom . For exar~le, if 

the value of ARG lies i n (SUBRl +l,SUBR2 ). ARG s tands for a SUEF with 

2 aI'gur.:tents. By subractinr SUBIU f r o!!! ARa we can use t he compute0. val ue 

~n a computed GO TO-stat enent and junp directly t o the code correspon

di ng to the actua l SUBrL 



9 . FUNcrrONS AND SUBROllrINES IN THE I NTEllPIlErEl! 

Input routines: 
mEAD 
J ATOM 
RATOM 
SHIFr 
SBYT 
MATOM 
GRrCH 
PUTCH 

Output routines : 
IPRINT 
PR INAT 
OvrsrR 

Routines used at garbage-collection : 
GARB 
MAKl'RE 
CONS 
LI srNB 

noutine s used f rom eval : 
MEMB 
NBOX 
OK 
ADDAL 
KAR 
KDn 
GRr 
APUSH 
FPUSH 
APOP 

others: 
INlT 
TESTUT 
EXCUSE 

9 .1 FUNCTION mEAD(DUMMY) 

!READ is t he subroutine , which constructs new lists from the S-notation 

input . IREAD uses the routine HATOM . ITYP=RATOM(NAr) s ives the kind of 

s tom in ITYP and the atom value in NAT . For ITYP- codes s ee pe~e 33 . 
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Typed input Value of !READ and the COMMON-variable ARG 

.) S-expr. IRFJlD=value of S- expr . ARG undefined . 

b) % S- expr . IREAD=-l. ARG=ve.lue of S- expr . 

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

!READ ocnstructs new lists non-recursivel y, ann the main idea behind 

!READ is descr ibed by the f ollowing exampl e ; 

In general, start with a lisp-cell 

Then let ( mean " go down one leve l ( add a new cell in cRrdi:rection)t1. 

l et at oms mean " add at this level (add a new cell in cdr-directlon)l1. 

l et ) mean "go up one level". 

For eoing up one l evel , a poi nter is always kept to the l evel above 

in the cdr of the last cell of the sublist. 

Let us now constr uct the list «A B) C) . 

a. start with 

b . ( g~ves corresponding to ( 

c. ( gives corresponding t o « 

d . A e ives corresponding to «A 



e . B gJ.ves 

f. ) 

NEM 

8· C gJ.ves 

h . gives 

NEW 

36 . 

corresponding to «A B) 

corresponding t o ({A B) C 

NEW 

corresponding to «A B) C) 

cdr(NEW) = NIL nov indicat es , that no more hi~her l evel s exist . The 

list-structure is compl ete , ~~d the value is stor ed in car(NEW} . 

In a dott ed pair atoml.atom2),atoml is treat ed as a nev atom on its sub

list l evel and . nto~) is treated as 1 [or you can say, that 1 is 

treated as .NIL) ] 

The f l owchart for :mEAD is gJ. ven 1n appendix C, page 65 . 
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9 . 2 SUBR01JJ'INE JATOM(rrYP,IJ\TOM ) 

Reads an atom or e break character. The type of the item is r eturned 

by setting rryp to an integer. If the item type is "atom", then this 

atom is r eturned by setting IATOM. This r outine is used by HATOM . 

The details are: JATOM obtains an input character uSl.nc SBYT and SHIFT . 

It classifies the character and sets ITYP as follows: 

character set rryp to 

( 2 

) 3 

4 
[ 5 

1 6 

% 7 
otherwise 1 

If ITYP is set to 1 the character is assumed to be the first character 

of an atom . (Blanks are disregarded) . The atom is then completed (con

tinue reading up to a blank or one of the break characters above), and 

the character-strine; for the atom sent to Ml\TOM. The index of the 

generated atom is r eturned through !ATOM. 

9 . 3 FUNGr ION HATOM ( IATOM) 

HATOM is basically like JATOM, with a few differences: 

(a) HATOM keeps "[" and "]" in a separate bracket stack; 

(b) RATOM combines the tip of a dotted list, i . e . I . atom) 

one single item, a "eeneralized right parenthesis"; 

, into 

(c) Being a function, nATOM r eturns the type (ITYP) as the value of the 

function rather than in an argument. 

The details are : BATOM calls JATOM once (~ith some exceptions) , ~d 

r eturns a value Given by the f oll owine table: 
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characters encountered value put into value o f RATOM 
by· JATOM ITYP by J ATOM 

( 2 1 

) 3 2 

. atom ) 4,1,3 2 

atom 1 3 

% 1 5 
[ 5 1 

1 6 2 

In the case of atom and . at om } , IATOM is set t o the index ot this atom . 

In the c ase of 1 and ], IATOM is set t o NIL (zer o ). When it sees a l eft 

bracket, RATOH make:; a push opere.t i eD on its local bracket s tack. When 

it sees a right bracket , it makes a pop and starts a countdown. During 

the cO'..llltdo,ro, each call 0: RATOM will r eturn a rightpar without calling 

JATOM. ~~us RP~OM generates the necessary right parentheses until the 

brackets hcve b een eatched . 

9.4 SUBROl1rINE SHIF"r(IC) 

Used by JATOM. Uses FUTCH . 

SHIFT takes one BCD character from the input string and g~ves it t o 

JATOM, and then, if necessary, r eads one new input string from the 

standard input unit . 

9.5 SUBROl1rINE SBlT (L, IB, K) 

Used by JATOM. Uses FUTCH. 

Stor es one BCD character in an 8-byte butfer, used later by MATOM to 

form the printname of an atom. 

9.6 FUNCTION MATOM(PNl.PN2) 

Used by JATOM. 

MATOM makes an atom. If an atom with the same printname already exists, 

that at om will be the vslue ; otherwise , a new atom is stor ed on the 

object stack . 
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9.7 GErCH and FUTCH 

These are the two assembly-coded r outines tor character-manipulating. 

CALL GErCH(LIN.IC.N) 

puts the N'th character in LIN (counting from the l eft) into Ie, left 

justified. The remainder of Ie is filled with the blank characters. 

LIN and Ie are supposed to contain at least 4 BCD characters . 

Exmaple : 

LIN= 

l1iBClrt 

after CALL GErCH( LIN, Ie, 3) Ie will be Lc:=t 

CALL FUTCH(LIN.IC , N) 

puts the leftmost character of Ie into the N'tb pl ace in LIN. 

Example: 

LUI= IAIlCni 
IC= LL:1 

af'ter CALL P1JI'CH(LIN, IC,3) , LIN will be tnAID •. 

9.8 SUBROUTINE IPRINT(I) 

rPRINT is a non-recv~sive r outine , which performs 8 prinlr by-scan on 

a list I. The scan method is the same as in routine GARB (see paee 41). 

Tbe only difference is that the forward scan is done in the car-direction, 

while searching for branch- points is done in the cdr-direction. 

IPRINT , of course, leaves the list unmarked after the printing . (The 

r eader is now r ecommended to read page 41 for explanation of forward 

scan and backward scan) 

Forward scan (car direction) , 

If CAR(I) is an atom, print atom and start reverse scan, other

wise print ( and go on with forward scan. 

Reverse scan: 

If CDR(I) is an atom or NIL, print . atom} or } end eo on with 

r everse scan, otherwise start forward scan on the sublist. 

Tbe print descri bed briefly above is done by call to rout i ne PRINAT(I,IATOM) 
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there 

1=1 means ( 

1=2 means ) 

1=3 means • atom ) 

1=4 means at om 

and lATOM is the value of the atom in cases 3 and 4. 

9 . 9 SUBROUTINE PR1NAT( 1,~OM) 

Used by IPRINl' . Uses PCHAR*GETCH and OtJI'srR . 

Depending onI , PRINAT puts the f ollowing in an output buffer , whi ch is 

then written by OUTSTR . 

I 

1 

2 

3 

4 

ATOM to put in buffer 

( 

) 

atom value • atom) 

" at om atom her e is the printname 

of the atom 

PRINAT also puts spaces in the output buff er in order to get a pr etty

print looking output. The rules for pretty- print programmed in PRINAT 

are as f ollows: 

a) the combination )( gives a new line. 

b) a l abel in a I!!:2.3. g ives a new line . 

c) every new l ine begins with spaces . indicating the depth of this 

l evel. This is done by calculating the number of unbalanced l ef t 

parentheses printed pr eviously and print ing 2 blanks f or each . 

9.10 SUBROUTINE OUTsrR(IBUFF , IBL, IND) 

Used by PRINAT. 

First writes one output line on standard output9 and then puts a correct 

nwnber of spaces in the output buffer (!BUFF). 
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9 . il SUBROUT INE PCHAR ( mUFF , NFl , IND ) 

Used by PRINf~ . Uses FUTCH . 

PCKAR takes one BCD character in'NFl, and puts it l.n the BCD vector 

!BUFF. Where t o put it~ i s indicated by IND . 

9.12 Garbage- collecti on . 

When CONS is called, and the free-list loS emptY9 the routine GARB(I) is 

called with the following lists : 

Il] 
12 

ARG } 
ARG2 

ARG3 

SfACK( I) 

CAR ( I) } 

CDR( I) 

LASfR 

The t~o arguments f or CONS 

Lists used and not necessarily saved by EVAL 

All active elements in the argument stack 

Each element in the object stack (i.e. ~ and ~ 
of every atom) 
The list under construction by IREAD 

GARB(r) then marks these lists. Aft er this there is a call t o MAKFRE, 

which will make a free list of all unmarked cells . 

Note . For the present no atom- garbage- collection exists . 

SUBROUTINE GARB(I) 

This is a non-recursive r outine, used at garba~e-collection time for 

markinc the l ist t . The idea is described in CACM Aug 61 (nr 8) and so 

there follows here onl-, a brief explanation. 

FOl"W'ard scan: 

Scan t o the right (in cdr-direction) until the lists ends , or a marked 

cell is found. While doing that, r everse the cdr's, pointing th~ to 

the left, and mark the cells as examined (here indi cated as~ 

Example: 
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after the forward scan : 

ID I 0"4 IE I + ___ _ 
Backward scan : 

Go in cdr- direct i on (which is now to the left) and restor~ old cdr- values . 

Whi le doine that , search for any car ' s point i ng to sUbl i sts . Call such a 

cell a bra:'ch-point. When a branch-~oint is found. put old cdr-value in 

cdr, and put the "reverse cdrll (which j ust before was the ccntents of 

cdr) '" car, end mark this cell as a branch- point (here indicated as ~) . 

Then do the ~ ITward scan of the sublist found . 

Ex.8J:1p!e : 

After forward scan of the bottom branch the list above will be 

( 

~~ f1il 0j 

fMj1~1 
A f l owchart for this procedure is g~ven in appendix C par,e 68. 

For marking a cell as examined, do 

=(i) :=-=(i) - 1 

end for markine e cell as a branch-point, do 

cdr(i) :=- cdr(i)-1 

9 . 13 FUNCTION M»IB(I ,JJ) 

FORTRAN- routine for the Lisp-function memb(x,y) . See also page 21. 

9 .14 FUNCTION NBOX( I ,J) 

NBOX(I 9 J) = I - NUMADD . The function checks if the value of I lies in the 

interV&l 'defined for numeric~ ato~ . 
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9 .15 FUNCTION ADDAL(IA,IV, E) 

Adds dotted pairs , taken frol'> the elements of IA and IV, t o "the 

associat i on list E. M- expr ession definition : 

addal [ia,iv, el= ocone [pair [ ia ,iv]. e] 

9. 16 FUNCTION KAR(I) 

Does .£!!:!: (i ). 

9.17 FUNCTION KDR(I) 

Does cdr(i) . 

In critical points in the program, KAR and KDR are used instead of just 

the vectors CAR and CDR . The reason for this , is that when debu~ging 

the Lisp-system, t est s on I could be used in KAR and KOR. (When 

deb~ging the system, it turned out that t his special test was not 

necessary and the function may be removed). 

9 .18 FUNCTION GET(J, I) 

FORTRAN-r outine for t he Li sp-functi on get(x ,y) . 

9. 19 SUBROllrINE APUSH(J) 

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

9 .20 SUBROI1rINE FPUSll(I ,J) 

Puts one value on the funct i on st ack and increases the stack-pointer . 

J is a dumcy-variabl e . 

9.21 SUBROUTINE APOP(J) 

Takes one value from the argument stack and decreases the stack-pointer. 

More about lI.FUSH~ FPUSH~ aDd APOP can be read on pane 28 . 



9 . 22 SUBROllrrNE INrr(IRESTA) 

This r outine initiates the Lisp- system by doing the following: 

a) Sets pointers to correct initial values. For actual pointer~ 

see page 46. 

b) Reads BCD characters ()~. and so on from l ogical unit 5. Tbe 

characters are used for r eference later on . 
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c) Reads BCD characters used as printnames for system atoms . This will 

also be from logical unit 5. 

d) Puts system atoms on the object stack. 

e) Makes a free list by calling MAKFRE . 

r) Initiates the r outines SHIFl', GErCH and JATOM. 

g} Define a cell ALIST used as a pointer to the associat ion list 40 

eval. 

If IRESTA<O. !NIT restarts the system by doing e, e ,r, g . 

9. 23 SUBROUT INE MAKFRE 

Generates a free list of all unmarked cells in the free memory space . 

A marked cell is a cell with negative~ . MAKFRE al so unmarks all 

previously marked cells. 

9.24 FUNC'rION CONS(n , I 2) 

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

called. 

9.25 FUNC'rION LISTNB(LISTST) 

Counts the elements inaa one-way list. 

9 .26 SUBROUT mE TESTlIr 

TESTUT is an auxiliary routine for debugging the system and, in some 

esses, for debugginB LISP- functions. From LISP, it is enter ed by the 
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LISP- function peek(). With TESTUT you can see how list- structur es are 

represented in core. After calling TESTUT , the following will be wri tten 

on standard output: 

IT MIN MlIX 

? 

You now have to type l.n integer values for IT, MIN~ and MAX lon free 

f ort'lat . 

If IT is positive , the object stack and/or the free memory , represented 

by CAR( I) and CDR( I) will be printed with I varying from MIN to r<1Al . 
If IT i s zero, the printnames of the atoms, r epr esented by the vectors 

PNAMEl(I) and PNAME2(I) will also be printed . 

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

Exampl e : 

?(PEEK) 
IT MIN MAX 

? 0 I 4 
1 - 6000 0 
2 - 6000 0 
3 -6000 0 
4 - 6000 0 
IT MIN MAX 

? 1 505 507 
505 506 507 
506 1 0 
507 508 0 

A 
B 
C 
ABCD EFGH 

Lines followed by ? are input- lines . 
The example i s taken from the exampl e 
of list str uctures on page 25. 

Note: For the present, TESTUT uses IINPt1I'( IT ,MIN,I.fAX) for input in free 

format . This is a library function of Datema timesharing service in 

Stockholm (see also pa~e 47) . 

9.27 SUBROUTINE EXCUSE 

Writes out an excuse-message when the system is confused by the data it 

bas set up for itself. 
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10. IMPLIMEm'ATION GUIDE 

LISP-FI is at pr esent provided as a FORTRAN pr ogram on punched catds 

( i n EBCD IC f ormat) . It i s written 1n Basic FORTRAN IV for IBM. Fo~ 

implementation of the LISP Fl-system on other computers observe the 

follo~ng rules : 

10 .1 Memory r equirement s 

For the pr esent, the system needs about 85 k bytes in an IBM 360/40. 

The space i s divided into 

Program space 

Common space 

35k bytes 

45k bytes 

The common space can be changed, and in fact this is r ecommended in 

order to get as much free memory as possi bl e . 

10 . 2 The C0l+10N ar ea 

The vectors CAR and CDR contai n the at om space and the free memory 

space. The t otal space for thi s is now 4500 fUllwords . The vectors 

PNAMEl and PNAME2 contain the printnemes f or atoms (now 500 fullwords 

each) and STACK contRins the argument-function stack (900 fUllwords). 

Changing the COMMON area must be done i n the main pr ogram as well as 

in all subroutines and funct i ons . 

Changes in COMMON statements must be supplemented by chanses of certain 

constants that are set in the routine INIT . See the following section . 

10.3 Constants s et in INIT 

The f ollowing constants are set ~n the initialization r outine !NIT : 



Fortr an variabl e Meaning 

NFREET 

NATOM 

NSTACK 

The size of the vectors CAR and CDR . 

(NFREET stands for the total atom and f r ee memory space) . 

The size of the vectors PNAMEl and PNAME2. ( NATOM 

divides the t otol space in atom space and free memory 

space) . 

The s ize of t he vector STACK. 

10 . 4 Logical uni ts for I/O 

The var iable LUNI N indicates the standard i nput unit , and LUNUT the 

standard output unit . The variabl es LUNI N and LUNUT are set by r outine 

INIT to 9 and 6 . respect i vely. This can be chenged by setting the variab

les LUNIN and LUNDT to any desired values . 

Standard I/O units can also be changed from LISP by the LISP-functions 

i nunit(n) and outuni t(n) where n is the unit number wanted. 

Note: All S- expr essi ons are printed on standard output , but all system

messages (i . e . err or oessages, dump messages, etc . ) are printed on 

logical unit 6. 

The initiali zat i on phase of the LISP-syste~ involves readi ng all system 

atoms fro~ logi cal unit 5 via the routine !NIT . Also BCD- codes for 

() • . [] and so on, are read fron unit 5 at initialization . The required 

input for this i s given in appendix D page 69 . 

10. 5 Non- standard FORTRAN- r outines 

The routines FUTCH end GETCH are coded ~n assembly l anguage f or IBM-360 . 

and have to be re- coded in the case of other computer s . For definitions 

of FUTCH and GETeH see page 39 . The routine IINPUT used i n routine TESTUT 

is a library routine f or format - free input at the Datema time-sharinR 

service in Stockholm. In other systems this may have to be re-vritten . 

For exampl e in TESTtn'. chanee 

1 

CALL IINror(:rr , MIN,MfUc) 

to 

1 
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10.6 Use of LISP-Fl ~n inter active mode 

Bef or e compiling the pro~am (after taking care of points 1 to 5) the 

data deck containin~ the system- at oms (appendix D page 69) should be 

read to l ogical unit 5. Then co~ile the program and run it as an 

or dinary interactive FORTRAN-pr ogram. 

10 . 7 Use of LISP- Fl in batch mode 

The system ~s written for interactive use, but can be used as a batch

pr ogram as ~ell . In that case, notice the f olloving : 

10.7.1 If you get a LISP-error A2 - A9 , the debugging function break() 

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

avai l able (in eeneral) on e batch-run. It is therefore r ecommended t o 

avoi d this by r epl acing the statements 

GO TO 1000 

~n A2 - A9 by the statement 

GO TO 998 

The code for A2 - 1'.9 u placed in the main program bet101een statements 

nr 9201 and nr 9820+1. 

Thi s will have the serne effect as if % NIL was e~ven to break()~ i . e . 

NIL is ~iven to the undefined atom (or function) and the systen continues 

the evaluation . 

Another way of byp~ssing the break- function, i s to define the LISP

functions A2 - A9 as EXPE's , (see section 4.2) . 

10 . 7.2 As the interpreter is written for interactive use , S- expressions 

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

on the same ~edium as is used for output) . To have the i nter pr eter print 

out input S- expressions, add the followin~ FORTRAN- statements to the 

main pr ogram: 



after statement 

insert 

1100 IARG=IREAD( 0) 

IF(DREG(24» 1150,1150,1151 
1150 WRITE(LUNUT,l160) 
1160 FORMAT ( ' ARGUMElIr FOR EVAL • .• ') 

CALL IPRINr( Il\RG) 

cbonge statement 
to 

af'ter statement 
insert 

1151 CONrrNUE 

1104 CALL IPRINr( IRES) 

1104 
1161 

1200 

1152 

1153 

WRlTE(LUNUT ,1161) 
FORMAT (' V AloUE I~ ... ' 
CALL IPIUNt( lRES) 
Il\RG= IRE!\D( 0 ) 
IF(DREG(24» 1152,1152,1153 
WRlTE(LUNUT ,1160) 
CALL IPR IN! ( Il\RG ) 
CONrINUE 

Instead of chane;ing the FORl'RAN program the top-level function can be 

changed as desc ribed in the exampl e given below 

(DE SYS NIL (EVAL (PRINr (READ »NIL » 

(MODE 3) eval 
(DE-SYS-NIL-'PROG- (L j-------------------------------------------------

(SElQ L (PRINr (READ ») 

(COND « OR (GEl L (~arE FEXPR » 

(GEl L (QUarE FSUBR ») 

(EVAL (CONS L (PRINr (READ» ) NIL » 

(T (APPLY L (PRINr (READ »NIL »») 

(MODE 3) 

evalquote 
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11 HOW TO ADD NEW SUBR1S AND FSUER 1S 

In or der to follow the instructions ~elow , the r eader ~s r ecommended to 

rend chapter 8 , especially chapter 8 . 3 (Repr . of SUER and FSUBR) on 

page 32 . 

To add ~ new SUBR {or FSUBR} you have to: 

a) Insert the function name in the data deck (see list , appendix D 

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

to a computed GO TO- statement . More about that under point b. 

The card sball be punched in the format (Al,2X , 2A4) . The first 

character describes the type of the function: 

0 SUBR no arguments 

1 " 1 lU'gtll!ient 

2 " 2 arsuments 

3 " 3 arguments 

N " no limi t in the number of arguments 

F FSUBR 

b ) Change the corresponding computed GO TO- statement, determined by 

the type of .he function: 

type : change sta.tement : 

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 

rerering to your own pi ece of code . so that the order in the data deck 

(arter insertion ) still corresponds to the GO TO-statement. It is al so 

r ecommended to change the comment card. tel l ing which statement number 

r erer s to which fUnction . 
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c) Put in your piece of code somewher e . 

When entering the arguments is hold in ARG, ARG2,ARG3 as shown 

bel ow : 

type : 

o 
1 

2 

3 
N 

F 

areument s are in 

IIRG 

MG,ARG3 

ARG,ARG2 ,ARG3 

ARG3(list of the arGUments) 

ARG, ARG2 ,(arg . list and association- list) 

Normal return is then done by setting IRES to the result value ~~d 

then doing GO TO 998 (in fact, ARG and IR1~ ar e ~quivnlent) 

Here is an exampl e : 

The function lastelem[x] = if cdr[ x]=NTL then car[ x] else 

lsstelem.[ cdr[ xl] 

i s to be impl emented. 

a} In the data deck, chanp,c : 

to 

b) Change, 

C 

to 

C 

x 9180 , 
CDDn 

1 lNUNIT 
1 NULL 

1 lNUNIT 
1 LASrELl'M 
1 NULL 

9109 , 9110, 9111, 
CLEARB GENS lNUN 

~ 9108 , 9109 , 9110. 9111. 
CDDn CLEARB GENS !NUN 

1 
Part of 

9112, 9113, 9114 , the com
NULL NUMBP Ot1l'UN puted 

GO TO 

91115, 9112 , 9113, 9114 , 
LASrE NULL NUMDP 0lJI'UN 
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c) Insert the following code s omewhere in the main program (i.e. after 

the code for INUNIT) 

C 
C91115 LASrEL!}! 
91115 IF(CDR(ARG)) 91116,91117,91116 
91116 ARG=CDR(ARG) 

GC TO 91115 

91117 IRES=CAR( ARG) 
GO TO 998 

Warninc: If you use CONS( , ), variables which earlier have been given 

a list as a value may afterwards be pointing to the wrong list structure 

in case of garbage-collection . The following li sts are saved at a 

garbage-collection : 

arguments to CONS 

ARG ,ARG2 , J\RG3 ,LAsrR 

the argument stack 

all lists which are referenced by an atom 

Example: 

.) T!}!P1' CAR(ARG) 
IRES= CONS( I,J) 

b) T!}!P1 = CAR(ARG) 
T!}!P2 = CONS(I,J) 

c) T!}!P1 = CAR( I) 
TEMP2 = CONS(T!}!P1,J) 

TEMPI may now have been destroyed 

TEMPI may have been destroyed . TD1P2 
cannot be destroyed by these statements 

e ither TEMPl or TEMP2 can he destroyed 
by these stateoe~ts 
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Appendix A 

~1C>ot .. ""St~ 
1iIIt1'4t{~WU: :;fI Ln' ...... 

IrtIO!.tlW: fQr, ~'''''''''!I,,** '' tt 
I(ftCtlIbJlI!nvA/6fb*l ' It.> ,#_ 
/qn, 'It.aJtlbhlg...... • 54. 
IUQifl if __ 

The LISP-Fl intcrrreter (defined in LISP M-cxnr cssions) . 

l oop() ... it mode-l!hE!. Tlrint( cvnl(rcad() . NIL» 

~t modc=2" then print (cvnlquotc(rcRd () , rend() } 

elseit TEMP := gct(SYS , EXPR) then r>rint(apryl(TE1<lP.NlL,NIL » 
e lse proG2(print(mROR ). print(eva1(rcnd() . r.n» ) 

evalquote(fn,e.rns) ... if ret( fn.FF.XPR) V gct(fn.FSUBR) then 

e val (cons (rn , 8.f'(;s) . IITL) 

~3ppyl(fn .N IL .ar~s) 

appyl(tn, tL . e r gs ) - if null(rn) ~ NIL 

elseif tLto~{fn) then 

it TEMP :- Ret (rn. EXPR) then appyl(tc~p . a . nrrs ) 

e lseir TEl'{p :'" r.c;t(fn. SUBR) then nach{t et:1I> , n,ru-[s) 

e l se ap!"yl(cassoc{fn . o. . h2) • fl , 9.T(:5) 

elsei! ce.r(tn) ... U\BEL then 

&Pryl(caddr(rn). enns( cons(cadr(rn). caddr(fn)). u) , ,.r-. · 

elseit co.r(rn) • FUNARG then 

appyl{cad.r( tn). caddr( fn) . ar~s) 

elseir car(fn) Z LAMBDJ\ then 

eval(cftddr(rn), addal(cadr(fn) , arcs , e) 

else appyl(cval(fn.a), 6 , arcs) 

maehCle,a,arr,s ) • as arryl but r nr SUBR's and FSUBn ' s 

addalCa,b,c) • nconc (rair(carlr(rn) . ores ), a) 

Fo r !!£2!!£ ,"nd pni r sec the Lisp 1. 5 l'I8llunL 



evnl(fom.,a) • if nuu(rorn) then llIL 

elseif DUl"Lberp( f or:::l ) then f Orr! 

elsei f atom (form ) then 

if vnl.ue ( f ort!:) then cnr( f ort'1 ) 

else c assac(rorn , 3 , i',8 ) 

elsei r Dtoc ( car(r~~» then 

it:. TEMP := rct (cer(forr.) . EXPO) the n 

appyl(temp , 0., cv!is(cdr(fom) . a) ) 

elseif TFJ{f' ::: t:,'ct(car(rorr'! ), FEX?R) then 

8p,yl (te~p . a , li st(cdr(forr.).o.) ) 

e l seif TE}W := Ret(car(forn) , SOBR) th e n 

I!Illch(tecp , t!. , cv).i$(c~r(roTl:!).~.) ) 

elseif Tmp ::: r,et(cc.r(forn) . FSUBR) then 

nach(tecp. R, cdr(forn) ) 

55. 

else evnl(ccns(cnssoc( cp..r( forr,) , n , I,9 ) ,cdr( ferm) ) .~) 

else Poppy!. (CA.r ( f~I7!). 1". , cov::' i 5 (c(~r ( fOT::!) • a) ) 

caS$oc (~tn. p. . er f) =cdr(snSSQc ( Dt~ . n . err» 

s6Ssoc(ntn,.':l..crf) :: if m;,11( ;1 ) th'.:!n r..ppyl(erf,e.,cons(atn,cons{Il , llIL») 

elseir c6nr( ~ ) :: ~tr. then c~r(R) 

els~ s8Ssoc(at= . cCr(~) . crr) 

value(ato) -= if co.r(l'.tn} ="ur.definw" then Nil. e l se co.r ( ata} 



Errortunctions a2.n4 .n6.nB and 89 

a2,&9 

.4 
a6 

.8 

underined function 

firs t arrumcnt or set/setq not on the association list . 

undefined label in E!:2£ 

undefined variable 

a2(atm.n) = p~~() 
print ( !llROR /12) 

print(atn) 

return(breek( ) ) 

a4.e.6,a8. '~9 ltte 1'.r.I'.lor.:ue . 

break() .. pr od ) 

it "next expr cssion i s in the fom 1 S-eX?~ " 

then r p-turn ( loop( ) ) cl se loop() 



Appendix E 

S-exprcssio~ listinG or the edit an~ trnc~ pncko6~ . 

El . The cdi t p'lcknc;(: 

(DE Xll)!'t (F 'IT) (PHOG (X Y CL crL) 
(SETQ C?L (L157 (GET F TT))' 
(SETQ Y CTL)(3E'l'Q CL CTL) A ( CE'fQ X (REW» 
(COND «OR (ATO" X)(IIUl,:tlERP X» (00 B» 
«ATOI1 (CAR CL»(PRI!lT ILI)}C» 
«NU>"lEltP (CAR 1.»(;(CHftj'"£ CL X» 
(T (XADJUST CL X») (00 A) ~ (CO::D 
«AlID (ATO'·' (C,'" CL»(!:Ul1BERP X)(OR;;,\TERP X 0» 
(PRiliT ILLeO» 
«EQ X (Ql:D'i'E OK»(OO C» 
«EQ X (QUOTE U?»(SETQ CTL CL» 
«EQ X (QUOTE P»(SPR""' (CIJl CL) 2» 
«EQ X (QUOTE PR»(SPRI!lT (CAR CL)(READ») 
«ZEROP X) (SETQ CL CTL» 
«NUJ.lBERP x)(co:m ((l:ULL (ssrQ X (l:?ll X (Cf-R CL»» 
(PRINT ILLeC» (T (SETQ CL X»»(T ( P""'," ILLOC») 

--.lQ<LA) C (r.ETURlI (PUT F (CIL" y) 'IT> 
('DESPRI"T (L II) (COHO (P R ( ATO:·' L)( ZERO? II» 

(PRINT L»(T (PRiliT (SPR (capy L) 0 ::> 
(DE SPR (L '11 112) (CO:ID ({iPJLL L) "IL) 
«Nro.., L) L)( (EQ III 112)(RPI.',CA (?.?L!.CD L 
(quOTE (x,,,,»)(QUOTF. ""X») (T (OO::S (SPR 

.--1fAR L)(ADDI Nl ) N2)(SPR(CD" L)11l 112> 
(DE ~~ (L AL) (PROG (X) 
( COND «OREATERP (CAR AL) 0) (C01:D «NULL (SETQ 
X (NTH (CAR AL)(CIJl L»»(PRnrr ILLGC» 
J.T (RPLACI, L (APPE11D (LISTN (SUBl (CAR AL) )(CAR L» 
(APPEllD (CCR AL)( CDR X»»») 
« LESSP (CM AL) O)(CO::O (ClULL (SE'fQ X (:erR ".lnus 
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( CAR AL»)( CAR L » »)( pRWT ILLG~» 
(T (RPLAeA L ( A:'~"m (LISTl' (SUBl (HIN US ( CAR AL») 
( CAR L»)( APpF.tm (CDR AL) X> 

- ( DE XADJUsr (L !I .. ) (pROO (X) (COlm 
(( N11LL (Se'l'Q X (,,;'1{ (CA!lR AL)(eAR L»»)(pRItlT ILLGC» 
(( EQ ( CftJ1 .u.)( QUOTE LO»)( RF:TUiUl (RpLACA (RPkICD X 
( CDI.R X)) (GI\:"' X»» ((EQ (CAR AL) ( QUOTE LI » 
( RE.WRll ( R?r..~CD ( 'lPLACA X ( COpy X» tilL») 
(( EQ (eAH AL) (QU'lTE RO) )(RETURlI (HPLACD(RPLf.CA X 
( COpy ('CCtlC ( CAR X) (CDR X»))) flIL») 
(( AND (EQ (CADR t.L) I )(EQ (CA" AL)(QU= BIl» 
( SETQ Y. (CAR X).») ( COim 
(( EQ (CAR :.L)( QUOTE HI »)( REWR" (~pt.,IC,' (RoLf,CD X 
(COPY (NCO'le (NTII (AODI (CAR (CDDR ,'L» )(CAH X)) 
( CDR X»»)(LISTlI (CAR (CDDH AL»(CAR X»») 
( CEQ (CAR AL)(QUO'I'E BO»)(RETuml (RPLI.eA (RPLACD 
X ( CO?Y (tIco,c (COAn X) (CDR X»» (CI\J\R X»» 
(( EQ ( CAR r.L)'QUOi'[ BI»)(RETUlm (RPLACD (RPL~C,' 
X (LIs'n' (ADDl (D:FtEIEI:CE (eM (cnon AL)) 
( CADR AL») x» (:rI " (ADDI (CAR (CWR AL») 
( CAR L> 
( D~...mn (U v) (COIm 
(( GET (C,ill U)( QUOTE EXPR»)( XEDIT (C,IR U)( QUOTE EXPR») 
( ( GE'!'(CAR U)(QUOTE "E::PR»(XEDIT(CfJ1 U)(OU01'£ FEXPR») 
(( GET( CAR U)(QUOTE SUBp»( XEDI T(CAR U)(QUOTE SUBr.») 
((G"r(CAn U)(QUOTE F'SUBR»(XEDIT(C.IR U)(QUOTE FSUBR»» 
(RPLACA (QiJOTE ILLGC)(quOTE > 

L 

(DE Em. (!1 L) (corm «LESSP 1(2)L) 
((NULL L) NIL) 
(;' (NTH ( SU"1 11)( CDR L»») 
(DE]J:S:lli. ( N L) (COlm ( (ZEROP 11)I1IL) 
((NULL L)NIL ) 
(T (COliS (CAR L) (LIS",' (SUBI I1)( CDR L»»» 
(DE .QQl'X (L) (COND ((rruLL L ) 111L) 
(( ATOM L ) L) 
(T (CONS (COPY ( C.ill L ) )(COPY (CDR L»»» 
(DE MINUS (x) (TIMES X-I» 
(DE APPEND (Ll L2) 
( CONn (!rJLL L1) !2) 
(T (CONS (Ct'" (Ct., Ll )(APpEND (CDR Ll) L2»») 
(IN']NIT 9) 
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£2 . The trace pack8~e 

( DE DHAP( L TRm) ( PROC (X y ) 
LIP (SF:l'Q X ( QUOTE ( EXPR FEXPR SUBR FSUBR ») 
LOP ( cono « GET ( CAR L )( CAR X» (TRFII (CAR L)( CAR, X» ) 
( T (PROC:I (SF:l'Q X ( CDR X» (GO LOP»» 
( COIID « JlULL (SETQ L (CDR L»)( RETURII (QUOTE OK») 
( T ( GC LIP » ») 
( OF TRACE (FL AL) (DMAP FL (MICTIOn TRCl») 
( DF UNTRACE ( FL AL ) (mW' FL (FUNCTIO!l UTRCl» ) 
( DE TRCI (F TT) (PROC (X y) 
(SETQ X ( GET I' TT» 
( SETQ Y (G""sm (QUOTE GGGG») 
( PUT Y ( copy X)(QUOTE EXPR» 
( PUT I' Y ( QUOTE TP.FL» 
( RETURn ( RPLACD (CDR X) (LIST(NCO!lC(QUOTEx(PROGN 
( PRIN2 mT) (PRIlI2 (QUOTE (, . 1'»») 
(NCO"C (FLIST (CADR X» (LIST 
(QUOTE . ( OUTP ( • . F)( • . y)(. C!.DR X» 
( DE FLIST ( L ) (COND 
«NULL L) ( LIST (~UOTE (TERPRI;») 
(T ( NCONC (LIST (QUon, (PRIlI2 (QUOTE (, CAR L»» 

(QUOTE. (PRIN2 (QUOTE =») 
( QUOTE. (PRIIIL (. CAR L») 
( QUOTE. (P!lIII2 SPC) »(FLIST (CDR L> 

(tF QUOTE-. Cu v) (UCT (CAR U 
( DE U01 :x ) (COIID 
«ATOM x) X) 
« EQ (CAR X) (QUOTE ,) )(E'I:.L (CDR x) V» 
( T ( CON3 ( Um' (CAP. x) )(OOT (CDR X> 
(DE PRINL (L) (CONo 
«ATOM L) (pom2 L» 
(T ( RPOCN (PRIIn LPAR)(MAPCARI L (FUNCTIOn PRIN L» 
{ PRI Nl RP.\R> 
(DE MAPC'"' (L F) (COtID «NULL L) IIIL) 
«ATOM L ) (PPOCN (PBINI DOT)(F L») 
(T ( CONS ( F (CAR L»(J·t\PCARl (CDR L) ,', 
( DF OUTP (U v) (PROC (X) 
(S >"TQ x (EVAL (CONS (CADR e)(CAR (CDOR U») v» 
(PRIN2 1J}:'I')(?RI N2 (C,\.&1 U» 
(PRHIL x) (TEHPIU) (REWiUl X> 
(DE UTRCI ( F 1.,,) (PRor. (x) 
(COND «NULL (SETQ x (GF.T F(~UOTE TRFL»»)(RE'I'UR!I F») 
(RETURN (P'JT I' (GET X ( QUOTE Expe » TT»» 
(DE COPY (L ) (CONO «NULL L) NIL)«:,TOM L) L) 
(T ( CONS ( COPY (CAR L»(COPY (CDR L»»» 
( DE PRIN2 ( X) (PBOCII (PRINI x)(p;lI:n RLMIK' 
( RPLACA (C.UGTE: LPAiI) (I,DVANCE> ( 
(RPLAC.' (QUOTE RP All) (ADW,NCE:> ) 
( RPLACA (q;OTE SPC) (ADV AlICE' • 
( RPUCA (QUOTE BLI .. 'lK)( AnV ANCE> 
(RPLAC" (QUOTE INT)(P.\CKJ.lST (LIST 
(ADVANCE) (.\DVlJICE) (ADVAnCE h - -> 

( RPLACA ( ~UOTE mlT)(PAGKL!fiT lL:ST 
(ADVANCE )(,\Jl"J\IICE)(ADVAllCE)' <--
(RPLACA (~UOTE DOT)(ADVt~lC:> 
( IIIUlIIT 9) 
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LI~P F2 : 

Changes in the LISP code 

Approx . 3 times faster 
PretLyer prettyprint. 
Hollout/ill inllepenclent of regions 
Atom gbe 
Nev error handling and messages 
Gbe-free memory area 

1. Hew, chang~u or' removed flU1ct i ons : 

msIeft( ) 

unique() 

getio( i) '\ 
setio(i , n) J 

in unit 

outunit 

readpos 

printpos 

1 ) rollin(n) 

rollout(n) 

caaar( s) •. . 

cdddr(,) 

error( I) 

value= number of mill i seconds left given on form 
(seconds.milliseconds) 

NEW . Generates an unique atom with printname UNlQUE 

NEW . Gets/puts value3 to the system I/O table 
This is: i correspondi ng rio function 

REMOVED 

REMOVED 

RE1~OVED 

REMOVED 

I loe;ical:i nput uni t 
2 

3 

" 5 
6 
7 
8 

read po~i lion 
left margin yhen reading 
right mal"/.~j n yhen reading 
logical output unit 
print pOf;ition 
Ie rt margin yhen printing 
right F.lal'gin ""hen printing 

Independent of region i f there is place fo r the :.; t 11rr. 

NEW 

NEW 

" 

NEW . All error hamlling goes through error(l) 
1 is 11 list of type : 
(errortype function argl arg2 arg3 alist) . 
. error.(l)= errmess(l)j break() . 

1 ) create's (read::;) a memory- dump on log. unit n 

-

, 



err mess(l) 

A2 - A9 . 

getcht(a ) 1 
setcht(a ,i ) f 

ratom() 

nchars (1) 

pack (l) 

packlist(l) 

prinl( s) 

prog1(sl s2 ". sn) 

;;slistp(s) 

csetq(a , b ) 

csetqq(a . b) 

nconc1(1 . a ) 

mapcar(l , f) 

mapc(l , r} 

selectq(l ) 

NEil . = print ( err ormessage) 
print (runction) 
print( argl) 
print(arg2) 
print(ar g3) 

depending 
arguments 

on ho .... many 
function has 

Both error and errmess can of cour se be defined 
by the user. 

REl~OVED 

Gets/puts char acter type in the system "character' 
type Lable". a must be an a' phe- numeric atom . 
For example if we war.t. I ' 0 mean > 

(CSf:'rQ RBRACK (ADVANCE)) > 
(SETCHT (QUOTE ' ) (GE1'CIi'[' HBRACK)) 

nEW . Reads also break characters . 

NEW . Returns number of characte r s i pr intname of 1 , 

NEW , General pack (as in DBIl - LISP) . Hep1aces pacl<'.ll d . 

REf40VED 

Takes now a ny ar gument . 

flEW . Eval-nospreeJ. that returns sl ' 

NEW . 'f if s points into Special Storage . Else IIlL . 
(See nex t part gbc-pl'otec ted area) 

NEil 

NEW 

NEW 

NEil 

tlEW 

NEW 

2 . Gte-protected area 

One part o f the 1 ist- memory never becomes gar bed . It '\.J ill he r eafter bt:! 
call~d 55 (Special Storage) . In this one can put s-expression~ one 
knoW's W'ill stay in memory during the vhole run , especially if one !la~ 

rn:.my garbs . 
l'he l'e are tW'o ways to puL t hings in 55 . 

a) (S~:TBIT 4 ) . After this DE and DF vill copy definitions into SS . 

'b) {SETBIT 3} . After this all cons- cells are taken from SS . 

(In fact there are two cons- routines cons anJ. scans . scans lti called 
from read and sever3.l subr : s like copY-:--;ppend . ~ is called by t..l .• ! 
system W'hen one knoW's it will not wanL to take cells from SS . 
Only scans can take cells f r om SS ) . 

-

, 



In the b) case the user is responsible for that no lists ar e created 
wh i ch ' belongs ' to both S5 and free storage . Those lists will namely 
be destroyed by the gbe . 

The fW1ction pair uses cons and may not be used \lhen generating li ~':.~ 

for 58 . 

'l'he most common use of 55 might be tl ,is : 

(SE'rBIT 4) 

function de f init i ons 

(ROLLOU'r 1) 

And then use the rollout as sysroll . 

3 . Extended meaning of the system bils (SE'rEIT i) 

(SE'IBIT i) 

1 
2 
3 
4 
5 
6 
1 
8 

9 
10 
11 - 24 

Hats Nordstr om 

"Means" 

gbe-massages (as 
no pretty print 
make cons in 55 

be f ore) 

" 

DE , OF copies into S5 
don I t touch 

" 
silence 
interacti ve mode . If you arc using time-sharir.g 
start with ( SJ::'l'BIT 8) 
don't touch 

" 
for the user 

-

, 
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Appendix A 

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

l aop() = if mode=l then print( eva.l(read(),NIL» 

elseif mode=2 then print(evolquot e( r ead(),rend() 

elseif TEMP ,= get(SYS,EXPR) then print( appyl(TEMP , NIL,NIL » 
~ pr og2(pr int(ERROR), print(eval(read{) ,NIL» ) 

evalquote (fn,args ) = if eet(fn ,FEXPR) V get(fn , FSUBR) then 

eval(cons( fn,args) , NIL) 

else appyl( fn,NIL,ares) 

appyl( rn,a,args) = if null(tn) then NIL 

el sei f atom(rn) ~ 

if TEMP := get(fn , EXPR) then appyl(temp . a , ar~5) 

elseif TEMP := ~et(fn , SUBR) then ~ach(temp , a ,args) 

el se apDyl(cassoc(fn,n , A2) , a, ar r,s) 

elseif CAr( fn) = LABEL then 

appyl(caddr(fn), cons( cons(cadr(fn), caddr(fn» ,a ).args ) 

el seif car(rn) = FUNARG then 

appyl(cadr(fn) , caddr(fn) ,args) 

elseif ear(rn) = LAMBDA then 

eval(caddr(fn), addal(cadr(fn),args,e) ) 

else a.ppyl(evel(fn,a) , fl., args) 

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

addal(a, b , c) = nconc(pai r (cadr(rn),args),a) 

For ££QQ£ ~d pair see the Lisp 1 . 5 manual . 



eval (form,a) = if null(form) ih!!!. NIL 

elseif number p{form) then form 

eIseii' at om (form) then 

it value ( f orm ) then car( f orm) 

else cassoc(rorm~ a ~A8 ) 

eIseif at om(car(form» then 

J..[ TEMP ,= ret(car(forrn) , EXPR) then 

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

~lseif T~ -: = f?;et (car(form). FEXPR) then 

appyl(temp , a . list( cdr(form) ,s ) ) 

elseif TEMP := get( car(form). SUBR) then 

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

elseif TEMP := get (car(form), FSUBR) then 

nach{temp, a , cdr(form) } 

55 . 

else evAl(cons (cassoc(car(form),a,A9 ),cdr(form»,a) 

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

osssoc( atm ,a,erf) =cdr{sassoc(ntM , n , err» 

sassoc ( at m, a , erf) = if null(a) then cppyl( erf,e , cons(atm , cons(a,NIL») 

elseif caar(a) = atm then car(s) 

e l se sassoc(atm,cdr(a),erf) 

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



Errorfunctions a2 , a4,a6,aB and a9 

a2 ,a9 

a4 
a6 

a8 

undefined function 

fi rst argument of set/setg not on t he association list. 

undefin ed label in pro~ 

undefined variable 

a2(atm , a) = prog() 

print (ERROR A2 ) 

print (atm) 

r eturn (br eek(» 

04 ,a6 ,a8,a9 ere analo~e . 

break() = pr op.( ) 

if "next express i on l.5 in the fort!\. % S- expr ll 

then return (loop() ) else loop( ) 

56 . 
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Appendix B 

Table of atoms and functions defined in LISP Fl 

This appendix contains three tables : 

(1) a list of all functions which are defined in the system~ 

(2) a list of all special- purpose atoms ; 

(3) a list of I/O and cheracter handling functi ons wit h mor e detailed 

descriptions of each function . 

In table It the various col~s use the f olloving conventions: 

value : the value i s defined under the convention tha~ the evaluated 

first argument t o the functi on i s call ed x , the s econd 

argument is called y , etc. {This convention i~ used even f or 

FEXPR 's, so thnt e . g . plus i a said to have 3 argument s x, y, 

and z i n the expr essi on 

(PLUS A D C) 

and we l et x stand for the value of A. r ather tban A itself . 

The association- list, or the l i st of arp,urnents never get 

involved). 

When nothin~ is said in this col umn . it ~eans that ve have 

nothing to say (not that the function does not have a value) . 

side- ef fects: When nothinf, is said ~n this co~urnn, it means that ther e 

are no side- effects . 

7090 refer ence : This ~s a r eference to pages in the LISP 1.5 manual 

(refer ence 1) wher e the function \ is further described . 

r eferenc e here : Thi s ~s ~ r e f er ence t o s ections (~iven as numbers) or 

appendices (given as l etters) in this manual . B3 stands for 

table 3 i n appendix B ( i . e . this appendix ) . 



function 
n"",e 

A2 

A4 

A6 

A8 

A9 

ADDl 

ADVANCE 

AND 

APPLY 

ATOM 

BREAK 

CAR , 
CDR, ... 

CLEARBrr 

COND 

CONS 

type 

SUBR 

. SUBn 

SUER 

SUBR 

SUBR 

SUBR 

SUBR 

FSUBR 

SUllR 

SUBR 

SUBR 

SUBR 

SUBR 

SUBR 

nr of 
ar~ : s 

2 

2 

2 

2 

2 

1 

0 

arb 

3 

1 

0 

1 

1 

arb 

2 

Table Bl 

valUE 

x+l 

next input 
character (as 
a character-
atom) 

the f ollovinG 
exist: CAR ,COO 
CAAR. CADn. CDM . 
CDDR 

NIL 

58. 

side- eff ects 7090 reference 
r e f erence here 
(page ~) (section) 

prints out 3. 3 
error I:!essage 
and does a 
break 

s e A2 

.. 

.. 

.. 
26,64 

advances input 88 B3 
pointer; does 
not set CURClLlffi 
or CHAnCOUN!' floS 
in 7090 LISP . 
Note The first 
char . follo .... ing 
an S- expr will 
never be ~cnched 
by advance 

21,58 

70 

3.57 

The LISP-inter- 4.1 
pr et er goes down 
in a br eak 

2 , 3, 56 

clears the x ' th 5.6 
bit in a simula-
ted 24-bi t 
register 

18 5.3 

2,56 



functi on 
name 

DE 

DF 

DIFFERENCE 

DUMP 

ETECr 

EQ 

EQUAL 

EVAL 

EVLIS 

FUNCTION 

FORCEXlBC 

GENSYM 

GEr 

GO 

Goro 

GREATERP 

........ ~ ....... 

type 

FEXPR 

FEXPR 

SUDR 

SUDR 

SUER 

SUER 

SUER 

SUER 

SUER 

FSUER 

SUER 

SUER 

SUEn 

FSUDR 

SUEn 

SUER 

Table Bl 

nr of va.lue 
ar5:s 

3 x 

3 x 

2 x - y 

2 NIL 

0 NIL 

2 T when x and 
y are sante 
addr ess , NIL 
othervise 

2 

2 

2 

1 

0 number of free 
cells left 
( specified. as a 
numeric at om) 

1 ne.., atom with 
a fresh naJ!le 
(ABCDOOOO, 
XX'OOOOOI. etc . ) 

2 

1 

1 

2 if x>y then T 
else NIL 

side- effects 

defines new 
EXPR 

defines new 
FEXPR 

Dumps EXPF I 5 

and FEXPR 's 

page eject on 
print 

c~uses a tl.:3.r-

bage collection 

increases 
gensyn counter 
to obtain nl'.Jt\e 

as GO, but the 
GO- label is the 
evaluated arl'U-
ment 

-_ ...: .. ,. _- _ .... ---

59 

7090 refer ence 
reference here 
(peee II) (section) 

5.6 

5.6 

26 ,64 

5 .6 

D3 

3,23,57 

11, 26 ,57 

71 

71 

21 ,71 

66 5.6' 

41,59 

30 ,72 

5 .6 

26 ,64 

, ,, I. 



function 
nBDe 

LABEL 

LESSP 

LIsr 

M>MJl 

Ml!MBER 

MODE 

NCOI"C 

NULL 

NUMBERP 

OBLIsr 

OR 

OUTUNrr 

PACKLIsr 

PAIR 

type 

FSUER 

SUBR 

FSUBR 

SUBR 

SUBR 

SUER 

SUBR 

SUBR 

SUBR 

SUBR 

FSUBR 

SUBR 

SUBR 

SUBR 

nr o f 
arg:s 

2 

2 

arb 

2 

2 

1 

2 

1 

1 

1 

arb 

1 

1 

2 

Table Bl 

value 

Y 

if xcy then T 
else NIL 

x 

like APPEND 

if x=NIL then 
T else NIL 

if x is an 
numerical'atem 
then T 
Mse NIL 

an objectlist, 
starting 'Witb x 

x 

a. new atom 

side- effects 

binds x to y 
on the associa-
tion- list 

defined ",ith 
EQ 

defined 'With 
EQUAL 

sets type of 
top-level 
function 

attaches y to 
the end of x 
with RPLACD 
type operation 

switches 
standard (print) 
output to be 
given to 
l ogical unit x 

60 . 

7090 reference 
ref er ence here 
(page •• ) (section) 

8 ,18,70 

26,64 

57 

5 .6 

11,62 

8.1 

62 

11 , 57 

26,64 

5 .6 

21,58 

10. 4 

5.6 

60 



r. 
, 

function 
name 

PEEK 

PLUS 

PRINl 

PRINT 

PRoo 

PRooN 

P\1r 

Q.JarE 

Q.Jar rENr 

READ 

RESTART 

RErURN 

type 

SUER 

FSUDR 

SUBR 

SUBR 

FSUBR 

FSUBfl 

SUBR 

FSUBR 

SUBR 

SUBR 

SUBR 

SUBR 

nr of 
erg :5 

0 

arb 

1 

1 

arb 

3 

1 

2 

0 

0 

1 

Table Dl 

value side-effects 

NIL cal ls the 
routine 

61. 

1090 re ference 
reference here 
(peBe '1) (section) 

4 .3 

TEST\1r 

x+y+ . .. 25,63 

x puts x 1n 65 . 84 B3 
output buffer 

x prints x ond 65 .84 B3 
terminates 
record ;. 
destroys pre -
vious contents 
of output buffer 

argw:l.ent of 29. 71 
REJ'URN . If 
there is no 
REl'URN clause : 
cdr of the pr og-
expression i t-
self 

val ue of the evals all 5 .6 
last argument er{).lIllents 

x adds the 
property y 
under the indi-
cator z- an x' s 
property-list 

10 , 22,71 

x/y 26 .64 5·5 

The S-expr . 65 .84 B3 
just read . 

restarts the 5. 6 
syst em 

cause s exit 30 .72 
from a moo 

with x as 
value of the 
PROG expression 



funct i on 
name 

RPLACA 

RPLACD 

SASSOC 

SE:r 

SE:rDrr 

SE:rQ 

SILENCE 

SUBl 

TALK 

TERPRI 

TESrDrr 

TIMES 

UNPACK 

type 

SUBR 

SUBR 

SUBR 

SUBR 

SUBR 

FSUBR 

SUBR 

SUER 

SUBR 

SUBR 

SUBR 

FSUBR 

SUBR 

nr of 
arg:s 

2 

2 

3 

2 

1 

2 

0 

1 

0 

0 

1 

arb 

1 

Table Bl 

value 

cons(y,cdr(x) ) 

cons(car(x) ,y) 

Y 

NIL 

Y 

NIL 

x-I 

NIL 

NIL 

state of x'th 
bit in e. simu-
lated 21~-bits 
register 
(repr esented as 
T or NIL ) 

product of all 
argurtents 

list of letters 

side- effects 

modifies x 

modifies x 

changes the 
value of x 

sets the x'th 
bit in the D 
register . Can 
be used e . g . 
ta control 
tracing 

like SRi' , but 
the first 
argument is not 
evaluated 

62. 

7090 refer ence 
r eference here 
(page ;,) (section) 

41,58 

41,58 

60 

30 , 71 

9 5.6 

30 ,71 

turns off system 5.6 
printout 

26 ,64 

tUrns on system 5".6 
printout after 
SILENCE 

vrites present 65 ,84 5.6 , B3 
contents of 
output buffer 
as one record 
on printoutput 

5.6 

26,64 

87 5.6 
in the printname 
of x (letters 



constant name 

NIL 

T 

FUNARG 

SYS 

EXPR 

FEXPR 

value 

NIL 

T 

NIL or set by 
tbe user 
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Table B2 (LISP-CONSTANrS) 

purpose reference here 

used in eva!. 
When (FUNC'r ION 

( seetion) 

S) is used, 
(FUNAl1G S all is 
returned, where 
al is the current 
association-list. 

if MODE=3 the 2 . 4 ,8 .1 .10.7.3 
value of SYS is 
the top-level 
function . 



functi on 
name 

PRINr 

PRINl 

TERPRI 

EJEm 

(x ) 

nr of 
arg :s 

o 

1 

o 

1 

o 

o 
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TABLE B3 : DETAilS OF 1/0 FUNCTIONS 

(supplements table Al) 

argurnent(s) 

arbit rary 
S- expr ession 

alphameric 
at om 

side- effects 

r eads f r om standard input , 72 charac
ter s per r ecor d , until e correct 
par enthesis match is obtained . 
Replenishes the input buffer by 
r eadinG a new r ecord whenever 
necessary. 

conver ts x t o a sequence of 
characters and put s it in t he output 
buffer starting i n pos i t i on n (i. e . 
overwriting what may previously 
have been in the buffer ) . n depends 
on the depth of the list-str ucture , 
and causes the output; l ook like a 
pretty-printed output . Writes the 
buffer on standard output each time 
it fills up , and after operation 
is concluded . 

r eads one character from standard 
input and r eturns i t as a cbaracte r 
a.tom 

puts its argument in t he output 
buffer . If this fills the huff er, it 
i s printed on standard ~utput as one 
r ecor d ; and the buffer is cleared . ~ 

writes the out~ut buffer on standard 
output and clears the buff er. 

writes a page eject (a record with 
an 1 in the f irst positi on) on 
standard output . Does not affect the 
output buffer. 

For t he inter fac e between READ , or eva! r eading of S- expr essi ons on the one hand, 
and ADVANCE reading on the other, notice the followin~ . READ and eve! take in one 
S-expression plus one character each time they r ead (this extra character is buffered 
in a separat e place ) . Therefore, one blank should be allowed between the final 
parenthesi s or character that ADVANC E is t o r ead . Exampl e : the sys t em obt ains 

ElIAL ( (CSETQ COMM!. (ADVANCE» NIL) • 

There is one bl ank between parenthesis and the II " . . 



Appendix c: Flowcharts for tREAD , 9J1d GARB 

Flowchart for !READ 

.----+----1 ini tia.l 
RATOM 

FROC. INn 
ON 

lTYP 

P.TOM? 
YES 

FROC . INn 
ON? 
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YES 

NO NO ~ 

2 

~-l>--~ lTYP , = 
lTYPl 

lTYP 
1=)1 

/ 

YES 

~~ 
-J LAsr ,=!ffiI I 

% ? 
mEAD= 
ATOM VALUE 

FROC .,;: I 

NO 

LAsr ,=LAS)' ,= 
cons NIL, NI 

lTYPl 
NATI 

ITYP? 

see 10 

( RErURN ) ( RErUllN 

LASTR saves the read- list 
in case of garbage colI . 

error 

atom el 

cdr[lcst J= >-..YES-----1 IREAD ,=NII 
NII 

NO 

lTYPl 
NATI 

1000 
end-

1 routine 

3 4 

) 

% 

5 



rryp=/,TOM 
3 

YP1= ) 1 

t NO , 
NEW ,= 
cons [ NIL 
cdr[ LASr ll 

cdr[ LASr ) , 
NEW 

LAST , =NEW 

YES 

NEXT TYPE 

4 rryp= 
READ ERROR 

READ-El1ROR 

1 TRY NEXT 
S- EXPR . 

END-routines 
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NEW ,= 
cdr[LAsr ] 

cdr[ LAST) ,= 
NAT1 

LAS!' :=NEW 

~NO II~ 
o 

see 1 

NIL? 

6 

YES 
99 

end
routi ne 

5 rryp=% 

PROe . IND 0 

~-I AUG ,=IDE/Ill 
IREAD ,=-1 

LASrH ,=NIL ~ PRoe . I~'D ~'-..J 
ON? 

PROC . IND 
OFF 



~ 
~ 

means a ca.ll to HATOM , 'Which 

g1ves the t ype in ITYP 

and the atom value in NAT (in ca.se 

of atom-read) 

The code for rryp 1. 8 

1 means 

2 " 
3 " &tOl!\ 

4 " read err or 

5 " % 

are arllUogous to ITYP + NAT 

2° .atoM) is always treated as 

('Which is the same as . NIL 
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NO 
2 

Forward scan: 

FLOWCHART FOR GARB( I) 

(and for IPRINT) 

set I t o,! 
first ceil 

1 
is 

}-----~------·<:cell I 
arke 

I set Ito 
') __ - l eft cell 

set I t o 
right eel 

Backward Scan: 

r everse 
pointer of 
cell I 

s 
cell 

last 
? 

2 

y 
~ 

irst ce of 
1St? 

00 2 

Restore 
pointer of t-OO __ _ 

set I to 
l eft cell 

oes 

Restor e 
pointer in 
car of I 

Clear bran h- set I to 
pointmark l eft cell 

set I 1.. .... 

68. 

YES r evert:Se 
>-; ___ -j p01.nte r in 
st car[ I] 

( I) 
'l!lark cell 
as branch 
point 

, , first eel! f--- - - -\ 
of branch 

1 
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Appendix D. 

This deck should be read to logical unit 5 before running the Byste~. 

Note: The order is very important. 

Col 12345678901 
O123NF-+ 
0 NIL 
0 ADVANCE 
0 BREAK 
0 FJECT 
0 I·IODE 
0 FORCEllBC 
0 PEEK 
0 OBLIST 
0 READ 
0 RESTi\RT 
0 SILENCE 
0 TALK 
0 TERPRI 
0 EKIT 
1 ADDl 
1 ATOM 
1 CAR 
1 CDR 
1 CAAR 
1 CADR 
1 CDAR 
1 CDDR 
1 CLEAllDIT 
1 GENSYM 
1 INUNlT 
1 NULL 
1 NUMBERP 
1 OurUNIT 
1 PACKLIST 
1 PRINl 
1 PRINr 
1 PRINTPOS 
1 UEADPOS 
1 RErUTIN 
1 SErBIT 
1 SUBl 
1 TESTOIT 
1 UNPACK 
1 ZEROP 
1 GOrO 
1 DUMP 
2 A2 
2 1.8 
2 f.9 
2 A4 
2 A6 
2 CONS 
2 DIFFERENCE 
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2 EVAL 
2 EVLIS 
2 GEl' 
2 GREATrnp 
2 LEBSP 
2 ME-Illrn 
2 !!CONC 
2 PAIR 
2 QUOTIENr 
2 RPLACA 
2 RPLACD 
2 SEl' 
2 ME-!ll 
3 APPLY 
3 IVr 
3 SASSOC 
N LIST 
N PillS 
N PROGN 
N TIMES 
F COND 
F PROG 
F AND 
F DE 
F DF 
F FUNCTION 
F GO 
F OR 
F QUOTE 
F SEl'Q 

LAMBDA 
LABEL 
FUNARG 
SYS 
EXPR 
FEXPR 
T 

(), .[1 %+-0123456789% 

Note . The last card defines "system characters". The card shall contain 

in order : 

one space character 
" 
" 

left par. character 
right par . character 

" 
" 

comma 
dot 

" l...ft bracket 

" 
" 
" 

" rip',ht " " 
II character used for r eturn from break (here %) 
11 plus sign character 
" minus sign character 

ten figures 
one character used as end mark 1n printnames (here %) 
four space characters 



Appendix E 

S-expression listing of the edit and trace package . 

El. The edit package 

(DE XEDIT (F TT) (PROG (X Y CL CTL) 
(SETQ CTL (LIST (GET F TT))) 
(SETQ Y CTL)(SETQ CL CTL) A (SETQ X (READ)) 
(COND (( OR (ATOM X)(I1UMBERP X))(GO B)) 
((ATOM (CAR CL))(PRINT ILLGC)) 
((NUMBERP (CAR X)) (XCHANGE CL X)) 
(T (XADJUST CL X))) (GO A) B (COND 
((AlID (ATOM (CAR CL))(NUMBERP X)(GREATERP X 0)) 
(PRlIIT ILLGC)) 
((EQ X (QUOTE OK))(GO C)) 
((EQ X (QUOTE up))(SETQ CTL CL)) 
((EQ X (QUOTE P))(SPRINT (CAR CL) 2)) 
( (EQ X (QUOTE PH)) (SPRINT (CAR CL)( READ)) ) 
((ZEROP X) (SETQ CL CTL)) 
((NUMBERP X)(COND ((NULL (SETQ X (NTH X (CAR CL)))) 
(PRINT ILLGC)) (T (SETQ CL X))))(T (PRINT ILLGC))) 
(GO A) C (RETURl/ (PUT F (CAR y) TT> 
(DE SPRINT (L N) (COND (OR (ATOM L)(ZEROP N)) 
(PRINT L))(T (PRINT (SPR (COPY L) 0 N> 
(DE SPR (L Nl N2) (CONn ((NULL L) NIL ) 
((ATOM L) L)((EQ Nl N2)(RPLACA (RP1.ACD L 
(QUOTE (xxx))) (QUOTE xxx))) (T (COliS (SPR 
(CAR L)(ADDl Nl) N2)(SPR(CDR 1.)Nl N2> 
(DE XCHANGE (L AL) (PROG (X) 
(COND ((GREATERP (CAR AL) 0) (COND ((NULL (SETQ 
X (NTH (CAR AL)(CAR L))))(PRINT ILLGC)) 
(T (RPLhCA L (APPE/ID (LISTN (SUBl (CAR AL))(CAR L)) 
(APPEND (CDR AL)(CDR X))))))) 
( (LESSP (CAR AL) 0)( COND (( NULL (SETQ X (NTH (MINUS 
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(CAR AL» (CAR L»»)( PRINT ILLGC» 
(T (RPLACA L (APPEND (LISTN (SUB1 (MINUS (CAR AL») 
(CAR L»(APPEND (CDR AL) X> 
(DE XADJUST (L AL) (PROG (X) (COND 
«NULL (SETQ X (NTH (CADR AL )(CAR L»»(PRINT ILLGC» 
«EQ (CAR AL)(QUOTE LO»(RETURN (RPLACA (RPLACD X 
(CDAR X»(CAAR X»» «EQ (CAR AL) (QUOTE LI» 
(RETURN (RPLACD (RPLACA X (COpy X» NIL») 
«Eq (CAR AL) (QUOTE RO) )(RETURN (RPLACD(RPLACA X 
(COPY (NCONC (CAR X)(CDR X»» NIL») 
«AND (EQ (CADR AL) l)(EQ (CAR AL)(QUOTE BI») 
(SETQ X (CAR X).») (COND 
«EQ (CAR AL)(QUOTE RI»(RETURN(RPLACA (RPLACD X 
(COPY (NCONC (NTH (ADD1 (CAR (CDDR AL»)(CAR X» 
(CDR X»»(LISTN (CAR (CDDR AL»(CAR X»») 
«EQ (CAR AL)(QUOTE BO» (RETURN (RPLACA (RPLACD 
X (COPY (NCONC (CDAR X) (CDR X»» (CAAR X»» 
« EQ (CAR AL)( QUOTE BI»)( RETURN (RPLACD (RPLACA 
X (LISTN (ADD1 (DIFFERENCE (CAR (CDDR AL» 
(CADR AL») X» (NTH (ADD1 (CAR (CDDR AL») 
(CAR L> 
(DF EDIT (U V) (COND 
«GET (CAR U)(QUOTE EXPR»(XEDIT (CAR U)(QUOTE EXPR») 
«GET(CAR U)(QUOTE FEXPR»(XEDIT(CAR U)(QUOTE FEXPR») 
«GET(CAR U)(QUOTE SUBR»(XEDIT(CAR U)(QUOTE SUBR») 
«GET(CAR U)(QUOTE FSUBR»(XEDIT(CAR U)(QUOTE FSUBR»» 
(RPLACA (QUOTE ILLGC)(QUOTE > 

(DE NTH (N L) (COND «LESSP N 2)L) 
«NULL L) NIL) 
(T (NTH (SUB1 N)(CDR L»») 
(DE LISTN (N L) (COND «ZEROP N)NIL) 
«NULL L)NIL) 
(T (CONS (CAR L) (LISTN (SUB1 N)(CDR L»»» 
(DE COPY (L) (COND «NULL L) NIL) 
«ATOM L) L) 
(T (CONS (COPY (CAR L»(COPY (CDR L»»» 
(DE MINUS (X) (TIMES X -I» 
(DE APPEND (L1 L2) 
(COND « NULL L1) L2) 
(T (CONS (CAR (CAR L1)(APPEND (CDR L1) L2»») 
(INUNIT 9) 
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E2. The t race package 

(DE DMAP(L TRFN) (PROG (X y) 
LIP (SETQ X (QUOTE (EXPR FEXPR SUBR FSUBR » ) 
LOP (COIID ((GET (CAR L) (CAR X)) (TRFN (CAR L)(CAR. X))) 
(T (PROGN (SETQ X (CDR X» (GO LOP»» 
(COIID ((NULL (SETQ L (CDR L»)(RETURN (QUOTE OK») 
(T (GO LIP»») 
(DF TRACE (FL 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) (LIST(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) (COIID 
((NULL L) (LIST (QUOTE (TERPRI)))) 
(T (NCONC (LIST (QUOTEx (PRIN2 (QUOTE (x CAR L»» 

(QUOTEx (PRIN2 (QUOTE =» ) 
(QUOTEx (PRINL (x CAR L») 
(QUOTEx (PRIN2 SPC»)(FLI ST (CDR L> 

(DF QUOTE* tu V) (OOT (CAR U 
(DE UOl (X) (COND 
((ATOM X) X) 
((EQ (CAR X) (QUOTE x))(EVAL (CDR X) V)) 
(T (CONS (UOT (CAR X»(UOT (CDR X> 
(DE PRINL (L) (COIID 
((ATOM L) (PRIN2 L)) 
(T (RPOGN (PRINl LPAR)(MAPCARl L (FUNCTION PRINL» 
(PRINl RPAR> 
(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)(CAR (CDDR U») V» 
(PRIN2 UNT)(PRIN2 (CAR U» 
(PRINL X) (TERPRI) (RETURN X> 
(DE UTRCl (F TT) (PROG (X) 
(COIID ((NULL (SETQ X (GET F(QUOTE TRFL)))) (RETURN F))) 
(RETURN (PUT F (GET X (QUOTE EXPR)) TT)))) 
(DE COPY (L) (COND ((NULL L) NIL) ((ATOM L) L) 
(T (CONS (COpy (CAR L»(COPY (CDR L»»» 
(DE PRIN2 (X) (PROGN (PRINl X)(PRINl BLANK> 
(RPLACA (QUOTE LPAR) (ADVANCE> ( 
(RPLACA (QUOTE RPAR) (ADVANCE> ) 
(RPLACA (QUOTE SPC) (ADVANCE> . 
(RPLACA (QUOTE BLANK)(ADVANCE> 
(RPLACA (QUOTE INT)(PACKLI ST (LIST 
(ADVANCE) (ADVANCE) (ADVAlfCE) > --> 
(RPLACA (QUOTE UNT )(PACKLIST (LIST 
(ADVANCE) (ADVANCE ) (ADVANCE » <--
(RPLACA (QUOTE DOT) (ADVANCE> 
(INUNIT 9) 
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