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LI S? is a formal mathematical‘language designed\primaz:«ily- for 'symbolic data
processing. All data in LISP are in the formlof symbolic expressions called ‘
S-expressions. S-expressions are of indefinité length ‘amd have a branching tree =

i
$

structure. The assignment capability of B 6700/LISP permits circular, self-
- -~e¢mbedding, and lattice as well as tree structures to'be built. : _ 2 5
Computations on S-expréssions arle described'ad retursive functions or programsi @ ¢
: of the S-expressions. These programs have representations in the form of ¢ 5
-, S-expressions and thereforé can servé not only s’ déscriptibrs of>:computations |
but also as objects of a computation. LISP can then interpret or execute programisf
ih the form of S-expressions. O e e e R e BN g Vo :
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L S-EXPRESSIONS : » b
i PR R B it WO S0 Do % : oA
A1l data in LISP ultimately have representations in the form of S-expressionss’
The most elementary form of S-expression is the atom. Atoms have no sub-
structure that is accessible to the user. In B 6700/LISP; -there are two types’ !
oor . of atoms; ,slymbol's_anrq,nu.mbers‘. Symbols are atomic S—expx‘-essions"thqt have ’
a unigue. identity. Symbols can be used as tékens to represent other objects, ; §
“as names to identify other S-expressions, akd a® cebriers of theit associated | ;
print image. Numbers are atomid ‘S-expressions hormally used to represent
- nonnegative integers less than 1, 048, 576, although floating point numerics are
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Syntactically, atomic expressions correspond to lexical units of input nd output.
In B 6700/LISP, five categories of lexical units are distinguished. 'Th¢se are |
. reserved words (RW), operators (OP), numbers (NUM), identifiers (ID), and !
'_ special symbols (SP), These are defined below using Backus-Naur forrp (BNF).
_The definitions of <letter>, <digit>, <rw char> and special char <SP> depend
“on the character set of the I/O_.termmal. The character set for the corye«;pondenc
terminal using an APL typing element is used throughout this manual. The
character set is shown in Appendix A, A lexical unit cannot have in ter'r?al spaces.
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| COMPOSITE DATA ‘ 5o e g'. SRl g
OU'.‘);_;ti “iCompositeidata are S—«expressxons formed by combmmg other fS expresqlonq. :
L F ' , ‘ “iphere are three qssenhal opcratmns for thxs purpose cons, Acar and edr. - The &
P‘”‘f Lo "~opel‘atlork cons(X, Y).consolidates the.two S- -expressions X and Y to form a single - -.
i, S-expression. The operations car and cdr are used respectxvely to recover the
'-f-'(-“peornd orlgmal X and Y used for' the consolxdatxon. Thus, ‘there are two identities:
e g & ‘“, car (cons (X, Y)) e G S Bt ’ e
. A comp051te datum c‘an be v1ewed as a' two part contamer wuh each part con- 4
o talmng a pomter to other ‘data.’ In this view, cons(X X)) has two parts:
“ s TYPE' ' |\ ' “CAR! [V CDRE ] : ‘
s ‘ : = s A X : X b _qu: L AT ‘ ; :‘.‘-\T.‘ ’
: : 'I‘he X and Y are pointers. The type of X is necessary .because X can have
arbitrary.type, -¥. must always be a list (i.e., components), so its type can
I > pe 1mp11c1t The types aré mimber,  symbol ‘and list. ' i
.,\ . : !
g, 3 : USTS ‘ .‘ ¢ 1'"_ - 2 s ® 5

: 'Composue S-expressions are usually interpreted as lists. That is, if X is any
. S-expression and Y is a list, then cons (X, Y) is'a list whose [irst element is X,
"_whose second element is the same as the first element of list Y, and where the

: (1-*1)St clement is the same as the ith element of list ¥ for all elements of Y.

i : E Ultimately, repetitive application of cdr to a l’st must yield the empty list.

: it InB 6700/LISP there is such a llst :
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Another interpretation of S-expressions is as constructs. Here symbols are

. considered as names or attributes or properties designating other S-expressions

- as their value. Constructs are thus even length lists of which the first of each

q e DA of elements is a symbol naming the value that is the second member of the

' pair. Constructs can be used to describe objects, with the names designating

the attributes to be described andthe corresponding value giving the value of that
attribute. The list (COLOR; RED, 'QT7T<‘ RIG, SHAPE, BOX) might be a construct

e . describing a big red box. bk _ T
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o ' : Laynhda expréésmris are t‘he eﬁcpréssxdn form of user+defined: function"s The

o 1) The symbol: LAMBDA, gt
v e o T 1;,51-, Qf the fo 'v al yara;ﬂefqr symbbls (i @iy bound vaamable),‘,and c) The j.‘{‘
4 e rage <expm?s§mn fo}‘:the T:ody ) BASTAD aeafinTaue - iy

: The (concrete) syntax of S-expressxons is, sxmple. Atoms are represented by.
5 s ~ their pmnt image. Composite S-expresswns ‘are reprcSented by catenating "
Gt a3 115G gReir idlements: incorder: angd surrounding them with a pair. of parentheses’ A
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The metalanguage is’ thc language in w}ﬁch LISP functlons ‘and’programs are
wrxtten. E\pressmns of the" metalanguage will ‘be called M»—expr'essmns and
have ‘two f”orms.. The, first for;m (concrete syntax’ is that ‘used’externally to
represent M-expre essions and is composed from lexical units. The second form °
is the corresponding .internal representation (abstract syntax) in terms of
S-expressions. The importance of M-expressions is: the r,negmng (semantics) - .
© associated with them by the LISP mterpreter. Thus, in the descmptlon which

¢ follows, con\qrete syntax, abstract. syntax, . and semantlcs fwxll be given for

: eacch- form .of M ,expressmm sag
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ABSTRACT SYNTAX i e o

Aay comput_atlon can be represented as a list in whxch the value of the first
element 1s an 6perat1on and the values of the remaining clements are the argu-
"fments for that operétion. The elements of the list can be computatlons of the

e g
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INTERPR ETATION

‘The: mterpreter will be descnbed in more detail in Section 3. For n‘o“ it'is
sufficient to know that the following. interpretation is given to the con*pposxtc
S expressmn representatmn of an M- expressmn

1

2.

i

|

'
-
i St oy

3

; :
Each clement of the hst is evaluated m order from leﬁt to
nght : . : _ : e i
‘The value produced by the evaluanon of the first element is

. then interpreted as an operatlon that is applied to the values

e

.:u.sentatmn of an atomic M-expression: is tpe corresppnd;gg

pr*oduee'd\by’ the remaining list elemente to produce the value |

of the entire expression.
.-' 7 '."‘V:""x'

e BN e e PR iy S e

|

3

i

The mterpreter returns a value associated thh the atom when it encdunters
an atomic S-expression. For numbers, that-value is the number itself;

i g

There is a single exception to the above interpretation rules. If the ozperatmn
is quote (QT), it indicates that the remaining list elements are not to be
441 ‘esyaluat,e,d., The. ~seconq (nqnevalua;ted) llst;element is taken as the valuq: of the
express‘lon.‘ Thus the eva),mxaltmn oj the ' -expréss“mn QT(X+J') ‘would produce

______

M—e;‘p{‘eSSIOH X ¥ Y. par'n‘e'[‘y,L the hst (+,

TR S B

1 1
.(as its value the S- e);predssmn thdt 1s the mter,nal re(presentatll&i_ of the |
Xy

Y) ~~~~~~ 1 f_)l, G
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The Nf 'e.\pressxon will takKe four gehera'i*’f&vmé‘*' T4 v6ms, Auneiid nal for,

operator form, and reserved word forts.” The & irt the MNE “1ike equat1 n

separates the mght-hand sides of concrete and abstract syntaxes.

Atomic M-Expnressions. are,mther ldentlpers or num érs.,
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<ATOM> ::= <ID> b <ID> % L ORATEYR TOASTI8A
| <NUM> & <NUM> - "
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e abstract repre-
\Bol or nu"mber.

ym
2 Thet ‘mtﬁrpr‘e&atmﬂ*ofr;m gtgm;c eﬁpressmp is the, pnmlhye va‘lrue associated

w1th that atom. The primitive value of. a nymb,er wg,s 1ts numemc value, !
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PRIMITIVE EXPRESSIONS SE A
- ¢ PRIM EXP?:""'=*<;I\TOM>‘ ac : <ATOM>

(<EXP> ) . _"<EXP>

»f,_'_cons ('SEQ' <SEQ LIST>)

»

I\
A
A

' -J<‘~L)3x Lis'r > f = Al:,‘c’ons ('or', cons (bind (KLEX LIST=), 1))
A
&
A

LEX LIST(> 3 KLEX UNIT>

f "

cons (<LL‘X U]\IT/,_‘ $ )_

cons (<LEX UNIT>, <LEX LIST~)

‘ 2 Saf . !
l { PR TR T el l <LI;X UNIT> < LEX LIST>
: cons (<EXP> iy

* i <an LIST> ::=<EXP>

: s Wi -G e R v ; i T >
l‘ wny il crenSae ; <Exp> <5EQ LiST> o cOns (<EXP>',' <‘S-'EQ LIST>)

be s “.-'i,".'= Snid iy Sl ‘.‘; X AT ol T e 0 o ‘ :

Il © R pmrmtwe expressxon ccan be an atcm Of‘ Pﬁﬂ”e"‘thes‘zed expresswn Baabaion it
b sl Se S ideg repr‘eS’entEd by the atom. or, expressxon itself. In addztmn there'are three

"‘speélal\fermé ‘of primitive expression. A bracketed list of expressmne is used as

I‘ B “i g shorthand«to.invoke sequential control. The interpretation of the SEQ operation

is to evaluate its arguments (usually called, statements) in order' from left to
right and to take the value of the last evaluated parameter’ ‘as the value of the entire -

l! - - _expression. The ' 1 notation represents the empty list and is mterpreted as itself.

PR e, s

et h

-A’'quoted lexical unit is represented as a two list of OT and the symbodl whose print
image is the catenahon of.the quoted lex 11st The quoted list evaluates to the

Bl &ty Eor ok s
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<rr EXP> ::=< PRIM CXP> oS A SPRIV EXPS T ey |
e | <sUB EXP> ( <PARA LIST>) "AXdond (<SUB EXP>, <PA RA LIS

A4 STELE e -.“)*ﬂ) : i

1

{

3 : . 2 b Y
- e A" v

e <SUB E>,P> := <FF EXP>

33""

"5A" <FFEXP>

Sy

; | <SUB EXP> t<sr~:Q LIST > ] A cohé 1 'sz}zascnrpr' cons 1
an i i ;\; 5, ff/ i 'r.,, ',, R 2 i
‘ e L SeEE s dsa s L b g R L 0 0 (<S’UB FXP> <SLQ L19'1‘3>))
B e <ty ““....T.i,f.‘,”,,“ SN h e

<PARA LIST> := <EXP>
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‘ <INI‘IXLXP> -<SUBEXP> . ,.f:;,,”A__,j(SUB:EXP%_'r | :

P/‘DA LlS’r ke <OP> <INFIX EXP> P ety
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ria ’_‘”' A" dons (<OP>, ‘cons’ (<IN‘=‘IX nxp> i)

l i Al aun EXP> < OP> <INF1’X EXP>

I'SD”, S LR D ‘CO"S(<0P> cons(<SUB EXP>, cons'(<lNFIXEXP>.")))

i <FF‘ EXP> ¢ <INFIXEXP>’ e hona TS |
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RESERVED‘ WORD EXPRESSIONS i {
<RW LXP% = éINFIX I:XP> = s L gmmx EXP> 3 ;
' ‘ y e o5 4 2 g.L R S R iy '
A <RW EIST > ‘. P i e 2 '
” T wE o yy b LV
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" - -3 iy
S S - . ; ’
S o | <RW> <INFIX EXP>) ch L»ISTP = - §
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The reserveﬂ uor‘d ferm ut"axpr)essmp permtts quotmg in the abstract Qynt‘a\ i LIk
without explicit use of the QT in the conrete syntax. This is particularly ugeful . [ !

for” “controt operatiansy A rescrvad{ \ygrd expr-essxon consists of a sequence of

. reserved words, each followed by an “actual’ parameter exprassions. Each of the ”
""" ﬁéramete%exprhssmms will be quoted ip the abstract syntax. The operation L
. : symbol is formed by "binding" the sequence“df’réée’imééd words. Binding is a
Teoe .~ means of forming a single unique symbol from.a list ol qymbols and will be
s ‘,; \ Z oo m 2 : & . . :
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The operator UQT can be used to inhibit any 1mp1101t»quot1ng)m the i\’l 1angqage. 3
Thus the expression X<3 would be interpreted as an assignment of the numeric ¢
value 3 to variable X, but UQT(X)«3 would cause 3 to be 3551gned to the {/amable
whose name is the value of X.. R _‘
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PROGRAMS

(PROG> = <EXP> e e

| <EXP> i <RW EXPS - Sk \A  <RW EXP>.

“ description, and 4): Global varijables r

Exémpl'eé: Gere

. . [¥e V' GWHILE X (NEQ ' ' oDO LY+ CONS(CAR(X), ¥)3 X + CDR(X)
_ X[3) « Y + 3 x X(5). ' :
e G l""’";'.".‘-ﬁ\::.‘:—'7-‘f el 9 'i 5 e ; ;
‘‘‘‘‘ it £ohily -t ety e th e
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o e et

~_Any form of expression is an M-expression. A program is a single M -expression.

" This is possible and convenient because 1) All operalions including declarations

" are executable, 2) The SEQ operation (denoted with brackets) provides a program
feature for executing scquemces ofexpressions, 3) Recursive and iterative contrels
allow expansion of computation without a proportional expansion in the program

etain their valuc between programs.|
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" The FORM can be a reserved word expression, functional form expression, a

The eOP aIS operation defines new operations. The -FORM gives the Rd—éXpréssiéxn
representation of the operation being defined, Parameter positions are occupied

' by identifiers that act as the bound variables or formal parameters of the body.

The BODY is an expression that defines the function of the operation in FORM,
The «OP oI5 operation forms the corresponding LAMBDA expression and 1
'assigns it to the defined name. :* - v e ; e

P T

unary operator expression, or binary operator expression. The formal parai-
meter identifiers of a FORM can be preceded by a colon (:) to indicate a variabl&e
number of parameters. Actual parameter values are associated with non-coloh

formal paraméter names on a one-for-one basis in the same order from eithen
or both ends (although they are evaluated from left to right). All remaining 1’

Exampies offorms aiﬂlfl_;EA,‘-MC‘thO X N S s iR SR
e T i?@akﬂhi.fp; w'4i;:"{f'  i
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In this section, the operations available in B 6700/LISP are described. The :

" syntax and interpretation is given for each operation. In-many cases, a forrrtaal i
~description as a user-defined operation is given along with the natural language :
description. : - ' : . S !
- I 2 i = . 5, z

/ : =
DEFINITION OF RECURSIVE FUNCTIONS AND SYNTAX EXTENSIONS 1
aOP FORM oIS BODY - ' i o e o g

£
i
&5

(1

actual parameters are formed into a list that is associated with the colon para"kheteﬁ;,,;'.
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: The CONS operation is a generahzatmnof the cons function mtrodm ed in Seclum 1
-7 ,CONS of a single argument is the identity operation. COFS of two arguments is’

S s
-

~

a3 lI‘h;e cdry, pxg,ergt}on returns the second, part of the composuex

3-2

' constriicted data.

S AT SRR s

3~ BN o o AR -
A e
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ELEMENTARY LlST PROCESSING OPERATXONS

1\1\""’10 "‘i ''''' i=

nosd 'S (RN WA

The elementary hst processing operatxons are those reqmred l‘or mannpul—mon of
‘list structured data. These operations can be divided into three categories:
constructors, selectors, and predicates. The constructor operation CONS is uscd

- to build new data. The selectors CAR and CDR are uscd to extract parl.s of previousl.,

N\ “heida v
.

Predxcates are functions whose value is a truth value., Numbers are used as

truth values here with zero interprected as false and all other values as truc,
~ The initial values of the 1dent1fmrs Tive and FALSE

are 1-and 0, respectively.
NIL is the empty~hst ' '

IO

wolin e L M Rino tha 4 ‘?Ev«.".‘f‘v" 2ope .‘i.\~_:v SE e :
CONS(X, :) X SRS e e

i

Pt

1

i

identical to cons. Otherwise CONS(X, :Y) is cons(x, 2) wherc 2 is thé,- 6‘01,’5'
. of the elements of ¥... qumally. B Shebe She AL b

«OP CORS(X,. .Y) oIS oIF Y=NIL ofHEN X oZLSE Naie, G

55 : cons(X APPLY (ccmc Y))

" CAR(X) P et e ox 4

7

_ This operation returns the flrst part of the composxte X That is,
% CAR(CONS(X. 1Y) 1sX

i &S saiw L gt LR
\:* BGE &1 on PO ainahang Gty

e

CDR(X) : e

P

That is,
CDR(CONS(X, :Y))—is LONS( Y). i ‘ y
X=Y = 2
of -‘“\( .’:.:'"rl < ,"}j } M’..‘”":,:& —J; , S G5 g L U
. v ——— -] S ——— e | e e ._-.—'
X=Yisa predxcate that tests the values of Xand Y for identity. Thus, any two in-

stances of the same number are equal under =, as are the values produced by two ¢
secutive references to the same variable. The expression CONS(X, Y) = CONS(X, Y).
however, yields false because the two lists are distinct, ‘even though they have

the same structure and components. Tle symbol- .EQ may be used instead of =

e o T nT——
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| : l : 5 . The ISNUM \predic.:ate is true if and only if X is numeric.

¥ ~
ey i ' N , : :
’ b ‘agf-,:mq‘o,a Hr A ORTTR y Rn
_The predlcate f is true if and only U X =y is false. The operator
pEd e iad ‘-ﬁr> $- 1 i “(qz 5 l«i L

oull jon : :

v () e ¥ = i .|$ e .'\ 2% T*t 54
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2 dibe ISATOM pred1cate is true

\

3 sona e e VE ey Ve N :
4 M 5 e By D G i I Rl R TR R

DR G ile

JSQY(‘{E(X)M

SERE T B Y

- ISLIST(X)

: ‘ R e The ISLISY predicate is true if and only if X is a list. :
S M st nikadne % Tavisnng dEaliais IO ol
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" | CONC' catenates (concatenates) 1ts arguments at the top level w1thout copymg

O LS | b L s
o 2 B e o s e e me%—v*w e T ek o O
9 ¥

sel

R

R f ey wox /!‘:\'}‘\J

PR Do g B9
8 @ gL 1 B B

e .. ) |
.- .
;
}



PR Loy

(RSSPITRT FITL IOty iog

i

st

F:
! 0
' -
& 7
g ! Y
; 4
j" "é
gl
H E
4L

e

~ This predicate is true if and only if X is a member of list' Y.

. ISMEMBER (
DS o lenr

- REVERSE (X) -

- $0' =
CETN SRENE 5

S e

2 S

N ¥
e

- This épe’rat1op buﬂgi_s-,anhs“tv_‘wijh the elements of list X in reverse order.
4 T R e Bl | £ ';L:j;w‘r & 3 % ey 3 LN ¥oag ke s SR s R

S S

e |

SHARCH (X,P,P,U) G e S - i

This function searches the list X for an element that-has property P%. If
c:gnd F ‘in the value is retyrned. Otherwise y(NIL)  is returned. ; -

e G 4 igraiaiao e e ‘ i .

GOP“SEARCH(‘X.P,F,U) oIS o N SR ,E

i ; 2 g : 3 i
5.

Sl

= “'Substitu.t\e'ax for all occurrences of rin %, ; o ”_' gt

- LeWHILE (X .NEQ NIL) .AND .NOT P(CAR(X)) DO X:=EDR(X) ;

-

" «IP X=NIL «THEN U(NIL) oELSE F(CAR(X))]

13 ]

gt ¢ .:‘1E‘l A&FS_UBI.’IS.(‘X;})."-'_;'LG.fn'” s et AE e e b Miehicn el 1+ 1

e A
et TSR R A S R e W MRl SR TR

Fér each attribuate of construct X substitute its valce foriits name in Y .:

: i rapg
ko 30 Laeheg

SYBST(X,Y,2)

e A § i e M e Kiis Py Foie ki '
PO e DR U

v S R SR A
e o A g

i d 4 S -
ST (:X) : z
Sienad W s Ioabiasbhi og Yohine (X 1) clog bt sy S
Form a list from the elements :X. :
Ford R sh e il e R L S e

SYMBOL ( )

= L

apam o ey i

Create a new unique symbol with aa and an identifyi

3-4

PRI §8 AT e S fi‘-‘.."'}‘\....x..t 118 = LA ':;'.Tn"\':‘ 3 Sl
e LTS R Y R R s

g e S e s ek orin el s, S

Create a new uh’ique symbol with the same print image-as-symbol X,

Y0y Do g 0 ;_'-7&-‘: ¥
2 NGRS "_/’ kG

0
{

ng integer as its print fmage.
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CONSTRUCT PROCESSING AND ASSIGNMENT ATl s

i aIF CAR(X) = CAR(Y) oTHEN ISSAHE(CDR(X). CDR(Y))

s ~ oELSE FALSE it R0 : O dsiite =
i AY /et 3 % "
ety Hradig ,n s adb it fodengs aupiropmnn 8 sl 5
. oot il
Omgm 0 is assumed.’ : ‘.
g 3 v
N el e s e o, S A e T e Tl . PR S e el 4 -m‘-vm:vm——-v——-—m”mn, B Tt s v v R

REF(X, Y) : ,
1f X is an mteger then - REF(X Y) y1e1ds the xth element ot\the hst Y. 'Il_' X
is a symbol, the RLF(X Y) yields the value associated mth the name Xin . Fid
: CO"?‘r“Ct Y'rrfa $oaa 25 1‘ w z}, o R aatlss o o
5
N(x 7. V> PR ST el Lt o
B A o ~..,‘7" ! -
: 28
lf'xjxs ag mteggr. then ASN(X“NY’ V)”lrep,laces the xth, elemeqt of list ¥ by the 3 %
S aTue’ v, “If ¥'is’a Symbol the ASh(x, Y, V) replaces thc value associated 1
w1th the name X in construct ¥ by value ¥. . . : e it
‘,» - A e . g % : > :
S 5 : 2 s O > {‘\.\l“-c‘:' 5 ‘f’“ :\"!‘Y"";‘;:“‘."v,\' 1 :
¥y ASNGDRU‘{- V) 7 byl  : FrE A <‘§! Fdd “‘L.i‘_.“!,lf‘zt) A L 50 4 v? gl
Yy auiny orl! o . haiod . ket
T?ns operéhon’ refﬂaces ti'\e cdr of lxst ¢ b hst V. In effect all oc¢currences - | |
of X in the system are replaced by the list: . _ 5 ) SN
st CONSCCAR(X), V) , Sty (0 e SN 10a ¢
R AR O COR RIS TN, AR (AT DA K .\\,x,«‘) ; ¢
% -~ ; 12 i
.\ 2 i i ,,4 :':(‘.‘;’F.f"})‘;‘ :\"7{\‘:;.:(.!') (3\1‘_“'\\5 .""‘\-."‘.1_";(‘( :f) "'\"&‘.‘\}-; .{‘ '\! a . 9, "
RHO(X) ' : .38
i i
This operatxon returns an_integer that 1s the number df.él?:h}é%ﬂas in list X. P -
*eOP =RHC(X) : n.-l& —"X a1 ur"’a«'iua ® .".}u 118000 ”to sindithin doss dod L
T 5 \
oIF X = ' ' aTHEN O OELSE RUO(CDR(X)) + 1. R
- . S ».“\.'_i',Y\)":M‘QE-_
l el ; B 6 R el aatle b e ;1,, _'u- S -"du? Hik
ISSAME(X..‘Y) ‘ e : ;
= ( ( } T (“‘ ‘;‘ 3 § i
Thls predlcate is true if and only if X and Y are identical or if elements of lists }
Xand'Y are pau'—wwe identical. ; IR : T
izl ma s ol ol 8l s iane™ ¢ . e R
aOP ISSAME (X. Y) oIS == : ’ g Glaary , : Pt
" IF X = Y aTHEN TRUE oELSE T Ty TR :
: aIF rsuou(x) .OR ISATOM(Y) oTHEN FALSE oELSE et :
Ji 28 S natvttinshi 28 s ey fodmga 9u) S wen B ORI S R T
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COP.YLIST(X) e Al R Sy U
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S

(,‘OPYLIST returns ai‘ copy' of x that 1s, 'a 11st ha\nng thc same elemems as list X.

COP,YLTST ‘of an aton 'an 1dc t1t) operatlon. :
am» t‘upnr T (kYlars L :

aIF ISATOM(X) aTHEN X GBLSE S o e G ‘

v

'aIF X =g ho it uTIIEN X cE‘LSE

conz:(cme(x) copyu,sr(cun(m: :

u, & } Y Lad 1."?;'f

0Py 0y A
7 - This operation makes a copy of the list structure X . That is, all sublists are also copied.
EFFACE(X, r) i
S T O guts e LeiGT wvrd ol R Raid ] 7
© .. Thig operation deletes the first appearance of the item X from the list Y.
whis S SEIRG L a0 BOWLE WV T NESD s T e R v e JH e 0 | B3 ;
iy ¢ = / %
PAIR(X,Y)
i This operation pairs the attributes on list X with the values on list ¥ to form a
 new constiruct. i i i oh-d
3 1o R L AU N U 8 ., b B BRTATS U Yo (v Y g e SR LR B g e iR ! ‘ !
! "~ PROP(X.Y) e 0 o ; g e :
-~ This operation returns the rest of list ¥ beyond the first appearance of X,
REMPROP(X r) o ERG |
- ;--. i N ST T Rl g Tl o d LA e A P WK R R R P Ak BAD
This operation delctes the attribute X and its value from the construct Y.
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bhas an implicit scope.
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o

gireent.

[:NVIRONMFNTAL SCOPE AND DEFINITION OPERATIONS

ey

Expressmns are evaluated in the context of some envu'onment The er;vn'onment

determines what \{alue ;s tQ be asqocxatgd thh the ato;nlc elements of the

expression. For the a0P ‘oS oper‘atton, thq mosf 1ocal env1ronment o,f ‘the body

contains the formal parameter-narhes wﬂ;h the correspondmg actual pz{rameter
alues as their assoc1ated values. 0

!
L

v 2 4 o ; - R Bt s SRRIGIES L AR

. The aSCOPE‘ operation dehneates the scope of deﬁmtlons. Definitions made within

the expression X are not defined after the evaluation of X. The body of an aOP aIS
(’J‘v(‘l\ ’.

& N s d B v .

DEI-'( X, V)

(44 {,x\-"l*\i

“The DEF operation defmes new local variables :X to have m1t1a1 value V. The defli-

| nitions, mask the more global definitions of the same names. These masked global

“definitions of the names ":X’ agaiﬁfl‘g‘ec“o‘me effective upon ' éxit Jt'r‘om”th&* ‘nost
local. scoge. ,
. §i i ;f.}f.-'»:v,,;-,a\' '

e
PN e S I O .vv‘ L o P S T = e s 7\_‘ ;

EY e s B S SRR :!‘:f-' G e BT LR e 4 B BT BB T G e el 7 £ i RR GO B “'T'

g O OIS0 iva

The lone occurrence of an identifier is interpreted as a reference on the most

\ _local definition of that identifier. e : ey (¥ 1I90R
o % he gatvEheia :'-' (R Sth Pl 0 T e ieot il 2000389 aetiercao andT . )
PREF(X) : ‘ B :
e i : (YL LA0TIAR
: The: pnm\twe reference operatlon PREF references the value of the varlable whose
. > ‘name is the valye of X, = . , 4 S
: siehiad R o rdtabln o 2amishan i st oo el
X«v ' s
i The assignment operator « replades the value associated with the most local
—d._..____definition of X by _th_e value V. Inno case will the operator fail; if the user
attempts to store a value into a prevmusly undefined identifier, the operator drops

~--4ntoa definition mode. The variable is added to the most global environment, and

the assignment is completed. There is an implied quote on X. Global variables
can be undefined by assigning ¥IL. The symbol := can be used instead of <.
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" PASN(X, V)

Pi¥ i pant

The primitive assignment. operation PASN assigns the

A gie A bt

value of V to the variable

i “:named by the value of X, . » . .. LIRS0
< “d : ‘ & 3 T H
: ¥ B

ek i aem

"The subscript operatioh is used to subscript (i.e,, réfer;ence',‘a”gompong:nt) a
25 Sl . list or construct ¥, The subscripts :X are applied successivelyio the pre-

s S et tecoding resull using the operator FZF and begin

b ning with Y. This operation is
PRty alS,OkCa\llxed WBSCRLPQ',.,,”,,, o iy Laatunis L SC et e :

3 GAL s

-i , ":" - . “ i : o2 5 s L, i I gl ' ;
£S5 e i N g x‘
j \j 2 3 - " = ey 2 ‘ 3 = ¢ : : : l -- ‘ é
i L g e LalILE X = * + apo e :
gl e LY.« REF(CAR(X), ¥) s X « COR(X)) ; ¥) %' %! e
i A g : antt :' , ! $ ‘_;‘ ; ;
- 3 ] woan oy o gk ? 2 i
‘ ._ 4 T N B | ‘“5 vaet S5y ey Eok e :
! - : : : i

i , 3 The assign to subscript operation changes the value associated to a subscript
gl EE - = position. The new value of y :X,. 2 will be V. This operation is also called
L : ASHSUBSCRIPT., ik ; . L : e '

MOP ¥ [sXy 2T« VoiS. . T

".

o
v
<,
i

4 0 ) e CalHILE X 3 %1 € o tasisn 9

X o e LS 0 ".'} ) SRR R B S et L ¥ LEve g ’
£ s LY «  RERCAR(X), ¥) ; X « cpR(Xy®y'y 2 winiis : -;
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lTERATIVF AND COND!TIONAL CONTROL

paoantoys pHfundedn Wy 90 MDMnRizas

uIF C QTHEN X uELSE Y : - -.:‘:f ‘_7.« ¥ .‘{ 11;._71]“:1‘,'\7 ‘.‘i’i; \, e

el ey e

The oIF 'aTHEN uELSEfdrm is the pr'imitive éonditional operation. Either X or Y

DT o R R s 5 TSk « S '\"‘

normally used as a statement : : e r,

gl
4 3 "“-Jl)

I R S S
vl GRR “"A.U:

SR S o o T 2 S el J

Lk o ¥ ) Copaf e el iR ing ORI L : B

This form is used for sequential control, The :X's are evaluated from left to

T ~pight;- - ¥ is then evaluated and taken as the value of the ent1re expressmn This
. operatlon is ‘also called SEQ.‘ ; w1 e
GOP [:X ; Y] aIS ¥ - '
0| B Gh U ey R 2 . #itd asunsn : ;
ot Daleen: 3 N a8 LTI, S
— o A % moa e 3 i 7 - - i " g n;-' ;."f\_.;:i::’: ['Ji.‘,l"ai»
SOOI S HU TR Tt e s ks baaas oe
> : * = S GlomNox 3., )' 2! Y‘ o
. The quote operation inhibits the evaluatign,pf its angumernb) The evaluationqo'f
\ _-Q7(X) yields the expression X. Syntactically X can be any expression or it can
:{ be any smgle symbole jpan + ¥ (L (RYGNINGR © k%
s peuies B : : SIS o B e g
- UQT(X) sl = e e
The unquote operation enables the evaluation of its argument. Its use is pri-
marily to override the effect of implied QT operations in reserved word and
assignment operations. i . :
oVHILE‘ C a0 X s :
-:;i_—;_:_—:_.—.;::rhe =al{{ELE aDO-: operatmn is: an -iterative control operation that repetlnvely evaluates

the expression Xas long as the evaluation of ¢ produces true.
fore each iteration. The last value of xis returned, ;

o 7 ) P

’

is_evaluated dependmg on wht,ther the evaluatmn of C is true or false, respcolwely.

© i et O R S N P ST R

¢ is evaluated be-
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e The aDO oWHILE operation: rrs su‘mla“c to al-/HILL‘ uDchccpt that C 1s evaluatcd :lflel
Ran T each 1terahon. ; : '

s o uOP (uDO X uWHILE ¢y uIS iy : _ -
v [,DEF( ‘T' Lm,(,x)) GEa b | o

e R R E T

5 : afmrw EVAL(C) ob EVAL(X) 71 PR
QTL(:X) EERE R ;

e s (5 el

x AR TG L £ 'U:.?" 2/ £ ‘V:'*-‘.;'f R RS . T ;
faige _The QTL operatmn quotes: each: of its arguments and forms them into a list in the
DRy order given." None of the arguments are cva]uated _' ot o |
VoGt dag autitraiel (2904 R T e TR . i
: . CODE(X) S T ' e e 45 Suen i
e ; CREE TR VIR LAk LY et bl e e s
" a0 This forms the mternal operation code thh mdex X ok A
. - Friafud AN i fl:ﬁJ; I ey : ¢
o IRST(X..}') 201k s levadinig aeblon Lis gags - e ey
L Fping
ThlS operatmn 1s s1m11ar Lo SEQ except the f1rst value X ’is returned as the value.
‘\ P ST ; n:“‘ﬂ
- uPROG X - e .
; oty 3 e R P e o e A ¢ LA L
i P "”"r»? PRy LS B i Ee RS RO L { { 3 ‘
: e Tlns operatmn permxts qGOTO transfers of contrel W1th1n the SEQ empress;on .
Labels appear as atomlc arguments to °EO SR = . .)
Newan Sraabil 1o R 59 £ 3 . anls ok
CeRl aGOTO X e b &g it

S ?»,( L B
: £33 5 3
-"1 l’a %

‘ This operatlon causes an uncond1t10na1 transi’er of control to label X within the
~_ 'mostilocal | uPROG CERY .

. .=-_L\::

i 5 S i bt WY R 0 S i
Efolols :."f".»:.i_.‘a?’. i ARG ; :
SEZECT(O..X) D G e
26} ul 3 .
]

ThiS"fOp‘eraihbn ‘evaluates evei'*y other element seqaenhally from the flrst ol‘ X
: unt;l one ig found whose valug is@. It returns the value of the next e]ement of X
% i nof found, it returns NIL. :

MAPLIST(X ,F)-

Y

This operation forms a list of the values resultmg from applymg functlon F to the
elementsnof the hst oo TS AEI R s
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word-floating. point.operations.;: For a:full deserxptmﬂ’ sée the Burroug‘hs 13 6700
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ARITHMETIC, RELATIONAL, AND BOOLEAN OPERATIONS e : g
b ”"?,"‘ PR, \1«) & M 8 : = "'_
The following amthmet:c operatxons are prowded In most cases these are full =

Extcndcd Algol Reference Manual e i ol dDRD A . ;
: : ' S e e Cealiv B3 AL g S s
_)_( +v~?Y - cadd s _EXP(X) ; exponentml » b
e subtract = FIRS'”"”EM)“ bit 1 number of first one b1t '
: ?X : "‘.-:;"'. 2 negate S | GMWMX)’ (L g"'drr'x;ma flnction
. X Y , -'multxply - LN(X) natural logarlt)h‘;l;}
R ¥e o u)‘ ._,'d1v1de "( ”‘LgﬁGAﬂ:{'AE’:\:T‘;) “ 'fqraillog c;f g,aix;'ma functmn
: & & Y mtéééf- ‘c;nnde sy “‘(X)‘ : "legamthm bgsp lp
SETY residue - TMAX(:X) maximum {.")"‘%M)
4B abolitd VAINE 7007 SMINCEYe Giatala olE i ol et
AND(:X) full word and X MPY Y multiply :
“ARCCOS(X) _arc cosine NABS(X) ~ negatxve abg())iﬁicg&value
roett ARCSIN(X)::: « o7 arc sineil i w03 ONEB(Y) ”'“‘”‘ﬁtﬁhﬁer of She bits
ARCTAN(X) " arc t'angent OR(:X) full word mc}u‘s‘&‘vzeuor e L
ARCTAN?(X S e tangent PHD(X,5,L) = end round partial word ' |
RiEriwa - pi-udivide; o Yeasslineg PRO% “atim ‘é‘g&d‘""””ﬁ) atrl'l : i
. 'C’Q._S(X) ‘cosine "\ 6} 20 1; u;;T}Puy i )Jria;;e“;‘c;[p;:ve?h il »
[ e holle chme . Sin) sign X tova M&
Y ACOTAN(X) : ; cotangent SINCX) o i
[ et b 3 e i s o AU ot st 3
ENPIER(X)  ©  entier = o AL S i
ERF(X) ‘standard error TANCK). tangent | TS : :
function R
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'EVAL(X BW))«:.JT T gﬁ ;

‘of the environment are paired with their value in ENV,

' EVALGYY e -

APPLY(F X)

THE"UNIVERSAL LISP FUNCTION L = | R s

LTUO S
The um\jex‘sal LISP functlon is that’ funci‘fbgn or 6pe‘ra‘txon that” canféomputc the
value of any LISP expression-in the context of any gﬁleﬂ ¢hvireaiyént. Thus the
universal, LISE. £qnct1Q,n caille,{i EVAL -ig in fact an mterpreter for'the LISP -
language. i eelsupg. JoiY o

J 0 ,,x".._zf:,imrm P E**/pa o oK
-,’ % = : P k v** :
fr'}* o fo ':“:-.31 e ns xi: ;.\).J~.;ri.5 R

'fus"{; a5 F Rl e gy

TP i 1 oo,

: The LISP mterpreter operat?on EVAL evaluizt#g the expression X in the context

of environment ENV. The-expression ¥ is any S- -expression representation of a

- LISP program (1.e., expressmn) The environment ENv is a construct that

describes the environment in which” X436 be‘evatuhted. Tré défined identifiers
Identifiers of X that
are not defined by ENV are defmed by thé cﬁ‘i*.‘r.em env1ronment at the time of
call on. EVAL.

b a0 aadpen . : i

L TR §

T

Fhe mtcrprcter can be called thh a smgle argument

EVAL ( Y) evaluates the

; expresqlon X m the context of the environment of the call on L‘VAL

*

“ : T : £

The operatxon APPLY apphes the operation F to the list of actual parameter

-values of X. Thus, for any triadic operation ¢ and any expressions 4, B, and

C' the follow mg two forms are equivalent:
"L o ,-B.C')‘

- APPLJ’ (¢, COI/S(A B, C

? 0))

Thls operatlon is eqmvalent to the LISP 1.5 functmn EVALQUOTE (F X)
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_INPUT.OUTPUTOPERATIONS . = =
e FRY SR - i c‘,_‘_~_-: S ’-iiii_)‘fi_ '%‘i“flvz'i";-:,nfjt 1o o friior o ofa

e et ‘;.:"-"['.2'; T e AET & A i .‘: faiERG L :
Inputs and 'oubtpugs"ér'er'n‘orma:lly_ ih!the forni.of S-expressions. . Inputs may also

' 'pe a5 a list g"f‘l‘?xi_'c'éf_"uﬁi‘t:g;‘:')!LISP"p"r"bgi-ﬁms canbe input ig the form of
. M-expressions. In the latter ‘ddsé no explicit operationiis used, The normal

seauence of actions with the LISP system provides for the input of a program

o ~.in the form of an M-expression, translation of the expression into the corres-
. ponding S-expression, interpretation of the S-expression and output of the resulting

" . The READSEXP operation reads the next i

'~ value as an S-expression. .

ey

i G : = : 4 i iy L
." The INPUT operation reads one input line as a list of lexica_l' units (i.e., atons)
" ’and returns that list as its value. R ; o

o UBY el

i A EAT e b e e
nput S-expression and returns that
expression. The S-expression can occupy multiple lines but cannot share a
line with other inputs. A ' :

OUTPUT(X) - ¥

The OUTPUT . operation displayé the S-expression X..‘ The value returned by

: this operation is X itself.
i 3 ? 5
) 2 ; . : < J % | o : ; ¥ R X ! i
BIND(X) Sl : o
" It is sometimes desirable to have a single symbol to stand for a list of symbolé.
The BIND. operation binds the list X into a single symbol. If ISSAME(X, Y) then
. "BIND(X) = BIND(YY. This operation is used by the LISP translator to combine 3
reserve words inio a single operation symbol. On output there is no difference
between the image of X and the image of BIND(X). - ;
- o'
UNBIND(X) S T T
The operation UIJBII?D “returns a list of the clements that were bound to form
"the symbol X. i : -
: ' L o
- o /
*
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SET(DECPLAC,VAL)"

s S 2 e g ey T A G
" This operation sets the number of decimal places to be printed w W
 pumeric ‘valuesqane coutput,~The preyious yalue is returned, 1 T)hi,?

10y 3

L T &

and the

151 folilow'inlg? et operations and those; described later. have a first a g’qment that

o “identifies: thmmtenqalaswwc,h, or, V,a,l;‘}?.blg? ytq bq Sc} °"_ read.

b

; L A BhiS operatmn sets a Boolean cond1t1on controlhng input from a symbohc disk
s _file.. -When set input is taken from the disk file named in the variable DISKFILE.
: -An end of file from disk w111 turn off DISKIIJPUT. . The prgvuﬂﬁvflue is i

] returned.
R SRR R B e B T

 SET(WIDTH,VAL)

V %

ol g R L o
HEE T o bris

setting is determmed by the terminal. The previous value of WIDTH is

* ;
st wduuis g 3
W peturredis - e zas leond dxon e 2hsat aoiipsaago | ORI ‘w:'ndn SprT
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e ThlS operatlon sets the character width for both input and:outputs. ThP proper
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. CONVERSATIONAL AND Dgnuccmc FACILITIES
st o gns e MR SOYDX T T R R T e pte
Expressions can be eXebutcd oneat a time from the terminal. This is in facl -
" the only mode of operation, since all programs are expressions. There are, ‘
' however, facilities that allow continuity between expressions entered one at a
. . :.time. The global environment contains all predefined identifiers and all identi-
" f{ers that arc assigned in programs but not explicitly defined. This global

- .. environment remains with the LISP workspace and can be modified conversationall

t

7 ons ke B o S8 A B X2
s ..\ g i SRR R I sl S U 2 VR paL . : : is
1 Continitity from run to run.can.be maintained by saving workspaces on disk.
Each LISP user has a library of workspaces. The B 6700.disk file name is formed

by adding preidentifiers to the workspace name so that the actual workspace file

T
VS SO s et FVC

. /"name'is LISP /user /name, where user is the value associated with the identifier

) UstR and name is the workspace name specified in the workspace ope_raﬁions. .

: = -~ Workspace and user names must be identifiers. :

v 2 bt Tt By e d a3 S s e S |

o g B S B b i S 3 G T ) SRR e e SO e sl e s

i { 2 B LS RO RREE- 3 (P 1A 1V (R B _4}3“"_\7”‘- 09 s iy ', X e e Dl 3 &

T : CREATE(HSID) TN R : {
G < Ba » ) FRERSRA BT i L i T

The CREATE operation creales a new workspace file with the name 'WSIDQ. The:
current workspace is copied into that file. The operation will take place only ‘

i © % © "l if there were no previous file by the same name for this LISP user. CREATE

3 - nsi. is apredicate that returns true if and only if the operation is successful.

: 2 5 At RGO T g ST Gl Tl 2 i

.!i L0 Ban e st in '. e ry el R R O SIS Sl B e

R el b G265 di S50 ety -~ £ ; 5 G " el H '

s i i o e e et G ks L 3 7 : & §

y s 19 i3 5 : .
: SAVE(WSIDY Fesvis

gt . , : it . The SAVE operation is a predicate that saves the current (active) workspace
’ i b ';'.-'/ © »  under file name. WSID. It will override any previous file by the same name or
Gt Colhg g satanorepte g new file. ; ; i S A
‘ i) O e Fopnngnl vealidsath oY ianiy _ ] '
| _l v’.': AR A S ; § SRoLy L5 \“,,:"'} 3 ;:\‘M’.“ TR i : = r.‘ ~l‘ L 5 ‘l ; 2
il’ i ; : e ety et ',?\.-',“',_;31‘..-,‘.' : ;~,.‘J bidav '7:" S e R !
b = : LOAD(HSID) : i 3T LIBGINE A putiRtiag g TEL e e Sakee
ﬁl : BV ; ; : ,
§ : . 'The LOAD operationis a predicate that loads the designated workspace file
o T © - - .  over the current workspace without saving it. ! ‘
% ﬂ :\. e ; N - ) / ..
i " | o RAGE ARG HIAOD S F e Trartinn e e g o . 2 s f :
Li } B i seiiaisl el it sqzdtow tsdieaesilsiiing oo

ERASE(WSID) o ey s LR :

9

i

%% e » : , S, : : :

b B TSR The ERASE operation is a predicate that removes the workspace file named by
| ST sk s e o

i PRI,
i R bW § T g ; %y el j
3 Mg i e & Sl S o .-
-‘ 5 x et e et b s gy vy s ot a4 (g SO s SR S AR P .‘-.:'\, TRy e N
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** « .| SLOAD(NAME)

; »—Ji »!J(‘ HAFORT t{aq QVia . ~\_”.:f‘ o
.+ The system load operatmn SLOAD s a predicate which loads‘speéia'l system
.,,.workspaces' STHE nzirr’:e”“t‘BEARuus nse,d-\t:o) desxgnal:ﬁ pr normal 1mt1ahz;ed

)‘ L9 '_A Tl 2N L e

Thé}@Pl{/&RSf v opevauon rgturns a t\vo-hst of hsts. The hrst is a‘ hfat of thé

"“‘bcurr@.‘zﬁtly dvefmbd operator s_yqi' !{oj" r'}I"hé deooﬁd iga list of all;other defmed
3 £3 Rt koo S .

TR/LII.;LATE(X) : BEE e B
: L o ; 3 ;.ub "““‘)ﬂ‘ ‘..)-l,'
- This operatxon mterprets the list X as a strmg of 1ex1ca1 units in the form of
e ' ‘an M-expression. This string is translated into the correspondmg S-expression
e T and returned as value. i : L O VR o
et L 4 "-z‘i.?.‘-ﬂ\ Sefin s ot (4o, & ; Savily
) T - EN i Lo SR L RO . . ;
- \) /, &} ‘.‘.v‘é‘-‘! r. B J i & .'l‘)n St e S LA NG, fy o % i
! ol s { i L td e -",'\,} T ‘x] 3 220 Jr”{*’. 2 ‘; A "'!3. BLAT T S UNERY: el
ol i ,“. il -"'w> LG B & BT e R o e 56 ,’“,' A e
|- I, SE’T.(’TRACE‘ 'V} al, ol Beant dre A4 vl e o R (G Jiartun
£ o o & A e k.r ST RN MR L
- ,o ; v.-r,‘,‘ - Y ""I' Tt jzf) 1

& Thxs form of the SET operatmn enables (or dlsa‘bles) %raciﬁg"if" thé Boolean value
: ©_, of Vis true (false). When trace is on the value at each step of the most global
sequential openation is output. The prev1ous value is returned

3 v ';4'7-« - - s ) . 2 < i : .. j : y gl e : (rxg‘(“‘*: Ql"\"':\(.
e "”.."15”3/' o I‘tu 3wl eaves dudd alan . B
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(TPEE VF 839 0s shitteve i il AL o g
4 3 ;. > .uoi R SR Y i xaln g
Pl'} ¥ P dS a3 2 :
“This form of the SET operatmn enables (or d1sab1es)”trac1'r‘1‘g"if)fhe Boolean value
. » of ¥is true (false). .When trace is on the value at each step of the most global
'sequential operation is output. The previous value is returned. . 3
. : : CALEH Jaasy
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o i29ob ad} 2heo! 2al3 wisnibotg 6 8 poit :
. i Snnrves S EH Y ‘.1 5 O3 8 ¥ar '&A‘ e 3,{
CLEARWS( ) o S € JHORYw 93 kqeAtow inotrys st PERE $
This operatlon mluahzes the workspace and is equwalent to SLOAD('CLEZAR').
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t i oG J(lr(v B ol o 5159 % {5 ¥ 0 e e ;
Lo CLEARSTACKC ) -~ . S150b61g & afhollaaogn WAL edT
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, The CLEARSTACK operatxon ]umpS out all levels of executibh and- retums control
to input. The message )CLE‘ARSTAC'K is printed. o R
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BND( )

This operatmxr is equwalcnt to an end of flle from cards. It is the normal way
of termmatmg program. ' ’

. PAUSEC )
“This operation causes exécution to halt until input from the terminal. The
message PAUSE  is printed. If the input is 0, then the stack is cleared. Otherwise
processing. continues.. 3L i Wit o ' = ;

et oTRACE o vid

g Thls operation causes subsequent execution of the operatmn X to prmt TRACE
I Al - its name, and the resultmg value upon ex1t
o i : 2 sty : 'J " s S ey H A > - o
ST Ry uurwncx(x) '5T1)fo¢fu“ ; :

“‘E : . '\ f‘}?" e L,’..’ Ly einiyer mt = i ; : 'S e . - &
BB e Thlsmpérablon turns oﬂi tracmg of Operatwn T s a4

|1 TG 2 Rl M R U S beae iy Eo et %..

e oy EFha ke WU 3

e pud e ; ‘{ 1 A RO

sk o.."s\.-:"-:r e e e dhil e ' : : - 4
ket e unary»: sBr 'operationqs used; tO mte;rogate the settmg of several 1nterna1 -
~ LISP switches and variables. The values of X follow (** indicates it can be se{)

) PR CPUTIME ., ; .- Processor:time in.1/60 sec. - i £ \ i 5ot i :
‘ :_ . CYC‘LES J “Total nqmber of interpretatlon CYCxéo Bl L . Sl
4— DECPLAC ‘,h 3 /‘ Numbéf of decimal dxgxts to. x;rmt o R 1 ol g
A i el el ) o s it s
i . GOLTRINT '+ - Imphmt garbage cpuec,txo,n pr;1rt sw;ic'li:; e
’ ",'Iamwz fﬂ‘,I/Otunelnl/soséb."]”,ff,fff;““ ';‘ :
©+ ~LEXSPAGE " Unusedlexspace"fbgw:"‘ e i 3 : .
= 'ﬁ'jLISﬂy@cr-‘f‘ Unused]istspace e e fo.,_.,,i‘_..
i ‘REALSPAGE - Unused rcal number space * ,, P 4
SPLI!'INC Increment onlist space at gax*bage ‘collection’ # VoEas ;
T S CKSPACE " Unased’ stack TR T i RN IR 5

fIMEOFDAY ~  Time of day in 1/60 sec. . St
TRACE ; Sequential irace switch *

TREE : Print parse tree switch * - i s "{;(
WIDTH Character width for input and éutput.
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‘ . . .The LISP systéem dynamically allocates memory one word at a)timie from a large

e lmear segmented array. Additional space is required when new composite data

{ are created (e.g., by . €0is)i:: Npt onkyiare hew dataobjects built:biit also data
gk structures are discarced. If, for example, a variable X contains the only

\

reference to a datum Y and the content of X is replaced, there are no, remaining
references to Y. Thus Y could be restored to the pool of availa 1d's space. The
g ‘process of examining the list memory, determining which words are no ionger

Ptk e accesmble a'ld rettumi:‘ng these \véﬁés’lfvavallhwl@acé isvcalled:gdrbage

l("~« colle'c‘hon Waaint % Yo lmonisved T | 20ddeiasy bas Rofniiwe LT
i .
: : Garbage collectmn is normal‘lry‘t:alle'a‘ fo iﬁrﬂp‘liéiﬂy%en a preéé\f-ﬁikd amount of

} .| .»7 . memory has beeg&l}oga&gdﬁ ;[‘}?‘l.s amaeunt js called, pPLIMINCG ﬁen—_,e«gace limit

increment and can be set by the user. The value of SPLIMINC is actually a lower

L : “bound ‘on the amount §f‘gpace dlldeated Betwen s ednsecutive.garbage collections

Li: ' and has no direct relation to the total, amou,nt 9,f SPAGE allocaued The amount of L

! 3 ‘space in use after garbage collection is dependent only on thé arhb‘u*}ft" of data @
required at tHat péint ifi‘the hégridar, © The amiéuiiiallocated Betwaen consecutive i

' garbage collections is determmedgs;bq}@y Y, SPETHIHE, If SPLIMING 1is too small,
garbage collection will occur frequently, and the program will require excessive
processor time. If “SPLIMINC is too K rgE;x ghrsba;g:ev idollecticrwillibe infrequent
and memory will be used by collectablae)d%.tca* mﬁcm}asmg memory, requirements,
increasing memory swapping, and reducmg response times. Garbage collection
will also be called for whéh thelaniount '6f Fpaceremdining for 8tacki real number,
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The following LISP. operauons are pr
: collecnonf

balinhis a8 .
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: ot 52

AT TPIR VTP ST

02 remaining’ in’ the systern.'
g ‘?i’E‘dLSPACE' - or LUXSPACL.

5_:,,;'-}_{ el ! Thls operatlan sets.a. Boolean that - controls

it e Gl R SRS S W B

ovided to aid the user in controlling garbage

";-,ccz, Cihin

N The ccL operatmn enables the us
-~ collection at any point in the prog
: }number of words recovered

er to explicitly call for garbage
ram. ‘The value returned is the

sm' (SPLIMINC VAL) o e -

= v }
Tlus form of the SET operatmn allows the user to limit the size of’
SPLIMINC" " The'best ‘value ‘for VAL -depends on the hardware

conﬁguratmn the particular program and the kind of serv1ce
- desired. . St :

SET (SPACE,VAL)

i ’The SET Operat‘:on can élso be uséd to control the amount of spacd

The argumeht 'SPACE can 'bé LISTSPACE, STACKSPACE
'fhe pre\hous amourrt of spacc remammg 15
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i
:,j,,iIhe §ys+em mzay be %sed fx:om a tygewmge;r I'y’l"@"-"rf]} us.q.ng 3nAPL element; from Eo
- . drom.any CANDn.texmlnaL including TC. 500, BIDS,; CONRAC, and TTY; from £
- teletype- cog{lpatlbl -termmalﬁ, qr, ff-f,‘ma.eardlre‘ader anduﬁnn‘ter The §
¥ ""labeI equate in the execute or run command determines ihe type of device to be :
>6 418 Y¥R ;
used The file identifiers are APLE for the APL element, CANDE for the ‘,

CANDE terminal, TTY for the teletype- compatlble terminal, and CARD for the
card reader. AN TRIRELLD) 5 A2

]

;t A The prégft‘fam i mctivated ’bydoné @ﬁ ”thh‘ﬂf'oﬁow fngh eemmaﬂd%z FFrhe first two forms
s are for use with: CANDE withvand without® the SITE" tspnbn““‘i%(cpcctwely The

: '\ thlrd is for non- -CANDE terminals, ahd°the Tourth i&’i’o %&r&%nput = g :
Saap e R0 GISPISETE K.+ TRedd),. 0 _ S
P, 5 '\. . ~ : : . ; > v - . ..A 2 c I = « .i
. £ .+SYSTEM/LISP ( fileid) r
| " 7RUN SYSTEM/LISP (_fileid) |
| T " " 2EXECUTE SYSTEM/LISP
{ ; : 9f11e1d i
g 2 5 o S - ‘ 3 . ¢ 3
The LISP system has been entered when the termmal responds with a line con-
taining only: : :
g I;IEF S e eSS s
# 3 L : S 5 = ; ?
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e next line of output should. }?e\;‘ll

(Qvy S5 60

W E Th;s lndlcates t‘}latthecleaerrkspaqe has been loaded. If the output is 0 instead
.7 of "CLEAR, there was a failure in the attempt at loading the clear workspace.

.., The keyboard will then be unlocked for input by the user. -Each unit of input must
1 bean gggte§‘§_igﬁ and, must occupy an integral number of lines. A unit of input :
' is terminated as the first line that forms a complete M-expression. Thus, if the
expression X+5 were ip.be ?-{}?-f?’{?ﬂg;-;@?;.'x* could be entered:on the first line and
the 5 on the ‘second line. - If, however, the X were typed on a line by itself, it~
. )wquld be“figl_.{erl;ﬂlag‘.g“c_qmpzl,et;e expression; and the +5 would be.the next expression,

3y s & R

b o K

7 'Bxpressions aré executed one jailg’a‘fimét%s they are entered, These expressions-
- can modify the content of the global environment of the current workspace. The
... conversational mode of gperation. is useful for,debugging and checkout. For longer
o pirgg.pa'q){‘s:_t,i,r'_l__clg‘d;il‘\;g';tljobs_}e:,,gtxvté,;tggl from cards, the program should be enclosed ifi
_ .. 'sequential brackets, thus ensuring that the entire program will be interpreted as

: 'a‘singl\(:. expression. : - i ! ; W |

; The response from an expression entered from the tei‘minal is the value of that

- ' ™~ expression in S-expression form. 1If, after a reasonable amount of timme, nd - .1

; - - response is obtained, enter 1) or ' to complete the last entered M-expression.

e There aie several error conditions that can occur in LISP programs. Some.

' error conditions of the“LISP system terminaie the last entered expression and

return control to the user. He may then enter another expression. Other errors

b : ‘are printed, and control is immediately returned to the program with value #IL.
Many common errors, however, have not been implemented as LISP system|

- errors. Instead the operations in which the error occurs has been defined as
predicates that produce FALSE in case of error, (e.g., the workspace opera;vtions)
In other cases, the operation produces FNIL as its value (e.g., REF(X, Y) i

3 N i yields PIL if X is not defined in ¥Y). In many cases additional diagnostic

| information is given with the error message. :

! SRy aaei o G
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i The error messages of the LISP system follow:

: ) . YILLEGAL OPERATION - ] Indicates that the value of an operator expression was
Giosi o & neither a primitive operation nor alambda expression.
" )100 FEW PARAMETERS - i E Indicates that an operation requires more actual
: e | parameters than were provided. ‘ ;

YTOO MANY PARAMETERS + o .Indicates that an operation req\iires fewer actual',
2 : : : \ parameters than were provided,

o i s o e A e i i e . RS [ | e o e
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YTYPE ERROR -

Indxcates that an operation was called with an -
actual par;xmeter whose type was unacc,eiptable to

: '.'\1 s ek st At : 3
_that operat on,” £ = :

)SYNTAX ERROR - ‘ Indicntes that there,z,ygggga syntax error in the last
: i entered M-expression. The translator does not i
- terminate at-the first syntax but attempts to i : ?
“f‘tx‘ahsiafe the' i‘emamdcr of the input siring as an | sy
M-expres'sm“‘ : o
;"Ihd Cates ’c?xat hsi, stack reai o‘r lexxcal space is (1
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.ll Ji »u’ anil g i vw’*ﬂ"‘ "‘""!"‘ 'ﬁ i SR 2 “ii'.m 8 MR T oA b it & ol oy
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O % i 4 !
L ok : S 4 f E
i AR A i i
i i S] .VA % i » % t
g . FHE AT YAHY Sl o snatobes o g }
| The particular characters available depend on the input device used. The table s
pelow gives the character sets when 2 correspondence terminal with an APL typing
‘| element is used and when a card reader is used, When the APL element is Lsed .
special characters may be overstruct to form new characters and the charagter {0 o8
"a causes the remainder of any input line to be ignored. When any other
' terminal (or card reader) is used; the character % causes the remainder of the ;
..~ ~| ‘input line to be ignored. : : o
The chéraét'er set affects the definition of the syntactic categories <letter >,,
< digit > ; <rw char> , and < special char> as used in Section 1, !
. - % 2 v . : ; 13
i
APL Element EBCDIC Card Input i
o 1 -
< letter> _ ABCDEFGUIJKLM ABCDEFGHIJKLM il o
10 : : : : NOPQRSTUVWXYZ /NOPQRSTUVWXYZ'% e
. ABCDEFGHIJKLM . e iy |
P , : NOPORSTUVWXYZ 2 i s
ST 4 dlgit 0123456789 - 0123456789 i e
< rw char > b « ; $ : o &
< other chars> S L L3 Choen, §
< special char > o B el i +=- <> *3= % 4
g 5 e X A Z € % &+ # }
. i : : !
' | -ViZ?2aep”™ ‘{
z e bl s o
ke -4 4r0+fd _ > . ;
: ; 1
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'.,~ e INIQEX TO SYMBOLS

1. g R table below vaR rdentahes a symbol uscd as a variable, SET, 1dent1f1es? e
E ~ <.}  symbol used as the first argument to SET and gives its integral value, LAMBDA e
-, . |- ° identifies an operation which is defified by a lambda expression, and NN & 4
S identlfles operations defined by code and gives their 1merna1 mdex. ;

. .<(I <

§
1
E | - Symbol and Form 3G e Type _ o - Page t ;
i
i
i
!

CODE(R) ~ 47¢c
coNC(:X) ; i SO MBIDA
CONS(X,:Y) — 34c .
COPY(X) . - LAMBDA -
b nomy s _::COPYLIST(X)- s Pt Sy A n - A o e e s e GO0 110 ".'__'_'::".If".-. T e "‘-". e iy

OBt s oo IR e L 800 s LT
COSH(X) ; - - Tlc y
COTAN(X) 3 67c

CPUTINE A = —SET15 Rl

gt . ABS(X) —61c 3-11 :
i  AND(:X) - . 8lc R 3-11
I, RO ) X JAND ¥ ——eee 39¢c S (Riigehatad - X
s APLE - 2 VAR o T |
"APPEND(X,Y) —— e cimirnen - LAMBDA c ik 3-8 -
, APPLY(F,X) ' 13c i wanag-13 1
i =1 - . &Rccos(x) - 65¢ , D yerl :
- IR . 86c : 8-11""} .
" ARCTAN(X) A : -64c St S 8e11 )
g ARCTAN2(X,Y) R _ 58c O i, £8-310 L
! i 1 .~ ASNCDR(X,V) : E 43¢ =5, 1
. ASNSUBSCRIPT(Y,X,:Z,V) : 05¢ =B
; > . P . ks e
CANDE P G g VAR - ! .
CARD . ; VAR - )
CDR(X) 42c - '
CLEAR . = "~ VAR _ -17, 512
CLEARSTACK( ) . fhgi =T8¢ -17 |
CLEARWS( ) : R e 30c - ;z |
}
|
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- Symbol and Form ' %  Type
“ CREATE(WSID) ~ 50c
CYCLES - SET13
% DECPLAC < SET4
S DEF(:X,V) L% 08¢
> DISKFILE < VAR
+  DISKINPUT " SETS
X Dy . Sl
DO X aWHILE-C T
EFFACE(X,Y) S5 "LAMBDA
END( *) ‘ e
ENTIER(X) it Ble
X .EQ Y © 1 26c
ERASE(WSID) 49¢
ERF(X) 76¢
o BVARGXY: 15¢
" EVAL(X,ENV) Lakd 15¢
EXP(X) " 75¢
s '1"1‘ ‘
PALSE-.. o 449 VAR
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Symbol and Form
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Symbol and Form

SLOAD(NAME) ~52¢ 3-17 .
SPLIMINC ~ SETS5 3-18,4-1,4-
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: "‘:i"fl o Ac‘bﬁ’iﬂﬁi‘ﬁé”ﬁlﬁ PROGRAM: EXTENDING THE
| OPERATORS FOR ' COM’B!NATORIAL ANALYS!S
i Sl el H( 90 BN SHIGEDS
; SR
o . 2507 A JADAGT AV S Gl e 4

- The problem to be conmdered here is the use of LISP for a parametmc study of
.-« the following function of threc variables:

- _P'(N S, K) = (5)(15\) K! +(g_K)<S{<K) Kind it

This function arises in the analysis of the complex1t) of sequencing algorithms. g
The variables N, S, and K represent the number of objccts being sequenced, the '
: . cardinality of the subset being considered, and the level interaction between : ’
.-~  objects, recpectively. The variables are constrained by T
e S<N ' ‘ s
Lo 2-K<S - 8
: N>2 S>2 K o
where N; S, and K are all integers : g
In a parametric study of the values of P(N, S, K) it is first recogm?ed that LISP * °
does not include appropriate operators for the binomial cofficients, [{\ , or L
the factorials, Y! . As a first step in the analysis, the operator s }wﬂl be
- extended to include the infix operator..CP , which is the acronym for combinations
or permutations. This new operator will have both monadlc and diadic forms
- defined by : 3
| LPY= 1! S
~~:—---——-—-A—--—-——---;~-—-> v = o et ‘;CP--Y-—E'. ’;) e e A b anerrovd —— o e — A Sl spes S e
i 5 .- - . T e o - e - - - (PO Pl “ e Sl - .- - —}
X ook Gl ;
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, 3 VoY ars [ W iy i
: uELSE oIP X=NIL oTiHEN Yx(.CP r 1) 1
aELSE oIF (X+X[0])=Y aTHEN 1 "
=% D GPLSE. ({X-1) .CF ¥=4 )+(x-1) ;cr r) o
GCL() g e
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At this pomt the f11e ca«lled LISP/ NEWPERSON/ CPFILE r§ ~the cmgmal workspace
extended to include the operagor, V.C‘P e mput[outpu’t’
- WOuld appear as follo“}s‘ Tl

N

re?cord for this program
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: LIS? e E LR e L
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5 \ WELSE ((X-1) 2 €P ¥-1)+(X-1) .CP Y} . T.&. 2 j
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1231 3 praside jo s
CUSER<QT(NEI’PERSON)

BS WG SAVE(QT(CPFILE))] Caat
= i BEPLILE g

¢ A
il i
e L &
i
vi

i
% %
i
J
!
%
X
3 S
<
Yo
¥ t p
. % N . <% g % 4

e T IR W S WOAATS s . WIS,

- g i
R s 5 5 1A AR o M T e e . R P e e B
R




as a functional Ipx;m operator, P, and evaluations of the operator, P, wxll be

- imbedded within an 1i°rac€ioﬁ’8ve¥ the desired domain of the v variables! " The

jcomplete mput/output r{ecoi‘?‘for thls _part o

{1t ¥y
- R*QT(NEVPEP&O%J %
uswpsnson o
;3555 LOAD(QT(CPFITE)) : 2 ,
E‘PFILF' e (’ CE *—‘-‘\q‘ # 4’1«x,“; ’<‘: R t =t = ,‘ ¢ STSHERE

3 11)#& 2 '» "rf
- i*w‘,;:, 175 ,.;,‘L

‘-

';p. '“'

aOP P(N S K) afs o
(LN .CP B)x(S .CP X))
<‘+(u CP S-K)x((S5-K).CP x))x( CP K)

[H+2° quILE 0 .ﬂEO 9 a0 [ = £ : T
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appear as follows:
plhe gragyem qulf spoear o fgfians

In the parametric study of the functmn, P(N, S, K), the function will first be defined i
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_ ’I‘h1s example has been construeted to illustrate operator extensions and a typlcall b i
o use of LISP for numerical computations. Recursion was used freely in the b
! programs in order to simplify the example, but more efficient formulations
: would elimirate much of the recursion. Such alterations in the algorithms in :
' the interest of efficiency are easily 1mp1emented in a conversational system
. such as B 6700/LISP e e : e ‘ =
= :
= ¢
\
- : , -
. =% /
5 s / ; ]
* 5
e o e T e T e T S T Y e T ,,—77‘.1,«;'_




