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LISP ? Programming Examples 

TrH~ 1,1Hr :, Source Lanp::uagt' Is stUI in tbe developmental stages. The programming 
exwnpJ es $;hovn reflect one proposed syntax. However. it is expected that numerous 
chtlnp:es will be made in the near future. 

<identifier> 

<number> 

<array> 

<funeticnnl> 

<boolean> 

<string> 

<nil '> 

<atom> 

<s-expresnlon> 

:::: a yord 
ABC is an identifier 

I hope you already know 
l.~, 2 are nlli~ber8 

= by example; 
fINTEGER 1 2 3] is an array of three numbers 

= by example: 
FUNC'l'ION ADD (A,B) A+B; definition of function ADD that 

sums its two arguments 

TRUE/FALSE 

, a hollerith string # 
HABCH is a string and is different from ABC. Identifiers 
like ABC may have several properties not attributed to 
st:rings. (An explanation of this will not be given here.) 

= NIL I ( ) 
Think of this as the empty list, i.e •• a list of no 
elE'ments. (NIL::: (» 

<:identifier> I <number> I <array> I <functional> I <boolean> 
<string> I <nil> 

<atcm>!«s-expression> . <s-expression» 

© Copyrip;ht System Deve] opment Corporation 1966. 
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Examples of a-expres5ionls: 

II • (A {( 'R C 'I « ~.. ) 

Note thu.t s-express ions ar·,lt::e ;;ays of representing binary trees: 

( Ii . (5 . {( DJ , E 

; hinary tree has the property ttlst either a terminator exists at a point or 
that point Is an ordf!red pair l)f "pointers" to more tree structure. 

An s-expression has the property that either an atom exists at a point or that 
point is an ordered Phi. r of other s-·expressions. 

1.5 i:3 obvious by now. this n:)tation is cwnbersome. A few conventions are adapted: 

(1\ (B Z» ... (A n z) 

(A (13 • e)) -~ (A B c) 

.! • P.. 1 f a d(rc appears to the left of a (, the dot and the matching 
set ( and ) a.re removed. Applying this rule to 

(B • (C • (D 

(A B (c (D 

(D • ())) 

(A D CD. OJ 

\ ) . , ;n 

and fina..lly (1\ B D) 

j ) 

W}wnevcr an s-cxpression Is red.1.;.dblt: 
this a pure list. Lists are 

to R form containing no dots, we call 
a subset of s-expresalons. 



- 3- SP-2604 

In workinf, w;til eith,' 
functlons; 

>.3. Oi' ;;;-expressions there are three basic and necessary 

the f ;~r1e ordered pair which is an a-expression 

CAH( (a b») -- a. 
CAR( (a be) '" Cs1:i1{ (a • (L c}» = a 

CDR the second el'::!""~nt of the ordered pair which ia an a-expression 

CDR( 
CDR( n h a ... .1 II - CDR( {8 . (b e)) = (b c) 

fa:::' t ';'(,~'~)vture, the value of CDR is a list of all but the 

CONS, takes ~,',>/;:, ~, Lh "",0,,1 ()nf! as arguments and produces the ordered pair 
of them 

CONS(s., t} ~ 8. b) 
CONS( a, (;:. C ) ='- (a . (b c)) (a b c) 

CONS is writ-t,e£; in LISP? Source Language as the :i.nfix operator 
"ONS ( t) - h! ~ b } Th "" i th 1 ' e . (J,.. \., a. 0 '" Ii. -9- \ ",. •• e . n e anguage 1 S 

as a enl1 to the funetion CONS. 

" II . , 

The functiono CAR and CDli Il~e BO named for historical reasons and are undefined 
for an atomic argument, 

Arwther function Hued in th,: example programs is APPEND. which has two arguments t 
both 1i sts. 

APPEND ( (0. b) (A y z)) .~ (/", t x y 1.) 

APPEND sJ;r:p1y combines tne t',JO lisL arguments to form a. new list. 

CAlm ( x ) ::: CAJi (CDR (X)) 

ODDAR(X) :;< CDR(COR (CAH(X))) etc. 



Of ONE AHGUMEWr. A ONE DIMENSIONAL 

ill TO BE CONSIDERED AS A VECTOR. THE 

! j ITEGER N: 

BLOCK l,H ··N..AJCI:tUmAY (N, jREAL)~ L+VLElfGTH(A») 

13: 

VECTO:i R~:?HEE~L. A~; AN !~,RnAY OF REAL NUMBERS. 

REAL FUNC'l'ION VLEW."rIf I ) REAL ARRAv A: 

BLOCh 

) ; 

CA.)) P~AL L; INTEGER N: 
1 • 
L. 

SP ... 2604 
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An f.'XI'lI1tp ie of LISI' ;:> rune\. :,un :LLlustrntlng 'the use of functional arguments is 
the tw:.ct;ion ''['tH';'', X, it:! a.n S-expreasion. The second 
a:·glll1'l("llt, ~ p. J6 a l'm1'-:: t~:'\:;~ is a predicate of an S-expression. 
i'f1'I.. .. .,h 1"~ . \, ~,., Th • ." '''';::{-.';'l;' on the • .... lue of X. The third .J..lto-v 00 .} "J..';:; I( ... ..t "-): ~ _ T _1.,F. • .1,1.-1 n:;.i!,; 

srgu:m.ent, U t j d rL~.HC a i\m':,tioneJ , tmd lB used to control the floy 
of the rect.J.i.s1or;, T',Ho' f\:;,ne ., ;):r.t 'PES1'i{ eX$.IIlines the nodes of the S-expression 
X one at a t1.me. "nd d: (',~C;1 nod" ask~, if the predicate P is TRUE for that 
node. 'I'he va..lue of Tl';S'f:R 'X,,P 1~) fIrst node satisf'ying P. If all the 
nodes fatl the!'., the:: \f;"Jh,~ (it" ,U) ia The order of examination 

H 
or 

1 () 

Suppose we execu~e 

ThlS tree is represented in s-expression 
nntRtion as 

(B • e» (A . (B . (C . E»» 

((A B • C) ARe. E ) 

Q .. '!'ESTR (,«({:\ B . C} ABC. E), P, symbol funarg ( ) NIL); 

If P(X) is TRUE only when t:ux X - '1'1 then Q will have the value «B. C). 
If P (X) is ,[flUE only when "In then q wia have the value NIL. 

SYHBIJL FlJNCTIOH 'l'ES'''H HBOL X; 

IF r X~; T'ir~i 
ELSE Ifi~ NO'T ~r(;DE 

gLSE TESTR (CAB :x: , 

An al tern.B.te ;"ormui.a.tion 
arp;ument,; " 

t 

IF P (X) 
BLOCK 

Bt)OLJ!l\pi 
T}{EN 1J18';1 

• 

( STf.ffiOi, ) p; 
( ) U: 

~'\JNARG ( ) TESTR (CDR X, P, U); 

on TESTR is the function TESTR2 of tvo 

FmrC'l'JC!"AL (SYl'>1BOL) P: 
( 'j) El,SE Fl"" NOT NODE (X) THEN NIL 

!c:vfX'~--p}) snmor, Y: 
TF1EN y.- TES~'R2 (CDR X ~ p); 

These tvo ver.Bion.'> Il,rc C0lrJp',lUit.;C"'II1J.ly equivalent, in the sense that with the 
same 

TESTR (X, fl, SYKtlOL F'UNAHG ( i l';D,:; "" TESTR2 (X, p) 
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~~i> :::;ee Page 7 for comments 

DECIJ\HE (F;XP) FLUID EXf: 

FUNcnm CmifPILF;!\ (EXF) FLUID ;:;XP: 
IF A'I'(Jr,1 r~xp THEN LIST (LIST (' LOAD, EXT')) 

ELSE BLOCK (nn ..,. CAR EXP) 
RETURN IF "P ::: 'PLU::; Tl{EN COWID ( ELSE 

IF or .- '~!INU: THEN em-UN () ELSE 
IF OF = 'Tli·ffiS THEN CO!vfPY ( ) ELSE 
IF or = 'DIVID!': THEN COMQUO ( ) ELSE ERROR ( ) 

FlfN'~T10N COHPJ ( ): APPEIlD (CO;v1T'TLER (CI\DR t<~Xp) , I ((COMPLIMEN'I'))) t 

lC'lJ1".j C'" i.:lN COYl::'{I!'J ( ): 

A f'PEND ( APPEND (r;O!;fPILFR (CADDP EXTl) t '( (ST0RE PUSH.))) , 
APTlF:ND (CQf.qPTLER (CADR EXt') , '((DIV POP. )))), 

FWJC!rIO~ COMAD ): CO~1AR ('ADD), 

rU:1CTION COVpy ): eOnAR (' MPY) , 

nmCTION Cm'~i\R (TNr'TRUCTION): 
HLOCK (LIf1'lT1G ... C:OMPILER (CADH EXP), X): 

FOP X IN CDOR EXP: 
LI~'I'IUG ... /\PPEIm (APPWHl (LI~~TU1G, '( (STOnF: PUSF.))). 

APPEND (COMPILFR(X), LIST (LIST (mSTRUCTIOU, 'POP. )))); 
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COMPILER campi} "5 simple arithmetic expressions. The only relevant point in 
thi. s prop;ram i:, the ho.ndllng of the variable EXP, a FLUID variable. Note that 
many functIons reference EXP which is not an argument. For each level of the 
rc,:ur~lion a new EXP i~~ "ereated. It Work through the code with the following 
I'xEUnpl~ IUlIl ::;I'!' if you understand the use of EXP: 

(PLtn) (TIMEr. A B) (TIMES C (PLUS D E») 

A*n + c*(n+ E) 

The 1 Lit notation for this example is called Polish Prefix notation and is the 
form of input to COMPILER. The value of COMPILER is: 

(( LOAD A). 
(~jTORE PUSH. 
(WAD B) 
(MYP POP.) 
(STORE PUSH.) 
(WAD C) 
(STORE PUSH.) 
(LOAD 0) 
(STORE PUSH.) 
(LOAD E) 
(ADD POP.) 
(MPY POP.) 
(ADD POP.» 

PUSH. and POP. are convenient notations 
for using a push down stack. PUSH. 
creates a temporary storage location 
on the PDS. POP. references the last 
location created by a PUSH. (and not 
already popped) and releases it. Many 
assemblers give such a capability for 
addressing a PDS. 
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FIND:) THE LONGEST COMtAr;;1 ::;EGHENT OF THO LISTS 

~?"n,;il()rJ FE~CTTON' LCS(X, y) SYr{W)L X, Y: 

1~LO!~K (C:~ + ( ). Xl t Xl t '.1J\XL +- 0) SYIJlIlOL Cf,. Xl, Yl; INTEGER '1AXL: 

F'OH Xl ON X 'VlHIL}'; LE:rGTH(Xi) > ~1AXL: 

l'OH v 1 I)~ v \.JIII LF. LJ"":':NGTiI (Vi) > HAXL: 

BLOCK (X2 +- Xl, L +- 0) SYMBOL X2j INTEGER L: 

POli L STEP 1 WHILE NOT NULL X2 A.1D NOT NULL Yl 

A~D CAR X2 = CAR YI: 

UC: X? +- CDR X2; 

Yl +- CDR YI; 

}:NT; 

IF L > r1fAXL THEN DO ~1AXL + L j 

eND; 

CS +- Xl; 
END; 

HETURN FIRSTN(CR, "1AXL) 

IF L = 0 'l'HF.f! ( ) EL~E C/I.R X • F'IflS'l'Ir (CDR X, L - I), 

':1'" FC;LI/JWI~G IS AN I:XAMPLF 

'rEF COMPUTER RESPONDS 

(C D E F) 

D ,:, F A B)) t 
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;"11"("0'1'1 ()~<r p'rrfiI ,C"'T' (T "T""'1 I'Tn TfT'T'T'r:!EF) N' -:-VU"DOL L' WORKER ( T ) + .• \.~~ 1,.1 ,f~, • .JJ.,' ..... ..u, "~J .;. ';..}.J..lJ ...L~ .. t.~.Jv_<\ t dl~"1.0. .u • 

Fu~cTlnN WnRKER(~) 

IF ~{tJLL :>·1 THE:~ NIL 

LIST( CAR M, :1 +- N+l) • H0RKER( CDR rn, 

FOLI.lm~'1!JG m Mr EXA1<PLE 

'WHLIST ( '(A BCD), 0) 

(~n:V!PUTER RESpmmS 

((A 1) (n 2) (C 3) (D 4» 

t':ote the use of the fluid variable ',' for communication between mWLIST and 
~.;roRt:E1~ • 
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SOURCE 
LANGUAGE A + B • C 

SYNTAX 
TRANSLATOR 

INTERMEDIATE (PLUS A (TIMES B C)) 
LANGUAGE 

COMPILER 

«LDA B) 

LAP (FMP C) 

(FAD A) 

LAP 

07632--
OCTALS 

SP-2604 
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S-EXPRESSION SIMPLIFICATION 

(S1 • (S2 • S3»-'(Sl S2 • S3) 

(5 • (» ...... (S) 

(a . (b . (c . (d . (»») 

(a b (c . (d . ()) 
a, b, c, d are S-expressions 

(a b c . (d . () » 

(a b c d . () » 
(a b c d ) 

() • NIL is the empty list (also an atom) 
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BINARY TREE 

A 

E 
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BINARY TREE 

«A. B) . (C . (D . E))) 

(C • (D • E)) 

SP-2604 


