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INTRODUCTION 

RIAS has been fortunate in obtaining informally a copy of the 

LISP system tape, as developed at MIT by Prof. McCarthy and his co

workers. This has permitted us to do a certain amount of experimenta

tion with LISP as a programming language, and evaluate its performance 

with respect to other systems, such as SOS, or FORTRAN. In some ways, 

such a comparison is a little one-sided, since both the latter systems 

are much more elaborate than LISP, and consequently permit the solution 

of problems which would not be attempted in LISP. Nevertheless, LISP 

emerges as a surprisingly powerful language for all its simplicity in 

being based on a vocabulary of only five instructions. It not only 

has had considerable merit as a pedagogical tool, for teaching the 

essence of programming with respect to a readily comprehensible 

programming language; but as well shows considerable versatility with 

respect to some more serious problems which would require considerable 

programming effort in either SOS or FORTRAN. As in any system, grow

ing skill shows the way to circumvent many of the inadequacies of the 

system, which at first sight seem to be very serious flaws. In some 

instances, certain errors to which the system is prone have been 

turned to advantage, and exploited to obtain some rather nice results. 

An example is the LISP page plotter (which still contains a dis

concerting abundance of commas), which was inspired by the pages of 

"wallpaper" which one frequently generates by having tried to take 

CAR of an atom. 

This manual is intended as a supplement to the LISP PROGRAMMERS 

MANUAL which accompanied our system tape, and is a collection of a 

number of LISP functions which have been found either interesting 

and/or useful. Some of the description concerns the mechanics of 

the MARTIN monitor system, since the LISP tape had to be modified 

to take into account the lack of an on-line card reader for MARTIN'S 

IBM 7090, and the incompatibility of the original clock routine; but 

the general reader will easily spot and ignore the few paragraphs of 

discussion given to this question. 

For the most part, the manual has been prepared by the students 

of the RIAS Summer Institute in Computer Theory. We are extremely 
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pleased to acknowledge a considerable amount of advice and assistance, 

thanks to which we have had the opportunity to use LISP; we particularly 

thank Wayne Wiitanen and Steve Russel for assistance in obtaining the 

tape and advice in its use, as well as Solis James, who by his interest 

and encouragement greatly speeded our procurement, development and 

understanding of the system. 

HAROLD V. McINTOSH 

BALTIMORE, August 18, 1961. 
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BUILDLNG A LIBRARY OF LISP FUNCTIONS 

Although it is possible to modify the LISP tape so that it 

will contain the definitions of additional functions, it is not 

advisable to do so, save for functions of the most basic and ele

mentary nature. The reason is that although a problem area may 

have its useful specialized functions, if one is to adjoin to the 

tape all the functions from a variety of areas, he has filled it 

with what will be dead weight in anyone problem, as well as in

creasing the chances of conflicting function names and the like. 

The format of LISP is somewhat inconvenient for the usage 

of library functions, since one expects to surround the function 

definitions with DEFINE « ... )). The parentheses so required 

lend an assymmetry to the first and last functions to be defined. 

However, this problem is easily remedied by keeping two cards, 

imprinted with, respectively, 

DEFINE«(BEGIN (LAMBDA () NIL)) 
(END (LAMBDA () NIL»)) 

By then confining all other function definitions to a 

separate card (or cards), they may be easily selected from a 

library collection, and inserted along with any freshly defined 

functions similarly prepared, between the BEGIN and END cards. 
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SUBMITTING A LISP PROGRAM 

The program deck for submitting a LISP run consists of the 

following cards: 

U~EM 

I .r~t1 
Ir~Et1 

I FEt'l 
.. 1"t:HJ< 

!'" 

u 

,:!'fORMAL HAL. T .. :- tlCTAL 1300. 
! " .. .. . ' .. .., , ..... , .. ' ,'" .. . 
fLACE LISP BIMAR'l'TAP~. QN TAPEUH I;r B.:.7 
I .(' " 

LISP 
I 
~ISP 

/SCRATCH TAPE ON TAPE UN I T B-8 ., ", 

~.y.PUT M.A/BE MONITORED Bv DEPRESS I riG ~t TOM 3. 
I U V ' 

~ISP 

~ISP 
,- -- ---- . --"lif=-lfJ:: . /S:'O::OOO-27·:T.5U---~- .- HC"1 N~-_ - - ~ - -, 

u u u u u u 

o 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 D 0 0 0 n 0 I 0 III 0 0 n 

~~rm\rr~ui';~,t~. i \ \ ~ rum:.;.; I 1 1 1 I 1 

~2 l2~\U2 z"W1 ~U~22222 222222 

333333 

c~44444 

555555 

SSS6S6 

777777 

33333313333 4 334 33 4 3S3333333 33 333333 ~ 

6 6 6 6 6 6 5 5 6 6 6 ~6 

17 7 7 7 7 7 7 3 7 7 7 7;~ ; 

~ 888 S 8 8 8 ~ 8 8 B 8 8 8 88 8 888 B 888888888888888888888888 ,8 

9999 S 9 999999999999999999999999999999999999999 9a 9 9 9 9 9 9 9 9 9 9 9 9 999 S 9 9999 9 ~ 9 9 9 9 9 9 9 99 
~ :: l 4 S 6 I S' 1011 iZ <J i4 ~ 5 15 17 i8 lS ~ 2t 22 n 24 ZS:'(,:7 2' 29 zt J; 22 J.l ).4 1S JS 31 ~;s ~ ' 1 "243 44 45 t,.;: 41 .e u. 50 ~ : ~2 5~ ~!!~ ~S!Oj)O ~s 6C 61 $1 &3 54 ~ 86 61 ~ 52 7) Jl i: 7l 74 :~ , 6 n 18 ;i ill 

6. One card load tape button simulator 

7. One of the overlord cards; SET, TST, or MLT 

8. The body of the source program 

9. Stop card STOP »»»»»»»»» 

10. Items 4-5-6 may be repeated as often as desired (up to 100) 

11. FIN card 

,. 

J 

I 
J 

J 
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THE FIVE PRIMITIVE LISP FUNCTIONS 

LISP is a programming language, constructed entirely from 

three functions and two predicates. Out of these, or their com

posites, all program functions will be made. These five functions, 

together with examples of their use, are listed below; 

1. (ATOM X) is a predicate which takes the value TRUE only when 

the expression X is an atomic symbol. If X is a list, or 

anything but a single atom it will assume the value FALSE. 

2. (EQ X y) is defined when one of the two expressions X or Y 

is an atom, and is TRUE if they are identical; otherwise it 

is FALSE. 

3. (CAR L) If L is a list; L = (A BCD ••• ), then (CAR L) 

applied to the list = (A). If L is not a list, (CAR L) is 

undefined, and will give a page full of commas if attempt is 

made to print the results. 

4. 

Examples; If L = (X y) 
L = (X y z W) 
L = «X y) z W) 
L=«XY» 
L is atomic 

(CDR L) If L is a list; L = (A B C 

yield (B C ••• ). 

Examples; If L = (X y z W) 
L = (X y) 
L = (X) 
L = «X y) z) 
L is atomic 

(CAR L) = X 
(CAR L) = X 
(CAR L) = (X y) 
(CAR L) = (X y) 
(CAR L) is undefined 

.•• ), then (CDR L) will 

(CDR L) = (y z W) 
(CDR L) = (y) 
(CDR L) = NIL = () 
(CDR L) = (Z) 
(CDR L) is undefined 

5. (CONS A B) If B is a list, then (CONS A B) is a list, whose 

first element is A, and whose remaining elements are the 

elements of B. If B is not a list, (CONS A B) is technically 

a list, but will cause bizzare behaviour by the print routine. 

Examples; (CONS X NIL) = (X) 
(CONS (X) (y» = «X) y) 
(CONS (CAR- L) (CDR L» = L when L is a list. 

It will be found, upon writing programs in LISP, that composites 

of CAR and CDR are necessary and can get very lengthy. These can be 

) 
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abbreviated in the following fashion; (CAR (CDR L» can be written 

as (CADR L).and similarly; (CAR (CAR (CAR (CDR L»» becomes 

(CAAADR L), and (CDR (CAR (CDR L») becomes (CDADR L). By applying 

various composite functions to the expression (X (A B C) D) = L, we 

get the following results: 

(CAR L) = X 
(CDR L) = «A B C) D) 
(CADR L) = (A B C) 
(CAADR L) = A 
(CDADR L) = (B C) 
(CADAR L) = B 
(CDDADR L) = (C) 
(CAR (CDDADR L» = C 
(CDR (CDDADR L» = NIL = () 
(CDDR L) = (D) 
(CADDR L) = D 
(CDDDR L) = NIL = () 
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THE PROGRAMMING FUNCTIONS 

While the basic elements of LISP are the five previously 

discussed functions, there must also exist a set of programming 

functions to enable one to write logical programs. 

discussed below: 

(DEFINE «N1 F;.) (Na Ea) ••• » 

These are 

DEFINE is one of three ways, in addition to LAMBDA and LABEL, 

by which a function may be defined in LISP. DEFINE has as its 

argument a list of pairs, which may be of unspecified length. Each 

is composed of a name N. and an expression E. by which it is to be 
~ ~ 

defined. This allows the function name to be treated as an atomic 

expression in defining other functions, and its LAMBDA expression 

need not be continually repeated. 

One can use DEFINE to define recursive functions without the use 

of LABEL, since DEFINE assigns the name of the entire expression 

properly. It is important to note that the argument of DEFINE is a 

single list, and to therefore use the proper number of parentheses. 

(LAMBDA (X Y ••• ) E) 

LAMBDA is a special form used in defining expressions. It has 

two arguments, namely a list of arguments, and a sample of the 

function, E. LAMBDA is necessary when the arguments comprising the 

example are hopelessly mixed, and we must make unambiguous which of 

the dummy variables in the argument list corresponds to a given 

occurence of the variable in the sample. 

(LABEL A E) 

LABEL is a special form used in the definition of recursive 

functions. It has two arguments, one the name of the function, and 

the other the expression defining the function. This is to allow 

usages of A within E to be interpreted as standing for the function 

as a whole. 
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(COND (K1 F1 ) (Ke Fa) ••• ) 

COND is a special form used in function definitions. It is a 

function of an indeterminate number of arguments, each of which is 

itself a pair, consisting of a predicate and a function definition. 

A function defined with the aid of COND is evaluated by con

sidering the list of pairs in sequence. For the first predicate Ki 

which is true, the function is defined as Fi • Thus COND is a compact 

way of making a conditional function definition. Each Fi may in its 

turn be defined in terms of COND, and thus one may make explicit use 

of the conditional. For each Ki , we may assume all its predecessors 

to be false. At least one predicate must be true, otherwise one will 

get an error return. 

(QUOTE X) 

Usually K is T. and covers the remaining case. 
n 

QUOTE is a function of one argument whose value is that argument. 

Its principle use i~ to introduce atomic symbols into a source program, 

which would otherwise ~e undefined, or possibly be interpreted as 

further functions if they corresponded to the name of a function already 
• 

defined. 

(LIST X Y ••• ) 

LIST is a function of an unspecified number of arguments whose 

value is simply the list of its arguments. 

whereas 

thus 
whereas 
when L = (X y) 

(EQUAL X y) 

(LIST X Y z) = (X y z) 
(LIST (X) (Y» = «X) (y» 
(CONS (X) (y» = «X) y) 

(LIST (CAR L) (CADR L» = L 
(CONS (CAR L) (CDR L» = L 

EQUAL is a predicate which takes the value true if and only if 

X and Yare identical. It is gotten by applying EQ to all components 

of X and Y, to see if they are made up of the same atoms, similarly 

arranged. 
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(AND X Y ••• ) 

AND is a predicate which is a function of an unspecified number 

of arguments, one or more. It takes the value true if all its 

arguments and !alse otherwise. However, it is not quite the same as 

the ordinary "and", since its arguments form an ordered set and need 

not be commutative. This is because the list of arguments is examined 

in order from left to right; if one is found to be false, AND takes 

the value false, if none are found false, the value is true. Thus, 

any argument may assume its predecessors are true, with a consequent 

economy realizable in specifying the arguments. Thus, a series of 

more restrictive predicates may be listed, by specifying only the 

additional conditions in each successive argument. Rearranging such 

a sequence may allow some of the argument to be undefined. 

(OR X Y ••• ) 

OR is a predicate which is a function of an unspecified number 

of arguments, taking the value true if anyone is true, and the value 

false only if none are true. 

Since, like AND, its arguments are examined in order, economy 

may be achieved in the writing of anyone argument by assuming that 

all its predecessors are false, since otherwise it would never be 

examined. Since some of the arguments may be undefined in some cases, 

as well as the possibility of such an assumption, it is not a com

mutative function of its arguments. 

(NOT X) 

NOT is a predicate which is true if its argument is false and 

false if its argument is true. 

(NULL L) 

NULL is a predicate whose argument is a list. It takes the 

value if and only if its argument is the atomic symbol NIL. Since 

NIL is not entered explicitly, but indicated by an address zero, 

one is safest in assuming that NULL is true when L is empty. An 

atom does not form an empty list. 

NIL is an atomic expression used to signal the end of a list. It 
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does not appear in output, but is used in the source language to 

terminate a list. For instance, (CONS X NIL) will produce the list 

(X); NIL itself if printed, (). The predicate NULL takes the value 

T when applied to NIL; that is, a list is null when its only element 

is NIL. 

The use of NIL permits the construction of arbitrary lists in 

the context of a framework which is essentially binary. 

T is an atomic symbol, indicating the value true of a predicate. 

The machine output represents T by a blank. 

F is an atomic symbol, indicating the value false of a predicate. 

The machine output represents F by the symbol (). 
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The constructive functions 
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MAPCON 

I. MAPCON is a function which applies a given function to 

every element of a given list and lists the results. 

MAPCON is predefined in the LISP system and does not need 

to be redefined. 

II. This function has two arguments; the first is a lis~ and 

the second is a function. MAPCON creates the new list by 

using the function APPEND (ratker than CONS, as in MAPLIST). 

FUNCTION 

I. FUNCTION is a function which defines its argument as a 

function to the computer. FUNCTION is predefined in the 

LISP slstem and needs no redefinition. 

II. FUNCTION has one argument, which it defines as a function. 

1 
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APPEND joins two lists to form a new single list by 

placing the second at the end of the first. APPEND 

is part of the LISP system and need not be defined in 

a program. (If atoms are used, the value of APPEND 

is the first atom.) 

Examples. 

( (P AR IT Y • X. ( X • yJ_L_){j.-l-t-LS UB SF I • ( J\ • B • C) • ( A, R. B t O...Llil 

(PARITy,X,{X,Y~Ztx),SUeS[T,(A,B,C),(A,~,B,D,E» 

....,.~END 
( ,(A,e,C)) 

--,rpPENO 
«(A,e,Ct,(O,E.F)1 
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LIST 

I. LIST i~ a function whose resulting value is the list 

which is its argument. It is a part of the LISP 

system and need not be defined in a program. 

Any number of variables may be used. 

II. Examples. 

LIST 
~~J.-E ME N r , X, ( ( X , Y ) ) , , { sue SET , ( ( X , y) , , ( ( X t Y ,Z ) ) ) , ( PAR [ T Y , X, ( ( X , Y ) ) ) ) 

«ELEMENl,X,«X,Y»),(SUbSET,«X,Y",«X,y,Z»,,(PARITY,X,«X,Y»,) 

LIST 
( t , 

--~~.-

( , t ) 

-- cnY---- ---
(A),(B)'(C)) 

'IA1.(B"lCJJ 

LIST 
(A,B,C,D,E) 

1 
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MAPLIST 

I. 

II. 

MAPLIST is a function which applies a given function to 

every element of a given list and lists the results. This 

function is a part of the LISP system and does not need to 

be redefined. 

This function has two arguments; the first is a list and 

the second is a function. (The new list is created by the 

basic function CONS.) 

III. Examples. 

MAPLIST 
LlEUN.CT ION. ( LAMBOA. ( X. . ....Ll .. .l£LEME ~ 1 •. ( X. (V.- X.l ) ) ) ) ) , (flJ~U_Lo.N... 
( lAM B PA. ( p •• , r R IH ti iI A lll[ , P..l.LLL 

(TRUE,TRUE) 

MAPllST 
«(E,S,E),(H,T,E),([,B,C»,(FUNCTION,(LAMDDA,(l),([NGl[SH.l»») 

«(H,r,E),(E,S,E),(I,B,G»,«[,B,G», J 
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(FORALL L p) 

I. 

II. 

FORALL takes a value of true if property P is true for 

every element of L and a value of false otherwise. 

FORALL is a predicate having two arguments; (L p) where 

L is a list of any length. 

P is a property. 

(NOTE) When applying FORALL a special form of writeup 

is required. This is shown below. 

III. Machine definition. 

(FORAlL (LAMBOA (l P) 
(COND «NUll L) T) 
«P (CAR l) (FORAll (COK L) P» 
(T F»)) 

IV. Examples. 

FIJ~.JCI1C:\ Apol yrf,X,p) liAS ";::'--:'1 r'Hr:-.r""'. I\R".\!'·'rJ[' •• 
(LAMED:', (Ll, (FORALl,L, (FU':CT IC~J,CrCPL:::T») 
( ( ( A ,3 • C ) • ( [> • != , E ) , ( G • ~'. I ) ) ) 

E:\IO CE APrL Y. VALUE 1$ ••• 

E lJ N C (J a r:. Apr l Y ( [ , x , p) H.\ <; [j F [tJ f 'I r f Q F D , A R G I i '-1 f : r $. • 
( L Mo~ £: D!\ , (l ) , (F 0 R.!, l L , l , ( F lj 'J( T [ 0 N , G r' n p L ~ r ) ) ) 
( ( ( A • [', • C ) • ( [) • ,-: ) • ( F • r; • 11 ) ) ) 

~,-------------

_ J 

_J 

1 
- ~ 

I 
J 

J 

1 
J 

J 



(FORSOME L p) 

I. 

II. 

FORSOME takes the value true if a specified property holds 

true for any element of a given list. 

FORSOME is a predicate having two arguments; (L p) where 

L is a list of any length. 

P is a property to be checked for. 

III. Machine definition. 

(FORSOME (lAMBOA(L P) 
r· (COND «(NULL L) f) 

( (P (C AR L» J) 

(T (FORSOME (CDR l) P»») 

I 
~- - IV. Examples. 
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(FORODD L p) 

I. FORODD is a predicator which takes the value true if and only if 

a given predicate is true for an odd number of elements of a given 

listo 

II. FORODD is a function of two arguments: (L p) 

L is a list of lists. 

P is a predicate. 

III. Machine definition. 

(E oRopO (! AMBDA fI P) 
(COND «NUll l) F) 

«P (CAR L) PWT (fORQOD (CDR P») 
(T (FORODD (cr'1. lJ P)) J» 

IV. Examples. 

FUNCTION APPlYfF,X,p) HAS BEEN ENTERED, ARGUMENTS •• 
TORODD 
((A,B),(A),(A,&,C),,(FUNCTION,(lAMBOA,(l),(ULTRATRIPlET,L)))) 

ENO OF APPLY, VALUE IS •• ' 

FUNCTION APPly(F,X,P' HAS BEEN ENTERED, ARGUMENTS •• 

J 

J 

1 
J 

FORODD I 
(((A,A,C),(B,C',(B,B»,(FUNCTJON,(lAMBDA,(L),(EQUAL,(CAR,L),(CADR,l))))) J 

END OF APPLY' VALUE IS ••• 
'i=i~l.~€ • S I~t.';; \~"'t~ "'Y"C"iI!.\3~ (\0 () 

FUNCTION APPly(F,X,P) HAS BEEN ENTERED, ARGUMENTS •• 
FORDDD 
«(A,B),(A,A),(C,O),(E,F),(FUNCTION,(lAMBOA,(l),(EQUAl,(CAR,l),(CAOR,l)))) 

END OF ApplY, VALUE IS ••• 

J 

I 

J 

J 

J 
------------_._ ... _ .. __ .... 
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(ELEMENT x L) 

I. ELEMENT checks to see if a specified element is on a 

list. If it is ELEMENT takes the value true, other

wise false. 

II. ELEMENT is a predicate having two arguments; (X L) where 

X is a specified element. 

L is a list of any length which mayor may not contain X. 

III. Machine definition. 

(ELtME~T (LAMPOA (X L) 
(COND (NULL L) r) 
«(EQUAL X (CAR L}) f) 

(T 'E L E M E ~n X ( CD!1 L'}) I ) ) 

IV. Examples 

FUNCILON APPLYlF,X,P) HAS GEEN ENTERED, ARGUME~TS •• 
ELEMENt" 

END OF APPLY, VALUE IS ••• 
( 1 "l"\~\J': L 0\) .,. v .... \ ... ,,~ iIi 1"" ", .. .::,.z-"'~ "' ~ (,,] 

FUNCTION APPLY(F,X,P) HAS BEEN ENTERED, ARGUME~TS •• 
BLEMENT 
(A,t (A,B),C,O)) 

END OF APPLY, VALUE IS ••• 
,"" ;.~ .. c . 'S. ,,~.'; i~':''':': ,\ ... '.:.\.l.:. "c. "J 

fUNCTION APrLY(f,x,P) HAS BEEN ENTERED, .ARGUMENTS •• 
ELEMENT 

END OF APPLY, VALUE IS 
( ) \\l< ...... ~ l-'''' \ ... ~.,.\'\~u .. ":,, .. , ,1":". ~';''::l,.;.4"..! ~ t (.:~ 
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(SUBSET S L) 

I. SUBSET takes the value true if all the elements of the 

first argument are contained in the second element, 

false otherwise. 

II. SUBSET is a predicate having two arguments; (5 L) where 

5 is a list. 

L is a list. 

(NOTE) If S is empty SUBSET will treat 

tained in L and take the value true. 

SUBSET uses the function ELEMENT. 

III. Machine definitions. 

(SUBSET (LAMHn~ (S L) 
(COND ((NUll '~) T} 
(ELEMENT (CA~ J) L) (~U[)S[r (CDR S) Lll 
~~.j)~)~)~)~------------------------------

IV. "Examples 

"'SUBSET-
( ,lA,N,Y,T,H,I,N,G)' 

l ) 

-"SUBSET 
((A',(A,B,C) ) 

« , 

SU1iS..EJ __ _ 
(A,B),(A,X,Y,Z, ,.») 

-_._--------_._-----

it as being. con-

J 

J 

1 
_ J 

J 

J 

1 
J 

1 
J 

1 
I 

.J 



I 

L 
[ 

r -

~ ... ---

L. 

[. 

i 

L. 

-25-

(SUCHTIIAT L p) 

I. SUCHTIIAT i. a function which lists the first element in a giYen 
list for which a giTen condition i8 true. 

II. SUCHTHAT i. a function of two arguments: (L p) 

L i. a list of li.t. 

P is a predicate. In exaaple. for proper fora to use in 
designating P. 

If no e1e.ent of L has property P, then there is no result. 

III. Machine definition 

(SUCHTHAT (LAMBDA (L P) 
(COND ((NULL L) NIL) 
(P (CAR L)) (CAR L» 
(T (SUCHTHAT (CDR L) PI»~)' 

IV. Exalllples. 

FUNCTION APPLY{F.X.P) HAS BEEN ENTERED. ARGUMENTS •• 
SUCHTHAT 
CC{A.B,CI.CA.8.C",CFUNCTION.CLAMBDA,(S),(ULTRATRIPLET.S"" 

END QF APPLY. VALUE IS ••• 
(A.8.C' . 

FUNCTION APpLYIF.X.P, HAS BEEN ENTERED, ARGUMENTS •• 
SUCHTHAT 
C (CA.A). CA,B'" IFUNCTION.ILAM8DA.IS'. CEQUAL, «(AR.S'. I(ADR.S))") 

END 9E APPLY. VALUE IS ••• 
CA,A' 

FUNCTION APPLYIF.X,P), HAS BEEN ENTERED. ARGUMENTS •• 
- SUCHfHIT . 

(CIA.8',CA.8,),(FUNCTION,ILAMBDA.CS'.CULTRATRIPLET.S')" 

END OF APPLY' VALUE IS ••• 
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(POSSESSING P S) 

I. POSSESSING picks out all the elements of a given list 

with a specified property and puts them in a new list. 

II. POSSESSING is a function of two arguments; (p S) where 

P is a specified property to be checked for. 

S is a list of any length. 

(NOTE) The value of POSSESSING is an empty list if ap

plied to an empty list. 

III. Machine definition. 

(POSSESSING {LA~BDA (P S) 
(COND « NULL S) ~HL) 

---- -----.- -~-

«P (CAR S» (CONS (CA~ S) (POSSESSING P (CUR 5»» 
(T (POSSESSI~JG P (CC'R SIll»~) 

IV. Examples. 

fUNCTION APPly(F,X,P) HAS BEEN ENTERED, ARGUMENTS •• 
POSSESSING 
«FUNCTION,(LAMBDA,(S',lEQUAL,lCAR,S),(CADR,S»),,«(A,A),(A,B») 

fUNCTION ApPlY(F,X,P) HAS BEEN ENTERED, ARGUMENTS •• 
PoSSESSING 
(fUNCTICN,ILAMBDA,(S',(UlTRATRIPlET,S»),(A, ,B),IA, ,B),lA, ,B»' 

END Of APPLY, VALUE IS ••• 
-TrA, ,B),(A, ,8),(A, ,e,) 

fUNCTION APPlY(f,X,P) HAS BEEN ENTERED, ARGUMENTS •• 
POSSESSING 
«fUNCTION,CLAMBDA,CS),(ULTRATRIPlET,S»),((A,B,C,D),(A,B»)) 

END Of APPLY, VAlUE IS ••• 
-,(A,B,C,O) J 

J 

J 

1 

J 

J 

1 

J 
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('l'RU'l'HVALUE P) 

I. 

II. 

TRUTHVALU~ is a function which testa whether another 

function is true or false, and according to the out

come prints TRUE or FALSE. 

TRUTHVALUE is a function of one argument; (p) where 

P is the property to be tested. 

III. Machine definition. 

(TRUTHVALUE (LAMBDA (P) (CD~D ~p (CUOr~ T~UE» (r (QUOTE FALSE»)") 

IV. Examples 

(lAMADA,(X,L).(TRUTHVALUc,(PARITy,X,L}») 
(\1,.( (A,(J), (\1.\1). » 

FALSE 

(lAMBOA,(S,l),(TRlJTHVALUf,(SUBSET.S,l») 
__ (V,R,T),(A,( ,X',V,R,[,Z» 

TRUE 

• • i, C 

(LAMBDA,(X,l),(TRUTHVAlUE,(ELEME~T,X,l»~ 
uUhJ.~~1. (l.1. I. ( R. , B I. .. ) • Q) , ) 

fALSE 

.----------.-------------- .. ~ .. -
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(SINGLET L) 

I. SINGLET is a predicate which takes the value true if its argument 

is a list containing one element. Otherwise it takes the value 

false. 

II. SINGLET is a function of one argument: (L) 

If L is a list containing one element, SINGLET is true. 

If L is nil, or atomic, or contains more than one element, 

SINGLET is false. 

III. Machine definition. 

IV. Examples. 

FUNCTION APPlYCF.X,p) HAS BEEN ENTeRED. ARGUMENTS •• 
-sTN"GLET 

( «A) , 

eND OF APPLY, VALUE IS ••• 

. ~~~~ION APPly(F.X,p) HAS BEEN ENTERED, ARGUMENTS •• 
SINGLET 
((A,B» 

FUNCTION ApplY(F,X,P) HAS BeeN eNTERED, ARGUMENTS.~ 
SINGLET 
(AI -----------------------------------------------------

JtND~f APPLY, VALUE IS ••• 

J 

1 

J 

1 

J 

1 
_ J 
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(DOUBLET L) 

I. DOUBLET takes a value true if the list has exactly two 

elements on it. A list on L will be regarded as a single 

element. 

II. DOUBLET is a predicate having one argument; (L) where 

1- L is a list of any length. 
L_ 

1--

[ 

[ 

[ 

[ . 

r· 
[ 

r-

[ ... 

III. Machine definition. 

(DgUBLET tLAMGOA (L I «Af'jO. (UL IRM~.oII.LL [I L I I ~ULL (CDOa l' I' I) 

IV. Examples. 

FONCltoN APPlYIF.X,P) HAS BEEN ENTERED, A~GUMENrS •• 
DOUBLET 
((AiB)' 

END OF APplY, VALUE IS ••• 
I ) "\LV"; \.~ .. ,.\)\'-.\ ,~~ \1'1 yk.:o U":fl':' .. ~ .. " c;;> ()] 

FUNCTION APPLY(F,X,P) HAS BEEN ENTERED, ARGUMENTS •• 
DOUBLET 
( (A,B), (C,D) n 

END OF APPLY, VALUE IS ••• 
I ) ··t"~~C t,t\!) ''''>,C;" .. ,:e.> 13" "tttG ~l~~c',~~ '" 'J. ,. l 

FUNCTION APPlY(f.X,P) HAS BEEN ENTERED, ARGUMENTS •• 
DOUBLET 
t (A. B, C J J 

ENO OF APPLY, VALUE IS ••• 
\" .,,~':O e. ~,""\! 'H'~'~:: .".-iCAJ..! i> U. Co \ 
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(TRIPLET L) 

I. TRIPLET takes a value true if there are exactly three 

elements on a list, otherwise its value is false. 

II. TRIPLET is a predicate having one argument; (L) where 

L is a list of any length. 

(NOTE) A list on L will be regarded as a single element. 

III. Machine definition. 

IV. Examples. 

FUNCIION APPLY(f,X,P) HAS BEEN ENTER[D, ARGUMENTS •• 
TRIPLET 
,,( (A. B , C ) ) 

END OF APPLY, VALUE Is ••• 
( , r~';e lAS ,"",~~'".:" ilor "\I,, t'l..:c';;",H"; C ~ <'l 1 

FUNCTION APPlY(F.X,P) HAS BEEN ENTERED, ARGUMENTS •• 
TRIPLET 
( (A,Bl1 

END OF APPLY, VALUE IS ••• 
Ft;l~e , 5 ,~,,;; "'''eL''' "".>':0\(.': .. t\ ~ (» 

FUNCTION APPLV(F,X,P) HAS BEEN ENTERED, ARGUMENTS •• 
TRIPLET 
((A,(B"CJ,OJ' 

END OF APPLY, VALUE IS ••• 
( ) '1"2. ... \! 1: 0\.\ 'l"'h<'~'l'i'" e ...... ,,'-; ".tertie-,..,;: .0,. " ) 

1 

1 

J 

1 

) 



[ 

[ 

I 
1-

I 
L_ 
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(ODDPLET L) 

I. ODDPLET takes a value of true if there are an odd 

number of elements on a list and false otherwise. 

II. ODDPLET is a predicate having one argument; (L) where 

L is a list of any length. 

III. Machine definition. 

(ODDPLET (LAMDDA IL) (NOr (Oq (NULL L) (ODOPLEr (CDg L)))))) 

IV. Examples. 

FUNCTION ApPI Y(F,X,P) liAS pEEN fNIFBf C , ABCI!ME\'TS .. 

ODOPLEr . 
«(A.(B.C),D» 

ENe OF APPlY. VAlliE IS ere 

FUNCTICN APPlY(E.X.P} HAS SEEN E'JIERfo. A8CiIIME\lIS •• 
CDDPLET 

-J ( A • B ,e, c, E I.F I G I H. I , J. 1< •• L • M. \I. O. p. Q. R, S. T. U. v. W « X. Y .l, ) .2. J) ) 

END OF APPLY. VALUE IS eee 

FUNCTIQ~l APPLY(FIX,P) HAS BEEN E:\ITfRED, J\RliliMr'Jf~ .. 
ODOPLEr 
((A.R)) 

END or APPLY, VAllI[ IS e •• 
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(ULTRASINGLET L) 

I. ULTRASINGLET is a predicate which takes the value true if a given 

list contains at least one element. 

II. ULTRASINGLET is a predicate of one argument, L. 

L is a list. If L is null or an atomic symbol, ULTRASINGLET 

takes the value false. 

III. Machine definition of ULTRASINGLET. 

(ULTRASINGLET (LAMBf)/\ (U (NOr (a", (ATQi"1 L) L'iUll L)))) 

IV. Examples. 

FuNCTION APPLy(r""X,P) HAS BEn~ ENTER~D, ARC;U~[·HS •• 
UlTRASINCLET 
( (A J ) 

END OF ApplY, VALliE IS ••• 
( J T£.Je [A~.\\ ,he. ... ,~O) ;)" 't"" "~;:;'1i ~.~I.': '-',~ (\ J 

FUNCTION ,\PPLY(F,.X,p) HAS [JEEN ENTeRED. ARCUMENfS •• 
UlTRASPJGlET 
(A) 

-~---- -------~------- ---------
END OF "VPlY, VAlU[ IS ••• 

--- FU-NC TI ONAPPLY( F';X~P)-- HAS-' BEEN tNT E;"{Er);'-ARGUlv E:~-T S •• -
ULTRASINGLET 
( (At B n 

END Of APPLY' VALUE IS ••• 
( ) 'Q.J~ l(.\~ \",o.<'~~"'''::,) \'\~ -n.l(.: "';,:,\?~~,,,,\..~ ~." c.,1 

fUNCTION APPLY(F,X,P) HAS ElEEN ENTER[O, J\RGU~E'JfS •• 
UlTRASINCLET 
((A,(8(,['») 

END Of APPLY, VALUE IS ••• 
(1 IlZo.)~ L;!.o \t'\)I<,\'~i) ,1,( ~ " .... c;s~ .. '-.: ':'." < 1 J 

J 

1 
- "' 

I 
_ J 
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(ULTRADOUBLET L) 

I. ULTRADOUBLET takes a value of true if a list has two 

or more items. A list contained in L is counted as a 

single element. 

II. 

III. 

ULTRADOUBLET is a predicate of one argument; (L) where 

L is a length of any length. 

Machine definition. 

(l.)ln~~OOUBJ __ Er LLM"aOAj.LL3~OLJOR(~TO~1 II (NULL U tNULI tCDrLl») 1» 

IV. Examples. 

FUNCTION APPlY(F,X,P) HAS BEEN ENTERED, ARGUMENTS •• 
UlTRADOUBlET 
HA,B,C,OJ) 

END OF APPLY, VALUE IS ••• 
{ ) ""t.tooJ'; ~~" .~., ••.• "Iot:~ 'Ih"""" "L;t~t! .... .: ,;: \)] 

FUNCTlON APPLY(F,X,P) HAS BEEN ENTERED, ARGUMENTS •• 
ULTRAOOUBlET 
«((A,B). (e.D) r) 

ENe OF APPLY, VALUE IS ••• 
( ) 'T2.;~ \.4h '''\)'<.~'Te~ \I't T .... .(;,~. ~.",* c.;. () 1 

FUNCTION APPLy(F,X,P) HAS BEEN ENTERED, ARGUMENTS •• 
UlTRAOOUBLET 
«(A,B») 

END OF APPLY' VALUE IS ••• 
;-~ .. ~~ 'S ... ,'" -r"'::L~ o\.'i>c.,.\e,) ". t, 

--- -------------------
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(ULTRATRIPLET L) 

I. ULTRATRIPLET takes a value of ~ if a list contains 

more than two elements, and a value of false otherwise. 

A list contained in L will be treated as a single 

element. 

II. ULTRATRIPLET is a predicate having one argument; (L) where 

L is a list of any length. 

III. Machine definition 

IV. Examples. 

FUNCTION APPlViF,X,P) HAS BEEN ENTERED, ARGUMENTS •• 
ULTRA TRIPLET 
( ~A, B , C , D ) ) 

END CF APPLY, VALUE IS ••• 
( ) T;l".; t .. .:. 1\ '"\)''.\"Io~''' .11 "f04,: \)/0"" ~,".o;t ~ ... \, l 

FUNC1°ION APPlYIF,X,P) HAS BEEN ENT[RED, ARGUMENTS •• 
UlTRATRIPLET 
(A,SH 

END OF APPLY, VALUE IS ••• 
;:0\1.:;;0 ~ • -:'.>,"<.~ "tnC'l.c "~i'e",....... "" (l 

FUNCtION APPlY(FiX,P) HAS BEEN ENTEREO, ARGUMENTS •• 
UlTRAT~IPL[T 

END OF APPLY, VALUE IS ••• 
( ) \" :<:U\$ \.~'!o .. ,o .. ,"""..!" 31 ",">1.;0 ".Li;:... .. ~, .. c~ ,::,~ ()) 
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(INTERSECTION L) 

I. INTERSECTION aakes a list of all elements common to 

all the given lis~ 

II. INTERSECTION is a predicate of one argument; (L) where 

L is a li st of any number of lists. 

III. Machine deffnition. 

-----------------------,-,--,-----~-----------
(INTERSECTION (LAMBDA (L) 
(COND ( NULL L) «QUO IE liN I Vf R SAl ) ) 
(T (POSSESSING (FUNCTION (LAMBDA (U) (FORALL L (fUNCTIO~ (LAM~U~ (V) 
(ELEMENT U V)))))) ([43 1 »))))) 

IV. Examples 0 

FllNCTI.ON . APP! Y(F,)(,P) HAS BEEN PHERED, ,\RGI'ME"lfS •• 
INTERSECTION 

• «(A.B,C,A.D),(A,D,A,[l)l 

END OF ApPLY, VALliE 1$ ••• 

(A,B,A) 

FUNCTION APPLY(F,X,P) HAS BEEN ENTERED, ARGUMENTS •• 
INTERSECTION 
( ) 

END OF' APPLY, vALUE IS ••• 
UNIVERSAL 

FUNCII.ON appLYIF'X,P) HAS BEEN fNIER[O, ARGljME"JTS" 
INTERS'EC T ION 
« !CA,B.C») 

END OF APPLY, VALIJE IS . . . 

I 
J 

j 

1 

- I 

! 

- I 

I 
- I 
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~UNION L) 

I. UNION makes a list of any items which are on all the 

given lists. 

II. UNION is a predicate of one argument; (L) where 

L is a list made up of any number of lists. 

III. Machine definition 

(UNION (LA!~i3D" (I) 

(COND IINULL L) ~IL) 
( OJULL leeR L» (CA~ Ll) 

(r I U ~JI 0 N leo N S (A C OW U l A r r: (C/\ 0 ~ L) I CAR L)) ( C D ~L~ L»»)') 

IV. Examples. 

FUNCTION APPLY[F,X,P) HAS BEEN ENTERED, ARGUMENTS •• 
UNION 
[«A,C,T,X,U,B,H),(T,E,C,B,X,Z,H,R)) 

END Of APPLY, VALUE IS ••• 
(R,l,E,A,C,T,X,U,B,H) 

FUNCTION APPLY(F.x,P) HAS BEEN ENTERED, ARGUMENTS •• 
UNION 
«(A,B,C,D,E,f,(R,S),(Y,A,C,G,B.R. S»' 

ENO OF APPLY, VAlUE IS ••• 
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(DELTA L) 

I. DELTA makes a list of all items which are on an odd 

number of lists. 

II. DELTA is a predicate of one argument; (L) where L 

is a list made up of any number of lists. 

III. Machine definition. 

(DELTA (LAMBDA (L) (POSSESSI~G (FUNCTION (LAMeOA (U) 
(FOROUt) L (ElH-JCIION ([ M1BOA (VI fEI fI1:j['>II Ii V)))))' 
(UNION L»» 

IV. Examples. 

FuNCrION I\PPLyrf,X,p) HAS CEEN ENTERED. ARGIJME~TS .. 
DELTA 
((A,D,A,C,O),(B,C,Q,E,r,G» ) 

~ND of AppLY, VAlliE IS . . . 

FUNCT!.ON AppLY([,X.P) IIOS BEEN ENIFRED. ARG!!ME'HS •• 
CELIA 
«(A,B,A,C,D),(A,B,C.O,E,O» ) 

END OF APPLY, VALUE IS ••• 
( E) 

FUNCTION APP' y(E,X,Pl HAS BEEN EI'>,jI'=;~En, ARGIIMC'HS •• 
DELTI\ 
( ) 

END OF A~PlY' VAlliE IS aaa 

I 
_ J 

J 

-- ) 

1 
. J 

j 

1 

J 
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(COMPOSITE A B S) 

I. 

II. 

COMPOSITE checks to see if there exist doublets (X y) 

contai~ed in list A and (y Z) contained in list B, Y 

being an element of list S. If there exist such doublets 

COMPOSITE forms a new list of doublets (X Z) made up of 

the first element of the doublet contained in B. 

COMPOSITE is a function of three arguments; (A B S) 

where 

A is a list of doublets 

B is a list of doublets 

S is a list of atomic symbols 

III. Machine definition. 

(COMPOSITE (LAMBDA (A 8 S) 
{POSSESSING (FUNCTIO~ {LA~CDA (U) (FC~SaM~ ~ (FUNCrIO~ (LA~COA (~) 
(AIIJD(ELEME'U (LIST (Ci\q u) VI A) (CLl::"CH 
(LIST V (CAOq U» B»»») (KAR.TCS!f\"J 3 S»» 

lV. Examples 

CC~POSITE 

( ( ( 1 ,2 ) , ( 3 J 4 ) , ( 5 t 6) , ( 7, R ) ) LU~} ( 8" 8 ) , ( 7 , 7 ) , { 6 d?lJ 
• ( 1,2, 3 L 41..l,6 LlL!i,~U 

( ( ~L6) ,I] , 8 ) ) 

COMPOSITE 
( { ( A • [) , • (C. D ) • ( E LF J J (G, f t ) I • ( (H. t-lL_Huli..LLiE.Lf : 
1 ( E ,t) • (n. D lJL ... C » ~ (f). R ) • ( A • A) ) • « A. B • C • 0 IE. E ~, }1 ) j 

((A,B), [(,D), (E,r" (G,H» 
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(COMPOSE L S) 

I. 

II. 

COMPOSE f-orms the composite of all the elements of a 

list with a second list. 

COMPOSE is a function of two arguments; (L S) where 

L is a list of sUblists of doublet sub-sub lists. 

S is a list of atoms. 

(NOTE) If L is an empty list the value of compose will 

be an empty list; if a singlet list, the value will be 

that singlet list. 

This function uses the function COMPOSITE. 

III. Machine definition. 

[COMPOSE [I M-1CCA «I ) 
(COND ((NUll l) ~Il) 

((NUll [COR l») L) 
IT (COMPOSE (CC'''lS (CO~'PCSll[ (CAR U (CAD~ U S, (COD~ L») S»))) 

_ J 

_I 

_ J 

I 
; 

_ J 
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(KARTESIAN X y) 

I. 

II. 

KARTESIAN forms all the possible pairs of the 

elements contained in two lists. 

KARTESIAN is a function of two arguments; (X y) where 

X is a list of an7 length. 

Y is a list of an7 length. 

III. Machine definition. 

(KARTESIAN (LAMBDA (X Y) 
(MAPCON X (FUNCTIQN (LAMBlJA (U) (MAPLISI Y (FlJNCTIOn (! M1BDA (V, 
(LIST (CAR U) (CAR V»»»»» 

IV. EXaJIlples. 

FUNCTION APPLY(F.X.P) HAS BEEN ENTERED. ARGUMENTS •• 
kARteslAN 
((1.1.1).( ••••• ,.,.) 

END OF APPLY. VALUE IS ••• 
-- (1,.J.(1 •• J.Cl,.),(I,.),(1 •• ).(I •• ),(1,.),(1,.),(1,.),(1 •• ).(1,.), 
11,.';(1;.).(1,.).(1,.» 

FUNCTION APPLYCF,X,P) HAS BEEN ENTeRED. ARGUMeNTS •• 
RARIEstAN 
(CA •• B),(l •• 2. ,3) 

FUNCTION APPLYCF,X,P) HAS BEEN eNTEReD, ARGUMENTS •• 
KARTESIAN 
(1,2.3),CA,B,C.D.E» 

END OF APPLY. VALUe IS .ee 

(I.A).ll.B),(1.C),Cl.D).Cl,E).C2.A),(2.B).C2.CJ.(2,DJ,C2,E).e3,A'. 
(3,8);(3~C).C3,D),(3~E,r 



-42-

(KARTESIAN* X y) 

I. KARTESIAN*, when applied to a list, will create a new 

list, in which each of the elements of a second list 

be appended, in turn, to each of the elements of the 

first list. This function would be used to add another 

element (or set of elements) to each of the pairs 

created by KARTESIAN. 

II. KARTESIAN* is a function of two arguments; (X y) where 

X is a list of any length. 

Y is a list of any length. 

III. Machine definition. 

(KARTESIAN* (LAMBDA (X Y' 
(MAPCON X {FU~CTIQN (LAMPP!' (lJ) (MAPLISI Y (FUNCTION "AMrp' Iv' 
(~PPENO (CAR. lJ) (LIST (CAR V,),,),)))) 

----~~--~--------~--.-- ------ .~. --------...... 

IV. Examples. 

FUNCTION APp. vIE.X,P' HAS BEEN Et4 TE PEP, ARGIIMOIIS 
KARTESIAN" 
(((1.2'.(3.4).(5,6)),((7,8),(9,10),(11,12))) 

END OF APPLY, VAlliE 1$ ft. 

( ( 1 , 2, ('7,8' ) , ( 1 ,2, ( ,/, .10' , , ( 1 .2. ( 11 , 1 2) , • ( 3, 4, ( 7,8) ) , ( 3,4, ( 9. 10) , , 
• • - - ._ •• _. • ,___ •• _.... - •• _ ~ "'0 _ ___ _ ___ _ 

(3,~,( 11,12»,(5,6,(7,8»),(5,6,(9,10)',(5,6,(11,12»)) 

FUNCTIC~ APPLY(F,X,P} h~S CE[N ENTCReD, ArCUME~fS •• 
KAR rES I l\';~ 

iNO OF APPLy, JhLU[ LS ••• 
([1~2,*r,(3,4,*,,(5,1,*),(3,3,*) ) 

j 

I 

, 

~ J 

1 
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(CARTESIAN· L) 

I. 

II. 

CARTESIAN· takes a list of any number of sublists, which 

in turn may contain sublists, and creates a new list of all 

possible ordered combinations of sublists where the first 

element of a resulting sublist is from the first sublist 

given, the second element of the resulting sublist is from 

the second sublist given, and so on. The resulting sub

lists contain partially nested sub-sub lists. 

CARTESIAN· is a function of only one argument; (L) where 

L is a list divided into sUblists which may be divided 

still further. 

(NOTE) If there are no sub-sub lists, the new list is 

L_ created only of the elements of the first sublist. 

I. 

j 

I. 

I 
I .. 

I L __ 

r: 

III. Machine definition. 

(CARTESIAN* rL~MBOA (L) 
(COND «(NULL L) ~IL) 
((NULL (COR l» L) 
(f (CARTESIAN* (CO~S (KAQn--=SIA"J* (CAR U(C\OR l» (CODR L)}»)) 

IV. Examples. 

FUNCTION APPLY(F,X,P) HAS 8EEN ENTERED, ARGUMENTS •• 
CARTESIAN* 

_~!!(A,8),(C,D),(E,F»,(G,H),(I,K),(K,l»,(Q,M,P,V,Z») 

_~ND OF APPLy, VAlUE IS •• , 
(((A,8,(G,H),Q),(A,B,(G,H),M),(A,B,(G,H),P),(A,B,(G,H),V),(A,B,(G,H),Z), 
J!.!_K) , V) , (A, B, ( I , K ) , Z ) , ( A, B, (K, L ) , Q ) , ( A , B, , K, l) ,M ) , ( A, B, ( K, L ) ,P ) , (A, 8, ( K, L . 
),(C.O.(G,H),P),(C,D,(G.H),V),(C,D,(G,H),Z),(C,D,(I,K) ,Q),(C,D,(I,K),M),lr 
(K,L),Q),(C,Q,(K,l),M),(C,O,(K,L),P),(C,O,(K,L),V),(C,D,{K,L),Z),(E,F. 

-~,(E,F,(G,H),Z).(E,F,(I,K)tQ),(E,F,(ltK"M),(E.F,(I,K),P),(E,F,(I,K),V) •. 
_~K,l),P),(E.F,(~,l),V).(E.F.'K.L),Z») 



-----

(CARTESIAN L) 

1. CARTESIAN takes a list of any number of sublists, which in 

turn may contain sublists and creates a new list of all 

possible ordered combinations of sublists where the first 

element of a resulting sublist is from the first argument 

sublist, the second from the second argument sublist, and 

so on. The resulting sublists contain appended sub-sub 

lists, which differentiates this function from CARTESIAN-. 

II. CARTESIAN is a function of only one argument; (L) where 

L is a list which may be divided into sub-lists which may 

be divided still further. 

CARTESIAN uses the function KARTESIAN and CARTESIAN-, 

III. Machine definition. 

(CARTESIAN (LArBO~ (L) 
(COND «(NULL L) NIL) 
((\IULl (CDR l» l) 
( T _ ( C II R T E S I !\ ~..J * (C 0 N S (K A ~ T F S T A -.J -1 C .lc1_LLLC..A 0 R Ll) (C 0 tiFt ) ) ) LLLL 

IV. Exampleso 

I:AR TE S [AN 
( ( ( 1-,-2--' _,-l~.Ji-5 rQh ( 7. 8 ) , » 

( ( ( 1 , 3, 5 , 7) , ( 1 , 3 , '5, 8'-, (r; 3, 6;7i-~-{ 1 , 3 , 6 ,8-)~(-~-lJ, 5, 7) , -( 1 , ~ , ':) , 8 j 
_~ __ ~---"!_. _ _ _L __ ~_ - _ 

,( 1,4,6,7),(1,4,6,8),(2,3,5,7),(2,3,5,8),(2,3,6,7),(2,3,6~8) 
, ( 2 , 4 , 5. 7 ) , ( 2 • 4 • 5 t 3 ) , ( 2. • 4 , 6. 7) t ( 2 , 4 , 6, 8 ) iJ 

CARTESIAN 
( ( A , (3 ) • ( C , IJ ) ) ) 

J 

, 
- j 

j 

_1 



J 
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(AMONG X L) 

I. AMONG is a function that checks a list for a specified 

element. If it does not find the element on the list 

it adds it on at the end, creating a new list consist

ing of the old list plus the new element. 

II. AMONG is a function of two arguments; (X L) where 

X may be an element or a list. 

L is a list of any length. 

(NOTE) If the element X is present on L the function 

takes the value of X. 

AMONG uses the function ELEMENT. 

III. Machine definition. 

(AMONG (LAMBDA (X L) 
(CONO ((ELEMENt X L) l) 
(T (CONS X L)i))) 

IV. Examples 

A~ONG 

11\ T 0 ~ , rr-~ , 0, L • ;-: • C • L ,.l ,:-: , .' 

.--~.----

[ ATe M .• W, r. ,I,. , r: ,C , U, L , t ) 

AMONG-'·--
(X,(X,V,Z" _._---_. 

AMONG 
«AjB,C) I (O.Gf) 1 

----------------_f ( A • B ,C I • C , [, r ] 

AMONG 
(X, , 

I X J 
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(REMOVE I L) 

1. REMOVE takes the first occurrence of a specific item 

off a given list. If I is an element of a list con

tained in L it will not be removed. If I is not an 

element on L, L remains unchanged. 

II. REMOVE is a function of two arguments; (I L) where 

I is an item, the first occurrence of which will be 

removed from L. 

L is a list of any length. 

III. Machine definition. 

(REMOVE (LA~BOA (I L) 
(COND «NULL I ) ~J(l) 

«EQUAL I (CAl{ L)) (CDR Ll) 
(T (CONS (CAR II (REtJ.CVr I ([!)Q I)))))) 

IV. Examples. 

FUNCTIDN APPLY'F~X,p) HAS 8EEN ENTERED, ARGUMENTS •• 
REMOVE 
(X.tA.B.S,(C,D'~E,F.D.G.H') 

END OF APPLY, VALUE IS ••• 

FUNCTION APPLY{F,X,P) HAS BEEN ENTERED, ARGUMENTS •• 
REMOVE 
( 0, C A, B t. ( C , 0 ) , E "F ,0, G, H) ) 

END OF APPLY, VALUE IS ••• 
(A,B,(C,D),E,F,G,H) 

FUNCTION APPlYIF,X,P) HAS BEEN ENTERED, ARGUMENTS •• 
REMOVE 
( ,(A,B, ,C.O)) 

END OF APPLY, VALUE IS ••• 
-TA, 8,C', D) 

- j 

1 

.J 
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(EXPUNGE I L) 

I. 

II. 

EXPUNGE will remove every occurrence of a given element 

from a.given list. 

EXPUNGE is a function of two arguments; (I L) where 

I is'an element which mayor may not be included on the 

list L. 

L is a list of any length. 

(NOTE) EXPUNGE will not remove an occurrence of I 

from a list contained in L. 

III. Machine definition. 

(EXPUNGE (LM1[OA (I LJ (PCS:;ESSI~G (FUNCTION (LAr~()[)t, l.UJ 
(;\JOT (EQUAL I til)) I»)) 

IV. Examples. 

FUNt II 0" APPl Y (F, X, p) HAS BEEN ENTERED, ARGUMENTS •• 
EXPUNGE 

.ENO OF APPLY, VALUE IS 
(B,e.O) 

••• 

FUNCTION APPLY(F,X,P) HAS BEEN ENTERED, ARGUMENTS •• 
EXPUNGE 

END OF APpLY, VALUE IS ••• 
«A,B),C,C) 

FUNCTION APPLY(F,x,P) HAS BEEN ENTERED, ARGUMENrS •• 
EXPUNGE 

END OF APPLY, VALUE IS ••• 
(A.C' 



(COLLECT L) 

I. COLLECT regroups a list so that any reoccurrence of an 

element is made immediately after its first occurrence. 

II. COLLECT is a function of one argument; (L) where 

L is a list of any length which mayor aay not haye 

repeated elements. 

III. Machine definition. 

(COLLECT (LAMDDA (Ll 
(COND «NUll l) NIL) 
(ELEMENT (CAR L) (CDR l» (CONS (CAR l) (COLLECT 
(CONS (CAR II (REMOVE (CAR II (CDR L»»» 
(T (CONS (CAR U (COLLECT (CDR L»»»' 

IV. Examples. 

FUNCTION APPLY(F~X,P) HAS BEEN ENTERED, ARGUMENTS •• 
COLLECT 
«A,B,D,A,A,C,B,E,C,B') 

END OF APPLY, VALUE JS 
(A,A~A,B,B!B,O!C,CtE) 

••• 

FUNCTION APPLY(F~X,P) HAS BEEN ENTERED, ARGUMENTS •• 
COLLECT 

END OF APPly, VALUE IS ••• 
(A,A.B,B,(A,O),O,Cl 

J 

) 

J 

J 



r 
l . 

I 
l . 

l 

I 
L . 

-49-

(ACCUMULATE L M) 

I. ACCUMULATE will make a list of distinct items from 

two lists, providing one of tho original lists is 

itself a list of distinct items. 

II. ACCill1ULATE is a function of t~o arguments; (L M) where 

L is a list which may contain any number of distinct 

or non-distinct elements. 

III. 

M is a list of any number of distinct elements. 

(NOTE) Any element on L which is not on M is placed 

on M. 

Machine definition. 

(ACCUMULATE (LAMBOA (L M) 
(COND «NULL Ll M) 
( ( E L E r1 E N T (C A R L) •. 1) ( ACe u 1-'i U LA T [ (C fi!{ L' t~» 

(T (ACCUMUUHE (EXPUN:.:.[ (CAR Ll (erR L) (cor~~ (C'\:'.. l) ~.l))) 

IV. Examples 

- fUNCrION APPlytf,X,P) H}\S BEEN ENTERED, ARGUMENTS •• 
ACCUMULATE 

-/-----------------------------------------------------------

END OF APPLY, VALUE 15 ••• 
(C,B,Ll,E,F,A,D) 

FUNCTION APPlY{F,X,P} HAS BEEN ENTER[D, ARGUMENfS •• 
ACCUMULATE 
«(A~B,C,D,B,.C),(O,E,F,A» 

END OF APPLY, VALUE IS ••• 
(C,B,D,E,F,A) 
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(ORDER X Y L) 

I. ORDER takes a value of true if X is on the list 

and Y is not or if X and Yare both on the list and 

X comes before Y. It takes a value of false if X is not 

on t~e list, or if Y comes before X. 

II. ORDER is a predicate having three arguments; (X Y L) where 

X is an element which mayor may not be on the list. 

Y is an element which mayor may not be on the list. 

L is a list of any length, in general ordered from 

smallest to largest. However, this is merely a 

convention and is not necessary. 

III. Machine definition. 

(OROER (lAMRQt' (X Y I I 
(COND «NUll L) f, 
«EQUAL X (CAf~ l) I f) 

( (EQUAL Y (CAR l» r) 
(T (ORDER X Y (Cog I )) I) ) 

IV. Examples. 

FUNCTION APPlY(f~X.PJ HAS BEEN ENTERED. ARGUMENTS •• 
ORDER 
(A,6 .. (M,P,A.S,T .. B,R) ) 

ENO Of; APPLY, YhIUE,lS....L.L.L. ____________ _ 

( ) T ,:! v':; t.h ' .. v.I .•• ;,~ " ~i" ,. I 
.1 

FUNCIION APPlYIF,X,PJ HAS BEEN ENTERED. ARGUMeNTS., 
ORDER: 
(A,B,.CH\P,6,S,A .. T" 

END QR ApplY, VAlue IS ••• 

) 

J 

.1' 

1 

I 
J 
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(LEXORDER X Y L) -5l~ 

I. 

II. 

LEXORDER is a predicate which takes the value ~ if, for the first 

pair of non-equal corresponding elements in two given lists, the 

element of the first list precedes the corresponding element of the 

second list in the corresponding element of a third given list. 

Otherwise it takes the value false. 

LEXORDER utilizes the lisp predicate ORDER. 

LEXORDER is a predicate of three arguments: (X Y L) 

X is a list 

Y is a list 

L is a list of lists. 

If X or Y or L runs out of elements before a value true has 

been given, the predicate takes the value false. 

III. Machine definition of predicate LEXORDER 

«LEXOROER (LAt100A $ X Y I ) 
(CONO «NULL L) F) 
«(NOT (EQUAL (CAR XI (CAR Y)') (ORCfR rCAR Xl (CA'~ Yl (CAK ))' 

(T (LEXOROER (CDR Xl (CDR Y) (CDR Lll»» 

IV. Examples. 

FUNCTION APPLY(F~X,P) HAS BEEN ENTERED, ARGUME~rS •• 
LEXOROER 
(t ,A)~] ,B),(A, ),(A,B),(C,O,Z),Q,P» 

END OF APPLY, VALUE IS ••• 
I ) 'r(t.",: (1\10 ,"'j) ... ~.e,) il't "l"lotl: ";!e~.:.'f.'-'" tl<= ') ) 

FUNCTION APpLY(F~X,P) HAS BEEN ENTE~EO, ARGUMENTS •• 
LE«ORU£R 
( , 1 A , B) • C , D ,( l, ( , A, B ) ,C ,.0 , P) • ( ( A, B ) , C, D , E ) ) 

ENO OF APPLY, VALUE IS ••• 
r M.S c. ..... .tt.e '1t1:~G i\f".:'I\.ot";> t( 0 ( \ 

-
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(MINIMUM L 0) 

I. MINIMUM selects the smallest element on a given 

list according to a second list. 

II. MINIMUM is a predicate of two arguments; (L 0) where 

L is a list from which the smallest item is to be chosen 

o is an ordered list of any length of the form: 

(~, X2 , X3, ••• Xn) such that Xl" X2 .. X3 ..... Xn• 

(NOTE) If no element of L is on the list 0, MINIMUM 

takes as its value the last element of L. 

III. Machine definition 

(MINIMUM (LAMfmA (f 0) 
(COND (( NULL U r'H L) ( (NulL (COR L» L) 

_ J 

________ (~(~Q~R~p_E~~~(~C~A~~~L_)~~(C~A~D~3~1~I~Lu)~(~~~1r~\~:J~~~!~II~~~(MCMC~~J~>~(~C~A~?~-L_{uc~!~1!~)~R~~)~)~!~~)~)~ _______ J 
(T (MI~IMUM (COR l) 0"») . 

} 

_ J 

I 
.1 
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(RANK L 0) 

I. RANK rewrites a list so that its elements are ordered 

fro. s.allest to largest, according to a second list. 

II. RANK is a function of two arguments; (L 0) wher~ 

L is a list of any length and not necessarily ordered. 

o is an ordered list of the form (Xl' X2 , X3 , ••• Xn) 

such that Xl .. X2 " X3 ..... Xn• 

(NOTE) List 0 need not contain all elements of L. 

If it does not, those elements of L which are not 

r . listed on 0 are considered larger. 

I ,. 

l . 

l 

III. Machine definition. 

(RANK (LAMBDA (L 0) (CJNO ((NULL U "JrL) (f (CO\l~ (MI:UMUt-i L 0) 
(RANK (REMOVE (MINIMUM J C) (CnR I)) 0)))))) 
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(EQUIVALENT X Y L) 

I. EQUIVALENT takes the value ~. if two specified 

elements are contained in a sublist of a given list. 

false otherwise. 

II. EQUIVALENT is a predicate of three arguments; (X Y L) where 

X is an element 

Y is an element 

L is a list which may have sublists. 

(NOTE) EQUIVALENT uses the function ELEMENT. 

III.Machine definition. 

(EQUIYALE~T (LAMunA eX Y L) 
(CONO (NULL L) F) 

i 
_ J 

) 

J 

.j-

______ ~(~(hEhL~EDM~[DNuT~X~(~C~A~R~L~)u)~(uE~'L~[~~~r~-~~r~YL-~(C~A~R~L)L)L)-------------------------------_J 
(T (EQUIVALENT x Y (CDR. L)l»)) 

IV. Examples 

EQUIVAL[NT 
,Jl,2Jl~,4,(J,7,5), ,6» 

( ) 

EQUIVALENT 
. (- J _,U ..1._J I A I B&ll 

( ) 

EQUIVALENT 
__ UX , , (y ) , ( A ,..)( ~y • C ) ) 

EQUIVALENT 

I 

-I 

J 
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(TRANSPOSE L) -55-

I. TRANSPOSE takes a list in the form as is produced by REASSOCIATE 

and makes a list whose elements are in the inverse order of the 

elements of the given list. 

II. TRANSPOSE is a function of one argument: (L) 

L is a list of the form REASSOCIATE for which the CDR of 

each CAR is atomic. Otherwise an error results. 

III. Machine definition 

(TRANSPOSE (LA~BnA ell 
(CONO ((NuLL (CDR l» L) 
{f (CONS (C<\CR L) (fRA'lSPOSC (CAR L»»») 

IV. Examples. 

APPLY(F,X,P, HAS BEEN ENTERED, ARGuMENrs •• FUNCTION 
TRANSPOSE 
((((A),B),C),D)' 

END OF APPLY, VAlUE IS ••• 
-1O-;c; B, A ) 

------------------ - ---.---~---
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(PREPARE L) 

I. PREPARE makes the first element of a given list a 

singlet sublist of that list. 

II. PREPARE is a function of only one argument; (L) where 

L is a list of any length, which mayor may not contain 

other lists. 

(NOTE) If the given list is an atom, empty or a singlet 

its value will be an empty list. 

III. Machine definition. 

-J 

J 

I 
--~ 

------~(~P~R~E~P~A~K~E~(~L~A7M~o~D~A~(~L~)--------------------------------------------------- .J 
(COND ((OR (ATOM L) (NULL L) (j~ULL (CUR L)) 'JIL) 
(T (CONS (CO~S (CAR l) ~IL) (CDR L)))),) 

IV. Examples. 

---ruNCrTO t\-AP-P L yi F , X, P) H A SBEENENI clff6-;---Aff<;lfMf;-;H S •• 
PREPARE 
(A, ,8)) 

END OF ApplY, VALUE IS ••• 
«A), ,B) 

-----------------

FUNC T I ON APPL Y (T ,X, P j- HAS B(EN--[f~-T·E!\ED;--·-JflfGuMEf.frs •• 
PREPARE 
((A,B),C,O,[») 

---_._------_ .. __ . 

EN o-"--Or---A P PLY, V A L U E IS ••• 
«(A,B»,C,D,E) 

---------

-----_. __ ._-----_. __ . 

----- -------. -----.. ENc--OF APPL Y, VALUE 1 S ••• 
(( ),.) 

.1 

.1 

.1 

J 

- ) 



r 
L 

r 
I 
l 

I 
l 

-57-
(REASSOCIATE L) 

I. REASSOCIATE is a function which makes a list having two ele.ents 

by consecutively grouping the elements of a given list into lists. 

II. REASSOCIATE is a function of one argument: (L) 

L is a list. If L contains two or less elements, the 

result is L. Otherwise see examples. 

III. Machine definition 

(REASSOCIATE (LAMBOA (L) 
(COND «(NULL (COOR L») L} 
(T (REASSOCIAT[ (CONS (LIST (CAR l) [C~rR L» [COOK L»»») 

IV. Examples. 

-. --fuHCTIT;X--APPL y(F-, x, P"lhAS--ifE(N- E~TERt:D-;"-ARGGMF.~HS.-: 
REASSOCIATE 
( ((A,B),C,C,[» 

END Of APpLY, VALUE IS ••• 
([«(A,B),C),C),E) 

----FUNc-tION-----A P PLY ( f , --x;-pf--HA-S--Tf EN-- Ei~TERfD;-A-R-GTJM[j.~-fs~-~ 

l_ REASSOCIATE 
«(*,A,B) ) 

j 

! 
L_ 

END OF APPLY, VALUE IS ••• 
I «*,A),B) 
l _ 

I -
L _ 

«(A,Z)'(P,Q») 

END OF APPLY, V~LUE IS ••• 
«(A,l), (pte), 
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(INVERT L) 

I. INVERT is a function which rearranges a given list to the reverse order. 

II. 

III. 

INVERT uses functions PREPARE, REASSOCIATE, TRANSPOSE, and ELEMENT. 

INVERT is a function of one argument: (L) 

L is a list. 

Machine definition. 

) 

I ---------------------------------- ---"' 
(INVERT (lAMBDA (l) 

_____ l(~C~ON~D~L(u(N~U~l~l~(uP~R~E~P~A~R~E~l~)~)~LL) ______________________________________________ j' 

(T (TRANSPOSE (REASSOCIATE (PREPAR[ L)))) __ 

IV. Examples. 

~TJNC r ION APPLY (F-, X, P) HAS··-ifEEN ENT ERio, ARGUMEN T S •• 
INVERT 

END OF APPLY, VAlUE IS ••• 
( • I ) 

--""FUNC T I ON----ip-P"l Y eF, x,-P,'-HAS DEE~-ENT[REO;-ARGUM(~;irs:: 
INVERT 
((A, ,B» 

END OF APPLY, VALUE IS ••• 
(B, ,A) 

------------

--'FUN"C"rrnN APPlY(F-;X-;-P) HAS BEEN ENTERED, ARGUMENTS:-: 
INVERT 
(((A,eJ,Ctott») 

END OF APPLY, VALUE IS ••• 
(E,O,e, (A,B» I 
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(UNIFORM L M) 

I. UNIFORM takes the value true if all the even terms of a list 

II. 

III. 

-
are the same as a given term. The list must have an odd number 

of elements and at least three. Otherwise it takes the value 

false. 

UNIFORM uses the predicates TRIPLET and ULTRATRIPLET. 

UNIFORM is a predicate of two arguments; (LM) where 

L is an odd list 

M is the given term to be tested against the list. 

Machine definition. 

(UN1FORM (LAM8DA (L M) (OR (AND (r~IPL!=T l) (E\~UAl (Cr'\JR U M» 
(AND (ULTRATRIPLET l) (EQUAL (CAQ~ L) iq 'WHFQRM (COOS L) rq I))) 

IV. Examples. 

FUNCTION APPlY(F.X.P) HAS 8EEN ENTERED. ARGUMENTS •• 
UNIFORM 
(CA.-.8,-.C,-,D,-,E,-.F).-) 

END OF APPLY, VAlUE IS ••• 

FUNCTION ApPlY(E.X.P' HAS BEEN ENTEREO, ARGtlMENTS •• 
UNIFORM 
«(A.-.B.-.C.-.D.-.E.-.F).-) 

eND OF APPLY. VALUE IS ••• 
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(ALTERNATE L) 

I. ALTERNATE makes a list consisting of all the odd terms 

of the given list. 

II. ALTERNATE is a predicate of one argument; (L) where 

L is a list of any length. 

III. Machine definition. 

(ALTERNATE (LAMBDA (L' 
(COND ((NULL L) NIL) 
((NULL (~DR L)l NIL) 
(T (CONS (CAR l) (ALTERNATE (COOR L')))") 

IV. Examples. 

FUNCTJ.OI\J APPLY(F.X.P) HAS BEEN E:'JJ[P,ED, ARG(JMr'HS .. 
ALTERNATE 
(A.B.C.Q.E.F.G.H) 

END OF ApPLy, VAlUE IS ••• 

FIINC IT 0\1 APrl Y(E,X,P) HAS Ot:EN t::'HELH;O, ARC;'!~4E~r$ •• 
ALTERNATE 
((A,B,e,e,f,E,G)' 

END DE APPLY. VAl lIE IS 
(A,C,E,G) 

) 

_I 

J 

J 
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(REALTERNATE L M) 

I. REALTERNATE places one atom (element) or one list 

after each of the members of another list. 

II. REALTERNATE is a function of two arguments; (L M) where 

L is a list with any member of elements 

M may be either an element or a list. 

(NOTE) If L is a list of only one element the new list 

will contain only that element. If L is an atom the 

function will not be carried out. 

III. Machine definition. 

(REALTERNATE (LAMDOA (L M) 
(COND «NULL L) ~JIU «NULL (CDR U) L) 

(T (CONS (CAR U (CONS fJi (REALTERNAT!: (CDR L) ~""')' 

IV. Examples 

~EALTERNATE 
(R~l,A,S)t"'" 

( RL~t.l'1 , A J M • S ) 

t{EALTERNATE 
«R", r;=l,$), (I ,B,M)) 

( R, f L, B, M ) , I, ( I ,.R, M ) , fl., ( I, B, M) , S ) . 
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(ENGLISH L) 

I. 

II. 

ENGLISH is a function which rearranges a list so the 

first element of the original list will appear, in a 

new list, following each of the other elements of the 

list. 

ENGLISH is a function of one argument; (L) where 

L is a list of any length, the first member of which 

is to appear after each of t~e other members. 

(NOTE) ENGLISH will not work if applied to a list 

containing less than two elements. 

ENGLISH uses the function REALTERNATE. 

III. Machine definition. 

(ENGLISH (lArJlBrA (U (~(AlrER:-JAr[ (eeR LJ (CA~ l»» 

IV. Examples 

ENGL LSH 
( (A t S-', 1'iI'-'--, N"'-, S ......... , T", 

(S,A,N.A,N,A,S' 

..1 

J 

J 

1 

I 
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(POLISH L) 

I. 

II. 

POLISH takes an algebraic expression in the ordinary 

English notation with only one operation, and rewrites 

it in POLISH notation (with the operation first, fol

lowed by its operands). 

POLISH is a function of only one argument; (L) where 

L is a list- of any length (at least three terms with 

an odd number of terms. If this holds true, and all 

the even terms are the same, POLISH places one of the 

even terms at the front and lists the odd terms fol

lowing. If the requirements are not met POLISH just 

lists L. 

III. Machine definition. 

(POLISH (LAMBDA (Ll 
(COND «AND (ULTRATRIPLCT L) (QUDPL[T L) (UNIFOR~ L (CADR Ll» 
(CONS (CADR L) (ALTER"JATE L»)) (f L)))) 

IV. Examples. 

FUNCTION APPlY(F,X.P) HAS BEEN ENTERED. ARGUMENTS •• 
POll SA 
(A.-.B.-,C,-,O.-.E)) 

END OF APPLy. VALUE IS ••• 
(-.A,B,C.O.E) 

FUNCTION APPlYCF.X,P) HAS BEEN ENTERED, ARGUMENTS.~ 
POLISH 
«(A.-.B, •• C,-,O.-.E)) 

END OF APPLY, VALUE IS ••• 
(A,-.B,·,C,-.D,-,E) 
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(POSTPOLISH L) 

I. P03TPOLISH will change an algebraic expression in english 

notation containing only one operation to postpolish form, 

with the operation following all its operands. 

II. POSTPOLISH is a predicate of one argument; (L) where 

L is a list of any length having an odd number of terms 

with the even terms the same. 

(NOTE) If the list L is even, or if the even terms are not 

identical, POSTPOLISH just lists L. 

III. Machine definition. 

(POSTPOLISII !LAMBDA (L) 

(COND «(Aj\jO (ULTRAT~IPL:T L) (QOCPlET L) (UNIFORM L [CArR L)) 

(APPEND (ALIER~AT[ L) (LIST [CAOR L»» (T L»» 

IV. Examples. 

FUNCTION APPLY(F,X,P) HAS BEEN ENTERED, ARGUMENTS •• 
POSTPOLISA 
«(A,-,B,-,C,-,D,-,E» 

END OF APPLY, VALUE IS ••• 
tA,B,C,D,E,-) 

FUNCTION APPLY(F.X.P) HAS BEEN ENTERED, ARGUMENTS •• 
PCSTPOLISH 
(CA,-.B.·.C.-.O.-.E») 

END OF APPLY. vALliE IS ••• 
(A,-,B.*.C,-,D,-.E) 

.J 

) 
-' 
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(HOLLERITH) 

I. HOLLERITH is a function which lists the hollerith characters 

available in lisp. 

II. HOLLERITH is a function of ~ arguments: () 

III. Machine definitiOIl 

(HOLLERITH (J AMDDA (I (J lSI 
(QUOTE 0) (QUOTE 1) (QUOre 2) (QUarE 3) (QUOTE 4) (QUOTE 5) (Quore. 6) 
(QUOTE 7l ((JUOIE 8) (CIJ()Tf 9) (;)IJOT[ ,\\ ((JIIOI[ BI (PlJOTE C) L1IiCV- D) 

(QUOTE E) (QUOTE F) (QUOTf GI (QUOTE H) (;JUOIC I) (QUOTE J' LiUOTE K) 

\S'dBt! ~\ '(B\~Btf ~\ tflliffif ~\ \B\\%t~ S\ H~HgI~ 1i\ \~\gI~- X\. i',~'t1g¥~ .~~. 
(QUOTEl , {QUOTE -, (QUOT £: () (QUO IE * ) (QUOTE ), (;JUOIE =) (JU() TL ,) 
(QUOTE $) (WIGTE A) (LIIOTE -) (OIIOTE t) e;J!!oTF ell»)) 

IV. Examples. 

FUNCTION APPlYIF.X.P) HAS BEEN ENTERED. ARGUMENTS •• 
AOllERllA 

END OF APPLY. VALUE IS ••• 
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(INTEGERS) 

I. INTEGERS is a function which lists the decimal numbers, 

from 0 to 60 

II. INTEGERS is a function of ~ arguments 

III. Machine definition 

(INTEGERS (lANRf'A ( ) (lIS I 
(QUOTE 0) (QUCTE )) ( CllOfE 2) ( CllCfE 3 ) (QljQIF 4) IOIIOTE 'i) (1'\10 [[ 6) 
(QUOTE 7) (QUOTE 8 ) (QUOTE 9) ( QUOTE 10 ) (~UeT[ 11) (QUOIl 12) 
(QUOTE J 3) (QUPTE 14) ( CLJClf ] 5) ((.:110 I E 1(.1 (;'!lOIE 17) (Olle[E 
(QUOTE 19) (QUOTE 20' (QUOlE 21 ) (QUOfE 22) ( QUOT::: 23) (QUOlE 
(QUOTE 25) (4 UQTE 26) (QUOIE 27) (PlIO IF ?81 ( ,:,,0 IT 29) IQllf'TF 
(QUOTE 31) (QUOTE 32) (eUOlE 33) «(.;UOTC 34) (~UOTE 35) (;liOT[ 
(QUOTE 371 (JUOIE 38) (WlIG If 39 ) (jJIIC [[ 40) ( I.IIOT:: 41 ) (~I,CE: 

(QUOTE 43) (QUCIE 44) (QUCfC 4,) (QUO IT 46) (CUOIE 1+7) (:.1UCl[ 
(QUOTE 49) (G.U0TE 50) ""UG rr 'i)) (CUD IT 52) ( iw I lJ I'~ 53) (QIIOIE 
(QUOTE 55) (QueTE 56) (I;jUCTE 57) ( QUO IE 50) (~UOT:::: 59) (Q\;CTE 

IV. Examples 

fUNCTION APPlYCf.X.P) HAS BEEN ENTERED, ARGUMENTS •• 
INTEGERS 

18) 

24) 
30) 

36) 
42) 
48) 
')4) 

60))) ) 

__ I 

J 

j 

J 
) 

J 
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(BINARY L) 

I. BINARY is a function which changes an octal number (that iS t a 

number to the base 8) to a binary number. 

II. BINARY is a function of one argument: L is a list of octal digits; 

that is, L is an octal number in list form. 

Notice that each octal digit takes up three binary digits. This 

is, of course, because 8 is the ~. 

III. Machine definition of BiNARY. 

(BINARY (LAMBDA (L) 

( COND ( (NULL L) 'HLl 
«EQUAL ( CAR L) (QUOTE 7) .) ( CO'.JS (l..iLJOr::: 1) (CG'~S (:iUO rE 
(CONS (QUarE 1 ) (BINARY (COR U»») 
( ( EQUAL (CAR l ) (QUorE 6) ) (CG~S (eUOJ!::. 1) ( cml~ (QUOrE 
(CONS (QUOTE C) (BINARY (CDR L»»» 
«EQUAL ( CAR L) (~UOTf 5) ) (~O\JS (\.ilia rE 1 1 (CC;\lS fI.~UO H: 
(CONS (QUOTr::: 1 ) (BINARY (COR L»»)) 
«EQUAL (CAR L) (QUOrE 4 ) ) ( C O\lS «(~UO f[ 1 ) ( C O~lS «(:lUOTE 
(CONS (Que fE 0) (Bl"J.\RY (CDR L»)I» 
«EQUAL (CAR II (QUOrE 3) ) ( C O'JS (Quore 0) (CONS (~UOrE 

(CONS (QUOTE 1) (81~ARY ( CDR II ) ) » ) 
~~ ._---- -. 

( (EQIIAI (CAR I ) ( (,iIlO rr 2 , , ( c C'~ S ({I'OTf 0) ( CfJ'JS ( ."0 IE 
(CONS (QUO r[ 0) (OI'\lARY ( CDR L»»» 
( (EQIJAI (CAl{ J ) (ClIIcrE 1 ) ) ( r 0'-1$ (GIIOT; 01 « ( r·.JS ( I~I to I r 

(CONS (QUOfE 1 ) (!HNARY (CUR l»»}) 
( (EQUAL (CAR J ) (JIIOIE 0) ) ( r ON $ r i~1I orr:: o ) ( C0!J$ (i~llQrr 

(CONS (QUO fE" e) (BI\JA!W (CDR. L»»»») 

IV. Examples. 

FLNCTIC~ APPt Y(F,X,PJ HAS BEEN rNTEREC, ARGLME~TS •• 
EINAR'!' 
(( 17 , 

ENe CF APPLY, VALUE IS ••• 
(C,O .. l1 

FUNCTION APPL'!'(E,X,P) HAS BEEN ENTERED. ARGljMENI$ •• 
BINARY 
(1,J,7,2" 

E~C CF APPLY, VALUE IS ••• 

1 ) 

1) 

G 1 

0) 

1) 

1) 

01 

C) 
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(TALLY L M) 

I. TALLY i. a function which "counts" a bina17 nuaber, by foraine 

II. 

a list which contains the same number of NILs as are in the gi.en 

binary number. 

TALLY is a function of two arguments: (L M) 

A. L is a list whose ele.ents are the digits of a binary 

number. In other words, L is a binary number in list for •• 

B. M i8 a list. It.ay contain only an atomic symbol and NIL 

for simplicity. Howe.er, if M is aD atoaic symbol, wallpaper 

will be the result of TALLY. (Se. exaapl.s) 

M is interspaced betw.en the nile of the resulting list of TALLY. 

(S •• examples) 

III. Machine definition of TALLY. 

I 

J 

1 
-) 

) 

------~(~T~A-L-L-Y~(-L~A-M-B-D-A~(-L-M--)----------------------------------------------------- J 
(COND (NULL L) M, 
((EQUAL (CAR l) (QUOTE 0» (TALLY (CDR L) (APPEND M M») 
(( EQUAL (CAR l) (QUOTE 1) (fALL Y (COR L) 

(CONS NIL (APPEND M M»»») 

IV. Examples. 



r -

I 
L 

r 

l_ 

(. 

r 
L . 

[ 

f 
L _ 

l .. 

r . 

i 
l. 

-69-
(TALLYCOPY L M) 

I. TALLY COPY is a function which lists as many elements from a given 

list, starting at the left, as there are elements in a second given 
list. 

II. TALLYCOPY is a function of two arguments: (L M) 

M 

L 

is a list, and 

is a list, where list M contains at least as many elements 

as list L. 

If list L contains more elements than M, TALLY COpy will print out 

list M and then add NIL's until the new list contains as 

many elements as are in list L. 

If either M or L is an atomic symbol, TALLY COpy will take the 

value of M. 

III. Machine definition of TALLYCOPY. 

( TAL L Y COP Y (l M~ BOA {L ~q 
((aND «(Nidi I 1 ~HI I 

IT (C O'~ S (C J\ ~ rv') {f ALL yeo p y (C!J R L) (C c:< r·1»»») 

IV. Examples. 

FLNCTIC1\ APEl Y(F.X,O) HAS HfEN ENTF~rD, ABr;IiME~I$ •• 
TALLYCOPY 

~ --'LU~~~~,JS , E , fl) ) , C , H ,.I ) , ( A, B ) ) 

END OF APPLY, VALLE IS . .. 
{A,B,( ), ) 

FUNCfLON AprLY(r~X,p) HAS B[E~ ENTEReo, ARGUM[~rs •• 
TALL YCOP Y 
(A, t (S,C) ,O,E) 

END OF APPLY, VALUE IS ••• 
(B,C),D,F.) 

--'----~ 

FuNCTlO"'l APPLy(F,X,» H,\S SEEN F:\lTED.tO, I\RCUMC'HS •• 
TALL Y(Opy 
((A, (P;,C),E) ,Q) 

- _._-_._- ~----------------

END Of APpLY, V~lUL IS 
JL 



(TALLlOOMPLEMENT L M) 

I. 

II. 

TALLICOMPLEMENT is a function which eliminates as aa~ eleaents 

fro. a giYen list as are contained in a second giYen list, and 

prints a list containing those elements remaining in the first 
list. 

TALLY COMPLEMENT is a function of two arguaents: 
M is a list, and 

L is a list, where the number of elements in M is greater 

than the number of elements in L. 

If L ontains more elements than M, a list of nils, equal to the 

difference in the number of elements of L and M, will 
result. 

If L or M is an atom, there is no result. 

If Land M-contain the same number of elements, there is 
no result. 

III. MaChine Definition of TALLYOOMPLEMENT 

(TALLYCOMPLEMENT (LAMSnA (L M) 
C COND (( NUl I I) M) 

(T (T ALL YCOMPLr:ME~T (COR U (CDR ~»»» 

IV. Examples. 

FUNCllON APPlyCF.x.P) HAS BEEN ENTERED. ARGUMENTS .. 
TALLVCCflPLEMENT 
(A'E,CiC,E),(E,F.G,H» 

END tF APp.V, VALUE IS e •• 

( 1 

fUNCTIO~ APPLY(F,X.P) HAS BEEN ENTERED. ARGUMENTS. 
TALL YCCMPl-EMENT 
«A'B,CI,(E,G,H.J,~» 

ENe OF APPLY. VAlUE IS ,., 

-) 

J 

J 

1 
.J 

J 
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(ORDINAL L) 

I. 

II. 

ORDINAL is a function which makes a list of nils, the number of nils 

in the list is equal to the value of a given binary number. 

ORDINAL is useful where some sort of counting device is necessary, 

as in INTERVAL. 

ORDINAL is a function of one list, (L). 

L is a binary number in list form. 

ORDINAL takes advantage of the fact that TALLY of a binary number with 

NIL yields only the total number of nils added by the definition; 

the nils of the APPEND function reduce to nothing. 

So for each zero preceding the binary number, nothing is the result; 

for each one in the binary number, one nil is added to the list 

and the preceding value of the list is doubled -- that is, 

literally multiplied by two. 

III. Machine definition of ORDINAL. 

(ORDINAL (LAMUDA (l) (fALLY L "JILl» 

IV. Ex~ples. 

FtJ N C II C f\ J\ e ply ( E • X , P) HAS e FEN EN I ERE C, A R (:\ MEN T S •• 
CROfNAL 

_.LL1,-"'O-L,-"J--",-','---_____________________ _ 

ENO C~ APPLY. VALUE IS ... 

F~NCIICN APPLy(F.x.P} HJ\S BEEN ENTEREC. ARGUMENTS •• 
CRDINAl 
«1.0,1.C" 

E~O Cf APPlY, VALUE IS ... 
(,,.,,,,,,,) 
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(INTERVAL X y) 

I. 

II. 

INTERVAL is a function which lists the decimal numbers which lie 

between the decimal counterparts of two octal numbers, starting 

with the smaller number and ending with one less than the larger 

number. 

INTERVAL is a function of two arguments: (X Y) 

X is an octal number in list form and 

Y is an octal number in list form. 

The value of Y is greater than the value of ~ If X ia greater 

than Y, there is no result. 

The values of Y and X are limited to less than or equal to 6010-

or 748, due to INTEGERS. 

III. Machine definition of INTERVAL 

(INTERVAL (LAMnOA (X Y) (TALLYCOMPLEM:~T (CRDI~AL (BINARY Xl) 
(TALLYCOPY (OROl~l\L (RINARY V»~ (INTEGERS»))) 

IV. Examples. 

FliNCTION APPI Ylf,X,P) HAS BEEN ENTERED. ARGUMENTS. 
INTERVAL 
((l,Tl,(2.1) 

E~C OF APPLY, VALUE IS e. 

{9.1C, 11,12, n.l,"" IS, 161 

FUNCTION APPLY(F,X,P} HAS BEEN ENTERED, ARGUMENTS •• 
I~rERVAL 
(n.21. (6,2)) 

E~C CF APPLY, yALuE IS ••• 

! 
-' 

J 

J 

J 
I 

--' 

J 
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(REPEAT X I) 

I. REPEAT is a function which makes a list containing a given list repeate4 

as many times as there are elements in a second given list. 

II. REPEAT is a function of two arguments: (X I) 

X may be anything - a nil, an atoaic symbol, or a list. 

I is a list 

III. Machine definition of REPEAT. 

(REPEAT (LAMODA (X I) 
r· (COND ((NULL I) NIL) 
l {T (CONS X (REPEAT X (CDR 1)))) 

,. 

1 
~ . 

[ 
r 
i 
l . 

L. 
, 
I 
L. 

c. 

-_._-_._--

IV. Examples. 

FUN·CTlON . Arp-CyCF •. X,P) HAS BEEN ENTERED, ARGuMHJrs •• 
REPEAT 
(l, ( t, 1 • 1 , i , 1 , 1 ) ) 

ENO OF APPLY, VALUE IS ••• 
(Z.l"l'l,Z,Z) 

FUNCTION ApDlY(r~X,p) HAS BEEN ENTERED, ARGUMENTS •• 
REPEAT 
(, fA, B t C , 0 t E ,Tl ) 

ENO OF APPLY, VALUE IS ••• 
(,,.,,,) 

FUNCTION APPLY{f,X,p) HAS BEEN ENT[REO, ARGUMENTS •• 
REPEAT 
((l'O}~{Z,X,.P,C,R,T,Z» 

ENO OF APPLY, VALUE IS ••• 
«( H OJ, { 1, Ot .. ( 1 ,.0 ) ,_ ( 1, 0) ,( L.!.9) .! . .Lh.!> ), ( 1 , 0 ) ) 

FUNCTION APPlY(F.X~P) HAS BEEN ENTEREO, ARGUMENTS •• 
REPEAl 
(e , ',(A,B,(C,O',E,F)) 

END OF APPLY, VAlUE IS ••• 
---T( , h( , J,(, 1,1 , 1,1. JJ 



(SUCHTRAT. L P AI AZ) 

I. SUCHTBAT· i. a function which tak •• a giv.n value (or appli •• a 

gi ••• functio.) if there i. an .l •••• t in a gi •• a li.t for which 

a giv.n property i. tru.. Otherwi •• SUCB!HAT. tak •• a •• coad 

given value (or tunotioa). 

II. SUCHTHAT· i. a fuaction of four argua.nt., (L P Al AZ) 

L i. a li.t of li.t •• 

P is a predicate to b. tested on each ele •• nt of L. 

Ai is the value SUCHTBAT· tak.. if P is aot true for ~ 

elemeat of L. Al aay be a list or it .87 apply a 

giv.n functioa to L or any of it. part •• 

A2 i. the value SUCHTBAT· takes if P i. true for .0 •• 

• le •• nt of L. It, too, aay be a list or tunction. 

S.. lisp tuactioa DETIZB 1 for a good .xaapl. of how SUCHTHAT. 

can have tunctions for arguae.ts Al and A2. 

III. Machine d.finitio. 

(SUCHTHAT* (LAMBDA (L P Al A21 
(COND ((NULL l) All 
«(P (CAR l)l A2) 
(T (SUCHTHAT* (CDR L) P Al A2»») 

IV. Examples. 

FUNCTION APPlyCF,X.P' HAS BEEN ENTERED, ARGUMENTS •• 
SUCHTHAT
((A,B,C),(A,B,C)),CFUNCTION,ClAMBOA,(S),(UlTRATRIPlET,S"), 
(PREOICATE-FAlSE),COK)) 

ENO of. ApplY, VALUe IS ••• 
(OK) 

J 

.) 

1 
. J 

J 

SFUNCTION APPlYCF,X,P) HAS BEEN ENTERED, ARGUMENTS..] 
uCHIHAI. 

«((CA,C),O),((A,CJ,D),,(FUNCTION,(lAMBOA,(S),CEQUAl,(CAR,S),(CAOR,S))', 
(PREDlCATE-FALSE),(Ot 

END OF APPLY, VAlUE Is ••• 
(PREUleAIE-fALSE' 
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(SUCHTHAT·· L P PUNCTION) 

I. SUCHTHAT·· is a function which takes a given value (or function) 

if and only if there exists an element in a given list for which 
a given property is true. 

II. SUCHTHAT·· is a function of three arguments: (L P PUNCTION) 
L is a list of lists. 

P is a predicate to be tested on each element of L. 

PUNCTION i. a list or function which is the value of 

SUCHTHAT·· it predicate P is true for some element of L. 

III. Machine definition 

{SUCHTHAT** (LAMBDA (L P PUNCTION) 
(COND «NULL L) NIL) 
((P (CAR L» (PUNCTION L» 
(T (SUCHTHAT** (COR LJ P PUNCTION»)))) 

~~~--------------------------

IV. Examples. 

SUCHTAAT •• 
((A.8,C.D'~(A,8,C,O".(fUNCTION,(lAMBOA,(S),(UlTRATRIPLET,S))', --.- --.-.,.----~,.--- '~-- ... - -
(FUNCTION,'lAM8DA~(S).(lIST,(QUOTE, •• ',S»)J 

END Of APPLY, VALUE IS ••• 
, •• ,CtA.S.C.DJ.(A,8.t.O»)) 

FUNCTION APPlVCf.X,P' HAS 8EEN ENTERED. ARGUMENTS •• 
SUCHTHAT •• 
( ( (A, A' • (A, 8» , 'FUNt' ION. (LAMBDA, (S, , t EQUAL, «CAR, S), (CADR, S, ) ) ) , 
,(fUNCTION.ClAMBOA,(SJ,CllST,(QUOTE.·.·.),S"') 

END Of APPLY. VALUE IS ••• 

fUNCTION ApPlY(F.X,P) HAS BEEN ENTERED. ARGUMENTS •• 
SUtHfHAl •• 
(((A,BJ,(A,8",fFUNCTION.(lAMBOA,IS),(UlTRATRIPlET,S»). 

- (fUNCTION";'ii:AH80A, , S). (liST., CQUOTE ••• ) '~!!11 .. ' -. ~.--. ~-- ....... -,;- -_._--- - - -_. .--. . 
END OF APPLY. VALUE IS ••• 
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(DETERMINANTIZE L DIMENSION) 

I. DETERMINANTIZE is a function which sets up a square matrix of a given 

size, and assigns values of 0 or 1 to each matrix element; a value of _J 
1 is assigned only to those elements desicnated in a given list. 

DETERMINANTIZE utilizes the lisp functions DETIZE, TALLY COPY , ORDINAL, 

BINARY, and INTEGERS. 

II. DETERMINANTIZE is a function of two arguments: (L DIMENSION) 

L is a list of lists. The elements of the elements of L are 

decimal numbers, whose values are limited to equal to or 

less than 6010, due to INTEGERS. The first element of each 

element of L indicatea the column and the second indicates 

the row for each value of 1 in the matrix or determinant. 

DIMENSION is an octal number in list form. It designates the 

size of the matrix. 

a 
The first row and the first column of the matrix are the zero 

row and column, so the element of L which gives a 1 in the 

top left hand matrix element is (0,0). 

III. Machine definition of the function 

(OETERMINANIIZE (lAMBrA (L DIMENSION) 
(DEfIlE L (TALLYCOPY «(lRDPJAL (BINARY lHMENSIO\l)) (PHEGERS)' 

J 

(fAllYCOPY (QROINAL (BINAgy DP1E\JSION» (INIECFB.'i»)}) J 
----~~~~~~-~~~~~~~~~~~-----------. 

IV. Examples. 

FUNCTION APPlY(F,X,P) HAS BEEN ENTERED, ARGUMENTS •• 
DETERMINANTIZE 
((1,1,0),(2,2,0),(3,3,0),(4,4,0),(5,5,0),(6,6»,(7') 

eND Of APPLY, VALUE IS ••• 
«(O,O,Q,C,O,O,o),(O,l,O,O,O,O,O),(O,O,l,o,O,O,O),(O,0,0,1,0,0,0), 

(0,0,0,0,1,0,0),(0,0,0,0,0,1,0),(0,0,0,0,0,0,111 

J 
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(DETIZE L X y) 

I. DETIZE is a function which applies the function DETIZE 1 to a given 

list for each element in another given list. SEE DEFINITION OF 

DETIZE 1. 

II. 

DETIZE utilizes the function DETIZE 1. 

DETIZE is a function of three arguments: (L X y) 

L 

x 

is a list whose elements are ultra-doublets. DETIZE is 

concerned only with the first two elements of each element 

of L. 

is a list. Each element of the product has as many elements 

as does X. 

Y is a list. There are as many elements in the product as 

there are in Y. 

III. Machine definition of DETIZE 

(DEfIlE (LAMCOA (L X Y) 
{COND (NULL Y' 'Ull 
(T (CONS {DEfIlE1 l X (CA:<' V» (D[TlV- L X (crn n))UL 

IV. Examples. 

FUNCrIO\J APPLY(F,X,p) 11,'\$ LEEN [\JfER[D, ARCUMCHS •• 
DEfIlE 

---nlO,N;Er;Tr;-h, c ) , (T ,-~ , IT, (F, 0, R) ) , ( C, T, r , F f, (\J, i\, R ,0) ) 

--g NO -CFA P pOL Y ,-\I A l UEIS ••• -~----.--------- .-.----------.-
«l,O,Q,C),(C,l,I,O),(Q,l,l,O),(O,Q,C,l» 

<.-,-.----- -;--. .,..---- -- ._. -~ .... - ........ -... -.'---------- - .---.. -"~' .. ~-~ ......... -.-- .-.. ----~ _.- '·r-~~······-----c--------·--- --;.,.---:- .---.-._ ..... - -- . -.--
FUNLTIOt\ APPLY(F,x,P) fillS OF.EN c"TERLC, AR\.jUME~JTS •• 

DEfIZE 
---rrr AT"-, """'s-, ..... c.-".-,--.--;( 0""-, .... E-, "'F""-,-,(rC'''''',-'H'''''--, -;-n")-,'("A',"'B -;-GT;ffifY--'--

---"E"ND C F·AP P L ~-VAlUE Ts:-:-:
( ( 1 to, 0 ) ) 
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(DETIZEl L x B) 

I. DETIZEl is a function which checks to see if the first two elements 

of any of the elements of a given list are equal to the corresponding 

element of a second list and a given element, respectively. A value 

is assigned, according to whether the elements are equal or not. 

DETIZEl utilizes the function SUCHTHAT· 

II. DETIZEl is a function of three arguments: (L X B) 

L is a list of lists. No matter how long the lists of the 

elements of L are, DETIZEl considers only the first two 

elements of each element of L. 

is a list. X 

B may be an atomic symbol, or a list, according to whether 

or not the second element of each element of L is a list 

or an atomic symbol. 

A value of 1 is assigned to each element of X for which there exists 

in L an element whose first element is equal to the element of 

X and whose second element is equal to B. 

Otherwise a value 0 is assigned to the element of X. The number of 

elements in X determine the number of values assigned in the 

product. 

III. Machine definition. 

(DEfIlel (lA~~DA (L X ~) 
(COND ((NULL Xl N[l) 
(T (CONS {SI)CHTHl\ToL_lFU'KTIC'! (LArABDA (Ll U,:JC 
EQUAL (CAR L) (Cr,\R Xl) (C(;UAL (Cl\f'~ L) L}») (eUOE: 0) (CLOIF 1» 

___ (,0 t;.T III 1 L (C D,) X) ~JJJil~) __ . ________ _ 

IV. Examples 

. F'UNC T iO-'J- -A'PPl Y (F, X ,·pT·~li~SD[[N t\: T ~~EO ,ARGUM[.\' fS •• 
DETIlEl 

. -_.- r rrA~'ET-;Tc~of~-i ,\ , e ) , (C , Br;lrf, E3 f";rt-;T),("J; e )-, -;TA~7;-Y-; c , 6 , ..: --;:iT , ~ ,-

·····!:·f\c·cF·APr L V;--V /I. L U E IS ••• 
(1,0,0,1,1,0,1) 

----- ----- --- -- -------_._- _._-_ ... _. 
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Specialized functions and their satellites 
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THE LISP FUNCTION DISPLAY 

DISPLAY is a function of three arguments: 

(DISPLAY L X y) 

The first of these, L, is a list of triplets: 

L = «xl 'Yl'*l)' (%2'Y2,·2)' ••• ) 
where the members of the triplet have the following significance: 

x. is the x-coordinate of a point to be displayed 
l. 

Yi is the y-coordinate of a point to be displayed 

*i is a character to be displayed. 

xi is measured across the page, and is a decimal number. A page will 

accomodate 57 characters across its width, since the margin is re

served for the printer, and alternate characters are commas. In 

addition, a special symbol is used at the end of a line to correct 

for the odd number of spaces available. 

y. is measured down from the top of the page; as many lines may be 
l. 

displayed as the memory capacity of the computer allows. 

Both Xi and Yi are measured from zero. 

A character may be attached to a list of coordinates by using the 

LISP function KARTESIAN*, viz: 

(KARTESIAN* L (LIST (QUOTE *»). 

The second argument X is an octal number giving the length of the 

rows. The digits of this octal number must be listed, viz: 

X = (3,7). 

The length of a row may range from 18 to 708• 
In a similar fashion the third argument Y gives, in octal form 

the n~ber of rows which the display is to contain. 

J 
J 
J 

J 

J 

J 

J 
J 
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(DISPLAY (LAMBDA IL X Vl 
(APPEND (ORDINAL (BINARY (LIST (QUOTE 7) (QUOTE 3»)~ -(OISPLAY1--- ------ ---- -- - ------- - ---------------.-'--'-'------

1,._ __ ._____ __ _ ____ .. _ ___ _ __ _ ___ ~ ___ . 
(TALLYCOPY (OROINAl (BINARY X)) (PHEGERS» 
[TALL ycon I ORUTNArl~RY Y J JlnrrEGERS'n 
(TALLYCOMPLEMENT (ORDI~AL (BIN~RY X) (ORDINAL (BINARY (LIST 

~~~p~~~~p~~~~~--t~_t~AL- (GINARY-X» (ORDINAL fBlNAR-yTLISr-
(QUOTE 7) (QUOTE 1»».»») 

(0 I SPLAY 1 (LAMBDA (J X Y ROWEND pAGEENO) 
(COND «NULL Y) PAGEE~O) 
(T (CONS (APPEND 
(DISPLAY2 (POSSESSING (FUNCTIO~ (LAMBDA (X) 
(EQUAL (CADR Xl (CAR VI))) Ll X Y) 
(APPEND ROWEND (LIST (QUOTE .*»» 
(DISPLAYl L X (COR Y) ROWENO PAGEENO»)))) 

(DISPLAy2 (LAMBDA IL X y) 
(eOND ({NUll Xl NIL) 
(T (CONS (SUCHTHAT"" L (EjJNCIION (J AMI3DA ,,) 
(AND (EQUAL (CARL) (CAR X.» 
(EQUAL (CADR l) (CAR Y»») 
(FUNCTION (LAMBDA (Ll (CADDAB L»» 

(DISplAy2 L (COB Xl V)))))) 



FUNCTION APPLYIF,X,P) HAS BEEN ENTERED, ARGUMENTS •• 
nrSPIAY 

~2 

1111,1,·),11,2,.),12,1,.),12,2,.),13,3,.),14,4,.),15,5,.),16,6,.),13,4,=)),11,0),11,0)) 
----------------------------------------------------------------.... -

Ge. STAT. ENT. TIME 000000 MARK TIME 000000 EXIT TIME 000000 POL DEPTH= 37 IR4 ON PDl= 11 GAR8AGE= 12634 

Gee SlAL ENT. TIME 000000 MARK TIME 0000 00 FXU lIME onoooo --P-Ut:-OEpTH- 129 IRII ON PDL- 51 CAIU;UI;E. 12161 

( , .. 
I ----.---*--- ..... • • • . •• • •• • •• .,. • , .. J , 

. . . . , ." , • •• •• • , , . 

FUNC UON A~PLY [E. X. P 1 HAS BEEN ENURED, AR GlIME'HS .. 
IlAMBDA,IL.M,Nl,IOISPLAY,IKARTESlAN*,l,ILIST,IQUOTE.*))),M,NII 
Ul L ... l)., I 1.2 ) • I 1'. 3) • I 1 ,Ii ) , I 1 .51 • I 1 .6 1 • ( 1 • 7 1 .l2.....6.1. 13.5) • (4.61 • [ 5. 1 ) • [ 5.2) • ( 5.3) • ( 5.4) • [5.5) • [5. 6J .. 1 5.7) • 18.2) • La .2L...LB... 
3 ) , I 8 ,4 1 , I 8 • 5 ) , La, 6 ) • I 8 , 71 , I 10, 2 1 , lIe, 3 ) , I 1 a , Ii ) , I 1 0, 5 ) , I 10, 6 ) , ( 1 0 , 7 , , ( 1 1 • 71 , ( 1 2 , 1) , ( 13, 7 1 , ( 1 4, 7 , , ( 16 , 1 ) , ( 1 6, 2 ) , 1 16, 3) , ( 
16 L4J .. 116J5J • ( 16.5) .( lQ.u61. ( 16.7) • ( 17,71 .L1.B. .... lhU9. 71 • (20.71 • (22. 1 1.122.21. (22.31. 122.... Ii 1 • {22.5.1 • (22.61. {22 .11. {24. 6' • ( 
24,7),(25,3',(25,4),(25,5),(25,6),(26,1),126,2),(26,6),(27,1),(27,2),(21,6),128,3),(28,4',128,5),128,6),129,6),129,7),( 
..3.L.JJ.13h2J.l31. 3). (31L~)' (31.51. (31.6). (31. 7l.!32.2) .133.3). (33.1i). (33.51. (36.21. [37 .. U. [37.21. t3.L...3'. 131.41 • (31.5..Ll 
37,5) , 1 31,7) , ( 4 1 .2) , ( 4 1 , 3) f ( 41 ,6 ) , 142, 1 ) , 142,3) , 142, 7 ) ~ ( 43, 1 ) f 1 43,4) , 143,7) , ( 44, 1 , , ( 44,4) • 144,7) , 145,2) , (45,5) , 145,6) • 1 
41.2) • ( " 7 ,1 I • I" 7 • 3 , • 164.6) • 164.71 • [ 6':).2 I • 166 • 5 I • ( 66. ") • 1 66.5) • ( 67.6 I • ( 68. 1 I • (68. 1 1 1 • 16..01 • { 71.1 

L_~ 

l __ L--- , 
,.~ 1..----

! 

'--' 

· , , 
• .". I • 
, .... l • 

~~~....-.t-~-,,-1 , .... "_ . .f-~" .... ~_., • " .. l • 
tit .. I • 
, It .. I • • ·f 

.. 

L--J 

f .. • ) • 

• *« I • 

I 
l---

I 
l--- l __ _ 
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DETERMINANT 

DETERMINANT is a function of one argument, which is a list of 

the rows of the determinant which is proposed to be evaluated. Matrix 

elements of the determinant should be given in polish notation to be 

consistent with the evaluated form of the determinant. The reduction 

is done by the method of Gaussian elimination, and no attempt is made 

to recognize a zero matrix element occuring as a divisor unless it is 

explicitly zero. Some rudimentary simplification is made when a zero 

or a one occurs explicitly. The method is not recommended without 

some additional simplification for complicated determinants. 



· __ RL ___________ _ 
OBJECT liST NOW IS ••• 
I Al..t++.:!"'" H, QUXl t X •• EXPG02, NEGAT IVE, MINUSGO I. M INUSG02.t.~"WSJLO.R.L9P ,MI NUSGOL, ZEROGD I ,If ROG02 , HROGfuEXPGOtJiL"IUSeO, DE.RI VA,-'T ____ _ 
IVE,lN,COS,SIN,OERFUN,DIFFO,ZEROBEGONE,DIFFERENTIATE,IllEGAl.DIFFI.DIFF2 •••• +,DIFF,DETERMINANT.ABSDET.I.CCRECUCE,.,MULT 

_I.e.!.. 1 ER,-, DIFFERENCE,RElS IGN,REOUCE t NONZERO. ENGlI SH, POll SH, DOUBLET, 1 R I PL[ I ,PF, VAR, FORM, 5EARCHF, T) ,UF, fF, DuCOMPSRCH. a "'[w. ____ _ 
,SElECT,CSETQ,CONC,COOOOR,COOOAR,CDDADR.CDDAAR,CDAOOR,COAOAR,CDAACR.CDAAAR,CADDOR,CADOAR,CAOAOq,CAOAAR.CAADUI{.GAADA~.CA 

AAOR, CAAMR, VALUE ,ARGUMENTS.TERR IBL YU"II QUEeROeRAMVAR lA8U .• J1NT~~.1.1~LLRACJ"IS. PROPER TY-,JXS.LIi~.s..LfRAC3, T'U,~L I Si,:QLV-,''-_--' ,~AC;.l,f--,:R=---___ _ 
OPER,IN,OEFINITION,TRAC2,NAME,FN,TRACI,M.B.SElECT2,REMPl,OF,PROPERTIES.PRINTPROP.PROG2,PRINTP1.D.U,MAPCAK.hAY,J,MAKCfiLR 
,PICK..LR,j:.Q!)AId.tl!O,ATOMIC .FORMATQ,FORMA TP, P. TPXOO 303A , hELQZO.tB.l./'hf~lilil11..r..AS.L!Q-,-~J Vf 'l, WA~tl'..lQ.. CSE r, CONCJ .. J'XEJ.Nl;V2I;LLJ~J, D~ ___ _ 
EFlIS1,PRO,l,OB,DEF1,A,AND,APPENO,APPlY.APVAl,APVAll,ATOM,ATfRIB,O,1,2.3,4,S,6,7,e,9,lo,ll,12,13,14,15,IH,CAR,cnR,.,COM 
PI~A~,CONQ-,~ONS.l.CONST ,CP l,COPY ,COUNT, DESC, EQ, EQ 1 t EQUAl,ERROR, EVAl,E Vll S, EXPR, [XP T, F, FEXPR, F I X, FLO, FSlI15jhf U:"A;\~fU·~Jl.Q_~ ____ _ 
,GENSYM,GO,INST,INT,INTERN,lA8El,lAMBOA,lIST,lOAD,lOC,lOCQ,I,MAKENU,MAKEOB,MAP,MAPCON,MAPlIST,-1,-2.~INUS.~CD~c,~rlVAl, 

NIL, NFWl_,NOT ,Nul-l" LI'i.I.l __ -'tBE!L.OBLJS T, ORt p~JJ~l'~lLs.~_,-P.£\.jl1 Plf), PlUS •. J>NAME,POWER ,l'RD~X.t.e.IU.NrLPP.1 N2.Le_~QG.,PI{OP ,:;;UO IE ,REAC, Rf:: I P, RC 
CLAIM,RPLACA,RPlACD,RPlACW,RETURN,I,SASSOC,SEARCH,SEf,SErC,SPEAK,STOP,$UB,SUHR,SUCllS,SUBST,SUM,SYMBOl,T,TCSTI,r"ST2,TC 
S T3, TE.SIIl_LT lPiE_S--,-LRACE ,TSHOT ,UNCOYNT, ADO, Al~R S, E!S.s..~JALCO,."lD.Q, lx..~.tl".1(jhPAX ,£.Dx_--,--e)(,O-,.S..IA,.S.lO--,-STP.,STQ, ~l<J2.I.U)hP .. _x,rNl , . .T~ 
A,TSX,TXH,TXI,rXl,TZE,ATOM1,EQ11,NUlll,BIN,EXP,FUNC,rEMF,TEMP,AC,MQ,$ARG2,$ARG3,$ARG4,$ARGS,$ARG6.$ARG7.~ARG3, •• 1,*+2 •• 
+~l.!+-' "'~~~AR, tDAR,CADR,CDDR,CAAAR ,CAADR,CADAR,CAOOR .CDAAR ,CDADR.D;DOAR lCOOOR. SCPP I, $ENPOl , $NOPO.~FR[E, SFRQ!L!--'-jON.£.t ____ _ 
SZERO,X,Y,Z,COMPllE,COMP2,COMPAT,OEFF3,GET,NOMAP,SAP,REMPROP, INTEGRA rED 709 COMPilER-INTERPRETER liSP 20 OCI 60 I 

AT THE TONE THE TIME WIll BE •••• 01 0 000.0 ••• BEEP 

FUNCTION APPlYCF,X,PI HAS BEEN ENTERED, ARGUMENrs •• 
DEf1~1; . _. _________ _ 
CCCTRIPlET,ILAMBDA,(lJ,CCOND,ICOR,CATOM,ll,CNUlL,lJ,INUll,(COR,l)l, (NULl.(CDDR,LIII,FI,IT,(COND,ICNUll.(GDUOI~,lll,TI,IT 
,F I IIUJ . .r.lQQUBlET, (LAMBDA, Ill. (CO~[) r.JJO.P'--,-.L~ T Ol1J!"l-,J __ ~l).lJ-,_l.--.l!J~!}_l.--\,_, ! I; DR ,L U.llEl.t.lLJC;ONQ.,U@h)...tl~.QOp'_, l II. Tl.,LhUI I) U-'.L. ___ _ 
POlISH.llAMBDA,Cll,(COND,(CTRIPlET,l',llIST.ICADR,l),(POlISH,ICAR,lll,IPOlISh,ICAODR,lllll,IIDOUBlET,LI.ILIST,ICAR.lI,1 

_..pOLISH, CCADR,ll J I I. (T,l) I J J, CENGlISH, (lAMB~llI, ICOND,II T~lf1.~Illl, ILl S T, I ENGLISH, I CALlRll IJ..r.j1:.AR,l, .. IENell SIl, LCADOR'----','-"l'--<I ___ _ 
)1',IIDOUBlET,l',(lIST,(CAR,lJ,(ENGlISH,ICADR,ll))I,(T,L»»») 

' ... ---_.--,,-----------------------------

END OF APPlY, VALUE IS ••• 
(TRI~l.--~T,DOUBlET,POLISH,ENGlISH) 

AT THE TONE THE TIME WILL BE 01 0 000.0 ••• BEEP 

FUNCTION APPlYCF,X,PI HAS BEEN ENTERED, ARGUMENTS •• 
DEFINE 

-·inNbNI~E=-R=-O-=-,~Co-l~AMooB=-D=---=--A-,7(l:-:-,-,-=-(-=C-=O-:--:N-=D-,---=-(---=-(-:--:N-:--:U7"L7"l-,~ICDR,l I I, ICAR,l) I, C (NOT, I EQUAL, (CAAR.l I, IQUOfE, 0 I I I ,lCAR,l I I, (T, I rW~UERO,1 CCI{.L I I I I 
) I. I REDUCE, IlAMBDA, (l,M) , (COND, ( (NOT, C EQUAL, I CAR, U ,111 I , I C o N1i...Li.c;.lli 1.L,JJli OUCE I I C DR ,l I , M I I I, C r, I CDR, Llill.l...rJ.RH~~llAM ____ _ 

·~D~,Cl,M),(COND,IIEQUAl,(CAR,LJ,M),TI,IT,INOT,IRElSIGN,(CDR,ll,MIII 111,IDIFFERENCE,llAMBDA,ll,MI,ICONO,(INUll,ll,~lll,C 
.. (.~N!>, (EQUAL, I CAR I U , (QUOTE, 0" , (EQUAL I I CAR, M I , I QUOT~ 0 I I I, I CONS, I QUO fE, ° I I 101 FFE RENCl:, (COR Ill. I CDR. M I I I I • I I Ei..ML, I CAR. L 

1,(QUOTE,OII,ICONS,(lIST,(QUOTE,-I,ICAR,MII,IDIFFERENCE,(CDR,l',ICDR,MIIII,IIEQUAL,ICAR,MI,IUUOr[,OI',ICO'lS,ICAR,ll,IO! 
FFERENCE, I CDR,U, CCeR,M) ) I J, ((EQUAL, ICAR Il 1..1 ICAB.LM.U.,_J.~Q1i~.,.,-gJ}QJ:£.LQJ..llP_LFFERENCE. I CDR---,-U.l_ICDR,-,-!ilJJll.LhJi;.Ql~.s..,J..1J Sf. 1.!!tC.!,!U.!,!O ___ _ 
TE-;"':'). (CAR,ll ,( CAR, MIl, (D IFFERENCE. I COR, II , I CDR, M) I I I I I ) , I MUl I I Pli ER, C LAMBDA I Il, A I, I COND. ( I NUll, U ,r-n l) , II OR, IlQUAL, A, I 
QUOTE ,0) I. (EQUAl, ICAR,U , I QUOTE~J • I CON~J.Q!JO r~y.Qhl.M.llL.!JP~JER.rJ.c;.QB_t!J.t.All.lUllQUAJ,~ .. ..LQUO[~tJJJ LLJ.l! liQUAl, (CA~,-",----,l,,-,Iu,,----,I,--__ _ 
QUOTf:-;·-n I J C CONS, A, (MUl TI PLI ER, I CDR,U ,A I I I, IT, I CONS, III S T, I QUOT E,. I ,A, I CAR I l I I, I MUtT I PlI E R. I CDR. II ,A III I I I, I COREDUCE, IL 
AMBDA,Cl,RJ,ICONO,C(NUll,LI,Nll',(IEQUAl,ICAAR.l"IQlJOTE.OII,ICONS.ICDAR,ll.ICOREDUC[,ICDR,ll,RIII.11[QUAL,ICAAR,l',ICA 
R~Rff~TcONS, IDIFFE-RENCE, ICDAR,U ,(COR, R I), I COREDUCE, I CDR.LI, R I I I, C T, I CONS, C DIFFERENCE, I CDAR I UrI MUl TIPll ER, I GDI{, R' I III S 
T, (QUOTEd', ICAAR,l', (CAR,RI III,ICOREDUCE, (COR,l I ,_R.llJ.lllrJ.~OSDELd __ lAMBDA,ll I,ll 1ST I IQUOTE ,. Id~AB. (NONl[RO,l I I I COETERM 
(NANT ;r COREDUCE, (REDUCE ,l, I NONlERO, l I I , (NONZERO, U I I I I I , I DET ERM I NAN T, ILAMBDA I I U , I COND, ( I NULL, l I, NIL I • I I NULL. I CDR, L I I, I 
CUR, L11 • II EQUAL, I CAR, I NONZERO,l I It I QUOTE, 0 I I .tJJLYOCE.r..0ll.,-J!Rf.l.,SJ GN ,1.rJl!ONlERO I Ll I I I ABSUE T.L!-.Jl. JLL.LI"J':;.I.Lll.illlLIL..-1 I lAB S DE 
-f~ 1I I I I ) I , I 

END OF APPLY. VALUE IS ••• 
.. J NON.n=-RO,REDUCE,RElSIGN,DIFFERENCE. MlJ1I I PLIER , COR.EDUCE.ABSQf.LtOE )'ERM INAN fLI __________ _ 

L-----I I~-----, '---
I 
L...-_ '--



r----, !---~ r----' ,-------' 
I. ~ 

-., 

S~ 

I~ ~ r-> ,------, r----' 
I 

~ .. _ALJ_H.E.... rQ!:J£.J!i~. Lt~E . wJ!J-. BL .. ~ .. • ... ~ .. • .. .... QL .. Q ..... OQO"o ... L._BEE.e .... ..l!...~_ .. _ 
___ Ll:n~CTJQN "J~'pVO f,X. P) HAS .. Eli:E.N. EN Ti::REQ •. MCUf'1.l;f:U.S.u ...... _._ ......... _. 

DETERMI NANT 
_.J-1!!bALB.l •. I.O, c. D I.. (0. E, F» I 

.. _I;.~D_ .. CJF.APPl Y, VALUE IS 

° 

-..... --"-~-~-.-- -~.-. --------------

.. ~ 

~._. ~ T THE _TONE D:lj:~IH!£._w..LU .. 1LI; ... ,.... .9L~.Q ....... QJlO~"__L.H P _ ........ ~_ .. ___ A !...l.ljE .. T<21'l.E ... _T:.HE ._!..I.~_~_~!..l·J= .... ~L~~ ... ~ ... _.QL Q _ 0 Q9_ ... .9~ ...... ~f.!~J~._ .. ~ ...... _ 

~ .. .Eldr:!.f:_I..LQ1L. ~!'!,XJ.fJ .. X t!'Lti I\.S .. I,\ E.EN .... I; "I n:~ fP ..... A R Cll..l1E1.U..s. ... "--... _ .... _ .. 
DETERMINANT 

_U.lQ..!.Ql..J t,I..().,JLOL,. LL •. O-, .. O)1.L 

-=...~~-""--- "'"--' .......... ---~~~ 

.. _5.~Q ... QF.A.P~!-y , .. VAl.UE 1 S. ~ ... _ .. 
,-,1,1-,(-,1,1))) 

-----------_ ... ,--- -~--,.~~ 

A T THE TONE .. THE _LLME .1UJ. .. !"'_J~J .. _· ..... ,. ....... QLj) .. _.QQQ ..... Q_~ ....... _JiC.EJ~_u . .L .. 

.... ...£.UNC T I 9 .. r:LMP\j'Jf...IAIP-.LliA .. $ ..... lJEJ:.t! .. (..N..T .. Eg~P.,-ARYU1iE;IU.S..u .. - ... -~ ... 
DETERMINANT 

FUNC TI ON APPl" '( I E •. X'.f>I. liAS. BEt:.t.I. [ .. :-.lI..::;'REJ~LARGVMeH S •.• 
DE'fERMINA''H . . 

. U I.A, A.t ttl,.1 A ,A,~I. ,JA. A .. I All I 

ENLQI_!PfUL.Y.A!"JJ.E ... ts 
1-,A,Ol 

. . ~ 

_1~1~1J5..&!~91..~JiLK.l.!<hJl'1.&J .. QJ."l..lI..!.A.~!L.l.h.l.QU .. L----.. --.. ---- -- - -~----~~-'''--~'-'-~ 

._END_O.L~ .. ~I,.YL V~l,VE . I S ..•..• ~ . . 
I _ , K, (". K, 1- , ( ", ,-, C. I ", (/ t B , K I , K I ) , J I I ) I 

_ . AT TIjf. • ..I.ONE Iti.!'_I..I..~.E ... Jtl.l.L_ .. B..L, ... _.-L.._.QL .. Q .. .J)OU,,-Q ............ _llEE.e_ ....... -,,-. 

__ Fv..I'i~.U9N. .. APPl '(If .l..X~ PL. HAS .JlHN .E.N U:: .. R(O .. ARG.U.M(}H!l..--... 
DETERMINANT 

... ....lJ~ . .l..l-h Q.L,I.Q.A.J; ... uJQ.l...C •. oJI I 

~ND OF Ae.f'J .... y..l .• Y_~L.IJE; .... I.S •••. _ 
I-,K,I.,A,I-,D,I",I/.C.AI,CI II) 

AT THE TONE THE TIME \' .. H .. L BE •••• 01 0 000.0 ••• BE{;,!-' .. ...L.s..L.. 

F UNC TI 0 NAP Pl Y lbJ~ .. t..PJ...Jj~~ _ .. Q.I;"E~:L ... E.N.U3l: .. Q.L.AR .. GUM eH S •• ___ _ 
DETERMINANT 

~!.!'l.!.£J ... ' .. L()...! .. Q.l..O 't IQ!.!,.?£J_I_I_ .... _. _ 

..£.N.Q....Qf ... Afl.PJ" ... Y.L.V~I.,l)!' . .I~ ._ •. ~.... ..... 
I-,A,I-,I-,I-.E,I".I/,D,AI,BII,O)II 

r--' 



I 

_. __ 8~. _______ .... _ ... ____ ..... 
_ .. AI THE TONE H!LIIML}U !.-' .. __ lt~_""'LL~ ... _J)J_.O ___ Q_Q.Q&.._ ....... _.1lE.f..P.. _ ............ ___ . ____ . __ .. ___ . _______ . ____________ " ___ ' ___ ' 

..... E.VJf.C_U O~. __ I\P..P.l.Y (.f..,_l<..t.P-L.!i.~.j~_EEN ._.EN rERr:;D_. __ AR.G.UM.ENL~ ........ __ __ 
DETERMINANT 

._U.U =.I.~.~I.l..M1JI.RAt.l.!h.O ,9.( P.IIH t. 18, ( -.1 A.N.,.\"A.~ BPA LLIl_I.O ..... O ..•. O_LdO.l.fuJ::.d&.J.AMfHlA.1....a..Jl..JD-.J.QLtL& • .L-:: .. AN.._LAMBDA1.e~.Ol.1.Q .. .a...o... U. L-.A. __ . 
B,LAMBOAI,BI,(B.O,Q,Q,B,I-,AN,LAMBDAIIII 

.------.---...... __ ._---------_ .. __ .. - ---------------_ .. _-_.-... _- ---.-.--- .•. _---._ .. _--- -" -.-- --

END OF APPLY, VALUE IS ••• 
_~1=__'_~.~.t.""AM8_0.1\.1 ,J.~,.l:_:r.l_:IAN,.L.AMB()I\J, '-.1 CI.B .. I-.I\U,LIIM60AH ,8J l • .I *, I -, I~,A8 .• LAMB.DAJ.,. 1-, U,B, 1-:, I -.AN.LAMdUAI, I -, II, B. 1,.- . 

,AB,LAMBDAII,B))).B)),(.,(-,I-,AN,LAMSDAI,I*.I/.u,I-,(-,AB,LAMBDAI,I*,I/,B,I-.(-,AN,LAMBDAI,I*,II,B,I-,AB,lAMEOA",BI" 
.~JJJ .. ~!tU . .J.l!..,j:::tJ:::-,-M.l.JLAM~DA I.l· ... I I, fhl.::.J:::-.MhlMi!i!Ud...J..! . .J.L...I.LL·:I.l=_,.A.I:l.aJ..AM.B.UAJ .... il..r.1.L .. J4J=_.J.=..A..tL.LAMB.UALl.h.1I.'O..1.,.-.• Ab •. 
LAMBDAII,B))),Bl)),B)I),BI),I-,(-,I-,I-,I-,I-,AN,LAMBDAI,(*,I/,B,I-,AB,LAMBDA»),BII,I-,I/,I-,I.,I/,R,(-,AB,LA~oOAI),BII 

-L.( - .. J _ _:.I_~~ .. J...AM..!H~.~Uf.lllt.,JI,._D., .1~fAf). LAtiBOA, I ,13 U I .. l::-.,.l! •. Jl.B .• 1- ,AO,lA~tlDAJ I •. B U.l ).t I -.~ (J., I ~,I * .... li. 1:-: ... 1 ... (1..1:1. I~ •. Ae .•. LAJ13UAlJ ....... __ 
B)),I-,(-,AN,lAMBOAI,(·,I/.B,I-,AB.LAMBDAII,ull),ul,.(-,I-,AB,LAMBDAI,I.,II,B.(-,I-,AN,LAMBDAI,I.,(/,B,I-,AB,LAMB~A)I,B 
~lJ.l..d.:-JJ.! .. Jl.lh C:::. l:-:-.AN.lM1eOAI L.(·, ([ ,6.J.::.AB .• .LAM.liD..ALlt.B.1l.l .... 17 .•.. 1.!t....J.L~B~1:: .• .Aa.ll.MBUA.U..n.l_Uj.H .• LI!. U . .J::-... L!.~.L..L--:...LtL _._. ___ _ 
,(/,I-,(.,I/.B,(-.AB,LAMBDAI),B)),I-,I-,AN,lAMBDAI,I*,I/,B,I-,AB,LAMBDAI),B))),BI),I-,I-,AB,lAMBDA),I.,I/,B,I-.(-,A~.LA 

...J1.!1DAJJl.!ill .• ~, • .l::AAf) L.!..A~J~!')M J, 5) )).L6 1lJ.... B.IJ.,l--::al.=..a.AI'ial.AMJll.:Al .... ll • ..u....a....L-=_a.l.::.a.AB..a.LA.M.fl.QAl • , •• ( 1...a.B.. .. l=...J.=... AN.' AM 0 0 A ! • , !. , I • .ii~ ____ _ 
-,AB,LAMBDA)),B))).B))),B))),(-,(.,(/,B,I-,I-,AB,lAMBOA),(-,I/,B,I-,I-,AN,lAMBDAI,(.,I/,B,I-,AB,lAMBDA),BJ)),ell',I--,1 
•• (I. B. 1.::..t..L~J.A.MIUl!U_L( '!i.uJ. 8 ... (.::.LAB.LlAM60A.ll..ill.l.l.....l=..a..1.~.lLall .... l.= .• AB... LAM.8DAl.1. ... .B.1U..l.UJ.J-Lt,.t-LL..1.=....B..-l-'4_tL.J-=...1.l!...J.1......L=...L!L __ _ 
,(/,I-,(·,I/,B,(-,AB,LAMBOA)),B)I,(-,(-,AN,lAMBOAI,(·,1/,B,I-,AB.LAMCDAI),S))),S·)),I-,(-,AB,LAMBOA),I*,I/,B,(-,I-,AN,LA 

-M§DA 1 .. 1*1. IL.&'.IJ::,.Alb&'.AMB,DA' ) .• .lUll fJUJJ .... B..lI. ... .l::--'_l~.u\N. LAMBDAL_L!..J.L~B, ,-, ,-..... .Aa..LAMJ:UlA..l.J.!t-.t.1.L.a..B...aJ.=-a..l~.A~A.MnDA I. l.!t......L..L...J. .. .L ___ . 
-,AB,lAMBDA»),B))),B))I,BI)I,S)),I-,I-,AB,LAMBDAI,I.,(I,S,I-,I-,AN,LAMBDA),I.,II,D,(-,I-,AB,LAMBDA),(_,I/,D,I-,I-,A~,LA 

-MD.A1..L1..!..&l.La.~., L~ .. IA{hJ..~MI}PI\.U, ~.1J.J ,_lU.U .• 1tlJ.J......lU.ll.aJ. -, B. ( •• I 1.3 .l::..a..L-. AN. LAM.allAl..a...LI! .... .lLalla.1.= ....... l=-o..A.lit-LAM.B.llAL..u ... L.L. t:.. ( -. ( -:..A. ___ . __ 
N,LAMBDA),I.,1/,8,(-,AB,LAMBDAI),BI)),BIII,B))),I-,'-,I/,B,I-,I-,AB,LAMBOA),I.,(/,B,I-,I-,AN,LAMBDAI,I.,I/,B,I-.AB,LAMB 

~ll.l.tt111.L!UJJ_Ll '7_1..1 ·_f .(l ... lh (-:, 1.7",.AN. L.M1.6DA.la.I .. '!..tl.l •. I3 .• .l-:::.AB ... LAM.BD.lU I .• B.I U •.. t~ ... I~ .. LI. .. .B •. L-... AB ... LAMB.DAJ.) .... .8.l1111.Ul111.l.U.L .. _ .. ___ ... ___ _ 

... _- ...... __ .• _----------------_._---

~--~.---.--..• ~ ..• -.-------- ----_ ... __ . __ ._-_ .. _--- --------_. 

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

. " ... _.-, -~ -~-.. ---.--...... . 

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

... -- ... - .. -'-'--"'-

------~~-.-.-.--.-,,_&.- ... -..... --.--.. -,. 

-------------_._-._-

._--_._-_._-_ .. _._-_._- -----.-----.---

-----.---.-------~---- .-... - ---- ---------_ ..• - •... _------_. __ .. -_._----------.. _--_._._ ...... -.-- _. ---.-._ ... - -----~.~-.~-------.-------------.-------------

l .. __ L_ I~- L- L- [.- I 
L..---- L- L- L- L-- L- I 

'-------- L- L- L- I 
L..----
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L..----
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DII'FERENTIATJ: 

DIFFERENTIATE is a function of two arguments. One of the., 

the first, is a function to be differentiated, and the second, is 

the varia.le with respect to which differentiation shall take place. 

The first arguaent must be gi,ven in the form of a list, with paren

theses and multiplication indicated explicitly in ordinary english 

notation"no more than two symbols connected by an arithmetic sign. 

The result is siaplified slightly in that redundant zeros, factors 

of one, and the like are suppressed. 
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88 
APPLY OPERATOR AS OF FEBRUARY 10, 1960 ------------------------

AT THE TONE THE TIME WILL BE 01 0 000.0 ••• BEEP 

READ IN LISTS ••• 
DEf I NE ______ _________________________ ---- ----------- ----____ _ 
IIITRIPLET,ILAHBDA,(LI,ICOND,IIOR,IATOM,LI,INULL,LI,INULL,(COR,LII,INULL,ICDOR,LIII,fl,IT,ICOND,IINULL,ICDDOR,LII,II,IT 
,F LLLtt.LLtOOlLBlET, ILAMBDA, IL I, ICONO, !lPR, I ATOM,Ll, INULLLJ,J-,-J_~!o-'=_dC;R!hJ·ili.tf.l..t.Jl, I CQiiQ , I I NU,=-L, ICDo~~!.l_dJ-,-LGiU IJ II. I 
POLISH,ILAMBDA,ILI,ICDND,IITRIPlET,ll,llIST,ICADR,ll,1POlISH,ICAR,LII,IPOLISH,ICADOR,LIIII,IIDOUBlET,LI,IL(Sr,ICAq,iLi;-I-----
pOj.J_sJ::t_, ,-C_,,-DR,ll»)), (T, U I I I , I ENGLISH. I LAMBDA, I L I, (CONO, IITR I PLE T,!...L, III S T, (ENGlI SH, (CAUR. L II, I CAR,Ll , ([NGL.! SU, I CADDR. L I 
I)I,IIDOUBlET,l),llIST,ICAR,LI,IENGLISH,(CADR,ll)I),IT,ltlllll 

DEFINE 
( II NO~ERO, I lAMBDA, (U , I COND, ( I NUll, ICDRJ_LlI ,.i~~g,IJJ_t..LII'i.QldfQJJA.I,-,HAJ\.fuJJ..tl..QUO TE, 0) I LL1J~AB_!-'-JJ_.Jld_NQN'?'.~.Q.!L~Q.~, Ll LlL 
II,IREOUCE,ILAMBOA,IL,M),(CONO,(INOT,IEQUAL,ICAR,LI,MI',ICONS,ICAR,L',IREDUCE,ICDR,L"M"',IT,ICDR,LI"'I,IRELSIC~,ILAM 

_ BOA_. _I!.&L,"OND, IIEQUAl, ICAR,Ll ,MI, T I. IT, I NOT, I RElS 1 GN, I COR, Ll. M III III, I DIFFERENC[, I lAMBDA, I l. M I, I CONU, I I NULL, L ~L!=-I 7-L-=-'.!...,!-1 ___ _ 
IAND,IEQUAl,ICAR,L),IQUOTE,Ol),IEQUAL.ICAR,MI,IQUOTE,O111,ICONS,IQUOTE,OI,IDIFF[RENCE,ICDR,ll,ICDR,MII",IIECUAl,ICAR,L 

) ,LQ~QULLO) ) , ICONS, III S T, I QUOTE ,-, , I CAR, M I I, 10 I FFERENCE, "OR.lli .. .ig:l.fulV..l.ll.! I IE Ql!t-.1_!. I CAR_, M I , I ';UQli.t.9J , , I CCN~L1_('~~!_~1 ,..oI..::U'-'I'--___ _ 
FFERENCE,ICDR,ll,ICDR,MII)I,IIEQUAl,ICAR,ll,ICAR,MII,1CONS,IQUOTE,O),IDIFFERENCE,ICOR,ll,ICOR,MIIII,lr,ICO~lS,ILIST,I~UC 

r~,:-J,_LCAR,--lli ICAR,~LhlDIFHRE!!CE , t~OR.!..I-1LiCO~JiLUlllJ , I MULIJJ>-,=JER, 1l-.AMBI2.I\,Jl. A I, ( ~O".D-'.lLNU!,1.., Ll.!_N1J-.I_. 1'-Q.'hJ~QU~J=~ 
QUOTE,O)),(EQUAl.ICAR,L),IQUOTE,O)II,ICONS,IQUOTE,OI,1MUlTIPLIER,ICDR,LI,AIII,II[QUAL,A,(QUOT[,lll,LI,(I[QUAL,ICAR,LI,( 
_ClQQ_I.~.tJJi!J CONS ,A, ( MULTI PlI ER, I CORfLl, A) I I , IT, I CONS, III S T, I QUOTE,.) ,A, (CAR, Ll I , (MULT I PLI ER, (COR, U, A I I I I I !..t.l.f.PREUU,--:C:..:EO--'-,'-,I:-:L:'--___ _ 
AMBOA,IL,R),ICOND,I(NUll,LI,NIll,IIEQUAl,ICAAR,L),IQUQTE,OII,ICONS,ICDAR,ll,ICOREDUCE,ICDR,ll,RIII,I([~UAl,(CAAR,l',(CA 

R,R)),ICONS,IOIFFERENCE,ICDAR,ll,ICDR,RII,ICOREOUCE,ICOR,LI,RIII,IT,ICONS,IOIFFERENCE,ICUAR,LI.IMUlTIPll[R,ICUR,RI,ILlS 
. T. IQUOTE,!', (CAAR,L1, ICAR,R) I) I, IcoREDuCE;"fcOR,L i-,RITfff);\ABSDET. I LAMBDA, IL I, I LIST. (QUOTE ,f I, fi:AR;TN6~'1ZfRO;LT)-; tOETEfff.1----

INANT,ICOREDUCE,IREOUCE,L,INONZERO,lll,INONZERO,LIIII1I,(DETERMINANT,ILAMBOA,llI,ICONU,IINULL.lI,Nlll,1INULL.ICDR.LII,1 
-CAAR~ LI ) , I I EQUAL, (CAR, I NONZERO,l I I, ( QUOTE, 0 I I, (QUO TE, ° I I, I I R[lS I GN, l, (NONZERO, LI I, (ABSDET • Ll I, ( T~ (l( ST, I \.tUO IE. - I , I A BSD!:-c[=------

T.t.!.}l) I ) ) I I . 

DEFINE 
- ((TOIFF. I lAMBDA, (t, X" (CONO, I (A TOM~Tr; (cOND, I (EQUAL, L, X I, I QUOTE, ) ) I , IT, I WUOTE, 0) I I I , I I TR I PLE T, LI , (COND, I I ["UAL, I CAR, LI , 
IQUOTE!~J I, (LIST, (QUOTE,")' (DtFF, (CADR,lI ,XI, IDIFF.-(CADDR,Lit)(1 I), (l[(.lUAl, ICAR,L I, (QUOTE.-.I I, (LIST,IQUOTE.-I, lulfF, L~.9 ___ _ 
R,L),XI,IDIFF,(CADOR,ll,X)II,I(EQUAl,ICAR,ll,IQUOTE,.)1,lllST,IQUOTE,-t-),ILISI,IOUOTE,'I,ICADR,ll,IOIFF,ICADDR,LI,XII,IL 
IST_,JQUOTE,.I, IOIFF, ICADR,lI ,XI, "AODR,l I I I I, I I EQUAL, ICAR,lI, IQUOTE ,/11, III ST ,IQUOTE,/I, I LIS r, IQUOTE,-I, ILIST, I Q,-,:U,-"O,-:T"-!E:.j· '~'~I ____ _ 
,IDIFF,(CAOR,l),XI.ICADDR,ll),llIST,IQUOTE,'I,ICADR,ll,(DIFF,ICADOR,ll,xIII,ILIST,IQUOTE,f",ICADDR,ll,I~UOT[,2111',IIE 

QUAl,ICAR,ll,IQUOTE"'I"llIST,IQUOTE,'"ICAOOR.LI,llIST,IQUOTE,"',IChOR,ll,ILlST,IQUOTE,-I.(CADDR,LI.(QUOT[,IIIIII,IT 
-;COIFF2,l.X I I 11.IIDDUBlET ,lI,ICDNO, I IEQUAl, ICAR,l', I QUOTE,-II, I LIST, IQUOTE,-I, IDIFF, ICADR,Ll ,XII J, IT, IDIH I ,L,XI II I, (I, 
_tDIFF_2, L .. X I) I ,,, IDIFF2, I LAMBDA, I l.X) ,Ill ST, I QUOTE, ILlEG~!,., FORMA J) ,1I ) I , I DIFFERPHIA JE, I LAMBDA, I L, XI, I E'lGll SH, I ZEROBEGO.'1 
E,IDIFF,IPOlISH,ll.XIIIII)1 

-oeFlNE 
I I I DIFFO. (LAMBDA, IL,X.DERFUNI. I LIS T, I QUOTE.'), OERFUN,!QJ.FF, I CAOIit.J-IJ...!l11 I, WI FF 1, I LAMBDA, I L, XJLU:ONO, II E .. UAL, I CAR, L I, (W'--__ _ 
DOTE,EXPI),(DIFFO,l,X,(lIST,(QUOTE,EXPI,ICADR,lllll,11EQUAl,ICAR,LI,IQUOTE,SINII,IOIFFO,l,X,llIST,(QUOrE,COSI,ICAOR,LII 
I " I (EQUAL, I CAR ,lI, 'QUOTE ,COS I I, 101 FFO, l, X, I LIST, I QUO.TE, -1.!1.!J~r., I Quon, SIN 1 , (ChOR, II I ) I I , I I ECUAL, I CAR, II , I QuO IE, l~ I I, I 
DIFFO,L,X,(LIST.IQUOTE,,),IQUOTE,ll,ICADR,lllll,(T,1OlfFO,l,X,ILIST,ILISJ,(QUOTE,OER(VATIVEI,ICAR,ll',ICADR,LIIIII' III 

(fEFINE 
II' ZEROBEGONE, (LAMBDA, Ill, (CONO, ( IEQUAl, I MI NUS§O,J~~~!LoI_n:_R.Qc;O_, I,Jll_t.!ob LId r, I lEHOBEGO~d M INU.iG_QJ..!JxPGO, I ZEROGO, L1iU ___ _ 
·lllll) .-

OEr="iNE .---~----~------------~- -.-----.-.- --------------------~.-~------- ---

IIIZEROG02,llAMBOA,(L),(LIST,ICAR,LI.IZEROGO,ICAOR,ll),IIEROGO,(CADOR,LIII",(ZEROG01,llAMBDA.Il'.ILIsr,ICAR,ll.IZEROGO 
, ICADR;tlTfll, I ZEROGO. (lAMBDA, Il,-;t cONi:>";1 I TR I PlEr,L) , ICOND, I (EQUAL, I CAR, ll, (QUOTE, *11, I CONO, I I EQUAL, I CACR, LI , (QUOTE ,-'-'u"-'-:::, "-,---
,IQUOTE,OII,IIEQUAl,(CAOOR,l),IQUOTE,OII,IQUOTE,Oll,IIEQUAl,ICAUR,LI,IQUOTE,I»),IIEROGO,ICADUR,lll',I(EQUAl'ICAUDR,LI,1 
QOOTE·~ 1 I), (ZEROeO, (CAOR,l) I, (T, IZ-EROG02,TffiT;TTEQUAl,It-AR;-C)-;(QUOTE, III, I COND, (I [QUAL-;"ICADR,l:T;t Quor(;oT~T~-uOrE,~O-:-,71.!-,---
((EQUAl,ICADDR,L,,(QUOTE,I)I,IZEROGO,(CAOR,LII),IT,(IERCG02,LII 11,IIEQUAl,ICAR,l),IQUOTE,-t-)I,ICONO,I([QUAl,ICAUR,LI,IQU 
OTE~ 0 11,IZEROGO, ICADDR, L) ) I • II EQUAL, ICADOR, L1, I QUOrE ,000-;TIERbGO~-(CAOR.-Cj I ) , IT, I Z[RDG02, 1I1 II·~TI EQUAL ;-iITR~iT;TQIJOTE~:"I---
',ICONO,IIEQUAl,ICADR,ll,IQUOTE,OI),llISJ,IQUOTE,-I,(ZEROGO,ICAODR,LII»),IIEUUAl,(CADUR,LI,I_UOTE,OI'.IZERCGO,ICAOR,LII 
) ~lT-;TIEROG02,U I , I , (T, I ZEROG02, L I) I I, I I DOUBLET, L), (CO;"O;--I I A:-,iiS-;l'EQUAL, (C AR, LI • I QUOTE, -I I , (E QUAL, I CAOR, L) , (~lJOfE, 0 I I 1'-',=-('-\,/'------
U'!!!' .. Q.!..~_ .. IT_d_~_~~9.GOl ,~..!U~i.!!_l:)_'}JJ_I __ .__ ______________ . _____ .______ _ ___ . ________ .__ .. ______ . ________ _ 

~ 
I 

L.-. L- I 
~ 

I 
L-... 

'L __ _ L- I 

-'-- L~ L-
, 
L-... 
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DEFINE 
II 1M I NUSGOl, ILAMBDA, I l,OP', ( LI ~ T, OP, I H INUSGO, I CADAOR-t!Jl~.JJil NUSGQ.!...LCADDR, Ll , I II, (I'll NUSGOR, (l AMBOA, (l ,9fW1JS r , OP,lM I riU 
SGO ~TCA-DR, Ll I. I I'll NUSGO. (CAR, I (DADOR, LI I ) II I, I H I NUSGO 2. IlAMBDA, I L I , IllS T , I CAR, LI , (HI NUSGO, I CAOR, L11 • 1M 1 NUSGO, (CAOUr\, L I II 
II. (MINUSGO 1. (LAMBDA. (Ll • (LI S1. (CAR, LI • (HINUSGO, I CADR, L I III I I (NEGA TI VE, ( LAMBDA. (L1 I I COND! ( (E QUAL I L. ( .. UO T to,. I I, ( (.;UO 1h::..L 

~,I(EQUAl.l,IQUbfE,-",(QUOTE.+),.IT,llll',IMINUSGO,llAMCDA.(ll,ICONU!«(TRJPLET,ll,ICONO,((OR,(E~UAL.ICAR,ll,(~UGTE.*II 
, (EQUAL. I CAR ,U. (QUOTE,!) ) " (COND, ( I.AND, I DOUBLET, I (AOR,L11 I I EQUA'=-.t..LCAAOR Ill. (WUOfE .-1) ) , I LJ S r, (QUOTE ,-I J1J:ll!'1~~"OL--,~~~ 
R;( I rrl, ( (AND, (DOUBLE T, I CADDR. LI I, (E QUAL. I C AADOR I L I , (QUO T [, -III , (LI S T, I QUOTE, -I, (M I :\IUSGOR, L, (C AR, III II , I r. I M p~us(,n, L I I 
I I. ( lOR, I EQUAL, ICAR ,U , I QUOH, + I I, I EQUAL, I CAR I Ll. I QUOTE ,-I) '--'- (COND, II AND, I DOUBLET, (CAOR, Ll 1 , I EQUfuKAADR,~ ... uJ.!>JjLQH.J~L 

. I', 'It 1ST. (QU'OTE ,-I, I I'll NUSGOl, L, I NEGA T IVE, I CAR, L I I ) II, I I AND, (DOUBLE T, I CAODR, L II , IE I,jUAL, (CAADOR, L I, I QUO TEr -I I I I (~l NUSGOR, L 
, I ~E.~AIJ VE, I CAR, U I ) ,. IT, (I'll NUSG02,lll I I, ( (AND, (EQUAL, (CAR, II , (QUCTE I HI I , (DOUBl E I, Ie ADDR,ll I, I [.;UAL, (CMDOR..!_ I, I <.iUO r [, 
-III,ILIST,(QUOTE,/I,CQU01E.II,IMINUSGOR,l,(CAR,LIII',(T.(MINUSG02.L"II,(IOOUBlET,LI,(COND,(IANO,(ECUAl.ICAR,l',ICUOTE 
.-, 'dQQUI!LET, ((ADR,llt. (EQUAL. ICAAOR~Lt (QUOTE c"u_ut,.,J.NUSJiJhL<;f\.DADR, l I I ), (T, IM[NUSGOI,L III), (T ,L11 IIU_. 

DEF.I~ _____ ,, __________ . __ ._. ___ . ___ ... __ .___ ___ _. . ___ ,, _____ . ___________ . __ 
(CIEXPGO.ILAMBDA.CLI,(COND,CITRIPlET,LI.(CONO.IIANO,IEQUAl,(CAR,ll,(QUOTE,-I),IEQUAL.ICAODR.LI,(QUOTE,llll,(CO~O.(([QUA 
l. I CAOR, 1I I ( QUOTE. 10' I I ( QUO TE ,9' I , ( (EQUAL I (C ADR, 1I , ( QUO T [.9 I I , ( QUO TE, 81 I • ( ( EQUAL. (CAOR , 1I , I Q LJO fE .8) I , ( yUO f E • 71 1..J..lJ E Q LJAl 

·-;TCADR,L1.IQUOTE,7) I, (QUOTE,6", I (EQUAL, (CADR,L I, (QUOTE. 61). (QUOrE, 511, I (EQUAL, (CAOR,L I. I QUOfE. 51" (QUO"fI:,4 I I, (( I:(JUAL, I 
CAOR ,t) • (QUOTE, ~ II, (QUOTE. 31 I, I «(QUAL. I~ADR. LI , (QUOTE, 31.hJ.Q!JQJsJ.1J I • ( (EQUAL, ((ADR, L I , I\JUOTE .21 I, I QUOTE ,JU_.LJJ...SlLUAL Lu;A.... 
OA~L',(QUOTE,l".IQUOTE.OII,((EQUAl,(CAOR.LI,IQUOTE,OI1,(QUOTr,(-.IIII.(T.(CONS,(CAR,L),ICONS,([XPGO.((AUR,lII,(COOR,LI 
II I I 'u' ( (EQUAL. (CAR. L1. I QUOTE, u, " (CONO. I.LE_Q_UAL, q:AP~!..!.!_LCtl.O T!,-,..JJ'-l I QUO rE, II I , ( I EQUAL, (QI2QBJLJJ19lJ.QJ.i:...JJ.tl1 [X.l' GO. I. CAD 
R.fff,-;rre-QUAl, I CADR.ll , I QUO fE, 0 I I • (QUOTE, a I I. I ([~UAL, I CAOOR, 1I • (QUOI E, 0 I I. (~UOTE, 11 I, I T I ( EXPG02.t) ) II , If, (E XP';07, L I III 
,(IQQ~BLET! lI. (ll ST, (CAR, LI , (EXPGO. (CAOR.lI I I ) , IT. LJ-Ll.!_u'!,XP G02. (lA,tlBDA, (U , (U S T, I CAR.lI , (EXPGO. (CADRLb.lh.L~XPc.;.o. (CADO 
R.lI))'''1 

tflFFERENTlATE --------.--.--

J!X,-,VI,X, 

D~FFEREN~T~I~A~T~E~ ____________________________________________________________________________________________________ __ 

'Th,-.v, ,VI 

bIFFERENTlA.TE 
.L~X,+,VI ,XI 

JHFFERENTIATE 
--i (X, •• Y I , x , 

lHFFERENTlATE 
((X,/,YI,VI 

DIFFERENTIATE 
((X , •• ,3),XI 

DIFFERENT lATE 
(ISI~I(X.,.,V".VI 

DIFFERENTIATE 
rfQUXL. xi ,XI 

DIFFERENTIATE .----. 

!!.~ + ,+. + •• , +, +J ,I ++ 1,1++++'. (+I.1 ... !.!.L _________ . ____ _ 

DIFFERENTIATE 
TflTi R, ., ( X ••• ,3) , ,--... y I , + ,2 I .7-;( C 'R I -, Y) • -. X I •• , ( x, +, Y I I I ,X I 

I (AMBDA;(TI , (ENCll SH, I ZEROSEGONE, I OETERM INANT III III 
( '-'-' - ,_A. l ) ~Q.! 0 , , I 1 • (-. A , Ll • I • 0 I • I 0 , 1 I (-, A Ill. l'..!..U!.!_O. I , ( - , A L t L I I I I 

STOP _________________________ __ 

AT THE TONE THE TIME WIll BE •••• 01 0 000.0 ••• SEEP ••• , ____ _ 

.-------

--------------.----.------.---.. ---



------' 

____ -=--::::-c------__ .. ___ .. ______ ..... _.~O_. 
AT THE TONE THE TIME WILL BE •••• 01 0 000.0 ••• BEEP 

\ 

FUNCTION APPLYIF,X,P) HAS BEEN ENTERED, ARGUMENrS •• 
DE.FINE .. _____ ... ____ .. __ ..... _. __ .... _. ___ .... __ . __ . ___ ._ 
(((DIFF,(lAMBDA,(l,X),(CONO,((ATOM,L),(CONO,(IEQUAL,l,X),(QUOTE,ll),(T,(~UOTE,O)')), ((lRIPlEI,ll,(CONU,((EQUAl,ICAR,l" 
(Q!.lQlt;.t~iJ.1( LISJ..tJ QUOTE, +' , (OIFF, I CAORtl.l.L~JL(O IFF .liAQJ>JiLlJ ,.XJ.J.bJ lKU.A.I....tllM..U..r.JQUOTE, -ll.L1JJ_~.r..J..QUQIf'...L::JLIQI FE.rJ~AO _____ _ 
R,L),X),(OIFF,(CAOOR,l),X'»),((EQUAL,ICAR,LI,(QUOrE,.)1,(LIST,(QUOTE,+),(LISJ,(QUOIE,'I,(CAOR,l),(DIFF,ICAUUR,L),XI),IL 
I.S..T..J.LQI.)JH.~,..!.W.PIFF, (CAOR,L I,X), (CAOOR,L) I I), (I EQUAL, (CAR, L L..LQUOJW.J..hlLlST, (YUOTE,/I, (L IS T I I QUOTE,-I, (L lSI, (QUOrEL!.l 
,(OIFF,(CAOR,l),X),(CAOOR,L)I,(LIST,(QUOTE,'I,(CAOR,LI,(DIFF,(CAOOR,ll,XIII,(Llsr,(QUOTE,"',(CAODR,LI,(QUOIE,21'11,( IE 
QUAL,., CAR. ,\..J . .t.1.QUQIL..!.!..lL..I.1..lU ... J QUOTE, '.hJ<::AOO~LU.I.ll.1.~J J1.Q!!(J TEJ_! ... L.L~nR ,UJJJ • .I S T, (QUOJ~J..c;.'.\.QQB.LLJ, 19L19._U:JJ I. II) I , (I 
,(DIFF2,l,X),),((OOU8lET,l"ICONO,((EQUAL,ICAR,L),IQUOTE,-II,ILIST,(QUOTE,-),(DIFF,ICAOR,L),X"),(T,(OIFFI,L,X))II,(T, 
IOtU.1_,.L.!J_LUJ ... tDIFF2, I LAMBDA, (l, X) , (LI ST, ( (lliQRr.1.U.EGA~ORMI\.I.b.lJJ.l..t (D [FFERCNTlA TE, (LAMBOW1.J1U., (ENGLI S_H, (ZERQBEG01'L._ 
E,IDIFF,(POLISH,l),XI))))) 

END OF APPLY, VALUE IS ••• 
tPlff .. !UFJ'.2, DIFFERENTIATE , ___ . _____ _ 

Af-·THE TONE THE TIME wIlT" BErr! 0 000.0 BEE p---._--... 

FUNCTl~ APPlY(F,X,P) HAS BEEN ENTEREO~ ARGUMENrs .. 
DEFINE 

-I1TO I FFO, ( LAMBDA, (L, X, DE RFUN), (L 1ST, (QUOTE,. I ,OERFUN, (01 FF , (C ADR,L) ,X) ) ) I. ( D IFF 1 , (LAMBDA, ( L, X I, (eONO, (( E \,jUAL ,1 CAR, L 1 , ( Q 
UOTE,EXP),(DIFFO,L,X,(LIST,(QUOfE,EXPI,(C~DR,l')'),(IEQUAL.(CAR,L),(QUOTE,SIN),(OIFFO,L,X,ILISr,(QUOTE,COS',(CADR,L)' 
n'TfEQUAL, (CAR.L), (QUOTE.COS)'. (DIFFO, l.X, ILIST, (QUCIE,-', (LI S r, (QUOH, SIN I. (CAUR, L' I I ) ) , ( (EQUAL,' CAR,L). '( QUCirE;Lm-) ,'-'(;.---
D~~~O,L,X,'lIST,(QUOTe./),(QUOTE,I),(CADR,LI»)I,(T,(OIFrO,L,X,(LlSr,(LlST,(QUOTE.OERIVATIVE),(CAR,L»),(CAOR,LIII)))))1 

END OF APPLY, VALUE IS ••• 
I D IFFO;OTFn ) 

AT THE TONE THE TIME WILL 8E •••• 01 0 000.0 ••• BEEP 

FUNCTION APPLY(F,X,P) HAS 8EEN ENTERED, ARGUMENTS •• 
DEFINE 

. .. _------------

(iTZEROBEGONE.' LAMBDA. (1I, I COND, (( EQUAL, (MINUSGO;TE:XPGO. ( ZEROGO;nr,;Cj , (.), I T ~ (lEROBEGO"i~E, (M INUSGO,-CtxP-Go;TTCROGO, i. I I ) ) J)))) 
-----~---

END OF APPLY, VALUE IS ••• 
i ze·RCrS·EGONE,-- ._--

"-- ----- --~--------- .. -~-

L---< L---< L.............. ~ L-........ .J '------' ~ c.............. ~-.-..J 



,~-~ 

~ ~ r----, ~ ~ ---" -: ,------, 
I 

AT THE TONE THE TIME-WILL BE •••• 01 0 000.0 ••• BEEP ••• 

---,uNCTION APPU(F,X,P' HAS BEEN ENTERED. ARGUMENTS.. -----
DEFINE 

,-------, r--' r--', ,~ 
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~ ~ I 
~ r~------, 

i 

,( (ZERDG02, ( LAMBDA,ILI , (LIST, (CAR,LT;rztROGO, ICADR,UT, fZEROGO. ICADDR,l I In), IZEROG01,llAMBOA,ll', ( LIST, ICAR,l), IZEROGO 
,(CADR,LI)))J,llEROGO,(lAMBDA,(L),(COND,IITRIPlET,LI,(CONO,IIEQUAl,ICAR.l),IQUOTE,*)I,ICONO,IIEQUAl,ICAOR,lJ,IQUOTE,OI) 

.1 QUOTE, 0) , • I (EQUAL, (CADDR, U , (QUOTE. 0 I ) , (QUOTE, 0 I ) , ( I EQUAL, I CAOR ,lI , I QUO TE, I ) ) , lIE ROGD, I CAOOR, 1I , J , I (EQUAL, (CAOOR;U-;-, 
QUOTE,lJJ,IZEROGO,(CAOR,lIJJ,(T,IZEROG02,l))",IIEQUAl,ICAR,ll,IQUOTE~/II,ICONO,IIEQUAl,(CAOR,l"IQUOTE,CII,I~UOTE.O)I, 

nnE"QUAl, I CADOR ,lI , (QUOTE, 11 J, I ZEROGO, (CAOR III II , IT, I ZEROG02, LI ) I ) , I I EQUAL, I CAR III , I QUOT E, + I ) , I CONO, II EQUAL, I CAOR ,lI , I QU 
OTE,OJJ,IZEROGO,(CADDR,LII),IIEQUAl,ICADDR,l),IQUOTE,O),IZEROGO,ICADR,lIIJ,IT,IZEROG02.l)))),I([QUAl,ICAR,LI,ICUOTE,-) 

-~;-( COND, ( (EQUAL, (CAOR, L 1 , CQUOTE, 0 J J I ( LI S T, I QUOTE 1-) , I ZEROGO, I CAOOR ,lI ) , I, I I EQUAL, (CADDR, 1I , I QUO T E, 0 I ,., IZEROGO, I CAOR, LI ) 
J,IT,IZEROG02,L)))),IT,IZEROG02,L")J,IIOOUBlET,LJ,(COND,IIANO,IEQUAl,ICAR,ll,IQUOTE,-)I,IEQUAl,ICADR,l',IQUOTt,OIII,IQ 

-UOTE ,0 J ) , n ,Il EROGO 1 ,e" J), (f , U " J , ) 

~NO OF APPLV, VALUE IS 
IZEROG02,ZEROG01,ZEROGO) 

~---~---------------------------------------.---

AT THE TONE THE TIME WILL BE •••• 01 0 000.0 ••• BEEP 

FUNCTION APPLVIF,X,PJ HAS BEEN ENTERED, ARGUMENTS •• 
DEFINE 

-, C I MINUSGOL, C lAMBDA,ll,OP), I LIST ,OP, I HI NUSGO, I CADADR ,L1 ) , I MINUSGO, (CAOOR, Ll I J ) , , I HINUSGOR, ILAMBDA, C L, OP) , IllS T, op, I HI NU 
$GO,CCADR,LJJ,CMINUSGO,ICAR,ICOADOR,l)""),IMINUSG02,llAMBDA,ll),(lIST,ICAR,l),IMINUSGO,ICAOR,l)"IMINUSGO,ICAODR,l))1 
'J,IMINUSG01,ClAMBDA,IL).ClIST,ICAR,lJ,IMINUSGO,ICAOR,l""',CNEGATIVE,llAMBDA,lll,ICOND,IIEQUAl,l,(QUOTc,+'1,(QUOrE,-) 
J,IIEQUAL,L,IQUOTE,-'J,(QUOTE,+'),IT,L'»),IMINUSGO,IlAMBOA,ll"ICONO,(ITRIPlEr.ll,ICOND,I(OR,IE~UAl,ICAR,lI,IQUOTE,.') 
,(EQUAL,CCAR,tJ.CQUOTE,/J",ICOND,IIAND,IOOUBlET,ICAOR,L",IEQUAL,ICAADR,l',CQUOTE,-""llIST,IQUOTE,-',IMINUSGOL,l,lCA 

Jh!-.U )J, I CAND, (DOUBLET, C CADOR,l) J, I EQUAL, ICAADOR,L1, (QUOTE ,-I' , , (LI S T, I QUOTE, -) , I MINUSGOR, L, (CAR, U , , " I Tr C M INUSG02~ 
),ICOR,(EQUAl,ICAR,LJ,CQUOTE,+)J,IEQUAl,(CAR,lJ,IQUOTE,-"',ICOND,CIANO,IOOUBlET,(CADR,l),IEQUAl,(CAADR,(',(wUOrE,-)' 
'~(lIST,CQUOTE,-"C"INUSGOl,l,INEGATIVE,ICAR,L""),IIANO,I09UBlET,ICAOOR.l)',IEQUAL,ICAAODR,l),(QUOTE'-"',(MINUSGOR,l 
,INEGATIVE,ICAR.L"J),IT,IMINUSG02,l")'.IIANO,IEQUAL,ICAR,L),IQUOTE, •• »,IOOUBlEr,ICAODR,L'),IEQUAl,ICAAOOR.L',IQUOTE, 
-))),CLIST,IQUOTE,/J,CQUOTE,l,,(HINUSGOR,L,ICAR,l')",(T,IMINUSG02,L,fl"IIDOUBlET,ll,ICONO,IIANO,CEQUAl,ICAK,l',(QUOTE 
,-),', (DOUBLET, ICADR,LJ I, IEQUAl, ICAADR,l), IQUOTE,-"), I MINUSGO, (CADADR,Ll", IT. IMINUSG01,L1" I, (T ,U),),) 

END OF APPLV, VALUE IS ••• 
I MINUSGOL,MINUSGOR,"INUSG02,!4I~U$GO l,NECAJ I VE. M INUSGO J 

,-----. 



- - -A-TTHf-T(f~fETHE TU'Ie--WILl BE •••• 01 0 000.0 BEEP 

FUNCTION APPlYIF,X,P' HAS BEEN ENTERED, ARGUMENTS •• 
DEFINE 

92 

1 TflnCPGO , I LAMBDA, Ill, I COND, ( (TRI PlE T ,LJ , I COND, 1 (AND, (EQUAL, 1 CAR, LJ, ( QUOTE, -I I, I EQUAL, (C ADDR, L) , I-~-UOTE, I) 1 I , I corm .-11 E i.,UA 
_ L,~~c:~OR~QUOTE, 10' 1, (QUOTE,9' I, ( (EQUAL, ICADR,l', (QUOTE,91 t.1--LQUOTE ,8 II, (IE"UAL, 1 CADR,L I, ( QUOrE, 81 I, IQ!JO[~_rrhll~~UAl",-___ _ 
,(CADR,l',IQUOTE,7)),(QUOTE,611,((EQUAl,ICAOR,LI,(QUOTE,61I,(QUOrE,51I,IIEQUAL,(CAOR,LI,IQUOTE,51"I~UOrE,41I,II[~UAL,( 
~~p~_, LI , I QUOTE,") ), (QUOTE, 3' I, ( ( EQUAL, 1 CAOR, LI , 1 QUO TE, 31) • (QUOTE, 2 I I , ( 1 EQUAL. (CAOR, LI • 1 QUO TE, 2 I I , (QUO r EO, 1 I ) , 1 1 [q=U:.;.A;.L ..... -,-I C""'A"'-__ _ 
OR,ll.IQUOTE,ll',IQUOTE.OI),((EQUAL,ICADR,LI,(QUOTE,OI1,IQUOTE.(-,l'I),lr,ICONS,ICAR,l),ICONS,(EXPGO.ICAUR,l)1.(COUR,l' 
I)J)l __ ._U~_~~l, (CAR,LI. (QUOTE, .. 11.1 COND, 1 1 E_QQAtLL!;_AOR,_U_.!J~lgH~l!J--,iQUOTE, 1 , I, 1 1 EQUAL, 1 CADDR~d QUOTE-..L!ll , 1 [XPGO, 1 CAD 
R,L,)),«(EQUAl,(CAOR.l),IQUOTE,OII,(QUOTE,OII,((EQUAl,(CADOR.L),IQuorE.O)I.I("UOTE.lll,lr,(EXPG02,llll),(f,(EXPG02,l)ll) 
, ( (DOU~~_t;!,J,}_~tl,I~T~f_AR,l __ !_IEXPGO'Jf-AR~~U)l)-,1 T, lU)l.!(JXP~Q~L~_~~~~HL,~~JJiJ-L!J~AR,L I 1_ (l:XPGOL~~AQ~~b1hl:::XPGO, (CADD~ ___ _ 
R,UI))))) 

END OF APPLY, VALUE IS ••• 
IEXPGO,EXPG02) 

--.- -----------------_._--------

'------" 

------ ,-~-------

------------------

-------.-----

-------------------- ---------



,------, ,------, 11 :-~~ r-~ r--' ~ 

-- -
AT THE TONE THE TIME WILL BE •••• 01 0 000.0 ••• BEEP 

FUNCTION APPlY(F,X,PI HAS BEEN ENTERED, ARGUMENTS •• 
DIFFERENT lATE _ 
((X,-,Y),XI 

END OF APPLY, VALUE IS ••• 
1 

A T THE rONE THE T I ME WI Li. BE- -':-:~(fro--o60-;:o-':-:=-BEE p 

FUNCtToN-APPLYfF.X,P) HAS BHN ENTERED, ARGUMENrs::------
DIFFERENTIATE 
I (X, -, Y I ~-y -1- --------~------ ----

END--OF AP~iy, VALUE (S ••• 
1-.11 

AT THE TONE THE T(ME WILL BE •••• 01 0 000.0 ••• BEEP 

- -.---~-----------.--. 

FUNCTION APPlYIF,X,PI HAS BEEN ENTERED, ARGUME~rs •• 
D IFFERENIJ}\ TE 
IIX,+.YI,XI 

END OF APPLY. VALUE IS 
1 

ATTHE--'j"(:JNE THE TIME Will BE •••• 01 0-----000:0-:-:--:--0[:[1' 

-FuNCfT~ APPTvTF,x.-P-I HAS BEEffENfERED, ARGUMENTS •• 
D (FFERENT lATE 
IIX,-,YI,XI 

END- Of!:-A-PPLY, VALUE IS ••• - ------------
Y 

r-' 
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r--l 
I 

,-----------, r--~ r------ r--' ,.---, ,...-----, 

AT THE TONE THE TIME WIll BE •••• 01 0 000.0 ••• BEEP 

FUNCTION APPLYIF,X,PI HAS BEEN ENTeRED, ARGUMENTS •• 
DIFFERENTIATE 
I IX",YI ,YI 

END OF APPLY. VALUE IS ••• 
I-,IX,I,IY,·.,~JII 

AT THE TONEfHE TlMEWTLL BE •••• 01 0 000.0 ••• BEEP-----

FUNCTfor'C--A-PPCYIF,X,PI HAS BEEN ENTERED, ARGUMENTS •• 
DIFFERENTIATE 
I I X • Ii. ,3 r ;-x-) 

END OF APPLY, VALUE IS ••• 
13, -, I x, **.211 -----------------

AT THE TONE THE TIME WILL BE •••• 01 0 000.0 ••• BEEP 

FUNCTION APPLY(F.X,PI HAS BEEN ENTERED, ARGUMENTS •• 
DIFFERENTIATE 
( (S IN, I x .... ,-V -, f, y-, -- - ------~-----

. ---. __ ._-----
END OF APPLY, VALUE IS 
(ICOS, IX.,', Y) I. *,X*l ___________ _ 

----~-----

AT THE TONE-t--HE---TI ME WILL BE •••• 01 0 000.0 ••• BEEP ••• 

FuNCftorr-A-PPlYIF.X.PI HAS BEEN ENTERED, ARGlJM(NfS.:------
DIFFERENT lATE 
I !QUXl, ~,--... ------------ ------------- -----------

ENDOF-Appty,-v ALuE (S 
IIDERIVATIVE,CUXLI,XI 

r----' 



L--

9t 
AT THE TONrTHE-nME WtLL BE •••• 01 a 000.0 ••• BEEP ••• 

FUNeTlONlPP[YIF,X,P' -HAS BEEN ENTERED, ARGUMENTS.. -.... -.... -~ 
DIFFERENTIATE 

- (((((R, •• IX ... ,3)),.,Y},.,z';I;TTIR,-,YI,-.X),.,IX,+,Y'",X, 

lrC~STAT • ENT. TIME MARK TIME EXIT TIME POL O[PTH- 10 I IR~ ON PDl~ 29 GARllAGE= 13305 

Ge. STAT. ENT. TIME MARK TIME 000.0 EXIJ_ TIME 000.0 POL DEPTH= 59 IR~ ON PDl= 11 GARBAGE= 13309 

~STAT. ENT. TIME 000.0 MARK- TIME EXIT TIME POL DEPTH= 90 IR~ ON POl= 26 GARBAGE= 13239 

Ge. STAT. ENT. TIME MARK TIME EXIT TIME 000.0 POL DEPfH= 19 IR~ ON PDl= 23 GARBAGE= 13231 

Ge. STAT. ENT. TIME 000.0 MARK TIME 000.0 EXIf TIME POL DEPTH= BO lR~ ON POL:: 23 GARBAGE= 13048 

END OF APPLY, VALUE IS ••• 
( C I ( (R,., ( 3, ., I X, •• , 2) ) I ,., V I,., (II R,-, Y I ,-, x I , ., I X, +, Y I ) ) ,-, ( I ( I R, ., ( X ••• , 3 I I •• , Y I , +, Z I , ., I I 'R, -, Y) ,-, x I ,-, I X, +, Y I I I ) , 
I,CCCCR,-,Y),-,X),.,(X,.,Y), •• ,2) 

AT THE TONE THE TIME WILL BE •••• 01 0 000.0 ••• BEEP 

FUNCTION APPLYIF,X,PJ HAS BEEN ENTERED, ARGUMENTS •• 
DIFFERENTIATE 
C I I., + •••••• ,+) , c •• ) , C." •• ), c.» ) ,.) 

END OF APPLY, VALUE IS ••• 
_(ILLEGAL,le.,.,.,.,.,.)" •• "I+ ••• ),(.))) 

L.. __ 
L- L-, L---

~ 
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THE TOWERS OF HANOI 

The Tower of Hanoi is a classical puzzle in which ODe has 

a set of discs, whose radii are progressively larger, and having 

holes in the center by which they may be stacked onto a peg. Given 

three pegs, A, B, C, with all the discs stacked on one of them,A, 

say according to their increasing size, the object of the puzzle 

is to transfer all the discs to peg B. However, only one may be 

moved at a time, but it may rest at any peg, so long as a larger 

disc is never placed above a smaller disc. 

Although it would be a more challenging problem to design 

a LISP function which would seek out a means of solution, we shall 

conten~ ourselves with an analysis of the solution, and describe a 

LISP function which will effect it. 

The problem is rather easily solved for a small number n 

of discs. For n=l, the disc is moved directly from peg A to peg B. 

For n=2, the small disc is stored on peg C, permitting the large 

one to move to peg B, and the small disc is then placed on top of 

it. For n=3, the sequence of moves is 

A. {3 c 
small ~ B 
middle ~ C 
small ~ C 
large ~ B 
small ~ A 
middle 1 B 
small 1 B 

However, for larger n, the problem deserves more careful thought. 

Let us s~ppose that there is a solution to the problem, and that 

we have progressed to some stage in this solution. There will be 

at most three disces exposed on the top of any pile, and of these 

one wil~ be larger than the other two, and hence cannot be moved 



-sP-

without violating the rule. Of the two remaining the larger can 

move to the top of the largest disc, while the smaller has free 

choice of the other two pegs. Thus there are never more than three 

moves available. 

If the smallest disc was moved on the previous turn, there 

is no need to move it again, for otherwise one turn could be saved 

by moving it directly to its final resting place. In this way we 

see that the small and the large disc must alternate turns, for 

otherwise the moves would undo the move of the previous turn. 

In fact, we see that if we regard the three peg~ A, B, C, 

as forming a circle, the smallest disc will consistently move in 

one direction, say counterclockwise, every other turn. In a similar 

fashion the second disc will always move clockwise one place each 

fourth turn, tbe third disc will move counterclockwise every eighth 

turn, and so on. We may then summarize the solution in a chart -

a sort of braid diagram in which the turns are shown vertically 

and the pegs horizontally. A line for each disc informs us of its 

location at each turn: 
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A somewhat different series of diagrams may be used to show 

all the possible states of the puzzle and not just its most direct 

line of solution. For one disc, we draw a triangle: 

c B 

The vertices represent peg which may contain the disc, while the 

edges represent legal moves. For two discs, the problem reduces to 

that of one disc when the large disc is not moved, and thus we set 

up three triangles to represent the states of the small 

C 8 
J 

disc when the larger is fixed. We name the triangle by the location 

of the larger disc, the vertices by the location of the smaller disc. 
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We may connect these triangles to show the legal moves possible 

for the large disc. For example, the large disc may move from peg A 

to peg C when the smaller is on peg B. 
A 

c s 
The process may now repeat, as we add more and more discs to the 

problem. In each case we take three diagrams for n-l discs. When 

all but the largest discs are on anyone peg, the largest disc can 

move between the remaining pegs, which shows how the three diagrams 

may be joined at their corners. 
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The Tower of Hanoi is solved by the LISP functions HANOI AND 

HANOI~ together with certain of their satellites. The satellites are 

used to determine which peg the smallest and next smallest occupy, as 

well as whether the move is odd or even and whether the problem is 

solved. HANOI AND HANOI-themselves cause the alternate moves of the 

smallest and intermediate disc, and the function is recursive because 

HANOI is defined in terms of HANO~of s~itably rearranged arguments, 

and conversely. The recursion terminates when HANOI. has an acceptable 

set of arguments, and the steps of the solution may be presented by 

TRACLIS. The puzzle itself is represented as a list of three lists, 

each of which enumerate the discs on one of the three pegs. 

HAROLD V. McINTOSH 

----------------- .-----



102 
APPLY OPERATOR AS OF fEBRUARY 10, 1960 

AT THE TONE THE TIME WILL BE 01 0 000.0 ••• 3EEP ••• 

READ IN LISTS~.~.~. __________________ _ 
DE-FINE 
IIIORDER,ILAMBOA,lx,y,LI,ICONO,IINULL,L),FI,IIECUAl,X,ICAR,LII,TI,IICgUAL,Y,ICAR,LII,FI,IT.IQRDER,X,Y.ICDR,LIIIIII,ltXP 
liNGE-;ILAMBDA, I I,Ll, ICOND, I INULL,Ll,NILl, I IEQUI\L, I, ICAR,LlI, I EXPUNGE, I, ICOR,L I I I, IT, ICONS, ICAR,Ll, (EXPW~G[,I, ICUR,LlIII I 
IJ,IACCUMULATE,ILAMBOA,IL,MI,ICONO,IINULL,LI,MI,IT,IACCUMULATE,IEXPUNGE,ICAR,LI,ICOR.LII,ICONSLlCAR,LI,1[XPU~Gt,ICAR,LI 
,MflTTrfT;-iELEMENT, ILAMBOA, I X,SI, ICONO, IINULL,SI ,F I ,IIECt.AL,X, ICI\R,SII, T I, IT, IElE~ENT ,X,ICDR,SI I I I' I, ICOLLEC', ILAMElDA, I 
L1, I COND, I I t-,lULL, L1, NI Ll , II NULL, I CDR, LlI_!!-.l.LLl.IL E.'~_r.H. I CAR, LI , ICDR, LlI , I CONS, I CAR ,L~9LL[C T .J_JJ;_ON~.1..LCAI!.t.1.L...!.R["'OV~~'J.I-"C~A!.UR,---__ _ 
,Li; rcO-,r;[Trn , , , IT, I CONS, I CAR, Ll , I C OLLEC T, I CDR, Ll , , I I I , , I REMOVE, I LAMODA, I X, LI , I COND, II NULL, Ll ,N I LJ , II EQUAL, X, I CAR, Ll I, 
ICDR,L",IT,ICONS,(CAR,L"IREMOVE,X,ICDR,LI'~I~I~I~I~I~I~I~ ___ . __________________________________________ ___ 

DEFINE . _ _ 
nTfERMINAL.1LAMBDA, Ill, ICONO, II OR, I A"lD, I NULL, I CAR, LI I , !NULL, I CADR, Ll I I , I AND, I NULL, I CADR, Ll I ,I NULL, I CADDR, L111 , I AND, DIU 
LL, I CAODR, Ll I, I NULL, I CAR, Ll I I I ,T I , IT, Fl.Ll.l.!.l~!;QJA:..'t!.LLAM~!}.A!J..!.!Jb C, M I, I corm, I I NULL, A I , I CON(hlJ..lli1DLJitJtl_~_L'1l.1.Q.l~J r, C I I I, I I 

- NOIX~-BT~ICON-D, I I ORDER, C, A, M I ,C I, IT, A I I I , I I NUL L, C I • I C OND, I I ORDER, A, B, 1>11 ,A I , IT, £l I I I , I I ORDER, A, 0, M I , I COND, ( laRDER, £l, C, M I ,B 
I,IIOROER,A,C,MI,CI,IT,AIII,IT,ICOND,IIORDER,A,(.,MI,AI,IIORDCR,B,C,MI,CI,IT,BIIIIII,IODD,ILAMDDA,IX,MI,ICONO,IIE~UAL.X. 

--rtAR;MI I ,TI, IT, INOT, IODD,X, ICOR,'''' I I I I I I, ISTACK, IlAMElDA, Il I, ICOND, I I NOT, INULl, ICAR,~ III, ICAR,L) I, I INOT, I NULL, I('AO~,LI I I 
, I ClOR, L I I. I T, I CADOR, LI I I I I ~ I HANO ( • I LAMBDA, I l I , I CON_O, I I E .. UAL, I CAR, 1ST ACK.I.! I I , I CAAR, L I I, I HANO 1*1 IllS T tJ CDAR I L I , I CACK, L I , 
-·(t~s, ICAAR,L I, ICAODR,LlII I I. I (EIJUAl, ICAR, I STACK,,"I I, (CAI\OR,Ll I, IHANOI-, IllST, ICONS, ICAAOR,L1, ICAR,UI, ICDADR,L), ICADDR 
.~ I I I, I IEQUAl, ICAR, I STACK.Q I I, I CAADOR,L I I. I HANO 1-,1 LIST. ICA[{.L I, ICONS. ICAAODR.L I, I CADR.Ll I. ICOADDRILl ))_1.1 I I. I HA~Wl., IL 
AM DA,llI,ICOND,IITERMINAL,LI,LI,IIEQUAL,IMEDIAN,ICAAR,ll,ICAADR,ll,ICAAODR,ll,ISTACK,QII,ICAAR,LI"ICONC,IIODu,ICAAR,l 
I.ISTACK,QI),IHANOI,ILIST,ICDAR,LI,ICAOR,ll,ICONS,ICAAR,LI,ICADDR,L""'IIT,IHANOIIILIST.ICDAR,ll.(CONS,ICAAR,LI,ICADR, 
~T, I CADDR, L I I I I I I, I I (QUAL, I MED IAN, I CAAR, Ll , I CAAOrt, Ll , I C AADOt{, L I , 1ST liCK, i,j I ,., I CAA OR ,l I I , I C OND, I I ODO, I C AADR, U , 15 TACK, 1./ I I 
,IHANOI.ILIST,ICONS,ICAADR,LI.ICAR,LII,ICOADR,LI,ICAOOR.lIIII,IT,IHANOI.ILIST,ICAR,ll.ICUADR,LII(CO~CAAOR,LI,ICADUR. 
If,,,,,,,IIEQUAL,IMEDIAN,ICAAR,L',ICAAOR,l',ICAAnDR,L',ISTACK,Q)),ICAADDR,L",ICOND,IIODO,ICAAOOR,L',ISTACK,~II,I.IANOI, 
I L1 ST, ICAR,L I, ICONS, ICAAODR, Ll, ICADR,L I I, ICDAIlDR,L I I I I, IT, I H,'\NO I, III 5T, ICONS. ICAADORIL! .ICARIL!) .ICACR..J_~DADDR,L III) 

--iT) I , J) 

L----

TRACLlS 
IIHANOI,HANOI*II 

HANOI 
II , ,IA,B,C,D,EIII 
IIQ,I , ,IA,B,C,O,El111 

51"01'-·-----· 

AY-THE-rONE--rHE TIME WILL BE 

L_ L.., L-.. '----' 

01 0 000.0 ••• BEEP ••• 

-----------------------------------

'----' '----' L--- "'--~~_..J 

, 
L----....J i '- I 

'-----' L.., I 
'------' L.... I 

L--- L.. '-----.. 
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FUNCTION APPlYIF,X,P) HAS BEEN ENTERED, ARGUMENTS •• 
HANOI 
(( , ,IA,B,C,D,E)) __ I 

((Q,( , ,(A,B,C,O,E»») 

(ARGUMENTS,OF,HANOI) 
( , ,(A,B,C,O,E)' 

(ARGUMENTS,OF,HANOI.' 
( ,(A),IB,C,D,E» 

(ARGUMENTS,OF,HANOI) 
((B),(A),(e,D,E») 

(ARGUMENTS,OF,HANOI-) 
((A,S), ,(C,D,E») 

(ARGUMENTS,OF,HANOI) 

(ARGUMENTS,OF,HANOI.) 
«(S),(C.,(A,D,E» 

(ARGUMENTS,OF,HANOI) 
( ,(B,C),(A,D,E» 

tARGUMENTS,OF,HANOI-) 
( ,(A,B,e),(D,E» 

(ARGUMENTS,OF,HANOI) 
(rO),eA,B,C),(E» 

(ARGUMENTS,OF,HANOI-) 
«A,O),(B.e),(E» 

(ARGUMENTS,OF,HANOI) 

(ARGUMENTS,OF,HANOI-) 
((O),(e',(A,B,E» 

(ARGUMENTS,OF,HANOI) 
((C,O), ,(A,S,E)) 

-TARGUMENTS,OF,HANOI-) 
«(C,O).IA),(S,E» 

(ARGUMENTS,OF,HANOI) 
--ere, e , 0 ) , ( A , • (E ) ) 

(ARGUMENTS\OF,HANOI-) 
«(A,B,C,O), ,(E)' 

(ARGUMENTS,OF,HANOI) 
((A,B,e,O),{E), ) 

(ARGUMENTS,OF,HANOI-) 
{(B,e,Ol,IE),tA) 

(ARGUMENTS,OF,HANOI) 
~_ ( e , ° » , « S ,E) , (A) ) 

(ARGUMENIS,OF,HANOI-) 
«(e,O),fA,B,E), ) 
.. _-_._----_. 
(ARGUMENTS,OF,HANOI) 
(O),(A,B,E),(C» 

(ARGUMENTS,OF,HANOI-) 
((A,D),CS,El,(C» 

(ARGUMENTS,OF,HANOI' 
((A,o',fE),lB,e» 

(ARGUMENTS,OF,HANOI-) 
(O',(Et,(A,S,e» 

(ARGUMENTS,OF,HANOI) 
( ,(O,E),tA,B.e), 

(ARGUMENTS,OF,HANOI-) 
, ,(A,o,E),{S.C)) 

(ARGUMENTS,OF,HANOI) 
...1.( B)' ( A, 0, E) • (C) ) 

(ARGUMENTS,OF,HANOI-) 
«A,BI,CO,E),{C» 

(ARGUMENTS,OF,HANOI) 
«A,B),{e,O,E), ) 

(ARGUMENTS,OF,HANOI-) 
«B),{C,O.E),(A» 

(ARGUMENTS,OF,HANOI) 
( ,(B,e.O.E',IA) 

(ARGUMENTS,OF,HANOI·) 
( ,(A,B,e,O,E), ) 

(VAlUE,OF,HANOI·) 
( ,(A,B,e,O,E), ) 

(VAlUE.OF,HANOI) 
{";' ( A , B , C , 0 ,E " ) 

-(VAlUE,OF,HANOI-) 
( ,(A,B,C,O,E), ) 

(VAlUE,OF,HANOIJ 
-r ,(A,B,C,O,E), ) 

-CVAluE,OF,HA'NOI.) 
( ,(A,B,e,O,E), ) 

(VAlljE,OF,HANOI) 
( ,(A,B,e,O,E), ) 

(VAlUE,OF.HANOI.) 
( .(A.B,C,O,E), ) 

(VAlUE,OF.HANOI) 
( ,(A,B,e,O,E). ) 

(VAlUE,OF.HANOI-) 
( ,(A,B,e,O,E), ) 

(VAlUE,OF,HANOI) 
( ,(A,B,e.O,E). ) 

(VAlUE,OF,HANOI-) 
( ,(A,B.e,D,E), ) 

(VAlUE,OF.HANOI) 
( ,(A,B,C,O,E), ) 

(VAlUE,OF.HANOI-) 
( ,(A,B,C,o,E),) 

(VAlUE,OF,HANOI) 
( ,(A,B,e,O,E), ) 

(VAlUE,OF,HANOI.' 
( ,(A,B,C,O,El, ) 

(VAlUE,OF,HANOI) 
{ ,(A,B,C,O,E), , 

(VAlUE,OF,HANOI-) 
( ,(A,B,e,o,E), , 

(VAlUE,OF,HANOI) 
( ,(A,B,C,O,E), ) 

(VAlUE,OF,HANOI-' 
( ,(A,B,e,O,E), , 



-loJt.- J 

J 
(VAlUE.Of.HANOI. 
( ,IA,B,C,O,E)' ) 

J (VAlUE,Of,HANOI-) 
( ,(A.B.C.O,El. » 

lVAlUE,Of,HANOIJ J 
( ,(A,B,C.O.E), , 
(VAlUE,Of,HANOI-) J -, ,IA,B,C.O,E', ) 

J (VAlUE.Of,HANOI' 
( ,(A,B,C,O,E), ) 

(VALUE,Of,HANOI-' J ( ,(A,B,C,D,E), ) 

(VALUE,Of,HANOI' J ( ,(A,B,C,O,El, ) 

(VALUE,Of,HANOI-) 
J _(_.~tA, B, C,O, E) , ) 

(VALUE,Of,HANOI) 
( ,(A,B,C,O,El, ) 

(VALUE,Of,HANOI.) 
L_I~~1l! I C ,0 , E ) , ) J 

.1VALUE I Of , HANOI' 
( ,(A,B,C,O,El, » 1 

1 
I 

(VALUE,Of,HANOI-) .J 

( ,(A,B,C,O,E', , 
1 

(VALUE,Of,HANOI) I 
._1 

( ,(A,B,C,O,E), ) 

END Of APPLY, VALUE IS •• .J 
( ,(A,B,C,O,E), ) 

-J 

1 _J 

J 

J 
1 
I 

-.J 
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COJ'LEXLIST 

A flexagon may for our purposes be considered as a list 

of length two; a special case of a pat, whioh is a list of 

length two or greater or an atomic symbol. Lists of length 

zero can not be handled by COFLEXLIST; list of length one are 

reduced to atoms during the course of operation; and are there-

fore more consistently not used as pats. A typical flexagon 

then has the structure (A, B) and a typical pat the structure 

A or (Bl, ••• ,Bn ', where A and B are pats (lists or atoms). 

We define three distinct operations which are performed 

upon f1exagons, called ROTATE, FLEXR, and FLEXL. These opera-

tions are essentially characterized by: 

ROTATE (A, B) .... (B-t A) 

FLEXR (A, (Bl • B2 •••• ,Bn) ) -.( (B2 •••• Bn ,A). Bl ) 

FLEXL (A, (Bl.···,B l' B ) ) -. ( (AI,··o,En_l ) B ). 
n- n n 

These operations all maintain a constant cyclic order of the 

atomic symbols (which are called "leaves" in flexagons) of which 

the flexagon is ultimately composed, independent of the list 

groupings indicated by parentheses. The representation of the 

flexagon structure is consequently called the flexagon's con-

stant order (CO). 

TAe oonvenience which aooompanies the oonstant order 

representation is somewhat offset by the faot that it introduces 

an ambiguity in the order of the sides showing in the flexagon. 
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When the flexing process is examined in the actual flexagoD, 

it is seen that each flex reverses the direction of the con-

stant order relative to the left-hand pat, as indicated by the 

following diagram: 

Do1fIiD I'RROW 
SHOWS Ol~ec.'TioN 
or REI'IOl"-L. m& 
co. 

--."..,. l=L..E'" "'''0 N 
P~T STRUCTURe 
Sl<&~etoN 

CO. (A, (e ,8)) 

co = (A,B) ,e) 
1=LE)('ED 

[AL.\" P"T9 'H."eRrEiol 

The direction of reading the CO will clearly also be 

reversed by a rotation as well. 

It can be seen that FLEXR and FLEXL are dual in this 

same respect; one counts the leaves in one direction, the 

other in the other direction. Essentially, the parity in-

volved is between reading ~ or ~ through the first of the 

two given pats. This parity is reversed each time the flex-

agon is flexed or rotated, and in the program COFLEXLIST is 

recorded by an auxiliary atomic symbol, T or F, which is paired 

.J 
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with the current f1exagon structure. The initial value is 

given as that corresponding to FLEXR. As FLEXR is performed, 

the parity indication is changed to that for FLEXL, etc. The 

coordination of the three operations is handled by the opera-

tion FLEX. It will be noted that FLEXR andFLEXL always move 

as many subpats as possible away from the second pat; this 

type of flexing opens up the way to consequent flexing deep,r 

within the flexagon subpat structure, so to speak; that is, B 
n 

will always imaediately become a pat in its own right. This 

type of flexing has been called O-cut flexing or following O-cut 

cycles. It is also a part of the operation of the generalized 

TUckerman traverse, which exhibits all of the flexagona O-cut 

faces with maximus efficiency and gives significant insight 

into the problem of building paper flexagons. It is this traverse 

of a f1exagon which is given to be COFLEXLIST. To perform the 

traverse, we simply flex whenever possible, then rotate if flexing 

is impossible. The function FLEX prescribes this order of events, 

as well as aaking parity change •• 

This program CO-FLEX is a LIS'!' of conatant-order-repreaented 

flexagons. The list is surrounded by an additional pair of paren

thesis and followed by two parenthesis, so: ( ), which coaplete the 

apply triplet for COFLEXLIS'l'. The function COFLEXLIS'l' itself only 

checks to see if any f1exagons reaain to be flexed, and adds each 

finished flexagon. When all the flexagon. have been flexed, 

COFLEXLIST terminates it. list with t)leword "FIIIISBED". 
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The function OPERATE stores the given initial value of 

the CO for each flexagon and checks after each operation to 

see whether the new CO structure is the same as the first. 

so, the traverse has been completed and OPERATE gives as its 

value the function FAKE, whose value is the words "NEXT, 

FLEXAGON", listed with the last CO structure. 

The functions LEFT and RIGHT compute (Bl, ••• ,Bn_l ) and 

(B ), respectively. The value of each function is a list, 
n 

splitting the old list just before its last term. 

FLEXR and FLEXL actually do somewhat more than we have 

If 

indicated; they list the new CO structures computed along with 

a list of the flexagon sides actually showing at the beginning 

of the operation just completed. The current sides showing are 

not indicated, since there can scarcely be much ambiguity here 

and to give them would require undue complexity. The sides 

shown are the value of the function SIDES, which takes the first 

leaves to the left of each pat, which are given by the function 

lE, and orders them according to the current parity indication. 

The sides showing are then assumed to be given by these first 

leaves; that is, each leaf is assumed to bear the name which, 

in the actual paper flexagon, would be carried by what is, in 

the CO, the left-hand surface of that leaf as we view the CO on 

the page. At any rate, this gives a quick characterization of 

the faces which are revealed. 

. J 

I 

J 

.J 
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As far as output, we receive the final value of the function 

COFLEXLIST at the program's end. Furthermore, we trace (using 

TRACLIS) the values of the function's FAKE, ROTATE, FLEXR, and 

FLEXL, to indicate what happens when flexagons are changed and 

within each flexagon. Each of these functions includes in both 

argument and value the current CO structure. Furthermore, argu-

ments of all four and the value of FAKE end with the current 

parity value, though this is printed out as a blank space, since 

it is indicated by one of the special characters T and F. Values 

of FLEXR, FLEXL, and ROTATE end with the list of sides showing 

at their commencement, in order from top to bottom. 

ANTHONY CONRAD 
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START TIME 17.41 DATE 07/05/61 Ie CA~D * CHK 01-12H 75~O-OOO-27350 

REM A CCNRAD 
RE~ PLACE LISP biNARY TAPE eN TAPE UNIT e-~ 
I{Ef'! SCRATCH TAPE Oi\ TAPE WdT cl-B 
REM curpu, u.y i;[ HO~~JTCI{[D DY O[i-'R[SSI'H; SdTCH 3. 

··----REM NORMAL HAll eCTAL 1300 
RE~ ~OTE ••• DONT I~CLUD[ REMARK CARDS I~ LISP srCTION or DECK. 

----::R:-:[:-::·/': THE flEXAGO~jS ARC C~TER,:IJ JrJ A LIST ,\f THE nw OF THE t'KOG 
RE~ R.I\M DECK I'J CO"lSTA:"n GROCK. fCRr~J WITH PA~(.'HH[!j[S l'lCICAH 

.---~.- NG TH[ THUMl;HOlE STRUCTt;RE. THIS L151 IS SURROU'lCED DY .\ 
REM 
RE~ 
REM 

PAIR OF AUDIT10NAL PARE~rHESCS AND rOLLC~EQ DY AN EXTRA 
PAIq, THUS ••• (I. LEAVES ~lAY tlE REP'{ESE'HEU OY ANY ATOMIC 
SYI1BOlS. EACH ~llL m: I'HERPREHD AS THL LErTHA:m SICE OF 
THAT_LEAF AS IT APPEAKS IN THC CONSTANT ORDER. INDI~IDUAL 

MCINTOSH 

RE~ 

REM 
···----·--REM 

LEAVES ARE ~OT SURROUNDEU BY PARENTHESES. OUTPUT FORMAT •• 
(CURRENT C.O.STRUCTURE , SIDES PREVIOUSLY SllOfiI:~':; I. .=--------------------. 

_._--.-------

I 
'-- L-- '-----' 

, 
L~ '----' '----' '- L..--... '--- '-----' '----- '----' L... I 

L--.., '---



~ "-"---' 
'. 

~ 
,-----, ,--------,. r 

111 
APPLy OPERATOR AS Of rEBRUARY 10, 1960 

~E TONE THE TIME lOLL BE •••• CI 0 000.0 ••• BEEP ••• 

R eAl)--I N -LIS T S 
DEFINE 

,--------, r-~ r'"~----' , ~ ~ ~ ,.-----, 

C CClEFT, (lAMBDA. ( l ) • (CONI). rc NULl,ll ,N I L) , 1 1 A TOM, 1I ,~H L) , 1 1 NULL. (CCR. Ll ) • NIL) , ( r, (CONS, 1 CAR, L) , 1 lEFT, (CDR, U) ) ) ) ) ), (RI GH 
T,llAMBDA.Il).ICOND,IINUll,ll,l),(IATOM,ll,l),(INUll,1CDR,lll,l),(T,(RIGHT,ICDR,ll))))),ISIDES,llAMBDA,(X),1COND,(lCADR 
,X),lltsT,11E,ICAOAR,xll ,(lE,XIII,(T,llIST,(lE,X),11E,(CADAR,X)))))),IROTATE,llAMBDA,(X),(llST,(LISr,(CAOAR,X),(CAAR,X 
)J,ISIDES,X»)),(flEXR,(LAMBDA,(X),(lIST,(lIST,(APPENO,(CDADAR,XI,(llST.ICAAR,X»),ICAADAR,XI),(SIDES,X))),(FlEXl,llAM 
BOA,(X),(lIST,(LIST,(CONS.(CAAR,X),llEFT,(CADAR.XI)I,(CAK,(RIGHT,(CAOAR,X)I),(SIOES,XI)II,(FlEX,(lAMBDA,IX),(CONO,((AJ 
OM,(CADAR,X)),llIST,ICAR,(RDTATE,XI),ICOND,(ICADR,X),F),IT,T)))),IICADR,XI,llIST,ICAR,(FlEXR,a)),F)),(T,lLlST,ICAR,(FlE 
XL,X)I,TIIIII,(FAKE,(lAMBDA,II),(lIST,X,(QUOTE,NEXTJ,IQUOTE,FlEXAGONIII),IOPERATE,llAMeUA,(CO,STO),ICONO,((EQUAL,CO,lCA 
R,STO)),IFAKE,STO)),IT,IOPERATE,CO,IFlEX,STO)))))),lIE,llAMBDA,IXI,lCOND,(IATOM,X),X),IT,11E,(CAR,X))))I,ICOFlEXllST,l 
lAMBOA,lll,ICOND,IINUll,ll,(QUOTE,FINISHEO»),IT,llIST,IOPERATE.(CAR,l),IFlEX,llIST,ICAR,ll,T))I,(COFlEXlIST,ICDR,l))))) 
II)) 

TRACLIS 
( (FlEXR,TlEXl,ROTATE,FAKElI 

COFlEXlIST ----------

(II 11,2J,3J,IR,(P,IIB,G),(Y,O))J),(1(7,6),19,8)),(S,((2,1),14,3)))),I(A,B,C),IIT,U,V),IG,((N,O,(R,Q,P)),M,(H,IK,J,I',L) 
J,S),IO,E,F))),(111,2,3,4,S,6,7),26,(13,14,15,16,123,22,21,20,19,18,17),24.25),12,11,10,9),8),((l,2,3,4J,I(14,((21,22), 
116,17,18,19,20),151),17,8,1(11,12,lj),(9,lO))I,15,6))),((2,AAARGHI,13,((HElP,I),ll,HElPJ,12,HElP»J»)) 

STOP 

AT THE TONE THE TIME WIll BE •••• 01 0 000.0 ••• BEEP ••• 

r----. 



112 
OBJECT liST NOW IS ••• 
CHElP,AAARGH,25,24,17,19,20,21,22,23,16,26,E,l,K,H,Q,C,G,fINISHEO,COFlEXlIST,CO,OPERATE,FLEXAGON,NEXT,FAKE,FLEX,FLEXL,F 
LEXR, ROT ATE, 1 E, SIrES, RIGHT ,lEFT, PF, VAR, FORM, SEARCHF, T1, ur, FF, OF, eCMPSRCH ;BNDV, SELECT ,tSEr(j,CdNC;-CDDDDR;CDODARiClfbADR, CD 
DAAR,CDACCR,COADAR,CDAADR,CDAAAR,CADUDR,CADDAR,CAUADR,CAUAAR,CAAUOR,CAADAR,CAAADR,CAAAAR,VAlUE,ARGUMENTS,TERRl8LYUNIQUE 

--PROGRAMVAR I ABLE, lJ"lTRACLI S, TRACLI S, PROPERTY, ITS, HAS, TRAC3, rRAClI S[[::, U:HRAC I, PROPER, IN, D[f IN IT ION, lRAC2, NAME, FN, TRAC 1,M,8 
tSElEC~,REMP1,OF,PROPERTl[S,PRINTPROP,PROG2,PRI~TP1,D,U,MAPCAR,~Ay,J,MAKCBlR,PICK,R,EQUALS,NO,ATOMIC,FORMATQ,FORMATP,P 
,TPXD0303A,S,rTQZ01R,N,FCRMAT,AS,TO,GIV[N,wAS,V,O,CSET,CUNC1,DEFINE,DEFlIST,DEFllS1,PRO,l,OB,OEFI,A,AND,APPEND,APPLY,AP 
VAl,APVA~l,ATOM,ATTR18,O,l,2,3,4,5,6,7,8,?,lO,ll.12,13,14,15,18,CAR,CUR",COMPTRAC,COND,CONS,CONST,CP1,COPY,CbUN1,DESC, 
EQ,EQ1,EQLAl.~RROR,EVAl,EVLIS,EXPR,Expr,r,FEXPR,FIX,FlO,fSUBR,FUNARG,FUNCrION,GENSYM,GO,INST,INT,INTERN,lABEl,LAMBDA,ll 

ST, LOAD, lce ,lClCQ, ( ,MAKENu, MAKEOB ,MAP, MAPCON, MAPll ST, -1,-';::, ~1I :-.JUS, NCONC, NFl\lAl, HI l, NFWl, NOT ,N·UlL, NUMBER, OBLlST , OR, PAl R,PA 
USE, PHIL, PLB, PlUS, PNM"E, POIolE R, PRDC T, PRI NT, PR 1 N2, PROG, PROP, (.lUO TE, READ, REC IP, R£:ClAIM, RPlACA, RPlACD, RPlACW, RE rURN, J ,sAsscic-----
,SEARCH,SET,SETQ,SPEAK,STOP,SUB,SUBR,SUBlIS,SUBSf,SUM,SYMBOL,T,TESTl,TEST2,TESTj,TEST~,TIMES,TRACE,TSFLOT,UNCOUNJ,ADD,A 

--lS~ARS,BSS,ClA,COM,lDQ,LXA,lXD,PAX,PDX,PXD,STA,STO,SfD,SfQ,SXD,TIX,TNX,TNZ,TRA,TSX,TXH,TXI,TXl,TZE,ATOMl,EQ11,NUlll,BIN 
,EXP,FUNC,TEMF,TEMP,AC,M~,$ARG2,SARG3,SARG4,SARGS,$ARG6,SARG7,$ARG8,.+l, •• 2,*+3, •• 4,.+5,CAAR,CDAR,CACR,CDDR,CAAAR,CAADR 

-~CADAR,CACDR,CDAAR,CDADR,CDDAR,CnnDR,$Cppi,lENPDL,SNOPDl+l,SFRE£:,SFROUf,$ONE,SZERO,X,Y,Z,COMPIlE,COMP2,COMPAT,DEFF3,GEr 
_~~QMAP,SAP,RE~PROP, INTEGRATED 709 COMPIlER-l~TERPRETER LISP 20 OCT 60 I 

AT THE reNE TH£: TIME wILL BE __ ~"u~~~ 0 000.0 ... BEEP 

FUNCTION APPlYlf,X,pl HAS BEEN ENTERED, ARc.LJME~TS •• 
DEFINE 
IC(lEFT,(lAMBDA,(ll,(COND,(INUll,ll,Nll',((A10M,ll,Nll1,((NUll,(CCR,LII,NIl,.cr,CCONS,(CAR,l',llEFT,ICDR,LIIJlll',CRIGH 
r,(LAMBDA,(LI,(COND,((NUll,ll,ll,((ATOM,l',l',((NUll,1CDR,lll,ll,(J,(RIGHT,(CUR,llllll',(SIDES,(LAMBOA,IXI,1CONO,CCCADR 
,Xl,lllST,(lE,ICADAR,XII,11E,XII',(T,(LISr,(lF,XI,(1:,(CADAR,X'I"I",(ROTATE,(lAMBDA,(XI,(llST,(lISr,CCADAR,XI,(CAAR,X 
JJ,(SIDES,XI 11',lflEXR,(LAMBOA,(XI,llIST,(lIST,(APPENO,(CCADAR,XI,IllST,ICAAR,XII',(CAADAR,XI',ISIDES,XJJ'I,(FLEXl,CLAM 
BOA,(XI,(lIST,(lIST,(CONS,(CAAR,XI,(lEFT,(CADAR,AII',(CAR,(RIGHT,(CAOAR,XIIII,(SIOES,XIII',(flEX,ILAMBDA,CXI,CCOND,ICAT 
OM, (CAOAIt, X I I, (LI S T, (CAR, TRO rATE, X I I , I COND, ( (CAOR, X I ,F I, IT, T I I I I , ( I CAOR, X I, I LI S T , I CAR, (FlE XR, X I I ,F) I , IT, n.I S 1, fCAR,-C FlE 
XL,XI',TIIII',(FAKE,(lAMDOA,IXI,(LlSr,X,(QLOTE,NEXTI,(QULTE,FlEXAGON1III,IOPERATC,llAMBDA,(CO,STOI,(COND,(IEUU~l,CO,ICA 
R, S TO I I, (F AKE, S TO I I , IT, I CP£:R AT~ CO ,TFL EX, S TO I I I I I I, ( 1 E, (LAMBDA, ( X I , (CONO, I (ATOM, X I, X I, IT, ( 1 E, (CAR, X I I I I I I , I COFlEXLI sT, C 
LAMBDA,ll',(COND,I(NUll,ll,(QUOT(,FINISHEUI',(T,(lIST,(OPERATE,ICAR,LI,(FlEX,llIST,(CAR,LI,TII),ICOFlEXlIST,ICDR,lIIIIJ 
) III 

END OF APPLY, VALUE IS ••• 
_~ .. FT ,R I GHT, S ICE S ,ROTA TE, FlE XR, FlEXl, FLEX, FAKE, CP[RA TE, 1 E, corlE XLIS T I 

L-- '-----' .~. ,.-~ '-----' 
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FUNCrION APPLy[F,X,Y) liAS BEEN ENTERED, ARGUME'~IS •• 
~O£~~XL.~I~S~T~_~~~~~~ __ ~_~~~~~~~~~~~~_~~~_~~ 
«(( (1,2),3), (~,(P,( (L,G) ,(Y,O») ),( ((7,6),(9,8) ),(5,((2, 1),(4,3) I», 

.-iTA, L} -; C f;~Cf;_G-,v,---; f"s -; ( i N-;O ~( R;--Q ,pj) -,M, ( H-,- ( K, J, I ) , C} ) ~ S) , ( 0, E , F ) ) ) , 
r ( ( ( 1 , 2 , ::; , 4 , 5 , 6, 7 I ,.? 6, ( 1 .3, 11• , 1S , 1 6, ( 2 3 , 2 2 , ;' 1 , ? 0, J ?, 1 8 , 1 7 ) 

, 24 ,i5 )- ,- f':: , -11-, fa -, 9 ) , fn , ( (1 , 2, 3, 4 ) , ( (14, ( 2 1 , 22 ) ,-Tf6, 17 , 1 B , J?,;:' 0 I " 
T5") ) , ( 7 , (3, ( ( 1 1 , 12, 1 J ) , ( 9, J 0 ) ) ) , ( 5, 6 ) ) ) , (12, ';\ A A R-C H T; 
:('1, ( (HE L P , 1 ) , ( 1, HE L P ) , ( 2 , Hf L P ) ) I ) ) ) 

(ARGUMENTS,OF,ROfATE) 
. (_ ( ( 1 ,2 ) , .3 ) ,( ) I 

lyA I..lJJ_!_Q~ , ~ 0 f l_H.,----E----:---l ________ _ 
{(3,(l,2»,(3,1» -
(ARGUMENfS,OF,FLEXLl 

_l.! 3, ( 1 , 2 ) ), ) 

(ARGUMENfS,OF,ROfATE) 
«((3,1),2),( » 

(VALUE,OF,ROTAf[) 
T(2; (3, 1 ) ) , ( 2, 3 ) ) --
(ARGUMENTS,OF,FLEXL) 
((2,(3,1,~)~)~'~) _________________ _ 

(VALUE,OF,FLEXL) 
-TT(2";- 3 ) , 1 ) , ( 2 , 3) ) 

--- - .- - -- - ----- :~_::_:::_____c~_=_=_=__=_--------

(ARGUMENlS,OF"ROTATEl 
(((2,j),l),( » 

(VALUE,ar,R~,~o_r~A~T~E~) _________ _ 
-ftT;f2, 3) ) , ( 1,2) ) -
~ARGUMEN1S,OF,FLEXL) 
«1,(2,3)~)~,~~, _________________ _ 

(VALUE,OF,FLEXL) 
((1,2),3),(1,2» -
-TARGUMENIS,or,FAKE) 
«(1.2),3)'( » 

----'2'7-,---



(ARGUMENTS,OF,.FlEXR) 
((R,(P,((B,G),(V,C)))',( )) 

(VAlUE,OF,Fl[XR) 
-( l r nS-;GT;rv , c ) ~) -', R:-:-) -, p=-=-) -, -;-( =p-, =R-'-) .... )-.-
(ARGUMEN T S ~- oJ'-, ROTATE-) ------~-----
(((((B,G),(V,~»),R),P), , -"_ ~ ____ ~ ..... _____ .~" _ ..... _________ A_~~ 
(VAlUE,OF,RCTATE) 

TCP, (( (B,G), (V,O)) ,R)), (G,P») -
(ARGUMENTS,OF,FlEXR) 
((P,(((~,G),cV,O)),R)),( ») 

(.VAlUE,OF,FlEXR) 
-T( ( R , P) , ( ( B , G ) , ( V , 0) ) ) , ( H , P) ) -
-TARGUMENTS,OF,FlEXl} 
«(R,P),((B,G),(V,C)), ) 

(VAlUE,OF,FLEXl) 
((((R,P),-~(~B~,~G~)~)~'~(~V~,~O~)~)-,~(~R~,~B~)~)--

---nnH;-UMENT S, OF, FlEXR) 
((((R,P)'(B,G»'(V,O)),( )) 

(VAlUE,OF,FlEXR) 
(TIO, (R,P), (O,G»)) ,V), (rz.!3J J 

(ARGUMENTS,OF,ROTATE) 
((O,((R,P),(B,G)),V), ) 

(VALUE,or,ROTATE) 
--TTv , (0, ( (R, P ) , ( B , G) ) ) ) , (~ ) 

-TARGUMEN T S, or ,FlEXR) 
((V,(O,((R,P),(B,G)))),( » 

(VAlUE,Of,FlEXR) 
-TnT(R,P), (O,G» ,V) ,e), (O,V)) -

(ARGUMENTS,OF,RCTATE) 
«((((R,P),(B,G)),Y),O), ) 

(VALUE,OF,ROTAT[) 
-no, ( ( ( R, P) , ( B, G ) ) , V ) ) , ( R, C) , -
-rJRGUMENTS,OF,FlEXR) 
(O,(((R,P),(B,G)',V»,( )) 

(VAlUE,OF,FlEXIU 
(((Y,O),((R,P),(B,G))),(R,O)) 

IrARCUMENTS,OF,FLEXl) 
(((V,O),((R,P),(B,Gl'), 

-

B 

(VALUE,CF,FLEXl' 
-TT ( ( y , ° ) , (R, P ) ) ; ( n , G ) ) , ( Y , R) ) -
-TA~GOMENTS,or,rlEXR' 
((((y,O),(R.P)),(~,G)).( » 

(VAlUE,OF,FlEXR' 
-Tf\G, ((Y,O), (R,P») ,rn, ( t3,V,) 
- ---
TARGUMENTS,Of,ROTATE) 
((G,((V,C',(R,P))),B), ) 

(VAlUE,CF,ROTATE) 
- ((B,(G,((Y,O),(R,P»),(G,B)) -

(VAlUE,OF,FLEXR) . 
((((Y,O),(R,P),B),G',(G,B») 

(ARGUMENTS,OF,RO~AT[) 

(((((V,O),(R,~)),B),G), ) 

(VAlU[,OF,ROTATE) 
((G,(((V,O),(R,P",B)),(V,G)) 

(ARGijMENTS,OF,FlEXR) 
((G,(((V,C),(R,P),B),( )) 

(VAlUE,OF,FU:XR) 
__ 111.B ,G) , ( ( v, 0) , ( R, P ) ) ) , ( V, G) ) 

(ARGUMENrS,oF,FlEXl) 
((B,G,,((V,O),(R,P')), , 

(VAlUE,OF,FlEXl) -
( ( ( ( 8, G , , (V, 0 ) ) , (~.!p ) , , ( B, V) ) 

] 
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(ARGUMENTS,OF,FlEXR) 
««B,G),(Y,O»,(R,P»,( » 

(VALUE,OF,FlEXRl 
«(P,((B,G),(y,O»),R),(R,B» 

(ARGUMENTS,OF,ROTATE) 
«(P,«B,G),(Y,O»),R), ) 

- (VALUE,OF,ROTATE) 
{(R,(P,(B,G),(Y,O»»,(P,R» 

'(ARGUMENTS,OF,FAKE) 
-"(Tif;-( P , ( ( B , G ) , ( Y , C ) ) ) ) ,( }) 
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CANNIBAL PROBLEM 

There are three types of logical problems solvable by a 

computer. The first of these involves the programming of a direct, 

step-by-step solution such as the Tower of Hanoi and Chinese Ring 

Puzzle. The second is to examine all the possiblilities at a given 

step and find the one that is correct. The last involves making a 

decision between several probable solutions and requires a more 

complicated scheme. 

The well-known Cannibal Puzzle is in the second class of 

problems. It is as follows: 

On the bank of the river are situated three man-eating 

cannibals, three white hunters, and a small boat. The hunters hold 

the cannibals as captives and wish to transport them across the river. 

However, there are several stipulations. First, the boat holds only 

two people. Secondly, only one cannibal can row (in addition to the 

hunter), and lastly, at no time can there be more cannibals with the 

absence of hunters) since the 

The problem is to get the six 

number of steps. 

Solution: Let "A" stand for 
Let "C" stand for 
Let "R" stand for 
Let "B" stand for 

Move Left Bank 

A A A B C C R 

1) 

2) 

3) 

4) 

5) 

6) 

7) 
8) 

9) 

10) 

11) 

12) 

13) 

14) 

A A C 

A A C 

A A A 

A A A 

A R 

A R 

A C 

A C 

C C 

C C 

C 

C 

R 

R 

cannibals would then eat the white men. 

men across the river in a finite 

the white hunters 
the cannibals unable to ro'ff 
the cannibal who can row 
the boat 

Boat Right Bank 

... 
B A C ... 
B A C .... 
B R C C ... 
B R C C .... 
B A A C C ... 
B A C A C ... 
BAR A C ... 
B A C A R 

.... 
B A A A R ... 
B R A A A 

.... 
B R C A A A ... 
B R C A A A ... 
B R C C A A A 

A AABR C C 
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For a computer to solve the puzzle, it would have to know 

precisely the same amount of data as a person plus an ability to 

recognize patterns. The essence of the whole problem centers 

about those two things. 

Since the problem can be solved recursively, it is well 

adapted for LISP. 

The various functions defined are as follows: 

.1) Element to determine if an atomic is a member of a list 

or not (predicate) 

,2) Subset 

- 3) Same" 

4) Same 

Member 

to determine if a list is composed of a larger 

list (prediaate) 

a predicate to determine if two lists are 

identical-regardless of permutations 

a predicate to determine if two lists of lists 

are the same regardless of permutations 

a predicate to determine if 8 list of lists 

6) 

is an element of another list of lists 

Doubletrip - a predi ate to determine if a list has exactly 

two or three members 

/7) Remove 

8) Erase 

9) Count 

10) Divide 

11) Divide 

12) Pare 

13) Reverse 

14) Reverse 

takes the first occurance of an atomic symbol 

of a list 

removes each element of one list from another 

counts the number of times a particular symbol 

is used in a list (function) 

function to prepare a li(lt of all possible pairs 

and Singletons from a given list 

a particular function that adds "B"t the boat 

to each of the lists of divide 

a function that takes a given element and pairs 

it with each element in a list 

a function to put the last item on front a list 

a function to interchange a list of lists of two 

members «A B) (C D) (D F».... «B A) (D C) (I' E» 

15) Eggreat a predicate to tell if a given list has as many 

or more members as another list 

16) Transfer - a predicate to determine whether or not a boat

load is legal or not by the rules of the problem 

. J 

J 

.J 

J 

J 
. ] 

1 
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17) Sail 

18) Sail * 

-1l9-

makes one boatload from the left side of the river 

to the right. 

makes one boatload from the right side of the river 

to the left. 

The problem works as follows: 

Given the list (A A ABC C R) on the left side of the river, the 

function "Divide" makes a list of all the possible moves. They 

are gone through one-by-one to see if they are Ie gal ("Transfer") t 

then tested to see if, given this particular situation, the same 

move has been made before. It does this by examining ("Member") 

a list made of all previous moves (4th argument of Sail and Sail*. 

If the move is legal and has not been made, then Sail and Sail* 

make the move and the other takes over. This process repeats until 

the one entire sextet is moved across the river. 

Bob Yates 

._-_._----------------
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DEFINE 

(SAil- (lAMBDA (L M N P) 

(COND «NULL N) NIL) 

((NULL M' (SAIL (CADAOR P, 

(DIVIDE (CADADR P,) (CAADR P) (REVERSE P') 

((OR (NOT {TRA~SFER (ERASE (CAR H' l) (CAR H) N) 

(MEHBER (LIST (ERASE (CAR M) L) (APPEND (CAR H) N)) PI' 

(SAIL- L (CDR H) N PI) 

(T (SAIL (APPEND (CAR M) H' 
(DIVIDE (APPEND (CAR H) N,) 

(ERASE (CAR H) L) 

(REVERSE (CONS (LIST (ERASE (CAR M) L) (APPEND (CAR H) N) PI))))') 

(SAIL (LAMBDA (L M N p) 

(CijND "NULL L) Nil) 

((NULL H) (SAIL- (CADADR P) 

(DiVIDE (CADADR PI) 

(CAADR P' (REVERSE PI)) 

((OR (NOT (TRANSFER (ERASE (CAR MI L) (CAR HI N)) 

(MEMBER (lIST (ERASE ,CAR H) L) (ApPEND (CAR H, N)) p), 

,SAIL L (CDR H) N PI) 

(T (SAIL- (APPEND (CAR H) ~) 

{DIVIDE 'APPEND (CAR H) N) 

( ERASE (CAR M) L) 

(REVERSE {CONS (lIST (ERASE (CAR M) l) (APPEND (CAR M' N» pI)~)))) 

(EQGREAT (LAMBDA (L M) 

(CONO «(EQUAL L H) T, 

, (NULL M) T) ( NULL l) F) 

(T (EQGREAT (COR l) (CDR H»))))) 

(TRANSFER (LAMBDA (L H N) 

J 
_1 

J 

J 

J 

J 
I 

_ J 

_ ] 
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J 

J 

) 

I 

I 

--"-"--~-- ----~----- ._------------- " ----"--""" 



L_ 

l_ 

l_ 

L_ 

l_ 

[-

l : 

l: 
L_ 

(AND (ELEMENT (QUOTE 8) M) 
(OOUBlETRIP MJ 

---IEI EMENT (QIIOTE R) M)) 

(OR (NULL ("aUNT (QUOTE A) I)) 

(EQGRFAT (KOIINT IQIJOTE A) I) 

rAP P EN D « KOliN T----L( ""QIUJJOI.LI ...... E'----..I.Co...J)L-.L.1 ..L' _______ _ 

(KOliN! (QUOTE R) L"" 

'OR (NULL (KOllNT (OUOTE A) N)l 

{eOcREAT (KOUNT (QUOrE AI N) 

(APPEND (KOuNI (QUOTE C) N) 

(KOUNT (QUOTE R) N',,) 

(OR (NULL (KOUNI (QuOTE A) (APP(ND L M»)) 

~QGREAI {KOUNT (CuOIE A) (APPEND L JtJ'--1' __ 

(APPEND (KOUNI (QUOfE C) (appENo L M)l 

(KOUNI (QUOTE R) (APPEND L M»)~)~) ___ _ 

(OR (NULL (KOUNI (QIlOTE A) (APPEND M N)l) 

(ECGREAI IKOUNI (QUOTE A) (APPENo M NI' 

(APPEND (KOUNT (QUOTE c) (APPEND M N) 

(KOUNT (QUOTE RJ (APPEND M N»)'»' 

(ERASE (LAMBOA (L H) 

(COND «(NULL M) NIL) ((NULL L) MJ 

(T (ERASE (COR L) (REMOyE (CAR L) H)))))) 

(DIvIDE (LAMBDA (L) 

(COND (NULL L) NIL) 

(AIOM L) (LIST l (QUOTE 8'») 

II (MAPLISI (DIvIDE- (REMOVE (QUOTE B) L» 

(FUNCTION (LAMBDA (L) 

(CONS (QUOTE B, (CAR LIt'»~')') 

(DIVIDE- {LAMBDA Cl' 

(COND ,(NULL L) NIL) 

121 



(ATOM LJ (LIST (LIST L)') 
IT (APPEND (PARE (CAR l) (COR L» 122 
(DIVIDE- (CDR ll)l»» 1 

_ J 

(PARE (LAMBDA (X L) 

(COND «(NULL L) (LIST (LIS~T_X~»~)~ _______________ ___ J 
-j 

( ( A T OM L) I LIS TIL I ST X L J , ) 

(T (CO_N_S_(_l_IS_~~~ ~(~C~AR~L~)~)~ ____________________ _ 

(PARE X (CDR L'))) 
_ J 

(ELEMENT (LAMBDA IX l) 

________ ~(COND (INUlL L) ~F~) ______________________________ _ 1 

j 
__ --.:(~(=EQUA~ __ )< (CAR L) ') 

IT (ELEMENT X (CDR L»»» 

(REVERSE (LAMBDA CL' J 
ICOND ((NULL L) NIL) 

( ( ATOM L) L) 

IT (CONS IREVERSE- (CAR l" 

IREVERsE (COR L»»))) 
-------

(REVERSE- (LAMBDA (L) I 
(cOND «NULL L) NIL) 

((ATOM L) L) J ----- -----.-:.~----=--=---=-=-------~~~--~~~-- -
(T (APPEND (COR L) (LIST ICAR LJ»»» 

(SAME (LAMBDA (l H, J --------------------------------
(COND «(AND (NULL L) (\lULL M» T) 

.~~~----------------------

((OR (NULL L' (NULL M») F) 

«SAME_ (CAR L) (CAR_~M~)~) ____________________________ l 
(SAME (COR l) (COR M») 

------~-- --- ---------- -

______ ~(c..!T____=_F..:..)..!..)..!..).!.o, ____________________________ J 
___________ (S_AME- (LAM~B=D=A~(~L_M~' ________________________ _ 

(AND (SUBSET L M) (SUBSET M L)) J 
(SUBSET (LAMBDA (S L) l 

---~~---!..!:..:...:..:..:..:::...:~~------------- -
___ ----'('--C-=O:..:..'NO J.J~~UL ~~J..--.!l 

J 
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'(ELEMENT (CAR S) L' 
(SIIBSET (CDR S, (REMOVE eeAR S) Lll) 123 
(T f»))' 

(REMOVE (LAMBDA eX U (CONO ((N"Ll L) NIL) 

((EQUAL X (CAR L)) (COR I" 
(I 'CONS (CAR I) (REMOVE X (COR I))))))) 

fiJI TRADOUBLEr (LAMBDA (U 

(COND ((NULL l) F) '(ATOM I) F) ((NUll (CDR I n F) II T)U) 

(OOtls' ETR I P II AMBoA 1I) 

{COND (fOR IATOM I) (NUll I) (NULL (CDR l»)) F) 

« (OR (NUl' (CDDR L)' (~UL.L ((DOoR L))) I} (I F),») 

(COND «(NULL LJ f) «(NUll PO F) ({ SAME (CAR M)) U 

(T (MEMBER L fCDR M)'»))) 

(KOUNT (LAMBDA (X L) 

(COND «NULL L) NIL) 

((EQUAL X (CAR L)' 

(CONS (QUoTE l' (KOUNT X (CoR L)I)) 

(T (KOUNT X (CDR L))')' 

(END (LAMBDA (I NIL»))) n 

TRACLIS «SAIL)' (, 

TRAeLIS «(SAIL*)) () 

SA IL (( A A ABC C R) (( B A A) (B A C, 't3 A R) (B A 1 (B C C) 

(B C R' (B C) (8 R" () ((A A ABC C R) ()ll) () 

STOP ))),))))))),).) 

fiN 



i 

APPLY OPERATOR AS OF FEBRUARY 10. 1960 
.l24 

READ IN LISTS ••• 
__ . OEFJNE; ___ .... __ ... _ .... _.. .. ___ . __ ._ ... _ .. _. __ . _ ._._ 

1(ISAIL-.ILAMBDA,ll,M,N.PI,ICOND,I(NUll,N),NIlI,IINULl,MI,ISAIL.ICADADR,PI,IOIVIDE,ICADADR,P»,ICAADR,PI,PI),IIOR,IMEMB 
ER. ILIST , I ERASE. I CAR, M I , LI , I APP~_NPJ I CAR, M I ,NI I, J> lLUiQT • .lI.B"H~FLIt.(J;RAS[. (CAR, ~O ,U , I CAR, M I ,N HL_LSAlL ..... L...tt:.DR. MI. N...e.ll____.-

--'-ff~1 SA n-;CAP PEN[l-; TCAR ,-M ~-N)-,IDI VIDE, I APPEND, (CAR, M It N I I, I ERASE, I CAR, M I .l I , (REVERSE, I CONS, III S T, I ERASE, 1 CAR, M I, LI , I APPEN 
0, I C;AR, HI ,N) I, P I I I II II, ISA IL, I LAMBDA, I l, M,N, PI, I COND, I I NULL, U ,m.LI , ( (NULL. M I, (SAIL- ILCADAD.R ... P.L.JD~~E. (CADADR,P U ..... lCA-__ _ 

--·--·-AOR,pT,-p II-;IIOR, I MEM-8ER;Ii.isi~·iERASE, (CAR,MI ,lI, I APPEND, ICAR. H'.N' I. PI. ( Nor. (TRANSFER,I ERASE, ICAR,MI ,ll, ICAR ,MI, N I' I, IS 
A Il,l, I CDR ,M, ,N, P I I, IT, I SAl L-, I APfJEND. (CAR, M I , N I r 101 v IJlf.JAep~.LC AR~ I1J...L~U_LiE.RAS.f .... lCAR.d1) ILl I 'RF VElUL...U:".o.H.!:...... LLUl...a.1.£.&. 

----ASE-; iCA-R,MI ,LT;TAPPE·ND,·{C-AR~ H"~NI'.P I I I ) I I I, IEQGREA r ,ILAMBDA, Il ,MI, {CONO, I (E\.lUAl,l,MI, l), I (NUll,HI, r I, (I NULl,L1, F I ,IT, I 
EQGREAT, I COR, U , I COR, M) , ) , , , • I TRANSFER, (lAMBDA, (L, M,NIJ.tAND,_LU_~IiE_NT r (l.llJOrhEiL1iL..IOOUB_lETR I P..lUtlQR. I I;LEMHIl.HlUOTE. A I 

---'",'-"M';:' , (IiEMENT;(QubrE~ RY;H....,....,..-;c OR;TNU[ l, T KOUNi-;iQuOrE ~ A j-. LI I , I EQGREA r , (KOUN r , I QUOT E, A I ,L1 , I APPEND, I KOUN T , I QUOlE, C I ,U , I KOU 
NT, I QUOTE ,R I, LI , I I ,(OR, I NULL, I KOUNl ,I QUOTE, A I, NI 1,IEQGRI;.AT..LLKOUNTJJJ;lY.9.lE..t.A.I . .INlI.JAJ)f'.EN_Q ... t~UN.J ...LQU~hN) • 1 KOUliL.Hl.UOl 
Eo ,lir;NlHT;lOR-;INuL:L, IKOUNf;-fQUO·TE;AT;IAPPENo,l;M) I I. IEQGREAT ,I KOUNT, IQUOTE,A) t I APPEND,L ,MI., (APPEND, (KOuNT, I QUOH':, CI, I 
APPEND ,L, M) ) , I KOUNI, I QUOTE. R , , I APPEND, l, M, ) II) • (OR, I NUll LI KOUNT.I (9JjOTE...t-.lli L~PPEN.Q .. I'4,NliJ .L!.EQGREA [ • ...lK.Q.lltU .. H.lUOIE. A I. (APe 

--~E:"':ND, M,NTr~TApjiEN6;TKOUNf;(QUOTE-;CI·;-f A P P'EN 0-, M ,N·I·j-;'·KOlJN r~ ((rUO 1 E.-RT, (APPEND,H, N JI I ) I ) , I. (ERASE. I LAMBDA, I l, MI. I CONDo I I NULL 
• M I, N III , I INUll.lI ,M, , (T, I ERASE. (CDR, L) , I REMO"E. I CAR u- I ,MilllJ1.LL[)l.'LlDE....Jj.~MBD~JJ .. l d.C_QN.Q..J_.wULL. U • f'UJ...) • I (AJOM.LJ..a...1LlS 

---T;[-;-( QUOTE;SnT;lf;TMAPLTsr, I DIV IOE-, I REMOVE, I QUOTE, B) ,lI ) , I FUNC TION, (LAMBDA, I l) , ICONS, I QUOTE, BI , (CAR,L , I I I , ) , ) I , !D I V 1 0 
E-, I LAMBDA, ILt .ICOND, I (NULL. LltN IlI,ll ATOM ,lI ,ILl S T ,Ill S T, tIl I, IT, I APPfNO, lPARE. tt:AR LL.l...t..J..CDR..l..L1L_UU~ IDE-. (CDR • .LJJ.llll.l 

-~-- ;-WARE; I (M1BDA; lX;lI ,itONO. ( INUl(;U, (ClsT; {I.. IS T .j(,) i.f(ATOM~lI, iLi ST. (LI ST, K.Lt I I , IT, (CONS. ILIS T ,x. ICAR,lI I , (PARE. X. I C 
___ D::.:R~.~lc-=))' I I), I~JJ..t'ENI!.lb~.!!BDA. IX,Ll. (.CONOt.!...lli!!~J".,l..h.f.:J.l.IL~QVl\lt..X...J...~R,lI). TIl IT.....J..f..I..E.MLN.LX , ICDR.1I1))) I. (REVERSE.I! AMBOA 

,(l'.ICONO,(INUll,LI,NIll.((ATOM,l).L.,IT,ICONS,IREVERSE-,(CAR,l)I,(REVERSE,ICDR,l"')')I,(REVERSE-,llAMBDA,Il.,ICOND,1 
'NUll, L I ,NI 1I , ( I ATOM ,lI III , ( T, (APPEND, ( CDR, LI, IllS T L (CARLl! I' , I I I~ ISAME, I LAMBDA. (l,Ml .. I.CONO .JIAND....IlN.U1.L.I..LhlNULL..M I ) • Tl 

-----,rc OR ,(Nu([,C'-;TNULt, M I ';FJ-;TfS-AMfi., ICAR, 1I .1 CAR-;-M -)1 ;-is-A-ME~TcDR-;L I~- I COR, M I I I , IT, F I I ) I, (SAME-, IlAMBDA, I l, M I, I AND, I SUBSET 
__ ~,~l, M I , I SUBSE T, M ,lI ) I , , I SUBSET. C LAMBOA, ( S,l.I..LLCONQd.LN!JJ_I...l.S) , T " I I elEMENT. (CAR, SJ.ll..o...lS..U.Il.S..E.I.....lCDJL..S.L.1.RfMOVE .. lLAR .. SI,l ) I 

J,Ct,F."},IREMOVE,IlAM6DA,(X,lJ,ICOND,I(NUlL,LI.NIl',«(EQUAl,X,ICAR,LI),ICDR,LI),IT,ICONS,ICAR,LI,IREMOVE,X,(COR,L'," 
__ .....:.' J ) , (ul!R~.o()UBLET, I !-:..~~BDA, (l , ,( co.~Q,_U~!J_L_L ,lJ.' tLd (~1J)M •. l.I.!£l .. d'!'~!JJ.,L.lIC DI;h~U.J.FJ..t.JJ.Llllll.a..1.DQln!Lll...R I P, I lA11.6.QA. (L I • «CONO 

,IIOR,IATOM,L),INUlL,l),INUlL,(CDR,l)II,F),IIOR,(NUll,(CDOR,l'},INULL,ICDDDR,L')I,T),IT,F"'),IHEMBER.llAMBOA.Il,MI,ICO 
NO, I (NUll, LI , TI , ( I NULL. M I .F , , I I SAME ,l, I CAR, M I I, T) , IT, I MEMBER ,l, I CDR,M II)) I , , I KOUIH , I lAMBDA, I X, Lli I C.Q® ..... H NULL Ill. NIL) I I 
IEQUAl,X,(CAR,ll),(CONS,IQUOTE,l'.(KOUNT,X,ICOR,ll11),IT,IKOUNT,X,(COR,l)II)I),(ENO,ILAMBOA, ,NIl)))1 

TRACl I S - . -.----- .. -. -..... -----.- ---.---------.~--.----.-- -- .-.---.--.---

(ISAILI, 

TRAClIS 
((SAIl-)1 

SAIL 
I (A, A ,A, B ,C, C ,R) , «( B, At A', (B,A,C) rl_B,A,RJ!JB ,AJrJE!.IJ:.L~l.tJJhJ~_&LJJh..c.l.LUh'!Ul...r........ U1A. A..A, BIC I C. RJ. I, ( IA. A. A, B. C I. I R. ell 
» 

---STOP 

----------

----.----. -------------

I 

'--' L- l_ L __ _ 
~'-~ 



r--- ,------,. ,-~ r~·--·~----' 
,.----, 

r-' 

FUNCTION APPlYIF.X.PI HAS BEEN ENTERED, ARGUMENTS •• 
SAil 

r···-~ 
I ' 

12T 

r-·---~ ,---, 
I 

,. ,---, 
~. r----, 

'1I~·;A.i, B~,t~·(; ,R'I , ( (B;A.A )-;TB·;A~e I, 18 ;A, R I, (B • AT,Ts.·f.() • I B.e,R) , I B, e I, I B ,R) I , 
)I 

,[IIA,A,A,B,e,e.R), I.IIA.A,A.B.C).[R,CII 

IARGUMENTS,OF.SAlll 
U~T,A;B,C,C;R; ~ . - ... -.--. 

_~ '--B!.~'A) , (B, A.C) , lB. A '~'-'-.tB!.A),. IE!~C, 1;) !.I~,C,-RI.[S, C) , I B-,RJ l. 

I ( I A , A, A • B, C • C.R). ), ( I A .A. A , B. C ) .( R & U L. 
-------- - ... - - -.-- - ..... ------ - - -- - - - -

(ARGUHENTS.OF.SAIl) 
-TA;A,·A~8 ~C. t ~·iff--·--··· 

I lB. A,<: ).(~,A,R) ,IB! A) .I.B .!...c.f). (B_.t:! R I d~._C), IB, R II ... 

I I I A, A , A, B • C. C , R I. )._1 ( A • A, A ,8 , C ) .( R • C I II 

IARGUMENTS.OF,SAIl*1 ( B, A .C}--. --.-----.-. .---._ ... -

{(B,A.Cl.IB,A).IB,C)) 
(A~ A-;c ~ R I ... .... . ... 

_.L~!.!! A-,_<:l .. 1 A.A .C~) I 'L~.~_, A.! A! I!.!.~.e. R) ) • II_R. C) • (A, A. A,~-,9LL 

(ARGUMENTS,OF,SAll-) 
(8;r.t·)---·-~--"--·- .... " .. __ ._._._ ...... ,.,,-

((B,A). (B.C) I 
!A;A; t-;rr·-··· .... -
.J.-'JJ3..0.!.~!' I A • A, C • R) ) , ( , (A. A, A.~. C, <:.t ~]) , ! IR, CJ,I A.A, A, B, C) ) L 

(ARGUMENTS,OF,SAIl) 
~ ...... 

(B,A.A.A,\"~I 
I lB. A, A ) , ( B, A. A ) • (8, A , C I , lB. A, R ) , 18. A' • (8. A, A ), ( B , A, C) , I B, A, R ) .IB ,AI. ( B , A, C ) • I 8, A. R ) , ( B , A ) • I B ,C , R ) • [ B ,C ) • ( B , R"'-.!.) .... ) _____ _ -Te) .---- .-... ---.-.. -~.--- . -.. . ..... --. . - .. -.-.. - .... - ... -.-._.- .. -.-.-_ .. -.-. __ .---.. 

( ( I~, ~!~!A, c,~ ~_'.!~ll. I_I A, A, C, R) , [8 ,A ,C) ) , I I A, A, A, B -,-C_~~,IU .1, II A ,A,_A .. B.e) .~'PJ.L __ .. __ ._. ______ .. __ _ 

GC. STAT. __ . .5!!~Ip!E_.!>.OOO.Q.~_H~~J(_!I ME 000000 . E XJ.T_"TJ~ .. Q.Q9.!tO'O._ !,_D-'=-P~i>.Tf:l=_. _ .. sLl.B~_.01LP.DL = 14 GARBAGE = 14481 

-TnlruME N T S;OF. SA I l,·····--· 
(B.A,A,A,C,R' _ ...... _._ ... ________ . ___ ... __ . ___ . . ___ ._ .. _._.~ . 

IT8tA ,'U·,TB-;A;Cl-;1s, A ;Rl-;TB'~AT; ( 8. A , A) , lB. A. C I , I B, A, R I , (B, A I • ( B , A,C I , lB. A, R I , 18, A I , [ B, C ,R I , ( 8. C I • ( B. R) ) 
(CI 
( ( ( B. A, A , A, C • R) • (C) ) , I 'A, A-,T~-RT ; fs;/i';C I};n A,~A;A~B ,t ,e; iff;~)~TIA~'A;A;'B'~ C I , ( R , C I I 

TIRGUHENTS~ OF;SA IL) 
(B,A,A,A,C,R) 
( ( B , A ,C I • (B , A ,R ) ,( 8 ~Tf;! B ,A -;-AT;rB-;-A,O-;«S; A ;R r, (s; .n • ( B , A;t ) ~TB·;A ~ Rj-;lB;Af;fB;C~ R-,-;(B , C '-;-16; R I 
IC) 
( ( lB. A ,A. A ,C. R ) • 'c IT;r( A ,A. e ,R ) • (8, A, C ) ) , ( ( A, A, A, 8, C , C, R I, ), ( ( A, A, A , B, e I • ( R, C) I ) 

. rARGUHENrs-;·OF-;SAII.T
IB,A.A,A.C,R) 

. ( I B .A·;rr.-fS;il-;Ts;A·;-ilf;T1f;A,C ;,1 B. A·~R '-;-(6,,\r;1 B ,A ,tT-;-rS;A,-RJ , '8 ,A );TB;c, R I, I S;·Cl, (B, R' 
(e) 
fTT!f;~A-;A~·C,R) ,ltl), ((A,A,C,R), (B.A,C) I, Ci"A·,A,A,8,C,C,RI, ,. ((A,A.A,8,C I ,(R,CI )-1 

(ARGUMENTS, dF-;SA J-l) 

r---' 
I 

r~ 



L-

-------------- '--'------ . ____ ._ ____ 1 2 I) . 

I (,; I , ,." R I I .-------------.-------

1--LL~~.A.~~~A~1"1.~lll~1"111 I I I A, 4,4 I 4 I ( I R J , CC, , ,.t..t.A..A, ( I R J , I B, A I (I , I II A I A I·A I B, ( Ie, R I , --------------_. __ ._- .... 

__ ~I _U.G.UMENIS..o.E.SAlLL- ._m 

IB,A,A,A,e,RI 4 R, IB 41 IB A CJ IB,A,R',t..a.-Al,IB,(,R',Ia,cl,IB,IUl---.-----.. --------________ ._. (18,4,6,,18,A,el,I8,_, __ , __ , , " , 
lei 

fARGIlMENIS,OF,SAJI, 
IB,A,A,A,e,RI 
"B,A,CI,Is,6,RI,IB,AI,(B,6,el,IB,6,RI,'B,6',IA,e,RI,'B,C',16,R" 
eel 
/ 1 I B, 6, A. A, C ,RJ , C (I I , ( fA, 6, e, R I , C B, 6,( I ) , I I A I A I A I 8,( ,(, R I, I, I , A, 6,6 I B ,e I , IR, e I , I _. ______ _ 

Ge· STAT. ENI. TIME .. .0.00000 MAR.IL.....l.J-ME-OQ.OO'O'O .... -EXll-l-l!!E QUOOOU ..2.OI.-~J:t;L.---1.b3-.1R-4--ON--.JlDl;;= "9 

CARGUMENTS,OF,SAILI 
lRe..A..LA..~.RJ 
IIB,A,RJ,IB,AI,IB,A,eJ,IB,A,RI,CB,AJ,IB,C,RI,IB,el,IB,RII 

___ .l.:(C ....... ' .. _ ..... ___ . ___ . ____ . __ ...... ___ .. _. ___ .. __ .. ___ .. ____ _ 

IIIB,A,A,A,e,RI,Iell,IIA,A,e,RJ,18,A,CII,IIA,A,A,B,C,C,R), 1,IIA,A,A,B,C"IR,el" 

-GAJl.8AGE- 111~2~---

-----------

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

CARGUMENTS,OF,SAILI 
IB.A.A.A.C.R' _ 
IIB,AI,IB,A,CI,CB,A,RJ,IB,AI,IB,e,R),CB,el,CB,R)1 
I C I ________ .. ____ _ 
CCCB,A,A,A,C,RI,CCII,IIA,A,C,RI,IB,A,CII,IIA,A,A,B,C,e,RI, I,CIA,A,A,B,el,CR,e)I' 

IARGUMENTS,OF,SAIL) 
__ -,-I.fI.B.L' ~~.C;.a.B..L. __ .. _. ___ . __ . _______ . ___ . _______ . __ 

ICB,A,CI,CB,A,RI,IB,AI,CB,e,RI,CB,CI,IB,RI) 
___ Hl.. __ . ___ ... _____ . _____________ .. ____ .. __ .. _ ....... _ .. _ 

IIIB,A,A,A,C,RI,CC'I,CCA,A,C,RI,IB,A,CII,CCA,A,A,B,C,C,RI, 
---_._--_. --.-- ---_ .. _-------_._---------_ ... 

IARGUMENTS,OF,SAILI 
___ ~C~B~,~A~~~ ._ 

IIB,A,RI,CB,AI,IB,C,RI,IB,CI,CB,RI) 
ICI 
CCIB,A,i;A,C,RI,IC11,CCA,A,C,R),CB,A,CI),ICA,A,A,B,e,c,RI, 

I,CIA,A,A,B,CI,CR,elll 

I,CIA,A,A.B,el,(R,CII) 
._------------------------_._---_ ..... --------------_ .. _. __ .- --- .. --------- . --------.---------

IARGUHENTS,OF,SAILI 
__ ... lliAtA.L~'--_ .. _ . _______ ._ .. __ ._ ... _._. ___ . __ . __ . __ ._. ___ ... _____ . ___ . _____ .. __ 

(IB,AI,IB,e,RI,IB,CI,18,RI) 
ICI . ____________ ._ .. __ .. ___ ._. _______________________ ._. ____ .. 
IIIB,A,A,A,C,RI,ICII,IIA,A,C,RI,18,A,CI),IIA,A,A,B,C,C,R), I,IIA,A,A,B,CI,IR,CI') 

._----_._._._ .. _-----------------------_._---_. 
IARGUMENTS,OF,SAILI 

__ ........,I:-':~L~.L~.LhlLIll. ____ .::7_:_----. 

IIB,C,RI,IB,Cl,IB,R'1 
___ ....JJ;I _._. _____________ ._._._. __ . ______________ ._._._ .. ___ . _______ ... ___ ... __ .. _. ____ ._ .. _ 

IIIB,A,A,A,e,RI,ICII,CIA,A,C,R"CB,A,CI),IIA,A,A,B,C,C,RI, I,CIA,A,A,B,CI,CR,C)" 

GC. STAT. ENT. TIME 000000 MARK TIME 000000 EXIT TIME 000000 POL DEPTH= 

__ --'I ARGUMENT~.sA I .... !.L.. __ ._ 
18,C,R,CI 

L- L.. I 
'-- L- L- L. I 

'-... 
I 
l_~ 

( 
'----, '-----' 

160 lR" ON PDL~ .. 6 GARBAGE= 14219 

'----' L...; '--- '----' 



r-----: :---' r--' r----' 
! ' ~: r: 

--- --- - ---_ .. _----_.- -

~ 
I 

IIB,C,R),IB.C,CI.IB,CI.la,R,CI,IB,R),Ia,C) 

r~~ '-.---' 
! ; 

r----., 
i r--~ r----; 

~_ill______~ _______ _ 
IA,A,~, __ ~ ~ ____ ._._ _ _______ ~_~ ___ ~ .. _._. ___ ._~ __ ._~ ____ ._ 

r----, 
i 

,----

IIIB,C,R,C).IA,A,A)I,IIC),IB,A,A,A,C,RII,IIB,A,CI.IA,A,C,RII,( ,IA,A,A,B,C,C,R),IIR,C),IA,A,A,B,CII) 

IA~GUMENTS,OF.SAI(;) 
(B, C,R,C)_ ~____ ___. _. __ .~ _____ ~_ .. 
IIB,C,CI,IB,CI,IB,R,CI,IB.RI,IB,C) 
I A, A, A J _ _ ___ ~_ ~~ _____ . __ .. _~ ___ . _ _ _. __ .__ __ . _ _ . _____ _ 
IIIB.C.R.C).IA,A,A)I,IIC),IB,A,A,A,C,RII,IIB,A,CI,IA,A,C,R»,I ,IA,A,A,B,C,C,R»,IIR,C),IA,A,A,B,C)I) 

-i ARGUMENTS,OF ,SAIL-'~ -----.~. - ... -.. --
~_'-~~C_.~,CJ__ _ ___ .. . . ~. ___ ~ ________ ~~_._._. ____ .. ~ __ . __ ~ _______ . __ -_ .. - ----------- ---------

IIB,C),(B,R,CI,(B,R),IB,C» 
__ tA_,~_,_~)_~ _________ ~ ___________ .. __ ... _ .... ___ .. ___ .~_ .. _ _ .. _____ . ____________ .. 

11(8,C,R,C),IA,A,AII,(C),IB,A,A,A,C,RI),«(8,A,C),IA,A,C,RI),I .(A,A,A,B.C,C,R),(IR,C),(A,A,A,8,C)I) 

IAifGUHENTS-,O"F;SA-IL-'-·· .----.----. - .. -.------------
18,C,R,C) 

-Tr8;R;tI,TB·~R);1 B;C-) r 
_ ~~~~~A~ __ ~_~ __ .~ __ .. _____ . ____ ~ _______ . ____ ~_._ ... _ .. ~. __ ... _. . ..... _._ .. _ ... _ .. _._. _ .. ___ ~ _______ ........ _ ... _ .. _ .. _.~. __ ~ ___ .~._ .. ~ ____ ~ ~_._. __ 
(I(B,C,R,C),IA,A,A)I,(IC),(8,A,A,A,C,R»,1(8,A,C),IA,A,C,RII,I ,IA,A,A,B,C,C,RII,(IR,CI,(A,A,A,B,CI» 

liifGTjMENTS,OF";SAiT.,--·
(S,C,R,C) 

-na,R) ;I"B,cT'----

-----.----.---------- --

-----_._-

IA,A,A) _~~~~~~~~~~~~~~: 
11(8,C,R,C),IA,A,A)I,IIC),(B,A,A,A,C,RI),(IB,A,C),(A,A,C,RII,I ,IA,A,A,B,C,C,R)),IIR,CI,IA,A,A,B,C)IJ 

-iARGUMENTS~OF-'-SAfL'----------·----·------·-··- -... - -.--.-
I B, R ,A, A, A I . --.--~---:-:-=-=--c--c-- .--, ___ _ 
IIB,R,A),(B,R,A),(B,R,AJ,IB,R),(B,A,A),IB,A,A),IB,AI,IB,A,A),IB,AI,(B.AII 

,--, 
\ I r; 

. Jf_!.fJ _______ .. _____ . _______ . _______ ~ ._._. __ ... _ .. __ .... _._ .~ ... _ .. ___ ._~ .... ~. ____ ~ .. ____ ...... __ ._. __ . ______ ._.~ _____ ~ __ . ___ ._~ _______ . ____ _ 
II(B,R.A,A,A),(C,CII.IIA,A,AI,IB,C,R,C),IIB,A,A,A,C,RI,ICI),IIA,A,C,R),IB,A,C»),IIA,A,A,B,C,C,RI, 1,IIA,A,A,B,el,CR,CI 
)I 

(ARGUMENTS,OF,SAILJ I B;-R;A;~A-;··l'--------- ----~~---- - .-.- .. -.-- ----~~- -. 
IIB,R,A),(B,R,AI,(B,RJ,IB,A,A),IB,A,A),IB,A),IB,A,AI,IB,A),IB,A)I -fc;t-j----- . ------.--.--.-. -- -.-.. --~.--~- .... - ... -- --~.-... -.- .--~-------
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____ l.tJ.!..@_.A~~ . .t~!~h {It'_~.lJ ,_U~..!.~11h.~LA.,~,-"-U Ll.il.t.!,; •. R.l.tl.tllt..J_A.l.AU._li.'-l.LiItt A I A ,A ,.t..JU1 ... J_L6..I. A I e I I (A.I_A...t.....IU.L.L....1A..t..A~A .. .B....h~!\_. _ 

'),IIR,C',IA,A,A,B,CI" 
-------,------_.-

IARGUMENTS,OF,SAIL-) 
I B, R,C • .! ... A,A I ______ . ___ ... _._ ... _ ... ___ .. _____ . _______________________ _ 
IIB,R,A"IB,R,AI,IB,R,A),IB,R),IB,e,A"IB,C,AI,IB,C,A),IB,C"IB,A,AI,IB,A,A',IB,AI,IB,A,A),13,A',IB,A» 

__ ---+'IC~'--.-----.---------
II(B,R,C,A,A,A',le",IIA,A,A',IB,R,C,e'),IIB,A,A,R,A),IC,C)),IIR,AI,IB,A,C,C,A'),IIB,A,R,A,CI,IC,AI),llA,CI,ID,A,C,R,A) 

__ ---')!.-', ... I'-'I B, A,A,e, CI, I R,A' I, I IC,C' ,I B, R,A,A, AJ.J..I1JJ!LC;_,.B..I!:JJ_L~A, A tLLliC_lL_1 B. A I At A I C, R I ) I ( I B, A ,e) , I AI At e i R) ) I I .1A..t.A.t.A ... Jh.t ... t.....R. 
'l,IIR,C',IA,A,A,B,C)) 

l_~ 

Gt. STAT. ENT. TlHE···iiooooo.fARK· -iXME-'OOOOOO EXITTI ME 000000 POL DEPTH= 

IARGUMENTS,OF,SA~L-' 
IB,R,C,A,A,A) 

361 IRa. ON POL= 103 

I I B,R,A' , I B,R,A I, I B,R1L!!!.J£t.!hJ.hh~J I.U~.LC;_,Atti!hJ:J....ll.LA,At~J.!l ... l'-I.!1, I B. Al I IS.AtAl ... 1 Il.A) I 11l.a.AlL
ICI 

GARBAGE= 12897 

I ( (B ,R,C ,A,A,A', IC I' .I.!JA, A, ~I, I B,.~,-C;-,J;lli!-' B ,A.I~~ill1.L~h II Rt A) ill.LAtC,CtAU 11« B IAI RIAIC It «:, A) It I (A.t). (B. A.t. add 
',(IB,A,A,C,C',IR,A)I,IIC,C',(B,R,A,A,AII,IIB,C,R,C),(A,A,A",IIC),IB,A,A,A,C,R'),IIB,A,tl,IA,A,C,R)I,( ,IA,A,A,B,C,C,R 

L-- ~ I 
L~ 

L __ 
L~ L __ ., l __ I 

L.- '--- l_. ~~-"' 
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i 

,r,tTi;'cl ~(A; A, A, B, C ) ;-,- -----~~---~ ---

(ARGUMENTS-,-(H:;SAIl--)-~---~---"~-'~~ 

r-1 r--' ,.--, ,..----, r--", 

_ ~ __ UL 

_ J~, R, C, A, A.~AL~. ______________ ~ ____ ,,_,, __ .. ____ . _____________ . __ ... ______ ._._. ___ ,____ _ ______ _ 
IIB,R,A),IB,RI,IB,e,A',IB,C,AI,IB,e,AI,IB.CI,(B,A,AI,1B,A,AI.(B,AI,IB,A,AI,IB,AI,(B,AII 

,,--~--.,,--------- .. _--- ---,,--~~------~. ----~~-- ------_. --'--'-'-

,-----, r---. ,-------, 

IIIB,R,C,A,A,AI,ICII,IIA,A,AI,IB,R,C,CII,IIB,A,A,R,AI,(C,CII,({R,AI,IB,A,C,C,AII,ICB,A,R,A,CI,(C,AII,IIA,CI,(B.A,C,R,AI 
I, I I B, A, A, C, C)' I R, A) I , I (C ,C I, I B, R,~_,_~.-,_A !J'u(I~!C-,_R...!CJ , I A, !.~l.L!lJ,t;hl B, A, A ,AI. C.L~U..l.J !~,ALCJ..l.iA...A._~tJUJ,_L_._1A. ALII ... B I C, C, R 

--,T,TI R,tr;TA,A;A;B,C I) I 

------ciRGUHE-Nfs-;-OF-;-SAll- ) -~-------'----------------' 

la,R,C,A,A,A) . __ ~ ______ .~ _____ ~~.~~ __ ~ 
-na ,In;, s-;e , A) , 18, C, A ) , I B, C, A I, I a, e , , I B, A, A I , (8, A, A' , I B, A) , lB. A. A I , (B, A I , lB. A I I 

(c1 ____ ___________________ . . ___ ~_ 

---(118; -R-;-E-;-ii;--A; A ) , (e I I , I lA, A , A I , ( B , R , e , e I I , I ( 8 , A, A , R , A I , II:, e I , , I ( R. A I , I 8, A, C , C , A I I , C I 8 , A , R , A , C I , ( C , A I I , I IA. C I , I B , A I C I R I A I 
) , I I B, A, A, C I C " '--!' A J ) !J!f.! C) , ( 8, R, A, A, A Jl.!.lLI!~..!. R ,e I _ill.L~, AI I , ( Ie) Li!U A t A. A, C. R, I , ( I B, A, C) « I A, A Ie. R I I I I • ( A. A, A. B. C • C • R 

-rr,(CR,C),(A,A,A,8,elll 

G-C-;-STAT .--Effr-:-l--lME~O(Hjooo -MARK TIME 000000 -EXIT TlME-00600-0~f'-Dl..-DfpTH= 415 IR4 ON POl: 

(ARGUMENTS,OF,SAIl) 
nr,R,C) 
'IB,R,C"IB,RI,I~B~,~e~,~,~~~_ 

-, C, A, A--'-i)-~--- . ~ .. ~---------- ---~-~---.--.-

119 GARBAGE= 12795 

I I (8, R, e , , (C , A, A, A) I , I I C I , I B, R, e, A, A, A I I , I , B ,R, C ,C ,. I A, A, A 1 I , I (C ,e I , 18, A , A, R, A 1 I , I ( B ,A, C ,C , A I , ( R I A I ) , I I C , AI ,thAt R I A I C 1 
-, ;n B,A ;-C-;'R-;-AT;TA ,e I I-;TfR, A I , (B.A, A-; e, e fT;TTs ;R, A, A , A f;rt, ell, ( (A, A, A) , ( B, C ,R, C) I , I I B, A, A, A, C ,R I , (C I I • I (A, A, C, R ) , ( B. A, C 

11,IIA,A,A,B,C,e,RI, 1,IIA,A,A,B,CI,1 R,elll 

IARGUMENTS,OF,SAll-1 
(B,R,C,C,A,A,AJ 
( (B,R,C) ,IS,R ,e I, IB,R,A I, (s, R,AI,( ~IR_,~!..!,,!!!,,~.!..!J..B,e '~J.!!.~~l.!..1 8 ,e..!.!~L. I B ,eLA), (!!.~~lill,C, ~.lLUl.,e,A), I Bt Ct AI t 18, C I, I B I A 

~),'B,A,A),'B,AJ,'B,A,AT;TB~A~(lI,AII 

(((B,R,C,c,A,A,AI, ),IIC,A,A,AI,IB,R,ell,I(S,R,C,A,A,AI.(CI),(IA,A;A1,IB,R,C,ClI,((B,A,A,R,AI,IC,CI),IIR,AI,IB,A,C,C,AI 
I , I In, A I R, A. e ) , (e ,A) I , I ( A,e I , (B, A, e, R, Al 1,1 IS. A I A, e ,eI, ( R, A) 1 • ( Ie Ie I , I B, R I A,A, A I ) , ( ( B, C , R, CIt I At A, A) ) , ( (C 1 , ( B, A,A, A. C, R . 
) ) ,118, A,e" tA, A,C-,--RlloTtT A ,A;A;-ir;c.c;m ;ll"R; n;a-, A ,A ,B ,e) ,-j . 

-TVA[UE,OF,SA~ 

(VALUE,OF,SAllI 
- ~--~~ 

(VALUE,OF,SAIL-' 

IVALUE,OF,SAIL-I 

I VAlUE,OF,SAU-' 

(VALUE,OF,SAll-' 
~~~.--

'VAlUE,OF,SAll-' 

__ ! VALUE, OF. SA IL_!..._ 
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THE CHINESE RING PUZZLE: 

ITS SOLUTION IN LISP 

The computer, of course, 

is incapable of analyzing, and 

therefore actually solving, the 

puzzle. In defining the puzzle 

to the computer, therefore, it is 

necessary to include all such analysis. 

When this is done the computer is able 

to mechanically perform each step 

under its particular conditions, 

according to rules. 

The most obvious rule in the solution of the ring puzzle is that 

only the successor of the first ring left on can be removed, unless 

the first ring is ring A. As the object of the puzzle is to remove 

all of the rings, this rule makes it soon apparent that one must work 

toward removing the last ring (G)first, and work forward to A. To 

remove G. F must be left on and rings A through E removed. In order 

to do this, W must be removed, which means D must be left on and rings 

A, Band C removed. This means that C must be removed by leaving on 

B and removing A. It is obvious that every other ring, starting with 

the ring to be removed, must be removed first in order to remove the 

ring in question. Two cases exist, therefore, one when the number of 

rings is even, and one when the number of rings is odd. To discover 



-l~- J 
J 

whether the list of rings which remain on is even or odd, the J 
predicate EVEN is used. The value is true if the list is nil, 

and if it is not, the predicate NOT EVEN is performed on CDR of 

the list. 

Because of the primary rule of the puzzle and its dependence 

on the succession of the rings, two more functions of the analytical J 
type are needed. One of these is a predicate which is true if a 

certain element is the successor of another given element according .J 
to a reference list, and the other is a function which chooses from 

the same reference list the successor of a given element. The first, 

called SUCCESSOR, works by testing the equality of the first element 

and CAR of the reference list. If this is true, it goes on to test 

if the second element is equal to CADR of the reference list. If J 
this is true, then the value is true, if not, it is false. If the 

first element is not equal to CAR of the reference list, the predicate 

operates on CDR of the reference list. The second function, called J 
CHOOSE goes through the reference list, comparing each element to 

the given element by means of the predicate SUCCESSOR until it finds 

one which equals the given element. 

The functions which provide for the actual movement of the rings J 
on and off are REMOVE and REPLACE. REMOVE compares a given element J 
with each element of the list from which it is to be removed, re-

building the part of the list it has already run through by means J 
of the function CONS. REPLACE is used only to replace the .ec.nd 

J 
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element in its correct place according to a reference list in 

another list. 

The function which combines the others to perform the solution 

is CLOVIS. CLOVIS is a function of three arguments, all of which are 

lists. The first is the list of "on" elements, (M), the second is a 

list of "off" elements, (N), and the final list is a reference list 

of both on and off elements in the same sequence they would be if 

all rings were on (1). The function is divided essentially into 

three parts. The first of these is a conditional NULL function 

which ends the solution as soon as the list M is empty. The remain-

ing portion is a test by EVEN to discover whether the list M is odd 

or even. If M is even, there exist the two possibilities that CADR 

M is the successor of CAR M according to L t or that it is not. If 

it is, then CLOVIS is repeated on a new list M made up of CAR M and 

CDDR M, a new list N made up of REPLACE of M in N, and the old list 

L. If CADR M is not the successor of CAR M. the function CLOVIS is 

repeated with a new M with the successor of CAR of M replaced, a 

new N with a corresponding removal made, and the list L. If the 

original M is ODD and CAR M equals CAR L, then CLOVIS is repeated on 

CDR M, the list N with CAR M placed in front of it, and the list L. 

If CAR M does not equal CAR L, CAR L is added to the beginning of M 

and removed from N and CLOVIS is repeated. It can be observed that 

this takes into consideration all of the cases necessary to solve 

the ring puzzle. In order to observe each step as it takes place, 

it is necessary only to use TRACLlS to track CLOVIS. 

PETER CONRAD 
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APPLY OPERATOR AS UF FE~KUARY 10, 1960 

READ IN LISTS ••• 
n~~INI= 
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%~%EVEN,%LAMBDA,%LC,%COND,%%NULL,Lc,Tc,%T,%NOT,%EVEN,%COR,LccCCCCC,%SUCCESSOR,~LAMBOA,~X,y,Lc,tCONO;~tNULL,Le,Fe.ttEQ.t 
" ~~X~y,%CCR,lncnnCn,%C~OOSi.%bA~igA.~X.ba,%CONg.%%SUCC&SSQR.%CAg 

R,LC,X,Ln,%CAJK,LCU,%T,ICHOOSE,X,:COR,LUCCOCO, ~~MOVE;%LAMUDA,IX,~n,%CONO,%%NULL,Lc,NILc.ttEc,X,tCAR,LeD,%COR.Lac.%T,%C 
ONS • %CAR. 1 u .nc MOV F. X. %C OR, L UOOOI!lJO.....:u.t-l2-1..-AC€-.~ CNO-,·%UW--ll, Nc ,%llliT~%C IHlR, MCDD. t:UQ, tC "R .-Ma. teAR. bea. teo 
NS,%CAOR,Mu,Ncu.IT,%CC~S,%CAK,No,%REPLACE,%CDR,~o,M,~cOR,LccDcacc ,tCOND,t%NULL,Ma,NILe,%tEVEN,M 

__ Q~..%.c:..rlliD...llS-' ICC E S "03 •• CA 'l,i , lli4XI:AR .. __ Hc., I c. 'f:C I '111--1-':", 'f:C ON S,!I;C A R • MOt"'C CDR ... -Mrul ... -:R E P L I\C & • ~I. M. La. LnD," T. 'fCLOV J S. '(CONS, te AR. lola. tC 
ONS.%CHOOS[,tCAR,Mu,Lu,'CDR,Moou,~KEMOVE,%CHOOSE,%CAR,MC.Lc.N9'LCnuo'%T.%COND,t%EQ,tCAR.Mc,tCAR'Lac.~CLOVIS,tCOR.MC,~CO 

-.N.S....%.CAR, Mo. ,HI 1-1 [J [J , ": T , %C L II v [ S ."~. % CAR-o---Ul-.Mu.,UDR .. NLt .. Lrll111 ... C.l.JlllJ.JOu..lly, ... t .. E:-.NI>;.'DI.I---o-, ... """L",AU!M""B:uDiJ,A~, -------..~NhlI.--IoL ... c .... e.ue ... n"'--------_------_-__ 

TRACI IS 

t~CLOVISoo 

S--LOP 

L-, ~ 
I 

L--.J L- L-- l_ I 
L---

; 
-------"' L-- L..; '--~ L-~ L----------, l __ -

'------' 
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'---------' 
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OBJECT LIST ~Jh I S ••• 

- ~€~D , C b G II ~¥-b~R~~.,, (¥~e -y :,iJG C £ ~wj.h € V €.', , pr- ~ v .. g , F G'~IJ , ';tAR CHF -~+l,U-F~ F.F.....r~ ,~CMPSRW, BNOII "--:;'Eb-gT- ~ CSE-r.Q.G . .o~ 
CDDD CR , COCO,"/., cr :;A,:" , C [)i) ,\;\R , CO/l or ~ , C[M; A '~ , CDt.,\ D~ , COAi\ \R, CAr eS R , (MQAR. , C."' OACR , C,\DAA R, CAACDR, CAADAR, CAAA CR ,CAAAAR, VAL UE fA 
RC;" ME ~+~~ hH I '~l. ~ I' .' J;;" ' V I \i' I ·.rll~, ; r ' . C L I ;; , r ~l-l-&-"p..;{.G--.~~.s IN" :> , TI< ~ C ~~t.N a 1\ C 1 , P R ~'?lN ... o.E£'L~4-
TRAC2, NAME , F~ , r ?AC 1, r , u , ~EL[C r 2 , ~ ~ M r l, ~ r,p ~0P E~ rI E S,?RI N T PRcp , n~ CG2 , ?RIN f PI , C , U ,MAPCAR,WAY,J,MAKCBLR,PICK,R,( QUALS,NO,A 

.. T-OMI-C, F.WN.Ar~-.r+,)'MAr-i2 ... .j.!.,-I~~J~. " ,Fr";'Z-0 P,-r.·~ r:.Q.RMA T .-A-5 .. r L , ;~l V[;"~ ·\oiA.s. ,.lJ .. C . CU T ,CON.(.l,GEFI NE ... ctF.t--lSl·,D~Fl.A Sl ... PRO.L ... OB .. . O-E-F--. 
I , A , AND, A Pi' ,'. " , A;l,> L Y , M' 'J ,\ L , i\ P V ,\ L 1 , • I V·, , J\ T L~ I i , , (, • I , 2 , .3 ,4 , " , " , 7, :3 , 9 , 1 D , 1 1 , 12 , 1 5 , 11" 1:>, 18 , CAR, CDR, , ,C OM P T R A C , C OND , CON:; , C ON 

ST-...C"Ll ~.c.u.pY .•. i;~L~-E-:-'{;.-M" ~1"E';;h+.·~,,':'-h· • .[·" RGR , ['J':'L,f ·JLlS ... [X P «. r. X;> f., F., F.[..(..j2·R1"F.J.-X-, f' .. L G .-F.·5UU.R-.-F.U,\jA~-G,..FUAI{,UON-<tGE.NSY /I.,G-O.INS.:r ,INT . 
, I f'l TER N . L .\L [ l, LII. ," ,1\ D.\ , L I :, T • L J i. [' , L t:~. , L l.;r \.. t ·:; , ~~ 1\1\ E ;,J • ~\A K E 00 , It. M' , !'~Ar C C\ t ~ M' L I :; T • - I , -? , MIN t; S ,1\(;;'CNC • NF L V A L • NIL, NF \oj L ,NO T , NU L L • N 

.. u l"H"hli.R.,..0o L-l-;:..I-.. ·~;:.t-~.:-4 j2 A OJ,,;': , p r '~T'~~<;'? ;'ijA " [ , PU " " >l .~~T '¥u;~-~'.~ ... I ... ;)P , p" OG ~TQUO T[ ,R E A~€-U II. R E Cl A 1M, ~...t..:..c.o..
,RPLAC h , RE rU~ I , u , SA~~~C , $~AR C H . S T,S l r c , S P [ AK , ~rUp , SUd , S U ~~ , SCJL [S,SU BS T, SU M,SYM EOL,T,TEST1,TEST2,TEST3,TEST4.TIMES,TRA 

G.f. ,-i·· SFLvl~ .. ;" • .cGl>N..r · ,M~; , .A.l. .... ·, AR;' ..-b-';> :.. .. Ct.;:. , COM, L OQ • i-X-A, l X Ii , PA X , l' D X, I' Xl; , S T A , ·S TD . ~TC , S T ,~sxc ,T· ' X • TN X • TNI.T .RA, ·T-SX. TXH, T X I .IX-l.T 
Z E • A r OM I • [ '" 1 1 "LJ L L 1 , u 1 , , LX P , F l,! ,( • r E ~~ F • T C ,'~ r • !. c • w,) , ~ AR C;? , ,,,\ R:-; 5 , t .\ R G 4 , ~ A " G '.) • . ~ A R G 6 . ~ A R G 7 , "A RG 8 , • c; 1 , "f.2 , • 1: 3 •• £.4, .1:5, C AA R , C DA 
R .•. C.A.l}R.CDGf: , . .cA:' A.J.~C.:..:.~~ . .,.~1JAg.c.AnnR, CDA.Ai~ , ellA G,( • eGDA !~. C DC Cg ,$.C P P ! ,.$ [i\iPD !., $. t .. cP·P U; 1 ,$r RE fi .. . $.FROUT., $OIllE·, .$lE·RO .. X., Y., l • COMP XL E 
tCGMP2 fCO~Pll , C E F F3, ~[T , j(,MAP f SAr. ~ ~~r~cr , INTCG~ AT E n 7C9 CJ MP!L E~ -[ ~ l E RP~ET ER LISP 20 OC T 60 0 

F~NcrIO ~ APr LY &F,X,P u HAS G[E~ E ~ r E?[C , ARGL~[~ r S •• 
. DEl' ··I -NE. 
t~:tE V E i't , ·t u\ ~1", '1;" .; L tl , '" C G .• 0 , t ~ i.U L L , 1I1 , T [j , t T • ;;; lU T • ~ t v F. ;'j , ~([n • l tllJl1l1li un , it S Le e:: sse R • % LAMB 0 A, % X, Y , L D , %C OND, %% NUL L , L II , F 0, t% E Q , % 

. -CM.,.ln~-¥ncf :;;·W .. G ... ~:j;.r.Q .· U,J...; :~ , l U.Xll •.. ~ll ... ;; l,FOllll, ~ r , .% suec E SSO !<, . X, Y, '~ C C:< , lucuu.:::w ... %CHOCSE , tLAMBCA.,:tX, L 1l.,%COND .. %:CSiJCCC SS.Q.R·,tCAO 
R, L II , X, L lJ , 'I; C ,\ , K. • L lJ U , .c 1 , .,; ~ H 00:) E , x , ·tC D;{ , L t1 U O il L10 • ''to,{ j' t'O V [ , % L;l, ~1 ~\[';\, .., x , L [J • 'l; C (, N C , % %NU L L , La, N I lo , %% F Q • X , %CA R • LtHJ , %C DR, Lllll • %T .1:C 

_ ON), %C 4[1, Ln~' , ' ~ r (' ;{ ,IF[]t1iLUllll,':;;;~;_ACG-~.:tl~~OA. .. .:u: • .'>:\ ... l..ll'''%C'''04 '' . ·~ ~\I.l_~.,.cu....!~~L.AOJI.-.-t4n~:u;O, %C AR. ~n, %C "R. L.nll.~ 
NS.%CADR,"'o , ... r..l ll, ~; r, :::'CC;I$ , : ~ CAR,r'll, t Rc PlA C L , ::':::D R , tjn,M ,'l; CC !~ . LlIrJtJonl]n . .... ,%CONO,%%NULL ,MIJ,NILD.%%EVEN,M 

. D.~CGrID.,l :t !.~,E $ :,u.~ :;; c..4J4 , t·tu..%CA r~.Hu .. Lu . :;;::' L'; V I :> , Z:::ONS, %CA.;' , ~:ll , ;! C CC~ . 1'100 , %.:u;.P-L .A.C£. .. .N, M, Lo ,L Du • .%r,%CLOVI S.~CONS ... l:CAR .. MD,%L. __ 
ONS.%CHODS [ , ~ (~R , Mu , Lu , ~CDk , M nuu, tRE~U ~[, 1Ctl~ CSE . tCAR , Mn , Lu , ~n ,L nllcn , ~ T . ; C0NC , tl [ Q , %CAR ,MD,%CAR,LDO,%CLOVIS,tCDR,MD,%CO 

.. -- NS..UA.R .• ~ , .U1ll+ .. :;.r~.cl.. .J.,;!J-I.-:..,.%C~., ~~ C.lR ... L[1 ,.Nll, %CCR , Nn , LllIlllLlII110 , %[ hiD , ::L~CA. ,-... , N 1 Lonoo 

-'[cUO-.-OF-A~ .~-.-W.---_--------.. 
%EVEN,SU:::Cf S~OR , CHUO~E , REMOVE ,RE PLACE ,Cl O VIS,E N DD 

,---, 



FUNCTION 
CLOVIS 

APPLY%F,X,Po HAS BEEN ENTERED, ARGUMENTS •• 

%%A,B,C,O,E,F,Gn, ,%A,B,C,O,E,F,Gee 
-~~ 

%ARGUMENTS,OF,CLOVISU 
%/\, a, C, D, E, F ,f';o 

%A,a,C,o,E,F,t;;n 

%ARCU~ENlS,O~,CbOVISe 
%e,C,O,E,F,Ge 
%Ao 
%A,B,C,O,E,F,Go 

%ARGUMENTS,OF,CLOVISo 
%9,O,E,F,(;o 
:tA,Co 
",A, a , c: , 0 , E , F , ''; 0 

%AR(;UMENJS,OE,CLO¥ISO 
!tA,a,D,E,F,Go 
%C 0 

:A,B,C,O,E,F,GD 

:tARGUMENTS,OF,CLOVISO 
"A, 0, E, E, Gtl 
!te,co 
"A,B,e,D,E,E,';tJ 

"AS G II ~ E bI IS, 0 E, e L. ° ~ll ~ IJ 
%O,E,F,GO 
"A,B,Co 
:A,B,C,O,E,F,Go 

%ARGUMENTS,OF,CLOVISo 
%D,E,Co 
%A,a,C,ED 
:A,B,C,a,E,F,Co 

: A R G I i ~ E bll S , 0 E , C l 0 ~l ISo 
:tA,O,F,Go 
:B,C,Ee 
%A,B,C,O,E,F,GO 

:tARGUMENTS,OF,ClOVISo 
%A,B,O,E,GIJ 
%C, ED' 
%A, B, C ,0, E. E. i.1:1 

:ARGllr:1HJIS,OE,CI O~ISe 
:te,O,F,GD 
%A,C,Eo 
:A,B,C,O,E,F,Go 

%ARGUMENTS,OF,CLUVISO 
%B,C,O,E,Ge 
%A,Eo 
%A,B,C,D,E,F,Gn 

%ARGIIMENIS,OE,CLOVISo 
:tA,B,C,O,F,GO 
"Ee 

A,B,C,O,E,F,Go 

ARGUMENTS,OF,CLOV[So 
A,e,O,E,Ge 
B,Ee 
A,B,C,D,E,E,GD 

ARGIIMEblIS,OE,ClovISD 
C,O,F,Go 
A,B,Ee 
A,B,C,-O,E,F,GO 

ARGUMENTS,OF,CLOV[Se 
e,F,Ge 
A,B,O,Ee 
A,B,C,D,E,E,Gn 

ARGIIr:1ENIS, OE,CLn~ [So % 
%A 
IB 
:A 

,C,F,Ge 
,D,Ee 
,B,C,O,E,F,Ge 

%A 
%A 
:0 
IA 

RGUMENTS,OF,CLOVISu 
,B,e,F,GD 
,EO 
.B,C,O,E,E,Go 

%4 
%B 
ZA 
%A 

BGIII!1E~IS,OE,CI OV[ so 
,C , F, GIl 
,O,Ee 
,B,C,O,E,F,Gll 

RGUMENTS,OF,CLOVISD 
,F,Ge 
,C,O,Eo 
,B,e,D,E,E,r.ll 

IAR 
:A, 
Ie, 
lA, 

:t 
% 
% 
% 

% 
% 
% 
:t 

AR 
A. 
B, 
A, 

AR 
F, 
A, 
A, 

GII~EblI S, OE. Cl C1V I s.o 
B,F,Ge 
O,Ee 
B,C,D,E,F,Ce 

GUMENTS,OF,ClOVISe 
E,Go 
C,O,EO 
B,C,O,E,E,Gll 

GIJ~E~IS,OE.CI D'llISIJ 
Ge 
B,C.D.Eg 
B,C,D,E,F,Gll 

%ARGUMENTS,OF,CLOVISo 
% Fe 
% 
!t 

A,B,C,O,E,GD 
A,B,C,O,E,F,Gu 

!t 
:t 

ARGUMENTS,gF,ClOVI£D 
A,Fe 

" a,C,C,£,Gn 
% A,B,C,O,E,F,Ge 

% ARGUMENTS,OF,CLOVISo 
A,O,Fn %. 

:t 
'I 

C,O,E,Ge 
A,B,C,D,t,F,;n 

%.6 
:tB 

.RGUMENTS,OF,ClOVISo 
,Fe 

%A ,C,D,E,C;D 
:tA ,B,C,O,E,F,GD 

:tA 
'1O 

RGUMENTS,OF,ClOVISD 
,C,Fe 

:A 
%A 

,D,E,Go 
,a,e,D,E,F,C I1 

%A 
!tA 

QCIIMEblTS,OE,eL.OV(s!! 
,B,C,Fe 

%0, 
%A, 

%AR 
"A, 
%B, 
"A, 

"AB 
%C, 
lA, 
lA, 

:AR 
%e. 
:A, 
lA, 

f.GD 

GUMENTS,OF,CLOVISD 
e,Fe 
O,E,GD 
a,e,O,E,F,Ge 

G"MENTS,OE,CL.OVISo 
Fe 
B. 0, F, GIl 

B,C,O,E,F,GD 

GUMENTS,OF,CLOVISo 
D,Ee 
S,E,GD 
B,C,O,E,E,r.:o 

%AB.G IJI!1ENlS,OF,CI aVISo 
,e,Fe %AtC 

IS,E 
:tA,B 

:tARG 
IA,B 
:tE,G 
%A,B 

tGe 

UMENTS,OF,CLOJISe 
,C,a,ED 
o 
,C,D,E,E,Go 

J 

1 
.J 

J 

J 

J 

- ] 

, 

- ) 
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%ARGIIMFNT s. OF aCt OV I So 
%B,C,D,Fo 
~A.E,Gu 

%A,B,C,o,E,F,GO 

%ARGUMENTS,OF,CLOVISo 
%B,o,Ee 
%A,C,E,Ge 
%A,B,C,o,E,E,r.o 

XARG IIMFNTS,OE,C1 O'lISo 
%A,B,D,Fe 
Je.E,Ge 
%A,B,C,o,E,F,Go 

%ARGUMENTS,OF,CLOVISn 
%A,o,EO 
%B,C,E,Ge 
%A,R,C,o,E,E,Go 

IARC!!MENTS,OF,CLOVI So 
%D,Fe 
:A,a,r,E,Go 
%A,B,C,O,E,F,Go 

%ARGUMENTS,OF,CLOVISo 
:O,E,FO 
%A,B,C,Go 
: A , a , ( ,0 , E , E • Go 

%ARGIIMFNTS,OE,C1 0\11 So 
%A,D,E,Fe 
:a ,C ,Co 
%A,B,C,D,E,F,Ge 

%ARGUMENTS,OF,CLOVISo 
:A,a,D,E,En 
%C, Go 
:A,a,e,D,E,E,Go 

J4RGIIMENTS,oE,n aVISo 
%B,D,E,FO 
:A ,C, Go 

tARGUMENTS,OF,CLOVISO 
:R,C,D,F,EC 
%A,Go 
:A,R,Cro,F,F,Go 

%ARGIIMFNIS,OF,e10\lISo 
%A,B,C,D,E,Fn 
:Ga 
%A,B,e,D,E,F,Go 

%ARGUMENTS,OF,CLOVISn 
:A.e.o,E,FO 
%B,Go 
..%.A,R.e,n,E,F,Gc 
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%ARGUMENT~,GF,ClOVI~c 
%C,D,E,Fo 
%A,Sd;n 
%A,B,C,o,E,F,Gn 

%ARGUMENTS,OF,CLOVISc 
%C,E.Fe 
%A,B,O,Go 
%A,Q,C,O,E.f,Ge 

%ARGUMENTS,OF,ClOVISc 
tA,C,E,Fe 
%8,0,(;0 
tA,B,e,o,E,F,Go 

tARGUMENTS,OF,CLOVISo 
%A,a,C,E,fn 
%O,Gn 
%A,R,C;O,E,F,(;e 

:AR'UMEWTS,OF,CbOVISo 
:B,e,E,Fn 
!CA,O,Gn 
:A,B,C,o,E,F,Gn 

%ARGUMENTS,OF,CLOVIsn 
:S,E,Fe 
%A,C,O,Gn 
:A.B,C,D,E,F,~o 

%AR(;WMENTS,OF,ClOVIsn 
%A,B,E,Fo 
:C,O,cn 

%ARGUMENTS,OF,CLOVIsn 
:A,E,En 
%B,C,O,Gn 
zA,a,C,o,E,E,Gn 

%ARGIIMENTS,OE,CLOVlsn 
%E,Fn 
%A,6,C,o,Gn 
%A,B,C,o,E,F,Gn 

%ARGUMENTS,OF,CLOVISo 
lED 
%A,B,C,O,F,Go 
%A,B,C,D,E,E,Go 

. %ARGIlMENTS.OE,CI OVISO 
%A,Ee 
IB,e,o,E,Go 

%ARGUMENTS,OF,CLOVISO 
:A ,B .• Ea 
lC,O,F,Gn 
%A,6,C,D,E,E,Cn 

fARGIIMENTS. oE,n OV I So 
%B, Ee 
IAtC,O,F,Go 

GC. STAT. ENT. TIME 

ZARGUMENIS.OE.(I aVISo 
%B,C,EO 
%A,o,E,Gc 
~A,B,C,o,E,F,Go 

%ARGUMENTS,OF,CLOVIsn 
%A,B,C,Eo 
%D,F,Gn 
ZA,8,(,D,E,F.C D 

%ARGIIMENT S, OE, CI OV 1$0 
%A,C,En 
:B,otF,Go 
%A,B,C,O,E,F,Ga 

%ARGUMENTS,OF,ClOVISo 
ZC.Eg 
%A,B,o,F,Go 
ZA,B,e,D,E,E,Go 

%ARGllMENTS,OE,CI aVISu 
:C,o,En 
ZA,R,E,Go 
%A,B,C,o,E,F,Ga 

%ARGUMENTS,OF,CLOVISo 
:A,e,n,Ea 
:B,E,Gn 
ZA,B.C.D,E,F,GP 

ZARGIJMENTS,oE,elOVISo 
%A,B,C,o,En 
ZE.GD 
~A,B,C,o,E,F,Gn 

%ARGUMENTS,OF,CLOVISa 
%B,e,D,ED 
%A,F,Go 
JA,B,e,D,E,E,GD 

ZARGUMENTS,Of,elOVISo 
%B,O,En 
ZA,e,F,Gn 
%A,B,C,o,E,F,Go 

:ARGUMENTS,OF,CLOVISD 
~B,C.Eg 

%C,F,Gn 
%A,B,C,O,E,F,C;n 



lAa'U~ENTS.QF,CLOVISU 
%A,D,EIl 
%a,C,F,GIl 
%A,B,C,D,E,F,Gn 

%ARGUMENTS,OF,ClOVISe 
lD,En 
%A,B,C,F,Go 
lA,B.C,D,E,F,c;e 

"ARCUMENTS.OF,CLOVIse 
tOil 
%A,B,C.E,F.Gn 
tA.B,C,D,E,F,Go 

tARGUMENTS,OF,ClOVISIl 
%A,De 
~B,C,E,F,GIl 

"A,e,C,D,E,E,Gn 

':ARGIIMENTS,OF,ClO'JISe 
~A,B,oe 

':C,EtE,Ge 
%A,B,C,D,E,F,Ge 

tARGUMENTS,OF,ClOVIse 
'IB,Da 
tA,C,E,F,Go 
:A.B,C,O,E,F,Ge 

"ARGI!MENTS.OE,n OVISo 
tB,C,De 
:A,E,F,cn 
~A,B,C,D,E,F,Gn 

%ARGUMENTS,OF,ClOVISe 
"A,B,C,On 
%E,F,Go 
ZA,B,e,D,E,E.Go 

"ARGUMENTS.OF.C' aVISe 
"A,C,DIl 
"R.E,F,Gn 
tA,B,C,D,E,F,Ge 

%ARGUMENTS,OF,CLOVIse 
%C,DO 
tAtB,E,F,Go 
%A.B.C.D,E.E,GD 

%ARGIIMENTS.OE.C10Vrso 
tCa 
ZA.S.D.E.F,Gn 
tA,B,C,D,E,F,Ga 

tARGUMENTS,OF,CLOVIse 
"A.Co 
tS,D,E,F,Ga 
"A,R,C,D,E,F,GO 

ZARGIIMENT S ,OF ,C lOV I Sn I 

tA,B,Ce 
"D,E,F,Ge 
~A,B,C,D,E,F,Ge 

~ARGUMENTS,OF,CLOVISe 
JB,Ca 
%A,D,E,F,Ga 
ZA,S,e,D,E,F,Gn 

"ARGIlMENTS, OE, CI OV I So 
%Ba 
%A,e,C,E,F,GO 
%A,B,C,O,E,F,Ce 

%ARGUMENTS,OF,CLOVISe 
"A.BO 
"C,D,E,F,GIl 
ZA,B,C,O,E,F,Ga 

%ARGIiMENTS,OE,C10Vlse 
"Aa 
ZB.C,e,E,F.Cn 
tA,B,C,D,E,F,GIl 

~ARGUMENTS,OF.CLOVIse 

"A,B,C,D,E,F,Go 
"A,B,c,D.r,F,eD 
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J 

J 

J 

J 

J 
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The LISP Function FLEXAGON 

Flexagon is a function of a list of sublists. The list is the 

sign sequence for a single-cycle flexagon of any cycle, G. The sub

lists are the individual signs of the sign sequence, and must consist 

of +'s. Thus for a cycle eight flexagon, - must be written as 

+++++++, as ++++++, etc. The function constructs a leaf for each 

sign of the sign sequence according to the following echeme: 

The hinge positions around a class G leaf are represented by 

a sublist: (Position 0, Position 1, Position 2, ••••• , Position G-l). 

The symbols I, 0, and X where present in such a list designate re

spectively the positions of the input-hinge, the output-hinge, and 

the unused edges. These sublists comprise a list of the leaves in 

their position in the unit ~s read from top to bottom. Since for 

single-cycle flexagons each leaf is hinged to the one next below it, 

the 0 of one leaf will be in the same poSt ion as the I of the next 

on the list. 

To process a sign sequence for a single cycle flexagon, each 

sign must be made into a list of +'s. Thus +3 = (+,+,+), etc. 

These sublists must be strung together into a sign sequence list, S. 

Thus the sign sequence +2 -1 -2 +1 +1 becomes «+,+), (+,+,+,+), (+,+,+), 

(+), (+». 

The following functions are used to evaluate FLEXAGON: 

Element 

Prepare 

Reassociate 

Invert 

Compare (L,M) - predicate - T if Lis null or < M is length 

F if M>L 

Sub (X,L,M) - function - Land M are lists; X is an atom - subtracts 

the length of L from the length of M and makes a list composed of X's 

equal in length to this difference. 

Dummy (X,L) - function - L is a list - Creates a list of X's equal in 

length to L. 

Remove (I,L) 

Leaf (E,L) - function - E is a sign sublist of the sign sequence list 

L. The function creates a leaf list with I in the 'zero position and 

~ in the O+length - of - E position. 
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Rrot (L) (right rotate) - function - L is a list - The last item of 

L is removed and placed at the beginning of the list. 

Lrot (L) (left rotate) - function - L is a list - The first item of 

L is removed and placed at the end of the list. 

Orient (V,U) - function - V and U are leaf lists. V is oriented 

with respect to U in the sense that it is right rotated until its 

I postion coincides with the ~ position of U. 

Hinge (E,L) - function - E is a leaf list; L is either null or is 

a list of leaf lists - If L is null, the result is a list with one 

element E. If not, E is oriented with respect to the first member 

of L and then inserted at the beginning of L. 

Construct (L,M) - function - Land M are identical sign sequence 

lists - This hinges all the leaf lists together in reverse order 

from the final flexagon list. 

Flexagon (S) - Makes a flexagon out of sign sequence list S. 

D. Hartline 
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.. CHK 01-128 7550-COO-27350 ~CINTOS~ .. 1Er< r. HA~TlI~E 

• RO' PLACF L(S~ P[NA~Y TAPE CN TAPE U~IT B-7 
• ~H' SCRATC~ TAPE C~ TAPE U~IT ~-8 

• REf'! CUTPur r-'AY b[ fvlCl\dTCP.FD BY CEPRE::'SING ShITCH.3. .. ROo' r\CRrvAl H~ll eCTAL lee 
.55 3 + 17e SXi\- 76 1 \:1' I l~ 3 

TST 
TST 

(FlEXAGC~ (lAtJrOA (S) 
(INVERT (CCi\STRUCT (II\VCRT S) S»» 

(CCNSTRUCT (LA~CDft (L rv) (CCNe 
«NULL (C[~ L) «(eNS (LEAF (C.L\R L) ~) NILl} 
(T (H IN G E ( L E l\ r (c ~ R L) r"') (C c:--; S TRue r ( CD H L) fw'»)))) 

( H IN G E (L /.I f'!B 0" I E Ll ( C C "J r 
((NLLL L) (C01\S ~ NIL» 
(T (CCNS (CRrE~r [ (C~R L)l L)ll» 

ICRI£Nl CLAtJB[f, (V U) (CONe 

l 
l 

143 l 
l 
l 
l 

l 
l 

DEFINE «l 

l 
l 

L 
L 
L 

L 
L 

.~~~~~~~------~~--------------~---------------«i\CT' (ELCtJEi\T (QUCTE Cl Ll) (QUOIE E~02» 

( ( E C;; U A L( C LeT [ 0) ( C A ~ L» V) 
(r (CRIE~T (RPCf V) (LRCT L» »» 

(LRCT (LAtJBCA (L) 
(APPENC (C[~ L) «(eNS (CAK L) NIL»» 

L 

L 
L 

(RRCT (LAtJP-C;\ III l 
(INVERT (lRCT ~(~I~~~V~E~R~T~L~)~)~)~)~)------------------------------------------~ 

(LEAF (LAr-erA ([ Ll 
(!'IPPEr\C (CCt\S (CUCT[ Il (~Er-'OVr: (eUCTE X) (CU~~r-'Y (QUOTE X) El» 
(CCr\S (CUCIE r) (REYOV[ ((:;UCTE X) (sue (QLCTE X) E L»»» 

(REMCVE (LAtlDCJ\ (I L) (CO\Jr. 
«NLLL L) r\lL) 
{{NCT {ECLAL [ (CA~ L») (CO\lS (CA~ L) (RE~OVE I (CDR L»» 
(T (eCR l»») 

(CLMMY (lA~nD~ (X L) ((CNO 
((ATCt-' L) (CUfE: BA01» 
(f\UlL L) f'-IL) 
«r\ULL (CrR l» ((eNS x \IlL» 
n (CeNS x (LJl~fI,Y x (erR Ll»)))) 

(sue (LAM[TA (X L f'I) {CCNC 
((r\CT (CCtJPARE L /I» {SUR x (SUO (CAR L) r-' L) M» 
((NULL L) (cu~tJy x fI» 
(T (SLB X (COq Ll (CGR ~) »»)) 

(CO'PARE (LAt-'2rA (L M) (CCf'\C 
( (NU L L L) T) 

(1\ULL jV) F) 
(T (CO~P~R[ IC rD L) (erR ~»»» 

(lNVEhT (lAHBC~ (l) (CC~C 
((r\ULL (P~EPA~[ L)l L) 
(T (TR/.I\SPCSr: (RC,\SSCf'lA,l:: (P~~PM~[ L»»»)) 

L 
l 
L 

L 
l 
L 
L 

l 

l 
L 

L 
L 
l 
l 

L 
L 
L 
L 

L 
l 
L 

------------------------------------------------



( T RAN S pes E (L A !"Po C A (L) ( C C t\ C 
f «N\!I I « C C B I )) I ) 

(T (CONS (CheR l) (TRAf\SPCSE (CAR L»»») 

(REASSOCIATE (LAMBrA (L) (CONe 
«Cf\;Wl Ieee!! 1)>> I) 
(T (REASSCCIATE (CONS (LIST «(fiR l) (CACR L» (CDrR L))))) 

(PREPARE (LAtJBCI\ (ll (CCNO 
«CR (ATCr' I) (NUlll» NIL) 
(T (CCNS (CCNS (CAR L) ~IL' (CrR l») ») 

(TRUTHVALtE (LA~BCA (P' «(C0!O 
(P (QI;QTE TRUE) 
(T (QUOTE FALSE»») 

(ELEMENT (LAtJPOA (X Ll (CCNO 
((NULL L) F) 
( ( E' U A L X ( C A I~ L» f) 

(1 (ELEMEt\T X (COR L»»» 

(END (LAtJfCA () ~IL»» () 

(LAMBeA tL) (TnUTHVAlL[ 
(LAM8DA (ll {T~UTHVALU[ 

(LAMACA (l) (TRUfHVALur 
(lAMACA eL) (TRUT~VALUE 

(lAMBCA (L) I TRUTHVAllJ::= 
(LAMBOA Cl) (TRUTHVALUE 
LRCT ((A e c r» () 
OUI"MY (X (» () 

(A TOM 
(ATCM 
(~LLl 

(NLlL 
(NULL 
(NULL 

OUfo'r-'Y (X (A B C 0 (E F») () 
CO!"PARE «(A B C) (L M NO» () 

L) ) ) 

l) ) ) 

L) ) ) 

L) ) ) 

L) ) ) 

U) ) 

CC!"PARI: «P STU) (V V. X V») () 
COMPARl: «A BCD E F) (M t\ 0» () 

«A B Cl) I) 
( A) I) 

(.a» () 
«() () (») () 

«(I») () 
«» I) 

(LAMBCA (L t-') (T~UT/-.lVALlJE ICOflPARE L 1"))) (eA B C) (L fJ N C)) () 

144 

(LAMBDA (L tJ) {TRLTHVAlU[= (COMPARE l ~») «(R STU) (V W X V»~ () 
(LAMBCA (l r-;) (TRUTHVALUf (COtJPARE l tJ») «(A e C D E F) (M N 0» () 
sue (X (A (B C) 0) (~~ N Lr-; R fl) () 
Sl.,B (X 1+ + t) ((t) Ii- i-) (+ i- t; (t») () 

SUB ex (t t + + + +) lIt) (+ +) (+ + +) (+») () 
sue (X (A e C) eM N 0 P ~ R S» () 
REr-'OVE (A (R v A CAL» () 
REt-'CVE (A (» () 
LEAF (+ + t) ((+) (t + +) (+ +) (t + + +) (+»)) () 
PREPARE {IA B ( 0» () 
PREPARe {(A B) I) 
PREPARE {(A)) () 

PREPARE «)l e) 

REASSCClAT[ «A BCD» () 
REASSCCIA1E «A B Cl) (I 
REASSCCIATE ((A 8» () 
TRANSPOSE «( (e~) 8) C) 0') () 
INVERT (tA Be r) () 
RROT (( A e c c» () 
ORIENT «(I x C x Xl II 
ORIENT (I x x X X C x 
ORIENT {tI x X x x c X 
HINGE (eI x x 0 Xl (el 

x x C 
x I (I 
X) (X 

x 0 x 

X») () 
x x x 0 
X I X X 
X) (A 8 

x x X) () 

x C X» () 
C) (C E»' () 

J 

_J 

1 
-- ) 

1 

1 

J 

J 

- ) 

J 
J 
- 1 

J 
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r 
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[ 

[ -

CONSTRUCT «((f) (+ .. +1 (+ fl {f ..... , (+Il) () 145 
FLEXAGCN «(+) (~ + .) (+ +) ,+ + + +) (.))) () 
FLEXAGCN (((+ + ~ + +) (f • +' (+' (+ + +'» () 
FLEXAGCN «((+) (+) (+) (+' (+)1) () 
FLEXAGCN «(+) (~) (+ +) (+ + + +) (. +)1) () 

FLEXACCN (((+) (+ +) (+) (+ + +) (+ + +») () 
FLEXAGCN «(+ + +) (+ + .) (+ + +) (+ + ., (+ + f»~) () 

F LEX A G ON ({ ( .) (. + .) (+ + +) (+- + • • • + +) (+ + + +) 
(+) (+ f) (+ •• ,» () 
(LAMBOA (X l) fTRUTHVALUE (ELE~ENr (X U,), (A (R C BFA l) () 
( L A ~ 8 C A (X l) (T R L HI V A l U'E (E L E 1J F NT (X l»» (C (R C BFA ll) () 
HINGE «I X X C Xl ({ X 0 X Xl) () 

STep »»))))) 

Fli\ 
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+ 
rUNCTIO~ APPlV(r,X,p) HAS BE[~ [~T[R[D, ARGUM[~TS •• 

---rt r: x " :.,) 0 fl 
«(+J,{+),(+),{+),{+))) 

._-------_._--
----nro·-nr·AppLY~ [UE I ~ ••• 

«I,O,X,X,X),(X,I,Q,X,X),(X,X,I,O,X),(X,X,X,I,O),(O,X,X,X,() 

+ 

+2. 

--- FUNt 11 O~P!'[Y (F, X ,lYl--HA~-"m:T~r-Ef\ffF'UI);--ARGUrrE"\jTS~--'--'-'
FlEXAGON 

- (( ( +T, T"( ...... + ..... ,-, ..... ( ..,..+-, .... +-.,-;......--,..,.(..,,+-,-:-+-,-;+-,-;+-,)~,'('-;+:-,+1,.T------ --_._-------_. 

------ --------""---- ----------------_ ... _ .. ---------.--

~Al'l)Ty;_-V-."'\ l Of.: I 5 ••• 
(I,Q,X,X,X},(X,[,Q,X,X),(X,X,I,X,O),(X,X,k,Q,I),(Q,X, X,I,X) 

J 

J 

J 

J 

J 

1 
_.1 

J 

1 

J 

J 
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+3 +3 

+ 

tl. 

FUNCTIO\ /\PPLY(F,X,P} H.<\~ ~~::E'~ E\T;:::RED,'\:\GV~['d::; •• 
--FLFX 1\ G C ~ 

ct(+),(+,+),(+),(+,+,+), (+,+,+»)) 

--t'JD--"O-F--!tVPry,------vArlJtTS--~.:_;:----- -- --------------------------------------------------- ------
(( I ,O,X,X,X), (X, I ,X,C,X), (X,X,X, I,e), (;(,/,J,X, I), (0,;(,1 ,x,X» 

+3 

+3 

------Fu:"rcrTOiT--AP-JTL-y-rr;x-;-pl--H~S_-lITDrPJTI': ~ fn-;----l\ l{ l~ UM :: :~TS :-~- -- ------
FLEXAGON 
( ( ( + , + , + ) , ( + , + , + ) , ( f , + , + ) , ( + , + , Of ) , { +,+;TITr-------- --------.--------

------------------

EN U C F A P PLY, V." LlJ!::-rs- ••• 
(I,X,X,C,X),(X,O,X.I,X) ,(X, I,X,X,O),(X,X,O,X,I),(L,X,I,X,X» 

+ 
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~: 
'''--~;;''''....oi .. ,' 

+J 

+7 

FUNCTION AP?Ly(F,X,P) HAS CEEN ENTERED, ~RGUME~TS •• 
FlEXJ\GON 
(((+),(+,+,+1,(+,+,+),(+,+,+,+,+,+,+),(+,+,+,+),(+),(+,+),(+;+,+») 

END OF APPLY, VALUE IS 
( ( I , 0, X , X , X , X , X , X , , ( X , I , X , X , a, x , X .,--x-r-;-nr, x , x , X , I , X , X , D r,TXlXtx , x , x, x , 0 ~ n-; 

(X, x, 0, x, x, X, I , XT,Tx-;X;T;lJ,X, x, -X;XT, Tx-;x ,T, I ,x, c, x, Xl , ( C, x, x, x, X, I ,x, X) ) 

J 

I 
~ 

J 

J 

J 

J 
J 

J 
J 
J 

1 
.-.J 

J 

J 
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[ 
INDEX 

[ (Not including special functions or 
their satellites) 

[---

49 ACCUM.UIATE EQUIVADmT 54 

[ ALTERNATE 60 EXPUNGE 47 
AMONG 45 F 13 

[ 
APPEND 17 FUNCTION 16 
AND 12 

FORALL 20 
ATOM 6 FORODD 22 [ 
BINARY 67 FORSQMg 21 

[- CAR 6 HOLIERITH 65 
CARTESIAN 44 66 INTEGERS 

[ 
CARTESIAN * 43 INTERSECTION .36 
CDR 6 INTERVAL 72 
COru:CT 48 INVERT 58 [ COMPARE 40 
COMPOSITE 39 KARTESIAN 41 

[-- Composites of CAR KARTESIAN* 42 
and CDR 7 IABEL 10 

CONn 11 IAMBDA. 10 
[ CONS 6 LEXORDER 51 

DEFINE 10 LIST 11,18 
[ DEIlrA 38 MAroON 16 

DETERMINANTIZE 76 MAPLIST 19 [- DETIZE 77 MINDruM 52 
DETIZEI 78 NIL 12 

C- DOUBIET 29 NOT 12 
EIEMENT 23 NULL 12 

[ ENGLISH 62 
ODDPIET 31 

EQ 6 OR 12 
[- EQUAL 11 

ORDER 50 

[ 

I 
L' 
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ORDINAL 71 J 
POLISlI 63 J 
POSSESSING 26 

POSTPOLliSB 61t. 
J PREPARE 56 

QUOTE 11 J 
RANK 53 
REAIlmRBA.TE 61 J REASSOCIATE 57 
REMOVE 46 

J REPEAT 73 

SINGIET 28 
J SUBSET 24 

BlTCliTlJAT 25 
J SUCllTHAT* 7lt-

SUCBTlIAT** 75 

T 13 
-J 

TALLY 68 

TALLYCOMPIEMENT 70 J 
TALLYCOPI 69 
TRANSPOSE 55 J 
TRIPIET 30 
TRUTBVADJE 27 J 
ULTRADOUBIET 33 
UIlmASIl'lGIET ,2 J 
ULTRATRIPIET 34-
UNIFORM 59 J UNION '7 

J 
*** J 

J 

J 
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