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INTRODUCTION 

This volu~e is intended to be an introduction to LISP programming. 

In addition, the last section constit~tes a revision of the K~DBOOK OF 

LISP FUNCTIONS (RIAS technical report 61-11). 

This volume was prepared during an 8-week summer programming institute 

held by r\lr. H. V. ~iclntosh at the University of Florida, summer 1962. 

Gratitude is due the University for the use of their 709 to run the 

examples of the last section; and to the writers of the aforementioned 

MANUAL and Hr. McIntosh from l>1horn all function definitions, certain 

function descriptions, and other ideas ,~ere lifted verbatim. 

Gainesville, Arnold K. Griffith 

August, 1962 
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LISP 

TIle notation of LISP consists entirely of lists. A list is a series 

of elements l-lhich is enclosed in parentheses: 

(list element list element ••••••• ) 

List elements may be lists or atomic symbols. An atomic symbol is a string 

of characters unbroken by spaces or parentheses: 

POTRZEBIE 

54321BANG 

(etc.) 

Note that a pair of adjacent atoms on a list Dust be separated or they 

will be taken as a single atom. This is done with a space. The paren-

theses ,,"hich must surround lists \,:il1 distinguish list elements in other 

cases. List ex~~ple: 

((APE CALL) C (0 (E F))) 

A simple diagram of the type shmffl in figure 1. may serve to 

schematize a list. Each dot, except for the top one ~.",hich stands for 

the ,,,hole list, stands for a list element, ""hose fo:rm in list notation 

is written by the dot. 

1'" (( eX Y) 

( (X Y) (Z 11)) I \ V 

j '\ 
ex Y) '\ (Z W) 

/\ /\ 
x Y Z 11 

FIG. 1. 

1 

(Z W)) V) 
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A diagrammatic representation of a list which gives some insight into 

how lists are stored in the machine uses a system of rectangles and arro\'Js. 

Information is stored in mfu'Y machines in a series of thousands or tens 

of thousands of identical cells, ench accessible to the processing section 

of the machine by a unique address. A cell can hold t\'lO addresses; and 

most cells used by the LISP system are divided in a particular manner 
· ',' :. 

into two halves, in each of lvhich an address is stored. These halves are 

differentiated by calling one the left half and the other the right half. 

The use of the tems right and left comes from the system of notation 

about to be described, A cell ~ is represented by a rectangle; and the 

situation of a right or left contents of a cell being the address of 

another cell is represented by an arrO\v from the appropriate side of the 

first cell to the secund cell. The following illustrates a cell, A, 

\,]hose right contents is the address of the cell B: 

A list is represented by a series of cells, one for each element of 

the list. For each list element the contents of the right half of its 

corresponding cell is the address of -the cell corresponding to the next 

element of the list: r 

~,---.' --' 

- --

--_ .... -----------_ ..... _--_._ .. - = MiW&wu;U;==.;;,UUkl r", , 
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An exception is nade in the case of the last element, where the right 

address is that of a p~rticular cell chosen to indicate the end of a list: 

\~ 'f-~,\ 

.-.J~~ 
l cell correspondinrr to 
... ~ N \ l.. I last element of the list 

· : The contents of the left half of each cell is an address l~1ich indicates 

where the cell's corresponding element is stored: if the element is an 

atom, the address may be considered to be the address of a cell containing 

that atom; if the element is another list, the address is the address of 

r • the cell corresponding to the first element on that list. The relation-

ships denoted by arrows: 

I 

\ ' .... 

main list elements 
sub list elements 

A function is a list whose first element is an atom, the name of 

the function; and which is equal, in a sense ,·;hich will be made clearer 

later, to some other list or atom. This second list is detennined by 

the definition of the function, by the arguments (~~e remaining elements 

of the list), and sometimes by context. 

Follo\\Ting is a description of the five so-called primitive functions: 

1. (ATOM X) is equal to a list containing one element, either T or 

F. It takes the value T (true) if X is an atomic symbol, otheruise F: 

(ATOM TELE~1ACHUS) = T 

(ATO~l (ZOO)) = F 

(ATOM (IB~t BAD)) = F 
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The contents of an empty list is regarded as a~ atone This is an eXar.1ple 

of a predicate, a function Hhich takes t!1e value T or F. 

2. (EQ X Y) is another predicate. It is equal to T if and only if 

both argttr.lents (X and Y) are equal atoms: 

(EQ ZUP ZUP) = T 

(E~ SNORT ZEUS) = F 

(EQ n1AD) ~W)) = F 

It gives \'>leird results if neither argument is an ator: • 

3. (CAR X) is eaual to the first element of the list X. It may be 

an aton or a list: 

(CAR (AB ZUT)) = AB 

(CAR ((1\ B) ZUT)) = (A TI) 

CAR of an atom is undefined. 

4. (CDR X) is equal to a list of all the elenents of X excent the 

first: 

(CDR (DON'T GO A~t!AY)) = (GO Al{f...Y) 

(CDR (BAH)) = ( ) 

CDR of an atom is undefined. 

s. (CONS A B) is equal to a list ,,;hose first element is A, and ",!hose 

subsequent elements are the elements of B: 

(CONS (POT) (R Z E B I E)) = 

((POT) R Z E B I E) 

(CONS A B)) ,·:here B is an atom J is undefined. 

It ,-lill be found, upon ,·:ritinp: progr3l-:ls in LISP J that composites of 

CAR and CDR are necessary and can set very lengthy. These can be 

abbreviated in the foIIO\·!ing manner: (CAR (CDR L)) can be \4Jri tten as 
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(CADR L), and similarly, (CAR (CAR (CAR (CDR L)))) becomes (CAA~ L). Such 

abbreviations with up to four letters between the C and the R are defined 

and used in the same way as the primitive functions. 

Functions which will do other tasks that the primitive functions must 

be WTitten in tenus of the primitive functions, ltlith 1:he aid of the pro-

gramming functions, in the manner which \lfill now be described. The 

programming functions are: DEFINE, L~1BDA~ CONO, AND, OR, NOT, NULL, 

QUOTE, and LIST. 

To define a function or series of functions, we \'1ri te a list whose . 

first element is the atom DEFINE: 

(DEFINE ............. ) 

Its subsequent elements are lists of t\vO elements, the first of which is 

an atom, the name you l4lish to give to the function; and the second of 

which is that function's definition: 

(DEFINE 
(name definition) 
(name definition) ....... 
(name definition)) 

A function's definition is in turn a list of three elements: the atom 

LArt·mDA, an ordered list of the function's a.rguments, and the actual 

specification: 

(LMlffiDA (args.) (specification)) 

The specification is generally* a list whose first element is the atom 

COND, and whose subsequent elements are lists of two elements: a predicate, 

and an expression: 

-* If the definition is not conditional, instead of (COND (pred. exp.) 

(pred. exp.) ~ - si~ply an expression appears. cf. 

. ,I 
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(COND (predicate expression) 
(predicate expression) .......... 
(predicate expression) 

function takes the value of the expression following the first true 

The total structure of a DEFINE function is, then: 

(DEFINE 
(FUNCfA (LAMBDA (args.) (COND 
(predicate e~ression) 
(predicate ex?ression) 

••••••• e· •••••••• 

(~redicate expression»))) .......................... 
(FUNCTA (LAl·1BDA (args.) (COND 
(predicate expression) 
(predicate expression) ................ ~ . 
(predicate expression»)))) 

The predicates and expressions are composites of primitive functions; of 

the predicates ANO, OR, NOT and NULL; and of the functions QUOTE and LIST. 

(AND predicatel predicate2 predicate3 •••••• ,.) is a predicate 

which is equal to tlue if and only if all its arguments are true predicates. 

It examines its arguments sequentially and becomes equal to F upon finding 

an argument \~hich is not a true predicate J if it does. 

(OR predicate1 predicate2 predicate3 •••••••• ) is a predicate which 

is equal to true if and only if any of its argLlments is a true predicate. 

It examines its ar~~ents sequentially in the same way that AND does. 

(NOT predicate) is equal to T if its argurr.ent is a false predicate, 

and F if its argument is a true one. 

(NULL L) is equal to T if L is a null list, otherwise false. 

(QUOTE atomic symbol) is equal to its atomic symbol argument, if the 

argument is an atomic sp.bol. 

(LIST arg- l arg•
2 

tlTg.3 •••••••• ) is equal to a list of its arguments. 

.1 ... =_= ~ OliO 



As was said bef.ore, a function is equal (in a sense which has been 

partially illustrated) to some list or atom. The function DEFlh~ oay be 

tilought of as equal to one of the functions it defines, the particular 

one, and its particular arguments being determined by context. rne 

context is the :rest of the LISP program in \'Ihich the DEFINE expression 

appears. 

T 

The totality of a LISP progrrua consists of a DEFINE expression, just 

described, an APPLY expression, tlhich will shortly be explained, and 

possibly TRACL!S or UNTPACLIS expressions, which will be defined later. 

The first t'>JO types of expressions might correspond to: 

and 

respectively. 

f(x) = g(x) + 3m(x) + 4 

g(x) = x2 

m(x) = 3g(x) 

f(S)=2S4 

An APPLY statement is a list of three elements: the atom-name 

APPLY; the atom-nru:1e of the function ttJhich the program is interested in 

evaluating; and a list of the al"guments for that function. In the 

context of the program, the DEFINE expression becomes equal to the function 

specified by the APPLY, and the APPLY expression becor!'es the value of 

that function for 1ihe Q"iven arp'uments. 

An example of what has so far been presented, let us hrrite the 

following program: 



(DEFINE 
(TRIu~SLATE (LAMBDA (A B) (COND 

«(NULL A) (LIST) 
«(T) (CONS (LOOKPP (CAR A) B) 

(TRfu~SLATE (CDR A) B)))))) 
(LOOKUP (LAt.IDOA (A B) (COND 
(EQ A (CAAR B») CCDAR B)) 
«T) (LOOKUP A (CDR B»))))) 

(APPLY TRANSLATE «TIre DOG ATE THE STEAK) 

8 

(STEAK VIFTEK) (DeG OIIEN) (ATE r.fANGEAIT) (THE LE)) 

The result of this program ~dll be TRfu~SLATE of the two arguments 

given. To evaluate ~RANSLATE we first test the first predicate of its 

definition. Since the first arWJment is not a null list, the predicate is 

raIse, and we try the next one, T in this case is a pseudo~predicate, 

which is a15ays true. (i t may be re;:td as "otherwise".) In this case, 

since no prior predicate of the definition \.;a5 true, it causes the 

definition paired with it to be the definition of TP~SLATE, and ultimately 

of APPLY. TRA~SLATE is then equal to LOOKUP of the first element of the 

first argument CONSed with T~~NSLATE of the remainder of the first argu-

mente This second TRANSLATE is similarly evaluated. t'!hen we get to the 

point loJhen \\]e must take TRANSLATE of a list of only one atom, we again -.. q .• 

CONS LOOKUP of that atom ''lith translate of CDR of the list, \\'hich is the 

empty list. To evaluate this T~~SLATE, we again go down the list of 

predicates, but this time (NULL A) is true. Thus '!"RANSLATE id defined 

equal to the list, 1>1hich needs no further evaluation. TRANSLATE is then 

equal to a list in one to one correspondence l\lith the first argument. 

Each element of this list is equal to LOOKUP of the corresponding element 

on the first argument. LOOKUP of the atoms of the first argument must 

now be evaluated. Given anatomic symbol from the first argument, it 

lOoks to see if it is equal to the ~irst element of the first element of 
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the second argument. If so, LOOKUP in that ease is equal to the second 

atom in that element, which would be its correspond in the other language. 

If the first predicate is not true, LOOKUP is equal to LOOKUP of the atom 

and 0:: CDR of the second 2.r?;ument, This process must eventually come upon 

the right pair·-in the second argument, asswning it exists and nake LOOKUP 

. equal to the other-language correspond of the given atom-,·!ord. Thus, 

TRANSLATE gives a llJord for word translation of a list of atoms. 

In conclusion, let us look at some slightly more specialized pre-defined 

functions. The distinction between pre-defined functions and functions 

defined by a define statement may here be more clearly described, and should 

be understood: pre-defined functions may appe~r in a program '<1i thout 

definition in the DEFINE expression: they are recognized and appropriately 

dealt ''lith by whatever operates on the LISP progra1ll~ all other functions 

used in a program must be defined in the DEFINE expression of that program. 

TRACLIS aids in debugging programs. To use the function TRACLIS, 

one inserts a TRACLIS e"-1'ression in the program along with DEFINE and 

APPLY expressions. It constist of a list whose first element in the atom 

TRACLIS, and \I/hose subsequent elements are names of functions to be 

TRACLISed: 

(TR~CLIS PUNCTA PUNCTB) 

(APPLY FUNCTA) 

(DEFINE 
(FUNCTA •••••••• ) 
(PUNCTB ........ __ ......... 
(FUNCTZ ••••••• )) 

TRACLIS applied to a function will list the successive values the function 
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as it is being evaluated. 

UNTRACLIS may be used if there are several APPLYs to keep from 

'TRACLISing all of them. All APPLYs after a TRAeLIS but before the following 

.UNTRACLIS \4Jill be TRACLISed, others ,..rill not. 

DISINTEGRATE is a function of an atom, and is equal to a list of 

symbols in that atom: 

(DISINTEGRATE SOUTH)=(S 0 U T H) 

REINTEGRATE is similarly defined for the opposite purpose: 

(REINTEGRATE (D 0 G)) = DOG 

FUNCTION and LN/iBDA m\lst be used \~hen a function appears as an ar~ment 

of another function, as in the case of FORODD ~Ihich is a function of a 

predicate and a list: 

•••• (PORODD (FUNCTION (LN·1BDA eX) (ATOM X))) L) ••••• 

instead of. 

•••• (FORODD ATOM L) 

as might be expected. 

LAI,lBDA is also used in function definitions to avoid the re-evaluation 

of certain expressions. A good 'example is the function EXTRA.CT: 

(EXTRACT (LN·!BDA (P L) (COND 
(NULL L) (LIST (LIST) (LIST)) 
((P (CAR L)) ((L.AMBDA (X) (CONS (CO~!S (CAR L) (CAR X)) 

(CDR. X))) (EXTRACT P (CDR L)})) 
((T) ((I.AHEDA eX) (LIST (CAR X) (CONS (CAR L) (CADR X)))) 

(EXTRi\CT P (CDR L))))))) 

Here, ((LAMBDA (X) (CONS (CONS (CAR L) (CAR X)) (CDR X))) (EXTRACT P 

(CDR L))) is used in place of (CONS (CONS (CAR L) (CAR (EXTRACT P (CDR L)))) 

(CDR (EXTRACT P (CDR L)))) to avoid calculation (EXTRACT P (CDR L)) tll!ice. 

-
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1"10 TIlEORETICAL POINTS 

At this point \Ire m~y bring up a fundamental fact about LISP \'1hich has 

the preceding discussion as illustration. Notice that in LISP 

'function may be defined in terms of itself. This is not poss~ble in 

t languages, which are iterative (one instruction after another). 

is self-definition, or recursion, maTks the fundamental difference 

LISP and most other programming languages. Some experience with 

~ing in LISP may be required before the reader will fully appreciate 

importance and elegance of recursion. 

Another aspect \'Jhich differentiates LISP from Many other languages 

the fact that a "universal" function may be l'lritten in the language, 

A universal function in a language is one which will take a program in 

that language as input, and give as output the value expected from that 

program. In LISP this amounts to a definition of APPLY l'lritten in LISP: 

(APPLY (LANBDA (E) 
(EVAL (CONS (CAR E) (APPQ (CDR. E))) (ALIST*)))) 

OE.\lAL (IA~BA {$: ~~LIST),(COND 
((NULL E) (LI~T») 
((ATO~·1 E) (ASSOC E ALIST)) 
«(~~LL (CAR E)) (CADR E)) 
«ATOM (CAR E)) «(LN1BDA (X) (COND 
«EQ X (QUOTE T)) (T)) 
«EQ X (QUOTE F)) (F») 
(EQ X (QUOTE CAR)) (CAR (EVAL (CADR E) ALIST))) 
(CEQ X (QUOTE CDR)) (CDR CEVAL (CADR E) ALIST))) 
«EQ X (QUOTE CONS )) (CONS (EVAL (CADR E) I~LIST) (SVAL (CADDR E) ALIST))) 
(CEQ X (QUOTE ATorry) (ATOM (EVAL (CADR E) !"..LIST))) 
«EQ X (~UOTE E0)) (EQ (EVAL (CADR E) ALIST) (EVAL (CADDR E) ALIST))) 
(CEq X (~UOTE 0UOTE») (CADR E)) 
«EQ X (qUOTE LIST)) (EVLIS (CDR E) ALIST») 
(CEQ X (QUOTE CO~~») (EVCCN (CDR E) ALIST») 
«EQ X (QUOTE NULL)) (NULL CEVAL (CADR E) ALIST))) 
(CEQ X (QUOTE FUNCTION) (LIST (QUOTE FTJNARG) (CAIlR E) ALIST» 
«EQ X (QUOTE AND)) (EVAND (CDR E) ALIST» 
«EQ X (QUOTE OR») (EVOR (CDR E) ALIST)) 

I 

JMMi':;;;U\t4I,AII t.4 ,i, . . .n,,1 ** J 
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CATON X) (EVAL (CONS (ASSOC X ALIST) (CDR E)l ALIST)) 
. 0 (CAAR E) (QUOTE L~!BDA) (EVAL (CADDAR E) (EVLAPPEND (CADAR E) (CDR E) ALIST)) 

, (CAAR E) (QUOTE LABEL) (EVAL (CONS (CADDAR E) (CDR E») (CONS 
(CADR E) (CONS (CAnDAR E) ALIST»)) 

. (CAAR E) (QUOTE FUNARG») (EVAL (CONS (CADAR E) (EVAPQ (CDR E) 
ALIST») (CADDAR E») 

. (T) (EVAL (CONS CEVAL (CAn E) ALIST) (CDR E) ALIST)))) 

IS (LM'ffiOA (L ALIST) (COND 
. «NULL L) (L1ST) ) 

«T) (CONS (EVAL (CAR L) AJ.,IST) (EVLIS (CDR L) ALIST»)}») 

(EVe ON (LN·mDA (L ALIST) (CONO 
. «NULL L) (PRINT (0UOTE (UNSATISFIED CONDITIONAL)))) 

(CEVAL (CAAR L) ALIST CEVAL (CADAR L) ALIST» 
«T) (EVCON (CDR L) ALIST»)))) 

.. (EV AND (LAHBDA (L AL 1ST) 
(OR (NULL L) (~~D (EVAL (CAR L) ALIST) (EV~JD (CDR L) ALIST»))) 

(EVOR (LAMBDA (L ALIST) 
{AND (NOT (NULL L») (OR (EVAL (CAR L) ALIST) (EVOR (CDR L) ALIST))))) 

(EVALAPPEND (LAMBDA eu v L) (COND 
{{AND (NULL U) (NULL V) L) 
«NULL U) (LIST (QUOTE (EXCESS ARGlJ}.~NTS)) V)) 
«(NULL V) {LIST (QUOTE (EX£ESS VARIABLES)) U)) 
(T) (CONS (CAR U) (CONS CEVAL (CA~ V) ALIST) (EVALAPPEND (CDR U) (CDR V) L)))))) 

{ASSOC (LAMBDA (X L) (COND 
(NULL L) (LIST (QUOTE (UNDEFINED ATO~n) x (QUOTE ALIST) ALIST)) 
«EQ X (CAR L) (CADR 14) 
«(T) (ASSOC x (CDDR L)))))) 

(AP<1 (LAriBDA (L) (COND 
(NULL L) (LIST) 
«T) (CONS (LIST (QUOTE QUOTE) (CAR L») (AP~ (CDR L»)))) 
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SOHE DEBUGGED FUNCTIONS 

SET THEORy •••••••••• SET THEORy ....... .. 

SMA4p.«(4MUCAi#WiA Si_= sa: "",AUQe .. ;;, §.,LA,[144h Ji A1LJI.",.- $" ; ,1.,1. !.;"MJJAA aaas &.&($; \it JUiC&41 utiS ;ailWUiU$$.41QA,&.WW\uUmu,,""=.&# ", 



(ELEMENT XL) 

I. ELE~ffi~IT takes the value ·T if the given element is an element of 

the given list; othert'lise it takes the value F. 

II • ELE~1ENT is a pre.dicate of: 

X, a list element, 

L, a list. 

III. definition: 

(ELEMENT (LAMBDA (X L) 
{A~D {NOT (NULL L)) 

(OR (EQUAL X (CAR L)) (ELEMENT X (CDR L)))))) 

IV. ELEMENT uses only pre-defined functiens 

v • examp les : 

(APPLY ELE!;iENT f(E L) ((E L) E cr-! (E N)) T))) 
T 

(APPLY ELEMENT (1, ((EL) E 0-1 (E N)) T))) 
F 

(APPLY ELE!1ENT (0 ((E L) E eM (E N)) T))) 
F 

14 
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(INTEP.SECTION L) 

I. Il'-J"TERSECTION makes a list of all elenents cornman to all the given 

lists. 

II. INTERSECTION is a function of: 

L, a list of any n~~ber of lists. 

III. definition: 

(INTERSECTION (LAHBDA (L) (COND 
((NULL L) (QUOTE UNIVERSAL)) 
((T) (POSSESSING (FUNCTION (L~1BDA (U) (FORALL (FUNCTION (LAMBDA (V) 

(ELE~1ENT U V))) L))) (CAR L)))))) 
IV. INTERSECTION uses: 

POSSESSING, FOP~LL. 

v. examples: 

(APPLY INTERSECTION (((B L EST) (E A T S)))) 
(E S T) 

(APPLY INTERSECTION (( () 0))) 
() 

(APPLY INTERSECTION (( (Im.l IEB UBB) (Bft.M Bur,1 IB~1)))) 
(IBr-f) 

(APPLY INTERSECTION (0)) 
UNIVERSAL 

_ act: _x;,aJQu.;;,MJ,iAI.4PJQg$,Q,NUU'~ 
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(UNION L) 

I. 

II. 

III. 

UNION makes a list of all the elements on the given lists. 

UNION is a function of: 

L, a list of any number of lists • 

definition: 

(UNION (LAMBDA (L) (COSD 
«(NULL L) (LIST)) 
((NULL (CDR L) (CAR L» 
((T) (UNION (CONS (ACCm1ULATE (CADR L) (CAR L» (CDDR L»)))) 

IV. UNION uses: 

ACCUMULATE • 

v. examples: 

(APPLY UNION «(T A N) (U N RES T») 
(S E RUT A N) 

(APPLY UNION ((CA BCD E) (C 0 E F G)))) 
(C F ABC D E) 

(APPLY u~ION (eCA BCD E) ())) 
(A BCD E) 

16 

.. ;:=== :AU, RtQA«HAkhU,i.." ,·,1 nJ - t, ... 



17 

(DELTA L) 

DELTA makes a list of all the elements on an odd number of the given 

lists. 

II. DELTA is a function of: 

L, a list of any number of lists. 

III. definitionL 

(DELTA (LANBDA (L) 
(POSSESSING (FUNCTION ( LAMBDA (U) 

(FORODD (FUNCTION (LAMBDA (V) ELE~mNT U V))) L))) (UNION L)))) 

IV. DELTA uses: 

POSSESSING, FORODD, and ELE~mNT. 

v. examples: 

(APPLY DELTA ((eZ E BRA) (R 0 D) (D 0 T) CD A B) (T 0 E)))) 
(D 0 Z) 
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SUBSET takes the value T if all the elements of the first list are 

elements of the second, F otherwise. 

SUBSET is a ~redicate of: 

Sf a list~ 

L, a list .. 

definition: 

(SUBSET (LAr~BDA (8 Oi,) (COND 
«(NULL S) (T)) 
((ELE~.'lENT (CAR S L) (SUBSET (CDR 5) L)) 
( (T) (F) ) ) ) ) 

SUBSET uses: 

ELEMENT. 

examples: 

(APPLY SUBSET (CA) (A BCD))) 
T 

(APPLY SUBSET ee) (A N Y T H I N G)}) 
T 

.. ;;:£_4 i2iiiiii ,1,1 tt.:. J iiHIttM .. &MiJi l. j • 
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CARTESIAN writes a list of all possible n-tuples such that the first 

element of an n-tuple is from the first list n of the given list, 

the second from the second, etc. 

CARTESIAN is a function of: 

L .• a list of any number of lists •. 

definition: 

(CARTESIAN (LM~BDA (L) 
«NULL L) (LIST) 
«NULL (CDR L» (HAPCAR (QUOTE LIST) (CAR L))) 
«T) (LM!BDA (X) (CARTESIAN* (CAR L) X X)) (CARTESIAN (CDR L»))) 

CARTESIAN uses: 

CARTESIAN* ~,1APCAR 

examples: 

.(APPLY CARTESIAN «(1) (S TNT)))) 
«(I 5) (I T) (1 N) ( I T)) 

(APPLY CARTESIA'J «(H SS 5S PP) (I»)) 
(eM I) (5S I) (5S () (PP I) 

(APPLY CARTES IAl'J ( (1 2 :3) . (~ B C). X y Z»))1 
((1 A X) (1 A Y) (1 A Z) (1 B X) (1 B Y) (1 B Z) (1 C X) 
(1 C Y) (1 C Y) (2 A Xl ( 2 A Y) (2 A Z) (2 B X) (2 B Y) (2 B Z 
) "(2 C X) (2 C Y) ( 2 C Z) (3 A X) (3 A Y) (3 A Z) (3 B X) 
(3 B Y) (3 B Z) (3 C X) (3 C Y) (3 C Z» 

_*====*Ui4&UJ:u::ca kM";$.TM.ggltTJWWU.U&¥"i';,#SKWM4$,t1MU",kJRA .At(4L§Ui .. a_aMMJQ&.J.$lMt. , ..... ,( ";·P.M,.i,.Ph.lll,(,, -
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PREDICATES TO TEST A LIST 

FOR A CONFIGURATIONAL PROPERTY ••••• 

(I } \~) 
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ULTRASINGLET takes the value T if a given list has at least one 

element; F otherwise. 

ULrRASINGLET is a predicate of: 

L, a list. 

definition: 

(ULTr~SINGLET (~AMBDA (L) 
(NOT (OR (ATOM L) (NULL L))))) 

ULTRASINGLET uses only pre-defined functions. 

eXaY!lples: 

(APPLY ULTRASINGLET ((A B))) 
T 

(APPLY ULTPASINGLET {(A))) 
T 

(APPLY ULTRASINGLET (A)) 
F 

21 
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(ULTRADOUBLET L) 

ULTRADOUBLET takes the value T if the given list has at least two 

elements; F other.,rise. 

II. ULTRADOUBLET is a predicate of: 

L, a list. 

III. definition: 

(ULTRADCU3LET (LA~mDA€L) 
(NOT (OR (ATOM L) (NULL L) (NULL (CDR L)))))) 

IV. ULTRADOUBLET uses only pre-defined functions. 

V. examples: 

(APPLY ULTRADOUBLET (A))) 
F 

(APPLY ULTRADOUBLET (A)) 
F 

(APPLY ULTRADOUBLET ((A B))) 
T 

,j L,U.lU,UiJAhi. ",,111 aA Ce, 
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(ULTRATRIPLET L) 

ULTRATRIPLET takes the value T if the given list has three or more 

elements; F othent1ise. 

ULTRATRIPLET is a predicate of: 

L. a list. 

definition: 

(ULTRATRIPLET (LtJ1BDA (L) 
(AND (ULTRADOUBLET L) (NOT (NULL (COOR L)))))) 

ULTRATRIPLET uses only pre-defined functions. 

examples: 

(APPLY ULTRATRlPLET ((A 3 e))) 
T 

(APPLY ULTRATRIPLET ((A B))) 
F 

(APPLY ULTRATRIPLET C(CA B)))) 
F 

(APPLY ULTRATRIPLET (CA))) 
F 

twxu.tU 4a .• 1CAai\W16PiM;&,.,i, all l14UM Mt4l4T.t4¥.I( 'LWtlaaaazts.S"h.t\.(W.lI..t K¥tR1J.,. 



24 

(SINGLET L) 

SINGLET takes the value T if the given list has exactly one element; 

F cthe:rtl!ise~ 

II. SINGLET is a predicate of: 

L, a list. 

III. definition: 

(SINGLET (LANBDA (L) 
(AND (ULTRASINGLET L) (NULL (CDR L))))) 

IV. SINGLET USES: 

ULTRASINGLET. 

v. examples: 

(APPLY SINGLET (CA))) 
T 

(APPLY SINGLET (A)) 
F 

(APPLY LINGLET ((A B))) 
F 

_2_1 
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LET L) 

DOUBLET tal.;es the value T if the given list has exactly tllTO 

elements; F otheI't'lise. 

DOUBLET is a predicate of: 

L, a list. 

definition: 

(DOUBLET (LAMBDA (L) 
(AND (ULTRADOUBLET L) (NULL (CDDR L))) 

DOUBLET uses: 

ULTRADOUBLET. 

examples: 

(APPLY DOUBLET e(A B))) 
T 

(APPLY DOUBLET (CA B C))) 
F 

MMMi#4!. MMMAAAUiM. $4AC¥AC.) '~. 



i (TRIPLET L) 

TRIPLET takes the value T if and only if the given list has 

exactly three elements; F otherwise. 

II. TRIPLET is a predicate of: 

L,. a list. 

III. definition: 

(TRIPLET (LMmDA (L) 
(AND (ULTRATRIPLET L) (NULL (CDDDR L))))) 

IV. TRIPLET uses: 

ULTRATfUPLET. 

v. examples: 

(APPLY TRIPLET ((A Be))) 
T 

(APPLY TRIPLET ((A B CO))) 
F 

26 



(ODDPLET L) 

I. ODDPLET takes the value 'r if the given list han an odd number 

of elements F otherl'lise. 

II. ODDPLET is a predicate of: 

L, a list .. 

III. definition: 

(ODDPLET (LAMBDA (L) 
tNOT (OR (NULL ~) (ODOPLET (CDR L)))))) 

IV.. ODPLET uses only pre-defined functions'. 

V. exarl'nles: 

(APPLY ODOPLET ((A BCD))) 
F 

(APPLY ODOPLET ((A BCD E))) 
T 

(APPLY ODDPLET C(CA BCD E)))) 
T 

---_._.-. __ .•.. _.- ... - _ ....•....• __ ._ .• _ .. _._-
1.\ . 
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FUNCTIONS WHICH APPLY OTHER 

FUNCTIONS TO TI-lE ELEMENTS OF 
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HAPCAR applies a given function to every element of a given list 

and lists the results .. 

~1APCAR is a function of: 

G, a function, 

L, a list. 

definition: 

(MAP CAR (LM1BDA (G L) (COND 
«NULL L) (LIST» 
«T) (CONS (G (CAR L)) (HA!'CAR G (CDR L))))))) 

MAPCftn uses only pre-defined functions. 

examples: 

(APPLY MAPCAR «FUNCTION (LAMBDA (X) (CAR X)) {(I C) (B) (M»))) 
(1 B M) 

29 

(APPLY ~fAPCAR «FUNCTION (LAMBDA (X) (EQ X ('1UOTE Y») (A Bey D»)) 
(F F F T F) 

UUl!;-A1.(lm¥Jr..¥,i4l4.tAiL.$...,i.~%m.J, .... JA;I""'(¥..ri,,AL _ .. ", ,(, .,1$],.: J.d1kH'·,JiAitUAt. M.. ..... 1$ .$ taw 10$i 



.4 CJiJl.i, 

(~1APCON G L) 

HAP CON applies a function to a whole list, then to CDR of the 

list, and so on. The lists resulting are joined together. 

n~PCON is a function of: 

G, a function, 

L, a list. 

III. definition: 

(MAPCON (LAMBDA (G L) (COND 
«NULL L) (LIST)) 
«T) (APPEND (G L) O"tAPCON G (CDR L»)))))) 

IV. r·~APCON uses: 

APPEND. 

V. examples: 

(APPLY f1APCON (CDR (A B C 0») 
(B CDC D D) 

(APPLY ~'!APCON «FUNCTION (LA\1BDA (X) (CDR X)')) (A BCD»)) 
(B CDC D D) 

. &4: : ##$.#44.... 444M . .4M. . AlAil. tAUA©.. . ML. ias@uu.utL .... 
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(r.1APLIST G L) 

I. ~~PLIST applies a function to a list, then to CDR of the list, 

and so on. The results of each application form the elements of 
.. -

a net'l list. 

II. HAPLIST is a function of: 

G, a function, 

L, a list. 

III. definition: 

(nAPLIST (LN·mDA (G L) (COND 
((NULL L) (LIST)) 
((T) (CONS (G L) {~~PLIST G (CDR L))))))) 

IV. MAPLIST uses only -pre-defined functions. 

v. examples: 

(APPLY MAPLIST ((FUNCTION (LAHBDA (X) (ATC}1 X))) (A BCD))) 
(F F F F) 

(APPLY r·fAPLIST ((FUNCTION (LAHBDA (X) (CAR X))) (A BCD),)) 
(A B C 0) 

31 



(FOREACH G x L) 

FOREACH applies a function of t'\·.'o arguments to the successive 

elements of a given list and simultaneously to a second list; 

and lists the results. 

FOREACH is a function of:_ 

G, a function 

X, a list, 

L. a list. 

III. definition: 

(FOREAOI (LAr',mOA (G X L) (COND 
((t'JULL X (LIST)) 
(T) (CONS (G (CAR X) L) JFOREACH G (CDR X) L)))))) 

IV. FOREACH uses only pre ... defined functions. 

V. examples: 

32 

(APPLY FOREACH (FUNCTION (LAimDA (X L) (CONS LX))) (5 N T) (I))) 
((I)) ((I)) «(I))) 

(APP!..Y FOREACH (FUNCTION (LAHBDA (X L) (ELE~'lENT ( L))) CU S A) 
(T T T) (R U S 5 I A))) 

- - ____ . _ 4CM' .. kW'UICUW _m_.! z - t 4##444 U# . 



..... .J.~~~ ... * G x L) 

FOREACH* applies a function of tt,!O arguments to the first element 

of the first given list, and to another list. This other list 

is the given function applied to the second element of the first 

given list and to another list similarly defined. The second 

argument in the case ,,,here the first argument is the last element 

of the first given list is the second given list. 

FOREACH* is a function of: 

G I a function of tl'!O argunents~ 

X, a list 

L, a list. 

III. definition: 

(FOREACH* (LAHBDA (G X L) (COND 
((NULL X) L) 
«(T) (G (CAR X) (FCREACH* G (CDR X) L)))))) 

IV. FOREACH* uses only pre-defined functions. 

v. examples: 

33 

(APPLY FOREACH* «(FUNCTION (LAHBDA (X L) (CONS X L))) (A BCD) (E F G H))) 
(A BCD E F G H) 

.LA Xl .&.kJJ 4MW MUM.UK .Cua (Q. IId.;·C> 
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FOREACH** writes a list whose first element is the given function 

of ttoiO arguments applied to the first element of the first given 

list, and to the second given list. Its second element is the given 

function appl~ed to the second element of the first given list, 

and to the element described in the last sentence. Its third 

element is the function applied to the third element of the first 

given list, and to the element described in the previous sentence, 

and so on. 

FOREACH** is a function of: 

G J a function of t'tTO arruments. 

X, a list, 

L, a list. 

definition: 

(FOREACH** (LMmDA (G X L) (COND 
(NULL X) (LIST)) 
«T) (CONS (G CAR X) L) (FOREACH** G (CDR X) (G (CAR X) L))))))) 

FOREACH** uses only pre-defined functions. 

V. examples: 

(APPLY FOREACH** «FUNCTION (L.t\HBDA (X L) 
(EXPUNGE X L))) (A C D) (A BCD E F))) 
«(8 C D E F) (B 0 E F) (B E F)) 

(APPLY FOREACH** «FUNCTION (LAHBDA eX L) 
(APPEND XL))) «AJ (8) (e) (D) (E)) «BEEP)))) 
((A (BEEP)) (B A (BEEP)) (C B A (BEEP)) 
(0 C B A (BEEP» {E D C B A (BEEP») 

Ui4LUjJj. #1&&. .$ Q4 a ... 1.44; .4tMI. .. t L L. .. P J. I.. p. 
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(PERMEATE G L) 

I. PERMEATE applies a given function to each atomic symbol in a list. 

It then applies the function to each list of the resulting list, 

in one to one correspondence with the o~iginal list, which corres-

ponds to a list which contained just ~toms. It continues in this 

way until it a~plies the function to a list corresponding to the 

original list. 

II. PERMEATE is a function of: 

G, a function, 

L, a list~ 

III. definition: 

(PERr1EATE (LANBDA (G L) (COND 
«ATO~I L) (G .L)) 
«T) (G (MAP CAR (FUNCTION (LN·!BDA (L) (PEru,mATE G L))) L)))))) 

IV • PEm.~ATE uses: 

r..1APCAR. 

v. examples: 

(APPLY PEr~1EATE «FUNCTION (LAHBDA (L) (CONS L (QUOTE B)))) (B (B (B 
(A)))))) 

((B) «(B) «(8) «(A))))))))) 



" .. 4. 3. stJ'S" t·. 

PERCOLATE is defined like permeate, but starts by applying the 

function to lists of only atomic symbols~ 

PERCOLATE is a function of: 

G. a function, 

L, a list. 

definition: 

(PERCOLATE (LAMBDA (G L) (COND 
(ATOl,l L) L) 
((T) (G (HAPCAR (FUNCTION (LAMBDA (L) (PERCOLATE G L))) L)))))) 

PERCOLATE uses: 

MAPCAR. 

examples: 

(APPLY PERCOLATE «(FUNCTION (LM,tBDA (L) (APPEND L 
(QUOTE B)))) (B (8 (8 (B (A))))))) 
(8 (B (B (B (A))))) 

36 
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PREDICATES WHICH TEST A PREDICATE 

ON VARIOUS MEMBERS OF A LIST 

(\" -_ ..• \ 
i 
'\ 

? . 
t 

. F T F T' 
~----.---~----~ 

...... U .. ..$.%.aMUi#. su . SAki A:' $¢444iJi4 ,~ 



AWJ.N . .4J 

(FORALL L P) 

FOR ALL takes the value T if the given predicate is true for 

all the elements of a given list, and F 'othen~ise. 

II. FORALL is a pl~edicate of: 

L, a list, 

P, a predicate. 

III. definition: 

(FORALL (LAMBDA (P L) 
(OR (NULL L) (AND (P (CAR L)) (FORALL P (CDR L)))))) 

IV. FORALL uses only pTe-defined functions '. 

v • examp les : 

SSM In ·.d .. J)., 

(APPLY FORALL ((FUNCTION (LAHBDA eX) (ATO~l X))) (A A A))) 
T 

(APPLY FOHALL ((FUNCTION (LM,'18DA (X) (ATOM X))) ((IC) B M))) 
F 

38 
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(FORSO~1E L P) 

I. FORSO~m takes the value T if the given predicate is true for 

any element of the given list, F otherwise. 

II. FORso~m is a predicate of: 

L, a list. 

P, a predicate. 

III. definition: 

(FORSOME (LA!'mDA (P L) 
(AND (NOT (NULL L)) (OR (P (CAR L)) (FORSCME P (CDR L)))))) 

IV • FCRSO~'1E uses only pre-defined functions. 

V. examples: 

(APPLY FORSO~'iE ((FUNCTION (Lf\}-1BDA (X) (ATOM X))) (A (A A)))) 
T 

(APPLY FCRSOME ((FUNCTION (LAMBDA (X) (ATOM X))) (CA) (A) (A)))) 
F 

4W4AC44i4444J¥ ;U4A4AA2_ _ JUt -#44=.444 
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(FORODD L P) 

FORDDD takes the value true if a given predicate is true for an 

odd number of elements of a given list. 

FORODD is a prodicate if: 

L, a list of lists, 

P, a predica~e. 

III. definition: 

(FORODO (LAMBDA (P L) 
(AND (NOT (NULL L)) (OR (AND (P (CAR L)) (NOT (FORODD P 

(CDR L)))) (AND (NOT (P (CAR L))) (FORODD P 
(CDR L)))))} 

IV. FORODD uses only pre-defined functions ... 

v. examples: 

40 

(APPLY FORODD ((FUNCTION (LA"lBDA (X) (ATOM X))) (C (ON) F (US) I (NG)))) 
T 

(APPLY FORO DO ((FUNCTION (LA1\ffiDA (X) (ATOr-f X))) ((CO) N CFU) S (ED)))) 
F 

4 444 .ii. 144 .. kbO ;; ; w 4.; .. k, $q, ' 
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(SUCHTHAT* L P Al A2) 

I. SUCHTlIAT is a function \'lhich takes a given valu~ (or aT.'plies a 

given function) if there is an element on the given list such that 

the given property is true. Otherwise it takes the second given 

value (or function). 

II. SUCHTHAT is a function of: 

III. 

L, a list of lists.. 

P, a predicate,. 

AI, a function, atom, or list, 

A2, a func'tion, at 00 , or list .. 

definition: 

(SUCHTHAT* (LAMBDA (L P Al A2) (COND 
((NULL L) AI) 
((P (CAR L)) A2) 

((T) (SU01THAT* (COn L) P Al A2))))) 

IV. SUCHTHAT uses only pre-defined functions~ 

V. eXCL":1ples! 

(APPLY SUCHTHAT* ((CA) (B) C (D)) (FUNCTION (LAHBDA (5) 
CATON S))) (NOPE) CVUP))) 
(YUP) 

j, 

:i 
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(sUcnn·IAT** L P PUNCTION) 

I. SUCHTI-!AT** takes the value of (PUNCTION L) if there exists an 

element on the given list such that a given pro~ertty. is true; 

otherwise it is a null list. 

II. SUCIITHAT** is a function of: 

L, a list of lists, 

P, a predicate '0 

FUNCTION. a function. 

III. definition: 

((SUCHTIIAT** (LN·!BDA (L P PUNCTION) (COND 
((NULL L) (LIST)) 
((P (CAR L)) (PUNCTION L)) 
((T) (SUCHTHAT** (CDR L) P PUNCTION))))) 

IV.. SUCHTHAT** USes only pre-defined functions~ 

v. exap1!'les: 

(APPLY SUCHTHAT** (e(A B C 0) (A B)) (FUNCTION {LAMBDA (S) 
(ULTRATRIPLET S))) (FUNCTION (LAHBDA (8) (MAPCAR {FUNCTION 
(LM1BDA (X) (COND ((NOT (ULTRATRIPLET X)) X) ((T) (LIST (CAR X) 
(CADR X) (CADOR X)))))) S))))) 

42 
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FUNCTIONS l'JHICH LIST 

CERTAIN ELE~ffiNTS OF A LIST ••• 
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(SUCHnfAT P L) 

I. SUC!ITHAT lists the first element in a given list for \ihich a 

given predicate is true. 

II. SUCHTHAT is a function of 

\ 
" 

'1". 

P, a predicate. 

III. definition: 

(SUCHTHAT (LAt\UlOA (P L) (COND 
«NULL L) (LIST)) 
«P (CAR L)) (CAR L)) 
«T) (SUC1THAT P) (CDR L))))) 

IV. SUCHTI-IAT uses only pre-defined functions. 

V. ex amp les : 

(APPLY SUCHTHAT «(FUNCTION (LArmDA (L) (ATOM L))) (A (B C) D))) 
A 

44 
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(POSSESS ING P L) 

POSSESSING writes a list of all the elements of a given list 

for ,.,hich a given predicate is true. 

II.. POSSESSING is a function of: 

P, a predicate, 

L, a list. 

III. definition: 

(POSSESSING {LAHBDA (P L) (COND 
«NULL L) (LIST) 
«P (CAR L)) (CONS (CAR L) (POSSESSING P (CDR L)))) 
«T) (POSSESSING P (CDR L)))))) 

IV. POSSESSING uses only pre-aefined functions. 

V~ examples: 

4S 

(APPLY POSSESSING ((FUNCTION (LAHBDA (L) (ATOM L))) (P (0 S) (E S S) 
I N G»)) 

(P I N G) 

(APPLY POSSESSING «FUNCTION (LA1\1BDA (L) (ATO~1 L))) (A (B C) D»)) 
(A D) 



(REMOVE I L) 

I. RE~'10VE writes a list of all the elements of a given list except 

the first occurrence of a given element. 

II. RE~10VE is a function of: 

I, a list element, 

L, a list. 

III. definition: 

CHEi'.'iOVE (LA~mDA (I )..) (COND 
(NULL L) (LIST)) 
«EQUAL I (CAR L)) (CDR L)) 
«T) (CONS (CAR L) (REMOVE I (CDR L))))))) 

IV • REMOVE uses only pre-defined functions. 

v • examples: 

(APPLY REi'10VE ((B) (B) (A) (I..) (E)))) 
«A) (L) eE)) 

(APPLY REii'!OVE (B (B A L E))) 
(A L E) 

46 



(EXPUNGE X L) 

I. EXPUNGE '~ites a list of 'all the eleMents on a given list 

except all those equal to a given elernent~ 

II. EXPUNGE is a function of; 

X, a list element. 

L, a list. 

III. definition: 

(EXPUNGE (LN'!BDA (X L) (COND 
«(NULL L) (lIST)) 
«(EQUAL X (CAR L)) (EXPUNGE X (CDR L))) 
«(T) (CONS (CAR L) (EXPUNGE X (CDR L))))))) 

IV. EXPUNGE uses only nre.defined functions. - -
V. examples: 

(APPLY EXPUNGE (I (M ISS ISS I P PI))) 
(r.t s s SSP P) 

47 



CAL TEP~ATE L) 

I. ALTERNATE makes a list of all the odd elements of a given list. 

II. ALTEP.NATE is a function of: 

L, a list. 

III. definition: 

(ALTERNATE (LM-mDA eL) (COND 
((NULL L) (LIST)) 
«(NULL (CDR L)) (LIST)) 
((T) {CONS (CAR L) (ALTERNATE (CnDR L))))))) 

IV. ALTERNATE uses only pre-defined functions. 

v. examples: 

(APPLY AL TER.'JATE ({U S S R))) 
(U S) 

(APPLY ALTERNATE (A A B Bee))) 
(A B C) 

we O$$Mt44W 4. AU l. 4 # ; 
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FUNCfIONS \,:.'IU CH DO 

VARIOUS MANIPULATIONS ••• 

--- '~ 
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(REVERSE L) 

I. REVERSE re\'lri tes a given list ''lith the order of the elements 

reversed. 

II. REVERSE is a function of: 

L, a list. 

III. definition: 

(REVERSE (LA~mDA (L) (REVERSE"" L (LIST)))) 
(REVERSE* (LAMBDA (L M) (COND 

«(NULL L) ~1) 

((T) (REVERSE* (CDR L) (CONS (CAR L) M)))))) 

IV. REVRRSE uses: 

The auxiliary function REVERSE* 

V. examples: 

(APPLY REVERSE ((S E RUT A N))) 
(N A T' ~U R E 5) 

(APPLY REVERSE «(E MBA R G 0 5))) 
(5 0 G R A B M E) 

,aWWiuu;,ax:JiUa2 ;, MU .. #,,14,MAMWlI@1m ikuaSSUM L La 
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COLLECT regroups the elements of a list so that all reoccurrences 

of each element, if any. are made immediately after the first 

occurrence. 

COLLECT is a function of: 

L, a list of any number of elements. 

definition: 

(COLLECT (LAHBDA (L) (COND 
((NULL L) (LIST) 
«ELEP1ENT (CAR L) (CDR L) (CONS (CAR L) (COLLECT 

(CONS (CAR L) (RE~.10VE (CAR L) (CDR L»))))) 
«(T) (CONS (CAR L) {COLLECT (CDR L))))))) 

COLLECT uses: 

ELEMENT J REMOVE • 

examples: 

(APPLY COLLECT (N I X 0 N») 
(N N I X 0) , 

UJd,m,QA,Nk.1Nk.,,),·ltm';;·;' .. I,ll . ..t 'J J1(IJU,(, AA¥I$ ... ¥.E4ZLk AMI.L .. tAP IAAa 144- 4 -1.- b .. :.::, .. 



(REALTERNATE L MO 

I. REALtERNATE p~aces the given list element after each element 

of a given list. 

II.. REALTER'JATE is a function of: 

L, a list, 

M, a list element. 

III. definition: 

(REAL TERNATE (LM1BDA (L M) (COND 
«NULL L) (LIST)) 
(tNULL (CDROL) L) 
«T) (CONS (CAR L) (CONS M (REALTERNATE (CDR L) M))))))) 

IV. REALTERNATE uses only pre-defined functions. 

v. examples: 

(APPLY fffiALTERNATE «B N N 5) A)) 
CD A NAN A S) 

(APPLY REALTEr~ATE «A B C) (1») 
(A (1) B (1) C) 

S2 



(APPEND A B) 

I. APPEND makes a list of the elements of two lists. 

II. APPEND is a function of: 

A, a list, 

S, a list, 

III. definition: 

(APPEND (LN~BDA (A B) (COND 
((NULL A) B) 
((T) (CONS (CAR A) (APPEND (CDR A) B)))))) 

IV. APPEND uses only pre-defined functions. 

V. examples: 

(APPLY APPEND ((DOG) (H 0 USE))) 
CD 0 G H 0 USE) 
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(SUBSTITUTE X Y L) 

I. SUBSTITUTE replaces every occurrence of one given element on 

a given list by a second given element. 

II~ SUBSTITUTE is a function of: 

X, a list element 

Y, a list element 

L, a list. 

III. definition: 

(SUBSTITUTE (LN4BDA eX Y L) (COND 
«NULL L) (LIST}) 
«EQUAL Y (CAR L)) (CONS x (SUBSTITUTE X Y (CDR L)))) 
«T) (CONS (CAR L) (SUBSTITUTE X Y (CDR L})))))) 

IV. SUBSTITUTE uses: 

EQUAL. 

V. examp les : 

(APPLY SUBSTITUTE (B A (A (A (A (A»))))) 
(B (A (A CA)))) 

(APPLY SUBSTITUTE {B A (A A A))) 
(B B B) 

• . I 

",I

t 
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I. EXTRACT makes a list of two elements, The first is composed of 

all the elements of a given list ",dth a given property; the 

second is composed of all the remainin~ elements. 

II. EXTRACT is a function of: 

P, a predicate, 

L, a list. 

III. definition: 

(EXTRACT (LAMBDA (P L) (COND 
((NULL L) (LIST (LI~) (LISr») 
((P (CAR L» ((LANBDA (X) (CONS {CONS (CAR L) (CAR X») 

(CDR X»)) (EXTRACT P (CDRL)) 
((T) ((LM1BDA (X) (LIST (CAR X) (CONS (CAR L) (CADR X»)) 

(EXTRACT P (CDR L»)))))) 

IV. EXTRACT uses only pre-defined functions, 

v. exc~ples: 

S5 

(APPLY EXTRACT ((LNffiDA (L) (SINGLET L» (B (0) 0 ~1 (A) (T) (0) 0-1) B»)) 
(CCO) CA) (T) (0) U,1) (B 0 M B») 



(AMONG X L) 

I. M,IDNG adds the given list element to the given list if it is not 

on the list. 
--" 

II.. AMONG is a function of: 

X, a list element 

L, a list. 

III. definition: 

(M'IONG {LM:IBDA (X L) (COND 
«NULL L) (LIST X») 
«(EQUAL X (CAR L» L) 
(T) (CONS (CAR L) (AMONG X (CDR L»)}») 

IV. AMONG us es : 

EQUAL. 

v. examples: 

(APPLY M:'ONG (K (0 A R») 
(D ARK) 

(APPLY M':ONG (B (B I T)) 
(8 ! T) 

S6 
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ARI~mTIC FUNCTIONS ••••• 



(BINARY r..) 

BINARY writes the binary equivalent of a given octal number 

expressed as a list of its (atomic) digits • 
. _-

II. BINARY is a function of: 

L. a list of octal digits. 

III. definition: 

(BINARY (LAl','!BDA (L) (COND 
«(NULL L) (LIST)) 
«(EQUAL (CAR L) (QUOTE 7)) (CONS (QUOTE 1) 

(CONS (1UOTE 1) (BINARY (CDR L)))))) 
((EqUAL (CAR L) (QUOTE 6)) (CONS (QUOTE 1) 

(CONS (qUOTE 0) (BINAR.Y (CDR L)))))) 
«(EQUAL (CAR L) (QUOTE 5)) (CONS (QUOTE 1) 

(CONS (QUOTE 1) (BINARY (CDR L)))))) 
«EQUAL (CAR L) (t~UOTE 4)) (CONS (1UOTE 1) 

(CONS (QUOTE 0) (BINARY. (CDR L)))))) 
{(EQUAL (CAR L) (0UOTE 3)) (CONS C0UOTE 0) 

(CONS (QUOTE 1) (BINARY (CDn L)))))) 
(EQUAL (CAR L) (QUOTE 2)) (CONS (QUOTE 0) 

(CONS (qUOTE 0) (BINARY (CDR L)))))) 
(E~UAL (CAR L) eQUOTE 1)) (CONS (QUOTE 0) 

,(CONS (QUOTE 1) (BINARY (CDR L)))))) 
«EQU~ (CAR L) (QUOTE 0)) (CONS (QUOTE 0) 

(CONS (QUOTE 0) (BINARY (CDR L)))))) 

IV. BINARY uses only pre .. defined functions. 

V. examples: 

(APPLY BINARY «(7))) 
(1 1 1) 

(APPLY BINARY (6 3))) 
(1 I 0 0 1 1) 

(CONS (QUOTE 1) 

(CONS (QUOTE 1) 

(CONS (QUOTE 0) 

(CONS (QUOTE 0) 

(CONS (QUOTE 1) 

(CONS (QUarE 1) 

(CONS (QUOTE 0) 

(CONS (QUOTE 0) 

;'X,.4IIR, 4 .. ..AAM k .. M¥ ... M. ... . #;;4 

58 

'"* a W $ i .. 



S9 

(COUNT L) 

I. COUNT writes a list of ones equal in number to the numerical 

value of the first given list. a binary number in list form. 

II. COUNT is a function of: 

L. a list whose elements are the (atomic) digits of a binary number, 

C, a list element. 

III. definition: 

(COUNT (LAMBDA eL) 
(COUNT* (REVERSE L) (LEST (QutOTE·2))) 

(COU~'T* (LAMBDA (A B) (COND 
(NULL A) (LIST)) 
«EQ (CAR A) (QUOTE 1)) (APPEND B (COUNT* 

(CDR A) (APPEND B B»)) 
«T) (CQUNT* (CDR A) (APPEND B B»))))) 

IV. COUNT uses: 

APPEND, REVERSE, and the auxiliary found in COUNT*. 

V. examples: 

(APPLY COUNT (1 1 0 1))) 
(1 1 1 1 1 1 1 1 1 1 1 1 1 1) 
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(ENGLISH L) 

I. ENGLISH reWTi tes a list so that the first element of the given list 

is placed after each of the re~aining elements of the list. 

II. ENGLISH is a function of: 

L. a list. 

III. definition: 

(ENGLISH (LAr·:IBDA (L) 
(REALTERNATE (CDR L) (CAR L»») 

IV. ENGLISH uses: 

REAL TERNATE 

v. examples: 

(APPLY ENGLISH (- A Be))) 
(A ... B - C) 

(APPLY ENGLISH (A B N N 5»)) 
(B AN A N A 5) 



(POLISH L) 

POLISH takes an algebraic expression (of only one operation) in 

list form and converts it to Polish notation. 

II. POLISH is a function 'of: 

L. a list of the (atomic) symbols of an algebraic expression of 

one operation. 

III. definition: 

(POLISH (LMwtBDA (L) (COND 
«AND (ULTRATRIPLET L) (ODOPLET L) (UNIFORH L (CADR L») 

(CONS (CADR L) (ALTERNATE L») 
«T) L»») 

IV. POLISH uses: 

ULTRATRIPLET J ODDPLET. UNIFORM, ALTERi'1ATE. 

V. examples: 

(APPLY POLIS!,} «(A - B * C - D - E») 
(A - B * C - D - E) 

(APPLY POLISH ({A - B - C - D - E») 
(- ABC D) 

A¥M4..4...M, #.. 4.." 4LX liM \ .24" .k", 
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(POSPOLISB L) 

I. POSTPCLISH changes an algebraic expression (of one operation) to 

post~olish form. 

II. POSTPOLISH is a function of: 

L, a list of any length \,lith an odd number of terms, and whose 

even terms are identical. (if the argument is not of this form, 

(POSTPOLISH L) is equal to L.) 

III. definition: 

(POSTPOLISH (L~mOA (L) (COND 
((AND (ULTRATRIPLET L) (ODOPtET L) (UNIFORM L (CADR L») 

(APPEND (ALTERNATE L) (LIST (CADR L»)) 
((T) L)) 

IV. POSTPOLISH uses: 

ULTRATRIPLET J ODDPLET I UNIFORN. APPEND, AI.,TERNATE. 

v. examples: 

(APPLY POSTPOLISH ((A - B - C - D - E») 
(A BCD -) 

(APPLY POSTPOLISH ((A - B - C - 0 * E)) 
(A - B - C - D * E) 

62 
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(INTEGEnS) 

I. INTEGERS is equal to a list of the integers from 1 to 60. 

II. INTEGERS is a function of no arguments. 

III. definition: 

(INTEGERS (LM-ffiOA ( ) 
(QUOTE (0 1 2 3 4 S 6 7 8 9 10 11 12 13 14.15 16 17 18 19 20 21 22 
23 24 25 26 27 28 29 30 31 32 33 34 3S 36 37 38 39 40 41 42 43 44 
45 46 47 48 49 50 51 52 S3 S4 55 S6 57 58 S9 60)))) 

IV. INTEGERS uses only pre-defined functions. 

v. examples~ 

(APPLY INTEGERS ()) 
(0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 
23 24 25 26 27 28 29 30 31 32 33 34 3S 36 37 38 39 40 41 42 
43 44 45 46 47 48 49 50 51 52 S3 S4 S5 56 S7 58 59 60) 

WE S4S,iUiMM&ltMMMiJII XiQ IUIlMa:, a_sum... . a -H 2 . &.tUJL ... u_ : 2i! L .. 
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(RANK L t)) 

I. RANK rel'lri tes a given list so that its elements are ol1atenc:l' 

according to a second list. 

II. ~~ is a function of: 

L, a list, 

0, a list. 

III. definition: 

(RANX (LMmDA (L 0) (COND 
(NULL L) (LIST) 
«(1) (CONS. (MINIMUM L 0) (RANK (REr·:!OVE (MINIMUl\! L 0») L) 0»)))) 

IV. ~lK uses: 

MINIMUM, REMOVE. 

V. examples: 

(APPLY RANK «(N EST) (5 0 L E M NIT Y))) 
(Ge) 
( (5) (E) (N) (T) ) 

(APPLY RANK (A L E) (5 0 L E H NIT Y»)) 
( (L) eE) (A) ) 

6S 
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(ORDER X Y L) 

I. ORDER takes the value T if the first given element is on the 

given list, and the second is not; or if both are on the list, 

and the first comes before the second; F otheI'Wise. 

II. ORDER is a function of; 

X, a list element, 

y~ a list element, 

L, a list. 

III. definition": 

(ORDER (LAMBDA (X Y L) {COND 
((NULL L) F) 
((EQUAL X (CAR L)) T) 
((EQUAL Y (CAR L)) F) 
((T) (ORDER X Y (CDR L)))))) 

IV. ORDER uses: 

EQUAL. 

v. examples: 

~APPLY ORDER (B A (A L E))) 
F 

(APPLY ORDER (A B (A L E))) 
T 

(APPLY ORDER (A B eB A L E))) 
F 
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cr,!INI~ruH L 0) 

I. MINI~UM selects the smallest element on a list according to a 

second given list. 

I I • MINIr·1UM is a function of: 

La a list, 

~e .. a l$st. 

III. definition: 

(MINIMUM (LANBDA (L 0) (COND 
(NULL L) (LIST}) 
(NULL (COn L)) L) 
(ORDER (CAR 1..1) (CADR L) 0) (MINIMU~1 (CONS (CAR L) (CODR L)) 0)) 
( (T) (r-UNIHJIvl (CDR L) 0))))) 

IV • MINI~1tn.l uses: 

ORDER, 

v. eX3tl1ples: 

(APPLY r.lINn·RJH «A C E) (A BCD E))) 
(A) 

(APPLY MINIMUn ((F G H) (A BCD E))) 
(H) 
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(LEXORDER X Y L) 

I. LEXORDER takes the value T if, for the first pair of non-equal 

corresl'ondine elements in t"TO given lists, the element of the 

first list precedes the corresponding element of the second list 

in the corresponding element of l:he third list; othen~ise F •. 

II. LEXORDER is a predicate of: 

X, a list element, 

Y, a list element. 

L, a list. 

III. definition: 

(LEXORDER (LAf.1BDA (X Y L) (COND 
«(NULL L) f) 
«NOT (EqUAL (CAR X) (CAR Y))) (ORDER (CAR X) (CAR Y) (CAR L))) 
«T) (LEXORDER (CDR X) (CDR Y) (CDR L)))))) 

IV. LEXORDER uses: 

ORDER. 

V. exa~ples: 

(APPLY LEXORDER (A B C) (A B D) «P Q R) (S T U) (A B CO)))) 
T 
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(ACCUMtJLATE L M) 

I. ACCUMULATE \-iili mat~e a list of distinct items from t,~o given lists. 

if the second list is of distinct items. 

II. ACCUMULATE is a function of: 

L J a list, 

.M, a list of distinct elements. 

III. definition: 

(ACCUMULATE (LAMBDA (L H) (COND 
((NULL L) N) 
((ELENENT (CAR L) r.1) (ACCUMULATE (COn L) H» 
((T) (ACCtJ:\1ULATE (EXPUNGE (CAR L) (CDR L») (CONS (CAR L) ~"1))) 

IV. AccmruLATE uses: 

ELEHENT. EXPUNGE. 

v. examples: 

(APPLY ACCUr,7JLATE ((A LAB A r·f A) (A BCD))) 
eM LAB C D) 

(APPLY ACCUMULATE ((A ABC D) (B.C D)) 
(A BCD) 



(COMPCSlTE A B S) 

I. COMPOSITE makes a list of all doublets (X ZJ such that there 

exists a doublet (X Y) on the first given list, there exists 

a doublet (X Z) on the second given list, and X, Y, Z are nIl 

on the third given list. 

II. COHPOSITE is a functiOtl of: 

A, a list of doublets, 

B, a list of doublets, 

5, a list. 

III. definition: 

(COMPOSITE (LAHBDA (A B 5) 
(POSSESSING (FUNCTION (LN·fflDA eU) (FORSOME (FUNCTXON (LAr4BDA (V) 

(Al'JD (ELEMENT (LIST (CAR U) V) A) (ELEMENT 
(LIST V (CADR U)) B)))) S))) (CARTESIAN (LIST S 5))))) 

IV. COMPOSITE uses: 

POSSESSING. FORSO~mJ ELE~mNT, CARTESIAN. 

v • examp les : 

71 

(APPLY COMPOSITE (((A B) (C 0) (E F)) ((D A) (B E) (F e» (A BCD E))) 
«(A E) (C A)) 
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(REPEAT X I) 

I. REPEAT makes a list of the first given list repoated as many 

times as there are elements on the second given list. 

II. REPEAT is a function of: 

X, a list, 

I, a list. 

III. definition: 

(REPEAT (LM!BDA eX I) (CONn 
((NULL I) LlST) ) 
((T) (CONS X (REPeAT x (CDR I))))))) 

IV. REPEAT uses only pre-defined functions~ 

V. examples: 

(APPLY REPEAT ((H' E L P) (A B CO)) 
(II E L P) (H E L P) (H E 14 P) eH E L P») 

!S&. 
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(TALLYCOPY L M) 

I. TALLYCOPY lists as many elements from the second given list, 

starting from the left, as Uhere are elements on the first 

given list. 

II. TALLYCOPY is a function of: 

L, a list, 

M, a list with at least as many elements as L. 

III. definition: 

(TALLYCOPY (LAMBDA (L rt) (COND 
«NULL L) (LIST») 
((T) (CONS (CAR ~'f) (TALLYCOPY (CDR L) (CDR M»)))))) 

IV. TALLYCOPY Uses only pre-defined functions. 

v. examples: 

(APPLY TALLYCOPY (0 ARK) (K K K))) 
(K K K) 
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(TALLYCO~iPLE~·1ENT L M) 

I. TALLYCOMPLE~mNT lists the ela_a of the second given list 

with as many elements removed, starting from the left, as there 

are elements on the first given list. 

II. IALLYCOMPLEMENT is a function. of: 

L, a list, 

r,i, a list of at least as many elements as L. 

III. definition: 

(TALLYCOMPLE~·!ENT (LAMBDA (L N) (COND 
((NULL L) H) 
«T) (TALLYCOMPLEMENT (CDR L) (CDR r,Q))))) 

IV. TALLYCOMPLE~mNT uses only pre-defined functions. 

v. examples! 

(APPLY TALLYCOMPLEMENr «0 ARK) (R A IN))) 
() 
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(FRAGr·:ENT N L) 

I. FRAGHENT li~ts the elements of the given list up to the first 

occurrence of the given list element. 

II. FRAGHENT is a function of: 

N, a list element, 

L, a list. 

III. definition: 

(FRAGMENT (LN-1SDA eN L) (COND 
((EQ N (CAR I..)) (LIST)) 
{(T) (CONS (CAR L) (FRAGMENT N (CDR L))))))) 

IV. FRAG~'lENT uses only pre-defined functions. 

v. examples: 

( APPLY FRft,G~1ENT (P (E G G P LAN T))) 
(E G G) 
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(CARTESIAN* A B X) 

I. CARTESIAN* fonns a list of all possible doublets whose: first 

element is CAR of A, and whose second element is an element of 

B; first element is an element of CDR of A, and whose second 

element is an ele~ent of X. 

II. CARTESIAN* is a function of: 

A, a list, 

B,. a list, 

X, a list. 

III. definition: 

(Cfu~TESIAN* (L~mDA (A B X) (COND 
((NULL A) (LIST)) 
((NULL B) (CIJrrESIAN* (CDR A) X X)) 
((T) (CO~!S (CONS (CAR A) (C/ill Il)) (CARTESIA.1\!* A (CDR B) X)))))) 

IV. CARTESIAN* uses only pre-defined functions. 
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(EQUIVALENT X Y L) 

I. EQUIVALENT takes the value T if the tt'lO given elements are contained 

in the sa~e sub-list of the given list; othen~ise F. 

II. EQUIVALENT is a predicate of: 

X, a list element 

Y, a list element, 

L, a list. 

III. definition: 

(EQUIVALENr (LAMBDA (X Y L) (COND 
((NULL L) F) 
((E~ffi~IT X (CAR L)) (EL~mNT Y (CAR L))) 
((T) (EQUIVALE~IT X Y (CDR L))))) 

IV. EQUIVALENT uses: 

ELEMENT. 

v • examples: 

(APPLY EQUIVALENT ((A) (B) ((A C) (B D) (3 C) (A B»)) 
F 
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(tJNIFC!"~l L M) 

I. UNIFORM takes the value T if all the even terns of the given 

list are the same as a given element; othen~ise F. 

II. UNIFORM is a predicate of: 

L, a list of at least three, and an odd number of elements, 

r.l, a. list element. 

III. definition: 

(UNIFOnM (tAMBDA (L M) 
(OR (AND (TRIPLET L) (EQUAL (CADR L) H») 

{AND (ULTRATRIPLET L) (EQUAL (CADR L) r:!) (UNIFORr~ (CDDR L) H»)))) 

IV • UNIFOR~l uses: 

TRIPLET, E~UAL, ULTRATRIPLET. 

v. examples: 

(APPLY UNIFOru1 ((A - B - C) (-»)) 
'.- F 

(APPLY UNIFORM ((A - B - C - 0) -») 
T 
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(EQUAL X Y) 

I. EQUAL takes the value T if the t,'ro given lists are identical. 

II. EqUAL is a predicate of: 

x. a list, 

Y t a list. 

III. definition: 

(EqUAL (LAMBDA eX Y) 
(OR CEQ X Y) (AND (NULL X) (NULL V)) (AND (NOT 

(OR (NULL X) (NUl.L Y) (ATO~l X) (ATOr..l Y))) (EQUAL (CDR X) (CDR Y)) 
(EQUAL (CAR X) (CAR V)))))) 

IV. EQUAL uses only pre-defined functions. 

V. examples: 

(APPLY EQUAL {(A BCD) (A BCD))) 
T 

(APPLY EqUAL (A A)) 
T 
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(S D!ILAR XL) 

I. SIJl.tILAR--t\·,'o lists or list elements are SIHILAn if: they are both 

null; they are identical; the first is the atom---or corresponding 

elements up to the atom--in the first are similar. 

II. SINILAR is a predicate of: 

X, a list, 

L, a list. 

III. definition: 

(SIMILAR (LAMBDA (X L) 
(OR 

(EQ X (QUOTE -)) 
CEQ X L) 
(AND (NULL X) (NULL L)) 
(AND 

(NOT (ATO~~ X)) (NOT (NULL X)) 
(OR (AND CEQ (CAR X) (QUOTE __ e)) (OR (NULL L) (NOT (ATOM L)))) 

(AND (NOT (ATOn L)) (NOT (NULL L) (SH.ITLAR (CDR X) (CDR L)) 
(SIMILAR (CAR X) (C\R L))))J))) 

IV. SIMILAR uses only pre-defined' functions. 

v • exrunp les : 
~ 

(APPLY SHULAR (A A)) 
T 

(APPLY S!MILAR CO ())) 
T 

(APPLY SIMILAR «(A (B (C OJ E) (F G)) (A (D (C D) E) (F G)))) 
T 

(APPLY SIMILAR «A (B (C D) E) (F G)) (A (B (C D) E) (F G)))) 
F 
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INDEX OF DE-BUGGED FUNCTIONS 
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BINARY 58 INVERT 50 
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CARTESIAl'l* 78 MAP CAR 29 

COLLECT 51 ~1APCON 30 

cor·wos ITE 71 MAPLIST 31 

COUNT S9 MINI~ruM 67 

DELTA 17 OODPLET 27 

DOUBLET 2S OTHER 66 

ELEMENT 14 PERMEATE 35 

ENGLISH 60 PERCOLATE 36 

EQUAL 80 POLISH· 61 

EQUVALENT 78 POSSESSING 45 

EXPUNGE 47 POSTPOLISH 62 

EXTRACT SS RANK 65 

FORALL 38 REALTERNATE 57 

FOP-EACH 32 REHCVE 46 

FOREACH* 34 REPEAT 72 

FOREACH** 40 SIf:IILAR 81 

FORODD SINGLET 24 
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SUBSET 18 

SUBSTI 1UTE S4 

SUCHTHAT 44 

SUCHTHAT* 41 

SUCHTHAT** 42 

TALLYCOMPLEMENT 74 

TAL LYCOpy 73 

TRIPLET 26 

ULTRADOUBLET 22 

ULTRASINGLET 21 

ULTRATRIPLET 23 

UNIFORM 79 

UNION 16 
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