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BALMSETL USERS MANLAL
VERSION 1,0 = FEB,1972




SCOPE OF REVISION NR, 1

THE NEW VERS]ON OF BALMSETL INCORPORATES CHANGES TO THE FOLLOWING
PROCELYRES} APPEND LESSFOK CRASH ;
4 NEW NAMES HAVE BEEN ADDED T0 THE LIST 0OF KEYWORDS}

IDFROMC LEVEL PROCTRAC STKTRACE

THE BRQCEDWYRE CRASH (INVOKED WHEN A 'TERM INAL ERROR IS DETECTED) WILL
NOW BRINT A BACKWARD TRACE INDICATING 'THE STRUCTURE OF THE PRCCEDURE
NESTING AT THE TIME OF ERROR=-DETECTION, TFE TRACE CCNSISTS OF A LI8T
OF THE NAMES OF THE PROCEDURES, EACH NAME EEING FOLLOWED RBY TeE VALUES
OF THE ARGUMENTS, _ o

THE .DEPTH QF THE TRACE = INITIALLY 40 -» CAN BE SET BY CHANGINE THE
VALUE QF THE VARIABLE LEVEL (SEE SECTION 2,2),




SCOPE OF REVISION NR, 2

THE NEW VERSION OF BRALMSETL INCORPORATES ‘CHANGES TO THE FOLLOWING
PROCECYRES] | »
BOFSET, SETFUN, SOFN, NELT, DIMINISP
THE FCLLOWING PROCEDURES HAVE BEEN ADDED TQ THE SYSTEM;
ERROR, LESFN, DIMFN, LESFNOK, SETFUNN, SETFUNNS, SETFUNS,
HEADSIN, TAILSIN, FROMSET, ERRFOR, TAILN, TAILSPEC

X , o aGN
THE LANGUAGE INCLUDES THE FOLLOWING ADDITIONAL FEATURESH

e A PROCEDURE DIMFN AND AN OPERATOR LESFN SIMILAR Te DIMF
AND LESF BUT FOR MULTIPLE ARGYMENTS

» THE SINISTER CALLS
LET F SOF 0 BE § o
LET F OFN kxﬁT(01092190g¢pN)’BEv0
LET F SOFN LIST(01,02,4,,,0N) BE S
LET HEAD T BE O
LET TAIL T BE O

e THE ITERATION STATEMENTS
FORALL I INRCJ,K) SUCH B REREAT ST
FORALL ] INR(J,K) REPEAT ST

® THE STATEMENT
0 FROM S

e THE FUNCTION  TAILN(T,N)  WriCH RETURNS THE TAIL OF A
TUPLE T FROM THE N=TH ELEMENT ONWARDS,

» THE PRCCEDURE PRTMAR(S) WHICH PRINTS A SET 5 OF TUPLES
AS A MAP,




SCOPE OF REVISION NR, 3

THE NEW VERSION OF BALMSETL INCORPORATES AJOR CHANGES TO A LARGE NUMBER
OF RQUTINES, MOSTLY TO PROVIDE A BETTER INTERFACE WITK SETLB, THE MOST
IMPORTANT CHANGES PERTAIN TO INPUT/OUTPUT STATEMENTS (SEE 2.1710),

THE FCLLOWING PROCEDURES HAVE BEEN ADDED; RANDOM, STRINGOF, PAIRTUP,
THE OFERATQR TYPE HAS BEEN ADDED, TOGETHER WITH THE TYPE=VALUES
INTZZ:SETZZ:TUPLZZeBLANKZZASTRZZoLABZZoSU ‘R22Z,

THE VARIABLE CRASHMAX (INITIALLY 5) SPECIFIES THE NUMBER OF ALLOWED
SYSTEN CRASHES,

THE SYSTEM HAS GROWN TO A SIZE WHERE IT REQUIRES 65 K(OCTAL) :¢F CORE
INTERCOM USERS BEWARE, ysvsnsnsannte




SCOPE OF REVISION NR, 4

THIS VERSIQN OF THE BALMSETL SYSTEM USES A 'NEW SWITCHABLE FEATURE OF
BALM4 WH]CH ENABLES ONE TO USE AN ARBITRARY CHARACTER AS TERMINATOR FOR
IDENTIFIERS, ALL TKE NAMES OF INTERNAL BALMSETL VARIABLES WHICH ARE NOT
USED AT THME USER LEVEL ARE NOW TERMINATED WITH A PERIOD., AT TeE END OF
THE ‘RRQGRAM, THE ABILITY TO TERMINATE ‘NAMES WITH A PERIOD IS ‘FEMOVED:
ALL THE DOTTED NAMES ARE THEREFORE PROTECTED AGAINST INADVERTENT USE BY
A CARELESS USER, THIS METHOD REPLACES TH™ 0OLD NAME=PROTECTICN SCHEME
WHICH MADE USE OF 'THE FUNCTIONS PROTECT AND DUPL,

THE NCN=DOFTED NAMES ARE USED TO IDENTIFY
QPERATORS
PROCEDURES o
AND  OTHER GLCBAL VARIABLES,

THE .CCMPILER WILL PREVENT AUTOMATICALLY ONLY THE ATTEMPTED ASE]IGNMENT
OF A VALUE TO AN OPERATOR, THE USER MUST BE CAREFUL TO AVGID iLSING NAMES
OF PRCCEDURES OR OTHER VARIABLES FOR HIS 'CWN PURPOSES,
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0, INTRODUEGTION

LR Al Rkl Al E R

THE BALMSETL SYSTEM 1S AN EXTENSION TQ THE BALM4 SYSTEM 'WHICH
INCLULES MQST OF THE SEMANTICS OF SETL, ALTHOUGH IN A DIFFERENT SYNTACTIC
FRAME, THE SYSTEM MAY BE USED BY ITSELF OF AS THE REAR END OF THE SETLB
PREPRCCESSQOR WHICH TRANSLATES THE SYNTAX 'CF SETLB INTC THAT OF
BALMSETL, (

'SQME ASPECTS CF RALMSETL CORRESPOND VERY CLOSELY TO RESTRCTIONS
DUE TC BALM, THE READER IS URGED TO READ ‘SECTION 3 OF THIS MANUAL
AND SETL NEWSLETTER NR, 70 WITH THE GREATEST ATTENTION, SOME :cF THE
SEMANT]C DIFFERENCES BETWEEN BALMSETL AND PURE SETL .CAN CAUSE INSIDIQOUS
BUGS] PARTJCULAR ATTENTION SHOULD BE DEVOTED TO THE NAME SCOPING RULES,
THE-RSSTRIQTIONS ON LABELS AND GOTOS, "TWE COPY PROBLEM AND BECIN= AND DO~
BLOCKS,




1., DATA TYPRES

LR Rl Rl ol Bl

THE FOLLOWING SETL TYPES ARE PROVIDEL IN BALMSETL:

INTEGER PREDICATE: INTQ
BLANK ATQ¥N BLANKQ
CHARACTER STRING STRQ
SET SETQQ
TUPLE TURQ
LABEL LELQ
THE FOLLOWING BALM TYPES ARE AVAILABLE IN BALMSETL!
LIST PREDICATES PAIRQ
VECTOR VECTA
JDENTIFIER 1DQ
PROCEDURE ‘CODEQ
LOGICAL (TRUE,FALSE) LOGQ

“THE FQLLOWING SETL TYPES ARE NOT AVAILABLE IN BALMSETL!

REAL

BIT STRING
SUBROUTINE
FUNCTION

GONSTANTS

E SR XX LK)

THE FOLLOWING CONSTANTS ARE AVAILABLE IN BALMSETLI

NULE THE EMPTY CHARACTER STRING
NL, THE NULL SET

NULT THE NULL TUPLE ﬂ |
NSLEECT [NIL) (SEE FUNGTION  NEXTELT(S.P) )
TRU

FALSE,NIL ALWAYS PRINTED AS NIL




&

2, FQACTIONS AND OPERATORS

2,1, CORRESPONDENCE BETWEEN SETL CONSTRUCTS AND BALMSETL GONSTRUCTS

IN WHAT FOLLOWS, WE ADHERE

001,02 STAND
ApAL, A2 STAND
IAJGKJL STAND
BaB1,82 STAND
€iC1,c2 STAND
451,52 STAND
FaF1,F2 STAND
T;Tisz STAND
s :

2134414, GENERAL

FOR

FOR
FOR
FoR

TO THE CONVENTIONS:

FOR ‘BALMSETL OBJECTS
FOR ATOMS

INT ‘GERS

BOOLEANS )
fCHARACTER STRINGS
SETE

“FUNUTIONS
"TURLES

ANY
ANY
ANY
ANY
ANY
ANY
ANY -
ANY -

FOR

FOR

STANDS FOR ANY STATEMENT

SETL BALMSETL
ATOM C1 ATEM 01
NEWAT NEWAT()
01 = 02 < 01’=QQ3
01 EQ 02 01 EQUAL 02
01 NE 02 | 01 NEQUAL 02
THE UNDEFINED VALUE (OMEGA) UNDEF -
01 EQ OMEGA UNDFD 01 , OMEGAP(e1)
04 NE OMEGA 1 DFD 01 5 NOMEGAP(£1)
TYPE 01 EG INT TYPE 01 EO INTZZ, INTO(OL)
TYPE 01 EG STR TYPE 01 EQ 'STRZZ, STRO(O1)
TYPE 01 EG SET TYRE OifEQ’SETZZc SET@Q&Oi)
TYPE 01 EG TUPL TYPE 01 EO TURLZZ, TUPQLOL)
TYPE 01 EG BLANK TYPE 01 EQ BLANKZZ, BLANKQ(C1)
TYPE 01 EQ LAB TYPE 01 EQ LABZZ, LBLG(OL)
TYPE 01 EQ SUBR TYPE 01 ‘EQ SUBRZZ), CODER(01)
241¢2, INTEGER ARITHMETIC
SETL BALMSETL
I+ i Iv*wJ
I =3 I «:J
1 7 L VAN
17/ J I MOD Jo 1 REM J, 1 /7 1
1 EXP J [+
1 LT J I LT J
1 LE J 1 LE
I GT J 1 GT '
] GE J I GE J
I Max J I MAX J




211:3, BOQLEANS

SETL

B1 AND B2
B1 QR B2
NOT B1

21414, CHARACTER STRINGS
SETL

DEC -C

ocT .C

DEC 1

ocT I
CATENATION C1 + c2
REPETITION I »C
SUBSTRING Clleny

NUMBER OF ELEMENTS OF C

21145, SETS

SETL

SET ECRMER %01;02:...:0N?
OTHER FORM&RS :

MEMBERSHIP TEST

83 INCLUDES S2

ARBITRARY ELEMENT
NUMBER OF ELEMENTS

WITH O

LESS 0

S WITH 0

S LESS 0

LESF 0

S LESF 0

W
LI IRV R/ I

wNH N

POUW(S)

NPOW(S, 1)

0 FROM 8
UNTON 81 *+ 82

BALMSETL

B1 AND B2
B1 OR B2
NOT EB1 , »B81

BALMSETL

BEC C
ecT ¢
pEC !
actT 1
C1 + C2
f« 0
SLB(C:I )
NELT C +» ¢ C

BALMSETL

GENSET(81,02, 7,4 +CN)

SETOF 01 WWERE 02 'L S

SETOF 01 WHWERE 02 ‘FL § SUCH B
SETOF 01 WHERE I IN(J,¥)

SETQF 04 WWERE I IN(J,K) SUCH B

0 EL 5, 0 » 8
84 INLCS S2
~ ARB S
NELT S § ¢ §
S N¥TF a
S LESs 0
AUGHEAT(S:O}
DIMINISH(S,0)
S LESF B
DIMF(S,0)

3 LESFN LISTﬁoiaOEa,..;QN)

DIMFN(S,LISTt01,02,,,.,20N))
POW(S)
NPQN(SaI)
0 FROM 8
81 % 52 , UNIGN(Si S2%




INTERSECTION S1 % S2 S1 * 52 , INTERCTS1,52)
DIFFERENCE $1 = S§2 S1 = S2 , SFTNNS(<1n82)
SYMDIFF s1 // s2 514 // S2+ S1 DSLSH 82, SYMDIF(S1,52)

NOTE § IN THE LLAST 4 CASES ABOVE, THE USE OF THE SECOND BALMSETL

CONSTRUCT 1S ADVISED oNLY WHEN ONE 1§ CERTAIN THAT THE
OPERANDS ARE SETS, SINCE NO TYRE=UHECKING IS CONEy o aveon

29346, TUPLES
SETL BALMSETL
TLPLE FORMER 1 <01,02,,,,,0N2 GENTUP (01,02, 40 sCN)

NOTET CONSTRUCT IRREGULAR TUPLES
USING UNDEF

HD T HEAD T  (NOT SINISTER)
TL T TATIL T  (NOT SINISTER)
NUMBER OF ELEMENTS OF T NELT T 5 ¢« 7
T T COMP 1 (NCT SINISTER)
GATENATIQON ‘T4 + T2 T1 + T2
TAIL OF T FROM NeTH COMPONENT T TAILN N

24147, FUNCTIONAL APPLICATION

SETL BALMSETL
F(O) | FeF 0
F§0} F SOF O
FLO) F BOF ©

NOTEZ 0 MUST BE A SINGLE ARGUMENT

OFN LISTE01,027,1,,0N)
'SOFN LIST(01,02,,,,0N}
BOFN LIST(01,02,,,.,0N)

FE01,020,4,20N)
F§01,02,44,20N2
Ffﬂl 022349 +0N]

wﬁﬂnw

211,8, ITERATION STATEMENTS

FORALL 0 EL S SUCH B REREAT ST
FORALL 0 EL S REPBAT 8T

FORALL 0 EL T SUCH B REREAT ST
FORALL 0 EL T REPBAT ST :

FORALL 1 INtJ,K) SUCH B REP&AT ST
FORALL 1 INCJ.K) REPEAT 8T

FORALL 1 INR(J,K) SUCH B REFEAT 5T
FORALL'E INR(J,K) REPEAT ST

ITERATION FROM K T0 'J IN STEPS OF =%)

FOR J=(J,K,L) REPEAT ST
FOR I=(J,K) REPEAT ST
WHILE B REPEAT ST




IMEORTANT NOTES! _ § N _
1, 1T 1S FORBIDDEN To MODIFY TRE VALUE OF THE YTERATION

VARIABLE OR OF THE ITERATION RANGE WITHIN THE BEDY OF A
FORALL ITERATION, o
THE FOLLOWING IS THUS ILLEGAL:
FORALL X EL § REPEAT DC
RN ]
§=5 LESS X

[ B B I

END

2, 1T IS FORBIDDEN T0 TRANSFER QUT OF THE BORY OF & FORALL
ITERATION BY MEANS OF A ‘60TU OR A RETURN STATEMENT, THIS
RESTRICTION MAY BE LIFTED It A LATER VERSION,

24159, QUANTIFIED BOOLEAN EXPRESSIQONS

EXISTS 0 EL S SUCH B
EXISTS 1 INCK,L) SUCH B

NOTE! IF THE VALUE OF SUCH AN EXPRESSION IS TRUE, THEN THE
VARIABLE 0 OR 1 18 SET EQUAL 'TO THE FIRST ELEMENT IN
THE RANGE FOR WHICH B IS TRUE

FORALL 0 EL S QUANT B
FORALL 1 INtKiL) QUANT B

NQTES IF THE VALUE OF SUCH AN EXPRESSION 1S FALSE, THEN THE
VARIABLE 0 OR I 1§ SET -EQUAL 'TO THE FIRST ‘ELEMENT IN
THE RANGE FOR WHICH B 1S FALSE

241,10 INPUT=OLTPUT

ALL INPUT/OUTPUT I8 NOW FILE®ORIENTED,

THE FOLLOWING 4 FILES ARE AVAILABLE FOR 1/0;
INPUT, INFILE, OUTRUT, OUTFILE

INPUT 1S THE SYSTEM INPUT FILE FROM WHICH THE SOURCE TEXT
1S READ BY THE COMPILER,

INFILE 1S THE FILE FROM W"ICH :DATA CAN BE REAL BY MEANS OF
A READZZZ STATEMENT, 'THIS FILE 1s EQUAL 7O THE

, FILE INPUT BY DEFAULT, o

QUTPUT 1S THE SYSTEM OUTPYT FILE ON WHICH THE QUTRUT FROM
THE GOMPILER 15 “RITTEN, DATA CAN BE WRITTEN .ON
THAT FILE BY MEANS OF THE PRINT, PRT AND
PRTMAP STATEMENTS,

OUTFILE IS THE FILE ON WHUCH DATA CAN BE WRITTEN BY MEANS
OF THE WRITSETL 'STATEMENT, THIS FILE IS EQUAL TO
THE FILE OUTRUT BY DEFAULT,

. .




THE FCRMAT OF THE 1/0 STATEMENTS I35 AS FOLLOWS?

PRINT(01,02,,.,+0N) PRINTS SETL OBJECTS 01,,,CN IN SETL
EXTERNAL FORM(SEE BELOW) N FILE
QUTPUT, THE ITEMS ARE SEPARATED BY
ONE BLANK.,

PRT(01,02,4y.0N) PRIN»&ADBJEGTS C1,,40N IN BALM
EXTERMAL FORM ON FILE OUTFRUT,

WRITSETL(01,02,,,,0N) SIMILAR TO PRINT, BUT DATA IS WRITTEN
ON FILE OUTFILES

PRTMAF (S) PRINTS ONE SET OF TUPLES S A MAP ON
FiLe 'CUTPUT,

READZZZ(01,02,.,.0N)  READS THE SETL EXTERNAL FCRM OR THE
) BALM EXTERNAL FORM OF N QfJECTS FROM
FILE INFILE AND STQRES THF COQRRES=
PONDING VALUES IN THE VARTABLES Q1,,0M
ITEM DELIMITER 18 THE BLANK CHAR,

EXTERNAL FORM OF 0BJECTS (EXAMPLES)

INTEGERS - 1 23 =5

CHARACTER STRINGS #ZABCDEFGHIJK#

BLANK ATOMS BLK123 NOT READARLE
LABELS {LABELA4B} NOT READABLE
PROCEDURES /PROC RANDOM/ NOT READABLE
UNDEF INED VALUE oM

EMPTY SET NL

EMPTY TUPLE NULT

SET <1 2 3 42

TUPLE €1 2 3 4>

TRUE, FALSE TRUE FALSE

REDEFINITION OF THE FILES INFILE AND OUTFILE CAN BE ACHIEVED
BY STATEMENTS SUCH AS

INFILE = MAKFILE(LOCALFILENAME,LINEWIDTH)}

WHERE LLOCALFILENAME IS A CHARACTER STRING AND
LINEWIDTH IS AN INTEGER,

FOR EXAMPLE, EXECUTION OF  OUTFILE=MAKFILE(#MYQUT#,120)
WiLL CAUSE ALL OUTPUT PRODUCED BY SUBSEQUENT WRITSETL STATEMENTS
TQ BE ROUTED TO THE SCOPE FILE NAMED  MYOUT,

2,1.11, BALM4 FUNCTIONS AND OPERATORS

ALL THE BALM4 FUNECTIONS AND :OPERATORS ARE AVAILABLE IN
BALMSETL, HOWEVER, SOME OPERATORS HAVE NEW MEANINGS

IN BALMSETL (SEE SECTION 2,2,), ‘CONSULT 'THE BALNM4 MANUAL
FOR DETAILS ABOUT THESE AND OTHER SYNTACTIC ASPECTS OF
THE LANGUAGE,




2:1,12, SINISTER CALLS

THE FOLLOWING STATEMENTS REFLACE AN ELEMENT OF p FUNCTION
OR A TUPLE BY ANQTHER ELEMENTS

LET F OF o1 BE 02

LET F SOF Q0 BE 3

LET F QFN LIST(Oi OZ)IQQION) BE 0
LET F SQFN LIST£01 02'...»0“) Bg 8
LET T COMP I BE O

LET HEAD T BE O

LET TAIL T RE O

242, M}SGELLANEOUS FUNCTIONS, OPERATORS AND VARIABLES

NEXTELT(X,Y)
/

THIS FUNCTION MAY BE uses PC ITERATE BVER A SET OR A TUPLE X
THE LAUXILTARY VARIABLE 'Y 1*ysT BE SEY BEFORE TrE FIRST
CALL TO NEXTELT BY A STATEMENT SUCH AS 1

Y = COPY(NILVECT)

THE FUNCTION NEXTELT RETURNE ‘THEN A NEW ELEMENT OF ¥ AT
EVERY CALL. CARE MUST BE TAKEN NQT TO CHANGE THF VALUE OF
X RO OF 'Y BETWEEN CALLS 'To NEXTELT,

WHEN THE COLLECTION HAS BEEN ‘EXHAUSTER, NEXTELT WILL RETURN
THE ‘UNDEFINED VALUE,

EXAMPLE ; USE OF NEXTELT 'TO ‘PRINT THE ELEMENTS :6F A TUPLE T

P=COPY(NILVECT);
Q=NEXTELT(T,P)}
WHILE DFD Q REPEAT
DO PRINT(8), a=NEXTELT(T,RP) ENDi

04 EQ 02
0% NE 02

THESE TWO OPERATORS -= NOT 'TO BE .CONFUSED WITH THE CORRES-
PONDING BALM4 OPERATORS = A“E USED TO TEST FOR EQUALITY

IN A MORE RESTRIGTED SENSE THAN THE EQUAL AND NEQUAL OFPERA=
TORS, 01 EQ 02 IS TRUE (0{ “E 02 1S FALSE) IFF 'THE

INTERNAL REPRESENTATIONS OF 04 AND 02 ARE IDENTICAL,
FOR INSTANCE, IF 01 AND 02 ARE SETS, THEIR ELEMENTS MUST

BE STORED IN THE SAME ORDER AND THEIR HASHMTABLES MUST BE
OF EGUAL LENGTHS, ,

IDENTG(01,02)
THIS FUNCTION MAY BE USED TO CHECK FOR IDENTITY OF 01 AND




02, 1T RETURN TRUE IF 01 B@ 02 IN THE BALM4 SENSE,
(SEE THE BALM4 MANUALD, _

SAVESETL()

SINCE THE BALM4 SYSTEM IS INGREMENTAL, IT 1S POSSIBLE TO

EXECUTE PART OF A PROGRAM, 10 SAVE THE CURRENT STATUS(IMC-
LUDING STACK,SYMBOL TABLE AND HEAP) ON A FILE AND TO RESUME
EXECUTION OF THE NEXT PART 'LF THE PROGRAM AT A LATER TI"E,

THE PROGCEDURE SAVESETL() ™AY BE USEL FOQR THAT PURPOSE.
WHEN THE PROCEDURE IS CALLEY, IT SAVES THE STATLS OF THE
SYSTEM ON A LOCAL FILE NAMBL TAPE9 , SEE SECTION 4,2,
FOR DETAILS CONGERNING THE '‘“ATALOGING OF THIS FILE AND THE
RESUMPTION OF EXECUTION ‘FROM THE CATALOGED FILE;

LEVEL
THIS 1S AN INTEGER VARIABLE (WHOSE INITIAL VALUE 15 10)
WHICK FIXES THE DEPTH QOF THE PROCEDURE CALL NESYTING DIS-
PLAYED WHEN A TERMINAL ERROR 1S DETECTED, THIS CEPTH CAM
BE CHANGED BY A REGULAR ASSIGNMENT SUCH AS
LEVEL=20}

CRASHMAX

THIS INTEGER VARIABLE SPECIFIES THE MAXIMUM NUMEER OF
CRASHES ALLOWED BEFORE TERMINATION OF A PROGRAM, IT IS
INITIALIZED TO 5,

RANDOM(I)

THIS FUNCTION RETURNS A PSEUDO=RANDOM INTEGER IN THE
RANGE 1 = I

STRINGOF (Q)

THIS FUNCTION RETURNS AiﬁHARAQTER STRING WHICH 1S THE
EXTERNAL REPRESENTATION :0F PRJECT 0,

PATIRTUP(OD)

THIS FUNCTION RETURNS TRUE IFF O IS A TUPLE WITk MORE
THAN ONE COMPONENT,




3, PECYULIARITIES DUE TO BALM4

P L bl AL LR LR DR Rk i el dt-dh )

3.1, NAMES

3y1.,1, IDENTIFIERS

THE NAMES USED AS IDENTIFIERS MAY NOT BE LENGER THAN 8
CHARACTERS,

BECAUSE OF THE STRUCTURE OF THE LANGUAGE AND ITS LESS THAN

PERFECT NAME=PROTECTION FEATURE, A LARGE NUMBER OF NAMES MUST

NOT BE WSED AS IDENTIFIERS OF USER VARIABLES, FAILURE TO

RESPECT THIS RULE IN A BALMSETL ‘RUN MAY RESULT IN THE DESTRUCTIOA

OF THE BALMSETL SYSTEM FOR THIS RUN, THE LIST OF RESERVED WORDS

CAN BE FOUND IN SECTION 5, o

NOTE$ THE MORE SOPHISTIGATEL USER MAY WANT TO ASSIGN NEW

VALUES TO RESERVED VARIABLES ANYHOW,THE SYSTEM LISTING
OF SECTION 8 SHOULD BE USEFUL FOR THAT PURPOSE,

34442, NAME SCCPING

THE CURRENT VERSION OF BALMSETL IS COMPILED IN SUCH 5 WAY¥ AS TO
USE = AND ALLOW THE USE OF .= :80 ‘CALLED BALM4

GLOBAL
LOCAL  VARIABLES:

THIS FEATURE MAY BE OVERRIDEN TO ALLOW THE USE OF SO CALLED
| ~ VERY LOCAL VARIABLES

WE DO NOT RECOMMEND THIS: AS IT MAY LEAD T PROBLEMS IN THE

APPLICATION OF MACRO#S,

BECAUSE OF THE LACK OF CLARITY OF ‘THE BALM4 MANUAL ON THIS SUB-
JECT, WE GIVE BELOW A SHORT EXPLANATION OF THE NAME :SCOPING RULES
OF BALMSETL!

A GLOBAL VARIABLE 1S ONE WHICH IS NOT DECLARED ‘EXPLICITLY,
IT IS KNOWN AT THE OUTERMOST PROGRAM LEVEL AND INSIDE ALL

BEGIN=END BLOCKS WHERE THE “AME OF THE GLOBAL VARIABLE HAS
NOT BEEN USED AS THE NAME 0F A DECLAREBD LOCAL VARIABLE,

A LOCAL VARIABLE 1S5 DECLARBL WITHIN A BEGIN=END BLOCK BY
ENTERING ITS NAME = OPTIONALLY PRECEDED BY A $ €IGN = IN A
PARENTHESIZED LIST IMMEDIATELY FOLLOWING THE KEYWORDP BEGIN,

AND

EXAMPLE? - é
BEGINCA,$B,C), o
traen ‘THE ‘BLOCK CONTAINS 3 LOGCAL VARIABLES
Loee NAMED A» B AND C,
ND

A LOCAL VARIABLE 1S KNOWN IN FHE BLOCK WHERE 1T IS DECLARED
AND IN ALL BLOCKS(AND PROCECURES) WHICH ARE CALLED WITHIN




THAT RLOCK AND WHICH DONZT ‘CONTAIN A DECLARATION OF A LOCAL

o VARIABLE OF THE SAME MAME,
EXAMFLE S .

A=103 COMMENTZOUTERMOST PROGRAM LEVEL, A 18 GLOBALZ?

8253  COMMENT #B IS GLOBAL TOO# _

REGIN(A,C,D), COMMENT #A,C,D ARE LOCAL#
As3,
CzA, COMMENT #C ]S 3#
Nz7,

PROC1(A,C), COMMENT # PROCEDURE CALL #
BEGIN(A,D,E)sCOMMENT # AN INTERNAL BLOCK#
A=8, COMMENT#A IS 5%
D=zA, COMMENT#AD IS 5#
E=C COMMENTRE 1S 3#
END
_ END;
[ 38 2N ]
10 :
PROCLZPROCIX,Y)s
BEGIN(C,D), o
c=A, COMMENTZC WILL BE 3 AT THE CALLZ
NsB  COMMENT#D WILL BE 5 AT THF CALLZ
END
END;

3,2, SJMPLE AND .COMPOUND OBJECTS

THE FOLLOWING DATA TYPES ARE (CALLED SIMPLETY
INTEGER,LABEL, IDENTIF LER, BOOLEAN
THE FOLLOWING DATA TYPES ARE :CALLED COMPOUND?

CHARACTER STRING,BLANK ATOM,SET,TUPLE,LIST,
VECTOR, PROCEDURE

THE MAIN DIFFERENCE BETWEEN THESE 'TWO KINDS OF OQBJECTS B THAT
THE VALUES OF SIMPLE TYPES ARE STORED IN THE VARTABLES, WHEREAS
THE VALUES OF COMPOUND TYPES ARE 'STORED IN THE HEAP, THE
VARJABLES CONTAIN POINTERS 'TO THE VALUES INSTEAD OF 'THE VALUES
THEMSELVES, | |

THIS DISTICTION 1S OF IMPORTANCE TO UNDERSTAND THE MANY
PROBLEMS 'RELATED TO THE COPY=RULE (NEXT SECTION),

3,3, ASSIGNMENTS AND COPYING

THE ASSIGNMENT

A = B .
COPIES THE CONTENTS OF THE VARIAELE B INTO THE CONTENTS OF VARILA=
BLE A, IF B 1S A VARIABLE CONTAIMING A SIMBLE DATA ITEM, THEN THE
VALUE OF B IS COPIED AND STORED IN A, IF B CONTAINS » COMPOUND
DATA ITEM, A POINTER T THIS :DATA iTEM IS COPIED AND STORED IN A,
IN SUCH A CASE, A AND B POINT 70 ‘THE SAME VALUE IN THE HEAP AND
SUBSEQUENT MODIFICATION OF A WILL MODJFY B AND CONVERSEL¥, IN
ORDER TO PREVENT THIS, ONE SHOUL” REQUEST A CORPY OF ‘THE HEAP




VALUE BY WRITI
A= CoPY(

FOR INSTANCE, WHEN A SET S IS INITIALLY EMPTY, BUT WILL BE
AUGMENTED LATER ON, ONE SHOULD B% CAREFUL TO INITIALTZE 8 BY
S = COPY(NL) |

NG
B)

NQTE THAT SOME OPERATIONS ON SETS AND TUPLES WILL PRCDUCE COPIES
WHILE OTHER OPERATIONS MODIFY TH- OPERANDST FOR INSTANCE

AUGMENT(S,0) MODIFIES THE SET & AND RETURNS THE NEW 8
S WITH 0 RETURNS A MODIFLEL CORY OF 'SET §

3,4, FARAMETERS ANL PROCEDURES

THE PROCEDURE MECHANISMS OF BALMA4 SPECIFY THAT ALL TeE CONTENTS
OF THE VARIABLES SERVING AS ACTUAL PARAMETERS IN A RROCEDURE CALL
ARE STACKED AT PROCEDURE ENTRY AND RESTORED AT PROCETURE EXIT TO
THE VALUES THEY POSSESED BEFORE THE CALL,

EXAMPLE
PROC1=PROC(X),
BEGIN(B),
B%x;
XEX43
END
ENDJ
[ ]
[N ]
A=5}

PRQC1(A);

COMMENT#DURING THE CALL 0 'PROCi, B WILL WAVE TWE VALUE 5
AND X WILL WAVE THE VALUE 8, A WILL STILL BE 5,

AS A RESULT OF THIS, It 1S IMPOSSIBLE TO MODIFY THE vALUES QF
SIMPLE DATA ITEMS BY A PROGEDURE CALLJ HOWEVER,IT 1S POSSIBLE TO
MODIFY PARTS OF COMPOUND DATA ITEMS, SINCE WHAT IS RESTORED AT
PROCEDURE EXIT 1§ A PQINTER TQ TRE HEAP VALUE; THE LATTER MAY
THUS BE CHANGED PERMANENTLY BY A ‘PROCEDURE CALL,
EXAMPLE} o
A = GENSET(1,2,3)1
PROCL(A)
[N
a0t )
PROC1=PROC(X),
AUGMENT(X,4)
END} o | |
COMMENT # AFTER THE CALL 'TO PROC1, A IS THE SET WITH 4
ELEMENTS 1,2,3 AND 4 #

3.5, BEGIN=END BLOCkS, D0=GROUPS, PROCEDUFES

THESE 3 LANGUAGE CONSTRUCTS ARE -ALL USED Tp GROUP STATEMENTS
TQGETHER, IT IS IMPORTANT TO ‘REMEMBER THATY
- _LABELS ARE ALLOWED ONLY CN STATEMENTS WITHIN A BEGINTEND




®
BLOCK,

TKE RETURN STATEMENT {s ASSOCIATED WITH THE LAST BEGIN=-
END BLOCK ENTERED DYNAMICALLY WHEN THE RETURMN IS EXECUTED
1T PRODUCES A RETURN FRO® THAT BLOCK., IF A RETURN 18
EXECUTED FROM A PROCEDURE WHOSE BODRY IS NOT 4 BEGIN=END
BLOCK, THE RETURN WILL FOREE ‘EXIT FRCM THE BEGIN®END BLOC

IN WHICH THE PROCEDURE WAS CALLED,

THE RODY OF A PROCEDURE '*AY BE
A SIMPLE STATEMENT
A DO=GROUFP . . ,
A BEGIN=END BLOCK WITH OR WITHOUT LOCAL VARIABLES,

DON#T FORGET THE (), -AFTER THE KEYWORD BEEIN WHEN
THE BLOCK HAS NO LOCAL VARIABLES,




4, OPERATION OF THE SYSTEM

-_—-q‘;!.-g.ap-’---—---pq-g-g-

4,1, GENERAL

THE BALMSETL SYSTEM TAKES APPROXIMATELY 61 K(OCTAL) WORDS OF GORE.
IN ORDER TO ALLOW THE STACK AND HEAP T¢ GROW DYNAMICALLY, ONE SHOULD
SFECIFY A FIELL LENGTH OF 65 K(OCTAL) MINIMUM,

TRE SYSTEM IS COMPOSED OF TWO PARTS,AVAILABLE AS 2 PERMANENT FILES:
1y THE BALM4 INTERPRETER: FILE BLM1208
2, THE BALMSETL TRANSLATOR, FILE 'SAV1208

THE GURRENT VERSIONS OF THESE TWO FILES WILL ALWAYS BE AVAILABLE
AS THE H]GHEST CYCLES OF THE TWO PERMANENT FILES,

TKE BALMSETL SYSTEM 1S VERY SLOW: :Be CAREFUL TO ALLOCATE ‘ENOUBH TIME
FCR THE JOB, INTERCOM USERS SHOULD REGUEST A HIGHER=THAN=AVERAGE
EXECUT]ON TIME ALLOCATION,

4,2, EATCH RUNS
“FRE FOLLOWING LECK MAY BE USED TO RUN BALMSETL GN A SBURCE DECK!:

ANNNNNN,CM130000,T300, *BALMSETL®
ATTACH(BALM4,BLM1208)
ATTACH(BLM4SVD,SAV1208)

BALM4,

Ee0=R

THE BALMSETL SOURCE DECK

EmQO=F

TRE FOLLOWING DECK MAY BE USED TO RUN :BALMSETL CN A SOURGE FILE
NAMED, FOR INSTANGE, INFILE

ANNNNNN,CM1300006,T100, *BALMSETL®
ATTACH(BALM4,BLM1208)
ATTACH(BLM4SYD,SAV1208)
ATTACHCIN, INFILE)

BALM4 (IN)

EmOeF

IF THE FUNCTION  SAVESETL() HAS BEEN USED(SEE SECTION 2),
ONE MAY CATALOG TWE SAVED BALMSETL SYSTEM BY ADDING THE PCLLOWING
GARD AFTER THE BALM4, OR THE BALM4(,IN) 'CARD:

CATALOG(TAPES,PFNAME,RP=999,PH=PASSHORD)

WHERE PFNAME IS A SUITABLE PERMANENT FILE NAME
PASSWCRD IS A SUITABLE ‘PASSWCRD




TC RESWME EXECUTION FROM A SAVED BALMEETL SYSTEW, ONE MAY USE THE
FCLLOWING DECK:

ANNNNNN,CM130000,7100, *BALMSETL®
ATTACH(BALM4,BLM1208)
ATTACH(BLMASVD,PFNAME)
BALM4,
E=0=R

BALMSETL SOURCE DECK
E=0=F

WRERE PFNAME IS THE NAME OF THE PERMAMNENT FILE CONTAINING THE
SAVED BALMSETL SYSTEM,

[F THE SOURCE TEXT COMES FROM A FILE, DO AS ABOVE
ATTACHCIN, INFILE)
BALM4(IN)
4,3, RYNS YUNDER INTERCOM

THRESE RUNS ARE SIMILAR TO THE BATCH RUNS: BALM4 HAS NO REAL INTER-
ACTIVE FACILITIES SUCH AS A TEXT EDITUR.

RERLACE THE JOE CARD IN THE BATCH DECK BY THE COMMANDS:

CONNECT (INPUT) USED ‘CNLY IF INPUT 1S FROM CONSOLE
EFL(65000)
ETL(100)

'BEMEMBER THAT 60K IS THE MAXIMUM CORE AVAILABLE UNDER INTERCOM,
REMEMBER ALSO THAT THE COMMAND  ETU(100)  WILL BE INEFFFCTIVE IF
YCUR STANDARD INTERCOM TIME=LIMIT(i0 ‘SEC) HAS NOT BEEN CHANGED,

WHEN YOW ENTER THE COMMAND BALM4,r THE SYSTEM WILL RESPOND W]TH
"THE FOLLOWING MESSAGES;

MBALM EXECUTION . 01/12/72
LQAD FILE EMPTY = RESUME ALL INVCKED
#HALMSETL SAVED ON TAPE9#

IGNORE ALL THESE MESSAGES, ONLY AFTER THEY HAVE BEEN DISPLAYED
IS THE SYSTEM READY TO ACCERPT INPUT TEXT, THE FIRST STATEMENT
ENTERED SHOULD NORMALLY BE} '

TTYFLAGSTRUES
THIS WjLL SUPPRESS ANNOYING ECHO#S,

FRQM THIS POINT ONWARDS, THE SYSTEM WILL INDICATE ITS REATYNESS TO
ACCEPT INPUT BY TYPING A+ AT “THE LEFT MARGIN,

JF THE INPUT IS TO COME FROM A FILE, ‘L0 NOT USE THE COMMAND
CCNNECT(INPUT) AND REPLACE THE COMMANL BALM4, BY THE COMMANDS®¥



A4 ATTAGHCIN, INFILE)
BALM4 (IN)




5, RESERVED WORDS
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THE FCLLOWING IS AN ALPHABETICAL LIST OF THE RESERVED WORDS OF THE
BALMSETL SYSTEM, THESE IDENTIFIERS SHOULD NOT BE USED AS NAMES OF USER-
CREATED VARIABLES. ASSIGNMENT OF VALUES TO SUCH VARTABLES MAY LEAD TO THE
DESTRLCTION OF THE SYSTEM OR TO THE LOSS F FEATURES, FOR INSTANCE, USE OF
THE NAME GENSET FOR A VARIABLE WOULD MEAN THE LOSS OF THE SET=CREATIONM
CAPABILITY OF BALMSETL 44

THIS LIST GONTAINS NAMES WHICH ARE NOT TERMINATED BY A DOT ANT WHICH ARE
THEREFORE ACCESSIBLE TO THE USERS, THESE “AMES ARE USED To IDENTIRY
OPERATQRS(U=UNARY, 1=INF1X,B=BRACKET), PROCEDURES(P), CTHER GLCBAL VARIA-
BLES{V) AND MACRO KEYWORDS(M) [WHICH ARE,IN FACT, REGULAR OPERATORSI],

ABS

AND
APPENL
ARB
ARGUMENT
ATOM
AUGMENT
BACKSFAC
BE

BEGIN
BLANK
BLANKG
BOF

BOFN
BRACKET
BREAKLP
BSTRGQ
CFROMV Pw
CLOSE Pw
CODEQ Px
COMP 1
COMPILE P
COMPL, P#
CONCAT P*
CONCATY P*
CONSTRYC
caory
CRASHNMAX
DEC
DFD
DIMINISH
DIMF
DIMFN

po

DSLSH
DUMMY
Dup

EL

ELSE
ELSEIF
END
ENDFILE

*

*

@




2

EQ
EQUAL
ERROR
EXECUTE
EXISTS
EXPANE
FALSE
FIRSTWD
FOR
FORALL
FR
FROMSET
GARBGCLL
GE
GENSET
GENSYV
GENTYF
‘GBTPRCP
GETWD

GO

GOTO

QT

HD

HEAD

] DENEG
1DFRQOMC
IDFRQMS
1DQ

IF
IFROMID
IN

INCS
INDEX
INEG
INFIX
INR
INTERSCT
INTQ
IS

LAND
LBLA

LE
LENGTF
l.ESF
LESFN
LESS

LET
LEVEL
LFROMV
LIST

LOR
L0GA
LOOKUYF
LT

MACRO
MAKF]LE
MAKPRCPS
MACVAR
MAKALCCA
MAKVECTO

— VDBV
» * % *

*

* %

* % %

TV V< TV TV 0T




MAKVLCCA
MAPX -
MAX
MEMBER
MIN

MODE

NE

NELT
NEXTELT
NEQUAL
NEWAT
NIL

NILQ
NILVECT
NL
NOMEGAP
NOT

NPOW
NULB
NULC
NULL
NULLSET
NULT
NULLFLPL
NUMARES
0cT
OCTMOLE
oF

OFN
OMEGAF
OREN

OR
ORDINAL
PAIRG
PAIRTLR
PL

POW
PRINT
PROC
PROCTRAC
PROPL,
PROTECT
PRT
PRTMAF
PTRAGE
QUOTE
QUANY
RANDON
READ
RDLINE
REMARK
REMINF ] X
REMMACRO
REMUNARY
REPEAT
RESTAT
RESUMEAL
RETURA
REWINE
RPLAGCA

*

* #

*+ %

%+ %

T T
* %




RPLAGL
SAVEALL
SAVEBALM
SAVESETL
SAVSTAT
SETINLEX
SETMOLE
SETOF
SETPRCPL
SETPRCPY
SETAQ
SETSYE
SETSUEY
SETVALYE
SFROMID
SFROMY
SHIFT
SIM

sl1z

SIZE
SKIPWL
SOF

SOFN
STKTRACE
STRING
STRINGOQF
STOP
SUB
 SUBST
SUBv
SUCH
SYMDIF
SYSLIST
TAIL
TAILN
TAILSFEC
TALKATV
"THEN
TIME

TL

TRACE
TRANSLAT
TRUE
TTYFLAG
TUPR
TYPE
UNARY
UNDEF
UNDFD
UNION
VALUE
VECTOR
VFROML
VFROMS
WHERE
WHILE
WITH
WRLINE
XOR

ZR

3

*

* %




% A BALM PRIMITIVE WHICH ACTS LIKE A PROCEDURE




6, DIFFERENCES WITK NEWSLETTER 49
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THE FOLLOWING FUNCTIONS DESCRIBED IN NEWSLETTER 49 WAVE NeT BEEN

IMPLEMENTED?

VALUE
TRIPLE
RERPINT
REPREAL
REPBSTR
REPCSTR
REPLABEL
REPBLANK
‘RERSUBR
REPFUN
ATOMTF
ARTTH
QUQT]IENT
TYPE
RAIR
‘P¥INUYS
PPLUS
FLQOR
CEILING
ALL
ANY
ANYS
EXTERNAL=INT
INTERNAL=INT
BITR
BITR=INT
BITR=BSTRING
LE=SET

THE FOLLOWING BALMSETL FUNCTIONS ARE ‘NOT DESCRIBED IN NEWSLETTER 49:

JILENTA
ILENTF X
AFREND
STR
SLBSTR
SFROML
SFROM]
LFROMS
1FROMS
ATP
PLYSVYD
‘MINSVYD
TIMESVD
SLHSYD
BLT
PUTSET
‘PLTUP
NXTLTTZ2
TAILN

)

AS
EXTERNAL=REAL
INTERNAL =REAL
SET=AS=TUPLE
TUPLE=AS=REAL
TUPLE~AS=BSTRING
TUPLE=AS=CSTRING
TUPLE=AS=SET
NEXTNPOW
RANDOM

RN _
RANDOM=INT
RANDOM=REAL
RANDOM=SET
RANDOM=SIMRLY
EXPel]

EXPeR]
EXP=RR
SOFN=ARGS=0K
OF=CSTRING

OF =BSTRING
OF N
OFNmARGSHQK
BQFHCSTRING
BOF=BSTRING
BOFN
ROFN=ARGS=OK

PRT
SAVESETL
CONSTP
MAKTUP
MAKSETUP
MAKOQUTUP
CRASH
EACHWITH
GETWD
SKIPWD
FIRSTHD
SELTUPL
PROT

DUP
SETSIN
SETTUP
SETFUN
SETFUNS
TAILSPEC




SETFUNN SETFUNNS
HEADSIN TAILSIN
FROMSEY ERRFOR
DUPL INCS




7, DESGRIPTION OF THE SYSTEM
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THE SYSTEM 1S COMPOSED OF THE FOLLOWING PARTSS

= F]XES TO BALM4: PROCEDURES IDENTL TO SAVESETL,
= BALMSETL PROPER}
‘= CONSTANTS
‘= GENERAL PROCEDURES TO MANIPLLATE SETL OBJECTS
(UP TO PROCEDURE CHECKFRS ),
= SETL ROUTINES
» QPERATOR DECLARATIONS
» MACRC DEFINITIONS,

INLEX TQ BALMSETL PROCEDURES

SRC 1177 ABS,= PROCCA),
SRC 74 APPEND =  PROC(XaY),
SRC 993 ARB, = PROC(S),
SRC 997 ARBSET,=: PROC(S),
SRC 1007 ARBSIMl = PROC(S)g
SRE 540 ATOM, = PROC(O)Y,
SRC 143 ATP,= PROC(O),
SRC 724 AUGMENT, = PROC(S,A),
SRC 734 AUGMNTM, = PROC(S,A),
SRC 739 AUGMNTP, = PROC(S,TT),
SRC 728 AUGMNTS, = PROC (S,A),
SRC 770 AUGMNTL, = PROC(S,A),
SRC 1022 AUGUNIK, = PROC(S,P),
SRC 1016 AUGUNIN, = PROC(S,P),
SRC 383 BLANKQ, = PROC(O),
SRC 1517 BOF, = PROC(F,8),
SRC 1559 BOFGCODE, = PROG(F,S),
SRC 1572 BOFN, = PROC(F,SBS),
SRC 1580 BOFNOK, = PROC(F,SBS),
SRC 1529 BOFSET, = PROC(F,S),
SRC 1541 BOFTUPL, = PROC(F,T),
SRC 386 BSTRQ,= PROC(O),
SRC 513 GHECKFG, = PROC(X),
SRC 518 GHECKFS, = PROCIX),
SRC 476 COMPRHS, = PROC(MAXVALUE, HASHch.>.
SRC 412 CONSTPy=  PROCCO,T),
SRC 223 CONVERT, = PROCtX),
SRC 46 COPY = PROC(X),

SRC 452 CRASH, = PROC(),

SRC 1204 REC, = PROC(DY,
SRC 894 . DIMF, = PROCCFF X)),
SRC 934 DIMFN, =  PROC(F,X),
SRC 828 DIMINIS, = PROC (S,A),
SRC 842 DIMINSM, = PROC(S,A),
SRC 864 DIMINSP, = PROC(S,TU),
SRC 833 PDIMINST, = PROC(S,A),
SRC 100 DIVIDED,s PROC(X,Y),

SRC 1130 DSLSH.=  PROCtA,B),




SRC
SRC
SRC
SRC
SRC
SRC
SRC
SRC

SRC
SRC
SRC
SRC
SRC
SRC
SRC
SRC
SRC
SRC
SRC
SRC
SRC
SRC
SRC
SRC
SRC
SRC
SRC
SRC
SRC
SRC
SRC
SRC
SRC
SRC
SRC
SRC
SRC
SRC
SRC
SRC
SRC
SRC
SRC
SRC

SRC
SRC
SRC
SRC
SRC
SRC
SRC
SRC
SRC

SRC
SRC
SRC
SRC
SRE
SRC
SRC

66 -

1247
591
615
625

604

543
1764
58

432
438
445
1434
1753
1185
1194
1418
397
465
473
479
651
1726
27
24
123
1141
1109
887
926
943
720
900
120
486
503
426
421
416
1167
1172
151
1076
403
587
1157
528
1446
393
1228
1459
1488
1480
1469
1209
1356
1405
1367
1389
389

puP,=  FROC(),
EACHWIT,= PROC(5,X),
ELTF, = PROC(X4S),
ELTFCST,= PROC(X,S),
ELTFSET,= PROC(X,S),
ELTUPL.=  PROCt X,8$),

EQUALT, = PROC(A,B),
ERRFOR, = PROC(),
ERROR = PROC(TY),

ERRORIM,= PROC(X),

ERRORTY, = PROC(X),
ERRORVA,= PROC(X),
FIRSTWD,= PROC(L.N),

FROMSET,= PROCS),

GENSET, = PROC(),
GENTUP,=  PROCt),
GETWD,= PROC(LSNY,
HASHCOD,= PROC(X),
HASHCST,= PROC(C),

HASHINT,s PROC(X),

HASHSTHW,= PROC(A,B),
HEAD, = PROC (TT) .
HEADSIN, = PROC(T,X),
;DENTFI,‘ PROC(AaB)n
IDENTQ,=  PROG(A;B),
;FR@MS,; PRAC(S,BA),

INCS, : pROC(XaY)I
;NTRSCT1' PROC(A:B):
LESF, ® PRQC(FF X)a

LESFN, = PROC(F, X)p
LESFNOK, = PRDC(FaX);
LESS, = PROC(S,A)Y,

LESSFOK s  PROC(G,X),
.LFRDMS;» pROC(S)G

MAKELAR,= PROC(X);
MAKESML,= PROC(S),
MAKOUTU,= PROC(TUR),
MAKSETU,= PROC(TUR),
MAKTUP = PROCU(N,L),

MAX , = PRGC(A,BD;
MIN, = PROCCA, B);
MINSVD,= PRQC(X»Y’;
MNS , = PROCIX,Y),
NELT, '® PRDC(X),
NEQUALT,= PROC(A,B),
NEWAT,= PROC()-
NEWSMSQ'g PROC‘N)Q
NEXTELT,s PROC(O,P),
NOMEGAP, = PROC(X)o
NPOW, 5 PROC(N,S),

NXTLTCy= pRoc(o,P),
NXTLTSs= PROC(S,P),
NXTLTT,= PROCI(T,P),

NXTUTT2, = PROC(T,P),
CT,= PROC(O),

QF , = PROC(O,AY,
QFN, = PROC(F,SBS),
QFSET, PROC(F ¥ X),

OFTUPL,=  PROC(TUPSB).
OMEGAP,=  PROC(X),




SRC
SRC
SRC
SRC
SRC
SRC
SRC
SRC
SRC
SRC
SRC
SRC
‘SRC
‘SRC
SRC
SRC
SRC
SRC
SRC
‘SRC
SRC
SRC
:sRc
SRC
SRC
SRC
SRC
SRC
SRC
8SRC
SRC
SRC
‘SRC
SRC
‘SRC
SRC
SRC
SRC
SRC
8RC
SRC
SRC
SRC
SRC
‘SRC
SRC
SRC
SRC
‘SRC
SRC
SRC
SRC
SRC
SRC
‘SRC
SRC
SRC
SRC

988

1058
148
1218
323
333
276
255
267
284
297
1262
200
97
1100
160
1591
815
1644
1678
1657
1084
1885
380

1604

1610
795
108
105

1786

1801
1426

157
1125

1281

1307
1351
1290
377
1698
926
1769
690
212

1135

657
673

17414

976
154
1094
1068
373
810
364
1972
717
309

“RDSETL, -

SETNEST
SETQQ, =
BETSIN,
SETTUP, -

RAIRTUP,=
QLSQ =
PLUSVD,=
ROW, =
RRT =
FRTMAP
RUTBL ,
RUTITEM,
PUTLBL,
RUTSET, -
RPUTUP, =
RANDOM,

REMAIND, s
REPS,=
SAVSETL,=
SELTUPL,
SETFRMLiz
SETFUN, =

SETFUNN,

SETFUNS,
SETMNS =

kLI 1]

SETWITO, =
SFROMI =
SFROML 4 =

SFROMST,=

SFROMTP,=
SKIPWD,=
SLHSVD,=
SLSH, =
80F, =
SOFN,=
SOFNERR, =
SOFOK, =
SPCTUPQ,*=
STFUNNS,:

§TR, =

STRINGF,=
SUBSTR =
SWITCHP,=
SYMEIFQ=
TAIL =
TAILN, =
TAILSIN,s
FAILSPC,=
FIMESVD,=
TMS,=
TPLUS,®
FUPQ, =
TUPWITO,
TYPE, =
UNTON ¢
WITH,=
WRITSETL=

PROC(X), .
pROC(XaY)l
PROC(X,Y),
PROC(S)Y,
PRQC(A},

PROC(S) .
PROC(L),
PROCCL),
PROCIL)Y,
PROCI(L )Y,
PROC(LY,
PROC(K)Y,

PROC(),

PROC(X, Y)a
PROC(A,B)Y,

PROCCY,

= PROC(T, N)»
PROCC(L , N)

PRGC(A 8 €Yo
= PROC(A B €Yy

= PRDC(A B C)y

PROC(X,Y),
PROC(X).
PROC(X)J
PROC(A B Gy
PROCLA, B CYe
WRDC(A);_W
PROCCI@BA>0
PROC(L),
PROC(X):
PROC(X),
PROC(L, N)n
PROC(X,Y),
PROC(X,Y),
PRDC(F‘X)L
PROC(F}SQS)!
PRQC();,
PROC(F #X)a
PRO"(X); .
=PROC(A,B,C),

PROC(A By, CONCATC(A,E) END;

PROC(X),
PROC(A, B!C))
PROC‘):
PROC (A, B}o
PROC(TT),
PROC(TT,N).
PROC(T,X),
PQOG(T);,
PROC (X, Y)p
PROC(A, B),
PROC(T1,T2),
PROC(X);
PROL LAY,
PROC(X),
PROC(A,B),
PROC(S, A),
PROC( ),




SRC
SRC
MEN SRC
comvie T #z THE PROGRAM LCOES NOT CONTAIN MANY ('QPMENTS. FAR MCRE DETAILS,SRC
SEE NEWSLETTER 49,1 0eeneosttotoonantosnnns SRC
# SRC
COMMENT SRC
Z THE FOLLOW]NG ROUTINES ARE BALM4 FIXES # SRC
MAKALOCA(TRUE)j COMMENT # TO ADJUST SCOPE CF, PARAMETERS 2 SRC
MAKVLOCA(TRUE) § SRC
STRINGZPRCC(X)y STRING(X) END3 DEC72
COMMENT #MAKE , INTO A LETTER# SRC
CHGCHAR(E,,10)} SRC
‘COMMENT # ERASE BALM INITIALIZATION ROUTINES TQ SAVE MEMORY # SRC
DO INITIAT,=0,INITI0,.=0, INITUNA,=0, INITINF, =0 INITEXP,=0,INITEOD =20, SRC
INITORL,=0, INITMIS,=0 END; SRC
COMMENT # SOME MACROS'‘FOR FREQUENTLY USED CPERATIONS wyvevers # SRU
COMMENT # NUMBER OF ELEMENTS IN A SET OR A TUFLE # SRC
NELTS, (X1) MEANS X1(31[1] ; SRC
TUPLE, (X1) MEANS Xx1(31([2] ; SRC
HTSIZE,(X1) MEANS X1[3112) 3 SRC
HTLOAD,¢(X1) MEANS X1[3)t3) 3 SRC
HASHTAB, {X1) MEANS X1[31[4) ; SRC
IDENTO,=  PROG(A,B). SRC
A EQ B SRC
END} SRC
IDENTF1,38 PROCLA,R), SR
BEG!N(I). SRY
IF 1DENTQ,(A,B) THEN RETURN(TRUE), SRC
IF NOT (A SIM B) THEN RETURN(MIL), SRC
IF STRG(A) THEN RETURN(EQSTR(A,B)), SRC
IF VECTQ(A) THEN DO SRC
IF S1ZE(A) NE SIZE(B) THEN RETURN(NIL). SRC
FOR 1=2(1,51ZE(A)IREPEAT IF :NOT IDENTFI.(A[I],BtI)) SRC
THEN ‘ SRC
RETURN(NIL),» RETURN(TRUE) §§C
END, -
IF PAIRQ(A) THEN IF NOT IDENTFI,(HD AsHE B) THEN’FETURNSRE
(NIL) SR
ELSEIF NOT IDENTFI1.(TL A,TL B?) THEN RETURN(NIL) ELSE  SRC
RETURN(TRUE), SRE
RETURN(NIL) SRC
END SRE
END3 . _ ) SRC
*HERE FIX GETLIST AND GETV TO ACCEPT NL. AS NL AND NULT.  SEPT73
L AS NULT AND OM, AS OM SEPT73
GETLIST,sFROG(), SEPT73
BEGINCITMsX,Y) SEFT73
X=Y=NILINIL, SERT73
MOR, ITM=RDITEM, (), _ SEPT?73
IF ITM EQ RPVAR, THEN RETURN TL Y SEPT73
ELSEIF ITM EQ FERVAR, THEN SEPT73
T(IF MD X EQ =0M OR HD X EG@ =NL OR HE X EQ=NULT THEN GO wOR  SEET73
ELSE TL X=ITM=RDITEM,()) SEPT?3
ELSEIF ITM EG 1EO0S, THEN DO SEPT73
 NEXTSNEXT=1, SEPT73
PRINT,(LIST¢(=PARENS,=DONT,=MATCH ))+ RETURN TL Y SEFT?73
END SEPT73
ELSE XsADDON, (X, ITM), SEPT?73
GCTO MQR SEPT?3

£l

o et . .
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‘END ENLC§
GETV,=PROC(),
REGINCITM XY,
X=Y=NILINIL,

MOR . JTMSRDITEM, (),
IF ITM EQ RBVAR, THEN RETURN TL Y
:ELSEIF ITM EQ PERVAR. AND ¢ HD X E@ =M, OR HD X EG =NULT eR
HD X EQ =0M) THEN GO MOR
ELSEIF ITM EQ 1EOS, THEN DO
NEXTSNEXT=1,
PRINT, (LIST(=RRACKETS,=DONT,=MATCH)), RETURN TL Y
END
ELSE X3ADDON,(X,1TM),
GCTO MOR
END ENL}
INFI1Xt=FEQ,1400,21400,=I1DENTFI,);
COPY = PRQCEX),
1F X EQ NL, THEN VECTOR(SET,yHASFNUL.sVECTOR(0,05040))
ELSEIF X EQ NULT, THEN VECTOR(TUFL,,31416,VECTOR(0.NIL))
ELSEIF VECTO(X) THEN BBGIN(V,L.I1?,
L=SIZE X, V=MAKVEGTO(L)»
FOR I=(1,L) REPEAT V[1) := :COPY(X[1]))» RETURN(V)
END : _
ELSEIF PAIRQ(X) THEN GOPY(HD X)#LOPY(TL X)
ELSEIF STRQ(X) THEN SUB(X,1,S8I1ZE(X))
ELSE X
END3

COMMENT -# PRQCEDURE DUP, TO CREATE NON=DOTTED NAMES FOR
USER LEVELOQO'Q!'.'#
RROC(),
BEGIN(I,1D,S1D),
FOR I=(1,NUMARGS()) REPEAT DO
ID=ARGUMENT(1), SID= SFROHID(ID):
SETVALUE(IDFROMS(SUB(SID:1,SI1ZE(SID) =13 ) VALUE L)

DUP,=

ENL}
'APPEND[=' ?
) L
PY(X), YSCORY(Y),
EG NIL THEN DO
F 'Y EQ NIL THEN RETURN(NIbL),
IF NOT PAIRQ(Y) THEN RETURN(LIST(Y));
RETURN(Y)
END,
IF NOT PAIRQG(X) THEN DO
IF Y EQ NJL THEN RETURN(LIST(X)). .
IF NOT PAIRQ(Y) THEN RETURV(L ST(XaY)),
RETURN(X1Y)
END,
[F Y EG NIL THEN RETURN(X), _
IF NOT PAIRQ(Y) THEN YsLIST(Y?,
LEXo
WHILE TL L NE NIL REPEAT L=TL L,
TL LFY,
RETURN(X)
END
END; , _ ,
COMMENT # SYNONYMS FOR BALM4 BUILT=IN FUNCTIONS #
STR,= "PROG(A,B), CONCAT(A,B) ENDI

)
L
0
X
!

SEPT7317
SEPT7318
SEPT7319
SEPT7320
SEPT7321
SEPT7322
SEPT?7323
SEPT73:4
SEFT7325
SEPT7326
SEFT7327
SEPT73 8
SEPT7329
SEPT?7330
SEPT7331
SRC 45
SRC 46
SRC 47
SRC 48
SRC 49
SRC %u
SRC

SRC 54
SRC 53
SRC 54
SRC 5%
SRC i)
SRC a4
SRC a5
SRC Y
SRC &7
SRC 48
SRC 49
SRC 70
SRC 73
SRC 72
SRC 73
SRE 74
SRC 75
SRC 76
SRC 77
SRC 78
SRC 79
SRC ag
SRC a1
SRC £2
SRC B3
SRC 24
SRC B
SRC 86
SREC a7
SRC g8
SRC 59
SRE 39
SRC sl
sRC 22
SRL 93
SRC 54
SRC 92
SRC 26




REMAIND,=

DIVIDED,?

SFROML 4=

SFROMI,=

LFROMS,y=:

IFROMS, =

ATP =

COMMENT #
PLUSVD,=

MINSVD =

TIMESVD,=

PROCEX,Y).
XeY#(X/Y)

END3
PROG(X,Y)
BEGIN(O),
Q= X/YsRETURN(LIST(Q,X" Y#Q))
END
END i
PROGCL)Y,
SFROMV(VFEROML (L))
END3 '
PROGC(I,BA),
BEGIN(L,M)R),
L-NIL:N 1 LT 0,1F M THEN t=als
IF 1 EG 0 THEN RETURN(#ﬂﬂ)o
WHILE 1 NE O REPEAT Do
Rele(BA®(]/BA)I»27s I=1/BAs
LER}L
END.
IF M THEN L=38: Lo
RFTURN(SFROML (L))
END
END;
PROC(S),
LFROMV(VFROMS(S))
END} )
PRQC(S,BAY,
BEGIN(K:MsValad)s
V=VFROMS(S),
K=1,[=0, L
WHILE ViK1 EQ 45 REPEAT K=zK#1:»
IF VIK) EQ 37 THEN DO
KeK+1, M=1
END
ELSEIF VIK) E0 38 THEN DO
KeK+1, M==1
‘END
ELSE M=1.,
FOR J=(K,SIZE(V))REREAT
IF VIJ) GE (BA#27) THEN ‘ERFQRVA,(
ACONVERSIQON FROM STRING TO INTEGER'
ONE CHARACTER BREATER THAN 'THE BASEZ)
ELSE 1=1#BA+V([.J)=27,
RETURN(M*1)
END
END}
PROG(O)Y,
INTQ(OQ) OR LOGQA(O) OR CQDEQ(O)
END:

SAVE ORIGINAL ARITHMETIC OPERATIONS?
PRAG(X,Y) .
XY

END;

PROGEX,Y)
XaY
END3
PROC(X,Y),
XeY
END3

SRC
SRC

SRC
SRC
SRC
SRC
SRC
SRC
SRC
SRC
SR%
SRU
SRC
SRC
SRC

SRC
SRC
SRC
SRC
SRC
SRC
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SRC
SRC
SRC
SRC
SRC
SRC
SRC
SRC
SRC
SRC
SRC
SRC
SRU
SRC
SRC
SR:
SRC
SRC
SRE
SRC
SRC
SRC
SRC
SR¥
SRC
SRE
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SLHSVD,= PROG(X,Y) .
: X£Y
END;
COMMENT #SOME SETL CONSTANTS ,,.40 7

BLANK, 263 SET,8103 TUPL,=11;

HASHNUL 512345}

MODULUS,3131071;

‘CRASHMAX=51 CRSHCNT,=0;

NEWATNR,20}

HNC,=27182} HNB,=z66256]

UNDEF, = VECTOR (0,0,0);

NULLSET, 3 VEC¥OR(SET.;HASHNUL..VECTOR(Q 0,0,0));
NL, = NULLSET,3 NL = NL,;

,NULT,—VECTOR(TQPL , 31416, VECTOR(O,NIL? )3 NULT = NULT,:

NULLTUP¢8NULT ¢ 4

NULC=##}

NULR, 'LIST(OB);

NILVECT, 2= {NJL]}
BLANKZZ.-ELANK..JSETZZ.-SET.aTUPL?Z.-TUPL.i
INTZZ=13SUBRZZ,22;1,AB27,=318TR2Z,%4iBITS2Z,=2;
‘COMMENT ‘# BALMSETL 1/0 sy,seennnse APRIL 19, 1972 #

COMMENT # OLD AND NEW PARAENTHESES opeoees i#
Do

LPVARNZ 2 ]DFROMS(SFROMV(VECTOR(74B)) ),
LBVARNZ .2 IDFROMS(SFROMV(VECTOR(72B)))s
RPVARNZ 5 IDFROMS(SFROMV(VECTQR(75R)) ),
RBVARNZ y21DFROMS(SFROMV(VECTOR(73RB)) ).
QSIGN,=EQS JGN,

END3}

INFILE=INFYT} QUTFILE=CUTPUT]

RDSETL, = PRQC(),
BEGIN(X),
SWITCHP , (),

IF (XsREADCINFILEY) EQ =, 'THEM X=READ(INFILE),

SWITCHP, (),
RFTURN(CONVle.(X))
END
END

READZZZ(X1) MEANS X13RLSETL.();

READZZZ(X1,X2) MEANS DC READXXX, (X1,X2) END;
READXXX, ‘xz) MEANS X1=RDSETL, ()}

READXXX, (X1sX2] MEANS X1=RDSETL,(),READXXX, (X2) ]

READSETL, = PROG(FIL).,
BEGIN(X)
SWITGHP . ()2
[F (X= READ(FIL)) FQ =, THEN X& :READ(FIL),
SWITGHP, ().
. RETURN(CONVERT, (X))
END ENL}

SWITCHP,3 PROC(),
IF LPVAR, EQ LPVAROZ, THEN DO
LPVARI-LPVARNZQILRVAR, LBVARqul
RPVAR,SRPVARNZ,,RBVAR (2RBVARNZ,

LPVAROZ, 5LPVAR,2LBVAROZ,=L.BVAR,»RPYAROZ +=RPVAF , \RBYAROZ ERBVAR s

SRC 187
SRC 158
SRC 1589
SRC 149
SRC 170
SRC 171
SRC 172
SRC 173
SRC 174
SRC 175
SRC 1786
SRC 177
SRC 178
SRC 179
SRC 130
SRC - 1331
SRC 152
SRC 183
SRC 184
SRC 185
SRC 188
SRC 157
SRC 148
SRC 189
SRC 190
SRC 191
SRC 132
SRC 193
SRC 174
SRC 195
SRC 196
SRC 197
SRC 198
SRC  1%9
SRC 240
SRC 201
SEPT?7332
SEPT7338
SEFT7334
SRC 203
SRC 204
SRC 215
SRC 2186
SRC 217
SRC 208
SRC 209
SRC 210
SRC

JUL73
JUL73
0CT73
0cT?73
0CT73
JUL73
JUL73
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END ELSE LO
LPVAR.-LPVARQ7..LBVARg~LBVARQZ.x

RPVAR,sRPVAROZ,,RBVAR,=RBVAROZ,
END
END;

CONVERT, = PROG(X),
) BEGIN(Y:Z;I):
IF INTG(X) THEN RETURN(X)
ELSEIF STRQ(X) THEN RETURN(X)
ELSEIF PAIRG(X) THEN DO
YZCOPY(NL,),
WHILE X NE NIl REPEAT DO
2=CONVERT, (HD X),
IF 7 NE UNDEF, THEN AUGMENT, (Yas2)%
“X=TL X
END,
RETURN(Y)
END
ELSEIF VECTQ(X) THEN DO
Z8817E(X),
IF 2 EQ 0 THEN RETURNCCOPY CNULT .2,
YENIL»
FOR 12(Z,1,»1) REPEAT YsCONVERT (X[11)1Y,
RETURN(VECTOR(TUPL + ¢ HASHAOL ; CHD Y)sVECTOR(Z,Y)))

END

ELSEIF X EQ =0M THEN RETURN ¢CUPY (UNDEF, 1)
ELSEIF X EQ =NL THEN RETURN{OGPY(NL,))
ELSEIF X EQ sNULT THEN RETURN(COPY(NULT())
ELSEIF X EQ sFALSE THEN RETURM(FALSE)

ELSEIF X EQ NDF, THEN RETURN X
ELSEIF 1DRCX) THEN RETURN SFREMID(X)
ELSE RETURN(X)
END
END}

PUT y=PUTITEM,; COMMENT # SAVE OLD PUTITEM, #
€0L0Z7Z,36381)

PUTITEM, = PROC(L),
' IF L EQ NIL THEN PUTCHV,(VFROMS(SFROMID(=FALSE)))
ELSEIF L EQ NL, THEN FUTCHV (VFROMS(SFROMIB(=NL 1))
ELSEIF L EQ NULT, THEN PuTch chROMacSFRovlntaNuLT 1))
ELSEIF SETRO,(L) THEN PUTSET, (L)
ELSEIF TUPO, (L) THEN ‘PUTUPR, (L)
ELSEIF LBLA(L) THEN PUTLBL.(L)
ELSEIF L EQ UNDEF, THEN PUTCHV.(ﬁFROMS(SFRQMIDQ M. )))
ELSEIF BLANKB, (L) THEN PUTBL,(L)
ELSE PUT,(L)
END;
PUTLBL, '8 PROG(L),
BEGIN() .
IF NEXT GT LLEN=10 THEN TERMLINE(),
PUTCH, (c0L0ZZZ,),PUTCHV . (VFROMS(SFROMID(= LAQEL)));_
NEXTENEXT=1,PUTINT, (L) NEXT=N XT=1,PUTCH,(COLBZZZ,)
PUTBLAN, ()
END
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SRC
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SRC
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SRC 2%¢
SRC 253
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'END3 SRC 274
~ SRC 275
PUTBL, =  PROG(L), ’ ' SRC 276
BEGIN() . SRC 277
IF NEXT GT LLEN=10 THEN TERMLINE(), SRC 278
PUTCHV, (VFROMS (SFROMID(SBLK))?, SRC 279
NEXTENEXT=1,PUTINT(LE3]) ,PUTELAN, () SRC 20
END SRC 2A%
END; SRC 292
' SRC 283
PUTSET, 3 PROG(L), SRC 244
BEGIN(XsP), SRC 215
IF NEXT GT LLEN=10 THEN TERMLINE(), SRC 28
PUTCH,(748),BPCNT=BPCNT#*1, SRC 287
P=COPY(NILVECT, ), X=NEXTELT, (L?P), SRC 218
WHILE X NE UNDEF. REPEAT Do SRC 289
PUTITEM, (X), X=NEXTELT,(L,F) SRC 2990
END, SRC 241
NEXTSNEXT=1, SRC 292
PUTCH, (75R),BRCNT=BRCNT =1 ,PUTELAN, () SRC 293
END SRC 29
END; SRC 295
' SRC 2%#f
‘PUTUP, = PROG(L), SRC 247
BEGIN(X), SRC 298
IF NEXT GT LLEN=10 THEN TERMLINE(), SRC 229
PUTCH,(72B),BPCNT=RRCNT+1, SRC 300
X=TUPLE, (L), SRC 301
WHILE X NE NIL REPEAT DO SRC 352
PUTITEM, (HD X), X=TL X SRC 303
END, SRC 304
NEXTSNEXT=1,PUTCH, (738) #BPCNTEBPCNT=1,PUTBLANS () SRC 305
END SRC 3up
END; SRC 317
SRC 378
WRITSETL = PROGCOUTFILE), JUL73 7
BEGINCSFN,SLIN, SLLEN.ﬁNEXT $BPCNT $TERMLINE 1,NsTRL,FIL), SRC 310
TR=TRACE, TRACE=0,N= NUMARGS() FILsOUTFILE, SRC 311
TERMLINE= NRITOUT..FN FILI1)LLIN= FILIB), SRC - 31E
LLENSFIL(6],NEXT= FILt7J BPCNT=®0, SRC 313
FOR ] 3 (2,N) REPEAT JUL73 8
PUTITEM, CARGUMENT(I)), o JUk73 9
TERMLINEQ) o FIL[B)aLINsFILE71SMNEXTSTRACE=TR, SRC 315
RETURN(ARGUMENT(N)Y) SRC 316
END SRC 3:7
END3 SRC 318
SRC 319
SRC 320
. _ , SRC 321
COMMENT # PRT, PRINTS IN THE OLD FASHION ,,,,s # SRC 322
PRT,= PROG(AY, SRC 373
REGIN(Ps1), SRC 324
PzPUTITEM,, , SRC 335
DO PUTITEM,=PUT, END, SRC s2b
FOR 1=3(1,NUMARGS()) REPEAT PRINT(ARGUMENT(I))) SRY 327
DO PUTITEM,=P END SRC 328
END SRC 379
END3 SRC 330
COMMENT # PRTMAP PRINTS A SET, OF, TUPLES AS A MAP # SRC 371
SRC 332




PRTMAP = “PRQCES),
EGIN(X:Y:P): .
IF NOT SETQO,(S) THEN ERRORTY.(
ZPRTMAP (XY, X NOT A SET.#),
IF & EG NL, THEN RETURNQPRINT§S));
P=COPY(NILVECT,),
X=NEXTELT ,(SsP),
WHILE X NE UNBEF. REPEAT DO
IF TUPQ, (X) AND NELTS, (X) GE 2 THEN DO
Y=TAIL,(X), IF NELTS,(Y) LE 1 THEN Y= =HEAD, (YY)
PRINT(HEAD.(X);-w;--,z-ﬁnz,Y)
END
ELSE PRINTtx>a
X=NEXTELT,(SyP)
END
EnD
ENDJ
UNARY(=VAR,1300,=ATP,)}
INFIX(= MOE.iqsn 1450, =REMAIND, )}
INFIX(= REM,8004799,=REMAIND, )}
INFIX(=DIVIDE, 1601, 1600,-nIVIDED.):

COMMENT

# BALMSETL RQUTINES START HERE #

CQMMENT
‘THE ROUTINES WHICH FOLLOW APPEAR MORE OR LE“S.,IN ‘THE ‘SAME ORDEFR
AS IN NEWSLEFTER 49, WHICH IS Tn BE CONSULTED FOR DETAILED
COMMENTS #

TYPE, = PROGC(X),
IF. INTQ(X) THEN INTZZ,
ELSEIF VECTQ(X) THEN 'X[1]
ELSEIF STRO(X) THEN STRZZ,
ELSEIF CODEQ(X) THEN SUBRZZ,
ELSEIF LBLOCX) THEN LABZZ,
EQSEIF L0Go(X) THEN BITSZZ,
ELSE ERRORTY,(#TYPE,(X), X NOT A LEGAL 0BJECT#)
END3
‘TUPQ,= PROG(X),
‘ VECTO(X) AND IDENTQ,.(Xt11,TUPL,)
END 3
COMMENT # PREDJCATE FOR TUPLE, OF, LENGTH :GREATER THAN 2 #
SPCTURQ,S -RROC(X),
VECTQ(X) AND IDENTO,¢X{11,TUPL,) AND X[31[1] GE 3
END;
SETOQ,= PROC(X),
VECTO(X) AND IDENTQ,(X11).SET, )
END;
PROG(D),
VECTO(O) AND IDENTQ,(OLL), BLAKK,:)
CEND;
BSTRQ,= PROG (D),
IF PAIRQ(C) THEN INTG(HD 0) ELSE FALSE
END;
QMEGAP,=  PROGC(X),
1F X EQ UNDEF, THEN
TRUE ELSE FALSE
END;

’BLANKQQ'

i
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NOMEGAP, = PROC(X),

A

IF X EQ UNDEF, THEN
FALSE ELSE TRUE

END;
HASHCOD,= PRQCE(X),

IF VECTQ(X)THEN X([2]

ELSEIF INTQ(X)THEN HASHINT (X)ELSEIF STRO(X) THEN
HASHCST, (X)

ELSEIF BSTRQ.(X) THEN HASHBSTR(X? ELSE 17

END;
NELT, = PROGC(X),

‘END1

IF STRA(X) THEN SIZE(X)

ELSEIF SETQQ,(X) OR TUPGQ. (X) “THEM X[3)([1)
ELSEIF ATGM.(X) THEN 1

ELSEIF BSTRQ, (X) THEN BLEN(X)

ELSEIF X EO UNDEF, THEN ERRORVA, ¢

#ZNELT, X,X IS UNDEFINEDZ) . -
ELSE ERRORTY (#NELT, X, X NOT A-REGAL TYPE,#)

CONSTP,=  PROG(O,T),

VECTOR(TUFL.aHA&HCOD.(O)aVECTOR(\ELTS (TI+1,CiTURLE,(T))?

END}

COMMENT -# GREATE TUPLE, FROM A LIST L OF, M ELEMENTS #
MAKTUP,=  PROG(N,L),

VECTOR(TUFL!JHASHCOD (HD L), VECTOR(N,L))

END3
‘COMMENT ‘# TURLES INSIDE SETS ARE REPRESENTED -AS TWQ= OR THREE=

VECTORS,OUTSICE SETS AS LISTS,HENCE TW0 CONVERSION ROUTINES #

MAKSETU.3 PRQC{TUP),

IF NOT TUFQ,(TUP) THEN TUP ELSEIF PAIBﬂ(TUP[S]iZi)THFN
VECTOR(TUFCiJ,TUP!2J VECTOR(TUPI=) 1), VFROML(TUPE3ILZ1))?

ELSE TUP

END3
MAKQUTU,= PRACETUR)

IF. NOT TUPQ,(TUP) THEN TUP ELSEIF VECTR(TUF([3)(2 1) TREN
VhCTOR(TUFtil.TuP[?J VECTOR(TUPIS)I[1),LFROMYV(TUPESILZ))))

ELSE TUP

END}
'COMMENT # ERROR ROUTINES #

BEGIN()A
PRINT(ZIMPLEMENTATION ERRORT#+X),
CRASH, ()

END

END; COMMENT #CRASH, 1S RECOVERY PRUCEDURE #
ERRORTY, -= PROG(X),

BEGIN().
PRINT(

#INVALID DATA TYPE, FOR THE SETL OPERATION: #,X),

CRASH, ()
END

END;
‘ERRORVA,& ‘PRQCE{X),

BEGIN() .,
PRINT(ZRUN=TIME VALUE ERROR IN # X,
CRASH, ()

END

END;

‘COMMENT -# WASH=RE|ATED ROUTINES #
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&

HASHCST.% ?RQCQC)a
BEGIN(I1,1,V:.K)»
I1=HNC,, K= MIN.(S!ZF(C):S):
V=VFROMS(SUB(C, 1K) )

FOR 1=(1,K)REPEAT 11= cxg*vc11*<s+znaasn MEDULUS .,

RETURNCIF I1 GE 0 THEN I1 ‘ELSE =»11)
END
END}
HASHINT,® PROG(X),
1E X GE 0 THEN X ELSE =X
END} .
COMPRHS, = PROGC(MAXVALUE,H ASHCQQ.).
' (HASHCOD, REM MAXVALUE)#1
END}
HASHSTHss PROC(A,R),
XQR(HASHCOD, (A), HASHECOD, (B))

END3
HASHSTL, = HASHSTW,}
MAXDEN, 32}
SMLHSTA, = 8}

MINDEN, 5 23
MAKELAR,% PRQC(X),
BEGIN(Jslel]l NEWSIZE,NEWHT)INDY,
NEWSIZE = 2+ HTSIZE.(X)s
NEWHT ‘= MAKVECTO(NEWSIZE),
FOR J=(1,HTSIZE, (X))REPEAT DO
1ZHASHTAB, (X [J],
WHILE I NE NIL REPEAT DO
11=HD 1, I=TL I
IND = COMPRHS,(NEWSTZE,HASHCOD, (1)),
;NﬁWHTEIND1-IISNENHT[IND1
END
END, ,
Xt3102) = NEWSIZE,
Xt3104] = NEWHT,
RETURN()
END
END3
MAKESML,% PRQC(S),
BEGIN(JINEWSIZ,NEWHT),
NEWSIZ=HTSIZE,(S) /2,
NEWHT= NAKVECTOCNENStZ)¢
FOR J=(1,NEWSIZ)REPEAT
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NEWHT [J1=APPEND, (HASHTAB, (8) ['«1, JHASHTAB, (§) LJ&NEWS121),5RC

SE31[4)=NEWHT,SI31[2])= =NEWS1Z,
RETURN()
END
END
CHECKFG, = PROC(X),
IF HTLOAD, (X)GT
(MAXDEN, * HTSIZE,(X))THEN
. MAKELAR, (X)
END3;
‘CHECKFS, = PROG(X),
BEGIN(Y),

IF NELT,(X) Ef 0 THEN X[3] = VECTOR(0,030,0) ELSE DO

Y = HTSIZE,(X),

IF hTLQAD.(X) » MINDEN, LE Y AND Y GT SMLHS8TA,

MAKESML o (X)
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COMMENT

NEWSMS ,

COMMENT
ATOM, =

EQUALT, -

i 1]

588

END, RETURN()

END _
END;
NEWSMS FINDS A SUITABLE HASHTARLE S!ZE FQR A SET OF N FLEMS#
PROC(N),

IF N LT 16 THEN 8

ELSEIF N LT 32 THEN 16

ELSEIF N LT 64 THEN 32

ELSEIF N LT 128 THEN 64

ELSEIF N LT 256 THEN 128

ELSE 256
END3

SETL FUNCTIONS AND OPERATIONS #

PROGCO),
IF NOT VBCTQ(O) THEN TRUE ELSE TYPE,(0) LT SET,

END3

PROG(A,B)
BEGIN( SY,STUPA,STUPB, 1odsNyM,SXsBYY, M WH))
IF A EG UNDEF, THEN RETURN(IF B EQ UNDEF, THEN TRUE
ELSE FALSE),
IF TYPE,(A) NE TYPE.(B) THEN RETURN(FALsE).
IF STRG(A) THEN RETURN(EQSTR( 1B))e
IF BLANKQ,(A) THEN RETURNCAL3] EQ BI3N;
1F ATOM,(A) THEN RETURN(A iEQ ),
IF HASHCOD,(A) NE HASHCOD, (B) THEN RETURN (NILY,
IF NELTS.(A) NE NELTS,(B) "THEN ‘RETURN(FALSE),
IF A EQ B THEN RETURN (TRUE),
W= TRUEg
IF TYPE, (M) EG TUPL, THEN Do
TUPA = TUPLE, (A), TURB := TLFLE. (B),
WHILE W AND TUPA NE NIL REPEAT DO
X=HD TURA, TUPA=TL "TUPA:
YzHD TUPB, TUPBSTL ‘TUPB:
[F NOT EQUALT,(X,Y) 'THE® W=NIL
END, RETURN(W)
END,
IfF HTSIZE (A) LT HTSIZE,(BY THEN DO
1=A, A=8,8s1
END#N= HTSfZE (B)a
J = HASHTAB, (A)._H s HASHTAB, (B),
FOR I= (1pHTSIZE (A)IREPEAT no
TUPA = J CI];.
TUPEthCDMPRHS (N2 I=2)1,
WHILE TUPA NE NIL REREAT DD
X=HD TURA, TURA=TL TUPA4 YY=TUPB, WW=NIL,
X=MAKOUTU, (X)),
WHILE YY NE N1l REPEAT ‘Lo
YsHD YY, Yy=TL YY; Y:MAKOUTUn‘Y);
IF EGUALT. (X,Y) THEN DO
WW=TRUE, YY=sNIL
END
END,
IF NOT WW THEN DO
WaNIL, E=HTSIZE, (A), TUPA=NIL
END
END
END,
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NEQUALT,=

COMMENT

ELTFSET,=

RETURN(W)
END
ENP:
PROG(A,B) .,
IF EQUALT,(A,B) THEN FALSE ELSE TRUE
END3}

COMMENT # FUNCTION ELTF, 1 ELEMENT OF, #

PROC(X,8)
BEGIN(),
IF X EGC UNDEF, THEN ERRORTY,(
ZEL(X,S),X 1S UNDEFINED,#),
IF SETGO,(S) THEN RETURN ELTFSET,(X,S),
IF TUPG,(S) THEN RETURN ELTUPL, (X,S),
IF STRC(S) THEN RETURN ELTFCST (X,5)
IF BSTRQ,.(S) THEN RETURN ELBITSTR CX S)h
ERRORTY, (#EL(X,S),S NOT A SET,TUPLE,BSTRING,
OR CSTRING#)
END
END} '
#AUXILIARY RCUTINES FOR ELTF, #
PROG( X,S),
BEGIN(EY,%2),
IF S EC NULLTUP, THEN RETURN (FALSE),
Z-= TUPLE (S’p
WHILE 2 NF NIL REPEAT DO
YsHD Z, Z=TL Z,

1F EQUALT,(X,Y) THEN RETURM ¢ TRUE)
END,
RETURN (FALSE)
END

END §

ELTFCST4% PROCIX,8),

BEGINCI),
IF NOT STRQ(X) OR SIZE X NE 1 THEN ERRQRTY,!
ZX EL S, $ 18 A STRING, BUT X IS NOT A LIKE STRING OF,
LENGTH 1#),
FOR I=(1,SIZE S) REPEAT IF X :EQ SUBSTR(S,1,1) THEM
RETURN(TRUE),
RETURNINIL)
END
END3
PROC(X,S)
BEGIN(HX, TX,S1,.811,IND,N),
IF S EG NULLSET, THEN RETURN(FALSE),
IND = COMPRHS, (HTSIZE.(S) ‘HASECOD, (X)),
IF SPCTUPQ,(X) "“THEN DO i . .
HX = HEAD,(X), TX=TAIL,(X): I=HASHTAR, (SYLIND),
WHILE I NE NIl REPEAT D@ :
[1=HD I, 1= TL I.» IF- TUP&.(II) THEN IF
IDENTO, (NELTS.¢112,3) TEEN IF EQUALT, (HX,
TUPLE.(I13[1]) THEN '‘RETVRN
(ELTFSET, (TX, TUPLE, (ID) 21
END, :
RETURN(FALSE)
END, .
IF VECTQ(X) THEN N=NELTS3,(X),
I = HASHTAB,(S)IINDI,
WHILE 1 NE NIL REPEAT DO
11=KD I; 1=TL 1.
IF TUPQ,CI1) THEN (IF NELTS,(11) EQ N AND
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: EQUALT, (X, MAKOUTU, (11)) THEN RETURN(CTRUE)) SRC 644

4 FLSEIF EQUALT, (X, II) THEN 'RETURN(TRUE) _ S8RC  6:5

END, SRC 646

RETURN(FALSE) SRC 67

EnND SRE 648

END3; SRE 649

COMMENT # FUNCTIONS HEAD,,TAIL,,WITH,sLESS, # SRC 6730
HEAD, = PROC (TT) SRC  &%1
IF TT EQ NULT, THEN SRC 682

UNDEF, ELSEIF NOT TUPQ,.(TT) THEN SRC 653

ERRORTY, ( # HEAD,(T), T IS DEFINED BUT SRC 654

NOT A TUPLE,#) ELSE HD TUPLE,(TT? SRC 655

_ ENDS SRL 6358
TAILs%® PROG(TT), SRC 657
BEGIN(NEWL ,NEWT), SRC 658

IF NOT TUPQ,(TT) THEN ERRQRTYa( SRC 659

ATAILy Te T NOT A TUPLE#), SRC 640

IF TT EQ NULT, THEN RETQRN(COFY(UNDEF 1), SRC 661

IF NELTS,(TT) LE 1 THEN RETURN(COPY(NULT, )) SRC 662

ELSE DC SRC 643

NEWL=NELT, (TT)els NEWT2TL TUPLE,(TT)) SRC 644

RETURN (VEGTQR!Tqu.aHASHCQD.( ‘HD NEWTY, SRC  6£5

VECTOR (NEWL,NEWT))) SRC 66p

END SRC 647

END SRC 648

END} SRC 6459

. . . . . . . SRE 670

COMMENT # TAILN, RETURNS THE TAiL, OF, A TUPLE, FROM NoTH ELEMENT ON # SRC 67}
SRC 672

TAILN, = PROG(TT,N), SRC 673
BEGIN(NEWL NEWT, 1), SRC 674

IF NOT TUPQ,(TT) THEN ERRORTY( SRC 475

ATAILN,(ToN), T NOT A TUPLE,#), SRC 676

IF N LT 1 THEN ERRORVA,( SRC 677

ATAILN,(T,N), N IS SMALLER THAN 1#), SRC 678

IF N GT NELTS,(TT) THEN RETURN(COPY(NULT,)), SRC 679

IF N EG 1 THEN RETURN(TT), SRC 680

NEWTETUPLE, (TT), SRC 681

FOR 1= (1.ns1> REPEAT NEWT=TL MNEWT, SRC 682
NEWLENELT,(TT)=N#1, SRC 643
RFTURN(VEPTOR(TUPL.,HASHcou,(Pn NEWT), SRC 634

VECTOR(NEWL ,NEWT))) SRE 685

END SRY 686

END} SRC 687

COMMENT # SUBSTR OPERATES (RIGHT=HAND SIDE ONLY) ON STRINGS AND SRC 628
TUPLES surnenes 7 SRC 639

SUBSTR ' PROC(A,B,C), SRC 690
BEGIN(TL,K,La1)s SRC 67}

IF NOT XNTQ(E) OR NOT INTQ(E) THEN ERRORTY, ! SRC 692

#ZSURSTR(A,B,C), B OR C NOT INTEGER#), SRC 698

IF ¢ LT 0 THEN ERRORVA,( SRC 694

#SUBSTR(A,BsC)y C IS NEGATva’). SRC 695

IF B LT 1 THEN ERRORVA,! SRC 696

ASUBSTR(A,B,C), B NOT PQSITIVE#). SRC 677

IF (B+C=1) GT NELT.(A) THEN RETURN(COPY{UNDEF7)), SRC 698

IF STRG(A) THEN RETURN(SUB(AaE €)), SRC 699

IF NOT TUPQ,(A) THEN ERRORTY,! SRC 700

ASURSTR(A,BsCYs A NOT A STRINE NOR A TURLE,#)% SRC 701

JF A EC NULT, THEN RETURN(COPY{UNDEF,))} SRC 703

IFC EO 0 THEN RETURN(COPY(NULT,)) s SRC 743




T41=COPY(TUPLE, (A)),
IF C EG 1 THEN Do
T1=GETWD,(T1,R),

END,
Ti= SKIFWU,(Tlgaﬂi)o
h=Tia
FOR I=(1,C=1) REPEAT K=TL K,
TL KsNIL,
RFTURN(VEGTOR(TUPL..HASNCOE (HD T1)»
VECTOR(C,T1)))
END
, END:
WITH,= PROC(S,A) ,
AUGMENT  (COPY(S), A)
END; ,
LESS, = PROG(S,A) s
DIMINIS,CCOPY(S),A)
END3
COMMENT # AUXILIARY FUNCTIONS FOR WITH, AND LESS, #
AUGMENT, = PROG(S,A).
IF SETOG,(S) THEN AUGMNTS, (S, A) :ELSE ‘ERRORTY,
( # AUGMENT, (S,4), S IS NQT A SET, %)
END:
AUGMNTS, = PROG (S,A),
IF A EQ UNDEF, THEN ERRORTY, ( # AUGMENT,
(S2AY,A IS THE UNDEF INBD ATOM # ) ELSE
IF TUPQ (A) THEN AUGMNTP, (S,A)
ELSE AUGMNTM, (S,A)
END? \
AUGMNTM, 2 PROG(S,A),
BEGIN() .
RETURN(AUGMNTL, (S,MAKSETU, (A))
END
END;
AUGMNTP, = PROGC(S,TT),
) BEGIN(HT, TU2 IND,OLDSZ,8XsSY, 1),
IF NELT,(TTILE 2 THEN
RETURN(AUGMNTM <S;TT))¢
IF S BG NULLSET, THEN DO
Wa SETHITO.(COPY(TT)):
sf{21=W[2],
S[Z)=COPY(W[3]),
RETURN(S)
END. o
HT = MEAD, (TT),Tu = TAIL, ¢TT),
IF S NE NULLSET, THEN DO
IND = COMPRHS, (HTSIZE,(S)? l
HASHCOD, (HTY), Y = HASHTA5, (S) [ IND 1,
W = TRUE, .
WHILE Y NE NIL AND W REPEAT DO
X=HD Y, Y=TL Y.
IF SPCTUPQ,(X) AND
EQUALT, cxt31t JL4),HT) THEN Do
WeNIL,
OLDSZ=NELT,. (X[3112112)),
X[3]112102)=AUGMNTE, (Xt31t21t21.TU).
IF 0LDSZ NE NELT,(x[<)12)[2]1) THEN
S{3)01) = S[31{1] 4 1, RETURN(S)
END

ETLRV(VFCTOR(TUPLae4ASHCO L (T1),VECTOR(4, TANILI )Y
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END SRC

ENDs . SRC
RETURN(AUGMNTM, (S, VECTOR(TUPL + sHASHCOD 4 (HT ) SRC
VECTOR(3,LISTCHT,SETHITD, ¢TU)20))))) SRE

END: sR;

AUGMNTL, 5 PROG(S,A): SRC
BEGINC HT.IND, AA,$I1,8X), SRC

IF S EG NL, THEN DO SRC

HT = MAKVECTO(SMLHSTA,)) SRC

HT [COMPRHS, !SMLHSTA.aHASHCDD.(A))J LISTLAY, SRC

S[21=HASHSTW, (NULLSET,,A), SRC
S[31=VECTOR(1,SMLHSTA,,1,H1), SRC

RETURN(S) SRC

END, o N . - SRC

IND = COMPRHS, (HTSIZE,(S), HASHCOD.(A)), SRC

1 = HASHTAB, (S) [ IND ], SRC

AAZMARCUTU, (A, SRC

WHILE I NE NIL REPEAT DO SRC

X=HD I, 1=TL I, SRC

1F EQUALT, (MAKOUTU,(X),AA) THEN SRE

RETURN(S) SRC

END, - L SRC

St2) = HASHSTHW, (S,A)s SRC

S1310(11=S131[1) + 1, SRC
S{31[31=S13113)41) SRC

S{3)1(4) (INDI=AIS[3) (4 can:. SRC

CHECKFG, (8), RETURN(S SRC

END SRC

END} SR

COMMENT # FUNCTION GENERATE SET, WITH, ONLY 3 ELEMENT # SRC
SETHITO, = PROG(A), SRC
BEGIN(I HT+$), SRE

HT=MAKVECTO (SMLHSTA,)s SRGC

1 = COMPRMS, (SMLHSTA,+HASHCOD (A)), SRC

IF SPCTUPQ, (A) THEN DO SRC

Sz SETWITO, (TAIL, (AN HTII)= SRC
LIST(VECTOR(TUPL.:HAQHCOD.‘A). VECTOR(3,VEGTOR(HEAD,SRC

(A)2S,0)))) SRC

END SRC

ELSE SRC

HTL1)=LISTCIF TUPQ,(A) THEN MAKSETU.CAIELSE Al SRC

RETURN(VECTOR (SET.,HASHSTN (NULLSET,sA), SRC
VECTOR(1sSMLHSTA,»12HT))) SRE

END SRG

END; SRC

TUPWITO, ' PROG(A), SRC
VECTOR(TUPL s yHASHCOD , (A) 4 SRY
VECTOR(L,LIST(A))) , SRC

END} | SRC

COMMENT # MAKE A SET, FROM A LIST OF, ELEMENTS # SRC
SETFRML,% PROCELIN), SRC
BEGIN(MsX,5), SRC

S=COPY(NL,), SRC

IF NILG(L) THEN RETURN(S), SRC

M=SMLHSTA, , SRC

SMLHSTA, =NEWSMS, (N), SRC

WHILE L REPEAT DO SRC

XzHD L, L=TL L, SRC

AUGMNTS, (S, X) SRC
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END.
SMLHSTA.-M; RETURN(S)

END
END;
DIMINIS, = PROC (S,A),
' iF SETQQ,(S) THEN
DIMINST, (S,A)ELSE ERRORTY,(
z DIMINIS,(S,A), OR LESS, <s.A> 5 15 NOT A SET.#)
END;
DIMINST, @ pxocts Ao o
Il IoIND sSUBTUP,J), ) _ N o
IF A EG UNDEF, THEN ERRORTY,( # DIMINIS, (SyAd,
A 1S THE UNDEFINED ATOM.:).,
IF S EG NULLSET, THEN RETURN (§), _
IF TURG,(R) THEN RETURNC(DIMINSP, (S,A))}
RETURN(DIMINSM (S,A))
END :
. END3
DIMINSM, = PROG(S,A),
' BEGIN(AA, IND,HE,BCK,$SUBTUP,$1),
IND - “COMPRHS. (HTSIZE.(S), HASHCOD, (AY)
SURTUPSHASHTAR, (s) [IND],
AA=MAKQUTU, CA),
HE = BCK = NILINIL,
WHILE SUBTUP NE NIL REPEAT DO
1sWD SUBTUP, SUBTUP=TL :SUBTUP,
IF EQUALT, (MAKOUTU,(1)3AA) ‘THEN DO
IF TL HE EQ NIL THEN HASHTAB, (S)tanJususfup
ELSE HASHTAB,(S)[IND]= =AFPEND,(TL HE,SUBTUP),
S [2) = HASHSTL (SsA)) ‘
s [31 [1] = S [31 (1] =1 ,
S [3]1 [3) -_S (3] 3] =1
“CHECKFS, (S),RETURN(S), SUB?UP =NIL

END,
BCK=ADDON(BCK, 1)
END,
IF NELT,(S) EQ 0 THEN SI3)=NULLSET, 131,
RETURN (S)
END
ENﬂ:

DIMINSP, 2 PROG(S,TU),
BEGIN(HT,TT,IND, QLDSZ'$Xl$Y)a . .
IF NELT.(TU)LE 2 THEN RETURN(DIMINSM, ($,TUN)}
HT = HEAD (TUYSTT .5 TAILL, (Tu)a.
IND ‘= COMPRHS, (HTS1ZE, (S),HA HEOD, (HT) ),
Y:HASHTAB (s) tINDY,
WHILE Y NE NIL REPEAT DO
X=HD Y, YSTL Y.
IF SPCTUPR, (X)
AND EQUALT, (HEAD.QNAKOUTUg‘X)).HT) THEN DO
cLbsz= NELTS (TUPLE, (X)[2)),X[31(21(2)=
CIMINSP, (TUPLE.(X)(21,7T),
IF NELTS,(TUPLE.(X)t21) NE OLDSZ THEN DO
IF IDENTOQ, (NELTS,(TUPLE,(X)[2]),0) THEN
NDIMINSM, (%,X) ELSE S{31011=S 137(1]21
»RETURN(S)
END
END
END.,
RETURN(S)
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END SRC
“END; SRE
COMMENT # FUNCTION LESF, AND AUXILIARY ROUTINES # SRC
LESF, = PROG(FF,X), SRC
IF NOT SETOQ,(FF) THEN SRC
ERRORTY, (ZLESSF(F,X),F NOT A SE1,#) SRC
ELSEIF X EQ UNDEF, THEN ERRORTY,! SRC
ZLESF,(FyX)y X UNDEFINED?#) SRC
ELSE LESQFOK,(COPYtFF7aX) SRC
END; SRC
DIMF, = PROG(FF,X), SRC
1F NOT SETQQ,(FF) THEN ERRORTY,( SRC
ZDIMF,(F,X) , F NOT A SET,#) SRC
LSEIF X EQ UNDEF, THEN FRRORTY.‘#DIMF.<F ¥),X UNDEFINED#)SRC
ELSE LESSFOK, (FF,X) SR
END; SRC
LESSFOK¢® PROG(G,X) SRC
BEGIN(IND,$Z,$Y,$21), SRC
IF 6 EG NULLSET, THEN RETURN(E), SRC
IND=COMPRHS, (HTSIZE, (G) )HASHOCD, (X)), SRC
Z=HASHTAB, (G)LINDY, ZisNIL, SRC
WHILE Z NE N]L REREAT DO SRC
YSHL Z, 2=TL Z, SRC
IF TUPQ,(Y)AND NELTS.(Y) GE 2 AND SRC
EQUALT, (TUPLE, (Y)[1)sX) THEN DO _ SRC
Ct3l[1]'Gt33(13 =]F NELTS,(Y) EQ 2 THEN 1 SRC
ELSE NELTS,(TUPLE. (Y)t21>. SRC
Gr(2] = HASHSTL, ¢G.v). SRC
C131(3] = Gt33£31 SRC
END N _ SRC
ELSE Z1=APPEND,(Z1:Y) SRC
END, SRC
GI3Y1L4)LINDI=ZL, SRC
IF NELTS,(G) EQ 0 THEN GI3)=VECTOR(0,0,0,0) SRY
ELSE CHECKFS,(G), SRC
RETURN(G) SRC
END SRC
END; SRC
SRC
COMMENT # LESFN, AND DIMFN, ARE SIMILAR 'TO LESF, AND DINF, BUT WORK SRC
FOR LISTS OFy ARGUMENTS srnres # SRg
SR
LESFN, =  PROCG(F,X), SRC
IF NOT SETQQ,(F) THEN ERRORTY,( SRC
ALESFN, (FyX),F NOT A 8SET,#) SRC
ELSEIF NOT PAIQQIX) THEN ERRORTY s ( SRC
ZLESFN,(FeX), X NOT A LIST#) SRC
ELSE LESFNOK, (COPY(F),¥X) SRC
END3 SRC
SRC
DIMFN, =  PROG(F,X)s SRC
IF NOT SETQQ,(F) THEN ERRORTY,( SRC
ZDIMFN,(FyX), F NOT A SET,#) SRC
ELSEIF NOT PAIRQ(X) THEN ERRORTY s ( SRC
ZOIMFN,(FaX), X NOT A LIST#) SRC
ELSE LESFNOK, (F,X) SRY
END; SRY
SRC
| SRC
LESFNOK, ' PROC(F,X), SRY
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BEGIN(P,Y»SURS:8B,YP,8) .
S=N1kL,
SUBS=X,
IF F EC NL, THEN RETURN(F),
P=COPY(NILVECT,), YsNEXTELT,(F,P),
WHILE Y NE UNDEF, RFPEAT DO
Yp=Y, SB=SUBS,
WHILE §B AND TUPQ,(YP) AND EQUALT.(HEAD,(YP),HD SB)
REPEAT DO SB=TL SB» YP=TAILSPC,(YP)
END,
IF NULL(SB) THEN S=YiS,
Y=NEXTELT,(F,P)
END,
NHILE 'S NE NIL REPEAT Do
DIMINIS,(F,HD 8},
8=TL S
END, °
RETURN(F)
END
‘END 3
COMMENT # TAILSPC, USUALLY RETURNS THE TAIL, '“F, A TUPLE, T, BUT IF
THIS TAIL IS ITSELF A TUPLE OF 1 ELEMENT, ‘THE™ THI1S ELEMENT IS
RETURNED 444 #
TAILSPCy2 PROC(T),
BEGINCTT),
TTETAIL(T)»
IF TUPG,(TT) AND NELTS,(TT) EG i THEN TT=HEAD.(TT),
RETURN(TT)
END
END;
COMMENT # A FUNCTION TC TEST WHETHER X 1S.A TYPLE, WITH, AT LEAST
2 ELEMENTS #

PAIRTUP,& PROCEX),

IF TUPQ.(X) AND NELTS,(X) 6T i THEN TRUE ELSE FALSE
END;

COMMENT #FUNGCT]ON ARB, RETURNS AN ARBITRARY ELEM, OF A SET OR A TLPLE#

ARB, = PROC(S),

1F SETQQ,(S) THEN ARBSET.(S)ELSEIF TUPQ,(S) THEN HEAT,(S)

ELSE ERRORTY (#ARB,(S)s S NOT A SET OR A TUPLE#)
‘END}
PROG(S),
BEGIN(X2Y),
IF S EG NULLSET, THEN RETURN CUNDEF )
X=ARBSIM, (S), IF NQT TUPQ,(X) THEN RETURN (X))
IF NELTSs(X) LE 2 THEN RETURN(MAKOUTU.(X))o
Y= ARBSET, (TUPLE,(X) [21),
X[3)1[2) = TUPLE, (X)til § OTUPLE, (Y),
X[3101) = NELT,tY) #L» RETURNC(X)
END
CEND3
PROG(S),
BEGIN(Xs1),
X = HASHTAB,(S),FOR I=(4,HTSIZE,(S)) REPEAT
IF X[1] NE NIL THEN RETURN(COPYcHD(XIIJS)>a

ARBSET, ®

ARBS[M, =

ERRORIM,( # A SET NE NL HAS NU ENTRIES IN ITS HASKTEL

#Z) END
END;
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COMMENT #“AUGMENT SET § WITH A COPY OF EACH OF THE MEMBERS OF SET P #
AUGUNIN, = PROG(S,P),

IF NOT SETQQ,(S)
0OR NOT SETQQ,(P) THEN ERRORTY,
¢ # AUGMENT, UNION,(S,P)+EITHER S OR P IS NOT A SET4#),
AUGUNIK,(S,P)
END;

AUGUNIK, ' PROG(S,P),

eHE
rrx
Ak
"
whE

BEGIN (FLAG,J,08,55,1, $X,IND,W,Y,%Z,FLAGL,0LDSZ}Y,
FLAGEMIL ,QS=S,
IF NELTS,(S) GE NELTS,(P) THEN s8=P ELSE [0
§5=5,S=P,FLAG=TRUE
END, J= HASHTAB (SS),
FOR | = (1;HTSIZE (SS))REPEAT DO
Z=J11),
FLAG1=TRUE,
WHILE Z NE NiL REPEAT DO
X=HD Z, Z=TL Z, IF NOT TUPQ,(X) OR NELTS tX)
NE 3 THEN AUGMNT1, ¢S,X) ELSE DO
IND = COMPRHS, (HTSIZE (S), HASHCOD (X))
W = HASHTAB, (S) | I“ﬁ 1,
WHILE W NE NIL REPEAT DO
Y=HD wg W=TL w;
IF SPETUPQ,(Y) , _ )
AND EQUALT, (TUPLﬁ,tY) 41, TUPLE, X2 (1))
THEN DO
OLDSZ=NELTS, ¢ TUPLE, (Y)tza),
AUGUNIK, (TUPLF.(Y)IZJ TUPLE.(X)[21))
FLAGLsW=NIL
s IF NELTS, (TUPLE, (Y)12)) NE OLDSZ THEN
NELTS, CS)-NELTS (S)=1
END
END,
IF FLAGL THEN Do
AUGMNTL ,(Ss %),
X MAY BE SEVERAL ELEMENTS FOR, EXAMPLE ‘SEVERAL N TUPLES STARTIAG
WITH THE SAME ‘ELEMENT -
WREN ADDING THEM TO A SET WHICH HAS NO NTUPLE STARTING WITH

FHAT ELEMENT THEN THE NUMBER OF ELEMEMTS OF THE SET MUST ‘£E
ALJUSTED " » v
‘ ‘ NELTS, (S)SNELTS, (S)4NELTS, (TURLE, LX) 18] )=t
END
END
END
END,

IF FLAG TWEN DO
aSI11=Sl11,05(2)=5(2], 03[33 =S [3)
END,
RETURN(S)
END
END;

COMMENT # REDEFINITION OF, PLUS,MINUS:TIMES, ETC,ey #

PLS. = PROG(X,Y)

1F TYPE (X) NE TYPE,(Y) THEN ‘ERRCRTY,(
ZA*B, YPES OF, A AND B NOT IDENTICALp¢)
ELSEIF INTQ(X) THEN PLUSVD.(X,Y)
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TRLUS,=

UNTON,=

‘MNS =

SETMNS =

TMS .58

'REPSQ=

) STRA(X) THEN STR,(XaY)
th§§g SE700, (X) THEN uﬁlQN.(X 2
ELSEIF TUPQ,(X) THEN TRLUS.(X,Y)
ELSEIF BSTRG, (X) THEN BPLUS(X,Y)
ELSE ERRORTY, (#A*B, A NOT A SET,TUPLE,BSTR,CSTR,0R INT#)
END}

PROG(T1,T2), , S . ..
MAKTUP { (NELTS, (T1)#NELTS+¢(T2), APFENDCTUPLEL(T1),
TuPLE,(Tz)))

END:

PROGCA,B)

IF NELTS,(A) GE NELTS,(B) THEN ALGUNIK,(COPY(A),COPY(B))
ELSE AUGUNIK (coPYca:. ORY(A))
END;

PROGIX,Y)
1F TYPE,(X) NE TYPE,(Y) THEN ERRURTY,(
£ZA=B, TYPES OF, A AND B NOT IpENTICAL#I
ELSETF INTO(X) THEN MINSVDs(X,Y)

ELSEIF SETQQ,(X) THEN SETMNS,(X,Y)

ELSE ERRORTY,(

ZR=B, A NOT AN INTEGER NOR A SET:#)
END}

PROG(X,Y) s
BEGIN(S PaNEXT),

S=COPY(X), PsCORPY(NILVECT,), NEXT=NEXTELT.(YaP)s
WHILE NEXT NE UNDEF, REPEAT DO
DIMINST, (S,NEXT),
NEXT= NEXTELT.(Y;P)
END,
RETURN(S)
END
END3

PROG(A,B) s

IF INTQ(A) AND INTQ(B) THEN TIMESVD,(A,B)
ELSEIF INTO(A) AND STRA(B) THEN REPS,(4,B)
ELSEIF SETQQ,(A) AND SETOQ,(B) THEN INTRSCT,(A,B)

ELSE ERRORTY,(#A%B#)
END;
PROE(A B)l
BEGIN(Ry 1),
IF A LT 0 THEN ERRORVA,(
ZA*B, B 18 A STRING AND A 154 NEGATIVE INTFGER#):
Re##, . Coh
FOR 1=(1,A) REPEAT R=STR,(R,B?,
RETURN(R)
END
‘END}

INTRSCT(' PROC;A'R)Q

BEGIN(SM,LGsP,X,Ls1))
IF NELTS,(A) GE NELTS,(B) THEN DO
SM=B, LG=A
END
ELSE DC
- SM=A, LG=B
END,
P=COPY(NILVECT, ):X NEXTELT, (SVaP)pL NILS 1=90,
WHILE ‘X NE UNDEF, REPEAT Do
IF ELTFSET, (X,U6) THEN Lo k=aXilL, I=l+1i END}
XENEXTELT, (SM P)
END,

SRC 1062
SRC 10€3
SRC 1044
SRL 1065
SRC 1046
SRC 1047
SRC 1048
SEPT7141
SEPT7142
SRC 1071
SRC 1072
SRC 1078
SR% 1074
SRC 1075

SRY 10786

SRC 1077
SRC 1078
SRC 1079
SRC 10490
SRC 1031
SRC 1082
SRC 1083
SRC 1084
SRC 1085
SRC 1088
SRC 1087
SRC 1028
SRC 10839
SRC 10590
SRC 1093
SR“ 13;3
SRY 1093
SRC 1094
SRC 1095
SRC 1096
SRY 1037
SRC 1098
SRC 1099
SRC 1110
SRC 11231
SRC 1112
SRC 1118
SRY 1104
SRC 1105
SRC 11186
SRC 1107
SRC 1118
SRC 1119
SRC 11190
SRC 1111
SRC 1112
SRE 1118
SRC 1114
SRC 1115
SRE 1116
SRC 1117
SRC 1118
SRC 1119
SRC 1120
SRC 1121




SLSH, =

DSLSH,=

SYMDIF:=

COMMENT #

INCS, =

COMMENT 2
NEWAT,=

'COMMENT #

MIN,=s

ABSQ:

RETURN(SETFRML . (L,1))
EnD
END;
PROG(X,Y)
I[F INTG(X) AND INTQ(Y) THEN
SLHSVD, (X, Y)
ELSE ERRDRTY (#A/B, A OR B NCT INTEGER#)
END}
PROG(A,B)
IF INTQ(A) AND [NTQ(B) THEN RFMAlhD.IA.BD

EL,SEIF SET0Q,(A) AND SETGQ, (B) THEN SYMDIF(A,R)

ELSE ERRORTY,(#A//B, A OR B NOT INT QR SET;#)
END;
PROG(A,B) s

SETMNS, (UNION, CA»BY, INTRSCT, (ALB))
END;

SET, INCLUSION #

PROGIX,Y),
BEGIN(Z P,

IF NOT(SETQO,¢X)) OR NOTC(SETGG,(Y)) THEN ERRORTY,!

#X INCS, Y, Y OR X NOT A SET,#*), .

IF EQUALT,(X,Y) THEN RETURN(TRUE),

Ps= COPY(NILVECT.ag ZaNEXTELT, (Y,P),

WHILE Z NE UNDEF, REPEAT DO
IF. NOT(ELTPSET (Z,X)) THEN RETURN(FALSE)
2 ZSNEXTELT.CY,P)

END.

RETURN(TRUE)

END
END}

GENERATE NEW BLANK,, ATOM, #
PROG(),

BEGIN(),
NEWATNR ,=NEWATNR , #1 )

RETURN(VECTOR!BLANK.1954321+NFNATNR.;NEEATNR 1)

END
END:

SOME OTHER ARITHMETIC FUNGTIONS ,,414, #

PROC(A,B)
IF INTG(A) AND INTQ(B) THEN
(IF A GE B THEN A ELSE B) '
EL.SE ERRORTY, (#MAX,(A,B)s A OR B NOT INTEGER#)
END:
PROG(A,B), ,
IF INTQCA) AND INTQ(R) THEN
(IF A LE B THEN A ELSE B)
: ELSE ERRORTY,(#MIN,(A,B)s A OR B NOT INTEGERZ)
ND3
PROGCA),
IE INTQ(A) THEN (IF A GE 0 THEN A ELSE =A)
ELSE ERRORTY,(#ARS,(A), A NOT iNTEGER#)
END;

SRC
SRC
SRC
SRC
SRC
SRC
SRC
SRG

SRC
SRE :

SRC
SRC
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1126
1127
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1129
11390
11331
1132

1138
1134

- 1135

1136

;1137
- 1138

119
11490
14431
1142
1143
1144

- 1143

11486
1147
1148
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SRC
SRC
SRC
SRC
SRE
SRC
SRC
SRC
SRC
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SRC
SRC
SRC
SRG
SRC 1
SRC
SRC 1
SRC
SRC
SRC
SRC
SRC
SRC
SRC
SRC
SRC
SRL
SRC
SRC 1
SR¥
SRY
SRC
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1158
1154
115%
1156

1157

1158
1159
1140
1161
11542

1163
1164

1145
11566
1167
1168
1169
1170
1173
1172
1178
1174
1175

1176

1177
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1179
1159




COMMENT -#
GENSET, =

GENTUR,#

COMMENT -2

DEC.=

QCT,=

COMMENT  #

NPOW, =

GENERATING FUNCTIONS FOR SETS AND TUPLES ssureven?

PROC(),

BEGIN(S,IaN)M), } _
S=COPY(NL, ) s N=NUMARGS () » M=SMLHSETA )
SMLHSTA ,SNEWSMS, (N), | Ay
FOR I=(1,N)REPEAT AUGMENT,(5,ARGUMENT(ID),
SMLHSTA, =M,

RETURN(S)

MARGS())

i~

DECIMAL AND OCTAL CONVERSION 4.y y,qt#

PROGCQ), , ,
IF STRO(O) THEN 1FROMS,(0,10) _
ELSEIF INTQ(0) THEN SFROMI, (0,10 o .
ELSE 'ERRORTY, (#DEC.(0), O NOT A "TRING OR AN INTEGERZ#)
END3
PROGCO), o
IF STRA(D) THEN IFROMS,(0,8)
ELSEIF INTQ(0) THEN SFROMI.(0,8) ) i
ELSE ERRORTY, (¥0CT,(0), O NOT A STRING OR AN INTEGER%)
END3

THE TWO POWERSET FUNCTIONS suvvoasstes ?

PROC(S), ,
BEGIN(XeY)s y .
IF NOT SETGO,(S) THEN ERRORTYs(
ZPOW,(S)s S NOT A SET,#),

IF S EG NL, THEN RETURN(SETWITOQ,(COPY(NL,))),
Y=ARB, (S),DIMINIS,(S2Y) s XzPOW1(S),
SEAUGMENT , (S,Y), o
RETURN(AUGUNIK, (X,BACHWIT,(X2Y)))

END
END} A
PROG(N,S)
BEGIN(Y XA, XB), L )
IF NOT(SETQG,(SYAND INTQ(N)) THEN ERRORTY,(
ENPOW,(NsS)» N NOT INT OR 'S NLT SET.#),
IF N EG 0 THEN RETURN(SETWITOs(COPY{NL.})),
IF N GT NELTS,(S) THEN RETURNECOPY(NL,)),

YREPEAT L=ARGUMENT(™=1+1) 1L sRETURN(MAKTUP,

SRC 1181
SRC 1182
SRC 13:3
SRY 1184
SRC 1185
SRC 1198
SRC 1187
SRC 1188
SRC 1189
SRC 1190
SRC 1191
SRC 1192
SRC 1123
SRC 1154
SRC 1195
SRC 11986
SRC 1197
SRC 1198
SRG 1199
SRC 1200
SRC 1201
SR¥ 1202
SRY 1203
SRC 1204
SRC 128
SRC 1208
SRC 1207
SRC 1208
SRC 1219
SRC 1210
SRC 1211
SRC 1212
SRC 1213
SRC 1214
SRC 1215
SRC 1218
SRC 1217
SRC 1218
SRC 1219
SRC 1220
SRC 1221
SRC 1222
SRC 1228
SRC 1224
SRC 1225
SRC 1228
SRC 1227
SRC 1228
SRC 12:9
SRC 123
SRL 1231
SRC 1222
SRC 1238

IF IDENTQ, (N,NELTS,(S)) THEN RETURNCSETWITO, (COPY(S))),SRC 1234
Y=ARB, (S)s DIMINIS,(S:Y),XA=NFOH, (N=i,S),XBENPON, (N, §),SRC 1235

AUGMENT , (S,Y), , . .
RETURNCAUBUNIK, (XB,EACHWIT,(*A,Y)))
END
END;

SRC 1230
SRC 12137
SRC 1238
SRC 1239
SRC 1240




‘COMMENT #
COMMENT -#

EACHWIT, =

COMMENT #

AUXILIARY FUNCTIONS FOR POWs, AND NPCW, saveveves 7

EACHWIT,(S¢X) ASSUMES THAT S IS A sk T, OF,,5AY, N SETS €],

IT R&TURNQ A SET, CONSISTING OF. N -SETS WHICH CON?IST 0;.
THE SETS S1 EACH AUGMENTED WITH, THE ELEMENT ¥ sosneee '®

PROCES,X)
BEGIN(P2Y,R),

R=COPY(NULLSET,), P=COPY(NILVECT,)s» Y= ENEXTELT: (SyF)s

WHILE Y NE UNDEF, REPEAT Do
AUGMENT, (R, WITH (YeX)), YSNEXTELT,(S3P)
END.,
RETURN(R)
END
END;

THE FUNGTION RANDOM, RETURNS A PSEULO=-RANDOM, NUMBER #

RANDOMR 847 GOMMENT # INITIAL VALUE OF, THE SEED #

‘RANDOM, & PROC(),

START,

BEGIN(A B K),
IF NUMARGS() EQ 0 THEN K=131074 ELSE K=ARGUMENT(1),
IF NOT INTQ(K) THEN ERRORTY,(
ZRANDOM, (K), K NOT INT#),

B=SHIFT(RANDOMR, ,=6),

As XOR(RANDOMR.:B):

B=SHIFTCLAND(A,63),14),
RANDOMR,5X0R(A,B),
=RANDGMR./<131071/K)*15
IF A GT K THEN 80 START,
RETURN(A)

END
END;

CQMMENT # FUNCTIONAL AFPLICAT!QN (P 55) ...Q!..ltca #

COMMENT
SOF. =

SOFOK, =

# 44, THE SET, OF, ALL IMAGES DF, X INF gog 7

PROG(F,X)
DQ
IF NOT SETQQ,(F) THEN
‘ERRORTY, (# F SOF, XoF IS NOT A SET. #))
IF X EG UNDEF, 'THEN ERRDRTY. ( 2 F SOF, X,
X IS THE UNDEFINED ATOM. #),
SOFOK . (FpX)
END
END} ,
PROC(F,X)
B&GIN(xwm.s;sw,sv '¥2),
IF F EG NULLSET, THEN RETURN(COPY(NL,))}
IND = COMPRHS, (HTSIZE,(F),HASHCOD, (X))}
S=COPY(NULLSET,), W= HASHTAB (F)IINDI,
WHILE W NE NIL REPEAT DO
YSHD W, W=TL W, IF TUPQ,(Y) AND
NELTS,(Y) GE 2 AND EQUALT, (TUPLE.(Y)111,X)
THEN DO V , o
Y25 TUPLE.(Y) 12)s IF NELT,(Y)EQ 2 THEN DO
IF Y2 NE UNDEF, THEN 8=

SRC 1

SRE
SRC
SRC
SRC
SRC

SRC 1

SRC 125(

SRC
SRC

SRC

SRC

SRC
SRC 1
SRC
SRC
SRC
SRC
SRG

SRC

SRY
SRC
SRG
SRC 1
SRC
SRC

SRC 1

SRC
SRC
SRC
sRC
SRC




SOFN,=

SOFNERR, =

COMMENT

OF 4

AUGMNTS, (S,Y2) . SRC

END ELSE S=AUGUNIK, (s,Y2) SRC

END SRC

END,RETURN (8) SRC

END . SRC
END3 SRC
PROC(F,SBS), SRC
BEGIN(SHX, IND,$5,%Q,3Y,3YP,35UBS2$5B,$X1), SRC
IF NOT PAIRQ(SBS) THEN ERRORTY,( SRC

#F SOFN, X, X NOT A LIST#), SRC

IF NOT SETQO,(F) THEN ERRQRTY:( SRC

#F SOFN, X, F NOT A SET.#), SRC

IF TL SRS EQ NIL THEN RETURN(‘GF (F,HD SBS)), SRC
SUBS=SES, SRC

IF F EG NL. THEN RETURNC(COPY(ML,)), SRC

IF SUBS EQ NIL ‘THEN ERRORTY, (ﬁsorm (FaXYy X 18 NIL,#)3 SRC

HX = HD SUBS, SRC
IF_HX EO UNDEF, THEN SOFNERR, (). SRC

IND ‘= COMPRHS, (HTSIZE;CF). HAS HCOD, (HX) ), SRE

S= COPY(NL )s O=HASHTAB,(FY[INE], SRC
WHILE G NE NIL REPEAT Do SRC

Y=HL G, SRC

Q=TL Q, SRC

IF TUPQ,(Y) AND NELTS,(Y) €E 2 AND SRC

EQUALT, (TUPLE (Y)tllaHX) SRC

THEN DO SRU

IF NELTS,(Y) EQ 2 THEN Dp SRC
YP=COPY(TURLE,(Y)[2]), SRC

SB=TL SUBS, SRC

IF SB NE NIl AND NOT ‘TUPQ,¢{YP) THEN YP=UNDEF,;,SRC

WHILE SB NE NIL AND TUPQ,(YP) REPEAT DO SRC

X1=WD SBs SB=TL S SRC

IF X1 E0 UNDEF, THEN SOFNERR, () SRC

IF NELT,(YP) GT 1 AND SRC

EQUALT, (HEAD, (YP)£XT) "THEN SRC

(YP=IF NELT.(YP) EQ 2 THEN WD TL TUPLE,(YR)ISRC

ELSE TAIL,(YP)) ELSE YPsUNDEF, SRC

END, _ SRG

IF YP NE UNDEF, THEN AUGMNTS,(%,YP) SRY

‘END SRC

ELSE DO SRC
YPETUPLE,(Y)[2]), IF TL SUBS EQ NIL THEN SRE
AUGUNIK,-(SaYP)ELSE UGUNIK, (%,S0FN, (YR, TL SRC

SUBS)) SRY

END SRC

END SRC

END, SRC
RETURN(S) : SRC

END SRC

END; SRC
PROG(), SRC
ERRORTY, (#SOFN,(8,X), SOME ELEME“T OF, X 1§ UNDEFINER,#) SRC
END} SRC

| SRC

# wes THE SINGLE IMAGE OF, A IN 0 ,,1 # SRC
PROGC(O,A), SRC
IF SETOQ,(0) THEN OFSET,(0sA) SRC
ELSEIF TUPQ,(0) THEN QPTUPL (0, A SRC
ELSEIF CODEQ(O) THEN 0O(A) SRE
ELSEIF STRQ(N) THEN SURSTR(Q, SRE

13401
1312
13038
1304
1305
1316
1347
1318
1309
1340
1311
1312
1318

> 1314

1315
1316
1317
1318
139
1320
1321
1322
1323
1324
1325

- 1326

1327
1328
1329
1310
1331
1338
13338
1334
1335
1336
1337
13358
1339
134
134}
1348
1348
1344
1345
1346
1347
1348
1349
1320
1354
1352
1388
1354
1355
13586
1357
1358
1359
1340

! ‘ .



IF VAR A THEN A ELSE HD A,
IF VAR A THEN 1 ELSEIF TL A THEN TL A ELSE =1)

ELSEIF BSTRG,(0) THEN OFBSTR(Q,A?

FLSE ERRORTY,(#0 OF A, A NOT A & T, TUPLE, BSTRING,

CSTRING, CR PROC#)
END;
OFSET, = PROGCF 4 X)
BEGIN(DEFINED,RESULT,Y:Y2, IND,W)?
IF X EG UNDEF, THEN ERRORVA,(
AOF . (Fax), X 18 UNDEFINﬁD#).
IF FEG NULLSET, THEN RETURN(LNDEF,),

DEFINED=FALSE, IND=COMPRHS, (HTSIZE (F) HASHECOR, (X))

WaHASHTAB, (F)LINDY,
WHILE W NE NIl REPEAT DO
Y=HL We WaTL Nn
IF TUPQ,(Y) AND NELTS,¢Y) GE 2 AND
EQUALT, (TUPLE.(Y)[il.X) THEN DO
“1F DEFINED THEN RETURNCLUNDEF,),
CEF INED=TRUE,
Y2ETUPLE,.(Y)[2],

SRC
SRC

SRC

SRC
SRC
SRC
SRC
SRC

8RC
SRC

SRC

SRC

SRC
SRC
SRC

SRY 1

SRC
SRC

SRC :

SR&

IF IDFNTQ (NELTS,(Y),2) THEN RESULT=COPY¥(Y2) ELSESRC

‘RESULT=
IF NELT,(Y2) EQ 1 THEN ARBSET,(Y2) ELSE UNDEF,
END
END.
RETURN(IF DEFINED THEN RESULT ELSE UNDEF,)
END
END;

OFTUPL.=  PROG(TUP,B),
BEGIN(K:J),
K=NELTS,(TUP),
IF INTG(E) THEN DO
IF B LT 1 THEN ERRORVA,(
ATUPLE, OF, X, ‘X LESS, THAN 14:.
IF B GT K THEN RETURN(UKDEF )
END,
TUPETUPLE . (TUR),
IF VAR B THEN RETURN(COPY(GET“D.<TUP 8))>.
J = HD By K=K+1mJ, TUPSCOPY(SKIPWD,(TUP,J=1)Y,
IF TL B EQ NIL THEN RETURN(MAKTUP,(K,TUR)),

NL] TL Ba
RETURN(MAKTUR, (s FIRSTWD, ¢TUP+JI))
END
END3:
OFN, = PROG(F,SBS),
BEGIN(K),
IF NOT PAIRQ(SBS) THEN ERRQRTY,(
2F OFN, X,X NOT A L1ST#),
IF conso(r> THEN RETURN(APPLY(F,SBS)),
IF TL SRS EQ NIL THEN RETURN(QF.(FcHD SBS) ),
K=SOFN, (F,SBS),
IF NELTS (K) NE 1 THEN RETURNCUNDEF )
RETURN(ARRBSET, (K))
. END
END;

COMMENT # 3 AUXILIARY FUNCTIONS TO PROCESS LISTS savvennsevd?
GETWD,=-  PROC(L,N),
BEGIN(SX, 1)
X=UNDEF ,» FOR I=(1,N) REPEAT 'LO

SRC

SRC 1343

SRC

SRC
SRC
SRC
SRC
SRC
SRU

SRC 1

SRC

SRC 1

SRC

SRC

SRC
SRG
SRC

SRC 1

SRC
SRC
SRE
SRC

SRG

SRC
SRC

SRC 1
SRC 1
SRE
SRC 1

SRC
SRC

SRC 1

SRC
SRE
SRC

SRL 1
SRC .

SRC

SRC :




SKIPWD,=

FIRSTWD =

COMMENT #

NEXTELT.®

NXTLTCy=

NXTLTT2,

NXTLTT,.=

XsHEL L, L=TL L
END,
RETURN(X)
END
END? ,
PROG(L,N) ¢
REGIN(Xa1),
FOR I=(1,N) REPEAT DO
XsHL L, L=TL L
END,
RETURN(L)
END
END; ‘ :
PROC(L;N)O
BEGIN(I 5X,%0),
Q=L FCR 12€C1,N «1) REPEAT Do
X=HE Q, Q=TL Q
END, _
TL Q=NIL, RETURN(L)
END
END}
ITERATION OVER A COLLECTION (SEE PAGE 62 FOR BETAILS)
ONE IMPORTANT DIFFERENCE WITH, NEWLETTER 49 18 THAT P
SHOULD BE INITIALIZED To ([NIL) OR NILVECT., BUT NOT
TO NQLTCC'ROQQQOQQg
PROGC(O,P) .
IF Pr1) EG UNDEF, THEN ERRORTY,(
ZJTERATION OVER S, ITERATOR cALLED AFTER END OF, OBJECT
REACHED,#)
ELSEIF SETGQ,(0) THEN NXTLTS,(0.,F)
ELSEIF TUFQ,(0) THEN NXTLTT.(G.P?
ELSEIF STRQ(0) THEN NXTLTC,(0,P)
ELSEIF BSTRQ,(0) THEN NXTLTB(Q p)
ELSEIF NOT vecrn:o) THEN ERRORTY. ¢
#[TERATOR OVER S, 'S NQT A SET,, TUPLE, OR STRING,#)
ELSE ERRORTY,(
ZITERATION OVER §, 'S NOT RECOGNIZABLE#)

END; ‘
PROC(O,P)
hGIN(C’a .
1F P[1) EQ NIL THEN PI1] = VECTOR(1,SIZE(C)),
IF P{1)(1) BT Pr1)[2] THEN DO
Pl1)=UNDEF,s» RETURNCUNDEF,]
END»
C=SUBSTR(O,PI11E2),1), PILi1i1l=P{1) (1)1,
RETURN(C)
END
END3
= PROC(T,P):
&GINC Q),
IF Ptil EQ NJL THEN PI1)}=aVECTORC1,TUPLET(T)),
IF PI1)11) GT NELTS.(¢T) THEN DO
P{1) = UNDEF,, RETURN(URDEF )
END,
Q=HD Pl1)L2],
PI1)021=TL Pl11(2), PL1)(1)=Pl1)(1)+1,
RETURN(Q)
END
END}
PROC(T,P)

£l

SRC
SRC
SRC
SRC
SRC
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SRC
SRC
SRC
SRC
SRC
SRC
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SRC
SRC
SRC
SRC .
SRC
SRC 1
SRC
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SRC

SRC 1

SRC
SRC
SRC
SRC 1
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SRC 1
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SRG
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: BEGIN(X) s SRC 1473
GETELT: XsNXTLTT2,(T:P), SRC 1432
' IF Pl1) EG UNDEF, THEN RETURN'UNDEF.). ‘ SRC 1483
IF X EG UNDEF, THEN GO GETELT: SRC 1484
RETURN(X) SRC 1485
END SRC 1486
END) SRC 1437
NXTLTS.=  PROG(S,P): SR 1448
BEGIN(ITEM), SRE 1429
IF Pl1] EQ NIL THEN P{1}sVECTCR(O,NIL,NIL, SRC 1420
MAKVECTO(1) ,NIL,0), SRC 1493
IF PI11(4)[1) NE NIL THEN :Go TUP, SRC 1492
ENT, IF P[1)12) EQ NIL THEN GO NXT-N, SRC 1493
ENT1, ITEMSHD Pr11021, P[1)(2)=TL Pl11(2], SRC 1474
IF TURPG, (ITEM) v SRC 1495
THEN IF NELT,(ITEM) EQ 3 THEN GO TUP1, RETURNEIMAKCUTU, (SRC 1498
ITEM)), , . SRC 1497
TUPL, PI1)[3) = TUPLE.(ITEM)[L1, SRC 1498
PL1)[61=HASHCOD, (ITEM), SRC 1459
Pr1)(B)1=TUPLE, (ITEM)[2], SRC 1500
TUP, ITEMSNXTLTS, (PtiltﬁlaP(11t43)0 SRC 1501
IF PI11141(1) NE UNDEF, THEN RETURN( SRC 1502
VECTOR(TUPL,sPL1)[6],VECTQR(NELT, (ITEM)+1,R[1)13)} SRC 1578
TUPLE, (ITEM)))), SRC 1504
Pt13;41[13 NIL, GO ENT, SRC 1545

NXTLN, Pr1101) = PLLI[4) » 1+ IF Pi1)1{1) GT HTSIZE.(S) TKEN BOSRC 1536
TERM, SRC 1517
Pr1)[2)=HASHTAB, (S)IPIL)(1)], _ _ SRC 1508
IF P{1112) NE NIL THEN GO ENTY, GO NXTLN, SRC 1519
TERM, Pt1) = UNREF,, RETURNCUNDEF,) SRC 1510
END SRC 1511
END3 SRC 1512
| o | | SRC 1513
‘GOMMENT ‘'# THE UNION, OF, ALL SETS WHICH ARE TFE IMAGES €F, ALL SRC 1514
THE ELEMENTS OF, S UNDER F # SRC 1515
SRC 1518
BOF, = PROC(F,S) SRC 15417
IF NOT SETQQ,(F) AND NOT CODEGQ(F) THEN ERRORTY,( SRC 1518
#F BOF, S, F NOT A SET, NOR A PR C#) SRC 1519
.~ ELSEIF CODEG(F) THEN BOFCODE, (Fy8) SRC 1520
ELSEIF SETQQ,(S) THEN BOFSET,(F,%) SRC 152%
ELSEIF TUPG.(S) THEN BOFTUPL, (F,5) SR 1522
ELSEIF STRQ(S) THEN BROFSTR(F,S) SRC 1523
ELSEIF BSTRO,(8) THEN HOFBSTR(pr) SREC 1524
E,SE ERRORTY,( SRG 1525
#BOF,(F2S), S NOT A SET,sTUPLE,,CSTRING,BSTRING#) SRC 1528
END} SRC 1527
SRC 1528
BOFSET, 8 PROG(F,S), : SRC 1529
BEGIN(RESULT,NEXT,P), SRC 1530
IF § EG NULLSET, THEN RETURN(COPY(NL,))} SRC 1531

P=COPY(NILVECT,),RESULT=CORY(NULLSET,),NEXTRNEXTELT:  SRC 153

(S,P), WWILE NEXT NE UNDEF, MEPEAT DO SRC 1538
AUGUNIK, (RESULT,SOFOK, (F,NEXT)), SRC 1534
NEXT=NEXTELT.(S,P) SRC 1535
END, SRC 1538
RETURN(RESULT) SRC 1537
END SRC 1538
END: SRC 1539
. SRC: 15490




BOFTUPL, # PROG(F,T),
BEGIN(RESULT,COUNT,TODO, 12X, Y, N) 2

TODOSTUPLE, (T)Y,RESULTENIL,CoU T=0,N= aNELT. (T,
FOR l=(1,N) REPEAT DO _

X=WD TODO, ToDo=TL TODO,

IF NOT(X EQ UNDEF,) THEN DC

Y=OFSET,(F,X),

IF Y En UNDEF, THEN ERRQRVA,(

ZBOF(F,T)e T Is A TUPLE ANL F(T(I)) UNDEF FOR 1#),

APPEND, (RESULT,Y) e

COUNT=COUNT=1

END

END,
IF RESULT NIL THEN RETURNCUNDEF,),

RETURN(VECTOR(TUPL ,,HASHCOD, (RD RESULT)}
VECTOR(COUNT,RESULTY))
END :
END}:
BOFCODE, ‘= PROG(F,S),
BEGIN(RESULT, NEXTnP):
IF S EG NL, THEN RETURN(COPY(NL, ),
IF NOT SETQO,(S) THEN ERRORTYs(
#BOFCODE, (F,S),5 NOT A SET,#)¢
P=COPY( NILVECT Y RESULT= CDFY( L) aNEXTENEXTELT, (S5P)
WHILE NEXT NE UNDEF, REPEAT DC
AUGMENT, (RESULT;F(NEXT)).
NEXT= NFXTELT (8,P)
END,
RETURN(RESULT)
END
END;
BOFN, = PROG(F,SRS),
i IF NOT SETGG,(F) AND NOT GODEG(F) 'THEN -ERRORTY,
(#F BOFN, X: F NOT A SET, NOR A FROC#)
ELSEIF NOT PAIRG(SBS) THEN ‘ERRORTY, (
ZF BOFN, X,X NOT A L1sT#)
ELSEIF TL sas EQ NIL THEN BQF,{F+HD SBS)
ELSE BOFNCK,(F,588)
END;
BOFNOK, '8 PROG(F,SBS),
BEGIN(RESULT,NEXT),
RESULT=F,
WHILE $B8S NE NIL AND RESULT NE NL, REPEAT DO
NEXT=HD SBS,SBS=TL SBS,
RESULT=BOF, (RESULTaNEXT)
END,
RETURN(RESULT)
END
END3
COMMENT # A PROUCEDURE TO SELEGT THE N=TH ELEMENT OF+ A TUPLE, #
SELTUPL, '3 PROG(T,N),
BEGIN() .
"IF NOT TUPQ,(T) THEN ERRORTY,f .
% T COMP N, T IS NOT A TUPLE,#),
IF NOT INTQ(NY THEN ERRORTY, t
Z T COMP N, N IS NOT AN INTEGERZ))
IF N LE 0 THEN ERRORVA,!{
2 T COMP N, N NOT POSITIVEZ),
IF N GT NELT,¢T) THEN RETURNCLNDEF,),
RETURN(COPY(GETND (TUPLE ,(TY»™M)))

SRC
SRC
SRC
8RC
SRC
SRC
SRC
SRC
SRC
SRC
SRY
SRC
SRC
SRC
SRC
SRC
SRC
SRC
SRC
SRC
SRC
SRC
SRC
SRC

SRC
SRC
SRC
SRC
SRC
SRC
SRC
8RC
SRC
SRC
SRC
SRC
SRY
SRE
SRC
SRV
SRC
SRC
SRC
SRC
SRC
SRC
SRC
SRC

SRY-

SRV
SRY
SRC
SRC
SRC
SRC
SRC
SRC
SRC
SRC
SRC

1544,
1542
1543
1544
1545
15486
1547
1548
1549
1550
1551
1552
1553
1554
1555
1558
1557
158
1550
1540
156}
1562
1548
1544
1565
1546
15847
1538
1569
1570
1571
1572
1878
1674
1575
1576
1577
1578
1579
1580
1581
165382
1533
1584
1585
1586
1847
1538
1589
1590
15%%
1392
1678
1594
1595
1596
1597
1596
1559
1600




END
‘END;
COMMENT # SINISTER CALLS FOR TUPLES AND FUNCTIONS #

SETSIN, = PROG(A,B.C),
IF TUPQyCA)Y THEN SETTUP.(A E.C)
ELSEIF SETQQ,(A) THEN SETFUN,(A,8,C) ELSE ERRORTY,(
ZLET A 4o BE ,..s A I8 NOT A TUFLE, OR A SET,#)
END;
SETTUR, ‘= PROG(A,B,C),

REGIN(N,) I,K),
IF B LE 0 THEN ERRORVA,¢ |
ALET T COMP I BE ,,.2 1 15 LESS, THAN 12),
IF A EG NULT, THEN DO
IF B EQ 1 THEN DO
AL21=HASHEOD, (C) s
AL3YN[1)=1, ‘
AL31(21=COPY(CIINIL,
RETURN(A)
END,
KsCCPY(C)iNIL,

FOR 1=(1,B=1) REREAT Ks COPY (UNDEF 4 ) 3K,
A[21=HASHCOD, (UNDEF,),
AL31111=B,
Al31t2)3K,
RETURNCA)
END,

IF B EG 1 THEN DO
A[21=HASHCOD, (G), HDC(A[31[2])=C, RETURN(A)
'END»
K=IF B LE NELTS.(A) THEN Bei ELSE NELTST(A)=1)
N=TUPLE,(A),
FOR I=(1,K) REPEAT N3TL N,
IF B LE NELTS,(A) THEN DO
HD N=C, RETURN(A)
END,
FOR 1=(1,B=NELTS,tA)=1)REPEAT N=ADDON(NICORY(UNDEF,)),
N=ADDON(N, copv<c>:.
AL31(11=8,
RETURN(A)
~ END
END}

SETFUN, -2 PROG(A,Bs»C),
' BEGIN(L?,
IF NOT SETQO,(A) THEN ERRORTY s (
ZLET F OF, X BE Y, F NOT A sET,#),
DIMF,(A,B),
IF C EQ UNDEF, THEN RETURN(A)!
L=GENTUP, (COPY(C)),
LI3)(21=B:L(3112),
L13)[1)=L131[1)%1,
LI2]1=HASHCOD,(B),
AUGMNTS , (A, L)
END
END}
‘SETFUNS, = PROG(A,BsC).,
- BEGIN(P.XaL),
IF NOT SETQO,tA) THEN ERRORTY:(
#ZLET F SOF, X BE ¥, F NOT A SET,#),

SRC
SRC
SRC
SRC
SRC
SRU
SRC
SRC
SRC
SRC
SRC
SRC
SRC
SRC
SRC
SR
SRC
gRL
SRY¥

SRC
SRC
8RO
SRC
SRC
8RC
SRC
SRC
SRC
SRC
SRC
SRC
SRC
SRC
SRC
SRC
SRC
SRC
SRC
SRC
SRC
SRC
SRC
SRC
SRC
SRC
SRC
SRC

SRC.

SRC
SRC
SRC
SRC
SRC
SRC
SRC
SRC
SRC
SRY
SRC
SRC

16071
1612
1613
1604
1605
1606
1617
1608
1609
1610
1611
1612
1613
1614
1615
1616
1617
1618
1619
1629
1621
1672
1628
164
1625
1626 .
1627
1628
1629
1630
1631
1612
1633
1634
1635
1638
1637
1638
1639
1640
1641
1642
1643
1644
1645
1646
1617
1648
1649
1659
1631
1658
1653
1654
1659
1658
1637
1658
1649
1660




END
END:

SETFUNN, - PROG(
BEG

DIMF.CA,B),
IF C EG NULLSET, THEN RETURN(A),
IF NOT SETQQ,(C) THEN ERRORTY !
ZLET F SOF, X BE Y, Y NOT A SET,.#),
P=COPY(NILVECT, ), XsNEXTELT, tCeP),
WHILE X NE UNDEF, REPEAT DO
L= GENTUP.(COPY(X))A
LI3)r21=BiL (3112,
L[31t11=LI31t11&;a
L{2)=HASHCOD,(B),
AUGMNTS, tA,L),
XSNEXTELT,(C,P)
END»
RETURN(A)

AyBasC),

INCKa LMY,
IP TL B EQ NIL - THEN RETURN(SETSIN (AsHD BsCI)Y

IF NOT SETQGO,(A) THEN ERRORFY:(

#LET F OFN, X BE ¥, F NOT A S'T,#),

DIMFN,CA,B),

IF C EQ UNDEF, THEN RETURN(A)

K=B,M=0,

WHILE K NE NIl REPEAT DO
M=M#1, K=TL K

END,

L=GENTUP, (COPY(E)),

END
ENDS

STFUNNS,2FROC(A,
BEG

K=VECTGR(TUPL.aHASHCOD (HD B)¢
VECTOR(M.B)),

KeTPLUS, (KsL),

AUGMNTS, (A, K),

RETURN(A)

BaC)o

INCPa X Kal,s M),

IF TL B EQ NJL THEN RETURN(QETFUNS (AJHD BoE)),
IF NOT SETQG, (A) THEN ERRORTY (

CALET F SOFN, X BE 'Y, F NOT A SET,. %),
DIMFN, (A,B),

IF NOT SETQ0,(C) THEN ERRORTY:(

ZLET F SOFN, X BE Y, Y NOT A ‘ET #)
IF ¢ EG NULLSET, THEN RETURN("),
P=COPY(NILVECT.), X= NEXTELT.(C P

K=BsM=0,

WHILE K NE NIL REPEAT no
MaM+1, K=TL K

END,

WHILE X NE UNDEF, REPEAT DO
L= GENTUP.‘POPY(X’)!
K= VECTOR(TUPL.:HASHCOD (WD B,
VECTOR(M, B))a
KETPLUS,. (KaL ),
AUGMNTS, (A, K),
%= NEXTELT (C,P)
END,
RETURN(A)

SRC
SRC
SRC
SRC
SRC
SRC
SRC
SRC
SRC
SRC
SRC
SRC

SRC
SRC

SRC
SRC

SRC
SRC
SRC
SRC
SRC
SRC
SRC
SRC
SRC
SRC

SRC
SRC
SRC
SRC
SRC
SRC

1653
1642
1663
1654
1655
1656
1647
1668
16469
1670
1671
1672
1678
1674

S 1675

1676
1677
1678
1679
1680
1641
16%¢

. 1678

1684
1645
1670

. 16827
> 1688
. 1689
v 1650

1691
1632

- 1693

1694

¢ 1695
< 1696

167
1698

1699

1700
1753
1702

1708
17n4
1705
1706
1707
178
1769
1710
1714
1712
1718
1714
1715
1716
1717
1718
1719
1720




: END
“END S

COMMENT # SINISTER CALLS FOR HMEAD, AND TAIL,#
HEADSIN, '3 PROG(T,X)
REGIN(TT);
IF NOT TUPQ,(T) THEN ERRORTY, !
ZLET HEAD, T BE 0, T NOT A TU LE,#2)s
IF T EG NULT, THEN DO
TT=GENTUP, (COPY(X) ).
T{21=TT(2]),
TI3)1=TT(3],
RETURN(T)
END,
TL2)SHASHEOD, (X)),
HD (TE31[21) = COPY(X).

RETURN(T)
END
END} :
TAILSIN,3 PROG(T,X),
BEGIN() .
IF NOT TUPQ.(T) THEN ERRORTY,
ALET TAIL, T BE Q, T NOT A TUFLE,#),
IF T EQ@ NULT, THEN ERRORVA,(
#LET TAIL, T BE 0, T IS NULL TUPLE#)
TL(TI3)12))=]F NOT TUPQ,(X) TREN LIST(CnPY(X))
ELSE CCPY(TUPLE, (X)),
RETURN(T)
END
END3

FROMSET,® PROG(S),

BEGIN(X),

IF NOT SETQG,(S) THEN ERRORTY ¢

#A FROM S, S NOT A SET.#).

IF S EO NULLSET, THEN ERRORVA,{

#A FROM S, S IS5 NULL SET.#),
X3ARB,(3),

D}MINIS (S, X),

RETURN(X)

END

END;

COMMENT # STRINGF, CONVERTS A SETL=0BJECT INTC A 'CHARACTER=STRING #

‘STRINGF,= PROCEX),

TF INTQ(X) THEN DEC, (X)

ELSEIF STRQ(X) THEN X

ELSEIF X EQ TRUE THEN #TRUE,#

ELSEIF X 'EQ FALSE THEN #FALSF 7

ELSEIF. EL?NKQ (X)) THEN GONCAT(CO“CAT(ﬂtBLAhK# DEC
Y, 7 ¥

ELSEIF LBLO(X) THEN CONCAT(CONCAT(#:iLABEL#}
SFROMI, CIFROMID(X),20)),#1#)

ELSELIF CQEEQ(X) THEN CGNCATCCONCAT(¢ISUBR D
SFROMID(!DFRDMC(X)))a#/#) .

ELSEIF X EQ UNDEF, THEN Z#*#0OM,»%?

EgSEIF SET0Q, (X) THEN SFROMST, (X)

ELSEIF TUPO, (x> THEN SFRDMTPvCX)

ELSE pemwaawg '

SRY
SRC
SRC

SRC

SRC
SRC

SRC 1
SRC

SRE
SRC
SRC
SRC
SRC 1
SRC
SRC
SRC
SRC
SRC

SRC
SRC 1

SRY

SR 1

SRC
SRE
SRG

SRC 1
SRC 1
SRC 1
SRC 1

SRC
SRC
SRC
SRC
SRC

SRC 1

SRC
SRC
SRC
st
SRC
SRY 1
SRC 1
SRC 1
SRC
SRY%

SRC 1765

SRC 1

SRC
SRC
SRC
SRC
SR
SRC
SRC
SRC
SRC
SRC
SRC
SRC
SRC




SFROMST % ‘PROUC(X),
BEGIN(C2Z4P),

IF X EG NL, THEN RETURN(ZNL,#),
P=COPY(NILVECT, ), Z=NEXTELT, (*.P).
C=CONCAT(#<3#,STRINGF,(2)),
Z=NEXTELT,(X,P),

WHILE Z NE UNDEF, REPEAT DQ
C2CCONCAT(CONCAT(C,#»#)»BTRINGF,(2)),
ZINEXTELT, (X, P)

END, )

C=CONCAT(C,#2#),

RETURN(C)
END
END;

SFROMTP,& PROCEX),
BEGIN(CIZaP) s

whERY

MSYMB,=VECTOR(SLASHX, »ONUM, 111, DNUM, [1],DNUM, F4),DNUM, (1103
GENNAM,=.PROG( ),

END3

IF X EG NULT, THEN RETURN(ENULT,Z),
P=COPY(NILVECT,), Z=NXTLTTZ, <X,P).

C=CONCAT(#<#,STRINGF,(2)),

ZaNXTLTT2,(X,P),

WHILE Pt1) NE UNDEF, REPEAT :DC
Cs CONCArcchrAT(c.¢ #),STRINGF,(2)),
ZENXTLTT2, (X, P)

ENDl

CeCONCAT(C,#>#),

RETURN(C)

END

‘END 3

‘THIS IS A BALM FIX

'BECIN‘IJJ);
FOR I2(5,2,=1) REPEAT
IF (JECHAR, [MSYMB,II1]) LT 9 THEN DO

MS¥MB, [Il DNUH.EJ*Zl: RETURN IDFRUMS (SFROMV{MSYMBI))

‘END
ELSE MSYMB,[1]=DNUM, (1)

END

wewwwx END CF THE BALM FIX

*EXTERNAL NELT DIFFERENT FROM NELT,
AN ATOM
PROC(X),

*

NELT=

ELSE ERRORTY, (#NELT X, X NOT A LEGAL TYPE#) SEPT7182

, END} SEPT?iFg
" DEBUGGING PROCEDURES SEPT7208

; SEPT7204

*  THESE INCLUDE ERROR, SAVESETL AND CRASH SEPT7208

» ALL OF THERE MUST BE IN BALMSETL EVEN IF THE DEBUGGING PROCEDURES ARESEPT720%8

* REMOVED ss;7723;
ATEXIT=PRCOG(LINE,P), SEPT72

BF&IN(&PuTITEM ) e DEC72 2

IF wATEXTRC THEN RETURN NJL, SEPT7210

1F STRO(X) THEN SIZE(X)
ELSEIF SETQQ,(X) OR TUPQA,(X) THEMN X[3](1)
ELSEIF BSTRG,(X) THEN BLEN(X)

ELSEIF X EQ UNDEF, THEN ERRORVA,(#NELT X» ¥ 1S UNDEFINED#)SEPT718%

4

IN THAT T 1S AN ERROR WHEN X IS

SRC 1724
SRC 1785
SRC 1716
SRC 1787
SRC 1788
SRC 1729
SRC 1790
SRC 1741
SRC 1792
SRC 1733
SRC 1794
SRC 17%9%
SRC 17%¢
SRC 1797
SRE 1798
SRC 1759
SRC 1800
SRC 187%
SRL 1802
SRC 1803
SRC 1804
SRC 1805
SRC 1806
SRC 1847
SRC 1808

SRC 1809
SRC 1810
SRC 1811
SRC 18192
SRC 1843
SRC 1814
SEPT7163
SEPT7154
SEFT7165
SEPT7168
SEPT7147
SEFT7148
SEPT7169
SEPT7278
SEFT7174
SEPT7172
SEPT7178
SEPT7174
SEPT7175
SEPT7178
SEPT7177
SEPT7178
SEPT7179
SEPT7180




PUTITEM,=PUT,,
FRIN

T{MINUS,,MINUS,, MINUS,  =RETURK, =FROM,P,=AT,LINE)

END
END} ,
ATEXITV=PRQCC(LINE,P)
BEGINC),
IF ~ATEXTRC THEN RETURN NIL,
FRINTsMINUSapVINUS.pMINUS|.-RﬁTURR,
=FROM,P,=AT,LINE,=WITH, :avALLE, ATEXVAL)
END
END; ,
ATSETVSNE PROCELINE,P.NAM, VALY,
 IF ATEQTRC THEN
PRINT(MINUS, s MINUS, s MINUS, 5 =AT,LINE, 2 IN/F,NAM, 215, VAL)
END;
ATASSERTsS PRQCSAQBcCaD)p
DO PRINT{#ASSERTION FAILED#), ATSETLSN(A,B,C,D) END
END;
ATSN=PROCINIR),
BEGINCSPUTITEN,,4L)
FUTITEM'MPUTg'
LESIZE ATSNS,
IF ATSNTRC THEN -
PR!NTngNus.,MINus.,MINus..-LINEoN MINUS, ;3IN,P);
ATSNPEATSNP*1,
ATSNSEATSNP=((ATSNP=1)/ L)* LI®NIP
END END}
SAVESETL2FROC(),
BEGINCFNySAV),
SAVESTRACE,
FN= QPENC#TAPE9¢ 80), REWIND(FN),
TRACESL, GARBCOLL(), SAVEALL(FN),
TRACE=SAV, CLOSE(#BLM4SVDA),
‘FRINT{#BALMSETL,CY=67 'SAVED ON TAPE9R),
ATSNSEMAKVECTO(10), ATSNRs0
END
ENDS
ATSNS= MAKVECTO§10)3
ATSNP=0}
ATSNTRC=FA|SE;
ATEQTRC=TRYE}
ATEXTRC=TRUE)
ATSETV=PRCC(NAMs VALY, NAM END}
ATSETL=PRCC(NAMLIST, VALLIST), NAML1ST END;
ATENTRY=PRQC(P),
BEGIN(SPUTITEM,),
IF -aATEXTRC THEN RETURN NIL.

RUTITEM,2PUT, PRINT(MINU5.:MINUS.sHINU?.aFENTERINSaP)

END
END}
ATSETLSNZ ‘PROC(LINE,P,NAMLIST,VALLIST),
[F ATEQTRC THEN Do _
FRINT(MINUS, oMINUS »MINUS, ;5ATsLINE,ZIN.P) s
‘WHILE PATRQ(NAMLIST) REPEAT DO
‘FRINT{SPCR,sHL NAMLIST,=15,HD VALLIST).
NAMLIST=TL NANLIST. VALLIST=TL VALLI T
END ‘END
END}
ERROR = ‘FROC(TY),
Do ATSNLLST().

SEPT72113,
SEPT7212
SEPT7213
SEPT7214
SEPT72:5
SEPT7216
SEFT7217
SEPT7218
SEPT72180
SEFT7229
SEPT7223
SEPT72:2
SEPT7223
SEPT7224
SEFT7225
SEPT7226
SEPT7227
SEPT7228
SEFT7229
DEC72 B
SEPT7231
SEPT7222
SEPT7223
SEPT7224
SEPT72:5

SEFT7236 .
SEPT7247
SEPT7238
NOV72 2
NQV72 3
SEPT72490
SEPT724%
NOV72 4
JAN74 4
SEPT7245
SEPT7246
SERT7247
SEPT7248
SEFT7249
SERT7250
SEPT7253
SEPT72%2
SEPT7258
SEFT7254
SEPT7255
DEC72 8
SEPT7257
SEPT7238
SEPT7259
SEPT7240
SEPT725%
SEFT7242
SEPT7243
SEPT7264
NOV72 B
SEPT7266
SERT72567
SEPT7268
SEPT7269
SEPT7270



IF TY EQ 3 THEN DO
FROCTRAC(TL STKTRACE(LEVEL,.)?. EXECUTECINPUT,QUTRUT) Y
'STOP() END
ELSE STOP()
END
END3
LEVEL,=107 COMMENT #LEVEL OF BACKTRACE IN \CASE OF CRASH#
VCRASH. = PRQCE),
GINCL)
'PRINTgﬁrt* CRASH #w##2),
ATSNLIST (),
LESTKFRACE(LEVEL,+2), PROCTRACETL TL L),
‘CRSHCNT ,eCRSHCNT ,+1,
IF CR§HCNT- LT CRASHMAX THEN
EXECUTECINPUT,OUTPUT),
‘STOR()
END
END}
ECHO=TRUE}
READIN, 5 PROG(),
BEGIN(),
LINSRDLINE(FN), .
IF BCHO AND FN E0 1 THEN
ngINE<CONCAT(STRING(BLAng aLIN)aOUTPUT£113.
L INSVFROMSCLIN)
IF (LLEN=SIZE LIN) GT 0O AND LIN[4]) BS STAR, THFN GOTO START,
hEXT:g
END '
END;
SPCR,=IDFROMS(#
PROFTRAC PROCﬁk).
BEGINCV,N:T,NAM),
KRLINE(# PROCEUURE TRACE -= IN REVERSE CALLING SEQUENGE?,

QU?PUTtil).
WHILE L AND(NAMSFINDNAM, (IDFROMC(HD /"D L)) IREPEAT
Lo
PRINT, (NAM), V=TL HD L, N=SIZE Va
FOR Is(1sN) REPEAT
PRINT, (SPGR|!~ARG113--JV[I])O
L= TL L, IF NAM EQ zMAIN THEN L= =NIL
(END.
END
‘END}
OPLIST,=L1ST(=iDFROM]I,41B)I0PLIST,}
FINDNAM,8FROGC(NAM),
BEGIN(I N,
IF NAM EQ =CURCOM, THEN RETURN -MAIN
ELSEIF EQSTR(SUB(SFRDH!D(NAM> 1,1), 742 THEN
DO N=IFROMID(NAM)=1,
FOR I~<Np14~1) REPEAT
IF VALUECIGFROMICI)) EQ VALUE NAM THEN RETURN IDFROMICI),
RETURN NIL
. END
‘E,SE RETURN NAM
END
ENDJ
QPLIST,=TL OPLIST.;
ATSNLISTEFROG( ),
FEG[N‘X!I’LA$PUTITEM )y
FUTITEM,=PUT,,

START,

E)3

9

SEPT7274
DEY72 9
SEPT7278
SEPT7274
SEPT7278
SEPT7276
DEC72 10
SEPT7278
SEPT7279
SEFT727%9
SEPT7281
DEC72 1}
SEPT7228
SEPT72%4
SEPT7235
SEPT72886
SERPT7287
SEPT7228
NQV72

NOV72

NQV72

NQV72

NQY72 1
NQV72 34
NQV72 1
NOY72 ¢
NQV72 14
NQV72 1B
NOQV72 1B
NQV72 t"if,_?
NQV72 18
NOV72 19
NQV72 20
NQV72 2%
NQV72 22
NQV72 2
NQV72 2
NQV72 2
NQV72 2
NQV72 27
NOQV72 28
NQV72 29
NOV72 30
NOV72 3

NQV72 32
NOV72 23
NQY¥72 34
NQV72 35
NOQV72 1B
NOV72 37
NOV72 38
NQY72 39
NQV72 40
NQV72 4%
NQV72 48
NOQV72 48
NQV72 44
SEPT7289
DEC72 12
SEPT7291




CFOR 18(4,L=SI7E
“ IF PAIRQ(AT
RETURN NIL,
LBL, PRINT(#LAST STATEMENTS EXECUTEDZ),
PRINT(=, INE,=PRCC),
FOR 1s(ATSNP+1,ATSNP#L) REPEAT

ATSNS) REPEAT
(1

SNS[11) THEN GOTO LEL,

IF PAIRQ(X= ATSNSEI'((I-1)/ LY* LI)THEN PRINT(HE X,TL XD

END ENL;

CHGCHARCS/,13)) COMMENT# ALLOW // AS AN OPERATORZ
COMMENT # QPERATDR DECLARATIONS #
INFIX(=EL 740,710,=ELTF )}
INFIX(=23710, 710«=ELTF I
UNARY(=PAIRTYUP,2000,PAIRTUP )}
UNARY(=TYPE,2000,=TYPE, )}
INFIX(=+,1501,1500,=PLS,);
INFIX(¢==41504,1500,=MNS,)}
INFIX(=%;1601,1600,=TMS,)!
INFIX(=DSLSH,1601, 1600:-DSLSH,)3
INFIX(=2/41601,3600,5SLSH,)}
INFIX(=//41160121600,5DSLSH,)}
INFIXC=W]ITH,754,750,7WITH, )iINFIX(wLESSa751 750,=LESS, )1
UNARY(=HEAD,2000,=HEAD,)
UNARY(=TALL2000,=TALL,);
INFIX(=TAILN)750,750,=TAILN,)}
UNARY(=ARE,2000,2ARB, )}
INFIXt2INCS,754,750,5INCS, )}
INFIX(=EQUAL,1400,1400,=EQUALT,);
INFIX¢= NEGUAL.;4DO 1400 ,sNEQUALT, )}
UNARYﬁ-DEE.ZQOB;nNDMEGAPn)3
UNARY(=UNCFD,2000,=0MEGAR, )}
UNARY(=ATCM.2000,=ATOM, )}

UNARY(= AB“.ZOQD:-ABS.’;

UNARY (=NEL T, ZGQQQ-NELT>»
UNARY(=4,2000,2NELT)}
‘UNARY(=DEC,2000s=DEC,)}
UNARY(=0CT,2000,20CT,)}
INFIX(=MAX,,1851,1850,=MAX,)}
INFIX(=M;A,1851;18504-NIN )3
"INFIX(=sL.LESF.750,750,3LESF,)}
INFIX(=COMP,750,750,=SELTUPL,);
INFIX¢=LESFN,750,750,=sLESFN,)}

COMMENT # 4,4, DPERATOR DECLARATIONS FOR FUNCTIONAL APPLICATION

INFIX(= OFQ750a7511-0F )3
INFIXC=SOF 750‘751;-50F )3
INFIX(¢=BQF,750,751,=B0F,)}
INFIX(=0FN,750,751,=0FN,);
INFIX(= SQFNA750)7514-SCFN )3
INFIX(=BOFN,750,751,3BCFN,)}

COMMENT # ,,, MACRO DEFINITIONS ,,, #
COMMENT # DEFINE OPERATORS USED IN MACROS #
UNARY (= LET;?QUQ LET)c
INFIX(=BE+690,690,=BE)}

UNARY (=FQRALL,590,=FORALLY;
UNARY(=EX1STS,590,=EX1STS);

N e
L)

SEPT7252
SEPT725%
SEPT7224
SEPT72:5
SEPT7296
SEPT7257
SEFT7298
SEPT72%9

DEC72
DEC72
DEC72
DEC72

DEC72

DEC72 1
DEG72
DEC72 ¢
DEG72 2
DELT72 =
DEC72 2
DEC72 =

DEC72
NEC72
DEC72
DEC72
DEC72
DEC72
DEC72
DEC72
DEC72
DEC72

DEC72

DEC72
DEC72

DEx72 &
DEY72 3

DEC72

DEC72 4
DEC72 4

DEC72
DEC72
DEC72
DEC72
DEC72

DEC72 4

DEC72

DEC72
DEG72 &

DEC72
DEC72
DEC72

NEGC72 %
DEC72 &

DEC72
NEC7?2
DEC72
DEC72
DEC72

DEC72 4
DEC72 ¢
DEC72 6

13
14
12



3”@He¢0506ﬂ5a=3UCH)5
IN+600,800,=IN);
1S,700,701,=18);
INFIX‘-QQANT:éQS;éQS;:QUANT):
INFIX(=INR,600,600,=INR)}
INFIX(=FR,500,500,=FROM);

INFIX(=
INFIX(
INFIX(

COMMENT -# MAKVLOGCAL IS USED TO ELIMINATE VERY LOCAL VARTABLES FRQOW

THE SYSTEM AT THE USER LEVEL,vs, 4?2
MAKVLQCA(NTL) ;

COMMENT # USE THE , ,MEANS,, STATEMENT TO DEFINE THE MACROS,
'THE VARIABLES MUST BE X1, X2+ X3, ETCa,, #

FORALL X1 .EL X2 SUCH X3 REPEAT X4

MEANS
GL=COPY{NILVECT,),
X1=NEXTELT, (x2,61)
WHILE Xi NE UNDEF, REPEAT DO
IF. X3 THEN X4,
X1ENEXTELT, (X2,61)
END
END3} :
FORALL X1 EL X2 REPEAT X4
MEANS
Do
GL=COPY(NILVECT,),
X1=NEXTELT, (X2,61),
WHILE X1 NE UNDEF, REPEAT DO
X4, X1=NEXTELT,(X2,G1)
ENE
END3

FORALL X3 IN(X2,X3) SUCH X4 REPEAT X5
MEANS . .
FOR X13¢X2,X%3,1) REPEAT IF X4 THEN X3

H _
FORALL X1 IN(XZ2sX3) REPEAT X4
MEANS

FOR X1=(X2,X3,1) REPEAT X4

‘ﬁoRALL'x; INR(X2,%3) SUCH X4 REPEAT X5

MEANS |
FOR X%§SX2:XSQM1) REPEAT IF x4 THEN X5

i

FORALL %1 INR(X2,X3) REPEAT X4

‘MEANS :
FOR X347(X2,%X3,=1) REPEAT X4

CDMMENT A y1g FREDICATES ,,. #
EXISTS X1 EL X2 SUCH X3
MEANS ‘
BEGIN(MAGVAR, ),
IF NELT, (X°2 EQ 0 THEN RFTURN(FALSE)a

MACVAR,=CQP¥(NILVEPT Ys XLSNEXTELTe(X2,MACVAR,),

WHILE X4 NE UNDEF, REPEAT DO

IF X3 THEN RETURN(TRUE), XL=NEXTELT,(X2sMACVAR,)

END,
RETURN(FALSE)

DEC72 &5
NEC72 58
DEC72 57
DEC72 48
DEC72 49
DEC72 79
DEC72 73
DEC72 72
DEG72 73
NEC72 74
DEC72 75
DEC72 78
NE“72 77
DEC72 78
DEC72 79
DEC72 0
NEC72 81
DEC72 22
DEC72 &3
DEC72 R4
DEC72 45
DEC72 56
DEC72 87
DEC72 28
DEC72 289
DEC72 0
DEC72 31
DEC72 =2
DEC72 938
DEG72 4
DEC72 9%
DEC72 %8
nec72 27
DEC72 98
DEC72 99
DEC72100
DEC72101
DEC721102
DEC72103
DEC724 14
DEC72105
DEC72106
DEC72107
DEC72108
DEC721:11
NOV73 12
DEC721438
DEC72114
DEG72117
NOV73 13
DEC72119
DEC72120
DEC7212%
NEC721%9
DEC721:8
NEC72124
NEY72125
DEC72126
DEC72127

DEC72128




END} :

EXISTS XL "IN(X24X3) SUCH X4

MEANS

BEGINC(MACVAR,),
MACVARySIF X3 GE X2 THEN 1 ELSE =1, o _
FOR X3=(X2,X3,MACVAR,) REPEAT IF X4 THEN RETURN(TRUE),
RETURN(FALSE)

END}

FORALL X1 EL X2 QUANT X3

MEANS

BEGIN(MACVAR ), o
IF NELT,(X2) EQ 0 THEN RETURN(TRUE),» =
MACVAR,3CQPY(NILVECT,), X1=NEXTELTs(X2,MACYAR,),
WHILE X4 NE UNDEF, REPEAT DO L ,

IF NOT(X3) THEN RETURN(FALSE), X1SNEXTELT.(X2,MACVAR,)

END,
RETURN(TRYE)

END}

FORALL X3 IN (X2,X3) QUANT X4

MEANS

BEGIN(MACVAR, ), .
MACVAR,y=IF X3 GE X2 THEN 1 ELSE =1, n -
FOR X3%(X2,X3,MACVAR,) REPEAT IF NOT(X4) TREN RETURN(FALSE},
RETURN(TRUE)

‘END}

'GQMMENT 7 1e s QTHER MACROS ugc'#
X1 1S X2 MEANS X2 3 X1 i
X1 FR X2 MEANS  X1=FROMSET,(X2) }
COMMENT # MACRQS FOR SINISTER CALLS # |
LET X1 ‘COMP X2 BE X3 MEANS SETSIN,(X1:X2,X3);
LET X1 OF X2 BE X3 MEANS SETSIN,(X1,X2.,X3);
LET X1 OFN X2 BE X3 MEANS  SETFUNN.(X1,X2,%3);
LET X1 SQFN X2 BE X3 MEANS 'STFUNNS;(X}(XZEXB)i
LET X1 SOF X2 BE X3 MEANS  SETFUNS, (X1,X2,X3);
LET HEAD X3 BE X2  MEANS  HEADSIN.(X1,X2);
LET TAIL X3 BE X2 MEANS  TAILSIN,(X1,X2);
COMMENT # GENERAL SET,=FORMER #
UNARY(=SETQF,590,5SETOF);
INFIX¢=WHERE, 630,610 =WHERE)
SETOF X1 WHERE X2 EL X3
MEANS
BEGIN¢(MACVAR, ,MACVARL), , o
MACVARysCOPY(NILVECT,), MACVARL=COPY(NL,),
X2=NEXTELT, (X3, MACVAR, ),
WHILE X2 NE UNDEF, REPEAT DO
AUGMNTS, (MACVARL, X1),
X2ENEXTELT, (X32MACVAR,)
END,
RETURN(MACVARYL)
END3
SETOF X1 WHERE X2 EL X3 SUCH X4
MEANS
BEGIN(MACVAR,,MACVARL), L .
MACVAR,SCOPY(NILVECT,), MACVARL=COPY(NL,),
X2=NEXTELT, X3, MACVAR, ),
WHILE X2 NE UNDEF, REPEAT DO
IF X4 THEN AUGMNTS, (MACVARL,X1).
X2SNEXTELT, (X3 MACVAR,)
END,

DEC72129
DEC72130
DEC7213y
DEC72132
DEC72133
DEC721 %4
DEC72135
DEC721386
DEC72137
NEG72138
DEC72139
DEC72140
DEC72141
DEC72142
DEC72143
DEC72144
DEC72145
DEC7214%
DEC72147
DEG72148
DEC72149
DEC72150
DEC72151
DEC72152
DEC72153
DEC72154

DEC72155
DEC721 36
DEC72157
DEC72158
DEC72159
DEC72160

DEC72152
DEC72163
DEC72144
DEY72165
NEC72146
DEC72167
DEC72168
DEC72169
DEC72170
DEC72171
DEC72172
DEC72173
DEC72174
DEC72175
DEC72176
DEC72177
DEC72178
DEC72179

DEC72181
DEC72432
DEC721723
DEC72184
DEC72186
DEC72187
DEC72188
DEC72189




RETURN(MAGVARL)

END}

SETOF X1 WHERE X2 [N(X3,X4)

MEANS

BEGINCMACVAR, sMACVARL) s
MACVARy21F X4 GE X2 THEN 1 ELSE =Ls MACVARL=GCOPY(NL,),
FOR X2%(X3,X4,MACVAR,) REPEAT AUGMNTS,(NAC ARLsX1).
RETURN(MAGVARY)

ENDJ

SETOF X1 KHERE X2 IN(X3,X4) SUCH XB

MEANS

BEGINCMAGYAR, s MACVARL) s
MACVAR =18 X4 GE X3 THEN 1 ELSE =1 MACYARL=GOPY(NL,),.
FOR X2% (X3, X4, MACVAR,) REPEAT IF X5 THEN AUGMNTS.(MAGVARL,X1),
RETURN(MACVARL)

END}

COMMENT #MAKE RROPERTY=L1STS OUT oF. OPERATOR LISTS FOR EFFICIENCY 7

MAKPROPS¢=INFIX s INFIXLT )3

MAKPROPS{=MACRDsSMACROLT,);

MAKPROPSE=UNARY s 2UNARYLT )3

uuP.(-BLathz.,—SETZZ.,-TUPLZZ.,~1NTZZ.;-SUBRZZ..-LABZZ..=STRZZ..
:-BITSZZaQ}

DUP,(=IDENTQ, ,BAPPEND  # =PRT s SUNDEF + ¢ *NULLSET s, =NULC.

f’NULB.g-NILVEC?.g-TUPQ.cstTQQ.A-BLANKQ11~BSTRQQn'QHEGAF;l"&OQEGAFQ!

28172, 43AYGMENT, y=DIMF ,, =UNION, s=SYMDIF, s =NEWAT,,

'GENSET, s2GENTUP,,=POW, , 5NPOW, ,2GETWD s s SSKIPWD ., =F IRSTWD, , =NEXTELT,,

f-nUP.gyDUFL.;-EROMSET.gzMACVAR.)3

DUP, (=DIMFN4 s SRANDOM )3 N
DIMINISH 3 DIMINIS,s INTERSCT = INTRSCT,;
TAILSPECSTAILSRC,s  STRINGOFs STRINGF,
NULLTUPL % NULLTUP,}

CHGCHARCS, 4137

DO SAVESETL(),

ECHO=NIL;

PRINT(#DATE SAVED JANUARY 197432)

ENDJ

DEC7219p
nst72191
DEC72192
DEC72193
DEC72194
DEC72145
DEC72156
DEC72157
DEC72158
DEC721%9
REC7224¢0
DEC722G1
DECT72202
DEC72213
DEC722 4
DEC72215
DEC72206
DEC72217
DEC72218
DEC72219
DEC72210
DEC72211
SRC 2039
SRY 20490
SRC 20431
SRC 2042
SRC 2043
SRC 2044
SRC 2045
SRY 2018
SRC 2047
SEPT7320
SRC 2049
SRC 20%0
SRC 20%1
NOV72 5B
NQY72 46
JAY74 B
NQY¥72 48




