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SCOPE OF REVISION NR~ 1 

TME NEW VERSION OF BALMSETL INCORPORATES ,CM~NGES TO THE FOLLO~ING 
PROCECURESl APPEND LESSFOK CRASM 
4 NEi NAME$ HAVE BEEN ADDED TO THE LIST Of KEYWORDSl 

IDrR □ MC LEVEL PROCTRAC STKTRACE 

THE ~RQCEDURE CRASM (!NVOKED WHEN A TER~lNAL ERRO~ IS DETECTED) HILL 
NOW ~RINT A BACKWARD TRACE 1NDICATING 'T~E StRUCTURE OF THE PRecEDURE 
NEST)~~ AT" THE TlME OF ERROR~DETECTION, ltE "TRACE CONSISTS or A LIST 
or T~E NAM~S OF THE PROCEDURES~ EACM NAME BEIN~ FOLLOWED BY J~E VALUES 
OF TM~ ARGUMENTS, 
TME QEPTH QF THE TRACE• INITIALLY 10 ·~ CAN BE SET BY CMANGIN~ THE 
VALUE QF TME VARIABLE LEVEL (SEE SECTfbN 2,2), 



~COPE OF REVISION NR, 2 

THE NEW VERSION OF 8ALMSETL INCORPORATES ~HANGES TO TME FBLLO~ING 
PROCECYRESi 

. . BOFSET, SETFUN, SOFN, NELT, DtMINISP 
THE FC~LOWlNG PROCEDURES HAVE BEEN ADDED To THE svs,e~: 

. ERROR, LESFN, DIMFN~ LESFNOK, SbtFUNN, SETFUNNS~ setFUNS, 
HEADSIN, TAJLSIN, FROHSET, ERRFDR~ TAILN, TAILS~EC 

.. \ 

THE bANGUAGE INCLUDES THE FDLLOWlNG ADDiT)ONAL FEATORESi 

~ A PROCEDURE DtMFN AND AN OPERATOR LESFN SIMILAR Te DIMF 
AND LESr BUT POR MULTlPbE ARGYMENTS 

• THE SINISTER CALLS 

LET F' sor O BES 
LET F OF'N LlST(01,02,,, ,~ON) BE 0 
LET F' SOPN L?ST(01~02,,,,~oN> BES 
LET HEAD T BE 0 
LET TAIL T BE O 

• THE ITERATION STATEMENTS 

roRALL I INR(J~K) SUCH B R~P~At ST 
rORAL~ I I NR ( J~ K > REPEAT :ST 

• THE STATEMENT 

0 F"ROM S 

• THE FUhCTtON TAILN(T,N) W~IbH RETURNS THE TAIL OF A 
TUPLE T rROM THE N~TH E~EMENT ONWARDS, 

• THE PROCEDURE PRTMAP(S) WMibH PRINTS A SETS ar l0PLE6 
AS A MAP, , 



~COPE OF REVISION NR, 3 

THE NEW VERSION or BALMSETL INCDRPORAtEs 1~AJOR CHANGES TO_A LARGE NUMBER 
OF RQUTINEi,-MOSTLY TO PROViDE A BETTER fNTERFACE W!TM SE,LB, THE HOST 
lMPO~TANT CHANGES PERTAIN TO JNPUT/OUjP0T SfATEMENTS tS!E ·2,1:10), 

TME fC~LOWJNG PROCEDURES HAVE BEEN ADDErii RANDOM, STRINGOt, PAIRTUP, 

THE QPERATQR TYPE HAS SEEN ADDEO, TopeTMER WfTH THE ·tvPe~VALUES 
INTZZ,SETZl,TUPLZZ,BLANKZZ,STRZZ,LABZZ,SU RZZ, 

' 
THE VARlAB~E CRASHMAX (tNiTlALLY 5) S~E;IFIES THE NUMBER OF ALLOWED 
SYSTE~ CRASHES, 

THE SYSTEM HAS GROWN TO A SIZE WHERE Ii R~GU!RES 65 KCOCTAL.> :eF OfflRE 
INTERCOM USERS BEWARE,~••••••;,,,,. 



~COPE Or REVISION NR, 4 

THlS VERStQN OF THE BALMSETL SYSTEM uses -A NEW SWITtHAB~E FE~tURE OF 
BALM~ WHJCH ENABLES ONE TO USE AN ARB!t~ARi.CHARACTBR AS ¥ER"iNAT0R FOR 
lDEN!lF'll:R§, ALt.. THE NAMES OF' INTERNAL BA~MSETL VAR!ASL.FES_jlHI'tH ARE NOT 
USED AT TMEl U~ER LEVE~ ARE NOW i'ERMINitTED Wi'TH A PE~IOp. ~T ''n~E :ENO OF' 
THE ·i;?RQGRAM, THE AB IL. I TV TO ·15RM l NATE ,~tAH;S W !'TH A ~ER l OD l S ·FE MOVED J 
ALL T~E 0OfTED NAMES ARE '1'HEREF'ORE RROTECTED AGAINST INADVERTeN'f USE BY 
A CA~EL;ESS USER, 11,,11s METHOD RePI.ACES .. TH OLD NAMEiPRO'l'ESTlO~ SCMEME 
WHICH MAOE- use OF' 'THE F'UNCT!ONS PROTECT AND DUPl., 

TME .NON•QO,TEg NAMES ARE US~D TO toeNtit~ 
. ·. OPERATORS 

taROCEDURES 
A~P QTHER GWCBA-L VARIABLES, 

.,,., 

THE .QCMPILfiR WIL.~ -PREVENT AUTOMATlCAL~Y oNLv THE. ATTEMPTED ASSIGNMENT 
OF' A VAt..YFE TO AN OPERATOR 1 'THfE USER MUST ee :c~RErUL TO AVe l D 1(s J NG NAMES 
OF' PRCQE!QURES OR OTHER VAR I ABLES FOR HIS iC'WN 'PURPOSES. 
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0, INiROD.UC;TlON 

THE BAI..MSETL SYSTEM ts AN EXTENs JON TO THf: 8AL.M4 SVSTEM 'kH lClol 
tNCLUt~S MOST Of THE SEMANTICS or SETL~ ALTHOUGH IN A otP-ERE~T SYNTACTIC 
FRAME I THE SYSTEM MAY BE USED ev l TSELF'. Of;. AS 'THE REAR BNO OF'. THE SETl..8 
PREPRCCESSQR WI-I I CH TRANSLATES THE SYNTAX ,tp SETL.8 l NTO THAT OF' 
BALM§ETL 1 _ .. · . . .. 

SQME ASPECTS OF 8ALMSETL CORRESPOND VERY.CLOSECY TO RESTRCTJONS 
PUE T, C a AL, M, THE RE A OE R l S URGED TO RE Ab · ~ 8 CT l ON 3 0 f' 'T' M I S M >I~ U A I.. 
AND ~ETL NiWSLETTER NR, 70 WITH TME GRE~Test ATTENTloN·, SOME •ff TME 
SEMANTIC DIFFERENCES BETWEEN BALMSETL AND PURE SETL CAN CAUSE JNSIDfOUS 
BUGSI PARTJOULAR ATTENTION SHOUlD BE OEVO]SD TO TME NAMe SCOPING RULES, 
THE RESTRJCTtONS ON LABELS AND GOTOS, 'tHE COPY ?R00LEM ANO B6GIN~ AND DO• 
E3L.OCKS 1 



1, DATA TYPES 

THE FOLLOWING SETL TVPES ARE PROvioec iN 8ALMS8TLi 

INTEGER 
BL,ANK ATOt-'. 
CMARACTER STRING 
S;i 

PREDICATE; lNTQ 
BL.ANKQ 
STRQ 
SE'l'QQ 
TUPQ 
LBl.Q 

TUPLE 
L4SEL 

THE fOLLOWINO BALM TVPES ARE AVAtLAB~E IN BALMSETLi 

LIST 
VECTOR 
lbENTIF'lER 
PROC~DURE 
LOGICAL (TRUE,PALSE) 

PREDICATE: PAlRQ 
V6CTQ 
J:PQ 
COOEQ 
LOGQ 

TME FOLLOWING SETL TYPES ARE NOT A~AlLlBLE IN BALMSEfLZ 

RijAL 
BIT STRlNG 
SUBROUTINE 
FUNCTION 

GCNSTANTS 

TM5 ,o~LOWlNG CONSTAN~S ARE AVAILAB~E IN BALMSEtLi 

NIJI..C 
Nb 
NYLT 
NILVeCT 
TRUE 
F'4l,SE,N1L 

THE EMPTY CHARACTER STRING 
THE NULL SET 
T"'lE NULL TUPLE 
[NIL] <SEE 'F'UNCT.lON NEXHH.;T(S,P) 

ALWAYS ~RlNTEO AS NIL 



2, FUNCTIONS AND OPERATORS 

2,1, -CQRREfPONDENCE BETWEEN SETL CONSTRUCTS AND BALMSETL CONSTRUCTS 

IN WHAT FOLLOWS, WE ADHERE TO THE CONVENTIONS; 

0.01:,02 
AaAl~AZ 
t,J,K,L 
a,s1,s2 
c,c1~c2 
s,s1,s2 , 

STAND roR ANY SiLMSETL OBJECTS 
STAND FOR ANY ATOMS 
STAND FOR ANY INT GBRS 
STAND F'OR ANY eool.EANS 
STAND roR ANY t~ARAaTER STRINGS 
STAND F'OR ANY "SE'foS 

F1F'1~F"2 
TaT1~T2 s, 

STAND roR ANY fONOfJoNS 
STAND FDR ANY·tue~es 
STANDS ~OR ANY sr•tEMENT 

a,i,i, GENERAL. 

SETI.. 

ATOM 01 
NEWAT 
01;; 02 
01 EQ 02 
01 NE 02 

TijE UNDEPlNED VALUE (OMEGA) 
oi EQ OMSGA 
01 NE OM60A 
TVPE 01 EQ lNT 
1'¥PE 01 EQ STR 
TYPE 01 EG SF.T 
TVPE 01 EG TUPL 
TYPE 01 EG BLANK 
TYPE 01 EQ LAB 
TYPE 01 EQ SLJBR 

2,i,2• INTEGER ARJTMMETtC 

SETL 

I + J 
I "" J 
I * ;J 
l / J 
l. // J 
I EXP J 
l L., T J 
I L,E J 
I GT J 
I GE J 
I M.AX J 

TYPE 
TYPE 
T'!'PE 
TYPE 
TYPE 
TYPE 
TYPE 

BAUMSE:TL 

ATOM.01 
NEWAT() 
01 ~:02 

01 EQUAL. 02 
01 N!!QUAL. 02 

UNbEF' 
UND~D 01 ~ OMEGAP~~1> 

DFlD 01: NOMEGAPCel> 
01 EQ lNTZZ, INTQC01> 
01 sa stRzz, srija<o1, 
01 EO SETZZ, SETQQl01) 
01 ea TUPL.ZZ: TUPQ{01) 
01 ~Q aLANKZZ, BLANKOt~1) 
01 EQ LABZZ,_LaLfflC01) 
01 EQ SUBRzz: COCEQ ( 01 ·, 

BALMSE'l'L 

l + .J 
1 !!' J 
! * ,J 
1 / J 

J, 1 // j 
l t J. 
1 LT J 
l LE J 
I GT J 
l GE.J 
I MAX J 



I M H, J 
ABS l 

SETL 

81 ANO 82 
81 ORB~ 

NOT 81 

sen. 

DE.CC 
OCT C 
DEC l 
OCT l. 
C1 ♦ C~ 
I * ·c 
ccirJ> 

CATENA'l'lON 
REPEl IT l QN 
SUBSipRJNQ 

-- NUMBijR OF ELEMENTS OF C 

SETL 

SET fOAM~R t01,02,,,~,0NJ 
OTHER rORMiRS 

UNION 

Mf,;MBERSHlP TEST 
S:I, INCLUDES S2 
AijBlTRARY ELeMENT 

NUHBER OP ELEMENTS 
$ WITH O 
S LESS 0 

S = s W lTH o 
S = S LESS 0 

S LESF' 0 
S;; S LESF 0 

POW(S> 
NPOW(S,l> 
0 FROM S 
S1 + S2 

l MIN J 
ASS I 

BAlMSETL 

81 AND 82 
81 OR e2 

NO"f' 81, "'91 

NEL:T C 

BALMSETL 

nee c 
OCT C 
DEC ? 
OC"f l 

Ci+ C2 
l * e soecc_· • lf'J> . . . .. 

, • C 

BALMSE'l'L 

GENSET(01~02,:,,1CN) 
SETOP 01 WMERE 02 :el S 
SETbP 01 WME~E 02 :~LS SUCH B 
SETOP 01 WHERE l f~<J,K> 
SETOP 01 WHERE I l~<J,K) SUCH B -
o EL. S, o ... s 

S1 INCS S2 
AF<B S 

NELT s ~ ,I,$ 
s WlTH o 
s 1,,ess o 

AUGMENT C S1,0) 
DlMINISH(S,e) 

S LtSF'. 0 
DIMP(S~Q> . _ 

;~ LESF'N 6ISTC01,02~ ~:, ~ON) 
DIHfN(S,LllTtOi,02,.:.~oN)) 

POIHS) 
NPOWCS~ I} 

0 F'ROM S 
S1 • S2, U~l~NtS~,S2J 



S1 • S2, iNTERCTtS1,S2) 
S1 "'S2, SETMNSt51,S2) 

iNTERSECTIQN S1 * S2 
DIFFERENCE S1 ~ $2 
SYMtUJFF S1 II S2 S1 II S2• S1 DSL.SH S2~ SVMDfr:(S1iS2) 

NOTij I IN THE LAST 4 CASES ABOVE, THE 8SE or 'THE SEC0N0 ~ALMSETL 
CONST~UCT lS ADVISED ONLY WHEN ON~ ls CERTAlN 'TMA' THE 
0PijRANOS ARE SETS~ SIN~E NO T~~~~9HECKING tS CONE;,;~:,, 

2 1 l,~, TUPLES 

SETL BALMSETL. 

GENTUP C Pl°, of.;.-~ ,,C N > 
NdTEi CONSTRUCT IRREGULAR lfUPL,ES 

USING 0NDEF' 
MEAD T CNPT SINISTER) 
TA!L T (NOl siNISTER> 

HD t 
TL T 

NYMe~R or ELEMENTS or t 
TC 1) 

NELT ·1 ~ . • T. 
T COMP I (NCl SINISTER) 

,CATENATION ·11 ,., T2 
T•JL or T FROM N•TH COM.ONENT 

S~TL 

r < o > 
PtOt 
rtOJ 

N~T~i O MUST BE A SINGLE ARGUMENT 

F' I 01 ~ 02, , , , , ON> 
F'l01',02, •,,, ONt 

rHa,02,_,,,,0NJ 

i,l,f, lTERATtON STATEMSNTS 

F'ORAl,.L O ~L. S SlJCM B RE~EAT St 
FO~ALL O ELS REPEAT St 
FOR ALL O EL T SUCH. 8 RE.PEiT ;ST 
F'ORALL O EL T REPBAT ST . . 
F'ORAI..L I JNCJ~K> SUCH 8 ,REP~AT ST 

T1 • T2 
T 'TA'h.N N 

BACMSE't'L. 

r ,er o 
F' SOF O 
F' BOP 0 

FORALL I lNfJ~K~. REPEAT:Sf .. 
rORALL l t NIH J, K) SUCH B RE~·EAT ,ST 
FORALL I INRCJ,k) REPEAt iT. 

( ITERATION F'ROM K 'TO :J IN STEPS or i,f) 

FOR l=(J,K,Ll REPEAT ST 
FOR l=(J,K) RBPEAT ST 
WHILE B REPEAT ST 



IMRORTANT t\OTESJ 
. 1, IT IS F6RB%DDEN TO MODIFY rte VALUE OF THE fTE~iTION 

VARIABLE DR OF' tHE ITERATJON RANGE WftHIN T~E BCDV OF A 
FORALL lTERATiON~ . 
THE FOLLOWING IS THUS ILLEG~Li 

PORALL X ELS REPEAT DC 
! • ' • • 
S:::S LESS X . . ' . . 

END 

2. IT IS F'OR8lDDElN TO TRANSF'ER OUT OF' THE eonv OF' A F'O~ALL. 
I TE:RAT I ON BV MEANS OF A GOTO OR A RETURN STATEMENT, TH l S 
RESTRICTION MAY BE LIPTED I 1 A LATER VERStON, . 

' 

?,L,9, QUANTIFIED BOOLEAN EXPRESSlONS 

EXlSTS O ELS SUCH B 
EXISTS I. INCK~L~ SUCH B 

NQTil Jf TME VALUE ot SUCH AN EXPRESSION IS tRUE~ 'HEN THE 
VARIABLE O OR i IS ser ECU~L ·io TME F'lRST SL!MEN+ IN 
THE RANGE POR WHtCM B ts 'TRUE 

FORALL O ELS QUANT B 
FORALL t I~CK~L) QUANT 8 

NQTi: IF TME VALUE OF SUCH AN EXPR~SSION IS PALSE, THE~ THe 
VARlABLE O DR l lS SET ·EQUiL'TO THE FlRST ELEMEN1 lN 
THE RANGE FOR WHtCM 8 1S ·riL~E 

ALL lNPUT/DUTPUT IS NOW rtLE•CRlENTED, 

THE FOLLOWING 4 flLES ARE iVAILASLE FO~ f/Oi 
INPUT~ tNflLE~ oU1PUT, OUTFlLE 

\ 

lNPUT IS THE: SYSTEM JNPUT 'Fil.E PROM WHICH THE SOURCE TEXT 
Is ... READ av TH! COMP ILER. 

JNFILE IS THE.FtLE PROM W~fCH DATA CAN BE REAt BY MEANS OF 
A READZZZ ST .«TEM§.Nt, ·r1,,1 IS F' 1 LE IS EQC AL fO TH.E 
r1Le JNPUT e~ fiEt~OLT1 

OUTPUT IS TME S~STEM outP~t .FtLE ON WHICH TME QUT8UT FROM 
THE COMPILER is ~~iTTEN, DATA CAN BE WRI,TEN ON 
THAT rtLE ev MEANS or THE PRtN,, PRT AND 
PRTMAP STATEMENTSj 

OUTFlLE IS THE PILE ON WHlCM DATA C1N BS WRITTEN BY MEANS 
OF THE WR I TSETL ;§'TATEMENT I TH IS F' I LE IS EQUAL TO 
THE PILE OUTP0f BY DEPAULT: . 



THE FORMAT or THE I/0 STATEMENTS IS AS FDLLows; 

PRINT(Ol,02,,, ,ON) 

PRT(Ol,02,,, ,ON) 

PRTMAP(S) 

REAOZZZ{Oi,02,,,,0N) 
' 

PR l NT~ SE TL O 8 J E CT S Of ~ ; ,· C N l N SE TL 
EXTERNAL FORMCSttE BELOW) ,fN flLE 
OUTPUT! THE ITE~S ARE SEP•RATED BY 
ONE BLANK, 

PRINT5 OBJECTS 01~,,0N IN BALM 
EXTER~AL FORM ON PILE OUTPUT, 

SlMiL'R TO PRINT, BUT DATA IS WRITTEN 
ON FILE OUTFlLE: 

PRlNTS ONE SET OF TUPLlES ~SA MAP ON 
F' f LE .!OUTPUT. 

READS THE .SETI,, EXTERNAL f":eRM ©R THE 
BALM ~XfERNAL PORM CF N OfJECTS FROM 
rtLE lNFlWE AND STORES THF CORRES~ 
PQNtitNG VALUES IN TME VARlABLBS 01,,0~ 
lTEM O.ELIHITER !S 'Tl-lE BLA'f\K C~AR, 

EXTERNAL FORM OF OBJECtS (EX~M~LES) 

INTEGERS 
CHARAcTeR STRINGS 
BLANK ATOMS 
LABEL.S 
PROCEDURES 
UNDEFINED VALUE 
EMPTY SET 
EMPTY TUPLE 
SET 
TUPLE 
TRUE, FALSE 

1 23 ,5 
JtA80DEfGHIJ!<¢ 
BLK123 
ILABEL.45; 
/PROC RANDOM/ 
QM 
NI,. 
NUL.T 
Si 2 3 42': 
<1 2 3 4> 
TRUE PAese 

NOT READABLE 
NOT READABLE 
NOT READABLE 

RiDEFINITlON OJ THE FILES lNFILE AND OUTPlLE CAN BE icMIEVED 
BV STATEMENTS SUCH AS 

INFILE = MAKFtLE(LOCALPfLENAME,LINEWlbTM)J 

W~ERE LDCALFILENAME is A CHARAbr~R STRING AND 
LJNEWIDTH IS AN JNTEGER, 

PQR EXAMPLE, EXECUTION OP outFlLS=MAKFlLE(~MV00T-,i20) 
WILL CAUSE ALL OUTPUT PRDOUceD 9Y SUBSEQUENT WRitSETL STITEMENTS 
TQ BE ROUTED TO THE SCOPE PILlE NAMED MYOOT, . 

2,1,111 BALM4 FUNCTIONS AND OPERATD~S 

ALL THE BALM4 FUNCTIONS AND OPERATORS ARE AVAILABLE IN 
BALMSETL, HOWEVER~ SOME bpERAtORS HAVE.NEW MEANINGS 
IN BALMSETL, (SEE SECTION 2,2, > ~ 'CONSULT .. THE BAL.!~4 MANUAL. 
FOR CETAJLS ABOUT THESE AND OTHER SYNTACT!C ASPECTS OF 
THE LANGUAGE. 



I 

I 
I 

I 

I 
1 

~,1,121 SINISTER CALLS 

THE FOLLOWING StATEMENTS RE~LACE AN ELEMENT OP A FUNCTJDN 
OR A TUPLE ev ANOTHER ELEME"'T'i° 

LET r or 01 ae 02 
LET F' SOF' 0 BES 
LET F OPN LtST(01~~~,,.,,0N) BE 0 
LET F SOFN ~IST(01~021,,,~0N) BES 
LETT COMP t BE 0 
LET HSAO T BE 0 
L.ET TAIL i' BE 0 

N~XTEL.T(X,V) 

THIS PU~CTJON MAY B~ useb -,c iTERATE GV~R A SET OR~ TUPLE X 
THE AUX t L l ARY VAR I AEH.E 'Y WlJST. BS SEif l:EPORE ~~E r I RST 
CALL TO NEXTELT av A stif~MENT SUCH A• T 

Y ;: .coPvCNU.vect> 

THE F' UNO T I ON NE)( Te LT RETURN§ 'THEN A NEW : E-L EM ENT OP M AT 
eveRY CALL, CARE MUST ee ·tAKEN .. NOT ·ro CHANGE THF VALUE or 
X RO OF' ·y -BETWEEN CALLS 'TO d\EXTELT, 

WHEN THE COLLECT I ON HAS :eeeN :eXHAUSTEf, NSXifiELT w r 1..t. RETURN 
THE ,IJNOEH" I NED VALUE, 

EXAMPLE ; USE OF NEXTE;LT ·to PR I NT THE ELEMENTS ier A TUPLE T 

03, EQ 02 
0#, NE 02 

P=COP~CNILVact)J 
Q:NEXTELTC'T,P)I 
WM l LE ,DF'D Q RSPEA1 

DO PRiNT(Q)~ Qi=NEXTELTCT,P) ,ENDI 

THESE Two OPERATORS,.., NOT ·ro BE :CONF'USED WITH T,~E ClnRRES"' 
PONDlNG BALM ◄. oeeRA'fORS ,;,, A:'E USED TO T6ST FOR :EQUACJTV 
IN A MORE RESTRICTEP SENS(; THAN 'THE fQUAL AND 1~EQUiL. OPERA• 
TORS, 01 EQ 02 IS TRUE <'01 t~E 02 IS FALSE:'> 'fF'F' 'THE 
INTERNAL REPRESEN+ATIONS 6F Oi AND 02 j~~ ItiENTtCAL• 
F'OR J NSTANCE, IP 01 ANO :()2 ARE_ SETS, ·fHE I~ ELEMENTS. MUST 
BB STORED l N i'HE SAME ·ORDER. AND 'THE? R HASHTABL85 MUST 8~ 
OF' EGUAL LENGTHS, 

IIJENTQCOt,02) 

TH 1 s F'UNCT l ON MAY 13E USED ·ro CHECK F'O~ lPSN!Ji I TY ,QF' (l)j, AND -

I 



02, lT RETURN TRUE IF 01 ~Q 02 
(SEE THF. BALM4 MANUAL), 

IN THE BALM4 SENSE. 

SAVESETL() 

LiVEL 

SINCE TME BALH4 SYSTEM rs f~CREMENTAL~ lT IS PO!SIBLE TO 
EXECUTE PART OF A PROGRAM~ 1~ SAVE THE CURR~NT !TATUS(lNC­
LUDING STACK,SYMBOL TABLE AKD HEAP) ON A FICE A~D TD RESUME 
EXECUTION OF THE NEXT PARt ,er THE PROGRAM A~ A LATER TI~E, 

THE PROCEDURE SAVESETL() '~AY BE USED rOR THAT PURROSE, 
WHEN THE PROCEDURE lS CALLELl~ IT SAVES TH& STAfLS OF THt 
SYSTEM ON A LOCAL PILE NAMEC TAPE9 • SE~ SBCTlON 4,2, 
FOR DETAILS CONCERNXNG THE ·~ATALOG.ING OP THJS rfLE AND THE 
RESUMPTION or EXECUTION FROM tHE ·cATA~OGED tlLE: 

THIS IS AN INTEGER VARIABLE CWHOSe INITIAL VALUE IS 10) 
WHICH FlXES TME DEPTH Of fHE PROCEDURE tALL NESfING DIS~ 
PLAYED WHEN A TERMINAL ERROR ts DETec,so. TQIS •tEPT™ CAN 
BE CHANGED BY A ReGULAR ASSlGNMENT SUCH AS 

LEVEL=20J 

CRASHMAX 

THIS INTEGER VARIABLE SPECI~t-S 'THE MAXtMOM NUMEER OF 
CRASHES ALLOWED BEFORE TERMlNiTtON OF A P~OORAM: IT IS 
INlTIALIZEO TO 5, 

RANDOM<l> 

THIS FUNCTION RETURNS A pseUco~RANDOM INTEGER l~ THE 
RANGE 1 ➔ I 

SfRlNGOfCO> 

TMlS FUNCTION RETURNS A :CMARAtTER STRING WHICH IS THE 
EXTERNAL REPRESENTATlON ·bf caJecT o. 

PAlRTUP(O) 

THIS FUNCTION RETURNS TRUE lFF O IS A TUPLE WIT~ MORE 
THAN ONE COMPONENT, 



3, PECUL.lARITiES DUE TO BALM4 

~,1,1, lOENTlFIERS 

TNE NAMES USED AS tDENTlFlERS MA~ NOT BE LONGER fHAN 8 
CHARACTERS, 

BSCAUSE OF TME STRUCfURE OF THE -~ANGUAGE AND ITS LES! TH'N 
PE;RfECT NIAME-,PROTECTtON F'EA'FURE, A LARGE NOMBER Or N,AMES MUST 
NQT BE. USED AS IDENTIF'iERS Or uS!:R VARIABLES,. F'AfLLJRe iO 
Rli:SPECi l'H IS RULE i N A aAL.MSETL :RUN MAV RESULT H1 THF DESTRUCT IO!\ 
Of THE BAl..MSETL SYSTEM F'OR THIS RUN, 'THE L,,lST OP RESFRVEID WORDS 
CAN BE FOUND IN SECTtON 5, 

NOTE; TME HORS SDPHlSTtcAfEC_USER MAY W~N, to ASSIGN NEW 
VALUES ~o RESERVED ijA~iiBLES AN~HOW,Tge S~STEM LISTING 
Or SECTtON 8 SHOULD B~ OseFUL POR TMA~ PU~P0S8, 

f•l,2, NAME SCOPING 

TNE CURRENT VERSION or 8ALMsetL ls COMPILE~ IN SOCH j WA' AS TO 
U~E ~ AND AL~OW THE use OF·~ :so :~ALL8D BAL~4 

GLOBAL 
AND 

LOCAL VARlABL6S1 

TMIS FEATURE MAY BE OVeRRlDEN to ALLOW THE USE OP so CALtED 
VERY LocA~ VARIABLES 

Wi DO NOT RECOMMENO THIS, AS If MAY LEAD TO PRDBCEMS IN THE 
APPLICATION OF MACROtS. . 

BiCAUSE OF THE L.ACK OF' 01..ARITY 0~ THE 8ALM4 MANUAL a~ THtS sue"' 
JijCT, WE GIVE BELOW A SHORT EXPL. 0·NATlON Or THE NAME :SCOPING RUl.,;E:S 
OF BALMSETL; 

A GL.OBAL VARIABLE XS ONE WHICH I'S NOT DECLARED :fXPl,.lC!TL.Y, 
IT rs KNOWN At +HE OUTE~HbST_PROGRAM ~EV~L iND INSIDE ALL 
BEG I N~END BLOCKS ~HERE THE \AME OP TH! .. Gl,.01;3lL VAR I ABLE HAS 
NOT BEEN USSD AS tHE NAME OE ~ DECLARED LOCAL VIRIABLE, 

A LOCAL VARIABLE IS DBCLA~ec WITHIN A BEGIN~END BLOCK 9Y 
ENTERING ITS NAME •e OPTtb~A~Lj PRECED5D BY i $ ~IGN -~ I~ A 
PARENTHESIZED LIST IMMEO!iT~L~ FO~LOWING 'HE KE~WORm BEGIN, 
EXAMPLEi . 

BliEGiNCA~$B,C)~ 
••••t THE Bl09K CONTAINS 3 LO~AL VARJABLES 
••••• NAMEb A~ BAND c, 
END 

A l.OCAl., VARIABLE lS KNOWN. Ii\. THE BLOCK WHERE IT IS DECLARED 
AND IN ALL BLOCKS(AND PRCcECURES) WHICH ARE CA~LED WITHIN -



-THAT 81..0CK AND WHICH DQN;T CONTAIN A DECL..ARATIOP.. OF" A LOCAL. 
VARIABLE Of THE SAME NAME. 
EXAMFLEl 

A=10J COMMENT-OUTERMOST PROGRA~ LEVEL, A JS GL0BALt 
9;5; COMMENT -e rs GLOBAL TOO¢ 
BEGINCA,C,D)~ COMMENT ~A,C,D ARE LOCA~-

A=3, 
C:::A, COMMENT ~C JS 3-
n:::7 f 
PROC1(A,C)~ COMMENT t PROCEDURE CAL~¢ 
BEGINCA,D~E),COMMENT ¢ AN INTE~NAL BlOCKi 

A:::B, COMMeNT~A IS,_ 
D:::A, C0MHE~T~D rs 5-
E=C COMMENT~E IS 3¢ 

END 
END; 

' ' t .. ' PROC1~PRDCCX,Y>, . 
BEGlN(C,0)', 

C:::A, COMMENT¢C Wll.L. BE 3. Aj THF. CAL.L.t 
O;:;B COMMElvT~D WILL BE 5 A'f! THr: CALL~ 

E:NO 
END; 

3, 2, SI MPl,,; ANO ,COMPOUND OBJECTS 

Tt,,JE F'OL.l,.OW ING DATA TYPES ARE :CALI..Eti S ! MPLEl 

tNTEGER,LAQEL,lDENTiff~R~BOOLEAN 

T!,E FOLLOW ING DATA TVPSS ARE :cAL~Eb COMPOUND: 

CHARACTER STRINGtBLANK itoM,SET,~UP~E,C1sr: 
VECTOR,PROCEDURE 

TNE MAIN DIFFERENCE BETWEEN TH~S~ two KINDi br OBJEcts IS THAT 
Tt4!::i VALUES OF' SIMPLE TVPES ARE STORED JN T~E.VARfABLES, WHEREAS 
T!iE VALUES OF'. COMPOUND TYPE:$ ARE 'STORED l N THE HEAP, TME 
VARIABLES CONTAIN POINTERS 'TO TH§ VAL:USS INSTEAD or 'THE VALUES 
TH~MSEI..VES, 
THIS DISTlCTION IS OP tMPORTANbE TO UNOERStAND T~E MANY 
PROBLEMS RELATED TO THI COPY-R~L~CNEXT sec+10N), 

3,3, ASSIGNMENTS AND COPYING 

HIE ASSI.GNMENT 
A ~ 8 . . . . . 

COPlES THE CONTENTS or THE VABfAeLe B INTO TME CONTE~TS ;F VARlA~ 
BbE A, IF' 8 IS A VARIABLE CONTAfftING A.SIM.LE DATA ttEM, THEN THE 
VALUE OF 8 1S COPIED AND STORED IN A, IF B CbNTAfNS ft COMPOUND 
DATA ITEM, A POINTER TO THIS DATA JTEM IS COPIED AND STORED IN A, 
lN SUCH A CASE, A AND B POINt fo·THE SAME VAL~S fN TME HiAP AND 
SUBSEQUENT MODIFICATION OF A WfLL MODfPY BAND CBNVSpSEL¥, iN 
ORDER TO PREVENT THIS~ ONE SHbuLD REQUEST I COPY OF 'THB MEA~ 



VALUE SY WRITING 
. A= COPV(B) 

fQR INSTANCE, WHEN A SETS IS iNtTiALLY EMjTY, BOT WILL BE 
AUGMENTED LATER ON~ ONE SHOULP 8~ CAREFUL to INifIALtZE S BY 

S : COPV(Nl..) 

NOTE TMAT SOME OPERATIONS ON_SE1S AND TUPLES WILC PReouce COPIES 
WHILE OTHER OPERATIONS MODIFY tH OPERANDS: PO~ INSTANCE• 

AUGMENT(S,O) MPorrtes tHE SET s AND RETU~NS THE NEW s 
S WITH O RE.TURNS A MODIFIED COPY or '5E'f 3 

3,4, PARAMfijTERS A~t PROCEDURES 

TNE PROCEVURE MECHANiSMS OP BACM, SPBCfFY tHA~,A~L T'E C©NTENTS 
or TME VARIABLES SERVING AS ACfUAL PARAMET!RS lN A PiOCEDURE CALL 
ARE STACKED AT PROCEDURE ENTRY AND RESTORED AT P~OCEtURE EXIT TO 
TWE VALUSS THEY ~OSSESSD BEFORE T~B CALL, 
8)(AMPLE; 

PROC1 =PROC: ( X) ', 
BEGIN CB)', 

8i!iX 1 

X;;X+3 
END 

ENDJ 

t f t 
A::5J 
PROClCAH 
I I ' 
COMMENTi!!DURlNG THE CAL.L 'TO 'fr<Roc1, a Wll.L HA\/~ ,,~E VAl.,UE 5 

ANO X WILL "'AVE THE 'VALt;E 8, A WIL'L STil:L BE 5, 

A~ A RESUI..T OF T~HS, IT IS IMPOS~IBhE TO MODlf"lf 't,HE '\JALUES OF 
SJMPLE DATA JTSHS BY A PROCEDURE blLLI HOWeVeR~I+ fS POSSIBL~ TO 
MUDtPY PARTS OF COMPOUND DATA fT~Ms, SXNCE WHAT fs ReSTORED ~T 
F'!iOCEDURE EXIT JS A POINTER TO Tt->E Hl:AP VALUE; T~E L~TTER MAY 
niJUS BE CHANGED FIERMANBNTL.Y BY A ,PROCEDURE CALL, 
EXAMPLE; 

A= GENSET(1i~,3)J 
PROCl(A)J 

' ' ' PROC1=PROC(X)~ 
AUGMENT ( x·, 4) 
ENDJ 

COMMENT ,;. AFT8R iHE CALL i'o 'PR0C1, A ls TME SET WIT~ 4 
ELEMENTS 1,2,3 iND 4 ¢ 

3,5~ BEGJNeEND BLOCKS, DO•GROUPS, PROCEbURES 

Thi.ESE 3 L.ANGUAGE CONSTRUCTS ARE ,ALL USED TO GROUP STATEMENTS 
TOGETHER, IT IS IMPORTANT To ReMeMBER THATI 

- . LABELS ARE ALLOWED ONLY ;CN STATEME~'TS W, I 1H IN A BSG IN!l'ENP -



BLOCK, 
• THE RETURN STAtEMENT ts ASSOCIATED WITM THE LAST BEGIN~ 

ENO BLOCK ENTERED DYNAMICALLY WHEN THE RETUR~ IS EXECUTED 
IT PRODUCES A RETURN F'R01' THAT BL..OCK, tF A RF;TURN IS 
EXECUTED FROM A PROC~DuRE WHOSE BODY IS ~OT ft BEGIN-END 
BLOCK, TME RETURN WILL FORCE EXIT PROM T~E BEGINtEND BLOC 
IN WHICH THE PROCEDURE WAS CALLED, 

- THE BODY OF' A PROCEDURE ,t'f AV BE 
A SIMPLE STATEMENT 
A OO•GROUF 
A BEGlN~END BLOCK wrtH OR WITHou, LOCA~ VA~IABLES, 

, DON~T PORGET THE <), ArtER THE KEYWORD BE~IN WHEN 
T~E BLOCK MAS NO LOCAL V~RiABLas. 



4, OPERATION OF THE SYSTEM 

4, 1, ... GENERAL, 

THE eA~MSETL SYSTEM TAKES APPROXlMAfELj 61 K(OCTAL) WORDS OF OORE, 
1~ ORDER TO ALLOW THE STACK AND HEAP 1D GROW DYNAMICACLY, ONE SHOULD 
iFEClFi A FIELD LENGTM OF 65 KiDC~AL> MfNlMUM,. . 

,~e SYSTEM IS COMPOSED or TWO PARTS~AVAiLAB~E AS 2 -ERMANENT flLES: 
11 THE BALM4 INTERPRETBRt FIUE BLM1208 
2 1 iHE BAl,.MSETL. TRANSLATOR, F'lLE SAV1:208 

TH~ qURRENT VERSIONS or tMESE TWO ·rtL§S WILL AL~AYS BE AV}ILABLE 
AS T~E HIGHEST CYCLES OF' THE TWO PERM~NBNT FILES, 

,ke aA~MSETL SYSTEM XS VERY SLOW; :BE CAREtUL TO ALLOc1tE 'GNOUGH TlME 
F.'.CR 1'Hi JOB, If\ TERCOM USERS SHOULD RE0UEST .4 H IGHERi,TMANe) VERA GE 
~XECVTJON TIME AL~OCATION, 

4,2,.BATCH RUNS 

fhe fOLi;L.OW I NG CECK HAV BE USED TO RUN BAI..MSf.:TL. ON A seURO~ DEOK s 

ANNNNNN,CM130000,Tioo. •BALMset~• 
A'TACHCBALM4,BLH12ti8~ 
Af<TACH(B~M4SVD,SAV1208) 
BAI..M4, 
E•O!.!!R 

THE 8A~MSETL SOURCE oacK 

1!1hE rOLl.OWING PECK MAY ee useo 1'0 RUN 8ALMS8TL ON A saUROE F'tl.;;E 
~AMEP,-FQR INSTANCE, tN,ILE . 

ANNNNNN,CM130000,Tioo, •BAbMSEtL• 
A,TACH(BALM4,BLM1208) 
AfTACHCBLM4SVD,SAV1208) 
A'rTACH(lN,INPILE> 
8AbM4<IN) 
E!!!O""F' 

ff THE F'lJNCTlON SAVESSTL( > HAS BS~N USEP(SEE SECffON ,, ) , 
Q~E MA¥ CATALOG TME SAVED BALMSBTL.S¥5TSM BY ADDING TiE PtLLOWING 
gARD APTER THE BALM4, OR THE BALM4t~IN) :CARD; 

CATALOG(TAPE9,PfNAME~RP~999,PW~PASSWORD) 

PFNAME IS A SUITABLE PeRMANE~T FILE NAME 
PASSWORD IS A SUITAB~E PASsWCRn 



TC R~SUME EXECUTION FROM A SAVED BALM5EtL SYSTE~, ONE MAY use THE 
fO~L,.OWING DECK; 

ANNNNNN,OM130000~Ti00, *SALMSEiL• 
A,TACH(BALM4,BLM12Q8) 
ATTACHCBL~4SVD,PPNAHE) 
BAL.M4 1 

E"O"'R 

BALMSETL SOURCE DECK 

Wh~RE ~'NAME IS TME NAME or TME PERM~~ENT'flLE CONTAl~lNG TME 
§AVE0 eALMSET~ SYSTEM, 

Ir THE SOURCE TEXT COMES F'ROM A F" X:L1;', ,t)O AS ABOVE 
A'TACH(IN,INPILE> 
BAl.M4CIN> 

4,3~:RUNS UNDER INTERCOM 

JHES~ RUNS ARE SIMILAR to TH~ BATCH R~NS: :BAL.M4 HAS Na REAL, INTER"' 
ACTIVE 'AbILJTieS SUCM is ,A 'TEXT eo?T9R. 

A,a~LACI: THE JOE CARD IN THE BATC.H :DECK ey 'THE ,C~MMANDS"i' 

c0NNecr <INPUT> useb ,ONLY i r lNi=ut ts F'RO~ coNSOL..E 
EFL(~5000) 
E'fll..(100) 

~EMEMBiR THAT 60K IS THE MA~lMUM 60~E AVAILABLE U~DER INTERCOM, 
AEMEMBiR ALSO THAT THS COMMAND 'Ef~{l00) WtLL .. ee I~EFF~CTIVE xr 
YOUR S'l' A ND ARD l NT ER COM TI ME•!.. IM lT <1 ci ;S:Ee) HAS NOT ·SEEN Cl-!lNGEEl, 

WHEN YOU ENTER 'THE COMMAND 
'fl-\f; rO~LOWING MESSAGES; 

MjALM EXSCUTION 01112/72 
LQAO FILE EM~TV ~, RESUM~ ALL INVOKED 
¢ijALMSETL SAVED ON 'TAPE9- , 

IGNORE ALL THESE MESSAGES. ONLY APtER 'TAEY HAVE BEEN bJSPLAVED 
:f:s TME svsreM REAOY TO 1icc~PT INPUT ·isxt, 'Tr.IE ,lRSi' SifA TEt-iENT 

,~NTEREQ SMOU~D NORMALLY ee, ' ' 
T'flYF'LAG;;TRUEJ 

'MIS WfLL SUPPRESS ANNO~lNG ECHOtS 1 

PROM T~IS POINT ONWARDS~ 1HS SYSTEM wlLL ~NOICAtE rts RE~fYNESS TO 
~ cc E p, r 1 NP u T s v r v P r NG A • AT ,,,. HE . LEFT MARG l N , ' 

IF' THE INPUT IS TO COME F'ROM A F',ILE;, ;I;O NOT USE THE: C$MM1'~D 
.QONNijC,<lNPUT) AND REPLACE THE OOMMANC BALM4, B9 THE 80MMtNDSf 





5, RESERVEP WORDS 

THE FC~LOWJNG IS AN ALPHABETICAL LIST CF THE RESERVED WORDS OF TH~ 
BALM§ETL S¥STEM, THESE IDENTirIERS SHOULD NOT BE US&D AS WAMES OF USER~ 
CREA1EQ VANlABLES, ASSIGNMENT OF VALUES TO SUCH VARIABLES MAY LEAi TO THE 
DESTRl..C.TXON OF THE SYSTEM OR to THE LOSS S::F fEAiURES, FOR lNSTANC'l, use OF 
THE NAME GENSET FOR A VARIABLE WOULD ME~N T~E LOSS OF TME SET~CREATION 
CAPA~l~tTY OF BALMSETL,,, 

TMIS ~lST QONTAINS NAMES WHICH ARE NOT tE~MINATED B~ A DO¥ ANF WHICH ARE 
tHERijFQRE ACCESSIBLE TO THE USERS, THEi~ NAMES ARE 0SED TO IDFNTI~Y 
OPERATQRS(U=UNARY,I=INFtX,8~8RACKET), ·PRO~EDURESCP): otRE~ GWfBAL VARIA~ 
BL.ES(V) ANQ MACRO KEYWOROS(M) tWHICH ARE,lN r.«C'f, R5GUL.AR OPEPA'l'ORSl, 

ABS U 
AND I 
APPENt P 
ARt3 U 
ARGUMENT P• 
ATOM U 
AUGME;f\T P 
BACKS.PAC P• 
Br; M 
BEGlN 8 
BL.ANK V 
81..AN~C p 
BOF' I 
BOF"N l 
BRACK~T P 
BREAKlifl' P 
BSTRQ F' 
CF'ROM\I P• 
C!,,OSE P• 
COD5Q P• 
COMP t 
COMP!LE P 
COMPb P• 
CONC4T P• 
CONCA'fV P• 
CONSTRUC P 
COPY P 
CRASH!¥AX V 
J;JEC . U 
DF'D U 
OIM!NJ~H P 
D t MF' P 
OIMF'N P 
00 8 
OSl,.SH I 
DUMMY. P 
PUP P 
EL. I 
EL.SE l 
EL.SEIF l 
END • l 
ENDFlkE P• 



-
EQ 

_, 
I 

EQUA\, I 
ERROR p 
EXECYTE p 
EXISTS M 
EXPANC p 
FALSE V 
F'IRSTl-lO p 
rOR u 
F"ORA~~ M 
FR M 
F'ROM~E'f p 
GARBgCl."L, p,.. 
GI= I 
GENSEi p 
GENSYt>' p 

GENT~P p 
GETP CP P1r 
GETWO p 

GO u 
GOTO u 
GT t 
HD u 
HEAD u 
lDENTC p 
l OF'RQI" C p * 
lOFRQt-'$ P• 
lDQ P• 
IF' u 
IF'ROMlP. p 

IN M 
lNCS t 
INDEX p 

JNEG P• 
I NF' I X p 

INR M 
INTEA~QT p 
INTQ p,r, 
IS M 
LAND Fl* 
l.,BLQ P• 
L.E r 
Lf::NGT,H p 
l,,.ESF' I 
l,.ESFN I 
LESS t 
l,.ET M 
l.,EVEk, V 
L,FROMV p 

LI ST !h 
!,.OR P • 
LOGQ P* 
LOOKYF p 
I,.'!' I 
MACRQ p 

MAKF' II..; p 
MAKPROPS p 
MACVI\R V 
MAKAbOCA p 
MAKVECTO P* -



MAKVbCCA p 
MAPX ·' p 

MAX I 
ME:MBEH p 

MlN ! 
MODE P• 
NE I 
NELT u 
NEXTELT p 
NEQlJAI;. I 
NEWA'!' p 
N l L. V 
Nll,.Q p* 
NU .. Vl;;CT V 
NL V 
NOMEG.AP p 
NOT u 
NPOW p 
NULB V 
NUL.C V 
NULL u 
NUl,.LSET V 
NUt,;T V 
NULL'f~PL. V 
NUMARGS p,r, 
OCT u 
OCTMQCe V 
OF' I 
OF'N I 
OMEGAF p 
OPEN P* 
OR r 
ORDlN~b p 
PAlRQ p* 
PAlR!UP P* 
PL u 
POW p 
PRINT p 
PROC B 
PROC1'RAC p 

PROP~ P• 
PRO'l'~CT Fh 
PRT p 
PRTMAF p 
PTRAgE p 
QUOTE P• 
QUANT M 
RANDO~ p 
REAO p 
ROL.INE P• 
REMARK P• 
Rl::MINFlX p 

REMM4CRO p 
REMUN~RY p 

REPEAT I 
RESTAT p 
RESUMEAL. P* 
ReTURt\ u 
RSW!NI: P• 
RPl,.AQA P• 



-
RPL.A.QC. P• 
SAVEAI..~ P• 
SAVE~.AL,M p 
SAVE§ETl,. p 
SAVSlfAT p 

SETINt.EX p 
SETMQPf; P• 
SETOf' M 
SETP~CPl,. P• 
SETPRCPY p 
SETQQ p 
sersve Fl• 
sErsuev P* 
SETVAl,.UE P• 
SF'ROMID p* 
SF'ROMV P• 
SHlF'T P* 
SIM I 
SIZ p 
SIZE lJ 
SKlPWP p 

SOr J 
SOF'N I 
STKTRACE P* 
STRJN(; P• 
STRlNGQF' u 
STOP P• 
sue P• 
SlJBS'f p 
SUBV P• 
SUCH M 
SYMD l'F p 
SYSL:J;ST V 
TAtL u 
TAlL;N l 
TAILS.F~C u 
TALKA'TIV V 
THEN I 
TIME P.• 
'!'L lJ 
TRAC§ V 
TRAN~LAT ? 
TRUE V 
TTYt.~AG V 
TUPQ p 
TYPE u 
UNARY p 

UNDEF p 

UNDF'0 u 
UNION i 
VAL.LIE u 
VECTOR P• 
VF'ROML. F:' 
Vf"ROMS P• 
WHERE M 
WH I l,.E u 
WtTH l 
WRL. I NE P• 
XOR p * 
ZR u 



* A BALM ~RtM1,1ve WHICH ACTS LIKa A PROCSDuRE 



6, DIFFERENCES WITH NEWSLETTER 49 

TrE fO~L.OWING FUNCTIONS DESCRIBED IN '~EWSLETTER 49 ~AVE NeT BEEN 
lt-P.L.EMf;NTEO: 

VA!,,UE 
TRlP!,E 
~!:PINT 
REP.REA~ 
REP.BSTR 

Rl:PCSTR 
Rl;PLABr;I.. 
AE~B~ANK 
REFJSlJB!i 
REPF'UN 
lrfOMTr 
ARiiM 
QUOTIENT 
'f~PE 
IUlR 
P~INUS 
f?.P!,,US 
PL.QOR 
CE I l. I NG 
AL~ 
At-;Y 
A~YS 
EX 'f'ERNAl,.111 I NT 
l~·TERNAL"" I Ni 
Bl'fR 
811'R•P1li 
BITR•B~TRING 
b61!!SET 

AS 
EXTERNAL .. RE:AL. 
INTERNAL. .. REAl. 
SE'f.,AS!iTUPbE 
TUPLEeAS•REAL, 
TUPL6~AS .. BSTRING 
TUPLS~As .. cSTRING 
TUPLB"'AS,,;SET 
NEXTNPOW 
RANDOM 
RN 
RANDQM .. lNT 
RAf\JDOM•RBAI.. 
RANDOM""SET 
RANDOM!!!!SIMPL.Y 
EXP"' I I 
EXP.eRI 
EXP""RR 
SOF'N .. ARGS"'OK 
OF'"CSTRING 
OF'e8STRING 
OFN 
OfN"'ARGS110K 
BOF'"'CSTRfNG 
80F'""BSTRING 
BOF'N 
BOF'N•AR(3$!!'!0K 

THE POI.LOWING 8ALMSETL PUNCTJONS ARE 11\0T DESCRlSEO IN NEW~LETTER 49: 

IDENTQ 
p:eNTF'JX 
APP.END 
$.TR 
Sl+6STR 
SrROML. 
SF'ROMl 
~FROMS 
JFROMS 
A Tl!? 
F?~USVO 
MlNSVD 
flMESVP 
S~HSVO 

·Rl.:T 
FH.'TSf.:T 
Pl;TUP 
NXTl.'fT~ 
TAIL.N 

PRT 
SAVESETL 
CQ~4STP 
MAKTUP 
MAKSETUP 
MAKOUTUP 
CRASH 
EACHWITH 
GSTWO 
SKIPWD 
rlRSTWD 
SELTUPL 
PROT 
DUP 
SETSIN 
SETTUP 
SEiFUN 
SETFUNS 
TAILSPEC 



.S,ETFIJNN 
Hf!ADS IN 
PRQMSEV 
J;iUPl. 

SETFUNNS 
TAlLSIN 
ERRFOR 
INCS 



$RC 
SRC 
$RC 
SRC 
SRC 
SRC 
SRC 
SRC 
SRC 
SRC 
SRC 
SRC 
SRC 
SRC 
$RC 
SRC 
SRC 
SRC 
SRC 
SRC 
SRC 
SRC 
SRC 
SRC 
SAC 
SRC 
$RC 
SRC 
SRC 
$RC 
$RC 
SRC 
SRC 
SRC 
SRC 
SRC 
SRC 
SRC 

7, DijSQRlPTlON OF THE SYSTEM 

1177 
'74 

993 
997 

1007 
540 
143 
724 
734 
739 
728 
770 

1022 
1016 

383 
1517 
1559 
1572 
1580 
1529 
1541 

386 
513 
518 
476 
412 
223 

46 
452 

1204 
894 
934 
828 
842 
864 
833 
:1. 0 0 

1130 

THE SYijTEM 1s COMPOSED OF THE FDLLOwrhG PARTS: 

" FJXES TO 8ALM41 PROCEDURES· 1nEN'fl~ ·ro SAVESETL, 
~- 8ALMSETL PROPER; 

■-1 CONSTANTS 
.. GENERAL. PROCEDURES TO MANtP~LATE SETL OBJec,s 

<UP TO PROCEDURE CHECKPRS ): 
"' SETI,,. ROUT lNl::S 
ft OPERATOR DECLARATIONS 
• MACRO DEFIN?T?ONS. 

lNC~X TO BALMSETL PROCEDURES 

ABS,= 
APPEND,= 
ARB, = 
ARBSET1 
ARBSIM 1 = 
A TOM,=. 
ATP,= 
AUGMENT, ; 
AUGMNTM, = 
AUGMNTP I -

AUGMNTS ~ = 
AUGMNT1, = 
~UGUNIK, = 
AUGlJN I:N • = 
iH,ANKQ, -
t30F'. = 
li30F'CODE • = 
SOF'N I = 
ijOfNOK, -
iOF'~ET, = 
1.,QF'TUPI.., = 
ijSTRQ,= 
Ol>lECKF'G, = 
QHECKFS, = 
COM PR HS, = 
CONSTP9.: 
CONVERT• = 
COPY= 
CRASH, = 
Pf;C,= 
D l MF', = 
l)lMF'N, = 
!JI.MINIS, = 
RIMINSM, = 
OIMlNSP, = 
YIMlNST, = 
OlVIDED,; 
QSL.SH.:: 

PROC(A), 
PR O C ( X ·,. V> , 
?ROC:(S), 
PROC < s·,, 
PROC ts·,, 
PROCCO), 
PROCCO), .. 
PROCtS',A>·, 
PRO C ( S ·, A ') ~ 
PROC ( S~'T'l') ~ 
PROC (S,A), 
P R O C ( S ', A -, ~ 
PROC(S',P>, 
PROC ( s', p'), 
PROC ( o'>, 
PROC(r',s,, 
PROC ( r',s), 
PROC(F'',sss,, 
PROC < r·, sas,, 
PROC C F'',S,, 
PROCfF'.,T), 
PROC(O>, 
PROC<X>, 
PROCCX~, . 
PROCCMAXVALUE,HASHt0~ 1 ), 

PROCtO',T>, 
PROCCX>, 

PROC(X)~ 
PROC()', 
PROC(O), 
PROCCF"f",X)', 
PR O C ( r:·, X '> ~ 
PROC <S,A)~ 
PROC(S',A>, 
PROC ( s·, TU)·, 
PROC CS~ A·,, 
PR O C < X ', Y '> ~ 
PROC(A~8), 



SRC 
SRC 
SRC 
SRC 
$RC 
SRC 
SRC 
SRC 
SRC 
SRC 
SRC 
$RC 
SRC 
SRC 
SRC 
SRC 
SRC 
$RC 
SRC 
SRC 
$RC 
$RC 
SRC 
$RC 
SRC 
SRC 
$RC 
SRC 
SRC 
SRC 
SRC 
SRC 
$RC 
SRC 
SRC 
SRC 
$RC 
SRC 
SRC 
SRC 
SRC 
SRC 
SRC 
SRC 
SRC 
SRC 
SRC 
$RC 
SRC 
SRC 
SRC 
SRC 
SRC 
SRC 
SRC 
SRC 
SRC 
SRC 
$RC 
SRC 

66 . 
1247 

591 
615 
625 
604 
543 

1764 
58 

432 
438 
445 

1434 
1753 
1185 
1194 
1418 

397 
465 
473 
419 
651 

1726 
27 
~4 

123 
1141 
1109 

887 
926 
943 
720 
900 
120 
486 
,o:s 
426 
421 
416 

1167 
1172 

151 
1076 

403 
587 

11!57 
528 

1446 
393 

1228 
1459 
1488 
1480 
1469 
1209 
1356 
1405 
1367 
1389 

389 

QUP,= PROC(), . 
EACMWIT.= PROCCS,X)• 
E~Tr, = PROC(X~s,, 
ijLTrcsT,= PROC(X,S)~ 
i~TfSET,= PROC(X~S), 
iLTUPL,= PROCt X,S), 
iOUALTa = PROCCA~B>, 
ijRRPOR, ; PROC()~ 
ERROR= PROC(TY>, 
iRRORIM,; PROC(X)~ 
ERRORTV, = PROCtX), 
iRRQRVA,= PROC(X)~ 
rlRSTWD,; PROC(L~N)~ 

. rROMSETi; PROC(S), 
GENSET, = PRDC()~ 
GENTUP 9 = PROC()~ 
GETwo,; PROC(L~N,, 
~ASHCOP;; PROC(X)~ 
WASHCST,= PROC(C)~ 
HASHINT,; PROC(X) 1 
MASMSTW,= PROC(A,B)~ 
MEAD, ; PROC (TT) , 
MEAOSIN, = PROCCT~X~~ 
iOENTrJ,; PROC(A,B)~ 
lDENTQ 9 ; PROC(A~B)~ 
IPRDMS,~ PRDC<S~BA)~ 
INC~, ; PROC<X~Y)~ 
JNTRSCT,: PROC(A,B)~ 
~esr, = PRoccrp,~)~ 
bSSPN, = PROCCJ,X), 
bESrNOK, = PROC(f~X)~ 
~ESS, ~ PRDCCS~A>, 
~ESSFOKi; PROC(G~X>, 
bFROMS,: PROCCSJ, 
HAKELAR,; PROC(X)~ 
MAKESML,; PROC(S)~ 
MAKOUTU,; PROC(TUP)~ 
MAKSETU,; PROC(TUP)~ 
MAKTUPt= PROC(N~L), 
MAX,= PRDCCAiB>, 
MIN,= PROCCA~B), 
HlNSVD,= PROCCX~Y>, 
MN$,= PRDC(X~Y), 
NELT, = PRDC(X), 
NEQUALT., PROC(A~B>, 
NEHAT,; PRDCCJ~ 
NEWSMS, = PROC<N), 
NEXTEL T,; PROC C 0~ p') ~ 
NOMEGAP, = PROC(X), 
NPOW, ~. PROC(NjS>, 
NXTLTC,= PRDCfO~P>, 
NXTLTS~= PROCCS~P)~ 
NXTLTT 1 : PROCfT~P), 
NXiL TT2, = PROC n·,p), 
QCT,: PROCCO>, 
QF, : PROC(O~A), 
QPN, = PROC(F,SBS), 
OFSET, - PROCCF~X>~ 
OrTUPL,= PROC(TUP~B>, 
QMEGAP,= PROC(X), 



SRC 
SRC 
SRC 
SRO 
$RC 
$RC 
SRC 
SRC 
$RC 
SRC 
SRC 
SRC 

·sRC 
$RC 
SRC 
$RC 
$RC 
SRO 
SRC 
SRC 
SRC 
SRC 
:$RC 
$RC 
$RC 
SRC 
SRC 
SRC 
$RC 
SRC 
SRC 
$RC 
SRC 
$RC 

·sRC 
$RC 
$RC 
SRC 
SRC 
SRC 
$RC 
$RC 
$RC 
SRO 
$RC 
$RC 
SRC 
SRC 
SRC 
$RC 
$RC 
$RC 
$RC 
SRC 
'$RC 
SRC 
$RC 
SRC 

988 
1058 

148 
1218 

323 
333 
216 
255 
267 
284 
297 

1262 
~00 

91 
1100 

160 
1,91 

815 
1644 
1678 
1657 
1084 
1865 

380 
1604 
1610 

795 
108 
105 

1786 
1801 
1426 

157 
1125 
1281 
1307 
13.51 
1290 

377 
1698 

96 
1769 

690 
212 

1135 
657 
6'73 

1741 
976 
154 

1094 
1068 

3?3 
810 
364 

10?2 
717 
309 

~AIRTUP,: PROC(X)~ _, 
PL$, = PROC(X,Y>, 
~~USVD,: PROC<X~Y~, 
~ow. = PROC(S>, 
ART,= PROCfA~, 
~RTMAP = PROC(S)~ 
PUTBL, = P~OC<L>~ 
~UTITEM, = PROC<L>, 
PUTLBL, = PRDC(L>, 
~UTSET1 = PROCfL>, 
~UTUP, ~ PROC(L~, 
RANDOM, ; PROCCK>, 

· RDSETLi = PROC( >, 
REMAINO,: PROCCX,i>~ 
NEPS,; PROC(A~B~~ 
~AVSETLw: PROC(), _ 
~ELTUPL; = PROCCT~N)~ 
~6TfRMLw; PROC(L,~)~ . 
~E"fF'UN, = PROC(A,e,c,, 
SETEUNN, = PROCCA~8~b~, 
§6TrUNS, = PROC(Aia~c,, 
SETMNS,: .PROCCX~~)~ 
$,~TNEST · = PROC ( )() ~ 
§~TQQi; ~ROCtX~, 
$ETSIN, ; PROC(A~B~C~, 
iETTUP, = PROC C A',(;3~c·,, 
SETWIT0, = ~ROCCA), 
srRoMI,~ PROC(I~aA)~ 
$PROML~= PROC(L), 
~PROMST,; PROC(X)~ 
:ijF'ROMTP,; PRQC(X)~ 
SKIPWD,= ~ROCCL~N)~ 
iLHSVO~; PROC(X~Y), 
~LSM, ; PROC(XJY), 
~or, ; PROC<F,X>, 
sorN,~ eROC(F,SBS>, 
§OF'NERR ,·; PROC () ~ .. _ 
SOFOK, = PROCCPJX), 
SPCTUPQ,; PROC(X)~ . 
$TPUNNSi;PROC<A,B~C), 
STR,: PROC(A~B), CONCAT~i)B) ENDI 
STRINGf,; PROC(X)~ 
iUBSTR ~ PROCCA,B~C)~ 
~WITCMPi; P~OC(),. , . 
$YMOir,= PROC(A,B), 
,AIL,= PRDcctt>~ . 
,AJLN, : PROC(tT,N)~ 
,AJLSIN,; PROC(T~X)~ 
TAILSPC,; PROO(T)~ 
,lMESVD,; PROC(X~Y)~ 
,Msi= PROCtA~B), 
fPLUS,; PRDC<Tf,t2>, 
'UPQ,= PROC(X\, 
TUPWITO, = PRDC(A), 
?VPE, ; P~OC(X), 
UNION,: PROCCA~B~, 
WITH,= PROC(S~A~~ 
W,RlTSETL= PROC(), 



SRC 2 
SRC 3 
SRC 4 COMMENT 

~ THE ~ROGRAM DOES NOT CONTAIN MANY COMMENTS, FCR MORE DETAlLS,SRC 5 
SEE NEWSLETTER 49,, t 1 • o;, • e,, 1 • • 1 • 1 ; •, 1 ,,, . 

¢ 

COMMENT 
~ THE fObLOWING ROUTINES ARE BALM4 FIXES t 
MAKALOCA{TRUE)I COMMENT ¢ TO ADJUST SCOPE OF, PARAMETERS¢ 
MAKVLOCA('fRUE)J 
STRING=PHCC(X)~ STRJNG(X) ENDJ 
COMMENT ~~AKE a INTO A LETTER-
CHGCHAR(e,,10)1 
COMMENT~ ERASE BALM INITIALIZATION ROUTINES ·To SAVE MEMORY¢ 
00 lNITIAT,=g,INITI0,=0,lNJTUNA.~O,iNlTlNrt~O~lNlTEXP,=D~tNIT60Di~O, 

INITORL 1 =U, INJTMtS,=0 ENDJ 
COMMENT.,. SOME MACROS 'FOR FREQUENTL.Y USED ,OPERATIONS I I;.' ..• ¢ 
COMMENT~ NUMBijR OF ELEMENTS IN A SET OR A tuPL~ ¢ 
NELTS,<Xi> MEANS Xlt3]f1l J 
TUPLE,(X~> MEANS X1f3Jt2J J 
HTSIZE,CX1) MEANS X1t3lt2J J 
H1'1..0A0 1 CX1) MEANS X1t3lt3l J 
HASHTA8d><i> Mt;ANS X1[3l [4l ; 
IDENTQ,=. PROO<A~B>, 

A EQ B 
ENO; 

lDENTFl,! PROClA,B), 
8ijGlN( l ), 

. lF IDENTQ,(A,B)_ TMEN RETURNtT~U~>• 
Ir NOT CA SIM B) tHEN RiTURN(~JLl, 
lf STRGCA) THEN RETURN(EQSf~(A~~)), 

SRC 6 
SR~ 7 
SRC ~ 
SRC 9 
SRC 1P 
SRC t;t. 
DE(;72 ;L 
SRC '1t; 
SRC 13 
SRC :tA 
SRC ? 
SRC 16 
SR~ :17 
SRC 1~ 
SRC 19 
SRC '29 
SRC 2;1. 
SRC ',};1! 

SRC 29 
SRC ~4 
SAC 2~ 
SRC 26 
SR¥ 27 
SRg 28 
SRC 9 
SRC 3.D 
SRC 3:1. 
SRC ,;si Ir VECTQ(A) THEN rio 

IF SIZE<A) NE SJZE(B) THEN 
tOR J=.(1,SIZE(A))REPEAi lF 
THEN 

RETURN(NlL>~ SR9 3$ 
NOT lDENT-1,(AtfJ,BtIJ) SRC 34 

... .., .. 
***** 

END 
ENI.JS 

SRC 32 
RETURN< N lL >, RETURN (TRUE'> SRC :H~ 

SR'~ :37 END, . 
IF PAIRQ(A) THEN rr NOT IDENTfI,(HD A,HD 8) T~EN •PETU~NSRQ 3P 

SRC 39 (NIL) 
ELSElt NOT lDENtFi,CTL 
RETURN(TRUE>, 
RETURN(NIL> 

A,TL s> THEN RETURNCNIC> ELSE SRC 40 
SR~~ ,t;t 

FIX GETLIST AND GETV TO Atcepr NL, AS NL AN~ NULT, 
AS NULT AND OM, AS CM 

SRC 42 
SRC 4~ 
SRC ·;.4 
SEPT73 ;L 
SEPT73 ~ 

GETL l ST, =.FROG (), SEPT73 3 
sEFT73 4 
SEPT73 ~ 

MOR, 

BEGIN<JTM,X,Y), 
X=Y:;N I~ IN IL, 
PM=.RDITEM. C), 
IF ITM EQ RPVAR, THEN RETURN TL Y 

Sl;:li'T73 t? 
SEPT73 7 
SEPT73 8 ELSElr IiM EQ PERVAR, THEN 

_ (IP HD X EQ =oM OR MDX EQ 
ELIE TL X=lTM=RDlTEM,<)) 

==NL. OR HP X EQ::;NlJLT THEN GO ,t,1QR SE~T73 lit 
SEPT7310 
SEPT73l'­~6~EJF ITM EQ lEOS, THEN no 

NEXT;Nexr~i. 
PRlN,,(LISTC=PARENS,=DONT~=MATCH 
END 

E~~E X~ADDON,CX,ITM>, 
GOTO MOR 

'> >, RETURN TL Y 
SEPT7312 
SEt'T73t~ 
SEPT731~ 
SE~T7312 
SEPT7316 



END ENCJ 
GETV,=PRQC(>1 

BEGIN( ITM,X,Y), 
X=Y==Nl~IN!L, 

MOR, JTM::ROJTEM,C), 
IF ITM EQ RBVAR, THEN RETURN TL Y 
ELSEJF ITM EQ FERVAR, AND ( HD X EG :il\L OR HD X EQ i;NULT ;t;R 

HD X EQ =OM) THEN GO MOR 
ELSEJF ITH EQ IEOS, T~EN DO 

NEXT~NEXT .. 1, 
PRIN,,(LISTC=BRACKETS~=DONT,=MATCH)1~ RETURN TL Y 

Ef\D 
~L~E X;ADDON,CX,ITM>, 
GOTO MOR 

END ENCi 
INFlX(=RQ,140011400,;fDENTFI,); 
COPY= PRQCCX)~ 

IP X EQ ~L, T~EN VECTOR(SET1~HiS~NUL,,VECTIR{Q~o:o,o ) 
E~SEIF X EQ NULT, THEN VECTORliUfL,,31416,UEtTORIO.N L>) 
E~SEIF VECTG(X) THEN eeGIN(v;L~l)~ . 

L=SIZE x, V==MAKVECTO(Ll, 
FOR J::(1,u REPl::AT Vtll ,::: toPY(X[!J), RETURN(V) 

END 
El. S E I F P A l R Q ( X > TH e N Co PY ( HD x', ;; 9 0 PY C' n, X ) 
E~SEIF STRQ(X) THEN SUB(X,1,SlZE{X)) 
E~SE · X 

E:NQJ 
COMMENT.~ PRQOiDURE DUP, TO CREATE NON~notfED NAMES FOR 

USSR LEVEL,,,,,~,,,¢ 
DUP,= RRQC()a . 

ENC; 

BEGlN(J,tP.SID), 

ENO 

FOR I=(1,NUMARGS()) REPEAT DD 
JO;ARGUMENT(I)~ SJD;SrROMifi(lD>, . . . 
SETVALUE(IDFROMStSUB<SfD~~~SlZ~<SlD)~1})~VAL0~ }r> 

~ND 

APPENDi= P~OQ(X,Y), 
Bf;GlNCL), 

X=COPY(X), Y;COPYCY>, 
I.r X EQ NIL THEN no 

IF Y EG NIL THEN_RE:1TURN(~l~ 0
)

1
, 

IF' I\OTPAJRQCY) THEN RETURN(LIST(Y>>; 
RETURN CY> . 

END, 
IP NOT PAlRQ(X) THEN DO 

If Y EQ Nl!.. THENRSTURN(Ll~'f'CX>), . 
IP NOT PAIRQ(Y) THEN RET0RN(LIST(X,Y))~ 
RETURN(XIY) 

.END, 
IF Y EG NIL THEN REfURN(X)~ .. 
lF' NOT PAIRCHV) Hlf;N Y:LlSTCY>', 

END 
END; 

I.. =X, 
WHILE TL L NE NiL REPEAT L=tL L~ 
TL L;::Y, 
RETURN(X) 

COMMENT~ iYNONYMS FOR 8ALM4 BUlLT~iN FUNCTIONS¢ 
STR,= PROC(A,B), CONCAT(A,B) ENDJ 

-SEPT7317 
SEPT73t~ 
SEPT73;.9 
SEPT7320 
SEPT732;1. 
SEPT73;;.2 
SEPT732~ 
SEPT73;~A 
SF'.T73?? 
SEPT73'.-Z6 
SE'"'T7327 
SEPT73 ~ 
SEPT7329 
SEPT733Q 
SEPT733;1. 
SRC 4~ 
SRC 4p 
SRC 47 
SRC 413 
SRC ,Ht 
SR9 ,9 
SRC: ',;I, 
SRC i;i 
SRC 5~ 
SR9 54 
SRC 5~ 
SRC f? 
SRC f!A 
SRC 65 
SR9 66 
SRC 67 
SRC b~ 
SRC 69 
SRG. 79 
SRC 73, 
SRC ·7g 
SRC 73 
SR9 74 
SRC 7!5 
SRC 7l'l 
SRC 77 
SRC 7f3 
SRC 79 
SRC np 
SRC 8;1. 
SRC eg 
SAC 8~ 
SRC BA 
SRC 15 
SRC a(? 
SRO il7 
SRC at3 
SRC S~ 
SR~ QQ 
SRC ;;t. 
SRC 9~ 
SR~ 9~ 
SRC •,;4 
SRC 9?, 
SRC qt? 



REM1UND,·; 1 PROClX,Y>, 
. - X•Y•CX/Y) 

EN~J 
DIVIDEDt~ .PROC(X,Y), 

BSGlNCQ), 
. ~=X/Y,RETURN(LISTCQ~X~Y•Q>i 

ENO 
END I 

SFROML,= PROQ{L>, 
s,ROMV(VFROML(L)) 

ENQJ . 
SFROMI,= PROC<l~BA), 

BiGlN<L,M,R), 
L=NIL~M=I LT O,iF M TMEN t,.1, 
lF I EQ O THEN REfURNC~0¢~~ 
WHILE l NE O REPEAT DO 

R;teCBA*<llBA)~•27, t~i/aA, 
l.!i!R; L 

END, 
IF M THEN L~3a;L,_ 
RETURN(SFROML,CL>) 

taNP 
E;NIJJ 

LFROMSi~· PRQC(S), 
LFROMVCVPROMS(S)) 

ENDJ 
IFROMS,=· PROC(S~BA), 

SiGlNCK,M,V,t,J), 
V:VF'ROMS(S), 
K•1, l;;O, 
WMIL.E VtKJ eQ 45 REPEAT :K~K.i• 
IF VtKJ EQ 37 THEN no . 

K~K..,1, M;:;1 
END 
6LSElF VtKl EQ 38 THEN DO 

K;K+1, M;:":t, 
EN·O 
ELSE M:;1, 
f"OR J:;(K,SIZECV>)REPEAT . . . 

t F' Vt J l . GE ( 8A•27) THEN :eRR,oRVA, C 
-CONVER$10N ''ROM STRING to iNTECERt 
ONE CHARACTER GREATER 'THAN 'THE ,BASEtl 
ELSE l=l*BA•V[JJ.27, . . 

RETURN(M*I> 
END 

ENPJ 
ATP~= PROQ(O>, 

INTQ(O) OR LOGO(O) 0~ CODEQ(O) · 
ENIH 

COMMENT ·~ 
PLUSVO,= 

TIMESVD,E 

SAVE ORlGINAL 
PROCCX,Y), 

X!lsV 
ENQJ . 

PROQ(X~Y>, 
X111Y 

t;Ny; . 
PROCCX~Y>, 

XtV 
E;NPJ 

ARITHMETIC OPERATtONS~ 

SRC 
SRC 
SRC 
SRC 
SRC 
SRC 
SRC 
SRC 
SRC 
SRC 
~R~ 
SRY 
SRC 
SRC 
SRC 
SR'·: 
SRC 
SR~ 
SRC 
SRC 
SRC 
SRC 
SR9 
SRC 
SAC 
SRC: 
SRC 
SRC 
SRC 
SRC 
SRC 
SRC 
SRC 
SRC 
SRC 
SR9 
SRC 
SRC 
SRf 
SRC 
SRC 
SR9 
SRC 
SRC 
SRC 
SRC 
SR~ 
SRC 
SR9 
SRj: 
SRC 
SRC 
SRC 
SRC 
SRC 
SR9 
SRC 
SRC 
SRC 
SRC 

97 
;~ 
99 

.100 
;1.01. 
1ni 
103 
104 
10, 
1:Jt> 
107 
;LO~ 
109 
11p 
1:1;1. 
1H~ 
11~ 
114 
115 
11~ 
117 
1; !3 
lt~ 
1'0 
12:L 
1?.2 
12ij 
124 
1?~ 
12~ 
127 
12~ 
1 _J'r 
1~9 
13:l 
1.32 
13:3 
1:,~ 
1:!, 
13~ 
.13'.l 
,. 3 f:3 
1~$9 
149 
1 ·1:L 
142 
1 ·"3 
14' 
14~ 
14fl 
147 
1 .:a .. 

. ' 
149 
15Q 
.15:1 
152 
15~ 
1' (4 
15, 
.15~ 



SLHSVD,: PROQ(X,Y), · 
XIY 

ENlH 
COMMENT -SOME SETL CONSTANTS ••~•• t 

BLANK,,=6JSET,s10JTUPL!=11J 
HASHNUL!:;1~345; 
MODULlJSd!1~107:l.l 
CRASHMAX;5J CRijHCNT.=O; 
NEW.ATNR,;O I 
HNC,~27182J HNB,;66256; 
UNDEr, = VECTOR co,o,o); 
NULLSET, ~ vec,OR(SET,,MASHNUL.~VECTOR(D,o~ri,O)); 
NL., = NUkLSE'l' d NL ::: NL.,; . 
NULT,=VECTQR(TUPL 1 ,31416,VECTOR(0~NlL))J NU(! ; NULT,; 
NULLTUP,;NUL.T,i 
NIJLC=it-J 
NUL.8, s;L. I §T ( oa) I 
NIL.VECT,;=INILIJ 
BLANKZZ,!B~ANK1,JSETZZ 1 =SET,JTUPLZZ.~TURL,; 
INT2Z~=1JSUBRZl,;2JLABZZ,=3JSTRZZ~~4;BJTSZZ;~'J 
COMMENT ·~ BA!i.M$ETL I/0 •, ~,,,, •,,. APRIL. 19~ ,1972 ¢ 

COMMENT iii OLD AND NEW PARAENTHESES • , , • •,. i¢ 
DO .. . .. 
LPVAROZ,;L,VAR 1 ,LBVAROZ.;LBVAR,~RPViROZ,;RPVAR,~RBVAROZ;~R8YAj,, 
.L.PVARNZ,;!QFAOMS(SFROMV<VECT0Rt748)))1 
LBVARNZ,elQFROHS(SFROMV(VECTORC?2B)>), 
RPVARNZ,;IgFROMSCSFROHVCVECTORC75A)J), 
RBVARNZ,elOFROMS(SFROHV<VECTORC73B))), 
QSIGN,=EQSIGN, 
ENDJ 
JNFILE:INPUTI QUTfILE:CUTPUTS 

RDSETL, ; PRQCt>, 
B~GIN(X), 

SWJTCHP,(), 
lF CX=R~AD(INrILE)) EQ =, 'THE~ X;READ(INFlLB): 

END 
END; 

S~JITCHP$(), 
RETURN(CONVENT.CX)) 

READZZZCX1) MEANS X1;RDSETL,()1 
READZZZ(X1,X2) MEANS 00 READXXX,(X1~X2) ENDJ 
READXXx.rxi> MEANS X1=RDSETL,()J 
READXXX,(X1,X21 MEANS x1=RDSETL.C>,READXxx,txai; 

REAOSETL = PROQCFIL), 
B§GIN(X), 

SWPOHP,()t 
IF (X=READ(FlL)) EQ =• THEN X~READ<~!L)~ 
SW JTCHP I (), 

. RETURN(CONVERT,(X)) 
END ENC; 

SW!TCHP,~ PROCC), 
If LPVAR, EQ LPVAROZ. fHEN 00 .. 

LPVAR,;LPVARNZ.~L8VAR,=~SVARNZ,~ 
RPVAR,=RPVARNZ.~RBVAR,~RBVARNZ, 

-SRC 157 
SRC 15f3 
SRC 159 
SRC 169 
SRC 17Q 
SRC 171 
SRC :1.72 
SRC 17~ 
SRC ;1.74 
SRC 17? 
SRC 176 
SRC 177 
SRC 17f3 
SRC 17? 
SRC 1ao 
SRC 18;1. 
SRC 1,;2 
SRC 183 
SRC :1.8~ 
SRC :1.8~ 
SRC 18p 
SRC 1~~7 
SRC 1 t;;.e 
SRC 189, 
SRC J.9P 
SRC 19;\. 
SRC :1,q2 
SRC :1,93 
SRC 1 ·14 
SRC 1? 
SRC :1,9p 
SR~ 197 
SRC :1,9~ 
SRC 199 
SRC 209 
SRC 201 
SEPT7332 
SEPT733ij 
SEPT7334 
SRC . 203-
SRC 204 
SRC 2;, 
SRC :20P 
SRC 2<:7 
SRC 20~ 
SRC 209 
5RC 21.9 
SRg 21:l. 
JUl.73 1 
JUL.73 2 
OCT73 ;t, 
oct73 2 
OCT73 ~ 
JUL73 ~ 
JU\..73 ~ 
JUk73 fS 
SRC 21,g 
SR 21~ 
SRC 214 
SRC 2'1.?. 



CONVERT, 

END ELSE DO . 
LPVAR,=LPVAROZR1LBVAR,=LBVAROZ., 
RPVAR,;RPVARDZ,~RBVAR,=RBVAROZ, 

END 
ENPJ 

= PROC(X>, 
B~GlNCY,Z,1), 

SNP 
ENIH 

IF INTQCX) THEN RETURN<X) 
ELSElP STRQ(X) THEN RETURN(X) 
ELSEIF PAIRQ(X) TMEN DO 

END 

Y::COPY (NL,), 
WHILE X NE NlL REPSAT DO 

Z=CONVERT.(~0 X), 
Jr z NE UNDEr. THEN ALJGMENT,CY,z): 

'X=T!,.. X 
END, 
RETURN(Y) 

ELSElf vgcTQ(X) THEN DO 
z;::,SJZE(X>, 
IF Z Ea O THEN RETURN(COPYCNOLT,)), 
Y=NlL, 
FOR 1!;(2,1,.,i> RSPEAT Y,;c;O!\Ve:RT·.(XtU):Y~ 
RETURNCVECTOR(TU~L,,HASMbOttfHD Y>,VECTOACZ,Y)~) 

END 
ELSElF X EQ =OM TMEN RETURNtCCPV(UNDEF,J) 
ELSElF x EQ ;NL TMEN RETURNtOCPY(NL,)) 
ELSElr X EQ ;NULT TMEN RETURN(COPY(NULT:>> 
ELSEIP X EQ =PALSE THEN RETUR~CtALSE) 
ELSElP X EQ NDF, tHEN RaTURN X 
ELSEIP JDQ(X) THEN RETURN S~RCHlD(X) 
ELSE RETURN(X) 

PUTr=PUTITEM,J COMMENT~ SAVE OLD PUTITBM, ·~ 
COL0ZZZ,~63BI 

PUTITEM, : PROC(L), 
IPL EQ NIL THEN PUTCHV,(VPROMs(SF~OMlD(=FALSE))} 
E~SEIF L EQ NL, THEN PUTCHV,(VPRDMS(SPROMID(=NL,))) 
E~SElF L EQ NULT, tHEN PUTCHV,tVER~MS(SFROMID(~NOLT,))) 
E~SEJF SETQQ,(L) TMEN PUTSET.il) 
Eii,SE IF TUPQ 1 ( L) THEN ·PUTUP, CL) 
E~SEIF ~B~O(L) THEN PUTLB~,CL) 
E~SEIF ~ EQ UNDEF, TMEN PUTCMV.(VFROMS(SFROMIDC=eM,)~) 
E~SEIF BLANKQ,<L> THEN PUTBL,CL> 
E~SE PUT,(L) . 

END; 

PUTLBL, ~ PROC(b), 
81:GlNC), 

lr NEXT GT LLEN~10 THEN TERMLlN~(>, 
PUTCH,(COLOZZZ,),PUTCHV,CVF~oMS{SPROMlDt~LABE~)))~ 
NEXT;NEXT~1,PUTINT,~L>,NEXT~N°xt~1~PUTC8,(COLOZZZ:,~ 
PUTBbA~,(> . 

END 

SRC 21':i 
SRC 217 
SRC 218 
SRC 2'.1'! 
SRC 229 
SR~ 2;:,;1, 
SRC 222 
SRC 2 3 
SRC 224 
SRC 2~~-~ 
SRC 2~16 
SRC 227 
SRC 2?§ 
SRC 2?9 
SR9 2~9 
SRC 2~~;1. 
SRC 2~i 
SRC 2 3 
SRC 234 
SRC 2\5 
SRC 236 
SRC 2\7 
SRC 23~ 
SRC 239 
SRC 249 
SRC 2°' 1 
SRC 24 2 
SRC 2,13 
$RC 244 
SR"' 24f5 
SR)i 2 4r:, 
JAi'l73 ;!. 
NOV72 1 
SR~ 247 
SRC .248 
SRC 2,H) 

SRe 2~59 
SRC 2si 
SRC 2'3G 
SRC 2~J~ 
SRC 25!4 
SRC 25? 
SRC 25p 
DE972 2 
DEC72 3 
SRC 259, 
SRC 269 
SRC 2r,;t 
1JEC72 4 
SRC 26i'S 
SRC 2S4 
SRC 26, 
SRC 266 
SRC 267 
SRC 26~ 
SRC 2°~ 
SRC 270 
SRC 27;1, 
SR~ 2n 
SRC 273 • 



,E;ND; 

PUTB~. = PROQ(L), 
B~GJNC>, . 

END 
ENl,H 

IF NEXT GT LLEN•10 THEN TERMLINE(), 
PUTCHV,<VFROMSCSFROMlD(~BLK))l~ 
NEXT:1:NExr .. 1.PUitNT, (L.(3J )~PuTeLAN, () 

PUTSET, ~ PROQ(L), 
86GIN(X,P), . 

tF NeXT GT LLEN~10 THEN T~RMLlNE(), 
PUTCH,(748),B~CNi=SPCNT+1~ 
P=COPY(Nl~VECT,i~X~NEXTELT 1 iL•P>, 
WHILE X NE UNDEP. REPEAT DD 

P U T I T E M , C X ) , X ~ NE X T E L T , ( L ,' P > 
END, 
NEXT;NEXT .. 1, 
PUTCH • ( 75B >, 8PCNT=B~CNT'"'1.~'PUTBLAN, () 

ENO . 
ENf,H 

PUTUP, = PROC(L), 
81:iGlN(X), 

JF' NEXT GT LLEN-10 THEN TERMLlNE()~ 
PUTCH,(72B),8PCNT=B~CNT•1~ 
X=TUPL.E,(L.), 

END 
i;NPJ 

WHILE X NE NIL REPEAT DO 
PUTJTEM,<HO X)~ X;TL X 

END . ' . . . ..• . . 
NEXT;NEXT~1,PUTCH.(13S)r8PCNT~B~CNT~1,POTBLAN;c, 

WR ITSETL. = PROO C OUTF t l.,E), .. . . ... 
SEGlN($FN,$LlN,$LLE~,$NEXT,SBRCNT•$TERMLINE;1,N;TR,FIL>, 

END 
ENPJ 

TR-TRACE,TRACE:O~N~NUMARGS(),fiLl:OUTftLe~ 
TERMLlNE=WRJTOUT.~FN:PlLtil~L~N~FiLt5J~ 
I.. L 6 N:: PI Lt 6 l , NE X Ti= F' IL t 7 J ,BRC NT; 0 ·, 
FOR I ; (2,N) R~PEAf 

PUTITEM. <ARGVHENT(I))~ . 
TERM~lNE(>~PlLt,J;LiN,FlL.f7l~~EXTiTRACEiTR, 
RETURN(ARGUHENTtN~) 

COMMENT, PRT, PRINTS lN THE OLD FASHION : •• ,1 -
PRT,= PROQ(A), 

BEGIN(P,I), 
P=PUT PEM I, 
PO PUTlTEMft=PUT, ENO, 
FOR 1=<1,NUMARGS()) REPEAT ~RINtCARGUMENTCI))~ 
DO PUTlTEM,=P END 

END . 
ENOJ 

COMMENT - PRTMAP PRINTS A SET. OF, tUPL~S AS A MAP t 

-SRC 274 
SRC 27~ 
SRC 276 
SRC' 277 
SRC 27l3 
SRC 279 
SRC 2!10 
SRC 28;1. 
SRC 2 ''2 
SRC 283 
SRC 2;;4 
SRC 2S~ 
SRC 2 c 
SRC 2H7 
SRC 2f.lp 
SRC 289 
SR9 29Q 
SRC 2•l 
SRC 29i 
SRC 29q 
SRC 294 
SRC 29!5 
SRC 2'i6 
SRC 297 
SRC 298 
SRC 2J9 
SRC 300 
SRC 30;1. 
SRC 3'J, 
SRC 30~ 
SRC 304 
SRC 30~ 
SRC 3Up 
SRC 3n7 
SRC 3na 
JUL.73 7 
SRC 3tP 
SRC 31:I. 
SRC :.H~ 
SRC 31,~ 
JUL73 8 
JUL.73 9 
SRC 3t!? 
SRC 3'tti 
SRC 3,7 
SRC 31.8 
SRC 31? 
SRC 3?0 
SRC 3;J;t 
SRC 3?4 
SRC 3?3 
SRQ 324 
SRC 3? 
SRg 326 
SR~: 3?7 
SRC 32f3 
SRC 3 9 
SRC 339 
SRC 3 ·r~ 
SRC 3:s~ 

• 



PRTMAP = "'P,RQC CS), 
BIEGINCX,V,P), 

END 

tr NOT SETQO,<S) THEN ERRORTY,C 
~PRTMAP<X>, X NOT A SET,~)~ . 
lP S EG NL, THEN ~ETURNtPRINT(S))~ 
P:COPY(NlLVECT,), 
X;:.NEXTEL T, ( S, P > '• 
WHILE X NE UNDEP, REPEAT DO . . 

If T UPQ, < X) AND NEL.TS, c:x) ·~E ·2 'THEN DO 
Y=TAiL,<X), IF NE~~s~iv) LE 1 THE~ ~=MEAD,f~), 
PRINT(HEAD,(X),==i~=;==~~>,Y) 

END 

END 
ELSE PRINT(X), 
X:,: NEXTEL T , C S ~; P '> 

,ENI); 
UNARY(:,:VAR;1~0Q,;ATP 1 )i 
JNFIX{:MQCi1 ◄50,1450,~REMAINP,>J 
INFIX{:RijM,aoo,799,~REMAIND,)J . 
INFIX(=Dlvine,16oi,1600,;DIVlDED,)J 

COMMENT 
~ BALMSEfL ROUTINES START HERE~· 
COMMENT ~ 
~ THE RoyT i N1;s WH I cH FOLL.ow AF'PEAR MORE ,oR i.:S§S, i N 'TME SAMS aRoe~ 

AS l N NEWSl.,Ef TER 49, WH t CH IS TO BE CONSUL'.T~O 'F'OR DST~ IL61' 
COMMENfS i .· 

TYPE, :; 

TUPQ,;; 

COMMENT~ 
SPCTUPQ,! 

SETQQ,:: 

8LANKQ, ! 

BSTRQ,:; 

OMEGAP,= 

PROQ(X), 
t, JNTQ(X) TMEN lNTZZ, 
E~SEtF' VECTC(X) THE!N ;X(:1.3 
EbSEJF STRQ(X) TMEN STRZZ, 
1:k,SE~f' CODEQ(X) THEN SU8RZZ, 
B~SEIF LSLQ(X> THEN ~A9ZZ, 
E~SE!F LOGQ(X) THEN extszz, 
Eli.SE ERROR TV, < ¢TVPe, 00, x NOT A ,Le GAL OBJBCTil( > 

5NIH 
. PROQ(X), . 

·veCTQ(X) AND IDENTQ,tXt1J,TURL~> 
END.J 
~Reo I CArE FOR TUPLE, OF'• Lf:NGTH ;GREATER 'THAN 2 -
PROOC X r, 

VijCTQ(X) ANO IOENTO,<Xt1J,'l'UPL.> AND'.Xt3ltil Ge 3 
END•. 

.. . ... , 
. PROQ(X>, 

V~CTO(X) AND IDENTQ,~Xt1J,SEt,) 
f;NO; 

PROC(O>, 
V&CTQ(O) AND IDENTa,tot1l,BLANk,1~ 

. EN.OJ 
PRQ;(O), 

IF PAIRQ{O) THEN INTQ(MO 0) ELSE FiLSE 
END.I 

PROQ(X), 
tP X EQ UNDEP, THEN 
'fijUE ELSE F'ALSE 

f:ND J . 

SRC 33~ 
SRC 334 
SRC ,3]~ 
SRC '33r> 
SRC 337 
SRC 3'~ 
SRC 3~9 
SRC 3AQ 
SRC 34;1. 
SRC 34, 
SR9 343 
SRC 344 
SRC 345 
SRC 34~ 
SRC 347 
SR~ 3·1 ~ 

SRC .349 
SRC 350 
SRC 3';i 
SRC 35~ 
SRC 33~ 
SR9. 35~ 
SRC 35~ 
SRC 35~ 
SRC ,337 
SRC 35~ 
SRC '359 
SRC 3,~~ 
SRC 36;1. 
SRC 362 
SRC 363. 
SRC 36.~ 
SRC 365, 
SRC 36q 
SRC 367 
SRC 36~ 
SRC 3r;g 
SRC 37Q 
SRC 37;1. 
SRC 372 
SRC 373 
SRC 31~ 
SRC 37~ 
SRC 376 
SRC 377 
SRC 3?~ 
SRC 37'l 
SRC 38Q 
SRC 3R;l, 
SRC 3~2 
SRC 38~ 
SR~ 3i34 
SRC 38~ 
SRC 38i:! 
SRC 387 
SR~ 33'3 
SRC 389 
SR9 39P 
SRC 39~ 
SR2 3ti~ -



NOMEGAP~ = PROOCX), 
~ IF X EQ U~DEF, THEN 

FAL.SE El.SE TRUE 
EN!); 

HASHCOD,; PRQC(X), 
IV VECTG(X)T~EN Xt2J 
E~SEIF INTQ(X)THEN HASMlNT,CX)EL5EtF STRQ(M) TMEN 

HASHCST 9 CX) 
E~SEIF BSTRQ,(X) THEN HASHBSTR~X> ELSE 17 

ENIH 
NELT, = PHOO(X), 

t, STRQ(X) TMEN SIZECX) 
E6SEIF S!=lQQ, (X) OR TUPQ, 00 "iHE"' X[3J LU 
EbSEIF ATOM,(X> THEN 1 
E~SEIF BSTRQ,(X) THEN BLEN(X) 
E~SEJF X Ea UNDEP, TMEN ERRORVi,< 
tNELT, X,X IS UNDEtlNED~) 
EbSE ERR0RTY,(¢NELT 1 X~ X NOT i ·~EGAL TYPE;¢) 

ENO I . 
CONSTP,= PROQ(O~T>, 

ViCTORCTUPL,,HASHCDD,(O),VPCtDR~~ElTS,(T>•!~CiTU~LE,~Ti)I 
ENDJ 

COMMENT~ CREA,E TUPLE, fROM A LlST L OF, H E~EMENTS -
MAKTUPi= PROC<N,L), 

ViCTOR(TUPL,,HASMCOD,(MD L), V~CTDR(N,L)) 
ENDJ 

COMMENT• iUPLiS INSIDE SETS ARE REPRESENT~ri ~S TWOw OR fHREE~ 
VECTOAS,OUTS!DE SETS AS LISTS,MENCE !WO CONVERSION RBUTl~ES # 

MAKSETUti PRQC(TUP), . 
IF NOT TUFG,CTUP) tHEN TUP ELSEif PA!RQCTU~C3J[2!)TH!N 
VECTOR(TUPt1l,TUP[2J~VeCTORCTUPt~lt1l~VFROML«TUPl31t,3))1 
EbSE TUP 

~NfH 
HAKOUTU,~ ,ROCtTUP>, 

IF NOT TUFO, <TVP) THEN TUP ELSEJE VECT0(TUF[3l f2!) 'Jl~EN 
VSCTDRCTUPt1],TUPC2J~VECTORCTU~(3Jt1l~LFROMVCTUPt3l t2J))) 

E~SE TUP 
ENOJ 

COMMENT~ ERROR ROUTINES~ 
ERRORIMtS PROCtX)~ . 

A5GIN(), .. 

END 

PRINT(-IMPLEMSNTAtION ERRoRi¢iX), 
CRASH,(> 

END; COMMENT ¢CRASH, IS RECOVERY ~R0CEDURE ¢ 
eRRORTY, = PROQCX), 

BE;GJN<), 
PRINT( 
tINVALlD DATA T~PE, FOR THE S~TL OPBRAT!ONi -:x,, 
CRASH,() 

END 
ENO,; 

ERRORVA,5 PROCCX), 
RE;GIN<), 

PRINTt~RuN~TIME VALUE ERROR IN ,~x,, 
CRASH,() 

END 
GNPJ 

COMMENT~ MASH=RELATED ROUTINES ¢ 

SRC 
SRC 
SR~ 
SRC 
SRC 
SRC 
SRC 
SRC 
SRli 
SRC 
SRC 
SRC 
SRC 
SRC 
SRC 
SRC 
SRC 
SRC 
SRC 
SRC 
SR(] 
SRC 
SRC 
SRC 
SRC 
SRC 
SRC 
SRC 
SRC 
SR~ 
SRC 
SRC 
SRC 
SR9 
SRC 
SRC 
SRC 
SRC 
SRC 
SRC 
SRC 
SRC 
SRC 
SRC 
SRC 
SRC 
SRC 
SRC 
SRC 
SRC 
SRC 
SR9 
SR~ 
SR9 
SRC 
SRC 
SRC 
SRC 
SRC 
SRC 

3 9 i3 
394 
39!:5 
396 
3'? 
39~ 
39? 
400 
4 Ll ;L 
4 2 
40~ 
404 
4:r~ 
4 'J~ 
4 7 
40~ 
409 
A10 
4tl 
41i 
4 3. 
414 
415 
41(? 
417 
41.~ 
41.9 
42Q 
4?;1, 
422 
42i5 
424 
42? 
42~ 
427 
42~ 
429 
43Q 
43i 
4:2 
4:s~ 
4 '"4 
4<~ 
436 
437 
•P~ 
4,39 
440 
44:J, 
4~i 
44~ 
4ii4 
44!,3 
44~ 
447 
44~ 
44? 
459 
462 
46~ 



SRC 
HASHCST,; PROC&C)~ SRC 

8ijG!N(I1,1,V,K>, SRC 
I1=HNC,, K=MIN.(SfZ6(C),8)~ SR~ 
V:VFROMS(SUBCC,!,K)), SRC 
FOR l=Ct,K>REPEAT I1=<I1•Vtit•t5tJ))REM MODOLOS,, SRC 
RETURN<IF 11 GED THEN 11 ELst ~11) SRC 

END SRC 
ENO; SRC 

HASHlNT,e PROC(X), SRC 
lf X GEO THEN X ELSE ~x SRC 

~NDJ SRC 
COMPRMS, ; PROQ(MAXVALUE,HASHCOD,>, SRC 

. (WASHCOO, REM MAXVALUE)+1 SR~ 
!;NP I SRC 

HASHSTWr; ~ROCCA,B>, SRC 
. XOR(MASHCOD,CA),HASHCOD,(8)) SRC 
ENQ1 SRC 

HASHSTL1; MASHSTW,J SRq 
MAXDENa 521 SRC 
SMLHSTA, ; 81 SRC 
MINDEN, ; gJ SRC 
MAKELARtf PROC(X), s~t 

BiGlNCJ,I,Il,NEWSlZE~NEWMT,lND), SRC 
NEWSJZE =.2• MTSlZE,(X), . SRC 
NEWMT: MAKVECTO(NEWSlZE)~ SR~ 
FOR J=<1,MTSIZE.(X))REPEAt DO SRC 

f:MASHTAB,(X)IJJ~ SRC 
WHILE I NE NiL_REPEAT DC SRY 

Il=HD 1, i=TL I, ,. . SRC 
lND: CDMPRMS,(NEWStZEi~ASHCOD,Cll}), SRC 
NEWMTCINDl=IIiNEWHTtt~DI SRC 

END SRC 
END, SRC 
Xt3lt2J = NEWSizE'~ SRC 
Xt3][4J = NEWM(, SRC 
RETURN() SRC 

END SRC 
ENO; SRC 

MAKESM~i~ PRQC(S), SRC 
BEOlN(J,NEWSIZ,NEWMT)~ SRC 

NEWSIZ=HTS!ZE,(S) /2, SRC 
NEWHT:MAKVECTO(NEWSiZ), SRC 
POR J:~1,NEWSIZ>RSPEAT SRC 
NEWHTrJJ=APPEND,(MASHTAB,rs)r,l~HASMTAB;(S)tJiNEWsIZ]J,SRC 
St3l t4J:N8WHT,St3] [2J=NEWSIZ, SRC 
RETURN() SRC 

END SRC 
END i SRC 

CHECKrG, = PROCCX), SRC 
U HTLOADe (X>GT _ SRC 
(MAXDEN, * HTSlZE,tX))THEN SRC 
MAKELAR,(X) SRC 

ENO; SRC 
CHECKrS, = PROQ(X), SRC 

B~GINCY), SRC 
IF NELT,(X) EQ O tHEN Xt3] = VECTOR(O,o:o~o> ELSE DO SRC 

V = HTS!ZE,(X)~ SRC 
IF HTLOAD,CX) * MINDEN, lE Y ANDY Gt SMLHBTA, TMEN SRC 
MAKESML,<X> SRC 

464 
465 
4-q 
467 
46~ 
469 
470 
47;t 
47e; 
41~ 
474 
4 7 !? 
47~ 
477 
4 7 f3 
479 
4 ·<Q 
41;1 
4 ,32 
4'li3 
484 
4~~ 
480 
487 
4,38 
4 \19 

499 
49;!. 
4 :) ') . ~ 

493 
494 
49? 
4 ()(? 

497 
49~ 
499 
50P 
50;1., 
~rn~ 
50~ 
504 
5 f'i? 
50~ 
517 
50~ 
509 
51!:l 
51;1., 
512 
51~ 
fH~ 
!51~ 
516 
512 
51~ 
5:t~ 
52P. 
52;1, 
5;;2(; 
5~!§ 



END, RETURN<) 
END 

f;NO; 
COMMENT~ NEWSMS FINDS A SUITABLE HASHTABLE SlZE FOR A SET OF N ElEMS# 
NEWSMS, ~ PROG(N), 

IF N LT 16 TMEN 8 
E~SE?F N ~T 32 THEN 16 
E~SElF N LT 64 THEN 32 
E~SEJF N LT 128 THEN 64 
E~SEtF N LT 256 THEN 128 
EbSE 256 

ENDJ 

COMMENT i 5ETL FUNCTIONS AND DP8RATtONS ¢ 

EQUAi.. 'f 1 

PRO,Q(O), 
lF NOT V~CTQ(Q) THEN TRUE ELSE TYPE,(0) LT set. 

ENDJ 
= PROO<A.,8)1 

BEGIN( $V,$TUPA,STUPB,i,J,N,M~$X~$9Y~W,WW>: 
IF' A E:C UNOE:r, THEN RETURN ( IF' 8 .EO UNOEP', THEN TRGE 
ELSE FALSE), 
IF" TYPE~(A> NE TYPE.CB) THE~ REi'URNCf"AI..SE>~ 
JF' STRQ<A> THEN RETURNfEQ~t~< ~j))~ ·. 
IF 81..ANKQ, (A) THEN RE1'URN</d3l eQ !H3l ); 
IF' A TOM, (A) THEN RETURN ( A :e(r ) ~ 
IP HASMCOD,<A) NE HASMCOD.(B>]HEN RSTURN tN Ll, 
lF NSLTS, CA> NE NE:LTS, (8) 'T~H:!\ RETURNCFALSE , 
IF A EQ B THEN RETURN (TRUE~, 
W=TRUf:, 
IF' TYPE, (A) EO TUPL.. THEN ,oo 

T IJ ? A :: T UP L E ~ C A ·, , TU Pe ; ;: 'r ~- P L E • ( B ) , 
WHILE WAND ~UPA ~E NIL ~E~EiT DC 

X=HD TUPA~ tUPA~TL ju~A, 
Y;:HD TUPB~ tUPB~T~ 'TUPB~ 
l F NOT EQUAL:T • ( X, V) 'THE W;:N IL. 

END, RETURN(W) 
END, 
I F' H T S 1 Z E • ( A ) L 'f H T S 1 Z E , ( B ') · "r t: E N D 0 

l=A,A=B,8=I . 
END,N:HTSlZ6,CB), 
J = HASHTAB,CA)~ H.: HASHTAB 1 (8), 
FOR l=<t,HTSIZE,(A)lREPiAT bO 

TUPA. ; J tll~ 
TUP8=MICOHPRMS~(N,1~1)l~ 
WHILE TUPA NE NIL REPEAt oo 

END 
END, 

X:HO TUPA~ TUPA==TL TUPA, VY=TUPB, WW==Nl~, 
X=MAKOUTU, oo·, 
WHlLE vv NE NII.. REP~At 1Do 

y;:1-10 YV, yy::;TL vv·, .v=MAKOUiU,(V), 
IF EQUALi,, (X,Y) 'THEN DO 

WW=TRUf{, YY.::N IL 
END 

END, 
IF NOT WW THEN DO 

W=NIL,i=I-ITSlZE,(A)~TUPA=NIL 
END 

SRC 
SRC 
SRC 
SRC 
SR 1:'. 

SRC 
SRC 
SRC 
SRC 
SRC 
SRC 
SRC 
SR9 
SRC 
SRC 
SRC 
SRC 
SRC 
SRC 
SRC 
SRC 
SRC 
SR9 
SRC 
SRC 
SRg 
SRC 
SRC 
SRC 
SRC 
SRC 
SR9 
SR9 
SR~ 
SRC 
SRC 
SRC 
SRC 
SR9 
SRC 
SRC 
SR~ 
SRC 
SRC 
SR9 
SRC 
SRC 
SR~ 
SRC 
SRC 
SRC 
SRC 
SRC 
SR~ 
SRC 
SRC 
SRC 
SRC 
SRC 
SR~ 

52(4 
52~ 
526 
527 
52f3 
5)9. 
5.;, 0 
53;1, 
5:,3~ 
5~9 
5$4 
53~ 
!53~ 
i::::·-,;7 ",pl~ ... -

!5 '.~~ 
519 
540 
5" i 
542 
54~ 
5'-h4 
!54~ 
5 f) 
547 
54E3 
549 
5~P 
55;1, 
5 2 
559 
5'14 
5'.?~ 
53P, 
557 
!5 t~ f3 
559. 
5 i\ Q 
56;1, 
5ti 
5Q3 
56!4 
f56!;5 
56g 
567 
56§ 
569 
579 
57;1, 
572 
57~ 
514 
5'7~ 
57p 
577 
57a. 
579 
5HD 
58;1. 
58~ 
5,1~ 



RETURN(W) 
END 

1:NU; 
NEQUALT,, PROC(A,B), 

If EQUALT 8 CA,8) THEN PALSE ELSE lRUE 
EiNDJ 

COMMENT~ PUNCTtON ELTF. : ELEMENT OF, ~ 
ELTF, = PROOCX,s>, 

COMMENT 
ELTUPL,= 

ELTF'CST,e 

EL.TF'SET,; 

81,;GlNO, 
IF' X EG UNDEF, TH~N ERRORTY.C 
-EL(X,S),X IS UNDEFINED,,)~ 

ENOJ 

Ir SETQQ,(S) TMBN RETURN E~tPSEt,cx,s>, 
[F' TUPQ,(S) THEN RETURN ELTOP~, (X,S), 
IF STRG(S) THEN RETURN eLrrcsT,,(X,S), 
IF BSTRQ,(S) THaN RETURN ELBITStR (X,s): 
ERRORTY, (-EL(X~s,,s NOT A sEl~TUPLE,BSTRlNG, 

OR CSTRING~) 
END 

-AUXILIARY ROUTINES FOR ELTF, , 
PROC( X,S), 

Biii;GJN($Y 1 $2), 
Ir S EG NULLTUP, THEN RETUR~ tFALSE), 
Z :: iUPLE, (S>, 

END 

WHILE Z NE NlL REPEAT DO 
Yt=HP Z, Zi=TL z·, 
IF EQUALT,CX~Y> tHEN REt0R~ttRUE) 

END, 
RETURN (FALSE) 

ENI) i 
F?ROCIX,S), 
. B~GJN(l), 

END 
ENIH 

Ir NOT STRQ(X) OR SiZE X NE 1 TMEN ERRORTV,f _ 
-X El,. S, S IS A STRING, BUT XIS NOT A LINE s,RING 
LENGTH 1r!), 
fOR l:(1,SIZE S) REPEAT IF X :EQ SUSSTR(S,(,1> THEt\ 
REilJRN(TRUE>, 
RETURN<NtL) 

PROC(X,S>, 
BiGlNCHX,TX,$I,$1I~IND~N>, 

Ir s SQ NULLSET, THeN R~jURNC~ALSE), 
!ND; COMPRHS,<~TSfZE,(S)~HiShCOD,(X)), 
IF' SPCTUPQ, <X> 'tHEN. 00 . 

HX; HSAD,<X>, TX=.i'l'AI.L.(X)i ?;:HASHTAB,CS2tINDl: 
WHILE I NE NIL REPEAT DD · . . 

t r:,110 1, l=rL 1, lr 'TtJPG. < 1 n THEN IF 
r n E NT Q , < N ~LT s • ( l I) , f> Tr: EN Ir E o u A LT·, ( H x , 
TUPl,.E, (%I) tiJ .> THl::N.'REYliRN 
( ELTPSET, <TX, 'l'UPLI=, CI j) t2 l)) 

END, 
R E i' lJ R N ( F A I.. S E '> 

END, 
JP VECTC(~) THEN N~NELTS,CX), 
1 = HASHTA8,(S)IIND3, 
WHILE l NE NIL REPEAT DO 

II=HD I, I=TL l, 
IF TUPO,<II) TMEN ClF NELT~,<II) EQ N AND 

SRC 
SRC 
SRC 
SRC 
SRC 
SRC 
SRC 
SRC 
SRC 
SRC 
SR9 
SRC 
SRC 
SRC 
SR9 
SRC 
SRC 
SRC 
SRC 
SRC 
SRQ 
SRC 
SRC 
SAC 
SR~ 
SRC 
SRC 
SRC 
SRC 
SRC 
SRC 
SRC 
SRC 
SRC 

OF', SR9 
SRC 
SRC 
SRC 
SRC 
SRC 
SRC 
SRC 
SRC 
SRC 
SRC. 
SAC 
SRC 
SRC 
SRC 
SRC 
SRC 
SRC 
SRC 
SRC 
SRC 
SRC 
SR9 
SRC 
SRC 
SR~ 

564 
!5 85 
58p 
587 
5A8 
5 ;;ft 
!5 9 Q 
59;1, 
59i 
59C3 
594 
59~ 
59f> 
597 
5 ~ 
5 9 9-
60 Q 
60;1. 
6 Gg 
603 
60~ 
6 ~ 
60~ 
607 
60§ 
60~ 
6t0 
61:l 
6l2 
6 :;;(5 
614 
6:1~ 
61'1 
617 
61§ 
619 
62D 
621 
6:?~ 
6 '2~ 
6?~ 
62~ 
62Q 
627 
62~ 
629 
6:30 
63i 
6,1g 
6:J~ 
63t4 
63~ 
63g 
6:57 
63~ 
6:J9 
64Q 
64:l 
64g 
64C, 



COMMENT-;, 
HEAD, = 

END 

EQUALT.<X,MAKOUTU,<II)) TH~N RETURN(1RUE)) 
ELSEIF EOUALT,CX,Il) THEN 'PEl'URN(TRUE) 

END, 
RETURN(FALSE) 

6ND; 
tu~CTIONS HEAD,,TA!L,~WITM.,LESS, -

PROC {TT) , 
IF TT EQ NULT, TMEN 
UNDEF, ELSEIF NOT tUPQ,CTT) THEN 
ERRORTY 9 ( ¢ HEAD.CT), T IS OEPI~ED BUT 
NQT A TUPLE,t) ELSE HD TUP~E.ctr> 

ENOS 
PROC< T"f), 

B~GlN(NEWL,NEWT), 
IF NOT TUPQ,(TT) THEN ERRORTY1C 
;i!TAlL, T, T NOT A TUPI...E,;tf~ .. .. . . .. 
IF TT'.Ea NULT, tHEN RETURNttoP~tUNDEF,)), 
lF' NEl.,TS,<TT) LE i THSN RETURI\J(COPYCNUL'r,)) 
ELSE DC .. . . . . .. .. 

NEWL=NELT,CTT>~1~ NEWT~tl 1URLE,CTT); . 
RETURN (VECTOR(TUPl...,,HASHCOD,C HD NEWT)~ 
VECTOR (NEWL~NEWt))) 

END 
END 

ENIH 

COMMENT~ TAILN, RETURNS THE TAiL, Of, A T0~L&, 'FROM NetH ELEMENT ON I 

TAlLN, = PROQ<TT,N), 
BeGIN(NEWL,NEWT,I>~ 

1, NOT TUPQ,CTf) tHBN ERRORtY1( 
-TAlLN,(T,N>, T NOT A TUPLlE~¢l~ 
IP N LT 1 THEN ERRORVA 1 C 
-TAI~N,<T,N), N IS SMALLE~,iHAN 1~), 
IF' N GT NEL1'S,CTT> THEN RETURN(COPY<NUL;lf,))~ 
lF N EQ 1 THEN REtURN(TT)~ 
NEWT;TUPLE,CTT)~ . 
FOR l=<1,N~l) REPEAT NEWT~TL NEWT, 
NEWL=NELT,CTT)•N•1~ 
RETURN(VECTDRCTUPL.~HASHCOD.t~D NSHT>, 
VECTOR(NEWL,NEWt))) 

END 
I; Nl'J; 

COMMENT I ijUas,R OPERATES (RIGHT~MAND SlDE DN~Vi ON STRYNGS A~D 
TUPLiS •• ,,,,,, -

SUBSTR ,: PROCCA,13,C), 
BEGlNCTl,K,L,I), 

IF' NOT I NTQ < 6) DR NOT l NTQ ( G) 'THEN ERRORT'Y', ( 
;tSUBSTR<A,B,C>, B OR C NOT tN'tEGERi!!), 
IP C LT O THEN SRRORVA,( 
¢SUBSTR<A,B,C), C IS NE0ATIVE1)~ 
lr 8 LT 1 THEN ERRORVA,( . 
¢SURSTR(A,8,C), 8 NOT POSrTiv~,), 
xr (B+c~1, GT NELT,~A) THEN ReTURNJCOPYIUND!F:>>, 
lF STRQ(A) THEN R6TURN(SUB(A,Bj~)) 1 

IF NOT TUPQ,(A) TMEN ERRORTi,C 
-SUBSTRCA,B,C), A NOT A StRtN~ NOR A TURLE,i); 
lF A EQ NULT, THEN RETURNtC~PYtONDEP,>>: 

IF C EQ O THEN RETURN(COPYlNULT,>i, 

SRC 
SRC 
SRC 
SRC 
SRC 
SRY 
SR9 
SRC 
SRC: 
SRC 
SRC 
SRC 
SR9 
SRC: 
SRC 
SRC 
SRC 
SRC 
SRC 
SRC 
SRC 
SRC 
SRC 
SRC 
SRC 
SRC 
SRC 
SRC 
SR~ 
SRC 
SRC 
SRC 
SR9 
SRC 
SRC 
SRC 
SRC 
SRC 
SRC 
SRC 
SRC 
SR~ 
SRY 
SRC 
SRC 
SRC 
SRC 
SRC 
SRC 
SRC 
SAC 
SRC 
SRC 
SRC 
sRg 
SRC 
SRC 
SAC 
SRC 
SRC 

644 
6 ~ 
6•'16 
6. 7 
64p 
6 < 9, 
6'50 
651 
65, 
65~ 
654 
65? 
65~ 
657 
6sa 
659, 
669 
6ti 
662 
663 
664 
6 e: '-
66 ij 
6(,7 
6'\8 
6{1~ 

670 
6'1:J. 
6i2 
673 
67!4 
67~ 
6if, 
677 
67t3 
679 
689 
68,. 
682 
6 ~ 
684 
6,Q~ 
686, 
6r.J7 
68.~ 
689 
699 
69:1. 
692 
699 
694 
69!? 
69~ 
6•7 
698 
699 
700 
7'1;1, 
;og 
703 



1,,ESS, = 

COMMENT 
AUGMENT, 

AUGMNTS, 

AUGMNTM, 

AlJGMNTP, 

END 
t:NIH 

T1=C0PYCTUPLE,(A)), 
lF C EQ 1 THEN DO . 

T1=GETWD,(T1~B), . . . , 
RETURNCVECTOR(TUPL,,MASHCOL,(T1),VECTOR(1,,1;NIL))l 

END, 
Ti=SKIPWP,(Tl,8~1>, 
f(i:T1, 
POR l:C1,c~1) REPEAT K=TL K~ 
TL K=NlL, 
RETURN(VECTORfTUPL,~HASMCOD.~HD T1), 

VECTOR<C,T1))) 

PROCCS,A)1 
AUGMENT,(COPV(S),A) 

;NDJ 
PROC(s',A),' 

DlMINIS,tCOPV(S),A) 
ENI); 

t- AUXIl:,IARY FUNCTIONS F'OR WITH, AND t.;~:SS, ,;. 
:: PROQ(S,A), 

1'-s~~:~~~,! 1=~:,~u:M1;s~~~~~)~;~~E-E~ROR,v, 
ENO; 

= PROO (S,A), 1, A EQ UNDEF, TMEN ERRORTY1 ( t AUGMENT, 
C§,A),A tS TME UNDEFINSD ATOM i ) ELSE 
1, TUPQ,(A> THEN AUGMNTP, (S~A) 
E~SE AUGMNTM, (S,A> 

l::NI.H 
= PROQ(S,A), 

BijGIN<>, 
RETURN(AUGMNT1, (S,MAKSETU,~A>)> 

END 
ENP; 

;: PROQ(S,TT), 
eeGJN(HTiTU,IND,OLDSZ,$X~$Y,w)~ 

IF NeLT,CTT>LE 2 fHEN . 
RETURN(AUGMNTM. cs,tT)), 
IFS 8Q NULLSET. fHeN DO 

W=SETWITO,tCOPY(TT>>, 
St2J=Wt2J, 
St3J=iCOPY(W[3J >', 
RETURN CS> 

END, 
HT; MEAD, <TT)~TU: TAIL, tT1)~ 
lf S NE NULLSET, THEN DD 

IND;:: COMPRMS, (MTSIZE,(S)• 
HASHCOD, (MT>>• V = HASHTAS, (S) t lND l~ 
W ;:: TRUE, 
WHILEY NE NlL AND W REPEAT DO 

X:HD v, Y:TL v, 
1r SPCTUPo,tx, AND 
EQUALT,(Xf33t2Jt1),HT'> THEN DO 

ENO 

W;;NIL, 
OLDSZ=NELi. (Xt3l [21 ~2J',, . 
X[3J (23 [2J:AlJGMN1'F. (X[3J t2J t2J~'TU); 
lF 01,.DSZNE NEl;T,(x[,~lt2lt2J) THEN 
SC3l t11 = St3J t1J "'.;-, RETURN(S) 

SRC 
SR~ 
SRQ 
SR 
SRC 
SRC 
SR9 
SRC 
SRC 
SRC 
SRC 
SR~ 
SRC 
SR~: 
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 
SR~ 
SRC 
SRC 
SRC 
SRC 
SRC 
SRC 
SRC 
SRC 
SR\: 
SRC 
SRY 
SR9 
SRC 
SRC:: 
SRC 
SRC 
SRC 

7Q4 
70? 
7G~ 
707 
7J8 
7D9 
7t0 
7t;L 
71.2 
7H3 
73.4 
7:t~ 
7lp 
717 
7 l_ {:3 

7l9 
720 
72;1. 
7::~ 
7?3 
724 
7;:i~ 
72p 
727 
72~ 
7;?? 
739 
73~ 
73, 
73~ . 7 •j,;, 

..... , :' 
735 
73~ 
737 
7'H3 
73~ 
749 
74:l 
7"2 
74~ 
74~ 
'74~ 
74'f>: 
747 
7 4 f3 
7 4 fr 
750 
7'5;1, 
75~ 
7 ":1ij 
7514 
75!? 
75P 
7 7 
75~ 
759 
769 
7 ti;l, 
76i 
769 



END 

END 
END, 
RETURN(AUGMNTM,~S~VECTOR<TUPL•~HASHCODa(HT)~ 
VECTORC3,LIST<HT~SETWJT0,CTLJ)1Q))))) 

ENO; 
AUGMNT1, ~ PROG<S,A>, 

BtGIN( HTdND, AA,$I',$X), 
XF S EG NL, THEN 00 

HT= MAKVECTO(SMLHSTA.)~ 
MTtCOHPRHS, iSHLMSTA,,HASH~OD,(A))l=LIST(A,, 
St2l=HASHSTW.(NULLSET,~A), 
St3l=VECTORCt,SMLHSTA,~1~H1)~ 
RET~RN(S) 

END, , . . . . 
IND= COMPRHS, CHTStZE,(S), HASMCOD,(A),~ 
I = HASMTAB, CS) t IND l, 
AA=MAKOUTU,<A>, 
WHILE l NE Nll REPEAT DO 

X=HO I, I=TL I', 
JF' EQUALT,(MAKOUiU,<X)',AA) 'iMEN 
RETURN(S) 

E:ND, 
St23 : MASHSTW,(S~A>, 
St3lt1l=Sf3l[1l + 1~ 
S t 3 l t 3 l =St 3 l C 3 l •1 ', 
S[3' [4] [1ND];:AcSt3l t4J tlNDl~ 
CHECKPG,(S>, RETU~NfS) 

END 
ENO; 

COMMENT~ FUNC?lON GENERATE SET. WITH, ONLY 1 ELEMENT t 
SETWITO, ; PROC(A), 

BEGIN< I ,HT ,S>, 
HT=MAKVECTO (SMLHSTA,>, 
I = COMPRHS,(SMLHSTA,,HASHCoD,CA)), 
IF SPCTUPQ,(A) ~HEN DO .. 

SRC 
SRC 
SRC 
SR~: 
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 
SRQ 
SRC 
SRC 
SRC 
SRC 
SRC 
SRC 
SRC S; SETWITC, <TAIL,CA))~Httl]~ 

LlSl(VECTOR(tUPL.,HASHcori,CA), 
( A ) , S , 0 ) ) ) '> 

ENO 
ELSE 

V~CT0~(3,VECTOR(HEAD,SRC 
SRC 
SRC 

TlJPWJTO, 

COMMENT · 1-
SETrRML, e 

END 
1;:NOJ 

HTt?l~LIST(IF TUPQ,~A) THSN MAKSETU,CA)~LSE 
RETURN(VECTOR CSEt,~HASHStW,(NULLSET,,Al, 
VECT0R(1,SMLHSTi,~1~HT))) 

= PROt;(A), 
VSCTOR(TUPL,,HASMCOD,(A), 
VECTOR(1,~ISTCA))) 

ENIH 
MAKE A SET, FROM A LIST OP 1 ELEMENT~ ¢ 
PRQCtL.,N), 

BijGlN(MtX~S), 
S=COPV(NL.,>, 
IF NlLGCL> THEN RETURN(S)~ 
M=SM!..HSTA,, 
SML~STA,~NEWSMS,(N), 
WHILE L REPEAT DO 

X:;HD L., !,.;TL. L~ 
AUGHNl'S, cs,x, 

Al, 
SRC 
SRC 
SRC 
SRC 
SRC 
SRC 
SRC 
SR9 
SRC 
SRC 
SRC 
SRQ 
SRC 
SR9 
SRC 
SRC 
SRC 
SRC 
SRC 
SRC 

7~A 
7 /.' 
7t:,6 
767 
7e~ 
7 69, 
770 
77l 
77~ 
775 
77~ 
77~ 
77~ 
777 
778 
TJ~ 
780 
7 a ;1, 
782 
7•··.•·q 
784 
7g5 
78~ 
787 
73'3 
789. 
79P 
79;1. 
'79i 
7 ·;;:3 
794 
795 
7:,6 
797 
7 •:~ 
799, 
BrJO 
soi 
eoi 
80~ 
8 0 fl 
80~ 
80!1 
a,'7 
80~ 
an9 . -~· '" 

810 
Bil 
a:2 
819 
814 
81~ 
816 
B'L7 
81§ 
81;'{ 
829 
82:L 
82.~ 
82~ 



END, 
SMLHSTA,=M, RETURN(S) 

END 
ENO; 

DIMINIS, = PROC (S,A), 
JF SETQQ 9 CS> THEN 
QIMINST, <S,A)ELSE ERRORTV,< 

~ DlMINlSft<S,A), OR lESS, (S~A) S ts NOT A SET.~} 
ENO; 

DIMINST, -~ PRO;(S,A>, 
BEGINCI,INO ,SU8TUP,J)~ 

ENO 

I~ A EQ UNDEr, THEN ERRDR~Y.< t DIMINIS; (S~AI, 
A JS lHE UNDEPINEQ ATOM.~)~. . .. 
Ir s !G NULLSETj THEN RETURN ts), 
lr TUPG,(A) THEN RETURN(DIMfNSP, CS,A>>; 
RETURN(DIMINSM 1 (S~A)) 

ENPJ 
DIMINSM, ,; PROQ(S,A), 

BiGJN(AA,lNO,HE,BCK,$SUBTUP,$I), 

EN.0 
ENO; 

IND ::;cOMPRHS, nnstzE, (S), HASHcOD, (A))~ 

SUB'f'UP:;HASHTAB, (S) tlNOJ~ 
AA:;MAKOUTU,(A), . 
ME= BGK:; NlL:NIL, 
WHILE SUBTUP NE NJL. R~PE!AT DO 

J:;HO SUBTUP' suei'UP;::TL. ;~uB rue~ 
IF EOUALT,CMAKOUTUdl>~.AA) 'THEN DO 

l F' TL HE SQ NIL THEN HASHi'AS .CS> t'! ND l •SlJBTUF 
ELSE HASHTA8,~S)tlNPl~M~P~ND,(TL QE,SUBfUP)~ 
S t2J;: HASHS'l'L,.,($,A), 
S C3l t1l = S Pl, t1l ,l ·, 
s t:sl t3J ·=, s C3l t3.l_,,,,1 ~ . 

··cHECKF'S. ( s) ,ReTIJRN (S) 'SYB'fUP;;N IL. 
ENO, . 
BCK=ADDQN(8CK• I) 

END, 
Ir NEl,,,T,(S) EQ O THSN St3J;;:;NUl.;LSET,,t3l, 
RETURN CS) 

OIMlNSP, • PROQ(S,TU), . 
B~GIN(HT,TT,IND,DLDSZ~$X,$Y)~ 

IF NELT,(TU>LE 2 ~HEN RETURN{DIMINSM, (SiTU))~ 
HT= HEAD,(TU),tT.•~ .. TAlL.,c·ju), 
IND= COMPRMS. CHtStZE,(S)~~A~HbOD,(HT)I, 
Y~HASHTAB, <S) tlNDl, 
WHXLE Y NE NIL AEPeAT DO 

X=HD Y, Y=TL Y~ 
Ir SPCTUPQ, CX) 
AND EQUALT,(~EAD,(MAKout0,tx)),HT) TMEN DO 

OLDSZ:NELtS,(TUPLE,tX~[22),Xt3lt21[2l~ 
DIMINSP, CT~PLE,CX)t2JiIT)~ 
IF NELTS,tTUPLE,(X)t2,> NE OLPSZ THEN D9 

IF 1 DENTQ, t NEVrs. c tuPLE, c x > t 2 J '> ~ o > THEN 
DIMINSM, (S,X) ELSE S[3l[1li::S f3l[:tli=i 
,RETURN(S) 

END 
END 

END, 
RETURN(S) 

SRC 
SRC 
SRC 
SRC 
SRS­
SRC 
SRg 
SRC 
SRC 
SRC 
SRC 
SRC 
SR9 
SRC 
SRC 
SRC 
SRC 
SRC 
SRC 
SRC 
SRC 
SRC 
SRC 
SRC 
SRC 
SR~ 
SRC 
SRC 
SRC 
SRC 
SR~ 
SRC 
SRC 
SRC 
SRC 
SRC 
SRC 
SRC 
SRC 
SR9 
SRO 
SRC 
SRC 
SR~ 
SRC 
SRC 
SRC 
SRC 
SRC 
SRC 
SRC 
SRC 
SRC 
SRC 
SRC 
SRC 
SRC 
SRC 
SRQ 
SRC 

824 
82~ 
8~~ 
8'.'7 
8?8 
829 
830 
a:s;i, 
83, 
a:-rn 
834 
e:~~ 
8j~ 
837 
a:je 
83~ 
840 
84;1. 
842 
e,~ 
844 
8 <,5 
84~ 
8 ;; 7 
84~ 
849 
859 e,;1, 
a·:g 
853 
85(4 
855 
856 
857 
8~~ 
859 
869 
86;1. 
862 
863 
St,~ 
86~ 
866 
867 
86(3 
869 
879 
871 
872 
87~ 
874 
872 
87~ 
877 
87§ 
879 
8AP 
88:1, 
aai 
88~ 



END 
'ENO; 

COMMENT~ FUNCTION LESF, AND AUXILIARY ROUTINES~ 
LESF, = PHOQ(FF,X), 

0 I Mf 1 = 

If NOT SETQQ,CFF) THEN 
ERRORTY, (tLESSF(F~x,,r NOT A sE1,¢) 
E~SEIF X EQ UNDEF, TMEN ERRORT9!< 
tbESF',(F,X>, X UNDEftNED¢) 
E~SE LESSFOK.(COPY~FP)~X) 

ENQ; 
PROO(FF",X), 

1, NOT SETQQ 1 (FF) tHEN ERRDRTV.( 
tPIMF,CF,X) f F NOT A SET,¢) 
E~SEIF X ~Q UNDEP, THEN ~RRORTY,<¢DIMr,CF,X),X 
E~SE LESSFOK 1 <FF,X) 

ENO; 
LESSFOK,; PROC(G,X>, 

B~GIN(!ND,$Z,$V,$Z1)~ 
IF G EG NULLSET, THEN RETURN~G)~ 
IND=COMPRMS,(MTSIZE,(G),HAS~OCD,(X)), 
Z::HASHTAB,(G)flN~J~ Zl=NIL~ . 
WHILE Z NE NIL REPEAT DO 

Y;:Hp Z, Z=TL z', 

-SRC 
SRg 
SRC 
SRC 
SRC 
SRC 
SRC 
SRC 
SRC 
SRC 
SRC 
SRG 
SRC 

UNOEFJNEDi!:)SRC 
SW"'. 
SR~ 
SRC 
SRC 
SRC 
SRC 

88~ 
88~ 
88{) 
8Pi7 
888 
8 !3't 
89Q 
8 9 ;1 
8 g 
896 
894 
89!? 
896 
897 
8 i ~ 
89'{ 
90P 
90:1, 

9 '.)' 
903 

SRC 904 
SRC 9Jp 
SRC 9''.1P. 
SRC 907 IF TUPO,CY)AND NELTS1(~) G~ 2 AND 

EQUALT,CTU~LH,CY>t:J.l,X> tH~N DO 
Gt33t1l=Gt3,t1JeXF' NELT§,<Y> EQ 2 THEN 1 
ELSE NELTS,~TUP~E1C9)t2J)~ 

SR9 90~ 
SR9 909 
SRC 9:1.9 
SRC 9l.;1 
SRQ 91,; 
SRC 913 
SRC 914 
SRC 91~ 
SRC 91(? 
SHY 917 
SR9 91.~ 
SRC 919 

END 
.ENO; 

Gt23 : MASHSTL.<G,Y), 
Gt3l t3l ::: GC3l t3l '!' 1 

END 
ELSE Z1==APPEND,(Z1,Y) 

EMO, 
Q[3Jt4lClND1;:Z1', 
IF' NEL.TS,(G) EQ O THEN CJ[3l;:Vi;CTOR(O,O,o',O) 
ELSE CMECKFS,(G), 
RETURN(G) 

COMMENT , ~ESFN, AND O l MFN., ARE SIM I l.AR 'TO LE~f • AND DI MF'., BUT WO~ K 
fOR blSTS OF, ARGUMENTS, •• ,,, # 

l,.ESF'N, = 

OIMF'N, = 

PROCCF',X), 
If NOT SETQQ,(r) THEN ERRORTY,C 
¢~ESFN,(F,X),F NOT A SET,¢) . 
E~SEIF NOT PAIRQCX) tHEN ERRORtY1( 
¢bESrN,CF,X), X NOT A. LIST~) 
ELSE LESFNOK,(COPYtF>~X) 

ENT.H 

PROC(F,X), .. 
If NOT SETQQ 1 (F) THEN ERRORT~,i 
¢DIHFN.<F,X>, F NOT i SET,¢) 
E~SE?F NOT PAIRQCX> THEN ERR0RiY1t 
~DlMPN,CF,X), X NOT A LIST~) 
E~SE LESFNOK,(F,X) 

END; 

PROQ(F',X), 

SRC 9_;:Q 
SRC 92;1, 
SRC 9?2 
SRC 9?3 
SRC 92A 
SR9 92~ 
SRC 92t;i 
SRC 9:J7 
SRC 92~ 
SRC 92~ 
SR9 93Q 
SRC 93;1 
SRC 932 
SRC 91~ 
SRC 9 ,A 
SRC 93? 
SRC 93~ 
SRC 937 
SRC 93~ 
SR~ 93~ 
SR~ 9 9 
SRC 94:1. 
SRC 94i 
SR~ 94~ 



B6GINCP,Y,SU8S,S8,YP~S>, 
S=Nll.., 
suss=x, 
IP F EC NL, THEN RETURN(F)~ . 
P:COPY(NlLVECT~>, Y~NEXTELT,(F~p), 
WMILE y NE UNDEP~ RFPEAT no 
YP=Y, SB::::SUBS, 
WMILE SB AND TUPQ,(YP) AND EO~ALT,(HEAD:(YP),MD SP) 

REPEAT DO SB:TL se, YP~T~IkSPC.(VP) 
END, 

lP NU~L(S9) THEN s:v;s, 
Y=NEXTELT, (F' 1 P) 
END, 
W~lLE s NE NIL REPEAT on 

DlMINIS,(f,HD sj~ 
s=n. s 

END~ ' 
RETURN(F) 

ENO 
ENIH 

COMMENT -t, 1AJL,~PC, USUALLY RETURNS THE TAIL.. ;Cf, A 'T'UPLE, T', SUT tF 
lHlS TAIi.. JS ITSELF' A TUPLE OF' 1 ELEMENT, 'THEN 'THIS ELEMENT IS 
RETURNED', f ! I ~ 
TAILSPCi; PROClT), 

. BijGlN<TT), 
. TT=TAIL,(T), 

Ir TUPQ 1 (TT> AND NELTS,(TT) EG i THEN'Tl:;:HEAD;(TT), 
RSTURN(TT> 

END 
~NDi 

COMMENT~ A rUNCT!ON TC TEST WHETHER X lS ,A T~PLE, WITH: AT LEAST 
2 E:L,EMENTS ~ 

PAIRTUP,e PRQCtX)~ 
Ir TUPO,<X> AND NELTS.tX) OT 1 ,~EN TRUE ELSE fAeSE 

l;NO! . 

COMMENT ~FUNCTION ARB. RETURNS AN ARBlTRAR~ E~EM, OP A SET OR A TLPLEI 
ARB, = PROC<S>, 

1, SETQQ,(S) _THEN ARBSET,(S)ELSElr TUPG,CS) THEN HE•r,(S) 
ELSE ERRORTY,(-ARB.(S), S NOt ~ SET OR A TUPLE-) 

E;NPJ 
ARBSET, ; PROQ(S>, 

BijGIN(X,Y), 
IFS BG NULLSET. tHEN RETURN (UNDEF,), 
X=ARBS J MI ( s)' Ip NOT TUPQ I ( X) "THEN RETURN ( X); 
lP NELTS,<X> LE 2 T~EN RETURN<MAKOUTU,(X)), 
V;,: ARBSET, (TUPL!::.(~) t2l>', .... , 
X[3lt2l = TUPL.E,00[:J.l l TUPWE.(Y), 
X f 3 l [ 1l = N E L. 'I' 1 ( Y ) • 1 , RE T U R N ( x'> 

ENO 
. £:NIH 

ARBSIM, - PROC(S>, 
BeGIN(X,I>, 

X = HASHTAB,(S)~rOR I=(1,HisIZE,(S)) REPEAT 
IP XtlJ NE NIL THEN RETURN(cOFYtHD(XtlJ))), 

ENP; 

ERRORIM,( ¢ A SET NE NL HAS NO ENTRIES tN ITS HAS~T8L 
;i!) ENO 

F"E873 ;t 
SRC 945 
SRC 946 
SRC 947 
SR: 9,i9 
SRg 9 'iO 
FE873 2 
F'E873 3 
FEB73 4 
Fet:s73 5 
F".EB73 6 
SRC 964 
SRC 9"J5 
SRC 9 116 
SRCt 907 
SRC 9·,8 
SRC 9:S9 
SRk 979 
SR~ 97:L 
SRC 972 
SRC 973 
F'E: 8 73 7 
FE873 8 
SRC 976 
FE873 9 
SRC 97p 
FEf373 19 
SRC 98~ 
SRC 9 '1g 
SRC 983 
SRC 984 
SRC 98~ 
SR9 986 
SRC 987. 
SRC 9 ti~ 
SRC 9 9 
SRC 999 
SRC 99i 
SRC 9,;~ 
SRC 99~ 
SRC 99~ 
SR~ 99? 
SRC 99~ 
SRC 997 
SRC 9i,~ 
SRC 999 
SRC 1009 
SRC 100:1, 
SR~ 10n, 
SR9 10 ~ 
SRC 100~ 
SRC 100~ 
SRC 10llt? 
SRC 1007 
SRC 100~ 
SRC 1009 
SRC 101.0 
SRr.; 101.;I. 
SAC 1012 
SRC 101§ 



COMMENT ~AAUGMENT SETS WITH A COPY OF EACH 0~ THE MEMBERS OF SET P -
AUGUNlN, = PROQ(S,P), 

If NOT SETQQ 1 (S) 
OR NOT SETQQ,(P) THEN. ERRORTY, 
< ¢ AUGMENT, UNlON,(S,P),EfTHER SOR P IS ~OT A SET~t), 
AUGUNIK, CS,P) 

END; 
AUGUNlK-. = PROQ(S,P), 

BIGIN CPLAG,J,QS,SS,J, $X,IND,w,V~$ZiFLAG1~0LDSZ1, 

*** X 

*** 
*** .... 
*** 

F'LAG=NIL,QS=S, 
IF NELTS, ( $) GE NEL. 'T'S 1 ( P) "THEN SS=P El,.SE DO 

SS:S,S=P,FLAG~TRU~ 
END, J~HASHTAB,iss)~ 
POR I~ <1,MTSIZE,(SS>)REPEAT DO 

Z=Jtll, 
F'LAG1:;TRUE, 
WH!LE z NE NIL REPEAT no 

X=HD z, Z~TL z, IF NOt TUPQ,(X) OA NELT:cx, 
NE 3 THEN. AUGMN'f'1, (S~ X) ELSE 00 

lND = bOMPRHS,(HTsrzij.<S>,HASHCOD,(Xl), 
w = HASHTAB, ($) t i'"D J ~ . 
WHILE W ~E NIL REPEAT DO 

Y;;Ho w, w:;n, w~ 
l F' SPCTUPQ, ( V') . 
AND EOUAl,.T, CTUPW~,CY> t1l,TUPL.E,tX>tU> 
THEN DO 

DLbSZ~NE~T$,iT~PLE,CV>t2f>, 
AUGUNIK, (jUPLE,t~)t2J,T0PLE,(X)f2,>~ 
P'l.AQ1;:W;:N IL 

, Ir NSL.TS, fiUP!..e. cot 2 l > NE OL osz ., HEN 
NELTS1tSt;:NELTS,{S)•l 

END 
END, 
IF F'L.AG1 TMSN PO 

AUGMNT1,(S,X)~ .. 
MAY B.E S;VERAL E~EMENTS F'OR.EXAMPl.,E SEV~RAI.. N TUPLES STARTl~G 

WlTH THE SAME ELEMENT .~ 
WhEN AQDING THEM TO A SET WHICH HAS NO.NTUPLE SfARTlNG WfTH 
THAT E~EMENT THF,:N THE NUMBER OF' ELEMEi'fTS OF' THE SET MUST 'P.'E 
AOjUSTE;D 

END 
EN!); 

END 
END 

END, 

NELtS.(s);Ne1..ts,~s~•NELTS,c,uPLE,lX>t1])~t 
END 

IF" FL.AG TMEN no 
QS[13;St1l,QSC2l~St2l,QSt3list3l 

END, . . 
RETURN(S) 

COMMENT~ REOEr'lNIT!ON OF, PLUS~MUWS,TlMES', :~i'c,., ¢ 

PLS, = PRQC(X,Y>, 
If TYPE,CX) NE TYPE,tf> THSN'ERRCR'J'Yd 
tA~B, TYPES OF, A AND B NOT IDENTICAL,-) 
E~SEIF lNTQ(X) TMEN ~LUSVD,(X~i) 

-SRC 101:4 
SRC 101? 
SRC 10lq 
SRC 1017 
SRC 10:ta 
SRC 10t9 
SRC 102P 
SRC 1021 
SRC 1022 
SEPT73~~ij 
SRO :10?4 
SRC 102~ 
SRC 1026 
SRC 1027 
SRC 10?8 
SRC :1.0'.l9 
SRC 1030 
SRC 103i 
SRC 10;3g 
SRC 10~~~ 
SRC 1O3~ 
SRC 10~55 
SRC 10:;~ 
SRY 10.:17 
SR9 10s~ 
SRC 1039 
SRC 1O4Q 
SEPT73::St:i 
SR9 104;1. 
SRC 104~ 
SEPT73 :)7 
SEP'1'7:.P§ 
SR2 104ij 
NOV73 ;1. 
NOV73 2 
NOV73 3 
NO:f73 A 
NOV73 ~ 
N0 1'73 ~ 
NOV73 7 
NOV73 ~ 
NOV73 9 
f\JQV73 10 
SRC 1O4~ 
SR9 104fl 
SRC: 1047 
SRC 104f3 
SRC 1O4~ 
SRC 10"iQ 
SRC 105;1, 
SRO 10,i 
SRY 1059 
SR~i 10 514 
SR~ :1.05~ 
SRC 105q 
SRC 10'J7 
SRC 105f; 
SRC 1059 
SRC 1069 
SRC 106~ 



E~SEIF StRQ(X> THEN STR,(X,Y) . 
E~SEtF SETQQ,(X) THEN UNlON,tX~V> 
E~S~If TUPQ,CX1 THEN TPLUS,(X~9) 
E~SEIF BSTRQ,(X) THEN BP~USCX,i) 
E~SE ERRQRTY.(~A•B~ A NOT A s~t,TUPLE,BSTR;csTq,oR tNT¢) 

ENf)J 
. PA0(HT1,T2>, 

HAKTUP,(NELTS,<T1)•NELTS,CT2>~iPFENDtTUPLE;tT1), 
TIJPLE~(i2)>) 

EN!JJ 
PROQ(A,B), 

Ir NELTS,(A) GE NELTSJ(B) THEN ~~GUNlK,CCOPYtA),tiOPYtB)) 
E~SE AUGUNIK,(COPYtB~~OOPY(A)) 

ENIH 
PROCCX,Y>, 

t, TYPE, c x, NE rvpe, c v·, THEN 1ERR~8!Y, c 
-A 9 61 TYPES OF, A AND.B NOT.JpgNTtCAL-) 
E~serr lNTQ(X) TMEN MINSVO.(X,Y) 
E~SElF SETQQ,(X) TMEN SETMNS~ix~Y) 
EL,SE, ERRORTY 1 ( 

iJ!Allle, A NOT AN lNT!l:GER NOR A :Sf:T 1~'> 
e.NUJ . 

PROC(X',Y>, 
B~GINCS,P,NEXT>, .. 

s~coPY(X), P~COPYtNiLVECT~)~ NEX~~NEXTElT,(~,?), 
WMlLE ,NEXT NE UNDer. REPEJT DO 

DlMlNST,<$,NEXj)~ 
NEXT:NEXTELT,(Y,P) 

END, 
RETURN(S) 

ENO 
~NIH 

PRQQCA',B), 
'1, lNTQ(A) AND lNTGl(f}) THEN:rh-1E~VP,(A~a, 
E~SEJF' INTO<A> AND STfW(B) 'THeN_RpPS, (A,B>. .· 
EL,SEtF SETQQ,(A) ANO SETQQ,ce·, 'T~EN lNTRSCT,(A~B') 
E~SE ERRORTY,(¢A•B~) 

E;NP; 
PROC(A~B), 

seGIN(R,t), .. 
Ir A LT O THEN SR~ORVA,C 

END 

¢A•B, B IS A STRING AND A Is ,p. NEGATIVE INTEGERt)~ 
R:;t;t, 
FDR I=<1,A> REPEAf R~STR,lR~e>~ 
RETURN(R) 

E;NDI 
f?RQCCA,B>, 

B~GIN(SM~~G,~,X,L~i)~ . 
If NEl,,'fS • (A) GS NELTS I C 8) 'THEN DO 

SMi:8, LG=A 
END 
ELSE PC 

SM=A, LG=8 
f;NO, 
P=COPV(NILVECT.),X;NEXT5Lt,tsr~~)~L~NJL; l=O, 
WHlLf ·x NE UNDEP 1 REPEAT bb 

lF :ELTF'SET.<X,L,Q) THPN :Do 1..:)<:L, I:;=I+1 END: 
X=NEXTELT,CSM,P) 

ENO, . 

SRC 1062 
SRC 106~ 
SRC 1054 
SR~ 106, 
SRC 1069 
SRC 10;57 
SRC 1068 
SEPT711l 
SEPT71tI2 
SRC 107:1. 
SR9 10?2 
SRC 107~ 
SR~ 10714 
SRC 1075 
SR9 107~ 
SRC 107'.7 
SRC 107~ 
SRC 107ft 
SRC 10f!0 
SRC 1081 
SRC 1oa2 
SRC 1083 
SRC 10814 
SRC 108!:> 
SRC 1013~ 
SRC 10137 
SRC 108f3 
SR9 10B't 
SRC 109P 
SRC 109i 
SR:: 10"~ 
SR~ 109~ 
SRC 109!4 
SRC 109f.> 
SRC ::1.09~ 
SR't 10117 
SRO 109~ 
SRC 1099 
SRC 110P 
SRC 110;1. 
SRC 110~ 
SRC 110~ 
SR~ 110ft 
SRC 110~ 
SRC 11Ji.J 
SRC 11oz 
SR9 110f3 
SRC 11!1~ 
SRC 1110 
SRC 111;1. 
SRC 1112 
SRQ 111~ 
SRC 11114 
SRC 111~ 
SR9 111~ 
SRC 1112 
SR9 11'.L~ 
SRC 111.9 
SRC 1:L2Q 
SRC 112:1; -



SLSH, = 

RETURN(SETFRML,<L~I)) 
END 

ENO; 
PROQ(X,Y>, 

lF INTGCX) AND INTQ(Y) THEN 
SL,HSVD,<X,Y> 
ELSE ERRORTY,(ll-!Al[f. A OR 8 NCT INTEGERt) 

ENO; 
PROQ(A,S), 

If lNTQ(A) AND INTQ(B) THEN REMAlND,(A,8> 
EbSEIF SETQQ,(A) AND S&TQQ,CB):T~EN SYMDlF;(A,B) 
E~SE ERRORTY,(~A//8 1 A ORB NOT lNT OR SET:,, 

ENO; 
PROQ(A,B), 

SijTMNS,(UNION,CA,8),tNtRSCT,CA~BJ) 
ENOJ 

., 
COMMENT~ SET, INCLUSION¢ 

INCS, ~ PROC(X,Y), 
8~GINCZ,P), . 

IF NOT(SETQO,CX)) OR NOTCSETQG 1 CY)) THEN ERRORTY,f 
~X INCS, V, Y OR X NOT A SET,;t'>~ 
1 F' EQUAL T • C X, V) THEN RETURN (TRUE)·, 
P~COPYCNlLVECT,), Z=NEXTEL!.C~~P), 
WHILE Z NE UNDEP, REPEAT DO . . 

lF' NOT(ELTF'SET,(Z,X)) THEN RSTURN(FALSE) 
, Z;NEXTELT.<Y~P) . . 

END, 
RETURN(TRUE) 

END 
ENl;I; 

COMMENT~ GENERATE NEW 8~ANK,, ATOM. ~ 

NEWAT,= PROQ(), 
8£:GINC), 

. ~EWATNR,~NEWATNR,•1~ . . 
RETURN(VECTOR<BLANK.,154321•NEW~TNR,,NEWATNR,)) 

END 
~NOi 

COMMENT~ SOME OTHER ARITHMETIC fUNCTlONS .• ,,, •• -

ABS,.: 

PROQ<A,B), 1, lNTO(A) ANO lNTQCB) THEN 
<Ir A GE 8 THEN A ELSE 8) 

EbSE ERRORTY,(¢MAX,(i 1 B), A ORB NOT INTEGER-) 
eNDJ 

PRO.Q(A,B>, 
lF l~TQ(A) ANO lNTQ(B) THEN 

ex, A LE B THEN A ELSE B) 
EbSE ERRORTY,(¢MlN.(A~B), A ORB NOT INTEGER-) 

eNDS 
PROC(A),. . 

IP lNTQ(A> THEN <lF A GEO THEN A ELSE ~A) 
E~SE ERRORTY,(tABS~CA)~ A NQj INTEGER¢) 

ENO; 

-SRC 112, 
SRC 11 :.; ~ 
SRC :t:l.'.?4 
SRC 11'1~ 
SRC 112~ 
SRC 1:LZ7 
SRC 112{3 
SRY 1129 
SRC 1130 
SRC 113i 
SRC 1:1. :J, 
SR9 11:S~ 
SRC 11j'.4 
SRC 113~ 
SRC 113~ 
SRC 11:Si 
SRC 11:s~ 
SR9 111:9 
SRC 1149 
SRC 114i 
SRC 1142 
SRC :1143, 
SRC 114A 
SRC 114~ 
SRC 114q 
SRC 1142 
SRC 114{3 
OCT72 :t 
SRC 1149 
SRC 11'.SQ 
SRC 11,i 
SRC 11'2 
SR9 11 ~;~ 
SRC 1154 
SRC 115~ 
SRC 11!5~ 
SRC 1157 
SR9 11"i~ 
SRC 115? 
SRC 11"'9 
SRC 11e:I, 
SRC 1:t.6i 
SRC 116.~ 
SRO 116A 
SRC 11t~ 
SRC 1166. 
SRC 1162 
SRC 116f:l 
SRC 1169 
SRC 1170 
SRC 117;1, 
SRC 1172 
SR9 11'7~ 
SR9 1:1.7~ 
SRY 11.1~ 
SRC 117'ri 
SRC 1177 
SR~ 111f3 
SR!i 1119 
SRC 1:1.EQ 



COMMSNT - ijENERAT i NG r~NCT IONS F'OR SETS AND 'TUPLES 

G6NS.El, ·! 

GENTUP 9 ;:, 

PROO<>', 
BijGlNCS,J,N,M), , 

S;COPY(NL,>,N=NUMARGSC),H~SMLHStA,, 
SMLHSTA,~NEWSMS,(N)~ , 
fOR 1~(1,N)REPEAT AUGMENT,(~.ARGUMENT(l))~ 
SMLH$TA.;M, , 
RETURN(S) 

ENO 
~ND; 

PROCC)', 
BiGlN(L.,M,I), 

SRC 
SRC 
SRC 
SR~ 
SRC 
SRC 
SRC 
SRC 
SRC 
SRC 
SRC 
SRC 
SRC 
SRC 
SRC 

' L;NlL~M~NUMARGS~)~ , 
FOR l~(1,M)REPE~t L~ARGUMENto~~l•1)iL,REiU~N(MAKTGPi 
CM,L)> 

SRC 
SRC 
SRQ 
SRC: E~O 

ENP.J 

COMMENT,'~ CEQJMAI., ANO OCTAL ,CONVERSION , , ! , , , 1¢ 

PR()QCQ), 
If ,STRQ(O) THEN !F'ROMS, (0,10> 
E~$EIF' INTQ(O) 'T!-1£:N S(i"ROMI .co·,10 > , 
EhSE :ERRORTY. c.ieosc. (O)~ 0 Not A ,''TRI NG 

l:NDJ , -
OCT,~ ·p~OClO), , 

SRC 
SRG 
SR~' 
SR~ 
SRC 
SRC 
SR9 
SRC 
SRC 
SRC 
SRC , 1, :S!RQ(O) THEN lF'ROMS, (0,8) 

E~SE!F' INTQ(O) TMEN SFROMl,(0~8) 
E~SE ER~ORTY,(-O~T,CO)~ 0 Not i ~,.ING OR AN INTEGER-> 

SRC 
SRC 
SR¢ ~Ng;, , 

COMMENT~ TH§ ,wo POWERSEt FUNCtJONS 

NPOW, it= 

PROC(S>, , 
BiGIN(X,Y), , , ,, ,,, 

1 F' NOT SETQQ, < SL THEN ERRORTY .d 

Eft.JD 
EN1.H 

P'POW, ( S), S NOT A .SEIT ,:JI!), , 
Ir s EQ NL1 TMEN ~etuRNtset~lib.t6oPY(NL~))), 
Y=AR8,(S),DlHINts.~s,Y)tX:PbW1(S)~ 
S~AUGMENT,CS,V)~ 
~ETURN(AUGUNIK, CX~6AOHWif,tx,~))~ 

PROCCN',s>, 
BiOl~<V,XA,Xij), _ , 

l F' N O T C s E T Q Q , ( S -, ANO , l N T Q C N ) ·, l H S N ' E A R O R T Y , C 

END 
ENO,; 

,NPOW,(N,S), N NOT INT ()R :s NOT SE;T,t), 
1, NEG O TMEN RETURN(SgTwtto1(bOPY<NL,))), 
lF N GT NELTS,<S) tMEN RSTURNtCQPYCNL,)}~ 
Ir lOE:NTQ, (N,NELTS, ~S) > '.TH~~ :Fi~TURN(Sf,:TWJTO, (gOPY 
Y :; A R 8 , < S > , ,' D I M I N I S , C S , Y > ,, X A = N ~ 0 W , ( N " 1, S ) , )( B ; N e O W , 
AUGMENT,CS,V)~ , , 
R!TURN(AUGUNIK, (XB~EACHWrt.(,A~Y))) 

SR9 
SRC 
SRC 
SRC 
SRC 
SRC 
SRC 
SRC 
SRC 
SRC 
SRC 
SRC 
SAC 
SRC 
SR9 
SRC 
SRC 
SR9 
SRC 
SRg 

S,))t 1 SRC 
N';st, SRC 

SRC 
SR9 
SRC 
SRC 
SRC 

11e; 
1182 
11~~ 
118~ 
118~ 
11'3(? 
l.181 
118~ 
11sc; 
119D 
119;1. 
1'-92 
119ij 
119~ 
1195. 
1191S 
1197 
119'3 
1199 
1200 
12l)i 
1202 
120~ 
1204 
12}~ 
120~ 
1207 
i20~ 
1209 
121g 
121~ 
1212 
121~ 
12114 
121, 
121~ 
1217 
121~ 
121~ 
1229 
122:1. 
1222 
122~ 
12:?A 
12,, 
122~ 
1222 
122~ 
12:?~ 
123P 
12,3i 
1232 
1235 
123~ 
12]' 
12~H? 
1237 
123~ 
1239 
124{) 



COMMENT--~ AUXlbIARY Flll\CT!ONS f"OR pow. AND NPCW •••••••••• ~ 

COMME.:NT .. ;ii EACHWIT.<S,X) ASSUMf=S THAT s ts A SET. or.,SAV, N SETS :~I~ 
IT Rri;TURNS A SET. CONS I ST I NG or. N -eEtS WHICH CONS l ST OF" I 

THE $ETS S l EACH AUGMENTED WI TH, TH~ ELEMENT Yo ,·.;,;,; ·;e. 

EACHWIT,; PRoc,s,x>, 
. 81:GIN(P,Y,R), , .,. . . .,. 

R=COPY(NULLSET,) 1 P~COPV(NILV~CT,>, Y~NEXTELT.(SiP), 
WHILEY NE UNDEf, REPEAT_ pOJ _ ._ ~. 

AUGMENT,CR,WITM,<Y,X)), Y~~EXTELT,(S,P1 
END, 
RETURN(R) 

END 
!=NIH 

COMMENT~ THE FUNCTION RANDOM, RETURNS A RSEUtO~RANOOM, NUMBER¢ 

RANDOMR.511 COMMENT~ INITIAL VALUE OF, ·t~e S~Eb -

RANDOM, ·a ~ROCt>, 
BijQJNCA,B,K), . . 

START, 

END 
ENIH 

IF' NUMARGS< > EQ O 'TMF.N K;:;$310~1 ··El.SE. K::;ARGUMENi'c1·,, 
1 F' NOT I NTQ c K) ·tHeN ERROR TY,< 
~RANDOM,(Kl, K NO~ iNT~), . 

B~SHtrTCRANDOMR.,~6>, 
A~XOR(RANOOMR,iB)~ . 
e~sHIFT(LANO(A,63),11), 
RiNDOMRi~XORCA,B)~ . 
A~RAND0MR,/(l31d7i/K)+1, 
IF A GT K TMEN GO StART, 
RETURN(A) 

COMMENT ., , 1, .. THE SET, OP, At..l. IMAGES Or, X lN 'f' , , , ~ 
SOF, ~ PROQ(F,X), 

SOF'OK, = 

DQ 

ENO 
ENlH 

IF NOT SETQO,(F~ tHSN 
!::RRORTY, (¢ F' SPF, X,F' %'S;t"bT A.SET,¢)~ 
IF' X EQ UNDEF', 'THEN E;RRORTY, < ~ F" SOF', X, 
X IS THE UNDEFINED ATOM, ~)~ 
SOF'OK, (F',X) 

· PRoco··,x,, 
BiGlN<lND,S,$W,$Y~Y2>, . . . 

If F EQ NULLSET, THEN RETURNCCOPY(NL,>>; 
IND= COMPRHS, iHtSfZE,Cr)~A•~~boo,c~,,: 
S=COPY(NULLSET,), W=HASHTAB,(F)tINDJ, 
WMlLE W NE NIL REPEAT DD 

V=HP W, W=TL W~ IF' TUPQ,, < Y > AND . 
NELTS,<Y> GE 2 AND EQUALt.<tUPLE,CV>l11~X) 
THEN DO . 

Y2:: TUPl..E,(V) t~l, IF' NfLT,CY)EQ 2 THEN DO 
IF Y2 NE UNDEF, THENS= 

-SRC 12'4!1 
SR~ 124i 
SRC 12•i3 
SRC 124i 
SRC 124~ 
SRC 124(> 
SR9 1247 
SRC 124~ 
SRC 1249 
SRC 1250 
SR9 125;1, 
SRC 12$2 
SRC 125~ 
SRC 125~ 
SRC 125~ 
SR9 125~ 
SRC 1257 
SRC 125f3 
SRC 12~39 
SRC 126g 
SRC 126:1, 
JAN74 .;t. 
JAN74 2 
JAN74 ij 
SRC 126~ 
SRC 126(, 
SRC 1267 
SRC 126f3 
SAC 1269 
SRC 1279 
SRC 12?i1, 
SRC :t.272 
SRC 12?~ 
SRC 121~ 
SRC 1275 
SRC 127~ 
SRC 1~1'1 
SRC 127~ 
SRC 1271! 
SRC 1289 
SRC: 12 '.~;1, 
SRC 128,2 
SAC 12 ;,i} 
SRC 128l4 
SRC 128~ 
SRC 128~ 
SR~ 1287 
SR9 128f3 
SRf 12d9 
SRC 129P 
SR9 l:29:1. 
SRC 129g 
SRC 129~ 
SRC 129A 
SRC 129, 
SRC 129~ 
SR9 1297 
SR~ 129-~ 
SRC 129~ 
SRC 130P 



SOFN,= 

SOFNERRi~ 

COMMENT 
Of I :: 

AUGMNTS 1 tS~Y2) SRC 
END ELSE S=AUGUNIK8 cs,l2) SRC 
END SRC 

END,RETURN (S> SRC 
END SRC 

ENU; SRC 
PROC<F,S8S), SRg 

B~GlN($HX,IND,$S,$Q,$Y~$YP,$SU8S1$S8,$XI), SRC 
Ir NOT PAIRQ(SBS) THEN SRRQRTY,( SRC 
;F SOFN, X, X NOT A LlST;i!)·,. SRC 
If NOT SETQO,(Fl THEN ERRQRTV1C SRC 
¢F' SOF-'N, X, F' NOT A SET.¢)~ C SRC 
IF TL SBS EQ NIL THEN RETURNC§OF,CF',HD SBS)), SRC 
suss=S8S, . SRC 
JF F EQ NL, TMEN RETURN(COPi~~L.>>~ SRC 
lF su~s EQ NIL. i'HEN f:;RRORTY,PtsoF'N,CF,X), X lS NIL,11n SRC 
HX = HP SUBS, . . I SRC 
IF HX EQ UNDEP, TMEN SOFNSRR,<), SRC 
IND:: COMPRHS,CMTStZE,(F)~ ~~iHCOD,CHX)}, SR9 
S~COPY(N~,>, Q=HASHiA9.CFitlNCJ~ SRC 
WHILE G NE NIL REPEAT 00 SRC 

V=HC G, SRC 
Q=Tb Q, SRC 
tr TUPQ, <Y> ANO NEI..TS.<'f> ,§E 2 ANO SRC 
EQUALT,(TUPLe,(Y)t1lr~x) SRC 
THEN DO SRY 

lF NELTS,fV) EQ 2 THEN DO SRC 
YP:COPV(TUPL.E,(Y)[2Jl~ SRC 
SB=TL sues~ .. SRC 
IF SB NE NIL. AND NOT TUPQ,(YP) THEN YP=UI\DEF,,SRC 
WHILE SB Ne. NIL iN6 TUPQ,~YP) REPEAT DO . SRC 

xt~~o SB, SB;tL s ~ . SRC 
l' Xl E~ UNOEF, THEN SOPNERR,C)~ SRC 
IP NELT, ( YP > ~:r j A~P . . SRC 
EClUAL.T, C HEAD, C'YP > iX I) 'THEN . SRC 
( VP;; Ir ~EI..T, ( yp·; ~Q. 2 THEN HD TL TUPLfl 1 (YA) SRC 
ELSE tAlL,CYP)) E~SE YP~UNDBF, SRC 

END, SRC 
IF VP NE UNDEF, THEN A8GMNTS,<S,VP) SR~ 

ENO SRC 
ELSE DO SRC 

YP:TUPLE.(V)t2J, IF TL sues EQ NIL THEN SRC 
AUGUNI~. cs,VP)ELSE UGUNIK, <s,so,N:cvp: TL sRd 
SUBS)) SR9 
END SRC 

END 
END, 
RETURN(S) 
ENO 

SRC 
SAC 
SRC 
SRC 
SRC ENO; 

PROC(), 
EBRORTY,(¢SOFN,CS,X)~ SOME ELEME~T OF, X IS UNDE~INEt,t) 
END; 

~,!.~THE SINGLE IMAGE or, A IN O ,•• t 
PROQ(O,A), 

IF SF.TQG,(O) THEN OFSET,<0,A> 
E~SEIF TUPQ,<O> THEN OPTUPL,<b~A> 
EbSEJF CODEQCO> iHEN O(A) 
EbSEtF STRQ(O) TMEN SUBSTR(O~ 

SRC 
SRC 
SRC 
SRC 
SRC 
SRC 
SRC 
SRC 
SRC 
SR~ 

130;1, 
13 fJ,; 

1303 
130!4 
130~ 
13Jp 
j,3 07 
13'.} ~ 
1309 
1319 
1311 
131.~ 
131($ 
131.~ 
131~ 
131~ 
1317 
13J.,8 
13'9 
1320 
132;1, 
:,_;p~ 
i32~ 
132A 
132~ 
1326 
13'0 7 
j_32~ 
:t32~ 
13:19 
1:n;i 
133~ 
13i3 
133\4 
133~ 
13U~ 
1337 
13]13 
1339 
;t34Q 
134;1. 
13 ,qg 
134ij 
134A 
134!.5 
13'46 
1347 
134~ 
1349 
1359 
13::;;1, 
135~ 
135ij 
13'514 
13?? 
13?~ 
1357 
13q~ 
135'! 
13 ,,9 



OFSET, = 

OfTUPL..= 

COMMENT~ 
GETWO,= 

-If VAR A THEN A ELSE HD A, 
IP VAR A THEN 1 ELSEIF TL A THEN TL A ELSE ~1> 
~bSEIF BSTRQ 1 CO) THEN OfBSTR(O~A> . 
E'9,SE ERROR TY, ( ;tQ OF' A, A NOT A S' 'f, TUPLE, BSTR HlG, 
CSTRING, CR PROCt> 
ENDJ 

PROC(f',X), 
BEG!N(DEFINED,RESULT~Y~Y2,IND,W)~ 

JF X EG UNDEF, THEN ERRORVA,< 
;i!OF,(F,X), XIS UNDEFINED;!)', 

SRC 
SRC 
SRC 
SRC 
SRC 
SRC 
SRC 
SRC 
SRC 
SRC 

lF F EQ NULLSET. THEN RETURN(~NDEF,), 
DEFINED=FALSE, lND=COMPRHS,tHTStZE,CF),HASHCOb!<X~>, 
W:HASHTAB, (F') t lNDl, 

SRC 
SRC 
SRC 
SRC 
SRC 
SR~ 
SRC 
SRC 
SRC 
SR~ 

WHILE W NE NIL REPEAT DO 
Y=HC W, W=TL vf, 
I F T UP Q _ < V ) A NO NE; L. TS d V'> ~ E 2 , AND 
EQUALT,<TUPLe,(Y~t1J,X~ tHbN DO 

'JF DEFINED THEN RETURNt~NDEP,), 
DEFlNED=TRUE~ 
Y2=TUPl..l;l, <Y> [2l, 
IF IDENTQ.CNELTS,CY>~2) THEN RESU~T=COPV(Y2, 
RESULT= 

ELSESRC 
SRC 
SRC 
SRC 

IF NELT,<~2) EQ 1 THEN ARBSET,(Y2) ELSE UND;F, 
END 

ENO, 
RETURN(IF DEFINED THEN RESU~~ ELSE UNDEF,> 

END 
ENDJ 

PROQCTUP,B), 
BijGIN(K,J), 

END 

K=NEL.TS,(TUP), 
Jr lNTG<B) TMEN DO 

IF 8 LT 1 THEN SRRORVA,( 
¢TUPLE, OF', X, X l.ESS, '·THA" 1;4), 
IF 8 GT K THEN RETURN(0NbEf,~ 

END, 
TUP;TUPU:, (TUP)~ 
IF VAR B THEN RETURN(COPYtGSTHD,(TUP,0))), 
J =HOB, K=K+1~J~TUP~CDP~(SKiPWD,(TUP,~~i)), 
IF TL 8 EQ NIL THEN RETURN(MAKTUP,CK,TUP)), 
J=TL B, 
RETURN(MAKTUP,CJ,PJRSTWD,ttup,j))~ 

ENO; 
.PROQ(F,SBS), 

81::GlN(K), 
IF NOT PAJRQ(SBS) THEN SRRORTY,( 
-r OfN, X,X NOT A Li$T¢), 

END 
ENO; 

IP CODEQ(P) THEN REtURN(APPLY<F~SBS)>, 
IP T~ SBS EQ NIL THEN RETURN(OF.CP,HD SBS>)~ 
Ki=SOFN,<F,SBS), 
IF NELTS,(K> NE 1 THEN RETURNlUNDEF,), 
RETURN(ARBSET,(K)) 

~ AUXILJARY FUNCTIONS TO PROcess Lt~TS 
PROQ(l-~N), 

Bi;GJNC$X,l>, 
X::UNOEF., FOR l::;(1,N) RF-PEAT LO 

SRC 
SRC 
SRC 
SRC 
SRC 
SRY 
SRC 
SRC 
SRC 
SRC 
SRC 
SRC 
SRC 
SRC 
SRO 
SRC 
SRC 
SRC 
SRC 
SRO 
SR9 
SRC 
SRC 
SRC 
SRC 
SRC 
SRC 
SRC 
SRC 
SRC 
SRC 
SR9 
SR~ 
SRC 
SRC 
SRC 

136;1, 
13,~.g 
13ti3 
i~ViA 
13~5 
13··•.··6 
13r7 
13~~ 
136~ 
137Q 
137;1. 
137i 
137~ 
1374 
137~ 
i.37~ 
1377 
137~ 
1379 
1359 
13~1 
1382 
13H3 
13 1M 
13f1~ 

13eC> 
1387 
13 13 
1369 
1399 
:1..393, 
139~ 
13t;~ 
1394 
139~ 
139t;> 
1397 
139(;! 
1399 
1409 
14';1. 
140, 
14C~ 
:1;4,::4 
:1.40~ 
:i.40~ 
1407 
140f3 
140~ 
141P 
141:l. 
14tg 
141r, 
1414 
141.~ 
14j,6 
1417 
141~ 
14:!.~ 
142Q 



END 
ENIH 

X=HC 1.., L=TL L 
END, 
RETURN(X) 

SKIPWD,= PROCCL,N>, 
81i:GIN(X1I>, 

END 
ENO; 

FOR 1=<1,N) REPEAT DO 
X=HC L, t.;:;TL L 

END, 
RETURN CL) 

fIRSTWD,~ PROC(L~N>, 
BE;GIN( I ,$X ,$Q), 

END 

0:;L, FOR t=<1,N,.1> REPEAT ;I)Q 
X;:;Ht Q, Q=TL Q 

ENO, 
TL Q;NlL, RETURN(L) 

ENI;); 
COMMENT~ JTERATION OVER A CDLLBCtlON (SEE ~A~E.62 POR OETAfLS) 

ONE IMPORTANT DtfPERENCE WlTH, NEWW~TTER 49 IS THAT P. 
SHOU~D BE INlTIALIZED TO tNILJ OR NiLVECT,, 80T N!T 
TO NIJI,; TI •• ,.',.' t ~. ~ 

NEXTELT,~ PROC(O,~>, . . . r, Pt1l EG UNDEF, THEN ERRORTY,j 
¢fTERATION OVERS, ITERATOR tALL§D AFTER END OP, OBJ~CT 
Rf;ACHED,'1-) 
E~SEff seTQQ,(O) THEN NXTLTS.(piF) 
E~SEIF TUPOeCO) THSN NXT~TT,tp~pl 
E~SEIF STRQ(O) TMEN NXTLTC,(O,P) 
EbSEIF BSTRQ,(O) TMEN NXTLTBtD~P) 
E~SEif NOT VECTQ(O} THEN ERRaRtv;i 
~(TERATOR OVERS, S NOt A SEt,~ TU~LE, OR STRING:t) 
EH,,SE ERRORTY, C 
~ITERATION OVERS, SNOT RECOGNlZABLE~) 

ENO; 
NXTLTC,= PROQ(O~P), 

BijGJN(C), . 
IP Pt1J EQ NIL THEN Pl1l = yE9TOR(1,SIZECC>), 
IF' Pt!] t1l GT P[lJ [2J THEN DO 

END 

Pt1l=UNDEF,, RETURN<UNOEf,J 
END, 
C=SUBSTR(O,Pt1J f1l,:l), P[il i1~=P[1J t1H•i, 
RETURN(C) 

ENO; 
NXTLTT2, ~ PROQ<T,P>, 

Bf;;GlN(Q), 
Jr Pt1J Ea NJL TH~N Pt1l~VEbfOR~l,TUPLE:(T)), 
I F' P C 1 J [ 1 l G T N e L T S • ( T ) T HE r~ D 0 

END 
ENO; 

Pt1l = UNDEF., RETURN(UNbEF.~ 
END, 
Q:::HD P[1l f 2l, 
Pt1l t2J=TL PtU C2J°, Ptll [1l~PC13 C1l•1, 
RETURN(Q) . 

NXTLTT,= PROC<T,P>, 

SRC 142~ 
SRC 14?~ 
SRC 1423 
SRC 1424 
SRC 14~1~ 
SRY 142~ 
SRC 142? 
SRC 142/3 
SR~ 1429 
SRC 1400 
SRC 1433, 
SRC 1432 
SRC 14:'l~ 
SRC 14J4 
SRC. 143~ 
SRC 14:3t? 
SRY 14,7 
SRC 1436 
SRC 14:19 
SRC 1440 
SRg 144;1. 
SRC 1442 
SRC 144~ 
SRC 1444 
SRC 14'~ 
SRC 144fl 
SRC 1447 
SR9 144~ 
SRC 141,;9. 
SRg 14~0 
SRC 145:1, 
SRC 1452 
SRC 14 ~i~ 
SRC 1454 
SRC 145~ 
SRC 14''.>6 
SR~ 1457 
SRC 14Sf3 
SHC. 145? 
SRC 1469 
SRC 14tii 
SHC 14ti 
SRC 1463 
SRC 1464 
SRC 146~ 
SRC 1Mi~ 
SRC 1467 
SRC 14t1~ 
SRC 14';9 
SRg 147P 
SRC 147i 
SR~ 147~ 
SRC 147~ 
SRG 1474 
SRC 147~ 
SHY 1476 
SRC 1477 
SRC 147~ 
SR9 147~ 
SRC. 1489 -



-
GETEl..'fl 

ENT, 
ENTi, 

TUP1, 

TlJP, 

NXTl,,N, 

TERM, 

BEGIN(X), . 
. ~=NXTLTT2,<T,P)~ 

END 

IF Ptil EQ UNOEP, THEN RETURN<UNDEF,)~ 
lF X EQ UNDEF, fHEN GO GETELT~ 
RETURN(X) 

1:NOJ 
PROQ(S,P), 

SRC 
SRC 
SRC 
SRC 
SRC 
SRC 
SRC 
SR ii 

BE;GlN<ITE~>, 
Ir Pt1l Ea NIL THEN Pt1J=VEtTCR(O~NlL,NtL~ 
MAKVECT0(1),NIL~O)~ 

SR9 
SRC 
SRC 
SRC 
SRC 
SRC 
SRC 

IF' Pt1l t4l [1) NE NIL THEN .Qo 1UP, 
IF Pt13 t2l EQ NIL THEN GO .NXT N', 
lTEM;HIJ P[U [2J~ F'[il t2l::TL Pt1J t2l, 
IF' TUPQ, ( ITEM) 
THEN IF NELT,(ltEM) EQ 3 THEN GO TUP1, 
ITEM)), . 
Pt1l t~l :: TUPt.E. ( ITEM> t1J~ 
Pt1lt6l=HASHCOD,(tTEM>, 
Pt1Jt5l=TUPLE,<fTEM)J2J, 

RETURNIMA~CUTUa(SRC 
SRC 
SRC 
SRO 
SRC 
SRC lTEM:;NXTL.TS.CPCilt5J,Pt1lt43.)t .· . 

IF' Pt1l [41 t1l NE UNOEF', n1e~J RETURN( 
VECTORCTUPL,,Pt13t6l~V8CTOR(NELt.(lTEM)•!,Pt1Jt3ll 

TUPLe,(tTEMl)))~ 

SRC 
SRC 
SRC 
SRG 

ENO 
ENIH 

P[1l (43 C1l;NlL, GO SNT, 
Ptiltll:: Pt11Cil + 1, lr P.hlt1J GT HTSIZE,(S) 
T!RM, .. , ·~ 
Ptll t2Jcc.HASHTA8,(S) tP[1J (1]11 
IE' Pt 1l t 21 NE Nit... THEN GO ic:N'l'l, GO NX'fl,,N, 
Ptll = UNOEP,, REtURN(UNDEF,) 

TrEN GOSRC 
SRC 
SRC 
SRC 
SR9 
SRC 
SRC 
SRC 

COMMENT - THE UNION, OF, ALL SETS WHlCH ARE l~E IMAGES Gf, ALC 
THE ELEMENTS OF, SUNDER P, 

SRC 
SRC 
SRC 

f30F, = 

BOfSET, = 

PROQ(f,S), 
Ir NOT SETQQ,(P) AND NOT CODEQ~F> tHEN ERRORfY,( 
_, BOF, s, F NOT A sef. NOR i PRC~) 
E~SEIF CODEQ(F) THEN BOFCODE,(F,~) 
EbSEIF SETOQ,(S) THEN BOPSET,,f,~) 
E!i,SEIF TUPQ, (S) THEN ·eoF'TUPL, (f,S) 
E~SEIF STRQ(S) TMEN BDPSTRCF~S) 
E~SEIF BSTRQ,(S) THEN AOPBSTR(,t§) 
EL;SE ERRORTY,( 
tBOF~(P,S), s NOT A set,,TUPWE.,9StR(NG,BSTRING_, 

ENOJ 

PROQ(f",S), 
BiGIN<RESVLT,NEXT,P)~ 

. lF' S EG NULLSET. THEN RETURN(COPYCNL,>); 
P=COPY(NlLVECT~>,RESU~T?COPi<NULLSET~),NEXT=NEXTELTi 
( S, P), WHILE NEXT NE UNDEF'. 'hEPEAi DO 

AU GUN I K ~ ( RESULT, SOfOK, (F'·, N~ XT)), 
NEXT=NEXiELT,(S,P) 

END, 
RETURN(RESULT> 

END 
END; 

SRC 
SRC 
SRC 
SRC 
SRC 
SR 
SRC 
SR9 
SRg 
SRC 
SRg 
SRC 
SRC 
SRC 
SRC 
SAC 
SRC 
SRC 
SRC 
SRC 
SRC 
SRC 
SR9 
SRO 

148~ 
148, 
1483 
1484 
14fS~ 
:148(? 
1437 
:t4,i)B 
1489, 
14i;Q 
149i 
1492 
149ij 
14)4 
1495 
149~ 
1497 
149~ 
1499-
150P 
1!5 0 it 
1502 
15q~ 
150-4 
150? 
15 ~ 
1507. 
15013, 
1509 
151P 
151i 
15:Li 
15t~ 
1514 
1~H~ 
151~ 
1517 
15:le 
1!51:'t 
152P 
152~ 
:1.!52~ 
152~ 
:152~ 
1!52~ 
152§ 
:US27 
1~2~ 
1529 
Hi30 
15:n, 
1~32 
15 ;5§ 
15314 
1~3~ 
1~3~ 
153% 
153§ 
153't 
154P 



8.0FTIJPL, .·~ PROC(F,T>, .. 
BIGlNCR~SULT,COUNTJTODO,t,X,V,N>• 

TODO=TUPLE,(T),RESULT~NlLjCoU\T=O,N~NeLT,(T), 

COMMENT ii! 
Sl::LTU.PL, . 

POR 1=<1,N) REPEAT 00 
X=HO Tooo, TODO=TL TODO, 
IF NOTCX EQ UNDEF,> THSN DC 
y:;QFSET1Cr,X), 
IF Y EQ UNDEF, THEN ERRORVA•( 
¢80F<F',T), TIS A TUPLE: AN~ 'F(T(I)) ONDEF' FOR it>, 
APPEND,<RESULT~Y>, 
COUN r=;: OOUNT+i 
ENO 

END, 
JF' RESULT=NIL THEN ~ETURN~UND~F.>, 
RETURN(VECTOR(TUPL,,HASHcob,fMb RESULT); 
VECTOR(COUNT,RESU~T))) 

END ' . 
END.; 

= PAOQ(F',S), 
BijGINCRESULT~NEXT,P)~ . . 

END 

lF' SEQ N~, THEN RETURN(CO~i<NL.)), 
H' NOT sE;Qa .cs'> THSN ·ERRoRtY, c 
~aoPCDDE,(F,S>~a NOt A set,i), 
P~COPY(NXLVECT,),~ESU~T~COP~( .L.>~NEXT~NEXtELf,rs:P>, 
WHILE NEXT NE UNDer •. REPEAT oc 

AUGMENT,CRESULt~~(NEXT\)~ 
NEXT=NEXTELT.(S~P) 

EN.D, 
RETURN(RESULT> 

[!II.ID. 
Ii-,,'. ' ' 

PROQCF,SBS), . . • 
1, NOT SE;TQQ, < f" > AND NOT COOE!Q (f" > 'THEN ERRORTY • 
(~F' ~OF'N, x, F" NOT A S~T. NOR A ·~BOC¢) 
Eb SEIF' NOT PA I RQ C SBS) 'J'HE;N :eRROfHY, ( 
ii!F BOF'N, X,X NOT A.LIST¢) . 
E"SEIF' TL SBS. EQ NJL T~EN ~OP, (F"tMD SBS) 
E~SE ao,NOK,(F',SBS) . 

~NOJ . 
PROQ(F',SBS), 

BiGIN(RESULT,NEXT>~ 
RESULT;;.F, . .. . ... . . 

WHILE SBS NE NIL AND R~SULt N~ NL, REPEAT'DO 
NEXT=Ho sas,~as~tL ses~ 
RESULT=BOF,(RESULT,NEXt). 

E:ND, 
RETURN(RESULT> 

ENO 
f;NPJ 
A PROCEDURE TO SELECT THEN-TM ~LEM,Nt or. A ·,uPL~, -

::: PROC(T~N), 
BE;GJN(), 

IP NOT TUPQ,(T) TMEN ERRORTv,c · 
~ T COMP N, T IS NOt A TUPLE,,)~ 
IF NOT INTQCN> THEN ERRORTV.C 
~ T COMP N, N IS NOt AN lNtEG~Ri)~ 
Ir N LEO THEN ERRORVA,( 
- T COMP N, N NOT POSITIVE~), 
IF N GT NELT,(T} THEN RgTURNf~NOEF,), 
RETURN ( COP Y C GET W D • ( TUPLE , C' T ·, i' 1\ ·, '> ) 

SRC 1543, 
SRC 154g 
SRC 15·4ij 
SRC 15~(4 
SAC 1545 
SRC 154~ 
SRC 1547 
SRC 154~ 
SRC 1549 
SRC 155P 
SR~ 15'.3;1, 
SRC 1552 
SRC 1~5ij 
SRC: 1,s~ 
SRC 155p 
SRC 155f! 
SRC 1557 
SRC 1!5''q~ 
SRC 155~ 
SRO 151\ P 
SRC 15oi 
SRC 1562 
SRC 156~ 
SRC 156A 
SRC 565 1 .. 
SR9 151~ 
SRC 1567 
SRC 156~ 
SRC 156'1 
SRC 15'1 p 
SRO 1~P:t 
SRC 157g 
SR9 157ij 
SRC HS7!4 
SRC 157$ 
SRC 1571:) 
SR~ 1577 
SR9 157{3 
SRC 1579. 
SR9 1580 
SRC 158~ 
SRC 1sai 
SRC 1~89 
SRC 158~ 
SRC 158!? 
SRC 158~ 
SRC 1587 
SRC 1,ae. 
SR~ 1589. 
SR9 159Q 
SR~ 159i 
SRC 159g 
SRC 1f:5?;,$ 
SRC 1!59A 
SRC 159, 
SRC 1fH1¢ 
SR¥ 1597 
SRC 159~ 
SRC 1599 
SRC 160P -



END 
'EMO; 

COMMENT~ SINISTER CALLS FOR TUPLES AND FUNCTIONS~ 
SETSIN, ; PROQ(A,8,C), 

If TUPQ,(AJ THEN SETTUP,CA,BJC~ 
EkSEIF SETQQ,(A) THEN sETFUN,(~i~,C) ELSE ERROAT~~( 
~4ET A ••~ BE ,,,, A IS NOT A fUFLE, QR A SE'T',it) 

END; 

SETTUP, = PROC(A,8,C), 

SETrUNS! 

B;Gp,J(N,I,K), 
IF 8 LE O THEN ERRQRVA,f 
¢LETT COMP l BE.,., I IS LESS, THAN 1_), 
IF A EG NULi, THEN DO 

IF 8 ~Q 1 THEN DO 
At2J;HASHCOD,CC), 
A[3][1]=1~ 

'A £31 C2l =COPY(C) tNIL~ 
RETURN(A) 

ENO, ... 
K~CCPY(C);NIL, . 
FOR I~<1,a~1) REPEAT K,toPY(0NDEF,);H, 
At2l=HASHCOD,(UNDEF,), . 
At3l (1l=B, 
At3lt2J:;K, 
RETURN CA> 

ENO, 

END 
ENO; 

IF 8 EQ 1 THEN DO 
At2l~HASMCOD,(C}~ HD(At3Jf2J)•C, ReTQRN(A) 

END, 
K=IF 8 LE NELTS,(i) THEN B•i fLSE NELTS:(A)~1~ 
N==TUPLE, (A), 
FOR J=<1,K) REP6At N;TL N~ 
l F' B L. E NE L 'I'S , ( A> ·TM EN O 0 

HD N=C, RETURNtA) 
END, . 
POR l=<1,e~NELTS1iA}~1>REPEAt ~~ADDONCN;coP¥(0NDEF.>), 
N=ADDON(N,COPY(C)~~ 
At3Jt1l=B, 
RETURN(A) 

PROQ(A~B,C), 
BeGJN(L), 

lF NOT SETQO,CA) THEN ERRORf~1t 
-LET F OF1 X BEY~ P NOT A sEJ,~>, 
DlMF,(A,8), 

ENO 
ENP; 

IF C EQ UNDEF, tHSN RETURN(}), 
L=GENTUP,(COPVC~)), 
l.[3l t2J=8:L.t3J C2l~ 
LC3l t1J=Lt3l til•1·, 
L[2l=MASHCOD,(8), 
AUGHNiS,(A,L) 

,. P A O C ( A ·, 8 , C ) , 
81:GIN(P,X,L), 

IF NOT SETQQ,(A) THEN ERRORtY1( 
-LET, sor, X BE v~ p NOT Ase,.~,, 

-SRC 1601 
SRC 16J2 
SRC 16Cl~ 
SRC 1604 
SRC 160~ 
SR~; H, 06 
SRC 16 7 
SRC 160p 
SRC 1609 
SRC 1610 
SRC 16H 
SRC 1612 
SRC 161~ 
SRC 161!4 
SRC 16tp 
SR~ -· 1616, 
SRC 1617 
SR~ 16113 
SR:i 1619 
SRC 1629 
SRC 16::?;i 
SR~ 16?2 
SRC 162~ 
SRC. 16 A 
SRC 162~ 
SRC 162~ 
SRC 1627 
SRC 162~ 
SRC: 1629 
SRC 16:3P 
SRG 163~ 
SRC 16J~ 
SRC 16::!~ 
SRC 1634 
SRC 163~ 
SRC 16~~ 
SRC 1637 
SR9 16:;s~ 
SRC 16'<~ 
SRC 1649 
SRC 1641 
SRC 1642 
SRC 164~ 
SRC 164A 
SRC 164~ 
SRC 164~ 
SRC 16 ,; 7 
SRC.164~ 
SRC 164~ 
SRC 16~,p 
SRC 1653, 
SRC 165i 
SRC 165q 
SRC 165~ 
SRC 1()~;> 
SRC i65~ 
SRC 16"17 
SR~i :t,65f3 
SRC 16:f9 
SRC 1669 



END 
ENf.H 

DIMF'dA,8>, 
IP C EQ NULLSET, tHEN RETURN(A)~ 
IP NOT SETQO,CC) THEN ERRORtY,( 
¢LET F SOF, X BE~, Y NOT A stT,¢>, 
P=COPY(NILVECT,),X=NEXTELT.(C1P), 
WHILE X NE UNDEP, REPEAT DO 

L;GENTUP,(COPYCX)), 
lt3l t2l =B;L,[3l t2l, 
Lt3l t1l=L[3lt1l•1, 
Lt2J=HASHCOD,(8)~ 
A U GM N T S , ( A , I,. ·, , 
X:; NE X TEL T , ( C ', P ) 

END, . 
RETURN(A) 

SETFUNN, ; PROQ(A~B,C), 
BijGJN<K,L,M), 

IP TL 8 EQ NIL tHEN RETURN(S~lSfN,CA,HD 
lP NOT SETQQ,(A) THEN ERROBfY1~ 

ENO 
E:NP.I 

,LET F' OF'N, X BE V~ F' NOT A S ·T.¢), 
OIMFN,(A,B), 
l F' C 6 Q U ND E F' • i' HEN RE TL! RN ( AH 
K=B,M=0, 
WHILE K NE NI~ RE~EAT DO 

M:;M+1, K:;TL K 
END, 
L=GENTUP,(COPVfC)~,. 
K=VECTCR{TUPL,,HASHCOD,tHD Bl• 
VECTOR(M,B)>, 
K;TPI..US,(K,.l..,), 
AUGMNTS.(A,K), 
RETURN(A) 

STFUNNS,~PROO(A,B,c>, 
BEGIN<P,X,K,L,M), 

. IF TL,6 EQ NIL fHEN RETURN(serruNS,(A,HD 
IF NOT SETQQ"CA) THEN ERRQRjY,(. 
FLET F' SOfN. X BE ·"(. F' NOT A set ff,.), 
OJMF'N,(A,B), 
If NOT SETQQ,(C~ THEN ERRaRtYi( 
;i!L,Ei r SOFN, X BE y·, V NOT A ;SET,¢), 
I~ C EG NYLLSBT~ THEN RETURNC0)~ 
P. = C O P Y ( N I L V E C T • ·, , ' X = N E X T E L: T 1 < C ·, P > ~ 
K~B,M=O, 
WHILE K NE Nll. REPEAT 00 

M=M+t, K=TL. K 
END, 
WHILE X NE UNOEF 1 REPEAT DO 

L=GENTUP,CCOPY(X>>, 
K::VECTOR(TUPL,~HASHCOD,(HD 8), 
VECTOR(M,8) >, 
K==TPLUS! CK,L), 
AlJGMNTS,<A,K>, 
x::NEXTEL T ~ <e', P) 

END, 
RETlJRN(A) 

-'. ·. r 
B,C>), 

SRC 166;1. 
SRC 16~g 
SRC 166~ 
SRC 1664 
SRC 16/it, 
SRC 1666 
SRC 1617 
SRC 16ef3 
SRC 1669 
SRC 1670 
SRC 16,;1. 
SRC 1672 
SRC 1673 
SRC 1674 
SRC 167~ 
S.RC 1616 
SRC 1677 
SRC 16~?~ 
SRC 167~ 
SRC 16eQ 
SRC 16 r:;1, 
SRC 16R, 
SRC 16 q 
SRC 16•84 
SRC 16I3:5 
SRC 16?~ 
SRC 16~7 
SRC 168~ 
SRC 1689 
SRC 1699 
SRC 16S'l 
SRC 169~ 
SRC. 169:3 
SRC 169~ 
SR9 169~ 
SRQ 169p 
SRC 16;:7 
SRO 169t, 
SR9 1699 
SRC 170Q 
SRC 17 l 
SRC 1702 
SR~< l70ij 
SRC 17D4 
SRC 170~ 
SRC 170~ 
SRC 1707 
SRC 17 t3 
SRC 170~ 
SRC 171P 
SRC 1711 
SRC 1'1i6 
SRC 1713. 
SRC 17114 
SRO 171~ 
SRC 17iQ 
SRC 1'11'7 
SRC 171~ 
SRC, 1719. 
SRC 1729 -



COMMENT~ §lNI~TER CALLS POR HEAD. AND TAIL,i 
HF.ADSIN, = PROC<T,X)i . 

BEGIN(TT), 
IP NOT TUPQ 1 (T) T~E~ ERRORTj,~ 

END 

~LET HEAD, T BE 0, T NOT A TUrLE,~), 
lr T EG NULT! THEN DO 

TT=GENTUP,(COPV(X)), 
Tt2l=TT[2J,. 
Tt3J=TTt3l, 
RETl.)RN(T) 

END, 
Tt2l;HASHCOD,<X~, 
HD CTt3l t2l > = COPY(X), 
RETURN(T) 

END.I 
TA!LSIN,; PROQ(T,X), 

BE.GIN(), 
JP NOT TUPQ,(T) THE~ ERRORTj,( 

END 
eNlH 

jll!LET TAIL, T BE 0~ T NOT A tU~LE,t), 
IP T EQ NULT 1 THEN ERRDRVA,l 
¢LET TAIi.., T BE o', TIS NULL TUPLE,¢), 
TL(Tt3l t2l)~lP NOT tUPQ,(X) T~EN LIST(GbPV(X)l 
~LSE CCPY(TUPLE.(X)), . 
RETURN ( T) 

PROMSET,5 PAOC(S), 
0f;OJN(X), 
IF NOT SETQQ,(S) THEN SRRORTV,( 
-A FROM S, SNOT A SET,jll!), 
IP SEQ NV~LSET, THEN ERRORVA 1 < 
¢A FROM S, S JS NULL SST 1 jii!), 

X;iARB, (S>, 
DIMINJS 9 (S,X), 
Rf:iTURNCXl 
END 

ENQ; 

COMMENT~ STRJNGF. CONVERTS A ser(~oBJEOT iNTC ~ CHARACfER~ST~ING -
STRINGF,~ PROCSX)~ 

lf INTQ(X) THEN DEC,CX) 
EbSE!F STRQ(X) TMEN X 
E~SEIF X EQ TRUE THEN ¢TRUE,¢ 
E~SEIF X EQ ~ALSE THEN -FALSE,i 
EbSEIF 8LANKQ,(X) tHEN CONCAtt6a~cAT(¢#8LANK¢,DEt,fXi3]) 

),;t;,q 
EbSEiF ~S~Q(X) THEN G0NCAT(CONCA1Ct,LASE~-; 

SF ROM I , ( I FROM I D ( X ) ~ 1 0 ) ) o!"; ;t ) 
E~SEIF COCEQCX) THEN CONCATCciONCATtt/SUBR i, 

SFROMlD(!DFROHC(X))),¢/¢) 
E~SEIF X EQ UNDEF, THEN ¢•*OM,**~ 
EbSE!F SETQQ,(X) THEN sFROMst;cx> 
EbSEIF TUPG,CX) THeN SFROMTP,(X) 
EbSE ¢******~ 

-SRG .. _' 172i 
SRC 17?~ 
SRC 17;::3 
SRC :1.724 
SRC 172~ 
SRC 1726 
SRC 17?.7 
SRC 17?8 
SR~ 1719 
SRC 17:Q 
SRC 173;1. 
SRC 17:~2 
SR9 1TJ~ 
SRC 1734 
SRC 17:,35 
SRC 17"~ 
SRC 1737 
SRC 173~ 
SRC 17,3'{ 
SRC l.74Q 
SR 1: 174;1. 
SR~ 1742 
SRC 17 ciij 
SR9 1744 
SR9 17•~p 
SRC 1746 
SRC 1747 
SR9 174~ 
SRC 174~ 
SRC 17SP 
SRC 1.75;t 
SRC 1 T3i 
SRC 1 n13 
SRC 1754 
SRC 175? 
SRC 175p 
SRC 17J7 
SR9 175~ 
SRG 1759 
SRC 1769 
SRY 176:J, 
SRC 176.g 
SRC 176~ 
SRC 17'67 
SR~ 176f3 
SRC 176~ 
SRC 1779 
SRC 177i 
SRC 17i~ 
SR9 177~ 
SRC 177(.4 
SR~ 177, 
SRC 177P 
SRC 1777 
SRC 177f, 
SRC 1779 
SRC 1780 
SRC 178;1. 
SRC 1722 
SRC 1786, 



SPROMST,:::; PRQC gX), 
BEGIN(C,Z,P), 

IF X EG NL, THEN RETURNC¢NL.t>~ 
P=COPV(NlLVECT,), Z=NEXTE~T.~l~p), 
C:CONCATCtS:t,STRINGF,(Z))~ 
Z=NEXTELT,(X,P)~ 

END 
END; 

WHIL,E Z NE UNDEF, REPEAT DO 
C ;: CC NC A T ( CON C A T ( C , t. , t ) ',.ST R l NG F • ( 2 > > , 
Z=!NEXTELT,(X~P) 

END, 
c~coNCAi(C,¢~~,~ 
RETURN CC) 

SFRDMTP,; PRQC1X)~ 
B~GlN(C,Z,P), 

IF X EQ NULT, TMEN RETURN(¢NULt,¢)~ 
P=COPV(NlLVECT,) 1 Z=NXTLTT2 1 (X~p), 
C=CONCAT(-<t.,STRINGr,CZ))~ 

END 
·E:ND; 

Z=NXT~TT2,<X,~)~ . 
WHILE Pt1] NE UNDEV~ REPEAT ao 

C =CONCA T ( CON CAT ( C, t. , t. ) ~• S l' R l NG F , ( Z ) ) , 
Z==NXTL.'T'T2, <t,P> 

END, 
C;CONCAT(C,i>~)~ 
RETURN(C) 

SRC 1784 
SRC 178~ 
SRC 17~P 
SRC 1787 
SRC 17813 
SRC 17iJ9 
SRC 1790, 
SAC 17 1;i 
SRC 179«:! 
SRG 17i3 
SRC 1794 
SRC 179~ 
SRC 179~ 
SRC 17q7 
SRY 179t3 
SRC 17')9 
SRC 180P 
SRC 18 ·:;1 
SR~ 1802 
SRC 180~ 
SRC 18t;~ 
SRC 180~ 
SRC 180P, 
SRC 18:J,7 
SRC 1801:3 
SRO 1809 
SRC 1810 
SRC 1811 
SRC 1812 
SRC 1813 
SR9 181A 

***** THl~ is A BALM FIX 
MSYMB,=VECTOR(il.ASHX,,DNUM, t1l,DNUM, t1l ,ONUH, t1l,DNIJM, Cil ); 
GENNAMt= PROQ(t, . 

SEPT7163 
SEPT71,6~ 
Sf:PT7;!,6~ 

·eeGJNCI,J)', SEPT716~ 
SEPT 7167 rQR l;(~,2,~1) REPEAT 

lF' (JeCHAR, tMSVMB, [13 J > LT 9 THEN DO 
MSVMB,Cil=DNUM,tJ~23, RETURN IDPRCMS(SPROMV(MSYMB:)) 

SEPT7i6~ 
SEPT716~ 
SEPT7179 

. ENDJ 

END 
EbSE MS¥MB.tIJ=ONUM,t1J 
ENC 

SE~T717;1. 
SEPT71ig 
SEPT7173 

~•••* END OF THE SALM FlX 
•EXTERNAL ~ELT DIFFERENT PROM NELT~ lN THAt fT IS AN ERROR WMEN X tS 

SEPT71i~ 
SEPT71?~ 
SEPT'717~ • At\ ATOM 

NELT= f!RO.CiXh 
. lF SiRQ(X) T~EN SIZECX> 

ENJH 

EL;SEIF SETQQ,00 OR TUPQ,CX) 'THE!\ Xt3J[1l 
EkSEJF BSTRQ,(X) TMEN BLEN(X) . 
EbSEIF X EQ UNDEP. THEN ERRORVA,<i!!NELi X, ~ 
E~SE ERRORTY.(tNELf X~ X NOT A LEGAL TYPE¢\ 

DEij~GGJNG PROCEDURES 

SEPT7177 
SEPT717~ 
SEPT717~ 
SEPT718Q 

IS U~DEr!NEOj)SE~T718~ 
SEPT7182 
sef:'r11er, 
SEPT720§ 
SEPT720~ 
SE~T721J~ * THESE INCbUDE ERROR, SAVESETL AND CRASH 

* ALL OF THERE MUST BE IN BALMSETL EVEN IF 
• REMOVEQ 

tME DEBUGGING PROCEDLIRFS ARESEPT720ij 
SEPT7202 

ATEXlT=PROQ(~?NE,P), 
BE9lNCSPUTlTEM1)1 

lr ~ATEXTRC THEN RETURN NIL, 

SEPT720f;l 
OEC72 •-~ 
SF;PT721P -



· PjJTlH;M,=PUT., . . . , .,. . . , ... 
FRJNT(MINUS,iMtNUS,,MINUS,,=RETURN,=fROM,P,=AT,LlNE) 

END 
ENDJ . 

ATEXITV=RRQC(LJNE,P), 
BE~XN<>, 

IP, ~A1EXTRC THEN RETURN NIL, 
FRINTSMlNUS,,MINUS,,MINUS,~=RETURN', 

=VROM,P,=AT,LINE,:WITH, ,:vA~UE, ATEXVAL> 
ENO 

ENOJ 
ATSETVSNE ~ROCCLlNE,P,NAM,VAL>, 

lF' ATEQTRC THEN 
PRJNT(MlNUS,;MlNUS,,MINUS,~=AT~LINE,=lN/F~NAM,~IS,VAL) 

END; 
ATASSERT! PRQCCA,B,C,P), 

DO PRlNTt-ASSERtlON FAILED¢~, ATSETWSN(A~B~C,D) ENO 
ENO; . . 

ATSN::PROg <·N ,P), 
BEGlNC$PUTlTEM,,L1, 
FUilT~M,=rPUT,, 

,Ln:SiZij ATSNS, 
If AT$NTRC TMEN · , . . . 

PRJNT(MINUS,,MlNUS,,MINUS 1 ~::LINE,N~MiNUS,,~IN,P); 
ATSNPSAT$NP+1, 
A1SNStATSNP~((ATSNP~lt/ L>• ~l~NfP 

ENO ~NCJ 
SAVESETL.;FROCCI, 

BEijlN<fN1SAV), 
SAV!TRAC~, 
FN~0PijNC~TAP~9-,80), REWlND(FN)~ 
TRAgE11, GARBCDLLC), SAV&ALL(fN)~ 
TRACE5SAV, CWOSEC-BLM4SVD-), 
FRlNTt-BALMS~TL,CY:67 SAVED ON TAPE9~)~ 
ATSNSiHAKVECTO(10), ATSN?~0 

ENI) 
ENDJ 

ATSNS=MAKV~CT0&10)J 
ATSNP=0J .. 
ATSNTRC=[Al,,Sf#; 
ATEQTRC:'fRYEI 
ATEXTRC;;'fRUEI 
ATSETV=RAOCCNAM,VALJ, NAM ENDJ 
ATSETL=PRCCCNANLIST, VALLiST), NAHLtST ENDJ 
AiENTRY=PR.QC(P}, 

eeGINC$PUTIT6M,), . 
lf ~t?EXTRC tHEN RETURN NIL, . . . 

·PUTJTijM,=PUT., PRtNTtMiNU$.,MtNUS,~MlNUS,,;ENT&RlNB,f) 
END . . 

ENO; 
ATSETLSN!i! ·PRQCl I.. I NE, P ,NAML I ST, VALLI ST>, 

IP ATEQTRC THEN DO 
·PRlNT(MI~US,.MJNUS,,MINUS1~~AT,L!NE,;IN,P), 
·WHI~E PAIRQ(NAMLIST) R~PSAT DO 
PR1NT1SPCR,,MD NAMLIST~=rs~HD VALLiST)~ 
t-.AMl,,1$T:a:TL NAMLlST, VALLISi';:TL VALLI·, 

ENO f:ND 
ENl.H 

ERROR= PROCCTY), 
DO A'fSNL.IST(), 

-SEPT721i1, 
SEPT7212 
SEPT7213 p ,, 
SE T7214 
SEPT72 5 
SEPT7216 
S~PT72t? 
SEPT72H3 
SEPT72t9 
SE~T722Q 
SEPT722;t. 
SE:PT72)2 
Sl::PT7223 
SEPT72?A 
SE~T722~ 
SEPT72{Q 
SEPT72:?7 
SEPT722S 
SErT72?9 
DEC72 ti 
SEPT723i 
SEPT72~g 
sePr12Ja 
SEPT72~4 
SEPT'72 ~ 
SE~T723~ 
SEPT72,t,z 
SEPTnnt3 
NOV72 i 
NOV72 3 
SEPT724Q 
sePT724;t, 
NOV72 i4 
JA 1>"74 :4 
SEPT7245. 
SEPT724~ 
SEPT7247 
SEPT7246 
SEPT7249 
SEPT72'5D 
sePr12si 
SEPT725, 
SEP'T'72~ij 
SE~T7254 
SEPT725~ 
DEP72 t3 
SEPT7257 
SEPT72 t38 
s1;Pr72:,9 
SEPT726Q 
SEPT726\1. 
SE~'.'T726, 
SEPT726~ 
SEPT7264 
NOV72 !? 
SE~T7266 
SEPT7267 
SEPT726~ 
Sf;PT7269 
SEPT727P 



rr TY EQ 3 THEN DO 
FROCTHACCTL STKTRACECLEVEL.)), EXEcUlE~INPUT,OUTPUT>~ 
S'fOP(I END 
EL.SE ~TOP() 

END. 
ENDI 

LEVEL• ::10 J CQMMENT ¢L~VEL. OF BACK TRACE lN 'CAS~ OF CRASH~ 
CRASH, = PROCS), 

BECHN(~), 
PRtNT&-*** CRASH ***t>~ 
ATSNL1Si(>, 
L~STKtRACE(LEVEL,+2), PROCTRAC(TL tL L>, 
CRSMCNT,;:CRSHCNTf+1, 
1, CR§HCNT, LT CRASHHAX THEN 
EXECU?E(iNPUT,OUTPUT), 
STOP() 

ENP 
ENO; 

ECHO:;TRUEJ 
R~ADIN, = PROD(), 

BE91N(), 
START, ~IN~RD.LINE(FN), 

lf ECNO AND FN EQ 1 THEN 
WR~INECC0NCAT(STRlNG(9LANK,),LI~),outPUTt1J\, 

.LJN;iVWROMS<LIN>, . ._ . ._. 
lP (L~EN=SIZE LIN) GT o AND LlNt1l 8~ STAR, THEN GDTS STftRT, 
NEXT=it 

ENP 
ENlH 

$PCR,i:1Df.RQM~C~ 
PROCTRAC! PROCCL), 

BEQIN(V,N,l,NAM), 
WRLINiC¢ PROCEDURE TRACE·~ IN REVERS~ tALLlNG SEQU!NdE-, 

ENO 
ENOJ 

ou,PUTt1l), . . . . 
WHH,E L ANO(NAM::.F' INDNAM, ( IDFROMccHo ll-'-D l.)) )REPEAT 
CQ 

l:ND 

PR1NT,CNAM), V:TL HD L, N:::SlZE V, 
FOR 1;(1,N) RePEAi 
PRINT,(SPCR,,=ARG,I~=~~VtJl), 
I,.,:: TL. L,. lF NAM EQ ;;MAIN THSN .L~NlL 

OPLIST,;bIST(;10fROMl,41B>;OPLIST,I 
flNDNAM,ePR09(~AM), 

Bf:!HN<l,N>, 
-Jr NAM EO ;CURCOM, TMEN RETURN ;MAiN 
E~se1r EQSTR(SUB(SFROMtDtNAM),1~1)~¢*¢) THEN 

00 N:tFROMIDCNAM)~1~ 
f.OR J=<N,1,•1> REPEAT 
1r VAlUE(IDFROMI(!)~ EQ VALUE NAM THEN RETUIN IDF~OMitI), 
fll:f,URN NlL 
ENO 

Et,_SE RETURN NAM 
ENQ 

ENO; 
OPLIST,:::TL OPLJST,; 
AiSNL,lSTeFROC(J, 

BEGINCX, ,L,$PUT!TEM 1 )~ 

F!,JTJHJM, PUi-, 

SEPT727i 
DE::72 'l 
SEPT7273 
SEPT7274 
SEPT727~ 
SEPT727P. 
DEC72 1P 
SEPT727~ 
SEPT72.7? 
sEr:T72 1iij 
SEPT72ei 
DEC72 1i 
SEPT728ij 
SEPT72B~ 
SEPT72S5 
SEPT728!? 
SEPT7287 
SEPT728f; 
NOV72 ti 
NOV72 7 
NOV72 ~ 
NOV72 9 
NQ\/72 19 
NOV72 1;1. 
NOV72 12 
NOV72 13 
NQ\172 1/4 
NOV72 115 
NOV72 1~ 
NOV72 t? 
NOV72 1§ 
NOV72 19 
NOV72 29 
NQV72 2;!. 
NOV72 2~ 
NOV72 2~ 
NOV72 2~ 
NOV72 '?~ 
NOV72 2~ 
NOV72 27. 
NOV72 2~ 
NOV72 29 
NOV72 3Q 
NOV72 3~ 
NOV72 32 
NOV 72 :~~ 
NQ\/72 3!4 
NOV72 .j, 
NOV72 :H] 
NOV72 37 
NOV72 :58 
NOV72 39 
NOV72 4P 
NOV72 4~ 
NOV72 42 
NOV72 Aij 
NQV72 4fl 
SEPT728Jl 
DEC72·1i 
SEPT7~9~ -



LBL, 

ENO 

FQR re<l~L~STZE ATSNS) REPEAT 
~ IF PAIRQ(ATSNSCIJ> THEN GOTO LBL, 
RETURN NIL, 

PAlNT(t~AST STATEMENTS EXECUTEPt), 
P~lNT(;~INE,=PROC), . 

~QR Ie<ATSNP~l,ATSNP•L) REPEAT . 
1, PAlRQCX~ATSNSfl 9 ((1•1~/ Ll* .Ll)tH~N 

ENC; 
PRINT(HC X,TL X) 

CHGCHARC~/11~11 COMMENT¢ ALLOW// AS AN DPERATOR­
COMMSNT ~ OPERATOR DECLARATIONS¢ 
JNF1X<=E~,710,?10~:ELTF,)J 
INFIX<=~i7i017101=ELTF,>J 
UNARYC=PAlRTVP~20DO,PAtRTUP,)J 
UNARYC:T~PE,i0QO,~TYPE 1 >; 
JNFIXC=•·1,o;,isoo,=PLS,)J 
lNFIXt=~,1,01,&500,=MNS,)J 
INFlX<~•,1601,1600,1T~S 1 )J 
lNFIXl=Dl~SH,1601,1600,=DSLSM,>J 
lNFIX<=lr160i,t600,:5LSH,)J 
lNFlXC=/l,i6U1~16~0,;DSLSH•>J . 
INF!X(:WfTM,75L,7,o,=WITH,)JINFIX~~Lessi751~~~0~FLESS,)J 
UNARY(;HIAC,20DO,;HEAD 1 >i 
UNARY(;TAl~,20001•TAlL,>I. 
lNFlXC~T~I~N,1,0,750,~TAl(N,)J 
UNARYC•ARB,2000,;ARB,>J 
lNFIX<•lNCS,7~1,75ti,jlNOS,)J _ 
INFIXC=EQUAL,1AOO~i400,:EQUALT,); 
JNFIXC;N§QUAb,i40ci,1400i=NEQUAL1,)I 
UNARYC•D~C,2000,~NOMEGAP,>J 
UNARY(;UND,P,2000t;OMEGAP,)J 
UNARYC•ATOM,20ao,,ATOM,>J 
UNARY(;AijS12DOD,;ABS,>I 
UNARY(;N~LT,aooo,~NELT)J 
UNARYc=,i~ooo,eNELT)I 
UNARY(;Dec,2000,;cec,); 
UNARY(;og,,2000,;ocTi)I 
lNFIXC=M~X,.1&5&,1850,~MAX,)J 
INFIXC;MJN1i@5&,1850t~M!N,)J 

·JNFIXl~LijSr,75Qi750i=WESF,)J 
lNFIX(;CQMP,75Q,750~~SELTUPL,)J 
INFIXC;L~S,N,110,750,~LESrN,)J 

COMMENT~ lfl QPERATOR DECLARATIONS FOR ruNbT}bNAL APPL!bATlO~ 

JNFlXC=or,750,75i~=OF,); 
lNFIX(~SQF~7,Q~75i,;SOF,)J 
INFIXC=BPF~7,o,75i,~aor.>, 
JNFlX(tO~Nt7,o,7~1~=0rN,)J 
INFIXC#S9FN,750,751,;SOFN,)J 
JNFlXC=BQFN,75D,751,~90FN,); 

COMMENT·~ ,~1 MACRO OEFINITIONS ,;, -

COMMENT~ .gEWINE OPERATORS USED IN MACROS:~ 

UNARY(:L§T,740,~LET)i 
:INFlXC:Be,~9ij,i90~:9E)J 
UNARYC•FQRA~b,,90~;FORALL>J 
UNARYl~EXl$TS,j9Q~~EXISTS>; 

-SEPT7292 
SEPT729¢ 
SEPT729A 
SEPT720, 
SEPT7296 
SEPT7297 
SE~T7:29~ 
SEPT7299 
DEC72 1a 
DE972 i~ 
DEC72 15 
D~C72 ti 
DE972 1i 
DE972 1S 
OE972 i~ 
OEC72 2P 
DE072 2~ 
DE~?2 22 
DEC72 21 
DEC72 iA 
DEC72 2? 
DEC72 2~ 
OEC72 27 
PE972 2~ 
DE072 29 
D~C72 .~~ 
DE972 31 
DEC72 ~2 
oec,2 ~ij 
DE972 3A 
DEC72 3~ 
DEC72 3~ 
OEC72 37 
DE~72 56 
DE~72 39 
DEC72 4P 
DEC72 41 
DEC72 4: 
DEC72 4~ 
DEC72 4~ 
DEC72 4~ 
PSC72 4~ 
DEC?2 47 
DEP72 4ij 
DEC72 49 
DEC72 50 
OE072 si 
DE972 9Z 
DEC72 ,ij 
DE072 5~ 
DEC72 5~ 
DEC72 ,~ 
DEC72 52 
DEC72 5e 
0~072 5~ 
DE272 6P 
DEC72 6~ 
DEC72 6.2 
oec12 6ij 
DE072 6~ 



INFIX(=SUCHe00,,6D5,=SUCH)J 
lNFIX<=lNrOOQ,600~:?N); 
INFIX<=IS,70D,101~=tS); 
INFIXC=QU-NT,6Q5,605,:GUANT)J 
INFIXC=INR16001600,:INR)I 
INFIX(=FR,500,IDO~=fRO~)J 

COMMENT·~ MAKVbOCAL 1S USED TO ELIMINATE VERY LOCAL VARIABLES FRO~ 
iHE SYSTEM AT T~E USER LEVEL,,.,.~ 

MAKVL.OCA lf\ I l.) J 

COMMENT~ USE TME ,,MEANS,, STATEMENT TO DEtt~E THE MACROS, 
THE VARIABLES MUST BE Xi,X2,X3, EtC1,, ¢ 

f ORAL.L xi :EL. x~ SUCH x~ REPEAT X4 
MEANS 
po 

ENDJ 

Gl;COPYINILVECT,>, 
x;=NEXTikT~<X2,G1), 
WijlLE x, NE UNDEP, REPEAT no 

H' X3 Tl-!EN X4, 
X1iNEXTELT,<X2,G1) 

ENO 

f'ORAL..L. xi ,et.. X2, RE PEA i X4 
MEANS 
DO 

FORAL.l,. 
MEANS 

Gi:COPYCNILVECT,>, 
Xl~NEXTl~T,(X2,G1>, . 
W~l~E Xi N~ UNDEF, .REPEAT DO 

X41 X1=NEXTELT,<X2,G1~ 
ENC 

x~ IN(X~1X3) SUCH X4 REPHAT X5 

F'OR xi==<X~,X3,1) REPEAT ff X4 THEN 

' fORALL. xi IN(X~,X3) REPEAT X4 
MEANS 

F'OR x;;qx2,x3,1> REPEAT X4 
• , 
F'ORAI..L X;J. INR(X2,X3> SWCH X4 REPEAT X5 
MEANS 

FOR x;:qX2,X3,•1> REPEAT IF' 
; 
FORAl..L xi INR(X2,X3) REPEAT X4 
MEANS 

F'OR xi 1=cx2,X3,~1> REPEAT X4 
; 
COMMENT~ ~1 1 ffREDICATES .,. t 
EXlSTS Xie~ X2 SUCH X3 
MEANS 

X4 THl;N 

X5 

X5 

BEGINCMAQVAR 1 )~ . . 
IP Ne~1,cx21 EQ O THEN RETURN(PALSE), 
MACVAA,~C0P¥CN!LVECT,), X1~NEXtELT,CX2~MAC~AR,), 
WH l L.E -X1 NE UN DEF, REPEAT DO 

IF X~ TM&N RETURNCTRUE), X1~NEXTE~T,(X2tMiCVAR,) 
ENO, . 
RETURN(f'AbSE) 

DE072 65 
DEC72 66 
DEC72 67 
DEC72 6~ 
OEC72 69 
DEC72 7p 
DEC72 7;l, 
DE972 72 
DEP72 7~ 
DEC72 74 
DEC72 7!;> 
DEC:72 7b 
OE'.-'.'.72 i? 
DEC72 7f3 
DE972 79 
DEC72 "fJ 
DEC72 -5:1. 
DEC72 S2 
OEC72 (~3 
Df:072 84 
Of:C72 E!~ 
DEC72 8g 
DEC72 e7 
DEC72 88 
nec12 g9 
DEC72 P 
PE972 9;1, 
01:012 ;i 
DE972 93 
DE972 94 
OE072 9~ 
DEC72 9~ 
DEC72 97 
DE072 98 
DE072 t'.Ht 
DEC721CP 
DEC721Cl:L 
DEC72102 
Of:07210~ 
DEC721 ~ 
DEC7210~ 
QEC7210~ 
OEC72107 
DEC7210l3 
DEC7211;1. 
NOV73 t, 
DEC721l,3 
DE(}72114 
OE97211Z 
NOV73 L~ 
OEC72119 
DEC7212Q 
DEC7212:1. 
DE972:1;2g 
DEC721 ~l~ 
DEC72124 
DEY7212~ 
DE07212~ 
OEC72127 
DEC7212~ -



ENDJ 
EXISTS xi 'lN(X2,X3) SUCH X4 
MEANS 
BEGlN(MAy\lAR1)1 

MACVAR,~IF X3 GE X2 THEN 1 ELSE ~1, 
FOR xs=,x~,X3,MACVAR,) REPEAT IF X4 THEN R~TURN(TRUE~, 
RETURN(PA~Sc) . 

ENDJ 
FORALL Xl EL Xi QUANT X3 
MEANS 
8EGINCMAQVAR1>1 

IF NEbTt<X2) EQ 0 THEN RETURN(tRUE>, . . 
MACVARt!COPY<NtLVECT,), X1~NSXTELT,<X2~MACVAR,>, 
WHILE X1 NE UNDEF, REPEAT DO 

IF t\QT(X3) THEN RETURN(PALSE)', X1;;Nf:XTEWT~ (X2,MACVAR',) 
END, 
RETURN(TRUE) 

ENDJ .. 
FORAL~ Xi IN <X2,X3) QUANT X4 
MEANS . 
BEGINCMAQVAR,>1 

MACVAH,~If X3 GE X2 THEN 1 ELSE ~1, 
FOR x,~cx~,X3,MACVAR,) REPEAt fr NOT(X4) TtEN RETURNlFALSE\, 
RETURN(TRVEt 

ENDJ . 

COMMENT~ ''l QTHER MACROS ,,, ~ 
X1 lS X2 MEA~S X2; Xi I 
X 1 F' R X 2 ME A NS X 1::; F' RO M $ e T • ( X 2 :, . I 
COMMENT~ MACRQS FOR SINISTER CAL~S ·~ . 
LET X1 CQMP X2 BE X3 MEANS SETS!N,{X1,X2,X~~J 
LET X1 Of X2 Bi X3 MEANS SETS!N,(X1~X2,X3>; 
LET X1 o~~ xa.iE X3 MEANS s~t~UNN,CX1~x2~XJ); 
LET X1 SQPN X2 BE X3 MSANS STFUNNS,tX~~X2tX3)J 
LET X1 SQF Xi BE X3 MEANS SETrUNS,{X1~X2,X3); 
LET HEAD xi SE x2 MEANS HEADSJN.(X1iX2)J 
LET TAIL. ·x;t, BE X2 Mli£ANS TAILS?N. (X1iX2'>; 
COMMENT~ GENERAL SET,•PORMER ~ . 
UNARY(=SaTQP,590,;SETOF>; 
lNFIXt=W~ERE16tD,6101;WHERElJ 
SETDF X1 WMERE X2 EL X3 
MEANS 
BEG!NCMAOVAR 1 ,MAC.VAR1), 

MACVAR,eCOP¥CNJLVECT,), MACVAR±~bOPY(Nl,), 
X2~NEXTE~T,CX3~MACVAR,>, 
WHILE XZ NE UNDEF, REP~AT DO 

AUGMN?$efMACVAR1,X1>, 
X2;~EXTEbT,(X3,MACVAR,) 

END, 
RETURNCMACVAR1> 

END; 
SETOF X1 WHERE X2 EL X3 SUCH X4 
ME:ANS 
BEGIN(MAQVAR 1 ,MACVAR1>, 

MACVAR,~CQP¥(NILVECT 1 )J MACViRi~bOPY(NL,), 
X2~NEXfELT,CX3,MACVAR,>, 
WHILE xa NE UNOEf, REPEAT DO . 

IF X4 THIN AUGMNTS,CMACVAR1~Xi>, 
X2sl\l:XTEk,T 8 CX3,MACVAR.) 

ENO, . 

-DEC72129 
DEC72130 
DEC721:3;1, 
DEC72132 
OEC72133 
DEC72114 
DE:072135 
DEC72:1.36 
OEC721~S? 
DE97213a 
DEC72139 
DEC.721 '~ 0 
DEC72141 
DEC72142 
DEC7214~ 
OEC7214A 
DEC:7214~ 
DE:C7214~ 
DEC72147 
DE97214f;I 
DEC7214? 
DEC72159 
DEC7235;1. 
DEC72;1.:Ji 
DEC721 ~5\5 
DEC72154 
DEC7215~ 
DEC72136 
DEC72157 
DEC72158 
DEC72159 
DEC721t0 
OEC72161 
DEC7216g 
OEC72163 
DEC72;1.€\4 

(j 6' DE~.721~~ 
OEC721 tip 
01;g12167 
DEC7216f3 
DEC72169 
DEC7217P 
DEC721 n,, 
DEC72172 
DEC7217~ 
DEC72174 
DEi:07217!? 
DEC7211e. 
DEC72177 
DEC7217f3 
Df::C72l79 
DJ;C7218P 
DEC721f3l 
oec121.Ji 
OEC721?~ 
DEC7218A 
DEC7218~ 
OEC:72187 
DE0721~H3 
DEC72189 



Rl:i'URNCMACVAR1) 
ENDI 
SETOF X1 ~HERE X2 tN(X3,X4) 
MEANS 
BEGlN(MACVAR 1 ,MACVAR1>, . . . . . . 

MACVARt~If X4 GE X3 THEN 1 E~SE ~1, MACVARl~tOPY{NL,}, 
PQR Xi~CX~,14,MACVAR,) REPEAT AUGMNTS.(HiC AR1~X1), 
REi'URN(MACVAR1) 

ENOJ . 
SETOF X1 WHERE X2 IN(X3,X4) SUCH X5 
MEANS . 
6SGJN(MAQVAR,,MACVAR1), 

MACVAR,~r, 14 GE X3 THEN 1 Else ~1~ MACViRl;bOPY(NL,), 
FOR xa~cx3,X4,MACVAR,) REPEAt IP x, THEN AWGMNTS,(HAtVjRi,X1), 
R ET URN (. MAG VAR 1 ) 

ENDJ 

COMM~NT ~~AK& ~ROPERTY•LISTS OUT or. OPERAtoR LISTS FOR EFFlCJENC~ ¢ 
MAKPROPSt;INFIX,;JNPlXLl,>J 
MAKPROPSt;MAciRO,=MACROLI,>J 
MAKPRDPSt~UNAR¥,;UNARYLI~)J 
DUP,(;8LA~KZZ1~~SETZZ,,=TUPLZZ,~~iNtzz,,~susRZZ.,1LABZZ:,;s,RZZ., 

=BlTSZia)J 
DUP,(~IDijNTQ,,!APPEND,,=PRT,,~UNDEP,,;:NULLSET1~ ~NULC, 
:;NULB,t;NJ~vec,,,=TUPQ,,=SETQQ,~=BLANKQ,,;esTRQ.,=DMEGAP,,~NOMEGAF,, 
~srz,,=AYGME~T~t;pIMF,,=UNJON,,;SYMOlP,,:NEWAI.~ 
!GENSET,,~GENTUP,,:POW,,=NPOW,,~GeTWD,,~SKi~wo.~:rfRSTWD,,:NEXTE~t,. 
·;DUP,,~ouF~.,=,ROHSET,,~MACVAR.~; 

PUP,(.::OIMFN,,=RANOOM,>; . 
DIMINISH i DlMJNJS,J. tNTERSCT: lNtRSCT,I 
TAJLSPEC9TAt~s•c., STRlNGOP: STRINGF,J 
NULL TUPL.•:;: NUL~l'UP, J 
CHGCHARCi111i); 
00 SAVES~T~C), 
ECHO==NlL, . 
PRINTC~OATE SAVEO JANUARY 1974¢) 
f;NDJ 

DE072190 
DEG7219i 
DE972192 
DEC72193 
DEC72194 
DE:C72195 
DE:C7219~ 
DE072197 
DE:C721<;8 
DEC72199 
DEG722'0 
DE97220;t. 
Dl:972202 
DE0722U3 
DEC722 i4 
DEC722iJ~ 
DEC72206 
DEC722D7 
DEC722Dt1 
DEC72209 
DEG7221Q 
DEC7221l 
SRC 20$9 
SRY 204Q 
SRC 204:1, 
SRC 204i 
SRC 2043. 
SRC 20 ,1A 
SRC 204~ 
SR~ 20 ·ib 
SRC 201.l! 
SEPT73 1J 0 
SRC 204~ 
SRC 2030 
SRC 2051 
NOV72 te; 
NOV72 4~ 
JA '"74 ~ 
N0:172 <1{3 


