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1. INTRODUCTION 

THE SETL RUN TIME LIBRARY IS A COLL~CTION OF SUBkOUTINES 
AND MACROS, WRITTEN IN THE LITTLE LANGUAGE, THAT ARE CAPABLE 
OF EVALUATING S~TL EXPRESSIONS. SUBROUTlNlS ARE PROVlO[D TO 
BUILD SETS, TEST SETL OBJECTS FOR EQUALITY, CONCATENATE 
STRINGS, ETC. THE LIBRARY INCLUDES A STORAGE ALLOCATION 
MECHANISM THAT JS BASED ON A COMPACllNG GARBAGE COLLECTOR. 

ALTHOUGH THE SETL RUN TIME LIBRARY IS DESIGNED PURtLY 
FLR THE SETL IMPLEMENTAT!Ck, IT ~AY ALSO SE OF ViLUE lN 
WPITING LITTLE PROGRAMS THAT HAVE NCTYING TO DO WITH SETL. 
[T IS TOWARD THIS END THAT THIS MANUAL IS DIRECTED. HOWEVER, 
THE MATERIAL IS ALSO A USEFUL lNTROCUCTION FOR THOSE INVOL~ED 
IN MODIFYING Ok AODJNG TO THE RU~ TIME LIBRARY. 

THERE i~t THREE LEVEL~ if wHlCH THE SETL KUN TIME 
LIBRARY MIG~T BE uSEO: 

1. THE MACRO LEVEL. 
2. THE STOkAGt MANAGEMENT LEVEL. 
3. THl SUB~OUTlhf LEVEL. 

A HIGHE~ LEVEL INTRGDUC~S MO~E REST~ICTIONS ON THE DATA 
STRUCTURES PEkMlTTEO, BUT PRGVIDES A MORE SIGNIFICANT 
PROGRAMMING AID. 
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2. USE OF SkTL GlNERAL PGRPOSE MACROS 

THERE ARE A FEW ~ACROS IN THE SETL AU~ TIME LlbRARY THAT 
ARE OF GENERAL INTEREST. THESE MAY BE UStD WITHOUT lMPuSlNG 
ANY RESTRICTIONS ON DATA STRUCTURES. 

THERE IS A GROUP OF MACkOS RtLATfO TO THE COMPUTER,~ 
WCRO SIZE THAT ARE FREQUENTLY NE~OED WHEN CODING IN llTTL~. 
THESE ARE LISTED BELOW. 

MISCELLANEOUS MtCROS RELATING TO ~ORD SIZE 

+*WS = 60** I* WORD S!Zf IN BITS. *I 
+*WSPl = 61** I* WS + 1. •I 
+*WSMl = 59** I* wS - 1. •I 
+*WSD2 = 30*• I* wS/2. •I 
+*WS02Pl = 31** I* WS/2 + 1. *I 
+•PTS = 17** I* POINTER SIZE lN BJTS. *I 
+*PTSMl = 16** I* PTS - 1. *I 
+*PTSPl = 18** I* PTS + 1. •I 
+*CS= 6** I* CHARACTER SIZE IN BITS. *I 
+*CSPl = 1** I* CS+ 1. *I 
+*CPW = 10** I* CHARACTE~S PER ~ □ RD. •I 
+*WSMCS ~ 54** I* wORD SIZE - CHARACTER S1ZE. *I 
+*WSMCSPl = 55** I* wSMCS + 1. *I 
+*CPWMl = 9** I* CPW - 1. *I 
+*REMWS<X> = (X) - ((X)/wS)*~S** / ♦ ~EMAI~DER. *I 
+*OREM~S<X,Q,R) = Q ~ (X)/~SJ R = (X) - O*WS** 

I* COMPUTES QUillllNT AND R~1AINDER MOD wS. *I 
+*REMCPW(X) = (X) - ((X)/CP~>•CP~4• I* R~MAlNDEP. *I 
+*CREMCPW(X,Q,R) = Q = (X)/CPw; R = (X) - o•CPW*• 

I* COMPuTtS QUUTltNT AND ~EMA!NDER MOD CP~e*/ 

SOME MACROS TrlAT ARE Nf.tuED wHEN CODING NESTED MACRO 
DEFINITIONS ARE: 

+tQ3(A,B,C) = A 8 C** 
+*MACOEF(TEXT> • ,3<+,*TEXT*,*>** 
+*MACOkOP(MNAME) = MACOfF(MNAMt=>** 

FOR AN EXAMPLt OF T~E USE OF THESE ~ACROS, SEE THE THE~ ANC 
ELSE MACROS BtLCw. 

LITTLE DOES NOT PROVluE A FACILITY FOR PRESETTING VARIOUS 
FIELDS OF A ~ORD ~ITrl A DATA STATcME~T. TO MORE-OR-LtSS 
SIMULATE THIS CAPAdILITY, THE #SElWORO- FAMILY OF MACROS 
IS PROVIDED. THE FIRST T~O iRE: 
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MACROS fOK PRESETTING WORDS WllH FIELDS 

+*SETwOROl(WORO,FlELD,VALUl) = SIZE wORO(WS); DATA WORO=O;, 
FIELD wORD = VALUE** 

+*SETwOR02(wORD,Fl,Vl,F2,V2) = SIZE wORD(wS); DATA w □ RD=O; 

Fl wORD = Vl; F2 WURO = V2** 

THERE ARE PRESENTLY TH~EE SUCH MACkJS. NOTE THAT THEY 
EXPAND INTO tXECUTABLE CuDE, ANO HENCE THEIR CALLS MUST BE 
PLACED IN THE INSTRUCTION STREAM. lH~ CALL M0ST eE FOLLOWtD 
BY THE STATE~ENT TERMl~ATUR, E.G. 

SETwOR02(MASK, FIELD!, 15, FltLD2, lj); 

HERE IT IS ASSUM~D THAT FlELDl AND FIELDZ ARE MACROS, E.G. 
+*FIELDl = .F.57,4,•*• THE SETWORD Mll~OS ARE AWKWA~O TO USE 
WITH ~ABSOLUTE~ FIELD DESCRIPTORS: 

SElWOROl(MASK, .F.57 CJMMA 4 COM~A, 15); 

WHERE +*COMMA= 1**• HOWlVER, ABSJLUTE FIELD DESCRIPTORS ARE 
SELDOM USF.O. 

THE MOST SIGNIFICANT MACROS OF GENERAL INTEREST 
IN SRTL ARt TrlE FLUW CONTROL MACROS. THESE IN EFFECT £XPANC 
LITTL~ SO THAT IT INCLUDES THREc TYPES OF FLGW OF CONTROL I~ 
ADDITION TO lHE GO TO, GOBY, AND IF(C) GO TO TrlAT ARE 
BUILT INTO THE LANGUAGE. THESE ARE THE 

DO ITERATION, 
WHILE ITERATION, A~D 
lF-THE~-tLSt. 

SOME EXAMPLES OF THE USE QF THtSE: 

DOM(l, 1, MAX); 
ARRAY(!) = O; 
tD □ M; 

P = LlSTHcAD; 

I• CLEA~ ARRAY. •t 

~rlllE <P .NE. O); I• SfA~CH LIST. •t 
IF (C(P)) THEN CUITWrllLE(P); ENDIF; 
P = NfXT(P); 
ENDwHILt(P .Nf. O); 
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MORf GtNERALLY: 

OOM<l, LOw, HIGH>; 

• 
• 

CONTDO; 

• 

~UITOU; 

• 
• 

6-

I I~ lHt ITERATION INDEX, 
wHICrl RANGES FROM LOW 
TO HIGH, lNCLUSlVELY. Trlt 
lNCRt~ENT IS FIXED AT l • 

THIS CAUSES INCREMENTATION OF 
I AND ~EPETlTION OF THE 
ITERATION IF THE NEw VALUE 
OF I ~ rllGH • 

THIS CAUSES A BkANCH 10 
THE STATEMENT FOLLOwl~G THE ECOM 
BtLOW. I IS NOT ALTERED • 

TrltS SlGNIFlES THl END OF THE 
S~JPE JF THt DO iTERATIO~. 

THE ITERATIOh VARIABLE I MAY BE AhY -VALUE RECEIVING~ 
EXPRESSION, E.G •• F.1,8,A(K). LOW ANO HIGH MAY Bt 
EXPRESSIONS. HIGH IS EVALUATED iACH TIME THROUGH THE LOOP, 
AhO HENCE FO~ EFFlC!EhCY REASONS lT WOULD USUALLY BE SIMPLY A 
VARIABLE NAME. 

IF HIGH< LOW, THE LOOP IS NOT EXECUTED, BUT I 15 SfT TO 
LGW. ON NORMAL FALL-THROUGH, I IS SET TO HIGH+ 1. JN EXIT 
VIA QUITOO, I IS StT 10 THL LAST USED VALuf. FOR OTHf~ 
DETAILS SUCH AS THE E~FECT OF CHAhGING I, LOW, AND HlGH l~ 
THE LOOP, REFE~ TO THt MACRO OEFihITIO~S GIVEN BELOW. 

+*DOM<J,LOW,Hl)=J=LOW;MACDfF(DOITERVA~=~> 
MACOEF(DLDOPLABEL = ZZZA) MACCEF(OLODPLABEL = ZZZB) 
MICDEF(CLGDPL~8El = 2ZZC> 
/DLOOPLiBEL/ If(J .GT. Hll GL 10 ULOOPLABEL** 

++CONTD □ = Gt TO CLuOPLABfl** 
+*QUITOO = GG TO CLOOPLA8El** 
+*EDOM = ; /CLOOPLA9EL/ DOITERVAR = OQITER~AR + l; 

GU 10 CLOJPL~BiL; /OLUOPLiBtL/ 
MACOPOPCOOITERVAk) ~ACORDP<DLGOPLA8El) 
MACOROP<OLGDPLABEL) MACDROP(CLOOPLABEL>** 
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THE WHILE ITERATION IS SIMILAR 10 TH~ DO: 

WHILE ( C) ; 

• 
• 
• 

CONTWHILE<TEXT); 
• 
• 
• 
• 
• 
• 
• 

OUlTwHIU:(TEXT); 
• 

• 
E.NDWHlLE(lEXT); 

C I S A NY C ON D I T ID NA L £ X P R E 5 5 I.D N 
(ANYTHING VALID IN AN IF) • 

CAUSES A BRANCH BACK TO THE 
TEST OF CONDITION C. TEXT IS 
ANYlHlNS NOT CONTAINING AN 
~XPOSED COMMA. IT 1S NOT 
MATLrlEO WITH C OR USED IN ANY 
WAY, BUT SOMETHING MUST BE 
PRE)E!\l • 

CAJ~ES A BRANCH TO TH£ 
STATEMfNT FOLLOWING ENOWHll~ 
BELOw • 

SlGNlfIES THE END OF THt SCUPt 
OF THE ~HILE llERATION (THIS IS 
SIMPLY A BRANCH BACK TO THE 
WrllLt, 4ND SOME MAC~O DROPS). 

00 lTERAll □NS MAY BE NESTED TO A DEPTH OF T~O, AND wHILE 
ITERATIONS MAY BE NESTED TU A DEPTH OF FOUR. THE INNER WHILE 
ITERATIONS MUST EMPLOY THE ~O~DS ~rlllEl, CONTwHILEl, 
QUITWHILEl, tNDWHlLtl, wHiLE2, tTC. FOR tXAMPLE: 

WrlILE (X .GT. O); 
r.:HILEl (Y .LT. ;o; 

• • • 
CO~T~rllLEl<Y>; I• CONTINU~ INNEk lliRATlON. •t 
• • • 
QUITWHIU:(X); I* EXIT FROM OUTER ITtRATI □N• *I 

••• 
ENDwHILElC Y); 

ENOWHllt(X .GT. C>; 

THERE IS UNFCRTUNATELY NO tOING CLAUSE FOR A WHllt 
ITERATION. lHIS LIMITS THt UTILITY OF THE CONTWHIL~, AS THE 
ITERATION STEPS MUST bE WPllTtN REPEATEDLY. 
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THE IF-THEN-fLSE IS WRITTEN AS FULLO~S. 

IF < C > 
• 

THEN C IS ANY CONDITIONAL 
i:XPfd:SSl □ N • 

• 
• 

ELSE: 
• 
• 
• 

tNDIF; 

THE ELSE CLAUSE IS 
OPTIONAL • 

SIGNIFIES END OF If GROUP. 

THE THEN AND ELSE CLAUStS CONTAIN A )tOUENCE 
OF EXECUTABLE STATEMENTS SEPARATED BY lHt NORMAL STATEMtNT 
TlRMlNATOR. lHE THfN CLAUSl MUST BE PkESENT, BUT IT MAY BE A 
NULL STATEME~T. THE ELSE CLAUSE, INCLUDING THE WORD ELSE, 
MiY BE O~ITTED. THE E~DIF IS REQUIRED. 

THE THE~ CLAUSE IS EXECUTED ~NDtR THE SAME CONDITIONS AS 
THE GO TO I~ THE NORMAL LITTLl IF CC) GO TO STATEMENT, 
1.E., IF C EVALUATES TO i NONZERO BIT STRING. THE ELSE 
CLAUSE IS EXECUTED IF C EVALUATES TO ALL ZERO~. 

UP TO FIVE LEVtLS Of NESTING OF THE IF MAY BE ACHIEV~C 
BY USING THE WORDS THENl, ELScl, tNDIFl, ••• , ENOIF5. THE 
WORD IF NEVER HAS A DIGIT APPiNDED. FOR tXAMPLE: 

IF (Cl) THEN 
lF (C2) THENl Sl; ELSEl S2; ENDlfl; 

E:L5£ 
lF (C3) THtNl S3; eLSEl S4; lNDIFl; 
El'-iDIF; 

THE THE~, ELSE, AND ~NDlF MAC~O D~flNlTlONS FOLL □~• 

+•THEN= MACDtFCTHENLA9EL=ZZZA) r.ACOEF(ELSELABEL=ZZZci) 
MACOEF(END!FLABEL=ZZZC) GG TO THENLABEL; 
GO TO ELSELABEL; /THfNLABLLI;•• 

+*ELSE = GO lu cNOIFLA8EL; /tLSELABEL/; 
MACDRGP(ELSELABEL) MACDEF(ELSELABtL = ZZZD>•• 

+*ENDIF • /ELSELAbEL/; /ENDIFLAdEL/ MACOROP(THENLABcl) 
MACOROP<ELSELABtl) MACOROP(tNOIFLABEL>** 

THE DO, ~HILE, AND IF-THEN-ELSE CONTkUCTIONS MAY BE 
NESTED IN ONt ANOTHER, GIVING A MAXIMUM DtPTH OF THIRTEEN 
(3 + 5 + 6 - u. 
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3. USE OF SMTL STOKAGE MtNAGEMENT 

THE NEXT LEVEL Of USAGE OF THE SETL kUN TIME LIBRARY 
IS THE USE OF ITS STORAGE ALLOCATION ROUTINES AND ITS GARBAGE 
COLLECTOR. THE USE OF THESE FACILITIES IMPOSES A NUMBtR OF 
RESTRICTIONS ON THE PERMISSIBLE DATA STRUCTURES. 

3.1 THE STORAGE A~RAY 

TL USE lrlE OYNAMlC STORAGE FAClLITliS, A LAFGE LlNEAk 
ARRAY CALLEO tSTOPAG~~ MuST Bt PROVIDED. ONE cND OF THt AkRAY 
IS USED FOR THE R~N Tl~E STACK (WHICH MUST BE USED TO uSt THE 
GARBAGE COLltCTDR>, AND THE OTHER ENO IS USED FOP THE Gt~tRAL 
STORAGE POOL OR iHEAPt. ~HEN ONE OF THESi PARTITIO~S OVERLAPS 
THE OTHER, THE GA~BAGE COLLECTOR IS INVOKED TO COMPACT 1HE 
HEAP. 

THE TWO PARTITIONS OF THE STOR~GE ARkAY ARE kEFERRfD 10 
BY THE VARIABLES STACK AND HEAP. THIS IS PARTLY FJR MNEMONIC 
VALUE AND PARTLY TO FACILITATc A CHANGt IN DESIGN lN NHlCH THf 
STORAGE AREA IS PARTITIONED INTO TWC DISTINCT AREAS EACrl Of 
FIXED SIZE (THIS CHAN6E IS hUT CONTEMPLATtD Ar THIS TlME, 
HOWEVER). 

THE SETL RUN TIMl L1BRARY INCLUDES THE FOLLOWING 
DEFINITIONS PERTI~ENT TO THE STORAGE ARRAY: 

+*HEAP= SlO~AG~•• I* LlCATED lN LJ~ INOEX ENO <FOR iA5E 
u~ COMPACTION>. •1 

+•STACK= STCRAGE** I* LOCATE0 IN HIGH INDEX ENO. •I 
+*STORAGESZ = 100~** I* FAIRLY SMALL FOR DEBUGGING. *I 

I* NOTE: WHEN CHANGl~G STORAGESZ, ALSO 
CHANGE MACRO USEOwOROSZ BELOW (lN TH~ 
~MACROS RELATED TU THE GARBAGc CJLLtClOR~ 
SECTJON). WHE~ LITTLE ALLOWS EX?~E5SlONS 
INVOLVING ONLY CONSlA~TS IN A DIMS STATE­
MENT, USEDWORDSZ SHOULD BE CHA~G~D TU 
MAKt ITS ScTTING BtCJME AUTOMAllC. *I 

SIZE STORAGE(wS>; DIMS STOKAGE(STORAGtSZ); 

rlERE WS IS THE wORD SIZE MACRO MENTIONED IN SECTION 2. 
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3.2 DATA STRUCTURES FOR THE GARPAGE COLLECTOR 

THE GARBAGE COLLECTJR IS NOT DEPENDENT UPON lHE DATA 
TYPES USED IN THE SETL IMPLEMENTATION. IT DOES, HOWEVER, 
RELY ON CERTAIN ~OkD FORMATS IN THE STtCK AND HEAP, AS 
FLLL □ ws. 

A WORD IN THE STACK M~Sf BE lN THE FOLL □ ~ING FORM~T. 

LEFTMOST TWO HITS= ANYTHING. 
N[XT TWO BlTS = hUMBEP UF POlNTEQS JN THE WORD, f~OM 0 

TO 3. 
81TS 1 TO PTS (RIGHTMOST, PTS = POINTER SIZE FOR lHE 

MJCHlNE) : FIRST POINTER <IF ANY). 
BITS l+PTS TO l*PTS = SECOND PGINTER <IF IT EXISTSJ. 
BITS 2•PTS+l TO 3*PTS = THI~D POINTE~ (lF IT EXISTS). 

BITS BET~EEN THE FIRST FOUR POSITlONS AND THE POlNTEk 
FIELDS MAt BE ANYTHING. ANY POINTER FltLD MAY BE ZERO, SIG­
NIFYING THAT IT OGESNtT P~ESENTLY PGiiT TO ANYTHING (TH£ NULL 
POINTER). 

A WORD ~ITH THE RIGHTMOST POINTER FlcLO ALL ONES HAS 
SPECIAL SIGNIFICANCE TO THE GARBAGE COLLECTOR. lT IS TrlE 
-GARBAGE COLLECTOR SKIP WORD_, AND IT CAUSES THE GARBA~E 
COLLECTOR TO SKIP OVER, WITHOUT SCANNING, THE CURRENT ~ORD JNO 
THE NEXT N ~OROS, WHERE N lS THE VALUE IN THE SECOND 
POINTER FIELD OF lrlE ~ □ RD <IT 1S USED 1~ THE SETL IMPLEMEh­
TATIDN TO SKIP OVER THE LOCAL VARIABLES OF AN INACTIVE 
P~OCEDURE). 

THEKE APE THREE TYPES Of BLJCKS IN THE HEAP, AS lO~NT­
IFIEO BY THE FIRST TWO BITS [F THE BLOCK <FIRST ~O~D, LEFT­
MOST TWO BITS). 

0 = STA~DARD BLOCK, 
1 • ONE-WORD dLOCK, 
2 = T~o-w □ RD bL~CK, INU 
3 IS UNUSED. 

THE ON[- ANO TwO-wOkO aLOCKS MAY CONTAIN ONLY ~OKDS ThAT 
FOLLOW T~E FOkMAT OF A STACK w □ RD. 

THE STANDARD BLOCK CONTAINS Fl~E flELCS IN ITS FlkST 
WORD, AS FOLLOWS <THE NAMES Of THE FIELD EXTRACTOR MACROS 
ARE USED). 
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EBLOCKTYPE = o. 
ENREF = REFERENCE COUNT. 
EBLKSIZE = BLOCK SIZE, INCLUDING FiRST WORD. 
EHDRSIZE = SIZE OF #HEADER, PORTION OF THE BLOCK, EXCLU­

SIVE OF THE FIRST WORD. 
EPTRSIZt = SlZt OF ~POINTER, PCRTlON OF THE BLOCK. 

ALL POINlERS THAT MAY BE CONTAINED IN THE ~LOCK MUST bE 
IN THE POl~TER A~EA, AND 1HfSE wUkD5 MUST FOLLOw Trlc FORMAT 
Of A STACK WORD. THE HEADER AREA A~O THE kEMAlNDER OF THE 
BLOCK ARE NOT EXAMINED BY THE GARBA&t COLLECTOR. THESf AREAS 
MAY CONTAIN FLDAllNG POINT NUMBERS, CHARACTER STRINGS, tTC. 

THE GA~btGE COLLtCTOR MUST BE ABLE TO LOCATE ALL POINTERS 
TG THE HfAP, IN ORDcR TO ADJuST THE~. POINTERS MAY ONLY EXIST 
IN THESE PLACES: 

THE RUN TIME STACK, 
THE HEAP, AND 
ARRAY -HEAPPTRS#. 

VARIABLES MAY BE ASSIGNED TO THE BASE OF T~E RUN TIME STACK 
BY USE OF THE ,TACK- MACRC. wRlTlNG THE J~CLARATORY MACRO 
CALL tTACK(N~ME)1 GENERATES THE MAC~O #+•NAME= STACK 
(STORAGESZ-N+l>••-, wHERE N IS A CO~STANT GENEKATED BY COUNTER 
ZZYZ (THIS CCUNTE~ lS RES~R~~O FOR THIS PuRPOSE). HENCE THE 
EFFECT IS TO EQUI~ALENCE THE VARIABLE 1NAMEt TO A PART1CULi~ 
STACK LOCATIGN. SIMILARLY, THE MACRO CALL #PTR(NAME)# 
ECUIVALENCES -NAME- TD A PARTICULAR LOCATION IN tHEAPPTRS~. 
CCUNTER ZZYY IS RESERVED FOR THIS PLRPOSE. THE GARBAGE 
COLLECTOR USfS THE STACK AS A STARTING POINT TO TRACE 
THROUGH STRUCTURES lN THE HEAP, A~D IT ADJUSTS ALL POlNTE~S 
IN THE STACK AND HEAP. ll ALSO ADJLSTS POINTERS IN AKRAY 
~HEAPPTRS~, BUT 11 DOES ~OT USE THEM AS A STARTING PGihT TL 
LOCATE THE ACTIVE BLOCKS IN THE HtAP. 

ARRAY HEAPPT~5 IS USED TO HOLD PGlNT~~S THAT ARE USLC TO 
SCAN A 6LGCK IN THE HEAP, WHEN THERE 1S A POSSIBILIT~ lHAl 
THE GARBAGE COLLECTOR MIGHT BE INVQK~O OURING THE SCA~, ANC 
WHEN IT IS DESIREC FO~ EfFICIENCY REAS~NS 10 SCAN USING A 
#POINTER VARIABLE~ (INDEX INTL THE STORAGE ARRAY) RATM~~ 
THAN AN OFFSET. IF P IS SUCH A PLl~TE~ VARIABLE, IT SHOUL( 
3t DECLARED ~PTR(P)t. P ~AY THEN PCI~T TO FLOATING POl~T 
NUMBERS, CHARACTER ST~INGS, ETC. 

THE S!Zc Of ARRAY HEAPPlRS IS ScT BY THE MACRO 
tHEAPPTRSsz,. 
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THE FORMATS OF TrlE STALK WORD AND THE STANDARD BLOCK ARE 
SHOWN BELOW. 

STACK wo~o: 

········••******•**•*•******•******************************** 
* * * * POINTER 3 * POINTER 2 • POlNTfR l + 

············~················································ t 1' t 
t t t--ANYTHING. 
t t--NUMRER uF POINTERS IN WORD (0 TO 3). 
t--ANYTHII\G. 

STANDARD BLOCK: 

*•************••·••*•·············•~******••················· 
•oo• NREf * BLOCK SIZE * HEADER SIZE * POINTER SIZE • 
••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
* * 
* • 
* 
* 

HEADER AREA 
• 
* 
* 
* 

········••******************•*******•*********••········••t•• 
* * 
* POINTER AREA * 
* DATA IN THIS ARlA MU~T f □ LLO~ TH~ FORMAT * 
* OF A STAC~ ~ORD. * 
* 
***********************************••························ 
* • 
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3.3 REQUESTING STACK AND hEAP SPACE 

SlORAGE MANAGEME~T IS OUITE DIFFERENT FOk THE STACK A~D 
THE HEAP. SPACE T~AT HAS BEEN ALLOCATED ON THE STACK MUST BE 
EXPLICITLY FREED, AND THE REQUESTING AND FREEING MUST BE DONE 
IN A STACK-LIKE QRDER. A SINGLE FREEING OPERATION MAY ~tLtASt 
A PORTIO~ OF WHAT WAS LAST REQUESTED, OR THE TOTAL SPACE ~CR 
THE MOST RECENT R~QUESTS. TO MiNIMlZE THE OVERHEAD OF 
CHECKING TO SEE IF A GA~BAGE COLLECTION IS NECESSARY, A 
RESERVE OPERATION IS PROVIOfU FOR THE STACK. THIS MAKtS 
ALLOCATION AND FREEING SO SIMPLl THAT THl STEPS AR~ PLA~fD IN 
LINE BY THE MACRO~ (SEE BELOW). 

SPACE THAT HA~ BEiN ALLOCATED FRJM THE HEAP IS NEVER 
EXPLICITLY FREED; FREEING IS DONE BY THE GARBAGE COLLECTOR. 
BLOCKS MAY BE REQ~ESTED AND FREED I~ ANY ORDER. A PORTIO~ OF 
A BLOCK MAY IN EFFECT ~E fRflD BY REDUCING THE SIZE FIELDS 
IN THE BLOCK HEADER. IF THIS 1S DONE, THE PORTION FREED MLST 
BE GIVEN A LlGITIMATE BLOC~ HEADER kO~D; NORMALLY ONE WITH THE 
CORRECT BLOCK SIZE AND ZE~O HEADER ANO POINTER SIZES <SL lHAT 
Il LOOKS TO THE GARBAGE COLLECTOR LIKE ALL TRAIL~R AREA>. 

THE~E IS NO WAY TO EXPAND T~i SIZE OF A BLOCK; IT CAN 
ONLY BE REALLOCATED CAND MOVED>. FOk THE HEAP, THERE 1~ 
NOTHING ANALOGOU~ TO THE RESERVE OPERATION. THE STcPS 
REQUIRED FOR ALLOCATING FROM THE HEJP ARE CUT OF LINE 
(SUBRO~TINE CALL>, ALTHOUGH lHEY ARE SIMPLE ENOUGH SO THAT 
THEY COULD CONCtlvABLY B~ PLACED IN LINt. 

THE STACK IS USEO BY MEANS Q~ THE RcSERVE MACRO, AND 
THE PUSH ANO POP FAMILY OF MACRus. FOR EXAMPLE, TO STACK 
THREE lTEMS AND lHEN UNSTiCK TWO OF THEM, ONE wOULD CuDtl 

REStRVE(3); 
PUSH3(A, B, C>; 
POPZ(X, Y); 

THE RESEKVE STATtMf.NT REStRVES THREt WORDS ON THE SlACK. 
THE PUSH3(J,e,C) lS EQUlV~LENT TO PLSHl(A); PUSH1(8); 
PUSHl(C). PCP2<X,Y) IS £QuIVALENT 10 PuP1(Y); PLPl(X) (NOTE 
THE REVERSAL). HcNCE AFTER THE ABOVE ScOUENCE y. C AND 
X • B. AFTEF PUSH3(A,B,C>, •••, POP3CA,B,C>, A, B, AND C 
ARE RESTORED. MACROS AR~ PROVIDED FOR STACKING ANO UN~IACKlNG 
UP TO tlGHT lTEMS AT A TIME. THERE IS NO SIGNlFICANT LIMlT TO 
THE VALUE OF THt RESERVt PARAMiTER. 
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IN MANY CASES THE RESER~E STATEM~NT CAN BE FACTORED O~T 
OF A PROGRAM LOOP, WITH A RESULTING SAVING OF EXECUTION TlME. 
PUSH ANO POP ARE FAST OPE~ATIONS. 

ITEMS IN THE STACK MAY Be DIRECTLY REFtRtNCED BY U~ING 
THE GLOBAL VARIABLE T, wHICH ALwAYS POINTS TO THE TOP OF THE 
STACK - 1. HENCE THE TOP QF THE STACK IS STACK(T+l>, THE NEXT 
lS STACK(T+Z), ETC. <THE STACK IS IN wHAT ~OULD PROBABLY Bt 
REGAROcO AS kEVERS~ ORDER). 

BFLOW IS SOMt SRTL COCt RELATING 1G THE STACK. 

+•RESERVE<NWDS) = CALL RSvSTK(NWDS>~• 
+•PUSHl(A) = STAC~(T) = A; T = T - l** 
+*PUSH2<A,B) = STACK<T> = A; STACK(T-1> = B; T = T - l** 
+*POPl(A) = T = T + 1; A= STACK(T>•• 
+*POP2CA,B) = T = T + 2; B = STACKCT-1); A= STACK<T>** 
SIZE T(PTS); I* TOP OF STACK - 1. •I 
SIZE TRESCPTS>; I* TOP OF RESERVED PORTION - 1. *I 

TO RfOUEST A BLOCK FROM THE HEAP, ONE CODESz 

GET(N, P>; 

HERE N IS AN EXPRfSSlON GIVING THE TOTAL NUMBER OF ~O~DS 
REQUESTED, INCLUDING THE blOCK HtADER wORO {IF THERE IS TO BE 
ONE). P IS A VALUt-RECEIVING EXPRESSlO~ lNTG WHlCH A 
POINTER, OR INDEX, WILL BE STORED. THE POI~TEK INOEXiS 1Ht 
FIRST OF THE~ WORDS. N A~D P SHOJLD B~ SIZED WS <wORD 
SIZE FOR THE MACHINE). THE FIRST we~ □ OF THt BLOCK RETURNlD 
WILL BE SET WITH lrlE APPROP~IATE BLOCK SIZE FIELD AND QTHf~ 
FIELUS CLEAR~O. THE CALLER 15 RESPCNS!BLE FLR COMPLETI~G THE 
FORMATTING Of THE BLOCK Bf.FORE THc GA~BAGc COLLECTOR GtTS 
CALLEO. 

TC PEOUEST A SINGLE wu~o FROM TH~ HtAP, ONE MAY CODl 

GETlCF); 

FuR A SLlGHT lNCRtASE IN f.FFlClENCY OvE~ GET(l, P). 
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C~UTlON: WllH THE PRESENT LITlLE COMPILER, PARAMETER P 
MAY NOT BE DECLARED PTR(P). THLS IS 8ECAUSE THIS CAUSES PTO 
BE REPLACED BY AN EXPRESSION OF THE FJRM A(!), AND FOR SUCH AN 
EXPRESSION THE PARAMETER IS MOVtD TG A COMPILER TEMPORARY, ANO 
THE VALUE ASSIGNED TO THE TEMPORAkY BY THE GET ROUTINE 15 NOT 
PASSED BACK 10 LOCATION A(I). NORMALLY ONE WOULD CODE 
SOMETHING Lll<E: 

SlZt PTEMP(1otS>; 
PTR(P) 
••• 
Gt:T(N, PTEMP>; 
P = PTE:MP; 
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3.4 RECUkSIVE CALLS 

LITTLE DOES NOT SUPPORT RECURSIVE CALLS, BUT THE USEk OF 
THE SRlL STORAGE ~ANAGEME~T FACILITY ~AY USE THE SRTL RECUR­
SIVE LINKAGE MACROS WITH NO ADOlTlONAL RESTRICTIONS ON HIS 
DATA SlRUCTURES. CODING PECURSIVt CALLS wITH THESE MACROS IS 
VERY AWKWARD; THlIR MAIN VALL~ lS T~AT TrltY PROVJDE A STANDARD 
WAY TO IMPLEMENT ~cCuRSiv£ CALLS, THUS ~INIM1ZING THE CHANCE 
FLR ERROR. 

IN MANY CASES ~ECURSlVE LINKAGt :AN a~ AVOIGcD bY 
KEDESIGNING AN ALGORITHM SO THAT IT 1S llERATIV~, AND U~ES 
THE PUSH AND PCP ~AtROS TO SAVE AND RESTORE DATA. ~HE~ AN 
ALGORITHM YIELDS 10 THIS TECHNI~UE, IT IS PROBABLY TH~ 
PREFERABLE ~AY TO COOc IT. 

RECUR5IVt RDuTINfS IN SRTL HAVt THE FOLLOWING UNUSUAL 
FFATURES: 

lo THEY ARE NOT DELIMITED 3Y SUBR OR 
FNCT AND ~ND. THEY ARE MERELY BLOCKS 
OF COD~ CONTAINED IN A SUBROUTINE 
OF fUNClION, PROBABLY DELIMITED BY A FEW 
BLA~K CtRDS ANO SOM[ C01MENTARY. 

2. THfY THtRcFORE HAVE NL FORMAL PARAM~TERS. 
3. THEY CONTAI~ CODE THAl IS DEPENDENT 

UPD~ ALL THE PLACES THEY ARE CALLED FROM. 

(3) ABOVE ST~MS FRUM THE FACT THAT LITTLE HAS NO LAbEL 
VARIABLES, A~D THE RfC0RSIVE ktTURN MACRO EXPANDS INTO A GOBY. 

TQ lNVO~E A RECURSIVE POUTINE, ONE CUCES 

RCALL (~UUTlN~, RElINDEX, RETLA8EL); 

HERE ROUTINE IS i LABEL Al THt ~EGlNNlNG OF lrlE R0U11Nt 
BEING CALLED (THIS ~ILL Bt REFERRED TJ AS THE NAME OF THt 
ROUTINt>. PETlhOlX 1S A POSlTlVE l~TE~ER IDENTIFYING THE 
PLACE OF THE CALL, AND RElL•BEL IS t NAME THAT SERVES 
SIMILARLY AS A LABEL. FO~ EXiMPLE, lf ROUTINE tSEARCH, 1~ 
CALLED FROM lHR~E PLACcS (SOME OF WHICh MAY Bt wITrllN StAkCH 
ITSELF), THE~ THE CALLS MIGHT BL COCfO AS: 

RC•LL (SEARCH, 1, Ll>; 
RCALL (SEARCrl, 2, l~); 
RCALL (SEARCH, 3, BACKHERE); 

THE RETURN FROM A RECURSIVf ROGTIN~ IS COOED WITH TH~ 
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RRETURN MACRO, FOR EXAMPLE, THt ROUTINE SEARCH WOULD RETURN 
WITH A STATEMENT SUCH AS: 

RRcTURN (Ll, L2, BACKH£REl; 

A RECURSlVE CALL INVOL~ES STACK!NG THE ~~TURN POINT. 
THEREFORE, BEFORE THE RCALL MAY BE uSED, IT IS NECESSARY 
TO EXF.CUTcl 

REStRVE(l); fU~Hl(RETPT>; 

ANO UPON RETlkN: 

POPl(RllPT); 

THE DE~lNlTlONS OF RCALL A~O RRfTURN SHOULr CLARlFY HOW 
THEY WORK. 

+•RCALL(ROUTlNE,RtTINOEX,kETLABtLJ = RETPT = RETINDEX; 
GO TO ROUTINE; /RETLABcl/ •• 

+•RRETURN = GOBY RETPT** 

QETPT IS A GLOtiAL VARIABLE DEFINED as: 

SIZE kETPT<~S); 

WHEN MA~ING A RECURSIVE CALL, lT IS USUALLY i~C~SSARY TO 
STACK THE LOCAL VARIABLES <AT LEAST TrlOS~ THAT ARE ~OT DEAD), 
,~u THEN UNSTACK THtM a~ RET0~N. THIS MAY BE ACCOMPL1Srl£U BY 
USING THE RCALL~AVc FAMILY OF MACROS. THESE MACROS ALSO 
SIVE THE RETURN POINT. FCR tXAMPLE: 

RCALLSiVE2(R □ uT, ,, Y, 3, L3); 

STACKS X,Y, AND THE RiTJRN ?ClNT, Ex~:uT£S A RECURSlVE CALL, 
ANO THEN POPS ),Y, ,N0 THE R~TURN PCINT. THE DEFlNITlON OF 
ThIS MACRO I~: 

+•RCALLSAVE2<R,A,B,1,L) = fUSH3<A,B,NETPT); 
PCALL<R,l,L>; 
POP3(A,B,RETPT)** 

THIS MACRO SHOULD 8~ P~ECE~D~D bY A ~fSi~VE(3) MA~~O CALL, 
WHICH rAY BE FAClLREO OUT OF L □ OPS. 

TO ACCOMPLISH A RECURSIVt CALL TrlAl SAVES THc RfTlRN 
PlINT BUT NO VARlA8LES, PCALLSAV~O ,AY 6E ~SEO. THE 
MIXIMUM NUMBER OF VlRlAijLES lHAl ~AY dl SAVED 1S SEV~N. 



3.4 RECURSIVE CALLS 

THE FOLLO~ING EXAMPLE SHQULO H~L~ T~ lIE THIS lOGETrlfR. 
IT IS TAKEN FROM THi SRTL EQUALITY TEST. 

/tO/ 

/5ETS/ 

I* E~UAL 

SUBS<. E~l:AL; 
I* M<Gl, ARG2 = ROOT i,;QRDS Jf OBJECTS TO BE 
COl'IPAREO. •I 

CALL EOBASIC; 
GOfY (Rl:-SULT> (NI:.(.), lO, S!::TS); 
RESlJLT = FALSE; 
Rt::lURN; 
RESULT= TRUE; 
Rt.TURN; 
RCALL (~U~SETNT, 1, tOUAU<il; 
RtTURN; 

SUbSETNf 

/SUBSE1NT/; 
••• 
RESERVf(7); 
RCALLSAVEo(SUBSETNT, Al, t.2, Il, IlUM, Pl, P2:, 

2, SL8Sf:TNTRll; 

• • • 
RRETUkN (~Q0ALkl, SU~SETNTRl); 
t* END OF SUBSETNT. *I 

I* f::QBASIC 

••• 

*I 

*I 

NOTE THAT lf THE FLO~ OF CONTROL ~lTH!N SUBSll~T !S ~~CH 
THAT NO RECU~SION OCCURS, lrit~ ~O SlA:KING AND UN~TACKlNG IS 
DONE. THIS tPPLltS E~iN TO lHb R~TUR~ P01NT. 
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4. USE OF $RTL SUBKOUTIN~~ 

4.1 DATA STPGCTURES FOR SRTL SUBROUTliES 

TC USE lrlE SRTL SUbRLilJTINES THAT IMPLEMENT SETL, THE 
DATA STRUCTURES MUST ~LOS~LY FOLLU~ T~OS~ USED IN THE SETL 
IMPLEMfNTATION. THERE ARE ELEVEN DAlA TYPES THAT MAY 8~ USED: 

o. INTtGf:R 6. Su8ROUT INE 
1. REAL 7. FlJNCTlON 
2. BOOLEAN STl<ING b • LlNOEFlNED 
3. CHARACH:R STRING 9. TUPLE 
4. 8LANK ATOM 10. 5E T 
5. LAEH:L 

SEVERAL OF ThESE HAVE A LONG AND A SHORT FORM. ~OR EXAMPLE, 
CHARACTER ST~lNGS ARE CONTAINED IN OhE WOkD IF THEY Wlll FIT, 
ANO OTHER~1S£ THEY ARE CONTAINcD IN T~E STORAGE HEAP, wlTH A 
ROOT ~ORD THAT POINTS TO IT. 

EVERY OBJECT IS REPRtSENTED BY A ROOT WORD, WHICH FOLLOWS 
THE FORMAT OF A STACK ~ORD (AS DESCR13f0 IN THt PREVIOLiS 
SECTIO~). THE FIRST TWO BITS OF A ~OJT WORD ARE SET TG 01, 
WHICH IS THE CODE FOR~ O~E-~ORD BLOCK. THIS IS SO THE ROOT 
WORD MAY BE rov~o TO A ONE-W0RO BLOCK WlTHOUT THE NEC~SSITY 
OF SETTI~G THESE BITS. 

THE NEXT TWO SITS OF A KOOT ~ □ RD i~OlCATE THf NUMBcK OF 
POSSIBLE P □ l~TERS IN THE WORO, wHICH IS ALWAYS l OR 2 FOk SETL 
OBJECTS. 

THE NEXT flVE BITS GIVE THE TYPE COD~ OF THE ITEM, 
WITH THE RIGHTMOST dIT lNGlCATING ~H~THiR THE ITEM IS 5HORT(0) 
OR LONG(l). THUS O = SHOPT lNTtGt~, i = LONG INTEGtR, 
4 = SHORT &OlLEAN SfklNG, 5 = LONG a □ JLEAN STRlNG, ETC. 

THE NEXT FIELD CONTAI~S THE VALUE OF Trl ITEM IF IT lS A 
SHORT ITEM, OK A POlNlER TO A BLOCK IN lH~ HAP IF IT LS A 
LCNG IlEM. 

THE LAST FIELD IS ONLY USb~ if fH~ IrEM IS PUT INTO A 
SfT. ITS PURPOSE IS 10 CHAIN TOGtTHER ITEMS WHICH GO iNTO THE 
SAME SLOT OF THE HASH TABLt UF THE StT• 
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THE ROOl WORD FORMATS AR~ DEPICTfG BELOW. 

ROOT WORDS 

SHORT INTEGER AND BLANK ATOM 

·······••*****•********************************************** 
* 5 * * VALUE • 0 * 
*****************¥******************•************************ 

t 
t-- 0 = SrlGRT !NTEGEP 

8 = BLANK ATOM 

LONG ITEM 

········••*••·····················•·*•*********************•* 
* 6 * •••••••••••••••••• PTR TO HEAP * 0 * 
*************************************************•*********** 

t 
t-- 1 = LONG INTEGER 

3 = REAL 
5 = LONG BOOLEiN STRING 
7 = LONG CHARACTER STRING 

17 = SPtCIAL P~lk 
19 = NON-NULL TL:PLE 
21 = NON-NULL SET 

SHORT STF<lNG 

·················••**••·······················••**********~•* 
* 5 * * N* VALUE • 0 * 
************************************************************* 

t t 
t t-- N = LENGTH 1~ BITS (BOOLEAN STRING) OR CHAKS. 
1' 

t-- 4 = SHORT BOOLEAN STRING 
6 = SHORT CHARACTER STRING 

t 

I 
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LABEL, SUBROUTINE, AND FUNCTION 

············•***************************••·············••**-** 
* 5 * ********•********* PTR TO CODE * 0 * 
*****•*******************************************•*******•*** 

1' 

1'-- 10 = LABEL 

U~DEFltxED 

12 = SUBROUT!Nf 
14 = FUNCTION 

·················································•*********** 
* 5 * 16 * 0 * 
···············•***************************••················ 

NULL TUPLE AND ~ULL SET 

················••*****************************••·········••* 
* 6 * •••••••••••••••••- PTR TO HEAP * 0 * 
************************************************************* 

t 
1'-- 18 = NULL TUPLE 

2G = Nlill $!:::T 

THE VALLE FIELD CF THE SHORT INTEGER IS ~NCDDtD IN 
SIGNED-TRUE FOR~, wlTH T~E LEFTMOST 81T BEING THE SIGN 
(O=PLUS). THE SRTL ARITHMETIC RJLTINtS ~EVER ~ETURN A MINuS 
ZFRO. 

THE VALLi FIELD OF THE BLANK ATOM IS AN UNSIGNED NUMBER, 
OR IT ,AN Sf R~GAPOtO AS SIMPLY A FlXtD LE~GT~ BIT ST~!NG, 
SINCE 11 IS NEVER AN UPE~AND OF AN A~IlrlMETl: OPERATIGN IN J 
VALIC StTL P~OGRAM. 

BOOLtAN STRINGS ARE PlGHT JuSTlFIED, AND CHARACTtk 
STRINGS ARE LEFT JUSTlFIED. 
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THE HEAP STRUCTURES THAT HULD TrlE ~ALUE OF LONG ITEMS 
APE SHClrJN BELOW. 

HEAP DATA STRUCTUPES FOR SETL OBJECTS 

LONG U:TfGER 

········••*••················································ •vc• R[F * N+l + N • 0 * 
••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• • • 

VAL~E, MOST SIGNIFICANT ~ORD FIRST 
(N wOROS) 

REAL 

······························~······························ •oo• REF• 2 * 1 * 0 • 

·······••*••················································· • iALUE (FLUATING PJI~T) * 
················••*************•***************************** 

LONG BOOLEAN ST~ING 

*••··••*••···············~··································· *00* REF• N+2 * N+l * 0 • 
***********************************~•························ 
************************************* * ~UMBER OF blTS * 

······••*••·················································· * • 
* ~ALJE, RIGHT J0SlIFI~D • 
* (I\! wDROSi) * 
* * 

················································•*******••··· 
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LONG CHARiCTtR STRlNG 

*****************************************••·················· 
+oc• REF* N+2 * Nil * 0 • 
***************************************************••········ ••••••••••••••••••••••************•••••• ~UMBER OF CHARS. * 
••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
* * 
* VALU~, LEFl JUSTIFIED • 
* CN WORDS) * 
* * 

SPECIAL PAIR 

••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• *10* VALUE(l) • 

······························••*••·························· * VALU£(2) ( A SET> * 
********•**************************************************** 

NULL TUPLL 

*****••····························•*****•****••············· 
•oo• REF* l * C * 0 * 

·························~··································· 
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TUPLE 

··························································~·· •oo• REF* N+M+l * C * N • 

••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
• VALUE(l) * 
* VALUE(2) • 

• ••• • 
* VALUE(N) * 
••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
* * 

GfO~TH SPACE 
(M wORDSl 

NULL SET 

••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
•oo• REF• 2 • 1 * 0 * 
••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
*******••• 0 * HASH * 0 * 
••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 

HASH= HASH CODt OF NULL SET (A CONSTANT>. 

SET 

····················································••*••···· •oo• REF• S+Z * 1 * 5 * 
••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• ***** L * LOADING FACTOR* hASrl * NUMBER MEMBERS* 
••••••••••••••••••••••••••••••••••••••••••••••••••••••••••••• 
* MEMaER * PTR * 
* MEMS ER * PTR * 
* ••• * ••• • 
* MEM8~k * PTk * 
······························•*•••***********•***********•** 

S = HASH TA9Lc SlZE, L = LOG(~ASE 2) S, PTR = POINTER 
TO NEXT MEMBE~ IN CHAIN, M~MtER IS UNDEFINED IF NUT 
PRESENT. 
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A VARIETY Of MAC~OS, VARlAtiLES, AND ROUTINES ARE AVAIL­
ABLE TO SIMPLIFY THE CREATION ANO MA~lPULATION OF SETL 
OBJECTS. THESE wlLL BE BkIEFLY DESCRIBED HtRE, BUT THE SRTl 
SOURCE LISTING SHOULD BE CONSULTED FOR DETAILS. 

THERE ARE A NUMBER OF FlfLO ~XTRACTOR MACROS FOR 
ACCESSING THE FIELDS OF ROOT WOPOS AND HEAP STRUCTURES. 
FOR EXAMPLE: 

+•ETYPf = .F.52,5,** 
+*ETYP = .F.,3,4,** 
+*fBLKSlZt = .F.35,17,** 

I* LBJECT TYPt. *I 
I* TYP~ wlTrlJUl LUNG/SHORT FLAG. 

+*OFF6LK~IZE = 0** 

EACH EXTRACTOR FOR A FIELD I~ A HlAP STRUCTURE HAS AN OFFStT 
ASSOCIATED WITH IT. IF P POINTS TO A BLOCK IN THE HEAP, THEN 
THE BLOCK SIZE FIELD, FOR EXAMPLE, 15 KtFcRENCtO BY THE 
EXPRESSION: 

EBLKSlZE HEAPCP+Off6LKSIZE> 

THERE ARE A NUMBcR Of MACROS THAT GENERATE IN LlNt CODE 
FOP REFERENCING A FIELD OF A BLOCK lN lHt HEAP FROM THE RuOT 
WuRD (RATHcR THAN FROM A POlNTtk TO Trlt BLOCK). FOR EXAMPLE, 
TQ OBTAIN THE NUMBER OF MEM~tRS OF A StT, GNE CODES 

~~EMSSCSET> 

WHERE SET IS A VARIABLE DESIGNATING T~E ROOT WORD. THE NME~BS 
MACRO 1S DEFINED AS FGLLOws: 

+*NMEMES(ROOT) = tSETSlZE HtAP(EPTR RJOT + OFFSETSIZE>•* 

THUS NMEMBSCX) EXFANOS TO: 

.F.l,17,SlORAGE(.F.18,17,X + 1) 

SOM~ MACROS IN THIS CATtGORY ARc MORi COMPLICATED. FL~ 
EXAMPLE, TO ACCESS CHA~ACTER I OF A LONG CHARACTER STRING 
CLSING IN LIN~ CODE>, 0~E MAY CODE LC~CHARCROOT, 1, R>., hERE 
R GETS THE ~lSULT. THc MACRO DEFINITIONS FOR THIS AR~: 

I* WORD l OF A LUNG CHARACTER STR. I=O, ••• *I 
+•LCSwPO(RCGT,l) = HtAP(EFTR ~OOT + OFFCSTP + <I>>•* 

I+~= CHAR l OF A LONG CHAR STR. l = O, ••• ♦/ 
+*LCSCHAK(ROGT,I,R) s SIZE ZZZOCWS), ZZZRCwS); 

ORlMCPwCI, ZZZQ, ZZZR); 
R = .f.(WSMCSPl-CS*ZZZR),CS,LCS~ROCROOT,ZZZQ)•* 

THE TYPE CODES MAY BE klF~~ENCED SYMBOLICALLY BY ~ACkOS 
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SUCH AS: 

+*INT = O* ♦ 
+*REAL= l** 
+*BDOL = 2** +*SBOOL = 4** 

+*LINT-= l** 
+*LRtAL = 3** 
+•LBOOL = 5** 

- 26-

rlERE INT, BOOL, ETC. AKt USED IN. CONJUNCTION WITH ETYP, AND 
SINT, LINT, SBOOL, LBLOL, ETC., (SHORT INTEGER, LONG INTEGER, 
ETC.) ARE UStD IN CuNJuNCTION WITH f.TYP:. 

TH~RE ARE SOME MlSCtLLANEOUS MiCRlS SUCH AS: 

+•IFSHORT(X) = IF (ELCNG y .Ee. v>•• 
+•IFATOM(X) = IF (ETYPE X .LE. SU~DEF>•• 

USE OF THESE IS ENCOURAGED A~ IT TE~DS 10 MAKt A PROGRAM LtSS 
SENSITIVE TO CHANGtS IN TYPE CODE AS)lGNKE~lS, ETC. 

SRTL INCLUDES TWU TABL~S FOR MISCELLANEOUS USES SUCH AS 
MASKING. THE:SE Al<.E POWTwO = 2, 4, 13, lb, •• ., 65536, ANO 
0 N E B I T S = 1, 3 , 7, 15, , • • , ( 2 I:: X P f; S ) -1 , P O wT WO I S S 1 Z E: D PT S 
ANO DNEBITS rs SIZED ws. ONEBITS(wS) 15 THf SUGGESTED wiY TO 
OBTAIN A ~ORL CONTAINING ALL ONE 811S. 

A NUMBER OF SKELETAL ROOT wOROS ARE DEFINED TO FACILITATE 
BLILOING SETL OBJECTS. TH~SE WORLS HAVE A FEW FIELDS, SUCH 
AS THE TYPE ~!ELD, ALkEADY Sf:-T. SOfE OF THESE ARE: 

ROLTSJNT 
ROOTLINT 
ROCTRl::AL 
POOT1600l 
RDLTLBOOL 
f:-TC. 

SHO~T INTEGER. 
LONG INH.Gt:R. 
REAL. 
SHORl BOOLEAN ~TRING, LE~GlH 1. 
LONG BOOLEftN STRING. 

FCR EXIMPLE, TO CkEATE THl StTL 08J~CT FUR THE INlEGcK flVt, 
ONE COULD CCGE: 

SIZi:: FIVE('w.S>; 
FIVt = ROOTSir,.T; 
EVAL FIVE= 5; 
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TO SlMPLIFY TrlE CREATIO~ 0~ SEll OBJECTS, THERE 1S A SET 
OF OBJECT -GENERAl □~- ROUTINES. THESE ARE: 

GENINT(N, V) 
GE~SINT(V) 
GENREALCV) 
GE~BOOL<N, V) 
GENCHAR(N, V) 
GENLABL(V> 

GENSUBR(V) 
GENFUN<V> 
GENPAlRCA, 8) 
GENTUP(N, V) 

GENSETCN, V> 

GENINl GENERATES AN lNTEGEk, GENSINT i SHORT l~TEGER, 
ETC. HERE N IS lhE NUMBER G~ ~UR0S IN AN INTEGER, BITS lN A 
BCOLEAN STRING, CHAKACTERS IN A CHARACTtR STRlNG, COMPUNtNTS 
IN A TWPLt, OR MEMBERS IN A SET. V 1S THE #VALUE- GF THE 
□ eJECT, STORfD A~ AN GROl~JRY APKAY <LITTLE DIMS STATEMENT). 
THE PARAMETE~S ARE NOl SElL OBJECTS, E~CEPT IN THE CASES Of 
A AND BIN GtNPAIR, AND V IN GENTUP AND GENSET. THt VALUE OF 
EACH FLNCTION IS A ROOT wc~o FOR lrlt GENERATED SETL □ aJ~CT. 
FCR SEVERAL OF THE ROUTIN~5, EITrl~R A LONG OR A SHOkT OBJECT 
IS CREATED, DEPENDING ON THE ~ALUE CF~. FOk GENSINT, V IS 
KNOWN TO FIT I~ A SHORT I~TEGER. FCR DETAILS SUCH AS WHETHER 
THE DATA IS LEFT OR RIGHT ADJUSTED IN ARRAY V, CONSULT THE 
S~TL LISTING. 

AS AN EXAMPLE IN TH€ USE Of lHt GfNERATOR POUTlNtS, ThL 
4BOVE lTEM -FIVEt COULD BE SET AS FCLLuws: 

SIZE FIVt(WS>, 
FIVE= GENSINT(5); 

OR FIVE= GE~lNT<l, ~>, AS LITTLE TQEATS ONE-WORD ARRAYS A~D 
NON-ARRAYS THE SAME. 

THE REAGER MAY hONDER wHtTHEk hE SHOULD us~ TH~ GENE~ATOR 
F~NCTIONS OP C~EATt OBJ~CTS tBY HANDt. THE ANSWtR IS lriAT IN 
ALMGST ALL CISES YOU SrlOULD LSE THE GENERATOR FUNCTIONS. lHIS 
WILL RESULT IN A PROGRAM THAT IS MO~~ COMPACT, EASitR TU kEAD, 
LESS StNSITIVE TO CHANGES I~ SRTL, AND LESS APT TO HAVE BU~S. 
Il WILL Bt SLJWER RU~NlNG, BUT THIS w!LL PROBABLY NOT Bt 
SIGNIFICANT fXCEPl IN A Ft~ CASES. 



4.2 CALLING SE0UcNCES - 28-

4.2 CALLING StQUENCES 

IN MOST CASES THE ARGUMENTS FOR SRTL SUBROUTINES ARE 
PASSED VIA THE GLOBAL VA~lABLES ARGl, ARG2, AND ARG3. 
IF THE PURPOSE OF THE ROUTINE IS TO ALTER AN ARGUMENT (~.G., 
THE AUGMENT ~OUTINE>, THEN 1rlf. RtSLLT 1S PASSED BACK vlA THE 
APPROPRIATE ARGUMENT. ON THE OlrlER HAND, lF THE ROUTINE 15 
GENERALLY THOUGHT UF AS FUNCTION-LIKE (E.G., T~E EQUALITY 
TEST), THEN THE RESULT IS PA~SEO BACK VlA THE GLOBAL VAKlABLE 
,RESULTi. AS AN EXAMPLE, HLRt IS A CODE SEGMENT THAT ADDS 
r~TEGE~S TO A SET s UNTIL IT MECOMES E~uAL TO ANOTHER SET p: 

SIZE K<~S); 
ARG2 = S; 
K = O; 
RESULT= FALSE; 
WHILE (RESULT .Eo. ~ALSE); 

K = K + l; 
ARGl = GENSINT(K); I* BUILD ScTL INTEGER. *I 
CALL AUGMENT; /~ ADO ~RGl (K) TO ARG2 CS). •I 
ARGl C Pi 
CALL EOUAL; /* COMPARE ARGl (P) TO ARG2 (Sl. *I 
ENOwHlLf(RtSULT); 

S = ARG2; I• MO\E RESULT TO S. *I 

NOTE THAT IT IS GENERALLY NEClSSAkY TO MOVE THE RESULT TO THE 
DESIRED VARIABLE. 

THIS TYPE OF CALLi~G SEWUENCE lS AwKWARD TG USE, BUT 11 
AVOIDS THE OVERHEAD Of PARAMilER PASSING VIA TrlE LITTLE 
MECHANISM, AND IT ALLOWS ONE TO GAI~ EFFlClENCY BY SUCH TRICKS 
AS FACTORING THE A55IGiMENT TO AN ARGUMENT OUT OF A LuOP tAS 
IN THE CASE OF ARGZ ABOVE). 

THE DISCUSSION AbOVE APPLIES ONLY ~HcN THE A~GUMENT5 AND 
RESULT AR~ SETL 08J~CTS. THIS IS BECAU~E ARGl, ETC., ARE 
DEFINED AS FGLL □ wsi 

TACK(ARGl) TACK(ARG2) TACKlAkG3) TACK(RESULT> 

THAT I~, THESE QUANTITIES ARE EOUlVALENCEJ TO A STACK LOCATION 
(SO THf GARBAG~ COLLECTOR CA~ MAR~ lrlt ST~UCTU~ES THEY ~01NT 
T(i). 

A FE~ SRTL ROUTINES HAVE P~INTERS AS PAkAMETERS. FOR 
THESE, ARGlP, ETC., ARE uSlD, WHICH HA~E THE OiFINITlOhS: 

PlR(ARGlP) PlR(ARGZP) PTRlARG3P) PTR<RESULTP) 
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TO PASS MISCELLANEOUS DATA TU A ROUTINE, SUCH AS A SMALL 
INTEGER, IT IS SAFE TC USE ARGl, ETC, THIS IS BECAUSE THE 
THIRD AND FOURTH BITS (FROM THE LEFT) ~ILL 8t ZERO, INOlCATING 
TO THE GARBAGl COLLECTOR THAT TrlE WORD CONTAINS NO POINTERS. 
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4.3 SAMPLE ROUTINES 

A FEW ROUTINES wILL B[ DISCUSSED HERE TO GIVE lrlE FLAVOR 
OF WHAT TO EXPECT IN TrlE SETL RUN TIME LIBRARY. 

ATOM ROUTINE:: 

A~Gl = X, 
CALL ATOM; 

NELT ROUTINE: 

Al-'f.l = X; 
CALL NELT; 

I• RUOT ~ORD OF OBJECT TO BE T~STLD*/ 
I* Rt~ull IS TRUt (THt SETL 08JtCT) 
If A~Gl IS AN ATOM, AND FALSE IF IT 
lS A S~T OR TUPLE. *I 

I* RESULT IS ix (THE SETL NUMBER SIGN 
OPERATOR>, COOED AS A SETL lNTcGtR 
(SHORT). AN tRROR MESSAGE IS WRITTEN 
OUT AND EXECUTION TERMINATES IF A~Gl 
IS NOT A VtLID DATA TYPE FOR THI~ 
Df>tRATI'JN. +/ 

THE NELl ROUTINE ACCEPT~ AS INPUT A STRING (BOOLEAN OR 
CHARACTER, LL!"G OR SI-IGRT>, 11..iPLb 01< StTo FOR ANYTHING UTHER 
THAN COMPILEP GENtRATtD COD[, ONE USUALLY KNOwS TrlE TYPt Of 
OFJECT INVOLVED. lN THIS CASE, Q MAC~ □ CAN SE USED, WHICH 
WILL G£NEkAlE IN ll~t CODE FOR THE ~u~&ER OF ELEMENTS 
FUNCTION. THc MACRJS TU USE ARE: 

t:LSBS X 
t-;ElTStX) 
E:LSCS X 
NCHARS(X) 
NCOMPS(X) 
NMEMBS(X) 

FOR A SHORT BOOLEAN ~TKING. 
FOR A LOhG 8JOLiAN STRING. 
FO~ A SrlORl CHARA~TER STRING. 
FOR A LONG CrlARACTtR STRING. 
FOR A TUPLE (NULL OK OTHtRWl~E>. 
FUR A SET (NULL OR OTHERWISE). 
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EQUAL ROUTINE: 

Al<Gl = X; 
A~G2 = Y; 
CALL EOUAL; 
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I* RESULl 1S TRUE OR FALSE ENCODtD AS 
A SElL □ aJECT. *I 

IN SOME CiSES UNE CA~ us~ A LO~ER LEVEL, NON-RECURSIVE 
ROUTINl NAMED EQBASIC. THIS HAS THE SAME INPUT ARG~MENlS, 
AhD IT StTS -RESULT~ TO AN ORDINARY INTEGER ENCODED AS 
FOLLOWS: 

1: OBJECTS AKE NOT EQUAL. 
2: OBJECT~ ARE ECUAL. 
3: OBJECTS ARE ~ON-NULL T~PLES OF E,UAL LtNGlrl OR 

ARE SPECIAL PAIRS CTHE C □ MPONENTS HAVE NOT BEEN 
EXAMINED). 

4: OBJECTS ARE NON-NULL StTS OF ECUAL SIZE AND 
EQUAL HA5rl CODES (THE ~E~BERS HAVE NOT 6Et~ 
EXAMlN::D). 

IN CASES (1) AND CZ>, THE G3JECTS MAY BE ATOMS, NULL 
TUPLES, NULL SETS, GR OBVIOUSLY U~ECUAL TUPLES OR StTS. 

ELMT ROUTINE 

APGl = .x.; 
ARG2 = S; 
CA.LL Elr.T; 

I* STRING, TUPLE, OR SET. *I 
I* RESULT 1S TRUE OR FALSE, OEPE~CI~G 
CN wHETH[R OR NOT ARGl IS AN ELEME~T 
CF ARGZ *I 

IF THE TYPE OF OtiJtCl INVOLVtD CS) IS KNOWN, THtN A 
LCWER LEVEL RGUTINE MAY Bl LSED, ~IlH THf SAME CALLING 
SECUENCE. THESE ARE: 

i::Lf"TBST: 
ELMTCSTz 
HMlTUP: 
EL ~.TS!:T z 
ELSSMP: 

ELSTUP: 

~OR d00LtA~ STRINGS (SHORT OR L0NG). 
FOR CHA~. STQINGS (SHORT OR L □ NG). 
FOR lUPLES (NULL DR OTHERWISE). 
FOR SFTS (t'-ULL 0~ OTHl:RWlSU • 
FOR SA SEl, X KNOWN NOT TO 8E A 
TUPLE OF LENGTH? 3. 
FOPS A SET, X A TUPLE (ANY L~NGlh)e 
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AUGMENT RUUTINE 

ARGl = X; 
AF!G2 = S; 
CALL AUGMENT; 
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I* A SET. >+/ 
/~ OUTPUT IS SETS AUGMENTED BY X, 
PASScO BACK iN ARG2. THt GLOBAL 
VAklABLE ~RtSULT# IS DESTROYED. •I 

HERE AGAIN THERE -RE SEVERAL LCWER LEi~l ROUTINES THAT MAY BE 
USED FGR INCREASED EFf1CIENCY. 

AUGAOt<.& 

AUGSIMP: 

AUGTUP: 

SETWTHl ROUTINE 

iRGl = X; 

~AME AS AUGM~NT, lXCEPT ARGUMcNTS 
A~E ~OT vALlLll1Y CHECKED (ARG2 MUST 
NOT bt UNDEFINED). 

SAME AS AUG4ilK, tXCEPf lrlAf A~Gl 
IS KNO~N NOT 10 BE A TUPLE OF LENGTH 
• GE • 3. 

s-rl JS AU~AOK, EXCEPT AKGl lS 
KhG~N TD dE A TUPLE (OF ANY LtNGTH). 

CALL S~T~THl; I* RESULT IS TrlE SET CDNTAlNlNG 
0 NL Y AR G 1 ~ ~ A M c: M B E R, PA S S ED b A C K 
VIA ARG2 (FJ~ COMPATIBILITY ~ITH 
AUCMtNT) • *I 

EVEN HERE THEKE lS A LO~ER LEVEL ~ □ ~TINE: 

SETlSMP: ARGl l~ KN □~~ NOT TO BE A TUPLL Lf 
LENGTH .(;E. 3. 
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OTHER ROUTINES CURRiNTLY fXlSTlNG IN SRlL AR~: 

tXPANO: 

DI~INIS: 

LO~TRCT: 

ARB: 

TUPADDl: 

CONCATT: 

EXPANDT: 

REALLOCATES A SET, GIVl~G IT A LARGER 
HASH TiBLE, 

REMOVES A M~MBER FROM A SET (SETL 
LESS,), 

REALLOCATES A S~T, GIVING IT A 
SMPlltk HAS~ TA6LE (HALF SIZE), 

G81AINS AN AREITRARY ElfME~T FROM A 
S~l, TUPLE, OR STRING (S~TL ARB,), 

APPtNDS AN OBJECT TO THE END OF A 
TLPLE (ARGl(NELT(ARGll+ll = ARG2), 

CONCATENATES TUPLES, 

REALLOCATES SPACE FOR A TUPLt, 
PKOVlDlNG MORE (0~ LESS) GkOwTH 
SPACE, SC THAT THE GROwTH SPACE IS 
ABOUT 25 PERCENT OF THE LENGTH OF 
THt TUPLE, 

StTL F(Xl FGR RfTRltVAL, ONt 
APG0MENT, F ~AY BE A SET, TUPLE, 
STRING, OR FUNCTION, 

IN AOOITIJN 10 THf ABGVE RGUTlNES, ~HICH ARE OlRECTLY 
AIMED AT IMPLEMENTING VARIOU~ SETL ~XPK~SSIONS, THERE Ak~ A 
FFW UNDERLYING SUPPORT RO~TINbS, SGME Of THES~ JRE: 

RSVSJK: 

GElSTG: 

GETlSTG: 

GA~BCOL: 

ijLLJTlNE 11 BE ENTERED FROM THt 
LPtRATiNG SYSTEM (OR FROM A LlTTLt 
lNT~kFACING ~OUTIN~, IF THERE iS 
G~~). START CALLS tS~TLMPE-, A 
COMPILEk-GE~ERAT~D NAME, A•T~R 
PERFOR~l~G 4 F~W l~lT1AllZAT10N 
STtPS, 

CALLtD 3Y KESckVt MACRO. 

CALLEO SY GcT MAC~O. 

CALLED ay GETl MACRO. 

THE GARBAGE COLLtCTO~. 



4.3 SJMPLE ROUTlhES 

tRFdMP: 

ERRTYPE: 

ERPVALI 

E:RRi•JSG: 

ERfdMPL: 

DISPLAY: 
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wRITtS OUT THl tRROR MESSAGE 
,t•-•-•IMPL~MENTAlION ERROR. UNUSbD 
TYPt CLOE DETECTED BY •• ,,t, 

~~ITES LUT THE E~ROR MESSAGE 
~•-•-* INVALID TYPE CODE FOF 
F'OUTINt ••• .t. 

~RITES OUT THt ERROR MESSAGE 
-•-•-• INVALI~ DATA VAL~E fOR 
f<ClUlINE ••• ~. 

~RITES OUT TrlE tRROR MESSAGE 
~*-*-• ... ,. 
~RITES OUT T~t tRROR MESSAGE 
-•-•-• IhPLEMtNTATION ERR □~ ••• ,. 
CONVERTS A FULL WORD TO A CHARACTER 
STRING $JCt' AS 
FOCTAL 0123456701 2345670123,t. 
lHlS IS ~SEO I~ THE ERRCR MESSAG~S, 
AN~ 11 WOULD bE CHANGED TO GENERATE 
Su~tTHI~G Ll~t ,tHEX 0123ABCD.t UN 
1Hf: SYSfi::M/360. 

CO~PUTES TH( HASH CJDE FOR A~Y 
St.lL C6Jf:CT. 


