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1. INTRODUCTION

THE SETL RUN TIME LIBRARY IS A COLLECTION OF SUBKGOUTINES
AND MACROS, WRITTEN IN THE LITTLE LANGUAGEs, THAT ARE CAPAELE
OF EVALUATING SETL EXPRESSIONS. SUBROUTINES ARE PRCOVIDED TO
BUILD SETS, TEST SETL OBJECTS FUR EQUALITY, CONCATENATE
STRINGSy ETCs THE LIBRARY INCLUDES A STURAGE ALLCCATICN
MECHANISM THAT IS BASED OGN A COMPACTING GARBAGE COLLECTOK.

ALTHOUGH THE SETL RUN TIME LIBRARY IS DESIGNED PUReLY
FGR THE SETL IMPLEMENTATICN, IT MAY ALSO 8E GF VALUE IN
WRITING LITTLE PRCOGRAMS THAT HAVE NCTHING TO DO WITH SETL.
[T IS TOWARD THIS END THAT THIS MANUAL IS DIRECTEDe HOWEVER,
THE MATERIAL IS ALSO & USEFuUL INTROCUCTION FOR THOSE INVOLVED
IN MODIFYING Ok ADDING TG THE RUN TIME LIBRARY.

THERE Akg THREE LEVELS AT WHICH THE SETL RUN TIME
LIBRARY MIGHT BE USED:

le THt MACRD LEVEL.
2. THE STUOKRAGE MANAGEMENT LEVEL.
3. THE SUBKOUTINE LEVEL.

A HIGHER LEVEL INTRUDUCES MORE RESTRICTIUNS CN THE DATA
STRUCTURES PERMITTED, BUT PROVIDES A MORE SIGNIFICANT
PROGRAMMING £1ID.
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2e USE OF SKTL GENERAL PURPOSE MACROS
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THERE ARE A FEw MACROS IN THE SETL RUN TIME LIBRARY THAT
ARE OF GENERAL INTEREST., THESE MAY BE USED WITHGUT IMPUSING
ANY RESTRICTIONS ON DATA STRUCTURES.

THERE IS A GROUP OF MACKOS RelLATel TO THE COMPUTEK#S
WCRD SIZE THAT ARE FREQUENTLY NEEOCED wHEN CODING IN LITTLE.
THESE ARE LISTED BELOw.

MISCELLANEOUS MACROS RELATING TO wORD SIZE

+EXWS = 60%x% /% WORD S1ZFE IN BITSe */
+XWSPLl = 61%% /% WS + 1. %/

+¥W3IM1 = 50%% /% WS = 1. */

+*W3SD2 = 30%% /% WS/2. %/

+*WSD2P1 = 31%% /% WS/2 + l. */

+*PTS = 17%% /% POINTER SIZE IN BITS. */
+*%PTSML = 16%% /* PTS - 1. */

+*¥PTSP1 = 18%% /% PTS + 1. */

+*CS = H¥x /* CHARACTER SIZE IN BITS, */
+*%CSP1 = 7% /% CS + 1o ¥/

+*CPW = 10%* /* CHARACTERS PER wORD. #*/

+*WSMCS = 54%% /% WORD SIZE - CHARACTER SIZE. */
+*¥WSMCSPL = 55%% /% WSMCS + 1. */

+4%CPWMI = 9%% /* CPW - 1o */

+¥REMWS(X) = (X) = ((X)/wS)*ulSk+ /% REMAINDER. */
+H#OREMWS(XsQsR) = Q = (X)/WS3 R = (X) = Q*WS**

/* COMPUTES QUUTIENT AND REMAINDER MOD wSe */
+XREMCPW(X) = (X) = ((X)/CPw)*CPw** /¥ REMAINDEPR, #/
+*QREMCPWIX,GoR) = Q = (X)/CPwW; R = (X) = GRCPWx*=*

/% COMPUTES QUUTIENT AND REMAINDER MOD CPwex/

SOME MACROS THAT ARE NEEUEC wWHEN CODING NESTED MACROD
DEFINITIONS ARE: _

+403(A,8,C) = A B Cxx*
+¥MACDEF(TEXT) = C3(+,*TEXTH,x) %%
+*¥MACOKUP (MNAME) = MACDEF(MNAME=) %%

FOR AN EXAMPLE OF THE USE OF THESE MACKUS, SEE THE THEN ANC
ELSE MACROS BELCW.

LITTLE DOES NOT PROVIDE A FACILITY FOR PRESETTING VAKIQUS
FIELDS OF A WORD wITH A DATA STATCcMENT. TO MORE-OR-LcSS
SIMULATE THIS CAPABILITY, THE #SETWURD# FAMILY OF MACROS
IS PROVIDEDs THE FIRST Twf ARE:
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MACROS FOR PRESETTING WORDS WI1lH FIELDS

+*SETWORDL(WURDSFIELD,VALUE) = SIZE wORU(WS); DATA wWORD=0j
F1ELD WORD = VALUE**

+*SETWORD2(WURDsF1sV1I,F2,V2) SIZE WORD(WS); DATA WORD=C;
F1 WORD = v1; F2 WORD = V2%%

THERE ARE PRESENTLY THREE SUCH MACKIS. NOTE THAT THEY
EXPAND INTO EXECUTABLE CUDEs AND HENCE THEIR CALLS MUST BE
PLACED IN THE INSTRUCTION STREAM. Tdz CALL MUST BE FOLLOWED
BY THE STATEMENT TERMINATUR, ElGe.

SETwORD2(MASK, FIELD1, 15, FIELDZ2s 12);

HERE IT IS ASSUMecD THAT FLELD1 AND FIELDZ2 ARE MACROS», teGe
+*FIELDL = «Fe57s4,%x, THE SETWORD MACROS ARE AWKWARD TO USE
WITH #ABSDLUTE# FIELO DESCRIPTORS:

SETWORDI(MASKy «Fe57 COMME 4 CUMKA, 15);

WHERE +#COMMA = o*%, HOWEVER, ABSOLUTE FIELD DESCRIPTGRS ARE
SELOOM USED.

THE MOST SIGNIFICANT MACROS UF GENERAL INTEREST
IN SRTL ARE THE FLOW CONTROL MACRCS. THESE IN EFFECT EXPAND
LITTLE SO THAT IT INCLUDES THReEc TYPES GF FLOw GF CONTKOL IN
ADDITIGN 1C THE GO TG» GUOBY, AND IF(C) GG TO THAT ARE
BUILT INTC THE LANGUAGE. THESE ARE THE

DG ITERATION,
WHILE ITERATIONs AND
IF=THEN-ELSE,

SOME CxAMPLES OF THE USE CF THESES

DOM(I, 1, MAX); /* CLEAR ARRAY. */
ARRAY(I) = 0;
EDOM;

P = LiSTHeAD;

WHILE (P oNEBEe U); /* SEARCH LIST. #*/
IF (C(P)) THEN CUITWALLE(P); ENDIF;
P = NEXT(P);
ENDWHILE(P oNEo Q)3
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MORE GENERALLY:
DOM(1y LOws HIGH); I I> THE ITEKATIUN INDEX,
. WHICH RANGES FROM LOW
. TO HIGHs INCLUSIVELY. THt
. INCREMENT IS FIXeED AT 1.
CONTOU; THIS CAUSES INCREMENTATION GF
. I AND REPETITION OF THE
. ITERATION IF THE NEw VALUE
. OGF I ¢ dAlGH.,
CUITDG; THIS CAUSES A BRANCH T0
. THE STATEMENT FOLLOWING THE ECOM
. BeLOWe I IS NOT ALTERED.
LoOM; TALS SIGNIFLES THE £ND OF THE

SCIPE JF THE DU ITERATION.

THE ITEFRATION VARIABLE I MAY BE ANY #VALUE RECEIVING#
EXPRESSIONy E«Ge oFolsEsA(K)e LUW AND HIGH MAY BE
EXPRESSIONS. HIGH IS EVALUATED cACH TIME THROUGH THE LOOP,
AND HENCE FOk EFFICIENCY REASONS 1T WOULD USUALLY BE SIMPLY A
VARIABLE NaAME.

THE LGOP IS NOT EXECUTEDs, BUT I IS Sel TO :
CN NORMAL FALL-THROUGH, I IS SET TO HIGH + 1. ON EXIT 3
IS SeT 10 THe LAST USED VALUE. FOK OTHzk t
LOWs AND HIGH 1IN

IF HIGH < LCwW»
LOW.
VIA QUITDC, I
DETAILS SUCH AS THE EFFECT 0OF CHANGING I,

THE LOGP, REFEX TO THt MACRD DEFINITIONS GIVEN BELOw.
+%DOM(J, LOWsHI)=y=LOW;; MACDEF(DOITERVAREY)
MACDEF(DLOOPLABEL = ZZZA) HACCeF(OLOCPLABEL = £221B)
MACCEF(CLGOPLABEL = 222()
/DLCOPLABELY IF(y «6Te HI) GU 1O CGLOOPLABEL®*%

+*CONTDO = GU TO CLUOPLABEL**

+*QUITDN = GG TO CLUOPLABEL**

+*¥EDOM = ; /CLOUPLABEL/ DOITERVAR =
GC 10 DLudPLesel; /0LUGPLABEL/
MACDROP(DOITERVAR) MACOROP(ODLCOPLABEL)
MACOROP(CLLOPLABEL) MACDROPICLUOOPLABEL) **

DIITERVAR + 1;
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THE wHILE ITERATION IS SIMILAR TO THt DO:

WHILE(C); C IS ANY CONDITIONAL EXPRESSICN
. (ANYTHING VALID IN AN IF).

CONTWHILE(TEXT); CAUSES & BRANCH BACK TO THE

. TEST OF CONDITION Co TEXT IS
ANYTHING NOT CONTAINING AN
EXPGSED COMMAS IT IS NOT
MATCHED wITH € OR USED IN ANY
WAYs BUT SOMETHING MUST BE
PRESENT.

TWHILE(TEXT); CAUSES 4 BRANCH TO THt
STATEMENT FOLLOWING ENDWHILE
BELOWS

eu

e & a0 o 8 o * o

.

ENDWHILE(TEXT) SIGNIFIES THE END OF THe SCUPE
OF THE W«HILE ITERATION (THIS IS
SIMPLY A BRANCH BACK TO THE
WHlLcs AND SCME MACRD DROPS).

OO0 ITERATIONS MAY BE NESTED TO A DEPTH OF Twds, AND WHILE
ITERATIONS MAY BE NESTED TOU A DeEPTH OF FUUR. THE INNER WHILE
ITERATIONS MUST EMPLOY THE WOKDS wdllL£ls CONTWHILEL,
QUITWHILEL, ENDWHILEl, wHiLEZs t£TCe FOR EXAMPLE:

WHILE (X «GT. 0)3;
WHILEL (Y «LTe X3

CONTWATILEL(Y); /+ CONTINUE INNER 1TcRATLION. */

QUITWHILE(X); /* EXIT FROM CGUTER ITERATION. */
ENDWHILEL(Y);
ENDWHILE(X oGTe €)3

THERE IS UNFORTUNATELY NO LOING CLAUSE FOR A wHILE
ITERATION. VHIS LIMITS THE UTILITY OF THE CONTWHILEs, AS THE
ITERATICN STEPS MUST BE WRITTEN REPEATEDLY.
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THE IF=THEN=gELSE IS WKITTEN AS FULLOWS.

1F (C) THEN C IS ANY CONDITIONAL
. ' EXPKESSION.
ELSE THE ELSE CLAUSE IS
. OPTIONAL,
ENDIF; SIGNIFIES END OF IF GROUP.

THE THEN AND ELSE CLAUSES CONTAIN A SEQUENCE
OF EXECUTABLE STATEMENTS SEPARATED BY THe NCRMAL STATEMENT
TERMINATOR. THE THEN CLAUSE MUST BE PRESENT, BUT IT MAY BE A
NULL STATEMENT. THE =2LSE CLAUSE, INCLUDING THE WORD ELSES
MaY BE OMITTED. THE ENDIF IS REQUIRED.

THE THEN CLAUSE IS EXECUTED UNDER THE SAME CONDITIONS &35
THE GO TO IN THE NORMAL LITTLE IF (C) GG TO STATEMENT,
LeEes IF C EVALUATES TC p NONZERD BIT STRING. THE ELSE
CLAUSE IS EXECUTED 1IF C EVALUATES TGO ALL ZEROS.

UP TG FIVE LEVELS GF NESTING OF THE I1F MAY BE ACHIEVED
BY USING THE wORDS THEN1ls ELSEls ENCIFls eees ENDIF5. THE
WORD IF NEVEk HAS A DIGIT APPeNDED. FOR ©XAMPLE:S

IF (CY1) THEN
1F (C2) THENL S1; ELSE1 S25; ENDIF1;
ELSE
IF (C3) THENY S3; FELSEL S45 ©NDIF1;
ENDIF;

THE THEM, ELSEs AND ENDIF MACRG DEFINITIONS FOLLUW

++THEN = MACDEF(THENLABEL=ZZZA) MAUDEF(ELSELABEL=22238)
MACOEF(ENDIFLABEL=2ZZC) GU TO THENLABEL;
GO TO ELSELABEL; /THENLABEL/ ;%%

+¥ELSE = GO TJ ENDIFLABEL; /ELSELABEL/;
MACDRCP(cLSELABEL) MACDEF(ELSELABEL = Z210)**

+*ENDIF = /ELSELAGEL/; /ENDIFLASEL/ MACOROP(THENLABEL)
MACDROP(ELSELABEL) MACORUP(ENDCIFLABEL)**

THE DO» WHILE, AND LF-THEN-ELSE CONTRUCTIONS MAY BE
NESTED IN ONt ANOTHERy GIVING A MAXIMUM DePTH OF THIRTEEN
(2 ¢4 5 4+ 6 - 1),
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3¢ USE OF SKTL STORAGE MANAGEMENT

THE NEXT LEVEL OF USAGE OF THE SETL KRUN TIME LIBRARY
IS THE USE OF ITS STORAGE ALLOCATION RQUTINES AND ITS GARBAGE
COLLECTOR. THE USE OF THESE FACILITIES IMPOSES A NUMBER CF
RESTRICTIONS ON THE PERMISSIBLE DATA STRUCTURES.

3.1 THE STORAGE AEKRAY

TG USE THE DYNAMIC STORAGE FACILITIZS, A LARGE LINEAK
AKRAY CALLEDL #STORAGE# MUST Bt PROVIDED. ONE END OF THE AKKAY
IS USED FOR THE KRUN TIME STACK (WHICH MuUST BE USED TO udt THE
GARBAGE COLLECTOR), AND THE GTHER END IS USED FOR THE GENERAL
STORAGE POOL OR #H:bAP#. WHEN ONE OF THESc PARTITIONS OVERLAPS
THE OTHER, THE GAKBAGE COLLECTOR IS INVOKED TO COMPACT THE
HEAP o

THE TWC PARTITIGNS OF THE STURAGE AKKAY ARE KEFERRED 10
BY THE VARJAELES STACK AND HEAP. THIS 1S PAKTLY FOR MNEMONIC
VALUE AND PARTLY TO FACILITATE A CHANGE IN DESIGN IN #HICH THE
STORAGE AREA IS PARTITIONED INTO TWC DISTINCT AREAS EACH OF
FIXED SIZE (THIS CHANGE IS NUT CORTEMPLATED AT THIS Tikk,
HOWEVER) .

THE SETL RUN TiMt LIBRARY INCLUDES THE FOLLOWING
DEFINITIONS PERTINENT TO THE STORAGE ARRAY:

+*HEAP = STOKFAGE*# /% LUGCATED IN LOw INDEX END (FOR bASE
uF COMPACTION) . */
+*STACK = STURAGE** /% LOCATED IN HIGH INDEX END. *{
+*STORAGESZ = 1Q00(** /% FAIRLY SMALL FOR DEBUGGING., */
/% NOTE: WHEN CHANGING STURAGESZ, ALSU
CHANGE MACRO USEDWORDSZ BELOwW (IN THe
#MACROS RELATED TU THE GARBAGE CJOLLECTIOR#
SECTION). WHEN LITTLE ALLCWS EXPRESSIGNS
INVOLVING ONLY CONSTANTS IN A DIMS STATE-
MENT, USEDWORDSZ SHGULD BE CHANGED TO
MAKE ITS SETTING BeCUME AUTOMATIC. #*/
SIZE STORAGE(WS); DIMS STOKAGE(STORAGESZ);

HERE WS IS THE WORD SIZE MACRO MENTIONED IN SECTION 2.
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3.2 DATA STRUCTUKRES FOR THE GARBAGE COLLECTUR

THE GARBAGE COLLECT3R IS NCT DEPENUENT UPON THE DATA
TYPES USED IN THE SETL IMPLEMENTATICNe. IT DOES, HOWEVER,
RELY ON CERTAIN wOKD FORMATS IN THE STACK AND HEAPs AS
FOLLOWS.

A WORD IN THE STACK MUST BE IN THE FOLLUWING FORMAT,

LEFTMOST TwO BITS = ANYTHING.

NEXT TwO BITS = NUMBEKR UF POINTERS IN THE WORD, FKOM ©
T0 3.

8ITS 1 TO PTS (RIGHTMOST, PTS = POINTER SI1ZE FOR THE
MACHINE) = FIRST POINTER (IF ANY).

BITS 1+4PTS TO 2#PTS = SECUND PUINTER (IF IT EXISTS).

BITS 2*PTS+1 TGO 3#PTS = THIRD POINTER (1F XT EXISTS).

BITS BETWEEN THE FIRST FOUR POSITiONS AND THE POUINTEK
FIELDS MAY BE ANYTHING. ANY POINTER FIELD MAY BE ZERO, SIC-
NIFYING THAT IT DGESN#T PKESENTLY POINT TO ANYTHING (THE NulLLl
POINTER) .

A WORD wITH THE RIGHTMOST PUOINTER FIclD ALL ONES HAS
SPECIAL SIGNIFICANCE TO THE GARBAGE COLLECTOR. 1T IS THE
#GARBAGE COLLeCTOGR SKI1P wOKRD#s AND IT CAUSES THE GARBAGE
COLLECTOR TO SKIP OVER, WITHGUT SCANNING, THE CURRENT WORD AND
THE NEXT N WORDS, wHERE N 1S THE VALUE IN THE SECOND
POINTER FIELD OF 1At wORD (IT 1S USED in THE SETL IMPLEMEN-
TATION TO SKIP OVER THE LOCAL VARIABLES OF AN INACTIVE
PKOCEDURE) .

THERE AFE THREE TYPES OF BLOCKS IN THE HEAPs AS IOENT-
IFIED BY THE FIRST Twl BITS CF THE BLOGCK (FIRST w3RD, LEFT-
MOST TwO BITS).

= STANDARD BLOCKS

1 = ONE-WORD 8LOCK,

2 = TwO-wORD BLICKs AND
3 IS UNUSED.

¢

THE ONE- AND TwO-wOKD B8LOCKS MAY CONTAIN ONLY wORDS ThaAT
FCOLLOwW THE FGRMAT CF A STACK WOFRD.

THE STANDARD BLUCK CONTAINS FIVE FIELCS IN ITS F1lk3ST
WORD, AS FOLLOWS (THE NAMES COF THE FIELD EXTRACTOR MACKRUS
ARE USED).
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EBLOCKTYPE = 0.

ENREF = REFERENCE COUNT.

EBLKSIZE = BLOCK SIZE, INCLUDING FIRST WORD. ;

EHDRSIZE = SIZE OF #HEADER# PORTIOUN OF THE BLOCK, EXCLU-
SIVE OF THE FIRST WORD.

EPTRSIZE S1Zt OF #PUINTER# PCRTION OF THE BLGCK.

#t

ALL POINTERS THAT MAY BE CONTAINED IN THE BLOCK MUST BE
IN THE POINTER AREAs AND THESE WUKRDS HAUST FULLOW THE FORMAT
OF A STACK WORD. THE HEADER AREA AND THE REMAINDER OF THE
BLOCK ARE NOT EXAMINED BY THE GARBAGt COLLECTOR. THESE AREAS
MAY CONTAIN FLOATING POINT NUMBERS, CHARACTER STRINGSs €TC.

THE GARBAGE COLLECTCOR MUST B8E ABLE TO LOCATE ALL POINTERS
TG THE HEAP, IN ORDER TO ADJUST THEM. POINTERS MAY ONLY EXIST
IN THESE PLACES:

THE RUN TIME STACK»
THE HEAP, AND
AREAY #HEAPPTRS#.

VARIABLES MAY BE ASSIGNED TO THE B8ASt OF ThHE RUN TIME STACK
8Y USE OF THE #TACK# MACRC. WRITING THE DECLARATORY MACRO
CALL #TACK(NAME)# GENERATES THE MACRD #+*NAME = STACK
(STORAGESZ~-N+1)#*42, WHERE N IS A CUNSTANT GENERATED BY COUNTER
ZIYZ (THIS CCUNTER LS RESERVED FOR THIS PURPOSE) . HENCE THE
EFFECT IS TO EQUIVALENCE THE VARIABLE #=NAME# TO A PARTICULAK
STACK LOCATION. SIMILAKLY, THE MACRO CALL #PTR(NAME)#
ECUIVALENCES #NAME# TU A PARTICULAR LOCATION IN #HEAPPTRS#.
CCUNTER ZZYY IS ReSERVED FOR THIS PLRPCSEs THE GAKBAGE
COLLECTOR USES THE STACK AS A STARTING POGINT TG TRACE
THROUGH STRUCTUKES IN THE HEAPs AND IT ADJUSTS ALL POINTERS
IN THE STACK AND HEAPe IT ALSU ADJUSTS PUINTERS IN ARKAY
2HEAPPTRS#, BUT 1T DDJES NUT USe THEM AS A STARTING POGINT TL
LOCATE THE ACTIVE BLOCKS IN THE HEAP.

AKRAY HEAPPTRS IS USED TO HOLO POINTekS THAT ARE USEl TU
SCAN A BLOCK IN THE HEAPs, WHEN THERE IS A POSSIBILITY iHal
THE GARBAGE COLLECTOR MIGHT BE INVOKED GURING THE SCAN, ANC
WHEN IT IS DESIKEL FOK EFFICIENCY REASUNS TO SCAN USING A
#ZPOINTER VARIABLE# (INDEX INTU THE STUKAGE ARRAY) RATHEK
THAN AN OFFSET. IF P IS SUCH A PLINTEx VAKIABLE, IT SHOULL
3E DECLARED #PTr(P)#. P MAY THEN POINT TU FLOATING PUINT
NUMBERS, CHARACTER STRINGS, ETC.

THE SIZt OF ARRAY HEAPPTRS 1S ScT BY THE MACRU
#HEAPPTRSSZ+#,
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THE FGRMATS OF THE STACK WORD AND THE STANDARD BLOCK ARt
SHOWN BELOW.

STACK WwORD:

Ak okl o o e ook ok o ok g ok o o o o o o o o o o e ok R o o o ook o o o e o ok o ek ok oo ok ok ok R oK 3 ok o ok
£ ok *  POINTER 3 *  POINTER 2 %  POINTER 1 *
A A o ook sk Rk R o Ok ok ok Ok ok ok ok ko ARk ok A b b ko o oo ook ook ok ok R ROk oK KOR ¥ b

+ 1+ 1

T 1T T—=ANYTHING.

1+ P~=NUMBRER UF PUINTERS IN WORD (C TC 3)e.

T==ANYTHING.

STANDARD BLOCK:

Ao e ol o o ok oK K o o o ok ok o o o ok o R R R o o o o ok o o b R K o K Ak ko R K R K KOk b
*Q0% NREF % BLOCK SIZE * HEADER SIZE * POINTER SIZE =
o ook o b o kR oK O KR R R Rk o o Rk b b Rk Rk ok ok A ok ok o ROk K K ok o ok

* *
* *
* HEADER AREA *
* *
* *
e s e e ok o o Ok o ok ok ok R o R Aok b R ROR sk R kR R R R R R AR R R R R R R AR
* *
* PUGINTER ARES *
* DATA IN THIS AREA MUST FOLLOW THE FORMAT ¥
* OF & STACK wORD. %
* *
e oK ook o A ok 2 o R R R K KK R PR R A R R KR R AR R Rk R R Ak O R AR R K
* *
* TRAILEK AKERA *
* *
*

e ok o o o A o o ok e RO o o o Ok AR oK o ok ok oK ok e Ok b Kok ok o o ok ok s ok ok ok ook ok koK Ok b
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3¢3 REQUESTING STACK AND HEAP SPACE

STORAGE MANAGEMENT IS QUITE DIFFERENT FOR THE STACK AND
THE HEAP. SPACE THAT HAS BEEN ALLOCATED ON THE STACK MUST BE
EXPLICITLY FREEDs AND THE REQUESTING AND FREEING MUST BE DONE
IN A STACK-LIKE CRDERe A SINGLE FREEING OPERATION MAY RelcaSE
A PORTION OF WHAT WAS LAST REQUESTED, OR THE TOTAL SPaCt rCR
THE MOST RECENT REQUESTS. TC MiNIMIZE THE OVERHEAD OF
CHECKING TO SEE IF A GAxBAGE COLLECTION IS NECESSARY, A
RESERVE OPERATION IS PROVIDEU FOR THE STACKe. THIS MAKES
ALLOCATIGN AND FREEING S0 SIMPLE THAT THE STEPS ARE PLACeD IN
LINE B8Y THE MACRGS (SEE BELCW).

SPACE THAT HAS BEcN ALLOCATED FRJIM THE HEAP IS NEVEK
EXPLICITLY FREED; FREEING IS DONE BY THE GAKBAGE COLLECTCR.
BLOCKS MAY BE REQUESTED AND FREED IN ANY ORDERe A PORTION OF
A BLOCK MAY IN EFFECT BE FRELED BY ReEDUCING THE SIZE FIELDS
IN THE BLOCK HEADER. IF THIS 1S DONE, THE PORTION FREED MUST
Bt GIVEN A LEGITIMATE BLOCK HEADER wORD; NORMALLY ONE wiTH THE
CORRECT BLOCK SIZE AND ZEKQO HEADER AND POINTER SIZES (SU THAT
IT LOOKS TO THE GARBAGE COLLECTUR LIKE ALL TRAILER AREA).

THERE IS NG WAY TO EXPAND THe SIZE GF A BLOCK; IT Can
ONLY BE REALLOCATED (AND MOVED). FOK THE HEAPy THEKRE IS
NOTHING ANALGGRUS TG THE RESERVE OPERATION. THE STePS
REQUIRED FOR ALLOUCATING FRCOM THE HEAP ARE CUT OF LINE
(SUBROUTINE CALL)s ALTHOUGH THEY ARE SIMPLE ENOUGH SO THAT
THEY CGULD CONCEIVABLY 8c PLACED IN LINE.

THE STACK IS USED B8Y MEANS Of THE RcSERVE MACROs, AND
THE PUSH AND POP FAMILY UF MACRUS. FOR EXAMPLEs TO STACK
THREE ITEMS AND THEN UNSTACK TWO UF THEMs CONE WUOULD CGDES

RESERVE(3);
PUSH3(Ay By C);
POP2(X» Y3

THE RESERVE STATEMENT RESERVES THREEt WORLCS ON THE STACK.

THE PUSH3(A,E,C) 1S EQUIVALENT TO PULSHI(A); PUSHI1(8);
PUSH1(C)es PCP2(Xx,Y) 1S EQUIVALENT TO POAPLIY); PLPL(X) (NDTE
THE REVERSAL). HENCE AFTER THE ABOVE ScQUENCE Y = C AND

X = B, AFTER PUSH3(AsBsC)s eee s PCP3(AsBsC)s As By AND C

ARE RESTORED. MACROS ARE PROVIDED FOR STACKING AND UNSTACKING
UP TO BIGHT 1TEMS AT A TIME. THERE IS NO SIGNIFICANT LIMIT TG
THE VALUE OF THt RZSERVE PARAMETER.
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IN MANY CASES THE RESERVE STATEMcNT CAN BE FACTORED QUT
OF A PROGRAM LOOP, WITH A RESULTING SAVING OF EXECUTIUN T1lHME.
PUSH AND POP ARt FAST OPERATIONS.

ITEMS IN THE STACK MAY Bc DIRECTLY REFERENCED BY USING
THE GLGBAL VARIABLE T, WHICH ALWAYS POINTS TO THE TGP OF THE
STACK = 1. HENCE THE TOP CF THE STACK IS STACK(T+1), THE NEXT
IS STACK(T+2), ETCe (THE STACK IS IN WHAT wOULD PROBABLY BE
REGARDED AS KEVERSE ORDER).

BELOW IS SOME SRTL COU: RELATING TG THE STACK.

+¥RESERVE(NWDS) = CALL RSVSTK(NWDS)2*

+*PUSHI(A) = STACK(T) = A; T = T - L1*x

+¥PUSHZ2(A,B) = STACK(T) = A; STACK(T=1) = B; T = T = 2%x
+%POP1(A) = T =T 4 1; A = STACK(T)#*x

+*%POP2(A,B8) = T =T + 25 B = STACK(T-1); A STACK(T)*x
SIZE T(PTS); /% TUOP OF STACK - 1. */
SIZE TRES(PTS); /* TOP OF RESERVED PORTION ~- 1. */

TG REQUEST A BLOUCK FRGM THE HEAP, ONE CODES:
GET(Ns P);

HERE N IS AN EXPRESSION GIVING THE TOTAL NUMBER OF wOwrDS
REQUESTED, INCLUDING THE ELOCK HEADER wDORD (IF THERE IS TG BE
ONE)e P IS A VALUE=-RECEIVING EXPRESSIUN INTO WHICH A
POINTER, OR INDEX, wILL BE STORED. THE POINTER INDEXcS THt
FIRST OF THE N WORDS. N AND P SHUOULD BE SIZED WS (wOKD
SIZE FCR THE MACHINE)e THE FIRST WwCRD OF THt BLOCK RETURNED
WILL BE SET WITH T4t APPRCOPRIATE BLOCK SIZE FIELD AND CTHEK
FIELDS CLEARED. THE CALLFR 15 RESPCNSIBLE FUR COMPLETING THE
FORMATTING OF THE BLDCK BEFURE THEt GARBAGZ COLLECTOR GETS
CALLED.,

TC REQUEST A SINGLE wORD FROM THE HcAP, ONE MAY CODE
GET1(F);

FOGR A SLIGHT INCRcASE IN EFFICIENCY OVER GET(1» P
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CLUTION:  WITH THE PRESENT LITTLE COMPILERs PARAMETER P
MAY NOT BE DECLARED PTR(P)e THIS IS BECAUSE THIS CAUSES P TO
BE REPLACED BY AN EXPRESSION OF THE FJRM A(I)s AND FOR SUCH AN
EXPRESSION THE PARAMETER IS MOVED TG A COMPILER TEMPORARYs AND
THE VALUE ASSIGNED TGO THE TEMPORAKRY BY THE GET ROUTINE 1S NOT
PASSED BACK 10 LOCATIGN A(I)e. NORMALLY ONE WOULD CODE
SGMETHING LIKE:

SIZe PTEMP(WS) 5
PTR(P)

GET(Ns» PTEMP);
P = PTENP;
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344 RECUKSIVE CALLS

- —— —— ———— T~ — — - -

LITTLE DOES NOT SUPPOKT RECURSIVE CALLSs BUT THE USEK OF
THE SRTL STGRAGE MANAGEMENT FACILITY MAY USE THE SRTL RECUR-
SIVE LINKAGE MACROS WITH NO ACOL1TIONAL RESTRICTIONS ON HIS
DATA STRUCTURESe CODING RECURSIVE CALLS WITH THESE MACROS IS
VERY AWKWARDj; THEIR MAIN VALUE 1S THAT TdtY PROVIDE A& STANDARD
WAY TO IMPLEMENT FcCURSIVE CALLSs THUS MINIMLZING THt CHANCE
FLR ERROKR.

IN MANY CASES RECURSIVE LINKAGE CAN 8t AVOIDeD BY
REDESIGNING AN ALGORITHM SO THAT IT IS ITERATIVE, AND UdES
THE PUSH AND PCP  MACRGS TO SAVE AND RESTORE DATA. WHEM AN
ALGORITHM YIELDS 10 THIS TECHNICUE, 1T IS PRUSBABLY THE
PREFERABLE wAY TO C0O0E IT.

RECURSIVE ROUTINES IN SKTL HAVE THE FCULLOWING UNUSUAL
FEATURES:

1. THEY ARE NUT CELIMITEC 3Y SUBR (R
FNCT ARD &NDe THEY ARE MERELY BLOCKS
OF CUDE COUNTAINED IN A SUBROJUTINE
OF FUNCTION, PRGBABLY DELIMITED BY A FEW
8LANK CARDS AND SOMe COMMENTARY,
2e THEY THeReFUORE HAVE NG FORMAL PARAMETERS.
3, THEY CONTAIN CODE THAT IS ODEPENDENT
UPCN ALL THE PLACES THEY ARE CALLED FROM.

(3) ABROVE STEMS FrUM THE FACT THAT LITTLE HAS NO LABEL
VARIABLESs AND THE RECURSIVE KcTURN MACRO EXPANDS INTO A GOBY.

TC INVOKE & RECUKSIVE ROUTINEs ONE CUCES
KChLL (KUUTINGs RETINDEXs RETLABEL);

HERE ROUTINE IS & LABEL AT THt BECINNING OF THE ROUUTINGE
BEING CALLED (THIS wIii BE REFERRED T3 AS THE NAME COF THt
ROUTINE)e PRETINDEX 1S A POSITIVE INTECER IDENTIFYING THE
PLACE GF THE CALL, AND RETLABEL IS £ NAME THAT SERVES
SIMILARLY AS A LABEL. FOF EXAMPLE. 1F ROUTINE #StARCH# 15
CALLED FROM THREE PLACES (SOME OF WwHICH MAY BE WITHIN ScAkCH
ITSELF)s THEN THt CALLS MIGHT Br COCED AS:

RCALL (SEARCH, 1, L1);
RCALL (SEARCH, 2 L&)
RCALL (SEARCH, 3, BACKHERE);

THE RETURN FROM A RECURSIVE ROUTINE IS CODED wITH THc
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REETURN MACRC. FOR EXAMPLELs, THe ROUTINE SEARCH WOULD RETURN .
WITH A STATENMENT SUCH AS:

RRETURN (L1, L2, BACKHERE);

A RECURSIVE CALL INVOLVES STACKING THE KETURN POINT.
THEREFOREs, BEFORE THE RCALL MAY 8E USEDs IT IS NECESSARY
TG EXECUTE?®

RESERVE(1); FUSHI(RETPT);
AND UPON KETUKN:
POUPL(RETPT);

THE DEFINITIONS OF RCALL AMD RRETURN  SHOULD CLARIFY HOW
THEY WORK.

+*RCALL(ROUTINESRETINCEXs KETLABEL) = RETPT = RETINDEX;
GO TO RCOUTINE; /RETLABEL/ #*%
+*RRETURN = GOBY RETPT*%

RETPT IS A GLOBAL VARIABLE CcFINED a5:
SIZE KETPT(wS);

WHEN MAKING & RECURSIVE CALL, IT IS USUALLY NeCESSARY TQ
STACK THE LOCAL VARIABLES (AT LEAST THUSE THAT ARE NOT ODEAD),
AND THEN UNSTACK THeM ON RETURN. THIS mAY Bt ACCOMPLISHEL BY
USING THE RCALLSAVE FAMILY OF MACROS. THESE MACROS ALSO
SAVE THE RETURN POINT. FUR EXAMPLE:

RCALLSAVEZ(ROUTY X» Y» 35 L3);

STACKS XyYs AND THE RETURN PLINTy EXEZUTES A RECURSIVE CALLs
AND THEN POPS XxsY», ANU THE RETURN PLINT. THE DEFINITION OF
THIS MACRO IS

+%RCALLSAVEZ(RsAsBslsl) = FUSH3(A,BsrRETPT);
FCALL(R,IsL);
PUP3(AsBRETPT) %%

THIS MACRO SHOULD Bc PRECELDED bBY A RESERVE(3) MACRO Calts
WHICH MAY BE rFaACICRED OUT OF LOGPS.

TO ACCOMPLISH A RECURSIVE CALL THAT SAVES THe RETURN
PCINT BUT NO VAKIABLES, RCALLSAVEO ™MAY c¢E USED. THE
MAXIMUM NUMBER CF VARIABLES THAT MAY 3t SAVED 1S ScVEM.
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THE rOLLOWING EXAMPLE SHOULD HELP? Ta TI& THIS TOGETHER,
IT IS TAKEN FROM THE SRTL EQUALITY TeST.

/% EQUAL */

SUEK EBUQLAL;
/¥ ARGl, ARGZ = ROOY wORDS JF OBJECTS TO BE
COMPARED. */

CAatL EQBASIC;
GOFY (RESULT) (NEQU, £Qy SETS);
INEG/ RESULT = FALSE;
RETURN;
feQ/ RESULT = TRUE;
RETURNS
/SETS/ RCALL (SUBSETNT, 1, EQUALRL);
RETURN;

!;
|
i
)
‘
(
(;

/% SUBSETNIT */

/SUBSETNT/;
KESERVE(T) ; '
RCALLSAVEG(SUBSETNT, al, 42, 11s I1lLiM» Ply Pl
2y SULBSETNTR1);
RRETUKN (CGQUALRI, SUHSETNIRL);
(% END UF SUBSETKT. */

END; /% ECUAL  */

/% EQBASIC */

SUFF EQBAS1C)

END;  /» £dBaASIC  */

NCTE THeT 1F THE FLOw OF CUNTROUL WITHIN SUBSETNT 1S SUCH
THAT NO RECUKSION OCCURS, TrHeN NO STACKING AND UNSTACKING I35
DONEe THIS APPLIES EveN TO THt RcTURN POLNT.
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4 USE OF SRTL SUBROUTINES
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TC USE THE SRTL SUBRGUTINES THAT IMPLEMENT SETL, THE
DATA STRUCTURES MUST CLUSELY FOLLUW THGSE USED IN THE SETL
IMPLEMENTATIOCN. THERE ARE ELEVEN DATA TYPES THAT MAY Bt USED:

0. INTEGER b5 SUBROUTINE
1. REAL 7e FUNCTION
2. BOOLEAN STKRING Ge UNDEFINED
3¢ CHARACTER STKING . TUPLE

4, BLANK ATOM 10« 3ET

5. LAELL

SEVERAL OF THESE HAVE A LONG AND A SHORT FORMe. FOR EXAMPLES

CHARACTER STRINGS ARE CONTAINED IN ONc WOKD IF THEY WILL FIT,
AND OTHERWISE THEY ARE CONTAINeD IN THE STUORAGE HEAPs WITH A

ROOT WORD THAT POINTS TO IT.

cVERY GBJECT IS REPRESENTED BY A ROCT WORDs WHICH FOLLOWS
THE FOKRMAT OF A& STACK WORD (AS (ESCRI3eD IN THe PREVIOUS
SECTION)s THE FIRST TwWw0O BITS OF a RGOUT WORD ARE SET TG Uls
WHICH IS THt CODE FOR A CONE-WORD BLGOCK. THIS IS SO THE RUOT
WORD MAY BE MOVED TO A ONE-WOURD BLOCK WITHGUT THE NECESSITY
OF SETTING THESE BITS.

THE NEXT TWC BITS OF A RCGOT wORD inDICATE THE NUMBer CF
PCSSIBLE POINTERS IN THE WORD, wHICH IS ALWAYS 1 OR 2 FOK SETL
OBJECTS,

THE NEXT FIVE BITS GIVE THE TYPE C(ODc OF THE ITEMs
WITH THE RIGHTMOST B8IT INUICATING wHETHER THE ITEM IS SHCRT(O)
OR LONG(Ll)e THUS O = SHOKFT INTEGER, 1L = LONG INTEGER)
4 = SHORT BOCLEAN STRINGs 5 = LONG 8COLEAN STRING, ETC.

THE NEXT FIELD CONTAINS THc VALUE OF Tde ITEM IF IT 15 A
SHORT ITEMs CR A POINVER TO A BLOCK IN THt HgAP IF IT IS A
LCNG ITEM,

THE LAST FIELO IS ONLY USED iF THe I1TEM IS PUT INTO A
SET. ITS PURPOSE IS 1O CHAIN TOGETHER ITEMS WHICH GO iINTO THE
SAME SLOT OF THE HASH TABLE CF THE S5¢T.
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THE ROCT WOGRD FORMATS ARE DEPICTeD BELOW.

ROOT wWORDS

SHORT INTEGER AND BLANK ATOM

ok o oK ok o ok K o o Kok b o R A Rk e ook ok ok ok Ok ROR K o o o ok ol e o ok ok R %k ok

x5 % * VALUE * 0 *
ak o o ok o o o o ok ok ok e ok e o ok ok ook oo ok ok ok o ol e S 3 ok ok ok ook sk ok 3k o ook ko ok ok sk ko ok X
1~
t== 0 = SHURT INTEGEFR

"ou

8 = BLANK ATOHM

LONG ITEM

3 Kok ok ok o o o o oo ok o o K R %ok b o ok o ok ok b o ok ok e o ok ko oK kalOK ok AR R Rk Ak %

* 6 * FhEdAkkeskhkbkkxen PTR TO HEAP * C ¥

e ok ok ok o o ok ko ok o ok o o o e ok ok ok ok ok ok e e ok ok R R oK R R R R R R R R 4 K
1

t-- 1 LONG INTEGEE

3 = REAL

5 = LONG BOOLEAN STRING

7 = LONG CHARACTER STRING
17 = SPeCIAL PRIk

19 = NON-NULL TUPLE

21 = NON=NULL SET

SHORT STRING

bR b Otk AR 2 Kk R Rk R o o o o o ROK K ok ok A ok ok ok e ko o o o K X Rk

x5 % £ NA VALUE * 0 *
A o o ok o ok e o kR ok o ok R ok o ok ok s ok ok Rk o ook ook ok A ok Kok R ko o ok ok ok ok kR %
t t ‘
1 == N = LENGTH iIN BITS (BOOJLEAN STRING) 0OR CHAKS.
T
t— 4 SHORT BOOLEAN STRING

6 SHORT CHARACTER STRING

I B Y cirim s o
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LABELs SUBROUTINE, aND FUNCTICN

Aok ok ook b o o ok ok R KRR b R R R K R ot ok K b R oK R o R o o kR o Rk

¥ 5 % ok dooiokkor kb kkxkk PTR TO CODE * 0 *
Aok ok K ok ok ek Ok R Rk ok sk ok ok ok sk ok ook sk R ofoR oo o o ol ok ok ok kR ok ok ok ok ok
T
t-= 10 = LABEL
1z = SUBROUTINE
14 = FUNCTION
UNDEFINED

Aok o ok ok ok ok b ok B oK R R R ok R b Aok kA o o ok ok ko o ok ok o ok ok ok e e ok o ok b K

* 5 % 16 * G *
W ok ok ok b ok ko bR ok o ook o ook b ok ok ok ok o o o R oKk ok ok ok ok ok ok ok ok ok ok ok

NULL TUPLE AND NULL SET

e ok ok o o ok ok ook ok o A0 o o ok o R o ok o ok A o Ak R Rk R KR o o o K b R K R %k

* 6 % Ahrssrtknntktsrdis  PTR T( HEAP * G *
ek ook ok sk ook o o ok o ok ok ok o ok ok ook ok ok ok ok kol ok ok o ok ok ook okok ok ok ok Rk ok R Rk &
t
t-= 18 = NULL TUPLE
20 = NULL SET

THE VALUE FIELD CF THE SHORT INTzGER 1S &NCODeD IN
SIGNED=TRUE FORM, WiTH THE LEFTMOST 84T BeING THE SIGN
(G=PLUS)s THE SRTL ARITHMETIC RIUTINES NEVER RETURN A MINLS
ZERD,

THE VALULe FIELD OF THE BLANK ATOM IS AN UNSIGNED NUMBER,
Ok IT CAN Bf REGARDED AS SIMPLY 4 FIX:ED LENGTH BIT STRINGS
SINCE IT IS MNEVER AN UPERAND OF AN ARITAMETIC OPERATICN IN 8
VALIC ScTL PRUGRAM,.

BOOLEAN STRINGS ARE RIGHT JUSTIFIEDs AND CHARACTEK
STRINGS ARE LEFT JUSTIFIED.
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THE HEAP STRUCTURES THAT HCGLD THAE vALUE OF LONG ITEMS

ARE SHCWN BELOW.

HEAP DATA STRUCTURES FOR SETL OBJECTS

LONG INTEGER

Rk A Aok b ok Ko ook Ak B % A ok ROk ok A kR o o s kb sk otoR ok ROk Rk ok b oKk R R R R A R

¥Go¥ REF # N+1 ¥ N * 9] *
e sk oo o o ok ok ok ok o o e R ok ok ok o ok A o o b O o o R ok o e b R R R R Rk
™ *
* VALUE, MUST SIGWNIFICANT WORD FIRST *
* (N WGKDS) *
* *

HO AR S ok ok R AR R K B R OR K K Kok o8 o R R ok K o ok R R R R R ok

REAL

HR Rk o ok ok R o ok Rk ok ook K o kb AOROR R R A ok ok R o R R Ok R Rk
*(Q0% REF * 2 * 1 * 0 *
b Kok R ok ok ook ok Rk o o kR oo R o ok o ok R ok kb ROk S ok ok ko ok ok ok ok Rk ok
* vaLUE (FLUCATING PJINT) *
e o e o ok oo ko ok o ok koK OR Jokok o ok ook kR R o o ok o Rk Kok sk b ok ok ok ok Aok bk R

LONG BOOLEAN STRING

A A Rk R R R KRR ROk o ok ok R Ok o R R OKKOK R K R A Rk R

*00%* REF * N+2 * N+l * U *
ook ook ok ok ok ok ok ok R ok dokR ol R R R R R Rk R R R R r AR R R R
R I L I P ST RIS S IR LR NUMBER OF BITS *
R AR R R AR AR R R AR R AR AR R AR R R R A RO A OO R R Rk
* *
* VALUEs RIGHT JUSTIFIED *
* (N wORDS) *
* *

ok ok k% ok ok ok ok R Rk kR ok Rk R Aok Rk kR Ak R Rk kR R kAR R Rk kR Rk
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LONG CHARACTER STRING

ok sk o ok ok oo Aok ok ok o o R K Ak o o g ok ok ko ook R o R KK o R R R K kR K R Rk
*(0C* REF # N+2 % N+1 % 0 *
oo ok ok ok ok Aok dkokok o o o ok ok ok 3 ook ok o o skl o ok ok ok Ao kb ok ok ok sk ok ko ok sk K OR oK K R K ok
Rk kR R Rk kA d ke ko kR k4% NUMBER OF CHARS. #*
ok o e o o o ok e ok ok o ook o ook ok o o ok ok o ook ok e Rk o A A R R R R RO ARk

* %
% VALUE» LEFT JUSTIFIED *
* (N wORDS) *
% *

Aok o Rk ok ok kR R R R R AOR KR AR AR R AR R R KR A AR R R AR RN AR

SPECIAL PAIR

Ok R OR % KO ok ok R A o ek o o e ko ok R R o ok sk ook ok ok ok ok R O K ROR R R K

¥10% VALUE(1) *
o oo ok K Kok ok b o ok b Ao ok R ok o ok o ok b R o ok b oK ok ok b A o o ok ek K
* VAaLUE(2) ( A SET) *»

ok ok o oo ook ok ok ok o ok ok ok ok ok ok ok oK A Ak ok ok A o ke ok o o K ok ok kK K

NULL TuPLEL

Aok oo ok A ok ok b o ok ok o ok ok ok o R R R Ak kR ok kok ok A Rk e KRk R

*C0* REF # 1 % ¢ * ¢ *
3 Rk A Ok K ook R K R R R R R ROK KO K R A R K AR R o K A KR KR Rk
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TUPLE

ok ook Rk ook ok ok doR o o ROKROKROR B b R R ok R K Rk AR R kR K
*00% REF » N+M+1 * ¢ * N *
Ak AR R R A A AR kR R R ook o O R K A ROR Ak RO R R R kR Rk
* VALUE(1) *
* | VALUE(2) *
* o0 *
* VALUE(N) : *
A kb ok oK R R R R R AR R R R R A Rk bk kAo R P Rk kR ko kR kR R
* *
* GEOGWTH SPeCk ¥
* (M WORDS) %
* *

A b Ak R AR R R AR R Ok Ak ROk ok Rk Ao R e ok A akok ok kR R R OR R R R Rk

NULL SET

ko ok B o o ok o sk ok o ok ok ok ok ok b % e ko ok akofok ok sk ok ok ok ok ok 3ok b ok oK R ok ok oKk
*00% REF * 2 * 1 * 0 *
Ao ook o ok ok ok ok % R ok ok ok Aok ok ok Sk koo Rk KA KRR R R AR KRR R AR KRR AR AR A
ERKE R A o * HASH * G *
ke o o o o ok ok ok o ok ok ok ok ek e % o R ok b R % kR ok ok R K R R R Ok R R A X

HASH = HASH CODE OF NULL SET (A CONSTANT).

SET

HEF R AR R h R kA Kok ROk Rk R ook % kR ko kX ook R ok ok ok kR Rk kR R R Rk
*00% REF * S+2 * 1 * S *
ISR SIS SRS SRSl R s R SRR R R R SRR RN R,
*xkk¥ | 2 LCADING FACTOR = HASAH * NUMBER MEMBERS *
Ao koK o b o kb b ko ko koo ok o o ol ko kA ook R R ke Rk kR R ROR R kA %
* MEMBER * PTR x
* MEMBER * PTR *
* cee * il *
* MEMBEK * PTK *

A b ok ok ok ok ok R kR ok K o o A K R ok R o KR KR A o KR ROR o kR kR OR KO ARk % ok

S = HASH Ta3ie S1Z&, L = LOG(BASE 2) Ss» PTR = POINTER
TG NEXT MEMBER IN CHAIN, MEMEBER IS UNDEFINED IF NUT
PRESENT.
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A VARIETY OF MACKOS, VARLABLES, AND ROUTINES ARE AVAIL-
ABLE TO SIMPLIFY THE CREATIUN AND MANIPULATION OF SETL
OBJECTS. THESE WILL BE BRIEFLY DESCRIBED HERE, BUT THE SRTL
SOURCE LISTING SHOULD BE CONSULTED FOR DETAILS.

THERE ARE A NUMBER OF F1lELD eXTRACTOR MACROS FOR
ACCESSING THE FIELDS OF ROUT WOPRPDS AND HEAP STRUCTURES.
FOR EXAMPLE:

+¥ETYPt = «Fe52,5,%x% /¥ GBJECT TYPE. */
+%ETYP = JFob3s49%% % TYPE WwITAJUT LUNG/SHORT FLAG. */
+*EBLKS1ZE = oFe35,17y%% +¥0FFELKSIZc = O%%*

EACH EXTRACTOR FOR A FIELD IN A HbAP STRUCTURE HAS AN OFFSET
ASSOCIATED WITH IT. IF P POINTS TO A BLOCK IN THE HEAP, THEN
THE BLOCK SIZE FIELDs FOR EXAMPLE, 15 keFcRENCED BY THE
EXPRESSION:

EBLKSIZE HEAP(P+OFFBLKSIZE)
THERE ARE A NUMBEtR OF MACRUS THAT GENERATE IN LINE CODE
FOR REFERENCING A FIELD OF A BLOCK IN THE HEAP FROM THE ROGGT

WORD (KATHER THAN FROM A POINTEK TO THb BLOCK)e. FOR EXAMPLE,
TC OBTAIN THE NUMBER OF MEMEERS OF A StT, ONE CODES

NMEMBS(SET)

WHERE SET IS A VARIABLE DESIGNATING THE ROOT WwORDe THE NMEMES
MACRO IS DEFINED AS FOLLOWS:

+ANMEMES(RODT)Y = ESETSIZE HEAP(EPTR ROCT + OFFSETSIZE)*x*
THUS NREMBS(X) EXFANDS TO:
eFelslT7sSTORAGE(.FelBy17sX + 1)

SCMe MACKROS IN THIS CATtGORY ARe MORc COMPLICATED. FUk
EX&MPLE, TO ACCESS CHARACTEK 1 OF A LOING CHARACTER STKRING
(USING IN LINE CODE)s JINE MAY COUDE LCSCHAR(ROOT, 1y R)es HERE
R GETS THE RESULT. Thc MACRO DEFINITIUNS FOR THIS ARg:

/¥ WORD I OF A LUNG CHARACTER STRe 1205 eee*/
++ L CSWRD(RCCT,1) = HEAPLEFTR RUOT + OFFCSTR + (1)) =%

/* R = CHAR 1 OF A LONG CHAR STRe 1 = 0Oseeet/
+* CSCHAR(ROGT,»IsR) = SIZE ZZZQ(WS)y ZZIR(WS);

QREMCPW(I, ZZZGy Z7IR);

R =2 oFo(WSMCSPI-CS*ZZIR)»CSsLCSWRD(KOGT,ZZZQ) *x

THE TYPE CODES MAY BE KEFcrRENCED SYMBCLICALLY BY MACKES
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SUCH AS:

+¥INT = (O*»* +25INT = Ox« +RLINT = 1%x%
+XREAL = 1%% +#LREAL = 3%%
+*B00L = 2%% +%SBOOL = 4%% +#LBCOL = 5%*

HERE INT, BOGLs ETC. ARE USED IN CONJUNCTION WITH ETYP, AND
SINT, LINT, SBOOL, LBGOLs ETCes (SHCRT INTEGERs LONG INTEGER,
ETCe) ARE USED IN CUNJUNCTION WITH ETYPZ.

THERE ARE SOME MISCeLLANEOUS MACRCS SUCH AS:

+*IFSHOGRT(X) = IF (ELECNG ¥ «EQe u) ¥
+*IFATOM(X) = IF (ETYPE X eLEs SUNDEF)**

USE OF THESE IS eENCOURAGED AS IT TENDS TO MAKE A PROGRAM LESS
SENSITIVE TO CHANGES IN TYPE CCDE ASSIGNMENTS, ETC,

SKTL INCLUDES TwlU TABLES FOR MISCELLANEQUS USES SuCH AS
MASKINGs THESE AKE PUWTWO = 25 4 By 165 eees 65536, AND
ONEBITS = 1s 3y 7y 159 eees (2 EXP wS)-1. POWTWO IS SIZED PTS
AND ONEBITS IS SIZED wSe ONEBITS(WS) 1S THtE SUGGESTED wAY TO
OBTAIN A WORD CONTAINING ALL ONE BITS.

A NUMBEF OF SKELETAL ROOT WORDS ARE DEFINED TO FACILITATE
BULILDING SETL 0OBJECTS. THESE WORLS HAVE A FEW FIELDSs SUCH
AS THE TYPE FIELDs, ALKEADY SET. SOME CF THESE ARE:

ROGTSINT SHOKT INTEGER.

RKOOTLINT LONG INTEGER.

ROCTREAL ReAl.

ROGT1BOGL SHORT BOCLEAN STRINGs LENGTH 1.
ROLTLBOOL LONG BOOLEAN STRING.

ETC,

FCR EXAMPLE, T CkEATE THE SETL UBJzCT FUR THE INTEGeR F1VE,
ONE CQULD CChE:

SIZe FIVE(WS);
FIve = ROOTSINT;
EVAL FIVE = 953
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TG SIMFLIFY THt CREATION OF SETL OBJECTS, THERE IS A SET
OF OBJECT #GENERATOR# ROUTINES. THESZ ARE:

GENINT (N, V) GENSUBR(V)
GENSINTL(V) GENFUN(V)
GENREAL(WV) GENPAIR(A, 8)
GENBOOL (N, V) GENTUP(N, V)
GENCHAR(Ny V) GENSET(N, V)
GENLABL(V)

GENINT CENEFRATES AN INTEGEK, GENSINT A SHORT INTEGER,
ETCe HEKE N IS Thi NUMBEFK UF WURCS IN AN INTEGER, BITS IN A
BCOLEAN STKING, CHARACTERS IN A CHARACTER STRING, COMPUNENTS
IN A TUPLEy OR MEMBERS IN A SET. V 1S THE #VALUE# GF THE
OBJECT, STCORED AS AN GRDINARY ARRAY (LITTLE DIMS STATEMENT).
THE PARAMETEKS ARE NOT SETL OBJECTS, EXCEPT IN THt CASES GF
A AND B IN GENPAIK, AND V IN GENTUP AND GENSET. THt VALUE OF
EACH FUNCTION IS A ROOT wCkD FOR THt GENERATED SETL 08JtCT.
FCR SEVERAL OF THE RCOUTINES, EITHER A LONG OR A SHORT UBJECT
IS CREATED, DEPENDING ON THE VALUE CF No FOK GENSINT, V IS
KNOWN TO FIT IN A SHORT INTEGER. FCR DETAILS SUCH AS wHETHER
THE DATA IS LEFT OR RIGHT ADJUSTED IN ARKAY V, CONSULT THE
SKTL LISTING.

AS AN EXAMPLE IN THE USE OF THE GENERATOR ROUTINES, Tht
ABOVE 1TEM =#FIVE# COULD BE SET AS FCLLLWS:

SIZE FIVE(WS);
FIVE = GENSINT(E);

OR FIVE = GENINT(ls 5)» AS LITTLE TREATS ONE-WORD ARRAYS aAND
NON=ARRAYS THc SAME.

THE READER MAY wGNDER wHETHER HE SHOULD USE THE GENERATOR
FUNCTIONS OR CredTte UBJECTS #BY HAND#. THE ANSWER IS THAT IN
ALMCST ALL CpSES YOU SHOULD USE THE GENERATOR FUNCTIONS. THIS
WILL RESULT IN A PROIGRAM THAT IS nmOR:z CUMPACT, EASIER TU KEADy
LESS SENSITIVE TO CHANGES IN SRTL, AND LcSS APT TO HAVE BUGS.
IT WILL BE SLOWER RUNNING, BUT THIS wILL PROBABLY NOT Bt
SIGNIFICANT EXCcPT IN A Ftw CASES.
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402 CALLING SEQUENCES
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IN MOST CASES THE ARGUMENTS FOR SRTL SUBROUTINES ARE
PASSED VIa THE GLOUBAL VARIABLES ARGl, ARGZ2s AND ARG3.
IF THE PURPOSE OF THE ROUTINEt IS TO ALTER AN ARGUMENT (EeGe»
THE AUGMENT KOUTINE), THEN THE RESULLT 1S PASSED B8ACK VIA THE
APPROPRIATE ARGUMENT. ON THE OTHER HAND, 1F THE ROUTINE 1S
GENERALLY THOUGHT OF AS FUNCTION-LIKE (Ee.Ges THE EQUALITY
TEST), THEN THE RESULT IS PASSED BACK VIA THE GLOBAL VARIABLE
#RESULT#. AS AN EXAMPLEs HERE 1S A CODE SEGMENT THAT ADDS
INTEGERS TG & SET S UNTIL IT BECOMES EouAL TO ANOTHER SET P:

SIZE K(WS);

ARG2 = S;

K = Gj

RESULT = FALSE;

WHILE (RESULT «EGe FALSE);

K = K + 1;
ARG1 = GENSINTI(K); /* BUTLD SETL INTEGER. */
CALL AUGMENT; /% 20D ARGL (K) TO ARGZ (S)e ¥/
ARGl = Pj;
CALL EQUAL; /* COMPARE ARGL (P) TO ARGZ (3S) . */
ENDWHILE(RESULT) S

S = ARGZ; /% MOVE RESULT TG S %/

NOTE THAT IT IS GENERALLY NECESSAKRY TGO MOVE THE RESULT TO THE
DESIRED VARIABLE.,

THIS TYPE OF CALLING SEGUENCE I35 AWKWARD T0O USE, BUT 1IT
AVOIDS THE OVERHEAD GF PARAMETER PASSING VIA THE LITTLE
MECHANISM, AND IT ALLOWS ONE TO GAIN EFFICLENCY BY SUCH TRICKS
AS FACTORING THE ASSIGNMENT TO AN ARGUMENT OUT QOF A LUOP (A4S
IN THE CASE OF ARG2 ABOVE).

THE DISCUSSIUN ABOVE APPLIES ONLY wHEN THE ARGUMENTS AND
RESULT ARE SETL QBJECTS. THIS 135 BECAUSE ARGls ETCes ARE
DEFINED AS FCOLLOWS:!

TACK(ARGL) TACK(ALRG2) TACK (AKG3) TACK(RESULT)

THAT I5» THESE QUANTITIES ARE EQULVALENCED TO A STACK LOCATION
(S0 THE GARBAGE COLLECTOR CAN MARK THE STRUCTURES THEY POINT
TG) W

A FEw SRTL ROUTINES HAVE PUINTERS AS PAKAMETERS. FGR
THESE, ARG1P, ETCes ARE USEDs WHICH HAVE THE DeFINITIONS:

PTRUARGLP) PTR(ARGZP) PTK(ARG3P) PTR(RESULTP)
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TC PASS MISCELLANEGUS DATA TG 4 RGUTINEs SUCH AS A SMALL
INTEGER, IT IS SAFE TG USE ARGl, ETC. THIS IS BECAUSE THE
THIRD AND FOURTH BITS (FROM THE LEFT) wltlL Bt ZEKOs» INDICATING
TG THE GARBAGE COLLeCTUR THAT THE WORD CONTAINS NG POINTERS.
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4¢3 SAMPLE ROUTINES

A FEw ROUTINES WILL BE DISCUSSED HERE TO GIVE THE FLAVOR
OF WHAT TG EXPECT IN THdE SETL RUN TIMz LIBRARY.

ATOM RUOUTINE:

ARGl = Xxj; /% RUOCT wORD OF UBJECT TO BE TeSTtD*/

CALL ATOM; /% RESULT IS TRUE (THe SETL d8JECT)
1F AkG1 IS aN ATOM, AND FALSE IF 1T
1S A SeT OR TUPLE. */

NELT ROUTINE:

ARG1 = X3

CALL NELT; /% RESULT IS +X (THE SETL NUMBER SIGN
UPERATGR), CODED AS A SETL INTEGER
(SHORT)e AN ERROR MESSAGE IS WRITTEN
OUT AND EXECUTION TcRMINATES IF AKG1
IS NGT A VALIC DATA TYPE FOR THI>
OPERATION, */

THE NELT ROUTINE ACCEPTS AS INPUT a STRING (BOULEAN uUR
CHARACTER, LUNG Ok SHORT)s TUPLEs OR StTe FOR ANYTHING UTHER
THAN COMPILEP GENERATED CODEs ONE USUALLY KNOWS THE TYPE OF
OFJECT INVOLVED. IN THIS CASEs» a MACRO CaN BE USED, wHICH
WILL GENERATE IN LINE CODE FOR THE NUMEBER OF ELEMENTS
FUNCTION. THe MACR3S Tu USE ARE:

ELSBS ¥ FGR A SHORT BUOLEAN STRING.
NELTS(X) FOR £ LONG BJIGLEAN STRING.

ELSCS X FGR A SHORT CHARACTER STRING.
NCHARS (X)) FOR A LONG CHARACTER STRING.
NCOMPS (X) FOR 2 TUPLE (NULL OR OTHERWISE).
NMEMBS(X) FUR A SET (NULL OR OTHERWISE).



4.3 SAMPLE ROUTINES - 31-

EQUAL ROUTINE:

ARGl = X;
ARGZ2 = Y;
CALL EQUAL; /* RESULT 1S TRUE OR FALSE ENCODED AS

A SETL OBJECT. */

IN SOME CASES UNE CAN USE A LOWER LEVELs NON-RECURSIVE
ROUTINE NAMED EQBASIC. THIS HAS THt SAME INPUT ARGUMENTS,
AND IT SETS #RESULT# TO AN ORDINARY INTEGER ENCOBED AS
FOLLOWS:

OBJECTS ARE NOT EQUAL.

OBJECTS ARE ECUAL.

GBJECTS ARE NON-NULL TUPLES UF EQUAL LENGTH OR
ARE SPECIAL FAIRS (THE COMPONENTS HAVE NOT BEEN
EXAMINED) .

4% DOBJECTS ARE NON=-NULL ScTS OF EQUAL S51ZE AND
EQUAL HASH COOES (THE MEMBERS HAVE NOT BEEN
EXAMINED) .

(EANN VI
oo <o

IN CASES (1) AND (2), THE GC3JECTS MAY B8& ATOMS, nNULL
TUPLESs, NULL SETS, GR OBVIGUSLY UNECUAL TUPLES OR SETS.

ELMT RCOUTINE

ARCL = X;
ARGZ2 = &3 /% STRING, TUPLE, OR SET. */
CatL ELNT; /% BESULT 1S TRUE OR FALSEs CEPENLING

CN WHETHER OR NOT ARGL IS AN ELEMENT
CF ARGZ */

IF THE TYPE UF O8JECT INVOLVED (S) IS KNOWN, THEN A
LOWER LEVEL RCUTINE MAY Bt USEDs wIld THt SAME CALLING
SECUENCE. THESE ARE:

eLdIBST: FOR BOULEAN STRINGS (SHCRT UOR LUNG).
ELMTCST: FOR CHAR. STRINGS (SHGRT OR LONG) .
ELMTTUP: FOR TUPLES (NULL CR OTHERWISE).
ELMTSETS FGR SETS (MULL OR OTHERWISE).
ELSSMP: FCR S A SET, X Kni3Wh NOT TO B8E A

TUPLE CF LENGTH 2 3.
ELSTUP: FOR S A SETs X A TUPLE (ANY LENGTH).
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AUGMENT RUUTINE

ARGL X3

ARGZ = §; /% A SET. */

CALL AUGHMENT; /% OUTPUT IS SET S AUGMENTED BY X,
PASSED BACK IN ARGZ. THE GLOBAL
VAKIABLE #RLSULT# IS DESTROYEDe */

i

HERE AGAIN THERE ARE SEVERAL LOwER LEVEL RGUTINES THAT MAY BE
USED FGR INCREASED EFFICIENCY.

AUGADK:: SAME AS AUGMZINT, EXCEPT ARGUMeNTS
AKE NOT VALIULITY CHECKED (ARGZ MUST
NOT Bt UNDEFINED).

AUGSIMP: SAME AS AUGAUOK, eXCEPT THAT ARGl
1S KNOwWN NOT T3 8E A TUPLE OF LENGTH
«GE. 3.

AUGTUP: SaME a5 AUCATK, EXCEPT AKGL 1S

ENGeN TO BE a4 TUPLE (OF ANY LENGTH).

SETWTHL ROUTINE

ARGl = X3

CALL SETWTHL; /% RESULT IS TAE SeT¥ CONTALNING
ONLY ARG1 A5 A McMBER, PASSED BaCk
VIA ARG2 (FOR CUMPATIBILITY «ITn
AUCMENT) o */

EVEN HERE THERE 1S & LOWER LEVEL ®OUTINES

SET1SMP: ARG1 I3 KNOwN NOT TU BE A& TuPLEL UF
LENGTH oGEe 3
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OTHER ROUTINES CURRENTLY EXISTING IN SRIL ARE:!

KELLLUCATES A SET, GIVING IT A LAKGER

EXPAND:
HASH TABLE.

DIMINIS: REMOVES A& MEMBER FROM A SET (SETL
LESSe)e

CONTRCT: KEALLODCATES A SET, GIVING IT A
SMaLLER HASH Tabibk (HALF S1ZE).

ARE: GBTAINS AN ARBITRARY ELEMEMT FROM A
SeT, TUPLE, DR STRING (SETL AKB4).

TUFADDI: APPENDS AN OBJECT TU THE END OF 4
TUPLE (ARGIL(NELT(ARGL)+1) = ARG2).

CONCATT: CUNCATENATES TUPLES.

EXPANDT: REALLOCATES SPACE FOR A TUPLL.
FRCVIDING MORE (OR LESS) GKOWTH
SPACEs, SC THAT THdE GROWTH SPACE 1S
ABQUT 25 PERCENT OF THE LENGTH OF
THE TUPLE.

OF: SETL F(X) FOR RETRIEVAL, ONE

ARGUMENT. & MAY BE A SET» TUPLE,
STRINGy, UR FUNCTIDN,.

IN ADDITION TU THE ABUGVE ROUTINES, wHICH ARE OLRECTLY
AIMED AT IMPLEMENTING VARIUUS SETL EXPxcSSIONSs, THERE ARt A
FEW UNDERLYING SUPPDORT ROUTINES. SCMt OF THES: pRE:

STAKT:

ESVSTK:
GETSTG:
GET1STG:

GARBCOL:

RKOUTINE T2 BE ENTERED FROM THt
UPERATING SYSTEM (GR FROM A LITTLE
INTERFACING ROUTINEs IF THERE (3
GNE)e START CALLS #ScTLMPCG#s A
COMPILEK-GENERATED NAME, AFTER
PEKFORMING A FEW INITLALLZATION
STEPS.

CALLED 8Y REScrVe MACRO.
CALLED 8Y GtT MACRD.
CALLED 8Y GET1 ™MaCRQO.

THE GARBAGE COLLteCTCR.
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cRKIMP:

ERRTYPE:

ERFVAL:®

ERKMSGH

EREIMPL:

DISPLAY:!

- 34-

WRITES OUT THbt £rRROR MESSAGE
gx—x=%MPLEMENTATION ERROR. UNUSED
TYPEt CUDE DETECTED BY soas#e

WRhITeS GUT THE ERROR MESSAGE
#o—k—% INVALIU TYPE CUDE FOR
FOGUTINE oeee#e

WKITES OUT THE ERROR MESSAGE
#¥—#—% INVALLD DATA VALULE FOR
KOUTINE ooe?o

WK1ITES OUT TAk wRROR MESSAGE
FXwX=X g qefs

WRITES OQUT THt ERROR MESSAGE
gh—d—% [MPLEMENTATIUON ERROK see#e

CONVERTS A FULL WORD TGO a CHARACTEK
STRING SUCE &S

#UCTAL 0122456701 234567Ci23#.

THIS IS USED IN THE ERRCR MESSAGES
ANLD 1T WOULD BE CHANGED 1O GENERATE
SOMETHING LIKE #4EX 0123ABCD# UN
THE SYSTeM/360.

CCOMPUTES THe HASH CODE FOR ANY
SETL C8JdeCT.




