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11. rFV.AR 
A. t=PArrn 

Ea SCHONBERG 
Jc SC~VJ.RTZ 

JULY 7TH 1977 

THIS ~r~sLFTTER DESCRTRES THE DATA STRUCTURES VHICH UILL Bf USED 
FOR THF RUN rrrE SYSTffS a~ ROTH THE INTER~~[TED AN□ ccrPILED 
VERSIO~S OF THF NEY SETL SYSTEM. 

THE JNTkCOUCTIPN nf THE NOTIPN OF 8ASINGS HAS PROVIDED AN 
OPPC.fnu~ 1 ITY FOR HU~FSJ.C"' O.F THF SETL RUNTI.M[ SYSTE'~ SP!CE IT \;ILL 
BE t-IEC[SSARY Tr ~'.flOl~Y MUCH OF Tl-:f RU~,1 TIME LJBRl'.R'i IN Af.!Y C.~SE 
TO SUPP"RT THE efSINGS~ 

co•.:S[Ol.!FNTLY, THE DATA STRUCTURtS HftVE SEEi! cct~PLE1ELY ~EDESIG'ffD 
,.t:n IT IS EXPECTcP. lHftT PP.OGP-AMS l'ILL Rllti FI.STER hlTI-! T~:E 
REDFSIGMEO STRUCTURES EVEU IF THE BASI~G DEiLARATIO~S ARE NrT 
usi:o. 
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1e F~P.H OF STORAr.F 

AS HI THE PRFVIOUS SYSTEM, ~T(IR~fE IS ~.RRANGE"D AS A COtiTIGUl1US 
SEOUE~C~ OF 'VOROS•. EACH SETL WORD HAY PE cr~PQSED rr rNE OR 
f'!CR.E MACHIP!F. i-'ClROS DEPt:NOJ~r; C"J THE f-:ACHINF \:ORP SI7.Ee 

THF. SETL Vf'.'IJ:?O (HENCEFcqrH AU.'AYS C.ALLEIJ S11-'.PLY 1- v.r.RO) IS CAPABLE 
OF ~OLDING A POINTER FIELD rITH 7 91TS LEFT OVER• IF MO~E BITS 
ARF AVAILA9LE, THEY CAN BE MAOf US~ OF IN VARIOUS SITUATIG~Sc 

THEPE ARE RASICALLY TMO FORMATS FCR VCPDS: 

VALUE fPECIFIER: A ONE ~ORD OUA~TITY USEO TO HOLO (DIRECTLY PR 
INDIRECTLY) ~- SETL D/\TA VALUF. THESE CORRESPOND 
TC' THE ROfiT \/PROS CF THE rLO SYSTEM~ 

OATJ. vr.Ro: I~ SOME CASES, VALUE SPECIFIERS ARE USED TO 
PPJNT TC DATA BLOCKS CONSISTING OF ONF OR HORE 
DATA UCROS IN DATATYPE DEPEND[NT ~ORMftTu 

1 • 1 • Vl,LUE SPECI ► IER 

A VALUF SPECIFIES A DATA 
FOLLOVING UNIFPRM FIELDS: 

VALUE JN THE SfTL SYSTEM AND HAS THE 

IS•NIL: ON FO~ SPfCIFfER FOR NIL VALUF C2o7o) 

TYPE: A FIELD ~rvr~G THE TYPE CODE PF THE VALUE~ THIS 
FIELD MUST BE AT LEAST 5 BITS LONG, BUT ~AY BE 
Ll'NGER IF cnr:vE~JJEP-!T !="OR FFFICIErIT JCCESS11 IT 
CCNTAIMS A SYSTFI·:• CCtJSTANT VI.LUE (!-,'HOS!: P1,H:E IS CF 
THE FORH T•XXX) UHICH INDICATES THE TYPE. 

VALUF: THIS FIELD CONTAINS EITHER THE DATA VALUE OR A 
Pl'INTER TO A DATA BLOCK JU THE H[AP VHICH cr~TAINS 
THE VALUE~ THE TYPE CODE CJ~ THE TYPE FIELD) 
JPJOICATES \!HICH rF THESt n:o FCRf'.S IS USED H'O THE 
FXACT SIGNIFICANCE CF THE VALUE FIELD~ 

JS+SHftREO: A FLAG \.!HICH IS SET JU /1 SPECIFIFR TO HIOICATE THAT 
THE VALUE REFERREO TO IS SHARED AND THAT THE VALUE 
f.UST BE COPIED BEFORE IT IS f-'ClDIFIED. 

JS+MULTI: A FLAG USED IN MAP FORMATS TO INDICATE THAT AN 
ENTRY IS FOR A RANGE SET CRATHfR THA~ A SINGLE 
RANGE VALUE)e 

THf IS•WIL, TYPE ANO VALUE ~IELDS ARE ADJACENT_ ~NO IN THAT ORDERe 
THE FOLLO~ING COHPnSITE FIELDS ARE DEFINED: 

•nvpr: 
TVAL llf: 
NTVALUE: 

IS•NIL + TYPE 
TYPE + VALUE 
IS•HIL +TYPE+ VALUE 

1-1 
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1•2• ~ATA UCROS 

Cf~TAIM DATA VILUFS CLARG[ PRIMITIVE VALUFS /NO All COMPOSITE 
VALUES) CAN~OT µ[ R~PRESENTED BY A SINGLE VALUE SPFCIFifR~ 

THESE VALUF~ ARF REPRESENTED BY ONE OR KCRE DATA CPRDS VHICH ARE 
POTNTED TC SY THE V~LUE FIELD rr T~f SPECIFIER. SUCH A COlLECTION 
Of DATA lORDS IS CALLEO A DATA BLOCK. 

EACH DATA PLOCK IS RECAPOFD AS ~N ~NTITY BY THF GARBAGE 
AND THFRE IS A STANCARD HEADER AT THE BFGJ~MING OF 
BLOCK VCR USE SY THE GARBAGE COLLECTOR a THIS HEADER 
FOLLOYING FIELDS: 

COLLECTOR 
E/,CH DATA 

HA.S THE 

HEDRTYPE: 
GLINr.: 

A UNI~UE CQDE FOR THE TYPF OF DATA BLOCK CH•XXX) 
POINTFR ~IELD FO~ USE BY THE GARBAGE CCLLECTQR 

AS VITH ALL FIELDS JH DATA BLOCKS, THE PCSITION OF THE FIELDS 
cvn~o ~~D DIT OFFSFT) IS A FUNCTIO~ OF THE IHPL[MENTATION, 
SUBJECT TP THE REOUIREME~T THAT ALL POINTER~ HAVE THE SA~E 
POSITirN JtJ /. !'(IR!: ClcE• THEY CORREspnt:O TO THE STA'-'DARD FIELD 
sro~PTR IN POSITIO~). 

GLI~K IS USED TO surLn B)CK CH~INS BY THE GARBAGE COLLECTPR, SEE 
GARBAGE CCLLECTPR DESCRJPTION_~QR FULL DETJILS. OET~E~N GARBAGE 
CCU.ECTIQt;s, IT l~t.Y CONT,Htl ANY VALUE Ill TIIE RAt·1 GE CO 
SYM•STA 0 T> Af!D THE G/,RBI.GE COLLECTOR PRESFRVES THIS V.A.LlJE 
C S n; ~ S TA R T I S THE L C t: E ST P OS ~ rn LE R EI. L I-' I: A P ADO R ES S , A ,., D THUS 
VALUES IN THIS Pl,liGE !,RF orsTH-tf.:UISHABLE FRNI HFAP POit-'TERS). 

DURING THE ~tRBACE CGLLfCTION PPOCESSs ~~ ADDITIONAL FIELD CALLED 
GSJZE TS USFD I~ OF1.D PLCCKS OflLY, ~!NCI: THIS FIELD IS NOT NEEDED 
Jtl /1CTIVE BLOCKS, IT MAY OVERL.&P OTHER FIELDS CBUT THERE ViUST SE 
ROOM FrR ITDo 

THE FORrAT OF THE REMAINING DATA ~OROS JN THE DATA BLrCK IS 
OE:PEHDFf-'T rN THE ('f.TJlTYP= It1vnL'/EO, AS TNDlCATEfl DY THE TYPE 
Fl!:LO f'l~ TH[ REFERP,'CPiG SPECIFIER UJ 10 THF VALUE IN HEDRTYPF)a 
J F f{O PE T H ,~ ft (l!'i E O ,', T .,_ \! C RD I S Hl V fl l. Vi:: D s TH E N THE P. E I S TY P I C A L L Y 
AOOJTI(H'AL HEADER ItffORMft.TTOri l'HICH cr.rm~'G CTHER H'.FORHATIO~) 
GIVES rR HlPL If S THE L E~,'G HI or- THE r3 LCC!~ c 

THE DFTAIL[D Ff'lRHAT o~ DATA V.ORDS IS EXPLAINED OATATYPE BY 
oirATYPF IN THE SUCCEEDING SECTIONS. 

1-2 
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2• TYPED PRI~ITIVF DATA 

THI~ SFCTION cvrTAINS DETAILS rN THE FOR~IT rr PRIMITIVE DATA 
ITErS VHICH 00 ~OT CONTAIN COHPONENT VALUES Clef• ALL TYPES 
EX.CFPT ~ETS /.HO TUPLES) • 

EVERY OftTA VALUE IN T~E SETL SYSTEM IS RfPRF~ENTFD BY ft VALUE 
SPECIFJfR C0FTEH CALLED JUST /1 t::PECIFIER)11 IU ~OME CASES CSHflRT 
I T £ MS ) 1 TH E D A T A V ft. L 11 E C A f.' H E C (1 M P L E T [ L Y C G !·! T II I NE D I N THE 

• SPECIFI~R. IN OTHER c•srs CLrNG ITEMS), THE VALUE FlfLO ClF THE 
SPFCJFIFR CONTAI~S A POINTER TO OATA ~OROS VHICM DESCRIBE THE 
OAT~ V.«LUEo 

NOTE THAT rrLY THE TYP~ AND VALUE FIELDS CONTAJN OR REPRESENT THE 
DAT/: VALUE ITSFLFe ALL THE flTflER FIELDS IN J. SPECIFIER >'I.RE 
JNDf?PEtJOENT OF . THF Of.TA VALUE HID THEIR U~E DEPENDS ON THE 
CGNTEXT IN VHICH T~E SPECIFIER ftPPEARSe 

IN CASFf ¥HERE THE~E ?RE LCNG A~O SHORT FORMS FOR THE SAME 
OATATYPF, THEN ITEMS ARE REDPESE~TEO IN THF SHORT FORH IF 
POSSIBLF, BUT THIS IS ~OT RFCUI~EDo FOR EXArPLf, A ONE CHtPACTER 
ST~ING CCULD BF ~TPRE~ IN EITH~R HANNER, A~D THE RESULT vnvLo BE 
INOISTirGVISHABLE TO THF PROGRAM c~oR EXAMPLE, THEY UOULD APPEAR 
TO ijf EOUAL)e 

2.10 I"1TFGER 

AN T~TFrER IN SETL JS 
THF fl nf.N I TUDE C'Tl-lFR 
THERE ~RE TVO rrRMATS 
HnEGER • 

SHllRT INTEGER 

~ SIGHED INTEGRAL VALUE YITH NP LIMIT PN 
THAf-i THAT IMPOSED BY MFf'.ORY CO'-'STP.AitHSe 
FPR INTEGERS, CALLED SHORT INTEGER AND LPNG 

- SHOPT·IVTEGF~S RA~~E F~O~ 0-MAXSI, ~HERE MAXSI JS T~E L!RG~ST 
INTFGER \:HJCH ',JILL FIT TfHO TIH: VALUE FIELD <loto- .t.LL BITS OF THE 
VALUE FIELD SET ON)e 

THE SPECIFIER HAS: 

TYPE: Tt-JUT 
VALUE: INTE~ER VALUE 

THE TYPE FIELD VALUE MUST BF ZERr. THIS PARTICULAR VALUE IS 
SIGNIFICANT IN THAT IT ALLO~S FOR RAPID CODING OF THE INTEGER 
AOOITJC~ FUNCTirNe 

THf'IHTEGER VALUE RANGES FROM O TO THE I~PLF~ENTATIO~ CONSTA~T 
HA XS I• 

2-1 
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ONLY SP,ILL POSITIVE I~TEGERS CA~ BF STORED IN THIS MAN~ER• LARGE 
ANO flE'-',ITlVF' INTEG'FRS ARE STORE~ IN LC"JG JUTEGFR FORMliTo 

THE SPECIFIFR FCR A LCNG IqTEGER HAS: 

TYPE: T•LIMT 
V.llUF: POINTS TC AN INTEGER DATA BLOCK 

THE FIR~T vrRD OF A~ INTEGER oirA BLOCK HAS: 

Ll•NVnRDS: NU~BER OF VOROS IN 8LPCK INCLUDING 1ST UORD 

RE~~Jt-JIHG \.'OR!JS OF lt!TEGER DAT!. BLOCKS ~REH! f, Ff'RMAT Vlf!CM IS 
CONVENIF~T TO THE PA~TICULAR MACHINE Aro I~PLEHENT!TICtto THE 
DETAILS OF THI~ FORliAT Alff oc:- SIC::NIC"JCAP.!CE r~;LY, TO THE Lr~1G 
INTfGfR ROUTINES ANO ARE OE~CRIPED I~ THESE ROUTINESo 

2.2. STR UlG 

A STRP'G VALUE !ff S[TL T~ Ml A1H>ITRARY LfHGTH SEOUElllCE OF 
Cf-lARft.CTF.RSo THE EXf.CT Rl,NGE OF POSSIBLE CH.tRACTERS DEPtf'DS rN THE 
IMPLEMn!TATION ENVIRCrrnENTs BUT SHOl/LO P'CLU!)F. UPPER/LCl.'ER CASE 
LETTERS IF POSSIBLF. THERE ARE nm FORMATS FOR STRIUG viLurs: 

SHflRT STRP.!G 

SHnRT STRI~G FVRKAT CA~ RFPRE~ENT STRINGS FPOH O CTHE NULL 
SJRP.;G) TO ~TRIPGS ClF LEt-lGTH SC•·l·:,\X CAN Ji-'DLEf''.FfJTATIOtJ DEPftiDf- 1lT 

0 SYSTEH CONfTfNT)o 

) 

C) 

THE SPECIFIFR FOR A SHCRT STRING VALUE HAS: 

TYPE: 
VALUE=': 

T•STRit!G 
SUBDIVIDED INTO TVO FIELQS AS FOLLous: 

S C • N C l-l A R S : r: Ur~ e E R O F C HA R A C T ER S HI S T R I NG 
SC•STRING: STRIN~ CHARACTERS 

THE CH, 0 ACTFRS JRE ~TORfD LEFT JUSTIFIED, RIGHT FILLED. THE FILL 
CHJ~ACTFR IS BINARY ZERO RITSe THE LENGTH OF A SINGLE CHARACTFR 
IN ~ITS IS GIVEN BY THE SYSTEM CONSTANT CH~SIZ• 

2-2 
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LOPJG STRl~G 

THFRE ~.RE TVO METHrrns OF STfiRPJf. l(HJG S1'RJN(! 'l.lt.UES. THE CHOICE 
B[TVEE~ THrSE ~ETHODS OFPEios n~ THE IMPLEM[NTATfO~ ~ORD 
ClPICITYe THE LIBRARY CCOE HAS A~ ASSE~BLY SUITCH CSSI> WHICH 
CETERNI~ES THE CHCICE ~~RA GIVEN MACHI~E• 

DIRECT FORM~T LPNG ~TRI~G 

THI~ FCPHAT COR~ESPDNDS TO ~SI 
STRI~G nESCRIPTOR AS DESCRIBED 
OF A SPFCIFIERe TPE SPECI~IER 
VALUE HAS: 

eEI~G SET OFF AND IS USED IF A 
HERE ClN FIT I~TO THE V>LUE FIELD 

FOR A DIRECT FCRMAT LPNG STRING 

TYPE: T+-ICJHR 
VALUF: STRIMG DESCRIPTOR 

THE STRING DESC~IPTOR CONSISTS OF THE FOLLOVING THREE SUOFIELos: 

LC+-l P·l: 
LC+-OF~: 
LC+PTP: 

LfNGTH OF STRING IH CHARACTERS 
flFFSET T() FJr~ST CHARACTER HI \.'CRO 
POINTFR Tn LPNG-~TRI~G DATA BLOCK 

THE DATA BLOCK \IHICH CONTAINS THE ACTUAL STRING CHfP./1CTfRS IS 
CALLED i LO~G STRING DATA BLOCK AND HAS THE FOLLOMING FIELDS: 

HF.DRTYPE: 
l=LIUK: 
LC+NVORDS: 

'1+LCHARS 
UP.T USED CO) 
~UMBER OF rOROS IN bJTA BLOCK, I~CLUDING HEADER 

THE CHA~ACTfRS ARE STORED IN THE REHAJNlNG ~REA OF THE BLOCK IN A 
FOR~AT YHJCH I~ IMPLEMENTATir~ OEPEND~~T AND DESCRIBFD BY THE 
COOING rF THE STRING ~ANIPULATION ROUTI~Es. 

NCH: TJ-l!T THE STRJtJG CE~CRIPTOR MAY REF~P.E~lCE fHILY J.. SUBSTRING (IF 
THE STRING CONTAINED IU A LONG fTRI~G DATA BLOC~~ 

INDIRECT FORHAT LO~G STRING 

THIS ~rRMAT crRRESPC~OS TO A SST BEI~G SET AND IS USED IF THE 
THREE FIELDS NEEDED T~ DESCRIBE A ST~ING CANNOT FIT INTO THE 
VALUE FIELD OF A SPECIFIER. THE SPECIFIER FOR JN INDIRECT ~ORMAT 
LO~f, STRING VALUE HAS: 

TYPE: T+JCHAR 
VI-LUf: STRING DfSCRIPTOR 

TH~ STRING DESCRIPTOR IS~ pnJNTER TP A INDIRECT STRI~~ OJTA 
BLOCK VHICH HAS THE FOLLO~ING FPR~AT: 

HEDRTYPE: H+IC 
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lC•LF.N: 
Lc+oi:-r: 
LC+PTP.: 

• 

LFNGTH OF STRING I~ CHARACTERS 
PFFSET TO FIRST CHARACTER I~ VGRD 
POINTER TC LONG STRING GATA BLOCK 

TH~ DATA BLOCK VHICH CONTAINS THF ACTUAL ST~IHG CHARACTFRS IS 
CALLED~ LP~G STRIHG D~TA BLOCK AND HAS THE FOLLO~ING ~IELDS: 

~fDRTYPE: H•LCHAR~ 
CLINK: ~CT USED CO) 
LC•NPPROS: ~UHDE~ OF VOROS JN DATA 9LOCK, INCLUDING HEADER 

THE CHI.J>ACT[RS ARE STCRJ:D IN TI-If REflAJMH!G }.REA OF THE BLOCK IN A 
FORMAT tHJCH IS J~PLFHENTJTlrP DEPENDANT AND DESCRIBED BY THE 
CODH1G PF THE STRIMG HtNIPtJL/.TION ROUTINES. 

NOTF r~,r THE INDI~ECT STRING DATA BLrCK MAY RE~ERENCE ONLY A 
SUBSTRING rF THF STRING CONTAI~fD I~ A LONG STRING DATA BLVCKo 

2 ■ ::Z:• REAL 

THERE IS t!O PROVISJOP,l FOR SHrqr REAL VALUFS SINC[ IT IS J\SSU~EO 
THAT THf VALUE FIEL~ 1·s rcn SHORT TO CONTAIN A MEANI~GFUL REAL 
Vl,LUEe J.JQ\.:E\'ER.1 IT IS ASSUMED THAT A EfULL SETL '!-'ORD ijILL HOLD A 
Rf J\l Vf1LUE • 

THE SPFCIFIER Ft"R A LO~~ REAL VALUE HAS: 

TYPE: T•REiL 
VAL U!?: POINTFR Tn RfAL O!TA BLOCK 

A RF.AL DATA BLCCK cr:rnAINS THE F"OLL C ~· JIH; FIELDS: 

HEDRTYPE: H+REAL 
~LitJK: NCl T lf S ED (0) 
RVAL: VALUE OF REAL 

THf? S17.E CF A RE /.l. 011 TA fl.flCK IS. G I VE'•1 9Y Tf-tF. SY STr-f-1 CO~JS TANT 
RN V, 

7.-4 
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2e4• SUBRCUTIHE 

THf SPfCIFIER FOR A SUBROUTINE VALUE HAS: 

TYPE: . 
VALUJ:: 

T •SUBR 
CODE POI~TER ~OR SUBROUTINE 

THE FrPMAT OF T~E CODE POINTER DEPE~DS c~ THE 
EXECUTTNG PROGRAM. FCP THE JNTERPRETIVE VFRSICN, 
OUAORUPLE PPINTFR. FOR THC COHPILEO VE~SICN, IT IS A 
POINTER• 

2•5• FUNCTIOU 

THE SPECIFIER FOR A FUNCTION V~LUE HAS: 

TYPE: T4-FlJNC 
V/,LUF: croE POINTER VCR ~UNCTION 

THF fOPf1A T OF THE CPDE PDI~TER DEPENDS fN THE 
PROGPAI~" FOR . THE HlT::RPRETIVF VtRSror-1, 

PPINTERe FOR THE COMPILED VE~SICN~ IT IS A 
EXFCUTP'G 
OUIWRUPLE 

• PC P'TER • 

FflRl-1 OF THE 
IT IS A 

DIRECT cnoE 

FORM OF THE 
IT IS A 

DIP.ECT CODE 

AN AT~r IN SETL RFPRESEHTS A UNI~UE VJLUE VHICH CAN BE cnMPARED 
FOR [OUALITY BUT NOT OTHER~ISE "ANIPULATEO. THFRE ARE TWO FORMS 
FOR ATrffs, ~HORT AND LONG. 

SHClRT JTOM 

THE SP[CIFIFR FPR A SHCRT ATOM viLUE HAS: 

TYPE: T+ATClH 
VALUF: IDENTIFIES ATnH VALUE 

THERE ARE TVO PnSSIBILITIES FOR VALUE: 

FC'R • llAf-!FD CONSTANT 1TOM CE.r.::. TRUE), VJ.LUF IS A POINTER TO 
T~E SYMBOL Tft9LE ENTRY FOR THE NA~E. THIS VALUE IS ALVAYS IN 
THE R/NGF 1 TC SYr•LEMo 

fCR Ill OTHER ~HORT ATCM VALUES, VALUE IS SIMPLY A UNIOUE 
JOENlTFYIMG IMTEGER I~ THE RA~GE SYH•LEN+1 TO MAXSie NEVAT 
RFTUPNS I NEV BLANK AT(lf" BY PJCREr-'E~:TU!G A COUNTER, IF THE 
COUNTER OVERFLOU2, THEN NEUAT RETURNS LONG BLA~K· ATO~S FROM 
THEN f'Me 

2-5 
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2 ■ 6•2• lrlNG ATOM 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

LO~t ATrM VALUES A~r USED INSTEAD OF SHPRT ATors IN THE FOLLOVING 
CASES: 

1) THF crUNTfR FrR s~rRT ATors HAS OVERFLP~ED 
7) TUF ATO~ IS I~ A PLEX BASE C4o3 ■ 2•5•> 

THf SPECIFIER FrR A LO~G ATOM VALUE 1s: 

TYPE: 
'I.ALUF: 

T+LAT"M 
PPINT~R Tr ATON OATA BLOCK 

THF ATO~ OAlA BLOCK CONTAI~S THE FOLLOWING FIELDS: 

HEOR TYPE: 
GLINI<: 
LA+VJ!LVE: 
LA+tH{PROS: 
LJI +t-llf!AP ~: 

H+LAT('M 
trn T USED CO) 
IDFNTIFJ~S ATVM, SEE BELOV 
LENGTH CF DATA CLPCK 
USED FOR PLEX BASES Cl~3•7o5e) 

THERE /~E TVO PPSSIBILITIES FOR LA•VALUE: 

FrR A NAKED CrNSTANT ATO~ CEaGo TRUE>, lf•VALUE IS A POINTER TO 
THE SYHBOL TABLE ENTRY FOR THE NAME. THIS VJLUE IS ALVAYS IN 
THE R,NGE 1 TV SYH•LFNe 

FPR /ILL OTHER LP"lG ATOM VALUES, L/.+-VALUE IS SIMPLY A UNIOlJE 
IOENTTFYP.1G INTErER r.REATER THAU ~.1,xs1. IT IS REQUIRED THAT 
THIS FIELD BE LONG ENC'UGH SO THAT THE OUESTIOt-' OF OVERFLOV DOES 
NOT 'tPISE. 

TH~ LA•t-'lf'!APS IS USED Ot,'L Y ~OR PLEX BASES AS DFSCR IDEO IN SECTiflN 
6e3 ■ 2 ■ ~e AND ISO FOR ~LL OTHER CASES. 

''IL VALUE 

THE Nil VA.LUE IS TRfAT~O SVFCl!iLLY·e ITS. Sf>ECIFif-R fHS !1· TYPE AND 
VALUE VHICH CORRE~POMO TO smff f'ROP!::R DEfitJFO VALUE (OF THE 
#.PPRCPRTATE TYPE H-' THf: CJI.SE PF At--! CBJECT \'ITH t,._ lffPR >• THE 
IS•~IL BIT OF THIS SPECIFIER IS SET TO INDICATE lHAT THF VALUE IS 
tHL. 

fRnM TPF SETL LANGUAGE PPI~T o~ VIEV THERE IS PNLY (lNE NIL VALUE. 
TH'-: U~T OF ~'.ULTIPLE REPRESENTfl.TIOP!S OF t:IL \!ITHIN THE LIBRllRY IS 
USE r UL I N THE C AS E OF B A SE D MA P A fJ O SE T r ORM A T S , \.:HERE ~! I L VAL U ES 
CA •J RE T .a IN T YP ING Itl FOR !'I AT I O N • 

J.JIIJ ADOITJrn, THE C'"CT THAT NIL. VALUES APPFAR TO HAVE 
VA LE O I'." TH F C CR RE C T T Y P E M E ,. N S TH ,, T C O n E \: H I C H nn T S T HE 
CH EC K I L \i A Y S P P. C !J U C E S R ES U L T S \; H I C 11 , T H n UC H Tiff Y M A Y 
CORRECT, or NOT RESULT IN FAILURE OF SYSTEM INTEGRITY. 

2-6 
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l•~• BOOLFAN VALUES 

IN SETL, rquE IS A DJSTINGUISHEO CO~STA~T ATPM VALUE, AND IS 
STfl~ED ytr THE Sft~E 11.AN~.'ER AS ANY OT•iER LONG ATPM VALUE• 

FAL~E JS REPRESENTED BY THE NIL VllUE• THE PREOEFJNED ~YST~M 
IOf~TI~IER FALS~ HA~ NIL AS ITS VALUE. 
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0 

0 

0 

0 

0 

0 

0 

0 

,,..,. 
V 

0 

0 
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3• U~TYPED PRIMITIVE DATA 

JH' ADflTTifJ~1 T!l THE TYPED DATA STRUCTURE"S OESCRI9FD !r-t T4E 
PREVIOU~ SfCTirN, THERE EXISTS UNTYPED DATA VH!CH DOES NO~ CARRY 
A TYPE CODE. 

UNLIKE J~Y OTHER DATA IN THE SYSTEM, SUCH VALUES CAN~nT BE 
IDENTIFIED BY THE BIT PATTERN~~ THEIR SPEC!FIFR. 

TO rAINTAI~ THE INTEGRITY OF THf ENVIRrNMfHT SP THAT THE GARBAGE 
COLLECTrR CAN nPERATE CrRRECTLY, THE HANNER IN VHICH U~TYPED DATA 
CAN APPEAR IS RESTRICTED AS DESCRIBED IN THIS SfCTirNe 

3,1, UNTYPED INTEGER 

FITS INTO ALL OR PART 0~ A SETL 
TO A SJGUED INTEGER VALUf VHICH 

AN UNTYPEP INTFGFq 
TYPICALLY CORRESPONDS 
HA~D~ARF I~TEGER SI7Ee 

3.2. ~IL UNTYPED INTEGER 

V.OPDo IT 
IS THE 

TPE ~IL UNTYPED INTFGE~ VALUE JS RFPRESENTFD BY A UNIQUE MACHINE 
. DEP[NDAMT BTT PATTERNS VHICH ~EETS THE REDUIPFHENT THAT TT rs 

NE VER PR O O UC E O AS T HE R ES UL T (l F A rJ Y n!T E G !: R O PE HA TI ON r N DE F PJ E D 
VALUES VHE~E THE RESULT JS PROPERLY DEFINED AND IN RANGEe 

TYPICAL CHOICES ARE NEGftTIVE ZFRO C1•S COMPLEHE~T> PR THE LARGEST 
NEfATJVE ttUf6ER (2'S COHPLEMEHTJo 

l'NTYPED REAL 

AN UNTYPED REAL FITS I~Tn ALL rR PART OF A SETL VORDg IT 
TYPICALLY CORRFSPr.!-!OS TC A STGN[O REAL Vf,LUE ~•lfJCH IS THE 

() HARO!!ARF REAL SIZEe 

THE FoRrAT nF AM UNTYPED REAL IS THE SAME AS THF FORHAT OF A REAL 
0 DATA ~fil?D <SEE ~ECTIGN 3o4Je 

0 

0 

fJIL UNTYPED REAL 

THE r-1Il UNTYPED REAL VALUE IS REPRESEflTED BY A U'-!IQUE F-UCHHiE 
OEPEND>~T BIT PATTER~ tHICH r~ETS THE REOUIRE~ENT THAT IT IS 
~EV[R PRODUCED AS THE RESULT rF ANY RfAL OPER.ATION CN DEFINED 
VALUESi'HERf Tiff RESULT IS PROPERLY OEFI"!EO. 

~H[RE IN OPER,TION 0~ REAL VALUES PROOUCFS ~N T~PRnPER RESULT 
cr.c. a.o,o.o,, THE NIL VALUE MUST BE GENERATED. 

"? .. 
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• 
WHERE J RF.l.l PPERATICN OPERATES 0~ ~IL RE1l VALU~S, IT IS 
OESJRASLE Tr GIVE-~ ERROR, BUT THIS IS NOT REOUIREOe 

A TYPICAL CHCICF FrR THE NIL REAL VALUE IS A~ UNNORHALIZED RFAL 
VALUE• 

3e5• ~KIP l10RD 

TO PREV~NT THE ~ARRAGE ~OLLECTOR FRrH PROCFSS!Vf U~TYPFO DATA, A 
SPECIAL DUPMY SPECIFIER PRECEDES SUCH WORDS JM ANY CONTEXT UHE~E 
THE GARBAGE COLLECTCR SCANS A VECTPR OF SPECIFIERS IN SEDUENCE 
(EeC:• H' Tl-!f SYf'.BOL TABLE J.1'10 H' THE STACK>• THE SPECIFIER !="ORMAT 
1s: 

TYPE: T•SlnP 
V~LUF.: NUMBER OF FOLLOWING SPECIFIERS TP BE SKIPPED 
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0 

0 

0 

0 

0 

~ 
V 

0 

0 

0 

0 

0 

() 

0 

4e NrM-PRJMITIVE OATA 

NON-PRJ~ITIVE OATA INCLUDES ALL SET ANO TUPLE FORHAlSe SUCH 
V~LUES IRE REPRFSENTED BY A SP~CIFIER ~HJCH HA~: 

TYPE: INDICATES TUPLE OR SET TYPE 
V.ALUE: P (l HITER T (1 S ET . 0 R TU P LE D A TA ~ LOCK 

THE' FORMAT OF THE OAT.I. BLOCK o:PErWS ON THE PARTICULI-.R TYPE OF 
TUPLE OP SET I~VOLvro. BUT CERTAIN ~IELDS ARE COMMnN Tr ALL (nR 
HOST) ~"RfHTS: 

HEDRTYPE: 
GLINK: 
fJEL T: 
IS+NFL TflK: 
HASH: 
IS+HASHQI(: 
fJASEA: 
BASEC: 
FnRM: 

INDICATES TUPLE OR SFT TYPE 
fJClT USED <O> 
NUMBER OF ELEMENT~ CTF IS~NELTCK IS SET) 
FLAG SET nN IF NflT CONTAINS A Y~LIO VALUE 
HASH CODE (IF 1s~HASHnK IS SET) 
FLAG SET ON IF HASH CONTAINS A VALID VALUE 
POINTER TO BASE ARRAY DATA Bl0CK 
OFFS~T TO FIRST vnRD IN BASE ARR!Y DATA BLOCK 
INDEX TO CORRESPOND!~~ ENTRY IN FPRK TABLE C?.) 

NOT~ TH~T THE HEDRTYPE VALUF COUTAINS rORE SPECIFIC INFORMATION 
THAN THF TYPE ~IELO OF THE SPECIFT~R~ I,E. THFRE ARE CASES IN 
V.HICH PORE THAN IJfJE OIFFEREt1 T TYPE OF OBJ[-CT HAVE THE SAME 
SPECIFIFR TYPE, BUT THE DIFFERfNCES ARE RESOLVED BY TPF HEDRTYPE 
VALUEo 

IF THE TUPLE OR SET IS OF A BASFD ~ORM, THF BASEA AND BASEO 
FIELDS POINT TO A BASE ARRAY, AS DESCRIPED IN THE FOLLO~ING 
SECTION. THE FCRM Tl,BLE ENTRY If.JDEXFD BY F(IRM INDICATES THE 
NUH8ER PF EUTRIFS IN THIS BASE A~RAYo 

BASE" ARRAY 

TUPLE A~O SFT HFADE~S CCNT~IN POINTERS TP A BASE ARRJY IN THE 
CASE. VHERF THE CORRESPONDING rBJECT crNTAINS BASED SUDCBJECTS. 
TH~ NU~BER IND PRDFR OF ENTRIES IN THIS ARR~Y ALWAYS CPRRFSPONOS 
TO THF STRUCTURE I~ THF RELATEry FPRH TAALE ENTRY AS INDICATED BY 
THE SETTING OF THE FORM FIELD IN THE HEADERm 

A BASE iRRAY DATA BLOCK HAS THE FOLLOUIMG FPR~AT: 

HFOR TYPE: H•BA~EA 
G L Itl J(: NC1T USED CO) 
8A+NQPRDS: LENGTH IN ~PROS <INCLUDING HEAOERJ 

THE RE~~INI~G VOROS ·oF THE DATA BLOCK ARF STAND~RD FOR~AT 
SPECIFTFRS FCR THf RELEVANT BASE SETS. 

NOTE THAT A GIVEN SET OR TUPLE HEAOER MAY REFERENCE ONLY A 
CONTIGurus SUOSEcrrnN OF THE A~RAY. 
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THF ORD~R OF BASES IN T~f BASE ARRAY IS THF SA~[ AS THE O~DER JN 
0 l!HTCH TJ{E BJSES ARE HENTION[O JU THE CORRESPONOJNG REPR. 

e 

0 

0 

0 

0 

0 

0 

4e2e TUPLF FrRMAT 

IN ioorrro~ TO THE STANOARD FIELDS FOR NPN-PRirrrrvE OBJECTS, 'LL 
TUPLE DATA BLOCKS HAVE O~E STA~PARD FIELD: 

Mc4 xpm x: 
IS+-RHIGE: 

INDEX OF THE LAST COMPONE~T /LLOC,TED 
USED OUL Y IN HAP TTERATORS C6.3~) 

NOTF TH~T MAXINDX rAY BE DJFFERFNT FROM THF VALUE IMPLIFD 8Y THE 
CA~DINALITY CNFLT> SI~CF IT IS USUAL TO ALLOCATE A GRVUTH SPACE 
FOR TUPLE VALUFSe 

STMWARD TUPLE 

A STtNDftRU FORMAT TUPLE IS REPRESENTED BY A SPECIFIER VHICH HAS: 

TYPE: 
vi.Lui::: 

T+-TUPLE 
POINTER TO TUPLE DATA BLOCK 

THE TUPLE DATA BLOCK HAS THE STANDARD FIELDS, VJTH 

HE'DRTYPE: l·h·TUPLE 

FOLLO~IPG THE HEADFR rs A ZERO-ORIGIN VECTOR 0~ DATA VALUES. 
THE~E lrE PROI~ARY VALUF SPECirlERS GIVIHG THE VALUFS PF THF NELT 
SUCCESSIVE ELEMFNTS CF THE TUPLf, nR THE NIL VALUE FrR INDICES 
rcq VHJCH THE TUPLE VALUE IS NOT DEFINED. NOTE THAT THE ZERO 
ENTRY llUAYS CONTAINS ~IL AND CANUnT BE MODIFIED (SINCE TUPLES IN 
THE SETL LANGU!GE ARE ONES ORIGIN)p THE FXTR} ZERO !~DEX VALUE 
SPEFOS INDEXED REFEREUCESo 

rAXJNDX !~PLIES THE HUMPER OF UORDS ALLOCATfD TP THE TUPLE DATA 
BLf!CK P.!OT c1:u1:nr:r. THE t:CRDS FOR THE HE/.O[R TUPLE DATA 8LOCK11 

. TH J S M ft Y E X C EE D TH !: V A L !J E I f'r P L I F D B Y NE L T T n I. l L C lJ CR O 1H H S PA CF. , 
IN rHICH ·CASE THF EXTRA MOROS CONTAIN THE ~PECIFIER FOR THE 
APPqOPRIATE NIL VALUE. 

IF THE NELT VALUE rs CORRECTLY SET (AS I~OICAJEry er THE IS+-"ELTOK 
SETTIN~J, THEN THf VALUF CORRESPONDING TO THE INDEX VALUE NELT-1 
HUST NrT cnNTArr NIL csn THAT THE NELT VALUF CORRESPO~DS TO THE 
CARDIN~LITY OF A TUPLE>• 

SPE"CIAL TUPLES 

SP~CIAL TUPLES CAS PPPOSEO TO STANDARD TUPLES) ARE REPRESENTED BY 
A SPECIFIER rHICH HAS: 
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TYPE: T+STllPLE 

0 V'-LUF: prJNTER Tn. APPROPRIATE TUPLE OATA BLOCK 

THERE ,RE THREF SU9TYPES or SPFCIAL TUPLES, TH[ HEORTYPE VALU~S 
() OF T HE C OR R E S P O P-10 l PJ G D A T I. B L O C K S D I S TI "I G U I S H T H [ C A SE A T H A NO • 

0 

0 

0 

0 

0 

0 

0 

C 

0 

0 

0 

0 

0 

0 

PACKE"D TUPLES 

THE PACfEO TUPLE oiTA &LOCK CON~!STS OF A STA~OARD FORMAT HEADER 
\!HICH f-1.&S CIN ADD IT Of-J TO TH[ STt.NOf.RD FIELDS): 

HFORTYPE: 
PTB IT~: 
PTVJ.U~: 

H+PTUPLE 
NUMBER OF BITS PER VALUE 
NUMBER OF VALUES PER ~ORD 

P TVECT: POIUTER TO VALUE VECTOR <SEE NEXT SECTIO~> 

THE' VALUES 1.RE ~TOREO F"f!Ni R IGJIT rn LEFT JN EACH V.ORD, FITTING J.S 
MA~Y VtLUES AS PGSSIBL~ IN EACH WCROe THUS THE SETTING CF PTVALS 
CA~ BE CC~PUTEO FRP~ TMF PTBITS SETTING A~O Tf-lf urRO LENGTHa IT 
IS STOR~D T0 AVOID THE TJViE FOR P·fIS CALCllLATIOtJQ IF THERE ARE 
UNUSED BITS, THfY ARE SET TO ZfROES~ . 

PACKEO_ VALUES 

P/,CKED VALUES /,PPEIP.ll-!(; Ih' P!,Ct:EO TUPLES CA"'-'O FLSE 11HERI?) ARE IN 
ONE OF TVO FORHlTS A~ INITICftTED BY THE rAGMITUDE OF THF VALUE 
STORED (fHICH IS hl~AYS INTERPRETED AS A POSITIVE INTEGERlo 

IF THE ~TORFD VALUE IS LESS THMI OR ECJllf1L TC THE SYSTEf-1 C0'-1STM1 T 
PACKM/.X.1 THEN IT JS II ?EfW-P.RIGirl JNDE'X INTC1 THF VECTOR CF VALUFS 
RES:-ERE~'CED RY PT'lECT'-' IN THE CASE \!HERE THE PACKED VALUES ARE 
ELE~[NT~ PF A CCPSl"ANT SET, THIS VECTOR crNTAINS ELENENTS OF THE 
SETo F~R SM!LL JNTFGER VALUES, THE VECTPR CONTAINS SUCCESSIVE 
JNTl.:GER VALUESo 

A PAC,FD VtlUE C~ 0 IS USED TO IHDICATF T~E 
CORPESPrt!OP!G 7fR0TH [LJ:t-1n1r or:- Tiff cot-!STAf•JT SET 
A ~Il VflUE 1-/ITII APPROPRIATE FfJRMo 

IF THF STflRED Vl,l.UF JS GREJI.TER TH/.f-f P/ICKMAX, THEN 
TO A S~ftll JNTFGER VALUE VHJCH IS ECUAL TC r~E 
STO~EO VALUE CE.Ge INTEGER VALUE 512 IS STORFD 
PACKED-FIELD>• 

~! I L VAL UE • HIE 
VECTrR CONTAINS 

IT C!'RRESPONOS 
LESS THA"J THE 
AS 513 IN THE 
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REAL TUPLE 

0 
A REAL TUPLF CONT>INS UNTYPED REAL VALUE~ (SEE ~ECTirN ~•>• A 

Q RE',t TUPLE OATA BLOCK HAS: 

0 

0 

0 

0 

0 

0 

0 

0 

e:~ 
V 

0 

f-f~DRTYPE: H•R TUPLE 

A PEAL TUPLE DATA BLOCK IS IDE~TICAL IN FOR~AT TO A STANOA~D 
TUPLE ~XCFPT THAT THE VALUES STrRED ARE UNTYPED RFALS CPR THE NIL 
UNTYPEn VALUE) PATHER THAN STANDARD TYPED V~Lurs. 

IUTFGER TUPLE 

AN INT~GER TUPL CCNTAINS UNTYPFD INTEGER VALUES (SEE SECTION 3•>• 
AN INTF~ER TUPLE DATA BLOCK HAS: 

HEORTYPE: H•ITUPLE 

AN JNTF~ER TUPLE DATA BLOCK IS IDENTICAL IN FOPPAT TO A STANDARD 
TUPLE l'."XCEPT TI-/AT THE V/iLll[S ~TORED ARE UNTYPFP IMTEGf"RS crR THE 

·NIL UNTYPED INTEGER> RATHER THAN STANDARD TYPED VALUES. 

Nllll TUPLE 

UNLIKE THE PREVIOUS SYSTEM, THE ~uLL TUPLE noES NnT HAVE A 
SPFCIAL VALUfc IT IS SIMPLY A TUPLF ~HOSE DATA BLOCK HfAOER UQRO 
HAS A ~FRO ~ELT VALUE ~ITH IS•NFLTQK SET ON. 

PAIR 

A TUPLE CF TVC ELE~~NTS IS CALLED A PAIR~ IT IS STPRED IN THE 
SM!f IUY AS fd.J OROif/.f..P.Y TUPLE UITH THE NFLT FIELD CQNTAPJH~G A 
VALUE o~ 2 TO INDICATE THfT TUO ELEMENTS ~RE PRESfHT CioE• 
ELFMENTS UITH SUBSCRIPTS 1 AHO 2)s SHALL TUPLFS I~ GE~ERAL, ANO 
PAIRS JN PARTICULAR, USUALLY 00 NOT HAVE GRPWTH SPACE ALLOCATED. 
THUS TU~ VALUE IN ALLOC IS USU.ALLY THE SM:f AS THE VALUE IN NELT. 

THF.RE JP.E SEV~RAL FORMATS FOR SETS AND r.APS CORRESPnNoI~G TO 
POS~IBLF REPR [lFCLARATTONSe IN THIS DESCRIPTIO~!, THE USE OF THE 
~ORD SET IS RESFRVEO FOR SETS PTHER THAN HAPS CJLTHOUGH THE SETL 
TYPF rrR ALL THESE OBJECTS· IS SET), 

IN@ AOOTTIOJJ TO Ttlf TYPING OF OBJECTS J.S SETS OR MAPS BY THE 
APPEAR~~cE rr RELEVANT RfPR DECLARATIONS, OBJECTS ARE DYNAHJCALLY 
CONVERTED BET~EEN THESE FCR~ATS ~HERE APPROPRIATE. FOR EXAMPLE, A 

4-4 
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SET or PAIR~ IS CCNVERTEO TO MIP FPRHAT IF IT IS USED AS A MAP, 
AND TMF I~VERSF cr~vERSIC~ OCCURS IF A NCN-PAIR ELEMENT IS AOD~D 
TC AN rRJECT STnREO IN ~AP FOR~AT (SINCE ~APS CAN OMLY CONTAIN 
PAIRS). THIS DYNA~IC CONVER5ION IS TRA~SPARfNT TO THE SETL 
PRnGRAr, SINCE A ~ET OF PAIRS AND THE CORREfPONDJNG MAP ARE 
SEMANTICALLY EOUIVALENT. 

SET AND ~AP DATA BLOCKS HAVF SEVERAL STAfDARD ~IELDS (JN A001TION 
TO THE ~JELOS VHICH ARE COMHCN TO ALL ~0N-P~IKITJVE DATA): 

IS•tHP: 
IS•S Jl S ED : 
IS•M~JP: 
JS•SKJtP: 
JS•ELSET: 
HASHT8: 

PN IF TYPF JS ~AP RATHER THA~ SET 
0~ FOR BASED NAPS AND SETS 
ON FOR M~PS ~HICH HAVE IS•MULTI 0~ EVERYURERE 
ON FOR ~APS YHICH HAVE IS•MULTI CFF EVERY~HERE 
ON FOR SET er ELEHErns, r.R MAP FPOM ELEHEtlTS 
PClINTER Tfl HIIS!-1 TABLE HEADER PLCCK 

THE HASHT8 FIELD POTNTS TO THE HASH TA~LE FPR TrE SET OR MAP IF 
IT IS rJP 1BASED, .A.NO TO THE IHSH TABLE OF THF. BASE IF IT IS BASEDo 

IS~ELSfT DISTINGUISHES THE SPECIAL CtS~S CF A SET WHPSE HEMBE~S 
A RE EL nf EI-JT S O c- S O ~'. E B AS E, 0 R M A P S \; H OS E O r Ii A HI T f E L F M nn S O F 
SO~F BASEo THESE ORJfCTS CAN BE T~EATEO I~ A SPECIALLY EFFICIENT 
~AY IN ~OME SITUATIPNS. 

HASH TJBLE STRUCTURE 

SETS A~D ~APS I~ VARIOUS FORM~TS tnE REPRESFNTED BY HASH TIBLES. 
THE BASIC FnRMAT OF ALL HASH TABLES IS CC~SISTENT THRrUGHOUT THE 
OATA STRUCTURES, ALTHOUGH THE HA~~ER IN VHICP rrFORHATI0N IS 
STORED JN T~E r~DJVJDUfl ELEMENT BL~CKS or THE HASH TA8LE DFPENDS 
ON THE USAGEe 

THE HASH TABLE POI~TER CHASHTB) IN THE SFT HEADER POINTS TO A 
HASF-f TH!LE ~EADER DATA SLOCI( i:,ncH CONTAINS Hff FPLLOYPJG FIELDS: 

HEDR TYPE: 
GLJNI(: 
LPGNHFOR: 
NEB: 

H~HT 
NOT USFO CO) 
LOGCBASE ?) or NUPBER ·or HASH HE~DERS 
NUMBER (If" ELF!lEtJT BLOCl~S IN H/1SK T/,BLE 

THE NureER rF HASH HEADERS IS ALUAYS A POUFR OF 2, VITH A MINIMUM 
VALUE PF" 1 CCORRESPC,NDP?G Tfl A LOGNHEDR VALUE oc 0) AND A. HAXP!UH 
VALUE ,,F f-lAXHEDRS CCnRRESPO~JOJr~G TO A Lf'GrHIEDR VALUE Pf 
LHAXHEORS>• MAXHEDRS INO LHAXHEDRS ARE SYSTEM CONSTANTSe 

THE HEP FIELD CPNT/,INS THE f'UI-IBER OF ELEMENT BlflCKS IN THf HASH 
TABLE, EXCLUDP'G THE TEP.PLJ.TF BLOCK, A~fl EXCLUDING /.NY UNUSED 
HASH HFAOERS• I~ THE CASE OF UN~ASED MAPS, THIS VALUE MAY NnT BE 
THE SA"E AS THf NELT VALUE IN THE SET HEADER. 

THE H@H TAPLE PROPER CONSJSlS r~ A CCLLECTION OF BLOCKS CALLEO 
ELEMENT BLflCKS (EB). THERE JS n~E EB rnR E~CH FNTRY IN THF HASH 
TA8LE, ANO A SPECIAL DUMMY fB, CALLED THE H~SH TABLE TEMPLATE 
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BLOCK. THE TEMPLATE BLOCK IM~EDIATELY FOLLO~S THE HASH TABLE 

0 HEADER VATA BLOCK IN K~rORYe 

THE Nu~eER PF VOROS IN EACH EB VARIES ~IT~ THE CONTEXT IN WHICH 
• C) THE HASH T>8LE IS USED• . .,." _ 

0 

0 

0 

0 

0 

0 

0 

G 

0 

0 

0 

0 

0 

THE FOLLOrl~G FIELDS OCCUR IN EVERY ELEMENT DLPCK: 

HEORTYPE: 
f::Lit-iY-: 
FBSPt=C: 
EBLIHK: 
IS+EBP.ASI:: 
IS«·EBI-IEDR: 
IS•EP.TEl·\P: 
IS•ERFP.[E: 

TYPE OF HASH TABLE ER 
<=EB~IZE) NUM8ER rF ~rRDS IN fO 
SPFCIFJE~ F~R EL~MENT 
LINK POIUTER USED TC CHAI~ EBS OF A HASH TABLE 
SET PM ONLY FPR BASE SET !-'ASH TABLE EBS 
SfT Ot.l FOR EP,S \i'HICH ARE HASH HEADERS 
S[T n~ O~LY rrR THE TEMPLATE, OFF ELSEYHFRE 
SET ON O~LY FOR UNUSED HJSH HFADFR 

THE FBVALUE FIELD rs A COHPOSITE FIELD ~HICH INCLUDES ALL 
FTELOS FPUND IN A ~ORMftl VALUE SPECIFIER. TT ~AY BE THf CASE 
T~AT EBVALUE CORRFSPONDS TO AN E~TIRE S[TL V~RD, BUT THIS IS 
NOT REUUIREDo 

THE [BLINK FIELD I~ USED TO CHAIN THE EBS OF A HASH TABLE 
TrGETHE~ TN O~E Ln~G tlNKED LIST, AS ruRTMER DESCRIBED BFLO~, 

THE J~•EPBASE FLAG ALLCVS DETERMTNATIO~ OF VHETRER VALUES IN 
FLEMENT FORMAT CSo) ARE ELEMENTS PF A BASE CR NOTe 

THE I~ • E B HE D R T L AG I DEN T I F I E S THE S T ~ R T (l F E A C H HA S H CH A PJ o 

THE NU~BER OF SETL ~ORDS REOU!RfO ~OR THESE STANDARD FIELDS OF JN 
EB (~HJCH IS TMF rINIHU~ PO~SISLE SIZE FOR AN ~B VITH ~o EXTRA 
FIELDS) JS tIVEN BY THE SYSTEM CONSTANT EBHN~, 

THE T[~PLITE EB rccuRS IMHEDIATELY FOLLPUINC THE HASH TA9LE 
HEADER VORD A~D JS A DUMMY EB VITH ITS ~IELOS ~ET AS FOLLOUS: 

f:9 VA Ll!E: 
f£t LI p.rl(: 

JSc-ER~!.SF: 
IS•EPl-'FCiR: 
IS+EGTEMP: 
IS+EtH·REf: 

APPR □ PRiftTE NIL VtlUE 
Pf'INT~ TO FIRST HASH HEADER 
SET ON ONLY F~R BASE SET TEMPLATE 
SFT PN CA SPECIAL CASE!) 
srr OM 
~ET CN 

THE HASH TIBLF PRnPER CONSISTS OF A CO~TIGUOUS SEQUENCE OF 
El~MENT BLCCKS CALLED HASH HflDE~S. THE ~UH8ER rr HASH HEADERS 
CA~ BE PBTAINED FRn~ THE LOGNHEDR FIELD CF THE HASH TiBLE 4EADER 
\/ORD. THE F8LINK FIELD f'lF THE TE~'.PL.A.TE POPITS TO THE FIRST Hft.SH 
HEADER EB. rFTEr THF TEMPLATE BLOCK UILL IM~EOIATELY PRrCEED THE 
HASH HEADERS, BUT THIS IS NOT REQUIRED. 1-lASH HEADER fBS AL~AYS 
HA VF Tiff I S •HE t1 R F L A G O N • 

EACH HA~ H lff AD FR I S CH A I lff O C U $ ING THE E Cl L I!-1 K FT EL O ) TO A LIST n F 
EBS. THE CHAIN nF EBS FROM ONE HASH HEADFR crRRESPONO TO THnSE 
EL EM EN T ~ t H I C H H >. S H TO THE G I V E '-' HF. .A D E R P G S IT I(H-r • 

--
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0 

0 

0 

0 

0 

0 

0 

0 

A 
\o.iJ 

0 

THE EBS OF THE HASH CH~TN ARE CHAINED USING THE EBLINK FIELD OF 
THF FIF~T VPRD nr THE E8. THE F"D OF E~CH CHAI~ LI~KS RACK TO THE 
NEXT H~SH HfADfR E9. THE LAST RLCCK CN THE LAST CHAIN CfNTAINS AN 
EBLINK VALUF VHICH POINTS BACK TO THE TEMPLAT~ BLPCKe THUS THE 
EBS OF A SET AP.E I~J OfJI: LC,irr: ClRCULf,R LIST. Tiff ENO (lF THE LIST 
IS DETECTFD gy TESTING THF IS•EBTEHP FL~G ~HICH IS ONLY-ON FOR 
THE TE~PLATE 8LCCK ITSfLFe 

IF A H~~H HEADER IS U~USEO CI~E• VO VALUES HASH TO A PARTTCULAR 
HEADER CHAI~), THEN ITS EBV!LU~ FIELD cnNT!TNS THE NIL VALUE, THE 
IS•EBHFDR BIT IS CN, A~O THE EELINK FIELD PPlNTS Tr THF NEXT HASH 
HEAPER CCR POINTS TO THE TEMPlftTE EB IN THE CAff OF THF LAST HASH 
HEAOER)r THIS IS THE rNLY TirE THAT NIL VALUES CAN OCCUR IN 
EOVALUFo ALL ~Il VALUES IN EBVALUE HAVE FORMS A~O TYPES 
APPROPRJATF TO THE CONTEXT. 

EVfRY HASH TABLE HAS AT LEAST ONF HASH HEADERu IN THE CA~E OF A 
NULL SfT, THEP.f \.!ILL DE OFiE HASH HEADER WHICH IS Ul'JUSED AtW 
CONTAINS THE NIL VALUE AS USUAE~ 

TH IS Ff'P.!~ AT R ~s UL TS yr,• THE EL Elfft-r TS OF THE HASH T ,ae LE BE H!G 
CH,-UIEfJ TOf[TlffR Hi ONE LCNG LIST WHILE RET,\It!I~·!G' THE PrSSJB ILITY 
OF HA~HED ICCE"SS VflR A SE~RCHe HOYE THAT THE tf'D OF" A GIVE'-! HASH 
CHAIN I~ OFTECTED BY fNCOU~TERIHG AN EB VHOSE FIRST ~ORD HAS 
!Sc-1-JASHHEDR ONo 

4e3e2• SET FflRHAT~ 

ALL SET FOP!iATS AR!= REP~ESEHTEO BY A SPECIFIER VHICH HAS: 

TYPE: T+SET 
VI.LUE": POINTER TO ~ET DATA BLOCK 

THE IS•rAP BIT OF THE REFERENCED DATA BLOCK r~ AlUAYS o~F. THE 
HED~TYPF CF THE DATA BLOCK I~DICATES THE PA~TICULAR FORMAT OF SET 
REFFRn•cED. 

UtJ!3 ASfD SET 

THIS SECTJrN DESCRIBES THE FOR~AT OF UMBASFD SFTS NOTE TH~T TYIS 
INCLUDES SFTS 0~ ELEMENTS 0~ A. BASE IN THE CASE WHERE THE KEYMORD 
BA~EO n10 NOT APPEAR IN THE REP~. SUCH rBJFCTS ARE STP~ED IN 
ST,H'DAP.f' Uf!BASED FORMAT \!ITf-t THI: APPRPPRI.ATE SPECIFIERS IN 
ELFMENT OF 8ASF FOR~ATe 

THF SET HEADER DATA BLOCK HAS: 

HEOR TYPE: H•USET 

THE HASHTB FIELD flF THE DATA BLOCK (WHICH CflNTAINS NO ~IELOS 
OTHER THAN THE STANDARD O~ES) POINTS TO A STANDARD FORHAT HASH 
TAl3LE Ct.e3111•>• 
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THE EB HAS: 

D 

0 

Hf:OR:YPE: ~+EBS 

THE EB~PEC FIELDS rF THESE FLE~F~T EL"CKS CONTAIN THE VALUES rF 
sut'CES~IVE F.LEt-'.FtlTS CF THE SET IP.: STANOi\.RO ~PECIFIER ff'PM.Al• 

Tiff EBSPEC FIELD OF THE TEf-!PLATF. CONTATl~S Tf-lE "1TL VALUE TYPED AND 
FOR~EO CONSISTF~TLY YITH THE TYPE nr ELEME~T I~ THE SET. 

INTEGER SET 

AN INTE~ER SET DATA BLOCK HAS: 

HEOR TYPE: H•UISFT 

THE HA~HTB FIELD P"INTS TO A HASH TABLE HEADER BLOCK• THE EBS IN 
THIS HASH TABLE HAVE: 

J-tr:OP. TYPF.: H+-EBIS 
EtJJ\'JIL: UNTYPED INTEGER V~LUE 

NCTF TI--IIT THESE EBS DO IIOT Hf,VE" Id{ EBSPEC FIELD SINCE THE VALUE 
~ J.PP':J!.RS IN THE FBIV~L C:.--J[L011 

J?EAL SET 

:) A RF.AL SET DATA 8LrCK HAS: 

) 

HEORTYPE: H+URSET 

THE HA ~ H .T 13 r: I E L D PO I NT S TO A HASH TABLE ff[= ADER B LOCK • THE E 8 S I N 
THIS HJSH TABLE HAVE: 

HEOR TYPE: H+EBRS 
EBRVJL: U:-.rTYPED REAL VA-LUE 

NOTE THAT THESE EGS DO µor HAVE AN EBSPEC FIELD SI~CE THF VALUE 
APPEAR~ It~ THE EBRVAL FIELOe 

RASE SET 

BJSF s~rs IRE REP~ESF~TEO BY A SPECI~IER IN THE STANDARD FORrAT 
CTHFSE ~PECIFI[QS APPEAR IN BASE ARRAYS>. THE OATA BLOCK FOR A 
BASF SFT crrrJAJNS ri;o SPECIAL FIELDS It-1 AODITTf'N TO T4f STAtJDARO 
FIELDS: 

HERTYPE: 
9LINK: 
RLJNK: 

H+8ASE 
USED BY GARBAGE CPLLF.CTOR TO LINK BASES 
USED BY GARBA~E crLLECTOR TO LINK REMOTE OBJECTS 

A-8 
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0 

~U1AP ~: NU M 6 E R OF LO C I. L C UN P A C KE D ) M A PS O JJ B AS E 

THf Ln'rcTH C'F THIS EXPI-NOEO BL(lCK JS GIVEN BY THE SYSTFr-' CONSTA~1 T 
BASEHtlV• 

THE· H!SHTB FlflD OF THE BASF SET 
HASHJS rJELD CF ALL 09JECTS B>SED 
BASE SFT HASH HEADER DATA BLOCK• 

0 A TA B L O C Y , /.. S VE l i:' ·:· A S TH E 
ON IT POINT DIRECTLY TO THE 

THE EL~MENT BLOCKS IN A BASE SET HASH TABLE CONTAI~ THE FOLLOWING 
() FIFLOS: 

0 

0 

0 

0 

0 

G 

0 

0 

0 

HEDRTYPE: 
fBSPfC: 
f8L HJK: 
JS.:-EP~~SF: 
JSc--EP.1-lEDR: 
IS c--[£.l 1E 1-iP: 
ISc--Efli:-REF: 
Pn rrnr x: 
FBBASF: 
fBHA~H: 
El3BSFT: 

He-EBB 
VALUF OF BASE SET ELEMENT 
F B L Jr! K P f1 Hr TE R 
ALWAYS r~ FOR BA~E SET EBS 
ON IN HASH HEADER EES 
CN FOR TEMPLATE BLOCK OHLY 
or FOR UNUSED HASH HfADERS 
l~OEX VALUE FOR REMOTE BASED CBJFCTS 
PrINTER BACK TO 8ASE SET HEADFR 
HASH VALUE FOR. ElrtlENT 
BIT STRING FOR BASED SETS 

THE EBJNDEX VALUES RANGE FROM 1 UP A~D ARE ALLOCATED 
crNSFCUTIVfLY AS NEH EBS tRE ADDED TO lHE BA~E SET@ THESE !~DEX 
VALUfS ARE USED TO REFFREHCE THE REVUIRED [LEMENT OF REMOTE 
CB .JE C T S B Y I fl DE X I 1\1 G , 

T~E FBBASE FIELD IS A PACKREFERENCE WHICH ENSVRES THAT THE BASE 
FOR rBJECTS IN ELEMENT PF BASE FORMAT CSEF Se) CAN EASILY BE 
0'3TAI'-1EDo 

THE fBIIASH VALUE IS AU!f..YS SET CORRECTLY, EXCFPT F"OR .UIWSED 
HASH HEAD[RS• 

F9BS~T I~ A FJT ~TELO MHICH USES UP THE REMAINING BITS (ZERO rR 
HPRE) LEFT OVFR Pl THF P'.DEX \!ORD. IT IS USED TO CONTAIN f.S 
MANY· LOCAL BASED SET MEMBERSHIP BITS AS POSSIBLF TO AVOID 
A L LO C Ii TI O N OF E X T R A E'3 W r fW S F O R TH I S P ll R P (l S E U N lff C E S S A R I L Y a 

T~E VUMBER OF BITS TN THIS FIELD IS GIVEN BY THE SYSTEM 
CO~ST!NY EBBSETSI?Ee 

THE NUM9fR OF MOROS REQUIRED. FOR THIS EXPJ~DEO EB FOR~AT IS 
GIV~N BY THE SYSTEM CONSTA~T EBBNV. 

IF THERE ARE LOCAL nBJECTS ASSPCIATEO VITµ THE BASE, THEN 
/IDOJTinfJAL VOROS ~:~Y BJ: ALU~CATFD FCLLC1\JH~G THE-" STA~1DARD FIELDS. 
THfSE 1'11RD~ ARE USfO TO HOLD THE VfLUES CF LC.C~LLY BASED nsJECTS 
AS DESCRIBFD IN THf INDIVIDUAL SECTIONS ON LOCftlLY BASFD C9JECTSo 
EACH U~JOUE LOCAL 0BJECT IS ASSIGNED (STATICALLY) A GIVEN vrRD 0R 
BIT FIFLD IN THE DASE SET ES TO CO~TAIN THF VALUE. SOHF OF THESE 
UOROS CC~TAJN SPECIFIFPS AND MUST BE PR0CESSFO BY THE GARBA~E 
C O L LE C T'1 R , 0 T HE R S C 'l N T A I t-: 8 I T S T R I "' G S f1 R U f-lT Y Pr P O A T A I.' H I C fl ~: V S T 
BE JGfJ(IREO. TH[ E>-1TRIF.S F(IP. SHNOARD LOCAL MAP~ cn~•TAJtJ Pf;HITERS 
VHICH ~vsT BE RELPCATED BY THE GARBAGE COLLECTOR. ALL SUCH 

4-9 
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ENTRIES OCCUR IrMEDIATFLY AFTER THE INITIAL 
TH~ BA~F HFtOER DATA BLf.CK GIVFS THE NUHE~R 
EACJ..1 EJ:J• 

~OROS. THE NLMAPS or 
0 F S UC H F '-IT R I ES IN 

THE FJflDS (IF THE TEMPLJ.TE BLCCI( A~E SET AS FCLLOll'S: _,'.:i'. 

HEDR TYPE: 
fl3VAll'E: 
E'Bl P.111': 
IS•E~8ASr: 
JS+ERHEOR: 
JS+-ERTEf'IP: 
JS.-f!H"REF: 
EBINOFX: 
E98A~F: 
EBHA~i.f: 
feBSFT: 

U•EBB 
APPRrPRIATE NIL VALUE 
POINTS TO FIRST HASH HEADER 
rN 
01: 
r:rn 
(lJ,I 

~EXT INDEX VALUE TO RE lSSJGNFO 
PrINTS TO THE TE~PLAT[ BLOC~ AS USUAL 
CONTAINS ZEROES (HASH IS MEANINGLESS) 
C~NTATNS ZERO BITS 

NOTE T~AT fF Tfff INDEX OF THE TEl'iPll,TF BLOCK JS USED TO ACCESS A 
REHrTE PBJECT, THE INDFX VILL AlhAYS BE OUT CV RIN~E flND A NIL 
VALUE VILL PE OBJAJNED AS REOUIREDo 

THE TEMPLATE BLOCK CC(lRRFSPOf!OH!G TC LOCAL REMAINirG VOROS IN 
09JfCT V/1ltlES) ARE 
~OCAL PBJECT TYPE 
LCICIL HI.PS. 

SET IN A MAN~ER APPRPPRIATE TO THE PARTICULAR 
AS DESCRIBED I~ THE I~DIVIDUlL SECTIO~S ON 

NOH~ THAT THE Jtrn[X V/,ltJE O IS NEVER USEDo THE COP-PESPOND!NG 
ZERrTH ENTRY I~ REroTf CCTJECTS IS THf TEVPLATE FOR THE REMOTE 
0 B JI: C T JI!~ D I S SE T Hl THE S fdl E r~ ldW ER AS THE HAS H TAB LE TE HP L !, TE 
BLOCK FTELO IN lllE BASE FOR A C£lRRtSPOtWHiG LCCflL OBJECTs 

PLEX BASES 

A SPECIAL CASE OF SASF SETS rs THE PlF.X 8t.SE, l-'HJCH cnNS!STS OF 
L£lqG ATrH VftlUFS ONLYe THf LONG ATOV OATA PLOCK~ Fr~ THFSE VALU~S 
CO H TI, p.1 A DO I T I r r~ A L F I EL D S C O R RF S P Pl-!D Jt JG T n TH E V A L U E S OF LO C ,t. L 
f'i"P~ DFFINF!J CfJ TH~ !3ASF1. ft.S 1"' THE FORMAT' CF AN" ELEt4ENT 8LOCK, 
THE LrCAL MAPS REPRESFHT[D BY STANDAQD SPECIFIERS <I~Ee THOSE 
\!HYCH t-'l1ST BE PROCESSED BY THE G.A.RB/,GE. COLLFCT(1R) HUST cnME 
FIRST• THE ~!ELD LA•NLMAPS GIVES THE NUMBER OF SUCH SPECIFIERS IN 
EACH L N'G A TOH VALUE• 

REMOTE SET 

A REP.OTF SET D.ATA BLOCK C0"1TAPIS A STArWARD FORf-! SET HEADER \!ITH 
THE FGLLO\IING FJELOS: 

HEDR TYPE: 
~S•MA>:J: 

H .. RSf:T 
MAXIHUH INDEX VALUE 

THIS HFADFR IS IMMEDIATflY FOLLnuED BY A OIT STPTNG WHICH 

A-10 
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0 

0 

0 

0 
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0 
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0 

0 

~ 

REP 0 ESf.l'ITS THE VALUE or TH( RE~nrE SET. TJ.ff lfNGTH OJ:" THIS BIT 
STRING (AS ~!VEN BY RS+MAXI) ~U~T BE iT LEAST AS GREAT AS THE 
MAXI~U~ IND~X F0R A~Y VALUE IN THE 8ASE SET UH!CH IS crNTAI~ED IN 
THE RErOTE SET (PLUS PNE SI~CE INDEXES START AT ZERn). THE KTH 
BIT INPICATF.S THE ~EMBFRSHIP IN THE REMnTE ~ET OF THE BA~E 
flE"t-4ENT n1rsE H'DE IS K. THF '3IT IS PN JC' THE ELEM[~T IS IN THE 
REMOTE ~ET .arm CFC" IF IT IS NOT. THE FIPST 81T IN _THE STRP-'G 
ccnRRESPCNOING TD !~DEX VALUE 0) JS NEVER USED, AND IS AL~AYS SFT 
TO o. 

THE BIT~ ARF ARPAN~ED J:"RCK RIGHT T~ LEFT I~ SUCCESSIVE VORDSo THE 
LAST (PJRTIALLY FILLED) tono crNTAINS U~USED HICH PRDER BITS. 

THE SY~TEP CO~STANT RS•BPV GIVES THE NUMBE"R rr BITS STORED IN 
EACH \/f'PDo 

LOCAL SF.T 

A LOCAL SET DATA BLOCK CONTAINS A STANDARD FORN SET HEADER WITH 
THE FCLLP~ING FIELDS: 

HEDRTYPE: 1-! .. LSF.T 
L~ .. b'flTZO: 
u;•B IT: . 

nrFSET TP· WORO IN ES CGNTAINJVG VALUE 
PPSITION OF MEMBERSHIP BIT I~ EB VORD 

LS .. BIT IS A BIT P0S1TION FRnM TBE LOU rRDER END c~ THE UCRD 
<LEAST ~IGMIFICANT 8IT NUMBERED 1>, 

THE SJNtLE RIT IN THE I~DJCAT[O 
MHETHER THE BASE ELEMENT JS I~ 
THE EL~MENT IS IN THE LrCAL SET 
IS ROP~ F~R ONE OR HORE LOCAL 
BASE CIV THE EBBSET FIFLO)e 

POSITION OF THE BASE EB INDICATFS 
THE LCCAL ~ET CR MOT, IT IS ON IF 
I.NO OFF IF NOTo •!OTE THAT THEP.E 
SET BITS IN THF INOEX V.ORD CF THE 

TH'-: CORRESPf.NDP1G BIT IN THE TH:PLATE BLOC!< OF THE BASE SET HASH 
TASLE IS ALVAY~ OFF. 

CONSTAHT ~FTS f.R[ STORED IPJ EXfl.CTLY THE SAHE FCRHAT 1S tJQRP.Al 
SETS EXCEPT THAT THEY ARE NFVER MODIFIED (.~~ro c,.m,nT SF cor,ivERTFO 
TO HAP FORMAT)c ~nR EACH CCNSTANT SET, AN INOfX VECTPR IS BUILT 
FO~ USE BY PACKED INDEX VALUES <~EE SECTION 4e2•2•1•1•>• THE 
lERnETY ELEMENT rF THIS VECTCR CONTAINS THE NIL VALUE. SUCCESSIVE 
EL P~ EN T ~ C ~;r IT A P-1 T HE V Al U E S Of TH E S E T E l F ME FT S I N Sf T EL E M F N T 
FORMAT111 

TH~RE TS NP LINK BET~EEN THIS VECTOR ANO TH[ H~SH TABLE SINCE 
NONF IS EVER NEfOED. 

IF THE CONSTA~T SET T~ USED •s A BASE, THEN ITS PASH TABLE 
CO "1 TA P.1 ~ I ND E X V A LU E S AS US U JI l • THE S F I ND E X VA l U E S MA TC f I TH E 
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INDEX VALUES USED IN THE INDEX VFCTGRe THIS ~EANS THAT PACKED 
VALUES I~~EDI4TELY YIELD THE 8ASE IND~X UITHOUT REFERENCE TO THE 
INDFX vrcTnR. 

MAP FC'RflATS 

ALL HAPS ARF RfPRESENTFO BY A SPECIFIE~ WHICH HAS: 

TYPE: T+tH.P 
VALUF: POINTER TC MAP DATA BLOCK 

T~E ~AP DATA BLPCK HEDRTYPE DETERMINES THE PARTICULAR MAP FrRMATe 

MAP IMAGE REPRESENTATJO~ 

ALTHOUf~ ~fPS ARE SIMPLY SETS PF PAIRS IN SETL SEMANTICS, THE 
INTFRN,\l STORAGF F'}!!M IS ~IJBSTt-.fiTJALLY DIF~FREf-!Te IN P.!.RTICULM!, 
IN THE CASE OF A MULTI-VALUED PAP, THE SET PF PJIRS ~ITH A CVM~ON 
HEAQ IS GRnUPEO TO~FTHERe 

THE I~IGE OF A ~AP FOR ~ P~~TICULkR DOHAIN VALUF IS THUS EITHER A 
SJ~GLE VJLUE nR A SET 0~ VAlUESc THE LATTER CASF HUST BE 
OISTnlr.t'I~!-ffD FP.CM f, SH!GLE VALUE '\.'1-{ICl-l 1-ii\PPENS TO 8[ f, SETo THIS 
0 IS TIN f. TI C ?J IS THE FU" C }{'H-1 0 f:" H:E IS.- f! LILT I B TT \!HI CH t. PP E i. R S I N 
All SPECIFIERS (BUT IS CNLY ~EA~INGrut IN THIS CONTEXT). 

IF THE IS•MULTI BIT rs OFF I~ THE SPECIFIER REPRESENTITTS THE 
I~ACE VJLUE, THEN THE KAP JS ~INGLE VALUED FO~ THF CORRESPVNDI~G 
vonAIN VALUE, &~D THE ~PECIFIER VALUE IS THE RANGE VALUE~ 

IF THE JS•rULTI BIT IS ON IN THf SPECIFIER REPRFSFUTIN~ THE IH~GE 
VALUE~ THEN THE SPECIFIER REPRESE~TS THE VALUE nr A SET UHOSE 
MEMOER~ ARE HIE R!.'·!GE Vfl.LUE"S CORRESPO~:OIHG THE IJOMAIN VALUEs 

IF TUE. HAP IS SI"1GU: V.!iLUED., TIIEN Tk(l REPRESENTATIV"IS ARE 
PCSSIBLEe fITHER HIE SH!CLF R,Wr.:E Vf.LUE \if.TH IS..-flULTl OFF" OR A 
SINGLETrN SET WITH IS•PULTI ONu 

THf IS•~HAP BIT OF THE ~AP HEAOER 9LOCK IS SET ON IF ALL IH~GE 
VALUES HAVE IS•HULTI OFF. THIS ALSO !~PLIES THAT THE HAP JS 
SitlGLE VALUEOe 

TH~ IS•~MAP BIT OF THE MAP HEADER BLOCK IS SET ON IF ALL IMA~E 
\'" Lu f s HA VF. I s ... fltl L T I n N • TH I s DC Es ~,('IT nip L y TH A T THE MA p I s 
MULT]-VILUEP EVERYU4ERE SINCE srME CR ALL OF THE RANGE SETS MAY 
BE S H'GLETM-'S • 

IF BOTf-' IS•SMAP Af'D !S•MMiP ARE O~F, THE"1 EITHER REPRESE"lTATIPN 
COULD~~ USED IT SINrLE VALUED POINTS. HOUFVER, THF LIBRARY 
STANDARDIZE~ IN THIS CASE TO S~T IS•~ULTI ONLY IN Tf-'E CASE OF 
~ULTI-VALU[O PPIHTS ■ 

,-12 
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UNBASEO ~AP 

THE UNRJSEO MAP DATA BLOCK CO~TAJNS ONLY STANDARD FIELDS AMO HAS: 

HfDRT~PE: 
. 

THE HASHTB FIELD PCINTS TO A HASH TABLE VHICH CO~TtINS THE MAP 
VALUES• 

THF ELF~ENT BL~CKS IN THIS HASH TABLE ~AVE: 

HfDRTYPF.: 
rs 11111 c:: 

H•EBM 
f l J. P I M A G E \' A l U E 

TH~QE I~ ONF E8 FOR EACH U~IOUE DOMAIN ELEHFNT. ITS EB~PEC FIELD 
COHTAI~f THE SPECI~JER FOR THE OCMAIN VALUE~ THE EPIHAG FIELD 
co~TAI~~ THE I~AGE VALUE VITH THE IS•~ULTI BTT INDICATING THE 
FO~~AT AS OFSCR!BEO IN '•3•~•1• 

UNBASED INTE~ER MAP 

AN UNBASED JNTEfER MAP DATA BLOCK HAS A STANDARD SET HEADER UITH 

HEDR TYPE: 

THE ELfPENT BLOCKS rr THE HASH TABLE H~VE: 

~EOR TYPE: H•Ee IM 
ES II f'!: RANGE VALUE (UNTYPED INTEGER> 

THE OO~tApr V/,LUE IS JN f.8SPEC AS USUAL, TJff IMAGE VftLUE IS ft.N 
UNTYPED I~TFGER VALUE STCRFO lN THE EBIIH FJELD. ALL INTEGER MAPS 
ARE SI~rLE VALUED (MUTLT-VALUED REAL MA 0 S vrULO HAVE TO BE STORED 
JN STAttDARD FORMAT). 

AN UNB~SED PEAL MAP DATA BLOCK HAS A STANDftRD SET HEADER WITH: 

H~DR TYPE: 

THE ELE~ENT BLPCKS OF THE HASH TABLE HAVE: 

. JlF.ORTYP[: 
fBR Hf: 

H .. EBRH 
R~tIGE VALUE <UNTYPED REALJ 

THE DG~JIN VALUE IS IN EesPEC AS USUAL, THE IMAGf VALUE IS AN 
NTYPEO REtl VALU~ STPnED I~ THE EBRIM FIELD. ALL REfll MAPS A~E 

SINGLE VALUED (MULTI-VALUED REAL MAPS ~OULO HAVE TO BE STO~ED IN 
SJA~OAP~ FPRMATJ. 
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REMOTE !UP 

A ~EHOTF M~P DATA BLOCK CCNS!STS OF A ~TA~PARD FORMAT SET HEADfR 
,rn r c'u H ft s : 

HE"ORTYPE: 

TPE HASµTB rJELD 0~ THI~ HFADER POI~TS TO THE HASH TABLE HEADER 
DATA BLPCK roR THE CORPESPO~DI~~ SASE SET. 

THE HEADfR IS IHMEDIATFLY FOLLOVED gy A STA~OARO FORMAT CT•TUPLE> 
TUPLE, COMPLETE ~ITH TUPLE HEADER BLOcr. 

THE KTH ELF~ENT OF THIS TUPLE crNTAI~S THE MAP IMAGE VALU~, UITH 
IS•MULTT SHPUINf THE FDRHAT AS OESCRIB~D IN 4a?o3•1• 

TH E V A LUE P-' H AX I N OX C I • E • Tiff . TU P LE L f-" NG T 1-1 ) f'. US T B E A T LE ft. S T A S 
LARGE A~ THF LARGEST I~DEX VALUF FP~ WHICH THE ~AP IS DEFINED rN 
TH~ CORRESPPNOING ELEMENTe 

NOTF THAT THE TUPLF ~HICH IS P~RT OF THE ~AP DATA RLOCK DOfS NOT 
CONTAIV A BASE ARRAY~ THE BASF ARRAY FOR THF HAP IS ALWAYS 
ASSOCIATED VITH THE MAP BLCCK TTSELFe 

RErOTE PACKED MAP 

A RE~OTF PACKED HAP DATA BLPCK HAS: 

HFORTYPE: 

IT IS TMHfDJATELY FOLLOVED BY A TUPLE nF VALUES AS FOR AN 
UNPICKFD REHOTE HAP, EXCEPT THAT THE TUPLF IS IN PACKED TUPLE 
FOP.M CI.20?111•> 

4•~•3e7•• REHOTE REAL HAP 

A REMOTE" RfJ.L HAP DATA 8LOC!< HAS: 

Ht=DRTYPE: 

IT IS IHMFDIATELY FrLLOUED BY A TUPLE CF VALUES AS ~PR AN 
UNPJCK[n RE~OTE MAP, EXCEPT THAT THE TUPLE IS IN REAL TUPLE FORM 
C4e?e2e2e) 

REMOTE INTEGER HAP 

A REMOTE INTEGER HAP DATA BLOCK HAS: 

JffOR TYPE: 

4-14 
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IT IS IMMEDIATELY FOLLOVEO BY A TUPLE PF VALUFS AS FOR AN 
UNPJCKEP Rf~OTE ~AP, fXCEPT TH>T Tµf TUPLE JS I~ REAL TUPLE FCRH 
c~.2.2.::r., 

l(IC.1.L HAP 

A lOC~l MAP OJTA BLCCK H~S A STAND>RD FrRMAT SET HEADER WITH 
ADOTTJPNAL FIELDS: 

HEDR TYPE: H+-LMltP 
LS+-1,'(:RO: OFFSET TO ~ORD IN EB CONTAINIVG VALUE 

THE LEN~TH OF THIS EXPANDED HEADER IS GIVEN BY THE SYSTEM 
CONSTANT Hl•LPHAP. 

LS•VORD SHOVS THE LPCATION OF THE VORO IN EACH EB OF THE BASE 
~HICH cnt:TATMS THE VALUE rF HIE' HAPo THE RFFERE"t,'CED \!ORD CONTAI''S 
HIE t-: A P H'- AG E \! I T H I S 4- rrn L T I I ND I C A T I N G TH E F OR MA T I. S US U !, L 
C/•o3e3o1e) 

4e~e3e10e LOCAL PACKED KAP 

A PJCKFD LPCAL HfP DATA BLOC~ CONSISTS OF I STANDARD FORMAT SFT 
HEADER VJTH ADOITIGNAL FIELDS: THE SFCO~O VCRD OF THE HEADER 
CONTAP'~ THE Ff.LLCt'ING fl.ODITION.4l FIELDS, DE'SCR!BI!\'G THE=" PACKinG: 

HE' DR TYPE: 
Ls .. urRo: 
lf•BfT: 
LS•BTTS: 
LS•vrcr: 

Ht-LPHAP 
OFFSET TO UORO IN ES CONTJINTNG VftLUE 
START n~ G B I T NU M 8 FR FOR FIELD 
NUMBE~ 0~ BITS JN FIELD 
POINTER TO VALUE VECTOR 

THE Lr~GTH OF THIS EXPANDED HEADE~ BLCCK JS GIVEN BY THE SYSTEM 
' COtlST/IPIT LPMAPP!\..'o 

) 

THE LS•RIT VALUE IS THE BIT NU~BER OF THE LOU ORDER BIT OF THE 
FIELD <LS BIT NUMBERED 1)a 

TH~ SI~NIFICAµCE OF THE RFFERFNCED BIT STRING VALUE A~D ITS 
RELATIP~ Tn THE LPMVECT FIELD IS THE SAHE AS FPR THE VJLUES I~ A 
PACKED TUPLE CSEE SECTIQN Ae2e?•1•1•>• 

THE crrRESPONDING FJELD JN THF TEHPLATE BLOCK (lF THE BASE SET 
HASH TJRLE CONTAINS ALL ZERO BITS CTHE PACKED REPRESENTATICN OF 
THE NIL VALUE). 

4,~13011, LOCAL RfAL MAP 

.A RfAt LOCJIL 11.AP BLOCK IS JN STA~IDARD F'flRP.AT \.'ITH ADDITIONAL 
FIF.LOS: 
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) 

HFORTYPE: H•LRMAP 
Ls+vrpo: nFFSET rn fORD JN EB CONTAINI~G VALUE 

THF,~ORV JN THF BASE SET FBS CP~TATNS EITHER THF APPROPRIATE REAL 
VALUE, f.R THE ~IL REAL VlLUEe 

THE CORPESPONOI~G YORD IN THE TEMPLATE BLCCK OF TH~ BASF SE1 HASH 
TA9LE CONTAINS THE NIL UNTYPED REAL VALUEe 

) 4e?e3e1?e LOCAL INTEGfR r.AP 

) 

AN l~TE~ER LOCAL MAP BLOCK IS JM STANDtRD FORMAT HEADER MORO WITH 
AOOJTIPrAL FIELDS: 

HEORTYPE: 
ts•vrro: 

H•LI~AP 
OFFSET TO ~ORD IN EB CONTAINY~G VALUE 

THE urRo rr THE BJSE SET EBS CONTAINS EITHEP THE APPROPRIATE 
INTEGER VALUE, OR THE ~IL INTEGER VALUE. 

THE CORPESPONDI~G VORD IN THE TfMPL•TE BLOCK OF THE BASE SET HASH 
TABLE CVNTAINS THE NIL UNTYPED INTEGER VALUF. 
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) 

0 

THfRE I~ A SPECIAL FORf-1.~T f"{'lR A REF"fREflCE TO ,, .. , ELEMENT er ~ HASH 
TAOLEe THERE ARE THREE CASES: 

1) RfFEPENCF Tr EE 0~ A SAS~ SET 
2) PFFERENCF TO EB OF AN UNBASEO SET 
~) RfFERENCE TO EB OF AN U~BASED HAP 

VALUES rr THIS TYPE ARE REPRESENTED BY A SP[CJFIER UHJCH HAS: 

TYPE: T .. EL?-'T 
VALUF.: POINTER TO CORRESPOHDING EB 

THE VALUE FIELD MAY BE USED PBTAIN INF0RHATION FROM THE EB 
JflCLUOTt-1 G: 

VALVF OF SET OR ~ASE EL~MENT, OR HAP OCHtIN ELEMENT 
~CRVARD POINTER tEBLINK) FOR ITE~ATirN 
VALfJ[ OF U!;GtSED M/,P FGR GIVEN O('MJ.H! ELEHE"1"'f 
I uo f X V OR D nw M !3 AS F F r R R E f r T E R E F FR E N C E 
VALU~ FPrM BASE ~OR LOCAL RFrERENCE 

IF A N PB JE C: T H 1 Tc- F UI T F G R M Ii T O C C UR S I N A C r NT I: X T C E " G 1r AO O I TI O ~! ) 
HHICH PEOUIPES AN ACTUAl V~LUE, THEN k DERFFERF~CI~G OPFRATION IS 
PE R ~ 0 R r,. F O TO OS TI- I r-.. T 1-l[ C fJ P. R F S P G '/D I N G S E T [ L Ff" EN T O R M A P O O M ,, I N 
EL E' II.EN TO N (l TE ni !. T I F THE s E T OR t.i1 p C nrn /; His ,, A Lu E s IN EL EM [- Iv T 
FORMAT, THIS DER[rERE~CJVG MiY HEED TO BE DrNE REP[ATEOLY TO 
OBHJN THE ACTUf,l \'t;LUE,~ 

VALUES IN "fLEf·:f~'T OF FOP.1-i,'1 T occu~ Jt~ THE FOLLOVING CONTEXTS: 

1) F~EREVER THE REPR ELEME~T OF BASE IS USED 
Q 2) FrR ITERATIONS THROUGY HAPS AMO SETS 

0 

0 

0 

TH F Y r-: I r- H T A L S O B E US E D 1-i r, R E G F rrE R A L L Y I F R E P R DE C L /, R A T I OHS \! E R E 
ALLPfED TO SP~CIFT ELEHENT OF NON BASE SET CR ELEMENT OF OOHAIN 
OF Ut:3.!~ED f·!APo 

NOTE THfT THE CASE OF ELEMFNT OF roRMAT REFERENCING A BASE IS 
DISTINGUISHED BY THE SETTING OF TH= JSc-BASE FLJ.G IN HASH TABLE 
ELFHENT BLVCKSe 

PLFX BASES ARE I, SPECJJ,L CASE PJ THAT A~I ITEM VHICH IS JN ELEHE"JT 
. OF I PLEX eASE IS REPRESENTl=O SillPLY AS THE LONG ATOM VALUE (IF 

TH f B A ~ f • S l r C H A V-" L U r= MA Y B E US F. 0 I "J TE P. C H fd; f A 8 L Y A S T HE A T fl '1 
VALUE IT RFPRESENTS, AND AS A POINTER TO CBTAI~ LOCAL HAP VALUE~. 
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6e ITF.RATPR FPRMATS 

.E~ JTFRATING THROUGH A HAP OR BASE, A STA~OARO VALUE SPECIFifR 
IS USf~ TO CO~TRPL THE ITERfTIOMo IN THE CASE~ OF SETS ANO MAPS 
(SUT tWT TlfPLES), IT IS POSSIBLE TO USE: THIS SPFC!FIER TC f!BTAIN 
THJ? CURR!::NT VALUE, /..S \.'ELL /..S TO OBTAJtJ THE '•'tXT VALUE OF. THE 
ITFRATir~, 1-fC~EVER, TH~ SETL RU~TI~E SYSTE~ USUtLLY MAINTAINS TVO 
SEPJRATF !TERI.TOR VALUES EXCEPT Hi CEP.TAH! CASES \!HERE THIS 
OPTJMIZATICN IS POSSIBLE AND DESIRABLE• 

6e1e UNBASED SET ITERATOR 

JTFRATPRS FCR UNBASED SETS ARE IN THE FOLLOVING FORMAT: 

TYPE: Tt-EUH 
VliLUF: P~INTER TO CORRESPONDING ELEMFNT BLOCK 

THJ: INITI/.LIZAT!ON FOR THE ITERATOR COf!SISTS OF SETTiiJG THE VALUE 
f I EL O T O P (l I N T T n TH E TE fl P L A TE ~ L O C K c T HE I T F R A T- I f1 tJ I S THE N 
PER~oRvFO 8Y USING THE VALUF FIELD TP LPCATE THF THE EB 
CONTAif.'H;G THE POIHTER TC THE NEXT E!3o 

IF THF ACTUAL VALUE IS RECUTRED IT CAN BE OBTAINED FRrr THE 
REF'f.Rn1rED ELEf-lFNT BLOCK, /\tl[J IT VI LL OFTFN BF ADVM1TAC:E!:US TO 

1TAJN THI~ VALUE CNCE 0~ EACH ITERATinN ,~o STORF IT JN A 
_iPARATF LPCATJON~ 

NOTE T~/T THIS FOR"AT CORRESPONOINGS EXACTLY TO THE ELEMENT OF 
SET FORl;AT PREVIOUSLY DESCRIOEO. 

6e?e ~ASF. ITF.RATnR 

THE Fr~PAT OF A BASE SET ITERAJoq IS SirILAR TO AN U~BASED S~T 
ITERATPP.t1 THE PfSCLTJHG [LO'.ENT OF FOR!';\T rBJECT cAi~ 8[ USED TO 
06TJ:JN !,ta REQUIRED ItJFf'R~iATJOIJ FROM THE BASE srr ELEMD'T 8LOCK. 

THF JTFRATrR JS INITIALIZED EY POINTING TP THE TEMPLATE BLOCK, 
HID ITfRATED IN THE SAME l'iM!NER AS i:-oR A tHIRf~AL SET. 

6e~• UNBASED HAP ITERATOR 

THE FOPYAT nF AN UNBASEO HAP ITERATOR IS: 

TYPE: 
VALU[: 

INDICAT[S TUPLE 
PrINTFR TO PAIR VtLUE 

~LF~ENT 1 OF THE PAIR IS IN ELEHENT OF HAP OOHlIN FOR~AT: 
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VALUE: POINTER TO EB IN ~AP 

ELEMENT 2 OF THF PAIR IS IN ONE OF T~O FOR~iTs: 

TYPE: 
V"LUE": 

TYPE OF ~~~GE ELEMENT FCX> 
VALUE OF ~ANGF El~HE~T FCX) • 

THIS CAS'!: IS FLAGC:ED BY IS+RAP~GE BEP't; flFF HI THE TUPLE DATA 
BLCCK FOR THE PAIR. 

OR 

ELEM~NT ~ROM SET FC/X/) JN APPROPRIATE JT[RATPR FORMAT. IN TMIS 
CASE, THr IS+RANGE FLlG rr THE TUPLE HEADfR BLOCK FOR THE PAIR 
1 s sr T o ~,. 

NOTF THAT THE VALUE nF THE FIRST ELFMENT rr THE PAIR IS IN 
STANOARP ELEME~T OF DOMAIN OF HAP FQR~ATe 

6e4• REMOTE HIP ITERATOR 

A ~EHC'Tf MAP ITFRATDR IS IN TJff SAME ~ORMAT AS At-1 ORDINARY HAP 
ITF~AT0R F'XCEPT THI.T THF. FIP.ST VORO OF THE PAIR JS IN BASE 
ITERATOR FORMAT ANO REFERENCES THE EB OF THE BASE SETe 

•~s~ LOCAL MAP ITFRATOR 

A LPCAL MAP ITFRATOR IS I~ THE SAHE FPRMAT AS A~ ORDINARY MAP 
ITERATrR EXCEPT THAT THE FIRST rPRD OF THF PAIR IS I~ BASE 
JTERATPR FORMAT AND REFERENCES THE E·B OF THE BA~E SETa 

6c6o Qf~nTE SfT ITERJTOR 

AN IJfRJTOR FOR A REMOTE S~T IS IN THE SAME FORHAT AS A B~SE SET 
ITERAlrR F(lR THE crRRESPOfWING BASE SET. 

6e7o LOCAL SET ITERATOR 

AN ITFRATnR FPR A LOCAL SET 15 IN THE SA~E FPRMAT AS J BASE SET 
ITE~ATrR FOR THF CORRESPONDING BASE SETe 

6eR• TUPLE JTERATnR 

TUPLE ITFRATCR IS SIMPLY A~ INDEX VALUE STORED AS A SHP~T 
• ...irrGEP., 
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D 

D 

0 

0 

0 

D 

Q 

6.9. OOMAJN ITERATORS 

IF A PRO~RAM SP~CIFTES DIRECTLY OR !~DIRECTLY AN ITEPATirN 
THROUGH THE DPMAIN o~ A MAP rR TUPLE, T~EN A SPECIAL no~IIN 
JTfRAT~R FORMAT IS US~D WHICH RE~fRS TO THE M~P OR TUPLE ITSELF 
CRAJHER THAN ACTUALLY CR[ATING THE OCHAIN AS A SET ANO JlERATI~G 
THROUGH IT>• _..,.- _ 

6e19e l'NBASEO f-!AP OCHAIN ITERATOR 

THE DOPAIN ITERATOR IS JN STANDARD FLEMFNT OF HAP DOMAIN FORMAT: 

TYPE: T .. ELF-1T 
V>LUf: PPINTER TO-COR~ESPONOING ELEMENT BLOCK 

6e11s BASfD HAP DPNAIN ITERATP~ 

THI~ HAS THE SAHE FORHlT AS A BASE SET ITERATOR FOR T~E 
CO~PESPrNDING BASEc 

6•12e TUPLE DOMAIN ITERATOR 

THE DOMAIN OF A TUPLE IS SI~PLY THE SET CF INTE~ERS FRPH 1 TO THE 
tWMSER OF ELEMEtlTS lf-! THE TUPLEo IF H~ ITEPATIC~r THROUGH THE 
oor-1;;111 f"F /. TUPLF IS Pl:~Ffl?f:EO, THE CG~RESPr:tJDPJG DNiAHl ITERATrR 
IS Sl~PLY A STA~OARO FORHAT SHORT INTEGER C2&1v1•>• 
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7• FPRM HBLE 

All OBJFCTS IN THE SYST~~ HAVE AN ASsncIATfO FORH, C~JCH IS THE 
REP~ fHfJUS AHY HWICATJO~· nF Hff SPf.CI~IC AASE SETS P,1VOLVEO IN 
BASING REL~Tin~s {RUT INCLUDING FULL KNO~LECGf OF TH~ CCCURENCE 
ANO fYPF- OF BASTf!G>. .,, . 

THE FORr TJBLE JS A SEPARATE VECTOR CFOR~TAB) VHICH CONTAINS 
ENT~JfS REPRESFNTJPG THESE FORM VALUES, 

FOR PRIMITIVE DATA, THE CORRESPONDING FCRH TABLE ENTRY IS 
DETFRMP>'ED BY HIE CONTEXT IN liHICH THE VALUF APPE/,RS {THERE IS HQ 

DIRECT LIHK FROM PRI~ITJVf VALUES TO THEIR CORRESPO~DING FORM 
TABLE F:-!TR TFS) C 

FOR uoµ-PRIHITIVE DATA (TUPLES,.SETS,-~APS), THE DATA BLOCK FOR 
THE HEJDER CCNT/INS A FCRH FJELD rHICH IS AH INDFX TO THE 
RELfVANT FPRH TABLE ENTRYo 

HIE ~! 0 R OS fH-"" THE F r. R M T /.. B L E, \! H IC H A k E rrn T NEC [ S S Hn LY THE SAHE 
LENGTH AS OTHER SETL unROS, CO~TAJN THE FOLLO~J~G FIELDS: 

J:T .. JYPE: 
C:-T..,EU'T: 
FTc--0O': 

• FT t- I!~: 
FT<·R sr T: 
S:-T<-HBASEJ: 
F"Tc--JSc<-tnl: 
FT .. IS•LIM: 
FT<-Lrr: 
FT-ff n·H: 
r=-l<-MI.PC: 
S:-Jc-Hf-~HOK: 
F"Tc-N[L TOK: 
► T+-ESHARE: 
FT..,DSf-fJ.r.E: 
FT .. JSHARE: 

TYPE CODE F+-XXX Jf'DICATJ!-!G FO~M TYPE 
FORMTf.O rr-iorx FOR ELEMEtn TYPE" 
F"OR11TAB rrmEX FOR M.AP DOM!dtJ TYP(:'.' 
F OR M T /, B IP.IQ E X F O R ti /, P I V: f. G E T Y P E 
F n R f iT f, B r:- 0 R f l It P R f. nc E S E T TY P [ 
~UHBER OF E~TRJES IN 9/S[ ARRtY 
fl P IF V /. l U E ii f, Y t: F I~ I L 
PH JI":" LP!ITJflG Jt-rFOR1lAT10}J PRtSEfi.'T 
L O \I B r: lli iD O F L n:r T n: F OR fl "- T I Ni 
HICH 80UsJfJ OF LIMJT PIFORliATIC't~ 
P' D l CA TE s s M A p .di A p J rrn /, p s ET T r NG 
PN IF IS+-HASHnK MAY~~ SET 
PN JF lS•~ELTOK MAY BE SET 
rN IF ELEMENT CA~ SHARE BASE fRRAY 
rN IF DO~AIN CtN ~HA~E BASE ARRAY 
nN IF IMAGE CAN SHARE BASE ARRAY 

FTt-TYPF CP"TAI~S A CODE I~DICATING THE ENTRY TYPEo THE FOLLO~ING 
SECTION~ LJST THE CODES ACTU/LLY USED. 

FT.,.ELMT IS USED FOR SETS, HAPS JNO TUPlESo FOR SETS ANO TUPLES, 
IT IS THE FPRH OF THE CORRESPPNDI~G ELFME~T. FOR HAPS, IT IS THE 
FO~H -rF THF TUPLE USEO TO REPRESENT CORPESPC"l~iOP-IG PAIRSu F(lR 
HIX~O TUPLES, IT POINTS TO A SPECIAL AUXILIARY TABLE CALLED 
MTTABe 

FT•DOH IS USED FOR MAPS TO BIVE THE FORM or THE DOMAIN TYPE. 

fT•TH I~ U~fD ~OR HAPS TO GIVE THE FORH CF THE INAGEc FOR SMAPS 
At-!D8f-:APS, THIS IS THE FC1R~i OF SINGLE Rld·IGF ELEMEl~TS" J:""QR HHAPS, 

T IS TµE FPRH FOR THE CORRESPO~DI~G SET OF RANGE ELEMENTSo 

FT•RSET IS USED FOR HAPS TO GIVE THE FORM FOR THE SET OF RANGE 
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tiLUE FLEHFNTS CVHICH ~OULO APPEAR IF IS+MULTI VERE ON IN AN 
() IHA~E V~LUE)e FOR :-'.~APS, fT+RSET IS TH[ SAMF AS FT+IM• 

0 

0 

0 

~ 
'4;f 

0 

0 

0 

0 

Q 

~OTf: THE VALUES 0~ FT+r.rM, FT+Jr, A~D FT+RSET }RE ALSr USfO ~OR 
SETS U~ICH COULD P~~SI3LY BF CPNVE~TED TO MAPS ANO REPPESENT THE 
SETTJNr~ FOR THIS CONVERTED CBJFCTe IN nTHfP SfTS CANO ALL OTHFR 
TY.PES PY:- OYJECT~), THESE ·rIF.LOS ARE SET TO ZERf'ESe '•it\•, 

~PR U~BASFD SfTS: T"E FPRH 0~ THE crPRESPONrruG MAP IF THE SET 
~ERE TO eF CONVERTED Tn MftP. 

F~R ill SMAPS: THE FPRM 0~ THE CCR~E~PONOJNG MAP 

FT•~BA~EA CONTAINS THE NUMBER 'OF ENTRIES IN THE CORRESPONOifG 
BASE APRAY c,.,.,. THE AASE ARRAYS THE~SELVES ci~NOT BE LrCATED 
FRClf'' ntE FORM TABLE, su:cE TVO 08JECTS VHICH HftVE D(Ft:"ERE'IT 
B1-.STNGS, Al/T J..RE f'!THF.RUIS[ lDFNTICAL, HAVE THE SAME FORM TABLE 
fNTRYi F"CR ALL PRIMITIVE OBJECTS, AND SETS AND TUPLES MITH NO 
BAS(D CPMPfl~ENTS, FT•NRASEA JS 7EROo 

FT•JS•LIH JS srT TO INDICATE THAT FT•LOV Aro FT+HIGH cnNTATN 
ItWnRrHTJ0?-.1 \!HflSE SJGNJFICANCf VARIES UITH THE ENTRY TYPE AS 
FOLLOU'S: 

c-oR AN JUTEGER: 

FOR STR H'~: 

F(lR TUPL rs: 

FT•LCU = HINIMUM VALUE 
fT+HIGH = rAX!MUK VALUE 

FT~·LOV = MINIMUH LENGTH oi:- STRING 
FT•HIGH = YiAXIMUM LENGTH 

FT+LO\f = IHNIMUM LEHGTH CF TUPLE 
ffT•HI~H = HAXIMUM LENGTH 

FT•MAPC USED FOR MAPS ONLY TO INDICATE DECLARED TYPE: 

c-T+SHAP I~DICATES SMAP 
FT•~MAP I~DICATfS HMAP 
FT+M,P l~OICATES ~AP 

FT•HASHnK ANO FT•NELTPK INDICATE THAT THE CORPESPONDING BITS IN · 
THE· HE~DER MAY BE SfTo IF THE FT DIT JS pr:r, THEN THE 
CORRESPrNDING HEAO~R BIT IS ALUAYS OFF CANO NEED NEVER BE 
CHECKED). 

FT•~SHftPE, FT•OSHAPE, F"T+ISHARE ARE SET TO INDICATE THAT THE 
CCRPESPrNOTNG suBrBJECTS CA~ SHARE THE BASF ARRAY OF THE 
CONTAJ~TNG rBJECT• 

1.1. FCRH TYPE er.DES 

I SHR T TNT 
SHOR T ST R HI G 
SBOR T AT flM 
SUBR 

F+fNl 
F+-STRING 
F'+ATOH 
F•SU9q 
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Ftrr-;C 
LPNG J. TCK 
FL f Mt="N T 

F•FUNC 
,;, F'•LATOM 

LNlG HIT 
lt')NG S TR H!G 
~F.Al 
TUPLF 
PACKrfl TUPLE 
JfJTEt:F.R TUPLE 
Rf /\L TUP LE 
MJXEP TUPLE 
ui--101. ~ro sE T 
HlTEf-F"R Sl:T 
RE"AL ~ET 
U"-'BA~EO ~AP 
U"-'6 A~FD PJTEGER M,P 
UNBA~ro REAL ~AP 
LPC,i.t SET 
Rf:f'iOTf SET 
LC'CAL HAP 
REMOTE MAP 
LPC/\l P.IICY.ED t-1AP 
LPCAL INTFGEP MAP 
LOCAL REIil HJP 
qEfiOTE PACKEO MAP 
REMOTf INTEGE~ HAP 
REMOTf REAL Y.t.P 
BASE ~ET 
U•.JTYP[O HTTEGER 
UPTYP[O RtAL 
C::F.NER.AL 

F•ELMT 
F"•LJNT 
F•LSTRING 
F•P-E ltl 
F•TUPLE 
F•TUPLE 
F•JTUPLE 
F'•P.TUPLE 
F•HTUPLE 
F•USFT 
F•ISl:T 
F•RSFT 
F • U~i I, P 
r· .. a: A P 

F•RM~P 
F•LSET 
F•RSET 
F•UHP 
F•P.fHP 
f•LPIHP 
Fe-LIM/IP 
F+LRMAP 
Fc-RPM/o.P 
F•RIM!.P 
F•RRMIIP 
F•E/\S-E 
F+UlflT 
F•UREAL 
F•GEN 

7~2• P!XED TUPLE REFERENCE TABLE 

MIXED·· TUPLES CTUPLES YHOSE ELEME~TS ARE FIXFO, NO~-IDENTICAL 
TYP~S) USE AN AUXILIARY TABLE CALLEO CMTTAB) TO INOICATf THE 
ELEMENT TYPESo THIS H.BLE C0fc1TAINS A SERIFS CF ENTRIES \!ITH THE 
FOLLOUIHG FIELD~: 

f·fT•Ff'~M: 
MTc-OFFS: 

~ORM TABLE J~OEX FOR FLEMENT 
BASE ARRAY OFFSET FOR ELEMENT 

t MIXED TUPLE VALU~ 
MTTAB CleEe AN I~OEX) 
ENT~IE~ FO~ THE MIXED 
LJMITEV IN LENGTH, 
ENT~IES. 

JN THE FflPM TACLE CClNTAHIS J. POINTER P-'TO 
VHICH INDICATES THE START OF THE CONTIGUOUS 
TUPLEc ALL MIXED TUPLES ARE INDICATED TO RE 
SO THE FT•LIH FIELD GIVES THE NUMBER OF 

THE MT•FORM VALUE rs T~E IHDEX OF THE FORM (IN FORMTAB) FOR THE 
CORRESPrNOI~G ELEMENT TYPE. 

THERASE ARRtY FnR A COMPCNENT OF A MIXED TUPLE JS A CONTIGUOUS 
SUgSECTJON OF THE BASE IRRAY FOR THF HIXEO TUPLE ITSELFe THE 
LE~GTH OF THIS SUBSECTION IS I~DICATED BY lHE FJ•NBASfA FIELD PF 

7-3 



J SETL-189 

) 

,. ., 

THE COMPCNFNT FCRM, ITS STARTISG LOCATION IS INDJCATFD BY THE 
OFF~ET VALUE IN THE CCRR~SPPNDI~G MT+crrs FIELD, NOTE THAT 
~T•OFFS JS ALVATS ~FRO FOR THE fNTRY C0RRESPONOING TO THE FIRST 
ENTRY rF THF HIXEO TUPLE. 

CONVERSICN crNTRPL TABLF 

T~F. Cf'l1JVf:!?SIOt-1 RC1UTH!E' l CF' THE LI9RARY IS COPTROLLEO BY A TABLE 
CCO~VT~9) ~HICH IS A VECTCR UHOSE ENTRIES CONTAIN THE FOLLO~ING 
FiflOS: 

CT+-F(HH✓.1: 

CT+-FORM2: 
CTt-f (IRMS: 
('T+-C1SE: 
CT+-IS+-OK: 

FPRH PF I~PUT TO CONVERSinN 
rrRM OF OUTPUT rqrM cnNVERSIO~ 
ABOVE TWO FIELDS TOGETHER 
CASE INDEX FOR COTJVERSIO'J ROUTINE=" 
ON IF COMVERSION IS ALVAYS POSSieLE 

THE COPVERSJON ROUTINE IS IN 
CO~VERTTNG tN OBJECT FROM ONE 
SPECIAL CASES UHICH REOUIRE 
COMVERSJOH ROUTINE, 

GENERAL 
FORM TO 

SPECIAL 

ricEO VITH THE TASK PF 
ANPTHfRv THERE ARE H~NY 

SECTIO~S o~ cnoE IN THE 

THE CCMVER~ION CONTROL TABLE MAPS INPUT AND OUTPUT FORMS INTO A 
CASE I~eEx PHIC~ IS USED I~SIOF THE CONVERT ROUTINE TO BRANCH TO 
TH~ APPROPRIATE SECTION OF CODF, 

THE TABLE IS HfSHFD BASED ON THE CT•FORHS VALUE, USING SIHPLE 
LP![AR PRCBitH:: TO RESrLVE HASJ-l CONFLTCT-Sv IF AN EfHRY DOES NC'T 
APP[AR IN THE TABLE, THE CORRESPONDING crNVERSIOV IS NOT 
PCISSJBLF, 
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