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THIS MEWSLETTER DESCRTBES THE DATA STRUCTURES VHICH yILL BE USED
FGR THF RUW TIFE SYSTHFMS OF BAOTH THE INTERPRETED AND CCMPILED
VERSIOKFS GF THE NEY SETL SYSTEW,

THE INTRCDUCTICK AF THE MOTION OF BASIWNGS HAS PROVIDED AN
OPPCRTUMITY FOR RINFSIEY OF THF SETL RUNTIME SYSTEM SINCE YT WILL
BE MNECESSARY TC HODIFY HUCH €F THE RUN TIME LIBRARY INM AMNY CASE
TO SUPPNRT THE EASINGS.

CONSEQUEHTLYs THE DATA SYRUCTURES HAVE BEEM CCOWPLETELY REDESIGHSD
AND I7T IS EXPECTED THAY PPROCGRAMS VWILL RUN FASTER KITH THE
REDESIGHMED  STRUCTURES EVEN IF THE BASIKE DECLARATIONS ARE HOT
USED
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SETL-189
1¢ FNEM 0OF STORAGE

AS IM THE PREVIQUS SYSTEMs STCRACE IS ARRANGED AS A CONTIGUOUS
SEQUEMCF OF '4yORDSTe EACH SETL WORD MAY PE CPRPOSED OF ONE OR
MCRE MACHIME KOROS DEPFNDING CN THE MACHINF WORL SIZC.

THF SETL VYORD (HENCEFORTH ALWAYS CALLED SIKPLY # VORD) IS CAPABLE
OF HOLDING A POINTER FIELD VITH 7 8ITS LEFT OVERe IF HORE BITS
ARF AVAILASBLE» THEY CAN BE MADE USE OF IN VARIOUS SITUATICWS

THERE ARE RASICALLY T40 FORMATS FCR KCPDS:

VALUE SPECIFIER: A ONE VORD OUANTITY USED TO HOLD (DIRECTLY OR
INDIRECTLY) A SETL DATA VALUEs THESE CCRRESPOND
TC THE ROGT YORDS OF THE OLD SYSTEMe

DATE WORD: IN SCME CASESs VALUE SPECIFIERS ARE USED TO
PPINT TC DATA BLOCKS COHSISTING OF ONF OR WMORE
DATA UCROS IN DATATYPE DEPENDENT FORMATs

Tels VALUE SPECIFIER

A VALUF SPECIFIES A DATA VALUE IN THE SETL SYSTEN AND HAS THE
FOLLOVING UMIFORH FIELDS:

TSeNIL: "ON FOR SPECIFYER FOR NIL VALUF (2076

TYPE: A FIELD GIVING THE TYPE CODE OF THE VALUEe THIS
FIELD HkUST BE AT LEAST S BITS LOKGs BSUT MAY BE
LONGER IF CONVEMIENT FQOR FFFICIENT ACCESSe IT
CCNTAINS A SYSTFH CCNSTANT VALUE (YHOSE MAKE IS CF
THE FCORH TVeXXX) WHICH INDICATES THE TYPE.

VALUE: THIS FIELD CCNTAINS EITHER THE DATA VALUE OR A
POINTER TO A DATA BLOCK IM THE HEAP VHICH COKRTAINS
THE VALUE. THE TYPE CODE (IN THE TYPE FIELD)
JMDICATES VWHICH CF THESE THO FCRKS IS USED AMD THE
EXACT SIGMNIFICANCE CF THE VALUE FIELDe

IS«SHARED: A FLAG VHICH IS SET IM A SPECIFIER TO INDICATE THAT
THE VALUFE REFERRED TO IS SHARED AND THAT THE VALUE
HUST BE CCPIED BEFORE IT IS MODIFIED, :

IS«MULTI: A FLAG USEC IN MAP FORMATS TC INDICATE THAT AN
ENTRY IS FOR A RANGE SET (RATHER THAM A SINGLE
RANGE VALUE) .

THE ISe«¥ILy TYPE ANMD VALUE FIELDS ARE ADJACENT AMD IN THAT CRDERs
THE FOLLOWING COHPNSITE FIELDS ARE DEFINED:

NYYPE: ISeNIL + TYPE
TVALUE: TYPE + VALUE

NTVALUE:  IS«NIL + TYPE + VALUE

1-1
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Te2s CATA WCORDS

CERTAIM DATA VALUES (LARGE PRIMITIVE VALUES IMND ALL COMPOSITE
VALUES) CANMOT RE REPRESENTED BY A SINGLE VALUE SPFCIFIfRe

THESE VALUFS ARF REPRESENTED BY CNE CR NORE DATA VCRDS VHICH ARE
POTNTED TC 2Y THE VALUE FIELD CF THE SPECIFIERe SUCH A COLLECTION
CF DATA LORDS IS CALLED A DATA BLOCKs

EACH DATA PLOCK IS RECARDED AS AN ENTITY BY THE CARBAGE COLLECTOR
AND THFRE IS A STANDARD HEACER AT THE BFGIMNING OF EACH DATA
BLOCK FOR USE S5Y THE GARBAGE COLLECTORe THIS HEADER HAS THE
FOLLOUING ¥IELDS: '

HEZDRTYPE: A UNTQUE CCRE FOI THE TYPF OF DATA BLCCK (HeXXX)
GLINKS POTNTER FIELD FGR USE BY THE GARBAGE CCLLECTCR

AS VHITH ALL FJIELDS }¥ DATA BLOCKSs THE POSITIONM OF THE FIELES
(ereD AMD OGIT CFFSET) IS A FUNCTION OF THE IMPLEMENTATION,
SUBJECT TO0 THE REQUIREMEMNT THAT ALL POINTERS HAVE THE SAKE
POSITION IN A VWCRD (lcke THEY CORRESPNND YO THE STAMNCARD FIELD
STD«PTIR IKN POSITION)a

GLINK IS USED TO SUILI? BICK CHEAINS BY THE CARBAGE COLLECTCR. SEE
GARBAGE CCLLECTOR DUSCRIPTION FOR FULL DETAILSe BETWEFN GARBAGE
COLLECTIONSs YT MAY COCHTAIN ANY VALUE IHN THE RAMGE (0O -
SYWMeSTA®T) ARD  THE GARBACE COLLECTOR PRESFRVES THIS VALUE
(SYMeSTART IS THE LCYEST POSSIELE REAL HEAP ADDRESSs AND THUS
VALUES IN THIS RANGSE ARF DISTIRCUISHABLE FRCHM HFAP PGIMTERS)

DURING THE CGARBAGE CCLLECTION PPOCESSs AN ADDITIONAL FIELD CALLED
GSIZE IS USED IN DFAD RLCOCKS OMLYe SIKNCE THIS FIELD IS NOT NEEDED
I ACTIVE BLCCKSs YT MAY OVERLAP COTHER FIELDS (BUY THERE KUST BE
ROOH FCR 1IT1!), -

THE FORIMAT OF THE REMAINING DATA VvORDS IN THE DATA BLOCK IS
DEPENDEMT M THE . DATATYPE INVOLVEDs AS INDICATED BY THE TYPE
FIELD P® THLE REFEREMCING SPECIFIER (AMD THF VALUE IN  HEDRYYPE).
IF  KOPE THAN ONE DATA VYCRD IS IHNVOLYEDs THEN THERE IS TYPICALLY
ADDYTICMAL WEADER INFORMATION VHICH (AHONG CTHER IMNFORKATION)
GIVES 0R IMPLIFS THE LEMGTH OF THE BLCCKe

THE DFTAILED FPRMAY OF DATA V¥ORDS IS EXPLAINED DATATYPE BY
DATATYPF IN THE SUCCEEDING SECTIONS.

s s s b
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2e TYPED PRIMITIVF DATA

THIS SFCTION COMTAINS DETAYILS PN THE FORMAT CF PRIMITIVE DATA
ITEMS VHICH DO MOT CONTAIN COMPONENT VALUES (IeEe ALL TYPES
EXCEPY SETS AHD TUPLES). :

QPR

EVERY DATA VALUFE IN THE SETL SYSTEM IS REPRESENTFD BY A VALUE
SPECIFIER (OFTEM CALLED JUST A SPECIFIER)s 1IN SOME CASES (SHORT
ITEMS), THE DATA VALUE CAYM BE COMPLETELY CONTAINED IN THE
SPECIFISRe 1IN CTHER (CASES (LCHG ITEMS)s THE VALUE FIFLD CF THE
SPECIFIFR CONYRINS A POINTER 7O DATA - WORDS vHICH DESCRIBE THE
DATE VELUE

NCTE THAT CMLY THE TYPE AND VALUE FIELDS CONTAIN OR REPRESENT THE
DATE VALUE ITSFLFe ALL THE OTHER FIELDS IN A SPECIFIER £RE
INDEPENDENT OF . THF D*TA VALUE AHND THEIR USE DEPENOS ON THE
COGNTEXT IN VHICH THE SPECIFIER APPEARS. :

IN CASFS ¥HERE THERE FRE LCNG AND SHORT FORMS FOR THE SAME
DATATYPEs THEM ITENS ARE REPRESENTED IN THF SHCRT FNRM IF

POSSIBLEs BUT THIS IS MOT RFCUIREDe. FOR EXANMPLEs A ONE CHARACTER

STRI®WG CCULD BF STRRED IN EITHER HANMNERs AMD THE RESULT ¥NULD BE
INDISTIMGUISKHABLE TC THE PROCGRAY (FOR EXAMPLEs THEY VWOULD APPEAR
TO BE ECQUAL). ‘

2¢7¢ INTECER

AN INTFPER TN SETL IS A SIGHED IHTEGRAL VALUE ¥ITH MO LIMIT ON
THE HAGNITUDE CTHER THAN THAT IMPOSED BY MFINORY CONSTRAINTS,
THERE ARE T¢O0 FCORMATS FCOR INTEGERS, CALLED SHORT INTEGER AND LONG
INTEGER « _ : : - :

w

29TeTe SHORT IMNTEGER

T SHORT-IMTEGERS RANCE FPON  O-MAXSIs KHERE MAXSI IS THE LARGEST

INTEGER VHICH WILL FIT INTO THE VALUE FIELD (1eEe. ALL BITS OF THE
VALUE FIELD SET CH)o :

»THE SPECIFIER HAS:

TYPE: TeINT
VALUE: INTECER VALUE

THE TYPE FIELD VALUE MUST BE ZERPe THIS PARTICULAR VALUE IS
SIGNIFICANT IN THAT IT ALLOWS FOR RAPID CODING OF THE INTEGER
ADDITICN FUNCTICN :

THF‘INTEGER VALUE RANGES FROM O T0 THE TIMPLEMENTATION COMSTANT
HAXST,

2-1
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oMLY SFPLL'POSITIVE IMTEGERS CAM BEFE STORED IN THIS MANMERe LARCGE
AND MEFATIVE INTEGERS ARE STORED IN LONG INTECER FORMATe

<

2¢1¢2e¢ - LOMG INTEGER

THE SPECIFIFR FCR A LONEC IMTEGER HAS:

TYPE: TeLINT

VALUE: POINTS TC AN INTEGER DATA BLOCK
THE FIRST VORD OF AN INTEGER DATA BLOCK HAS:

LI<NVORDS: NUMBER OF VORDS IM BLNCK INCLUDINE 1ST WORD
REMIIMYNG VORDS OF IHTEGER DATA BLNCKS ARE IN & FNRMAT WHICH IS
COMVENTENT TC THE PARTICULAR MACHINE AKD IMPLEMENTATICMe THE

DETAILS CF THIS FORHKAT ARFE OF SIGNIFICAMCE NMMLY TO THE LCMG
INTEGER ROUTINES AND ARE DESCRIRED IN THESE ROUTINESe

2¢2s  STRING

A STRIVG VALUE IH SETL TS AM ARBITRARY LEMGTH SERUEMCE OF
CHARACTERSoe THE EXACT RANGE OF POSSIBLE CHARACTERS DEPEVDS CN THE
INPLEMERTATION ENVIRCNMENTs BUT SHCULD INCLUDPE UPPER/LCWER CASC
LETTERS 1IF POSSIBLE« THERE ARE TUO FORMATS FGR STRING VALUES:

2¢20%e SHORT STRIMNG -

SHPRT STRIME FORMAT CAN REPRESENT STRINGS FPOH 0 (THE NULL
SIRINGY TO STRIVCS OF LEMGTH SC«iAX (AN IPPLEMFUTATION DEPENDEMT
SYSTEM CCGNSTANT).

THE SPECIFIFR FOR A SHCORYT STRING VALUE HAS®

TYPE: T«STRIHNG
VALUF: SUBDIVIDED INTO TUuO FIELDS AS FOLLOYS:

SCeNCHARS: KNUVEBER OF CHARACTERS IM STRIKE
SCeSTRING: STRINF CHARACTERS

THE CHFCACTERS PRE STORFED LEFT JUSTIFIEDs RIGHY FILLEDs THE FILL
CHARACTER 1S RINARY ZERC BITSe THE LEMGTH CGF A SINGLE CHARACTER
IN BITS IS GIVEN BY THE SYSTEM CONSTANT CHeSIZo



0o ©

SETL-189

& © ¢ & 0 o O

Q

© 0 © 0 ¢ © ©

2¢2e20 LONG STRING

<

THERE ARE TvO METHRDS CF STARIMG LONG SYRINEG VALUESe THE CHOICE
BETWEEN THFSE METHODS DEPENDS nw THE IMPLEMENTATION YORD
CLPACITYe THE LIBRARY CCDE HAS AN ASSEMBLY SHITCH (SSI) WHICH
PETERMIMES THE CHCICE FCR A GIVEN MACHINE. '

2e202e'e DIRECT FORMAT LONG STRIMG

THIS FCPKAT CORRESPONDS TC <SI PEING SET OFF AND IS USED IF A

STRING NESCRIPTCR AS DESCRIBEC HERE CAN FIT IMYO THE VALUE FIELD

OF A SPFCIFIERe THE SPECIFIER FCR A DIRECT FCRMAT LOHNG STRING
VALUE HAS:

TYPE: T«ICHIR
VALUE: STRIMG DESCRIPTOR

THE STRING DESCRIPTCR CONSISTS OF THE FOLLOVING THREE SUBFIELDS:

LCeLEN: LERGTH COF STRIMG IN CHARACYERS
LCeCFE: OFFSET TO FIRST CHARACTER I VCRD
LC+PTP: POINTFR T6 LONG STRIMG DATA BLOCK

THE DATA BLOQCK VHICH CONTAIRS THE ACTUAL STRING CHARACTERS IS
CALLED # LOMG STRING DATA BLCCK AND HAS THE FOLLOWING FIELDS:

HEDRTYPE: HeLCHARS
CLINK: NOT USED (O)
LC«NVYORDS: NUMBER OF VCRDS IN DATA BLOCKs IMCLUDING HEADER

THE CHAPACTERS ARE STORED IN THE REMAIMING ARCA CF THE BLOCK IM &
FORMAT WYHICH IS IMPLEMENTATION DEPENDANT AND DESCRIBFD BY THE
CODINE OF THE STRIMNG KAWIPULATIOHN ROUTINES.

NCTE THET THE STRING CESCRIPTOR MAY REFEREMNCE OMNLY A& SUBSTRING OF
THE STRINCG COHTAINED IN A LONG STRIMG DAYA BLOCK.

202¢2c2¢ INDIRECT FORMAT LCHG STRING

THIS FPREAT CCRRESPCNDS TO A SSI BEIWG SET AND IS USED IF THE
THREE FIELDS MEEDED TO DESCRIBE A STRING CANMOT FIT INTC THE
VALUE FIELD OF A SPECIFIERe THE SPECIFIER FOR FN INDIRECT FORMAT
LONEG STRING VALUE HAS:

TYPE: T¢«ICHAR
VALUF: STRING DESCRIPTOR

THE STRINC DESCRIPTOR IS #» POPINTER TO A INDIRECT STRINE DATA
BLOCK YHICH HAS THE FOLLOWING FORMAT:

HEDRTYPE: HeIC
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GLINK: NOT USED (0) :
LCeLEN: LENGTH OF STRING IN CHARACTERS
LCeOF<: CFFSET TO FIRST CHARACTER IM WGRD
LC«PTR: POINTER TC LOMG STRING CATA BLOCK

THE DATA RLOCK VWHICH CONTAINS THE ACTUAL STRING CHARACTERS IS
CALLED 2 LOMG STRIMG DATA BLOCK AND HAS THE FOLLOVING FIELDS:

HEDRTYPE: HeLCHARS
CLINK: NCT USED (0) ) : '
LC«NVORDS: MUMBER OF WORDS IN DATA BLOCKs INCLUDING HEADER

THE CHERACTERS ARE STCRED IN THE REMAIMING AREA OF THE BLOCK IN A
FORMAT VHICH IS THPLEMENTATICY DEPENDANT AND DESCRIBED BY THE
CODINMCG PF YHE STRINEG KANIPULATION ROUTINES.

HOTF THET THE IKRDIRECT STRING DATA BLOCK MAY REFEREMCE ONLY A
SUBSTRING CF THE STRINE COGNTAIMED IN A LONG STRING DATA BLCCKe

2e30 REAL

THERE TS M0 PROVISICN FOR SHORT REAL VALUFS STIKHCE IT IS ASSUMED
THAT THE VALUE F1ELD IS TCO SHORT YO CONTAIH A  HMEAMINGFUL REAL
VALUEe MOWEVERs IT IS ASSUMED THAT A GULL SETL ¥WORD VILL HOLED A
REAL VALUE. :

THE SPFCIFYER FOR A LOME REAL VALUE HAS:

TYPE:  TeREEL
VALUE: POINTFR TN REAL DATA BLOCK

A REAL DATA BLOCK CPHTAINS THE FOLLCYING FIELDS:
HEDRYYPE: HeREAL
GLINK: NOT USED (O)
RVAL: VALUE OF REAL

TH% SIZE CF A REAL OATA ELNCK IS GIVEW 8Y THE SYSTFHM CONSTANT
RNVe '
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2060 SUBROUTINE

THE SPFCIFIER FOR A SUBROUTINE VALUE HAS:

TYPE® T«SUBR ' .
VALUE: CODE POINTER FOR SUBROUTINE - )

THE FCPHKAT OF THE CODE POIMNTER DEPENDS CM THE FORHM COF THE
EXECUTIME PROGRANe FCP THE INTERPRETIVE VERSICHNS IT IS A
CUADRUPLE POINTFRe FCR THLC COMPILED VERSICNs IT IS A ODIRECT CNDE
POINTER )

25 FUNCTIOH

THE SPECIFIER FGR A FUNCTION VALUE HAS:

TYPE: T«FUNC
VALUF: - CCDE POINTER FCR FUNCTICN

THF FOPHAT COF THE C€CCODE POIMTER DEPENDS CM THE FORKM OF THE
EXECUTI¥G PROUCPAMe FOR . THE THYERPRETIVFE VERSIOM. IT IS A
QUADRUPLE PPINTERe FOR THE COHMPILED VYERSICNs IT IS A DIRECT CODE

"PCIMTERS

’

2e6e ATOHM

AN ATPP IN  SETL REPRESENTS A UNIOUE YALUE VWHICH CAN BRE CPMPARED
FOR EQUALITY BUT NeT CTHERVISE MANIPULATEDe THFRE ARE TUO FCRMS
FOR ATr¥Ss SHORT AND LOMGo

2ebelo SHORT ATOH

THE SPECIFIFR FOR A SHCRT ATOM YALUE HAS:

TYPE: TeATOM
VALUF: IDENTIFIES ATOH VALUE

THERE ARE TV0O POSSIZILITIES FOR VALUE:
FCR * HAMED CCONSTANT ATCM (EeFe TRUEY» VALUF IS A POINTER TO
THE SYHBOL TA3LE ENTRY FOR THE NAMEs. THIS VALUE IS ALWAYS 1IN
THE R/NGF 1 TC SYMeLEMo

FCR FLL OTHER SHORT ATCM VALUES, VALUE IS SIHPLY A UNIQUE

JOENTIFYIMG IMTEGER JN THE RANGE SYMeLEN+1 TO MAXSIe NEVWAT -

RETUPNS A NEY RLANK ATOM BY IMCREMENTING A COUNTERe IF THE
CCUNTER OVERFLOUS» THEN NEWAT RETURNS LCNG BLANK ATOMS FROK
THEN CMoe '



c e O

© 0 0 © 0 ¢ ¢ O 0 0 ¢ 6 © 0 @ O © 0

- iR i . “ 2 e il " - e -

SETL-189

20620 LONG ATOM

LOME ATCM VALUES ARE USED INSTEAD OF SHORT ATCMS IMN THE FOLLOYING
CASES:

1) THF CCUNTER FCR SHCRT ATOMS HAS OVERFLOVED
?) THE ATOK IS IN A PLEX BASE (Le3e2e5¢)

THE SPECIFIER FCR A LGNG ATCM VALUE IS:

TYPE: Te«LATPH
YALUE® POINTER TC ATNH DATA BLOCK

THE ATOM DATA BLOCK CCHTAINS THE FOLLOWING FIELDS:

HEDRTYPE: HeLATOMN

GLINK: NOT USED (0>

LA<«VALUE: IDENTIFIFES ATCHe. SEE BELOV
LANYDRDS: LERETH CF DATA ELPCK
LA«NLFAPS: USED FOR PLEX BASES (Le262e5e)

THERE /RE T¥0 POSSIBILITIES FOR LA«VALUE:

FCR A NAKWED CCNSTANT ATOM (EeCe TRUED)» LE«VALUE IS A POIMTER TO
THE SYHBOPL TABLE ENTRY FOR THE HNAKEe THIS VALUE IS ALVAYS IN
THE RENGE 1 TO SYMHeLFNe ’

FCR RLL OTHER LCNG ATOM VALUESs LA«VALUE IS SIMPLY A UNIQUE
IDEMNTYFYIMG INTECER GREATER THAM MAYSIe IT IS REQUIRED THAT
THIS FIELD BE LONG ENCUGH SO THAT THE CUESTICM OF OVERFLOV DOES
NCT APISEe

THE LA«MLKAPS IS USED OMLY FOR PLEX BASES AS DFSCRIBED IN SECTICON
Le3e2¢5e AND IS O FOR ALL OTHER CASESe ‘ -

2e7e MIL VALUE

THE NIL VALUE IS TREATED SPECIALLYe. ITS SPECIFIFR HAS A& TYPE AND
VALUE VRICH CORRESPC®D TO SOME PROPER DEFINED VALUE (OF  THE
APPRCPRTATE TYPE IN TH¥ CASE OF AN CBJECT VITH £ REPR)e THE

IS«MIL BIT OF THIS SPECIFIER IS SET 70 INDICATE THAT THE VALUE IS

NIL.

FRNM THE SETL LANGUAGE POQINT OF VIEW THERE IS PNLY ONE MIL VALUE.
THE USE OF MULTIPLE REPRESENTATIOMS OF NIL UITHIN THE LIBRARY IS
USEFUL IN THE CASE OF BASED MAP AND SET FURMATSs WHERE MIL VALUES
CAMN RETAIN TYPING INFORMATIONa

AIM ADDITICM, THE FACT THAT NIL °~ VALUES APPFAR TO HAVE A PROPER
VALE OF THF CCRRECT TYPE MEANS THAT CODE WHICH CMITS THE ISeNIL
CHECK FPLVAYS PRCOUCES RESULTS WHICHs THOUGH THEY MAY NOT BE
CORRECY» DO NOCT RESULT IN FAJLURE OF SYSTEM INTEGRITY.

.

2-6
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2s%es  BOOLEFAN VALUES

4
e P

IN SETLs TRUE IS A DISTINGUISHED CONSTANT ATOM VALUEs AND IS
STMRED IM THE SAME MANNCR AS ANY OTHER LONG ATCM VALUE.

FALSE IS REPRESENTED BY THE NIL VALUEe. THE PREDEFINED SYSTEM
IDENTIFIER FALSE HAS KNIL AS ITS VALUE..
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3 UNTYPED PRIMITIVE DATA

IN® ADDITINM TO THE TYPED DATA STRUCTURES DESCRIBED IN  THE
PREVICGUS SECTICNs THERE EXISTS UNTYPED DATA ¥HICH DOES MNOT CARRY
A TYPE CODE«

UNLIKE ANY OTHER DATA IN THE SYSTEMs SUCH VALUES CANNNT BE
IDENTIFIED BY THE BIT PATTERN NF THEIR SPECIFIFRs

70 MAINTAIN THE INTEGRITY OF THE ENVIRCONMEMT SC THAT THE GARBAGE
CCLLECTPR CAN CGPERATE CCRRECTLYs THE MANNER IN WHICH UNTYPED DATA
CAN APPEAR IS RESTRICTED AS DESCRIBED IN THIS SECTICHN.

3e¢Te UNTYPED INTEGER

AN UNTYPED INTFGER FITS IMTO ALL OR PART OF & SETL HORDo IT
TYPICALLY CCRRESPOMDS TO A SIGHED INTEGER VALUE VHICH [IS& THE
HARDEARF INTEGER SI7E.

3e26 MIL UNTYPED INTEGER

THE MIL UNTYPED INTFGER VALUE IS REPRESENTFD BY A UNICQUE MACHINE

- DEPENDAMT BIT PATTERNS VHICH MEETS THE REQUIRFMENT THAT IT IS

NEYER PRCODUCED AS THE RESULT ©F ANY IMNTECER OPERATION CON DEFINED
VALUES VYHERE THE RESULT IS PRCPERLY DEFINLED AND IH RANGE.

TYPICAL CHOICES ARE NEGATIVE ZFRO (1'S COMPLEMEMY) PR THE LARGEST
NECATIVE HUMBER (2°'S COMPLEMENT) e

2030 UNTYPED REAL

AN UNTYPED REAL FITS IRTO ALL ©R PARY OF A SETL VCRDe IT

TYPICALLY CORRESPPNDS TC A SYGHNED REAL VALUE VHICH IS THE
HARNDUARE REEL SIZEe

THE FORMAT OF AW UMTYPED REAL IS THE SAME AS THF FORMAT OF A REAL
DATA ¥rRD (SEE SECTIGHN 364)e

Joke NIL UNTYPED REAL

THE NIL UNTYPED REAL VALUE IS REPRESEMTED BY A UNIQUE MACHINE
DEPENDAMNT RIT PATTERN VHICH MEETS THE REQUIREMENT THAT IT IS
NEVER PRODUCED AS THE RESULT OF ANY REAL CPERATION ON DEFINED

VALUESVHERE THE RESULT IS PROPERLY DEFINED

VHERE 2N OPERATION OM REAL VALUES PRODUCES AN TMPRNPER RESULT
(EeGe 0e0/040)s THE NIL VALUE MUST BE GENERATED

+ 4

— . —

M



SETL-189

WHERE & RFEL CPERATICN CPERATES ON NIL REAL VALUFSs IT IS
DESIRASLE T¢ GIVE AN ERRORs BUT THIS IS NOT REQUIRFED.

A TYPICAL CHCICE FCR THE NIL REAL VALUE IS AM UNNORMALIZED REAL
VALUE» . :

34Se CKIP VWORD

70 PREVFNT THE €ARBAGE COLLECTOR FRCH PROCESSING UNTYPFD DATAs A
SPECIAL GOUFMY SPECIFIER PRECEDES SUCH WORDS IM ANY CONYEXT WHERE
THE CARBAGE COLLECTCR SCANS & VECTOR OF SPECIFIERS IN SEQUEMNCE
(EeCe IV THE SYMBOL TAELE AND TN THE STACK)e THE SPECIFIER FORMAT
IS '

TYPE: TeSKIP ’
VALUE: NUMBER OF FOLLOWING SPECIFIERS T0 BE SKIPPED
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he NON-PRIMITIVE DATA

NON-PRIMITIVE DATA INCLUDES ALL SET AND TUPLE FORMATSe SUCH
VALUES FRE REPRESENTED BY A SPECIFIER WHICH HAS:

TYPE: INDICATES TUPLE CR SET TYPE
VALUE: POINTER TO SET GR TUPLE DATA BLOCK

THE FORBAT OF THE UDATA RBLOCK DTZPENDS ON THE PARTICULAR TYPE OF
TUPLE 0P SET IMVOLVEDs BUT CERTAIN SIELDS ARE COMHON TP ALL (0R
HOSY) FPRIEATS: )

HEDRTYPE: IMDICATES TUPLE OR SFT TYPE

GLINK: NOT USED (O

HELT: NUKEBER OF ELEMENTS (TF IS<HELTCK IS SET)
JSeNFLTOK: FLAG SET M IF NELT CONTAINS A VALID VALUE
HASH: HASH CODE (IF JSeHASHNK IS SET)

IS«HASHOK: FLAG SET ON IF HASH CCONTAINS A VALID VALUE
BASEA: POINTER T0 BASE ARRAY DATA BLOCK

BASEC: OFFSEY 10 FIRST UPRD IN BRASE ARRAY DATA BLOCK
FORM: INDEX TC CORRESPONDIMGE ENTRY IN FORHK TABLE (742

NOTE THAT THE HEDRTYPE VALUF COMTAINS HORE SPECIFIC IMFORMATICN
THAN THF TYPE FIELD OF THE SPECIFTIERe TsEe THFRE ARE CASES 1IN
WHICH MORE THAN ONHNE DIFFEREMT TYPE OF OBJECT HAVE THE SAME
SPECIFIFR TYPEs BUT THE DIFFERFNCES AKRE RESOLVED BY THF HEDRTYPE
VALUE s

If THE TYUPLE OR SET IS OF & BASFD FORMs THE BASEA AND BASEQ
FIFLDS POINT TD & BASE ARRAYs AS DESCRIRED IN THE FOLLOWING
SECTIONe THE FCRM TABLE ENTRY INDEXFD BY FORM INDICATES THE
HUHRER OF ENTRIFS IN THIS BASE ARRAYe '

boTe BASE ARRAY

TUPLE AMD SFT HEADERS CCNTAIN PQINTERS TO A BRBASE ARRAY IN THE
CASE. VWHERFE THE CORRESPONDING PBJECT CONTAINS BASED SURCBJECTS.
THE NUKMRER /ND ORDER OF EMTRIES IN THIS ARPRAY ALWAYS CPRRFSPONDS
YO THF STRUCTURE IM THE RELATED FPRM TAELE ENTRY AS IMNDICATED BY
THE SETTING OF THE FORM FIELD IMN THE HEADLCRe

A BASE ARRAY DATA BLOCK HAS THE FOLLOWIMNG FORMAT:
HEDRTYPE: He«BASEA
GLINK: NCT USEC (0)
BA«NWPRDS: LENGTH IN WCRDS C(INCLUDING HEADER)

THE REMAINIMNG VORDS 'OF THE ODATA BLOCK ARF STAND#RD FORMAT
SPECIFIFRS FCR THE RELEVANT BASE SETS.

NOTE THAT A& GIVEN SET OR TUPLE  HEANER MAY REFERENCE ONLY A

~CONTIGUCUS SUBSECTINN OF THE ARRAY,

L-1
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THF ORDFR NF BASES IN THE BASE ARRAY IS THE SAME AS THE CRDER IN
VHICH THE BASES ARE MENTIONED IMN THE CORRESPOMDING REPRs

bae2e TUPLE FCRMAT

4

IN ADDIYTICM TO THE STANDARD FIELDS FOR MCM-PRIVITIVE OBJECTS: ALL
TUPLE DATA BLOCKS HAVE CONE STANDARD FIELD:

MRXIMDX: INDEX OF THE LAST COHPONENT ALLOCATED
IS+«RANGE: USED ONLY IN MHAP TTERATORS (6e30)

NOTE THAY MAXINDX FAY BE DIFFERENT FRCH THE VALUE THPLIFD BY THE
CARDINALITY (KELT) SINCE IT IS USUAL T0 ALLOCATE A GRCUTH SPACE
FOR TUPLE VALUES.

Le2els STANDARD TUPLE

A STANDARD FOR#AT TUPLE IS REPRESENTED 3Y A SPECIFIER VHICH HAS:

TYPE: TeTUPLE .
VALUF: PCINTER TO TUPLE DATA BLOCK

THE TUPLE DATA BLOCK HAS THE STANDARD FIELDSs VITH
HEDRTYPE: . HeTUPLE

FOLLOWING THE KHEADFR IS A ZERO-ORIGIN VECTOR OF DATA VALUES.
THESE ARE ORDIMARY VALUF SPECITICRS GIYVING THE VALUES ©OF THE NELT
SUCCESSTVE ELEMENTS CF THE TUPLFs PR THE MIL VALUE FCR INDICES
FOR VWHICH THE TUPLE VALUE IS NOT DEFINEDe. MOTE THAT THE ZERO
ENTRY FLUAYS CONTAINMS NIL AND CANNNT BE MCORIFIED (SINCE TUPLES 1IN
THE SETL LANGUAGE ARE ONES ORIGIN)e THE EXTRA ZERC INDEX VALUE
SPEEDS INDEXED REFERLENCESe

MAXIHDX IKPLIES THE MUMRER COF YORDS ALLRCATED T0 THE TUPLE DATA
BLOCK MGT CCOUNTINEG THE VCRDS FOR  THE HEADER TUPLE DATA BLOCK.

‘'THIS MAY EXCEED THE VALUE IMPLIFD BY HNELT T0O ALLCW GROWTH SPACE.

IN VHICH 'CASE THF EXTRA VORDS CONTAIN THE SPECIFIER FOR THE
APPROPRIATE NIL VALUE. '

IF THE MELT VALUE IS CNRRECTLY SET (AS INDICATED BY THE IS«NELTOK
SETTING)s THEN THE VALUE CORRESPCNDING TO THE INDEX VALUE NELT-1

HUST NOT CONTAIM NIL (SO THAT THE NELT VALUF CORRESPONDS TO THE
CARDINALITY OF A TUPLE)s

belele SPECIAL TUPLES

SPECIAL TUPLES (AS OPPOSED TO STANDARD TUPLES) ARE REPRESENTED BRY
A cPECI"IE‘(’ KHICH HAS

L-2
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SETL-189
TYPE: - T«STUPLE
VALUE: - PPINTER T0 APPRCOPRIATE TUPLE GATA BLOCK

THERE ARE THREF SURTYPES OF SPECIAL TUPLES, THE HEDRTYPE VALUES
OF THE CORRESPONDING DAYA BLOCKS DISTIMGUISH THE CASE AT HAND.

4

LeZe2ele PACKED TUPLES

THE PACKED TUPLE DATA BLCGCK COMSISTS OF A STAMNDARD FORMAT HEADER
WHICH HAS (IN ADDITY OH TO THL STAKDARD FIELDS):

HEDRTYPE: He«PTUPLE

PTIBITS: NUMBER OF EITS PER VALUE
PTVALS: NUNBER OF VALUES PER WORD
PTYECT: POINTER TO VALUE VECTOR (SEE NEXT SECTIOM)

THE VALUES ERE STORED FRON RIGHT TN LEFT IN EACH WORDs FITTING AS
KAXRY VYALUES AS PCSSIELE IM EACH WCRDe THUS THE SETTIMNG CF PTVALS
CAW BE CONPUTED FRCK THF PTBITS SETTING AND THE WCRD LEMGTHe IT
IS STORFD 710 AVOID THE TIKE FCGR TYIS CALCULATIONe IF THERE ARE
UNUSED BITSs THFY ARE SFET Y0 ZFROESe '

LeZe2eTels PACKED VALUES

PACKED VALUES APPELRING IN PACKED TUPLES (ANMD FELSEWHERE) ARE IN
ONE OF TEQ FORBATS AS IHNICATED B8Y THE MAGMITUDE OF THE VALUE
STORED (WHICH 1S ALYAYS INTERPRETED AS A POSITIVE INTECGER)

IF THE STORED VALUE IS LESS THAM CR EQUAL TO THE SYSTEM COMSTAMT
PACKEAXs THEN IV IS A ZERC-ORIGIN IMDEX INTO THE VECTOR COF VALUFES
REFEREMCED BY PTYECTe 1IN THE CASE VHERE THE PACKED VALUES ARE
ELEFENTS ©OF A CCHMSYANT SETs THIS VECTCOR CONTAIKS ELENENTS OF THE
SETe FNR  SHALL IMTEGER VALUESs THE VECTOR CCHNTAINS SUCCESSIVE
INTEGER VALUES

A PACYXFD VALUE CF 0O IS USED TO INDICATE THE NIL VALUEe« THE
CORPESPPNDING 7FRCTH ELFMEMT 0F THE COMSTAWT SET VECTCR CONTAINS
A NIL VALUE VITH APPROPRIATE FORHMe

IF  THE STORED VALUE IS GREATER THAN PACKMAXs THEN IT CORRESPONDS
TO A SMALL INTEGER VALUE VHICH IS ECUAL TC CME LESS THAN  THE
STORED VALUE (E«¢Ge INTEGER VALUE 512 IS STORFD AS 513 IN THE
PACKED -FIELD).

T T ¥ AW — Rt
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SETL-189 |
be202e70 REAL TUPLE

A REAL TUPLE CONTAINS UNTYPEG REAL VALUES (SEE SECTICN Fede A
REFL TUPLE DATA BLCCK HAS:

HEDRTYPE? H«RTUPLE
A PEAL TUPLE DATA BLPCK IS TDENTICAL IN FORMAT TO A STANDARD

TUPLE SXCEPY THAT THE VALUES STCRED ARE UNTYPED RFALS (0R THE NIL
UNTYPED VALUE) PATHER THAM STANDARD TYPED VALUES.

LoZ0203e INTEGER TUPLE

AN TINTFCER TUPL CCNTAIMS U”TYPED INTEGER VALUES (SEE SECTION 3e)e
AN INTECER TUPLE DATA BLOCK HAS

HEDRTYPE: HeITUPLE

AN TNTFCER TUPLE DATA BLOCK 1S IDENTICAL IN FOPHAT TO A STANDARD
TUPLE FXCEPT THAT THE VALUES STCRED ARE UNTYPED INTEGEFRS (CR THE

‘NIL UHTYPED INTEGER) RATHER THARN STAMDARD TYPED VALUESs

Le?e30 NULL TUPLE

UNLIKE THE PREVICUS SYSTEMsy THE NMULL TUPLE DOES NPT HAVE A
SPECIAL VALUEe IT IS SIMPLY A TUPLF YHOSE DATA BLOCK HEADER VWCRD
HAS A 7FRO NELT VALUE WITH IS<NELTOK SET OWe

Lelcle PAIR

A TUPLE CF TVC ELEMFENTS IS CALLED A PAIRe IT IS STORED IN THE
SAKE VAY AS AN OROGIHARY TYUPLE VWITH THE NFLT FIELD CONTAINING A
VALUE 0 2 70 NDICATE THAT TWO ECLEMENTS ARE PRESENT (Ioke
ELEMEMTS UWITH SUBSCRIPTS 1 AMND 2)e SMALL TUPLFS IM GEMERALSs AND
PAIRS IM PARTICULARs USUALLY DC NOT HAVE GROUTH SPACE ALLCCATEDS
THUS THY VALUE IN ALLOC IS USUALLY THE SAEE AS THE VALUE IN HELT.

LoeZe SET AND MAP FORHKATS

THERE ARE SEVIRAL FCRMATS FOR SETS AND VMAPS CORRESPCNDING TO
POSSIBLF REPR DFCLARATIOWNSe IN THIS DESCRIPTIOMs THE USE OF THE
VORD SET IS RESFRVED FOR SETS COTHER THAN KAPS (JLTHOUGH THE SETL
TYPE FCR ALL THESE OBJUECTS IS SET)e

IN ADDITION TO THE TYPING GF OBJECTS AS SETS OR MAPS BY THE
AP PEARFNCE CF RELEVANT REPR DECLARATIONS, CRJUECTS ARE DYNAHICALLY
CONVERTED BETWEEN THESE FCRMATS WHFRE APPROPRIATEe FOR EXAMPLEs A

L-4
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SET OF PAIRS IS CCMVERTED TO0 MAP FORMAT IF IT IS USED AS A KAP,
AND THF IMVERSF CCMYERSICM OCCURS TF A NCN-PAIR ELEMENT IS ADDED
TC AN CBJECT STORED IN MAP FORMAT (SINCE FAPS CAN OMLY CONTAIN
PAIRS)e THIS DYNAMIC COMVERSION IS TRAMSPARENT TO THE SETL
PRACRAMs; SINCE A SET OF PAIRS AND THE CORRESPOMDING MNAP  ARE
SEMANTICALLY ECUIVALEMNT,

SET AND NMAP DATA BLOCKS HAVE SEVERAL STAMDARD FIELDS CIN ADDITICN
TO THE FIELDS VHICH ARE COHMCN TO ALL PMON-PRINITIVE DATA):

ISelip: ON IF TYPE IS KAP RATHER THAM SET

IS«8ESED: 0N FOR BASED MAPS ANMD SETS

ISel¥Aip: ON FOR MAPS VHICH HAVE IS«HULTI OF EVERYWHERE
IS«SKEP: 0N FOR KAPS VYHICH HAVE ISeMULTI CFF EVERYVWHERE
JS«ELSET: OM FOR SET CF ELEMENTS, OR MAP FPOH ELEMEMTS
-HASHTR: POINTER TP HASH TABLE HEADER RLCCK

THE HASHTB FIELD POTNTS TO THE HASH TARLE FOR THE SET 0OR MAP IF
IT IS UMBASEDs AND TO THE HASH TABLE OF THE BASE IF IT IS BASEDe

IS«ELSFT DISTINGUISHES THE SPECIAL CASES CF A SET YHOSE HMEMBERS
ARE ELFMENTS OF SOME BASEs CR HAPS FKHOSE DOBAIN IS ELEMEMNTS OF
SOME BASEe THESE ORJECTS CAN BE TREATED IM A SPECIALLY EFFICIENT
¥AY IN SOME SITUATICNS.

"heTolo HASH T2BLE STRUCTURE

SETS AMD KAPS IM VARIGUS FORHATS ARE REPRESFNTED BY HASH TABLES,
THE BASIC FPRRMAT 0OF ALL HASH TABLES IS CCMSISTENT THRCUCHOUT THE
DATA STRUCTURESs ALTHOUCH THE MAMMER IN VWHICH IMFORMATION IS
STORED TN THME INDIVIDUAL ELEMEMNT BLOCKS OF THE HASH TABLE DEPENDS
ON THE USAGEe '

THE HASH TABLE POINTER (HASHTB) IN THE SET HEADER POINTS TO A
HASH TAELE HEADER DATA BLCCK VLHYICH CONTAINS THE FOLLOYING FIELDS:

HEDRTYPE:  HeHT
CLINK: NOT USFD (D) |
LOCGMHFDR:  LCGC(RASE 2) OF MUPBER 'OF HASH HEADERS

MEB: NRUMBER OF ELFEUNHENT BLCCKS IN HASH TABLE

THE MUFEER CF HASH HEADERS IS ALUAYS A POVWER OF 2, WITH A MINIMUH
VALUE CF 1 (CORRESPCNDIMG TN A LOGNHEDR VALUE CF 0) AND A MAXIMUM
YALUE 0F MAXHEDRS (CARRESPONDING TO & LOGNHEDR  VALUE OF
LHAXHEDRS) ¢ MAXHEDRS AND LMAXHEDRS ARE SYSTEH CONSTANTSe

THE HNE® FIELD CONTYAINS THE MUMBER OF ELEMENT BLCCKS IN THE HASH
TABLEs EXCLUBIMG THE TENWPLATF BLOCKs AND EXCLUDING ANY UNUSED
HASY HEADERSe 1Y THE CASE OF UNBASED KAPSs THIS VALUE MAY NOT BE
THE SAHME AS THE NELYT VALUE IN THE SET HEADER.

THE H3H TARLE PROPER CONSISTIS 0 A CCLLECTION OF SLOCKS CALLED
ELEMENT BLPCKS (EB)e THERE IS NNE EB FNR EACH FNTRY IM THE HASH
TABLEs AND A SPECIAL DUMMY FEBs CALLED THE HASH TABLE TEMPLATE

L-5
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BLOCKe THE TEHWPLATE BLOCK IMMEDIATELY FOLLOWS THE HASH TABLE
HEADER DATA BLOCK IN KHEMORYe

THE NU¥BER OF WORDS IN EACH EB VARIES KITH THE CONTEXT IN WHICH
THE HASH TABLE IS USEDe .

THE FOLLOVIMG FIELDS GCCUR IN EVERY ELEMENT BLCCK:

HEDRTYYPE: TYPE OF HASH TABLE EB

GLINK: (=EBSIZE) NUWRER OF WCRDS IN EB
EBSPEC: SPECIFIER FGR ELFHMENT
ERLINK: LINK POINTER USED TC CHAIN EBS OF A HASH TABLE

IS<ERPASE: SET OM QONLY FOR RASE SET HASH TABLE EBS
IS<«EBHEDR: SET ON FOR ERS WHICH ARE HASH HEADERS
I1S«ERTEMP: SET ON ONLY FOGR THE TEMPLATEs OFF ELSEUWHERE
IS«EBFREE: SET ON OMLY FOR UWUSED HASH HEADER

THE FBYALUE FIELD IS & COWPOSITE FIELD WHICH INCLUDES ALL
FTELDS FPURD IN A MNCORMAL VALUE SPECIFIER. TIT MAY BE THE CASE
~THAT EBVALUE CORRESPOMBS TO AM ENTIRE SETL VORDs BUT THIS IS
NGT REUUIRED .

THE EBLIVK FIELD IS USED TO0 CHAIN THE EBS OF A HASH TABLE
TOCGETHER TN ONE LMHE LINKED LYISTs AS FURTHER DESCRIBED BELGW.

THE JS«ERBASE FLAG ALLCUS DETERMINATION OF VYHETHER VALUES IN
ELEMENT FORMAT (50) ARE ELEMENTS OF A BASE CR NOTe

THE IS«EBHEDR FLAG IDENTIFIES THE START OF EACH HASH CHAIN,

THE NUMBER OF SETL ¥ORDS REQUIRED FOR THESE STANDARD FIELDS OF AN
EB (WHICH IS THF MINIMUM POSSIBLE SIZE FCR AN FB WITH KO EXTRA
FIELDS) IS CIVEN BY THE SYSTEM COMSTAMNT EBHNY.

THE TEMPL2?TE EB CCCURS IMHMEDIATELY FOLLOWING THE HASH TASLE
HEADER VORD AND IS A DUMMY EB VITH ITS FIELDS SET AS FOLLOUS:

EBVALUE: APPROPRIATE NIL VALUE

ERLIMK: POIHTS TO FIRST HASH HEADER
IS<«ERRASE: SET ON QMLY FCR BASE SET TEMPLATF
IS«EHHEDR: SET OM (A SPECIAL CASEY)
IS<EBTEMP: SET QW

IS«ERFREE: CSET OH

THE HASH TABLF PROPER CONSISTS OF A COMTIGUOUS SEGUENCE OF
ELFHMENT BLCCKS CALLED HASH HEADERSe THE WMUMBER 0F HASH HEADERS
CAN BE C(BTAINED FRAOM THE LOGNHEDR FIELD CF THE HASH TABLE HEADER
VOROo THE FBLINK FIELD 0OF THE TEMPLATE PCIMTS TO THE FIRST HASH
HEADER EBe CFTEN THFE TEMPLATE BLOCK WILL IMMEDIATELY PRPCEED THE
HASH HEADERSs BUT THIS IS NOT REQUIRED. HASH HEADER EBS ALWAYS
HAVE THE IS«HEDR FLAG 0N,

EACH HASH HEADER IS CHAINED (USING THE EBLINK FTELD) TO A LIST NF
EBSe THE CHAIN OF EBS FRCM ONE HASH HEADFR CORRESPOND TO THOSE
ELEMENTS YHICH HASH 70 THE GIVEM HEADER PGSITIONM,

L-6
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THE EBS OF THE HASH CHAIN ARE CHAINED USING THE EBLINK FIELD oF
THE FIRST VORD OF THE EBe THE FMD OF EACH CHAIM LINKS RACK TO THE
NEXYT HASH HFADFR ESBe THE LAST BLCCK CH THE LAST CHAIN CCNTAINS AN
EBLINK VALUF UWHICH POINTS BACK TO THE TEMPLATE BLNPCKe THUS THE
EBS CF A SET APE 1IN ONE LeMr CIRCULAR LISTe THE END OF THE LIST
IS DETECTFD BY TESTIME THF IS«EBTEMP FLAG VHICH IS ONLY-ON FOR
THE TEMPLATE BLORCK ITSELFe

IF 2 HASH HEADER IS UNUSED (Ic¢Ee MO VALUES HASH TO0O A PARTICULAR
HEADER CHAIM), THEN ITS EBVALUF FIELD CNHTAINS THE NIL YALUEs THE
IS«EBHEDR BIT IS CNs, ANMD THE EELINK FIELD PCOINTSE TO THE NEXT HASH
HEADER (CR PCINTS TO THE TEMPLATE ER IM THE CASE OF THE LAST HASH
HEADER)Ye THIS IS THE OHLY TIME THAT NIL VALUES CAN OCCUR IN
EBVALUFe, ALL MIL VALUES IN EBVALUE HAVE FORKES AND TYPES
APPROPRIATF T0O THE CONTEXTe

EVERY HASH TABLE HAS AT LEAST ONF HASH HEADER. IN THE CASE OF A
NULL S¥Ts THERE ¥ILL DBE OME HASH HEADER WHICH IS UNUSED AND
CONTAINS THE NIL VALUE AS USUALe

THIS FrRMAT RESULTS IN THE ELEMENTS OF THE HASH TARLE BEIMG
CHATHED TOCGFTHER TH ONE LONG LIST WHILE RETAINIMG THE PCSSIBILITY
OF HASHED FCCESS FOR A SEARCHe NOTE THAT THE EMD OF A GIVEN HASH
CHAIN IS DETECTED BY FEKRCOUKTERING AN EB VHOSE FIRST K¥ORD HAS
IS«HASHHEDR ONo '

LeTe2e SET FORMATS

ALL SET FOPHMAYS ARF REPRESENTED BY A SPECIFIER VHICH HAS:

TYPE: TeSET

VALUE: POINTER TC SET DATA BLOCK i
THE IS«VMAP BIT OF THE REFERENCED DATA BLOCK IS ALWAYS OFFe THE
HEDRTYPF CF THE DATA BLOCK INDICATES THE PARTICULAR FORMAT OF SET
REFEREMCED»

Le3e2e7s  UNBASED SET

THIS SECTICN DESCRIBES THE FORMAT OF UMBASED SFTS NOTE THAT THIS
INCLUDES SFTS COF ELEMENTS 0F A BASE IN THE CASE WHERE THE KEYWORD
BASED DID NOT APPEAR IN THE REPRe SUCH C(BJECTS ARE STCRED 1IN
STANDARD UNBASED FORMAT VITH THE APPRCPRIATE SPECIFIERS 1IN
ELEMENT OF BASE FORMATe

THE SET HEADER DATA BLOCK HAS:
HEDRTYPE : He«USET
THE HASHTB FIELD O0F THE DATA BLOCK (WHICH CONTAINS NO FIELDS

OTHER THAN THE STANDARD ONES) POINTS TO A STANDARD FORMAT HASH
TABLE (Lo3¢le)e

L-7
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THE EB HAS?

HEDRYYPE = HeEBS

THE EBSPEC FIELDS CF THESE FLEMENT BLOCKS CONTAIN THE VALUES OF
SUCCESSIVE FLEMENTS CF THE SET IN STANDARD SPECIFIER FPRMATe

THE EBSPEC FIELD OF THE TEMPLATE CONTAINS THE NIL VALUE TYPED AND
FCRMED CONSISTFMTLY WITH THE TYPE OF ELEMENT IN THE SETe

Loele2el0 INTEGER SET

AN INTEGER SET DATA BLOCK HAS:
HEDRTYPE: HeUISFT

THE HASHTB FIELD POINTS TN A HASH TABLE HEADER BLOCKe. THE EBS 1IN
THYS HASH TABLE HAVE:

HEDRTYPE: H«EBIS
EBIVAL: UNTYPED INTEGER VALUE

KCTF THAT THESE EBS D6 NOT HAVE AN EBSPEC FIELD SINCE THE VALUE
APPEZARS IN THE EBIVAL FIELD

helc20™ REAL SET

A REAL SET DATA BLOCK HAS:
HEDRTYPE:  HeURSET

THE HACHIE FIELD POTNTS TO A HASH TABLE HFADER BLOCKe THE EBS IN
THIS HASH TABLE HAVE:

HEDRTYPE: HeEBRS
EBRVEL: UNTYPED REAL VALUE

NCTE THAT THESE EBS DO MWOT HAVE AN EBSPEC FIELD SINCE THFE VALUE
APPEARS IN THE EBRVAL FIELD '

LeXe2elhe BASE SET

BASF SFTS FRE REPRESFNTEQD BY A SPECIFIER IN THE STANDARD FORMAT

(THFSE SPECIFIERS APPEAR IMN BASF ARRAYS)e THE DATA BLOCK FOR A
BASF SFT CCMTAINS Tw0 SPECIAL FIELDS IN ADDITICN TO THE STANDARD
FIELDS:

HERTYPE: HeBASE

BLINK® USED BY GARBACGE COLLECTOR TO LINK BASES
RLINK: USED BY GARBACGE COLLECTOR TO LINK REMNDTE QOBJECTS
L-8
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SETL-189 .
NLMAPS: NUMEER OF LOCAL C(UNPACKED) MAPS Q0N BASE

THE LEMCTH OF THIS EXPANDED BLCOCK IS GIVEN BY THE SYSTEM CONSTANT
BASEHNVY

THE - HESHTR FIELD ©OF THE BASF SET DATA BLOCKs AS VELL 'AS THE
HASHTE FIELD CF ALL O0SJECTS BASED ON IT POINT DIRECTLY TO THE
BASE SEFT HASH HEADER DATA BLOCKe

THE ELFMENT BLOCKS IN A BASE SET HASH TABLE CONTAIN THE FOLLOWING
FIFLDS: ' .

HEDRTYPE: H<«EESB

ER’SPFC: VALUS OF BASE SET ELEMENT
ESLINK: EB LINK POINTER

IS<EPRASE: ALWAYS CON FOR BASE SET EBS
IS«ERHEDR: OM IN HASH HEADER EES
JS«ERTEKP: ©OM FOR TEMPLATE BLOCK OMLY
IS«EBFREF: OM FOR UNUSED HASH HEADERS

CEBSINDFX: IMDEX VALUE FCR REMOTE EASED CBJECTS
EBBASE: PPINTER BACK TCQ RASE SET HEADER
EBHACSH: HASH VALUE FOR ELFMEMT
EBBSFT: BIT STRING FCOR BASED SETS

THE EBINMDEX VALUES RANGE FRCH 1 UP AMD ERE ALLOCCATED
CONSFCUTIVELY AS MEW EBS ALRE ADDED TO THE BAYE SETe THESE INDEX
VALUES ARE USED 70 REFFREHCE THE RECOUIRED ELEMENT OCF RENCTE
CBJECTS BY IMDEXINGe

THE FBBASE FIELD 1S A BACKREFERENWNCE VHICH ENSURES THAY THE BASE
FOR FBJECTS IN ELEMENT OF BASE FORMAT (SEF 5¢) CAWN EASILY BE
OSTAIVED o ) '

THE FBHASH VALUE IS ALW¥AYS SET CCRRECTLYs EXCEPT FOR UHUSED
HASH HEADERS «

ESBSET 1S A RYT FTELD WHICH USES UP THE RENMAINING BITS (ZER0 CR
HCORE) LEFT GVER IN THE IMDEX UCRDe IT IS USED TO CONTAIN &S
KANY- LOCAL BASED SET MEMBERSHIP BITS 2SS POSSIBLEF TC AVOID
ALLOCATION QOF EXTRA EB WCRDS FOR  THIS PURPOSE UKNECESSARILY
THE MUMBER OF BITS TN THIS FIELD IS GIVEN BY THE SYSTEN
CONSTENY EBBSETSIZE.

THE MNUMBER OF VWORDS RECUIRED . FOR THIS EXPAVDED EB FORMAT IS
GIVEN BY THE SYSTEM CCNSTANT EBBNVWe

IF THERE ARE LCCAL OBJECTS ASSOCIATED VYITH THE BASEs THEN
ADDITINNAL UVQRDS MAY BF ALLCCATED FCLLCVING THE STAMBARD FIELDSe
THESE VPRDS ARE USED TC HOLD THE VALUES CF LCCALLY BASED NBJUECTS
AS DESCRIEBFC IN THE INDIVIDUAL SECTICNS ON LOCALLY BASFD CBJECTS.
EACH UNTOUE LCCAL OBJECT IS ASSIGNED (STATICALLY) A GIVEN WCRD 7R
BIT FIFLD IN THE BASE SET EB T0O CONTAIN THF VALUEs SOMF 0DF THESE
VORDS CCNTAIN SPECIFIFRS AND “UST BE PROCESSED BY THE GARBACE
COLLECTYPR, OTHERS CONTAINM BIT STRINGS MR UMTYPFD DATA WHICH MUST
BE IGNOREDe THE ENTRIES FOR STANDARD LOCAL MAPS CONTAIM PGINTERS
WHICH YUST ~BE RELCCATED BY THE GARBAGE COLLECTORe ALL SUCH

4L-9
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ENTRIES OCCUR IMMEDIATFLY AFTER THE INITIAL V«ORDSe THE NLMAPS OF
THE BASF HFADER DATA BLCCK GIVES THE NUHEFR CF SUCH ENTRIES IN
EACH EBR

.

THE FIFLDS COF THE TEMPLATE BLCCKX ARE SET AS FCLLORKS:

HEDRTYPE: H<E3B

EBVALUE: APPRCPRIATE MIL VALUE
EBLIMK: POINTS TO FIRST HASH HEADER
IS«ERRPASE: ON

IS«ERHEDR: OV

IS«ERTEMP: 0N

IS¢«EBFREEF: ©OM

EBINDEX: MEXT INDEX VALUE 7O BE ASSIGWNED
ESBASE: POINTS T0 THE TEMPLATE BLOCK AS USUAL
EBHASH: CONTAINS 7ZEROES (HASH IS MEANINGLESS)
E2BSET: CONTAINS ZERO BITS

MOTE THAT TF THE INDEY OF THE TENWPLATE BLOCK IS USED TO ACCESS A
REMOTE CBJECT» THE TNDFEX WILL ALVKAYS BE OUT CF RZNCE END A NIL
VALUE VWILL BE NBTAYHED AS REQUIREDs '

REMAINIMG VWCORDS IN THE TEMPLATE BLGCK (CGRRESPOMDIMG TC LCCAL

"0BJECT VALUES) ARE SET IN A MANFER APPROPRIATE T0O THE PARTICULAR
L 0CAL PMPBJECT TYPE AS DESCRIBED INM THE INDIVIDUAL SECTIONS 0N
LOCAL MAPSe

NOTE THAT THE TINDEX VYALUE O IS MNEVER USED. THE CORPESPCNDING
ZERCTH ENTRY It RENMOTE CRJECTS IS TH¥ TEFMPLATE FCR THE RENOTE
0BJECT AKD TS SET IN THE SAKKE MAKMER AS THE HASH TABLE TEMPLATE
BLOCK FTELD IN THE BASE FCGR A CCRRESPONDING LCCAL OBJECTe

L9Ze205s PLEX BASES

A SPECTAL CASE COF BASF SETS IS THE PLEX BASEs VHICH CPNSTISTS OF
LONG ATOK VALUFS CMLYe THE LONG ATCN DATA RLOCKS FPR THFSE VALUES
CONTAIM - ARDITIONAL FIELDS CORRESPOMDING TN THE VALUES OF LOCSL .
EAPS GEFINED CN THE BASFe AS IN THE FORMAT CF AN ELEMENT BLOCK
THE LecCAL MAPS REPRESFMTED BY STAKNDARD SPECIFIERS (YeEe THOSE
VHICH MUST BE PRCCESSED BY THE GARBAGE  COLLFCTPR)Y HUST COME
FIRSTe THE FIELD LA«NLMAPS GIVES THE NUMBER OF SUCH SPECIFIERS 1IN
EACH LCONG ATCH VALUE .

LeZe20b0 REMOTE SET

A REMOTF SET DATA BLQGCK CONTAIMS A STANDARD FORM SET HEADER VWITH
THE FGLLOWING FIELDS: :

HEDRTYPE : He«RSET
RSeMARX]: MAXIHUM INDEX VALUE

THIS HFADFR IS IMMEDIATELY FOLLOWED BY A BIT STPING VWHICH

£-10
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REPPESEMTS THE VALUE 0F THE REMNTE SETe THE LENGTH OF THIS BIT
STRING (AS CIVEN BY RS«MAXI) MUST BE AT LEAST AS GREAT AS THE
MAXIMU¥ INDFX FOR ANY VALUE IM THE BASE SET WHICH IS CONTAINED 1IN
THE REMOTE SET (PLUS ONE SIMCE TMDEXES START AT ZERf)e THE KTH
BIT INDICATES THE MEMBERSHIP IN THE REMPTE SET OF THE BASE
ELEMEMT YHOSE IMDE IS Ke THF BIT IS 0N IF THE ELEMENT IS IN THE
REHCTE SET AMD CF® IF IT IS NOTe THE FIRST EIT IN THE STRIMG
(CNRRESPCHNDING TC INDEX VALUE 0) IS NEVER USEDs AND IS ALVWAYS SFET
T0 Qo -

THE BITS ARF ARPANGED FROK RIGHT TO LEFT IN SUCCESSIVE VORDSe THE
LAST (PARTIALLY FILLED)Y LORD CPONTAINS UNUSED HICH CORDER BITSe

THE SYSTEM CONSTAMT RS«BPY GIVES THE NUMBER PF BITS STORED 1IN
EACH VPPDs

hioXe2e70 LOCAL SFT

A LOCAL SET DATA BLOCK CONTAINS A STANDARD FORM SET HEADER WITH

.THE FeLLOYING FIELDS:

HEDRTYPE ¢ HelSETY
LS«yrrRp: NEFSET T WNRD IN EB CONTAINIMG VALUE
LSe«BTT: POSITION OF MEMBERSHIP BIT IN EB VORD

LSe«BIT IS A BIT PCSITIOCN FROM THE LOY CRDER EMD CF THE VCRD
(LEAST SIGMIFICANT BIT NUMBERED 1)

THE SINCLE RIT IN THE INDICATED POSITICM QF THE BASE EB INDICATES
KHETHER THE BASE ELEMENT IS IN  THE LCCAL SET CR HOTe 1T IS ON IF
THE ELEMENT 15 IN THE LOCAL SET AND CFF IF NGTe MNOTE THAT THERE
IS Ror¥ FOR  ONE OR HORE LCCAL SET BIVYS IN THF INDEX VORD COF THE
BASE (IV THE EBBSET FIFLD)e

THE CORRESPCONDING BIT IN THE TEMPLATE BLOCK OF THE BASE SET HASH
TABLE IS ALVAYS CFFe

bo%e2e8e . CONSTANT SETS

CCNSTAMT SFTS ARE STORED IN EXACTLY THE SAME FCRMAT RS MNORMAL
SETS EXCEPT THAT THEY ARE NFVER MODIFIED (AMD CAMNCMT BF CONVERTED
TO HMAP FORYAT)e FDNR EACH CCHNSTANT SETs AN INDEX VECTPOR IS BUILT
FOR USE BY PACKED INDEX VALUES (SEE SECTION &(el2e2e0leleds THE
ZEROETH ELEMENT CF THIS VECTCR CONTAINS THE NIL VALUEe. SUCCESSIVE
ELEMENTS CONTAIM THE VALUES GF THE SET ELFHMEMYS IN SET ELEMENT
FORMAT e

THERE TS N0 LINK BETWEEN THIS VECTOR AND THE HASH TABLE SINCE
NCNE IS EVER NEEDED.

IF THE COMSTANT SET TS USED AS A BASE, THEN ITS PMASH TABLE
CONTAINS  INDEX VALUES AS USUALe THESE INDEX VALUES MATCH THE

4-11
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INDEX VALUES USED IN THE INDEX VFCTGRe THIS MEANS THAT PACKED
VALUES IFMEDIATELY YIELD THE BASE INDEX WITHOUT REFERENCE TO THE
INDFX VECTOR.

tete3s  MAP FORHATS e

ALL MAPS ARF REPRESENTED BY A SPECIFIER WHICH HAS:

TYPE: TeHLP '
VALUF: PRINTER TC MAP BATA BLCCK

THE MAP DATA BLCCK MEDRTYPE DETERMINES THE PARTICULAR MAP FCRHNATe

LeZe30T0 MAP IMAGE REPRESENTATION

ALTHQUFH MFPS ARE SIKPLY SETS PF  PAIRS IM SETL SEMANTICS», THE
INTERHAL STHRAGF FORM 1S SUBSTAMTIALLY DIFFEREMTe IM PARTICULARS
IN THE CASE OF A MULTI-VALUED FAPs THE SET OF PAIRS WITH A CCGHNON
HEED IS GROUPED TOGFTHERe

THE INMJCE OF A MAP FOR & FARTICULAR DOMAIN VALUF IS THUS EITHER A
SIMNGLE VALUE OR 2 SET O0F VALUESe THE LATTER CASE HMUST BE
DISTINCUISHED FRCH A SINGLE VALUE VHICH KHAPPEKS TO BE A SETo THIS
DISTINCTICM IS THE FUMNCIOM O0F THE IS«MULTY BIT WHICH APPEARS IN
ALL SPECIFTERS (BUT IS CNLY MEAMINGFUL IMN THIS CONTEXT)e

IF THE IS«KULTI BIT IS OFF 1IN THE SPECIFIER REPRESENTIME THE
IMACE VALUEs THEN THE AP IS SINGLE VALUED FOR THF CORRESPONDING
pORATIH VALUC, 2MD THE SPECIFIER VALUE IS THE RAMGE VALUES

IF THE T7SeMULTI BIT IS ON IN THY SPECIFIER REPRESENTINEG THEMIHAGE
YALUEs, THEN THE SPECIFIER REPRESENTS THE VALUE OF A SET WHOSE
MEMBERS® ARE THE RAMGE VALUES CORRESPONDING THE DOMAIN VALUE.

IF THE - HAP IS SINGLE VALUEDs THMEN TLO REPRESENTATICGMNS ARE
PCSCIBLEs FITHER THE SINCLE RANFE VALUE VITH IS«liULY]l OFF GR A
SINGLETON SET HWITH IS«MULTI OHe

THE ISe«SHAP BIT OF THE MAP HEADER 3LOCK IS SET ON IF ALL IMAGE
YALUES HAVE IS«MULTI CFFe THIS ALSO INPLIES THAT THE HMAP IS
SINGLE VALUED. ’

THE I1Se«MMAP BIT OF THE MAP HEADER BLOCK IS SET OM IF ALL IMAGE
VALUES HAVE ISe«HULTI O0No THIS DCES MOT IFPLY THAT THE HAP IS
MULTI-VALUED EVERYWHERE SINCE SCME CR ALL OF THE RANGE SETS MAY
BE SIMGLETONS. ~

IF  BOTH ISeSMAP AMD ISe«MMAP ARE OFF, THEWN EITHER REPRESENTATION
COULD °F USED #T SINCLE VALUED POINTSe HOWFVERs THF LIBRARY
STANDARDIZES IM THIS CASE TO SET IS«MULTI COHNLY IN THE CASE OF
FULTI-VALUED PCINTSs .
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LeZXe3e2e UNBASED MAP

THE UNBASED MAP DATA BLOCK CONTAINS ONLY STANDARD FIELDS AND HAS:

A3

HEDRTYPE: = HeUMAP

THE HASHTB FIELD PCINTS TO & HASH TARLE VHICH CONTAINS THE MAP
VALUES ¢

THE ELEFENT BLCCKS IN THIS HASH TABLE HAVE:

HEDRTYPE: HeEBHM
ERINAC: MAP THMAGE VALUE

THERE IS OME EB FOR EACH UNIQUE DOMAIN ELEMENTe IYS EBSPEC FIELD
COMTAINS THE SPECIFIER FOR THE DCHAIN VALUEe. THE EPIHMAG FIELD

COMTAIMNS THE [IMAGE VALUE VWITH THE ISeMULTI ETT INDICATINGC THE
FORMAT AS DFESCRIBED IN 4eZeXele

LoeRe30*e UNBASED INTEGER HAP

AN UNBASED INTEGER MAP DATA BLOCK HAS Ak STAMDARD SET HEADER WITH
HEDRTYPE : HeUIMLP
THE ELENENT BLCCKS COF THE HASH TABLE HAVE:

HEDRTYPE: HeER IM
ESIIN: RANGE VALUE C(UNTYPED INTEGER)

THE DGHAIM VALUE IS IN EBSPEC AS USUALs THE IMAGE VALUE IS AN
UNTYPED IMTYFGER VALUE STCRFD IN THE EBIIM FIELDe ALL INTEGER MAPS
ARE SINCGLE YALUED (MUTLI-VALUED REAL MA®S WPULD HAVE TO BE STORED
IN STAMDARD FCGRMAT)e

LeZXeSche - UNBASED REAL MAP

AN UNBRASED PEAL MAP DATA BLOCK HAS A STANDARD SET HEADFP WITH:
HEDRYYPE : HeURMAP
THE ELEMENT BLCOCKS OF THE HASH TABLE HAVE:

HEDRTYPE : HeEBRM
EBRIM: RANGE VALUE CUNTYPED REAL)

THE DCVAIN VALUFE IS IN EBSPEC AS USUALs THE IMAGF YALUE IS AN
NYYPED REZL VALUE -~ STPRED INM THE EBRIM FIELDe ALL REAL MAPS ARE
SINGLE VALUED (MULTI-VALUED REAL MAPS WOULD HAVE TO BE STORED 1IN
STAMDAPD FORHAT), )
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LoeXeXeSo REMOTE MAP

A REMOTF MAP DATA BLOCK CCNSISTS OF A STAMDARD FORMAT SET HEADER
HHICH HAS:

HEBRTYPE: HeRMAP

THE HASHTB FIJIELD 0F THIS HFADER POIMTS TQ THE HASH TABLE HEADER
DATA BLPCK FOR THE CORPESPCONDING BASE SET, '

THE HEADER IS IMMEDTIATELY FOLLOVED BY A STANDARD FORMAT (TeTUPLE)
TUPLEs CCHPLETE ¥ITH TUPLE HEADER BLOCKe

THE KTH ELEMENT OF THIS TUPLE CCHTAINS THE MAP TMAGE VALUFs WITH
IS«MULTT SHCOVWIME THRE FORMAT AS DESCRIBED IN 4eZo03s01e ‘

THE VALUE TN HAXINDY (IesEe THE °TUPLE LENGTH) KUST BE AT LEAST AS
LARGE AS THE LARGESTY INDEX VALUE FOR VFHICH THE KAP IS DEFINED ON
THE CORRESPONDING ELEMENT.

NOTE THAT THE TUPLF WHICH IS PLRT NF THE MAP DATA RLOCK DOES NOT
CONTAIM A BASE ARRAYe THE BASF ARRAY FOR THF MAP IS ALWAYS
ASSOCIATED VITH THE AP BLCCK TTSELFe ‘

beZe3ebe REMOBTE PACKED MAP -

A REKOTF PACKED MAP DATA BLOCK HAS:

HEDRTYPE:  HeRPHAP

IT IS TKHEDIATELY FOLLOVED BY A TUPLE OF VALUES AS FOR AN

UNPACKED REMOTE HMAPs EXCEPT THAT TYHE TUPLE IS IN PACKED TUPLE
FORM (Le202aT0e)

LaeZTe3e7e- REMOTE REAL MAP

A REMOTE REAL MAP DATA BLOCK HAS:
HEDRTYPE: HeRRMAP
IT IS IMMEDIATELY FCLLOYWED BY A TUPLE COF VALUES AS FOR AN

UKPACKER REMOTE MAPs, EXCEPT THAT THE TUPLE IS IN FEAL TUPLE FORM
(Le2e2020)

boeZe3eRe REMOTE IMTEGER MAP

A REMOTE INTEGER MAP DATA BLOCK HAS:
HEDRTYPE : HeRIMAP

L-14
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IT IS IMMEDIATELY FOLLQVED BY A TUPLE o©F VALUFS AS FOR AN
UMPACKED REMOTE MAPs EXCEPT THAT THFE TUPLE IS IN REAL TYUPLE FCRM
Che2e207¢)

4

LeZe3e9e  LOCAL MAP

A LCCAL MAP DATA BLCCK HAS A STANDARD FCRMAT SET HEADER WITH
ADDYITIONMAL FIELDS:

HEDRTYPE: HeLMAP ' :
LS«¥CRD: OFFSET TO0 UCGRD 1IN EB CONTAININMNG VALUE

THE LENETH UF THIS EXPANDED HEADER IS GIVEN BY THE SYSTEH
CONSTANT HL<«LPMAP,

LS«VORD SHOVS THE LPCATION OF THE VORD IN EACH EB OF THE BASE
YHICH COKTAINS THE VALUE CF THE MKAPo THE REFERENCED UORD CONTAIMS
THE KAP ITMAGE YITH I1S«HULTI INDICATING THE FORHAT AS USUAL
(he3e3e0T0) ' :

LeZeZe10, LOCAL PACKED WAP

A PACKED LnCAL MAP DATA BLOCK CONSISTS OF A STAHDARD FOCRMAT SET
HEARER VITH ADDITICNAL. FICLDS: THE SFCOMD VCRD OF THE HEADER
CONTAI™S THE FOLLOVING ADDITIOMAL FIELDSs DESCRIBING THE PACKING:

HEDRTYPE:  He<LPMAP

" LSelyrRD: DFFSEY TO WORD IN EB CONTZINING YALUE
LSeBTT: STERTIRG BIT HUMBER FOR FIELD _
LSeBITS: NUMBER OF BITS IN FIELD 7
LSeVECT: POINTER TP VALUE VECTOR

THE LEMGTH COF THIS EXPAKDED HEADER BLOCCK IS GIVEM BY THE SYSTEM
COMSTAMT LPHMAPRY,

THE LS«RIT VALUE IS THE BIT NUNBER OF THE LOW ORDER BIT 0OF THE
FIELD (LS BIT NUMBERED 1)

CTHY  SIGMIFICAMCE OF THE RFFERENCED BIT STRING VALUE AND ITS
RELATION Tn THE LPMVECY FIELD IS THE SAME AS FOR THE VALUES IN A
PACKED TUPLE (SEE SECTIOM 4e20”eTale)do :

- THE CCPRESPONDING FIELD 1IN THF TEMWPLAYE BLOCK O0OF THE BASE SFT

HASH TABLE COMNTAINS ALL ZERC BITS (THE PACKED REPRESENTATICN OF
THE NIL VALUE). :

GeZXe3e1To LGCAL REAL MAP

A REAL LOCAL MAP BLOCK IS 1IN STAMDARD FORMAT VITH ADDITIOMNAL
FIELDS: :

L-15
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HEDRTYPE: HeLRMAP
LS«yreD: NFFSET TO YCRD IM EB CONTAINING VALUE

THE VORD IN THE BASE SET EBS CCONTAINS EITHER THF APPROPRIATE REAL
VALUEs CR THE MIL REAL VALUE. e

THE CGRPESPONDING WORD IN THE TEHPLATE ELCCK OF THE BASE SET HASH
TABLE CNHTAINS THE NIL UNTYPED REAL VALUE.

LeZoZe12¢ LOCAL INTEGER kAP

AN TMTEFER LCCAL MAP BLOCK IS TN STANDARD FORMAT HEADER ¥ORD HWITH
ADDITIONAL FIELDS:

HEDRTYPE:  HeLIMAP
LS« WPED: OFFSET TO KORD IN EB CONTAINIMG VALUE

THE HORD TV THE BASE SET EBS CONTAIMS EITHER THE APPROPRIATE
INTEGER YALUEs» OR THE MIL IMTEGER VALUE. Co

THE CORRESPONDING VORD IN THE TEHPLATE BLCCK OF THE BASE SET HAQH
TABLE CCNTAINS THE NIL UNTYPED INTEGER VALUE.

L-16
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SETL-189
Se SET ELFHENT FORMAT

THERE IS A SPECIAL FORMAT FOR A REFEREMCE 70 AM ELEMENT CF A HASH
TABLEe THERE ARE THREE CASES:

1) REFEPRPENCF TC EB OF 3 BASE SET
2) PFFERENCF TO EB 0F AM UNBASED SET
Z) REFERENCE TC EB CF AN UNBASED HAP

VALUES CF THIS TYPE ARE REPRESEMTED BY A SPECIFIER WHICH HAS:

TYPE: T«EL¥T
VALUE:® POINTER TOC CORRESPONDING EB

THE VALUE FIELD MAY BE USED OBTAIN TINFORMATION FROM THE EB
THCLUDING:

VALUF CF SET OR RBASE ELFMENTs, OR MAP DOMAIN ELEMENT
- FORVARD POINTER (EBLINK) FOR ITERATICON

YALUE OF UKBASED MAP FCGR GIVEN DONAIM ELEMENTY

THDEX VORD FROM RASEF FCR REMCTE REFFRENCE

VALUY FRCH BASE FOR LCCAL RFFEREMCE

IF AN PBJUECT IM TeELMT FORMAT OCCURS IN A CONTEXT (EoCe¢ ADDITION)
HHICH RECGUIRES AN ACTUXL VALUEs THEW A DERFFERFNCIMG CPERATION IS
PERFCR™FD TO OBTAIN THE CORRFSPGHDINE SET ELFMENT CR FAP DOMAIN
ELEMEKTe NOTE THAT IF THE SET 0OR LAP CONTAINS VALUES IN ELEMENT
FORMAT» THIS DERCFERENCING HMAY HNEED TO RE DONE REPEATEDLY TO
OBTAIN THE ACTUAL VALUE.

VALUES IN ELENFMT COF FORKAT OCCUR IN THE FOLLOVING CONTEXTS:

1) VWHEREVER THE REPR ELEMENT OF BASE IS USED
2) FCR ITEKATICNS THRCUGH HAPS AMND SETS
THEY FKIFHT ALSC BE USED HORE GEMERALLY IF REPR DECLARATIOMS UERE
ALLCYED TO SPECIFY ELEHMENT OF HOM BASE SET CR ELEMENT OF DOMAIN
OF UKBASED MiPoe

NOTE THET THME CASE OF ELEMENT GOF FORMAT REFERENCING A BASE IS
DISTINGUISHED BY THE SETTIHG OF THE ISeBASE FLAG IN HASH TABLE
ELEMENT BLCCKSe

PLEX BASES ARE A SPECIAL CASE IMN THAT AM ITEH VHICH IS AN ELEMENT

"OF & PLEX BASE IS REPRESENTFD SINiPLY AS THE LONG ATOM VALUE OF

THE BASEs SUCH B VALUF MAY BE USED INTERCHANCGABLY AS THE ATOH
VALUE JT RFPRESENTSs AND AS A POINTEZER TN OBTAIN LCCAL MAP VALUES,

’
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6o ITERATOR FCORMATS

EN JTFRATING THROUCGH A MAP COR BASEs A STANDARD VALUE SPECIFIER
IS USED TO0 COMTRCL THE ITERATIOMe IN THE CASES OF SETS AND MAPS
(BUT NPT TUPLESYs IT IS PCSSIBLE TC USE THIS SPECIFIER TC NBTAIN
THF CURPEMT VALUEs £S WELL AS TC ORBTAINW THE MEXT VALUE OF ° THE
ITERATICN. HCWEVERs THE SETL RUMNMTIME SYSTEM USUALLY BMAIMTAINS TvO
SEPARATT YTERATOR VALUES EXCEPT INK CERTAIM CASES WHERE THIS
OPTIMIZATICN IS PCSSIELE AND DESIRABLE.

6ele UNBASED SET ITERATOR

ITERATORS FOR UNBASED SETS ARE IN THE FOLLOVINC FORMAT:

TYPE: Te¢ELMT
VALUE: POINTER TO CORRESPONDING ELEMENT BLOCK

THE INITIALIZATION FOR THE ITERATGR CCMSISTS OF SETTING THE VALUE
FIELD TO POINT 10 THE TENPLATE RBLCCKo THE TITERATIPN IS THER

PERFORY¥FD RY USIMNG THE VALUF FIELD TO LOCATE THE THE EB
CORTAINIKE THE POIMTER TC THE NEXT EBe

IF  THEY ACTUAL VALUE IS RECUTRED IT CAN RE ODTAIMNED FROM THE
REFEREMCED FLEMENT BLCCKs AHD IT VILL OFTEN BE ADVARTACECUS T0O
TTRIN  THIS® VALUE CKCE OF EACH ITERATION AND STORF IT IK A
-cPRRATF LOCATIOH

NOTE TH/T THIS FORMAT CORRESPOMDINGS EXACTLY TO THE ELEMENT COF
SET FORMAT PREVIQUSLY DESCRIEBEDe. :

6e¢?0 OASE ITERATOR

THE  FCRMAT CF A RASE SET ITERATOR IS SIMILAR TO AN UMBASED STT
FTERATCR ., THE PESULTIHG ELEMENTY OF FQRY¥AT (0B JECT CAN BE USED TO
CETEIN ANY REQUIRED INFORMATION FROM THE BASE SFT ELEMENMT BLOCKe

THE ITFRATCR IS INITIALIZED EY PCIMTING TO THE TEMPLATE BLOCK
AHD ITERATED IN THE SAME NKAMNER AS FOR A NORMAL SETe

6¢Xe  UNBASED MAP ITERATOR

THE FOPVAT OF AN UNBASED MAP JTERATOR IS:

TYPE: INDICATES TUPLE
VALUE: PCINTER TO PAIR VEALUE

tLEMENT 1 OF THE PAIR IS IN ELEMENT OF MAP DOMAIN FORMAT:
TYPE ¢ TeELHT : |

6-1
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VALUE? POINTER TO EB IN MAP

ELEMENT 2 OF THE PAIR IS IN ONE OF TWO FORVMATS:

TYPE: TYPE OF RANGE ELEMENT F(X)
VALUE: VALUE OF RANGE ELFMENT F(X)

THIS CASY IS FLAGCGED BY IS«RANGE BEIME IPFF IN THE TUPLE DATA
BLCCK FOR THE PAIR., .

OR

ELEMENT FROM SET F(/X/) IN APPROPRIATE ITERATCR FORMATe IN THIS
CASEs THE IS«RANCE FLAG CF THE TUPLE HEADFR BLOCK FOR THE PAIR
IS SET GNe .

NGTF THAT THE VALUE 0OF THE FIRST ELEMENT ©F THE PAIR IS 1IN
STANDARD ELENMENMNT OF DOMNAIN OF MAP FORKAT.

6olie REMQTE MZP ITERATOR

A REMNOTE MAP ITERATCR IS IN THE SAME FORMAT AS AM  ORDINARY HAP
ITFRATOR  FXCEPT THAT THE FIRST VvORD OF THE PAIR IS IN BASE
ITERATOR FORMAT AND REFERENCES THE EB OF THE BASE SETe .

5 LCCAL MAP ITFRATCR

A LPCAL MAP ITERATOR IS IN THE SAME FORMAT AS AN ORDINARY MAP
CITERATCR  EXCEPT THAT THE FIRST WPRD OF THE PAIR IS IN BASE
ITERATCR FORMAT AND REFERENCES THE EB OF THE BASE SETe.

6c6o REHNTE SFT ITERATCR

AN ITERATOR FOR A REMOTE SET IS IK THE SAME FORMAT AS A BASE SET
ITERATOR FOR THE CPRRESPCNDING BASE SETe

6e7¢ LOCAL SET ITERATOR

AN ITFRATNR FOR A LOCAL SET IS IN THE SAME FCRMAT AS # BASE SET
ITERATCR FOR THE CORRESPCNDING BASE SETe

6eBe TUPLE ITERATOR

TUPLE ITFRATCR IS SIMPLY AM IMDEX VALUE STORED AS A SHORT
-NTFGER'
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6eQe POMAIN TTERATORS

IF A PROGRAM SPFCIFIES DIRECTLY OR INDIRECTLY AN ITEPATICN
THRNUGH THE DNMAIM OF A MAP OR TUPLEs THEN A SPECIAL NOMAIN
ITERATNR  FORMAT IS USFD MHICH REFERS TO THE MAP OR TUPLE ITSELF
(RATHER THAN ACTUALLY CREATING THE DCHAIN AS A SET AND ITERATING
THROUGH IT)e

e 'i\..

6010« UNBASED MAP DOMAIN ITERATOR

THE DOMAIN TTERATOR IS IN STANDARD FELEMENT CF MAP DOMAIM FORMAT:
TYPE: T«ELHT
VALUE: POINTER T0 CORRESPONDING ELEVENT BLOCK

6e¢11¢ BASED MEP DOMAIN ITERATOR

THIS HAS THE SAME FORMAT AS A BASE SET ITERATCGR FOR THE
CORPESPCNDING BASE« )

6¢12¢ TUPLE DOMAIN ITERATOR

THE DOMAIN OF A TUPLE IS SIWPLY THE SET CF INTEGERS FRCM § TO THE
NUMBER OF ELEMENTYS IM THE TUPLEo IF AN ITERATICM THRGUGH THE
DOMAIR °F A TUPLE IS PERFCRFEDs THE CCRRESPMNDIMG DOMAIM ITERATCR
IS SINPLY A& STAMDARD FORMAT SHORT IMTEGER (2e¢lelode

6-3
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7 FORK TABLE

ALL OBJFCTS IN THE SYSTEM HAVE AN ASSOCIATED FORHs WHICH IS THE
REPR HIMUS ANY IMDICATIOM NF THE SPECIFIC BASE SETS INVOLVED IN
BASING RELATINHS (BUT IKCLUDING FULL KNOWLECGF OF THE CCCUREMNCE
AND YYPE. OF BASTING) STt

THE FORF TABLE IS A SEPARATE VECTGR (FORWTAB) VWHICH CONTAINS
ENTRIES REPRESENTING THESE FORM VALUES

FOR PRINMITIVE DAYAs» THE CORRESPONDING FCRHM TABLE ENTRY IS
DETERMINED BY THE CONTEXT IN LHICH THE VALUF APPEARS (THERE IS NQO
DIRFCT LIMK FROM PRIMITIVE VALUES 710 THEIR CORRESPOMDING FORH
TABLE ENTRIES)e

FOR NOM-PRIMWITIVE DATA (TUPLESs SETSs MAPS)s THE DATA BLOCK FCR
THE HERDER CCNTZINS A& FCRI FJELD VWHICH IS AN INDFX TC THE
RELEVAMNT FORM TABLE ENTRYe

THE ¥ORDS 0F THE FORM TPELEs WHICH AKE NOT NECESSARILY THE SAKE
LENGTH AS OTHER SETL HOQRDSs COMNTAIN THE FOLLOWIMG FIELDS:

FTe«TYPE: TYPE CODE FeXXX TUDICATING FORM TYPE
FTeELFT: FORHBTAB INDLCX FOR ELEMENT TYPE
FT«pOF: FORKYAB THDEX FOR HAP DOWAIN TYPFE

. FTelH: FORMTAB TMDEX FOR HAP IKAGE TYPE
FT«RSET: FORKTAB FOR AP RANGE SET TYPE

FT«KBASEF: NUHBER OF EMIRILS IN BASC ARRAY
FTeISeRIL: OF IF VALUE HAY UF NIL
FYelSelIN: ON 1% LIMITIHNG IMFORNATINHN PRESENT

FTelLry: LOV BOUNLD OF LIKIT IMFORHMATION
FT-HTIEH: HICH BCU¥D OF LIMIT IHNFCRHATICN
FT«HAPC: IMDICATES SHAPSHAPSIHIIAP SETTING

FT«HEFSHOK: ON IF JSeHASHOK HAY BF SET

FT«KELTCK: OM IF JSeNELTCK MAY BE SET

FT«ESHARE: ON IF ELEMENT CAN SHARE BASE ARRAY _ -
FT«DSHLRE: ON IF DOMAIN CAN SHARE BASE ARRAY

FT«ISHARE: 0N IF IHAGE CAN SHARE BASE ARRAY

FT«TYPE COMNTAINS A CODE INDICATIKRG THE ENTRY TYPEe THE FOLLOWINMNG
SECTIOMS LJIST THE CNDES ACTUALLY USED. : : ‘

FT«ELHKTY IS USED FGOR SETSs KAPS END TUPLFSe. FOR SETS AMD TUPLES,
IT IS THE FORM OF THE CORRESPONDIMG ELFHENTe FOR MAPS, IT IS THE
FORM - COF THF TUPLE USED TO REPRESENT CORPESFOKDING PAIRSe FOCR
MIXED TYUPLES, IT POINTS TO A SPECIAL AUXILIARY TABLE CALLED
MTTABe ) ’ .

FT«DOK IS USED FOR MAPS TO BIVE THE FORM OF THE DOKMAIN TYPE.
FT«TH IS USED FOR MAPS TG GIVE THE FORM CF THE IMAGE< FOR SMAPS
ANDBEAPS, THIS IS THE FORN OF SINGLE RANGE ELEMENTSe FOR HMMAPS,
T IS THE FORH FOR THE CORRESPOMDINGC SET OF RANCGE ELEMENTS.
FTI«RSET IS USED FOR HMAPS TO GIVE THE FOCRM FOR THE SET OF RANGE

7-1 :
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SETL-189

VALUE FELEMFNTS (WHICH KOULD APPEAR IF IS«MULTI WERE ON "IN AN
IMAGE VALUE)e FOR HM¥APSs FTeRSET IS THE SAMF AS FT¢IMe

NOTYE: THE VALUES QOF FT«DCMy FTe«IM AND FT«RSET JRE ALSC USFD FOR
SETS UYHICH CCULD PnSSIBLY BF COHNVERTED TO MAPS AMD REPRESENT THE
SETTINES FOR THIS CCNVERTED CBJUFCTe IN NTHEP SETS (AND ALL OTHER
TYPES MF QORJUECTS)s THESE FIELDS ARE SET TO ZERCESe Lo

FOR UNMBASFD SETS: THE FORM CGF THE CCPRESPCNDING MAP IF THE SET
WERE T0 EF COMVERTED T0 MAPe

FOR ALL SMaAPS: - THE FORM OF THE CCRRESPOMDYNCG HMHAP

FT«NBASEA CONTAINS THE NUMBER "OF EKRTRIES IN THE CORRESPCNDINMG
BASE APRAY (4LeTe)e THE BASE ARRAYS THEMSELVES CAMNOT BE LCCATED
FROM THE FCRM TABLEs SINCE T¥O0 ORJECTS VHICH HAVE DIFFERENT
BASINGSs BUT ARE OTHERWISE IDENTICALs, HAVE THE SAME FCRM TABLE
ENTRYe FCR ALL PRIMITIVE OBJUECTSs AND SETS AKD TUPLES WITH NO
BASED COMPOMENTSs FT«MBASEA 1S 7EROQe

FTeIS«LIM IS SET TO IMDICATE THAT FT«LOV AMD FTeHIGH CONTATN
INFRPRMATICN WHOSE SIGNIFICANCE VARIES UITH THE ENTRY TYPE AS
FOLLOWS: ‘

FOR AN INTEGER: FTelLCHW = HINIHUM VALUE
FTeHIGH = MAXIMUM VALUE

FOR STRINC: FTeLOV = KINIMUN LENGTH OF STRING
' FTeHIGH = MAXIMUM LENGTH

FOR TUPLES: FTeLOV = KINIMUN LEHGTH CF TUPLE
JFT¢HICH = BAXIMUM LENGTH

FT«MAPC USED FOR MAPS OMLY TO INDICATE DECLARED TYPE:

CTe«SHAP INDICATES SHMAP i
FYCENAP YNDICATES MHAP
FTeMiP IMDICATES MApP

FT«HASHNK AND FT«HNELTCOK INDICATE THAT THE CORPESPONDINMNG BITS IN
THE - HESDER MAY 2E SETe IF THE FT BIT IS OFFs THEN THE
CORRPESPCHDING HEADFR BIT IS ALVAYS OFF (AMD MEED NEVER BE
CHECKED) :

FT«FSHARE, FTeDSHARE, FT«ISHARE ARE SET TO INDICATE THAT THE
CCRFESPCNDIMG SUBOBJECTS CTAN SHARE THE BASF ARRAY OF THE
CONTAINING CBJECT.

7+1¢  FORM TYPE CCDES

. SHRT INT ' Fe«INT
SHORT STRTHNG FeSTRING
SHCRT ATOM FeATOM
SUBR FeSUBR '
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FUNC . FeFUNC
LONG ATOH " FeLATOM
FLEMFNT FeELMT
LONG TNT FeLINT
LNANG STRING FeLSTRING
REAL ' FeRERL
TUPLF FeTUPLE .
PACKED TUPLE FeTUPLE e
INTEGER TUPLE FeITUPLE
REAL TUPLE Fe«RTUPLE
KIXEDR TUPLE FeMTUPLE
UMBASED SET FeUSET
INTECFR SET F«ISET
REAL SET FeRSFT
UNBASED MAP FeUNAP
UNBASED INTEGER MAP FellAP
UNBACFD REAL Map FeRMAP
LeCcAL SET . FeLSET
RFMOTE SET FeRSET
LOCAL KAP FelL AP
RENOTE HAP FeREEP
LACAL PACKED FAP FelLPHUAP
LOCAL INTEGEP MAP  FeLIMAP
LOCAL REAL KAP FeLRMAP

RENOTE PACKED KaAP FeRPHAP
REMOTE INTEGER NAP FeRIMAP

REHOTFE REAL WAP FeRRMAP
BASE SET FeBASE
UMTYPED IMTECER FeUIUT
UMTYPED REAL Fe«UREAL

CENEREL FeGEN
7¢20 MIXED TUPLE REFERENCE TARLE

MIXED ~ TUPLES (TUPLES VHOSE ELEMENTS ARE FIXEDs NON-IDENTICAL
TYPFS) USE AN  AUXTLIARY TABLE CALLED (MTTABY TO INDICATE THE
ELEMENY TYPESe. THIS TABLE COWTAINS A SERIES CF EMNTRIES VITH THE
FOLLOUING FIELDS: :

HT«FNePNM:  FORM TABLE IMDEX FOR FLEMENT
MT«OFES: BASE ARRAY CFFSET FOR ELEMENT

A BIXED TUPLE VALYUE IN THE FneM TABLE CONTATHNS A  POINTER INTO
MTTAB (TeEe AN INDEX) YHICH INDICATES THE START OF THE CONTIGUCUS
ENTRIES FCR THE MIXED TUPLEe ALL MIXED TUPLES ARE INDICATED TO BE
LIMITED IN LENGTHs SO THE FTeLIlH FIELD CIVES THE NUKBER OF
ENTRIES.

THE KMT+«FORM™ VALUE IS THE INDEX OF THE FORM (IN FORMTAB) FOR THE
CORRESPCNDING ELEMENT TYPE. '

THERASE ARREY FNR A COMPCNENT O0F A HMIXED TUPLE IS A CONTIGUQOUS
SUBSECTION OF THE BASE ERRAY FOR THE MIXED TUPLE ITSELFa THE

. LENGTH OF THIS SUBSECTICN IS IMDICATED BY THE FI«NBASEA FIELD 0F
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THE COMPCMEMT FCRMs ITS STARTING LOCATION IS INDICATED BY THE
OFFSET VALUE 1IN THE CCRRESPONMDING MT«CFFS FIELDe NOTE THAT

MT«0FFS IS ALVWAYS 7FRO FOR THE ENTRY CCRRESPOMNDING TO THE FIRST
ENTRY CF THF MIXED TUPLE.

TeXs CONVERSICN CCNTROL TABLE A .

R S

THE CONMVERSIOM RCUTINME ! CF THE LIBRARY IS COMTROLLED BY A TABLE
(CONVTAR) WHICH IS A VECTCR WHOSE ENTRIES CCNTAIN THE FCLLOWINMG
FIELDS: . ‘ :

CT«FORNT: FORM OF TNMPUT TO COMNVERSINN
CT«FORNM2: FCRW OF OUTPUTY FRCM CONVERSION
CT«FORHNS: ABCVE TV¥O FIELDS TOGETHER

CT«CASE: CASE INDEX FOR COWVERSION ROUTINFE
CTelSe0K?® OMN IF CCMVERSION IS ALVAYS POSSIELE

THE COMVERSICGN ROUTIME IS IN GENERAL FACED WITH THE TASK OF
CONVERYING EN OBJECT FROM ONE FORM TO ANDTHFRe THERE ARE HANY
SPECIAL CASES WVHICH RECUIRE SPECIAL SECTYIOMS CF CODE IM THE
CONVERSTION ROUTINE «

THE CCMYERSION CONTROL TABLE MAPS INPUT AND OUTPUT FORMS INTO A
CASE INDPEX WHICH IS USED INSIDF THE CONMVERY ROUTINE TO BRAMCH T0

_THE APPROPRIATE SECTIOHN OF CODF.

THE TARLE IS HASHFD EASED ON THE CTe«FORHS VALUEs USING SIHPLE
LINEAR PRC3ING TO RESPLVE HASH CONFLICTSe IF AN EHNTRY DCES NOT
APPEAR  IN  THE TABLEs THE CORRESPONDING CCNVERSION IS NCT
POSSIBLE . ;



