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SIMPLIFYING AND EXTENDING THE SETL TYPE CALCULUS
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IN HIS ORIGINAL TYPE LATTICE TENENBAUM DRAWS A
DISTINCTION BETWEEN ELEMENTARY TYPES (SUCH AS INTEGEPS AND
AND STRINGS) AND STRUCTURED TYPES (SETS AND TUPLES) WHEN HE
REPRESENTS THENM IN TYPE DESCRIPTORS. THIS DISTINCTION
BECDMES'PARTICULARLY CUMSERSCME WHEN TREATING THE ELEMENTARY
TYPES REPRESENTING THE NULL SET AND NULL TUPLEs SINCE THESE
SHOULD BE TREATED AS SPECIAL CASES OF SET AND KNOWN-LENGITH
TUPLE AND SHOULD APPEAR BELCwW -SET- AND -KNT- IN A LATTICE
CF ALL SETL TYPES.,

ALSO A PRCBLEM ARE THE MINIMUM AND MAXIMUM TYPES, T2
AND TG, WHICH OUGHT TO RESPECTIVELY EXCLUDE AND INCLUDE ALL
OTHER TYPES = BOTH ELEMENTARY AND STRUCTURED.

IT IS POSSIBLE TO REDESIGN THE TYPE DESCRIPTORS AND
TYPE LATTICE IN ORDER TO REMOVE THESE INCONSISTENCIES. THE
RESULT IS A TYFE CALCULUS WHICH IS CONSICERABLY SIMPLER
BECAUSE STRUCTURED AND ELEMENTARY TYPES FIT INTO THE SAME
LATTICE. FURTHERMORE, THIS LATTICE IS MADE AS NEARLY
BOOLEAN AS POSSIBLE IN ORDER TO AID IN IMPLEMENTING THE
LATTICE OPERATIONS -CGN- ANC -DIS-.

THE SUBLATTICE OF STRUCTURED TYPES

PREVIOUSLYs THE SUBLATTICE OF-STRUCTUKEO TYPES
CONSISTED OF ONLY THRtE TYPES AND THE TwD IDENTITIES TZ AND
TGe THIS LATTICE IS ILLUSTRATED IN FIGURE 1.
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A MAJG? LIAITATIGw OF TilS REPRESENTATIGN IS ThAT THE
LISJUNCTIGN GF —-SET= ANU =-UNT= IS =TG6=-. IN OTHER wURD3, IF
WE CAMNNGT DISTINGUISH wHETHER A VARIABLE IS A SET OR A
TUPLE WE MUST IGNORE THE FACT THAT IT IS CERTAINLY ONE OF
THESE AND ASSUME THAT IT CAN BE ANY TYPE AT ALL.

THIS PROGBLEM IS EASILY HANDLED 5Y CREATING A NEW POINT
IN THE TYPE LATTICE w»AICH LIES AEQVE SET AND UNT, BUT NOT
ABOYE ANY QTHEF TYPES. LET US CALL THIS New TYPE TG*,
ALTHOUGH IT IS THE-CISJUNCTIOM OF STRUCTURED TYPES, TG6* wILL
NIAT ITSELF RETAIN ANY INFORMATICN ABOUT THE THE COMPONENTS
CF THE STRUCTURE; IT MERELY SEKRVES TO INOICATE THAT THE TYPE
CAN BE EITHER SeET OR TUPLE.

CNE APPLICATION UF TUPLES IS TG REPRESENT MAPS WHICH
HAVE AS THEIR COMAIN THE POSITIVE INTEGERS LESS THAN SOME
RELATIVELY SHMALL VALUE. THE SYNTAX FOR USING TUPLES IN THIS
wAY OIFFERS VERY LITTLE FROM THE SYNTAX FGCR USING SETS AS
MAPS, THUS, IT MAY HAPPEN THAT THE TYPEFINDER CAN
DETERMINE THAT A VALUE IS EITHER A MAP OR A TUPLE. IN THIS
CASE, IT wWOUULD BE HELPFuUL TC RETAIN SOME STRUCTULRAL
INFOCRMATION AS wELL AS THe FACT THAT THE TYPE IS EITHER SET
CR TUPLE. FOR EXAMPLE, SUCH INFORMATION COULD INCLUDE THE
TYPE 3JF THE ORJECTS IN THE DUMAIN AND RANGE (IMAGE) OF THE
MAP« IN GRDER TQ DO THAILS IT IS NECESSARY TO HAVE A
REPRESENTATICN FOR THE DISJUNCTION GF TUPLES AND MAPS WHICH
IS LESS GENRERAL THAN TG*, HENCE» IT IS DESIREABLE TO
CISTINGUISH BETWEEN SETS USED AS MAPS AND OTHER SETS, SO
THAT THE DISJUNCTIGN OF TUPLES WITH MAPS CAN BE MADE
DISTINCT FRCP TG¥*,

ANOTHE? MCTIVATLION FCR HAVING TWC TYPES TO REPRESENT
Selts COMES Friv THE PLAKWED DAT?2 STRUCTUREZS FOK [MPLENMENRTING
SeTSe SINCE  THeowE wILL SE SEVeWAL SUCH DATA STRJCTURES =
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T4t CHOICE DEPENDING ON HOw A SET IS USEC - IT MAKES SENSE
TO kebP 1 THIS DECISICN BY HAVING THE TYPEFINDER DETERA4INE
Hua A SET wItL 8E UScDe.

THE PRECEDING TwO CONSIDERATIONS PROVIDE THE
JUSTIFICATION FOR IMTRCUUCING THE FUGLLOWING NEW TYPES INTO
THE TYPE LATTICES

MAP — A SET OF PAIRS WHICH IS USED AS A MAP.
SET = A SET NOT USED AS A MAP.

MAPSET -~ THt DISJUNCTION OF MAP AND SET. A SET POSSIBLY
CONTAINING NON-PAIRS, BUT WHICH MAY BE USED AS A MAP.

MAPTUP ~ THE DISJUNCTION OF MAP AND EITHER UNT OR KNT,

FIGURE 2 SHOWS THE REVISED TYPE LATTICE. THE POINT
-SETTUP~ HAS BEEN ADDED IN CORCER TO AID IN THE
IAPLEMENTATICN OF THc TYPEFINOER ALGGRITHM. THE CON AND DIS
FUMNMCTIONS wILL BE MUCH SIMPLER IF THE LATTICE APPROXIMATES A
BCOLEAN LATTICE, BECAUSE THE GROSS TYPES CAN THEN BE THOUGHT
OF AS SETS OF BASIC TYPES AND BE MANIPULATED AS BIT STRINGS.
wITH SETTUP ACDED, THE ONLY NON=-BOULEAN BEHAVIGUR EXHIBITED
BY THE LATTICE DOCCURS WHEN KNT IS DISJGINED WITH MAP, SET,
Ck MAPSET. THESE DISJUNCTICNS MUST BE CHECKED FUR'AND FORCED
T3 BE MAFTUP, SETTUP AND TG#, RESPECTIVELY.

THE LATTICE POINTS TZ, TG*, AND SETTUP ARE ALL ACTUALLY
ELEMENTARY TYPES - THAT ISs THEY HAVE NO ASSOCIATED
INMFURMATION S8CUT TYPES OF COMPONENTS —~ WHILE THE OTHER
POINTS HavE EXTRA STRUCTURAL INFORMATION, AS WILL BE
EAPLAINED I A LATER SECTICN.
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GROSS TYPES

- . - S e TP e

IN THE DESCRIPTORS USED BY TENENBAUM FOR STRUCTURED
TYPES THE GROSS TYPE AND ELEMENTARY ALTERNANDS ARE SEPARATE
FIELDS IN THE DESCRIPTCR. HENCE, THE STRUCTURED TYPES HAD
T3 BE TREATED AS SPECIAL CASES NGT IN THE LATTICE OF
ELEMENTARY TYPES. THE DISTINCTION EETWEEN GROSS TYPE AND
ELEMENTARY ALTERNANCS HAS BEEN REMOVEDs SO THAT THE
~GROSSTYP- FIELD INCLUDES THE STRUCTURED AND ELEMENTARY
ALTERNANDS.

A GROSS TYPE IS A FIELD IN A TYPE DESCRIPTOR, WHICH
GIVES ALL TYPES THAT MIGHT BE ASSUMED BY A VALUE. IF ANY
STRUCTURED TYPE IS INCLUDED IN THE GROSS TYPE, THE
INFGRMATION ABCUT THE TYPE AND NUMBER OF COMPONENTS WILL BE
FOUND IN ONE OR TWO GTHER FIELDS CF THE TYPE DESCRIPTOR.

THE GROSS TYPE CAN BE THCUGHT OF AS BEING A SET OF
BASIC TYPES. THE GENERATORS GF THE GRCSS-TYPE LATTICE ARE
(WITH A FEW EXCEPTICNS) SINGLETGON SETS OF THESE BASIC TYPES,
SO THAT DISJUNCTIGON OF GROSS TYPES IS CONCEPTUALLY SET UNION
AND CONJUNCTION IS INTERSECTION. THE SINGLETON=-SET
GENERATOKS ARE:

TU - UNLCEFINED TP - PROCEDURE

TA = BLANK ATOM TL - LABEL

TSI = SHORT PCOSITIVE INTEGEKR SET = SET NOT USED AS A MAP

TB1 = SINGLE BIT MAP -~ SET OF PAIRS USED AS A MAP

TSC - SHCRT CHARACTER STRING KNT = TUPLE GF KNOWN LENGTH
TR = REAL NUMBER

THE DOUBLETCN-SET GENERATORS ARE?

TI = ANY INTEGER (INCLUDES TSI PROPERLY)
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158 = SHURT 8IT STRING (INCLUDES T81 PRIPERLY)
TC = ANY CHA2ACTER STRINC (INCLUDES TSC PRTGPERLY)
UnT = TUPLE OF UNKHNURN LensTH C InCLuLz> KNT PRCPERLY)

AND THERE IS GNE GENERATIR WHICH HAS THREE ELEMENTS:
T3 = ANY BIT STRING (PRCPERLY INCLUDES TS8)

THE MOTIVATION FOR HAVING TwWwh AND THREE-ELENKENT
GENERATORS IS THAT IT MAKES LITTLE SENSE TO TRY TO ISOLATE
VALUES wHICH MUST 2t LONG ITEMS. ALS3J» IF Wt LACK THE
PRECISICON TC KNOW #HICH OF TwC STRUCTURED TYPES A VALUE IS,
wE CANNOT CLAIM IT TO BE A TUPLE OF KNOWN LENGTH; HENCE, KNT
MUST LIE BELCOW UNT IN THE LATTICE EviN THOUGH WE CAN ATTACH
NG MEANING TO UNT-KNT (ScT DIFFERENCE).

THUSs ALL GRGSS TYPES CAN BE REPRESENTED AS SUBSETS OF
TG, THE SET OF ALL 1o BASIC TYPES. IT IS REASGNABLE 10 USE
A L6=-BIT STRING TO IMPLEMENT THIS REPRESENTATION.

IF IT IS LATER DECIDcO NOT TC ATTEMPT TO OETECT SHORT
STRINGS, TSB AND TSC CAN ©¢E REMOVED FROM THE LATTICE -
THEREBY REDUCING TC TO A SINGLETON aND Ts T3 A DOUBLETCN.
31 IS ALWaYS USEFUL BECAUSE THE LCGICAL CCNNECTIVES (OR.»
AMDes EXCRes ETCe) CAN CNLY GPERATZ Ui SINGLE BITS AND THE
FELATICHNAL OPERATORS CAN OKLY PRODUCE SINGLE BITS.

AUXILLIARY TYPE FIELDS

O s S - . — - -

IN ADDITICN T3 THE -CrRUSSTYP- FIELD IN A TYPE
CLESCRIPTLR, A DESCRKIPTOR «+4ICH HAS OUNE OF THE SIX STRUCTURED
TYPES IN LTS GROSS TYPE will HAVE ONC GR TwWJd FIELOS GIVING
TYPE INFURMATION FOR THE CuPONENTS CF TrnE STUCTJRED TYPE.
wE NOW Dt SCRIBE THESE FIELCGS.
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WE WILL DENTTE Y T AN ArdITRARY TYPE UESCRIPTOR.
~GRCSSTYP(T)= IS THE FIELU wITAIN T WHICH CONTAINS THE GROSS
TYPE. THE STRUCTURED PAKRT OF THE GRCSS TYPE IS
=STRUCPART(GROSSTYP(T) )= AND THIS IS JUST THE INTERSECTICN
OF THE GRUSS TYPE WwITH 1G#%. IN THE FULLOWING TABLE TS
DENGTES THE STRUCTURED PART OF THE GrROSS TYPE OF T.

TS AUXILLIARY FIGLD DESCRIPTION OF FILELD
SETSMAPSET  CCMPTYP(T) TYPE OF ELEMENTS OF THE SET
MAPs MAPTUP  CCMPTYP(T) TYPE OF VALUES IN IMAGE OF THE MAP
DGMTYP(T) TYPE OF VALUES IN DOMAIN OF THE MAP
UNT COMPTYP(T) TYPE OF CCMPOINENTS OF THE TUPLE
KNT LENTYPLT) LENGTH OF THE TUPLE

COMPTYP(T) TUPLE OF LENGTH LENTYP(T) CONTAINING
THE TYPE OF EACH COMPONENT QOF THE TUPLE

THE ROUTINES WHICH COMPUTE TYPE CISJUNCTIONS AND
CINJUNCTICNS CAN USE BCOLEAN LATTICE CPERATIGNS SUCH AS SET
UNICN ANT INTERSECTIUN - WwITH A FIXUP FOR THE NCN-BOOCLEAN
BEHAVIOUFK OF KNT - TO CCMPUTE THE NEW GR0SS TYPE. THEMN, FOR
STRUCTURED TYPES ONLY, OPERANDS CAN 3E CONVERTED TO THE TYPE
OF THE RESULT IF NECESSARY, AND THE AUXILULIARY FL{ELDS OF THE
KESULTING TrPE DESCRIPTGR CAN BE EVALUATED.

FOR NNTATIONAL PURPUSES STRUCTURLD TYPES WILL BE
WAITTEN 1M THE FOLLOWING KAYS

SET(CLMPTYP),
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MAPSET(COMPTYP),
UNTLCOMPTYP ) »
MAP(CUMPTYP»DCMTYP))
MAPTUP(CCMPTYP,DOMTYP),
KNT(COMPTYP,LENTYP)

THE ALTERNATICN (DISJUNCTICN) GF A STRUCTURED TYPE (SAY
A SET) WITH AN ELEMENTAKRY TYPE, Ts, CAN BE wRITTEN AS

T ¢ SET(COMPTYP)

AND ITS TYPE DESCRIPTOR HAS AS ITS GROSSTYP THE UNION OF T
AND SET. OF COURSE, THE COMPTYP FIELD IS THE SAME AS IF THE
SET WERE NOT ALTERNATED WITH THE ELEMENTARY TYPE(S).

THE MOST NATURAL WAY TC ENSURE THAT THE NULL SET AND
NULL TUPLE APPEAR AS SPECIAL CASES GF SETS AND TUPLES IN THE
TYFE LATTICE IS TO REPRESENT THEM AS SUCH. THAT ISs RATHER
THAN TREATING THE SPECIAL ELEMENTARY TYPES, TN AND TT, AS
SPECIAL CASESs IT IS BETTER TG REMOVE TN AND TT FROM THE SET
OF ELEMENTARY TYPES AND USE THE CONVENTION THAT THE
COMPONENTS OF NULL STRUCTURES ARE UNODEFINED (I+E. HAVE THE
GRGSS TYPE ~TU-).

HENCE» USING QUR PrEVIGUSLY INTRODUCED NOTATION, THE
NULL SET IS REPRESENTED BY

SET(TUNGEF)
WHERE ~TUNUEF- IS THE TYPE (ESCKIPTLR #ITH A GROSS TYPE

WHICH IS EXaCTLY EULAC TU TU. GENERKALIZING THIS CONVENTION
T0 MAPS, WE GET Tt FULLUWING null TYPES!
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MAPSCcT(TUNDEF)
MAF{ TUNDEF,» TUNDEF)
MAPTUP(TUNDEF, TUNDEF)

A TYPE wHICH IS KNC4N TO BE A NULL TUPLE COULD BE
REPRESENTED BY —KNT(NULT»O)-. HOWEVEKs» IN ORDER TO
FACILITATE CGONVERTION OF HULL TUPLE FROM -KNT= T3 -UNT- NULL
TUPLES WILL BE REPRESENTEZD BY

KNT(<TUNDEF>,0) CR UNT(TUNDEF)

THE LATTER FORM IS PROVIDED IN ORDEK TO ALLOW THE
REPXESENTATIGN OF A TUPL: WHICH MAY EITHER BE NULL OR
NON=NULL. SUCH A TUPLE COULD BE REPKESENTED BY

UNT(TUNDEF+T)

WHEKE T IS THE TYPE OF ANY COMPONENT WHICH MAY BE PRESENT.
SIMILARLY, A PGCSSIBLY NULL SET CAN BE REPRESENTED BY

SET(TUNDEF+T).

THE EXTENDED TYPE CALCULUS

. . T e - — D b W e W A W Y -

FOR NON-STRUCTURED TYPES (I.E. ELEMENTARY TYPES)
CONJUNCTICN AND DISJUNCTICN ARE COMPUTED SIMPLY BY TAKING
THE INTEKSECTIGN OR UNIUN OF THE GROSSTYP FIELDS OF THE
OPERANDS. BIT STRING OPLRATICNS CAN BE USED TO IMPLEMENT
THIS EFFICIENTLY. WHEN STRUCTURED TYPES ARE COMBINED TO GIVE
A STRUCTURED-TYPE RESULT, IT IS ALSG NECESSAKY T3 COMPUTE
THE COwJUNCTICHN OR DISJUNCTION OF THE COMPONENTS OF THE
CPERANDS. BEFTRE THIS CaN BE DONE» HUWEVER, IT MAY BE
NECESSARY TO CCNVERT ONrE LK BOTH CPERANDS TO THE TYPE OF THE
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RESULT BEFORE THe COMPONENTS CAN BE UPcRATED ON.,

FOR &N EX&MPLE‘OF THIS TYPE CONVERSIGNy CONSIDER THE
OISJUNCTION

MAP(T1,T2) DIS. UNT(T3)

THE GROSS TYPE GF THE RESULT IS -MAPTUP-, SO BOTH CPEKANDS
MUST BE CONVERTED TO THE RESULT TYPE. FGR MAP THIS
CONVERSION IS TRIVIAL AND NEED NGV BE DONE EXPLICITLY
BECAUSE MAP AND MAPTUP HAVE THE SAME STRUCTURE. HOWEVER)
UNT(T3) MUST BE CONVERTED TC MAPTUP(T3,TSINT) - A MAP OF
SHORT POSITIVE INTEGERS TG T3. HENCE, THE RESULT OF THE
DISJUNCTION IS

MAPTUP(TL DIS. T3, T2, D0IS. TSINT)
= MAPTUP(T14T3, T2+TSINT)

WHERE TSINT IS THE TYPE DESCRIPTOR HAVING A GROSS TYPE WHICH
IS EXACTLY EQUAL TO TSI.

IF ONLY ONE GPERAND HAS ANY STRUCTURE INFORMATION, NG
CONVERSICN WILL EVER BE NECESSARY SINCE THE RESLLT (IF I17
IS A STRUCTURED TYPE) WILL HAVE THE SAME TYPE AS THE
STRUCTURED OPERAND.

THE FOLLCWING PAGES GIVE THE SETL LANGUAGE SUBRIUTIHG:)Y
FOR COMPUTING CONJUNCTIONSs DISJUNCTIONS, AND THE CONVERGZIUH
GF STRUCTURED TYPES.
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LOW LEVEL FUNCTIONS FOR IMPLEMENTING THE TYPE CALCULULS

FOR THE UIS. AND CON. ROUTINES, THE AKGUMENTS
T1 ANO T2 ARE TYPE LESCRIPTG#S wlTH THE FULLUWING POSSIBLE
SURFIELDS!

GRLSSTYP (CONTAINING ELEMPART AND STRUCPART)

CCHMPTYP (FCR ALL STRUCTURED TYPES)

DOMTYP (FOR HMAPTUP AND MAP TYPES)

LENTYP (FOR «AT TYPES)
THE MACRC (OR FUNCTION) MAKETYPE FORMS A TYPE DESCRIPTOR FROM
SPECIFIED SUBFIELDS. ELEMcNTARY AND STRUCTURED ARE PKEDICATES ON
GROSSTYPES, WHICH INDICATE The PRESENCE GR ABSENCE OF STRUCTURED
ALTERNANCS IN THE GROSSTYPES.:
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DEFINEF T1 DIS. T2;

G = GRUSSTYP(TL1) + GRGSSTYP(T2);
IF (G*KNT ECe KNT) ANDe (G*MAPSET NEe TZ) THEN G 3 G + UNTS;
IF ELEMENTAFY(G) THEN RETURN MAKETYPE(G, UM.s CMa)j;;

3 RESULT IS STRUCTUREL - CHECK TG StE IF ONE OISJUNCT 1S ELENMENTARY
IF CLEMENTARY(GROSSTYP(TL1)) THEN GROSSTYP(TZ) = G; RETURN T2j5;
IF ELEMENTARY(GRGSSTYP(T2)) THEN CxOSSTYP(TL) = G; RETURN T1j;;
$ IF WE GOT THIS FARs, S0TH OISJUNCTS ARE STkUCTURED, SO IT WILL BE
$ NECESSARY TD CALL DIS RECURSIv:LY TG FIND TYPES OF CUMPONENTSe.
$ ALSGC, CONVERSION OF COMPONENT TYPE-STRUCTURE MAY BE NEEDED.
C = STFUCPAKTI(G);
Cl = STRUCPART(GROSSTYP(T1)); C2 = STRUCPART(GROSSTYP(TZ2));
IF (C EG. MAFTUP) OR. (C EQes MAP) THEN
$ IF C EC. MAPTUP, OUNE OF T1 AND T2 MAY NEEOD TG B8& CONVERTED
¢ FROM EITHER KNT CR UNT TO MafPTUP
IF (€1 EC. KNT) OR. (Cl EQ. UNT) THEN
Tl = CONVERT(T1,HMAPTUP);
ELSEIF (C2 EQ. KNT) CRe (C2 EG. UNT) THEN
T2 = CONVERT(TZ,MAPTUP);
ENC IF;
RETURN MAKETYPE(G, CCMPTYP(T1) DIS. COMPTYP(T2),
LONMTYPUTL) DIS. DCHTYP(T2));

END IF;

IF (C EQ. MAPSET) 0OR. (C EQ. SET) OR. (C EG. UNT) THEN
$ IF C ECo MAPSET, CNE OF T1 &NC T2 MAY NEtD TC 3E CONVERTED FROM
$ MLP FOKMAT TC MAFSET FORMAT '
IF C1 EQe MAP THEN T1 = CONVERT(T1sMAPSET);
ELSEIF C2 ECG., MAP THEN T2 = CUONVEKT(T2,%iPSET); END IF;
¢ IF C EC. UNT, ONE OF T1 AND T2 MAY NEED TG BE CUNVERTED FROM
$ KNT FORMAT TO UNT FORMAT
IF C1 EQ. KNT THEN T1 = CONVEART(T1sUNTI;
ELSEIF €2 EO. KNT THeN T2 = CUNVERT(TL,UNT); END IF;
RETURN MAKETYPE(Gy COMPTYP(TL) LISe COMPIYP(TZ)» CHed;
END IF;

$ C IS OF TYPE KNT IF WE GET THIS FAR
IF LENTYP(T1) EG. LENTYP(TZ2) THEN
CT = <Tu>;
CT1 = COMPTYO(TL); CT2 = COMPTYP{T2);
(v 1 <= 1 <= LENTYP(T1)) CT(L) = CT1(I) ClZe CT2(1);;
RETURN M2XKETYFE(G, CT, LENTYP(T1));
END IF;

$ KNOWN=LENGTH TUPLES ARE OF DIFFc#ENT LENSTHLs, SO BLIH MUST
3 EE CONVERTED TG UNT

T1 = CONVERT(T1,UNT); T2 = CLIVERT(TZ,Ux1)3

PETURN MAKETYPE(GH+UNTs COMPTYP(TL) UISe CUMPIYPIT2), OMa);
ENU DIS;
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CEFINEF T1 CONe T23;

G = GROGSSTYP(T1) * GROSSTYP(T2);
IF ELENENTARY(G) THEN RETURN MAKETYPE(Gy OMey» OMs);;

£ RESULT IS STRUCTURED - CHECK TO SEE IF ONE CONJUNCT IS ELEMENTARY
IF ELCHENTARY(GROSSTYP(TL)) THEN GRESSTYP(TZ2) = €G3 RETURN T2;5;
IF ELEHENTAPY(GQUSSTYP(TZ)) THEN GKCSSTYP(T1) = G; RETURN T1;;

$ IF WE GOT THIS FAR, 380TH CONJUNCTS ARE STRUCTURED, SO IT WILL BE
$ NECESSARY T0 CALL CGN RECURSIVELY TO FIND TYPES OF COMPONENTS.
3 ALSYU», CONVERSION OF COMPONENT TYPE~STRUCTURE MAY BE NEEDED.
C = STRUCPAFRTI(G);
Cl = STRUCPLRTI(GrROSSTYP(TL));
C2 = STRUCPART(GHASSTYP(T2));
IF (C EG. MAPTUP) COR. (C EQ. MAP) THEN
$ IF C EG. MAP, ONE OF T1 ANC T2 MAY NEED TO BE CGNVERTED
$ FROM MLPSET TO MAP
IF C1 Q. MAPSET THEN T1 = CONVERT(T1,MAP);
ELSEIF C2 EQ. MAPSET THEN T2 = CCONVERT(TZ2,MAP); END IF;
RETURN MAKETYPE(Gs, COMPTYP(T1l) CONe. COMPTYP(T2),
. COMTYP(T1l) CON. DCMTYP(TZ2));
END IF;
IF (C FG. MAPSET) OR. (C EQ. SET) OR. (C EQ. UNT) THEN

IF C EC. SET, ONE GOF T1 AND T2 MAY NEED TO BE CONVERTED FROM
HAPSET FOr™2T TU SET FORMAT
€1 EQe¢ MAPSET THEN Tl = CONVERT(T1,SET);
SEIF C2 EG. MAPSET THEN T2 = CONVERT(T2,SET); END IF;
IF C EGs. UNT» GNE CF T1 AND T2 MAY NEED TO BE CONVERTED FROM
P MAPTUP FOPMAT TO UNT FORMAT
IF C1 EQ. MAPTUP THEN T1 = CONVERT(TI,UNT);
ELSEiIF C2 EGC. MAPTUP THEN T2 = CCNVERT(T1,UNT); END IF;
RETURN MAKETYPE(Gy CUMPTYP(TL) CONe COMPTYP(T2)s GOMe);
in\‘\f 1(",

L3 B e A R
-

5 C IS5 CF TYPE ¥KNT IF WE GET THIS FAR
If C1 16y KNT THEN T1 = CONVERT(TI,LENTYP(TZ2));
ELSEIF C2 NEo KNT THEN T2 = CONVERT(T2,LENTYP(T1));

ENDOIF;
IF LENTYPITY)Y £G. LENTYP(T2) THEN
CT = <TU>;
CT1l = COMPTY?(T1); CT2 = CUMPTYPI(T2);
{v 1 <= 1 <= [ENTYP(TL)) CT(I) = CT1(I) CON. CT2(I)3;;
FeThes MAKeTYPE(Gy CTs LENTYP(TL1));
BN IFs
S KOV~ LENGTH TUPLES ARE OF DIFFERENT LENGTHSSs SO THEIR
e CONJUNCTION ~UST BE THe RELATIVE ZERQO ELEMENT, TZSTRUC
Mo TURI A KQTYDL(’ * TGSTKUC, OMes 0OMe);

I
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DEFINEF CONVERT(Ts NEWTYP);

$ CONVERTS STRUCTURED TYPE T TGO NEW GROSS TYPE NEWTYP, WHERE

$ IF THE NEW GROSSTYPE SHOULD BE KNT, THE TUPLE LENGTH IS

3 PLSSED VIA NEWTYP RATHER THAN THE VALUE =KNT=.

$ IT IS ASSUMED THAT CNLY VALID CONVERSICNS ARE BEING ATTEMPTED
C = STRUCPART(GRGSSTYP(T));

IF C EQs KNT THEN
IF NEWTYP NE. UNT THEN RETURN Tj3}
T = MAKETYPE(GROSSTYP(T)+UNT,
[(DIS: 1<=I<aMAX{LlsLENTYP(T))] COMPTYP(TI(I}s OM.);
IF NEwWTYP EQe UNT THEN RETURN T;
ELSE C = UNT;;
END IF C;

IF ¢ EQ. UNT AND, NEWTYP EQ. MAPTUP THEN
KETURN MAKETYPE(GROSSTYP(T)+MAPTUP, COMPTYP(T), TSI);
END IF C;

IF C EQ. UNT THEN

IF NEWTYP EQe UNT THEN RETURN T;;

N o= MAX(1l, NEWTYP);

KETURN MAKETYPE(GROSSTYP(T)*KNT, REPL(<CCMPTYP(T)>sN)s NEWTIYP);
END IF C;

IF C EC. MAP THEN
IF NEWTYP IN. SMAP, MAPTUP2 THEN RETURN Tj3
RETURN MAKETYPE(GRGSSTYP(T)+MAPSET,
MAKETYPE(KNTs<DCMTYP(T)sCOMPTYP(T)>52), OM.);
END IF C;

IF C EQ. MAFTUP THEN
IF NEWTYP IN. SMAP, MAPTUP2 THEN RETURN Tj;;
T = MAKETYPE(GRQOSSTYP(T)*UNT, COMPTYP(T), OM.);
IF NEWTYP EQs UNT THEN RETURN T;
ELSE C = UNT;;
END IF C;

IF C EQs MAPSET THEN
IF NEWTYP IN. $SET, MAPSET2 THEN RETURN Tj3
CUMPGNENT = COMPTYP(T);
NEWCOMP = COMPONENT CONs MAKETYPE(KNT»<TGENsTGEN>»2);
IF COMPONENT CON. TUNDEF EG. TUNDEF THEN
% ALLGW NULL SET TO BE CONVERTED TO NULL MAP
NEWCOMP = NEWCOMP DISe MAKETYPE(KNT, <TUNDEF,»TUNDEF>,2);;
IF GROSSTYP(NEWCOMP) EQs TZ ThHEN RETURN NEWCOMP;;
<Cls C2> = CUMPTYP(NEWCCMP);
RETURN MAKETYPE(GRCSSTYP(T)*iAPs, C2» Cl);
END IF Cj

END CONVERTS
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SUBLATTICES OF STRUCTULRED T Y/PES
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FIGURE | - TENeENBAUVM'S GQUBLATTICE
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