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SIMPLIFYING ANO EXTENDING THE SETL TYPE CALCULUS 

IN HIS ORIGINAL TYPE LATTICE TENENBAUM ORA~S A 

DISTINCTION BETWEEN ELEMENTAPY TYPES (SUCH AS INTEGEP.S A~D 
AND STRlhGS) AND STRUCTURED TYPES <SETS ANO TUPLES) WHEN HE 

REPRESENTS THEM IN TYPE DESCRIPTORS. THIS OISTI~CTIOh 

BECOMES PARTICULARLY CUM~ERSCME ~HEN TREATING THE ELEMENTARY 
TYPES REPRESENTING THE NULL SET AND NULL TUPLE, SINCE THESE 
SHOULD 8~ TREATED AS SPECIAL CASES OF SET AND KNOWN-LENGTH 
TUPLE AND SHOULD APPEAR BELOW -SET- ANO -KNT- IN A LATTICE 
OF ALL SETL TYPES. 

ALSO A PROBLEM ARE THE MihIMUM ANO MAXIMUM TYPES, TZ 

AND TG, WHICH OUGHT TO RESPECTIVELY EXCLUDE ANO INCLUDE ALL 
OTHER TYPES - BOTH ELEMENTAkY ANO STRUCTURED. 

IT IS POSSIBLE TO ~EDtSIGN THE TYPE DESCRIPTORS AND 
TYPE LATTICE IN ORDER TO REMOVE THESE INCONSISTENCIES. THE 

RESULT IS A TYFE CALCULUS wHICH IS CONSICERABLY SIMPLER 
8ECAUSE 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 suaLATTICE OF STRUCTURED TYPES 

PREVIOUSLY, THE SUBLATllCE OF STRUCTUkEO TYPES 
CONSISTED OF ONLY THRtE TYPlS ANO THE TWO IDENTITIES TZ AND 
TG. THIS LATTICE IS ILLUSTPATED IN FIGURE 1. 
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A l'1 A J ::J :> L L-\ I r A T I u,, 0 F Hd S f.'. E P R E S c : H A T I G N I S T h A T TH t: 

GISJUNCTlON CF -SET- A~J -U~T- IS -TG-. IN OTHER ~URDS, If 

~ E C A ~m O T D I S T I /'. G U I S rl 1-, d E T H E R A V AR I A 8 L E I S A SE T OK A 

TUPLE WE MUST IGNORE THE FACT THAT IT IS CERTAINLY ONE OF 

THESE ANO ASSUME THAT IT CAN BE ANY TYPE AT ALL. 

THIS PROBLEM IS EASILY HANDLED 5Y CREATING A NEW POINT 

IN THE TYPE LATTICE ~rlICH LIES ABOVE SET AND UNT, BUT NOT 

A~O~E ANY OTHE~ TYPES, LET US CALL THIS N~W TYPE TG•• 

ALTHOUGH IT IS THE· ClSJUNCTlON OF STRUCTURED TYPES, TG• wILL 

NOT ITSELF RETAIN ANY INFORMATION ABOUT THE THE CO~PONENTS 

CF THE STRUCTURE; IT MEKELY SERVES TO INDICATE TrlAT THE TYPE 

CAN BE EITHER SET OR TUPLE. 

ONE APPLICATIO~ uF TUPLES 1S TC RtPPESENT MAPS WHICH 

H4VE AS THEIR CGMAI~ THE POSITIVE INTEGERS LESS THAN SOME 

RELATIVELY SMALL VALU~. THE SYNTAX FOR USING TUPLES IN THIS 

~AY OIFFE~S VERY LITTLE FR □~ THE SY~TAX FOR USING SETS AS 

MA 0 S. THUS, IT MAY HAPP~N THAT THE TYPEFINDER CAN 

DETE~MINE THAT A VALUE IS EITHER A MAP OR A TUPLE. IN THIS 

CASE, IT WUULD BE HELPFUL TO PETAIN SOME STRUCTURAL 

INFC~~ATION AS ~ELL AS TrlE FACT THAT THE TYPE IS EITHER SET 

GR TUPLE. FOR EXAMPLE, SUCH INFGRMATION COULO l~CLUDE THE 

TYPE JF THE □ 8JECTS IN THE DOMAIN ANO ~ANGE (!MAGE> OF THE 
MAP. IN ORDER T □ 00 TrllS IT IS NECESSARY TO HAVE A 

REPRESENTATION FJR THE DISJUNCTION OF TUPLES AND MAPS WHICH 

IS LESS GENERAL THA~ TG*, HENCE, IT IS OESIREABLE TO 

CISTINGUISH 8ETWEEN SETS LSED AS M4PS AND OTHER SETS, SO 
THAT THE DISJUNCTION OF TUPLES WITH MAPS CAN BE MADE 

DISTINCT FRCr TG*• 

A N O T Yi: ..i ,'1 C T I V A l l O;; r: CR H A V I r. G T W C ry P E S TO ~ E PP E S E N T 

St:I: co:➔ ES F,-,JY THE fJL,\f,'d:0 [1Alt '.:;TklJCT'JP.,:5 FOR !MPLEl"it1HING 

S~TS. SINCE fHE:!".f: ·11ILL )E Sc.VtflAL SUCH uATA SHUCTURES -
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Flf: CHOICE DtP[NDit-..lG ON How A SET IS USEu - IT MAKES SENSE 
TO hc:LP 1;, 1HIS DECISI:JN 6'( HAVING fHE TYPEFINOE~ D!.:TE1<1l.\t 

HG~ A SEr ~ILL dE USED. 

THE P~ECEOING Twa CONSIDERATIONS P~OVIOE THE 

JUSTIFICATIO~ FOR INTRODUCING THE FGLLO~ING NE~ TYPES INTO 

THi TYPE LATTICEt 

MAP - A SET OF PAIRS WHICH IS USED AS A MAP. 

SET - A SET NOT USED AS A MAP. 

MAPSET - THE DISJUNCTION OF ~AP AND SET. A SET POSSIBLY 

CO~TAINING NON-PAI~S, OUT WHICH MAY BE USED AS A HAP. 

MAPTUP - THE DISJUNCTION OF MAP ANO EITHER UNT OR KNT. 

FIGURE 2 SHOWS THE REVISED TYPE LATTICE. T~E POINT 

-SETTUP- HAS BEEN -DDEO IN ORCER TO AID IN THE 

I~PLEME~TATI □ N OF TH~ TYPEFINOER ALGORITHM. THE CON AND DIS 

FU~!CTIONS 't-.ILL BE MUCH SI~PLER IF THI: LATTICE APPROXIMATES A 

BJ □ LEAN LATTICE, BECAUSE THE GROSS TYPES CAN THE~ BE THOUGHT 

OF AS SETS OF B~SIC TYPES ANO BE MA~IPULATED AS BIT STRI~GS. 

~ITH SETTUP ACOEO, THE ONLY NON-BOOLEAN BEHAVIOUR EXHIBITED 

BY TrlE LATTICE OCCURS WHEN KNT IS OISJOINEO WITH MAP, SET, 
C:< h~PSET. THESE DISJUNCTICMS MUST BE CHECKED FOR ANO FORCED 

TO 8E MAFTUP, SETTUP AND TG+, RESPECTIVELY. 

THE LAfTICE POI~TS TZ, TG*, ANO SETTUP iRE ALL ACTUALLY 
Elf~~NTARY TYPES - THAT IS, THEY HA~E NO ASSOCIATED 
r~:::-c;~MAfi,.J:-l ~80UT TYPi:S OF COMPONENTS - WHILE THE OTHER 
POINTS HAV[ EXTRA ST~UCTU~Al INFORMATION, AS WILL BE 
f:1'.i->LA!NEP H! A LAfER SECTIGN. 



SETL-173-4 

GROSS TYPES 

IN THE DESCRIPTORS USED BY TENENBAUM FOR ST~UCTUREO 

TYPES TH~ GROSS TYPE AND ELEMENTARY ALTERNANDS ARE SEPARATE 

FIELDS IN THE DESCRIPTOR. HENCE, THE STRUCTURED TYPES HAO 

TO BE TREATED AS SPECIAL CASES NOT IN THE LATTI:E OF 

ELEMENTARY TYPES. THE DISTINCTION SETWEEN GROSS TYPE ANO 

ELE~ENTARY ALTEKNANCS HAS bEEN REMOVED, SO THAT THE 

-G~OSSTYP- FIELD INCLUDtS THE STRUCTURED AND ELE~ENTARY 

ALTERNANOS. 

A GROSS TYPE IS A FIELC IN A TYPE DESCRIPTO~, ~HICH 
GIVES All TYPES THAT MIGHT BE ASSU~ED BY A VALUE. IF ANY 

STRUCTURED TYPE IS I~CLU0t0 I~ THE GROSS TYPE, THE 

INFORMATION ABCUT THE TY?E AND NUMBER OF COMPONENTS ~ILL BE 

FOU~O IN ONE OR T~O OTHE~ FIELDS OF THE TYPE DESCRIPTOR. 

THE GROSS TYPE CAN 9E THOUGHT OF AS BEING A SET OF 

BASIC TYPES. THE GENERATORS OF THE GROSS-TYPE LATTICE ARE 

(WITH A FEW EXCEPTIONS> SINGLETON SETS OF THESE BASIC TYPES, 

SO THAT DISJUNCTION OF GROSS TYPES IS CONCEPTUALLY SET UNION 

A~D CONJUNCTION IS INTERSECTION. THE SINGLETON-SET 

GENfRATOl<S ARE: 

TU - UNDEt=INEO 
TA - BL,H,K ATO/'I 

TSI - SrlG~T PGSITIVE INTEGER 
T81 - SI~GLE BIT 

TSC - SHCRT CHARACTER STRING 

TK - REAL NUMBER 

TP - PROCcOURE 

TL - LABEL 

SET - SET NOT USED AS A MAP 
MAP - SET OF PAIRS USED AS A MAP 

KNT - TUPLE GF K~OWN LENGTH 

THE DOU6LETON-SET GENERATORS APE& 

TI - ANY INTEGEQ CI~CLUOES TSI PROPERLY> 
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TSa - SHGRT arr STRING (INCLLDES TBl PR~PERLY) 
T C - A ,,n C H t ? !: C T E P S T :-U .', G ( H: C L U D f 5 T S C P R CJ P E R L Y) 

V.T - TU?Lr: CJF ;_;\><,'U~;,1\1 Lc·,-)TH ( i:~CLvS::5 IVH PRGPcRLY) 

A~D THERE iS GNE GENERAlJR ~HICH HAS THREE ELEME~TS: 

TB - ANY BIT STRING (PRCPE~LY INCLUDES TSB) 

THE MOTIVATim1 FOR HAVlt~G TwG ANO THREE-ELEl'1ENT 

GENERATORS IS THAT IT MA~tS LITTLE SENSE TO TRY TO ISOLATE 

VALUES ~HICH MUST BE LO~G ITEMS. ALS □, If WE LAC~ THE 

?~ECISI □ N TC KNOW wHICH OF T~C STRUCTURED TYPES A VALUE IS, 
wE CAN~OT CLAI~ IT TO BE A lUPLE OF ~~OWN LEhGTH; HENCE, KNT 

MUST LIE BELOW UNT IN THE LATTICE E~~~ THOUGH WE CAN ATfACH 

NO MEANING TO UNT-~NT (SET DIFFERENCE). 

THUS, All GROSS TYPES CAN BE REPRESENTED AS SUBSETS OF 

TG, THE SET OF ALL 16 BASIC TYPES. IT IS REASONABLE 10 USE 

~ 16-BIT ST~ING TO IMPLE~E~T THIS ~EPRESENTATION. 

IF IT IS LATER DECID~D NOT TC ATTE1PT TO DETECT SHORT 

STRINGS, TSB AND TSC CA~ 8E REMOVED FROM THE LATTICE -

TH E RE B Y F E DU C I t-; G TC TO A S I NG l E TON Ai iO T & TO A DO U 8 L E TON • 

f~l IS ~LW~YS LSEFUL BECAUSE ThE LGGICAL CCNNECTLVES (OR., 

t, 'D • , E X CR • , E TC • l C AN Ci L Y GP E i< AT :: G N S 1 NG L E a IT S ANO THE 

PELATIGNAL □ PEPATJRS CA/\ O~LY PRODUC2 SINGLE BITS. 

AUXILLIARY TYPE FIELDS 

IN AOOITI~N TJ THE -G~LSSTYP- FIELD IN A TYPE 

LESCRIPTG~, ~ DESC~IPTOR ~~ICH HAS LNE OF THE SIX STR~CTUREO 
TYPES p; ITS GROSS TY?E 1,1-/LLL HAVE J/\i: OR Tw,J FIELDS GIVING 
TY?E INFG~f~TILN FC~ T~E Cu/PON~NTS GF THE STUCTJREO TYPE. 
;,.E :-iOW DtSCr~IBE T11ESc FltJ.;::.~. 
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~E ~ILL DE~JT(. 6Y 1 AN t~~ITRAkY TYPE UESCRIPTOR. 

-GRCSSTYP( f)-IS TH~ FIELG ~lfrllN T WHICH CONTAl~S THE GROSS 

TYPE, Trlt STRUCTu~ED PART OF THE GRCSS TYPE IS 

-STRUCPART(SROSSTYP(T))- ANO THIS rs JUST THE INTERSECTICN 

OF THE GRuSS TYPE ~ITH JG•. IN THE FulLO~lNG TABLETS 

DE~GTES THE STRUCTURED PART OF THE GROSS TYPE OFT. 

TS 

SET,MAPSET 

M~P,MAPTUP 

UNT 

KNT 

AUXILLIARY FIELD 

CGMPTYP(T) 

COMPTYP(T) 

OGMTYP(T) 

COMPTYP(T> 

LtNTYP(T) 

CC~PTYP(T) 

OESCKIPTION OF FIELD 

TYPE OF ELEMENTS OF THE SET 

TYPE OF VALUES IN IMAGE OF THE MAP 

TYPE OF VALUES IN DOMAIN OF THE MAP 

TYPE OF COMPONENTS OF THE TUPLE 

LENGTH OF THE TUPLE 

TUPLE OF LENGTH LENTYP(T) CONTAINING 

THE TYPE OF EACH COMPJNENT OF THE TUPLE 

THE ROUTI~ES ~HICrl COMPUTE TYPE DISJUNCTIONS ANO 

CONJUNCTIONS CAN USE BOOLEAN LATTICE OPERATIONS SUCH AS SET 
GNIC~ AND INTERSECTION - WITH A FIXUP FOR THE NCN-BOOLEAN 

BEHAVIOUR OF K~T - TO COMPUTE THE NEW G~OSS TYPE. THEN, FOR 

ST~UCTURED TYPES ONLY, OPERANDS CAN 3E CONVERTED TO THE TYPE 

OF THE RESULT IF NECESSARY, A~D THE AUXllLIARY F!ELOS OF THE 
RESULTING TYPE DESCRIPTOR CAN BE EVALUATED. 

FOR NOTATIONAL PURPOSES STRUCTURlO TYPES WILL BE 
W~ITTEN IN THE FOLLCjlNG WAYI 

SET<CG~PTYP>, 
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"1APSET<COMPTYP), 

MAP(CGMPTYP,OCMTYP>, 

MAPTUPCCO~PTYP,OOMTYP), 

KNT(COMPTYP,LE~TYP> 

TH E A L T E RN A T I u~ ( D I S J Lit i C T I ON ) G F A S T RU C TUR E D TY P E ( S A Y 

A SET) lo/ITH AN ELEMENTARY TYPE, T, CAN BE wRITTE~ AS 

T -" SETCCOMPTYP) 

ANO ITS TYPE DESCRIPTOR HAS AS ITS GROSSTYP THE UNION OFT 

AND SET. OF COU~SE, THE COMPTYP FIELD IS THE SAME AS IF THE 

SET WERE NOT ALTERNATED WITH THE ELEMENTARY TYPE(S). 

NULL TYPES ., _________ _ 

THE MOST NATURAL WAY TO ENSURE THAT THE NULL SET ANO 

NULL TUPLE APPEA~ AS SPECIAL CASES OF SETS ANO TuPLES IN THE 

TYFE LATTICE IS TO REPRESENT THEM AS SUCH. THAT IS, RATHER 
THA~ TREATING THE SPECIAL ELEMENTARY TYPES, TN A~D TT, AS 

SPECIAL CASES, IT IS 8ETTEK TO ~EMOVE TN ANO TT FROM THE SET 

OF ELEMENTARY TYPES AND USE THE CONVENTION THAT THE 

CO~FONENTS OF NULL STRUCTU~ES ARE UNDEFINED (I.E. HAVE THE 

G~GSS TYPE -TU-). 

HENCE, USING OUR P~EVIOUSLY INTRODUCED NOTAlION, THE 
NULL SET IS REPRESENTED BY 

SET(TUNO(F) 

krlEPE -TUND~F- IS THE TYPE lESC~IPTG~ ~ITH A GROSS TYPE 

~-: H I CH I S ( / 11 C TL Y [~LA 1.. TlJ I L • G F. ti Er'. Al IZ ING TH l S CONVENT 10 N 
TO r A PS, Wt GET TH t: r LJ L LU 1-i H G I, u L L T '(PE Si 
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Mi\PS(.TCTuNOEF) 

!'i A F ( l U t\ DE F , TU i~ D E F ) 

MAPTUP(TUNOEF,TUNOEF> 

A T~PE ~HICH IS K~O~N TO dE A NULL TUPLE COJLO BE 

REPP-~SENTEO BY -KNT(NULT,0)-. HO~EVER, IN ORDER TO 
FACILITATE CONVERTION OF NULL TUPLE FROM -KNT- TO -UNT- NULL 

TUPLES ~ILL BE REPRESENTED BY 

KNT(<TUNDEF>,O) OR UNT(TUNDEF) 

THE L~TTER FORM IS PROVIDED IN ORDEk TO ALLOW THE 
REPRESENTATIGN OF A TUPL~ WHICH MAY EITHER BE NULL OR 
NON-NULL. SUCH A TUPLE COULD BE REPRESENTED BY 

UNT< TUNOEF+T> 

WHEkE T IS THE TYPE OF A,'lY COMPONENT wHICH MAY BE PRESENT. 

SIMILARLY, A POSSIBLY NULL SET CAN BE REPRESENTED BY 

S E T ( TUN OE F + T) • 

THE EXTENDED TYPE CALCULUS 

FC~ NON-STRUCTURED TYPES (I.E. ELEMENTARY TYPES) 
CO~JUNCTICN A~D DISJUNCT[ON ARE COMPUTEJ SIMPLY 8Y TAKING 

THE INTEkSECTION OR UNIL~ OF THE GROSSTYP FIELDS OF THE 
OPERANDS. BIT SfR!NG OPERATIONS CAN BE ~SED TO IMPLEMENT 
THIS EFFICIENTLY. WHEN STRUCTURED TYPES ARE COMBINED TO GIVE 
A STRCCTURED-TY?E RESULT, IT IS ALSO NECESSAkY TQ COMPUTE 

THE CO~JUNCTIC~ OR OISJU~CTION OF THE COMPONENTS OF THE 
OPEP~NOS. BEFGRE THIS ChN BE DONE, HG~EVER, IT MAY BE 
NECESSARY TO CCNVERT ONf L~ BOTH OPERANDS TO THE TYPE OF THE 
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RESuLT BEFORE THE CC~PO~E~TS CAN BE LlPcRATEO ON. 

FOR ~N EXtMPLE OF THIS TYPE CONVERSIGN, COhSIDER THE 

DISJUNCTION 

MAP(Tl,TZ> DIS. UNT(T3) 

THE GROSS TYPE OF THE RESULT 1S -MAPTUP-, SO BOT➔ OPERANDS 
MUST BE CONVERTED TO THE RESULT TYPE. FOR MAP THIS 

CONVERSION IS TRIVIAL AND NlED NOT BE DONE EXPLICITLY 

BECAUSE MAP AND MAPTUP HAVE THE SAME STRUCTURE. HOWEVER, 
UNT(T3) r.usr BE CONVEKTED TO MAPTUP(T3,TSINT) - A MAP OF 

SHOPT POSITIVE INTEGE~S TG T3. HENCE, THE RESULT OF THE 

DISJUNCTION IS 

MAPTUP(Tl ors. T3, T2, ors. TSINT) 
= MAPTUP(Tl+T3, T2•TSINT) 

wHE~E TSINT IS THE TYPE DESCRIPTOR HAVI~G A GROSS TYPE WHICH 

IS EXACTLY EQUAL TO rsr. 

IF ONLY ONE GPE~AND HAS ANY STRUCTURE INFOR~ATIO~, NO 

CONVERSION WILL EVER SE NECFSSARY SINCE THE RESLLT (IF Il 

IS A STRvCTUREO TYPE> WILL HAVE THE SAME TYPE AS THE 

STRUCTURED OPERAND. 

THE FOLLOhING PAGES GIVE THE SETL LANGUAGE SUB~OUTINcS 

FOR COMPUTING CONJUNCTIONS, DISJUNCTIONS, AND THf. CGNVER.::i[L:1 

OF STRUCTURED TYPES. 
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LOW LEVE l FUNC TI o~s FOR IM PL ~MEN T it;G THE TY p E CALCULUS 

FOR T~E ors. AND CON. ROUTI~ES, THE ARGUKENTS 
Tl ANO T2 ARE TYPE l~SCRIPT01S wlTH THE FULL □ ~ING POSSIBLE 
S,JRFIELOS: 

G~LSSTYP (CONTAINING ELEMPA~T AND STkUCPART) 
CC~?TYP (FUR ALL STRUCTU~tO TYPES) 
OOMTYP (FOR MAPTUP AND MAP TYPES) 
LENTYP (FOR K~T TYPES> 

THE MAC><C (OR FlJ,~CTION) MAKcTYPE FOkMS A TYPE DESCRIPTOR FROM 
SPECIFIEO SUBflELD<;;. ELEMc::Ht.iH MW STRuCTURtO ARE PkfOICA.TtS ON 
l'.<OSSTYPES, wHICH INDIC.ATE H:c PPESUIC[ GR ABSEt~cE OF STRLiCTUREO 
~lTER~ANOS IN THE GROSSTYPES. 
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DEFINEF Tl DIS. T2; 

G ~ G~CSSTYP(Tl} + GROSSTYP(T2>; 
IF ( G * K N T E C • K t • T ) A N D • ( G * M A P S I: r i-; E • T Z } T H t N G a G + U~ T ; ; 
IF ELEMENTAFY(G) THEN PETURN MAK.i:TYPE(G, UM., GM.);; 

I RESULT IS STRUCTUREC - CHECK TC SEE IF ONE DISJU~CT lS ELEMENTARY 
IF ELEMENTARY(GROSSTYP(Tl)) THEN GKOSSTYP(T2) = G; RETUR~ T2;; 
IF ELE~ENTARY(GROSSTYP(T2)) THEN G~ □ SSTYP(TlJ = G; KETUR~ Tl;; 
$ IF WE GOT THI~ FAR, SOTH OlSJUNCTS ~RE STKUCTUREO, SO IT WILL BE 
$ NECESSARY TO CALL DIS RECURSl~~LY TG FltjO TYPES Of CG1PO~ENTSe 
S ALSO, CONVERSION OF COMPONENT TYPE-STRUCTGRE MAY Bf NEEDED. 
C • ST~UCPA~T(G); 
Cl = STRUCPART(GKOSSTYP(Tl)); CZ = STRUCPART(GROSSTYP(T2)); 
IF CC EC. MAFTUP) OR. (C EC. MAP) THEN 

$ IF C EC. MAPTUP, LNE OF Tl A~D T2 MAY N~EO TO BE CO~VERTEO 
i FROM EITHER KNT G~ UNT TO M;,PlUP 
lF <Cl Ee;. KNT) OR. (Cl EQ. L'NT) THEN 

Tl ~ CJNVERT(Tl,MAPTUP); 
ELSEIF CC2 EQ. KNT> CR. (C2 EC. UNT) THEN 

T2 = CONVERT(T2,MAPTUP)J 
!:ND IF; 
RETURN MA~ETYPE(G, COMPTYP<Tll DIS. CDMPTY?(T2>, 

(; 0 MT Y P ( r 1) 0 I S • 0 Gi T Y P ( T 2 > > ; 
ENO IF; 

IF CC EO. MAPSET> O~. (C EQ. SET) OR. (C EC. UNT> THEN 
$ IF C EC. MAP~ET, ONE OF Tl AND T2 MAY kiED TO 3E CO~VERTEO FROM 
$ MtP FOFMAT TO ~AFSET FORMAT 
IF Cl EQ. MAP THEN Tl = CONVEPT(Tl,MAPSET); 
ELSEIF C2 EC. MAP ThEN T2 = C □ NVE~T<T2,~tPSET); END IF; 
i IF C EC. UNT, ONE OF Tl A~O T2 MAY NEED TG &E CCNVE~TEO FROM 
$ KNT FOrfAT TO UNT FORMAT 
IF Cl EO. KNT THEN ll = CONV~RT(Tl,UNT); 
ELSE IF C 2 E O. KN T TH c N T 2 = CC t, VE PT C T 1, U t- T) ; END IF; 
r: E TUR N M A ~ E T Y P E ( G , C u :1 P T Y P ( T ll G I S • C O •,; ?I Y ~ <T 2 l , C ;1 • ) ; 

END IF; 

$ C IS OF TYPE KNT IF ~EGET TrllS FAR 
IF LENTYP(Tl) E~. LE~TYP(T2) THEN 

er = <Ju>; 
CTl = CJrPTY 0 (Tl); CT2 e COMPTYPCT2)J 
(v 1 <=I<= LENTYP(fll) CT<I> = CTlCI> ur:. CT2(I>;; 
RETURN MtKETYfE(G, CT, LENfYP(lll); 

E ~I e, I F ; 

$ n:m::-..-LE:-../GTH TUPLES ARE CF DIFF:d:tlT Lf.t;'.~1!L, so t,LfH MUST 
$ EE CONVERTED TO UNT 
T 1 = C O t-. V E K 1 ( T 1, U ~n ) ; T 2 :a C r_, t. V un C T 2 , U : ; 1 ); 
PElUU~ Mi.KETYPE(G+UNT, CIJMPTYP<Tll urs. cu:~f)iY?{T2), OM.); 

EmJ. DIS; 
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GEFINEF Tl CON. T2; 

G = GRCSSTYP(Tl) * GROSSTYP(T2>; 
IF EL[~ENTARY(G) THEN RETU~~ MAKETYPE<G, O~., OM.);; 

$ RESGLT IS STR0CT0REO - CHECK TO SEE IF ONE CONJUNCT IS ELEMENTARY 
F t L ~ r·i t r l T A R YC G i<: C S S T Y P ( T ll } TH t N G i< 0 ~ S T Y P ( T 2 ) • f ; RE TUR~ T 2 ; ; 
Ii= ELEi'·:UaAPY(GP,USSTYP(T2)) THtN GKCSSTYP(Tl> = G; RETUR" Tl;; 
$ IF ~E GOT THIS FAR, a □ TH CONJU~CTS ARE STRUCTURED, SO IT WILL BE 
1 NECESSARY TO CALL co~ RECURSIVELY TO Fl~D TYPES OF CO~PONENTS. 
1 ALS~~ CQ~VERSION OF COMPONENT TYP~-STRUCTURE MAY BE NEEDED. 
C ~ STRUCPAFT(G); 
Cl = SH'UCPtRT( GriOSSTYP( Tl) )j 
C2 = STRUCPtRT(G~JSSTYP(T2)); 
IF (C EC. MAPTUP) OR. (C EC. MAP) THEN 

$ IF C EC. MAP, ONE OF Tl AND T2 MAY NEED TO BE CONVE~TEO 
$ FROM MtPSET TO MAP 
IF Cl =0• MAPSET THEN Tl * CONVERT(Tl,MAP); 
ELSEIF C2 EQ. MAPSET THEN T2 = CO~VERT<T2,MAP); ENO IF; 
kETURN M~KETYPE<G, CGMPTYP(Tl) CON. COMPTYP(T2>, 

DOMTYP(Tl) CON. OOMTYP(T2)); 

IF (C fQ. :'1t.PSET) OR. (C EO. SET> OR. (C EQ. UNT) THEN 
~ IF C EC. SET, ONE GF Tl AND 12 MAY NEED TO BE CONVE~TEO FROM 
S MAPSET F □ R~tT TC SET FGRMAT 
lF Cl EQ. MAPSET THEN Tl = CGNVERT(Tl,SET)J 
ELSEIF C2 EQ. MAPSET THEN T2 = CONVERT(T2,SET); END IF; 
S IF C EC. U~T, ONE CF Tl AND T2 MAY NEED TO BE CONVERTED FROM 
$ r1!.PfUP FOPM,H TO U;H FORMAT 
IF Cl EQ. MAPTUP THEN Tl = CGNVERT(Tl,UNT>; 
ELStIF C2 EG. ~APTUP THEN T2 • CCNVERT(Tl,UNT); ENO IF; 
?ETURN MAKETYPE<G, COMPTYP(Tl) CON. COMPTYP<TZ>, OM.); 

0,C IF; 

: C 15 CF TYPE K~T IF ~EGET THIS FAR 
If Cl iJf, KNT THEN Tl = CONVERT<Tl,LENTYP(T2»i 
ELS~IF C2 iE, KNT T~EN T2 ° CONVERT(T2,LENTYP(Tl)); 
EtlC IF; 
:; L~:-lTrP<TU EC. LENTYP(T2) THEN 

er:; <ru>; 
CTl ~ CO~?TY~(Tl>; CT2 = CGMPTYP(T2); 
{ ,.. l < = I <:: L ;=.NT Y P l T l » C T < I l • C T l < I > CON• C T 2 < I> ; ; 
F : T l :;. \ M A K E T '( ? E ( G , C T , L E N TY P ( T 1 ) ) ; 

'1- i<.r .. ~! \,. / >- L t N G f H H.' P L E S A R t O F D I F F t R E N T L E N G T H S , S O THE I R 
-.:: Cf/~J 1,ii'.C rrcN n:sr BE FIF. ~ELATIVE ZERO ELEMENT, TZSTRUC 
,: C: TLF. : 1 :·· .~ K :: T Y P E [ C * T GS f R UC , 0 M • , 0 M • ) ; 
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DEFINtF CONVERT<T, NEWTYP>; 
$ CO~VE~TS ST~UCT~RED TYPE T TO NEW GROSS TYPE NEWTYP, WHERE 
S IF THE NE~ GROSSTYPE SHOULL BE KNT, TH~ TUPLE LENGTH IS 
$ PASSED VIA NEWTYP RATHcR THA~ TrlE VALUE -~NT-. 
$ IT IS ASSUMED THAT C~LY VALID CO~VERSIGNS ARE BEING ATTEMPTED 

C = STRUCPARTCGROSSTYP(T)); 

IF CEO. KNT THEN 
IF NE~TYP NE. LNT THEN RETURN T;; 
T s MAKETYPE(GROSSTYP(T)+UNT, 

(DIS: l<sI<sMAX(l,LENTYP(T))J COMPTYP(T)( I>, OM.); 
IF NEwTYP EO. UNT TH€N RETURN Ti 

ELSE Cs UNT;; 
ENO IF C; 

IF CEO. UNT ANO. NEWTYP EQ. MAPTUP THEN 
~ETURN MAKETYPE(GROSSTYP(T)+MAPTUP, COMPTYP(T), TSI>; 

END IF Ci 

IF CEO. U~T THEN 
IF NEWTYP EQ, UNT THEN RETURN T;; 
N s MAX(l, NEwTYP); 
RETURN MAKETYPE(GROSSTYP(T)*KNT, REPL(<CGMPTYP(J)>,N), NEWTYP); 

END IF C; 

IF C EC, MAP THEN 
IF NEWTYP IN. SMAP, MAPTUP~ THEN RETURN T;; 
RETURN MAKETYPE{GRGSSTYP(T)+MAPSET, 

MAKETYPE(KNT,<DOMTYP(T),COMPTYP<T>>,2), OM.); 
ENO IF C; 

IF C EQ. MAPTUP THEN 
IF NEwTYP IN. ~MAP, MAPTUP~ THEN RETURN T;; 
T = MAKETYPE(GROSSTYP(Tl•UNT, COMPTYP(T>, OM,); 
IF NEkTYP EC, UNI THEN RETURN T; 

ELSE C • UNT;; 
END IF C; 

IF CEO. MAPSET THEN 
IF NEWTYP IN. ~SET, MAPSET~ THEN RETURN T;; 
CuMPO~ENT 2 COMPTYP(T); 
NE~COMP = CO~PONENT CON, MAKcTYPE(KNT,<TG=N,TGEN>,2); 
IF COMPO~ENT CON. TUNDEF E~. T~~DEF THEN 
$ ALL □~ ~ULL SET TO BE CONVERTED TO NULL MAP 

NEWCOrP a NEWCOMP DIS. MAKETYPE(KNT,<TUNDEF,TUNOEF>,2);; 
IF GROSSTYP(N~~COMP) EO. TZ T~EN RETURN NEWCOMP;; 
<Cl, C2> ~ COMPTYP{NE~COMP); 
RETURN MAKETYPE(GRGSSTYP(T>*MAP, C2, Cl); 

ENO IF C; 

END ccnVERT; 
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UNT 

SET 

TZ 

FI 6; u R £ I - T E 1V E.µ {J A ()/1 Is £ (). 6 LAT T ( C t:-

FI Q~1 RE -:1. - RE VI 5 E O . S Ll B L fJT TICE 


