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THIS NEWSLETTER DISCUSSES THE PROSLEMS OF REPRESENTATIUN OF MAPS
IN THE  SETL LAMGUAGE. DISALVANTAGES OF The CUHRRENT SCHEME. ARE
SHOWN ANU SOME CHANGLS PROPOStD. .

THES& CHANGES ARE TO BE INCORPOKATED INTO THE NEW VERSION OF
SETL . ‘

lele DISCUSSION OF CURRENT SITUATION

CONSTDER -THE FOLLOWING THREE SETS IN THE CURRENT ~ FORMULATION OF
SETL ‘ o

Fl = (/ 142> 9 <29394> /)
F2 = (/ <142> 9 <c9<394>> /)
F3 = Fl1 + F2

WHEN  USED IN THE CONTEXT OF A MAP REFERENCE wITH TWO VARIABLES,
THESE SETS ARE TREATED IDENTICALLY

F1(293) = F2(293) = F3(2+3) = &

HOWEVERy IN OTHER CONTEXTS, THESE StTS ARE DIFFERENTs EVEN THE
NUMBER OF ELEMENTS IN F3 IS DIFFERENT FRUM F1 . AND F2. IN AN
ITERATION THROUGH ANY OF THESE SETSs THE ORIGINAL ELEMENTS ARE
RETRIEVED IN THE FOrRM IN WwWHICH THEY APPEAR IN THE ABOVE
ASSIGNMENTS, ‘ '

F3 1S A PARTICULARLY PECULIAK CASE 1IN THAT GIVEN THE ASSIGNMENTS:

F4& = F3 LESS <29394>
Fb = F3 LESS <24<394>>
F& AND F5 STILL GIVE F&4(293) = F5(2+3) = 4. NOTE THAT THE

SITUATION ALSO OCCURS 1F ONLY OnE AKRGUMENT IS USED FUOR THE MAP
(F1(2) = F2(2) = <3s4>).

WE THUS MHAVE A SITUATION IN WHICH AN ELEMENT. OF A MAP MAY PE
REPRESENTED IN TWO SEPARATE WAYS wHICH ARt CONSIDERED IDENTICAL
IN A MAP CONTEXTy HUT NOT IN OTHER CONTEXTS. THE SITUATION
BECOMZS  aope COoxPleX  wITh  LOROGER  TUPLESe FC+  EXAMPLEs THE
FOLLOWING ELEMENTS  ARKE  ALL  1UENTLICAL IR A 6-VARIABLE MAP
REFERENCE @ '
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NOTE HOwbVER, THAT THE FIRST Two Akk JDENTICAL FOR A 3-VARIABLE
MAP REFLHENCEs BUT THE THIRD 15 DIFFERENT. ‘

THIS CUNFUSION IS5 BOQUND TO REFLECT ITSELF IN A SOMEWHAT
INNEFICIENT KREPRESENTATION FOR  SeTS  WITH  Tee  CAPABILITY  OF
SUPPORTIMNG apLL OMFESATIONS COKRECTLY. THIS 1S BECAUSE AN EFFICIENT
REPRESENTATION FOR Mar USE MUST Tkeal THE VARIOUS POSSIBILITIES
AS IDENTICAL, BUT wITHOUT LOSING Tht ODISTINCTIONS. THIS BECOMES
EVEN HAKULP IN THE CUONTEAT OF THE AbBOVE EXAMPLE WwHERE ALL THREE
ARE IDENTICAL IN ONE CONTEXT AND ONLY TWO AREe IN ANOTHER CONTEXT.

le2e METHODS OF STORAGE OF MAPS

THERE SEEM  TO BE THREE POSSIBILITIES FOR STORING SUCH COMPLEX
STRUCTUKES: ‘

1) STOKE THE SET IN TwO FOKMS, ONE SUITABLE FOR MAP REFERENCES,
ANOTHER SUITABLE FOR OTHER GPERATIUNS.  IN GENERALs N
REPRESENTATIONS MAY 14 REGWUIRED FOUR MOST EFFICIENT
REPRESENTATION WHERE N=TUPLES AKE INVOLVEU. '

THIS SOLUTION OIVES EFFICIENT ACCESS IN ALL MODESs oUT IT IS
FAIRLY CLEAR THAT IT IS NOT ACCEPTABLE BECAUSE THE EXPENSE OF
MAIN= TAINING THE MULTIPLE REPKRESENTATIONS IS TOO HIOH.

2) STORE THE SET wlTH ALL 'SIMILAR' ELEMENTS COMBINEDs EACH
ELEMENT CONTAINING ENOUGH  INFOKMATION TO KECONSTKRUCT THE
ORIGINAL SET ELEMENTS.

AS WE HAVE SEENs N=TUPLES HAVE MANY POSSIBLE SIMILAR FORMS.
GIVEN THE N TUPLES

<A19AZQ.....c..oAN>

THERE CAN BE ANOTHER < FOLLOWING ANY COMMA AND A SIMILAR FORHM
IS YILLDEDs THUS THE NUMBER OF POSSIBILITIeS IS 2%#(N-1)
WHICH CORKESPFONDS TO (N=1) IHNOEPENDENT CnOICES OF PUTTING <
AFTER THE (N=1) CUMMAS. '

A GIVEN SET CAN CUNTAIN OR NOT CONTAIN ANY OF THE 2#3#(N-1)
FORM>s THUS EACH N=TUFLE MUST CONTAIN g##(N=1) BITS TO
INDICATE  THE  ELEMENTS PHRESENT IN THE SET. THIS IS AN
EXPLOSTIVE NUMRER AND RULES THIS POSSIBILITY OUT WITHOUT
NEEDING TO CONSIDER  THE FROSBLEMS INVOLVED IN  ACCESSING AND
MODIFYING SETS STURED IN THIS FASHION
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3) THE THIRD POSSIBILITY IS TO KECOGNIZE THAT THERE ARE TWO
KINDS OF TUPLES IN Tnk SET:

A) PATRS (TUPLES OF 2 ELEMENTS)
B) TuPLES OF MUKE THAN ¢ tLeMENTS

SUPPOSF THAT FOR EACH HEAD VALUE X» TWO ENTRIES ARE MADE IN
THE SET F@

i

FXP SET UF 2ND ELEMENTS OF ALL PALRS WHOSE HEAD IS X

FXT SET OF TAILS OF ALL TUPLES whHOSE rIRST ELEMENT IS X

THE VALUF OF F(/X/) 1S FXP+FXxTs THIS UNION MUST ACTUALLY BE
COMPUTED IFf BO0TH SETS ARE  NON-NULLs BUT ALMOST NU PROGRAMS
USE  SUCH MIXED FURMS SO A SIMPLE OPTIMIZATION PREVENTS THE
COMPUTATION OF TH1S UNION IN Trbk NORMAL CASE.

THE SETS FXP AND FXT TREAT PALIRS AND TUPLES IN A CONSISTENT
MANNE R,y SO  THAT THE SPLITTING OCCURS AT EACH LEVEL «
CONCEPTUALLYs THIS RESULTS IN ODIVIDING THE SIMILAR ELEMENTS
OF AN N TUPLE INTOQ Z2#% (N=1) StTs EACH OF wHICH [S EITHER NULL
OR COUNTAINS A SINOLE ELEMENT.

THIS RFPRESENTATION vwllLL bE wuilTe EFFICIENT IN PRACTICE SINCE
EITHER ONt OR THE OTHERs BUT MUOT 8BOTH SETS wlbLL BE PRESENT.
HOWEVERs  UEALING WITH THE UNUSUAL CAStS IS COMPLEX AND
REQUIRES A LOT OF SPECIALLIZED AND PKROBABLY CLOSE TO USELESS
cobt. '

le3e A SUGGESTED CHANGE

THE FORMULATION OF A SETL RUN TIME SYSTEM BECOMES MUCH SIMPLER IF
THIS CONFUSION 1S PEMOVED. GOING BACK TO THE ORIGINAL EXAMPLEs WE
MUST  DECIDE wWHETHER <29394> UR <29<3¢4>> IS  THE PREFERRED FORM
FOR MAP LLFMENTS.

ONt OF THESE IS A TwO ELEMENT TUPLEbs THE OTHER IS A THREE ELEMENT
TUPLE. THe CURKERNT SEMANTICS THEAT THESE CASES QUITE DIFFERENTLYS
THE RESULT OF A MAFPING OPERATION 1S Trk TALL OF THE TUPLE UNLESS
IT CONTAINS EXACTLY TwWO ELEMENTS, I wnlCh CASE IT IS THE SECOND
ELEMENT.

THIS LEADS TO SUCH ANOMALIES AS:

F
B

(/7 <A4RC> /)
FA) EQ <ByC>

I

B IS TRULe UNLESS C IS5 UNDEFIKNEDy iN WHICH CASEs B8 IS FALSE SINCE
FOAY = 1 (NOT <ti>).
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Wt HAVE THE RELATIONS:

F1(2y3) = Fli/2/)(3)
Fe(zy3) = Fe(rs2/) (3)

THESE  OERIVE FhkOtt THE  SET THEORETIC BAS1IS UF SETL AND wE DO NOT
WISH TO INVALIUDATE THeMe NOw IT 1S CLEAR THATS

Fetrser)y = (/ <394> /)

SINCE THE MAPPING GPERATION MUST WORK ON- PAIRS, THIS MEANS THAT
Fel2e3) MUST vk & SO THAT <29<3¢4>> MUST BE ALLOWED AS A MAP
ELEMENT FOUKM,

WHAT ABUUT F17 CAN WE EXCLUDE THE TRIPLE <29394> AS A MAP ELEMENT
FURM? Tt AMSwbr  TO THIS IS THAT wE CAN AND NO INCONSISTENCIES
RESULT. IN THIS CASEs

Fl(s2/7) wiLt #E THE NULL SET
F1l(293) VILL bE UNDEFINED

SINCE Onbk~vARIARLE MAPS ARE REPKESENTED ~ AS SETS OF TWO-ELEMENT
TUPLESy IT WAS NATURAL ENOQUUH  TO EXTEND THIS TO THE
REPRESENTATION  OF TwO=-VARIABLE MAPS wITH THREE-ELEMENT TUPLES)
BUT THIS EXTENSION IS NOT COMPATIBLE WITH UFRTER REQUIREMENTS  ON
MAP SEMANTICSe

IT 1S THyUs SUGGESITED THAT ONLY PAIRS BE ReLEVANT TO THE MAP
SEMANTICS. SETS MAYs AS USUALs CONTALIN OTHEK YJUNK' ELEMENTSY 3UT
THESE DO NOT AFFECT #aP USE. TRIPLES AND LUNUGER TUPLES AKE SIMPLY
SPECIAL CHSES OF TJUNKY ELEMENTS, o

IF A 6-tcbLbmpENT TUFLE IS TO 8E PLACED 1IN A MAP IN SUCH A wAY AS TO
ALLOW A S=vaRIAblLE MAP REFERENCEs 1T MUST APPELAR IN THE FORM:

<Al 9<AZr<AH39<AGI<AD I AED>D>>D>>

ek IMPLEMENTATION ADVANTAGLS

FIRSTs THF STURAGE OF SETS 1S GREAITLY SIMPLIFIEDs IT IS MERELY
NECESSAKY TO GATHER ALL PAIRS WITH A COMMUN HEAD -X  AND STORE THE
PAIR <X+F (/Xx/)>¢ THIS IS EFFICLENT BOTH FOR MAP REFERENCE AND
MEMBERSHIF, 1T IS A LITTLE INCOUNVEMIENT FOR  ITERATIONs BUT IS
MUCH BETTER THAN THE ALTERNATIVES wW1ThOUT TH1IS CHANGE.

ANOTHER ADVARNTAGE IS THAT SETS 0F LONo TUPLESs WHICH CAN OFTEN
OCCUR IN  HNON=~MAP CONTEXTSs AREe STURED [N AN EFFICIENT MANNER AND
ARL  NQOT *aporbN UPY TO ALLOW FOR THe POSSIBILITY OF NON-BEXISTANT
MAP REFERENCES. ’
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THE RUNTIME L1ERARY IS REDUCED IN SIZE SINCE THE OPERATIONS TO BE
PLKFORMeD aARE SIMRLIFIED AS wWELL AS MOKE EFFICIENT.

1.5, SOMF LANGUAGE LXTENSIONS

IF ELEMENYS ARE PLACED IN A MAP IN THE MODIFIED LANGUAGEs ONE OF
THE FOLLOWING FORMS MUST BE USED (S~vakIABLE MAP EXAMPLE)

A WITH <Al 4<AZs<A33<AGI<ADIADD>>>>
F(AlyACyA34A4sAD) = A6

NOTE: THt STATEMENT A WITH B MEANS A = A WITH B.

THE FIRSY FORM IS A LITTLE AwKwARDs BUT IT CAN BE ARGUED THAT THE
SECOND  FORM 1S MORE DESIRABLE IN ANY CASte FORMING A MAP USING
THE SECOND  FUKM  INVOLVES AN ITERATION RATHER THAN THE USE OF A
SET FORMER,

FOR MULTI-VALUED REFEREMNCESs THE Tw0O FORMS ARE:S

A WITH <A1 ¢<A29<A39<A49<ADIALD>D>>D>
F(/Al9A24A39AGIAS/) wWIiTH AO

ITERATIONS - PUSE ANOTHER PROBLEM. IF X IS AN ELEMENT FROM A
5-VARIAoLL MAPs THEN KEFERENCES TO ITS COMPUNENTS TAKE THE FORM:

X1

X{e)(l)

X(2)(2) (1)
X(2)(e) 2y l)

X(2) () (2)y(2) (1)
X(2) (2)(2)(2) (2) (1)

THIS ADMITTEDLY IS SOMEWHAT GRUESOMEs ALTHOUGH MAPS OF THIS MANY
VARLTABLES ARE NOT  COMMONS TWO NEW 1TEKATOR FOURMATS ARE PROPOSED
TO S0Lve THIS PROBLEM AS WwELL AS MANY OTHER PROBLEMS WHERE THEY
PROVIDE ™MORE ATTRACTIVE FORMS.

1) IN THt FoRMS:‘
(/ Py g=>R t C /)
?2Q=>R \ C
wBQA->K \ C
Q@ MAY RE A GENEKAL LEFT HAND SIDE. THE MEANING IS THAT
ELEMENTS ARE DRAWW FROM THE SET AND ASSIONED ONE AT A TIME TO
Q@ USIHG THE NORMAL ASSIONMENT StMANTICS.
IN THF CASE OF I1TERATING THROUGH A Z=VAKIABLE MAPy wE COULD
HAVE S :
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TCX9<Y 4 75>=>K \ C(X9YsZ)
THIS TESTS FOR AN ELEMENT IN KR MEETING THE CONDITION C WITH

ELENLINTS XeYeZ wHICH ARE SET AND  LEFT SeT IF AN ELEMENT IS
FOUND :

THE SECOND FORM 1S SPECIALLY INTENDED FOR ITERATING THROUGH
MAPS. 1T IS Snuwl  IN AN EXAMPLE IMITATING THE ONE GIVEN
AgBOVE:

22=F (XeY) \ C(XsYsl)

ALL THE ‘OBVIOUS EXTENSIONS TO UTHER CASES  ARE ALLOwED. IN
PARTICULLARY THIS FUKM CAN BE USED TO ITERATE THROUGH TUPLES:

(uX=TUPLE(I)) BLUCK;

AND ALSO CAN BE UJUSED WITH MULTI-VALUED MAPS TO OBTAIN IMAGE
SETS INSTEAD OF INDIVIDUAL PAIRS: L

(/ #8 4y B = F(/A/) N\ A > 3 /)
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