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J1~ THIS NUTE, WE WILL DESCRIBE A NEW APPROACH TO AUTOMATIC DATA• 
STRUCTURE SELECTION. THE BASIC lDEAS ARE TAKEN FROM 
PREVIOUSLY SUGGESTED ALGORITHMS BY SCHWARTZ, LIU ANn 
SCHONBERG, HOWEVER, THERE ARE SEVERAL MAJOR CHANGES THAT 
~AKE THE NEW ALGORITHM MUCH SIMPLER, AMONG THESE AREi USl~G 
8FROM ANU FFROH MAPS INSTEAD or VALUE-FLOW HAPS. AND 
DISPENSING ALTOGETHER WITH A PHASE WHICH INSERTS tLOCATEt 
I ~S TRUCT 1 ONS INTO THE CODE, 

LET US FIRST DESCRIBE OUR AUTOMATIC DATA•STRUCTURE SELECTION 
ALGORITHM HEURISTICALLY: 

(1) VARIA8LE OCCURENCES IN A COUE TO 8E PROCESSED ARE DIVIDED 
INTO THREE CATEGORIES: 

( A ) P RO .. t; AS I NG O CC UR ENCE S : TH ES E ARE O C CURE N C ES I N f ~JS T ~UC T I O 11 S 
TllAT WOULD HAVE BEEN EXECUTED MUCH FASTER IF THESE occuqE~CES 
hERE PROPERLY BASfD. WE REQUIRE THAT THE GROSS TVPE OF EACH 
SUCH OCCURENCE (AND SOMETIMES A~SO Of ITS SIBLING OCCURENCES 
I ; J TH E S A ME I I~ S T R LJ C T I ON ) 8 E U NA M 8 I GUO US , A N D TH A T I T SU OGE S T A 
RASING (WITH THE FXCEPTION or PRO•HASING OCCURENCFS T4AT ARE 
TO HE REPR~D AS ELEMENT•OF•BASE), FOR EXAMPLE, IN A Qt~ADD 
I l~S TRUCT I ON, EACH QCCURENCE IS PROeBAS I NG, IF ALL ARE S~TS OR 
MAPS, BUT NOT IF THEY ARE TUPLES, INTEGERS, OR STRINGS, 
IN THE INSTRUCTION -T ~= s WITH x,_ EACH OCCURENCE IS pqo-BASINn 
IFS AND TARE SETS, BUT NOT IF THEY ARE TUPLES. IN THE 
INSTRUCTION ,rcx> := YJJ y IS NOT PRO-BASING; X AND r ARE PRO
BASI~G IF F IS A MAP, BUT NOT IF F IS A TUPLE OR A STRING, ANn 
CERTAINLY NOT IF F IS AMBIGUOUS, 

CR) NEUTRAL OCCURENCES <USUALLY WITH RESPECT TO SOME GIVEN BA~ING): 
THESE AR~ UCCURENCES, GENERALLY HAVING UNAMBIGUOUS TYPE~ IN 
INSTRUCTIONS WHOSE EXECUTION SPEED IS VIRTUALLY UNAFFECTED IF 
THESE OCCUHENCES HAVE THE GIVEN BASING, OR ARE UNRASEn, THESE 
CCCURENCES NEITHER SUGGEST SUCH A BASING NOR FORRID IT, 
ANC WHETHER THEY SHOULD BE BASED OR NOT DFPENnS ON THEI~ LINKS 
TO PRO•BAS l NG OCCURENCES, FOR f:XM1PLE, Pl '#Y : = F C X) J t V IS 
~EUTRAL WITH RESPECT TO ANY GIVEN HASING, EVEN IF IT HAS AN 
AMBIGUOUS TYPE, AS LONG AS F IS A MAP OR A TUPLE. IF F tS 
Ai18JGUOUS, OR A STRING, THEfJ Y JS NOT NEUTRAL, BUT ANTI•BASINn 
CSEE (C) 8ELO~). IN THE ASSIGNMENT '#Y := XJ- BOTH X AND V ARE 
NEUTRAL fOH A REPR ELEMENT~OFPAASE, NO MATTER WHAT THEIR TYPE IS, 
BUT FOR OTHER REPRS, THEY ARE NEUTRAL ONLY IF THEIR TYPES ARE 
NOT AMBIGUOUSJ IF THEY ARE, TH(l>J THESE OCCURENCES ARE ANTI-BASING. 
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(C) ANTI•BASING OCCURENCES: THESE ARE OCCURENCES IN lNSTRUCTinNq 
WHOSE EXECUTION WILL RE SLOWED OOWN CONSIDERABLY IF THESE 
0 CCUf--<ENCES ARf. 8 ASED • IN TH IS CATEGORY Wf. ALSO HJC:L!IDE 
CCCURENCE:S HAVING AMBIGUOUS TYPE, WHICH RARS ANY MEANINGF'UL 
BASI~G, FOR EXAHPLE, AN OCCURENCE OF ANY NEWLY CREATED PRIMITIVE 
VALUE IS ANTI-BASING, AS Y IN -y := X + 11-. (IT IS NOT CLEAR 
WHETr!ER X SHOULD ALSO BE ANTI•BASING, OR ,"1ERELY PASSIVE.> 

<2) AFTEH THIS CATEGORISATION OF OCCURENCES, OUR AIM IS TO 
ENSURE THAT EACH PRO~BASING OCCURENCE SHOULD RECEIV~ PROPER BASING, 
THIS IS ACCOMPLISHED BY THE INITIAL PHASE OF OUR ALGORITHM, EACH 
1rJSTRUCTION WJTH PRO~BASING OCCURENCES WILL GENERATE ITS OWN 
BASE(S) AT THIS STAGE, LATER ON, THESE BASES WILL BE ME~GED 
WITH OTH~R BASES, AS BASING INFORMATION IS PROPAGATFD BETWEEN 
I i~STRUCT I ONS, 

(3) LET V01, V02 ~E TWO OCCURENCES OF THE SAME VARIABLE. IF 
THEY ARE LINKED BY THE BFROM MAP, IF BOTM ARE OF TH~ SAME TYPF, 
ANC IF ONE OF THEM HAS ALREADY RECEIVED A BASING AND TH~ OTHER JS 
PRO~BASING, OR NEUTRAL WITH RESPECT TO THIS BASING, THEN THE 
SEc □ r1D OGCURENCE SHOULD HAVE THE SAME BASING AS THE FIRST ONE, 
~NC IF IT HAS ALREADY RECEIVED SOME OTHER BASING, THEN 
THESE BASINGS SHOULD RE MERGED, 

(4) ~O ANTl-~ASING OCCURENCE SHOULD RECEIVE A BASING, TMIS COtJDITJON 
hill BE FULFILLED AUTOMATICALLY, IF BASINGS ARE ASSIGNED ONLY 
BY THE PHINCIPLES (2) AND (3) AUOVE, 

<5) (iASES SHOULD RE SUPPRESSEU IF" THEY SUPPORT ONLY O~JE COMPOSITE 
CAJECT (SET OR MAP). 

(6) A VERY DELICATE ISSUE ARISING IN PREVIOUS DATA-STRUCTURE 
CHOICE ALGURITHMS WAS THE INSEHTION OF ?!LOCATEJ! nPERATJrlNS INTO 
THE CODE AElNG PROCESSED, THESE OPERATIONS COMPUTE 8ASE 
POINTERS FOR ELEMENTS OF A AASE, INSERTING THEM INTn THE 
BASE IF NECESSARY. THIS PROBLEM IS STILL DELICATE, RUT 
IT HAS NOW BEEN SHIFTED TO THE NAME•SPLITING PHASF OF TME 
OPTIMIZER (TO BE nESCRIBEO IN A COMING NEWSLETTER>, WHEqE IT IS 
TREATED AS A SPECIAL CASE OF" A GE1JERAL COr-JVERSIOM INSERTION 
ALGORITHM, THUS, WE CAN IGNORE THIS PROBLEM COMPLFTFLY IN THE 
PRESENT ALGORITHM, SIMPLIFYING IT CONSIDERABLY, 

(7) THE Fll\lAL PHASE OF REPRESEtJTATION REF'INEMENT, WI-IICH CHOOSES 
REMOTE, LOCAL OR SPARSE REPRESENTATIONS rnR BASFD OBJECTS, IS STILL 
08SCURE, AND AT THIS MOMENT WE DO NOT SUGGEST ANY NEW IOEAS, 
BUT CONT 1 NUE TO use THE COARSE, p~~EV I OUSLY sunGESTEn ~EllR I ST I CS 
TU DETERMINE THE nETAILED REPHESENTATION OF BASED ORJECTS. 

THESE HEURISTICS SUGGEST A RATHER SIMPLE ALGORITHM TO PERFORM 
AUTOMATIC UATA STRUCTURE SELECTION, SOMEWHAT RESEMBLING THE 
TYPE FINUER, A SKETCH OF SUCH AN ALGORITH~ IS GIVEN BELnw: 
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THE INPUT TO THIS ALGORITHM COt!SISTS OF" THE DATA F"LOW MAPS BF"ROM 
AND FFROM, AND THE TYPE MAP -TYP-, WHICH GIVES THE COMPUTED TVP~ 
OF EACH OCCURENCE. 

THE OUTPUT OF THE ALGORITHM IS ANOTHER MAP ON OCCURENCES, CALLEO 
-□ I~REPR,, MAPPING EACM OCCURENCE TO A SUGGESTED REPR, THE 
SV~BCL TABLE IS ALSO UPDATEn AV ADDING NEW BASE nEFINITIONS, RUT THE 
ACTUAL FORM or REPRED VARIARLES IS NOT MOnIFIEO TILL THF NAHE
SPLITTil~l:l PHASE. 

1, INITIALIZATION 

FOR EACH INSTRUCTION CONTAINIHG PRO .. BASING OCCURENCES, 
GENEHATE A HASE (TEMPORARILY UNIQUE TO THE INSTRUCTION), 
co~PUTE ITS FORM FROM THE -TYP- OF THE PRO•RAStNG OCCURENCES, 
AND MODIFY THE OI~REPR MAP Of THESE OCCURENCES TO THE 
APPROPRJATE BASED REPRESENTATIONSJ 

WORKPILE :: S [VO, OJ~REPR(VO), UP ... OOWN]: VO IS PRO~RASING?: 
(WHERE UP ... DOWN IS A PROPAGATION DIRECTIVE, 
INUICATING PROPAGATION THROUGH riOTH BFRO~ AND FFR~M LINKS), 

2, BASE PROPAGATION 

EQBASES := NLJ $ AN EOUIVALENCE RELATION ON BASES 

(W~ILE WURKPILE /= NL> [VO, PRoP~REPH, KEVl FROM WORKPILEJ 

CASE: KEY OF 

( UP ... DOW!'J): 
(v V01 ➔ BFROHSVO~ + FFROMSVO~ • TYP(Vn1> = TVPCVO) 

$ LET ~s EMPHASIZE AGAIN THAT QUR ALGORITHM INSISTS ON PRnPAGATINn 
$ 8 AS P 1 GS ALONG BF ROM LINKS ONLY TO OCCURE~JCES WI TH THE SAME TYPE, 
$ THIS IS A RESTRICTION WHICH SltlPLIFIES THE LOGIC OF THE ALGnRtTHM, 
$ AVOIDING SEVERAL ISSUES THAT OTHERWISE WILL ARISE. SEE ALSO 
$ REMARK Cl) AT THE END OF THE ALGORITHM, 

AND NOT IS ... ANTI..,BASINGCV01, PROP~~EPR)) 

NEW ... REPR :: MERGf:(VOl, PROP-.REPR)J 
IF NEW ... REPR /= NL THEN 

WORKPILE + ~ (V01, NEW..,rlEPR, JN ... INST] • 
tV01, NEW~REPR, UP-.DO\IJ~J] ?.J 

END IFJ 
E:i\/D ., J 
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( IN..,INST): 
INST ... occs : = TUPLE or THE OCCURe::NCES IrJ T~E 

INSTRUCT!Oi,l Of VOJ 

NEW~REPRS := PROP ... IN ... INST(INST ... occs, VO, PROP ... REPR)J 
$ PRCP..,JN ... INST PROPAGATES THE BASING Of VO THROUGHOUT ITS 
$ nisn;ucTION, HETUPNING A TUPL.E COflTAININ~ NEW REPRS or: !=ACH 
$ CCCURENCE IN THE INSTRUCTION, 

(" V01 :: INST..,QCCS(K) , NEW..,REPR I= NEW..,REPRS(K) /: NL) 
WORKPILE WITH [V01, NEW..,REPR, UP ... DOWNll 

END YJ 

ENLJ CASE; 
END wHILE; 

PROC ME:RijE(VO, REPR)J 
$ THIS ROUTINE MERGES THE CURRENT REPR OF VO WITH THE GIVFN REPR, 
$ ALLO~ING ALSO MULTIPLE BASINGS, THUS, THE ot ... REPR or AN 
$ CCCURENCE HlLL BE A SET CONTAINING ONE OR SEVERAL R~PRS, 
$ MERGE (VO, P RQP..,REPR) COMP A FH:S EA CH RE PR If~ THE PRESF-NT 
$ OI~REPR(VO) WITH FACH REPR IN PHOP-,REPR, LOOKING FOR MATCHING 
$ REPR PATTERNS. E.G. ➔ 81 AND ➔ 82 ARE CONSIDERED AS HAVINA THE 
$ SAME PATTERN, WHEREAS ➔ Bi AND SET( ➔ 82) ARE NOT, EACM MATCHED 
$ PAIR OF PATTERNS IMPLIES EQUIVALEtJCING THE CORRESPONDINA 
$ BASES. WITHOUT CAUSING ANY MOUIFICATI □ N or OI~REPR(VO), AND 
$ IP THERE EXISTS A REPR IN PRQP-,REPR WITH NO MATC~INn REPR 
$ IN Ol-,REPR(VO), WE ADD THIS REPR TO QI ... REPR(VO), AND CONSIDER 
$ 01 ... REPR<VO) TO HAVE BEEN MODirIED. 

OLD~REPR :: QJ ... REPR<VO); 

~EI-J ... REPR I= NL; 
(Y REPR2 ➔ PROP~REPR) 

IS-,NEW 1: TRUEJ 
(Y REPR1 ➔ OLD ... REPR) 

tlS~SAME ... REPR, 8ASEA1, BASEA2] := 
EOUATE.,REPRS(REPR1,REPR2)J 

$ EO~ATE ... REPHS COMPARES TWO REPHS OF THE SAME OCCUR~NCE. 
$ WHILE DO I NG SO, IT BUILDS TWO 8ASF ARRAYS CORRESPOND PIG TO 
$ THESE REPRS, THE RASE ARRAY OF" .A GIVEN RF.PR IS DF.F'INEn AS 
$ FOLLOWS: EACH MODE OF THE FORM ~e IS CONSIDERED AS eEINn 
$ PRIMITIVE, EQUATE~REPRS PARSES EACH GIVEN REPR TO ORTAIN 
$ A PARSE TREE, WHOSE LEAVES ARE THE PRIMITIVE MODFS IN TMAT 
$ REPR. THE LEAVES ARE THEN ARRANGED IN THEIR POSTORDER, AND 
$ IF THE I-TH LEAF IS AN ELEMENT-Of-BASE Mone, THEN T~E I-TH 
$ CO~PONENT OF THE RASE ARRAY IS THE CORRESPONDING BASE NAME; 
$ OTHERWISE, THAT COMPONENT IS UtllJEflf'JED, F'nR EXAMPLE~ THE AASE 
$ ARRAY OF THE HEPR MAP( ➔ 81) MAP(INT) ➔ 82 IS tB1, OM, 821, 
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$ IF THE SAM~ PARSE TREE <EXCEPT Fon THE LEAVES) IS ORTAINEO FOR 
$ BUTH REPRS, THEN THE RASES IN THEIR ARRAVS SHOULD B~ MERGED 
$ CO~PCNENTWISE. IF THE ARRAY or THE SECOND REPR CONTAI~S A 
$ COMPONENT a, AND THE CORRESPONDING COMPONFNT OF THE FIRST 
$ ARRAY IS UNDEFINED, THEN NO MERGING IS NE;DEOJ REPRi IS DELETED 
$ FROM Ol~REPR(VO> AND IS REPLACED RY A REPR WITM THE SAMF PARSE 
$ TREE, BUT lN WHOSE BASE ARRAY UNDEFINED COMPONENTS ARE REPLACED 
$ BY THE CORRESPONDING BASE NAMES IIJ THE BASE ARRAY OF REPR2, 
$ OI~R~PR(VO) SHOULD RE REGARDED TO HAVE BEEN MODirIEn, 

IF IS~SAME~REPR THEN 
IS~NEW :: FALSE; 
(v I :: 1 ••• ~RASEA2) 

IF (81 :: 8ASEA1(I)) = OM THEN 
IS~NEW ;: TRUE; 
8ASEA1(l) := BASEA2<I>J 

ELSE 
EDBASES WITH [81, 8ASEA2CI)]J 

END IFJ 
END YJ 

IF IS~NEW THEN 
$ A PRlMITIV~ TYPE IN REPR1 HAS DEErJ REPLACED BY AN ELEME~T OF 
$ BASE MODE, CONSTRUCT THE CORRESPONDING NE~ REPR, AND DELETE 
$ REPR1 FROM UI~REPR, 

REPR2 := HODlFY~REPRCREPR1, 8ASEA1)J 
OI~REPRCVO) LESS REPR1J 

END JF; 
QUIT v REPR1; 

tND IFJ 

ENU v kEPRl; 

IF IS~NEW THEN 
$ REPR2 HAS NO MATCHING REPR IN Ol~REPR, IT SHOULD ne ADD~O TO IT 

NEW~REPR WITH REPR2J 
END JF; 

END v REPR2J 

Ol~REPR(VO) + NEW~REPRJ 
RETURN NEW~HEPR; 
END PROC MERGE; 

PROC PROP~IN~JNST(OCCS, VO, PROP~REPR)J 

$ THIS ROUTINE RESEMBLES THE ~FORWARD~ AND ~BACKWARDS~ 
$ ROUTINES IN THE TYPE FINDER. IT CONSISTS OF A HUGE CASE 
$ STATEMENT ON THE OPCODE OF THE lNSTRUCTIOfJ, FOR EACM 
$ CPCODE, HE PROPAGATE THE REPR OF ONE OCCURENCE TO THE OTHER 
$ OCCURENCES IN THE INSTRUCTION, HERGIN~ R~PRS AND LOOKIN~ 
$ FOR CHANGED REPRS, BY USING THE MERGE ROIJTINE ABOVE. 
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$ ITS OUTPUT IS A TUPLE ~NEW~REPRS~, CONTAINING THE OUTPUT 
$ OF THE MERGE ROUTINE FOR EACH ARGUMENT OF THE INSTRUCTinN, 
$ WE S~ALL GIVE BELOW THE TREATMENT FOR ~01~WITH~: 

~VO :: ARGNO(VO)J 
CASE OPCUDE(lNSTNO(VO>) OF 

(Q1~WITH, Q1~LESS): 
$ tT := S WITH XJ~ 

IF NVO = 3 THEN $ PROPAGATING FROM THE ix-
NEW~REPRS := 

[MERGE(OCCS<I>, MAKEREPRCGROSSTYPCTVP(OCCS(l))), 
PROP~REPR)) : I := 1 .,. ?] 

WITH NL; 
$ THE THIRD COMPONENT OF NEW~REPRS IS EMPTY, AS WE PRnPAGATE 
$ FROM THE THIRD ARGUMENT IN THIS CASE, THE FIRST TWO COMPONENTS 
$ ARE OBTAIN~D AV MERGING THE REPHS OF THE rIRST TWO ARGUMENTS 
$ WITH THE REPR ~SET(PROP~REPR)t OR ~HOMOGENEOUS TUPLF.(PRnP~REPR)i 
$ CEPENDING UN THF GROSS TYPE or THE FIRST TWO OCCURENCFS. 

EL~E 
NEW~REPR 1: MERGE<OCCS(3), COMPTYP(PROP"REPR)>: 

$ ~ERGE THE REPR OF THE ~X~ OCCURENCE WITH THE FLEMENT REPR 
$ CF PROP~HEPR, DO NOT MERGE If PROP"REPR IS NOT COMPnSITE. 
$ THEN MER~E PROP"RFPR WITH THE REPH OF THE OTHER COMPnStTE 
$ ARGUMENT, AND CONSTRUCT NEW"REPRS ACCORDINGLY. 

IF NVO = 1 THEN 
NEW~REPRS 1= 

[NL. MERGE(UCCS(2), PROP"REPR>~ N~W"R~PR]J 
ELSE 

NEW"REPRS 1= 
[MERGE(0CCS(1), PROP"REPR), NL. N~W"R~PR)J 

END IF; 
ENU lFJ 

. . ' . . 
END CASE; 

RETURN NEW"REPRSJ 
ENC PROC PHOP~IN"JNSTJ 

PROC IS~ANTI"BASINGCVO, PROP"REPR>; 

$ THIS ROUTINE DETERMINES, FOR A GIVEN OCCURENCF AND A 
$ GIVEN REPR, WHETHER THIS REPR CAN HE PROPAGATED TO THAT 
$ CCCURENCE, IT ALSO CONSISTS OF A CASE BRANCHING ON TflE 
$ OPCODE OF THE OCCURENCE AND ITS TVPE, 
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$ AS BEFOR~ WE SHALL GIVE BELOW ONLY FEW TYPICAL CASES: 

~VO := AHGNO(VO)J 
CASE OPCODECINSTNOCVO)) OF 

ca1 ... wITH, Q1 ... LESS): 

$ FOR EACH AHGUMENT IN SUCH INSTRUCTIONS, Af,JY PROP .. REPf{ IS 
$ PERMISSl8LE, AS LONG AS THE COMPOSITE ARGUMENTS HAVE FQIJAL, 
$ UNAMBIGUOUS 1YPES. 

RETURN IF" T := TYP(QJ ... $1FJ<Vn,1)) /: TVP(OJ ... SIRCV0.2>) 
$ UNEO~AL TYPES or TH~ FIRST TWO ARGUME~TS 

OR 1S"AH8IG<GROSSTYP(T)) THEN TRUE ELSE FALSE ENDJ 

( rn ... NEL T): 

RETURN IF NVO = 1 
OR PRJMITIVE(PROP~REPR) 

$ Ai~ ELEMENT OF BASE REPR (WHICH IS REGARDED AS A PRIMITIVE REPR) 
$ FOR THE COMPOSITE ARGUMENT SLOWS DOWN TH~ COMPUTATION, SO THAT 
$ VO IS ANTI-BASING roR SUCH A REPR (RECALL THAT SUCH A REPR IS 
$ co~SIDERED TO BE PRIMITIVE). 

• • • • 

QR IS"AHBIG<GROSSTYP(TYP(VO))) 
THEN TRUE ELSE FALSE ENllJ 

END CA~E; 

END PROC IS~ANTI~BASING; 

REt,; AhK: -------
THE APPROACH SKETCHED ABOVE IS MORE CONCERNED TO MINIMIZE SPA~E 
~SAGE THAN TIME USAGE BY THE ALGORITHM, 
AtJ ALTERNATIVE APPROACH MIGHT COMPUTE SEVERAL AUXILIARY MAPS 
I~ A PRE•PASS THROUGH THE CODE, WHICH CONTAIN THE NFCESSARY 
INFORMATION CONCERNING BASING PROPAGATION THROUG~l AN 
INSTRUCTION, AND THE PRO• QR ANTI-BASING NATURE OF OCCU~ENCES, 
SO THAT THE CORRESPONDING ROUTINES CAN BECOME SHnRTFR A~D 
FASTER, A STRUNG ARGUMENT IN FAVOR OF THE SECOND APPROACH, JS 
THAT OUR ALGORITHM PROPAGATES INFnfH1ATIOM ALONG PATHS ~J~ICH 
HAVE ALREADY BEEN USED Hy THE TVPF: FINPER, SO THAT POSSIRLY 
~E CAN AVOID DUPLICATION OF THE CUMRERSOH~ TYPE rtNnI~G 
ROUTINES IN OUR ALGORITHM (WHICH JS, UNF(HHUNATELV, WHAT THE 
FIRST APPRUACH DOES), AT PRESENT, THE EXACT NATURE OF TME 
IilFORMATlON TU BE COLLECTED IN SUCH A PRF.-PASS IS NOT YFT 
CLEAR TO US, THIS IS WHY WE HAVE DESCRIBEn ABOVE THF OTMER 
APPRCACH, THIS IS A SUBJECT FOR FllRTHER RESEARCH. 
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3, BASE ADJUSTMENTS 

-------------------
THIS PHASE IS VERY SIMILAR TO SEVERAL PARTS OF En SCHONRERG~S 
ALGORITHM, AS IMPLEMENTED JN THE CURRENT SETL OPTIMIZER. IT 
WORKS OUT THE FULL EQUIVALENCE RELATION RFTWEEN AASES, 
~APPING EACH EQUIVALENCE CLASS INTO A REPRESENTING AASE, AND 
UPDATES THE OI~REPR MAP BY REPLACING RASES BY TH~IR 
REPRESENTATIVES. YASES THAT STILL SUPPORT ONLY ONE COMPOSITE 
ORJECT ARE THEN DROPPED, A~D, FOR EACH nccURENCE VO~ SUCH 
THAT OI~HEPR(VO> CONTAINS REPR(S) INVOLVING SUCH RASES~ WE 
EITHER DELETE THESE REPRS FROM OI~REPR(VO>, OR ELSE~ IF THIS 
IS THE ONLY REPR IN OI~REPR(VO), REPLACE THE FLEMENT HOOE OF 
SUCH A BASE BY THF TYPE OF THE ELEMENTS or THAT BASE, THEN 
FOR EACH OCCURENCE THAT STILL lfAS MORE THAN ONE REPR, W~ KEEP 
ONLY THE SHORTEST SUCH REPR, ANO USE THE OTHFR RFPRS TO MODIFY 
THE FORM OF THE CoRRESPONDJNG BASES, FOR EXAMPLE. Ir 
OI~REPR(VO) = ~ ➔ R1, SET( ➔ 82) ~, THEN ITS FINAL oI~REPR 
SHOULD BE ➔ 81, AND THE FORM OF Hl SHOULD RE REPLACED RV SET( ➔ q2>, 
~UTE THAT AT THIS PHASE SUCH MODIFICATIONS WILL NOT CAUSE NEW 
BASE MERGINGS. THIS IS IMPORTANT IN IN CONNECTION WITH CODE 
SEQU~NCES LIKE THE FOLLOWINfH X WITd AJ S WITH XJ Y FROM SJ 
8 FROM Y; WHERE THE BASE THAi SUPPORTS S SHOULn HAVE THE ~OnE: 
SET OF ELEMENTS or THE BASE THAT SUPPORTS X (ANDY)~ so T~AT 
~O CONVERSION IS IJECESSARV FOR VALUES FLOWING FROM A TO 8, 
FI~ALLY, ALL SURVIVING BASES ARE ENTERED INTO THE SYMBOL TABLF, 

4. BASING REFINEMENT 

THIS PHASE CA~ ALSO BE TAKEN FROM SCH0N8ERG~S ALAORtTHM. AS 
~OTED 8EFORE, WF no NOT ATTEMPT TO IMPROVE THIS PHASE AT 
PHESE-:NT, 

REMAFKS: 
--.---,---
(1) CUR ALUORITHM DISTINGUISHES BETWEEN DISTINCT TYPES. FOR 
EXAMPLE, -SET OF INTEGERS- ANO -S~T OF GENERALS~ AR~ CO~SIDEREO 
AS DISTINCT TYPES. HENCE, IF' THERE 1S A LINK BETWEEN TWO 
CCCURENCE:S HAVING SUCH T\'PES, THEIR BASES WILL NOT RE MFRr,EO, 
AIJD ~VENTUALLY WE SMALL HAVE TO CONVERT fROM ONE BASE TO THE 
OTHER, IT IS NOT CLEAR WHETHER THIS APPROACH IS TO 8F PREFERRED, 
ANC THERE MAY BE A POINT IN MERGING THESE TYPES UNDER CERTAIN 
R ES T fl I C T I ONS ( F OR ONE • TH E F' L O \~ M lJ S T A L W A Y S BE F R OM A M ()RE 
SPECIFIC TYPE To A MORE GENE=RAL OfJE); ANV;..JAV. OUR APPROACl-1 1s 
THE SIMPLEST OF ALL SUCH ALTERNATIVES, Min SHOULD BE QUITE 
ACCEPTABLE IN MOST CASES, 
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(2) l;SER ... SUPPLIED BASING$ APPEAR ALREADY IN THE TVP MAP, AND SO 
ARE PART Of THE INPUT TO THE ALGORITHM, THEY RAlSF, HOWEVER, 
SEVERAL PHUBLEMS. roR EXAMPLE, IT IS NOT CLEAR WHETHER WE WANT 
TD MERGE TWO USER-SUPPLIED AASES, OR ALWAYS KEEP THEM DtSTINCT, 
Aq AHGUMENT FOR NOT MERGING THEM 15 THAT RV DOING Sn WE MAY 
CA~SE SOME 8ASED OBJECTS TO BECOME SPARSE OVER THE MERGED 
BASE, AND THIS ~AS THE REASON WHY THE USER HAS SUPPLIED 
TWO DISTINCT RASES INSTEAD or ONE. 

(3) ANOTHER PROBLEM CONCER~S FORMAL 8ASES, WHICH ARE BASES 
SLJPPORTING FORMAL PARAMETERS Of A PROCEDURE. ACCORDING TO 
SC~Ot\BERG;tS PHILOSOPHY, THEV SHOULD NOT BE MERGED WtTH THE 
BASES OF THE ACTUAL ARGUMENTS, AND THIS tS ACHIEVED SIMPLY 
BY M,AKINu OCCURENCES IN ARGIN INSTRUCTJOMS ANTI-RAStNn. 

EXAMPLE: 

---------
co~SIOER THE fOLLOWING TOPOLOGICAL SO~T PROGRAM: 

PROGRAM TE:ST3; 
$TOPOLOGICAL.Sorn OF A GIVEN GRAPH, ASSUMiilG THF.RE ARF !\IO CYCLES, 

1 ~ODES I= NL; 
2 CESOR := NLJ 

3 (DOING READ A,B; WHILE A/: OM) 
4 NODES WITH A; 
5 NOUES WITH RJ 
6 CESOR WITH CA, B]; 

END; 

7 PRINT TOPSOHT(NODES, CESOR); 
STOP; 
END PROGRAM TEST3J 

8 PROC TOPSORT(NODES, CESOR)J 

9 ~urPREV ;= S fN, OJ ; N ➔ NODES~; 
1n ("' CN, MJ ➔ CESOR) 
11 NUMPREVCM) + 1; 

EMP YJ 

12 NOPREV ;: SN~ NODES t ~UMPREVCN> = O~J 

13 SORTED := NULTJ 

14 <WHILE NOPREV /= NL> 
15 N FHUM NOPREVJ 
16 SOkTED WITH NJ 
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17 (v M ➔ CESORSN~) 
18 NUMPRFVCM) ~ 1; 
19 IF NUMPREV(M) = 0 THEN 
20 N0PREV WITH MJ 

E::ND IF; 
END v; 

END WHll.EJ 

21 RETURN SORTEDJ 
END PROC TOPSORTJ 

AFTER THE FIRST TWO PHASES OF OUR ALGORITHM, WE 0BTAI~ 
THE FOLLOWING REPRS: 

ALL 0CCURENCES OF NODES AND N0PHEV WILL HAVE THE RE~R S~TC ➔ B1), 

A AND 8 AT LINE 3 WILL BE UNBASED, BUT HAVE THE REPR ➔ 81 AT 
LINES 4,5,6, HENCE, LOCATE INSTHUCTIONS or A AND R INTO 81 
WILL BE INSERTED JUST BEr0RE LINE 4 AND LINE 5 RESP~CTIVELY, 
~O OTHER LUCATE INSTRUCTIONS ARE NECESSARY, CESOR AT LI~E 6 
WlLL HAVE THE MULTIPLE REPR SET( ➔ A2) AND SET(PAIR( ➔ 81, ➔ R1)), 
HOWEVER, THE FIRST REPR WILL HE DROPPED AT PHASE 3 (CES0R JS THE 
OiJL Y COMPOS I TE OBJECT SUPPORTED BY 82), A~JD THE SECOND QEPR IS 
ESSENTIALLY EQUIVALENT TO MAP( ◄ H1) ◄ 81 (WE TREAT THE tHAPt TYPE 
RATHER LOOSELY AT PRESENT, roR THr EXACT DETAILS OF HOW TO 
DETERMINE THAT AN OCCURENCE HAS THE TYPE HAP, ARF NOT COMPLETELY 
RESOLVED YET). ALL OCCUR~NCES Of 1JUMPREV ARE REPRE0 MAP( ➔ 81>l~T. 
0CCURENC~S Of N AND H GET THE REPH ➔ 81, NAT LINE 16 IS 
t\OT ANTI.,BASHlG (FOR SORTED IS Of UNAMBIGUOUS TYPE>', MJn SO 
SORTED AT LINES 13 AND 16 GETS THE REPR HTUP( ➔ 81> CMTUP STANDS 
FOR HOMOGENEOUS TUPLE> 1 HOWf:VEn, THE IMPLIED IVARIARLE iiF THE 
- PR l N T t ST A T EM E NT A T L I NE 7 l S ANT I "'6 A S HI J , SO TH A T T HE PRO PA r, A T I n N 
OF ThE REPR OF -S □ RTEDi WILL HALT AT THE ARGOUT ASSIGNM~NT FOLLOWING 
THE CALL TO T0PS0RT AT LINE 7 (SO THAT THERE WILL BF A ~ONVERSinN TO 
TO A HOMOGENEOUS TUPLE BEFORE THE PR!l\JT), 

t\0TE THAT WE DID hi0T RECJLJIRE AflY lJSER SUPPLIED Rr,,:PR TO nERIVE 
ALL THIS INFORMATION. THE BEST THAT SUCH A REPR ~0ULD DO [S To 
CHANGE THE FORM OF' 81 FROM AASE or GENERALS OJHICH IS T..iE FORtl 
OUR ALG0HITHM WOULD PICK UP) TO BASE Of ATOMS, SAY, BUT TMIS 
CHANGE WILL HAVE NO EFFECT ON EXECUTION ErFICIENCY, 

POSTSCRIPT: 

----------·-
THE APPROACH DESCRIRED IN THIS NEWSLETTER IS NOW REtNG WEIGHEn 
AGAINST ANOTHER APPROACH, WHIC~I BORROWS MORE HEAVILY IDEAS FROM 
Ell SCHONBERG~S ALGORITHM AND USES THEM TO ELIMINATE ALTOGETHER 
BASE PROPAGATlOl\1 ACROSS JNSTRUCTIOMS, AND TO REDUCE BASF .. 
PROPAGATION TO A MINIMUM, ALL THIS AT THE EXPENSE or A PRE
PROCf;SSING OF THE CODE AND A MORE DELlCATr:: BASE ADJIJSTMFNT 
PHASE (CF, THE REMARK AT THE END OF PHASE (2) OF THE ALGORITHM), 
THIS NEW APPROACH WILL 8f DFSCRlB~D IN A COMING NFWSLETTER, 


