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SETL NEWSLETTER # 206
0N NAME SPLITTING IN SETL OPTIIMIZATION
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NAME SPLITTING IS ONE OF THE FINAL PHASES OF THE SETL OPTIMIZER,
IT IS PERFURMED AFTER THE TYPE~FIIIDING AMD AUTOHATI: DATA
STRUCTURE SELCGCTIGH PHASES HAVE COMPUTED A MAP #nI-~REPRZz, DEFINED
OH VARIABLE UCCURENCES, FOR EACH OCCURENCE VO, O1-REPR(V0O) IS A
REPR FOR VU THAT HAS BEEN SELECTED BY THESE PHASES, COMJOINED
WITH USEReSUPPLIED REPR [NFORMATION,

HOWEVER, THE MAP 0I-~REPR IS NOT OF DIRECT USE TO THE CODE
GENERATOR, WHICH DEALS WITH.SYI'BOL, TASLE ENTRIES RATHER THAN WITH
CCCUKENCES,

OF CCURSE, IF ALL OCCURENCES UF THE SAME VARIABLE HAVE THE SANE
REFR, THEN WE CAN TRANSMIT THIS REPR TO THE CODE GENERATOR.
UNFOKTUNATELY, THERE ARE MANY COMMON CASES (MAINLY, BUT NOT
EXCLUSIVELY, IN NON-REPRED PROGRAMS) WHERE THIS S NOT THE CASE.
FOR EXAMPLE, CONSIDER |

EXAMFLE 1,
READ X3
Y = X + 13
OR EVEN:?
EXAMPLE 2.
(1) READ X;
(2) IF COLD THEN
(3) {~)
(4) Y = X +« 13}
(5) ELD v;
(6) ELSE
(7) {v)
(8) 2 1= X + #1173
(9) END v
(10) END IF;

EVEN IF WE FULLY REPR EXAMPLE 2,, THE OMLY REPR THAT X CAN
HAVE IS TYPE GEMERAL, SO THAT THE ADDITIOUIS AT LINES (4) AND (8)

‘WILL BE SLUWED DOUN DUE TO TYPLE CHECKS AND CONVERSIYMS, MOREZOVER,

IT WILL vE IMPOSSIBLE TO EMIT IN=[ INE CONE FOR THEST ADDITIINS,
IT IS THEREFORE OF INTERZST TO HOTE THAT RY ANALYZING OOCURENCES,
RATHER THAN VARIAGLES, TYPE-FINDING WILL PEVEAL THAT ‘
TYPE(XL = X AT LINE 1) 1= GENLRAL, TYPE(X4) := INTEGER AND
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TYFE(X8) $= CHARACTERS, WE CAN THEN MAKE USE OF THIS INFORMATION

BY SPLITTING THE VARIABLE X INTO THREE DIFFERENT SYMEOL TABLE
ENTRIES, XA, XB, XC, HAVING THE REPRS GEMERAL, IMTEGER AND
CHARACTEKS KESPECTIVELY, IN THIS WAY AE SEPARATE THE NECESSARY

TYFE CHECKS AND CONVERSIQONS FROM THE ACTUAL ADD [NSTRUCTIONS

(4) AND (8), AND THUS OPEN UP THE POSSISILITY OF GE ERATING
EFFICIENT CODE FOR THEM, WHEN THIS IS DOME, CONVERSIONS MUST

BE MADE EXLICIT Ii THE CODE, WE CAN TRY TO INSERT THESE COHVERSIONS

AT OPTIMAL PLACES BY MOVING THEM QUT OF |0OPS, IF POSSI3LE.

LET U% VISUALIZE THESE CONVERS]ONS AS ASSIGNMEMTS OF OHE SPLIT

VARIABLE TO ANOTHER. THE SECOND EXAMPLE WOULD THEREBY BE

TRANSFORMED ILTO THE FOLLOWING CODE3}
EXAMPLE 2A,

READ XA3;
IF COND THEN

XB 1= XA;

Av)

Y 1= X8 + 1}

END v
ELSE

XC 1= XA

{v)
Z 1= XC » Z1Z}
END v; '
END [F3;

WE CALL THE TRANSFORMATION FROM (2) TO (24) #NAME=SPLITTINGZ,
AHOTHER AND MORE IMPORTANT CASE Ifl WHICH HAME SPLITTING IS REQUIRED

IS THE INStRTION OF ZLOCATEZ INSTRUCTIONS WHICH PUT BASED ELEMENTS
IHTO THEIR BASES. CONSIDER THE FOLLOWING EXAMPLE:

EXAMPLE 3,

(1) (v) -
(2) X iz X + 1}
(3) END v;

(4) S WITH Xx;

- SUPPOSE THAT S4 HAS THE REPR SET(~#B) (CHOSEN AUTOMATICALLY OR

MANUALLY), IN THIS CASE IT 1S DISADVANTAGEOUS TO REPR PNTH X2

AND X4 AS =<8, FOR ONLY THE LAST CREATED VALUE OF X< HAS ACTUALLY
T0 BE [NSERTED INTO THE BASE B, WE EXPECT THE AUTOMATIC DATA
STRUCTURE SELECTION PHASE TO COHE UP WITH Ol-REPN(X<€) 1= IHTEGER,
OI-REPR(X4) 1= »B . THE HEURISTIC HAME SPLITTING SHIULD THEREFORE
AIM TO TKRANSFORH THIS CODE INTO3 '
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EXAMPLE A,

(v) _
XA = XA + 13
END v;
xB = XA:
S WITH XB3;

WHERE XA, XB ARE SPLIT SYMBOL TABLE ENTRIES FOR ¥, HAVING THE
REPRS INTEGER AND +B RESPECTIVELY, AND THE ASSIGHMENT X8 i1= XA
ACTUALLY SIGNIFJES A #LOCATE# OF THE VALUE OF XA IN B, SUCH
A-#L.LOCATE# COUMPUTES A BASE POINTER FUR XA, INSERTING IT INTO B
IF NECESSARY, AKND ASSIGNS THIS POINTER TO XB.

IN THE FOREGOING EXAMPLE, NO MOTION OF LOCATES IS NEEDED. HOWEVER,
IN THE FULLOWING EXAMPLE

EXAMPLE 4.,

X s X + 13
(v)

S WITH X3
END v;

CODE MOTJON IS PROBABLY ADVANTAGEOUS, SINCE IT WILL TRANSFORM
THIS CODE INTO

EXAMPLE 4A,

WITH SIMILAR XA AND XB,

HAVING CONVINCED OQURSELVES THAT A MAME-SPLITTING MECHAMISM IS
NECESSARY, LET US NOW DESCRIBE A HAME SPLITTING ALGURITHM AVD
THE CONVERSION-MOTION ALGORITHM IT USES Il DETAIL.

CEFINITION: LET Vv BE A PROGRAM VARIABLE, AND LET R BE A REPR OF
SOME OF TS UCCURCNCES, WE DEFINE A SPLIT VARIABLE OF V WITH THE
REPR R, AS A PAIR [V, R}, LET #SPLIT-MNAMEZ BE THE MAP SENDING
EACH OCCUKRENCE VO INTO THE PALP (0OI-NAME(VO), OI-REPR(VQO)}, AND
LET ZEQREPRZ BE THE EQUIVALENCE KHELATION [NDUCED BY THIS MAP AS
A QUOTIENT MaP, ,

FOR EVERY SPLIT VARIABLE OF V WE [MTRODUCE A NEW SYMBOL TABLE
ENTRY VA, WITh THC UNDERSTANDING THAT IF v IS NOT RCEALLY SPLIT,
THEN VA WILL BE THE ORIGINAL ENTRY OF V. AFTER SPLITTING, EACH
VARIABLE OCCUKENCE WILL THEN BE REGARDED AS AN ONCURENCE OF
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AN APPRUPRIATE SPLIT VARIABLE, AND THE CONDE WILL BE MODIFIED
TO SHOW THESE SPLIT VARIABLES PRATHER THAMN THE VARIABLES
ORIGINALLY OCCURING.

OiHE IMPORTANT OBSCRVATION IS THAT TWO SPLIT VARIABLES OF THE SAME
CRIGINAL VARJABLE ARE NEVER LIVE SIMULTANEOUSLY, AN SO THEY

CAN SHARE STURAGE. THIS FACT WLl BE JSEDN BY THE COUE GENERATOR,
AND ALSO BY THE NAME=-SPLITTING ALGORITHM JTSELF,

THE MAME SPLITTING ALGOR]THM COHNSISTS OF THE FOLLOWIMG STEPS!

STEP 1) PERFORMS ACTUAL NAME SPLITTING AND COLLECTS ALL LINKS
EETN&EN UCQURENCES CF A SINGLE VARIABLE WHICH HAVE BEEN SPLIT,

STEP 2) INSERTS CONVERSIQNS AND CHECKS IHTO0 THE ¢oODE,

STEP 1) IS PEKFORMED IN A STRAIGHT=FORWARD WAY, BY ITERATING OVER
BFROM, WHENEVER WL ENCOUNTER A LINK BETWEEN TWO NCCURENCES AITH
DIFFERENT Ul-REPR VALUES, WE AUGHENT A WORKPILE 0F SUCH

LINKS, AND ADD KEW. ENTRIES TO THE SYM30OL TABLE, IF MNECESSARY., THE
VARIABLE NAMES APPEARING IN OCCURENCES ARE REPLACED BY THE

NAMES OF THE CORRCSPONDING SPLIT VARIABLES,

STEP 2) IS MORE COMPLICATED, AHD, l.IKE AMNY OTHER CODE MOTION
ALGOFITHM, RAISES PROBLEMS OF SAFETY AND PROFITARILITY, AS AELL

AS A FEW AUDITIONAL MORE SPECIFIC PROSLENS, THE APPROACH DESCRIBEDN
BELOW AIMS TO ENSURE A MODERATE LLEVEL OF PROFITARILITY, BUT MAY
NOT FRODUCE OPTIMAL CODE IN SEVERAL EXTREME CASES. "'OWEVER, IT

IS RATHER SIMPLE, AND WILL GENFRALLY PRUDUCE QUITE ACCERTABLE
CODE.

LET VO Bt A VARIAGLE OCCURENCE, FOR WHICH THERE EXISTS

VO1 =+ BFROMSV(U2 SUCH THAT NOT (V0O ,EQREPR V01). THE SAFEST

PLACE TO INSERT A CONVERSION/ZTEST OF THE FORM OF VO IS JUST

BEFOFE THE INSTFUCTION CONTAINING VO, INDEED, THE TYPE FINDER AND
THE AUTOMATIC DATA STRUCTURE SELECTION PHASES FUNCTION IN

SUCH A WAY AS T(0 CNSURE THAT THE INSTARUCTION ORIGIN LLY CONTAIMING
VO, BLEFORE WNAIE-SPLITTING, IS5 EQUIVALENT TO THE GONVERSION/TEST
FOLLOWED BY THE SAME INSTRUCTION ¢UT WITH THE SPLIT VARIABLE
REPLACING THE ORIGINAL VARIABLE,

CONVERSION/TEST IHSTRUCT]IONS APE REPRESE!NTED IN THE FIMAL CODE

WE EMVISAGE AS ASSIGNHENTS OF OHE SPLIT VARIABLE TO ANOTHER.,
SINCE ALL THE MEMOERS OF A GROUP OF VARIAGLES SPLIT FROM A SINGLE
CRIGINAL VAKIABLE SHARE STORAGLE, SUCH AN ASSIGNHENT IS SIMPLY A
CONVERSIOM OF THE VALUE SPECIFIED AT THIS COHMON LOCATIAN (OR
PERHAPS JUST A TEST THAT THIS VALUE HAS A DESIRED FORM), AND

A REFLACEMENT OF THE OLD VALUE SPECIFIER UITH THE N&W ONE.

HOWEVER, VO MAY HAVE TWO GR MORE OCCURENCES, v01, V02 » BFROMsVOZ,
SUCH THAT V01, v02 ARE Tp.BE REPLACED BY DIFFERENT “PLIT
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VARIABLES, SO THAT IF WE INSERT THE CONVERSION JUST EEFORE VO,

ITS IVARIABLE MUST HAVE A FORM DOMINATING THOSE OF VO1 AND V02

(IN THE TYPE-LATTICE SENSE), It THIS CASF, WE GENERATE A NE+A

DUMMY SPLIT VARIAGLE OF THE VARIAGLE OF V0O, HAVING THIS DOMINATING
FORM, ANU MAKE IT THE NAME OF THE JVARIABLE OF THE CCHMVERSION,
THIS OPERATIUN 1S EASILY SEEN TU WORK PROPERLY, SINCE ALL THESE
SPLIT VARIABLES SHARE STORAGE.

IN SOME CASES WE ALSO HAVE ANOTHER ALTERNATIVE; NAMELY - TO PUSH
THE CONVERSION UPKHARD TOWARDS VO1 AND V02, CONTINUING TO MOVE

IT UPWARD UNTIL THE CONVERSION ITSELF CA!l BE SPLIT INTO TWD
CONVERSIONS HAVING AS IVARJABLES THE SPLIT VARIARLES OF v0i1 AHD
V02 FESPECTIVELY. THIS 1§ SHOW!! I THE FOLLOWING EXAMPLE:
EXAMPLE 5,

< (1,2) 23

L2

L1
PRINT F(1);

HERE F HAS THREE SPLIT VARIABLES, FA (MAP), FB (TUPLE) AND
FC(GENERAL), THE FIRST APPROACH SKHETCHED ABOVE WILL TRANSFORM
THIS INTU |

EXAMPLE SA,

FA 3= < [1,2) 23
GO TO L1
L2
' EB i= (1,2);
L1

FC 1= FD;
PRINT FC(1)3

WHERE FD IS A SPLIT VARIABLE OF F HAVING GENERAL TYPE

(IN THIS PARTICULAR EXAMPLE, FD IS IDENTICAL WITH FLY), THE
SECOND APPROACH SKETCHED ABOVE WILL TRANSFORM THE CUDE INTO
EXAMFLE 5B,

FA = £ [1,2) 23

FC 3= Fa;
GO TO Li3
L2
k8 3= (1,2);
tC = FE;
L1

PRINT FC(1):
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HOWEVER, THERE ARE CASES WHERE THE SECOND ALTERNATIVE WILL FAIL,
AS IN THE FOLLOWING EXAMPLE?R

EXAMPLE 6.
Foi= < 11,2) 24
GO TO L1;
L2
F iz [1,2);
L1
LIS A

L
IF COND THEN

ELSE
F + [3,4);
END 1F;

HERE F HAS ONLY TwWO SPLIT VARIABLES FA(MAP) AND FB(TUPLE), ‘
BUT, AS CAN BE CHECKED, THERE IS {10 PLACE IN THE COYE [N WHICH

WE CAN INSERT AN EXPLICIT CONVERSION OF 0UE SUCH SPLIT VARIABLE
INTO ANOTHER, WITHOUT CAUSING A PUSSIBLE ABORT, WHIYH HMIGHT NOT
HAVE OCCUREU IN THE ORJGINAL PRUGRAHN,

THUS, OUR ALGOURITHM WILL HAVE TO MAKE USE OF THE FIRST ALTERNATIVE
FOR AT LEAST CERTAIN CASES, AND WG PROPOCE TO DRoP THE SECOND
ALTEKNATIVE ALTOGETHER, FOR THE FOLLOWING REASONS!

A) SITUATIONS SUCH AS THOSE SHOWN [N EXANPLE 5, ARE RARE, IV
HOST CASES, VO WILL BE LINKED ONLY TO CHE SPLIT VARIABLE., AND
SO INSERTED COWVERSIONS WILL HAVE A SPECIFIC IVARIABLE ANYHAY,

B) EVEN WHEN SITUATIONS SUCH AS THAT SHOW: IMN EXAMPLE B, DO
HAPPEN, THE GAIN FROH HAVING A SPECIFIC IVARIABLE IN INSERTED
CUONVERS]OMS (NOTE THAT CONVERSIONS FRN!f TYPE GENERAL ARE
SLOWEKR, SILCE THEY JMVOLVE A BRANCH O THE ACTUAL fFORH OF
THE VARIABLE) DOES HOT JUSTIFY THE SISIIFICANT INCREASE IN
THE COUMNFLEXITY OF THE ALGOR]THiI REWUIRED TO IHMPLEMENT THE
SECOND APPROACH.

HOWEVER, CERTAIN GQUITE COMMON CASES DO CALL FOR SOMETHING LIKE
QUR SECOND APPROACH. THESE ARE CASES IN UHICH ALL OCCURENCES OF

A VAFTABLE WITHIN A LOOP HAVE THE SAME SPLIT VARIABLE, AUT SONE
OF THEM ARE ALSO LINKED TO OCCUKE!NCES OUTSIDE THE LUQOP, HAVING

A DIFFERENT SPLIT VARIABLE, IF IN THESE CASES WE LEAVE COMNVERSIONS
INSIDE A LUGP, THCY MAY HAVE TO LE CONVERSIOHNS FROM TYPE

GENERAL, ANU IN ANY CASE THEY WILL IMPLY REDUNDA!T TESTS THAT

A VARIABLE IS I[N THE CORBECT FCOKM, FROM THE SECOMD ITERATION
OHWAED, THUS, THE POSSIBILITY NDF HAKING THE IVARTABLE OF AN
INSERTED CUNVERSION MORE SPECIFIC MHILE MOVING CONVERSINNS OUT oF
LOOPS WILL Bt TAKCEH INTO CONSIDERATION 1!l OUR ALGORITHHN,
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AS WITH ANY KIND OF CODE MQT]O!, HOVING A CONVERSION OUT OF A
LOOP IS IN GELERAL NOT SAFE, FNR THE MODIFIED PROGRAM MAY A3ORT
1N CERTAIN SITUATIONS IN WHICH THE ORIGItIAL PROGRAM WOULD HOT
(E.G. THE LOUP MAY BE BYPASSED).

EVEN IF WE FOLLOW (AND IMNDEED VE WILL) THE APPROACH OF THE
STANDARD COUDE MOTiON PHASE OF THE OPTIMIZER (SEE HL. 197), l.E, =
ASSUME THAT CUDE KOTION WwWILL BE PERFORMEND ONLY OH PROGRAMS THAT
WILL RUN IN A SPECIAL EXECUTI]O!'! MODE, IN WHICH OPERATIONS WITH
ILLEGAL ARGUMENTS DO NOT CAUSE A PROGRAM ABORT, nUT PRONDUCE

ANl EKROR VALUE, WE STILL FACE A SAFETY PPOBLEM, GHARACTERISTIC

OF ASSIGNMENTS; NAMELY « IF WE MOVE AN ASSIGHMENT OUT 0OF A LOOP
AND IT 1S ILLEGAL, THEN EVEN IF THE PROGRAM DOES NOT ABORT,
ASSIGNING THE ERROR VALUE TO THE OVARIABLE WILL KILL THE PREVIQUS
VALUE SPECIFIER OF THAT VARIABLE, WHICH HWoULD BE RETAINED, HAD
THE ASSIGNMENT BEEN LEFT IN THE LOOP, AND THE LOQP NEVER EXECUTED.
FOR EXAMPLEY

EXAMPLE 7,

READ v;
LENV = 0; ,
IF TYPE V = TUPLE THEN LENV = V) END IF}

(v 1 := 1 ... LENV)
X 1= V(1)
END v;

IF LENV = & THEN X 3= VY3 LCND IF3s

ASSUFING THAT THE INPUT v IS EITHCER AN INTEGER OR A TUPLE OF
INTEGERS, THE ABOVE CODE WILL MOT ABORT, AND AT TS END, X AILL
BE ASSIGNED Ali INTFGER VALUE, SUPPOSE THAT THE TYPE INFORMATION
SUGGESTS THAT WE SPLIT V INTO THRCE SPLIT VARIABLES, VA(GENERAL),
VB(TUPLE) AND YC(INTEGER), THE CUDE CAN THEN BE SAFELY
TRANSFORMED [NTO THE FOLLOWING CODE:

READ vaA;
LENV := 0;
IF TYPE VA = TUPLE THEN LENV = svA; END IF}

LENV)

IF LENV = 0 THEN VC §= VA; X = VCJ END IF;

NOTE THAT THE ASSIGNMENT VB 3= VAj; CAN NOT BE HOVED OUT OF THE
LOOP, EVEN IN THE SPECJAL EXECUTION MUDE DESCRIBED ABOVE, FOR
IF WE DO MOVE -IT QUT, AND V HAPPENS TO BE AN INTEGER, THEN THIS
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CONVERSION WJLL RCSULT IN AN ERROR VALUE, STORED AT THE COHMON
LOCATION OF ALL THE SPLIT VARIABLES OF V, SO THAT THE INTEGER
VALUE OF V IS DESTROYED, AND X WILL BE ASSIGNED AN ERROR VALU50
INSTEAD OF THE INPUT INTEGER VALUE OF V.

NOTE, HOWEVER, THAT NOY EVERY CONVERSION CAN FAIL. A CONVERSIOM
1S UNCONDITIONMALLY SAFE, IF THE FORM OF ITS IVARTABLE 1S MORE .
SPECIF[C THAN, CR EQUIVALENT TD, THE FOR!1 OF ITS GVARIA3LE.

FOR EXAMPLE = CONVERSION TO GEMERAL IS ALWAYS SAFE}

CONVERSIUN FROM IfTEGER TO AN ELENENT OF 3, WHERE B 1S A BASE OF
INTEGERS, IS ALWAYS SAFE, AS WELL AS THE INVERSE CONVERSION,
THIS SUGGUESTS THAT WE EXTEND THE TYPE ORDER TN A PSTUDN=ORDER
RELATION (KREFLEXIVE, TRANSITIVE, BUT NOT 1ECESSARPILY ANTI-SYMHETRIC)
# . LE# DEFINED ON FORMS IN THE FULLOWIHG WAiY: LET #TYIPE-OF#
CENOTE THE FULCTION THAT COMPUTES THE TYPE OF A GIVEMN FORM, IN A
RECURSIVE MANIER, REPLACING #E|,EMEMT=DF-BASEZ DESCRIPTORS BY

THE MODE OF THE CORRESPONDING BASES, THEN FORML ,LE: FDRM2 IFF
TYPE~OF (t ORM2) DOMINATES TYPE~OF (FORM1) IN THE STANYARD TYPE
LATTICE, THUS, [T CAN BE EASJLY SECEN THAT A CONVERSION VA := VB3
IS ALWAYS SAFE [FF FORM(VB) (LE FORM(VA).

IN VIEW OF THE CBSERVATIONS MADE IN THE PRECEEDING PARAGRAPHS,
WE SHALL USE THE FOLLOWING RATHER SIMPLE, THOUGH SOMEWHAT
WEAK, CRITERION TG DETERMINE WHETHER A - CONVERSION CA! BE

MOVED OUT OF A LOOP:

LET VO BE A VARIAGLE OCCURENCE, LIMNKED BY BFROM TO OTHER SPLIT
VARIABLES, IF THE FOLLOWING COI'DJTION IS SATISFIED,

(*) v VO1 -+ BFROMSVO2 ¢+ ( O]~REPR{VO1l) .LE QOI-REPR(VOD)
OR (v vO2 = FFROMSVQ1l2 ¢ O]-~REPR(V02) .LE VI-REPR(VO)))

THEN A CUNVERSION TO SPLITAMNAME(VO), INITIALLY PLACED JUST
BEFOKE THE INSTRUCTION CONTAINING VO, CA!l BE MOVED OUT oOF ITS
LOOP(S), OTHERWISE, IT MUST RENAIN AT ITS INITIAL L CATION.

THE HEURISTIC BASIS OF THIS APPKUACH MAY BE STATED AS FOLLOAS: GIVEN
THAT WE DO NOT HAVE ANY MORE UFTAILED DATA-FLOW IMNFORMATIOMN, WE MUST
ASSUFE THAT IF A LOOP COWTAINIHG VO IS NNT EXECUTEDs THEM THERE MAY
MAY BE A PATH FRON SOME yO1 + NFROMSVO2 TN ANOTHER V02 » FFROILVOL2
WHICH PASSES THROUGH THE TARGET BLOCK OF THIS LOOP (INTERVAL),

(THE TARGET BLOCK OF AN INTERVAL IS A SPECIAL BASIC BLOCK., CREATED
BY THE OPTIMIZER, WITH THE PRUPERTY THAT 1T IS THE ONLY

BASIC BLOCK UUTSIDE THIS INTERVAL THAT IS A PREDECESSOP QF THE
IHTERVAL HEAD. WE CREATE THIS BLOCK SO THAT CODE HOVED auT OF

THIS INTERVAL CAN BE INSERTED INTO IT), AlD IF WE M VE A

CONVERSION TU THE FORM OF VO OUT OF THAT INTERVAL, INTO ITS -

BASIC BLUCK, THIS CONVERSION CAN CUT THE ABOVE PATH FROM VOl TO

v02,., THUS, TO BEF SURE THAT NO HARIt WiLL BE DONE, WE MUST

BE SURE THAT IF THIS CONVERSION FAILS, THEM THE CONVERSION TO
SPLIT-NAME(VU2), PLACED JUST ULEFORE VU2, WOULD HAVE FAJLED ALSO.
CONDITJON (*) IS PRECISELY EGQUIVALENT T0O THAT ASSERT]ON,
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ONCE HAVING GIVEN THE PRECEEDING SOLUTIO!N TO THE SAFETY PRO3LEH, WE
USE A RATHEK LIBERAL CRITERION FOR PROFITABILITY, AND ASSUME THAT IT
IS ALWAYS PROFITAGLE TO MOVE A COHVERSIO! FROM THE “-00P-PART OF
AN INTERVAL TO ITS TARGET BLOCLK,

NOTE THAT THE CRITERION FOR PROFITABILITY SET BY THE STANDARD
CODE MOTION PHASE OF THE OPTIMIZER IS STRICTER, 4AND DEMAMDS

THAT A CUMPUTATION MUST BE UNCOMDITIONALLY EXECUTED INSIDE AN
INTERVAL, PROVIDED THAT THE LUDP OF THAT INTERVAL IS EXECUTED

AT LEAST ONCE. NOTE ALSO THAT QUR CODE MATION CRITE"1A REFLECT

OUR RELUCTANCE TO RE-PERFORM A FULL SCTALE DATA-FLOW AMALYSIS,
WHICH WOULDU ALLOW US TO SHARPElN THE CHITFRIA OF HOTION, AND
IMPROVE THE LOCATION=-OPTIMIZATJON OF COMVERS]ONS, WE MIGHT 3E
WILLING 10 PERFOR! SUCH AN ANALYSIS IF FUTURE EXPERIMENMTATION
WITH SETL UPTIMIZATION REVEALS SIGHIFICAMT INEFFICIENCIES IN THE
MOTJON OF CONVERSIONS, BUT PRESENTLY IT SEEMS LIKELY THAT OUR
ALGORITHM WILL ACHIEVE GOOD RESULTS 1IN HMOST CASES,

THERE IS YET ONE MORE PROBLEM THAT THE MOTION OF CONVERSIONS
RAISES, IN THE GENERAL CASE, IT IS RATHEP DIFFICULT T0O DETERMINE
A PRCPER REPR FOR AN IVARIABLE OF AN INSERTED CONVERSION
OPERATION, LET VO BE SOME VARIABLE OCCURENCE OF A V RIABLE V
WHICK IS LINKED BY BFROM TO OTHEK OCCUREMNCES OF v HAVIHG

SPLIT VARIABLES WHICH ARE DIFFEGRENT FROM SPLIT-NAME(VO), SO THAT
A CONVERSION TO THE FORM OF VO UUGHT TO PE INSERTED BEFIRE VO

IS USED, SUPPUSE THAT QUR ALGUPITHM HAS DETERMINED TO IOVE

THAT CONVEKSION Tu THE TARGET OLOCK b OF SOME INTERVAL INT
CONTAINING VO, [N COMPLIANCE WITH ALL THE ABOVE CRITER!A OF
CONVERSIUN=-HMOTION. THEN THE [VARIABLE QF THAT CONVEKRSION WILL
KAVE AN UBVIOUS FORM IFF ALL UCCURENC=S [N BFROM<VOZ THAT CAN
REACH B HAVE THE SAME FORM, OUPR PRORBRLEM IS TO DETERMINE,

WITHOUT A FULL DATA FLOW ANALYSIS, WHICH OCCUREMGCES IN

BFROMSYO2 CAN REACH B, IF v01 = BFRONSVOZ IS NOT CONTAINED IN
INT, THEN IT MUST CERTAINLY REACH B, sUT IF vOo1 S IMSIDE INT,
(AND SINCE VU IS IN THE LOOP-PAKT OF INT THERE WILL PE AT LEAST
ONE SUCH OCCURENCE), THEN THERE IS NO SIMPLE CRITERION TO DETERMINE
WHETHER VOl CAN ALSO REACH VO THROUGH B. “IOREOVER, THIS OCCJRENCE
WILL BE EQREPR TO VO, WHEREAS NTHER OCCUPENCES IN BFRONEVO2 WILL
NOT BE, AND SO, IF WE CAj{l NOT IGNORE THESE INSIDFE LIIKS IN
DETERMINING THE RZPR OF THE IVARIABLE OF THE COHVERSIOQN, WE WILL
ALWAYS HAVE TO REPR IT AS A GENERAL TYPE, WHICH IS CERTAINLY
UIIDESIRABLE., _

IT IS RATHER DIFFICULT TO FIND A GENERAL MECESSARY AND SUFFICIENT
CONDITION YO DETERMINE THE AESFMNCE OF SUCH INSIDZ LINKS, THE
CONDITION THAT QUK ALGORJTHM W]LL USE (COUDITION (**), SEE

BELOW) 1S SOMEWHAT PESSINMISTIC, AHD IS ONLY SUFFICIENT, BUT IT

GIVES AN ADEQUATE ANSWER IN MUST CASES, THOUGH IT MAY CHOD2SZ, IN
SOME RATHER RARE CASES, A GENERAL JVARIAPLE FOR A COMVERSION
UIINECESSAKRILY. , '
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LET US NOW SKETCH THE CONVERSION [MSERTION PHASE OF THE NAME~
SPLITTING ALGORJTHM: -

THE FIRST PHASE OF THE ALGORITHM WILL HAVE COMPUTED A WORKPILE oF

CCCUKENCES THAT ARE LINKED 8Y BFROM TO DIFFERENT VARIABLES OF

THE SAME SPLIT GROUP.

(v VO » WORKPILE)

ELSE

IF VO UOES NOT SAT]SFY THE SAFETY CO!DITION (+) THEN

IF ALL VO: = BFROMSVO2 HAVE THE SAME FORM THEN
VI := SPLIT-NAME(APRB BFROMSVOZ);

ELSE
V1 := [OI~NAME(VOQ), GEMERALD;

END IF;

INSERT BEFORE THE INSTRUCTION OF VO THE CONVERSION
SPLIT-NAME(VO) 1= VI}

COMPUTE INiTSEQ, THE SENUENCE OF [HTERVALS COHTAINING
VO, STARTING AT ITS BASIC HBLOCK.

FIND THE LARGEST INDEX J SUCH THAT INT := INTSEQ(J)
DOES 1LOT CONTAIN ANY OCCURENCE 1!l THE SET

€ V01 » BFROMSVO> ¢ NOT (V01 .EGREPR V0)2

AND IKTSEG(J=1) IS IN THE LOOP=-PART OF INT (THAT IS,
HEADCINT) CAN BE REACHED FROM INTSEQ(J-1) ALONG A
PATH WHGLLY CONTAINED IN INT).

(INT IS COMPUTED IN TWO STEPS; FIRST, FIND THE LARGEST
INDEX K SUCH THAT [NTSEQ(K) DOES HOT COWTAIM ANY
OCCURENCE IN THE ABOVE SET, THEW, FIND THE LARGEST INDEX
J <= K, SUCH THAT INTSLQ(Jr1i) 1S IN THE LOOP=PART OF
INTSEQ(J). SET INT t= [NTSEQ(J).)

IF ALL vO; -» BFRQoM<VQZ t [INT DOES NOT COHTAIN vO1
HAVE THE SAHE FORM, AND THE FOLLOAING coOnnlITION IS
SATISFIED, '

(**) THERE EXISTS M <= +INTSEQ SUC: THAT ALL OCCUREHNCES

VU1 -» BFROMSYO02 THAT ARE OUTSIDE INT, ARE CONTAINED
It INTSEQ(M) BUT NOT IH IANTSEI(M=-1)

THEN

VI $= SPLIT-ANAME(APB (THE ABOVE SET))3
ELSE
i VI := [O]~NAME(V0D), GEMERAL)};
END IF3 ‘
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INSERT AT THE END OF THE TARGET BLOCK OF INT THE
CONVERSION  SPLITANAME(VO) §= VI; UNLESS THERE

1S ALKEADY SUCH A COWVERSIOMN IN THAT BLOCK, IN WHICH
CASE BOTH CONVERSIQHS ARE MERGED INTO ONE,

END 1F;

" END v3

LET US FIRST JUSTIFY THE USE OF CONDITIOMN (=«) It OUR ALGORITHH,
WE ASSUME THAT THE ANALYZED PROGRA! HAS THE PROPERTY THAT ALL
THE VARIABLES ARE INITIALIZED ReFORE THEY ARE EVFR YSED (LOCAL
VARIABLES ARE INITIALIZED AT THE EHTRY Tn THEIR pPRO“EDURE, AND
GLOBAL VARIABLES AT THE ENTRY OF THE MAIM PROGRAM), THUS, ANY
(STATIC) EXECUTIOIv PATH LEADING FROM THE PROGRAM ENTRY TO A USE
CF A VARJABLE, MUST CONTAIN A DEFIMITION OF THAT VATIABLE.

PROPUSITIONS UNDER THE ABOVE ASSUHPTION, LET VO » WORKPILE,

AND LET INTSEG, INT BE AS COMPUTED IN THE ABOVE ALGURITHM FOR VO,
IF CONDITION (x«) HOLDS FOR VO, THEN THERE CANNOT EXIST

V02 » BFROMSVO2 WHICH IS INSIDE INT AND REACHES THE TARGET

ELOCK OF INT,

FROOFt LET V BE THE VARIABLE OF VO, UBSERVE THAT THERE EXISTS

A V-FREE PATH LEALING FRGM HEAD(INTSEQ(M=-1)) TO vO (0BVIOUS),

BUT THERE DOES NHOT EXIST A VeFREE PATH LEADING FROM HEAD(INTSEQ(M))
TO VU, FOR OTHERWiSE, BY DUR ASSUNPTION, THERE SHOULD BE AN
CCCUKENCE [N GFRONSVO2 OUTSIDE INTSEQ(M), CONTRARY 'O conDITION
(wn).

SUPPGSE THAT SUCH v02 EXJSTS, IT FOLLOWS THAT ANY V-FREE PATH
FRCM V02 TO TB(INT) (THE TARGET BLOCK OF [NWT) IS CONTAINED IN
INTSEQ(M=1), HENCE, THERE EXISTS SOHE K <= M=1 SyCH THAT THIS
PATH IS WHULLY COLTAINED IN INTSEQ(K), SUT NOT wWHOLLY CONTAINED
IN INTSEQ(K=1). INTSEQ(K) STRICTLY CONTAINS INT, BECAUSE TBCINT)
IS CONTAINED IN ILTSEQ(K) AMND IS MNOT CO®TAINED IN INT, THIS
INPLIES ]HAT INTSEQ(K=1), WHICH CONTAINS INT, IS IN THE LOOP=~
PART OF INTSEQ(K). ALSO, BY CONDITION (wx) AND THE DEFINITION
OF INT, INTSEQ(K) EXCLUDES ALL OCCURENCES V01 =+ pFROM<YI> THAT
ARE NOT EQREPK TO VO. THE LAST TWO OBSERVATIONS [MPLY THAT THE
INCEX J CUNSTKUCTZD BY OUR ALGORITHM FOR vO MUST BE >= X, SO
THAT INTSEW(K) IS CONTAINED IN, OR EQUAL TO INT, WHICH IS A
CONTHADICT]ON. .

0- E! D-

REMAKKS THIS CONDITION IS EVIDEHNTLY SATISFIED IF ONLY OQONE

OCCUHENCE IN BFROM<VO2 1S NOT [UREPR TO VO AND 1S OUTSINDE SOME
[NTERVAL CONTAIMING VO AND ALL OTHER OCCURENCES [N 3FR0OMEVO2.

THIS WILL HAPFEN IN THE OVERWHCLKING MAJORITY OF CASES., EVEN

WHEN THIS IS KOT THE CASE, SUUH OCCURENCES ARE MNORE LIKELY TO OcCCUR
It THE SAME LOUOP HIESTING LEVEL AND HEAR FACH OTHER, SO THAT
CONDITION (*w) IS VERY LIKELY TO HOLD.
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LET LS NUW SHGW THAT THE COMNVEPSIOM INSERTION ALGORITHM DOES
ELIMINATE ALL LINKS BETWEEN DIFFERENT SPLIT VARIABLZS,

THEOREMS AT THE END OF THE CONVERSION INSERTION ALGORITHM, IF

WE REPLACE THE VARIABLE NAMES BY THEIR ORIGINAL, UNSPLIT NAMES,
AND KE-CUMPUTE THZ BFROM MAP, THEH, FOR EACH OCCURENCE v0, AND
EACH V01 € BFROMSVO2, V0L EQREPR VO, UNLESS VO 1S OF TYPE GENERAL.

PROOF$ WE FIRST liiTRODUCE SEVERAL AUXILIARY NOTATIOHNS THAT WE

WILL USE IN THE PROOF, LET US ENUMERATE WORKPILE AS

<V01, V02 .4y VON2, IN THE ORDER [N WAICH DUR ALGORITHM ITERATES
OVER THIS SET. LET INTJ BE THE INTERVAL INT COMPUTEY AT THE J~TH
ITERATION (INTJ := OM IF VOJ DGES NOT SATISFY (x)), LET CONVJ
DENOTE THE CUNLVERSION [NSERTED INTO THE CODE AT THE J-TH ITERATION,
AND LET UVCJ (RESP, IvCJ) DENOTE THE OVARIABLE (RESP, THE IVARIABLE)
CF THAT CONVERSION. LET vJ DENOTE THE VARTARLE OF THE OCCURENCE
VOJ, J 1= 1 ,.. N. LET ZINSIDEZ¥ DENOTE A RELATIOM BETWEEN
INTEKVALS, SUCH THAT INTA INSIDE INTB IFF EACH BASIC BLOCK OF

INTA IS ALSO A BASIC BLOCK OF INTH, LET US ALSO USE THE SAME
NOTATION FUR A RELATION BETWEEN VARIABLE OCCURENCES AND

INTERVALS, DEFINED SO THAT IF VU IS A VARIABLE OGCURENCE, THEN

VO INSIDE INT MEALS THAT THE BASIC BLOCK CONTAINING VO 1S INSIDE
INT, #BFROMZ WILL DENOTE THE OPIGINAL BFROM MAP, AND zNEW-BFROINZ
WILL DENOTE THE RE-COMPUTED MAP AT THe& ENN OF THE ALGORITHM,
ASSUMING THAT THE ORIGINAL VARJABLE NAMES ARE RESTOTED, BUT WITH
THE INSERTED COWNVERSIONS STILL PRESENT IM THF CODE,

LEMMA At It THERE IS A PATH LEADING FROM SOME COHVJ TO ANOTHER
OCCUFENCE VO GF THE VARIABLE VJ, FREE OF GTHER (ARIGINAL)
CCCUFENCES OF THAT VARJABLE, THEN THERE EXISTS voP INSIDE INTJ,
VOP » BFROMSVO2 » BFROMSYOJ2 AliD VOP .EQPEPR VOJ,

PROOF: INTJ /= OM, FOR IF VOJ NOES WOT SATISFY («), THEV NO SUCH
PATH CAN EXIST. FIGURE (1) BELOW JLLUSTRATES THE SITUATION ‘

CONVY
v
HEAD(INTJ) &—

L

vo voJ

FIGURE (1)

LET P1 BE A CyCLlIcC EXECUTION PATH UF THE FORM HEADCINTJ) oo
VOJ .., HEAD(INTJ), SUCH THAT ITS INITIAL SUARPATH FROM

HEADCINTY) TO VoJ IS VJ=FREE (SUCd A PATH EXISTS BEVAUSE VOJ IS

IN THE LOOP<-PART OF INTJ, AND CONVJ CAN REACH VOJ THROUGH
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HFEADCINTJ))» AND LET P2 BE A VJU-FREE PATH FROM HEADCINTY) .
TO VO, LET P := P1 +« P2, P IS NOT VJ=FREE, FOR voJ LIES oON IT,
LET VOP BE THE LAST OCCURENCE 0OF VJ ON P (BEFORE VO?, SINCE

. P2 1S VJ=FREE, VOP IS INSIDE InTJ, AND THE TERMINAL SUBPATH OF

VOP .., HEALCINTJ) ..., VO IS VJ-FREE, HEICE
VOP =~ BFRUMSVO2 « BFROMsVOUJ2, AND BY THE DEFINITION CF INTJ
VOP .EQREPR VOJ,

Q. E, D,

WE NOW PROCEED WITH THE PROOF OF THE THEOREM, IN THE FOLLOWING
STEPS

(1) FOR EACH K := vee N, NEUABFROMSVOK: CONTAINS ONLY
OCCUFENCES EWREPR TO VOK, INDEED, IF INTK = OM, THEN
NEW-EFROMSVOK> = <OVCK2, AND THIS OCCURENCE IS EQREPR TO VvOK
BY DEFINITION. OTHERWISE, BY THE DEFINITION OF INTK,

EACH OCCUKENCE IN NEW-BFROMSVOK2 MUST BE EITHER oVCK, 0R AN
ORIGINAL OCCURENCE OF VK INSIDE INTK, EQPEPR TO VOK., OR AN
CVARIABLE UVCJ GF ANOTHER CONVERSIOW, INSERTED INSIDE INTK,
THUS, IT IS SUFFICIENT TQ SHOW THAT NEW-RFROMSVQK2 CAMNHOT HAVE
ANY MEMBER OF THE FORM OVCJ, IIDEED, SUPPQSE THAT THERE EXISTS
A COKVERS]UN COHVJ SUCH THAT VJ = VK, COHVJ INSIDE INTK AND
THERL ]S A VK-FREEZ PATH FROM CONVY TO VOK. AS ILLUSTRATED

IN FIGURE (2) BELOW

CONVK
_ ¥
+———>HEAD(INTK)
h
> ggnvu
HEADCINTY) <—]
TN
|
\\ 4
VOK
FIGURE(2)

(WITR NO LUSS OF GENERALITY WE MAY ASSUME THAT Nn OTHER
CONVERSION OF VK APPEARS ALONG THIS PATH,) WE HAVE TO COMNSIDER
TWO CASES} EITHER VOK NOT EAREPR Vv0J, OR ELSE THESE QCCUREMCES
ARE EQREPK, FIGURE (2) ASSUMES THAT CONVJ, AND CNNSEQUENTLY ALL
INTJ, ARE STRICTLY INSIDE INTK, HOWEVER, [T IS ALSO POSSIBLE
THAT INTJ = INTK AND CONVJ SUCCEEDS CONVK [N THE SAME TARGET
BELOCK,

P
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ASSUME FIRST THAT VOK NOT EQREPR VUOJ, THEM, It THF CONFIGURATION
OF FIGURE (2), IT FOLLOWS FROM LEMMA A THAT THERE EXISTS :
VO » BFRUMSVOK2, VO INSIDE INTJ AND VY ENREPR VOJ, HENCE,

vO IMSIDE INTK AND IS NOT EQREPR TO VIK, CONTRADICTING

THE LEFINITIUNL OF INTK, A SIMILAR ARGUMENT SHOWS THAT THE

OTHEK CONFIGUKATION MENT]ONED ABSOVE IS ALSO [MPOSSIHLE IN

THIS CASE,

NOW, ASSUME THAT VOK EQREPR VOJ, WE CLAIM THAT IM THIS CASE

INTJ = INTK, INDEED, IF NOT, THEN OBSzRVE FROM FIGURE (2)

THAT INTJ MUST BE IN THE LOOP PART OF INTK, HENCR, BY THE DEFIMITION
OF InTJ, THERE HUST EXIST VO = BFROMSVOJ2, VO INSIDE INTK

BUT CUTSIDE [1iTJ, AND VO NOT ECKEPR VOJ (FOR IF 1i0 SUCH OCCUJRENCE
EXISTS, THEN THE FACT THAT INTJ IS IN THE LOOP=-PART OF INTK
INPLIES THAT A LARGER INTERVAL THAM INTJ COULD HAVE BEEN CHJSEN

IN TRE JeTH JTERATION OF OUR ALGUORITHM). IT ALSO FOLLOWS FROM
FIGURE (2) THAT VO = BFROMSVOK2, BECAJUSE VO CAN REAYH V0K

ALONG THE CONCATELATION QF THE VK~FREZS PATH LEADING FROM VO TO
HEADCINTJ) WITH THE TERMINAL SUBPATH OF THE VK=-FPEE PATH LINKING
CONVJ WITH VUK, WHICH STARTS AT HEADCINTJS). BUT vO IS 03VIOQUSLY
NOT EQREPR Tu VOK. THIS CONTRADICTS THAE DEFINITINH OF INTK, AMND SO
INTJ = INTK. GUT IN THIS CASE, SIIiICE VOJ FOREPR VvOKs THE ALGORITHM
WOULD HAVE MERGED CONVK WITH CONVJ, THUS THE ASSERTION IS PROVED,

)

o O 06 O O

o © o

Oy

(2) LET vO BE AN
PLACED IN WURKPIL
v, FFOM WHICH, AT
VeFREE PATH TO VO
T0 vUO, INDEED, IT
VOP ~ BFROMSV(C2 S
EQREPR VU, 0K ELS
EQREPR TOU VvUO, THU
WORKPILE, THIS IS
NEW-BEFROMSVO2 CON

(3) IT NOW REMAIN
OF THE CUNVERSION
OF TYPE GWENERAL,
BY ThE DEFINITION
IS EITHER EUREPR
OTHER CONVERSION.

CUNVK

2 HEAUC INTK)

J

VOK

ORIGINAL OQCCURENGE OF SNnHE VARIABLE Vv, NOT
£. WE CLAIM TUHAT IF CONVJ IS ANY CUNVERSION OF
THE END. OF THE ALGORITHY, THERE MAY EXIST A
, THEN THE OQUTPUT VARIARLE 0OVCJ OF COMVJ IS
FOLLOWS FROM LENMA A THAT THERE EX]STS
UCH THAT VOP EUREPR V0J. HENCE, EII!HER 0OvVCJ
C VOJ 15 NOT EWREPR TO V0O, AND HENCE vapP IS HOT
S VO MUST INITIALLY HAAVE BELONG TO THE
A CONTRADICTION, AND IT FOLLOWS THAT
TAINS OpLY GCCURENCES EQREPR TO VO,

S 7O PRQVE THFE THEOREM FOR THE IVARIABLES
S. LET IVCK BE SUCH AN [VARIABLE, IF IT IS
THEN THERE IS NHOTHING TO PRQVE., OTHERWISE,
OF IVCK., EACH OCCURENCE IN NEWSDRFROMLIVCK2
To IVCK, OR ELSE IS AN NVARIABLE OF SOME
THE SECOND CASE |S ILLUSTRATED AS FOLLOWS!

CONVJ
HEAD(INTJ) &—
voJ .

FIGURE (3)
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(HERE NO RELATIONSHIP OF INCLUS[O! BETWEE!S THE TWwO INTERVALS IS
IMPLIED, NUTE THAT FIGURE(3) EXCLUDES THE CASE WHERE CONVK AND
CONVJ ARE IN THE SAME TARGET BLUCK, FOR THHIS CASE HAS BEEN SHOWN,
IN STEP (1), TO BE IMPOSSIBLE.)

SINCE VOK CAN BE REACHED ALONG & VK=FREE PATH FROM CONVK,

IT FULLOWS FROM LEMMA A THAT THEKE EXISTS VOP » RFRUMSVOK2
WHICH REACHES VGK THROUGH CONLVFK, SUCH THAT VOP INMSIDE INTJ AND
VOP EQREPR VOJ. HENCE, IVCK EQREPR VOP EQREPR VOJ EWREPR 0VCJ,
SO THAT NEW-~BFROM<IVCK> [NDEED CONTAINS 0ONLY OCCUREWCES EQREPR

10 IVCK, AND THIS CONCLUDES THE PROOF OF THE THEQREM,

Q. El DC

REMARKS?

-pm e W N

(1) OUR .ALGORITHM IS INTRA«PROCEDURAL IN HATURE, THE BFROM MAP,

| HOWEVER, IS INTER-PROCEDURAL, INDICATING FOR EACH LINK THE

RC~PATH(S) THROUGH WHICH THIS LINK IS MATERTALIZED., WE SHALL
INTERPRET 8FRCM AS AN INTRA~PROCEDURAL MAP, IN THE SAME WAY AS
WE DID IN COPY OPTIMIZATION, AS FOLLOWS: :

ASSUME THAT RC-PATHS ARE COMPACTED, SU THAT COMPLETE CALLS ARE
DELETED FROUM THEM. LET VO EE A VARIABLE OCCURENCFR AND

LET {P, VO1) ~ BFROMSVO2, THEN (P, VOL]) IS IMNTERPRE!ED

AS V€1, IF P = NULL-PATH, ELSE, IF P TERMINATES AT

A CALL POINT, [P, VvO1) IS INTEPPRGCTED AS A DUMMY OCCURENCE JUST
AFTER THE ENTRY TG THE CURRENTLY ANALYZED ROUTINE, AND IF P
TERMINATES AT A RETURN POINT, [P, VO1] IS [INTERPPETED AS A DUMNMY
OCCUKENCE JUST AFTER THE CORRESPONDING CALLING INSTRUCTION..

(2) NOTE THAT, THOUGH WE BASE OUR ALGORITHM ON IMTERVAL ANALYSIS,
THE ROUTINE FLOW GRAPH NEED NOT BE REUUCIGLE (COMPARE WITH COPY
OPTINIZATIUN, NL.195), FOR EXAIPLE, WHEN CHECKING CUNDITION

(%), WE SHALL MAKE USE OF A ROUTINE THAT COMPUTES THE INMDEX

OF THE SMALLEST INTERVAL IN INTSEQ, CONTAINING VO AND SOME

V01 - BFROMSVO2., [F NO SUCH INTERVAL EXISTS, THE ROUTINE WAILL
RETUKN ¢INTSEG + 1 (THIS WILL HCT HAPPEWN, HOWEVER, IN REDUCIBLE
FLOW GRAPHS),

(3) OUR ALGUORITHM SELECTS THE GENERAL TYPE FOR AM IVARIABLE OF
A CORVERSIUN LINKED TO MORE THAW ONE SPLIT VARIARLE, THIS IS
CONE IN URUER TQ SIMPLIFY THE BESCRIPTIO!N OF THE ALGORITHM,
BUT IS WNOT ALWAYS THE BEST CHOJCE. FOR EXAMPLE, IF SUCH AN
IVARIABLE IVCK IS LINKED TO TWO OCCURZNCES, HAVING THE REPRS
SET(INT), SET(CHAR), THEN A BETTER CHOICE WOULD HAVE BFEN TJ

" REPR IVCRK AS SET(GENERAL), THIS WILL MAKE THE COMVERSION SOYEWHAT

FASTER,

\

Il THIS ALTERIKATIVE APPROACH, THE FORM OF EACH SUCH IVARIABLE
IVCK IS COMPUTED AS A DISJUNCTION OF THE REPRS OF ALL OCCURENCES



g

e O

O

¢

O €& 0 o6 O

o 0 6 n 0 © 6 o o O

SETL = 206 -~ 16

TO WHICH JVCK IS LINKED, SUCH A DISJUNCTION MUST SATISFY THE
CONDITION THAT NO CONVERSION WILL BE REQUIRED FROM "NY OF THE
FORMS OF THE LINKED OCCURENCES TO THE MORE GENERAL FOCRM OF
IVCK (THUS THE DISJUNCTIQON OF mit AND INT MUST PE GEMNERAL, EVEN
IF B IS A BASE OF INTEGERS), THE ABOVE THEOREM NOW READS AS
FOLLCWS:

THEOKEM C1 UNDER THE SAME HYPOTHESIS AS It THEOREM B, FOR EACH

VARIABLE OCCURENCE VO AND EACH VD1 = dFRNISVO>, VO EQREPR V01
IF VO IS WNUT AN IVARIABLE OF Al INSERTED CONVERSION: IF IT IS,
THEN THE FURM OF vO INCLUDES THAT OF V01, IN THE SENSE THAT

THE ASSIGNMENT zSPLIT-NAME(VO) i= SPLIT-NAME(VO1);# IS A NO-OP,

THE PROOF OF THEOREM C GQES [N HUCH THE SAME WAY AS THE PROOF
OF THEOREM B, WITH A SLIGHT MODIFICATION GF STEP (3).,




