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SOME COMMENTS ON EXTENDING CODE HOTJON AND EXPRESSION 
AVAILABILITY ALGORITHMS FOR THE SETL OPTIMllER, 

M!CHA SHARIP. 
SEP 30 1977 

----------·-
IN TMIS NOTE WE SHALL OUTLINE SEVFRAL ASPECTS AND OBSERVATIONS 
RELEVANT TO CODE MOTION AND EXPHESSIO~ AVAlLARILITY ANALYSIS 
Of SETL PROGRAMS. WE SHALL ALSO SUUGEST SEVERAL POSSIBLE 
EXTENSIONS AND G~NERAL1ZATIONS ur THESE A~ALYSES, AND HINT ON 
PJSSlBLE APPROACH~S TO T~ESE PRU&LEMS, 

THE AIM OF THIS NOTE JS MERELY ro DOCUMENT AND CLARIFY THE 
PtlESl:NT STATE OF lHE DESJG~ AiHJ Ir1f-'Lc:1E~JT4TIO!J OF" SUCH 
AL.GOHJTHMS IN THE SETL OPTIMIZER, AS WILL BE fJOTED AELOW, 
We STILL HAVt: To MAKE A DECI::ilOfJ AS TO ~!"!AT EXTE'.JT i~F. WISH 
TO CARRY OUT THOSE OPTJMlZATIUNS, AND HOW TO IMPLEME~T THEM 
EFFICIENTLY, SOME OF THE COMMENTS HELOW ARE SIMPLY GUIDING 
PRINCIPLES IN THE MAKING OF SUCH A DECISION • 

1) POTENTIAL COMPUTATIONS FOR ELir1INATION AN~ MOTION, 

-------------------------------·--~------------------
Ai~Y SETL OPERATJOf,J WITH A urH(JU!: OVARIABLi:, WHICH IS DETERMINED 
U1JIQUELY AND IN A DETERMINISTIC FASHION fqQH T~E IVARIABLES, 
WITHOUT ANY SI DE-t"FFECTS, EXCLUD I :Jq ASS I G'!~1E~lT•L I ~~E OPE~ AT I OW1, 
WILL BE CALLED AN EXPRESSIO~ CQMPLlTATION, THE 0VAR1A8LE NAME 
WILL BE A TEMPORARY NAME, UNI~UELY DETERMINED 8Y THE OPERATION 
A,JD THE IVAF?.lABLE NAME, THUS, FflH EXAr:PLE, C,A.LLS, 8RAl\iCl4ES, 
ASSIGNMENTS, MAP AND TUPLE STORAGES, ETC, ARE ~OT EXPRESSION 
COMPUT AT I 01-4S, A COHPUT AT I ON, FOH !JIJR PURPOSE, ri ILL BE [ I THER 
A , J EX PR ES S l ON CO M PUT AT I ON , OH A S I t1 P L E ASS I GM ME NT , 0 R AN 
ASSIGNMENT-LIKE OPERATION, THESE COMPUTATIUNS ~ILL BE THE ONLV 
PUTE~TIAL CANDIDATES FOR CODE MOTION AND COM~Or! SU8EXPRESSION 
EL.IMINATION, 

2 ) S A FE T Y CONS I DER A T I ONS OF' M O V I N 1, EX PRESS I O ~l CO M PUT AT I ONS , 

-----------------------------------------------------------
WE lGNORt ALTOGETHER THE PROBLEM OF SAFETY OF MOTION OF EXPRESSJO~ 
COMPUTATIONS, AS THE COMPILER IS DESIGNED, THERE ~ILL BE SEVERAL 
MODES OF EXECUTING SETL PROGRAMS, THE O~LV PERMJTTEn MOOE FOR 
PROGRAMS TU WHICH THE CODE MOTtOtJ OPTIHIZATIOIJ WILL. EE APPLIEJ 
IS HiE ONE IN WHICH FATAL RU~~ TIil[: ERRORS, STFtiMJf~G FR0'-1 ILLEGAL· 
ARGUMENTS UF AN OPERATIOt~, WILL tJOT CAUSE AN H~HEDIATE ABORTION 
OF THE JOB, ~UT RATHER ALLOW THE rXECUTION TO 5E CONTINUED, 
WITH TrlE OVARIABLE OF THE OPEf"'.ATioiJ RECEIVING At-J ERROR VALUE, 
AS LON~ AS THE PROGRAM FLO~ 1S WELL DEFINED. A~Y COMPUTATION 
liJVULVINli ArJ OBJECT WITH AN EHRUR VALUE HILL YIELD AN ERROR 
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VALUE AS A RESULT. THE EXECUTION WILL BE ABORTED WHEN A BRANCH 
CEPENDING 0~ AN ERROR VALUE IS EXECUTED. THUS. IT IS SArE TO 
~ 0 VE E , G , A D I V I S I O ~~ 0 IJ T OF A LJJO P , E V E N THOU G H I T !-1 I G H T NOW 
HAVE A ZtRU UIVISuR, PROVIDED TrlAT IN THIS CASE. THE ERROR 
VALUE OF THE QUOTIENT IS NEVEH us~u LATER ON, THUS, A~V 
EXPR~SSIUN COMPUTATION CAN BE MUVEO our or A LOOP, OR EVEN 
I iJSEkTED ANYWHERE l N THE PROGRAM, vJ I THOUT ANY HARM, (USUALLY, 
CODE MOTlON ALGORITHMS DO NOT t10VE CODE OUT OF LOOPS, BUT RATHER 
I ;JSEHT THE CODE I I.TO THE TARGET BLOCK OF THE LOOP, AND LET THE 
C0Mt10N SUBEXPRESS I ON EL IM I NAT I Or-J PHASE DO THE REST,) THUS, iolHEN 
WE SAY THAT AN EXPRESSION COMPUTATION CAN dE MOVED, WE ALWAYS 
MEAN MOV~D PHOFITABLY, AND THIS WILL BE DEFINED BELOW, 

3) PROFITA~ILITY UF CODE MOTION, 

USUALLY, THE PROFITABILITY CRITERIU~ FOR COD[ MOTION OUT OF A 
LUOP, IS THAT EVERY MOVED COMPUTATION WILL Bf UNCONDITIONALLY 
EXECUTED WITHIN THE LOOP FOR EVERY EXECUTION FLOW, THIS WILL 
E , ·JS Uk E TH A T T HE NU M 8 ER OF' T I M f: S T H I S COMP Ll T A i I O iJ I S E X EC U T E D 
WILL NEVtR INCREASE. ANU WILL PUTFNTIALLY UECREASE SU8STANTIALLV 1 
HO\.JEVER, THE SETL STRUCTURED LOOPS AHE SlJCH THAT THE TEST FOR 
L Ll OP TERM l N A T I O I\! I S PE RF" O RM ED AT THE BEG I · HJ H, G OF E A C 4 L O OP , 
TtiUS, CONSIDERING THE POSSIBILITY THAT s0·1E LOOPS MIGHT NOT BF. 
EXECUTED AT ALL, roR A PARTICULAR RUN OF THE P~OGRAM, THIS 
CllITERION 1S TOO STRONG, FOR lAGH COMPUTATION WITHIN A LOOP 
MIGHT POTENTIALLY NEVER BE EX~CUTEU, AND SO THIS CRITERION WILL 
YIELD NEXT TO NO MOVABLE COMPUTATIPNS AT ALL, 

THUS, OUH COMPROMISE IS TO MOVE OUT OF' A LOOP COMPUTATIONS 
WHJCM AR~ UNCONDITIONALLY EXECUTED, ASSUMJNG THAT THE LOOP IS 
EXECUTED AT LEAST ONCE, THUS, THOUUH WE MIGHT COMPUTE EXTRA 
E X P R E SS I UN S A F' T ER THE C O DE t10 T I LH~ , i l E W I L L G A Ir J CON S I DE~ A 8 L Y 
ON ThE AVEHAGE, 

4> HIGHEH LEVEL OF CODE MOTIUN AND AVAILAJILITY. 

----------------------------------~-------------
LET US D~MONSTRATE, THROUGH SOME ~XAMPLES, THE LEVEL 
OF OPTIMIZATION THAT WE MIGHT WANT TO ACHiEVE • 

1) IN TH~ ~OLLOWING CODE FRAGMENT 

T1 :: F<B>J 
A := T1J 
T2 :: H(A)J 

END .,, J 

WE WOULD LIKE TO DERIVE THAT ALL THREE COMPUTATIOTJS CAN BE MOVED 
OUT OF Tf:iE LOOP. THERE ARE SOtlE COl1PLICATJONS AND LIMITATIONS 
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ABOUT MOVING THE ASSIGNMENT OUT OF THE LOOP, AS WILL BE 
EXPLAINED dELOW, SUT WE MIGMT WANT TO rIND SOME HECHANISH 
Tt-tA-T w ILL ALLCJW us TO MOVE THE COi lPUTA T rmrs OUT. - --- - ------

2) CONSIUER THE FOLLOWING UNOPTIMIZED CODE 

< ""Y .. S> 
F<Y> . - G<X>J . -
HCY> . - P<G(X))I . -

ENO ., I 

WHICH WOUL.D EX PA.ND TO 

( -..y .. S> 
T1 :: G(X)J · 
F(Y) . - T1J . -
T1 . - G(X)J . -
T2 . - P(Tl)J . -
H(Y) . - T2J . -

cNO ., J 

AND ANY ~TANDARD ALGORITHM WILL BE ABLE TO MOVE THE COHPUTATinN 
OF Tl AND T2 OUT OF THE LOOP, HUWEVER, AFTER A MANUAL SEMJ
OPTIMIZATION, THE ORIGINAL CODE MIGHT LOOK SOMETHING LIKE THIS: 

("" V ,. S) 

A :: G(X)J 
FCY> := Al 
H(Y) :: P(A)J 

ENO "'I 

WHlC~ WOULU ~E EXPANDED INTO 

(YY .. S) 
Ti := G(X)J 
A : = Tl J 
F(Y> := AJ 
T3 :: P<A>J 
H(Y) := T3J 

END "J 

AND SI~C~ THE STA~JOARD ALGORITHM HILL REGARD THE ASSJGN~ENT 
A := T1; AS A KILL OF A AND OF ALL THE DEPENDENT EXPRESSIONS, 
IT WILL NOT PICK UP THE r ACT THAT THE COMPUTATIOi~ or T3 CAN 
BE MOV~D OUT OF THE LOOP, TO~ETHEt' WITH T~E AHOVE ASSIGNMENT, 
THUS, WE PUNISH THE PROGRAMMEH FOlf HIS ATTEMPT TO SOMEWMAT 
OPTIMIZE HlS CODE. THIS SITUATION COULD ALSO OCCUR IF A IS A 
USEij OEFINEG TEMPORARY, USED TO SPLIT A LONG COMPUTATION INTO 
SEVERAL SU~EXPRESSIONS, AGAIN, WE MIGHT WA~T TO BE ABLE TO 
MUVE ALL THESE COMPUTATIONS OUT or LOOPS, 
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3) ONE MIGHT ALSO WISH TO GENERALIZE AVAILABILITY, tN A SIMILAR 
FAS~lON, CONSIDER THE FOLLOWING EXAMPLE, 

AFTER 

lF COND THEN 
8 . - F(A)J . -
X . -. - G(B)J 

ELSE 
C : = F(A)J 
y :: G(C)J 

ENO IF"J 

EXPANDING, WE WILL 

IF COND THEN 

ELSE 

Ti :: FCA)J 
B : = Tl I 
T2 :: GCB)J 
X ;: T2J 

T1 :: FCA)J 
C ;: T11 
T3 := G(C)J 
Y •= T3J 

E:ND ItJ 

HAVE 

H ER E , T HI: EXPRESS I ON G ( r ( A ) ) I S A C TU ALL Y CO M'P UTE D U rJ CON D I T I ON ALLY 
I r~ TH IS 1 f ST A TEM[NT ( STORED, HOWEVER, UNDER TWU DI Fl="ERENT 
TEMPORARY NAMES). WE MIGi-iT WAi~T Tu DETECT THIS INFORMATION, 
so THAT WE CMJ ELIMINATE ANY FlJHTHER COMPUTATIOr~ OF" nns 
EXPRE:SS I CJN, HERE liE REFER TO A DEEPER ANAL YS Is. TRY I i~G TO 
A14Al. Y ZE ~ UtHHER THE CURRENT VAL.UE THAT EXPRESS I Qt,JS AfW USER 
VARIABLES HAVE AT CERTAIN PROGRAM POINTS, 

5) SAFETY CONSIDERATIONS or MOVING ASSIGNMENTS, 

----------------------------------~------------
THE SAFETY CO~SIDERATIONS FOR MOVING ASSI~NMENTS OUT OF 
LOOPS ARc QUITE DIFFERENT FROM ~UcH CONSIDERATIONS FOR 
~t)VING OUT EXPRESSION COMPUTATIUI!~, AS DESCRlRED AB(')VE, 
I,JDEED, lN GH,ERAL, ONE CANNOT t10VE AN ASSIGNMENT LIKE X := TJ 
OUT OF A L.OOP, SiliCE, IF" THE l.OUP HAPPENS NOT TO GE EXECUTED 
AT ALL, THc~1 X IS ASSIGNED A VAL.UE, WHICH WOULD MOT.BE ASSIGNED 
To IT QTHEHWlSE. THERE ARE SEVEHAL WAYS To OVERCOME THIS 
LIMITATIUNS, WHICH HIGHT SEVEHELY AF"FECT Ar-JY EXTEtJDED ALGORITHM, 
ATTEMPTING TO TRACE UJFORMATIOrJ PAST ASSIGNHErJTS, 

01~E WAY IS TO ALLOW THAT ASS I GrH·1E'.JT TO BE MOVED OUT or THE 
LOOP, Of~L Y IF X IS DEAD UPON MJY EXIT F'R0 11 THE UlOP, SO THAT 
T HE t-J E W V ALU E Or X w OU L U NO T A FT EC T T HE E X E C U T I O 'J OF' TH I: RE ST 
CF THE PHOGRAM. THIS LIMITS SUHEW~AT THE PUWER OF CODE MOTION, 
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BUT FOCUSES 0~ CASES ~~ERE X IS A USER DEr1NED T;MPO~ARV, usen 
TO SPLIT A LOl~G CALCULATION IN nw, A'~D IS NOT NEEDED ELSEWHERE 
It~ Tt-E PHOGRAH, 

AirnTHER WAY IS TO MOVE THIS ASSlGiJMENT OUT OF THE LOOP, BUT 
REPEAT ALL TESTS ~!THIN THE LOOP iJHJCH ARf EXECUTED BEFORE THE 
ASSIGNMENT, ALSO IN THE TARGET UL1JCK □ F THIS LOOP, TO MAKE SURE 
THAT IF TH~ STATEMENT HAS ORIGINALLY NOT EXECUTE~, IT SMALL NOT 
BE EXECUTEU AFTER THE MOTION AS WEhL, THIS WAY IS VERY AWKWARD 
Al-JD IJIFFlCUL.T TO IMPLEMENT, EVEN HlTH STRUCTURED LOOPS, THE 
TESTS FOH LOOP TERMINATION MAY BE QUITE INVOLVED, AND DIFFICULT 
T O LO C A T t: ( C Ur JS j D t= R , E , G , , I) U l T S TA TE M E ~; T S S C A T TE RE D T H RO U G HO ll T 
TtlE LOOP>, AND JN MANY CASES, TU HEPEAT T~OSE TESTS WILL REQUIRE 
TO ALMOST UU~LICATE THE LOOP BOUY IN THE TARGET BLOCK (WHICH WILL 
~OT eE N6W A ALOCK ANYMORE). ALSO, ATTEMPTING TO MOVE THESE 
ASS I CiNMENTS Al~D TESTS OUT OF" nm UH MORE NESTED LOOPS MIGHT 
INCR~ASE THE COMPLEXITY OF THE con~ TREME~DOUSLV, THUS, THIS 
WAY 1S Ct:RTAii-JLY l~OT RECOMMENDElJ, 

A THIRD WAY, WHICH IS ALSO RELATED TO THE GENERALIZED AVAILAR!LITV 
SUGGESTEU A80VE, IS TO EMPLOY A SCHEME Of SUi:$STtTUTJ0'.JS OF' ONF 
EXPRESSION INTO A!JOTHER, EXPLICITl.Y IN THE CODE, SO THAT THERE JS 
~O NEED 10 MOVE ASSIGNMENTS AT ALL, LET US EXAMINE THE FXAMPLES 
GIVE~ IN 4), 

IN TME FJRST EXAMPLE, WE CAN MOOirY THE CODE TO LOOK LIKE 

Tl := F<B>J 
A := T1J 
T3 :: H<T1>J 

END "I 

NOW, THE COMPUTATIONS OF Tl AND T3 CAN BE SAFELY MOVED OUT 
CF' TI-E LU0!-1, THE ASSIGN,-IENT REMAllJS IN THE LOOP, ANO, rr A 
W AS I N DE t: D A lJ S E R DE F I N E D T EM PO Ft AH V , T HEN A S U 8 S E Q U E IH PH AS E 
OF D~AD ~OUE ELIMINATION WILL ELIMINATE THE ASSIGNMENT, 

SIMILARLY, IN ThE SECOND EXAMPLE:, THE SEHI•OPTIMIZEn COOE 
WILL BE TRMJSfORMcD INTO S011ETH1NU LIKE THE F'OLLOHING, 

( .,,y .. s) 

Tl := G<X>J 
A : = Tl J 
F"<Y> := TlJ 
T4 := PCT1)J 
H<Y> :: T4J 

END "'J 

AND AGAIN, THE COMPUTATIONS OF Tl AND T4 CAN BE MOVED OUT 
OF THE LOOP, 
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SI~ It.AR SU~ST I TUT I ONS CAN BE PC;HFOHMED IN THE TH I RD EXAMPLE, 
~AKlNG TH~ COHPUTAT!ON OF G<F(A)) AVAiL~8LE, AND STORED 
U•~DER THI: SAME MM1E, ON BOTH bRANGHES OF T:iE fLOW, 

HU~EVER, SUCH A SCHEME HAS ALSO SIIORTCOMINGS, AS DEMONSTRATED 
IN ThE FOLLOWING EXAMPLE, 

If COND THEN 
A:: X(l)J 
8 :: F(A)J 
C ;: G(A)J 

1::LSE 
A :: X(J)J 
8 :: G(A)J 
C :: F(A)J 

=ND IF; 

F(A) := FCA) + BJ 
~(A> := GCA) • CJ 

WITHOUT ~UtlSTITUTIOl'-JS, f(A) AtJD G(A) ARE r{OTH AVAILABLE AF"TER 
EXECUTING THI: IF STATEMENT, HOWEVER, AFTER SURSTITUTlNG 
XCI) AND XCJ) INSTEAD OF A, NUTHirJG BEC0~1;s AVAILABLE, AS 
THE VALU~ OF F<A), FOR EXAMPL~, 15 NOW STORED UNDER TWO 
DIFFERENT NAMES. 

THUS, TH~RE IS A CONFLICT BETWEEN CODE MOTION AND AVAILABILITY, 
SU THAT SU~STITUTIONS MIGHT CUMPLICATE AND INTERFERE WITH 
AVAILABILITY ANALYSIS, EVEN THOUGH THEY ARE IDEAL FOR CODE 
~JTIUN, 

6) CONCLUDING REMARKS, 

----------------------
THE CLASSl~AL, INTERVAL•ORIENTELJ ALGO~ITHM FOR COMMON 
SUBEXPRESSION ELIMINATION ANO CUDE MOTION, DUE ORIGINALLY TO 
J, COCKE, AND DESCRIBED JN DETAIL HY K, KENNEDY IN tON 
PROGRAMHIN~~, HAS ALREADY dEEN IMPLEHENTEn INTO THE SETL 
CPTl~IZEH, AS A DEFAULT OPTION, WE ARE NOT SURE THAT THE 
EXTE~DED CUD~ MOTION AND AVAILAblLITY ANALYSIS WILL REALLY 
8i: EFFECTIVE, THE EXTRA CODE UPTir'ilZATIOrr THAT MIGHT BE PICKED 
U P A Y SU c; H E X T E f rn E D AL GO R I T HMS , M I u H T BE Q U I T E t1 AF~ G I N AL • 
A;JD APPLICABLE ONLY JN RA~E SITUATIONS, Hr)hEVER, IF OrJE 
JS RcALLY WlLLif~G TO EXTEND THF; CUDE MOTION AiJD AVAILABILITY 
ALGOHJTHM, THEN THE ABOVE REMAHKS SUGGEST SEVERAL POSSIBLE 
APPROACH t: S , Af l O t~ G W H I CH w E FA VO f; F ITH ER A f UL L SC ALE OR 
A L I M I T E LJ I-< A N GE 5 U B ST I TU T I O N SC HE 11 E , U E PE I JO I NG O i~ THE DE S I RED 
AHOV~T Of ~XTRA OPTIMIZATION, 


