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~ ON A STAT!C SCHEME TO FINO P~OCEOUPE VARIABLES 
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WE PRESENT HERE JN APPROACH TO THE TREAJMENT GF PROCEDURE 
VARIABLES IN THE SETL OPTIMIZE~. THE ASSU~~D IN?UT TO 
TH~ OPTIMIZER IS A 10DUL~ CONTAINING SEVERAL PRCCEOURES. 
THE NAMES JF THE5E PROCEDUR~S ARE GLC8AL WITHIN THE MODULE. 
AND TH~REFORE NO OTHER VARIABLE IN THE MODULE CAN .MAKE USE 

• 0 F THE S E NA M E S • F X T c RN A L V .b R I A B L !: S M l.J S T i3 t: U E F PH: 0 A S S UC H, 
BUT THE USER NEED NOT SPECIFY ~HETHER EXTERNAL 06JECTS 
ARE PROCEDURE NAMES, MAPS OR wHATEVER. 

AS FAR AS SUBROUTINES iRE CONCERNED, THE PROBLEMS ARE NOT 
SERIOUS, SINCE A SUBROUTINE CALL IS SYNTACTICALLY 
RfCCGNIZA~Lf BY THE COMPILER, 11S FGRMiT aEING 
P~OCN4ME ( EXP1,EXP2, ••• ,EXPN ), IF PROCNAME IS O~E OF 
THE P~OCEOURE NAMES WITHIN THE MODULE, THEN THIS CALL 
INSTRUCTION EST~BLlSHES A UNlQUc will DEFINED LINK lN THE 
CALL GkAPH. OTHERWISE, PROCNA~E MAY AE A PROCEDURE VARIA9Lf 
AND THE AgGVE IN5TR0CTION ESTA3L!SHES LINKS TO ALL tCOMPAT18LE~ 
SUBROUTINES (IF ~E LACK ADDITIONAL lNFORMATlO~, A cor?ATIBLE 
SUBROUTINE MUST ~E DEFINED AS AN INTE~NAL ONE HAVING THE SAME 
NUM9ER"CF PtRAHETERS AS IN THE CALLING INSTRUCTION, OR ANY 
EXTERNAL PRCCEDURE>. SINCE IT MA~r.S NO DIFFc~ENCE TO THE 
OPTIMIZ~R WHICH ~XTE~NAL PPOCEOURE JS CALLEO, IT IS eEST TO 
TREil ALL S~CH CALLS AS CALLS TO A SINGLE EXTERNAL t8LAC~ GOX~ 
SUPER ·PROCEDURE 1,;HlCH 1",AY USt ANO MODIFY ALL EXTERNAL AND 
GLOBAL PUBLIC VARIABLES, ANO MAY CALL ANY PUBLIC PROCEDURE 
BELONGING TO THE MODULE BEI~G OPTIMIZED. hOT~ THAT WHEN 
PROCEDURE VARIABLES OCCUR THE CALL GRAPH MAP CAN BE MULTI
VALUED. 

MORE SERIOUS PROBLEMS ARISE WrlEN ~E CONSIDER FUNCTION CALLS. 
ALTHOUGH THE BASIC APPROACH THAT w~ us~ IS PRECISELY THE 
SAME AS FO~ SUBRCUTINES, A NE~ DIFFICULTY A~ISES FROM 
ONE OF THE UNOE~LYING P~I~CIPLES OF THE SETL LA~GUAGE; 
NAMELY - T~AT THERE SHOULD BE NO DISTINCTION BcT~EEN THE 

· FUNCTIONAL APPLICATION OF A PROCEOU~E OR A MAP, BOTH HAVING 
THE SAME SYNTAX Y = F(X). IF FIS AN INTERNAL PROCEDURE 
NA~E, OR AN EXTE~NAL NAME, TH~N Wi CA~ PROCE~O IN THE SAME WAY 
AS ABOVE, ANO INCUR THE SA~E PR08A8LE AMOUNT CF OVER -
ESTIMATION. HOWEVER, IF F IS AN INTERNAL VARIABLE AND NOT A 
PROCEOURE NAME, ~E WOULD HAVE TO ASS~ME, IN THE ABSENCE OF 
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OTHER INFOR~ATIO~, THAT F MAY SE A PROCEOURE ~A~IABLE ANO 
LINK THE A8GVE iCALLING- INSTRUCTION TO ALL COMPATIOLE 
FUKCTICN PRGCEOU~ES. TH~S, IN AN UNDECLARED SETL PROGRAM, 
ONf MIG~T FEAR THAT tll ~AP RETRIEVALS WILL BE INTtRPRETtD 
AS VARIABLE FUNCTIGN CALLS. 

OB~IOUSLY SO CRUCE A MANNER □ F PROCEEDING IS TOO COSTLY, FOR 
MAP RETRIEVALS AkE CUITE COMMON IN SETL. A COMPLETE VALUE 
FLGk ANALYSIS COLLO IN MOST CASfS DISTINGUISH RATHER 
ACCURATELY B~T~ffN HAP RETRIEVALS A~O CALLS, BUT TO 00 A 
FULL VALUE FLOW JNALYSIS FOR THIS PURPOSE WE ~OULD HAVE 
TO ITERAT~ OVER MOST OF THE OPTIMIZER. ~c PRESE~T NOW A 
COARSER, BUT EFFICIENT METHOD TO OVERCOME THIS PROBLEM. 

.LET US INTRCOUCE THE NCTION OF -PROCEDURE CONTAMINATION~. 
A VA~IABLE WILL BE CtLLED Cl~ECTLY CONTAMINATED IF IT CAN BE 
A PROCEDU~E VARitBLE. A ~?RIM!TlVE CONTAMINATIO~ STATUS~ 
( PCS > IS A STRING OF THE 5YMBGLS -s- ,-sET CF-) AND -r
(#lvPLE OF~>, WITH THt FOLLO~ING MEANIHG. 

A) ALL DIRECTLY CONTAMINATED VARIABLES HAVE THE EMPTY STRING 
NULC AS A PCS. 

B) A VARIA8LE WHICH MIGHT BE A SET COfTAINING A MEMBER WITH 
A PCS W, WILL HAVE SN AS A PCS. 

C) A VARIABLE WHICH MIGHT BE A TUPLE CONTAINING AN ELEMENT 
.WITH A PCS W, WILL HAVE Tw 4S A PCS. 

THE tGENERAL CONTAMINATION STATUS- C GCS ) OF A VARI•BLE 
IS THE SET OF All PCs~s OF THIS VARIABLE. VARIABLES FOR 
WHICH THIS SET IS NGN-EMPTY ARE CALLED -CONTAMINATED~. 
THUS, THE CONTAMINATION STATUS TELLS US IN ~HAT WAYS THE 
VARIABLE CAN BE kELATED TO POTENTIAL PROCEDURE VARIABLES. 
hCTE THAT THE PRCCEDURE CONSTANTS WITHIN TrlE MODULE ARE 
NOT CONSIDERED CONT~MINATEC. THEY MIGHT, HOwEVER, BECOME 
SO DURING THE ANALYSIS (SEE REMARK 3 BELOW>. 

THE CONSTRUCTION OF THE GCStS IS COMPLETELY STATIC. ~E 
START BY SETTING THE GCS OF ALL VARIABLES TO ~HICH PROCEDURE 
CONSTANTS ARE ASSIGNED, TO S ~ULC ~, ANO BY SETTING THE 
GCS OF ALL UNOECLARcD cXT~RNALS TO THE UNIVERSAL SET OF ALL 
PCS~S (UP TO A CERTAIN FIXED LcNGTH, S(E R~MARK l Below>. 
6ECLARED EXTERNALS GET A GCS ~rlLCH DEPENDS ON THEl·R 
DEFINITION. E.G. IF AN EXTERNAL IS DEFINED ~SA SET, ITS 
GCS ·wrLL CONTAIN ALL STRINGS WHICH STAkTS ~ITH ,s~. 

.. 
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IF AFTER THlS STEP NO ~ARIABLE IS CCNTAMINATEO (~HICH, 
HOPEFULLY, WILL eE THf COMMON CASE> THEN THERE CAN·NOT 
EXIST PNOC~CURE VARIABLES. lT IS THIS CASE FOR WHICrl 
THE OPlIMIZfP WILL ~GST EASILY BE ABLt TO PRODUCE 
SUBSTANTIALLY EFFICIENT CODE • 

f.!HERWISE, WE PRCCEED EY THE USUAL ~WORKPILE METHQO;,e TO 
UPDATE THE GCS OF VARiiBLES WHICH APPEAR AS O~ARIARLES 
IN INSTPUCTIONS ~ITH A CONTAMINATED IVARI~3LE. THE 
FOLLOWING ARE sor.E TYPICAL tXAMPLES OF SUCH UPDATES. 
(Y IS ASSUMED TO BE ALREADY CONTAMINATED.) 

A) S WITH YJ 

0 GCS(S) = GCS(S) + ~ itSiitttw 1 W,. GCS(Y) ? 

0 

0 

6) F(X> • YJ 

GC S ( F) • G CS ( F) + ~ 111 T ;,e -t t ri l w ,. G CS ( Y l ? 
+ S ,sT111ttW: W P GCS(Y) ? 

THE FIRST SET CJ~RESPO~CS TO F BEING A TUPLE, ANO 
SECOND ONE TO F BEING A MAP. 

C> P FROM Y; 

(-~; GCS(P) = GCS(PJ + ~ WC2:) : W rt GCS<Y> -t 1'(1) :s ffS~? --
0 

0 

0 

C 

0 

C 

0 

C 

C 

. D) P • Y(K)J 

GCS(P) • GCS(P) + ~ WC2a) a W,. GCS(Y) t t,,;(l) • ,eT~ ~ 

+ ~ W(3:) 1 ~,. GCS(Y) t w(l:2) s ,sT,e ~ 

IF Y IS DIRECTLY CONTAMINATED, THERE IS FURTHER UPDATE 
TO BE DONE. SEE REMARKS 3 AND 4 BELOW. 

AFTER COMPLETING THIS JNALYSIS, WE CAN DETERMINE WHICH 
FUNCTIO~tL APPLICAtIONS CAN STILL 8E VARIABLE PROC~OURE 
CALLS. MORE PRECISELY - IF Y • F(~) IS SUCH AN 
APPLICATION, THEN IF FIS DIRECTLY CONTAMINATED, THEN THIS 
MAY BE A VARIABLE PROCEDURE CALL, OTHtRwISE IT HAS TO SE A MAP 
OR A TUPLE ~ETRIEVAL. THUS, ~E C~N ELIMINATE MOST FALSE CALLS 
FRCM THE COCE, ANO ESTABLISH THE CALL GRAPH RATHER ACCURATELY 
<ESPECIALLY IF THERE APE NO EXTERNALS). ONE SHOULD ALSO NOiE 
THAT IN THE REMAINING CASES OF A FUNCTIONAL APPLICATION WHICH 
MIGHT BE A MAP RETRIEVAL QR VARIABLE PROCcOURE CtLL, THE 
CO~RESPu~DING Ql CODE SHOULD INCLUDE THE CALL ANO THE RETRIEVAL 
ON ALTERNATIVE PATHS. 
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LET uS NO~ OBSERVE SEVERAL SPECI4L PROBLEMS WHICH ARISE IN THE 
~ CO~TAMINATION ANALYSIS • 
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THE LENGTH OF A PCS MUST 8E LIMITED 8Y SOME M ! O. IF WE 
ENCO~~TER A CU~TAHI~ATEO V~RIA3LE WITH TOO CO~POU~D A 
STRUCTURE TO PE D~SCRiaEo 8Y M SYMBOLS, ~~ ASSIGN TO lT 
THE PLS OBTAINED BY APP~hDiNG A SPfCIAL SYKdOL -•~ TO THE 
LEFT OF ThE M RlGHTrosr SYM~CLS GF THE ORIGINAL PCS • 
HEURISTICALLY, •~ M~ANS - A~Y COMPOUND STRUCTURE OF OBJECTS 
~ITH A PCS W. THIS STATUS IS L~FT UNCHANGED WHEN ~E FURTHER 
INCGKPORATE THlS V4RIA8LE lNlO MORE COMPOUND OBJECTS, BUT 
WHEN AN tXTRACTION 15 MAOb OUT OF THIS VARIABLE, hE TAKE 
INTO tCCCUNT ILL RELEVANT lNTERP~ETATIONS OF THE,.,. 
FOR EXA~PLE (ASSUMI~G M: 2). 

Y FROM X; 

P • X(K)J 

THE THIRD PCS tPPcAKS BECAUSE X(K) MAY BE A MAP RETRIEVAL 
IN WHICH CASE#•~ NIGHT REPRcSENT ;s~, OR IN OTHcR wOROS 
X MIGHT BE A SEl OF TUPL~S (Of A MAP) GF SETS OF PROCEDURE 
VARIABLES, AND THUS P MAY SE A SET OF PROCEOURc VARIABLES. 

WHEN A CONTAMINATED VARIABLE IS ASSIGNED AS A PARAMETER TO 
SOME PRCCEDURt, THEN 
A) IF IT IS A KNOWN INTERNAL PROCEDURE THEN ~E HAVE TO UPDATE 

THE COkRESPONOING FQRMAL PARAMET~R OF THE PROC~DURE. 
8) OTHERWISE, ~= HAVr TO UPDATE THt FORMAL P~RAMETcRS OF ALL 

THE INTERNAL PROCEDUkES ~ITH THE. SAME N~M~tR OF PARAMETERS. 
(SEE 48 BELOW FOR ADDITIONAL DETAILS CO~CER~ING THIS 
CASE>. 

A SIMILAR TECHNIQUE APPLIES IF A WRITE FORMAL PARAMETER OF A 
PROCEDURE BECOMES CONTAMINATED. 

3) AN INTERNAL FUNCTION CO~STANT wlll BECOME CONTAMINATED IF ITS 
RETURN VALUE BfCOMES CONTAMihATEO. IN THIS CASE WE HAVE 

·To CONTAMINATE TrlE OVARIA~L~S OF ALL THE CALLS TO THIS 
FUNCTION, AND ALSO lHE OVAKIA8LES OF All CftLLS TO 

. FUNCTION VARitBLES ~ITH THE SAr~ NUMBER OF PA~AMETERSe 
HOWEVE~,WE 00 NOT ~ANT TO UPDATE THE OVAPIA9LES TO 
~HICH THIS FUNCTiON NA~E IS ASSIGNED AS A CO~STANT. 
SEE ALSO PART 8) OF THE NEXT REMARK. 
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4) WHEN WE ENCOUNTER A VARIABLE PROCEDUPE CALL cr.E. FIND A 
C\ll<ECTLY CONTA~HJATED VA~lAOLE \t.HlCH APPEARS /tS A P~OCEDURE 
NAME IN ~HAT t-.llY BE A PPCCEDUKE CALL>' THEN 
J) IN TrlE PRESENCE LF CG~TAMINATEO ~XTERN4LS, ~E ~UST GIVE 

TO ALL GLOtAL Pu~LIC ~A~lASLES, ALL LOCAL STATIC 
VARIABLES hITHlN PUBLIC PROCEDURE~ CR PRCCEDU~ES WHICH 
MIGHT Bf CiLLEO BY SUtrl PROCEDUkES, ~LL W~ITE PARAMETERS 
OF THE PROCEDURE CALL INCLUDING TrlE OVARl~BLE IF A 
FU~CT!Q~ CALL, THE UNIViRSAL ~ET OF PCs-s AS A GCS. FOR 
THE FIRST Two CL/.SSES UF VU<IABLES, THIS COULD BE DONE 
ONLY ONCE, AFl~R THE FIRST VARIABLE PROCEDURE CALL IS 
ENCOU~TERED. 4 GL09~L FLAG SHCULD 8E MAINTAI~ED TO INDICATE 
WHETHER S~CH A CALL HAS AL~EADY BEEN ENCOUNTERED • 

. WE MIGHT EVEN GO FURTHER IN THE ATT~MPT TO IDENTIFY THE 
CASES IN WHI~H ~~ HAVE POTENTIAL PROCEOLkE V4RIASLES, BUT 
~ONE OF ·THEM I~·CONTAMINAl~D VIA AN EXTERNAL NAME, NOR. 
ARt: THERE />NY EXTERNAL Ci\LLS. IN SOMc C~SES .THIS 't/OULO ALLOW 

US TD AVOID TrlE OVER~LL CONT•~INATION OF TH~ GLOBAL PUBLIC 
VARIAeLES AND THE LOCAL STATIC ONES AS MENllONED ABOVE, ANO 
THIS WOULD IN SOME CASES GIVE US A SUBSTANTIALLY MORE ACCURATE 
PICTURE OF lHE CONTAMINATIJN STATUS. 

TO oa THIS, WE CAN DISTINGUISH aETWEEN T~O CASES OF DIRECT 
CONTA~I~ATION - BY AN EXTE~NAL VARIASLE OR SY AN INTE~NAL 
PROCEDU~E CCNST~NT. DENOTE THESE STATES BY THE STRINGS 
~E~ ANO ,Ii RESPECT!VtLY, AND CARKY rHE REST OF THE ANALYSIS 
THE SAME WAY AS BEFORE, ADJUSTING THE PCS IN AN APPROPRIATE 
tl ANN ER • THE N , I F. NO PR O C E OUR E CA L L HA S A it D l R E C T L Y 
CONTAMINATED BY AN EXTERNAL/ h~MEj THE OVE~ALL CONTAMINATION 
ACTION DESCRid:0 JUST A8JVE C~~ dE AVOIDED. 

B) IF A PROCEDURE VftRIABLE IS NOl CONTA~INATED BY EXTERNALS 
THEN hE ONLY HAVE TO ~POAlE THE ~~ITE PARAMETERS OF THE 
PROCEDURE CALL, ANO ALSO THE □ VARIABLE IN THt CASE OF A 
FUNCTION CALL. FOR EXAMPLE, TO UPDATE THE CVARIASLE ~E 
ASSIGN TO IT THE UNlON OF THE GCSitS OF THE RETUkN VALUES OF 
ALL IhTERNAL CO~PATIBLE PROCEDUPE NAMES (I,E. ALL COMPATIBLE 
CONTAMINATED INTER~AL FUNCTIONS. SEE kEMARK 3 ABOVE.) AND 
PROCEED SIMILARLY wITH A ~RITE PARAMETE~. 

5) NOTE T~AT IN PRINCIPLE IT IS POSS)8LE TO ANALYZE CONTAMINATION 
IN MUCH ~ORE DETAIL, E.G. JE COULD HAVE A DIFFERiNT DIRECT 
CO~TArINATION STATUS I~D~CED av EACH INTERNAL ~OUTINE, AND IN 
THIS WAY ~OUL~ BE APLE TG KEEP TPACK OF THE POINTS AT WHICH 
SPECIFIC INTERNAL P~OCEDURE CONSTANTS MIGHT APPEA~ AS VARIABLE 
VALUEl. HOWEVER, SI~CE MLST SETL P~CG~AMS INVOLVE NO P~CCEOURE 
VARIABLES1 SO ELABORATE~~ APPROACH DOES NGT ~EEM JUSTIFIED. 




