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THE GLOBAL OPTIMIZATION ANALYSES ~ERFORMED BV TH~ S~TL nPTI~l7ER 
PRODUCE I NF ORHA TI ON WHICH CAN BE ,JU I TE USEF"UL our~ I Nn nEqlJGG I Nr;. 
HOW E V ER , THE OPT I M I Z ER AL GO R I TH MS A S THE Y NOW S T A ND A RE O R I E M T E ') 
TOWARD CODE I MPROVEHENT RATHER THA tJ T OWAf~lJ THE= PROOllC T J 'HJ OF' 
MELPrUL DIAGNOSTIC MESSAGES. THIS SUGGESTS THAT tr MIGHT 8E 
USEFUL TO DESIGN AN ADDITIONAL -DEBUG• ORIENTEOt V~RSION OF 
THE PRESENT OPTiMIZER, BY ADAPTINO SEVERAi- EXISTING ALGnRITHMS 
TO THE DEBUGGING, DIAGNOSTIC PRODUCING MOnE. NOTF THAT ~OST OF 
THE OPTIMIZER ALGORITHMS ARE NOT NEEDED IN SUCH A MODEJ THE 
MOST USEFUL ALGORITHM IN SUCH A HODE IS THE TYPE FINDER. 

IN THIS NEWSLETTER WE PROPOSE A SLIGHT MO!JlFtCATiON or THE 
TVPE FINDER, WHICM WILL MAKE IT HORE ADVANTAGFOUS THA'I TH~ 
CURRENT ALGORITHM IN THE DE RUGG I Nr;, ERROR .. DETECT T rJG MOD~ or; 
OPTIMIZATION, AND WILL HAVE NO EfF'ECT ON oPTJM[ZATlnN 
OF" CORRECT, PflODUCT I ON PROGRM1S, 

PRESENTLY, THE SMALLEST (ZERO> ELF.MENT IN THE TYPr- i ATTTCI:: IS n11T 11 

THE ERROR TYPE AND THE UNOEr I tJED TYPE, 8V DEF AUL r·. T F' A~~ occU;?E~Jc;: 
IS NOT YET ANALVZED DURING TYPE FINDING, THEN ITS TYPI: IS STILL 
UNDEFINED, AND MAY INDEED BE lNTEHPRETED AS A TFMPORARY ERROR~ 
TYPE, IN THE SENSE THAT IF THE TYPE Of TH4T OCCUQFNCE R~MAINS 
UNDEF'INEO AT THE E=NO OF' TYPE•F"Ji'-JDttJG (AS WITH A VARTAFH.~ THAT 
IS USED BEFORE IT IS EVER O!:FirJED>, THEM TNDEED ~JF 1-lAVF. A~ 
ERRONEOUS OCCURENCE, 

A MORE FREQUENT CAUSE FOR ASSlGNit.JG THE ERROR TYPr:: to A~>l occur?E ► !C~ 
IS T~E THE APPEARANCE or AN ILLEGAL TYPE rOR AN ARGlJMEMT IN A1J 
INSTRUCTION, rOR EXAMPLE 

(1) X I= -A-J 
(2) Y I= X + 1: 

H6RE WE ASSIGN THE ERROR TYPE TO V2 DURPrn FORWARD PROPAGi\TlD'J, 
THIS TIME EXPLICITLY AND NOT HY OF.FAULT. 

IN THE CURRENT ALGORITHM, THIS ~RHOR•TYPE WILL B~ PAOPAnATEO 
fURTHER, TO SUBSEQUENT USES or Y, WHICH AHE LINKFD iN T~E UATA 
FLOW TO THE OCCURENCE OF' Y IN ( 2) AND TO hJO OTHE=R Or.CLJRt=NCE OF 
't', THIS MIGHT BE ALL RIGHT F'OR PRllDUCTIOrJ OPTIMJ'1ATiO~J°, WHERE 
WE MIGHT WANT TO INFORM THE PROURAMMER WHAT PARTS or 41~ 
P ROG R AM M I G H T 8 EC o ME I NV AL I D U U E TO T H I S ERROR • ~HJ W r: V f: R ·• n U R I ' ! G 
DEBUGGING, PROPAGATION or ERROR~TVPES WILi. NOT CoNTRl8UTE 
ANY TH I NG, BUT RAT 1-1 ER MAKE T ~I PHi S t 10 RE O 8 Sr.URE·, AND MA V 
P RE VE NT THE DE T E C T I O N OF MORE E RR o R S , F OR E X A M Pu: ·, I N A c OD E 
SEQUENCE LIKE 
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X1 111 CONSTANTJ 
X2 I• OP1(X1)J 
X3 s• OP2(X1, X2); 

2 

I F" THE COMP U T A T I ON OF ', SA Y , X 2 I S E RR O N f O l JS , T HE ~J T H I S I= R RO R 
WILL PROPAGATE THROUGH THE WHOLE SEOUENCE·. ANn ALL THE rJVA~HA 1v=s 
WILL BE ASSIGNED AN ERROR .. TYPE, RGGARDLFSS or i-!Hi:THFR T~F cnor:: 
co~TAINS ADDITIONAL ERRORS OR NOT. 

F"OR DEBUGGING PURPOSES', IT IS THEREFORE R!-:ASONARLF TO Mnna-v 
THE TYPE'"FINOING ALGORITHM, so THAT THIS IJNNEEnFn PROPAr.ATIDN f)r' 

EHROR TYPES IS SUPPRESSEOJ THIS WILL ALLOW THF nPTIMIZE~ To 
DETECT AS MANY itllJDEPENDENTII! ERRO~~s AS POSSIBLE. ANn JS Do;~E 
AS F'OLLOWS; 

CONSIDER FIRST THE FORWARD PROPAGATION PHASE OF THE TYP~ ~I~D~f~. 

L ET US ASSUME , F" 0 R THE SAKE OF S PIP L I C I Ty', TH A T n UR A 1~ Al, Y S I S 
IS INTRA'"PROCEOURAL (AN ANALOGOUS APPROACH WOULD HOLD 1~1 THE 
ItHE!hPROCEDUHAL CASE>', AND LET ;tTYP;t BF. A MAP ON Or.CLJRC::NCES 
MAPPING EACH UCCURENCE To ITS iYP~. AS CO~PUTF.n so F"Aq. 

SUPPOSE THAT AT THE ENC OF THE FIRST PHASE OF THF TVP~ 
FI~DER, THERE EXIST OCCURENCES 01. FOR wqrcH TYP(OI) = T-.Z 
( TH E ERROR , Z I: R O T Y PE ) • T HE ea" CO l) E , A S P ~: 0 D lJ C ED A Y T q E S E M A N T I r 
PASS, AND ARTIFICIALLY MODIFIED BV THE I~tTIAL PHASFS nr THE 
OPTIMIZER, IS SUCH THAT EVERY VARIAHLE IS SOMEHOW D~FIN~n 
BEFORE BEING USED (LOCAL VARIABLES ARE SET TO OM AT T4E E~TqY 
or EACH PROCEDURE, AND GLOBAL VARIABLES ARE SFT to nM AT THE 
BEGINNING OF' THE MAIN PROGRAM, OR HAVE A ~UMMY DEFINlTtnN I~ 
A SIMULATED ~BLACK-BOX, MAIN PROGRAM), IT THUS FntLnWS THAT 
THERE MUST EXIST INSTRUCTIONS FUR WHICH TVP OF THF nVARiARL~ JS 
T~z, BUT TYP OF EACH !VARIABLE 15 NOT T-.Z. LET us CALL ~UCH 
INSTRUCTIONS ERRONEOUS. WE MODIF"Y THE CODF. BY REPLAC':liJG THE 
OPCODE OF EACH ERRONEOUS INSTRUCTION HY A~ AUXILtAR~ OP~n □ E 
a1~coR, WHOSE SEMANTICS ARE• ASSIGN A GE~ERAL VALLI~ TO THE 
OVARIABLE, REGARDLESS or THE TYPES OF THE IVARIAALES, Nnw WE 
RE-APPLY THE FORWARD PROPAGATION PHASE a~cE MORE~ wtTH tHF 
FOLLOWING INITIAL VALUE OF ~TYPt: 

TYP(OI) ,. MAXIMAL TYPE OF 01. IF 01 IS A1J OVARIARL!; nr A''J 
ERRONEOUS INSTRUCTION (I,E, A GENERAL TYPE, OR A RE?RED TYPE IF 
DECLARATIONS GIVING INF'ORMATIOtJ AAOUT OI HAVE BFF.N t-1AflE,. 
TVP(OI) IS UNCHANGED F"OR ALL OTHER OCCURENCES or. 

THE WORKPlLE DRIVING THE ADDITIONAL f0RWARD TYPErINnlNG PHASE 
IS INITIALIZED TO CONTAIN ALL ERRONEOUS OVARIABLES, 
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IF', AT THE END OF THIS ADDITIONAL PHASE, THERE ARE ~JE~I 
ERRONEOUS INSTRUCTIONS, WE REPEAT THE W~O~E PROCEnURE 
AAOVE ONCE MORE, AND KEEP Q!~ OOING so TILL NO NEW EP~(HJ~nus 
INSTRUCTIONS ARE OBTAINED. 

T HE HEU R I S T 1 C S OF TH I S A PPR n A G H A H E : T H E F X E C lJ T In N n F" A ~i Y 
ERRONEOUS INSTRUCTION WILL CERTAPJLY CAUSJ: A PROC';RAM Anrrnr. 
SUPPOSE, HOWEVER, THAT SOME~OW THIS E~ROR HAS REEN r,O~R~r,TEO 
AiJO THE PROGRAMMER WANTS US TO PRrlCEE:J WITH TVPF ANALYSTS, 
SINCE WE HAVE NO IDEA WHAT THE CORRECT VALUE OF THE UVA~IA8LE 
IS SUPPOSED Tu OE, WE ASSUME THAT IT IS OF' A GHJERAi' TYPF, 
AND PROCEEDS WITH FORWARD PROPAGATION ONC~ MORE. 

IT IS EASY TO SHOW THAT THE A80VE PROCESS COr4VERG!=S. HJl''!E~D, 
CIN THE TERMINOLOGY OF TENENBAUH-S THESIS,, EACH APPLICATlO~ 
CF' THE FORwAHD PROPAGATION PHASE df THE TVPE rrnnFR IS 
MONOTONIC, IN THE SENSE THAT EACH PROPAGATION STl;P frJcR~ASES 
THE TYPE VECTOR OF ALL VARIABLE OCCURENCES (T~IS IS f:'1S~~JTIALI_Y 
THE ~TYPt MAP). THE t-INTERFACF.St flETWcEN ~NY TWO sur.c~s~tVE 
APPLICATIONS OF THE FIRST PHASE, AS S~ETCHED AAOVF, AqE ALS~ 
M ON OT ON I C 1 N CH E A S I NG , S I f✓ C E T HE Y r~ E P L A C E S OM E T .. Z C n M P O ~.I PH S ; ' Y 
T~G COMPONENTS, HfNCE, THE WHOLE PROCESS is MONOT □ NiC, ANn 
THEREFORE CONVERGES, YIELDING A FINAL TYP VECTOR WHiCH is 
OHVIOUSLY LARGER THAN THE ONE COMPUTED BY THE STANDARD rJRST 
PHASE, 

A F' T ER T H I S PRO C E S s TERM I N A T E S , W E I SS U E A F A T A L i; R R n R ~1 i::: ~ S A G E 
FOR EACH ERRONEOUS INSTRUCT I OtJ, 

NOTE THAT THE AODi::[I APPLICATIOtJS OF THE FTRST TYPE-rI~mTNG 
PHASE WILL GENERALLY BE MUCH FASTER THAN THE FIRST n~~. 
THEY WILL ONLY MODIFY THE TYPES or OCCURENCES THAT nEPENn 
UPON AN ERRONEOUS OVARIABLE~ AN □ SO WILL HE MAINLY nF A 
LOCAL NATURE (UNLESS, OF COURSE, THE PROGRAM WAS wRiTTE~ 
BY SOME CLEVER APE, OR THE MUMAN EOUIVALE~T TMERFOF'~, 

REMARK; THE REASON FOR PERFnRr1ING THE COD~ MODIFICATION A~D 
RESETTING THE ERROR TYPE OF Ef~RUN~OUS OVARIABLES OFF"-Ll~F. 
INSTEAD or EMBEDDING tT INTO THE FORWARD PROPAGATION PHAS~. 
AND THUS AVOIUING RE-ITERATIQrJS or THE \✓ HnLE PH&r:;E, Ic; TWnF~L,11 

C 1 > T HE F I R S T P H AS E I S T V PE • IiJ CR E AS I NG , A rrn S o , o 8 T A I ~1 I "I G A 
r~z TYPE FOR AN OVARIABLE DURitJG THE EXECUTION or THIS PHASE 
COES NOT IMPLY A DEF'INITI: ERROH, PERHAPS WE SIMPLY ~AVE NOT 
YET CONS I DER ED ALL POSSIBLE L HJKS. CONS ID~R THE F" □ Li~ 0 \✓ PH, 
EXAt-1PLEI 

( 1 ) Y ; a: 1 ; 
(2) IF COND1 THEN Y 1: -1-1 END Ira 
(3) IF COND2 THEN X t= Y + 1J ENO iF; 
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If WE PROPAGATE TME TYPE OF Y2 FIRST, WE OBTAIN T"Z FnH 
X 3 , 8 U T A T T HE E ND O F F' OR W A RD PROP A GA T I m (, T Y P ( )( 3 > I = I ~JT E G E R , 
AT THE END OF THE TYPE~FINDING ANALYSIS, WE SHALL ISSUE A 

W A R N l NG , NON., F" A T A L , ME S S A GE T I iA T THE S T A i I C L I N K A E i' W EE "' Y 2 
AND Y3 SHOULD NEVER MATERIALIZE IN RU~-TIME. 

THUS, IT IS DANGEROUS AND MISLEADING TO INTERPRET T"Z A~ 
EMRONEOUS, UNTIL THE FIRST PHASE rs OVER, 

(2) IF WE DO NOT MODIFY THE CODE, OR EVE~J FLAG HJSTPUCTT0~Is 
AS ERRONEOUS, DURING THE FIRST PHASE, BUT ONLY RFSET T~7 
To T .. G f o R o v AR I AR LE s, w E Ru N 11 JT o PR a B LEH s o F N rw ... Mo ~1 o T n /\J I r. I r Y , 
hHICH MIGHT CAUSE THE FORWARD PHASE TO DIVERGE, AS iNOE~O 
HAPPENS IN THE rOLLOWING EXAMPLE: 

( 1 ) X : = ;t1;t: 
( y ) 

( 2 ) V : = X ♦ i: 
( 3 ) z : = y + Ji 1; I 
( 4 ) )( : = z ♦ NL; 

ENO .., : 

ASSUMING THAT THE ORDER or TYPE PHOPAGATinN IS T~F <.';At1E AS TH~ 
C RD ER OF O CC UH ENCE S I N T H E CO DE , lJ E O 8 T A I tJ T HE FOL L n w I tl'1 
T V P E - V E C T O R S , A F' T i:: R E A C H F U L L I T E r{ A T I O N T H R O U r, H T H E C n D F =· 

C I X1 X2 V2 Y3 l] 74 X4 

TVP1(01) r .. c T-. C T-.Z(T .. G) T-. r'l T ... c r .. r, r ... z < r-.rn 
TVP2(01) T .. c T-.G T .. I T-. I r .. z c T .. G, r .. r, r-.sr:r 
TVP3(01) T .. c T-.SET T .. 7(T .. G) r .. G r .. r. r .. c T-.Z(T .. '1) 

.DIS r-.c 
T HU S TH I S APP RO A CH I S U N A CC E P T A 8 L != S PI C E f T E VE tJ TU A i L Y r, A U S E S 
THE TVPE VECTOR To ALTERNATE AETWEEN TYP2 AND TYP3, 

A T T H I S HOME NT , WE H A VE NO I D E A Ho l~ T J O V F R COME THE ~ E P q O 8 L E M •; , 
~rllCH IS WHY WE HAVE SUGGESTED PERF'ORr1JNG iHE ERROR A'lJIJSTMENTS 
;OFF·LINE;II!, RATHER THAN AS AN INTEGRAL PAPT OF THF TYPE-F'l!JOI IG 
ALGORITHM, 

t-, E X T , CO N S I OE R T H f SEC ON D , f3 A CK ~, A HU P I~ 0 P A n A T I ON PH A ~ E O ► T H E T Y P E 
F I N OE R , AG A I N , F OR DE 8 U G G I N r, PU F~ P D S ES , I i I S P O PJT L ~ S S T o 
PHOPAGATE ERRURS lJNCOVE~ED AT THIS PHASE, BUT IN THTS ChSE t./E 
HAVE A MUCH SIMPLlR SOLUTION, NAMELY - WH~NEVER AN OCCUP~~CE rs 
FOUND TO BE EHRONt=OUS, F"LAG IT AS fJEll\lG StJCH, BUT Ll=AVE ITS Tvp~ 
LNCHANGED, SO THAf NO TYPE PRUPAGATION WILL 8E R~OUTREn. 

TO SEE THAT THIS MODIF"ICATION STILL PRESERVES CONVERGErJr,E, NOTE 
THAT THE SECOND TYPE•FINOINO PHASE HAVE TME FOLLnWl~G PQOPERTv: 
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L E T X BE A T Y PE V f--= C T OR ~ S HO ~J I f·J G T HE T Y PE n F' AL L O C C 11 R F: N C F. S , A ' l D 
L ET r 8 E SOME T R Al'J SF ORM A T I O ,'J LJ F X , US E D U t I R I NG TH F. tU CK w A R D 
ANALYSIS PHASE, So THAT F<X> IS THE TYPE VECTOR ORTAPlEn 
BY APPLYING A SINGLE PROPAGATIOl'I STEP, THF.N F' CAN Bi; 
REPRESENTED AS F<X> i: X ,CON U(X), ~HERF G IS SOM~ nT4~R 
T H A N S FORM A T I ON , A f'.J D C ON JUN C T I O t l I S TA K E ~~ C OM P ONE N T W i S E , 
HEt-iCE, WITHOUT ANY MONOTONICITY ASSUHPTIO\JS ON G·, WF= SEi= THAT 
FCX) <= X, FOR ALL X AND F, TrlUS, EAC~ PROPAGATinN ST~P I~ 
THE SECOND PHASE DECREASES THE TYPE VECTriH, F'ROM WHTCH 
C O ~ VE R GE N C E I S O 8 V I OU S • IT H E t1 A I tl S TO O 8 SER VE TH A T TH I=: 
t'.U[)IF'IED SECOtJO PHASE WHJCl-l ~E HAVE SUGGESTED JU~T ABOVi=, HAS 
THIS SAME F"ORH, BUT WITH G REPLACED BY ANOTHER TIHNSF"()R'-1ATIO~l Gt, 
\,j HERE G 1 ( X ) I = G ( X ) I F' X • CON G ( X ) / = T ~ Z ·• AND r, 1 < X ·, : = X OT f I~ R 1.J I c::; E , 

~ E SE E THERE F O R E T HA T THE M OD I F' I E ! l SE C O i~ D PH A ~ E W I L i A L '.J A Y S 
cot-.VERGE, TO A L ARGfR TYPE VECTOR THAr-.J THF. ONE COMPIJTFn nv THF 
t-.O~ .. MOOIFIED PHAS~. HOWEVER·. U~llOtJE~JESS OF' THAT VFCTOR TS rJO 
LOt-.GER ENSURED, AND SO THE PROGHAMt1ER SHOULD HE AIHPE THAT THr= 
TYPE VECTOR COMPUTED FOR AN ERRUN~OUS PROGRAM CAN 8~ SO~f:W~!AT 
AHBITRARY, 

TO SEE THE SIGNIFICANCE OF THIS, CUMSIDER THE F'OLLOWI~IG F:XAMPLEt 

( 1 ) 
( 2) 
( 3) 

READ Z: 
X :: Z + t1;0 
Y := Z + 11 

HERE WE HAVE THE FOLLOWING POSSIBLE TYPE VECTORSi 

21 22 X2 z~ Y3 

AT THE END T-.G T~G T~c T .. G r .. I 
Gr PHASE 1 

PHCPAGATING T-.G r-. c T .. c r .. c T-.Z(T,.[) 

( 2 ) TO ( 3 ) 

PROPAGATING T--G T-. I r~zcr~c> T•d T·d 
( 3 ) TO ( 2 ) 

SO THAT 22 AND Z3 ARE BOTH ASSIUN60 EITHER T~I oR r .. c. 

AT THE END OF THE BACKWARD TYPEFitJ11JNG PHASE WE tSSUE A F'ATAL 
E H R OR ME SS A GE F OR E A CH F L A G GE D ER RO t J E ') U S n CC UREN r, E • 


