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1. COPY OPTll'1lZATION IN SETL 

S!:. l L NE wSL[T TE.R NUMHU< 164 

RObt.RT b. K. DEWAR 

4/13/76 

THIS NE~SLETfEH DlSCUSSES THl P~08LtM OF OPTIMIZING COPIES IN 
S t. T L ( I • l • r> f-< r.. V t N T l N b C U fJ l ~ ~, v1 rl Lf< t. T H t:. Y A Kt. U N E. C E 5 SAR Y ) • I T I S 
ARGUEU ThAT A STAflC AP~ROACH lS INSUfflCl~NT ANlJ THAT THE USE OF 
RlFt.HENCl COUNTS IS HEwUIRtU EV~~ IF THt OPTIMIZER PROVIDES 
MAXIMUM lNFOkMAT!ON. AN EFFICI~NT A~PRUACH TU TH~ MAINTENANCE OF 
RE.FERENCl COUNTS IS Ut.SCHIUE0. THE. lNfUHMATlUN HEUUIRED FROM THE 
OPTIMIZEH TO k~OUCE LOPIES WlTH HtFtRENCf CUUNlS IN USE IS ALSO 
Dt.SCR 11:H::::u. 

1.1. M00ELS OF REQUIRED COPlE.S 

THE THRE!:. KINDS OF STATEMENTS IN SETL WHICH ARE INVOLVED IN 
DlSLUSSIU~ OF COPYING ARt: 

1) SHH)LE ASSIG~iMEl'iT~, !NCLUUING ACl,iUlHlNG A VALUE ANO MAKING IT 
A PA~l OF A COMP0SlTl. 

2) ASSlbN~ENTS TO SU~PAHTS OF A COMPO~lT~. Wt WlLL 
CJ\ L L ., HE SI:. MOO I f l CA l I ONS • 

3) COMPUTATIONS WHICH INVOLVE MUOlfYING AN OPtRANO. FOR EXAMPLE 
A== b \oJlTH C. 

THIS THIRD TYPE ~ILL BE CONSIUcH~D A COMdlNATION Of THE FIRST 
Two UY WRITING A= b wlTH C AS: 

A = U 
A WITH C 

/* AN ASSIGNM~NT */ 
/* A MODI~ICATIUN */ 

THUS WE HAVE 10 DEAL WITH ASSlGNMli~TS ANU WITH MODIFICATIONS. 

ThtRE A~t. TWO CANONICAL WAYS OF IMPLtMfNTlNG OR DESCRIBING T~E 
COPYING WHICH MUST UL PERFOHhtD AS ~OLLows: 

l) COPY ON ALL ASSlGNME.NTS. f•d:_VEt< CUPY ON Mul>If !CATIONS. 

2> COPY ON ALL MODlf!CATlONS. Nl:.Vl:.H COPY UN ASSIGNMENTS. 

NOTt_ THAT SINCE 
CUl-'Y, Tt-11,l f:JTt,U~ 
11-JS l ANCt. • 

A = ~i WITH C HJVOLVtS tWTH AN ASSIGNMENT AND A 
uF HiLSt: Al·'hW,:d .. ,t-it.!:-i Ll/WS l(J A COPY IN TtiJ S 
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UNIJLk Hit-. CON~,TfUl!Nf Of-' lt--11-'l.tr-·.E.fd Ii'-Jb CUPY'!M, l'IITH ONt. OF THESE. 
CAl'JUiJlC/1L ,wpfWACilf·.~, THU,L Atii:. 1-'kUGkAt'IS vihlCH CLt.AkLY FM1E 
B l T l u~ l'I l T H O r-J t /I r- P h U J\ Ut O t-< l H L U 1 Ii U< : 

(twl<N<lOO) A=t:.lH A(X)=t:.J; b fASfU< ~ITH METtlOD 2 

A= H ; (L..i 1 < N < 1 U U ) A < ,_ l = d ; ; ::i.; f- A S l U·< W l T H ME l 11 \J u 1 

AND l HEH E-. ARE Pt-< 0 c, P At--1 S w h E. RE I T I S l Mt-' 0 SS l d Lt:. TO TE. L L : 

TH15 LA~r POSSI8IL11IY SHOWS THE DIFFJCuL·ry OF MAKING A CLEAR 
CHUICE Bt.TWEEN THESt. r~u METhOOS ON Trlt. bASlS OF THE PROGRAM AT 
HANIJ. MAKING A CHOICE THkOUGHUUT ThE SYSTt.M DEPENDS ON THE 
EMPIRICAL QUESTION Of WHICH KINU Of-' PHUGR~M l~ MURE COMMON. 

1•2• Hl:.FFRENCE COUNTS 

THf CU~Rt.NT SYSTEM USES REFt.~ENCE COUNTS TO 
Of COPIE~ Rl:.~Ul~EU. THLRE AKE SOMt. t.HHOkS 
DONE, RUl. THESE COULD ~E flXEU SU THAT 
WATt.RTIGHT. 

DECREASE TH£ NUMBER 
IN THE ~AY THIS IS 

THE SChEME WOULD 8E 

THEHE ARt. TWO ~AY5 UF LOOKING AT THE USE OF HEFERENCE COUNTS! 

l) BASICALLY COPltS AHE DONl ON A~5lbNMENTS. HOwEVER, THE COPY 
IS O~LAYFU UY M1\NlPULATING Hlflkt.NCE:. COUNTS TO I~DICATE THAT 
A COPY SHOULD RlALLY HAVE UE~N PEHFUR~EU. IF IT IS UISCOVE~ED 
LATU~ THAT THI:. CuP Y ShOULU HAVE bc.t.N DU1'4£, T Ht:.N IT IS DONE AT 
THE POINT OF DISCOVERY. 

THUS WE HAVE: COPY ON ASSIGl~MENTS, HUT WI TH A MECHANISM FOR 
AVOIDING COPIES WHICH ARE NOT ~E~~~~ARY. 

2) d A S I C /q _Ly COP I t: S 
HEFEHLNCE COUNTS 
MOOlflCATION IT IS 
IS NUT REYUIREO IN 

ARE IJUM: 
ARE KE.PT 

POSS!tJLE. TU 
THIS CASE. 

ON MOOlflCATIONS. HOWEVER, 
SU THA·r AT fHE POINT OF 

OETECT THI:. FACT THAT THE COPY 

THESE Twu VIEWS A~<E t::UUiVALE:.NT, 8UT IT IS USEFUL TO DISTINGUISH 
THEM WHl:.N IT COMtS TO CONSlUEMING THI:. FUHfhE~ [FFE.CT OF THE 
01-'TIMILEH. 

J.J. SHARED blT MtCHANlSM 

Tht::. :1U~rif\',!ISM 
(M.>N-()1.>f JhJ /FlJ 
COUNTS. 

PHuµost:.D FUH lhE NtW SllL 
VEHSlO~J USLS SHA~t. 8ITS !N~TEAU 
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THt SHARED BIT IS A HlFEHENCl COUNT wHlCh HAS VALUES OF EITHER 1 
OK O • IT HAS A SlMlLA~ t- Ut,Cf I Oh 1 U THt USt. Of FULL t-<t:..FEHENCE 
CUUNTING, HUT SlNCt 1 IS THt MAXlrtUr-1 VALUt. <i,1-Ju MIGHT Mt.AN MO~E 
T h J\ N l Ir ~ F A C T l , 1 1 I S N f:. V t. f.< P U S ::, l tJ L L T O f< t. 0 u C E f-< t F Et-< E N C E.:. C OUN T S 
(TUHN OFF THE SHARlU ~IT). THI~ Mt.ANS THAT IN A StQUENCt: 

A= B; 
A(l) = 1; 
t:Hl> = I; 

THE SECOND AND THIHU LINES HOTH PEHfOHM COPIES WHERt A FULL 
RtftRENCt COUNflNG ~YSTLM ~OULU ONLY NtEU THE SECOND COPY 
(ASSUMIN~ NO OlHEH uSL~ UF Thl VALU~ Akl ACTlVE). 

IN GENERAL THE SHAHtU BIT NECHANIS~ MAY CAUSE AS MANY AS T~ICE 
THE NUM~ER OF COPl~S THAT A FULL K~FtHENCE CUUNT MECHANISM WOULD 
REYUIRE. IN ~HACTICE THE N~M~tt-< Of COPIE~ 15 SOM~wHEHE 8ET~EEN 
ONE AND Two TIMES THlS NUM~tR. 

THE ADVANTAGE OF THE USE OF SHAHEU ~ITS IS lHAT THEY CAN BE 
MANlPULATEo VEHY·MUCH FASTER THAN R~FEHENCE COUNTS BY USING THE 
FOLLOwlNG SCHEME. 

NORMALLY REFERENCE COUNTS ARE KEPT WITH THE ACTUAL VALUE WHICH 
MIGHT GET COPIED. T~IS IS DUNE SO THAT A HEFERENCE WHICH BECOMES 
DISCONNECTED (dY ElTHtR HEASS10NMtNl OR COPY1N6) MUST REDUCE THE 
COUNT BY ONE• USING THt SHAHtU ~IT MECHANISM, THE COUNT IS NEVER 
REDUCED. THIS MEANS THAT ll CAN Hl Kf~T lN THE REFERENCES 
THtMSELVf~. SINCE THE SHARED dlTS AkE NEV~R llSTED ON SHOHT ITEMS 
ANU HAVE NO EFFECT, THEY MAY ~E SET WITHOUT TESTING TO SEE 
WHETHER AN ITEM IS SHORT OH LUNG. 

THE SEQUENCE fOR AN ASSIGNMENT A= ti ~ECOMES: 

(SET SHARED bIT OF VALUE SPlCIFl~H FOR B) 
(ASSIGN B TO A, I.E. JUST MOVE SPECIFIER> 

ON THE I tiM 37 0, THE INSTRUCT 1 ON SbWtNCt· IS: 

01 (SHARED blT Uf b) 
LM 1,2,A 
STM l,c,A 

ON THE CDC 6600, THt INSTHUCllON SEUUtNCE IS (ASSUMING THE SHARED 
BIT TO 8t THE LAST dlT OF THE SPEClflt~): 

SAl ~ 

SX2 t:j7 ******* 
IX6 Xl+X2 
~A6 Al ******* 
SAb A 

IN lACH CASl, THE ASTERISKS FLAG THE EXTKA INSTRUCTIONS FOR 
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SETTING TH~ SHAHED blT COMPAkf:.U WlTh A STHAlGHT·ASSIGNMENT. THE 
COST JS SMALL HJ TI,·-11:. ANO Tht tH:.::,lJLTlMj CUu!:. IS STILL SHORT 
ENOUGH TU 8E GENERATlD INLIN!:.. 

THIS SEWUENCE IS TO 8E COMPAHtO WITH SONETHINb LIKE THE FOLLOWING 
FOR FULL HEFERENCE COUNTS: 

(IF A IS SHORT ITEM, GUTU Ll) 
(If Rt.F COUNT OF VALUt OF A= MAX, GOTO ll) 
(UfCRENtNT kEFEkENCE COUNT OF VALUE UF A) 

Ll: <IF R IS SH0~T ITEM, bOTU L~) 
<IF RtF COUNT OF VALUE OF b = MAX, GOlO L2) 
<INCPEMf:.NT kc.FERENC~ CUU~T UF VALUE UF ~) 

Le: (COPY VALUE SPtClFIER OF 8 Tu A) 

NOT ONLY 1S THIS SE~lJtNCE MUCH SLOWER ANU MOH~ COMPLEX, BUT IT IS 
QUITE IMPHACTIAL TO b~N!:.RATl INLI~E CuUE FOH SUCH A COMPLICATED 
SEQUENCf:.. 

SINCE TH!:. NUM~EH Of ASSIGNMl~TS IS VtHY MUCH GR!:.ATER THAN THE 
NUMdER UF COPlt:.S FH:.UUIRt.D BY A til:FlRUJCl COUNT SYSTEM, THE USE OF 
SHAH[O 811S I~ THOUGHT TO ~E MUCH MURE EFFICilNT. 

}.4. GLOBAL OPTIMILATION 

W[ NOW CONSIO[P THt lNFOkMATlON ~HlCH CUULU bE PROVIDED BY A 
GLObAL OPTIMIZATION ~CHtM[ TU HELP HtU0Ct TH~ NUMBER OF COPIES. 

AN INITIAL APPkOACH IS TO ASSUMt ONE OF lHE ORiblNAL CANONICAL 
SCHEMES TQGETHfk ~ITH AN ATTtMPT TO IDENTIFY STATICALLY THOSE 
INSTANCE:.S WHERt COPYiNij CAN ALwAYS bt UMITTEU. 

ASSUMING THE APPROALrl OF COPY!Nb UN A~SlbNMtNTS, THE CONDITIONS 
FOH OMITTING THIS CU~Y AkE AS ~OLL~~s: 

A = 8 

COPY CAN llF OMITTED If- ANY OF THE. FOLLOW!Nij HOLCJ: 

}) 8 IS UEAD 

2) THE VALUE 8 IS AbANDONtD btFORt A IS MUUifIED 

3) THE VALUE A IS A~ANDONEO HtfOHt u 1S MUOIFitD 

4) THE VALUES OF A AND 8 ARE:. bCJ TH AbMWUNE:.lJ • 

AN Ad A 1 ~ tJ t· r, V f-\ L U t H" Tt-il S S l:fJ SI:. l S O 1·. t_ w H 1 CH t> EC OM E S lJ EA D W I T HOUT 
81:. lr~ G Mu u l I r I: I.J u I~ ~.) I 1 ,-d< L D [j y AN (J l t-1 L k ,.... u I N rt. H • 
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THt '::iE CUIJi) 1 T IlHJS Hit:. Dt H.C 1 l\tiU_ [) Y Su IT Ault. F UJ -~ ANM. Y SIS AND 
A!:>SltJNi-1U1Ts lltEl lt-Jb fhc.'.:,E (.,(Jl,1LJ1 T lur~~ CUUL(J Lll FLAGGlll. 

JF TH!:. Af'PPnAlH OF Cu~JYl1--J(, UN MUDlt-1CATl0i-J'.:> lS Al)OPTtLJ, THEN TH[ 
CONUlTlGNS FOk 0.'·1ITTli~G THE CtJi-'Y Akt:. /~':;, t-OLLUv.S: 

F(A) = Li 

COPY CAN HE OMITTED lf: 

1) TH[kt IS ~o OTHlH LIVE ust OF lH[ VALU~ F AT THE TIME THE 
A S S 1 u :-m E N 1 I S f-_ X. t C U 1 t l) • 

AG A l N TH l S I N F Uh t1, I, T 1 0 N CAN ~ t. U l:j l A 1 i'< t. U li Y t- LO w AN ALY S I S ANO l N 
FI\CT THIS APPHOACH l!:> THt ONE THAI HAS l:lE.t1.J t.X.t-MlM:.D IN PREVlOlJS 
WORK ON C(lPY UPTlhILATlON IN CUl'IJUl'<C"flCN WlH1 SE:.TL. 

NEITHER OF TH~Sl SCHtMtS IS SATISFACTORY AS CAN bE S~EN FROM THE 
PROuRAM U, At,.IPLtS G IV E:.N EIXhl I EJ<: 

(l'Jll<N<lUO) A=d;; A(X) = C 

A=B IS NUT AN ASSIGNMENT FtJR WHICH THE COPY CAN ~E OMITTED 
STATICALLY SlNCE IT IS NE.EDU.1 SOMt:. OF TH£ TH,t (THE LAST TIME 
THkUUGH THE LUOP). 

A=H; (~l<N<lUU) A(X)=C;; 

A(Xl==C IS NOT A MODlflCATIUi~ fOf~ \•1HlCH H1E. COPY CAN BE OMITTED 
S T ,~ T l CA L L Y S I l'< C E. I T l S N l ED E. LJ S tJi'I t. 0 f T H t. T H·, E. ( THE:.: F I R ST T I 1.1 E 
THKUUGH THE LUOP). 

AL THOUbt1 TtlFSt. PM<T lCULAH E.X:Al',PLLS COULD t:H:. hANOL£l) tH SPECIAL 
AN ALY S 1 S \·I H I l H m) UH·. lJ UP 1 h t-_ Lu tfr l U TH t. J~ r TH t. F l k ST ( 0 R LAST ) 
ITEHAllON srELl~LLY, 11 IS CL~~HLY ~-os~I6Lt. fu CU~STRUCT t.XA~PL~S 
WHt.RE NU SPECIAL SfJdlC lHt.All'tt.r\d \\UULU tjL AUll,;UAH .• 

IT IS THUS CLEAH THAT Tht SH~RcU UlT M~CHANl~M JS HE~UlREO 
IF THC: 0 p T I h I LtY hW V I u t. ~) T Ht. tl E. ~ l PU ~ ~ l t1 LE S l AT 1 C 
INFOHMAl lON. wt Htl:-.~t.FOHI:. CUNS!Ut.H IHL 11\lt.r~ACT LON tiETwt.EN 
STATIC COl·'Y yr~FOl..:MA11UN ANU Thi:. Stll~t<t.U t:d T Mt.CHAN ISM. 

EVEh 
COt->Y 

TrlE 

FOH A flHST STA0E, LET US SUPPO~l THAT THI:. OPTIMIZE.H FLAGS 
ASSlGl\'Mt.t-lTS \d·tE.lff THt. CuPY lS r~OT Ht.UUli·it.lJ (LJl,iJlk THt. A~SU:-1,.>TlCJ~~ 
Of-' COPYir-H, ON ASSH;i-.:-JHH~} ANLJ f,LSO FLAGS MULJ!FlCAllOl'lS wHt:.Kt': Thl 
COPY I~• NOT Hl:.<iU1Ht.D (Uf·iUU{ HiL. 1->.!:>SlJMPilON OF COPYING ON 
MCJUlFJC/,TJo1JS). 1,t_ THt.N HJ\V£ Htl FULL01JlNG: 

lf- Th[ A~~->l(it•wrt.ril lS FLAGG!:[) AS t;vT Hl:.UUlf<JiiG 
r, Cllf->Y, T HU-.J lt-1t. St. Tl l NG UF Hit. SHAf-<t:.l) d l T l S 
0 M 1 TT t:lJ S 1 N C t. 1 l CO l.J LO NOT b I: ~ t:.. El) E O • Tri! S 
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MIGHT SAVt. A CUPY ~HlCH ~UULO UTHLHWISE UE 
~tHFOHMEU U~LCL~SAKILY. 

FUR MODIFICATION: If THE MUUlflChTION 1S FLAGGED AS NOT 
REQURING A CO~Y, ThlN TH~ SHAREU blT NEED NOT 
HE TESTt:.U. THIS IS STHlLTLY A LOC~L HELP AND 
SAVES ONLY· Hit: Tt:.ST (SI1'jCt. THE HESULT OF THE 
TlST, If ~ERFUkMEO, ~UULO AL~AYS INDICATE 
THAT NO COPY ~A~ H~YUIH~U). 

A MORE SOPHISTICATED SCH[ME IS AS fOLLU~S: 

FOH AS~IGNMENTS, THE OPTIMIZER DI5T!NGUISHES THREE CASES: 

1) A COPy IS REQUIRED SINC~ ALL .PATHS FROM THE ASSIG~MENT 
INVOLVE MUOIFYIN0 ONE OF THf VALUES WHILE THE OTHER IS STILL 
LIVt.. IN THIS CASE, THE CUPY IS ACTUALLY DONE ON THE 
ASSIGIJMENT SINCE THE SHAt·H:.O td T Mt:CrlANISM CANNOT PRt:.VEt'4T IT 
ANO MIGHT CAUSE A S~CUND UNt:.CCt:.SSA~Y CUPY IF BOTH VALUES AHE 
MODIFIED. 

2> A COPY JS UEfINITELY NOT REQUIRED. AS AbOVE, WE SIMPLY OMIT 
THE SETTING OF THt SHARED blf. 

3) A CUPy MAYRE REUUlkEO DEPENUING 0~ 
TAKlN (OR lHEP~ IS A PATH fUH •HlCH 
NOT AVAILAclll). IN THIS CASE, TH£ 
USEO. 

WHICh OF SEVERAL PATHS IS 
COMPLETt INFORMATION IS 
SHAk~U blT MECHANISM IS 

IT IS IILSO POSSIBLE TO DISTINGUISH THE THREE CASES FOR 
MODIFICATloNs: 

1) COPY 1S NEVER RfUUIREO SINC~ ALL ~HEVIUUS ASSIGNMENTS WERE 
TYPt 1) (COPY RlYUIRED). IN THI~ CAS~, TH~ TEST OF THE SHARED 
BI T T U SE~ 1~ HE T r1 d~ A COPY I S k t (,; lJ I Rt D CAN 8 l 0 Ml TT t: D AND THE 
OPE.HATION PlkFOk~iU wlTHUUT A T~~T. 

2) COPY IS AlwAYS HE~UI~tD SINCE ALL PH~V!UUS ASSIGNMENTS SET 
THE ~HARl0 d!T. IN THIS CASE, THE TEST CAN bE OMITTED AND A 
COPY PF.RFOkME.O. 

3) COPY MAY8E REQUIREU SINCE THl SlATE OF THE. SHARED BIT CANNOT 
BE PHt.DICTl:.lJ. 

l•~• RELATIVE VALU~ OF lNfURMATION 

THERE ARE TWO COMPLLTlLY l>IfF~HfNT COPY OPflMIZAllONS WHICH THE 
OPTIMlLtH IS ThUS CALLt:.U UPUN TO PltUKM: 

1-o 
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2) ANALYLE MODIFICATIONS 

T H l F I f~ s T OF T 1-1 E s E l s Mu C H r-1 (1 k l Ir-1 p u fH i\ N r ~ 1 l't C E T HE F L Au G I NG OF 
ASSIGtJt'iU'HS (E..IT~:u~ bY Ttit~ SlMf-'Lt. 11;(i CASt:: Mt.ChANlSM U~< Ttit THREE 
CA~t. MECHANISM) CAN ~AVl COPY OPtkATlONS AS ~LLL AS 5AV1Nb INLINE 
cout. FUR ASSI~~MfNT o~t.HATI~~s. 

THE ANALYSIS UF MOOIFICATlOl\iS 1S l'iUCH Lt::SS lMPOkTANT ~INCE AT 
Bt.!:>T IT SAVE..5 SIM~Ll lESTS. FUklHE~MORl, 1T 15 UNL!GELY THAT 
MU U l F I Od I m J u P t. k i, T 1 O' i S C 1-HJ c:H: 1-- E:. k r Uk ME U 1 N L I N t. ( w I T H THE 
PO~ S I Li L E.. t X C E P T l n; J u F t\ S ~ l li i··J t-it:. N T S 1 u l u ~•Lt. !:> t1 H I C 11 AR t:: K r-. 0 ~ N TO 8 E 
TUl-'Lf.S)' nH!CH t·IU\N!:> THAT INLli'llt. COUt:. WlLL rwr bi:. SAVED. 

MOST OF THE EFFOKT SO FA~ HAS ~UN~ INTO ANI\LYSIS OF 
MOOIFICATlONS• IT Al-'PtAHS TU bi MlSUIRECTE..U ANU A STU[JY OF THE 
D If f I CULT 1 ES OF Pt<OV I lJ INC, CutiPLt: H. I NFUHM1-d I ON ON A5SIGNMENTS 
SHOULD Bl COMMENCt::LJ H11-1EU I AT t.L Y • 

1.6. LOCAL OPl'IMIZATION 

IN THE AfjSfNCl Of GLUdAL ANALYSIS, WE CAN tXAMlNE WHETHE:.R ANY OF 
ThE REUUlRED ~LOtiAL lNfO~MATIU~ LAN bt. UBTAlNED bY PUHELY LOCAL 
MI:. ANS US l 1 ~ G I N f lJ H 1.-1 AT l ON AV A I LAH Lt. TU TH t. S E.1<1 ANT l C PASS • 

ON!:. COMMGN CASE INVOLVES TEMPUHARil:.S: 

IF WE HAVE: 

A= TE:.MP; 

IT will UFTfN Ht_THE CASE THAl TEMP IS DEAD AND KNOWN TO BE DEAD 
BY THE SEMANTIC ~ASS. THIS MEANS THAT THIS ASSIGNMl~l CAN BE 
FLA(;,G[O r~s NOT HE!JUil<lt·J(j A CUPY. 

ON THE OTHER HAND 

Tl:.MP == A; 

USUALLY UOES RlUUIRI:. A COPY (IN THI:. SENS!:. DtSCHIBED). 

1.1. BASING COMPLICATIONS 

THI: INH-WIAtCT ION OF bASE St TS whll-<t. THt:Rt. ARE POINTERS TO AN 
() b J t. C T F k u t-1 OU 1 S I DI: f I\J T H u lJ UC t:. ~ f\i.JU l T l Ur--.~ L CU r•1 P L I Cid l O i, S • 

A t:3 AS E. SE T CANNOT 81:. C OP I I:. D ON H <JU If I CA r i O tJ S llK E T H I S WOULD 
INVALlDAlt POlt~TEK'.:i TO THE. Ot:s-JLCT • THJ.S Mt.ANS THAT THt: 
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A= A; $ R IS A bASl SET 

MU:::.1 CAU:)I. f\N ACTUAL CCJflY IF A CUPY IS 1-<t:UUlHEiJ. THIS COPY CANNOT 
Fil:. t·H.YLi\Ct[) HY Tt1f_ ~i!H\KtU tdT ~:r.CHAi'dSM. 

THIS MA~LS lHf FL~GGI~G OF ~~SIG~Mt~TS WHICH 00 NOT RtQUIRE A 
COPY MOht JMP(Jf-nl\t,T Hi THIS C1-1~t.. rAlLU•-<E TU f-LAG AN AS!,!Gf\JMENT 
wILL t\L,:IIYS CAUSc. 11f•l Al.TUl~L LJi'-,1~t:t.L·LL! CL!JY (li~ T1,t NURMAL CASE IT 
CAUSE S /i, I J U ~-d" E C E 5 S 1\ d Y :::, E T T H. G Or ·1 i, t S 11 A r-H: U ~ I T I~ H l C ~i MA Y OR MA Y 
NUT CAU:::,t. AN lXTRA CUPY). 

IF THt UPTIMlLEH IS c.XAMINl~U MOUlFlCATlONS, THEN IT CAN TAKE 
ADVANTAGl OF Thi~ KNUWLtDGE A::. SHU~N dY THf fULLUWlNG: 

A = IH 
• • 

(PATH 1) 

• • 
A v1ITH x; 

If BIS NOT A RASE, THEN WE HAVE The. FOLLOWING: 

A=l:H 

A WITH X; 

FLAGGED AS MAYGt. Ht.VUlHlNG A CUPY, SINCE CUPY WILL 
bE REl:.tUlt<t:U 01,, l--'/,111 l '.:SUT 1-.JOT U1-.i P11TH 2. H1t. RESULT 
WILL bt TO Stl lh~ SHAHEU ~IT. 

FLAGGtD AS RE~UklNG A COPY SlNCE THE ONLY PATH IS 
FROM A~d. 

IF~ IS A RASE, THEN ~E HAVE! 

A=EH 

A WITH X; 

FLAGGED AS RECHJlld,~li A COPY, !:>INCE A CUPY MUST ~E 
PERFORMc.O IF TH~kt l~ hNY PAlh kt~URlNG A COPY. 

F-LAGGUJ /•'SNOT f~f.-_C,l.,lt·di~G A COPY SH,CE THE PATH FROM 
A=t3 OIU A COPY. 

THIS REFlriFMU~T I:> NUT HE(JUHllD, /,LTHOUGH IT IS CLEAR THAT IN ITS 
A tl !, UK [ , 1 T J S \•JI S 1-: H I U 1 k r:. Id T 1·1 t. ! C OP)' I-< E (,i U I KE D l F L AG G It~ G OF A 
MOUif-IC,,Tlor--! A'::. (CUl-;Y MAY tH_ 1q-_(.JUlF<t.iJ) Sli~Ct. THE SHARtD uIT MAY 
1:3 t:. U FF AN u A CO fJ Y C lJ u L. U t3 t I\ V lJ I UL D • 
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SETL Newsletter# 164A. 

'Copy on Assignme:nt 1 Optimization in SETL. 
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This newsletter responds to NL 164 (by R. Dewar) in 

which it is observed that 

a. A shared bit is useful even in the presence of 

global copy analysis, and inexpensively implementable; 

b. The shared bit mechanism essentially dominates the 

copy optimization scheme presently under development, reducing 

its effect to a modest 'eliminate tests' level; 

c. More useful information can be gathered by calculating 

assignment~ related (or, more generally, 'incorporation'

related, see below) information. 

We shall sketch a method for gathering this information. 

Definitions: A, simple assignm"~:ci.:t a= x, or a use of x 
r 

which makes its value part of a larger composite object 

(e.g. a= {x}, or a= <x,y>, or a(i) = x) is called an 

incorporation of x. A potentially destructive use of x, e.g. 

a= x with y, is called a (potential) modification of x. 

Any incorporation of x (other than the a~ypical case of 

a simple assignment) forms a new object a almost any of whose 

subsequent uses is likely either to reference the object x or 

to create a reference to x. Thus the shared bit of x will 

have to be set on incorporation unless x is close to being 

dead at its point of incorporation. Actually, only a some

what weaker condition needs to be imposed, namely-that no 

incorporation or modification of x can be reached by going 

forward from this point, without a reass1gnment of x being 

encountered first. 
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This condition can be calculated using essentially the 

standard 'live variable' technique. Call a use of x an 

miuse (modifying or incorporating use) if it is either a 

modification or an incorporation of x; and callxmilive 

at a point p if there exists a path forward from p to an 

miuse which goes through no assignment to x. Then if we 

apply a standard 'live' algorithm simply ignoring uses of 

x other than miuses, milive information will be obtained. 

For the case of a simple assignment, which is synuretric 

in its left and right sides, the condition that both right and 

left hand variables are live should be used. 

In NL 164, an a~ditional distinction is suggested. 

If at one of its incorporations the variable x is not only 

live but lively, in the sense that every path forward from 

the incorporation must encounter an miuse before an assignment 

to x or a program exit, then it is be~ter to copy x at the 

incorporation point than to set the shared bit, since copying 

is inevitable and by not setting the shared bit we avoid 

creation of an object that may force multiple subsequent 

copying. The condition that x be lively can be computed by 

an easy algorithm, having exactly the live variable structure, 

but dual to it, in the following sense: treat assignment to 

x and program exits as if they were uses of x, and miuses of 

x as if they were assignments; then apply a standard 'live' 

algorithm which will calculate a condition cat each pTogram 

point. The boolean negative of this condition c is the 

condition that x be lively. 

The test-elisions on modification suggested in NL 164 

can be made available using the crthis fupctions in the 

following way. Suppose that every assignment has already 

been classified as a 'set shared bit' o~ a 'dont set bit' 

assignment. 
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Suppose also that immediately following each incorporation, 

e.g., a= {x}, at which the shared bit must be set, we insert 

an auxiliary'special assignment' x = x, and that the crthis 

function is computed after these auxiliary assignments have 

been inserted. Then, given any ivariable occurence i of x 

which may be a modification of x, we look back to all the 

ovariables in crthis(i). If all of these will have set the 

shared bit of their ovariable, then x needs to be copied 

unconditionally; if none of them will have set the shared 

bit of their ovariable, the copying can be avoided unconditionally; 

and if some but not all of them will have setfue shared bit, 

then the shared bit must be tested. 

Variations in the Presence of Basing. 

A set that has been declared as a base cannot be copied 
1 

when modified, since all the other ohjects declared to be 

based on it must always point to the current copy of the base. 

Thus a set declared as a base can never be shared. If a base 

set bis incorporated into another object, then copying can 

only be avoided if all the objects based on bare dead at 

the point of incorporatibn; It should also be noted that 

since the pattern of incorporations which set share bits is 

changed(more specifically, diminished) when some of the sets 

in a program are declared to be bases, such declarations 

can also diminish 

are necessary. 

the set of ivariable uses at which copies 




