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ABSTRACT

In order to determine the value and type statically, CTOC uses the SSA Form which separates the variable according to assignment.
The SSA Form is widely being used as the intermediate expression of the compiler for data flow analysis as well as code optimization.
However, the conventional SSA Form is more associated with variables rather than expressions. Accordingly, the redundant expressions
are eliminated to optimize expressions of the SSA Form. This paper defines the partial redundant expression to obtain a more optimized

code and also implements the technique for eliminating such expressions.

Key Words : CTOC, Java Bytecodes, Control Flow Graph, Static Single Assignment Form, Partial Redundant Elimination

.M 8

Apvl vpo] E =
meol7] W 3 £Ert =i, TEad B3
Aglol] A BHL ofYeles wo] A, 2], wet
A NEADS 2 AfgFBHFNN EZRRoE APy 9
e HHstd F=F W] aFATH3] HHgHE A=
2 W3dr7] 98l CTOC(Classes To Optimized Classes)
ZHYHIE FEHIIHTS, 5, 6, 71

CTOCHM= nlelEmE ] EX7 HAGE 43 /M o
A Aol & A& FYsIATH4] E=F wloly &F 4
7 HHLE AT "Wt ojA AHUL, odA AL
L5 A0 gk HRE Yofok g} o]E HRE AH2(defl)
o A(use)olzt shed HAEAHQA AL A= G-
AHE mElZ Aogl Abge] digt HEE FX S8, 9, 10]
WEE FHog oFf7] YA dbeEs Ao Algd ne
He|Holof g}, dutstd FUF WFEE A9 Algol

ol
bate)
o
o
52
s
Chy
2
211‘
N
o
o,
).
N
i

X o =Ee siistae] Aol slax A7s G
3 3 9 stisy 2FE T GAy
++

w2} T2 oA ThE ftE o EelE vt F vl o
Folth, CTOCANAE Ae-A+4 18] B4l SSA Form(Static
Single Assignment Form)$ AH&8tieH5].

SSA FormolAl 2+ 4 Fdg s zer &, SSA
FormZ 2 ¥Wgo &€ Aol7] wiolrt wakad SSA
Form-& W&o i3] 44 du, A Ad a8y £2 3
= AAe 22 HAH3E FAsPlde AL oAt
F& FE ¥ AAY 22 384 U AHE A
£3}7]ol= AAEA grie ddo] EA%.

SSA Formo® WAE A2 Uiz AR5 8317
A8 B = A 8 35 29 AA PHES At
. B8 FE A A(partial redundancy elimination)¥ Morel
3} Renvoised| 9 Aoz A" A3 71<oltHlll
H2 BE F5 AA 9HE A9 A4 sHF Fas
84 F sl H2 ok B2 F5 AAS 71€9 GCSE
(global common subexpression elimination)® LICM(loop-
invariant code motion)& A% 7|golth. £ dlojg &
& A B3 Z2addx BE FEE AASIE Aotk

72 SSA Forme 71EH o2 wifo] At FAE
AAsts Aol A=A dvkstH T@ ) i3k Aot
AHES] Aol Mg nEste AR @ Bder] ¥E



218 FEAMIEH=2X D M14-DP F23=(2007.4)

otk Wetd SSA Form® EdAel e EAE MA@l #E JAEF ug ASHel AL F, el vehti a
g8 40 =89 & A + b T ol Al W o

t2 A FEE ALs A
CTOCe Al SSA Form® 7Hd AL #ieAd Ao F oA f2d & RE FE AAL Ao 2F ARCM B
o] 9lA ¢71 "o ¥ E FEES AAs=d ofslgol T YastA #Ase XA FEE ALE AAzE 4
AstA drh ol #AIE B mRdMe Al B olgt & 4 Slok. (¥ 19 (We ol T g A
o tE FUEAT tE t = a + ok Zo] BHAES IA A5 st dAHFE Astn, ddstE 08 A=
Hepol wiAE7] A8 Abgsch 284S A HgE ® T THAE BAETH &4 F5 284 YU Hygy
d3ta7] WEe] U Z@Yol ERste X o] YAV 7] W&o 71&2] SSA FormillA AH43d o-34+E ALg
F2 AT 5 1, FHYo] Ao 559 WFAH = S WS AL48 5 A Bk
2% o 7|&9 SSA Formeil Al A28 0]E2 714 W8 B8 %5 A A(partial redundancy elimination)= Morel
£ A v R gA] Wi g g-FeE H§ 3} Renv01se°ﬂ o3 HEog e HAsE sleoltHll] o]
g g A doh & 5284 dY gA W ug A ¥ ¥ Knoop et al.& LCM(lazy code motion)olz}il =2 HjA]
A H P-EFE F718 ¥ HEE 9% 5 A He o BHad A= o]FE F3to] Morel® Renvoise?l

Zolt}, A%E ¢ AZAHIZ2l Al Knoop et al2 €9 ZE=

H2E APold HEAHel BEA Ade 99 P-EF  (redicated code)® TE F JAES LOM LnEL I
o Frtz B FH 84 AA FAA == $U & ATH13]. Hailperin® LCME guts} stichl4] 29 4xtst
ojife ASE EAFAT o] T ¢ Ax, BAF Ay 1 H WA A g d#Ae dd ZE FRE FYsan.
A £ 2= AA #HL 58 o T&HY =7 A Muchnicke 2 5 AAe TAE &AsD, o EAE
He A A ¢ Haste nAHd MHLS 289 H10] & FE AA

B =39 AL g 2o 23 BE FE ¥4 of g Uiy He Adsiux she £AE HE dE
of oujet #Ad AT dis) AR, 3FAE B =& o} HolHEZS #HAA Huz Wygsin wEel HeH9
AA AHEE A9 SSA Forme A4l dis) A5& AN AXBHY Chow et al= SSAPREZ} E2l& A
th 4FoAE RE FE5 A FEE £ 5P E 2e FHIWH disl asidtlnl. 2 w=&4AM SSA
248 98 Had ZQE% Adsta A vag fs Form& 7|who.2 3= 233 Uys A dstdoh Kennedy
AL gt st Rz 63N e AR FF AF et a2 SSA-71%F ZHAYAE AwsiHdiel =3
& =3t Kemmedy et al= QW EE A& &30 93] SSAPRE

dneEg FASAG7). FHZol= speculative PRE &4l

90 WE 017 £ E7) 9% HH3 gneFel AMET I8, 19, 20].

z 3. SSA Form

2 3gels B EAHel T o o4 Hd
A

A =
AL wiAdA o) wob ZzadelA a + b HHA o]
7@ W glo] ThAl ASETE Hol WHE 4L F 2 =RoAE CTOCY ¥¥ 32 AA H4e 44
By Ao}, dd (27 2% & B FEo) £ oA Zzad
(I8 DY (@ d¥Hd9 SSA Forme YehdlEd o £ ARSI
S o-%+8 23] Y8 P-4 PHla, )& A (28 29 @% O)FEd A vehd B2 B8 F
&3kt ol P-FF2 ay BT a8 Zo] ¥Med uig A
Erﬂ»_‘l ESL—&]‘%\E}- 3]'7(] ks 2 =% 0“}\1 347‘5}35 “?“E‘ Zz public int f(boolean,int,int};
B oRANe o + boh 2e BN By ¥ 4 T e
Aol B Aol ol U BE FE E B e
. e : iload_.
A4g AAR] ARAE A% WAL a - b AL 2 polic It (o0ken b D (|5 iioad 3
ey 6: iadd
~ L . if(b) K=1+]; 7 istore
U T o mTmr ' | b 9: goto 15
a; = ' ewse k=3 12: iconst_3
ay = ty=a;+b a= ' 13: istore 4
= 1= a 1 . i
arthy  a= ty=  fe=aztbi L=0+p -k b ::g::ﬁ
Yo W s , et 17: iadd
a3 = PHl(a4, az) a3 = PHI(a4, az) ' 18: iload 4
t; = PHI{t,, 1) ' 20: imul
‘ : 21: istore 5
v v ' 23: iload 5
as * by 13 25: ireturn
@ _. O : }

(32 1) B2 =2 2544 HA (3 2) (a) 22 (b) HIOIEZE



e g34¢ EAR Aot (28 D@9 22F SSA
Forme 2 %37 %EHHE °d (2" 29 (b 7L
slelESEE CTOCY o Ag#th A4 CTOCY
FEe b 9 ﬂ*é%%
Agk A7 e HAEHE R
A=z AT
CTOCAA 7b¢ WA F35E #AHL no]Ex=e] of
@ Aol 58 Aotk molEaES B4 Yo s1E
Aol 35 4 7|eg volEmsd YA g3} 3
: lolease g Jug F7lstd EAE §ol
3 sta Eg %E}H 7t gdo 7 By mdsg
= aHHoln AR 7] 913
(1% 33} 2ol [4]«1 BNF A=2 FAste] ALt
(2d 3olA FA Hel® BEE [4)eA 2143 BNF

Bk obd class Fdolnt. 3}
€ 2B9F7) A8 o ojded

F{E oﬂ:

BR 2B 338 AAE s8] 9 AFA FtE B
& vehdt
Aol 55 4 F dojg 58 EX#4 AH3E A3 @

F7b ot AHZ, ofA AMEHEA| digt AR
a7dd degd ZHoZ g BHYS ZFs] H8 B
F& WA wel EIsFth ol s CTOCIdA=
SSA Form& AH&3H 5] (28 4)& SSA Formol 23

@-F57t 7k CFGE Bdeth o] o g-34e o
& 7Y H2E 717 SSA H4E A=) A8 AME-Er

(138 49 <BL_15>914 PHI(L_12= Locali4d_5, L 4=
Locali4_13) F-&°] @-+E veliE Aotk o] SSA
Forme H& 5 A7 349 948z A5%r (29
4)l <BL_15 HD=L_27 NON>& 712 E&2 9n|g
A, BL_15% 712 €89 o|§ox £F d AHg YEH

oAl 4RE 22 022 XHWT 1 Hol UYeE HD
L 235} Qe A4 dY ARE s1Be] A AeEE
geold B¥s T ozt EAGA gt 4w Az
229 AL 22 ARIES Hof Ak 1 Hol Yok
NON oA %3 £7% 7Esb| 98 A4sE Heol
o718 229 Bl gaAE [4 5% Rxad g,

Stmt -~ ExprStmt | InitStmt | JumpStmt | LabelStmt | PHIStmt

LabelStmt -~ Label

InitStmt — INIT LocalExpresssion[]

ExprStmt — eval Expression

JumpStmt — GotoStmt | IfStmt | ReturnExprStmt

1fStmt — IfZeroStmt

GotoStmt — goto  Block

IfZeroStmt — if0 ( Expression (==
Block else Block

ReturnExprStmt — return  Expression

PHIStmt — PHlJoinStmt

PHlJoinStmt — Stmt := PHI (Expression, Expression )

Block — <block Label>

Label — label_ Num

Expression — ConstantExpression! DefExpr | StoreExpression | BinExpr

BinExpr — ArithExpression

DefExpr — MemExp

StoreExpression — ( MemExpr := Expression )

MemExpr — MemRefExpr | VarExpr

VarExpr — LocalExpr

ArithExpression — Expression Op Expression

LocalExpression — (Stack | Local ) Type Num (_undef | _Num)

ConstantExpression — * ID ' | Num

[1=]> {>=|< |<=) (null [0) ) then

SSA FormOilM 22 =5 HAHE 0188 Mg 219

4. 2 58 WA =¥

CTOCe] 98] 49 SSA Form?l (Z# 42 B9 <BL 4>
o} <BL_15>9 %82 Locali2 2+ Locali3_3°) $8% 7#&
Zold 4= ot ey o] 84L& <BL 4>9 <BL_15>
o EA5ta AP <BL_12>oE ZASHA 9] oo
AH FHo| ofd & FE Auolt. oA 5% SSA

Form 2= (2 12& %3 &< 7tssith 71E9 4
S ME 99} 22 AL ds] FEH B ohrl o
Fol 29 gd4d i AA7 &7t AW, E =%
AE RAL E3) REMon FHY FPAL FHo &
AR P AP oo HAsE #AE T3 AA T
o2 WEstd RE TE THAS AAE R F F
B FHE 3d4E AA FEoZ %Eo TE RIS
AAsE Aol o] F & & =EdMe 58 7158 &
#2& YA AFE uAstL 2 F5E ZE4E B
of B MYt HF FHHE o]FAA ¢A® F
B gez §3s ¥, SSA FormolA A€ A falst
A GA HEES ¥ AHAA P-24o o Hgsies
gtk o)d #ALe +33hE SSA Formo 2 W3y T4
o HHAME 2E FES AYF 4 dA "ok $4 SSA
FormelAl $88 @4& 27 & /M4 94 35 7%
3 BHALS ZE (AL FYPAT

41 55 Jis8t 2864 37|

S5SA Formel A '?—‘i% F84 AAE I8 A
3 4 3 WA F A & e 9
Zrolok g}, RE %‘%% 7td & e a
AL <BinExpr>%t B3t 42 EW <BinExpr>&
(2% 3)¢] BNFel| %= <ArithExpression> ZEHE 97|
@t} <BinExpr>°l 2 F 0¥ <ArithExpression>$ T

<BL.27 HD = null NON In>
L7

<BL_28 HD = L_27 NON INIT>
L2
INIT Local ref0 0 Localil 1 Locali2 2 Locali3_3
goto L O

<BL_0 HD - L_27 NON>
LO
#0 (Localil 1 ==0) then <BL_12 HD = L _27 NON> else <BL 4 HD = [, 27 NON>

<BL_4 HD = L 27 NON>
L4

evaluation (Locali4_13 := (Locali2_2 + Locali3_3)}
goto L_15

<BL_12 HD = L_27 NON>
L_12
evaluation (Locali4 5 := 3)
goto L_15

<BL_15 HD = L_27 NON>
L5
Locali4_20 := PHI(L_12=Locali4_5, L_4=Locali4_13)
evaluation (Locali5_9 := ((Locall2_2 + Locali3_3) * Localid_20))
L23

retun Locali5_9

<BL_29 HD = L_27 NON Qut>
L29

(3% 3) BNFe| &

(28 4) M= SSA Form



220 ZEANeIEE=EX D X14-DT M2=(2007.4)

ArithExpression

/’\

Expression Op Expression

(222! 5) {ArithExpression) 7Z

ExpressionStatement

“evaluation” StoreExpression

-t LocalExpression = ArithExpression  “}"

“Local” Type Num “_" Num Op
| I | LocalExpression l LocalExpression

i 4 13 4"

“Local” Type Num “_" Num “Local” Type Num “_" Num

N [

i 2 2 i 3 3

(32! 6) {ExpressionStatement) 7=

ZT (19 59 Zth

(28 5)9) <ArithExpression>& 3119 <Op>9 F 7l
9] <Expression>% zZtedl 72+ <Expression>< Eg oA
utR gt R =ojop g} wpX|e wz=yb H7) 9 212 7z
<Expression>°] (2% 3)¢] BNFAAN <LocalExpression>©|
A} <ConstantExpression>©|® ¥t} <LocalExpression>
& BlERENA AMEEE Y HFE oH3tE ZHoli
<ConstantExpression>< 4% 9o gich

AA b5 BEAE 2] 48 dge 3T de 5Y
T FE@Ao] o Xof YEYE/E 2E 3 AU 2E
Z7ks= Aotk (2¥ 4)¢) SSA Form dH9] CFGE E8)
dqF E23 2+ £38 wEste T4 <ArithExpression>
o] &xske 71e IS 4 B2 HY £ME WED
t}h. (2" 6)2 <BLA>9 <ExpressionStatement> 49l
evaluation (Locali4d_13:= Locali2 2 + Locali3_3)& W&

st 448 dehdoh

(2" 6% 22 EY 72 FHsE T &4 A
<Expression>olA 448 NS A HY i 58
20 <BinExpr>7te  #gth AH§ WEE 549

<ExpressionStatment>% <Statement>Z &< ol A
d ERo)7] wWjFol| <BinExpr>E AAFA ¥Ed. oA
<ExpressionStatement>2] AR <StoreStatement>%& %
239, o] AL <Statement>FH2E AL kol A
H A$olr] dFEo ¥A <BinExpr>E I1#EA &

<StoreStatement>t (¥ 6)7} o] =9 FHZo| <Locul
Expression>3} $-Z9| <ArithExpression>2.2 Wrolxc), #
22 <LoclExpression> dejgto] & & e $Ho]7] wfiE
o <BinFxpr>& 3183k ok "t} AT <Expression>
9] A8l <Expression>OZEE AL e THAEo]
EAE 5 de Yo7l dEol ¥=Al <BinExpr>ol o
3 A2 Fsol ) (28 6)9 B <Expression>dl
<ArithExpression>°] &Asts ZA$ot. A BE
<ArithExpression>©] <BinExpr>¢l AL ot} 4=
W a+(b+ciot 2o FEF A$x EA57] ot
g3 A0t EAse e gUsy] d& dA SdEg

O nin

reals[0] = []
reals[1] = []
reals(2] = []
reals(3] = []
reals(4] = [(Locali2_2 + Locali3_3)]
reals[5] = [(Locali2_2 + Locali3_3)]
reals[6] = []

(33 7) ze|2~ES WE

o} <ArithExpression>% 7%
&3 9E%o] ztzke] niAut ==RI7ME I “}QF 5
EE A$ glo] dd g == } <LocalExpression>°] A
U <ConstantExpression>9] 78t EZoAN mixg w=
of #lgaly] Wil MG <ArithExpression>& <BinExpr>
g & QA g AR Ao 2 8&9] RHA o
T T}A] <ArithExpression>% Z+e Z$2hd dAe ¥
22 <BinExpr>7} ofuth o]3A MZE <BinExpr>% &
Ao o SN FEdH 3d
71 913 A 2Ed F7l8HA
o o] BE EY =& WESHAN <ArithExpression>
& F3 #T Z@A <BmExpr>-4 Z27E wEevd
e 2Ed A& F/MAZIY BE CFGE 4Ed ¥ 44
H A 2B W& (28 N 2

(29 D9 realslile &t 55 ¥2 {AHE <BinExpr>
AEE fFAste WEelth 7 Ynjste AL A &A=
SSA Forme %28 uf e £29 £4E nlgch gt
A reals[4]¢} reals[51€ <BL_4>9F <BL_15>°] <BinExpr>©]
AT E A& VY J&E 34 RS Qv

<ArithExpression>¢ ¢

A
)ll LZHB’]'L_ 7]"5 Q’ﬂ‘)]’
Atk Ay ams ol 39

42 B8 22 HAI| 9 PH-23 Hxl ™5

<BinExpr>7} A3t £ dist ARE FAYY2rE
28y 53¢ F BE 5 E?’l’—‘w AAE 98 P-E3&
SSA Formell 71¥HeE CFGel Alalier do. P-§742 SSA
Forme] o-%d+9dE 7 D}E‘:}. SSA«] z- ﬁ#t 3
o #et AojA Rt P—’&:XJ :
2 YoMe Y
S EAL shue g Wz ¥ Fe SSA Form
A9} o] Wgol] BAY FAZ AEstH H7| WEojrt

P- ZzaPeld FEA9 & Frol MEFFHE A
o g€} og T kA A w=Al P-
slof sl AA, P-EFE FHA o EA3E

=2 9 i “o
£ oo gl o
(S g otk rlo

2o o 2

i
Hd
o)l
fo »
(1 J
N
>
B
e
)
=
;o

o ok
o i

tlo

tlo
T
o
Y
&
U
yo ® o0

z
x| = <BL_15>%}

) L T o G S 3 )

te = e

"U e
i)
X o
ok,
A\
sl
t—‘
)
©
V
_L
"U
4
o,
rlo
2
X
)
a9
A
A\
jos]
—
et
13)]
V



43 0| BIFY|
EA40) e AYHE SSA Formol ol§¢ 44l

da SR ARF HEst FASA EBA
A7) A FHY 29 o g3l CFG Auz
poha S9aY, T4 £de Heole £9

Al <BinExpr>@¥|¢] Z@2o] &A
oF EAlste ALY Exist TEas
3 gPA 2dEe] Bojrlef o] Existg A% f&
A2 <BinExpr>°| AMg-dthe 28 9onld) ‘3_‘1} FE4
o] EA3tA fertd HAl =9 FYAZ WHE
g Fgzte] P-FFo] £ Fyd P-F
2L Bio EE3 A A9 l‘ltHﬂoﬂ 47
Zztz WE 3 Fde XIHHZ} E"J"‘W a1 &5 —°4 214
= gt A E=29 214 EE0AM A °‘°ﬂ"1 o &3}

o2 Fygir}, o] JJrZ“ﬂ*ﬂ APEE % ® g
< % ’—‘HJEV‘E" e g
W <BL_15>9] &7)o} F7HE

=z
2E U2 A4 dE

€ P-4 PHI(UD, UD)$ REW <BLA>E #&d Z4
A BEd Locali? 2+ Locali3 33 #& EdAo| &3}
= Aoltt o] EEAL (2 6)olMY <ArithExpression>
x=Eolth Y EE WEstn Y4 2dHe FurE
A geAo2 Y B3P 2" Hoivle] 23€
#e H@H HE Hoie b £F o] {e BHAY
o WidE fAS] S8 ALgET Tk @A B2 33
5 P-E3o] AT P-£dA A HadzE
o]l ¥4 "9 goz AARHY. & P-E4Y #7 A
ARZZE AA w2 RE ag we g AL et @

2
A
©
=
N

>74 A WA MYPAZEE wAEHATE P-EF
2 og3 Zol PHI, UD) ddl2 RdE &, <BL 15>
P-249 IdAAAE A4 TP S ALgatiE 9
ojt}, whH <BL_12>9 AL+ <BL_4>5<1€§ L))o P-
AL ZEA W HA B2 Exist7} AAHR] = Aol
L&, B9 2" Boy)e] olFd ZHA Wi AR
AR 7] Wi AEE FHo A= P-EF]
] PHI(1, UD) &2 vepdot 9714 A& ves
|l A AP EE ARt 2oE g 5dsty, o
M2 HFEE AT t"foﬂ Locali6_333% #& AH
At o] Y= UDE ob4 HHX
oulelt}, &, #4437 ZEEM o 73] §
Agcte ot

deex ﬂwﬂ-gawﬂ <BL_15>% ¥
Al gl EAE Aot} o
AR st

U

._._&

-~

pe

2ol owrlo 2ot ©Lodg B fo

i |o rlo
o f

e

of¥ &2 I

TEL

°]

FPN

Mo
C

F
y

o,

o=
M
e
N

e _,{o

of P
1%EH7]°1] null &
49 deof Yerh =3 <BLI>E &
Al xist7} &Zﬂﬁ}” 3§-017] Wil YL
ek old) Ao WES} p-2%
a4 mdNe A9E AJP2sd Frhw
FH4 e 2de] Bojrle] Frbeld FHE E3
ek

[~
LU
14 o, J}m
:é
o 1
oY HE e {o
T

'i.&lr{nﬁrﬂ
o>~1
rlo

o & o o

re

> PF(‘
e
ool (& B £

=

¢

SSA FormOilM 22 == H7HE 0l

]
1ot
B
12
fot

bo221

E AA AGNAM AHEE AR ¥
= Aotk dx7FA SSA Form ¥WHE 270l 4]
Z & ¥WaE <BL_15>AAM AFREHE Localibol 7]
2% ¥WFE Locali_UD dej2 44 €t}

45 A= 0|E5}7|

BE E97F B9 Foe ATE olFdld RE FEQ
FHA L A% FHow vhEojof 3t} <BL_15>9 P-
Aol EAgte AL, dA BE9 HgYAE WEso A
gzt 2Eo 71EY AR FR} EAsErLE #As
Ft}. <BL_15>9] P-4 o] PHI(1, UD)Q 4ejo]7] w&Eof
A8 EE <BL_12>Y mjdize] e Anst =x8x
%2 Agolth RE FEo] HAS A& AU FHo| %
A= 7] faiA xd@Ao] EAlEA de AP BE
o M2& £34E& Frtela o] A4S P-#3Y itz

g Y8 CodeMove() Wl2=g EE3ch
o] MAEE HANAZ P-E79 FAARAE A4
g FHgth o] FAAM AN E AAE TP M2
# HZ(VN : Value Number)& AA37]. o] VN-&
Ao AHEE YA-EF o 22 VNG 24 9o o
o] gt JAHEE YA s sl <StoreExpression>
AL ANFA AAET <BLI2>o o|5d zt e
{(Locali6_: 31 = (Locali2_2 +Locali3_3)) [VN] : 36 ojt}.

o
& o Hr Mo ot

[VN] : 362 719 &% 449 A2 & Hss 84
ek 71 oltt. RHAE YA RS HjHET RE kT
22 VN& dAsA @t A" £ 2840 439
2 Fe B vk 2B < JumpStatement> Skl 1381
g & (29 8) (e Zo] <BL_12>9 goto ¥ ool
AR A At

(2" 8)9 (a)9 evaluation (Localid 5 = 3) ¥#o] (b)
o & evaluation 3 HEE WA HYEd o= SSA FH
o Mg A Foll 48 e HAHE] ¢ AdE Y
3ty wiwolnt, B8 FHAL AASm D& A

Hog TS Yel gtk

<BL_15>¢ &7 Fol ((Locali2_2 +Locali3_3) * Localid_20)
& <BinExpr> %92 (Locali2 2+Locali3_3)& &3},
o] A= A9 HAE T dA ¥4 Locali6 342 o
At BE Aol AH Foll= evaluation (Localis 9 :=
((Locali2_2 + Locali3_3) * Locali4_20))©] evaluation (Locali5_9 :=
(Locali6_34 * Locali4_20)Z oA} & E34 Locali2_2
+ Locali3_30] YA W< Localif_342 thalE Aot}

B2 55 AA 48" F CFGe (19 9)F Zo] ¥
ail=g

(O 9% 2 AA7F 4848 § SSA Form
7|4ke] CFGE vieRdiT (zu 9ol <BL_15>E AHE
W, P-F73 Locali6_34 = PHI(Locali6_33, Locali6_31)&
<BL_4>% <BL_12>d] &5t £8A tha) A ¥S5E
AMEStR <BL_15>oAME zhzhel YA Mg AEsta SSA

B3 =
e FE 2



222 BEMIESE=EX D M14-DF X2%(2007.4)
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<BL_27 ENTRY>
L_27

<BL_28 INIT>
L 28
INIT Local_ref0_0 Localil_1 Locali2_2 Locali3_3
goto L_0

<BL_0>
L0

if0 (Localil_1 ==0) then <BL_12> else <BL_4>

<BL L_4>
L4
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evaluation 3
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