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Abstract

Although the Java bytecode has numerous advantages, there are also shortcomings such as
slow execution speed and difficulty in analysis. Therefore, in order for the Java class file to
be effectively executed under the execution environment such as the network, it is necessary
to convert it into optimized code. We implements CTOC. In order to statically determine the
value and type, CTOC uses the SSA Form which separates the variable according to
assignment. Also, it uses a Tree Form for statements. But, due to insertion of the @-function
in the process of conversion into the SSA Form, the number of nodes increased. This paper
shows the dead code elimination to obtain a more optimized code in SSA Form. We add new
live field in each node and achieve dead code elimination in tree structures. We can confirm

after dead code elimination though test results that nodes decreases.
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Fig 1. Example of copy propagation and DCE
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int f0{
int a=1, b=2;
a=a+3
b =4
return (b);

iconst_1
istore_1
iconst_2
istore_2

iinc 1,3
iconst_4
istore_2
iload_2

ireturn

QEOEOXNR XN R

0212, (a) & (b) Hlo|EZE=
Fig 2. (a) source (b) bytecode
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<BL_12 ENTRY>
label_12

<BL_13 INIT>
label 13
INIT Local_ref0_0
goto label_0

<BL_0>
label 0
eval (Localil_1 = 1)
eval (Locali2_2 = 2)
label_4
eval (Localil_4 = (Localil_1 + 3))
label 7
eval (Locali2_5 = 4)
label 9
return Locali2_5

<BL_14 EXIT>
label_14

T2 3. SSA Formo| HE=l CFG
Fig 3. CFG which is applied SSA Form
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Statement — ExprStmt | InitStmt | JumpStmt | LabelStmt | PHIStmt

LabelStmt — Label

InitStmt — INIT  LocalExpression[]

ExpressionStatement — eval  Expression

JumpStmt — GotoStmt | 1fStmt | ReturnExprStmt

|fStmt — IfZeroStmt

GotoStmt — goto  Block

[fZeroStmt — if0 ( Expression(==|!=|>|>= |< |<=") (null 10 )) then
Block else  Block

ReturnExprStmt — return  Expression

PHIStmt — PHIJoinStmt

PHIJoinStmt — Stmt := PHI(Label = Expression,Label = Expression )

Block — <BL_Label>

Label — label. Num

Expresslon — ConstantExpr| DefExpr | StoreExpression | ArithExpr

DefExpr — MemExpression

StoreExpression — ( MemExpresslon := Expression )

MemExpression — VarExpr

VarExpr — LocalExpr | StackExpr

ArithExpression — Expr Op Expr

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

ConstantExpression — ' 1D ' | Num

T2 4. BNFe| 5
Fig 4. Part of BNF
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Algorithm 1. Algorithm of set L/IVE

Input : node € Node
Output: node € Node
procedure setlive(node)
begin

If (node is StoreExpression)

expr < node
If (expr.live() == DEAD)
expr.setlive(L/VE)
fl
If (expr.lhs.live() == DEAD)
expr.lhs.setlive(L/VE)
If (expr.lhs is VarExpr)
worklist.add(expr.lhs)
fl
fl
If (expr.rhs.live() == DEAD)
expr.rhs.setlive(L/VE)
If (expr.rhs is VarExpr)
worklist.add(expr.rhs))
fl
fl
fl
If (node is Expression)
parent < node.parent()
If (parent is ExpressionStatement)
node < parent
fl
fl
end
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Algorithm 2. Algorithm of node visit

Input : cfg € CFG

Output: cfg € CFG

procedure visit(cfg)

begin

case : VisitStoreExpression(expr)
If (expr.Ins is LocalExpression)
expr.rhs visit(this)
else
visitExpr(expr)
fl
esac
case : visitVarExpr(expr)

If (expr.live() == DEAD)
expr.setlive(L/VE)
worklist.add(expr)

fl

esac

case : VisitExpr(expr)

If (expr.live() == DEAD)
expr.setlive(L/VE)

fl

expr.visitChildren(this)
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esac
case : visitStmt(stmt)
If (stmt.live() == DEAD)
stmt.setlive(L/VE)
f
stmt.visitChildren(this)
esac
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<BL_12 ENTRY>
label_12
<BL_13 INIT>
label 13
INIT Local_ref0_0
goto label_0
<BL_O>
label 0
label_4
label 7
eval (Locall2_5 := 4)
label 9
return Locall2_5
<BL_14 EXIT>
label_14

08 6. F2 =5 st = A}
Fig 6. Result of DCE
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Dead 8 14 12 4 4 28
SquareRoot 37 9 60 15 18 99
SumOfSquareRoot | 38 103 63 18 19 108
Fibonacci 42 76 69 18 22 86
BubbleSort 30 79 68 16 21 101
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Exceptional 4 99 149 26 29 143
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CFG | SSA o CFG | SSA o
) ; % %
lines | lines nodes | nodes
Dead 15 15 0.0 31 31 0.0
SquareRoot 60 63 | 476 | 99 117 | 15.38
SumOfSquareRoot | 63 71 11.27 ] 108 | 143 | 24.48
Fibonacci 69 77 |10.39| 86 126 | 31.75
BubbleSort 68 76 |10.53| 101 133 | 24.06
LableExample 59 63 | 6.35 | 58 74 | 21.62
Exceptional 149 | 177 | 1582 | 143 | 304 | 52.96
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CFG SSA copy dead
Dead 31 31 31 17
SquareRoot 9 117 17 17
SumOfSquareRoot 108 143 143 129
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Exceptional 151 240 240 195
I 45 ATEYA 279 oAl Deadd] ZAfole 71&

ol SSA Form 38 ¥ »=r9 7147} 3191 401] Hlg =

S FE AA T TR HAE AL

ks

S & & 4 9

S Zo live D=7} DEADE F39 w&

7F 25 AAEN] tZoldh. & 4914 copyE Svlohe

Sk 9 A a = b = 1 999 Fee] ek

9 4 9ok E 49 dead AY FE 3
P 5 w2} FolE AL BT 99l

vl EtEe 28 7|k 3oy QIE|ZRE 7| wlE
o 8 27} mela 23 HAgelle Ade 3o of
Yeghs ©3o] EAldtt. wep £ =Rexe UEH]ZY
ELS @aﬂ o F3pH o AgEr] e HHsE =

WSS st HA3 F=2 wgkslr] 918 At

u}o]chA A3l ZA$)AQ0 CTOCE T3

A3} FFolM CTOCE HFE el weh FHom
F28ke SSA Forme AMHESIth g B9 23S 9
& Eg] F2E AMSI

CTOCAAN &2 A= AA HF& F3gsi7] ¢ 7%*
WA CFGY BE =52 AYeM = ‘ﬂk“#o}wi
=2 g0l & F e live =9 DEADE 27]
Stk oo mE LIVES A4 ¢ Jde &
}o% live B2 LIVEZ 2Astn 289
5 worklistZ A5 T ©i¢E &
IVEZ A3t} o0&
o t&l F& F= xﬂﬂ A& FIsIct.

woolq AA 7Fee we=s WA i, o
AASA HHge S AT

SHA|HE = =RojA] ARE-3F SSA For
F2 Wigeo] FAH o)k wHAM & t1 e
£ HdlF= SSA Forme ‘&l s S5
AL derp Bt 25 5 542 AA
o 882 3=5 AP

ot %r

o
fr oX AN o mx

tlo (L L -.—r
o~

¢ e J\?L o

_EL
N
ol
G
%
o
o %
¥o

ul
ruln
K

|

N
;
F =2

Z0

i
il
mlo

oMoy
o
1>
PE .
;%

rﬂ
ol E&l

L
o o o

o 4
ﬂ‘i °
2 oy
e %
™
2,

o

e
P
xe
i
2
o
oL
0%
ek
89
o
k9

(1) Tim Linholm and Frank Yellin, The Java
Virtual Machine Specification, The Java
Series, Addison Wesley, Reading, MA, USA,
Jan, 1997



8

e A e HocEE(2007. 5.

(2) James Gosling, Bill Joy, and Guy Steel,
The Java Language Specification, The
Java Series, Addison Wesely, 1997

(3) Taiana  Shpeismans, Mustafa Tikir,
"Generating Efficient Stack Code for
Java”, Technical report, University of
Maryland, 1999

(4) 2718, fr9s], "CTOCHA Ah} vlo|E=E
o] 43t Ao} BF EAMo I AT, Pyl
g}3] =4 A6H A1Z, pp. 160-169, 2006

(5) A7IE, 93], "CTOCHA #u} vlo|Em=g
9 BA T wy e, G RA ] =R A
D Al 13-D¥ Al 7%, pp. 939-946, 2006

(6) 718, F43], B4 9L wiE s A 4
A e el B A7, dEel2gs] =
A A6 A23, pp. 117-126, 2006

(7) A=, A71d, AR, {98, HlelER=s
A A oA wiFE vluke] A el F&
SR AFEY RS =], A1 A4S, pp.
87-96, 2006(6).

(8) Z7Tel, AR, AR, 98], "CTOCeIA] At
vle|lEgE #HA3E 913 Value Numbering,
SEAFE YRS =74, 1196%, pp. 19-26,
2006

(9) Alfred V. Aho, Ravi Sethi, Jeffrey D.
Ullman, Compilers Principles, Techniques
and Tools, Addison Wesley, 1986

(10) Andrew W. appel, Modern Compiler

Implementation in Java. CAMBRIDGE
UNIVERSITY PRESS, pp. 437-477, 1998

(11) Muchnick, S. Advanced Compiler Design
and Implementation. Morgan Kaufmann
Publishers, San Francisco. 1997.

(12) Don Lance, "Java Program Analysis: A
New Approach Using Java Virtual Machine
Bytecodes”, http://www.mtsu.edu/~java

X X} & %4

2 71

1999 2¢ : “gAdigt
kel o] gt

2001 24 : Qlskighn
ARS8 AAL

2001 3¢ ~ A : <lslhgta
AT el WAt

(BAEep A, ==

o], HHEL

2 Hal

20024 24 © <laldietn
AfergR e gk

20064 29~ @A © aldietn
ATER B A

(@R Aniel, 243}

TS
19754 2€ Mgt
-85gtat olghat
19784 24 : Mgt
AR¥E} olgpiAL
1985 24 : Algdigha
APyt ojghat
19799 ~ @A : <dojehea
AFHYEZ R a
(BAlEoh ZAvdd, Z=a
glo], WAz



