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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. CTOC generated CFG using the existing bytecode then created
the SSA Form for analysis and optimization. However, due to insertion of the @-function in the process
of conversion into the SSA Form, the number of nodes increased. As a means of reducing the number of
nodes, we performed copy propagation, which is an optimization method applicable to the SSA form. Copy
propagation is the process of a value of a variable being copied to another variable. There are cases
where conversion due to copy propagation alone does not yield significant effects. However, when
variables are not used in the later optimization stages, copy propagation provides a means for eliminating
the copy statement for the corresponding variable, making it an important step. This paper shows the

copy propagation to obtain a more optimized code in SSA Form.
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public class Copy {
public void test(){

inta b, c
a=b=1;
c=a+b

System.out.printin(c);

O3 2. SAF Fat A
Fig 2. Source of Copy Propagation
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<block label_17 ENTRY>
label 17

<block label_18 INIT>
label 18
INIT Local_ref0_0
goto label_0

<block label_0>
label 0O
eval (Locall1_2 := (Locall2_1 := 1))
label_4
eval (Locali3_5 :=
label 8
eval Ljava/lang/System:.out.printin(Locali3_5)
label 15

(Locali1l_2 + Locali2_1))

<block label_19 EXIT>
label 19

T2 3. SSA Formo| HE=l CFG
Fig 3. CFG that SSA Form is applied

a8 49 BNFE %3] Expr# Stmte] 3 S22
A it

Stmt — ExprStmt | InitStmt | JumpStmt | LabelStmt | PHIStmt

LabelStmt — Label

InitStmt — INIT  LocalExpr(]

ExprStmt — eval  Expression

JumpStmt — GotoStmt | 1fStmt | ReturnExprStmt

[fStmt — IfZeroStmt

GotoStmt — goto  Block

[fZeroStmt — if0 ( Expr (== |l= [> [>= |< I<=) (null 10 ))
then Block else  Block

ReturnExprStmt — return  Expression

PHIStmt — PHIJoinStmt

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

Block — <block Label>

Label — label_ Num

Expression — ConstantExpression| DefExpr | StoreExpression |

ArithExpression

DefExpr — MemExp

StoreExpression — ( MemExpresslon := Expression )

MemExpression — VarExpr

VarBxpr — LocalBxpr | StackExpr

ArithExpression — Expression Op Expression

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

ConstantExpression — ' 1D ' | Num

T2 4. BNFe| 5
Fig 4. A part of BNF
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Fig b. tree expression of
eval(Locali1l 2 := (Locali2_1 := 1))
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Fig 6. structure of (StoreExpression)
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Algorithm 1. Copy Propagation Algorithm

Input : expr € StoreExpression
Output : changed € Boolean
procedure copyProp(expr)

begin
changed « false
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If (rhs instanceof StoreExpression)
StoreExpression store < (StoreExpression) rhs
MemExpression rhsLHS « store.lhs()

Expr thsRHS = store.rhs()

If (rhsLHS instanceof LocalExpressjon)
LocalExpression copy < (LocalExpression) Ihs.clone()
copy.setDef(lhs)

If (propExpr(expr.block(), (LocalExpr) rhsLHS, copy))
changed « true
expr.visit(new ReplaceVisitor(rhs, rhsRHS))
rhsLHS.cleanup()
rhs.cleanupOnly()

fl

copy.cleanup()
fl
fl

return change

end

duls 13 a9 55 A A9ER, (Localil 2 :=
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<block label_17 ENTRY>
label 17
<block label_18 INIT>
label 18
INIT Local_ref0_0
goto label_0
<block label_0 header=null>
label 0
eval (Locall1_2 = 1)
label_4
eval (Locall3_5 := (Locall1_2 + Locall1_2))
label 8
eval Ljava/lang/System:.out.printin(Locali3_5)
label 15
return
<block label_19 EXIT>
label 19

T2l 7. SAH ML edE CFG
Fig 7. CFG at which copy propagation is performed
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Table 1. test data and explanation
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Table 2. Result of experiment

PON b P DI T =

A1 S 2| 2t c

(no.) (o) (no.) (ea) | (ea) | (ea)

Copy 8 14 12 4 4 28
SquareRoot 37| %4 60 15 18 P9

SumOfSquareRoot | 38 | 103 63 18 19 108
Fibonacci 42 | 76 69 18 22 86
QuickSort 30| 79 68 16 21 101
LableExample 28 | 51 59 13 16 58
Exceptional 4 99 149 26 29 143
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Table 3. Result after transformation

ez

QFG $SA % CFG | SSA %

lines | lines nodes | nodes
Copy 14 14 | 0.0 28 28 0.0
SauareRoot 60 63 | 476 | 99 117 | 15.38
SumOfSquareRoot | 63 7 |11.27| 108 143 | 24.48
Fibonacci 69 77 |10.39| 86 126 | 31.75
QuickSort 68 76 | 10.53| 101 133 | 24.06
LableExample 59 63 | 6.35| 58 74 | 21.62
Exceptional 149 | 177 |15.82| 143 | 304 | 52.96
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¥ 4. Copy propagation HAE
Table 4. Copy propagation Test

CFG SSA COPY

Copy 28 28 26

SquareRoot 99 117 17
SumOfSquareRoot 108 143 143
Fibonacci 86 126 126
QuickSort 101 133 133
LableExample 58 74 74
Exceptional 151 240 240
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