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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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2.1 DCE(Dead Code Elimination)
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x=t; X= 13

alk] =ts alt] =t alt] = t5

alty] = x altd =ty alts] = ts

goto By goto B, goto B;
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Fig 1. Example of copy propagation and DCE
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2.2 SSA Form
E =FdE CTOCYAH DCE 3L H<slr] 98l 1
H 2(a)9 22 71 Al AAE AFEZIT

int f();
Code:
int f({ :
int a=t, b=2;
a=a+3d
b=4
return (b);

0 iconst_1
1 istore_1
2 iconst_2
3 istore_2
4: iinc 1, 3
7 iconst_4
8 istore_2
9 iload_2
Q

10: ireturn
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Fig 2. (a) source (b) bytecode
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Fig 3. CFG which is applied SSA Form
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Statement — BxprStmt | nitStmt | JumpStmt | LabelStmt | PHIStmt
LabelStmt — Label

InitStmt — INIT  LocalExpression(]

ExpressionStatement — eval  Expression

JumpStmt — GotoStmit | 1fStmt | ReturnExprStmt

IfStmt — [fZeroStmt

GotoStmt — goto  Block

[fZeroStmt — if0 ( Expression(==|!=|>|>= |< |<=) (null [0 )) then
Block else Block

ReturnExprStmt — retumn Expression

PHIStmt — PHIJoinStmt

PHIJoinStmt — Stmt = PHi(Label = Expression.Label = Expression )

Block — <BL_Label>

Label — label_ Num

Expression — ConstantExpr| DefExpr | StoreExpression | ArithExpr
DefExpr — MemExpression

StoreExpression — ( MemExpression := Expression )
MemExpression — VarExpr

VarExpr — LocalExpr | StackExpr

ArithExpression — Expr Op Expr

LocalExpression — (Stack | Local ) Type Num (Lundef | _Num)
ConstantExpression — ' 10 ' | Num
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Fig 4. Part of BNF
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Algorithm 1. Algorithm of set LIVE

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

if (node is StoreExpression)

expr < node
if (expr.live() == OEAD
expr.setlive(L/VE)
fi
it (expr.hs.live() == DEAD)
expr.hhs.setlive(L/VE)
if (expr.ihs is VarExpr)
worklist.add(expr.Ihs)
fi
fi
if (expr.mhs.live() == DFAD)
expr.rhs.setlive(L//6)
if (expr.rhs is VarExpr)
worklist.add(expr.rhs))
fi
fi
fi
if (node is Expression)
parent < node.parent()
if (parent is ExpressionStatement)
node « parent
fi
fi
end
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Algorithm 2. Algorithm of node visit

Input : cfg € CFG
Qutput: cfg &€ CFG
procedure visit(cfg)
begin
case : visitStoreExpression(expr)
if (expr.lhs is LocalExpression)
expr.rhs.visit(this)
else
visitExpr(expr)
fi
esac
case : visitVarExpr(expr)
if (exprlive() == DEAD)
expr.setlive(L/IVE)
worklist.add(expr)
fi
esac
case ' visitExpr(expr)
if (expr.live() == DEAD)
expr.setlive(LIVE)
fi
expr.visitChildren(this)
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esac
case : VisitStmt(stmt)
if (stmt.live() == DFAD)
stt.setlive(L/VE)
fi
stmt.visitChildren(this)
esac
end
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label_12
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label_13
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label_0
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eval (Locali2_5 := 4)
label 9
return Locali2_5
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label_14
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Table 1. Examples and explanation
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Dead =20 AIEE OiH
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Table 2. Result of experiment

HIOIE | B1F o

A b =

il R L | et

Y ne) | lnod | (en)
Dead 8 14 12 4 4 28
SquareRoot 37 94 60 15 18 99
SumOfSquareRoot | 38 103 63 18 19 108
Fibonacci 42 76 69 18 22 86
BubbieSort 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 of SSA form

CFG | SSA % CFG | SSA %
fines { fines nodes | nodes
Dead 15 15 0.0 31 31 0.0
SauareRoot 60 63 476 99 117 {1538
SumOfSquareRoot | 63 71 (1127 108 | 143 |24.48
Fibonacci 69 77 |10.39] 86 126 | 31.75
BubbleSort 68 76 {1053 10t 133 | 24.06
LableExample 59 63 | 635 | 58 74 (2162
Exceptional 149 | 177 | 1582 143 | 304 |52.96
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Table 4. Test of DCE
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Dead 31 31 31 17
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SumOfSquareRoot 108 143 143 129
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