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Abstract

Although bytecode has many good features, it has slow execution speed and it is not an ideal
representation for program analysis or optimization. For analysises and optimizations, bytecode must be
translated to a Static Single Assignment Form(SSA Form). But when bytecode is translated a SSA Form it
has lost type informations of some variables. For resolving these problem- in this paper, we create extended
control flow graph on bytecode. Also we convert the control flow graph to SSA Form for static analysis.
Calculation about many informations such as dominator, immediate dominator, dominance frontier, @
-Function, renaming are required to convert to SSA Form. To obtain appropriate type for generated SSA
Form, we proceed the followings. First, we construct call graph and derivation graph of classes. And the we
collect information- associated with each node. After finding equivalence nodes and constructing Strongly
Connected Component based on the collected informations, we assign type to each node.
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class A extends Object(
}

class B extends A{
public String
toString(){

String s = "class B":
return s;  }}

class C extends Af
public String
toString(){

String s = “class C":
return s:  }}

public class Temp?2 {
public String f(boolean
bol){

Aa = new AQ;
Ab = new B(;
Ac = new C();
if (bol)
a=nbi
else
a=c;

String s = a.toString()

return s;  }}

int f(boolean};

new LA;

dup

invokespecial <Method
LA; .<init> () V>
astore Local$2

new LB;

dup

invokespecial <Method
LB; .<init> (}V>
astore Local$3

new LC;

dup

invokespecial <Method
LC; .<init> (V>
astore Local$4

iload bol$l

ifeq label 34

aload b$3

astore a$2

goto label 37

aload c$4

astore a$2

aload a$2
invokevirtual <Method

Ljava/lang/Object; .toString

()Ljava/lang/String;>
astore Local$h

aload s$5

areturn

8] 1.0§8 =221} Blo|ERE

Fig 1. Example Program and Bytecode
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Expr — ConstantExpr | DefExpr | StoreExpr | ShiftExpr
ConstantExpr — “ Id | Num + F | Num
+L | Num
StoreExpr — ( MemExpr = Expr )
DefExpr — MemExpr
NewExpr — New Type name
MemExpr — MemRefExpr | VarExpr
VarExpr — LocalExpr | StackExpr
LocalExpr — Stack | Local Type Num
Stmt — ExprStmt | InitStmt | JumpStmt | LabelStmt |
StackManipStmt
LabelStmt — Label
ExprStmt — eval Expr
InitStmt — INIT  LocalExpr( )
JumpStmt — GotoStmt | IfStmt | ReturnExprStmt
fStmt — fZeroStmt
GotoStmt — goto  Block
[fZeroStmt —if 0 ( Expr == ]!=1]) [)= |
(I{= null | 0) then Block else Block
ReturnExprStmt — return  Expr
StackManipStmt — ( LocalExpr, LocalExpr ) = dup(
LocalExpr )
Block — {block  Label
Label — label_Num

8 2 HEke A8 BNF
Fig 2. BNF for Translation
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<block 47 source>

label_47

<block 48 init>

label 48

INIT Local _ref0 0 Localil 1

goto label 0

<block 0>

label 0

eval (S_refQ 2 := new LA;)

(S_ref0_4, S_refl 6) := dup(S_ref0 undef)
eval S_refl undef.<init>()

eval (Local_ref2 § := S_ref0 undef)
label 8

eval (S_ref0_9 := new LB;}

(S_ref0_11, S_refl 13) := dup(S_ref0_undef)
eval S_refl undef.<init>()

eval (Local_ref3 15 := S_ref0_undef)
label 16

eval (S_ref0_16 := new LC;)

(S_ref0_18, S_refl 20) := dup(S_ref0_undef)
eval S _refl undef.<init>{)

eval (Local_ref4 22 := S_ref(_undef)
label 25

if0 {Localil undef == 0) then <block 34 >
else <block 29>

<block 29>

label 29

eval (Local ref2 30 := Local ref3 undef)
goto label 37

<block 34>

label 34

eval (Local_ref2 25 := Local refd_undef)
goto label 37

<block 37>

label 37

eval (Local_ref5 27 :=

local_ref2 undef.toString())

label 43

return Local_ref5 undef

<block 49 sink>

label 49

3 3. MME CFG
Fig 3. Created CFG
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<block label 48 >
label 48
INIT Local ref(0 0 Localil 1
goto label 0
<block label 0>
label 0
eval (S_ref0_2 := new LA;)
(S_ref0_4, S_refl 6) := dup(S_ref0_2)
eval §_refl 6.<init>{()
eval (Local ref2 8 :=S5_ref2 4)
label 8
eval (S_ref0 9 := new LB;)
(S_ref0 11, S_refl 13) := dup(S_ref0_9)
eval S_refl 13.<init>{()
eval (Local ref3 15 := §_ref0_11)
label_16
eval (S_ref0_16 := new LC;)
(S_ref0_18, S_refl 20) := dup(S_ref0_16)
eval §_refl 20.<init>()
eval (Local_refd 22 := 5 _ref0_18)
label 25
if0 (Localil_l1 == 0) then <block label_34>
else <block label 29>
<block label 29>
label 29
eval {Local_ref2 30 ;= Local ref3 15
goto label 37
<block label 34>
label 34
eval (Local ref2 25 := Local refd 22)
goto label 37
<block label 37>
label_ 37
Local_ref2 39 :=
Phi (label 29=>Local_ref2_ 30,
label 34=>Local_ref2 25)
eval (Local_ref5 27 := Local _ref2 39.toString(}))
label_43
return Local_ref5 27
<block label 49>

label 49
2| 5. 2= SSA Form
Fig b. Completed SSA Form
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Input : nodel, node2 € Node
Output : equiv € HashMap
procedure equivalent{Node node)
begin
Set s = (Set) equiv.get(node):
if (s == null)

= new HashSet(1):

s.add(node);
equiv.put{node, s);
endif
return s;
end
procedure makeEquiv(nodet, node2)
begin
s1 = equivalent(node1);
32 = equivalent(node2);
it s11=s2do
s1.addAll(s2);
iter = s2.iterator{(}:
while iter.hasNext() do
n = iter.next();
equiv.put(n, s1);
endwhile
endif
end
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Fig 8. Equivalent node Compute Algorithm
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<block label 47>

label 47

<block label 48>

label 48

INIT Local _ref0_0 Localil 1

*[E) ZA) @ (Local ref0 0) = LTemp2;
*[EFd ZA) : (Localil 1) =z

goto label 0

<block label 0 >

label 0

(S_refO_Z := new LA;)

*[EF] 2] : (new LA;) = L;

*(E) ZA) ¢ (S_ref0_2) = 1a;

*[EFY BA) ¢ ((S_ref0_2 := new LA;)) = LA;

(S_ref0_4, S_refl 6} := dup(S_ref0_2)

14 AA) ¢ (s_ref0_2) = LA;

*[E) BA) ¢ (S_ref0 4) = 1a;

*[ER] ZA) @ (S_refl 6) = LA;

eval S _refl 6.<init>()

*[EIS) 2A] ¢ (S_refl_6) = Ia;

“(E}) AA] @ (S_refl 6.<init>()) =V
eval 5_ref0 4

*(E}] ZA] @ (S_ref0_4) = LA;
label 8

eval (S_ref0_9 := new LB;)

<block label 37>
label 37
Local_ref2 39 :=
phi{label 29=>Local_ref2 30,
label 34=>Local ref2 25)

*[EF) ZA) @ (Local_ref2 30} = LB;
*[ER] 2%} @ (Local_ref2 25) = LC;
*[E}) HA) : (Local _ref2 39) = La;

eval {Local ref5 27 :=
local_ref2 39.toString())

*[E}) 23] : (Local_ref2 39) = LA;

*[E} AA] : (Local_ref2_39.toString()) =
Ljava/lang/String;

“[ER] BA] : (Local_ref5 27) =
Ljava/lang/String;

*(ER} 2] : ((Local_ref5 27 :=

Local_ref2 39.toString())) =

Ljava/lang/String;

Local ref2 39.toString{})) =

Ljava/lang/String;

label 43

return Local_ref5 27

(B} 24, - typeof (Local_ref5 27) =

Ljava/lang/String;

<block label 49 >
label 49

12 9. ElRlo] £2= SSA Form
Fig 9. Type is Inferred SSA Form
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o= e HiojEss CFG
Fibonacci 42 76 54
BobbleSort 30 79 68

Sieve 26 133 61
Hash 33 92 50
Ackerman 15 33 26
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