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A Study on Static Type Assignment for Static Single Assignment Form

27Ief, Q2]
NECLERE SRR

Ki—Tae Kim(kimkitae@inha.ac.kr), Weon—Hee Yoo{whyoo@inha,ac kr)

b vlo|EFEE B2 FHE AW £ £27} =21 £40) ofdrke A
(o]

371 3l who|EnEe]| i3 243 HHsrt ojof gt $4 vo]E = i Alof
S YT Aol 55 4 F Holy 5§ B4 HAHIE AA W4 oltiM AoH
AHEEEA] O gk ARt Badiet 7 HAo)AM Hao] wiAHE gholl met $Y7 o159 W
AAANA e FE 7HE B9 A gEtA Aoz g BdS AAE7] A Hee WA

£ Aol wel Eelsolof gt ol A DY HY FHE ol8st] REE 4 3o A B WA
FEN(SSA FormZ ¥73% F A3 243 AH3E Asixe 2 v 2840 Ushle 449 ==
o Bl BEE A} gt

£ =52 Byl diE 712 AEE vgo s #Hd F5Y =28 T 2 2% 42 44F

Z B % X

% 7 x=d B9 2edes A4s: By

m SH0 | Xibh giolERE | X0l 55 JHE | Y T o el | FH B uil |

" Abstract

Although the Java bytecode has numerous advantages, there are also shortcomings such as
slow execution speed and difficulty in analysis. In order to overcome such disadvantages,
bytecode analysis and optimization must be performed. First control flow of the bytecode should
be analyzed, after which information is required regarding where the variables are defined and
used to conduct data flow analysis and optimization. There may be cases where variables with
an identical name contain different values at a different location during the execution according
to the value assigned to a variable in each location. Therefore, in order to statically determine
the value and type, the variables must be separated according to allocation. In order to do so,
the variables can be expressed using a static single assignment form. After the transformation
into a static single assignment form, the type information of each node expressed by each
variable and expression must be configured to perform static analysis and optimization. Based
on the basic type information, this paper proposes a method for finding related equivalent nodes,
setting the nodes with strongly connection components and efficiently assigning each node the

type.
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public class Temp extends java.
lang.Object{
public Temp();
Code:
0:  aload_0
1:  invokespecial #9;

. public class Temp { 4 return

int f(boolean b){
int x;
x=1
if(b)

1

2

3 ’ .
M int flboolean),
5:

6: x = 2;

7:

8

9

1

1

Code:
: iconst_1

istore_2

iload_1

0
else !
2:
3 ifeq 11
6:
7
8

x=3;

return x; )
iconst_2

} istore_2

}

0O
1:
: goto 13
11: iconst 3
12. istore_2
13: iload 2
14: ireturn

}
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Stmt — ExprStmt | initStmt | JumpStmt | LabelStmt

LabelStmt — Label

InitStmt — INIT LocalExpr{]

ExprStmt — eval Expr

JumpStmt — GotoStmt | 1Stmt | ReturnExprStmt

lfStmt — IfZeroStmt

GotoStmt — goto Block

liZeroStmt — if0 ( Expr (== =) D=1¢ (=) (nul [0 ) ) then
Block else Block

ReturnExprStmt — return  Exp

Block — {block Label)

Label — label_ Num

Expr — ConstantExprl DefExpr | StoreExpr

DetExpr — MemExp

StoreExpr — ( MemExpr := Expr )

MemExpr — MemRetExpr | VarExpr

VarExpr — LocalExpr | StackExpr

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

ConstantExpr —" ID" | Num F | Num L | Num
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label_16
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label_17
INIT Local_ref0_0 Localil1_1
goto label_0
{block_0)
label 0
eval (Local_ref2_2 = 1)
label_2
if0 (Local_ref1_UDef == 0) then (block_11) else (block_6)
(block_6)

label_6
eval (Local_ret2_6 = 2)
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(block_11)
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(block label_16)
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(block label_17)
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INIT Local_ref0_O Locali1_1
goto label_0
{block label_0)
label_0
eval (Local_ref2_2 = 1)
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input : node1, node2 € Node
Output : equiv € HashMap
procedure makeEquivinodel, node2)
begin
s1 = equivalent(node1);
s2 = equivalent(node?2).
I s1l=s2do
s1.addAll(s2);
iter = s2.iterator();
while iter.hasNext() do
n = iter.next();
equiv.put(n, s1);
endwhile
fi
end

[(¢2ElF 1]o0A equive HashMap S22 =Holg)
o} VarExprd equive ¢da8 e 28 (Local_refl_1
= [Local_refl_1, Localil_1], Localil_1=[Local refl_1,
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3 =Colm &) 22 BJS ulA Ak MY BF
3 o) i dA equive [¥ 6] 2tk
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{2, Local_ref2_6, (Local_ref2_6 := 2), Local_ref2 6]
. [Local_ref2_10, Local_ref2_10, Locai_ref2_10 :=
Phillabel_6=Local_ref2_6, label_11=Local_ref2_4)}
: {2, Local_ref2_6, (Local_ret2_6 = 2), Local_ref2_6]
: [Local_ref1_1, Locali1_1]
: {2, Local_ref2_6, (Local_ret2_6 =
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: [Local_ref1_1, Locali1_1]
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Phi(label_6=tLocal_ref2_6, label_11=Local_ref2_4)]
: [Local_ret2_10, Local_ret2_10, lLocal ref2 10 :=
Phillabel_6=Local_ref2_8, label_11=Local_ret2_4)]
0 : [Local_ret2_4, (Locai_ref2_4 = 3), 3, Local_ref2_4]
1 : [Local_ref2_4, (Local_ref2_4 = 3), 3, Local_ref2_4]
2 1 [2, Local_ref2_6, {Local_ref2_6 = 2), Local_ref2_6)
3 : [Local_ref2_4, (Local_ref2_4 := 3), 3, Local_ref2_4]
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