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Static Type Inference Based on Static Single Assignment
for Bytecode
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Abstract

Although  bytecode has many good feanres, it has slow execution speed and it is not an  idedl
representation  for  program  analysis  or  optimization.  For andlysises  and  optimizations, bytecode nmist  be
translated to a Static Single Assignment Form(SSA Form). But when bytecode is tramslated a SSA Fom it
has lost type informations of some varables. For resolving these problemu in this paper, we create extended
control flow graph on bytecode. Also we convert the control flow graph to SSA Form for static analysis.
Caloulation  about many  informations  such  as  dominator, immediate  dominator, doninance  frontier, O
-Function, renaming are required to convert to SSA Fam, To obtain appropriate type for generated SSA
Foam, we proceed the followings. First, we construct call graph and derivation graph of classes. And the we
collect informationu associated with each node After finding equivalence nodes and constructing  Strongly
Comected Component based on the collected informations, we assign type to each node.

» Keyword : RERRIFE(Static Type Inference), FETUHIEZ(Static Single  Assignment),
CFG(Control Flow Graph), HIO|ERE(Bytecode)
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class A extends Object{ int f(boolean);

) new LA;
dup
dass B extends Al invokespecial <Method
pudlic String LA; .<init> ()V>
toStringO{ astore Local$2
Sting s = "dlass B new LB;
reum's  } dup
invokespecial <Method
dass C exends Al LB; .<init> ()V>
blic Stin astore Local$3
R . 9 new LC;
toString({ dup
: " s U
Stl”ng S 7}}da$ e invokespecial <Method
return s;

LC; .<init> ()V>
astore Local$4
iload bol$1l
ifeq label 34

nublic class Temp? {
public String flboolean

boli aload b$3
Aa = new Al astore a$2
Ab = new Bl goto label 37
Ac = new Cl); aload c$4
iftool astore a$2
e aload a$2
else invokevirtual <Method
=G Ljava/lang/Object; .toString

Sting s = atoStringl) ()Ljava/lang/String;>
; astore Local$h

reun's  J aload s$5
areturn
22 1,08 =232} Hlo|[ET=
Fig 1. BExample Program and Bytecode
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Exor — ConstantBxor | DefExor | StoreBxor | ShiftExor
CongtantBxpr — * Id “ | Num + F | Num

+L | Num
StoreBxpr — ( MemBxor = Bxor )
DefExor — MemBExpr

NeaBxpr — New Type name

MemExor — MenPRefBxor | Varbxr

VarBxor — LocalBxor | StackExpr

LocalExpr — Stack | Local Type Num

St — BStmt | St | JumpStmt |

StackManipStrt

LabelSmt — Label

ExprStnt — eval  Expr

InitSt — INT - LocalExpr ]

JumpStmt — GotoStmt | IfStmt | ReturnExorStrt

IfStmt — fZeroStrt

GaloStmt — goto  Block

liZeroStmt — if 0 ( Bor = 11=[> | > |
<|< nul | 0) then Block else Block

ReturnBxprStnt — return Expr

StackMenipStmt - —  ( LocalBxr,

LocalBxpr )

Block — <dlock  Label >

Label — label Num

LapeiStrt |

LocalBxor ) = dupl

T8 2tslS QIS BNF
Fig 2. BNF for Translation
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<block 47 source>

label 47

<pblock 48 1init>

label 48

INIT Local ref0_0 Localil 1

goto label 0

<block 0>

label 0

eval (S_ref0_2 := new LA;)

(S_ref0_ 4, S refl 6) := dup(S_ref0_undef
eval S_refl undef.<init>()

eval (Local ref2 8 :=S ref(_undef
label 8

eval (S_ref0_9 := new LB;)

(S_ref0_ 11, S_refl 13) := dup(S_ref(0_undef)
eval S_refl undef.<init>()

eval (Local ref3 15 := S ref(O_undef

label 16
eval (S_ref0_16 := new LC;)
(S_ref0_ 18, S_refl 20) := dup(S_ref(0_undef

eval S_refl undef.<init>()

eval (Local refd 22 := S ref(O_undef
label 25

if0 (Localil undef ==
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 ref4 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

) then <block 34 >

O3l 3 M=l OFG
Fig 3. Created CFG
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<block label 48 >

label 48

INIT Local ref0 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 S_refl 6.<init>()
eval (Local ref2 8 := S 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 := S ref0_11)

label 16
eval (S_ref(0_16 := new LC;)
(S_ref0 18, S refl 20) := dup(S_ref0 16)

eval S_refl 20.<init>()
eval (Local refd 22 := S ref(0_18)
label 25
if0 (Localil 1 == 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 M=l SSA Form
Fig 5. Completed SSA Fom
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Table 3 Type Constraints Model

Expression Constraint
) [IdIo[ET A
ld = F [Id:=E] = [E]
E=E [E:=Fl = [E]
New C [New C1 :={C}

if E1 [E,] =2 A

then E, Lif B then E else Ez 1 o
else B [E;1 U [E;]
g o= [Ids1 := {the enclosing common

ancestor of I and Iz } V

hiId, Td:
philld, 1) [1d; ] = {idy V T}

T Idz,
. (Ids, . [1g,1 := [14, 1 A
- [Id1 = [1d;]
dup(i) '
1d [1d] = [1d]
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Input : nodel, node?2 & Node
Quiput : equv € HashMap
procedure ecuivalert(Node node)

begin

Set s = (Set) equiv.getlinoce);
it (5 = nul}

s = new HashSet(1);

s.adnode);
equiv.putinode, 9
enclf
retum s
end
procedure makeEquivinode!, node?)
begin
s1 = equivalentnode1);
2 = equivalentnode2);
if s1l=s do
s1.addAll(s2);
iter = 2 fterator(;
while  iterhasNext() do
n = fter.next(s
eouiv.put(n, st);
endwhile
endif
end

I3 8 S58 = AN LpRiE
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}O] A7) : (Local ref0 0) = LTemp2;
[EF) AA) @ (Localil 1) =2

goto label 0

<block label 0 >

label 0

(S_ref0_2 := new LA;)

*[E}Y ZA) ¢ (new LA;) = 1a;

*[EFS) ZAA) : (s_ref0_2) = La;

*[EFY ZA) ¢ ((S_ref0 2 := new LA;)) = LA;
(S_ref0_4, S _refl 6) :=dup(S_ref0_2)
*[EH 2] ¢ (S_ref0_2) = 1a;

*[EF) AA) ¢ (S_ref0_4) = 1a;

“[E}Y ZA) ¢ (S_refl 6) = 1a;

eval S_refl 6.<init>(
*[EF) AA) ¢ (S_refl_6) = 1a;

(B} AA] @ (S_refl 6.<init>()) =V
eval S_ref0_4
*[EF) AA) ¢ (S_ref0_4) = 1a;
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

*[EFY AA) : (Local ref2 30) = LB;
“[EFY AA] : (Local ref2 25) = LC;
“[E}) AA] @ (Local ref2 39) = La;

eval (Local ref5 27 :=
local ref2 39.toString())

*[E}) AA] ¢ (Local ref2 39) = La;
*[E}Y ZA] ¢ (Local ref2 39.toString()) =
Ljava/lang/String;
*[E}) AA] @ (Local ref5 27) =
Ljava/lang/String;
*[EFY AA] : ((Local ref5 27 :=
Local ref2 39.toString())) =
Ljava/lang/String;
Local ref2 39.toString())) =
Ljava/lang/String;
label 43
return Local ref5 27
*[E}Y ZA)] : typeof (Local ref5 27) =

Ljava/lang/String;

<block label 49 >
label 49

O 9, EfRlo] === SSA Fom
Fig 8. Type is Inferred SSA Form
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Ol =272 A Hpo|ET= oG
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oM == 724 CFG node SSA node
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