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A Study on Intermediated code for Analyzing Bytecodes
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Abstract

Java language creates class files through Java compiler. Class files include informations
involved with achievement of program. We can do analysis and optimization for efficient
codes by analyzing class files. This paper analyzes bytecodes using informations of Java
class files. We translate stack-based Java bytecodes into 3-address codes. Then we
translate into static single assignment form using the 3-address codes. Static single
assignment form provides a compact representation of a variable’s definition-use information.
Static single assignment form is often used as an intermediate representation during code
optimization. Static single assignment form renames each occurrence of a variable such
that each variable is defined only once.
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ClassFile{  u4 magic:
u2 minor_version:
u2 major_version:
cp_infoconstant_pool
{constant_pool_count -1):
u2 access_flags:
u2 this_class:
u2 super_class: _
u2 interfaces(interface_count);
u2 fields_count.
field_info fields{fields_count):
u2 methods_count:
field_info methodsl(fields_count);
u2 attributes_count.
attribute_info attributes
(attributes_count) ;}

a3 1. e el Ax
Fig 1. Structure of Class File
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label 0
Idc 1
public class Temp { |abe|asztore x$2
int f(booleai:tti{ ifoad b$1
ifeq label_11
x=1
if(b) label_6
. Ide 2
el);e_ z istore x$2
X =3 goto label_13
. label_11
retu;n X: lde 3
) istore x$2
label_13
iload x$2
ireturn
Xigja labelS F13t Ho|ERS

12! 4. label $7}
Fig 4. Label Addition
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Expr — ConstantExpr | DefExpr | StoreExpr
ConstantExpr — " Id * | Num + F | Num

+L | Num
StoreExpr — ( MemExpr := Expr )
DefExpr — MemExpr

MemExpr — MemRefExpr | VarExpr
VarExpr — LocalExpr | StackExpr
LocalExpr — Stack | Local Type Num
Stmt — ExprStmt | InitStmt | JumpStmt |
LabelStmt
LabelStmt — Label
ExprStet — eval Expr
InitStmt — INIT  LocalExpr( )
JumpStmt — GotoStmt | 1fStmt |
ReturnExprStmt
IfStmt — If ZeroStmt
GotoStmt — goto  Block
fZeroStmt —if 0 ( Expor =={!=|) )= |
(1= nul | 0) then Block else Block ReturmBxprSrt —
return  Expr
Block — (block  Label )
Label — label_Num

I3 5. BNF 2E
Fig 5. BNF Code
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(block 0
bl label_0
aneL eval (Locali2.2 := 1)
Idc 1
istore x$2 label 2
'Isabel ) 10 (Locali1_undef == 0) then
- block 11 k6
iload bS1 (block 11) else (block 6)
ifeq label_11 (block &
label_6
e label_6
. eval (Locali2 6 1= 2)
istore x$2 goto label_13
goto Jabel_13 -
label_11 (block 11
Ide 3
istore x82 label_11
store eval (Locali2. 4 := 3)
label 13 oto label_13
iload x$2 g -
| l':‘j'; (block 12)
aoel- label_13
return Locali2_undef
labelS FVkt 2& Er|P= 3-FA 3=

O37. ERPE 354 3
Fig 7. Tree Structure 3-address Code
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Dim) :={np U n D))
p € pre(n)

A7) AE A A ke ol (2 9) ARt
o] EAoN H%o] BE »ti= 2| AL ujsly] o
Folc}.

XXt AR YD2|E
23 : set of node
&3 © set of node
kY
N @ in set of Node
in Node —) set of Node
r :in Node
begin
D, T set of Node
n, p : Node
change : = true
Domin : Node —) set of Node

" Pred :

Domin(r) := {r}
for eachn € N - {n} do
Domin{n) := N V]
od
repeat

change : = false
for each n € N - {n} do
=N
for each p € pred(n) do
TN =Domin(p)
od
=mMuT
if D> Domin(n) then
change : = true
Domin(n) := D
fi
od
until 'change
return Domin
end

ADREE 1, Xk} AR Y02lE
Alg 1. Dominator Compute Algorithm
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Table 2. Dominator Compute

£5 k-7 Riufa} Apt

0 (entry) {Oentry)} {O(entry)}

1 (exit) | {O(entry),1,2,3,4,5,6} | {O(entry),1(exit) }
2017 | {0(entry),1,2,3,4,5,6} {0(entry), 2}
3(0) | (O(enty), 123456 | (Ofentry)2.3)
4 (6) {0(entry),1,2,3,4,5.6} {0entry),2,3,4}
5 (13) {O(entry),1,2,3,4,5,6} {O(entry),2,3,5}
6 (11) | {0(entry),1,2,3,4,5,6} {0(entry),2,3,6}

Ag Fo A EE0] AEAE 471 A4 A
AR P A3 Aiake 2] k= XA YRS
AzA == Yo wpA AR ojrjdn. gaelF 2
T A3 AMiAE Adshs daeEolh

A xR} AlA A2IE
23 : FlowGraph(blocks)
Z2{ : bitset of idom
uh
begin
blocks : = graph.nodes.iterator
repeat
if blocks.hasNext == true
block := (Block) blocks.next
i = graph.preOrderindex(block)
if i == root
block.setDomParent (nufl)
else
blockDoms = domli)
idom := new BitSet(size)
idom.or(blockDoms)

idom.clear(i)
forj:=0,j(size, j++ do
if i I'=] && blockDoms.get(j)

domDomBlocks = dom(j}

b := new BitSet(size)
b.or(domDomBlocks)
b.xor(ALL)
b.set(j)
idom.and(b)

fi

od
fi
fi
until ! blocks.hasNext
end

ATRIE 2. ZH Xjuixt AR etnRlE
Alg 2. Immediate Dominator Compute Algorithm
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ol ©}A domDomblocksE ¥4 €t} 1 ¥ b9} ALLE
xordAhe & ¥ idom¥ bE and QXK A RS
T k. (E 3)& dnelE 28 ol 43l AR ok

(2d 10)= Aol 2§ =N AXkd vl &4l
£ AR ExE B 31 9t} (& oA == 2907
A AviARe == 00] Hu, == 39| Y Azl 2 7}
e} (3] x=5¢ 433 99 Auirl EelE

I 3. AN Xkt ARkt
Table 3. Immediate Dominator Compute

‘ XA -
. Node Dominode) RIS AN v L S P

0 (entry) | {O(entry}} 1] @
1y | ST oy | (Otentry)
2 {O(entry),2} {O(entry)) {Olentry)}

3 {O(entry),2,3} {O(entry),2} v

4 {O(entry),2,3} | {O(entry),2,3) {3}

5 [(0eM™M235) totentry) 2.2 3

6 |0 239 (otentry) 2.3) 3

% 4 A 2o geb (3 100904 2 4 Uxol A
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g Wi},

Klext A AR dRiE

i3 . Block(block), FlowGraph(graph)

£33 : LinkedList of df

gy

begin

local := new Block(graph.size()}

Iterator children:

repeat

if children.hasNext == true

child := (Block) chifdren.next
df := calcFrontier(child, graph)
e .= df.iterator
repeat

if children.hasNext == true
child := (Block) children.next

df := calcFrontier(child, graph)

local (graph.preOrderindex(dfChild)} := dfChild
fi
succs := graph.succs{block).iterator
fi
unti! ! e.hasNext
fi
until ! children.hasNext

repeat
if succs.hasNext == true
suce 1= (Block) succs.next():
if (block = succ.domParent())
local(graph.preOrderindex(succ)) : = succ:
fi .
fi
until ! succs.hasNext

v = new LinkedList():

fori := 0, i { local.length, i++ do
if tocal(i) = null
v.add(local(i))
fi
do

block.domFrontier().clear();
block.domFrontier().addAll(v):
return v.
end

ATRIE 3. XX} ZA| Lo2iF
Alg 3. Dominator Frontier Algorithm
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