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CTOC(Classes To Optimized Classes) is a Java bytecode framework for optimization and
analysis.
Although Java bytecode has a significant amount of type information embedded in it,

there are no explicit types for local variables. However, knowing types for local variables
is very useful for both program optimization and analysis. This paper is a first part of
CTOC framework. In this paper, we present methods for inferring static types for local
variables in a 3-address, stackless, representation of Java bytecode. We use SSA
Form(Single Static Assignment Form) for spliting local variables. Splited local variables
will use to prepare for static type inference.
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public class Test {
A a;
boolean condition;
public int test(){
A a;
int sum = 0;
it(condition){
int z=5;
a = new B():
sum += z++
} else {
String s = "four";
a = new C(s)

return a.value + sum;

I3 3. YHOE ARSH Al AA

[2¥ 4= CTOC-BRE %3] 44€ CTOC-B Z=

o|tt. CTOC-BY] 53L& HlolEx=gt {ARSHA &8

of #dE FRE /AT AT 3-F4 Hefol Q.
g ERE 98 2 vl Elyde] Foi Hejolnt
ael1 getfield[ Test.condition]x [ 1 ¢hollE 7]&9
HolEFso e A4 B9 A& dHFE #A7t
HEE A il A4 E9 L& AL -FAE W

public int test() {
word this, sum, z;
this := @this : Test;

iconst_0

istore_2

load.r this

getfield {Test.condition]
ifeq [label 29]

new (B]

dup

invokenonvirtual [Binit)]
;:store_1

[label 41] load.r a
getfield [A.value]

ireturn
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A= testg CFG 2AE

JI2 EF 2AE : 0 282H 67K E& N1
M L=(Predecessors) :
£ %S(Successors) : [29] [9]

0: iconst_0

1: istore_2

2: aload 0

3: getfield [Test.condition]

6: ifeq (label_29]

J12 8 gJAE : 35 2HE 377K E5 N6
M =(Predecessors) : [29]

£ YE(Successors) : [40]

35: dup

36: aload_3

37: invokenonvirtual [C.(init)]

7|2 28 2lAE : 41 25 477X 28 N8
M ==(Predecessors) : [18] [40]

% %=(Successors) :

41: aload_1

42: getfield [A.valuel

45: iload_2

46 iadd

47: ireturn
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1: public int testO{

2 untyped this, sum, z, stack$0. stack$1, stack$2;
3

4: 10 := @this: Test:

5: $stack0 = O;

6: 12 = $stack0;

7 $stackO = 10:

8: $stackO = $stack0.condition;
9: if $stack0 == 0 goto label0;
10: $stack0 = 5;

11: 13 = $stack0:

12 $stackO = new B;

13 $stackt = $stack0;

14: specialinvoke $stack1.(init)();
15: 11 = $stack0;

16: $stack0 = 12;

17: $stack1 = 13;

18 1I3=13+ 1

19: $stackO = $stackO + $stackl;
20: 12 = $stack0;

21: goto labell;

22:

23: label:

24: $stack0 = "four”,

25: 13 = $stack0;

26: $stackQ = new C;

27: $stackt = $stackO:

28: $stack2 = 13;

29: specialinvoke $stackt.(init)($stack?2)
30: 11 = $stack0;

31:

32: label1:

33 $stackO = [1;

34: $stack0 = $stackO.value;

35: $stackl = 12;

36: $stackO = $stack0 + $stackl;
37 return $stack0;

38}
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load.r a 33 $stack0 = I1;

getfield [Avalue] [34: $stack0 = $stackO.value;
iload a 35:  $stack! = 12;

jadd 36:  $stack0 = $stack0 + $stack1;
ireturn 37 return $stack0;
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Place-2—Functions =
for each variable x in Aorigin]
defsites[x] - defsitesix] U {n}
for each variable x
W — defsites(x]
while W not empty
remove some node n from W
for each Y in DF[n]
it x not in AphilY]
insert the statement x — @(x, x, ... , x) at the
top of block Y, where the d-function has
as many arguments as Y has predecessors
AphilY] (- AphilY] U {x}
it x not in AoriglY]
W WU}
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for each variable a
Countla] (- 0
Stackla] (- empty
push 0 onto Stack[al
11 #d THEH 22
Rename(n) =
for each statement S in block n
if Sis not a phi-function
for each use of some variable x in S
i (- top(Stack[x])
replace the use of x with xi in S
for each definition of some variable a in S
Countlal (- Countfa] + 1
i (- Count{a]
push i onto Stacklal
replace definition of a with definition of
aiin$
for each successor Y of block n
Suppose n is the jth predecessor of Y
for each phi—function in Y
suppose the jth operand of the
phi-function is a
i (- top(Stack{al)
replace the jth operand with ai
for each child X of n
Rename(X)
tor each definition of some variable a in the original
S

pop Stack(al
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public int runningExample(){

untyped 10, $stackO, 12, 13, $stack1, 11, $stack2,
$stack0#2,$stack0#3,$stack0#4,$stack0#5,
$stackO#6,$stack1#2,13#2,$stack0#7,
$stackQ#8,13#3,$stack0#9,$stack1#3,
$stackO#10,8stackO#11,$stack1#4,
$stackO#12;

10 := @this: Test;

$stack0 = O;

12 = $stackO;

$stackO#2 = [0;

$stackO#3 = $stackO#2,condition;
it $stackQ#3 == O goto tabel0;
$stackO#4 = 5;

13 = $stackO#4;

$stackO#5 = new B;

$stackl = $stackO#5:
specialinvoke $stack1.(init)();

11 = $stackO#5:

$stackO#6 =

$stack142 = 13;

1342 =13 + 1.

$stackO#7 = $stackO#6 + $stack1#2;
12 = $stackO#7;

goto labelt;

label0:
$stackO#8 = "four”
13#3 = $stackO#8;
$stack0#9 = new C;
$stack 1#3 = $stackO#9;
$stack2 = 13#3;
specialinvoke $stack1#3.(init)($stack2),
11 = $stackQ#9;

label1:
$stackO#10 = I1;
$stackO#11 = $stackO#10.value;
$stack1#4 = 12;
$stackO#12 = $stackO#11 + $stack1#4;
return $stackO#12;

}
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(a) YAl CTOC-T ZE (b) £2/€ CTOC-T RE

33: $stack0 = I1;

34: $stack0 = $stackO.value;

35: $stack! =12,

36: $stackO= $stack0 + $stack1;

37: return $stack0; (a)

33: $stackO#10 = I1;

34: $stackO#11 = $stackO#10.value:

35: $stacki#d = 12;

36: $stackO#12=$stack0#11+$stack1#4;

37 return $stackO#12; (b)
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