CTOCOIM 2= E2| 75tV

197

DOI: 10.3745/KIPSTD.2008.15-D.2.197

CTOCH A &= EF TA]

—+
~+
~+

27 &2 oM T

k=1

(] of

A3 ol ST gt A vlelEmsel R AR HeHOR S s CTOC TAYAask TASAG CTOCHAE ot
olEzEe] vl 24T 52 SAs7] sl b WA CFGE AAeTh 245 ofgths vlelEnse 54w 7o) vols
TS ALY 3 B4l A Fokol A 3§ 2AZE AU o1 FE Aof S8 2920 CRGH e 2 Hen
2487] 919 eCFGE SSA Formo.2 Wa algich Wk A Be Zeadold $371 9 591t o] d CTOCAE F2o tat Azl 2
Faeld e AHelA A4 SSA FormO.® W@ £@3gth S% SSA Formom Wash] olde] Fxo ug ¥ie Ashd o
58720 SSA Formg A4 4+ 9lA el

2 wge w3 g A2 58402 3] 8 CFGE SSA Forme.2 WasHs 34 olde] $Xg $six olsh vy ¥ &

9% A4ahe H9e mav,

7|¥=: XtHt HIOIEZE, Mo 58 J=, HN £ Hjd ey, R=. R Eg|

Constructing A Loop Tree in CTOC

Kim Ki Tae" - Kim Je Min™ - Yoo Weon Hee™

Abstract

The CTOC framework was implemented to efficiently perform analysis and optimization of the Java bytecode that is often being used
lately. In order to analyze and optimize the bytecode from the CTOC, the eCFG was first generated. Due to the bytecode characteristics of
difficult analysis, the existing bytecode was expanded to be suitable for control flow analysis, and the control flow graph was drawn. We
called eCFG(extended Control Flow Graph). Furthermore, the eCFG was converted into the SSA Form for a static analysis. Many loops
were found in the conversion program. The previous CTOC performed conversion directly into the SSA Form without processing the
loops. However, processing the loops prior to the SSA Form conversion allows more efficient generation of the SSA Form.

This paper examines the process of finding the loops prior to converting the eCFG into the SSA Form in order to efficiently process
the loops, and exhibits the procedures for generating the loop tree.

Key Wards : Java Bytecodes, Control Flow Graph, Static Single Assignment Form, Loops, Loop Tree
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public void loop() {
int n =5;
int x = 0;
for (int a=0; a<n; at+)
for (int b=0; b<n; b++)

X+

public void loop();

Code:

0: iconst_5

1: istore_1

2: iconst_0

3 istore_2

4 iconst_0

5! istore_3

6: iload_3

T iload_1

& if_icmpge 35
11 iconst_0

12: istore 4
14: iload 4
16: iload_1

17 if_icmpge 29
20: iinc 2,1
23: iinc 4,1
26 goto 14
29: iinc 3,1
32: goto 6
35 return
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<BL_37 HD = null NON In>
L_37

<BL_38 HD = null NON INIT>
L_38
INIT Local_ref0_0
goto L_0

<BL_0 HD = null NON>
LO
evaluation (Localil_1 = 5)
L2
evaluation (Locali2_2 = 0)
L4
evaluation (Locali3_3 = 0)
goto L_30

<BL_9 HD = null NON>
L9

evaluation (Locali4_6 = 0)
goto L_21

<BL_15 HD = null NON>
L_15

evaluation (Locali2_10 := (Locali2_UD + 1))

L_18

evaluation (Locali4_12 := (Localid_UD + 1))

goto L_21

<BL_21 HD = null NON>
L21

if (Locali4_UD < Localil_UD) then <BL_15 HD =

else <BL_27 HD = null NON>

<BL_27 HD = null NON>
L_27

evaluation (Locali3_14 := (Locali3_UD + 1))

goto L_30

<BL_30 HD = null NON>
L_30

null NON>

if (Locali3_UD < Localil_UD) then <BL_9 HD = null NON> else

<BL_35 HD = null NON>

<BL_35 HD = null NON>
L35
return

<BL_39 HD = null NON Out>
L_39
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preorder | Block FP BP header
0 BL_37 2 ] null
1 BL_39 {BL_35, BL_37} ] BL_37
2 BL_38 {BL_37} 1] BL_37
3 BL_O {BL_38} 1] BL_37
4 BL_30 {BL_0} {BL_27} BL_37
5 BL_9 {BL_30} 1] BL_37
6 BL_21 {BL_9} {BL_15} BL_37
7 BL_15 {BL_21} 1] BL_37
8 BL_27 {BL_21} 2] BL_37
9 BL_35 {BL_30} 1] BL_37
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Input : node € Set of Node
Output : node € Set of Node
Procedure setHeader()
begin
for cach node w € reverse preorder
body < {}
for cach node v €BP[w]
if (v not equal w)
vn < preOrderIndex(v)
f < findNode(vn)
add f to body
fi
endfor
if (body equal {})
continue;
fi
worklist < body
while (worklist not equal {})
select a node x € worklist and delete from worklist
for each node y € FPlx]
z < findNode(y)
if(z € body) and (z not equal w)
add z to body and worklist
fi
endfor
endwhile
endfor
for ecach node x € body
header[x] < w
union(x, w)
endfor
end
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(L12|52) findNode 11215

Input : num € int
Output : node € Node
Procedure findNode(int num)
begin
node < nodes.get(num);
if(node equal null)
root < new Node(num);
root.child < new Node(num);
root.child.parent < root;
nodes.set(num, root.child);
return root;
fi
return findNode(node);
end

Input : node € Node
Output: node € Node
Procedure findNode(Node node)
begin
create stack
while(node.parent .child equal null)
stack push node;
node < node.parent ;
endwhile
rootChild < node;
while(stack not empty)
node < stack pop
node.parent < rootChild,
endwhile
return rootChild.parent
end
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(Z12|&E3) UNION ¢112|E

Input : a, b € int
Output: union, node € Node
Procedure union(int a, int b)
begin
nodeA < findNode(a);
nodeB < findNode(b);
if(nodeA equal nodeB){
return;
fi
if(nodeA.height > nodeB.height )
nodeB.child .parent < nodeA.child
nodeA.value < b
else
nodeA.child .parent < nodeB.child
nodeB.value < b
if(nodeA.height equal nodeB.height ){
nodeB.height ++;
fi
fi
end

o duE|Foltt. A AR FolrbA Y BEo] &3
E52 2] 98 Block f = findNode (vn)& 33t}
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public class NestedLoop?2 { DUblljghzlefji dI\Ileos(;[e?)L({)opS ¢
public class NestedLoopl { public void loop() { P it =5 P
public void loop() { intn =5 igt 2 _ Zy
intn =5 int x = 0; for (int a=0; a<n: a++)
int x = 0; for (int a=0; a<n; at+) for i b,:oa} b;a' bes)
for (int a=0; a<n; a++) for (int b=0; b<n; b++) I
) X 1:>+r+.(mt c=0; e<m; c+4) for (int ¢=0; c<n; c++)
’ X+,
} : ) }
)

(38 6) oAl (1) B F=

T.23
INTT Local_refo_0
gotoL 0
L 21

Lo

evaluation (Localil 1 :— 5)

evaluation (Tocaliz_2 = 0)
L4

cvaluation (Locali3_3 := 0)
goto L_15 2

/

< evaluation (Locali2 1;7-9: (Localiz UD + 1)) >
\mﬂ..dum (Loc: 41;;::: 11; l(?uum UD + 1))/
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BL 22 HD =null NON In

= |

.

BL_23HD =L_22 NON INIT

BL 0 HD =L 22 NON

BL 20 HD =1 22 NON

BL_24HD =L _22 NON Out

BL 9 HD =L 15 NON

(Zal

2! 10) oM (1)of chet R= E2

BL 52 HD = null NON In

y
/

¥

BL 53 HD =L_52 NON INIT

BL 0HD =L 52 NON

BL 45 HD =1_52 RED

BL 50 HD =1, 52 NON

BL 54 HD =L_52 NON Out

-
/

BL 9 HD =L, 45 NON

BL 36 HD =1 45 RED

BL 42 HD =1, 45 NON

A
/

BL 15 HD =L 36 NON

BL 27 HD =1, 36 RED

BL 33HD =1, 36 NON

¥

BL 21 HD =L 27 NON

(3 1) o™ (2)of che F= E2

=

_

BL S3HD =mil NONTn

BL 54HD =L S3NON INIT

BL 0HD=L HNON

BL 30HD=L S3RED

BL 3 HD =L SINON

BL 46 HD=L 53 RED

BL 51 HD =L S3NON

BL 5HD=L S3NON Out

N

HN

J

BL 9HD=L 30 NON

BL 21HD=L 30RED

BL 27HD=L 30NON

BL 40HD =L 46 NON

j

BL 15 HD =1, 21 NON

(3 12) o™ (3)of chst F= Eg
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