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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.

» Keyword : CTOC(CTOC), &A™ ! A HEel(SSA Form), F=(loop). F= E2|(loop tree),
ZF= 8717|(loop peeling)
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ll. eCFG

public void loop():
Code:
0: iconst 5
1 istore 1
20 iconst O
31 istore 2
4:  iconst 0
public void loop() { 5 Istore 3
. . 6 iload 3
int n =5 -
. _ oA 7. iload 1
int x = 0: 8 if icmpge 35
for (int a=0: aln: a++) ’ empe
. . . 11: iconst O
for (int b=0; b¢{n: o
12 istore 4
b++) Lo
i 14: iload 4
}X ' 16: iload 1
17 if icmpge 29
20: iinc 2, 1
23: dinc 4, 1
260 gotol4
29: inc 3, 1
32: goto6
35: return
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Fig. 2 Example of Nested Loop
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Table 1 Col tents of FP and BP

pre | Block FP BP header
0 | BL37 o} z null
1 | BL39 ft—;% o BL_37
2 BL 38 {BL 37} 1] BL 37
3 BL O {BL 38} 1] BL 37
4 | BL30 {BL_O} {BL_27} BL_37
5 BL9 {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} 1] BL 37
9 BL 35 {BL 30} 1] BL 37
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Algorithm 1 Loop Header Setting

Input : node & Set of Node
Output : node & Set of Node
Procedure setHeader()
begin
for each node w € reverse preorder
body < {}
for each node v EBP[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 € FP[x]
z < findNode(y)
ifz € body) and (z not equal w)
add z to body and worklist
fi
endfor
endwhile
endfor

for each node x € body

header([x] < w

union(x, w)
endfor
end
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2 Modified Contents of FP, BP and HD

Table

pre | Block FP BP HD
0 BL 37 o] o] null
1 | BL39 {BBLL 3375} o BL 37
2 | BL38 | (BL37) o BL 37
3 | BLO | (BL3® o BL 37
4 | BL30 | (BLO} | (BL27} | BL37
5 | BL9 | {BL30} o BL_30
6 | BL21 | (BLS} | {BL15} | BL30
7 | BL15 | {BL21) o BL_21
8 | BL27 | {BL21) 2 BL_30
9 | BL35 | (BL30) o BL 37
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Table 3 Contents of Trace List

AEY trace E|AE LIS

(BL.38 INIT), (BL_0), <BL.9), {BL_15), {BL_21),
(BL 27), <(BL_30), {BL_35)
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Table 4 Results of Loop Peeling

block succs

preds

(BLOHD =L37 (BL .41 HD = null)

(BL.38 HD = L 37 INIT

(BL.35 HD = L 37) (BL 39 HD = L 37 EXIT

(BL 30 HD = L 37), (BL 41 HD = null}

(BL.21 HD = L 30)

(BL 15 HD = L 21), (BL 27 HD = L 30)

(BL.15 HD = L 2T)

(BL.38 HD = L 37 INIT) (BLOHD =L37

(BL_37 HD = null ENTRY>

(BL.39 HD = L 37 EXIT) I}

(BL_37 HD = null ENTRY), (BL 35 HD =
L 37
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