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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.
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public void loop();
Code:
0: iconst_5
1 istore_1
2 iconst_0
3 istore_2
4 iconst_0
5: istore_3
public void loop() { 6: iload_3
intn =25 T: iload_1
int:x = 0; 8 if icmpge 35
for (int a=0; a<n; at++) 11: iconst_0
for (int b=0; b<n; b++) 12: istore 4
X+ 14: iload 4
} 16: iload_1
| 7S if_icmpge 29
20: iinc 2.1
23 iinc 4,1
26: goto 14
29: iinc 3.
b2 7/3 goto 6
35: return
(38 1) (a) ZHE F= o™=t (b) A o{HlE & HO|EZE
3. eCFG
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<BL_37>, <BL_38> 1|1 <BL_39>% ZZ A%, %7]
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BZo] 7tx e M3 R (predecessor)S 8 A (successor) 2
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BL_nolA noll 33

<BL_37 HD = null NON In>
L.37

<BL_38 HD = null NON INIT>
L3
INIT Local_ref0_0
goto L_0

<BL_0 HD = null NON>
L0
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 := (Locali4_UD + 1))
goto L_21

<BL_21 HD = null NON>
L.21
if (Locali4_UD < Localil_ UD) then <BL_15 HD = null NON>
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
if (Locali3_UD < Localil_UD) then <BL_9 HD = null NON> else
<BL_35 HD = null NON>

<BL_35 HD = null NON>

L.35
return
<BL_39 HD = null NON Out>
L_39
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Input : node € Set of Node
Output : node € Set of Node
Procedure setHeader()
begin
for each node w € reverse preorder
body < {}
for each node v €EBPlw]
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)
if(z € 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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(12|52 findNode €112|&

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

%2 A9 #49 o ¢oz BYed wHE npe
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(212|E3) UNION 12|&

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
g gagFoltt. tA AR ot T EFo &%
B2% 27 98 Block f = findNode (vn)& 33t}
g F o AAS WdnE, wet 4 HYF wsQ
<BL_15>9 A9 &4 W57} 70|84 findNode(7)S T3

“ BZo

a1, 8 Fo] ugdsE B2 <BL 15> A o] &
Z FAd et bodydl F7HEth oW, body
[<BL_15>17F €t &P 2EQ worklistE
A 2ERZ A=Y oA MAHI body HRE ]
4354 "o weA o] FAA worklist = [<BL_15>]
o] #rt}.
workliste] YA7} EA8HE worklistd =z s
7tAett. worklistol = @A <BL_15> el §17] d &9
worklistl Al HF E2& AAT F 2 B2 g A9
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0 BL_37 1] 1] null
1 BL_39 {BL_35, BL_37} 7] BL_37
2 BL_38 {BL_37} %] BL_37
3 BL_O {BL_38} 1%} BL_37
4 BL_30 {BL_0} {BL_27} BL_37
5 BL_9 {BL_30} %] BL_30
6 BL_21 {BL_9} {BL_15} BL_30
7 BL_15 {BL_21} @ BL_21
8 BL_27 {BL_21} (%] BL_30
9 BL_35 {BL_30} 2 BL_37
obxl BE& <BL 21>0] 9t
ghek £z EA7F AT E2S XTHEA 943 findNode
Bo) & 223 A4 B2o] 24 Yrhy Fohd BE2
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3«.’
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A &AL FIPd T F3€ ¥ FP, BP, 181 3
g ARE <F 2>9 Zo| Wi

<E 2>¢ Y& Hgez £ EFE a8H¥ (29 5)
o} 2t}

BL_37 HD =null NON In

o

g

BL_39 HD =L_37 NON Out '.

BL_38 HD =L _37 NON INIT ’ | BL 0 HD =L _37 NON | I BL_30 HD =L_37 RED

BL_35 HD = L_37 NON ‘

i ‘ BL_9 HD = L_30 NON ‘ 1 BL_21 HD =L _30 RED l [ BL_27 HD =L _30 NON l‘

BL_15 HD =L_21 NON



(29 5)9 FZ EZE HY olHZALEH SHRH
<BL_15>¢ 7% Y& <BL21>& 7}At. o|Ag ¢
ulE <BL_15>% <BL21>°] 39 W# FZE ot
E Yujolg}, &gt <BL_21>¢9 %4 ddE <BL_30>
< /R =% oAY 9wl <BL 30>, <BL.9>,
<BL2I>, <BL27>°] & TU& FZ& FAdY: 9v|
ojty, A FZ EFE Bd Zo|7t 3¢9 AL AT F
Atk &, 2709 FHE FEZE JHAH 53] Ege 44
2 Yy Fxg gRFLE Yl o] FRE FAE
Fxo A5 FHE FEE AT £ QA Ho FF

FPE FZ A3 X Fad HHEZ ALE 5
AA @k

5. dE X = A4H

CTOCAMNE vlo|EFCE A4 gz WA 3 9

A" 3= dd Ao zF BHE ’“1%‘6}%1’4 ojuf A}-&
& CTOCE 7129 Hlo|EmE0 ARE &7}l HA
S golatA st Eg FEHY FUH BHE o|&sld A
i}% 4—333} ZHJYFoth.

L,

A dFdME FZo g 4 glo] d<d eCFGE
Mﬂ ¥ SSA Forme AAsAc. AT Z2IHA AN
T3 Fo BE Aol FZE FYsied aHldd. HFE
FIZAM 9F =7} F7HET A GE R FZ B
olg €Y 7 Jtd T2 FYNLE IA €Y F
Sl €. w2k 2233 oA FLE 2hsE AL
Ta% Aol & £ o

A B =RdME 7€ eCFGAN Fx& F=
B EAS 71E€Y eCFGAN FZE Z7] H3A A

HA ol 4 #42 56}1 “J-Er?‘& xEd g 244
Mg F9 €A, 131
S ol F 4 £ 2
3 JEE FPS BP 2‘2}% FAA FHdAT =
dug dAste #AdA BPE ol8std a1z FZ
7 EAFeAE 98 F AAT 28 FLF EAF

)'rugo

e

2 £ o

EAZL g8lE Fole d¥E FTE FE ARAM 4 F
zo g HAU. olF &y JEE o83 F=
EZE AAsan. 2 EdS B0 A9 eCFG
2 g FZ7} EAste R o= = FHIAUESA &
g F 513 oJE FE4 §Z Ef JRE olfsd
TF l FZAN A& 7hsd AHg BYHE F o &8
HeR et 5 4A do 5% 794 s FX Ex
€ ol&dt CTOCAANY FZ HAse £4L H8T
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public class NestedLoop?2 { public class NestedLoop3 {

public class NestedLoopl { public void loop() { public V(jid .IOOD() {
public void loop() { intn =5 int n : St
intn=25 int x = 0; 1fntx.—0,_' .
int x = 0; for (int a=0; a<n; a++) or (int a—O,_ i a'++)
for (int a=0; a<n; a++) for (int b=0; b<n; b++) for fl){nt b=0; b<n; b++)
; X+
dae f =0 c<n; ;
} i )(()Lfmt B o, for (int c=0; c<n; c++)
} } X+t
) }

}

(22 6) olFl (1) S BZ (2) 35 RZ (3) 25 FEof Hel Rz

Lo
evaluation (Localil_1 :=5)
L2
evaluation (Locali2_2 :=0)

L4
evaluation (Locali3_3 := 0)
gotoL_15

L_15
1i3_UD < Localil_UD) then <BL_9 HD = mill NON> else <BL_20 HD = null

T

Lo
evaluation (Locali2_7 := (Locali2_UD + 1))
L12
evaluation (Locali3_9 := (Locali3_UD + 1))
gotoL_15

(38 7) o™l (1)0fl cHEt eCFG (02 8) o1|x1| (2)0ll ChEt eCFG
HAEE @ dAE 989 Al Aol A #A 35 L)
= x2ad v ged FI7h EA8E Agdln ¥ oW — A
A 2ol o4 wo @& w2 FHol Hol U= 3F AN
229l A%, del3 wpAe Zead ye Az ge # b
Z7} #A8E 495 FAsAh T
(2% 6)e () 8d 2 (2) 35 72, (3 25 Fzg  mmgos,
ol Fxo| g Al szolth \PHisrey
(2@ 7, (28 8), (¥ 9E zz 44 ), 2), @)l SrN:
We eCFGE U Aotk 298¢ B FI 72 of ;;W.i..”_w_.f._m.;w
i Awdon weld 4 YA, Wk vs B B9 e B A T i
W oz Fejel wet ojsely] oe ASE WAY (i) | (i) |
F ek ol refng TG var oo
(2@ 10, (2F 1D, (2@ 12% <A (1), @), @)l o " WA e B ARSI S
g £z Egg @ty Yok FT EIE Aund i |
eCFGRT} 47 $Z59) #AE oldd & o 59 (2 (siiicnn) (i () (i) |
3 12)9) A$ <BL_30>, <BL_9>, <BL.2I>, <BL2>% S L LIt O N

o]0l 9|y Fxol <BL 21> <BL_I5>ZE o]Fo7 Ui
B 23 g3 <BL 46>, <BL40>% °]§oizx E tg&
Uy £330 e 44 &9 5 it

(2 9) o™ (3)oll St eCFG
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BL_22 HD =null NON In

e 3

BL 23 HD =L 22 NON INIT

BL_0HD = L 22 NON

BL_15 HD =L 22 RED

BL_20 HD =L 22 NON

BL 24 HD =L _22 NON Out

BL 9HD=L_15NON

(2 10) of& (1o thst F= E2|

BL_52 HD = null NON In

\

/

BL_53HD =L_52 NON INIT

BL 0 HD =L 52 NON

BL 45 HD =L _52 RED

BL 50 HD =L 52 NON

BL 54 HD =L_52 NON Out

.

/

BL 9 HD =L 45 NON

BL 36 HD =L 45 RED

BL 42 HD =L 45 NON

/

/

BL 15 HD =L 36 NON

BL 27 HD =L 36 RED

BL 33 HD =L 36 NON

BL 21 HD =L 27 NON

(Jal

s

BL 53 HD =mil NONTn

2 11) of" (2)of Chet = E2

N

BL S4HD=L $SNONINTT | |BLOHD=L $3NON | |BL30HD=L S3RED | |BL3SED=L 33NON | [BL46HD=L SRED | |BL SIED=L S3NON | |BL S5HD=L S3NON Ou
BL9ED=L 0NON | |BL HD=L 0RED | |BL2THD=L 3NON | |BL 40HD=L 46NON

BL ISED =L 2INON

(2" 12) o™ (3)ofl chet == Eg|
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