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Program Slicing Using the PIFG : with emphasis on Jump
Statement

Won-Im Kang' - Joong-Yang Park'' - Jae-Heung Park '’

ABSTRACT

Program slicing is a technique to extract the statements which influence the value of a variable at a particular point
of the program. It has been proposed that this technique is useful in debugging, optimization, program maintenance,
testing, extracting reusable components and other applications including the understanding of the program behavior. This
paper aims to address the problem of slicing programs with Jump-goto, break, continue- in C statements. It was found
that previous slicing algorithms do not always generate semantically correct slices when applied to such programs. We,
therefore, point out why the previous methods do not work in this more general setting, and describe our efficient
solutions that compute more correctly executable slices for such programs.
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1 if(pl) {

2 sl

3 if(p2)

4 s2

5 goto ki }
6

7 else s3;

8 s,

9 s5

10 k : s6;

(3% 1) gotoR0| Exst= ZE23 o|H|
(Fig. 1) Example of program with goto statemen

if(pl) {
if(p2) {
s2:)
'
else s3;
s5

(28 2) #ysst g2loja
(Fig. 2) incorrect slice of figl
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if(p1) {
if(p2) {
s2:
goto ki }

else s3;
$5
10 k: s6
(32 3) goto 28 MYS &2joj~
(Fig. 3) Slice of figl identify goto statement
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1 sum = 0

2 positives = 0;

3 L3 if (eof() goto L14:
8 read(x);

5 if (x>0) goto L8,
6 SUm = sum * X
T

&

goto L3

L8  positives = positives + 1.
9 if (x%2 != 0) goto L1Z
10: sum = sum + X:
11: goto L3;
12: L12: sum = sum + x;
13 goto L3
14: L14: write(sum);
15 write(positives);

(32 5) goto 20| EXfst= =21
(Fig. 5)program with goto st.

2 positives = 0t
3 L3 if teof()} goto L14:

& read(x);
3 if (x>0} goto L&
7 goto L13:

8 L8 positives = positives + 1

(3% 6) #yEst g2lo]a
(Fig. 6) incorrect slice

2 positives = (%
3 L3 if (eoft)) goto L14
4 read(x);
5 if (x>0) goto L8;
7 goto L13:
8 L8 positives = positives + 1;
9 if (x%2!'=0) goto L12;
11 goto L3;
L12:
13: goto L3
L14
15 writel positives);

(28 Ny s2012
(Fig. 7) correct slice
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If (CD Y
goto LG
Vo=
goto L8

B
&

Z= .0
X = .
goto L3;
write(x);
write(y);
write(z);

(0% 8) gotoR0| Exjstz Z2IH
(Fig. 8) program with goto st.

ZExN AW
5 5

I: if (CD
2 goto L6
3L yo= o
4 goto ...
}
L6:
7 goto L3;
L8
9 write(v):

(3% 9) #HEs geloj~
(Fig. 9) incorrect Slice
L3 y=
9 writely);
(3% 10) &3t geiolx
(Fig. 10) correct slice
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(1) Det(1)=(sum}

(2 Del(2)=(positives}

Def(8)=(positives

Def(8)=(sum}

Refl{6)=(sum, l):'

Def{10)={sum} -
Def{12)={sum} Ref(10)={sum, x}
Ref(12)={sum, x} .

sum=0;

positives = 0;

if (eof()} goto L14:
read(x};

if (x>0) goto L8

sum = sum ¢ X,

goto L13:

positives = positives + 1.
If (x%2 '= 0) goto L12;
sum = sum * X,

1 goto L13;

12 L120 sum = sum + xi

13 L13: goto L3:

14: L14:  writetsum);

15 write{positives);

(22 11) gotoR® XY TR S PIFG
(Fig. 11) program with goto st. and its PIFG
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Construct PIFG

Procedure MakeSkicel(P, ¢)

P : Onginal Program’s PIFG

S : Set of nodes in P

¢ = <n, V> : slioing cntenion, n€S

CRI=(c}
Call MarkedPIFG(CRY)
end

Procedwe MarkedPIFG(CRY)
begin
Mark n
white CRI s nol emply
Select and remove an element ¢=<n, V> from the CAI
if n—ut t is marked then
Mark n
Insert <n, Refin)> info CAI
ondif
for Ym st m—un, FvEV
do

if vEDefimEReAm)=0 then
Mark m
V=v-v
if V*Q then
Insert <m, V> into CRI
aise if vEDefm) then
Insert <m, V> info GRf
alse if vEDefim&Relim) +@ then
Mark m
V={V-v) Ux, Vx ERefim)
Insert <m, V> info CAI

endif
od
endwhile
end
(32 12) s2told ¥n2lF : pass-
(Fig. 12) slicing algorithm : pass-1

Def(1)=(sum}

Del{2)={positives}

14 Qteti10)=(sum)

e|(15)§(pqsitives)

Def(8)=(positives
Ref(8)={positives

Ref(9)={x}

Det(10)={sum}

Del(12)={sum} Ref(10)={sum. x};

Ref(12)={sum. x}

(8 13) (22 1ol disll c=<15, positives)2 F0{
He mW (12! 12) ¥I2FE + F MAFG
(Fig. 13) MPIFG obtained using (fig12) aigorithm about
(figN), c=<15, positives)
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Procedure MakeSlice2(M, ¢)

begin

M : Onginal Program’s MPIFG produced by MakeSiice!.

S : Set of nodes in P:

Jurrpcandidate=0:

RPIFG-MPIFG:

White VmEPredn)&RPIFG st m is not visited
ReducedPIFGin):
JumpcoRectijumpcandidate. RPIFG);

endwhife:

For each golo statements, Golo L, in slice, if the slatements

labled L is not in slice then associate the label L

with its immediate postdorrinator in Slhice:

retr{RPIFG):

end

Procedure ReducedPIFGIn)
begin
for Yme&iMPin) st m is not visited
if m is "Entry” then continue:
i m is marked then
ReducedPIFGImY:
else if m is Junp
then
insert m into Jumpcandidale:
else finding k st k is the immediate predecessor
among al Predin) which are mavked bty MakeSice!:
connecttk, n:
rerove al noks k—yn e k v
if k is "Entry” then continue:
ReaucedPIFGIK):
od
end

Procedure Jumpcollect(Jumpcandidate, RPIFG)
begin
while Jumpcandidalte +Q
sefect and remove n from Jumpcandidate:
if Im—an st mis the immediate predacessar among af
Predin) wivch are marked by MakeSice!
then it m—on has no Jmp exoept n
then Mark n;
connectim. 1)
remove af nodes m—on exaudig m and v
ReducedPIFGIm);
aise insert Jump info Jumpcandidalte;
else remove all nodes Vk—an:
endif;

od
end

(02l 14) €20l &1eE : pass-2
(Fig. 14) Slicing algorithm : pass-2
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F odA g e (I 12)9 guFd 4
AAE MPIFGel diste], RAIEA] ¥& =&
gro] 2o BYAE JumpEol dl&HE =28, 14
I =259 dE¥E dAE AA#LEHN RPIFG
(Reduced PIFG)E A4 ¥ RPIFGE S¥Hoz &
8 71sd &eholx Sp(PIFG, ¢)9] PIFGold, Y%
Ao el g =2 aPs P97 s

(2% 149= F 4 2Add dig duaFelr A
A GAZRE 448 MPIFGE 5 ¥4 A Az
Ao x7] RPIFGZ T2, £gto]d 718 ved &
Wi nfe NFste ne RE HAYAE F FEHA
Z2 == mol dsted mol Jump®olH Jumpcandi-
date @ == WEE F7H3 Jumpie] oUW
AN &dlojxel X A o4& w29 A, MPIFGH
o loy'm BAS o|FE == F HzE Lojolx
of £g¥ == 1€ A A connect(l, n)d4tl
A& I=m #AE Y48t F Aol 13 ng AT ]
—gn Alolo] EZAsE BE =EZEE MPFGAlA
AAD AASE w289 Bojot dAg Urtke

Mo 2

—= control liow edge

~* control depsndence edge @

e Def(2}={positives}

Def{4)={x
Ref(5)=

(8 J

Del(8)={positives,
Ref(8}={positives]

s = O

z

3 L3 ¥ eof() poto L14

4 read(x);

5 if 00) goto L8

7 goto L13

& L& positives = positives + 1
13 L13  golo L3

15 write{positives);

(38 15) HEs galo|A2 tfE RPIFG
(Fig. 15) correct slice and its RPIFG
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1: sum = 0;
2: positives = 0;
3 while (leof()) {
read(x);
if (x <=0 1{
sum = sum + fl{x)
continue; }
8 positives = positives + 1;
9 if (x%2 = 0) {
10: sum = sum + f2(x);
11:  continue; )
12 sum = sum + f3(x); }
13: write(sum);
14: write(positives);

(38 16) continue®0| EXsl= =28
(Fig. 16) progrma with continue st.

NE R

positives = 0;
while (‘eof()) {
read(x);
if (x <= 0){
continue; }
8 positives = positives + 1;
14: write(positives);

b AN R

(2317 Hakst s2i0ja
(Fig. 17) correct slice

dAgE MAG

Jumpcandidate gl EAsE 2 JumpEel h¥
HE 2 nol 8o, Pass-2014 obz WEHA
2 REE F mogn #AE olFE =& md W
&dtol2o THE xE FoA ngd FA MygAed
connect(m, n)& F#33, m#} n& AP m—qn
Atolo) EAde L& x=ZEH JAEE MPIFG %
oA AAGL 20 HHHE mo] EASA ¥erh
9, log'n BAE 1FE 18 nd I RE k=9
ne 2HE Yrte A g A

(29 1300 s (29 1499 dnaF< M43
o YA€ RPIFGS} W& &etol& S(PIFG, o) Ws
(19 15)% 2ok B =FA AdstE JumpFol ¥
e Z2ade) tid &eteld dxnYFL V& W
et o Jesin e Feto]2~E A Btk

Continue® 3} break®& goto® <] EWg B2 A,
continue®-& Ao HojF- o2 A& SAFH, bre-
akZ 2 A Aol 44 BAE Ae AAE nd
[PDOM(n)2 2 A& &AZE £ ==A Atst
E Wye old 79 JumpEelx: F A &€ Con-
tinue®-o] EAsE (19 16)8 ZZ YA &itol
A 7130} c=<14, positives>Z Fo|H L W AL &

golaE (29 17oln, (120 & wgez ¥4
ggtol2ad} e &i}oj2olt). swich-case® Uiell
ZAE Bl &etolrd EHHA AS A€
&dtol2E RE breakFol EFHAA,

B =2 Atste @S Jump-goto, continue,
break-%o] &Asle v 7+Z3 T2aPd JIo o
BHQ Wyoz Zelo|2E AAEH, 7|&9 &ilo
A ENd o A8 L Sato) A8 A}

5. WE % 8% AF HH

Eelol e ERage)l £ A #A A B
A Fad vrg E 2y B el B =
#& Jump-goto, break, continue-#o] A5 T2
oo i@ 7|9 Sejo]yd BB FEIA 4A
U & &dgol28 AAEE HYn, 7|EY WyER
o ZdetdA o A&t o A2 4Y7ted &9
ol& AL AT U Agsdr). of WYL Jump
7ol Exge LYo g AEF SToj2 44
S A8 Ao] BF L Ao F&HA AR 2
koo A8 ZRE FEY 2P PR 5F 29
TE 7oz dgod, PIFGE H3E Zzayd
@ setolae 7|&Y WHERY o A¥sa 37]
7} e gelol2E ANYE By

4 EAE W vido] EAde Tz
e AR ol EAG REY STl BAE
Ad Fol glen, AEdP CAoldl i@ &elolA
EF Mde] g% dAF Aot AHP &elolxE

Z2aH o8, #AEy, UW, Had", AAHE
F 3% T 7834 ol&F 2ZEH Jhd
t ul8g 3A Y 7 83, Jobrl FF =
g Aoz At
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