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An Extraction Algorithm of Dynamic Program Slice Using
Variable-Variable Relationships

Tae-Hee Kim' - Byung-Ki Kim'

ABSTRACT

Program slicing is a method that supports software developer or maintainer to readily understand the program by
decomposing it into several slices. In this paper we propose a dynamic program slice extraction algorithm that extracts
the smallest and accurate program slice using variable-variable relationships. In this algorithm, we first define a set of
variables from the left variable and the right variables in each sentence. Then, the variable-variable relationships is
defined for the sentence in the declaration part. When we define the variable-variable relationships in the declaration
part, the sentences with the left variable defined in the set are always included in the related set. On the other hand, if
the variable in the set is a right variable, only the sentences that are related with the criterion variable are included in
the related set after the sentences are compared and evaluated against other sentences. Proposed algorithm is found to
extract accurate and executable dynamic slice when applied to C language. When searching for the related sentences, it
also reduced the number of sentence comparisons up to 42% compared to existing methods. Reduction of the number of
comparisons is marked as the number of criterion variables is increased and as the number of comparison variables that
are not related with the criterion variable is increased.
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Re=
repeat
Find related actions for the criterion C
until there no exist marked sentence
10. Show a dynamic slice that is constructed from P by
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© o N

procedure Find related actions for the C

Ill.p=1

12. for all sentences s € IRS.v(C, X" do Find and mark Z'
of v

13. RS 29 3o EA(mark)® & IANE #3E&
2% AAsY R

14. while p < 't
f(UWXD NUEY ) thenRe = Re U { XP)

else p=p+1

15. endwhile

16. compute Rc = Rc U { VViw(Z) } for all sentences s €
VVilZ)

end Find related actions for the C
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01" int start_num;
#include<iostreamh> 0 int end_num;
#include<conioh> 08® int add_num;
vaid main( } o int sum
{ 065° int by3:
0l int start_num; 06% int temp:
02 int end_num 0" sum = 0:
03 int add_num; 08® by3=0;
o4 int sum; 09°  scanf(*%d" &start_mum);
(6 int by3: 10°  scanf("%d",&end_num);
06 int temg; 11" scanf("%d" &add_num);
07 sum = 0 122 start_num <= end_mm;
08 by3 = 0; 13° sum += start_mumi(+temp)
09 scanf(*%d” &start_num); 14" temp = start_rum%3:(+by3)
10 scanf(*%d" &end_num); 15° temp = 0;
11 scanf("%d" &add_num); 16° by3++
12 whilelstart_num<=end_num)( 177 start_num += add_mmi
13 sum += start_num; 12° start_num <= end_mm
14 temp = start_m%3; 13° sum += start_numi{+temp)
15 ifitemp == 0 147 temp = start_num%3:(+by3)
16 by3 15" temp == o
17 start_mum += add_num 167 by3++
} 17 start_num += add_num
18 start_num -= add_num; 12# start_num <= end_mm
19 printf("d%.”, sum): 13° sum += start_oumi(+temp)
) 14% temp = start_num%3:(+by3)
15”7 temp = O
16% byd++;
17 start_num += add_mmi
12 start_num <= end_mum
18" start_num -= add_mm
19° printf("d%", sum;
a) AH Z2IWP) () T2 dig £4 FRUT)

(08 4) =230 i3t F5 8 H2(T)
(Fig. 4) The trace execution for program(T)
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vah = {Lv: ¢ 17", 177 177 18", 19% )
V(@ = { LV 10° 197)

vw@ = {Lv: 1Y 19%)

Vi) = { LV : T, 135, 13“’, 13%, 197 )
VVGE) = { LV : & 16" 162 16’B 197}
VV@E®) = { LV : 14" 142 14 19% )

(0% 5) TP CiS Hy-tHa UMY
(Fig. 5) Variables-variables relationships for trace execution
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Y 27g FE3E 5 9A AYe v1FEC HH
A 7N1E 33 AYqdoz Bdel 2L EFF IRS
(Immedated Relationship Sentence)& #Z&}= RHo]
ok 4 FFNA AMEEHE W] i AgLe AME
Folpg v|F WFe 7k o W4 APe vay
o2 Aoz, o] wf wjto] EAHH 1 F

& #Eo] gl Aolm 2 [RSol ¥A 7R, HA
(mark)E 3ok o] EANE 350 o8 #d EFS
25 W7z wEEA e

[RSel 2§e EFEL AHgog ¢ A &3
2 Reoll T3A712 tfE #d 238 37 949 A
A&t RSO E3d 39 22 dspe ¢
o dis =5 vag sefst=d, e £33
FAtolel o] EASeAE 2AEE #
dE XL 25 3% + Add (¥ 6= 4
(start_num = 3, end_num = 10, add_num = 3), 7|&
Way(sum), 718 3 printf("%d”, sum))ol g W
A dp-dy BAPE ol fdld &8 43 2
ZHTHE Jerdsd, 7I& 233 #3e 239 I%
RcE Adsie A3 dAdz 2dZEd, (29 NS
(29 OolM RAF 3 2Zhg T2 AMA
1 A0E BoEo,

=
=
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OB e Rlomn
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4] 2], criterion sentence = { 19% )
criterion variable = { sum }
IRS ={7, 13% 13" 13}

t Y HRAM FFo] #¥d &

H W3

A WA, related variable of criterion variable =
{ sum(7) }
Rc = { 4, 7, 13" 13% 13% )

S WA, related variable of criterion variable =
{ sum(7), start_num(25), end_num(25) }
Re = { 4" 1", 22 7 & 13" 12% 177,

13°, 175, 13, }

Al WA, related variable of criterion variable =
{ sum(7), start_num(25), end_num(25),
add_num(23) }
Re={41327¢ 1" 13° 122
177 13% 172 13%, 10 }
HFANT) = {413 2 7,9 1" 13° 129
177,135, 172 135, 10}

(3% 6) 2|F C=((3, 10, 3), 19, sum}oil CHEH 8 =2KT)
(Fig. 6) Execution slice for criterion C={(3, 10, 3), 19, sum¥T’)

#include<iostream.h>

#include<conio.h>

void main{ )

{

01 int start_num;

02 int end_num;

03 int add_num;

04 int sum;

07 sum = 0;

09 scanf(“%d", &start_num);

10 scanf(“%d”, &end_num);

11 scanf(“%d”, &add_num);

12 while(start_num<=end_num) {

13 sum += start_num;

17 start_num += add_num;
}

19 printf(“%d”, sum);

}

(38 7) £8 =20 Z2IUS ARAIZ X
o273 TZHP)
(Fig. 7) Dynamic program siices that mapping execution
slice to program(P')
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2882 RFIXRIEZ =X M5A M11Z=(98.11)
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(¥ 1) 2% Hlme| @
(Table 1> The result of sentence comparison

(H91:31 )
W start | add ad | W |,
o] g by _mum | _num temp _mm | B34 A
g3 106 (113 94 | 31 [ 107 ] 31 482
Wy
:3?'3 +20(+30( +13 [ +4 [ +22 | +3 | 156 [ 248

(& 2) J7|& 850 a2 2xe| s|m d@n
(Table 2> The result of sentence comparison according
to criterion variables

¢ 9 270 3 47\
BE3 vy 2193 3133 4203

Ll & 2062] 2192 2413
NS gag 5% 30% 2%

(E 3 W8 Yn H-S BAY wle| u|R
(Table 3) Comparing blocking method with
variable-variable relationships
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