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A Debugging Method Based on Comparison of Execution Trace

KEIGO MATSUSHITA," MASAKI MATSUMOTO," KAZUHIKO OHNO,*
TAKAHIRO SASAKI,t TOSHIO KONDOt and HIROSHI NAKASHIMA 't

Filtering program code to obtain code fragments with bugs is one of the automated debug-
ging methods. Program slicing extracts code fragments concerning the focused variable and
can be used for such debugging. However, the result of slicing contains many lines without
any bugs and not satisfying for such purpose.

Therefore, we propose a new debugging method. Our method compares multiple execution
traces and extracts the common and uncommon parts between the cases whose behaviors are
correct and wrong. Using such information, the amount of code fragments obtained by slicing
can be reduced. The evaluation shows our method reduced the slicing result 15% in average.
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#i ncl ude <stdio. h>
int main(void)

int output,input;
int point[5];

poi nt [
poi nt [
poi nt [
poi nt [
poi nt [

0]
1]
2]
3]
4]

scanf (" %", & nput) ;
if(input >
out put
el se
out put point[input];
printf("%\n", output);
return O;

0;
1
2;
3;
4;
&
4 || input < 0)
0;

01 cOooooooood
Fig.1 Example of C Program
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1 #include <stdio.h> 1 #include <stdio. h>
2 2
3 int main(void) 3 int main(void)
4 4
5 int output,input; 5 int output,input;
6 int point[5]; 6 int point[5];
7 7
8 point[0] = O; 8 point[0] = O;
9 point[1] = 1; 9 point[1] = 1;
10 point[2] = 2; 10 point[2] = 2;
11 point[3] = 3; 11 point[3] = 3;
12 point[4] = 4; 12 point[4] = 4;
13 13
14 scanf (" %", & nput) ; 14 scanf (" %", & nput) ;
15 15
16 if(input > 4 || input < 0) 16 if(input > 4 || input < 0)
17 out put = 0; 17 out put = O;
18 el se 18 el se
19 output = point[input]; 19 output = point[input];
20 printf("%\n", output); 20 printf("%\n", output);
21 return O; 21 return O;
22} 22}
02 000000000000 (20, output) 04 000000000000 ({3}, 20, output)
Fig.2 Static Program Slicing (20, output) Fig.4 Dynamic Program Slicing ({3}, 20, output)

05 O0000O0O0O0OO0ODOODOO
Fig.5 Dynamic Dependence Graph
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Fig.3 Program Dependence Graph
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Table 1 Number of Execution and Type for Each Line
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1 #include <stdio.h>

2 #define N 10

3

4 int nain(int argc,char **argv){
5 int i=0, j =0, x=0, y=0;
6 int n=0;

7 int d{NJ[N];

8

9 n = atoi(argv[1]);

10

11 for(i=0;i < nji++)

12 for(x=0;x < n;x++)

13

14 d[i][x] = 0O

15 }

16}

17

18 for (i =1 ; i <n; i+
19

20 dfijfo] = 1,

21 j=1;

22 while (j <=i - 1)

23 {

24 diilT[j] =d{i-1][j-1] + d[i-1][j];
25 j o+

26 }

27}

28

29 for (y =0; v > n; y++)

30

31 for (x = 0; x < n-y; x++)
32 printf(" ");

33 for (x = 0; x <y; X++)
34 printf("o@dd ", dly][x]);
35 printf("\n");

36

37 return 0;

38 }

06 0000O0O0DODOOOD
Fig.6 A Program with a Bug

1 Syntax Analysis
Binary File

‘ 2 Slicer Tool‘ ‘ 3 Extracting Block‘ }4 Extracting Execution Trace‘
|:| : Tool
‘ 5 Comparison Execution Trace ‘ O - File

07 0O0O0O0OODOOOO
Fig.7 Flow Graph of Proposed Method
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02 0000000
Table 2 Programs for Evaluation

Pascal goboO0oOooO0o0O0oOooOoO0oOOoOonoo

Monte 00bo0o00o0o0o0000000o00o0o00oo00o0o0n

GA oo0oo00000O0000000000
0oooooooo (GA)oooo

03 0Ooooood
Table 3 Generated Bugs

oooooo oooo

Pascal <
Monte
GA1l <
GA2 <
GA3 <
GA4 ==
GA5

AR AR aR
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54 00000000

00000000000 GDBOODOOOOOOO
0000000000000000000000000
000000000000000000000000
0000000000000000 GDBOODOOD
000000000000000000000000
0000000000 [0D00]0[00]j000000
0000000000000000

5,5 00000000
00000000000000000000000
000000000000000000000000
000000000000000000000000
004400000000000000000000
00000000000000D0000000000
000000000000D000000000000
0D0460000000000000000000
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6.2 0000
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DpSOO0O0DOOOO0OOOOOOODOOOODOO
00o0o00000000%000000000000
goboooooooooooo1olo0o00a
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04 ODO0OOOO0OOOOODOODOO
Table 4 Evaluation of Proposed Method

goooo ooo DPS ooo gooo ooo
Pascal 38 15 61(%) 1 97(%)
Monte 35 9 74 1 97

GA1l 431 70 84 1 99
GA2 431 67 84 1 99
GA3 431 69 84 1 99
GA4 431 73 83 73 83
GAS5 431 73 83 73 83
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