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Abstract

We research on reducing the burden of debugging. There is Program
Slicing as a traditional technique of reducing user’s burden. Program
Slicing limits the program code to noteworthy code. However, because
Program Slicing extracts the bugs and many extraneous codes to the
bugs, it can not reduce a significant burden.

In this paper, we propose a method what narrows results of Program
Slicing to related small part to the bugs by comparing execution traces.
It extracts same or different parts between correct behavior and wrong
behavior, and then estimates bug code. Results of performance evalua-
tion, the amount of the extracted code by proposed method is about 15
percent fewer than the one of Program Slicing.
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#include <stdio.h>

int main(void)

{
int output,input;
int point[5];

point[0] = 0;
point[1] = 1;
10 point[2] = 2;
11 point[3] = 3;
12 point[4] = 4;
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14 scanf("%d",&input);

16 if(input >4 | | input < 0)
17 output = 0;

18 else

19 output = point[input];
20 printf("%d\n",output);
21 return O;

22}
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#include <stdio.h>

int main(void)

{

int output,input;
int point[5];

point[0] = O;

point[1] = 1;

10 point[2] = 2;

11 point[3] = 3;

12 point[4] = 4;

13

14 scanf("%d",&input);
15

16 if(input >4 | | input < 0)
17 output = 0;

18 else

19 output = point[input];
20 printf("%d\n",output);
21 return O;

22}
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#include <stdio.h>

int main(void)

{
int output,input;
int point[5];

point[0] = 0;
point[1] = 1;
10 point[2] = 2;
11 point[3]=3;
12 point[4] = 4;
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14 scanf("%d",&input);

16 if(input >4 | | input < 0)
17 output = 0;

18 else

19 output = point[input];
20 printf("%d\n",output);
21 return O;

22}
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1 #include <stdio.h>

2 #define N 10

3

4 int main(int argc,char **argv){
5 inti=0, j = 0, x=0, y=0;

6 intn=0;

7 int d[N][NJ;

8

9 n = atoi(argv[1]);

10

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

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

13 {

14 d[il[x] = 0;

15 }

16

17

18 for(i=1;i<n;i+tt)

19 {

20 d[i][0] = 1;

21 i=1;

22 while (j<=i-1)

23 {

24 d[i]Q] = d[i-1](-1] + d[i-1]0];
25 j++;

26 }

27 }

28

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

30 {

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

33 for (x = 0; X <y; x++)
34 printf("%3d ", d[y][X]);
35 printf("\n");

36 }

37  return O;

38 }

046 0000000D0OOOOd

ooogoooboobobobobooooobobobobobooon
oogbdgbiliblogbobbobobbobobobobobobgb

13



oooooboobob410000b0b00bO0xbooooooooon
O00410000000000000000 BLANK OR NONEXEC

gooo

U 41: 000000bbobodoooboboooaon

Doo |ooo1]2|3[4[5]6][7][8]9]10] 00

5 1 11 ]1]1]1]1]1]1] 1] SAME FREQUENCY
6 1 11111 ]1]1]1] 1] SAMEFREQUENCY
9 1 11111 ]1]1]1] 1] SAMEFREQUENCY
11 2 3/4]5]6|7]8]9/10] 11 || EQUAL DIFFERENCE
12 2 6112120304256 72]90] 110 EQUAL DIFDIF
14 1 41 9]16]25/36|49]64]81] 100 EQUAL DIFDIF
18 1 2131456 7]8] 9] 10 EQUAL DIFFERENCE
20 0 123456 7]8] 9 | EQUAL DIFFERENCE
21 0 123456 7]8] 9 | EQUAL DIFFERENCE
22 0 1] 3]6|10[15]21]28]36] 45 EQUAL DIFDIF
24 0 ol 113]610]15]21]28] 36 EQUAL DIFDIF
25 0 ol 1[3]610][15]21]28] 36 EQUAL DIFDIF
29 1 11 ]1]1]1]1]1]1] 1] SAMEFREQUENCY
30 0 ololololo]olo|o] o || BLANK OR NONEXEC
31 0 ololololo]o]lo|0o] o || BLANK OR NONEXEC
32 0 ololololo]o]lo|0o] o || BLANK OR NONEXEC
33 0 ololololo]o]lo|0o] o || BLANK OR NONEXEC
34 0 ololololo[o]lo|0o] 0o || BLANKOR NONEXEC
35 0 olololololo]lo|o] 0o || BLANKOR NONEXEC
36 0 ololololo]o]lo|o] 0o || BLANK OR NONEXEC
37 1 11111 ]1]1]1] 1] SAMEFREQUENCY
38 1 11111 ]1]1]1] 1] SAMEFREQUENCY

000000000000000000000000000000000
000000000000000[11-15][12-15][18-27][22-26][29-36][31,32][33,34]
070000000000034000000000000000000
00000000(31,32)[33,340 200000000000000000

14



gboogbogbugbbobbobbobboobubobooboo
00410000000000[29-36)/000000000O0O BLANK OR
NONEXECOOOOODOOODOOOOOoOOoOOO[29-36)00000000
2000000000 O00O000bO0bLbOOoOoUbbLbuooOooboboO
gobbobbbouooooooobbbbobbooduooooooboboon
gobobooggooood

15



5 Uoobboonbn

gbgobobbobbobbobooboobbobbooboadad
gobboboboboooooooobbbobbouooooooboobn
gobbbbbouooooodobobbbbbbbouooooooobbbo
OOO0O0bs70000ToolDODODODODOOODOODLOOOODODOO
OoOoooocoobooooboooo

1 Syntax Analysis +—

Binary File

| 2 Slicer Tool | | 3 Extracting Block| |4 Extracting Execution Trace|

E : Tool

\,
| 5 Comparison Execution Trace | @ * File

Osrnoboobooonog

5.1 OOOO

O00000 Sapid9]000000Sapid0 000000000 CASE
O0O00DOoO0o0ooDooobboooocuonn Javad DO OSapid OO
Osdb4AD 000000000 O0ODOOCO0ODOOODOOODOObOOODbDOO
OoboboooooobooooboobobooooboooboobBUd
O00000ODOO000DOOO00bOODARODOOOOOODOODOOO
oboobobobon

5.2 U0OODOOOOO

OO0D00000D000Sapidd XPathOOODOODOOODOOOOSapid
OO0D00000O0mkFlowViewD OOOOOOOOODBOOOODOO

16



OO00D00000000D000mmspdMkCXModelD OO OOOODOOO
obooooooooboo XMLOOOOoooooooooo

OO0DO00o0ooooboooooo XpathOOOOoooooooO
O00XPath[10) DO OXMLOOOOOOOOOO PerlOODOOOOO
goooXMLOODODOoOOooOoboobobobobobobooooog
ooooxXMLOOoooboooooooboboooooboboooooo
gbooboooogn

OO0O0bDOXPathOOOOOOoOOoOoooboooooobooooo
gobbbobbouoooooobbbbbbouooooobbobo
0000000000000 000000[000]ojbooooooo
0000000000000 0[[00000000000000000
O0000|]0000000000000000000000oooOoo0O
gbobobodo

53 UUooboooood

OO000000000000Sapid0 XPathOOOODOODOODODO
OO0o0oooooobo XMLOODODODOOXPathOOOooooO
goobobbboboooddddoooouoooboooooboon
gbobboogogbbobuoooobbodao

54 UUOOOOOOO

OO0oO0OoooooooGbBOOOOOOOOOOODOOOOOO
oboobooboobobooboobbooboobboobooobog
OOoOoO0o0oOo0oooOoboo0ooboooooooo GbBOOODOODO
O0000000000oOo00ooooooooooooooooD (O
00|00 [00|]00000000000O0OO0O00O0OoOooooo

5.5 UHOOOOOOO

gogoooboobobbbbobbbobbbbbbobboobbn
gobbbbbobouooooooobbbobboodoooooobbobo
oobobobooobo44000b0b0boo0obobooooobo
gbobbooodgobbod

17



gobobbobbboouoooooooobbbbbouoooood
gobob4e6e000D00000

18



6 OUgng

6.1 OOOO
gbooboooobobooooboob

*Pascal U0 UO0ODOO0ODOODODOOOOODOO
goobooogn

*Monte U UODOODOODODOODOOODOOO
gboboboogobood

*GA U00O0OO0o0obooobbooboobbooboobboon
OO0D00D0OO0O00GADDO
gbooboboogon

gobobobooboboboodoooooobboobbboodooooon
gobbboobbooduooogoobbbbbboduog 1obo
gbobodbboooboooboobbooobboobboodone2
goog

U622 0000000

ooogoon HRERERE
Pascal "= S
Monte "<== =
GAl "= S
GA2 "= S
GA3 "= S
GA4 — -
GA5 " el — &

6.2 0O0OOO

ge200b00dbuodbboobudboobbuoooboobbod
Ooboboe30000bDPSOO0O0ODOOODOOODOOODOOODODO

19



gobbobobbbouuooooobboobbboduoooooboon
goboboooobbigiooood

063 000000000000D0OO0

00000 |000 |[DPS| 000 |0000 |000

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
GA5S 431 73 83 73 83

bpSOOO0DOOODOOOOO0OWOOOODOOOOOOooOoOOoDOOD
Ooboooboobooby4bbooooobooboboobPsonbbod
goboboog iibooggbboboooobbooon

6.3 UOOO

OOOoooooobpPSOOO0DOODOODOOODOODOO 15
gbgoboboobboobooboobodobuodgboobobbob
gobobobobbbooooooobobbobbodoooooobobooon
gogobboboobobbbbbblgoobobbbbbbbbobbbobo
gobboobobboboooooooobbooboboooooooooboon
gbbboooobbbooodobbbooaobbo

OO00OO0b0obOo0o0OobOobOoboboboobooooooboDbPSO
gobbbbbbouooooooobbbbboodoooooobboobb
gbooboboobbobooboobuagbooboboboboon
gobbbbbbouooooooobbbbboodooooooboboon
gbbogobboodgbbooobbooobboboobobobooobn
obobooboobod

20



7T Uoggu

gboogbobogbodbodgboobogobboboboobao
OoooobpSODOODO 1S00000DO0O0ODOOODOODOOOOO
OooooopbpSOOO0ODOOOOOOOCOOODOOODOODOO

goboboooboboouooooobobboobbbooooooooon
gobbbbbbooooooobbbbbboduoooooobbobb
gobboobbobooooooobbbbboooooooobobooobo
gbodgboboobobbodobubooboabbooobodobooon
gobbooobobouoooooobobbbobbooooooobobobn
gobbbbbbouooooooobbbbbbuoooooobbbb
gbobboooobbbuooobbbuoooobboooobo

21



HEN

gobobobbbbobbobbbbbbbbooodduooooooan
gobobboobboodoooooobobbboooooooboboboo
gobbbooobbbbotbododoooooooooobobbbbobb
gobobooogooon

Ooon

1]

200800 000oooobooboog
gobbooooon
http://www.meti.go.jp/policy /mono_info_service
/joho/2008software_research.html

Reiter,R.:” A Theory of Diagnosis from First Principles”, Artificial
Intelligence, Vol.32,pp.57-95(1987).

0000,000,0000:"000000000000000000
0D0000"0000000000000,Vol.15,No.1,pp.54-58(1998).

M. Weiser: “Program Slicing”, IEEE Transaction on Software Engi-
neering, 10(4),pp.352-357(1984).

goo,0bog,gogobo:boobbboogobbuooobboo
O000O0O0Ooooo”,0000,S598-3, May(1998).

K.J.Ottenstein and L.M.Ottenstein:” The program dependence graph
in a software development environment” Proceedings ACM SIG-
SOFT/SIGPLAN Software Engineering Symposium on Practical
Software Development Enviroments, pp.177-184(1984).

H.Agrawal and J.Horgan: “Dynamic Program Slicing”, SIGPLAN
Notices,Vol.25,No.6,pp.246-256(1990).

Gupita, R., Soffa, M.L. and Howard, J.:”Hybrid Slicing: Inte-
grating Dynamic Information with Static Analysis”,ACM Transac-
tion on Software Engineering and Methodology, Vol.6,No.4,pp.370-
397(1997).

22



[9] Sapid
http://www.sapid.org/index-ja.html

[10] XPath
http://docstore.mik.ua/orelly /xml/pxml/ch08_02.htm

[11] Bates, S. and Horwitz, S.: “Incremental Program Testing Using
Program Dependence Graphs”,Conference Record of the Twentieth
ACM Symposium on principles of Programming Languages, 1993.

[12) 0000,000,0000:”00000000000000000
000000000000 " ,0000,5895-4,May(1995).

23



