5% FHoW D2 M- N 1 M = A < Vol. 45 No. 9
2018 4F 9 H COMPUTER SCIENCE Sep. 2018

—HE T ER AL SHEMEEREENRAE T IE

BBRR IE%E
(ARMEMRAFHENAFEHAFER E X 211100)

H E ERMGHHNIERP . HEBRILEREATZOARRME, RA, EFERFTHERBREETLEMTALA L, LT
HO GRS ERHIERN CHA SR A LT A B AR AR ERZHG P, AT, L PS8 ey ik
GAMFL #47 T Ht R fe it 2 TR TR ER L LS E ol F k8 a iy ik GAHIT, #5332 LT &
LA AR, FAREHFREGRATRG AL, BN THERCE; A FrAReg M3 2P 320 7 R A KM K w6 AT
AR EG T R RTINS BEG AR FL BT HGERE RHGTEFT H .05 T R0 ERPITHE RE4
MHBEELEGER DB THRBES IR RETERRABE P ER LR L, THRAEREAN, HRET HREBH
AL BB AR F RSN T R AL M, L LT Fo B BTG A2 5 P AR A S 4F 09 RALRR

EEE BREL.EE.EEEF.BEBRETAE
FEESES  TP311 XHkARiIZES A DOI 10. 11896/j. issn. 1002-137X. 2018. 09. 034

New Spectrum-based Fault Localization Method Combining Hitting Set and Genetic Algorithm
ZHOU Ming-quan JIANG Guo-hua

(School of Computer Science and Technology, Nanjing University of Aeronautics & Astronautics,Nanjing 211100, China)
Abstract Fault localization is an important research topic in the process of software development. However, the number
of faults in the actual software cannot be determined in advance. The available single fault localization technique is not
convenient to be used,and the available multi-fault localization technique is of low locating efficiency. This paper studied
and improved the multi-fault localization technique GAMFL, and proposed a new spectrum-based fault localization
methoid combining hitting set and genetic algorithm(GAHIT). In this method, the basic block for localization is defined
and used to replace statements to localize faults,narrowing the search range. In the process of constructing initial popu-
lation, the method of solving the hitting sets of execution path of failure test cases is presented to optimize the genera-
tion of initial population,and a new method for calculating fitness function is also presented to improve the total effi-
ciency of the algorithm. According to the results of genetic algorithm, the fault detecton strategy is presented to improve
the accuracy of localizing faults in the optimal group. The experiment results show that the proposed method is effective
in solving the problem of localizing programs with unknown number of faults,and has good performance when localizing
faults in both single fault programs and multi-fault programs.

Keywords Fault localization, Hitting set,Genetic algorithm, Uncertainty of fault number
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1. int findSecond(int a,int b,int c,int d) {

2. int max,min,temp;

3. ifta<=b){

4. max=bh;

5. min=a;

6. Jelse {

7. max=aj;

8. min=b;

9. }

10. if(c>max) {

11. temp=max;
12. max=c;

13. telse if(c<"min) {

14. temp=h;/ * BFE., WK temp=min * /
15. min=c;

16. }else{

17. temp=b;/ * #fE. NN temp=c %/
18. }

19. if (d<<max&-&.d>temp) {
20. return d;
21. telse if(d>>max) {

22. return max;
23. Jelse {

24, return temp;
25. }

26. }
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Table 1 Coverage path information of test cases for findSecond function and calculation results of various statistics

T HAT R B AT 1y ty g ty tig by ay  ay  a;  ag T 0O T
3 1 1 1 1 1 1 16 0 8 0 0.5 0. 577 0. 500
4 0 0 1 1 0 1 6 10 6 2 0.667 0.612 0. 500
5 0 0 1 1 0 1 6 10 6 2 0.667 0.612 0. 500
7 1 1 0 0 1 0 10 6 2 6 0. 286 0.204 0.179
8 1 1 0 0 1 0 10 6 2 6 0. 286 0.204 0.179
10 1 1 1 0 1 1 16 0 7 1 0.467 0.516 0.467
11 1 0 1 0 0 0 8 8 0 8 0 0 0
12 1 0 1 0 0 0 8 8 0 8 0 0 0
13 0 1 0 1 1 1 8 8 8 0 0.667 0.707 0.667
14 0 1 0 1 0 1 5 1 3 5 0.545 0.375 0.205
15 0 1 0 1 0 1 5 11 3 5 0.545 0.375 0.205
17 0 0 0 0 1 0 3 13 5 3 0.769 0.625 0.481
19 1 1 1 1 1 1 16 0 8 0 0. 500 0. 577 0. 500
20 0 0 0 0 1 0 4 12 1 7 0.333 0.158 0.083
21 1 1 1 1 0 1 12 4 7 1 0.538 0.568 0.471
22 0 1 0 0 0 0 6 10 0 8 0 0 0
24 1 0 1 1 0 1 6 10 7 1 0. 700 0. 686 0.613
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