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Cost-Sensitive Margin Distribution Optimization for Software Bug Localization

XIE Zheng, LI Ming

(State Key Laboratory for Novel Software Technology (Nanjing University), Nanjing 210023, China)

Abstract: It is costly to identify bugs from numerous source code files in a large software project. Thus, locating bug automatically and
effectively becomes a worthy problem. Bug report is one of the most valuable source of bug description, and precisely locating related
source codes linked to the bug reports can help reducing software development cost. Currently, most of the research on bug localization
based on deep neural networks focus on design of network structures while lacking attention to the loss function, which impacts the
performance significantly in prediction tasks. In this paper, a cost-sensitive margin distribution optimization (CSMDO) loss function is
proposed and applied to deep neural networks. This new method is capable of handling the imbalance of software defect data sets, and
improves the accuracy significantly.
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Table 1 Statistics of the data sets
1
DT 12 826 2272 4.39
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2 : : ,NP-CNN/ogistic
(cross entropy), Logistic logistic .NP-CNN"inge
SVM hinge , )
CSMDO.
3.2
10 , .Top 10 Rank,MAP  AUC
2~ 4 . , / CSMDO o/o (Wilcoxon ,
0.05).
Table 2 Top 10 Rank of compared methods on all data sets
2 Top 10 Rank
Data set BugLocator Two-Phase HyLoc NP-CNN"9"t NP-CNN™I™ CSMDO
JDT 0.742- 0.6420 0.789- 0.938 0.933 0.935
PF 0.7250 0.7320 0.7600 0.894 0.867- 0.897
PDE 0.6730 0.617- 0.7180 0.8420 0.8510 0.861
Aspect] 0.6220 0.5700 0.7410 0.8480 0.8420 0.871
Avg. 0.691 0.640 0.752 0.880 0.873 0.891
Table 3 MAP of compared methods on all data sets
3 MAP
Data set BugLocator Two-Phase HyLoc NP-CNN"9*te NP-CNN™I™ CSMDO
JDT 0.4410 0.3720 0.4550 0.5220 0.5250 0.533
PF 0.3500 0.398- 0.4100 0.537 0.532- 0.539
PDE 0.422- 0.3810 0.5520 0.6240 0.6320 0.674
Aspect] 0.4180 0.397- 0.4330 0.5450 0.5460 0.577
Avg. 0.408 0.387 0.463 0.557 0.559 0.581
Table 4 AUC of comparedmethods on all data sets
4 AUC
Data set BugLocator Two-Phase HyLoc NP-CNNPP™  NP-CNN™™®  CSMDO
JDT 0.7810 0.724- 0.813- 0.8810 0.917- 0.927¢
PF 0.7720 0.803- 0.8300 0.913- 0.8950 0.941e
PDE 0.7530 0.763- 0.8240 0.9140 0.925¢ 0.927¢
Aspect 0.6830 0.6640 0.7610 0.857- 0.8520 0.926e
Avg. 0.747 0.739 0.807 0.891 0.897 0.930
,CSMDO 4,
BugLocator,Two-Phase HyLoc 3 ,CSMDO AUC 18.3%,19.1%
12.3%,
,CSMDO )
NP-CNN"9sic CSMDO  Top 10 Rank,MAP ~AUC 3
1.1%,2.4%  3.9%, hinge NP-CNNMnee, 1.8%,2.2%  3.3%.
, CSMDO MAP  AUC 3 Top 10 Rank

[l

© TEBREEEEIEDT  htp/ www. jos. org. cn



3078 Journal of Software Vol.28, No.11, Novermber 2017

(CSMDO) , : :

References:

[1] Li M, Huo X. Software defect mining based on semi-supervised learning. Journal of Data Acquisition and Processing, 2016,31(1):
56-64 (in Chinese with English abstract). [doi: 10.16337/j.1004-9037.2016.01.005]

[2] Li M. Software defect mining. Chinese Association for Artificial Intelligence Conmmunication, 2016,2(8):44—49 (in Chinese with
English abstract).

[3] Tu WW, Li M, Zhou ZH. Mining software defect factor. Journal of Jilin University (Engineering and Technology Edition), 2012,
42(s1):383-386 (in Chinese with English abstract).

[4] Ding H, Chen L, Qian J, Xu L, Xu BW. Fault localization method using information quantity. Ruan Jian Xue Bao/Journal of
Software, 2013,24(7):1484-1494 (in Chinese with English abstract). http://www.jos.org.cn/1000-9825/4294.htm [doi: 10.3724/SP.J.
1001.2013.04294]

[5] Poshyvanyk D, Gueheneuc YG, Marcus A, Antoniol G, Rajlich VC. Feature location using probabilistic ranking of methods based
on execution scenarios and information retrieval. IEEE Trans. on Software Engineering, 2007,33(6):420-432. [doi: 10.1109/tse.
2007.1016]

[6] Lukins SK, Kraft N, Etzkorn LH. Source code retrieval for bug localization using latent dirichlet allocation. In: Proc. of 15th
Working Conf. on Reverse Engineering. IEEE, 2008. 155-164. [doi: 10.1109/wcre.2008.33]

[7] Gay G, Haiduc S, Marcus A, Menzies T. On the use of relevance feedback in IR-based concept location. In: Proc. of Int’l Conf. on
Software Maintenance. 2009. 351-360. [doi: 10.1109/icsm.2009.5306315]

[8] Zhou J, Zhang H, Lo D. Where should the bugs be fixed? More accurate information retrieval-based bug localization based on bug
reports. In: Proc. of the 34th Int’l Conf. on Software Engineering. 2012. 14-24. [doi: 10.1109/icse.2012.6227210]

[91 Lam AN, Nguyen AT, Nguyen HA, Nguyen TN. Combining deep learning with information retrieval to localize buggy files for bug
reports. In: Proc. of the 28th Int’l Conf. on Automated Software Engineering. 2015. [doi: 10.1109/ase.2015.73]

[10] Huo X, Li M, Zhou ZH. Learning unified features from natural and programming languages for locating buggy source code. In:
Proc. of the 25th Int’l Joint Conf. on Artificial Intelligence (IJCAI 2016). New York, 2016. 1606-1612.

[11] Mou L, Li G, Zhang L, Wang T, Jin Z. Convolutional neural networks over tree structures for programming language processing. In:
Proc. of the 30th AAAI Conf. on Atrtificial Intelligence. 2016. 1287-1293.

[12] Wang L, Sugiyama M, Jing Z, Yang C, Zhou ZH, Feng J. A refined margin analysis for boosting algorithms via equilibrium margin.
Journal of Machine Learning Research, 2011,12:1835-1863.

[13] Gao W, Zhou ZH. On the doubt about margin explanation of boosting. Artificial Intelligence, 2013,203:1-18. [doi: 10.1016/j.artint.
2013.07.002]

[14] Zhang T, Zhou ZH. Optimal margin distribution machine. arXiv:1604.03348, 2016.

© TEBREEEEIEDT  htp/ www. jos. org. cn



3079

[15] Johnson R, Zhang T. Effective use of word order for text categorization with convolutional neural networks. In: Proc. of the Conf.
of the North American Chapter of the Association for Computational Linguistics: Human Language Technologies. 2015. 103-112.
[doi: 10.3115/v1/n15-1011]

[16] Zhang X, LeCun Y. Text understanding from scratch. arXiv:1502.01710, 2015.

[17] Kim Y. Convolutional neural networks for sentence classification. In: Proc. of the Conf. on Empirical Methods in Natural
Language Processing. ACL, 2014. 1746-1751. [doi: 10.3115/v1/d14-1181]

[18] Kim D, Zeller A, Tao Y, Kim S. Where should we fix this bug? A two-phase recommendation model. IEEE Trans. on Software
Engineering, IEEE, 2013,39(11):1597-1610. [doi: 10.1109/tse.2013.24]

[19] Schapire RE, Freund Y, Barlett P, Lee WS. Boosting the margin: A new explanation for the effectiveness of voting methods. In:
Fisher DH, ed. Proc. of the 14th Int’l Conf. on Machine Learning (ICML’97). Morgan Kaufmann Publishers, 1997. 322-330.

[20] Breiman L. Prediction games and arcing algorithms. Neural Computation, 1999,11(7):1493-1517. [doi: 10.1162/089976699300016
106]

[21] Reyzin L, Schapire RE. How boosting the margin can also boost classifier complexity. In: Cohen WW, Moore A, eds. Proc. of the
23rd Int’l Conf. on Machine Learning (ICML 2006), Vol.148. 2006. 753—760. [doi: 10.1145/1143844.1143939]

[22] Fischer M, Pinzger M, Gall H. Populating a release history database from version control and bug tracking systems. In: Proc. of the
Int’l Conf. on Software Maintenance. IEEE, 2003. 23—32. [doi: 10.1109/icsm.2003.1235403]

[1] , . . ,2016,31(1):56—64. [doi: 10.16337/j.1004-9037.2016.01.005]

[2] . . ,2016,2(8):44-49.

[3 b . : ( ),2012,42(s1):383-386.

[4] , , , , . . ,2013,24(7):1484-1494. http://www.jos.org.cn/1000-982

(1994 ), , , , (1980 ), , , ;

,CCF ,

© PEBEBPHIFST  hip:/www, jos. org. cn



