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Bayesian Optimization Framework for
Improved Cross-Version Defect Prediction

Jeongwhan Choi' - Duksan Ryu'

ABSTRACT

In recent software defect prediction research, defect prediction between cross projects and cross-version projects are actively studied.
Cross-version defect prediction studies assume WP(Within-Project) so far. However, in the CV(Cross-Version) environment, the previous
work does not consider the distribution difference between project versions is important. In this study, we propose an automated Bayesian
optimization framework that considers distribution differences between different versions. Through this, it automatically selects whether
to perform transfer learning according to the difference in distribution. This framework is a technique that optimizes the distribution
difference between versions, transfer learning, and hyper-parameters of the classifier. We confirmed that the method of automatically
selecting whether to perform transfer learning based on the distribution difference is effective through experiments. Moreover, we can
see that using our optimization framework is effective in improving performance and, as a result, can reduce software inspection effort.
This is expected to support practical quality assurance activities for new version projects in a cross-version project environment.
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Fig. 1. Bayesian Optimization Framework for Improved Cross-Version Defect Prediction
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Table 1. Hyper—parameters Setting for Classifier

Hyper-parameters

Classifier
Name Range
n_estimators
(default=10) (10, 1001 NI
criterion Ca )
(default="gini’) {‘gini’, ‘entropy’} [C]
BRF

max_features

(default= auto’) {"auto’,’sqrt’,'log2’} [C]

min_samples_split

(default="2) 2, #sources/10} [N]

Table 2. Hyper-parameters Setting for Transfer Learning

Hyper-parameters
Classifier
Name Range
kernel e N
(default="linear) {"primal’, ‘linear’, ‘rbf, ‘sam’} [C]
dimension
TeA (defauli=5) [5, max(#source, #target)] [N]
lamb
(default=1) [0.000001, 100] [R]
gamma (default=1) [0.00001, 100] [R]
NNFilter k (default=10) [1,100] [N]
DSNF Toprank (default=1) (1,101 [N]
k (default=25) [1, 100] [N]
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Table 3. MORPH Dataset Description

Project # of releases Ave. % of defects
ant 5 19
camel 4 19
ivy 3 25
jedit 5 20
logdj 3 50
lucene 3 55
poi 4 50
synapse 3 24
velocity 3 58
xerces 4 38
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Table 5. AUC and Standard Deviation on the Selective
Transfer Learning

Default Selective
TCA 0.5834+0.0911 0.6464+0.0865
NNFilter 0.5822+0.0876 0.6511+0.0948
DSNF 0.5799+0.0971 0.6673+0.0689
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Table 6. AUC and Standard Deviation on Optimization Framework
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Table 7. FIR and Standard Deviation on Optimization Framework

Default Optimized
TCA 0.2280+0.2640 0.2640+0.2026
NNFilter 0.2793£0.2250 0.3388+0.2163
DSNF 0.2073+0.2454 0.3693+0.1971

Table 8. LIR and Standard Deviation on Optimization Framework

Default Optimized Default Optimized
TCA 0.5934+0.1026 0.6732+0.0925 TCA -1.0392+0.7975 -0.8527+0.6893
NNFilter 0.6084+0.1046 0.6771+0.0963 NNFilter -1.0237£0.8443 -0.8127£0.7319
DSNF 0.5453+0.2040 0.6590+0.1429 DSNF -0.4031+£0.4818 -0.27311£0.5101
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Appendix
Table 9. Model Performance of AUC on the Selective Transfer Learning
Model TCA + BRF NNFilter + BRF DSNF + BRF
Project | Target Version | Source Version | Default (AUC) | Selective (AUC) | Default (AUC) | Selective (AUC) | Default (AUC) | Selective (AUC)
13 0.6199 0.6740 0.6534 0.6806 0.6552 0.7055
ant 17 1.4 0.5143 0.6244 0.5389 0.6026 0.5332 0.6453
1.5 0.5972 0.6491 0.6079 0.6552 0.6191 0.6602
1.6 0.6955 0.7187 0.6706 0.7231 0.6916 0.7307
1.0 0.5265 0.5532 0.5210 0.5510 0.5311 0.5504
camel 1.6 1.2 0.5929 0.6218 0.5837 0.6637 0.6090 0.6535
1.4 0.6343 0.6569 0.6343 0.6616 0.6177 0.6503
. 1.1 0.6917 0.7712 0.7250 0.7686 0.7260 0.7609
W 20 14 0.5513 0.6215 0.5465 0.6183 0.5263 0.6138
3.2 0.5807 0.6612 0.6199 0.6810 0.5890 0.7500
o 4.0 0.7236 0.8246 0.6254 0.7236 0.6264 0.7142
Jedit 43 41 0.6594 0.7028 0.6945 0.8649 0.6355 0.8163
4.2 0.6753 0.7672 0.6795 0.7714 0.6795 0.7704
logdi 12 1.0 0.6275 0.6852 0.6222 0.6931 0.6301 0.7037
1.1 0.5570 0.6407 0.5650 0.6280 0.5804 0.6381
2.0 0.6321 0.6613 0.6086 0.6537 0.5956 0.6576
lucene 2.4 —— — —
2.2 0.5658 0.6203 0.6059 0.6375 0.5569 0.6401
1.5 0.5880 0.6823 0.6232 0.7277 0.6703 0.6964
poi 3.0 2.0 0.5508 0.5757 0.5468 0.6215 0.5437 0.6695
2.5 0.6433 0.6934 0.5757 0.6868 0.5574 0.6940
synapse 12 1.0 0.5347 0.6477 0.5228 0.6334 0.5115 0.6861
1.1 0.5895 0.6534 0.6039 0.6475 0.6009 0.6361
. 1.4 0.4827 0.5498 0.4606 0.5412 0.4930 0.5938
velocity 1.6 —
1.5 0.6485 0.6876 0.6162 0.6909 0.6487 0.6811
1.0 0.2869 0.3995 0.3059 0.3786 0.2407 0.5287
xerces 1.4 1.2 0.4109 0.4745 0.3937 0.4696 0.3969 0.5320
1.3 0.5727 0.6355 0.5693 0.6036 0.5918 0.6373
Table 10. Model Performance of AUC on Optimization Framework using TCA, NNFilter, and DSNF
Model Selective TCA + BRF Selective NNFilter + BRF Selective DSNF + BRF
Project | Target Version | Source Version | Default (AUC) |Optimized (AUC)| Default (AUC) | Optimized (AUC) | Default (AUC) | Optimized (AUC)
1.3 0.6928 0.7212 0.7018 0.7562 0.6801 0.7440
ant 17 1.4 0.5572 0.6258 0.5389 0.6767 0.5300 0.6968
1.5 0.6347 0.7477 0.6787 0.7592 0.7133 0.7651
1.6 0.7074 0.7659 0.7363 0.7682 0.7117 0.7736
1.0 0.5959 0.6043 0.5896 0.6305 0.5634 0.6528
camel 1.6 1.2 0.6086 0.6398 0.6109 0.6690 0.5300 0.6605
1.4 0.6395 0.6646 0.6200 0.6662 0.6257 0.6672
vy 20 1.1 0.6679 0.7587 0.6212 0.7702 0.7388 0.7638
' 1.4 0.6699 0.7910 0.7292 0.7782 0.7202 0.7788
3.2 0.6176 0.7651 0.6085 0.6560 0.6039 0.8159
jedit 43 4.0 0.6519 0.8077 0.7018 0.7562 0.5471 0.7565
4.1 0.5825 0.6706 0.6446 0.7737 0.6591 0.8254
4.2 0.6695 0.7070 0.6664 0.7215 0.6830 0.7049
logdi 12 1.0 0.6152 0.7143 0.6465 0.6989 -0.1194 0.2289
1.1 0.5734 0.6391 0.5835 0.6258 -0.0791 0.2289
lucene 24 2.0 0.5991 0.6505 0.6234 0.6615 0.5954 0.6581
2.2 0.5994 0.6436 0.6030 0.6483 0.5144 0.6499
1.5 0.6348 0.7303 0.7094 0.7432 0.6054 0.7165
poi 3.0 2.0 0.5369 0.6231 0.5861 0.6515 0.4125 0.7030
2.5 0.6423 0.7107 0.6254 0.7107 0.6275 0.6744
synapse 12 1.0 0.6119 0.6934 0.6354 0.7142 0.7101 0.7315
1.1 0.6120 0.6963 0.6469 0.6818 0.6036 0.6847
. 1.4 0.4823 0.5998 0.5109 0.5853 0.5412 0.6160
velocity 1.6
1.5 0.6210 0.6878 0.6371 0.7008 0.6566 0.6814
1.0 0.2347 0.3944 0.2755 0.3630 0.4980 0.5135
xerces 1.4 1.2 0.3099 0.4262 0.3001 0.4126 0.4042 0.5340
1.3 0.6528 0.6985 0.5961 0.7013 0.4458 0.5671
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Table 11. Effort-aware Model Performance of FIR on Optimization Framework using TCA, NNFilter, and DSNF

Model Selective TCA + BRF Selective NNFilter + BRF Selective DSNF + BRF
Project Target Version | Source Version | Default (FIR) | Optimized (FIR) | Default (FIR) | Optimized (FIR) | Default (FIR) | Optimized (FIR)
1.3 0.6174 0.4972 0.4239 0.5902 0.3009 0.5697
ant 17 1.4 0.1597 0.3079 0.3779 0.4000 0.3087 0.4797
1.5 0.4680 0.5000 0.6156 0.5815 0.5187 0.5888
1.6 0.5305 0.5489 0.5461 0.5671 0.5969 0.5614
1.0 0.3657 0.3181 0.3804 0.4115 -0.0339 0.4546
camel 1.6 1.2 0.3115 0.3448 0.3409 0.3848 0.1800 0.3920
1.4 0.3970 0.4255 0.4137 0.4376 0.3778 0.4254
vy 20 1.1 0.3999 0.5117 0.5221 0.5178 0.4855 0.5055
) 1.4 0.4278 0.6023 0.5530 0.6165 0.5523 0.6591
3.2 0.2846 0.4251 0.4027 0.4794 0.3963 0.6192
fedit 43 4.0 0.3442 0.6037 0.3144 0.5273 0.1407 0.5016
4.1 0.4474 0.5732 0.4602 0.4730 0.4667 0.6362
4.2 0.5528 0.6039 0.5752 0.6806 0.5592 0.6295
logdi 12 1.0 0.0407 0.0676 0.0302 0.0675 -0.1247 0.2289
1.1 0.0213 0.0470 0.0417 0.0447 -0.0913 0.2289
2.0 0.1664 0.2176 0.1842 0.2339 0.1502 0.2091
lucene 2.4
2.2 0.1044 0.2021 0.1316 0.2056 -0.0601 0.1858
1.5 0.1314 0.2338 0.1600 0.2452 0.1375 0.2305
poi 3.0 2.0 0.1193 0.1606 0.1602 0.2096 -0.1847 0.1907
2.5 0.0189 0.2283 0.1699 0.2271 0.0944 0.2119
1.0 0.4104 0.4259 0.3996 0.4796 0.5056 0.4892
synapse 12 1.1 0.3735 0.4075 0.3816 0.4072 0.2609 0.4138
. 1.4 -0.0695 0.1485 -0.0033 0.1330 0.0616 0.1883
velocity 1.6
1.5 0.2583 0.3081 0.2189 0.3038 0.2815 0.2827
1.0 -0.3124 -0.0849 -0.3094 -0.1271 -0.1171 0.0103
xerces 1.4 1.2 -0.5979 -0.1270 -0.1679 -0.1486 -0.0330 0.0229
1.3 0.1842 0.2114 0.2165 0.1981 -0.1326 0.0549

Table 12. Effort-aware Model Performance of LIR on Optimization Framework using TCA,

NNFilter, and DSNF

Model Selective TCA + BRF Selective NNFilter + BRF Selective DSNF + BRF
Project Target Version | Source Version | Default (LIR) | Optimized (LIR) | Default (LIR) | Optimized (LIR) | Default (LIR) | Optimized (LIR)
1.3 0.0693 0.0140 0.1304 0.1964 0.2020 0.2764
ant 17 1.4 -0.2172 -0.3572 -0.5496 -0.1766 0.1416 0.3358
1.5 -0.0010 0.0196 -0.0361 0.1793 0.4703 0.4751
1.6 0.0122 0.1155 0.0388 0.1512 0.3435 0.1400
1.0 -0.7832 -0.6948 -0.5708 -0.4628 -0.2205 0.2259
camel 1.6 1.2 -0.6473 -0.6284 -0.8126 -0.5291 -0.1736 -0.5113
1.4 -0.6021 -0.4278 -0.5318 -0.3979 -0.4574 -0.4283
. 1.1 -0.7188 -0.6786 -0.8677 -0.6575 -0.9792 -0.6998
ivy 2.0
1.4 -0.8620 -0.3672 -0.7299 -0.3184 -0.7780 -0.1719
3.2 -0.4765 -0.3842 -0.3227 -0.2535 -0.3017 0.4372
fedit 43 4.0 -0.3534 -0.0458 -0.5072 -0.1381 0.1722 0.2317
4.1 -0.3611 -0.0277 -0.3534 -0.2688 0.1573 0.1240
4.2 -0.0612 0.0465 0.1157 0.2310 0.1080 0.1080
logdi 12 1.0 -1.8554 -1.8518 -1.8853 -1.8522 -0.1487 0.2289
1.1 -1.9479 -1.9148 -2.0053 -1.9217 -0.1447 0.2289
2.0 -1.5561 -1.3925 -1.5561 -1.3429 -0.8210 -0.6147
lucene 2.4 —
2.2 -1.6298 -1.4400 -1.6983 -1.4293 -1.2853 -1.4898
1.5 -1.4421 -1.1378 -1.1575 -1.1060 -0.5811 -0.7878
poi 3.0 2.0 -1.4034 -1.3421 -1.2667 -1.2054 -1.0447 -0.8802
2.5 -1.2565 -1.1534 -1.2925 -1.1567 -0.7087 -0.5124
synapse 12 1.0 -0.8591 -0.7992 -0.7466 -0.6307 -0.1968 -0.1130
’ 1.1 -1.3214 -0.8567 -1.0470 -0.8578 -1.2012 -0.8371
. 1.4 -1.5230 -1.1955 -1.3462 -1.2354 -0.6100 -0.3800
velocity 1.6
1.5 -0.9684 -0.7838 -0.9229 -0.7951 -0.9263 -0.8495
1.0 -2.9912 -2.1603 -3.0433 -2.2832 -0.5780 -0.4808
xerces 1.4 1.2 -2.9433 -2.2829 -3.3775 -2.3458 -0.7762 -0.4618
1.3 -1.3579 -1.2971 -1.2980 -1.3359 -0.5461 -0.9666
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