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Noise Tolerable Feature Selection Method for Software Defect Prediction

TENG Jun-yuan, GAO Meng,ZHENG Xiao-meng and JIANG Yun-song

Beijing Institute of Control Engineering, Beijing 100190, China

Abstract Software defect prediction can identify defective modules in advance by mining the defect datasets, helping testers to
achieve more targeted testing. However, the ubiquity of label noise in the datasets affects the performance of the prediction mo-
del. Few feature selection methods have been used to specifically design noise tolerance. In addition, the strategy selection in the
mainstream noise tolerable feature selection framework can only be performed manually based on human experience, which is dif-
ficult to be applied in software engineering. In view of this, this paper proposes a novel method NTFES (noise tolerable feature
selection). In particular, NTFES first generates multiple Bootstrap samples by Bootstrap sampling method. Then it divides the
original features into different groups on Bootstrap samples by approximate Markov blanket and selects candidate features from
each group based on two heuristic feature selection strategies. Sequently it uses genetic algorithm (GA) to search the optimal
feature subset in the candidate feature space. To verify the effectiveness of the proposed method, this paper chooses NASA MDP
dataset,and inject label noises simultaneously to imitate noisy datasets. Then it compares NTFES with other classical baseline
methods,such as FULL,FCBF and CFS,by controlling the ratio of label noises. The experimental results show that the proposed
method has the advantages of achieving higher classification performance and has better noise tolerable while the ratio of label
noises is acceptable.

Keywords Software testing.Software defect prediction,Feature selection, Label noise, Noise tolerable
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Table 2 Parameter settings in NTFES

H & e ER S % H (B
Bootstrap ERE R4 60
AL 100
. oK% RORH 40
GA
X X HEF 0.5
kR E 0.2

AL NTFES J7 i fi B AL 4% 2% 2 T. & JE Scikit-Learn
3t AL 53k 2 DEAP 4 2 52 8, 10 H At 35 off 7 1 5 Bh 45 AF 1%
PR JE Scikit-Feature® 4 & 52 B, 92 86 9 8 14 B 5% B & A
Windows 10 Intel Core 17-8550@1. 80 GHz 8. 00 GB RAM,
3.3.1 RQI A A T 14 4k 5 47

J T & RQL, AR IR S8 36 8 5 1) 11 25 4R b 48 1 A A
WP R HE IR I B 0%,10%,20%,30% , SR G 43 il 3
T KNN Fl CART 4326 &% , 7 [6] — W2 75 45 28 LU i R 3P NT-
FES J7 ¥k 5 H A A HE Jr 272 11 > NASA # il 4 F iy AUC
bR 3 Mk O,



136 Computer Science THEMFI2:  Vol. 48,No. 12, Dec. 2021

#* 3 AR AR LT A 4R £ 77 15 1 AUC #8458 (2T KNN 2326 88)

Table 3 AUC of each feature selection method under different noise label ratios (based on KNN)

wE RERE BT B R
t 1] 7 % CMI  JMI1 KCl KC3 MCl  MC2z MWl  PCl PC3 PC4 PC5  HEAHK
FULL  0.488 0.546 0.551 0.505 0.499 0.649 0.497 0.493 0.530 0.524  0.557 1
o% FCBF 0.532  0.537  0.577 0.501 0.500 0.530 0.514 0.496 0.550 0.619  0.562 0
’ CFS 0.487 0.535 0.551 0.505 0.508 0.650 0.513 0.498 0.530 0.499  0.564 1
NTFES ~ 0.534 0.545 0.578 0.507 0.510 0.598 0.554 0.549 0.556 0.657 0.588 9
FULL  0.480 0.544 0.544 0.492 0.488 0.585 0.548 0.498 0.551 0.511 0.565 0
0% FCBF 0.508 0.533 0.558 0.487 0.489 0.550 0.487 0.498 0.532  0.506  0.559 0
! CFS 0.480 0.534  0.546 0.491 0.490 0.589 0.548 0.496 0.554 0.519  0.566 1
NTFES ~ 0.529 0.545 0.562 0.582 0.500 0.575 0.618 0.531 0.556 0.636 0.590 10
FULL 0.502 0.537 0. 545 0. 506 0.495 0.604 0.492 0.493 0. 544 0. 540 0.567
20 FCBF 0.530 0.523 0.542  0.504 0.478 0.541 0.510 0.480 0.527 0.529  0.566 0
’ CFS 0.519  0.537 0.541 0.506 0.478 0.612  0.492  0.493  0.540 0.533  0.534 0
NTFES ~ 0.560 0.541 0.557 0.556 0.508 0.673 0.594 0.529 0.599 0.650 0.572 11
FULL  0.482 0.522 0.527 0.455 0.529 0.572 0.576 0.513 0.553 0.525 0.556 0
0% FCBF 0.490  0.516 0.519 0.528 0.487 0.495 0.466 0.495 0.555 0.540 0.545 0
! CFS 0.480 0.522 0.522 0.455 0.515 0.563 0.579 0.515 0.557 0.529  0.551 2
NTFES  0.564 0.533 0.544 0.628 0.541 0.610 0.512 0.551 0.541 0.640 0.588 9
4 R MR BR A LT A% AR AR RE PR T A 1 AUC #5845 (BT CART 43 2648%)
Table 4 AUC of each feature selection method under different noise label ratios (based on CART)
RF HERE BT E R
e 1] ¥ CMI  JMI KCl  KC3 MCI  MC2 MWl  PCl PC3 PCA PC5  HEAH
FULL  0.508 0.571 0.605 0.599 0.650 0.572 0.608 0.682 0.612 0.721 0.657 3
o% FCBF 0.521  0.545 0.645 0.472  0.582  0.545 0.544 0.543  0.551  0.590  0.598 0
! CFS 0.543  0.563 0.576 0.632 0.574 0.554 0.651 0.663 0.582 0.618 0.618 1
NTFES  0.562 0.524 0.656 0.615 0.692 0.607 0.689 0.637 0.587 0.728 0.675 7
FULL  0.494 0.569 0.567 0.577 0.548 0.635 0.579 0.585 0.596 0.658 0.613 2
10% FCBF 0.418 0.533 0.639 0.468 0.526 0.565 0.496 0.524 0. 506 0.527 0.591 0
’ CFS 0.493  0.552  0.565 0.554 0.507 0.644 0.608 0.643 0.558 0.594 0.617 1
NTFES  0.533 0.526 0.651 0.614 0.591 0.607 0.613 0.656 0.608 0.657 0.665 8
FULL  0.554 0.542 0.565 0.625 0.534 0.587 0.510 0.583 0.518 0.645 0.596 3
.y FCBF 0.564 0.528 0.638 0.518 0.473 0.495 0.455 0.519 0.515 0.493  0.579 0
! CFS 0.428 0.541 0.548 0.577 0.564 0.542 0.510 0.578 0.539  0.564 0.578 0
NTFES  0.593 0.533 0.654 0.609 0.583 0.553 0.568 0.640 0.554 0.688 0.658 8
FULL  0.534 0.520 0.547 0.655 0.478 0.581 0.571 0.508 0.519 0.581 0.603 0
0% FCBF 0.617 0.524 0.540 0.480 0.543 0.532  0.574 0.507 0.500 0.551 0.532 1
’ CFS 0. 480 0.528 0. 544 0.574 0.533 0.512 0.536 0.562 0.527 0.535 0.548 0
NTFES  0.557 0.531 0.630 0.689 0.583 0.585 0.624 0.615 0.542 0.612 0.640 10
2 3 FNFR 4 0 T AN [G] W 75 bR 48 Lo T A5 R AE 55 B ®FULL “FCBF = CFS ®NTFES
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Fig.4 Prediction accuracy V. S. noise label ratio (based on KNN)
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Fig.5 Prediction accuracy V. S. noise label ratio (based on CART)
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2 W P RN B ) 100 38 0 5 45 AR E 5 R O 3k 1 dBJe 5F I 44 R AR
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Table 5 RLA of each feature selection method under different noise label ratios (based on KNN)
wE B R B BN EBEE
L, 1 i CM1 JM1 KC1 KC3 MC1 MC2 MW1 PCl1 PC3 PC4 PC5 7Kk B
FULL 0.016 0. 004 0.013 0.026 0.022 0.099 —0.103 —0.010 —0.040 0.025 —0.014 2
10% FCBF 0.045 0.007 0.033 0.028 0.022 —0.038 0.053 —0.004 0.033 0.183 0.005 1
CFS 0.014 0.002 0. 009 0.028 0.035 0.094 —0.068 0.004 —0.045 —0.040 —0.004 3
NTFES 0. 009 0. 000 0.028 —0.148 0.020 0.038 —0.116 0.033 0.000 0.032 —0.003 5
FULL —0.029 0.016 0.011 —0.002 0.008 0.069 0.010 0.000 —0.026 —0.031 —0.018 3
20% FCBF 0.004 0.026 0.061 —0.006 0.044 —0.021 0.008 0.032 0.042 0.145 —0.007 0
CFS —0.066 —0.004 0.018 —0.002 0.059 0.058 0.041 0.010 —0.019 —0.068 0.053 3
NTFES —0.049 0.007 0.036 —0.097 0.004 —0.125 —0.072 0.036 —0.077 0.011 0.027 5
FULL 0.012 0. 044 0. 044 0.099 —0.060 0.119 —0.159 —0.041 —0.043 —0.002 0.002 3
30% FCBF 0.079 0.039 0.101 —0.054 0.026 0.066 0.093 0.002 —0.009 0.128 0. 030 0
CFS 0.014 0.024 0.053 0.099 —0.014 0.134 —0.129 —0.034 —0.051 —0.060 0.023 2
NTFES —0.056 0.022 0.059 —0.239 —0.061 —0.020 0.076 —0.004 0.027 0.026 0. 000 6
6 ARSI N A RRIE L B0 T B RLA 845 (2 T CART 202640
Table 6 RLA of each feature selection method under different noise label ratios (based on CART)
RE REHRE OB MR &
I R CM1 M1 KCl1 KC3 MCl1 MC2  MWI PCl PC3 PC4 PC5 Lk k¥
FULL 0.028 0. 004 0.063 0.037 0.157 —0.110 0.048 0.142 0.026 0.087 0.067 2
) FCBF 0.198 0.022 0.009 0.008 0.096 —0.037 0.088 0.035 0.082 0.107 0.012 1
1o% CFS 0.092 0.020 0.019 0.123 0.117 —=0.162 0.066 0.030 0.041 0.039 0.002 3
NTFES 0.052 —0.004 0.008 0.002 0.146 0.000 0.110 —0.030 —0.036 0.098 0.015 5
FULL —0.091 0.051 0.066 —0.043 0.178 —0.026 0.161 0. 145 0. 154 0.105 0.093 3
20% FCBF —0.083 0.031 0.011 —0.097 0.187 0.092 0.164 0. 044 0.065 0.164 0.032 1
CFS 0.212 0.039 0.049 0.087 0.017 0.022 0.217 0.128 0.074 0.087 0.065 1
NTFES —0.055 —0.017 0.003 0.010 0.158 0.089 0.176 —0.005 0.056 0.055 0.025 6
FULL —0.051 0.089 0.096 —0.093 0.265 —0.016 0.061 0.255 0.152 0.194 0.082 1
I FCBF —0.184 0.039 0.163 —0.017 0.067 0.024 —0.055 0.066 0.093 0. 066 0.110 4
30% CFS 0.116 0.062 0.056 0.092 0.071 0.076 0.177 0.152 0.095 0.134 0.113 0
NTFES 0.009 —0.013 0.040 —0.120 0.158 0.036 0.094 0.035 0.077 0.159 0.052 6
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