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Proposing an evolutionary-fuzzy method for software

defects detection
Mahdi Eftekhari, Maryam Majidi momenabadi & Mojtaba Khamar
Department computer engineering, Shahid Bahonar University of Kerman, Kerman, Iran.

Abstract
Software defects detection is one of the most important challenges of software development and it is the most
prohibitive process in software development. The early detection of fault-prone modules helps software
project managers to allocate the limited cost, time, and effort of developers for testing the defect-prone
modules more intensively. In this paper, according to the importance of software defects detection, a method
based on fuzzy sets and evolutionary algorithms is proposed. Due to the imbalanced nature of software defect
detection datasets, benefits of fuzzy clustering algorithms were used to data sampling and more attention to
the minority class. This method is a combined algorithm which, firstly has used fuzzy c-mean clustering as
weighted bootstrap sampling. Weight of data (their membership’s degrees) increases for minority class. In
the next step, the subtractive clustering algorithm is applied to produce the classifier which was trained by
produced data in the previous step. The binary genetic algorithm was utilized to select appropriate features.
The results and also comparisons with eight popular methods in software defect detection literature, show an
acceptable performance of the proposed method. The experiments were performed on ten real-world datasets
with a wide range of data sizes and imbalance rates. Also T-test is used as the statistical significance test for
R pair wise comparison of our proposed method against the others. The final results of T-test are shown in tables
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for three performance measures (G-mean, AUC and Balanced) over various datasets. (As the obtained results
apparently show our proposed method has the ability to improve three aforementioned performance criteria
simultaneously). Some methods just have improved the G-mean measure while the AUC and Balance criteria
have lower values than the others. Securing a high level of three performance measures simultaneously
illustrates the ability of our proposed algorithm for handling the imbalance problem of software defects
detection datasets.

Keywords: classification, evolutionary algorithm, fuzzy logic, imbalance datasets, software defect detection.
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(Figure-1): Flow chart of proposed method
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' Random undersampling(RUS)
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the mean and standard deviat
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f proposed method with

: comparing

(Table-3)

the others for G-mean measure

=

o

»n Q

m.m 0.682+0.120 0.759+0.081 0.692+0.073 0.7190.043 0.8050.037 0.689+0.072 | 0.730+0.097 | 0.743+0.155 | 0.729+0.154 | 0.730+0.102
ZE

M 0.571+£0.152 | 0.77740.701 0.672+0.017 | 0.73440.040 | 0.73440.040 | 0.85940.047 | 0.7454+0.061 0.659+0.133 | 0.6471+0.272 | 0.698+0.145
a

M 0.5350.191 0.6470.105 0.494+0.025 0.56240.072 | 0.6384+0.089 | 0.423+0.122 | 0.15240.225 0.2254+0.265 0.334+0.313 0.505+0.167
W 0.6070.137 0.73440.070 | 0.59440.020 | 0.694+0.031 0.780+0.036 | 0.6801+0.039 | 0.681+0.084 | 0.7244+0.082 | 0.637+0.191 0.576+0.050
Q

M 0.597+0.135 | 0.762+0.083 | 0.679+0.016 | 0.7231+0.046 | 0.865+0.048 | 0.757+0.073 | 0.597+0.216 | 0.665+0.175 0525+0.306 0.691+0.130
@

W 0.627+0.169 | 0.642+0.108 | 0.541+0.025 | 0.58240.072 | 0.723+0.077 | 0.5044+0.099 | 0.301+0.257 | 0.433+0.262 | 0.388+0.304 | 0.5534+0.191
m 0.566+0.173 | 0.675+0.120 | 0.647+0.019 | 0.6431+0.064 | 0.747+0.097 | 0.588+0.110 | 0.452+0.250 | 0.4301+0.268 | 0.336+0.315 | 0.6011+0.195
2

m_ 0.578+0.140 | 0.72040.080 | 0.645+0.018 | 0.6861+0.050 | 0.816+0.053 | 0.6901+0.057 | 0.584+0.143 | 0.682+0.123 | 0.631+0.160 | 0.7111+0.089
=4

wn

M 0.571+£0.150 | 0.72040.081 0.649+0.022 | 0.67010.071 0.799+0.076 | 0.669+0.095 | 0.485+0.254 | 0.5631+0.247 | 0.540+0.253 | 0.645+0.157
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f proposed method with the others for Balance

on o

the mean and standard deviat

: comparing

(Table-4)

=

=]

=]

Z

2 | 0.665+0.113 | 0.72040.097 | 0.68840.513 | 0.716+0.042 | 0.789+0.032 | 0.663+0.083 | 0.719+0.091 | 0.733+0.123 | 0.71740.136 | 0.72240.099 | 0.730+0.102
g

2

[-M

Q

Z | 056910.134 | 0.7774£0.071 | 0.67240.027 | 0.733+£0.042 | 0.850+0.043 | 0.739+0.064 | 0.653+0.117 | 0.655+0.143 | 0.623+0.177 | 0.682+0.133 | 0.698+0.145
B | 0.538+0.130 | 0.617+0.101 | 0.474+0.019 | 0.529+0.060 | 0.593+0.083 | 0.432+0.064 | 0.345+0.225 | 0.389+0.110 | 0.444+0.157 | 0.496+0.108 | 0.505+0.167
2 | 0.59540.128 | 0.71940.062 | 0.584+0.020 | 0.663+£0.026 | 0.753+0.031 | 0.651+£0.031 | 0.663+0.284 | 0.693+0.129 | 0.636+0.137 | 0.553+0.037 | 0.5760.050
Q

Z | 0.588+0.128 | 075310084 | 0.678+0.017 | 0718+£0.050 | 0.854+0.049 | 0.749+£0.078 | 0.607+0.118 | 0.655+0.144 | 0567£0.193 | 0.665+0.126 | 0.691:+0.130
[=-]

w 0.62040.146 | 0.6840.0101 | 0.5184+0.021 | 0.55140.063 | 0.68240.080 | 0.478+0.071 | 0.407+0.122 | 0.472+0.132 | 0.470+0.159 | 0.5414+0.128 | 0.55340.191
= 0.643+0.0.0

= 057040.135 | 0.660+0.117 50 0.627+0.067 | 0.72140.104 | 0.57140.100 | 0.50240.145 | 0.483+0.151 | 0.450+0.165 | 0.596+0.149 | 0.601+0.195
b= 0.64240.001

CE 0.574+0.122 | 0.709+0.078 0 0.677+0.052 | 0.808+0.050 | 0.683+0.052 | 0.5774+0.112 | 0.669+0.114 | 0.619+0.126 | 0.688+0.078 | 0.711+0.089
72

2 | 0.571£0.125 | 0.705£0.086 | 0.646£0.023 | 0.659£0.073 | 0.784+0.086 | 0.659£0.093 | 0.526%0.146 | 0.581+0.164 | 0.566+0.161 | 0.636£0.085 | 0.645+0.157
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the mean and standard deviat

f proposed method with the others for AUC

on o

: comparing

(Table-5)

=
23 0.72140.0.04
2£| 070240.107 | 0.768+0.072 | 0.701+0.027 3 0.8104£0.038 | 0.71740.057 | 0.738+0.090 | 0.761+0.116 | 0.749+0.125 | 0.740+0.089
ZE
Q
Z | 0.649+0.142 | 0.828+0.074 | 0.766:+0.016 | 0.818+0.034 | 0.917+0.031 | 0.816+0.056 | 0.787+0.097 | 0.797+0.102 | 0.714+0.139 | 0.866:0.081
= | 072240.118 | 082340077 | 0.74840.019 | 0.8024£0.033 | 0.93740.019 | 0.848+0.045 | 0.742+0.105 | 0.82740.105 | 0.756+£0.138 | 0.84740.067
2| 0.70040.150 | 0.820£0.071 | 0.679+0.019 | 0.758+0.038 | 0.86310.035 | 0.777£0.054 | 074840091 | 0.8150.082 | 0.780+0.142 | 0.700+0.096
O
Z | 0.690+0.130 | 08030085 | 0733£0.017 | 0.80240.033 | 0938+0.025 | 0.836+0.050 | 0.785+0.080 | 0806:0.104 | 0.777+0.137 | 0.87140.057
=4}
= | 075040.128 | 0.742£0092 | 0.69140.017 | 0.755£0046 | 09230023 | 081350052 | 0.704£0.112 | 0740+0.133 | 0.75820.145 | 08512080
m 0.639+.0116 | 0.68740.092 | 0.661+£0.024 | 0.67040.058 | 0.791+£0.068 | 0.664+0.071 | 0.595+0.139 | 0.590+0.151 | 0.584+0.142 | 0.735+0.116
-
@ | 0.623+0.135 | 07260092 | 0.658+0.020 | 0.71340.059 | 0.827+0.063 | 0.694+0.073 | 0.62240.129 | 0.686+0.157 | 0.681+0.131 | 0.739+0.098
o~
wn
2 | 061550.133 | 073020087 | 0665£0.023 | 0.710£0063 | 0.82340.069 | 0.689£0.087 | 0.62240.126 | 0.643£0.183 | 0.64740.145 | 0.72620.129
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Table-6): comparing results of T-test as Win, Tie or Lost for G-mean
G-mean RUS RUS-bal THM SMB BNC NB RF DNC
mc2 W W W W W W W W
ke2 W w W W T W W L
jml W W w W W W W Y
kel W W W W T w w L
pcé T T \ W L W W L
pc3 W T \ W L T W L
cml W W W W W W W W
ke3 w W W W W W W W
mwl W W w W W W W W
pel W T W W W W W W
Total Wins = 67 Total losses = 6 Total Ties =7
IO sl (gl Sl b golum 0 2 wygon (I (905 il 2 Ao gl (V- J9u)
(Table-7): comparing results of T-test as Win, Tie or Lost for Balance
Balance RUS RUS-bal THM SMB BNC NB RF DNC
mc2 W W W W W W W W
ke2 W W W W L T W L
jml W W W W W W W W
kel W W W W T W W L
pc4 T L W W L W W L
pe3 W T W W L W W L
cml W W W W W W W W
ke3 w W W W w W W W
mwl W W W W W W W W
pel W w w w W w w w
Total Wins = 68 Total losses =8 Total Ties = 4

10905 ) gl jlemo (613 CSL b Goluns 3 g & ygods (I (3903] elwl 2 Ay lio gl (A= Jgu)

(Table-8): comparing results of T-test as Win, Tie or Lost for AUC

AUC RUS RUS-bal THM SMB BNC NB RF DNC
mc2 w w A L w T T \
kc2 w w \ \ T L L L
jml w w A \ L A L L
kel W W W L L L L L
pc4 T L \ L L L L L
pc3 w w A L L L L L
cml w w W W L T T L
ke3 W W W T L L L L
mwl \ \ W T T T T W
pel w T T L L A L L
Total Wins = 34 Total losses =33 Total Ties = 13
0.9 T T T T T T T T
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(Figure-3): performance comparison of our proposed method with the others by bar chart: the mean of G-mean, AUC and balance U’
.@j’”

values as well as their standard deviation for ten datasets.
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