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Abstract Configuration bugs are one of the main causes of software failure. Software organizations
collect and manage bug reports using an issue tracking system. The bug assignor can spend excessive
amounts of time identifying whether a bug is a configuration bug or not. Configuration bug prediction
can help the bug assignor reduce classification efforts and aid decision making. In this paper, we propose
an improved classification model using text mining and dimensionality reduction. This paper extracts
4,457 bug reports from six open-source software projects, trains a model to classify configuration bug
reports, and evaluates prediction performance. The best performance method is obtained using the
k-Nearest Neighbors model with the SMOTEENN sampling technique after extracting the feature with
Bag of Words and then reducing the dimension of the feature using Linear Discriminant Analysis. The
results show that ROC-AUC is 0.9812 and MCC is 0.942. This indicates better performance than Xia
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et al.’s method and solves the class imbalance problem of our previous study. By predicting these

enhanced configuration bug reports, our proposed approach can provide the bug assignors with

information they need to make informed decisions.

Keywords: configuration bug report, linear discriminant analysis, dimensionality reduction, class

imbalance, sampling
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Table 1 Statistics of Collected Data

Project Time #Bug #Config. Bug
Reports Reports
ACCUMULO | 2011.10~2017.09 532 55
ACTIVEMQ | 2009.01~2018.10 913 81
CAMEL 2009.01~2018.10 1249 158
FLUME 2010.06~2017.07 336 40
TOMEE 2011.06~2018.12 531 61
WICKET 2009.01 ~2018.07 896 14
Total 4,457 409
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Table 2 Experimental Results of the Method of Related 5.2 RQ2: xI¥ &4 LDAS &1}
Work for Each Project 2 =4 714 LDA 7|He ax2 BAs7] 93l
Xia et al.s Approach: BoW+Chi-square+NBM E AR A A¢tste W 21 =42 AMESHA] g
Project F(C) F(NC) AUC MCC BoW+SMOTEENN+KNN HH4-S vlmdity 29 =2
ACCUMULO | 0661 | 0954 | 08518 | 0.6421 9l LDAS AM857 B9S2} Ao e
AMQ 0.63 0.959 0.8306 0.5958 Wi AUCSH MCCE ¥ 404 o %= 915o] 050128}
CAMEL 0.694 0.956 0.825 0.6493
FLUME 0626 | 0923 | 0884 | 06015 0.006101ct. 2 Aol A Al @M Bow+LDA+
TOMEE 0.606 0.939 0.8143 0.5619 SMOTEENN+KNN 2493 Bow+SMOTEENN+KNN
WICKET 0.51 098 | 09614 | 06078 wae Hws &7 2712 243 A7 Cohen’s DY 7
Average 0.621 0.953 0.861 0.610 o] 45030t} ol EI/L Wi FT, B Ao AL
og e e 4
W9l BoW+Chi-squaretNBM 2d-& ®Hlwdich g 5.3 RQ3: BoW+LDA vs. = QH|E!
3z} 2del MCCel digt A5 =g &% a7E ¥ 5= Word2Vec, FastText, GloVe2] = UWd
o8&l EA¥. &3 A7]¢) Cohen's DO g2 2.11 < A3 A7ty Z2AE g A4 ZRE Jehd
°fth. o= Cohenoll m2W largeel sF3hH, Sawi- o 77 tjg@ AUCS MCC H #& GloVerLDA+
lowskyell w=® D gro] 208t 7] WiZe] @]  SMOTEENN+MLP o] 06274, 0.17532.2 = <
age As & F JdoH26] ol T T 2o AF WY HS AR A FolA 7P 2 3e BAFTh
o7t FAFHOZ FodS HYS & & Aok wehA WbAeo] Word2Vece 2+ 05498, 0.0579, FastTexte
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Table 3 Results of our Approach using LDA as a Dimension Reduction Technique

Project
Metrice
Our Approach: €M TTACCUMULO | AMQ | CAMEL | FLUME | TOMEE | WICKET | Average
BoW+LDA+ F(C) 0.982 0.982 0.991 0.864 0.896 0.897 0.9353
SMOTEENN+ | F(NC) 0.998 0.998 0.999 0979 0985 0.998 0.9928
KNN AUC 0.9906 0.9906 0.996 0.9583 0.9778 0.9739 0.9812
MCC 0.9807 0.9806 0.9893 0.877 0.8915 0.9327 0.942
F(C) 0.931 0913 0.969 0.857 0.857 0.8 0.8878
BoW=LDA+ F(NC) 0.992 0.991 0.9% 0.978 0.978 0.996 0.9878
SMOTEENN+
LD AUC 0.9844 09797 0.9954 0.9674 09715 0.99 0.9824
MCC 0.926 09132 0.966 0.8675 0.8568 0.8705 0.9
F(C) 0973 0963 0.981 0.857 0.896 0.875 09242
BoW+LDA+ F(NC) 0.997 0.996 0.997 0978 0985 0.998 0.9918
SMOTEENN+ — =
SVM AUC 0.9896 09851 0.9946 0.9674 09778 0.9977 0.9854
MCC 0971 0.9604 09793 0.8675 0.8926 09194 09317
F(C) 0.982 0975 0.994 0.868 0.898 0.889 09343
BoW+LDA+ F(NC) 0.998 0.998 0.999 0983 0987 0.998 0.9938
SMOTEENN+ -
" . AUC 0.9906 0.9863 0.9964 0.9075 09291 09494 0.9599
Logistic Regression
MCC 0.9807 0973 0.993 0.8537 0.8846 0.8812 09277

# 4 BoW+SMOTENN+KNN #We] A% #71 2%
Table 4 Performance Evaluation Results of the BoW+SMOTENN+KNN

Project
Metrics

emes ACCUMULO AMQ CAMEL FLUME TOMEE WICKET Average

Bowr F(C) 0.187 0.213 0.223 0.213 0.207 0.031 0.179
SMOTEENN+ -

KNN F(NC) 0.029 0.007 0.016 0.007 0.013 0.014 0.0143

AUC 0.499 0.5017 0.4979 0.5017 0.5032 0.5034 0.5012

MCC 0.006 0.007 0 0.006 0.012 0.0054 0.0061
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Table 5 Experimental Results of Method using Word Embedding Techniques
. Project
Metrics
' ACCUMULO AMQ CAMEL | FLUME | TOMEE | WICKET | Average
Word2Vecr F(C) 0218 0.163 0218 0.239 0.195 0.049 0.1803
SMOTEENN+
NN F(NC) 0.32 0.421 0.277 0.278 0.494 0.647 0.4062
AUC 0.587 05113 0.4946 0.5696 0.4963 0.64 0.5498
MCC 0.1378 0.0139 0 0.1207 0 0.0747 0.0579
F(C) 0.292 0.235 0.312 0.301 0.297 0.093 0.255
GloVe:LDA+ ™5 ) 0.737 0.845 0.704 0.758 0.768 0978 0.7983
SMOTEENN+ —
MLP AUC 0.6765 0.608 0.6527 0.6443 0.648 0.5347 0.6274
MCC 0.2222 0.1416 0.206 0.1952 0.2033 0.0827 0.1753
F(C) 0.196 0.183 0.299 0.276 0.213 0.05 0.2028
FastText+ = -
F(NC) 0.284 0516 0.617 056 0.499 0.654 05217
SMOTEENN+ -
KNN AUC 0.5304 0.5612 0.6459 0.6349 0.5354 0.6688 0.5961
MCC 0.0521 0.0743 0.1972 0.1817 0.0467 0.0836 0.1059
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Table 6 Experimental Results for Method using SMOTETomek and the Method without Sampling Technique

. Project
Metries = CCUMULO | AMQ | CAMEL | FLUME | TOMEE | WICKET | Average
BoW:LDA+ FC) 0.218 0.163 0.218 0.239 0.195 0.049 0.1803
SMOTE Tomek +
. F(NC) 0.32 0421 0.277 0.278 0.494 0.647 0.4062
AUC 0,587 05113 | 04946 0.5696 0.4963 0.64 0.5498
MCC 0.1378 0.0139 0 0.1207 0 0.0747 0.0579
F(C) 0.292 0.235 0312 0.301 0.297 0.093 0.255
BoW+LDA+ F(NC) 0.737 0.815 0.704 0.758 0.768 0.978 0.7983
KNN AUC 0.6765 0.608 0.6527 0.6443 0.648 05347 0.6274
MCC 0.2222 0.1416 0.206 0.1952 0.2038 0.0827 0.1753
B AFoA Ak W GloVetLDA+SMOTEENN+ 2ok 2 A & F Aok AT SMOTETomek-2
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