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A Faulty Module Detection Method Combining

Association Rule Mining and Logistic Regression Analysis

3954

YasuTaka Kamer, ! SHusr Morisaki,
AkiTo MONDENT! and KEN-1cHI MATSuMOTO!

To improve the performance of fault-prone module detection, we propose
a fault-prone module detection method that combines association rule mining
with logistic regression analysis. In our method, if a module satisfies the premise
(i.e. the condition in the antecedent part) of one of the important rules (i.e. sup-
port, confidence or lift of the rules is large), the module is classified by the rule
as either fault-prone or not. Otherwise, the module is classified by the logistic
model. We experimentally evaluated the detection performance of the proposed
method with different thresholds of each rule interestingness measure (support,

confidence and lift) using two module sets (the NASA/WVU dataset and the
Eclipse project dataset), and compared it with three well-known fault-proneness
models (logistic regression model, linear discriminant model and classification
tree). The result showed that the lift was the most suitable measure to select
useful association rules in the proposed method compared to other measures
(support and confidence). The improvement of the Fl-value of the proposed
method with the lift was 0.163 at maximum compared to conventional models.
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Fig.1 Procedure of model building and fault-module prediction.
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Table 1 Summary of KC1 dataset.
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Table 2 Source code metrics of KC1 dataset.

oo

gooooooooono

gooooo

gooo

oooooooooood
oooooo

Cyclomatic Complexity
Design Complexity

Essential Complexity
goooooooooooooobooo
Halstead 000 Content
Halstead 0 00 Difficulty
Halstead 0 00 Effort
Halstead 000 Error Estimate
Halstead OO0 Length
Halstead 0 00 Abstract Level
Halstead 000000000 OOO
Halstead 0 00O Volume
goooooo

ooooooo
gooooooooood
gooooooooooo
ooooooo

53 0O OO0

goboooobooooboboooobooooooobooOooboOooooon
(1) DOoUDUOUOUODOOOD200000000DOOUDUODUODOOOOOOOO

goood

(2) OO (1)UOOOOOOUOOOOOUOOOOOUOOODOODOOUOODODOUOO

goooooooobooooooboooobooboooon
(3) DOOODODOOUODOOO (2)0DDOOOOD

000ooooog Vol 49 No. 12 3954-3966 (Dec. 2008)

(4) OO (1)ooOODOOOOOOLDOOOODOOOOOOOD30O0ODOOOOOO
00000000000 0oUUUUOoUUoUoooooooooo
54 0 O0O0O
Fault-prone 000 0000000000000 00OOOOOOODOO F109000
O0OD0O0OORecalldOCfault 000D COOOCOODODODOOOOfautOODODOOOOOO
00000000000 0000000000OddPrecisiond OO fault-prone 0 0 00O
00000000000 faut00O00OODODODOOCODOO
0000000o00ooOoO0O0o0o0D0oOooOoDo0ooOoooooDoOoOooooooo
doooooooO0000oooOo00O0000o00o0o000ooooooo F1oOoO
O000000U0OoU0UF1I00O0OO 3)UoUoouoUoo o, ljoooooLoUoO
0000oooooooooo
2 X Recall x Precision
Fl-value = Recall + Precision (3)
5.5 0O O
0000000000 000oo0ooooooooooro0ooooonoooooog
000000 20000020 (a0(UO(c)0D0000000OO0OO0OOOOOODOO
Jdo0o0o0doo0oooOOdObDO0oOo0D Frlooboobooboobooboobooooooo
goooooboobooooodooooooooobbobboboooooo
02()0000000000000O0DO0O0D0OD0ODO0O0ODO0OD FIOODODOO
dodoooooOboo o3 bbobooooooooboooooooooooo
ooo
e J00 02000000000 Oappors IO 000D 0OODO0OOOOO F1OOO
go0o0o0O0o0o0o0o0oU0Oooooooriboooooomuoooooooooooog
oo0o0ooOO0oO0o0o000o0o0o0o00ooogooooooUdooooooooooog
ooooooouooooooooo
e JO0O 02(b)00000ODOUODN Oeonfidence 100 O00OULOODOODOO F1ODODO
O00000000000000000000000000000 Beonfidence 1000
0000000000000 000000000000000000000 Beonfidence
01.0000000000060%0000000000000000000O0OOO
oo0o
e N00UD O2(c)b000000DO MO0 3.0000000000F10000O

(© 2008 Information Processing Society of Japan



3959 00000000 D0000O0O0O00O0000000000 fault-prone 00000000

L e O T o T o o T o O o

100
4o
045 90 =
0.40 80 S
035 0 L
030 60 P
J
% 025 50 é‘?
0.20 40 %
0.15 30 §
0.10 20 I
0.05 10 =
0,00 4t 0
01 02 03 04 05 06 07 08
SERFEE DO o
(a) FBRAER (GTF7E)
050 u-——n—u-—u—-u—-n—n—c\_ ot 100
045 L\ 90
®
040 \ 80
035 70 1
i
0.30 :\ X_'l— 60 };
Z 025 \ 7 s0 2
29 ¢
020 \ 1 w0 &
0.15 \ / 0 &
0.10 / 20 T‘
0.05 L\ A 0 3
0.00 T e L 2 o #
01 02 03 04 05 06 07 08 09 10
{EBUEDBME O, onpisonce
(b) FEBRAE R ([FHEE)
050 100
045 & —4 90 &
o
040 .// \\ g0 ¢
035 <y 70 I‘
0.30 60
Eo2s =3 50 5
i O- 30
0.20 \E‘.\ 40 n\z
015 N 0 B
0.10 \_\ 20 T‘
005 - 10 3
0.00 0o %
15 20 30 20 50
U7 ML B # 6
(c) FEHRAER (V7 M)
————— BEFEEUD) - BUAT 4y Y ERT
e BIGHBIHT
— O ®REFEGED) —_— SEA

02 000000000O0O00DO0O0O00O000O000O00O00O00ObO00OO0OKC1O
Fig.2 Prediction performance of fault-proneness models and percentage of detected modules by

rules for different thresholds (KC1).
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Table 3 Example of mined rules in KC1.

oo | oo 0o | ooo | ooo | oooo
Ry | (4.00 < my) A (mg < 0.06) A (17.00 < mjs) A (13.00 < mg) | FP | 0.05 0.56 3.47
Ry | (7.00 < mj) A (ms < 0.06) A (17.00 < mjs) A (13.00 < mg) | FP | 0.05 0.56 3.47
Rs | (7.00 < mj) A (4.00 < m3) A (24.00 < m3) A (my < 0.06) | FP | 0.05 0.53 3.26
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Table 4 Standardized partial regression coefficient of logistic model in KC1.
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Table 5 Source code metrics for Eclipse project.
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Table 6 Condition for collecting fault reported/fixed archive.

Classification Eclipse

Product Platform

Status of faults Resolved, Verified, Closed
Resolution of faults Fixed

Severity Enhancement 0 O
Priority all
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Fig.3 Eclipse version where a bug is associated with a module.
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Table 7 Summary of datasets in Eclipse.
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Table 9 Standardized partial regression coefficient of logistic model in Eclipse.
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