00o0oooooog Vol 52 No. 2 792-800 (Feb. 2011)

792

fault-prone 0 000000000000 OO
Oo0ooooono

o o o ot

ooooooooooooooooooooOoOOOoOoOoOoOoOooooooooo
go0o0ooooooooOOoOOOO0O0O00000ooooooooDOOO0b0b000
000000000000000 fault-prone 000000000000 DOODOOO
00000000000000000000 fault-prone 000000000000
go0oooooooooooOoObooOo0o0o0ooooooooooooOOObbO0Ono
goooo0ooOoooooooO0o0oo00obOooOOO0O00U fault-prone 0000
0000000000 000000000000000000D00000 fault-prone
gooooooooooOoOoobooooooooooooooooOOObOOObOOoOooo
000000000000000000000000000000000 50000
gooooooooOoO0ooobooOoO040000000000COOOOOGCOOOO
0000 Stacking 000000000 O00000DDO fault-prone 0000000
gooooooooboooooooDooboD

On the Method of Synthesizing
Multiple Fault-prone Module Detection Methods

SOUSUKE AMASAKIT

Software development companies need a method for reducing cost and short-
ening duration of a software development project while keeping quality of a
product. Fault-prone module detection is one of methods expected to make a
testing phase efficient. This approach has advantages of high speed and objec-
tive decision. Many fault-prone module detection methods were thus proposed
so far. Their predictions on a module are not always identical even if their
performance are equivalent. Thus, experts’ decision based on their predictions
may be suitable for this situation. However, this work-around loses advantages
of fault-prone module detection methods. This paper evaluated effectiveness of
ensemble-learning methods for decision methods based on predictions of mul-
tiple fault-prone module detection methods. As an ensemble learning method,
Stacking and Voting were evaluated with five NASA datasets and four con-
ventional fault-prone module detection methods. The results showed Stacking
with an appropriate meta-learner could perform appropriate decisions for four

of five datasets. The contribution of this paper is that usefulness in practice
of synthesizing predictions of multiple fault-prone module detection methods
could be suggested.
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Fig.1 The structure of Stacking.
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Table 1 Datasets characteristics.
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Table 2 Treatments of fault-prone module detection methods for base-learners and a meta-learner.
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6  Stacking C4.5 (C) x x X
7 ABR (A) X X x
8 NBC (N) x X X
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Table 3 Evaluation results of ensemble-learning methods (F-measure).
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JM1 ABR(0.371)/C4.5(0.313)  8/7(0.399/0.293) b/w
CM1 NBC(0.263)/ABR(0.179)  7/8(0.185/0.242) w/b
PC1  ABR(0.420)/C4.5(0.324)  8/7(0.369/0.268) w/w
KC1  ABR(0.428)/NBC(0.394)  8/3(0.465/0.387) b/w
KC2 ABR(0.500)/NBC(0.501)  8/3(0.550,/0.495) b/w
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Table 4 Performance results of Stacking with NBC meta-learner (F-measure).

Dataset

No. JM1 CM1 PC1 KC1 KC2
5 0.234 0.000 0.274 0.305 0.463
0.178 0.014 0.026 0.270 0.524

7 0.293 0.185 0.268 0.323  0.452
5’ 0.375  0.256  0.351 0.440  0.542
6’ 0.334 0.314 0.366  0.426  0.532
v 0.386  0.287 0.345 0.437 0.542
8 0.399 0.242 0.369 0.465 0.550
A 0.371 0.263  0.420 0.428 0.500
B 0.313 0.179 0.324 0.394 0.501
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Table 5 Evaluation results of ensemble-learning methods with NBC meta-learner (F-measure).
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Table6 Performance results on project JMI1.

No. ooo ooo ooo ooo G-mean; G-means F-measure
B Logistic(L) 0.586 0.115 0.980 0.259 0.335 0.192
B C4.5(C) 0.459 0.240 0.932 0.330 0.470 0.313
A ABR(A) 0.374 0.369 0.852 0.371 0.560 0.371
B NBC(N) 0.484 0.199 0.949 0.310 0.434 0.282

1A Voting(-L) 0.534 0.225 0.953 0.346 0.462 0.316

5 A Stacking(L) 0.550 0.150 0.970 0.286 0.380 0.234

2 A Voting(-C) 0.561 0.167 0.969 0.305 0.401 0.256

6 A Stacking(C) 0.609 0.108 0.981 0.249 0.318 0.178

3B Voting(-A) 0.509 0.178 0.959 0.300 0.412 0.263

7B  Stacking(A) 0.294 0.293 0.831 0.294 0.493 0.293

4 A Voting(-N) 0.506 0.242 0.943 0.350 0.477 0.327

8 A Stacking(N) 0.458 0.356 0.899 *0.403 *0.564 *0.399

07 CM1O00O0O000O0
Table7 Performance results on project CM1.

No. ooo ooo ooo ooo G-mean; G-means F-measure
B Logistic(L) 0.302 0.134 0.969 0.196 0.254 0.178
B C4.5(C) 0.094 0.055 0.971 0.070 0.108 0.065
B ABR(A) 0.209 0.175 0.923 0.185 0.318 0.179
A NBC(N) 0.259 0.298 0.908 *0.270 *0.437 *0.263

1A Voting(-L) 0.196 0.095 0.963 0.131 0.191 0.120

5 A Stacking(L) 0.000 0.000 0.996 0.000 0.000 0.000

2 A Voting(-C) 0.279 0.146 0.963 0.196 0.271 0.182

6 A Stacking(C) 0.022 0.010 0.996 0.015 0.022 0.014

3 A Voting(-A) 0.270 0.124 0.968 0.176 0.237 0.159

7 A Stacking(A) 0.207 0.188 0.915 0.191 0.328 0.185

4B Voting(-N) 0.117 0.042 0.973 0.068 0.087 0.059

8B Stacking(N) 0.264 0.246 0.931 0.248 0.399 0.242
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Table8 Performance results on project PC1.

No. ooo ooo gooo ooo G-mean G-means F-measure
B Logistic(L) 0.344 0.087 0.987 0.166 0.212 0.131
B C4.5(C) 0.606 0.235 0.989 0.367 0.441 0.324
A ABR(A) 0.438 0.433 0.955 *0.427 *0.618 *0.420
B NBC(N) 0.255 0.303 0.934 0.274 0.500 0.270

1A Voting(-L) 0.584 0.281 0.984 0.395 0.494 0.364

5 A Stacking(L) 0.572 0.192 0.991 0.321 0.381 0.274

2 A Voting(-C) 0.455 0.164 0.985 0.266 0.349 0.231

6 A Stacking(C) 0.049 0.020 0.996 0.030 0.043 0.026

3B Voting(-A) 0.481 0.184 0.985 0.289 0.376 0.254

7B  Stacking(A) 0.288 0.277 0.944 0.275 0.469 0.268

4 A Voting(-N) 0.591 0.233 0.988 0.361 0.439 0.321

8 A Stacking(N) 0.425 0.365 0.958 0.381 0.567 0.369

09 KCioOooooooo

Table9 Performance results on project KC1.

No. ooo ooo ooo ooo G-mean G-means F-measure
B Logistic(L) 0.619 0.217 0.975 0.363 0.454 0.317
B C4.5(C) 0.478 0.297 0.940 0.373 0.522 0.360
A ABR(A) 0.465 0.404 0.912 0.431 0.604 0.428
B NBC(N) 0.426 0.372 0.907 0.397 0.577 0.394

1A Voting(-L) 0.542 0.343 0.946 0.429 0.566 0.416

5A Stacking(L) 0.603 0.210 0.973 0.351 0.446 0.305

2 A Voting(-C) 0.571 0.298 0.957 0.410 0.531 0.388

6 A Stacking(C) 0.576 0.186 0.974 0.318 0.409 0.270

3B Voting(-A) 0.527 0.312 0.948 0.403 0.538 0.387

7B  Stacking(A) 0.329 0.324 0.876 0.325 0.527 0.323

4 A Voting(-N) 0.590 0.320 0.958 0.432 0.550 0.410

8 A Stacking(N) 0.473 0.463 0.904 *0.466 *0.644 *0.465
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Table 10 Performance results on project KC2.

No. ooo ooo ooo ooo G-mean G-means F-measure
B Logistic(L) 0.640 0.407 0.935 0.502 0.607 0.483
B C4.5(C) 0.579 0.468 0.901 0.505 0.632 0.489
A ABR(A) 0.501 0.525 0.854 0.506 0.661 0.500
B NBC(N) 0.681 0.411 0.946 0.523 0.616 0.501

1A Voting(-L) 0.633 0.458 0.925 0.527 0.639 0.512

5A Stacking(L) 0.686 0.374 0.947 0.493 0.583 0.463

2 A Voting(-C) 0.666 0.428 0.940 0.526 0.626 0.508

6 A Stacking(C) 0.665 0.455 0.932 0.541 0.643 0.524

3B Voting(-A) 0.670 0.409 0.943 0.516 0.613 0.495

7B Stacking(A) 0.471 0.456 0.859 0.457 0.617 0.452

4 A Voting(-N) 0.609 0.469 0.914 0.525 0.645 0.513

8 A Stacking(N) 0.558 0.573 0.873 *0.557 *0.698 *0.550

000000000000 AODDOOOOOODOOOOOO0O0000000000000
00000000000000000000000000«0000000

(00220 3027000)
(00220 110 5 000)

00o0oooooog Vol 52 No. 2 792-800 (Feb. 2011)

o0 oobooooo

o0 ogoooooooooooooobooooboooboobooboooo
000000000000 000000000 fault-prone000000
0000000000000 0000MmM IEEE-CSOACMOOOO

(© 2011 Information Processing Society of Japan



