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Kernel Methods of Software Reliability Prediction

LOU Jun-gang SHEN Qing SHEN Zhang-guo
(Department of Computer Science and Technology, Huzhou Teachers College, Huzhou 313000, China)

Abstract The pridiction of future failure data from observed data sets can been transformed into a problem of nolinear
regression, and the kernel functions method is very efficient for solving nolinear regression problems. A kernel func-
tions-based generic model adaptive to the characteristic of the given data sets is used for software failure time predic-
tionsand it is applied to learn and recognize the inherent internal temporal property of software failure sequence in order
to capture the most current feature hidden inside the software failure behavior. The experimental results based on four-

teen real data sets show that the proposed model has better prediction and applicability than that of some other condi-

tional software reliability prediction models,
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HERE  RBITE  KELAEH HHXH
1 1000 27 Class Compiler Project
2 21700 136 Realtime Command and Control
3 40000 46 Ornrline Data Entry
4 1317000 328 Database Application Software
5 35000 279 Hardware Control Software
6 240000 3207 Application Software
7 870000 535 Realtime Control Application
8 200000 481 Monitoring and Realtime Control
9 14500 55 Railway Interlocking System
10 90000 198 Monitoring and Realtime Control
11 10000 118 Flight Dynamic Application
12 22500 180 Flight Dynamic Application
13 38500 213 Flight Dynamic Application
14 x4 266 Realtime Control Application
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K3 UANBERE EEMRERTM K AE (8 H 8

Datal Data2 Data3 Datat Data5 Data6 Data7 Data§ Data9 Datal0 Datall Datal2 Datal3 Datald
1 3.42 5. 37 2.32 8.34 10,22 286,14 18.23 24.25 4,13 3.14 4.22 2.57 6.24 12,12
2 2.53 6. 24 1. 35 6. 98 13.82 187.12 29,12 27.53 2.02 2.56 3. 89 1.65 7.89 7.42
3 1.43 8. 90 4. 56 12,23 11.34 327.19 22.21 19.01 3.13 2.87 2.98 1. 86 9.34 8.25
4 1.24 4,43 2. 14 9.17 8.42 401.12 15.24 30,23 2.47 2.19 2. 66 1. 64 7.32 13. 56
5 4. 67 3.54 2. 67 11.45 16,17 553.80 31.46 28.00 5.52 3.24 5.98 3.33 13.76 18.34
6 3.55 7.23 1.26 3. 64 11,23 298.01 12,36 17.53 4.19 5.15 2.12 3.89 8. 34 14. 44
a 2.43 5. 64 2.48 5.78 7.36 24, 45 8.32 6. 45 2.76 1. 99 1. 37 2.02 3.94 6. 90
7 b 2.87 6. 32 2.04 4,36 10.24 35,16 11.35 4,17 2.35 1. 00 2. 98 1.76 4,05 8.76
c 3.02 6. 44 3.19 6.43 8.10 43.11 6.23 3.59 3.18 2.04 2. 88 4.33 1.54 10, 32
d 3.17 4,54 1. 98 7.20 4. 89 22.12 4,98 12, 34 5.23 4.19 1. 30 2,09 6. 03 13.18
a 2.22 4.09 1.03 6. 34 11.32- 39.31 12.76 5.35 3.77 1.04 0. 83 0. 85 4. 54 6. 00
3 b 2.12 3. 67 1. 67 5.28 4,22 47, 32 9. 02 7.13 3.04 135 2.33 2.52 3.38 10, 27
c 4,54 4,03 1. 46 4. 98 2.30 29.24 14,37 17.44 3.87 2.84 3.09 2. 90 5.98 10. 33
d 1. 89 3.76 1. 83 11,24 8.17 54,33 11.14 14,23 6. 20 0.79 5.76 3. 99 2,32 7.28
a 1.23 2.19 1. 48 2.74 3.39 12, 24 5.95 3.54 1. 87 0.73 0. 36 1. 02 1.55 3.29
9 b 1.0z 1.98 0. 48 3.89 4.78 10. 34 7.32 3.88 1. 35 0. 48 0. 65 1.35 1. 20 2.09
c 2.14 2.03 . 0,46 3.28 2. 65 15, 23 4,33 4,19 1.90 0. 89 1.73 1. 89 0.53 2.45
d 2.00 3.96 0.76 4,17 6. 38 9. 38 6. 27 5.53 1.44 2. 63 2. 63 1.27 1.83 4,99
a 1.23 2. 54 1.03 2.54 7.18 9.34 4,98 2.98 1.32 0. 62 0. 67 0. 67 1. 29 1.98
10 b 1.05 2.67 0.78 2.19 3.27 8.26 1.24 3.41 1.53 1. 36 0. 89 0. 83 1.76 2.35
c 2.16 2.73 0. 62 3.98 3.18 11. 02 5.84 4,18 3.28 0. 99 3.45 1,33 2.39 3. 66
d 2.00 5.77 0.91 2.12 3.1 18. 25 8. 26 9. 65 8.45 4.77 2.88 172 1. 38 2.09
a 1.23 1.78 1.53 3.45 4,29 7.36 2.18 1. 28 1.00 112 0. 57 1. 00 1.20 1.03
1 b 1.05 3.46 121 4,23 2.87 12,53 4,32 3.67 1.10 .13 1.64 1.65 0. 99 1.27
c 2.16 2.03 0.46 3. 87 2.10 10,11 5.28 5.44 5.38 2.10 0. 89 4. 90 1.54 2. 85
d 2.00 2.66 2.76 2. 96 3. 10 13,14 8.99 3.98 7.45 0.18 1.36 2.08 1.35 3.00
a L1 0.93 0. 36 1,36 1.32 6.21 1. 67 1. 98 0.58 0.45 0.45 0. 39 0. 87 1.02
12 b 0,98 1,37 0,47 1.78 1. 65 5.27 3.42 0. 57 1.27 0. 36 1.89 0.12 1.29 0.75
c 1.99 2.02 0.76 2.48 4,23 11. 25 0.78 2.21 0.99 1.83 0.77 0, 56 1.03 1.98
d 0.56 2.23 0. 59 2.12 3.19 21, 37 4, 56 4,29 3.27 1.00 0.93 1.92 4.62 0. 52

H— BRI EERE:

D)3 FAGE T3 07 B 3 B0 v % bR SRR M R R o B SR
5

)BFTRRMIEIR AT BRI R BB S B A REE
B, DU — 25 48 WA R ) T 6. i A

2% XR

Musa J D. Software reliability engineering{ M. New York,
McGraw Hill, 1999

AP M. ATTRAEMEALT]. HENLER, 1999,24
(3):281-291

Ik B, P, BT RIS R4 TTRERR]. K%
#,2006,17(8) : 1681-1687

RN, TR, WM, 5. MR SERT ] TR
MR, 2010,37(9);13-19

R, TR, B8, 5 a4 g B 2 B4 T b
070, HHL3E4E 2010, 30(7) : 1279-1287

Karunanithi N, Whitley D, Malaiya Y K. Prediction of software

1]

2l

L3l

[4].

(5]

(6]
reliability using connectionist models(J]. IEEE Trans. Software
Engineering,1992,18(7):563-574

Vapnik V. The nature of statistical learning theory[ M. New
York Springer Verlag,1995

Tian L, Noore A. Dynamic software reliability prediction: An ap-
proach based on support vector machines[ ]]. International Jour-
nal of Reliability, Quality and Safety Engineering, 2005,12(4):
309-321

7]

Lel

» 148 -

[9] Yang B,LiX. A study on software reliability prediction based on
support vector machines[C] // Proc IEEE International Confe-
rence on Industrial Engineering and Engineering Management.
2007,1176-1180

[10] Lou J G, Jiang J H, Shuai C Y. Software Reliability prediction
based on Transduction inference[C] // IEEE 19th Asian Test
Symposium. Shanghai, 2010,77-80

[11] Rosipal R,Girolami M, Trejo L J, et al. Kernel PCA for feature
Extraction and De-noising in Non-linear Regression[J]. Neural
Computing & Applications,2001,10(3);231-243

(12] Rosipal R, Trejo L J. Kernel Partial Least Squares Regression in
Reproducing Kernel Hilbert Space [ J]. Journal of Machine
Learning Research,2001(2),97-123

[13] Tipping. Sparse Bayesian leaning and the relevance vector ma-
chine[J]. Journal of Machine Learning Research, 2001(1):211-
244

[14] John S T, Nello C. Kernel Methods for Pattern Analysis{M].
New York:Cambridge University Press, 2004

[15] #54RM, RE, Zi R0 g e U1, b
H4,2010,30(3) : 600-603

[16] Kan S H. Metrics and Models in Software Quality Engineering
[M]. New Jersey: Addison-Wesley, 2003

[17] HuangCY, KuoSY, Lyu MR, An Assessment of Testing-Ef-
fort Dependent Software Reliability Growth Models[J). IEEE
Transactions on Reliability,2007,56(2):198-211



