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Overview of modeling of TE in SRGM and comparisons for models
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Abstract: To systematically reveal the state of art of testing effort (TE) related to software reliability growth
model (SRGM) and to evaluate performances of testing effort function ( TEFs), modelling of TE dependent
SRGM and comparisons for models are studied in this paper. More specifically, firstly, research evolution of TE
is summarized since the early 1978 s, and the relation between TE and test cost is analyzed. Then, current TEFs
are reviewed and discussed, and modeling process of SRGM incorporating TE is illustrated. Performances of 8
TEFs are evaluated and compared by 4 failure data sets published. Finally, conclusions indicate that appropriate
TEF can support decision for research of reliability based on SRGM and evaluating SRGM incorporating TE
would be worthwhile in future.
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DS, 1.627 200 2.287 567 1.660 643 5.147 693 0.897 335 0.858 227 0.904 443 0.821 816 *
] DS, 37786.668 653 82 156.984 115 91 673.250 894 113 337.048 757 19248779 403 17 031.677 833 22 820.167 646 13 057.920 757 *
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DS, 1.092 982 1.333 581 1.109 525 2.041 612 0.891 724 0.934 847 0.893 915 0.836 435 *
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DS, 1.306 680 1.547 071 1.273 103 2.169 302 0.970 445 0.950 968 0.974 074 0.931 376 *
- DS, 198443520 292144406  305.521 060 322079209  141.100461 133461783 153559 101 117.239 638 *
Variation g 0.350 832 1.040 326 5.147 569 2.815 108 0.428 006 0.405 003 0.431 670 0.346 703 *
DS, 9.580 219 14.219 238 16.553 915 13.675 182 5.449 583 5.056 977 6.863 598 4.423 865 *
DS, 1.310 368 1.553 556 1.321 343 2.322 794 0.973 088 0.951 748 0.976 924 0.931 382 *
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1) 8 4~ TEFs 7£ 4 2806 45 1) He e 2%
2@ TEF A (AR Logistic 1) AY 45 (A
SRy HAE 28 (4 = 7) MEREM A 26 P
(SR, H 34 2 SRR

2) HKRES @A TEF B (— B %08 | H
17 DTEFI S 7 A TEF B4 A7 1 v &
e, 55A 7T AR HEE A,

3) FIRIEE G TEF # A ( Yamada Weibull
) TERR T 5 @RI AN A Y 6 AN BERLAY L
BARMETT A 19 R

PRI, A SCA] DL FE 43 A o, 55 @4 TEF A4~
AT DL B b 0 iR Z2 RIS LR TE THFE, X 0T DU
FENARTE Logistic T HAT 5o J5 K S RIAR b 4
A5 2B T A A SE PR T FETS L.

FE Rk A SCiE T TEFs 76 4 MRS FiY
T2k RE, Z5 5824018 3 fras. MK 3 ] & .
7 DS, b, £5AN R F 22 Ak, Hoh [ @)
@ O o RE AN BRAR, B T [, H AR BRI
JABCUF 76 DS, b, 8 A Y T 22 S K, Hodh
T o OER KR IIKIOZ 1 @@ D@1, H
AR H@FMEHF AL TE , @ Tl T ;
FE DS, b, 25 AR B T 22 A R BN B 2%
13 .D.Q @} PEREMIK BRI, HAy 4 4

RITFI R8T 78 DS, b, W F, AT LA A 4
U HERKRKER N ©.0 . 1 O.Q,.@}
@G K B3).

WA FEE 3 AT 1) A SE B R RE
Mgk 2 BUAR s g« ok il n, & 3 (a) (DS,)
5P 3(c) (DS,) . X FEH & T PR TE £
PEEPH A3 15 CP ( change-point ) T 1 1% Y , 4]
WA S g 251 & CP W 3L, (15 CP
A B 22 B, AT R« 28" 42 52)
A KA R IAE [T 2/3 2245 RIS T py L3 1 A
— M, Z 5 B N R X R TR
SR L A S EHR AR B FUBLT ik
AR (1 SO BRI T I & AU A R
4.4 TEF 4gEEZRULSH

25 RS 5508, A 8 4~ TEFs 7E 4 2%
£ R B STSCR LA 25 R T A B R 2518

1) TEF X4 48 i OB & .t T4
B AR A Ty N4 B 25 = 175 8 A4
TEFs 1645 Lo Ba4E R T  AH B AE I A — 2t
B TR, 2 5RO, i, 7 DS, I 8
> TEFs BUHL& M 22 8K 76 DS, , DS, #1 DS, |45
ARSI LG 25 5 L.



.38 - MoK E L

4T 4

1 3 5 7 9 11 13 1517 19
DU ) /]
(a)RE £ (DS))

1 3 5 7 9 11 13 15 17 19 21
T fa]/
(¢)RE HI£E(DS;)
—o&— Logistic
—+— Generalized Logistic

—*— Yamada Exponential

—»=— Yamada Rayleigh
—a— Yamada Weibull

—<— Exponential Weibull

1 3 5 7 9 1113 15 17 1920
W3S [/
(b)RE #i£E(DS))

1 11 21 314151 61 71 81 90 101111
DX 8]/
(d)RE HHZE(DS,)
—s— Log Logistic

—=2— Deformable Logistic

B3 TEFs 7 4 H¥#RE& A RE B £ L

2) LA 5 0 1 AR SR ok R, @) .© .5
BRI 25 A P BE R AT . AR oA (14
A ROR B A, (B RE 1500 i 48 0F S B4R 6
RZ.

3) BT BRSO, NBLA FT AR5 TE 1Y
RBBHEAE DS, ~ DS, T UUFE H, R® . © &k
A CIUBRTE I 4 BRI 307 o 22 B0l 4 5
Bl ZB50E ) , I ARFEFE— DI L1 TEF 8% X5
IR A THAE DA RS vE R 45 (BE R S ). A
U, 75 SEBR R H B AR IR A AR i 22 5
A PR TEF YEAT V.

4) SEBRRH BT RACR < DU 5 e 46 11
J5 1, X RENS LA A 4R T AR 4 2 my Ik
Far. BN, — A TR R AR R I 1 DA
Ay BT (RIS B T 4k LA T /N Ry BT 3
FERE A () RIS 1K | RS 28 A« /NEUHIR 4 7 e
R AAE.

5 % ik

DTE FAE T ML fE P w IR, 5
SRGM My MEZE S L T TE 78 AR 5 Al S T
FEAF ST P A T 2 A

2) PEBE S A BEAY TEF ] X028 5 5 ik
IARER, WHUGE LT SRGM FF 3 B AY mT 54

FHOCHEARRFIE , DT A 37 VA A B AR A5 780 5 3
ATt A AT FR BT SR S HE

3) MK 3 5% 5 A Al iR B 1 R A TEF i
T — A T B 2 2 AL G 1) HEBR il b
FEAL BN = v SE 0 Sk H b, B B & A 1Y
FEpRIEZ — R H TR B . b, 54
WEFE A 5 TEF A9 SRGM B AV EdEFT
REEE B RAE S TE .

5% Xk

[1] HUANG C Y, LYU M R. Optimal release time for
software systems considering cost, testing-effort, and
test efficiency [ J ]. IEEE Transactions on Reliability,
2005, 54(4) . 583-591.

[2] JHA P C, GUPTA D, YANG B, et al. Optimal testing
resource allocation during module testing considering
cost, testing effort and reliability [ J ]. Computers &
Industrial Engineering, 2009, 57(3) . 1122-1130.

[3] HUANG C Y, LYU M R. Optimal testing resource
allocation, and software

sensitivity  analysis  in

development [ J ]. IEEE Transactions on Reliability,
2005, 54(4) : 592-603.

[4] OHTERA H, YAMADA S. Optimal allocation and
control problems for software-testing resources [ J .

IEEE Transactions on Reliability, 1990, 39(2). 171-
176.



55

55K, 2 SRGM Hh TE AL SR L A -39 .

[5] HUANG C Y. Cost-reliability-optimal release policy for
software reliability models incorporating improvements
in testing efficiency [ J ]. Journal of Systems and
Software, 2005, 77(2) . 139-155.

(6] 5k &, NI, XA, 5. P B -5 A 1
ML A AT A [J]. MR R B Tl R 2224, 2014,
46(5) . 51-58.

[7] BOEHM B W. Software Engineering Economics [ M ].
New Jersey: Prentice Hall PTR, Upper Saddle River,
1981.

[8] GOKHALE S S, LYU M R, Trivedi K S. Incorporating
fault debugging activities into software reliability
models: a simulation approach[ J]. IEEE Transactions
on Reliability, 2006, 55(2) : 281-292.

[9] BEMAN O, CUTLER M. Resource allocation during
tests for optimally reliable software [ J]. Computers &
Operations Research, 2004, 31(11) . 1847-1865.

[10JHUANG C Y, LO J H. Optimal resource allocation for
cost and reliability of modular software systems in the
testing phase [ J ]. Journal of Systems and Software,
2006, 79(5) . 653-664.

[11] AHMAD N, KHAN M G M, RAFI L S. A study of
testing-effort dependent inflection S-shaped software
reliability growth models with imperfect debugging[ J].

Quality &  Reliability
Management, 2010, 27(1) ; 89-110.

[12]KAPUR P K, GOSWAMI D N, BARDHAN A, et al.

International ~ Journal — of

Flexible software reliability growth model with testing
effort dependent learning process [ J ]. Applied
Mathematical Modelling, 2008, 32(7) . 1298-1307.

[13] YAMADA S, OHTERA H, NARIHISA H. Software
reliability growth models with testing-effort [ J ]. IEEE
Transactions on Reliability, 1986, 35(1); 19-23.

[ 14]BOKHARI M U, AHMAD N. Software reliability growth
modeling for exponentiated Weibull functions with
actual software failures data[ J]. Advances in computer
science and engineering: reports and monographs,
2007, 2. 390-396.

[15]AHMAD N, BOKHARI M U, QUADRI S M K, et al.
The exponentiated Weibull software reliability growth
model with various testing-efforts and optimal release
policy[ J]. International Journal of Quality & Reliability
Management, 2008, 25(2) . 211-235.

[16]PARR F N. An alternative to the Rayleigh curve model
for software development effort[ J ]. IEEE Transactions
on Software Engineering, 1980 (3) . 291-296.

[17]KUO S Y, HUANG C Y, LYU M R. Framework for
modeling software reliability, using various testing-
efforts and fault-detection rates [ J]. IEEE Trans on
Reliability, 2001, 50(3) . 310-320.

[18] HUANG C Y, KUO S Y. Analysis of incorporating
logistic testing-effort function into software reliability
modeling[ J]. IEEE Transactions on Reliability, 2002,
51(3): 261-270.

[19] GOKHALE S S, TRIVEDI K S. Log-logistic software
reliability growth model [ C]//Proceedings of 3" IEEE
International Symposium on High-Assurance Systems
Engineering. Washington, DC; IEEE, 1998, 34-41.

[20] ZHANG C, CUI G, MENG F C, et al. A study of
optimal release policy for SRGM with imperfect
debugging [ J ]. Journal of Engineering Science and
Technology Review, 2013, 6(3) . 111-118.

[21]LIN C T, HUANG C Y. Enhancing and measuring the
predictive  capabilities of testing-effort dependent
software reliability models[ J]. Journal of Systems and
Software, 2008, 81(6): 1025-1038.

[22 ] HUANG C Y. Performance analysis of software
reliability growth models with testing-effort and change-
point [ J]. Journal of Systems and Software, 2005,
76(2): 181-194.

[23]HUANG C Y, KUOS Y, LYU M R. An assessment of
testing-effort  dependent software reliability ~growth
models[ J |. TEEE Transactions on Reliability, 2007,
56(2) . 198-211.

[24]AHMAD N, KHAN M G M, QUADRI S M K, et al.
Modelling and analysis of software reliability with Burr
type X testing-effort and release-time determination[ ] ].
Journal of Modelling in Management, 2009, 4 (1)
28-54.

[25]AHMADA N, KHANB M G M, RAFIB L S. Analysis of
an inflection S-shaped software reliability model
considering log-logistic testing-effort and imperfect
debugging[ J]. Int. J. Comp. Net. Sec, 2011, 11(1):
161-170.

[26 ] ZHANG C, CUI G, LIU H W, et al. A unified and
flexible framework of imperfect debugging dependent
SRGMs with testing-effort[ J ]. Journal of Multimedia,
2014, 9(2) . 310-317.

[27]OHBA M. Software reliability analysis models[ J]. IBM
Journal of research and Development, 1984, 28 (4) .
428-443.

[28 ] WOOD A. Predicting software reliability [ J ]. IEEE
Computer, 1996, 29(11); 69-77.

[29] MUSA J D, TANNINO A, OKUMOTO K. Software
reliability : measurement, prediction, application[ M ].
New York: McGraw Hill, 1987.

[30 ] PHAM H. Software Reliability [ M ].
Springer, 2000.

Singapore ;

(mEE K %)



