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Software reliability growth model with S-shaped testing effort function
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Abstract: The shape of the observed reliability growth curve depends strongly on the time distribution of
the testing effort. Thus, the reliability estimation power of software reliability growth model (SRGM) can be
improved by considering the testing effort function (TEF). Due to the integrated effects of software structure
and learning factor on testing process, testing effort increasing rate may exhibit an S-shaped varying trend first
increasing and then decreasing. To accurately describe this S-shaped varying trend, two S-shaped testing effort
functions were proposed first, i. e. delayed S-shaped TEF and inflected S-shaped TEF, which were simple and
flexible. Then two new SRGMs were put forward by combining two S-shaped TEFs into SRGM, i.e. DSTEF-
SRGM and ISTEF-SRGM. Finally, for two real failure data-sets, the case study was done by comparing these
two S-shaped TEF-SRGMs with several classical SRGMs and other representative SRGMs considering TEF in
the form of estimation power. The result shows that compared with these comparison models, the proposed
ISTEF-SRGM has the best fitting results on each data-set. In other words, the proposed ISTEF-SRGM provides
novel applicability and a significantly better power of reliability estimation.

Key words . software reliability; testing; reliability analysis; growth; models

AT O O R R A P o St Rt B B A A T i A v 2 i
Mg bRz —" . SRGM ( Software Reliability Growth T R R R 52 B S 1k — A $E T A A A
Model ) /5 A 5 A4 o] S Pk PFAk 5 Tl i) 32 2 F B LA ST aE .

M2 70 AEAE A — B R T S AR 4 I AR i g DA Ay e — o o 1) I e A
BRI 2= BARE ARy R R AR M S AR v T FE A B R _Uﬂ/\
Z ML) SRGM. LIt i Y T4 282 4 o B g (PAT 9 4l AT 491 %, CPU I i) 45 1

WfmEHA: 2010-07-13
1EHEBAN . RF(1973 -) ,ﬁ‘,jEij(HE/\,ﬁ'Fum,li_qiuying@ buaa. edu. cn.



150 G AT IS M NI S

2011 4F

00 5 H A AR L W0 T AR ke i
R SR o B L RE I s [R] A AR AL A
DX B o] S PR K I 2R ROk B W
mi L R SROM BN % BRI T 1 &, (%
38T A o ) A T RE R A AR
ASEH. n o] ST A A R I T £ Bl
W3R B 28 Ak 175 B A IR T A i pR AL ( TEF, Tes-
ting Effort Function) , £ #5377 & TEF ) SRGM
(A AR O (T N A T U L
#[6,9,11,13—22].

HArc A 1 TEF 4. 48 . & Al @i
IR BB AR AR Burr ' Lo-
gistic[ﬁ‘g’“’m z Ak Logisticm*m N Log-Logistic“g]
Py Chatterjee 2% @ﬁ*ﬁﬂ:m JTE MG EER T R
(7% [& TEF M54 ] S A 46 . D45 &
FRBOR AR S5 A A i #2285 (NHPP, Non-Homoge-
neous Poisson Process) ] SRGM 91113 -20] ;@éﬁ%
S I NHPP 25 SRCM'©2' =21 . @) jl iy phi 12 -2
HES BT 2% T R R P A P AR
R 5 1 AR AR R L R LT W
FEBEHY (5T FeAh | PRI, AR SCRBIFE P 285 S
Bk 4 R 58 3 Fh 45 & 45 B0 NHPP 26 SRGM J#
TE A I8 R PRSI B LU AT

SRR AR 2R 2 BN N S R IG B
W T AR B BT B — B[R] i
FARAFLERI VL J 2 > R AR 25 A 52 i, Ik T A
IR R S B8 I TR BRI
A B[R] A 1SR R 2 2 LD e R U S
RS FA A R FE AR A R 245 TEF &
IR TEIE A . Logistic TEF! B skt j&—Fh S #Y
TEF , B WA TAEE AR 0, 5 HE AT ; B
LA X —Ff S B TEF X} F TEF J H B 5T &
I,

FER S AUpRE SR S A sk pi A
2L S RUpREL G TR S ALK, He ¥t
o7 T3 ] SE b AR A 0 AR SOy SR
PR S B TEF , 88 J5 46 Hh W Fh =% i S B TEF (1948
8 NHPP 2§ SRGM ( STEF-SRGM ) |, f% Ji K4 3% i
il STEF-SRGMs 54 1444 NHPP 2§ SRGMs J
How s (2% & TEF A48 %0 NHPP 28 SRGMs
HEATXT HE, ABGAIE STEF-SRGMs 764 U344 14 fig
A B A

1 TEF #R

TEF AE A TR 03 T A 5 Bl sk 7] 6 28
TG IR %% TEF % SRGM [ B2 5 3

b AT EENFRAR TEF(WNE 1 Prx). H
o W) FRon R A PR [0, ¢ ] Y BRI TAR
LW, TR R AHAER I TAER, B W, =
W(o ) w(t) &Ml TAEEAER 2] ¢ BB 3
PRIER f(1) A2 > PRI ZR R (¢ 3 ek B0

T 1 P TEF 4SS Uit T

OEREA/RE TEF (£ 111 ~6) BHE
KRG A AP TCRAR I s 34 S AU K
P HMIBARSE m >3 B, B RS R ) R K2
A B AIEEBIZ " ; @Logistic 2§ TEF (£ 1
B 7 ~8) BAR K S B TEF ,{H Y ¢ =0 W, 55 HI Y
WM TAER W(0) AR 0, X —4518 5 Hw A
AT ; @ Chatterjee $2 H 1% &2 2] LAY TEF 7Y
WAEE SR, H5 Log-logistic TEF B2 BLARI , B
KT X Pifl TEF #9 SRGM A9 IEAS M fE— i, K itk
TEAHDCHFFE ARG 3 5CTE.

*1 CHEINRITEERH

i TEF 4 Fx I AR 1 R W ()
1 5 AL Wiax (1 —exp( = b))
2 Gl W, (1 —exp( = (b/2)1%))
3 B R W, (1 —exp( =b™))
4 Z AR W, (1 —exp( =bt))°
5 Burr W, (1 —exp( —b%))°
6 PR IR W (1 =exp( = b))’
7 Logistic W, ./ (1 +Aexp( —at))
8 Z AL Logistic W,/ V1 +Aexp( —akt)
9 Chatterjee w(t) =W (1) =k/(f(1))?
10 Log-Logistic Wi () /(1 + (b))

2 %5 S & TEF g9 SRGM

ARITE IR PR S U TEF, 78 I JE Al |48
M FIRh % & S B TEF /Y NHPP 2% SRGM.

2.1 SE TEF
2.1.1 3R S & TEF

FIFHAEIR S #Y R BRI A 5 BE [H]
AR A RS [0, ¢ ] Py BRI T AR =

W(t) =W, (1= (1 +bt)exp(=bt)) (1)
o b I TAE R FER, H b >0,

B0 (1) AT DW(0) =0, R fail il T4F
R 0; QW (¢) AAEGE H BRS¢ SR X
503 i R R AR = AN S KA A S
QHEW (¢) XFEtE] ¢ 3K, nT45 TEF BET ] A5 1L
MR RECH

-, = Wmaxbztexp( - bt) (2)



42 4

PRI T S BN T AR R R A T S P AR A 151

Horb Jw (¢) & — A SeHe e U pR AR, 78 ¢ = 1/0 B,
U R (e iR ST & Sue S oNIER
2.1.2 %EHSAHTEF

FIHARIE S B pR ASCH AR DU 32X AR 2 B s 1] )
EAIE, WIT0, ¢ ]y R T AR5 Ry
1 -e"”

W(t> = Wnnx —bt
1 + e

(3)

Horpr g 2

HC(3) A OW(0) =0;@W(¢) KAETE
LB E] ¢ B 5 ; BRE K HR R A

dW(t Nbexp( - bt) (1 +

v = - (1 ff//expgf br) ;bz) )
Ho o (¢) S 5EHE 5 W00 PREL, 7E ¢ = In /b B,
D3R T A 2 1 3 R ek 31 e R
2.2 %8S & TEF & SRGM ( STEF-SRGM )

STEF-SRGM YRR B S4n T 100114

O o 458 00 335 72 IR N NHPP 3 2, H %K
PERERAE I BB AU —A A, I N QX1
AR AR AT BB B 2 1Y) s OTERF R TR B [ ¢,
¢+ Ar ] PSFEINEN 1) B 8 B0 145 7% A7 e B B30 I
F , 12 FUAE 2 7R DA R v A e s 5000 2 (D)
FEIREARTE S 8 TEF > 4 iR 3K T 4F & Bl B 1]
T FETE B ; @B — Bl & B, 57 BN plHERR B
FIAH .

4 iR ] 1575 18 TEF 1945207 NHPP
25 SRGM il e U,

W) s =N =m](5)
Horbr m (¢) [0, ¢ ] B E] B A HRI e g 25 1 22
1B 5 r 22 B (ol g ARG 00 381 PO AR 6.

A FEM m(0) =0 F, %= (5) KAl

am

m(t) = N{l —exp[ —r(W(t) - W(0)) ]|

(6)
BT W) =0, (6) 7T LARIfEL N
m(t) = N{l —exp[ —rW(1) ]! (7)
i (7) Al
T N
W(t) = . [N—m(t) (8)

(7)) S (8) P LAE f: b J WL G5 o R 000 5 22
(B P 3 A 4 0 38 A B 22 1) A O R AR 4l =X
(7),45430(1) 2R(3) BImT 4R an FWifh % & S
K TEF AY38%0% NHPP 2§ SRGMs.
2.2.1 # &R S A TEF # SRGM ( DSTEF-
SRGM)
F (D) RAS(T) , WIS 3% B AER S Y

TEF (%) NHPP 2% SRGM ;
m(t) = N{1 -
exp[ = W, (1 = (1 +bt)exp(=bt)) ]| (9)
13X (9) TR R0 32 oA BRI i A SRR R AT
R R B R
A(t) = szrW“mexpﬁrw[e_m(bt +1)] - bt}
(10)
My = N =m(o) = Nexp(-rW,.)  (11)
2.2.2 #)EEMH S A TEF # SRGM ( ISTEF-
SRGM)
KR RAK(T) R EAIE S B TEF
A NHPP 2§ SRGM .
m(t) = N{l - exp[ -rW, . %]}
(12)
13X (12) W5 2 3500 3 pR B30I B 2 Rk
FE IR AL .

A(t) = NbrW, b+l

* [kexp(=bt) +1]° '
W, . Lexp(=bt) —1]

gexp(—br) +1 _bt} (13)
m,, =N-m(ew) = Nexp(-rW,_,) (14)

exp {

3 SEHIIEIE

3.1 SEHIEER

1) #EH 12 4~ NHPP 28 SRGMs 1 X L AR
Y AT 9 AR 285 T A T e A
Y UEWF 2T # £5 B NHPP 28 SRGMs'' ) | J5 3 M4
R H Al e o #1885 TEF-SRGMs , £ 0L 5% 2.

2) PEEEP A H SR R ALE P 4E Ohba 5
Wood !, FH T TR0 g S 5 -3 1345 75 £ 40
BraE AL, S EE A 2= T R T S AR A
PERE LR I Ly 9], 005 3 288, R XA
(B o), R TAE R (W) LRI (m) . 1T
BRSSO Wood B £E b A 3K T4
BEAa/N 100 75, B2 b THREBE S W,
AT BT, L3k 4 AL AN 25 X R R 1 W] 5
PEPPAGPEREXT H = A 5 .

3) i H &/ Al it (LSE, Least Square
Estimation ) 1E A8 B 2 B4l 1177 1%, LSE 724 19
2 B T

4) I 3 g BLPEA o U AR A A A A5 2
S TEM 0], 4300 S 401 22 5 Fn e (IR
(15)) . [al 15 il £& 5 72 /9 A1 O F5 50 (L =X
(16)) HAXHEZE (RE &, WX (17)).



152

E AT/ A NI e =

2<yl—y>2 (15)
ﬁ$mﬁﬁ%%mwﬁﬁyW&ﬂﬁﬁ$%N

SE_

Ry, FIPLAAE. Mo (B )N | DUNASE TR UL 0 SR
1 BT B AR [ ] S P TG M e A
Z (v —yD)°

Ry =1--1 (16)

2 (¥ = V)
Sy BRI v, AR, R (R T

i 2011 4F
1, DRSS U BB 305 SRk
RE & f 45 700 78 A5 A W00 508 5 b A
Ry {E(ZX(17) ) 2l i A
R.(i) =X (17)
RE AR T o Bl , AR 4EL G R0 R R

3.2 LOHTELERS5SH
322 435 H AR TR A P A R RS B

ZRETHE R 5 45

S BARS T IR.

%R 2 STEF-SRGMs 53}tt SRGMs ZEZ ALK IBE LS HMEIT SRS ER

T N o Ohba (RIS Hh A ) Wood (BLHEISHUAL TH1H)
. SRGM #fk PR BB 32 FEL PR AR m (1)
= Mgy R, Mgy Rs,
N =760.53,r=0.0323 N=130.2,r=0.0832
1 GOl N[1-e™"]
139.82 0.986 11.62 0.913
5 DSt N N =374.05,r=0.197 N =103.98,r=0.265
: (1= +r)e™] 168.67 0.984 25.26 0.969
5 8 e " N=374.39,r=0.179,6=3.01  N=110.83,r=0.172, =1.2
1+ge ™" 127.31 0.992 8.98 0.989
N =460.81,r=0.0272, N=135.74,r=0.000 14,
4 YW Ni1—exp[ —ra(1 —exp( =Bt")) 1} «=49.63,8=0.00708,y=1.98 a=11711,8=0.0235,y=1.46
260. 04 - - 16.59 0.987
N =459.09,r=0.0273, N=110.61,r=0.000226,
5 YR[33) N{l—exp[ —ra(1l —exp( -B2/2)) ]} @=49.32,8=0.0137 a=10534,8=0.0149
268.42 0.733 39.7 0.951
_ N=427.83,r=0.0361,c=1.28 N=118.56,r=0.0765,c=1.11
6 GGO! N[1-e "]
102. 12 0.990 10.87 0.987
] b N=406,b=0.0623,a=0.0184 N=121,6=0.0912,a =0.003 1
7 YID1 (3] N———(exp(at) —exp( —bt))
+b 154.82 0.986 12.08 0.986
N=374,b=0.0815,a=0.0021 N=112,6=0.0909,a =0. 0042
8 YID2[3 N(1 —exp( =bt)) (1 —a/b) +aNt
565.5 0.986 36.9 0.986
0 N LK N N=371.65,r=0.066,b=0.511 N=129.39,r=0.0837,b=0. 00626
[1-e N -b) 139.82 0.986 11.62 0.986
N=477.1,r= 0.03245 N=135.7,r=0.01421
BAR IR - W, =792.5,6=0.0023, W, =117.1,b=0.00235,
10 . N(1 —exp( —rW (1 —exp( =b"))))
TEF'3] m=1.115 m=1.46
106.26 0.990 16.58 0.980
N=395.6,r=0.04164 N=112.1,r=0.02409
Logistic- W W W =54.85,4=13.03, W =100,A =13.15,
1 _ N(1 _exp( _r( _ )))
TEF!! L+Aexp( —ar) 144 a=0.2263 a=0.2866
114.05 0.989 21.44 0.974
- N=575.7,r=0.01916,m =0.4619  N=107.1,r =0.0142,m =2.283
B A .
12 ] N(1 —exp( =rW,, (1 —exp( =b"™))?)) W, =886,6=0.1111,0=2.79  W,, =107.1,b=0.00211,6 =0.56
JR-TEF[14]
113.10 0.990 13.31 0.984
FEIR S N=513.4,r=0.02274 N=132,r=0.01497
13 TEF(DSTEF- N(1 —exp( =rW,, (1 = (L +bt)exp( =bt)))) W, =64.62,6=0.132 W,. =114.7,b6=0.171
SRGM) 178.79 0.983 25.99 0.968
N = 105.3,r = 0.1069,
A S Al N=357.6, r=0.138, W, =60.08
14 TEF(ISTEF N(l—ex ( - W M)) 19.84. b=0.1278 b=0.0223
P "1+ pexp( - bt) ¥ =19.84, 6 =0. W, =131.6, ¢ =14.6
SRGM) 74.05 0.993 7.88 0.990

T ORI ET 2T AR R Q) - - - RAERE T T FRES A& B L 22 T RIS 5dE.



42 4

PRI T S BN T AR R R A T S P AR A 153

1) Ohba #E4E LA 452, DFE Ohba %1
PEAE [ A SCHE Y ISTEF-SRGM AU DL 45 5
Bl (Mg /N, Ry 74.05; Ry [T 1,4
0.993), H W i T H & XF L& 54 ; {1 DSTEF-
SRGM (LA R 22 B — . QIR R Fedr 1)
B 5 M RUK YN ISTEF-SRGM . GGO | B i /K-
TEF J8%08 fii /R-TEF |, Logistic-TEF. @& 1 #i
T35 NG RCR B ABARIXT Ohba £ 48 48 &
PRI SR B B A ) 305 (B 55 52 BRoUEI L A % L
1578 , W& i ISTEF-SRGM A& K 5 52 bl
IIE D A 3 AR 3G K s o AL, HAETF 205
R . D 2 2R E 5 LA
R MBAILE Ohba £ H AN S &S L1 Ry
H2:H 15 2] Y B8 RE &, 7] & Y, ISTEF-SRGM
) RE PR e 423 F o il HLIX 5 AR 7
SRS LA S R TR T

400 |
5 -
<: 300 ) )
=250 1

200 +

= 150 | -+ A /R-TEF
¥ 100t -- Logistic-TEF

-~ JRHUR AN /R-TEF
_ - A FSHI-TEF
0 2 4 6 8 10 12 14 16 18 20
SR )/ A
[l 1 Ohba %54 L& 2551

50 | .-"‘"..

- GGO

08 1 — A /R-TEF

0.6 - \ -+ Logistic-TEF
m 04 - ZST-TEF
=, —
Q:-‘” 02t (\ r\\v/ /A\\\‘/\\_‘_

0 ,{0.9,.)..,\ S
ol '\:E,;;\\\:;/’ o
-0.4

0 2 4 6 8 10 12 14 16 18 20
St Tel/ A
B2  Ohba $#i4E Y RE K

2) Wood ¥4 F LA 45 5. OTE Wood
BB b A SCHE T Y ISTEF-SRGM 1Y 42L& 550U R
WIR T et (Mg /N, 2 7. 885 Ry (B din T
1,27 0.990), H W 245 T H g X e &l {5
DSTEF-SRGM LA RCR KR R — . @A
BOR B AT 5 AR R - ISTEF-SRGM 1S |
GGO GO F1 OID. @K 3 ik Tix 5 LA RCR
AN Wood £iaf £ Hh > I 5 s 25 30 (.
ALG A 5 52 BrOW U AE /9 X L B, FTE
ISTEF-SRGM U5 I 5 52 Bm WL I A 1R 1) 3%
MK A A A B 22 05 R 2 a5 Ry
AR, @R 4 JEARYE 5 A WOR Fe A AL 7E

Wood 44 Hh B A Bt 5 LY R, (A2 i 15 31
fRERL RE . 7] & i, ISTEF-SRGM 7E Wood %
PitE LAY RE AR b4 T o 3, HX 5 A4
BEFUAE 22805 T AL 45 SR O T SR U

120
100
80
60
40
20

TR HA

~- OID
- A JESEI-TEF

0 2 4 6 8 10 12 14 16 18 20

H B )/ R
3 Wood £idisE I 14L& 45

g -0.1 /
=] - GO
& 02 ] - 18
03 . -- GGO
-- OID
-0.4 = AJESHI-TEF
-0.5 — e
2 4 6 8 10 12 14 16 18 20

R 1)/ A
Kl 4 Wood £i¥ii4E L) RE &

3) SEBRTE LSRN g5 L, AT AR 45
0 OASHRE % JEASTE S Y TEF %) SRCM 1
PR AR L LA SR Y R R, BT
A A3 % HEABEAY | AT IE B ISTEF-SRGM . 7E 45
RIPEALPERE - H A AR 148 sk B M ; @ %t
T Ohba BG4 , PLA BRI 5 MRAEIH A 4
A& TEF-SRGM, JIt LAFE 8R4 7T 4 P g A5 v 2% &
TEF , 5 AT LU 4 ik A% e AL i 74l P g
(DISTEF-SRGM [Tl 1 fil i A8 T 2 Fif g AL 7Y
f) TEF-SRGM , Bl Logistic-TEF FIF& % gifii /K TEF
BRI B T A SCIF 5% R LA 35 i e
WF9E 8 X @A SCHE H % JEAEIR S B TEF fY
SRGM ( DSTEF-SRGM ) 75 1% 41 4 45 - (1 #8153
RBRI— L. AT A, T AR PR O 43R S Y
TEF J A8 A F T D T A B st (] ) 386 <
A PEMR R TR AR MR, IR, e S
WG TEF X% TARIE TEF-SRGM 1Y A] 52 2 374k
e HAHEE Y.

4 45 RiE

AR PR S & TEF, BIFER S Y 57255
S A TEF, 7E LAl E 42 Wi AP % 18 S B TEF (1)
SRGMs , I 75 W 41 28 MLk A8 8k 4l 4 b Hax 2 #
STEF-SRGMs 575 14 . SRCMs Jz LAY () TEF-



154 b 5 i 2 it KR 2 2 il

2011 4F

SRGMs #EAT T Xt LA 78, 45 S 26 B, A SO )
AR S ® TEF () SRGM 14 1] 45 P PFAG 7 Ak
SRERTE PR 3 A 8, B R R B i 5T
N5 TR A5

FEA R SE TAE T B S LAR [l . OFF
I S B TEF 5 S % NHPP 28455 ] SEPERE AL AR
ghih s OFE AT R 2 AN 5 S HERE (1 5 DD
53N T AE R R S B NHPP 23R4 nl 5¢
PEBHRI AT X HLATFSE.

S Z X #k (References)

[1] Lyu M R. Handbook of software reliability engineering [ M]. New
York ; McGraw Hill, 1996

[2] Gokhale S S,Lyu M R. A simulation approach to structure-based
software reliability analysis [ J]. IEEE Trans on Software Engi-
neering,2005,31(8) :643 - 656

[3] Pham H. Software reliability [ M ]. Singapore ; Springer-Verlag,
2000

[4] Gana A, Huang S T. Statistical modeling applied to managing
global 5ess-2000 switch software development [ J]. Bell Labs
Technical Journal ,1997,2(1) ;144 — 153

[5] Kruger G A. Validation and further application of software relia-
bility growth models [ J]. Hewlett-Packard Journal, 1989, 40
(4):75-79

[6] Huang C Y,Kuo S Y,Michael R L. An assessment of testing-ef-
fort dependent software reliability growth models [ J]. IEEE
Transactions on Reliability,2007,56(2) :198 - 211

[7] Shibata K, Rinsaka K, Dohi T. Metrics-based software reliabil-ity
models using non-homogeneous Poisson processes [ C] // Proc
of the 17" IEEE International Symposium on Software Reliability
Engineering. Washington DC: IEEE Computer Society, 2006 :
52 -61

[8] W, e, RAUE. HIBA LA DLAY NHPP 284K
PR REEE AR 1] 42441 ,2010,21(5) :942 - 949
Xie J Y,An J X,Zhu J H. NHPP software reliability growth mod-
el considering imperfect debugging [ J ]. Journal of Software,
2010,21(5) :942 =949 (in Chinese)

[9] Kuo S Y,Huang C Y,Michael R L. Framework for modeling soft-
ware reliability, using various testing-efforts and fault-detection
rates [ J]. IEEE Transactions on Reliability,2001,50(3) ;310
-320

[10] Norman E F,Martin N. A critique of software defect prediction

models [ J]. IEEE Transactions on SoftwareEngineering. 1999,
25(5) :675 - 689

[11] Huang C Y. Analysis of incorporating logistic testing-effort func-
tion into software reliability modeling [ J]. IEEE Transactions
on Reliability,2002,51(3) :261 -270

[12] Musa J D,lannino A. Software reliability, measurement , predic-

tion and application [ M]. New York ; McGraw Hill, 1987

[13] Yamada S, Hishitani J, Osaki S. Software reliability growth mod-
el with Weibull testing effort; a model and application [ ] ].
IEEE Transactions on Reliability,1993,42(1) :100 - 106

[14] 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

[15] Quadri S M K. Non homogeneous Poisson process software relia-
bility growth model with generalized exponential testing effort
function [ J]. RAU Journal of Research,2006,16(2) ;159 —
163

[16] Ahmad N,Khan M G M,Quadri S M K, et al. Modeling and a-
nalysis of software reliability with Burr type X testing-effort and
release-time determination [ J]. Journal of Modeling in Manage-
ment,2009,4(1) .28 - 54

[17] Huang C Y. Cost-reliability-optimal release policy for software
reliability models incorporating improvements in testing efficien-
cy [ J]. The Journal of Systems and Software,2005,77:139 —
155

[18] Huang C Y. Optimal release time for software systems consider-
ing cost, testing-effort , and test efficiency [ J]. IEEE Transac-
tions on Reliability,2005,54(4) :583 - 591

[19] Bokhari M U, Ahmad N. Analysis of a software reliability growth
models: the case of log-logistic test-effort function [ C]//Pro-
ceedings of the 17" International Conference on Modeling and
Simulation. Montreal , Canada ; Acta Press,2006 ;540 - 545

[20] Chatterjee S,Misra R B, Alam S S. Joint effect of test effort and
learning factor on software reliability and optimal release policy
[J]. International Journal of System Science, 1997,28 (4) .
391 -396

[21] Ahmad N,Khan M G M. A study of testing-effort dependent in-
flection S-shaped software reliability growth models with imper-
fect debugging [ J]. International Journal of Quality & Reliabil-
ity Management,2010,27(1) :89 -110

[22] Jha P C,Gupta D, Yang B, et al. Optimal testing resource allo-
cation during module testing considering cost, testing effort and
reliability [ J]. Computers & Industrial Engineering,2009,57 :
1122 - 1130

[23] Lin C T,Huang C Y. Enhancing and measuring the predictive
capabilities of testing-effort dependent software reliability mod-
els [J]. The Journal of Systems and Software 2008 ,81 ;1025 -
1038

[24] Huang C Y. Performance analysis of software reliability growth
models with testing-effort and change-point [ J]. The Journal of
Systems and Software ,2005,76:181 — 194

[25] Kapur P K, Gupta A. Testing effort control using flexible soft-
ware reliability growth model with change point [ J]. Interna-
tional Journal of Performability Engineering,2006,2(3) :245 -
262

[26] Lin C T, Huang C Y, Chang J R. Integrating generalized
Weibull-type testing-effort function and multiple change-points
into software reliability growth models[ C]//12th Asia-Pacific
Software Engineering Conference. Los Alamitos; IEEE Comput-

er Society,2005 ;431 —438

(%5 160 1)



160 G AT IS M NI S

2011 4F

Hor W, HTREHIREAS G U, 75 2 40k a3 i)
R

Bz U, =[17. 0, -0.20, -0.70,55. 0,
2.80,2. 30,8. 50, —0.30,6.80,0. 90, —2. 80,
~4.0,48.0,01" fRAS(2) K45 W, , FEH W, 1R

. | S [94.3355 .
AR(3) ,ﬁ%ﬁiﬂ{ } _ [91_ 3168} KU 155
Prod B R s A PR R R RE
AR 53 BN 25 FAB R —FE B R R 28001
s, R AT SR L, SR AT i o A R AT
fH5REAE 97.3% L L.

3 & RIE

AR Z e GE it T A AL AL AL R A T
FEHLBL TR &, St T MARZRPEAR G i 272
GRS AR EALE AL R RHIE I DL
FERH AT M- 2R G0 22 4 RS W T R T 19 5 0.
127 AT — 5 B I, w3 A i
AR el P A A 1 B4 B 23T

ASCUASE R BN B S A B, B2 T &
Uit 7 2 7 o 7 ) 2 A R A S T AT S [ Y
AERORN 23 [B] 1 AR 5 S R o L 2 4 2 4
RIS ZE R TS5 RS RGEE SRR L
KFE T TI0o M i 4 AR 3 USRI 31 5005
Xf TR AN LE WXL A AR e 7 R G ik v
B TERR AR R i TR

S #E K (References)

(1] s MBS M BORBIFE[ D] MR WK 3 T
Rt A k2B , 2006

Shi Qinghai. Study on control technology for carrier aircraft land-
ing research on carrier landing technology [ D ]. Harbin: College
of Automation, Harbin Engineering University, 2006 ( in Chi-
nese )

[2] Chief of NAVAL operations CV NATOPS manual|[ R]. NAVAIR
00-80T-105,0800LP0291740,1999

[3] Thomas Rudowsy, Stephen Cook, Melvin Luter, et al. Review of
the carrier approach criteria for carrier-based aircraft phase 1. fi-
nal report[ R ]. NAWCADPAX/TR-2002/71,2002

[4] Aircraft Carriers-CV/CVN [ EB/OL]. [ 2009-12-23 ]. http://
navysite. de/carriers. htm

[5] Tripathi S M. Modern control systems: an introduction [ M ].
Hingham , MA ; Infinity Science Press,2008:2 —57

[6] Zdzislaw Bubnicki. Modern control theory[ M ]. Berlin ; Springer,
200517 -37

(7] FoMf. REFHOEHER SB[ D]. JLat et
ZMARRF TRRGE TR 2009
Rong Mei. Research on system accident rehearsal modeling and
analysis method[ D ]. Beijing: Deportment of System Engineering
of Engineering Technology, Beijing University of Aeronautics and
Astron autics,2009 (in Chinese)

[8] Richard P Micklos. Carrier landing parameters from survey 45,
fleet and training command aircraft landing aboard USS enter-
prise CVN-65 ( main text and appendix A) [ R]. AD-A258873,
1991

[9] KL ZE L3, ZICGeit A prscsm [ M. dbat . P E G
JiAt,2009:72 - 90
Zhang Lijun,Ren Yinghua. Multivariate statistical analysis exper-
iment[ M ]. Beijing: China Statistics Press, 200972 — 90 ( in
Chinese )

[10] fafmedt. Zougeitardr[ M. dbnt, o E N RORE

2004 .98 - 113
He Xiaoqun. Multivariate statistical analysis[ M ]. Beijing; Chi-
na Renmin University,2004 ;98 — 113 (in Chinese)

(4% %H.EIF)

B e e e O . S e S O A s e s S (e S e A S S S 4

(E#5E 154 T7)

[27] Kapur P K,Goswami D N, Amit B, et al. Flexible software relia-
bility growth model with testing effort dependent learning
process [ J]. Applied Mathematical Modeling,2008,32:1298 -
1307

[28] Kapur P K, Grover P S. Modelling an imperfect debugging phe-
nomenon with testing effort [ C]//Proceedings of the 4" Soft-
ware Reliability Engineering. Los Alamitos; IEEE 1994 .178 —
183

[29] Kapur P K,Omar S,Anu G A, et al. Unified framework for de-
veloping testing effort dependent software reliability growth
models [ J]. WSEAS Transactions on Systems,2009,4 (8):
521 -531

[30] Yamada S, Ohba M, Osaki S. S-shaped software reliability
growth models and their applications [ J]. IEEE Trans on Reli-

ability, 1984 ,R-33(4) .289 -292

[31] Ohba M. Inflection S-shaped software reliability growth models
[ M]. Stochastic Models in Reliability Theory. Berlin : Springer,
1984 .144 - 162

[32] Su'Y S,Huang C Y. Neural-network-based approaches for soft-
ware reliability estimation using dynamic weighted combination-
al models[ J]. The Journal of Systems and Software,2007 ,80:
606 -615

[33] Yamada S, Tokuno K, Osaki S. Imperfect debugging models with
fault introduction rate for software reliability assessment[ J]. In-
ternational Journal of Systems Science,1992,23 (12) ;2241 —
2252

(& E:% =)



