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1 EUsIC

EBEOT A FIRTIX, HEREETE»SOER (BELT2E5HEE2ZMHE CIOERT 2 7-00EE%
E) PEERME»SDER (74— NV FRRESE, 74—V FOBE, €2 VBO7 14—V I E
EBoE», 7AMHERICBIZ 74—V IBREY =7y FOEELY) 0Ftick-T, #HZh3Y
7 by 2 7REERREBORHENBEHOIE LS T2540H 3. 20k ) AEROEMIEHIIZN
57 AMRZIEF =P HFA v+ (change-point, LA CP LBET) [9] EMEn5, V7 b v = 7EHEE
BEETI [5,7,8) IKEIOHEEETEEMc BT, EEETHIBE2EET 3770, V72927
MEFRETRICET 2 LR L 2HEENHEOEEZEE L 2T v I HREAOBRREBHEL I TE D,
CDE)REROH, BEZTIZ, V7 M7 2 T7EEERRBEOEIZEEL /- SRGM »HRIE £ TITH
ZRESINTV 3 [1-3,9,10].

LaLadss, TnsoBFEMETIE, V7 Y2 7EEERRARBICEELEZ 2BROBEHREOEL
ZERL7 SRCGM KBET2EREBIZIN TR, EEOFA FIRETRY 7 MY = 7EEEREERIC
FELEZ2BRAOEERRBH I NS Z L3RR, Zok)RREE2ERL 72 SRGM DBI%
&, TAIRBEZTEBEZITEEICREAL L5 SRGM &0y 7 by = 7EEEHIEE 2 LS
CHODERHDIMBED 1 2L LTEALGND, BFFKTIE, V7 bz 7HREREHFICET 5HEHE
BOFzvPFRAVIMAIBIKBT3EME 7 A FBERAEZAVRBOREAL T, LB L -EROEHE
DEEEZERL7- SRGM 2/EHET 2, X5, FEBOFA N ILETHAIN -T2 2BHL225, &
EREERL 72T v IHHARICE DO TRHESEL 725727 SRGM 2 B\V:72Y 7 b7 = PEBEEBTH O RS,

2 NHPP EF/LO#EEH

TAFIRBICEBOTRHABER 7 4 — 1V FEPEROBEEZKEL 72 SRGM D% %, BT 3>0E
KHURE [4 WWE DT TEETZZ L8 TE 3,
(Al) VY7o =7HEBEELGS, ZORRLLE2 74— M, BELRPOFRCEIE - KR
EINs,
(A2) &YV 7 by 7R, 20Fh, BMIZaoRBMICBEL TS vy M REL T, BERE, %
NZN, FA—DOHENF F(t) = Pr{T <t} = [} f(z)dz ihE ) FEOBEERIC L > TEX S
N3, ZIZ7T, f(t) IERFEEBREEET.
(A3) TFTAMBABEIICY 7 P = THICEBET 27 4=V MR (FIHIEE7 =1 M) No(> 0)
i3, HBHERSMICH ) HERERLET S, ,
WE, {N(t),t>0} 2EEDTA MREA t FTIERINMB7 4+ — NV M EERTHREBRL TS, =
DEE, (A3) TEEBELHHBE7 #— NV M Ny B3 w(> 0) DR7 Y YOk ) LIREL 58,
TAMRAt ETIEmBED7 4 — NV FBRAEINIHEEREZ, ROXH)CERMING,

Pr{N(t) = m} = §:< ){Fﬂyql—F@ﬂ"m——ﬂm—M
{wF (75)}m Z {w(@ - F@)}~

(n —m)!

= exp|[—

= {w—l;(t'i}fi exp[—wF(t)] (m=0,1,2,---) (1)
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t=0 CP, CP, CP,, CP;
{N(t): ittt}

2 1 2 |
KK 2 F—h——KK Time

K1: AAETCHVSEY 7 by = 7HRERERRICET 2EEHEER.

b, FHEBBENG) = wF(t) 2 b2ERRETY Vi8R (nonhomogeneous Poisson process, Ll
T NHPP LM&§) LAREWICEME LS. 22T, B[] 3HREEZRYT. Lo, ¥FETY VIR
MACETCT, V7 by 2 7HRERERKD LB 74—V FREBERSH NHPP K89 & ) & SRGM
REELVES, b2EWRY 7MY 2 THERERRSA Ft) 25252 T, R (1) o REMNIC
NHPP €E7NVEBETHI LBTES,

3 BHREOFIVIRAY MEERLU SRGM EBERHEH

M1, BFERCBOTERIRIY 7 Y= 7RERERRICETIEREREZ2ERT 5. SHETE,
FrVvPHEAY PRBICEIT S LR EREBICOVT, HIEEERHZLDERELT, 22N
FNRDEHIKEZ 3B,

Xit1,5 = 0i(Xi 5), 2)
Siv1,; = @i(Sij), (3)
K (t) = Ki(a7 ' (1)) (4)

R ©2)-R @) IKBVT, o) BiBEOF = v RS v M RENBOBREROEL2BRIT2BHTH
h, kTR FEIEES (testing-environment function) EMERT EICT 3, i, FHA TR, RD
) RBEBE—FIELTEZS [6] ai(t) =ait (:>0,0>0). 2T, o(>0)(i=12,---) 3 &EH
DF v P FL Y MCET 25 A FBIEIRH (testing-environmental coefficient) TH Y, V7 + V2 7E
EERRBRCHEL52 2BEROEMNY 7 by 2 7THERERRICHT 2HRFRICS X 2ENELR
MEELET. B, JOBKL, (BHOF VI RAVIRECIDZY 7MY 2 THRERERKOEL
ZEBNICIET 2 L THEM»IOEALERTHE LEZI OGNS,

39, 1BHOF v R4 v FEECEL T NHPP 0 FSEEKE2EH T2, wE, 7R MEKH»S 1
BHODF 2V HRA VM REF TR OV 7 by 2 7HRESEAIZIN, Zhony 7 by = TiRERE
B0 <)) <Tyo< - <Tim ST CHBET B, 28, niR1BEHOF 2 VIRV P2RT,
DLE, 1BADF v P HRA Y I RERIBHDOY 7 b7 2 7HRENFRET 2  TORBEERTERER
Xo1 (b LK IE Sy1) DHERNA ¢ Ki(t) =Pr{S,,; <t} OREF  Ki(t) =1 - Ki1(t) BRD K HITHZ
ZTLMTES,

Pr{Sl,n,H > T — Zin, +t/a1}
Pr{Sl’m.,.l >T — zl,nl}

_exp[—{Mi(m1 +t/ou) — Mi(Z1,0,)}]

T exp[—{Mi(n) - Mi(z1,n,)}]

TIT, My(t) (= wKo(t) &, TAMEHEDS i BEOF = VO RA VT ETOERDT R FRifH te (0, 7]
FCICHREINBHE7 +—0V MO L {13 NHPP 05 EMEE2ET. R(G) &b, 1BEOF =Y

I_{l(t) = PI‘{SZ’I > t} =

(3)
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FA4 Y FEROEBDOT A MRH te (r, ] ETICHRRINZBHE7 +— 1L Pz,

My(t) = —logPr{S21 >t — 1} = —logKi(t — 1)
t—n

=M (n + ) ~ My(my). (6)

(23]

DEYICEHTES, ARICLT, i(i>2) BHOF VI RA Y MED S 1 BHDY 747 = PikERE
R S, DEERDHBIR K, (¢) 1, BEHICRO L I ICEHTEZ EBTE S,

PI‘{Si,l > t}

> Api+t E_:Ak,i + (Tiyn — Ti-1)
B ()

A; Ay

i—1

i—1
ZAk,i—l + (1 — Tiz1)

ZAk,i—l + (%in — Ti-1)
S e

Z 2T,
Ap = o Oky1 Tk — Th—1)s
Ak,i-l = ak'ak+1"'ai—-1(7'k —Tk—l), (8)
A; = 0p-a2ccQy,
A = @102 Q4.

THD, IN&ED, (i 22) BHOF =R ¥ MEDIERDOT A FRRI ¢ E TICERI N RHIRE7 +—
VB MG =2,3,--+) 13,

i -2
Z Apic1+{t—Tim1) ZAk,i—Q + (Tim1 — Ti—2)
M;(t) = My (k=1 A ) - M (k=1 i )» )
DEHICHHTES, ZI7T,
{ Apiz = ok 0pg1--04i-o(Th — Th—1), (10)
Ao = 01 Q2 Q2.

TH 5.
D EDERI»S, TAMSAt ETICF 2RV PRi(i=1,2,-- ) [EARELBEE2EEL -8
RRER7 4 —V M A®) IR,

[ A(t) = Mi(t) (0<t<m),
A2(t) = Mi(m)+ Ma(t) (11 <t< 1),

M1(71)'+ Ma(1e) + - + Mi_1(75-1) + Mi(t) (11)
D> Agior+(t—Timq)
L .= Ml(k=1 A1 ) (t>Ti—1)'

A (11) 25, BEEDOF = PR~ F 2EEL % NHPP 7L OFEMEERE, 1BEOF = v I8 4
YRS B Y 7 b = PSRRI Ko(t) b L < 13 NHPP OB M, (¢) 28ic 513
LK THETELZ L 5.

Alt) =< Ai(t)
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4 V7 b7 ERERENTE

AR TIE, ERRICBRINT— 1(t,y:) (i = 1,2, ,26; tog = 26 GBH) ,y26 = 34; 71 = 17,72 = 21)
BRGEHS, SEOETFY v I AICE TV SRCM OEERI2TT. ZIT, v &7 A MRt
TIERAINB 7+ — LV I EEET, £, ZOF—%IE, 3 Windows N\—¥a ¥V 7 b7 27DT
A FTRIIBVWTEONE 74—V FREBTF—2THY, BRIZNE2EOF 2y IRAVFRTFAFA
BOEELF A MEREDEE2{ToRATH 3.

R (1) DEH 5z oS EDETY v /BRI ED T, BERL SRGM 2HBET 5. FED
EFY SR AZ VT SRCM 28E T 3701013, 1 BBDF 2 v PRA v FRERCEIFSZY 7
Y x P HRERERE S EYICRET 2L ENH S, flXE, 1BEOF v IRA v PRERMICY 7 b
Y x P HRER ARSI NT A—F b ORI HIH) LIREL-LE, 1BBOF VIR VI RE
B2 17 3 NHPP O F4ERIE, 850 SRGM : Ay (t) = w{l —exp[-bt]} (a >0, b>0) [5] IZHE?
LIREIN, BRIWIC2EDF = v RA v FORELER L i5A 0O FHERERIS,

Ai(t) =w{l — exp[-bt]} (0<t<m),

At) = Ao(t) =wql—exp|—b(7+ t'ﬁl)” (n <t<m), (12)
As(t) =w —b(m + D‘—Z(”—_Tl)jt;fﬁ)]} (r2 < t),

aag

1 —exp

DEHICKDBIENTES, ficd, 1BEDF = v PR ¥V PRAERICY 7 b Y = 7 RERERMIAR
DIRTR—F (2,b) DH VR BFHE) LREL L E, 1BEOF = ¥ P R4 v FREERICEKIT 5 NHPP
DFHEMERE S RIE S F SRGM : Ay (t) = w{l — (1 + bt)exp[—bt]} (a >0, b>0) [8] ITHEH b DIRE
Xh, BREIC2EOF = v P84 v OBERER L LGEOPHERSI, RARIZLT,

As(t) = w {1 + (1 + bt) expl—bt]} O<t<m)
Ag(t) = w{l — (1 +b(r1 + 7)) exp[—b(m1 + 1)]} (11 <t < 1),
As(t) = w{l — (1 +b(r + 22 + t_T’)))exp[—b(Tl 4 ca(re=7)H(t-72) N}

ayoz D)

(2 < t).

A(t) = (13)

LEHIND,

AEHETIE, BIRLAEF—22AVT, R (13) IK&ENBENAFA—F2BABCEICTHEL, V7
FYx PEERETFEZTT. 7, R2i, #EINR (13) 0FHERKEZRYT, TIT, N7 X—
YHEMIZ, 2hEh, §=234.038 b=0172, & =0.669, ¥LUa;=0249ThH-r, K2kDb, #
FEINTRBBER 7 4+ — 0 P ROBRNEBSER T — 5 OFEBEITRVENSF 2 PR Y MiZBW
TEHLTVWB I Edbh s, 1, HEINAT R FVEERE,»S, F2v YRV MEOFBY 7 L
Y 7R ARSI F = v PR v PRICHERTHNIER > T3 bbb 35, Ri, K3
BIXUE 4z, 2hFh, HEEINLHEBE7 +— L MEEY 77 = 7EEERRORENZES 25
T 2T, HERE7A—LMRER, FEOFAMREAITBVLTY 7 b7 2 7THRICEET 2R0%
TA—NEEEEL, M) =E[N®)] =E[N(0)-Nt)]=w-AR) DI iLEZSNS, %7, V7
Y PEEEEKLIZ, BEOTAINEAtETY 7 b7 27BEFEINTVRE LLHIFRHEDOTT, 208
DORREXR (¢,t +z)(t >0,z 2 0) IKBWVT, V7 P = 7THESRELLVWHFANESHERL L TERIN,
NHPP O#EH» 5 Y 7 + 77 = PEEEEESK R(x | t) &, R(z|t) =exp[—{A{t+z)— A(t)}] ®& I ICHEH
XN, M3h5, FAMETRICEBLTY 7 by x 7ICBET 28I/ 7 + —L M M(26) 3811 0&
HETES, o, M4ads, BARBICBVWIFAMNIBLACRECTY 7 My o 7HERSN
Tw3 LRELEE, g DEBIBITSY 7 by = 7IEEE R(1.0| 26) 1389 0.977 L HEETE 3,

5 BbOHIC

AHETIE, V7 by 7HREREERICET AREZBOF 2 VPR v FTOEME T X FRIEEK
PRGWABSEET AL, V7MY 27 EEEREERICHELS I 3EROBEREIOELEZERL
7- SRCM #BET 2 - 00O A2 5272, ¥, BELE-EFY v IR ICE W TEEHZ SRGM
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ZREEL T, EHT—5 2RO EEEERFAID T L. SEBRLL7 7u—F T}, 7R MEEEKE
BATEILTFovORA v MRIBICB T 2HEREEDEREZR-MAT 2 2 L3TE, o, BEED
B ZRLI-BAKRETIETVOBEILBIUAS X — I DBRZ BRIV RCMA B LTS
5. GBI, FxUPRAVITOY 7 MY 27 EEERERBOEEZER L HEDEFTLEY 7
7 x TIEEME ISR CBE T 2 B 2 T s, REFHEOEMZRILL T BENDH 3,

& Xk

[1] C.Y. Huang, “Performance analysis of software reliability growth models with testing-effort and
change-point,” Journal of System and Software, Vol. 76, No. 2, pp. 181-194, 2005.

[2] S. Inoue and S. Yamada, “Software reliability measurement with change-point,” Proc. International
Conference on Quality and Reliability (ICQR 2007), pp. 170-175, 2007.

[3] S. Inoue and S. Yamada, “Optimal software release and change-point problems of software systems,”
Proc. of 16th ISSAT Intern. Conf. Reliab. Qual. Des., 2010, pp. 105-109.

[4] N. Langberg and N.D. Singpurwalla, “A unification of some software reliability models,” SIAM Journal
on Scientific Computing, Vol. 6, No. 3, pp. 781-790, 1985.

[5] J.D. Musa, D. Iannio, and K. Okumoto, Software Reliability : Measurement, Prediction, Application.
McGraw-Hill, New York, 1987.

[6] H. Okamura, T. Dohi, and S. Osaki, “A reliability assessment method for software products in oper-
ational phase? — Proposal of an accelerated life testing model,” (in Japanese), IEICE Transactions
on Fundamentals of Electronics, Communications and Computer Sciences, Vol. J83-A, No. 3, pp.
294-301, 2000.

[7] H. Pham, Software Reliability. Springer-Verlag, Singapore, 2000.

[8] S. Yamada and S. Osaki, “Software reliability growth modeling : Models and applications,” IEEF
Transaction on Software Engineering, Vol. SE-11, No. 12, pp. 1431-1437, 1985.

[9] M. Zhao, “Change-point problems in software and hardware reliability,” Communication in Statistics
— Theory and Method, Vol. 22, No. 3, pp. 757-768, 1993.

(10] F.Z. Zou, “A change-point perspective on the software failure process,” Software Testing, Verification
and Reliability, Vol. 13, No. 2, pp. 85-93, 2003.



40

=

3 35

[£9

(53

2

g L 1

[

5 f__/ P

5 20 y

2 15 ,///

Z

[ '.'.

2 10 /

= ’

2 A

: Actual —+—

5 Fitted ]

. d Upper Limit =

Lower Limit ~———-

0 ; ‘

0 5 10 " ” .

Testing Time (number of weeks)

132

2: HEXN-FHEBEKE 0% SEBR. (EFVB, 11 =17, 7 =21, and Ai(t) = w{l - (1 +

bt) exp[—bt|})
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3: WEINHERE7 4 —V M (n =17, 7, = 21, and A (t) = w{l — (1 + bt) exp[—bt]})
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4: BEINEY 7 LY 2 PEBEEEK (r =17, 72 = 21, and Ay(t) = w{l — (1 + bt) exp[—bt]})



