Journal of the Korean Institute of Industrial Engineers

Vol. 30, No. 4, pp. 261-266, December 2004.

24 % 258 2P

b
[

Egele] 54 £4|417)

Optimal Software Release Time Considering Maintenance

during Operation

Chin-Seung Lee' - [I-Yong Na’

+ Jung-Sik Hong3

- Chang-Hoon Lie'

'Department of Industrial Engineering, Seoul National University, Seoul, 151-742

2Agency for Defense Development, Daejeon, 305-600

3Depar‘tment of Industrial and Information Systems Engineering, Seoul National University of Technology, Seoul, 139-743

In this paper, the software reliability growth model which incorporates the periodic maintenance after the release
is proposed. Using the proposed model, the debugging and periodic maintenance cost subject to the required
level of the software reliability are investigated. An optimal software release time is derived for a fixed interval
of periodic maintenance. To validate the proposed model, release times obtained in this study are compared with
examples. The proposed investigation is expected to be served as one of factors in determining the release time

of the software where periodic maintenance is considered.
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Figure 1. Failure rate of software during testing and
operational phase.
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Figure 2. Failure rate function of software considering

maintenance.

LILE A o
iE«JIOH ﬂo} ) o}ﬂ Bs g8 s ﬂult‘&ﬂr(Musa
etal, 1987). %, TAA o1F x A7 5| ATE
3L A (¥ 2ol e HTh

R(ATD) =exp(—[m(T+x)—m(D]) (7

E ol A 24127 263

a8 AN i T+x) — m( DT LZE A(Hd 2
HZAXN [T, T+ x] APl AEgrol doh F, A(n9
[T, T+x] Al HolE st & o AFAL ofef o} o]
el 4= It Yang and Xie, 2000).

R(AT)=exp(—S) @®)
wEb] EA) & B4 E 18e BE 7 W) B9 AZE

ol o] A1=4L 2 (6)-(8)S ol &ahd thrt o] Fofxith

M+1 Tr+iL
;1( me—(i—l)L/ii( 2 dt)]

= exp[—L - (abe "% (J—)J 9)

—bL

ROWIT ) = exp[—

714 2
A7) ot

Al
,%A]—?%Qi—o— 71tE

min C(T p) (10)

w2 (10)Y HE F5-E 58] BA; AZE o] H)
2EHY QR FH EA T RS E EA T IFOZ RIS &
o] Fe g njg-2 ofgf o} o] A HL:

HIE = ( T+ WA &

A)) HE) + (A & WA ste 102 g EL I + (&
Al A HZE HE) + (24 F HZE HIG)

8959 A G2 74 WAL 0F 54 PISL 4
ZE g ofe /AL HIAE 7| 7to|u SA] & B 7] el A
SFE B o]& FHst= d Fas vjgolH, 71 Qe
o5l QFE Zrophd WA S (error detection rate) G-0 8
< w27 "ok AA o] A $ B s 1o = k&
A B8 AT E 7L EA] F AA ARE-S Sl o i
Agro 2 A of7|x = Hlgo|H, o] wf ALE- TA|o M ] 1FE
[e)

& <Figure 2>9] At 299 $H= 2 Foj Atk w3k vl A 1;_;
AA) gl HAE 1|89 ALo= 9 F uhAgo] G-0 B3

E01L 7146 83 Q7] el 4] Fol AHEA} el 271
2 Qo] H2E W8S A7) SASEE 4 A7 EYH
A2 AALA HBE HAE 1S 34 AFE 7RG
o}, ofoll A o] M & §4-2 £E 0 T 2o



264 Chin-Seung Lee - 1l-Yong Na -

— (Tt W

C(Tp=ca(l—e )+ c M

M+1 _ i
3 ZI Labe Mt 1>L>+C4TR+C5W (11)

HEOR IS R O(7,) o) Sl vl opi A vl g
(10 700 e G w2 2 o] 3; 2] o) ¢}
o] fojzith.

%(TTQ =cabe """ (12)

—b
% [eibW— CibL ( 11__:71;/)}4‘64
a-c(r -
dij(ﬂ[;?) 1ab22 bT g
x[_e*bW_F C?,bL (l_e—bL)] (13)

21 (13)°ll A cab’e “HTeypolB R, A (13)9] [] 9] &
Holrt 58] wak [ Jeke] A€ Wl o g5 )2
3L sk ol ok 22 HEjrh A - gk

Y

B2 _—wwy €L ]—e”

=i f(W) e + el (1_e_bL)1_
Bz 37} gl

z=my dfW) _ - cab’L

(O%‘) W =¢ bW{b+ﬁ}>o o]
ARt gEA A w)e Bx ST g5elth

W’ ol Aw) =0 WEAIE ghole} sk, (FE el

AR |
oa) et e AES A2 4 9l

s wyw AR 7‘1;;“) >0 7HAHSEE O(T )2
R

convex <o, j%g =07VEE T o= TLAM A4
S 7¥eth
-wmw1ﬂﬂ°4%£gﬁ«0ﬂ”%&#iCXTﬂ_

concave 34=0]1, ;‘%Q >07H BHIEE 7, =00lA
R
Aghs 2=t

4 014 Fold A F4ol S4L Aoinw A=
FRE AN T 0 B B2 37 3orolt(3H 42,
AoIA okt v E75 R A G4 5L 1o

Jung-Sik Hong - Chang-Hoon Lie

SAAN7IE Tl A uE S Ha

A ATEY)
2 A HHE BEATE 2N

&
2]
BEE SAATIE T,

AMNE 1438 W, 7Ly 730l AR 7% AA o
Folle 2ZEY O] Aol A A 47 o] wHEE 7] uE
o H&S Haglsle 7L FAE ke Zlo] FH o] &

kR E 7L TEERE HIEo] H A 7L A A Al
A Bkghs WEAI)A] Zor] Wil 7, Aol obd 7
NA7A 71Tk ok 271 7Fss) Atk webd HF A4
7] Ti& obe o} o] AR Hrh

T* = max(T%, T%) (14)

A7 7l B 7% A (9)-(13)= Sl A ofgf ek 2ol &
SEl=A
Tl — O,
-1 In fiW ,
c3Lab’( 1 — ) —cabe """
< 09
(e "—DmhR
7Q’?:*ibln{ abL(l—e"’W)0 (16)

4. A3 oA

A3 oA o] AFE-HE Hl°]E]= Goel and Okumoto(1979), Yang
and Xie(2000) 5olA AMEH AZE 0] 17 AR E o] &3}
Atk o] Az AZEF 0] HAE 77 5 Ao 2671
o] G AT AR FAE 0] 1o, o] i A5 ol ti gt
G-0 BH B2 o, pd HU & FHA = v 2o

a= 34, b= 0.00579

H] & Gl A ALEE v 83} AR E Be 71E9] Ao}
H 2 E 3}7] 98] Yang and Xle(ZOOO)Oﬂ A A E AL At
AL, AEA EAQE ¢, AFolle A F AZEY 0] 11
o2 Qg &4 M EHTs 2 A4S o, 24 F 19
AZFE HZE HIRQD ¢ 9 Agole AZES o] SAE <
St AMEALY] SV H2E HIES FAaATE 98-S S
HER o, B0 AA 2SS

C1:2007 C2:4007 C3:15007 C4:105 C5:15

W=400, R ,=0.7



Optimal Software Release Time Considering Maintenance during Operation

A F B S y)7h53 Y ) 919 BT o A
Edoj9 %Al 1 71& AR Hoktk o] dlAlellA 4 (15)9]
Uetd e w2 21470 HaL wy wol A-EtEE, v
8= convex ?}—’F—ﬂ Ht} <Figure 3>9] H AMo] £ =&
oA AAE 2F ] H g} Al hroltk HIE-S
Asglehe T2 5970] Ha, A4 se 0.7 TEAT S
7%, 8030] Btk w2t AH 2A417] 77, /= 8030] ®
o}, 3 o] m o] Hl-g-2 177470] 28 HT} wHH ), Yang and
Xie(2000)9] =M AAE ZA) o] BHFE nelsia] ¥
TEI(M=0, c;=0)= S 5= <Figure 3>l 3
Hog Yehd Fito|n, Hg SHME 71, =729, 23]
3 SN 7% =9330] Hof A SAA7I=9330] #
k. 223 o] wj o] H]-§-2 170522 YERdth

T A s RH EA] & R4S ayste Afole
ZA AR 1302 42 AAT HIE-2 69571 F7F8he
74& o]- /\ o] 01-_4 Nzﬂ OﬂxﬂoﬂfﬂElﬂ E/\H]Q_o]
7Po} A5 7 L AT
&0l 4008t o A AAste Aol W= Fast
= 7FAE 5 A Hok EFE =R M0 v g g
A7) @ 5ol] 2 o] QS askal QA FAE o] &
hs Aoz vl g gh A9 E 7%—% T »lﬂl Hrh. %
éa&ﬂgﬂ zﬂg. \:IL}}_}\];']LC_Z

S ZAAG A Ao} ujE ¢ %— %—ﬂ%o}

9 Qe g nus & 5 s A

=

9}
N

40002 A 22 O].oq u]g_o]

r o
off T o i I r1

el o

i we -
SLoof

rE n\‘
_l

%0,
Z

Hﬂ

)
(RO

rit

Ko

140000
120000
100000 |
30000 |
50000
40000
20000 |

o]

cost

release timg

1.0

265

<Table I>O|A & AZE ] HZ 7I7H ) & H & 87
AHA( RS Wistell e A ZAA]7]9 Hl&-9] W3lE
HoFa O‘E} RHZ 71709 Q7 AlEAgo] S71EE H 4
EAA7)E A L HE-& F71HEHS & =7
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Figure 3. The optimal software release time with cost and

reliability requirement.

Figure 4. The optimal software release time versus number of

maintenance.

oo 4 ake) Wsle] e H7 2414719 1§9) W5}
o thall ZAK Bottk AZEG 0} HAEES A)FE 1) 71
I YE LFY HE ANGTE AYHE 4 A AA oAzt
A ge H2E HolH R F49th A8 23 49 %2
AQatae oo Ad ZAn st 430595, 10, 20, 40, 80,
16022 WA A ek ofof ukE Arh= <Table 2>9} 2t}



266 o7

of¥

Table 2. ,Optimal release time and cost for 4

U

a 5 10 20 40 80 160

T 267 386 505 625 744 865

T% 472 592 711 831 951 1070
T% 472 592 711 831 951 1070
Cost | 8637 10836 14028 19227 28426 45618

<Table 2> KW ggto] 7 uf 7+ wfwich 44 A4
A2 AN 7e ZoAA ek 247 el g=50
M a= 160714 324 S7HE A= EskaL ANV
HH =7t SV SHAIRE, W8 S A= sHl o} B
< Hlgo] STkt mebM 27] @59 Bt e &4
] g F7MI71E ARTE W89 7t o B 9FE
e U,

goz aﬂwﬂwwéaﬂiw1ﬂﬂm%qﬁﬁ
°%

LN
ol
i
o
>
= gy
mlo
o
fa)
fa)
}\’
[a)
[
o
>
O
=
fa)
l—N & 1e,
O
_H
2
o =N
30 2
—Q S
O
O
N
>~
fu
&

Table 3. Optimal release time and cost for

b 0.002  0.004 0.008 0.016 0.032 0.064
Th | 841 723 490 306 187 114
T% | 2015 1117 598 317 172 96
T% | 2015 1117 598 317 187 114
Cost | 29818 23249 19298 12885 11379 10488

<Table 3>5 HW pto] S7H5tel whet 22 ZA)4)7] &

18 9] Hagho] Zasta Aok AT A} 24 Zo)
2ol E AL & 4 ATk T3 <Table 35914 5] H3ko] w}
B HH AN T8 WstE B p9 gho] A2 A9
= A=A skl el HF A AR o] ZFHAR o
grol AA™ HIE g7k H o7t He AR ol H2 24
AFlel ZRE o8] Aolle 3 A=A Aol 93]
2 A A o] ZRHYE Ade thE FS Kol ik

£794 - o]

o
e

o] lojA e H A G3E EA] o] F-2
DEEEEE NRPER-EE ISI
3o ny QAL WYY 4uES
(software reliability growth model) = &=
o2 stof G B A 2% &
lE A 'ttt AAE E’Fé«l E}
Oﬂiﬂe T3l 71E9] =l A 11]/\]54 5l
T Hok & %%4 Az 712
A g S aHPOEM, BT} 3
ASEERE HoIA 992 22 5 9l
3 59 Ao el F 5 92 A
1—5—% A )% B 77 B 0F
| 2E 34 U9 Tds Aoz
&A% 2417} B olFolE 2xES )]
Az, HAEY WRTE 24 BE A8
2ol 9 B L g AG Wt 9
A3 AT HAZE B4 o) F 87 wg

2 42 2 5 ok

o

[¢)

30
o

i 9
2
R
oXx,
o,
o3
b

(nt
=]
okt

of
o)
&
°

o2l
o to
N

= |

ﬁ
u\l 24
olN &y o

2

]

>

>,

osl m
mlo

H| 1l

)
o
2
)

X o
tlo

N
f=1

3
N,
Ho

tlo
é
i
> 2,
o
S

> o1 [‘-lu: ru>~
B
&2
%04
a’r

T oft
ozi

i 10

uE e

[ e

Ay
o o i,

é
o g, H

N
-
oZi

ol

]_

ol HJ{)N' NS
o
m
(o]

N ox, o

R
ofl

£
ﬁ‘:“i

—mﬂ*g
é“éfﬂ—ﬁ

SO

>
o

o X 2 > Rl Lok

Bl o = 0P w1

o,
L

F3 23

Goel, A. L. and Okumoto, K. (1979), Time dependent
error-detection rate model for software reliability and other
performance measures, [EEE Transactions on Reliability, 28,
206-211.

Kimura, M., Toyata, T. and Yamada, S. (1999), Economic
analysis of software release problems with warranty cost and
reliability requirement, Reliability Engineering and System
Safety, 66, 49-55.

Musa, J. D., lannino, A. and Okumoto, K. (1987), Software
reliability: measurement, prediction, application, McGraw-
Hill, New York.

Ross, S. M. (1997), Introduction to Probability Models,
Academic Press, San Diego.

Yamada, S. and Osaki, S. (1985), Cost-Reliability optimal release
policies for software systems,
Reliability, 34, 422-424.

Yang, B. and Xie, M. (2000), A study of operational and testing
reliability in software reliability analysis, Reliability Engineering
and System Safety, 70, 323-329.

Xie, M. and Hong, G. Y. (1999),
determination based on unbounded NHPP model, Computer
& Industrial Engineering, 37, 165-168.

IEEE  Transactions on

Software release time



