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The Comparative Study of the Warranty Cost Model for
Software Reliability Time Based on Extreme Value Distribution
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ABSTRACT

In this research, the process of developing software products to users in transfer by considering the warranty
period to determine the timing of the release period is a comparative study of models. For the results of
demonstration, exponential software reliability model increases the warranty period, the higher the initial period, but
shows almost a similar release. In contrast, the optimal release time of imperfect debugging software reliability model,
lower the initial warranty period, but the pattern is expected to rise slightly larger. The proposed model,
extreme value distribution model , pattern of the optimal release time gradually increase, have a form that can be
drawn. These research results through, warranty period and release the software developers understand the

relationship between the optimal time for software development by using advance information could do is feed.

I.M 8 2z ede] IAEL LnAEA 277 Sl Al
5 WEIPIE v A Az EY] AlE
szEge] sgoR Qg e Alzdle] 1% o] Eataxle] weh Alewrl we AT ket
& 2] Aol QA SAlS @ 5 = gl el ol2gol A slgEe] s ek alew
upehd Sz Ege] AlFEE o] fxede] A A%, vlE, A7) "elld] Axede] AFE
AVE tea] F28F Rof shed| sheth mE tigt eje] Farde] A|r|Ec)

# o] =2 2008 E A St skl ] 2|Lle) o] ATE S
* ha]-gojslar Akl 74 od 3-8 kim 1458 @nsu.ac kr)
= F L KICS2009-04-160, AUzl 120094 449 169, FHEI=HHda) 20099 69 59

623

www.dbpia.co.kr



241813 = %] °09-06 Vol. 34 No. 6

Az Ee] AU AAGA, Yz, ZH
aeja Had wAE AR o]z’ #AAE AR
F azESo] AFS WESH ==t WEe] Sl
WHAER] 92 ko] vehdohH o7&l gk
¥4 B]&(Maintenance cost)= Z7| F7} & Zlo
o} A=, axEge] Alxg AFS Bl S
ARSALNA W71 A7) AR wig- F83F AR
o] Hck olzigt AT ESe] WEA|Tlol| itk AT

2 dl¥-E #3 % NHPP(Non-Homogeneous
Poisson Process) =32 AM&-s}ich
o) ol W T} ol
AT AnES ARy Yang¥ Xie = 22 EY)
o Yrinsdol] el o H El~E AlF %o tis)
o] ¢173}%1 3. Tal 2} McCollin,, Ben Dell”-2- 4
ZESo] AEE o83 FAAR] 7FeR FHA
2B 7|5l tiste] =2l 2w Popstojanova2}
Trivedi®l = 2z E9o] A 2de] Wiy Al=e H7}
2o ozt P24 FUe AFsisichk a2 o]
213t f3Nfinite) 24 NHPP L3> AT E o7}
gie] mAe] glar A AA DA E A=
o] WA berhe PS8 mEe|th o
vt AA a3 AA AR 2R age] W
A3 5 oodek FHZel oleh R EAel digh
A= Huang'z}h 21846 o)a) dps|a glrk
olg|gt AT olFe A ®W3U|ZE EAlel g
A% 3% +=H, Yamada®l Kimura, Terane,
Osaki. & 2lo]Z »jolF -z o A4S 83t
Az ESe] A WErAll tig AFE A&
37 Prince Williams®} Vivekanandan”-& #<l-8-S
7 Az ESe] Al wel] gk A7]7le)| o] FoiA]
= BE ulguge disle] 7= Pham®e
o] o]z xleo]F  HdE|(penalty) H]-E-ol
gk Bobdstk o] A4S vl Az ESe] H
% AE B3 diste] A=k

weta] B Aelas ofr] B FellA] R
ozt F2 FHARE g AMEEE BE S#

e A8 fkwd NHPP 23E o|g3le]

[t

|

l

£ o 7

o:
Z

2 AEns dsle] okl 34l
St vl mael vislel Al aas) saelA
£ 27k $AA dle) o A el slsiek

624

I. ZoT

2.1 S8tz NHPP
NHPP E&of|x] 3k &4 m(t)(Mean value
function)®} 7} ¥4(Intensity function) A(t) & th
[}

S5 e WA EAF 5 oo v

mn=[Awas, M ye)

w2hr] M) = B m(t) & 7R Fols g 1w g
S¥Probability density function; Pdf)& i4 itk 2

(e -
n!

P{N(t)=n}= , n=0,1,2,...c0 (2)
72 %% (Time domain models) &<

NHPPol| 9Jsi+ && v Aoz M| 7ls3ich

olglgt RIS 3 A% 5 @) 7} thEA 8

Hozx Hagk 5 m(t) = FA] bl2A e

o]21d} NHPP RE5S & g

AR BRIl 438k 34 NHPP R ES i

7

gk HlAE AZbo]  Foix]H A E(Faults)S]

m(t)= —In(1—F(t)) @)
At)=m ()= f(t)/(1—F(¢)) o)

A7 (0,¢] 7] 2A8P7] 218k A7 Ae(Time truncated)
23 WA 7] A3 A AwE

k
2= Yt (k=12-n;0<z <z, <-<z,) (6)
i=1

www.dbpia.co.kr



wR I RE EAL A AxEge] A4 1Z v 3 vl T
ofgfa 3L 05 Bygzleleta s = = o 717ke] AAgolal AZE ] H2F o]Fo] HZE
33} o] el qIep Ao} AFQA] o FolAE A T ¥ 5

et £ ATl ARAAe] o] FolAw S
L 010 = T[22 | 0= pie) T Q79 oz A sk,
i=1 i
. A 0, (1L et o] A & 4 e
:(Hml) (1-F(z,)) ©) / e A
i=1
_IT —mlz,) T+17,
’(LJ(“"))B C, (D =c, f L A (10)
=2H| =205
iafj lo%no EICESAE 3w rxe & 7, REESC] BS7]R
s 11101- ek B]L-S =AF A & w A= L wa e AR P 5 v
doi Fmfjo]Fol] dojr}i= u]E-9l RZFH]-8(Warranty
cost) = aesfor P oleidt B W g-E A 2.3 QF A2z} FMUEAIN

E9o] BEA]e oJEaA Hv] 23 13} o]
A o

il

B odeA AREEE AZEYY] fA H[E 2
59| WA chewt e Aoz AR
a
WO(T) =g+ [ e i+, (D) @®)
0
b wo(n): 2ZES] & 7G4 vl4
R E I R EICESC T =)
¢ S8 AZHE H2E w4
T REEAMIEANGII 3 28 AR
a: F AZEC] vlgel tig deE

[e]

@26l Q= ¢, (N WE7IE FA 4L
Sledl oAe 214 A9 T 5
HZE717}o] AT E]

mEg)o] A4 o FoiA]A) ke

bt

Reliability
Growth
Constant
AT
. |
T T+ T

w

3% 1. B3 7|7kl gt Lz Ege] A d"
Fig. 1. Software reliability growth pattern during the
warranty period
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Table 1. Release time of exponential software reliability

model

T,/c,| 1 5 10 | 20 | 30 40
1 263.37 | 209.72 | 186.61 | 163.51 | 149.99 | 140.40
5 77.58 85.17 89.07 | 93.47 | 96.35 98.55
10 118.32 | 11521 | 113.72 | 112.11 | 111.10 | 110.35
20 104.25 | 105.14 | 105.58 | 106.05 | 106.35 | 106.58
30 108.47 | 108.19 | 108.05 | 107.90 | 107.81 | 107.74
40 107.15 | 107.24 | 107.28 | 107.33 | 107.36 | 107.38
50 107.56 | 107.53 | 107.52 | 107.50 | 107.50 | 107.49
100 107.43 | 107.44 | 107.44 | 107.45| 107.45 | 107.45

wo] it

Table 2. Release time of imperfect debugging software
reliability phenomenon model

T,/c, | 1 5 10 20 | 30 40
1| 2797 | 10930 | 139.29 | 117.13| 90.09 | 64.52
5| 10451]170.28 | 158.99 | 12297 | 9227 | 65.61
10| 13740 | 182.54 | 16201 | 123.80 | 9257 | 65.76
20 | 170.17[191.96 | 164.19 | 12439 | 92.78 | 65.86
30 | 189.24 | 196.58 | 165.22 | 124.66 | 92.88 | 6591
40 | 20270 | 199.54 | 165.86 | 124.83 | 92.94 | 65.94
S0 | 213.09 | 201.69 | 166.32 | 124.95| 92.99 | 65.96
100 | 244.92 | 207.59 | 167.56 | 125.28 | 93.10 | 66.02

wgol] ojgk WEA
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Table 3. Release time of Extreme value distribution

T,/c, | 1 5 10 20 | 30 | 40
1 4.18 57.83 80.93 104.04 | 117.55 | 127.14
5 6.85 60.49 | 83.60 | 106.70 | 120.22 | 129.81
10 10.18 63.83 86.93 110.04 | 123.55 | 133.14
20 16.85 70.49 | 93.60 | 116.70 | 130.22 | 139.81
30 23.51 77.16 | 100.26 | 123.37 | 136.89 | 146.47
40 30.18 83.83 | 106.93 | 130.04 | 143.55| 153.14
50 36.85 90.49 | 113.60 | 136.70 | 150.22 | 159.81
100 70.18 | 123.83 | 146.93 | 170.04 | 183.55| 193.14
3 13 3 200 oF¢ 258} LxESe] A=A

il a2 o

H H]8(q)el

HWEA| 7S S8k oS 4 itk

iz °d—‘:r'-*]7&(M15510n tlme)rzloiﬂr e A7
¢=10, A $F R=095 & W
3l HA WEA7e goksl Ue-e I 4ol Jehlglch
| FelA Al=l=E -1—345} HL%*V} Tpoll E5kgt o
EQo] Al e odgks 7] HaA|wt

o

w7 sxE.

627

www.dbpia.co.kr



241813 = %] °09-06 Vol. 34 No. 6

E 4. 4 2yl Uiy HASAZ AL ¢ =10, £=10)
Table 4. Calculation for optimal release time of each model

T, TC TOPl TC TOP2 T(‘ TOP3

1 186.61 | 186.61 | 139.29 | 139.29 | 80.93 89.34

5 89.07 | 136.18 | 158.99 | 158.99 | 83.60 89.34

10 113.72 | 136.18 | 162.01 | 162.01 86.93 89.34

20 105.58 | 136.18 | 164.19 | 164.19 | 93.60 93.60

30 108.05 | 136.18 | 165.22 | 165.22 | 100.26 | 100.26

40 107.28 | 136.18 | 165.86 | 165.86 | 106.93 | 106.93

50 107.52 | 136.18 | 166.32 | 166.32 | 113.60 | 113.60

100 | 107.44 | 136.18 | 167.56 | 167.56 | 146.93 | 146.93
Ty 136.18 87.81 89.34

(5 T'pp; : Exponential software reliability model
T'ppo - Imperfect debugging software reliability model
Tops : Extreme value distribution model )
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Fig. 2. Comparative of optimal release time of each model
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