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ABSTRACT

Recently, Software Development was applied to new-approach methods as a various form : client-server system and
web-programing, object-orient concept, distributed development with a network environments. On the other hand, it be
concerned about the distributed development technology and increasing of object-oriented methodology. These technology
is spread out the software quality and improve of software production, reduction of the software develop working. Futures,
we considered about the distributed software development technique with a many workstation. In this paper, we discussed
optimal release problems based on a stochastic differential equation model for a distributed Software development environments.
In the past, the software reliability applied to quality a rough guess with a software development process and approach
by the estimation of reliability for a test progress. But, in this paper, we decided to optimal release times two method:
first, SRGM with an error counting model in fault detection phase by NHPP. Second, fault detection is change of continuous
random variable by SDE(stochastic differential equation). Here, we decide to optimal release time as a minimum cost
form the detected failure data and debugging fault data during the system test phase and operational phase. Especially,

we discussed to limitation of reliability considering of total software cost probability distribution.

* FEAAFEAIAT] BeNAIE 7€ (jkilee @etrire k),  ** &=FAxE41979] BcNAIE] 7144 (ssnam @etri.re.kr)
= E D KICS2006-02-059, AUzl 20064 29 29, FHE=4 A=l 20061d 79 10

649

www.dbpia.co.kr



g5l 8 3] =E4] °06-7 Vol31 No.7A

I.ME2

= Ansh ASlelde] FFEALES e
ofel A gl glom, Asle] FA Fag
shel sleh oha walk e Al slol
Eeflo] Hohe 71&EAle] A1Molt 14l
= ] Hjebd o & katElglon] T Al
o] HRE WAL srEgle] Al
o) Asbh FAAE ek wR Szl
TR 53] AL o wm SRSl welsl
dltusbh Sl Age] sheut oleld A e
oqg],yﬂ oH;(Jo Z]—O]jo sg—g].__tﬂ 0101/11 7HHL =z
o W2 AZELY] fault(®EE failure) 2h E2l&
Z3H(defect)o vt 2Ferror)7} )5l ok o]
3 faultel] oJ3 AYE= AL EO] Abo] FW
35 Sl AREAlelA] B2 S Far el w
2hiis eliel vlekel eje] Fof Alas do|
= A% Sl ol RS Eole W a2
Edele] iy 54 549 AES wole
ZESo] S Fehke Aol v Fosheh A
B Az=gle] 3 AlEskE wAsgh EAlel ohsiA
T TR sl AxESefe] 3 Al
Ad7|Er axede] ARAS A on Frtst
2L EAE e or sk SRl
—‘—ET'l %"?fPD‘r.'”

2z ES sk °]f?} 51742 client/server A
2dout S zwoeul, AR s, dEY=
el o3k Ak A % *Hi—ﬁr ks ﬁéﬂlﬂ o}
FA AHgEa glehP , 22 357 d
Eule] Hgah A ESe] %*&711%01] 2§ 7)ol
FE7] AERlsia AR de] FEla gk o]
7]%@] 3]3}] 7H1:1L z]—o%a]:g] \;H:TL. 7]—/\ _/]\__L_'I:—_:__?,]]
of ¥4 E—é A Ndel SeiskERE AR A
%’4%}71] e R ==t LB L
—% °o]-83F EAPNe] o] vl
g} _7‘{;] ] ul-21 /\_LEO]01 /K]/‘\E—ﬂoﬂ
hs

o,
mlo

o rof' il
U
=

ENE’EEJL r‘lﬂ:
e ¢ 7
Trfoi
off ol
i1 L

o?.:

rlr

_4

?‘{ %IOH AR 3%
s /\154—5],__ Lz Eo] At zbedeF gl
45 STl Wil glck ofell RbelA A,
Wl et o 04745}4 ool BjEt TAL

ezt 4 A% b B ols) A

AmEge] Axgle] Al Hrlel
o] &= 2 spEnge Azte] Fad

Xﬂﬂ =it

= g
e
N
==
L
)
r:]_‘

@ AP AR
D x]% e Adska AzEl AA) Fgom
1 S8EA FARE AN L A7
A pmege] Asde) Wit A AES P
se] A6 AputelAle] Aol mhel,
Rl oleldt B4k smEse] A
sl e S viEags) e g
amegel 4 wEEAE chEch oA el
% ARRA F2A A g9 027 9]
@ H4 A7l F soedel wlge Hiw s
AR Fohe RAE =R 9] 24 wEy
Al mEde] nlgel JAE Haw sk
R e
of Mge BEUGE soredlel AU
ofet WEA] A E oo A 3
A2 Sk HAA WA AHTRE mEeh
o Siek olell Sla) dmegle] wlge] Alwr
of FMke E HA EAS] W F A smey

of nl-g2] A WS Flsk= Ao] 7besik

_
m i)
<
>
O:
3
Jo

I, EAHEEERA0 CHet ATE0] A=A BT}

B AP Al @ 2mesel A
EAL AARF7]4(00T : object oriented technol-
ogy)ell 2lgt fxEfel FEsPF A=A ik
olHgt AxESY] FE3hs A Ed] A= %
T3l 2§k Aolgo] Thsdkar w o] ]zl 23
N zieFe] diFE AREEAG Lz Ede] F4
2 A R adpt St He S 71HE
gl

AR g o] didte] He Az ESe] AlE]
o) diual At Asdel EFL Y S
F oloje] FHuh A"l Wide] FALATE ue
7B A Az Ede] HEEZ] *Liz—}*q“o] =
EAls Sol slem Azl AZwAI
fault®] Aol mjoto] o)l

Aol 2z ESe] s ZRA| 2 27 E3)
F49) sjejel} A9 AEgelo] o A A
7Ve 3k Al (approach)ell 2]3l Az Eg o

Clot

www.dbpia.co.kr



A amese] Aol B S vl WA v

mg
r«ln

nlo

< o143t Hd WE £

o 1A WA AL Bk Al o8 BHE £
ARoz sl uho] ALt oledr U=
o] LxESe] e AARP(SRGM:  Software
Reliability Growth Model)o] Zxjs}glc}l 2

B} RS ke R 3 AT EYe] AlEn
Adrdmedol| tisled ol EAIRE WAF /RS &
3 A& stAlel| 23 fault AIS Al 25l
FF=l= PlEAFE 5 (NHPP : Non-Homogeneous
Poisson Process)ell 2J&F SRGM3} o] fault 27314
S odexlon wITsl= sEaxe] ndslwl 3E
u] 32 B AI(SDE : Stochastic Differential Equation)™
o 2]3 SRGMS- Alekglch

(1) 24k 7ol ©gk NHPPel 7122
SRGM"™ - NHPP =l

H(t)=

EP(lfe’b’ +E P 1= (4b,, p)e (1)

71 H ()= APAZE oo A, A F
fault 5] 7|HHA& EAZHCL

a= A8 A2F Aol ZAlE 9= E= 7] fault
FE h(1=123,..n+tm)S A HAEJE gt

u
22 fault 1709 fault 4SS FAgE} 3k

A=
b
=
o
~
T
—
N
w
5
+
S
rlo
R
B
ol

2

2R A T G R e A G E A
Fw, ARt AF B Sel 9IS T Aol
zﬂ—r,}_

7] vhpe) mmegel Als)w Agwde] Aok
AE-2 AA] Az Ee] AP Aol
A 2o drEa A =tk aFelM=
NHPPol| ¢JgF mule mulo] 71AX e] =y -84

o] o} Thre] QlFApel Slaf @Ik

Ag F9EE FA

=

o] o
slom, o] mx

(2) 34k 7ol sk SDE] ¢]g SRGM!
- SDE =d

teie} A A E fault
2 oulsiel, 4] @ ZAE ehlieh =3 m,

AFAEE zhfelal e & 7|9 fault 52

b(1=1,2,3,...n+m)& 1A HEIE]] gk 2k
fault 1709 fault "HEES Il Bl=1.23,
...... n+m)S A AZIES Wik =8 oA <

U
a4 7t amedle] AmES] T, Ael A

=

g E Toll 43S = AlFel I T8EE X%
Algke) xdE o MAARSS] 2|2 BAEHE A
5 Fefulgo]c)

I712] NHPP =& AjgciAlel] 23 fault
7 HA4S oA EcERD 22 FFskdrl oA
s A Az Ede] A|AHle] 1x100 FT 3
5 oAk diffmal 9= A=A WEE fault
ol thggk =7]e el 7+ Qe oA 2
4, AAS E3) fault 529 W3R A8 £871

Al Al 2/]gE F faultol] wlHEsle] FH3]

e Aoz yHsdc) o]zgk 7ol fault A
e o gl dEHez WEHE H4L wd

e A= AR 7hsd ez stk
A1) 2 @l o8 71s 27he] mde it
WS ddem slo] 71Ee] HEKET} 0,
A AEREZE mohE o8-8k A5 7
Shar olvh 53] 2 meld 3] AjkEl Az e
ARe At wE)  FE sl
1’,(11172737 ------ n+m)el & tﬂ%f’ A3 A=
ARE] S-A8 AATAIA] T fault 5
ﬁhSH JJf‘*‘HﬁPﬂ Jql*d° 45}% T e A
ARk A=A 7t
Azl zz%] 758l ‘EEZ*J,E Fejzlel] 23|

il

HMI weh Hae ¥t

gl iR e Al W7 el

B Rl Bk ARe] Wik smesel
AL Ao o7 Pﬁ}iﬂl AelA Uﬂ—r A

i)
=
rd
X
e

o] 7] 2HE £ =FE SDE RS 8 Al
ol °f3t fault WIS APHoR 2Ho] The
g mels wsgiey 53], Algeh 2 szEs)
ol] 8= wl8ol & xEge] ulge] 3
FHSE ohio] & AxESe] vlS 2 A wiE
A71e) EAA AlEpatel] ojd EA HEIE o8
g F £EESe] wES i s A wEA

www.dbpia.co.kr



gH-5A18k3] =] °06-7 Vol.31 No.7A

78] 4 $A% ol gate] msivh

M. 2ZEY0| =H i ZX|

=
>
o
oL
r

ut
_-LQ

lol AlES WEsl=el SlelA
Fel7|&e] dQslch 53], &
Aol HF "Rl Al
Addstolof sbr wizsl F4
Ayl ol" Aol FuE=
A ellAd= Al ] ARGl oJ3h g Re] o]y

ON <t

°1‘Jr *lf’* =2 "‘°ﬂ «bﬂ WH]MM AAE A
Zrell A Az o] AlRFA o3 A Al
HAE élf‘fd‘H A= X“VH Al§E At
oo} dl=ul AZEe] AFAS A F|E Ao

Aol 8w Bgolut Ade] WS H]ge] &
ok oolZel sl A1§nlE-e JAE H?'SH e T8
g AlES g fZEe] AES Il wiE
alar o] A3l Lz Ego] e ZJ’% fault7} S7HA
AxESe] F3} F fAIHS H|Eo] TR =
t} 7|4 AlFAI3} ¥]E-9] trade-off TAE 7]
gl AZESOE E31 o vk SHE 3e
dof gt o]’ Y} AA TAE LZESY] F
| w3 +Al(optimal software release problem)z}
2 Fhcp U

b o2 PEuANAY] fault A RIS
= AES v AFFA 23 Hpu|ge
13 =k opA] Hella] S ESe] A i ELA|
| el Aldad 2 8=A -43} A B u]
S sl F amESe] HE-S 4w ks
g W EAZS T S 5—’34“6]";}[17 el

I A R B L = o RS HE S
ZEo] A 2glef tigh v]g 7} 7EE AxE
9ol H-E(component)ol] 2lsle] H|E- B.‘?l—%
Hel & AZELe] v]E-S Afsl oA F
3t s FHA wiEAPVIE AAShs EAll el
gt

!

L

T

fz_z

o

N

3]

FF P K

3.1 &ZEL|of I8

2 AHelM e 27el4] =2]3k SDE s Al43}
of b /sl axESe] A AR s
8%t 3 cl= AR 2 28sAle] wlg 8
A& Aed F AzESY] HES PhlEeR

slo] Ao ZIpAV|E A
VU_‘Z%]"E_‘ ll:.%]—r;].

% X ELe] v8-S skl gloiA ok
o] sfeolelE Pelae

Aape = wlEA)

- definition of parameters
o, AERE o] HAA] osf HHE fault
17H 240]8-(c,, >0)

6 s AEIE io] WA W) A7 4
| AI§HEe, >0)

55 Aol osl] HAE fault 10 4
H]-8-(c,, >0)

Ced ARl e

c .

G

. sem A g
(&, >0)

c -8 3 WA fault VY AQEHE FAHE

T H]%(%a >0, > €550, >Clc)

3¢

oJ7|A ZF ABA~He 23t 4 WA fault 5
dlolele] A At oa] olefell ‘AIRE
NHPP =wle] 2J3k x]4=3] SRGM"* '3} =] s-
213 SRGM!'IS- o] g3to] Al=)A] Hrhygel A8-2
Agrspeict”

*24¥ SRGM
H () =all—e ") (a,b>0) 3)
+ 24 S-#¥ SRGM

Hy(t) =a{1—(1+0t)e "} a,b>0) @)

o714 H (t) 29 H(t)= NHPP el <] 3
2] PR *]7 T7HO,t) el S AR 7]
A fault 5 FARNE =3 o 2 oo AE A
A At gle 2 1Y fault 5 2 fault WHAS
AR A4 FEbrlgo)t
g 7ZF Az Ee] Fjt AlgEA A|de] o
gl 23] oAH® Al7el| 8o] ErlFsdt o] W
Al ARl el penalty(BAh) = w3 2
QAdo] glom whA A3 (unit test) TEAFo] E3F

]54(integration test) 7NAIA1ZFS- i»]—ﬁ}-c A=
penalty V]85 sz AX Ejslejof g} o
714 A pEEgele] FRt qfrel] oEshe
j\t & Eleo} sk=n} olu].;dvi 7+ AL EL ]
AxXIES] A A gt 2de] zls)ge

o

www.dbpia.co.kr



=] H
= Ak

o7 =7}

ek elel G penalys A% 6
£3 ot A7

S Ao spgaelol Gtk w
AFe] o] 848 w#dF A3}, 7 W] E(component)
i(i=1,2,3,...... n+m)e AP 2 e EIAY
2ol Folwl AAA7H, 1)) PIF penalty
16 =5 oflie} 2ol A3} 3k

T

(t;i—tq)

_ G {e 1}(ti >t,)

o @4 =ty)

¢

H(t)= i3 ZEdEe] el 485 NHPPel
olgt A]4+3 SRGMHE] A4l S-%3 SRGM]
73] @42 7}l o)l o8] = AT ESC]

Cost(N,(t,),t,) = @)
q (t1 ) + Clr]v(-‘ (tr) + chtc + CZiC{WLO - ]v(-‘(tr)}

2 A3 Hok o714 = FEAE DAl o’

Al@AS ®A18EE N )= el dletelE
2 st(N(t,)t,)= FEHFE ARECE A (DS
HEshd

Cost (V. =

n+m

Dot~

i 1

((”Sz‘ (‘) z‘( )J””n‘%c (3
7 "ot o714 N(t) o] EEZFSTE A (2)2] SDE

c\e

P, [N,v(t( ) = n] =
m n _ n _
@({log 1 +log[ZP/e b 4o EP”J”(l b4 t)e l”""”/
= =1

o) ©)

Pa)=—— [ (fc—z)d 10

x = e C (10)
el 2] @)l 2

N(,(t,,)={"§]m0,( 1)+ eyt + mocs — Cost (N, } (11)

o "k A} 9)ell A (1)=& whsiste] ¥ ) o

C=—nle;,—c;,) + (e t, +myey,) (12)
o} cost(N,(t,),t,)2] BETTE

P [Cost(N,(t,),t,) < Cl=

ntm
1-— (P({log{mo(%cf ci.) { ( Z Ci(t,) + ot +mcy,

&

}/a Vi) a3

log[i)Pie +2Pn+] 1+bn+]c
i=1

7} Ec} 3, F 7 AT EY] B4 A (7)
o] 7IAE B3l A (142 m3ck
ElCost (N, i t,)+ e EIN ()] +
C‘Z('t(' + C‘&c{7nl] - E[]VL (tc)] } (14)

3.2 ~Z=ESQ|0] HIZ<| AEHDH'—P Z|MHE A7 |

el Az Ee] v8-E EE HER F
a3to] wl-ge] B-¥3p(cost distribution function)2]
Zrel (170 010)/27} F= B8 23E] (1+0.01a)/2
M| B8 Fekal Az ESC] vlEe] % Ak
Fote Aol sbselch o] FhE  AmEdle] vlg
2] a% AlZ| 77 Kconfidence interval)o]2} g} o97]
Al azEe]d] o% AlE|TFIR AR C,(t,)

9 G )= AL o) F 7 EAe

ntm
O, Z
{mo(ag( Cye /exp[ Vieo (%*

)+ Cyt, +mycy. +

Ms

Pe "+ ZP”U 140, f.)- 71[”” (15)

1

log{

653

www.dbpia.co.kr



F=EA3) =4 067 Vol.31 NoJA

ntm
Z )+ ot + mocy. +

{mg(cg( Cie /cxp[ Vio 1(%—

log{iﬂeibﬂ + iP”H(l + b,,+lt(:).e7[]”"f‘} )] } (16)
i=1 i=1

o] ¥tk = ohg HA wlEAE =3hd A )
FALS sk e A 149 F 1 &
ZEYo] v]ES HirR = A ¢ =7TF T3
! oAtk

B el a% AR o) 9t
OE HAxZ ke AL & (t.=1, % t,=1))

S Tk o% AlFTAEl tHEA FHA Hﬂix]ﬂsq

w91 b "ok o714 1= )5 HER
ke A 72 G ) E AR e *PME}.

r_‘)‘i" N[o
e =y

LN

V. &8 Y g 24

A ARA
(_—lal 1 IS 283

Alghell s AZE dlolE]
E 2]e] elE ®sich o]
off ¥A%l —’FZ] o= AA = Z2AE dlofE
o oJgk Zlo|H, %l Al=ge] 8 S Ede] A
FUES 3k 4 uby Hake
2= /‘}%—% dlolE= B4 A %7§°ﬂ 2
A AE rzegoima = AFRsl 1,680
o glel gtreld, H¥xUEE AN n=68) 2
No. of Faults

Cummulative Faults of Versions
500

300

00000

150 02000

P
a0

10 30 50 70
O 1. A28 AA ] fault FHASA)

50

weeks

E 1. 2ZEY] T8 FxIEY fault HAEH)

(&1 : 2D
detection_faults

components 39 19 59 6a 7a
dynamic_routing (15) 15 - - - -
fwd_plane (32) 13 4 13 3 -
sw_test(21) 1 4 10 6 -
embedded_sw(30) 15 - 3 6 4
u_code(13) 3 4 - 5 1
654

71 R m=99)% & WA, F-8F 67%)%
167709 xxege] Axden TR oy 4=
E9lo] Azele] AR IE S35 Zoldh o
AN AR 1= 34 B817F Fweekyol

) el e el g
A=A 7E 715 2 370 FREe = QSS(QoS
Switching System)«] A J‘J_rE] ]i’:Eé](bug track-
ing system 2.2 AM-5)Ql ECR(Engineering Change
Request) ZHE] o|-& 7153t 73 Ho|HE oL,
Al=g] Aol QS F= 2dS skt S
ofefet o] =A 37) o' Fslich

(1) HEQEC] 3L fault F 2 C(severity)
(2)fault <=%](3l7d)*Hassign to ~)
(3)fault Reporter

4.1 M= B} of
A7) dlelel s Aga

sz ofefe} et

1 slelleel 24 2

my= 664.236,b= 0.0261,b= 0.015,0= 0.045,b, , ;= 0.0205

Estimated cumulative remaining faults

700
— data |
— data 2

600

500

| model idata 1

s
&
=

remaining faults

) w
=) =}
=] =]
L

hapheit mode -idata 2 D
1m0
0
n m w4 m@m  & m  m
test time
Distribution of ECR
=7 15% @current
mEoS
T alPve
aLzvPN
215 mF Fel
1096 BMNCP/SNMP
0% 14%, | Other

60

Mo, of ECR(CUMmUIative)

www.dbpia.co.kr



WAl A 2FE vl A 2EE o841 HA wE A

E P, ;=082 & H-&3isict

i=1 ji=1

o714 FAE AE fault 9 B AR
mj(\tr)(:nzofNr(tp Z I3 20 FAEIcE =
9 29] ofelsh e 7 AxEdle] 4 v

:17_7(]— H __,L__Q], Hlxﬂ;g]*g g_/\]ts]-\:}

o] el 2]3pH
TAR-F = A 759l EoS(Ethernet over Sonet)
153} IPv6, Z7] QoS Switching System(QSS)<]

SRS PR

N

5% Routing/Packet Forwarding 7|5
(Current) ol W2 373} WAo] 7R 2L 9l
< dlofe] #AAF Wik
Hiell A% H8(F. Reh= & WA=
Ao <F 10% HEE A3k ik
wgl, Al Hrhe] & o2 szESe] 37k
Az 548 238 783 Hd A A

A7t ZFA(MTBF: mean time between software
(e}

failures)2] # ol 2|3 <=7} MTBF(instantaneous
210 Estimated instantious fault rate
45 T
i — exponential
4 | . S-Shaphed
35 \ :

ra
o w
I SR

software faults
X}
I

\ iponenti

15
1
s R e
"‘“‘\E_:___S_ haphed fodel
o 1 1 | — e =
i 0 20 an 40 il il 7n Eil

test time(weeks)

Curmulative fault rate
T T T

— exponential
--{ — S5-Shaphed

E 26 - epprential -
Sl
T ] ) SETREy R R S SRR SRR B
L e N 4
hanh
10f--- e AT R g
do \\ S |
0 ; i ; ; i i i
1} 10 20 30 40 50 60 70 &0
test timefweeks)

- — S
a3 3. FAHE Az EC fault HAE (4 £7PEA
2 3. - =
& AHEAE)

MTBF, MIBF)S} A@7HA] =
MTBF(cumulative MTBF, MTBF,)+& ] (17), (18)
o o3 ZApdow gt

AR

MIBF,(t,) = ——~ o a7n

H d’t’,, ]
MTBE.(t,) fe 18
[TBF, BIAG) 18)
T axede] faulte] 4 2 w3F AES
a5 3o, A (17) 2 18)l o8| 3% MTBF
o} 74 fault MY e O 40 2 A8

ik

ad 30248 AlF Alwe] 3 2k MTBF
! 74 MTBFe| o] s7ke= Ze deld +
ok ohA] EEiA Az Ede] AlsmAate
A& A& T3 o 5 ook el AR
oA WAEE fault Hlo]E]E #-83le] 27 2l
AL, FAT 54 3 delEe a1 49 Ak
(23 49 ollEh %ol oiEh data 1, 2+ ex-

32 N

4
)

als

ponential ¥ S-shaped model®] F%*|<])
w10? Estimated cumulative MTEF

—— exponential
S-Shaphed

- BShaphed-modek-4--

Mean time between software faults

Il
i 0 20 30 40 50 60 70 80
test time(wesks)

curnulative faults(exponential & s-shaphed model)
600 T T T T T T
: : : : — data1 H
——  shape-preseming
| quadratic H
— data2

detection faults

655

www.dbpia.co.kr



T8 5. AFE[ROIFHAG: A, 3
S-ZF[23} Gamma 2H))

T NHPP(Non-Homogeneous Poisson Process)
Beleie] pxede] A=A il o3t AwA
HEE =E3p] 913k whgesn AFAZ el 9
g e WA ZIHAREHEE  fault
ol A 1 @)t Azt vkt Az
& AT o A2 72 (ttalt >0,z >0) 27
axEde] o] WS e 2AN FEER
F83 5 odedl, oA ofl A (129} o] %

wsjod, ol7le zEsle] Alzlmela 3l

R(z|t)=exp[[1(,(t)—Hc(t+x)] (12)

Qo] gA]ell oAst] AlF® H715eo|(trend
analysis) & =3l 2l 13 59} 7}

3R zElzs vehd ad 59 yE2 AlEE
0.1 ~ 1.0)E Zdslw x5 4 25 84701
~ D3} AFAZH0 ~ 80D nIdh)

4.2 =AuH= Z|

3.1 = Jd Az e H]E-S ofsld &
ZEo] 2z wlE TAe] 4] o5 TAF] o
71M= she] A2 ol IlefrlelEs A3

of A WEAZE P

o, =le, =lcy=1c, =lc,;=1cy=1c;=2,c4=1¢4y=2
G =26y =203 = 2,6y = 2005 = 2,65 = 2,67 =hi0yg =269 =4

¢, = 10,¢9, = 20,¢3. = 50

656

Estimated total software cost
3600

3400

3200

3000

2800

2600

Total software cost

2400

2200

2000

1800
[t} 10 20 30 40 50 B0 70 80

time(weeks)

38 6. 2Esle] nlge] AE A2

332 T T

231 —iteiE |

32 ElTotal sufbiare cobt]

2 3 1 a B 7 8 9 10 11
110 weeks

a3 7. 4% F 1 axEde] Hg

4714 4.13e] A=A siA Al s 4%
Lz Ee] v]ge] AF A2E 17 6ol EAS
th ookl FHE & 71 AZEe] B8
AlZE Wske] meks ] 7ol vehfigict 19 7%
S FHA wE A7 7 =132847 2 FHE|AL o)
u F 71 axEde] ¥]82 3.32%10" o]k &
g azESe] Blg-S FE MR JAFel] Az
Ege] vlg-e] FxF2] el 0.057} == w83t
0.957} == wlE-S 7P 90% AlEF7Re T-3)
= Aol 7Fs3i

a8 60l ofsl Az ESe] ulg2e] 90% AlFTAE
o] Wsl #AEE o k) 2 Gh)el 23 A=
Edle] wlge] Hart Hi= A A7 (77,=165
2 7, =160)0% ERIFcE oA HalA 90% Al
2] 7kl oJ3k Az Ege] nlge] EA] W9l 27t

C,(T},) =4.78%10", C,(1})=4.75%10"
2 A=k Z2AE A dejrks o]z’ A
woll 23] APAE FERaL AHEAlIA AZE
A5 <lwshs HA AVIE Ao leto]
7hsslch 53], A Al=lrtell ok EA) W9

www.dbpia.co.kr



= B4 AZE ] /US| gt B vl WA BdS o]get A iz

M
)

& Agale] @AA A7 wEAy] 2B s
of ulge] 4HEo] FPgaich
v.dg

B o FEr|R2aAAS £9l3l BAl
ukglA ol dlgk SRGM o2 RE] A3 whAlol] ukA
e fault <ol #3F dlolg] XS Pt
A e A JFo| LA o]ashr]
b EA A7E AAs] ' A S
Aom g xzedele] A wiE A =3
- T A F ) e} wleE Haw
she A1Ze el A mlZzALS AAs] 9

2 do > i X

JEN Wl o AETE 4
MEAL D F ) LmEsle] ul g
o &) ua%% sjal, zzeglo] A Weliel

o HA EAIE T Aol Tbe

HAelle 2zEGe] Hlge] S| Hxw 5
= sxel A w|EA|E FEkw 9lont R
=rolde AZES] fault 7o B¥7F W5 A
TEEe] s mmEde} vlge) wxs}
o2 Qs szEde] 4L Haw = A%
AT 29 EA7)E T Alo] Fhssi
W 7 azesle) AxdEe) £5 A"
ol g 7] A121e] penalty 1142 weisle] 37
E 2Ae dE 2 —’F e @Al HH =
1] FFsa, olela
At Ajake] o)ah Aol

-

7S Ak e A
o] 7)o} nlag
dzxsla glek

B Erelis szEse] ulge] el s
[Ael 89lE ohiar =olsigler], szESe]
AR B Amels MER 29s HFshs 3
7He FF IR AR,

N

B
A
rok

il

(1) ASAEUE NLUHEIES, MRS V777
PSR, ERREEEE, BN, 1997.

(2) R. S. Pressman,
Practitioner’s Approach(4th ed.), McGraw-Hill,
New York, 1982.

(3) A. Unmar,

Client-Server Systems,

Software engineering: A

Distributed  Computing and
Prentice Hill, New

(4)

(10)

(13)

(15)

Jersey, 1993.

L. T. Vaughn, Client/Server System Design and
Implementation, McGraw-Hill, New York,
1994.

S, 774 N AT LFIROTEL
AR B THRMEY) =7 Vv ooslEE, V7t
AT RS R 1998.

TMERL,  7T4> oS- S AT LOTA M
V7 b )H—F S HOR, 1998.

WH %, V7 b7 = TARREMEE T -2 L T,
HRHCE I, Ha, 1994.

L. Amold, Stochastic Differential Equations -
Theory and Applications, John Willy & Sons,
New York, 1974.

WH %, BNBHE, ADEE, “oEGTERLT %
L7z 7 b7 2 TEBEREET VST 5
EER WEER(A), vol. 1.82-A, no. 9, pp.
1446-1453, sept, 1999.

HAT BHME, AdY SO, 1L R, “sraGRasssic
B2V 7 M7 TEBEREET L - MR
GHRERT 70 —F L 2 0HEE”, BARERKE
BEEE, vol. 11, no. 3, pp. 121-132, Sept.
2001.

M. Lyu(ed.), Handbook of Software Reliability
Engineering, McGraw-Hill, New York, 1996.
S. Yamada, M. Kimura, H. Tanaka, and S.
Osaki, “Software reliability measurement and
assessment with stochastic differential equa-
tions”, IEICE Trans. Fundamentals, vol. E77-A,
no. 1, pp. 109-116, Jan. 1994.

S. Yamada, S. Osaki, “Cost-reliability optimal
release polices for a software system”, IEEE
Trans. Reliab., vol. R-34, no. 5, pp. 422-424,
Dec. 1985.

S. Yamada, S. Osaki, “Optimal software release
polices with simultaneous cost and reliability
requirements”, Eur. J. Oper. Res., vol. 31, no.
1, pp. 46-51, July, 1987.

A. L. Goel and K. Okumoto, “Time-dependent
error-detection rate model for software reli-
ability and other performance measures”, IEEE
Trans. Reliab., vol. R-28, no. 3, pp. 206-211,
Aug. 1979.

S. Yamada, M. Ohba, and S. Osaki, “S-Shaped
reliability growth modeling for software error

657

www.dbpia.co.kr



Al8}F3| =% *06-7 Vol.31 No.7A

(17)

(18)

(19)

(20)

(21)

658

detection”, IEEE Trans. Reliab., vol. R-32, no.
5, pp. 475-478, 484, Dec. 1983.
H. S. Kim, S. Yamada, D. H. Park, “Bayesian

Approach to Optimal Release Policy of
Software ~ System”, IEICE Trans. on
Fundmentals, Vol. E88-A, No. 12, pp.

3618-3626, Dec. 2005.

C. Y. Huang and Michael R. Lyu, “Optimal
Release Time for  Software  Systems
Considering Cost, Testing-Effort, and Test
Efficiency”, IEEE Trans. on Reliability, Vol.
54, No. 4, pp. 583-591, Dec. 2005.

oxl7]9] 5, “F& NEEA Sz ES o] Al
= 37} whg», 7th CEIC2005 Proceeding, pp.
181-187, Dec. 2005.

BT BEE, ILH 5 A R A —7 v —2
HFEFHHEREICE T 5V 7 b = TEBRMEEME
BI85, ETHIEEEEHSGE A,
Vol. J88-A, No. 7, pp. 840-847, July 2005.

J.K. Lee, S.S. Nam, C.B. Kim, “An Evolution
of Software Reliability in a Large Scale
Switching System: using the software change
management data”, KICS, Vol.29. No. 4A, pp.

399-414, March .2004.

(22) JK. Lee, G..O. Lee, C.B. Kim, “Software
Reliability Growth Models considering an
Imperfect Debugging environments”, KICS,
Vol. 29, No. 6A, pp. 589-599, June. 2004.

314
198541 29 A-gAakddistar A
At =4
19894 59 XS}k
g} A A)
20041 29 FFUiE
AA BgER) AL
1983 39~&x| g AEAl

0| & 7| (Jae-ki Lee)

KR

QL

3%

ki

2
2

71

o] A% %, 25, B, BeN

Lt A A (Sang-sik Nam) Z413]%)
19811 2 ekl Al
stk =4
1983 29 w=roista AAE
s}t AL
199611 39wt Azl
&t} At

1999 3Y~&A]  gF=EAAEAl

www.dbpia.co.kr



	분산 소프트웨어 개발환경에 대한 확률 미분 방정식 모델을 이용한 최적 배포 문제
	요약
	ABSTRACT
	Ⅰ. 서론
	Ⅱ. 분산개발환경에 대한 소프트웨어 신뢰성 평가
	Ⅲ. 소프트웨어 최적 배포 문제
	Ⅳ. 적용 및 결과 분석
	Ⅴ. 결론
	참고문헌
	저자소개


