= DOI: http://dx.doi.org/10.5351/CKSS.2011.18.6.741

2o
B Rt anedols wgse 34 F 94 Seioh 2o £ BE nedse £5e B
L Agse T Bk ol A3 2zEL O T Yk AA 2V /IS DA AL 2 I
A7) olel e AR RALE i, 1A7) 4 AR Aol 48l 34 F AR SAHA 12
O AR BT 9 T4 oee A% $AL 97 wE B 227} S SES /Ao, 02w 7
%3} vk 7 (Markov process) St 2ZEdo] 4% B7HE A8 FE Fol sl amEgo] 18

A (software availability)2 A A 3} 122} S},

FREN: AZELI0 718Y, 2 2|, 2241 2|

1. ME

o= R E S A EY o] AFA A7 23 (software reliabil-
ity growth model)2 7o) DA wf] 1 & o 7|= YA TS viE WA A A= A& 7F
Aty 28U AR A3l A= Sl E skl 283 A7) 83 EH o] & Rk slr] 9] he] 2ol
= 42| A 7H(repair time)-& 11 3F ufF = 2 & (Markov model)©] g 2] AFgE o] # 2t}

Az EGo]o] 1ol HgstA 7o) PRlo] B A Frol 11X]7] 935t 2] gl Eo17t
A =Hd, 23dA9 23S AAA +HS WS o 252 4 (perfect debugging process) ©] 2F
3 gtk RV 33 EAS oy AZEQojoAE 1] dQo] H& Adte] waE v ete &
FE7F A 7hs Al Gtk AR o] A Utk wetA 2 A XAV F2 ZYT) Sy
2 o] SskA] Sgk Afoll, s AP FEske] B9 2] 3H7d (imperfect debugging
process)o] L= gty B =FoA= o] F 7HA] ] A BFE vkt ol £ g
7] (mixed debugging process) |2}l St}

MRS AEATL 2T o A5 DRIEAT B4 5 9 2
Be A7} ol 2ol A2 gk, o] & 4xES
2 Qlo] 7FE ok 289 A2 % 24 Rz B 54
27} o] /e 3 e,

Shooman%} Trivedi (1976)+= vlZ = T4 & AR-5Ho] I3 (software availability
model)= A|F3FATE Lee 5 (2001)2> 2] 32 1 o As ] A8 AeE
tro] nefstal &b o] S A8ote] 7 RS AAEl e, Ry 7128 H A S35t Al
AL = ZAE thEYr}y. E3F Lees) Park (2003)2 % ST

M
e
=
4
AC)
L)
o2l
tlo
X
ofo
ok
N
b
o,
fa
ot
i)

>
[k

TRAARE (302-718) Tl A] AT AFure 1228, AT AA A H 2 AP ot R,
E-mail: chlee@konyang.ac.kr



742 Y, 015

o2

E9o] A% F7hES Attt Tokuno®}t Yamada (2007, 2010)= AREAF Qo A F 2814 A
Zte] = 27 89S A8 7R RS Al ekt

B oeRol At 9 5o B 2o 49 B4

B2 Ak Astol, 2mEg ool D AR 2T

3 fyos ras k. A7) 42 A% APl cel 34 F A% $sA nAk

VA 27 oele AU KAL A Sol) G o o) HB G, 27 el
o] %

BE A 183 AiE%]oi ey e
o
=

2%, 380A Sl 2ZESo] 1 T A4 tiste] & —/F—ﬂg]' E4d sEAEE B
a3 RYS AQKEth. 3% = AHE By o]&Tte] AZES o] 4% B7HE A SEEH
A Z3} A| ZH(first passage time)2] &3, A5 25 (working probability) 3 A Z E o] 7184 (software
availability)< -F- =8} 22} 3t} 4730l A& Al bE 235 Ast7] 918 4] oA 7} Foi 2t

B>
I3
Im
:‘IE
=)
o
el
4>
o
ta
9&

W77t 5 axEL o= WAl dEo] AAHM, a7 2 B 2ol whe} 25 (working)

Fef 2t W 2E (non-working) AJEIE WHESHAl Atk HEE ARl oAl 1 130l wet F A=

I 5 =5 AEiek 2)7] ofHe Aol o7 v A dEl=

etk Azke] A A¥R3 102k 'Pi 2] oA 2de S-S 1A A= B-Fol
ok A= A9 22k o, @“ | ASHA LA A A] L B | aesHA Ak

X(0),1 2 0= AIZE 1744 Al A= Aek(fauly) o] AA| 2} AE ol A Al ~E ] ARl E vebdTha

Shak 2R AlaEe] A= X(1) = (1), )2 BH T, 714 xi()= 73 (0,115 %l A AR

Ao A olH, x()E

= n°l‘

0,

e

AFE

o] B}
wo=11 BT 1 3 75 B,
2, A § 20 917 AHE Bk
= Aejg.
2O, AAE AT ol 1, Wit Wiok it Aol AAR F A0l 45 4

HE HEobghS uf, thx 2% 73 1 =& 271 AR 7|17HA 9] AIZRS Ut EEWsekal shat
5 Wi Wios 42 B w3 paE 2= A4 3 (exponential distribution) S w2,
A2 SHAS 7Pt 28 ji =1, =2 EE ji =2, /o = 1] thefiA] o2 A2 =8 5 th
Hiji

Min + Hi2

7ol WABHA 1 SA] 8] o] AlFE AL, F 7R A 3o uhet & 2 AR (2T
Yy DI ESAE 58 AFATHE 22 BF 18 £ 8 AFES 7S 24 29 A
ol ] Fgo] Bk uff 23] HA| g0l Wigho] gl ouletn, 244 |7 28 g
q(=1-p)= 7Pg g}

SHFoplt0e A1 o150 X7} Al aol A 4He) B A0]5) = 16 710] 88 (one-step tran-
sition probability) o] 2}1L 3}AF. 22 A (2.1)of] &3}, t > 00] 1 j = 1,20] t)3t Ho|E-EL 414 Hof

PI'{VV,‘,J‘I < Wi,jz} =



Ste2| YIS TRt ATEY 0| M5 B} 2 743

Mi,j
Fu0)i,p(®) = ﬁ(l — exp(=(ui1 + pi)t). (2.2)

Min + M

= =a=1 LU = § 7é]

7 gotaSE A7 Dol Atk 7P sk Rol e Aot ol AT AATSE 2B S
Abge] S EIE RS A A A7 btk A 4 917 whEelch. webd nAE jol o
o s ol TR B AR B,

j = 1200 Tisted, 7, olu] i7he] Agte] AAR AzdelA A% 3 j7F AAS v Bew
AT VRl SEvsehn B o SEWSEL Bl 16,9 A RES nErhn AR F.
A% 59 20] A9olA, vob 9 527} AAH W 2z Edlole i+ 17he] Ao] AAR A5 A
= ohA) HEolzith ® SO, voF $ehd Sk ARA T sxEgel: 7o el AAH
A% gel2 5 o Bek. 2B AxEgolzt A4 A L)l 9 el o] Brid, 4
B (i, olA A (,0) FE (1 + 1,02 §AXE ekA Aol BBEL Tewh 2tk 12 0] el

AFS A A= D28 AR AR gopA 11 A|aE o] A58 9l A 7He A AH

Fini+1,0@) = 1 —exp(=0;11), (2.3)
Fi2),6.0)(®) = q(1 — exp(=6;21)) (2.4)

aglx
Fi2)i+1.0/(1) = p(1 — exp(=6;21)) (2.5)

oltt. A71A 6= AA"D 2| Foll whe S7rE 7P webd A2 2ol FUE A
et 7HgshE AlaE Yol EAlske 2o e HojABE ZEAIE AR Zoldne A
drggitt.

Tiomo T i718] Aol AAR ANado] HFoz AA" 23] 71 n7h7F 5 7] A7k 9] Al
e HEtlE A T3 Aol B e R ottt T8i N2 axEdo] AlA' EAi s
z7] A% et sk 28 Ti0n0 S BEZZTA Guomo (D€ B 2ol Uk & ot

2

Gi.0),0n0) () = Z [F 0,6 * Fijix1,0) * G(i+1,0),(n,0)(l‘)] + Fi0).62 * Fi2),60 * Gi0),00/(), (2.6)
=

A7 i=0,1,....,n—1,n=1,2,...,NO|3L, »= 2R T/JF(Stieltjes convolution)-& L}EFATE.
TS RE 1> 00 3l Giuoy,mo)®) = 1] Th

Tionnd 228 F=317] 93 elEek-2 g A 2 (Laplace-Stieltjes) HMEH(L-S transform)S ©]-&
sttt 4 (2.6)9] gl g L-S HE2 th3 2ol & 4 3t

2
G i.0.n0)(5) = Z [F 1010.1(8) X Fi j i+1.0)(8) X G(i+l,0),(n,0)(s)]
=

+ Fi.0)12)(5) X Fi2),10)(8) X G(1.0),00)(8)s 2.7

o714 Fi F9) LS Matolth. 4 22)-2.5)% | 8318, the 2 452 9

tlo

T At s> 09



744 e, oI5

o2

j=1,29] tj3l
o Mi,j
Fioip(s) = —————, (2.8)
00D S+ Uil + M1i2
F (5) = i1 (2.9)
i,1),( s) = ) .
(@i,1),(i+1,0) S+ 9i,1
Funaos) = 202 (2.10)
(i,2),(i,0) 5+ 9112 B .
a8
~ pbir
Fio)is1,00(8) = SO0 .11

2 270 A 28)-2.11)S HABEA, i =0,1,...,n— 10] Th3te] Thea} 22 A1S At}

(i1 0i1 + ppi20i2)(s + 6;10i0(in + ppi2)/(Winbin + ppi2bi2))
(s +60;1)(s + x)(s +y)

Gi0)n0)($) = X Gir100mo)(s),  (2.12)

AZIA x; = {(uin + pin + 0i2) — (ig + pio +60i2)? — 402(uwi1 + pin) /201 yi = {(uig + i + 0i2) +
VWin + pin + 0202 — 40,0 (uin + pi2) 2018k i = 02 A5 28w, G0),m0/(1)S] L-S HEF FE)
= =3 2

G (s) = l_[ (Wi 01 + puinBin)(s + 6;10;2(uin + ppiz)/ (Wi 61 + puinbin))
OO (5 + 6,00 + x5 + )

i=l
n—1

i=0

Nupin0in NuioXxi  Npizyi
+ + .

(2.13)
s+ 6;1 S+ Xx; s+y;

o] % é‘:m = ﬂm,lgm,l + pﬂm,lam,lE ﬁé'— ]IH,

o LEm O 1O (1 + Plm2)/Em — 65 D]

Nn,il n— l ’
Oi1 Hm —0.m2iOm1 = 0i1) [0l — 00 — 0i.1)]
N _ Hm ()['fm(em lem 2(,um 1t PHm, 2)/§m - xi)]
ni,2 — — 5
Xi Hm =0, m;tx(xm xl Hm 0[(0’"1 X,‘)(ym - xi)]
N 0LEm Ot Oma (Wt + PHm2)[Em — 1))
ni3 = s
Yi L L= () m¢,(ym yi) Hm 0[(0m 1= yi)(-xm - yi)]
0:17]k1 1_[m 0, m#t lo]—'—l r_nI:O( = O]E]' Tt G(n 0), (nO)(s) = JJ’ = 1,2 Noﬂ EHOH
[anl + an2 + an ] = 1(\):}% EL ‘{l\_ 9;)\1—’]' &v (213)E D]'}‘] 0_1_0_ Eﬂ?} ]—tt] G(OO)(nO)(t)
(> 00] B3 FA AR A1 g 28 % ok
n—1
G0.0.m0)®) =1~ > [Npi1exp(=6;1t) + Ny exp(=xit) + N3 exp(=yit)] .
i=0

BE 1200 th3ll G000 = 12 FJ st}



BEioa| DS Taist AmEY 0] M5 B} 2 745

22. AZESOIIEY 2

om0 E952) 2Y Sl ) &2 B0} H2:89) 25 5 (working probability) 3} 7144-&

BAGDA Bok. smidlol 1842 anelo] Aadel 458 el 19 48 508
Foll ShLpolth, 4xEglo] AAHe) 1 S G 37 AshA 2] o 7l A1 A

wl, A3 ol Aamle] A Aol 9 BB WA Aok Bk 4 p<,o><,,0)<r>— oJu]
AL AAD AR 00l 2zE o] A28 o] A5 AH ol ATk Fol 4 91& ul, n7fe] 2
AAZ o A7 1014 Azdo] 7k Aelel 92 FEolet 3 o] FEL 4EIEer 3
a8, i,n=0,1,...,N,i<n°l tf3

Pi.0).n0) @) = Pr{X(®) = (n,0)1X(0) = (i, 0)}.
AR (1,000 A el (n,0) 222 A T3 AI7Ee] B2 A (n, 00l Al HEY IS &E2] T4
Hoz g9} wepA AZEY ] 2 FEL 53 Zo] e 4= ot
Pi.0),m0)®) = Gi0),n,0) * Pn,0),m0)(D)s (2.14)

A7 pnomo@E 18] nhe] Aol AAT £ZENA7EAZ 1= 0904 AE3h3 ThAl AT 742
(0.5 9kl ThE Aol 918 2% 5 e/ S A 5L Bkl Selol o) Aol A4

=
o
=
Al
9O %
=

ﬂﬂzﬁwm

H A Xkl thA] o] d R EokE FEolty Wk n = 0,1,...,N — 19 thaf v 22 A&
Zr=th
Pi0),m0)(®) = exp(=(i1 + (i2)t) + Fn0),n2) * Fn2)(0) * Pn,0),n,0) (D), (2.15)

A7 pavoyvo @) =
Paono (O FHAE %-‘-:-5]'7] A8, oAl A (2.14)8} 4] (2.15)] FHe L-S HE-E H-g-31d Tt
23 L AE dS 5 It

P.01.000)(8) = G 1.0)n.0)(8) X P0),m0)(5) (2.16)
A=l i

o _ S(s+6,2)
Pn.0).(n0)(8) = m, 2.17)

o}714 p= pel L-S Wolth. 4] 2172 4} 2.8)7 4 (21002 4] (2.15)0] thske] AL 5 gick.
W i = 0015 4] (217)2 4 (2.16)0] thBhe] A5 theF} 2ol AL 4 Tk

n—
Mn,i,le n i, 3)’1
S+ X s+ y;

1
nllgll

S+9,1

n
P0.0,0.0(8) = G0.0),m0)(8) = Z [ , (2.18)
i=0

i=0
047]}\‘] §m = /Jm,lem,l + p/~lm,29m,2vi —é;_]"[q]’
XnYn — (Xn + Yn)0i1 + 0,16,

My = Npjit -
XnYn — (xn + yn)gi,l + 051
XnYn — (xn + yn)xi + xien,Z
Myi2 = Nuia - 5
XnYn — (Xn + Yn)Xi + X;
XnYn — (-xn + yn)yi + yien,2
Mn,i,3 = Nn,i,3 .

XV = (X + Yn)yi + 2



746 i, 0|BY
olJii=nd uf

(On2 = Xa) X T10ty [Em O O (ont + Pltm2)/Em — X))
On = %) X TT20 (Ot = )X = %) = X))
On2 = ¥u) X 11728 [€m Ot O 2 (omt + P 2)/Em — V)]
Gt = Ya) X T2 [t = ) = ¥) O = ¥)]

2 (2.18) AR, A 1,12 00149 2z EH 0] AFHEL

Mn,n,Z =

Mn,n,3 =

n—1

P0,0),.0) () =G 0,0),(n,0)(F) — Z M1 (1 — exp(—6;11))
i=0

+ Z [Mi2(1 — exp(=xi1)) + My, 3(1 — exp(—yit))] . (2.19)
pary
n=N¢% 3o, ZE 1> 09 W3l poo)wo)E Goo.wo St 2Tt
AA ol Ao AZES S 7HAT AZE FTE (0,65 H AZES o] 7184 (average soft-

ware availability)+= Barlow2} Proschan (1981)9]] 2]3}od t}-2-3} o] Aol=H, 4] (2.19)5 &3t

22 % ek,
N
A(t) = Z P0,0),(1,0) ()
n=0
A=
_ 1
A@) = - f A(x)dx.
t Jo
. R

TS A A A E AAstol A S Al F29} 2 FE ol WY E w2 60 #3to] Lee 5
2001)°ll A Bejd =2 Fefe] 2 83

o

pij = Ho K5 6= 6o, (1 + [1 — exp (— \[l)] lj) ,

A7 poj» 6o, ;> 00120 < kj <1, j=1,2,i=0,1,...,No|H, [;+= 58] JANA 2T AAT
S B Fo|A H= AP TG AFE st dgrolth. =3 ;= Moranda (1975)01 4] A|A]E FE|E
AREEITE ks g joll Wish ol ol Al A" A3te] & vehle ioll thEl Zleta Ao Fast
] o] AL ol AAH AT £7F SV TF FE| At AS AWt v, 6+ ©l
o AL Ao 71 Aol we} 2] Aol 4= A 73 j(= 1,2)8 A A= ol 28
3t A o] o= ZE AWs ot

A S A7) 95, AZE ofof YA o] Q= AA AT 8 N = 102 3131
uo1 = 0.15, pos = 0.1, 601 = 0.9, 6pr = 0.5,1; = 0.1, , = 0.05, ky = 0.8 L& 1 k, = 0.8% 7}7
i) 28 12 1 = 4,6,8,10, p = 0.99] T3t Gy mo(HS ZUNZE HojF 3 Ity I3 194 &
TH AT AA F7F ARl et A8 AZre] AR Y Wol 8HE AL & 4 Atk I¥” 2=



Ste2| YIS TRt ATEY 0| M5 B} 2 747

=
o
s}
£ g
£
[u]
o
[¢] il
o
g
zZ =
o o
o |
£
=] o |
B
o ]
o
T T T T T T

0 50 100 150 200 250 300
t

O 1: n=4,6,8,10, p = 0.9 th 3 T (0,0 °ll THEF 22 T Go0),m0)(D)

08 10

086

Cumulative Probabilty
0.4

00 02

0 50 100 150 200 250 300
t
d8 2: n=10, p=0.3,0.5,0.7,0.9 Y ] To0)100) °l D E2Z T Go0),100(0)

Gooya00HS 2z} &AL 5o A-QSE EA /N4 28-S Al A= 23 Aol A
A golA= As & 4 Utk

a8 394 = p =092 n=0,1,...,10¢ W], T+ poo mo®e THZE & 5 Ao}y 1)
Z 5 FA, 7] HIAE 7|7 5ol B2 9] 2850 Al AE o] Ao 317] w20l AZES o] A
2Ho] 25 o] At AN B, o] F HIAE 7]7he] A Fol| = A A"lof o} 9l AjhEol

Ol Al Alx"lo] 7HE e AHEEE 2 Aobithe AR & g1 4 QT

I% 4+ p = 03,0507 2822 09 w], A|¢E 2] 7184, A9 2 =5 Yehdt)
d 4= 7] 2 F <ol w2 A gAasioh ek 22 Holeth ol Az EQ oo YAlH 2
o] 7] HAE 7|7t 5 <ol RIWsHA 117gdo] HAE o] Az Eo] 7HgA-E 7] 3ol A w2 l
25N, b ] B STt SUFSHHA AZEQ o] 7ML SUHES UER L Qlth
AR FEo] AAH M0l B A= AL ¢ 5 Atk 2™ 494 p = 1.0 F+E Lee
2001yl A AAH AZEQ o] & 2] BEPd Zon, B 7o 3 Ry B4 ElE
3t QOB E Lee 5 (2001)9] SRS E RYPRHTIE= 7H2A o] WA VR @JJr— A Al 8FaL
c}.

§9 H:I ol r?L' Di e LJ



748

0t
e
1z
°
o
02

1.0

Working Probabilty

v’v
e

0.0

1.00

Availability

0.80 0.85 0.90 095

02 4 N = 100] 3 T}el poll e 3 £z ER]o] F-EA, AW 28 2] BH(p = 100N A ] T4
4. 2=
B AT e hzmego] AxHol B2A 129} 41 48 HAL BT weistel, UH o3
o QuislE B 5o BYL ARSI, AR BYo] 7| 28e] £zES O] A5 B 22E
Aol 7184 21&}%@.%&4&@@@%@%@%% Sel B4 RO 48] AL B
ZEASIOH, o) & T RE WG Lee 5 (2001)9) HH} HAA 58] FA UL W

H
ﬂﬁﬁ?#ﬂhé__ﬁﬁﬂé@%@ﬂﬂ%%@?ﬂE%%ﬁ%ﬂﬂﬂ%ﬁﬂﬂ<E}i
=910 452 Bk WL o8 5tel A A FoHY AL A dkstadt ek

20 2o

Barlow, R. E. and Proschan, F. (1981). Statistical Theory of Reliability and Life Testing: Reliability Mod-
els, Silver Spring, Maryland.



Tlor

749

flol s g7t 2

[H
[m

g2| oty
Lee, C. H., Nam, K. H. and Park, D. H. (2001). Optimal software release policy based on Markovian

perfect debugging model, Communications in Statistics: Theory and Methods, 30, 2329-2342.
Lee, C. H. and Park, D. H. (2003). Markovian imperfect software debugging model and its performance

measures, Stochastic Analysis and Applications, 21,849-864.
Moranda, P. B. (1975). Prediction of software reliability during debugging, Proceedings of the 1975 Annual
Reliability and Maintainability Symposium, 327-332.
Shooman, M. L. and Trivedi, A. K. (1976). A many-state Markov model for computer software perfor-
mance parameters, IEEE Transactions on Reliability, R-25, 66—68.
Tokuno, K. and Yamada, S. (2007). User-oriented and -perceived software availability measurement and

assessment with environmental factors, Journal of the Operations Research Society of Japan, 50, 444—

462.
Tokuno, K. and Yamada, S. (2010). Availability-based software perform ability Model with user-perceived

performance degradation, International Journal of Software Engineering and Its Applications, 4, 1-14

20114 10€ &4 20114 102 RHEH



750

A Software Performance Evaluation Model with
Mixed Debugging Process
Kyu-Beom Jang®, Chong Hyung Lee -

“Department of Finance & Information Statistics, Hallym University
bDepartment of Hospital Management, Konyang University

Abstract

In this paper, we derive an software mixed debugging model based on a Markov process, assuming that the
length of time to perform the debugging is random and its distribution may depend on the fault type causing the
failure. We assume that the debugging process starts as soon as a software failure occurs, and either a perfect
debugging or an imperfect debugging is performed upon each fault type. One type is caused by a fault that is
easily corrected and in this case, the perfect debugging process is performed. An Imperfect debugging process
is performed to fix the failure caused by a fault that is difficult to correct. Distribution of the first passage time
and working probability of the software system are obtained; in addition, an availability function of a software
system which is the probability that the software is in working at a given time, is derived. Numerical examples
are provided for illustrative purposes.

Keywords: Software availability, perfect debugging process, imperfect debugging process, mixed
debugging process.
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