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Abstracts

This study deals with problems of estimating the availability of the multi-module software systems.
The result presented in this paper is an extension of our previous paper (2) entitied “A modified Markov

model for the estimation of computer software performance”

. The extension is made by assuming

that (1) the software system consists of R statistically independent software modules; (2) no failure
occurrence while the process is in transition between software modules,
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E 4.1 JIAEC AlAadle] g (1) of zF
g{t) t 0.1 0.3 0.5 1.0 1.5 2.0 2.5 3.0
g (1) 0.8272 | 0.6044 | 0.4821 | 0.3665 | 0.3407 | 0.3350 | 0.3337 | 0.3334
g, (1) 0.0745 | 0.1285 | 0.1306 ! 0.1028 | 0.0889 | 0.0847 | 0.0837 | 0.0834
g {1 0.0983 | 0.2671 | 0.3873 | 0.5307 | 0.5703 | 0.5803 | 0.58%6 | 0.5832
E4.2.1 module 12 HAK
P, () ! 0.1 0.3 0.5 1.0 1.5 2.0 2.5 3.0
P, 0.0 0.0 0.0 0.0 0,0 0.0 0.0 0.0
P.{t) 0. 038 0. 148 0.193 0. 162 0.102 0. 059 0.032 0.017
P, (1) 0.000 0.012 0. 045 0. 135 0. 160 0. 137 0. 101 0. 068
P, {t) 0. 000 0. 000 0. 003 0. 041 0. 106 0. 151 0. 162 0. 147
P.(t) 0, 000 0. 000 0. 000 0. 005 0.032 0. 082 0. 137 0. 176
P, (1} 0. 000 0. 000 0. 000 0. 000 0. 004 0. 021 0. 057 0. 109
P (t) 0. 000 0. 000 0. 000 0. 000 0. 000 0. 002 0. 009 0. 027
| AW 0. 038 0. 150 0.241 0. 343 0. 403 0.452 0. 498 0. 544
H 422 modele 22 HEM
P 101 0.3 0.5 1.0 1.5 2.0 2.5 3.0
p, (1) 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
p, (1) 0. 033 0. 163 0. 267 0. 351 0. 309 0. 236 0. 168 0. 114
p, (t) 0. 000 0. 007 0.033 0. 156 0. 281 0. 355 0. 378 0. 364
po (1) 0. 000 0. 000 0. 001 0,017 0. 068 0, 154 0, 260 0.372
A (1) 0.033 0. 170 0. 301 0. 524 0. 658 0. 745 0. 808 0, 850
T 423 module 39 HAHK
P (0 t 0.1 0.3 0.5 1.0 1.5 2.0 2.5 3.0
p. ) 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
p, {t) 0. 084 0,241 0. 250 0. 129 0. 050 0. 017 0. 006 0. 002
p, () 0. 002 0. 048 0. 136 0. 242 0. 184 0, 104 0. 050 0. 023
p, [t} 0. 000 0. 003 0. 022 0. 166 0. 292 0.305 0. 249 0. 177
P {t) 0. 000 0. 000 0. 001 0. 035 0. 162 0.355 0.550 0. 708
Ad) 0. 086 0. 292 0. 409 0.572 0, 687 0. 781 0. 856 0. 909
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-109-




A, (1)
1.0+

Ol & B gR
C.81 @ : black-book &
0.8
0,71
§. 67
0.5
0.4
0.3

0.21

0. 17

0 0.5 Lo 15

2.0 75 300

37 4.3 MEFIHo| 2l B0 Kk MRS AIASIS] HEAM B DI PR A|AES| 2P

&b

5. ¥

Rizza$}l Hacker(7) 2 AFE £ZE o] 4
299 B3 7t module WE fESy &
Fiirehe Aol HEBEAA Y RBRERAS 4
module BEEEEFECNA o AERER E of 234 7}
gk ool A g ¥ cha shgich

ol2{gl wlofid B w A FHRIA BAGEE BE
2 7} module 2 HHMA:] A= T 7 moduleA}
ole] A7} {EiEE o multi-module 2 ZE 3
o] Alade] FRME BET T Us i+ A
el gRlole}s & 4 Slck

& ER ] FAERE T 18 4.39 Al
Al Adlol 3] dofal i Zo et 7 F
7ol 7] black-box #iFla} 9] wsjod & of #
fTei =7t & moduleo] 2= B T 2=z}
AL module 8l BEYc} AlH o 7 wual A7
= g el Aok Ae] el 5lEEH ALY

o Ag-z7o] BRHEEY HBimEe| Zobs Litde.
wood {4, 5) 2} F7ba} A =z]eleic)

oo} ol F-qk Az} o] L= E gof
BIHaGS Aeme 840 AA9 BrilEE
of w2} behaviorz} Pepx| Al Hm] 24 4] 7bol
o] module B8 E{Ts| kol uet b4 4
P\t dd 4 ok wleld 27 A7)
of of 2= module® &l Al =r} st AL AR
o A5 ok A PA T E WRE afged Ao 4
7+ Hroh

F Wl BRESE o1 &5 A9 &
ZEY] Aad o] HHEe] 57 fAZF N
of 3} REiel 7} module &l MBS, HFK
o RN 7 PPECE b sk Ml (3.7
Az 7o fgariiel S Abgale] # g ¢ 9l
vhar A zbslo] A4 gRslolot € iy 5o

A,

Az el

=110~



Reference

. E. Cinlar, “Introduction to Sochastic Processes,” Prentice-Hall, Inc., Englewood Cliffs, N.J. (1975).

. JHKim, Y.HKim, and C.J. Park, “A Modified Markov Model for the Estimation of Computer
Software Performance,” J. of O.R. Letters, Vol. 1-6 (Dec. 1982), pp. 253-257.

. B. Littlewood, “A Reliabitity Model for Systems with Markov Structure,” Applied Statistics CJ.
Royal Statist. Soc. Series C Vol. 24, (1975), pp. 172-177.

. B. Littlewood, “How to Measure Software Reliability and How not to...” Proc. 3rd. Intern, Conf.
Software Engineering, Atlanta, Georgia (May, 1978), pp. 37-45.

. B. Littlewood, “Theories of Software Reliability:How Good are They and How can They be Im-
proved?” IEEE Trans. on Software Eng. Vol. SE-6, NO. 5 (Sept. 1980), pp. 489.500.

. K. Okumoto and A.L. Goel, “Availability and Other Performance Measures of System under imper-
fect Maintenance,” Prac, COMPSAC (1978), pp. 66-71.

. IB. Rizza and D. Hacker, “Quality Assurance Inspection and Test Tools-An Application,” Proc.
of a Workshop on Currently Available Program Testing Tools, (1975), pp. 9-10.

. J.G. Shanthikumar, “On a Software Availability Model with Imperfect Maintenance.” Working
Paper 83-011, Univ. of Arizona (Apr. 1983).

. AK. Trivedi and M.L. Shooman, “A Many State Markov Model for the Estimation and Predic-
tion of Computer Software Performance Parameters,” Proc. International Conference on Reliable
Software (1975), pp. 208-220,

-11l-



