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A Cost-Reliability Model
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Abstract

This paper classifies faults into three types : simple, degenerated, and regenerated
faults, This paper also deals with the characteristics of each type of fault to deter-
mine the software reliability based on the assumption; i.e., a system consisting of
several subsystems (modules) which may be debugged simultaneously.

For each type of fault, several formulas are developed to obtain the failure rate
and the expected number of faj]ures found during debugging.

A model is developed based on the formulas of the failure rate and the expected
number of failures to decfde the optimal release time of a nerv software; mmmuzrng
the total cost with constraints restricting to the farlure rate of each module in the
software By using this model, optnmal release txmes are found for some cases: the
eliminated faults are assumed simple faults orrly, regenerated faults only, srmple and

degenerated faults, and so on.
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Step 2.
a) {Re-A(To) |<€, go to Step 5
b) IRA(T | D,
i) R-A(T)20, go to Step 3
i) Re-A(Ty) (‘0.. go to Step 4
Step 3.
a) If ReA(Te-1)20,
k='i‘ki’]11‘—f, k=k+1
go to Step 1
b) If Ry-4,(Tw-) <0,
I=1+1
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Te= Tk—%i, k=k+1

go to Step 1
Step 4.

a) If ReA,(Tw) <0,

Tk-L', k k+1

go to Step 1
b) If Ri=A(Tha) 20,
I=1+1
=T + E, k=k+1
I
go to Step 1
Step5. £8

A7) TF = Tx

RE AgzAds 9EA7le #AAA7E max

A (5.15) <l o8] vlAE EAHIeE D5 Uk
f(T) = (C,-C)EWN(T))}+C,EIN(Tw))
+Cyg (T)

B+t .
=(Ci-C) X (N-M,) 1-( - )+
B+T+T

C. X (N:-M,) 1~ ( ) +Cyg(T)

B+T+Tc

{(Me 12 9 23 v]&E F3lAM convex
function ¢& 44 £9¢ 4 9tk Newtond]
Point Searching Methodel] 2J3 convex func-
tion®] minimum point& ¥& 4 o min-
imuna pointe Tu.2t Teo] Xol7t vk ZLujrt
A ofef formulad A& HEFo2A A&+
et

{T%, T¥, -, T¥} olch.
(B+ T) ay
(C,C)) X (N\-M) a, 4 Cog” (T
(ﬁ+l’+ Tk) [ 72"
T = Ty -
B+0"
CC)ZN-M) oy (o, +1) ————————— + Cig" (T\)
(ﬁ'f' T+ T =

T& (M2 A pointzt 4.

wge}A] ujg-g Has) iz RE AYAE ¢
FA7E AES AR (T, To, T, Ty, -,
T3 Qeh 2744 3474 Ak Tt 2
o} aAY T max(T,, T, -, Ta) B} 2A}
& 7BS VA 7E g o, AEst 3
A7} T#= max({T., To, Ty, Ty, -+, T} o1 mimal

point of f(T) BE APAEe W54k

7. AEd A

A%E =27 498 /94 AFEA Mac-
intosh SE& o4 FORTRAN-77¢] glole]l <lsj
PROGRAMe] #p4d=lgict. 458 Ash= of
X 13} 2t
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E 1. AES JHADI

T =

S-type

113.5(Ts)
71.54(T,)
87.65(T2)
87.4 (Ty)
111. 02 (T)

BE test problem& 11709 AlgzAE %3
33 Qlckh systemel] 1709 AlgzA 223 10
1ol 25& 98 10709 AlgxAe] Hesict

S-type

87.6(Ts)
83.3(T,)
88. 7(T2)
85.2(Ty)
85.2(Ts)

v # 0
D-type S+D type
76.2(Ts) 90. 01 (T,)
52. 4(T5) 77.6 (T,)
65. 6 (T) 75.7 (T)
57.5(Ty) 74.1 (T))
57.3(T,) 63.6 (T,

E 2 g(T)of wisio] W2 AES HEAP|

g(T) S-type

T¢* 111. 4(T.)
T*™ 42.6(T.)
T 33.3(T,)
T"-* 33.3(Ty)
T"* 33.3(Ts)

=0

S-type D-type
79.8 (T.) 58.2 (T.)
44.01(T5) 35.4(Ty)
44. 01(Ts) 35.4(T)
44.01(Ts) 35. 4(Ts)
44. 01(T5) 35.4(Ty)

X 13} vl Eu gAe] AE HHAzE At

objective function®] #HAHTolt} & Tz}

T., To, Ty, = T3 A Boln] g(T)=T°* or

To150) A2 Aoz AREs} FHA7P 7o} .
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E 204 v=0 F t#0 A5l A g(D7t
it uje}l AxEgo] AESE HHAIL of
gA Wl & 4 otk

T #F(

S+D type

67.8 (T.)
40.1(Ty)
40. 1(Ty)
40.1(T,)
40, 1(Ty)

olAl Alkx7 glo] g(T) 9 st U%% =7
g9 HaAd disiy gofu E 3oxst



B3 g(T)of st mE AHZst H™A|

g(T) S-type S-type D-type S+D type
T 97.61 72.64 5. 47 64. 04
T ™ 39.62 29.9 22. 68 26. 48
T 20.13 15.22 11. 48 13. 43
T 11. 68 . 8.8 6.6 7.74
T 7. 48 5.64 4. 24 4. 96

g(T) 2} powerE Z7HA17)o) el AAE3} 3]44] e uslely] Yaje fautd: AZlA f3e
7l A8 A4S & & Uk 285l 2 FEel AfErde WA 5 fa-
g Az 58 xedS de AFS A ult® A7 faulte] §3¢ Simple Fault,
7} g(T) 9] powerZ Z713o] aet 2314 7 Degenerated Fault, Regenerated Fauli€ 7
48R @42 R £ d2E o]Fx glch 2ol faulte] §3ol el 259 failure rate
9 W7 failure 8 AB3He AES S5 W
g 2 of on o] g AT ATEdo) HEs HAHA
718 Agsle dutdolz el 42e =Y

£ =i A= i Az FAdF o RS FRsA dl

23943 7129 22 el ASe ZAud

ne2d

o
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