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Abstract

In this paper, probabilistic models for two dissimilar redundant systems with replacement at each common cause failure
have been developed to analyze and compare some reliability characteristics. Two configurations are studied under the
assumption that each system is replaced at the occurrence of common cause failure. Configuration | is a 3-out-of-4 cold
standby system, while configuration Il is 3-out-of-5 cold standby system. Explicit expressions for mean time to system
failure (MTSF), steady-state availability, busy period and profit function for the three models are analyzed using
Kolmogorov’s forward equations method. Comparisons are performed for specific values of system parameters.
Furthermore, we compare these reliability characteristics for the two configurations and find that configuration Il is
more reliable and efficient than configuration I.

Keywords: Redundancy, replacement, Common cause failure.

1. Introduction

Redundancy is a technique used to improve system reliability and availability. Reliability optimizations play a key role
in engineering design and have been effectively applied to enhance performance [4], [17].0ne of the forms of
redundancy is the k-out-of-n system which has wide application in industrial setting. Moreover, the k-out-of-n system
works if and only if at least k of the n components work. Due to their importance in industries and design, the k-out-of-
n systems have received attention from different researchers (see, for instance, [1], [9], [16] and the references therein).
The concept of common cause failure and its impact on reliability measure of system effectiveness has been introduced
by several authors such as [2], who studied common cause failure analysis of a non-identical unit parallel repairable
system with arbitrary distributed repair times. Furthermore, [15] studied cost analysis of a system involving common
cause failures and preventive maintenance. [3] Has analyzed the reliability of redundant system with common cause
failure. [8] Performed computational comparisons of confidence intervals for the steady-state availability of a repairable
system. [5] Performed comparative analysis between two unit cold standby and warm standby outdoor electric power
systems in changing weather. [11] Performed comparative analysis of availability between three systems with general
repair times, reboot delay and switching failures. [12] Performed comparative analysis of availability between two
systems with warm standby units and different imperfect coverage. [6] Performed comparative analysis of some
reliability characteristics between redundant systems requiring supporting units for their operation. Many researchers
have studied reliability problem of different systems (see, for instance [7], [14]). The problem considered in this paper
is different from the work of [2], [3], and [15]. In this paper, we studied 3-out-of-4 and 3-out-of-5 cold standby systems
involving replacement at each common cause failure and derived their corresponding mathematical model using
Kolmogorov’s forward equation method. The contributions of this paper are threefold. First is to develop the explicit
expressions for, and for configuration. The second is to determine the impact of failure rate, repair rate, common cause
failure and replacement rate on, and for configuration. The third is to rank the two configurations for the, and based on
assumed numerical values given to the system parameters. The organization of the paper is as follows. In Section 2, we
give the notations, assumptions and states of the systems. System models formulation are given in Section 3. The results
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of our numerical simulations and discussions of the results are presented in Section 4. Finally, we make a concluding
remark in Section 5.

2. Notations, assumptions and states of the systems

2.1. Notations

yiA /ai - Failure/repair rate of unit i, i =1,2,3,4

A1 1 - Common cause failure/replacement rate for uniti, i =2,3,4
A, 1 1, : Common cause failure/ replacement rate for unit i, i =1,3,4
Ayl 1, - Common cause failure/ replacement rate for unit i, i =1,2,4

MTSF, : Mean time to system failure for configuration l and 1, J =1,2

A,, : Steady-state availability for configuration land Il, J =1,2

B,, : Busy period due to repair for configuration l and Il, J =1,2

B, : Busy period due to replacement for configuration 1 and 1, J =1,2

B, : Busy period for configuration I and Il, J =1,2

PF, : Profit function for configuration I and Il, J =1,2

0O, /0, /1Q,, /10, /0. : Unit is normal/under repair/waiting for repair/idle/lunder common cause failure
S,,1 =0,1,2,3,4: States of the system

2.2. Assumptions

1) Configuration | and Il consists of three operative and one and two cold standby units respectively.

2) At common cause failure, the affected units are replaced with new ones.

3) Switching from standby to operative unit is perfect and instantaneous.

4) Each system is attended by one repairman.

5) Repair is perfect.

6) The common cause failure affects only the units in operation and the units are replaced instantaneously.
2.3 States of the systems

Configuration I: 3-out-of-4 system

Fig. 1: Transition diagram of Configuration |

Up states
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SO(OlN 'OZN 'OSN ’045) ' S1(01R ’OZN ’OSN ’O4N ), Sz(olN 'OZR ’03N 'O4N )! 83(01N ’OZN ’O3R ’O4N )

Down states:

S:0k.04,:05.06) + S50kr0,.0x,0,) + S5(05.0,:04,0,6) +  S;(0,0,,,04,0,)
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Configuration I1: 3-out-of-5 system

Fig. 2: Transition diagram of Configuration Il

Up states

SO(OlN 'OZN ’O3N ’045 'O5S)7 Sl(olR ’OZN ’OSN 'OAN 'OSS) 1 sZ(OlN ’OZR ’O3N 'OAN 'OSS) 1 S3(OlN 'OZN 'OSR 'O4N 'OSS) '
S4(()1R ’OZN 'OSN 'O4W ’OSN ) ' Se(olN ’OZR 'oaN 'O4N 'OSN )

S8(OlN 'OZ\N 'O3R 'OAN ’OSN)

Down states

SS(OlR ’OZC ’O3C ’OAC ’OSG) ' S?(Olc ’OZR '030 'O4C 'OSG) ' SQ(OlC ’OZC ’O3R ’O4C ’OSG)

3. Model formulation

Let P.(t) to be the probability that the systems at time t >0 are in the statesS, , i =0,1,2,...,9. Also letP, (t),
n=1,Ill be the probability row vector at timet , we have the following initial conditions for configuration | and Il
respectively:

P, (0) =[R(0), P.(0), P,(0), P, (0), P, (0). 5 (0), P5 (0), P; (0), , (0). P (0)]

= [1, 0,0,0,0,0,0,0,0, O]
We obtain the following differential equations from Fig. 1 and Fig. 2 for configuration I and Il respectively.

%:_(ﬂl+ﬂz + B,) Py (t) + o, py () + a2, p, (1) + o, P t)
%:—(aﬁr% + )P, () + Bipy (t) + e, p, (1) + 24P (t)
%:_(az + 2, + 8P, () + ByPo () + s P () + 14,5 (£)
%Z_(% + 25+ B,)Ps(E) + ByPo (t) + @, Py (t) + 14D ()
dpgt(t) =—a,p, )+ AP, 0)
PO, )+ 20, 0)
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dps(t) _

dt __aspe(t)"'ﬂspz(t)
dp, (t
P) o b0+ 29, 0)
dp, (t
pgt( ) :_a4ps(t)+ﬂ4p3(t)
dp, (t
L) b+ 4pa) &
The differential equations in (1) above can be transformed into matrix as:
P,=TP, 2)
Where
[—(B,+ B, + ) a a, a, 0 0 0 0 0 0 |
B —(a+A4+5) 0 0 a, H 0 0 0 0
B, 0 —(a, + 1, + 53;) 0 0 0 o, W, 0 0
183 0 0 _(as + /13 +ﬂ4) 0 0 0 0 a, Hy
T 0 JiA 0 0 -a, 0 0 0 0 0
! 0 A 0 0 0 - O 0 0 0
0 0 i 0 0 0 -a, O 0 0
0 0 A, 0 0 0 0 - O 0
0 0 0 B, 0 0 0 0 - O
| 0 0 0 Ay 0 0 0 0 0 -
dp, (t
Lol) (54, )Py + P )+ PO + P 0)
PO (g + 2,4 BP0+ BPo )+ aup, O+ P
T_ 1 4) Py B () +a,p, )+ pst)
dp. (1) =—(a, + t t t t
T_ a, 2‘2+ﬂ3)p2( )+ﬂ2po( )+a3p6( )+/¢2p7( )
dp, (t
L) - (424 IR+ o) PO+ 6y O
dp, (t
Pu) - .0+ A
dps (t
Pl - b+ 40,0
dp, (t
L) - )+ 40,00
dp, (t
L) o b0+ 29, 0)
dp, (t
PO p )+ 40,0
dp, (t
L) —py )+ 2P0 ©
The differential equations in (3) above can be transformed into matrix as:
P,=T,P, “)

Where
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(B + B, + 1) a a, a, 0o 0 0 0 0 O
B, —(a+4+8,) 0 0 a, w4 0O 0 0 0
5 0 —(a, + 2, + f3) 0 0 0 a 0 0
ﬂ3 0 0 —(0!3 + /13 + ﬁz) 0 0 0 0 a, Hy
T 0 B, 0 0 ~2, 0 0 0 0 O
’ 0 A 0 0 0O —% 0 0 0 0
0 0 B 0 0 0 -4 0 0 O
0 0 2, 0 0 0 0 - 0 O
0 0 0 B 0 0 0 0 -e O
i 0 0 0 A 0 0 0 0 0 -pu

3.1. Mean time to system failure analysis

Itis difficult to evaluate the transient solutions, hence we follow the Refs. [4,5,11], the procedure to develop the explicit
expressions for MTSF, and MTSF, for configuration I and Il is to delete the fifth row and column, sixth row and

column, seventh row and column, eighth row and column, ninth row and column, and tenth row and column of matrices
T, and T, for absorbing states which yield new matrices, say Q, and Q,. The expected time to reach an absorbing

state is obtained from

1
W1 N,
E |:TP(O)ﬁP(absorbing):| =MTSF, =P, (O)(—Ql ) 1 = D_
1
: 5)
For configuration | and
R
1
! N
E [TP(O)aP(absoming)]: MTSF, =P, (0)(_Q271) 1= D_2
1 2
1 (6)
_l_

For configuration II. Thus,

MTSF, :%

N, :(Oﬁ +5 +ﬂ1)(a2 +1 +ﬂ?)(a3 +5, +/13)+ﬁ1 (az + 1 +/12)(0‘3 +5, +/13)+/82 (al +5, +ﬂ1)(a3 +5, +/13)
+4 (al + 5, +ﬂ1)(0‘z +5 +ﬂ2)

D, = 3 B+ Py Ada + B o2 + BiSo Bl + B2 + il + BBy 2ol + Bialo e + 0 o BBy +
BB + vt oy + 4 B, oy + 0 By 20 2+ By By + 0 By A + 00 B By + OB 35 By + O BB A +
LSS+ BB+ B + a0t i + BBy + o iAol + B + B o+ By By + o B +
B3 2+ 55 B + B AP + 4 B By 0 B3 2+ Bo B B + o5 2 + BB Sie + BB Ao + ot oy +

S sy + By Pl + O By o e + Po s Ba e + Po oo + O B 2o 2y + By i Ay + oo A a0 o B+

0, ol + B it + B ool + 0 o i + o By 2o + P By 2o + i A

MTSF, =%

N, = a0, (004 + Ak + 0 Ay + A2 A5 + 40,0, + 0y, Ay + o, + o As) + a0, B (o, +
A+ O + 2 4) + 000, By (d + Ay + onay + ou ) + e, By (o + A, +ana, +aud,) +
068 B (0 + 25 + by + 2, 4) + 4,0, B By (0 + A4y + avoy + an ) + o, B, By (o + A, + v, +and,)



D, = a0, (0584 + 4, B0 2 + &, Bk Ay + oy + i 2 + Boa o A + Psla A + B A A +

ana, oy + a0 By 2y + By A0 2 + 4 B0 )

Where

_(ﬂ1 + ﬂz + ﬂs)

o

Q1=

And

a,

a3

(B, + B+ )

By

(e +4+75)

0
0

B
@A+ )
0
0
a,

0
0

3.2. Availability Analysis

B,
0

(@, + 4, + f3,)

0

yo
0
(o, + 4, + )
0
0
s

0
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Py
0

0

(a5 + 4+ f,)

By
0

0
(o3 + A+ f3)
0
0

a,

0
By
0
0

—a,
0
0

0
0
by
0
0

_aa

0

0
0
0

B,
0
0

_az_

For the analysis of availability case, we use the same initial conditions as in section 3 for configuration I.
The differential equations in (1) above can be expressed in matrix form as

Po

P.
P,
J
P,
P
P,

Ps
L P |

Py __(ﬂl +5,+ ﬂ3)

B

o

—(o + 4+ f,)
0

o o oo™ o

a,
0

e, + 2, + ;)
0

a,
0
0

(o5 + 4+ f,)

[Py (1) ]
p(t)
p,(t)
ps(t)
P, (t)
ps(t)
Ps (t)
p,(t)
ps(t)

JLPs(®) ]

Let V, be the time to failure of the system for configuration I. Following [11], the steady-state availability is given by
A, 1(00) =1—(P, (o0) + Py (0) + Py (0) + P, (o0) + Py (0) + Py (0) )
In steady state, the derivatives of state probabilities become zero, thus (2) becomes

T,P, =0

Which is in matrix form as?

()

(®)
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__(ﬂl + ﬁz + 183)

[24]

—(oy + 4+ 3,)

oo oo™ o o

a,
0

—(ay + 2, + )
0

Using the following normalizing condition

ZPK(oo):l

We substitute (9) in the last row of (8) to yield

__(/31 + ﬂz + 183)
B

o

—(oy + 4+ f3,)

O 0o~ ™® o o

@,
0
(2, + 2, + ;)
0
0
0

Py

z
0

1

O
0
0

—(0(3 +ﬂ'3 +ﬂ4)

a3
0
0

(3 + 4+ )

0

A
1

o o oX o

o O O o

1

1

1

[po(t) |

p,(t)
p,(t)
ps(t)
P,(t)
ps(t)
Ps(t)
p,(t)
pg(t)

JLps(®)

p.(t)
p,(t)
ps(t)
p,(t)
Ps(t)
Ps(t)
p,(t)
Ps(t)
Py (t) |

[Py (t) ]

|
O O O O O o o o

1
o
1

T
o
[

©)

O O O O O o o o o

1

Solving this resulting matrix to obtain the steady-state probabilities P, (o), P; (), P; (), P, (), Py(0) and Py() in the

availability case. The explicit expression for the A/1(%) in (7) is given by

N,
A/l(oo):D_3

Where

N3 = @0, th 1 1 + 0,060, B 14 1 1y + Ca00, By i o 1 + O4 O 0 P by 4
D, = 0,0, By ph pis Ay + 04060000 1 [y 11y + CL0 By B s o s + OO Py 1y Ay + GO0 ot 14y 1y +
0, o o s + OGO B, P 1y 1y + Cly QO B 1 o sy + O By o s 4 g + Oy OO B o 13

For the analysis of availability case, we use the same initial condition as in section 3 for configuration |1
The differential equations in (3) above can be expressed as



Po

p.z A
P2 A,
P, 0
; 0
N 0
pe 0
P, 0

0

Pg |

Py

Py __(131 + ﬂz + 183) 2]

—(oy + 4+ B,)
0

o o0 oo™ o

a,

0

(2 + 4, + B3)

0

—(063 +ﬂ3 +:B2)

O
0
0
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0 0 0
0 0
0 o n
0 0 0
0 0 0
- 0 0
0 -a, O
0 0 -
0 0 0
0 0 0

[Py (1) ]
p,(t)
p,(t)
ps(t)
P, (t)
ps(t)
Ps(t)
p,(t)
pg (t)

1Lpy(®) ]

LetV, be the time to failure of the system for configuration I1. Following [11], the steady-state availability is given by
A, ;(0) =1—(P;(0) + P, () + P, ())

In steady state, the derivatives of state probabilities become zero, thus (4) becomes

T,P, =0

Which is in matrix form as?

__(ﬂl + ﬁz + ﬂs)
B

o

—(oy + 4+ By)

oo oo ,>~™®™ o o

a,

0

0

—(a, + 4, + f3;)

a,
0
0

(o5 + 4+ f5,)

We substitute (9) in the last row of (12) to yield which is in matrix form as

__(/31 + ﬂz + 183)
B

o

—(oy + 4+ B,)

P O o0 o,.>X®» o o

a,
0

0
0
0

Py

z
0

1

(2, + 4, + B3)

a3
0
0

3+ 4+ ;)

0

a,

o o oX o

o O O o

[ERN

0 0
0 0
a o, 0
0 0 a
0 0 0
0 0 0
-a, O 0
0 —-u O
0 0 -oa,
0 0 0
0 0 0
0 0 0
& 0
0 0 aq
0 0 0
0 0 0
-a, O 0
0 —-u O
0 0 -—q
1 1 1

o

O O ©O o o

—Hs |

[N

1pe®)]

p(t)
p,(t)
ps(t)
P,(t)
ps(t)
Ps ()
p,(t)
Pg(t)

p.(t)
p,(t)
ps(t)
p,(t)
Ps(t)
Ps(t)
p,(t)
Ps(t)
Py (t) |

[Py (t) ]

(11)

(12)

1
o
1

|
O O O O O o o o

L Po(t)

T
o
L

O O O O O o o o o

1

Solving this resulting matrix to obtain the steady-state probabilities P;(c0),P,(0) and Py(0)in the availability case.

The explicit expression for the A, 2() ins (11) is given by

A() =5
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N, = 040,060, 14 1 1 + Q000 B 1y Ly + O4000, [y 14 1y 1y + OO0 Ba i o iy + 0,00 B Byt 1o 1y + 2000, B, Bt 1, 1

D, = 0,08, B, th by 1 + 040,000 1 iy s + O, 0,0, By 1 1 1y + Q00 Paf o s + OG0, B 1 1y +
00 o L o 1 + O 00, By 1 fn Ay + 20000, B, Bt 1y 1y + 0y 000, B o fs Ay

3.3. Busy period analysis

Using the same initial condition as for the reliability case

P, (0) =[P, (0), P,(0), P,(0), P, (0), P, (0). 5 (0), P5 (), P; (0), P4 (0). P (0)]
=[1,0,0,0,0,0,0,0,0,0]

And equations (1), (8), and (9) for configuration I to yield

__(ﬂl + 5+ Bs) o a, a3 0 0 0 0 0 0] —po )] [0]
oA —(o, + A4, +5,) 0 0 a, w O 0 0 0| p(t) 0
b5 0 —(a, + 4, + f3;) 0 0 0 o 0 0| p,@) 0
ﬁ3 0 0 —(063 + ﬂ? + ﬂ4) 0 0 0 0 a, Hs ps (t) 0
0 JiA 0 0 -a, 0 0 0 0 0 ([p,t) (O
0 A 0 0 0 - 0 0 0 0fpst)] [O
0 0 JiA 0 0 0 -a O 0 0| pelt) 0
0 0 A, 0 0 0 0 —-u 0 0] p,() 0
0 0 0 B, 0 0 0 0 =-a, 0] pglt) 0
| 1 1 1 1 1 1 1 1 1 1 |[pst)| |1]
Solving this resulting matrix to obtain the steady-state probabilities
P, (e0), P, (0), P;(20), P, (), P5 (), P (), P; (), By () and Py ()
The busy period due to repairs for configuration | am given by
Brl(oo) =P, (oo) +P, (oo)+ P, (oo)+ P, (oo)+ Ps (oo)+ P, (oo) (13)
B rn (oo) = %

3
N5 = a0, B 1o 1l + C4 00, By 1 1y 1y + CLOL L, Pt Lo b + a0, 3, o 1 1y 1y + OO By Bt o s + CL0L B B 1 1 1
D = o400, 5 141152 + 04 00,0600 14 11 1+ C4 00 3 By 1 1y 1y + Q0L 0L B 1 1 Ay + 00 o 4y 1o 4 +
Q0 o s 1y 1, + 0,0 By By o 1y + OO0 By o 1+ 08, B, By 1y 10 + 0,00, By 1o 4154 The busy  period  due  to
replacement for configuration I is given by
By (2) = Py (o0) + P, (o2) + Py () 4

N
B_.(c0)=—&
MOR

3
N = 00,0, f 1 11 + 040600, 5, s 1125 + 0,00 o 11 A
Busy period for configuration | am given by
B, () = Brl(oo)+BRl(°O) (15)
Using the same initial condition as for the reliability case
Py (0) =[P (0), P.(0), P,(0), P;(0), P, (0), P5 (0), P (0), P; (0), By (0), P (0)]
=[1,0,0,0,0,0,0,0,0,0]
And equations (3), (9), and (12) for configuration |1 to yield
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1
]

(B + B, + 35) al a, a, 0 0 0 0 0 O0]p)] [0
B ~(o + A4+ ) 0 0 @ & 0 0 0 O0fp@)| |0
B, 0 —~(ay+ 2, + ;) 0 0 0 a u 0 0pt) |0
ﬁg 0 0 —(0!3 +A’3. +:B2) 0 0 0 0 o, || Ps (t) 0
0 B, 0 0 ~a¢, 0 0 0 0 0| p@] |0
0 A 0 0 0 - 0 0 0 0fpt)] |O
0 0 B, 0 0 0 -ao 0 0 O0]pt) |O
0 0 A, 0 0 0 0 -x 0 O0fp,t) |0
0 0 0 B, 0 0 0 0 -a O]|pt)| |0
1 1 1 1 1 1 1 1 1 1]p®] |2

S_olving this resulting matrix to obtain the steady-state probabili_tie_s
P1(90), P, (20), P;(20), P, (0), P5 (20), P (0), P; (o), Py («©) ‘and Py ()
The busy period due to repair for configuration Il is given by

BI’Z(OO) =P (oo)+ P, (oo)+P3 (oo)+ P, (0)+Pg () + Py () (16)
N7
Brz(oo):D_

4
N = a0, B 14 1y iy + 400, By 14 1y 1y + 04 00 Ba i Ly 1y + Oy O By By 1 o s + 20000, B, P4y 1 1
D, = 0,08 B, 14 11 115 + 0q. 0,000 1 o Ly + 0y 0,0, By 14 1 1y + Q00 Paf Lo s + OO0, B 1 1y +
0 o o 1 + OG0, By 1 fn Ay + 20000, B, B 1y 1y + 0y 000, B o f5

The busy period due to replacement for configuration 11 is given by

Bro () =Py () +P; () + Py () (17)
BRZ(OO):%

4
Ng = @050, 14 1A + 01060, o i 13 + 0,0 Py 11 s
Busy period for configuration Il is given by
Bz(oo)zBrz(oo)+BR2(oo) (18)

3.4. Profit analysis

The units are subjected to corrective maintenance at failure and replacement at common cause failure as can be
observed in states 1, 2, 3,4,6,8 and 5, 7, 8 respectively. From Fig. 1 and 2 the repairman performed corrective
maintenance action to the units at failure in states 1, 2, 3,4,6,8 and performed replacement to failed units due to
common cause failure in states 5, 7 and 8 in both configuration | and Il. LetC andC, be the revenue generated when
the system is in working state and no income when in failed state, cost of each repair and replacement respectively.
Following [4], [5], the expected total profit per unit time incurred to the system in the steady-state is

Profit=total revenue generated — cost incurred by the repair man due to repair and replacement.

PR =CA 1 (%) —C,B, () (19)
PR, =C,A, 2(0) —C,B, () (20)

4. Results and discussions

In this section, we numerically obtained and compare the results for mean time to system failure, system availability
and profit function for all the developed models. For each model the following set of parameters values are fixed
throughout the simulations for consistency for the two cases with the corresponding results tabulated in each case:

Case I: §,=0.2, 5,=005, 5,=001,4,=04,4,=05,02,=06,0,=05,0,=09, 1, =06, 1, =06, 11, =0.5for
Figures 3 —5.

Case II: §,=0.2, 5,=0.05, 5, =0.01,4,=04,4,=05,0,=06,0,=05,0,=09, 1, =0.6, 1, =0.5, C, =1000,

C, =100 for Figures 6 — 13
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Numerical results of MTSF, for configuration | and Il are shown in Figures 3 — 5.Figures 3 — 4 show that the MTSF,
for configuration | and Il decreases as 4, and g, increases. On the other hand, Fig. 5 show that the MTSF, increases
as ¢ increases. It is evident from Figures 3 — 5 that the optimal configuration using MTSF, value is configuration II.
Results of the A, , (o) for configuration I and Il are shown in Figures 6, 7, 8 and 9 respectively. Figures 6 and 9 show
that A, ; (o0) increases as ¢, and g, increases for both configurations. On the other hand, Figures 7 and 8 show that
A, ; (o) decreases as p, and 4, increases for both configurations. Here the optimal configuration with respect to
A, ; (o) is configuration Il. Graphical study of the PF, for configuration I and Il are shown in Figures10, 11, 12 and 13
respectively. Figures 12 and 13 show that PF, increases as o, and g, increases for both configurations. On the other
hand, Figures 10 and 11 show that PF, decreases as 4, and g, increases for both configurations. Here the optimal
configuration with respect to A, , («) is configuration 1.
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We can see from graphical study of system behavior that configuration Il is the optimal configuration for 2-out-of-3
system in this study.

5. Conclusion

In this paper, we constructed two dissimilar cold standby systems configurations to study the effectiveness of each
model.

Configuration I is 3-out-of-4 cold standby system while configuration 11 is 3-out-of-5 cold standby system. Explicit
Expressions MTSF, steady-state availability, busy period and profit function for the two configurations were derived
and comparative analysis was also performed numerically. It is evident from Figures 3 — 13 that the optimal
configuration is.

Configuration Il using MTSF, , A, ; (o) and PF, .
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