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ABSTRACT:- This paper investigates the analysis of a single server multi-component two-dissimilar
unit cold standby redundant system subject to inspection and slow switch. Each unit consists of n
independent separately maintained components, there is a single repair facility for inspection and
repair of the failed unit. The inspection is carried out to detect which component of the unit has failed.
The inspection, failure and repair times are stochastically independent random variables each having
an arbitrary distribution. Using the regenerative point technique various reliability characteristics are
obtained to carry out the cost-benefit analysis . Certain important results have been derived as
particular cases.

l. INTRODUCTION AND DESCRIPTION OF THE SYSTEM
Many authors [1, 4, 7] deals with a multi-component system using the supplementary variable
technique. They have assumed that on failure of the operative unit. The cold standby unit becomes operative
with the help of the switch, which may be perfect or imperfect at the time of need with respective probabilities

p and q . It is assumed that the repair of a failed unit starts after its inspection, which is carried out to

determine which component of the unit has failed so as to repair that particular component.

The purpose of the present paper is to introduce the idea of slow switch and to investigate a two-
dissimilar-unit cold standby redundant system. Each unit consists of n independent components, under the
assumption that on failure of the operative unit the switch puts the standby unit into operation after a fixed

amount of time ts .The inspection. Failure and repair times are stochastically independent random variables

each having an arbitrary distribution. A unit is good if all of its components are good and any one component

fails the unit too fails. There is a single repair facility, the repair of a failed unit starts after its inspection. The

inspection is carried out to find which component of the unit has failed so as to repair that component. A single

server is available for inspection and repair of the failed unit upon repair the units work as good as new. Using

the semi- Markov process technique and the results of the regenerative process. Several reliability characteristics

such as pointwise availability. Steady state availability. the busy period by the server, the expected number of

visits by the server and the cost per unit time in a steady state are obtained. The results obtained by [8] are

derived from the present paper as special cases. In this system the following assumptions and notations are used

to analyze the system.

(1) The system consists of two-dissimilar units. The first is operative and the second is kept as cold standby.
Which of course does not fail unless it goes into operation.

(2) A unit has two possible modes (normal and failed).

(3) Each unit has n independent components.

(4) On failure of the operative unit the switch puts the standby unit into operation after a fixed amount of time

t..
S
(5) A unitis good if all of its components are good and if any component of it fails the unit too fails.
(6) The inspection is carried out to find which component of the unit has failed so as to repair that particular

component.
(7) Asingle server is available for inspection and repair of the failed unit.
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(8) Failure, repair and inspection times are stochastically independent random variables each having an

arbitrary distribution.
(9) Upon repair of a unit and the switch work as good as new.
(10) All random variables are mutually independent.

Il.  NOTATIONS AND STATES OF THE SYSTEM

E 0 state of the system at epoch t - O ,
E Set of regenerative
State?{sz,s’s,se,s7,310j 5117512513514 515 by
E set of non-regenerative states;{so y Sl y S4j y SSj y SS y Sg}
fi (t ), Fi (t) pdf and cdf of failure time of the j-th component of the | -th operative unit;

j=12,..,ni =12,
hi (t ), H i (t) pdf and cdf of inspection time of the | -th failed unit; | = 1, 2,

g ji (t ),G ji (t) pdf and cdf of repair of J -th  component of the i-th failed unit;
] =12,..,n;1 =1,2,
.t fixed amount of time required for the switch to replace the failed unit by the standby unit.

S
qij (t), QIJ (t) pdf and cdf of first passage time from regenerative state | twa regenerative state J or

to a failed state J without visiting any other regenerative state in
(O.t];ijeE,
qk (t )’Qk (t) pdf and cdf of first passage time from regenerative state | to aregenerative state J or to
1 1

a failed state j visiting state k only once in (Ot],lJ S E,k (S E

q (k ’h) (t )’Q (k ’h) (t ) If and cdf of first passage time from regenerative state | to a regenerative state J ortoa

ij ij .

failed state J visiting state k and h in
(O,t ]respectively |,J S E,h,k S E,

pij one step transition probability from state | tostate J, |,J € E,

pij Probability that the system in state goes to state J passing through state
k; ijeE;, hkeE,

(k ,h) . _ i i .

pij probability that the system in state goes to state J passing through states
hk; i,jeE; hkeE,

JC i (t ) cdf of first passage time from regenerative state | to a failed state,

Ai (t ) probability that the system is in up state at instant | given that the system started from
regenerative state | at timet — O,

M i (t ) probability that the system. having started from state | is up at time t without making

any transition into any other regenerative state,
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B . (t ) probability that the server is busy at time t given that the system entered regenerative
1

state | attimet = 0,
expected number of visits by the server given that the system started from regenerative

\/i (t) stateiattimet :O, | :1,2
pji (t) probability of success of the inspection in investigation of the failure of the J -th
component of the | -th unit; J:1,2,,n,i=1,2,

/uij contribution mean sojourn time in state | when transition is to state j is
'Qij (0) = q; (0),
. k
'Lti mean sojourn time in state | , lLli = Z[’Llll ‘I‘ ZILIIJ ],

Symbol for Laplace-Stieltjes transform, e.g.

F(s)=[e>dF (t).
symbol for Laplace transform, e.g. F ) (S) — .[e Stf (t )dt .

symbol for Stieltjes convolution, e.g

AM&B(t) = [ B(t —u)dA(u),

symbol for ordinary convolution, e.g.

a()©b(t)=] a(u)b(t-u)du

For simplicity. Whenever integration limits are (O, OO), they are not written

Symbols used for the states:

N 0i the | -th unitis in N-mode and operative; | - 1,2,
N . the | -th unitis in N-mode and standby; | - 1,2,
S
FWpi the | -th unit is in F-mode and waiting for inspection; | =1,2,
Fpi The | -th unit is in F-mode and under inspection; | =12,
N Swi the | -th unit is in N-mode as standby and being switched; | - 1, 2,
Frji the | -th unit is in F-mode and under repair due to the failure of the J -th

component;l =1,2; J =1,2,3,..., n,
Considering these symbols, the system may be in one of the following states:

So:(N01'N§2) ’51:(N§1’N02) !
Sz = (Npl’ N§w2) ! S3 = (N§m11’ sz) !
S4j :(Frjl'N§W2) ’ SSj :(N§W1'Frj2) :
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SGZ(FpliNOZ) ! S? :(N Ol'FpZ)

Sg =(Ng1:Ngy2) S =(Ngy,. Ng»)
S10j :(Frer 02) : Sllj :(N 017 Frjz) ’
S12 = (Fp1’ Fsz) ! S13 = (prl’ sz)

S14j :(Frjl’ prz) : S15j :(prl’ Frjz)

Upstates: SO’S].’SG’S?’S].OJ ’Sllj

Down states: 52,33,S4j ,S5j ’88'89’810j ’Sllj ,812,313,814]- ’815j .
States and possible transitions between them are shown in Fig. 1.

f,-l
i ! i
_SQ SlE. o SZ 17—. A "_5'4J-

Siss S13 : 103 g S ' 's)
1 ; |

N

1
|

Fig.1.

Up state Down state Regeneration point

@ [

I11.  TRANSITION PROBABILITIES AND MEAN SOJOURN TIMES

It can be observed that the time points of entry into S i S E are regenerative points so these states
are regenerative. Let TO (E O) T ,T y =+« denote the time points at which the system enters any state
Si € E and X n denotes the state visited at the time point X n+1: i.e. just after the transition at

T

N+l then {X n ,T n} is a Markov renewal process with state space E and
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QI] PIXnia= 1T =Ty <t‘xn =1]

is a semi-Markov kernel over E. The stochastic matrix of the embedded Markov chain is
P =(p;) =(Q;(0)) =Q(x)

and the nonzero elements p” are

Poz = P13 = P1aj 3 = Pisj 2 =1 ' P1315) = Pj2

P1214j = Pj1- Py =Hi(ts) , Pa; =H,(ts)

Pe10j = Pj1] o ()dH, ) C Pay =P[R, ()

Ps12 = Pero Hi )R, (t) - P71z =JH,()dF(t)

Pyj 14i = G2 (t)dF, () , Duj 15 =Gy (OOR ()

pfé’,g—fF‘z(t)dG,-m pi) , =[Ft)G,,(t),

p210j = pjljhl(ts —U)Gj;(u)du

0
pSE,llJ ijth( )sz(u)du

pgl1J R Djlﬂhl(u -W )G, (W )dudw ,
00

pd) = pjzﬂhz(u —W)G j, (w)dudw | 31
The mean sojourn tim:z)so/,li instate O are
Ho=[R@dt . =]F()dt
He=[H F(t)dt .y =[H,F(t)dt
Hoj :IG_jﬂfz(t)dt o M :jG_jzlfl(t)dt
pp =[H O)dt gy =[H,()dt
4j =1G; M)At . 55 =[Gy, (t)dt (32)

IV.  AVAILABILITY ANALYSIS
Elementary probability arguments yield the following relations for Ai (t )

A,(t) =M, () +0q, (t)OA,(t)
At) =M, (t)+g,t)OA,(t)
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A1) = 2ai P (OA, (1) +0, (OAL ) + 2 Al ()OAL () |
j=1

j=1

A(t) = 2% OA,(t) +0, (1)OA, (1) +2 050 1)OA, (L) ,
j=1

AcD) =M (1) Z510; (VA 0) +8, OOA, ) ,
Ar) =M (1) 741 (VOO +6,15(0OAL0) ,

As; (1) =My (t) +q1(c1))j 3©OAS (1) +0y0j 14; (1)OA4(T)
Ay ) =My (t) +Q1(fj) 2©A, (1) +014 155 1)OAK(L)

Ap(t) = _ilchz,m i ([)OA4(t) ,
i=

As(t) = Jﬁ:lchais i (1)OA;(t) ,
A (1) =014 3(1)OAL(L) :
A5 (1) =055 . (D)OA,(t) ,
@.1)
Mo®)=F) M,0)=F)

M(t)=H,OF0) M, t)=H,0R)
Mle(t):Glez(t) 7 Mllj (t):GjZFl(t)

*
Taking Laplace transforms of equations (6.4.1) and solving for AO (S ) it follows

" Ag(s)=N4(s)/Dy(s) - (4.2)

N 1(3) =M ;[1_ (032 +q;6C72)(C23 +q;6Ce3)] +q;2 [(az +q;6a6 +C21M 1)

+ (aS +q37a7)(C23 +q26063 +C21q13)]
and

Dl(s) =1- (C32 +q37C72)(C23 +q26063) _C30q02 (C23 +q26063 +021q13)’
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- (4D oy (BI)pg ¥
a, = _zlqz,loleoj A= _ZqS,llj M 11j
= ]
* n * *
aezMe"'qus,mj 101 =M "‘ZquJ 1]

8)*

(4],
Cop = Zqz L= ZquOj (Choj 3+Q1oj 14]q14j 3).

5 9)*
oo LT+ i
32 __Q3,111 CI1112 O11j 1515 2

Coz = JZ [qﬁloj (Choj 3 "‘%01 14jq14j 3)+%12q11 14jq14j 3]

Cop = Z [%111 (qm 2 +Q111 15JQ15J 2) +Q713Q13151(115J 2]
J_
(4.3)
The steady state availability of the system is

Ag()=N,/D;. (“4)

where;

= to[1=(Cop + P3C7y) (Cop + PyeCia)] + (@ + Py +Cy4)

+(8 + Pyry ) Cs + PasCos 1)

and
! — — — —
D1 =—(Cyp + Hy7C1y + P3,C2,)(C + PoeCis)
-(C, + p37C_72)(C_;3 + HyCes pzeq’ss)
—

+ (CSO +C_?>OIUOZ)(C_23 + p260_63 +C_21)

- — N —1 —1 —1 _—
—C 0(C32 ~ HyeCoz T Pogtiy,Ces TCo3 TCy _021:”13)

_ v n(4D)
a, = _le21OJlul0]
J:

3
. n (5]) n - n
= '21 a1ljthy Y =Hgt le6,10jlu’10j CO7 =yt lelllj:uilj’
j= j= j=
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L (48 L 4j8
C_le_zpélj ) C_élz_zluéf ),
j=1 j=1
(4] 1
Co3 = '21 pé,l%))j(pl(o)j 3+ P1oj14j)
J:

n .
_ (41) (@
Cog = —_zl[,uz,mj (ploj 3T P1oj 14 )
J:

(4]) 1) 1)
+ Pya0j (L40j 3+ 405 3+ Proj1ajtha )]
n . n .
_ (51.9) _ (51.9)
Ca = '21 P30 ' C3 = _21/130 !
j= j=

L (5] 0
Cpp = _Zl p3(,,1]1} (p1(11),2 + P11 155 )
J:

n .
_ (53) ((0)
Cap = __Zl[:uB,llj (P11j 2 + P11j 15)
J:
(5j) ¢,,00)
+ Pa11j (4415 2 + Ha1j15) + Prajasj s 2)]

n
_ (1)
Co3 = Zl[pG,loj (P1oj 3+ P1ojaaj) + Pe1aPi21aj Puajal -
J:
Cla =2 L5120 (P 5+ Proj aa;)
63 = _1ﬂ6,101 Pioj 3+ Pioj 14
J:
+ - ( D 4 i dha o)
p6,10] :u”l01,3 /“LLOJ,14] ple,14j/“L.|.4j,3

+ He12P1214j t Ps 12 (L4214} + P14 tha 3)]

n

- 0

Coo = _Zl[p7,11j (pflj?,Z + Prgjasi) + P713Passi Pisj o] -
J:

n

~ (0)

Cs = —_Zl[,lh,llj (pllj 2t pllj,lSj)
J:

(0)
+ P7a1j (B41) 2 + taaj 15§ + Puajas s 2)

+ H713P1315§ t P713 (#4315 i T P35 ths;j 2)]
.5)
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The expected up time of the system in (O,t ] is

t
Hyp (t)= IAU (u)du
so that 0
Hp (8) = Aq () /s
Thus one can evaluate £4), (t) by taking inverse Laplace transform of ,Ll:p (s) .

The expected down time of the system in (O,t ] is
Han (t) =t — Hyp (t)

* 1 *
sothat Ly, = S—2 —,Llup (S)

V. BUSY PERIOD ANALYSIS
Elementary probability arguments yield the following relations for B i (t )

Bo(t) =0p, (1)OB,(t)
B,(t) =0,5(t)©Bs(t)

B2(0) =V (1) 2 041 (0B, (1) +025()OBy 1)
480,088,
B, (t) =V,(t) + Jz g5 (OB, (t) + 4y, (OB, (1)
+ Jz 030 (OB, (1) ,
By (1) =V, (1) + ji:lqe,lo (OB (1) + G 1, (VOB (1)

B (1) =V, (1) + X G711 ()YOByy () + 0y 5(t)OBy, t)
j=1

Bioj () =Vyo; (t) + ql%)j FOB;(t) + 040 145 (1) OBy (t)
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Byy; (t) =Vyy; (t) +057) o (OB, (1) +0yy; 15; (1) OB (t)

By, (t) =V, () + ilchz,mj (t)OB,(t).
j=

Bis(t) =Vi5(t) + i1q13,15j (t)OB,g(t) .
j=

Biaj (1) =V 145 () +04j 5(DOB5 (1)
Bys; (1) =Vy5; () +0355 . (DOB, (L) (5.1)

where;
Vz(t) :Vlz(t) = |'T1(t) ,V3(t) :V13(t) = I'Tz(t),
Ve(t)=H (t)F,(t) V,(t)=H,{)F(t).
V10j (t) :G_jl(t)lfz(t) 1V11j (t) :sz(t)ﬁ(t)
\/14j (t):G_jl(t) 'V16j(t):Gj2(t)
Taking Laplace transforms of equations (6.5.1) and solving for Bg (S ) it gives

By (s) =N ,(s)/Ds(s) . 62

where;

N 2(3) qoz[( +qze ) (b3 +q37b7)(023 +05Ce3 +C21q13)]a“d
Dl(S),C21,C23,C30 ,C32 ’C63’C72 are given in (4.3),

n .
b, =V, + _Zlqz,loj Vioj + Ghoj1ajViaj)
J:
b, =V, + _Zqu,llj (Mi1j + Oi1j15Vis )
j=
* n * * * * * * * *
0 =V + _Zl[qe,lo i(Vig; + gjaaVigg) + U512 (Vlzj 024V )l
J:

* n * * * * * * * *
b, =V; + _Zl[q7,11 i (Vigs +0ig05V055) + G713 (Vi + 315 Misi)l
J:

(5.3)
in long run. The fraction of time for which the server is busy is given by
By()=N,/D, ' G4
where;
N, = (b, + Pyebs) + (03 + P3b7)(C3 + ProCos +Co1)
and
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L " o
D C C23,C30,C30,C32,C32,C63,C63,C72,C72 are given in (43),

b, = 1y + Z pg‘lé))J (thoj + Proj 15j thaj)

by = 13+ Z ngSlJli (t41j + P11j 15j t4sj)

b = g + _Zl[pG,le (#4; + Poj 14 #aaj )+ Poga (thg + Proj 10 e )]
J:

_ n
b, =i + _Zl[pmj (#h3; + Pug; 15 45 )+ P71 (tha + Praj a5 s )]
|=
(5.5)
The expected busy period of the server in (O,t ] is

4o (0) = [ Bo(u
wta 14 (S) =By (s)/s

*
Thus one can evaluate ILAO (t ) by taking inverse Laplace transform of ,le (S ) .

Expected idle time of the repairman in (O,t] is
(1) =t — 14, (t)

VI. EXPECTED NUMBER OF VISITS BY THE REPAIRMAN

According to the definition of \/ i (t ) , by elementary probability arguments the following relations

are obtained

vo(t) :Qoz (t)&[l+V2(t )]
V(1) =Qu(t)&[1+V,(t)]

Vv, () = in‘;“”g’(t)&vl(t)+Q26(t)&v6<t)

+ zqéiai (t)&V ; (1)

V,(t) = zq“’ V)&V, () 1Qy )&V, (t)

+2Q$ﬁ®&vma)
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V5(0) = 2Qs10; (V&Y 05 (1) Qo &V, (1)

V,(t) = iQY.llj (t)&V,y; (1) 4Q; 15 (t) &V 5(t)

Vipj (t) Qle 3(0)&[L+V 3 ()] +Qy; 10 )&V, (1),
Vllj (t) :Qllj 2 (t)&[l+V2(t )] +Q11j,15j (t)&V15j (t)

Vi (t) = _ille.m,- )&V, (t)

Vis(t) = iQ13.15j (t)&Vg; (t)
j=1

v14j (t):Q14j,3(t)&V3(t) :
v15j (t) :Q15j 2 (t)&Vz(t) : (6.1)

Taking Laplace-Stieltjes transforms of equations (6.1) and solving for \/O(S). Dropping the

argument “s” for brevity. It follows

V' (s)=N,(s)/D,(s) . (6.2)

where;

N ;(s) :(502[1_ (X5, "'Q~37X 72)(X 55 +Q~26X 63)]
+(:502 [(d, +Q~26d6 +X 21613)
+(d, +Q~37d7)(X 23 +(526X 63 T X 21Q~13)]
and

D,(s)=1-(X4 +Q~37X 72)(X 33 +Q~26X 63)
X 3Q02 (X 25 +Q6X g3 + X ,Q15)

N <4 1 5 0 - (1
d2 = Zle(lé))JQl(O)j 3 3 = ZQ?ElﬁQl(lj),Z d6 = ZlQ&leQl(O)j 3
j= 1=
N < < (0
= Z_:Q711jQ1(1j),2

~

0 ~(4] 8 A6 (0 L& 5
= Zle(lj ) K= _Zle(,lé)j (Q1(o)j 37Q10j14]Qu4; ).
i- j=
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5§ .9
X = ZQ?E ) Ky = ZQ3111 (Qllj 2+Q111 15]Ql5j 2),
Kgg= Zl[Qe,lo i Quoj 5 +Q10j 14jQ14j 3) + Q6101214 Qs 8]
J:

n
B ~ ~(0) ~ ~ ~ ~ ~
K= Zl[Qm i Q11 3 Q11 15iQusj 2) + Q7101315 Qs o] -
J:

(6.3)
In steady state, number of visits per unit is given by

V() =N 3/D,. (6.4)

where;
Ny =1- (X5 + Py X 3,)(X g + P53, X 5,)
(A, + Py, + X p) +(dg + Pard ) (X g+ PpeX gy + X )

and

D, =-(X g + X 1y + P X ) (X g + DX g5)
= (X + Py X 35 ) (X g5 + 11X g 4 DX g5)
= (X gy + X oy )(X g + P X s + X ;)
-X (X 2 ,U26X 6 T pzex +X a3~ $ 1)

30
LN 1 T 5 0
Z_: él%))j 1(0)j,3 3—Zp§1J1] 1(11),2
n
Z

>

p6101p1013 d, P7.11] p1113

j=1
X _” (418) 1 3 (418
21= 2 P2 Ky =—2 My
j=1 =1
n
a 4
X23=21 élJO)J(ple3+p10jl4j)
J:
n

. (4 1
Xp=- Z [,Uz 1{))1 (pl(O)J' 371 P1oj 4] )

(4
+ p21%))j (IU’le,3+:ule,14j + P10 14j H44 3)]
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Xa=2 Ppi®  Xgo=- ZIU(J)
j=1

_ n 5 0

X g = Zl P51} (Pit) 2 + Putj as; )
J:

5 0
- Z [ﬂélﬂ (pfﬁ,z + P11j 155 )

(5 0
+ psljl} (/U1(1} 2+ 415155 T Prajasjtasi2)]

Xz = Z P6.10j (ploj 3+ P1oj1aj) tPe12P1214]
J_

1
:—_Zl[ﬂe,lo j (pl(O)j 3+ Projaaj)
j=
+ A T I (A )
Pe10j 40 3t thoj1aj T P1ojaajthsj3
+ e 12P12147 T Pon2(Hh214) + Pr2j14jtha; 3)]

. n
Xy = Z_: (P71 (pﬁ)j) 2+ P11jasj) HP713P13s 1.
Z[ﬂnlj(pnj 2+ Puajas;)

0
* P711j (!41(1} 2+ th1j15) + P11 15j 45 2)
+ H713P13155 + P713(44315) T P13as s 2)]

VIl.  COST ANALYSIS

(6.5)

The cost function of the system obtained by considering the mean-up time of the system, expected busy
period of the server and the expected number of visits by the server, therefore the expected profit incurred in

(O,t ] is
C (t ) = expected total revenue in (O,t ]— expected total service cost in (O,t ]— expected cost of visits by

server in (O,t]
= kl%p(t)_kzﬂb(t)_kevo(t)

The expected profit per unit time in steady-state is

C =kiAy —Kk;By —kyVp.
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where K 1 is the revenue per unit up-time. K 2 is the cost per unit time for which the system is under repair

and K 3 is the cost per visit by repair facility.

VIII. SPECIAL CASES
8.1 The two units are similar with exponential distributions:
Let

Ft)=1-e ™ H,t)=1-e 7 G;{)=1-e 7"
The transition probabllltles are

Poz = P1s = Puaj 3= Pisj 2 =1 P1o1aj = Pr31sj = P
Pos = Py =€ 7%, Pe10j = P711j = P; B/(a+p).
Ps12 = Pr13 =0/ (@ + )

P1014j = P1135j :05/(7/1' +a)

1 0

pl(o)Js—p1(1},2:7/j/(7j+05) :
4i) 5)) p —7its —[ts

R L B

O (B+y)

6i9)_ P P SN 1
= pi!? (ﬁ+7j)[ﬂ(1 e 7")-y;t-e")]

T et
Hoj = Haj :]/(OHJ/J') ==Y P
Hhaj = Has; ::ul4j,321u15j,2:]/7j
tho1aj = Hhzisj = pj/IB2
26 = Ha7 :]7/:32
He10j = M7a1j = pjﬂ/(“"'ﬂ)
Hg 12 = H713 :0‘/(0“":3)2
Hgjaaj = HFij asj :0‘/(7j +a)2
M%)j3:ﬂ1(f}2:7j/(7j +a)’
38 = ) = 0, (B4 7}

| HJMER | ISSN: 2249-6645 | WWW.ijmer.com | Vol. 6 | Iss. 5| May 2016 | 52

(4;8) _

P21




Probabilistic Analysis Of A Single Server Multi-Component Two-Dissimilar Unit Cold Standby

i =GP =p,(B+7,)/ B,

The steady state availability of the system is
Ag(0) =N 1/ D,

where;

_l_n pﬂ It _amA\ = 1
a 2_11(,B+7/J)(e )[a (a+y;)

N (IB+7/) ,H oyt - o
D, =% p, ) e e M 142
= p|: ﬂ71 +(ﬂ+?/j)(7j+a)( )[ +7/jj]

_{_ie ﬁtsz pj |:ﬁ.|. ﬂ [14-0[]-{- ¢ +a(12+1j]mthelongrun,the
proal+p| o\ oy ) @B) \F oy,

10 ] ] n P (B+7;)
=y 1-¢ "y _ 1-¢ s y ] i
+aj:1(ﬂ+7j)[ﬂ( )-7,( )}H y

fraction of time for which the server is busy is given by

BAo(oo) = MZ/Dl'

] and

e
7 (a-B)\ B =17

In steady state, the number of visits per unit time is given by

where,
I —PBts o _
L3 PP gy 8 p;(a-p)
=(B+7;) (a-p)
-ps _ | ~pts
e z pj { ﬂ (ef;/]t _e—ﬂts)_l_ ﬂe ]
B (a=pB)iala+r)| (B+7,) (a-p)

\/AO (OO) = M3/|jl , Where;
N,=1-3 —2 { i (e‘yj‘—e"gts)+pjﬂ e’“s}—a
a+r) | (B+7)) (a+ B) (a+ B)

The expected profit per unit time at steady state is
C=KA,-K,B,-KYV, .
8.2. Numerical example:
Let the two units are similar with exponential distributions, and
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n=2

. p; =07 ,7,=015 , t,=10
K,=1000 , K, =50 , K,=30 .

a C
B=02 | =03 |pB=45

0.1 55.48254 66.52853 74.60492
0.2 25.97565 32.92974 38.43232
0.3 15.60979 20.66413 24.86275
0.4 10.28482 14.21632 17.61510
0.5 7.03337 10.21486 13.06507
0.6 4.83847 7.48046 9.92743
0.7 3.25583 5.48982 7.62611
0.8 2.06005 3.97407 5.86273
0.9 1.12443 2.78050 4.46665

a0

&0

40

20

01 nz 0: 04 ns 05 o 03 n3
Failure rate of the j-th component of the unit
Fig.2

Relation between the failure rate of the j-th component of the unit and the expected profit per unit time

of the system.
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