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Abstract

The main concentration of the present work is to evaluate and analyze economic nature of a system
reliability model which is allowed to operate under varying weather conditions — normal and abnormal.
In this context a system reliability model consisting of two non-identical units is developed in which
initially main unit is operative and the duplicate unit is at standby. Single repairmen/server comes
immediately to rectify the fault in normal weather whereas in abnormal weather the repair is not
feasible. The techniques used for the analysis are SMP & RPT.

Keywords: Economic analysis, varying weather conditions, repairable system, SMP, RPT

1. Introduction

The weather environment has a significant impact on the performance of the operating
systems. The physical stresses created by adverse weather conditions deteriorate
performance and efficiency of these systems. Besides, scientists and engineers have tried a
lot to develop systems which can work in varying environmental conditions. And, the
performance of such systems has been improved up to a considerable level by adopting
better repair policies and redundancy techniques. Therefore, in the earlier study, stochastic
Models of a system of non-identical units have been analyzed under two weather conditions-
normal and abnormal. However, in these Models operation and repair activities are not
allowed in abnormal weather. But, sometimes we may have emergency situations in which
operation of the system becomes necessary irrespective of weather conditions. S Chander
(2005) ™ have determined reliability measures of a single unit system with Priority for
Operation and Repair with Arrival Time of Server. But, redundant systems and impact of
weather on identical or non-identical units have not been studied so far by considering
operation of the system in abnormal weather. Malik, S.C. and Barak, M.S (2009) [ analyzed
Reliability and Economic Analysis of a System Operating under Different Weather
Conditions. Later Malik. S and Deswal. S (2012 — 2015) [3: 51 performed Stochastic Analysis
of a Repairable System of Non-identical Units with Priority for Operation and Repair
Subject to Weather Conditions. Deswal. S (2019) ! measured the Cost Benefit Analysis of
Reliability Models under Diverse Climatic Surroundings

The purpose of the present study is not only to strengthen the existing literature on reliability
but also to know the variations in reliability and economic measures of a system of non-
identical units operating in different weather conditions. To meet out this objective a
stochastic Model is developed under different set of assumptions on operation and repair
policies. Initially, one original unit (called main unit) is operative and other substandard unit
(called duplicate unit) is kept at spare in cold standby. Each unit has constant failure unit
from normal mode. It is assumed that both units are capable of performing the same set of
functions and activities but with different proficiencies. The system operates in two weather
conditions - normal and abnormal. However, repair of the system is allowed only in normal
weather by a server visits the system immediately as and when needed. The distribution of
failure times of units and change of weather conditions are taken as negative exponential
while that of repair times of the units follow arbitrary distributions. The units work as new
after repair. All random variables are statistically independent. The semi-Markov and
regenerative point technique are adopted to drive the expressions for the reliability measures
such as availability, busy period of the server, expected number of visits by the server and
profit function. The results are analyzed through graphs for particular values of various
parameters and costs.
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2. Notations
E The set of regenerative states
MO/DO Main/Duplicate unit is good and operative
MO / DO Main/Duplicate unit is good and operating in abnormal weather
MCs/DCs Main/Duplicate unit is in cold standby mode
MCs / DCs Main/Duplicate unit is in cold standby mode in abnormal weather
MM Constant failure rate of Main /Duplicate unit
B/ B1 Constant rate of change of weather from normal to abnormal/abnormal to normal weather
MFur/DFur Main/duplicate unit failed and under repair
MFUR/DFUR Main/duplicate unit failed and under repair continuously from previous state
MFwr/DFwr Main/duplicate unit failed and waiting for repair
MFWR/DFWR Main/duplicate unit failed and waiting for repair continuously from previous state
MFwr / DFwr Main/Duplicate unit failed and waiting for repair due to abnormal weather
Main/Duplicate unit failed and waiting for repair continuously from previous state due to abnormal

weather

MFWR / DFWR
g(t)/G(t) pdf/cdf of repair time of Main unit
g1(t)/ Gu(t) pdf/cdf of repair time of Duplicate unit
i (0/Qi () pdfi/cdf of passage time from_rggenerative state i to rege:\nerative _statej or to a failed state j without
di . visiting any other regenerative state in (0,t]
pdficdf of direct transition time from regenerative state i to a

Gijkr ()/ Qijkr (1)

regenerative state j or to a failed state j visiting state k,r once in (0,t]

ik (r9)"(1)/Qijk.r9)" ()

pdf/cdf of direct transition time from regenerative state i to a regenerative state j or to a failed state j
visiting state k once and n times states r and s.

Mi(t)

Probability that the system is up initially in regenerative state Si at time t without visiting to any
other regenerative state

Wi(t)

Probability that the server is busy in state Siupto time t without making any transition to any other
regenerative state or returning to the same via one or more non-regenerative states

mij

The conditional mean sojourn time in regenerative state Si when system is to make transition in to
regenerative state Sj. Mathematically, it can be written as

my = E(ry) = [1d[Q; ()] = ~¢; (0)

where Tij is the transition time from state Si to Sj; Si, Sj ¢ E.

Hi

The mean Sojourn time in state Si this is given by
0
# =E(Ti)=1P( >t)dt=xm,
0 J

where Ti is the sojourn time in state Si.

®lolen

Symbol for Laplace Stieltjes convolution/Laplace convolution/Laplace convolution n times

**/*

Symbol for Laplace Steiltjes Transform (L.S.T.)/Laplace transform (L.T.)

“(Desh)

Used to represent alternative result

3. State Transition Diagram

[
MO s MFwr b MFWR | B MFur
DCs DO DFwr | DFWR
S S Ss S,
B B B By «®/ BY 4 B
Iy
MO 2 MFur 3 | MFUR MEFwr
DCs DO Diwr p| = B
DFWR
S1
S S
(t) it
e ()
MCs 3 MO p MFwr
DO 1 DFur - DFUR —
S 8 Su
ﬁ ﬂl ﬂ ﬂl N
MCs A1 MO
DO DFwr
Slo Sl?
O Up-state [] Failed State @ Regenerative point
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4. Transition probablities and mean sojourn times

The differential transition probabilities are:

dQor(t)=he*Prdt, dQoa(t)=Pe*Prdt, dQus(t)=pe "1 "G(1) dt,
dQu()=r e PG dt, dQis(t)=g(t) e P dt, dQao(t)=re A dt,
dQu(t)=h e At dQay(ty=pre ) dt, dQas(t)=h1 € L) dt, dQur(t)=g(t)ePdt, dQus(t)=Pe™ G(t) dt,

dQs7(t)=h1 € P dit, dQs10(ty=p &P dt, dQes(t)= Br € dt, dQro(t)=gu(t)e Fdt, dQ711(t)=Ae PP G(t) dt,
dQ712(t) = PP Gty dt,

dQes(t)= Bre ¥ dt, dQur(t)=g(t) e " dt, dQus(t)=p& " G(t) dt, dQuos(t)=pre A dt, dQuosa(t)=h1€ A,

dQu1(t)= gu(t)eidt, d Que(t)=Pe™ Gu(t) dt, dQuz7(ty=p1e AP dt, dQuze(t)=1e A" dt

Simple probabilistic considerations yield the following expressions for the non-zero elements -0
pi; = Qi) = [ g, (0)dt,

We have

A
Po1= , Po2= » P13= (1-g*(B+M)), pus=

B
L+ P+ B+A4 P+
A

(1-g*(B+2)),

B B %
15— * )\41, = y = ,P31= 3 = ] 47:* )
P1s= g*(B+A1), P2o B+ P23 Bt Ps B Pss B par=g*(B)

» Ps,10= \Peo=1,p70=g1*(B+A),p7,11= (L-91*(B+M), pra2 = (1-91*(B+1)),

A B
B+4 B+ B+ B+

Pag=1-g*(B), psr=

b A A A
,P10,12= » P11,1=01*(B),p11.6=1-g*(B),p12.7= P126= ,
B+ A4 L+ A pB+A p+A

Pso=1,pe7=g*(B),Pes=1-g*(B),p105=

(1-g*(B+1)) g*(B)s

P17.4= ﬂ N 21

(1-g*(B+M)) (1-g*(B)), psr.e0= 2*(B), psr.60.8)"=

A A A
B+4 Bith Bt

(1-g1*(B+1)

(1-g*B)).

P17.489)" =

A
P71 ﬁ )
91*(B),

P77.11,6(0.8)"=

A
1-g*(B0)(1-0:*(B)).prz7 6=
ﬂ+ﬂ( g*(B+M))(1-91*(B))sp127.8.9) Y

It can be easily verified that

(2)

Po1t+Po2=P13+P15+P17.4HP17.48,9)"=P20+P23=P31+P37.69+P37.6(9,8)"=Par+Pas= Ps7+Ps,10=Peo=1

Pro+P7L.11+P77.11,6(9.8) +P7,12=P8a=Po7+Pes=P10,5FP10,12=P11,1+P11,6=P12,7+P12,7.8,9)"=1

..(3)
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The mean sojourn times (u;) in the state S; are

Ho=Mo1+Mgo= , 1= Mya+Mya+mas= (1-g*(B+\1)), po = myotmayz= ,
B+ B+ Bi+a
Ma;+m ! Ma7+m 1(1 *(B) Ms7+ M ! m L
H3= M31TM3e= ;4= Mgzt Mgg=—(1-g ;5= Ms7 5,10~ , Le= Meg=——,
Bi+A s B+ 4 B

1 1 1
H7=M70+M7,11+M7 1= 7 (1-g2*(B+A)),ue=Mgg= — ,lo=Mg7+Mogg= E (1-g*(B)),

1

H10=M1o5+M10,10= ! ,M11=M1g 1+ My 6= l (2-91*(B)),Mm12=M12,7+M12 5= !
- B4 B - BtA
A-g*(B+A))(BRY*(B)+A(B+B)A-9*(B)) |

W'1=M13+Mis+Mi7.4+M17.4,89)" =

BB(B+24)a*(F)

_BB+A)T (B)+A4(B+B)1-9"(B))
BB(B,+24)9" (B) ’

BBY (B)L-0; (B + (BB + B~ (A) +

PU-g (B +AL-g (B)'(B+4)
BB(B+2)9 (B)

Us'=M31+M37.69+M37.6(9.8)"=

W7'=M7o+M71.11+M77.11,6 91 M77.11,6,0,8)"+M7,10=

_BB+ Y (B +AB+5)A-9"(B)

W12=Mi2 7+ M127,(8.9)" ...(4)

BB(B+2)g"(B)

5. Steady state availability

Let Ai(t) be the probability that the system is in up-state at instant ‘t” given that the system entered regenerative state S; at
t=0.

The recursive relations for A (t) are given as:
Ao(t) =Mo(t) +qo1(t) © Aq(t) + doz(t) © Ax(t)

Au(t) =Ma(t) +013(©As(t) + as(t) © As(t) +(017.4(t) +017.4,89)" (1)) ©Au(t)

Aa(t) =M2(t) +020() ©Ao(t) +023(t) ©As(t)

As()=Ms(t)+ds1() ©AL(t) +(da7.69(t) +037.6,0.8)"(1) ) OA7(Y)

As()=Ms(t)+0s7(t) ©A7(t) +0s10(t) ©Ao (1)

Ar()=M1(8)+q70(t) ©A0(D) +071.11()OAL(t)+(A77.11,6 9(D) +077.11,6.0.8)" (1)) OA(1) +07 12() ©OAs(t)

Auo(t)=Mao(t)+7105(1) ©As(t)+010,12() ©A1(t)

A12(t)=Mz2(t) +(d127(t) +0127.8.9)" (1)) ©A(t) ...(5)

Where Mi(t) is the probability that the system is up initially in state S;€ E is up at time t without visiting to any other
regenerative state, we have

Mo(t):e-(m)\)t,Ml(t): e—(ﬁ‘*'/ll)t G(t) ,Mz(t): e—(ﬂ1+/1)t , Ms(t) — e—(ﬂﬁﬂi)t ,Ms(t): e‘(ﬂ"‘%)t ,
Mr(B=e * Gi(1)  Mu(t)=e " M= At ..(6)
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Taking L.T. of above relations (5) and (6) and solving for Aq*(s), we have
(1= 055 (8) Gy (8))(M 5 (S) + G, ()M () + M, (5) (Gl () + g () s (8) s (5))
M (5)(05 (8)55(5) + 0oy ()55 () A G ()10 (A, 5 (8)
(07 (8) 6 1 g (N 12(8) = D1y (%55 (% 45 (M5 () + G (M (5))
(1= 015 (5) 05 10 (S)) = Gy 13 (S) (M (S) + U (S)M; (5) + M (5) 0l (5) 5 (S))
(015 (3)(Gs7 (S) + U510 () o2 () (7 (8) + Uy 1 g 0 (S)) + (07 (5)
00,450 A= G5 (91810 (9) + (6,400 () (T (5)035(5) + 0oy ()01 (5))
(0174 (8) + 0y 4 g 0y (80)(Gou (8) + Uz ()05 (8) 1 (8))) (M7 (5) + M, () 0171, (5))
(1= 00,5 (5)0s 10 () + Uss (5)(Tor (8) + Uz (5) U (5) Ay (S)) (M5 (S)L =1 g e ()
~(thz,7 (8) + 0, 1 g 0 (S))7 12 (8)) + s 7 (S) (M7 (8) + My (8)0l7 15 () + U 10 ()
M3 (8)(0h27 (8) + 6 1 0 (N rosa () + (L= o (DM () + MLy ()i 15 (5))
0 1o (I (8) (T () + 8 g 0 () + G 13 (s ()35 () . (5)
(M (8)(A— g 19 (8) tyo 5 (8)) + Gy () (M5 (S) + Ug 1 (S)(M 19 (8) + M, (5) 01, (5))))

A(s)=

(L~ 033 (8) 51 (8)) (L~ U2 (8) G0 ()L~ Uy 5 (8) s 1 (SNA =, 9.0 (S)

(057 (8) 0 1 e ()12 (8)) ~ B 11 ()05 ()0, . ()AL Ui (8) T (5))
(1= o 5 (8) s 10 (5)) = Gy 11 () (L — Gl (3) Uz ()) (G (5) (G () + g 6 (8) g1 (5)
(27 (8) + 0, g o () + (74 (8) 0, g o (S Ui 5(8) 51 (S))) = Uz (5)
(00 (o2 (055 (9) + Grn ()i () + (04 (5) + s 1 ()

(02 () + oz (5) U5 (8) Uy (8))) (L= U 10 (5) Uro 5 (5)) — Uz (5) s () (G (5) +

Oz (8) 835 (8)tay (8)) (U7 (8) + U5 1 (8) o2 () (G 7 () + 0, g 0 (S)))

The steady state availability is given by

. * N,
A() = limsay(s) = 5=
Where

N2=(1-Ps 10P10,5) (1-P76.11-P7,12) (Mo H2P02) (1-P13Par) +Ha(Por+PozP23Ps1) tHa(PozPastPorPis) )+ HsP1s(PortPozP23Par)

(1 -p71.11-P7,12)+ PasPo2P23P1sP71.11(Ps.10(Maot pa2P10,12) 1) H(H7(P36(PorP13+PozP23) +P1a(Por+PozP23Par)) +
P71.11(11PssPo2P23-P1a(HotHzPozt HaPozP23)—PasPia(HotHzPo2)))(1-Ps,10P105) +P71.11(Ps,10-Ps7) (Ps(HotHaPozHaPozP2s)
+12(1-Ps,10P10,5)P7,12(P36(Po1P13*Po2P2s) + P1a(PortPozP23Pa1))+P1sPs7(PortPozP23Par) (W7 +P7,12112) +P1sPs, 10(Por+PozP23Psi)
(n7P1012+(1-P76.11) (H10+P10,12H12)-P7.12H10) @and

D2=(1-ps, 10P10,5) (1-P76.11-P7, 12) ((HotH2Po2) (1-PaaPa) + pa’ (PortPoz P23Pa1) + pa'(Po2Pas + PorPas) + sPas (PortPozP23Par) (1-Praaa-
P712) + PasPo2P2sPisPrias (Psi0 (MaotHazPros2) + ps) + (7' (Pas (PorPis+PoaPas) + Pua (PortPozP2sPar)) + Praas (Ha'P3sPozP2s-Pus

(Ho+H2Pozt H3'PozP2s)—36P13 (MotHzPoz) (1-PsioPios) + Priir (Ps10-Ps7) (P1s (Mo + H2Poz + Ms'PozPzs) + a2’ (1-PsioPios) P12 (P3s
(Po1P13t+PozP23)+Pia (PortPozP2sPsi)) + PisPsz (PortPozPasPsr) (Wr'+p7azmi2) + Pispsiao (PortPozPzaPsi) (U7 Paoazt(1-prea1)

.,.94..
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(H10tP10,12112")-P7,12H10)
..(7)
6. Busy period analysis of the server
Let Bi(t) be the probability that the server is busy in repairing the unit at an instant ‘t’ given that the system entered
regenerative state S; at t=0.The recursive relations for Bi(t) are as follows:
Bo(t) =qos(t) © Ba(t) + qoz(t) © Bo(t)
Bi1(t) =W1(t) +d13()©B3(t)+ ds(t) © Bs(t) +(017.4(1)+017.49)"(1)) ©B(t)
Ba(t) =020(t)©Bo(t) +023(t)©Bs(t)
Bs(t)=0s2() ©B1(t) +(dls7.69(t) +0a7.6,0.8"()) ©B7(t)
Bs(t)=0s7(t)©B1(t)+0s,10() ©B1o (t)
B7(t)=W7(t)+070(t)©Bo(t) +071.11 () ©B1(t) +(077.11,6,9() +077.11.6,9,8)"(1) ©B7(t) +017,12(1) ©B12(t)
B1o(t)=0105(t)©Bs(t)+010,12(t) ©Bu2(t)
Bi2(t)=(q12,7(1)+0127.69)"(1)) ©B1(t)

...(8)
Where

Wi (t) be the probability that the server is busy in state S; due to failure up to time t without making any transition to any other
regenerative state or returning to the same via one or more non regenerative states so,

W)= PG +ne P o1) G Wa(tyze-tn Gil) +0101) Gy() ..(9)
Taking L.T. of above relations (8, 9) and solving for Bg (s),we obtain

W, (8) (0152 () + G, (8) 855 (5) Uy (S)) (L = U5 (8) U 10 (S = U 1, g 6y ()
~(Gi2,7(8) + Uy 1 g o0 (D) U722 (8)) + (0 4 g0 (5)(Goz () U (8) +

0ou (8)0ia (8)) + (O7.4 () + 0, 4 g g0 (8)) (2 () + U, () Uz (5) 4y (5)))

W, (8)(1— G5 ()0 0 (5)) + i ()T, (5) + O (8) 035 (803, (5))

W, (8)(0 7 () + U510 (S)((Giz7 (S) + 0y, ; g oy (5)) o 12 (8)) + Uz 11 (S)

U2 (8) 025 (S)0g g g g0 (S (S)(L =T 30 (8) 5 (S))

By (s) =

(L= 05(5) 0 () (L~ U, () U0 (8)) (L= Uro 5 (S) s 10 (SN A=, ¢ g 6 ()

~(Gi2,7 (8) + U g 0y (S))U722(8)) = U713 (8) Ui () Uy g 6 (S) (L= U () Uz (5))
(1= 0o 5 (5) A5 10 (8)) — G113 (8) (L= g, () Az () ((Chs (5) (e () + s 10/(S) o 12 (S)
(02,7 (8) + 01, g o (S0 + (G740 (8) + 01 g o (S))(AL= Ui 5(5) s 10 (S))) — Ao (S)
(0 605y (5)(Goz () () + Uy (805 (8)) + (Gy7.4 () + 4y, 4 g 0 (5))

(Clox (S) + Gos (5) U5 (8) sy (8))) (L~ Ug 19 (S) g 5 (5)) — Uz () s () (e (5) +

Oz (5) 023 (8) Gy (8)) (07 (8) + U 10 (S) Gro 12 () (Ghz 7 (8) + U, g 610 (5))

..(10)

.,.95..
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The time for which server is busy due to repair is given by

Bo*(00)= lim 55,"(s)= & ..(11)
=0 D2

N3=W1*(0)(1-ps,10p10,5) ((1-p76.11-P7,12) (Po1+Po2P23P31) +Po2PasP2aPriir) +
W7*(0)(p3s(Po1p1a+PozP23)+(1-p1s)(Poit+PozP23psi)) and Dy is already mentioned.

..(12)

7. Expected number of visits by the server
Let Ni(t) be the expected number of visits by the server in (0,t] given that the system entered the regenerative state S; at t=0.
The recursive relations for Nj(t) are given as:

No(t) =Qo()&(1+Nx(t)) +Qu2(t)© N(t)

Ni(t) =Qa()©Na(t)+ Qus(t) ©Ns(t) +Q17.4()SN7(t)+Q17.4,8.9" (VS (1+N7(t))

N2(t) =Q20() ©No(t)+Qzs(t)ENs(t)

Na(t)=Qa1 () ©(1+N1(t))+(Qs7.69(t)+ Q376,09 "(1)) S(1+N1(t))

Ns(t)=Qs7(t)&(1+N7(t))+Qs.10() EN1o (1)

N7(t) =Q7o(t)SNo(t)+Q71.11 () SN1(t)+(Q77.11,6,9(t) +Q77.11.60.8"(t) ) S(1+N7()) +Q7,12(t) ©Nua(t)
N10(t)=Q105()&Ns(t)+Q10,12() O N12(t)

N12()=(Qu27()+Qrz7.69 () S(L+Ny(1) .. (13)

Taking L.S.T. of relations (13) and solving for N (S) ,we have

(1= Q5 Q5 ()1 () + Q. s (N(@: () + Qi (IQ5 (8)Q51 (5))

(Qir () + Q3 5y (D(Qir (8)Q3(5) + Q51 ()Qis (SN)A- Qi (5)

Qo ONA=Q sy = (Q () QL o (NQa(8) ~Qir(9)

Qs (IQr12(8) Qi ()1~ Qi (8)Q270(8)) ~ Q111 (8)(Q5r (5) + Q31 (5)
QS 0 ()i (9Q5 (8))( Qi ()(Q (8) + Qo (S)Qus 1 (8)(Qi (5) +

Q. oy M +(Q4 () + Qg o (NA= Qo Qs (N + Q00 ()

(Qin ()Q5(5) + Qir (SIQU: (8)) + Qi (8) + Qg (D@1 (8) + Q5 () QG (9)
Qi N 11507 )+ Qs )+ Qs oy (NQ i (N A- Qs (IR0 (5))
QI (8)(Q5r () + Qin (I (S)Qin (NQ (AR g ()~ Qi (8) +
Q. oy NQ22 N + Qo V@110 )+ (Qin s (8)+ Qs oy (NQ(S))
Q0@ 1y (NQi () + Qo (NQia (8D + 1-Q 05 (5)
Qi1 () + Q% oy (N Qrsa (M) + Qi1 ()Qis (IR Q-0 (N Qg )
(L Q0 (9)Qs(8) + Qi (8)(QS5 (8) + Q0 Q12 ()@ (8) + Q1 g ()

Ng (s)= Ry Ry = = =
’ (S) ((1_ Q13 (S)Q31 (S))(l_ Qoz (S)on (S))(l_ Q10,5 (S)Qs,m (S))(l_ Q77.11,6(9,B)" (5)

Q51+ Q) oy (N2 (D) = Q1 () IR0 (A Q5 (5) Q5 (5))
(1-Qiy 5 (8)Q30(9) ~ Qi ()~ Qi ()Q (S))(Qi ()51 (5) + Qo (9Q 1 (8)
(Qi () + Q2 o N+ (@4 (8) + QLo (NA- Qs QS0 (S) Qi (5)
Qg0 (V@ (S)Q3(5) + Qi ()R () +(Qir4(8) + Qe ()

(Q3r(5) + Qi ()R (9Qs (DA~ Qo (IQzs (5)) ~ Qs (S)Qi (S)(Qn (5) +

Qi ()R ()R (@ (8) + QL0 (8) Qi 2 ()@ (5)+ Qg (I

..(14)
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The expected numbers of visits per unit time by the server are given by

- *k N
N, () =limsN, (s) =— ...(15)
s—0 D
Where
N4=(1-pr6.12-P7,12) ((1-Ps,10P10,5) (Po(1-P13P31) +P17.468.9)" (Por+Po2P23Pa1) +Po2P23+Po1P13)
+P15Ps7(Po1t+Po2P23P31)) +P36Po2P23P15P71.11(Ps,10P10,12HP57) +P7,11P11,6(P36(Po1P13+Po2P23)
+P14(Port+PozP23P3z1))+P71.11(P17.4,9)"P26P02P23-P14(Por+Po2P23)-P3sP13Por) ) (1-Ps,10P10,5)
-p71.11(P15(Po1+Po2P23))-(1-Ps,10P105)P7.12(P36(Po1P1s+PozP23) +P14(Por+PozP23P31))
+P15Ps7(Po1+Po2P23Ps1) (1-P7,11-Pr1.11-Pre.11)Pro2 and Dy is already specified.
...(16)
8. Profit analysis
The profit incurred to the system Model in steady state can be obtained as
P:Kvo-KlBo-KzNo
Where
Ko=Revenue per unit up-time of the system
K,=Cost per unit for which server is busy

K= Cost per unit visit by the server and Ao, Bo, No are already defined.

9. Particular cases
Suppose g(t) =oe™, gi(t)= Olleﬂlt

By using the non-zero elements pjj,we can obtain the following results:

Po1= 4 \Po2= 'B P13= 'B \P14= /11 \P15= d yP20= ﬂl )
L+ L+ a+p+A4 a+p+A4 a+p+A4 B +A
A B A a B A4 B
P23= P31= P36= Pa7= Pag= \Ps7= ,P5,10= Peo=1,
B+A P+ A B+A a+p a+p B+ B+
a, A B a
= , Pr.a1= Pri=—MmM, :]_, = ,
Pro o, +p+A P o+ [+ Pre o+ [+ Pes=2Per a+pf
Pos= P1o5= 1 P10,12= P111= % P116= P12,7= L P12,8= 4
a+p Bit+4 B+4 a+p a +p B+a B+
P17.4= ! d , P17.48.9)"= A p , Pa7.69= A d , P37.6(9.8)"= A L,
a+p+A, a+p a+p+A a+p P+l a+p P+l a+p
A a, . A )
Pr111= y Pr7.11.609.8) = y P127.89) =
o +p+A a+p o +p+A1 a+p B +A
R SRS SR 1 1 1oL
0= JM1= ) 2— MHe=—
B+A a+p+A ﬁl + ﬂl ﬂ A
1 1 1 1 1 1

7=, 8= —,Ho= \H10= y\M11= yM12= )
a+f+4 p a+p B+ a+f Bi+A
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/u]‘_ _ o+ 4 (B+B) /UI _ a(B+A4)+A(B+B) lu' _ ap (o, + )+ Ala+ B)(B+B)
apf(a+B+4) e afB(B+2) o af(a, + B)a, + f+4) '

AP Ma BB o @A) o (@)
T BB ) ala+f+l) oy (e, + B+ 1)

N
Steady state availability (Ao) = Fz ,
2

N
Busy period of the server (Bo) = 33
2

Expected number of visits by the server (No) = %
Where i
No=0B1(cuAa(B+P1+A)(Br+A) (0u+BHA)((B+P1+A) EAAB+BC)+aarlB(B-BP1)(ar+p+A)+oou PAAa(B(Bi+A+As)+(B-
BB FAAZ(B+BrtAn) (aatB)(BCHB)-0u(B+BrtA)(B+BrtAn))(Brth)tooud(Br-da)(B+ButA)(Brtha)+BA)(B-
BBL)+HBA(BrHha+B) (0u+B)(BCHB) e B(B+B1+1) (aatB) (Bt ) +aPAB((Brr)((aatB)+ou (outBHA) 1+ (o +B)2+asd)hs))
Da=ouha (B (outBHA)(B+Brtha)(oBa(B+Brt)E)+A(oBs+Aa(B+Be)) B+BA(c( Brtha) Aa(B+B1)) Coouhpa(B-
BB (B Bacs BATA(aBs(BrA)(B+BrtAa) BAu(aBrtA(atB+B1) AN A(B+BrtAn) (BrtA) (aa(aatB+HA)+BA(atB+B1)) (BCHB)-
a1(BBa(B+BuHBa(BrAn) (BrtBHA)TBABrta))) Forou(B-Aa)(aBr(BrtAr) (BHBrtA)+BA((Brthe)TAs(B+B1))) (B-BPo)+BARL
(01 +B)(B+BrAn)(@BrtA(atB+B1)))(BCHB) ok B((oa(ontBHA)+PA(atB+B1))(Brth)+HB(aBrtA(ortB+B1))(aa+B))(BatAs ) +aAB((
BrA) Aa(aBr(oa+BHA)+BA(orHB+B))+aarPr (artB+A))+Aa((ar+B)>+oad) (e +A(at+B+B1)))

Adoetf (e + 2)(B+ B+ 2)(B(ay + B+ A) + A4 B) + Aley + A)(BAC + (a + 4)B)
N, _ @Bl )B + 2B~ pB)

a,

afy (B, + A)AMey(B+ B+ A)(E(B + A)(a + B) + BAB+ B(B - B,)C)
+aa, AAB+ AL A Bacy (B + B+ A)+ A (B+ B+ ) (BAA(a+ BY(B(B + A)C +
BA)+ o, P4 (B4 — (@ + B) B+ A) (B + B+ A) - Bla+ B)(B,+ A)) + ac, A (B — )
N = B+ B+ 2)+ Ak (BIAS +4) + (o + f)D) + fA% (B + i + 4)(C +B)))
) (a+p)

A=(artA) (B A

B=(B1+M)(B1+A)+BP1
C=0+B+A+P1+A1
D=a3+B1+M+p+A

E=(0+01)(B1tA)+PM
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10. Graphs
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Graph 2: Profit vs. Normal Weather Rate (B1)

11. Conclusion

The graphs of the Availability and profit function of the system are drawn for fixed values of the various parameters and costs
as shown respectively in figures 1, 2. These figures indicate that there is substantial positive change in these measures with
increase of normal weather rate (B1) and repair rates (a0 and al) of the units. While their values decline with increase of
abnormal weather rate () and failure rates (A and A1) of the units. However, the effect of repair rate of the main unit is more.
On the basis of the above results, it can be concluded that the system can be made more profitable to use by increasing repair
rate of the both units.
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