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Abstract

In these days reliability requirement is more important. The present paper describes the analytic
behaviour of a parallel redundant complex system involving environmental failure under pre emptive
resume repair discipline. In this analysis laplace transform and supplementary variable techniques
have been used to find the probabilities of the system being in various states.
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1. Introduction

In this paper we initiated the study of analytic behaviour of a parallel redundant complex system
involving environmental failure under pre-emptive resume repair discipline. This techniques shows
a failed component of subsystem L; goes to repair immediately on its failure. This means,
components of subsystem L; pre-emptive repair facilities even when these facilities are engaged in
the repair of the failed component of subsystem L, .However when the components of subsystem A

are taken back in repair facilities, the repair starts from the point where it was left earlier.
2. Notations

To formulate the mathematical model, we define the following in additions to the definition of
Pom (), Pop—j(y, 1), Pr, m (%, ), Pp, - (X, 1), Pr(u, t). Qp, m—r(x,y,t)A- The probability that at
time't'. the system is in the failed state due to the failure of the i component of subsystem L; and the
elapsed repair times lies in the interval (x. x +A) and at the instant when it pre-empted in the repair

facilities, the elapsed time of class L. was in the interval (y, y +A)
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2.1 Mathematical Model of the Problem
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STATES :

m@l

Initial Conditions

PO,M(O) =1

and other states of various probabilities are zero.

Boundary Conditions

Pr oy (0,8) = A;Pom(t)
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Qrm-j (0,y,0) = Aj.Pom—j(y, D)

2.2 Solution for the Model

Taking Laplace transform of equation (1) through (13) w.r.t 't' one may obtain, (s +
A+v+MN) Pou(s) =1+ [ Pom—;j(,s) ¢;(y)dy

+ YN, fooo P m (%, s)n; (x)dx + fooo 8§ (u).Pe(u,s).du
(s+ A+ M=+ V)P ()

+ 3N PG dx (
15)

5 _ _
5y +s+A+v+¢;(y) ] Pom—r (8) = Xi4 Qrm—j (%, y,8)ng (x)dx

) L
e TStTmt (X)_ Pom-r (ys) =0

-ix+5+r|1+(x):FFM—j (x,5) =0

s ts+Mm+® [Qujxys) =0

......... (20)

ﬁF M—j 0,s) = /11130M(S)

......... (21)

Pr My 0,s) = 1Py m—r(5)

......... (22)

Pom—j (0.5) =(M —j + DA'Pom_ji1 (5)
......... (23)

QF.M—j(Or y,S) = )\1-50.M—1 (y,s)

......... (24)

Py (0.5)=v [f Pom—j (v, 8)dy + Poy—;j (5) + Pou(s)
......... (25)
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PFiM(x' S) = AiFOM(S)e_Sx_f;Cm(x)dx

......... (26)
PF M(x.S) = )\ POM(S)e SX f nl(x)dx
......... 27)
Qrm—j(x,y,8) =X Poy—j (y,8)e™* Jom(o)dx
......... (28)

_ (M—r+1)}L’130M_r+1(S)
Poy-r(s) = [s+A+v+(M—D)A = £ A;5;(5)
......... (29)
5] 5 5 ybi»d
Pop—j(y =) = (M =1+ D)X Poy_jyq (s)e™ FHAHV-2ASi 1y xelo /4y
......... (30)
Pe(u.s)=v[f, Pou i, 8)dy + Poy—r(s) + Pou(s)]e™* o 8Gudu
......... (31)

1

Poy(s) = o)
......... (32)

Where, L(s) =s +A+v+ MA = YN 4,5,(s) — (M —j+ 1))

N J-1
—-r+1
A — Ai
XS{5+ +v z S(S)IXH<5+7\+V+M_r’1 Z,%S(S))

—vSs(S)[M —j+ DA .Si(s + A+ v =X, 4:Si(5))

j—1

M-r+1
XD(s+A+v+M—M’—Z/Ii§i(S)>
j-1 (ﬂ,)t(M—P) )
XP=0<s+)\+v+(M—P—1)/1'—2/11'5_1'(5)-'_ )

_(/1) M-P
POM r(s)= L(s) HP 0(S+7\+V+M P—1.'-Y 4;S; (S))

Pr(s) = Pypy-;(s), can be written as

o)

FR(S):f FO.M—j(S)dy
0

1-S{s +A+v =Y 45(s)} (M—j+1)(A)
S+HA+v—=YA4S(s) L(s)

PR(S) =
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i—1 (M-1+1)
< T1/23 ( )

SHA+VEM—1A =X 2;5i(5)

i 1=5;(s)

pp(S) = @— .....

S

- A 1-5; _ M-P
Pronr () = 25 259 2y 15z ( — .

- L(s) s S+A+V+M—P-14 =3 2;5;(s)

— _ ﬂ“i 1—51(5) 1—5_'1{S+A+V—Z/115_‘l($)}
Qri-; () T L(s)” s s+A+v—=Y 45:(s)

j-1 M-r+1
x 123 ( )

SHA+Vv+M—12" =X 4;5;(s)

M —-j+ DAY

{1 —=Ss(s)}[1=S{s + 1+ v—3 4S;(s)}
L(s).s s+A+v—Y 45;(s)

j—1

Xl_[ M-r+1
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r

M —j+ DAY

PF(S) =

Y4 r—1 M-P
+ ()" X 1Tr=0 [(S+A+v+(M -p)A zﬁlﬂlsl(s)) + 1] """

2.3 Evaluation of Up and Down State Probabilities

j—-1

Pp() = Pou() + D Poyyr(s) + Ai(s)

j-1 r M-P
o) [1 + 2 1{(2) ( +A+V+M—P—1A’—Eﬁi§i(s))]p
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i=1
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j—1

M-r+1
Xl_[<s+/1+v+(M—r)/1'S_1(s)>

r=1

n v.1-S5(s) [1-Sg {s+1 +v— Y 1;5;(s)}

— NJj
L(s).s S+ +v-3 4;5;(s) M—j+ 1) ]

j-1

y 1_[ M-r+1
LI s+ 2 +v+ M=) =2 4S5 (s)
et M-P
+A) [1p=o <s+,1 +v+M-P-12'-3N | ﬂifi(s)) * 1]

It may be seen that

- - 1
Pup(s) + Pdown(s) ==

N

2.4 Ergodic Behaviour of the System
Using Abel's Lemma,
ngi”}) SF(s) = tlim F(t) =F (say),

provided the limit on right exist, the system's steady state probabilities are obtained as under :

0.M L' (0)
.......... 42)
M
PO.M—T' - (M-71)L' (0)
.......... 43)
MA'M;
R L'(0)
.......... (44)
_ MM
PFi.M - L' (0)
.......... (45)
_ MM M
PFLM—T - L,(O) 'M_.r
.......... (46)
AiM;MA M
QFi_M—] = L,(O) !
.......... (47)
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where L'(0) = [:_xL(S)]Fo

2.5 Particular Cases

(A) Class L, consists of N components in series and Class L, consists of M components in Parallel
Redundancy, assuming that the failure of any two components out of M causes the system to work
in reduce efficiency state.

Substituion of j = 2 in relation (32) through (38), one gets

Py (s) = e ){S +A+v+M—11 =¥, 4,5,(s)}

.......... (49)

M

Poy(s) = el

.......... (50)
- _ MM-1D)(A)? 1-8{s+I+v-F 1;5;(s)
Pg (S) - A(s) T s+A+v=Y 4;5:(s)

.......... (51)
Pay(s) = Aﬁ()l ‘Z(S){s+/1+v+M—1/1 YN 4Si(s)}

.......... (52)

A 1-8; ’

Pry(s) = A0) S(S) MA

.......... (53)
- _ A 1-S(s) _ N2 1=S2{s+A4+v-Y 1;5,(s)}
Qrpy—2(s) = o s MM —-1)(A) e s s (54)
= _ v 1=85(s) [1=Sz{s+A+v-X 4;5,(s)} _ N2
PF(S) T AGs) [ S+A+v=Y 2;5,(s) M(M 1) (/1)
+MA +{s+A+v+M-1A-¥N 2851 (55)
Where,
AB)=as+A+v+ MYV =YV A4S ds+A+v+M—11 — 3N, 4,5.(s)
—MM —1D)A)?2xSy{s+s+A+v+ MV =Y, 5(s).2}v.Ss(s)[M(M — 1)(X')?
Sls+A+v =N, 5() 4] +MA+{s+21+M—11-Y 1,5,(s)}
(B) Repair Follows Exponential Time Distribution
Setting S;(s) = and Si(s) = and S;(s) = —8 in relations (32) through (38), one may
get
= 1
PO.M (S) = ﬁ ......... (56)
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) wr M-P
Poy—r (s) = —=1lpze| —/ 92 9mo—o+1oy L 57
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Where, B(s)= s+A+v+ MA —

j—1

Xl_[ M-r+1 vd
M — 7 Jh S+6
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. j-1
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2.6 Numerical Computation

To depict the result numerically and graphically, P,ﬁ,es' (t)obtained from (39) has been
plotted against t in the steady state for N=1, A=0.03,A' = 0.02,v=0.01,M=10,§ = n=¢ =
1,i = 1,j = 2 for any complex system, we have P (t) = 0.431162287 4 0.005188786 x
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e17033690t 4 0,087040988 x 17033690t _ 0 (5758925 x e 1160167t 4 (0586153689 X
o —0:42864t

-0.051956792 x ¢~081451t
Effect of time on ngs'(t)

From equation (2.1)

P

1
0.80383269
0.675071482
0.622997268
0.535463433
0.499304304
0.485653321
0.480195324
0.480099485
0.473523056
0.469211126

=[O0 |Q|N N[ [W(IN|— ||

(e)

1.0
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Conclusion

From the Table 2.1 and Graph 2.1 We concludes that P{f5* (t) of the system decreases with

respect of time.
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