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ABSTRACT: In this paper we study a machine repair model with M machines and sewers with balking
(do not enter the system). We developed some performance measures. We also construct cost information
to determine the optimal values of the number of busy servers.
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1. INTRODUCTION

Present paper focused on M/M/R machine repair problem with balking, reneging and R unreliable
servers. An unreliable server is a server typically and independently subject to unpredictable breakdowns
we consider breakdown time and repair time of the server as exponentially distributed. Height considered
an M/M/1 queue with customers depending without service. Ancker, Jr.C.J. and Gafarian, Av. (1963)
discussed some queuing problems with balking and reneging. In this paper, we consider cost analysis of
the M/M/R machine repair problem with balking reneging under server breakdowns discussed by J.C.ke
and H. Wang in (1999). Wang, K.H and Wu, J,D. (1995) discussed cost analysis of the M/M/R machine
repair problem with spares and two modes of failure. Kleinrock (1975) studied the truncated Poisson
queue M/M/C/K/N for machine interference without assumption of balking, reneging or spares.

2. ASSUMPTION
Various assumptions of the model are given as follows
Q) operating machine fails according to a Poisson process with parameter A
(i) Minimum number of busy servers are denoted by a here we assume a =1
(iii)  Failed machine upon arrival finds n + k failed machines in the system by considering to enter the
queue with prob. b , or balking with prob

1- b,
We define b , as follows
1 ; n=k=0
b, =& ;ntk>1
0 ; other wise

Where ¢ is the prob. of a failed machine entering the queue

(iv)  Failed machine sent to a repair it is repaired with repair rate p

(v)  The server can repair only one failed machine at a time

(vi)  If atlservers are workings then queue length reach to N.

(vii)  Busy serves are R.
We consider the case R+ N-1< M

(ix)  When there are Y failed machines in the queue and services are completed then the servers that
are emptied are cancelled

Copyright@ijesrr.org Page 37



International Journal of Education and Science Research Review

Volume-3, Issue-3 June- 2016 E-1SSN 2348-6457- P-1SSN 2348-1817
WWW.ijesrr.org Email- editor@ijesrr.org
3. STEADY-STATE EQUATIONS
We present the states by pair (n, k) ;n=0, 1, 2... M —-R; k=0, 1,.. R where n is the number of

failed machines waiting in the queue and K is the no. of busy servers.
The steady state probability P, x = prob. That there are n failed machines in the queue and K servers
are working by using Markova process the steady state equations for the model are given as follows

MApy, = #pp,; N=k=0 (1)
(M —n—l)ﬂ,fpn‘lzyl:)mlyl; 0<n<Y-1K=1 2)
(M—n _S)ﬂ“ézpn,l =uB, .+ (M - N)ﬂ’é:PN—l,l

y<n<N-2,K=1 (3)

(M —n—-8)A¢P, +xuP, =KuR,;, +(M —n—-k+DASR ;|
Y<n<N-2,-2<K<R-1 4)
KuP,, =(M =N-K+2)A&R 4«4 n=N-12<K<R (5)
(M —n—-R)AER, s +RuP, n =RuP, 5, 7<n<N-2, K=R (6)
(M-n-R)A¢P, . =RuR,;,R, N-1<n<M-R-1, K=R @)
From equation (2)

P.i=pE(M-n-1DP ;0<n<y-1 Where p:i (8)
Y7,
From (8) and using (1)
M!
P =—""° n+1 nP : 1<n< 9
nil (M —n—l)!p 5 0,0 V4 ( )
From (3) and (9)
n © ) n—y . (M_n+_]—2)|
P.= M-)3|P,,— I(M =N
=S {1:0[ ( ) } 0,0 JZ_;, (P& ( ) (M —n—1)! No11
}/+1£n£N—1 (10)

Equation (10) gives

f“l{H (M —i)p}

Py = N1y - P, o (11)
‘ i (M=N+j-D! ™
1+ (p) (M —N)
Z (M —N)!
From equations (4) to (7) we obtain
p, =M= NK_ K2 pep,, i 2<K<R n=N-1 (12

- pgj‘ (M —R—n+k)!
P - Pe P., r+l<n<N-1 (13
N,R Zo: R (M—R—n)! yRY Y (13)

(M —i—R+1)

_ =N
Pn,R -

(PE)" NP1y NSN<M-R  (14)

Rn—N+1

From above equation, we obtain Py by using
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N -
POO+Z Pnl+z Z Pnk+2 Pr= (15)
K=2 n=y

4. PERFORMANCE MEASURES AND COST FUNCTION
L1; The expected no. of failed machines in the system when one server is working
Lx: The expected no, of failed machines in the system when s servers are working, K=2,3, ..... R-1
Lr = The expected no. of failed machines in the system when all the servers are working
L: The expected no. of failed machines in the system
L, : The expected no. of failed machines in the queue.
E (0): The expected no. of operating machines in the system
E (i): Expected no. of idle servers
E(b) Expected no. of busy servers.
M(a) : Availability of machine
OU: Operative Utilization

n-1

L =ZO (n+1)P,, (16)
LS:% (N+K)P,, 2<K<R-1 (17)
L; = MZ_‘T (n+R) Pn’R (18)
|_=L1+Ri L +L, (19)
E(u):Ni (R- 1)F>nl+R_l 5 (R-K)P,, (20)
E)-R-E() @)
B(r)=NO (M —n—1>z(1—§)Pn,l+R2_: Y (M-n-K)A(1- 2P,
+3 (M-n-R)AL-&P, (22)
Machine availability M (a) = % 23)

Where E(0)=M —L
And operative utilization

OU = &

R

Our main objective is to determine the optimum number of busy servers R so as to minimize this
function.
We consider the following cost elements
C; = Cost per unit time when one failed machine is in the system
C, = Cost per unit time when one server is idle
Cs= Cost per unit time when one server is busy
C4 = Loss cost pen unit time when failed machine walks
Therefore, the total expected cost function per unit time is given as follows
F(R) = CiL+ C, E(i) + C3E(b) + C4B(r) mathematically
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min F(R)
st.0<g<1l
CONCLUSION

In this paper we have discussed M/M/R machine repair problem with balking, reneging &
unreliable servers. Our main objective is to minimize the cost and we have developed a cost minimization
function.
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