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Abstract— In this paper, we discuss about the
optimal operation of a single removable and
non-reliable server in a markovian queueing
system under steady state condition. In genera
the service facility in a queuing system is assumed to
provide uninterrupted service to the customer unit.
There are however, many rea-life situations where the
service gets interrupted due to breakdown in service
mechanism. Therefore, the breakdown period is the length
of time per cycle when the server is turned on found to
broken down and customer is waiting for their service.
Keywords— Bulk arrival, Bulk Service, interarrival time,
exponentially distributed.

Introduction

Assumptions:

Here, we assume that the customers arrive in
batches of variable sizes and also serve in
random size. We have considered a bulk
arrival, bulk service queueing model with
removable and non-reliable server in _ ‘a
markovian queueing system. We derive(the
time dependent solution of mean nédmber “ef
arrivals and departure. Such situations®are“ot
uncommon in our daily life like horses initheir
stable, students in their class rooms before
starting the class and after ending the class.
The total expected cost function per unit time
is developed to obtain optimal operating
policy at minimum cost.

(iy The arrival of customer are  according to Poisson
process with parameteri..

(i) Service time of customer is exponentially distributed
with parameter 1/pL.

iii) Aslong asthe server on, it will serve the customer

(iv) When it isworking, it is assumed that breakdown can
happen at any time, with Poisson rate ¢;.

(v) Whenever breakdown occursit is repaired
Immediately with repair rate ¢, where repair rate are
assumed to be exponentially distributed.

(vi) The server goes on vacation when thereis no
customer in the server and come back only when N
Customer in the queue.

(vi) The server goes on vacation when there is no
customer in the server and come back only when N
customer in the queue.

Steady — State Result

Notations: - Let us suppose

i=0, Represents the server isinidle state.

i=1, Represents the server is on and in working
condition.

i=2 Represents the server is turned on and found
to be broken.

po(r) the steady state probability that there are r
customers in the system and the customer is
not in service when the server is turned
off wherer=0, 1, .......... N-1.

p.(r) the steady state Probability that there are r
customers in the system when server ison and
in working conditionr =1, 2

p2(h) The steady state probability that there are r
customersin the system when server is turned
on but found to be brokendownr =1, 2...

The steady state equation for py(r), pu(r), pa(r)
APo(0) = uPy(1)
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Solving (1) — (7) recursively, we obtain analytic solution
P(n) (i=0,1,2) asfollows
Pi(r)= P(1)
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Using equations (1) - (7)
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Let P(z) denote the generating function of the number of
customersin the system, thus
P(z) = Po(2) + Pi(2) + Py(2)
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We can obtain Py(0) with the use of normalizing
conditionsP(z) =1i.e.
1= It P@)

z—1
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No.y
we prove that N-policy Markovian queuing system with a
non-reliable server, the probability that the server is busy
in steady state is equa to the traffic intensity. It is
important to note that Heyman [4] has shown that the
fraction of time server is busy for N-policy M/G/1
queuing system with reliable server istraffic intensity too.
Speciagl*Cases
Case I'":-)f we take ¢ = 0, v = 0, then the results for the
N=policy M/M/1 queuing system with reliable server case
are obtained. Expression for equation (13) for P (2) then
carresponds to the existing result in the literature.
Case Il: - If pwe put ¢ =0 and N = 1 then result for
ordinary M/M/1 queueing system with reliable server are
obtained. Expression equation (13) for P 0) then
corresponds to the existing result in the literature.
System Characteristics

Po(0) = ...(15)
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Note that the expected number of customers in the system

for the ordinary M/M/1 queuing system with non-reliable

server is obtained by setting N = 1 in (23).

Optimal N. Policy: - Let us defined the following

% When the server is turned off, then the length of time
which is called Idle period is denoted by IL. Then the
expected length is denoted by EJIL]
Busy period to type | denoted by BS;, which is length
of time per cycle when server is turned on and in
operation and type 1 customers are being served. The
expected length of busy period type-1 is E[BS,]

(17)
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F(R*+1)>F(R*)< F(R*-1)
Theinequality can be shown to reduces to
2(Cs +Cy)ly —p(9+v)]

Chv

Busy period of type Il denoted by BS, , which is the
length of time per cycle when the server is turned on
and in operation and type Il customers are being
served. Then expected length of busy period type-Il is
E[BS)]
Breakdown period denoted by BO which is the length
of time per cycle when the server is turned on and
found to be breakdown and customers are waiting to
serve. Then expected length of breakdown is given by
E[BD]
Busy cycle denoted by BC, this is the length of time
from the beginning of the last idle period to the
beginning of the next idle period. Then expected
length of busy cycleisgiven by E[BC].
We know since busy cycle is the sum of the idle period,
the busy period of type-I, the busy period of type-1l and
the breakdown therefore we obtain
E[BC] = E[IL] + E[BS,] + E[BS,] + E[BD]
= E[L] + E[BS] + E[BD]
where E[BS] = E[BS;] + E[BS;]
using the memory less property for the exponential
distribution, the length of the idle period is the sum of N
exponential random variables each having mean 1/A. Thus
the expected length of the idle period is given by

A

Deter mining the Optimal Policy

We construct a total expected cost function per
unit time for the N-policy Markovian queueing system
with non-reliable server, in which N is a decision variable
our objective is to determine the optimum value of .the
control parameter N, say N*; so as to minifize,this
function. Let
Cy : be the holding cost per unit time per customer
present in system
Cs ‘the cost incurred per unit time for keeping the
server off
Co ‘the cost incurred per unit time for keeping the
server on
Cep :the breakdown cost per unit item for failed
server
Cs ‘the start-up cost per unit time for turning the
server on
Cyq ‘the shut down cost per unit time for turning the
server off.
Using the definition of each cost element mentioned
above, the total expected cost function per unit time is

given by
EBS, o EL
EC§  HCY
E[BD] 1

—E[CS] +(Cs+Cp) —E[CS]
_.(18)

Since R is positive integer R =1, 2,....., the optimal value
of R, R*, to minimize F(R) is determined by satisfying
inequality

FR) = C ; E[Rd + Co

Coy

(R*-1)R*< R*(R*+1)

...(19)
As an approximation, if N is treated as a continuous
variable greater than zero, then the optimum value of R is
obtained by differentiating F(R) with respect to R and
setting the result equal to zero. The optimal value of N is
approximately given by

- sz(cs+cd)[w—p(w+¢)]

Chv
...(20)

It should be noted that if R* is not an integer, the best
positive integers surrounding R*. It is be noted that the
result equation (27) is more genera that Heyman is result.
Numerical Results and Conclusion

The numerical results are obtained by
considering the cost parameter as follows:
The optimal value of R policy and its minimum expected
cost F(R) for the above five cases are shown in Table-l
for (uy) = (2, 10) and for the variable values of (v, L)
The, folfowing conclusions can be drawn from the table
that

) F(R*) decreases as A or ¢ decreases for any
cases

(i) R* decreasesin A for any case;

(iii) The optimum value of R, R*, increases as Cs
and C 4 increases for fixed value of R, Cy, C,
C;andCy;

(iv) The optimum value of R, R* decreases as Cy
increases for fixed value of C, Cy, C 4, C 4
and C ,. From the last three columns of
table-l, R* does not change even though ¢
varies from 0.1 to 0.3 for any case
Intuitively this seems too insensitive to
changesin ¢.

The optimal R policy and its minimum expected cost F(R)
for five cases are shown in table-1l for (A, ¢) = (0.5, 0.06)
for different value of (p, ).

Theresultsin table-11 clearly show that

F(R*) increases as . or y decreases for any case.

0] The optimum value of R, R* increases in p
for any case.

(i) The optimum value of R, R* increases as C,
and C 4 increases for fixed value of Cy, Cy,
Cyand Cy,; and

(iii) The optimum value of N, N* decreases as C,,
increases for fixed values of Cg, Cp, C, C 4
andC b

From the last three columns of table-Il,
R* are the same even thoughy.
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Table- 11
Values of expected Mean Queue length with respect to ¢

p=3 p=3
A=11 A=15

Ls Ls

9 11 13 15
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