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Abstract

This paper deals with argjle server Poisson arrival queue with two phases of heterogeneous service
along with a Bernoulli schedule vacation model, whereraftvo successive phases service the server either
goes for a vacaion with probability p (0 < p < 1) or may continue to serve the next unit, if any, with
probability q(= 1— p). Further the concept of aitiple vacatiorpolicy is also introduced here. We obtained
the queue size distributions at a departure epoch and at a random éppldte Sieltjes Transform of the
waiting time distribution and busy period distribution along with some mean performance measures. Finally
we discuss some statistical inference related issues.
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1. Introduction

Recently Madan 1516] studied the M/G/1 queueing system with two phases of
heterogeneous service viz. first phase of seriideS| followed by a seond phase of service
(SPS) under a Bernoulli vacation schedule. lact the Bernoulli vacation model was first
studied by Keilson and Servil[)], where they introduced the concept of modified service time.
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Considerable efforts have been devoted to study this model by S&Bvi Ramaswami and
Servi [18], Takagi [21] and Doshi p] among others.

Another vacation model which is a subset of this Bernoulli vacation model is the multiple
vacation model, where the server keeps on gkications until the server finds no units after
returning from a vacation. This type of model has been studied extensively in the past, since Levy
and Yechaili L3]. One of the most remarkable results that concerned these types of models is the
“stochastic decomposition result”. Fuhrmann and Coope?] were first to etablish ths resul for
M/G/1 type queue with generalized vacations.

Recently, there have been several contiiims considering queueing systems M G/1
type in which the sever may provide &PS. A number of researchers including Madd]|
Medhi [17], Choudhury B], Krishnakumar and Arivudainambilp], Krishna and Lee 11],
Selvam and Sivasankarah9, Doshi [6] and many others studied this type of model under
different situations. The motivation for this type of model comes from some computers and
networks where messages are processed in two stages (phases) by a single server.

Although some aspects of thd/G/1 queueing system with two phases of service under
Bernoulli vacation schedelhave ken studied by Madarilb,16], still some questions need
to be addressed. Thus in this paper we propose to study such a single server two phases of
heterogeneous service queue with Bernoulli vacation schedule, where the concept of multiple
vacation policy is also introduced. Unlike Madabb[16], ours is completely different from
him, where after two successive phases of serar after first vacation, the server may go for
further vacations till it finds at least one unit in the system. Using Kendall’s notation, the model
considered in this paper is d/(G1, G2)/Vm/1(BS queue, wherdS represents Bernoulli
schelule vacation aniyy represents vacation time urndaultiple vacation policy.

Further, from the practical point of view the type of model can be utilized as a model
building of a production process. For example, consider a production process, where the machine
producing certain items may require two phases of service such as preliminary chédk8)g (
followed by the usual procesSRS) to conplete the processing of the raw materials. It may so
happen that the process either needs to be stopped for overhauling and maintenance of the syster
after these two phases of service or may continue the further processing of the raw materials if
there is no fault in the system. This overhauling can be utilized as a vacation time in our system.
There may be many other situations such as digital communication or a data transmission system
which involves two phases of service. Further, Ghafir and SHjodcognized its application in
Multiple Access Ring Networks.

The rest of the paper is organized as follows.Saction 2we give a bréf description of
the mathematical modefection 3deals with the queue size distribution at a departure epoch.
The stationary queue size distribution at a random epoch is deriv@edtion 4 We derive the
Laplace—Stieltjes transforn.§T) of the busy period distribution and waiting time distribution
in Section 5 Findly, some statistical inference related issues of this model are discussed in
Section 6

2. The mathematical model

We consider arM /G /1 queueing system, where arrival ocsaccording to a Poisson process
with arrival rate A’ and the server provides to each unit tpbases of heterogeneous service in
succession, the first phase servieB$) followed by the seond phase servic&PS). The service
discidine is assumed to HECFS. Further, it is asumed that the service tinge (i = 1, 2) of the
i th phase of service follows a general probability law with distribution functibf Y § (x), LST
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