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Abstract

This paper deals with a single server batch arrival queue, two stages of heterogeneous service with different (arbitrary) service time distribution subject to random breakdowns followed by a repair and compulsory server vacations with general (arbitrary) vacation periods. After first stage service the server must provide second stage service. However after the completion of each second stage service the server will take compulsory vacation. The system may breakdown at random and it must be send to repair process immediately. If the server could not be repaired with first essential repair, subsequent repairs are needed for the restoration of the server. Both first essential repair and second optional repair times follow exponential distribution The steady state solutions have been found by using supplementary variable technique. Also the mean queue length and the mean waiting time are computed.
 	Keywords

	Batch Arrivals, Breakdowns, Steady state, First essential repair, Second optional repair, Mean queue
length, Mean waiting time
	I.INTRODUCTION

	Vacation queues have been studied by numerous authors including Levy and Yechiali [8] Doshi [4,5] and Keilson and
Servi[ 7] due to their wide applications in manufacturing and telecommunication systems. Vacation queues with c
servers have been studied by Tian et al. [ 11]. Choudhury and Borthakur [3] have studied vacation queues with batch
arrivals. Baba [2] employed the supplementary variable technique for deriving the transform solutions of waiting time
for batch arrival with vacations. Multiple vacations have been studied by Tian and Zhang [12]
	In real life situations, a queueing system might suddenly breakdown and hence the server will not be able to provide
service unless the system is repaired. Madan and Maraghi[ 9] have studied batch arrival queueing system with random
breakdowns and Bernoulli schedule server vacation having general vacation time. They have obtained steady state
results in terms of the probability generating functions for the number of customers in the queue. Thangaraj and
Vanitha [10] analysed a queueing system with compulsory server vacation and random breakdown.
	The most realistic aspect in modelling of an unreliable server is multi optional repair. When server could not be
repaired or restored by the first essential repair, subsequent repairs are needed to restore the server. Queues with multi
optional repairs were considered by many others. Hsieh et al.[6] studied a queueing model in which the server is
subject to several types of breakdowns and each type has two possible stages of repair. William Gray et al.[13]studied a
queueing model with multiple types of server breakdown requires a finite random number of stages of repair.
Ayyappan and shyamala[1] investigated batch arrival queue with second optional repair.
	In this paper we consider a batch arrival queue where each arriving customer has to undergo two stages of service
provided by a single server, one by one in succession. As soon as the second stage of a customer’s service is complete,
the server will go for compulsory vacation. The system may breakdown at random with breakdown rate  >0. As soon
as the system is break down, it is immediately sent for repair wherein the repairman or repairing apparatus provides the
first essential repair (FER). After the completion of (FER), the server may opt for second optional repair (SOR) with
probability p or may join the system with complementary probability 1-p to render the service to the customers. Both
first essential repair and second optional repair times follow exponential distribution. After the completion of the required repair, the server resumes its work immediately. And once the system breakdown, it enters repair process and
the customer whose service interrupted goes back to the head of the queue.
	II.MATHEMATICAL MODEL

	[image: image]
	6.On returning from vacation the server instantly starts serving the customer at the head of the queue if any.
7.The system may breakdown at random and breakdowns occur according to Poisson stream with mean breakdown rate
 >0. The customer receiving service during breakdown returns back to the head of the queue.
8.Once the system breaks down, it is immediately sent for repair wherein the repairman or repairing apparatus provides
the first essential repair (FER). After the completion of (FER), the server may opt for second optional repair (SOR)
with probability r or may join the system with complementary probability 1-r to render the service to the customers.
9.The repair process provides two types of repair in which the first type of repair is essential and the second type of
repair is optional. Both exponentially distributed with mean 1 1  and 2 1  .After the completion of the required repair,
the server provides service with the same efficiency as before failure according to FCFS discipline.
10. Various stochastic processes involved in the system are assumed to be independent of each other.
	III. DEFINITIONS AND NOTATIONS

	We define
	P x t j
n Probability that at time t , server is active providing jth stage ( j 1,2) service and there are n( 0)
customers in the queue excluding the one customer in jth stage (j=1,2) being served and the elapsed service time for
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