
Abstract 

Queueing theory is the Mathematical study of waiting lines or queues. The theory enables 

mathematical analysis of several related processes, including arriving at the queue, waiting in the 

queue and being served by the server(s) at the front of the queue. The theory permits the 

derivation and calculation of several performance measures including the average waiting time in 

the queue or in the system, the expected number waiting or receiving service and the probability 

of encountering  the system in certain stages, such of empty, full, having an available server or 

having to wait a certain time to be served. 

  waiting  served 

  

There are many valuable applications of the theory, most of which have been well documented in 

the literature of Probability, Operations Research, Management science and Industrial 

Engineering. Some examples are traffic flow (vehicles, aircraft, ships, people, communications), 

scheduling (patients in hospitals, jobs on machines, programs on a computer), and facility design 

(banks, post offices, amusement parks, fast-food restaurants, shopping malls).             

Queueing systems are broadly classified into two types – queueing systems with server vacations 

and queueing systems without server vacations. Queueing systems with server vacations are 

characterized by using the idle time of the server for other subsidiary jobs. e.g., repair tasks or 

service of customers in another system. These models arise naturally in telecommunications and 

computers systems, in production and quality control systems, airline scheduling, machine-

repair, scheduling and dispensing patients in hospitals and clinics and other stochastic systems.  

In all the above applications the server working on secondary customers has the same capacity as 

the server taking a vacation.  

Various vacation policies provide tractability for optimal design and operating control of the 

system.A wide class of policies for governing the vacation mechanism have been discussed in 

the literature viz. single vacation policy, multiple vacation policy, N-policy, T-policy, D-policy, 

q-policy, (N, T)-policy, (P, T)-policy etc.   

N-policy is an effective mechanism for cutting down operating cost, and has been widely applied 

in modelling queue-like production system. In the N-policy queue the server is turned off each 
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time the system empties. When the queue length reaches or exceeds N (threshold), the sever is 

turned on and exhaustive the customers begins. 

The vacation period may be followed by a random setup time (during which no work is done), 

that is essential, before starting each busy period.  

Queueing models with two phases of service have several applications in many areas such as in 

computer network administration, in telecommunication systems-messages are processed in two 

phases by a single server. In the inventory control processes-due date, quantity and quality are 

analyzed initially in batch mode followed by individual service of each order in the batch. 

In the two-phase service systems there will be a single server that providesa preliminary batch 

service to all customers waiting in the queue. As soon as the first phase of service is completed, 

the server provides second phase of individual service to each customer in the batch.  After this, 

the server returns to the batch queue to serve the customers who have arrived meanwhile. If the 

customers are waiting, the server starts the batch service followed by individual service. If no 

customer is waiting, the server takes a vacation and returns from the vacation only when at least 

N-customers accumulate in the queue. 

Most studies on queueing systems use reliable servers. In many real systems, however, the server 

may meet unpredictable breakdowns or any other interruptions.For instance, in manufacturing 

systems the machine may breakdown due to machine or job related problems. In these systems 

server breakdown results in a period of unavailable time until it is repaired. Understanding the 

behaviour of the unreliable server and the effect of machine breakdowns and repairs in these 

systems is important as this affects not only the system’s efficiency but also the queue length and 

the customer’s waiting time in the queue. Therefore, queueing models with server breakdowns 

are more realistic representation of the system. These are the most popular models which have 

attracted extensive researcher attention over the last three decades. 

In many real-life situations it may not be possible to start the repair of the broken server 

immediately due to non-availability of the repair man or of the tools needed for the repairs. The 

waiting time for repair to start is defined as delay time.  

Customer impatience has become the burning problem of private as well as public sector 

enterprises. They are constantly working towards customer retention for better future prospects. 

Customers are said to be impatient if they tend to join the queue only when a short waiting time 

is expected and tend to remain in line if the waiting has been sufficiently short. The impatience 



that results from an excessive wait is just as important in the total queueing process as the 

arrivals and departures. When this impatience becomes sufficiently strong and customers leave 

before being served, the manager of enterprise involved must take action to reduce the 

congestion to levels that customers can tolerate.  

Impatience generally takes three forms. The first is balking, which is the reluctance of a 

customer to join a queue upon arrival, the second reneging, which is the reluctance to remain in 

the queue after joining and waiting; and the third is jockeying between lines when each of the 

parallel lines has its own queue. 

Customer balking and reneging have been widely applied to many real life problems so that the 

situations involving impatient telephone switch board customers, hospital’s emergency rooms 

handling critical patients, and the inventory systems with storage of perishable goods. 

 


