
813 Module C    Waiting Line Models

In queuing theory, a mathematical model of a waiting line system is constructed so that the lengths of 
the queues and the associated waiting times in those queues can be predicted. There are many different 
queuing models. To arrive at meaningful results, it is important to select the correct model to represent 
the waiting line system to be analyzed. The choice of the correct model depends on the characteristics 
of the given waiting line system analyzed: customer population, arrival pattern, queue size and disci-
pline, service system structure, and service pattern.

Customer Population
The population of customers that potentially needs service can be considered as arriving either from 
a limited (finite) population or from an unlimited (infinite) population. Examples of a limited pop-
ulation source may be the number refrigerators to be repaired by a repair technician or the number 
of patients assigned to a nurse in the gynecology ward of a hospital. The population is limited in the 
sense that the number of patients that might need care at any given time cannot exceed the number of 
patients assigned to that nurse. An infinite or unlimited population source, on the other hand, theoret-
ically represents systems that potentially have a large number of possible customers. Examples of such 
systems are toll booths on expressways, banks on busy streets, movie theaters, theme parks, or help 
desks for Apple Inc. (Cupertino, CA) customer support. Whenever the population source is assumed 
to be infinite, the potential number of arriving customers requiring service significantly exceeds the 
capacity of the system providing that service. Nevertheless, relative to the size of the population, the 
number of customers requiring service at any given point in time is relatively small.

Arrival Pattern
The arrival pattern is the way customers arrive at the service system. Although in some cases custom-
ers will arrive at a service system at some prescheduled times (by making an appointment), typically 
arrivals at most service facilities are random with random intervals between two adjacent arrivals. 
Random arrivals means that the exact time when a customer will arrive cannot be predicted and the 
arrivals of customers are independent of each other. A key element of arrival pattern is the arrival rate, 
which is the number of customer arrivals per unit of time. The arrival rate is a discrete random vari-
able, a variable whose outcomes take on numerical values that can be counted. It can be estimated by 
analyzing the past data of arrivals to the waiting line system. For example, if 45 customers arrive at a 
teller window in a bank during a nine-hour period, then the average arrival rate is five customers per 
hour. Note, however, that the actual number of customers arriving at this teller booth could vary from 
one hour to the next. For example, from 10:00 to 11:00, there could be no customers arriving at the 
booth, but 15 may arrive during the lunch hour of 12:00 to 1:00. In waiting line problems, the arrival 
rate is typically described by a discrete probability distribution known as the Poisson distribution. 
The mathematical expression for the Poisson distribution is given by:
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FIGURE C.1: Optimum Service Level and Costs for Waiting Line Systems
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where

P(x) = probability of x 
arrivals

x = number of arrivals 
per unit of time

λ = expected or average 
arrival rate

e = 2.7183 (a constant 
which is the base of the 
natural logarithms)
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