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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)

Let us illustrate the use of this formula with an example. Assume the average arrival rate, λ = 3 cus-
tomers per hour; then the probability of no customer arriving (x = 0) in any random hour is given by:

P(x) = e
x

x−λ λ
!

 = P(0) = 
−3 02 7183 3

0
.

!
 = 0.05 or 5%

Thus, the probability that no customers will arrive in any random hour is 5%. We can similarly cal-
culate probabilities for other arrivals rates by setting x = 0, 1, 2, 3, etc. These probability values can 
be easily computed by using the table in Appendix A that provides the values of e-λ in the formula. 
Figure C.2 shows the Poisson distribution for a value of λ = 3.

Figure C.2 shows that if the average arrival rate (λ) = 3 customers per hour, then the probability 
that 5 customers will arrive in any given hour is 10% and the probability that 9 customers will arrive 
in any given hour is almost zero.

In the queuing models that we will discuss in this module, we will make several key assumptions 
about the arrival pattern. We will assume that the customers will patiently wait in line for their turn 
to receive service, will not switch lines (jockey), will not leave the waiting line (renege), or will not 
refuse to join the line (balk). In reality, however, many of these assumptions do not hold as customers 
do grow impatient while waiting in line and leave the line without receiving service. Furthermore, 
we know from our own experience that when waiting lines are long, customers often refuse to join 
the line.

Another important concept in analyzing arrival patterns is interarrival time, which is the elapsed 
time between one customer arrival and the next. Interarrival time is a continuous random vari-
able, a variable whose numerical outcomes can be measured. In waiting line models, the variable 
interarrival time is assumed to follow a probability distribution known as the negative exponential 
distribution, which is a probability distribution that describes the time between events in a process in 
which events occur continuously and independently at a constant average rate.

Queue Size and Discipline
Queue size can be either infinite or finite. As stated earlier, in an infinite queue, the length or size of 
the queue is potentially unlimited; for example, an interstate toll booth stop can have a waiting line of 
cars that extend to any size or length. Likewise, the customer support phone line for GE Appliances 
(General Electric, Fairfield, CT) can be of potentially infinite length. Capacity constraints limit the size 
or length of a finite queue. For example, the drive-through window at Taco Bell (subsidiary of Yum! 
Brands, Inc., Irvine, CA) has the capacity to handle only a limited number of cars within a given time 
period before the queue overflows into the streets.

FIGURE C.2: Example of Poisson Distribution of the Number of Customer Arrivals
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