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5.	 The size of the queue is infinite, and the queue discipline is FIFO.
6.	 Arrival and service rates are known, and the arrival rate is less than the service rate.

If these assumptions hold, then the formulas required to measure the performance of Model I can be 
constructed and are given in Table C.1.

EXAMPLE C.1: Customers at the Golden Beach Amusement Parkb arrive at the rate of 15 customers per 
hour. The entry booth to the park is staffed by one theme park employee. The mean service time at the 
booth to provide service to each customer is 3 minutes. The arrival rate of customers follows a Poisson 
distribution and the service time at the booth follows a negative exponential distribution. Determine each 
of the following performance measures:

a.	 Capacity utilization for the system.

b.	 Percentage of time the employee at the service booth will be idle.

c.	 Average number customers waiting in line (queue).

d.	 Average time a customer spends in the system (waiting time plus service time).

e.	 Probability that five customers are in the system.

SOLUTION
Since the arrival rate λ = 15 per hour, to be consistent, the service time should be converted into an 
hourly service rate, that is, customers served per hour. This conversion is done (as shown) by restating 
the service time in hours and then by taking the reciprocal of the resulting value:

(3 minutes per customer / 60 minutes per hour) = 1 / 20 = 1 / µ
Thus, µ = 20.

a.	 Capacity utilization for the system (ρ):

ρ = 
λ
µ

 = 15/20 = 0.75 or 75%

b.	 Percentage of time the employee at the service booth will be idle:

= 1 – ρ = 1 – 0.75 = 0.25 or 25%

Note: This also means that the probability that no customers are in the waiting line system, P0, is also 
25%.

TABLE C.1: Formulas to Measure Performance of the Single-Line,  
Single-Server Model

λ = Average number of arrivals per unit of time

µ = Average number of customers or objects served per unit of time

ρ = 
λ
µ

 = Capacity utilization for the system

Ls = Average number of customers in the waiting line system (waiting and being served) = 
λ

µ−λ
Lq = Average number customers waiting in line (queue) = 

λ
µ µ − λ
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Ws = Average time a customer spends in the system (waiting time plus service time) = 1
µ− λ

 

Wq = Average time a customer spends waiting in line for service = 
λ

µ µ λ λ( − )
=

Lq

P
0 = Probability that no customers are in the waiting line system, that is, the service facility is idle = (1 – 

λ
µ

)

Pn = Probability that exactly n customers are in the waiting line system = (
λ
µ

)n × P0 = (
λ
µ

)n × (1 – 
λ
µ

)

bUnless otherwise stated, in the Examples, Solved Problems, and Problems, fictional company names are 
used.


