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Abstract- This paper describes a programming assignment for undergraduate industrial engineering students. It deals with 
writing a computer program in visual basic to analyze the M/M/s queuing system. It requires computation of queue 
utilization factor, average number of items in the queue, average number of items in the system, average time spent in the 
queue, average time spent in the system, probability of n items in the system, cost of service, and cost of waiting. Students 
are also required to analyze program output and to identify the parameters that minimizes total cost.  
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I. BACKGROUND 
 
A typical M/M/s queuing system is shown in Figure 
1. Customers form a single queue to be serviced by 
any one of s servers. For the case of a single server 
we have an M/M/1 queuing system. The M/M/s 
system is different from the s*M/M/1 system where s 
separate queues are formed and each queue is served 
by a single server [1]. 

 
Arrivals are assumed to follow a Poisson (discrete) 
distribution with parameter λ (average arrival rate). 
Equation (1) gives the probability of X arrivals, 
during a time interval. 

 
Service times follow an Exponential (continuous) 
distributed with parameter µ (average service rate). 
The probability that a customer will be serviced 
during a time interval is given by equation (2). For a 
queuing system to be stable, arrival rate should be 
less than all of the service rates, that is, λ < s*μ. 

 
II. QUEUE PERFORMANCE MEASURES  
 
The common queue performance measures are:  
ρ Queue utilization factor  
Lq Average number of items in the queue  

L Average number of items in the system  
Wq Average time an item spends waiting in queue  
W Average time an item spends in the system  
P0 Probability of zero items in the system  
Pn Probability of n items in the system  
Given arrival rate (λ), service rate (μ), and number of 
servers (s), queue performance measures can be 
computed as follows: 

 
 
In order to determine the cost associated with a given 
queuing system one needs to identify the unit service 
cost (USC) and unit waiting cost (UWC). The overall 
service cost, waiting cost, and total cost can then be 
calculated according to equations (11), (12), and (13), 
respectively. 
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III. PROGRAM IMPLEMENTATION  
 
A computer program in Visual Basic 2013 [2] was 
implemented to compute queue performance 
measures. A numeric example of a coffee shop as 
described in [3] was used to test the program. Table 1 
shows the input parameters of the queuing system. 
 

 
 
Figure 2 shows the output of the program for values 
of s ranging from 1 to 6. Program pseudo code is 
shown in Appendix I. Top two lines of Figure 2 show 
the input parameters: 1) arrival rate, 2) service rate, 3) 
unit service cost, 4) unit wait cost, and 5) upper 
bound on number of servers. The user can select time 
unit associated with arrival rate from a drop down 
menu. Current choices are /minute, /hour, /day, 
/week, and /month. Additional time units can easily 
be added. Once the user selects the unit for arrival 
time the program automatically assigns the selected 
unit to service rate, unit service cost, and unit wait 
cost. This avoids the likely hood of choosing 
incorrect time units for these parameters. The data 
grid in Figure 2 shows queue performance measures 
for values of s ranging from 1 to the user specified 
upper limit. Description of the queue performance 
measures for the final value of s is shown below the 
data grid. Performance measures associated with 
different values of s enable the user to select the 
scenario that minimizes total cost. Table 2 
summarizes the various parameters for 3, 4, 5, and 6 
servers. The queuing system is unstable for the case 
of s = 1 and 2. 
 

 

Server utilization for the four cases was 66.67%, 
50.00%, 40.00%, and 33.33%, respectively. The total 
associated cost was $98.33, $70.43, $77.39, and 
$90.54, respectively. For the given dataset the case of 
four servers is most economical. Similarly, the impact 
of other parameters (arrival rate, service rate, unit 
service cost, and unit wait cost) can also be evaluated. 

 
 
CONCLUSIONS 
 
This paper described a computer assignment for 
undergraduate industrial engineering students. The 
students had to complete the given task (writing the 
computer program and writing a report discussing 
program output) in two weeks. The students learnt 
computer programming and basics of queuing theory.  
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Appendix I: Pseudo Code 
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