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QueueCalc Overview 
 QueueCalc is a spreadsheet model for computing steady state 

(long term) estimates of queue performance.  
 The basic inputs are the arrival rate, the service rate per 

server, and the number of servers.  Note, that the arrival rate 
must be less than the service rate times the number ofmust be less than the service rate times the number of 
servers.  If not, the queue length would continue to grow to 
infinity over the long term.  
Th f ll i lid h b i f h d l d The following slides show basic use of the model under two 
situations:
 An assumption of maximally random arrival times and service times, p y ,

appropriate for walk-in situations with high service variation
 Less than maximal variation in either the arrival times or service 

times, appropriate if arrivals are somewhat regular or service times 
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, pp p g
tend fall in a relatively narrow range.



A Simple Queue

Server

Person (MD, nurse, tech, 
transporter, housekeeper, 

etc.) or Resource (bed, 
scanner, equipment, etc.) 

3© 2011, Charles E. Noon, Ph.D.



A Simple Queue

Customer
A i l ServerArrivals

Person (patient, call, etc.) or 
Thing (lab sample, soiled 

i )room, tray to be picked, etc.) 
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A Simple Queue
Avg. Wait Time
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Distribution

Avg. Time and Number in System (W and L)



Walk-in Clinic Example
In a walk-in clinic, we have an average arrival rate of 
4/hour served by a single doctor with an average4/hour served by a single doctor with an average 
service rate of 5/hour (average treatment time of 12 
minutes).  Assuming maximal variation, we can use ) g ,
QueueCalc to estimate steady-state values for:

1. Server Utilization ____
2. Average Time in the System (W) ____
3. Average Number of People in the System (L) ___
4. Average Wait Time (Wq) ____
5. Average Line Length (Lq) ____
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INPUTS

With the Coefficient of Variations set to 1, we 
are assuming maximal variation with Poisson 
arrivals and Exponentially distributed service 
times. Values of 0 would imply no variation.

KEY OUTPUTS

Infinite Queue Approximation Worksheet
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Walk-in Clinic Example
In a walk-in clinic, we have an average arrival rate of 
4/hour served by a single doctor with an average4/hour served by a single doctor with an average 
service rate of 5/hour (average treatment time of 12 
minutes).  Assuming maximal variation, we can use ) g ,
QueueCalc to estimate steady-state values for:

1. Server Utilization 80%__ __
2. Average Time in the System (W) __1 hour__
3. Average Number of People in the System (L) _4__
4. Average Wait Time (Wq) _.8 hour___
5. Average Line Length (Lq) _3.2___
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Queuing Challenge
The walk-in clinic is about to launch an advertising 
campaign that is expected to boost demand by 15%campaign that is expected to boost demand by 15%. 
What implications will this have for the clinic?  In 
particular, estimate :p ,

0. The new arrival rate ____
1. Server Utilization ____
2. Average Time in the System (W) ____
3. Average Number of People in the System (L) ___g p y ( ) ___
4. Average Wait Time (Wq) ____
5. Average Line Length (Lq) ____
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Queuing Challenge
The walk-in clinic is about to launch an advertising 
campaign that is expected to boost demand by 15%campaign that is expected to boost demand by 15%. 
What implications will this have for the clinic?  In 
particular, estimate :p ,

0. The new arrival rate __4.6__
1. Server Utilization 92%__ __
2. Average Time in the System (W) __2.5 hours__
3. Average Number of People in the System (L) _11.5_g p y ( ) _ _
4. Average Wait Time (Wq) _2.3 hours___
5. Average Line Length (Lq) _10.58___
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Using QueueCalc for Systems that are 
t t M i l V i tinot at Maximal Variation 

 The Infinite Queue Approximation worksheet can be used to 
model queues in which arrival distributions are not entirelymodel queues in which arrival distributions are not entirely 
random and service distributions are not necessarily 
Exponential. 

 For example, you would use it if your arrivals are a 
combination of scheduled and walk-in, or if your service 
times are for a relatively narrow set of activitiestimes are for a relatively narrow set of activities.

 The following slides show how to analyze data and compute g y p
inputs for the Infinite Queue Approximation worksheet. 
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General Idea 
 Characterize the Arrival Process
 Gather data on arrival times Gather data on arrival times
 Compute inter-arrival times
 Compute average standard deviation coefficient and Compute average, standard deviation, coefficient and 

coefficient of variation 

 Characterize the Service Process

 Use QueueCalc to estimate the performance of the 
queuing interface
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queuing interface



Modeling Queue Performance
Collect Data on:

1. Times of arrival
2. Service times

Compute:
a Average of the “time between arrivals”a. Average of the time between arrivals
b. Standard Deviation of “time between arrivals”
c. Average time of service
d. Standard Deviation of time of service
e. Average rate of arrivals (1/a)
f Coefficient of Variation of Arrivals (b/a)Inputs to f. Coefficient of Variation of Arrivals (b/a)
g. Average rate of service (1/c)
h. Coefficient of Variation of Service (d/c)

Inputs to 
QueueCalc
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List of Arrival 
Times over some 

period.  

For example theseFor example, these 
are for an 8-hour 

period from 8AM-
4PM The first4PM.  The first 

arrival was at 8:07, 
the second at 8:28, 
the third at 9:03, ,

and so on.
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Inter-Arrival Times 
computed (for 

example, 21=28-7)
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Standard Deviation of 
Average of Inter-

Arrival Times
“= average(B3..B27)”

Inter-Arrival Times
“= stdev(B3..B27)”

Arrival Rate per hour 
simply computed as 26 
arrivals divided by 8

Coefficient of Variation
computed as Standard 
Deviation divided by 

Average
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Obtain Data on 
Service Times then

Average of Service Times
“= average(G2..G27)”

Service Times then 
compute similar 

statistics.  Assume 
these times represent

Standard Deviation 
of Service Times

“= stdev(G2..G27)”

these times represent 
the actual time spent 
from the start of an 
encounter until the 

Service Rate 
per hour 

computed as 
60 minutes 

time that an 
immediately following 

encounter could be 

divided by 
Average 

Service Time

started. Coeff. of 
Var. as 
before
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Obtain Data on 
Service Times then

Average of Service Times
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Inputs to QueueCalc
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Now Try it on 2 Hours of Data 
 Characterize the Arrival Process
 Gather data on arrival times Gather data on arrival times
 Compute inter-arrival times
 Compute average standard deviation coefficient and Compute average, standard deviation, coefficient and 

coefficient of variation 

 Characterize the Service Process

 Use QueueCalc to estimate the performance of the 
queuing interface
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queuing interface



The DATA
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After DATA 
ANALYSIS

23© 2011, Charles E. Noon, Ph.D.



During this period, the 
estimated average 

waiting time will be 
approximately 5.4 

minutes (.09 hours).
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