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ABSTRACT 
Simulation historically was applied first to productivity 
and queuing problems in the manufacturing sector of 
the economy.  More recently, simulation has been 
aggressively applied to such problems in other sectors 
of the economy, such as health care, warehousing, 
transportation, harbor operations, and service industries.  
We here describe the application of simulation to a 
heavily trafficked cafeteria. 
Bursley Dining Hall is one of many large and busy 
cafeterias provided by the University of Michigan 
Housing Department.  During peak hours (typically 
driven by class schedules), long queues develop at some 
buffet stations.  For this project, the analysts simulated 
the current cafeteria operations and analyzed various 
improvement plans.  The result was recommendations 
which significantly reduced queuing times and 
increased fiscal soundness of cafeteria operations. 

 
Keywords:  Service industry, food service, capacity 
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1. INTRODUCTION AND SYSTEM 

DESCRIPTION 
Discrete-event process simulation, historically, was first 
typically used in the manufacturing sector of the 
economy.  More recently, its use has expanded into 
other sectors such as health care delivery, warehousing, 
transportation, maritime and harbor operations, and 
service industries.  For example, in the transportation 
sector, (Nanthavanij et al. 1996) undertook performance 
analyses of car park systems.  In the service-delivery 
sector, (Otamendi et al. 2008) used simulation to 
manage resources at an international airport.  In the 
health care delivery sector, (Lote, Williams, and Ülgen 
2009) used simulation to optimize resource allocation in 
a medical testing laboratory.  Likewise, (Williams, 
Karaki, and Lammers 2002) used simulation to 
establish cost-effective cashier staffing policy in a large 
retail store. 

Bursley Dining Hall is one of several cafeterias run 
by the University of Michigan Housing Department.  

This cafeteria provides the university community with 
full-service dining and many options suitable for the 
various preferences of an international clientele of 
faculty, students, and approved (invited) visitors.  Its 
function and operation are rather like those of a mensa 
at a German university.  Tourist guidebooks often 
recommend a mensa, touting its prices, selection, and 
quality, to “those who can produce a student ID.”  
Hence the cafeteria has many food stations (e.g., 
Harvest Bar, Pizza, Ice Cream), each with its own 
server queue.  Stations serving the daily entrees are 
staffed individually; drink stations and other food bars 
are periodically replenished by Bursley staff throughout 
a shift also. 
 
2. PROBLEM FORMULATION AND 

OPERATIONS OVERVIEW 
The simulation analysis undertaken was formulated 
with the objective of recommending changes to 
operational policy and equipment availability to 
decrease queue lengths and waiting time, thereby 
improving service and increasing incoming revenue.  
Surveys of cafeteria customers indicated that decreased 
queuing times would increase income both by serving 
more customers (balking at the queues being frequent) 
and increasing the average purchase per customer.  
Cafeteria managers explained to the simulation team 
that the environment is highly dynamic, with many food 
choices available, including different “daily specials” 
during each week.  The dining hall is open ten hours 
each day, seven days per week, during each semester 
(three per academic or calendar year) that the 
University is in session. 

Diners entering the cafeteria first have their entry 
card (student, instructor, or approved visitor) approved 
and then go to the main buffet queue.  Diners then 
obtain a beverage and visit one of the Salad, Pizza, or 
Harvest stations.  Then the diner goes either to a table to 
eat, or visits the Ice Cream station.  After eating the 
main meal, some diners who did not visit the Ice Cream 
station previously will do so (“I didn’t want the ice 
cream to melt right away”).  The various food stations 
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are staffed individually and independently; that is, 
workers do not, due to operational constraints, move 
from a station temporarily idle to a different station 
with a long queue. 

 
3. DATA COLLECTION 
Data concerning cafeteria operations were collected 
partly by surveys and partly by direct observation 
during the most busy times during the 10-hour shifts.  
These observations supported the following 
assumptions built into the simulation model: 
1. If entrees run out at the main buffet queue, 

customers will wait until more entrees are 
provided. 

2. Diners arrive in groups of one.  Even if, as is 
common, friends come in a group, they will 
typically travel through the service areas 
autonomously before rejoining at a table.  This 
customer behavior is in sharp contrast to the “size 
of group” consideration typical of, and requiring 
modeling attention, at restaurants where customers 
are seated at a table or booth and then order 
(Godward and Swart 1994). 

3. Each student selects exactly one beverage. 
4. No diner ever has to wait for a table to sit down 

and eat. 
5. All queues have a first-in-first-out (FIFO) 

discipline. 
Even very casual and immediate observation 

revealed that the most persistent, longest, and most 
notorious queues form at the main buffet and the ice 
cream stations.  Queues often form, but are less 
conspicuous, at the Harvest Bar or Salad stations.  
Random selection of customers (sample size 63) 
indicated that 20% prefer to buy ice cream along with 
the rest of the meal, 70% prefer to eat the meal and then 
return for ice cream, and 10% do not buy ice cream at 
all.  Of the diners who wish to buy ice cream before 
eating the main meal, 35% will not balk, but 65% will 
balk if the queue is eight or longer.  Of the diners who 
intend to purchase ice cream after eating the main meal, 
80% will not balk; the other 20% will balk if the queue 
is eight or longer.  By contrast, no diner will balk at the 
main buffet queue – that is where the diner obtains the 
principal entrée of his or her choice. 

 
 
4. DATA ANALYSIS 
Data concerning station service times and downtimes, 
collected by stopwatch, were entered into Microsoft 
Excel® workbooks and subsequently analyzed using 
the Stat::Fit® (Grove and Coddington 2005) 
distribution-fitting software tool.  To minimize or avoid 
the Hawthorne effect (Martinich 1997), these 
observations were collected as quietly and 
unobtrusively as possible.  These analyses produced the 
following recommendations for distributions to use in 
the simulation model: 
 

Table 1.  Service and Downtime by Location 
Location Service DT Freq. DT Length 
Door 0.09 min Never None 
Buffet W(1.1,0.3) 15 minutes 0.18 min 
Drink 0.3 min 100 people 1 min 
Salad U(1.0,0.2) 30 minutes 1 min 
Harvest T(0.4,0.6,0.8) 30 minutes 1 minute 
Pizza 0.4 min 15 minutes 0.1 min 
Ice Cream 0.4 min 60 minutes 5 minutes 

 
In this table, “W” signifies Weibull; “U,” uniform; 

and “T,” triangular.  All times are in minutes except the 
interval between downtimes for the Drink station.  
Interarrival time at the door was exponential – as 
expected for independent arrivals (Scheaffer 2009) – 
with mean, at peak times, of 0.6 minutes.  The highly 
predictable intervals between station downtimes and the 
downtime durations (to restock a station with food or 
drink) were treated as constants, since all their 
coefficients of variation were very low. 

 
5. MODEL CONSTRUCTION, VERIFICATION, 

AND VALIDATION 
The modeling team chose the ProModel® simulation 
software tool (Harrell and Price 2003) to construct a 
model of the dining hall; this software provides 
convenient constructions such as Locations, Entities, 
Resources (either static or mobile), Attributes, etc., the 
ability to write and reuse macros, plus powerful 
modeling logic which permits modeling balking and 
reneging in queues.  For example, the model used 
Attributes to specify which stations (Salad, Pizza, etc.) 
diners would visit, Variables to access the number of 
diners in a queue, and Resources to provide service at 
stations and/or to restock the stations during their 
downtimes for that purpose. 

Verification and validation of the model were 
performed using standard techniques such as structured 
walkthroughs of model logic among the simulation 
team, examination of the animation (which ProModel® 
conveniently provided) at slow speed, sending single 
entities through the system, removing all randomness 
temporarily to facilitate arithmetic checks, and 
comparing queue statistics observed in the dining hall 
with queue statistics produced by the model (Sargent 
2004).  After correction of garden-variety errors and 
oversights, the model queue performance metrics 
(average queue length, maximum queue length, average 
waiting time, and maximum waiting time) matched 
observational data within 5%, earning the model high 
credibility among the cafeteria managers. 

 
6. RESULTS OF ANALYSIS 
After verification and validation of the base model, 
eight scenarios were explored, as summarized in Table 
2.  These scenarios were run with ten replications of 
five hours each, with a warm-up time of one hour used 
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to “burden” the model with high-traffic rates 
characteristic of the busiest times. 

 
Table 2.  95% Confidence Intervals of Time (Minutes) 

in Main Buffet and Ice Cream Station Queues 
Buffet 

Stations 
Ice Cream 
Stations 

Buffet 
Queue Time 

Ice Cream 
Queue Time 

1 1 [2.10,9.33] [2.39,2.75] 
2 1 [0.12,0.16] [2.96,3.91] 
1 2 [3.36,6.13] [1.10,1.20] 
2 2 [0.10,0.16] [1.20,1.54] 
2 3 [0.11,0.18] [0.85,1.07] 
2 4 [0.13,0.18] [0.83,0.99] 
2 5 [0.10,0.14] [0.83,0.97] 
2 6 [0.10,0.14] [0.80,0.96] 

 
The first row of this table represents the base case of 
one buffet station and one ice cream station.  As 
expected, these results indicated negligible correlation 
(confirmed by hypothesis test) between queue statistics 
at the buffet station and queue statistics at the ice cream 
station.  Furthermore, the results made it very clear that 
any ice cream stations above three would be of well-
nigh zero incremental value; even a third station has 
minor incremental value.  This sudden “plateauing” of 
improvement associated with additional servers is well-
known and commonly observed in operations research 
queuing situations (Hillier and Lieberman 2009).  On 
the other hand, having two main buffet stations instead 
of only one produces an average queue waiting time 
reduction of slightly more than five minutes. 
 
7. CONCLUSIONS AND RECOMMENDATIONS 
Marketing and financial analyses already undertaken by 
cafeteria management, plus surveys of frequent 
customers of the cafeteria (primarily students) indicated 
that for each average wait time reduction in queue of 
ten seconds, one more repeat customer will visit the 
cafeteria frequently during a semester, and the 
incremental revenue from this customer will then be 
$600 per semester.  This high sensitivity of diners’ 
willingness to patronize the dining hall to queue waiting 
times is readily understandable in view of students’ and 
professors’ class schedules.  A student considering 
eating at the dining hall often must attend classes both 
immediately before and immediately after eating, and 
must allow for significant walking time (often up to 
fifteen minutes) across campus to reach the dining hall 
from the prior class and/or to reach the next class from 
the dining hall.  Likewise, a professor may need to 
teach and/or hold office hours both before and after 
eating. 

Balancing these potential increases in patronage 
are the various costs associated with plausible 
investments in increased service capacity.  Prevailing 
server wages are $9 per hour.  An additional ice cream 
machine costs $2000 per semester (attributable to 
depreciation, maintenance, and operating costs).  

Therefore, cost-benefit analysis of the main buffet 
queue indicated that addition of one station (for a total 
of two) would increase revenue by slightly more than 
$18,000 per semester at a cost of slightly less than 
$9000 per semester, producing an incremental 
improvement of more than $9000 per semester.  
However, adding a third buffet station would make the 
“bottom line” worse.  Similarly, adding one ice cream 
station (for a total of two) would produce an 
incremental improvement of about $4000 per semester, 
but a third station would actually make the financial 
outlook marginally worse. 

Therefore, the simulation team recommended 
adding one main buffet station and one ice cream 
station.  Standard engineering economic analyses, from 
the viewpoints of both cost-to-benefit ratio and rate of 
return (Sullivan, Wicks, and Koellling 2011), easily 
justified both of these capital investments.  These 
recommendations were accepted and have resulted in 
the predicted revenue improvement and noticeable 
reductions in queue lengths and waiting times at those 
two stations (hence reducing time-in-system overall and 
accommodating more customers at busy times).  Further 
analyses of “back-office” operations such as cooking, 
dishwashing, and others are planned. 
 
ACKNOWLEDGMENTS 
The authors gratefully acknowledge the advice and 
mentoring of the course instructor and graduate student 
advisors who assisted in the course presentation and 
project guidance. 

Comments provided by two anonymous referees 
have provided welcome help and reassurance toward 
the authors’ goal of improving this paper; these 
contributions are gratefully acknowledged. 
 
REFERENCES 
Godward, Mark, and William Swart.  1994.  An Object 

Oriented Simulation Model for Determining Labor 
Requirements at Taco Bell.  In Proceedings of the 
1994 Winter Simulation Conference, eds. Jeffrey D. 
Tew, Mani S. Manivannan, Deborah A. Sadowski, 
and Andrew F. Seila, 1067-1073. 

Grove, D. A., and P. D. Coddington.  2005.  Analytical 
Models of Probability Distributions for MPI Point-
to-Point Communication Times on Distributed 
Memory Parallel Computers.  In Proceedings of the 
6th International Conference on Algorithms and 
Architectures for Parallel Processing, eds. Michael 
Hobbs, Andrzej M. Goscinski, and Wanlei Zhou, 
406-415. 

Harrell, Charles R., and Rochelle N. Price.  2003.  
Simulation Modeling Using Promodel Technology.  
In Proceedings of the 2003 Winter Simulation 
Conference, Volume 1, eds. Stephen E. Chick, Paul 
J. Sánchez, David Ferrin, and Douglas J. Morrice, 
175-181. 

Hillier, Frederick S., and Gerald J. Lieberman.  2009.  
Introduction to Operations Research, 9th edition.  

Proceedings of The International Workshop on Applied Modeling & Simulation, 2012
978-88-97999-07-2; Bruzzone, Buck, Cayirci, Longo, Eds.	 16



Boston, Massachusetts:  The McGraw-Hill 
Companies, Incorporated. 

Lote, Ravindra, Edward J. Williams, and Onur M. 
Ülgen.  2009.  Simulation of Medical Laboratory 
Operations to Achieve Optimal Resource 
Allocation.  In Proceedings of the 23rd European 
Conference on Modelling and Simulation, eds. 
Javier Otamendi, Andrzej Bargiela, José Luis 
Montes, and Luis Miguel Doncel Pedrera, 249-253. 

Martinich, Joseph S.  1997.  Production and Operations 
Management:  An Applied Modern Approach.  
New York, New York:  John Wiley & Sons, 
Incorporated. 

Nanthavanij, S., P. Yenradee, V. Ammarapala, and S. 
Wongtiraporn.  1996.  Performance Analysis of Car 
Park Systems Using Simulation.  In Proceedings of 
the 1st Annual International Conference on 
Industrial Engineering Applications and Practice, 
eds. Jacob Jen-Gwo Chen and Anil Mital, 726-731. 

Otamendi, Javier, Pablo García Ansola, Miguel 
Poyatos, José Manuel Pastor, and Andrés García 
Higuera.  2008.  Managing Resources at an 
International Airport.  In Proceedings of the 22nd 
European Conference on Modelling and 
Simulation, eds. Loucas S. Louca, Yiorgos 
Chrysanthou, Zuzana Oplatková, and Khalid Al-
Begain, 37-42. 

Sargent, Robert G.  2004.  Validation and Verification 
of Simulation Models.  In Proceedings of the 2004 
Winter Simulation Conference, Volume 1, eds. 
Ricki G. Ingalls, Manuel D. Rossetti, Jeffrey S. 
Smith, and Brett A. Peters, 17-28. 

Scheaffer, Richard L.  2009.  Introduction to 
Probability and Its Applications, 3rd edition.  
Belmont, California:  Duxbury Press. 

Sullivan, William G., Elin M. Wicks, and C. Patrick 
Koelling.  2011.  Engineering Economy, 15th 
edition.  Upper Saddle River, New Jersey:  Prentice 
Hall. 

Williams, Edward J., Mahamed Karaki, and Craig 
Lammers.  2002.  Use of Simulation to Determine 
Cashier Staffing Policy at a Retail Checkout.  In 
Proceedings of the 14th European Simulation 
Symposium, eds. Alexander Verbraeck and 
Wilfried Krug, 172-176. 

 
AUTHORS BIOGRAPHIES 
XIANGWAN MA earned a bachelor’s degree (2010) 
in mechanical engineering at Dalian University of 
Technology, Dalian, China, and a master’s degree in 
Industrial & Operations Engineering (2011) at the 
University of Michigan.  She now works as an 
industrial engineer at the consulting company PMC in 
Dearborn, Michigan. 
 
ALEX BEEKER earned an undergraduate degree in 
Industrial & Operations Engineering (2011) at the 
University of Michigan.  He is now working as a 

management consultant at Blaze Medical Devices in the 
Detroit area. 
 
MIKE MCCLOSKEY earned an undergraduate 
degree in Industrial & Operations Engineering (2010) at 
the University of Michigan. 
 
DAVID MOLDAWER earned an undergraduate 
degree in Industrial & Operations Engineering (2011) at 
the University of Michigan.  He is now working as a 
business analyst at Strata Decision Technology, in the 
development of software for strategic planning in the 
healthcare industry. 
 
EDWARD J. WILLIAMS holds bachelor’s and 
master’s degrees in mathematics (Michigan State 
University, 1967; University of Wisconsin, 1968).  
From 1969 to 1971, he did statistical programming and 
analysis of biomedical data at Walter Reed Army 
Hospital, Washington, D.C.  He joined Ford Motor 
Company in 1972, where he worked until retirement in 
December 2001 as a computer software analyst 
supporting statistical and simulation software.  After 
retirement from Ford, he joined PMC, Dearborn, 
Michigan, as a senior simulation analyst.  Also, since 
1980, he has taught classes at the University of 
Michigan, including both undergraduate and graduate 
simulation classes using GPSS/H, SLAM II, 
SIMAN, ProModel, SIMUL8, or Arena®.  He is 
a member of the Institute of Industrial Engineers [IIE], 
the Society for Computer Simulation International 
[SCS], and the Michigan Simulation Users Group 
[MSUG].  He serves on the editorial board of the 
International Journal of Industrial Engineering – 
Applications and Practice.  During the last several 
years, he has given invited plenary addresses on 
simulation and statistics at conferences in Monterrey, 
México; İstanbul, Turkey; Genova, Italy; Rīga, Latvia; 
and Jyväskylä, Finland.  He served as a co-editor of 
Proceedings of the International Workshop on Harbour, 
Maritime and Multimodal Logistics Modelling & 
Simulation 2003, a conference held in Rīga, Latvia.  
Likewise, he served the Summer Computer Simulation 
Conferences of 2004, 2005, and 2006 as Proceedings 
co-editor.  He was the Simulation Applications track 
co-ordinator for the 2011 Winter Simulation 
Conference and the Simulation Track co-chair for the 
annual Institute of Industrial Engineers conferences in 
2010, 2011, and 2012. 

Proceedings of The International Workshop on Applied Modeling & Simulation, 2012
978-88-97999-07-2; Bruzzone, Buck, Cayirci, Longo, Eds.	 17


