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ABSTRACT 

In this study, a simulation modeling procedure for a retail store was proposed to find the optimal number 
of clerks based on operation types, operation frequency, and staffing schedule. First, all required data for 
staffing problems were collected and work loading was performed during each 24-hour period. Then, in-
teger programming was used to obtain an initial feasible solution. Finally, simulation experiments were 
performed together using OptQuest, and optimal solutions were obtained. The proposed procedure was 
applied to the actual case. It was found that the staffing problems can be solved easily and effectively. 

1 INTRODUCTION 

In this study, a simulation model was constructed and used to examine staff scheduling with particular at-
tention to customer wait times at the cash register at a retail store. All operations performed by clerks 
were carefully examined to determine staff scheduling at the retail store on campus at Nagoya University. 
All required data for staffing problems were collected, including the point of sales (POS) data and time 
study data for all clerks, with reference to the company manuals.  

POS software is usually recognized for use with merchandizing, in-store merchandizing, and opera-
tions (Tajima 2001). In-store merchandizing consists mainly of space allocation, planograms, and in-store 
promotions. In this study, in-store merchandizing and operations were treated as a model and used to ana-
lyze customer flows and congestion in retail stores. Problems related to personnel scheduling have been 
studied for many years due to the importance of planning to the overall performance of a business in 
terms of service quality provided to the customer and cost to the organization. For instance, Takakuwa 
and Okada (2005) suggested that simulation modeling in conjunction with integer programming and di-
rect-search methods can be used for operations planning for an inbound call center to minimize personnel 
expenses. Takakuwa and Wijewickrama (2008) developed a discrete-event-simulation to optimize doctor 
schedules in all departments of an outpatient hospital ward at the Nagoya University hospital. Wijewick-
rama and Takakuwa (2004) presented a simulation analysis of patient flow aiming to shorten wait time by 
identifying an optimum doctor mix. The objective of all of the above studies was to minimize personnel 
expenses or achieve increased satisfaction with service levels. In this decade, POS system use has quickly 
spread among Japanese retailers because it is an accurate data management system that can be used to re-
spond more accurately and quickly to sales trends. As the competition in the retail industry increases, re-
tailers are becoming more and more obligated to optimize their store performance. Simulation has be-
come a widely accepted tool for analyzing performance in the service industry. Several studies have 
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focused on various issues related to POS data. Miwa and Takakuwa (2008) presented a simulation model-
ing procedure for in-store merchandizing to examine customer flows in retail stores. At present, the re-
view of the literature indicates that no studies of personnel planning have been conducted using POS data. 
The purpose of this paper is different from that of previous research because a simulation-based approach 
is developed to optimize personnel planning of a retail store using actual POS data. This paper discusses a 
simulation IP-���������	
����
�
�����������	������
	������	�
nnel planning, especially by making use 
of POS data. First, during the past two years, POS data was carefully reviewed to analyze the frequency 
with which customers came into the store. Thereafter, based on the correlation coefficients of the data, 
several customer frequency patterns were established. Then, a stepwise procedure for personnel schedul-
ing was proposed. Simulation modeling was used together with integer programming to minimize total 
personnel expenses.  

In this study, the work load for all operations in every time period is examined in terms of man-hour; 
hence,  work loading is performed in relation to time elapsed during each 24-hour period during the first 
stage. Then, integer programming is adopted to obtain an initial feasible solution to staffing problems. Fi-
nally, simulation experiments are performed together with OptQuest, and optimal solutions are obtained.   

2 DESCRIPTION OF THE RETAIL STORE 

2.1 General Operations 

FamilyMart is a convenience store that provides a wide variety of consumable products. The FamilyMart 
Group is composed of 23 companies including FamilyMart Co., Ltd., 11 subsidiaries, and 11 affiliates. 
Centered at the core of its business is a network of 15,789 convenience stores (as of the end of February 
in 2010) in Japan and other countries. The store in this study was on campus at Nagoya University. The 
store was open from 7AM to 11PM. A general view of the retail store is shown in Figure 1. 

 

 
 

Figure 1: General View of the Retail Store 
 
Recently, operations at the convenience store have been overly complicated. There are 170 types of 

operations for clerks in the store, and the operations are defined by the manual for FamilyMart, which is 
divided into 10 classes: (1) service at check-out counter, (2) straightening up the store, (3) order, (4) mag-
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azines and newspapers, (5) fast food, (6) service, (7) the Fami-Port service, (8) cleaning and maintenance, 
(9) sorting sales slips, and (10) emergencies. In this store, we collected data on operation frequency and 
time. The contents of the operations in each period of time are illustrated in Table 1. 

 
Table 1: Operations at the Retail Store 

Period of
time

Operations of selling goods Indirect operations Operations at the cash desk

Disposing waste (at 8:00) Cleaning the floor 
Receiving , checking, and displaying goods (at 10:00) Replenishing supplies 
Displaying goods at special space Disposing trash in a store 
Preparing Oden Controlling humidifying utensil  
Preparing and displaying Chinese-style steamed bun 
Preparing and displaying deep-fried food
Disposing waste (at 15:00) Cleaning the floor 
Receiving , checking, and displaying goods  (at 16:00) Replenishing supplies 
Receiving , checking, and displaying newspapers Controlling humidifying utensil  
Displaying goods at special space
Preparing Oden
Accepting home parcel delivery
Preparing and displaying Chinese-style steamed bun 
Preparing and displaying deep-fried food
Receiving , checking, and displaying goods (at 21:00) Cleaning the floor 
Receiving , checking, and displaying newspapers Disposing trash in a store 
Preparing Oden
Preparing and displaying Chinese-style steamed bun 
Disposing waste (at 22:00) Cleaning the floor 
Receiving , checking, and displaying goods Preparing deep-frying cookware 
Preparing and displaying Chinese-style steamed bun Preparing Oden utensil 
Replenishing papers/toner for copying machines Preparing coffee makers 
Preparing and displaying deep-fried food Preparing retaining-warmth utensil
Putting price labels Controlling humidifying utensil  
Displaying goods for sales promotion Cleaning up the checkout counter 

Disposing trash in a store 
Preparing returned newspapers

23:00-7:00
(Closed)

7:00-13:00
(Open)

13:00-18:00
(Open)

18:00-23:00
(Open)

Counting and taking over at
the cash desk (at around
13:00)

Counting and taking over at
the cash desk (at around
16:00)

Counting and taking over at
the cash desk (at around 23:00
, 6:00)

Counting and taking over at
the cash desk (at around
10:00)

 

2.2 Operation Types 

The 170 types of operations were separated into three categories based on restraint conditions. The three 
types are as follows: 

� Priority operations 
� Scheduled operations 
� Non-scheduled operations 

Priority operations mostly relate to customer service at the check-out counters. Clerks must make it a top 
priority to conduct these operations. Scheduled operations are the operations scheduled some times on a 
single day. The main operations are counting and taking over at the cash desk, disposing of waste, and re-
ceiving/checking/displaying goods. Non-scheduled operations are the operations done as the situation 
demands. For example, cleaning the floor and displaying goods in a special space is done as needed. In 
addition, if Oden and Chinese-style steamed buns are sold out, clerks have to prepare these goods. The 
major operations of each type are shown in Table 2. The flow of operations is illustrated in Figure 2. 
Clerks always must check to see whether there are priority operations to be accomplished. The operation-
type percentages are as follows: priority operations are 57%, scheduled operations are 24%, and non-
scheduled operations are 18%. 
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Table 2: Operation Types 

Priority operation Non-scheduled operation
6:00 Counting and taking over at the cash desk Cleaning the floor 
8:00 Disposing waste Displaying goods at special space

Receiving , checking, and displaying goods Replenishing supplies 
Counting and taking over at the cash desk Disposing trash in a store 

13:00 Counting and taking over at the cash desk Preparing Oden
15:00 Disposing waste

Receiving , checking, and displaying goods 
Counting and taking over at the cash desk Preparing and displaying deep-fried food

21:00 Receiving , checking, and displaying goods Controlling humidifying utensil  
22:00 Disposing waste Disposing trash outside a store
23:00 Counting and taking over at the cash desk Cleaning up the checkout counter 

Operations at the
checking counter

Scheduled operation

10:00

Preparing and displaying Chinese-style
steamed bun16:00

 

Start work

Is there a priority 
operation?

Do a priority 
operation.

Is there a scheduled 
operation?

Do a scheduled 
operation.

Check whether there 
is a priority operation 

to do.

Yes

Yes

No

Do a non-scheduled 
operation.

Check whether there 
is a priority operation 

to do.

Is there is a non-
scheduled operation?

Yes

No

Stand by.
Check whether there 
is a priority operation 

to do.

No

Be at work?

Yes

End work

No

 
Figure 2: Flow of Operations 

2.3 Staffing Schedule 

The staff schedule at the store was determined by the store manager, who has the necessary experience 
and intuition. Such choices are not easy because they require both minimizing total personnel expenses 
and increasing satisfaction for customers through immediate service. 

3 PROCEDURES FOR SEEKING AN OPTIMAL STAFF SCHEDULING SOLUTION 

3.1 Procedures 

The objective in this study was to minimize daily total working time while satisfying a certain customer 
service level via operations at the check-out counter. One performance measure at the retail store is ser-
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vice level, defined as the average wait time per hour.  The service level target is set after performing the 
simulation with OptQuest.  In the procedure, constrained optimization is used because the service level 
target is a constraint.  The procedures for seeking the optimal solution can be itemized as follows: 

 
[Step1] Collecting required data for staffing problems during each 24-hour period. 
[Step2] Performing work loading using total working time during each 24-hour period. 
[Step3] Formulating and solving the associated IP model to obtain a set of numbers of clerks for each 

24-hour period. 
[Step4] Building a simulation model with the initial solution obtained by performing Step 2. 
[Step5] Performing simulation with OptQuest using the initial solution obtained by performing Step 3 

and Step 4. Obtaining a better feasible solution by modifying the constraints.  
[Step6] Determining the optimal set of numbers of clerks during each 24-hour period. Comparing 

performance figures including the total daily personnel expenses associated with potential so-
lutions in all possible scenarios. 

3.2 Integer Programming Model 

The problem is to determine the optimal number of clerks necessary to conduct the required operations.  
The overall objective is to minimize daily total working time.  The constraints can be formulated as the 
expected number of operations at each time interval � for instance, one hour or six hours.  An integer li-
near programming problem is a linear program in which all of the variables are restricted to integer values 
(Ignizio and Cavalier 1994). The problem in this study is to determine the optimal number of clerks (xij) 
while taking into consideration the amount of operations; that is, the number of clerks for each hour re-
quired during each total working time. The objective is to minimize the total daily working hours. Then, 
some assumptions considering the actual operations are necessary: (1) the priority operations should be 
done immediately, and (2) all operations must be done at their assigned time intervals. Then, an IP model 
can be written as follows:  
Find xij so as to 
minimize  

��
� �

I

i j
ijx

1
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1
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i j
ij ���

� �
            (6) 

� �1,0�ijx ,             (7) 

where 
i  = clerk index  
I = total number of clerks (persons) 
j = operation-hour index 
k  = 6-hour intervals index 
mj = total time required for priority and scheduled operations during jth operation hour (man-hour) 
nk = total time required for all operations at kth 6-hour intervals (man-hour) (k = 1,2,3,4). 

 
Decision variables: 
  Clerk i is at work during the jth hour of operation. 
     Not at work during the jth hour of operation. 
 
Constraint (2) is a constraint in which priority and scheduled operations for each work-hour j are required 
in total working time. Based on constraint (3), operations are required at 6-hour intervals in total working 
time. Constraints (4), (5) and (6) require total working time during each 6-hour interval. An initial optimal 
solution for personnel planning can be obtained by solving an IP model with these constraints.

3.3 Data and Simulation Model 

3.3.1 Simulation Model 

The simulation programs were written in Arena (Kelton, Sadowski, and Sturrock 2007). Figure 3 shows 
the ���
	� ��
�� 
�� ��� ���	���� 
��	��
��� ��� ��� �������
�� �
���� The proposed model is composed of 
three major logical subsystems: priority operations, scheduled operations and non-scheduled operations. 
These include operations at the check-out counters. First, priority operations were characterized based on 
POS data, which indicates customer�� arrival at the check-out counter. Then, scheduled operations and 
non-scheduled operations were indicated using the associated data. Clerks must complete priority opera-
tions. When they are completing scheduled operations and non-scheduled operations, they check the wait-
ing line at the check-out counters at every 0.2 minutes. If there are customers in the waiting line, the 
clerks must immediately complete the transaction at the checking counter.  
 The simulation model consists of several parameters. Table 3 represents the list of parameters. Based 
on our time-study, the frequency and timing of clerk operations were analyzed. The process time had a 
correlation with the number of purchased items, and a regression analysis was applied to determine the 
duration of time necessary to scan an item, process customer payments, and bag the items. Each operation 
was modeled based on several attributes. Arrival time as part of each priority operation was established 
based on the POS data. The processing times at the check-out counters were adapted as triangular distri-
butions using a regression analysis. The animation model was constructed with the Arena 3D player as 
shown in Figure 1.  

�
	



�
,0
,1

ijx
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3.3.2 Performance Measures 

The primary performance measures considered in this study are the customer wait times during each hour 
(AWTj). In addition, the average time that has passed before the start of the associated scheduled opera-
tions (ATPj) and the number of unfinished operations during 6-hour intervals (NUOk) are used to represent 
the degree of achievement of operations on the service level. 
 
 

Start: Priority operations

Read POS data 
(create customers)

Seize the register and the clerk

Operations at the checking 
counter

Release the register and the 
clerk

End: Priority operations

Operations at the checking 
counter

Start: Operations at the 
checking counter

End: Operations at the 
checking counter

Seize the clerk

Delay for an operation time 
(0.2 min.)

Release the clerk

Start: Scheduled operations

End: Scheduled / non-scheduled 
operations

Read the associated data
(create scheduled operations)

Check waiting line for resister
number in queue > 0)

Yes

Operation at the checking 
counter

No
Operation time > 0.2 

min.

Yes

Operations

No

Start: Non-scheduled 
operations

Read the associated data
(create non-scheduled 

operations)

 
Figure 3: Simulation Logic 
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Table3: Parameters for Performing Simulation 
Time (hour)
Time (minute)
Number of purchase

Process time TRIA (7, 6.76n+14.76,6.76n+14.76+3*9.31)
Description
Frequency
Period of time

Number of clerks
Number of registers
Priority operation
Scheduled operation
Non-scheduled operation

POS data

Scheduled operation,
Non-scheduled operation See Table 4.

See Table 7.

Output Data
Average waiting time during each hour period (AWT )
Average time passed to start the associated scheduled operations(ATP )
Number of unfinished operations at 6-hour intervals (NUO )

4

Input Data

Priority operation

 

3.3.3 Search for Optimal Solution 

To decide the staffing schedule, we use an optimization program in Arena called OptQuest. The objective 
of the optimization program is to minimize total working time during a day. The existing total number of 
clerks was 6. Due to resource limitation and management policies, there are some upper and lower limits 
to the number of clerks allocated during each hour. The optimization model is as follows: 
Find xij so as to minimize the total operations time (man-hours) 

��
� �

I

i j
ijx

1

24

1
                                                                        (8) 

Constraints: 

jj CAWT �     (j�����!��"#,                                                                   (9) 

jj DATP �     (j�����!��"#,                                                                 (10) 

0�kNUO     (k=1,2,3,4),                                                                     (11) 

Variables: 

ijx  ( j=1��24 ), 

where 
ATPj : Average time that has passed before the start of the associated scheduled operations since the 

beginning of the assigned operation hour (min.), 
AWTj : Average wait time for priority operations during the jth operation hour (min.) , 
Cj $�&��
��	������
�������'�	�������������
	��	�
	�<�
��	��
�����	����jth operation hour (min.), 
Dj   : Permissible delay before the start of scheduled operations (min.), 
NUOk : Number of unattended operations at 6-hour intervals (operations). 

4 APPLICATION 

In this section, the proposed procedure is applied to an actual case. The current total number of work 
hours is 73 (man-hours). 
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4.1 Data Collection [Step 1] 

The frequency of operations was determined from the store, and these data were analyzed to build the si-
mulation model shown in Table 4. The expected time to be used for check-out operations based on the 
POS data is shown in Table 5. 

4.2 Loading Operations per Hour [Step 2] 

The work loading of operations per hour is shown in Figure 4. The total number of working hours is 53 
(man-hours). 

4.3 Integer Programming Model [Step 3] 

The integer programming model is formulated, and the resultant solution is obtained as an initial feasible 
solution. The results are shown in Table 6. The total number of working hours obtained using the IP mod-
el is 47 (man-hours). 
 
 

Table4: Details of Operations  

23:00-
7:00(Closed)

7:00-
13:00(Open)

13:00-
18:00(Open)

18:00-
23:00(Open)

Min. Mode Max.
Cleaning the floor 0 2 2 0 0.50 1.00 35.50
Preparing deep-frying cookware 2 0 0 0 0.50 16.00 101.00
Preparing retaining-warmth utensil 1 0 0 0 0.50 1.00 101.00
Preparing humidifying utensil 0 0 0 0 0.50 1.00 101.00
Preparing Oden utensil 2 0 0 0 0.50 8.00 55.50
Disposing waste 0 1 1 0 0.50 1.00 40.50
Receiving , checking, and displaying goods 2 2 1 1 1.00 36.90 120.00
Receiving , checking, and displaying newspapers 2 0 1 1 0.50 1.00 24.50
Displaying goods at special space 0 9 9 0 0.50 1.00 77.50
Replenishing supplies 0 3 2 0 0.50 1.00 9.50
Disposing trash in a store 3 2 0 3 0.50 1.00 12.50
Preparing Oden 0 2 5 2 0.50 1.00 30.50
Accepting home parcel delivery 0 0 1 0 0.50 1.00 3.00
Preparing and displaying Chinese-style steamed bun 1 3 11 2 0.50 1.00 25.50
Preparing and displaying deep-fried food 2 7 9 2 0.50 1.00 24.50
Preparing returned magazines 0 0 0 0 0.50 1.00 3.00
Displaying goods for sales promotion 0 0 0 0 0.50 1.00 3.00
Replenishing papers/toner for copying machines 1 0 0 0 1.50 2.00 26.50
Counting and taking over at the cash desk 0 1 2 1 1.50 10.00 25.50
Preparing returned newspapers 1 0 0 0 0.50 1.00 9.50
Preparing coffee makers 1 0 0 0 0.50 1.00 8.50
Controlling humidifying utensil  1 1 1 0 0.50 1.00 3.00
Putting price labels 1 0 0 0 5.50 6.00 10.50
Disposing trash outside a store 0 0 0 0 2.50 3.00 20.50
Cleaning up the checkout counter 1 0 0 0 0.50 2.00 12.50

Operations

Frequency Process Time
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Table 5: Expected Time for Checking-Operation from POS Data 
Hour period 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22

Number of customers 30 110 80 178 128 346 137 191 150 199 126 143 96 75 66.7 36
Number of purchased items 71 220 151 356 294 798 304 353 306 366 239 337 221 174 156 88.7
Total expected time (hours) 0.4 1.1 0.8 1.9 1.5 4 1.6 1.9 1.6 1.9 1.3 1.7 1.1 0.9 0.8 0.4
Required expected number of registers 1 2 2 3 2 5 2 3 2 3 2 2 1 2 2 1  
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Figure 4: Required Number of Clerks 

Table 6: Total Working Time Requirement Based on the IP Model 
Hour period 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23

A 1 0 0 0 1 0 1 1 1 0 1 1 1 1 1 1 1 0 0 1 1 1 0 1
B 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 1 0 1 1 0 0 1 0
C 0 0 0 0 0 0 0 0 0 1 0 0 1 0 0 1 1 0 0 1 0 0 0 0
D 1 1 1 0 0 0 0 0 0 0 0 0 1 0 0 0 0 1 0 1 0 0 0 0
E 0 0 0 1 0 0 0 0 0 0 1 1 0 0 1 0 0 0 1 0 1 0 0 0
F 0 1 0 0 0 1 0 0 1 0 1 0 1 0 1 0 0 1 0 0 1 0 0 0

Total 2 2 1 1 1 1 1 1 2 1 3 2 5 2 3 2 3 2 2 4 3 1 1 1  

4.4 Simulation [Step 4] 

Figure 5 shows the results of the simulation for three staffing schedules. In this case, the optimal solution 
��� ��� @X�� Z�\� ���������������� ��� ���
��� ��� ��� ������<�������������^����
	���
�	������	� ��� @_
	��
`
�����\��
��������@Z{\��
�����	����
	�	���������	����@X��Z�\ model. However, the results of the si-
mulation indicate that the wait time is longer because the model includes stochastic variation. In addition, 
���@_
	��L
�����\���������� ����������|�}�unfinished operations, ����@Z{\��
���� �������"|�~���������
these scenarios are not realistic.  
 

Time 
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Figure 5: Simulation Results 

4.5 Search for Optimal Solution [Step 5] 

In the next step, the optimal solution is sought by performing a simulation with OptQuest. The constraints 
�	�� ������� ���� �����������	� ��� @X�� Z�\� �����	�
� ���� ��� ��	����������
���finished operations. 
OptQuest is an optimization program in Arena that uses a special search algorithm to search for the best 
solution or a near-best solution. OptQuest combines the metaheuristics of Tabu Search, Neural Networks, 
and Scatter Search into a single search heuristic (Kleijnen and Wan 2007) to find the best value for one or 
multiple objective functions.  
 One major advantage of integrating the simulation model with an optimization program is that the de-
cision variables for the objective functions are not necessarily in the constraints. Based on performance 
measures like the average wait time, which was generated using the simulation model, OptQuest can eva-
luate alternative staffing schedules by altering the number of clerks in each time interval subject to given 
constraints. 

The objective of the optimization program is to minimize total working time during a given day. The 
actual total number of clerks was 6 at the time of the study. Due to resource limitation and management 
policies, there are some upper and lower limits to the number of clerks on-staff during each hour.  

The initial optimization program was executed 1,000 times. Within this timeframe, one thousand si-
mulations were executed, and this graph established the best results found so far as a function of the simu-
lation number runs. After running 1,000 different scenarios, the best scenario was determined to be the 
767th, wherein the total working time was 62 (man-hours) for a single day.  

4.6 Optimal Solution [Step 6] 

The optimal solution was obtained by performing a simulation with OptQuest. The optimal solution cut 
current, actual working hours by 7.5 %. The work load under the @IP\ model decreased working hours by 
a total of 20 and improved the solution by 30%. �
��'�	�����@Z{\��
��������@Work L
�����\��
�����g-
nored the issue of wait time, and the results showed that there were increased wait times and unfinished 
operations under these scenarios. The comparisons among the staffing schedules are illustrated in Table 7 
and Figure 6.  
 

Table 7: Staffing Schedule 
Hour period 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 Total

As Is 1 1 1 1 1 1 1 2 2 3 4 6 6 5 4 4 4 4 5 4 4 4 3 2 73
Work Loading 2 2 1 1 1 1 1 1 2 2 4 2 5 3 3 3 4 2 3 4 3 1 1 1 53

IP Model 2 2 1 1 1 1 1 1 2 1 3 2 5 2 3 2 3 2 2 4 3 1 1 1 47
OptQuest 1 1 1 1 1 1 1 3 4 4 4 4 4 4 4 5 5 3 2 2 3 2 1 1 62  
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Figure 6: Average Wait time and Total Working Time 

5 CONCLUSIONS 

A simulation modeling procedure for a retail store was proposed to determine the optimal number of 
clerks taking into account operation types, operation frequency, and staff scheduling. The procedure was 
designed to determine the optimal number of the clerks as necessary given the frequency of the operations 
involved. 
 In the procedure, work loading was performed during each 24-hour period in the first stage. Then, in-
teger programming was used to obtain an initial feasible solution. Then, simulation experiments were per-
formed together with OptQuest, and optimal solutions were obtained. The initial solution was obtained by 
solving the integer programming problem, and wait time was evaluated by performing the simulation. 
 The proposed procedure was used for the actual case. It has been shown that staffing problems can be 
solved easily and effectively in a real-life situation. 
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