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Abstract: Arena simulation software is one of the most used software in the industry
for studying discrete event process. The common medium for learning this software
is by using the textbook which is quite difficult to understand and very time
consuming as the book consists of many complex words and explanations. The
objective of this study is to build training guide for a simple call center using Arena
simulation. The call center problem description was obtained from textbook. Using
the Arena student version software, a very detail step-by-step guide to model the
simple call center was established. This was then followed by the simulation
execution of the system and the analysis of the simulation result. From the analysis
of data, the total attempted calls, completed calls and rejected calls from the model
were recorded and observed. These result were compared with the text book result for
model verification purposes. Finally, a new call center model was built using the
training guide. The new model simulation was smoothly executed and all intended
results were successfully generated. This indicates that the training guide can be a
very helpful tool for beginners to learn building an Arena simulation model of a call
center operations.
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1. Introduction

Simulation refers to a wide variety of techniques and applications to simulate the ability of actual
systems on a computer using suitable software. In fact, since the concept extends to many different
fields, industries and applications, simulation may be an extremely general phrase. Nowadays,
simulation is more common and effective due to presence of much better technologies such as
computers and software. The advantages of simulation are improving insight into the effects of a system
or change of process, manage inventory levels, employees, communications systems and better
equipment, reduce times for delivery and abolish bottlenecks [1]. Simulation is commonly used in
service, manufacturing, communications, government, and other segments of global economies to make
better decisions, enhance processes, and prevent costly errors [2]. Examples of simulation programming
languages used are GPSS, SIMSCRIPT, SIMULA, SLAM, Arena, AutoMod and Simio [3].
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Arena simulation represents an innovation in simulation technology by allowing enterprise-
wide simulation. It is a systematic framework that encompasses all phases of a simulation project, from
the analysis of input data to the analysis of output simulation data [4]. The simulation result can be a
very vital input to manage and improve operational efficiency for many different type of industries.
The efficiency and operational effectiveness of the telecommunications services are also non-
exceptional in which call center is one of the important element of todays business. A call center is a
centralized station to which present and future customers’ phone calls are directed. A call center is
gradually and rapidly becoming a strong service delivery strategy and it is an essential component of
the activities of many companies in the world [5]. Call centers have provide a primary link between
customer and service provider especially for airlines company, hotels, retail banks and credit card
companies.

1.1 Problem Statement

A simulation model of a call center is important to help imitate the real life system of the call center
system and to identify the problem that might occur in the system. It is generated by seizing available
resources whenever they are needed through explaining how workers pass through their processing
phases [6]. Studies by Gans et al. [7], Saltzman [8], Andhini [9] and Chuchual et al. [5] used Arena
simulation software to simulate the process of call center but these articles and journals did not highlight
the procedure or specific steps of using the Arena simulation software. The steps to build a simulation
model can only be referred to the textbook and you-tube videos. This takes plenty of time in order to
understand and interpret all the data and information given. Moreover, most of the time it is not easy to
understand the learning material because these books consist of complex words and explanation. In
response to this problem, this study proposes a guideline on how to build a call center simulation model
using the Arena Simulation Software.

1.2 Objective and scopes
The objectives of this study are as below:

i. To build a training guide for simple call center using Arena simulation.

ii. To build a simple simulation model representing call center process by using the training
guide.

iii. To analyze the simulation result of the call center.

The scopes of this study cover the followings:

i. The study focuses only on simple call center.

ii. The project utilizes the student version of the Arena Simulation software.
iii. The training guide is built based on existing software manual and textbooks.
iv. The training guide does not cover complex animations.

2. Materials and Methods
2.1 Methods

Firstly, the problem statement was defined in which it was recognized that the currently available
learning material from textbook is difficult to understand and has too much information. However, in
order to provide a smooth future learning extension this study utilizes the same simulation model 5-1
from the Simulation with Arena textbook [10] as the designated call center. The training guide consists
of all the method as well as the parameter needed for building the simulation model a simple call center.
The simulation results analysis from the training guide model and the answer provided by the textbook
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were compared to ensure the validity of the call center model. In fact, the training guide model was
modified a few times before finally obtained the same answer with the textbook.

2.2 Data Analysis of The Training Guide Model

The training guide model was built based on the simple call center model from the Simulation with
Arena textbook [10]. The data analysis of the training guide model was conducted by validating it with
the textbook model. The percentage error was used to validate both call center models can be expressed
as shown in the Eg. 1. The approximate value represents the value from the training guide model
meanwhile the exact value represents the value from the textbook answer.

Approximate Value — Exact Value

P t E , 0 = x100% Eq.1
ercentage Error,% error Fxact Value % q

3. Results and Discussion
3.1 Simple Call Center Simulation Setup
The description of the simple call center to be modelled in this guide are as the following:

1. One phone number for customers to call in to:
e 26 trunk lines, one line is needed for each call (incoming or outgoing, either talking or
on hold).
o Arriving call finding no free trunk lines gets busy signal, goes away.
» Count number of such rejected call.

2. Calls arrive with inter arrival time ~ EXPO (0.857) min.
o First call arrives at time 0.

3. Three incoming call types
e Initial recording time before deciding the type of service required ~ UNIF (0.1,0.6)
min.
o Probability independently for each call service requirement: Tech support (76%), sales
(16%), order status (8%).

4. Tech support calls

e For product type 1 (25%), 2 (34%) or 3 (41%)
» Recording/select time ~ UNIF (0.1, 0.5)

o Needs qualified tech-support person.
» Two type 1, three type 2, three type 3 (no crossover to another type)
» Separate FIFO (First-In-First-Out) queues for each type
» Conversation time ~ TRIA (3,6,18) min. for all types

e Then leaves the system.

5. Sales calls
e All the same
e Four sales staff, all the same
» One FIFO queue feeding all sales staff.
e Conversation time ~ TRIA (4,15,45)
e Then leaves the system.
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6. Order status calls

o All the same
e Handled automatically by phone system.
> No limit on number in process at a time, except for trunk-line limit.
e Conversation time ~ TRIA (2,3,4)
o After conversation, 15% of callers opt to talk to a person.
» Routed to sales staff, conversation lasts an additional TRIA (2,3,4)
» Sales calls have higher priority (hon-preemptive)
[ )

Center receives calls from 8 a.m. until 6 p.m. (10 hours)
» Must terminate arrival process at 6 p.m.
» Operate past 6 p.m. if it necessary to “flush out” all calls.

Figure 2 shows the snapshot from the training guide of the simple call center. The report from
the previous research [11] explained the process to build a general model in Arena but this training

guide is specifically meant for a call center model and consists more detailed explanations and
infographic.
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Figure 2: Snapshot of the training guide.
3.2 Validation of Training Guideline Model and Textbook Model

The validation of the simulation results between the model in the training guide and the actual
problem in the textbook was performed for the total of attempted calls, completed calls and rejected
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calls. The percentage error was calculated to measure the difference between the simulation model value
and the exact value from the textbook answer. Table 1 shows the comparison between these values and
it can be observed that the simulation model from the training guide produced results exactly the same
as the textbook answer. This indicates that the training guide is capable of producing a valid model of
a simple call center.

Table 1: Percentage error between the training guide model and the textbook answer

Parameters Training Guide Model Textbook Answer Percentage Error (%)
Attempted Calls 734 734 0
Completed Calls 643 643 0

Rejected Calls 91 91 0

3.3 A New Call Center Model using Training Guide

In this section, a new model was built by using the above training guide. This new model of call
center has one phone number for customers to call into 20 trunk lines. The number of rejected call that
flush out during the busy trunk lines was counted. The arriving calls is exponentional distributed at
0.857 minute where the first call arrives at time 0. There are 3 types of incoming call which are technical
help call, sales call and order tracking call. The probability independently for each call are 70% for
technical help call, 19% for sales call and 11% for order tracking call. The initial recording to decide
the calls are uniformly delay from 0.1 and 0.6 minute. The technical help call is distributed about 31%
for product A, 40% for product B and 29% for product C. The recording is UNIF~ 0.1,0.5. The technical
help calls for each product need to be occupied with staff where there are two persons for product C
and three persons for both product A and product B. The conversation time during the call for all type
of products are minimum 3 minutes, most likely 6 minutes and maximum 8 minutes (TRIA~ 3, 6, 8).

The logic for the sales call is very similar to that described for the technical help call. The sales
call required 4 sales staff and the conversation time is TRIA (4, 15, 45) minutes. Moreover, order
tracking call are handled automatically by phone system. There is no limit on number in process at a
time except for the trunk line limit. The conversation time for order tracking call is TRIA (2, 3, 4). After
the conversation, 15% of callers opt to talk to a person thus the sytem will be routed to sales staff and
the additional conversation time is TRIA (2, 3, 4). The sales call is non-preemptive call therefore it have
higher priority in the system. The call center operates from 8 a.m. until 6 p.m. which exactly 10 hours
a day unless it is necessary to flush out the call so it will operate past 6 p.m.

3.4 Simulation Result of New Call Center Model

Based on the simulation that had been executed, a report of category overview was obtained. There
were 681 calls that going through the available 20 trunk lines of the call center system as shown in
Figure 3. Furthermore, there were 680 attempted calls, 582 completed calls and 98 rejected calls that
were successfully recorded during the call center operation which was for 600 minutes. The bar graph
in Figure 4 shows the collected data of the total attempted calls, completed calls and rejected calls.

Replications: 1 Time Units: Minutes

Key Performance Indicators

System Average
Number Out 681

Figure 3: Category overview 1
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Figure 4: Category overview 2

Based on literature review, Arena simulation had been used in various fields such as emergency
medical services [12], customer service centers [13] and others. This strongly shows that the Arena
simulation software is often used to imitate real-life situations. Consequently, the training guide of arena
simulation specifically for a simple call center which was described above will be able to assist those
who will be using this software for generating simulations of real-life situations in a more convenient
way.

4, Conclusion

This study on Arena Simulation Training Guide for Simple Call Center was conducted to provide
an easy guide for Arena software users to build any simulation model of call center. This study is
intended to overcome the current issues on available textbook which was too difficult to understand due
to the complex words and too much information. This study achieved the objective which is to build a
training guide for a simple call center using Arena simulation. It has been shown that the training guide
can be used to build simulation models of simple call centers. In addition, the simulation result of the
new call center model was recorded and analyzed. Overall, the last model built using the guide recorded
680 attempted calls, 582 completed calls and 98 rejected calls during the 600 minutes call center
operations. This fulfilled the last objective of the study involving the analysis of simulation result of the
call center model.

Acknowledgement

The authors would like to thank the Ministry of Higher Education Malaysia for supporting this
research under the Fundamental Research Grant Scheme Vot No. FRGS/1/2018/TK03/UTHM/02/9 and
partially sponsored by Universiti Tun Hussein Onn Malaysia.

References

[1] A. Bradley, "Document Imaging Manufacturer Discovers Millions in Potential Savings
with Customer Service Simulation,” Rockwell Automation, 2014,
https://www.rockwellautomation.com/en-za/products/software/arena-simulation/case-
studies

[2] S. Samaha, W.S. Armel and D.W. Starks, "The Arena Product Family: Enterprise
Modeling Solutions,” Knowl. Creat. Diffus. Util., 2003. pp. 1907-11

[3] D. Goldsman, R.E. Nance and J.R. Wilson, "A Brief History of Simulation Revisited,"

1040



[4]

[5]

[6]

[7]

[8]

[9]

[10]

[11]

[12]

[13]

Razali N. A. | et al., Research Progress in Mechanical and Manufacturing Engineering Vol. 2 No. 2 (2021) p. 1035-1041

Proc. Winter Simul. Conf., 2010. pp. 56774

J.E.Hammann and N.A.Markovitch, "Introduction to Arena," Proc. Winter Simul.
Conf., 1995.

P. Chuchual, N. Chongpravatisakul, T. Kusolmanomai and S. Komolavanij, "Inbound
and outbound calls assignment for an efficient call center,” 7th Int. Conf. Serv. Syst.
Serv. Manag., Proc. ICSSSM’ 2010. 66 pp. 468—71

J.W. Fowler and O. Rose, "Grand challenges in modeling and simulation of complex
manufacturing systems," Simulation 2004. 80 pp. 469-76

N. Gans, G. Koole and A. Mandelbaum, "Telephone call centers: A tutorial and
literature review," Manuf. Serv. Oper. Manag. 2003. 5 pp. 79-141

R. B. Wallace and R.M. Saltzman, "Comparing skill-based routing call center
simulations using C programming and Arena models,” Proc. Winter Simul. Conf.
2005. pp. 263644

N.F. Andhini, "The Effect of Cross-Training and Scheduling in an Inbound Call Center
using Simulation,” J. Chem. Inf. Model 2017. 53 pp. 1689-99

W.D. Kelton, R.P. Sadowski and N.B. Zupick, 2015 Simulation with Arena, Sixth
Edition, New York, Mc Graw Hill. 2015

U. Linarti, Panduan Praktikum Simulasi Komputer dengan Software ARENA 14.0,
Universitas Ahmad Dahlan. Yogyakarta. 2020
http://eprints.uad.ac.id/19051/1/Panduan%20praktikum%?20simulasi%Z20arena%2C%?2
Odll.pdf

M. van Buuren, G.J. Kommer, R. van der Mei and S. Bhulai, "EMS call center models
with and without function differentiation: A comparison,” Oper. Res. Heal. Care. 2017.
12 pp. 16-28

C.H. Wang and P. Su, "A Simulation Study of Workforce Management for a Two-
Stage Multi-Skill Customer Service Center," Int. Jour. of Oper. Res. 2018. 15(1) pp.
15-28

1041



