
Dinku Manaye1 and Amare Worku21

1 Dire Dawa University2

Received: 15 December 2017 Accepted: 3 January 2018 Published: 15 January 20183

4

Abstract5

ATMs are among the most important service facilities in the banking industry. The main6

objective of ATM for bank is to keep away the customers from coming to bank and make the7

process easy for them to avoid the basic procedure they have to do in the bank. But ATMs8

themselves have as a result become subjects of large service demands which directly translate9

to queues for services when these demands cannot be quickly satisfied specially during10

weekend periods and month endings (salary times) where the demand for cash is high. In this11

study Arena simulation model was developed for the ATM service found in the commercial12

bank of Ethiopia, Sabyan branch to analyse its service performance. In the ATM center the13

customer inter arrival time of the customers followed the exponential distribution with a mean14

of 29 seconds and the service time is a Poisson distribution with a mean of 44.3 seconds. From15

the Arena simulation run results, we can conclude that the service is not efficient in the ATM16

Centre as there is excessive waste of time in the ATM center (71.3 seconds) and higher17

number of customers waiting in the queue (4 customers). To improve the ATM service18

efficiency of the case company and to keep satisfaction of the customers, we recommend the19

company to follow the following ways. To improve the ATM service efficiency of the case20

company and to keep satisfaction of the customers, we recommend the company the following21

ways. One way can be increasing the ATM facility number from two to three and another way22

can be increasing the service time of the available ATM services by improving the speed of the23

system. Both ways can be taken as good options since the operating cost of the new24

mechanisms is minimal compared with cost of losing customers due to low quality of service.25

26
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2 II. LITERATURE REVIEW

since the operating cost of the new mechanisms is minimal compared with cost of losing customers due to low45
quality of service.46

1 I. Introduction47

mproving the performance of service industries when arrival and service time are random and performed by human48
employee is a complex decision environment [1,2]. This scenario was best expressed in the banking industry. The49
development of information technology in bank sectors is Automatic Teller Machine (ATM). ATMs are among50
the most important service facilities in the banking industry [3]. The main objective of ATM for bank is to51
keep away the customers from coming to bank and make the process easy for them to avoid the basic procedure52
they have to do in the bank. ATMs themselves have as a result become subjects of large service demands which53
directly translate to queues for services when these demands cannot be quickly satisfied. This situation becomes54
more evident during weekend periods and month endings (salary times) where the demand for cash is high.55
Simulation has become one of the most widely used tool in such system analysis due to availability of the many56
software’s having large computing capabilities [2]. The simulation model is developed and run with particular57
inputs and model characteristics. In this study, two ATM services found in the commercial bank of Ethiopia,58
Sabyan branch has been considered. Simulation software ARENA is used to develop a simulation model and59
Performance analysis will be carried out.60

2 II. Literature Review61

Simulation modeling is fast becoming an important aid in achieving higher levels of efficiency and productivity.62
Historically, the most frequent uses of simulation modeling have been directed to the improvement of63
manufacturing operations. More recently, simulation has come into its own as a powerful tool for improvement64
of operations within the services sector [4]. Simulation is one of the most powerful tools available to decision-65
makers responsible for the design and operation of complex processes and systems. It makes possible the study,66
analysis and evaluation of situations that would not be otherwise possible. In an increasingly competitive world,67
simulation has become an indispensable problem solving methodology for engineers, designers and managers [5].68

Simulation can be defined as ”the imitation of the operation of a real-world process or system over time”69
[6]. The process of interest is usually called a system. When building a simulation model of a real-life system70
under investigation, one does not simulate the whole system. Rather, one simulates those sub-systems which71
are related to the problems at hand. This involves modeling parts of the system at various levels of detail.72
In order to study the system, we make a set of assumptions about it. These assumptions constitute a model.73
Assumptions are expressed in mathematical or logical relationship. If the model is simple enough, it may be solved74
by mathematical methods such as calculus, algebra or probability theory. However, many real world problems75
are too complex. Models of these systems are almost impossible to solve analytically. In a simulation, we use a76
computer to evaluate a model numerically and data are gathered in order to estimate the desired characteristics77
of the model [7].78

A simulation model is a representation that incorporates time and the changes that occur over time. Simulation79
models can be classified by many ways, but one useful way is along these dimensions [8]:80

(1) Continuous vs. Discrete: It is convenient to distinguish between continuous and discrete simulations. In81
a continuous simulation the underlying space-time structure as well as the set of possible states of the system is82
assumed to be continuous [7], thus the state of the system can change continuously over time; an example would83
be the level of water flows in a tank. In discrete simulations, changes can occur only at separated points in time84
such as customer arrivals to a bank.85

( Simulation has a number of advantages that allow the identification of problems, bottlenecks and design86
shortfalls before building or modifying a system. It allows comparison of many alternative designs [9] and let us87
experiment with new and unfamiliar situations as to answer ”what if” questions [5]. Evaluation and comparisons88
can take place before committing resources and investment to a project. Simulation allows study of the dynamics89
of a system, how it changes over time and how subsystems and components interact [9]. On the other hand, often90
simulations are time consuming, data is not available or costly to obtain, and the time available before decisions91
must be made is not sufficient for a reliable study [9].)292

Simulation modeling is an art that requires specialized training and therefore high skills of the modelers [5]. If93
two models of the same system are constructed by two competent individuals, they may have similarities, but it is94
highly unlikely that they will be the same. Despite its tremendous benefits, simulation is not a perfect technology.95
It is a decision support tool that may help in simplifying the decision making process. As such, simulation output96
must be carefully analyzed. Most simulation models have random inputs such as equipment reliability, variable97
demand or loss, which cause the simulation output to be random too [8]. Therefore, running a simulation once98
is like performing a random physical experiment once and the results will probably be different each time. So99
it is highly recommended to run simulation models many times before concluding results. Simulation modeling100
is used in a multitude of applications. Many researchers attempted to classify and categorize the simulation101
applications. Simulation modeling is often used for modeling and designing many applications including hospitals,102
military operations, traffic, airports, services industries, computer systems, telecommunication networks and103
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manufacturing systems like factories, flexible manufacturing systems, assembly lines, warehouses, and supply104
chains [8].105

Service industry has been developing rapidly and receiving more attention in the recent years by system106
modelers. Customer satisfaction is a growing concern in service industry settings such as banks, hospitals, and107
call centers. High variability in demand is prevalent in the service industry, and customers still expect to be served108
promptly when they arrive [10]. Therefore, there is a need for efficient staff utilization with minimal possible cost,109
taking into account varying demand levels for the day of the week, or even for the time of the day. Improving110
customer satisfaction and service levels usually requires extra investments. To decide whether or not to invest,111
it is important to know the effect of the investment on the waiting time, and service cost. Usually managers and112
decision makers seek to balance between the service and waiting time cost to offer the best service with minimal113
cost [11]. Figure (1) shows the relation between these costs and how to obtain the minimum aggregate cost and114
optimal capacity. Source: (Chase, 2007) Figure ??: Waiting line versus service capacity level trade-off115

The service system is characterized by the number of waiting lines, the number of servers, the arrangement116
of the servers, the arrival and service patterns, and the service priority rules [12]. Some waiting line and service117
problems that seem simple on first impression turn out to be extremely difficult or maybe impossible to solve.118
Waiting lines that occur in series and parallel (such as in assembly lines and job shops) usually cannot be solved119
mathematically [9]. Therefore, simulation modeling is necessary to explore and analyze alternative designs to120
obtain the optimal solution.121

Commercial simulation modeling packages enable modelers to develop simulation models and also provide122
facilities to carry out simulation optimization as to help modelers optimize performance parameters that are123
of critical importance in the design of the systems under study. Most simulation modeling packages provide124
statistical reports (mean, minimum value, maximum value) to simplify analysis for performance measures (e.g.,125
wait times, inventory on hand, utilization ? etc.). There are many different simulation modeling packages in126
the market and each has its strengths and weaknesses. The best packages allow the user to combine easy-to-use127
constructs with more flexibility [13]. Some of the most popular simulation modeling packages include Arena,128
Auto Mod, Pro Model, Simul8, and Witness.129

Arena is a simulation software developed by Rockwell Automation. It uses the SIMAN simulation language.130
Arena is extensively used to simulate a company’s process or system to analyze its current performance as well131
as possible changes that could be made. By accurately simulating a process or system, a company can see the132
outcomes of changes without implementing them in real-time, thus saving valuable time and resources.133

In Arena, the user builds an experiment model by placing modules (boxes of different shapes) that represent134
processes or logic. Connector lines are used to join these modules together and specify the flow of entities. While135
modules have specific actions relative to entities, flow, and timing, the precise representation of each module and136
entity relative to real-life objects is subject to the modeler. When planning a new system or making significant137
changes to an existing one, simulation modeling is a key tool for predicting and validating system performance.138
Simulation modeling is not a perfect technology. It is a decision support tool that aids in decision making process139
and it is not a decision-maker. Simulation software tools like Arena are used to describe and analyze the behavior140
of a system, answer questions about proposed changes to the system, and help designing new systems. Statistical141
data, such as waiting time and resource utilization, can be recorded and outputted to reports as to simplify142
analysis. So in this study we have used the Arena simulation software to model and analyze the performance of143
the ATM service system.144

3 III. Methodology145

Various scholars have studied ATM service performance by using queuing theory [14,15,16]. But in this study146
we want to use computer simulation of ARENA instead of queuing theory to study the case ATM service system147
with ease. So different materials and methods are used to achieve the goal of this study as shown below in detail.148

4 a) Research Design149

Depending on research questions and orientation of the researcher, a choice is made in setting out the research150
plan. There is experimental design, longitudinal design, cross-sectional design and case study design. These151
designs are divided into fixed and flexible research designs [17]. Others have referred to this distinction as152
quantitative research designs and qualitative research designs respectively.153

The case study design is applied appropriately in this paper. Case study as an empirical inquiry is chosen154
because it allows focus to be placed on the queue phenomenon within its real-life context. A case study design155
was chosen also because the topical issue was customer queuing at ATMs; this could not be considered more156
perceptively without the context, the banking environment and more specifically the settings created by the157
ATM-customer interaction. It was in these settings that data was gathered and utilized. Moreover, it allowed us158
to cover contextual conditions relevant to the phenomenon under study. The design here is particularly a single159
case where we considered the two ATMs of the commercial bank of Ethiopia, Sabyan branch. This appropriately160
provides us the needed environment to collect required data for analysis.161

The researchers have provided the example of the application of discrete event simulation in evaluating162
performance of service line in the case company. A simulation model provides a visual animation of the service163
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10 D) NUMBER OF REPLICATION ESTIMATION

delivery process. The data was collected from the two ATM facilities of the commercial bank of Ethiopia, Sabyan164
branch so that modeling and simulation will be done by using arena software. An ARENA® simulation model165
was developed, verified, and validated to determine the performance of the ATM services.166

5 b) Data collection, sampling procedure and data analysis i.167

Data Collection168

In this paper, two types of data were collected and used. These are primary data and secondary data. Secondary169
data was obtained through an intensive review of relevant literature on the ARENA simulation from journal170
articles, textbooks and many usable electronic sources and review of the ATMs transaction history. Primary data171
was collected in two weeks period via observation which involves recording of the three key required quantities172
(customer arrival time, customer service start time and customer service end time) as customers reach at and173
leave the ATM terminal.174

6 ii. Sampling Procedure and Population175

Participants for the time studies were ATM users who arrived at the ATM terminal between the hours of 7:00176
AM and 7:00 PM. In each of the study period several repeat customers might have been captured in the time177
studies, but we didn’t believe this will affect the analysis.178

To simplify the study, the study period was divided into two groups that means peak hours of a day where179
there are more customers coming to the ATM terminal and normal hours of a day where there are less customers180
coming to the ATM terminal. Peak hours of a day includes early morning (7:00 AM to 9:30 AM) and late181
afternoon (4:30 PM to 7:00 PM) whereas the normal hours includes the hours which are not included in the peak182
hours of the day. But in the normal hours there are minimum number of customers coming to the ATM service.183
So we can represent a particular day customer arrival rate and service rate by the peak hour range.184

Then by taking a one hour interval observation we can obtain customer arrival rate and service rate.185

7 iii. Data Analysis186

The collected data through direct observation was analyzed. Fitting input distribution through the input analyzer187
of Arena is used to identify fitted statistical distribution. It is used to evaluate the distribution’s parameter and188
calculates a number of measures of the data. To select which type of distribution to use, we have compared the189
square error of each distribution. Larger square error value means the further away of the fitted distribution is190
from the actual data [18]. So we have selected the distribution with the smallest square error value. The data191
was analyzed by using real recorded time from the case ATM system. These data supported the analysis of192
validation of the model [19].193

The other thing we will analyze was the customer waiting time. There are two types of customer waiting194
times; the time a customer spends in the queue and the total time a customer spends in the system. Since we are195
dealing with human beings, we are specifically concerned with customer waiting time in queue. It is waiting in196
queue that is dissatisfactory to customers and affects greatly their service experience. The following performance197
measures of the system would be generated from the simulation model: Based on the values of this measures, we198
can give the analysis of the performance of the case ATM service system.199

8 c) Model Development200

The conceptual model for the ATM service can be represented as shown below. Customers arrive at the service201
system at random points in time to seek service also in a random manner. The service system operates in such a202
manner that for each arrival, if both ATMs are busy then the customer enters a queue; else the arriving customer203
immediately enters service. As customers depart, one or both ATMs becomes idle, else a customer is selected204
from the queue to enter service. This will be modelled by using computer simulation of Arena. the time customer205
takes to do transaction in ATM, is also random.206

9 ii. Model Verification and Validation207

To verify the model, the Arena developed model should run in different running conditions to know whether the208
outputs are logical or not.209

Validation activities are necessary to the construction of reliable models. Validation means to check whether210
the real world model and model made in simulated world is the same. The standard approach is to collect data211
(parameter values, performance metrics, etc.) from the system under study, and compare them to their model212
counter parts. These will prove the validity of the data and simulation.213

10 d) Number of Replication Estimation214

In particular, minimizing the number of replications and their length is necessary to obtain reliable statistics.215
In order to decide the number of replication the model must run some initial set of replication so that sample216
average, standard deviation and confidence interval are computed.217
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11 IV. Result and Discussion218

Based on recorded arrival times, the inter arrival time and service time are found out. Using the input analyzer219
module of the software, the probability distribution for inter-arrival time and service time are found out. The inter220
arrival time of the customers followed the exponentially distribution (Square Error: 0.009100 and corresponding221
p-value = 0.329) with a mean of 29 seconds. The service time is a Poisson distribution (Square Error: 0.049503222
and corresponding p-value = 0.263) with a mean of 44.3 seconds. To verify the model, the Arena developed223
model was tested in different running conditions to know whether the outputs are logical and consistent or not.224
Through this mechanism the model was verified.225

Validation of the model was performed by comparing the actual customers being served by the ATM service226
in a day which is 1000 in average (found from the bank personnel’s data) and the Arena simulation run result227
(number out) which is 986. The data comparison shows that the difference is minimal which shows the developed228
model is valid. The above Arena simulation model run results indicate that:229

? The average utilization of ATM service one and ATM service two was found 75.53% and 76.16% respectively.230
? The average number of customers coming to the ATM service were 990 and out of which 986 were served.231

? The average number of customers waiting in the queue was 4.232
in out233
? The average waiting time for a customer in the queue was whereas the service time was 44.3 seconds. ? The234

total waiting time for a customer in the ATM service was 115.6 seconds.235
From these it was clear that the waiting time of a customer in the queue (71.3 seconds) is higher amount even236

as we can compare it with the service time (44.3 seconds) and higher number of customers waiting in the queue237
(4 customers) which indicates inefficient system.238

12 V. Conclusion and Recommendation239

The main purpose of this study is analysis of the performance of the ATM service found in the commercial bank240
of Ethiopia, Sabyan branch by developing Arena simulation model for the ATM service center. That means the241
simulation run was used to collect the service performance measures like the number of customers waiting in the242
queue and the waiting time in the queue. With all the above results, we can conclude that the service is not243
efficient in the ATM Centre as there is excessive waste of time in the ATM center (71.3 seconds) and higher244
number of customers waiting in the queue (4 customers). So efforts has to be taken to reduce the waiting line245
even though it cannot be totally eliminated as going for total elimination would lead to excessive service cost.246

To improve the ATM service efficiency of the case company and to keep satisfaction of the customers, we247
recommend the company the following ways. One way can be increasing the ATM facility number from two to248
three (it can be increased further up to optimum service cost). Another way can be increasing the service time of249
the available ATM services by improving the speed of the system (for example by increasing the internet speed250
and removing fluctuation of electric power). Both ways can be taken as good options since the operating cost of251
the new mechanisms is minimal compared with cost of losing customers due to low quality of service.252
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Figure 1: ?
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Figure 2: Figure 2 :
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Figure 3: Figure 3 :
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Figure 4: Figure 4 :
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Figure 5: Figure 3

1

Parameter LqW Wq ? Number Number
ATM service1 ATM services 2

Value 4115.55 71.2996 0.7553 0.7616 990 986

Figure 6: Table 1 :
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