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ABSTRACT 

Objective: This paper investigates the application of queuing models to optimize customer 

service efficiency in banks and it also explores how these models can be used to analyse 

customer arrival patterns and service times. 

Methodology: The observed data comprised daily records of the queuing in the First Bank 

PLC, Ado Ekiti over a week, examining customer arrival and service patterns from 8:00 AM 

to 3:00 PM.  

Result: The results indicates that the arrival rate of customers per unit of time is 14.2071 which 

is greater than the service rate of 8.3571 customers per unit of time. This shows that queue will 

occur since the arrival rate is greater than the service rate in the banking hall. The expected 

inter-arrival time was calculated at 4.2232 minutes per customer, and the average service time 

per customer was approximately 7.1795 minutes. A probability of 0.10869 was determined for 

customers needing to wait for service upon arrival. To improve efficiency at First Bank PLC, 

Ado Ekiti, It is recommended to increase the number of servers handling arriving customers, 

as the current capacity is inadequate. 

GSJ: Volume 12, Issue 7, July 2024 
ISSN 2320-9186 367

GSJ© 2024 
www.globalscientificjournal.com



Keywords: Queue theory, Arrival rate, Service rate, Customers, Inter-arrival time, Utilization 

factor, Probability of waiting. 

 

 INTRODUCTION 

Queuing theory employs mathematical models and performance metrics to evaluate and 

potentially enhance the movement of customers within a waiting system. It finds widespread 

use in service industries. A queue arises when available resources are insufficient to meet the 

immediate demand placed on them. This situation occurs when all service counters are 

occupied to the extent that incoming customers cannot receive immediate service. A queue can 

be described as a line of individuals or items awaiting some form of attention or service. 

Queueing theory is the mathematical study of waiting lines or queues, encompassing the 

analysis of the processes involved in the arrival, waiting, and servicing of customers [1].  Also, 

queuing theory can be defined as an essential tool for analysing and optimizing systems where 

congestion and waiting are significant issues, enabling better resource allocation and improved 

service efficiency [2]. Queueing theory was described as an integrating probability, statistics, 

and stochastic processes to develop strategies for effective queue managements [3]. Queue 

theory was simply defined as a waiting line [4]. On the other hand, it was described  in a similar 

manner, highlighting two crucial components: the source of customers they can draw from, 

known as the population source, and the service system [5]. Queuing theory is the mathematical 

study of waiting lines or queues. Queueing theory is commonly regarded as a subset of 

operations research, as the insights it provides are frequently employed in resource allocation 

decisions for service provision [6].  Some researchers emphasized using queueing theory to 

banking sectors to optimize service levels and efficiently allocate resources such as tellers and 

service points. For instance, queueing theory helps banks to design their service systems to 

minimize waiting times for customers [7]. Application of  queue models to ATM networks by 

predicting usage patterns and determining the optimal number of ATMs needed at various 

locations. This helps reduce wait times and ensures a smooth customer experience [8]. 
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queueing models has been used  to minimize wait times and optimizing service process based 

on queueing theory insights. They concluded that bank can foster positive customer 

experiences and loyalty essential for competitive advantage [9]. Queues are generated when 

customers, whether they are individuals or objects, are in need of service and must wait because 

their quantity surpasses the available number of servers [10]. Alternatively, queues can form 

when the service facility is not operating efficiently or when the time required to serve a 

customer exceeds the prescribed duration. In certain instances, customers find themselves 

waiting when the overall number of customers seeking service surpasses the quantity of service 

facilities available, while in other situations, some service facilities remain inactive due to an 

excess of service facilities in comparison to the number of customers requiring service. In 

Nigeria, banks commonly face issues of congestion, resulting in diminished customer 

satisfaction and prompting customers to switch between banks in search of services with 

minimal delays. A queuing model was developed to facilitate the analysis of queuing methods, 

aiming to address issues related to customer arrival rates. This model was designed to 

determine various key factors, including the actual service time, customer arrival rates, 

expected time spent by customers in both the queue and the system, system capacity, the 

probability of customers having to wait for service at the bank upon arrival, and the potential 

utilization factor. This paper aimed to analyse and optimise customer service efficiency in the 

banking sector using queue models. 

 MATERIALS AND METHOD 

The observed data comprised daily records of the queuing in the First Bank PLC, Ado Ekiti 

over a week, examining customer arrival and service patterns from 8:00 AM to 3:00 PM. The 

banking system is characterized as a multiple queue, multiple servers system based on queuing 

theory. In this particular type of queuing system, customers arrive at the banking hall, which 

consists of multiple waiting lines, each assigned to a single server. Customers make their choice 

of which queue to join based on certain criteria, often opting for the shortest line. This system 

grants customers the freedom to select and join the queue they believe will provide them with 

the quickest service, and it may lead to behaviours such as switching lines, leaving the queue 

(reneging), or deciding not to join a queue at all (balking).  
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 SINGLE SERVERS QUEUE WITH M|M|1 MODEL  

The single-server model is designed to predict queue lengths and waiting times. This model, 

known as the Single-Channel Queuing Model with Poisson Arrivals and Exponential Service 

times (M/M/1), provides insights into queuing systems where arrivals follow a Poisson 

distribution, service times are exponentially distributed, and there is only one server. This 

model focuses on systems with only one service point or server. It is model used in forecasting 

how long queues will be and how much time customers or items will spend waiting before 

being serviced. The model assumes that arrivals occur randomly over time, following a Poisson 

distribution. This means the probability of a certain number of arrivals in a given time period 

can be predicted using the Poisson formula.        

MULTIPLE SERVERS QUEUE WITH M|M|S MODEL  

The M/M/S system describes a queuing model characterized by Poisson arrival patterns and 

multiple servers (S), each with independently distributed exponential service times that remain 

consistent regardless of the system's state. In this model, the arrival rate (λ) is independent of 

the number of customers (n), meaning it remains constant for all n. Similarly, each server's 

service time is independent and follows an exponential distribution. However, the number of 

servers actively attending to customers at any given time depends on the number of customers 

in the system. Therefore, the overall time required to process customers is influenced by the 

system's current state, as more servers will be utilized when more customers are present. This 

model helps in understanding and managing systems with multiple servers, optimizing resource 

allocation, and predicting wait times and service efficiency. 

 

Parameters in Queuing Models 

In the banking sector, efficient customer service is crucial for maintaining satisfaction and 

operational effectiveness. Queue theory, a mathematical study of waiting lines, provides 

valuable insights into optimizing service delivery in banks. This study focuses on applying 
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queue theory to analyse and optimise customer service efficiency in the banking sector. By 

examining key parameters such as arrival rates, service rates, and the number of available 

servers. This application of queue theory will not only help First Bank in Ado Ekiti to reduce 

customer waiting times but also improve overall customer experience. 

Arrival Rate  

The arrival rate refers to the average number of customers arriving at the bank per unit of time. 

It is denoted by λ. 

 λ = 
𝑇𝑜𝑡𝑎𝑙 𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑐𝑢𝑠𝑡𝑜𝑚𝑒𝑟𝑠 𝑎𝑟𝑟𝑖𝑣𝑒𝑑

𝑇𝑜𝑡𝑎𝑙 𝑎𝑟𝑟𝑖𝑣𝑎𝑙 𝑡𝑖𝑚𝑒
 

Service Rate  

The service rate is the average number of customers that can be served by a teller or service 

point per unit of time and it is denoted by µ 

µ = 
𝑇𝑜𝑡𝑎𝑙 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑐𝑢𝑠𝑡𝑜𝑚𝑒𝑟𝑠 𝑠𝑒𝑟𝑣𝑒𝑑

𝑇𝑜𝑡𝑎𝑙 𝑠𝑒𝑟𝑣𝑖𝑐𝑒 𝑡𝑖𝑚𝑒
 

Traffic Intensity  

Traffic intensity, often denoted by ρ is the ratio of the arrival rate λ to the service rate μ in a 

queueing system. It measures the load on the service system. 

ρ = 
𝜆

𝜇
    

More generally, in a situation where there are C servers; ρ =  
𝜆

 𝜇 × 𝐶
     

Where λ is the mean arrival rate, 𝜇 is the mean service rate, and c is the number of servers in an M/M/C 

queue. 

 

The expected inter arrival time per hour  

The expected inter-arrival time per hour is the average time between consecutive customer 

arrivals at the bank. It is the inverse of the arrival rate λ and is calculated by 
𝟏

𝝀
 

The average time between service distribution per hour  
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The average time between service distributions per hour is the average time it takes to serve 

one customer, calculated as the inverse of the service rate μ. This metric is given by  
𝟏

𝝁
 

The probability of having n customers in the system   

The probability of having n customers in the system in a queueing model can be determined 

using the Poisson distribution for the M/M/1 queue (single server) and it helps in assessing the 

likelihood of different numbers of customers being present in the system 

𝑝0= [∑
(𝐶ρ)𝑛

𝑛!
𝐶−1
𝑛=0 +

(𝐶ρ)𝑛

𝐶!(𝑐−ρ)
]−1 𝑤ℎ𝑒𝑟𝑒 ρ =  

𝜆

𝜇
   

Expected number of customers waiting on the queue 

The expected number of customers waiting in the queue, often denoted by Lq, is the average 

number of customers who are waiting to be served in a queueing system. 

Lq = [
𝜌𝑐+1

(𝐶−1)!(𝐶−𝜌)2]𝑃0         or 𝐿𝑞   = [
𝐶𝐶𝜌𝑐+1

𝐶!(1− 𝜌)2]𝑃0 

Expected number of customers in the system  

The expected number of customers in the system, denoted as Ls, represents the average total 

number of customers, both being served and waiting in the queue, in a queueing system. 

Ls = 𝐿𝑞 +
𝜆

𝜇
                                                                                            

 

 

Expecting waiting time of customers in the queue 

The expected waiting time of customers in the queue, denoted as 𝑊𝑞, is the average time a 

customer spends waiting to be served in a queueing system.  

𝑊𝑞 = 
𝐿𝑞

𝜆
 

Average Time in the System  
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The average time in the system, denoted as Ws, is the average total time a customer spends in 

the queueing system, including both the waiting time in the queue and the service time. 

Ws = 𝑤𝑞 + 
1

𝜇
=  

 𝐿𝑠

𝜆
 

Average waiting time for an arrival not immediately served  

The average waiting time for an arrival not immediately served, often denoted as Wa, is the 

average time a customer spends waiting in the queue when they arrive and find all servers busy. 

Wa =  
 1

𝑐𝜇−𝜆
                       

Probability that an arriving customer or customers will have to wait for service at the bank  

The probability that an arriving customer will have to wait for service at the bank, denoted as 

Pw, is a measure of the likelihood that a customer will encounter a queue upon arrival. 

Pw = 
Wq

𝑊𝑎
 

The system capacity  

The system capacity in queueing theory refers to the maximum number of customers that the 

system can accommodate simultaneously, including those being served and waiting in the 

queue and it is denoted by C𝜇 .     

 

 

ANALYSIS AND RESULTS  

The table 1 below showed the descriptive analysis of the daily queuing analysis of the servers 

reflecting a comprehensive overview of the customer arrival total, arrival rates, service total and 

service rates at the First Bank Plc Ado Ekiti for five consecutive days with the four (4) available 

servers at the banking hall between the hours of 8:00AM and 3:00PM. The service totals and 

service rates indicate the efficiency and capacity of the servers in managing the customer flow 

showing how fast and efficient the servers are. This data is very vital for optimizing staff 
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allocation and improving customer wait times, ultimately enhancing service quality and 

operational efficiency. 

Table 1: Daily Queuing Analysis of the Servers 

  Server 1 Server 2 Server 3 Server 4 

Days   Arrival 

rate  

Servic

e rate  

Arriva

l rate  

Servic

e rate  

Arriva

l rate  

Servic

e rate  

Arrival 

rate  

Service 

rate  

Day 1 

(Monday) 

Total  116 60 111 63 125 67 119 70 

Averag

e 

16.5714

3 

8.5714

29 

15.857

14 9 

17.857

14 

9.5714

29 17 10 

Day 2 

(Tuesday) 

Total  101 58 99 54 111 58 105 55 

Averag

e 

14.4285

7 

8.2857

14 

14.142

86 

7.7142

86 

15.857

14 

8.2857

14 15 7.857143 

Day 3 

(Wednesday) 

Total  91 57 107 55 102 64 115 62 

Averag

e 13 

8.1428

57 

15.285

71 

7.8571

43 

14.571

43 

9.1428

57 16.42857 8.857143 

Day 4 

(Thursday) 

Total  71 47 85 55 109 66 81 59 

Averag

e 

10.1428

6 

6.7142

86 

12.142

86 

7.8571

43 

15.571

43 

9.4285

71 11.57143 8.428571 

Day 5 

(Friday) 

Total  72 47 83 56 90 56 96 61 

Averag

e 

10.2857

1 

6.7142

86 

11.857

14 8 

12.857

14 8 13.71429 8.714286 
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Fig 1.0: Multiple bar chart showing the customers’ arrival rates and service rates. 

Comment: The multiple bar chart above showed the average customers’ arrival rates and service rates 

observed at First Bank PLC, Ado Ekiti for five consecutive days with the four available servers. The 

chart shows that the customers’ arrival rates decreases on daily basis from Monday to Friday at the 

banking hall. 

The mean arrival rate (λ) was calculated to be 14.2071425 by taking  

λ = 
𝑇𝑜𝑡𝑎𝑙 𝑚𝑒𝑎𝑛 𝑎𝑟𝑟𝑖𝑣𝑎𝑙

𝑇ℎ𝑒 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑎𝑟𝑟𝑖𝑣𝑎𝑙 𝑡𝑖𝑚𝑒
 

The overall mean service rate (µ) was calculated to be 8.3571 by taking  

µ = 
𝑇𝑜𝑡𝑎𝑙 𝑚𝑒𝑎𝑛 𝑠𝑒𝑟𝑣𝑖𝑐𝑒

𝑇ℎ𝑒 𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑠𝑒𝑟𝑣𝑖𝑐𝑒 𝑡𝑖𝑚𝑒
 

The results are shown below; 

λ = 14.2071425 - Mean arrival rate of customers per hour 

µ = 8.3571 – Mean service rate of customers per hour  

c = 4 – Number of servers 

 

 

 

 

The potential utilization factor of service facility 

ρ = 
𝜆

𝐶µ
 

ρ = 
14.2071425

4(8.3571)
 = 

14.2071425

33.4284
 = 0.4250 or 42.50% 

The system utilization factor represents the proportion of time the service facility is being used to 

provide service relative to its capacity. In this case, a value of 0.4250 indicates that the service facility 

is being utilized at 42.50% of its capacity. A utilization factor below 1.0 (100%) suggests that the system 

is not operating at full capacity. It means that there is some idle time or underutilization of the service 

facility, which can be interpreted as there being room for additional work or customers to be processed 

efficiently within the system.  

The idle time = 1 - ρ 

= 1 – 0.4250 = 0.5750 or 57.50% 
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 The term “idle time” in queue theory refers to the amount of time a service facility or server remain 

unoccupied and is not actively serving customers. The value of idle time is 0.5750, it means that the 

service facility is idle or unoccupied for 57.50% of the time. 

The average time between service distribution (service time per hour) 

1

µ
=  

1

8.3571
 =  0.1197hour =  (0.1197 ×  60) minutes =  7.1795minutes   

This means that the service times in the system follow a distribution where the mean (average) service 

time is approximately 7.1795minutes. 

Expected inter-arrival time per hour 

 
1

λ
=  

1

14.2071425
= 0.0704ℎ𝑜𝑢𝑟 = (0.0704 × 60)𝑚𝑖𝑛𝑢𝑡𝑒𝑠 = 4.2232𝑚𝑖𝑛𝑢𝑡𝑒𝑠 

The expected inter-arrival time of 4.2232 minutes means that on average, you can anticipate a new 

arrival or event occurring approximately every 4.2232 minutes. It helps in predicting or modelling the 

timing of events or arrivals within a system or process. 

Average number of customers waiting in the queue before being served (𝑳𝒒)  

𝐿𝑞   = [
𝜌𝑐+1

(𝐶−1)!(𝐶−𝜌)2] 𝑃0  or 𝐿𝑞   =[
𝐶𝐶𝜌𝑐+1

𝐶!(1− 𝜌)2] 𝑃0  

      𝑤ℎ𝑒𝑟𝑒 𝑃0 = [∑
(𝐶ρ)𝑛

𝑛!
𝐶−1
𝑛=0 +

(𝐶ρ)𝑛

𝐶!(𝑐−ρ)
]

−1

 , ρ = 
𝜆

µ
 

ρ = 
𝜆

µ
 = 

14.2071

8.3571
= 1.7000 

Where C = 4 

  𝑃0 = [(
ρ0

0!
+  

ρ1

1!
+  

ρ2

2!
+

ρ3

3!
) + (

(𝐶ρ)𝑛

𝐶!(𝑐−ρ)
]

−1

 

  𝑃0 = [(
1.70000

0!
+  

1.70001

1!
+  

1.70002

2!
+

1.70003

3!
) + (

(1.7000)4

4!(1−0.4250)
]

−1

 

  𝑃0 = [(
1

1
+  

1.7000

1
+  

2.8900

2
+  

4.913

6
) + (

8.3521

24(0.5750)
]

−1
 

   𝑃0 = [(1 + 1.7000 + 1.4450 + 0.8188) +
3.20114

24(0.5750)
]

−1
 

𝑃0 = (5.56902)−1 = 0.17956 

Therefore, 𝑃0 =  0.17956 

Also,  

𝐿𝑞 = [
𝐶𝐶𝜌𝑐+1

𝐶!(1− 𝜌)2] 𝑃0    
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𝐿𝑞   = [
44(0.4250)4+1

4!(1− 0.4250)2]× 0.17956 

 =  
0.6374

7.9350
= 0.0803 

∴  𝐿𝑞 =  0.0803  

An average number of customers waiting in a queue of 0.0803 implies that on average, there are 

approximately 0.0803 customers in the queue at any given time. The value is typically used in 

queuing theory to estimate the expected queue length or the number of people waiting for a service 

or assistance in a system over a certain period. It also indicates a relatively low level of congestion 

or waiting in the queue on average. 

The expected waiting time in the queue (expected waiting time of customers in the queue)  

                                                               𝑊𝑞 = 
𝐿𝑞

𝜆
 

𝑊𝑞 =
0.0803

14.2071
 

= 0.005652hour = (0.005652 × 60) minutes = 0.3391 minutes 

The expected waiting time in the queue of 0.03391 minutes means that on average, a customer can 

expect to wait approximately 0.3391minutes before receiving service or assistance. This value is 

commonly used in queuing theory to estimate the average amount of time customers spend waiting in 

line or in a queue before they are being served. 

The expected waiting time for an arrival not immediately served 

𝑊𝑎 =  
 1

𝑐𝜇 − 𝜆
  

𝑊𝑎 =  
1

4 × 8.3571 − 14.2071
 

= 
1

33.4284−14.2071
=  

1

19.221
 

= 0.0520hour 

𝑊𝑎 = 0.0520hour 𝑜𝑟 3.1215 𝑚𝑖𝑛𝑢𝑡𝑒𝑠 

This is a key metric in queuing theory and service systems analysis helping to assess and optimize 

service performance and customer satisfaction. The expected waiting time for an arrival not 

immediately served when we obtained it value to be 3.1215 minutes, indicate that the average amount 

of time a customer can expect to wait before being served. 

Probability that an arriving customer or customers will have to wait for service at the bank       

𝑃𝑤 = 
Wq

𝑊𝑎
    

𝑃𝑤 = 
0.005652

0.0520
= 0.10869    
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The probability that an arriving customer will have to wait for service represents the likelihood or 

chance of the customers waiting for service. It suggest that there is a 10.869% probability of an arriving 

customers waiting for service in the system. 

The system capacity = C𝝁 

= 4 × 8.3571 = 33.4284 

The system capacity when its value is 33.4284 typically refers to the maximum number of customers 

that the system can handle simultaneously or at its peak capacity. It suggest that the system is designed 

or capable of accommodating up to 34 customers concurrently. 

The expected number of customers in the system (waiting in line or being served) is given by; 

𝐿𝑠 = 𝐿𝑞 +
𝜆

𝜇
 

𝐿𝑠 = 0.0803 +
14.2071

8.3571
 

= 0.0803+ 1.7000 = 1.7803 

The expected number of customers in the system when its value is 1.7803 indicates that on average, 

there are approximately 1.7803 customers within the entire system at any given time.  

The average time spends in the system  

𝑊𝑠 = 𝑤𝑞 + 
1

𝜇
=  

 𝐿𝑠

𝜆
 

𝑊𝑠 = 0.005652 + 
1

8.3571
 

= 0.005652 + 0.1197 = 0.125352hour 

Therefore, 𝑊𝑠 = 0.125352 = (0.125352 × 60) minutes = 7.52112 minutes 

The average time spent in the system when its value is 7.52112 minutes represents the average 

total time a customer spends within the system. This includes both the time spent waiting in 

the queue and the time spent actively receiving the service. With an average of 7.52112 

minutes, it means that on the average, a customer can expect to spend 7.52112 minutes from 

the moment they enter the system (e.g. start waiting in a queue) until they finish receiving 

services.   

DISCUSSION OF RESULTS  

This research focused on application of queueing theory to banking sector. The table 1 shows 

a detailed analysis of customer arrivals, arrival rates, service totals, and service rates on the 
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data collected at First Bank Plc, Ado Ekiti, over five consecutive days during the banking hours 

from 8:00 AM to 3:00 PM, utilizing the four available servers at the banking hall. The system 

utilization factor of 0.4250 found in the study indicates that the service facility at First Bank 

Plc, Ado Ekiti, is operating at 42.50% of its maximum capacity during the observed period. A 

value of idle time at 0.5750 indicates that the service facility remains idle or unoccupied for 

57.50% of the observed period and the mean (average) service time of approximately 7.1795 

minutes indicates the typical duration customers spend being served. The expected inter-arrival 

time of 4.2232 minutes signifies the average time between successive customer arrivals into 

the banking hall and the average number of customers waiting in a queue of 0.0803 implies 

that on average, there are approximately 0.0803 customers in the queue at any given time. The 

expected waiting time in the queue of 0.03391 minutes means that on average, a customer can 

expect to wait approximately 0.3391minutes before receiving service or assistance and the 

probability that an arriving customer will have to wait for service represents the likelihood or 

chance of the customers waiting for service. Overall, with a system capacity estimated at 

33.4284 customers for the four servers, these insights provide valuable metrics for optimizing 

service efficiency and customer satisfaction within the banking environment. 

CONCLUSION 

This study showed that the bank will experience congestion and longer waiting times for 

customers during peak hours because the arrival rate of 14.2071 customers per unit of time is 

greater than the service rate of 8.3571 customers per unit of time which indicates that the 

system is operating with an arrival rate greater than the service rate. It is recommended to 

increase the number of servers attending to the arriving customers since the current capacity is 

insufficient, leading to long wait times.  
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