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ABSTRACT 

The increasing population and health-need due to adverse environmental conditions have led to 

escalating waiting times and congestion in hospitals, especially in the Emergency and Accident 

Departments. It is universally acknowledged that a hospital should treat its patients, especially 

those in need of critical care promptly. Queueing theory is a mathematical approach in Operations 

Research applied to the analysis of waiting lines. Rwanda Military Hospital is one of many 

hospitals that are presenting long waiting times for patients looking for services in all departments. 

This research project focuses on both analytical techniques and simulations to design an algorithm 

based on queuing theory of multi servers queuing network model of outpatient flow that will 

improve the healthcare services in the department using MATLAB/Simulink tool to model and 

simulate the current and designed models. Finally, the research project will compare the results to 

see the improvement and the performance of the designed model. The research thesis examined 

first, the waiting time of patients in the emergency and accident department by using queuing 

model after calculating the mean number of arrivals per hour and the mean number of patients 

served per hour. Further results from data collected for all four blocks were analysed to know the 

factors that cause long waiting for queues in the department. The results showed that the system 

traffic intensity is greater than one. This means that the queue grew endlessly. There were 

a big number of patients waiting in the queue and they waited for a long time before being serviced. 
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CHAPITER 1: INTRODUCTION 

1.1. General Introduction 

Customer satisfaction has become a serious concern in the service sector. In the Healthcare 

industry, several initiatives have been introduced to enhance customer satisfaction. The 

healthcare industry providers globally are experiencing increasing pressure to concurrently 

reduce cost and improve the access and quality of care they deliver. Many healthcare 

institutions are confronted with long waiting times, delays, and queues of patients. Long 

waiting time in any hospital is considered as an indicator of poor quality and needs 

improvement. Managing waiting lines create a great dilemma for managers seeking to improve 

the return on investment of their operations.  

Customers also dislike waiting for a long time. If the waiting time and service time are high, 

customers may leave the queue prematurely and this, in turn, results in customer 

dissatisfaction. This will reduce customer demand and eventually revenue and profit 

(Imahsunu, 2014).  

The concept of using flow to improve medical care services has received increasing attention 

within healthcare, especially concerning the reduction in patient waiting times for emergency 

and elective care. 

Awareness has been growing of the ideas, first tested in other industries, and results that 

organizations have generated by applying flow thinking to their organizations (Health 

Foundation, 2013). Health care systems in general and hospitals in particular, constitute a very 

important part of the service sector. Over the years, hospitals have become increasingly 

successful in deploying medical and technical innovations to deliver more effective clinical 

treatments. However, they are still often rife or widespread with inefficiencies and delays, thus 

presenting a propitious ground for research in numerous scientific fields, specifically Queuing 

Theory (Mor Armony)



 

- 2 - 

 

     1.2. Background 

Regarding to (Anbarasi, 2018), Queuing theory has its origin in research by a Danish telephone 

engineer Agner Krarup Erlang when he generated models to describe the Telephone Exchange 

of Copenhagen.” The Theory of Probability and telephone conversations” is the first paper on 

queuing theory published in 1909. He pondered the problems of determining the number of 

telephone circuits necessary to provide phone services that would prevent customers from 

waiting too long for an available circuit. In developing a solution to this problem, he began to 

realize that the problem of minimizing waiting time applied to many fields and began 

developing the theory further. Therefore, A.K. Erlang is considered the father of queuing 

theory.  

After that great invention, queuing theory has introduced in my fields like Hospitals, airline 

companies, banks, manufacturing firms, etc., try to minimize the total waiting cost, and the 

cost of providing service to their customers (Obamiro, 2010). 

As (Supriya Burungale1, 2018) made a research on queuing theory, stating that the end of the 

twentieth and the initial twenty-first centuries is the period of emerging application of queuing 

theory in the medical field. This emerges highly specialized hospitals for serving patients. 

Nowadays most of the hospitals are overcrowded with patients. It may affect patients’ 

symptoms, clinical outcomes, and satisfaction. It can also affect physicians’ effectiveness, 

causing frustration among medical staff. 

This overcrowding is due to the lack of an effective queue management system in hospitals, 

which is the due time required for each patient would be uneven based on how much time the 

doctor takes and other tasks such as scanning, pharmacy, testing, etc. This is a challenging and 

complicated job because every patient in the queue may come just for consultation of doctor 

or check-up or test etc. Each treatment task can have varying time requirements for each patient 

of different age groups.
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1.3. Problem Statement 

Long waiting queues are symptomatic of inefficiency in-hospital services. Unfortunately, this 

is the case in many public hospitals in Rwanda and other developing countries. Capacity 

management decisions in Rwanda hospitals are generally based on experience and rules of 

the thumb rather than with the help of strategic research model-based analysis (Sam Afrane, 

Frebruary 2014). 

Rwanda is among the few countries to have achieved universal health coverage due to its vision 

of inclusiveness, equity, and comprehensive and integrated quality service delivery, with a 

focus on primary health care (PHC). Rwanda’s health sector has made tremendous progress in 

improving the health status of the population. These improvements are mirrored by the 

improvements in access to health care services and utilization of those services. According to 

Rwanda annual health statistics, the PHC utilization rate increased from 0.81 to 0.94 visits per 

inhabitant from 2009 to 2013 (Organization(PRIMASYS), 2017) 

Despite the effort provided by the government of Rwanda to make health care services more 

accessed, it has been remarked that there are still gaps in different public and private hospitals 

including Rwanda Military Hospital as a case study, where patients are still experiencing 

delays during the health care process. Rwanda Military Hospital receives a large number of 

patients every day and this generally results in long patient waiting times. In response to this 

challenge, our research project analyses the existed queuing system of the outpatient 

department of Emergency of Rwanda Military Hospital to design queuing network model 

algorithm based on queuing Analysis of patient flow in the Accidents and Emergency 

department that can help reduce the long waiting time of patients. 

In the M/M/S queuing network model, there is a presence of a single line of patients, multiple 

servers (nurses or physicians), and one phase. All servers are performing at the same rate and 

patients are served on FCFS queuing discipline.
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1.4 Objectives 

1.4.1 General Objective 

The main objective of this project is to design an algorithm based on a multi-server queuing 

network model of outpatient flow that will improve the healthcare services in the Emergency 

and Accidents department of Rwanda Military Hospital. 

1.4.2. Specific Objectives 

The specific objectives for our research project are: 

1. To determine the mean number of arrivals per hour (λ) in the Emergency and Accidents 

outpatient department of Rwanda Military Hospital. 

2. To determine the mean number of patients served per hour (µ) in the Emergency AND 

Accidents outpatient department of Rwanda Military Hospital. 

3. To compare the current outpatients flow queuing model system and the designed queuing 

network model system. 

 

1.5. Research Questions 

1. What causes a long waiting queue in the Emergency and Accidents outpatient department 

of Rwanda Military Hospital? 

2. How does long waiting queues be minimized in the Emergency and Accidents outpatient 

department? 

3. What factors we could adjust to improve patient flow in the Emergency and Accidents 

outpatient department? 

  

1.6. Research Hypotheses 

The following hypotheses are to be tested: 

1. Null Hypothesis: There is no significant improvement between the current existing patient 

flow and the developed ones. 

2. Alternative Hypothesis: There is a considerable significant improvement between the 

current existing patient flow and the designed one. 

 

1.7. Justification of the Study 

This research project allows the healthcare industry to notice what impact has the  

improvement does on healthcare performance. Moreover, this study will show what 
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parameters can be improved in reducing patient waiting time. This research is expected to 

bring new ideas and concepts to be implemented in healthcare operations in Rwanda, 

especially public health centres since the numbers of research about this field are limited. 

    1.8. Scope of the Research Project 

Due to the financial and time constraints, this research project is conducted only to the 

patients visiting Rwanda Military Hospital, in the outpatient Department of Emergency, 

and Accidents for consultation by a physician or a medical doctor. A period of 54 days is 

covered in which five days of each week from Monday to Friday are considered because 

they are the working days of the week.  

     1.9. Research Project Structure 

We have organized the research project into five chapters 

CHAPTER 1: It contains a general introduction to the research and concepts of the 

intended work, problem statement, objectives, justification, and scope of the study research  

CHAPTER 2: It contains a detailed review of the existing literature sourced related to the 

research, it contains theoretical frameworks and analysis models that have been previously 

introduced in the research area.  

CHAPTER 3: It describes the methodology adopted for the research project. This chapter 

explains the research design, data collection methods, and sampling method to be used. 

CHAPTER 4: This chapter concerns data presentation, interpretation, and discussion of 

the research project.  

CHAPTER 5: This chapter deals with the conclusion and recommendation of the research 

project.
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CHAPTER 2: LITERATURE REVIEW  

2.1. Introduction to review 

Researches show that works on the theory and applications of queuing systems have grown 

exponentially since the early 1950s. Queuing Theory (QT) is the mathematical study of waiting 

for lines or queues. QT can be applied in various fields, yet most previous studies are well 

documented in the literature of Probability, Operations Research, and Management Science. 

The theory enables mathematical analysis of several related processes, including arriving at 

the queue, waiting in the queue, and being served at the front of the queue. The theory permits 

the derivation and calculation of several performance measures including the average waiting 

time in the queue or the system, the expected number waiting or receiving service, and the 

probability of encountering the system in certain states, such as empty, full, having an available 

server or having to wait a certain time to be served (A.H. Nor Aziati, March 6-8, 2018) 

This paper, (ALEXANDER KOMASHIE1, 2015), confirms that Patients’ satisfaction is 

generally accepted as a key indicator of the quality of care. Patients’ waiting time is considered 

as one measure of access to healthcare. 

Ershi et al, presented in their paper (Ershi, 2015), that the crowded phenomenon in the health 

care of most countries in the world happens more seriously and prevalently, deserving more 

immediate attention. In recent years, the queuing theory was introduced into the field of 

medical service and combined with the information system, which become the practical 

solution to tackle the queuing problem and relieve the crowd in health care. The queuing theory 

has its advantage in producing simple models especially for the application of less random 

data. It is easy to construct a queuing model for a large general hospital. The queuing theory is 

also applied for the rapid evaluation and the comparison among various alternatives. 

Consequently, the queuing model becomes a powerful tool for outpatient research. 

Multiple channel queuing system, in which two or more servers or channels are available to 

handle arriving passengers (Mohammad Shyfur Rahman chowdhury*, 2013)
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                   Figure 1: Simple Diagram of M/M/S Queuing Model 

As you see in the above diagram, Service is first-come, first-served, and all servers are assumed 

to perform at the same rate. 

2.2. Characteristics of Queue System 

A queue system is made of arrivals, which are inputs to the system, waiting for line, and the 

service facility. 

2.2.1. Arrival Characteristics 

The input source that generates arrivals or customers for a service system has three major 

characteristics 

                1. Size of the arrival population. 

                2. Behaviour of arrivals. 

                3. Pattern of arrivals (statistical distribution) 

2.2.2. Waiting Line Characteristics 

A waiting line is the second component of a queuing system. It is characterised by its length 

that can be either limited or unlimited. A queue is limited when it cannot, either by law or 

because of physical restrictions, increase to an infinite length.  

A second waiting line characteristic deals with queue discipline. This refers to the rule by 

which customers in the line are to receive service. Commonly used queue disciplines are: 
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                 1. FCFS - Customers are served on a first-come, first-served basis. 

                 2. LIFO - Customers are served in a last-in-first-out manner. 

                 3. Priority - Customers are served in order of their importance based on their service 

requirements 

2.2.3. Service facility characteristics 

The third part of any queuing system is the service facility characteristics. Two basic   

properties are important:  

                1. Design of the service system  

                2. Distribution of service times. 

2.3. Measuring the Queue’s Performance 

Queuing models help managers make decisions tha89t balance service costs with waiting line 

costs. Queuing analysis can obtain many measures of a waiting line system’s performance, 

including the following:  

1. Average time that each patient spends in the queue 

2. Average queue length. 

3. Average time that each patient spends in the system 

4. An Average number of patients in the system. 

5. Probability that the service facility will be idle. 

6. Utilization factor for the system. 

7. Probability of a specific number of patients in the system 

2.4. Description of Different Types of Queuing System 

Basic Queuing System Designs of Service systems are usually classified in terms of their 

number of channels or servers and number of phases (number of service stops that must be 

made). We distinguish five major types of the queuing system and different combinations of 

the same can be adopted for complex networks.  
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2.4.1 Single Server, Single Phase System 

In this queuing system, patients form a single line and one service facility is subject to serve 

the patient one after the other. This queuing system is also called M/M/1 Queuing model 

                                                 

  

  

 

               Figure 2: Single Server, Single Phase System 

2.4.2. Single server, multiple phases System 

For this queuing system, there’s still a single queue but patients receive more than one kind of 

service before departing the queuing system. For instance, patients first arrive at the reception, 

get the registration done, and then wait in a queue to see a nurse for services before being seen 

by the doctor. Patients have to join the queue at each phase of the system. 

 

                                      

 

                        

                             

                   
 

                 Figure 3: Single Server, Multiple Phases System 

2.4.3. Multiple servers, Single phase System 

For multiple servers, single-phase system, there is a presence of more than one service facility 

providing identical service and patients form a single queuing line. This system is also called 

the Multi-Channel Queuing model and it’s denoted as M/M/S Queuing model. According to 

Patient Exit Patient Arrival 

Patient  

Server 

Patient Arrival Patient Exit 

Patient  

Server  

Process 

Process 

Whereas: 

Whereas: 
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(Green), M/M/S is the most commonly used queuing model and it assumes a single queue with 

an unlimited waiting room that feeds into s identical servers. Customers arrive according to a 

Poisson process with a constant rate and service duration. 

                                       

       

      

        

                             Figure 4: Multiple Servers, Single Phase System 

2.4.4. Multiple servers, multiple phases System. 

This type of service is typically seen in a hospital setting, in multi-specialty outpatient clinics. 

The patient first form the queue for registration, and then he/she is triaged for assessment, then 

for diagnostics, review, treatment, intervention, or prescription, and finally exits from the 

system or triage to a different provider.                                                                                                                                                        

                                     

 

    

   
 

 

                                 Figure 5: Multiple Servers, Multiple Phases System 
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2.4.5. Multiple Servers, Multiline Single Phase 

The patients form multiple waiting lines according to active servers. The arrival patient 

chooses the shortest line to receive service quickly. This queuing model formed with multiple 

lines and multiple servers with a single phase. 

                                                   

                        

                  

                    

                   Figure 6: Multiple Servers, Multiline Single Phase 

2.5 Multi servers queuing network 

Among Chinese researches on outpatient service problems with the queuing theory, a part of 

the researches looked upon the outpatient process as a tandem queuing network that the 

patients entered each service node orderly within the outpatient, not considering the state that 

some patients visit some nodes repeatedly (Ershi Z. M., 2016)  

When patients share and use multiple resources, a queuing network usually arises. Consider, 

for example, a patient that visits the Orthopedic outpatient clinic and then needs to have an 

X-ray at Radiology; or the surgical patient who is operated in the OR then cared for at the 

Intensive Care Unit (ICU) and subsequently cared for in a nursing ward. Thanda Aung and  

Lin Lin Naing, in their paper titled “Comparative Study on Different Queuing. Models to 

Reduce Waiting Time in Brahmaso Clinic,” attempted to compare the parameters of queuing 

theory in a local clinic, and the calculations performed in the paper is based upon the actual 

observed data collected from Brahmaso. Humanitarian Aid Organization charity special 

clinic for 14 days, which is located in Mandalay city, Myanmar. The required data and 

information are collected from “pamphlets”, “direct observation”, “daily and monthly 

records”, “yearly reviewed report” and “interviews”. Multiple servers M/M/2 to M/M/3 and 

M/M/4 to M/M/5 queuing models have been considered to reduce waiting time and also 

analyze and compare queuing parameters and performance measures of the system.  

Patient Exit 
Patient Arrival 

Patient  

Server 

Process 

Whereas: 
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CHAPTER 3: RESEARCH METHODOLOGY 

3.1. Introduction 

C.R. Kothari, in his book titled “Research Methodology, Methods &Techniques” (Kothari, 

2004) defines Research methodology as a way to systematically solve the research problem. It 

may be understood as a science of studying how research is done scientifically. In it, we study 

the various steps that are generally adopted by a researcher in studying his research problem 

along with the logic behind them. The researcher must know not only the research 

methods/techniques but also the methodology. To analyse well our research project, the 

method used by (Thanda Aung*, 2019) was adopted. This chapter outlines the research area, 

research design, research population, sample size and sampling technique, instruments used, 

and data collection procedures. 

3.2. Research area  

The research project is conducted at Rwanda military hospital that works in a multidisciplinary 

environment where it receives and refers both Military and Civilian patients where necessary 

from and to different specialists such as Orthopaedic Surgery, General Surgery, Neurosurgery, 

Gynaecology and Obstetrics, Internal Medicine, Paediatrics, Dermatology and so on. We 

mainly focus only on the outpatient department of Emergency and   Accident of Rwanda 

Military Hospital.  

3.3. Study scheme 

A research design is a systematic plan to study a scientific problem. As the main objective of 

this research we design an algorithm based on M/M/S: FCFS/∞/∞ queuing model patient’s 

flow that will improve the healthcare services in the outpatient department of Emergency and 

Accident of Rwanda Military Hospital, the patients are coming from infinite population and 

the system was enough to receive all the patients coming in the department. 

3.2.1. M/M/S: FCFS/∞/∞ queuing Model Description  

This research study adopts a network of queuing models in form of M/M/S: FCFS/∞/∞. Where 

the first and the second M indicate a Markovian arrival and service times respectively. The ∞ 

indicates infinity servers and first S represents multiple servers (S>1), which implies that the 

capacity of the system is limited to the number of servers. In summary 

M: Markovian (or poison) arrivals.  
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M: Markovian Exponential service time. 

S= Multi-Server (Physicians/ Nurses, cashier, pharmacist). 

FCFS = First Come, First Served. 

∞ = Infinite system limit. 

∞ = Infinite source limit. 

      3.2.2. Rwanda Military Hospital Current Patient’s Flow 

According to Rwanda Military Hospital’s human resource department, the current patient flow 

is based on a mixed arrangement and M/M/1 queuing model. 

When a patient enters the system and at a time if the system is free, his/her service time starts 

at once and when the system is not free, the patient joins the queue and wait for their 

turn/number for service. After completion of services, the patient is free from the queue if there 

is not any further extended service facility. If the server is busy then the arriving patients go to 

orbit and become of repeated calls. This pool of sources of repeated calls may be viewed as a 

sort of queue. The time it takes to service every patient is an exponential random variable with 

parameter-µ. 

In the literature, there is a representation figure that shows well a single server queuing system, 

(M/M/1) in which patients are standing in a queue, waiting for the server to be free for 

providing service. In the situation of congestion of patients in a health care system, there is 

very less probability for the patients arriving in the end to get treatment as there is a single 

server rendering services. In the worst situation, patients may leave the system without being 

served. 

The M/M/1 queuing model parameters 

 The average number of patients in the system (the number in waiting line plus the number 

being served) noted as  Ls 

                       𝐿𝑠 =
ρ

1−ρ
 =  

𝜆

𝜇−𝜆
                                             (1) 

                             𝜆: The mean number of patients arrive at RMH per day (arrival rate) 

                             𝜇:  The mean number of patients served per day (service rate) 
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 The average time a patient spends in the system (the time spent in waiting line plus the time 

spent being served) noted as  𝑊𝑠 

                        𝑊𝑠 =
1

𝜇−𝜆
                                                     (2) 

 The average number of patients in the queue (average queue length),   𝐿𝑞     

              𝐿𝑞 =
𝜆2

μ(𝜇−𝜆)
                                                     (3) 

 The average time a patient spends waiting in the queue, 𝑊𝑞 

                       𝑊𝑞 =
𝜆

μ(𝜇−𝜆)
                                                   (4) 

The utilisation factor for the system (the probability that the service facility is being used) ρ. It is 

also called Traffic intensity  

                           𝜌 =
λ

μ
                                                                                   (5) 

 The present idle time (the probability that is no patient in the system) 𝑷𝟎 

                            𝑃0 = 1 −
λ

μ
                                                   (6) 

3.2.3. RMH designed Patient’s Flow-based on multi-servers queuing network model 

 Now, let’s turn to the designed patient’s flow based on a multi-servers queuing network model 

in which two or more servers or channels are available to handle arriving customers on a first-

come, first-served discipline with infinity patients. We assume that customers await service 

forms one single line and then proceed to the first available server.  

The figure below shows well the designed algorithmic queuing network process model of all 

blocks in the Emergency and Accidents outpatient department of Rwanda Military Hospital.  

Patients arrive at the reception, form a single line. A patient who is in front proceeds to the 

available nurse. After receiving service from the reception, a patient must form a queue line to 

receive a service from an available physician in the consultation room. After receiving service 

from the consultation, a patient must form a queue line to receive a service from the available 

cashier for payment. Finally a patient after receiving service from billing, he/she must form a 

queue line to receive a service from the available pharmacist for drugs and medicine. 
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                   Figure 7: Designed RMH Patient's Flow of Emergency and Accident department     

The M/M/S queuing model parameters 

The queuing parameters for M/M/S Model are stated below with their equations. These 

equations are more complex than those used in the single-channel model, yet they are used in 

the same fashion and provide the same type of information as the simpler model. 

 The average number of patients in the system (the number in the waiting line plus the  

     The number being served) noted as  𝑳𝒔 

             𝐿𝑠 =
λμ(

𝜆

𝜇
)

𝑆

(𝑆−1)!(𝑆𝜇−𝜆)2  𝑃0 +
𝜆

𝜇
                                            (7) 

      With 𝑆 number of servers 

 The average time a patient spends in the system (the time spent in waiting line plus the time 

spent being served) noted as  𝑾𝒔 

                 𝑊𝑠 =
λμ(

𝜆

𝜇
)

𝑆

(𝑆−1)!(𝑆𝜇−𝜆)2  𝑃0 +
1

𝜇
 =  

𝐿𝑠

𝜆
                                          (8) 
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 The average number of patients in the queue (average queue length),   𝑳𝒒     

            𝐿𝑞 = 𝐿𝑠 −
λ

μ
                                                                 (9) 

 The average time a patient spends waiting in the queue, 𝑊𝑞 

                𝑊𝑞 = 𝑊𝑠 −
1

μ
=  

𝐿𝑞

𝜆
                                                             (10) 

 Traffic Intensity or Utilization factor ρ 

              𝜌 =
λ

S𝜇
                                                                                                      (11) 

 The probability that there are zero patients in the system is formulated as follow 

              𝑃0 =
1

[∑
1

𝑛!
𝑆−1
𝑛=0 (

𝜆

𝜇
)

𝑛
]+ 

1

𝑆!
 (

𝜆

𝜇
)

𝑆 𝑆𝜇

𝑆𝜇− 𝜆

                                         (12) 

 The probability that there n patients in the system 

                     𝑃𝑛 = {
(

𝜆

𝜇
)

𝑛

𝑛!
𝜆𝑛

𝑆𝑛−𝑆 𝑆!𝜇𝑛×𝑃0   𝑖𝑓 𝑆≤𝑛 

× 𝑃0   𝑖𝑓 0 < 𝑛 < 𝑆                          (13) 

From the Simulation results done by (P.Banumathi2, 2017), when comparing with single and 

multi-servers, the results of the waiting time of the customers are marginally reduced in the multi 

servers rather than the single server. Therefore, preferably multi channels or multi servers would 

be the right choice in place. This research study is about modelling a network of multiple servers 

system to reduce waiting time in the Emergency and Accident Department of Rwanda Military 

Hospital. 

The main objective of this research study was achieved by applying queuing theory to study 

the queue behavior analysis of patients arriving in the department. The study is conducted for 

54 days. A network of the multiple-servers queuing model (M/M/S) is applied to analyse the 

time spent by patients for the overall services in the hospital. There are 4 blocks that are 

identified in the department services i.e. B1 to B4.  

Different blocks are shown below:  

Block 1: Reception 

Block 2: Consultation 



- 17 - 

 

Block 3: Billing 

Block 4: Pharmacy. 

Patients first are received and registered, continue to the consultation room, and depending on 

doctor’s advice undergoes some laboratory and diagnostic tests at stage two. Finally, they 

purchase medicines from cashiers (Block 3) and go to take them to the pharmacy (Block 4) 

and leave the hospital, if there is no need to be admitted. 

For modelling, the arrivals (n) are the outpatients. As each reaches the hospital, he/she books 

for service. If service is rendered immediately, he/she leaves the hospital or otherwise joins the 

queue. The physicians or nurses are the servers (S), the arrival rate, service time, and a number 

of servers were the data used for the study that has been collected using the observation 

method. The data collection covered a period of 54 days in which five days of each week from 

Monday to Friday were considered because they are the working days of the week. 

3.3. Research Population. 

In any research, the researcher has to identify the population under study. As with almost all 

decisions in the planning stage, this is determined by the research question.  

The population is the group of interest and for whom the results will be applicable. The 

population needs to be defined in fairly formal and precise terms so that it is clear who falls 

within your definition and who falls outside of it (Antony Arthur, Beverley Hancock, 2009) 

Particularly for comparative surveys, it is vital that a clear understanding of the target 

the population is reached well in advance of commencing survey fieldwork. Surveys are 

complex, challenging, and expensive activities. Without a clear target population, resources 

will likely be wasted (Murphy, 2016) for that reason, this research study is focused only on 

patients that coming, outgoing, and staff working in the Department of Emergency and 

Accident of Rwanda military hospital. 

3.4. Sampling Design 

To find the inter-arrival times and service times at each stage, a sample of 9540 outpatients are 

selected randomly from a population of 15,787 outpatients who visited RMH during 54days.  

Although, given that the patients arrive randomly and we are most interested in the time two 

successive patients spend both on queue and in the system to be serviced, we have taken our 

sample as several hours in a month to collect arrival and service data. 
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For recording the arrival and exit time of patients in the Emergency and Accidents outpatient 

department, observation, and quantitative methods are used in data collection.  

3.5. Sampling Technique 

The sample is a portion of a population or universe. However, by population, many often 

consider to people only. The population does not necessarily mean a number of people. It can 

also refer to the total quantity of the things or cases which are the subject of the research (Ilker 

Etikan, 2016). Probability sampling specifies to the researcher that each segment of a known 

population will be represented in the sample. Probability samples lend themselves to rigorous 

analysis to determine the likelihood and possibility of bias and error. Random selection is the 

process of choosing the components of a sample that ensures each member of a population 

stands the same chance of selection. The characteristics of the sample are assumed to be similar 

to the characteristics of the total population it is drawn from (Adwok, 2015).  Regarding our 

case study, we have used a simple random sampling technique to choose the days in a month 

in which we conducted a data collection from the Emergency and Accidents outpatients 

department of Rwanda Military Hospital. 

      3.6. Sample Size 

Cochran has developed a formula used to calculate sample size for the proportion of populations 

that are large (Singh, 2014). We used the Cochran formula to get the sample size of our research 

study, 

                     𝑛 =
𝑧2𝑝(1−𝑝)

𝐸2                                                                            (14) 

Where: 𝒏 is the sample size desired 

             𝒛  Zed Score, which is equal to 1.96, at 95% confidence, level desired 

        𝒑 Assumed proportion of patients experiencing longer waiting time 0.76 in RMH 

        𝟏 −  𝒑 Assumed target population not to have waited long in RMH 

       𝑬 Error Margin; in our case, we have decided to use 0.04 

It is usual, when using statistics, to plan data size at the same time as planning data 

collection. This enables you to have a high level of confidence as well as a small margin of 

error 

Thus   𝑛 =
(1.96)2×0.76(1−0.76)

(0.04)2                                                         (15) 

            𝑛 = 438 hours 
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Officially, the working hour per day is 8 hours, our sample size is 438 hours, which 

corresponds to 54 days if we consider 8 working hours. 

3.7. Instruments. 

Books, reports, and papers are documents used in our research project. All these tools help us 

to make the conceptual and theoretical framework of our work as well as to analyse the data 

and interpret the results.  For the collection of data, the observation technique is used. 

3.8. Data Collection techniques 

Quantitative research methods are characterised by the collection of information that can 

be analysed numerically, the results of which are typically presented using statistics, tables 

and graphs. During data collection for our research project, the observation technique has been 

used to find the inter-interval and service timings for patients visiting the outpatients 

department. The timings are noted by using a stopwatch. Observation is an effective method 

because it is straightforward and efficient. It doesn’t typically require extensive training on the 

part of the data collector, and he or she is generally not dependent on other participants. 

We registered the time every patient enters in Emergency and Accident outpatient department 

and a time when he/she gets out of the department. This helped to draw a table used in 

estimating the average number of patients entered in the system and the average number of 

patients served in one hour. From this, we have estimated the remaining performance 

parameters of the system. These data have been collected for a period of 54 days from Monday 

to Friday, from 08:00 A.M to 05:00 P.M.  The data collected are recorded in an excel 

spreadsheet for being analysed and simulated into MATLAB/Simulink. 

3.9. Data Processing and Analysis. 

For analysis of our data and interpretation of the results, different computer tools are used 

especially Microsoft Excel and MATLAB/Simulink. The data collected using observation 

technique is recorded in Excel spreadsheet and after imported in MATLAB/Simulink 

environment for analysis where descriptive statistics and significance test is considered as well 

as estimation of different performance parameters describing the behaviour of patient flow at 

Rwanda Military Hospital. 
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The graphs are presented in scope-predefined objectives to make data meaningful and come 

out with conclusions and recommendations. 

The performance parameters for both current and designed network queuing models used in 

this research study were defined as follows: 

            λ: Arrival rate of patients at outpatient department per hour 

            μ: Service rate of patients at outpatient department per hour 

            S: Number of servers working in the outpatient department. 

            : Outpatient system utilization factor = λ/sμ 

            Lq: Average number of patients at outpatient department in the queue. 

                  Ls: Average number of patients in the system        

                  Wq: Waiting time of patients in the queue  

                  Ws: Waiting time of patients in the system  

                  Po: Possibility of 0 patients existing in the system. 

                  Pn: the probability of n outpatients existing in the system 

We calculate the value of each parameter in both model systems in every block and make a 

comparison of the performance by plotting graphs to see if there is a considerable improvement 

in patient flow in the Emergency and Accident department of the hospital.   
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CHAPTER 4: RESEARCH RESULTS AND DISCUSSIONS 

4.1 Introduction. 

In this chapter, we describe how data analysis and simulation are done for both current and 

deigned network queuing model systems and the findings have been presented. The main 

results are presented and finally, the model is built that is used to respond to the research 

questions of this study and address the main objectives. The general objective of this project 

was to design an algorithm based on queuing network model for healthcare services in Rwanda 

Military Hospital. In this study, we have used multiple servers queuing network model M/M/S: 

FCFS/∞/∞ where we have multiple servers (nurses, physicians, cashiers, pharmacists), infinite 

system limit, and infinite source limit of patients 

     4.2. Data Analysis  

     4.2.1 Introduction  

As the data collected for the currently existing system model, show that there is always a long 

waiting queue in the emergency and accident department, we increased the number of servers 

to minimize the waiting time and increase the service rate. In this section, we present how data 

were analysed for both the current system model and the designed model system.  

     4.2.2. The mean number of arrivals per hour (λ)  

      The arrival interval time is a period between the arriving patient time on queue and the next 

      arriving patient time. From the data collected during 54 days at Rwanda Military Hospital for 

      the arrival interval time, we have the following data of arrivals for 4 blocks of the department.  

The data are presented in Table 1, Table 2, Table3, and Table 4 corresponding to block 1, block 

2, block 3 and block 4 respectively. 

Parameter N Min Max Mean 

Interval arrival time 9540 0 67 4.14 

                 Table 1: The mean arrivals per hour for the Reception block 

      According to the recorded above data into table and calculations, we have remarked that 

every 4.14 minutes one patient joined the queue of reception block. This corresponds to 
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1=14.49 patients arrived per hour for the current model system. As we have considered the 

arrival rate values as the same as for both the current system and designed model system, this 

means that λ1   is also 14.49 for the designed system model because patients will continue to 

come as usual for a health service.  

Parameter N Min Max Mean 

Interval arrival time 9540 0 54 2.65 

                 Table 2: The mean arrivals per hour for Consultation block 

The above table is drawn from the interval arrival time recorded from the consultation block 

of the hospital for the current model system. Moreover, the results obtained show us that, 

every 2.65 minutes, a patient joins a waiting line. This means that in one hour, 2= 22.64 

patients join a queue of consultation blocks. Thus λ2 for the designed system model is 22.64.  

Parameter N Min Max Mean 

Interval arrival time 9540 0 89 6.26 

                  Table 3: The mean arrivals per hour for Billing block 

            For billing block also, the data recorded there, resulted that, in every 6.26 minutes, at least 

one patient joins a queue for making payment of service and drugs/medicines. This tells 

us, that, 3= 9.58 patients arrive in one hour at the billing block. This value of arrival rate 

for the current model system is the same as the designed one. 

Parameter N Min Max Mean 

Interval arrival time 9540 0 59 3.25 

               Table 4: The mean arrivals per hour for Pharmacy block 

The mean arrivals data recorded at the pharmacy block of the current system model helped us to 

remark that every 3.25 minutes one patient joined the queue to take drugs and medicines. This 
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corresponds to 4=18.46 patients arriving per hour. Thus the mean number of arrivals per hour for 

the designed model system is 18.46.  

4.2.3. The mean number of patients served per hour (µ) 

For calculating the mean number of patients serviced during of period of one hour at each 

block from block 1 to block 4, we have recorded a time, each patient received (registered time), 

and Exit time at each block. The data are presented in below Table 4, Table 5, Table 6, and 

Table 7 corresponding to block 1, block 2, block 3 and block 4 respectively.  

Parameter N Min Max Mean 

Patients served 9540 0 78 8.61 

                  

                  Table 5: Mean number of patients served per hour for Reception block 
 

The data recorded and presented in the above table, we found that every 8.61 minutes 

there was one patient served at the reception block. This corresponds to 2.32patients 

served per hour. In this block, the service rate will be improved from 2.32 up to 27.84 for 

our designed system model because we have used 12 servers 

Parameter n Min Max Mean 

Patients served 9540 0 57 5.4 

              Table 6: The mean number of patients served per hour for Consultation block 

The above table was drawn to present data recorded for a number of patients serviced at 

the consultation block. The results show that every 5.4 minutes, at least one patient was 

served. Thus 11.11 patients were served in one hour at the consultation block. We 

have used 5 servers in this block to serve patients. This will increase the service rate from 

11.11 to 55.55. 

Parameter n Min Max Mean 

Patients served 9540 0 61 16 

                   Table 7: The mean number of patients served hourly for billing block 
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The results presented in the table above, help us to find that at least one patient was 

serviced at the billing block every 16 passing minutes. Thus 3.75 patients were 

served in one hour at the billing block. For the designed system model, 8servers are used 

to rise the service rate to 30.  

Parameter n Min Max Mean 

Patients served 9540 0 86 5.87 

               Table 8: The mean number of patients served hourly for pharmacy block 

The data presented in the above table, are recorded at the pharmacy block of the hospital 

and they show us, that, every 5.87 minutes, one patient was serviced. And the average 

number of patients serviced hourly is 10.22 patients. In the pharmacy block for the 

designed system model, the service rate will be improved from 10.22 to 40.88 because 

we used 4 servers. 

4.2.4 Traffic Intensity or System Utilization Factor (ρ). 

The system utilization factor is the ratio between the mean number of arrivals (λ) and the mean 

number of patients served (µ) per period. The factor also can give an idea of the system 

performance and show that there is a probability that a queue can be formed or not. This factor has 

been calculated for all blocks of the hospital. It has been calculated using the equation (5) 

                  𝜌1 =
14.49

2.32
 = 6.24                                                                           (16) 

            𝜌2 =
22.64

11.11
 = 2.03                                                                            (17) 

              𝜌3 =
9.58

3.75
 = 2.55                                                                              (18) 

                   𝜌4 =
18.46

10.22
 = 1.80                                                                             (19) 

The terms (16), (17), (18), and (19) are traffic intensities for the current system model. 

Whereas the terms below (20), (21), (22), (23) are traffic intensities for the designed model 

system. 
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        𝜌1 =
14.49

12×(2.32)
 = 0.52                                                                         (20) 

        𝜌2 =
22.64

5×(11.11)
 = 0.40                                                                                                    (21) 

      𝜌3 =
9.58

8×(3.75)
 = 0.31                                                                                                      (22) 

        𝜌4 =
18.46

4×(10.22)
 = 0.45                                                                                      (23) 

Traffic intensity must be lower than 1 because 1 represents 100% usage of system capacity. 

There exists a general rule in practice that system utilization shouldn't be higher than 0.8. 

Higher values of utilization mean nothing more than the increased time of service, long queues, 

and how long the patient has to wait in a queue before comes his/her time to be served. Some 

systems can even deny or drop incoming customers if the system utilization becomes too high 

(Mikoláš, 2016). As the traffic intensity values of our designed system are less than 1 and all 

are under practical value(0.8), we have a stable system model for all blocks of the department 

to serve the patients effectively and the queue will be shorter compared to the current system. 

The obtained traffic intensity values are greater than 1 for the current system model, then the 

queue will grow endlessly in all four blocks of the department. In addition, we can conclude 

that the system is always overloaded and the patients are not happy with the service rate. The 

table below represents the comparison between the current model system and the designed 

system model. We have used to put more servers in the reception block because it is where we 

see long waiting for queues compared to other blocks of the department. 

             Blocks 

Models 

Reception Block Consultation Bloc Billing Block Pharmacy Block 

1  𝛒𝟏 2  𝛒𝟐 3  𝛒𝟑 4  𝛒𝟒       

Current System 14.49 2.32 6.24                                                                            22.64 11.11 2.03                                                                             9.58 3.75 2.55                                                                               18.46 10.22 1.80                                                                                    

Designed 

System 

14.49 27.84 0.52                                                                          22.64 55.55 0.40                                                                                                     9.58 30 0.31                                                                                                       18.46 40.88 0.45                                                                                       

  Table 9: Current and Designed System Model Comparison 
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Figure 8: Comparison of Traffic Intensity RMH Simulation Results for a current and 

designed Model 

The graph above shows the comparison of current and designed model traffic intensity. In the 

current existed model, the traffic intensity value is 1 whereas, for the designed system model, it is 

below 1, which means that in practice, our designed model system has high stability. The designed 

system can receive many patients to render the best health service rate. 

4.2.5 Building and Simulation of System Models 

Generally, a model intended for a simulation study is a mathematical model developed with 

the help of simulation software. Mathematical model classifications include deterministic 

(input and output variables are fixed values) or stochastic (at least one of the input or output 

variables is probabilistic); static (time is not taken into account) or dynamic (time-varying 

interactions among variables are taken into account). Typically, simulation models are 

stochastic and dynamic (Maria, 1997).   

For simulating our designed network queuing model, we have used MATLAB Environment. 

Simulations are done using Simulink with SimEvents discrete-event engine. SimEvents 

provides libraries of predefined blocks, such as queues, servers, and switches, which we can 

use to accurately represent analysed systems and customize routing, processing delays, 

prioritization, and other operations. 
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   Figure 9: RMH Current Network Model System 

Figure 10: RMH Designed Queuing network Model System Built-in MATLAB/Simulink   
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4.2.6 Probability that there is no patient 𝑷𝟎  

This parameter for the designed system is calculated by using the term (12). Moreover, we 

calculate it for all blocks of the Emergency and Accident department of the hospital. 

Reception block 

     𝑃0 = [[∑
1

  0!
11
0 (

14.49

2.32
)

0
] +  

1

12!
 (

14.49

2.32
)

12 12(2.32)

12(2.32)− 14.49
]

−1

                    (24) 

                  After all calculations we find that 𝑃0= 0.01949 

           Consultation block 

          𝑃0 = [[∑
1

  0!
5
0 (

22.64

11.11
)

0
] +  

1

5!
 (

22.64

11.11
)

5 5(11.11)

5(11.11)− 22.64
]

−1

                             (25) 

       After all calculations, we get 𝑃0= 0.1581 

         Billing block 

            𝑃0 = [[∑
1

  0!
8
0 (

9.58

3.75
)

0
] + 

1

8!
 (

9.58

3.75
)

8 8(3.75)

8(3.75)− 9.58
]

−1

                                (26) 

              After all calculations, we get 𝑃0= 0.07783 

            Pharmacy block 

                  𝑃0 = [[∑
1

  0!
4
0 (

18.46

10.22
)

0
] +  

1

4!
 (

18.46

10.22
)

4 4(10.22)

4(10.22)− 18.46
]

−1

                           (27) 

                    After all calculations, we get 𝑃0= 0.150 

     4.2.7 The average number of patients in the system   𝑳𝒔 

The average number of patients in the system is obtained by using the equation (7).  This 

parameter was calculated for each block in the department. 

              
            Reception block 

         𝐿𝑠 =
14.49×27.84(

14.49

27.84
)

12

(12−1)!(12×2.32−2.32)2  × 0.01949 +
14.49

2.32
  = 6.27 patients                                (28)         

       Consultation block 

        𝐿𝑠 =
22.64×11.11(

22.64

11.11
)

5

(5−1)!(5×11.11−11.11)2  × 0.1581 +
22.64

11.11
  = 2.05 patients                                  (29)  
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        Billing block 

       𝐿𝑠 =
9.58×3.75(

9.58

3.75
)

8

(8−1)!(8×3.75−3.75)2  × 0.07783 +
9.58

3.75
  = 2.55 patients                                     (30)  

 
       Pharmacy block 

       𝐿𝑠 =
18.46×10.22(

18.46

10.22
)

4

(4−1)!(4×10.22−10.22)2  × 0.150 +
18.46

10.22
  = 1.852 patients                                 (31)  

     4.2.8 The average time a patient spends in the system  𝑾𝒔 

From equation (8), we have calculated the average time a patient spends in the 

system. This value also is calculated for all four blocks. 

               𝑊𝑠 =  
6.27

14.49
 = 0.43 min                                                                        (32)  

                   𝑊𝑠 =  
2.05

22.64
 = 0.09 min                                                                        (33) 

                   𝑊𝑠 =  
2.551

9.58
 = 0.26 min                                                                        (34) 

                𝑊𝑠 =  
1.852

18.46
 = 0.1 min                                                                          (35) 

The above terms (32), (33), (34), (35) are average waiting times a patient spends in the system 

in pharmacy, consultation, and billing and pharmacy blocks respectively. 

4.2.9 The average number of patients in the queue   𝑳𝒒     

The average number of patients in the queue is calculated from equation (9) and we have 

four values that correspond to four blocks. 

          𝐿1 = 6.27 −
14.49

27.84
 = 5.75 patients                                                             (36)     

         𝐿2 = 2.05 −
22.64

11.11
 = 0.02 patients                                                             (37)     

         𝐿3 = 2.55 −
9.58

3.75
 = 0 patients                                                                              (38) 

               𝐿4 = 1.852 −
18.46

10.22
 = 0.052 patients                                                                   (39)  
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The above terms (36), (37), (38), and (39) are the average numbers of patients waiting in 
queue for health service for reception, consultation, billing, and pharmacy blocks 
respectively. 

4.2.10 The average time a patient spends waiting in the queue 𝑾𝒒 

       The average time a patient spends waiting in the queue comes from the equation (10), we  

have got the following four terms (40), (41), (42), and (43) for reception, consultation, 

billing, and pharmacy blocks respectively 

                𝑊1 = 𝑊𝑆 −
1

μ
=  

5.75

14.49
 = 0.3 min                                                         (40) 

                 𝑊2 = 𝑊𝑆 −
1

μ
=  

0.02

22.64
 = 0.00088 min                                                  (41) 

                 𝑊3 = 𝑊𝑆 −
1

μ
=  

0

9.58
 = 0 min                                                             (42) 

                𝑊4 = 𝑊𝑆 −
1

μ
=  

0.052

18.46
 = 0.0028 min                                                     (43) 
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4.2.11 Simulation results of Queue Length and Average Waiting time in queue 

 

    Figure 11: Queue Length and Average waiting time for Reception and Consultation blocks 

The theoretically calculated values of queue length from the terms (36), (37) for reception, 

consultation blocks are 5.75 patients and 0.02 patients but from simulation results, we have 0 

patients in queue. This means that each patient who arrived in the department is served without 

waiting a certain time.  
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          Figure 12: Average waiting time and Queue Length of Billing and Pharmacy blocks 

According to the terms (38) and (39) for billing and pharmacy blocks respectively are 0 patients 

and 0.052 patients. But from simulation results, we have 0 patients in the queue in all blocks. 

This will help us to say that we have a reduction queue length. 

By considering the results from the figures (13), (14), and (15) we conclude that, in practice, 

our designed system model will improve the service rate as we desire or as we expect. And 

also the average waiting time in the designed model system is reduced compared to the current 

model system in Rwanda Military Hospital. 
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4.3. Performance Analysis of RMH Designed Queuing Network Model System 

As we have mentioned earlier, in the research design of this project, refer to figure 7, the designed 

queuing model system has 4 blocks (reception, consultation, billing, and pharmacy). We have 

simulated all blocks and presented their graph plots. The time a patient spends in the whole system 

to get serviced is equal to the summation of time he/she spends at each block. Below is the table 

that shows the summary of performance analysis of each block that composed the designed M/M/S 

queuing network model system at Rwanda Military Hospital, in the Emergency and Accidents 

department. 

                 Blocks 

Parameters 

Reception 

M/M/12 

Consultation 

M/M/5 

Billing 

M/M/8 

Pharmacy 

M/M/4 

Traffic Intensity (ρ) 0.52 0.40 0.31 0.45 

Queue Length  (𝑳𝒒) 5.75 0.02 0 0.05 

Waiting Time   (𝑾𝒒) 0.3 0.00088 0 0.0028 

The probability that there 

is no patient (𝑷𝟎) 

0.01949 0.1581 0.07783 0.150 

 

      Table 10: Performance analysis of RMH M/M/S Queuing Network Designed Model  

We have chosen to put more servers on reception and billing blocks of the department because 

it is where we see a long queue of patients than other blocks. 
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CHAPTER 5: CONCLUSION AND RECOMMENDATIONS 

5.1 Conclusion 

Our research project’s main objective was to design a patient flow based on queuing 

algorithmic model that will improve the service rate at Rwanda Military Hospital, department 

of Emergency and Accidents, we finally conclude that the current patient’s flow in Rwanda 

Military Hospital, in the department of Emergency and Accident. Has a traffic intensity or 

system utilization factor in all blocks (reception, consultation, billing, and pharmacy) which is 

greater than one, which means all blocks are always overloaded with patients looking for a 

health service. Moreover, both Queue length and waiting time in the current RMH patient’s 

flow queuing model is growing limitlessly in all blocks. 

But by applying our designed queuing network model system based M/M/S: FCFS/∞/∞ 

algorithm for patient’s flow, the health service rate will be increased from 2.32 to 27.84 at 

reception block, 11.11 to 55.55 at consultation block, from 3.75 to 30 at billing block and from 

10.22 up to 40.88 at pharmacy block. And both queue length and waiting time are reduced 

considerably in all blocks of Rwanda Military Hospital in the department of Emergency and 

Accident reflects the study’s alternative hypothesis.  

5.2 Recommendations 

5.2.1 Rwanda Military Hospital 

As the problem of long waiting lines of patients found in this hospital, in the department of 

Emergency and Accident, I would like to recommend the hospital to adopt this new designed 

queuing model algorithm in this project research to increase the service rate and patients 

satisfaction. 

5.2.2 Future Researches 

Our research study was conducted only in the department of Emergency and Accident; other 

researchers should further study on other remaining departments of the hospital or on. Other 

health care on the choice to estimate the total time a patient can spend in the hospital 

considering the patient flow. 
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