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Abstract- This paper provides an assessment of recent modeling 

of processes and mathematical approach in operations research 

which is applicable to the analysis of waiting there by enabling 

individuals to estimate the number of resources required to meet 

a particular demand in hospital. The main essence of modeling 

using mathematical methods is to derive formulae that allow 

system to evaluate system performance using an equation. The 

study examined four key areas, making queuing model difficult 

some of which include; Changes in preventive interruption, re-

appearing of patients and vague channeling, Modeling of 

interruption and capacity utilization and focus on models that 

can be used in hospital with limited and unlimited rooms. We 

concluded that the best model is the unlimited waiting room 

models which limitation have higher utilization that can attend to 

patients at any available time. In order to improve the 

performance of effectiveness and productivity in healthcare, 

there is need to discover and apply relevant models.  

. 

Index Term --- Health care, Hospitals, models, Production 

planning, Queuing theory 

 

   

I. INTRODUCTION 

 

Queuing theory is a modeling and mathematical approach in 

operations research that is applied to waiting lines, thereby 

enabling individuals to estimate the resources necessary to 

meet the needs [1]. Various attempts have been carried out by 

applying queuing analysis into hospital activities by splitting 

them into various departments as a means of ensuring 

adequate delivery [2].  

Queues was analyzed in the context of telephone facilities, so 

as  to ensure reduction in  waiting time; planning and extra 

investments is required [3]. Background study in stochastic 

analysis and probability hypothesis is required in studying 

queuing so as to understand its functionality in real situation,  
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especially in hospital where competence is required to respond 

to demands regarding the patient mix and unevenness in the 

arrival flow in order to minimize the delay in any health care 

process is done by queuing models [4]. Understanding its 

functionality in real situation, especially in hospital where 

competence is required to respond to demands regarding the 

patient mix and unevenness in the arrival flow in order to 

minimize the delay in any health care process is done by 

queuing models [4]. Health care capacity planning involves 

assuming the quantity of resources necessary to deliver health 

care services at particular cost and quality [5]. Increase in 

population of health-need has resulted in increase in waiting 

times and overcrowding in hospital especially in Emergency 

Departments [6]. Healthcare professionals discovered the 

importance of applying queuing theory techniques in which 

many have been discouraged by the mathematical mystery 

regarding patients and staffs [7]. 

This study summarize a range of queuing theory in 

determining the optimal capacity level that minimizes cost 

while maintaining a desired level of performance on patients’ 

service quality and financial boundaries. The main essence of 

modeling using mathematical methods is to derive a formula 

that allows system to evaluate system performance using an 

equation [1]. The aim is to provide awareness to everyone 

interested in locating and modeling queuing theory for health 

sector process by making the models, reasonable to 

understand, adapt, and apply [6]. 

 

II. LITERATURE REVIEW- CHALLENGES 

        The patient has to be delayed for a long period of time before 

being attended to because of delay resulting from waiting 

time, moreover the capacity needs of some emergency 

departments cannot match the patients attendance and time of 

waiting [1]. Difficulty in understanding the models is another 

serious challenge with the principle of aggregation in handling 

doubt with less capacity [8]. Increase in patients attendance 

makes it difficult for the patient to wait for their turn once they 

see the queue is too long, they prefer to rather turn back or 

abandoned to other health care having a lesser queue [9]. 
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Overcrowded waiting rooms with patients as a result of 

inadequate bed space, inability of managing and allocating 

surgical theaters among the specialists [10]. When a patient 

joins a queue and wait until it get to his/her turn before enter 

the service station to be attended to, the queuing systems may 

benefit patients conduct in the form of defections from the 

queue in which a patient may change to the queues that is 

moving quickly[11].  Reneging is also achievable in the queue 

whereby a patient wait on queue for some time and then exit 

the system as a result of being a gradual process; therefore 

patient reneges probability increases with the queue length and 

in a system where the number of patients exceeds the capacity 

of the server making reneging the only possible route for that 

system to attain balance equilibrium [9]. .Some patients on the 

other hand, may decide not to join the queue for some reason 

and may decide to return for the service later and this situation 

is known as balking [12]. 

 

2.1 Changes in preventive interruption 

         As a result of the service interruption in healthcare been a 

major source of concern, consensus on the negative effects of 

interruption exist in patient flow times including the quality of 

service with evidence of healthcare environments 

characterized by considerable amounts of variability which 

induces waiting times [9].  Preventive interruption whenever a 

physician is disrupted by an impromptu emergency or calls 

when attending to patients makes models that is been 

developed to include disruption that is certain to occur during 

service time [13].  After proper examination of patients by the 

physician, patients may be told to undergo some tests to 

validate physician action resulting in patients moving from 

one department to another [14]. 

Movement of patients to one or more department in 

hospital is not determined in many instances where 

lots of examination has to be done before moving 

the patient to the theatre for Surgery and after 

surgery; monitoring examination is needed to 

ensure the patient is recuperating leading him/her to 

keep appearing at different times thereby making it 

difficult to use a queuing model as a result of the 

ambiguousness created on new patients [8]. Majority 

of queuing models allocate different events like 

surgery, consultation of patients and nursing 

mothers at different time and consider a particular 

period of time to be constant [15]. Equipments and 

materials are not available in most hospitals and if 

available in some hospitals; it will not be able to 

meet up with the number of patients to be served 

thereby resulting in the division of time in areas 

needing surgery and aspect requiring consultation 

[16]. Hospitals operation requires high capacity utilization so 

as to have a large impact on its performance due to the number 

of patients arriving at every time, which has made materials to 

be inadequate, leading to network stations to be congested 

with crowd of patients requiring urgent attention [17]. 

Situations resulting from emergency, staffs not available, 

disruption during service occurring in hospital make it 

impossible to know the exact time a hospital operates or the 

time the doctor will be available for consultation [14]. 

Unplanned changes are what leads to increase in the number 

of patients waiting for service; because more time is required 

to attend to the patients, developing a model for overtime is 

complex [25]. 

2.2 Health Care Modeling System 

The Poisson process is used to model the arrival process for 

queuing [21]. The Poisson process is a continuous-time 

process. N(t) is the number of arrivals in [0, t] for a Poisson 

process with rate, λ, such that the time between successive 

arrivals is exponentially distributed with parameter [21]. 

Analytically, a process is said to be Poisson if patients arrive 

differently from one another, thereby making its postulation of 

different arrivals the most commonly used arrival processes in 

modeling service systems [20]. The Poisson process has been 

confirmed to be accurate for impromptu arrivals of patients to 

various parts of the hospital. The limitation of this process is 

that it can be characterized by a single parameter which is the 

rate [13]. The pure birth-death process is used to examine the 

number of patients in a queue. It is a case of an uninterrupted 

stochastic process which are of two types: “deaths” which 

decrease the condition by lone and births” which increase the 

condition by lone [22]. 

The Birth process is arrival process while death process is 

departure process. The two processes describes the number of 

patients probabilistically, N (t) in the queuing system changes 

with time (t) increases [23]. The limitation of this model is 

that the two processes are mutually independent. The M/M/1 

model is made up of a server that render service to patients 

who arrive and depart from the system peradventure a data 

from a patient arrives at the time the server is full of activity, 

then the patients have to join the waiting line [24].  Two types 

of events occur and they include; arrival events and departure 

events which are used in representation of the model [25]. 

This model may consider for modeling patient's arrival, drugs 

to be administered, patient examination and provide services 

where the arrival of the patient changes with time. Capacity 

requirements are estimated when the number of patients 

present in the system can not affect the disturbance of patient 
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arrival time [22].  One benefit of the M/M/s model is that only 

three parameters are required and performance estimates with 

minimal data can be obtained. The number of servers, s, easy-

to-compute formulae are available to obtain performance 

measures such as the probability that an arrival will experience 

a positive delay or the average delay [26]. The limitation of 

this model is the high usage of its server due to overcrowding 

of waiting patients. Moreover, using the model may not be 

realistic when the cost of patient waiting is higher, having 

excess capacity is also not ideal when the cost of materials is 

larger than the cost of serving the patients with the materials 

[24].  In addition the M/M/1 Model has a single server serving 

patients on a first come where the population is very large, so 

that arriving patients are unaffected by the size of the queue. 

The model’s delay waiting times due to server unavailability 

[26]. Assume an increase in the amount of time for which a 

patient has to be served is not advisable .Because instances of 

service times in some laboratory services may not vary much 

from one patient to another; it may be more accurate in some 

instances to model using a method of distribution instead of 

increasing thereby making it suitable for mathematical 

calculating [24].  Sharing of number in the system and patients 

delay can be calculated numerically using present inventions 

in the aspect of change in numerical conversion [27]. 

However, the limitation of this model is that the expressions 

for distribution are bound are not easy to derive [24]. 

This model can have an unlimited number of servers in which 

each of the servers is instantly provided for each patient 

arriving in the system [28]. This model makes necessary 

minimum belief concerning the nature of arrival that exist 

within and time of service that need to be shared among three 

models of the unlimited waiting room. Analysis of this model 

necessitates solving Lindley’s integral equation [22]. 

Particular approaches fall into two categories which includes; 

approximating either of the constant of this model and 

assuming distribution that is rigid before estimating its 

parameters. A lot of theories have been developed for 

estimating the average number the system in this model [27]. 

The study of this model enlightens service providers in 

limiting changes in time of arrival within and allocating the 

waiting time available by the day on the website so that 

patients can program their time of arrivals to the hospital when 

the doctors and member of staffs are not busy [24]. 

 

2.3 Limited Waiting Room Models 

Congestion in hospitals and its various departments is to a 

certain extent common because when rooms becomes 

occupied, arriving patients or patients on queue leave without 

getting been served, In order to model this situation, models 

having patients available in service and the total number of 

patients being reduced must be considered [29]. If the limit at 

which patients can be admitted in the hospital is exceeded, 

outcome of occurrence can either be modeled normally by 

discouraging patients from joining the queue pending the 

period that waiting room is vacant or allowing patients to keep 

adding to the queue but withdraw immediately the waiting 

room is occupied [25]. The emergency department can make 

use of this model to further enhance its capacity. The approach 

to the model can be modified to include a book showing that 

the expected patient time of consultation.[26]                       . 

The M/G/1/K depend upon the finishing point from embedded 

Markov chain which has resulted to different equations which 

can be numerically analyzed to making the outcome of 

occurrence to add up to one in order to derive a stable method 

of making number in the system evenly distributed [27]. The 

limitation of this model is that if the probability does not sum 

up to 1 then there can never be a stable state of making 

number in the system being distributed [28]. While The 

GI/G/1/K model is not easy to compute or calculate except in 

cases where the arrival of patients within the hospital with the 

time of service being allocated to each patients have in 

features in common various publications whose topics is on 

the computation of this model has postulated different theories 

showing the relationship between the limited waiting room 

and the unlimited waiting room models [29]. This model is a 

more precise in which a limit of K patients is permitted in the 

system; when the system contains K patients, the arriving 

patients are rejected since there can never be more than K 

patients in the system, the system reaches a balanced state 

when it has attended to the number of patients that it can serve 

for the period [30].  This model can also be called the M/M/C 

loss system because patients who enter as at the time all 

servers are active are not permitted to wait to be served but 

rather exit [31]. The possible outcome of occurrence stating all 

servers are active so that an arriving patient leaves the system, 

is called “Erlang’s B formula” the limitation of this model is 

the issue of  no waiting for patients [32]. 

 

 

2.3.1 Servers in a Single Station Model 

This model having unlimited waiting line constitute major part 

of the system and the most universally studied models of 

unlimited waiting room have gained more popularity in study 

with two out the three unlimited waiting rooms models 

mathematically tractable, which in turn comes from M in the 

model descriptor signifying the presence of Markovian with 

assurance stating the arrival of patients within the hospital is 

been trigger by the increase in sharing patients to a service 

time in majority of health care [33]. .If ρ > 1 explains that for 

every time the server becomes available, issues from arriving 

patients is greater than unity [24]. In situations where ρ= 1, 

patients waiting might increase as a result of the uncertainty in 
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different arrivals and time of service; it leads to idleness of 

server because for every issue an average amount of patients 

brings at every time the server is available is exactly unity 

[35]. The consequence of not being busy makes the patients 

waiting to increase, leading to stable distribution. If ρ < 1 in 

all models with unlimited waiting rooms then there is desire to 

indicate the service pattern so as to evaluate the queue the 

limitation of this model is the relationship dependency 

between arrivals leading to the inability of Poisson probability 

distribution to be strictly applied when the input population is 

finite [27].  

This describes the facilities available in a hospital with 

different servers handling patients waiting in line for service. 

In such instances, the time at which service is provided to its 

patients is a factor of patient number on the system with the 

overall server utilization given as  ρ = λ mμ, where the focus is 

on one of the unlimited waiting rooms models in which 

different arrival of patients and the time allocated for service 

are increasing and distributed among the patients to be served 

[19]. Expressions of the mean delay in this model can be 

effectively put to use in deriving vital output in the design of 

waiting line system that puts together the number of patients 

waiting and the server that minimizes delay from the system 

[36].  Queuing network models have been examined and there 

are lots of applications of the models. The model requires 

adequate techniques to obtain system performance and 

measures [20].  A wide variety of healthcare system makes use 

of the treatment materials at their disposal in performing 

services for a medical situation, making it to be best modeled 

as connection of waiting patients [38].  

Lack of capacity in reaching out to those at the grass root 

handling facilities with adequate and necessary information 

might make patient, to be delayed for a long period of time for 

specified days [37]. This model makes use of different 

methods of approach in explaining path patients follow so as 

to get an appointment using the instance of getting 

appointment in the health care system. [33]. 

 

2. 4 Priority Queue 

Doctors in Emergency Department attend to patients whose 

condition are extremely critical, so as to ensure their survival.  

[64]. In some hospitals, doctors make certain slots available as 

a means of reserve for patients whose state of condition and 

respect are highly considered Moreover, when a patient whose 

state of condition and respect is not recognized by the hospital, 

he/she will have to wait till it gets to his/her turn [65].            

In some instances, absentee at work as at when due result in 

priority rules, adding to the time it will take the service 

provider will be available to patients across various unit of the 

health care.[66]. There are two priority principle which 

includes the static and dynamic. In a static priority principle, 

every single patient has an appointment, but other patients 

arriving to the same waiting room is given appointment over 

the all the rest of patients having appointment, but in the case 

of dynamic priority principle, patients that have been given an 

appointment higher than another at a particular department 

may be given an appointment lower than the previous [39]. 

For example, when a doctor gives an appointment to Mr John 

as patient number two out of thirty in the hospital waiting, if 

the doctor decided to tell each as they are examined to go for 

the test, when they all returned, Mr. John might be on number 

twenty for appointed to see the doctor again out of thirty and 

that is what dynamic priority principle is stating. In addition, 

doctors give high priority to patients whose cost of waiting 

with time can be attended to within a short period [26]. 

2.4.1 Queueing theory a tool in healthcare. 

In most hospitals, especially in Ota, it is common to find 

patients waiting for diagnostic test or surgery, thereby leading 

to delay; in another to decrease this delay which has led to the 

poor satisfaction of patients, financial implication; the focus of 

many hospitals within and outside Ota is to make queuing 

analysis extremely valuable in utilizing resources so as to 

minimize delay. By optimizing entry of patients across each 

department in the hospitals so as to provide solution to 

average patient wait time, average visit time, probability of 

patient waiting beyond half an hour and below; length of 

average patient has been occupied by doctor, probability of 

hospital referring patients to another hospital and progress on 

patient entry at every point [40-42]. 

 

 

III CONCLUSIONS 

 

Reviewed has looked into the essence of different healthcare 

processes. The survey reviewed that  limited waiting room 

models are not easy to analyze and no waiting time for 

patients while , unlimited waiting rooms models have high 

server utilization and a bound expression of distribution. 

Single server in a single station has a dependency between 

arrivals, multiple servers in a multiple station making it 

difficult to obtain bound expression. Network model 

sometimes has inadequate capacity at the grass root facility 

and priority queue in health care require higher waiting cost 

for quick response. We concluded that the best model is the 

unlimited waiting room models which limitation has higher 

utilization that can attend to patients at any available time. In 

order to improve the performance of effectiveness and 

productivity in healthcare, there is need to discover and apply 

relevant models. However, there is a necessity of putting into 

consideration different methods on how the waiting line in a 
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health care system interact by formulating models for future 

use 
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