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ABSTRACT
This research work was undertaken 1o investigate the queue situation at the outpatient
department of Kwahu Government Hospital, Atibie, Queuing theory is thus applied in the
evaluation of queue situations at the four sections of the outpatient department of the
hospital namely: records section, health insurance section, history section and consulting

rooms.

Data was taken on the number of patients entering the system and the service time of

patients. The data was then used to measure the performance of the system.
The research shows which section of the outpatient department is busies and where

patients spend more time. It concludes with ways by which management of the hospital

can reduce waiting time of patients thereby achieving most of its objectives.
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CHAPTER ONE

INTRODUCTION
L.1 BACKGROUND
Queuing theory is the mathematical study of waiting lines. It is also a methodology that helps
match random demand to fixed capacity .In computer science, queuing theory 15 the study of
queues as a technique for managing processes and objects in a computer. A queue can be
studied in terms of the source of each queued item, how frequently items arrive on the queue,
how long they can or should wait, whether some items should Jump ahead in a queue, how
multiple queues might be formed and managed, and the rules by which items are enqueued

and dequeued.

* Queues are common in everyday experiences. Queues are formed because resources are
limited. In fact it makes economic sense to have queues. For how many buses and trains
would be needed to avoid queues? Queues help facilities or business to provide services in an

orderly fashion.

Queuing theory is considered as a branch of operation research because the results are often
used when making business decisions about the resources needed to provide services. The
theory also seeks to determine how best to design and operate a system usually under

conditions requining the allocation of scare resources.

Queuing theory enables mathematical analysis of several related process mmcluding arriving at
the queue, waiting in the queue and being served by the server(s). The theory permits the
derivation and calculation of several performances such as the average number of arrivals

entering a system per unit time, the average number of customers present in the queuing
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system, the average number of customers waiting in line and the average number of customers
in service. The theory also calculates the average time a customer spends in a system, the

mrerage time a customer spends in a line, and the average time a customer spends in a service.

Queuing theory is applicable in hospitals, banks, post offices, barbering shops, restaurants etc.
It 1s also applicable to intelligent transportation systems, cell centres, telecommunications and
traffic flow. In banks, queuing theory is used to determine the expected number of customers
present in the bank, the fraction of time thai a particular teller is ideas and how many
customers on the average can a teller serve per hour. Tt can also be used to determine the cost
involved in hiring a teller. In applymg queuing ﬂ'lmriv on our roads, we can determine the
traffic flow in a particular day of the week We can also determine what time and when the
traffic usually occurs. In our hospitals where queuing theory is mostly applied, it could be
used to determine the number of nurses or doctors needed at particular time. The theory can

also be used to determine the number of beds needed at a particular time.

12 STATEMENT OF THE PROBLEM
In 2003, the government of Ghana replaced the existing “cash and carry” health financing

system with the National Heath Insurance Scheme.

The “cash and carry”’ system which was a system that made it compulsory for everybody to
Pay money immediately before and after treatment in our hospital prevented many Ghanaians
who are poor from secking medical care resulting in needless deaths. With the introduction of

the National health insurance scheme, there has been a remarkable increase in attendance at

-govemment hospitals. These hospitals unfortunately have not had a commensurate increase in

capacﬂ}' m terms of personal, space and equipment to provide satlsfactm}r services to meet the

demands of these patients.



Atibie Government Hospital established in 1954 can be found in the Kwahu South district of
Ghana. The estimated population of the district e about one hundred and seventy one
thousand, four hundred and thirteen (171,413) (Kwahu South Assembly Report, 2007).

The hospital seeks to (1) increase assess to health (2) provide quality health care in all

departments and (3) improve efficiency in health service delivering,

Since the introduction of the national health insurance scheme in 2005, patients visiting it’s
out patience department of the hospital has increased. Sixty-six percent (66%) of this number
was covered by the National health insurance schemale. Within this period, the hospital had
five doctors and twenty five general nurses catering for the patients who visited the

outpatients department of the hospital.

1.3 OBJECTIVES
The primary aim of this study is to investigate the queue situation at the outpatient department
of Atibie Government Hospital. Specifically this study seeks to
() Construct queuing models for various se ctions of the department
(b) Determine performance parameters such as the average waiting time of a patient,
average queue length, probability that that a customer will wait etc,

(c) Study the day to day patterns of the queues.



1.4 METHODOLOGY
Data for this study was obtained from the Atibie Government Hospital. The data is purely
primary data. The data was taken between 8:00am and 12:00pm for five days. A stop watch

was used in taking the data,

15 RELEVANCE OF THE STUDY
This study hopes to help the management of the hospital minimize the time that customers
(patients) have to wait in a queue and maximize the utilization of it servers or resources

(doctors, nurses, hospital beds etc.).

When a patient is waiting in a queue, he may decide to forgo the service because he does not
wish to wait any longer. Most research assigns costs to patient waiting time to each server
Thus this study would help management improve customer satisfaction by reducing waiting
times and adjusting staffing. It would also help them reduce cost and thus improve profit.

This study would also serve as a reference for future academic work.

1.6 ORGANIZATION OF THE WORK

This study is organized into as follows: Chapter one looks at the background of the Study,
problem statement, objectives, the methodology used and the relevance of the study. Chapter
two looks at the supporting literature of the study. Chapter three covers the methodology in
detailed. In this Chapter, the sources and the method of collection of data would be given.
Chapter four presents the results and the analysis of the data obtained from the study. Chapter
Five will be the concluding Chapter, Discussions of results, conclusions and

recommendations would be presented.



CHAPTER TWO

LITERATURE REVIEW

2.1 A HISTORICAL PERSPECTIVE
Agner Kranup Erlang, a Danish engineer who worked for the Copenhagen telephone
exchange published the first paper on queuing theory (1909) In his paper, he lays the

foundation for the place in queuing theory.

A probabilistic approach to the analysis of a queuing system was initiated by Kendall (1951,
1953) when he demonstrated that imbedded markov chains can be identified in the queue

length process in systems M/G/T and A/B/C/D/E

2.2 BASICS OF QUEUING THEORY
In the application of queuing theory, an input and output process should be specified. Some
examples of an input and output processes are given in Table 2.1.

Table 2.1: Examples of input and output processes.

Situation Input process Qutput process
Hospital Arrival of the patient at the Assessment.tnage
registration centre provision of services,
discharge
Bank Customer arrives at the | The tellers serve the
bank customers ,
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2.2.1THE INPUT PROCESS
The input process is usually called the arrival process. We assume that not more than one

armival can occur at a given instant. If that happens, we say bulk arrivals are allowed.

There are two situations in which the arrival process may depend on the number of customers
present. The first occurs when the arrivals are drawn from a small population called finite
source models. The second occurs when the rate at which customers arrive at a facility
decreases when it is too crowded. When a facility is too crowded, balking or reneging occurs.

If a customer arrives but fails to enter the system, we say the customer has balked. When a
patient is waiting in a queue, he may decide to forgo the service because he does not wish to

wait any longer. This phenomenon is known as reneging.

2.2.2 THE OUTPUT PROCESS

To describe the output process of a queuing system, we usually specify the service time
distribution (service mechanism). The service mechanism is the way that customers receive
service once they are selected from the front of a queue. The service mechanism is also called

d Server.

Servers are usually arranged in parallel or in series. Servers are in parallel if all the servers
provide the same type of service and a customer need only pass through one server to
complete service. Servers are in series if a customer must pass through several servers before

completing service.

2.2.3 QUEUE DISCIPLINE
A queue discipline is a priority rule for determining the order which the customers are served.

Queue discipline also determines the manner in which resources are divided among
6



customers, The selected rules can have an effect on the system’s overall performance. The
number of customers in line, the average waiting time and the efficiency of the service facility
mE others are affected by the choice of priority rules. Examples of queue discipline
include the FCFS (First come, first serve), LCLS (Last come last serve), SIRO (Service in

random order), and priority queung discipline.

The most common queue discipline is the FCFS, in which customers are served in the order of
their arrival. This means that the customer that has been waiting the longest is served first. In
the LCLS, discipline, the customer with the shortest time is served first If a customer to enter
service is chosen randomly from customers waiting for service, it is known as SIRO queuing
discipline. Priority queuing discipline places armriving customers in different queues. These
queues are given priority level and within each priority level customers enter service on an
FCFS basis. Priority disciplines are often used In emergency rooms to determine the order in

which customers receive treatment

There are two major practical problems associated in using any rule: One is ensunng that

customers know and follow the rule. The other is ensunng that a system exists 1o enable the

employees to manage the line.

23 TYPES OF QUEUING SYST EMS
There are basically four types of queuing systems and different combinations of the same can

be used for very complex networks.

!
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233 MULTIPLE CHANNEL-SINGLE PHASE SYSTEM

In this type of queuing system, customers form multiple queues waiting for the service which
mvolves only one phase Customers have the liberty to switch from one line to the other An
example 1s customers waiting at the pharmacy store.

234 MULTIPLE CHANNEL-MULTIPLE PHASE SYSTEM

:ﬂ'bpld'mhlnmm and a complex network of multiple phases of
- involved. This type of service is typically seen in a hospital setting, outpatients clinics
'_1h.mtliwiulmm first forms queue for registration, then for

¥CE OF QUEUING SYSTEMS
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interventions or modifications. It is like the feedback loop of any planning cycle The salient
performance mewsures of queuing systems are

(1) Time customers spend walting.

(11). The average number of customers in line.

(1) The utilization rate of servers.

(1v) Cost of operating the system.

The manager would use these measures o determine the optimum number of servers and the

capacity for the queuing system.

2.5 POISSON PROCESS AND EXPONENTIAL DISTRIBUTION
A useful queuing model both (a) represents a real- life system with sufficient accuracy and (b)
analytically tractable. A queuing model based on the Poisson process and exponentially

distributions often meet these requirements

1.5.1 POISSON PROCESS

A Poisson process named after the French mathematician Simeon-Dennis Poisson(1781-1 840)
is a stochastic process (function of two variables), which is used in modelling random events
such as customer arrival, a request for action from the a web server. In the Poisson

probability distribution, the observer records the number of events in a time interval.

The Poisson process is a continuous-time process. Continuous-time markov processes are
examples of Poisson process. Types of Poisson protesses are the homogeneous, non-
homogeneous and spatial processes. Orderliness and Memorylessness (would be explained in
detailed in the section) are general characteristics of the Poisson process.

ORDERLINESS: This roughly means

P N
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g a-SNARA



lim P(N(t+ A~ N(1) > 1\ N1 + A1) -N(0)=1)=0
At =0

Thas imphes that arrivals don’t occur simultaneously,

MEMORYLESSNESS: The number of arrivals occurring in any bounded interval of time t is
independent of the number of arrivals occurring before time t,

Poisson distribution probabilities can be calculated using the formula

plx)= we” ,x=20

X

Where x is the number of successes and # 15 the medn of the distribution given by i =np.

The variance of the Poisson distribution is also the same as its mean. That is o — np

15.2 EXPONENTIAL DISTRIBUTION

The exponential distribution occurs naturally when describing the lengths of inter-arrivals
time in a homogeneous Poisson processes. The exponential distribution describes the time for
a continuous process to change state. In queuing theory, the inter-arrival times are often
modelled as exponentially variables.

The length of a process that can be thought of as a sequence of several independent tasks is

.better modelled by a variable following the Erlang distribution.

A random variable X has an exponential distribution with parameter A if the density function
of x is given by

fx)=2e™", (t=0)

Then E(X)=— and VarT=_\
A A
A is the expected mean

Memorylessness is an important property of the exponential distribution
10



MEMORYLESSNESS
ll“MTumnﬂyMme probabulity obevs

T >e=1\T>5)=P(T >1) Fors. 120
Mmhhmmmmlytumnudhuthumﬂemhmm
Iommﬁeﬁmmm,pmMﬁeﬁmnvﬂhumwhmlﬂum
Mumdﬁﬁvmtﬁumhmndpmbﬁlydmwnudnwmmlhm 10 seconds for
the first amval To summarnze a memorylessness of a probably distnbution of the waiting

time T until the first arrival means , (7' > 40\7 > 30) = (T > 10)

The memoryless property of the exponential distribution is important because it implies that if
we want 1o know the probability distribution of the time until the next amval, then it does not
matter how long it has been since the last arrival Suppose inter-arrival times are
exponentially distnbuted with 1 =4 | then the memoryless property implies that no matter
how long it has been since the last arrival, the probability distnbution governing the time until
the next arrival has the density functiond 1 This means that to predict future arnval
patiems, we need not keep track of how long it has been since the last arrival This

observation can be appreciably simplifying analysis of a queuing theory.

2.6 THE ERLANG DISTRIBUTION

If inter-amval times do not appear to be exponential, they are ofiten modelled by an
Erlang(1909) distribution. An Erlang distribution is a continuous random variable (T) whose
density function is specified by two parameters: a rate parameter R and a shape parameter K
(K must be a positive integer)
| Given values of R and K. the Erlang distnibution has the following density function

11



_ R(Rt)* e
B e

Using integration by parts, E (T) :i:; and varT =§.

2.7 BIRTH- DEATH PROCESSES

Most queuing systems with exponential infer-arrival times and exponential services times are
often modelled as birth-death processes, A birth- death process is a continuous stochastic
process for which the systems state at any time is a nonnegative integer. If a birth- death
process is in a state j at time t, then the motion of the process is govemn by the following laws:

(2) With probability A, At +0(Ar), a birth occurs between time t and time  t +Ar. A birth
increases the system state by 1 to J+1. The variable /L, 15 called the birth rate in state j. Tn
most queuing systems the birth is simply an arrival.

(b) With probability J4 At +0(At), a death occurs between time t and times+ Az A death
1

decreases the system state by 1. to j=1.

The vaniable [ 1s the death rate in state j. In most queuing systems, a death is a service
4

completion. Note that Ao =0 musthold or a negative state could occur

(c) Birth and death are independent of each other

28 MATHEMATICAL MODELLING OF QUEUING SYSTEMS

There two approaches to consider when analyzing a queue mathematically:

(a) ANALYTICAL MODEL-behaviour of all elements in the queue is described by systems

of (differential) equations. In applying analytical model in queuing systems requires some

12



assumptions to be made. These assumptions include (i) both inter-arrival times and service

times are exponential (ii) steady state of the system does exist,

(b) SIMULATION MODEL -this takes the form of a set of assumptions about the operation of
the system expressed as mathematical or logical relations between the objects of interest in
the system. The simulation process involves executing or running the model through time

usually on a computer.

In both the analytical and simulation model there are four major elements of any queuing
situation, which must be considered. These include arrivals, services, number of servers and

queue discipline.

2.9 A SINGLE-SERVER QUEUING MODEL

29.1 KENDALL’S NOTATION FOR CLASSIFICATION OF QUEUE TYPES

There is a standard notation for classifying queuing systems into different types. This was
proposed by Kendall (1951, 1953). Systems are described by the notation: A/B/C/D/E

Where: A, B, C, D and E are represented Table 2.2

Table 2 2: Description of Kendall’s notations

Distnibution of inter-arrival times of customers

Distnibution of service times

Number of servers

Ol N @ »

Maximum total number of customers which can be

accommodate in the system

E Queue discipline

13



A and B can take any of the following types:

Table 2.3: Description of Kendall’s notation

™M Exponential distribution
o9 Deterministic inter-arrival times
E. Erlang distribution(k=shape parameter
G General distribution

1.9.2 EXAMPLES OF QUEUING MODELS
M/M/1-This would describe a queue with Poisson arrivals, Exponential service time
distribution, single server, infinite number of waiting positions

M/ '/ 2/K-This would describe a queue with Poisson arrivals Erlangian of order-2 service

time distnibution, 2 servers, maximum number k in queue
G/M/2 - This would describe queues with generalized arrivals, exponential service time

distribution, 2 servers, and infinite number of walting positions.

2.10 MATHEMATICAL MODEL OF M/M/1 SYSTEM

2.10.1 MODEL DESCRIPTION

1. Ammivals are random, and come from the Poisson probability distnibution.

2. Each service time is also assumed to be a random variable following the exponential
distribution.

3. Service times are assumed to be independent of each other and independent of the arrival
process.

4. There is one single server in the queue,

3. The queue discipline is FCFS, and there is no limit on the size of the line.

14



2.10.2 QUEUING SYSTEM NOTATION

As queuing theory is a mathematical theory, there are several mathematical notations used in

j:h' Few of the basic notations used in queuing model calculations are enumerated in Table 2.4

Table 2.4: Basic mathematical notations of queuing models

f
If Notation Description
[ A | Arrival rate
H Service rate
-L Average number of customers in the service
W, | Average time customers spend in the system
w LE _'?\"fﬁge—timﬁ-usmmém spend in the system =
W Average time customers spend in the system
1 Service time
u
2 | Service utilization
L' p. Probability of n uniis in system

2.10.3 BASIC NUMERIC CHARACTERISTICS OF M/M/1 QUEUE

o= 4 is defined as utilization of the System, we assume that p <1
p7

L. Probability that there are n arrivals in the systern is given by

é i =F U-p)

2. Probability of the system being empty (expected idle time of the system) is given by
pP,=0-p)

3. The expected number of customers in the system is given by

15



4. The expected number of customers in the queue is:

‘12
L.~ H(p—A)

5. The average waiting time (in the queue) of an arrival is-

L_
e

iE
W, = P

6. The average time an arrival spend s in the system (both waiting and in service) is;

W:Wq+i

2.104 EXAMPLE

Analyze system of queue in an office. Population of customers is very large so-that we can
consider it is an infinite one, Customers for the service arrive randomly following a Poisson
process. The office can process customers at an average rate of five patients an hour (one at
12 minutes). The service process is also Poissor. Customers are served at an average of four

per hour (one at 15 minutes). The office operates 12 hours a day.

First, all measures assume the process has been operating long enough for the probabilities
resulting from the physical characteristics of the problem to have made themselves felt; that is

the system is in equilibrium.

th |

Second, utilization of the system of the system is p = =0.8 <1, thus we count relations

R~

_ as follows:

(1) Probability of the system being empty (expected idle time of the system):

16
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m“ﬁmhw.hoﬁuﬂhd-mWofhlu-dhj'ﬁ
percent of the ime
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(3) The expected number in the waiting line s

A’ 4«4 16

L"m-n=5<5~d)=?:3'2

Thus, there will be an average of 3 2 people in waiting line

(4) The average waiting time (in the queue) of an arnval is:

W{=‘—Lf=ﬂ=o.s

(5) The average time an arrival spends in the sysiem (both waiting and in service) is.

1
IF:W'+; =0.3+-5I-=

Thus, the average time spent in the system both in waiting and obtaining service is one hour.
If we assume a 12 hour workday, there will be an average of 48 customers armving per day,

and the  expected total lost fime of the customers waiting  will

be7 = Ax12x w'=41121[]_3=38_4.

There would be cost associated with these 38.4 hours. Assume the cost 1o the society is 10
dollamﬁnmhhuurlostbyacummrwﬁhng Thenmmﬂp:rpnyﬁ‘umw:iﬁug'u
38.4*10=384 dollars

ST WBUMA beRyTETTYY
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Suppose that we could in some fashion increase the service rate from five to six per hour and
thereby decrease the average time spent in service from 12 minutes to 12 minutes. What could

be the effect of this change?

With =6, the expected number in the queue is

‘11 dE
L — —=1.33
! pu(u—A)6(6-4)
. = , Lo 153
The average wait for the patient is now: W,= i 0.33
4

Before the change, each customer Spent an average of 12 minutes being served and 48
minutes waiting. After the change, each patient will spend an average of 10 minutes waiting.
This can be verified by computing the total time in the system:

¥ f o4
W= +—= —+—=—(of an hou
W, Y 3 & o )

Each day there would 48 customers and each will save half an hour in total. At a cost of 10

dollars per hour, the daily cost of savings is:

48 x -21— %20 = 480 Dollars

2.12 MULTIPLE-SERVER QUEUING MODEL

As explained in Section 2.4, multiple-server, or multiple-channel model involves more than

one server,

2.11.1 BASIC PROPERTIES OF MULTIPLE-SERVER MODEL
We shall suppose that these conditions are satisfied:

i (1). A Poisson arrival rate,

(i1). An exponential service time.

(i11). There are S servers in the system.
18
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(11). Probability of n units in the system, where n < § IS

pplsl

u
n'
(1m1). Probability of n units the system, where n>S

erlg)

5

- (). Probability of zero units in the system:

(-3

(v). Probability that an arrival will have to wait for service

19



(vi). Average number in line is;

[N
[ H

| Lm0y P

(vii). Average number in the system is:
-

L= Lq +—
H

| (viii). Average time spent in line is:

(1x). Average time spent in the system is:

; 1
W:W?" ;

i\ 2.11.3 EXAMPLE

! Management of a shop plans to open during Sundays, The shop will have three cash registers
]
r

with an expected service time of 1 minute: projected mean arrival rate is expected to be 1.2

Customers per minute.

We shall compute basic performance measures using formulas for multiple-server model
- First, A=12;u=18=3

Thus the system utilization is

20
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3«1

P, We can easy determine other measures:

i k|
. 1.2x I(I—IEJ

o :‘:(3-1)(311-1 2F P;,=032x P =032x0294=0.094 Customers in the line

oy ﬁ,.£194+-1~'i—2: =1.294 Customers in the system

, “""—"ﬂf:‘ =0.078 is the mmza time a customer spends in the line.

&m4—-}-= 1.078 is the average time a customer spends in the system.

 will a customer have to wait? The probability of this event must be P , calculated for



| :}Y(Wﬂl jjth clement P ). After a large number of periods have elapsed, the probability z- ; may
1

i be found by solving the following set of linear equations

I| EJ =Zﬁkp (j I:I‘zjﬂlll!!l!'}.
=l &

. _
Ittt =1

y | J;z.-:m SYSTEM UTILIZATION/TRAFFIC INTENSITY OF THE QUEUING SYSTEM

Let A be the armival rate of a customer and
i K .
4 be the service rate of a server

Then we define the system utilization of the server as p=£
- #

- Forasteady state probability to exist, we assume that D<p=sl
]|
g A




CHAPTER THREE

METHODOLOGY

3.1 INTRODUCTION

This chapter covers the sources and method of collecting the data. Methods are formulated to

achieve the set of objectives in chapter one.

3.2 DATA COLLECTION

Data was collected from the outpatient department of the Kwehu Government Hospital-

Atibie in the Eastem Region of Ghana

For a patient to see a doctor, his/her folder would have to go through four stages. Meaning a
patient joins four queues before he/she sees the doctor. These stages include: Records section

(arnval point), health insurance section, history section and consulting rooms,

When a patient is not covered by insurance, he/she joins three queues. Data was taken from
all the four sections of the outpatients department from Monday to Friday. Data was taken
between 8:00am and 12:00pm on each day. This was so because; the outpatient department of
the hospital is open to patients from 8:00am to 12:00pm. After this period, patients are either

referred to the casualty section of the hospital or are asked to go home and come the following

day.

Data was taken on the following: (1) the number of arrivals entering the system (8:00am fo

12:00pm.) (2) The service time of each patient observed.
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The mean arnval rate 4 will have units of amvals per hour
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Let 7 be the number of folders of patients being sorted out/worked on.

! W be the start service time for sorting out/working on patient’s folder.

V' be the finish service time for sorting out/working on patient’s folder.

N be the total number of batches of folders been sorted out.

Hence erSr'-“---S,, would be

Vi
SI= 1T W
VoW '
S, === . (3.2)
1
vﬂ_ M
g il
1.

Hence the average service rate, w at these stages is given by

33.2.2 Mean service rate at the History section and consulting rooms.

Let 9.0, 0, be the observed service times of patients,

Let w, be the start service time of patients at any of these sections.

v, be the finished service time of patients at any of these sections.

P be the number of patients observed by a server and

N be the number of servers.
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Thus the observed service time of patients would be
0=V~ W, (Wherei=] .2 n)

and the mean service rate fora server would be

1 .
ﬂ;-:_ ZU:

2 o=

Thus the mean service rate for all the SCIVErs 1s given by
iy -
i N2 i, (3.4)

The mean service rate 4 will also have units of arrivals per hour.

333 MEASURING THE PERFORMANCE OF THE SYSTEM
Having calculated A4 and u (from the four sections of the outpatients department), these two
variables are then used to measure the performance of the system. In measunng the
performance of the system the following are determined:
(i) The average time each customer spends in the queue,
(i1)The average queue length,

(ii1) The average time each customer spends in the system.
(1v)The average number of customers in the system,

(v)The probability that the service facility will be idle

(vi)The utilization factor of the system, and

(vii)The probability of the number of patients in the system,
In measuring the performance of the system, two types of queues are considered. These are:
(a) a single queue with a server and (b) a single queue with multiple servers. Also, in order 1o
determine the amount of time that a patient spends in the system, the queuing formula

L =AW isused.
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334 THE QUEUING FORMULA, .= aw
This formula is known as the Little’s formula
Where Lis defined as the average number of customers present in the queuing system.

A is defined as the mean arrival rate.
W is defined as the expected time a customer spends in the queuing system

Note: W = W, + W,

Where . is defined as the average time a customer spends in service and W, 15 defined as

the average time a customer spends in the queue.
For any queuing system in which a steady state distribution exists, the following relations
hold.

L=AW

L.=*w, (3.5)

Li=Aw,

Note: L, and [ . are defined as the average number of customers waiting in line and the

average number of customers waiting in service respectively.

3.3.5 SINGLE-SERVER QUEUING FORMULAE
The following formulas are used in measuring the performance of a single queue with a smgle
server;

The utilization factor of the system, p is given by
p=— (0<p<l) (3.6)
u

Probability that there are n arrivals in the system is given by
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{- | P,=P (-p) (0<p<1) (3.7

Probability of the system being empty (expected idle time of the system) is given by

,I P.=0-p) (0<p<1) (3.8)

Tk (3.9)
The expected number of customers in the queue is;

& Al p]
T - e (3.10)
| Hpu-2) l1-p :

| Theaverage waiting time (in the queue) of an arrival is:

iky, . 4
T G.11)
Thmm’ an armval spend s in the system (both waiting and in service) is:
L P 1
w:—k =
A A-p) u-2 34

| 36 MULTI-SERVER FORMULAE

hmﬂ-mundiummﬁ:perﬁummmnhqmwiﬂa multiple

System utlization is given by

A
1 g (3.14)

rof n units in the system, where n< § is:

¥ . N"'II:-J i -
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(3.18)

(3.19)

(3.20)

(321)
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NO._OF FOLDERS SERVICE TIME(manutes)
2

L3 12

10 13

From Table 4.1, Mecan service rate () =472 patients per hour (This was calculated using
equations 3 2and 3 1)

Number of servers- |

3



Thus the system utilization ig

40
p=——"=085
472

P, =1-085=015

0.85)°
L.= 039 482

1-0.85
4.82 ,
W, = ST 0.1205hours(7.23 Mimutes)
g 5.6
472 -40

W= %;E = 0. 14hours(8 AMinutes)

The result shows that the server will be busy 85 percent of the time and idle 15 percent of the

time. More so, the an average number of patients in the queue is 4.82, average waiting time of

patients in the queue is 7.23 minutes, the average number of patients in the system is 5.6 and

the average waiting time of patients in the system 1s 8 4 minutes.

Table 4.2: Service times of patients at health insurance section on Monday

NO. OF FOLDERS SERVICE TIMES
9 8 '
16 14
g 8
16 11

From Table 4.2, the mean service rate ( £) =T1.43 patients per hour (This was calculated

using equations 3.2 and 3.3).

Numiber of servers=1

Thus the system utilization 1s p =

40

——=10.56
71.43

P,=1-056=0.44

_(os 6)°

=0.71
L*" 1-0,56
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0.71
Wq = 0.02hours(l . 2Minutes)

40

L= 7143-40

1,27

T
W = lf-u— = D.ﬂﬁiizaurs{lﬂﬂﬁnﬂrﬂs‘}

The results show that the server will be busy 56 percent of the time and idle 44 percent of the
time. The average number of patients in the queue is 0.71, the average time a patient spends in
the queue is 1.2 minutes, the average number of patients in the system is 1.27 and the average

waiting time of patients in the system is 1.92 minutes,

Table 4.3: Service times of patients at history section on Monday

CUSTOMER | SERVICE TIME(minutes) |
NO. | NURSE1  |NURSE2 [NURSE3 | NURSE 4
1 6 5 3
2 3 6 5 4
3 2 6 5 B
4 3 6 5 2
5 6 /4 10 3
6 8 9 s 3
7 5 7 5 5
8 4 3 2 4
9 5 2 5 |
10 5
1 4

From Table 4.3, the mean service rate A (per server per minute) =4.76
Hence u=12.61 patients per hour. (This value was calculated using equation 3 .4).

Number of servers=4

40

tilization, = =)
Thus the system utilization o) TSI

33



R

-

-

= 1
P, ] e =0.03

65 (o) ()
12.61 1261) 1261

I 2 6 24(1-0.79)
The probability that a server is ide ; - 2 1
r1 e;spﬁ+4pj-+4p:+4p3

From (equation 3. |5) p,=0.10 p, =015 and p,=0.16

3 2 1 3 2 1
Hence pu+i-p]+gp? +Ip1=ﬂ.[}3+zx{}.lﬂ+zxﬂ.lﬁ+Exﬁ.lﬁ=ﬂ.22

4ﬂx]2_ﬁ]x(ﬂ
i 12.6]

31(4x12.61—40)*

From (3.19) L.= x0.03 =2.43

234 : :
g 0.06h0urs(3.60Minutes)
40
=243+ =5.60
L 12,61
3.
W = —Ez—ﬂ = 0.14hours(8 4Minutes)

The results show that the system utilization of the servers is 79 and the probability that a
server will be idle is 22 percent. The average number of patients in a queue 1s 2.43; the
average time a patient spends in the queue is 3.60 minutes, the average number of patients in

the system is 5.60 and the average time a patient spends in the system i5 8.4 minutes,

SIS OURORMG Benggs -
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| i - Table 4.4: Service times of patients at the consulting rooms on Monday

| CUSTOMER SERVICE TIME(minutes)
! NO. DOCTOR T | DOCTOR 2| DOCTOR3 | DOCTORA
i 1 4 a 5 5
2 4 4 5 3
3 3 8 5 3
4 3 5 5 3
5 2 3 4 6
' 6 3 7 6 2
+ 7 5 4 10 3
| 8 2 2 5 3
, v 3 I 6
! 10 1 4
| 11 3
i 12 7
! 13 4
] 14 4
From Table 4 4, the mean service time 4 (per server per minute) =4.17
h ‘Hence 1=14.39 patients per hour (This value was calculated using equation 3 4)
Number of servers=4
13 : : 40
~ Thus the system unilization p= =0.69
4x14.39
. |
= =0.05
'P' -do]‘(am]’(am]‘ {4&]‘
- 1+ 1439 A 14.39 " 14.39 . 14.39
B . - ! 2 6 24(1-0.69)

ar
. j .' 7 v : ey . 3 2 I
RS :.hl server is idle is P, +I P+ 2 p,t % p,

-

on3.15) p, <014 p. =019 and p 018

I_Pl 005+=x0.14 + g x0.19+ : x0.18=0.30

[ | &




40
!“'.I--t—p_..- 7
L 1439 i

W - 1‘%-' = 0 093houry (4 $Smunutes)

u.lrl“dﬂﬂmu*ﬂll'l'mhj.

The number of patients who entered the system between 8 00am 1o 12:00pm is 165,

From (equation 3.1), Mean arrival rﬂnp'%§=4l 25 patients per hour

Table 4.5: Service times of patients at the records section on Tuesday

NO. OF FOLDERS SERVICE TIME
45 60
18 25

From Table 4 5, the mean service rate (4 ) =44.44 patients per hour (This was calculated

using equations 3 2 and 3 3),
Number of servers=1

il 4125
| =—=093
Thus the system utilization (o) Ty

P 1-0.93=0.07

_ (0.93y°

=12.36
L, 1-093

1236 .
W,= e = 0.3howurs(18 Minutes)
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41.25

L::_._

=12.93
44.44 4] 25

12.93 .
W = -—]-2_5 = 0.31hours(] 8.60minutes)

o

The results show that the server will be busy 93 percent of the time and idle 7 percent of the
time. The average number of patients in the queue is 12.36; the average time a patient spends
in the queue is 18 minutes, the average number of patients in the system is 12.93 and the

average time a patient spends in the system 1s 18 .60 minutes,

Table 4.6: Service times of patients at health insurance section on Tuesday

NO. OF FOLDERS SERVICE TIME(minutes)
43 33
18 22

From Table 4.6, the mean service rate ( #t) =47.62 patients per hour (This was calculated
using equations 3.2 and 3.3).
Number of servers=1

: 41.25
Thus th temn utilization =— " ={87
s P= 4762

P,=1-087=0.13

(0.87)
=-—2_=582
L, 1-0.87

5.82 .
= ———= 0. 14hours (8 4minutes)
W'f 41 .25 ¢ (

41.25

e ————— 648
L 47.62-41.25

O e 2PN Chouns (9minutes)

e
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Table 4.7: Service times of patients at history section on Tuesday

CUSTOMER [ SERVICE TIME(minuies)
NO. NURSE 1 [NURSE2 | NURSE3 [ NURSES
1 6 5 3 5
2 3 5 K 5
3 3 5 5 5
a 2 5 4 5
5 3 5 5 <
6 3 5 5
7 4 a 5
8 4 3 5
! 9 4 1
JI 10 4 6
10 8

i

From the table, the mean service rate u (per server per minute) =4.6

Hence 41=13.04 patients per hour (This value was calculated using equation 34)
Number of servers=4

'Mﬁummﬂnw -m=ﬂﬂ!~hﬂm

1
. 5 . =0.028
Rlie ?’ ( 415 J ( 415 ] (41.5 )’ [ 41.5 )'
' T 13.04 13.04 " 13.04 4 13.04

1 2 6 24(1-0.8)

P: 4P= ;’P,



From (equation 3.15) ) ~0.09 P,=%W = p-ors

3 2 1
. Hence p'-iipl-i-;p=-lhIpl-ﬂm-p-:-:ﬁMw%-ﬂilainﬂ'l"n

4] 5:]]0{;—15‘).
1 = o -
=D L, M4x1304- 4 s -

W, - ?; = 0.055howrs (3 3 minutes)

W ‘% = 0.13howurs (7 8minutes)

Thnuallsslmwthumcmtumuﬁlinﬁmis!npamtndhpmhﬁﬂitym-lmn
Mlillﬂpemmt.Thamugenunimufpnimuiutamhlzl.hwﬁmn

patient spends in the queue is 3.3 minutes, the average number of patients in the system is 5.4
and the average time a patient spends in the system is 7 8 minutes.




CUSTOMER SERVICE TIMES{minutes)

Nfl ‘ORI DOCTOR2 | DOCTOR 3
2 ; : :
3 3 8 |
5 4 6 3
6 S 4 2
7 6 10 4
a 9 8 4
10 3 10
11 3 2
12 9 4
13 3
14 3
15 2
16 4
17 8

From Table 4.8, the mean service rate # (per server per minute) =4 39

Hence 4 =13 68 patients per hour (This value was calculated using equation 3 4),
Number of servers=3

415

=1.01
3*13.68 ?

Thus the system utilization p =
The system utilization o > 1 means that the mean amval rate A of patients is greater than the

mean service rate u of the three doctors,

423 Presentation of Data Collected on Wednesday.

The number of patients who entered the system between 8:00am to 12:00pm is 150.

From (equation 3.1), Arrival rate 4 = %‘i = 37.5 patients per hour



Table 4.9: Service times of patients at the records section on Wednesday

NO. OF [ SERVICE TIME(mimes

FOLDERS ‘ “iake)

21 130

3 e P e
e N

From Table 4.9, the mean service rate (42 ) =41 .4 patients per hour (This was calculated using
equation 3.2 and 3 3)

Number of servers=]

=h

Thus the system utilization s 0.91

L.

4

p.;. =1-009]= 'D.I{}Q

_(o91)

=92
L" 1-091

Wq ~ -3?% = 0.25hours (1 5Sminutes)

373
_— = 952
L 41.4-375
9.62 :
W = ﬁ: 0.26hours (15 6minutes)

The results show that at the records section on Wednesday, the server is busy 91 percent of
the time and idle 9 percent of the time. The number of patients in the queue is 9.2, the average
time a patient spends in a queue is 15 minutes, the average number of patients in the system is

9.62 and the average time a patient spends in the system is 15.6 minutes.

4]



Table 4.10: service times of patients at the health insurance section on Wednesday

NO. OF SERVICE TIME(minutes)
FOLDERS
o—— = 1 E ——— e —_—
‘) i = 1y

From Table 4.10, the mean servige rate (u) =45.45 patients per hour (This was calculated

using equations 3.2 and 3.3)

Number of server=1
L 375
Thus the system utilization P=—""=0283
45.45

P,=1-083=017

_(o83) _
L= 083 P

4 :
Wq = % = 0.108hours (6.5minutes)

37.5

O
L 45.45-375

W = ;—TTE = 0.13hours (7.8minutes)

The results show that at the insurance on Wednesday, the server is busy 83 percent of the time
and idle 17 percent of the time. The average number of patients in the queuc is 4.06, the
average time a patient spends in the queue is 6.5 minutes, the average number of patients in

the system is 4.72 and the average time a patient spends in the system is 7.8 minutes.
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Table 4.11: Service times of patients at the history section on Wednesday

[ CUSTOMER SERVICE TIME (minutes)
NO. | | NURSE | | NURSE2 | NURSE3 | NURSE 4
1 5 i S L 7
2 I 3 - 3 5
3 5 5 s 3
4 9 - 5 5 9
5 2 3 6
6 3 4
T e e e e
8 4 { i i, 6
9 4
10 sl i R =
11 3
12 4

From Table 4.11, the mean service rate u (per server per minute) =4.5

Hence 12=13 33 patients per hour (This value was calculated using equation 3.4)

Number of servers=4
Thus the system utilization o = 273
4x1333
) (Y (Vo
1 13.33 L]3.33 l13.33 13.33
C it SR ety R —
1 2 6 24(1-0.70)

iix s h 3 2 |
The probability that a server is idle is P, Ep' + Epﬁ:{pE
From (equation 3.15) p,=0.14 pP,=920  and p,~0.18

3 2 1 3 2 1 -
Hence Pﬂ‘jp. +Ip1+ Epg—ﬂ.05+zxﬂ.14+zxﬂ.2(}+Exﬂ.lﬂvﬂ.m

T
3?5x|33:x[3 SJ

L=~ —x0.05=1.04
7 6(4x13.33 -37.5)°

l 04
= 0.027hours (1 66minutes
W.=3735 ( )
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L '|m+3_?_5_:]l5

1333
385
W = 175 = 0.103h0urs (6 1 6minutes)

The results show that on Wednesday at the history section, the system utlization of the
mi!mpﬂmtﬂﬂpwllltyﬁnlmuIﬁti!]ﬂpemml More so the average
number of patients in the Queue 1s 1 .04, the average time a panent spends i a queuve 1s 1.66
minutes, the number of patients in the system is 3 85 and the average time a patient spends in

the system 15 6.16 minutes

Table 4.12: Service times of patients at the consulting room on Wednesday

CUSTOMER SERVICE TIME(minutes)
NO. DOCTOR |

I 5 |

2 3

3 2

4 3

- e 3

6 2 T

7 3

8 5

9 2

10 2

11 2

From Table 4.11, mean service rate u (per server per minute) =3
Hence x4 =20 patients per hour (This value was calculated using equations 3 4)

Number of servers=1

e s 7
Thus the system utilization p = %ﬂ—s =].88

The system utilization p > 1 means that the mean arrival rate 1 of patients 1s greater than the

mean service rate u of the doctor.
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42 4 Presentation ﬂﬂlhuw

MnumanfpmmummEMﬁewmhmm!m-nn 12:00pm is 160

From (equation 3.1), mean arrival rae 3 - 160 _
- = 40 patients per hour

Table 4.13: Service times of patients at the records section on Thursday

NO. OF FOLDERS | SERVICE TIME(minutes)
8 16
4 10
10 15 =i
7 10

From Table 4.13, the mean service rate (u) =42.55 patients per hour(This value was
calculated using equations 3.2 and 3.3)
Number of servers=]

Thus the system utilization p=——n=094

P,=1-094=0.06

5
-

(0.
= =14.73
L=1o0

W, - ‘_‘:[.;’_3 = 0.37(22. 2minutes)

40

= — ISﬁg
L 42.55-40

W = % = 0.39%hours (23 Sdminutes)

The results show that on Thursday at the records section, the server is busy 94 percent of the

time and idle 6 percent of the time. The average number of patients in the queue is 14 73, the
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Table 4.14: Service times of patients at the health insurance section on Thursday

NO. OF FOLDERS SERVICE TIME(minute)
3

7

12 19
10 11
7 6

From Table 4.14, the mean service rate (u) =52 63patients per hour. (This value was
calculated using equations 3 2 and 33)

Number of servers=]

40
Thus the system utilization p = — > _ 0.76
Y £ 52.63

P,=1-076=024

2 4
W,= T = 0.06hours (3.6minutes)

40
=— =318
L 52.63-40

W = 34:)8 0.08hours (4 8minutes)

The results show that on Thursday at the insurance section, the server is busy 76 percent of
the time and idle 14 percent of the time. More 50, the average number of patients in the queue
is 2.4, the average time a patient spends in the queue is 3.6 minutes, the average number of
patients in the system is 3.18 and the average time a patient spends in the system is 48

. minutes.



Table 4.15: Service times of patients at the history section on Thursday

CUSTOMER | SERVICE TIME(minutes) 3
NO. NURSE1 [NURSE2 | NURSE3 NURSE 4
1 10 | 1 5 6
2 7 4 5 5
3 10 AL 5 3 R
4 5 10 2 6 M
5 5 4 5 S
6 5 14 4
7 5 10 2 ]
8 4 3
9 7 5
10 6 7
11 2
12 =l 6
13
14

From Table 4.15, the mean service rate, u (per server per minute) =585

Hence 1=10.26 patients per hour, (This value was calculated using equation 3.4)

Number of servers=4
Thus the system utilization o= i =098
4x10.26
P - ' ~0.002
o ﬂ 1 E 2 40 3 4[] ]4 -
10.26 10.26 10.26 10.26
P e 7 - +
1 2 6 24(1-0.98)

R e 3 2 1
The probability that a serveris idle is D+ Ep' e Epi 4 Zpﬁ
From (equation 3.15) p, =00 p,=002 and P, =0.02

3 2 1 3 b 1
i === = =i = —=0 =002
Hence pﬂ+2pl+4p3+4p{ G.ﬂ02+4xﬂ.{11+4xﬂ.ﬂz+4x{}_ﬂ2 0.

4
40x10.26 x ﬂ]
10.26

% 0.002 =29.22
6(4 x10.26 — 40)°

From (17) L.=
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2922
W'=T20Tl}bm{4]lm'

40
=2911 —= 133
L "l 12

3312
W = _EE_ = D.slhountﬂ_Smmuu}

The results show that on Thursday, at the history section the system utilization of a server i1s
98 percent and the probability that a server is idle is 2 percent. The average number of
patients in the queue is 29,22 the average time a patient spends in the queue is 43 8 minutes,
the average number of patients in the system is 33.12 and the average time a patient spends in

the system is 49 8 minutes,

Table 4.16: Service times of patients at the consulting rooms on Thursday

CUSTOMER SERVICE TIME(minutes)
NO. DOCTOR 1 DOCTOR 2 DOCTOR 3
1 3 3 3
2 5 4 9
3 3 1 4
4 5 7 5
5 3 9 5
6 4 2 2
7 6 2 3
8 3 3
9 2 3
10 1 6
11 4
12 4
13 2
14 4

From Table 4.16, the mean service rate 4 , (per server per minute) =3.87
Hence 4 =15.5 patients per hour (This value was calculated using equation 3 4)

=086

Thus the system utilization p = T
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L @
14058 \1Bs) Liss [E_s]_
2.4 6 ' 24(1-086)

The probability that a server is idle ; 2 1
ty serveris idle is p”+3p]+§p2

From (equation 3.15) P, =0.11 and p,=01s
d
H 2 1 2 |
ence pn+§-pl+§p:=ﬂ.044+§:-:ﬂ.11+5-x0.15= 0.17

é
L= 6(4 x15.5- 40)’

«0.044 =042

042
W,, = = 0.011hours (0.6minutes)

40
=042+ —=300
L 15.5

W = ﬂ}; = 0.08hours(4 8minutes)

The result show that on Thursday at the consulting rooms, the system utilization of a server is
86 percent and the probability that a server is idle is 17 percent. The average number of
patients in the queue is 0.42, the average waiting time of a patient in the queue is 0.6 minutes,
the average number of patients in the system is 3.00 and the average time a patient spends in

the system 1s 4 8 minutes.
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424 Presentation of Daia Collected on Friday

P'I'he number of patients who entered the system between 8:00am io | 2:00pm is 146

From (equation 3.1), Arrival rate (4)= %’- =36.5 patients per hour

Table 4.17: Service times of patients at the records section on Friday

NO. OF FOLDERS SERVICE TIME(minutes)
10 14
12 18

From Table 4.17, the mean service rate #=41.38 patients per hour (This value was calculated
using equations 3.2 and 3 3)

Number of servers=]

Thus the system utilization p=——=088

P,=1-088=0.12

(0.88)’
—= 26.5
L, 1-0.88
=53 _ (.18 Hours (10.8mi
Wq_.m_ , ours (10.8minutes)
36.5
A =7.48
L 4138-365
7.48

W = e 0.20hours (12.30minutes)

The results show that on Friday at records section, the server is busy 88 percent of the time
and idle 12 percent of the time. The average number of patients in the queue is 6.5; the
average time a patient spends in the queue is 10.8 minutes, the average number of patients in

the system is 748 and the average time a patient spends in the system is 12.30 minutes,
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Table 4.18: Service times of Patients at the health insurance section on Frday

NO. OF FOLDERS SERVICE TIME(minutes)
10 12
Ry T e I s

From Table 4.18, mean service 12— 48.¢ patients per hour. (This value was calculated using
equations 3.2 and 3 3)

Number of servers=1

Thus the system utilization o= 5 =0.75

488

P,=1-075=025

(0.75)*
==t =225
L, 1-0.75 *

Wﬂ = % = 0.06hours (3 6minutes)

36.5

= — 2.9?
48.8-36.5

W = %59: = 0.08 lhours(4.86minutes)

The results show that on Friday at the insurance section, the server is busy 75 percent of the
time and idle 25 percent of the time. More so, the average number of patients in the queue is
2.25, the average time a patient spends in the queue 1s 3.6 minutes, the average number of
people in the system is 2.97 and the average time a patient spends in the queue is 4.86

minutes.
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SERVICE )
NO 1 NIMESI NURSE2Z [NURSES
[
2 5 4 :
3 S 4 5
4 S 8 ]
3 5 s 5
6 —_— 4 4
7 - 5 < |
8 4 3 5
9 5 5 5
10 S 6 5
11 5
12 5

From Table 4.19, the mean service rate 4 (per server per minute) =4.84

Hence 4 =12.40 patients per hour (This value was calculated using equation 3 4)
Number of servers=3

365
3x12.40

Thus the system utilization p= 0.98

From (15) P.= . = 00041

= e s 2 |
The probability that a server is idle is P, +;p1 +§p=
From (3.15) P, =0.01 and pP.= 0.02

2 T =G 2 1 &
Hence pﬁ;pj+§pz—-ﬂ.ﬂ041+guﬂ,ul+~j-x0.ﬂz 002

36.5 x lltﬂ)x[ﬂ

i
L} '2"“} x0.0041 = 48.29
L, 2(3x12.40-365)° ;

| W.=%= 1.32hours (79 2minutes)
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36.5

=4829+ = 5]
L 1240 "
=2 o oo (84minutes
365 o )

The result show on Friday at the history section, the system utilization of the servers is 98
percent and the probability that a server is busy is 2 percent. The average number of patients
in the is 48.29, the average time a patient spends in the queue is 79.2 minutes, the average
number of patients in the system is 51.23 and the average time a patient spends in the system

is 84 minutes.

Table 4.20: Service times of patients at the consulting rooms on Friday

CUSTOMER SERVICE TIME(minutes)

NO. DOCTOR 1 DOCTOR 2 DOCTOR 3
| 6 7 2
2 6 2 4
3 4 3 5
4 4 3 3
5 4 2 3.
6 4 8 3
T G 4 2-
8 3 4 T
5 >
10 4
11 1

From the table 4 20, the mean service rate 4 (per server per minute) =4.37

Thus x£=13.73 patients per hour. (This value was calculated using equation 3.4)

Number of servers=3

36.5

tilizati = —=0.89
Hence the system utilization p Ty
P - 1 =0.028
’ 36.5 )' 365 Y [ 36.5 )’ :
13.73 13.73 13.73
1+ 5 + ==
1 2 6(1- 0.89)
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. 2 1
Thepmhdnluythn:mu:deu p‘aip1+ip=
From (equation 3 IS}pl=un?md p.= 010

2 1 2 1
}m pn'f'!-pl'l'ip:ﬂu.m*;ID.W+']""“-“]- 0.11

36.5x13.73 « [3&5]

13.73
From (1 = 0.028 =599
" L, 23x13.73-365)

o299

—=0.1
=363 6hour (9. 6minutes)

36.5
1373

L =599+ = 8.65

W =——=0.24hours (14 4minutes)

The results show that on Friday at the consulting rooms, the system utilization of the servers

is 89 percent and the probability that a server is idle is 11 percent. More so, the average

number of patients in queue is 5.99, the average time a patient spends in the queue is 9.6

minutes, the average number of patients in the system 1s 8.65 and the average time a patient

spends in the system is 14 4 minutes.
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5.2 DISCUSSION OF RESULTS
thmnwmﬂm-whuhmuhﬂy-‘
MﬂmﬁmSuu-‘MMTm had the highest amval rate(4] $
pﬁ-uwhwlniﬁidqmnhum:-ﬂMSmuwm Thus, from
8:00am 10 12 00pm on Tuesday and Friday, 166 patents and 146 patents respectively would
have entered the system

hﬁm'hmﬁmilutmhndhhmmh-hh-“m
mﬂbﬂhhmﬁmmﬂmmﬂﬂ,mw

Mwofhmmﬂhmuhmm. INSUrAnce section,
hiuymﬁmndm;mu{mﬁm 5$.3) shows that the server at the records
section 1s the busiest on Monday On Tuesday and Wednesday, the servers at the consulting
mnnhhﬁuﬂihmﬁm-dfnhy,hmnhhymuh
busiest
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MMwmﬁhm-mm;mmTﬂqﬂwﬂhﬂdﬂH
Mﬂiliﬂﬂeiﬂndymmmy:hunum}.mﬂmmuﬁl_ﬂ!m
nﬁvﬂmeufmepmuumﬂmhmmmuﬂum On Tuesday for
example, the number of patients in the system at the consulting rooms increases by 042
patients every hour whiles on Wednesday, the number of patients in the system at the
consulting rooms increases by 175 patients every hour Thus from 8:00am 1 12:00pm, the
number of patients in the system at the consulting rooms on these two days would have
increased by 1 68 patients 70 patients respectively. This situation (especially on Wednesday)
would make the system congested and crowded since the queue length at the consulting

rooms would be too long.

Suppose the number of servers in the consulting rooms on Tuesday is increased from three to
four, the system utilization of the servers becomes 75.84 percent (the arrival rate of servers is
less than the service rate of servers). The number of patients in the queue becomes 1 83, the
average time a patient spends in the queue would be 2.65 minutes, the average number of
patients in the system would be 4.86 and the average time a patient spends in the system
would be 7 minutes. Suppose the mean service rate on Tuesday at the consulting rooms is
instead reduced from 4.39minutes to 3.39minutes, the system utilization of the servers
becomes 78.15 percent. The queue length then becomes 2.10, the average time a patient
spends in the queue becomes 3.04 minutes, the average number of patient spends in the
system becomes 4.4 and the average time a patient spends in the system would be 6.36

minutes.

On Wednesday, suppose we add another server to the server in the consulting room, the
system utilization of the server becomes 94 percent. The average number of patients in the

queue becomes 12.72, the average time a patient spends in the queue becomes 20.35 minutes,
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the average number of Patients in the system becomes 14.60 and average ime a pantent
spends in the system becomes 23 36 minutes. Suppose the mean service rate is rather reduced
-from 3 minutes 1o 1 5 munutes, the system utilization of the servers becomes 93 40. The
queue length becomes 14 73 the average time a patient spends in the queue becomes 23 56
minutes, the average number of patients in the system becomes 15 and the average time a

patient spends in the system becomes 24 minutes.

As shown on Tuesday and Wednesday, increasing the number of servers and reducing the
mean service rate of servers are methods used to make a system reach a steady state.
Reducing the mean service rate of servers to make a system reach a steady state is cost
effective as compared to increasing the number of servers to make a system reach a steady
state. In a hospital setting, since proper diagnosis of patients is required (especially at the
history section and consultin g rooms), the average service rate would be the best guide to
determine whether to increase the number of servers or reduce the mean service rate to make
the system reach a steady state. On the average, a patient spends four minutes at the
consulting rooms from Monday to Friday. thus it would therefore not be prudent to reduce
the mean service rate(as was done) to make the system reach a steady state since doing that
would affect the proper diagnosis of patients. So increasing the number of servers for the

system o reach a steady state would be the best option.

Analysis of the system utilization of the servers also shows that as the busy time of the servers
becomes high(less idle), the queue length becomes [{:«pg thus making patients spend more time
in the queue. For instance, on Friday the history section and the consulting rooms have three
servers each but the system utilization of the servers are 98 percent and 89 percent

respectively. At the history section, the queue length and the average time a patient spends in
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the queue is 48.29 and 722 minutes respectively whiles at the consulting rooms, the queue
length and the average time a patients spends in the queue is 5.99 and 9.6 respectively.

- On the average the number of minutes a patient spends in the system before seeing a doctor is
as follows: 1872 minutes on Monday, 354 minutes on Tuesday, 2956 minutes on
Wednesday, 78.18 minutes on Thursday and 101.16 minutes on Friday. The above results

show that a patient spends more time in the system on Friday than the other days,

The total time a patient spends in the system is equal to the addition of the average limes a
patient spends at each of the four sections of the outpatients department. Thus on the average,
the total time a patient spends in the system are as follows: 24.3 minutes on Monday, 82.89

minutes on Thursday and 115.56 minutes on Friday.

On Tuesday and Wednesday, the total time a patient spends in the system is difficult to
calculate since steady state probability distribution does not exist in the consulting rooms on
both days. However, suppose we use the assumptions in paragraph four and five of this
section, then total time a patient spends in the system on these days (Tuesday and

Wednesday) are 42 4 minutes and 52.92 respectively(when the servers are increased),

Relating the arrival rate of patients 1o the total time patients spend in the system, we see that
though patients spent more in the system on Friday than the other days, the mean amival rate
on this day was the least. The reason for this situation was that the mean arrival rate on this
day was very high at the various sections as mmpareq to the other days. More so, the number
of servers at the history section and consulting rooms were three each as compared to four

servers on the other days.
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It is important to note that the queue lengths at the history section and the consulting rooms

may in actual sense be higher than the ones calculated from the results. The first reason for

-this situation could be that during the study, most of the servers did not start attending to the

patients at the same time. The second reason is that, where as some servers attended to ten
patients in an hour, others attended to five. Moreover after patients had been attended to at the

history section, they had to wait for some time before been attended to by a doctor.

Fig 6.1:A Graph of the arrival rate from monday to Friday
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53 CONCLUSION

The management of hospital facilities such as the outpatient department is very complex and
demanding because of long queues and congestions in the system. The most common
objectives of hospitals have included the reduction of patient’s time in the system,
improvement on customer service, better resource utilization and reduction of operating cost.

To achieve these objectives, we make use of queuing theory.

The primary objective of the study was to look at the queue situation at the outpatient
department of Kwahu Government Hospital-Atibie. In looking at the queue situation at the

outpatient department of the hospital the study looked at the arrival rate of patients, service
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rate of servers and the System utilization of servers. These parameters were then used to
determine the measures of performance of the system such as waiting time of patients in the

© queue/system and the number of patients in the queue/system,

Analysis of the results shows that, there exist variable arrival rate on the days that study was
conducted. Tuesday had the highest arrival rate and Friday had the least arrival rate. However,

patients spent more time in the system on Friday than the other days that study was

cnnductcd._

The system utilization was used to measure the congestion of the system. For instance, as the
system utilization increases, (near 100 percent or.greater than 100 percent) the amount of

queuing also increases.

The main conclusion drawn from this study is that, on the average a patient need not spend
more than two hours at the outpatient department of this hospital. However, servers who do

not start work on the same time could make patients spend more time than expected

54 RECOMMENDATIONS

Hospital settings are confronted with the problems of long queues and congestions. When
these problems are not well managed, any hospital setting would not achieve it broad
objective of providing assessable and quality healthcare to its patients. In the view this
research, when the following suggestions are adhered to by management of the hospital it

would help them achieve their objectives.

When utilization is high, waiting times could be minimized by giving priority to patients who
require shorter service times. Moreover patients with ailment which require regular check ups

should be given specific days to attend hospitals,
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Since system utilization measures the performance of any system, it is important to have a
fixed target utilization rate for all the sections at the outpatients department. This fixed
- utilization rate should be the utilization rate, which would make patients spend less time in the
System. Hence having system utilization above this fixed utilization rate means patients would

spend more time in the system.

Since management of the hospital has a fair idea of the mean arrival rate of patients to the
uulpatiant_departmeut of the hospital, there should be a known average service rate at the
various sections, Servers especially at the history section and consulting rooms should take
the start and finish times of patients when attending to them. This known average Service rate

would serve as check to Servers.
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