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ABSTRACT 

 

ARTICLE INFO 

Queuing theory can be used to predict some of the important parameters like total 

waiting time, average waiting time of patients, average queue length. The simulation of 

queuing system can be applied to many real-world applications. If it were possible to 

improve the queues, there would be more profits made and more time to carry out 

business than ever before, which would be very useful in this fast paced world. This 

paper describes the use of queuing systems to decrease the waiting time of patients. 
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I.  INTRODUCTION 

Queue is a common word that means a waiting line or the 

act of joining a line. It is formed when the number of  

customers arriving is greater than the number of customers 

being served during a period of time. Long waiting list or 

waiting time in public health is a notorious problem in most 

of the countries all over the world. This paper describes the 

use of queuing systems to decrease the waiting time of 

patients. Patient flow is a complex phenomenon because of 

the random nature of the arrival and service of the patients. 

This requires a systematic approach in planning. Queuing 

theory and simulation are analytical techniques that are 

increasingly being accepted as valuable tools. Queuing 

systems are quicker to use however, they do not have the 

flexibility of simulation technique.  It describes the inter 

arrival time and service time of the patients coming to the 

hospital with a suitable distribution.  The primary inputs to 

these models are arrival and service patterns. These patterns 

are generally described by suitable random distribution. It is 

found that the inter arrival time of patients follows the 

Exponential distribution, and the service time follows Normal 

distribution. Queuing theory can be used to predict some of 

the important parameters like total waiting time, average 

waiting time of patients, average queue length. The queuing  

 

 

 

system predicted the average waiting time of patients, average 

queue length, closer to the actual values. Queuing theory is a 

stochastic approach dealing with random input and servicing 

processes. As there is a phenomenological analogy between 

a queuing system and the systems in humans, the aim of the 

present study was to apply queuing theory with Monte Carlo 

simulation.Simulation is a mimic of reality that exists or is 

contemplated. Simulation is most effectively used as a stage 

in queuing analysis. The simulation is run for patients coming 

to department, the pertinent parameters like waiting time, 

service time, waiting time-service time ratio.    

  

Queuing Theory 

 

Queuing Theory is mainly seen as a branch of applied 

probability theory. Its applications are in different fields, e.g. 

communication networks, computer systems, machine 

plants and so forth.  

The Queuing Theory, also called the Waiting Line Theory, 

owes its development to A. K. Erlang’s efforts to analyze 

telephone traffic congestion with view telephone traffic 

congestion with a view to satisfying the randomly arising 

demand for the services of the Copenhagen automatic 

telephone system, in the year 1909. The theory is used in 
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situations where the customers arrive at some ‘service 

stations’ for some service, wait (occasionally not), and then 

leave the system after getting the service. In such ‘arrival 

and departure’ problems, the customers might be people 

waiting to deposit their electricity bills at a cash counter, 

machines waiting to be repaired in a factory’s repair shop, 

aero planes waiting to land at an airport, patients in a 

hospital who need treatment and so on. The service stations 

in such problems are the cash counters in the electricity 

office, repairmen in the shop, runways at the airport and 

doctors attending the patients, respectively. 

In general, a queue is formed at a queuing system when 

either customers (human beings or physical entities) 

requiring service wait due to number of customers exceeds 

the number of service facilities, or service facilities do not 

work efficiently and take more time than prescribed to serve 

a customer.The only way that the service demand can be 

met with ease is to increase the service capacity (and raising 

the efficiency of the existing capacity if possible) to the 

exiting level. The capacity might be built to such high level 

as can always meet the peak demand with no queues. But 

adding to capacity may be a costly affair and uneconomic 

after a stage because then it shall remain idle to varying 

degrees when there are no or few customers. A manger, 

therefore, has to decide on an appropriate level of service 

which is neither too low nor too high. Providing too low 

service would cause excessive waiting which has a cost in 

terms of customer frustration, loss of goodwill in the long 

run, direct cost of idle employees (where, for example, the 

employees have to wait near the store to obtain the supplies 

of materials, parts or tools needed for their work), or loss 

associated with poor employee morale resulting from being 

idle. On the other hand, too high a service level would result 

in very high set up cost and idle time for the service stations, 

thus, the goal of queuing modeling is the achievement of an 

economic balance between the cost of providing service and 

the cost associated with the wait required for that service. 

Queuing Theory tries to answer questions like e.g. the mean 

waiting time in the queue, the mean system response time 

(waiting time in the queue plus service times), mean 

utilization of the service facility, distribution of the number 

of customers in the queue, distribution of the number of 

customers in the system and so forth. These questions are 

mainly investigated in a stochastic scenario, where e.g. the 

inter-arrival times of the customers or the service times are 

assumed to be random. 

 

Case Study: Overview of Process 

Daily, 70-80 patients (new and old) arrived in 

Chemotherapy section. It seen that, patients are waits in 

queue for a long time. Large Queue length seen in the 

Chemotherapy section. When the demand for a service 

exceeds the capacity of that service, waiting is unsurprising 

and inevitable. So this the large problems in the healthcare 

sector. Queuing systems theories have been used to study 

waiting time and predict the efficiency of services to be 

provided. In this department, problem is to be identified. 

Queuing theory and simulation technique is used and 

optimum resources used to reduced the average waiting time 

 

 II.  VALIDATION OF INTER ARRIVAL TIME AND 

SERVICE TIME PROBABILITY DISTRIBUTIONS 

 

 hospital comprised of patients inter arrival times and 

service times. The data collected is for the Radio therapy 

section. The frequencies of patients are calculated and the 

distributions for this section is plotted on the graph with 

inter arrival time and frequency as an ordinate as follows. 

 

A) DISTRIBUTIONS FOR INTER ARRIVAL 

TIMESINTER ARRIVAL TIME 

PROBABILITY DISTRIBUTION FOR RADIO 

THERAPY SECTION : 
The inter arrival time of patients visited the Radio therapy 

section for 3 days is recorded and the frequency at fixed 

values of inter arrival times is calculated data collected as 

shown in the table 2.1.The graph is plotted between the inter 

arrival times and frequency of patients visited. The curve 

obtained resembles to the standard exponential probability 

distribution curve as shown in the fig. 2.1. Hence it can be 

concluded that the inter arrival time for chemo therapy 

section follows the exponential curve.It can be observed that 

highest frequency 138 is at the 6 min. inter arrival time. But 

at 4 min of inter arrival time, the frequency is 64 (red point 

in fig. 2.1.), this recorded data somewhat deviates the 

distribution curve from the exact exponential curve. Except 

this 4 min. frequency 64, all other data fits to exponential 

distribution as shown in the fig. 2.1. from 138, gradually the 

frequency goes down approximately exponentially towards 

the lowest value 2 at the inter arrival time of 14 min. hence 

it can be predicted that the most of the time the patients 

come frequently with interval of 6 min.This kind of 

frequency may lead for high waiting time.  

 

Table 2.1.Inter arrival time and frequency of patients for 

Radio Therapy section. 

 

Inter Arrival Time 

(min.)  

Frequency 

4 64 

6 138 

8 34 

10 14 

12 2 

14 2 

 

Fig 2.1. The inter arrival time distribution for Radio Therapy section. 
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A) DISTRIBUTIONS FOR SERVICE TIMES  

SERVICE TIME PROBABILITY 

DISTRIBUTION FOR RADIO THERAPY 

SECTION : 

The service time of patients visited to the Radio therapy 

section for 3 days is recorded and the frequency at fixed 

values of service times is calculated data collected as shown 

in the table 2.2The graph is plotted between the service 

times and frequency of patients visited. The curve obtained 

resembles to the standard normal probability distribution 

curve as shown in the fig. 2.2. Hence it can be concluded 

that the service time for Radio therapy section follows the 

Normal distribution. 

  

Table 2.2  Service time and frequency of patients for Radio 

Therapy section 

 

Service Time (min.) Frequency 

2 1 

4 102 

6 130 

8 14 

10 6 

12 2 

 

It can be observed that highest frequency 130 is at the 6 min. 

service time. In the curve, gradually the frequency goes up 

and then down. It can be predicted that the most of the time 

the patients come frequently with service time of 6 min.   

 

This kind of frequency may lead for high waiting time. 

 
Fig 2.2 The service time distribution for Radio therapy section. 

 

In all above mentioned sections the inter arrival time and 

service time distributions have been discussed in details. 

After identifying the probability distributions the patient’s 

arrival and service time behavior can be predicted and the 

whole system can be simulated to find out the average 

waiting time by simulating the much more number of 

patients.  

III. CALCULATIONS OF AVERAGE WAITING 

TIME FOR RADIO THERAPY SECTION USING THE 

SIMULATION OF PATIENTS 

 

A) AVERAGE WAITING TIME FOR RADIO 

THERAPY SECTION WITH PRESENTLY 

AVAILABLE MACHINE : 

The first frequencies are calculated for each inter arrival 

time and probabilities are calculated by dividing the each 

frequency by total frequency. The cumulative frequency is 

calculated as shown in the table 3.1. 

Distribution of Inter-

Arrival Time Distribution of Service Time 

Int

er  

F
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q. 

P

r

o

b. 

Cu

m. 

Ran

dom  

Se

rvi

ce 

F

re

q. Prob. 

C

u

m. 

Ran

do

m  

Arr

ival 
    

Pro

b. No. 
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m
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Pr
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. No. 

Ti

me       

Inter

val        

Inte

rval 

4 

1

7 

0.

2

1 0.21 

00-

20 4 

3

0 0.36 

0.

36 

00-

35 

6 

5

0 

0.

6 0.81 

21-

80 6 

4

6 0.56 

0.

92 

36-

91 

8 

1

2 

0.

1

5 0.96 

81-

95 8 5 0.06 

0.

98 

92-

97 

10 2 

0.

0

2 0.98 

96-

97 10 1 0.01 

0.

99 98 

12 1 

0.

0

1 0.99 98 12 1 0.01 1 99 

14 1 

0.

0

1 1 99  

8

3 1   

 

8

3 1        

 

 

The simulation is done for 83 patients (1 day) for the Radio 

therapy section by using the MATLAB program. Random 

numbers are generated and the interval is identified for the 

generated random number and accordingly the inter arrival 

time of the patient is decided same is done for the service 

time. Presently the 1 machine is available for providing the 

services. The assignment of patient to the machine is done 

by checking the availability of machine for next patient. 

Then the waiting time for each patient is calculated and 

average waiting time is determined.The average waiting 

time for Radio therapy patients is 7.09 min. and the average 

service time calculated is 13.38 min. 

 

A) AVERAGE WAITING TIME FOR RADIO 

THERAPY SECTION WITH ONE EXTRA 

MACHINE. 

 

In order to reduce the average waiting time of patients’ one 

extra machine is made available virtually in the MATLB 

program and the waiting time calculations are done 

according the stated procedure in the last chapter. It can be 

identified that addition of one machine to Radio therapy 
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section has reduced down the 0 min. This indicates that the 

addition of a machine has reduced down the waiting time to 

zero i.e. no waiting at all. 

 

IV.RESULTS AND DISCUSSION :RESULTS 

DISCUSSION FOR RADIO THERPY SECTION 

 

The calculations done for the Radio therapy section with 

single machine (present) and 2 machines (proposed) indicate 

that the addition of one more machine has reduced the 

average waiting time from 7.09 min to 0 min i.e. no waiting 

time at all. From fig. 4.1 and 4.2 it can be concluded that the 

peak waiting time is 22 min when single machine is 

available and its 0 min when 2 machines are available. 

Hence in the fig 10.5, the waiting time line is at zero level. 

 
Fig 4.1. Waiting time peak hours for Radio therapy section with single 

machine 

 
Fig 4.2. Waiting time peak hours for Radio therapy section with two 

machines 

 

V.CONCLUSION 

 average waiting time of patients for each section in the 

radiation therapy and oncology department. The probability 

distributions for patient’s arrival time and service time for 

radiotherapy section have been calculated from the data 

collected and the average waiting time for the present 

resources quantity and availability has been calculated by 

simulating the number of patients using MATLAB program. 

Then the extra resources are added e.g. one machine is 

added to Radio therapy section. After adding the resources 

again the average waiting time has been calculated for 

sections with extra resources. The objective is achieved by 

reducing the average waiting times of the section as shown 

in the table 5.1 and fig 5.1. by allocating the extra resources 

as shown in the table 5.2 and fig. 5.2 

Table 5.1 Comparison of average waiting time for each 

section before and after the allocation of extra resources. 

 Waiting Time (min) 

Sr. 

No

. 
Sections in 

Departme

nt 

Before 

Allocatio

n of 

Extra 

resource

s 

After 

Allocatio

n of 

Extra 

Resource

s 

%  

Reduce

d 

1 Radio 

Therapy 

7.09 0 100 

 

Table 5.2 Comparison of allocation of resources for each 

section before and after the allocation of extra resources. 

 Allocation of extra resources 

Sr. 

No

. 
Sections in 

Departme

nt 

Before 

Allocatio

n of 

Extra 

resource

s 

After 

Allocatio

n of 

Extra 

Resourc

es 

%  

Increas

e in 

resourc

es 

1 Radio 

Therapy 

1 

machine 

2 

machines 

100 

 
Fig 5.1 Comparison of average waiting time for each section before and 

after the allocation of extra resources 

 
Fig 5.2 Comparison of allocation of resources for each section before and 

after the allocation of extra resources 
Form the above figures and tables following points can be concluded. 
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1. The average waiting time for Radio therapy section 

is reduced by 100 if one more machine is added to 

the section. 

 

REFRENCES 

[1].Professor Edward Anderson, A Note on Managing 

Waiting Lines , UT  McCombs School of Business. 

 

[2].Sanish A.  (June 2007) Application Of Queuing 

Model And Simulation To The Traffic At New 

Mangalore Port , Department of Applied Mechanics 

and Hydraulics, NITK Surathkal. Karnataka. 

 
[3].Fatima Yousef Abdalla Barham, (2008), Simulation 

in Queuing Models: Using Simulation at Beit-eba 

crossing check-point, Faculty of Graduate Studies at               

An-Najah National University, Nablus, Palestine. 

 

[4].Wijewickrama A. K. , Int.j.simul.model 5(2006)2, 

56-68, Simulation Analysis For Reducing Queues In 

Mixed-Patient’s Outpatient Department., Nagoya 

University, graduate School of Economics & Business 

Administration, Furo-cho, Nagoya, Japan. 

 

[5].Susan L. Albin, Jeffrey Barrett, David Ito And John 

E. Mueller, (1990), A Queuing Network Analysis Of A 

Health Center, Department of Industrial Engineering, 

Rutgers University, Piscataway, NJ 08855-0909, USA. 

 

[6]. Samuel Fomundam, JeffreyHerrmann,(2007), A 

Survey of Queuing Theory Applications in Healthcare, 

ISR Technical Report 2007-24 , The Institute for 

Systems Research.  

 

[7].Sachin Jayaswal & Gaurav Chhabra, (2005),  

Simulation Study of an Inbound Call Center, 

Department of Management Sciences, University of 

Waterloo. 

 

[8].Igor Georgievskiy, Zhanna Georgievskaya, William 

Pinney (Alcorn State University)  Donald McWilliams 

(Texas Wesleyan University), Using Queuing Analysis 

And Computer Simulation Modeling To Reduce 

Waiting Time In The Hospital Admitting Department. 

 

[9].Ozcan, Y.A., (2006), Firs edition, Jossey -Bass 

Publications, 2006.Quantitative Methods In Health 

Care Management; Techniques And Applications. 

 

[10].Pieter Tjerk de Boer, geboren op 18 januari 1972 

te Wildervank (gem. Veendam), Analysis and efficient 

simulation queuing models of Telecommunication 

Systems. 

 

[11].Ishan P. Lade., (2013),.Simulation of Queuing 

analysis in hospital, International Journal of Mechanical 

Engineering and Robotic Research (IJMERR), Vol 2 

No 3, July 2013, ISSN 2278-0149. 

 

[12].Ishan P. Lade., (2015), Reduction of waiting time 

by using simulation & Queuing, analysis, International 

Journal on Recent and Innovation Trends in Computing 

and Communication (IJRITCC), vol 3 issue 2, Feb 

2015, ISSN 2321-8169. 

 

 

 

 

 


