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Abstract - Long queues are seen in our everyday life. A queue forms when the arrival of customers exceeds the number of
customers taken to service. Queueing theory is modelling mathematical models of different queueing systems to identify the
character of the queue. The Covid-19 pandemic has ravaged the world, posing an unprecedented threat to humanity. And Covid-
19 vaccination programmes are underway globally. In this study, we try to understand the queue form in-frond of a Covid-19
vaccination centre and some of the particular models that are helpful in the evaluation of the queue of the Covid-19 vaccination
centre. Data analysis can be done by collecting data from the primary health centre for a period of time.

Index Terms - Arrival rate, Covid-19, M/D/1 queueing model, M/M/1 queueing model, Service rate.
INTRODUCTION

Waiting in a queue for services is a common phenomenon in our daily life. To quantify the phenomenon of waiting in lines,
researchers calculate relevant performance measures such as mean line length, mean waiting time in line, and mean facility usage.
Agner Krarup Erlang, a Danish mathematician and engineer, first proposed queueing theory in the early twentieth century. Erlang
was employed by the Copenhagen Telephone Exchange, and he intended to examine and improve the company's processes.
Nowadays we know, Covid-19 pandemic hits all over the world. More than 50 lacks people lost their life due to the Covid-19
disease. Today as a partial cure the Covid-19 vaccines are discovered, and it is distributed all over the world. The India
Government take initiative to distribute free vaccine through primary health centres, Hospitals Vaccination camps etc. In this
paper, we used the queue from the Covid-19 vaccination centre. In this paper, we aim to find a suitable model which helps to
reduce the waiting time in-frond of the Primary heath-centre.

METHODOLOGY

A queue system has a fairly straightforward mechanism. Customers are greeted by one or more waiters when they arrive at the
services counter. A customer leaves the system as soon as he/she has been serviced. Customers arriving for service, waiting for
service if it is not instantaneous, and if they have desired service, exiting the system after being serviced can be defined as a
queuing system.

Queuing Theory Distribution

The arrival and departure of the customer are random and independent. The Poisson distribution is a good choice if the arrivals are
all random and independent. The probability for Poisson process is:
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Little’s Law

The average number of customers in a stationary system (L) is equal to the average arrival rate () multiplied by the average time
that a customer spends in the system (W), according to John Little's law.

L=AxW @)

Model Used

In operations research, there are numerous queuing models that can be used.
The general form of a queuing model is Kendall’s Notation.
Kendall’s notation
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Service time distribution.

No: of servers on the system.
No: of clients on line.

Queue discipline.
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The model represented as
(M/M/1) : (== [FCFS)

M/M/1 QUEUEING MODEL

This is a single server queue with infinite capacity, the service disciple is first come first serve. These M/M/1 queues are the
simplest queuing model among queuing models and the arrival and departure follows Poisson distribution and the service rate is
distributed exponentially.. The queue is considered as stable if the Traffic intensity p<1.

Mean arrival rate : A Mean service rate :

Table 1. The steady-state parameters for M/M/1 Model

Attributes Equation
Traffic intensity b= A

: I
The mean no: of people in the system Ls = A

u—A

The mean no: of people in the queue A*

Lq = uly — 1)
The mean waiting time in the system Ws = u—ll
The mean waiting time in the queue Wg = —

pip—-a

The M/D/1 model represented as
(M/D/1): (FCFS:t2),

M/D/1 QUEUING MODEL

Which states that this is an endless queue, that the queue's arrivals follow a Poisson process, and that the service time is constant
(deterministic). It has a single server. Also the queue disciple is first come first serve. Customers arrive at random and
independently. Service is unaffected by the length of the queue.

Arrival Rate :A Service Rate :p

Table 2. The steady-state parameters for M/D/1 Model

Attributes

Equation

Traffic intensity

The mean number of customers on system

The mean number of customers on line

The mean time delaying on system

The mean time delaying on line

DATA ANALYSIS

The data was collected from the Primary Health centre where the Covid-19 vaccination provided, by the observed data provided
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by the authorities. The cost of the vaccine is free. The number of slot or people arrive at the centre is depends on the availability of
vaccine. On the day of observation there are 72 customers arrived for vaccination, and vaccination service starts at 9:54am and
ends at 2:14pm. The customers arrived from 9:00am.

Table 3: Arrival and departure of customers in 30 min interval
Intervals Arrival/30 min | Departure /30 min
9:00-9:30 21 0
9:30-10:00 15 0
10:00-10:30 15 5
10:30-11:00 3 25
11:00-11:30 6 23
11:30-12:00 2 4
12:00-12:30 5 5
12:30-1:00 0 4
1:00-1:30 3 1
1:30-2:00 2 3
2:00-2:30 0 2

Table 3. Analysed data and its values using M/M/1

Attributes Symbol Values
Number of customers ! 72
Avrrival rate A 1.886
Service rate u 1.945
Traffic intensity p 0.96967
Mean waiting time in the queue Wy 16.435
Mean waiting time in the system Ws 16.949
The mean no: of people on line Lyg 30.996
The mean no: of people on system | Ls 31.9661

Table 4. Analysed data and its values using M/D/1

Attributes Symbol Values
Number of customers 1 72
Average rate of customers arrived A 1.886
per unit time
Average rate of customers served T 1.945
per unit time
Utilization factor p 0.96967
Mean delaying time on the line Wy 8.4667
Mean delaying time on the system Ws 8.73164
The mean no: of people on line Lyg 15.9683
The mean no: of people on system Ls 16.4678
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Arrival Rate and Poisson distribution
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Figure 1: Calibration of Arrival rate and Poisson distribution

Service rate and Poisson distribution
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Figure 2: Calibration of service rate and Poisson distribution

LIKENESS OF M/M/1 AND M/D/1 MODEL TO THE OBSERVED DATA
Table 5. Likeness between the M/M/1 and M/D/1 model to Observed Data.
PM Observed Data | Computed data Relative error Percentage error
M/M/1 M/M/1 M/M/1 M/D/1 M/M/1 M/D/1

Ls 25.23 31.96 16.467 0.2667 0.3461 26.67 34.61
Lq 24.15 30.99 15.986 0.2832 0.3383 28.32 33.83
Ws 15.04 16.949 8.731 0.1269 0.4194 12.69 41.94
Wq 14.43 16.435 8.446 0.1389 0.4146 13.89 41.46

(PM-Performance measures)

M/M/1 MODELING AND SIMULATION

Simulating a physical phenomena with a set of mathematical formulas is known as simulation. The mathematical model for
M/M/1 queueing model is derived by using simulation on Microsoft excel with assumptions such as, the customers arrived via
Poisson distribution. And also at an independent rate. The services is follows an exponential process.
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5 1120475 24004706 2916604

Figure 1 shows apart of simulation on excel that use to model the M/M/1 model.
By using the simulation we calculated the M/M/1 model’s simulated values such as Ws, Wq, Ls, Lg.
Table 6. Simulation results on M/M/1.

Wq Ws Lq Ls
18.63962 18.12548 35.15432 35.25406

LIKENESS OF M/M/! MODEL’S SIMULATED AND THEORETIC VALUES.

Table 7. Simulated and theoretical values of M/M/1

Wq Ws Lg Ls
Simulated | 18.6396 | 18.1254 | 35.15432 35.25406
Values
Theoretical | 16.435 16.949 30.996 31.966
Values
RESULTS

A. Result

From table 5 the comparison between M/M/1 and M/D/1 to collected data we can observe that the M/M/1 model is much more
accurate than the M/D/1 model. The percentage error on the M/M/1 model is in a range of 12.69% to 28.69% and the percentage

error on the M/D/1 model is in a range of 33.83% to 41.94%. And the arrival rate and service rate of the queue follows the Poisson
distribution.

B. Result

From table 6 and table 7 we can say that the simulated value of the M/M/1 model be near to the Theoretical value calculated ion
table 3. This gives the idea that the simulated model for M/M/1 model is accurate.

CONCLUSION

This research report is based on a queue form in a single-server vaccination centre. Based on theoretical and simulated evidence,
we may say that the M/M/1 model is accurate. Yet, when the data collected is evaluated to other analytical methods, it becomes
evident that neither the M/M1 nor the M/D/1 models are correct. On the other side, the M/M/1 model is marginally more precise
than the M/D/1 model. Despite the fact that M/M/1 model has many of the same characteristics as the observed model, it can be
used to improve the system and service by minimising client wait times in large queues..
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