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The prospects of a healthy nation depend on the effective governing authorities. There is no other
option but to hold elections to elect these members. The Election Commission of India (ECI) intends
to hold the Assembly and Parliament elections on the same day to reduce the amount of money that
the Indian government must spend. This study aims on reducing the number of polling officers
without reducing their assignments and waiting time of electors to conduct the election smoothly
with help of (M/M/1) :(GD/E/0) Queuing Model.
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1. Introduction:

In a service system with one or more service facilities, customers are referred to as
population, person units, or voters depending on the situation. When customers arrive to receive a
service and the service provider is not available, they must wait in a queue until the provider
becomes available. The arrival of customers is irregular, and often more people arrive at once,
causing longer wait times in the queue. The queuing system's performance is determined by various
factors such as the pattern of customer arrival, the service pattern, queue discipline, customer
behavior, the size of the population, and the maximum length of the queue. As the arrival pattern is
random and unpredictable, it follows the Poisson process. On the other hand, the service pattern
follows the exponential distribution. The queue system's properties are determined by the waiting
time, which depends on the queue discipline. Queue discipline refers to the rule that determines the
behavior of customers and how the queue is formed. The system generally follows the FCFS/FIFO
model, but sometimes priority customers may be served using the LCFS/LIFO model or served
randomly.

Queuing is a process that is commonly used in places like ration shops, cinema theatres, railway
ticket counters, barber shops, banks, hospitals, etc. However, in the past, it was also used in an
election model for a single election. In this paper presents an extension of a queuing model,
considering multiple elections under the assumption that no customer is lost in the system and time is
independent. The paper is divided into five sections. In section one, we introduce the problem
addressed in our study, while in section two, we present a literature review. Section three presents
two different cases of reducing the service provider. In section four, we provide a mathematical
analysis of the model, and its performance indices are predicted through diagrammatic representation
in the form of graphs. Finally, in section five, we draw a conclusion and observation based on our
study.

2. Literature Review:

In recent studies, queuing theory has been found to be useful in solving real-life problems in
various fields. Andrea Marin (2020) et al. proposed a queuing model that mainly focuses on handling
large jobs. Meanwhile, Nail Akar and Ozancan Dogan (2021) explored the Discrete-Time Queuing
Model for the Age of Information, which deals with managing multiple information sources. In
another study, Srinivas R. Chakravarthy et al. (2021) discussed a single server queuing model that
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involves general bulk service. In 2021, Chris Blondia discussed a queuing model for a wireless
sensor node that uses energy harvesting in Telecommunication Systems. In 2022, the same author
investigated the evaluation of the waiting time in a finite capacity Queue with Bursty Input and a
generalized Push-Out strategy. Additionally, Chatak, Bratati, and their colleagues also studied
queues in Hospital services in 2022. Mor Harchol-Balter discussed multi-server queuing model
systems in the same year. Lastly, in 2022, Binoy Kumar discussed reneging in the transient analysis
of the M/M/C queuing model, considering finite capacity and population.

In a research paper by Shabana Sharma et al. (2023), queuing systems that consider
customers' impatience were discussed. The authors also talked about queuing in the context of the
election process. K. Lakshmi et al. (2018) discussed the use of smart e-voting and linking voter
identification cards with Aadhar cards. R. Balaji et al. presented an Embedded-based E-voting
system that uses Fingerprint and Aadhar verification. Sudharsan B et al. (2019) discussed a secured
Electronic Voting System that uses the concepts of Blockchain. Ch. Sai Pratap Varma's paper (2020)
presented an Aadhar card verification-based Online Polling system. Colin Mcintyre (2020) discussed
the problem of long lines on election day in queuing theory.

3. Proposed Methodology:

Our previous paper (2022) introduced a model using biometrics and a single-server finite
model (M/M/1) :(GD/N/) to reduce long queues during an election.

Suppose ECI conducts simultaneous Assembly and Parliament elections in all states. To
achieve this, the Election Commission (EC) of India will need a large number of polling officers.
The EC will prefer to hire state/central government employees as their polling officers. However,
this process will require a significant number of polling officers. This paper focuses on a new model
that aims to reduce the number of polling officers required for the smooth conduct of elections in
India.

The 17th Lok Sabha election took place in India between April 11th and May 19th in seven
phases. The Election Commission of India (ECI) used over a million polling stations for this election,
where millions of people cast their vote. A by-election and general election were conducted on the
same day in a few states, including Andhra Pradesh, Arunachal Pradesh, Odisha, Sikkim, and 22
seats of the Tamil Nadu Legislative Assembly. Conducting elections across India simultaneously
requires a large number of government employees - about 6.2 million. However, it is challenging to
get many employees. Currently, the ECI employs five plus one (presiding officer) government
employees per polling station. In our research paper, the focus is on reducing the number of polling
officials and by developing a mathematical model from five members to four / three members
without disturbing their assigned work. Our novelty is to develop a new model in a most effective
way to reduce waiting time and queue length in the system.

Table 1: Election Duties-Polling Officers for Existing and Proposed for assembly and parliament

election.
. . Duties on Election Day
Polling Officers Existing Proposed
In-charge of Electoral Role, Marked
PO1 I(;\(;cha;gg |(()jfenlt5i!‘?g;0trhael EIngfc,)rsMarked Copy, ldentifies the Electors and BIO-
Py METRIC with voter slip

PO2 Indelible Ink and Voters Register Voters Register, Indelible Ink
PO3 Incharge of voters slip

Controls the Control Unit of | Controls the Control Unit of
PO4 . . S .

Parliament election. Legislative election.

Controls the Control Unit of | Controls the Control Unit of
PO5 S . . .

Legislative election. Parliament election

Head and Overall, In-charge of Polling | Head and Overall, In-charge of Polling
PRO ) .

Station Station

Construction of Single server Finite Model -(M/M/1): (GD/E /=) —For Elections.

Nanotechnology Perceptions Vol. 20 No. S13 (2024)




Queuing technique as a solution for long..... S.M.A. Shahul Hameed et al. 2091

When voters enter the system, they are directed to cast their votes after receiving service from

different polling officers in order. Let E denote the capacity of voters in the system. Our study is
based on the following assumptions.

1. Voters are reliable to Bio-Metric System.

2. Operating Characteristic is independent of time.

3. EVM and VVPAT are working in Good Conditions.

4. We assume PO1, PO2, PO3, PO4, PO5 as a,fB,y,d,e respectively as unit per time. We
divided the service provider time into seven sectors, each consisting of five polling officers
with a separate compartment. The two remaining compartments had ballots for the assembly
and Parliament elections.

Notations:

1. Ais the arrival rate of voters per unit time

2. uisthe service rate of voters per unit time

3. Lgg- Expected number of voters in the existing system

(without Bio-metric)

4.  Wsg- Waiting time of voters in the existing system

(without Bio-metric)

5. L;- Expected number of voters in the proposed system with five PO’S.
L,- Expected number of voters in the proposed system with four PO’S.
L- Expected number of voters in the proposed system with three PO’S.
W, —Waiting time of voters in the proposed system with five PO’S.

9. W,- Waiting time of voters in the proposed system with four PO’S

10. W;5- Waiting time of voters in the proposed system with three PO’S
Mean Arrival Rate When there are ‘n’ customers in the system

A, ={7\ ,n=20,12 ....E—1}

0N

On=EE+1,......
Mean Service Rate When there are ‘n’ customers in the system
= = ) = 0;1;2: e
n=tp atf+y+o+e J
Utilization factor p = +
oy ey
Probability of ‘n’ customers in the system
" \
| A |
_ 4 T Py, n<E $
| (a+ﬁ+y+5+£) |
t 0o,n>E }
Where P, is the probability of the system is empty determined by the equation Y;—, P, =
A
L S \

(m)

EvioP =71 I
> (a+B+y+6+s E
Sl |

( a+B+y+6+s

1 Which gives P, = 4
I
k 1

w1 P
( . 1 i\
( 515
A I ESETE:
1 axbry = E+1,p¢1,n=0,1,2......_E
P, ={ GFpTyTo+e - , |

1
(a+[>’+y+5+s)

—, p=1n>E
E+1 P70
Note: There is no vote is lost in the system, hence A.¢fective = 4

Average number of customers in the system
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( E+1
A
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(a+ﬁ+y+6+e) (a+ﬁ+y+8+s)
X - TP F 1L
@FpTyFo+e 1- 1
(a+ﬁ+y+6+e)
E
7z Pl
Waiting time of customer is evaluated by Little’s formula
L
Wl_a
Case1: When y =0
E+1
A
A (E+1) !
(a+ﬁ+6+e) (a+ﬁ+8+e)
2 - Frr P F 1
GFpTro+e 1- 1
(a+,8+8+s)
E
z Pt
L,
W, = —
272
Case2: Wheny =0,e =0
r E+1
A
A (E+1) :
@573 @rp+d
A - g P FL
Y ET) 1- 1
(a+[3+5)
\ 7 - p=1
Ls
Wy = —
T2

4. lustration:

The data provided by us was collected from the Election Commission of India's website
source, published in 2019 after the parliamentary election.

Table 2: Voter’s Data for Parliament Election, Tamilnadu Region, 2019

Z=Voters in

S.No | Parliament Total elector | X=Total voters | % Y=Total booth | single
booth=X/Y

1 Ramanathapuram | 1559740 1066146 68.35 | 1916 556
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Figure 1: Voter’s turnout time, percentage for Parliament Election, Tamilnadu Region
(Ramanathapuram),2019
Consider
A = the percentage of voters turn around at the end of the poll.
B = the percentage at different times of polls.
Z = Number of voters in a single booth.

Formula:
Cumulative Arrival Rate CA = %x Z
Calculation:
= = l = = 47 =
For T; (In proposed Model) A = 47 per hour ,u = " E=7 o TS 3.13
Lo = [1 = 3.13 8(3.13)8
S¥$TH T 1-313 1-3.138
= 6.53
Weys = W1 = 6.53 = 8.34 j
- SsYs = v = 47x60_° per min. - |
Table 3: Calculation for Existing Model for Long Queues on Multiple Election
) Existing Model calculation
Timing Cumulative altlr(r)i.\(/)gl A per hour 1
() 0 P If n=3E=T
% Lsg Wse
LR 94 47 3.9 6.66 8.5
T2 317 223 55.75 4.65 6.73 72
T3 423 106 53 4.42 6.70 7.6
T, 518 95 47.5 3.96 6.66 8.42
Ts 556 38 38 1.58 5.49 17.35
Table 4: Calculation for Proposed Model for Long Queues on Multiple Election
Proposed Model
Cumulative No:of 1 per PO’S=5 PO’S=4 PO’S =3
Timing arrival P Ifa=B=y Ifa=p
(CAH hour ! Ifa=p _
() =1/min — 1/min =1/ min
§=e=05/min | 8§ = 0.5/ min
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p= 1,E=7 0 =¢ u = 0.4, E=5
* = 0.5 / min
u= i, E=6
[ Ly W e L, W, e Ly W3
T; 6.53 1834 |237|529|6.75|1.95|5.02 |5.19
94 94 47 3.13
T, 317 223 5575|372 |6.63|7.14 | 282|545 |5.87|2.32|5.26 | 4.61
T5 423 106 53 35 |661|748 | 268|541 |6.13|2.21 |52 |4.78
T, 518 95 475 | 31216541826 |240|530|6.7 |1.98|5.04|5.15
Ts 556 38 38 1.27 | 4.67 | 14.75 ] 0.96 | 2.84 | 8.95 | 0.79 | 2.11 581

= | (S-Exist) ==@m=|] emgu=]2 L3

Figure 2: Expected number of voters in the system existing and proposed method

>—o—0—

T1 T2 T3 T4 T5

= WV (S-Exist) e=@m=W1 e===\\2 w3

Figure 3: Waiting time of voters in the system existing and proposed method
5. Observation And Conclusion:
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The following conclusion are made

1. Trending line L3 indicates a smaller number of voters in the system when we compare it
with the existing model.

2. Trending line W3 indicates reduced waiting time for voters so that they don't have to wait in
long queues to cast their votes.

3. Our model of reducing polling officers will increase the rate of voter arrivals during peak
hours in the morning and evening, without causing any loss of voters, thereby increasing the
overall turnout percentage.

4. After reducing the number of polling officers from five to three (excluding PRO), our model
yielded the best results.

5. The novelty of our approach to reducing the minimum number of polling booths with
reduced polling officer without reducing their duties will give monetary benefits to ECI.

6. The primary feature of our model is to reduce queue length and enable smooth conduction
of multiple elections.
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