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Abstract:

Introduction/purpose: The significance of studying voting behaviour is
underscored by its ability to gauge the continuity or divergence of electoral
politics from historical trends, elucidating the real impact of the
transformative ballot box, and contributing to the examination of democracy
as a value among both masses and elites. Additionally, it aids in
comprehending the intricate process of political socialization.

Methods: An inherent strength of the rough set lies in its reliance solely on
raw data, devoid of external inputs. The decision-theoretic rough set
framework, an evolution of the rough set, has garnered widespread
application across diverse domains, serving as a proficient tool for acquiring
knowledge, particularly in navigating situations marked by vagueness and
uncertainty. Despite the proliferation of mathematical models designed to
discern people's voting behavior, a decision-based rough set
recommendation remains noticeably absent in existing literature. This
paper introduces an innovative three-way decision approach grounded in
linguistic information for identifying voting behavior. The proposed approach
is based on a hybrid probabilistic rough fuzzy model incorporating linguistic
information and providing insights into voting patterns.

Results: The three-way decision hybrid models are tested on people and a
highly satisfactory result was achieved for identifying their voting
behaviours. The justification of results was validated through the
mathematical process.

Conclusion: A practical illustration is provided to highlight the importance of
this hybrid model and to confirm its usefulness in identifying and forecasting
voting behaviour.

Keywords: linguistic term, rough set, fuzzy set, three-way decision,
voting behaviour.

605

Majumnder, S. et al, Utilizing a hybrid decision-making approach with fuzzy and rough sets on linguistic data for analyzing voting patterns, pp.605-629



QVOJNOTEHNICKI GLASNIK / MILITARY TECHNICAL COURIER, 2024, Vol. 72, Issue 2

Introduction

The fuzzy set and the rough set are two different but complementary
approaches for modelling uncertainty and vagueness in knowledge
(Dubois & Prade, 1990; Wong & Ziarko, 1987). Zadeh (1965) introduced
fuzzy sets to handle uncertainties in datasets. Pawlak (1982) proposed the
concept of a rough set. The main advantage is that each one is potentially
able to deal with two different types of uncertainty, vagueness for fuzzy
sets and indiscernibility for rough sets. Equivalence relation generates the
indiscernibility between objects. In rough sets, crisp sets are approximated
using equivalence classes which also allow us to eliminate irrelevant
attributes. In the fuzzy set theory, indiscernibility between objects is not
used, which may be considered as a class with unsharp boundaries. Each
of these concepts appears to have its own set of constraints and
limitations.

Deviation and extension are two views that provide distinct
generalizations of rough sets from the classical set theory. For interpreting
rough sets and fuzzy sets, Klir (1994) compared the roles played by non-
classical logic which are both extension and deviation of classical logic. In
the framework of the set theory, it can be achieved with the combination
of arough set and a fuzzy set. An extended notation of a rough set, namely
a rough fuzzy set can be obtained by introducing upper and lower
approximations in fuzzy sets (Yao, 1997). Alternatively, by replacing an
equivalence relation with a fuzzy similarity relation, one can get a fuzzy
rough set. By interpreting the membership function in terms of conditional
probability, one can treat a rough set as a special class of fuzzy sets (Wong
& Ziarko, 1987). A salient feature of both models is that the theoretic
operators, interpretation, and formulation of the membership function are
embodied in the theory. Moreover, rough set operators are not truth-
functional.

When a rough set and a fuzzy set are put together in a hybrid model,
these offer a robust framework to deal with any kind of uncertain,
incomplete and complex information. In many contexts, it enhances the
guality of the decision-making process. The combination of the rough set
and fuzzy set theories has been successfully applied in expert systems,
data mining, knowledge acquisition, process control, etc. Using the rough
set theory, Sharma et al (2018, 2022) developed various hybrid methods
to create decision rules useful for real-world problems. Pal & Kar (2019)
represent time series forecasting for stock market prediction through data
discretization by fuzzistics and rule generation by the rough set theory.
Tufail et al (2022) proposed a novel multiple attributes group decision-
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making algorithm with the combination of a rough set and a bipolar soft
set. Saglain & Saeed (2024) unravelled the power of similarity measures
in multi-polar interval-valued intuitionistic fuzzy soft sets.

Research in multiple attribute group decision-making problems using
fuzzy sets, rough sets, and soft sets has increased in recent years
(Gurmani et al, 2023). Donbosco & Ganesan (2022) proposed a rough
neutrosophic matrix and its application to the MCDM problem for selecting
the best building construction site. Narang et al (2023) introduced a fuzzy
extension of the MEREC method using a parabolic measure and its
applications. Zhan & Wang (2019) defined five forms of the soft covering
based rough set and described the relationship between soft rough sets
and soft covering based rough sets. Zhan & Wang (2019), Zhan & Sun
(2019) and Zhang & Zhan (2019) defined four different fuzzy soft g
covering based fuzzy rough sets and contributed fuzzy soft -coverings.
Yang (2022) proposed a fuzzy covering based rough set over a dual
universe as an extension of the single universe concept.

Motivation

The examination of voting behaviour typically relies on insights
derived from sample surveys, particularly when analysing patterns of
election results at the state or country level. However, such aggregated
data proves inadequate for scrutinizing individual voter dynamics. A
comprehensive understanding of the factors influencing voting
necessitates information on individuals, encompassing voting behaviour,
attitudes, beliefs, and personal characteristics. Recognizing the
impracticality of acquiring such data for every electorate member,
conventional practice involves sampling individuals from the population for
interviews. Subsequently, survey data undergoes processing and storage
conducive to computer-assisted analysis, focusing on elucidating and
providing insights into political opinions and patterns of electoral
behaviour.

Konlan (2017) introduced a case study in the volta region of Ghana
which provides some prediction for identifying voting behaviour. After
reviewing the related literature, it revels that some key attention is required.
Several scholars have made several approaches to improve the
identification of voting behaviour. But their response and effort did not give
convincing results. Lees-Marshment (2019) argued that the growing mixed
findings are worth scholarly attention as they may lead to poor policy
implementation and missed guidance. Bukari et al (2022) introduced the
role of social media in the determination of voting behaviour.
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The literature review shows that identifying voting behavior is not
adequately represented by any existing mathematical framework. This
paper delves into the realm of voting behaviour identification, utilizing fuzzy
logic, the rough set theory and its expanded applications, including
probabilistic rough sets and decision-theoretic rough sets. The objective is
to develop a three-way decision model for distinguishing voting behaviour,
informed by linguistic data, concerning attribute values. In instances where
individuals may not provide precise quantitative descriptions, opinions are
expressed using linguistic terms such as "not so good," "good," or "very
good."

Neutrosophic logic is also used to deal with incomplete and
indeterminate data. The neutrosophic determinacy component (truth,
falsehood) and the indeterminacy component exhibit symmetry as the
falsehood and the truth look the same and they behave in a symmetrical
way with respect to the indeterminacy element which provides a line of
symmetry. Sometimes it seems that neutrosophic logic is more generic
than fuzzy intuitionistic logic. When it comes to real life scenarios, there
are so many cases where intuitionistic fuzzy logic seems more logical than
neutrosophic logic. Consider a following situation in neutrosophic logic.

(T.LF):(1,1,0),(1,0,1), (2,1,1), (0,0,0), (0,2,1)

Such a situation is not possible in a real life scenario. But such a
scenario will not appear in intuitionistic fuzzy logic.

The main aim of this paper is to contribute some knowledge by
proposing a hybrid fuzzy rough empirically testing model which deals with
the voting behavior of people in political marketing in India. As a way
forward measure, we have introduced a fuzzy logic operator in the model
to examine the intention of the voting behaviour of people based on their
linguistic information. With the right kind of implementation of our model,
political parties can improve their electoral outcome.

Background and research issues

This section provides a succinct overview of the key concepts in the
rough set theory, specifically the classical rough set proposed by Pawlak
(1982), the probabilistic rough set, the three-way decision based on the
probabilistic rough set, and the decision-theoretic rough set model
grounded in the Bayesian decision-making process (Hu, 2014; Ziarko,
1993; Yang & Yao, 2012; Yao & Wong, 1992; Yao & Deng, 2014).
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Classical rough set

For an information system m = (7, B,V, ). t is a finite and non-empty
set of objects called the universe. B is a finite set of attributes. V is a set of
the values with ¢: TxB—V as an information function.

Subsequently, for any F < B, the indiscernible relation IND (F) on tis
denoted as

IND(F) = {(x,y) € T X7|f(x) = f(¥),Vf € F}

Clearly, IND (F) is the equivalence relation on 7. Hence, it leads to a

partition of .

For anyY c 1, the lower and upper approximations of Y are shown
below.

Apr(Y) = {(x € 1l[y] € Y}

Apr (V) ={x €t|[y]nY # 0}
It can further be partitioned into three disjoint regions such as:

POSITIVE (Y) = Apr (Y)
BOUNARY (Y) = Apr (Y) — Apr (Y)
NEGATIVE (Y) =t -Apr (Y).

Hence, if y € POSITIVE (Y), then y belongs to the concept Y for sure.
If ye NEGATIVE (Y), then y certainly does not belong to Y. If
y € BOUNARY(Y), then y may or may not belong to Y.

Probabilistic rough set theory with a three-way decision
framework

While classical rough sets offer distinct decision regions, they struggle
with making decisions for the majority of objects. Addressing this limitation,
Wong & Ziarko (1987) introduced the probabilistic rough set model, aiming
to reduce the boundary region and expand the positive and negative
regions. This adjustment relies on the threshold values.

Let < 7, E, P > be a probabilistic approximation space, where P is the
probabilistic measure defined on any subset of the universal set . Then
for any y € Y, an overlap between the equivalence class [y] and the set Y
is defined in the form of conditional probability as

Y nly]
Pr(YIlyD) = Z,

where |. |denotes the cardinality. D
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Using the threshold pair (a,f) with0 <§ <y <1, the lower and
upper approximations of the concept Y are defined as follows:
Apriy,s (V) =y € Pr(Y|[yD) = v}
_ =U{y]eY/E:Pr(Y|[y]) Z v}
Apriy,s (V) ={y € : Pr(Y|[y]) > 6}
=U{ly] eY/E: Pr(Y|[y]) > 6}

Based on (y, §) - the lower and upper approximation, the probabilistic
three-way decision regions are given by

POS(y,5) (Y) = Apriy,s) ()

={yenprri¥YiyD =y} (2)
NEG(ys) (Y) = T\ Aprys) (Y)

={yen:Pr(Y|[y]) <6} 3)
BND s (Y) = Apriy,s) (V) \ Apriy,s) (Y)

={yend <Pr(Y|[yD <v} (4)

The conditional probability of any object may be considered as a
confidence level which an object is having the similar description as y
belongs to Y. If Pr(Y|[y]) = v, i.e, the confidence level is greater than or
equal to y, then we accept y to be in Y, the same is rejected to be in Y if
the confidence level is lesser than or equal to 6, i.e., Pr(Y|[y]) < 6. 1f 6 <
Pr(Y|[y]) <y, then the decision about y to be in Y may be deferred. For
y =1 and é = 0, the probabilistic rough set model coincides with the
classical rough set model. For y = §, one can get the probabilistic two-
way decision model.

Decision-theoretic rough set

The probabilistic rough set model faces challenges in determining the
threshold pair (y, ). To overcome this, the decision-theoretic rough set
model emerges as a straightforward application of the Bayesian decision
theory. This model provides a systematic procedure for threshold
parameter determination, offering a practical and theoretical foundation for
probabilistic rough set applications for a given object y €Y.

Letm={e;,e3,€3, ccocerrrnn. ,em} be afinite set of m possible states
and £ ={bq, by, b3 , ......... , b} be a set of possible actions. Hence, an
m X n, matrix of the loss function can be constructed. If the object is in the
state e,, then u(by| e,) represents the loss for selecting the action b, and
P(e,|ly) represents the conditional probability of y belongs to the state
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e,-.When the action b, is taken for the object y, the expected risk involved
with the action b, is shown next.

G(bkly) = 271 u(bk| er) Pr(er]y).

Let Y < 7, then with respect to Y, a set of two states, = = {Y¥, Y} can
be constructed and the set of actions is given by A ={ bp,by,bg} Where bp
represent the action for classifying an object y € POSITIVE (Y), by
represent the action for classifying an object y € NEGATIVE (Y) and bg
indicate the action for classifying an object y € BOUNDARY (Y).Thus, a
3 X 2 matrix of loss function can be constructed as shown in Table 1 where
u(bp/Y) =ppp, u(by/Y) = uyp and p (bp/Y) = ugp represent the loss
incurred for taking the action bp,by,bg, respectively, when an object
belongs to Y. Similarly, u (bp/Y€) =upy, p (bn/Y) = unn, 1t (bp/Y€) = upy
represent the loss incurred for taking the action bp,by,bg, respectively,
when an object belongs to Y*.

Now, the expected losses for taking different actions when the objects
are in [y] can be written as

G (bp/[y]) = upp Pr (Y/[y]) + upnPr (Y</[¥])

G (bg/[y]) = ugp Pr (Y/[y]) + usn Pr (Y</[¥])

G (bn/[y]) = e Pr (Y/[y]) + pwn Pr (Y</[y])

Now, applying the Bayesian decision procedure, the following rules
associated with minimum risk are obtained:

(P):1f G (bp/[y]) <G (bs/[y]) and G (bp/[y]) <G (by/[y]), then decide
y € POSITIVE(Y).

(N): If G (by/[y]) <G (bg/[y]) and G (by/[y]) <G (bp/[y]), then
decide y € NEGATIVE (Y).

(B): If G (b/[y])<G (by/[y]) and G (bg/[y]) <G (bp/[y]), then decide
y € BOUNDARY (Y).

In order for each object to be classified into only one region, the
tribreaker rule should be considered. The loss function inequality is
considered as

tpp < pUpp< yp aNd piyy < pgy< ppy, With

(unp — tp) (Hpn — Hpn) > (sp — tpp) (Han — HNN)

Under the special condition of the loss function, the decision rules (P-
R), (N-R) and (B-R) can be formulated as follows:
(P-R): If Pr (Y/[y]) 2 v, then y belongs to POSITIVE(Y). (5)
(N-R): If Pr (Y/[y]) £ &, then y belongs to NEGATIVE (Y). (6)
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(B-R): If 5< Pr (Y/[y]) <y, then y belongs to BOUNDARY(Y), @)
where the threshold a and g are given by
y = (upn—tBN) (8)
(upn—usN) + (MBp—UPP)

(UBN—HUNN)
"~ (un—uNN) +(UNP—HBP) ©)

The parameters y and § denote the regions and show the associated
risk in classification. The parameter y makes a division between the
positive region and the boundary region. The parameter § similarly creates
a division between the boundary region and the negative region.

The parameters of the decision-theoretic rough set model are derived
methodically from loss functions, providing a theoretical foundation and
practical interpretation for the probabilistic rough set. This approach is also
readily applicable to real-world problems involving profit, loss, cost, risk,
and other variables.

Fundamentals of the fuzzy set theory

The fuzzy set theory was first presented in 1965 by Professor L.A.
Zadeh (1965) as an expansion of the classical set theory. Uncertain
boundaries are accommodated by fuzzy sets which use linguistic variables
to describe imprecise concepts. Fuzzy sets have thus evolved as a
substitute approach to handling uncertainty (Klement & Schwyhla, 1982;
Mazandarani et al, 2018; Sugeno, 1985; Wu & Xu, 2016; Pawlak, 1985).

The theory introduces the notion of a membership function, assigning
elements a degree of membership within the interval [0, 1]. Let Y’ denotes
the universe of discourse and mg (y) is the membership function for fuzzy
sets Q; then, mg (y) maps each element of Y to the interval [0, 1], i.e.

mg (¥): Y — [0, 1].

Henceforth, the set Q defined on Y is further obtained as Q= {(y,mg
() | y€Y}. In case of an example, let Y = {y;,y,,¥3, V4, 5 } be the
reference set of students and Q be the reference set of “smart” students,
where “smart” is fuzzy term and represented by

Q ={(y1, 0.6), (v, 0.7), (¥3, 1), (v4, 0.5), (y5, 0.3)}.

Here, Q indicates that the smartness of y,is 0.6, y, is 0.7, etc. As a
result, the membership function gives an indication of how similar an
element is to a fuzzy set. Since the membership function is unique to each
assessor or group of assessors, it is evidently subjective. In such case, for
each y €Y, the assessor is able to find an mg (y).
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For a crisp set, the membership function can be obtained as follows:
(1, ifyeQ
e (y)_{O, ify ¢ Q
It shows that the crisp set has sharp boundaries, but the fuzzy set
contains vague boundaries.

Basic terminology in the fuzzy set

1.u-cut: A fuzzy set defined on Y and any number u € [0, 1], the u-cut
is the crisp set Q,= {ylmg (y) = u} and a strong p-cut is the set Q. =
lmg ) >}

2. Level set of Q: All possible levels p € [0, 1] that represent distinct
u-cuts of the associated fuzzy set Qis denoted as a level set of Q.

L(Qu) = {lmg (v) = u}, forsome y €Y.

3. Support: For the fuzzy set Q, its support is a crisp set defined as s
(@) ={ylmg (vy) 20}.

4. Normal and subnormal fuzzy sets: The height of the fuzzy set is the
maximum value of the membership degree of any fuzzy set. When the
height is 1, the fuzzy set Q is normal and subnormal in the case of its height
being below 1. The core of a fuzzy set are those y for which mg(y) = 1.

5. Convex fuzzy set: In the case of the fuzzy set, 4 is convex if mj (r
1) + (1 =1) (r2)) 2 min {mg (1), mg(r2)} y1, 2 €Y, r €0, 1]. )
6. Cardinality: In the case of a finite fuzzy set Q, the cardinality |Q| is

defined as [Q| = X, ey mg (y)and ||Q]| = % is called relative cardinality of
Q.

There are numerous definitions available for fuzziness measurement.
These facts are discussed in Dubois & Prade (1982), Klement & Schwyhla
(1982) and Sugeno (1985).

Elementary operations with the fuzzy set

Let Q,Wdenote distinct fuzzy sets, then they are equivalent if mg(y)=
my (y) Vy €Y and Q € Wif mg(y) <mgy (v) \VyeY

1. Union:T = QUW where, T= {(y,mz(»))} and, mz(y)= max {ms(y),
my (V))}- o _

2. Intersection: H= QN Wwhere, H = {(y,mgz(y))} and mg(y)= min
mg), mw O

3. Complement: Q¢= {(y,mgc(y)} where, mge(y)=1 - mg(y).
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Significance of the fuzzy set

By measuring fuzziness, fuzzy sets provide a useful framework for
expressing ambiguous ideas in plain language and
addressing uncertainties. Fuzzy variables enable gradual transitions
between states, providing a means to express and manage observation
and measurement of uncertainties. The Bayesian decision framework may
include fuzzy choice objects in the set of states of reality, enabling the
creation of decision rules based on a 3x4 matrix of loss functions.

Remark 1: If there are fuzzy decision objects in the set of states of
reality, suppose V = {G, H, |, J} where G, H, |, Je F(t) and satisfy G(y) +
H(y) + I(y) + J(y) = 1 for any yet . Here, F (1) is a set of all fuzzy subsets
of T and a set of actions A = {bp,by,bg}, then we can formulate a 3x4 matrix
for all the values of the loss function. Based on the loss function inequality,
one can formulate Bayesian decision rules.

Operation on a linguistic variable

A variable whose values appear as words or phrases in a natural or
artificial language is called a linguistic variable. Words and phrases that
are obtained through qualitative or quantitative reasoning are included in
these values; they are frequently linked to fuzzy or probabilistic systems,
see Deng & Yao (2014), Xu (2005), Pawlak (1985), Zadeh (1965), Klir &
Yuan (1995) and Chakraborty (2011).

LetM={k,Ja=0,1,.....} be atotally ordered discrete term set. In
this case, r+1 is the granularity of the set M. As the M is totally ordered,
the law of tracheotomy is operated on it, i.e.,kq 2kg, ko< kg, ko= kgiff a 2
B, a < B, a=p, respectively.

The linguistic term set with the symmetric subscript M = {k | a =
-r,....,,—1,0,1,....r}is also present. Here, 2r + 1 denotes the granularity
of M and k, represents an assessment of fairness. k_, and k. are the lower
and upper limits. In the case of the example below:

M = {k_5 = very bad, k_,= bad, k_,= slightly bad, k,= fair, k,= slightly
good k,= good, k3= very good}.

The discrete term set M can further be extended to the continuous
term set M* = { k;| k_.< k_; < k., A € [-r, r]} where k; of M*are the same
as k,of M for A = a.

In M*, index of any term denotes the degree of the term. So, we define
a real-valued function from M*as follows:

M*={k, | k_<k_; <k, A € [, r]} be a continuous linguistic term set

J: M* - [-r,r] be areal-valued function where J(k;) = A for any k,eM™.
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It deals with decision-making problems under uncertainty. When k; €
M, then k, is the original term, while A is the original index. In other words,
ky is the virtual term and A is the virtual term index. The decision maker
consistently employs the initial linguistic terms for assessing alternatives,
while the virtual linguistic term is solely applicable during operations.

In case of a continuous term set M*, for any k;,k,€M*and q, a;, a,€
[0, 1], the following operational laws hold:

(1) k;\ + kl»lz k}\i m

(2) aky= ke

() (ag+ag)ky =g ky + azky

(4) a (ky = k) = aky £ ak,,.

Three-way decision utilizing linguistic information

In this chapter, our main goal is to identify voting patterns using
linguistic term-based information pertaining to all attributes. This involves
addressing two key challenges:

() Computing the conditional probability for each individual
concerning the decision object, where the decision object encompasses
all individuals within the sample space.

(i) Determining the threshold values, denoted as y and 6, is crucial
for the lower and upper approximation, respectively, see Greco et al (2008)
and Pauker & Kassirer (1980).

In order to address the first challenge, a conceptual framework for
probability within a fuzzy event is introduced, specifically tailored to a
linguistic-valued attribute set. This framework enables a nuanced analysis
of voting behavior, considering the inherent linguistic expressions
associated with each attribute.

Definition Let Q = {(y, mq ()) | yER"} is a real-valued fuzzy set. The
associated crisp probability of a fuzzy event is denoted as P (Q)
=2y mo(WP).

Let Q, ={y | mq (y) 2 v}, then the fuzzy probability of the fuzzy event
is P (Q)={(P (@, ¥) | vel0 1]}

Linguistic-valued framework for the information system

Linguistic variables provide the attribute values in an information
system. Consider a linguistic-valued information system as follows:

©1(y1,a1) = k_3, 01(¥2,a1) = k1, ©1(y3,a1) = ko,

@2(V1, 2) = k1,92(y2, az) = k_3, 92(¥3,02) = k4,

©3(v1,a3)= ko, 93(v2,a3) = kz, @3(vs3,a3) = k_q,

@4(V1,a4) = k2, 94(y2,a4) = ko, 94(y3,04) = k_;
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In a table, the information system can be represented as follows:

Table 1 — Linguistic valued information system

UA| a4 a, as ay
)1 k_3 kq ko ky
Y2 kq k_, k; ko
V3 ko ky | kg | kp

In case of a fuzzy set B having membership valuemg (y,) = 0.5, mg
(v,) = 0.7 and mg (y3) = 0.8 and the probabilistic measure P denotes as
P(y;) = 0.2, P(y;) = 0.3 and P(y;) = 0.5 Then, P(B) = Y}, m(y,) P(y;) =
05x%x02+0.7x03+0.8x0.5=0.71.

Next, the associated real-valued function can be defined as below.

Z: M- [0, 1]

Z (ky) =152 (10)

where r is the total number of terms in M.

For the symmetric subscript linguistic set Z: M*= — [0, 1] by

k) = J(k_r
ya (kl) = W (11)

Here, Z (k;) is a continuous mapping having transformation between
M*=and [0, 1].

Proposition

Let M*= {ky|k_, < k< k;, N € [T, r]} be a set of continuous linguistic
terms ‘Z’ is the transformation between M*and real-valued over [0, 1]; then

1.Z2(k_.)=0,Z(ky)=05,Z (k) =1

2. Zis an increasing function over M*

Proof (1): By definition Z (k) = 1221l

SO, Z (k_r) - ”(k—r)_](k—r)l - 0

2r
Z (k) = M) 100 10-Cnl 5

2r
Z (k) = k) —JCk-r)| _ [ r=(=7)I -1
2r 2r
(2): Let—r<A; sA,sr, then, k), 2k,

7 (kxz) - [(kay) = J(k—r)| — AZZ:r
Z (ky,) = Vo) ZJEDL _2tT o A, 21 SO >

2r 2r 2r 2r

Hence, Z (ky,) 2 Z (ky, ), sO, ‘Z’ can be considered as an increasing
function over M* . The middle linguistic label denotes an assessment of ‘in

A+ > Aq+r
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difference’ and the transformation function Z (k,) can further be denoted
using Z (k,) as next.

Proposition

_J(k _ J(k
Z (k) =524 7 (ko) = 0.5+ £2
Proof:

— k) —J(k_r)l

Z (k) = ‘/\—r
= Jk) —J(k-r)

2r

_ Jk)+r _ J(kp) _ J(kp) _
= T—0.5+? —Z(k0)+7 [as Z (ky) = 0.5].

asAej-r,1]

Conditional probability in the linguistic valued information
system

Let D € F(r) and y € 7, then the conditional probability of D with
respect to y denoted by
2a; ead(DW).Z (9;(v.aj)))
)
P ®b) Yo, 2 (9;00a))
where A: [0, 1] x [0, 1] —[O0, 1] is a fuzzy logic operator (Klir & Yaun,
1995; Zadeh, 1965; Wong & Ziarko, 1987).
We define the fuzzy logic operator as A (X, y) = min (X, y).
Ya;eaDO) AN Z(@j(.aj)
=29
Thus, P (D) == @ o
We demonstrate this with an example from Table 1.

, V€T, for all attribute | (12)

,y € t,forall attribute | (13)

Let M == {k;| k_, < k< k;, A € [-4, 4]}
Zq,= Z (@1, (v2,a1)); Zq,= Z (@2, (¥2,a2)); Zq,= Z (@3, (y2,a3)); Za,= Z

(@4, (v2,a4))
Zaj eaA(D(2).Z (¢j(¥2.a))) Zaj eaD(2) A Z(9j(y2.a)))
P Olyy) = = o o
aj @;j(v2.a;) Za]- (pj(y2,aj))
_ D) ANzg +D(¥2) N 2q,+D(¥2)A 24,+D(y2) A zg,
- Vg, + Vay+ Vag+ Vay,
:0.7/\z(k1 )+0.7Az(k—3 )+ 0.7 Az(ky )+ 0.7 A z(kg )

z(kq)+ z(k_3)+ z(k3)+ z(ko)
_ 0.7A00.625 +0.7A 0.25 + 0.7A0.75 + 0.7A 0.5 _ 2.075 _ 0 976

0.625+0.25+0.75+0.5 T 2125

Clearly, P(D| y) satisfies the axioms of probability. We can now define
the lower and higher approximations with the aid of the conditional
probability of a fuzzy event with a linguistic description of the attribute.
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LetDeF(r)and0<6 <y <1andy €er, then
Apr, (D) ={y et |P (Dly)2v}
Aprs (D) ={y €| P (D|y)>é}.

Next, the three-way decision regions are as shown next (Hu, 2014):

a;eaDO) A Z(9;(a)_ "
TayeaZtoay oV (14)
a;eaDO) A Z(9;0)) _ 1
YajeaZ (@ja)) 8} (15)
Ya;eaD) N Z(0;(v.ap)
< 16
T eaz@oay 1 (16)
When the loss function is represented in terms of a linguistic form, the
function J is used to determine the threshold values y and d, thus resolving
the second difficulty. So, inequality in the loss function is:

X
POS(y 5y (D) ={y €1

2
NEG(y 5y(D) ={y €|

BND(Y’g)(D) ={y ET | o<

J (upp) = J (up) < J (unp) @nd J (pyn) < J (upy) < J (upy) With the
condition

{J (unp) = 3 (ugp)} % {3 (upn) =3I (Man)} > {3 (usp) — I (pp)} X {J (HaN)
= J (uvn)}

_ J (kpn) -J (1BN) _ J (ugp) -] (BpP) 11
Then = = {1+ 1HBP)"J\PPP)
en. y {J (upn) -J (kBN U (mBP) - T (PP)} { J (pn) =T (RBN) }
(17)
— J(kBn) -] (BNN) -1+ J (unp) -J (uBp) }.1
{J (uan)-T (bwn)3+ J (uwp) -J (uBpP )} ] (uBN) - T (BNN)

The parameters y and § define the regions and provide associated
risk for classifying an object.

Remark: The main focus is to identify the voting behaviour so that
political experts can choose the parameter values y and § on the basis of
their experience (Karni, 2009; Pauker & Kassirer, 1980).

Real life example

This section gives an example which illustrates the main idea of the
paper. Here, 26 people from four different age groups are considered and
their linguistic information about different attributes related to their voting
behaviour is collected. Using this linguistic information, a political party can
get a clear idea regarding the share of the vote.
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The voting behaviour in the Indian society is highly diversified in
nature and composition, influenced by multiple factors. These factors can
be classified into three categories: social, economic, and political. There
are also some other factors that make an impact on the electoral behaviour
in our society: (i) election campaign, (ii) candidate orientation, (iii)
habitation (urban or rural), (iv) factionalism (one of the main features in
politics from top to bottom levels), (vi) conditions of the economy at the
time of elections, such as inflation, food, unemployment etc, and (vii)
political events preceding an election like corruption, war, scandals, etc.

Considering all the above factors, here we select seven factors as
conditional attributes, namely A;, A4,,......... , A5, taking into account the
past history of a few elections as well as some burning issues related with
the coming election. In this example, we divide voters into four groups:
Group-I (age from 18 to under 30), Group — Il (age from 30 to under 45),
Group — Il (age from 45 to under 60), and Group — IV (age over 60). The
decisional attribute which we denoted by “C” indicates the vote share in
favour of the party. We consider different membership values for different
groups, which reflects that the electoral behaviour of different age groups
is different. For Group-I, the threshold is taken as y =0.8, § =0.7, for
Group-ll, the threshold is taken as y = 0.7, § =0.55, for Group-lll, the
threshold is taken as y = 0.4, § = 0.25, and for Group-1V, the threshold is
takenasy =0.3, 5 =0.2.

Due to the non-negative and discrete nature of the linguistic term
index in this case, we compute the values using equations (10), (11) and

(13) and make decisions by using values of1 — P(J%)rather than P(ﬁ). Let
P*(i) =1- P(?). Therefore, the region of acceptance (positive region) of
a three-way choice can be described as follows:

1. Region of acceptance (Positive region) = {y; | P*(i) >y}

2. Region of rejection (Negative region) = {yilP*(i) < 6}

3. Region of non-commitment (Boundary region) = {y;| § < P*(i) <y}

Here, the positive region indicates a confirmed vote share in favour of
the party, the negative region reflects a confirmed vote share against the

party, and the non-commitment region indicates that the vote share may
or may not be in favour of the party.

619

Majumnder, S. et al, Utilizing a hybrid decision-making approach with fuzzy and rough sets on linguistic data for analyzing voting patterns, pp.605-629



QVOJNOTEHNICKI GLASNIK / MILITARY TECHNICAL COURIER, 2024, Vol. 72, Issue 2

Table 2 — Linguistic valued information related to the voting behaviour

People | Ay | Ay | A3 | Ay | A5 | 4¢ | A7 | C p(i) Lp(i)

Group

(‘) vi_ | ko | ko | ko | ki | ko | ki | ky | 0.1 | 0.25 | 0.75

(agefrom |y, ki |ky|ks|ko [ ko[ ks |ks 0L 020 [0.80
o

under 30) s ky | ks | ky | ks | kp | ky | k3 |01 | 0.17 | 0.82

Ve | ke | ko | ks | ko | ks | ko | Ky | 0.1 | 022 | 0.77
Ve | ks | ke | ky | ks | ko | ks | ks | 0.1 | 0.16 | 0.83
Ve | ki | ko | ki | ko | Kki| ko | ki | 01 | 0.40 | 0.60
(ii) v, | ko | ky | k3 | ks | ko | Ky | Ky | 0.15 | 0.37 | 0.62
(agefrom [y [k | ky | ks | ko | ko | ko | ks | 0.15 | 0.30 | 0.70
‘:’g(}gr ss) 2o ko [ ks [ka [ ks [ ks [ ks | ks [015[024 [075

Vio | ko | ks | ko | ks | ko | ky | ks | 015 | 0.26 | 0.73
Vi | ks | ko | ko | ko | ko | ko | ko | 0.15 | 0.48 | 0.52
Vi | ks | ko | ko | ko | ko | ko | ks | 015 | 032 | 0.67
(iii) Vis | ko | ko | ks | ko | ki | ko | ko | 0.35 | 0.85 | 0.15
Via | ko | ko | ko | ko | ko | ks | ko | 0.35 | 0.82 | 0.18
g‘;gg)ffom Vis | ks | ky | ky | ks | ky | ko | ks | 0.35 | 0.58 | 0.41
under 60) | Y16 | ka | ko | ki [ ko | ki | ko | ki [0.35]0.80 | 0.20
Vir | ks | ko | ks | ko | ko | ks | ko | 0.35 | 0.64 | 0.35
Vie | ks | ko | ko | ks | ko | ko | ks | 0.35 | 0.58 | 0.41
Vie | ko | ko | ko | ko | ky | ks | ko | 0.35 | 0.62 | 0.38
(iv) Voo | ko | ks | ko | ks | ky | ko | ky | 0.4 | 0.85 | 0.15
Age over Va1 ky | by | ko | ky | ki | ko | ko | 0.4 | 092 | 0.08
60 Vor | ka | ko | ko | ky | ko | ky | ks | 0.4 | 0.64 | 0.35
Vos | ks | ks | ks | ko | ko | ko | ky | 0.4 | 0.76 | 0.24
Vos | ks | ki | ky | ks | ks | ko | k, | 0.4 | 0.70 | 0.30
Vos | ke | ko | ks | ky | ky | ky | ks | 0.4 | 0.60 | 0.40
Voe | ko | ko | ks | ko | ks | ky | k, | 0.4 | 0.88 | 0.12

For Group G;: POSITIVE (G1) = {y2,¥3,¥5}, BOUNDARY (G;) =
{y1,y2} and NEGATIVE (G,) = {ye}-

For Group G,: POSITIVE (G;) = {yg Y9, Y10}, BOUNDARY (G,) =
{y7,¥12} and NEGATIVE (G) = {y11}-

For Group G;: POSITIVE (G3) = {yi5,Y18 }» BOUNDARY (G3) =

{¥17,¥10} @and NEGATIVE (G3) = {¥13, Y14, Y16}-
For Group G,: POSITIVE (G4) = {¥22, Y24, Y25}, BOUNDARY (G,) =

{23} and NEGATIVE (G4) = {¥20, Y21, Y26}

620




Remark 1. The selection of a threshold is an important issue in a
three-way decision-making problem. There are a few methods to calculate
the threshold values. One of them is the Bayesian decision process which
we discussed briefly in this paper. Most of the time, field experts also select
the threshold values using their experience.

Remark 2: Here, we describe the calculation P (3%) for the people y,
as in Table 2.

Here, the granularity r = 5, using (13), we get
Ya;eaD(y2) N Z(9j(r2.a)))
P (clyz) =

Zaj Z(9;j(yz.a))

, Y€1, for all attribute |

D(y2) Nzg +D(¥2) A 2, +D(V2)A Za;+D(¥2) Az, +D(¥2) Azg +D(¥2) A Zg +D(V2)A 2zg,

Zgyt+ Zayt Zag+ Za,tZagt Zagt Za,

0.1 Az (k1 )+0.1Az(ky )+ 0.1 Az(ks )+ 0.1 Az(ky )+0.1 Az(kg )+0.1 Az(ky )+ 0.1 Az(k3)

z(k1)+ z(ky)+ z(k3)+ z(kp)+2(ko)+ z(k )+ z(k3)
_ 0.1A0.25+0.1A 0.5 + 0.1A0.75 + 0.1A 0.5+0.1A 0 +0.1A 0.25 + 0.1A0.75

0.25+0.5+0.75+0.5+0+0.25+0.75

=2°-0.20
3

Here, equation (10), Z (k;) = % is used for calculating z(k;).

Conclusion

In this paper, a three-way decision model based on linguistic
information of people is introduced to identify their voting behaviour.
Electoral behavior entails an understanding of the factors and reasons that
influence voting patterns. The proposed model addresses the research
task by seamlessly integrating the rough set theory and the fuzzy set
theory into linguistic information, offering a comprehensive approach. It
excels in handling complex datasets, providing valuable insights through
a computationally intensive yet effective methodology. A comparative
analysis based on age groups indicates that this method is more feasible
and effective compared to other approaches. When faced with numerous
predetermined cases and a large number of boundary regions, the hybrid
model proves advantageous by allowing the adjustment of the threshold
parameter, reducing the complexity associated with decision making and
facilitating a more efficient classification of cases into the specified regions.
The significance of the proposed hybrid model has been justified through
its application in a real-life scenario.

If political parties are faced with numerous predetermined cases and
a large number of boundary regions, the hybrid model provides a chance
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to get a favourable result in favour of political parties by allowing the
adjustment of the threshold parameters y and 6. It shows that the
determination of voting behaviour allows political parties to create an
environment for the voters to perform two distinct roles, evaluation of
performance and promote the development. It also provides a nice
relationship between the determination of voters’ behaviour variables like
the personality of a political leader, contingent situation, epistemic value,
etc., with the voting intention of people.

The adjustment of the threshold values for preferable results indicates
that the determination of the voting behaviour model may be considered
an important political party resource that can influence the intention of
voting behaviour by allowing the political parties to implement programs
and policies to meet the requirements and expectations of voters. Current
studies show that the effect of a linguistic valued information system hybrid
fuzzy rough model has individual preferences with variable specific values.
Hence, our model can be considered as an antecedent to voting intention.

Limitation

Like other research, this model is not without its limitations. The
limitation of the proposed model is that the integration of the rough set
theory and the fuzzy set theory may result in a computationally intensive
model, particularly when dealing with large datasets. Analysis methods
and alternative data collection such as longitudinal panel data, structural
equation modelling, objective performance, and importance-performance
matrix are for future studies to test this study’s model. For example, the
use of longitudinal data did not allow for examining the determination of
voting patterns over time. Future researchers should explore cross
sectional data to see the pattern of change in voting intentions over time
in different political environments. Furthermore, even though this study
does not segment the voter market and examine the effect of a specific
segment on the model, it would be interesting for future studies to look at
the nuances in specific segments and the effects in different contexts. If
the data is collected from first-time voters, it may not give proper results.
This study focuses only on Indian individuals. Although within a similar
context, when India shares some similar characteristics, a few notable
differences may appear in applying the hybrid model. Besides this
limitation, this hybrid model provides insightful theoretical and practical
implications in determining voting patterns.

Further, we may extend our studies beyond Indian politics, which may
consider how voters react in the determination of their voting intentions.
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For further studies, it would be more interesting to examine the effect of
the proposed model on a specific segment of the voter market. Future work
should refine the model, considering additional linguistic variables and
exploring its application in diverse domains beyond voting behavior
analysis. Future research could further focus on refining the hybrid model
by exploring advanced machine learning algorithms, enhancing rule-
based system interpretability, and developing mechanisms for dynamic
rule adaptation.
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Resumen:

Introduccién/objetivo: La importancia de estudiar el comportamiento
electoral se ve subrayada por su capacidad para medir la continuidad o
divergencia de la politica electoral con respecto a las tendencias historicas,
dilucidando el impacto real de las urnas transformadoras y contribuyendo
al examen de la democracia como un valor entre masas y €lites. Ademas,
ayuda a comprender el intrincado proceso de socializacion politica.

Métodos: Una fortaleza inherente del conjunto aproximado radica en su
dependencia Unicamente de datos sin procesar, desprovistos de insumos
externos. El marco de conjunto aproximado de teoria de decisiones, una
evoluciéon del conjunto aproximado, ha obtenido una aplicacién
generalizada en diversos dominios, sirviendo como una herramienta
competente para adquirir conocimientos, particularmente en situaciones
marcadas por la vaguedad y la incertidumbre. A pesar de la proliferacion
de modelos matematicos disefiados para discernir el comportamiento
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electoral de las personas, una recomendacion aproximada basada en
decisiones sigue notablemente ausente en la bibliografia existente. Este
articulo presenta un innovador enfoque de decision de tres vias basado en
informacién linglistica para identificar el comportamiento electoral. El
enfoque propuesto se basa en un modelo probabilistico hibrido aproximado
y difuso que incorpora informacion linglistica y proporciona informacion
sobre los patrones de votacion.

Resultados: Los modelos hibridos de decision de tres vias se prueban en
personas y se obtuvo un resultado altamente satisfactorio para identificar
sus comportamientos electorales. La justificacibn de resultados fue
validada mediante el proceso matematico.

Conclusion: Se proporciona una ilustracion practica para resaltar la
importancia de este modelo hibrido y confirmar su utilidad para identificar y
pronosticar el comportamiento electoral.

Palabras claves: término linguistico, conjunto aproximado, conjunto
difuso, decision triple, comportamiento electoral.

MMOPUAHLIN NOAXOA NPUHATHS PELIEHUI C HEYETKUM U rpyObIM
MHOXeCTBaMu, MPUMEHEHHbIN K MUHIBUCTUYECKUM AaHHbIM AN
aHanuaa MoJenu rofiocoBaHus

CaHoun Mapxympaap, Camapdxum Kap, koppecnoHOeHT

HaunoHanbHbIA TeXHONOrMYecknii MHCTUTYT [ypranypa, AenapTaMmeHT
MaTtemaTtuku, Oypranyp, 3anagHas beHranus, Pecny6nvka NHans

PYBPUKA TPHTW: 27.47.19 ViccnepgoBaHue onepauun,
28.17.31 MogenvpoBaHue nNpoLeccoB yrnpaBneHus
BWO CTATbW: opurmHanbHas Hay4Has ctaTbsl

Pesrome:

BeedeHue/uenb: WccnedoesaHue noesedeHus usbupamenel umeem
B8aXKHOe  3Ha4YeHue, [1OCKOMIbKY OHO  [0380/75em  u3Mepumsb
nocmosiHHocmbe u3bupamersibHOU MOMUMUKU, a Mmakxe OMKI/IOHeHUe
GaHHOU MOMIUMUKU OmM  UCMOPUYECKUX meHOeHyul, ObbsCHSAsA
pearnbHoe enusiHue rnpeobpasyoweaocs usbupamenbHoO20 sAWuKa, U
gHocum eknad 8 usyvyeHue OeMoKpamuyeckol UeHHOCmu kKak cpedu
macc, mak u cpedu anum. Kpome mozo, amo crnocobcmeyem
MOHUMaHUIO CII0XKHO20 fpouecca nonumuyeckol coyuanuzayuu.

Memodei: lNpeumyuiecmeo epybbix MHOXeECMmS 3aK/iro4yaemcsi 8 mMom,
4mo OHU rosia2aromcsi UCKIIYUMesbHO Ha HeobpabomaHHble O0aHHbIe
6e3 kakux-nubo eHewHux enusHul. Cmpykmypa epybbix MHOXecms
O0r19 meopemuyYecKkoao MPUHAMUS peuweHul Kak ssosiroyust epyboeo
MHOXecmea obecriequna WUPOKOe [PUMEHEHUE 8 pPa3/luYHbIX
obnacmsix 8 kayecmee ycriewHo20 UHCMpyMeHma npuobpemeHusi
3HaHul, o0cobeHHO 8 cumyayusix, Kozada  fpucymcmeyom
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HeysepeHHOCMb U HeornpedenieHHocmb. Hecmompsi Ha 6onbuioe
Konuyecmeo Mamemamudeckux moodernel, pa3pabomaHHbIx Ons
obbsicHeHuUsi  noeedeHusi  usbupamenel, 6  cyuwecmsyowel
Jlumepamype s18HO omcymcmeyem pekomeHdayusi 06 ucrnonb308aHUU
2pybbix MHOXecme, OCHOBaAHHbIX Ha MpuHAMuUU peweHuld. B amod
cmambe npedcmassieH UHHOB8AUUOHHBbIU mpexghakmopHbIl nodxod K
MPUHAMUI peweHuUl, 0CHO8aHHbIU Ha JIUH28UCMUYECKUX OaHHbIX, C
uernbro ebisienieHuUs1 nosedeHusi usbupamened. lNpednasaemsiti nodxod
OCHOBaH Ha 2ubpudHoU eseposimHocmHoU 2pybol modesnu u modenu
HeYyemko20 MHOXecmea, KOmopble 6K/Yarm uHaeucmu4yeckKue
OaHHble u Garom ripedcmasrieHue o MoOesisiX 20/710CO8aHUS.

Pesynbmamebi:  Tpex¢hakmopHbie 2ubpudHble Modenu npuHamMus
peweHul 6binu  npomecmuposaHbl Ha mModsax u Oanu eecbma
ydoenemeopumersibHble  pe3ynbmamsbl  [Apu  onpedeneHuu  ux
u3bupamersnbHoeo rogedeHus. [lonyyeHHbie pe3ynbmamsbi  OblIu
nodmeepx0eHbl MamemMamu4ecKUM MemodooM.

Bbigoldbl: [Npumep u3 npakmuku rnod4depkusaem axHOCmb 3moul
2ubpudHoul modenu u nodmeepxdaem ee rof1e3HOCMb 8 8bIS8IEHUU U
rpoaHo3uposaHuu nosedeHusi usbupamened.

Kntouesble crnoea: nuHzeucmuyeckul mepmuH, 2pyboe MHOXecmeo,
Heyemkoe MHOXecmeo, mpexgakmopHoe peuwleHue, rnogedeHuUe
usbupamernisi.

XubpuaHu NpucTyn oanyYmBary ca gasu 1 rpybum ckynosuma
3aCHOBaH Ha NMUHIBUCTUYKMM NodauumMa pagm aHanuanpana obpasava
rnacama

CaHdoun Mahympap, Camapyum Kap, ayTop 3a Npenucky

HaunoHanHu nHcTuTyT 3a TexHonorunjy Qypranyp, lenaptmMaH 3a matemaTtuky,
Oypranyp, 3anagHu bexran, Penybnvka MHaovja

OBJIACT: matemaTuka, payyHapcke Hayke
KATEITOPWUJA (TWUM) YITAHKA: opyruHanHu Hay4Hu pag

Caxxemak:

Yeod/yurs: Npoydyasar-e noHawar-a enacava je 3HaqyajHo jep omozyhaea
Mepere KOHmMuHyumema u36opHe nonumuke Kao u odcmynama
odpeheHe nonumuke 00 ucmopujckux mpeHdosa. OHO objawH-asa
cmeapHu ymuuaj mpaHcghopmamueHe bupaydke Kymuje U OornpuHocu
ucniumuearby OeMoKpamuje kao epedHocmu u Mehy macama u Mmehy
enumama. [loped moea, OorpuHOCU pasymesarby CIIOXeHO2 rpoueca
nofiumuYKe coyujanusauuje.

Memode: CHaza apybux cKyrnosa fiexu y HUX080M Oclarbarsy UCK/by4U80
Ha cuposge rnodamke, 6e3 ukakeux criorbawlux ymuuyaja. Okeup apybux
CKyrosa 3a Mmeopujcko o0nyduear-e, Kao eeoryuuja epyboe ckyna,
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06e36e0U0 je WUPOKY MPUMEHY y pa3udumum obsiacmuma Kao ycriewHa
anamka 3a cmuuyarbe 3Harba, Hapo4umo y cumyauujama y Kojuma je
fpucymHa HeoOpeheHocm u HecuaypHocm. YHpKoc eeriukom 6pojy
Mamemamuukux modena rpojekmogaHux 0Oa ymephyjy mnoHawake
enacada, y numepamypu Hema riperiopyke 0a ce kopucme 2pybu cKyrnosu
3acHogaHu Ha oO0mnyqusary. Oeaj pad yso0u UHOBaMUBHU
mpoghakmopcku rpucmyn 00ryqugary 3acHo8aH Ha JIUH28UCMUYKUM
nodauuma padu udeHmugukosarba roHawawa anacada. lpednoxeHu
rpucmynn 3acHuea ce Ha xubpudHom rpobabunucmu4kom modesty epybux
U ghasHUX CKyrosa Koju yKibydyje nuHaeucmu4ke rnodamke u obesbehyje
yesud y obpacue enacarba.

Pesynmamu:  Tpoghakmopcku  xubpudHu  modenu  00nyqusar-a
mecmupaHu cy Ha enacaqyuma. Y uéeHmugukayuju HUxoeoe rnoHawama
npu anacary dobujeHu cy eeoma 3adososbasajyhu pesynmamu. Koju cy
ganudupaHu rnymem mMamemamudykoe rpoyeca.

Sakrbyyak: lNpumep u3 npakce ucmuye 3Ha4aj 0802 xubpudHoe moderna u
nomsphyje Hez208y KopucHocm 3a uleHmucbukauyujy u npedsuhare
roHawarba enacayqa.

KrbyyHe pe4qu: nuH28UCMUYKU MEPMUH, 2pybu cKym, ¢hasu cKym,
mpoghakmopcka 00nyKa, rnoHaware anacaya.
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