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ABSTRACT. This paper focuses on the unemployment crisis across the southern states of India using neutrosophic binary

sets and various similarity measures. The Euclidean and Hamming distance measures for neutrosophic binary sets is val-

idated. Moreover, The cosine similarity measures and correlation coefficient based similarity measure are formulated for

neutrosophic binary sets to forecast the decision making process. Finally, a comparitive analysis is made between these mea-

sures using the unemployment data and enhance the measure which provide the highest accuracy in forecasting state with

low unemployment rates to high unemployment rates.

Keywords:Neutrosophic set, Binary set, Neutrosophic binary set, similarity measure based on distance, real life application.

—————————————————————————————————————————-

1. Introduction

The neutrosophic set was introduced by smarandache in which the set consists of the truth, inde-

terminancy and false membership functions. These neutrosophic sets have been applied in various

fields like medical diagnosis [3,4], image processing [15–17], decision making problems [5–8] and so

on [9–13]. It is seen that the similarity measure plays a vital role in the application of all research fields.

Wang et al. [1] introduced the concept of single valued neutrosophic set (SVNS) that is the subclass of

a neutrosophic set. SVNS can be applied in real scientific and engineering fields. It offers us additional

possibility to represent uncertainty information that manifest the real world. Wang et al. [2] further

studied interval neutrosophic sets (IVNSs) in which the truth-membership, indeterminacy-membership,
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and false-membership were extended to interval numbers. Similarity measures for neutrosophic sets

and single valued neutrosophic sets have been addressed in [5, 18–22, 26, 27]. Ye [5] in 2013 defined

the similarity measure of SVNSs based on distance and applied it to the decision making problems.

Ye [7] also defined three vector similarity measure for Single valued neutrosophiv sets (SVNS) and

interval valued neutrosophic set (IVNS) with simplified neutrosophic information. Recently, Jun [28]

proposed similarity measures based on Hamming distance and Euclidean distance on interval valued

neutrosophic set(IVNS) and applied in decision making problems. The real life cannot be contained

in a single universal set. It may contains one or many. The set which contains two universal sets

are named as binary sets. Similarly, neutrosophic binary set consists of two universal sets and each

universal set has its own truth, indeterminancy and false membership values. The neutrosophic binary

topological space was introduced by S.S.Surekha, J.Elekiah and G.Sindhu [22] in 2022. In this article,

the similarity measures of neutrosophic binary sets have been introduced and is applied in the statistical

data of the unemployed people over southern states of India to determine the southern state which is

facing the highest unemployment crisis.

2. Preliminaries

Definition 2.1. [22] A Neutrosophic binary topology from X to Y is a binary structure MN ⊆ P (X)×
P (Y ) that satisfies the following conditions:

(1) (0X , 0Y ) ∈ MN and 1X , 1Y ∈ MN .

(2) (A1 ∩A2, B1 ∩B2) ∈ MN whenever (A1, B1) ∈ MN and (A2, B2) ∈ MN .

(3) If (Aα, Bα)α∈A is a family of members of MN , then (∪α∈AAα,∪α∈ABα) ∈ MN .

The triplet (X ,Y,MN ) is called Neutrosophic Binary Topological space. The members of MN are

called the neutrosophic binary open sets and the complement of neutrosophic binary open sets are

called the neutrosophic binary closed sets in the binary topological space (X ,Y,MN ).

Definition 2.2. [22] (0X , 0Y ) can be defined as

(01) 0X = {< x, 0, 0, 1 >: x ∈ X}, 0Y = {< y, 0, 0, 1 >: y ∈ Y }
(02) 0X = {< x, 0, 1, 1 >: x ∈ X}, 0Y = {< y, 0, 1, 1 >: y ∈ Y }
(03) 0X = {< x, 0, 1, 0 >: x ∈ X}, 0Y = {< y, 0, 1, 0 >: y ∈ Y }
(04) 0X = {< x, 0, 0, 1 >: x ∈ X}, 0Y = {< y, 0, 0, 0 >: y ∈ Y }

(1X , 1Y ) can be defined as

(11) 1X = {< x, 1, 0, 0 >: x ∈ X}, 1Y = {< y, 1, 0, 0 >: y ∈ Y }
(12) 1X = {< x, 1, 0, 1 >: x ∈ X}, 1Y = {< y, 1, 0, 1 >: y ∈ Y }
(13) 1X = {< x, 1, 1, 0 >: x ∈ X}, 1Y = {< y, 1, 1, 0 >: y ∈ Y }
(14) 1X = {< x, 1, 1, 1 >: x ∈ X}, 1Y = {< y, 1, 1, 1 >: y ∈ Y }
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Definition 2.3. [22] Let (A,B) = {< µA, σA, γA >,< µB, σB, γB >} be a neutrosophic binary set

on (X ,Y,MN ), then the complement of the set C(A,B) may be defined as

(C1) C(A,B) ={x,< 1− µA(x), σA(x), 1− γA(x) >: x ∈ X,

< y, 1− µB(y), σB(y), 1− γB(y) >: y ∈ Y }

(C2) C(A,B) ={x,< γA(x), σA(x), µA(x) >: x ∈ X,

< y, γB(y), σB(y), µB(y) >: y ∈ Y }

(C3) C(A,B) ={x,< γA(x), 1− σA(x), µA(x) >: x ∈ X,

< y, γB(y), 1− σB(y), µB(y) >: y ∈ Y }

Definition 2.4. [22] Let (A,B) and (C,D) be two neutrosophic binary sets which is in the form

(A,B) = {< µA, σA, γA >,< µB, σB, γB >} and

(C,D) = {< µC , σC , γC >,< µD, σD, γD >}.

Then (A,B) ⊆ (C,D) can be defined as

(1) (A,B) ⊆ (C,D) ⇐⇒ µA(x) ≤ µC(x), σA(x) ≤ σC(x), γA(x) ≥ γC(x)∀x ∈ X

µB(X) ≤ µD(x), σB(x) ≤ σD(x), γB(x) ≥ γD(x)∀y ∈ Y

(2) (A,B) ⊆ (C,D) ⇐⇒ µA(X) ≤ µC(x), σA(x) ≥ σC(x), γA(x) ≥ γC(x)∀x ∈ X

µB(X) ≤ µD(x), σB(x) ≥ σD(x), γB(x) ≥ γD(x)∀y ∈ Y

Definition 2.5. [22] Let (A,B) and (C,D) be two neutrosophic binary sets which is in the form

(A,B) = {< µA, σA, γA >,< µB, σB, γB >} and

(C,D) = {< µC , σC , γC >,< µD, σD, γD >}.

(1) (A,B) ∩ (C,D) can be defined as

(A,B) ∩ (C,D) = { < x, µA(x) ∧ µC(x), σA(x) ∧ σC(x), γA(x) ∨ γA(x) >

< x, µA(x) ∧ µC(x), σA(x) ∧ σC(x), γA(x) ∨ γA(x) >}

(A,B) ∩ (C,D) = { < x, µA(x) ∧ µC(x), σA(x) ∨ σC(x), γA(x) ∨ γA(x) >

< x, µA(x) ∧ µC(x), σA(x) ∨ σC(x), γA(x) ∨ γA(x) >}

(2) (A,B) ∪ (C,D) can be defined as

(A,B) ∪ (C,D) = { < x, µA(x) ∨ µC(x), σA(x) ∨ σC(x), γA(x) ∧ γA(x) >

< x, µA(x) ∨ µC(x), σA(x) ∨ σC(x), γA(x) ∧ γA(x) >}

(A,B) ∩ (C,D) = { < x, µA(x) ∨ µC(x), σA(x) ∧ σC(x), γA(x) ∧ γA(x) >

< x, µA(x) ∨ µC(x), σA(x) ∧ σC(x), γA(x) ∧ γA(x) >}
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Definition 2.6. [5] Let X be a space of points (objects) with generic elements in X denoted by x. A

SVNS P in X is characterized by a truth-membership function, an indeterminacy-membership function,

and a falsity membership function. The Euclidean distance between them is described by

dE(A,B) =

√√√√√1

6

 n∑
j=1

(|TA(xj)− TB(xj)|2 + |IA(xj)− IB(xj)|2 + |FA(xj)− FB(xj)|2)


Definition 2.7. [19] Let X be a space of points (objects) with generic elements in X denoted by x. A

SVNS P in X is characterized by a truth-membership function, an indeterminacy-membership function,

and a falsity membership function. The Hamming distance between them is described by

dH(A,B) =

√√√√√1

6

 n∑
j=1

(|TA(xj)− TB(xj)|+ |IA(xj)− IB(xj)|+ |FA(xj)− FB(xj)|)


Definition 2.8. Let (A,B) and (C,D) be two neutrosophic binary sets defined on universal sets U and

V , respectively. The Cosine Similarity Measure between (A,B) and (C,D) is defined as:

CosSim((A,B), (C,D)) =

n∑
i=1

(µA(xi)µC(xi) + σA(xi)σC(xi) + γA(xi)γC(xi))√√√√ n∑
i=1

(
µ2
A(xi) + σ2

A(xi) + γ2A(xi)
)

× 1√√√√ n∑
i=1

(
µ2
C(xi) + σ2

C(xi) + γ2C(xi)
) .

Definition 2.9. Let (A,B) and (C,D) be two neutrosophic binary sets defined over universal sets U

and V , respectively. Flatten the truth, indeterminacy, and falsity components into vectors uk and vk,

respectively. The Correlation Coefficient Similarity Measure between (A,B) and (C,D) is defined

as:

CorrSim((A,B), (C,D)) =

n+m∑
k=1

(uk − ū)(vk − v̄)√√√√n+m∑
k=1

(uk − ū)2 ·

√√√√n+m∑
k=1

(vk − v̄)2

,

where ū and v̄ are the arithmetic means of the vectors uk and vk, respectively.

3. Distance measures on Neutrosophic Binary sets

Euclidean distance between Neutrosophic Binary Sets:

Let SU = {u1, u2, ..., un} and SV = {v1, v2, ..., vn} be the universal sets. Let NUB1
and NVB2

be
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the two neutrosophic binary sets. The Euclidean distance between them is described by

dED
NB

(NUB1
,NVB2

) =√√√√1

6
[

n∑
j=1

|µNUB1
(x⋆j )− µNVB2

(x⋆j )|2 + |σNUB1
(x⋆j )− σNVB2

(x⋆j )|2 + |γNUB1
(x⋆j )− γNVB2

(x⋆j )|2]+√√√√1

6
[

n∑
k=1

|µNUB1
(y⋆k)− µNVB2

(y⋆k)|2 + |σNUB1
(y⋆k)− σNVB2

(y⋆k)|2 + |γNUB1
(y⋆k)− γNVB2

(y⋆k)|2]

Hamming distance between Neutrosophic Binary Sets:

Let SU = {u1, u2, ..., un} and SV = {v1, v2, ..., vn} be the universal sets. Let NUB1
and NVB2

be

the two neutrosophic binary sets. The Hamming distance between them is described by

dHD
NB

(NUB1
,NVB2

) =√√√√1

6
[

n∑
j=1

|µNUB1
(x⋆j )− µNVB2

(x⋆j )|+ |σNUB1
(x⋆j )− σNVB2

(x⋆j )|+ |γNUB1
(x⋆j )− γNVB2

(x⋆j )|]+√√√√1

6
[

n∑
k=1

|µNUB1
(y⋆k)− µNVB2

(y⋆k)|+ |σNUB1
(y⋆k)− σNVB2

(y⋆k)|+ |γNUB1
(y⋆k)− γNVB2

(y⋆k)|]

Definition 3.1. Let SU = {u1, u2, ..., un} and SV = {v1, v2, ..., vn} be the universal sets. Let (S, T )

and (U, V ) be the two neutrosophic binary sets. The Cosine Similarity Measure between them is de-

scribed by

CosSim((S, T ), (U, V )) =

n∑
i=1

(µS(xi)µU (xi) + σS(xi)σU (xi) + γS(xi)γU (xi))√√√√ n∑
i=1

(
µ2
S(xi) + σ2

S(xi) + γ2S(xi)
)
+

m∑
j=1

(
µ2
T (yj) + σ2

T (yj) + γ2T (yj)
)+

m∑
j=1

(µT (yj)µV (yj) + σT (yj)σV (yj) + γT (yj)γV (yj))√∑n
i=1

(
µ2
U (xi) + σ2

U (xi) + γ2U (xi)
)
+
∑m

j=1

(
µ2
V (yj) + σ2

V (yj) + γ2V (yj)
) .

Theorem 3.2. The defined Cosine Similarity Measure CosSim((S, T ), (U, V )) between two neutro-

sophic binary sets satisfies the following properties:

(1) 0 ≤ CosSim((S, T ), (U, V )) ≤ 1

(2) CosSim((S, T ), (U, V )) = 1 ⇐⇒ (S, T ) = (U, V )

(3) CosSim((S, T ), (U, V )) = CosSim((U, V ), (S, T ))

S.S.Surekha, M. Radha, S. Geethamalini, M.Thulasi Devi, A Comparative Study of Similarity
Measures: Socio-Economic Decision Making in India using Neutrosophic Binary Sets

 Neutrosophic Sets and Systems, Vol. 94, 2025                                                                              120



Proof. Let (S, T ) and (U, V ) be two neutrosophic binary sets.

(i) The proof is obvious.

(ii) CosSim = 1 if and only if the angle between u and v is 0

u = v implies:

µS(xi) = µU (xi), σS(xi) = σU (xi), γS(xi) = γU (xi),

µT (yj) = µV (yj), σT (yj) = σV (yj), γT (yj) = γV (yj).

Therefore, CosSim = 1 ⇐⇒ (S, T ) = (U, V ).

(iii) CosSim((S, T ), (U, V )) = CosSim((U, V ), (S, T )) because the dot product is commutative.

Hence, the cosine similarity satisfies the axioms of similarity.

Definition 3.3. Let (S, T ) and (U, V ) be two neutrosophic binary sets defined on universal sets P and

Q, respectively. µ, σ and γ from (S, T ) and (U, V ) are converted into vectors uk and vk, respectively.

The Correlation Coefficient Similarity Measure between (S, T ) and (U, V ) is given by:

CorrSim((S, T ), (U, V )) =

n+m∑
k=1

(uk − ū)(vk − v̄)√√√√n+m∑
k=1

(uk − ū)2 ·

√√√√n+m∑
k=1

(vk − v̄)2

, (1)

where ū and v̄ are the arithmetic means of the vectors uk and vk, respectively.

Theorem 3.4. The defined Correlation Coefficient Similarity Measure CorrSim((S, T ), (U, V )) be-

tween two neutrosophic binary sets satisfies the following properties:

(1) −1 ≤ CorrSim((S, T ), (U, V )) ≤ 1

(2) CorrSim((S, T ), (U, V )) = 1 ⇐⇒ (S, T ) and (U, V ) are perfectly positively correlated

(3) CorrSim((S, T ), (U, V )) = CorrSim((U, V ), (S, T ))

Proof. The proof follows from the definition 3.3

4. Live Coverage application of Neutrosophic Binary Set

Let SU represents the universal set over the year 2020 and SV represents the universal set over the

year 2021. Let NSB1
, NSB2

, NSB3
, NSB4

and NSB5
be the southern states via neutrosophic Binary

sets.
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4.1. Methodology

Step 1: The unemployed datum of educated and uneducated people over the southern states of India

for the year 2020 and 2021 are taken from the Centre for Monitoring Indian Economy Pvt. Ltd (CPIM).

Step 2: The linguistic values are allocated for the collected datum and converted it into neutrosophic

numbers. The defined neutrosophic numbers will be written in the form of neutrosophic binary set.

Range Neutrosophic Binary set Unemployed people

1− 10 0.01− 0.10 Extremelly low

11− 20 0.11− 0.20 Very low

21− 30 0.21− 0.30 Very low

31− 40 0.31− 0.40 low

41− 50 0.41− 0.50 Satisfactory

51− 60 0.51− 0.60 Average

61− 70 0.61− 0.70 High

71− 80 0.71− 0.80 Very high

81− 90 0.81− 0.90 Very High

91− 100 0.91− > 1 Extremely high

Step 3: The unemployed people are aggregated into five stages.

Step 4: The neutrosophic binary weighted average operator is used to get the information from those

five stages.

Definition 4.1. Let (PA, PB) be the collection of neutrosophic binary values, then

DNB
WA(PA, PB) =

([1−Πn
i=1(1− µPA

(x⋆i ))
w
i ], [1−Πn

i=1(1− γPA
(x⋆i ))

w
i ]),

([1−Πn
j=1(1− µPB

(y⋆j ))
w
i ], [1−Πn

j=1(1− γPB
(y⋆j ))

w
i ])

where w = (w1, w2, ..., wn)
T are the weighted vectors of (PA, PB). Also, wi > 0 and

∑n
i=1wi = 1.

Step 5: Apply the proposed neutrosophic binary euclidean distance, neutrosophic binary hamming

distance, neutrosophic bianry cosine similarity measure and neutrosophic binary correlation similarity

measure to the neutosophic binary sets. The obtained result suggests the southern state which has the

highest unemployment rate.

4.2. Example: Real World Problem on Neutrosophic Binary Sets

Consider two universal sets SU = {u1, u2, ..., un} and SV = {v1, v2, ..., vn}. This universal sets

represent the year 2020 and 2021.
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Consider the neutrosophic binary sets NSB1
, NSB2

, NSB3
, NSB4

and NSB5
which indicates the south-

ern states: Andhra Pradhesh, Karnataka, Kerala, Tamilnadu and Telangana.

The below table gives the information collected from Centre for monitoring economy (CPIM) pvt. ltd.

with the simplified neutrosophic information.

2020 No education Upto 5th std 6th - 9th 10th - 12th Graduated

AP < 0.11, 0.89,

0.89 >

< 0.41, 0.59,

0.59 >

< 0, 0, 0 > < 0.03, 0.97,

0.97 >

< 0.33, 0.67,

0.67 >

KA < 0, 0, 0 > < 0.39, 0.61,

0.61 >

< 0.01, 0.99,

0.99 >

< 0.02, 0.98,

0.98 >

< 0.06, 0.94,

0.94 >

KL < 0, 0, 0 > < 0.7, 0.3,

0.3 >

< 0.16, 0.84,

0.84 >

< 0.03, 0.97,

0.97 >

< 0.23, 0.77,

0.77 >

TN < 0, 0, 0 > < 0.33, 0.67,

0.67 >

< 0.64, 0.36,

0.36 >

< 0.04, 0.96,

0.96 >

< 0.10, 0.9,

0.9 >

TE < 0, 0, 0 > < 0.06, 0.94,

0.94 >

< 0.05, 0.95,

0.95 >

< 0.05, 0.95,

0.95 >

< 0.23, 0.77,

0.77 >

TABLE 1. Values for the year 2020

2021 No education Upto 5th std 6th - 9th 10th - 12th Graduated

AP < 0, 0, 0 > < 0.02, 0.98,

0.98 >

< 0.02, 0.98,

0.98 >

< 0.02, 0.98,

0.98 >

< 0.37, 0.63,

0.63 >

KA < 0, 0, 0 > < 0.99, 0.01,

0.01 >

< 0.01, 0.99,

0.99 >

< 0.02, 0.98,

0.98 >

< 0.06, 0.94,

0.94 >

KL < 0, 0, 0 > < 0.01, 0.99,

0.99 >

< 0.01, 0.99,

0.99 >

< 0.03, 0.97,

0.97 >

< 0.24, 0.76,

0.76 >

TN < 0, 0, 0 > < 0.23, 0.77,

0.77 >

< 0.69, 0.31,

0.31 >

< 0.05, 0.95,

0.95 >

< 0.09, 0.91,

0.91 >

TE < 0, 0, 0 > < 0.01, 0.99,

0.99 >

< 0.67, 0.33,

0.33 >

< 0.80, 0.2,

0.2 >

< 0.26, 0.74,

0.74 >

TABLE 2. Values for the year 2021
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These values are written in the form of neutrosophic binary sets:

NSB1
= {< u1, (0.11, 0.89, 0.89) >,< u2, (0.41, 0.59, 0.59) >< u3, (0, 0, 0) >,

< u4, (0.03, 0.97, 0.97) >,< u5, (0.33, 0.67, 0.67) >;u1, u2, u3, u4, u5 ∈ SU},

{< v1, (0, 0, 0) >,< v2, (0.02, 0.98, 0.98) >,< v3, (0.02, 0.98, 0.98) >,

< v4, (0.02, 0.98, 0.98) >,< v5, (0.37, 0.63, 0.63) >: v1, v2, v3, v4, v5 ∈ SV}

NSB2
= {< u1, (0, 0, 0) >,< u2, (0.39, 0.61, 0.61) >< u3, (0.01, 0.99, 0.99) >,

< u4, (0.02, 0.98, 0.98) >,< u5, (0.06, 0.94, 0.94) >;u1, u2, u3, u4, u5 ∈ SU},

{< v1, (0, 0, 0) >,< v2, (0.99, 0.01, 0.01) >,< v3, (0.01, 0.99, 0.99) >,

< v4, (0.02, 0.98, 0.98) >,< v5, (0.06, 0.94, 0.94) >: v1, v2, v3, v4, v5 ∈ SV}

NSB3
= {< u1, (0, 0, 0) >,< u2, (0.7, 0.3, 0.3) >< u3, (0.16, 0.84, 0.84) >,

< u4, (0.03, 0.97, 0.97) >,< u5, (0.23, 0.77, 0.77) >;u1, u2, u3, u4, u5 ∈ SU},

{< v1, (0, 0, 0) >,< v2, (0.01, 0.99, 0.99) >,< v3, (0.01, 0.99, 0.99) >,

< v4, (0.03, 0.97, 0.97) >,< v5, (0.24, 0.76, 0.76) >: v1, v2, v3, v4, v5 ∈ SV}

NSB4
= {< u1, (0, 0, 0) >,< u2, (0.33, 0.67, 0.67) >< u3, (0.64, 0.36, 0.36) >,

< u4, (0.04, 0.96, 0.96) >,< u5, (0.10, 0.9, 0.9) >;u1, u2, u3, u4, u5 ∈ SU},

{< v1, (0, 0, 0) >,< v2, (0.23, 0.77, 0.77) >,< v3, (0.69, 0.31, 0.31) >,

< v4, (0.05, 0.95, 0.95) >,< v5, (0.09, 0.91, 0.91) >: v1, v2, v3, v4, v5 ∈ SV}

NSB5
= {< u1, (0, 0, 0) >,< u2, (0.06, 0.94, 0.94) >< u3, (0.05, 0.95, 0.95) >,

< u4, (0.05, 0.95, 0.95) >,< u5, (0.23, 0.77, 0.77) >;u1, u2, u3, u4, u5 ∈ SU},

{< v1, (0, 0, 0) >,< v2, (0.01, 0.99, 0.99) >,< v3, (0.67, 0.33, 0.33) >,

< v4, (0.80, 0.2, 0.2) >,< v5, (0.26, 0.74, 0.74) >: v1, v2, v3, v4, v5 ∈ SV}

The neutrosophic binary weighted average operator is given by

DNB
WA = {< u1, (0.03, 0, 0) >,< u2, (0.53, 0.47, 0.47) >< u3, (0.07, 0, 0) >,

< u4, (0.04, 0.96, 0.96) >,< u5, (0.19, 0.81, 0.81) >;u1, u2, u3, u4, u5 ∈ SU},

{< v1, (0, 0, 0) >,< v2, (0.91, 0.09, 0.09) >,< v3, (0.03, 0.97, 0.97) >,

< v4, (0.04, 0.96, 0.96) >,< v5, (0.2, 0.8, 0.8) >: v1, v2, v3, v4, v5 ∈ SV}
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TABLE 3. Comparative Analysis of Similarity Measures for Southern States

State Euclidean Distance Hamming Distance Cosine Similarity Correlation Coefficient
Andhra Pradesh 1.1816 1.2345 0.82 0.78

Karnataka 0.7049 0.8349 0.89 0.85

Kerala 1.2250 1.3250 0.75 0.73

Tamil Nadu 1.0232 1.1340 0.79 0.76

Telangana 1.5909 1.6585 0.71 0.69

FIGURE 1

The heatmap gives the detailed view of the modulation in similarity measures across the states. The

color gradient makes it visually apparent that Telangana exhibits the highest distance values across Eu-

clidean and Hamming measures, indicating severe unemployment levels. In contrast, Karnataka con-

sistently appears with lower distance values, reinforcing its comparatively stable employment scenario.

The heatmap helps in identifying extreme and moderate cases at a glance, enhancing the interpretability

of the numerical data.

S.S.Surekha, M. Radha, S. Geethamalini, M.Thulasi Devi, A Comparative Study of Similarity
Measures: Socio-Economic Decision Making in India using Neutrosophic Binary Sets

 Neutrosophic Sets and Systems, Vol. 94, 2025                                                                              125



FIGURE 2

The dendrogram illustrates the hierarchical clustering of the states based on their similarity profiles.

This clustering method visually separates Telangana from the other states, highlighting its distinct

unemployment condition relative to the group. The dendrogram also shows how states like Andhra

Pradesh and Kerala form closer clusters, suggesting similarities in their unemployment trends. This

hierarchical grouping validates the reliability of the similarity measures in capturing real-world socio-

economic distinctions. The radar chart provides a state-wise visualization of the similarity measures,

with a specific focus on Telangana. This chart clearly demonstrates how Telangana consistently ex-

hibits the most extreme values across all measures, particularly in Euclidean and Hamming distances.

FIGURE 3
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By mapping these values on a common scale, the radar chart highlights the disparity between Telan-

gana and other states, supporting the observation that Telangana faces the highest unemployment im-

pact. Similarly, the relatively smaller spread for Karnataka further confirms its lower unemployment

concern.

These visual tools allow for a deeper understanding of how the states differ with respect to their unem-

ployment severity. Hence, it is observed that the people of the state Telugana experiences high level

unemployment crisis followed by Andhra Pradesh, Kerala, Tamilnadu and Karnataka.

5. Conclusion

In this study, multiple similarity measures — Euclidean distance, Hamming distance, cosine simi-

larity, and correlation coefficient — were applied to analyze unemployment trends across the southern

states of India using neutrosophic binary sets. Upon comparative evaluation, it is observed that the

Euclidean distance measure yields the most accurate and reliable results in capturing the severity and

magnitude of differences between the unemployment data of the states. This measure effectively dis-

tinguishes between states with varying levels of unemployment, providing clear discrimination, partic-

ularly highlighting Telangana as experiencing the highest unemployment crisis, followed by Andhra

Pradesh, Kerala, Tamil Nadu, and Karnataka. While the Hamming distance produced similar results,

it was less sensitive to the scale of variations. Cosine similarity and correlation coefficient measures,

although useful for identifying directional or linear patterns, were found to be less effective in contexts

where the magnitude of unemployment differences is critical for decision-making. Therefore, the Eu-

clidean distance-based similarity measure is recommended for future studies involving neutrosophic

binary sets in socio-economic decision-making problems.

6. Acknowledgement

The authors would like to extend their gratitude to the Control for monitoring Indian Economy

(CMIE) pvt. Ltd. for providing access to collect the data.

7. Conflict of interest

The authors declare that they have no known competing financial interests or personal relationships

that could have appeared to influence the work reported in this paper.

References

[1] H. Wang, F. Smarandache, Y. Q. Zhang, and R. Sunderraman. Single valued neutrosophic, sets. Multispace and Multi-

structure, 4(2010), 410–413.

[2] H. Wang, F. Smarandache, Y.Q. Zhang, and R. Sunderraman. Interval neutrosophic sets and logic: Theory and applica-

tions in computing, Hexis, Phoenix, AZ, 2005

[3] A. Kharal, A neutrosophic multicriteria decision making method. New Mathematics and Natural Computation,

Creighton University, USA, 2013.

S.S.Surekha, M. Radha, S. Geethamalini, M.Thulasi Devi, A Comparative Study of Similarity
Measures: Socio-Economic Decision Making in India using Neutrosophic Binary Sets

 Neutrosophic Sets and Systems, Vol. 94, 2025                                                                              127



[4] S. Ye, and J. Ye. Dice similarity measure between single valued neutrosophic multisets and its application in medical

diagnosis, Neutrosophic Sets and Systems, 6(2014). 49-54.

[5] J. Ye. Multicriteria decision-making method using the correlation coefficient under single-valued neutrosophic environ-

ment. International Journal of General Systems, 42(4) (2013), 386-394

[6] J. Ye. Single valued neutrosophic cross entropy for multicriteria decision making problems, Applied Mathematical

Modeling, 38(2014), 1170-1175.

[7] J. Ye. Vector similarity measures of simplified neutrosophic sets and their application in multicriteria decision making.

International Journal of Fuzzy Systems, 16(2) (2014), 204- 215

[8] P. Biswas, S. Pramanik, and B. C. Giri. A new methodology for neutrosophic multi-attribute decision making with

unknown weight information. Neutrosophic Sets and Systems, 3(2014), 42-52.

[9] S. Pramanik, and S.N. Chackrabarti. A study on problems of construction workers in West Bengal based on neutrosophic

cognitive maps. International Journal of Innovative Research in Science, Engineering and Technology 2(11) (2013),

6387-6394.

[10] K. Mondal, and S. Pramanik. A study on problems of Hijras in West Bengal based on neutrosophic cognitive maps.

Neutrosophic Sets and Systems, 5(2014), 21-26.

[11] K. Mondal, and S. Pramanik. Multi-criteria group decision making approach for teacher recruitment in higher education

under simplified neutrosophic environment, Neutrosophic Sets and Systems, 6(2014), 28-34.

[12] K. Mondal, and S. Pramanik. Neutrosophic decision making model of school choice. Neutrosophic Sets and Systems,

7 (2015), 62-68.

[13] S. Pramanik and T. K. Roy. Neutrosophic game theoretic approach to Indo-Pak conflict over Jammu-Kashmir. Neutro-

sophic Sets and Systems, 2 (2014), 82-101.

[14] S. Bhattacharya, F. Smarandache, and M. Khoshnevvisan. The Israel-Palestine question-a case for application of neu-

trosophic game theory. http://fs.gallup.unm.edu/ScArt2/Political.pdf.

[15] H. D. Cheng, and Y. Guo. A new neutrosophic approach to image thresholding. New Mathematics and Natural Compu-

tation, 4(3) (2008), 291–308.

[16] Y. Guo, and H. D. Cheng. New neutrosophic approach to image segmentation. Pattern Recognition, 42, (2009), 587–

595.

[17] M. Zhang, L. Zhang, and H. D. Cheng. A neutrosophic approach to image segmentation based on watershed method.

Signal Processing, 90(5) (2010), 1510-1517.

[18] A. A. Salama and S.A. AL. Blowi. Correlation of neutrosophic data. International Refereed Journal of Engineering and

Science, 1(2) (2012), 39-43.

[19] S, Broumi, and F, Smarandache. Several similarity measures of neutrosophic sets. Neutrosophic Sets and Systems, 1

(2013), 54-62.

[20] S. Broumi, and F. Smarandache. Correlation coefficient of interval neutrosophic set. Periodical of Applied Mechanics

and Materials, Vol. 436, 2013, with the title Engineering Decisions and Scientific Research in Aerospace, Robotics,

Biomechanics, Mechanical Engineering and Manufacturing; Proceedings of the International Conference ICMERA,

Bucharest, October 2013.

[21] P. Majumder, and S. K. Samanta. On similarity and entropy of neutrosophic sets. Journal of Intelligent and Fuzzy

Systems, 26 (2014), 1245–1252.

[22] S.S.Surekha, J.Elekiah and G.Sindhu, A study on Neutrosophic Binary Topological space, Stochastic Modelling and

applications, Vol 26(3), 479-486.

[23] S.S.Surekha, G.Sindhu, A Contemporary approach on Generalised NB Closed Sets in Neutrosophic Binary Topological

Spaces , Neutrosophic Sets and Systems: Vol. 56 (2023): Neutrosophic Sets and Systems

[24] C. Sangeetha, G. Sindhu, S.S.Surekha, Smitha M G, Application of Neutrosophic Micro Binary Topological Space ,

Neutrosophic Sets and Systems: Vol. 87 (2025): Neutrosophic Sets and Systems

S.S.Surekha, M. Radha, S. Geethamalini, M.Thulasi Devi, A Comparative Study of Similarity
Measures: Socio-Economic Decision Making in India using Neutrosophic Binary Sets

 Neutrosophic Sets and Systems, Vol. 94, 2025                                                                              128



[25] S.S.Surekha, Choosing the Best Investment according to the Financial Factors in the Neutrosophic Binary Environment.

Neutrosophic Sets and Systems, 87, (2025),281-294.

[26] J. Ye, and Q. Zhang. Single valued neutrosophic similarity measures for multiple attribute decision-making Neutro-

sophic Sets and System, 2(2012), 48-54.

[27] P. Biswas, S. Pramanik, and B.C. Giri. 2015. Cosine similarity measure based multi-attribute decision-making with

trapezoidal fuzzy neutrosophic numbers. Neutrosophic Sets and System, 8(2015), 47-58.

[28] J. Ye. Similarity measures between interval neutrosophic sets and their multicriteria decision-making method. Journal

of Intelligent and Fuzzy Systems, 26, (2014), 165-172.

S.S.Surekha, M. Radha, S. Geethamalini, M.Thulasi Devi, A Comparative Study of Similarity
Measures: Socio-Economic Decision Making in India using Neutrosophic Binary Sets

Received: May 8, 2025. Accepted: Aug 26, 2025

 Neutrosophic Sets and Systems, Vol. 94, 2025                                                                              129


	1. Introduction
	2. Preliminaries
	3. Distance measures on Neutrosophic Binary sets
	4. Live Coverage application of Neutrosophic Binary Set 
	4.1. Methodology
	4.2. Example: Real World Problem on Neutrosophic Binary Sets

	5. Conclusion
	6. Acknowledgement
	7. Conflict of interest
	References

