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Similarity measures for Analyzing Medical Diagnostic Problems and Hamlet's
Amenities with Intuitionistic fuzzy Set

K. Selvakumari'”, V. R. Path mavathi2, R. Bindhiya?, A. Kubendiran, S. Sathya geetha®

Abstract

The survey's validity is determined by the dependability and correctness of the data collected. Conventional models
surveys usually ask people who responded to select a single number within zero and one. Furthermore, this kind of
approach may not correctly express human views,. particularly when questions incorporate linguistics phrases such as
"high," "moderate," or "low." The human evaluations are typically vague, unreliable, and lacking of assurance or
certainty.To overcome this constraint, Intuitionistic Fuzzy Sets (IFS) provide an effective reasoning. As opposed to
traditional fuzzy sets, IFS consider three factors: the degree of membership, the degree of non-membership, and the degree
of hesitation. This approach allows various individuals to communicate what they think both casually and clearly,
expressing the uncertainty that comes with making real-life decisions.In this study, an Intuitionistic fuzzy approaches is
combined by using a Modified Cosine similarity metric to evaluate a village facilities and essential amenity. This
methodology helps the respondents to identify not only their degree of consent or disapproval, but it also indicates their
ambiguity while comparing several features. Therefore an outcome, it provides a better and more reliable measurement
than the conventional assessment methods.The proposed method provides in identifying most of the essential facilities
and fundamental amenities required for community growth. Furthermore, the same concept can be used efficiently to
solve medical diagnosis difficulties involving uncertainty and ambiguity. The Modified Cosine Similarity Measure
increases making decisions with accuracy by clearly showing the difference between various options.
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1. Introduction

The decision-making process under uncertainty has arisen as a major research area in mathematics, engineering, health,
and the social sciences. Real-life decision-making challenges are usually marked by ambiguity, inadequate knowledge,
and subjective analysis. Traditional set theory, this only allows binary membership, is frequently insufficient for
representing such complications. Zadeh's [1] in 1965 creation of fuzzy set theory was a huge step forward in uncertainty
modeling since it provided an analytical foundation for gathering ambiguous and unreliable information.Atanassov [2]
later expanded on this idea that have been by creating Intuitionistic fuzzy sets (IFSs), that are incorporate membership,
non-membership, and hesitation degrees, allowing for a more comprehensive portrayal of uncertainty. This concept
increased flexibility enables IFSs to more effectively emulate reasoning by humans in situations involving inadequate and
inaccurate input. IFSs have been widely used in decision-making, pattern recognition, clustering, image processing, expert
systems, and engineering analysis due to their significant capacity to deal with uncertainty. Similarity measures for
IFSs,[3][4][5][6][7] in particular, have grown in popularity as a research area because they assess the degree of similarities
among different possibilities or groups while accounting for membership, non-membership, and hesitation data.

Cosine similarity[8][9][10] is one of the most popular similarity measures because of its a conceptual simplicity, efficiency
of computation, and consistent performance. It calculates the similarity by taking a cosine expression of an angle between
two vectors. An assessment relatively close to one implies great similarity, while a score around zero indicates
dissimilarity. Various modified cosine-based and distance-related similarity assessments are being developed over time
to increase discriminating and flexibility in unpredictable contexts. According to these advancements, traditional cosine
similarity measures may have difficulties while handling weighting based characteristics, limited information, insufficient
observations, and changing levels of featured relevance. In order to resolve these constraints, new cosine similarity
measurements were proposed. Normalization, weighting strategies, and biased elimination procedures are among the
measures used to achieve reliable, consistent, and precise similarity estimates in complex decision-making environments.
These approaches have a broad range of applications, demonstrating their practical value. In medical diagnosis,
Intuitionistic fuzzy similarity metrics [1][12][13][14] are being successfully used to identify diseases, classify patients,
diagnose medical situations, provide clinical decision-making, and analyze mixed medical images[15][16]17][18][19].
The medical records frequently contain uncertainty, insufficient data, and repetitive disease symptom patterns, finding
Intuitionistic-based fuzzy analysis very useful. Nephrotic disease [20][21] is a medical disorder defined by severe
proteinuria, hypoalbuminemia, edema, and hyperlipidemia. Because its diagnosis frequently relies on ambiguous,
inaccurate, and inconsistent clinical signs, it is a suitable option for Intuitionistic fuzzy similarity analysis. IFS-based
approaches can greatly increase accuracy in diagnosis and clinical choice-making by including reluctance in addition to
membership or non-membership facts. Rural environment assessment [[22][23] and the village development strategy are
also key areas of application. The infrastructure factors which include water consumption availability, energy access,
roadway connectivity, healthcare amenities, educational organizations, sanitary conditions, networks of communication,
and financial resources can all be successfully expressed using an Intuitionistic fuzzy based model. Similarity-oriented
research allows for comparative analysis of areas based on their levels of development, which aids decision-makers in
detecting infrastructure shortages and optimizing allocation of resources.

The survey sample helps to improve the performance of rural infrastructure appraisal. Since people who responded
frequently deliver the linguistic or personal judgments, Intuitionistic fuzzy sets provides an appropriate way for capturing
ambiguity and hesitation in survey results. This results in more consistent and more understandable evaluation results.
This paper creates a modified cosine similarity measure within an Intuitionistic fuzzy framework and applies it to two
significant real-life challenges: medical diagnostics and the rural infrastructure analysis. Particularly, proposed technique
is utilized to diagnose Nephrotic disease and assess village infrastructure facilities. In all instances, the given data contains
doubt, vagueness, and hesitancy.In general, the combination of Intuitionistic fuzzy sets along with the modified cosine
similarity measure creates a strong, adaptable, and effective approach to dealing with complicated decision-making
scenarios in the face of uncertain situations. The suggested method provides greater precision, predictability, and a more
accurate depiction of person judgment, thus making it ideal for use in healthcare diagnostics, development in rural areas
planning, and other related domains with inaccurate and uncertainty.

The primary goals of this paper to investigate the basic ideas of fuzzy sets and Intuitionistic fuzzy sets, examine existing
cosine similarity measures and create a modified cosine similarity measure for Intuitionistic fuzzy sets, successfully
implement hesitate and weighting data into a similarity analysis, and apply the proposed method to medical diagnosis and
rural infrastructure evaluation based problems. The suggested approach will also be compared with existing similarity
measures using numerical examples and comparative analysis.

This analysis applies the suggested modified cosine similarity metric to two significant real-life problems: medical
diagnostics and rural infrastructure analysis. Considering both cases, the available data comprises uncertainty, ambiguity,
reluctance, and incomplete data The merging of Intuitionistic fuzzy sets with the recommended modified cosine similarity
measure yields a powerful, adaptive, and effective design for dealing with complex decision-making situations in uncertain
contexts. The proposed approach enhances precision as well as stability while also depicting human judgment more
clearly, making it excellent for medical field diagnostics, rural development strategies, and other areas with uncertain
information.

The remaining sections of this work are organized as follows. Section 2 covers over the basics of fuzzy sets, Intuitionistic
fuzzy sets, and existing similarity measures. Section 3 discusses the proposed enhanced cosine similarity measure.
Sections 4 and 5 discuss its applications in medical diagnosis and rural infrastructure assessment, respectively. Section 6
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includes numerical illustrations and comparisons. Section 7 closes the report by outlining the possibility of future research
directions.

2. Preliminaries
2.1 Definition (Fuzzy set)
A Fuzzy set defined as A ={(x, u; (x) )/x€X}, where z5: X — [0,1] is called membership value of x in A .

2.2 Definition (Intuitionistic fuzzy set)

Let X be a non-empty set, an IFS A in X is defined as A={(a, (x),y ,(x))/x€X} which is characterized by a membership
value a4 (x):X—[0,1] and the non-membership value y ,(x):X—[0,1] and satisfying following condition

(i) 0= ay(x)+y,(x) <1,vxeX

(i) 0= &y (x),y, (x),5 ,(x) <1,¥vx€X

(i) 00 =1, @)+ 7, ()

Where f,(x) is called the hesitation value.

2.3 Cosine Similarity Measure (CSM) in Intuitionistic Fuzzy set
The cosine similarity metric is an important mathematical tool for determining the level of similarity between membership
and non-membership information. It measures the angle between two Intuitionistic fuzzy vectors.
For two Intuitionistic fuzzy sets A and B defined on X = {xi, X2, ..., Xa}, the cosine similarity measure is defined as
C(A,B) = i ma edup () +94 ()9 (x)
JEA WG 92 A [SIy (g +925.x)

Set A contains u,(x;), 7,(x;), 6.,4(x;)

Ua (x;)€[0,1] Membership value

94 (x;)€[0,1] Non Membership value
Set B contains u ,(x;), 74(x;), 0,4(x;)

ug (x;)€[0,1] Membership value

By (x;)€[0,1] Non Membership value

3. Modified Cosine Similarity Measure (MCSM)
The modified cosine similarity includes hesitation degree and attribute weights, making it more suitable for clinical data.
The hesitation degree can also be integrated into the metric for a more accurate similarity rating.

3.1 MCSM in Intuitionistic Fuzzy set
For two Intuitionistic fuzzy sets A and B defined on X = {xi, X, ..., Xa}, the modified cosine similarity measure is
defined as

MCS,p5(A,B) = 30, 1 H 4 O p () +T4(x)TR(X))F0 4 (X))o (X))
Si \//4 e+t (e)+o4() |mp(x)+Tp(x)+op(x;)
Set A contains
u ,(x;)€[0,1] Membership value
74(x;)€[0,1] Hesitation value
0,4(x;)E[0,1] Non Membership value

4. Applications in Medical Diagnosis and Rural infrastructure assessment
4.1 Nephrotic Syndrome Diagnosis problem in Intuitionistic Fuzzy set with MCSM
Using Modified Cosine Similarity Measure ,

MCS,p(A,B)= Y 1 44 (g (6)+T 4 ()T (X)) +0 4 (x)a B (x;)
IFS\2D)—

=g
i JﬂA(x,-)ﬂA(x,»)wA(x,-) [P T—

From the Blood test report,

Set A contains u ,(x,), 74(x,), 64(x;)

u, (x;) is the membership values of HB, Proteinuria, Creatinine ratio, Serum albumin and Blood Cholesterol level.
74(x;) is the hesitation value of HB, Proteinuria, Creatinine ratio, Serum albumin and Blood Cholesterol level.

0,4(x;) is the non membership value of HB, Proteinuria, Creatinine ratio, Serum albumin and Blood Cholesterol level.
Set B contains u,(x;), 75(x;), o5(x;)

ug(x;) is the membership values of Patient’s symptoms

73(x;) is the hesitation value of Patient’s symptoms

op(x;) is the non membership value of Patient’s symptoms.

S; is number of symptoms.

4.2 Rural Infrastructure assessment problem in Intuitionistic Fuzzy set with MCSM
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Using Modified Cosine Similarity Measure

MCS,r5(A,B) = 3" 1 1 O )+ (x)Tp(xp))+o4(x)oB(x;)
IFS 5 -

L
s JﬂA<xi)+rA<xi)+oA<xi) 15 G 5 (e +o5x7)

From the Survey report,

Set A contains u,(x;), 7,(x;), 6,4(x;)

u,(x;)is the membership values of Anganwadi, Primary school, Middle School, Secondary school, Diploma institute.
74(x;) is the hesitation value of Anganwadi, Primary school, Middle School, Secondary school, Diploma institute.

0,(x;) is the non member ship value of Anganwadi, Primary school, Middle School, Secondary school, Diploma institute.
Set B contains u,(x;), 75(x;), o5(x;)

/LB(x,«) is the membership values of Bank ATM, Post office, Gas Agency, EB Office, Health care center.

75(x;) is the hesitation value of Bank ATM, Post office, Gas Agency, EB Office, Health care center.

op(x;) is the non member ship value of Bank ATM, Post office, Gas Agency, EB Office, Health care center.

Si is minimum important amenites.

5. Algorithm MCSM with IFS

5.1 Proposed Algorithm for Nephrotic Syndrome diagnosis
Step 1

Collect the patient's clinical and test information, which includes:
® [JHemoglobin level,

OProteinuria,

OCreatinine ratio,

OSerum albumin,

0Blood cholesterol level.

Step 2

Generate the Intuitionistic fuzzy representation of the patient's condition by classifying:
Omembership degree,

Onon-membership degree,

Ohesitation degree for each diagnostic parameter and symptom.

Step 3
Create the Intuitionistic fuzzy data for Nephrotic syndrome using specialized medical skills.

Step 4
Determine the Modified Cosine Similarity Measure between the patient's Intuitionistic fuzzy analysis and the conventional
Nephrotic Syndrome Analysis.

Step 5

Identify the similarity value.

® [JA number near 1 suggests a high risk of Nephrotic syndrome. [J

® []An average value indicates partial similarity and requires additional examination.
® [1A low level suggests a decreased risk of Nephrotic syndrome.

5.2 Proposed Algorithm for Rural Infrastructure assessment using MCSM with IFS
Gather the data on infrastructure for the specified areas.

Rewrite the obtained data into Intuitionistic fuzzy values.

Create Intuitionistic fuzzy sets for learning and vital facilities.

Calculate the adjusted cosine similarity measure.

Sort the villages according to similarity ratings.

Choose villages that require urgent infrastructure improvement.

AR e

6. Numerical Example

6.1Application I: Medical Diagnosis of Nephrotic Syndrome

Nephrotic syndrome is a kidney condition identified by significant proteinuria along with hypoalbuminemia, edema, and
hyperlipidemia. The uncertainty arises from symptoms that overlap and different diagnostic test results, making a proper
diagnosis more difficult. The nephrologist examines ten patients suspected of having Nephrotic Syndrome. Because
medical data and diagnostic results generally involve uncertainty and mismatches among both normal and abnormal
situations, an Intuitionistic fuzzy set (IFS) technique is utilized to help assist in diagnosis.

Diagnostic Factors

e [JHemoglobin level
o [IProteinuria

® [ICreatinine ratio
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® [ISerum albumin
o [ICholesterol level

Clinical Symptoms

OFatigue

[Severe swelling
OFoamy urine
OWeight gain due to fluid retention

OLoss of appetite
Every diagnostic criteria and symptom can be expressed by an Intuitionistic fuzzy number, for each of the parameters are
merged to produce an overall diagnostic a result pertaining to all the identified patients. On the basis of this analysis,

patients are put into one of the following categories:
e [] High chance of Nephrotic Syndrome.

e [] Marginal risk (needs further investigation).

® [] Low chances of having the syndrome.

Objective

To develop an intelligent medical decision-support framework that improves diagnostic accuracy for Nephrotic Syndrome

by incorporating uncertainty, incomplete information, and expert judgment through Intuitionistic Fuzzy Set theory.
Table 1 shows the conversion of the patient's diagnosing factors into Intuitionistic fuzzy values.

Diagnosing
Factors HB Proteinuria Creatinine Serum Severe
Patients >3-3.5g/24 ratio>300-350 albumin Hyperlipidemia
(# 45 T4 64) hour mg/mmol <20-25g/1
1 (0.5,0.3,0.2) (0.6,0.1,0.3) (0.4,0.3,0.2) (0.3,0.2,0.5) (0.6,0.2,0.2)
2 (0.7,0.1,0.2) (0.7,0.0,0.3) (0.6,0.2,0.2) (0.6,0.1,0.3) (0.7,0.2,0.1)
3 (0.8,0.1,0.1) (0.9,0.1,0.0) (0.7,0.1,0.2) (0.6,0.2,0.2) (0.9,0.1,0.0)
4 (0.7,0.1,0.2) (0.6,0.2,0.2) (0.8,0.0,0.2) (0.7,0.1,0.2) (0.7,0.2,0.1)
5 (0.6,0.2,0.1) (0.7,0.1,0.2) (0.7,0.0,0.3) (0.6,0.1,0.3) (0.7,0.1,0.1)
6 (0.7,0.1,0.2) (0.4,0.3,0.3) (0.3,0.3,0.4) (0.5,0.3,0.2) (0.2,0.3,0.5)
7 (0.6,0.1,0.3) (0.9,0.0,0.1) (0.8,0.1,0.1) (0.7,0.1,0.2) (0.9,0.1,0.0)
8 (0.5,0.3,0.2) (0.6,0.2,0.2) (0.6,0.2,0.2) (0.5,0.4,0.1) (0.5,0.2,0.3)
9 (0.8,0.1,0.1) (0.6,0.2,0.2) (0.7,0.2,0.1) (0.8,0.1,0.1) (0.6,0.1,0.3)
10 (0.5,0.3,0.2) (0.4,0.3,0.3) (0.5,0.2,0.3) (0.6,0.2,0.2) (0.5,0.2,0.3)

Table 2 shows the conversion of the patient's symptoms into Intuitionistic fuzzy values.

Symptoms Severe Urine with | Fluid retention | Exhaustion Loss of appetite
Patients Swelling (p,;, | Foamy caused Weight gain
B> Op)

1 (0.5,0.2,0.3) (0.4,0.2,0.4) (0.3,0.3,0.4) (0.2,0.3,0.5) (0.4,0.3,0.3)
2 (0.6,0.1,0.3) (0.7,0.2,0.1) (0.5,0.3,0.2) (0.5,0.2,0.3) (0.6,0.2,0.2)
3 (0.7,0.0,0.3) (0.7,0.1,0.2) (0.6,0.2,0.2) (0.8,0.1,0.1) (0.7,0.2,0.1)
4 (0.5,0.2,0.3) (0.7,0.1,0.2) (0.7,0.1,0.2) (0.6,0.2,0.2) (0.5,0.3,0.2)
5 (0.6,0.2,0.2) (0.7,0.0,0.2) (0.6,0.1,0.3) (0.5,0.3,0.2) (0.6,0.1,0.2)
6 (0.6,0.3,0.1) (0.4,0.5,0.1) (0.5,0.2,0.3) (0.6,0.2,0.2) (0.6,0.3,0.1)
7 (0.6,0.2,0.2) (0.7,0.2,0.1) (0.6,0.3,0.1) (0.7,0.2,0.1) (0.5,0.3,0.2)
8 (0.4,0.2,0.4) (0.7,0.2,0.1) (0.7,0.2,0.1) (0.4,0.4,0.2) (0.6,0.2,0.2)
9 (0.7,0.2,0.1) (0.5,0.2,0.3) (0.6,0.2,0.3) (0.4,0.3,0.3) (0.5,0.3,0.2)
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10 (0.7,0.1,0.2) 0.6,02,02) | (0.3,0.4,0.3) (0.5,0.3,0.2) (0.6,0.1,0.3)

Table 3 displays the Modified Cosine Similarity measure solutions in IFS.
Village Solutions
0.3540
0.4600
0.5360
0.4840
0.4600
0.3600
0.5220
0.3800
0.4480
0. 0.3820

e el el e Rl Pl Rl el fa

Numerical Results

The computed similarity values for ten patients indicate that:

1. OPatient 3: 0.5360

2. OPatient 7: 0.5220

These two patients exhibit the highest similarity values and are therefore identified as the most likely cases of Nephrotic
syndrome.

Bar Diagram's survey report results:

Patients Test Results-Modified Cosine Similarity

0.6 0.536 0.522
0.484 0.448

0.5 0.46 0.46
0.4 0.354 0.36 0.38 0.382
0.3
0.2
0.1
0

Patient 1 Patient2 Patient3 Patient4 Patient5 Patient6 Patient7 Patient8 Patient9 Patient 10

M Patient 1 ® Patient2 ®mPatient3 m Patient4 m Patient5

m Patient 6 ®m Patient 7 mPatient8 m Patient9 m Patient 10

Patients Test Results-Cosine Similarity

® 0.934 ® 0.9487 ©0.9567

0.8 ® 0.8478 ® 08546 ® 0.8776 @ 0.8594 ® 0.8639 ® 0.8723 ® 0.8695

0.6
0.4

0.2

Patient 1 Patient2 Patient3 Patient4 Patient5 Patient6 Patient7 Patient8 Patient9 Patient 10

® Patient1 ® Patient2 ® Patient 3 @® Patient4

6.2 Application II: Evaluation of Rural Infrastructure Deficiencies

Development in rural areas requires a comprehensive assessment of facilities and essential services. The responses to the
survey frequently contain ambiguity and hesitancy, providing Intuitionistic fuzzy modeling a suitable fit.Each
infrastructure amenity is represented by an Intuitionistic fuzzy number

The ten villages will be categorized into two distinct groups:
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Group I includes villages with acceptable and satisfactory amenities.

Group II includes villages with little or inadequate amenities.

Using a modified cosine similarity measure and Intuitionistic fuzzy sets, the information mentioned above can be separated
into two sets of analytical items. The goal is to figure out how many villages have the least amount of amenities.

Educational Infrastructure Criteria
0 Anganwadi

OPrimary school

[OMiddle school

[0Secondary school
OCollege/ITI/Diploma institute

e

Essential Public Amenities
OBank ATM

OPost office

OGas agency
OElectricity board office
OHealthcare center

Aol

Villages Under Study
1. Ponmar
2. Vengadamangalam
3. Polacherry

4. Mambakkam

5. Kulathur

6. Pooluppai

7. Pulipakkam

8. Muthukadu

9. Mullipakkam

10. Vengaleri

Evaluation Criteria

Each hamlet will be rated based on the availability as well as the quality of the ten basic fundamental amenities:
1. Anganwadi Centre

2. Primary Educational Institution
3. Intermediate School

4. Post-Secondary Educational Facility
5. ITI/ College / Diploma Institute
6. Bank with ATM Facility
7. Post Office

8. Gas Agency

9. Electricity Board (EB) Office

10. Medical Clinic / Primary Health Facility

Objective

Use the Modified Cosine Similarity Measure in the context of Intuitionistic Fuzzy sets to analyze and categorize the ten
communities based on their availability of basic amenities and infrastructure. Determine which communities have the
lowest level of infrastructure development and how many villages have low amenities.

Table 1 shows the conversion of the infrastructure amenities analyzing factors into Intuitionistic fuzzy membership

Village | Anganwadi Primary school Mi\(ﬁ;l: :chool Secondary College/ITI
school /Diploma Institute

1 (0.6,0.3,0.1) (0.1,0.1,0.8) (0.1,0.1,0.8) (0.1,0.2,0.7) (0.1,0.1,0.8)

2 (0.7,0.1,0.2) (0.4,0.2,0.4) (0.3,0.3,0.4) (0.1,0.2,0.7) (0.1,0.1,0.8)

3 (0.4,0.3,0.3) (0.5,0.2,0.3) (0.1,0.1,0.8) (0.2,0.1,0.7) (0.0,0.1,0.9)

4 (0.1,0.1,0.8) (0.5,0.1,0.4) (0.2,0.2,0.6) (0.5,0.2,0.3) (0.1,0.0,0.9)
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5 (0.6,02,02) | (0.3,0.2,0.5) (0.3,02,0.5) | (0.3,0.1,0.6) (0.1,0.0,0.9)
6 (0.6,03,0.1) | (0.4,0.5,0.1) (0.502,03) | (0.6,0.2,0.2) (0.6,0.3,0.1)
7 (0.6,02,02) | (0.7,02,0.1) (0.6,03,0.1) | (0.7,0.2,0.1) (0.5,0.3,0.2)
8 (0.4,02,04) | (0.7,0.2,0.1) (0.7,02,0.1) | (0.4,0.4,0.2) (0.6,0.2,0.2)
9 (0.7,02,0.1) | (0.5,0.2,0.3) (0.6,02,03) | (0.4,0.3,0.3) (0.5,0.3,0.2)
10 (0.7,0.1,02) | (0.6,0.2,0.2) (03,04,03) |(0.5,03,0.2) (0.6,0.1,0.3)

Table 2 shows the conversion of the infrastructure amenities analyzing factors into Intuitionistic fuzzy membership

Numerical Results

The computed similarity values for ten villages indicate that:

1. OVillage 1: 0.534
2. DOVillage 3: 0.552
3. DOVillage 7: 0.522

These villages require immediate attention for infrastructure improvement.

Bar Diagram's survey report results:

values.
Village Bank ATM Post Office Gas Agency EB Office Health care
center
1 (0.1,0.1,0.8) (0.3,0.2,0.5) (0.1,0.1,0.8) (0.1,0.1,0.9) (0.1,0.1,0.9)
2 (0.4,0.2,0.4) (0.2,0.1,0.7) (0.5,0.1,0.4) (0.1,0.1,0.9) (0.1,0.1,0.8)
3 (0.1,0.1,0.8) (0.1,0.0,0.9) (0.1,0.0,0.9) (0.1,0.1,0.8) (0.1,0.0,0.9)
4 (0.6,0.2,0.2) (0.2,0.1,0.7) (0.6,0.1,0.3) (0.5,0.3,0.2) (0.1,0.1,0.8)
5 (0.6,0.1,0.3) (0.5,0.1,0.4) (0.1,0.2,0.7) (0.5,0.2,0.3) (0.1,0.1,0.8)
6 (0.7,0.1,0.2) (0.4,0.3,0.3) (0.3,0.3,0.4) (0.5,0.3,0.2) (0.2,0.3,0.5)
7 (0.6,0.1,0.3) (0.9,0.0,0.1) (0.8,0.1,0.1) (0.7,0.1,0.2) (0.9,0.1,0.0)
8 (0.5,0.3,0.2) (0.6,0.2,0.2) (0.6,0.2,0.2) (0.5,0.4,0.1) (0.5,0.2,0.3)
9 (0.8,0.1,0.1) (0.6,0.2,0.2) (0.7,0.2,0.1) (0.8,0.1,0.1) (0.6,0.1,0.3)
10 (0.5,0.3,0.2) (0.4,0.3,0.3) (0.5,0.2,0.3) (0.6,0.2,0.2) (0.5,0.2,0.3)
Table 3 displays the Modified Cosine Similarity measure solutions in IFS.

Village Solutions

1. 0.534

2. 0.484

3. 0.552

4, 0.410

5. 0.462

6. 0.360

7. 0.522

8. 0.380

9. 0.448

10. 0.382
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Results of the Survey report-Modified Cosine similarity
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Results of the Survey Report-Cosine Similarity
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7. Comparative Analysis of Cosine and Modified Cosine Similarity Measures in IFS

Application 1: Nephrotic syndrome

In medical diagnosis, especially for diseases such as Nephrotic syndrome, patient symptoms and laboratory findings are
often uncertain, incomplete, and imprecise. Intuitionistic fuzzy set provides an effective framework to model this
uncertainty. Similarity measures are then used to compare a patient's symptom profile with known disease patterns.
Traditional cosine similarity measures used in fuzzy decision models mainly consider membership and non-membership
values, while the hesitation component is ignored. As a result, part of the diagnostic uncertainty is lost, leading to possible
confusion in classification and reduction in diagnostic accuracy.

Clinical Interpretation

Consider two diseases provide identical membership and non-membership results for a patient. Traditional cosine
similarity can generate virtually identical similarity values. On the other hand, if one condition has a lower level of
hesitation, the modified cosine similarity indicates that it is a more reliable diagnosis.
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Application 2: Rural Infrastructure Assessment

In rural infrastructure evaluation, decision-makers often assess villages based on multiple criteria such as education,
healthcare, banking, transportation, sanitation, and public services. These indicators are frequently uncertain, incomplete,
and subjective. An Intuitionistic fuzzy set framework is therefore highly suitable for modeling such data.

Traditional cosine similarity measures generally utilize only membership and non-membership information, while
ignoring the hesitation component. As a result, uncertainty present in the survey responses is lost, which may lead to
inaccurate prioritization of village development needs.

As a result, incorporating the hesitation factor into similarity analysis improves the reliability, efficacy, and successful
outcomes of making decisions in rural survey research. The suggested technique may be used by decision makers, local
administrative bodies, development and growth agencies to plan long-term rural infrastructure and improve that the quality
of life in villages surrounding Chennai.

Practical Interpretation

Two villages might have comparable fundamental amenity scores. The traditional cosine similarity can rank them equally.
On the other hand, if one town has greater uncertainty about healthcare or education availability, the adjusted measure
represents that uncertainty and produces a more realistic score.

8.Discussion

This proposed modified cosine similarity measure successfully addresses lack of certainty, non-membership, and
hesitancy. Compared to conventional fuzzy similarity measures, that provides a more accurate overview of everyday
uncertainty. In the field of medical diagnosis, this technique efficiently identify those who are at a higher risk of Nephrotic
syndrome. In an analysis of rural infrastructure, it correctly determines the villages that require an an upgrade.

9.Conclusion

For Application 1 (medical diagnosis of Nephrotic syndrome), the modified cosine similarity measure is superior because
the suggested Intuitionistic fuzzy technique, which includes hesitation degree, enhances illness identification by
maintaining the uncertainty information associated with laboratory reports. The inclusion of hesitation improves
sensitivity in borderline instances and lowers misdiagnosis of Nephrotic and Non-Nephrotic renal diseases.

As a result, including hesitation margin into similarity measurements provides a more reliable mathematical model for
medical diagnosis and improves the accuracy of identifying Nephrotic syndrome from laboratory blood and urine test
results

.For Application 2, the modified cosine similarity measure is superior to the classical cosine similarity measure because
the suggested Intuitionistic fuzzy technique, which includes a hesitation buffer, considerably increases the accuracy of
rural development analyses. While retaining hesitant information, the model delivers a more accurate estimate of the
urgency and priority of basic facilities necessary in various villages. The reluctance degree is especially useful in
recognizing moderately pleased communities that require rapid attention from the government.Thus, incorporating the
hesitation margin into similarity analysis improves the accuracy, transparency, and effectiveness of decision-making in
rural survey investigations. The suggested approach may help policymakers, local governments, and development
agencies plan sustainable rural infrastructure and improve the quality of life in communities near Chennai.

Scope for Future work

This strategy is capable of being improved by including Neutrosophic sets, Pythagorean fuzzy sets, spherical fuzzy sets,
and g-rung ortho pair fuzzy sets. The suggested healthcare technique may be utilized to diagnose chronic medical
conditions such as diabetes, cardiovascular disorders, liver problems, and cancer. It has several applications in the social
sciences and public affairs, such as resource allocation, quality assessment, and regional development.
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