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Abstract: In recent years, the application of fuzzy sets has gained significant attraction in various
fields, including medical diagnosis, due to their ability to manage uncertainties and imprecise
information. This paper focuses on the comparative analysis of similarity measures within the realm
of Generalized Interval-Valued Intuitionistic Fuzzy Soft Expert Sets (GIVIFSESs) and explores their
application in the domain of medical diagnosis. Most of the important topics in fuzzy set theory are
the similarity measures between the generalizations of fuzzy set theory. Similarity measures are a
crucial tool which was used in data science. In this process, we measure how much the data sets are
related and comparable. Measures of similarity give a numerical value that reveals the strength of
associations between sets or sets of variables. In this paper, we initiate a new concept of generalized
interval-valued intuitionistic fuzzy soft expert sets and their fundamental operations. This new
concept is more flexible than existing concepts based on their algebraic definition. Unlike fuzzy sets,
the concept of generalized interval-valued intuitionistic fuzzy soft expert sets is characterized by a
degree of membership and degree of non-membership along with fuzzy set theory. The proposed
methodology is validated through an empirical application in medical diagnosis, where (GIV-
IFSESs) are employed to model the uncertainty and imprecision inherent in expert assessments. The
selected similarity measures are then applied to quantify the degree of resemblance between
different medical cases, facilitating a more informed decision-making process. We introduce several
types of similarity measures on generalized interval-valued intuitionistic fuzzy soft expert sets. We
also discuss a similarity measure of Type-l, Type-II, and Type-III for two (GIVIFSESs) and its
application in medical diagnosis problems.

Keywords: Fuzzy Sets; Soft Sets; Interval-valued Intuitionistic Fuzzy Soft Sets; Similarity Measures.

1. Introduction

The majority of real-world problems include data that is highly unclear and imprecise. To cope
with uncertainties and fuzziness, classical mathematical theories such as fuzzy mathematics,
probability theory, and interval mathematics have traditionally been used. However, as Molodtsov
[1] pointed out, all of these theories have inherent challenges and shortcomings. He pioneered the
idea of soft sets as a new mathematical technique for dealing with uncertainties that traditional
mathematical tools cannot rectify. He has demonstrated multiple applications of this theory in the
solution of several significant issues in economics, engineering, social science, medicine, and other

Afshan Qayyum, Noreen Mushtaq, Tanzeela Shaheen, Wajid Ali and Florentin Smarandache, Some Similarity Measures on
Generalized Interval-Valued Intuitionistic Fuzzy Soft Expert Sets and Their Applications in Medical Diagnosis


https://doi.org/10.61356/j.nswa.2024.23398
https://orcid.org/0000-0002-8917-4482
https://orcid.org/0000-0002-4926-722X
https://orcid.org/0000-0002-5560-5926

Neutrosophic Systems with Applications, Vol. 23, 2024 48

An International Journal on Informatics, Decision Science, Intelligent Systems Applications

domains. The soft setting is also a fascinating and well-liked subject, where various forms of decision-
making issues are frequently resolved. The ideas of soft subset, soft superset, soft equality, null soft
set, and absolute soft set were first developed by Maji and Biswas [2]. They also performed some soft-
set operations and confirmed De Morgan's laws. Ali et al. [3] addressed some previous studies'
mistakes and defined some new soft-set procedures. Following that, Ali et al. [4] examined certain
algebraic structures of soft sets and studied several essential features linked with the new operations.
Maji et al. and Roy [5-7] have investigated soft set theory further and applied it to solve several
decision-making difficulties. They also created and researched the concept of fuzzy soft set, a more
generalized concept that is a blend of fuzzy set and soft set. Maji et al. defined the soft set operations
union and intersection. Soft sets and fuzzy soft sets were introduced into the incomplete environment
by Zou and Xiao [8], respectively. Wajid et al. [9] proposed an enhanced tool for fuzzy sets,
intuitionistic fuzzy sets, and image fuzzy sets. They also presented spherical fuzzy sets and their
representations of spherical fuzzy T-norm and T-conorm. As a generalization of the soft set,
Alkhazaleh et al. [10] developed the notion of soft multiset. They also defined fuzzy parameterized
interval-valued fuzzy soft sets [11] and the possibility of fuzzy soft sets [12] and proposed their
applications for decision-making and medical diagnosis. Alkhazaleh and Salleh [13] established the
concept of a soft expert set, in which the user can obtain the opinions of all experts in a single model
without performing any activities. Even after a procedure, the user can obtain the opinions of all
professionals. Salleh [14] provided a quick survey from the soft set to the intuitionistic fuzzy soft set
in 2011. By integrating the interval-valued fuzzy set [16, 17] and soft set models, Yang et al. [15]
proposed the notion of interval-valued fuzzy soft set. Yang et al. [18] discussed the application of soft
sets with interval-valued intuitionistic fuzzy soft sets. Interval-valued intuitionistic fuzzy sets are
extensively used to select the best alternative in multi-attribute decision-making issues, however,
how to evaluate uncertainty is a big open problem. Majumdar and Samanta [19] proposed and
investigated a generalized fuzzy soft set in which the degree is associated with the parameterization
of fuzzy sets for defining a fuzzy soft set. Babitha and John [20] presented generalized intuitionistic
fuzzy soft sets and solved a multi-criteria decision-making problem using generalized intuitionistic
fuzzy soft sets.

1.1 Motivation and Purpose of the Paper

In this paper, we simplify the concept of generalized interval-valued fuzzy soft sets as
introduced by Majumdar and Samanta to generalized interval-valued intuitionistic fuzzy soft expert
sets. In our generalization of interval-valued intuitionistic fuzzy soft expert sets, a degree is attached
to the parameterization of fuzzy sets while defining an interval-valued intuitionistic fuzzy soft expert
set. Also, we give some applications of generalized interval-valued intuitionistic fuzzy soft expert set-
in decision-making problems. We have further studied the similarity between two generalized
interval-valued intuitionistic fuzzy soft expert sets, and it has been applied in medical diagnosis.

In the realm of decision-making and information processing, the ability to effectively manage
uncertainty and imprecision is paramount. Fuzzy set theory has emerged as a powerful tool for
capturing and modeling vagueness inherent in real-world data. The integration of fuzzy sets with
expert opinions further enhances decision-making processes, providing a comprehensive framework
for tackling complex problems [20-29]. This research endeavors to explore and compare various
similarity measures within the context of Generalized Interval-Valued Intuitionistic Fuzzy Soft
Expert Sets (GIVIFSESs) and subsequently apply these measures in the domain of medical diagnosis.

i).  As medical diagnosis involves subjective expert opinions, imprecise data, and uncertainty,
traditional approaches may fall short of providing accurate and reliable results. Fuzzy set
theory, coupled with soft expert information, offers a promising avenue to address these
challenges. The motivation for this study lies in the need for a robust methodology that not
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only represents the complexity of medical diagnostic scenarios but also enables a rigorous
comparison of similarity measures within the (GIVIFSESs) framework.

ii). ~ The (GIVIFSESs) framework is introduced as a comprehensive model that extends the
capabilities of traditional fuzzy sets by incorporating interval-valued intuitionistic fuzzy sets
and soft expert information. This hybrid approach aims to capture not only the uncertainty
and imprecision associated with medical diagnoses but also the inherent hesitancy present
in expert opinions. The integration of these elements enhances the fidelity of the
representation and provides a more realistic model for decision-making in medical contexts.

iii).  Similarity measures play a crucial role in assessing the degree of resemblance between
different entities represented by (GIVIFSESs). The selection of an appropriate similarity
measure is pivotal for ensuring the accuracy and reliability of decision support systems. This
study seeks to compare and evaluate various similarity measures to identify the most suitable
measure for capturing the subtleties of expert opinions in the context of medical diagnosis.

iv).  The primary objectives of this research are twofold:

a. To conduct a comprehensive comparative analysis of similarity measures within the
(GIVIFSESs) framework.

b. To demonstrate the practical application of the selected similarity measures in
medical diagnosis scenarios, highlighting their efficacy in handling uncertainty and
imprecision.

The organization of this paper is as follows: In section 2, some preliminary definitions and results
are given which will be used in the rest of the paper. In section 3 a definition of generalized interval-
valued intuitionistic fuzzy soft expert set is given and fundamental operations of GIVIFSESs namely
Sum, Product, Subtraction, Max- Product, Min-Product, Complement, Power, and Scaler product. In
section 4, the similarity between two generalized interval-valued intuitionistic fuzzy soft expert sets
has been discussed. In this section, we defined several types of similarity measures and also discussed
some of the results related to those measures. An application of these similarity measures in medical
diagnosis has been shown in section 5. In this section, we also compared the results of the similarity
measures which were discussed in the previous section. Section 6 concludes the paper.

2. Preliminaries

In this section, we recall some basic definitions such as soft set, soft expert set, fuzzy soft expert
set, interval-valued fuzzy set, interval-valued intuitionistic fuzzy soft expert set, and generalized
interval-valued fuzzy soft set which are required in the construction of new concepts.

Definition 2.1. [1] Let F: A - P(U) Is a mapping, whose domain is a set of parameters, and codomain
is a power set of universal setU. Soft set over the universal set U is represented as a pair (F:A). For
x € A , F(x) gives the set of x-approximate elements of the soft set (F:A). It is considered a
parameterized family of subsets of the set U.

Definition 2.2. [13] Let F: A —» P(U) Is a mapping, whose domain is the cartesian product of the
set of parameters, the panel of experts, and the set of opinions i-e A = E X K X ' and codomain is a
power set of universal set U. Soft expert set over the universal set U is represented as a pair (F: A).

Definition 2.3. [21] Let F:A — IV is a mapping, whose domain is the cartesian product of a set of
parameters, set of experts, and set of opinions i-e A = £ x Kx 0’ and codomain IYdenoted all fuzzy
subsets of U is a power set of universal set U. Fuzzy soft expert set over the universal set U is
represented as a pair (F: A).

Definition 2.4. [15] Let U be a non-empty set. A function A: U — Int[0,1] is called an interval-valued

fuzzy set, whose domain is a universal set and codomain is the set of all closed sub-intervals of
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[0,1], the set of all interval-valued fuzzy sets on U is denoted by IV. For every A € [Yand ue U,
A(w) = [A~(w),A*(u)] is called the degree of membership of an element u to A, lower fuzzy set, and
upper fuzzy set in U represented by the following maps A™:U —» I and A*:U — [ respectively.
Definition 2.5. [22] Let ¢: A X G » K(U) is a mapping, whose domain is a cartesian product of the set
of attributes A and the set of experts G and codomain in the set of the interval-valued intuitionistic
fuzzy sets on the universe set U which is denoted as K(U). Interval-valued intuitionistic fuzzy soft
expert set (IVIFSE set) is a triplet(¢: A, G). For b€ A and p€ G we define

& ={<ulyryrw| [ bw. ] >ueul

Definition 2.6. [23] Let U= {u;,u, Us.....u,} be the universal set of elements and E =
{v1,V5, V3 .....v,} be the universal set of parameters. The pair (U, E) will be called a soft universe. Let
F:E - Int(0) and n be a fuzzy set of E i.e n: E—> I =[0,1], where Int(0) is the set of all interval-
valued fuzzy subsets on U. Let Fn: E - Int(0) xIDbe a function defined as follows:

Fa®) = (FO) (W, n()), vu € U.
Then F, is called a generalized interval-valued fuzzy soft set (GIVFS set) over the soft set (U, E).
Definition 2.7 [24] If m(f g) is the similarity measure between two interval-valued intuitionistic fuzzy
soft sets (F,A) and (G,B) then,
1. m(g)=m(gf)
2. 0<m(fg)<1
3. m(fg)=1¢ (FA) =(GB)

3. The Proposed concept of Generalized Interval-Valued Intuitionistic Fuzzy Soft Expert sets and
Their Fundamental Operations.

The terms Generalized Interval-Valued Fuzzy Soft set and Interval-Valued Intuitionistic Fuzzy
Soft Expert set are combined in this section to create the new concept known as Generalized Interval-
Valued Intuitionistic Fuzzy Soft Expert sets. We define the idea of Generalized Interval-Valued
Intuitionistic Fuzzy Soft Expert sets and define some related concepts pertaining to this notion as well
as their basic operations on this concept.

Definition 3.1. Let U={{,&,,&,.....&} be the initial universal set of elements, A=
{01,0,,05 .....0,} bethesetof attributesand G = {p;, p,, p5 ..... pn} be the set of experts. The Interval-
Valued Intuitionistic Fuzzy Soft Expert set is a triplet (U, A, G) that is described by a mapping £: A x
G - K(0) where K(0) is the set of all Interval-Valued Intuitionistic Fuzzy subset on U. Let £: A x
G - K(0) and n be a fuzzy soft expertsetof Ax G ie,n:AxG—1=[01].Let £:AxG - K(0) x
I be a function defined as follows:

£, = ({<&a b a* @ [B72.870] >} n5(©),
Then £n£ is called a Generalized Interval-Valued Intuitionistic Fuzzy Soft Expert set. GIVIFSEs over
the soft expert set (U, A, G).
Example 3.1. Let U = {§;,&,,&;} be the set of universe, A = {0, 0,, 05} be the set of attributes and G =
{p1,p>} be the set of expert and n: A x G > I define a function £ Ax G- K@) xI asfollows:

1 _ 61 52 63
£'151‘({[0.2,0,4],[0.1,0.3]' [0.1,05],[04.05]" [0.3,0.4],[0.4,0.5]}'0'5>'
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EHZ; - ({ 0.3,0, 4 [0 1,0.2]’ [0.5,0.6]5,2[0.4,0.6] *[0.2,0. 4 0 3,0. 5]}’ 0. 6>’
EHZ; - ({ 0.2,0,5] [0 1,0.3]’ [0.4,0.6]5,2[0.5,0.7] *[0.1,0. 2 0 3,0. 4]}’ 0. 3>’
EHii - ({ 0.1,0,3] [0 4,0.6]° [0.5,0.6]6,2[0.1,0.3] *10.7,0. 8 0 1,0. 2]}’ 0 4>'
EHiE ({ 0.0,0.4], [0 0,0.3]" [0.1,0.2]6,2[0.6,0.7] * [0.1,0. 5 0 0,0. 3]}’ 0. 1>'
Enps z({[0104]€1[0102]' [0205]62[0005]' [03,051[ 00011} 07)'

Then £, is called a GIVIFSEs over (U, A, G). In matrix notation we write in Table 1 and 2

Table 1. Opinion of expert p;.

P1 1 $2 $3 150§
oy [0.2,0,4],[0.1,0.3] [0.1,0.5],[0.4,0.5] [0.3,0.4],[0.4,0.5] 0.5
o, [0.3,0,4],[0.1,0.2] [0.5,0.6],[0.4,0.6] [0.2,0.4],[0.3,0.5] 0.6
o3 [0.2,0,5],[0.1,0.3] [0.4,0.6],[0.5,0.7] [0.1,0.2],[0.3,0.4] 0.3

Table 2. Opinion of expert p,.

) 1 2 é3 150§
o1 [0.1,0,3],[0.4,0.6] [0.5,0.6],[0.1,0.3] [0.7,0.8],[0.1,0.2] 0.5
o, [0.0,0.4],[0.0,0.3] [0.1,0.2],[0.6,0.7] [0.1,0.5],[0.0,0.3] 0.6
o3 [0.1,0.4],[0.1,0.2] [0.2,0.5],[0.0,0.5] [0.3,0.5],[0.0,0.1] 0.3

Definition 3.2. Let £, and T,,be two GIVIFSEs over (U, A, G). Then £, is called a GIVIFSEsubset
np if-
a) 1y 5(&) isafuzzy subsetof n,%(¢&) vEe U,
b) £,/ isanIVIF subsetof I’ , V o € Aandp €G.
Definition 3.3. The complement of GIVIFSEs over (U, A, G) is denoted by (U, A, G)¢ and is defined
forall o € Aand p € G as follows:
(0,46 ~({< ¢ [5.6) [a7C a*e(] >}, 1 - 5(©),
Where £, p =({<é&[a b, +£(u)], I'n g;,3+§] >1Ln5(8).
Def1n1t10n 3.4. Let £, be a GIVIFSEs over (fJ, A,G). Then the complement of £, denoted by £, 1¢
and is defined by £r11¢ = T, such that n, PO =¢ mbL@))and T =¢(EL) V oe Aandp e G
where ¢ is a fuzzy complement and ¢ is an Interval-Valued Intuitionistic Fuzzy complement.
Definition 3.5. The sum of two GIVIFSEs (£;,A;,G,) and (£,,A,,G,) over ¢ is denoted as
(£1,A1,Gy) + (£2,A;,G,)  and defined as:
a;7P(E) + a7 (6) — a7 (a 7P (8), \
P [a{ﬁ(a +a O -6 O O] |
T \ [B:0@B.7 5. Bt (B 5 ()], > )
1 a(f)"‘rlz a(sz) N1 g(f)rlz o(sz)

of T, and we write £, € T
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Where £, = (<&l a @] (672 8,0] >} mi 5(O),

and £,° = ({<¢[e; 0 @] [B270,8.*0] >} m2 5(9).

Definition 3.6. The difference between two GIVIFSEs (£;,A;,G,) and (£,,4,,G,) over ¢ is denoted
as (£1,A1, GI) — (£,,A,,G,) and defined as:
<& a2 ONBTHE©), ar "L (OB ()],
Eig —£20 = | ([B75@O V@ 5@, 0O Va5 ©] >) )
N 5 A1—n,5(8)

Where £, = (<&l a? @] (672 8,70] >} mi 5(O),

and £,° = ({< &[0 @ @] [B.72,8.%0] >} m2 5().

Definition 3.7. The product of two GIVIFSEs (£,,A;,G,) and (£, A,,G,) over ¢ is denoted as
(£1,A1,Gy) X (E5,A, G,)  and defined as:
<, [a1_§(f)a2_§(f):a1+5(f)a2+ﬁ(f)]x \
[ﬁfﬁ(’f) + B0 = B E)BE(E), ,
+P +P +P +P > |'
\ B (&) + B2 (&) — B (B2 (S) /
N1 5Nz 5(©)

£1§£2g = |

Where EQFI)U = ({< S;' [al_gr (11+Z_(U)], [31_5-: :B1+Z >}! N1 g(f))

and £,° = ({< &[0 @ @] [B.72,8.*0] >} m2 5()

Definition 3.8. The scalar product of GIVIFSEs (¢, A, G) with an arbitrary real number r> 0 is
denoted by r(¢,A, G) and defined as follows:

= (151 = (=210 - Do)
1-(1-nfy

Definition 3.9 The power of GIVIFSEs(¢, A, G) with an arbitrary real number r> 0 is denoted by

(&,A,G) over ¢ and defined as follow:

() = <{< Sl @oiii-(-p7)1-(1-p)] > })
’ (g’ |

4. Some Novel Similarity Measures for Generalized Interval-Valued Intuitionistic Fuzzy Soft
Expert sets

We are frequently interested in determining if two patterns, photos or designs are similar, or at
least to what degree they are similar. There are different methods for calculating the similarity
measures between two fuzzy sets, hesitant fuzzy sets, fuzzy soft sets, intuitionistic fuzzy sets,
Interval-Valued Intuitionistic Fuzzy Soft sets, and Generalized Interval-Valued Fuzzy Soft set. In this
section, we explain three distinct types of similarity measures for GIVIFSESs. Recently Majumdar and
Samanta [25, 26] have studied the similarity measure of soft sets and fuzzy soft sets. Rafiq,
Muhammad et al. [27] investigated the family of novel similarity measures between spherical fuzzy
sets based on cosine function by considering the positive, neutral, negative and refusal grades in SFSs.
We have further studied the similarity between two GIVIFSESs and it has been applied in medical
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diagnosis. Similarity measures have extensive application in several areas such as pattern
recognition, image processing, region extraction, and coding theory. We are using the set theoretic
approach because it is more straightforward to calculate and is also a commonly used technique. Let
us suppose that.

£ = (({< €[ 2@,a 2@ [B75@ A7 0O] > 5(©):¢ € 0,00 A x Gy),

ree = (((< & a0, & 0O [0, 8.0 (O)] >} 6(9): € € 0,22 A, x Gy ),
be two GIVIFSESs over é¢.

4.1 Type-I Similarity Measures for Generalized Interval-Valued Intuitionistic Fuzzy Soft Expert
Sets

Definition 4.1. Let U = {£,:x = 1,2,3,.....,m} be the finite universal set of elements &, , A = {oy:9 =
1,2,3,.....,n} be the set of attributes andG = {p;: Z = 1.2.3, ... ...., t} be the set of experts (or decision
makers). Let £,; and I, be two GIVIFSESs over &. Let SM(£,, ');) specify the similarity measures
between GIVIFSESs £,; and TI',. We must first find similarities between their p;th approximations
to see similar measurements £,; and T',. Let  S;(£,q,T;) indicate the similarity measure between

the two p;th approximation of :

£0 = ({<&[ar 2O, ar* YO [B1720), . (O] >)mi 5©),

e = (<&@ 2 a0 ®[8 720, 8. 0] >} 5©),

Then Si(qu, FHZ) is defined as follows:
|17 (0 ) ) €17 () &)
I:‘[;l_(o-flvpi) (EX)' ﬁl_(a?,pi) (Ex)] ]

max min
Si(EquTh2) = §€elloehpet [az‘(ay‘pm)(gx)’ a2+(o’§,,pi+1)(EX)]l 4.1

[BZ ) (Uf"pi+1) (Ex): '82 B (ay,p“l) (Ex)] 1)
) sy 5

where i=1,2,3....,.

when i=1, § =1,z=1and x=1,2,3...,m, then by using (4.1) we get:
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1 (o1, Pl)(El 1 (01, P1)(El

[\
. ([Bl (U1P1)(El) Bl (0191)@1 ]

max min |
LS 0< o; € A,p €eG k[az (01 pz)(El) a2 (U1P2)(El ]
|

[ﬁz (U1P2)(El) B2 (01, Pz)(E1
N1(g,, pl)(El) M2, pz)(zﬂ

al (U1P1)(E2 a1 (al,pl)(EZ)]'
, 182 00y &) Br” 010 &)

max min ~ .\

£€0)|o, €A p e || [ om0 (o &)

1827 0, 2D, B2 (0 oy B2
\ rll(ul,pl)(EZ)! rlz(Ul.Pz)(EZ)

Sl(f‘nl'rnz) = B
[al (01,p1) (ES)J a1+(a'1,p1) (ES)] )

. [51_(01 o) (83), .81_((;1 pl)(Eg)]
max min
teli|loehdped [az PR (N pz)(§3)] ......... ,
[[’)2 (1o &) B2 (o, pz)(Es)] /
. M1 (5, 5y &) N2, ) (83)
[al_(ul.pl) G, 1™ (4, 50 (Em)] )
- [’Bl_(ULpl)(Em)’ ﬁl_(gl,pl)(im)] ,
s:n g )Ic”ﬁ oy EYZZ €6 [az'((,l,pz)(im).a2+(61‘p2)(§m)], b (4.2)
[ﬁz_(ul.pz)(zm)’ ﬁz_(gl,pz)(im)] ,

N1(6,,01) Em) 12 (01,02) Em)
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and when i=2, y=2, 7z=1 and x=1,2,3....,m, then (4.1):

[af(gz,pl)(il), a1+(dz‘p1)(i1)] )

[ﬁl_(az,pl)(§1)’ ﬂ1_(02_p2)(§1)] )
max min
f € [AJ< (@) € A,p € G [az_(az_pz)(zl), a2+(o-2‘p2)(zl):| ) ’
182" 0,190 G B2 00 )]
I11(02.101) (El)‘ 12 (02.p2) (El)

[a1_(02,p1)(zz), a1+(02‘p1)(32)] ,
- __ 1827 0,00y G Br ™ 0,900 D)
f e U 0-2 E A,p E G [aZ_(az,pz)(EZ), a2+(0-2‘p2)(E2):| ) I

[BZ_(az,pz) (&), ﬁZ_(az_pz)(Ez)] ,
N1(g,00) (82), N2(5,.,) (&) )

Sy(Eq1, Ty2) = )
[al (02,p1) (23)1 a1+(02,p1)(23)] )

, (B2 0y o1 ) B 5, 0y )]
ma}i n;lln k B . >
el 3 0, EApEG [(12 (G-Z,pz)(z3); a, (Gz.Pz)(E3)] ) e e ey,

[ SN (5]}
\ 111((,2_;,1)(53)'HZ(UZ_pZ)(E3) /

|1 (0, iy ) @1 (5, )]
B ey Gnd By )]

max min

£€0Y0, € p e [% o Em) @’ oG] [ 4D

[’82_(02;!32) &), ﬁz_(ﬂszz) (Em)] !
rll(az,pl) (Em): I]Z(o—z’pz)(zm)

wheni=l, y=n, z=1 and x=1,2,3....,m, then by using (4.1):
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[al_(o-n‘pl)(gl)! a1+(gn,p1)(51)] )
[ﬂl_(Un:pl)(El)‘ Bl_(an.m)(zl)]‘
(2 B 2 gy @] |

[’BZ _(Un‘Pz) (El)' BZ - (on.p2) (El)] !
\ Ill(an_pl)(§1)'IIZ(Jn_pZ)(EJ

( |00 (0 @) 1 oy 8]

, Y e 5]
max min B .
e U o, € A_p eG [0‘2 (Un_pz)(iz)‘ a; (Un,pz)(iz)] , ¢
182" 0y ) B2 (0 py &2
N1(g, pl)(zz) M2, pz)(zz)

([Cﬁ (on pl)(Eaz) a (gnpl)(%)] \l
: [31 PRGN (]
max min

fEG< o'nEA,pEG az (on pz)(ES %% (anz)(z3)] """"" ’
[32 PRGNS (]
N1, pl)(§3) M2, pz)(§3)

max min
t€0)o, €hpet
n p

Sl(fnl' Frlz) =

[a1 (anl)(zm) ! (Unpl)(zm)]

[ﬁl PRGN (A ]
max min
£e03lo, € p et |2 G @2 g0 Em)]

(B2 gy E) B gy &)
\ rll(gn,pl) (Em): I]Z(Un,pz)(zm)

L (4.4)

And so on. where
" 0(8) +ar "5 (§) —
. 1| @ 2@a0© +
A LG A G ARG \ B2 + 572 6) _), (45)
B o@©B ()
a0 + ar* () -
/ az U(f)aerﬁ(f) +
B0 + B - ) e
B2 (B ()
Then the similarity measures between the GIVIFSESs £, and T, is defined as,

[@2=2(8), a2 (O[B4, B, (©)] = —K

SM(ETM’ I12) - ZS (£r11' I12) (4'7)

Definition 4.2. Let us suppose that.

qu gi = (({< ¢, [“fg: a a] [,31 Z.ﬂl u >} SET o(f)) § € U' a'le A1 X G1)

M,2 = (({< & lae 2 2] 8708, 70) >)ma £(9)): € € 0,526 A, x Gy),
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R~

I, if and

be two GIVIFSESs over &. Then £, and T ,are said to be A —similar, denoted by £, na

only if S(£,,,Ty,) for A€ (0,1). We call the two GIVIFSESs significantly similar if S (En T,

)>1
2
Theorem 4.1. If SM (Enl' FHZ) be the similarity measures between two GIVIFSESs £, 1and Fnzthen.
i SM(ETM’ Fflz) = SM(FTIZ’ £Il1
ii. 0<SM(£,.T,,)<1
iii. SM(E,,T,)=1o£, =T,,.

4.2 Type-1I Similarity Measures for Generalized Interval-Valued Intuitionistic Fuzzy Soft Expert

Sets
Definition 4.3. Let £ = {§,:x = 1,2,3, .....,m} be the finite universal set of elements &,: , A = {oy:y =
1,2,3,.....,n} be the set of attributes and G = {p;:Z = 1.2.3, ... ...., t} be the set of experts (or decision
makers).

Let £, and T, be two GIVIFSESs over &. Let SM (En,, Iy,) specify the similarity measures between
GIVIFSESs £, andl',,. We must first find similarity between their p;th approximations in order to
see the similarity measurements £, and T,,. Let  §;(£,,,T,,) indicate the similarity measure

between the two p;th approximation of

£, = (< & [@™ 200, e 0O [B: 72, B (O] >} m 5©),

Iy? = (<& (@2, a2 0@ [B700), B, (©)] >)m2 5D),

Then Si(£,,,Ty,) isdefined as follow:

[051_(094,%) (Ex), aﬁ(,,y,pi)(ix)] )
| __ (817 (03,0 @B () &)

min
Si(Enl'Fnz) “tel)loehpet [az'(wm)(‘éx),az+(%pi+1)(§x)] ) (4.8)

[Bz_(”}?'l’iu)(EX)’ ﬁz_(ay,piﬂ) (Ex)] ;)
2 (o9.p) (Ex): 12 (09.0241) (Ex)

Wherei=1,2,3....,,1
when i=1, ¥=1, z=1 and x=1,2,3...,m, then by using equation (4.8) we get:
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RO TATN S
[ b (o1, P1)(E1) b (01/’1)(21)]
[«
[

|
|
o, € A,p eG a;” (01, pz)(zl) ay* (o4, pz)(zl)] [
B2 019y &1 B2 (0 py 80D
N1(oy,00) (&), N2(6,,0) &)

al - (0’1.91) (EZ)’ al " (o’l‘pl) (EZ):I )
B2 o ) By (00 B2
min max

£e0lo EA,peG |22 (o, ) G 2 (5 D) |

[BZ (01, Pz)(EZ) Bz (Ulpz)(zz)]
\ rl1(g1,p1)(zz)xHZ(gljpz)(Ez) Y,

min max
§el

A

S1(Eq1, Ty2) = )
[al (gl,pl)(ES)l a1+(01,p1) (23)] )

, 1827 0100y & B1” 01,y B0
min max
§e0)|o chped) @27 (g ) @2 (g g G| [ [

182 (01 &) B2 (0,0 &)
\ I11((,1;,1)(‘9'3) I12((,“02)(‘53) /

/ |17 (g py ) 1™ oy ).

. | B2 o Eond B (0 )]
min max ]
|

> (4.9)

£e 0|01 €hp el [0 oy Em) @ &)
182" 01,9y ) B2 01,9y o)
rll(al,pl) (Em): I]Z(o—l’pz) (Em)

and when i=2, =2, z=1 and x=1,2,3....,m, then equation (4.8):
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PR (D AT (H] AN

| [Bl (02,p1) CCE (a2, Pz)(zl)]
min max |
§e [j< o, €A peG k[az (03, pz)(El) a,* (03, pz)(El)] ’

182" 0,190 G B2 (00 B0
N1(q,, pl)(El) 24, pz)(§1)

al (U2P1)(EZ) 1 (02/’1)(22)]
182 0,00y &) Br ™ 0,900 &)

min max
§e [AJ< 0, EApEG [0‘2 (03, pz)(EZ) 2" (03, pz)(iz)] ([

[ﬁz (02, pz)(EZ) Bz (2, pz)(zz)]
SZ(E ., T 2) = \ rh(uz.pl)(EZ)'1]2(02,,02)(22)
o AP A TANN ]}

(870, sy @ B0, 00 @],
max
£e0)|o chped @27 5y (B)r 2 (Gzpz)(zg] --------- :

182" 0,00y G B2 o, pz)(zg)]
\ 1]1((,2,,1)(53) 1]2(62‘,2)@3 /

r /[“1 (200 (G 41" g, 1) (Gm)

|
, | (82 (03,00 G B 0 ppy o)

min max
£e0|0, € p e || [t 0ypmEm) @t iy p G|,
|

1827 0,9 ) B2 0,9y o)
N1 (02,01) (Em): 2 (02,02) (Em)

)

> (4.10)

~ - @

when i=l, §=n, z=1 and x =1,2,3....,m, then by using equation (4.8):
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[al_(crn.Pﬂ(El)’ “1+(gn,p1)(§1)] :
[ﬁl_(an.pl)(zl)‘ Bl_(an,pl)(zl)]'
TR RSN ] B I
[ﬁz_(Un‘PZ)(El)' Bz_(Un,pz)(El)]'
\ N TN

( |00 (0 @) 1 oy 8]

Y e 5]
min max
£e0|onehpet|| [ mE @t @) |
182" 0y ) B2 (0 py &2
N1(g, pl)(zz) M2, pz)(zz)

([Cﬁ (on pl)(Eaz) a (gnpl)(%)] \l
|

[Bl (on.P1) (E3) .81 (on, pl)(z3)
min max
e 0* o, € A,p € G az (on pz)(ES): 2" (on, pz)(E3)] J ......... ,

min max
fefﬁ o, €EApeG

Si(Equ To2) =

182 (0 ). B () )]
N1, pl)(§3) M2, pz)(§3

(1 o @m0 0, 0]
, AR Y ] ‘

min max
£e03|onehpe | @ g pmEm) ((,n,,z)(zm)],l
)

(4.11)

B2 0y ) B (g py G
\ rll(anpl)(zm) N2 g,,p,) (§m)

And so on. Where
i
a; =" a1+a +
(ler=2(®), a0 OL B2, B L)) = g BP(E) + B E) - ) (4.12)
BB
a; J(f)+a2+5(5)
/ az ,,(f)afg(f) \l
B P @) + Bt - )
B (B ()

([ 2®), @0 © [B70(). 8.1 (©)]) = k (4.13)

Then the similarity measures between the GIVIFSESs £, and T, ,is defined as,

.S,?M (£T11’ I12) - ZS (£r11' I12) (4'14)

Theorem 4.3 If SM (£,11, T,,) be the similarity measures between two GIVIFSESs £, and T, Then.

i. ‘m (£fl1’ r12) SM (Fllz’ r11)
i 0<SM(g,,T,)<1,
iii.  SM(£,,T,)=1e£, =T,
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4.3 Type-III Similarity Measures for Generalized Interval-Valued Intuitionistic Fuzzy Soft Expert
Sets

Definition 4.4 Let £ = {{,:x = 1,23, .....,

1,2,3, .....,n} be the set of attributes andG = {ps:z=1.23,.....,

makers). Let £, and T, be two GIVIFSESs over &. Let SM(£

between GIVIFSESs £, and T

m} be the finite universal set of elements &,, A = {oy:9 =
t} be the set of experts (or decision

ny» [y, )specify the similarity measures

,- We must first find similarities between their p;th approximations

to see similar measurements £, and T,,. Let  S;(£,,,I,) indicate the similarity measure between

n1’
the two p;th approximation of

£, = (< & (@720, a0 O] [B72), B (O] >hma 5)),

M,” = ({< & [0, a2 2O [8:750). B2 0(O)] >} mz (),

Then Si(£,,,Ty,) isdefined as follow:
Si(ﬁ ny’ r12)
' [al-(oy_pi)(zxmaﬁ(%pi)(&)].[ﬁ{(oy_pi)<§x>,ﬁ1+(%pi)(zx)]— )
| ( )(Ex) |
[az—(%pm)(zx),af(wi (zx)] [Bz (03054 )@x).ﬁz*(%pm)(zx)]—
s rlz(o_yp )(Ex)
L m 4.15
! - ' [a1 (o p)(Ex)lh (550 (Ex)] [ﬁ1 )(Ex)ﬁl (o302) (Ex)] ( )
(5,0 i)(Ex)
az-(%pm)(zx>.az+(%pi+1)(Ea].[ﬁz‘((;y)_piﬂ)(zx).ﬁf(Uy_pm)@x)]—
nz("fnpi+1) X
Where i=1, 2, 3,....... land
1 al_g(f) + Uf1+§(f)
([ar™2®), @ OL BT B O] = > o (4.16)
B o) + BT, ()
Y A IORE A
([a272() a2 (@] [B 009, B, (D]) = 5 + , (417)

B2 + B0

then the similarity measures between the GIVIFSESs £, and T, is described as,

S/I\\/I(E N1’ rlz) - ZS (E N1’ I12) (4.18)

Theorem 4.4 If SM (£rl y ,12) be the similarity measures between two GIVIFSESs £, and T, then.

1. SM(EIM’ N2 ) SM(Frlz' Yh)
ii. 0<SM(E,,T,,)<1
iii. SM(E )=1e£f,

N1’ r12 r12
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5. Application in Decision-Making Problems

In this section, we will apply the proposed similarity measure for the decision-making problem
in the healthcare field. The step-by-step algorithm is defined below.

5.1 Algorithm for Decision-making based on the Proposed Model

Here, we introduce an algorithm depending on the similarity measures of two GIVIFSESs to
evaluate the possibility that the sick person having specific symptoms is suffering from typhoid fever.
For this purpose, we first established a model of GIVIFSESs by using the opinion of a specialist over
the criteria of the symptoms for a sick person and another GIVIFSESs using a different opinion of the
next specialist using the same criteria for sickness. Then we calculate the similarity measures of these
two GIVIFSESs. We also suppose that if the similarity measures between these two GIVIFSESs is
greater than or equal to 0.5 then we decide that the person is possibly affected by typhoid fever.

The algorithm of the similarity measures for GIVIFSESs is as follows:

Step 1: Construct a model GIVIESES over the universe & based on the opinion of a specialist for a sick
person.

Step 2: Construct GIVIFSESs over the universe § based on another specialist opinion for sickness.
Step 3: Calculate Type-I, Type-II, and Type-III similarity measures between the two GIVIFSESs.

Step 4: Estimate the result by using similarity measures, where if the similarity measures between
these two GIVIFSESs is greater than or equal to 0.5 then the person is possibly affected by typhoid
fever, and if the similarity measures between these two GIVIFSESs is less than 0.5 then the person is
not possibly affected by typhoid fever.

5.2 Mathematical Applications of Proposed Model

Let & = {&;,%,} be the universal set, where & holds only two elements which are &,=typhoid
fever and &,= Not typhoid fever. Here the set of attributes o is the set of certain visible symptoms of
typhoid fever. Let A ={0y,0,,05,0,}, where o, =body temperature, o, =diarrhea, o; =weakness,
0, =muscle aches and G = {py, p,}Be the set of specialists.

Step 1: Construct a model for GIVIFSES £, over the universe £ based on the opinion of a specialist
p; for asick person as shown in Table 3:

Table 3. Opinion of specialist p;.

En,y (01,p1),16(5) (02,p1),16(5) (3,p1),16(5) (04,P1), 0 6(5)
0.1,0.3],[0.2,0.4], 0.1,0.2],[0.3,0.4], 0.3,0.4],[0.4,0.5], 0.4,0.6],10.1,0.5],

o (01070200 (0100304 (03040405 (Da0s0105)
0.3,0.4],[0.3,0.5], 0.2,0.3],10.3,0.4], 0.7,0.8],10.1,0.2], 0.3,0.7],10.2,0.4],

o (03000a05l) (02034109040 (0705 01071) (0507} 0204

Step 2: Construct a model for GIVIFSES T, over the universe & for typhoid fever based on another
specialist p, opinion for a sickness as shown in Table 4:

Table 4. Opinion of specialist p,.

Ty, (Ul'Pz),rlﬁ(f) (GZ'PZ)'Hﬁ(f) (03'P2)'r1g(f) (04, Pz)'llg(f)
[0.4,0.5],[0.1,0.2], [0.3,0.4],[0.2,0.3], [0.4,0.5],[0.3,0.4], [0.4,0.7],[0.1,0.3],
$1 ( 0.4 ) ( 0.7 ) ( 0.0 ) ( 0.5 )

([0.6,0.7],[0.2,0.4],) ([0.4,0.5],[0.1,0.4],) ([0.0,0.3],[0.1,0.5],) ([0.6,0.7],[0.1,0.4],)

$2 0.32 0.9 0.8 0.1
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Step 3: Calculate Type-I, Type-II, and Type-IIl similarity measures between the two GIVIFSESs
£,,and T, Respectively, we have.

Type-I similarity measure for Generalized Interval-Valued Intuitionistic Fuzzy Soft Expert sets:
Now we use equations 4.5 and 4.6 respectively, we get.

((0'1'P1)'r11(f)) ((Uz.P1),I]1(f)) ((0'3:P1),r11(f)) ((04,P1):I]1(S())

£, =4 & =(0.29,0.1) (0.28,0.2) (0.42,0.4) (0.43,0.6) )
&, = (0.41,0.5) (0.34,0.4) (0.40,0.3) (0.43,0.7)
((0'1'172)'1]1(5)) ((Uz'Pz)vrh(f)) ((0'3,P2):1]1('f)) ((%:Pz)ﬁh(f))

Iy, =4 & =(0.32,0.4) (0.34,0.7) (0.42,0.0) (0.39,0.5) )
5, =(0.46,0.32) (0.38,0.9) (0.28,0.8) (0.44,0.1)

Then by using Eq. (4.1) when i=1

min
Sy (£q,, Ty,) = maxe, {pl, p2(0.29,0.1,0.32, 0.4)],
01

min
maxe, [pl, p2(0.41,0.5,0.46, 0.32)},
41
max{(0.1,0.32)},
0.32

Similarly, by using Eq. (4.1) when i=2

min
Sy (£, Ty,) = maxe, {pl, p2(0.28,0.2,0.34, 0.7)},
02

min
maxgz {pl, P2 (034, 0.4,0.38, 09)},
03
max{(0.2,0.34)},
0.34

Similarly, by using Eq. (4.1) when i=3

min
S3(£y,,Ty,) = maxe, {pl, p2(0.42,0.4,0.42, 0.0)},
03

min
maxe, {pl, p2(0.40,0.3,0.28, 0.8)},
03
max{(0.0,0.28)},
0.28

Similarly, by using Eq. (4.1) when i=4

min
Sa(£q,, Ty,) = maxe, {pl, p2(0.43,0.6,0.39, 0.5)},
04

min
maxe, {pl, P2 (043, 0.7,0.44, 01)] ,
Oy
max{(0.39,0.1)},
0.39

Now by using Eq. (4.7) the similarity measure of Type-I between the GIVIFSESs £, and T, is,

1
SM(£,,,T,,) = 7032 +034+0.28 +0.39)
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= 0.33

Type-II similarity measure for Generalized Interval Valued Intuitionistic Fuzzy Soft Expert sets:
Now by using Eq. (4.8) we have, wheni=1

max
S1(Ey,, Ty,) = ming, [pl,pz (0.29,0.1,0.32, 0.4)],
01

max
ming, {pl. p2(0.41, 0.5, 0.46, 0.32)},
41
min{(0.4,0.5)},
0.4

Similarly, by using Eq. (4.8) when i=2

max
Sy(£y,, Ty,) = ming, {plc; £2(0.28,0.2,0.34, 0.7)},
2

max
ming, {pl. p2(0.34,0.4,0.38, 0.9)},
02
min{(0.7,0.9)},
0.7

Similarly, by using Eq. (4.8) when i=3

max
S3(£y,, Ty,) = ming, {pl. P2(0.42,0.4,0.42, 0.0)},

O3

max
ming, {Pl: p2(0.40,0.3,0.28, 0.8)} ,
03
min{(0.42,0.8)},
0.42

Similarly, by using Eq. (4.8) when i=4

max
Sy(£q,, Ty,) = ming, {pl, P2(0.43,0.6,0.39, 0.5)},
04

max
ming, {pp P2(0.43,0.7,0.44, 0.1)},
04
min{(0.6,0.7)},
0.6

Now by using Eq. (4.14) the similarity measure of Type-II between the GIVIFSESs £, and T, is,

— 1
SM (£,,,Ty,) = 7 (04407 +0.42 +0.6)

=0.53
Type-III similarity measure for Generalized Interval-Valued Intuitionistic Fuzzy Soft Expert sets:
Now using Eq. (4.16) and Eq. (4.17)

((01’/)1) - rll(f)) ((02:P1) - rll(f)) ((03:,01) - Ih(f)) ((04, p1) — rh(f))
£ =4 & =105-0.1] =04 [0.5—-0.2] =0.3 ]0.8—0.4| =04 [0.8 —0.6] =0.2 ¢,
& =10.75-05]=025 10.6—-04|=0.2 1]09-03|=06 [08—-0.7/=0.1

((Uifpz) - r12(3()) ((Uz;Pz) - flz(f)) ((0'3'.02) - rlz(f)) ((04:,02) - Ilz(f))
Iy, = & =106—-04]=0.2 0.6 —0.7] = 0.1 10.8,0.0| = 0.8 |1.75,0.5| = 0.25 ¢,
& =1095-0.32] =0.63 [0.7—-0.9|=0.2 |0.45 —0.8] = 0.35 [0.9,0.1] =0.8
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Now by using Eq. (4.15), we have, when i=1

0.2 +0.25
Sl(EHl’FHZ) = m 043,
Now by using Eq. (4.15), we have, when i=2

0.1+0.2
SZ(EIM' le) 03402 = 0.6,

Now by using Eq. (4.15), we have, when i=3

0.4 +0.35
Sa(Baw o) = 55506 = 053
Now by using Eq. (4.15), we have, when i= 4
0.2+0.1
Si(EnTn) =525 705~ 028

Therefore, by using Eq. (4.18) the similarity measure between GIVIFSESs £, and T, is specified by.
SM(E,,,Ty,) = (043+06+053+028)

= 0.46
Step 4: Now we can easily see that from Type-I and Type-III there are less than 0.5 so we can say the
person is not possibly affected by typhoid fever. But on another hand the result from Type-II
similarity measures is SM (£4,,Ty,) = 0.53 > 0.5 then we conclude that the person is possibly
affected by typhoid fever.

6. Conclusion

In conclusion, this paper has introduced a novel framework of Generalized Interval-Valued
Intuitionistic Fuzzy Soft Expert Sets (GIVIFSESs) and a suite of similarity measures—Type-I, Type-II,
and Type-lll—demonstrating their practical application in the medical diagnosis domain. The
flexibility of GIVIFSESs in handling uncertainty and imprecision, along with the ability to quantify
resemblance between medical cases, enhances decision-making accuracy in diagnostic processes. The
empirical validation confirms the potential of these measures to support more informed and reliable
medical decisions.

For future research, several promising directions can be explored. First, the extension of the
proposed similarity measures to other domains, such as risk assessment, financial forecasting, and
environmental monitoring, could further validate the adaptability of GIVIFSESs in handling
complex, uncertain data. Second, integrating these similarity measures with machine learning
algorithms may enhance automated decision-support systems, combining the strengths of data-
driven models with expert knowledge. Additionally, more sophisticated types of similarity measures
could be developed to capture higher-order relationships between variables. Lastly, conducting
large-scale real-world experiments across different medical fields will further solidify the practical
benefits of GIVIFSESs in improving diagnostic outcomes in the given fuzzy data [30-33].
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