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Abstract: Pattern recognition is the computerized identification of shapes, designs, and reliabilities in
information. It has applications in information compression, machine learning, statistical information
analysis, signal processing, image analysis, information retrieval, bioinformatics, and computer
graphics. Similarly, a medical diagnosis is a procedure to illustrate or identify diseases or disorders,
which would account for a person’s symptoms and signs. Moreover, to illustrate the relationship
between any two pieces of intuitionistic hesitant fuzzy (IHF) information, the theory of generalized
dice similarity (GDS) measures played an important and valuable role in the field of genuine life
dilemmas. The main influence of GDS measures is that we can easily obtain a lot of measures by
using different values of parameters, which is the main part of every measure, called DGS measures.
The major influence of this theory is to utilize the well-known and valuable theory of dice similarity
measures (DSMs) (four different types of DSMs) under the assumption of the IHF set (IHFS), because
the IHFS covers the membership grade (MG) and non-membership grade (NMG) in the form of a
finite subset of [0, 1], with the rule that the sum of the supremum of the duplet is limited to [0, 1].
Furthermore, we pioneered the main theory of generalized DSMs (GDSMs) computed based on IHFS,
called the THF dice similarity measure, IHF weighted dice similarity measure, IHF GDS measure,
and IHF weighted GDS measure, and computed their special cases with the help of parameters.
Additionally, to evaluate the proficiency and capability of pioneered measures, we analyzed two
different types of applications based on constructed measures, called medical diagnosis and pattern
recognition problems, to determine the supremacy and consistency of the presented approaches.
Finally, based on practical application, we enhanced the worth of the evaluated measures with the
help of a comparative analysis of proposed and existing measures.

Keywords: intuitionistic hesitant fuzzy sets; generalized dice similarity measures; medical diagnosis;
pattern recognition; artificial intelligence

MSC: 03B52; 68T27; 68T37; 94D05; 03E72

1. Introduction

The decision-making procedure covers four main stages: intelligence, design, choice,
and implementation. The principle of the decision-making technique begins with the
intelligence stage. In this stage, the intellectual determines reality and identifies and
explains the troubles. However, before 1965, no one had utilized or studied the decision-
making troubles in the environment of the fuzzy set (FS) theory. For this, the well-known
idea of FS was initiated by Zadeh [1] by modifying the technique of crisp set into FS,
which covers the MG belonging to [0, 1]. FS has received considerable attention from the
distinct intellectual, and certain applications have been carried out by different scholars.
For example, Aydin [2] proposed the fuzzy multicriteria decision-making technique by

Mathematics 2022, 10, 2815. https:/ /doi.org/10.3390/math10152815 https://www.mdpi.com/journal /mathematics


https://doi.org/10.3390/math10152815
https://doi.org/10.3390/math10152815
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/mathematics
https://www.mdpi.com
https://orcid.org/0000-0001-6599-5975
https://orcid.org/0000-0002-3871-3845
https://doi.org/10.3390/math10152815
https://www.mdpi.com/journal/mathematics
https://www.mdpi.com/article/10.3390/math10152815?type=check_update&version=2

Mathematics 2022, 10, 2815

20f15

using the Fermatean fuzzy sets, John [3] discussed the certain application of the type-2 FSs,
Mandel and John [4] explored the type-2 fuzzy sets made simple, and Mahmood [5] initiated
the idea of a bipolar soft set, discussed operational laws, and applied it in decision-making
problems.

FS has received attention from the distinct intellectual, and certain applications have
been carried out by different scholars. However, if an intellectual faces information in the
shape of {0.8,0.9,0.7}, then the principle of FS has been neglected. For this, the well-known
idea of hesitant FS (HFS) was initiated by Torra [6] by modifying the technique of FS into
HFS, which covers the MG, whose supremum value is belonging to [0, 1]. HFS is a modified
version of FS and has received attention from the distinct intellectual; certain applications
have been performed by different scholars. For example, Meng and Chen [7] developed the
correlation measures for HFSs, Li et al. [8] investigated the distance and similarity measures
for HFSs, Su et al. [9] proposed certain measures based on dual HFSs, and Wei et al. [10]
investigated the entropy and certain types of measures based on HFSs.

If a piece of intellectual faced information in the shape of “yes” or “no”, then the
principle of FS has been neglected. For this, the well-known idea of intuitionistic FS (IFS)
was initiated by Atanassov [11] by modifying the technique of FS into IFS, which covers
the MG and NMG, whose sum is belonging to [0, 1]. IFS is a modified version of FS and
has received attention from the distinct intellectual; certain applications have been carried
out by different scholars. For example, Ye [12] initiated the certain cosine measure by using
IFSs, Rani and Garg [13] developed the distance measures by using complex IFSs, Liang
and Shi [14] also explored certain measures based on IFSs, Xu and Chen [15] examined
the distance and similarity measures for IFSs, Xu [16] proposed the intuitionistic fuzzy
similarity measures, Garg and Rani [17] presented the correlation among any number of
complex IFSs, Zeshui [18] utilized certain measures for interval-valued IFSs, Wei et al. [19]
investigated the entropy and similarity measures for interval-valued IFSS, and Wang and
Xin [20] proposed the distance measures for IFSs.

It was demonstrated that the prevailing information computed based on FSs, HESs,
and IFSs has a variety of applications in many different fields, for instance, computer
science, economics and finance, engineering sciences, and road signals. However, it is
also clear that they have many limitations and restrictions. For instance, we know that
IFS has managed only with two-dimensional information in a singleton set, and each
dimension of information can express only one value, but what if someone provided two-
dimensional information in the shape of singleton sets, and each dimension of information
could represent more than one value? In such a situation, experts noticed that the theory of
IFS was not able to proceed with the above information accurately. For this, the well-known
idea of an intuitionistic hesitant fuzzy set (IHFS) was initiated by Beg and Rashid [21] by
modifying the technique of IFS into IHFS, which covers the MG and NMG in the form
of a finite subset of [0, 1], whose sum of the supremum of the duplet is belonging to
[0, 1]. IHFS is a modified version of IFS and HFS to cope with complicated and unreliable
information in genuine life troubles, and it has gotten massive attraction from the distinct
intellectual. Certain applications have been carried out by different scholars. For example,
Peng et al. [22] initiated the cross-entropy measures by using the IHFSs, and Zhai et al. [23]
examined probabilistic interval-valued IHFSs.

In statistics and related theories, a similarity function, i.e., similarity metric or similarity
measure, is a real-valued function that computes the similarity among two terms. Even
though no single idea of similarity exists, generally such measures are, in a particular
sense, the inverse of distance metrics. Cosine similarity, Tangent similarity, hamming
similarity, Euclidean similarity, dice similarity, and generalized dice similarity measures are
the commonly employed types of similarity measures for real-valued vectors, used in data
retravel to score the similarity of documents in the vector space model. In machine learning,
common kernel mappings such as the Radial based function kernel can be observed as
similarity measures. In all these measures, we noticed that the GDS measures are massively
valuable and effective, as they are more generalized than the prevailing studied measures.
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Furthermore, GDS measures are a very significant part of the decision-making technique to
determine the closeness between any number of attributes. A certain application has been
performed by different scholars. By using different values of the parameter, we can easily
obtain the prevailing measures of cosine similarity, tangent similarity, hamming similarity,
Euclidean similarity, dice similarity. However, the principle of dice and GDS measures are
not implemented in the environment of IHFSs. The main goal of this study is to utilize
the principle of GDS measures in the environment of IHFS to improve the quality of the
research. We propose this theory, due to the following reasons:

1.  How do we find the relation between two objects?
2. How do we propose new types of measures based on IHF information?
3.  How do we find our required result?

To handle the above questions, we aim to illustrate the following investigations, which
are briefly explained in the form of certain points below:

1.  To diagnose certain dice similarity measures based on IHF information.

2. To evaluate different types of GDS measures based on IHF information.

3. To investigate many cases of the investigated measures in order to improve the worth
of the evaluated measures.

4. To utilize two different types of applications, called medical diagnosis and pattern
recognition, based on pioneered measures.

5. To describe the sensitive analysis, advantages, and geomatical expressions of the
evaluated theories to determine the partibility of the investigated measures.

The main contribution of this study is constructed as follows: In Section 2, we briefly
recall the idea of IFSs, HFSs, and IHFSs. The main idea of dice similarity measure (DSM) is
also revised. In Section 3, we propose certain types of DSM measures based on IHFSs. In
Section 4, we explore the IHF GDS measure and IHF-weighted GDS measure. Based on the
investigated measures, certain special cases are also evaluated. In Section 5, we utilize two
different types of applications, called medical diagnosis and pattern recognition, based on
pioneered measures and discuss their comparative analysis. The conclusion of this study is
discussed in Section 6.

2. Preliminaries

The theory of IFSs, HFSs, IHFSs, and DSMs are the parts of this section. Further, the
mathematical term X, represented as a universal set with MG “9t;” and NMG “9t;”.

Definition 1 ([11]). An IFS I is investigated by:
I={(X MM (X),N(%)):%xe€X}

with a rule: 0 < M (X) + N (X) < 1. Moreover, the hesitancy degree is shown by: dj(X) =
1— (M(X) + 9 (X)). During this study, the IFN is elaborated by I = (901, N).

Definition 2 ([6]). A HFS I is investigated by:
I={(X,Mm(X)):XxeX}
where M = {M1, My, ..., My, } witha rule: 0 < sup(M;) < 1.
Definition 3 ([21]). An IHFS E is investigated by:
E={(XMmz(X)N=z(X)): X € X}

where Mz (X) and Nz (X) are expressed the hesitant fuzzy numbers (HFNs), with a rule:
0 < MAX(Mz(X)) + max(Ng (X)) < 1. Moreover, the refusal grade is initiated by: mz(X) =
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— (MAX (M= (X)) + max(Ngz(X))). The intuitionistic hesitant fuzzy number is expressed by:
&= (L, ,k).

Definition 4 ([24]). For any two-positive vector X and Y, the DSM is initiated by:

2XY 22}:1 Xjy;

D(X,Y) = -
X153+ Y13 Z;':l 36]2'"‘25‘:1]/,2'

where X.Y = Z;-:l Xjyj is expressed as the inner product and || X||, = /25':1 %]2 and ||Y|, =

25'21 yjz is expressed in the Euclidean or Ly norms of X and Y.

3. DSM for IHFSs

To illustrate the relationship between any two pieces of IHF information, the theory of
DSMs played an important and valuable role in the field of genuine life dilemmas. The main
influence of GDS measures is that we can easily obtain many measures by using different
values of parameters, which is the main part of every measure, called DGS measures. In
this study, we chose one of the most flexible and genuine principles, called the IHFS, which
covers the MG and NMG in the form of a finite subset of [0, 1], with the rule that the sum
of the supremum of the duplet is limited to [0, 1] and GDS measures are to develop the
four sorts of IHF dice similarity measure and IHF weighted dice similarity measure. Based
on the investigated measures, certain special cases were also evaluated.

Definition 5. By using any two IHFNS E and E', a DSM D' pzr(Z, Z') is investigated by:

2( L of bl (%) + Lo b (), (x)

rl (ol x)” + T D (o (36))2)

g D () o o (k)

Ng(X) Lon, (2)

which holds the necessary rules:
1. 0<Dlpzr(E E) <1
2. D'pzr(E,&") = Dlpgr(&,E)

Using some conditions, we can easily obtain further particular cases from the above
theory; for instance, to put 9 (X;) = ‘ﬁ]ﬁ,( ;) =0in D'pzp(E,E"), then D'pzp(E, E') will
change for HFSs. Furthermore, to put mL =(%), im]ﬁ,(% ) and ML (X)), ‘ﬁ]ﬁ, (X;) as a singleton

set, then D!pzp(Z, E') will change for IFSs, meaning the theory diagnosed in this study is
massively powerful and dominant compared to others.

Definition 6. By using any two IHFNS E and E',a WDSM WD pzr(E, E') is investigated by:

z(é iy b () (x) + Lyl b ()0, (x))

- <mz§:1(9ﬁ’é(3@)) + I o D 1( jg(xi)) + Lm o - 1(m jE,(xf)) + Lm o 5 (0 ))2>

which holds the necessary rules of Deﬁmtzon 5.

Using some conditions, we can easily obtain further particular cases from the above
theory, for instance, to put ‘)’tJE(.’{,) ‘ﬁﬂ,(.’f ) =0in WD!pgp(&,&'), WD!pzr(E, E') will
change for HFSs. Furthermore, to put EJJT]E (%i), f.me,( i) and ‘TI]E( i) ‘II]E, (X;) as a singleton
set, WD!pzr(E, E') will change for IFSs, meaning the theory diagnosed in this manuscript
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is massively powerful and dominant as compared to others. For w = <M' - ) - the
WDSM is converted for DSM based on IHFS such that WD'pzr (2, E') = D'pzr(E, E').

D%pzr(E,

[

[

i=1

Definition 7. By using any two IHFNS E and E', a DSM D?pzr(E, E') is investigated by:

oL 2(i24:193?];(3€i)93?’/(3€)+ £y ()0 (X0) + L X () (2)))
=M

1 (o E(ﬂ@)) R N (mg(x»)ﬂ@z;:l (b)) +
L(mﬁ, Z ( (1:1,))2 + Lm;,(x) 25':1 (SﬂJE' (xi))z T Ln:,(x) 25'21 (né’<xi))2

which holds the necessary rules of Definition 5.

Using some conditions, we can easily obtain a lqt of further particular cases from
the above theory; for instance, to put M5 (X;) = 9L, (X;) = 0 in D?pzp(E, &), then
D?pzr(E, E') will change for HFSs. Furthermore, to put ML (X;), M, (X;) and ML (X;),

(=1

ij, (X;) as a singleton set, D?pzr (&, Z") will change for IFSs, meaning the theory diagnosed
in this study is massively powerful and dominant compared to others.

Definition 8. By using any two IHFNS E and E',a WDSM WD?pzr(E, E') is investigated by:

fla’

g B (L) + o (o) o (nf;(xi))2+

(L) e ()

which holds the necessary rules of Definition 5.

2(4 Yoy WG ()0, (%) + L Ty (X0 (%) + L Ty k() (2) )

Using some conditions, we can easily obtain a lot of further particular cases from the
above theory; for instance, to put 0, (X;) = ‘ﬁ]E,(% ) =0in WD?pgp(E,E"), WD?pzr (&, &)
will change for HFSs. Furthermore, to put D% (X;), EJJT]H,( ;) and ML (X (X)), ‘IIL/ (%;) as a sin-

[ 1

gleton set, WD?pzr(E, Z') will change for IFSs, meaning that the theory diagnosed in this

T
study is massively powerful and dominant compared to others. For w = (%, %, R %)
then Wsz:F(H H/) DZPEF(E,E/).

Definition 9. By using any two IHFNS E and E', a DSM D3®pzr(E, E') is investigated by:
M 1 ! '
2 (s T (MLx0)” + s v (o ( )
; 2
I 25‘:1 (937]5/ (361)) + Z] 1 (‘RL/(X )

/

Do (@ LM, 2ok T ()0 (%) + Ly oL ()i (%
PEF\=, =

[

Lon_, (2)
which holds the necessary rules of Definition 5.

Using some conditions, we can easily obtain further particular cases from the above
theory; for instance, to put ‘ﬁ]E(}:l) ‘ﬁ]ﬁ,(% ) = 0in D3pgr(E,&"), D3psr(E,E") will
change for HFSs. Furthermore, to put Dﬁja (%)), im]ﬁ,( ;) and ‘ﬁ]E (%)), ‘II]E, (%X;) as a singleton
set, D?pgzr(E, E') will change for IFSs, meaning that the theory diagnosed in this study is
massively powerful and dominant compared to others.
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Definition 10. By using any two IHFNS E and &', a WDSM WD3pgr(E, E') is investigated by:
L 207 (o Doy ME ()M (%) + F 5y 9 ()00 (%)
e () o () )
208 (ks e (9 (%9 ()

which holds the necessary rules of Definition 5.

WD3pzp(E,8')=

Using some conditions, we can easily obtain further particular cases from the above
theory; for instance, to put 912 (%) = 9?&,(% ) =0in WD3pgp(E,E"), WD3pgr(E, ) will
change for HFSs. Furthermore, to put EDT]E( i), EITI]H/( ;) and ‘ﬁ]a (X)), fﬁ]E/ (X;) as a singleton
set, WD®pzr(E, E') will change for IFSs, meaning that the theory diagnosed in this study
is massively powerful and dominant compared to others. For w = (ﬁ, %, e ﬁ) ! then
WD%pzr(E,&') = D’pzr (8, &').

Definition 11. By using any two IHFNS Z and E', a DSM D*pzr(E, E') is investigated by:

s Dt (sz, (3@))2 oo (o (%i))z

= (%)

which holds the necessary rules of Definition 5.

Using some conditions, we can easily obtain further particular cases from the above
theory; for instance, to put ‘JI]E(.’{Z) = ‘ﬁjE,(%i) = 0in D*pzr(E,E'), D*pgr(E, &) will
change for HFSs. Furthermore, to put E))?]E (%), sme,( ;) and UIJE( i), fﬁ]E, (%X;) as a singleton
set, D*pzr(Z,E') will change for IFSs, meaning the theory diagnosed in this study is
massively powerful and dominant compared to others.

Definition 12. By using any two IHFNS E and &', a WDSM WD*pzr(E, E') is investigated by:

zzfilw%(iZLlsng(x-)mg/(xz)+ 25 VL ()L () + L T () el (%))

20 (ks X ( E<x>) S LGS i>)2+Lz§_1(né<xi>)2)+
Z{\élw%(Lm @ Z 1(m]5’<xi))2 Z (ﬂ”’( 1))2>

which holds the necessary rules of Deﬁnztzon 5.

Using some conditions, we can easily obtain further particular cases from the above
theory; for instance, to put ‘ﬂ]E(X,) ‘J“(]H,(X ) =0in WD*pgp(8,E"), WD*pgr(8, ) will
change for HFSs. Furthermore, to put L =(Xi), EITI]H,( ;) and nL(x =(Xi), fﬁjﬁ/ (X;) as a singleton
set, WD*pzr(E, E') will change for IFSs, meaning the theory dlagnosed in this manuscript

T
is massively powerful and dominant compared to others. For w = (M' %, eeey %) ,

WD*pgr(E,&') = D*pze(E, ).
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4. GDSM for IHFSs

To illustrate the relationship between any two pieces of IHF information, the theory of
GDS measures played an important and valuable role in the field of genuine life dilemmas.
The main influence of GDS measures is that we can easily obtain a large number of measures
by using different values of parameters, which is the main part of every measure, called
DGS measures. In this study, we chose one of the most flexible and genuine principles,
called the IHFS, which covers the MG and NMG in the form of a finite subset of [0, 1], with
the rule that the sum of the supremum of the duplet is limited to [0, 1], GDS measures are
to develop the four sorts of IHF GDS measure, and IHF weighted GDS measure. Based on
the investigated measures, certain special cases are also evaluated, with0 < p < 1.

Definition 13. By using any two IHFNS E and E', a GDSM GD'pzr (&, E') is investigated by:

(& oy Lo (x) + L zjlm’ (%) (%)

_Mﬁ ( :

N—

=)

%Zj:1(fm5(%i)) Z ( E( i)>2)+
(1—7)<Lm — }:1(mle,(3ei))2 o D (7 '(:fi))z>

which holds the necessary rules of Definition 5.

Using some conditions, we can easily obtain further particular cases from the above
theory; for instance, to put ML (X;) = ‘ﬁ]ﬁ, (X;) = 0in GD'pzr(E, E'), GD'pzr(E, &) will
change for HFSs. Furthermore, to put L =(X%i), imL,( ;) and nL(x =(Xi), ‘II]H, (%X;) as a singleton

set, GD'pzr(E, E') will change for IFSs, meaning the theory diagnosed in this study is
massively powerful and dominant compared to others.

Definition 14. By using any two IHFNS E and E', a WGDSM WGD'pzr(E, E') is investi-
gated by:

% | (& ooy ol (o, (x) + L ¥ 1911(36) E(f))
=1 ’Y(Lm . :1<9n3(3€i)> +L;ﬂ ( =( )
(1=l s (20 + Lm;,(x) o, (mg, ®))

which holds the necessary rules of Definition 5.

Using some conditions, we can easily obtain further particular cases from the above
theory; for instance, to put ‘ﬁ]E(%l) = ‘)”tjE, (X;) =0in WGD'pzr(E, E'), WGD' pzr (&, &)
will change for HFSs. Furthermore, to put S)JIJE(Z{i), E)JT]E, (X;) and ‘JI]E(Z{i), ‘ﬁ]E, (X;) as a
singleton set, WGD!pzp(Z, E') will change for IFSs, meaning the theory diagnosed in this
study is massively powerful and dominant compared to others. For w = (ﬁ, %, R %) T,
WGD'pzr(8,E') = GD'pzr(E,&').

Definition 15. By using any two IHFNS E and Z', a GDSM GD?pzr(E, E') is investigated by:

(1—v>(Lm;m25-_1(9%2,@,»)) +Lm ¥ (o <3ez~>)2

(& ooy L (o (x) + L z; L () (%) + L Xy k() (20))
(s T () + s s (k) 2 l-1<nz<xz->>2)+
| R

(L w)’)
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WGD?pzr (&,

which holds the necessary rules of Definition 5.

Using some conditions, we can easily obtain further particular cases from the above
theory; for instance, to put 9L (X;) = ‘.YIL/ (%;) = 0in GD?*pzr(E,E"), GD?*pzr(E, E') will
change for HFSs. Furthermore, to put mL =(%), SDT]H,(X ) and ‘ﬁ] =(%)), ‘ﬂL, (X;) as a singleton

set, GD?pzr(E, E') will change for IFSs, meaning the theory diagnosed in this study is
massively powerful and dominant compared to others.

Definition 16. By using any two IHFNS E and E', a WGDSM WGD?pzr(E, E') is investi-

gated by:
. 2k oy oL (e () + L g k() () + 4 2511 () L (%))
=) = ‘ w; ‘ 2 . 2 2
i=1 v < Lo ) Z;':l (m]E (%,)) + m 25'21 (m&(%ﬂ) ( (%l)) ) +

2 ; 2 ; 2
1 l
=) (Lan Z ( (:{Z)) + Lm;(x) Ej:l (m]E/C{’)) + Ln;/(ae) Zj:l (T[]E'(%i)) )
which holds the necessary rules of Definition 5.

Using some conditions, we can easily obtain further particular cases from the above
theory; for instance, to put 9L (X;) = ‘ﬁL,( ;) = 0in WGD?pzr(E,E'), WGD?pzr(E, E)
will change for HFSs. Furthermore, to put L =(%), Smjh/ (%;) and L =(%), ‘ﬂL, (%;) as a

- =

singleton set, WGD?pzr(E, E') will change for IFSs, meaning the theory dlagnosed in this

T
study is massively powerful and dominant compared to others. For w = (M' %, e %) ,
WD?pzr(E,E') = D?pgr(E, E).

Definition 17. By using any two IHFNS E and Z', a GDSM GD3pzr(E, E') is investigated by:

ooz ) - Tl 19)?’( )L (%) + L ¥ fﬁf( DL ()
PEF\=, = ) =
12 (1t B (Pe00) + s £ () )
(1—7)2?41<Lm5,( 1( ’;(%) Y 2§_1(mg,(3ei))2)

which holds the necessary rules of Definition 5.

Using some conditions, we can easily obtain further particular cases from the above
theory; for instance, to put W5 (X;) = M, (X;) = 0in GD%pzr(E, &), GD3pgr (&, &') will
change for HFSs. Furthermore, to put M- (X;), S)JTL,( ;) and nL (X =(X)), ‘JIL/ (X;) as a singleton

set, GD3pzp (&, Z') will change for IFSs, meaning the theory diagnosed in this study is
massively powerful and dominant compared to others.

Definition 18. By using any two IHFNS E and E',a WGDSM WGD3pzr(E, E') is investigated

by:
WD pap (2,) = EMyw? (2 oy o () (%) + £ 2 otk () (1))
PR M 2 I j 2 1 j 2
TLiz Wi oy .:1(9313(%) Rl v Zj=1<m5(3€i) +
2 : 2
e o (5 00) "+ s e ()

which holds the necessary rules of Definition 5.
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Using some conditions, we can easily obtain further particular cases from the above
theory; for instance, to put ‘J’IJE(% ) = ‘ﬁL,( ;) = 0in WGD?pzr(E, E'), WGD?pzr(E, E)
will change for HFSs. Furthermore, to put E)JT/E(.’{i), S)JT]E/ (X;) and ‘ﬁ]E(.’{i), ‘ﬂ]E, (X;) as a
singleton set, WGD3pzr(E, E') will change for IFSs, meaning the theory diagnosed in this
study is massively powerful and dominant compared to others. For w = (ﬁ, %, ey %) T,
WGD3pzr(E,E") = GD?pzr(8, ).

Definition 19. By using any two IHFNS E and Z', a GDSM GD*pzr(E, E') is investigated by:

EM (& oy o) () + L oy otk () (k) + L Zjlm(%) (%))

TEM (kg e (920) kg e (k)

))2>+

",
o (e

Tt

(-7 ( T () B ('<xi>)2+ﬁwz;_l(ng,<xi>)2)

i

which holds the necessary rules of Definition 5.

Using some conditions, we can easily obtain further particular cases from the above
theory; for instance, to put 9t (%;) = ‘JIJH,( ;) = 0in GD*pzr(E,E'), GD*pzr(E, E') will
change for HFSs. Furthermore, to put S)JT]E (X)), sme, (%) and ‘)’KJE (%)), ‘ﬂjE, (X;) as a singleton
set, GD*pzp (&, Z') will change for IFSs, meaning the theory diagnosed in this study is
massively powerful and dominant compared to others.

Definition 20. By using any two IHFNS E and E',a WGDSM WGD*pzr(E, E') is investigated
by:

yw? (L g om () (2 + L oy ()0 () + 1 o k()L (30)

'Yzz]'\il

M
(1-7) X%, wzz (Lm )

wi(LW @) jzl(imjﬂ(xi)) +Lm Z ( z(X ')) +
1:1(9ﬁj51(xi)) +Lm Z ( (%i))Z

which holds the necessary rules of Definition 5.

Using some conditions, we can easily obtain further particular cases from the above
theory; for instance, to put 9L (X;) = ‘ﬁL,( ;) = 0in WGD*pzr(E, E'), WGD*pzr(E, E)
will change for HFSs. Furthermore, to put Sﬁ]E(Z{i), S)JT]E/ (X;) and ‘ﬁ]E(.’{i), N, (X;) as a

(=14

singleton set, WGD*pzr (2, Z") will change for IFSs, meaning the theory diagnosed in this

T
study is massively powerful and dominant compared to others. For w = (ﬁ, %, s, %) ,

WGD*pzr(E,E') = GD*pzr(E, ).

By using the investigated measures, we discussed certain special cases of the DSM,
WDSM, GDSM, and WGDSM.

For v = 0,in GD'pzr(E, E"), we obtained

6Dl pep(5,2)— L {2 (o ooy oL, () + L o ()9 (%))
PEF\=, = )=

i‘l(Lmj_ o (L (x)° i T 1(mg,(xi))2>

Similarly, for ¢ = 0.5,
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-

Tz

(iz}lsz;(x,)zm () + Lo @)L (x) + 12; 9% <xr)mg,<x,‘>)

Lm

Lvm

Z ( (351‘)> + L21 ® ¥ 1(9[]5( z‘)) + Lm (

5 = D'pzr(
) )+
ST (k@) e (@) o 1<mf~<f»>2)

For v = 0.5,in GD'pzr(E, E'), we obtained

% HE

T ME 1 2 j 2
ey i e
For v = 0and 0.5, GD?pzr(E,E'), GD3pzr(8,E'), and GD*pzr (&, E') are similar.

5. Decision-Making Processes

Pattern recognition is the computerized identification of shapes, designs, and relia-
bilities in information. It has applications in information compression, machine learning,
statistical information analysis, signal processing, image analysis, information retrieval,
bioinformatics, and computer graphics. Similarly, a medical diagnosis is a procedure to
illustrate or identify diseases or disorders, which would account for a person’s symptoms
and signs. The decision-making procedure covers four main stages: intelligence, design,
choice, and implementation. The principle of decision-making technique begins with the
intelligence stage. In this stage, the intellectual determines reality and identifies and ex-
plains the troubles. The main influence of this theory is to explore the main idea of medical
diagnosis and pattern recognition under the consideration of IHF information. The main
importance and briefing explanation about every application is available below. These
applications are taken from Ref. [17]. By using the proposed measures, the applications of
medical diagnosis and pattern recognition are discussed below.

5.1. Medical Diagnosis

Certain sorts of diseases have distinct symptoms and different affection; the medical
diagnosis procedure is determined by the distinct symptoms of the required diseases of
the intellectual which is safer from them. The diseases are expressed using the symbols
E1,82,...,&8,, and their symptoms are expressed by the values of universal sets. Using
the proposed measures, the numerical example is discussed below.

Example 1. For any set of diseases whose expressions are in the form of & =
{dl (Tyﬁp hozd),:,z(P‘lu),f, 3(Heart I?robelms),} and their symptoms whose expressions are in
E,(Pneumonia), Es(coronavirus)

Fever, Cough, Heart pain,
the form of X = {Loss of appetie, Short 0]7: breath
discussed below in the form of unknown diseases:

({0.1,0.2},{0.2,0.3,0.4}),
{0.11,0.21},{0.21,0.31,0.41}),
{0.12,0.22},{0.22,0.32,0.42}), ¢,
{0.13,0.23},{0.23,0.33,0.43}),
{0.14,0.24},{0.24,0.34,0.44})

({0.3,0.1},{0.5,0.2,0.1}),
({0.31,0.11},{0.51,0.21,0.11}),
({0.32,0.12},{0.52,0.22,0.12}), »,
({0.33,0.13}, {0.53,0.23,0.13}),
({0.34,0.14}, {0.54,0.24,0.14})

}. The symptoms of the distinct diseases are

({0.2,0.3},{0.1,0.3,0.2}),
{0.21,0.31},{0.11,0.31,0.21}),
{0.22,0.32},{0.12,0.32,0.22}),

)
)

-
=1 =

&

=

{0.23,0.33}, {0.13,0.33,0.23}),

{0.24,0.34},{0.14,0.34,0.24}

({0.1,0.1},{0.2,0.2,0.4}),

({0.11,0.11}, {0.21,0.21,0.41}),

4= < ({0.12,0.12},{0.22,0.22,0.42}), v, E5 =
( )
( )

P L
o~ N~

[z

Ey=
{0.13,0.13}, {0.23,0.23,0.43}),
{0.14,0.14}, {0.24,0.24,0.44}
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({0.3,0.5},{0.1,0.2,0.3}),
{0.31,0.51},{0.11,0.21,0.31}),
{0.32,0.52},{0.12,0.22,0.32}), p.  For this, we choose the known diseases E' =
{0.33,0.53},{0.13,0.23,0.33}),
{0.34,0.54}, {0.14,0.24,0.34})

({1,1},{0.0,0.0.0.0}),

({1,1},{0.0,0.0.0.0}), ({1,1},{0.0,0.0.0.0}), p.  Then, by using the GD'pzr(E,&'),

({1,13},{0.0,0.0.0.0}), ({1,1},{0.0,0.0.0.0})
WGD'pzr(E,E), GD?*pzr(E, &), and WGD?pzr(E, E'), the examined measures are discussed
in the form of Table 1 by using the weight vector 0.2, 0.3, 0.2, 0.2, and 0.1. For this, we chose the
value of v =1, then

—~ N N

Table 1. Expressions of the measured values by using different measures.

Methods Values
GDIPEI:(E, ) 0.5056, 0.8248, 0.542, 0.4772,0.7232
WGDpzr(E, &) 0.0595, 0.1036, 0.0640, 0.0553, 0.0866
GD?pzr(E,E') 0.4649, 0.7866, 0.4981, 0.4396, 0.6635

WGD?pzp(E,E')

0.0473, 0.0821, 0.0509, 0.0441, 0.0687

Further, information computed in Table 2 is constructed based on the information
available in Table 1.

Table 2. Contained ranking analysis of the information in Table 1.

Methods Values
GD'pzr(E,E') Ep2>2 85> H3>812>8y
WGD'pzr(E, &) Ep>Hs2>2E32>25812> 8y
GD*pzp(E,E') E)>E5>E3>8,1> 8,

WGD?pzp(E,E')

[
N
WV,
[
(9]
WV,
[
W
WV,
[
o
WV,
[
S

From Table 2, all sorts of measures are provided with the same ranking results. the best
optimal is Z,. Additionally, by using distinct types of measures based on IFSs and IHFSs,
the comparative analysis of the elaborated measures with certain prevailing measures
are discussed in the form of Table 3. The information related to prevailing measures is
as follows: Ye [12] initiated certain cosine measures based on IFSs, Beg and Rashid [21]
proposed certain measures based on IHFSs, and Peng et al. [22] proposed the cross-entropy
measures based on IHFSs. By using the information in Section 5.1, the comparative analysis
is discussed in the form of Table 3.

Table 3. Contained comparative information.

Methods Values
Ye [12] Cannot be Calculated
Beg and Rashid [21] 0.0484, 0.1025, 0.0530, 0.0442, 0.0755
0.3538, 0.6755, 0.3870, 0.3285, 0.5524

Ranking Results
Cannot be Calculated

[z
N

v
[z

-5 Z E.3 Z E.l Z E.4

fa

Peng et al. [22] 5> E3>8Hq1>

[x1
N

v
[x1

4

GD'pzp(E,5) 0.5056, 0.8248, 0.542, 0.4772,0.7232 B, >85> 53> 51> 54
WGD!pz(E, &) 0.0595, 0.1036, 0.0640, 0.0553, 0.0866 ~E., > E.5 > B3 > Hq > By
GD?pzp(E,E) 0.4649, 0.7866, 0.4981, 0.4396, 0.6635 E., > H5 > E3 > Hq > By
WGD?pzp(E, &) 0.0473,0.0821, 0.0509, 0.0441,0.0687 E., > H5> 53> Hq1 > Ey
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From Table 2, all sorts of measures are provided with the same ranking results. The
best optimal is =>.

5.2. Pattern Recognition
By using the elaborated measures, we aimed to use a practical application called
pattern recognition and try to evaluate it by using pioneered information.

Example 2. Without any complication or difficulty, the construction of any building is very
complicated. For this, a decision-maker collects the information for different places and resolves it
using the elaborated measures; then a very safe decision can be made. For this, we chose the different
types of building material, the information associated with which is discussed below.

({0.1,0.2},{0.1,0.2,0.3}), ({0.2,0.3},{0.2,0.3,0.4}),
({0.11,0.21},{0.11,0.21,0.31} ({0.21,0.31}, {0.21,0.31,0.41}
({0.12,0.22},{0.12,0.22,0.32}), ¥, Z,= { ({0.22,0.32},{0.22,0.32,0.42}
({0.13,0.23}, {0.13,0.23,0.33} ({0.23,0.33}, {0.23,0.33,0.43}
({0.14,0.24}, {0.14,0.24,0.34} ({0.24,0.34}, {0.24,0.34,0.44}

({0.1,0.3},{0.2,0.1,0.1}), ({0.1,0.2},{0.3,0.2,0.4}),

({0.11,0.31},{0.21,0.11,0.11}), ({0.11,0.21}, {0.31,0.21,0.41}),
Z3= < ({0.12,0.32},{0.22,0.12,0.12}), ¥, Z4= { ({0.12,0.22}, {0.32,0.22,0.42}), },

( ( )

( ( )

7 7

—
":‘l_ 7 7 (7

~— —
~— —

7 7

~—
~—

7

{0.13,0.33},{0.23,0.13,0.13} {0.13,0.23},{0.33,0.23,0.43}),
{0.14,0.34},{0.24,0.14,0.14} {0.14,0.24},{0.34,0.24,0.44}
({0.4,05},{0.1,0.1,0.1}),
{0.41,0.51},{0.11,0.11,0.11}),
{0.42,0.52},{0.12,0.12,0.12}),
)
)

~— — —

{0.43,0.53},{0.13,0.13,0.13}),
{0.44,0.54},{0.14,0.14,0.14}

1
(o]
I
P N

For this, we choose the known diseases, which are expressed below:

({1,1},{0.0,0.0.0.0}),
g = {({1,1}, {0.0,0.0.0.01), ({1,1}, {0.0,0.0.0.0}),}

({1,1},{0.0,0.0.0.0}), ({1,1},{0.0,0.0.0.0})
Then, by using the GDlpEF (E, E/), WGDlpEF (E, El), GDZPEF (E, E/), and WGDZPEF (E, El),
the examined measures are discussed in the form of Table 4 by using the weight vector 0.2,

0.3,0.2,0.2, and 0.1. For this, we chose the value of y = 1.

Table 4. Expressions of the measured values using different measures.

Methods Values
GDlpEF(E, =) 0.8166, 0.5859, 0.8271, 0.5057, 0.8219
WGDpzp(E,E') 0.098, 0.0728, 0.1313, 0.0596, 0.0984
GD*pzp(E,E') 0.749, 0.5589, 0.9916, 0.4649, 0.7514
WGszEp(E, &) 0.0777,0.0578, 0.104, 0.0474, 0.078

Further, the information computed in Table 5 was constructed based on the information
available in Table 4.
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Table 5. Contained ranking analysis.

Methods Values
GD'pzr(E, &) E5>E3>81>8,> 8,
WGD'pzr(E,E) E3>Eg>8,1>8,>8,
GD?pzr(E,E') E5>E3>E1>8,> 8,
WGD?pzr(E,E') E5>83>E1>E,> 8,

From Table 5, all sorts of measures are provided with the different ranking results. the
best optimal is &5 and Z3. Additionally, by using distinct types of measures based on IFSs
and IHFSs, the comparative analysis of the elaborated measures with certain prevailing
measures are discussed in the form of Table 6. The information related to prevailing
measures is as follows: Ye [12] initiated certain cosine measures based on IFSs, Beg and
Rashid [21] proposed certain measures based on IHFSs, and Peng et al. [22] proposed the
cross-entropy measures based on IHFSs. By using the information from Example 1, the
comparative analysis is discussed in the form of Table 6.

Table 6. Contained comparative analysis.

Methods Values Ranking Results
Ye [12] Cannot be Calculated Cannot be Calculated

Beg and Rashid [21] 0.638, 0.4478, 0.8805, 0.3538, 0.6403 Z5 > E3 > 81> 8y > 8y
Peng et al. [22] 0.0666, 0.0467, 0.103, 0.0363, 0.067 Eg> 83> 81> 8, > 85,
GDpzr(E, E') 0.8166, 0.5859, 0.8271, 0.5057, 0.8219  Es > E3 > 51 > Ey > 4
WGDpzp(E, &) 0.098, 0.0728, 0.1313, 0.0596, 0.0984 ~ E3 > &5 > 5y > Ey > Hy
GD?pzr(E, &) 0.749, 0.5589, 0.9916, 0.4649, 0.7514 ~ Es > E3 > 5y > By > By
WGD2pzp(E, &) 0.0777, 0.0578, 0.104, 0.0474, 0.078 B> 83 >8> Ey > Ey

From Table 2, all sorts of measures are provided with the different ranking results.
the best optimal is Z5 and Z3. In the future, we will utilize different types of operators,
methods, and measures in the environment of picture hesitant fuzzy sets and neutrosophic
hesitant fuzzy sets [24-31] to improve the quality of the proposed works. Therefore, the
elaborated measures based on IHFS are more powerful and more fixable than the prevailing
ideas [23-31].

6. Conclusions
The main and major features of this analysis are described below:

1.  We pioneered the main theory of DSM based on IHFS and evaluated their particular
cases.

2. We established the GDS measures in the environment of IHFSs and discussed IHFDSM,
IHFWDSM, IHFGDSM, and IHFWGDSM.

3. Based on the investigated measures, certain special cases were also evaluated. Further-
more, by using the discovered measures, medical diagnosis and pattern recognition
problems were determined.

4.  Finally, we determined the supremacy of the explored work and the sensitivity analy-
sis and advantages of the explored measures. Their geometrical expressions are also
discussed.

Our recent work focused on the prevailing information computed based on complex
g-rung orthopair FSs [32], spherical FSs (SFSs) [33], Aczel-Alsina operational laws [34],
different types of measures [35,36], Aczel-Alsina aggregation operators [37], Maclaurin
operators [38], Complex SFSs [39,40], linguistic group decision-making techniques [41], and
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unbalanced linguistic information [42], and we aim to employ it in the field of computer
science, road signals, software engineering, and decision-making.
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