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1. Introduction

Uncertainty pervades our lives in our daily and scientific pursuits, affecting more or less
most applications of interest. The medical, engineering, industrial, economic, and business
domains present themselves as natural battlefields for making decisions in the presence
of uncertainty when real-world applications are dealt with. In trying to overcome these,
the existing methodologies are grossly inadequate. Addressing this imperative, Zadeh [1]
introduced a theory called fuzzy set that is a milestone in studying certain varieties of un-
certainty with which classical modes of study cannot cope or have utterly failed. Fuzzy set
theory and its generalizations have resulted in great mathematical applications to almost
all real-life problems involving uncertainty. Many extensions and modifications of fuzzy
set theory have been developed to handle various forms of uncertainty. These include
vague sets, rough sets, intuitionistic fuzzy sets, soft sets, Pythagorean fuzzy sets, picture
fuzzy sets, and other advanced generalizations.

Kim and Roush [2] introduced the concept of fuzzy matrices, which play a vital role, in
various fields of Science and Engineering, addressing problems involving various types of
uncertainties [3]. Hashimoto [4] examined the convergence of power of transitive fuzzy ma-
trix. Since then, extensive work has been done on fuzzy matrices. However, fuzzy matrix
focus membership value only. Atanassov [5] extended the idea of fuzzy sets by introducing
the of concept intuitionistic fuzzy sets, Which add a new dimension called the hesitancy de-
gree. While fuzzy sets have membership and non membership degrees, intuitionistic fuzzy
sets add hesitancy degree, which quantifies the level of uncertainty or ambiguity associated
with an element’s classification. This Additional dimension (hesitancy degree) allows in-
tuitionistic fuzzy sets to solve complex problems involving imprecise or vague information.
Since their introduction, intuitionistic fuzzy sets have been widely discussed and applied
across various domains, including decision-making [6, 7], pattern recognition [8], and med-
ical diagnosis [9, 10] where uncertainty plays a important role in analysis. El-Morsy [11]
proposed an innovative method utilizing Pythagorean fuzzy numbers to evaluate the risked
return rate, portfolio risk, and expected return rate. Atanassov and Gargov [12] expanded
the concept of Intuitionistic Fuzzy Sets (IFS) to include interval-valued intuitionistic fuzzy
sets, where interval numbers replace exact numbers, offering greater flexibility in defining
membership degrees for elements. The versatility and effectiveness of interval-valued intu-
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itionistic fuzzy sets have been demonstrated across various domains, as evidenced by nu-
merous studies [13-16]. Additionally, pal [17] introduced intuitionistic fuzzy matrices, and
several properties of these matrices were explored. Investigations performed by Bhowmik
and Pal [18] focused on the convergence of max-product powers in intuitionistic fuzzy ma-
trices. Similarly, Pradhan and Pal [19] examined the mean powers of convergence within
these matrices. Additionally, the study of power convergence and the canonical structure
of sss-transitive intuitionistic fuzzy matrices has been conducted [20]. Several researchers
[21-27] have contributed to advancing the field of intuitionistic fuzzy matrices, achieving
numerous significant results that prove useful for addressing uncertainty in real-life prob-
lems. However, despite their wide applicability, intuitionistic fuzzy sets fall short when it
comes to handling contradictory scenarios in many practical applications. For instance,
consider a voting system where outcomes can be categorized as voting for, abstaining, vot-
ing against, or refusing to vote. To address such complexities, Cuong and Kreinovich [28§]
introduced the concept of picture fuzzy sets. These sets encompass three degrees of mem-
bership: membership, neutral membership, and non-membership. This extension allows
picture fuzzy sets to generalize intuitionistic fuzzy sets, enabling them to capture more
nuanced, conflicting, and ambiguous information. Furthermore, Cuong and Kreinovich
defined foundational operational laws for picture fuzzy sets and established several of
their properties. Garg [29] introduced the weighted average and geometric aggregation
operators for picture fuzzy numbers and applied them to decision-making problems. Mul-
tivariable Hermite and Apostol-type Frobenius—Genocchi polynomials enhance spherical
fuzzy matrices by refining uncertainty modeling in decision-making processes [30]. The
novel bivariate 2D-q Hermite polynomials can be used to define complex membership func-
tions in spherical fuzzy matrices, enhancing multidimensional uncertainty representation
in decision-making[31]. Ganie [32] proposed a new distance measure for picture fuzzy sets
and demonstrated the application of the proposed distance measure in pattern recogni-
tion. Dogra and Pal [33] developed the concept of picture fuzzy matrices and explored
their properties. Thereafter, many authors [34, 35] extended the study of picture fuzzy
matrices. While picture fuzzy sets have a variety of dimensions, they are also bound by the
same constraint as intuitionistic fuzzy sets the sum of their three parameters, membership,
neutral membership, and non-membership grades must be < 1. To break through this bar-
rier, Mahmood et al. [36] extended the picture fuzzy set structure into a T-Spherical Fuzzy
Set, which lets its membership parameters range over an enlarged range of values. For
example, Kifayat et al.[37] did a geometrical comparison for fuzzy sets, intuitionistic fuzzy
sets, Pythagorean fuzzy sets, picture fuzzy sets, and T-Spherical fuzzy sets. Silamarasan
[38] introduced the spherical fuzzy matrix and derived some of its properties with the help
of matrix operations.

In this paper, we introduce interval valued spherical fuzzy matrix extending spherical fuzzy
matrix (SFM), to effectively represent and manipulate uncertain and vague information
with enhanced flexibility. We develop algorithms to find the greatest eigen vector and least
eigen vector for an interval valued spherical fuzzy matrix using composition and propose
a new distance measure, verified its properties. The application based on the decision
making problem is presented with the help of an example.



R. A. Padder et al. / Eur. J. Pure Appl. Math, 18 (2) (2025), 6095 4 of 24

The main research gap between SFMs and IVSFMs lies in their ability to model uncer-
tainty and flexibility in decision making. Although SFMs offer a strong representative
framework for membership, nonmembership, and hesitancy under spherical constraints,
they are restricted to fixed scalar values, which may not represent variability or impre-
cision in real-world scenarios. IVSFM extends this to use interval values, hence giving a
more comprehensive representation of uncertainty. The paper is organized as follows:

In Section 2, some basic definitions are introduced, and these definitions help readers to
understand the paper easily. In Section 3, we introduce the new concept of IVSFM with
the basic definitions and discuss some important properties and theorems. In Section 4,
we find determinants and adjoints for IVSFM with the help of an example, and some
fundamental properties are examined. In Section 5, we introduce the EIVSFS and pro-
vide algorithms for finding the GEIVSFS and LEIVSFS with the help of illustrations. In
Section 6, we present a new distance measure for IVSFSs, investigate their properties,
and explore their potential applications in decision making. The comparative study with
existing work is conducted in Section 7. In Section 8, the conclusion of the paper is given
with future directions.

2. Preliminaries

Definition 1. [5]/ An Intuitionistic Fuzzy Set (IFS) A in universal set X is defined as
a collection of the form A = {{z,pa(x),va(z))/z € X}, where, pa : X — [0,1] member
ship function and va : X — [0, 1] non-membership function of the element v € X and ¥
x € X such that 0 < pa(z) +va(z) < 1.

Definition 2. [17] Let X = {x1,22,...xm} represent a set of alternatives and

Y ={y1,y2,...yn} represents a set of attributes associated with each element of X. An in-
tuitionistic fuzzy matriz is defined as A = (((xi, y;5), pa(xi, y;),va(zi, y;))) fori=1,2..m
and j = 1,2,..n, where pg : X XY — [0,1] and vy : X xY — [0,1] satisfy the prop-
erty 0 < pa(zi,yj) + valzi,y;) < 1. Intuitionistic fuzzy matriz denoted and defined as
A= (<a,~j,a§j>) such that a;; + agj <1 for alli,j. Set of all intuitionistic fuzzy matrices
of order of order m x n is denoted by F,,, and F, denotes the set of intuitionistic fuzzy
matrix, order n.

Definition 3. [17] Pythagorean fuzzy matriz of size mxn is expressed as A = (<uaij , 1/%.>),
ta;; € 10,1] is membership value and v,,; € [0, 1] non-membership value of the it element
with property:

0 < ptay; + Va;; <1 for all 4,5.

Definition 4. [33] A picture fuzzy matriz A of the form,

A = ((ftas;» Nas;» Vai; ))» Paiy> Naiy> Vay; € [0,1] with the condition

0 < pag; + Nay; + Vay; < 1V 0,5 Where, piq,; € [0,1] is the membership degree, 14, € [0,1]
is neutral membership degree, and v,,; € [0,1] is non-membership degree.

Definition 5. [38] A spherical fuzzy matrix A of the form, A = (</‘I’aij7naij7l/aij>) of a
non negative real numbers fiq,;, Na;;» Va;; € [0,1] satisfying the condition
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0< ugij +n2ij+u3ij <1 for all i,j pra,; € [0,1] is called the degree of membership,na,; € [0,1]
is called the degree of neutral membership and v,,; € [0,1]is called the degree of non-
membership

Definition 6. [39] An Interval valued picture fuzzy matriz A is defined as

A= (aij) = ((aiju, aijn,aijv>),i = 1, 2, m,j = 1, 2, .n

where Qijp = [aij#L,aijMU] S [0, 1], Qijn = [aijnL,aijnU] S [0, 1] and QAjjy = [aiij,aijUU] €
[0,1]

with the condition

(@ijuv) + (@ijnu) + (aijor) < 1 where aiju, aijy and aij, are the membership , neutral
membership and non-membership degree of a;j

3. Interval valued spherical fuzzy matrix

We define an interval valued spherical fuzzy matrix (IVSFM) and its basic concepts
by generalizing and extending the concept of spherical fuzzy matrix.

Definition 7. An IVSFM A is expressed as

A= (aij) = ((aim, aijn,aijv>),i = 1, 2, m,j = 1, 2, ..n

where aij, = [aijurL, aijuu] € 0,1], aijn = [aijnL, aijpu] € [0,1] and aijo = [aijor, aijov] €
0,1]

with the condition

(aiju)? + (aijnu)? + (aijor)? < 1 where, a;j, is membership, a;y is neutral membership
and aij, 18 non-membership degree.

Definition 8. An IVSFM is called a square interval valued spherical fuzzy matriz
(SIVSFM) if it has the same number of rows and number columns.

Definition 9. Let A and B be two IVSFM, such that

A = ([aijuL, aijuu), [aijnL, aignul, [aijor, aijou]) and

B = ([bijuL, bijuv], [bijnL, bignul, [bijur, bijuu])-

Then, A < B if ajjur, < bijur, Gijur < bijuu; aijnr, < bijpr, Gignu < bijnus Gijor, >
bijur, @ijoU = bijuu -

Definition 10. An IVSEFM A is said to be a null matriz if

[aijuL,aiqu] = [0,1}, [aijnL,a,-jnU] = [0, 1] and [aiij,aijUU] = [0, 1] fO’f’ all i = 1,2, ..m
j=1,2,..n

Definition 11. An IVSFM A is said to be p universal if [jjr, piju] = [1,0], iz, miju] =
[0,1] and [vij, viju] = [0,1] for alli=1,2,..m j=1,2,..n

Definition 12. An IVSFM A is said to be n universal if [pjr, piju] = [0,1], [nijz, niju] =
[1,0] and [vijr,viju] = [0,1] for alli=1,2,..m j=1,2,..n

Definition 13. An IVSFM A is said to be v universal if [j;jr, piju] = [0, 1], (i1, miju] =
[0,1] and [vij,viju] = [1,0] for alli=1,2,..m j=1,2,..n
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3.1. Some Basic operations of IVSFM

Definition 14. Let A and B be two IVSFM, of order m X n,

A = ([aijur; aijuv]; [ainL, aijnol; laijor, aijeu]) and

B = ([bijur, bijuu], [bijnr: bijyul, [bijur, bijou]). Then,

1. A® = ([aijur, aijov)s [@ijnL, @i, [Qijur, Gijuu))

2. AVB=

([max(aijur, bijur), maz(aijuu; bijuv)]

[min(aijyr, biggr )], [min(aiu, bigu)llmin(aijor, bijur )| min(aijeu , bijeu)])
3. ANB =

([mm(aijub bijuL) mm(azwu, UMU)}

[min(aijnLy bijnL)] [mln(aUnUy 1]77U)] [mam(aiij, bijuL)] [max(aiijv biij)D
4. AT = (lajivr, ajivu], [ajine, ajinul; [ajipL, agipu])

5. A® B =

([\/ ijur? + bijur” — aijur®bijur’, \/ aiju? + bijur® = aijuv*bijuu’]
[@ijnLbijnL, aijnubijnullaijuLbijor, aijoubijou]) 6. A® B =

([aijprbijur aiijbz‘qu][\/aijnL + bijnr® — @ijyr2bijnL?, \/az‘jnU2 + by — aijnu2bijnu’]
[\/aiijQ + bijor® — aijurbijor’, \/aiij2 + bijur? — @ijor2bijur?])

7. A" =

(H(a%JML) 7(alJ#U n \/1 — 1 - (aZJALL \/1 - 1 - (aw,uU) ) ]

[V1- (@ijor)?)" /1~ (aijor)? ) 1)

Theorem 1. Suppose A = ([aijub i), (i, @ijnu); [@ijors Gijou])
B = ([bijur, bijuv); [bijnr, bijnu], Dijor, bijeu]) and
C = ([¢ijuLs Cijuv)s [CijnLs Cijnul, [CijoLs Cijou]) are three IVSFM of same order order m x n

1.AVB=BVA
2. ANB=BAA

3. (AT = A

4. (AT

5. AV(BAC)=(AVB)A(AVCO)
6. AN(BVC)=(AANB)V(ANC)
7. ABB=Bag A

8 AB=B®A

9.

A®(BaC)=(A®B)&C

10. A9 (B®C)=(A® B)®C

11. (a) A2 (B®C) £ A2 B)® (A C)
() (B&C)®C £ (BoA)a (CoA)

Proof. 1. Let AV B =
([maz(aijur, bijur), max(aijuu, bijuo) [min(agnL, bigpr)], [min(aijo, biggu)]
[ Zn(al]ULv bZ_]’UL)] [min(aiija bijUU)])
= ([max(bijur, aijur), max(bijuu, aijuu) [min(bijnr, aijnr)], [min(bijnu, aijnu )]
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[min(bijur, aijor)][min(bijuu, aijou)])

=BVA

2. Let ANB =

(Imin(aijur, bijur), min(aiju, bijuu )| [min(agyr, bijme)], [min(ainu, biyo )]
[maz(aijor, bijur)][maz(aijuu, bijuu)])

= ([min(bijur, aijur), min(bijuu, aijuv)[min(biye, aijme)], [min(biyu, agno )]
(max(bijor, aijor)][maz(bijuu, aijor)])

=BVA

3. Let(A") = ([ajivr, ajivv); [@jinL: ajinu]; [ajint, ajinu])

Now, (AN)" = ([ajivr, ajiv]s [ajimr, ajigv]; [ajiur, ajia])”

= ([aiij, aiij]v [aijnLa aijnU]7 [aijuLy aij,uU])'

The properties 4,5 and 6 are straightforward.

2 2 2 2
7. A® B = (yfague? + bijun® = a1 i\ s + bijun® = aguo?bisun?)
[@ijnLbijnL, @ijnubijnU][GijoLbijol, Gijurbijou))

2 2 2 2
= ([\/bijur™ + asjur® — bijuraijuc?, \/ bijur™ + ijpu? — bijuu”aijuu?]
bijnL@ijnL, bijnu aijnuU) DijoLGijoL, bijor Gijor])
=BgA
8. A® B = ([aijurbijuL, aijuvbijuu]

2 2 2 2
[\/ @ijnL? + bignL” — aijnLbijnr”, \/ ijnur® + bignu” — @i bignu”)

2 2 2 2
[\/Ch;ij2 + bijor” — @ijor?bijur”, \/aiijZ + bijor” — @ijor?bijuu”])
= ([bijuraijur, bijuvaijuu]

[/ignr® + aijnr? = bijnraijnr®, \/bignr® + aigyr® = bignrraggn?
[\/biijQ + aijur? — bijoraijuL?, \/biij2 + aijov? — bijuraiu?))
=B®A

9. Ad (Ba C) =

(laijurs aijuul; laigyr, aignul, [aijor, aijou])®

([y/bisue® + cigur? = biurcigun \ bigur® + cisu® = bisur it
[ ijnLCijnL, z]nUcan] [biijCiij7 biijCiij])

= ([\/aij,uL + bijur” — aijur?bijur’, \/aiqu2 + bijuu” — @ijurbijuu’]
[aijnLbijnL, @ijnubijnu][aijoLbijor s Gijuubijou])®

(leijur, cijuuls [CijnL, cijnul, [cijor, cijuu])

— (A B)®C

10. Similarly A® (B® C) = (A® B) ® C can be proved.

1. () A® (B& C) # (A B) & (A2 C)

Let (B® O) = ([\/ bijur’® + cijur? = bijur’cijur?, \/ bijuv® + Cijuv? = bijuu*cijuv?)
(bijnLCijnL, bijnu Cijnu][bijoLCijoL, bijoU Cijou])
Now, A® (Ba C) =

([aijuL(\/bijuL2 + Cijur? = bijur’cijun?), aij,uU(\/biquQ + cijur? = bijurciju?)]
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2 2 2 2
[\/ @ijnr? + bijnLCijnr” = QignL*bijnLCijnL”, \/ @ijnir® + bignu Cijntr™ = @ijnu*bijnt i)

2 2 2 2

[\/aiij2 + bijnrCijnL” — ijor*bijorcijoL”, \/aiij2 + bijorCijor” — Qijoubijoucijur”))
AR B =
([@sjurbijur, @ijuubijur)[y/ @ijnr? + bij 2 gt 2bi 2 a2 b 2 — o 2hs 2]

iguLYijpul s QiguUYi5uU ijnL ignL ignL~YinL > ignU ignU ignU " YijnU

2 2 2 2

[\/aijfuLQ + bijor” — @ijor?bijor”, \/aiij2 + bijor” — Gijor?bijur])
A C =

e o 2 2 _ . 2.3 9. .. 2 _ ., 2. 3
([alJuLCUuLvalJuU%uUH\/@sz + CignL” — QignL*CijnL ’\/“@JnU + Cijnu® — Qijnu*cijnu’]
[Vaijor? + cijor? — aijor*cijor?, \/@ijou® + cijou® — Gijov>cijou?])
(A®B)® (A () =

2 2 2
(laijurL \/ bijur” + Cijur? — bijur”cijur?, aijuu \/ bijuu” + Cijuu® = bijuu”cijuu?])

2
(\/ aijnr? + bignr” — ainr?bijnr’) (V/aignL? + cigmr?® — ainr?cigme?),
2
(\/ @ijnur® + bignu” = @ijo2bigu

[(\/aUvL + bz]vL aiijQbiij

)(Vaijgu? + cijy® — aigmucimu?)];

) (Vaijor® + cijor? — aijor2cijur?),

2
aijuu? + biij — @ijur2bijou )(\/az‘ij2 + Cijo? — aijurcijuu?)]

(
So, A® (BaC)# (A®B)® (A C)
(b) Similar manner, we can prove (B& C)®@C # (B® A) & (C® A)

Theorem 2. Let A and B be IVSFM of size n, then
(1) (AV B)“ = A° N\ B¢
(2) (AN B) = AV B¢

Proof. (1) Let A = ([(aijur, aijuv)], [(aijyL, aijgu)], [(aijor, aijor)]),
B = ([(bijuL, bijuv)]s [(bijnL, bijnu)], [(bijor, bijou)]) Then,
A® = ([(aijor, aijov)]; [(@ijnL, ainr), (aijurs aijur)ls [(@ijur, aiguo)]),
B¢ = ([(bijor, bijov)]s [(bijnL, bijnr), (bijurs bijur)], [(bijur, bijuo)l),
Let A A B¢ = ([min(asjor, bijor), min(aijou, bijou)|[min(aijyr, bijnr ), min(agjnu, biju))
[maz(aijur, bijur), maz(aijuu, biju))])
AN B = (Imax(aijor, bijor), maz(aijou, bijov)|[min(aijyr, bijnr ), min(agjnu, biju))
[min(aijuL, bz‘juL)y mz’n(aijMU, biqu)D then,
(AN B)¢ = (Imin(aijor, bijor), min(ajou, bijov )] [min(ajyr, bijpr ), min(aimu, bijnu )]
[maz(aijur, bijur), max(aiju, bijuu)])
(2) Can be proved similarly.

Theorem 3. Let A, B and C be IVSFM of size m xn and A < C and B < C,
then AV B<(C

Proof. Let A = ([(aijurL, aijuv)l; [(aijnr, aijnu)]s [(@ijor, aijor)]),
B = ([(bijur bijuv)], [(bijnL, bijno)], [(bijors bijor)])
C = ([(cijur, cijuv)], [(cijnr cijnu)]; [(cijor, cijou)])
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If A< C then ajjur < cijur, Gijuv < Cijuu, Gijnr. < CijnL, GijnU < Qijnu, Gijul

> CijuL, QijoU = CijouU V 1,j, and

B < C then bij,r < cijurn: bijuv < Cijuu, bijnL

< Cijnry bijnu < bijnu, bijor = CijoL, bijuu = Cijou V i,j. Now |

max(aijur, bijur) < Cijur, max(aiuu, bijur) < cijuu, min(aijyL, bimr) < CijyL,
man(a;jnu, bijuu) < Cijmu, Min(aijor, bijur) > Cijor, Min(aijou, bijor) > CijoU-
Hence AV B < C (by def.3.3).

Theorem 4. Let A, B and C be IVSFM of size m xn and A < B, then AVC < BV C

Proof. Let A = ([(aijuL, aijuv)], [(aijnL, aiggu)]s [(@ijor, aijou)]),
B = ([(biij, Z]HU)] [( ignLs z]nU)]a K ijuL, z]vU)])
C = ([(eijurs cijuv))s [(cijnr, cigno)); [(cijors cijov)])-
If A< B then, aijur < bijur, tijur < bijuu, @i, < bijnr, @ijnu < bijnu, GijoL
> bijuL, GijoU > bijou » now max(aijur, Cijur) < max(bijur, cijur), max(aju, Cijuu)
< max(bijuu, Cijuv), min(aijyL, CijnL)
< min(aijnr, Cijpr), min(ainu, cijuu) < min(biyu, cignu ), min(aijor, CijoL)
> min(bijur, Cijur), Min(a;uu, Cijur) = min(bijuu, cijur) Vi
Hence AVC < BVC.

Theorem 5. Let A, B and C be IVSFM of size m xn and C < A and C < B, then
C<AAB

Proof. Followed from Theorem 3.12.

Theorem 6. Let A, B and C be IVSFM of size m xn and A < B and A < C and
BAC =0 then, then A =0

Proof. If A < B then, a;jur < bijurn, aijuu < bijuu, Gijnr < bijnr, @i < bijnu, Gijor, >
bijor, @ijor = bijor - A < C then, aijur < CijuL, Gijuu < CijuU, Gijnl. < CijyL, GijnUu <
CijnUs Qijul, = CijuL, GijoU = Cijuu - Hence by theorem 3.13 A < BAC,B A C = 0 such
that A =0.

Theorem 7. Let A, B and C be IVSFM of size m xn and A < B then A< C < BAC.

Proof. The proof follows from Definition 3.3.

Theorem 8. Let A, B and C be IVSFM of size m xn and A < B and B < C =0 and
then ANC = 0.

Proof. The proof follows from Theorem 3.15.
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4. Determinant and adjoint of interval valued spherical fuzzy matrix

This section focus on the determinant and adjoint of the IVSFM, illustrated with the
help of examples, and some fundamental properties are also examined.

Definition 15. Determinant of IVSFM, assume

A = ([(aijur, aijuv))s [(@ijnL, @iy )]s [(@ijor, aijor)]), is an IVSEM of size n. The determi-
nant of A is denoted by |A| and expressed as

4] = (Vaen, (a1h (DL, arh(D)aU] A [aah(2)L, azh(2)ul]... A [axh(K)uL, axh(k)ul]),
Ahep, ([alh(1)nL, a1 h(1)nU] A [a2h(2)nL, ash(2)nU]... A [arh(k)nL, aph(k)nU]),

Anep, ([a1th(1)vL, a1h(1)vU] A [a2h(2)vL, ash(2)vU]... A [agh(k)vL, aph(k)vU]).

Let, Px denote set of permutation of the set {1,2,3,...n}.

Example 1. Consider an IVSFM of size 3
Al =

[0.30,0.70][0.40, 0.20][0.20, 0.30]  [0.40, 0.60][0.45, 0.40][0.21,0.30]  [0.71,0.20}[0.62, 0.10][0.10, 0.80]
0.32,0.02][0.72, 0.20][0.33,0.40] [0.23,0.60][0.40,0.50][0.21,0.10]  [0.71,0.20}[0.62, 0.20][0.30, 0.70]
[0.36,0.60][0.53, 0.20][0.65,0.30]  [0.40, 0.20][0.25,0.70][0.21,0.50] [0.15,0.20][0.62, 0.20][0.18, 0.40]

to calculate the determinant of A, we need to determine all the permutations of the {1,2, 3}.
The permutations on {1,2,3} are

¢1 =1, ¢2 = (23)7(253 = (12>7¢4 = (13), ¢5 = (123)7¢6 = (132)

The membership component of |A| =

(a1 (DL, a191 (1) pU] A a1 (2)uL, ar¢1(2) pU]A

lazd1 (3) L, azd1 (3)uU]) V ([a1¢2(1)pL, a1¢2(1) pU] A [az@2(2) L, a1 ¢2(2) pUIA
lazd2(3)uL, azd2(3)uU]) V (la1¢3(1)pnL, azps(1) pU]A

la2¢3(2)puL, a1$3(2) U] A [azps(3) L, azgs(3)pU]) V ([a1¢a(1)uL, a1¢4(1)pU]
Na2da(2)pL, a1¢4(2)pU] A azda(3)pL, azpa(3)pU]) V ([a1¢5(1)pL, a1¢5(1) uU]
Naz¢s(2)uL, a1¢5(2)puU] A [azds (3)uL, azds (3)pU]) V (la1¢6(1) L, a1¢6(1) pUIA
[a2d6(2) 1L, a1¢6(2) U] A [azde(3) L, azde(3)uU])

= ([anipL, a1 pU] A lag2pL, agoplUlassp L, azspU]) V ([anipl, annpU] A lagspL, agspU] A
lasap L, azapU])

\/([alguL, alg/J,U] AN [agl,uL, agl,uU] VAN [a33uL, CL33/LU]) V ([CLQ/LL, CL12/LU] A [agg,uL, a23,u,U] A
l[asipL, as1pU]) V ([a13pl, a1spuU] A [agpL, agipU] A lasepnL, agoplU]) V [a1spL, a1spU] A
(laz2pL, azopU] A [agipL, agipU])

= ([0.30,0.70]A[0.23, 0.60] A[0.15, 0.20])V([0.30, 0.70] A[0.71, 0.20] A[0.40, 0.20])V([0.40, 0.60] A
(

[0.32,0.02] A[0.15,0.20])V ([0.40, 0.60] A [0.71, 0.20] A [0.36, 0.60]) V.
[0.40,0.20]) v ([0.71,0.20] A [0.23,0.60] A [0.36,0.60])

— [0.15,0.20] V [0.30,0.20] V [0.15,0.02] v [0.36,0.20] V/ [0.32,0.02] \/ [0.23,0.20]
— [0.36,20]

The neutral component of | Al

= ([a1¢1(1)nL, a191(1)nU] A lazg1(2)nL, a161(2)nU] A [azé1(3)nL, azp1(3)nU])V
([a162(1)nL, a12(1)nU] A [azd2(2)nL, a162(2)nU] A [azd2(3)nL, azda(3)nU])V
([arp3(1)nL, azp3(1)nU] A [az¢3(2)nL, a103(2)nU] A [az¢s(3)nL, azpz(3)nU])V
([a164(1)nL, a14(1)nU] A [a2¢4(2)nL, a164(2)nU] A [azda(3)nL, azda(3)nU])V

[0.71,0.20] A[0.32, 0.02] A

|
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([arps5(1)nL, a1¢5(1)nU] A [az¢s(2)nL, a105(2)nU] A [az¢s(3)nL, azps(3)nU])V
([ard6(1)nL, a1¢6(1)nU] A [az¢e(2)nL, a1¢06(2)nU] A [azde(3)nL, azpe(3)nU])

= ([a11nL, ar1nU]A[aganL, azanU][aszsn L, azsnU])V ([a11mL, a11nU]Alazsn L, azsnU]AlaganL, azanU])V
([a12nL, a12nU]A[a21nL, azinU]AlazsnL, azsnU])V ([a12n L, a1onU]AlagsnL, azsnU]A[azinL, azinU])V
(la13nL, a13nU] A la2inL, aa1nU] A [azanL, azenU]) V ([a13nL,a13nU] A [ag2pL, azenU] A
laz1nL, az1nU])

= (]0.40,0.20]A[0.40, 0.50]A[0.62, 0.20])V([0.40, 0.20] A[0.62, 0.20]A[0.62, 0.20]) V([0.45, 0.40] A
[0.72,0.20] A[0.62, 0.20] )V (0.45, 0.40] A [0.62, 0.20] A[0.53, 0.20]) v/ ([0.62, 0.10] A [0.72, 0.20] A
[0.25,0.70]) V ([0.62, 0.10] A [0.40, 0.50] A [0.53, 0.20)
— [0.40,0.20] v [0.40,0.20] \ [0.45,0.20] \/ [0.45, 0.20] \/ [0.25, 0.10] V/ [0.40, 0.10]
— [0.45, 20]
The non membership component of | A|
= ([a1¢1(1)vL, a191(1)vU] A [a2¢1(2)vL, a1¢1(2)vU] A [aséi1(3)vL, azpi(3)vU])V

([ar2(1)vL, a1¢2(1)vU] A [agp2(2)v L, a1$2(2)vU] A [azda(3)vL, azpa(3)vU])V
([al(bg(l)’UL, a3¢3(1)vU] [a2¢3(2)vL, a1¢3(2)UU] A [a3¢3(3)vL, a3¢3(3)vU])\/
([a1pa(1)vL, a194(1)vU] A [agpa(2)v L, a164(2)vU] A [azda(3)vL, azpa(3)vU])V
([a1¢5(1)vL,a1¢5(1)vU] [a2¢5(2)vL,a1¢5(2)UU] VAN [a3¢5( )UL a3¢5(3)UU])\/
([a1¢6(1)vL, a1¢6(1)vU] A [azgpe(2)v L, a1¢6(2)vU] A [azge(3)vL, azge(3)vU])

= ([auvL CL11UU] [CLQQUL,GQQUU] [a33'UL,a33UU]) V ([auvL,aan] A [a23UL,CL23UU] A

azovL, CL32UU]) ([alng,alng] AN [CL21UL,CL21UU] VAN [CL33UL,6L33UU]) V ([CLlQUL, CL12UU] VAN
[ 23U L, agng] [CL31UL,CL31UU]) V ([a13UL,a13UU] A [azl’UL,am’UU] A [agng,agsz]) \Y
([a13vL, a13vU] A [agov L, agevU] A lazivL, azivU])

([0 20, 0. 30] [0 21, 0.10]/\[0.18, 0.40)\/([0.20, 0.30]/\[0.30, 0.70]/\[0.21, 0.50])\/([0.21, 0.30]/\
[0.33,0.40] A [0.18, 0.40) v ([0.21, 0.30] A [0.30, 0.70] A [0.65, 0.30] )V ([0.10, 0.80] A [0.33, 0.40] A
[0.21,0.50]) V ([0.10,0.80] A [0.21, 0.10] N [0.65,0.30])

— [0.18,0.10] V [0.20,0.30] v [0.18,0.30] v [0.21, 0.30] V/ [0.10,0.40] V/ [0.10,0.10]
= [0.21, 40]

Deﬁnition 16. Adjoz’nt Of[VSFM, Let A = ([(aijuL, ainU)], [(aijnL, aijny)], [(aijUL, aijUU)]),

be IVSFM of size n. So, the adjoint of A is denoted by

adj([(aijuL, aijuv)]; ((@ijnL, aigmu )], [(aijor, aijuu)]), and defined as

adj([(aijuL, aijuv)], [(@ijnL, aimu ), [(aijor, aijou)]) = S = ([Siju: Sijn, Sijo])

= ([(sijuLa siqu)]’ [(sijnL, SijnU)]7 [(siij7 Sz'ij)]) = (<3ij,u, S5, Sijv>) where

Siju = v&EQmjmi /\UEmj Ay (u)

Sijn = A&eQmjnL,L- /\uEmj Aus(u)n

Siju = AéGQmjmi /\UEmj Ay (u)v

Example 2. Consider an IVSFM of size 3.

A=
[0.30,0.70][0.40, 0.20][0.20, 0.30]  [0.40, 0.60][0.45, 0.40]{0.21,0.30] [0.71,0.20][0.62,0.10][0.10, 0.80]

([0.32,0.02][0.72,0.20][0.33,0.40] [0.23,0.60][0.40, 0.50][0.21, 0.10] [0.71,0.20][0.62,0.20][0.30,0.70])
[0.36,0.60][0.53,0.20][0.65,0.30] [0.40, 0.20][0.25,0.70][0.21,0.50] [0.15,0.20][0.62,0.20][0.18, 0.40]

Letj =1 andi =1, we have mj = {1,2,3}—{1} = {2,3} and m; = {1,2,3}—{1} = {2, 3}.

The permutation of m; over m; are (; g) (3 3) Now,
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(a22p A aszsy) V (@23, A aszy

= (]0.23,0.60] A [0.15,0.20]) V ([0.71,0.20] A [0.40, 0.20])
= [0.15,0.20] Vv [0.40, 0.20] = [0.40, 0.20]

(@22n A azay) V (az3, A asay

= (]0.40,0.50] A [0.62,0.20]) V ([0.62,0.20] A [0.25,0.70])
= [0.40, 0.20] Vv [0.25, 0.20] = [0.40, 0.20]

(@220 N a330) V (@230 A azzy

= ([0.21,0.10] A [0.18,0.40]) V ([0.30,0.70] A [0.21,0.50])
= [0.18,0.10] Vv [0.21,0.50] = [0.21, 0.50]
Forj=1andi=2, m;={1,2,3} — {1} = {2,3} and m; = {1,2,3} — {2} = {1,3}.
The permutation of m; over m; are

1 3 1 3
(2 3) (3 2) Now,
(@124 A azzy) V (a13u A asay
— ([0.40,0.60] A [0.15,0.20]) \V [0.71,0.20] A [0.40, 0.20])
= [0.15,0.20] \V [0.40, 0.20] = [0.40, 0.20]
(@125 N azzy) V (a13y A asay
= (0.45, 0.40] A [0.62,0.20]) v ([0.62,0.10] A [0.25,0.70])
— [0.45,0.20] V [0.25,0.10] = [0.45, 0.20]
(@120 A azzy) V (@130 A azzy
— ([0.21,0.30] A [0.18, 0.40]) V ([0.30,0.70] A [0.10, 0.80])
= [0.18,0.30] V [0.10, 0.70] = [0.18, 0.70]
Forj=1andi=3, mj={1,2,3} — {1} = {2,3} and m; = {1,2,3} — {3} = {1,3}. The

permutation of m; over m; are

1 2 1 2

(> 3) (5 3) o

(@12, A a2sy) V (ais, A agay

= ([0.40,0.60] A [0.71,0.20]) Vv [0.71,0.20] A [0.23,0.60])

= [0.40, 0.20] Vv [0.23, 0.20] = [0.40, 0.20]

(@125 N a23y) V (a13y A azoy

= ([0.45,0.40] A [0.62,0.20]) V ([0.62,0.10] A [0.40,0.50])

= [0.45,0.20] Vv [0.40, 0.10] = [0.45, 0.20]

(@120 A a230) V (@130 A a2y

= ([0.21,0.30] A [0.30,0.70]) Vv ([0.30,0.70] A [0.21,0.10])

= [0.21,0.30] v [0.21,0.10] = [0.21, 0.30]

Similar manner, we can find other values as well, Adjoint(A) is obtained as

Adjoint(A)=
[0.40, 0.20][0.40, 0.20][0.21, 0.50] [0.40, 0.20][0.40, 0.20][0.18,0.70] [0.40, 0.20][0.40, 0.20][0.21, 0.30]
[0.40, 0.20][0.62, 0.20][0.21,0.50]  [0.40, 0.20][0.40, 0.20][0.18, 0.50]  [0.30, 0.20][0.40, 0.20][0.20, 0.30]
[0.40, 0.20][0.25, 0.20][0.33,0.50] [0.40, 0.20][0.25, 0.20][0.20, 0.50] [0.23, 0.60][0.40, 0.20][0.20, 0.10]

In the next section, we introduce eigen interval valued spherical fuzzy sets and propose
the algorithms to determine least and greatest eigen interval valued spherical fuzzy sets.
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5. Algorithms for eigen interval valued spherical fuzzy set

In this section , we propose the EIVSFS and provide algorithms to determine the
GEIVSFS and LEIVSFS with the help of illustration.

Definition 17. An interval valued spherical fuzzy relation (IVSFR) between IVSFS X
and Y expressed as: R = {((z,y).ur(x,y),nr(x,y),vr(z,y)) :x € X,y € Y},

where pg = [pk, k8], nr = &, N¥], vr = [vE, VY], such that
0 < (up)* + (ng)* + (Vp)* S 1V (w,9) € (X xY),

Consider Ry € (X x y) and Ry € (Y x Z) be IVSFR.

Max-Min Operation

Let the max-min composition operator for two IVSFR R; € (X xy) and Ry € (Y x Z)
are defined as
Ry o Ry = {((wi5, 2i5) iR1o Ry (Tijs Zi5) s MRyo R (T 2i5) s VRio Ry (T 245)) = @i € X, 245 € 2}
where, (g oR, (Tij, 2ij) = [ o, (Tijs 2i5)s 15 or, (Tijs 2i5)]
NRyoRy (Tijs Zij) = [Nf, 0, (Tij» Zi)s N, 0 r, (Tij, 2ij)] and
URyoRy (Tijs i) = [V 0m, (Tijs 2i)s VR, or, (Tijs #i5)]
In addition,
MRloRg(xZ]VZ’LJ) maTycy {mmxeX(MRl (Tij, 2i5) IU’RQ(xZ]7Z'L] )} 7/’LR10R2(xZ.77Z'L])
HRloRQ(xzijw) maryey {mlnzeX(NRl (xwazm) NRQ(xzvaz )} v#RloRQ(ﬂfzyaZm)
anoRQ Tij, 2ij) = Minyey {mmweXle (ig, 2i5) 7732 (@ijs 2i5) )} 777R10R2 (@ij, 2ij)
) fom
)
)

mznyGY {mlnIGX(an(‘IZ])Z’LJ) URQ(xm)sz ) ’ RloR2 ngyzzg)
Minycy {maxmex(vﬁl (xij, 2ij), ’UR2 (xij, 2ij)) } UR10R2 (xij, 2ij)
Minyey {maxwex(vgl (xij, 2i5), UR2 (xij, 2i5))

UR10R2 Lijs Zig

(
anoRg (zij, 2ij
(

(

URloRg Tij, Zij }7“31032 ngyzm)

Min-Max Operation

Let the min-max composition operator for two IVSFR be defined as
Ry @ Ry = {((xij, 2ij), R e Ro (Tij, Zij ), MRy e Ro (T Zij), URye R (Tijs 2ij)) = @iy € X, 235 € Z},
where, furyeR, (Tij; 2i5) = [, 0p, (Tig, 2i3)s By ep, (T 2i5)]

om ) — [ L o U DV

NR1eRy (Tijs 2ij) = [URloRQ(xw ZZJ)aanoRg (i, 2ij)] and
URyeR, (Tijs 2i5) = [V, or, (T 2i)s VR, o g, (i 2i5)]
In addition,
NR1o32 (wij, zi) = minyey {maxIGX(NRI (@ij, 2i5), NRQ (xij, 2i5) )} vNRloR2 (xij, i5)
minyey {maxmeX(MRl (@i, 2i5), NRQ(%J,Z@J )} vﬂRloRz(%vzw)
minycy {mmzeX(an (@ij, 2i7) 77R2 (25, 2ij) )} ’77R10R2 (245, 2ij)
Minycy {mmmex(an (xij, 2ij), nR2 (xij, 2ij )}, Rl.RQ (xij, 2ij)
maxycy {mmwex(le (xij, 2i5), UR2 (xij, 2i5)) }, VR, e Ry (xij, 2i5)
marycy {mmxeX(Ugl (Tijs 2i5) URQ (xij, 2i5)) }7UR10R2 (@ij, 2ij)

)=
MR1.R2 (xij, i5)
anth Tij, Zij)
)=
)
)=

77R1.R2 Lijs Zig

(
(

URl o Ro (‘,L.Zj7 Z’U
(

URloRg Ligs Zig
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Definition 18. Let R be an IVSFR defined on IVSFS of X. An IVSFS N is called an
etgen interval valued spherical fuzzy set associated with the given relation R if N+ R = N,
x 18 either the min-max or max-min operator.

5.1. Greatest Eigen interval valued spherical fuzzy set

For finding GEIVSFS with the IVSFR R using the max-min composition operator.
Let Ni represent the IVSFS, where the degree of membership is highest and the degrees
of neutral membership and degree of non-membership is the lowest of all elements of the
column of R:

N, (u) = mazzexpr(z, u)vVu € Y,

nn, () = mingexnr(z, u)Vu € y,

N, (u) = minge xvr(z, w)Vu € y, (1)

It is simple to check that N7 is an eigen inter-valued spherical fuzzy set, but not always
be the GEIVSFS. To find GEIVSFS, the following steps are evaluated using max- min
operation

Nio R = No,

NyoR = N;oR?>=Ns,

N3OR:N10R3:N4,

:NyoR=NjoR"= N1,
Now, we provide an algorithm to calculate GEIVSFS.

Algorithm A

Step 1: Find the set Ny from R by using equation 1
Step 2: Choose the index n = 1 and calculate N,,;1 = N, o R.
Step 3: If N1 # N, the go to step 2. Step 4: If N,,;1 = N,, then N, is the GEIVSFS.

Example 3. A =
[0.30,0.70][0.40, 0.20][0.20, 0.30]  [0.40, 0.60][0.45, 0.40][0.21,0.30] [0.71,0.20][0.62,0.10][0.10, 0.80]
[0.32,0.02][0.72,0.20][0.33,0.40] [0.23,0.60]]0.40, 0.50][0.21,0.10] [0.71,0.20][0.62, 0.20][0.30, 0.70]
[0.36,0.60][0.53,0.20][0.65,0.30] [0.40, 0.20][0.25,0.70][0.21,0.50] [0.15,0.20][0.62,0.20][0.18, 0.40]

Step 1:

Ny =

(10.36,0.70][0.40, 0.20][0.20, 0.30])

(0.40,0.60][0.25, 0.40][0.21, 0.10])

(10.71,0.20][0.62,0.10][0.10, 0.40])

Step 2:

Settingn =1, No = Njo R

Ny = ([0.36,0.70][0.25, 0.10][0.20, 0.30])

([0.40, 0.60][0.25, 0.40][0.21, 0.10])

(10.40,0.20][0.25,0.10][0.18, 0.40])

Step 3: No # N1 then choose n=2 in step 2 and find N3 that is N3 = Ny o R:
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Find N,
using equation 1

!

Put n=1 <
Calculate N, =N,0oR
Else Go to
E Step 3

|
J

GEIVSFS =N

Figure 1: Flow chart For Algorithm A

Na =

([3.36, 0.70][0.25,0.10][0.20, 0.30])
([0.40,0.60][0.25,0.10][0.21, 0.10))
([0.40,0.20][0.25, 0.10][0.18, 0.40))

Step 4: Since N3 = No, is the GEIVSFS associated with R.

5.2. Least Eigen interval valued spherical fuzzy set

For finding LEIVSFS with the IVSFR R using the max-min composition operator. Let
N1 be the IVSFS, in which the degree of membership and the degree of neutral membership
are the lowest of all the members of the column of R and the degree of non-membership
is the highest of all the members of the column of R.
pn, (u) = mingexpr(x,u)vu € Y,
1INy (u) = minmEXnR(m’ u)Vu €y,
v, (u) = mazgexvr(x,u)Vu € y, (2)
It is easy to check that N; is an eigen interval valued spherical fuzzy set, but it should not
always be the LEIVSFS. To find LEIVSFS, the following steps are evaluated using max-
min operation
Nio R = No,
NQOR:N10R2:N3,
N3oR = N;oR3= Ny,

! Np,oR=NjoR"= Ny,1,
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Now, we give an algorithm to find LEIVSFS.

Algorithm B

Step 1: Obtain the set Ny from R by equation 2
Step 2: Choosing the index n = 1 and calculating N,,+1 = N, o R.
Step 3: If N, 11 # Ny, go to Step 2. Step 4: If N,,.1 = N,,, then N, is the LEIVSFS.

1
Il h
1

Figure 2: Flow chart for Algorith B

Example 4. A =
[0.30,0.70][0.40, 0.20][0.20,0.30]  [0.40,0.60][0.45, 0.40][0.21,0.30] [0.71,0.20][0.62,0.10][0.10, 0.80]
[0.32,0.02][0.72,0.20][0.33,0.40]  [0.23,0.60][0.40, 0.50][0.21, 0.10] [0.71,0.20][0.62,0.20][0.30,0.70])
[0.36, 0.60][0.53,0.20+][0.65,0.30] [0.40, 0.20][0.25, 0.70][0.21, 0.50] [0.15,0.20][0.62, 0.20][0.18, 0.40]

Step 1:

Ny =

([0.30,0.02][0.40,0.20]]0.65,0.40])

([0.23,0.20][0.25,0.40][0.21,0.50])

([0.15,0.20][0.62,0.10][0.30,0.80))

Step 2:

Setn=1, No=NioR

Ny =

([0.30, 0.20][0.25, 0.10][0.30, 0.40])

([0.23,0.20][0.25, 0.10][0.21, 0.50])

([0.15,0.20][0.25, 0.10][0.21, 0.50])

Step 3:

Ny # Ni then choose n =2 in step 2 and find N3 that is N3 = Ny o R:
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N3 = ([0.30,0.20][0.25,0.10][0.30, 0.40])
(10.23,0.20][0.25,0.10][0.21, 0.50])

([0.15,0.20][0.25, 0.10][0.21, 0.50])

Hence, N3 = No,s0 N3 is the LEIVSFS associated with R.

6. Distance measure in decision-making problem

This section presents a distance measure for IVSFS, investigates its properties, and
explores its potential applications in decision making using I[VSFM.

6.1. Distance measure of IVSFSs

Definition 19. let consider two IVSFSs

A = {[ax(x:), ba ()], [er (i), da ()], [ex(w4), fi(zi)]}

B = {{aa(xi), b2 (w:)], [ea (i), da(wi)], [e2(s), fa(@i)]}

the distance measure between A and B is defined as follows:

d(A, B) = 3(lax (i) — ag(z:)| + |br(w:) — ba(wi)] + [er (i) — ca(s)]
+di (i) — do(@i)| + [ex(xi) — ealzs)| + | fi(2:) — falzi)])

where i =1,2,3..n

Theorem 9. The distance measure between IVSFSs A and B is a functiond : [IVSFSs —
IV SFSs, which satisfies the following conditions

1. 0<d(A,B)<1

2. d(A,B)=01iff A=B

3. d(A,B) =d(B,A) (dy)

4. Let A,B,B € IVSFSs then d(A,C) < d(A,B) +d(B,C)

Proof. 1. Tt is obvious d(A, B) € [0,1]

2. Asay = ag,by = by, c1 = co,dy = ds,e1 = es, f1 = fo such that d(A, B) =0iffif A=B
3. d(A,B) = 3(|a1(:cz) —ag(x;)| + |b1(zi) — ba(zi)| + |e1(mi) — ca(zi)]
+di(z;) — do(i)| + |e1(w) — ea(zs)| + [fr(z:) — falzi)|)
=3 |a2( i) — ar(@i)] + [ba(zi) — bi(w)| + [ea(zi) — er(ws)]

+|da(zi) — di(@i)| + [e2(xi) — er(zi)| + | fo(i) — fr(zi)]) = d(B,A)
4. A = {[a1(zi), b1 ()], [er(zi), di(w4)], [en (z4), fr(z)]}
B = {[az(w;), ba2(wi)], [ca(wi), d2 ()], [e2(xi), fa(wi)]}
gz{(gaz(%) 3(@i)], [es(xi), ds(s)], [es(ws), f3(i)]}
d(A,C) = 3(lar(zi) — as(xi)| + |bi (i) — b3 (z)| + [e1(zi) — e3(wi))|
+|di (i) — d3(xi)| + [ex(zi) — es(@i)| + | fi(2:) — fa(zi)])
:(é(’)al($l)(_;12(xi)+a2($i)_a3($i)+|b1(xi)_bQ(xi)+b2(xi)_b3($i)’+|cl(xi)_02($i)+
ca(w;) — cz(wi
+d1(2;) — do (i) + da(xi) — ds ()| + [e1 (i) — e2(xi) + e2(wi) —es(@i) |+ | f1(@i) — fo(wi) +
fa(ws) — f3(4)])
< 3(Jax (i) — ag(@i)| + [br(2i) — ba(wi)| + |er (i) — cals)]



R. A. Padder et al. / Eur. J. Pure Appl. Math, 18 (2) (2025), 6095 18 of 24

+di (i) — da(wi)| + |ex(z:) — ea(ws)| + | f1(zi) — fal:)])
+3(lag(zi) — as(zi)| + |ba(xi) — bs(xi)| + [ea(zi) — es3(zs)]
+ldo(wi) — d3(@i)| + |e2(z:) — es(wi)| + | f2(zi) — f3(2:)])
Hence d(A,C) < d(A,B) +d(B,C)

6.2. Application in decision making problem

To tackle the decision making problem of selecting administrative officers (AOs) for the
promotion of Govt secretaries, we use the IVSFM. This approach is useful when dealing
with uncertainty.

Let us consider three Govts. G1,Gs,G3 based on three political parties PPy, PP, and
PP; . Five AOs, Ay, Ay, A3, A4 and As are shortlisted for promotion to the position of
Govt Secretary.
Consider IVSFM A of dimension 5 x 3 which presents the view of An AO towards a Govt.
supported by a political party.

Consider the other IVSFM B of order 3 x 3 which shows the work carried by Govt.

G G G
Ay {[0.40,0.20][0.40,0.20][0.21,0.50]  [0.40,0.20][0.40,0.20][0.18,0.70] [0.40, 0.20][0.40, 0.10][0.21, 0.30]
As | [0-30,0.20][0.62,0.20][0.21,0.50]  [0.70,0.20][0.50,0.20][0.18,0.50] [0.30, 0.20][0.20, 0.20][0.60, 0.30]
A = A4 [0.60,0.20][0.25,0.20][0.33,0.50] [0.20,0.20][0.25,0.20][0.20,0.50] [0.23,0.60][0.10, 0.20][0.20, 0.10]
Ay | [0.60,0.20][0.25,0.20][0.33,0.50] [0.20,0.20][0.25,0.20][0.20,0.50]  [0.23,0.60][0.40, 0.20][0.30, 0.10]
As \[0.60,0.20][0.25,0.20][0.33,0.50]  [0.20,0.20][0.25,0.20][0.20,0.50] [0.23,0.60][0.30,0.10][0.25,0.70]

followed by a political party during the election period.
Step A. In the IVSFM A, the information of each AOs is provided in relation with set

PPy PP PP;
G {]0.20,0.10][0.40,0.10][0.30,0.50]  [0.40,0.20][0.30,0.20][0.18,0.70]  [0.20,0.20][0.30, 0.10][0.21, 0.30]
B =G, | [0:20,0.30][0.62,0.20][0.20,0.50]  [0.60,0.20][0.50, 0.20][0.18,0.50]  [0.30,0.20][0.20, 0.20][0.60, 0.20]
G5 \[0.60,0.20][0.25,0.20][0.33,0.50]  [0.20,0.20][0.25,0.20][0.20,0.50] [0-23. 0.60](0.10,0.20][0.40. 0.20]

of political parties { PP, PP,, PPs}, while as in the IVSFM B, the information of each
Govts. is given with respect to the same set of political parties { PP, PPs, PP3}. On the
basis of that concept, eight IVSFSs are obtained over the set { PPy, PP,, PP3} as follows:
A = (PP1[0.40,0.20][0.40, 0.20][0.21, 0.50] ), (P P»[0.40, 0.20][0.40, 0.20][0.18, 0.70]),

(P P5[0.40,0.20][0.40,0.10][0.21,0.30])

Ay = (PP;[0.30,0.20][0.62,0.20][0.21, 0.50]) (P P,[0.70, 0.20][0.50, 0.20][0.18, 0.50]),

(P P5[0.30,0.20][0.20, 0.20][0.60, 0.30])

As = (PP;[0.60,0.20][0.25, 0.20][0.33, 0.50]) (P P,[0.20, 0.20][0.25, 0.20][0.20, 0.50]),
(PP5]0.23,0.60][0.10, 0.20][0.20, 0.10])

Ay = (PPy[0.60,0.20][0.25,0.20][0.33, 0.50]) (P P»[0.20, 0.20][0.25, 0.20][0.20, 0.50]),
(PP5]0.23,0.60][0.40, 0.20][0.30, 0.10])

As = (PPy[0.60,0.20][0.25, 0.20][0.33, 0.50]) (P P»[0.20, 0.20][0.25, 0.20][0.20, 0.50]),
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(PP5[0.23,0.60][0.30,0.10][0.25,0.70])

G1 = (PP;[0.20,0.10][0.40, 0.10][0.30, 0.50]) (P P»[0.40, 0.20][0.30, 0.20][0.18, 0.70]),
(PP5[0.20,0.20][0.30,0.10][0.21,0.30])

G2 = (PP;[0.20,0.30][0.62, 0.20][0.20, 0.50]) ( P P»[0.60, 0.20][0.50, 0.20][0.18, 0.50]),

(P Ps5]0.30,0.20][0.20, 0.20][0.60, 0.20])

G3 = (PP[0.60,0.20][0.25, 0.20][0.33, 0.50]) ( P P»[0.20, 0.20][0.25, 0.20][0.20, 0.50]),
(PPs5]0.23,0.60][0.10, 0.20][0.40, 0.20])

Step B. Using the distance measure between two IVSFSs the following distance matrix D
of dimensions 5 x 3, is derived and d;,, represents the distance between A; and G, for
1=1,2,3,4,5and m=1,2,3

G Ga G3
A; £0.2966 0.5933 0.7666
Ay 1 0.6333 0.1333  0.8100
D = A3|0.7300 0.9133 0.1000
A4 0.7233 0.9124  0.1666
A5 \0.7066 0.9983 0.9500

3. The following observation are made using the distance measure.

1. In Case of the Govt. G, degree of closeness DOC between the AO Ay and the perfor-
mance of Govt. (G is maximum because DOC(A1,G1) > DOC(A3,G1) > DOC(A5,G1) >
DOC(A4, Gl) > DOC(Ag, Gl)

2. In Case of the Govt. Go, degree of closeness DOC between the AO As and the perfor-
mance of Govt. Gg is maximum because DOC(Az, G2) > DOC(A1,G2) > DOC(Ay4, Ga) >
DOC(Ag, GQ) > DOC(A5, GQ)

3. In case of the Govt. (3, degree of closeness (DOC) between the AO Az and the perfor-
mance of Govt. (i3 is maximum because DOC(As, G3) > DOC(A4,G3) > DOC(A1,G3) >
DOC(Ag,G3) > DOC(As, G3)

where > denotes the degree of closeness, the lower the value indicates a higher degree of
closeness. As per calculation , the final selected list of AOs for different governments is
determined as follows:

Govt: AOs
(G1) Aq, Ay
(G2) Ay, Ay
(Gg) A37 A4

AOs Aq, Ay are selected for all Govts. Fig. 3 illustrates a flow chart that states the
procedure to be followed for AO selection.
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|
Examine IVSFMs A and B
Compute the IVSFSs from them
over the same set of inverse
1,

Use distance
measure on
them

Rank the DOCs according to the elements in

distance matrix in decreasing order

1,
Display selected result in tabular format after selecting it
|

Figure 3: Selection Procedure for AOs

7. Comparative analysis

Whereas in previous studies on picture-fuzzy decision making, the information was
accepted in picture-fuzzy form. But if we are to address various types of uncertainty in
the information, conventional methods are not in a position to address such a situation. In
such circumstances, we have to gather or represent the information in an interval-valued
spherical fuzzy sense. In such instances, the process formulated so far becomes crucial in
arriving at an effective and useful conclusion.

Dogra and Pal [33] suggested a model for the selection of a selected group of adminis-
trative officers for various governments on the basis of the distance measure between two
picture fuzzy matrix. Their approach considered membership, neutral membership, and
non-membership degrees in the picture fuzzy matrix context. In contrast, current research
generalizes this work by considering membership, neutral membership, and nonmember-
ship degrees as interval numbers, which has more relevance to real-world issues in the
selection of administrative officers using the new distance measure.

In addition, Ejegwa et al.[26] developed a model for computing students’ career paths
based on the distance formula between two intuitionistic fuzzy sets. In this context, intu-
itionistic fuzzy sets considered only membership and non-membership degrees. Moreover,
Khalaf [27] solved medical diagnosis problems using the interval valued intuitionistic fuzzy
set with max—min and min-max composition. They expressed these problems as uncertain
decision matrices and provided decisions based on fuzzy scores for each attribute.
However, our current method is distinct with matrices with interval valued spherical fuzzy
values. We obtain interval valued spherical fuzzy sets from these matrices on a given uni-
verse. Using the new formula for the distance between two IVSFSs, we obtain a distance
matrix which leads to a decision. The use of this method is incredibly straightforward
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since it does not include various complex calculations, hence avoiding any complication
in its application. Therefore, developing an algorithm and computer programming for
this method is straightforward. Besides, the data points utilized in this method have an
exceptional capability to handle a greater level of vagueness in information. Recalling that
the interval-valued spherical fuzzy concept is a generalization of the picture fuzzy concept,
this study can be viewed as a generalization of higher order fuzzy logic.

In summary, the study of IVSFM has immense advantages in the solution of real-world
problems, particularly in the selection of administrative officers, manufacturing companies,
and health insurance providers. These concepts are practical tools and subjects of research
for various applications and, as such, are significant aspects in modern-day research and
real-world problem solving scenarios.

8. Conclusion

In this paper, we have introduced the concept of IVSFM along with some definitions
and theorems. We proposed the definition of determinant and adjoint of IVSFM along with
some related results. Further, we propose a formal definition of an EIVSFES for the interval-
valued spherical fuzzy relations, along with the algorithms to find GEIVSFES and LEIVSFS
by using min-max and max-min composition operators, respectively. Numerical examples
have also been presented to illustrate the algorithms. In addition, the implementation of
the GEIVPFS and LEIVSFS in decision-making problems has been demonstrated quite
effectively. Furthermore, the new distance measure is proposed to solve the problems of
decision making quite effectively with the help of IVSFM. Interval-valued spherical fuzzy
matrices offer enhanced uncertainty modeling for multi-criteria decision-making, enabling
more accurate and flexible assessments. They are highly applicable in real-world scenarios
like medical diagnosis, supply chain management, and Al-based decision support systems
where ambiguity and expert variability are critical. This study provides a platform for
researchers to expand and generalize our findings across various types of data sets. It can
be extended in fields such as image information retrieval, genetic algorithms for image
reconstruction, and the concept of interval-valued eigen spherical fuzzy soft sets or soft
matrices, which have been briefly stated for future research.
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