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1. Introduction

The Multi-Criteria Group Decision Making (MCGDM) method has been considered the best
strategy for managing ordinary choices due to its ability to consider many options, criteria, and
frameworks. Most verdicts are reserved when the objectives and boundaries are ordinarily
unstipulated or indistinct in actual surroundings. Zadeh [1] originated the theory of a fuzzy set (FS)
to incredulous these nebulous and tentative details. It is a fundamental theory to covenant with
inconsequential and doubtful statistics in the decision-making (DM) procedure. The prevailing FS fails
to effectively engage with nations in which experts frequently consider membership (MD) through
the DM process. Turksen [2] developed an interval-valued fuzzy set (IVFS) with fundamental
operations. The present structures of FS and IVFS are insufficient in providing empirical evidence for
the concept of an alternative non-membership degree (NMD). Atanassov [3] overcame such
constraints and introduced the concept of intuitionistic fuzzy sets (IFS). Wang and Liu [4] presented
numerous operations, such as the Einstein product, Einstein, and others, and the AOs of the IFS. Garg
and Rani [5] used provided AOs to solve the MULTIMOORA technique under IFS information. Ejegwa
and Agbetayo [6] investigated different approaches for similarity measures (SM) and distance
measures in the framework of IFS. They used the proposed measures to deal with obstacles faced in
DM. Atanassov [7] extended upon the idea of IFS with the term of an interval-valued IFS (IVIFS), which
includes fundamental operations and associated specifications. Gurmani et al. [8] developed the
TOPSIS method for interval-valued T-spherical fuzzy sets and used it to select the most suitable
construction company. Xu and Gou [9] established numerous DM approaches under the IVIFS setup
and used their methods for several real-life difficulties. Ze-Shui [10] designed a weighted geometric
aggregation operator for IVIFS. Zhang [11] presented the Bonferroni mean geometric aggregation
operator in the context of IVIFS structure and put forth the MAGDM technique. Park et al.
[12] developed a Bonferroni mean geometric aggregation operator for IVIFS in order to tackle
MAGDM challenges. Gupta et al. [13] proposed an appropriate structure for managing the impact of
expert weight. Garg and Kumar [14] protracted the basic features of AOs in the context of the
linguistic IVIFS.

Although parametric chemistry has multiple uses, its potential is limited by the shortcomings of
the theories mentioned above. To deal with vagueness and obscurity, Molodtsov [15] introduced the
idea of soft sets (SS) and clarified specific operations with their attributes. Maji et al. [16]
extended the idea of SS and provided multiple illustrations to illustrate fundamental SS processes.
The idea of fuzzy soft sets (FSS) with desirable features was introduced by Maji et al. [17], who
integrated the popular theories of FS and SS. Maji et al. [18] enhanced the notion of intuitionistic
fuzzy soft sets (IFSS) by introducing multiple fundamental operations. Arora and Garg [19] proposed
the AOs and Deliberate DM approach, which was developed on the operators they had designed. The
IVIFSS was introduced by Jiang et al. [20], and its fundamental attributes were examined and
analyzed. The TOPSIS approach based on the correlation coefficient (CC) was developed by
Zulgarnain et al. [21] in order to address MADM difficulties in the context of the IVIFSS. Zulgarnain
and Saeed [22] proposed the concept of an interval-valued fuzzy soft matrix and applied it in DM. Ma
et al. [23] protracted a novel DM methodology for IVIFSS and used their proven method to solve DM
obstacles. The theory of hypersoft sets (HSS) was predicted by Smarandache [24], and it is
characterized by the parametric function f that is unique to the cartesian product with n attributes.
Samarandche HSS is the most accurate model related to SS and other fixed ideas since it captures the
many qualities of the considered factors. Multiple HSS prospects exist, each with a unique DM
strategy in the works. The DM techniques for IFHSS were developed by Rahman et al. [25] and based
on SM. Zulgarnain et al. [26] prolonged the DM method for IFHSS based on their established AOs.
Debnath [27] spread the interval-valued IFHSS (IVIFHSS) theory with fundamental operations and
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introduced an MCDM model to handle DM hurdles. Zulgarnain et al. [28] anticipated the AOs for
IVIFHSS and extended the innovative MCGDM method with its application in material selection.

The IVIFHSS is a reasonable amalgamation structure of IVFS; IVFSS and IVIFSS are leading
systematic tools for assigning unknown and controlled facts. It has been acknowledged that AOs are
authoritative in DM, so mutually calculated specifics from contrasting bases can be composed in a
distinct evaluation. To the unequaled of our deliberation, interaction AOs with hybridization of an
HSS and IVIFS have no existence in the works. Static, prevailing AOs for IVIFHSS cannot proficiently
contract the undefined and inaccurate facts through DM progression. Also, the approach claims that
the complete MD (NMD) expressed as a series of intervals is an NMD (MD) that determines itself.
Thus, anxieties are not beneficial, and the strategies are validated. This indicates that no apparent
preference for alternatives is demonstrated.

Therefore, it is a fascinating topic to discuss how to combine these IVIFHSNs across interaction
AOs. The IVIFHSS interaction AO, including the IVIFHSIWG operator, will be presented. Common
amalgam expansions of FS are similar to the settled interaction AO. The models mentioned above
have concluded that the NMD (MD) interval values shed light on the MD (NMD) as a whole.
Therefore, the importance of these AOs is uncertain, and no supplementary data for replacements
are provided. Hence, integrating these IVIFHSNs over interaction AOs is an exciting issue. The
techniques employed in [21, 23] are insufficient to assess the facts, commenting on established
theory and evident consequences.

1.1. Motivation and Drawbacks of Existing Operators

IVIFHSS is a significant scientific approach to coping with ambiguity, coherence, and incomplete
information since it is a hybrid conceptual structure of HSS, IVIFS, and IVIFSS. Cooperative assessment
data from several sources can be written into specialized imposts with the use of AOs, which have
been found to be crucial in DM. We were unable to find any examples in the literature of the usage
of the geometric interaction AO of HSS hybridization with IVIFS. Yet, only some of the stated above
ideas are acceptable for IVIFHSN extractions, nor can they be purposely connected with MD and
NMD. The effect of various degrees of MD or NMD on the appropriate geometric AO does not upset
the overall procedure. NMD(MD) functional level is also assumed to be determined automatically by
the framework. So, if we let these copies through, we won't learn which alternatives should be
prioritized. Thus, integrating these IVIFHSNs into the interaction is a stimulating problem. We will
endorse the IVIFHSIWG operator to report these concerns. Since the general IVFS, IVIFS, and IVIFSS
are exclusions to IVIFHSS, introduced interactive AO has more talented related to AOs with prevalent
hybrid assemblies of IVFS. Therefore, currently used models produce results that are inconsistent
and fail to rank preferences among available options properly. Integration of these IVIFHSNs via
interaction is thus an intriguing topic. To evaluate data in resonant intelligence and get better ideas
and more precise outcomes, you need more than what is provided in [27, 28]. Therefore, we declare
that the newly invented IVIFHSIWG operator is a modernized class approach that intrigues detectives
to crack confusing and insufficient specifications.

1.2. Significant Contribution

We design an approach for choosing MS using IVIFHSS data to alleviate these limitations.
Researchers are attracted to an improved structuring strategy in the expectation of revealing absent
and/or limited data that can be used to fill these deficiencies. IVIFHSS performs an influential role in
the DM evaluating the exploration consequences by assembling rich foundations into a distinct value.
It's an innovative hybrid structure that assists the DM mechanism in dealing with problematic
challenges. So, we will choose a geometric interaction AO based on non-regular facts to kick off the
current IVIFHSS inquiry. The following are the primary goals of the current study that were originally
established:
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The integration of numerous aspects of the matter, including the sub-attributes of indicators
examined in the DM mechanism, can be achieved by the implementation of IVIFHSS. In order to
preserve the advantages associated with this incorporation, we have expanded the IVIFHSIWG
operator of IVIFHSS.

The IVIFHSIWG operator used in the framework of IVIFHSS is renowned as an attractive assessing
computational operator. In particular circumstances, the primary component of AOs exhibits a lack
of responsiveness towards accurately indicating the discovery within the DM system. In order to
overcome these challenging obstacles, it is essential to modify existing AOs. We construct legal
structures for the operational requirements governing IVIFHSNs.

The IVIFHSIWG operator has been introduced, highlighting its significant qualities and established
operational laws governing its interaction.

Develop an innovative approach based on an assumed operator schedule to explain the
MCGDM issue within the IVIFHSS structure.

The implementation of MS, or management science, is a prominent characteristic within
engineering sectors due to its ability to address the specific conditions associated with many
components comprehensively. Master of Science (MS) is a rigorous yet pivotal phase in professional
development. The company's ability to do tasks with skill, effectiveness, and uniqueness will be
negatively impacted as a result of the lack of available supplies.

This paper presents a comparison of the unigue MCGDM approach and previous approaches,
with the aim of evaluating their applicability and efficiency.

This article's layout is predicated on the following assumptions: Some basic ideas that underpin
our development of the advanced study are covered in the second section. In Section 3, several novel
algebraic operations for IVIFHSS with interaction are proposed. In the same part, the IVIFHSIWG
operator will also be introduced along with its basic features. The MCGDM approach to the
anticipated interaction AO is shown in Section 4. The part in question examines a numerical example
of MS in engineering to support the practicality of traditional methods. A quick comparison study is
also carried out to validate the viability of the approach decided in Section 5.

2. Preliminaries
A few basic definitions are included in this section to help structure the work that follows.

2.1 Definition [7]
Let U be a universe of discourse, and A be any subset of U. Then, the IVIFS A over U is defined
as:

A ={(x ([Ki(®), 0] [850), 6%®)])) |¢ € U}

Where, [K}l(t), K}l‘(t)] and [6}1 (v), 6}1‘(1:)] represent the MD and NMD intervals, respectively. Also,
K (1), k¥ (b), 85(t), 54 (t) € [0, 1]And satisfied the subsequent condition 0 < k¥ (t) + §4(t) < 1.
2.2 Definition [20]

Let N be a collection of attributes, and U be a discourse universe. A pair (Q, N) is then considered
to be an IVIFSS over U. Its mapping is articulable as

Q:N - IKY

where the set of interval-valued intuitionistic fuzzy subsets of the discourse U universe is

represented by IK Y.

QN) = {x, ([h(©, 4 ®)],[85(0), 53 D)])|t € A}
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Where, [Kj(t),ic}f(t)], [6j(t),6}{(t)] represents the MD and NMD intervals, respectively. Also,
ki (1), k4 (1), 85(t), 5%(t) € [0,1]And satisfied the subsequent condition 0 < k}(t) + 8¥(t) <1
and A c N.

2.3 Definition [24]

Let U be a universe of discourse and P(U) be a power set of U and t = {t,, t,, t3,..., t,},(n = 1) and
T; represented the set of attributes and their corresponding sub-attributes, such as T; N T; = ¢, where
i#jforeachn21andi,je{1,2,3..n}. Assume Ty x Tp x Tax .. x Ty = A= {dyy, X dpj X *+ X dy;} is
a collection of sub-attributes, where 1 <h<a,1<k<fB,and1<[<y,anda, 3,y € N. Then the
pair (F, Ty x Ty x T3x ... x T,, = (Q, A) is known as IFHSS and is defined as follows:

Q:Ty xTy xTyx...xT,=A— IFSY.
It is also defined as

@ A = {(dos(d):ded ai(d) € IFsVe [0,1]},  where  0;(d) =

{({, Ko@) (§), Sy (O)): ¢ € U}, where kg3)({) and 8q5)(¢) represents the MD and NMD,
respectively, such as Kﬂ(d)(f), 59(&)({) € [0,1],and 0 < Ko(d) Q)+ 69(&)(6) <1.
2.4 Definition [27]

Let U be a universe of discourse and P(U) be a power set of U and t = {t4, t;, t3,..., t,},(n > 1) and
T; represented the set of attributes and their corresponding sub-attributes, such as T; N Tj = ¢, where
i#jforeachn21andi,je{1,2,3..n}Assume Ty x Ty x Tax .. x T,y = A = {dyp, X dpp X -+ X dy;} is
a collection of sub-attributes, where 1 <h<a,1<k<fB,and1<[1<y,anda, 3,y € N. Then the
pair (F, Ty x Ty x T3x ... x T, = (Q, A) is known as IVIFHSS and is defined as follows:
Q:Ty x Ty xTsx ...x T, =A— IVIFHSY.
It is also defined as

@ A = {(di(d):ded az(d) € IvPFSU € [0,1]},  where  0;(d)
{((, Ka(2)(©), o) () : ¢ € U}, and  Kqg)({) = [Kf)(a)(f).’cg(a)(f)]' 8aa)(©)
[6;2(&)((),55(&)(()], where KQ(&)(C) and 69(&)({) represents the MD and NMD intervals,
respectively, such as Ké(&) ), Kg(a) ), 6;1(&)(5), 65(&)(0 € [0,1],and0 < K;{(é) O+ 65(&)(() <1l

The IVIFHSN can be stated as F = ( [Ké(&)(f), Kg(d) (()] , [6;2(&)((), 6;2‘(&)(()]).
The scoring function and accuracy function for IVIFHSS can be expressed as follows to get the

alternative ranking: if F = ([Ké(&) ), Kg(a)(f)] , [6;1(&)((), 65(51) (Z)]) be an IVIFHSN. Then
_ Ké(a) Q)+ K;{(a)(o + 5&((1)(() + 55((1)(0

S(F) 7
And
2
A = (ki@ @ ) + (<@ ) + (‘%w) © )) + (8@ )
2.5 Definition [27] ?

et = ([ w8 5 95]) P, = (08, [ 8, ]) o

y = L u L u "
lez = ([ dlz‘Kdlz]‘[adlz’(SdlzD be three IVIFHSNs and S be a positive real number, and by

algebraic norms, we have

l l l l u u u u l l u u
@ = (1 ok ) 00,58
lel ® leZ di1 + Kd12 Kd11Kd12’ Kdn + Kd12 Kd11Kd12 ’ 6d115d12’ 5d115d12
= L L u u L L _ st st u u _s¥ s
2. :Fdll ® :Fd12 - ([Kd11Kd12' Kd11Kd12] ’ [6d11 + 6d12 6d116d12’ 6d11 + 6d12 5d115d12])
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[ B B B
— l l B\ —
3. BFy = (_1—(1—Kak) - (1-x%) ],[aak 5% ) = (1_(1_
nA
)
B B

u _ l u B _ _
<, e, [1‘ '1‘(1‘5ak) ])—(["ak el - (1
i NA

l

_65k' 62{&) )
The collection of IVIFHSNs Tdij' where w; and v; represent the weights assigned to professions

and attributes, respectively, is considered. Let us consider a set of variables w; be a weight of experts
where i ranges from 1 ton, suchas w; > 0, Y, w; = 1. Additionally, let v; be a weight vector for
sub-attributes, such asv; > 0, Zj=1vj = 1. The authors Zulgarnain et al. [28] introduced a weighted
geometric aggregation operator for IVIFHSNs in the following way:

K
| Yk

Qu~
QK
w(z

4, fF&k’B =

/—\

IVIFHSWG(F g, ., Fg,,» wee oo oo Fa )
m n o; Vj m o; Vj
(LI TG8D™) T - b))
j=1 \i=1 j=1

The IVIFHSWG operator has been observed to yield unfavorable results under specific circumstances.
In order to address such situations, the interaction AO is proposed for IVIFHSNs.

3. Weighted Geometric Interaction Aggregation Operator for IVIFHSS
We will expand IVIFHSS with specific notions and introduce the algebraic operations of IVIFHSNs
in the subsequent section. Furthermore, we extend the IVIFHSIWG using algebraic operational laws.

3.1 Definition

Let Tak - ([Ké ’ dk] [6dk'6dk]>'?d11 - ([Kén,Kgll] ’ [6‘1111'6‘1;1 ])' and
Fa, = ([K(lil K5 dlz] [5 iy’ 63‘12]) be three IVIFHSNs and 8 > 0, the interactional algebraic norms
are defined as:

[1- (1w ) (-, ) 1= (1=, ) (1 -]
(1 -, ) (1 -, ) = (1w, — 05, ) (1w, - 5%12)]
(10, ) (1 -5,) - (1~ KZH - 63,)(1- KZH - 5,
-(1 - 6211)( 6d12) (1 Kdn 5@111)( Kd12 d12 ]
2. Fa, ®F, = |(1-05,)(-65,) - (1w, — 65 )(1—xi, - 5312)

[1-(1-65,)(1-65,)1- (155 )(1 -6

[1 B (1 B Kék)ﬁ’l B (1 B ng)ﬁ]’
[(1 B Ktl?lk)[f B (1 Bl Kék B 6¢%k)ﬁ’ (1 B ng)ﬁ - (1 - ng B 5;{}()3]
[(1 - S%k)ﬁ - (1 - Kéik B 5%1()3 ’ (1 - Sgk)ﬂ h (1 a Z B 5gk)ﬁ]’

[1 ~(1- 6%}()’3 1-(1- 6§‘k)ﬁ]

1. Tall &b Talz

3. ﬁTak =

4. T&kﬁ =
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3.2 Definition
Let ?ak = ([Kék, ng] , [Sék, 6(%(]) be a collection of IVIFHSNs, and w; and v; are the weight vector

for experts and multi sub-parameters, respectively, with given conditions w; >0, >, w; =
1, v >0, Z}”zl v; = 1. Then, the IVIFHSIWG operator is defined as IVIFHSIWG: pn .

wi\Yj
IVIFHSIWG(F 3, Fa,, e v o Farm) = O (O (Fay) )
3.3 Theorem
Let j:dij = ([Kdi,-’ Kdij] , [6 " 6dij]) be a collection of IVIFHSNs, where (i = 1,2,3 ... ... ,nand j
1,2,3, .ot m) and the aggregated value is also an IVIFHSN, such as
IVIFHSIWG(F g, , Fa,,» o voe om Fa, )
m n Vi m n Vj
l w; w;
[1(LT6s)") I Te)) |
j=1 \i=1 j=1 \i=1
- m n Vj m n Vi 1
_ _ R P B S
T(T68)") TG -5, -28)")
j=1 \i=1 j=1 \i=1
m n Vj m n Vj
- TI(TG)) =TI -)
| j=1 \i=1 j=1 \i=1 i

7

w; and v; show the expert
1,v; >0, Z;Zlvj =1.
Proof:

The proof of the overhead theorem can be demonstrated by mathematical induction.
Forn =1, we get w; = 1. Then,

v

IVIFHSIWG(F 3, , Fg,» wee oo oo Fa, ) =@, (faij) J
IVIFHSIWG(F g, , Fa,,» o voe oo Fa,)

s and multi sub-attributes weights, respectively, suchas w; > 0, Y/, w; =

Il
1=
~/
G
<
iy
~.
N—
<
~.
1=
N
A
W
iy
~.
N—
<
~.
~
1l
_
-
]
=

B j=1 j=1 E
m ;1 N Vi m 1 © Vj
l l
[T(Tes)") T T |
j=1 \i=1 j=1 \i=1
r m 1 © Vj m 1 © Vj 1
_ l L ! l l
|- e) LI
j= i= J= 1=
m 1 o Vj m 1 © Vj
1 _1_[( (Kgij) ) _1_[< (1 _Kgl] _6‘1;11) )
L j=1 \i=1 j=1 \i=1 2
Form = 1, we getv, = 1. Then,
wj
IVIFHSIWG(F g, , Fi_, o v o Fan) =®L; (Fa,)
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1 n w; Vj 1 o; v]
1_[< (Kéij) > ’1_[ (Kgij) > ’
Jj=1 \i=1 j=1 \i=1
_ 1 n o; Vj 1 n o
“ =TI T -TT(T 0=, -08)")
Jj=1 \i=1 j=1 \i=1
1 n o; Vj 1 n o
(T ) -TI(L0-w,-0)")
- j=1 \i=1 j=1 \i=1

So, forn = 1 and m = 1 the IVIFHSIWG operator is holds.

Suppose itis held form = a; + 1,n = a; andm = a;,n = a, + 1, such as

-a1+1 ay

Vi oa+1 / ay Vj
W b 3 w;
[T LGes)™ (ki)
(Kdij) —[ —[ “a;; ’
| j=1 \i=1 j=1 \i=1
v [ a+1 (24} Vj a,+1 a2
W; bi r r o; r r w
a;+l (a2 5 ‘) _ _ A R Lol ™M
®j=1 (®l=1 (Td"]) N 1 P § P S Kal] P § A 1 Kd” 6a” ’
0.’1+1 ay vj a1+1 ay
w; wj
1- (k2 )") - (1 —6% )
dij dij dij
| ]:1 i=1 ]=1 i=1
form=a;+1,n=a, +1, wehave
o\ V) w; ® Vj
a;+1 az+1 - t _ a;+1 ar . 3 . (az+1)
®j=1 (®i=1 (Tdi,-) ) _®j=1 (®i=1 (:Fdij) ® “Fd(a2+1)j
wi\Yj ) Vj
_ a1+1( a, ( 5 ) ‘) ai+1 (( 3 ) (“2“))
_®j=1 ®i21 Tdij ®1’=1 :Fd(azﬂ)j
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[a,+1 / ay Vi oa4+1 / ay Vi
(xd,)" (x,)" ] |®
Ky ’ Ky,
| j=1 i=1 j=1 i=1
0(1+1 a1+1
[T ((b)™™) " T T ()™
K5 K5
1 Ay +1)j ’ A(az+1)j ’
j=1 ]=1
a1+1 ay Vj a1+1 ay Vj
w; W
l l
1 | | (Kdu) I I (1 “a,; 6‘1”) ’
j=1 i=1 j=1 i=1 ®
a+1 [/ ay Vi a4l [ ay Vj
w; W
u u u
1 1_[ 1—[ (Kdif) 1—[ (1 Kdl] dl])
| j=1 i=1 j=1 i=1 |
B a1+1 . a1+1 . 1
1— ((Klv )“’(a2+1))v1 _ ((1 L _ st )(‘)(a'2+1))v]
| l Aaz+1)j Aaz+1)j  Aaz+1)j ’
j=1 j=1
a1+1 a1+1
1— ((KI-‘ )w(a2+1))vj B ((1 _ st )(*)(a2+1))vj
| l A(az+1)j dij  “d(az+1)j
| j=1 j=1
_0.’1+1 0.’2+1 V]' aq 1 a2+1 Vj
[ [ w; ) u w;
) (Kdij) ’ 1 (K&U) ’
j=1 =1 j=1 =1
a+1 [faz+1 Vi a1 faz+1 Vj
=||1- ‘ (Klv )ml 11 r(l—rcl — &t )wl
, A A dl] N . A dl] dl] ’
Jj=1 i=1 Jj=1 =1
(X1+1 (X2+1 V] a1+1 a2+1 vj
Wi i
1— (k2 )] - (1-x% —o6%)
dij dij dij
j=1 i=1 j=1 i=1 .
Hence, it is verified that for m = a4 + 1 and n = a, + 1. holds. Thus, the IVIFHSIWG operator
holds V m, n.

3.4 Properties of IVIFHSIWG

If :Fdij ([Kdij, Kdij], [6%,, 6di]_]), (i=1,23,...,m;j=1,23,..,n) be a collection of
IVIFHSNs. The weights of the experts and parameters are w; and v; respectively, such as w;,v; > 0,
and Y7L, w; = 1; Z;-”zlvj = 1.

3.4.1 Idempotency
If Tdij = T&k = ([Kéij,lcgij] ) [5}1”, 5(%],]) Vi,j. Then

IVIFHSIWG(Tan,Talz, ......... ,T&nm) = g—"&k
Proof
As we know
~ = ~ = L u l u
le] :de ([Kdij'Kd ]'[ dl]’ dl]])
Then,
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IVIFHSIWG(F g, , Fg oo Far )
m n \Yi m n \Yi
117607 [1(0Te) |
j=1 \i=1 Y j=1 \i=1 7
m n o vj m n ® Vj
- 1_1_[(]__[(%) ) —H<1—[(1—K;]—a;]) )
j=1 \i=1 Jj=1 \i=1
m n Vj m n Vj
I ) =TT G- -08)")
j=1 \i=1 Jj=1 \i=1
[((Kl )Z?:ml-)ﬁ;lvj (Ku )Z?:lwl>21=1‘0]
dij o\ My

As Yt vj = landZ? 1(1)1 = 1.Then,

( Kd Kd ] [ ((1 K‘liif B Séij))"‘>
1-— rcgi]_ — 62{”
- ([K‘%U’Kgij] ’ [5‘111'1"531'1']) = Fa

3.4.2 Boundedness

let Fg,. —([Ké Kd] [6l 55 D be a collection of IVIFHSNs where

< min mlm( ) min min (ng] max mgx ( )'m]qx mlgx (6aij)]>

< max qu( ) man ma (K:f] [mm min (6(11”)'771,171 min (5u )]) then

J i j i
T&_i,- < IVIFHSIWG(?-"d11 lez ?‘dnm) <
Proof
As Fa,= (|xh,, ] [6d] 5% |) be an IVIFHSN, then
min min (KE ) max max )
Jj i dij dij

i
. wj
T () ( i) = (7 (k)
> L < (xt < : . g
( jooi =) =\ j @ \ay
no no
) l ) Yi=1 @i <ﬁ( ' )wi < max max( l ) 2i=1 i
Kay =1 [\Va) = @
. m vj no.
< - - 1\ ]< max max [ 2=
) = | I | | (K&ij) =\ J i (K&ij)
=1 i=1
w

]
. . v
mnmin/ i m n l i\ max max ;
] 1 (K&i') <IIj= (Hi:l (K&ij) ) = j [ (K‘viij)

(a)
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Again, as we know that
min min( u )
j i j

[
in mi i wi _ (max i
min i max
(i ) (e, )= (T )
Jj i dij dij ] [ dij
i

() )" = (7))
i=1 ' . |
()} ST ([T 0)) = (e )
. ] j=1 \i=1 o
- m]ln mim (Kgi,-) <, (l_Hl=1 (Kgij)wl)vj < m]qx m;zx (Kgij) o)
Similarly,

mjmmm((sl )< 1 — H;nl( n 1("(1 )wi) -_ ;’;1( ?=1(1—Kéij—5,%ij)wi) 'S

max max (51 )

J
And
Vj vj

mjlnmm(au)<1 H;”l( ll(Kd) ) - ;n=1( ?=1(1—Kgij_6gij)wi) <

max max
(5%,)

(c)

(d)

i
Let IlVIFHSIWA(Tan,T&lz, oo Fa) = (|0l | |08, 6%, |) = Fa,- Then, (@), (b) and

(an Crirzi;an e co?r\zllerzl i:;s max max (., \ MAX Max (

[ j i (K ) ( )] =F di = j i (651'1') | . i (65“)] and

m;zx mlgx ("fii,-) ’ mqn mgx ( 31)] [mm min (66111]) m]m miin (651-1-)] respectively.

By score functlon

l l u
de+1cdk+6dk+6

S(Fa) = 7
= m;lx m?x (Kéiij) ! m]('ln mqu (Kgij)] B [mjin miin (6¢liij) ’ m]m miin (651-1')]

=5(%3,)

Lokl +6l + 65

Ka d
S(Tdk) £ . 4
minmin/ minmin( 4 \| _[Maxmax (o \ Maxmax (.,

= i (K&“)’ i (Kaij)] [ Ji i (6511';')’ J i (6&1'1')]
_ +
_S(Tdk)

We get the following states using the order relation among IVIFHSNSs.

F; < IVIFHSIWG(Fg, ,Fg , e, Fg ) < Fi .
k 11 12 nm k
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3.4.3 Shift invariance
_(]. !
Let Fg,= (|5, % |65, 64 | ) be an IVIFHSN. Then

IVIFHSIWG (Fg,, ® Fg,, Fa,, @ Fapr s Fa, @ Fg,) =
IVIFHSIWG (Fg,,,F g, o s Fg ) Q Fp -
Proof
_ l l
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3.4.4 Homogeneity

Vi 4
(1-rd, = 3,)" (1wt - 8)")
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Prove that IVIFHSIWG (BF3,,, BF g, = ven - BFq )=
B IVIFHSIWG (Fg, , F ,» e ee o ,Fg,)forany g > 0.
Proof

Let Fg, = ([K’é”, KZ{U] , [6611”, 6:;”]) be an IVIFHSN and 8 > 0. Then, using definition 3.1, we have
Fa = ([ng”’,;cgk”’], [1 ~(1- 5gk)”’ 1-(1- 5gk)ﬁ])

- ([Kékﬁ’ ngﬁ] 1= (1 - [6}31(’ 5gk])ﬁ>

So,
IVIFHSIWG (BF g, , BFg,,, v o oo BF,..)
v Vj
m n l B, m n . Bo;
1_[ 1—[("&”) ’1—[ H(Kaif) '
j=1 \i=1 j=1 \i=1
r m n ,3 Vj m n ﬁ Vi
_ L\ L L
([T T I 0,08
j=1 \i=1 j=1 \i=1
m n ﬁ vf m n ﬁ Vi
u ®i u u @i
(™) -TI(TO w200
B j=1 \i=1 j=1 Vi=1 -
m n vj B m n Vj B
! w; W
1_[ (1_[ (K&L]) ) ’ 1_[ (1_[ (Kg”) > ’
j=1 \i=1 j=1 \i=1
[ m n Vj g m n Vj £
_ B 1 W _ Y Y @i
(™) ) =TT, -0)7) )
j=1 \i=1 j=1 ‘i=1
m n Wi ¢ d m n ® Y ’
_ A - —K¥ —68% )
(LI ) (L6 -on)”)
| j=1 \i=1 j=1 ‘i=1 .
= B IVIFHSIWG (T&H'T&u' ......... ,T&nm).

4. Multi-Criteria Group Decision-Making Approach Using IVIFHSIWG Operator

To confirm the effects of intentional geometric interaction AO, a DM method is settled to
confiscate MCGDM limitations. Also, numerical descriptions for material selection are presented to
demonstrate the projected technique's suitability.

4.1 Proposed MICGDM Approach

Consider 3 = {31,3%,353,..,3°}and U = {U,;,U,,Us, ..., U,} be the set of substitutes and
specialists separately. The weights of specialists are specified as w; = (w;,w,, w3, ..., w,)T such
that w; >0, X7, w; = 1. Let 8 ={e;, e, , €3, ..., e} be the set of attributes with their compatible
multi sub-attributes such as ' = {(elp X eyp X ... X emp) forallp € {1,2,...,t} } with weights v =

(v1,V2,V3, .., vy)T such thatv; >0, Y™ ,v;=1. and can be indicated as &' = {da:ae

{1,2, ...,m}}. The group of specialists {k': i = 1, 2,..., n} consider the alternatives {$®:z=1, 2, ..., s}

under the preferred sub-attributes {da: 0=1,2,.., k}in the form of IVIFHSNs, such as (Sgi) =
k7 nxm

26



Journal of Operational Intelligence
Volume 2, Issue 1 (2024) 14-35

([Kélk lk] [5 65 ])n*m Where 0 < Kéik, K, 6§ik, 64, <land0< ( k) (6” )2 < 1forall

i, k. The rules of the operator-based algorithm established are as follows:
Step 1: Specialist's advice on each alternative in the form of IVIFHSNs.

~(2) _ l u l u
(‘Saik)nxm - ([Kaik’ Kaik] ’ [6&ik' Saik])nXm

_ ([Kén Kdn] [6‘111’ 6:;11:) (;K‘ljllz’ Kglz] ’ [6‘%12’ 6312]) ([ d g ] [Sdlm’ glm])_
= ([K(lin d21] [5‘121 6611121 ) ‘ (_Kézz'ngz]' [6(%22’6322]) ‘ ([ d g ] [6d2m me])
(ot ) ot ) (st L o5 ]) (i ) o828, ).

Step 2: Generate a normalization decision matrix using the normalization rule for each alternative by
altering the cost-type parameters to the benefit type.

([Sdlk, 5dlk] [Kdlk Kd”‘])nxm cost type parameter

Tdi,- = ([Kd ] [6l 62{_’{]) benefit type parameter
t nxm
Step 3: Aggregated values are calculated by the IVIFHSIWG operator for each alternative.
Step 4: Use the score function to calculate the score value for each alternative.
Step 5: Govern the most appropriate alternative.
Step 6: Alternatives rank.
The flow chart of the above-presented model is prearranged in Figure 1.

Fau =

4.3. Application of IVIFHSIWG Operator in Material Selection

According to the Consulate General Committee on Environment Change, risky environmental
mortification arises due to social achievements. Climate change has important natural implications,
including animal extinction [29], low agricultural production [30], extra-sensational weather
conditions [31] and social movement [32]. There is a growing impetus to reduce overall greenhouse
gas emissions to reduce climate change corridors. Recently, France sanctioned a prerequisite for 40%
of greenhouse gas emissions parallel to 1990 by 2030 [33]. Until carbon gas schedules are not
individual producers of greenhouse gases. The environmental security organization circulated a
description for 76 % of all social emissions from the United States [34]. A massive reduction in
greenhouse gas radiation earnings fewer use of vestige energies. However, since its discovery, it has
not been an easy job. The energy formed from hydrocarbons is transporters and important energy
sources. It will be incorporated into a generally approachable system to make a considerable
impression of decarbonization. In 2017, fossil fuels accounted for more than 85% of worldwide
energy formation [35].
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Experts Identify the attributes
Set of attributes / sub-
wn attributes W Cost type Benefit type
5] | @
g " T
— . N
Set of alternatives
Convert the cost type attributes in benefit
Expert’s evaluation in type using normalization rule
IVIFHSNs
v
Step 3: Choose IVIFHSIW Step 4: Compute the score function to evaluate the
aggregation G operator =® score values.
process
Aggregated values for each Step 5: alternatives ranking
alternative

Fig. 1. Flow chart of the proposed MCGDM technique

So, if the world had to completely change to eliminate the hydrogen budget for the invitation of
fossil fuels, the energy shortage would be solved immediately. This factor provides an important
function when determining the proper power supply. However, this study does not defend this
matter. As impermanence approaches the end of the era of 'low-cost oil,’ where there are particular
concessions in discipline and power manufacturing, the discovery of different energy exporters is
crucial. Strict mitigation mechanisms will be the ultimate best option for countries dealing with
hydrogen. Hydrogen, which can be conceived as a harmonizing energy source in automobiles,
impacts engineering revolutions, such as hydrogen fuel cells, to deliver direct fuel for the fabrication
of automatic transmission and interior ignition engines CO2. One of the characteristics of its driving
force is the trend of hydrogen production in changes in the feedstock of its construction. Since there
is almost no lavish hydrogen in the environment. The only option is to proclaim it from the organic
connections of other scraps. Two behaviors yield hydrogen and other properties: angry hydrocarbons
or cracked water. The process of condensed fermentation is employed for the purpose of eliminating
low-molecular-weight hydrocarbons. The behavior of water can be influenced by various factors such
as environmental conditions, temperature, and energy utilization. One proposed method for
generating hydrogen from water in a novel manner involves the combustion of coal during a water
scarcity event.

This approach effectively updates the utilization of fossil-based surplus sources of energy,
specifically natural gas, which used to be converted into hydrogen. In general, while fossil fuels are
widely utilized in industrial sectors and face restrictions owing to their contribution to warming the
planet, alternative forms of energy are expected to emerge as the most prominent alternatives,
mostly driven by economic and environmental factors. In strength representation, the just-designed
hydrogen fuel differs from the commonly used hydrogen fuel in satisfactory weight and capacity. This
hydrogen is inconsiderately connected using its energy potential as the most important residual
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feature. The amount of energy per kilogram of hydrogen is 120 MJ. Hydrogen has a small volume
energy density accompanied by its admirable gravity compactness. The state of its deposition
determines the thickness of hydrogen. The fluid density of up to 700 bar is not enough, like a
considerable number of hydrocarbons of gasoline and diesel. Only liquescent hydrogen can disturb a
representative quantity, static less than a quarter of the expanse of fuel. In this manner, hydrogen
storage vessels designed for portable applications will supersede the conventional use of fluid
hydrocarbon ampoules [36]. Cryogenic storage tanks are sometimes referred to as cryogenic
preserving containers. The wall bottle is a thermally insulated container with a double-walled
construction designed to provide excellent heat resistance. This fluid carries oxygen, nitrogen,
hydrogen, helium, and argon at temperatures < 110 K/163 °C. Since water is just an extra gas, it is
incredibly non-toxic and environmentally safe when restored to electricity. The components used by
cryogenic vessels depend on safety and budget [37]. In essence, cryogenic containers play a safety
concern and corporate circumstance. From this point of view, minor temperature disturbances can
be described as follows:

Fracture toughness: The fracture hardness of molten nitrogen is around -196 °C, while the
evaporation point of liquid nitrogen is in close proximity. The temperature of hydrogen is
approximately -253 °C. It is not flexible enough and is difficult to change. Therefore, sufficient
supplies are strong enough to withstand unbendable flaws. Face-centered cubic iron meshes are
appropriate because they are not affected by minor heat. All nickel contains an additional 7% nickel
for constructing copper compounds, aluminum, their compounds, and austenitic stainless steel
storage cryogenic containers [38]. Heat transfer: The transient heat at the obstruction of the
cryogenic container is generally conductive. Choose a component with low, hot air conductivity.

Thermal stress: The internal cordon shrinks due to the little heat, triggering warm air stress.
Therefore, a component with minor thermal conductivity is appropriate. Thermal diffusion: In
routine, communal thermal remoteness is preposterous. The material should be designated with
such a strategy that it can dissipate heat quickly.

Material classification is a critical corporate stage in any manufacturing sector. Manufacturing

companies are designed by targeting, budgeting, and environmental protection targets and are often
made of insufficient materials. The conventional merchandise plan is to select the most appropriate
content design standards only if exciting demonstrations are on the lowest possible budget. Material
selection is made by looking at many conflicting DM processes. In this case, the current AOs are
instigated by different theories. These AOs should be restructured to discourse about these
observable concerns. We plan to take some innovative phases and escort interaction geometric AO
to assemble numerous IVIFHSNs. The ideal product we predicted surpassed other models. All
configurations can be classified according to the above specifications and DM concepts. The case
study was presented at a motor portion manufacturing firm in Malaysia and showed cryogenic
storage of electrical components. As part of applied sustainability, corporations must indicate the
suitable materials for the details they produce. It first focuses on cryogenic storage vessels, DM
parameters, and second-factor weight inputs to collect the material. The IVIFHSS model and the
proposed interaction geometric AO are used to astounding convolution and hesitation in social
finding. The MS evokes the fundamental support of sustainable development: materials should be
proper, environmentally pleasing, and beneficial to humanity.
The selection process begins with an initial showing of the material used for the console, drawing in
the application's alignment structure. During the selection process, a potentially suitable fabric is
determined. It takes seriously the content that decides which initial MS can be used for the
dashboard development. Four ingredients are designated, and then capacity is checked: 3= Ti-6Al-
4V, 3%= SS301-FH, I* = 70Cu-30Zn, and 3* = Inconel 718.
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The feature of the material collection is indicated as follows: & = {d; = Specific gravity =
managing information around the consideration of tenacities of several materials, d, =
Toughness index, d; = Yield stress, d, = Easily accessible}. The conforming sub-attributes of the
deliberated factors, Specific gravity = managing information around the consideration of tenacities
of several materialsd, ={d,; = assess corporal variations,d,, =
govern the degree of regularity among tasters} Toughness index = d, = {d,; = CharpyV —
Notch Impact Energy, d,, = Plane Strain Fracture Toughness}, Yieldstress = d; = {d3; =
Yield stress}, Easily accessible = d, = {d,; = Easily accessible}. Let &' =d; x d, x d3x d, be a set
of sub-attributes
L =dy xdy xdzxdy ={dy1,d12} X {d31,d32} X {d31} X {d41}

- {(dn» dz1,d31 dag), (d11,d32, d31,dar),

(d12,d21,d31,d41), (d12, 32, d31, day)
with weights (0.3,0.1,0.2,0.4)7. Let {U;,U,, U3, U,} be a team of four specialists with weights
(0.1,0.2,0.4,0.3)7. To decide the best alternative, experts present their priorities in IVIFHSNs form,
which are given in Tables 1-4.

Step 1: The expert's advice on each alternative, in the form of IVIFHSNSs, is given in Table 1- 4.
Table 1
Expert's opinion in the form of IVIFHSN for 3

}, €' ={d,,d;, ds,d,} represents the multi-sub-attributes

d, d, d; dy
U, ([0.4,0.5],[0.2,0.5]) ([0.2,0.4],[0.5,0.6]) ([0.1,0.3],[0.2,0.5]) ([0.2,0.4],[0.2,0.6])
U, ([0.2,0.4],[0.2,0.6]) ([0.1,0.3],[0.4,0.5]) ([0.2,0.3],[0.3,0.7]) ([0.2,0.4],[0.2,0.5])
U; ([0.3,0.5],[0.1,0.4]) ([0.4,0.5],[0.2,0.4]) (][0.4,0.5],[0.3,0.4]) ([0.2,0.6],[0.2,0.4])
U, ([0.4,0.6],[0.3,0.4]) (]0.1,0.3],[0.3,0.6]) (]0.3,0.4],[0.3,0.5]) ([0.3,0.4],[0.3,0.5])
Table 2
Expert's opinion in the form of IVIFHSN for
U, ([0.3,0.4],[0.5,0.5]) ([0.2,0.4],[0.4,0.5]) ([0.2,0.4],[0.4,0.5]) ([0.4,0.5],[0.3,0.5])
U, ([0.3,0.5],[0.3,0.4]) ([0.1,0.4],[0.4,0.5]) ([0.1,0.5], [0.3,0.4]) ([0.4,0.5],[0.3,0.4])
U; ([0.2,0.6],[0.1,0.4]) ([0.1,0.2],[0.2,0.8]) ([0.4,0.5],[0.3,0.5]) ([0.3,0.6],[0.2,0.4])
U, ([0.2,0.3],[0.3,0.6]) ([0.3,0.5],[0.1,0.4]) (]0.3,0.4],[0.2,0.6]) ([0.1,0.3],[0.3,0.6])
Table 3
Expert's opinion in the form of IVIFHSN for 33
d, d, ds d,
U, ([0.3,0.4],[0.2,0.5]) ([0.3,0.4],[0.4,0.6]) ([0.3,0.4],[0.4,0.5]) ([0.3,0.4],[0.3,0.6])
U, ([0.4,0.6],[0.3,0.4]) ([0.2,0.5],[0.2,0.3]) ([0.3,0.5],[0.3,0.5]) ([0.2,0.6],[0.2,0.4])
U; ([0.2,0.4],[0.3,0.5]) ([0.3,0.4],[0.3,0.6]) ([0.3,0.5],[0.3,0.4]) ([0.1,0.3],[0.4,0.5])
U, ([0.3,0.6],[0.3,0.4]) ([0.3,0.5],[0.2,0.4]) (]0.2,0.5],]0.3,0.4]) ([0.3,0.4],[0.3,0.6])
Table 4
Expert's opinion in the form of IVIFHSN for 3*
dy dy ds dy
U, (J0.3,0.5],[0.2,0.4]) ([0.2,0.6],[0.1,0.4]) ([0.2,0.5],[0.3,0.4]) ([0.3,0.4],[0.4,0.5])
U, (Jo0.2,0.7],10.1,0.3]) ([0.1,0.5],[0.4,0.5]) ([0.3,0.5],[0.4,0.5]) ([0.2,0.5],[0.3,0.4])
U; (J0.2,0.5],[0.1,0.4]) ([0.2,0.5],[0.1,0.5]) ([0.2,0.4],[0.2,0.6]) ([0.3,0.5],[0.1,0.5])
U, (J0.2,0.4],[0.5,0.5]) (]0.2,0.5],[0.2,0.4]) ([0.2,0.4],[0.3,0.6]) (][0.2,0.5],[0.4,0.5])

Step 2: There is no need for normalization as all parameters exhibit similarity.
Step 3: The IVIFHSIWG operator generates the accumulated information for every option.
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0, = ([0.4724,0.5648],[0.1537,0.5004]), ©, = ([0.4626,0.6951],[0.4906,0.6952]), 03 =
([0.5326,0.7471],[0.4960,0.6764]), and ©®, = ([0.5169,0.6123],[0.5219,0.6145]).
Step 4: Use the score function to calculate the score value for each alternative, such as S(0,) =
0.4228, S(0,) = 0.5859, S(©;) = 0.6130, and S(0,) = 0.5664.

Step 5: In the above calculation, we get the classification of substitutes S(03) > S(0,) >
5(0,) > S(0,). Govern the most appropriate alternative I3 is the most acceptable alternative.
Step-6: So, 3 > 32 > I* > J'is the gained rank of substitutes.

5. Comparative Studies
To authorize the realism of the anticipated methodology, the following section plans to compare
the proposed model with the prevalent methods.

5.1 Supremacy of the Planned Approach

The planned methodology enables representative verdicts to be made in the DM system. We
presented the MCGDM method by the IVIFHSIWG operator. Our presented MCGDM approach
delivers the most delicate and detailed facts about DM obstacles. The planned model is versatile and
talkative, consistent with changing volatility, obligation, and efficiency. Disparate models have
explicit ordering procedures; therefore, there are straight variations in the organization of the
desired procedure to their prospects. The study and assessment of this system resolute that the
consequences gained by traditional approaches were falsely equivalent to hybrid structures. Also,
due to auspicious circumstances, several merged configurations of FS, such as IVFS, IVIFS, and IVIFSS,
are concerted in IVIFHSS. It is comfortable to combine inadequate and equivocal facts in the DM
process. The figures of this case can be designated more precisely and realistically. So, our proposed
technique is extra effectual, more evocative, enhanced, and superior to numerous hybrid FS
organizations. Table 5 below analyzes the proposed approach and the characteristics of some
prevailing theories.

Table 5
Characteristic analysis of different models with a projected model
membership Non- attributes  attributes in  sub- Interactional
membership intervals attributes of aggregation
form any
attribute
IVFS [2] V4 X X V4 X X
IVIFS [7] J J x J x x
IFSS [18] N4 v N4 X X X
IVIFSS [20] v v N4 X X
IFHSS [26] N4 v N4 X V4 X
IVIFHSS v v v N4 V4 x
(28]
Proposed Vv v v Vv v V4
IVIFHSIWG

5.2 Comparative Analysis

To demonstrate the usefulness of the scheduled technique, we associate the results obtained
with some predominant methods under IVIFS, IVIFSS, and IVIFHSS. Table 6 summarizes all the values.
Xu and Gou [9] point out that the IVIFWG operator, Wei [39] IVIFOWG operator, and Wang and Liu
[40] IVIFEWG operator cannot compute parametric standards for alternatives. Moreover, if experts
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deliberate that the sum of MD and NMD is more than 1, then the above AO cannot adapt to this
situation. Zulgarnain et al. [21] introduced the AOs for IVIFSS to handle the mentioned above
scenario. However, these AOs are incapable of contracting multi sub-attributes of deliberated
parameters.

Meanwhile, Zulgarnain et al. [28] resolved complications by extending the AOs for IVIFHSS. Still,
these AOs operators cannot handle the uncertain scenario whenever the experts consider the
interaction. According to the investigation, the current geometric AOs deliver undesirable results in
some cases. In order to navigate the intricacies associated with the subject matter, we have
successfully established the geometric interaction AO for IVIFHSS. This approach is capable of
accommodating several sub-attributes that are equivalent to the prevalent geometric AOs. Based on
the information above, the operator discussed in this article is deemed highly significant, consistent,
and rich. Table 6 presents an evaluation of the projected model in comparison to the existing models.

Table 6

Comparison of intentional operators with some prevalent operators

AO 51 RE 53 34 Alternatives ranking Optimal choice
IVIFWG[9] 0.3681  0.2116 0.4509 0.3573 33 > 3! > 3*> 32 RE
IVIFOWG [39] 0.3104 0.2753 0.3914 0.2952 33 > 3! > 34> §2 33
IVIFEWG [40] 0.0235 0.0253 0.0723 0.0584 33 > 3* > F2> ! 33
IVIFSWG [21] 0.2365 0.3734 0.7134 0.5428 33> > 32> 3 33
IVIFHSWG [28] 0.3929 0.4319 0.5188 05094 3% > I* > F2> gt 33
IVIFHSIWG 0.4228 0.5859 0.6130 0.5664 33 > I2 > JF*> ! 33

5.3 Advantages of Proposed Research
In the subsequent section, we will explain the assistance of the planning methodology.

i.  The planned approach combines the idea of parametrization with IVIFHSS to address the
importance of DM constraints. The degree of intuitionistic consistency parametrization
somewhat the possibility of having greeting and justification. Along with these aspects,
this correspondence has the fantastic ability to compute computationally and interpolate
the universe in terms of effective presentations.

ii. The model places significant emphasis on the thorough evaluation of parameter
outcomes and their corresponding sub-parameters, hence assisting decision-makers in
making well-balanced and coherent conclusions regarding DM.

The thorough validation of all forms and aspects of the prominent theory renders any inclination
to regard it as a generic assemblage of prevailing concepts unwarranted.

6. Conclusions

Decision-making is a systematic procedure that involves the deliberate organization and selection
of prioritized options from a range of alternatives. Decision-making (DM) is a complex and
multifaceted procedure characterized by its ability to transition between several perspectives or
alternatives. The importance of employing an instinctive method in isolating quantitative decision-
makers is well recognized. The most effective approach in decision-making is to demonstrate close
dedication and focused attention toward one's aims. In real DM, alternative facts told by assessment
professionals are consistently inaccurate, unbalanced, and stimulating. So, IVIFHSNs can be used to
contest this unreliable information. This work's core objective is to prolong geometric invariably.

AQ's interaction for IVIFHSS. First, we discuss the algebraic interactional laws for IVIFHSNs. In
keeping with the established algebraic interactional operational rules, we present the IVIFHSIWG
operator and its basic features. Furthermore, a DM approach is intended to handle the complexity of
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MCGDM built on a renowned operator. To demonstrate the compensations of the settled technique,
we present an inclusive mathematical illustration of MS in the industrial sector. Finally, based on the
consequences extended, it was indomitable that the methodology planned in this study is the most
concrete and effective for resolving MCGDM obstructions related to the prevalent approaches.

Author Contributions

Conceptualization, S.A. and H.N.; methodology, S.A.; software, H.N.; validation, I.S. and R.M.Z;
formal analysis, R.M.Z; investigation, I.S.; resources, H.N.; data curation, H.N.; writing—original draft
preparation, S.A.; writing—review and editing, R.M.Z.; visualization, |.S.; supervision, R.M.Z.; project
administration, R.M.Z. All authors have read and agreed to the published version of the manuscript.

Funding
This research received no external funding.

Conflicts of Interest
The authors declare that they have no known competing financial interests or personal relationships
that could have appeared to influence the work reported in this paper.

Data Availability Statement

The datasets generated during and/or analysed during the current study are not publicly available
due to the privacy-preserving nature of the data. However, they can be obtained from the
corresponding author upon reasonable request.

Acknowledgment
This research was not funded by any grant.

References

[1] Zadeh, L. A. (1965). Fuzzy Sets. Information and Control, 8, 338-353. https://doi.org/10.1016/S0019-
9958(65)90241-X

[2]  Turksen, I. B. (1986). Interval valued fuzzy sets based on normal forms. Fuzzy sets and systems, 20(2), 191-210.
https://doi.org/10.1016/0165-0114(86)90077-1

[3] Atanassov, K. (1986). Intuitionistic Fuzzy Sets, Fuzzy Sets and Systems, 20, 87-96. https://doi.org/10.1007/978-3-
7908-1870-3 1

[4] Wang, W. & Liu, X. (2011). Intuitionistic fuzzy geometric aggregation operators based on Einstein
operations. International journal of intelligent systems, 26(11), 1049-1075. https://doi.org/10.1002/int.20498

[5] Garg, H., & Rani, D. (2022). An efficient intuitionistic fuzzy MULTIMOORA approach based on novel aggregation
operators for the assessment of solid waste management techniques. Applied Intelligence, 52(4), 4330-4363.
https://doi.org/10.1007/s10489-021-02541-w

[6] Ejegwa, P. A., & Agbetayo, J. M. (2023). Similarity-distance decision-making technique and its applications via
intuitionistic ~ fuzzy  pairs. Journal of Computational and  Cognitive  Engineering, 2(1), 68-74.
https://doi.org/10.47852/bonview)CCE512522514

[71 Atanassov, K. T., & Atanassov, K. T. (1999). Interval valued intuitionistic fuzzy sets. Intuitionistic fuzzy sets: Theory
and applications, 139-177. https://doi.org/10.1007/978-3-7908-1870-3 2

[8] Gurmani, S. H.,, Chen, H., & Bai, Y. (2023). Multi-attribute group decision-making model for selecting the most
suitable construction company using the linguistic interval-valued T-spherical fuzzy TOPSIS method. Applied
Intelligence, 53(10), 11768-11785. https://doi.org/10.1007/s10489-022-04103-0

[9] Xu, Z., & Gou, X. (2017). An overview of interval-valued intuitionistic fuzzy information aggregations and
applications. Granular Computing, 2, 13-39. https://doi.org/10.1007/s41066-016-0023-4

[10] Xu, Z. (2007). Methods for aggregating interval-valued intuitionistic fuzzy information and their application to
decision making. Control and decision, 22(2), 215-219. https://api.semanticscholar.org/Corpus|D:124108087

33


https://doi.org/10.1016/S0019-9958(65)90241-X
https://doi.org/10.1016/S0019-9958(65)90241-X
https://doi.org/10.1016/0165-0114(86)90077-1
https://doi.org/10.1007/978-3-7908-1870-3_1
https://doi.org/10.1007/978-3-7908-1870-3_1
https://doi.org/10.1002/int.20498
https://doi.org/10.1007/s10489-021-02541-w
https://doi.org/10.47852/bonviewJCCE512522514
https://doi.org/10.1007/978-3-7908-1870-3_2
https://doi.org/10.1007/s10489-022-04103-0
https://doi.org/10.1007/s41066-016-0023-4
https://api.semanticscholar.org/CorpusID:124108087

Journal of Operational Intelligence
Volume 2, Issue 1 (2024) 14-35

[11]

(12]

[13]

(14]

[15]
(16]

(17]
(18]
(19]
(20]

[21]

[22]

(23]

[24]

[25]

(26]

(27]

(28]

[29]

(30]

(31]

(32]

Zhang, Z. (2018). Geometric Bonferroni means of interval-valued intuitionistic fuzzy numbers and their application
to multiple attribute group decision making. Neural Computing and Applications, 29, 1139-1154.
https://doi.org/10.1007/s00521-016-2621-0

Park, D. G., Kwun, Y. C., Park, J. H., & Park, I. Y. (2009). Correlation coefficient of interval-valued intuitionistic fuzzy
sets and its application to multiple attribute group decision making problems. Mathematical and computer
modelling, 50(9-10), 1279-1293. https://doi.org/10.1016/j.mcm.2009.06.010

Gupta, P., Mehlawat, M. K., Grover, N., & Pedrycz, W. (2018). Multi-attribute group decision making based on
extended TOPSIS method under interval-valued intuitionistic fuzzy environment. Applied Soft Computing, 69, 554-
567. https://doi.org/10.1016/j.as0c.2018.04.032

Garg, H., & Kumar, K. (2019). Linguistic interval-valued atanassov intuitionistic fuzzy sets and their applications to
group  decision making problems. [EEE  Transactions on  Fuzzy  Systems,27(12), 2302-2311.
https://doi.org/10.1109/TFUZZ.2019.2897961

Molodtsov, D. (1999). Soft set theory—first results. Computers & mathematics with applications, 37(4-5), 19-31.
https://doi.org/10.1016/50898-1221(99)00056-5

Maiji, P. K., Biswas, R., & Roy, A. R. (2003). Soft set theory. Computers & mathematics with applications, 45(4-5),
555-562. https://doi.org/10.1016/50898-1221(03)00016-6

Maiji, P. K., Biswas, R., & Roy, A. R. (2001). Fuzzy soft sets, Journal of Fuzzy Mathematics, 9, 589-602.

Maji, P. K., Biswas, R., & Roy, A. R. (2001). Intuitionistic fuzzy soft sets, Journal of Fuzzy Mathematics, 9, 677—692.
Arora, R., & Garg, H. (2018). A robust aggregation operators for multi-criteria decision-making with intuitionistic
fuzzy soft set environment. Scientia Iranica, 25(2), 931-942. https://doi.org/10.24200/sci.2017.4433

Jiang, Y., Tang, Y., Chen, Q., Liu, H., & Tang, J. (2010). Interval-valued intuitionistic fuzzy soft sets and their
properties. Computers & Mathematics with Applications, 60(3), 906-918.
https://doi.org/10.1016/j.camwa.2010.05.036

Zulgarnain, R. M., Xin, X. L., Saglain, M., & Khan, W. A. (2021). TOPSIS method based on the correlation coefficient
of interval-valued intuitionistic fuzzy soft sets and aggregation operators with their application in decision-
making. Journal of Mathematics, 2021, 1-16. https://doi.org/10.1155/2021/6656858

Zulgarnain, M., Saeed, M., & Tabassum, M. F. (2016). Comparison between fuzzy soft matrix (FSM) and interval
valued fuzzy soft matrix (IVFSM) in decision making. Science International (Lahore), 28(5), 4277-4283.

Ma, X., Qin, H., & Abawajy, J. H. (2020). Interval-valued intuitionistic fuzzy soft sets based decision-making and
parameter reduction. I[EEE Transactions on Fuzzy Systems, 30(2), 357-369.
https://doi.org/10.1109/TFUZZ.2020.3039335

Smarandache, F. (2018). Extension of soft set to hypersoft set, and then to plithogenic hypersoft set. Neutrosophic
sets and systems, 22(1), 168-170.

Rahman, A. U., Saeed, M., Khalifa, H. A. E. W., & Afifi, W. A. (2022). Decision making algorithmic techniques based
on aggregation operations and similarity measures of possibility intuitionistic fuzzy hypersoft sets. AIMS Math, 7(3),
3866-3895. http://dx.doi.org/10.3934/math.2022214

Zulgarnain, R. M., Siddique, I., Ali, R., Pamucar, D., Marinkovic, D., & Bozanic, D. (2021). Robust aggregation
operators for intuitionistic fuzzy hypersoft set with their application to solve MCDM problem. Entropy, 23(6), 688.
https://doi.org/10.3390/e23060688

Debnath, S. (2022). Interval-valued intuitionistic hypersoft sets and their algorithmic approach in multi-criteria
decision making. Neutrosophic Sets Syst, 48, 226-250.

Zulgarnain, R. M., Siddique, 1., Jarad, F., & lampan, A. (2022). Aggregation operators for interval-valued intuitionistic
fuzzy hypersoft set with their application in material selection. Mathematical Problems in Engineering, 2022.
https://doi.org/10.1155/2022/8321964

Stocker, T. (2014). Climate change 2013: the physical science basis: Working Group | contribution to the Fifth
assessment report of the Intergovernmental Panel on Climate Change. Cambridge university press.
https://doi.org/10.1017/CB09781107415324

CaraDonna, P. J., Cunningham, J. L., & ller, A. M. (2018). Experimental warming in the field delays phenology and
reduces body mass, fat content and survival: Implications for the persistence of a pollinator under climate
change. Functional Ecology, 32(10), 2345-2356. https://doi.org/10.1111/1365-2435.13151

Kontgis, C., Schneider, A., Ozdogan, M., Kucharik, C., Duc, N. H., & Schatz, J. (2019). Climate change impacts on rice
productivity in the Mekong River Delta. Applied Geography, 102, 71-83.
https://doi.org/10.1016/j.apge0g.2018.12.004

Mazdiyasni, O., & AghaKouchak, A. (2015). Substantial increase in concurrent droughts and heatwaves in the United
States. Proceedings of the National Academy of Sciences, 112(37), 11484-11489.
https://doi.org/10.1073/pnas.1422945112

34


https://doi.org/10.1007/s00521-016-2621-0
https://doi.org/10.1016/j.mcm.2009.06.010
https://doi.org/10.1016/j.asoc.2018.04.032
https://doi.org/10.1109/TFUZZ.2019.2897961
https://doi.org/10.1016/S0898-1221(99)00056-5
https://doi.org/10.1016/S0898-1221(03)00016-6
https://doi.org/10.24200/sci.2017.4433
https://doi.org/10.1016/j.camwa.2010.05.036
https://doi.org/10.1155/2021/6656858
https://doi.org/10.1109/TFUZZ.2020.3039335
http://dx.doi.org/10.3934/math.2022214
https://doi.org/10.3390/e23060688
https://doi.org/10.1155/2022/8321964
https://doi.org/10.1017/CBO9781107415324
https://doi.org/10.1111/1365-2435.13151
https://doi.org/10.1016/j.apgeog.2018.12.004
https://doi.org/10.1073/pnas.1422945112

Journal of Operational Intelligence
Volume 2, Issue 1 (2024) 14-35

(33]

(34]

(35]

(36]
(37]

(38]
(39]

[40]

Warner, K., Ehrhart, C., Sherbinin, A. D., Adamo, S., & Chai-Onn, T. (2009). In search of shelter: Mapping the effects
of climate change on human migration and displacement. In search of shelter: mapping the effects of climate
change on human migration and displacement.

United States. Environmental Protection Agency. Office of Policy, Planning, and Evaluation. (1994). Inventory of US
greenhouse gas emissions and sinks. US Environmental Protection Agency, Office of Policy, Planning and Evaluation.
Dudley, B. (2018). BP statistical review of world energy 2018. Energy economic, Centre for energy economics
research and policy. British Petroleum, Available via https://www. bp. com/en/global/corporate/energy-
economics/statistical-review-of-world-energy/electricity. html, 5.

Saito, S. (2010). Role of nuclear energy to a future society of shortage of energy resources and global
warming. Journal of Nuclear Materials, 398(1-3), 1-9. https://doi.org/10.1016/].jnucmat.2009.10.002

Farag, M. M. (2020). Materials and process selection for engineering design. CRC press.

Flynn, T. M. (2005). Cryogenic engineering, Marcel Dekker, New York, 2005.

Wei, G. (2010). Some induced geometric aggregation operators with intuitionistic fuzzy information and their
application to group decision making. Applied soft computing, 10(2), 423-431.
https://doi.org/10.1016/j.as0c.2009.08.009

Wang, W., & Liu, X. (2011). Intuitionistic fuzzy geometric aggregation operators based on Einstein
operations. International journal of intelligent systems, 26(11), 1049-1075. https://doi.org/10.1002/int.20498

35


https://doi.org/10.1016/j.jnucmat.2009.10.002
https://doi.org/10.1016/j.asoc.2009.08.009
https://doi.org/10.1002/int.20498

