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ABSTRACT Multi-attribute decision-making (MADM) technique has been widely utilized in many
domains, including management, economics, and other disciplines. It plays a significant role in the main-
stream of decision science. Its main process is to rearrange available choices and select the optimal option out
of a group of options based on certain characteristics assigned by the decision maker. Aggregation operators
(AOs) play a significant role in MADM techniques to aggregate uncertain and vague information. Aczel
Alsina aggregation models are recently introduced to handle ambiguous and dubious information, Aczel
Alsina aggregation models attained a lot of attention from numerous research scholars. This article aims is
to generalize the concept of pythagorean fuzzy sets (PyFSs) in the framework of interval-valued pythagorean
fuzzy (IVPyF) sets (IVPyFSs) by utilizing the basic operations of Aczel-Alsina aggregation models.
We developed a list of certain AOs of IVPyFSs based on Aczel-Alsina aggregation models namely “IVPyF
Aczel-Alsina weighted averaging” (IVPYyFAAWA), “IVPyF Aczel-Alsina ordered weighted averaging™
(IVPyFAAOWA), and “IVPyF Aczel-Alsina hybrid weighted averaging” (IVPyFAAHWA) operators.
We also studied some appropriate AOs of IVPyF information such as the “IVPyF Aczel-Alsina weighted
geometric” (IVPyFAAWG) operator. We also interpreted certain characteristics of our invented approaches.
To check the effectiveness and reliability of our proposed approaches, we established an illustrative numerical
example for the selection of a research scientist under the system of the MADM technique. We also explored
sensitivity analysis, in which we evaluated the impact of parametric values on the result of our proposed
approaches. Furthermore, we also illustrated a realistic comparison in which we compare the outcomes of
exiting methodologies with the results of our invented approaches.

INDEX TERMS Aczel-Alsina operations, aggregation operator, decision support system, interval-valued
Pythagorean fuzzy values, Pythagorean fuzzy values.

I. INTRODUCTION
The theory of MADM is effective for choosing the best option
based on several criteria [1], [2], [3]. Historically, the majority
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of existing evidence often assumes that professionals provide
accurate assessments of all characteristics. But because of
the complexities and variations in actuality, most decisions
are made in unclear or misleading circumstances. Conse-
quently, in these situations, the decision is still expressed as
information that has a slight degree of value. The outcome
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might not be optimal. Firstly, the concept of the fuzzy set
was presented by Zadeh [4]. The theory of intuitionistic fuzzy
(IF) sets (IFSs) was developed by Atanassov [5] to address
FS. It is acknowledged as one of the most prominent and
widely utilized methods for handling fuzziness. In-depth,
the IFS is expressed using a membership degree (MD) and
non-membership degree (NMD), and their total sum cannot
exceed one [6], [7]. Yager [8] developed the idea of the
PyFS by generalizing the concept of IFS, which relaxes
the condition of the sum of the square of MD and NMD
is restricted to less than or equal to one. The extension of
Pythagorean fuzzy values (PyFVs) in the form of complex
numbers was developed by Yager and Abbasov [9] in 2013.
Some significant results for PyFSs were developed by Peng
and Yang [10]. Furthermore, Zhang [11] expanded PyFS to
IVPyFS to overcome the limitation, and handle ambiguous
information. Ejegwa and Onyeke [12] enhanced the circle of
the IFSs based on several distance measures and studied a
list of new AOs also organized to solve MADM approaches.
Ejegwa [13] presented the notions of similarities measures
and developed some AOs to cope with impressions and vague
information based on PyFSs. Due to a lack of information,
it may be challenging for decision-makers to precisely quan-
tify their opinions in a precise number. The IVPyFES is better
prepared to describe ambiguity and apprehension in choice
situations than other systems. Peng and Yang [14] provided
a series of new AOs by using the IVPyF values (IVPyFVs)
and used them in group decision-making. Mu et al. [15]
extended the idea of an IVPyFS by using the operations of
the Maclaurin symmetric mean. Yang et al. [16] extended the
concepts of PyFSs by using the operations of frank power
AOs. Rahman and Ali [17] developed new AOs and their
special cases by using IVPyFVs. Mishra et al. [18] extended
the concept of IVPyF similarity measures to evaluate the
suitable technology to produce energy from waste materials.
Khan et al. [19] explored the theory SFSs and overcome
the complicatedness of fuzziness by using certain models
of Dombi operations. Mahmood [20] discovered innovative
concepts of complex bipolar FS and provided an optimal
algorithm to solve a MADM problem. Hussain et al. [21]
explored concepts of IFSs by utilizing the HM tools to eval-
uate suitable tourism destination by the MADM technique.
Ejegwa et al. [22] worked on distance measures and dis-
covered some new AOs to design arrangement and disease
problem-solving under the system of PyFS. Riaz et al. [23]
presented a number of approaches of polar fuzzy set based
on PyF information. Ejegwa et al. [24] explored correlation
measures and widespread the theory of PyFS to develop some
AOs based on PyF environments.

The triangular norms play a vital role to aggregate fuzzy
information. The triangular norms are robust aggregation
tools to handle dubious information in fuzzy environments.
The concept of TNM and TCNM was given by Menger [25]
in 1942. He utilized the idea of TNM and TCNM to solve
statistical metrics. Egbert [26] extended the idea of TNM
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and TCNM to define Cartesian products and a sum of real
numbers. A lot of researchers utilized the concepts of TNM
and TCNM to incorporate algebraic sum and product, min-
imum or Godel tools [27], Lukasiewicz tools [28], Einstein
tools [29], Archimedean tools [30], Drastic tools [31], Nilpo-
tent models [32], and Hamacher models [33]. Klement and
Navara [28] worked on the Lukasiewicz TNM in a fuzzy
system based on the TNM. Zeshui Xu [34] worked on IFSs
and presented innovative AOs by using algebraic sum and
algebraic product. Garg [35] generalized the theory of PyFSs
and organized robust methodologies of Einstein models in
fuzzy environments. Xu and Yager [36] extended the idea of
IFS to develop the IF weighted geometric IFWG) operator
for the solution of our daily life problems. Peng [37] devel-
oped some new approaches to IVPyFS and proposed certain
algorithm to solve complicatedness during aggregation of
fuzzy information. The Seikh and Mandal [38] elaborated
attractive methodologies of IFSs under the system of Dombi
operations. Hussain et al. [39] originated some robust aggre-
gation models and also studied an application of vendor man-
agement systems. Khan et al. [40], [41] anticipated certain
methodologies of bipolar valued hesitant fuzzy system and
gave an attractive algorithm to handle loss of information
during aggregating process. the Jana et al. [42] proposed AOs
of PyF Dombi weighted averaging operator and their prop-
erties by utilizing the operations of Dombi operations, the
Zhang [43] gave some reliable aggregation tools to eliminate
effects of dubious information based on Frank models, the
Xia et al. [44] generalized the IFSs and gave some AOs based
on Archimedean TNM and TCNM, the Huang [45] proposed
AOs of IFSs and gave an application under MADM technique
to select suitable objective with the help of Hammer TNM
and TCNM, Senapati and Chen [46] elaborated the theory
of IVPyFSs and developed some AOs of IVPyFSs based on
Hamacher TNM and TCNM, and Ullah et al. [47] tried to
investigate complex and uncertain information by utilizing
the concepts of an attractive models of Dombi operations
under the system of an interval-valued T-spherical FSs.

In 1982 Janos Acz€l and Claudi Alsina gave a robust
concept of aggregation models incorporating Aczel Alsina
tools. Further, the extensions of Aczel Alsina tools were used
to handle statistical information and its properties by Butnariu
and Klement [48]. Farahbod and Eftekhari [49] worked on
various TNM and TCNM to find suitable TNM and TCNM.
He applied different TNM and TCNM based on a fuzzy
classification system and observed that Aczel Alsina tools
are superior to others. Babu and Ahmed [50] also studied
the Aczel Alsina tools to find the flexibility and fluency of
discussed TNM and TCNM. Hadzi¢ and Pap [51] utilized the
theory of Aczel Alsina tools to investigate the fixed theorem
based on probabilistic metric spaces. Stefka and Holefia [52] a
generalized fuzzy integral and classifier aggregation in a sta-
tistical system. Recently, Senapati et al. [53] generalized IFSs
in the framework of interval-valued IF (IVIF) based on Aczel
Alsina tools. He also utilized the concepts of Aczel Alsina
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tools in the environment of interval-valued IFSs and studied
an application to solve a MADM problem. Hussain et al. [54]
developed some AOs of PyFSs by utilizing the operational
laws of Aczel Alsina tools with their basic properties. Sena-
pati [55] also discovered a new series of AOs by using the
operations of Aczel Alsina tools under the environment of
picture FSs.

However, all the above-discussed approaches are unable
to handle insufficient information and there is a lot of
chance of loss of information during the aggregation process.
A decision-maker can face some difficulties during the aggre-
gation process due to insufficient information given by the
experts. An IVPyFSs is a more convenient generalization of
FS, IFS, and PyFSs and contains information in a realistic
form. The chance of losing information in interval form is
minimum. Therefore, we utilized the information on IVPyF
environments. This article aims is to generalize the concepts
of PyFSs in the framework of IVPyFSs by using the basic
operations of Aczel Alsina tools. An IVPyFSs contained
information in such a way that each MD and NMD have upper
and lower intervals. We introduced certain methodologies
by using the basic operations of Aczel Alsina tools under
the system of IVPyFSs. We established robust aggregation
approaches of IVPyFAAWA with certain characteristics and
their special cases. We also study the IVPyFAAWG operator
based on Aczel Alsina operations. To find the effectiveness
and reliability of our proposed AOs, we established an appli-
cation to choose reasonable research scientists for a public
university. We also studied a realistic comparison to compare
the outcomes of existing approaches with the consequences
of our current methodologies.

The structure of the presented research work is orga-
nized as follows: In section I, we explored the summary
of our current research work. In sectionII, we explore
the theory of IVPyFSs and their certain operations. In
section III, we present some basic operations of Aczel Alsina
tools, further we explain them with numerical examples.
In section IV, we generalized IVPyFSs in the framework of
the IVPyFAAWA operator based on Aczel Alsina operations
with certain properties of robust proposed methodologies.
In section V, we also extended IVPyFSs in the form of the
IVPYyFAAWG operator and its properties. In section VI, the
assessment of given information by the experts under a reli-
able MADM approach. A practical example was also studied
to choose desirable candidates for a vacant post of research
scientist for a public university under our proposed method-
ologies. In section VII, a comprehensive comparative study
is also presented here to find the efficiency and reliability
of our discussed techniques with some existing approaches.
In section VIII, we summarized our whole article.

Il. PRELIMINARIES

First of all, we study the concepts of reliable tools of TNM,
TCNM, PyFS, and IVPyFES for further development of this
article. We utilized the symbol of X as a universal set in the
whole article.
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TABLE 1. Abbreviations and their meanings.

Abbreviations Meanings

AOs Aggregation operators

MADM Multi-attribute decision making

PyFES Pythagorean fuzzy set

IVPyFS Interval-valued pythagorean fuzzy set

TNM T-norm

TCNM T-conorm

MD Membership degree

NMD Non-membership degree

IVIF Interval-valued pythagorean fuzzy

IVPyFAAWA  Interval-valued pythagorean fuzzy
Aczel Alsina weighted average

IVPyFAAOWA Interval-valued pythagorean fuzzy
Aczel Alsina order weighted average

IVPyFAAHA Interval-valued pythagorean fuzzy
Aczel Alsina hybrid average

IVPyFAAWG  Interval-valued pythagorean fuzzy
Aczel Alsina weighted geometric

FS Fuzzy set

IFS Intuitionistic fuzzy set

g-ROFS g-rung orthopair fuzzy set

IVPyFWA Interval-valued pythagorean fuzzy
weighted average

IVPYyFWG Interval-valued pythagorean fuzzy
weighted geometric

IVPyFEWA Interval-valued pythagorean fuzzy
Einstein weighted average

IVPYFEWG Interval-valued pythagorean fuzzy
Einstein weighted geometric

IVPyFHWA Interval-valued pythagorean fuzzy
Hamacher weighted average

IVPyFHWG Interval-valued pythagorean fuzzy
Hamacher weighted geometric

PyFAAWA Pythagorean fuzzy Aczel Alsina
weighted average

PyFAAWG Pythagorean fuzzy Aczel Alsina
weighted geometric

CPyDFWAA Complex pythagorean Dombi fuzzy
weighted arithmetic averaging

CPyDFWGA Complex pythagorean fuzzy Dombi

fuzzy weighted geometric averaging

Definition I [56]: A TNM is a function that lies on an
interval [0, 1],7 : [0, 1] x [0,1] — [0, 1]. A TNM must
satisfy the properties of symmetric, monotonicity, associative
and Identity element 1 in the following form:

O T (p,v)=T (v, p)

i) T(p,v) =T (w,p) if v=ow
(i) T (p, T(v,w) =T(T (p,v), w)
i) T(p,)=0p

v, p,v,0€[0,1].
Definition 2 [57]: A TCNM is a function that lies on inter-
val [0,1],S [0,1] x [0,1] — [0,1]. A TCNM also
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satisfy the properties of symmetric, monotonic, associative
and Identity element 1 in the form as:

@ S(p.v) =5 (. p)

(i) S(p,v) =S(w,p)ifv <o
(i) S (p,S(v,w) =S (S(p,v),w)

iv) S(p,0)=p

Definition 3 [58]: The Aczel Alsina t-norm is particular-
ized as:

Tp (p,v) ifQ2=0
o _ min (p. v) if @ =00
(TA ) (pv V) - 1/ ’
() K2 Gperice
and Aczel Alsina t-conorm is givens as:
Tp(p,v) if =0
Q _ min (p, v) if Q=00
(SA ) (/0’ V) - 1/
1 — o= ((=in(1=p) 2 +(=In(1-v))?) £2 otherwise
respectively.

Definition 4 [59]: A PyFS P in X is in the form as:

P ={(x,yp (x),8p(x)) |x € X}

where the function yp (x) : X — [0,1] and §p (x) : X —
[0, 1] denote the MD and NMD respectively. A PyFS must
satisfy the following axioms:

0<yp )+ <1

A hesitancy value of x € X is denoted by R(x) =
\/ 1-— )/P x)+§6 (x)) and a PyF value (PyFV) is denoted
by C = (yp (x), 8p(x)).
Definition 5 [37]: An IVPyFS B is defined as:
B = {(x, yp (x), dp(x)) |x € X}

where yp (x) = [yg (@), v5 ()] € [0,1] and 6 (x) =
[65 (x), 85 (x)] € [0, 11, such that:

0= (v ) + (5§ ) =1

Here L and U represent the lower and upper bound respec-
tively. A hesitancy value of x € X is denoted by (1), shown
at the bottom of the next page.

Definition 6 [14]: Let B = ([v}.v5].[85.85]) be an
IVPyFV. Then the score function can be described as:

2 2 2 2
2L 08) () (05)+ (8]
Definition 7 [14]: Let B = ([vE. vy ][5, 85]) be
an IVPyFV. Then the accuracy function can be described

as:
2 2 2 2
3| 08) () + () + (%)
Remark 1: 1If By, By be two IVPyFVs, then such condi-
tions must be held. If S (B;) < S (By), then By < B, and

S(B) =

H(B) =

34578

if S (B1) > S (By), then By > By. If S (B1) = S (B,) then
some following conditions were also observed:

a. If H (B1) < H (By),then B] < B,

b. If H (B1) > H (B2), then By > B,

c. If H(B)) = H (By),then By = B,

Definition 8 [37]: Let B = ([vk.v§].[85.85]). B1 =

(7] o625 ]) ana 82 = ([ 2] 35,95, )

be three IVPyFVs and A > 0. Then:

()
s o ) e o)
BiUBy =
[min {(Sél , BZL;Z} , min {65} , ng}:l
(ii)
[min {yél,yéz],min{yg,yg}],
BiNBy, =
[max {SIL;] , 852} , max {(Séjl , (ng}]
(iii)
U, U
yBl_H/Bz yB|sz VB]+V32 VB, 7/32] >
B ® By=
L L U U
531832 831632
(iv)
VB|VBz VB, VBz]
B1 ® By=
L sL U U U U
,— 85 8%, 0 +o5, — o5 o5 ]
(v)
A A
[1-(=vf)" 1= (=v)],
A.B= LA . , A>0
[(65)". (68)"]
(vi)
LY+ U\*
o (LB ] .
= . >

[1-(—sh)" 1 (1-sf)]

Ill. ACZEL ALSINA OPERATIONS BASED ON IVPyFV
INFORMATION

We express Aczel-Alsina operations based on IVPyFVs and
their associated ideas. Assume that 7 be a TNM and S
be a TCNM, so the Aczel-Alsina product and sum are
denoted by T4 and Sx respectively. Then intersection and
union over two IVPyFVs E and W based on Aczel-Alsina
sum E @ W and Aczel-Alsina product E @ W are given
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as:

E@Wz([”

51 (2%

v Vva}»TA{Vé’,VvLV’}]’)
o
SA Vvt > SA VE’ wil>
E@W‘([ (55, o8} 72 (5% 54} )
Definition 9: Let B = ([vg.vf'].[55. ﬂ) | =

(o] oy o= (o] o)

be three IVPyFVs, Q > 1 and > 0. Then some fundamental
Aczel-Alsina operations are given as follows:

(1) see (2), as shown at the bottom of the next page.
(ii) see (3), as shown at the bottom of the next page.

(iif)
i cstony)”
5 = / (o))
(b)) ® (o)) |
(iv) _
[ (o)) (n(ln(n;”»‘z)fl’]
I E——
T

Note: Above discussed Aczel Alsina operations are not
applicable for MD and NMD if their values are O or 1.
Example 1: Suppose B = ([0.35,0.61], [0.25, 0.45]),
B; = ([0.23,0.52],[0.45,0.63]) and B» = ([0.43,0.53],
[0.41, 0.49]) be any three IVPyFVs. Then by using definition
9. For 2 = 3, n = 4 we have:
(i) (4), as shown at the bottom of the next page.
(@ii) (5), as shown at the bottom of the next page.

(iii)

I \/1 3 e—(4><(—ln(l—(0.35)2))3)%,
_\/l—e (4x(=in(1-©0.61)?)) )1

1 1
o~ (4x(~1n(0.25)) )? (4><(—In(0.45))3)3]

4B =

= ([0?4328, 0.7227],[0.1107, 0.2815])

(iv)

o~ (4x(=1n(0.35))] )% (4x<1n(0.61))3)5:|

\/1 - e_(4x(—l"(l—<o.zs)2))3)%
L \/l — ei(4><(*ln(1,(0.45)2))3)%

= ([0.1889, 0.4563], [0.3121, 0.5493])

’

Theorem 1: Suppose B = ([vy.v5]. [¢5.05]).B1 =

(7] 25,5 ]) ama 2 = ([ ] [2..251))

be any three [IVPyFVs. Then the following conditions must
be satisfied.

1) Bi®B, =B, ® B

2) B1 ® B, =B, ® By

3) n(By ®B2) =nB1 ®nBy,n>0

4 m+m)B=mB®mB,n,n >0
5) (B1®By)"=B]®B),n>0

6) B @ B2 = BM+m) py pny >0

Proof: Proof is straightforward.

IV. ACZEL ALSINA AGGREGATION OPERATORS BASED
ON IVPYF INFORMATION

Now we established IVPyF AOs based on Aczel-
Alsina operations. We also study the IVPyFAAWA oper-
ator based on Aczel Alsina operations with certain
characteristics.

Definition 10: Let B; = ([yéj, yBl]],] , [5&, 5}3]7,]) UG =
1,2,...,¢%) be a collection of IVPyFVs,
sponding weigh vectors ¥ = (191,1?2,...,
Bij(j=1,2,..., ) such that ¥; € [0, 1] and z}il
Then an IVPYyFAAWA is particularized as:

and corre-
19¢)T of
17]' =1.

j=1
IVPyFAAWA 4 (Bl, B, ..., Bz//) = (19/3/)

<@

Therefore, we get the associated theorem 1 that relates to AA
operations on IVPyFVs.

. R L U L U L

Theorem 2: Let B; = ([VBj’ VBj] , [SBj, ‘SB,]) G =
1,2,...,v%) be a set of IVPyFVs, then aggregated value
of an IVPyFAAWA operator is also an [VPyFV and given

in (6), as shown at the bottom of page 7, where ¥, =
(91, 02,....0y), G=1,2,..., %) be the set ofwelght vec-

tors such that v € [0, 1], Zj:1 v = 1.

R = [ 0. 9 ] =\ [[1 - (0 )+ (0 ) 1

VOLUME 11, 2023
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Proof: we prove this theorem by using the mathematical

2))” @
technique ¥ = 2, we have: - e_(ﬁz i ]_(sz) )) )

1

(o

L o) N ey
)
)

515 — \/1 B e(ﬂl (7ln<17(yé/l)2))9)§ | e*(ﬁz(flntsléz Q)ﬁ’

By using definition 9, we get (7), as shown at the bottom of
i page 8. Hence, (3) is true for ¥y = 2.

Bl @B, = \/1 _ e((’”(l(VBUI)2

- @

B1 ® B, =

Q A2\ T 3)
+(—ln(1—(5§2) )) ) |

\/ | o (m-022) (- 0437)°)*

1

B @By — \/1 3 ef((fln(lf(O.SZ)z) (~in(1-0532))°)
e—((—ln0.45)3+(—ln0.41)3)% ’ :|

1
o~ ((=1n0.63)*+(~In0.49)%)3

= ([0.4312,0.5780] , [0.3437, 0.4617]) )

o ((=1n(0.23))3+(=1n(0.43)%) 3 }
1
3

o~ ((=In(0.52)) +(=In(0.53))%)

B1 ® By =

\/1 - ((~1n(1-0457)) "+ (-m(1-0.41%))*)*

)

= ([0.2107, 0.4439], [0.4794, 0.6420]) 5)
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(i) Suppose that (3) is correct for ¢ = 6, then we have (8),
as shown at the bottom of page 9.

Now for ¢ = 6 + 1, then, we get (9), as shown at the bottom
of page 9. Thus, (3) is true for ¢y =6 + 1.

Hence theorem is proved for all .

Example 2: Let B = ([0.31,0.52],[0.28,0.42]), B, =
([0.09, 0.35],[0.43, 0.61]) , B3 = ([0.29, 0.34], [0.27, 0.45])
and B4 = ([0.17,0.19],[0.08, 0.71]) are four IVPyFVs,
with corresponding weight vectors ©; = (0.15, 0.35, 0.30,
0.20)". Then IVPyFAAWA operator for Q@ = 3 is
given as in (10), shown at the bottom of the page 10.
Now we will study some properties of the IVPyFAAWA
operator by using the basic operations of Aczel Alsina

tools.
Theorem 3: If B; = (I:]/é,yglj], [551.,51%]) g =
1,2,...,v) be the set of all equal IVPyFVs, then IVPy-

FAAWA is defined as:

IVPyFAAWA (B1, By, ..., By) =B

Proof: Since B; = ([yB vy ] [3 5 3U]) G =
1,2, ..., 1) be the set of all same IVPyFVs. Then Equation
(6) can be written as:

IVPYFAAWA (B, Ba, ..., By)

1 9
Q\ Q
= \/1 1-(yY )2)) ) =B
1
. ~((~ms) ) 7 (( znag)9)§:|
Thus,
IVPYFAAWA (B1,Ba, ..., By) =
. L — U P—
Theorem 4: Let B; = ([)/B )/B] [8/ 8 ]) G =
1,2,...,¢%) be the collection of IVPyFVs such that
B~ = minj(B|,B2,....,By) and Bt = max;
(B1. By, ..., By). Then we have:

B~ < IVPyFAAWA; (B1, B, . ..

Proof: Let B, = ([vg. vy ] [35. 8 ]) =12,
Y¥) be a set of IVPyFVs such that B~ min(B1, Bo, ...,

By) = ([VBL_,J/BU_], [55_,8’] ]) and BT =
max (Bi, By, ...,By) = ([)/B , yB ] [8L+ 8U+])

L— _ U— _ - . L- _
We have yg~ = min; yB . Yg = min, VB_,- 6 =
max; | 8% } 81‘_ = max; 5U_ ) )/BL+ = max; VBL. ) )/éH_ =
max; yB 8L+ = min; SLJ and 8L+ = min; {85 L Asa

result, we get the inequalities as in (11), shown at the ottom

of page 11. Therefore

\/ (Z‘” 0( ml1 (VU)Z))Q)?'? B~ < IVPYFAAWA; (B1, B, ..., By) < B".
—\ &j=1 ~\7B
= | LVI-e | Theorem 5: Consider Bj and B/ (j = 1,2, ..., ) are two
7(2;11 ( lnaéf)ﬁ)ﬁ sets of IVPyFVs. If Bj < ij, VGi=1,2,...,%) then:
e ’ ’ b
ok IVPYFAAWA (Bi, Ba, . .., By) < IVPyFAAWA,
7(2}”1 (zna)) - ,
L x( 1,B2,...,B]/,)
I " 2 E ]
- Z vi|—=n|1- (y{;_)
\ 1 =1 J
—e 7
- |
N\ @\ @
(220 (o (- 60)))
IVPYFAAWAy (B, By, ...,By) = | [ N1 —e = | (©6)
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Proof: Consider B; = ([vk.v§].[8%.85])
1L2.....9) and B ([ylgj’,yéj’ (3559 D

1,2,..., 1) be two sets of IVPyFVs.

First, we will show [yél_, yé/_/] < [yé/_/, yg,].

=6 ) = [ 68) - ()]

Then, we get (12), as shown at the bottom of page 12. Hence
L U L U
VB> VB].] = [VBj > VB ]

<

Similarly, we can show [Sléj, Sg] < [Sg, Sg/]. Thus from

L U LU L sU L' sU’
[VB./" yB_i] = [VB./ ' VB ] and [83/" 83]] = [(SBJ’ %, ]
We can conclude:

(] [ o8 ]) = (k] [2

That is:

L/ U/
B+ 9B, ]) ’

IVPYFAAWA (B1, By, ..., By) < IVPYFAAWA,

x (81 By.....B))

IVPYyFAAWA (B1, By) = th1B1 @ B>

Q
|
T
g
—
5
—~
—_
|
=
el
~
~— ~—
Q
—+
53
)
—~
L
=
Py —_—
—
|
<2
&<
S—" S—
S—" N—
Q

34582

@)

VOLUME 11, 2023



A. Hussain et al.: IVPyF Information Aggregation Based on Aczel-Alsina Operations I EEEACC@SS

Now we will study an IVPYFAA in the form of an order- IVPYyFAAOWA operator is a function of an IVPyFAAOWA :
weighted averaging (IVPyFAAOWA) operator and its basic (L*)Y — L*. Then we have:
properties.

N B.:
Definition 11: Let B; = ([y[;j, yg] , [Béj, (Sg]) G = IVIFAAOWA, (B1. B2, ... Blﬁ) =& (ﬁ]BJ(I))

1,2,...,%) be a set of IVPyFVs, with corresponding where (3 (1),3(2),...,)¥)) are the permutations of (j =
weight vectors o = (1,92,...,9),(G=12,...,%) 1,2,...,v), with the property of Byj_1y > By;,¥ =
such that ¥; € [0, 1] and Z}b:l ¥ = 1. A y-dimensional 1,2,...,9.

IVPYyFAAWA, (B1, Bo, ..., Bg) =
J

I P

(9;B))

1

SR e A R

9
IVPyFAAWAy (B1, B2, ..., Bg, Bg41) = SBI (9iB)) & (Y9+1Bo+1)

L (o))

= \/1 _ e(Z}il ?/(ln(l(yé»z))ﬂ)s'z

L 1 1
Aot (o)’

1

\/1 _ e_(%ﬂ <_ln(1_(yf€e+1)2))ﬂ)ﬂ,

T )

o | ||, Aot ))

1 L
e*(ﬁg+] (7ln8f;9+1 )Q) ¢ ’ e*(ﬁgﬂ (71115113/9“ )Q) :

A ()Y
IR (z:l 9 (—ln (1 - (VBIJ]«)Z)) ) ©)
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. o L U L U\ _— . ) _ L U L
Theorem 6: Let B; = (LVBJ,, )/Bj], 837,,837,])(] = Theorem 7: If  B; = VB )/le, [331.,83],])
1,2,...,v%) be a collection of IVPyFVs, then an IVPy- G=1,2,...,v) are equal, that is B; = B for all j then
FAAOWA operator is given in (13), as shown at the bottom of

IVPYFAAOWA, (B1, B2, ..., By) = B.
page 13, where (3 (1),1(2), ..., A¥)) are the permutations Y v ( o2 1//)

of = 1,2,...,v), and must be satisfied such property Theorem 8 (Bounded Property): Let B = ([yé}, yfg] ,
Bg-n =By =1.2..... V. stosU)G=1,2,....9) b llection of IVPyFV

Proof: Proof is straightforward. Bj* “B; G=12..., ¢ a coflechion 0 YEVS.

Let B~ = minj(By,By,...,By) and BT = max;

IVPyFAAWA (B1, B, B3, By)

i
- _\/1 e_(sz—l19/'(—1"(1_(7/;/,)2))9)@
(Zj=. o, (~ns} )9)5 e_(z_}il ) )gz]
_ U (_ln (1 - (Vé)z)): + ¥ (—ln (1 _ (Vé)z)): . T
\Nl-e¢ 93 (_ln (1 - (V19L3)2)) + 04 <—ln (1 ~ (y§4)2)) |
_ 9 (_ln (1 - (Véf)z)): + 95 (_ln (1 ~ (VB‘;)Z)): ) T
=[Nz \™ (_ln (1 - (Véé)z)) + 94 (—ln (1 ) (V,;jf)) |
L o (_ln(Sé])Q_Haz (—lnSéz)Q_'_ 1
e_ 3 (—ln51§3)9 + 0 (—ln8§4)9 |
™ (—ln(Slg’l)Q + (_1”552)9 N !
_e_ 93 (_lnSg})Qer (_ln%)g |

<(o.15) (=in (1 = 0.31)2))" + (0.35) (—In (1 — (0.09)2))’ +) ’
1 \(0.30) (<in (1 = (0.29)%))* + (0.20) (~In (1 - (0.17)%))°

Z

_< (0.15) (=In (1 = (0.52)?))” + (0.35) (=in (1 — (0.35)?))° +) ’
1—e

_ \ (0.30) (—In (1 — (0.34)2))3 + (0.20) (=in (1 — (0.19)2))3

_( (0.15) (—In (0.28))% + (0.35) (—In (0.43))3 + )*
» \(0.30) (—In (0.27))° + (0.20) (~n (0.08))°

(0.30) (—in (0.45)) + (0.20) (—in (0.71))?

7( (0.15) (—In (0.42))> + (0.35) (—In (0.61))° +)~%
e

= ([0.2624, 0.4081], [0.1939, 0.5116]) (10)
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(B1, B>, ...,By). Then,

B~ < IVPYFAAOWA; (B1, By, ..., By) < B".

Theorem 9: Let Bj and B} G=1,2,...,%) be two sets of
IVPyFVs, if B < Bl/. for all j, then

IVPYFAAOWAy (B, B, ..., By) < IVPYFAAOWA

x (Bl By, .. By).

Theorem 10: Let B; and B]’. G=1,2,...,v) are two of
IVPyFSs, if B < B} for all j, then:

IVPYFAAOWA; (B, Ba, ..., By) < IVPyFAAOWA,

x (Bl By, ... By)

where Bj/. (G=1,2,...,¢) be any permutation of B;
G=1,2,...,9).

Only IVPyFVs are investigated by the IVPyFAAWA oper-
ator, as stated in definition 10, and only the ordered position
of IVPyFVs is investigated by the IVPyFAAOWA operator,
as defined in definition 11. So, as a result, different com-
ponents of the IVPyFAAWA and IVPyFAAOWA operators
are characterized in different ways. Whatever the case may
be, both operations consider only one of them. To solve this
problem, we define the IVPyFAAHA operator by considering
the IVPyFV and its ordered location.

Definition 12: Consider Bj (j = 1,2, ..., ) be the fam-
ily of IVPyFVs. A ¢ -dimensional IVPyFAAHA operator is
given as:

v .
IVPyFAAHA,,,, ( B, Bi,,) =9 (9By)
j:

where ¥ (191,192,...,z9¢)T be the vectors directly
associated with the IVPyFAAHA operator with %; €
[0,1],2;”:119,- = LB = y9B.j = 1,2,...,9,

(By1ys By2y - - -

, By(y)) be the set of any permutation of the

weighted of IVPyFVs (B:\(l)v BJQ) ceey Bl(lﬂ))’ N¢J BJ(/*I) >
Bl(j), G=12,....,¢¥)and v = (v, vy, ..., vw)T represent
weight vectors of B;(j = 1,2,...,¢) withv; € [0,1]( =
1,2,...,v¢) and Zj‘//:l v;i = 1. Since ¢ is the balancing
coefficient.

Theorem 11: Suppose that B; (j = 1,2, ..., %) be a col-
lection of IVPyFVs. Then the aggregated value of the [VPy-
FAAHA operator is given in (14), as shown at the bottom of
page 13

Theorem 12: The IVPyFAAWA and IVPyFAAOWA AOs
are special cases of the IVPyFAAHA operator.

Proof:

(1) Supposing v = (1/¢, 1/¢, ..., 1/¢)!. Then,
IVPYFAAHA, , (B}, B, ..., B))
Vo, . . .
= & (9Byp)) 1Bt © 2By @ ... & Py By)

j=1

1. ) )
E(Bla) @ B,2) ® ... D Byyp)

91By1) @ 02By0) @ ... @ Py Byy)
= IVPYFAAWA (B1.Ba, ..., By) .
(2) Suppose v (1/¢,1/@, ..., 1/@)T. Then By,
BiGj=1,2,...,%)and
IVPyFAAHAy , (B1, B2, ..., By)
1By @ 2B,2) @ ... © Oy Bygy)

1. . )
0 (B @By2) @ ... @ Byy)

N1B) @ 0B, @ ... ® VB
= IVPyFAAOWA; (B1,B2, ....B,)

V. ACZEL ALSINA GEOMETRIC AGGREGATION
OEPATROS BASED ON IVPyF INFORMATION

In this section, we will study the geometric aggregation oper-
ator based on Aczel Alsina operations under IVPyFVs and its
basic properties.

iy
|
° |
aurny
M
I\
&
|
)
[
|
<
F
SN—"
N
N—
N~
Q0
v
Qo=
IA

IA
Z

._.
|
° |
oy
M
I\
&
—~
=
=
~—
—_
|
<>
Sa
]
SN—"
[ie]
N—
N
o]
\—/
Q=
IA

™
I
e
[
&
s
S
e
SN—"
N—
Q=
IA IA
P

VOLUME 11, 2023

(1)

34585



A. Hussain et al.: IVPyF Information Aggregation Based on Aczel-Alsina Operations

IEEE Access

9y)" of
9= 1

(P1, D2, ...,

, ¥) such that 9; € [0, 1] and zj

([yéf , yéjj, ] , [8’5},, Sg]) corresponding weigh vectors %¥;
,¥) be a collection of IVPyFVs, and Bi(j=12,...

Definition 13: Let B;

G=12...
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Then an IVPYFAAWG operator is particularized as:
_(B%
By) = (87)

Theorem 13: If B = ([ygj, yéjj_] , [8§j, 55}.]) g =
1,2,...,v%) be a collection of IVPyFVs, so the IVPy-
FAAGA operation is also IVPyFVs, which is given by
(15), as shown at the bottom of page 13. where the weight
vector of Bj(j=1,2,...,¢) is denoted by the ¢+ =
(91, 02,...,9y) in a way that permits ¥; € [0, 1] and
SEivi=1

Example 3: Consider By = ([0.43,0.52],[0.28, 0.42)),
By = ([0.09,0.35],[0.43,0.61]),B3 = ([0.29,0.34],
[0.27,0.45]) and B4 = ([0.17,0.19],[0.08,0.71]) are
four IVPyFVs, with corresponding weigh vectors ©; =
(0.15,0.35,0.30,0.20)7. Then IVPyFAAWA operator for
Q = 3 is given in (16), as shown at the bottom of the next
page.

Remark 2: The IVPyFAAWG aggregation operator is sat-
isfy the basic properties such as idempotency, monotonicity,
and boundedness.

IVPYFAAWG, (B1,Ba, ...

VI. ASSESSMENT OF A MADM TECHNIQUE UNDER THE
SYSTEM OF IVPyYF INFORMATION

In this section, we find out the suitable alternative by using
the MADM technique is used to find the best appropriate
solution from all possible alternatives that are evaluated
against different attributes. Let B; {,8 L B2, ,3,/,}
and J = {J1,J2,...,Jy} are described as a distinct
arrangement of alternative and the set of attributes respec-
tively, and the weight vector of attributes is represented by

0 = (61,6,...,64)" such that > 6; =1 where
0 € [0, 1]. Consider the ranking of alternatives
Bil=1,2,3,...,7) on attributes J;(j=1,2,3,...,v)

are IVPyFVs in N = ([)/B, VBz] [5§175U]) ¢ =

1,2,3,...,7,j=1,2,3,...,%) [VB,_,’ VB,,] denote the MD

which f; satisfies the attributes J;, and [(Séb_, (ng] represents

the degree of NMD of an alternative g; fails to fulfil the
C DJ0, 1] and [8L 5U] C

D [0, 1] which satisfies the condition 0 < VB, + 5 <
17 =1,2,3,...,t,j = 1,2,3,. 1//)AMADMlssue
can be represented by the IVPyF de01510n matrix R =
(Nlj) Xy and written in as in (17), shown at the bottom of the
next page.

Now, we will apply the IVPyFAAWA AO to the MADM
problem. The decision-making steps are given below which
are followed to handle sufficiently, the mentioned MADM
issue with Pythagorean fuzzy information. The decision
maker follows the following steps of the algorithm to select a
suitable alternative.

attributes J; and [V{;‘l yé{ ]

A. ALGORITHM
Step 1: First of all, the decision maker collects the information
and depicts it in a decision matrix R = (Nlj

Step 2: If types of attributes are two types 1nci//ud1ng benefit
and cost type then we have to need to transform given deci-
sion matrices into normalised matrices by using the following
technique:

Ny = (Nlj for benefit attributes J;
J Njj  for cost attributes J;

Z

IVPYFAAWA (B1, Ba, ..., By) =

Q\ &
1—(%((?))2)) ) , (13)

IVPYFAAHA,,, (B} By, ... B, ) =

VOLUME 11, 2023

1= (V'fé))z))g)é (14)
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where (Nj) is complement of Ny, such that (N;)¢ = Step 3: Put the values in the IVPyFAAWA and
([8L (Sg]]] [VB, Vg, ]) Hence decision matrix converts into ~ IVPYFAAWG operators for alternatives g;, we get (18) and
normalized IVPYF decision matrix R = (le)rxw' (19), shownv at the bottom of the next page.

AZL o)) AZan b))

9

IVPYFAAWG (B1, By, ..., By) =

L (Zf:l o (—ln (1 - (5§j)2))9> ; (15)

IVPYFAAWG,, (By, By, Bs, ..., By)

(20 (4)

_(Zl'lj—l l?j (—ln
1—e =

IVPYFAAWG (By, B2, B3, Bs)

(0.15) (=In (0.52))°)

i _( ((0.15) (—In (0.43))?) +
+ ((0.30) (=11 (0.29))*) + ((0.20) (—In (0.17))*
(

e(+ ((0.30) (~In(0.34)

()
((0.35) (=In (0.09))%) | )é

+ ((0.35) (=1n (0.35))?) )§
) + ((0.20) (—In (0.19))%)

_ ((0.15) (=in (1 - (0.28)2))3) + ((0.35) (=in (1 - (0.43)2))3)
+ ((0.30) (=in (1 - (0.27)2))3) + ((0.20) (=in (1 - (0.08)2))3)

W=

(©.15) (=in (1 = ©42%))*) + (©35) (=in (1 = ©.61?))°)
\l—e + ((0.30) ( In (1 — (0.45) 2))3) ((0 20) ( In (1 —(0.20) 2))3)

=

= ([0.4237,0.5241],[0.4179, 0.4483]) (16)
Jq Jo Jy
Bi ([VBH an] [811511 Bn]) (D/l%lz yBlz] [8312 BIZ]) (Wf%lz//’yBlw] [SBW Bh/ ])
R=(M).., P | (v 78,0 185, 85.0) (ko 70 185, 85,0) - ([ygw,ygw] 185, 55,,1)
B : ;
([yBrl’ yBrl] [ 11]) ([yBrz’ VB 2] (55 B’ (SU ]) ([Vé‘rw’ J/éiw], [6Iérz//’ Sgrl//])
(17)
34588
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Step 4: We rearrange all the alternatives in descending
order. Finally, choose the suitable alternative which has the
maximum overall ranking value.

Step 5. End

B. APPLICATION

The process of conducting research is essential for the devel-
opment of scientific thinking. There are researcher scien-
tists in a variety of fields, including mathematics, ecology,
chemistry, biology, software engineering, medicine, materi-
als science, history of human science, and political science.
To find out more about individuals and the shared environ-
ment, they speculate, acquire analyze and interpret informa-
tion. Researchers are employed by a variety of institutions,
including universities and colleges, government agencies,
nonprofits and private manufacturing and innovation enter-
prises. Most researchers have master’s or doctoral degrees in
the field in which they conduct their research. The majority
of the researchers are experts in their field after completing
postgraduate studies. Master’s degrees can usually be suffi-
cient for general employment in the commercial sector, while
doctoral degrees are subsequent evaluations for employment
as research scientists in colleges and universities. Generally
speaking, researchers are inquisitive. Their work necessi-
tates the implementation of a predictable approach as well
as careful, caring attention to appreciate achievements pre-
cisely. A researcher’s ability to talk and write is required if
they want to publish their findings in papers and make oral
presentations.

C. NUMERICAL EXAMPLE
In this part, we established an example is given to sum-
marize the application of the proposed tactic for researcher

scientist selection for a public university. Let’s consider a
university that is looking to hire a research scientist for avail-
able places. After the preliminary selection five candidates
Bi=1,2,3,4,5) were selected for additional testing. The
four attributes listed below must be used to define your
decision.

a) Ji: Research publications and their impact.

b) Ja: Research experience /teaching experience.

¢) J3: Interview:

d) J4: Non-university grants, (journal editorial boards).

The committee of selection interviews the candidate and
examines some aspects, such as subject knowledge and
understanding, ability to understand, oral communication
skills, general character/attitude/presentation, knowledge of
institute/position, educational background, and so on. Sup-
pose that 6 = (0.29, 0.23, 0.30, 0.18)T denotes the attribute
weight vector. The five applicants 8; (I = 1, 2, 3, 4, 5) are as
decision makers in connection with IVPyF data according to
four attributes J;(j = 1, 2, 3, 4), as said in Table 2.

To construct a MADM theory with IVPyF data the IVPy-
FAAWA operator is used to select the most preferred candi-
date Bi(1=1,2,3,..., 1), which is frequently used and we
carry out the following steps:

Step 1: Consider a decision maker who collects informa-
tion about various research scientists which is depicted in the
following Table 2.

Step 2: We utilized our proposed AOs of IVPyFAAWA
and IVPyFAAWG operator to compute information which is
depicted in Table 1. The results of our discussed AOs shown
in the following Table 2.

Step 3. In this step we compute the score values by using
the information of alternatives given by the decision maker

TL <
&
I
Ry
—
f—
I
=
&~
N~—"
NS}
S~
S~
O
N————
<l

IVPYFAAWA, (Ni1, Nio, ..., Niy) = 1_e<z,¢:1 % (_l” (1 - (Véj/)z))g> (18)
(o)) ()
(S )) A7) ]
IVPYFAAWG,, (B1, Ba, ..., By) = l _e_<zj 5 (_ln (1 - (515,-)2))9)%, (19)
NE J(Zf’ (o (- (55)2))Q>Q ]
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TABLE 2. Shows a decision matrix has information in the form of IVPyFVs.

J1 J2
B ([0.43,0.52], [0.39,0.42]) ([0.47,0.53], [0.41,0.45])
B> (10.35,0.43], [0.45,0.51]) (10.32,0.42], [0.42,0.51])
Bs (10.29,0.43], [0.51,0.55]) ([0.55,0.56], [0.13,0.31])
Ba (10.67,0.73],[0.11,0.21]) ([0.13,0.22], [0.56,0.64])
Bs ([0.51,0.61], [0.35,0.41]) ([0.49,0.51], [0.39,0.46])
I3 Ja
B1 ([0.39,0.61],[0.25,0.35]) ([0.41,0.45],[0.49,0.51])
B> (0.48,0.55],[0.31,0.38]) (0.65,0.68],[0.29,0.32])
Bs ([0.65,0.67], [0.15,0.21]) ([0.68,0.71], [0.16,0.25])
Ba ([0.55,0.66], [0.23,0.32]) ([0.43,0.48], [0.23,0.39])
Bs ([0.52,0.75], [0.13,0.17]) (10.31,0.36], [0.49,0.59])

TABLE 3. Shows the results of IVPyFAAWA and IVPyFAAWG operators.

IVPyFAAWA
([0.4298, 0.5546], [0.3386,0.4100])
([0.5305,0.5707],[0.3539,0.4121])
([0.6122,0.6366],[0.1769,0.2807])
([0.5886,0.6601], [0.1876,0.3020])
([0.4952,0.6676],[0.2312, 0. 2832])
IVPYFAAWG
([0.4203,0.5249], [0.413, 0. 4427])
([0.3939,0.479], [0.402,0.4701])
([0.4236,0.5346),[0.4252,0.4622])
([0.2754,0.3808], [0.4542,0.5279])
([0.4418,0.5104],[0.4012, 0. 4840))

TABLE 4. Shows the ranking and score values OF IVPyFVs.

S(B1) SPB2) SPB3) SPB4) S(PBs) Ranki
ng and
orderi
ng

IVPyFAA 0.1048 0.1561 0.3350 0.3279 0.2787 pB;
WA > B,
> Bs
> B,
> B
IVPyFAA 0.0428 0.0010 0.0354 -0.1321 0.0302 p;
WG > By
> Bs
> B
> P

which are depicted in following Table 3 and the results of the
score values are shown in following Table 4.

Step 4. Ranking score values of all five candidates
Bid=1,2,3,4,5) using the results of IVPyFAAWA and
IVPyFAAWG operators are 83 > P4 > B5 > B> > B and
B1 > B3 > Bs > P2 > PBa respectively.

Step 4. For vacant position B3 is selected as the most
suitable research scientist.

We show the results of score values in a graphical repre-
sentation in the following Figure 1. These are obtained by
the IVPYyFAAWA and IVPYyFAAWG operators and depicted
in above Table 4.

34590
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FIGURE 1. Shows the score values of our proposed AOs.
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FIGURE 2. Score values of IVPyFAAWA operator for the variation of £.

D. IMPACT OF DIFFERENT PARAMETRIC VALUES ON THE
CONSEQUENCES OF OUR PROPOSED METHODOLOGIES
To illustrate the effects of various parameter magnitudes,
we characterize the alternatives under our given strategies
using various parametric values. Table 5 and Table 6 display
the ranking effects of the proposed technique on the IVPy-
FAAWA and IVPYFAAWG operators respectively. They are
also depicted graphically in Figure 2 and Figure 3 respec-
tively. It is noticeable that as the magnitude maximizes then
the consequences of the IVPyFAAWA and IVPyFAAWG
operator begin to increase and the score values of the differ-
ent variables are gradually increased but the corresponding
ranking does not change, showing the fact that the isotonicity
property was a constant in optimization techniques depending
on their preferences decision-makers should select the appro-
priate value. In addition, Figure 2 and Figure 3 displayed that
when the values of {2 are altered throughout the example. The
results obtained from the options continue to be the same,
illustrating the validity of the prescribed IVPyFAAWA and
IVPyFAAWG operators.

VIl. COMPARATIVE STUDY

In this section, to find the validity and feasibility of our
proposed approaches, we contrast our proposed techniques
with existing other approaches. The AOs of IVPyFWA
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TABLE 5. Ranking and ordering score values by an IVPyFAAWA operator for variation of £.

2 SB)  SB)  SB3)

S(B4) S(Bs) Ranking and Ordering

0.0850 0.0859 0.2701 0.2338 02058 s> By > fs > fr > by

0.1048 0.1561 0.3350 0.3279 02787 | Bs> By > fs > > fu
25 01808 03131 04251 04410 03763 B, > Ps>fs > o> f
45 01911 03286 04369 04507 03836 f,>fs>fs>Po>fa
83 01970 03379 04441 04563 03880 B, > fs>fs> o> f
125 01994 03417 04470 04585 03899 B, > B3> fs>Po> Py
155 02003 03431 04481 04593 03906 f,> fs> fs > fo> fu
207 02012 03447 04493 04602 03913 B> fs> fs > fo > fu
285 02020 03459 04502 04609 03919 f,> B> fs>fo > fu
335 02023 03464 04506 04612 03922 B, > B> s> Po> P
407 02026 03469 04510 04615 03924 B, > ;> s> B> b
501 02028 03473 04513 04617 03926 f,>Bs>fs>fo> fu

TABLE 6. Ranking and ordering score values by an IVPyFAAWG operator for variation of £.

Q S(B1) S(B2) S(B3)

1 0.0669 0.0415 0.1680
3 0.0428 0.0010 0.0354
25 —0.0413 -0.0723 -0.1221
45 -0.0548 -—0.0801 —0.1331
83 —0.0629 —0.0851 —0.1394
125 —-0.0662 —0.0873 —0.1419
155 —0.0675 —0.0882 —0.1428
207 -—0.0688 —0.0891 —0.1438
285 —0.0699 —0.0899 —0.1446
335 -0.0704 —0.0902 —0.1450
407 -0.0708 —0.0905 —0.1453
501 -0.0712  0.0103 —0.1456

0.2000

0.1000

|I||I|

0.0000 .
L L
G III|||||

-0.1000 | |

Score values

-0.2000
-0.3000

-0.4000
31l mB2 mpB3 mp4 mp5

FIGURE 3. Shows the Score values of the IVPyFAAWG operator for the
variation of £.

proposed by Wang et al. [60], AOs of IVPyFWG by Xu and
Chen [61], AOs of IVPyFWA and AOs of IVPyFWG by Peng
and Yang [14], AOs of PyFAAWA and PyFAAWG by the
Hussain et al. [54] and AOs of CPDFWAA and CPDFWG
Akram et al. [62]. We applied all the above-discussed
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S(B4) S(Bs) Ranking and Ordering
0.0602 01192 B3> PBs>B1 > Bu > Bs
—0.1321 0.0302 By > B3> Bs > By > Py
—0.3057 —0.1474 B> B, > B3> Bs > Ba
—0.3161 —0.1625 B, > B, > B3> PBs > Pa
—0.3220 —0.1711 B, > B> P35> PBs > Pa
—0.3243  —0.1745 B, > B> B3> Bs > Ba
—0.3252 —0.1758 B, > B> B3> Bs > Ba
—0.3262  —0.1772 By > Py > Ps > P > Bu
—0.3269 —0.1783 B>, > B3> B> Ba
—0.3272 —0.1787 By > B, > B3> Bs > Ba
—0.3275 —0.1792 B> B, > B3> Bs > Ba
—0.3278 —0.1796 B, > B> B3> Bs > Pa

0.4000
0.3000

0.2000

Score values
o
=
o
o
o

0.0000 | Lia

EH(Bl mpB2 mB3 W34 mB5

FIGURE 4. Comparison of our proposed work with some existing AOs.

operators to the given decision matrix shown in Table 1.
The consequences of applied AOs shown in the following
Table 6. We observe that AOs discussed in [54] and [62]
are failed to aggregate information which is displayed in
Table 1. Furthermore, results obtained from AOs given by
Wang et al. [60], and Xu and Chen [61] are depicted in
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TABLE 7. Comparison of our proposed work with some existing
approaches.

Operators Environment Ranking and ordering
IVPyFAAWA IVPYESs By > B> Bs > fo > B
IVPYFAAGA IVPyFSs B1> B3> Ps > By > Py

TVPYFWA[60] IVIFSs Bs>Bu>PBo>Bs > B
IVPYFWG [61] IVIFSs Bs > Ba>Ps> B> B
IVPYyFWA[14] IVPYFSs  Bs> > fo> s > B

IVPYFWG[14] IVPYFSs  Bs> By > Ps> By > Bs
PyFAAWA[54] PyFSs Failed
PyFAAWG [54] PyFSs Failed
CPDFWAA[62] CPyFSs Failed
CPDFWGA [62]  CPyFSs Failed

Table 6. We observe that the outcomes from applied AOs are
near to similar 85 > B4 > B> > f1 > B3.In this comparative
study, we observe that our proposed methodology is more
flexible and comprehensive than other existing AOs due to
significant of log natural and its wider range of parametric
values of parameters. We show all results which are shown in
the following Table 6 in the following graphical representa-
tion in Figure 4.

VIIl. CONCLUSION
In a few decades, the MADM technique gained a lot of
attention and has a great capacity to solve complex and
complicated situations faced. A decision maker faces dif-
ferent challenges due to insufficient information and loss
of information during the aggregation process. To handle
dubious information and human opinions, several researchers
utilized the concepts of the MADM technique. The theory
of the MADM approach is utilized in several fields of life
including networking, social science, biotechnology, chem-
istry and computational environments. The main goal of this
article is to extend the concepts of PyFSs in the frame-
work of IVPySs and explored their appropriate operations.
Recently, Aczel Alsina aggregation models attained a lot
of attention from numerous research scholars. By consid-
ering the significance of Aczel Alsina aggregation models,
we developed a list of certain AOs based on IVPyF informa-
tion namely, IVPyFAAWA, IVPyFAAOWA, IVPyFAAHA
and IVPyFAAWG operators. Some prominent characteristics
of our invented approaches are also discussed. To check the
effectiveness and flexibility of our proposed AOs, we estab-
lish an application with the help of a numerical example
for the selection of research scientists. To find the effec-
tiveness and reliability of our proposed methodologies We
illustrated a comprehensive comparative analysis to com-
pare the results of our proposed work with the results of
existing AOs.

However, our invented methodologies are unable to handle,
when information in terms of four memberships values or
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our invented approach cannot handle the electoral situations.
To cope with this situation, we will enlarge our proposed
methodology in the framework of picture fuzzy Maclau-
rin symmetric mean operators [63]. We will explored our
invented approaches to solve MADM issues in the frame-
work of statistical models [64]. Furthermore, we will utilize
our developed approaches in the framework of bipolar soft
set [65].
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