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ABSTRACT The selection of the proper P2P energy trading platform is a complicated multi-attribute
decision-making (MADM) dilemma that involves evaluating different alternatives against various attribute.
Traditional MADM techniques often fail to capture the bipolarity of certain attribute, where positive and
negative aspects are simultaneously present. This duality of attribute therefore requires a more advance
method of modeling and decision making (DM). The bipolar fuzzy set (BFS) framework presents a
possible research gap-filling solution by enabling the consideration of both positive and negative information
associated with each attribute at the same time. This article aims to use BFS to create a MADM technique that
will be able to model the bipolarity of the criteria, and provide a structured approach for the selection of the
most suitable P2P energy trading platform. Further, this article contains various aggregation operators within
BFS based on Aczel-Alsina (AA) t-norm and t-conorm, which play a critical role in the proposed MADM
approach. After that, the case study, “Selection of Energy Trading Platform for P2P Energy Trading”
is investigated by employing the invented approach. In the end, the advantages and dominance of the
inaugurated work over some of the prevailing literature are demonstrated through comparative analysis.

INDEX TERMS Energy trading, Aczel-Alsina t-norm and t-conorm, MADM, bipolar fuzzy information.

I. INTRODUCTION

Energy Trading Platorms for P2P Energy Trading as pio-
neering innovation within the energy sector are designed to
meet the growing need for decentralized and environmentally
friendly energy solutions. Today, with climate change and
energy security issues at the top of the agenda, these
platforms open up a great opportunity to make energy
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trading available to the masses and to let the individuals
and communities become part of the energy market. The
main claim of P2P energy trading platforms is their ability
to hold direct transactions between energy producers and
consumers, avoiding the centralized systems. Through the
application of innovative technologies, including block chain,
smart contracts, and the Internet of Things (IoT), these
platforms can usher in a new era of hassle-free and secure
energy trading, with transparency, efficiency, and cost-
effectiveness as key features. The prosumers (producers
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and consumers) can now buy and sell locally generated
renewable energy, which facilitates a system that is not only
sustainable but also resilient. Besides this, these platforms
advocate for the integration of distributed energy resources,
such as rooftop solar panels, wind turbines, and energy
storage systems, allowing individuals and communities to
operate at a lower carbon footprint while supporting the
worldwide effort to reduce CO2 emissions and tackle climate
change.

The development of P2P energy trading is seen as one
of the most innovative concepts in the energy market and
allows direct and decentralized transactions between energy
producers and consumers. Different researchers examine
different aspects of the P2P energy exchange, like market
design, challenges, opportunities, and realizations. Parag and
Sovacool [1] argued that the design of electricity markets
is a key factor for the prosumer era, where consumers also
become producers (prosumers) of energy. They stress the
need to involve the local energy markets and the prosumers
who should actively participate in the making of the energy
system. Zhang et al. [2] devised the existing P2P energy
trading projects, trying to learn their features, technologies,
and business models. The main issues include regulatory
obstacles, privacy issues, and scalability. Andoni et al. [3]
presented a systematic review of blockchain technology‘s
possible impacts on the energy sector, including its applica-
tions to P2P energy trading. They talked about what problems
and opportunities exist in using blockchain in the energy
system. Zhou et al. [4] simulated a multi-agent framework
to investigate the different P2P energy-sharing mechanisms,
which include factors like energy pricing, fairness, and
prosumer satisfaction. Guerrero et al. [5] suggested a P2P
energy trading mechanism based on decentralization that
considers the constraints of the network and the low-
voltage network levels, to facilitate secure and efficient
energy transactions. Park and Yong [6] discussed P2P
electricity trading, addressing trading mechanisms, pricing
strategies, and regulatory issues. Zhang et al. [7] interpreted
a P2P energy trading mechanism in a microgrid with a
grid connection whereby prosumers can buy or sell energy
through a market-based system. Sousa et al. [8] through
their systematic review, illustrated the P2P and community-
based energy markets’ potential benefits, disadvantages, and
future research directions. Paudel et al. [9] offered a game-
theoretic model of P2P energy trading in a prosumer-oriented
community-based microgrid which takes into account factors
like prosumer preference, energy prices, and fairness. Moret
and Pinson [10] first defined energy collectives, as a new
form of market participation for communities, which in
turn promotes fairness and sustainability. Wang et al. [11]
created a P2P energy trading model within microgrids by
taking into account the various willingness factors, such as
energy demand, energy price, and ecology. Roy et al. [12]
assessed the possible worth of P2P energy trading in the
Australian National Electricity Market, where they identified
the potential benefits and challenges of such a system.
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The graphical interpretation of the P2P model devised by
Roy et al. [12] is interpreted in Fig 1.

The mathematical concept of a fuzzy set (FS) [13] enables
the depiction of ambiguity or uncertainty in information.
FS assigns each element a term of support, ranging
from O to 1, reflecting the extent to which that element
exhibits the features of the set, as opposed to classical
sets, where an element is either placed or not placed into
the set. Due to the inherent uncertainty and fuzziness of
many real-world occurrences, which cannot be precisely
characterized by means of classical set theory, FS is
required. For instance, it is challenging to describe ideas
like “beauty” or ‘“‘tallness” using conventional set theory
because they are arbitrary and susceptible to context. In areas
like artificial intelligence, control systems, and decision-
making (DM), FS has found extensive use as a potent
tool for modeling and studying such hazy and imprecise
events. Tang et al. [14] investigated electronic marketing
strategies with the assistance of the fuzzy multi-criteria
DM (MCDM) approach. Mohaghar et al. [15] discussed
the selection of marketing strategy by fusing VIKOR and
AHP techniques under a fuzzy environment. Lin et al. [16]
investigated competitive marketing strategy with fuzzy group
DM. Gholami and Seyyed-Esfahani [17] did the competitive
market strategy selection by employing fuzzy DEMATEL
and AHP techniques. Lee et al. [18] discussed marketing
strategy in community colleges by utilizing fuzzy assessment.
With the help of fuzzy ANP, Oztaysi et al. [19] analyzed the
marketing strategy for shopping malls. A bipolar FS (BFS)
investigated by Zhang [20] is a type of FS that assigns not
only the positive term of support but also assign negative
term of support to the element placed in [—1, O]. BFS is
helpful in circumstances, where it is not enough to simply
categorize elements as either place or not place in a set. For
instance, in DM dilemmas, it may be critical to keep in view
both negative and positive aspects of elements instead of just
positive aspects. More, BFS is a critical tool for modeling
uncertain and complex circumstances, where the traditional
crisp sets or FS are not sufficient. Riaz et al. [21] initiated
sine trigonometric AOs for bipolar fuzzy (BF) numbers
(BFNs5). Jana et al. [22] analyzed Dombi AOs for BFNs and
Jana et al. [23] initiated prioritized AOs relying on the Dombi
norm and t-conorm for BFNs. The Hamacher AOs for BFNs
were discussed by Wei et al. [24]. Numerous researchers
studied various DM techniques under BF information such as
Karabasevic et al. [25] initiated MULTIMOORA, Alsolame
and Alshehri [26] studied VIKOR, Akram et al. [27]
investigated TOPSIS and ELECTRE-I, Deva and Felix [28]
initiated DEMATEL, Jana and Pal [29] developed EDAS and
Liu et al. [30] discussed SWARA-MABAC.

A. MOTIVATION AND CONTRIBUTION

The energy trading platforms for P2P energy trading are one
of the key issues with regard to BFS that are the extension of
traditional FS. BFSs are appropriate for the representation of
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FIGURE 1. The interpretation of P2P trading model.

both positive and negative information at the same time and
can therefore be used for modeling complex and multifaceted
systems such as energy trading platforms. In the context of
P2P energy trading, BFSs can be utilized to represent both the
negative and positive aspects of each criterion. Consequently,
BFSs can be applied to energy trading to assess the positive
and negative influences on factors such as carbon emission,
energy security, and grid stability. The utilization of BFSs in
the design as well as the operation of P2P energy trading
platforms enables the development of more sophisticated
and strong decision-making systems that consider the multi-
faceted nature of energy systems. This may result in an
increase in the efficiency and sustainability of energy trading,
better congruence with prosumers’ preferences, and more
effective management of uncertainties and risks related to
decentralized energy production and distribution.

Further, in various MADM dilemmas, one attribute can
be before the other existing attributes. Similarly, in var-
ious dilemmas, the experts or decision analysts have the
prioritizations. To cope with such sort of information
where the attributes contain prioritization or experts contain
prioritization, Yager [31] interpreted the notion of prior-
itized AOs. Afterward, the prioritized ordered weighted
averaging operators were deduced by Yager [33]. Yu and

u [33] initiated prioritized AOs for intuitionistic fuzzy
numbers (IFNs). Khan et al. [34] diagnosed prioritized
AOs for Pythagorean fuzzy numbers. Riaz et al. [35]
investigated prioritized AOs for qg-rung orthopair fuzzy
numbers. Aczél and Alsina [36] interpreted Aczel-‘Alsina t-
norm and t-conorm, which are recent additions to the notion
of FS and have the benefits of changeability by adapting
a parameter. Because of their importance, they got more
attention from various researchers who employed them in
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numerous areas such as Sarfraz et al. [37] investigated
prioritized AOs relying on Aczel-Alsina t-norm and conorm
under IFNs, Senapati et al. [38] and diagnosed Aczel-Alsina
(AA) AOs for IFNs, Senapati [39] developed AA AOs for
picture fuzzy numbers. After a lot of investigation and study,
we observed that no research can provide the advantages and
benefits of prioritization, Aczel-Alsina t-norm, and t-conorm
under bipolar fuzzy information at the same time and there is
no MADM problem by using such operators to handle energy
trading platform for P2P energy trading. To fill this gap in the
literature and also keep in mind the real-life importance of
these theories, in this manuscript, we inaugurate prioritized
AOs under bipolar fuzzy information relying on the Aczel-
Alsina t-norm and t-conorm. These AOs are BFAAPRA,
BFAAPRWA, BFAAPRG, and BFAAPRWA. Further, this
manuscript contains an approach of MADM with the
assistance of diagnosed AOs to cope with complicated
genuine-life MADM dilemmas (in particular, the selection of
an energy trading platform for P2P energy trading).

B. ARRANGEMENT OF THE ARTICLE

The rest of this script is developed as: Section II,
contains a few prevailing concepts and correct primary
operations for the notion of BFNs. Section III, includes
bipolar fuzzy Aczel-Alsina (BFAA) prioritized averag-
ing (BFAAPRA), BFAA prioritized weighted averaging
(BFAAPRWA), BFAA prioritized geometric (BFAAPRG),
and BFAA prioritized weighted averaging (BFAAPRWA)
and AA operations for BFS. Section IV, includes an approach
of MADM for tackling MADM dilemmas and a case
study “‘selection of energy trading platform for P2P energy
trading”. Section V, includes the comparative analysis, and
Section VI, includes the concluding remarks.
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Il. PRELIMINARIES

In this section, we overview a few prevailing concepts and

initiated correct primary operations for the notion of BFNs.
Definition 1 [36]: AA t-norm and t-conorm are symbol-

ized as

C (31.3)
C]D) (31’ 32) ifr=0

| min(31,32)f N iff = 00 (1
e—((— 10g3,) +(~ 108 3:) ) , otherwise

CH' (31.3)
C]B* (31’ 32) lff =0

_ | max (31.3) =
1_97((7H®g(1731))f ( “@g( 32)) )f’ otherwise

@)

where re [0, oo].

Definition 2 [20]: ABFSisatype'Y = {(3, Up_y (3),
Unv—y (3)) 13€3}, where the Up_vy (3) would utilize as a
positive term of support that is placed in [0, 1]and Upr_y (3)
would utilize as a negative term of support that placed in
[—1, O]. Further, the set'Y = (Up_vy, Un—y) is identified
as BFN in this script.

Definition 3 [24]: The following Eq. interprets the score
value of a BEN 'Y = (Up_vy, Un—y)

( +Up—y 3) +Un—y (). $relo0, 1]
(3)
Definition4 [24]: The following Eq. interprets the
accuracy value of a BEN 'Y = (Up_+y, Un_y)

Up_y (3) —Un—y (3
He () — PY()ZNY()’

With the assistance of Eq. (3) and (4) the underneath given
1 If SF (YD) < SF ('Y2), then Y| < Y2;
2. IfSF Y1) > SF (Y2), then Y| > ‘Y»;
3. If S (Y1) = SF (Y2), then
> if Hr (Y1) < Hp (Y2), theny| < Y2;
> ifHp (Y1) > Hr (Y2) . then vy > v2;

> ifHp (Y1) =Hp (Y2), then'y; = Y2, .
Definition 5 [31]: Let a gathering of attributes i.e.,

An = {Aa_1, Ap—s, ..., Ap_5}, and let a prioritization
among the interpreted attributes by a linear order that is
Ap_1>Aa_o>... > Ap_g. Further, if y < o then Ap_, is
prior than Ap_q. A, (3) is the assessment outcome of the
performance of any alternative under the attribute 2s_; and
Ax_pe [0, 1]. If

Sk (Y) =

Hrel0, 11 &)

PRA (Qlép] (3) , Ano (3) ey RApy (3))
5 a0

80850

IIl. ACZEL-ALSINA PRIORITIZED AOS FOR BF NUMBERS
In this part of the script, we inaugurate BFAAPRA,
BFAAPRWA, BFAAPRG, and BFAAPRWG. But first,
we would inaugurate AA operations for BFS.

Definition 6: The underneath statements interpret the
AA operations for any two BFNs, identified as Y; =
(Up—y,» Un—y,) and Y2 = (Up—,. Un—,), which use
the AA t-norm and t-conorm with ¢ > 1, and ¢« > 0,

L. Y1®Y2

- e‘((_mg(l_ﬂpi\(. ))f+(_ﬂ@g(l_ﬂP7‘Y2))r) ’

1

(1ol oy, )+ (togly oy, ))

—_—

Y1872 f
ef((fmg(ﬂp_% ))ﬁ(J@g(pr_‘Yz))f) f,
_ 1
— 1+ ei((’ ﬂ®g(1+ﬂN—'Y1))f+(7 Mg(l+ﬂNJY2))f)f
1
- e_(q(— ll@g(l_[j??—‘yl))r)f
‘ ~ 1
3. @Y = e—(q(—ﬂ‘ﬂ’g‘fb\f—‘\(l Df)f
i N
. ef(Ql<* ﬂ@gUp,‘Y]) ) ,
Yy = ? f %
. +e,(q(f]1@g(1+UNf‘Y1)) )

Definition 7: The BFAAPRA operator for the class of

BFNs, v, = (07)_%, [jN_\Yﬁ) =1, 2,.., 1) is inaugu-
rated as
i T
BFAAPRA (Y1, Y2..... Yi) = & ———Y, (6
v=1 Z{,=l Ty

NotedthatT1 =17, = H”,lsp(Y-), v=1,2, ...,
and §p (Y ) is the score value of BFN ‘Y.

Theorem 1: 1f 'Y, = (07)_‘Y1.J, UN—‘YQ) w=1,2,.,1

describe the class of BFNs, then utilizing the BFAAPRA
operator to this class results in an aggregated value in the form
of BFN

BFAAPRA (Y1, Ya, ..., 'Yi)

T . f
(>, = (—H@g(l—U K )))
1—e < UIZE=IT0 PYy
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Proof:  This proof would be done by mathematical
induction. Suppose i = 2

I
T f
l_e(z2 5 (-0 y>>)

YV
—e 3Ty

Y1

ﬁTl “Y1EB ﬁT2 \‘Yz
u=1 10 v=1 1v
%
_e v= .
= 1
(s, v )
_e V=

From above, note that Eq. (7) is held for i = 2. Next, suppose
that Eq. (7) is held for 1 = R

BFAAPRA (Y1, Y2,..., Yo®)
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Now suppose that i = R+1,
BFAAPRA (Y1, Y2,..., Y;®+1)

T
= BFAAPRA (Y1, Y2, ..., ~Ym)@(%‘m+l)
Z{,:] Tb
T,
R
| _(Z° LRl T
—e

- Zm nTi‘( log
—e ZU lTU

o))
b))

1

(elrvn)) )

’

29‘1 1 T
_( o zﬁ 1Tu( tog|
—e

From above, it is clear that Eq. (7) is held for # = R+1.
Consequently, Eq. (7) is held for all .
The BFAAPRA operator satisfies the properties that are
idempotency, monotonicity, and boundedness.
Idempotency: If'Y, = (ﬁp,‘yo, UNJYL-,) =1, 2.,
i) describe the class of BFNs, and Y,y = ‘Y V u, then we get

BFAAPRA (‘Y] , Yo, ..., ‘Yﬁ) =Y

Monotonicity: If 'y, = (ﬂp_‘yb, L’JN_%)) and ‘Yi.) =
(07’—‘\(2, , U N, ) =1, 2, .., ) describe two classes of

BFNGs, and 'Y, < 'Y, Vuie. I’Jp_‘yl.J =< UP—‘Y;’ UN—‘Yf, =

U Na Y/ , then we get
BFAAPRA (Y1, Y2...., Yy)
< BFAAPRA (‘Y’l, Yoo oes Yn)

Boundedness: If'y, = (ij_‘yﬁ, IfIN_‘yﬁ) w=1 2.,
n [G’P—‘Yﬁ] 5
max {fW‘Yﬁ}) cand Y" = (m?x {‘37’7%} ’

v v

min {[’] Ny }), then we get

#i) describe the class of BFNs, and if 'Y~ =

‘Y~ < BFAAPRA (Y1, Y2..... Yq) <Y"

Definition 8: The BFAAPRWA operator for the class
of BENs, Y, = (Up_y, Un-y,) =1, 2. ) is
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inaugurated as

BFAAPRWA (Y1, Y. .... Yi)
Wpv—iTy

..—_‘Y~ (8)
1 Zgzl Wev—iTy °

i
= &
‘:) =
Noted that ®uy = (Wev—1, Wov—2, .-, Cl)a)v_ﬁ)r as a
weight vector and 0 < @gy—, < 1 for all y and
> Wov—y = L. Further, Ty = 1Ty = [T1Z) §F (), v =
1, 2, ...,7 and Sp (‘Yﬁ) is the score value of BFN ‘Y.
Theorem 2: 1f 'Y, = ([7]7)_‘Y1.J, ﬂ/\/—‘Yf,) w=1,2,.,1)
describe the class of BFNs, then utilizing the BFAAPRWA

operator to this class results in an aggregated value in the form
of BFEN

BFAAPRWA (Y1, Y2, ..., Y7)

& o =T B f
_ Z‘]: ﬂw;'ll)_(,u@g(],u K ))
l1—e ( R P PYy

- 1

A , A\ T
_ Zgz v 70 qog x ‘ )
—e( 1 0( NYU)
)

ZE:l mam—ﬁT
The BFAAPRWA operator satisfies the properties that are
idempotency, monotonicity, and boundedness.
Idempotency: If'Y, = (f]pgyb, lvjj\/gyﬁ) =1, 2,.,
i) describe the class of BFNs, and 'Y, = ‘Y V u, then we get

BFAAPRWA (Y1, Y2, ..., i) =Y

1
f

)

Monotonicity: If 7y, = ((Jp_yﬁ, [’JN_yﬁ) and ‘Y;) =
(OP—‘YE, .U N, ) (=1, 2, .., i) describe two classes of

BFNs, and Y, < Y, Vvie Up_y, < Up o Unoyy <
v

U Nf‘Y;,’ then we get
BFAAPRWA (Y1, Y2, ..., Yq)
< BEAAPRWA (Y}, Y. ... Y;)

Boundedness: If'Y, = (Up_‘yb, ﬂN—‘Yb) =1, 2.,
i) describe the class of BENs, and if 'Y~ = (mjn {Op_‘Yﬁ} ,
v
max {UN ‘Yﬁ}) ,and YT = (max {ﬁpgyﬁ} ,
v v
min {fJN:yﬁ }) then we get
v
Y~ < BFAAPRWA (Y1, Ya, ..., Y7) <'Y*
Definition 9: The BFAAPRG operator for the class of
BFNs, 'Y, = (Up_%, fJN_*Yﬁ) (=1, 2, .., %) is inaugu-
rated as
T
T
(v) 2= Tv (10)
1

BFAAPRG (Y1, Ya2..... YY) =

U

|| ®:x

80852

Noted that T = 1, Ty = [T[7_} $r (Vi) o = 1. 2, ....7
and §p (‘Yl\,) is the score value of BFN ‘Y.

Theorem 3: If 'Y, = (073_‘Yﬁ, UN_‘yﬁ) w=1,2,., 1)
describe the class of BFNs, then utilizing the BFAAPRG

operator to this class results in an aggregated value in the form
of BFN

BFAAPRG (Y1, Y2, .... "Yn)

1

_ Zﬁ _Tf) (7]1®g[j . )f f
e Sl T P

H=

— ’

< T, , f
(22 g, (o)
—1l+e o=t

1
f

(11)

Proof:  This proof would be done by mathematical
induction. Suppose i = 2

iV

L)

(Y1) 2= Ty
1

o , e\ *
e(ﬂ:Tﬁ (Freale-) ) ,
(g sl
—l4e \F=110

T,

1
f

TT
(Y2) ot

T T
(v Fom To @) Zomr To

7 -T2 J
T1 T2
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From above, note that Eq. (11) is held for i = 2. Next,
suppose that Eq. (11) is held for i = ‘R

BFAAPRG (Y1, Y2,..., Y®)

1

R Tf) 1 0 Ay
-(=2, Zﬁfl'i\ —logUp vy,
e

v=1 10

, : f
(e gt (a0 )

Now suppose that i = R+1,

BFAAPRG (Y1, Y2, ..., ‘Y;+1)

Tm+1
» Yor) ®(Ym+1)zu— T

1
n T g 0
e_( e Zﬁ—TTfJ (_ ﬂ‘mgUP_‘YU) )

V=

= BFAAPRG (Y1, ‘Y2, ..

)

T, , f
- =8, (7H®g(1+U X ))
—1+e ( IZE:ITI‘J Ay
1

f

From above, it is clear that Eq. (11) is held for 1 = R+1.
Consequently, Eq. (11) is held for all .
The BFAAPRG operator satisfies the properties that are
idempotency, monotonicity, and boundedness.
Idempotency: If'y, = ([’Jp;yﬁ, fJN:yﬁ) w=1, 2, ..,
fi) describe the class of BFNs, and 'Yy =Y V v, then we get

BFAAPRG (Y1, Y2, ..., Y7) =Y

Monotonicity: If 'y, = (G’p_‘yﬁ, l’JN:yﬁ) and Y, =
(UP—‘Y;’ U N—‘Y;) (=1, 2,.., ) describe two classes of

BFNs, and 'Y, < 'Y, Vs ie. Up—y, < ﬁp;y’.’ Unv-—yy <
v

U N—‘Y; , then we get
BFAAPRG (Y1, Y2. ..., Yi)
< BFAAPRG (‘Y’l, Yoo Yn)

Boundedness: If'Y, = (Up_‘yb, ﬂN—‘Yb) =1, 2.,
fi) describe the class of BFNs, and if 'Y~ = | min {Op_‘Yﬁ} ,
v
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max {I’JN—%}) cand Y" = (m?X {fhv—%} ,
v v
min {U N_\Y{,})’ then we get
v
‘Y~ < BFAAPRG (Y1, Y2,..., Yi) <Y
Definition 10: The BFAAPRWG operator for the class

of BFNs, v, = (ljp_‘yﬁ, UN_\YI.J) w=1,2,., 7 is
inaugurated as
BFAAPRWG (Y1, Y2..... i)
~ ma)l)—ﬁTl:J
! S 0Ty
= ® ()=t a2)
v=1

Noted that w,, = (a)a)v 1, Wov-2, ..., wwv*f])T as a

weight vector and 0 < @gy—y =< 1 for all y and
ZU | Wov—y = 1. Further, Ty = 1, Ty —]_[2 1S;v(\(*), V=
1,2, ..., and §p (Y,) is the score value of BEN ‘Y.
Theorem 4: If 'Y, = ‘g}p‘yﬁ, UN*‘Y{J) =1 2,.,9
describe the class of BFNs, then utilizing the BFAAPRWG

operator to this class results in an aggregated value in the form
of BEN

BFAAPRWG (Y1, Y2. ..., Yi)

1

ﬁ i Ay
U ~wl T(MgUPY)

U—I Py— ﬁ
9
- 1

_[s7 “’mv—ﬁT 0’
2=l ~tog( 14U Y,
—1 +e Z:1)71 (u\J—T]TU

(13)

The BFAAPRWG operator satisfies the properties that are
idempotency, monotonicity, and boundedness.

Idempotency: IfY, = (Up:yb, fJN_‘yb) b=1,2,.,
i) describe the class of BFNs, and 'Yy =Y V v, then we get
BFAAPRWG (‘Yl, Y2, ..., ‘yﬁ) =Y
Monotonicity: If ‘v, = (ij_‘yb, U N—‘Y{,) and ‘Y; =

(073—‘\(;,’ ﬂN—‘Y;) =1, 2, .., ) describe two classes of

BFNs, and 'Y, < 'Y, V vie. Up_y, < P, JUn—y, <
U v Y/ , then we get
BFAAPRWG (Y1, Y2. ..., Yi)
< BFAAPRWG (Yl Yo, ..., Yn)

Boundedness: If'y, = ([7]7)_‘Y1.J, ﬂN—‘Yf,) w=1,2,.,

i) describe the class of BFNs, and if 'Y~ = (mjn {073—‘%} g

(s o).
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min {U N }) , then we get
Y~ < BFAAPRWG (Y1, Y2..... Yq) <Y*

IV. MADM RELIES ON DEVELOPED OPERATORS UNDER
BF INFORMATION

In this part, we induce an approach of MADM by employing
the inaugurated operators under BF information and then
investigate a study case related to the marketing strategies for
business growth.

Consider a class of alternatives, identified as ‘Yp =
{‘Ye.,l, Ya—2, ..., ‘Ye‘,ﬁ} , which contains f various alter-
natives. Additionally, there are ‘Q attributes, identified as
Ay = 1Aa_y, Ap_o, ...,QLA;Q , that are utilized to
assess these alternatives and there is prioritization among
the attributes interpreted with the assistance of linear order
Ap—1 > Ap 2 > ... > A, 1, show that the priority of A
is higher than As_q if o < a Further, in any circumstance,
if the decision analyst wants to deliver the weight to each

. . T
attribute that is w,,, = (a)wu_l, Wpv—2s + v ey (,()a)u_q() such

that 0 < wuv—q < 1, and >~ @uy—o = 1. The decision
analyst assessment values for these alternatives based on the
attribute will be in the model of BF information i.e., 'Y =
(Op_vy. Un—y), where Up_«y€ [0, 1] and Upr_y€ [—1, 0],
which will develop a BF decision matrix. To address this
MADM dilemma, we propose the below steps.

Step 1: In every DM dilemma there may be two types
of information (cost and benefit type). In the case of cost
type, the normalization of the BF decision matrix would be
required which would be done by the below formula

N = | Opoy. Uvey)
(1 =Up_y, =1 = Un—y)

for benefit type
for cost type
(14)

In the case of benefit type, normalization wouldn’t be
required.
Step 2: Evaluate Ty as

T = [] 8 (v,0) (15)

where, v =1, 2, .... .., Qand Ty = 1 for
v=1,2, ...., #

Step 3: Here, the inaugurated operators that are
BFAAPRA, and BFAAPRG operators would be utilized
to achieve the aggregative result. If the decision-analyst
considered the weight of each attribute then BFAAPRWA
or BFAAPRWG operator would be utilized to achieve the
required result.

Step 4: Eq. (3) would be utilized to achieve the score
values of the aggregated result. However, if the score function
encounters any issues, then the accuracy values would be
calculated instead.

Step 5: Here, the ranking would be determined based on
the accuracy or score values to get the best option.
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For showing the applicability of the proposed method we
interpret the underneath numerical example.

A. STUDY CASE

With the world moving towards a more sustainable and
decentralized energy system, the idea of the P2P energy trade
has been greatly publicized. P2P energy trading platforms
provide individuals and communities with the opportunity to
buy and sell renewable energy that is locally generated, which
leads to energy democracy, reduction of carbon footprint,
and self-sufficiency. In this regard, Greenville Renewable
Energy Solutions (GRES), an innovative company that is at
the forefront of renewable energy technologies, has chosen
Oakwood Community as a perfect place for deployment of
a new 2-way energy trading platform. Within, the frame-
work of the Oakwood Community, a futuristic residential
neighborhood, a self-sufficient energy ecosystem is the goal.
Moved by a passion for sustainable development and energy
independence, the community plans to take advantage of the
possibility of using distributed renewable energy by installing
rooftop solar photovoltaic systems and small-scale wind
turbines. The residents of Oakwood Community ambition
to take part actively in the energy market using the P2P
energy trading platform, exchanging their surplus energy
among themselves and cutting down their dependency on the
centralized energy systems.

Keeping in mind that this is a major undertaking, the GRES
recognizes the critical role played by the P2P energy trading
platform in tailoring it to the Oakwood Community’s specific
requirements. To design a thorough and informed process for
the selection, GRES has identified four energy platforms that
are ‘Ya—1, ‘Ya—2, 'Ya—3, and ‘Ya_4 which would be asses by
the underneath four attribute

Ar—1: Technology Compatibility: It is the criterion
that determines the compatibility of the platform with the
existing energy infrastructure and communication protocols
to integrate with the community. It looks at, for example,
how well it works with smart meters, advanced metering
infrastructure (AMI), communication standards, and its
ability to work with renewable energy systems. The platform
can be developed with high technology compatibility, which
will enable it to seamlessly interact with the community’s
energy ecosystem thereby lowering implementation barriers
and making energy transactions efficient.

Ar—2: Transaction Costs: The transaction costs are
related to the charges, fees, as well as commissions that
are involved in energy trades that are done on the platform.
This criterion critically examines the cost-effectiveness and
feasibility of the platform for P2P energy trading. Reduction
of transaction costs encourages trading and makes it more
financially reliable for participants which in turn increases the
adoption of renewable energy generation and consumption.
Forums with clear fee structures and rates competitive for
participants to reduce the costs are better than the rest.

Ar—3: User Interface and Experience: The user inter-
face and experience criterion is all about the ease of
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TABLE 1. The expert assessment values in the form of BF decision-matrix.

Wy Ay Wy _3 Wy_y
Y1 (0.67,—0.34) (0.53,—0.43) (0.19, —0.44) (0.76,—0.61)
Yoo (0.78, —0.45) (0.64,—0.32) (0.45,—0.54) (0.43,-0.57)
Yp-3 (0.89,—-0.23) (0.75,—-014.) (0.27,—-0.65) (0.85,—0.37)
Y s (0.56,—0.55) (0.24,—0.62) (0.54,—0.14) (0.74, —0.64)
TABLE 2. The aggregated result of table 1 by employing invented operators with r = 5.

Operators Y1 Ya-2 Y3 Yp-a
BFAAPRA (0.364,—0.987) (0.419,—0.989) (0.556, —0.835) (0.316,—0.96)
BFAAPRWA (0.353,—0.988) (0.418, —0.988) (0.503,—0.752)  (0.425,—0.99998)
BFAAPRG (0.9989,-0.0012)  (0.9992,—0.0015)  (0.9999,—0.0002)  (0.9987,—0.001)
BFAAPRWG (0.9989,—0.0013)  (0.9992,—0.0016) (0.9999,—-0.0002) (0.9986,—0.0011)

TABLE 3. The score values of table 2.

Operators Sr(Yp1) Sr(Yyz) Sk(Ya3) Se(Yaa)
BFAAPRA 0.1887 0.2149 0.3603 0.1779
BFAAPRWA 0.1821 0.2149 0.3756 0.2131
BFAAPRG 0.99882 0.99889 0.99986 0.99881
BFAAPRWG 0.9988 0.99882 0.99987 0.99874
TABLE 4. The ranking of alternatives.
Operators Ranking
BFAAPRA Yps>Vpy>Vp >y,
BFAAPRWA Yas>Vyp > Yy y> Yy
BFAAPRG Yps>Ypo >Vpq > Yy
BFAAPRWG Yaos > Va2 >Vaoy > Yy

use, accessibility, and functionality of the energy trading
platform. It involves considering aspects like user-friendly
design, intuitive navigation, real-time data visualization, and
interactive elements. A platform with a good UX in the sense
of a well-designed and intuitive user interface increases user
engagement, user satisfaction, and user adoption. Transparent
and easy-to-understand presentation of power data and
trading choices lets the traders make sound decisions and
actively take part in P2P energy trading.

Ar_4: Data Security and Privacy: Data security and
privacy are the critical questions to be answered while
choosing an energy trading platform since the energy
consumption data is so sensitive. This criterion measures
the system’s safeguards for user data, ensuring confiden-
tiality, integrity, and availability as well as observance of
the privacy laws. Robust encryption protocols, safe data
storage, access controls, and public privacy policies are
the key components of a trusted energy trading platform.
Platforms that ensure the security and privacy of data are
the ones that inspire confidence among participants and

VOLUME 12, 2024

therefore establish the trustworthiness of the P2P energy
transactions.

The prioritization between these attributes is Ap_1>Aa_»
>Ap_3>As_4. The expert GRES also wants to interpret
his weightage to the attribute thus the weight of attributes
is (0.18, 0.29, 0.32, 0.31). The assessment values of the
expert would form the BF decision matrix which is demon-
strated in Table 1.

Step 1: The taken information is benefit type so no need
for the process of normalization.

Step 2: Evaluated Tyq is

1 0.655 0366 0.137
|1 0665 0439 0.2
AETT 0.83 0 0.668 0.207
1 0.505 0.157 0.11

Step 3: By the utilization of inaugurated operators that
are BFAAPRA, BFAAPRG, BFAAPRWA, and BFAAPRWG
operators, the achieved result is demonstrated in Table 2.
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TABLE 5. The score values of invented and current work.

Source Sk (‘YA—I) Sk (‘YA—Z) Sk ('YA—s) Sk (‘YA—4)

Sarfraz et al. [37] X=X =X X=X =X XXX X 22X 22X

Senapati et al. [38] XXX XXX X=X =X X=X =X

Senapati [39] X=X =X X=X =X X=X =X X=X =X

Jana et al. [22] (BFDPA operator) 0.675 0.657 0.67 0.674

Jana et al. [22] (BFDPG operator) 0.223 0.246 0.236 0.232

Wei et al. [24] (BFHWA operator) 0.633 0.698 0.621 0.576

Wei et al. [24] (BFHWG operator) 0.343 0.401 0.439 0.462

Inaugurated operator (BFAAPRA) 0.1887 0.2149 0.3603 0.1779

Inaugurated operator (BFAAPRWA) 0.1821 0.2149 0.3756 0.2131

Inaugurated operator (BFAAPRG) 0.99882 0.99889 0.99986 0.99881

Inaugurated operator (BFAAPRWGQG) 0.9988 0.99882 0.99987 0.99874
TABLE 6. The ranking of current and invented work.

Source Ranking

Sarfraz et al. [37] X=X =X

Senapati et al. [38] XXX

Senapati [39] X=X =X

Jana et al. [22] (BFDPA operator)

Va1 >V s>Vps>Y,,

Jana et al. [22] (BFDPG operator)

‘Yé_z > ‘Yé_3 > ‘Yé_[‘/ > ‘Yé_l

Wei et al. [24] (BFHWA operator)

Yps>Ypo>Vyy>Y,,

Wei et al. [24] (BFHWG operator)

Va2 >Yp 1>V 3>V y

Inaugurated operator (BFAAPRA)

Yps> Yy o>V 1>V,

Inaugurated operator (BFAAPRWA)

R N L W

Inaugurated operator (BFAAPRQG)

‘Yé_s > ‘YA_Z > ‘YA_l > \Yé_zl,

Inaugurated operator (BFAAPRWG)

Ypos > Ypp > Yaq > Vpy

Step 4: By Eq. (3) the achieved score values of the
aggregated result are displayed in Table 3.

Step 5: The determined ranking based on score values to
get the best option is displayed in Table 4.

This result shows that ‘Ya_3 is the best and finest energy
platform for P2P energy trading that GRES will adopt.

V. COMPARATIVE ANALYSIS

To interpret the advantages and supremacy of the invented
theory, it is compulsory to compare the invented theory with
current theories, like prioritized AA AOs under intuitionistic
fuzzy information demonstrated by Sarfraz et al. [37],
AA AOs for intuitionistic fuzzy information interpreted by
Senapati et al. [38], picture fuzzy AA AOs developed by
Senapati [39], Dombi prioritized AOs under BF information
deduced by Jana et al. [22] and Hamacher AOs for BF
information described by Wei et al. [24]. To facilitate this
comparison, the data of Table 1 is revisited and analyzed
employing the inaugurated and current work and the results
are part of Tables 5 and 6.

The AOs inaugurated by Sarfraz et al. [37], and Sena-
pati et al. [38] are merely able to cope with fuzzy and
intuitionistic fuzzy information however, the information
involving the negative side of the opinion can’t manage
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with the structure of intuitionistic FS. As a result, the AOs
inaugurated by Sarfraz et al. [37], and Senapati et al. [38] are
unable to manage the BF information. Likewise, the AA AOs
for picture FS investigated by Senapati [39] are merely able
to cope with picture fuzzy information but can’t manage the
negative side of the opinion. As a result, the AOs inaugurated
Senapati [39] are unable to tackle BF information. More,
Jana et al. [22] inaugurated BF Dombi prioritized averaging
(BFDPRA) and BF Dombi prioritized geometric (BFDPRG)
and Wei et al. [24] investigated BF Hamacher weighted
averaging (BFHWA) and BF Hamacher weighted geometric
(BFHWG) AOs under the structure of BFS. Consequently,
the data of Table 1 can solve through the AOs investigated
by Jana et al. [22] and Wei et al. [24] and the results are
part of Tables 5 and 6. We can notice from Tables 5 and 6
that the both averaging and geometric AOs investigated by
Janaet al. [22] and Wei et al. [24] demonstrate various results.
However, our inaugurated averaging and geometric AOs
based on AA operations demonstrate that only ‘Yo_3 is the
finest choice. Furthermore, the proposed work is the perfect
tool for managing two (positive and negative side) sided
information and managing genuine-life MADM dilemmas
where two-sided information is involved. The inauguration
can also reduce the environment of fuzzy information.
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VI. CONCLUSION

In the time of a decentralized energy system and the rising
need for sustainable approaches, a suitable P2P energy
trading platform is one of the most challenging decisions to be
made. The study has pioneered a new MADM framework that
leverages BFSs to deal with the complexity of bipolar criteria
involved in this field. The proposed MADM framework,
strengthened with the potential of BFSs, is the breakthrough
answer to the long-time puzzle of modeling and evaluating
criteria that have both positive and negative aspects at the
same time. Through this approach, we will be able to
overcome the limitations of the traditional methods by taking
into account the duality of the criteria, therefore, leading to
more comprehensive and fruitful decision-making processes.
Furthermore, this article contained a set of new AOs,
which are based on AA t-norm and t-conorm within BFS.
Such operators play the role of a super-efficient aggregator,
providing aggregated results of DM data and enabling the
achievement of resilient and sustainable decisions for the
energy trading platform selection. The usefulness of our
methodology is demonstrated by a case study: ““Selection of
Energy Trading Platforms for P2P Energy Trading”, where
it is shown how our method is effective and advantageous.
The findings of this study not only reinforce the model but
also highlight its power in facilitating energy democracy,
cutting carbon footprints, and allowing communities to be
self-sufficient. Moreover, comparative analyses with the
present literature revealed the incontrovertible superiority
and dominance of the introduced MADM approach, which,
in turn, places it in a category of a significant contribution to
the sphere of sustainable energy systems and decentralized
energy trading.

As in the existing literature, various researchers utilized
the AA t-norm and t-conorm to get various AOs in different
generalization FS. In the future, we aim to expand this work in
the setting of bipolar complex fuzzy set [40], bipolar complex
fuzzy soft set [41], bipolar complex spherical fuzzy set [42],
complex hesitant FS [43], and aggregation theory [44], [45].
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