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Abstract: The idea of bipolar complex fuzzy (BCF) sets, as a genuine modification of both bipolar
fuzzy sets and complex fuzzy sets, gives a massive valuable framework for representing and evaluat-
ing ambiguous information. In intelligence decision making based on BCF sets, it is a critical dilemma
to compare or rank positive and negative membership grades. In this framework, we deliberated
various techniques for aggregating the collection of information into a singleton set, called BCF
weighted arithmetic averaging (BCFWAA), BCF ordered weighted arithmetic averaging (BCFOWAA),
BCF weighted geometric averaging (BCFWGA), and BCF ordered weighted geometric averaging
(BCFOWGA) operators for BCF numbers (BCFNs). To illustrate the feasibility and original worth
of the diagnosed approaches, we demonstrated various properties of the diagnosed operators, in
addition to their capability that the evaluated value of a set of BCF numbers is a unique BCF number.
Further, multiattribute decision making (“MADM?”) refers to a technique employed to compute a
brief and dominant assessment of opinions with multiattributes. The main influence of this theory
is implementing the diagnosed theory in the field of the MADM tool using BCF settings. Finally, a
benchmark dilemma is used for comparison with various prevailing techniques to justify the cogency
and dominancy of the evaluated operators.

Keywords: bipolar complex fuzzy settings; averaging/geometric aggregation operators; support
decision-making techniques

MSC: 03B52; 90B50

1. Introduction

The major theory of decision-making tools is gaining extensive consideration, of which
multiattribute decision making (MADM) is one of the most meaningful and reliable used
in many fields. MADM is a massive common genuine life technique that can be expressed
as the gains of mental and reasoning procedures for the classification and verification of a
suitable alternative based on defined attributes. In many situations, experts have ambiguity
in representing a particular preference and accurate resolution values meaningfully if a
problem study contains unreliable and problematic data. However, obtaining the beneficial
optimal value using crisp is an extremely awkward task for experts. Hence, the principle
of the fuzzy set (FS), diagnosed to evaluate MADM techniques, regards as awkward and
ambiguous employing the supporting grade (SG) to demonstrate the level of an object
involving FS theory [1]. Various investigations have been conducted on FS, for instance,
fuzzy N-soft sets (FNSS) [2], hesitant FNSS [3], bibliometric overview under FSs [4], and

Mathematics 2022, 10, 1726. https:/ /doi.org/10.3390/math10101726

https://www.mdpi.com/journal /mathematics


https://doi.org/10.3390/math10101726
https://doi.org/10.3390/math10101726
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/mathematics
https://www.mdpi.com
https://orcid.org/0000-0002-3871-3845
https://orcid.org/0000-0002-5361-6592
https://orcid.org/0000-0002-6443-4962
https://orcid.org/0000-0002-6113-3689
https://doi.org/10.3390/math10101726
https://www.mdpi.com/journal/mathematics
https://www.mdpi.com/article/10.3390/math10101726?type=check_update&version=2

Mathematics 2022, 10, 1726

20f19

fractional FSs [5]. Further, ambiguity and uncertainty are involved in every mathematical
and genuine life issue, and in consideration of FS, dealing with awkward and unreliable
information is very problematic. For this, the major targeted and well-known theory of
bipolar FS (BFS) [6] was utilized to evaluate genuine life issues using positive and negative
SG. However, the difference between these grades is that the positive SG is defined from
the universal set to [0, 1], and the negative SG is defined from the universal set to [—1, O].
Due to the negative SG, they have a lot of advantages compared with FSs. To enhance the
feasibility in the data representation of the evaluation of the attributes and the accuracy
of decision-making techniques, scholars have developed many techniques using BFS, for
example, Dombi operators [7], Dombi prioritized operators [8], bipolar soft sets [9], bipolar
fuzzy soft sets [10], cubic BFSs [11], averaging operators for cubic BFSs [12], extended
BFSs [13], uniform for BFSs [14], 2-tuple linguistic BFSs [15], order weighted operators [16],
analysis of distinct implications for BFSs [17], different types of measures for BFSs [18],
bipolar hesitant fuzzy linguistic sets [19], and bipolar Pythagorean fuzzy sets [20].

With the availability of the above-cited information, there is an ambiguity to manage
the periodicity that is in various genuine life dilemmas. The complex information can be
considered to address the periodicity of the grades by its phase term, and also, complex
information can be shown in two-dimension data. Keeping the supremacy and worth of
the complex information, Ramot et al. [21] extended the range of FS (“[0, 1]”) into a range
of complex FS (CFS) belonging to the unit disc in the complex plane. The mathematical
structure of SG in CFS is of the form x + iy, where the values x and y are defined from
the universal set to [0, 1]. In many papers, many authors have used the polar form of
x + iy, which is re!?. In complex and diverse useful decision-making tools, CFS and specific
complex fuzzy numbers have possible deficiencies, for example, interval-valued CFSs [22],
complex fuzzy hypersoft sets [23], interdependency for CFSs [24], algebraic structure for
CFSs [25], distance measures for CFSs [26], entropy measures for CFSs [27], and similarity
measures for CFSs [28]. Additionally, ambiguity and uncertainty are involved in every
mathematical and genuine life issue, and in consideration of CFS, dealing with awkward
and unreliable information is very problematic. For this, the major targeted and well-known
theory of bipolar CFS (BCFS) [29] was utilized to evaluate genuine life issues using positive
and negative SG in the shape of complex numbers. However, the difference between these
grades is that the positive SG is defined from the universal set to [0, 1]+i[0, 1], and the
negative SG is defined from the universal set to [—1, 0]+i[ — 1, 0]. Due to the negative
SG, they have a lot of advantages compared with FSs, BFSs, and CFSs. To enhance the
feasibility in the data representation of the evaluation of attributes and the accuracy of
decision-making techniques, scholars have developed many techniques using BCFS, for
example, Dombi aggregation operators [30] and Hamacher aggregation operators [31]. The
information explained in this section is contained in three major problems.

1. How do we manage the finite family of BCF numbers?
2. How do we aggregate the distinct criteria values and arrange all opinion values?
3. How do we give rank to alternatives for finding the beneficial decision?

Hence, the main key features of this analysis are eliminating these complications and
computing a perfect and well-known technique for evaluating genuine life dilemmas very
accurately.

The prevailing drawbacks, such as FSs, BFSs, and CFSs, have been extensively capable
in various disciplines, while they have been limited in conditions and structures. In such
structures, the data arranged based on the term are managed with only one-dimension
data at a time, which are obvious loss of various kinds of information at specific periods.
In genuine life, we deal with complex circumstances where it becomes necessary to add
another term to the positive and negative SG. By introducing this other term/dimension,
the complete data can be organized in a single term, and hence, data loss can be rejected. To
demonstrate the meaning of the phase term, assume an automotive enterprise in Pakistan,
where they resolve to choose the ERP software for enhancing their enterprise’s activities.
Enterprises consult an expert team concerning (i) total rating and (ii) the latest version
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of the ERP software. This is a two-dimensional dilemma, and this is incapable of being
performed correctly based on BCFSs. The theory of BCF information is a meaningful and
valuable framework used for the identification and classification of the problematic and
awkward information that happens in genuine life dilemmas.

The theory of the BCF set is a modified theory of BFS because the amplitude term
workings the theory of BCF information, and due to this, the theory of the BCF set is
massively valuable and dominant. The main difference between BCF sets and BFS is that
the BCF set contains an amplitude term and the BFS does not. The amplitude and phase
terms represent the real and imaginary parts in the BCF information. The phase term
is not included in the theory of the BFS, and due to this issue, experts have lost a lot of
information in evaluating the process of decision making. Similarly, the same cases have
occurred in many places, and due to these issues, many experts have found alternatives.
Further, the main importance of the phase term is explained with help of some suitable
examples. For instance, someone wants to buy a car based on two important features, called
model and production data, which represent the real and imaginary parts, and notices that
the existing theory of the BFS has been refused. For managing such sort of issues, the theory
of BCF information is massively suitable because the positive and negative membership
grades in BCF information are in the shape of a complex number. Hence, the theory of BCF
information is a modified version of the prevailing or traditional BFS.

Thus, motivated by the above genuine and practical examples of BCF information and
decision-making procedure, this analysis deals with how to aggregate and how to find the
best decision by employing the ambiguity and fuzzy data. To evaluate these complications,
this analysis is focused on evaluating the above differences and proposing an alternative
solution. The main purpose of this theory is described below:

1. To deliberate various techniques for aggregating the collection of information into a
singleton set, called BCFWAA, BCFOWAA, BCFWGA, and BCFOWGA operators for
BCFNs.

2. Toillustrate the feasibility and original worth of the diagnosed approaches, we demon-
strated the properties (“idempotency, monotonicity, and boundedness”) and the
results of the investigated work.

3. MADM refers to a technique employed to compute a brief and dominant assessment
of opinions with multiattributes. The main influence of this theory is implementing
the diagnosed theory in the field of the MADM tool using BCF settings.

4.  Finally, the invented techniques are resolved by conferring with logical ranking
evaluation and comparative techniques, which discovered that the ranking is the
theme to a logical ranking that is encouraged by superior parallel results over a
distinct framework with differences in the weights of the criteria.

The construction of this theory is developed in this fashion: In Section 2, we recall the
fundamental theory of BCF setting and its operational laws. In Section 3, we deliberate
various techniques for aggregating the collection of information into a singleton set, called
BCFWAA, BCFOWAA, BCFWGA, and BCFOWGA operators for BCENs. To illustrate the
feasibility and original worth of the diagnosed approaches, we demonstrate the properties
(“idempotency, monotonicity, and boundedness”) and the results of the investigated work.
In Section 4, MADM refers to a technique employed to compute a brief and dominant
assessment of opinions with multiattributes. The main influence of this theory is imple-
menting the diagnosed theory in the field of the MADM tool using BCF settings. Finally,
the invented techniques are resolved by conferring with logical ranking evaluation and
comparative techniques, which discovered that the ranking is the theme to a logical ranking
that is encouraged by superior parallel results over a distinct framework with differences
in the weights of the criteria. In Section 5, we describe the conclusion of this article.
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2. Preliminaries

In this theory, we recall the fundamental theory of BCF setting and its operational
laws. The theory of BCF information is a meaningful and valuable framework used for the
identification and classification of the problematic and awkward information that happens
in genuine life dilemmas.

Definition 1 ([29]). The theory of BCF information is invented by:

~

W= {(%, Tp_ (), TN_W(%)) ‘ S X} 1)

Obviously, Tp_y () = Trp_w(50) + 1 Tp_w(50) and Ty_y(3) = Try_w(s) +
t Tyn_w (5¢), showing the positive and negative SG with Tpp_w (), Tjp_w () € [0, 1], and
Ten w(3), Ty () € [<1, 0], where W = (Tp_yy (), Ty (%)) = (Tgp_g(30)+
Tip_w(50), Try_w(s) +1 TIN_W(%)), represent the BCFNs used in all theories. The com-

parison between two BCF sets is very awkward; for this, we revise the theory of score and accuracy
values, as shown below.

Definition 2 ([31]). The mathematical form of the score value invented by:

1
7 (24 Trp (9 + Tpp_yy () + Ty () + Ty _w (), Sse €10, 1] @)

and the mathematical form of the accuracy value invented by:

Trp_w () + Tip_w(3) + Try_w(3¢) + Ty _w()

, HMar€l01] Q)

Hoar (w) -

Using Equations (2) and (3), we demonstrate some theories, such that if Sgr (Wl) <
&sp(W2), then Wi < Wo; if &g (W1) > & (W2), then Wy > W if Gsp (W) =
&sr (Wi ), then if Har (W) < Hap(Wa), then Wy < Waj if Har (Wi ) > Har (W2),
then Wy > Wo; if Har (Wl) = Har (W2> , then W; = W,. We noticed that the BCF infor-

mation is very valuable, but without defining the addition, multiplication, and scaler laws, it
has no worth; therefore, we illustrate or recall some laws called algebraic laws based on BCF

information. For W; = (Twal' TN7W1> = (TRILW1 + lTIP—Wl' TRwal +1 TIN—Wl)
and W, = (T

we have

by Tnows) = (o, + Tip vy Trnoy +1 iy ) With A > 0,

_ (TRNA/V] TRN7W2> +1 (— (TINA/V] T1N7W2>)

Trp—w, Trp—w, + ¢ Tip_w, Tip_w,- ) 5)
Trnew, = Trvew, 1 (TIvaAVl +Tinew, Tinew, — TIvaAVz)

) e

RP—Wl)A T (TIP—Wl)/\’_l + (14_TR1\’—Wl)A i <_1 * (1+T1N_W1)A)>> 7

The main influence of this section is available in Figure 1.
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1. Wereview the idea of bipolar complex fuzzy sets.

2. We review the score function and the accuracy function for investigating the

relationship between bipolar complex fuzzy numbers.

3. We review the algebric laws that are used for defining the aggregation

operators.

4. We review a new result computed based on the algebric laws.

Figure 1. The geometrical shape of the existing theory.

Theorem 1 (31D. For Wi = (Tp s Ty, ) = (Tp-w, + Tip-wy Tew-vty +1 Tin i, )
andWa = (T, T, ) = (Trp vy + Tip vy Taww, ¢ Tinow, ) it A, Az, Ag >
0, we have
1. Wl @WZIWZ@WL'
Wi oW, = We Wy;
/\(Wl ® Wz) = AW; & AWy,
N A\ A N N
(Wl & Wz) = Wl/\ & Wz)‘;
MWy & AWy = (A + A2)Wy;
Wl)‘l ® Wl/\z = Wl)\ﬁ-)tz;
()"

N o0k WD

3. Aggregation Operators for BCF Settings

The idea of BCF sets, as a genuine modification of both bipolar fuzzy sets and complex
fuzzy sets, gives a massive valuable framework for representing and evaluating ambiguous
information. In intelligence decision making based on BCF sets, it is a critical dilemma
to compare or rank positive and negative membership grades. In this framework, we
deliberated various techniques for aggregating the collection of information into a singleton
set, called BCFWAA, BCFOWAA, BCFWGA, and BCFOWGA operators for BCFNs. To
illustrate the feasibility and original worth of the diagnosed approaches, we demonstrated
various properties of the diagnosed operators, in addition to their capability that the
evaluated value of a set of BCF numbers is a unique BCF number. In this article, 0 =
(01, 01,,... Oy )T is the weight vector (WV) such that 9; € [0, 1] for all j and 2}1:1 9;=1.
The main influence of this section is available in Figure 2.
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BCFWAA (Wl, W, .., Wn) _ =1

We defined the idea of bipolar complex fuzzy weighted arithmetic

aggregation operator.

We defined the idea of bipolar complex fuzzy ordered weighted

arithmetic aggregation operator.

We defined the idea of bipolar complex fuzzy weighted geometric

aggregation operator.

We defined the idea of bipolar complex fuzzy ordered weighted ge-

ometric aggregation operator.

Figure 2. The geometrical shape of the proposed theory.

Definition 3. For any collection of BCPNs,Wj = (TP—W/ TN—W,)

Ty Trn-w, +1TIN_Wj), (Gj=1,2 ..., 1)),

BCFWAA (Wl, Wa, ..., Wn) = ;
ji=1

we have the following BCEFWAA operator:

5]W] = 51W1 (&) 62W2 D...0 8an

Theorem 2. By employing Equation (8), we get the BCFNs and

11

j=1

Proof. By employing the well-known technique, called mathematical induction, to prove

Equation (9), assume, for n = 2, we have

S}
) 1= (1-Tp g, )+

3, W, — .
—‘TRN_WI 4+

02
) 1= (1-Tp_w,)  +1

0o W, = 3,
‘TRN_WZ 4+

=1
n

IT

=1

1- 1] (1 _TRP_Wj)a,« +1 <1 I (1 —TIP_Wj)af),

9
TRN—W]-‘ +if| -

T

1-(1 —TIP_W1)81>,
51>
1-(1- TIP_W2>62>,
52>

- ‘TIN—Wl

- ‘TIN—WZ
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51W1 (S5) 52W2 =

111 (1—TRP_Wj)6j vl Iil (1 TIP_Wj)6j),

_ j
o 2 9; 2
N S 1 U s —H’T
j=1 / j=1

Now suppose Equation (9) is true for n = K, that is,

I S (( poy (N (O
BCFWAA (Wi, W, ..., W) = « 5 (
+io|—1I

— 11 TRN—W]-
j=1

Now for n =K + 1, we have

BCPWAA(WI, Wa, ..., Wy, WK+1)
0T (- fi-m))
K 9; K 9;
- H‘TRN—W-’ +u ( H‘Tlew-‘ )
j=1 j= 18
4 1_( T WKH) K+1
Ok+1 OK+1
)+ (- )
( ! 7]‘1§1<1 TRPWf>6j> +1- (1 7TRP*WK+1>6KH - (1 a (1 Trp- WK+1>6K+]> - ]151 >
| (= ) ) 1 (T )™ = (= 0T ) ™) (- 0T W))
SKH) o ( (jHl’TIN_WI‘ ‘TIN—WKH 3](“
— (1= Trp_w )Sj (1 - TRp—le)

1
+1 <1 -1l (1 - TIP—W]) <1 - TIP*WKH)BKH

OK+1

5K+1>
_ Rpfw)aj + (1 — Kljll (l - Tle].>5j>'

K+1 3, K+1 9,
- I ’TRN—W,-’ ol = I Tivew,

@

TIN_WK+1

n (‘TRN_WK+1

- ],gl‘TRN—W, ‘ ’TRN—WKH
0K 41

’

K - 9 T
_H’ RN—Wj‘ ‘ RN-Wx 41

This shows that Equation (9) holds for n > 0. O



Mathematics 2022, 10, 1726 8 of 19

Theorem 3 (Idempotency property). For any collection of BCFNs, W; = (TP—W]-' TN—W]-) =
(Top—v, + Tip-wy Trnot, +¢ T, ) (=1 2oy m), i Wy = W then

~

BCEWAA (Wl, Wo, ..., Wn) -W (10)

Proof. Assuming that Wj = W, then

n 9;
o A 1—j];[1(1—TRP7W) +z<l—
BCFWAA (W1, Wa, ..., W)= ) o .
0 ( fi

—I1IT
j=1

[l
o

(1 (T (= u»w))

Ten-w 0 (Tiv-w
= (TRwa +Tp wr Try-w + TINf\/V)‘

t
Theorem 4 (Monotonicity property). For any two collections of BCFNs, Aj =
(Tvaij TNij) = (TRPA/V]» T T vy Trnow; + ‘TIwaj) and WJ' = ( )
- <TRP—W];+LTIP—W]4,’ Tene W, +LTIN—W5> (4= cooom), if Trpo W, S Tep -W

<T, for all j, then

< N < .
TIP—W]- — TIP,Wj’TRN—W]- — TRwaj TIN W;

BCFWAA(WL Wo, ..., Wn) < BCFWAA (W’l, W, .., W;) 11)

. i o< N o < N o < N Yo <
Proof. Assuming that TRP_W/_ < TRpfwj’TIP—W; < THLWj’TRN—Wj < TRwaj'TIN_Wj <

TIN—W; for all j, then

Then
n ; n 9;
(1 - TRP—W]-) = I=Tep w )
j=1 j=1
n n 9;
j
1=TT(1 = Trp_w,) <1—1‘[(1 Tep W)
=1 =1
Similarly,
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Further,
n 9; n 9;
-11 TRN—Wj‘ > =1 Trn-w
j=1 j=1 /
n 9; n 9;
-11 TIN—VVj’ Z Tinew!
j=1 j=1 /
Hence,

BCFWAA(Wy, W, ..., W, ) < BCFWAA(W;, Wy, ..., W, ).

0
Theorem 5 (Boundedness property). For any collection of BCFNs, W, = (Tp_yy., Ty ) =
(Trevw, + Tip v Trnove, + 1 i) (=12, oo m), Tt W = (mjin{TRpiwj}—f—
tmjin{Tlpiwj}, m?x{TRwaj} +tm]§1X{T1P7Wj}), and W' = (max{Tgp_y, }

j
L m]-aX{TIP—Wj } mjin{TRN—Wj } +1 mjin{TIP—w,- }) then

+

W~ < BCEWAA (Wl, Wo, ..., Wn) <w" (12)

Proof. Similar to Theorem 4. OJ

Definition 4. For any collection of BCFNSs, W, = (TP—W]-' TN—W]-) = (TRP—VV,- + ‘TIP—W]-'
TRwaj +1 TIwaj), (j=1,2, ..., n), wehave the following BCFOWAA operator:

n
BCFOWAA (W1, Wz, e, Wn) = & ijs(j) = 51W€(1) ©® 62W€(2) D...PD 5,1\?\75(,1) (13)
j=1
where ((1), €(2), €(3),..., e(n)) is a permutation of (1,2, ..., n) such that Ws(]»_l) >
We(j) V.

Theorem 6. By employing Equation (13), we get the BCFNs and

1— ﬁ (1 - TRP—WS(;‘))E}] + (1 - Iﬁ[l(l a TIP_WS(j))Ej)

BCFOWAA(Wi, Wo, ..., W, ) = | 771 _ ‘ . (14)
_1131 TRN*Wsm’ R <_ TIN*Wm’ ]>

s -

j=1
Proof. Similar to Theorem 2. J

Theorem 7 (Idempotency property). For any collection of BCFNSs, W]- = (T P-W,r TN7Wj> =
(Trew, + Tipwy Trnow, +1 Tineiy)r (=102 oy ), i Wy = WY then

BCFOWAA (Wl, Wo, ..., Wn) - W (15)

Proof. Similar to Theorem 3. OJ



Mathematics 2022, 10, 1726 10 of 19

Theorem 8 (Boundedness property). For any collection of BCFNs, W; = (TP—W]-' TN—W]-) =

(TRPAfvj +Tp oy Trnow, + T[wav)' (G=12 ..., n)ltW = (H‘}H{TRPW,}"'
' ot

B L S () B A T e L

tm]ax{TIP_wj}, mjin{TRN—W]} —I—tmm{TIP W]} then

W < BCFOWAA(Wl, W, ..., W n) <W (16)

Proof. Similar to Theorem 5. [J
Theorem 9 (Monotonicity property). For any two collections of BCFNs, W] = (TPijf
TNf\/AV]-) - (TRPA/AV]- +Tpow, Trn-w, +lT1N7W]-> and Wj = (Tp_w}' TN_W;) =

(TRP ]+T w TRN w +1T w)’ G=12,...,n), if TRP—Wj = TRPJ/AV,/

j j
T, w <T T <T T

A . o < T - forall j, then
IP-W; = "p_ W, RN-W; = RN7W/-’ IN-W; = Iwa]-f Js

BCFWAA(Wl, Wa, ..., Wn) < BCFOWAA (W’l, Wy, ..., W;) 17)

Proof. Similar to Theorem 4. [J

Definition 5. For any collection of BCFNs, Wj = (Tp,wj, Twa],) = (TRP7W]4 + lTIp,Wj,
TRN—Wj +1 TIN—Wj)’ (j=1,2, ..., n), wehave the following BCFWGA operator:

n
BCFWGA(Wy, Wa, .., W, ) = @ W) =W]'eWe. . oW, (s
j=1
Theorem 10. By employing Equation (18), we get the BCFNs and
BCFWGA (W1, Wa, ..., W,)
n 5] n 6]
) ()" e (f1 (1)) w
1 TT(1+ Ty ) 40 (=14 TT(1+ i)
j=1 / j=1

Proof. By employing the well-known technique, called mathematical induction, to prove
Equation (19), assume, for n = 2, we have

Wit = (((Tkp_m)al + (TIP—Wl)al' 1+ (1 +TRN—W1)61 T (_1 + (1 TIN—W1>61>>)
= (T )™ 4 (T ) 1 ()™ (1 () ™))
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0

W0t @ W2 — (<(TRP_W1)61 y (TIP_WI)Bl,—l + (1 _|_TRN_W1)61 y (—1 + (1 —|—TIN—W1)
®(<(TRPW2)62 y (Tlpiwz)sz,—l + (1 +TRN7W2)82 y (—1 + (1 +T1NW2)62>)>

(o) (o)™ 4+ ((T-s)” (T )

-1+ (1 + Twaw])al (1 + TRNJ/AVZ)SZ Tl -1+ (1 + Tlewl)él (1 + TINW2)62>

‘i(TRPWf) ’ + <]Ii (T”’*Wf) 6j> ’

]
14T (1 +TRN_W]_)6j 1 <—1 +j1i11 (1 +TIN_W],)5/'>

j=1

Now suppose Equation (19) is true for n = K, that is,

K O; K 3.
H T AT / + (H T W ])/
BCFWGA (Wl, Wz, ey WK) = ]‘:1( RP W]) L ]‘:1< IP W])

-1 +j1i(1 + TRN_W/)F)’ +of -1 +Jf_<11(1 + T,N_Wj)6f>

Now for n =K + 1, we have

BCFWGA (Wl, Wa, ..., Wi, WKH)

B ()4 (fi(rw)").

—i ]«Ii (1 + TRwaj) . (—1 + ]li (1 + mej)sj>
<TRP7WKH ) e 1 <T1P7VVKH ) SKH,

i (1 + TRNfWKH)aKH +1 (1 + (1 + TINWKH)ﬁKH)
()" ¢ (1 ()"

K+1 9; K+1 9;
1+ 11 (1+TRN7W]-) to(-1+T11 (1+TIN7W]_)
j=1 j=1

®

This shows that Equation (19) holds for n > 0. O
Theorem 11 (Idempotency property). For any collection of BCENS, Wj = (Tp,w./ Tva”v-)
] ]

= (Trow, + ooy Tenow, +1 Tinei ) (=12, <o, m),if Wy = WY, then

BCEWGA (Vvl, Wa, ..., Wn) -W (20)
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—Hmin{TI

At
] P—V‘v]}' m].aX{TRN—W]-} +‘mf‘X{T1P—W]-})' and W = (m].aX{TRP—W]-}
+1 m]»aX{TIvaAVj}’ rr;jn{TRwaj} + 1 II‘]in{Tlpfwj})' then
W

ot

BCFWGA (Wl, Wa, ..., Wn) <W 1)

Theorem 13 (Monotonicity property). For any two collections of BCFNS, Wj = (TP7W]-’

Ty-w,) = (Tro—w, + Tip—ss Trnoi, +4 iy, ) and W, = (TP_W}, TN_W}) =
T

(TRPW,v + lTlpfwi’ TRN*VAV'V +1 TINW;)’ (] =1,2,..., 7’1), lf TRP—Wj < RP_W/
T

] ] ]
<T TIwaj < TIN*VAV} forall j, then

IP=Wj = " p-W;” ~RN-W; RN-W,’

BCFWGA (Wl, Wa, ..., wn) < BCFWGA (W’l, W, ..., W;) (22)

Definition 6. For any collection of BCFNs, W]- = (TILW]_, TN—W]-) = (TRILW]_ + tTHLW]_,

TRN—Wj +1 TIN—W/-)' (j=1,2, ..., n), we have the following BCFOWGA operator:

n
A A A A 0; ~,0 A0 ~:0
BCFOWGA (W1, Wa, ..., W) = @ W) = Wiy @ Wiy @ 0 Wiy (29)
2

where ((1), €(2), €(3),..., e(n)) is a permutation of (1,2, ..., n) such that Ws(]»_l) >
We(j) V.

Theorem 14. By employing Equation (23), we get the BCFNs and

BCFOWGA (Wl, Wa, ..., wn)

]1211 (TRPJ/AVS(].) ) " (JIEI1 (Tir-e) 6]) ‘ (24)

11 (1 +TRN—We<j>>aj o <_1 I (1 * TIN—We</>)aj>

j=1 j=1

Proof. Similar to Theorem 10. [J
Theorem 15 (Idempotency property). For any collection of BCENS, Wj = (TP—W]-/ TN—W]-)
= (oo, + Tipvy T, + 4 T, )r (=1 20 e, ), if Wy = W, then

BCFOWGA (Wl, Wa, ..., Wn) - W (25)

Theorem 16 (Boundedness property). For any collection of BCFNs, Wj
- (Tpfwj, Twaj) - (TRpfwjjuTlpfwj, TRwaij[TINij), (=12 ..., n), let
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— . . At
W = (mjm{TRp_Wj} +1 nl/}n{TIP_Wj}, m]ax{TRN_Wj} +1 m]ax{TIP_Wj}> andW =
max{TRpiwj} +1 max{Tlpiwj}, m.in{TRwaj} +1 min{TIPW]}) then
) ] ] ]

W~ < BCFOWGA (wl, Wa, ..., Wn) <W' (26)

TNf\/AV]-) - (TRPf\/AV]- +Tpw, Trn-w, +‘T1N7W]-> and W; = <Tp_wi/ TN_W;.) =

(TRP W T Tevw +1TINW;>, G=12 om), if Tepyy, < Tep

L < < . L < y '
p-w, < TIP W TRN—Wj < TRN—W]»’ TIN—Wj < TIN—W/- forall j, then

BCFOWGA(Wl, Wa, ..., W, ) < BCFOWGA (w W, ..., W;) 27)

4. Multiattribute Decision-Making Procedure

Decision making is worth finding the given decisions and considering the beneficial
action plane to finalize the provided task. It is the main part of human life, both personally
and professionally. Making the beneficial options and selecting the beneficial opportunity
path are valuable skills to have in your mind as the requirement for intellectuals with such
qualities is on the rise. The main theme of this theory is employing the technique of the
MADM method based on diagnosed operators.

4.1. Decision-Making Procedure

To proceed with the decision-making procedure for evaluating various genuine life
dilemmas in consideration of the diagnosed work, we assume that the collection of alternatives
Y= (Yl, Y, .. .,Ym) and their attributes b = {by, by, ..., by} withd = (01, 01,,... On )T
shows the weight vector such that 9; € [0, 1] for all j and 3" ; ; = 1. For illustrating the

matrix, we suggest various kinds of information in the shape of BCF settings, such that W =
(To w0 Ty (59) = (Trpw () + Tip (), Taw (30) +1 Ty () )it s clear
that T, (50) = Trp_w(2) +1 Tjp_w(3¢) and Ty (2) = Try_w (%) +1¢ Ty w(*)
diagnosed supporting and supporting against terms with Ty, (%), T;p_w (3¢) € [0, 1]
and Tyy_w (%), T;y_w(3) € [~1, 0]. To enhance the worth of the invented theory, we
arranged some steps for evaluating the above dilemmas:

Step 1: Arrange the information and evaluate it if the data are in the shape of benefit
types; if the data are in the cost type, then normalize it using

Trp_w(20) +Tip_w(3), Tpy_wis) +1 TIN,w(%)> benefit
1= Tep () + (1= Tp () ), =1+ Ty () +1(=1+ Tpy () ) cost

Step 2: Evaluate the information by using the BCFWAA, BCFOWAA, BCFWGA, and
BCFOWGA operators and find the singleton values.

Step 3: Evaluate the SV of the aggregated values.

Step 4: Evaluate the ranking values based on the obtained SVs and illustrate the best
decision.
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4.2. Numerical Example

The key factor of this theory is evaluating the invented theories based on the BCF
setting in the field of MADM techniques. Here, we diagnose the best and most beneficial
textile to the proposal as the best possible material under the four terms called alternatives
showing the name of the textile enterprises and four attributes. To enhance the main theme
of this theory, we take some information from [7], including the fashion instructor, who
wants to develop a new enterprise for optimal fabric. The fashion instructor suggests four
enterprises, which are described below:
by: Strength;
by: Taxes;
bs: Stickiness transmission;
by: Smartness and dignity.

To resolve the information described in the above problem, the expert gives weight
vectors for each attribute in shape: 0.2, 0.3, 0.1, and 0.4. To enhance the worth of the
invented theory, we arrange some steps for evaluating the above dilemmas:

Step 1: Arrange the information and evaluate it if the data are in the shape of benefit
types; if the data are in the cost type, then normalize it using

—0.3132 — 1 0.8156 —0.7224 — 1 0.8352 —0.2833 — 1 0.6206 —0.3644 — 1 0.1511

v (T w () + T (), T o) 4 TIN_W(%)) benefit
1= Trp_w() + t(l - Tlpfw(%)), —1+Try w(3) + t(—l + Tm,w(%>)) cost
However, the information in Table 1 does not need to be normalized.
Table 1. Original decision theory contains bipolar complex fuzzy settings.
e 0.11+1:0.12, 0.14 + 1 0.24, 0.25+1:0.7, 055 +10.39,
—0.21—0.11 ~0.16 — 1 0.32 ~0.5-1:0.98 —0.05—10.23
9, 0.39 +10.65, 0.67 +10.8, 0.89 +10.95, 0.68+10.7,
~0.35—10.15 ~0.9—1:0.98 —0.55—10.5 —05—104
A 0.45+10.11, 0.23 +10.36, 0.63+10.13, 0.23 +10.54,
—02—1:0.1 —03-1:078 —0.67 —10.24 —0.11—10.65
9, 0.26 + 1043, 0.67 +10.23, 03 +10.34, 054105,
—0.24 —10.05 —0.43 —10.17 —0.36 —10.11 —04—104
Step 2: Evaluate the information by using the BCFWAA, BCFOWAA, BCFWGA, and
BCFOWGA operators and find the singleton values, as stated in Table 2.
Table 2. The aggregated values obtained by using step 2.
Operators by ba b3 ba
BCEWAA 0.3408 + 1 0.3469, 0.6698 +:0.771, 0.331 + £ 0.3823, 0.5204 + 1 0.3993,
—0.1189 — 1 0.2533 —0.5623 — 1 0.4399 —0.2007 — 1 0.4274 —0.3652 — 1 0.1794
BCFOWAA 0.2773 4+ 1 0.476, 0.6825 + 1 0.8133, 0.331 + 1 0.3615, 0.4694 + 1 0.3471,
—0.34 —10.217 —0.582 — 1 0.446 —0.222 — 1 0.435 —0.354 — 1 0.122
BCFWGA 0.2444 + 1 0.2824, 0.6223 + 1 0.7402, 0.2909 + £ 0.3017, 0.4857 4 10.3017,
—0.1724 — 1 0.4699 —0.6788 — 1 0.7723 —0.2659 — 1 0.6025 —0.3765 — 1 0.2458
BCFOWGA ( ( 0.6038 + 1 0.7677, ) ( ( 0.4167 +10.3294, )

0.2159 + 1 0.3296, ) 0.2909 + 1 0.2897, )

Step 3: Evaluate the SV of the aggregated values, as stated in Table 3.
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Table 3. The score values of the aggregated values given in Table 2.

Operators Ssr(b1) Ssr(b2) Ssr(b3) Ssr(by)
BCFWAA 0.5789 0.6097 0.5213 0.5938
BCFOWAA 0.549 0.617 0.5089 0.5852
BCFWGA 0.4711 0.4778 0.431 0.5583
BCFOWGA 0.3542 0.4534 0.4192 0.5576

Step 4: Evaluate the ranking values based on the obtained SVs and illustrate the best
decision, as stated in Table 4. The graphical depiction of the information discussed in

Table 3 is illustrated in Figure 3.

Table 4. Ranking values.

Operators Ranking
BCFWAA Operator YLoa>sYy>Y>Ys
BCFOWAA Operator L>YU>Y >
BCFWGA Operator UL > >
BCFOWGA Operator YLW>HL>>Y

Figure 3. A graphical depiction of the information discussed in Table 3.

The ranking results for any four different types of operators are described in Table 4
using the information of BCFWAA and BCFOWAA operators to get the best optimal value
as Y, and using the information of BCFWGA and BCFOWGA operators get the best optimal
value as Y. To check the supremacy of the diagnosed work, we remove the imaginary part
of the diagnosed information, available in Table 5.
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Table 5. Original decision theory contains bipolar fuzzy settings.

e ( 0.11+4:0.0, ) ( 0.14+:0.0, ) (025+LOO ) ( 0.55+1:0.0, )
-021-:0.0 —-0.16 —: 0.0 —-0.5-1:0.0 —0.05-:0.0
' ( 0.39 +:0.0, ) (O67—|—100 ) ( 0.89 +1:0.0, ) (O68+LOO )
—0.35-:0.0 —-09—-:0.0 —0.55—-1:0.0 —-05—-:0.0
Y5 <045+100 ) 0.23+1:0.0, ( 0.63 +1:0.0, > < 0.23+1:0.0, )
—02—-:00 —03—-:00 —0.67 —10.0 —0.11-:0.0
Yy

0.26 +:0.0, 0.67 +10.0, 0.3+41:0.0, 0.5+:0.0,
—-0.24-:00 —0.43-1:0.0 —-0.36 —:0.0 —-04—-:0.0

Evaluate the information by using the BCFWAA, BCFOWAA, BCFWGA, and BC-
FOWGA operators and find the singleton values, as stated in Table 6.

Table 6. Expression of the aggregated values.

Operators
BCEWAA 0.3408 + £ 0.0, 0.6698 + 1 0.0, 0331+ 0.0, 0.5204 + 1 0.0,
—0.1189 —: 0.0 —0.5623 — 1 0.0 —0.2007 — 1 0.0 —0.3652 — 1 0.0
BCFOWAA 0.2773 + 1 0.0, 0.6825 + 1 0.0, 0.331 +1:0.0, 0.4694 + 1 0.0,
—0.34—-1:0.0 —0.582—-:0.0 —0.222—-:0.0 —0.354 —:0.0
BCFWGA 0.2444 +: 0.0, 0.6223 +: 0.0, 0.2909 + 1 0.0, 0.4857 +: 0.0,
-0.1724 — 0.0 —0.6788 — 1 0.0 —0.2659 — 1 0.0 —0.3765 -1 0.0
BCFOWGA [ 0.21594-:0.0, 0.6038 +: 0.0, 0.2909 + 1 0.0, 0.4167 +: 0.0,
—0.3132 -:0.0 —0.7224 -1 0.0 —0.2833 -1 0.0 —0.3644 — 1 0.0
Evaluate the SV of the aggregated values, as stated in Table 7.
Table 7. Representation of the score values.
Operators Ssr(b1) Ssr(b2) Ssr(b3) Ssr(bs)
BCFWAA 0.5555 0.5269 0.5236 0.5388
BCFOWAA 0.5151 0.5252 0.5273 0.5289
BCFWGA 0.518 0.4859 0.5063 0.5273
BCFOWGA 0.4757 0.4703 0.5019 0.5131

Evaluate the ranking values based on the obtained SVs and illustrate the best decision,
as stated in Table 8.

Table 8. Ranking values.

Operators Ranking
BCFWAA Operator Yi>U>Th>Y;
BCFOWAA Operator Y>> >
BCFWGA Operator Lu>Yi>Y>Y
BCFOWGA Operator Yu>Y3>01>Y

The ranking results for any four different types of operators are described in Table 8.
Using the information of the BCFWAA operator, we get the best optimal value as Y1, and
using the information of BCFOWAA, BCFWGA, and BCFOWGA operators, we get the best
optimal value as Yy.

4.3. Comparative Analysis

To illustrate the worth and value of the diagnosed operators, we perform a compari-
son between diagnosed workers and existing operators. That is because the technique of
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comparison plays a very valuable and meaningful role in the environment of the decision-
making technique. The main theme of this theory is comparing the investigated theory
with some prevailing theories. For this, we select some existing techniques and try to
discuss them here. To enhance the feasibility in the data representation of the evaluation of
the attributes and accuracy of decision-making techniques, scholars have developed many
techniques using BCFS, for example, Dombi aggregation operators [30] and Hamacher ag-
gregation operators [31]. A comparison of proposed and prevailing scenarios is diagnosed
in Table 9, and its graphical depiction is illustrated in Figure 4.

Table 9. Comparative analysis of the proposed work.

Authors Methods Ggp(b1) Ggp(b2) GSsp(b3) Ggp(ba) Ranking
Mahmood et al. [30] BCFHWA 0.549 0.617 0.509 0.585 Yo>Yy>Y >V
Mahmood et al. [30] BCFHWG 0.451 0.383 0.491 0.415 Ys>Yi>Y>1

Mahmood and Ur - - N N
Rehman [31] BCFDWA 0.614 0.683 0.562 0.601 LsY > >Y;

Mahmood and Ur - N - N
Rehman [31] BCFDWG 0.37 0.214 0.398 0.36 Y3>Y>Y >

Proposed BCFWAA 0.5789 0.6097 0.5213 0.5938 LasYy>Yi>Y;

Proposed BCFOWAA 0.549 0.617 0.5089 0.5852 LasYy>Y>Y;

Proposed BCFWGA 0.4711 0.4778 0.431 0.5583 WUW>Y>Y>Y;

Proposed BCFOWGA 0.3542 0.4534 0.4192 0.5576 W>Y>Y>Y

0.7

0.6 == ] - e

0.5 i - B
1%} —
S 04 . 5
= :
&
o 03
O
(%]

0.2

0.1

0
BCFHWA BCFHWG BCFDWA BCFDWG BCFWAA BCFOWAA BCFWGA BCFOWGA

Alternatives

Figure 4. A graphical depiction comparison among proposed and prevailing scenarios. Where,
BCFHWA, BCFHWG are presented by Mahmood et al. [30] and BCFDWA, BCFDWG are presented
by Mahmood and Ur Rehman [31].

Figure 4 contains different alternatives in the shape of distinct colors, which shows the
ranking results. Further, the theory of BCF information is of much value due to its strong
shape. In this manuscript, the defined operators are computed based on the algebraic
t-norm and t-conorm. From Table 9, we noticed that all prevailing and proposed works give
different types of results. In [30,31], experts investigated the idea of Hamacher and Dombi
aggregation operators by using the Hamacher t-norm and t-conorm and Dombi t-norm and
t-conorm. Many people have diagnosed different types of norms, such as Einstein t-norm
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References

and t-conorm and Frank t-norm and t-conorm. In the future, we will try to employ them in
the region of BCF information.

The theory of BCF information is a meaningful and valuable framework used for the
identification and classification of the problematic and awkward information that happens
in genuine life dilemmas.

5. Conclusions

In this manuscript, we combined the theory of BCF information with
arithmetic/geometric aggregation operators and diagnosed the theory of CFWAA, BC-
FOWAA, BCFWGA, and BCFOWGA operators for BCFNs. Further, the fundamental
properties and their related results were also examined to show the feasibility and original-
ity of the diagnosed approaches. Moreover, we implemented the diagnosed theory in the
field of the MADM tool using BCF settings. Finally, a benchmark dilemma was used for
comparison with various prevailing techniques to justify the cogency and dominancy of
the evaluated operators.

5.1. Limitations

We noticed that the theory of BCF information is very dominant and valuable, but in
various situations, it is not working effectively, for example, if an expert gives information
in the form of bipolar complex intuitionistic fuzzy sets, bipolar complex Pythagorean fuzzy
sets, bipolar complex picture fuzzy sets, and bipolar complex spherical fuzzy sets.

5.2. Future Work

In the future, the theory of the Maclaurin symmetric mean [32], rough mF bipolar soft
environment [33], bipolar fuzzy N-soft sets and their application [34], bipolar soft sets and
their application in decision making [35] will be studied, and we will try to utilize them in
the environment of BCF information.
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