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ABSTRACT Al-powered robots contain many sensors, such as vision devices like 2D/3D cameras, vibration
sensors, proximity sensors, accelerometers, and other environmental sensors. These sensors enable real-time
sensing data to be obtained and analyzed. Here, the discussion of robot selection Al-field. In this work,
we aim to examine Al robotic systems based on a bipolar complex fuzzy soft set (BCFSS) with Power dombi
aggregation operators (PDAQO). Moreover, we aim to examine BCFS power dombi average AOs and BCFS
power dombi geometric AOs. Three BCFS power dombi average (PDA) AOs are identified in this work,
namely the BCFS power dombi weighted average (BCFSPDWA) AO, BCFS power dombi hybrid average
(BCFSPDHA) AO and BCFS power dombi ordered weighted average (BCFSPDOWA) AO. Likewise, three
types of BCFS power dombi geometric AOs have been identified, namely: BCFS power dombi weighted
geometric (BCFSPDWG) AO, BCFS power dombi order-weighted geometric (BCFSPDOWG) AO and
BCFS power dombi hybrid geometric (BCFSPDHG) AO. Subsequently, we will propose a numerical model
for the proposed operators, as well as a multi-attribute decision-making (MADM) model that can be used to
select the best robot in Al Finally, we will compare the results of the numerical model with the prevailing
outcomes in terms of supremacy and dominance.

INDEX TERMS Bipolar complex fuzzy soft set, fuzzy set, MADM method, power dombi aggregation
operators, soft set.

INTRODUCTION

Within artificial intelligence, robotics is a distinct field that
studies the development of intelligent machines or robots.
Robotics combines computer science, engineering, electri-
cal and mechanical engineering, and programming language.
Many people believe that robotics is a subset of artificial
intelligence (Al), even though the two have different pur-
poses and objectives. Robots that mimic humans in both
appearance and logic can be created using Al. Robotic
applications were extremely limited in the past, but with
the integration of artificial intelligence, they have grown
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in sophistication and efficiency. Al has become indispens-
able in the industrial sector, surpassing human productivity
and quality. The numerous uses, benefits, distinctions, and
other aspects of robotics and AI will be covered in these
problems.

The uncertainty and intricacy typically contain a great
deal of conundrums. The professionals also attempt to solve
these conundrums. In response to this, Zadeh [1] started FS.
Truth grade (TG) in FS is classified as belonging to [1, 0].
FS deals with every problem that has complexity and uncer-
tainty involved. The majority of things are handled by more
than just FS. Consequently, Mardani et al. [2] started using the
DM approach to apply some AOs over FS. Nowadays, FS is
failing to handle an increasing number of issues. We only
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have one TG in the FS. Many conundrums are composed of
two-sided operations. Intuitionistic FS (IFS), which addresses
issues of ambiguity and uncertainty, was first introduced by
Atanassov [3]. IFS currently consists of false grades (FG) and
TG, where FG and TG belong to [1, 0]. Moreover, Xu [4]
initiated the deployment of the IFS AO. To make the AOs’
difficulties easier to understand, use mathematics to solve
them. Prioritized IFAOs (PIFAOs) were demonstrated by Yu
and Xu [5]. Improved language IFAOs and their use with
MADM were indicated by Liu and Wang [6], based on IFSs,
Xu and Yager [7] created a few geometric AOs (GAOs). The
IFS Dombi AOs (DAOs) and their application to MADM
were invented by Seikh and Mandal [8]. Kutlu Gundogdu
and Kahraman [9] introduced the use of spherical FSs (SFSs)
in the extension of WASPAS. In addition, many problems
have both positive and negative aspects. Zhang [10] used a
computational framework for multi-agent decision analysis
and cognitive modeling along with bipolar FSs (BFSs) and
relations. Positive TG (PTG) and negative TG (NTG) in
BFS are defined as follows: PTG belongs to [1, 0], NTG
to [—1, 0], and their sum to [—1, 1]. BF DAOs (BFDAOs)
and its application in MADM approach were introduced by
Jana et al. [11]. BF Hamacher AOs (BFHAOs) in MADM by
Wei et al. [12]. In MADM, BFD prioritized AOs (BFDPAOs)
were shown by Jana et al. [13]. In MADM, Wei et al. [12]
denoted (BFHAOs). BFDPAOs were introduced in MADM
by Jana et al. [13]. Bipolar neutrosophic DAOs (BNDAOs)
are new and can be used in MADM problems, according to
Mahmood et al. [14]. Furthermore, BF graphs (BFGs) were
started by Akram [15].

We also noticed that the majority of the problems have
two dimensions. Ramot et al. [16] addressed two-dimensional
conundrums, demonstrating complex FSs (CFSs). Both real
and unreal components are present in CFS. Real and unreal
parts are located in the complex membership grade [1, 0],
where « = +/—1. There is a polar shape in this CFS.
Following this, a new interpretation of the complex mem-
bership grade was proposed by Tamir et al. [17]. This CFS
is composed of real and unreal components that pertain to
[1, 0] and is in Cartesian form. Additionally, their sum con-
tains [1, O]. An outline of the theory and uses of CFSs and
CF logic were indicated by Rishe et al. [18]. CF AAOs
and GAOs were started by Bi et al. [19], [20]. Complex
hesitant FSs (CHFSs) and their applications to DM with
various and creative distance measures (DM) were denoted
by Garg et al. [21]. An innovative method for complex
dual hesitant FSs (CDHFSs) and their applications in pattern
recognition (PR) and medical diagnosis (MD) were started
by Rehman et al. [22]. The DM algorithm and new CF N-soft
sets were introduced by Mahmood et al. [23]. Additionally,
under the influence of BCFSs, Mahmood and Rehman [24],
[25] developed DAOs and generalized similarity measures
(GSMs). The categorization of renewable energy and its
sources using a DM technique based on BCF frank power
AOs was indicated by Naeem et al. [26]. Mahmood et al. [27]
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also looked into BCFHAOSs and how they could be used in
MADM.

The soft set (SS), which plays a crucial role in resolving
ambiguity and vagueness concerns, is one of the greatest
achievements after FS. Due to requirements of dilemmas,
Molodtsov [28] initiated the first results of the SS theory.
Due to SS all dilemmas have been handled easily and fruit-
fully. Maji et al. [29] demonstrated some operations in SS.
Ali et al. [30] signified some novel operations in SS theory.
By defining the operations of SS is so easy for extension in
SS. Therefore most of the experts are started work on the
SS. Babitha and Sunil [31] initiated SS relations and map-
pings. Herawan and Deris [32] demonstrated SS technique
for related conditions mining. Moreover, SS can sort out all
dilemmas which are associated with SS, although many of
them have drawbacks. Therefore, the significance of bipolar
SS (BSS) is fruitful. For this Mahmood [33] presented a novel
technique of BSS and their applications. There is a new notion
developed by combining FS and SS. This work has been
done by Roy and Maji [34] and created fuzzy soft (FSS).
For more extension Abdullah et al. [35] demonstrated bipolar
FSS (BFSS) and its applications in DM dilemmas. There were
facing one-dimensional FSS but Thirunavukarasu et al. [36]
remove these dilemmas and propound by adding complex
to FSS and created complex FSS (CFSS) with applications.
Alcantud [37] signified FSS in the basis of DM. Selvachan-
dran and Singh [38] designed interval-valued CFSS with
application. FSS was consist of one dimension but by adding
complex become 2-dimensional. Now, the work is not run-
ning by only 2-dimensional and required negative aspect. For
this, Mahmood et al. [39] initiated bipolar CFSSs (BCFSSs)
and DM applications. In this article, experts defined all oper-
ational laws for extension of this idea. Keeping in mind the
above idea Mahmood et al. [40] designed PR and MD based
on trigonometric SMs for BCFSS. On this idea Jaleel [41]
used WASPAS approach on the DAOs under the effect of
BCFSS for Agricultural robot technology. This publication
aims to identify the most influential robot selection in the
Al field by first deducing AOs under the BCFSS environ-
ment, which are BCFSPDGA and BCFSPDAA operators.
Additionally, this pertains to the power aggregation operator
(PAO). The main advantage of the inferred operators is that
the assistance parameterization aspect allows them to mimic
real-world problems. The supplied data, as described by the
experts or decision-makers, is aggregated by AOs to produce
a single value used to rank the alternatives. The score values
are then obtained by using the scoring function. As far as
we can tell, the literature on BCF soft power Dombi aggre-
gation information is lacking; research on BCFSS has up to
this point only addressed its basic theory and applications.
As such, it is a new conundrum with potential for future
establishment in decision science. The DM conundrums that
have been mentioned above in the context of BCFSS under
AOs sufficiently motivate us to write this manuscript. This
manuscript’s main objective is to build specific AOs in the
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context of BCFSS, build a DM approach based on the inferred
operators, and then identify the robot that has the greatest
influence in the Al-field. The discussion above also led us to
the conclusion that different authors have discussed various
kinds of robots and that they serve a very important purpose in
Al Furthermore, we deduced from the preceding discussion
that BCFSSs are a more advanced and effective structure
than the theories mentioned above since they manage the
challenging and intricate data associated with the second
dimension of robots in the Al-field. It therefore clearly fulfils
and generates remarkable outcomes from other notions.

The article has been constructed as follows: Basic def-
initions were introduced in section II. Meanwhile, a few
BCFSS operations were defined in Section III. Subsequently,
section IV dealt with Dombi operators for BCFSNs. Bipolar
complex fuzzy soft power dombi aggregation operators are
covered in section V. The application of MADM with a
numerical example is covered in section VI. We performed a
comparative analysis of prevalent concepts of ascendancy and
hegemony in section VII. We reached a conclusion regarding
the advantages in section 8.

I. PRELIMINARIES
This section consists of some prevailing basic definitions and
their properties which we want to discuss.

Definition 1 ([1]): A FS B in the form of B =
[(f,nf) , ‘v’fefj’} on a fixed set (¥, where, g : " — [0, 1]
signifies the TG of each element TE(}.

Definition 2 ([10]): A BFS B over [’ is of the form B =
{(f‘, 1)%, l)%) ,fefl’} , where t)% 0 — [0,1], pgy O —
[—1, 0] are the PTG and NTG.

Definition 3 ([16]): A CFS B in the form of B =
{C,9p).T€l} = {f.#p + Pp.T€F} where ng is Com-
plex TG and 23, Pg € [0, 1], and ¢ = /—1.

Definition 4 ([24]): A BCFS B is of the form B =
{(f‘,t)%, 3%) ,fef}‘} where t)% = P% + LP% indicate the
PTG and 3% = Py + Py indicate the NTG. The values
of t)j; and 35 can be take which is lies the unit square of
complex plane and P%, P;g € [0,1]and#4,P5z € [—1, 0].

Definition 5 ([28]): Suppose 7' is a fixed set, © is a set of
attribute, €C @, then the pair (B, €) is known as SS, where
B:e—> B (fj’), B (fj’) is the power set of [J".

Definition 6 ([39]): Suppose [ is a fixed set, © is a set
of attribute, €C @, then the pair (B, €) is known as bipolar
complex fuzzy soft set (BCFSS) over (¥, where B : € —
BCFS (f}‘) BCFS (f}‘) is the collection of all BCFSs of (7.
It is demonstrated as

(B,e) =B (&) ={(f.05.35) Vel VeecO}
= {(Tg. PS5 +PL P +Ry ) [Vigelr, VEe®} (1)

For easiness in this article, we employ (B,€) = Bgﬂ =
(0.30) = (Py+eRy.Py+Ry) E=1,2,3,... b=
1,2,3,...,%) as BCFSS. Here we have b = b,b,, ... by
be the weight vector (WV) of experts I§ and
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@ = @1,02,...,@3 be the WV of attributes € holding
Bg>0,@,>0 such that Z?:l B = 1and ZEI Q=1

Il. SOME OPERATIONS ON BCFSSs
In this section, we describe score and accuracy mappings in
the setting of BCFSNGs. Later on, we extend some fundamen-
tal operations based on BCFSNs.

Definition 7: The score mapping of a BCFSN is

S5 ('Bgﬂ) . — BCFS ({Y)

where (B,€) = Bey = (0. 35) = (P + (P, Py + Py
F=1,2,...,2:1=1,2,...,%) and expresses as

~ 1
S5 (Bey) = 7 C+PR+RI +P +R) @
Definition 8: The accuracy mapping of a BCFSN is

Hg (Bgﬂ) : € — BCFS (f]‘)

where (B,€) = Be, = (0, 3y) = (P + Py, Py + (Pyy)
F=1,2,...,2:1=1,2,...,%) and expresses as
By + (R + Py + Ry
(Beﬂ) il ol ; o i 3)

It is clear that S (Bgﬂ) €1[0, 1] and Hp (ZBQH) e [0, 1].
Definition 9: Suppose Be,, = (?Tl +LPT1,P1_1 +LF’1_1)
and Be , = (PTZ + R, B, + (F],) are two BCFSNs, then
we signify the demand relation as follows:
1. If SB ('Be“) < SB (Belz) then ‘Be“ < Belz
2. If SB (3e“) > SB (Belz) then ‘Be“ > Belz
3. If SB (ﬁe“) = SB (Belz) then
1. If[‘{g (341) < HB (3(312), then 'Bgll < 3(212
ii. If Hy (Be, ) > HB (Be,,), then Be, > Be,,
iii. If Hp (Bgn) - (Bglz) then ‘Bgll = Bglz
Definition 10: Suppose Be,, = (B}, + B];. 8], + B;)
and Be, = (PB + LPE, P+ LPIZ) are two BCFSNs and
T > 0, is any real number then.

1.
BQH & BQIZ
_ (Pﬁ +2f, — PPl + ¢ (B, + P, — B[P )
—(p11P1) +¢ (= (F1PY))
2.
3‘211 ® B‘312
=( o (?ﬂ?@ +L(P—£1P_l|—2)_’ o )
Py P — PPt (911 +PRp— P11P12)
3.
tBe=(1—(1-#%)" +¢(1 - (1-F%)),
=[p7[" + (= [p7[%))
4.

Be" = ((BF)" + (PN, —1+(1+77)"
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(=14 (1+P)7))

Theorem 1: Suppose Be, = (P‘fl + LP-ﬁ, Bt LPl_l) and
Be,, = (PE + R B, + IR},) are two BCFSNs, and 7, 71,
7 > 0, are real numbers, then the following holds

1. Be,, @ Be,, = Be,, ® B,

Be,, ® Be,, = Be,, ® Be,,

T (Bgll ® Bglz!) = 1Be, ®1Be,
(Be,, ® Be,,)” =B ®Bg,
71Be ® 12Be = (11 + 12) Be
Be" @ Be®? = Bet1+fz

) (ﬁgn)fz — Bgr] 7

Proof: Trivial.

Definition 11: Suppose Be,, = (Pﬁ + LPTI, B+ tF’l_l)
and Bglz = (PTZ + LF’E, P, + LF1_2) are two BCFSNs, then
the distance between two BCFSNss is defined by

No LA W

1
d (Be,, Bey,) = 7 ([P1) —Pa| + [Py — P3|
+B — B+ [P —PFR) @

Definition 12: For the collection of (231, Bo, ..., BrB)
BCFSNs, then PAO is determined as
1+T(B
PA(B1, By, ..., Bp) = BF ( () 5)

= W
I Z;]il (1+T(By))
Zf —1, Sup ('Brh, $78) and

=0
Sup (B, Bg) = 1 — d (By, Brg) demonstrate the support
among By, and Bog with following properties
1. Sup (Bg, Bg) €[0, 1]
2. Sup (Bg, Bxg) = Sup ('B?g, 'BrE)
3. Sup (BrE, Bag) >Sup (B]p, ‘Bq) if d (BrB, Byg) <
d (Bp, Bq), d is any distance measure among them.

where T (By) =

Ill. DOMBI OPERATORS ON BCFSNs
In this Section, we will signify the DOs in Sect IV-A with
operation on BCFSNGs.

A. DOMBI OPERATION
Dombi understood operations Dombi product and sum which
are particular cases of t-norms and t-co-norms provided
underneath.

Definition 13: Suppose T, I are two real numbers, for-
merly the Dombi t-norms and t-conorms are specified as
follows.

Dom (T1,T) =

(6)

Dom™ (T1,T) =1 —

N

Ty L, 0}5
1+{(1—f1) +(1—f2)
where 0>1 and (f1,1,) € 10, 1] x |0, 1].

Definition 14: Suppose Be,, = (P], + ;. P, + ®};)
and Be , = (PE + R B, + IR},) are two BCFSNG, then
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IV. BIPOLAR COMPLEX FUZZY SOFT POWER DOMBI
AGGREGATION OPERATORS

In this section, we will design Power dombi arithmetic AOs
and Power dombi geometric AOs with BCFSNs.

A. BIPOLAR COMPLEX FUZZY SOFT POWER DOMBI
ARITHMETIC AGGREGATION OPERATORS

This segment of the article consists of Bipolar complex
fuzzy soft (BCFS) Power dombi averaging (BCFSPDA)
operator, Bipolar complex fuzzy soft (BCFS) Power dombi
weighted averaging (BCFSPDWA) operator, BCFS Power
dombi ordered weighted averaging (BCFSPDOWA) operator,
and BCFS Power dombi hybrid averaging (BCFSPDHA)
operator.

Definition 15: Suppose Be, = (o, 3n) = (Pu+Pu
Py —I—th_I) F=1,2,...,8,1=1,2,...,%)is the collection
of BCFSNs, then the BCFSPDA operator is a mapping Bg —
Be such that B

BCFSPDA (Be,,. Be,,. Bey. -+ Beys)

= EBEICQI (EBfrB:leBgtl) ®)

(1+TI)

Y AR W A G
where @ = (Z?I(H'TI)), B = (zf'El(HRf) Ry =

Z?: 1 Sup (Bgﬂ’ Bg“)’ and lezfz 1SMp (Bgfl’ (Bges)’

vt sl
Sup (fBgﬂ, 3%) denotes the support for Be, from Be, ;.

Theorem 2: Suppose Be, (0. 34) = (P + g,
Py +WBy) E=1,2,...,8,1=12,...,%8) is the collection
of BCFSNs, then by using BCFSPDA operator their calcu-
lated is again a BCFSN in (9), as shown at the bottom of
page 6.

Proof: Here, the mathematical induction method is used,
as follows:

Be,, ® Be,,

SI=

Ph Y L (P
B 1+[(1—F'ﬁ) + 1-Pf,
1

127\’ 1+P7 °|°
|(55) = (55) |
-1

AN ALY
”[(m) +(|Pu>) ]

+t

Q=
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First, we prove that the result accessible for & = 2 and
2 = 2, as follows:

BCFSPDA (Be,,, Be,,)

= 6912=1(QI (GB%:IBfBQfI)
=@ (513911 ® BZBQN) b @ (ElB§|2 ® 523@22)

1.
- + ] + Tt
5T
H‘(I—Pﬁ ey
e 1- ! T |-
50,0, )G
<11 S12 1+ 1-R}, + 1-P},
- o1t - |
1+P7, 1+P7 ¢ 1+P7 1+R} ‘
1+ L) 2 1+ L) | =2
[( I?u\) (\?12))] [(\Pnl) (\F’nz()]
2.
?+"1 Pt F+”1 PoY1° |
1— 1- o 1- 1- o
1 Tl 112 ' 12
+[(?ﬁ)+(?ﬁ)] 1+‘(Pﬁ)+ PTZ)]
RN
Be,, @ Be,, = Pl igh ¢
L1l <12 1+ P, +i P,
| ey (T
1 12
(5)(5)
3.
1— 1 |1 - 1 -1,
+ oy 5 + 05
”Hf?*) ] ”l’(fﬁ’*) ]
T'BQ:
PECTRE o
TES TR ETES
[ (\? | R
4,
1 T+t L T |
+\?] 0 +\7] 0
EHCOICIEC D)
Be' =
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1 ! 1 !
— 1 - 1
Pl 0 Pl 2o P o] o
1+[51( ?) +52(1 ?) ] {z;lsf(é) ]
+if1- ! ; | 1
+ \? 2] 0 + - ;
1+[5 (1PE+) +52(1Pf§+)] L P: \°]°
=l il * 1"‘{2? 15f(1 fn) ]
o L =W -1
1+[51(1+P1) +152(1+P21) ]
‘P1| ‘Pn! 1+[22 Bf(H_?f_') ]u
=1 WP-
+1 -! ‘
1+P ¢ 1+R o1
I+ [51( |P].1|') *52( |P2f>') ]

—_
+
e e,
o
VammnN
|
WSt
s
N—""

Q
+
=g
[\S]
oY
|
i
N—""
Q
—_—
Sl
—_
+
[ —
enm\)
&
Ve
|
i
\—/
[Sp—
)

® @2

® @2

BCFSPDAg (Bgn’gglz’gl?” ..., Be )

= 69:8:)1(01 (@;Ezlﬁfggﬂ)

1— 1
[ZI_ (QI(Z;B‘Bf( Prl) )]
+e| 1 - !

P \\Y | 9
oot 5 ) ) ”

1
T ¢

) I U e )]

P
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Now, this result is valid for & = »1 and ® = »,, as follows

+
e
M
Eﬂ [\S)
&
/N
||
™+
=
~—
N
Q=

BCFSPDA (‘Be .‘Be ,313 ..... Beﬁ;’)
~E172
o> e ) e ies) |
f— _sz -

el g)))

1

il R CEE )]
(Ql(Zi_IBf(IEEJF)) 0
I+

+|1-
1
+]1-

1
P_ [ 5
=P 5(pt) ))
g, { = !\ Pu
2 PE ?
+(02(Zf:15f( r ) . -
—1

Next, we consider this result is valid for & = »; + 1 and
8 = p» + 1, as follows:

‘) (G

BCFSPDA (25(2“ "B, Bi3. .. Be

Be )
€02 " Cp ) @211)

=0 ( Bfﬁe) ((Q”?“(B””’ e<w1+1><f2+1>))

1
1—

1

lerelrs( )
+t !

1
+u| 11— T
1 o0
EERL s (5.5 %))
2 1+pf1 — I
@ Z By
N )
'+ A REECA D))
2 1 +Pp, H
e Zf_lsf ‘p ‘ 1
B +t —
1 B 1Ry Y v
- l MEEEIC TS -
vl BT ) - !
1
+u]1-

ENONE
e (5 () )]
NETERENI
— -1

+i]1- ! 1
T o ()
RERNERE)) : (5

—1
+t

] o ()
oo ()]

-1
—+t
Therefore, this result is true for b =2 and § = 2
32224
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1

( Ph )) ’
B\
+(Q;72+1 (ngﬁl(l_%) )

57,
1+ Z‘fizl

+u| 1= T

() <Z ( Fa ) )
1+ Zf:zl N
P o
= +Qp,+1 (B}JIH(I—?W') )
fl

-1

(s3]} |

+(Q;;2+1 l:jﬁlJrI

»
+130

+o| 1 -

1
ﬁ2+1 P+l Pgi \|°
e w ()]

1
Pr+1 P1+1 1+Py “\]°
(e s ) )|
-1

T
1+R "\ ] °
AENEES)

Therefore, the result is valid for & = »; + 1 and
% = p» + 1. Hence, the result is true B, ®>1. It is obvious
from above expression the aggregated results established
BCFSPDA operator is again BCFSPDA operator.

Theorem 3: Suppose Be, = (U{*{,B{I) = (?gf—f—tli’;}’,

By +Ry)E=1,2,...,2:1=1,2,...,8) is the col-
lection of BCFSNs, where @ = 7(81+—TI) ,
Z[=1(1+TI)
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1+
(;Rf)))7 R = Z?: ) Sup (3(3{[7 BQ:[)’ and

Ef = ( 63
2
f=1(l+Rf it

— Z?z ] Sup (Bgﬂ, Bg&), Sup (Bgﬂ, B‘?rx) denotes

s |
the support for Be,, from Be,, .
Then, BCFSPDA AO satisfies the following properties:

1) (Idempotency): Suppose Bgﬂ = (t);’; ,3;1) =

(P +P. Py +Ry) E=1,2,...,8:1 =1,2,....%)
is the collection of BCFSNs, and all are the same i.e.

Bgﬂ = Be, VE, |, then the following is obtained:
BCFSPDA (3@11 s 3@12, e, 'Bgﬂ) = 'Bg
2) (Boundedness): Suppose Be_f .= (mlin rnfin l);'Ir ,

max max 3¢ ) and Bér = | max max U;;, min min 3¢
1§ Su 1 ¥ 1 ¥
then,

- +
B, <BCFSPDA (Be,,. Be,,. ... Bey ) =B

3) (Monotonicity): Suppose Be, = b 34) =
(Pe +Per» Py +LP{I) F=12,...,%®: 1—1 2,...,9
and ge, = (R, S8q) = (19;{ + U, O+ Mﬂ)
F=1,2,....,2:1=1,2,...,%) are two collections
of BCFSNSs, then the following is obtained:

’ Bgf[)
<BCFSPDA (gog“ SPepys s sogﬂ)

BCFSPDA (Be,,. Be,,. ...

If 'Bgﬂfqbgﬂ, Ve, [

Definition 16: Suppose Be, = (l);'fo_I) = (Pg +Lli’;'lr ,
Py +LP{I) F=1,2,....,8,1=1,2,...,%)is the collection
of BCFSNs, then the BCFSPDWA operator is a mapping
B — Be such that

’ BQ'B’S’)

= o o (aF Bybe,) (10)

1+]R)
where @ = [~ Y 5 _ () ) g _
! (z:&wm e )

Z?: 1 Sup (Bgﬂ’ Bgt‘)’ and TI:ZEZ 1 Sup (Bgfl’ 39&5)’

BCFSPDWA (Beu, Be,, Bis, ...

vt sEl
Sup (fBgﬂ, BQr[) denotes the support for Be, from Be,, and

Theorem 4: Suppose Be, = (g 351) @ + Py
Pf_[+LPf_[)(f=1, 2,...,2:1=1,2,...,%) is the collection
of BCFSNs, then by using BCFSPDWA operator their calcu-
lated is again a BCFSN and

’ Bng’S’)

BCFSPDWA (Bg“, Be,,» Bi3, ...
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— B
= 69121(01 (@lesf'Bgﬂ)
1— 1 +

+ o
H[zzl @I(zg 1 Bf(f;ﬁ) )]
1=

A @I(Z?ﬁf(l | o
RECC R )

L =1 i

Fr 4 o
Jepa(p m(5)))

Proof: Proof is similar to Theorem 2.
Theorem 5: Suppose Bey = (i, 3g) =
Py +Ry) E=1,2,...,R1=12,...,

Sl

Sl

(?;f + LP;{ )
) is the collec-

tion of BCFSNs, where @ = ;é)l(]—JrTI) . B =
2oy o (1+Ty)

(1+R¢) o

(W Ry =20 Sw (%gﬁ, Bgﬂ), and T,
B vt

Z;gz | Sup (BQ;V 3995)’ Sup (Bgﬂ, Bg“) denotes the sup-

sl
port for Be, from Be, ,and "% | w; = 1. Then, BCFSPDWA
AO satisfies the following properties:

1) (Idempotency): Suppose Bgﬂ (t);{ » du ) =
(B + B Py +Ry) €E=1,2,...,R:1=1,2,...,%)
is the collection of BCFSNs, and all are the same i.e.
Bgﬂ = Be, V¢, [, then the following is obtained:

BCFSPDWA (Be,,. Be,,. ... Be, ) = Be
2) (Boundedness): Suppose Be_f .
= (mlin mfin t);'{ , mlax mfax 3 ) and Bé; .

= (max max t)fT , min mfin 3 ) then,
1 ¥ 1

- +
Bg, SBCFSPDWA (Be,,. Be,,. - Be, ) <BE

3) (Monotonicity): Suppose Beﬂ (%53;1) —
(Pry + Py Py +By ) (F=1,2,.. = 1,2,...,%9)
and gg, = (Ry.8y) = (ﬁ;f + Lugy Vg +L,uﬂ)

F=1,2,....,8:1=1,2,...,%) are two collections
of BCFSNs, then the following is obtained:

’ 3%)

<BCFSPDWA (wg”, Pes - wgfl)

BCFSPDWA (Be,,. Be,. .

If Bgﬂf(pgﬂ, VE, [

32226

Definition 17: Suppose Be, = (044, 3) = (P + Py »
Py +WBy) E=1,2,...,8,1=12,...,8)is the collection
of BCFSNs, then the BCFSPDOWA operator is a mapping
Bg — Be such that

BCFSPDOWA (Be,,. Be,,. Bis, ..., By )

= 6921((2[ (@;B:lﬁfﬁgﬂ) (12)

where @ = (—;;I(HT[) ) b = —,IgHRf) , Ry =
22y er(1+Ty) ijl (H‘Rf)

B N
Z Sup (Beﬂ, Bet[), and Ty = Zs:l

t /& E sEl
Sup (fBgﬂ, BQ:[) denotes the support for Be, from Be,

and Zzl o = 1, and Be_ (UJEFGI),BE(H)) is the
permutation of the ft2 row and 1th largest elements of the
collection for £ x [ BCFSNs Be, = (vg,3g) for ¥ =
1,2,...,2and 1= 1,2,...,%. Now, using equation (8) we
can define BCFSPDOWA AOs, as follows:

Theorem 6: Suppose Beﬂ = (v4.3q) = (Py + Py .
Py +Py) =1,2,. c1=1,2,...,%) is the collec-
tion of BCFSNSs, then by usmg BCFSPDOWA operator their
calculated is again a BCFSN and

3‘3@8)

Sup (‘Bgﬂ, Bges .

BCFSPDOWA (Bgll, Be,, Bis, ...,

a8 yel
=01 (@lesfg‘?s(ﬂ))
1 1

1
Pl w5 ) )]

0] 1- !

1
P \\|°
1+[Z:§1 (QI(erEzlﬁf(ﬁ) )]
_ _

T
L[5 st By Pem
L s "(fl)‘

+t =1 i

1+P= °
(= n( ) )]

Proof: Proof is similar to Theorem 2.
Theorem 7: Suppose Be, = (vy,3q) =
Py +WBy)(E=1,2,...,R:1=1,2,...,

tion of BCFSNs, where @ = ;§1(1—+TI) . b =
Z]— o (1+Ty)

(13)

(P + Ry .
%) is the collec-

Z?: q Sup (Bgﬂ, Bgt[), and
(=R
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- Z;gz | Sup (B‘?ﬂ’ B§e5)7 Sup (Bgﬂ, 'Bgﬂ) denotes

s
the support for %gn from B‘?w and ZEI oy = 1. Then,
BCFSPDOWA AO satisfies the following properties:

1) (Idempotency) Suppose Be, = (g ,3{1) =

(P + Ry, Py + Ry ) (=1,2,. i =1,2,...,%)
is the collection of BCFSNs, and all are the same i.e.
‘Bgﬂ = Bg, V¢, [, then the following is obtained:

BCFSPDOWA (Be,,. Be,,. ... Bey ) = Be

2) (Boundedness): Suppose Bgf . (mlinmfin n;f ,

max max 35 ) and Bf =
1§ 3“) Cn
then,

(max max t)f"l' , min min 3¢ )
I f I f

B, SBCFSPDOWA (Be,,. Be,. ... B, ) <Bg.

3) (Monotonicity): Suppose Be, = (U?I_ , a1 ) =
(B + P Py +Py) (=1,2,....B:1=1,2,....,%)
and pe, = (RfT +8a) = (9 + tity, Py + t2q)
&F=12,. 1=1,2,...,%) are two collections
of BCFSN S, then the followmg is obtained:

’ 3‘Sﬁ)
< BCFSPDOWA (¢, . ¢e,,. - ¥y )

BCFSPDOWA (Be,,. Be,,. ...

If Be, <¢e,. VE L

We can see from definitions (16) and (17) that the
BCFSPDWA operator solely targets BCFS values, whereas
BCFSPDOWA only targets ordered positions of BCFS val-
ues rather than the weights of the BCFS values themselves.
By combining the qualities of the BCFSPDWA and BCFSP-
DOWA, the BCFSPDHA operator is defined below.

Definition 18: Suppose Be, = (U;'I’,Sf_[) = (P}T —}—L}?;'Ir ,
Py +LP{I) F=1,2,....,8,1=1,2,...,%)is the collection
of BCFSNs, then the BCFSPDHWA operator is a mapping
Bg — Be such that

BCFSPDHWA (Be,,. Be,,. Bis. ... Beyyo )

= o (aF Bybe,) (14)

1+Rg)
where @ = _o(+T) , B = (—f , Ry =
! (ZEI a)[(]+TI) Bf Zfrh;l(l-i-Rf) f

et _ v
zt -1 Sup ('Bgﬂ, 3§r[),and’]r[ = 2521

vt sEl
Sup (Bgﬂ, BQ:[) denotes the support for Be, from Be,,

and Zzla)[ = 1. Here, BQE@ = (UJEr(ﬂ)’SE(fU) is the
permutation of the fth row and 1th largest elements of the
collection for & x [ BCFSNs Be, = (bg,3y) for =
1,2,...,kandy = 1,2,...,%. Now, using equation (8) we
can define BCFSPDHWA AOs, as follows:

Sup (%Qﬂ’ %935 >

VOLUME 12, 2024

Theorem 8: Suppose Beﬂ = (vg.34) = (Pg+ePy .
Py + Py ) F=1,2,. 1=1,2,...,%)is the collection
of BCFSNs, then by usmg BCFSPDHWA operator their cal-
culated is again a BCFSN and

’ 3‘3@8)

BCFSPDHWA (Be,,. Be,,. Bis. ..

N B
=0 (Gaf:leB?aﬂ))
1 — 1

NY
Pl m( ) )]

+i|1— 1

T
3 @ =2 B e a
) 1+lZI=| @I(Zle Bf(l P:Ir)n) )]
-1

T
- B Peap ) )|
1+[Z[=1®I(Zf=15f( Paa ) )]
—1

1
1+Rg “\|°
R ()

Proof: Proof is similar to Theorem 2.
Theorem 9: Suppose Be, = (vy,3q) =
Py +WBy)E=1,2,...,2:1=1,2,...,

tion of BCFSNs, where @ = gl(l—HrI) ) 5{ =
Z]:] or(1+Ty)

(l_HRf) B &

(W = Zt =1 Sup (Bgﬂ’ Bgtr)’ and
_ !

B 2;85 =1 Sup (3%’ 39"5)’ Sup (Bgﬂ’ 'Bga) denotes

s 1
the support for Be, from Be,,» and ZEI w; = 1. Then,
BCFSPDHWA AO satisfies the following properties:
1) (Idempotency): Suppose Be, = (vg,3y) =
(P +Rg. Py +Ry) B=1,2,....2:1=1,2,...,%)
is the collection of BCFSNs, and all are the same i.e.

+t

15)

(P + Ry .
%) is the collec-

Bgﬂ = Be, VE, [, then the following is obtained:
BCFSPDHWA (Be,,. Be,. ... Be, ) = Be
2) (Boundedness): Suppose Bgf .= (mlin mfin t);[ ,

max max 3¢ ) and Bg = | max max 1);’[' , min min 3¢
I =31 1 f I
then,

- +
Bg, SBCFSPDHWA (B, . Be,,. ... Be, ) <BE

3) (Monotonicity): Suppose Be, (v 34) =
(P +:Py . Py +iRy) E=1,2,...,2:1=1,2,.... )
and w@ﬂ = (:R;I_’ Sf_l) = (ﬂf-:_ + L/'L;I—’ ﬂf; + L/'Lf_l)
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F=1,2,....,2:1=1,2,...,%) are two collections
of BCFSNSs, then the following is obtained:

BCFSPDHWA (Be,,, Be,. -, Bey )
<BCFSPDHWA (g,,. 0e,,. - 92

If 'Bgﬂ f(pgﬂ ,VE, L

B. BIPOLAR COMPLEX FUZZY SOFT POWER DOMBI
GEOMETRIC AGGREGATION OPERATORS

This segment of the article consist of Bipolar complex
fuzzy soft (BCFS) Power dombi geometric (BCFSPDG)
operator, Bipolar complex fuzzy soft (BCFS) Power dombi
weighted geometric (BCFSPDWG) operator, BCFS Power
dombi ordered weighted geometric (BCFSPDOWG) opera-
tor, and BCFS Power dombi hybrid geometric (BCFSPDHG)
operator.

Definition 19: Suppose Be, = (g > 3x) = (Pa + Py » Py
—HP;I) F=1,2,...,8,1=1,2,...,%) is the collection of
BCFSNs, then the BCFSPDG operator is a mapping Bg —
Be such that B

BCFSPDG (Be,,. Be,y, Bis, . Beyy )

= o7 o (®f BrBe, ) (16)

Y GG I W B ) _
where @ = (Z:gl(l“"ﬂ‘l)), Ef = (ZEI(I+Rf))’ Rf =
Z;EZ 1 Sup ('Bgﬂ, 3gd),and TI=Z;8= ]Sup (‘Bgﬂ’ 3(2&5),

tiet sl
Sup (%gﬂ, BQ:I) denotes the support for Be, from Be,,.
Theorem 10: Suppose Be, = (0. 3q) = (P + Py
PE+LPE_I) F=12,....,2:1=1,2,...,%) is the collec-
tion of BCFSNs, then by using BCFSPDG operator their
calculated is again a BCFSN and

BCFSPDG (Be,,. Be,y, Bis, . Bey)

=820 (®rfB:15fB§f‘)
1

1
- + ¢ 5
AENEE))

+t 1

T ,
3 of s B Fa) |’
B 1+’ZI:1(QI(Zf=1Bf( pgrlﬂ) )] an

Pal \\]°
(et ()

1

1
Pl \7\|°
RENERT)

+u| =1+
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14+R
where @ = —gﬂrl) By = r]g+—f) Ry =
22 (1+Ty) Zf:l (HRf)
B 3
Zt _ Sup (Bgﬂ, Bgd), and lezs _ 1Sup (‘Bgﬂ, 3%),
vt sl

Sup (Bgﬂ, B‘?c[) denotes the support for Be, from Be, ;.

Proof: Here, the mathematical induction method is used,
as follows:

3911 ® B‘312

+| -1+

1
Ll Y L (Pal\)°
T+ [(1+Pl_l + 1+Pp,

First, we prove that the result holds for e = 2 and ® = 2,
as follows:

BCFSPDG (Be,,, Be,,)

= ®12:1(01 (®%:1BfB§fI)

=@ (5B, ®BBe,,) ® @ (1B, ®5Be,,)
1

1
1-B, ‘ 1-P, e
1+’51 (_PT] ) +5b E=

1
+t )

1
_pt\° _pt\?%)°
=@ Ry Ry
= 1
—1 4+ I
Pol)’ IANE
1+ B | 11) +B( 217
[ 1(1+?“ 2\ 1+9;,

1

1
LAY Pl \71°
1+[5‘(1+9” +h R,
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1

1+[51(‘

??) +5, (

1

P4

?22

1

91

+t

o

—1+

® @2

L

-5\’ (‘ P, )
+5 2

P, ) . 2 [

1+[51

+i -1+

iAY
(r?u) + b,

1

(s

[Pl

BN
+P22) ]

[51 (EE ) +5

1
-2 \’]°
B (fl) }
T pfl

(

+i| -1+

1

ol \71°
1+P,

X2

[S—
Sl=
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, -7, AN E
R DI Pl
1+ "
2 I_P;Z ’
+@: (Zf=15f< ?%—2 ) )
1
+t o i
2 P ’
ml <Zf_l 5f< P+ fl) )
1+ n
o+ o
+Q Zz e
2 f=15f Pf*z
_| -1+ : ;
> e (Pl VY
Zf:1 B (1 +Pg,
1+ 0
» [ [l
Q2 | D¢ B 17
1
+i | -1+
c e (Rl VY
© Zf_15f<1+pf1
1+ 0
A
+©2 | 2, By 4R,

)

1+|Z[ (O} (Zf 15f(

1

. T
[ZI @ (Zf Bf( Pﬂ) )]
=| -1+ ;
1+ [Zf=1 © (Z%:l Bf( I‘EIE‘I )0)] 0
o :

P7 0 %
1+ [Zle @ (z%=l Bf( 1|+I?E|[) )]

Therefore, this result is true for & = 2 and % = 2.
Now, this result is valid for & = »; and ® = »,, as follows:

BCFSDG (Be, . Be,,. Bis. .. Be ) ;,2)
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= 0%, (! ByBe, )
1

b (Z?iﬁf(l%?)oﬂi
+t 1 Nk
N [zf;zl @ (Z?;E (IPI:) )]
=| 14 : g
1+ [Z?:Zl @ (ZQI Bf( Eg[ )g)} |
-1+ 1 “\|°
1+ [lep—zl @ (Z?ilﬁf( 'fgﬂ) )}

Next, we consider this result is valid for & = »; + 1 and

8 = p + 1, as follows:

BCFSDG (’BQH,BQIZ, Bis.....Be, , . Be

= &A@ (®§1le8§{1) ((Q”Z“ (B’”“Be
1

~(# +1)(i’2+1))

(ﬁ’l“)(#’z“)))

1+ [zf’;l @ (Z?;] Ef(l_??)u)

1

1
]0

e ()]

1

23 Py ’ %
1+ [ZI @1(2 le(Hgﬂ) )}

+| -1+

.
+ [zfia @ (Z?;l Bf( .LS;I

1

i

1

1
P\ ?
o (o (58]
Tl

1-Ri
14+ 1@p+1 {Dpy+1 B
i

1

))

}:,

—1+

1

P7 o
+ |(Q,p2+1 (Bﬁlﬂ(Hgﬂ)

i
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1
P7 0 o
+ <(sz+1 (B}’]+l(l+lgﬂ) )}

1

1+ 157

+\?\ ¢
o(A(' ) )

-2\’
SES)
+;vl(;7+1( =

1

o

1+ 137

o(=n(5%)) |
)

1+

1+

» Ba \\]°
o(z2o(3)

P
2

e e(22)
1

1

# ¢ ( P ’
o(s25(1%))
-|-(Q;7TH (5;71+1 (] |_’Pif;;|, )0)
fl

1

()]

1

[z et ()

eraleirn(3))

1

+ [+

o))

Therefore, the result is valid for & =
® =p + 1. Hence,

»1 + 1 and
the result is true B, ®>1. It is obvious

from above expression the aggregated results established
BCFSPDG operator is again BCFSPDG operator.
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Theorem 11: Suppose Be, = (vy, 3y) = (Py + Py
Py +Wy)E=1,2,...,21=1,2,...,8) is the collec-
(1+TI)

b 5 =
z?lowo) '

(1+Rf) _ B B
(m Ry =20 Sw (Bgﬂ,Bgﬂ), and Ty =
- vt

2;8_ | Sup (Bgﬂ, B‘Eeﬁ)’ Sup (Bgﬂ, Bgﬂ) denotes the sup-

s&1
port/f_Lor Bgﬂ from B@r[' Then, BCFSPDG AO satisfies the
following properties:
1) (Idempotency): Suppose Be, (hg. 35) =
(B + B . Py +Py) E=12,....81=1,2,....%)
is the collection of BCFSNs, and all are the same i.e.
Bgﬂ = Be, VE, [, then the following is obtained:

tion of BCFSNs, where @ =

BCFSPDG (Be,,. Be,,. ... Bey ) = Be
2) (Boundedness): Suppose ‘Bgf .
= (n1Iin mfin t);'[’ , mlax mfax 3 ) and Bé’; .
= (mlax mfax t)?{ , mlin mfin 3 ) then,
— +
B, SBCFSPDG (Be, . Be,. ... B, ) <BE,

3) (Monotonicity): Suppose Be, (Ug , a1 ) =
(B + P, Py +Py) E=1,2,...,B1=1,2,...,%)
and g = (R, 8y) = (I +mg, Py + tity)
F=12,...,8,1=1,2,...,%) are two collections
of BCFSNs, then the following is obtained:

BCFSPDG (Be,,. Be,,. - Bey )

<BCFSDG (<pg“, Geys - sogﬂ)

If Beﬂfqﬁeﬂ, Ve, [

.~ %) = + =) + -+ —
Definition 20: Suppose Be, = (- 30) = (B +Py . Py
—HP;I) F=1,2,...,8,1=1,2,...,%) is the collection of
BCFSNs, then the BCFSPDWG operator is a mapping Bg —

Be such that B

BCFSPDWG (Bg“ , B@lz’ Biz, ..., {ngg?g)

=2 o (o Be,) (18)

1+R:
Where @I = 7;1(1—+T[) s BE — é—f) 5 Rf —
22 er(1+Tp) Zf:l (H‘Rf)

ZrE Sup (Be Ee ) and T, 2278 Sup (3e Be )
=1 St TR ) I s =1 St T Res)?
vt s

Sup (Bgﬂ, Bgt[) denotes the support for Be, from Be,, and

ZEI CL)[ = 1
Theorem 12: Suppose Be, = (v 30) = (Pr + R Py
+Ry) E=1,2,...,8:1=1,2,...,%) is the collection of

VOLUME 12, 2024

BCFSNs, then by using BCFSPDWG operator their calcu-
lated is again a BCFSS and

BCFSPDWG (3(3“ , 'Bglz, Bisz, ..., Be

c1r3)
- ®Zl(01 (®rfB:15fB§ﬂ)
i

1
- + ° °
]+[ZEI QI(ZE]Bf(I?zﬂ) )]
+t 1 |
— + ¥ °
1+‘Z:§1 (QI(erE:l Bf(lf"l;lﬂ) )]
=l s 1 Ak h
78 rB ?ﬁ o0
1+[ZI:1 @I(Zf:l Ef(]+Pf_l) )]
1
Ral \’ 5
9 B i
1+[Z[:1 (Ql(z =1 Ef(ﬁ) )]

wy(1+T 1+R

where @ = 781(—+I) , B = é f) ’
2 (14T Zf=1(1+Rf)

Ry = Z?z | Sup (Bgﬂ,Bgt[), and T, = 2;8:1

tt sl
Sup (&gﬂ, 3?55)’ Sup | Bey,» Bgt[) denotes the support for

o] -1+

Bgﬂ from Be_, and _zl_=1 o = 1.

Proof: The proof is similar to Theorem 9.

Theorem 13: Suppose Be, = (v, 34) = (P + By Py
+LP{I) F=1,2,...,2:1=1,2,...,%) is the collection

oy (14+Ty) _
(2:81 or(1+Ty) ) R

(1+]Rf) _ B B
(m R =20 Sup (Bgﬁ,Bgﬂ), and Ty =
- vt

2;8_ | Sup (fBgﬂ, BQE&)’ Sup (Bgﬂ, Bg[[) denotes the sup-

s
port/ff)r Bgﬂ from 3%. Then, BCFSPWDG AO satisfies the
following properties:
1) (Idempotency): Suppose Bgﬂ = (1);’1' , a1 ) =
(P +P, Py +Ry) E=1,2,...,R:1=1,2,...,7)
is the collection of BCFSNs, and all are the same i.e.
Be,, = Be, Vt, I, then the following is obtained:

of BCFSNs, where @ =

BCFSPDWG (Be,,. Be,,. ... Be ) = Be

2) (Boundedness): Suppose Be_f .= (mlin mfin l);'[r ,
mlax mfax 3ﬂ) and 'Bérﬂ = (mlax mfax U;{, mlin mfin 3ﬂ)
then,
— +
B, SBCFSPDWG (Be,,. Be,. - Be, ) <BE,
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3) (Monotonicity) Suppose Beﬂ (U:I , 3;{) —
(Pey + Ry Py 1Ry ) (E=1, 2. 1—1 2,....8)
and ¢eﬂ = (CRH , Sf[) = (‘[9{}_ + LM{[ , ﬁﬂ + LM{[)

F=1,2,....,8:1=1,2,...,%) are two collections
of BCFSNs, then the following is obtained:

) gQﬂ)
<BCFSDWG (¢g” s Pepys s ¢€ﬂ)

BCFSPDWG (Be,,, Be,,. ...

If 'Beﬂ f(l)eﬂ, Ve, I
e + 35— + +
Definition 21: Suppose Bgﬂ = (Uﬂ,Sﬂ) = (?ﬂ ~+ Ry,
By +Ry) E=1,2,...,8,1=1,2,...,8)is the collection
of BCFSNs, then the BCFSPDOWG operator is a mapping
Bg — Be such that
BQ*B’S)

=2 o (o BrBe, ) (20)

1+Rg)
where @ = [ —20+T) B = (—f R =
! (ZEI a)[(]+TI) Bf Zfrh;l(l-i-Rf) f

B B
zt =1 Sup (’Bgﬂ’ Bgt[)’ and TI - ZE: 1 Sup (Bgﬂ’ ngs) ’

vt s
Sup (Bgﬂ, Bgt[) denotes the support for Be, from Be .

and Zzlw[ = 1. Here, 3@5@ = (UE(H),SEGI)) is the
permutation of the fz2 row and th largest elements of the
collection for £ x [ BCFSNs Be, = (ng,3y) for § =
1,2,...,2and y = 1,2,...,%. Now, using equation (16)
we can define BCFSPDOWG AOs, as follows:

Theorem 14: Suppose Be, = (v. 30) = (P + Py,
Py +Py) E=1,2,...,0:1=1,2,...,%) is the collec-
tion of BCFSNS, then by using BCFSPDOWG operator their
calculated is again a BCFSS and

BCFSPDOWG (Be,,. Be,,. B, .

BCFSPDOWG (739” “Be, B3 93913’8)

_ a3 ob
_691:1(01( f:]EfBgE(fI))
1

1
2ozt m( )|

1

1

1-Rg ’

[ZI ICQ[(Zf 15f( <tifl)) )]
= 1\
()

1

pra(ern(e))

1+

+H | -1+
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where Be_ . = ndgpBey, is the permutation of the frh row
and ¢h largest elements of the collection for € x [ BCFSNs
Bey, = (g 35 ) and 'n’ is the balancing coefficient.

Proof: The proof theorem is like to Theorem 9.

Theorem 15: Suppose Be, = (0, 35) = (P + Py,
Py +Wy)E=1,2,...,2:1=1,2,...,8) is the collec-

w1(1+T[) _
S2, o (14Ty) ) i

(1+]Rf) e B
(W R = Zt -1 Sup ('Bgﬂ, Bgd), and Ty =

et
Z;S): ! Sup (Bgﬂ, B‘?es)’ Sup (Bgn, Bgd) denotes the sup-

sl

tion of BCFSNs, where @ = (

port for Bgﬂ from Be, and Z:il @y = 1. Then,
BCFSPDOWG AO satisfies the following properties:
1) (Idempotency): Suppose Be, = (t)?l' ,3;1) =

(Pr +Py - Py +1Py) B=1,2,..., 2 1=1,2,...,7)
is the collection of BCFSNs, and all are the same i.e.

Bgﬂ = Be, VE, |, then the following is obtained:
BCFSPDOWG (Be,,. Be,. - Be, ) = Be
2) (Boundedness): Suppose Be_f .= (min rnfin l); ,
= 1

max max 3¢ ) and B¢
1§ €
= (max mfax n;{ , min mfin 2 ) then,
1 1

Bg, SBCFSPDOWG (Be,,. Be,. ..., B, ) <Bg.

3) (Monotonicity): Suppose Be, (hg.34) =
(Ph -+, Py +Ry) (F=1,2,...,B:11=1,2,...,%)
and w@ﬂ = (CR;I_’ Sf_l) = (ﬂfT + LM;’I_’ ﬂf; + L'uf_l)
F=12,...,2:1=1,2,...,%) are two collections
of BCFSNG, then the following is obtained:

’ Bgﬂ)
<BCFSPDOWG (ge,,. 9, - - 92y

BCFSPDOWG (Be,,. Be,,. ..

If 'Bgﬂfq')gﬂ, Ve, L.

We can see from definitions (20) and (21) that the
BCFSPDWG operator solely targets BCFS values, whereas
BCFSPDOWG only targets ordered positions of BCFS val-
ues rather than the weights of the BCFES values themselves.
By combining the qualities of the BCFSPDWG and BCFSP-
DOWG, the BCFSPDHG operator is defined below.

Definition 22: Suppose Be, = (vq, 35) = (Pyy + Py
Py +Py) =1,2,...,B1=12,...,%) is the collection
of BCFSNs, then the BCFSPDHWG operator is a mapping
Bg — Be such that

’ Bng’S)
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= o (OF ByBe,) @1)

h © = oy (14+Ty) , — (1+Rf) Ry =
where @ (ZZM)I(]JFTI) be ZEI(HRf) i

B B
Zt =1 Sup (Bgﬂ’ 39;[)’ and TI:Zs: 1 Sup (ggﬂ’ 39?5)’

tEet s£&|
Sup (Beﬂ, Be ) denotes the support for Bgﬂ from 31;:[,

and ZI , @ = 1. Here, 'Be_(ﬂ) = (UE(H), 35(;;)) is the
permutation of the fti row and 1th largest elements of the
collection for & x [ BCFSNs Be, = (vg,3y) for =
1,2,...,2and 1 = 1,2,...,%. Now, using equation (16)
we can define BCFSPDOWG AOs, as follows:

Theorem 16: Suppose Be, = (Ug 3q) = (?;{ + Py, Py
+iRy) E=1,2,. :1=1,2,...,%) is the collection of
BCFSNss, then by usmg BCFSPDHWG operator their calcu-
lated is again a BCFSS and

BCFSPDHWG (Be,,. Be,,. B3, .. .

- @78 1G (@f 15f3e"(ﬂ>)

%‘3@2)

1

[z (st () )|

1

e
NENEwE)]

1

L {zl @ (zf lsf(w(j;‘) )")}

where Be_ @ = ndgoBe,, is the permutation of the fh row
and 1th largest elements of the collection for £ x [ BCFSNs
Bey, = (g 35 ) and 'n’ is the balancing coefficient.

Proof: The proof theorem is like to Theorem 9.

Theorem 17: Suppose Be, = (vy, 3y) = (P + Py
Py +WBy)E=1,2,...,2:1=1,2,...,®) is the collec-

tion of BCFSNs, where @ = 7;;(1—+T1) . B =
21:1 oy (1+Ty)

(l-HRf) o
(m ,Rf = Zt 1 Sup (Bgﬂ, B‘Eu)’ and T,
_ o

2;8: lSup (Bgﬂ’ Bges)’ Sup (Bgﬂ, Bgr[) denotes the
sl

VOLUME 12, 2024

ol =1+

Sk

support for Be, from Be,, and 2:3:)1 @y = 1. Then,
BCFSPDHWG AO satisfies the following properties:
1) (Idempotency): Suppose Bgﬂ = (\j;l ) da ) =
(P +Ry. Py +Ry) B=1,2,...,2:1=1,2,...,%)
is the collection of BCFSNs, and all are the same i.e.
Bgﬂ = Be, VE, |, then the following is obtained:

BCFSPDHWG (Be,,. Be,. ... Be, ) = Be
2) (Boundedness): Suppose Bgf .= (mlin mfin l);f ,
o d BL = -
max mfax 3u ) an ey (rnlax mfax D1

min rnfin 3u ) then,
1

- +
Bg, SBCFSPDHWG (Be,,. Be,,. ... Be, ) <BE

3) (Monotonicity): Suppose Be, (0. 34) =
(B + P . Py +Py) E=1,2,....B1=1,2,...,%)
and g, = (Ry.Sy) = (I +tttgr. Oy + tityy)
F=12,...,2:1=1,2,...,%) are two collections
of BCFSNs, then the following is obtained:

Bey )
’ ¢§f1)

BCFSPDHWG (Be,,. Be,. - -
<BCFSPDHWG ((Pg” ey

If 'Bgﬂfd)gﬂ, Ve, [

V. APPLICATION
In this segment, we demonstrate the application of
robotics-Al in the business. We have ten types but we discuss
only four types of robotics-Al. We also use the MADM
method for the solution of robotics-Al.

e Starship Delivery Robots

The use of delivery robots is becoming increasingly com-
mon, and Starship Technologies Company offers some of
the most well-liked models in this field. Starship robots can
transport packages to customers and businesses, navigate
streets on their own, and carry objects up to a distance of
four miles (six km). In order for the robots to comprehend
their surroundings and their own location, they are outfitted
with mapping systems, Al, and sensors. They weigh no more
than one hundred pounds and move at a leisurely pace. The
robots increase the efficiency and lower the cost of local
delivery thanks to collaborations with numerous retailers and
eateries. Food and packages are delivered straight from stores
to customers via a smartphone app upon request. Once pro-
grammed, a smartphone can be used to track the path and
location of the robots.

e Pepper Humanoid Robot

A humanoid robot called Pepper was created to engage
with humans, offering assistance, information sharing, and
customer service in retail settings. About four feet tall, with a
table displaying information in the middle of its breast, Pep-
per has multilingual speech and gesture capabilities. Al for
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emotion recognition is used by the robot to comprehend
human behavior and react accordingly. It can identify human
emotions, like as happiness, and react appropriately by grin-
ning, for instance. When a customer is in a store, Pepper can
assist them in finding the things they want by providing tai-
lored recommendations. Additionally, it can interact with the
human staff and sell and cross-sell. Pepper works to enhance
customer experience and assist businesses in cutting expenses
in settings such as banks, hotels, pizzerias, and hospitals.

e Penny Restaurant Robot

Penny is an artificially intelligent food-service robot that
resembles a bowling pin. It has the ability to independently
transport food and beverages from the kitchen of a restaurant
to the tables and return the dishes for cleaning. Penny in able
to run in a variety of food service settings, including dining
rooms, pizzerias, sizable event halls, gaming floors in casi-
nos, restaurants, and cafes. Multiple drinks may be smoothly
delivered at once by this self-driving robot. This device can
mapping during peak hours or night shifts because of its long-
lasting battery, which has an 8 to 12 hour lifespan. Penny’s
mission is to shorten wait times by bringing the plates to the
busing station. As a result, the waiters may concentrate more
on enhancing the dining experience for patrons, attending to
their needs, and enquiring about the quality of the food.

e Nimbo Security Robot

Nimbo is a robotic security guard with a variety of secu-
rity uses and asset protection capabilities. It is built on
cutting-edge Al technology. The robot observes what peo-
ple are doing and its surroundings as it investigates and
patrols designated areas, paths, or self-optimized routes.
When Nimbo notices a security breach, it can alert the sur-
rounding area by light, sound, and video. It records video
evidence and notifies the human guard in real time. Addition-
ally, the human security personnel can choose where to patrol.
The robot will then go around the area, continuously scan-
ning, from one location to another. Nimbo operates in places
like retail malls, warehouses, offices, educational institutions,
etc. and integrates with VMSs (Video Monitoring Systems)
with ease.

A. ALGORITHM MADM
Suppose 3 = {B1,031,B1,...,3} being the discrete
set of options determined by the set of B experts

{r1,5.T3,...,Tp} by the conditions of % attributes
{e1.€2.€3,....e5}. Suppose 5 = (51,5, B3, . .. ,ErB)T and
Q = ((Ql,(Qz,(Q3, ...,(ng)T signify correspondingly the

weight vectors of the b experts If‘% s and B attributes €. We use

the power formula which is defined by @; = —7(81 +Tp) ’
22 (14Tp)

_ (R _®

et
T - z?: | Sup (Bgﬂ’ B@u)’ and
(=R
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T, = Z?: lSup (Bgﬂ, Bg%), Sup (Bgﬂ, Bgﬂ) denotes

s& 1
the support for Be, from Be . Moreover the ZEI ©Q =
1, and Z;E_llﬁf = 1 must be required. To select

for the determination of most superb alternative, the

expert expresses their assessment in the setting of BCF-

SNs Bey = (:3n) = (P + Py Py +Py)

F=1,2,....01=1,2,...,%) where —1<n;f +3; <l and

combined complete decision matrix is stated as M=

(Be ) and formed a BCFS decision-matrix M =
~fl Bxy

(Bgﬂ)rgxrg' For tackling the BCFS decision matrix, we have
the underneath steps

Step 1: Collect all data in the shape of BCF soft matrix
B = (ng.34) = By + Py . Py +Py) E=1,2,....%B1

=1, 2,...,%) associated to each option under the attributes
B=1,23,...,)as
Bpxg=M

(071.311) (012 312) - (Uﬁg 31_73)
(931:321) (32 30) - (U;gv 32_73)

+ 22— + 22— e
_(‘Jm 3113) (‘3213’ 3213) E (171378’ 51378)_
Step 2: For the computing the WVs for experts and
attributes we signify the power formula defined by

(1+T) ) (1+Rg)
Q= ———— Jandbg= | —F—
(ZZ] (1 +TI) ! erhzl (1 + Rf)

Step 3: For normalization of BCFS decision-matrix,
employ the following formula.

(gh 3 ) = (B +By. By + By ) forbenefittype
_ I+25 +i(1-Pg),
+ ¢ _ fl i
N (_l_mi(_l_pﬂ)
forcosttype

Step 4: Aggregate the BCFSNs Be, f=1,2,...,%®,1 =
1,2,...,%) forevery alternative éxﬁ ®=1,2,3,...,0) into
combined decision-matrix by employing BCFSPDAA or
BCFSPDGA operators.

Step 5: By the assistance of Eq. (2), we determine the score
value of each alternative.

Step 6: We would rank the alternatives by employing the
determined score values.

Step 7: End.

G =

B. NUMERICAL EXAMPLE

Some experts decide to select best robot in the Al field.
For this Al experts that is Ty, T, I's, T4, and T's with their
WVs b = (51,5, b3,...,Bp), who will examine and
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TABLE 1. BCFSS data table.

€, €3 €4
0.9 0.1 0.2
+10.7, +:0.5, +10.3,
—0.5 —-0.9 —-0.4
—10.3 —10.13 —10.5
0.11 0.17 0.12
+:0.8, +:0.21, +:0.13,
—0.5 —0.25 —0.15
—10.2 —10.29 —10.14
0.8 0.33 0.22
+10.6, +10.37, +10.23,
—-0.4 —0.41 —0.25
—10.1 —10.45 —10.24
0.8 0.49 0.32
+1:0.6, +:0.53, +:0.33,
—-0.4 —0.57 —0.35
—10.2 —10.61 —10.34
0.7 0.65 0.21
+1:0.5, +10.69, +:0.32,
—-0.3 —0.73 —0.53
—10.1 —10.77 —10.44

provide their opinion about the 4 considered robots that
are (31, (3, 33, and (34 under the parameters E = (€
= Starshipdeliveryrobot, €, = Pepperhumanoidrobot, €3
= Pennyrestraurantrobot, €4 = Nimbosecurityrobot) in the
exemplary of BCFSNs. The associated with parameter’s
WVs are computed with the rest power formula where
the 2:8;1 @© = 1. To determine the most effective robot,
we employ the underneath techniques.

C. BCFSPDAA OPERATOR
Step 1: W e collect two tables for BCFSN, then we repre-
sented as blow:

Step 2: Computed WVs for experts and attributes by using
power formula we obtained the following WVs:

B =(0.206112, 0.195926, 0.190518, 0.201333, 0.206112)
@ = (0.255694, 0.243114, 0.244968, 0.256224)

Step 3: For normalization of BCFS decision-matrix,
we consider Table 1 for the benefits type

Step 4: Aggregate the BCFSNs Be, =1,2,.... %,
1=1,2,...,%) for every alternative 3 (5=1,2,3,...,1)
into combined decision-matrix by employing BCFSPDAA
operators by equation (8), we attained:

Be,, = (2.9877 x 107°° +0.001675296:, —0.99958
— 0.999780).
Be,, =(0.272838984+0.156126228:,-0.95563—0.35270),
Be,, =(0.000180673+0.003440338:,~0.99882—0.966571),
Be,, = (1.08675 x 107 +3.90595 x 10", —0.72918
— 0.697031)

VOLUME 12, 2024

TABLE 2. BCFSS data table.

€ € € €,
0.21 0.65 0.7 0.3
+10.32, +10.69, +10.5, +:0.5,
—0.53 —0.73 —-0.3 —-0.7
—10.44 —10.77 —10.1 —10.9
0.32 0.49 0.8 0.2
+10.33, +10.53, +10.6, +1:0.5,
—0.35 —0.57 —-0.4 —-0.8
—10.34 —10.61 —10.2 —10.11
0.12 0.17 0.11 0.2
+10.13, +10.21, +10.8, +10.4,
—0.15 —0.25 —0.5 —-0.6
—10.14 —10.29 —10.2 —:0.8
0.22 0.33 0.8 0.1
+10.23, +10.37, +10.6, +10.4,
—0.25 —-0.41 —-0.4 —0.6
—10.24 —10.45 —10.1 —10.8
0.2 0.1 0.9 0.1
+10.3, +:0.5, +10.7, +10.3,
—-0.4 —-0.9 —-0.5 —-0.5
—10.5 —10.13 —10.3 —10.7

Step 5: By the assistance of Eq. (2), we determine the score
value of each alternative,
31 = 0.00079244,13, = 0.359515325,133 = 0.009559022,
B4 = 0.14359854
Step 6: We would rank the alternatives by employing the
determined score values:
32 > 34 > [33 > 31

Hence, we have the best and powerful robot (3, in Al
Step 7: End.

D. BCFSPDGA OPERATOR

Step 1 to Step 3: Here, we have the same process as above.
Step 4: Aggregate the BCFSNs Bgﬂ &=12,...,%,

1=1,2,...,%) for every alternative 35 (5 =1,2,3,...,/)

into combined decision-matrix by employing BCFSPDGA

operators by equation (16), we obtained:

Be,, = (0.035308 + 0.955792¢, —0.084180706

— 0.1597507210),
Be,, = (0.999782 + 0.999581¢, —0.008033033 — 1.51395

x 10700y),

Be,, = (0.688825 + 0.978011¢, —0.031668404
—0.00119568:),

Be,, = (0.117486 + 0.3347761, —0.000104215 — 09.52529
X IO_OSL)

Step 5: By the assistance of Eq. (2), we determine the score
value of each alternative,

31 = 1.373584,3; = 1.999264,1335 = 1.816986,

32235



IEEE Access

A. Jaleel et al.: Analysis and Applications of BCFS Power Dombi Aggregation Operators

TABLE 3. Comparative data of BCFSPDAO.

Techniques Score values Ranking
Mahmood and  Unsuccessful Unsuccessful
Rehman [25]
Naeem et al Unsuccessful Unsuccessful
[26]
Jaleel [41] Unsuccessful Unsuccessful
BCFSDAAO 3, = 35,>105,> 103
0.00079244, >3,
3, =
0.359515325,
3; =
0.009559022,
5,
= 0.14359854
BCFSDGAO  [3, = 1.373584, [3,>[3;> 13,
B, =1.999264, >0
3; = 1.816986,
3, =1.226031
34 = 1.226031

Step 6: We would rank the alternatives by employing the
determined score values:

32 >33 > 31 > B4

Hence, we have the best and powerful robot (3; in Al
Step 7: End.

Vi. COMPARATIVE ANALYSIS

We will now start the process of comparing the accepted
ideas with our proposed work. Three concepts have been
identified in relevant studies. Dombi AOs are used in Mah-
mood and Rehman’s [25] MADM approach while working
with BCF data. This study addresses most of the unclear
and complex concerns. Then, Naeem et al. [26] described
how a DM approach based on BCF frank power AOs was
used to categorize renewable energy and its sources. Most of
these problems have been overcome in our proposed model.
Thirdly, Jaleel [41] developed the WASPAS technique for use
in agricultural robotics systems based on Dombi AOs under
BCEFS Information. This work also discusses these issues.
After this, we may conclude that we solved every issue that
the first three articles failed to cover. Mahmood and Rehman
were the first researchers to examine this topic [25]. They
examined the impacts of BCFS on dombi AO. Our study
incorporates BCFSPDAO, which outperforms Mahmood and
Rehman [25] due to the latter’s inefficient power and SS.
Subsequently, we discussed our research and compared it
with the study performed by Naeem et al. [26]. We concluded
that our work has a more significant influence than that of
Naeem et al. [26] since no SS was employed in this work.
Thirdly, we discussed the work of Jaleel [41], who compared
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BCFSDAO and BCFSPDAO, the latter of which is influenced
to a lesser extent by our work since no power is employed.
Based on the above explanation, we can conclude that our
research efforts have been more fruitful than previous endeav-
ors. This discussion is summarized in Table 3.

VIl. CONCLUSION

In this work, we explored how BCFSPDAO was established
by incorporating authority over BCFSDAO. We started by
examining BCFSPDG and BCFSPDA AOs, after which we
identified three varieties of BCFSPDA AOs and BCFSPDG
AOs. Subsequently, we were able to narrow down three cate-
gories of BCFSPDA AOs: BCFSPDWA AO, BCFSPDOWA
AO, and BCFSPDHA AO. Similarly, there are three types
of BCFSPDG AO: BCFSPDWG AO, BCFSPDOWG AO,
and BCFSPDHG AO. Subsequently, the topic of artificial
intelligence and robots was discussed. In the study, the pre-
viously specified procedures were performed. We employed
a numerical model that was resolved by the MADM method.
Robots make up the numerical model in AI. We thus selected
the robot with the best performance. The BCFSPDGAO and
BCFSPDAAO ranking series are found here. The (3, that is
generated in BCFSPDGAO and BCFSPDAAO is the same,
despite differences in the ranking series. We wrapped up
this study by drawing comparisons with common notions
of supremacy and dominance. Our results demonstrate that
every problem caused by BCFSS can be resolved and man-
aged with ease.
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