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ABSTRACT

The selection of enterprise resource planning (ERP) systems is one of the
most strategic and profound decisions for organizations since it impacts
their performance and competitive position. Due to the complexity and
variety of the ERP systems that have evolved over the years, the decision-
making (DM) process has become more difficult. These complexities have
raised several major research gaps in the literature and the selection
methodologies of ERP systems. One significant weakness is that the
current strategies pay attention only to the positive aspects of the
attributes of ERP systems and ignore the negative aspects of the attributes
of ERP systems. As a result, the decision maker may end up with an ERP
evaluation that is either unbalanced or skewed, and therefore not entirely
accurate. Besides, most of the existing methods do not consider extra
fuzzy information concerning the attributes of ERP, which leads to the
loss of some important information needed for making a wise decision.
Thus, in this manuscript, we propose a new MADM method, namely
bipolar complex fuzzy MADM (BCE-MADM), which not only covers
positive and negative aspects of ERP attributes but also includes
additional fuzzy information and reduces the influence of the extreme
values of the decision-makers’ opinions. To overcome the problem of
outlier assessments, the power average (PA) operator is used, and the
Muirhead mean (MM) operator is used to consider the interrelation
between attribute arguments, which provides more flexibility in the
aggregation process, and new power MM operators and power dual MM
operators are proposed for bipolar complex fuzzy set (BCFS). These
operators are used in the aggregation process of the developed MADM
problem. After that, we analyze a case study related to the selection of an
ERP system and then compare the anticipated theory with certain

existing ones to demonstrate the supremacy of the anticipated theory.

Keywords: Enterprise resource planning; power Muirhead mean

operator; bipolar complex fuzzy set; Decision Making.

(MSC2020) Codes:03E72, 03E75, 90B50, 90C70

Journal of Innovative Research in Mathematical and Computational Sciences

Vol.5, Issue-1: (2026) | 108

https://jirmcs.agasr.org/index.php/jirmcs, pISSN: 3005-4281, elSSN: 3005-429X

DOI: https://doi.org/10.62270/jirmcs.v5i1.66



https://jirmcs.agasr.org/index.php/jirmcs
https://doi.org/10.62270/jirmcs.v5i1.66
mailto:Irfan.nazir75@gmail.com
https://orcid.org/0000-0002-5361-6592
https://orcid.org/0009-0005-8049-0744
https://orcid.org/0000-0002-9326-1677

EUEN A o derflieians-Gate

1.| INTRODUCTION

ERP is an acronym for enterprise resource planning; what is ERP? The simplest way to define ERP
is to think about all the core business processes needed to run a company, such as finance, human resources,
production, purchasing and supply, services, and others. In its simplest form, ERP is the solution that
enables the most efficient handling of all these processes in an integrated manner. It is commonly known as
the system of record of the organization. However, the ERP systems of today are far from simple and bear
very little similarity to the original ERP system that was developed many years ago. They are now delivered
through the cloud and leverage new technologies, including Al and machine learning, to offer intelligent
automation, higher productivity, and real-time business intelligence. It also integrates business with
internal and external business partners and networks across the globe, which provides today’s competitive
environment: collaboration, agility, and speed.

Also referred to as the heart of an enterprise, ERP software offers the automation, integration, and
intelligence that is required in the execution of all enterprise operations. Ideally, most or all of an
organization’s data should be in the ERP system in order to ensure that the business has a centralized source
for data. Finance needs an ERP to close books in a short time. Sales requires ERP to handle all the orders
from customers. Logistics in its true sense requires the efficient functioning of ERP software to deliver the
right product and service to the customers at the right time. Accounts payable requires ERP to pay the
suppliers the right amount and at the right time. Management requires real-time information with regard
to the company’s performance in order to make appropriate decisions at the right time. Banks and
shareholders also need to have precise records of the company’s financial status, and thus they rely on the
data and analysis provided by the ERP system. This is an indication that ERP software is very crucial to
businesses as more and more firms implement it. G2 says, “The global ERP Software market is expected to
grow at a CAGR of 10. 2% during the forecast period of 2019-2026, reaching US$78. 40 billion. The
importance, emergence, and issues in ERP systems were devised by AlBar et al. [1], and its strategic
importance was analyzed by Herath and Wijenavake [2].

The benefits that a good ERP system provides can be diverse — depending on the implementation
strategy. For instance, the advantages of cloud ERP are unlike those of an on-premise ERP system. The

major benefits of ERP are shown in Figure 1.
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Figure 1. The benefits of ERP.

An ERP system can also be referred to as an ERP suite and comprises interrelated modules or
business applications that are connected and use the same database. Individual modules of ERP are
generally specific to a single business function, although they are integrated and share the same database
to address the company’s requirements. Finance and accounting, human resources, sales and marketing,
procurement, logistics, and supply chain are some of the frequent choices. It is a la carte, and firms select
the module they need and can then add on and expand from there. ERP systems also meet industry needs,
either as a built-in module or incorporated add-ons that operate in parallel with the ERP applications. ERP
software can be purchased through a Cloud subscription model, which is a software as a service model, or
through a license, which is an on-premises model.

ERP systems encompass a range of modules of different types. Every ERP module is responsible for
particular business processes — for example, financial ones, purchasing ones, or manufacturing ones — and
gives the workers in the particular department all the transactions and the required data they need for their
work. Each module integrates with the ERP system, which provides real-time, consistent data that is

available to all departments. The basic modules of ERP are shown in Figure 2.
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Figure 2. The modules of ERP.

The history of ERP is demonstrated in Figure 3.

The history
of ERP
— 1960s ¥ 1970s —® 1980s ® 1990s % 2000s ' 2010s
Mainframe computers Distributed computing Industry applications Client-server Web applications Cloud computing
Finance and Stand-alone MRP Il for Introduction Adoption Adoption
accounting applications manufacturers of ERP of Internet of cloud
& + General ledger @ « Finance and accounting @ Introduction of material @ + Extension of MRP I “® + Enhanced ERP ~® « Full cloud ERP
+ Accounts payable + Sales order processing requirements planning + Human resources + KPIs and analytics + Full mobility
+ Accounts receivable + Purchasing (MRP) and integration with: * Project accounting + Mobile devices » E-commerce
+ Financial reporting + Inventory + Finance and accounting +CRM « Field services + Internet of Things
+ Material planning + Sales order processing + Real-time visibility + Alerts and dashboards + Introduction of ML and Al
+ Purchasing and inventory * Multinational + Customer-facing Web sites  « Document management

Figure 3. The history of ERP.

The choice of ERP systems is regarded as the MADM problem because it is a process of selecting
one of the multiple options under consideration, taking into account several attributes that may be
conflicting. There are factors such as the cost of the software, functionality, scalability, reputation of the
vendor, time taken to implement the software, technical support available, and compatibility with the

existing systems in the organization. All of these criteria can be of varying significance depending on the
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specifics of the organization in question. Also, the decision-making (DM) process involves not only the
numerical data but also the qualitative aspects, which makes it rather intricate. The MADM approach offers
a clear guideline on how to address these various criteria, how to assign weights to them, and how to arrive
at a decision that is most appropriate within the context of the organization’s strategic direction and
operational needs. UTA et al. [3] emphasized the criteria for the selection of ERP software. Their work was
also informative in that they stressed the need for a clear framework for assessing ERP systems. They may
have debated the issues that an organization should take into consideration when selecting the ERP system,
including functionality, cost, scalability, and the reputation of the vendor. This research helped to identify
that ERP selection is a complex process and requires evaluation criteria that cover all aspects of the issue.
After that, Molnar et al. [4] extended the research on the ERP selection process. It is possible that their study
looked at the different phases that organizations go through to select an ERP system, from identification of
needs to decision making. Demydenko [5] advanced the research by developing multi-criteria optimization
models for the selection of ERP systems. This approach is a more complex way of DM, most probably
involving the use of equations to weigh a number of, sometimes, mutually exclusive factors.

1.1. | Fuzzy Set and its Hybrid Structures

Zadeh [6] originated the idea of the fuzzy set (FS) because, in numerous tricky situations, it is almost
impossible for experts or decision-makers to render their values in the form of a crisp number. The FS
manages the uncertainties in the data, which employs the grade of satisfaction to describe the knowledge.
The theory of FS has attracted a lot of attention from many scholars all over the world, who have studied
the technical and conceptual properties of FS. The recent investigation on FS and its application includes
supply chain [7, 8], genetic algorithms [9, 10], and business and economics [11-13]. Further, Xu et al. [14]
analyzed a fuzzy MADM approach for the selection of an ERP system. Nikdel et al. [15] devised the fuzzy
k-nearest neighbors’ algorithm. Cui et al. [16] studied fuzzy rare itemset mining. Chen and Lu [17] studied
correlation analysis in the fuzzy environment, and Jiang et al. [18] established fuzzy entropy. The
description of real-valued bipolar is not able to describe the fuzziness and uncertainties like unipolar crisp
values were not able to do. Therefore, the origination of bipolar FS (BFS) was necessary for dealing with
both fuzziness and polarity, and Zhang [19] originated it in 1994. The BFS manages uncertainty data
involving both positive and negative poles. The positive pole is described by the positive grade of
satisfaction that is placed in [0, 1] and the negative pole is described by the negative grade of satisfaction
that is placed in [—1,0]. Deva and Filex [20] originated the DEMATEL procedure, Riaz and Tehrim [21]
explored the VIKOR procedure, Riaz et al. [22] gave the SIR procedure, and Jana [23] described MABAC;
Akram et al. [24] devised TOPSIS and ELECTRE-I, and Shumaiza et al. [25] interpreted ELECTRE-II for
bipolar fuzzy (BF) information. Some aggregation operators (AOs) for BF information were originated by

Jana et al. [26, 27] and Wei et al. [28]. Various graphs and its application are discussed in [29-32]. The BF
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system of linear equations was devised by Akram et al. [33], and discussed this concept with a polynomial
parametric form was devised by Akram et al. [34].

The FS manages the uncertainties in one dimension and can’t manage the 2nd dimension; thus,
Ramot et al. [35] originated the idea of complex FS (CFS). The CFS manages the two-dimensional data
involving uncertainties and ambiguities. There is a grade of satisfaction in the CFS for describing the
knowledge of an element in the polar model and placing it in the unit disc of a complex plane. Tamir et al.
[36] originated another model of the grade of satisfaction, which is a Cartesian model that places elements
in the unit square of the complex plane. Bi et al. [37] originated complex fuzzy (CF) arithmetic AOs, Bi et al.
[38] explored CF geometric AOs, and Hu et al. [39] investigated CF power AOs in the setting of CFS. To
model the positive and negative poles and the 2nd dimension in a single structure, we require a more
modified and advanced structure, and that is BCFS originated by Mahmood and Rehman [40]. This
structure generalized all the above-discussed theories. There is a positive grade of satisfaction in the BCFS
for describing the positive knowledge of an element that is placed in [0,1] + ¢ [0,1] and also there is a
negative grade of satisfaction in the BCFS describing the negative knowledge of an element that is placed
in [-1,0] +¢[-1,0]. Mahmood and Rehman [41] originated Dombi, Mahmood et al. [42] diagnosed
Hamacher, Mahmood et al. [43] established Bonferroni mean (BM), Mahmood et al. [44] originated
Heronian mean (HM), Ur Rehman et al. [45] presented Frank, Mahmood and Ur Rehman [46] described
Maclaurin symmetric mean (MSM) AOs in the environment of BCFS.

1.2. | Motivation and Contribution

The complexities are increasing in real-life dilemmas over time, and with that, there are creating
research gaps and questions in the existing literature. Some of the research gaps are identified as follows.

* Some of the attributes of the ERP can have both positive and negative aspects, and in the existing
literature, merely the positive aspects of the ERP are considered, while negative aspects are ignored.

* The extra fuzzy information related to the attributes of the ERP is also ignored in the prevailing
literature on ERP.

* There are a few circumstances where the experts or decision makers present very low or very high
values of attributes, which have a bad effect on the final ranking outcomes. In this case, the power
average (PA) operator originated by Yager [47] is a very useful AO that allows the assessed values
to be commonly upheld and improved. Hence, we employ the PA operator to mitigate that bad
effect by defining numerous weights generated with the assistance of support measures.

* In a few real-life DM dilemmas, the argument of attribute depend on each other and are not
independent. Thus, the interrelatedness between the attributes should be considered. The MSM
operators [48], BM operators [49], and HM operators [50] capture the interrelatedness among the
arguments of attributes. But the Muirhead mean (MM) [51] is more advanced and beneficial than

these operators, and the advantages of the MM operators are investigated by Liu and Li [52] and
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Lui and You [53]. Additionally, certain prevailing AOs are the particular cases of MM operators like
BM [49] and MSM operators [48]. There is a parameter vector in the MM operator that enhances the
flexibility in the aggregating procedure.

* The advantages and benefits of PA, MM, and dual MM operators at the same time within BCFS are

missing.

To overcome these gaps, in this script, we first introduced new AOs by combining PA and MM, as
well as PA and dual MM in the structure of BCFS. The names of these operators are BCF power Muirhead
mean (BCFPMM), BCF weighted power Muirhead mean (BCFWPMM), BCF power dual Muirhead mean
(BCFPDMM), and BCF weighted power dual Muirhead mean (BCFWPDMM) operators. After that, we
devise a MADM method within BCES for tackling the ERP selection problem and other MADM dilemmas,
where bipolarity and extra fuzzy information are involved. This method will be known as the BCF-MADM
method. The deduced MADM approach within BCFS is based on the deduced operators, which will help to
aggregate the assessment values of the ERP. Thus, the combination of BCFS and devised operators will give
us a more robust approach for solving MADM problems.

The remaining paper is organized as: Section 2 discusses the basics of BCFS, PA, and MM operators.
In Section 3, we introduce BCFPMM, BCFWPMM, BCFPDMM, and BCFWPDMM operators and their
properties. Section 4 includes the BCF-MADM method and the related case study of ERP systems. Section
5 discusses the comparative analysis, and Section 6 discusses the conclusion of the paper.

2. | PRELIMINARIES

Here, we recall the notion of BCFS, related operations, MM, and dual MM operators.

Definition 1: [40] Consider a fixed set €, then BCFS over € originated as

Upcrs = {(@: (SILPJBCFS(@). SﬁBCFS(@)» e € QE}

= {(e(Wers(@ + 138, (.38 @ + 38 (@) [e€ €}

The positive grade of satisfaction would be indicated by 363 oF S(e) and the negative grade of
satisfaction would be indicated Sﬁg ors(®) and Sﬁ’; crs (e),S{U’; rs(® €[0,1], Sﬁg crs(®)) Sﬁfllg ors(®) € [-1,0].
Remark 1: The set Ugcrs = (SH’}BCFS,SﬁBCFS) = (Sﬁ’;cm +13ﬁjf;cps, SHR}I;CFS + LS{U’YECFS) would be indicated by
the BCF number (BCFN)

Definition 2: [41] Consider Ugcps = (SH’}BCFS,SﬁBCFS) = (Sﬁgcm + LS&CFS, SHR}I;CFS +1 S{UA;CFS) is a BCEN,
then Eq. (2) provides the score value and Eq. (3) provides the accuracy of a BCFN Upps.

1
S(Upcrs) = 7 (2+ 360 s + Sthgrs T 00 e + SUners)  SWUpers) €[0,1] (2)

~RP ~IP ~RN ~&IN
SUpcrs + SUpcrs ~ SUpcrs ~ SUpcrs :}[(UBCFS) e [0,1] (3)

4

}[(UBCFS) =
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From Eq. (2) and (3), there are underneath outcomes
1. When §(Upcrs-1) < S(Upcrs—2), it means Ugcps—1 < Upcrs—2;
2. When §(Ugcps—1) > S(Upcrs—2), it means Upcps—1 > Upcps—2;
3. When §(Ugcps—1) = S(Ugcps—2), it means
[1] When H (Ugcps—1) < H (Upcps—2), it means Ugcps—1 < Upcps—2;
[2] When H (Upcrs-1) > H (Upcrs-2), it means Upcps—1 > Upcrs—2;

[3] When H (Upcps—1) = H (Upcrs—z), it means Ugcps—1 = Upcps—a-

LI . : _— [P ~N _ (<RP o~IP ~RN ~IN
Definition 3: [41] Consider Upcps—1 = (‘S[UBCFS—l’ ‘S[UBCFS—l) - ("S[UBCFS—l T SUpcrs—1' SUpcrs—1 T ‘S[UBCFS—l)
— [P N — (c¢RP ~IP ~RN ~IN :

and Ugcps-2 = (‘SUBCFS—Z"SUBCFS-Z) - (\SIUBCFS—Z + L-SUpcrs—2? SUpcrs—2 + l\S[UBCFS—Z) are two BCFNs, with 28 >
0, then

~RP ~RP __ xRP ~RP

SUpcrs—1 T SUpers—2 ~ SUpcrs—19Upcrs—2

~IP ~IP _ xIP ~IP
+ (‘S[UBCFS—l T SUpcrs-—2 ‘S[UBCFS—l‘S[UBCFS—Z)’

Upcrs—1 @ Upcps—2 = \

4
_(SHRJII\?ICFS—lsﬁll;’CFS—Z) T (_(S{UI\IQCF‘S—lsﬁ\IgCFS—Z))/

~RP ~RP ~IP ~IP
SUpcrs—1Upcrs—2 T SUpcrs-1Upcrs—2’

_ ~RN ~RN ~RN ~RN
Upcrs-1 @ Upcrs-2 = | Supcrs—1 T SUpcrs— T SUpcrs—1SUpcrs-» (5)

~IN ~IN ~IN ~IN
L (‘SUBCFS—l + SUpcrs—2 + ‘SUBCFS—l‘SUBCFS—Z)

~ » ~ R
1- (1 - JﬁgCFS—1) T (1 - (1 if ) )'

~ SUpcrs-
WUpcrs-1 = ~RN m ~IN ZSFS 1 (6)
_l‘SUBCFS—ll T (_|‘S[UBCFS—1| )
N ™ W
Uz (‘S{GI;CFS—l) T (‘S{UPBCFS—l) ’ (7)
BCFs—1 » »
1+ (1 3he) e (F1+ (U Sl) )

Definition 4: [47] Consider Ugg_,, ¢ = 1, 2, ...,t as a collection of classical numbers, then the PA operators

originated as

t
1+ T(Uge-,)
PA(Ugg-_1, Ugg_3, ..., Uge—y) = (—U _> 3
se-1 Upg—2 Re-t £ (1 + T(Une0) Re—¢

T(Ugg—q) = D=1 Supp (Ugg_, Ugo_o), where Supp(Ugg_,, Ugo_q) holds the following properties
d+#¢

1. Supp(Upg_, Uge¢) € [0,1]
2. Supp(Uge—g, Une—q) = Supp(Upg_g Une—,)
If Dg(Upg—g Upo—o) < Ds(Upg—y, Ung—q'), then Supp(Usg_g, Ung_q) > Supp(Usig—y, Upe—q'), where

Ds(Ugg—g Uge—q) signifies the distance between Ugge_, and Ugg_q-

and Supp(Ugg_g, Uge—¢) is known as the support degree for Ugg_, and Uge_4-
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Definition 5: [48] Consider Ugg_,, ¢ = 1,2, ...,t as a collection of classical numbers and 3yp =
Bvp-1,3vp—2 - 3vp_t) € R! as vector parameters, then the MM operators originated as

S S
Y1 3vp—y

1
1 3vp-
MM-3ve (Uﬂm—pmmg_z, "'v[UiRQ—}) = F Z H(U%Q—g(z)) VP—¢ )
" GePy =1

where P; would signify the collection of permutations, §(¢) would be any permutation of (1,2, ..., 1).

3.1 POWER MUIRHEAD MEAN OPERATORS BASED ON BCFS

In this Section, we define BCFPMM, BCFWPMM, BCFPDMM, and BCEFWPDMM operators and the

properties of these operators.

L) . . — [P ~N — (<RP o~ IP ~RN ~IN —
Definition 6: Consider Upcrs—¢ = (‘SMBCFS—¢"SMBCFS—¢) - (‘S[UBCFS—:Z T SUpcrs—2 SUpcrs—g + l‘SMBCFS—z)' Z=

1,2,...,t as a collection of BCFNs and 3yp = (3yp_1,3vp_2, - 3vp_1) € R as a vector of parameters, then

BCFPMM3vP (Upcps—1, Upcrs—2, - Upcrs—t)

1
3vr-e\ ¥, Bvp—,

BCFS—G(2) (10)

_ %Z ﬁ i(l + T([UBCFS—Q(rz)))

Ger, ¢=1 e (1 + T(Upcrs—o)

Would say to be a BCFPMM operator, where P; would signify the collection of permutations, G(¢) would

be any permutation of (1,2,..,1) and T(IUBCFS_d):fozlSupp([UBCps_g,[UBCFS_d), where

d#¢
Supp(Upcrs—g Upcrs—q) holds the properties underneath
1. Supp(Upcrs—¢ Upcrs—q) € [0,1]
2. Supp(Upcrs—¢ Upcrs—a) = Supp(Upcrs—z Upcrs—¢)
3. If Ds(Upcrs—g Upcrs—o) < i)s([UBCFS—(z’: Upcrs—d )/ then Supp(Upcrs—g Upcrs—o) >

Supp(Upcrs—¢, Upcps—q ), where Dg(Ugcrs_p Upcrs—o) signifies the distance between Ugcrs_, and

UBCFS—cf'

and Supp(Upcrs—g Upcrs—qg) is known as the support degree for Ugcps—, and Upcps—g-

(1+T(UBCFS—Q(¢)))
The1 (14T (Upcrs-))

To simply Eq. (10) we consider = F,, then Eq. (10) converted to the following form

1
1 t 3 1 3ve—,
VP—
BCFPMM3V? (Upcps—1, Upcps—2, - Upcrs—t) = H Z n({f;z[UBCFS—g(gz)) ‘ (11)
"GEP) ¢=1

and for appropriateness, we can consider that (Fy,3, ...,F1)T would be the power weight vector with the

condition that F, € [0,1] and ¥}, F, = 1.
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Theorem 1: Consider Ugcps_, = (‘SUBCFS y ‘SUBCFS Z) (\S[UBCFS s TS Upers— ¢'~51Uscps o SUgers_,

2,...,tas a collection of BCFNs, then the result after aggregating the BCFNs with the assistance of Eq.
(11) is yet again a BCFN
BCFPMM3vP (Ugcrs_1, Upcrs—2, -» Upcrs—1)

gE'P* ¢=1

/_?
/\

1\ Bvp—,
! 1\ SVP—¢ b
~RP g
- 1_[ (1 - ( ~ SUpcrs- g(z)) ) /
1

GEPy ¢=1

= 1 (12)

1\ ¥ 3vp—e
bl
{j:‘z)SVP—E

% Y1 3vp—y

1\ 2o Bvp—,
! 1,1\ JVP—¢ f
| | ~IP d
1- 1- (1 - ( ~ SUpcrs-— g(z)) ) / ’

-

~RN
-1+ 1_[ 1 - |‘S[UBCFS —6(@)

SRy
\

*fz)SVP‘“

~IN
—1+f1- 1_[<_1+1_[ 1_ |‘SUBCFS G(@)
P

Proof: With the help of Def (3), we have
1 1Fy
~RP ~&IP
1= (1 SUpcrs- g(«z)) e (1 B (1 ~ SUscrs- g(«z)) )

iFy ( |~IN *f«z)

SUpcrs—g

[UBCFS —G(e

¥, 3vp—¢ 1, 3vp—¢
~RP &IP
(1 - (1 SUpcrs- Q(xz)) ) ti (1 - (1 SUpcrs- g(z)) ) ’

3vp—¢ _
(‘l'fZUBCFS—g(Z)) - *.F(Z SVP_g {_f‘¢ 3VP—1Z
1+ (1 _ |c~RN ) 4+ <—1 + (1 - |S{U’YQCFS 6w ) >

SUpcrs- —-6(®)

then,

t

3y
l_l(ﬂ:‘(lUBCFS—g((Z)) v
¢=1

1 1

1\ 3vP—¢ 1\ SVP-¢
_ ~RP _ oIP
1_[ (1 (1 SUpcrs- g(z)) ) t 1_[ (1 (1 SUgcrs- g(f)) ) ’

e=1 =

! . 1, 3vp—¢ ! . ¥, Jvp—¢
o~ o~
-1+ | | (1 - |‘S[UBCFS 10 ) teo| -1+ | | (1 - |‘5[UBCFS 10 )
z=1 =

and



t
Z H(*f zIUBCFS—Q(Z))BVP_Z

GEPy ¢=1

next,

t
1 3vp-
H Z H(H‘ zUBCFS—Q(¢)) e

GEPy ¢=1

thus,

GEPy

«©

€Py

)
m
=

)
m
=

1
(116
GEPy ¢=1
) 1
1 r (1—(1
GeP, =1
1
(e
GePy g=1
1
SRy
GEP; ¢=1

1—13(1—
(-1l
[+ T]6-

(o T]0-

1

(1-

~RP
SUpcrs— -G(2)

_ ~IP
SUpcrs- -G(2)

~RN
SUpcrs-— —-G(0)

~I
SUpcrs-— —-G(0)

~RP
~ SUpcrs- —-6(©)

~IP
SUpcrs-— —G(®)

~RN
SUpcrs- —-G(2)

~IN
SUpcrs- G(2)

Jvp—¢
)*fﬂ)

ﬂ:‘g)BVP—z

ﬂ:‘g)BVP—z
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3vp-¢
)*fﬂ) ’

=

)
-

¥ 1Z>3VP—4Z

rrlH\_/
-

==

}fz>3VP—¢




1 1
Jvp-
ﬁ z H(}f;zUBCFS—g((z)) ‘

__ 1
1 3vp—

GEPy ¢=1
1 Zz 13VP ¢
1 ¥ Jvp—¢ g
~RP ¢
1- 1_[ 1- 1_[( ~ SUpcrs- g(z)) )
\ GEPy g=1 /
1 21—13VP -
I !
i 1\ QVP-¢
1- 1- 1_[( ~ Upcrs- g(z)) )
\ GEPy £=1 /
_ 1
1 Z¢_13VP ¢
1\ OVP—¢ §
Fe
~RN
-1+ \1 -1+ l_[ 1 - |‘S[UBCFS -6 ) /
1
l 22:13VP—Z
H
N 1\ QVP-¢
-1+ 1- 1_[ —1+1_[ 1_|~5U3cps 6@ )
GEP;
consequently,

BCFPMM3vP(Ugcrs—1, Upcrs—2, -

1 P 1, 3vp—¢
1- 1_[( ~ Upcrs- g(cz)) )
GEPy ¢=1
1 i 1, 3vpP—¢
1— 1_[ 1- 1_[< ~ SUpcrs- g(z)) )
GEPy ¢=1
~RN
_1 + ( —|— —1 + H (1 - |‘S[UBCFS —G(2)

~IN
SUpcrs- G(®)

_1+H(1—|

{j:‘z)BVP—Z

}j:z)3vp—a

Upcrs—1)

1
)lelfhp;z
1

)Zi‘zl 3vp—¢

% Y 3vp—y

=

1

ﬁ%
1!
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IP ~RN +

o~RP R
Upcrs—2 VUpcrs—¢

SUpcrs—¢ +i3

. : _ (P &N —
Theorem 2: (Idempotency) Consider Ugcps—, = (‘S[UBCFS—:Z"SUBCFS—:Z) =(
t30pers ) = 1,2, ..., T as a collection of BCFNs and Upcrs—, = Upcrs ¥ ¢, then

BCFPMM3v? (Upcrs—1, Upcrs—a, - Upcrs—t) = Upcrs

. L : — P N — RP IP RN
Theorem 3: (Monotonicity) Consider Upcps—, = (SUBCFS_Z,S[UBCFS_Z) = (S[UBCFS_Z L SUpers—er SUpers—y T

IN # ~P ~N ~RP ~IP ~RN ~IN
(3 ,and U _ =( , )=( +1 , +1 ) =1,2,..,tas
\SUBCFs—gz) BCFS—¢ ‘SfUﬁcps_g ‘slUécps_g ‘slUgcps—z JU%CFS—Z JU%CFS—;: JU%CPS—Z ¢
. # :. o~RP ~RP ~IP ~IP ~RN
two collections of BCFNs and Upcps—y < Ugcps—, thatis, Jg, ., < St cps_y SUscrs—e = DUk s SUpcrs—y =

~RN ~IN ~IN
¥ and < 3 then
‘S[UBCFS—z SUscrs— ‘SUBCFS—/

BCFPMM?3vP (Upcps—1, Upeps—2, ) Upcrs—t) < BCFPMM3ve (Ugcps—pUgCFs—z: ""[UgCFS—})

. : — P N — RP IP RN
Theorem 4: (Boundedness) Consider Ugcps_, = (SUBCFs—z’SUBCFs—z) = (S[UBCFS—z + L SUpers—2 SUpcrs—, T

L S0reps, )€ = 1,2, ..., as a collection of BCFNs and Ugrs = (mﬂin{SﬁgCFs_z} +
s [IP RN IN + RP
L mlzln{SUBCFS—gz}’ mEX{SUBCFS—¢} Tt m(zaX{SIUBCFS—z})’ and Upcps = (m‘zaX{S[UBCFS—z} +
~IP in[ RN in{xIN
L mfx{oﬂJBcps—g}’ mgm{‘SUBcps—z} ti m;n{‘SUBcps—z})’ then

Ugcrs < BCFPMM3vP (Upcrs—1, Upcrs—2, ) Upcrs—1) < Ufcrs
Underneath are the particular cases of the investigated BCFPMM operator
Case 1: For 3yp =(1,0,0,...,0), we achieved the BCF power averaging (BCFPA) operator from the
diagnosed BCFPMM operator, i.e.

(14 T(Upcrs—y))
(1 + T(Upcrs-q))

= BCFPA(Upgcrs-1,Upcrs—2 --» Upcrs—t)

t
BCFPMM(.00--0) (Upcrs—1,Upcrs—2, - Upcrs—1) = Z Z; BCFS—¢
¢=1

1
, =

111
Case 2: FOI'SVP = (?'T'T'm '

), we achieved the BCF power geometric (BCFPG) operator from the

diagnosed BCFPMM operator, i.e.

t " (1+T(Upcrs—y))
(Bi1.h ST e
BCFPMM\YYY "V (Ugcps—1, Upcrs—2, - Upcrs—1) = | |([UBCFS—¢) Zg=1 (147 (Upcrs-o)
7=1

= BCFPG(Upcrs—1,Upcrs—2, -+ » Upcrs—t)

Case 3: For 3yp = (1, 1,0, ..., 0), we achieved the BCF power Bonferroni mean (BCPBM) operator (with p =
q = 1) from the diagnosed BCFPMM operator.
Case 4: For 3,p = (1,1,...1,0,0, ...,0), we achieved the BCF power Maclaurin symmetric mean (BCPMSM)

operator from the diagnosed BCFPMM operator.

~RP +1 ~IP

« ege . . _ (P ~N — o~RN ~IN —
Definition 7: Consider Upcrs—¢ = (‘SUBCFS—z"SUBCFS—z) - (\SUBCFS—z SUpcrs—2 SUpcrs—y + L‘SHJBCFS—Z)' £=

1,2, ...,tas a collection of BCFNs and 3yp = (3yp-1, 3vp-2, - 3vp_1) € R' as a vector of parameters, then
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BCFWPMM3VP (Upcps—1, Upcrs—2, -, Upers—t)

3vp—¢ 1 3vp—y

Upcrs—g) (13)

Z 1—[ Wwv g(g) 1 +T([UBCFS g(ﬂ)))
1

& o= Zd_l Wy — cf(l + T(Upcrs- cf))

Would say to be a BCFWPMM operator, where Py would signify the collection of permutations, G(¢) would

be any permutation of (1,2, ...,D), T(Upcrs—q) = Lig=1 SubP(Upcrs—g Upcrs—),  Supp(Upcrs—g Upcrs—q) is
dg

known as the support degree for Ugcps_, and Upcrs—q¢ and Wy, = (Wypp—1, Wipr—2, -0 s Wepp—y) Would be the
weight vector meet with condition that V10 < w,,,_, < land X w,,_, = 1.
Theorem 5: Consider Upcrs-e = (Sfpers-o Spers-) = (Wpers + Hame Sps + ¢ Slhgps_ )0 =

2, ...,t as a collection of BCFNs, then the result after aggregating the BCFNs with the assistance of Eq.
(13) is yet again a BCFN

BCFWPMM3v? (Upcrs—1, Upcps—2, - Upcrs—1)

3yp_ ¢ %_ z-13VP —
Waro—50(1+1(Uscrs—))

1
(1 _ 1_[ 1— (1 ~RP )Zd— 1 Wawrr—d(1+TWpcrs—a))

SUpcrs-— —-6(®)

1
SVP . F Zg 13VP -

Wwv—g(z) (1+T([UBCFS g(z))

1
_ _ _ IP Y W q(1+T(U
1 1 1_[ 1-(1-38 gm)zd Waro—a(1+TWacrs—o) ’
GEPy

(14)
1 3vp—

s I

N _ | | _ |RN e Wopo—q(1+T(U )
1+ 1 |‘S[UBCFS 6® d=1 al BCFS—d))
GePy ¢=1

3vp-
( t Wawro— 0 (141 (Uscrs—g0)) ‘

T
Y=13vP—¢

s T

Jvp—¢

SUpcrs—g)

1 Wwv—g(g)(1+T(UBCFS g(a))
“1+|l1-1- 1_[ -1+ 1_[ 1— |~1N Ty Waro—a(1+T(Upcrs—o)
GEPy =1

Proof: Omitted since likewise Theorem (1).

Theorem 6: (Idempotency) Consider Uggps_, = (‘S[UBCFS Z,JﬁBCFS_Z) (Sfﬁgcm L+ LU eps—0 SUncrs.. L+

IR 11— ¢) ¢=1,2,..,1as a collection of BCFNs and Ugcps_, = Upcps V ¢, then

BCFWPMM3v? (Upcrs—1, Upcrs—z - » Upcrs—1) = Upcrs
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~RP ~RN

Theorem 7: (Monotonicity) Consider Ugcps—, = (‘S[UBCFS z"S[UBCFS Z) (JlUscps , +LJUBCFS o SUpcrs—y T

IN # ~P ~N ~RP ~IP ~RN ~IN
R and[U _ =( # # ) ( # +1t # # +1t # )¢=12{as

SUscrs- f) BCFS—¢ ‘SUBCFS—g"SUBCFs-z ‘S[UBCFS— ‘SUBCFS—/‘SUBCFS ¢ ‘SU ’ P
~RP < RP ~IP < P RN

two collections of BCFNs and Upcps_, < Ufcps_, that is, SUpcrs—y = ‘S[UBcps  SUpcrs—y = ‘SIUBcps 7 SUpcrs—¢ <
~RN ~IN NIN

# = # then
\SIUBCFS A Suscrs— ‘SUBC FS—¢

BCFWPMM3vP (Ugcrs_1, Upcrs—2, - Upcrs—t) < BCFWPMM3vP (U cps_q, Ubcrs_z, -, Ubcps_y)

&N RP IP RN
Theorem 8: (Boundedness) Consider Ugcps_, = (‘S[UBCFS z"‘S[UBCFS—z) (S[UBCFS o SUpers—0 SUpers—, T

t reps, )€ = 1,2, ..., 1 as a collection of BCFNs and Ugps = (mgin{Sﬁ‘;CFS g+
lmzin{sﬁf;cm ¢} ml?x{sﬁgczvs ¢} T m,?x{S{UIZ?CFs z})’ and [UECFS = (mgX{Sﬁchs z} +
ngx{SﬁJPBCFS ) mzin{Sﬁ’;’CFs g+ mgin{Sﬁf;CFS Z}), then
Upcrs < BCFWPMM3vP (Upcps_1, Upcrs—2, -+ Upcrs—t) < Ugcrs
Definition 8: Consider Upcps—, = (‘S[UBCFS ¢ ‘SgBCFS—g) (Sﬁ};ct‘s ¢ S{U}:secz-'s 4 Sﬁgﬁs —¢ SIIUI\llscz:s z) Z=

2, ...,tas a collection of BCFNs and 3yp = (3yp_1,3vp_2, - 3vp1) € R! as a vector of parameters, then

BCFPDMM3? (Upcrs—1, Upcrs—2, - » Upcrs—1)

=

(1+T([UBCFS g(z)))

HZ 3vp-e(Uscrs- g(g))zd-l(HT(UBCFS @) (15)

GEPy ¢=

Zg—l SVP [4

Would say to be a BCFPDMM operator, where P; would signify the collection of permutations, G(¢) would

be any permutation of (1,2,..,1) and T(Upcrs—o) = i1 Supp(Upcrs—g Upcrs—q),  Where

d#¢
Supp(Upcrs—g Upcrs—q¢) holds the properties underneath
1. Supp(Upcrs—¢ Upcrs—q) € [0,1]
2. Supp(Upcrs—¢ Upcrs—a) = Supp(Upcrs—z Upcrs—¢)
3. If Ds(Upcrs—g Upcrs—o) < i)s([UBCFS—;z’: Upcrs—d )/ then Supp(Upcrs—g Upcrs—a) >

Supp(Upcrs—¢, Upcps—q ), where Dg(Ugcrs_p Upcrs—o) signifies the distance between Ugcrs_, and

UBCFS—cf'

and Supp(Upcrs—g Upcrs—qg) is known as the support degree for Ugcps—, and Ugcps—g-

(1+T([UBCFS—Q(¢)))
The1 (14T (Wacrs-o))

To simply Eq. (15), we consider = §,, then Eq. (15) is converted to the following form

1
I

T
iy
BCFPDMM3v? (Upcps—1, Upeps—2, - Upcrs—t) = nz 3vp—e(Upcrs—g() ) (16)
13VP 4 GEPy ¢=

and for appropriateness, we can consider that (Fy,, ...,F1)T would be the power weight vector with the

condition that F, € [0,1] and ¥}, F, = 1.
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Theorem 9: Consider Ugcps—, =

(‘S[UBCFS ¢ \SUBCFS z) (Sﬁgms ¢

~IP
+ LSUpcrs— ¢"51UBCFS ¢

<~1N

\SUBCFS ¢

2,...,tas a collection of BCFNs, then the result after aggregating the BCFNs with the assistance of Eq.

(16) is yet again a BCEN

BCFPDMM?3vP (Upcrs—1, Upcrs—2, - » Upcrs—t)

1-|1- 1_[ 1—ﬁ(1—

GEPy ¢=1

GEP; ¢=1

1
+t

g=1

\ GEPy

Proof: With the help of Def (3), we have

(Upcrs- g(e))*fz =

1T,
-1+ (1 + S11’311;16175 g(z))
and
3vp-e(Uscrs- g(xz))bvz 1,
- |_1 + (1 + Sfélz\?’cm g(z))
then,
t
b
Z (3vp—¢(UBCFS—g(¢)) fﬁ)
¢=1

SIGRC

¢=1

] [ 1Fy
~RN
— |_1+(1+‘5UBCFS g(g))
¢=1

next,

1, 3vp- z
‘SUBCFS g(z)) )

3vp—¢

~RP
‘SUBCFS —6(®

-1+ 1_[ 1—1_[|—1+(1+3§’;’CFS

i
~IN
-1+ 1_[ 1- 1_[ |—1 + (143 )

(NRP )*f“ (¢~1P ){JFIZ
SUpcrs- —-G(2) SUpcrs- ~G(2) ’

i,
~IN
L (_1 + (1 + SUpcrs— g(z)) )

){f Z)SVP—Z>
3VP—Z>

¢=

1

1\ X} 3vp—

3vp-¢
)*fz)

1
1, 3vp—¢
o~IP
[TL=T10-(3a0) )

¥, Jvp-¢
g(z))

3vp-¢

ﬁ@—

¢=1

1
L[

~IP
\STUBCFS —-6(0)

¥, 3vp—¢
&RP o~IP
1- (1 N (‘S[UBCFS 9(¢)) > +i <1 - (1 - (‘SUBCFS —6(®)

Jvp—¢
+1 <—|—1+(1+“”"

i,
SUpcrs- g(z))

@IN
‘S[UBCFS —G(0)

__1r
1 3vp—y

1
1
i 1 3vpy

1
% 1 3vp—e

3vp—¢
)

3vp—¢

)’ffz

(17)



1

1_[ (3vp—¢(UBCFS—g(¢))*f¢):
1

GEPy ¢=

1_[ Z (SVP “Z(UBCFs—g(z))hvz)

GEPy¢=1

Finally,

| =

=

e

l_H 1+(1+

=1

1— c~1P

3vp-
NRP )lfz) VP—¢

JUBCFS )

UBCFS—g(z)

_1+(1+~RN

i 3ve-

L0~ Gt))
1

1- 1_[ (1 — (chP

{f‘z
~RN
1+ (1 + SUpers- g@)

1,
SUpcrs- §(z))

~IN i
e —1+1_[ 1_n|_1+(1+‘5‘”m5 g(@)

¢=1

!
iy 3vp—¢
[UBCFS_g(g)) )

t
~IN ) Ty
SUpcrs-go)

Acaderlieians-Gate Lt Xa

3vp—¢
),

Jvp-¢

Jvp-¢

=l

1
I

==

3vp-¢

3vp-¢

=
_/
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1

1
il

1
~RP
1- 1_[ (1 - ("SUBCFS-g(Z)

¢=1

g=1

1

¢=1

1 i
T 1_[2 (SVP—Z([UBCFS—Q(Q)) g)
¢=10VP—¢ \ Cep =7
1—-|1-
GEPy
+il1—-]1—-
GEPy
GEPy
GEPy
This implies that

BCFPDMM3VP (Upcps—1, Upcps—2, - » Upcrs—1)

GEPy

GEPy

GEPy

GEPy

¢=1

=

1

=1

1

=1

—|-1+ l_[ 1—1_[|—1+(1+

+o| —|-1+ l_[ 1—1_[|—1+(1+

~RP
I-11- l_[ 1- l_[ (1 - (‘S[UBCFS—Q(Z)

o~IP
+ol1-]1- 1_[ 1- 1_[ (1 o (L

1

-1+ 1_[ 1—1_[|—1+(1+

to| = -1+ 1_[ 1—n|—1+(1+

)*fz

_ [ xIP
(1 ("S[UBCFS—Q(Z)

~RN
‘S[UBCFS—g(z)

o~IN
‘S[UBCFS—g(z)

)")

~RN
‘SUBCFS—Q(Z)

~IN
‘S[UBCFS—Q(E)

)1fz

)h"z

3vp—¢
)")

)SVP—xz

3vpP—¢

)1fz

3vp-¢

)hc'z)SVP—z

3vp—¢

)h"z

3vpP—¢

3vp—¢

1
% o1 3vp—¢

1
{_1‘ 1 3vp—,

=2

1
% o1 3vp—¢

1

{_1! 1 3vp—,

1

% N1 3vp—e

1
1
i St 3vp—e

Theorem 10: (Idempotency) Consider Upcrs—y = (30 pcps_p Spersos) = (Stocrsy F L Sthocrs—or Stners. T

~IN

LJUBCFS_Z), ¢=1,2,...,1 as a collection of BCFNs and Ugcps_, = Upcps V g, then

BCFPDMM3VP (Upcps—1, Upcps—2, - Upcrs—) = Upcrs
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Theorem 11: (Monotonicity) Consider Ugcrs—, = (‘S[UBCFS z"S[UBCFS Z) (Sﬁ’;cm . +‘~51UBCF5 o Sﬁg’cm T
13{[}\1’361’5 ¢) and [Ugcps_g - (SG§CFS—¢’SQ§CFS—2) (SHRJ%CFS— ti NfU%czrs—;z' Nggczrs ¢ t Sﬁi ) =12 t
two collections of BCFNs and Upcps_, < Ujcrs—, thatis, Jit .. < Sggcm g SUpers., < S[IU}:;cps g Stners., <
3HRJ%]CFS S{UI\’;C”S ¢ Sﬁ%c FS—¢ then

BCFPDMM?3vP (Ugcrs—1, Upcps—2, - Upcrs—t) < BCFPDMM?3ve ([UECFS—LUgCFS—z: ""[UECFS—{)

&N RP IP RN
Theorem 12: (Boundedness) Consider Ugcps_, = (‘S[UBCFS z"‘S[UBCFS—z) (SUBCFS T U SUpers—o SUpers_, T

t reps, )€ = 1,2, ..., 1 as a collection of BCFNs and Ugps = (mgin{Sﬁ‘;CFS g+
; _ RP
lmzm{sﬁf;cm ¢} ml?x{sﬁgczvs ¢} T m,?x{S{UIZ?CFs z})’ and [UECFS - (m‘?X{SUBCFS z} +
~IP inf[ RN in{xIN
lmfx{‘SUBcps ¢} mzm{‘SUBcps ¢} ti mgm{‘slUBcps z})’ then

Ugcrs < BCFPDMM3vP (Upcps—1, Upcps—2, - Upcrs—t) < Ufcrs

Definition 9: Consider Ugcps—, = (JUscps g,\sﬁfBCFS ¢) ("RP Ry RTIM RM ) ¢ =

SUpcrs— ‘SUBCFS ¢ SUpcrs—g ‘SMBCFS —¢
2, ...,tas a collection of BCFNs and 3yp = (3yp_1,3vp_2, - 3vp1) € R! as a vector of parameters, then

BCFWPDMM3V? (Upcrs—1, Upcrs—2, - Upcrs—t)

X

Wwv—g(z)(l"'T([UBCFS @)

nz 3vr—e(Uscrs—g(0)) Zier Waor—a( 14T WUscrs—o) (18)

GEPy¢=1

Zz—l 3VP [4

Would say to be a BCFWPDMM operator, where P, would signify the collection of permutations, G(¢)

would be any permutation of (1,2, ...,0), T(Upcps-o) = Z£f=1 Supp(Upcrs—g Upcrs—a), Supp(Upcrs—g Upcrs—q)
d#¢

is known as the support degree for Upcps—, and Upcrs—q and Wy, = Wipp—1, Wepr—25 oo s Wipp—t) Would be

the weight vector meet with condition that V10 < w,,,_, < land ¥}_ w,,_, = 1.

~RP o~IN —
Theorem 13: Consider Uscrs—¢ = ("SlUBCFS ¢ "SlUBCFS z) (‘S[UBCFS ¢ + L‘SUBCFS ¢’\51U13cps ¢ +L‘51U13cps z) £=

2, ...,t as a collection of BCFNs, then the result after aggregating the BCFNs with the assistance of Eq.
(18) is yet again a BCFN
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BCFWPDMM3VP (Upcps—1, Upcrs—2, - Upcrs—1)

1
1 1
i Yg=13vP—¢

t }Wwv—g(z)(1+T([UBCFS—g(z))) Bve-s
— — — _ [ xRP ‘Z}— wo—d(1+T(U —d)
1 1 1_[ 1 1_[ 1 (‘SUBCFs-g(z)) =1 Waro—a( BCFs—d))
gEPl ¢=1
1
1\ 3t o
=\ Xp=13vp—
3vp- B\ <=t ¢
t }Wwv—g(z)(1+T([UBCFS—Q(Z))) vhe
— _ _ _ [ xIP ‘Z*— wo—d(1+T(U -
+1]1 1 l—[ 1 1_[ 1 (‘S[UBCFS—g(gz)) 1 Waro—d( BCFS—d)) )
gEPJ‘ ¢=1
= 1 (19)

L1213
3VP—¢ n|&e=1 VP—¢
‘Wwv—g(z)(1+T(UBCFS—§(2)))

1
—|-14+ / /1 _ 1_[ -1+ (1 + ~RN )‘22(:1Wwv—d(1+T(UBCFS—cf))
\eer |

‘SUBCFS—Q(Z)

1
131
3ypy fi Yo=13vP—¢
Wuwr—G@) (1+T(UBCFS—g(¢)))

/ / :
o~ v
+] —|-1+ \ \1 - | | -1+ (1 + Jﬁﬁcps-gm) Zacs o1+ Uncrs=o)
GEPy

Proof: Omitted since likewise to Theorem (9).
Theorem 14: (Idempotency) Consider Ugcps—, = (SEPJBCFS_Z, SﬁBCFS_Z) = (Sﬁgﬂs_z + LS{UI;CFS_‘Z,SSI;ICFS_Z +

lS&JAI’SCFS—(Z)' Z = 1, 2, ,‘l as a COHeCtion Of BCFNs and [UBCFS—IZ = [UBCFS A4 Z, then

BCFWPDMM3P (Upcrs—1, Upcrs—2, -» Upcrs—1) = Upcrs

Theorem 15: (Monotonicity) Consider Ugcps—, = (S{}BCFS_E,SﬁBCFS_E) = (Sﬁ’;cps_¢ + ‘3{l11;cps-¢'3§gcps_¢ +
lS{UA‘IgCFS“Z)' and [UECFS_'Z - (Sgﬁczrs—g'sggcps—z) - (Sggcps—z t Sé}%cr‘s—z' SggCFS—Z t S{UI%CFS—Z) =12 tas
two collections of BCFNs and Ugcps_, < Ufcps_, that is, Sﬁ’; crsay = Sggcm_z, SfU’; Crs—y = Sﬁ%ms_g, Sﬁ’g Py =
SggCFS—Z and S{UA;CFS“Z = SfUI%CFS—/ then

BCFWPDMM3vP (Upcps_1, Upcrs—z, - » Upcrs—t) < BCFWPDMM3vP (Upcrs_, Upcrs—z ) Upcrs—t)

~RP +1 oIP ~RN

. : — (P N _
Theorem 16: (Boundedness) Consider Ugcps_, = (SUB(:FS—Z’S[UBCFS—E) = (J[UBcps—z SUpcrs—¢ SUpcrs—,

L 30y eps ) = 1,2, ..., F as a collection of BCFNs and Ugcgs = (mgin{SfﬁgCFS_z} +
s (oIP ~RN ~IN + — ~RP
t mgln{‘SUBCFS—ﬂ}' mzax{‘SUBCFS—z} e mQaX{J[UBCFS—z})’ and Ugcrs = (méix{‘S[UBCFS—Z} +

L m‘?X{S[IUPBCFS—ﬂ}' mgin{sﬁg’czrs—z} ti mgi n{glﬁ\;cm—z})’ then

Uzcrs < BCFWPDMM3VP (Ugeps—1, Upcps—2, - Upers—1) < Ufcps
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4.1 MADM WITHIN BCFS

Consider t alternatives Ugyg_1, Ugyge_5 ,-..., Uye_y and k attributes Ey;_q1, Egi—y, ..., Eqe—i With their
weight vector Wy, = Wyp-1, Wip—2) oos Wip—i) Mmeet the condition that VkO<w,, <1 and
YK W = 1. After assessing the alternatives Ugg_,, ¢ = 1,2, 3,4 with respect to the attributes E,;_q, d =

1,2,3,4, the expert would describe the assessing values in the model of BCFN (SHPJBCFs'SﬁBcps) =

S s F LS epsr Shners T L Stheeps) and create a decision matrix Dpy,. For solving the decision matrix, we
have the following stages

Stage 1: The decision matrix should be standardized because usually there are two sorts of attributes, that

is, benefit and cost. Thus, the following are the formulas to standardize the matrix.

~RP ~IP ~RN ~IN . .
SUpers T L SUpers SUpcrs T L SUpcrs for benefit attribute

Dac = {1 =36 T (1 =31 ) —1 =SV A1 (—1 =3V ) for gost attribute
Stage 2: Aggregate the standardized matrix by engaging any of the originating operators, which are
BCFPMM, BCFWPMM, BCFPDMM, and BCFWPDMM operators.
Stage 3: Engage Eq. (2) to have score values, and in case of equal score values, engage Eq. (3) to have
accuracy values.
Stage 4: Engage Stage 3 to have the ranking between all alternatives.
Stage 5: Finish.

4.1. | Case study

XYZ Corporation is a fast-growing mid-sized manufacturing firm operating in the automotive parts
industry and is experiencing some issues with the management of its growth in terms of departments and
geographical locations. Currently, the company uses separate systems for finance, human resources,
inventory, and customer relationship management that are insufficient to meet the company’s needs. In the
case of XYZ, the management has realized that they need to integrate their various functions and improve
the quality of information they use to make decisions; hence the need to adopt an ERP system. The company
has selected a recruitment committee from members of the management team, including the IT department,
finance department, operations department, and the human resources department. The role of this team is
to assess and determine the best ERP system that will fit the company’s strategic plan and the needs of the
organization. It is the task of the selection committee to decide on the most suitable ERP system from four

options, which are listed in Table 1.
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Table 1. The ERPs and their explanation.

Symbol

ERPs

Explanation

Ugre—1

Uge—2

Ugre—3

Uge—a

SAP
S/4AHANA

Oracle
NetSuite

Microsoft
Dynamics
365

Infor
CloudSuite

Industrial

An all-in-one cloud software that is famous for its strong characteristics
and adaptability. SAP S/4HANA has features like real-time data
processing, integration of machine learning, and a large number of
predefined solutions for various industries. It supports operational flows
typically associated with manufacturing industries such as production
scheduling, quality control, and supply chain management. The system
uses in-memory database technology, which makes the processing and

reporting of data very fast.

A modern solution for ERP implemented in the cloud, which is preferred
by mid-sized companies for its openness. Oracle NetSuite has financials,
inventory, order processing, and customer relationship management in
its single application. It offers excellent support for multi-subsidiary and
multi-currency environments, which is appropriate for organizations that
work globally. NetSuite has SuiteSuccess, which is an implementation
approach designed to speed up the implementation process and the time

to value.

A mid-market ERP with a focus on CRM and a solid connection to the
Microsoft environment. Microsoft Dynamics 365 has a more flexible
approach to implementation as it is based on modules, and a business can
begin its implementation with the financials and then add other modules
as the business expands. It offers strong production functions such as
production floor management and product configuration. Microsoft
integration with other tools like Office 365 and Power BI improves

teamwork and business intelligence, respectively.

A manufacturing-specific ERP system with strong emphasis on usability
and data analysis that is designed for manufacturing industries. Below
are some of the features that Infor CloudSuite Industrial brings to
automotive suppliers: APS, Quality management, EDI It offers a
contemporary look and feel to the shop floor and gives solid mobile
support. Al integration is also provided for decision support and future

trends analysis for various aspects of the business.

Based on four critical attributes, which are presented in Table 2.

Table 2. The attributes of the considered ERPs
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Symbol

Attributes

Explanation

Total Cost of
Ownership (TCO)

This attribute looks at the first-time costs, costs of licensing,
recurrent costs, and other hidden costs within a period of 5 years.
It is important in budgeting as well as in ROI analysis.

Functionality and
Feature Set

This attribute assesses the level of satisfaction of XYZ’s functional
needs in different departments with the different ERP systems. It
encompasses evaluation of modules concerning finance, human
resources, inventory, production schedule, quality assurance, and
customer relationship management with specific reference to
automotive parts production.

Scalability and
Flexibility

This attribute evaluates the capability of the ERP system to expand
as the business of XYZ expands and to also evolve with the
changing needs of the business. Some of them include the ability to
incorporate new users, modules, or manufacturing centers,
flexibility in the configuration of the workflow, and the reporting
structure of the system to suit the nature of the industry.

Implementation
Time and
Complexity

This attribute assesses the period and other resources that are
expected to be used to accomplish the implementation of the ERP
system. They include factors like the level of data migration, user
training, and the disruption that the implementation process may
have on continuous manufacturing processes.

This decision will have a great bearing on the future performance, growth rate, and market position

of XYZ in the automotive parts manufacturing business. The selection committee has to compare and
analyze these alternatives in terms of the given attributes and their relevance to XYZ’s requirements and
goals in the automotive parts manufacturing industry. They provide the weight to each attribute as

0.12,0.24,0.36, and 0.28, and their assessment values are in Table 3.

Table 3. The assessment arguments described by the team of experts.

Eq 1 Egi s Ey 3 Egi s
e | (Z7ltoss) | Cosomioss) | Cozssror) | (Cosa—ross)
Unee | (oo ro.es) | Coas—i007) | Coctr—rous) | Core1056)
Unes | (Cogn—rose) | Coso—io54) | Coso—riozs) | Coseioes)
Ues | (Cogr~r057) | Coasioss) | Coer—ros) | (Cos—io4)




FEYN A\ o derflieians-Gate

Due to these complexities, the selected MADM method will have to incorporate quantitative and qualitative
aspects of the problem and possible correlations between the attributes to identify the best ERP system for
XYZ Corporation.

Stage 1: As we are considering the benefits of attributes, we can skip stage 1.

Stage 2: Aggregated outcomes of the values of Table 3 are explored in Table 4. Where 3,p = (3,3,3,3) in
the original operators.

Table 4. Aggregated outcomes of the values of Table 3.

Operators Ugre—1 Ugre—2 Usre-s3 Usre-4
sarenn (5500 ss) | (Coaor —orss) | (Coraze— vz )| Cossa - 1o, 454)
BOPWPMM | (570 saa) | Coson —0758)| (a1 — 0525 ) | Cosas — 044
BOFPDMM | (505" o529 | (Coass = an6 )| (Corarr—c0404) | (056 — 10459
BCFWPDMM | (270670695 ) | (Cos6oc0.623) | Cooses — 0505 ) | (Zo.56 046 )

Stage 3: Engaged Eq. (2) to have score values of various types of ERPs, which are demonstrated in Table 5.

Table 5. The score values of the arguments are demonstrated in Table 4.

Operators S(Ugg-1) S(Uge-2) S(Ugg-3) S(Uyg-4)
BCFPMM 0.55749 0.4078 0.4978 0.54847
BCFWPMM 0.56466 0.40703 0.4935 0.55187
BCFPDMM 064756 0.56278 0.56874 0.62041
BCFWPDMM 0.64727 0.55579 0.56402 0.62022

Stage 4: By employing the BCFPMM, BCFWPMM, BCFPDMM, and BCFWPDMM operators, we have
Ugrg—1 > Ugg—g > Ugg_3 > Uge_, as ranking ordered by keeping in view the score values described in Table
5 and Fig 4. Hence Ugg_4 is the most superb and Ugyy_; is the worst alternative among all given alternatives.

Stage 5: Finish.
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Comparison of Score Values Using Different Aggregation Operators
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Figure 4. The graphical representation of ranking

5.| COMPARATIVE ANALYSIS

This Section contains the comparative study among the original PMM operators for BCFNs and a
few of the prevailing operators for BCFNs and other theories.

Assume the information in Table 1, which is in the model of BCFNSs, and a few current operators
such as CF power AOs originated by Hu et al. [39], interval-valued intuitionistic fuzzy (IVIF) PMM
operators investigated by Xu et al. [54], BF sine trigonometric (BFST) AOs explored by Riaz et al. [22], and
BCF BM operators originated by Mahmood et al. [43]. Now, apply the current and originated operators to

the information in Table 3, and the required outcomes are displayed in Tables 6 and Table 7.

Table 6. The outcomes of the prevailing and originated operators.

Source Operator S(Ugye-1) S(Ugyg—2) S(Ugge-3) S(Ugyg-4)
Hu et al. [39] CFPAO Disastrous | Disastrous | Disastrous | Disastrous
Xu et al. [54] IVIFPMM Disastrous | Disastrous | Disastrous | Disastrous
Riaz et al. [22] BFSTAO Disastrous | Disastrous | Disastrous | Disastrous
Mahmood et al. [43] BCFWBM 0.5905 0.5255 0.5307 0.5909
Originated operator BCFPMM 0.55749 0.4078 0.4978 0.54847
Originated operator BCFWPMM 0.56466 0.40703 0.4935 0.55187
Originated operator BCFPDMM 064756 0.56278 0.56874 0.62041
Originated operator BCFWPDMM 0.64727 0.55579 0.56402 0.62022

Table 7. The ranking among prevailing and originated operators.

Source Operator Ranking

Hu et al. [39] CFPAO Disastrous
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Xu et al. [54] IVIFPMM Disastrous

Riaz et al. [22] BFSTAO Disastrous

Mahmood et al. [43] BCFWBM Ugg—g > Ugg_1 > Uge3 > Uge »
Originated operator BCFPMM Ugg-1 > Ugg—g4 > Uge-3 > Ugye-—2
Originated operator BCFWPMM Ugg-1 > Ugg—g4 > Uge-3 > Ugye-—2
Originated operator BCFPDMM Usgg—1 > Ugg—g > Ugg—3 > Ugg—2
Originated operator BCFWPDMM Ugg—1 > Ugg—g > Ugg—3 > Ugg—2

The CF AOs have the ability to provide the weight vector by support measures, but the model of
CFS doesn’t describe the negative pole and hence can’t demonstrate the BCFNs. Similarly, IVIFPMM doesn’t
describe the 2nd dimension as well as the negative pole, so it can’t demonstrate the BCFNs. BF sine
trigonometric AOs are modeled for aggregating both polarities that are positive and negative but are not
modeled to describe the 2nd dimension, so these operators can’t demonstrate the BCFNs. For these reasons,
these operators failed to solve the information in Table 1. BCF weighted BM (BCFWBM) originated by
Mahmood et al. [43] solved the information in Table 1, and the ranking among the alternatives is
demonstrated in Table 6, where we can note that Ugg_, is the most superb alternative. But all originated
operators are giving that. Ugg_; is the most superb alternative. In the BCFWBM operator, the expert or
decision-maker provided the weight vector to each attribute according to his/her choice, which affects the
outcomes, so the outcome obtained by utilizing the BCFWBM operator is not fair, and the choice of the
expert played an important role. But in the proposed operators, the weighted vector is generated with the
assistance of a support measure. Therefore, by employing the originated operator, one can achieve a fair
outcome and can choose the most superb alternative. Moreover, in this paper, we also originated an
operator where the expert can give a weight vector by his/her choice, which is the BCFWPMM and
BBCFWPDM operators.

6.| CONCLUSION

This article addressed gaps identified in the literature by developing a new BCF-MADM method in
the context of ERP system selection. The following are the major contributions of this study to the literature
and practice of ERP selection. First of all, it is possible to note that we have managed to create a clear and
effective approach that takes into account the positive and negative attributes of ERP systems which is a
major drawback of the existing approaches. This balanced evaluation gives the decision makers a better and
more realistic view of ERP options. Secondly, our method includes additional fuzzy information concerning
other attributes of ERP that reflects the stochastic nature and vagueness of the decision process. These
additional fuzzy data enrich the evaluation process and make it more reliable with the help of inclusion.
Thirdly, new AOs have been developed by adding PA with MM and dual MM in BCFS. These operators,
BCFPMM, BCFWPMM, BCFPDMM, and BCFWPDMM, allow for more flexibility in the aggregation process

and also capture the interactions between the attribute arguments. The applicability and efficiency of our
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method are illustrated by applying it to a real-life selection of an ERP system. The reference to the existing
approaches indicates the advantage of the proposed method in solving multi-dimensional DM problems.
Furthermore, our approach effectively reduces the influence of the extreme values offered by the decision
makers, which is a major drawback of MADM techniques. This feature increases the stability and credibility

of the decision results.
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