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ABSTRACT Numerous factors, including project complexity, team size, customer collaboration, and
development pace, must be taken into consideration while choosing a software development methodology.
This problem is a multi-criteria decision-making dilemma since the many criteria frequently fight with
one another and fluctuate in priority. In order to systematically select the best methodology, the multi-
criteria decision-making technique assists in quantifying and assessing these factors. This ensures that
decisions are made in a fair and informed manner within the context of the challenging software development
environment. Thus, in this article, we develop a multi-criteria decision-making approach in the setting of
bipolar complex fuzzy information for the prioritization and selection of optimal software development
methodology. For this, we first, invent logarithmic operational laws and associated results for the bipolar
complex fuzzy set. Then, we invent four aggregation operators by utilizing these logarithmic operational
laws under the structure of bipolar complex fuzzy information that is, logarithmic bipolar complex fuzzy
weighted averaging, logarithmic bipolar complex fuzzy ordered weighted averaging, logarithmic bipolar
complex fuzzy weighted geometric, and logarithmic bipolar complex fuzzy ordered weighted geometric.
After that, we solve a multi-criteria decision-making dilemma related to the prioritization and selection
of software development methodology by considering the artificial data in the setting of bipolar complex
fuzzy information and achieve that “Agile” is the optimal software development methodology among the
considered four different software development methodologies, i.e., Waterfall, DevOps, Spiral, and Agile.
In the last, we investigate the comparison study of the deduced theory to a few current theories to reveal the
importance and supremacy of the constructed theory.

INDEX TERMS Software development methodology, logarithmic operations, bipolar complex fuzzy set,
MCDM.

I. INTRODUCTION tenance, it includes a set of ideas, techniques, and rules

When discussing planning, creating, testing, and managing
software systems, the term “‘software development method-
ology (SDM)” is used. From the inception of the first
idea through the ultimate deployment and continuous main-
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that direct the whole software development process. Over
time, many approaches have been created to accommo-
date various project requirements, team sizes, technological
difficulties, and organizational demands. For a software
project to be completed successfully, each methodology out-
lines a certain set of tasks, roles, and responsibilities. The
capacity of software development methodologies to offer
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structure and predictability to the sometimes intricate and
varied process of building software is what makes them
so important. Methodologies aid teams in remaining orga-
nized, streamlining communication, and efficiently managing
resources by giving a defined structure for project manage-
ment and cooperation. They help to reduce the risk of project
failure or delays by helping to define reasonable expec-
tations, estimate project durations, and allocate resources.
Furthermore, approaches provide a methodical approach to
problem-solving and decision-making, guaranteeing that the
software output satisfies the necessary quality standards and
functional objectives. Saeed et al. [ 1] analyzed the approaches
to software development. Chandra [2] and Despa [3] investi-
gated the comparison of numerous SDMs.

Software development methodologies also improve team
communication and collaboration. By outlining roles and
duties, they encourage responsibility and open channels
of communication among the team. When teams are dis-
persed across several locations or when numerous teams
work together on the same project, this is very important.
Furthermore, methods make it possible for development pro-
cesses to be continuously improved. Teams may improve
their approach and increase efficiency over time by reflecting
on previous projects, discovering bottlenecks, and iterating
on procedures. Because they offer structure, order, and pre-
dictability, software development techniques are essential to
the software development lifecycle. They make sure that
resources are used efficiently, communication is simplified,
and projects are properly managed. The effective delivery of
software products that satisfy user expectations and quality
standards is made possible by techniques, which promote
cooperation, problem-solving, and continual development.
Geambasu et al. [4] devised the factors that influence the
selection of SDM. Hijazi et al. [5] investigated risk manage-
ment in various SDMs. A conceptual foundation related to
the SDMs was discussed by Gonzalez-Perez and Henderson-
Sellers [6]. Blum [7] investigated a taxonomy of SDM.
Vavpotic and Bajec [8] deduced the evaluation of technical
and social aspects of SDMs.

Crisp sets, a key idea in traditional set theory, have sev-
eral drawbacks. Their binary membership function, which
either includes or excludes items without taking degrees of
belonging into account, makes it difficult to handle ambiguity
or vagueness in real-world circumstances. Furthermore, crisp
sets cannot reflect overlapping or ambiguous borders between
sets, which are frequent in complex systems. Zadeh [9]
developed the fuzzy set (FS) theory to overcome these con-
straints by enabling elements to have degrees of belonging
ranging from 0 to 1. FS better represents slow transitions
and partial belongingness because they can handle ambiguity
and vagueness. They are therefore suitable for simulating
real-world scenarios where elements may to variable degrees
belong to multiple sets. FS offers a more realistic frame-
work for deliberation and reasoning, notably in domains like
artificial intelligence, control systems, and linguistics, by per-
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mitting the representation of fuzzy or ambiguous notions.
Wang and Lin [10] initiated the multi-criteria decision-
making (MCDM) technique within the fuzzy structure for
the selection of configuration items for software develop-
ment. Chen [11] discussed risk software development by
employing FS. Lee et al. [12] initiated a novel algorithm for
employing FS for assessing risk in software development.
Hapke et al. [13] discussed a scheduling system for software
development under a fuzzy environment. Poulik et al. [14]
devised a crossroads ranking relying on the Randic index
graph under fuzzy theory. Moreover, Chen et al. [15] dis-
cussed linguistic Z-number, Liu [16] assessed the logistics
efficiency of agriculture produced under intuitionistic FS,
and Das et al. [17] devised ¢-tolerance competition graphs
under picture fuzzy information along with its applications.
Zhang [18] devised the notion of the bipolar fuzzy set
(BFS) by expanding the notion of FS. BFS better repre-
sents human opinion, as BFS interprets both positive and
negative aspects (dual aspects) at a time. In the notion of
BFS, there is a positive degree of belonging placed in [0, 1]
and negative degree of belonging placed in [—1, 0] of each
element. Riaz et al. [19] deduced sine trigonometric aggrega-
tion operators (AOs) within bipolar fuzzy (BF) information.
Jana et al. [20] devised logarithmic AOs in the setting of
BFS. Jana et al. [21] deduced Dombi prioritized AOs for the
BF set. Akram [22] initiated bipolar fuzzy graphs (BFGs)
and Samanta and Pal [23] devised irregular BFGs. Rash-
manlou et al. [24] devised a product of BFGs and Akram
and Akmal [25] devised an application of BFGs. Poulik and
Ghorai [26] devised the notion of connectivity in BF inci-
dence graphs. The Randic index of BFGs was deduced by
Poulik et al. [27].

Ramot et al. [28] deduced the notion of the complex fuzzy
set (CFS) by expanding the notion of FS (by changing [0, 1]
to a complex plane’s unit disc). The structure of CFS was
invented by Ramot et al. [28] in the model of polar form which
represents two-dimensional information. Afterward, in 2011,
Tamir et al. [29] deduced a novel approach to CFS in the carte-
sian form by transforming the complex plane’s unit disc to the
complex plane’s unit square. The arithmetic and geometric
AOs for complex fuzzy (CF) information were devised by
Bi et al. [30] and Bi et al. [31] respectively. Zhang et al. [32]
investigated the properties of operation under CF informa-
tion. Hu et al. [33] discussed the continuity of CF operations.
Rehman [34] established probability AOs in the model of
CFS. For tackling two-dimensional information with dual
aspects (positive and negative) at a time, Mahmood and
Rehman [35] devised the notion of the bipolar complex fuzzy
set (BCFS). In the notion of BCFS, there is a positive degree
of belonging which is placed in the first quadrant of a complex
plane’s unit square, and a negative degree of belonging which
is placed in 3¢ quadrant of a complex plane’s unit square
of each element. Rehman and Mahmood [36] employed the
notion of BCFS in pattern recognition and medical diagnosis.
Mahmood and Rehman [37] discussed Dombi AOs within the
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bipolar complex fuzzy (BCF) set. The Aczel-Alsina AOs and
Maclaurin symmetric mean operators in the setting of BCF
set were discussed by Mahmood et al. [38] and Mahmood
and Rehman [39]. The digital technology implementation
under the setting of BCFS was devised by Mahmood and
Rehman [40].

It is possible to obtain comparably accurate estimates
by using logarithmic operations, which are frequently dis-
regarded in favor of algebraic operations. However, only
a small amount of research has been done on the use of
logarithmic operations for coping with dual aspects and no
research has been done on the use of logarithmic opera-
tions for tackling 2nd dimension (extra fuzzy information).
Also, there is no research on the utilization of logarith-
mic operations for tackling dual aspects and extra fuzzy
information at the same time. Further, the selection and
prioritization of software development methodology is an
MCDM dilemma since various criteria are involved. In many
situations, the criteria of software development methodolo-
gies can have dual aspects (positive and negative aspects)
along with extra fuzzy information. For example, the criterion
“development speed” has dual aspects ‘““high development
speed” and “low development speed” along with extra
fuzzy information that is its positive and negative effects.
There is no research, which considers the dual aspects and
related extra fuzzy information of criteria of the software
development methodologies. Inspired by these research gaps,
in this script, we deduce an MCDM approach by employing
logarithmic AOs within BCFS for the selection and priori-
tization of software development methodology. Through the
deduced MCDM approach, one can cope with any MCDM
dilemma, where criteria contain dual aspects and extra fuzzy
information. The main contribution of this script is inter-
preted as We investigate logarithmic operations for BCF
information that can fill in the gaps left by algebraic opera-
tions while capturing the interrelationships across numerous
BCFSs. Based on logarithmic operations for BCF infor-
mation, we invent AOs such as logarithmic BCF weighted
averaging (L-BCFWA), logarithmic BCF ordered weighted
averaging (L-BCFOWA), logarithmic BCF weighted geomet-
ric (L-BCFWG), and logarithmic BCF ordered weighted geo-
metric (L-BCFOWG) and discuss related axioms. Compared
to traditional methods, BCF logarithmic aggregation oper-
ators have several advantages: they compress large differ-
ences, highlight smaller values, manage diverse ranges well,
and incorporate decision-maker attitudes through weighting.
These features enable a more flexible and nuanced represen-
tation of complex data and preferences in scenarios such as
information fusion and decision-making. After that, we con-
struct an approach to MCDM within the structure of BCFS to
handle MCDM dilemmas. Employing the invented approach
of MCDM, we discuss the case study “Selection of software
development methodology”. We investigate the comparison
study of the deduced theory to a few current theories to
reveal the importance and supremacy of the constructed
theory.
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The rest of the script is managed as: The notion of BCFS,
score and accuracy function, and fundamental operations of
BCFS are recalled in Section II. In Section III, we explore
a few new logarithmic operational laws (LOLs) based on
BCFNs and talk about their properties. In Section IV,
we invent logarithmic AOs based on the invented LOLSs
in the setting of BCF information. These AOs are L-
BCFWA, L-BCFOWA, L-BCFWG, and L-BCFOWG oper-
ators. In Section V, we invent the MCDM approach and
then discuss a case study related to the software development
methodology. We also have a comparison study in Section V.
In Section VI, we interpret the conclusion.

Il. PRELIMINARIES
The notion of BCFS, score and accuracy function, and funda-
mental operations of BCFS are recalled in this section of the
article.

Definition 1 [35]: The underneath structure

k={(d Tpg@, Ny_g@) IdeD)}

designated the structure of BCFS, where Ip_g(d) =
Mrp_g (d) + ¢ ITjp_g (d) is a positive degree of belonging
and IMy_g (d) = Hry_g ) + ¢ Mjy_g (d), is a negative
degree of belonging, with Tgp_g (d), [T;p_g (d) € [0, 1]
and gy _g (), Mjy_g () € [—1, 0]. The bipolar CF
number (BCEN) is revealed as ¥ = ([p_g, My_g) =
(Mgp—x + Myp—g. Try—g +¢ Tyv—g)

Definition 2 [37]: Under a BCFN K = (HP—K» HN—K) =
(Mgp—g + tMp_g. Mey—g +t My_g)

Ssr (®)
1 s
=1 (2+Mgp—g+Tpg+Try—g+Tinv—g) . Ssrel0, 1]

(H
Har K)

_ Hgpg+1lpx 4HRN—K HIN—K’ Hapel0. 1 )
are score and accuracy values of K respectively. By employing
Eq. (1) and Eq. (2), we have
1. if §sr (1) < Ssr (K2). then K < Ko
2. if Sgr (K1) > Ssr (K2), then K1 > Ko
3. if Ssr (K1) = Ssr (K2), then

(1) if "Har (K1) < Har (K2) , then K1 < K23

(2) if Har (K1) > Har (K2) , then K1 > Ko;

(3) if Har (K1) = "Har (K2) , then k1 = Ko.

Definition3  [37]: Under two BCFNs ¥; =
(Mp—g,, Nyg) = (Tgpg, + Tpg,, Tryvg, +
¢t Mjy—g,) and X2 = (Ilp—g,, My_g,) = Tlgpg, +
tIyp_g,, Dpy—g, +t jy_g,) and b > 0, we have

L. ki &K
Hgrp—x, + Hrp—x, — Mrp—g, Mrp—x,
= + (Mp—g, + re—g, — Mp—g, Mipk,) -
— (Mry—g, Ty —k,) + ¢ (= (v, Tiv—,))
2. KIQ®K
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Mgp—x, Hrr—x, + ¢ Tipx, ip—x,
= | Try—g, + Oryv—g, rv—x, + Hrv—g,
+t (Mg, + Moy g6, vk, + Ty —,)
3. bk
b b
I= (1= Tgpg,)" +1 (1— (1 - Tpx,) )

~ Mgy g, |+ (—mlN—K.}b)

4. ¥ b
(HRPle)bJF‘ (Mp_g,)".

(s )

[37]: Under two BCFNs, ¥ =
(Mp—g,, MNy-g,) = (Tgpg, + dpg,, Hryv-g, +
¢ Mivx,) and K2 = (p_g,, Ny_g,) = (Mrpg, +
Myp_g,, Hpy—g, +t y_g,), and b, by, by > 0, then
. Kok =K @K
KidKke =K ®Ki
b (K1 @ k2) = bk1DbK2
* ®K)" =%" @ K"
b1k © bok1 = (b1 + b2) K1
K% @K 2 =k 010
(K2bl)b2 — bile.

Theorem 1

AN

Ill. BCF LOGARITHMIC OPERATIONAL LAWS OF BCFS
AND BCFN

In this segment, we explore a few new logarithmic operational
laws (LOLs) based on BCFNSs and talk about their properties.
The fundamental motivation behind this part is to interpret
new logarithmic AOs relying on BCF data. Clearly, log; 1 is
not well-defined and log; 0 has no meaning in the real num-
bers. Thus, here, we consider that K#0, where ¥ is a BCFN
and £ #1 in this manuscript.

Definition 4: Assume a BCFS K =
{@d, Tpg. Nygd)IdeD} = {d Hrpx(d +
L HIP—K(CD s HRN—K(CD +t HIN—K(d)) |d e @} over ®, then
the LOL of BCFS ¥ is deduced as

logg (K)

[ d 1—logTp g (d). ) ]
B (_IOgg(l‘i‘HN—K(d)) [de?

1 —log Igp_x (d)
4t (1 —log:Mp_g (d))
—logs (1+ Mgy (@)
+t (—logg (1+ My_g) ()

Noted that 0 < 5 < min(l'[Rp_K(d), 1+HRN—K(d)’ H]P_K(d),
1+ITy g (d) < 1,&#1. Obviously, log, (K) is again a BCFS.
Actually, from the definition of BCFS, we have that the real
and unreal parts of a positive degree of belonging hold the
underneath

=114 |lde D

Mgp_g: D — [0, 1], i, ¥d €D, Mpp_g @ € [0, 1]
HIP—K: D — [O, 1] y i.e., Vde @, HIP—K (d) € [0, l]
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Similarly, the real and unreal parts of the negative degree
of belonging hold the underneath
HRN—K: D— [—1, 0], i.e., Vde®, HRN—K @el—1, 0]
My_g:® —[—1, 0], ie., YdeD, Mjy_gde[-1, 0]
If0 < & < min(Tlgp_g(d), 1+Tgy_g(d), Mp_gd), 1+
v _g(d) < 1, £#1, then, the real and unreal parts of the
positive degree of belonging
1-— loggl'IRp_K: D —[0, 1], ie.,
Vde®, 1 —log:Igp g (d) € [0, 1]
1— 1og§H1p_K: D — [0, 1], ie.,
Vde®D, 1 —logIpp g (d) €10, 1]
and the real and unreal parts of the negative degree of belong-
ing
—loge (14 Mgy—g): D — [—1, 0], ie.,
Vde®, —log (1 + Mpy_g (d)) e[—1, 0]
—loge (1+TMy_g): D —[-1, 0].ie.,
Vde®, —log (14 Mg (@) €[-1, 0]

Consequently,

log; (K)
={(d, 1-log:MTp_g (d), —log; (1+Ty_g (d)) |deD}
1 —log  IMgp_x (d)

+ (1 —loge Tjp_g (d)) )
—logs (14 Mgy—x (@)
+t (—loge (1 + M) (@)
Where, 0< g < min(l'[Rp_K(d), 1 + HRN—K(d)’ H]P_K(d),

14+ Mjy_g(d) <1, £#1is a BCFS.
Definition 5: Assume a BCFN § = (HP,K, HN,K) =
(HRP—K +t HIP_K, HRN—K +t HIN—K) over @, lf,

logg (K)

|lde®

1 —log: Igp_g
+¢ (1 —logeMp_g)
—logs (1 + HRN—K)
+t (loge (1+ My_g))
= 11— logé Mrp—x

1 - logé p_g, 4+t (1 — logéH,P,K) ,
—log; (1+ Ty g) )™ —log; (1+ Mgy k)

T (_10g% (1+ My x))

with 0 < E < min(an_K, 1+ HRN—Ka HIP—K’ 1+
Mpy_g) < 1,&#L and 0 < % < min(Tgp_g, 1 +
Hey—g, Mipg, 1+ y_g) < 1, §#1 then log: (k) would
be revealed as a logarithmic operator and the value of log (K)
would be identified as logarithmic BCFN (L-BCFN). Further,
log;(0) =0, where 0 = (0+¢0, —0—¢0)and & > 0and
1.

Definition 6: For two BCFNs K| = (Ilp_g,, My_g,) =
(Mgp—x, + pg,, Hry—g, + ¢ Miyg) and K2 =

( 1 —log:Mp_g, )_
—loge (1 + Ty )]
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(Mpg,» Mv—x,) = Tgpg, + Tpg,, Hryv—g, +
t Mjy_g,) and b > 0, we interpret the underneath LOLs

1. log: K1 @ log: K>
/]Ogg Mgp_gHoge Mrp_g;og: Irp_, loge rp_g,
+t (logg I jp_gHog Ijp_g;—log: I1;p ¢ log: I1)p k,)
—((logg (1+Tgy —g, )—loge (141N —g,))))
+t (—(log: (14+T1;y g, )(—loge (1+11 ;v _g,)))))
1-— lOgg HRP—K] logg HRP—Kz
+t (1 — log: IT;p_g, log; HIP—Kz) )
— ((—loge (1+ Mgy, ) (~loge (1+Try—,)))) |
i (=((—loge (1 + Ty g, )(—loge (14+T1;v g, )
2. loggK1 ® logsk>

(1~ log Map- i) (1 ok i)
+t (1 — log; HIP—K]) (l — log; HIP—Kz) ,
(bgs (1 + Mgy g, ) + loge (1+ ey )
| \Hlogg (1 + ey, ) loge (1+ ey )
4 (logg (1+ My ,) +logg (1+ HINKz))
_HOgE (1 + HleKl) 10g§ (1 + HIN*Kz)
(1 —logeMgp_g,) (1 —log:Mgp_,)
+t (1 —log HIP,KI) (1 - IOggHIP—Kz),
| (1-1og, (1+ o)
- (1- log, (1+ Hry—g,))
" (—1 + (1 —loge (1 + n,N_Kl)))
(1 — logg a1+ H[N—Z))

3. blog:K
1= (1— (1 —log:Mgp_g,))°
+t (l — (1= (1 —log; HIP—Kl))b) )
~[loge (1 + Mey—g,)|°
1 (—toge (1+ My g,)[°
l — (IOgg’; HRP—Kl)b
+t (1 — (logSHIP—Kl)b) s
—[loge (1 + Mev—,)|"
+ (—\logs (1+ H1N7K1)|b)
4. (logekr)°

(1 — 1OgEHRP,K1)Z
+L(1 — logg HIP—KI) s
1+ (1~ loge (14 Mav£,)° )

+t (—l+ (1—log; (1 +HRN—K1))[])

The underneath theorem will express the association between
exponential operational law and LOL.

Theorem 2: Assume K = (Ilp_g, My_g) = (Tgp_g +
typ_g, Opy_g +t jy_g)asaBCFN and if 0 < & <
min(Tgp_g, 1+ Hry—g, Mpp—g, 1+ Ty_g) < 1, §#L,
then we have

1. %-logg (K) — K
2. logg(5)¥ =k

VOLUME 12, 2024

Proof: Omitted.

Theorem 3: Under two BCFNs ., = (Ip_g, , Iy_g, ) =
(Mgp—x,, + ¢ pg, . Hey—x, ¢ ivg, ). = =1, 2,
we have

1. logeKi @ log:k> = log:K> ® log:Ki
2. loggK1 ® loggk2 = log:k2 ® loggKi

Noted that 0 < & < min(Tlgp_g(d), 1 + Hry_g(d),
HIP—K(d)’ 14 HIN—K(d)) <1 and&;ﬁl.
Proof:
1. From Def (6), we have

log¢K1 @ loggk>

1-— IOgS HRP—K1 logé HRP—KZ
+t (l — logg H[P—K] IOgg’_- HIP—Kz)

- (o Ei(ﬁgiﬁl%})
e (((CeElTm™®)

1-— IOgS HRP—KZIOgS HRP—K]
+t (1 —logg Mp_g,loge Mjp_g, )

g (s 85;’%1?3))))
(- (G timn)))

= log:¥> @ log:Ki

2. By employing Def (6), we achieve

logeK1 ® loggk>

(1~ log Tgp_,) (1 ~ log g,
+t (1 — logg HIP—KI) (1 — log; HIP—Kz) ,
_ (—1 + (11— log; (1+ HRN—K1)))

(1 —loge (1 + Tgy—g,))
" (—1 + (1 —logg (14 n,N_KI)))
(1 —log: (1+ Mv-2))

(1 — 10g§ nRP—Kz) (1 — logé HRP—K])
+¢ (1 —logeMp_g,) (1 —logeMpp_g, ) »
_ (—1 + 51 — logg (1+ HRNKQ)))
B (1 —log, (1+ Mgy—g,))

" (—1 + (1 — log; (1 + HIN—Kz)))
(1 —logg (1 +Ty—g,))
= log: k> ® log:K1

Theorem 4: Under three BCENs ¥, = (I1 P—Ky 1IN-K,) =
(HRP—K%—'_L HIP—K%! HRN—Ko\J—i_L H[N—K'{,)’ = 1, 2, 3we
have

1. (logeKi @ log:k2) @ log:K>

= log; %1 @ (log:K>» @ logg¥Ks3)
2. (loggki ® loge2) ® log:»
= logeK1 ® (loggk> ® loggKs)
Noted that 0 < & < min(ITgp_g(d). 1+Tgy_g(d). Tp_g(d).
1+ Ty () < 1 and §#1.
Proof: Trivial, so omitted here.
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Theorem 5: Undertwo BCFNsk, = (1'[ P—¥, I Nqu,) =

(HRPA(% + o Mp g, Hey-g, +¢ HleK%) »v =1, 2,

and by, by, > 0, we have
b1 (loggKl GBIOgng) = bilog:Ki @ bilog:K>
(log:k1 ® logng)bl = (10ggK1)bl ® (10ggI€2)b1
bilogeKi @ baloggk1 = (b1 + b2) logeK:
(IOggKl)bl ® (1Ogg1€1)b2 = (loggﬁl)(lerbZ)

b
((logsKl)b') g (1og§{€1)blb2

Noted that O < & <

14+ Hgy—g(d), Mpp_g(d), 1+ Mjy_g(d) < 1and &1
Proof:
1. By employing Def (6), we have

—_

wok e

log:Ki @ log:K>
(logé Hgp_g, + log; HRPKZ)
—loge IMgp_g, log: Mgp_k,
" (logs I;p_g, + log; H1P—K2)
L
—loge Ijp_g, log: T;p_g,

- _(( —log; (1+HRN %) ))
( logs (1 + ey — Kz
< (G liime)
( 10g§ 1+ HIN—KZ
1— IOgg HRP—K110g§ HRP—K2
+¢ (1 —log M;p_g,log: Mp_g,)

- ((<j§§§ ¢ ? Enﬁ%))
(- ((CeEimn))

bi (10ggK1 < IOgng)

1 — (log Mgp_g, loge Mgp_, ) o
+t (1 — (loge M;p_g, loge HIP*Kz)bl) ;
—|(~loge (1+ Ty, ) (~loge (1+TTry,)))|"
t (—|(—10gg (1+Ty_g,) (_10g§(1+nIN—K2)))|b
= bilog:K1 @ bilog:k2

The rest is similar and can be proved by employing Def (6).

IV. LOGARITHMIC AOS FOR BCFNS
Here, we invent logarithmic AOs based on the invented LOLs
in the setting of BCF information. These AOs are L-BCFWA,
L-BCFOWA, L-BCFWG, and L-BCFOWG operators.
Definition 7: Under the gathering of BCFNs K,

(Mpg, . Ny-g,) = Trp—g, + ¢ pg, . Hryvg, +
cy k), v = L2, ..., @ with 0 < & <
mln(l'[RP K’{;’ 1+HRN K,‘], HIP K,)V, 1+HIN )S 1 and

& ;él the L-BCFWA operator is deduced as

L — BCFWA (k1. ¥2. ..

LK) = Wy logg, K,

1

Il & =

38168

min(TTgp_g(d),

Noted that @, = (Q,—1, ©,—2, ...
vector with the axiom that0 < &), < 1 and Z:IJ:
1.

Theorem 6: Under the gathering of BCFNs ¥,
(Mp—g,» Mv—g,) = Trp—xg,, + tpg,. Hryv-g,
¢ - Ka,) 2 = 1, 2, ..., i with 0 < &
mln(l'[Rp K. 1+1eyv—x,, ipg, . 1+Ty_g, ) < land
& 751 the usage of the L-BCFWA operator will deduce again
a BCFN and

L — BCFWA (K1, K2, ... K)

i Wy,
1-— H (logs HRP K‘{)

. @W,_j) is a weight
1 (x)w—% =

IAN =+l

Z Wy,
4+ |1 - H(log%l'llp K%)

1 (Jfoze, (1+ Me-&, \)“)\v—%

3=1

u @,
+ | - H (‘log&! (1 + HIN—KR,)D v

=1

L4} @y,
1 — H (logéi, HRP—K'{,)

3=1

" Wy,
-+t H (lOg 1 HIP K%) .
15
[1

=1

3)

WheI'C, 0< S’{, < IIgH(HRP,K:{’, 1+HRN7K:‘,’ HIP,K%, 1+
L .

Myx,) = 1,§#L,and 0 < S IISH(HRP_K?,, 1+

Mryv g Tip—x,,» 1+ iv—g,) = 1. §#1.
Proof: This proof would be done by mathematical induc-
tion. Assume i = 2, and since

- (IOgél HRP*K1)®W71
+ (1 - (logél HIP—Kl)(I)W_l) )

—[logg, (1+ Mgy, ) \w‘v_l
L (—|10gsl (1+ HIN—K1)|®W1)

Wy—1logg K1 =

-2

1 - (log& HRP—KZ)(I)W
+t (l - (IOgSZH[P_Kz)(I)W2) ,
—[loge, (1 + May—x,) }(QH
+t (—\logsz (1+ HINKZ)\(I)“)

@W_zlog&{(z =
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then, ¢

@,
1- H (logS%HRP_K%) v

=1

| (o TTon v @1 - @y,
— (logg, Mgp—g; ) o w1-T] (logg%l'llp,{(%) ,
v—2

@, - 1logg K1 © W, —2log Ko

+1 - (logsz HRP—K2 3=l

) '
— (logg, Mrp—g, )(I)‘Vfl

)

)@

0y,
_ H llog&h (1 + HRNiK%)’ v

=1
°C

@,
log&HRP k) ’

(l)vf(’C#»l

—‘logsom (1+ Mry—gec,)

_|10g¥2 + I'IRN—Kz)|(I)w ’

+t ‘logg (1 + v - ng)‘
10g€1 Mpx, ® v=l
+1 — (logy, TT v-2 e
&1 P~ K2))® 1 1 - (10g50c+| HRP*KOCH) ’
= 10g§j| HIP Kl v ,
—oC+1
— (logg, Tp_,)
Wy
—|10g 1+ Tlgy_g )| v
gl 1 @w—°C+|
) _'IOgSOC-H (1 + H[N*K0C+l)‘

(x) . °C+1 (1) .
(—|loggl (14 Ty_g,)| " 1-I] (logE%HRP_K%) v
- 0y -2 =1
—|logg, (1+ Miy—g, )| °C+1 W,
—
2 e (=TT o) ™).
1 log. TI Do w=l
~ I (o, Mer-,) ol R o
=1 %
3 5 % — H ’log&u (1 + HRN—K%)’ v
2 =
tofl- H (IOg&,HIP—K%) ’ ’ ?’°é+1 @
= ) 3=1 4+ [ — H ‘log&“ (1 + HIN_K%)‘ V-3
(J)w*’{: =1 '
— H ‘IOg&, (1 + HRN—K%)
,_1
® Therefore, Eq. (3) is valid V i. Likewise, if 0 < é <
V3 Y
+t ‘IOgs (1 + HlN—K%)‘ mouin (HRP—K%’ I+ Tgy-k,, ip—x,, 1+ HIN—KQ,) =1
v=l &+#1, then we can demonstrate
=L — BCFWA (K1, K2)
Assume that Eq. (3) is valid for i1 = °C, then we have L =BCFWA (KI’ K%’ - Ki) ®
i V-3
L — BCFWA (K1, ¥2, ..., ¥¢) 1 - H (logsl HRPKR,)
°C ® . =1 v
v -
1- H (10g&! HRP—Kq,) . H | - (l)mﬁ%
2=l + (1-T] og 1 Tp—k, ,
°C

.. _ el
v— = A
+t 1— H (log% HIP—K%) s U ( )(x)v%

0, vl
A\ -
_ H ‘logs% (1 + HRN,K%)‘ 7 | . ®, -,
=1 +u | — H Og% + vk,
°C (9 N 2,=1 A
-
+¢ —g )logg (1 + H[}\/—Kov)‘ Hence proved.

Further, if & = & = ... = & = £ and 0 < § <
last let f = °C + 1, th .
astlet it + en m;n (HRPfKo\,’ 1+ Hey—x,,» Tip—g,, 1+ H[}vf{(%) <
L — BCFWA (K1, K2, ..., Koc) ® Kec+1 1 and £#1, then the invented L-BCFWA operator would be
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transformed underneath
L — BCFWA (K1, K2, ..., Kp)
"
1— H (logg HRP—K%

V=

1 ®,
-
T femerne) ).

0y,
)

—

= i =1 (1) .
=TT (froze (1+ Mev-g,) )
'{,=1
s (=TT (o (1 1))

=1

Properties: L-BCFWA operator holds the underneath
axioms.

+« Idempotency: Under the gathering of BCFNs kK, =
(Mpg, . Ny-g,) = Hrp—g, + tpg, . Hryvg, +
v, ) » =1, 2, ..., i then if K;, = K Va, that is
Hgpg, = Nrp—g, ip—g, = Mip—g, Hry—x,, = Hrv -k
and Iy g, = Ijy_g V=, then

L — BCFWA (K1, K2, ... ¥j) = log:K
Noted thaté) =& =... =&z =§.
Proof: Since we have
L — BCFWA (K1, ¥2, ..., Kj)
u ®
-
1 — H (lOgEHRP,K%) v
=1
i Wy,
+ H (logé Mp— K?u) ’
j— q,:]
4 Wy,
= [T (foze (1 Mev-s, ) )
=1

and Igp_g, = Hrp—g, Hipg, = Mpg Hey—x, =
HRN—K and HIN_KR, = HIN—K A4 sy then

L — BCFWA (K1, Ko, ..., Kg)
i
1 - H (logg HRP—K)(I)“Hv
=1

"
(1) _
H IOgSHIP K v .

=1

n B
— I (Jloge (1 + Mgy—g)|) ¥
=1

lOg%- 1 + HIN )|)(I)w7’{’

:]:

—_

=

38170

1— (IOgEHRP K) =_
—+t (lOgEH]p K) 3=l s
= a

> @, .

—(|logg (1 + Mry—g)[)¥="

u

> 0y,
+ | —(Jloge (1 + My ) [)!

1— lOgg HRP—K
+¢ (1 —logeMpg)
—log; (1 + I'IRN,K)
+t (—logg (1 + Myy—g))

¢ Monotonicity: Under two gatherings of BCFNs ¥;,
(Mpg,. Nyv—x,) = (Hrp—x, + ¢ Mpg, ., Hry—g,
lHIN,K%), and K;} = (HP*K;,’ HN*K;\,) = (HRpr;!
LHIP—K;J’ HRN—K:V + ¢ HIN—K%)’ » = 1, 2, ...,
if Tlrp g, = Mrp—gz> ipg,, = Tp_gz s Trv ¥,
HRN—K;J and [y g, =< HIN—K;’ then

NS 4+ 4+l

L — BCFWA (k1, %2, ..., Kg)
<L —BCFWA (K. 5. ... K};)

Proof: Since, for any 3,, we have

Mrpx,, = Hrp_g;,
= logeTgrp k., < logeTgp_gx

)z
= H log: Mgp_g, < H logg Mgp_g2.
=1

=1
i -
=1 =1

Similarly, for any =,

=1 =1
Next, for any =,, we have that
Mry %, = Hrv—g;,
=1+ HRN—KR, <1+ HRNfK*

= log; (1 + gy k. ) > 10g§ (1 + gy — K*)

S(1+HRN ) Hlog§(1+HRN K)

& (l + HRN_K%) < — Hlog%‘ (1 + HRN K*)

=

il
[ 1og
=1
i
[ ]1og
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Similarly, for any =,, we have

— [T 10g: (1 + H,N_K%) < — [ tog: (1 + HIN—K;U)

=1 3=1

By employing the Def of score and accuracy values,
we achieve that

L — BCFWA (K1, K2, ..., Kg)
<L —BCFWA (K}, . ..., k).

+« Boundedness: Under the gathering of BCFNs

Ky, = (HP—K,U, HN—KQV)

= (HRP—K% + e Ipg, . Hery—g, +¢ HIN—K%) ;
v=1,2,
o) i )
max { HRN—K%} +t mfx{ HIN—K%}

R

.., @, then if

mgx {HRP—K%} +1 moilx{ HIP—KR,} ,

) ) , then
Hl;n{ HRN—K%} 4+t ITEI]{ HIN—K%}

K+

K~ <L—BCFWA (K1, K2, ..., ) <¥*

Proof: By employing idempotency and monotonicity,
boundedness, we achieve that

K~ <L—BCFWA (K1, K2, ..., Kgz) <K

Definition 8: Under the gathering of BCFNs K, =
(Mpg, . Ny-g,) = Hrp—g, + ¢ pg, . Hryvg, +
L HIN—K'{,)’ x = 1, 2, ..., i, with 0 < E:‘, <
min(Tgp—g, . 1+ Ry —Ky,» Tlip—,,» 14+Tv—g,) < 1and
£#1, the L-BCFOWA operator is deduced as

L — BCFOWA (K1, ¥2, ..., ¥p) = 0y logg, Ksia,)

1

I & =

R

Noted that @, = (@,_;, @, ..., ®w—ﬁ)_is a weight
vector with the axiom that 0 < ®@,_, < 1, ZS: 1 Wy,

=i |l

Land (5(1), $(2), ..., $ (@) is a permutation of 1, 2, ..,
such that for any 3, y (3, — 1) < 3 (3).

Theorem 7: Under the gathering of BCFNs K, =
(Mpg,, Hyv-g,) = Trp—g, + ¢ pg, . Hrvg, +
¢ Ty K%) 2 = 1, 2, ..., nwith 0 < & <

mln(HRp Ks\,’ 1+HRN K,{], H[p Ks‘,, 1+H1N K ) <1 and
3 7&1 the usage of the L-BCFOWA operator will deduce again
a BCFN and

L — BCFOWA (K1, ¥2, ... Kp)
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—-

Wy,
(log%‘% Mgp— Ksx )

&
I
—

—=

¢ | 1—

’

Wy,
(loggoul'luD Kvm) ’
1

RY

i @y,
_ H (‘log&] (1 + HRN_KM)) D

3=1

T (o, (1 1))

=1

1 Wy,
1-— H (log; HRP—}('«(,))
=1 v
a @y,
+[1- Hl (1ogsiu H,ijm) ,
2=
f1( )"

=1
)(I)w?;

u
+u | = H (
where, 0 < %—'{: < HEH(HRP—K%ﬂ 1+HRN—K%ﬂ HIP—K%v 1+

=1
1

HIN—K%) < 1, %_751, and 0 < oy < min(l'IRP_K%, 1+
Y]
Mgy ks> Tip—%,» 1+ Hiv—g,) = 1 E#L
Proof: This proof is identical to the proof of Theo-
rem (2).

Further, if § = & = ... = & = & and 0 < § <
min (nRP_K%, 1+ Meyg,» Tip g s 1+n,N_K,U) <
1 and £#1, then the invented L-BCFOWA operator would
be transformed underneath

logé (1 + HRN— ﬁ(%))

IOgé (1 + H’N*K&m)

L — BCFOWA (k1. %2, ...
a
1- H (10g§ MR —5a,

=

1 )
-
- H (IOgE Mp —KM)) )

, Kit)
0y,
)

—_

— Q“':l

= @ (_1)
-

— 1_[ (‘logg (1 + HRN—K;,(%)))) v

q,_l
_ (1) )
+t ()logg (1 + Iy — vm)‘) v
=1

Properties: L-BCFOWA operator holds the underneath
axioms.

« Idempotency: Under the gathering of BCFNs ¥k, =
(Mpg,, Ny—g,) = Mgy, + tpg, . Mrv—g, +
L H,N,K%), =1, 2, ..., i, then if ¥, = K V », thatis
Hgp—g, = Orp—g, Mip—g, = p—x, Hry—g, = Hrv—%
and HIN—K;, = HIN—K v s then

L — BCFOWA (K1, %2, ..., Kiy) = logeK
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Noted thaté) =& =... =&z =§.

+« Monotonicity: Under two gatherings of BCFNs k;,

(Mpg, . My-g,) = Trp—g, +tpg, . Hryvg, +
LHIN_K%), and K;, = (HP—K;,’ nN—K;') = (HRP—K;, +
fnlp_{(;\!, HRN—K;“ + ¢ H[N_K’:,)ﬂ » =1, 2, ..., R
if lgp g, = Mrpg> g, = Hipgz > Tlrv—x,, =
HRN*K%} and H[N*K:{! S HIN*K;!’ then
L — BCFOWA (K1, ¥2, --.. Kq)
<L — BCFOWA (K], K. .... K})
+« Boundedness: Under the gathering of BCFNs
K, = (HP—KQU, HN—K%)
= (HRP—K% + e Ipg, . Hery—g, +¢ HIN—K%) ;
=1, 2, ..., i, thenif
{HRP—K%} +[ Hllll{ HIP—K%} .
K = A , and
{ HRN,K%} +t m;]ix{ H,N,K%}
max {HRP—K } +1 max{ p_g } ,
¥t = N v N , then

ngn{ HRN—K%} +t ngn{ H,N_K%}

K~ <L —BCFOWA (ki, K2, ..., Kj) <K'

Underneath, we investigate the logarithmic BCF geometric
AOs.

Definition 9: Under the gathering of BCFNs ¥, =
(Mpg,, Hyv—g,) = Trp—g, + ¢ pg, . Hrvg, +
L H/N K%) 3y = 1, 2, R 7 8 with 0 < E% <
mln(HRp Koo 1HHeyv—k,» Tpx,, 1+1v_g,) < land
& 751 the L-BCFWG operator is deduced as

_ W, _
L — BCFWG (K1, K2, ..., K) = g (logg,uKau) o

1

Noted that @, = (W,_1, Wy, ..., @,_p) is a weight
vector with the axiom that0 < ®,_, < 1and Zaﬁ,:l 0y—s, =
1.

Theorem 8: Under the gathering of BCFNs K
(Mpg,, yv—g,) = Mgp—g, + ¢ pg, . Mrv-g,
¢ Myg,), » = 1,2, ..., i with 0 < &
mln(HRp K 1+HRN K H[P K“u’ 1+H1N )< 1and
& 751 the usage of the L-BCFWG operator will deduce again
a BCFN and

N+l

L — BCFWG (K1, Ko, -- -, Kqp)
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1 ®
-
1_[ (1 — logg, HRP—Kg,) Y

V=

i 0y,
+1t H (1 — logg%Hlp_K%)

‘o
I

o
Il

J— :{’:l
B i 0y,
1—-1 I
H( og% RP K%)
=1
n @y,
+t Hl (1 - 10% n,PK,V) ,
=
7 Wy,
—1 4+ H (1 — IOgL (1 + HRN—K%))
=1 =
i @y,
N Hl (1 ~log (1 + n,NKOU))
.

“

Where, 0< S% < II'%H(HRP_K%, 1+HRN—K:‘,’ H[P—'K%’ 1+
Myg,) = 1 &#Land 0 < 2 < min(Tgpg,, 1+

Hey k., e, 1 +1iv—x,) =1, 5751
Proof: This proof would be done by mathematical induc-
tion. Assume i = 2, and since

(loge k1)

(1 — logg, Trp, )(1)“’71
+¢(1 — logg, HIP_KI)(I’)“’*I,

—1 + 1— loggl (1 + HRNKI)(I)WI)

l (—1 + (l — logg1 (1 + HRN_KI))(QW‘I)

(logg,k2) -2

(1- logsanP—Kz)u)“’*Z
+i(1 — log, “IP—KZ)Q)‘Ha

= —1+4 (1 — 1og§2(1 + HRNKZ)(‘)W)

l (—1 + (l — logg2 (1 + HRN_KZ))(QW‘Z)
then,

(log$1 Ki )(Qv_l ® (logssz)

VOLUME 12, 2024



Y. Song et al.: Selection of SDM by Employing a Multi-Criteria Decision-Making Approach I EEEACC@SS

(1 - 10g§1 HRP—Kl)(I)w_I
+L(1 — logél H]P_Kl)(l)v_l y
- (l — log, (1 + HRN—Kl)(I)WI)
+t (—1 + (1 — log%_l (1 + HRNKI))(I)WI)

(1 — log& HRP_Kz)(I)“FZ
+L(1 - 10g52 H]P_KZ)(I)“FZ’
—1+ (1 — logg, (1+ nRN_KZ)(‘)\“)

4 (—1 + (1 —logg, (14 HRN—Kz))(l)W_Z)

(1~ oz Map—ie) " (1 — log, Mgpg) %

+t (1 - 10g$1 HlP*Kl)(l)v_l (1 - IOgEQHIP Kz)(l)W
-1+ (1 — logg, (1 + HRN_K1)®V ‘

—1+ (1 —log, (1+ 1'[RN_KZ)(‘)\V*2
+ (—1 + (1 —logg, (1+ HRNKI)(‘)W—'))
(—1 + (1 — logg, (1 + HRN_KZ)(‘)“))
—1+ (1 —log, (1+ n,N_Kl)(‘)wl)
)

—1 =+ 1 — logsz(l —+ HlN—Kz)

+ (—1 + (l — 1og§l (1 + H]N_K1)®Wl))

(—1 + (1 — loggz(l + H[NKZ)(I)WZ))

2
H (1 — logg, Mrp—,,

)

@y,
4+t | -1+ H ( log&v (l + HIN—K%)) !

=L — BCFWG (X1, K2)
Assume that Eq. (4) is valid for i1 = °C, then we have

L — BCFWG (K1, K2, ..., ¥0)
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-2

E)

°C

0y,
1_[ (1 — logg, HRP—Kg,) v
=1
—+t H (1 — log% HIP—K%

S @y,
~1+]] (1 ~loge, (1 n HRN_K%))
=1

‘o 0.
o[ -1+T] (1 ~log, (1 + n,N_K,U)) v
=1

3

0y,
)

last let f = °C + 1, then

L — BCFWG (%1, ¥2, ..., Koc) @ Koc+1
OC (I)
-
H (l - log&] HRP—K%) '
=1
@y,
+ J] (1 _ 1ogg%n,P7K%) -
= OC_ (Q
-1+ H (1 — IOgs% (1 4+ HRN*K%)) vy
¥=
OC (Q
+o[-1+] (1 ~ logg, (1 + H,N_K%)) v
=1
(I)w—OC-H
(1 10g§°c+1 1-[RP—K"CH)
vCCH
(l 10g50c+1n1P K°C+1) )
02y ®. .
_1+(1 logsoC 1+ HRN—Koc+]) WC+1)
(I)W7°C+l
+ (—H(l—logsom (1+HRN—K°C+1))
°C+1 W
-
H (1 _IOgg%nRPfKa,) ’
=1
°C+1 (I)
-
+ I (1 - logS%HIP_K%) -
— Q"Zl
- °C+1 .
~1+ ] (1 ~ logg, (1 +nRN_K%)) v
=1
°C+1 ® N
o
o[ -1+ ] (1 ~ logg, (1+n,N_K%))
=1
Therefore, Eq. (4) is valid V . Likewise, if 0 < l <

mln(HRP Koo |+ Trvg,, ipg,. 1 +Hvyx,) <,
é;él then we can demonstrate

L — BCFWG (K1, Ko, .-, Kq)
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1 @y,
1-1 Mrp—
( og% RP {(%)

3=1

2 0y,
+t (1 — logé H[PK;{!) s

— =1 (g
B I;I V3
1 Jr%]:[1 (1 ~log (1 + nRN_K%))
7 Wy-s,
—1 1—1 (1 My )
+t +£[1( ogé + vk, )

Hence proved.

Further, if & = & = ... = & = §and 0 < &
mauin (HRP—K,“, 1+ Hgy—x,, Dpg,. 1+ HIN—KRJ)
1 and £#1, then the invented L-BCFWG operator would be
transformed underneath

INTA

L — BCFWG (K1, K2, -- .. Kq)

0y,
)

=

(l — logg HRP—K%

R

+t

)

0y,
)

=

(l — logg H[P_K%
1

(1 -tog (1 + My 1))
RY

n 0y,
o (=14 T (1 —toge (1 + v x,,))

=1

o
Il

—1+

==

1

Properties: L-BCFWG operator holds the underneath
axioms.

+« Idempotency: Under the gathering of BCFNs k;, =
(Mp—g,,» Mv—g,) = Trp—x,, + tpg, . Hry-g, +
L HIN—KR,)» =1, 2, ..., i, then if ¥, = K V », thatis
Hrp—x, = Nrp—g. ip—g, = Mip—g, Hry—x,, = Trv -k
and HIN—K'{, = H[N—K \4 Ry then

L — BCFWG (k1. ¥2. ... Kp) = log:k

Noted that&) =& =... =& =§.

+« Monotonicity: Under two gatherings of BCFNs k;,
(Mp—g,,» Myv—x,) = Trp—x,, + tpg, . Hrv-g,
Iy g,), and K§ = (Mp_g, Ty _g2) = (Tgp_g:
LHIPfK;!’ HRN*K;V + ¢ HIN,K;]), 2 = 1, 2, ...,
if Hrp, = Tre—gy ipg, = Tipgy Tlev K,
HRN—K;J and HINfK% < HIN—K;,’ then

INS+ 4+l

L — BCFWG (K1, Ko, -, Kqt)
<L —BCFWG (K. K. ... Kj)

+« Boundedness: Under the gathering of BCFNs
Ky, = (HP—KQV» HN—K%)
= (HRP—{(,u +oIpg, . Hry—g, +¢ HIN—K,U) ;

38174

»=1, 2, ..., i, thenif
o, - )

- m}}n{ RP—Ko, [ T m;n P—Ks, nd
milX{ HRN—K,U} + mgx{ HIN_K%}
max ITgp_ } Lmax{H _ },

o Mo, i o,

K~ <L —BCFWG (K1, k2, ..., Ka) <K

Definition 10: Under the gathering of BCFNs K, =
(Mpg, . My—g,) = Mrp—g, + ¢ pg, . Mrv—g, +
L H[N—K%)v x = 1, 2, ..., i with 0 < sgv <
HEH(HRP_KOU, 1+HRN—K%7 HIP—K%v 1+HIN—K%) < land
&+#1, the L-BCFOWG operator is deduced as

V=3

L — BCFOWG (K1, Ko, ... Kig)=

Y
Noted that @, = (@y_1, @2, ..., @, _p) is a weight
vector with the axiom that 0 < @, ., < 1,37 @, , =
1and (5(1), $(2), ..., § (@) is a permutation of 1, 2, .., i

such that for any 3, y (s, — 1) < ¥ (3).
Theorem 9: Under the gathering of BCFNs ¥, =

<HR1L{(,u + g,

(1°gsvuK&<ou>)
1

@ =

(HPfK:h’ HN*K%) =

HRN—K—,(, +t HIN—K% ,v=1,2, ..., in,with0 < E% <

mqin (HRP—KV 1+ Mgy-x,, Mpg,. 1+ HIN—K%) <
1 and & #1, the usage of the L-BCFOWG operator will deduce
again a BCFN and

L — BCFOWG (1, ¥2. ... ¥j)
: a ®
v—3
(1 - IOgEx, HRP_K&(R,))
=1

H ®
V=3
+t H (1 — logéml'llp,{(&(m) )

®
’IL

@y,
—1 =+ (1 — log&] (1 + HRN*K}(Q,)))

=5

&
il

+ | =1+

=

0y,
(1 — log% (1 + H[N_K9<%)))
1

@y,
(1 - IOgé Mgp —Kﬁm)

L4} 0y,
+t H (1 —log% HIP_K&(%)) ,

=1

; 0,
_1+H (1 — logé (1+HRNK5~<°U>))

=1

—= e

1

B
Il

»

)4

W,
+o [ -1+ (1 ~logg (HH’N‘K‘”(”“))) -

=1
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Where, 0< %‘2, < II'I{%H(HRP,KDU, 1+HRN*K9\J’ HIP*K%’ 1+

My-g,) < LE#ALand 0 < g < min(Tgp g, 1+

HRN—KQ,’ H]p_{(%, 14 HIN—KO\,) <1,&#1.

Properties: L-BCFOWG operator holds the underneath
axioms.

+« Idempotency: Under the gathering of BCFNs k;, =
(Mp—g,,» Myv—g,) = Trp—x,, + tpg,, Hryv-g, +
L HIN—K;,L =1, 2, ..., i, thenif ¥, = K V », thatis
Hrpx, = Nrp—g, ip—g, = Mip—g, Hry—x,, = Trv -k
and HIN—K'{, = H[N—K A4 Qs then

L — BCFOWG (K1, 2. ... Kp) = log;K

Noted that&§; =& = ... =& =§.
+ Monotonicity: Under two gatherings of BCFNs ¥,

(Mp—g,,» Myv—g,) = Trp—x,, + tpg, . Hry-g, +
Iy g,), and K = (Mp_g:, Ty gr) = (THgp_gr +
fHIP—K;,’ HRN—K;U + ¢ HIN—K%)’ 2 =1, 2, ..., R
if Tlppk,, < Mrp—g> ip—g,, = Mpp_gz s Try g, =
HRN_K;J al‘ld HIN_K% S HIN_K;J’ then
L — BCFOWG (K1, K2, -- -, Ka)
<L — BCFOWG (}. K. .... Kj)
+« Boundedness: Under the gathering of BCFNs
K, = (HP—KBU, HN—KQV)
= (HRP—K% +oIpg, . Hry—g, +¢ HIN—K%) ,
=1, 2, ..., @, thenif
[, i ]
mgx [ HRN_K%} +t mfx { HIN—K%]
) e T |

i { Moy, | ¢ min | M-k,
K~ <L —BCFOWG (k1. k2, .... Kjj) <¥k'

V. APPLICATION (MCDM APPROACH BASED ON
LOGARITHM BCF AOS)
In this portion, we invent an MCDM approach relying on the
devised logarithm BCF (L-BCF) AOs.

Under the presence of j alternative that is Bar =

BaT—1, BAT-2, ..., Bar—j} andMcriteria that are Eap =
EaB—1, 'EAB—2, ..., 'EAB—M} with a weight that is @, =
(@y—1, ®y—2, ..., ©,_5) which holds the axiom that 0 <

®,_r <1, Z;q:l(l)“{_f = I Thg dec.ision' expert assesses
the revealed alternatives by keeping in mind the demon-
strated criteria and interprets the evaluation arguments under

the model of BCFNs Ky = (nP_K% , nN_K%f)

(HRP—Kmv +1¢ HIP—KDUJN I'IRN_K%Jt + LHIN_KDJ), to devise
a BCF decision matrix Mppg. For tackling this MCDM
dilemma, we have the underneath steps

Step 1: In so many MCDM dilemmas, the attributes can
be cost type and benefit type. Thus, the standardization of the
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BCF decision matrix is required, which will be done by the
underneath formula.

HRP_K%J’
+elp g o,
IP—Kap For benefit type
HRN—ch
+LH[N—K
F
Mpw)® = | — Mgpg,p
+ (1 T )
Kar For cost type
-1 - HRN—KDUf
+ (—1 Mg,

Step 2: Aggregate the standardization BCF decision matrix
by employing one of the invented operators i.e., L-BCFWA,
L-BCFOWA, L-BCFWG, and L-BCFOWG operators.

Step 3: Achieve the score values of the aggregated out-
comes and in case of the same score values of two distinct
aggregated outcomes, then achieve the accuracy values.

Step 4: Order the alternatives by employing the score or
accuracy values.

5.1. Case Study

To optimize the software development process for a
future project, a choice of the best software development
methodology is required. The four alternatives that are being
considered are

BaT—1: Waterfall: A methodological approach that is
linear and sequential and requires completion of each phase
(maintenance, design, deployment, implementation, testing,
requirements) before moving on to the next. Once a phase is
over, accommodating changes can be difficult.

BaT—2: DevOps: DevOps is a set of practices that aims to
close the gap between development and IT operations, despite
not being a conventional methodology. To produce faster and
more reliable software releases, it places a strong emphasis
on automation, collaboration, and continuous delivery.

BaT—3: Spiral: Waterfall and iterative development are
both used in this methodology. It entails repeatedly iterating
on the software to refine and improve it, building on the
knowledge gained from the previous cycle.

BaT—4: Agile: A collaborative, adaptable, and iterative
strategy that prioritizes client feedback. By dividing the
project into smaller iterations or sprints, agile approaches
like Scrum and Kanban enable frequent modifications and
continual development.

The decision will depend on four criteria that is ‘Eap—_1:
Project flexibility, 'Eap—2: Development speed, 'Eap—_3:
Communication and collaboration, and ‘Epp_4: Risk man-
agement.

A thorough evaluation will be carried out by comparing the
four methodologies to these criteria and giving each criteria
weighti.e., (0.14, 0.36, 0.24, 0.26) based on the particulars
of the project. The methodology that received the highest
overall score will be suggested for the software development
project, ensuring that the choice is well-informed and fits
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TABLE 1. Evaluation values of software development methodologies.

‘Eap-1 ‘Eap_2 ‘Eap_3 Eap-4a
Bar-1 (033+1057) (042+1037) ‘ (073+l048) (064+l035)
0.23 —10.67 0.63 —10.58 0.18 —10.27 0.47 —10.36
Bar_s (067+1039) (083+1038) (029+1083) (067+t025)
0.53 —10.35 0.73 —10.59 0.47 —10.37 0.22 —10.43
Bur_s (046+1036) (046+1089) (026+1058) (025+L047)
0.36 —10.56 0.42 —10.53 0.35 —10.36 0.57 —10.68
Bar_s (068+L07 ) (064+L046) (068+L035) (046+1079)
0.42 —10.35 0.58 —10.35 0.58 —10.13 0.57 —10.24
TABLE 2. The aggregated outcomes of software development methodologies after employing L-BCFWA, L-BCFOWA, L-BCFWG, and L-BCFOWG operators.
Operators Bar-1 Bar-2 Bar-3 Bar-4
L-BCFWA ( 0.743 + 1 0.624, ) ( 0.827 + 1 0.69, ) ( 0.552 + 1 0.839, ) (0.788 + 0.762,)
0.216 — 1 0.257 0.287 —10.265 0.244 — 1 0.225 —0.35—10.127
L-BCFOWA ( 0.727 +10.632, ) ( 0.833 +10.623, ) ( 0.527 + 1 0.757, ) (0.776 iy 0.788,)
—0.213 — 1 0.273 0.248 — 1 0.251 0.229 —10.218 —0.35 —10.121
L-BCFWG (0702+LO611 ) (0747+10589 ) (0519+l0764 ) (0.776+l0.708,)
—0.372 —10.298 0.372 —10.282 0.256 —10.251 —0.356 — 1 0.141
L-BCFOWG ( 0.685 +10.614, ) (0.783 +1 0.543,) ( 0.495 + 1 0.703, ) ( 0.761 + ¢ 0.729, )
0.263 —¢0.315 —0.33 —-1:0.266 0.355—-1:0.134 —0.355—-1:0.134
TABLE 3. The score values of software development methodologies.
Operators §S]F (BAT—I) éSF(BAT—Z) éS]F(’BA']I‘—EE) éSF(BAT—4)
L-BCFWA 0.723 0.741 ‘ 0.731 0.768
L-BCFOWA 0.718 0.739 0.709 0.773
L-BCFWG 0.684 0.67 ‘ 0.694 0.747
L-BCFOWG 0.68 0.682 0.678 0.75

TABLE 4. The ranking of software development methodologies.

Thus, we got that the ByT—4 that is “Agile” is the best

Operators Ranking

L-BCFWA Bar-4 > Bar—2 > Bar—3 > Bar-1
L-BCFOWA | Byr_4 > Bar—2 > Bar—3 > Bar-1
L-BCFOWG | Byr_4 > Bar—2 > Bar—3 > Bar-1

with the project’s particular needs and limitations.Bottom of

FormThe evaluated values are in Table 1.

Step 1: In this MCDM dilemma, all criteria are benefits

type so skipping th

Step 2: Aggregated BCF decision matrix by employ-

is step.

Vi. COMPARATIVE STUDY
This portion of the article contains a comparative study of the
invented theory with a few prevailing theories to reveal the

software development methodology among the considered
four methodologies.

supremacy and dominance of the invented work.
For this purpose, we consider four various articles from the
literature whose basic theme is discussed underneath.

ing L-BCFWA, L-BCFOWA, L-BCFWG, and L-BCFOWG

operators, and the result is displayed in Table 2.

Step 3: Achieved the score values of each software devel-

opment methodology and revealed in Table 3.
Step 4: In Table 4, order the software development

methodology.
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o The theory of logarithmic AOs and MADM technique

under BF information was deduced by Jana et [20].

o The theory of sine trigonometric AOs and SIR technique

under BF information was invented by Riaz et al. [19].

o The notion of arithmetic AOs in the setting of complex

fuzzy information was deduced by Bi et [30].
o The notion of geometric AOs in the setting of complex
fuzzy information was deduced by Biet [31].

and also consider the information from the case study demon-

strated in Table 1. As the data is in the model of bipolar

complex fuzzy information and AOs and methods invented
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TABLE 5. The comparison among a few current theories and devised theories.

Reference Ssp(Baz—1) | Ssr(Bar-2) | Ssp(Bar—3)  Ssp(Bay_4) Ranking

Jana et al. [20] XRX XRX XRX XRX XRX

Riazetal [19] XXX XXX XXX XRK XRK

Bi et al. [30] NRX NRX XXX XXX XXX

Bi et al. [31] RRX XX XX XX XX

L-BCFWA 0.723 0.741 0.731 0.768  Bara > Bar_z > Bars > Bar_1
L-BCFOWA 0.718 0.739 0.709 0.773  Bap_s > Bar_z > Bar_s > Bar_g
L-BCFWG 0.684 0.67 0.694 0.747  Bay_s > Bar_s > Bar_s > Bar_1
L-BCFOWG 0.68 0.682 0.678 0.75  Bars > Bar_s > Bar_s > Bag_i

by Jana et al. [20] and Riaz et al. [19] merely tackle the
bipolar fuzzy and fuzzy information and can’t handle the two-
dimensional information. Thus, the theories of Jana et al. [20]
and Riaz et al. [19] failed to cope with the data in Table 1.
Similarly, the AOs invented by Bi et al. [30] and Bi et al. [31]
merely aggregate complex fuzzy and fuzzy information and
can’t tackle the negative opinion or aspects. Thus, these AOs
can’t aggregate the data in the structure of BCFS and hence
failed to cope with the data in Table 1. The result is interpreted
in Table 5.

Further, the invented logarithmic BCF AOs are more gen-
eralized and accurate than the logarithmic AOs for bipolar
fuzzy information invented by Jana et a. [20] because by
removing the unreal part in the invented logarithmic BCF
AOs, we would get the logarithmic AOs for bipolar fuzzy
information invented by Jana al. [20], so the logarithmic
AOs for BFS are the special case of the invented operators.
Furthermore, by ignoring the negative degree of belonging
the invented logarithmic BCF AOs would convert in the
model of the cartesian form of CFS and by removing the
negative degree of belonging and unreal part into the positive
degree of belonging the deduced logarithmic BCF AOs would
transform in the structure of FS.

Moreover, there are various techniques for tackling dilem-
mas in the literature such as SPOTIS, COMET, SIMUS,
RANCOM, etc. Here, we would compare the invented
MCDM approach with SPOTIS in the structure of FS was
deduced by Shekhovtsov et al. [41], COMET for intuition-
istic FS (IFS) was diagnosed by Faizi et al. [42], SIMUS
in model of FS was delivered by Stoilova and Munier [43],
and RANCOM in single-valued Neutrosophic set (SVNS)
was deduced by Rani et al. [44]. These already existing
theory can’t tackle the information displayed in Table 1,
because the theories of FS, IFS, and SVNS can’t cope with
bipolarity and extra fuzzy information. Thus, for the infor-
mation in the structure of BCFS, these approaches are not
applicable. Merely the invented MCDM can cope with BCF
information.

VIi. CONCLUSION
In this article, we invented LOLs for BCF information and
associated properties. Then by employing these operations,
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we deduced four various AOs that are L-BCFWA, L-
BCFOWA, L-BCFWG, and L-BCFOWG operators. we also
investigated the associated axioms of these logarithmic AOs.
After that, we devised an approach to MCDM under the
setting of BCF information to cope with MCDM dilemmas.
Further, in this script, we discussed the selection of soft-
ware development methodology since, software development
methodology is an MCDM dilemma because the selection of
the best software development methodology would be based
on various criteria which ensures that the decision is made
in a fair and informed manner. Thus, we investigate case
study related to the selection and prioritization of software
development methodology. To demonstrate the significance
and superiority of the constructed theory, we last looked into
a comparison study of the inferred theory to a few other
contemporary theories.

A. LIMITATIONS AND FUTURE DIRECTION

The invented theory can’t overcome with information that is
in the model of BCF linguistic set [45], BCF soft set [46],
picture FS [47], complex picture FS [48], complex bipolar
FS [49], bipolar complex spherical FS [50] and other gener-
alization of BCFS. Because of this limitation and the benefits
of logarithmic AOs, there is a deliberate plan to use them
in a wider range of frameworks, such as BCF linguistic set,
BCF soft se, picture FS, bipolar complex spherical FS, etc.
By utilizing the natural advantages of logarithmic AOs, this
extension aims to improve accuracy and efficiency in a range
of computational tasks. Logarithmic AOs are expected to
open up new possibilities for analysis and problem-solving,
spurring innovation across several fields, when incorporated
into these frameworks. These initiatives seek to meet difficult
problems and promote improvements in both theoretical and
practical research by utilizing the natural adaptability and
durability of logarithmic AOs.
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