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In this paper, we set forth a framework for solving a multiattribute group decision-making (MAGDM) problem, namely, the
selection of a firm for participation in a Saudi oil refinery project in Pakistan. This project will prove a key success factor for the
economic growth of Pakistan due to its enormous economic impact on the energy sector, industrial development, commerce,
transportation, and so on. This multiplicity justifies that several intricate components comprising both intrinsic and external
attributes should be adequately evaluated for the selection of such a firm, that is, the formulation of this question as a MAGDM
problem. Nonbinary evaluation with two-dimensional ambiguity and uncertainty in the parameters are general concerns in
modern literature, and they fit into this problem. Within this context, one of the most superior and amenable theories (complex
spherical fuzzy N-soft sets, henceforth CS§FNS ;Ss) shall be used to formulate a new comprehensive method, known as complex
spherical fuzzy N-soft-VIKOR (CSFNS,-VIKOR) method. According to the general spirit of the benchmark technique, the
normalized Euclidean distances and the weights of the attributes are jointly handled, and as consequence, two main features
(“maximum group utility” and “minimum individual regret”) are acquired. The coefficient strategy with reference to group utility
measure and individual regret measure of opponents are employed for the compromise measure. Armed with this novel tool, we
single out the most feasible firm according to the preference order of the alternatives examined by the decision-makers on the
subject of linear normalized weights of experts and attributes. Furthermore, a comparative analysis justifies the CSF-VIKOR
method, and some results prove its capabilities and validity. Moreover, a sensitivity test certifies the stability of the
proposed method.

1. Introduction

In 1998, the VIKOR approach was drafted by Opricovic [1]
as a multiattribute decision-making (MADM) method. In
the setting of civil engineering, this system attempted to find
a compromise solution based on two dominant principles
(group utility measure and individual regret of opponent),
where the compromise solution means a decision done by
generic involvement. Due to the paradigm of maximum
group utility and minimum individual regret, the feasible
solution closest to the best values and most distant from the
worst value is resolved by the recourse to the L,-metric as an
aggregation function, according to Opricovic. Opricovic and

Tzeng [2] extended the VIKOR theory for MADM for the
postearthquake reconstruction problem in Central Taiwan
and the selection of destination for the mountain climber,
respectively. Yazdani-Chamzini et al. [3] employed the
modified version of the VIKOR method along with the
combination of TOPSIS, MOORA, additive weighting, and
ratio assessment techniques in order to address a multi-
criteria decision-making (MCDM) problem relating to re-
newable energy resources.

People habitually live with real-life properties that are
not sufficiently precise and not fully objective, such as
“beautiful,” “tall,” or “experienced.” Many decision-related
problems must take into account such properties. To


mailto:m.akram@pucit.edu.pk
https://orcid.org/0000-0001-7217-7962
https://orcid.org/0000-0003-1951-2148
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1155/2021/1490807

contend with such vague and uncertain data, Zadeh [4]
presented the notion of fuzzy set. Suh et al. [5] assessed the
mobile service quality through the proposed ground-
breaking fuzzy-VIKOR method wusing an integrated
weighted approach. Lee et al. [6] extended the VIKOR
technique for the MAGDM problem of detection of flood
risks under the fuzzy frame. Li and Liu [7] presented the
VIKOR with the combination of the QUALIFLEX method
on the basis of trapezoidal fuzzy numbers corresponded to
each two-dimensional linguistic data. Chang [8] disclosed
the situation about the private and governmental hospital
agencies in Taiwan with the help of the new fuzzy-VIKOR
approach. Wang and Chang [9] resolved the MAGDM
problem through fuzzy-VIKOR methodology. Another
MAGDM problem, the selection of machine tools evaluated
by the fuzzy-VIKOR approach is introduced by Wu et al.
[10].

In accordance with fuzzy descriptions, the degree of
truthiness (or satisfaction), collected from the closed unit
interval [0, 1], denotes the correspondence of an object
related to a parameter. Under these interpretations, its in-
ability to represent the nonassociation of the object related to
that particular parameter is quite obvious. For this reason, in
1986, Atanassov [11] eradicated this obstacle through the
extended concept of intuitionistic fuzzy set (IFS) and con-
fronted the vague opinion through both a degree of tru-
thiness ¢ and a degree of falsity y, which are jointly subject to
the constraint: ¢ + y < 1. Roostaee et al. [12] developed the
theoretical background for an IF-VIKOR method to rank the
suppliers following the opinions of decision-makers, and
Gupta et al. [13] extended the IF-VIKOR ideology for al-
locating the best environment for plantation. Krishankumar
etal. [14] resolved a personnel selection problem through the
extended version of the IF-VIKOR method.

Pythagorean fuzzy sets (P, FSs) evolved as an extension
of IFSs. Introduced by Yager [15], P, FS also deal with both
degree of truth ¢ and degree of falsity y, but they are under
the modified condition: ¢2 +x* < 1. Gul et al. [16] extended
the VIKOR based approach within the field of P,FSs and
evaluated the safety risks in the mine industry. Rani et al.
[17] proposed the P,F-VIKOR method within the tool of
entropy and divergence measures for the selection of re-
newable energy technology in India. Ma et al. [18] intro-
duced the group decision-making framework using complex
Pythagorean fuzzy information.

People habitual nature sometimes has a neutral judg-
ment. This is generally exhibited in certain problems or
events like voting situations. Therefore, along with the
judgments of yes or no, there is often a need for an abstain
part of the opinion (possibly related to the satisfaction of a
particular parameter). Since the Pythagorean fuzzy set is not
able to handle such part of the decisional attitude, Cuong
[19] introduced picture fuzzy set (PFS) along with the degree
of truth ¢, remain neutral y, and degree of falsity y but with
their range limited by an inequality: ¢ + y + y < 1. Meksa-
vang et al. [20] extended the decision-making approach
based on the VIKOR methodology for the picture fuzzy
environment, which was applied for sustainable suppliers
along with an application in the beef industry. Liu and You

Mathematical Problems in Engineering

[21] presented the PF-VIKOR technique for green supplier
evaluation and selection.

However, PESs are very reliable to deal with imprecision
and fuzziness and still useless when the sum of the degrees of
truth, neutrality, and falsity exceeds 1. To get over this
drawback, Gundogdu and Kahraman [22-25] worked out a
model with a relaxed condition, introduced the idea of
spherical fuzzy sets ($FSs), and employed them on MADM
problems. Later on, Mahmood et al. [26] proposed
T-spherical fuzzy sets, as an extension of §FSs. Gundogdu
et al. [27, 28] developed the theory for the SF-VIKOR
method and applied it to the MADM problem for waste
management problems and selection of site, respectively.

The aforementioned models of fuzzy knowledge have a
one-dimensional structure. This pattern is incompatible
with certain types of problems. Ramot et al. [29] developed a
fuzzy set model in two-directional frames, known as com-
plex fuzzy set (CFS). In this model, the degree of truth is
¢ = te™, which is divided into amplitude term t and pe-
riodic term ( that belongs to the unit closed interval. For the
sake of decision-making, complex fuzzy aggregation oper-
ators are defined by Akram and Bashir [30]. Alkouri and
Salleh [31] generalized the ideology to a complex intui-
tionistic fuzzy set (CIFS), which accounts for both degree of
truthiness ¢ = te””™ and falsity y = fe™ along with the
constraints ¢ + f <1 and { +p<1. Ullah et al. [32] intro-
duced a complex Pythagorean fuzzy set (CP, FS) with de-
grees of truth ¢ = te?™ and falsity y = feizg’f’ within the
complex unit circle and restricted by the constraints ¢ +
f2<1and & + p*> < 1. Currently, Akram et al. [33] presented
the model of a complex spherical fuzzy set (CSFS) rep-
resenting three degrees of truth ¢ = te?™, neutrality
v = ge”?™, and falsity y = fe'”™ subjected to conditions t* +
@+ f2<1 and O +0*+p><1. They also extended the
VIKOR method under the CS'F environment. The yielding
and tractable conditions of the CS'F representation make it a
privileged framework for the modelization of two-dimen-
sional ambiguous knowledge. In the advantageous
CSF-VIKOR technique, decision-makers scrutinize the
competencies of the feasible choices with reference to the
preferred criteria and indicate initial observation through
the use of linguistic information, which further enhanced the
virtues of complex spherical fuzzy numbers.

Though CSFSs are highly competent and skillful, they
neglect the possibility of nonbinary parameterized infor-
mation. In this panorama, Akram et al. [34] presented the
concept of complex spherical fuzzy N-soft sets (CSFNS ;Ss)
within the TOPSIS methodology, which has the ability to
look over the modern real-life ranking problems in every
field of science. In relation to this, the idea of N-soft sets
(NS;Ss) was presented by [35] as an extension of soft set
theory [36], which accommodates all kind of attributes. Soon
afterwards, Akram et al. [37] explored the scope of N-soft
sets and put forward hybrid models, namely, fuzzy N-soft
sets (FNS sz), intuitionistic fuzzy N-soft sets (IFNS fS),
and hesitant N-soft sets. Recently, Zhang et al. [38] com-
bined N-soft theory with P,FSs and proposed the novel
model of Pythagorean fuzzy N-soft set (P,FNSS). The
CSFNS; model was presented (by Akram et al. [34]) within
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research conducive to an extension of the TOPSIS method
that can deal with MAGDM problems based on CSFNS
information. For other notations and applications, the
readers are referred to [39-44].

In modern times, ranking evaluation systems (instead of
linguistic information) can be in use as a primary source in
furtherance of decision-making problems and surveys. The
CSF-VIKOR technique (proposed by Akram et al. [33]) is
unqualified for situations comprising parameterized ranking
information. Therefore, we develop a novel technique,
namely, the CSFNS ;-VIKOR method. The delineation and
explanation related to this technique do not pertain to any of
the existing techniques; hence, it requires a concrete analysis.
Of course, the proposed model successfully evaluates de-
cision-making problems related to the modern era. The
purpose of our concept is to extend the VIKOR method
under the circumstances of CS§FNSSs. Its motivations are
given as follows:

(i) The two-dimensional influential technique of
CSF-VIKOR is inadequate to operate with data
comprising ordered grades along with two or several
parameters.

(ii) The fuzzy N-soft models, along with intuitionistic
fuzzy N-soft, Pythagorean fuzzy N-soft, and
complex Pythagorean fuzzy N-soft environments
provide an array of models that operate under
parameterized ranking systems. But they are all
useless when it comes to incorporating uncertain
data containing neutral opinions.

(iii) The CSFNS;-TOPSIS method uses a different
methodology but ultimately computes a feasible
solution, which merely does not take into account
the relative importance of distances from the ideal
solution.

(iv) These limitations provoke the development of
CSFNS;-VIKOR method that gives us the ability to
incorporate information regarding ordered grades
among complex valued degrees of truth, neutrality,
and falsity.

The main aim of our proposed idea is to develop the
methodology of VIKOR within the hybrid model of
CSFNSSs specifically for the solution of MAGDM
problems precisely. The contributions of this paper are as
follows:

(i) We introduce a hybrid MAGDM VIKOR approach
whose structure is based on CSFNSSs, and it is
known as CSFNS-VIKOR technique. This
methodology qualifies for situations that comprise
parameterized ranking information; hence, it suc-
cessfully evaluates a large proportion of existing
MAGDM problems, as well as decision-making
problems with nonbinary parameterized informa-
tion as an initial assessment.

(ii) Linear normalized weights of experts and attributes
are defined along with normalized Euclidean dis-
tance for sake of maximum group utility measure,

individual regret, and compromise ranking whose
values are arranged in ascending order for final
decisions.

(iii) The presented technique is supported through a
real-life application from the grounds of economy
and business assisted by comparative analysis and
sensitivity tests.

The rest of the article is structured as follows. Section 2
contains preliminaries from CS§FNS f model [34] with some
operations, comparison rule, and averaging operator. In
Section 3, a descriptive theory for CS§ FNS ;-VIKOR method
is developed along with a flowchart. Section 4 interpreted a
real-life MAGDM problem of firm’s selection for the Saudi
oil refinery project. Section 5 narrated the proposed method
by a sensitivity test. In Section 6, we compare our proposed
method with the existing techniques. In Section 7, the merits
of the CS'FNS ;-VIKOR method are clarified. In the end, we
present concluding remarks and mention some future re-
search work in Section 8.

2. Complex Spherical Fuzzy N-Soft Sets

Definition 1 (see [34]). Let ] be a nonempty set and &' T,
whereas T be a set of parameters (or attributes), and C =
{0,1,2,...,N -1} be a set of grades level with
N €{2,3,...,}. Then a complex spherical fuzzy N-soft set
(Cé’FNSfS) on X is denoted by a triplet (EH, Z,N), de-
fined as follows:

Ep (x3) ={<(E (xa) H (x,) )): %, € X}
= {<((jb>ci)’ (‘Pba"‘//ba’)(ba))?} '
{<((]b’ Cz)’ (twselzn(u}s’ qbaelzngba’ fbaelznpbu))> }’
(1)

along with the assumption of E: & — 2/, where NS S
be defined on J, and H is a function from 2 to CSFN. The
notation CSFN denotes the collection of all complex
spherical fuzzy numbers of J, and t,,, (4> Gpa> Opa> fpa> a0d
Ppa Will be taken from unit closed interval, with constraint

2 2 2
0<ty, +Gps + [ra<1 2)

2 2 2
OSCba+Qba+PbaS1-

The term ¢® denotes the ranking of attributes for the
alternative j,, for all j, € J.

Definition 2 (see [34]). Let EH (x,) = ((jb,cZ),
tpa€™ 0, Gy f1 e2Pia) be a CSFNSS. Then the
complex spherical fuzzy N-soft number (CSFNS,N) is
defined as follows:

b 27}, i27 i27,
Foa =(Ca’tbae G > Qpa€ Qba>fbae pha)> (3)

and the hesitancy degree is defined as follows:
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Foa

Definition 3. (see  [34]).  Let = (b, ty,e™m,
Gpa€”™, fae?) be CSFNS;N. The score function
Sc(Fp,) is defined as follows:

< ’ 2 2 2
SCFba :<N— 1) +(tlza_q§a_f§a)+[(ba_9ba_pba]’
(5)

where Sc_ € [-2,3]. The accuracy function Ac(F,,) is de-
fined as follows

b 2
e =(5557) e 1) (G kv )

where Ac, € [0, 3].

Mathematical Problems in Engineering

Definition 4 (see [34]) Let Fy = (c, t e 2%, g, ei2meu,
fue?™i)and fp, = (b, t,,62%0, gy 2™, f,. e’Z”Pba)be two

CSFNSNss.
) 1f Scp, <Scp, >
(2)If Scp, > Sc,, , then Fy > Fy (Fy is superior to )

(3)If S, = Scp, then
(i) Acp, <Acy, , then ) < Fy, (Fy is inferior to F,)
(i) Acg, > Ac,, , then Fy; > Fy, (Fy is superior to )
(iii) Acp, = Ac, , then Fy ~ Fy (Fpy is equivalent to
Fba)

then Fy; < Fpa (Fpr 1s inferior to fp,)

Deﬁfzition 5 (see [34]). Let Fy = (cf’, t, €27 ,4qb,e"2”9“,
fu€®™) and Fy, = (5, ty,e?™m, gy e, f1 e2™Pm) be
two CSFNS(Ns and A > 0. Some operations for CSFNS(N's
are as follows:

A V (1’ 61271)}] A i2mQ i27pt
AFy = ( 1 - tbl ] e Sqpe M e,
A
27} \ (1 sz) \/ (17/’;1) ]
i tyye ™, [1 1_Vbz l_fhl > -
(7)
2.2 20\ G+ Gl 1270}, 0pa 2710410
Foi ® Foa = <maX \/tbl + o — tutpa € Vit Gl s QoiGpae s o fpae ),
27103, Cpn 2 1271 0101, 07107, 127r PEt P PoiPrn
Fol ® Foa = (mln tblt et >\/V1j+"k] Vl]Vk] Vet oe; \/fzj fk] fl]fk] e )

Proposmon 1 (see [34]) Let Fp, = (Ca’tb ¢l
Apat’ 271Qpq f eIZﬂPba) and py = (Clstble 2n8y %162 (< fblelznpbl)
be two Cé’FNSst and A>0, then the following properties
hold:

(1) Foa®Foi = Foi ® Fpa
(2) Fpa ®Fpl = Foi ® Fpa
(3) AFpa ® ARy = A(Fp © Fpa)> A>0

(1) Foa ®Fr

(4) MFpa ®AaFpe = (A + A)Fpa A1y A,>0

A
(5) Fga@’Fbl = (Fu®Fpa)> A>0
A A
(6) Fba®Fba - Féaﬁ— ? /\1’ /\2 >0

Proof

(max(c

[\/tbu Lty ]eim[\/(iﬂzr il [Gbaderle™ 2L, [ o furle™| pb“pb’]>

<max(cl ,C

= Fui @ Fa-

[\/tbl + tba t tZa ]en”[\/(iz*'(zzm—(zzﬂ(ﬁa ] , [qblqbu] 1277 [ 041044 ] [fblf ] 1272 [ pyippa >,

(8)
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(2) Foa ®Fpr
(b b i277 [ (4aC, 2 2 2 2 | 2 rOh— 070 2 2 2 2 | 2 P PPl
= (mm(%cl ) [tpater]€’ rlimlal, [\/%a + Gy ~ Gpapl ]el ﬂ[vgb e QM]’ [\/fba + for = foat b ]el n[\/pb P PP ] )

(mm(clb ) [tuitsa) ot [\/qiz + Gha ~ GbiToa ]eih[\/ez’wz“fgi’gi“ ] [\/fiz + foa = Firfa ]eizn[\/pawzfpilpi“ ] >

= Fo1 ® Fa-

(9)

(3) AFpe ® ARy

[1 _(1 i tga)k] ]ei2n[ [1-(-3.)'] ] [qga]eﬁn[gga]) [f/;a]eiZn[pfm]>
o c? [ [1 - 1 - til))\] :|ei27r[ [1-(-a)'] ]’ [qﬁl]eﬂﬂ[gél]’ [f/b\l]eizn[pg,]>
ma@ﬂg{ﬂp@_@yyp_@_@ﬂ_p_@_@ynp@_@ﬂ]

612”[\/ ~(1- ) ]"[1 (1- (bi)] [1‘(1‘(§a)h][1‘(1‘(§1))‘]]

1 A7 i2n[ol ol L oA 2w el
%a%l]el rleki], [fbafbl]el lrrs]

X iZn[\/ [h(l—cﬁ;c@—ciﬁ;f]] 2 0 ! A i2 !
<max c, Cl [\/ 1 — tba + tbl tbutbl) ] :|e > (qzm%l) é 7 (Qpaler) , (fbafbl) e 7 (PoaPer)

. 2 2 ¥2
/\ maX cncl): [\/tba+f§z—f§at§l]elzn[\/(miﬁ(b“(bl]’(qba%z)ezﬂ(%gbl), (feaf bz)ezn(pbupbl)>

= A(Fpa © Fur)-

(10)
(4) /\1 Fba G)AZ Foa
_ (CZ, |: [1 _(1 B tlzm))tl] ]eiZn[ [1*(1*(:2,;)“] ] qg;] 1271[92;]’ [lea]eﬁn[pﬁ]>
o C? (1 _tba))t ] :|61’271|: [1—(1—(;2,,1) 2] ]’ [q 2] i2m Qb [f ] i2m Pb )

max(ct, ), p_@4@ﬂ+p4pﬁyﬂ{p@_@wnp@_@WH
lzn 1-(-6)" o[- (-6 2 - [1- (=) T [1- (- 6) ]] gl ]errletei] [ b phagpnloiet]
ba"lba 4 baJ ba

(max (1 _ tia) (MH\Z)] ]eilﬂ[ [1—(1—(214)01 )LZ)] :|’ (qba) (,{1+/\2)ei2n(gbu)(h+/\z)) (fba) (’\1“\2)6"2”(/’&4)()1”2))

= O+ 2,)( et <“ (@)™ (@), (fr)e )

(11)
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Similarly, we can clarify (5) and (6). O then complex spherical fuzzy N-soft weighted average

. . FNS WA tor is defined as follows:
Definition 6 (see [34]). Let [y, = (c¥, 1y, g €270, (CSFNSWA) operator is defined as follows

fra€?™=)(a=1,2,...,v) be a collection of CSFNSNs,

CSFNS WA (Fp1 Foos - - - Fou) =( @1 /\ana>

a=

max! (1), [1_a
[H o) ] o[ .., ()] [H (Fra) }12"[1—[ (o)™ ]

a=1

i (1—t§ )la} i2m [I—HV: (1—(127a))la:| (12)

where A, = (A, A,,...,1,)" is a weighted vector of ,, with ~ Theorem 1. Let Fy, = (c5, t,e™7™m, gy e %, f, ™)
the property that A,>0 and Y, A, =1, for all (@a=12,...,v) be a collection of CSFNS;Ns and
(b=1,2,...,m). A= Ay, .. .5 M) be the weight vector then the aggregated

value by applying the CSFNS WA operator is also a

CSFNS;N formulated as follows:

v
C&FNSfWA(Fb]) Fooo- - Fbv) = ( g Aana)

max,_, (cZ), |:1 -
a1

{ﬁ (‘““)A“]eihmz‘ ), [H (fba)*u]eﬂﬂ[l"ﬂl (vu)"]

a=1

V (l_tb)] L] (13

CCS)FNSfWA(Fbl, Fpos -+ Fbv) = /\lFbl

Proof. The proof is followed by mathematical induction. [ (14)
= Fo1>

Case 1. When a =1, the CSFNS;WA operator gives the

following equation: where (1, = 1), and equation (13) becomes

:((cf) V[1-(1-1,)] €™ [-0-a1, [(go)]e" (@], [(fba)]eiZT[[(pbu)]> -

b i27(), 27104, i271py,
(Ca’ tyae “> qpa€ ’fbae )

The result is true for a =1, as equation (15) is a  Case 2. Suppose that the result hold for a = n, n is a natural
CSFNS;N. number, and therefore, equation (13) becomes

CCSJFNSfWA(Fbl’ Fpas-- > an) :<ae=91 Aana)

() [1_:1(1_tb“) ] L Au] (16)
oot P o g o
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Now we prove for a = n+ 1. Consider

CSFNS WA(Fyp» Fir- - Fous)) =

a=1

a=1

Llj (qba)h}izn[r{:l (o) ] [ﬁ (f ba)k“}e"z” T Gy

(
[ max_(<;): [1— - (1—tia)l“:| eiz”m,

<Cf, +1, [1 _(1 - tlzj(n+l))] eiZn\/[lf(lszmm)] , [(qb(rﬁrl))]eiz”[(Qb(nﬂ))]) )
[(fb(}'l+l))]eizn[(Pb(nﬂ))] >

max

i@ \[r-Tla-a)t

>

1 ] eiz”\/[lﬂﬁf (6" ]

a=1

T ) g T

Result holds for n + 1; hence, it is held for all natural
numbers.

Theorem 2 (idempotency property). Let ,, = (¢4,
tyae ™, qp e %, f, o) (a = 1,2,...,v) be a collection
of CSFNS;Nsand A = (A, A, ... AT be the weight vector
of Fpa> if Fpa = F11 for all b, a; then

CEFNS WA (FoFir--Fn) = @ L (ufi)
= (Fun)-
Theorem 3 (boundedness property). Let Fp, = (¢4,

tpa€?" 00, Gy €0, f1,€?™0) be a collection of CSFNS;N's
and for all b, a; then

C(SFNSfWA(Fbl, Fpos - -

3. Complex Spherical Fuzzy N-Soft-
VIKOR Method

This section delineates the VIKOR method to resolve the
MAGDM problems employing the domain of CSFNSSs,
which is appropriate to deal with two-dimensional data. The
proposed method works out to compromise a solution in
which an agreement is accomplished by mutual conductance
that possesses maximum group utility and minimum in-
dividual regret.

Let J={J1,J5 /3 ---»],n} be the set of m possible
choices whose expertise, possibility, and utility are figured
out by k decision-experts Y, Y,, Ys, ..., Y, with the help of

5 Fbv) < C(S)FNSfWA (Fb])FhZ) e

a=1

FF <CSFNS,WA<F', (19)

where, H= (max}acz,‘maxa [ty )€™ el min, [g,,]
e?minale] min, [ f,,] e2™inlPrl) and F~ = (min,c?, min,
[tbu]eizrlminu [(ha], maxa [qba]eiznmaxa [gba]’ maxu [fbu]

12mmax, [pral).

Theorem 4 (monotonicity property). Consider f,, = (¢4,
tbaeizm}a’ q_hueizrrgia’ fbaeiznpha) and th = (EZ’ Eba
Gpa€”™%, fy,e* ) are two collections of CSFNS ¢ N's along

. b _b - o - —_
with Ca < Ca tba < tbm (ba < (ba’ Dva = Gva> Opa = Opa> fba = fba’
and py, = Py then

ei2”(ba S

»Fov)- (20)

v crucial elements X'}, X, L5, ..., L, treated as attributes,
and let I,,1,,15,...,1, be considered as the normalized
weight vectors of the attributes in accordance with related
MAGDM problem. Let A, € [0, 1] be the weight of the s-th
decision-expert Y; therefore, the normalized weight vector
for the experts is A = (A, A5, As,...,A;)". The strategy for
complex spherical fuzzy N-soft-VIKOR (CSFNS;-VIKOR)
method is described as follows.

3.1. Complex Spherical Fuzzy N-Soft Performance Matrix.
The alternatives are analyzed by decision-experts on the
basis of the selected attributes and initially admeasured by
numerical labels representing linguistic information relative



to the MAGDM, such as 5 for “best,” 4 for “good,” 3 for
“bad,” and so. These numerical labels are further epitomized
by CSFNS;Ns with constraints of grading criteria, which
moves us towards the k CSFNS ;Ss classified by k decision-

1(s) 4(s) . (s)  (5) 1(s) 4(s) . (s)  (5)
(Cl ’¢11"//11’X11) (Cz ’¢12’1//12’X12)
2(s) 4(s) . (s)  (s) 2(s) 4 (s) . (s)  (5)
7 = (Cl s o1 ¥ars Xai ) (Cz 205 V225 X2 )

m(s) ((s) . (s) (s) m(s) (s)
(Cl "/»"mp‘l’ml’)(ml) (Cz > P>

) Zio = () g v = () oty
. (s P (s) : (s)

e, q\e?mu | ) and b =1{1,2,3,...,m}, a=
{1,2,3,...,v}, and s = {1,2,3,...,k} stand for the alterna-

tives J,, attributes &', and decision-experts %, respectively.

where

Zpo = CSENS(A(Z3), 240, Z4Y)

=My, e hLZ) e - eA T,

_ k ([ b\
= maxszl(ca) ,
s=1

(Db 27, 2710, i271py,
- (Ca’ tyae “> qpa€ > fbae )

The ACSFNS fPM is as follows:

(C}’(Pll’wu’)(ll)

(s) ()
ll/mZ’XMZ) e

(C;’ b12 V/12’X12)
P = (Ci"/)zpll’zp)(zl) (C;ﬁbzz»‘l/zzx)(zz)
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experts. Furthermore, the k CSFNSSs regarding k deci-
sion-experts are systemized in the form of complex spherical
fuzzy N-soft performance matrices CSFNS;PMsZ*® =
(Z 22))% as follows:

1(s) () o (s)  (s)
(Cv > lv’vjlv ’le)
2(s) 4 (s) o (s) ()
(Cv > ZV’WZ‘I/ ’XZV) (21)

m(s) 4 (s) . (s)  (s)
(Cv 4 (pmv’ I//mv’va>

3.2. Aggregated Complex Spherical Fuzzy N-Soft Performance
Matrix. All decision-experts are adequate to manipulate the
individual opinion using CSFNS;WA operator and
resulting matrix known as aggregated complex spherical
tuzzy N-soft performance matrix is (ACSFNS PM )
evaluated as follows:

k A_c . ~ k _ 8 2\ As k ) k . k ) k S (22)
1—H<1 —(tb(Z))2> V! [1.0-2)) ,< qL(,Z)>elznns-19;ﬂ),Hfb?e’znns-lpéu)

(C¢11’ ¢1v’ 1//11/’ le)
(C?y ¢2v’.1l/2v’ XZV) . (23)

(Crln’gbml’Wrnl’Xml) (C;n’(me’v/mZ’XmZ) (C:/n’(/)mv’Wrnv’va)

3.3. Selection of CSFNS; Best Value and CSFNS; Worst
Value. The CSFNS; best value is assessed by the following
formula denoted by Z:

max Z,,, it I, € Qg
b

Za=1 . (24)
mbmfZ’ba, itL, € Qe

where Z, = (22, ,,67, G 2", F, 2Pa).
The CSFNS; worst value is assessed by the following
formula denoted by Z :

ml;ax:?fba, itL, € Qe

Z,= . . (25)
mban’bu, it X, e Qp,

where Z, = (&8, £, e, Gy 2™, F, e?P).
The score value S(Z,,,) and accuracy value A (Z,,,) are
utilized to compare the CSFNS;Ns in ACSFNS;PM.

3.4. Evaluating S, and R,. The normalized Euclidean dis-
tance is utilized to evaluate the group utility measure S, and
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individual regret measure R, with the provision of nor-
malized weights of attributes as follows:

i A(Z 0 Zoa) (26)

(za’ zbu)

A Z o Z1a)
R, = max[,——%
1<a<v d(zu’ zba)

(27)

The normalized Euclidean distance d (Z wZh,) and
d(Z,, Z,,) are calculated as follows:

~ 1 &\ ¢\ ’ SR R 2N\2 =2 2 \?
d(za’zba>=<z ((Nj 1) _(Nj 1> ) +(tba_tbu) +(qba_qba) +<fba_fba>
32 2\’ 2 22 2 22 "
+((ba_(bu> +(§ba_9bu) +(ﬁba _pbu) :|) >

or)-(3[((5) () ) -2t

(28)

%a) (fba féa)z o)
29

12
(G- ) (- )] )

The optimal values of S, and R,, are as follows:

g = mianb,
S = max,S,, (30)
R = max,R,.

The S and R correspond to a maximum majority rule
index and a minimum regret of opponent strategy,
respectively.

3.5. Compromise Measure Q. The configurations of utility
measure and regret measure of feasible choice J;, link up for
the compromise measure Q, as follows:

@:4@) E)( R"), (31)
where & € [0, 1] is the coefficient strategy of the majority of
the attributes and in most cases taken as 0.5, usually for the
sake of equal weightage of both the configurations, & = 0.5.
Moreover, & = 1, representing that the compromise solution
is biased towards the maximum group utility. On the other

hand, £ = 0 shows the biasness towards minimum individual
regret.

3.6. Ranking of Alternatives. The values of ranking measures
S, Ry, and Q, corresponding to each alternative, are
arranged in ascending order so that we get three ranking lists
that further play an important role in finding a compromise

solution. Moreover, the alternative with minimum value
regarding three ranking lists is considered as the best feasible
option.

3.7. Compromise Solution. For compromise solution con-
sisting of alternative /(! with a minimum value of ranking
measure @, the following conditions should hold, which are
described as follows:

C,: acceptable advantage:
O\ _ Al 1 32
Q) -a(1")z— (32)

where J and J@ are the alternatives with the initial
and subsequent position in the ranking list and m
representing the number of alternatives.

C,: acceptable stability: 7V should be ranked first with
respect to S or R. The compromise solution within the
proposed method can be assumed stable in all possible
situations of Votmg by ma)orlty rule (£>0.5),” “b
consensus (£ =0.5),” or “by veto (£<0.5).”

Moreover, if the condition C, is not satisfied, the
compromise solution set contains the alternatives satisfying
the following inequality:

a(J®)-a(J")<

But, if condition C, is not fulfilled, both alternatives J M
and J@® are known as compromise solutions of the
MAGDM problem.

Vi<b<m. (33)
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The flowchart of the proposed CSFNS;-VIKOR
method is given in Figure 1.

4. Application to Group Decision-Making

In this section, the proposed CSFNS-VIKOR method is
carried out for the MAGDM problem in the domain of
business  administration.  Precisely, the proposed
CSFNS;-VIKOR method is implemented for the selection
of firms for the Saudi oil refinery project in Pakistan.

4.1. Selection of Firm for the Saudi Oil Refinery Project in
Pakistan. China-Pakistan Economic Corridor (CPEC) is a
prudent economic project that upgrades the financial ac-
tivities in Pakistan and China, serving as a gateway for the
Middle East, Europe, and Africa. Specifically, there are
advantageous aspects for the people of Gwadar as this
project has industrious and everlasting benefits. In a sign of
its enormous appliances, Saudi Arabia made a decision to
establish a mega oil city in Pakistan at the spot of Gwadar
and get involved in business and investment under the
flagship of CPEC. A firm or company will be hired for the
formation of the mega oil city, as the oil will be imported
from Gulf and will be stored at the proposed Gwadar oil city,
within the time period of one year. For this purpose, a team
of three decision-makers Y, Y,, and Y; are chosen, and the
selected concise list of five firms is as follows:

J: Rabigh Refining and Petrochemical firm
J,: Petromin Company

J3: Saudi Aramco Total Refining and Petrochemical
firm

J,: Alkhorayef Lubricants Company

J5: Yanbu Aramco Sinopec Refining Company (YAS-
REF) Ltd.

According to the proficiency and expertise of the
MAGDM problem, weights for the decision-makers Y, Y,,
and Y; are 0.34, 0.31, and 0.35, respectively.

Decision-makers thoroughly study the five firms
according to the requirements of the project and captured
data from the websites http://www.dnb.com (Dun and
Bradstreet Data Cloud) and http://www.investopedia.com,
on the basis of precise characteristics or parameters dis-
cussed in Table 1.

Decision-makers assigned weight vector
(0.26,0.24,0.05,0.15,0.30)" to the attributes taking into
account the excellence and type of the attributes. For the
selection of the best firm, we adopt the CSFNS ;-VIKOR
method as follows:

Step 1: decision-makers modeled six-soft set, arranged
in Table 2, related to attributes of the MAGDM
problem, where five asterisks mean “excellent perfor-
mance,” four asterisks mean “great performance,” three
asterisks mean “good performance,” two asterisks mean
“average performance,” one asterisk means “bad per-
formance,” and big dot means “very bad performance.”

Mathematical Problems in Engineering

The criteria for the association of the C§'FN's to 6-soft
sets of decision-makers is given in Table 3, so that the
opinions of the decision-makers in the form of
CSFNSfPMszl, Z?,and Z” are arranged in Tables 4,
5, and 6, simultaneously.

Step 2: the judgments of all performance matrices of
decision-makers amalgamated into ACSFNS:PM
using CSFNS A, operator are summarized in Table 7.

Step 3: for the evaluation of the worst and the best
values, the score values of the entries of ACSFNS ;PM
are calculated, keeping in view the benefit and cost type
criteria where all the attributes are benefit type except
5. The worst and best values are calculated from
equations (24) and (25) that are shown in Table 8.

Step 4: the normalized Euclidean distance is formulated
by equations (28) and (29), which is utilized to measure
the separation of best value from each entry of
CSFNS;PM and also from worst value simulta-
neously, organized in Table 9. These distances are
further employed in equations (26) and (27) to in-
vestigate the group utility measure S and individual
regret measure R, calculated in Table 10.

Step 5: the compromise measure Q, related to each
alternative or firm, with & = 0.50, is estimated through
equation (31) and pinned up in Table 10.

Step 6: furthermore, the alternatives are ranked on the
basis of the group utility, regret measure, and com-
promise measure that is illuminated in Table 11.

The firm J; has rank order 1 on the basis of the com-
promise measure @, and also, the remaining two conditions
of CSFNS;-VIKOR method are satisfied and calculated as
follows:

1) Q(J,)-Q(J;)=0.5559-0=0.5559> (1/6—1) = 0.2

(2) J; is the best firm regarding S and R, and ranking
orders are J; > J, > Js > ], > ],

Thus, the firm J; is best for the establishment of the Saudi
oil refinery project in Pakistan.

5. Sensitivity Test

In the sensitivity test, the role of coefficient strategy & playing
as the weight of group utility measure and 1 — £ as the weight
of individual regret measure is investigated to demonstrate
the ability of the proposed CSFNS ;-VIKOR model and the
stability of the solution, which is evaluated by applying the
presented methodology.

& is assigned different values from the unit interval [0, 1],
and then we analyze the strength and potency of the
computed decisions from the proposed methodology. In this
case, it is assumed that the variation in the coefficient
strategy weight occurs because the MAGDM panel can
prioritize both (group utility or individual regret) measures,
according to the future necessities of the proposed case
study. However, & € [0.6, 1] illustrates that the compromise
solution is subjective to maximum group utility, and
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|
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1
1
1
1
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1
1
1
1
1
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1
1
1
1
1
1
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|
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1
1
1
1
1
1
1
1
:
1
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1
1
1
1
1
1
1
1
1
1
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|
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all J® satisfying condition

(1)
L5y Propose | M and j@

as best solution

else
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best solution

QU®) - QD) < m-1 i

FiGure 1: Flowchart of the C§FNS +-VIKOR method.

£ € [0,0.4] represents the biasness towards minimum in-
dividual regret.

Figure 2 illustrate that the variation in & from 0 to 1
affects the value of the compromise measure Q of alterna-
tives, but the ranking order of the alternatives and the best
solution (i.e., J;) are static in all cases.

6. Comparative Analysis

This section elaborates the superiority and caliber of the
proposed CSFNS;-VIKOR method by solving the pro-
posed MAGDM problem “Selection of firm for Saudi oil

refinery project in Pakistan” by complex spherical fuzzy-
VIKOR (CSF-VIKOR) method, proposed by Akram et al.
[33]. For the selection of the best firm, we adopt the
CSF-VIKOR method as follows:

Step 1: the initial judgments of the decision-makers
are in the form of grade level as shown in Table 2 that
turther transformed into CSFNs, following the
grading criteria defined in Table 3. The personal as-
sessment of the decision-makers related to the pa-
rameters are denoted by CSFNS;PMs (Z', 2%, and
Z?) and arranged in Tables 12, 13, and 14 respectively.
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TaBLE 1: Study of attributes for the MAGDM problem.

Strong risk It is imperative to select a business firm that is financially strong and fully endorsed. Benefit

Management type
2, Modern technology: It includes the latest apparatus and me.tchmer}.l, up-to-date software, and other high-tech Benefit
innovations. type
7, Cost price This attribute includes initial cost,lmalntenanc.e cost, and production cost. The firm with the Cost type
owest cost is preferable.
X, Plan and vision It is necessary to choose a firm whose strategy related to the project is impactful and profitable. Bf;lgft
. It includes business-related experience, knowledge, and expertise with fluctuating track record  Benefit
s Experience
and success. type
TasLE 2: Decision-makers opinions regarding attributes.
Attributes Alternatives Y, Y, Y;
A * =1 *k =2 =0
I, * =1 .=0 %=1
2, I3 k% %k k % =5 %k ko k =4 % k ko x =5
n ® ok ok ok =4 ®* %k ok =3 *k k x =4
Is * % % =3 *x =2 * % % =3
]1 =0 * =1 =0
I, %=1 * =1 * =1
Z, B ® ok ok ok =4 ® %k k %k k =5 ®%k k % k =5
J4 *% k =3 ok ok ok =4 %k ko k =4
IE ok =2 * % % =3 * % k =3
]1 =0 =0 =0
]2 =0 * =1 x =1
NN I3 * % k% ok =4 ok ok ok ok = % ok ko x =5
J4 ¥k % kx =4 k% % %k x =5 * % % x =4
Is * ok ok =3 *k ok =3 * ok ok =3
]1 =0 -=0 x =1
I, * %k =2 * =1 * % =
Z, I3 k ok k k % =5 k% k k x =5 ¥k ok ok =
T4 * % % x =4 % % =3 %% k% k x =5
Js * % % =3 % % =3 * % =2
I3 x=1 =0 =0
I, * =1 * =1 * =1
s I3 * % k k k =5 # ok k ko k =5 ok k ok ok =5
N * % % x =4 * % % x =4 k% % x =4
Js * % % =3 * % % =3 * % % =3
TaBLE 3: Grading criteria for CSF6SS.
hely Degree of yes Neutral membership Degree of no
Grades tha 271{17“ Dba 27Tgbu fba anba
=0 [0,0.30m) [0,0.0170) [0, 0.03407) (0.90, 1.00] [1.807,2.007]
=1 [0.15,0.30) [0.307, 0.607) (0.0170,0.0819) [0.03407, 0.16387) (0.75,0.90] [1.507, 1.807)
CZ =2 [0.30,0.50) [0.607, 1.007) [0,0.0170) [0,0.03407)) (0.50,0.75] [1.007, 1.507)
=3 [0.50,0.75) [1.007, 1.507) [0.0170, 0.0819) [0.03407, 0.16387) (0.30, 0.50] [0.607, 1.007)
CZ =4 [0.75,0.90) [1.507, 1.807) [0,0.0170) [0,0.03407)) (0.15,0.30] [0.307, 0.607)
=5 [0.90, 1.00] [1.807, 2.0071] [0.0170, 0.0819) [0.03407, 0.16387) [0,0.15] [0,0.307)
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TaBLE 8: CSFNS f best and worst values related to the attributes.

Attribute Best value Worst value

X, (5, (0.9475€'1-87227 00296706787 0,0607¢-16087)) (1, (0.2114€0-41307 () 0229¢0-04807 () 955)4i1.90947Y)
Ly (5, (0.9329¢1-83407, 0,0247¢/95207, 0,0901¢™20647)) (1, (0.1321€-26%7 0.0168€™-03407, 0.9761¢'-94727) )
Xy (0, (0.0784€777, 0.0139¢™02%07, 0.9858¢!-72¢7)) (5, (09270684927 0,0260¢10-05467, 0,1049¢10-22747))
Z, (5, (0.9088¢1-81767 0.0178¢™-03567  (0,0522¢!4160m)) (1, (0.1802670-34267 (02161004367 () 9786¢!9516im))
s (5, (0.9494¢"°0417, 0.0328¢"°%7, 0.054 1" °0™)) (1, (0.1249¢25%57, 0.0166€™03%27, 0.9680 -444/7))

TaBLE 9: Normalized Euclidean distance.

Alternative d(Z,, %) d(Z,, %) d(Z 4, %)) A(Z, F) d(Zs5, Fys)
A 0.9304 0.9660 0.00049 1.0035 1.0316

I 0.9986 0.9124 0.0497 0.8319 0.9954
I3 0 0 1.0362 0 0

T4 0.5860 0.5596 0.5806 0.5628 0.5957
Is 0.9169 0.7890 0.1785 0.6430 0.8308

TaBLE 10: The values of S, R, and Q,.
Alternative S, R, Q,
T 0.9322 0.2422 0.9014
I 0.9029 0.2894 0.9833
I3 0.05 0.05 0
J4 0.5769 0.1732 0.5559
Is 0.7810 0.2416 0.7418
TaBLE 11: Ranking of firms.

Alternatives A I, I3 T4 e
Ranking order of S 5 4 1 2 3
Ranking order of R 5 4 1 2 3
Ranking order of Q 5 4 1 2 3

Step 2: the aggregated complex spherical fuzzy per-
formance matrix ACSFPM securing the collective
opinion of the decision-makers through a complex

The ACSFPM shown in Table 15.

Step 3: furthermore, for the evaluation of worst and best
attributes in ACSFPM, equations (24) and (25) are
brought into play, despite that the comparison of complex
spherical fuzzy numbers in ACSFPM is computed by
exploiting the score function of each entry as follows:

spherical fuzzy weighted average (CSFW A) operator
is employing as follows:

Sc(Zpa)

A . k g
)2> : ezZn I_Hle( (lga) ) <Hq >ei2ﬂ1_[S 19;;)’1_[](!5;)61'271“;/);; . (34)

s=1

[tba qba fba] [Ciu - Qia - Pia]' (35)

CSF’s best and worst values related to the attributes are
given in Table 16.

Step 4: the group utility measure S and individual
regret measure R of each alternative J, are valuated
through equations (26) and (27) in the light of
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) I | | | I I
) I II I| I| I|HI|MI|m .l I I
i} II|III|I|.|I|.|I|I|I|I|IIl‘iilliiiiiiii
0.2
0.100 0.200 0.3 0.4 0.5 0.6 0.700 0.800 1.000 1.000
mJ, 08225 0.8422 0.8722 0.8954 0.9185 0.941 0.9648 0.988 0.900 1.000
B/, 099 0.9933 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
J5 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
mJ, 05228 0.5311 0.5455 0.5558 0.566 0.576 0.586 0.597 0.607 0.617
/s 07936 0.7870 0.7879 0.7838 0.779 0.775 0.771 0.767 0.763 0.759

FIGURE 2: Sensitivity test.

normalized distance measures, indicated in the fol-
lowing equations and worthy attributes.

N 1], < P (7 ’
(%0 7) = ([ G2 @) (Pl ) (@) (@) o)) e

W | =

A%, 7)) = J(

The normalized distance in equations (36) and (37) is
symmetric as well as it gives positive values corresponding to
each entry in ACSFPM, listed in Table 17. In addition to
that, the group utility measure S, individual regret measure
R and compromise ranking @ (around with equation (31)
and & = 0.50) are calculated in Table 18.

Step 5: following the values of S, R, and Q from Table 1
in ascending order, the priority order of alternatives is
presented in Table 19.

Step 6: the firm J; has rank order one on the basis of the
compromise measure Q, and also, the remaining two
conditions of the CSF-VIKOR method are satisfied
and calculated as follows:

1) QUJ,) -QJ;) =0.5262 -0 = 0.5262> (1/6 — 1) =
0.2
(2) J; is best firm regarding S and R

Thus, the firm J; is also the best feasible choice for the
establishment of the Saudi oil refinery project in Pakistan
with respect to CSF-VIKOR method.

6.1. Discussion. The comparison provides the following
results:

@

)

©)

. 2 . 2
(- () (T £2) +(fm ) (- +(a- ) |)

The compromise solution assessed by the
CSFNS;-VIKOR and CSF-VIKOR methods is the
same exact, as indicated in Table 19, which implies
that J; is the best firm for the development of the
Saudi oil refinery at the place of Gwadar. Together
with the same results, the rankings of the alternatives
in both methods are unvarying. So, we can claim that
the outcomes of the proposed CSFNS;-VIKOR
method are equivalent to the CS'F-VIKOR method.
The correlation between CSFNS-VIKOR and
CSF-VIKOR methods is illustrated in Table 20, and
their graphical representations are put forward in
Figure 3.

We also implement the techniques of &F-VIKOR
[27] and fuzzy-VIKOR [8] on the proposed
MAGDM problem. The transparency and accuracy
in the outcomes improve and glorify the level of trust
and confidence about the proposed method. The
comparison results are pinned up in Table 21.

The comparative study of the CSFNS;-VIKOR
method with the existing techniques demonstrates
and certifies the superiority of the proposed method
as fuzzy-VIKOR, &F-VIKOR, and CSF-VIKOR
methods have some imperfections and limitations
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TaBLE 16: CS'F best and worst values related to the attributes.

Attribute Best value Worst value

‘9//‘1 (0'947561'1.872271) 0.0296ei0'0678ﬂ, 0‘060761'0.16087!)) (0‘21 1461'0.413071’ 0'0229ei0.0480ﬂ’ 0.955261'1'9094”))

'%‘2 (0.93296“'854071, 0.0247‘3[0.052077’ 0.09016i0.2064ﬂ)) (0.13216i0'2698ﬂ, 0.01688i0'0340ﬂ, 0.9761€i1'9472ﬂ))

5[‘3 (0.0784610'1376”, 0.01396140‘0286”, 0.985861'1,973671)) (0.927061'1.849271) 0.02606140‘0546”, 0.104961.0’2274”))

‘%‘4 (0.9088@“'817671, 0.0178610'0356”, 0.052261.4160in)) (0.18026i0'3426ﬂ, 0.02168i0'0436n, 0.978661'9516i”))

3‘5 (0.9494€i1'9044”, 0.03286140‘0680”, 0.054161,3360in)) (0.1249610'2506”, 0.01663140‘0352”, 0.968061,9444i7r))

TasLE 17: Differences of alternatives from best values of ACSFPM.

Alternative A Z,Z,) d(Z,, %) A(Z5, ZF ) A(Z 4 Zpy) d(Zs, Zys)

A 0.9585 0.9680 0.00005 1.0175 1.0544

I 1.0111 0.8960 0.0526 0.8292 1.0070

B 0 0 1.0480 0 0

J4 0.5668 0.5302 0.6371 0.5346 0.5803

Is 0.9412 0.7714 0.1844 0.6441 0.8277
TaBLE 18: The values of S;, R, and Q. TaBLE 20: Comparison with CSF-VIKOR.

A 0.9364 0.2464 0.9152 Method Ranking of firms Best firm

I, 0.98934 0.2865 0.9757 CSFNS;-VIKOR (proposed)  J3>J,>Js>], > ], Js

I 0.05 0.05 0 CSF-VIKOR [33] IRINIIIRI) I3

N 0.5515 0.1651 0.5262

Js 0.7725 0.2420 0.81346

TaBLE 19: Ranking of firms with respect to CSF-VIKOR.

Alternatives T I, I3 T4 Js

Ranking order of S
Ranking order of R
Ranking order of Q

[S ST
I
— =
I}
W W W

1.0

0.8

0.6

0.4

0.2

| | | |
T T

]1 ]2 ]3 ]4 ]5
—%— CSFNS;-VIKOR (proposed)

—— CSF-VIKOR

FIGURE 3: Comparative analysis.

that they all are impotent to understand the grades
level with parameterized figures of such contem-
porary MAGDM problems.

TaBLE 21: Comparison with SF-VIKOR and fuzzy-VIKOR.

Method

CSFNS;-VIKOR (proposed)
SF-VIKOR [27]
Fuzzy-VIKOR [8]

Best firm
]3>]4>]5>]1>]2 ]3
]3>I4>]5>]1>]2 ]3
]3>]4>]5>]1>]2 ]3

Ranking of firms

7. Advantages of Proposed Method

(i) The principle of the VIKOR method relies on group
utility measure and individual regret measure of
each feasible choice, obtained using the normalized
weighted vector of attributes within the normalized
Euclidean distances, compromise the effects of
grades level along with the two-dimensional frame.

(ii) Decision-making using the VIKOR method pro-
vides compromise solution in close proximity of the
ideal solution in conjunction with a two-dimen-
sional fusion of C§FNS, model that enjoys four
opinions of true, neutral, false, and level of the
alternatives in reference to the soft information.
Moreover, by keeping the level of the alternatives
zero, two-dimensional information of four per-
spectives diversified into the CSF data that can be
readily managed by the presented model.

(iii) The proposed strategic model even accommodates
one-dimensional MAGDM problems within the
ambit of spherical fuzzy information and picture
fuzzy information by exerting periodic terms and
ordered grades zero and raises the assurance of
the proposed method via the accuracy of the
results.
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(iv) Additionally, the proficiency about the neutral part
elongates the presented model as the abstraction of
the fuzzy N-soft models including intuitionistic
fuzzy N-soft, Pythagorean fuzzy N-soft, and
complex Pythagorean fuzzy N-soft environments.

8. Conclusion

Many real MAGDM problems have a complex pattern. A
hybrid decision-making model has been introduced in this
paper, which is based on the VIKOR method but allows us to
solve problems posed in the elaborate form of complex
spherical fuzzy N-soft sets. This model was developed by
Akram et al. [34]. An advantage of decision-making within
the two-dimensional frame of CS FNS (Ss is that the experts
are free to use four conjectures of true, neutral, false, and
level of the alternatives in reference to the soft information.
The proposed CSFNS;-VIKOR method has been in dis-
cussion corresponding to the conflicting criteria under
different methodologies. The linear normalized weights of
the attributes and normalized Euclidean distances have been
interpolated together, for the sake of two main features of the
acclaimed VIKOR methodology, known as maximum group
utility and minimum individual regret. Moreover, the co-
efficient of weight strategy pertaining to majority opinions
and minimum regret of opponents have been exhibited for
the compromise measure (ranking function). Furthermore,
by keeping the level of the alternatives at zero, two-di-
mensional information comprising four conjectures be-
comes CS'F knowledge that can therefore be embedded in
the proposed model.

The applicability and adequacy of the proposed method
have been exemplified through a MAGDM problem
whereupon a feasible firm is required for the development of
the Saudi oil refinery project in Pakistan. For the imple-
mentation of the proposed CSFNS;-VIKOR method, ex-
perts’ inputs have been supported in the form of a nonbinary
evaluation system. The CSFNS;WA operator has been
deployed for the construction of ACSFNSPM, and score
degree has been established for the comparison of two
complex entities in ACSFNS;PM. In the end, a comparison
has been executed, which strengthens the presented method
through the results’ transparency. The one-dimensional
MAGDM problems under the auspices of spherical fuzzy
information and picture fuzzy information can be concili-
ated with this structure by setting phase terms and ordered
grades at zero. This speaks for the strength and validity of the
presented approach. The proposed model, in accordance
with neutral information, constitutes a generalization of
fuzzy N-soft knowledge including intuitionistic fuzzy
N-soft, Pythagorean fuzzy N-soft, and complex Pythago-
rean fuzzy N-soft data.

For future direction, the C§FNS ;-VIKOR method can
be employed for selections in other types of MAGDM
problems, including solar panel selection, sites for hotel
business selection, in the field of medical and sustainable
suppliers. Moreover, the limitations of the proposed model
invite us to formulate new paradigms. For instance, the
CSFNS;-VIKOR method is deficient to settle conditions in

Mathematical Problems in Engineering

which the sum of squares of truth membership, neutral
membership, and falsity membership of amplitude terms (or
phase terms) exceeds 1. Therefore, we can work for estab-
lishing a complex T-spherical fuzzy N-soft-VIKOR meth-
odology to extend the current boundary constraints.
Moreover, a computer program can be created to handle the
difficulties that appear in the presence of large numbers of
alternatives and attributes.
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