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Abstract: Risk is demonstrated as unknowns that have measurable possibilities, while complication requires unknown with no significant
possibilities of the outcome. These notions are associated but are not identical. Ambiguity and risk are closely concerned notions in decision-
making strategies using fuzzy set theory. Similarly, Maclaurin symmetric mean (MSM) is also massive beneficial and valuable for using to
accumulate the family of attributes into a singleton set. To enhance the superiority of the research work, in this scenario, we used the
informative idea of a complex interval-valued g-rung orthopair fuzzy (CIVq-ROF) setting and took a valuable tool of MSM to present
the CIVqQ-ROF MSM (CIV@-ROFMSM), CIVq-ROF-weighted MSM (CIVq-ROFWMSM), CIV@-ROF dual MSM (CIVq-ROFDMSM),
and CIVq-ROF-weighted dual MSM (CIVq-ROFWDMSM) operators. To verify the supremacy of the invented works for the different
values of parameters, several specific cases are also explored. Finally, with the help of multi-attribute decision-making (MADM) skills,
we identified a beneficial optimal in the presence of the source of descriptions in the form of invented operators using the decision-
making process. Comparison of the invented approaches with many existing scenarios is also simplified at the end of this analysis,
which shows the dominancy and competency of the diagnosed approaches.
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1. Introduction

Decision-making is the procedure of choosing the outstanding
possible optimal in an assumed scenario. Proficient decision-making
often needs you to recognize several prospective optima, imagined
feasible outcomes, and several others. Handling all these and
other variables can help you identify the massive proficient
technique to make proficient options promptly. For this, Zadeh
(1965) produced a tool called fuzzy set (FS) which becomes a
valuable tool to reduce the ambiguity involved in real-life troubles
such as soft set theory (Chen et al., 2010; Naveed et al., 2020)
and decision-making (Chen & Tan, 1994). After it, various
generalizations of FSs such as intuitionistic FS (IFS) (Atanassov,
1986), Pythagorean FS (PFS) (Yager, 2013), and g-rung ortho-
pair FS (q-ROFS) (Yager, 2016) invented in the occurrence
of truth grade (TG) n%(«) and falsity grade (FG) {%(z) should
have 0 < n%(z) + 04 (w) < 1,0 < ni*(e) + {5*(w) <1 and 0 <
52 («) + 4° (w) < 1, where © > 1. Since its presence, intellec-
tuals have founded distinct sorts of algorithms for evaluating the
decision-making obstacles (Al-Qurashi et al., 2022; Naeem et al.,
2019; Riaz et al., 2020; Tao et al., 2021; Wang et al., 2022). Later,
the decision-maker knows that the role of fuzzy data become massive
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and broaden your horizons. As the real troubles are awkward in real
life, decision-makers always suggested a simplest form to show their
data in the shape of interval-valued (I-V) numbers rather than the
crisp number. For this, the massive convenient and accessible tool
called I-V IFS (I-VIFS) was deliberated by Atanassov (1999), which
is the dominant and generalized form of I-V FS (I-VFS) (Zadeh,
1975). After completing the mathematical form of the idea of I-VIFS,
several utilizations have been deliberated in different fields. Further,
the idea of I-V PFS (I-VPFS) is deliberated by Garg (2016), by
enhancing the quality of the mathematical form of the I-VIFS. After
completing the mathematical form of the idea of I-VPFS, several uti-
lizations have been deliberated in different fields (Akrametal., 2019;
Haktanir & Kahraman, 2019; Liang et al., 2018; Peng & Li, 2019;
Rahman etal., 2017). But experts have some possibilities to see what
they can do. When an expert faced the data: ([0.8,0.9],[0.4, 0.7]), the
existing I-VIFS and I-VPFS have been fruitless. The theory of I-V
q-ROFS (I-Vq-ROFS), organized by Joshi et al. (2018), invented
in the occurrence of TG [y~ («),ns"(«)] and FG [J4 (),
¢&" ()] should have 0 < 75 +2 () + (4P («) < 1. I-Vq-ROFS
is a valuable tool to reduce the ambiguity involved in real-life trou-
bles like Archimedean Muirhead mean operators (Li et al., 2018) and
decision-making (Nguyen et al., 2019; Verma & Merigo, 2019).
In the availability of the above brief discussion and decision-
making strategies, it is identified that the use of existing theories
is bounded to access two-dimensional data. The prevailing
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theories are continuously neglected to manage with its awkward and
fluctuating information. However, we will more explain with the
help of some practical examples, for instance, data got from the
“medical works a software for biometric and facial recognition”
changed continuously with the part of time. Because of these
troubles, the fundamental theory of complex FS (CFS) was
exposed by Ramot et al. (2002), Since, CFS has unable to educate
anything concerning the non-supporting of the term and finally
the tool constructed on them is restricted in nature. To enhance it,
the key theme of complex [-VIFS (CI-VIFS) was diagnosed by
Garg and Rani (2019) by generalizing the theory of complex IFS
(CIFS) (Alkouri, 2012). In CI-VIFS, the TG n% = [ny,n¥]
27 ([ i) and FG ¢ =[5, (Ji]etuﬂ([“&‘“w satisfied the rules:
0<ni+di <land0<put + ué; < 1. But for suggesting the
value of TG i = [0.5,0.6]¢t127(0:60.7) and FG

% = [0.4,0.5]e"7(0304) the tool of CI-VIFS has been incomplete,
for example, 0.6 4+ 0.5 = 1.1>1. To enhance it, Ali et al. (2021) diag-
nosed the fundamental concept of complex I-VPFES (CI-VPFS) by
modifying the rule of CI-VIFS, e.g., 0<n?+{{?*<1 and
0< M,;;Z + Maz < 1. The CI-VPFS, generalization of complex
PFS (CPFS) (Akram & Naz, 2019), easily identifies the solution
of the above problem, e.g., 0.6 + 0.5> = 0.36 + 0.25 = 0.61<1.
Certain implementations of CIFSs, CI-VIFSs, CPFSs, and CI-VPFSs
have been diagnosed. But experts have some possibilities to see what
they can do. When an expert faced the data: ([0.8,0.9]¢!>7(*8:05)

[0.4,0.7)¢t27(0-407)) the existing CI-VIFS and CI-VPFS have been
fruitless. The theory of complex I-Vg-ROFS (CI-V@-ROFS), organ-
ized by Garg et al. (2021), invented in the occurrence of
TG o (), ny* ()] 5]) and FG (05 (), 85 ()]
¢l 1) should have 0 < Ny 0 (w) + 3+ (w) <1 and
0SW$2 () + WP («)S1. CI-Vg-ROFS is a valuable tool to
reduce the ambiguity involved in real-life troubles such as Maclaurin
symmetric mean (MSM) (Rong et al., 2020), relation using
Cq-ROFSs (Nasir et al., 2021), N-soft set (Akram et al., 2021), and
decision-making (Arya & Kumar, 2021). In the availability of
the above discussions, we obtained that the decision-making tools
contain some major issues:

1. How to utilize the interval-valued data in the field of FS theory.
2. How to obtain a lot of results from one operator.
3. How to get the best option from the collection of different decisions.

The major attention of this scenario is to provide anew tool for resolving
an awkward decision-making procedure in the availability of invented
approaches (MSM operators). A huge number of scholars have
demonstrated very well-known ideas in the availability of FS (and
their extensions) theory. But the main question is why we choose
CI-Vq-ROFSs? The main reason 1is that the CI-Vq-ROS,
generalization of I-Vq-ROFSs, and the [-Vq-ROFSs cannot contain
the phase terms. Because of this reason, we can lose information
during decision-making processes. To moreover demonstrate the
notion of phase terms, we discuss some practical examples. Assume
an intellectual wants to purchase a car based on important factors
like the model and production dates of the car. Since the model and
production dates of every car have changed with time, hence,
choosing the best car is based on the important factors which change
continuously time by time. Also, we know that such sort of data
cannot handle prevailing drawbacks like FS and their extensions.
But the novel concept of CI-Vq-ROFS is more suitable and accurate
to manage the capable problems. The mathematical structure of CI-
V@-ROFS includes two grades in the form of complex numbers

which deal with two possibilities (real and imaginary parts) at a
time. The first term expressed the model and the second term
showed the production data of the cars. Keeping the benefits of the
above-discussed approaches, some implementations related to this
work are discussed here:

1. To present the CIVq-ROF MSM (CIVq@-ROFMSM), CIVg-ROF-
weighted MSM (CIVqQ-ROFWMSM), CIVq-ROF dual MSM
(CIV@-ROFDMSM), and CIVq-ROF-weighted dual MSM
(CIVqQ-ROFWDMSM) operators.

2. To verify the supremacy of the invented works for the different
values of parameters, several specific cases are also explored.

3. To identify a beneficial optimal in the presence of the source of
descriptions in the form of invented operators using the decision-
making process.

4. To find the comparison of the invented approaches with many
existing scenarios that is also simplified at the end of this
analysis, which shows the dominancy and competency of the
diagnosed approaches.

The theme of this manuscript is demonstrated as follows. In
Section 2, we continuously express CI-Vq-ROFSs, algebraic laws,
MSM, and dual MSM (DMSM) operators. In Section 3, we use
the informative idea of the CIVQ-ROF setting and take a valuable
tool of MSM to present the CIVq-ROFMSM, CIVq-ROFWMSM,
CIVq@-ROFDMSM, and CIVq-ROFWDMSM operators. To verify
the supremacy of the invented works for the different values of
parameters, several specific cases are also explored. In Section 4,
with the help of multi-attribute decision-making (MADM) skills,
we identified a beneficial optimal in the presence of the source of
descriptions in the form of invented operators using the decision-
making process. Comparison of the invented approaches with
many existing scenarios is also simplified at the end of this
analysis, which shows the dominancy and competency of the
diagnosed approaches, as discussed in Section 5. Finally, we
utilized the conclusion of this manuscript in Section 6.

2. Preliminaries

Some theory plays a vital role in the environment of operators,
measures, and methods. Inspired by the above, we continuously
express CI-Vq-ROFSs, algebraic laws, MSM, and DMSM
operators in this section to develop some new operators which
will be used for evaluating real-life troubles.

Definition 1: (Arya & Kumar, 2021) A CI-Vq-ROFS AT in the
availability of universal set U is simplified by:

RF = { (w, (), Sy () ) s € U (1)

By suggesting the values: iy = [ﬂﬁ,ﬂﬂemﬂ [eomi]  and
{ins :[Z;[,Q]eﬂz”[“ @l in the availability of several rules:
05 Nl ™2 ()4 T (20) S1 and 0 < pf® () + uf2 () S 1,
where H(«) = R.e"?™x(#) stated the refusal grade in the pre-
sence: R = [(1 = (® + &))", (1= (mi” +¢7))"/*] and
pr(ee) = [(1= (g2 + ugPNY2, (1= (g2 + 1 2))°]. The
full name of CI-Vg-ROFN is simplified by:

it = ([l il g clet el ).

Definition 2: (Arya & Kumar, 2021) In the availability

_ tl2m iy ik _ t2mlp, ol ]
of fRf — ([nmfﬂﬁf]e ”[/’-sz Mw.nf]7 K.‘Rf’ ;ﬁ}e o " s )
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and = ([nz,mgle sl g5, gl al),
CI-Vg- ROFNs, we get

shown

RfCSI lf 779}{ S 7757(5?& > Gﬁﬁﬁ s n%;%

> 03 and Py S Moy Mgy = gy M S Bas Wy = I,

@

R =3 iff Mgy = N3 S5 = O3> Umf UR 7(3%{ {4 and Mgy

= M;w I’Lgm = ME“{’ I“Lr]mf = Mq;v M{‘“f = /1.(3
®3)
| g o } _ tl2m [MQ Mg }

Ri = ‘([Z%f@mf] [ e [nmpn%]e R )
4
Definition 3: (Ali et al, 2020) In the availability of

, ol ot
KT = (Ings» nggf]et[z”[“ﬂmf Wmf]’ [Cis (;ﬁ]et zn[ﬂfmf""sz]), the score

function (SF) S and accuracy function (AF) H are simplified by:

1
_1l-o_ -9 -9 0 4D _ 74D +9
S(mf) - Z ‘nﬂif - (SRY + Mg — M{mf + nfRf {Eﬁf + H"?nf M{:m

©)
H(RY) =

)nf}? +(§Hf +'M77m +I'L5m +77 +( Wﬂi +M5m

(6)

It is noticed that S(RT), H(RT) € [-1,1]. In the availability of

Egs. (5) and (6), we get

1. RE>F if S(RF)>S(3) or H(RF)>H(3).
2. RE< if S(RF)<S(3) or H(RF)<H(3).
3. Rf = I if S(RF) = S(3) or H(RF) = H(3).

Definition 4: (Ali et al, 2020) In the availability of
7 t127], S
R = ([UERW nmf] 27 (1 ] [ZS‘W %%f] [ ’(m])

I = ([773:’ ns}eﬂzn[“vw’"ﬂsh [(§7 {yetIZH[“(x’”is]>,
CI-Vq-ROFNs with y > 0, we get

and

shown

1.2 PN B f_*)}
X ’7.‘;%%’7§)=max(n$ﬁ'7§)]e ”["'ﬂx(u,m Mn}> mux(“mf bony ,

[res(
RfVvI=
[mip (Qﬂv Gs) »mip (ch @) ] & {m{v (”z‘"i o ) e (”4 i !

™

oo ) )]
i ) i e )|

RfAI =
[max({;tf {g).max(qﬁ {§>]e‘l'2” [m“"(“?:m"‘?x)""“"(“?sm"‘?x)]
(®)
L L
Kn}é’ + 30 — n;e?ngb)”, (m}? +n3° - nf?@”)“]
1 1
Rfo3= tl2m {(My,w‘; i = gy M,@) ° (M;,‘; Y~ iy M;r?) D]
4 )
[ZJ e Zﬁfgi} {M{YR'M“ M{YR'MG]
n
)
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tI.Zn[u Hog ooy u‘]
_ o 4+ o4 g Moy Mgy Hng
{WEMUS ) ’h}ef”s] ’

o= | [(f +a° - afe®) (G + i -]

5 5
o ,-D
tl.2m < Zm#»l ZJ K Hni/l!w) ( an+l {$ /1'77%[/‘-73)
e
YR
N S
i ol e ()]
[(1 B (1 _ ng}?)y)n, (1 _ (1 _ n%?)y)f’}e i 0 ’

[cam W] M [}
(11)

on it
R vy Mg
C["mfyv 'Tmfy] ¢ ’

(0-0-ay)0--ayyge{C EaD)

s

)

(12)

Definition 5: (Rong et al., 2020) In the availability of any positive
integer 3y, tl = 1,2, 3, .., p, the MSM operator is simplified by:

Y
lerr,srrzs...sﬂ/sp (Htl:l St

MSM” (31,35, 35,..,3,) =

ch
(13)
With various properties:
MSM#(0,0,..,0) =0
MSM (a,a,..,a) =a

MSM/ (31,3,,33,..,3,) S MSM” (by, by, bs, .., by )ifay Sby, t1 = 1,2, ., p.

Definition 6: (Rong et al., 2020) In the availability of any positive
integer 3y, tl = 1,2, 3, .., p, the DMSM operator is simplified by:

1
DMSM/(JI’JLJ%W p <H1<tI1<tI2< <t[/<p (Z"ﬁlﬂ) )

(14)
where C': is the binomial coefficent.

3. MSM/DMSM Operators for CI-Vq-ROF
Settings

Risk is demonstrated as unknowns that have measurable
possibilities, while complication requires unknown with no
significant possibilities of the outcome. These notions are
associated but are not identical. Ambiguity and risk are closely
concerned notions in decision-making strategies using FS theory.
Similarly, MSM is also massive beneficial and valuable for using
to accumulate the family of attributes into a one-term set. To
enhance the superiority of the research works, in this scenario, we
used the informative idea of the CIVQ-ROF setting and took a
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valuable tool of MSM to present the CIVq-ROFMSM, CIVg-
ROFWMSM, CIVq-ROFDMSM, and CIVq-ROFWDMSM
operators. To verify the supremacy of the invented works for the
different values of parameters, several specific cases are also
explored. Further, the mathematical terms W, € [0,1],
W= (W,,W,,.,W,)" with > §_, Wy =1 stated the weight
vectors. The CI-Vg-ROFNs are denoted by:

-+ Q2| p; .l
Rf = (Wng}eﬂh[unwm}, (¢ e [% “J).
Definition 7: The CI-Vq-ROFMSM operator is simplified by:

CI-Vq-ROFMSM” (31,33, 33, ., 3)

Digtl stl, 5,5t <p <®§:13ﬂﬂ> (15)
o

Theorem 1: In the availability of Eq. (15), we get

/ ) (L/ 5\ 7
(O ().
1St St S, St Sp tl=1
7/ bY) # 5\7
1- I1 (1 - <H ngtl) ) ’
L 15t <t <. St Sp tl=1 ]

1 L

1oL
) rACAY -
tl2r |:((1<H15r115r125 .su/sp(lf(nx/[q“;«[«I)D)>Cp) ) ‘((17<H15[1151125 ‘Sll/Sp(li(Hgfl H';rl:l)b)>

/ \\* ]
(1 a (1 a (15t[lstrg-.su/5p (1 - }1(1 a ((fm)%)) p) > ’

(0 (a0 - (qto”)))clﬁ)%) |
tl2n {(1_ (1_ (Hls‘llsﬂszﬁu/sp (1— ‘. (1_ <“Zﬂﬂ ) o) ) ) z

CI-Vq-ROFMSM” (31,35, 33, .., 3p)

AN

~__
o/l

\_/
~=

e

(16)

S—
=
SN—
.ol
/N
—_
|
7 N
—_
|
—
3
by
S
N
n
~
W
<
~
—_
|
=~
T
S
|
N
=
o
N
5]
~—
~—
N~—
uﬂ\“
~
=
~
</}
[

e

Proof: In the presence of Eq. (9) to Eq. (12), we get

/ /
K 1 ,,;m), ( 1 m)] Tt Tl i),
tl=1 tl=1

| [ o) (-

o
=
5
3
| —
/N
—
L
=
/N
—
|
~~
=
o
N
9
~—
N~
. o
7 N
—
|
=
/N
—
|
o
=
o~
N
)
N~——
\—/
-
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/ o
Drstt, 5550511, 50 (®tr:1~‘tfﬂ>

/ Iy}
(- (fow))
15t S5 5., St ,Sp t=1

o~

e

|:15t[151[25---,5t[/51’ (
y b
2z HISKIISIIzs...SlI/Sp (171_[:1:1 (17(“{,1,1) >>
e

1

/ 5
- 110 )

Then, we get

Disir, sth, <. LSt Sp (®tI 1~‘tItI)
7
G

/
(1_< [1 (1_(1_[ U
1St SHH S, St Sp =1

[( (Mt ety (- (L)) )
e

[

-T1” .
ﬂz”|:(H1gulsuzg...gu/gu <1 Hu:l (1 (ufrm
e

/

- 11

tl=1

[I

15l Sth S-St Sp

{

(- @a)®))

CI-Vq-ROFMSM” (3,33, 33, ..,

1
7

)
:

P

1

(6 (s ()
tl2r [( <17 (Hls”lsﬂzgu_sﬂ/sv(17(1_[6:1 . )"))i) é) f, (

1—(1-— (l
1t <t[25.,4<t[/<p tl

1—(1-— (1
1<tIl<tIz< Stl,%p t

(

e

’:]\

I
-

ﬂ‘::l\

-

C

=%

/
tI=1

/
11— II 1—
15t St 5., St Sp =1

: 5
tl27 |:(17H1511151125 .srlfsu(li(nlflfl Py )D)) ><17H15r115r125 ~Sll/5p(17(]._.[£71 “Wﬁm)%)

lsﬂlstle--,Sﬂ/Sp (

o
’Hlsr[lsuzs .511/5;)

5 /
15t St S, St Sp t=1
L 1
» 7
> ’<17 (HlSH]S!IzS.,Sl[/Sv(l (T mha)) ) }

15ﬂ15ﬂz§--,5ﬂ/59

’ <H1gulsuzg Stlpsp (1’

7
,<(1—< 1 (1—(Hn§ﬁ
1St SHH S-St Sp =1

- <Hlsr[151125 Stpsp (17(H£:1 ‘“';r:m )D)>

1

II ’]:Etl

/
1-I1(1

tl=1

- @)’

(1,

[1 ”:?tl

"))

)
V)
)

7
1-J1(

tl=1

(

H (t[tl

/
tl=1

+
St

(-

— (Ciw)® )))
T )))

or {(((H (T (- () )))

e

o

S

)

’ (17 (17 <H15u,5«[25...gxr/5p

Example 1: Assume

= ([0.301, 0.401]!127[0-301.0401]

I3,

[0601, 0.701}et[2n[0.601,0,701
[0 301 0. 401} t1277[0.301, 0A401
[0 201 0. 301] t127[0.201,0. 301]

[0201 0301] t[27{0.201,0.301
Eq. (16), we have

R
R

), an
) f

102

— ([0.401,0.501]e #127(0.401,0.501]
( [0.701, 0.801]¢!t2[0-701.0.801]

3, = ([0.501,0. 601]et12n0501 0601]
r/’—2 and © =2, thenbyusmg

2=
[0.301  0.401,0.401 5 0.501]!*27(0-3010-401.0.401-0.501]

¢(0.6012 + 0.301% — 0.601% 4 0.3012)z,

127[0.601,0.701]
—0.701% + 0.401%):

Al

_ ([0 1201, 0.2001]et[271[0.1201‘0.2001]7 [0.6463, 0_7561]et[zﬂo.m&ovsm])

(0.7012 + 0.4012
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3 ® = ([0.210170.3201]et[2n[0.2101‘0.3201]’ [0.621170.7322](3:[2”[0.6211‘0.7322])
3R, = ([0 1501, 0.2401]e £(277[0.1501,0.2401] .[0.6211,0. 7322]et12n[0 6211, 07322])
3,03 ([0 2801, 0.4001]e 11272[0.2801,0.4001] ,[0.3556, 0. 4855]er12n0355604855])
3,03 ([0 2001, 0.3001]e t1277[0.2001,0.3001] ,[0.3556, 0. 4855]et12n0 .3556,0. 4855])
303 ([0 3501, 0.4801]e t[277[0.3501,0.4801] ,[0.2801, 0. 4147]eﬂ27r02801 04147])

Then by using Eq. (15), we have

SN

CI-Vg-ROFMSM? (3,

3,,33,3)) 2
4

o (o
((@15t115tlzs4 (Jtll & Sy,

— ([048307 0.5835]etIZTE[O.4830‘0.5835] , [051147 0,5958]et12”[0'5114"0'5958]).

Theorem 2: (Idempotency) If 3, = ([nd, n:ﬂeﬂz”[”"n it

CI-Vg-ROFMSM/ (3,3,,33,..,3,) =3 (17)

- 2
Proof: If 3y = <[m—r,n:§]eﬂ2”[“"ﬂ ] [CasCh]e ! ”[“m “m])

CI-Vq-ROFMSM/ (31,35, 35, .., 3,)

/
1— 1 1—
15t St 5., 5t Sp ti=

tl2m |:( (17 (melsnzs .su/su(l*(n{izl Py )D))

1—[1- I
1St G S
1—[1- I
1<t S S

e

sl
((1 - <1St[,5t121;[“‘5ﬂ/5p(1 - (ng)D/)>Cl§

N[ ———

e

7
(1= (0, 0 )
15t StL S St <o

e

e

=
=
N
]
~_
N———
-
v
ol

[Cq

)

(1
,Stl,<p tl

(1
\Stl,<p t
o 2\
7 - C
- <H15:115u25...g:1/53 (I_Hu—l <1_ (“ltm> )) > v ) )

))

RNEANE
NAZ\7\°
- C
o (o (e (652 )

t12n|:;r i ]
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Theorem 3: (Commutativity) If 3| is any permutation of I

with the same order of elements, then I - P ) 7< ( =T ) 4
<1511.5r11;[.,.511,5u<1 H(l (il!) ) - 1<¢1‘<1l£[..<xr/su ' H(l (‘[ ) )

tl=1
CI-Vq-ROFMSM” (31,35, 33, .., 3)

1N\ 1
= CI-Vq-ROFMSM/ (3,3}, %%,..,3}) (18) / . <\’
1- 1-TT0-@H)®)
1St S6 S St ,<p ti=1
Proof:. Consider , - 1
D P
e > (- f10- @)
CI-Vq-ROFMSM” (31,35, 33, .., 3p) 15t Sth <., St Sp fI=1
1
@mrlstrzs..,sr/sv<®§:13ﬂtr> ’ , SN
= o
cl 1—(1- <1— (1—(§§)D)>
! 15t St 5.5t Sp tI=1
@1&115&25..7&[/513(®§:13;m> ’ ’ L\ B\ B
= C!
= R /
ch s|t- <1H(1(iﬁ) ))
15t Sth S, St Sp tl=1

= CI-Vq-ROFMSM” (31,35, 3%, ... 3})

Based on the above reservations, we get
Theorem 4: (Monotonicity) If n; > i, (ST, iy, >

- Z Z CI-Vq-ROFMSM” (3,,3,,33,.., 3

I'L;M ’n?i 2 771["‘7{?}5: ,tl+7/'l’7]+ﬂ 2 'u’:7ﬂ+ and M{“SH_%“ 7“22[5“2:’ 9 ( ™23 p)

then > CI-Vq-ROFMSM” (31,34, 3%, .., 3}).
CI—Vq-ROFMSMf(Sl, 35,35, ., gp) Theorem 5: (Boundedness). If

> CI-Vq-ROFMSM” (31, 3,3%, .., 3}) (19)

] tl.2m [maxlsﬂsmgﬂ ,maxls,ls//tf,:[]

¥t —
S = ( [maxlﬁﬂﬁfﬂ:l ) maxlsﬂsfn; € )
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. - (H’?L) < I - (thﬂ+> %y S CI-Vg-ROEMSM(3,,%,,%;,...,3,) S 3% (20)
ISt Sth 5., St Sp tl=1 1St Sth S, St Sp tl=1
NN Proof: In the presence of Theorem (2, 4), we get
/! 0 z o\ 7/
1-— (1 - <H 77?}11> ) ~— — v— ov— —
St 5 i 3 = CI—Vq-ROFMSM(cl ,35,%5,...,8 /) < CI-Vg-ROFMSM
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z 1— H <1 - <H n,tltl+) >
15t St S St S fl=1
oSt Ko CI-Vq-ROFMSM(sf,s;,sj, 3;) > CI-Vg-ROEMSM
Similarly, we have (31 ECPPIREPPRES 3/’)
it =1 - ( I)D >1-— ((;[JF)D Definition 8: The CI-Vq-ROFWMSM operator is simplified by:
f[ f[ CI-Vq-ROFWMSM” (3,33, 33, .. 3})
1= 110=(G)7)s1 = [ (1= (87)°) s
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Theorem 6: In the occurrence of Eq. (21), we get

CI-Vq-ROFWMSM” (3,33, 33, ... )
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Then, we get
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Definition 9: The CI-Vq-ROFDMSM operator is diagnosed by:

CI-Vq-ROFDMSM” (31,3, 33,..,3,) = 7 (®15t11§t[z$.,15ﬁ/5v (@ﬁzl%rtl>('“’ ) (22)
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Theorem 7: The CI-Vq-ROFDMSM operator is diagnosed by
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Then, we have
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Theorem 8: (Idempotency) If 3y = ([ny, ng]et[z”[“ﬁx i) e
{g]eﬂzn[uil‘“al]) =3,tl =1,2,3,..,p, then

o

CI-Vg-ROFDMSM/ (3, 3,,33, .., Ry (23)

3)

Proof:. Straightforward.

Theorem 9: (Commutativity) If 3 is any permutation of Iy
with the same order of elements, then
CI-Vq-ROFDMSM” (3,33, 33, .. 3,)

= CI-Vq-ROFDMSM” (31,35, 3%, .., 3;) (24) (24)
Proof:. Straightforward.

Theorem 10: (Monotonicity) If ny > ny~, (ST, my, >

Moy > = M CESCy Tty = and Mg, S, s
MZISM/(:lJr’ then
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Proof: Straightforward.
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Theorem 12: In the availability of Eq. (27), we have
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Then, we get
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4. Application (MADM Model for CI-Vq-ROFNs)

We invent a MADM tool for the availability of CI-Vg-
ROFMSM, CI-Vq-ROFWMSM, CI-Vq-ROFDMSM, and CI-Vg-
ROFWDMSM operators. The data used in this section are taken
from Rong et al. (2020).

For evaluating a decision-making tool, called the MADM

technique, we assume a mathematical term Nf,, Rf,,..., Rf,,
show the alternatives and the mathematical terms Gy, G,,...,G,,
stated the attributes with  various  weight vectors

W ={W,,W,,...,W,}", and hold the rule Wy €[0,1], and
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., Wy = 1. To resolve the above assessments in the considera-
tion of exposed approaches, we assume a Matrix whose defined
value is CI-Vg-ROFNs, ie.,

([nysmiyle M,[]’ [Ca, Zﬂem”[#fu ‘“ar]), by suggesting the val-

_ _ H - tl2m [ }
wes: oy = [ e 2Pl and Gy = (6.6 ]e ,
in the availability of several rules: 05 ™2 () + (s () S1
and 05 W{D () + WED (z)<1. Finally, with the help of a new algo-
rithm, we try to evaluate the above types of problems whose steps are
diagnosed here:
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Step 1:
Step 2:

Arrange the family of CI-Vq-ROFNs.

Compute the CI-Vq-ROFNs with the help of CI-Vg-
ROFWMSM and CI-Vq-ROFWDMSM operators.
Compute the score values.

Compute the ranking values and try to find the best one.

Step 3:
Step 4:

4.1. Ilustrative example

We give various hypostatical sorts of information to evaluate
the  potential  resolution of  emergency  technology
commercialization (ETC) based on CI-Vg-ROF information to
describe the invented approaches in the study. The suggested data
are taken from Rong et al. (2020).

Consider four possible ETC enterprises with a mathematical
form Rf,, Rf,, Rf;, R4, and for this expert, they suggest the four
attributes in the form G,, G,, G3, G, with expressions as discussed as
follows:

G1: Technical Advancement.
G,: Political Market.

G5: Financial Factors.

Gy: Science and Technology.

bl

To evaluate the above problem, we considered four weight vectors
for four attributes such as w = {0.4,0.3,0.2,0.1}7. Finally, with the
help of a new algorithm, we try to evaluate the above types of prob-
lems whose steps are diagnosed as follows:

Step 1: Arrange the family of CI-Vq-ROFN:S, as stated in Table 1.

Similarly, again compute the CI-Vq-ROFNs with the help of the
CI-Vg-ROFWDMSM operator, as described in Table 3.

Table 3
The expressions of aggregated values using the
weighted dual MSM

Data
representation G,
Ri, 0.0334,0.0526]1270.05260071] [0 8544, 0.8781]!270-8544.08781 )

(t
N, ([0.0526, 0.0896]¢!12710-071.0-1095] [0 7863, 0.8544]et12710:8257.0.85441)
s ([0.0334, 0.0896]¢t1270071.00856] [0.8781 0.899]e127(0:5781.0.899)
Ri, ([0 0526, 0.071]¢!127(0.0334.0.0526] [ 7863 0.8544](27(0-8544,0: X/Xl])

Step 3: Compute the score values, as described in Table 4.

Table 4
The ranking values of the aggregated values

Data CI-Vq-ROFWMSM CI-Vq-ROFWDMSM
representation operator operator

R, 0.7427 0.8139

Ri, 0.8073 0.7495

Ri; 0.7497 0.8176

R, 0.7568 0.7909

Table 1
The expressions of CI-Vq-ROFNs

Data representation Gy

G,

R, ([0 1,0. 2]et12n02 04]7 [0 3, 0_4]et12n[03(0‘4]) ([0.117 0_21}et12n[0,210,41]’ [0.317 0.41}et[2n[031‘0.41])
Ri, ([0 2,0. 4]et127r0 3,0. 5]7 [0 1, 0.3]et[271[0.2,0.3] ([0.21’ 0.41}et[2ﬂ[0,31,0.51]7 [0.11, 0.31]et12n[0.21,0.31])
mfa ( 0 1 0. 4]et12n[0 3, 04]7 [0 4 0. 5]&[271[0.4‘0.5] ([0.117 0.41}et12:1[0.31.0.41]7 [0.417 051%&271[0.41,0.51])
mf4 ([0 2 0. 3]et12710 1,0.2] [0 1 0. 3]et12n[0304] ([0.21,0.31}6“2”[0'11"0'21]7 [0.11,0.31}6“2”[0‘31‘0'41])
Data representation G, G,

Rias ([0 12,0. 22]6”2”[0 22,0.42] [0 32,0. 42}et127r0 32‘0.42]) ([0.13, 0.23}et[27r[0.2370.43]7 [0.33, 0.43]‘3:[271[0.33,0.43])
R, ([0_227 0_42]et12n[0 .32,0.52] , [0.127 0.32}et12 7[0.22,0. 32]) ([0.237 0.43] etIZn[O,3370.53]7 [0.13,0.33] et[2n[0.23.0.33])
‘ng3 ([0 12 0. 42]et1271[0 32,0.42] [O 42 0. 52}6“ 77[0.42,0. 52]) ([0137 043} et[27'1[0.33:70.43]7 [043‘ 0.53]et12n[0,43‘0.53])
f, ([0 22,0. 32]et12n[0 12,0.22] ,[0.12,0. 32}et12n[0 32, 042]) ([0.23, 0.33}erIz;z[o,lsAo,zs]7 [0.13, 0.33}et[2n[033‘0‘43])

Step 2: Compute the CI-Vq-ROFNs with the help of the
CI-Vg-ROFWMSM operator, as described in Table 2.

Table 2
The expressions of aggregated values using the weighted MSM
Data
representation G,

R, ([0.7863,0.8257]ett2n082570.8544] [0.071,0.0896]et120071.0.089
Ry, ([0.8257,0.8781]¢!270354408%) [0 0334, 0.071]¢!27I005260.071))
N, ([0.7863, 0878120 85440.8781] [0.0896, 0,1095]¢!127003960.1055))
N, ([0.8257, 0.8544]et12r0786308257) [0.0334, 0,071]etl2 00710089

112

Step 4: Compute the ranking values and try to find the best one, such
that
For CI-Vq-ROFWMSM operator:

Ri>Ri>RT5>RE,

The best option is RF,.
For CI-Vq-ROFWDMSM operator:

Ri>RT>RT>RT,

The best option is Rf;.
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5. Comparative Analysis

A sensitive analysis is one of the fundamental parts of well-known
and qualitative manuscripts. In this work, we compare the exposed
approaches with various prevailing operators, such as Hamy mean
operators for I-VIFS (Wu et al, 2019), Dombi Hamy mean
operators for I-VIFS (Wu et al., 2018), MSM for q-ROFSs (Wei
et al., 2019), and aggregation operators for CI-Vq-ROFSs (Garg
et al., 2021). In the availability of data in Table 1, Table 5 includes
the sensitivity analysis of the exposed and existing drawbacks.

valuable tool of MSM to present the CIVqQ-ROFMSM, CIVg-
ROFWMSM, CIV@-ROFDMSM, and CIVq-ROFWDMSM
operators.

2. To verify the supremacy of the invented works for the
different values of parameters, several specific cases are also
explored.

3. Finally, with the help of MADM skills, we identified a beneficial
optimal in the presence of the source of descriptions in the form of
invented operators using the decision-making process.

Table 5
The comparative analysis

Methods

Score values

Ranking values

Wu et al. (2019)

Wau et al. (2018)

Wei et al. (2019)

Garg et al. (2021)
CI-Vq-ROFWMSM operator

Failed to find the score values
Failed to find the score values
Failed to find the score values
—0.15, 0.1253, —-0.15, —0.075
0.7427, 0.8073, 0.7497, 0.7568
0.8139, 0.7495, 0.8176, 0.7909

Failed to find the ranking values
Failed to find the ranking values
Failed to find the ranking values
RT,>RTS>RT; = R,

R, >RT>RT >R,

Ri>RF >R SRT,

CI-Vq-ROFWDMSM operator

To more clearly explain the information in Table 5, it is noticed
that the information given in Wu et al. (2019) has been failed to
evaluate the information given in Table 1, because Table 1
contains the CI-V@-ROF information and prevailing operators are
not able to handle it. The main reason is that the operators defined
in Wu et al. (2019) are based on I-VIFS which is the specific part
of the invented work. Further, it is noticed that the information
given in Wu et al. (2018) has been failed to evaluate the inform-
ation given in Table 1, because Table 1 contains the CI-Vq-ROF
information and prevailing operators are not able to handle it. The
main reason is that the operators defined in Wu et al. (2018) are
based on I-VIFS which is the specific part of the invented work.
And similarly, it is noticed that the information given in Wei et al.
(2019) has been failed to evaluate the information given in Table 1,
because Table 1 contains the CI-V@-ROF information and
prevailing operators are not able to handle it. The main reason is
that the operators defined in Wei et al. (2019) are based on g-
ROFS which is the specific part of the invented work. But instead
of these theories, the aggregation operators in Garg et al. (2021)
are evaluated by using the CI-Vq-ROFSs, which can easily
evaluate the presented information given in Table 1. The main
influence of the proposed work is that the existing information in
Wu et al. (2018, 2019) and Wei et al. (2019) is the specific case of
the invented work, but the theory given in Garg et al. (2021) is not
the special cases of the diagnosed work, but the operators defined
in Garg et al. (2021) are the special cases of the proposed MSM
operator, because we defined the MSM operators using the
invented CI-Vq-ROFSs. Finally, using the invented theory, we get
two different results by using three different tools and the best
option is T, using the Garg et al. (2021), and CI-Vq-ROFWMSM
operator, get as the best option :#if; using the CI-Vg-ROFWDMSM
operator. Therefore, the exposed approaches are massive dominant
and feasible compared to existing drawbacks.

6. Conclusion

Main analyzations are described as follows:
1. To enhance the superiority of the research works, in this scenario,
we used the informative idea of the CIVq-ROF setting and took a

4. Comparison of the invented approaches with many existing
scenarios is also simplified at the end of this analysis, which
shows the dominancy and competency of the diagnosed approaches.

In the occurrence of the existing spherical FSs, Ali et al. (2020)
T-complex spherical FSs, various important techniques are
diagnosed to evaluate and utilize various aggregation operators,
new methods, and many techniques to enhance the worth of the
prevailing works.
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