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Abstract

We introduce the concept of cosine trigonometric g-rung Diophantine neutrosophic interval-valued set (CosT
g-rung DioNSIVS). The fact that CosT g-rung DioNSIVS combines g-rung neutrosophic interval-valued set,
g-rung neutrosophic set and neutrosophic interval-valued set is one of its distinguishing characteristics. A
new idea of CosT g-rung DioNSIVWA, CosT g-rung DioNSIVWG, GCosT g-rung DioNSIVWA and GCosT
g-rung DioNSIVWG is proposed in this study. We also look at the idempotency, boundedness, commutativity,
and monotonicity of the CosT g-rung DioNSIVS based on algebraic operations. We considered new kinds of
two distances in the proposed models, besides Euclidean and Hamming distances. The CosT g-rung DioN-
SIVS method was used to analyze the cosine trigonometric aggregation procedures. The study’s concluding
results include several fascinating and captivating discoveries.

Keywords: Aggregating operator; CosT g-rung DioNSIVWA; CosT g-rung DioNSIVWG; GCosT ¢-rung
DioNSIVWA; GCosT g¢-rung DioNSIVWG.

1 Introduction

There are many uncertainties in logic, namely the fuzzy set (FS),\ the intuitionistic FS (IFS),? the
interval-valued FS (IVFS).? the Pythagorean FS (PyFS).* the Pythagorean IVFS (PyIVFES),” the neutrosophic
set (NSS).9 the interval-valued NSS (IVNSS)” and the Pythagorean neutrosophic normal IVS (PyNSNIVS)®
are put forward. There is only one grade of membership for an element in FS, such as 0 or 1. FS applications
include fuzzy time series using clustering algorithms and fuzzy c-numbers? Atanassov developed IFS logic,
and the sum of membership grade (MG) and non-membership grade (NMG) does not exceed 12 Occasion-
ally, we use the decision-making (DM) method to solve a single problem: the sum of MG and NMG exceeds
1. Therefore, Yager* explained PyFS as an extension of IFS whose sum of squares of MG and NMG do not
exceed 1. According to Akram et al.,'%*2 PyFS can be used for a wide range of applications. AOs in PyIVFS
have been studied by Rahman et al.l¥ which we extend to group DMs. Khan!# introduced a PyFS for the
Einstein choquet integral operator application under the PyIVFS-Einstein AO. Rahman et al* introduced the
MAGDM approach under the PyIVFS-Einstein AO. The PyNIVF technique is based on the AOs developed
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by Yang et al'® Smarandache® introduced the NSS several years ago. Neutrosophy refers to the knowledge
of neutrality, and neutrality is described as the difference between FS and IFS. It is a truth grade (TG), an
indeterminacy grade (IG), and a falsehood grade (FG). It ranges from O to 1. The NSS is a generalization of
the classical set, which includes FS, IVFS, and so on. Smarandache et al'” developed the PyNSIVS with sev-
eral applications. Recently, Palanikumar et al. discussed many algebraic structures with applications by!®- 21
Medical diagnostics** and context analysis>® were both the subjects of a single-valued NSS application. By
enhancing distances for IFSs, such as HD and ED and applying them to MADM situations, Ejegwa2* produced
many similar features to PyFSs. Shami%) discussed the new notion of (2, 1)-FS properties, weighted AOs and
their applications to MCDM methods. Recently, Shami et al % introduced the concept of generalized frame
for orthopair FSs and (m,n)-FSs and their applications to MCDM. Yang?Z et al. discussed the concept of
fuzzy c-numbers clustering procedures for fuzzy data.

In 2002, Li et al:®¥ proposed generalized ordered weighted averaging operators (GOWAs). Palaniku-
mar et al. discussed new aggregation operators with applications?- "% The paper is divided into four sections.
Section |1] contains the introduction. In section [2, we describe the basic ideas of PyIVFS and IVNSS. The
section ?? describes the differences between CosT-g-rung DioNSIVNs based on various distance. In Sec-
tion ] deals with the CosT-¢g-rung DioNSIVWA, CosT-¢-rung DioNSIVWG, GCosT-¢-rung DioNSIVWA and
GCosT-g-rung DioNSIVWG. The conclusion can be found in Section [3]

2 Fundamental concepts

Definition 2.1. ¥ Let % be a universal. The PyFS Y in % is T = {p, (R (p), RE(p))]p € %}, where
R RL % — [0,1] denotes MG and NMG of p € % to T, respectively with 0 < (R4 (9))? + (R (p))? <
1.For Y = <§R§, %§> is called a Pythagorean fuzzy number (PyFN).

Definition 2.2. 5 The PyIVFS T in % is T = {p, <%Er(p),%§-(p)>‘p e 02/} where R, RL © % —

Int([0,1]) denotes MG and NMG of p € % to Y, respectively with 0 < (R4 (p))? + (%{r+(p))2 < 1. For
= < [ﬂ?’%{, ﬂ?gﬂ , [%47, §R§+] > is called a Pythagorean interval-valued FN (PyIVEN).

Definition 2.3. © The NSS Y in % is T = {p, <§R§(@),§R’%(p),%§(p)>f@ € %} where 1%, ’{L,é}%é :
% — [0,1] represents TG, IG and FG of p € % to T, respectively with 0 < R4 (p) + R (p) + §R§(p) <3.
For T = <5R§, T, §R§> is called a neutrosophic number (NSN).

Definition 2.4. "7 The PyNSS T is T = {p, (R (0), RE (), RE: (0)) | € 02/}, where R, R2, RE - % —
[0, 1] represent the TG, IG and FG of g € % to T, respectively with 0 < (Rf ()2 + (R ()2 + (RL ()% <
2. For T = <§R§, 7, T> is called a Pythagorean NSN (PyNSN).

Definition 2.5. 5 Let T = <[3fef*, R+, [RF a%f+]>,rl = <m§1 R, (R §}%{+]> and

Ty = <[§R§*, REF), RS %§+]> be any three PyIVFNs and ¢ > 0. Then

Ul | [V )2 - R R R 4+ (52 - (R (0517
. 1|_| 2 = [%{7 R R mgq

s

R, R Rg
[V ORI+ RE)2 = (RI7)2 - R )2,/ (RIF)2 + (REF)2 - (RIF)2- (vfH)2 ] |

T=|[y/1- (1= ®))%/1- (1= ®)2) | [, 1)) ]
4.0 = | [y, (R4, [\/1— (1- @)1= (1= @) ]

2. Tl/\n:
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3  CosT q-rung DioNSIVN Operations

We discuss the concept of CosT g-rung DioNSIVS along with its basic operations. Here /2 = 6.

Definition 3.1. Let Y = <[3‘Et_, R, [R™—, RF] (RS-, R, h> be the g-rung DioNSIVN. We define a
CosT g-rung DioNSIVS is cos T = { [cos (0 (MRS (p))) , cos (6 - (AR (p))) }, [cos (0 (ARRY™ (),
cos (0 - (ARY T (p))) }, {1 — cos (9 (11— h%é_(p))) ,1 — cos (0 (11— hé)‘t?(p))) ] } Clearly, cos T is a

g-rung DioNSIVN, where TG, IG and FG of g-rung DioNSIVN are defined respectively, cos (9 . §Rfr+(p)) :
% — [0,1] such that 0 < cos (6 - R (p)) < 1 and cos (6- Ry (p)) : Z — [0,1] such that 0

cos (0- RY(p)) < 1and 1 — cos <9~ (1 - ?IEfr+(p))> : % — [0,1] and i € [0,1] such that O
1 —cos ((9 . (1 - h%4+(p)>> < 1. Therefore, cos T = { |:COS (6 (AR () ,cos (0 - (MRY () },

[COS (6‘ . (h%;’f(p))) , COS (9 . (h%’;:““(p))) }, {1—cos (9 (1= h%fr_(p))) ,1—cos (9 (11— h%éf(p))) } }
is a g-rung DioNSIVN.

<
<

Definition 3.2. Let T = <[§Rt:w+], (R, R, [é}%f*,%fﬂ,h>,n - <[§R§—,§R§+], (R, R+, [a%{*,a%{*],@
and Ty = <[§R§7, RET], [RG, R, [5}%57, §R£+]7 h> be any three CosT g-rung DioNSIVNs and ¢ > 0. Then

1. cos Yy |_|cos Ty =

\l (cos? (6 - (ARE)%9))*7 + (cos® (6 - (ARG )%9))*
— (cos® (6 (ARE)29))? . (cos? (6 - (hRE)24))*"
| (cos? (8- (RET)2))* + (cos? (8- (ARST)?))" |
— (cos? (6 (ART)2))*7 . (cos® (6 - (hRSH)7))*
i/ (cos” (6 (RRT)1))" + (cos® (6 (nR5')7))” ’
—(cos ( (hRT*™ )q))q (cos2 (6’-(h8?§”7)q))q7
i/(cos ( (AR q))q—i—(cos2 (9 (ﬁ%m+)q))q ’
— (cos® (- (MR74)7))" - (cos® (- (hR5)7))"
_[0052 (9~h3%{7) cos (6‘ hﬂ%f ),0082 G-E%{Jr) cos? (9 h%£+)}_

2. cos Yy /\ cos Ty =
_[cosz (6 - hRT) - cos? (6 - ARS ™), cos? (6 - hRTT) - cos? (6 - RET) } N
\/ (0052 (9 (ART) ))q

(cos? (0 (13"
(cos (9 (RRT) )
\/ (0082 ( (AR
(COS (6- (hp!~)? )

- <COS2 (0 - (BRI )2a

2q

3. qg-cosY =

_{ %/1— (1 —cos? (6 - (WRt—)24) )", 2{’/1 — (1 —cos? (6 - (ARt+)24) )? }7

[</1 — (1= cos? (0 - (AR*—)9) )q, f/l — (1 —cos? (g - (hRt+)9) )q }, )
[ (cos? (0 (R17)))", (cos? (0 (h7)))" |
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4. (cos 1)1 =
[<cos2< ~<fmt*>>)q (cos? (0 ()"
[{/1 — (1 —cos? (0 - (AR~ \/1 — (1= cos? (6 - (AR*)9) )q ]a
{QQ 1— (1—cos? (0 (hRS~ ) ))q, %/1 — (1 — cos? (9-(h3‘%f+)2q))q}

Definition 3.3. For any two CosT q-rung DioNSIVNs T; = <[§R§*7 R, (R, R, R R, h> and
T, = <[8‘%§*, REF], (R, R R, R, h>. Then the ED (HD) between Y1 and Y2, respectively. Now,

1+52+1+U2]2
2

[1+El+1+ul _
7 (11,1, ) L o
E 1,12 ) =3 1 = = 29
2 +§ [1+_142rl+151 - 1+~2-42-1+U2]
and
1452141401 14+E24+14+02
1 2 B 2
2 (T T ) - i _ :
L2 7ol J14E1 4140, 14+45,4+1+0,
+3 -
2 2
where

4 New aggregation operators based On CosT q-rung DioNSIVNs

CosT g-rung DioNSIVWA, CosT g-rung DioNSIVWG, GCosT g-rung DioNSIVWA, and GCosT g-rung
DioNSIVWG are introduced in this section.

4.1 CosT g-rung DioNSIV weighted averaging(CosT ¢-rung DioNSIVWA) operator

Definition 4.1. Let T; = <[§Rf’, REF], R, R RS R, h> be the set of CosT g-rung DioNSIVN,

W = (K1, K2, ..., kn), and |_| Ki=1. Prove that CosT g-rung DioNSIVWA (T, Yo, ..., T,) = |_| kicos Ty (i =
i=1 —

1,2,...,n).

Theorem 4.2. Let T, = <[§R§_, R [R, R, [?R{f, ?R{ﬂ, h> be a finite collection of CosT q-rung
DioNSIVNs. Prove that CosT q-rung DioNSIVWA (Y1, Yo, ..., Ty)=

[24 - A (1= cos? (0 (RE)2) )", =l 1 - A (1 cos” (0 (i) >]

i=1 =1

lq 1— /"\ (1—0052 (9-(71%?1_)(1))&,

i=1

1—

~.

(1 — cos® (6 - (AR]"T)7) )K] )

[\ (oot (0 0m)) A (e (0-0909)) ]

1

_n
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Proof. If n = 2, then CosT q-rung DioNSIVWA (Y1, T2) = k1 - cos T4 |_| Ko - cos Ya, since

2\“/1 — (1 — cos2 h?Rt

2\/1 1 —cos? (6 - (ART1)29) ) 1] ,

)"
k1-cosTy = Wl_<1_ms2 wpye)) \/1 (1 cos (8 h%“)))m},
__ [ (cos” (0 (m]) )) (cos? (0 (um{™) )) | _
[Zi/l—(l—COSQ - (hR) ) %1 - (1 cos? (0 WF)”J))Q]’
g - cos Ty = [</1(1c0s2 (BRI ) \/11 cos? (0 hﬂ%m*)))zl,
(o o)) o 0095

Now, 1 - cos Tq |_| Ko+ cos Yo =

(1*(1*cos2 (0~<mi—>2q> M) (1= (o - 0m))) )

2q

[ 2i"/l - (1 — cos? (6’ . (h%tf)Zq) )m (1 — cos? (9 . (h%?)zq) ) , ]
2</1 B (1 — cos? (‘9, (h%tl-s-)zq) )m (1 — cos? (9 . (ngR?-)Qq) )@ )
_ </1 — (1 — cos? (0 . (h?R{"—)q) )m (1 — cos? (9 . (hiﬁ‘:;”_)q) )NQ
i’/l — (1 — cos® (- (RRT)9) )Hl (1 — cos (9 (h%;"Jr)q)) ’
oo (0 03 )) e (0 034
o o) o o)

CosT g-rung DioNSIVWA (T4, Ts) =

[zq 1- /2\ (1 _ cos? (9_(;1%2—)211))&7 2¢

>w

(1 —cos® (0 - (AR} T)?7) >m} )

i=1 i
[" 1- /2\ (1 —cos® (0 - (AR]*)9) )m, /2\ (1 —cos® (0 - (AR]*T)1) )Kzl ,
i=1 i=1

(0-emi))" ]

It is valid for n 2?3 and hence CosT g-rung DioNSIVWA (T, Yo, ..., 1)) =
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[ l/l\(l coS ( (RR™ )))“ivq\ll.l (1 cosz(ﬂ (ﬁ§R"+)q)) ]
[\ (o 0-02)" A (o (0-0m07))

i=1 i=1

Put n = [ + 1, then CosT g-rung DioNSIVWA (Y1, Ys,..., Y, T;41) =

LI (1 (1o - 7)) ) (1 (e (0-0m00%) ™))
q _i_/l\l(l (1= cos® (6 (7)) ) ) - (1= (1= cos? (6 (ari5)*) "))
: LI (1 (1o 0-0m7) ) (1 (1o (- ) ™))
q —/i\1(1 (1—cos® (- (me)21) ) ™) - (1= (1 - cos” (0 ()™)Y
L (1 (1o 0- m ) )) o (1= (1o (0 mizr) ™))
qi_/l\l(l(“‘”? (0- 0y ) ") (1 (1= eos? (0 oiz)) ™))
L (1 (e @m0 )) + (1= (1o 00900 ))
A (e “'“‘WW) ) (1 (1o (o 0onzzy) ™))

i 141 I+1 ]
[2‘7 17/\ (17(:05 C(RR) e 17/\ (1—(:052 (0~(h§Rf+)2q)>K’l } )
::Ll I+1 ;
= [q 1— /\ (1 —cos? (6 - (hR"7) ) J 1-— /\ (1 cos? (0 - (AR]"T)7) )m ] ;

I+1

[\ (e (0-08)) A\ (s (0 80

Theorem 4.3. (idempotency property) If all T; = <[cos(9 “ARET), cos(6 - ARET)], [cos(0 - AR T), cos(6 -
AR, [cos(0 - BRI ), cos(6 - m{*)},@(i = 1,2,...,n) are equal and [cos®(0 - (BRY™)24), cos?(f -
2

(AR;T)?0)] = [(cos(f - (AR )))?7, (cos(f - (hR;™)))?] and [cos® (0 - (AR~ )q) cos ( - (RRTT)D)] =
[(cos(8 - (AR 7)), (cos(6 - (ART*T)))4], then CosT g-rung DioNSIVWA (Y1, Y2, ..., Tn

Proof. Since [cos(#-hAR! ™), cos(0- ART)] = [cos(0- hR! ™), cos(0- hRIT)], [cos(8- AR ™), cos(0- AR )] =
[cos(f - AR™), cos(6 - BR™F)] and [cos(@ - BRI ), cos(0 - BRI )] = [cos(0 - BRI ), cos(6 - BRI, for
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i=1,2,..,nand | | k; = 1. Now, CosT g-rung DioNSIVWA (Y1, T2, ..., )

lzi 1 Z\ (1 _ cos? (9. (h%ﬁ_)Qq) )Hi’ 21 Z\ (1 — cos? (6. (h?RE"‘)Qq) )'ﬁ ] )
= [il 1— /:L\ <1 — cos2 (9 ) (h%;nf)q) )"”vi’ a1 _ /j\ (1 — cos? (9 . (h%?“r)q) )“1] 5
[\ o (0 0m)" A o o-0m02))”

1— (1 —cos® (6 - (AR™7)9) )izl " 1(1 — cos® (6 - (ARR™T)7) )izl

L [(cos 2(6- (AR17)))i
{Zf/l - (1 —cos? (0 - (WR'7) 2q)) \/1 (1 — cos? (6 (hR'T)2) )] ,
[t gz ]

7)
i [(cos? (8- (WR/7))) , (cos? (8- (hRI)))]

= cosT.

Theorem 4.4. (Boundedness property) Let T; = <[§Rt_ §Rt+] [RI™ %m"’][%f_ ?Rfﬂ >( =1,2,.,n);( =

1] ) 1] ? 1] ?

= o
1,2,...,1;) be the CosT q-rung DioNSIVWAs. Since §Rt =inf R, R =supRY;, ?RH‘ = inf R, R =
m m— m+ mt m+ f f-
- m- — m- —— — 7” - _—_ 3
sup?sz }d = inf®7; R = supR7 R = infR7;, R = sup R}, ?R = mf%ij ,
~ = =~
R~ = Sllp?RU ,§Rf+ = mfﬂ?{j SR = sup ?RU ,J=1,2,..,45and 1 <1i < n. Prove that,

t t
(8 8 e g @

< CosTq —rungDioNSIVWA(Y1, Ta,...,Ty)
AN AN AN AN
<

<[§Rt* R, (R R R @fj,@.

A~ ~ R on . =N
Proof. Since, R~ = inf R, , R~ =sup Rt , R'T =inf RL, R’ =sup R, and R~ < R!. < R'~ and
~—~ J YN~ () () ~—~ ()
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=~
RIT < §Rff < R, We have, R~ 4+ RIT
~~ J ~~ =~

Since, ™~
——

and R < jRm*
N~~~ Y

Since, R/~
~~

R+ < RS
~—~ " Y

= 2& 1- /”\ (1 — cos® (- (AR'7)?7) ) Qﬂ 1— /n\ (1 — cos? (AR'T)%7) )

i=1

3

< - Z=/\1 1—cos (9 (h%ﬁ;)Q(I) ) " Qq\l 1-— A (1 — oS ( h?Rﬁ)Qq) ) "
< 1 —Z:/\1 (1 — cos? (0 - (A7) ) J 1— /:\ (1 — cos? mt+)?q))
= R+ R
~= —_

= inf 8%?;_ , R

— §Rm_ mer 3 f§Rm+ §Rm+ o« §Rm+ dRm < §Rm_ < pm-
= sup ij =1 ij e = sup ij an SIS

~ =
< R™T . We have, R™™ 4+ R™T
—— =~

~.

Il
N

— | 1 —

7

(1 — cos® (0 - (AR™T)7) )m

(1 —cos® (0 - (AR™7)9) )M + ﬂ 1-—

n

—

%

IN

Q
~
Il 3
-

<
3

LA (1ot (0 g ) )" < ﬂl_ A (1 (- 07) )

s
Il
-

n

1= A\ (1= cos? (6 () )”+i1 /n\(lfcos 0- ()"

< q
=1 =1
~ = /=
= R R

=
< R®/t. We have,

_ = _ L~ 4 _ =
=inf R}, R =supR LR = inf R R = supR} and R < R < R and

<
3

&t—&-@ = A (cos® (6 h%f )+ /\ cos? h?Rer)))
< cos? (6 - (h%‘%{-_) gt cos? (6 - (h%zﬁ) "
A e 0-05) A< )
< /\ (cos? (- (ARF)))™ + /\ (cos? (6 - (ARFH)))™
i=1 =1
A~
= Rf- + Rit
Therefore,
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(2(1 1_ /n\ (1 — cos? (9 . (mRtf)Qq) )'ﬁ) +(2q 1 /“\ (1 — cos? (0 . (ﬁ?RtJr)2q) )nl) -

1;12 X (“ 1— /\ (1 — cos? (- (RR™)9) )R) +(q b /\ (1 — cos” (6 - (RR™)7) )H)

(24 1-— Z\ (1 — cos < (ARE) ))KZ) +(2‘1 1- Z\ (1 — cos? (9 (h%f;r)zq))
< Bl (u_/\(l_cos (0w )q))“‘) +(q1—/\(1—cos (0-mz"yr))
(A (o (0-0m, »)“’?)1(/"\ (cos? (5 02))) )
I +2 — =L = |

@
Il
-

- 1:12 y (q 1— /\ (17(C0S2 (3.(h§}gm7)q)> ) +(q 1-— /\ (17(0032 (9.(h§Rm+)q)) )

i=1

2

(/n\1 cos? (- (AR )))" )+(/n\ (cos® (0-(h9<ef+)))“)2

=1
I +2 — CE i

Hence,

. . AN A
(IR R R, R, R %, )

IN

CosTq — rungDioNSIVW A(T1, Yo, ..., Ty)

AN AN AN AN
<[§Rt_, %t+]’ [%m—, ?Rm—"_], [§Rf_7 §):ef+]7 h>
M~

IN

Theorem 4.5. (Monotonicity property) Let ; = <[3‘E§;, %i:], [§R,§Z_,§RZLJ+], [?R{;, §R{:], h> and W; =
<[§RZ;,§RZZ], [%Z:,%Zg—], [%i;,%i:],ﬁ%l = 1,2,..,n);(j = 1,2,...,4;) be the CosT g-rung DioN-

2 2 2 2
SIVWAs. For any i, if cos? (9- (ﬁERi_]) )+0052 (9- (h?)??:) ) < cos? (9- (h?RZ_J) )—1—0052 (9- (h?R?fJ) )
and cos? <0- (h%l’;—)z) + cos? (9- (hé)‘:‘::’ilfy) < cos? (9- (h%z;)2>+cos2 (0- (h%?j)? cos? (0- (h%{?:>2>+
cos? (9' (h?)?{:)g) > cos? (0~ (h?]?fi”)?) + cos? (0~ (h?R{I)Q) or T; < W;. Prove that CosT q-rung
DioNSIVWA (Y1, Yo, ..., L)) < CosT g-rung DioNSIVWA (W1, Wa, ..., Wy,).

2 2
Proof. Forany 7, cos (9-(;‘1&&”) )+cos,2 (9~(h%§j§) ) < cos? (9 (i) )+cos (9 (nwi) )

Therefore, 1—cos? (0- (h%i:)2>+1—0052 (0- (hiﬁfr)Q) > 1—cos? (9- (h@?t ) )—i—l cos (9 h%“) )
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~.

Immﬂ@ﬂ%@;w »+A@_m( (1)) = A (1 cos? (- (m)7))

i=1

1 — cos ( (hR},1) )) implies that

Al
I R

i=1 7

n

(1o (0 (o))"
SﬂlA@w%Hmmﬂ)*%lﬂOmwwmmﬂV-

=1 =1
For any i, cos? (9- (h%gj__)q) + cos? (9~ (h%%f)w < cos? (9- (h?RZIJ_)q) +
cos” (0 (nRy)"). Therefore, 1—cos” (0 (7)) +1—cos? (0 - (ARF)") > 1—cos? (0 (WR7")")+
1 — cos? (6- (FL%’,ZJF)(I).

n

Hence, /\ (1 — cos? (9- (h%?z_)q))er/\ (1 — cos ( (h@‘%m+ /”\ 1 — cos? h?Rm ) )) .

=1 i=1

(1 — cos? (9 : (h%g’t+)q))ni.

~.

i=1

Hence, Q\ll /\ 1fcos h?Rm ) )) RS il (170032 (0~ (h§)‘%§"‘”‘)q))#C
i=1 i=

i=1

(1 —cos® (- (ARH)"))"™".

> cos? <9~ (h@?}fLJY) +

~.

N
~

< ‘I\l 1-— /"\ (1 —cos® (6 - (h?RZi_)q))m + i 1-—

=1 [

For any 4,cos? (9 : (h?R{J)2> + cos? (0 : (h%{j)
cos? <€- (h%ﬁt)z)
/n\cos2 (9 h?Rf )) (/\ cos ( hﬂ?”)))Z

<

Therefore, 2 — (i_l 5 <

Mwﬂemfn(Am(iwwf

92— i=1
Now,
( LA\ (o (0 0 >”))M) ( 1= A (1o (8- 0 f’Q))m)
’ ( A (1= cos? (0 (hm_)q))m) *(" A (1 cos” (0 (mre;f)q))m)

=1 i=1

2

1>

N | —

2

(/n\ cos? (9 : (hé)%{ij))>2+ (/n\ cos? (9 : (h%;ﬂj)))

2

+2 -

n

[+ Ao - om)) (2 A o-mi ) )

i=1

) 2

" (q 1— /n\ (1 — cos? (g. (h%ﬁ)‘I))m) +(q 1— /"\ (1 — cos” (0- (ﬁ%ﬁJr)q))m)

i=1 =1

+2_(/\m( o)) )) (/\cos( o))

Hence, CosT g-rung DioNSIVWA (Y1, T, ..., T,,) < CosT g-rung DioNSIVWA (#41, #a, ..., #,.).

IN
N =
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4.2 CosT g-rung DioNSIV Weighted Geometric(CosT q-rung DioNSIVWG) Operator

Definition 4.6. Let Y; = <[%§77 R, R, R, [%f -, ER{ *, h> be the collection of CosT g-rung DioN-

SIVNs. Then CosT g-rung DioNSIVWG (11, Y5, ..., T,,) = /\(cos TH™ (i=1,2,...,n).

i=1

Theorem 4.7. Let T; = <[3‘E§77 R, R RIT, h> be the set of CosT q-rung DioNSIVNs. Prove that CosT
g-rung DioNSIVWG (Y1, s, ..., Tp) =

[/z\ cos? (0 (W)

>:

(cos2 (6- (h%?)))h@] )

1

al 1 — /”\ (1 — cos ( (AR"T) ) $ /”\ (1 — cos? (h§R§”+)q) )m 7
2| ] — /"\ (1 — cos? (9 . (h?le_)Qq) ) i, 2] — /"\ (1 — cos? (9~ (h§le+)2q) )M

K2

Corollary 4.8. Idempotency, boundedness and monotonicity are satisfied in the case of CosT q-rung DioN-
SIVWG operator.

4.3 Generalized CosT q-rung DioNSIVWA (GCosT q-rung DioNSIVWA) Operator

Definition 4.9. Let T; = <[§R§_, R, R, R, [é]%f -, §R{ 1, h> be the collection of CosT g-rung DioN-

n

1/q
SIVN. The GCosT g-rung DioNSIVWA operator is GCosT g-rung DioNSIVWA (Y1, Y5, ..., YT,,) = < I_I k;(cos Ti)q) .
i=1

Theorem 4.10. Let T; = <[3‘%§_, R, (R, R, [8‘%{7, §R{+], h> be the set of CosT q-rung DioNSIVNs.
Prove that GCosT q-rung DioNSIVWA (Y1, Y5, ..., T,,) =

i n w\ 1/a ]
< 24 ] — A <1 - (Cos2 (6 - (hRE7)9) )q) ) ;
)
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1—

[2q1

[

n
%
n

- ( (cos2 (6 - (hRE)%9) )q> ) , 21— /”\ <1 — (cos2 (6 (hRET)2
01 — (1 — (0082 (9~ (h?RZn_)q) |

%

N———

N—

[ V)

Q

N————

=}

N—————

- 3

== =

[/_\ ( 2</1 = (1= (o2 (0 /)

Putn = 2, k1(cos T1)1? |_|/~@2(cos To)! =

(T/l - (1 — (cos? (9.(h§re§*)2q))q)m )2q +( 2%

2al1 (1 - (cos2 (9-(715&’;)2‘1))‘1)&1 >2q' 20

Wl e e D)) (o))
W (o)) )] (- 0 o oom) )
e {7 e

{1 A (1 (o 0t )7)” Jl A (o (e.mmq))q)m
[Awl(l oo om0 A (6 Gl

In general, |_| (cos T;)? =

=1
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2q

i=1

If n =141, then |_| Ki(cos ;) + ki1 (cos Tyyq)?
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-A\

i=1

(1 (Cos C(RRE)? ))q)m, 201 —

i=1

/l\ <1 (cos (AR ) )) )

A (- (- (o (om0 )

l

i=1

Ki(cos T;)9.
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- |—| (cos Ti)" i (cos T )" = ey (cos Ta)? |_| Ko (cos Ta)l |_| |_| Ky (cos 1p)4 |_| Ki41(cos Typq1)?

2q

Far o=
<2§/1 - (1 - (cos2 (6 (hmf;yq))q)“l )2‘17
Hl /\1(1_ (cos® (0 cos® o (7)) ) ") )

(i 1i=/l\1 (17 (C052 (9v(m;n_)4))q i
(§/1 _ <1 = ((cos® (0 (R7)") )>
(Jl /i\l(l— (cos (B )) )n) X :

<§/1 - (1 - (c052 (9.(mm)q)>q)m >q

/;\1 <2§/1 -(1- (-cosz (9.(h8‘t{)))2q)q> (?/1 — (1= (cos2 (0 -(hé)%lﬂ)))?q)q) Hl,
A

I+1
Thus, |_| (cos 1)
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I+1

- A

i=1

2q

(1 — ((cos? (6- (nR57)) )q) ,

Ki

Ki

<1 — (cos? (6 (nREH)) )q) :

+1

A

i=1

Q

<1 ((cos? (9-(;13%;"—)@))‘1) i

i

i=1

Wl - (mg—>))2q)q)

R

<1 — (cos? (6 (nRY)7) )q> :

= (= (o (- |

N
[
|
N
o
o
7}
[\v]
—
>
—
>t
3
Kt
|
N
(]
=)
S—
N———
=}
\—/
I
—
~
=}

N
=
|

VR
—

/N
—
|

1- (1 - (0032 (0 . (h%{

=

1—

(1 ~ (0052 (9 : (hg%{+))>2q)q) s >2>1/q |

=

I+1 1/q
Hence, <|_| ki(cos Ti)q> =
i=1

[ [ I+1

2q 1 _
< =1
1+1
(-2
i=1
[ 1+1
(-2
i=1
I+1

q 1 _

_< 1=1

I+1
(- (A

i=1

I+1
(Al

L =1

It is true for any /.

Remark 4.11. A CosT g-rung DioNSIVWG operator is substituted for GCosT g-rung DioNSIVWA when
q=1.

Corollary 4.12. Idempotent, bounded, and monotonic properties are fulfilled by the GCosT q-rung DioN-
SIVWA operator.

4.4 Generalized CosT q-rung DioNSIVWG (GCosT q-rung DioNSIVWG) Operator

Definition 4.13. Let T; = <[§R§_, R, R RT, [?R{_, §R{+], h> be a finite collection of CosT g-rung

,Th) = %( /n\(q~cos'ri)’“) (i

=1

DioNSIVNs. Then GCosT g-rung DioNSIVWG (Y11, To, ...

Theorem 4.14. Let T; = <[§R§_, R (R, R, [?R{f, §R{+], h> be the set of CosT q-rung DioNSIVNs.
Prove that GCosT q-rung DioNSIVWG (Y1, Yo, ..., Ty)=
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. Ko\ 29\ 1/q
e )T
n ki \ 29\ 1/q |’
A w 1 (1 (eos? (0 <hﬂ%§+>))2q>q>

A

Remark 4.15. The CosT g-rung DioNSIVWG operator is substituted for the GCosT g-rung DioNSIVWG
operator when ¢ = 1.

Corollary 4.16. Idempotent, boundedness, and monotonicity properties must be fulfilled by the GCosT q-rung
DioNSIVWG operator.

5 Conclusion:

We introdueced the new distance such as EDs and HDs for CosT g-rung DioNSIVS. The concept of CosT g-
rung DioNSIVWA, CosT g-rung DioNSIVWG, GCosT g-rung DioNSIVWA and GCosT g-rung DioNSIVWG.
We present a new idea for cosine trigonometric rules. Examined as well is the CosT g-rung DioNSIVS based
on algebraic operations such as idempotency, boundedness, commutativity and monotonicity. We discussed
additional kinds of two distances in the proposed models, in addition to ED and HD distances. This concept is
applicable to both ongoing research projects and real time applications. Given the widespread knowledge of
the hybridization of fuzzy soft sets with FSs, his work could benefit from the new generalization of fuzzy soft
sets, (a, b)-fuzzy soft sets, cubic FSs and cubic fuzzy soft sets.

Declarations funding statement: This research was supported by University of Phayao and Thailand Science
Research and Innovation Fund (Fundamental Fund 2024).
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