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Abstract

A novel technique to produce complicated tangent trigonometric (¢, 9, €) neutrosophic sets is presented in
this study. Complex tangent trigonometric (¢, 0, €) neutrosophic weighted averaging, geometric, generalized
weighted averaging, and generalized weighted geometric will all be discussed in this article. We calculated the
weighted average and geometric using an aggregating model. The following algebraic methods will be used
to further study several sets having significant properties.
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1 Introduction

Numerous ideas have been put out to explain uncertainty, including fuzzy sets (FS)," which have membership
grades (MG) ranging from zero to one. Atanassov.? For \,v € [0, 1] created an intuitionistic FS (IFS) in
which each element has two MGs: positive A and negative v, and 0 < X\ + v < 1. The Pythagorean FSs
(PFS) idea was developed by Yager” and is distinguished by its MG and non-MG (NMG) with A +v > 1 to
A2 + 02 < 1. The use of IFSs and PFSs in several domains has been the subject of numerous research. They
still have a limited capacity to transmit information. As a result, the experts continued to struggle to interpret
the data in these sets and the related data. The idea of complex IFS with DOMBI prioritized AOs and its use
for reliable green supplier selection were examined by Wang et al# The three main concepts of the picture FS
are positive MG (), neutral MG (), and negative MG (v), as stated by Cuong et al> It also provides more
advantages than PFS and IFS. It has been observed that the picture FS is an improvement of the IFS that may
manage more inconsistency and 0 < A 4+ ¢ + v < 1 since A\, {,v € [0, 1]. Expert comments such as “yes,”
“abstain,” ’no,” and “refusal” will be sent, in accordance with the image FS description.

Shahzaib et al'® used MADM to define the SFS for certain AOs. Instead of 0 < A + ¢ + v < 1, SFS demands
that 0 < A2 + (2 +v? < 1. The idea of an intelligent decision support system for SFS was initially put out by
Hussain et al.” Rafiq et al'® were the first to introduce SFSs and their uses in DM. with example, A2 +v? > 1is
a DM issue with a property. Fermatean FS (FFS) was introduced by Senapati et al? in 2019 with the restriction
that 0 < A3 + 03 < 1. Yager was the first to suggest the idea of generalized orthopair FSs1? Both the MG
and the NMG have power ¢ in the g-rung orthogonal pair FS (¢-ROFS), but their sum can never be more than
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one. The MADM technique for Pythagorean neutrosophic normal interval-valued fuzzy AOs was presented
by Palanikumar et al'l' Xu et al. developed geometric operators, including weighted, ordered weighted, and
hybrid operators, that were derived from IFSs!# Generalized ordered weighted averaging operators (GOWs)
were suggested by Li et all¥ in 2002. Zeng et al:'¥ explained how to compute ordered weighted distances
using AOs and distance measurements. Based on the features of AOs, Peng et al. investigated a simple PFS 12
Spherical fuzzy Ashraf and colleagues created Dombi AOs*® Ullah et al "8 provide further information on
SFSs and T-SFSs. Ibraheem et al ¥ discussed the concept of complex NSSs using various AOs. Al-Husban et
al’?) deals that Type-I extension Diophantine IVNS. Various algebraic structures and aggregation techniques
with applications were studied by Palanikumar et al =1"23

I will follow the format listed below for the remainder of this task. See section [l for an introduction. PFS
and NS were discussed in Section 2} Several procedures on (¢, 9, €) NNs are described in Section[3] The AOs
based on CTT ((, 0, €) NN are discussed in Section In the section the conclusion is discussed.

2 Background

Many important definitions that we should review for future learning are included in this section.

Definition 2.1. Let A be a universal. The PES = = {h (LT[R, LF BB e A}, L7 A~ [0,1] and

£ A — [0,1] called the MG and NMG of h € A to Z, respectively and 0 < [£7[A]]? + [£F [1]]? < 1. For
== (L7, L") is called a Pythagorean fuzzy number [PFN].

Definition 2.2. The NS = = {h, (L7[n], L2[R], LT [R])|h € A}, where £7, £, £F © A — [0,1] is denote the
MG, IMG and NMG of / € A, respectively and 0 < [L7[h]] + [£*[A]] + [£F [h]] < 2. For M = (£, £, L")
is called a neutrosophic number [NN].

Definition 2.3. The Pythagorean NS = = {h, (LA, LA[A], £ [R])|h € .A}, where £, 2%, £F : A —[0,1]

is called the MG, IMG and NMG of h € A, respectively and 0 < [£[h]]? + [£3[A]]? + [£ [1])?> < 2. For
M = (£7,£3,£") is called a Pythagorean neutrosophic number [PyNN].

Definition 2.4. Let =; = [a1,b1] € Nand E3 = [a2,b2] € N. Then the distance between Z; and Es is

defined as V[Z1, 25 = \/[a1 —a9)? + %[bl — b9]?, where N is a natural number.

3 Operations for CTT (¢, 0,¢) NN

We present the concept of the (¢, 0, €) NN, which is a complex tangent trigonometric. As a consequence, the
CTT (¢, 0, €) NN and its operations were established and tan7/2 = U

Definition 3.1. The (¢,d,¢) NS = = {h < [[U « R[] TN (35 5 R[] % 0TI (35 5 RF|[1]
e[U*IFHﬁl} > ‘h e A}, where [0xR ], [0+R, [D+R! ] : A — [0, 1] denote the MG, IMG and NMG of i € A
to Z, respectively and 0 < [[U xR |[A]]¢ + [0+ R [1]]2 + [0+ RF[A]]* < 1and 0 < [[B*Z [A]]S + [[U *
T3[h])2+[[0+Z! ][h]]€ < 1. For convenience, = = <{[U*R-‘]*e[u*f‘], [5xR] e[0T, [U*RF]*e[U*Ir]}>
is represent a CTT ((, 0, €) NN.

Definition 3.2. Let = = ([0 R 7] # eT 1 [ % R % 0T [ 5 RF|] % T 1)) 21 = ([[U + RY] *

elO 1 [BxRY|#el0 T [BxRY [xelO 1)), =y = ([[Ux Rl [5x R3]l ][54 RY |+el0+Z2 1])
be any three CTT ((, 0, €) NNs, and (¢, 9, €) > 0. Then
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We present ED and HD measures for CTT ((, 0, €) NNs and investigate their mathematical characteristics.

Definition 3.3. For any two CTT (¢,9,¢) NNs Z; = ([0 * R}, [0 * R{], [0 * R} ]]]) and 5 = ([[[U *
R, [0+ R3], [U* RS ]]). Then

( 1+ [0+ RY)2 — [0+ RI)2 — [0+ R )2 )
1|\ 1+ [0 RY)2 — [0+ RAJ2 — ([0 RS 2]

2 +( 6+ T2~ [[6 < B ~ (6 T{ ] >
(B TP — ([0 T — [0+ 74 )]

VE[E1, 52 =

where V g[Z1, Z2] is called the ED between =, and =s.

L+ ([0 RYJ? = [0+ RY)J? = [0+ R )2
— [+ [0+ RS> — [0+ R3J* — [0+ RE])?]
[0+ ] = [0+ Z3))* =[O« 2L ])?
[—[[0 * T, — [0+ Z3]]* — [0+ 24 ]]?]

- 1
Vu[E1,8:] = 5

where V 7[Z1, Eg] is called the HD between =; and Zs.

4 AOs based on CTT (¢,0,¢) NN

We use CTT (¢, 9, ¢) NWA, CTT (¢, 9, ¢) NWG, GCTT (¢, 9, ¢) NWA, and GCTT ((, 9, ¢€) NWG to describe
the AOs.
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41 CTT ((,0,e)NWA

Definition 4.1. Let Z; = ([0 * R,1] # el T [5 R3] e[0T [5 % RE ] % el*ZL 1)) be the CTT ((, 0, €)
NNs, W = [s11, 569, ..., 3t,] be the weight of =;, 5; > 0 and U ,5; = 1. Then CTT (¢,0,e) NWA
[513527"'75 ] _u 1%7,'—‘1

Theorem 4.2. Let =; = <[[[U * R, * e[C+Z) [0 xR + e[U*IE], (B RET * e[U*IiF]]]> be the CTT (¢, 0, ¢€)
NNs. Then CTT (¢, 0,e)NW A[Z1, Ea, ..., 2y)

o p/1-mn 1 [U*IW]
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Theorem 4.3. Let Z; = <[[[U * R, e[B+Z], (G R3] * e[O+Ti, [B+RET * e[U*IiF]]]> be the CTT (¢, 0, €)
NNs. Then CTT (¢, 0,€) NWA [21,Ea, ..., 2,] = E [idempotency property].

Proof. Since [U+R;| = [0+R],[0+R} =[0+Rand [U+Rl | = [U+RIMNand [U*Z] = [0+ T ]
O = [0« and [U+Z! | = [0 ZF | and LU, 5; = 1. Now, CTT ((, 0, ) NW A[Z1, Za, ..., Z]

i
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Theorem 4.4. Let =; = <[[[U £ R 0T (55 RI) # 0T[5+ RE | e[U*Iﬂ]]> be the CTT (C, D, €)
NNs. Then CTT ((,0,¢) NWA[Z1, Es, ..., 2]
——

——
where [0+ R 1] = min[0 Rl [0+ R = max[U + Rl [U R = min[0 R, [0« R = max[U *

H,_/ H,—/
/—’H
jo]a [0 % RI'] = min[U * RZ] [0 % R = max[U * RZ]
—— —_——
and [+ 7] = minf6s « 23], [0+ 7] = max{ « Z], [0 ) = min[©s « T3], [0+ 7] = max[is « T}
—— i’

—_—N—
[ ZF ]| = min[O *IZ], [0+ Z! | = max[U *IZ'S] and where1 < i <n, j=1,2,...,i;. Then,
N——

< [U ” RT} " e[U*I‘i]7 [U " 'RJ} % 6[6*11]7 [U N Rr} N e[U*If] >

< CTT((,0,e)NWA[Z1,Es, ..., Z0)

IN

< [U % R‘l] % e[U*I_'], [U % RJ] * e[U*I]], [U N RF] N 6[U*IF] >
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[Boundedness property].

—— ——
Proof. Since, [U R-‘] = min[U * R:']] [O % R-l] = max[U * R:'j] and [U * R-[] < [0 % R?J} < [0 R-[]
— ——
and [0+ Z ] = min[0 « ZJ], [0+ Z | = max[C+ Z)]| and [0+ Z ] < [+ Z,)] < [0+ 7).
—— ——
[G*Z]
Now [0 % R ] se~=——

——

[U*T ¢

F

=i

LR« $ ey

N——
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i
N n
——
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Since, [0+ R = min[0 * R, [0+ R = max[U « RE] and [0+ R < [UxR}] < [0+R"] and

——

——
[0+ 7% = min[0 « I, [0« 7] =
——

max|[U I;.'j] and [0+ 77] <

——

—
[O*T3] < [0+ T7).

N——

[0 17
Now, [U % R] xe~=—~—
——
ol1—mm_, |1 —[[U*IJ]]B E
= f/l I‘Iyllf[U*RJ]]} *eJ [ H/_’}
BJ o "
_ [U + RA ] [U *IJ]
—_———
Since, [U * [R!]] = min[[U * RZ]F [U* [R']]] = max[[U RZ]]E and [U = [RT]]] < [[U * RZHE <
/—/\\:/_/ —_——— —
[0 * [RF]] and [U * [Z' |¢] = min[[U *Ig]]e, O[T = max[[U*Iig]]e and [U x [V ] < [[O *Ig]]s <
—— ——
[+ [Z"]].
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‘We have,
v, U]
[Bx[RF]S = M, [Ux[RF]]xe ——
——— N ,
< [0« REJ P i 0TI
< N[O )[;ZF]E] xei=1 [0 [;:rm
= [Ux[RF]] *e[U* [IFH.
Therefore,
b T - [T
—— 2
) 1o [n;gmu *Rfﬂﬂ
— X
? ( 1—”? 1 1—[[0*11]] } r - h/l—l‘lzl_l[l—[[U*IJ}]arir
—
- ﬂ;;lmmzﬂr]ﬂ
- - (o [U*RTHFFT -[if-rm - e 1
< 1 +1—[ W[5 R~ ] ‘_2
Ul ememng] Nl—ﬂ?l{l—[[mﬁjna}“ "
mz;l CEEZAREIR '
i T ety S I N P =
) 1 | [0S R }
< 3 X , 2
Wl—“? -1 [U*Ij]]} J - h/l—l‘l?_l[l—[[U*Ij}]arlJ -
[riwerrye]

Hence,
< [U " R-i} % e[U*I“} [U " Rj} % 6[6*11]7 [U N 'R,f] N e[U*IF] >
< CTT(C a G)NWA[ —1, '~2a ) :n]

<{[Ux* R-l] % el0*T I [ * RJ] % e[U*I]}, [0+ RF] * e[U*IF}>. 0

* Tl
Theorem 4.5. Let =; = ([[U*RZJ] [+2,; ;! [U*’RJ ] A 7 i [U*’RF] L Itij]]>

and W; = ([[U * RZJ * e[U*IEiJ], [O = R,jl]] x 0" I’”J], [ * ’RZJ} x elOF hw]]), be the CTT (¢, 0, €) NWAs.
For any i, if there is [U « Ry }2 [O * R-' ]2 and [U R, }2 [O * ’RJ ]2 and [U RZJ]Q > [Ux* ’RZUF
and [U * I;'j]2 < [0« I,:Lj]2 and [0+ T} ]2 [0 * IJ ]2 and (6 *If ] (8] *I;Zj]%r E; < W;. Prove
that CTT (¢, 0,e)NW A[=1,Eq, ..., E,)] < C’TT(C 0, e)NWA[Wl, WQ, ceny Wn] where [i =1,2,...,n];[j =
1,2, ...,1;] [monotonicity property].

Proof. For any i, [U * R;J,]z < [0 RZU]Q.
Therefore, 1 — [[U * R;]]Q >1—[[U=* R,?]F
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Hence, M, {1 — [0 R?ZHQ} B >y [1 — [[U* RZHQ} -

and i/l —ry 1= R < §/1 —ry [1- o Rl]]cr
Similarly, [ * It:'j]z < [Ux I;:LJ.P-

Therefore, 1 — [[U % Z,1]]> > 1 — [[U *I}:L ]2

Hence, M7, {1 - [[6 *I;']]Q} B

and i/l —ny 1= o] < §/1 —m 1= [z
14]

For any i, [U * Rij]a < [[U * R;jl]]} .

Therefore, 1 — [[U * Rgiﬂa >1—[[Ux Rilﬂa

Hence, My [1— [+ R3N) " >y 1= [0 R3]

This implies that \/1 — My {1 - UU * REHO} - < i/l — Mty {1 - HU * R;z]]a} -

)
Similarly, for any 4, [U * IJ }6 [[U * I,JLJ]} .
Therefore, 1 — [[O « I3 ]] >1-[[0 *I,jl.]]a.
17}

Hence, I_I?Z1 |:1 — U * IJ :| > I_I:L 1 |:1 — HU *I}JL?H@} 2

This implies that \/1 — e { U*I] } i < i/l =My [1 - [[U*Ifju]]a} i

For any i, [[U *wa]r [[U *Rﬁij]r and [[U *R,ﬁj]r > [[U *Rﬁﬁ}r.

M BRY 1] Nz Ry, 1)
Therefore, 1 — [—1[7’5] _ M

Similarly, for any ¢,
[[U * Iéj]r > [[U *I}:;j]r and [[U *Itfj]]s > [[U *I,’;j]r.

Therefore, — {ﬂ?zl[U * Ifj]} s [I_Izlzl[zj * Ith]}

Hence,
[f/l—l‘lf 1 1— [0+ RIS } J2 - W1n71[1[[0m§]}6rr)
1 41— [n:;%[[u*nﬁ]]ef ,
2 +(h/1ﬂ? . 14[0*1;']]%” [§/1m7_1[1[[6*13]]3]ﬂ )
— [ [0+ 7))
<1_n711—[[um ] — 41— - o ri 0]
i T - I )
< Ly 1 [y [0+ R )T 2
? +([§/1ﬂzn - -z] | - - - 5] )
— [ [ zh )
Hence, CTT (¢, 0,e)NWA[E1,Es, ..., Bn] < CTT((, 0, ) NW AWy, W, ..., Wi, O
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42 CTT (¢,0,¢) NWG

Definition 4.6. Let =; = [[G*R“ ] x e[GO+ [U*Rg]*ew*zﬂ,[U*Rf]*ew*zﬁ]bbetheCTT (¢, d,€)
NNs. Then (¢, 8, €)NWG [Z, Zs, ..., ] = M7 2.

Corollary 4.7. Let =; = <[ ([0 %R # el T [5xRI] el T, [U*Rf]*e[u*zi}]]bbe the CTT (¢, 0, €)
NNs. Then CTT (¢, 0,¢) NWG [E4, Ea, ..., 2y

M [0 % RJJS]7 5 eMima [TO<Z, 141

_ i/1 =y [1 (5 Rf]]a} - \/1 e 1[ —[[U*IEHB}
jl—ﬂxlﬁ—HG*RfWY”*dﬁ'”1[*wﬂ“ﬂ

g

>

Corollary 4.8. Let =; = < [[[U « R # eI [05xRI] el TN [ RE | # el ]]} > be the CTT (¢, 0, €)
NNs and all are equal. Then ((,0,€)NWG[Z1, 22, ...,Ep] =

[

Remark 4.9. It has other properties, including boundedness and monotonicity, as well as having (¢, 9, ) NWG.

4.3 Generalized CTT (¢, 9, e) NWA [GCTT((, 0, c)NWA]

Definition 4.10. Let =, = < ([0 R, [0+ R, [0+ RL]] > be the CTT (¢, d, €) NN. Then GCTT (¢, 9, €)
1/p

NWA [E1, 5o, ..., En] = ['—'?:1 %15@} .

Theorem 4.11. Let E; = < ([0 R, [0+ R, [0+ RET] > be the CTT (C, . ¢) NNs. Then GCTT (¢, , )

NWA [E1, Es, ..., 0]

. - REREC RIS [[[U*I?]]Cr
1= 1= | R : I

K2

_ _ e [d1-m, 1= (2]’
-y (1 [ R ‘ o

s e ]
A=)

Proof. To illustrate this, we may first show that,
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Remark 4.12. If (¢,0,¢) = [1,1, 1], then CTT (¢, 9, ¢) NWA operator is used instead of the GCTT (¢, 9, €)
NWA operator.
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Theorem 4.13. Ifall =; < [

% el0*Z:], [ % R3] * el6+Ti], [O*RET* e[U*Iir]]} > and all are equal.
Then GCTT ((,0,¢€) NWA[E1, 22

a] =

Remark 4.14. The GCTT (¢, 9, ¢) NWA operator meets both boundedness and monotonicity constraints.
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Dy eeny

44 Generalized CTT (C,d,c)NWG [ GCTT (¢, 9, )NWG]
Definition 4.15. Let =; = < [[[U*R;‘] el TN [5xRI x0T [GxR] | x el }]} > be the CTT (¢, 9, ¢)
NNs. Then GCTT((, 0, )NWG [E;,Es, ..., ] = 1 [ M, [p=a)=

Corollary 4.16. Let =; = < [[[U * R * O+, [0+ RI] * e[O+Ti, [BxRE* e[U*IiF]]} > be the CTT (¢, 0, €)
NNs. Then GCTT((, 0, e)NWG[Z1, Za, ..., Ey]
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Remark 4.17. When p = 1, the GCTT ((, 9, ¢) NWG is converted to the (¢, 9, e)NWG.

Remark 4.18. GCTT((, 9, ¢)NWG operators satisfy the boundness and monotonicity characteristics.

Corollary 4.19. Ifall =; = < [[[U « R # el [0+ RI) 4 el T[54 RE ] s el 2] J]} > are equal. Then
GCTT(C, 8, G)NWG[El, EQ, ceey E.n] =

(1l
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5 Conclusion:

In this study, new weighted operators including averaging and geometric operators are introduced. These op-
erators have several properties, such as monotonicity, idempotency, commutativity, associativity, and bound-
edness. We examined many standard metrics to characterize the weighted vector. Numerous criteria for
aggregation operators have been examined. A few aggregating methods for such CTT ((, 9, ¢) NNs have been
studied, and some conclusions have been drawn about them.
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