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ABSTRACT

In this article, we evaluate the novel theory of Aczel-Alsina operational laws
under the consideration of the interval-valued complex single-valued

neutrosophic (IVCSVN) values by using the idea of Aczel-Alsina t-norm and
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t-conorm which was derived by Aczel and Alsina in 1982. Moreover, we
derive the concept of the IVCSVN Aczel-Alsina weighted averaging
(IVCSVNAAWA) operator, IVCSVN Aczel-Alsina ordered weighted
averaging (IVCSVNAAOWA) operator, IVCSVN Aczel-Alsina hybrid
averaging (IVCSVNAAHA) operator, and examined or presented their
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major properties, such as idempotency, boundedness, and monotonicity.
Additionally, we demonstrate a MADM “multi-attribute decision-making”
scenario in the availability of the derived operators for IVCSVN information
and illustrates various numerical example to show the practicality and
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some prevailing techniques.
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1 | INTRODUCTION

For depicting unreliable and vague information, various scholars have used the theory of clustering
analysis, pattern recognition, medical diagnosis, artificial intelligence, machine learning, and decision-
making problems. Furthermore, the MADM technique is also very famous and reliable for examining the
finest preference from the collection of preferences, which is a major part of the decision-making technique.
Under the presence of the classical set theory, we have only two opinions such as zero or one, but not
between them, and in many situations, we have needed to use some information between zero and one. For
this, Zadeh [1] derived the fuzzy set (FS) theory in 1965 by improving the function of classical information
and exposing or defining a new function, called truth grade whose domine is a universal set and range is
the unit interval. Furthermore, a lot of modifications and generalizations of FSs have been derived by
different scholars such as intuitionistic FS (IFS) [2], interval-valued IFS (IVIFS) [3], neutrosophic set (NS) [4],
interval-valued NS (IVNS) [5], single-valued NS (SVNS) [6], and interval-valued SVNS (IVSVNS) [7]. These
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ideas have also a lot of utilization in different fields such as similarity measures [8], [9], aggregation
operators [10]-[12], and different kinds of methods [13]-[16].

Utilization of the phase information is a very famous and challenging task for scholars, because when
we utilize the phase term in the field of fuzzy set theory, then we can easily evaluate a lot of real-life
problems in a practical situation. In various situations, we faced two-dimensional information, for instance,
during purchasing a new car, we faced two types of opinions such as the name and production date of the
car which are stated in the real and unreal parts of the complex numbers. Therefore, for handling such types
of problems, the idea of complex FS (CFS) was derived by Ramot et al.[17]. Furthermore, the theory of CFS
has been extended by different scholars, such as interval-valued CFS (IVCES) [18], complex IES (CIFS) [19],
interval-valued CIFS (IVCIFS) [20] complex NS (CNS) [21] interval-valued CNS (IVCNS) [22], complex
SVNS (CSVNS) [23], and interval-valued CSVNS (IVCSVNS) [24]. These ideas have also a lot of utilization
in different fields such as similarity measures [25], aggregation operators [26], and different kinds of
methods [27].

Aczel-Alsina t-norm and t-conorm were evaluated by Aczel and Alsina [28] in 1982. After successfully
investigating Aczel-Alsina information, certain utilizations have been neglected by different scholars, such
as Aczel-Alsina aggregation operators for IFSs [29] Aczel-Alsina prioritized aggregation operators for IFSs
[30], Aczel-Alsina geometric aggregation operators for IFSs [31], Aczel-Alsina aggregation operators for z-
neutrosophic sets[32], Aczel-Alsina aggregation operators for CIFSs [33], Aczel-Alsina aggregation
operators for SVNSs [34], and power Aczel-Alsina aggregation operators for IFSs [35] Under consideration
of the above motivation, in this article, we derive the following information, such as:

1. To evaluate the novel theory of Aczel-Alsina operational laws under the consideration of the
IVCSVN values by using the idea of Aczel-Alsina t-norm and t-conorm.

2. To derive the concept of the IVCSVNAAWA operator, IVCSVNAAOWA operator, and
IVCSVNAAHA operator, and examined or presented their major properties, such as
idempotency, boundedness, and monotonicity.

3. To demonstrate a MADM scenario in the availability of the derived operators for IVCSVN
information and illustrate various numerical examples.

4. To show the practicality and supremacy of the presented theory by comparing the derived work

with some prevailing techniques.

This theory is arranged in the following ways: In Section 2, we included the basics of CSVNSs, Algebraic
and Aczel-Alsina t-norm and t-conorm. In Section 3, we evaluated the novel theory of Aczel-Alsina
operational laws under the consideration of the IVCSVN values by using the idea of Aczel-Alsina t-norm
and t-conorm. In Section 4, we derived the concept of the IVCSVNAAWA operator, IVCSVNAAOWA

operator, and IVCSVNAAHA operator, and examined or presented their major properties, such as
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idempotency, boundedness, and monotonicity. In Section 5, we demonstrated a MADM scenario in the
availability of the derived operators for IVCSVN information and illustrated various numerical examples.
In Section 6, we show the practicality and supremacy of the presented theory by comparing the derived
work with some prevailing techniques. The concluding remarks are stated in Section 7.
2 | PRELIMINARIES
In this section, we included the basics of IVCSVNSs, Algebraic and Aczel-Alsina t-norm and t-conorm.
Definition 1: [7] A well-known theory of IVSVNS N is arranged in the form:
N = {(E, my (1), ag (B), ny(D))|teU} (1)
Noticed that my(E) = [mllv(t), m,%(t)],a,v(t) = [afv(t), ax—(t)], and ng(b) = [nfv(t),n,%(t)] shown the grade
of truth, abstinence, and falsity, where mj (b), a%(l:),n,%(l:),mfv(t), afv(t), nllv(t) € [0,1], with 0 < mj () +
ay(t) + ng(k) < 3.
Definition 2: [24] A well-known theory of IVCSVNS 9t is arranged in the form:
N = {(mg(D), an (), ny (D)) |teU} 2)
Noticed that mg(t), ag(k),ny(k) shown the grade of truth, abstinence, and falsity, where mg(k) =

[k, (B), x, (D] exp?[“ha®0bia®] g0 1) = [xL (1), 22 (B)]. exp/[PEa®@2ia®] 1o () =

x4, (1), 2t ()], expPha®¥ia®] Noticed that j = 2mi, with 0 < x% (E) + 2% (B) +x% (H) <3 and 0 <

0, (B) + @4, (B) + ¥ (B) < 3m. The simple form of IVCSVNV is stated by:
J|@hg @l J|Phy Pl J|Whg WG 1\ .
S:R]. - <[ ﬁnmj'x#mj] -exp [ " m]]' [xé‘ﬁj'xg‘ﬁj] - exp [ K m]]’ [le’lﬂtj’x%ﬂtj] -€xp [ K ml])’] = 1121 (S

Definition 3: [24] The well-known theory of score function is arranged by:

_1 1 l l l u u u 1 l l l u u u (3)
S(N) =5 g(mm+atm+nm+mm+am+nm)+g(wmm+q)am+lpnm+wmm+(pam+1[)nm)

Definition 3: [24] Any two simple IVCSVNVs are stated by:

ilwl u A u T u
J[wm Wm ] ][4’:1 Pa ] j[lpn Y ] )
‘ﬁ] = <[ rlngnj; x#lg;]] .exp RNj RN ) I:xémj’xgmj] .exp RNj RNj ) [x}lmi,x%mj] .exp RN; RNj j= 1’2, then

we have

; l l ; u u J
[mm (xmml, xmmz) , min (xmml, Ximg, )] .exp
ilmi l l i u u (4—)
= i (o l o u u Jj|min( @&y, @aq, )min( @y, 0k
N, NN, [mm (xaml,xumz) ,min (x,lml, xamz)] .exp [min 2, mz) (¢t 9?2)],

i l l u u
maxi ’ ,max )
[max (xrllml, xflmz) , max (x}fml, x}fmz )] .exp’ [ (wnm lpnmz) (wnml Yiig, )]

i L l i u u
[mm(“’mml Wme, ),mm(wmml Wmg, )] )
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!
[max (xmml, Xmg,

l

u u
) , max (xmml, Ximg, )] .exp

i l l u u
Jj [max(a)mm1 ,wmmz ),max(w,mR1 ,wmmz )]
)

: g l l s u u 5
M UR, = [min (x}lml, xfmz) ,min (x}{ml, X},fmz )] ) exp][mm("’dml"”amz ),mm(waml,%mz)]’ (5)

ilmi L L i u u

(e ). o i, )P P (8]

Definition 4: [28] The well-known theory of AA t-norms T} and t-conorm L} is stated by:
Tp(0,¢) Jff3=0
1
exp~((-Ino)+(-In¢)?) A otherwise
LD(O-'C) ]ff3=0
Li(o', g') = min(d, C) ]ff =00 (7)

1- exp‘(('1“(1"’))1’“(‘“‘(1‘§))J)1/J otherwise

3 | AA Operational Laws for IVCSVNVs

In this section, we evaluated the novel theory of Aczel-Alsina operational laws under the consideration
of the IVCSVN values by using the idea of Aczel-Alsina t-norm and t-conorm.

Definition 5: Any two simple IVCSVNVs are stated by:

il ol u il ol u il u
J[(‘-’m;ﬁ.'wm;ﬁ,] J[Qoam.'ﬁoam.] ][wnmrwnm] .
9’t] = <[ ‘flngtjlx#lgnj] " exp J J ) I:xémj’xgmj] : exp J J ) I:x}lﬁtj’ x‘}llmj] " exp J J J] = 1,2,

then we have

N, 0N,

i '

jl1—exp

exp

J

exp

R Q) K )]

j[exp
exp

3 N A

(et )) o-o-(ehm) )

1/1

(ot )+, )))

exp

(ol ) oo, )

R () K CEEEW)))

3 N A

(L ECW)ECIEE))

,1—exp

,exp

: W J W
[exp« 1n(xﬁlml)) +(- 1n(x£m2)) ) ’exp—((—ln(xzml)) +(—1n(xxmz)) ) ]

,exp

<<m(wzm»ﬂ(m(wzmz»’)”"

(8)
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AN
N N
I T ) ) R UG C)
[ Lo o iy 10
j|1_exp_(a(_zn(1_(wmm)))) ll_exp_(a(-m(l_(wmm)))) | (10)
expl J,
[ 0 0
| L (b)) () |
11/} ]1/J ex ,ex
exp_(a(_m(xgm))) ‘exp_(a(_ln(%m expj_ P »
N n
_ o (emna)” (o)) |
n A nh Jj|exp ,exp
o)) ) | |
m/’l
[ A 4]

exp—(a(— in(wkng,))') e

(4 m(thy))') j

lexp—o(—m(%))’)

A Jj
oyt )) ] o

,1—exp

[1 ~ exp—(a(— zn(l—(xrl»s,n)))ly/J —</1(— ln(l_(xgsn)))J)l/)] (11

A1

_<,1(— ln(l—(({)ém))))) —<1(— ln(l—((ﬂgm))))) !

exp [ J,

ll B exp_</1(_ln(l_(%))f)l/}, 1- exp_</1(- ln(l‘(xrlfsn)))))l/)]

A

,1—exp

[
j! 1—-exp

j1_exp—<a(—ln(1—(zphm)))a) o

(A(-m(a-()) j

exp

Theorem 1: Any two simple IVCSVNVs are stated by:

il wl u A u T u
J[wm Wm ] ][(pa Pa. ] J[lpn R0 ] )
‘Jlj = <[ rlnmj; x#lmj] .exp €N N; , [xémj’xgmj] .exp NjTTER; , [xrllmj’x%mj] .exp RN j= 1,2, then

we have

1 [N =N0%N

2 [N, =N,0%N

3 33 0N =2 N,
4 (q® 3N =340 O3y
5 ([N ="0N,

6 NN =MW
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wwmeJ«wm»wwwmw
(_m(xémz))’)l/’, exp (G, ) ln(xgmz))‘)” ‘
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,exp
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1

J(ml @ ERZ) =)

exp

lexp(l(( In(thy, ))J+(— In(xhy, ))1)1/ l) _<3((— ln(x%ml))ﬁ(_ In(ty, ))a)%n

,exXp

exp
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1—exp ,1—exp

_((3\1+Jz)<(— 1n(1-(w£nm))))>%\

jl1—exp /,l—exp

-((:\1+:\2) —in(1-(wk, 3 1/;\
\ (Cm(-et))) |

exp

: | | _<01+;\2)<(—ln(«ifzgn))J)l/J) _<(11+Jz)<(‘ln(<ﬂ1afm))l>l/l>l
0 Y :
_<01+12)((_ ln(xém)) ) > _<(11+12)((— ln(x}fm)) ) ) Jjexp p j

exp , exp exp

— ] —<()1+)2)<(— 1n(¢%m))l>%> ‘<(‘1“2)<(_ ln(w%m)f)%)]
0 Ne 8

—<(h+12)((— In(xhy,)) ) ) ‘<01“2)((‘1n("%m)) ) > (. p }
exp ) €XP

exp

= 3N D 1N

h

. 3 v W . ) N w7
lexp—«—m(xmml» el ) (il o, ) ‘

(ol ) ()

exp

[1_ex,,<<m<1<xam>>>ﬂ<m<1<xamz>>>’>

b}

{(-(e-{oka ) (oG, )

(m1 ® Enz)l =

jl1—exp

exp

[1_ex,,<<m<1<xam>>>’+<m<1<xamz>>>“>

jl1—exp

exp
= 9 @ .
4 | AA AGGREGATION OPERATORS FOR IVCSVNVS
The well-known theory of score function is arranged by: In this section, we derived the concept of the
IVCSVNAAWA operator, IVCSVNAAOWA operator, and IVCSVNAAHA operator, and examined or

presented their major properties, such as idempotency, boundedness, and monotonicity.
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il oyl u
) [wm Wm ]
1 u N i N ; l u
[xmmj,xmmj] .exp Tk ,[ amj'xam-]'

Definition 6: Let N = ,j =12,...,n be the finite family of
J [wém Pl ] - j [lphm W ]
exp (RGN [xnmj,xnmj] .exp i

IVCSVNVs. Then

n
(12)
IVCSVNAAWA, (9, 9,5, ..., R,) = Z(wjinj) = (@7, 0w, 0 ... O, N,)

j=1

Represented the IVCSVNAAWA and noticed that @ = (@3, @5, ..., w,)" with @; € [0,1] and Y@ =

1 stated the weight vectors.

il el u
][“’m »WOm, ]
mmj,xmmj].exp J j ,[ amj,xam,].

x
Theorem 2: Let 9 = ([

[ . ] ,j=12,..,n be the finite family of
J|®ag @iy
\exp n;Pax; ,[x,ﬁmj,x}{mj] .exp

b 0, |
IVCSVNVs. Then in the presence of the data in Equation (12), we discover the theory in Equation (13), such

as
n
IVCSVNAAWA (0, Ry, ..., R,,) = Z(wjmj) -
=

Proof: If n = 2, then we have

A

Il — exp_(wl(_ ln(l_xi"%))l)

n A
,1— exp_(ml(_ ln(l_xr"?h)) ) ‘

jl1—exp ,1—exp

(or(-feoh, ) —@www%mﬁﬂ
exp )

L N v W ]
[exp_(wl(_m(x‘”%)) ) , exp_(wl(_m(x“ml)) )

wl‘ﬁl = 1/) 1/)-

(wa(-tn(ot,))) 'exp-(wl(_m(ﬁm))“)
exp )

NS th NS A
[exp_(wl(_ln(x"%)) ) ,exp'(wl('m(xnml)) )

jlexp

I ) R ey

exp
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|

wzmz =

Then, we have

exp

[1 - exp_(wl(_ ln(l_xé"%))J)%, 1-— exp_(wl(_ l"(l‘x%ml))))

jli—exp

1- exp—(le(— ln(l_xi"‘ﬁz ))J)%, 1-— exp_(wz(_ ln(l_x%mz))])

[

jl1—exp

A

5

,1—exp

(on(-nr-otg,)) |

]

(o))

exp l

IVCSVNAAWAZD-(ER]_, 922) = wlml@wzmz

5

h

,1—-exp

[ |

J,

(orlcmlimob)) (or(-mfrmotin, )

1 177
N7 N

lex,,—@l(—m(xam» )" (o (cnlet )

1 1 /;\i

o (mlmlob, ) (mslnfota,))

exp

1 177
N7 n

lexp—(wl(—mwm» ) (ol

A

,exp

v,

j exp_(wl(_m(]p‘lﬂml)))) _<w1(_’"(1”%m1)))>

exp
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[1 - exp_(ah(_ 1n(1—xfnm1)):‘+w2(_ 1"(1_’6’["5122));)1/1, 1- exp_<w1(_ ln(l_x#tml))l+wz(_ln(l—x}fmz))l)m‘

b

wol-nfr-ot)) |

| (ol mshg, ) el n(s-h,))

jli—exp

(ou(-nfr-ot,)

,1—exp
exp l
1A

. 3 . 3 u W " N
Iexp—w—m(x%» n(nlet))) (et ) sl )) ‘

fexp-w-m(waml>>“+wz<-m<wam>>’>1“,exy-<wl<-m<¢gm>>“+m<-m<¢gm>>J>1ﬂ]

exp \
. 3 . na NS N Yy
Iexp—(m(—m(xnml» o enloba, 1) (oot ) (e, ) ‘

A

,exp

1/1]

| (oalmvha, ) st )) {s(cn(t, ) s n(ot, ) |

jlexp

exp l

1 1
ll _ exp—(ij-:l wj(— ln<1—x£nmj>)l> /J' 1— exp—<2?=1zzrj<— ln(l—x%mj>>l> /J\

ot

J

A ]

o)) sl

Jjjexp ,exp

exp

We derive the correct theory; we considered that the data in Equation (13) is also correct for n = p, then
we have

p
IVCSVNAAWA (94, Ry, ..., N,) = Z(wjmj)
j=1



1/ 1/
ll - exp_<2f=Iij(_ ln(l_xgnmf))]> J, 1-— exp_<2?=1wj(_ ln(l_x#lmj)y) W

h

-(Zlewj<-m(1-wam,.)))) .

Then, we evaluate it forn = p + 1, such as

p
IVCSVNAAWA, (9, Ny, ..., Ty, Ny ) = Z(wjmj) ®(@p1Mp41)

j=1

1 y
ll _ exp_<z§):1wj(_ ln<1—x£nmj>)l> J’ 1— exp—(Z?Zij(— ln(l—x;ﬁmj»)) W
(et m<w%nm,->>’>1ﬂ‘

,1—exp

Acaderlieians-Gate el
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[ feonterloenn, )

( <717p+1 —In| <ﬂa.m +1 )
J| exp
@ —<wp+1( ln x“’ﬂ'i k
exp "“ exp

)
)
Aeentenfom, )
)

J
(exp(wpﬂ( ln xnmp+1 )exp k

1 1,
[pr e o R 2 GO | ]

N4

i y
<Zp+11 ]< zn<1 w%ﬂj»:\) R _(E?:I!wj<_m<1—w%mj>>>
1—exp

exp L

,1—exp

exp

Hence, we get the correct theory. Furthermore, we derive the theory of idempotency, monotonicity, and
boundedness of the theory in Equation (11).

Theorem 3: If N =N, then
IVCSYNAAWA (R, Ry, ..., R, = N (14)
Theorem 4: If 1~ =min(9,, N,, ..., N,,) and Nt =max(N,, N, ..., N,), then
N~ < IVCSVNAAW A, (R, Ry, ..., ) < N (15)

Theorem 5: If 9t; < S; V j, then
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IVCSVNAAWA (e, Ry, ..., Ry) < IVCSVNAAW A (S, Sy, o, Sp) (16)

l u
][(Um LW, ]
W ekt |

l u
[xmmj, xmmj] .exp ag;’

Definition 7: Let %; = k. I 77 1,j=1.2,..,n be the finite family of
ox 1[%%@%%] [ ! u J[lpnm..w%m.]
D i xnmj,xnmj .exp i
IVCSVNVs. Then
§ (17)
IVCSVNAAOWAw(‘Rl, ERZ, ey ﬁtn) = Z(X]ml(])) = (wliﬁl(l)@zvziﬁl(z)EB @(D’nml(n))
j=1

Represented the IVCSVNAAOWA and noticed that @ = (@, @5, ..., w,)" with @w; € [0,1] and Yiwi=1
stated the weight vectors with A(j) < A(j — 1).

J|@hng @hhg, J| @by Pl [Whg g |\ .
Theorem 6: Let %; = < exp [ % E“1],[9cém,,9c},t‘m,].exp [ % ml],[x,ﬁm,,x,ﬁ‘m,].exp [ % ml]>,] =12,..,n
J J J J

be the finite family of IVCSVNVs. Then in the presence of the data in Equation (17), we discover the theory
in Equation (18), such as

n
IVCSVNAAOWA,, (Ry, Ry, ..., Ry) = Z(xjf“m)) =
j=1

3 3
— n A = .l _ n |_ o
1—exp <Zj:1)(1< 1n<1 me“/l(j)>> ) 1 —exp (Z,:l)(]( ln<1 Xmml(j))) )

1/;‘ 1/J

b 1/:\ by 1/)]
— Z'-l= X il —Ini 1—(ul . ) _<27.1= x il —1nl 1-wl . >

il1i—exp <1 1 ]< ( m%(n)) 1—exp j=1 1< < mmm)))
exp )

p) 1/2\ ) 1/]

|y A — l _[yn A — u
exp <Z’=1X’< m("““ﬂf)))) exp (ZF”{’( ln(x“mﬂj)))) (18)
= y *h

_<Z;l=1 Xj(_ln((péml(j) )>)> —<2;l:1 Xj(—ln<<ﬂyigzl(j) ))1>
exp ’

PN n A
- ¥ - l -y - u
exp (Z}zl%}( 1n<xnmz(j)>>> exp (Z}zl)(]( ln(xnml(j)»)

jlexp ,exp

WA WA
"<E7=1Xf<_ln<”’£‘m(j))) > _<Z?=1Xf<_1"<w%mz(j)>) >

jlexp exp

exp
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Furthermore, we derive the theory of idempotency, monotonicity, and boundedness of the theory in
Equation (18).

Theorem 7: If 9t; = N, then
IVCSVNAAOW A, (R, Ny, ..., Ry) = N (19)
Theorem 8: If 1~ =min(9N, N,, ..., N,) and N =max (9N, N,, ..., N,), then
N < IVCSVNAAOWAL (R, Ry, .., R,) < N (20)
Theorem 9: If 9t; < S; V j, then

IVCSVNAAOW A, (R, Ny, ..., N,) < IVCSVNAAOW AL (Sy, Sy, .., Sn) (21)

l u
[wmm.rwmm.]
[x,lngt VX ] exp TR

Definition 8: Let N = T . ,j = 1,2,...,n be the finite
[x}lm ,xam ] exp][(Pam Pag . ] [xn ’xn ] exp][lpnmj»wnmj]

family of IVCSVNVs. Then

n
. " , " (22)
IVCSVNAAHAw,X(iTtl,mz, ...,‘ﬁn) = z()(]SA(])) = (Xlsﬂ.(l)@XZSA(Z)@ @ XTLSA(TI))
j=1

Represented the IVCSVNAAOWA and noticed that @ = (wy, @5, ..., w,)" with @; € [0,1] and Yimwy =1
stated the weight vectors with S, = v Iy (j = 1,2, ...,n),(ﬁl(l),fl(z), ---'§/1(n))-

il ol u
[k i | exp][w’"‘“f 'w"““f],
Theorem 10: Let ; = o l ,j = 1,2,...,n be the finite
I J[‘Pum Pl ] J[lpnmj,lp%mj]
Xag, ,xagt .exp Xh, anm .exp
family of IVCSVNVs. Then in the presence of the data in Equation (22), we discover the theory in Equation
(23), such as
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n
IVCSVNAAHA 5 x(Ry, Ny, ..., My) = Z(X,-SM ) =
j=1

) 3
(o)) n o, )
1—exp <ZHX’< n<1 a0 ,1—exp R
n A 3 |
s ~n(1-0t 5 - in(1-w¥
rexp <Z]=1X]< 1 (1 miIQ(j)))) deexp <2]_1X]< 1 <1 miﬁl(j)))) J

A

—

(23)

1 1
N/ 3 /1]
s 5 -infwk L A (R (e}
<Z’=1X’< : (w"%(j)») exp (ZJ=1X1< : <¢”‘-“/1(f)>)> I

exp | !

jlexp

Furthermore, we derive the theory of idempotency, monotonicity, and boundedness of the theory in
Equation (23).

Theorem 11: If 9%; = N, then
IVCSVNAAHAL (Y, Ry, ..., N, = N (24)
Theorem 12: If i~ =min(N,, Ny, ..., N,,) and NT =max(Ny, Ny, ..., N,), then
N- < IVCSVNAAHAL (R, Ry, ..., N,) < NT (25)
Theorem 13: If %; < S; V j, then

IVCSVNAAHA (R, Ry, ..., Ry) < IVCSVNAAHAL(S1, S, e, Sn) (26)

5 | MADM APPLICATION FOR INVENTED THEORY

Then In this section, with the help of derived operators, we focus on evaluating the theory of the MADM
problem to enhance the worth of the invented theory.

Assume that the finite family of alternatives 9t;, 9,, ..., 9i,,, furthermore, for each alternative, we were

given a collection of attributes 97, N3, ..., Ny, with weight vectors @ = (wy, @y, ..., w,)T with wj € [0,1]

and Z}Ll @; = 1. Additionally, we arranged the data in the form of the matrix, called the decision matrix
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whose every item will be computed in the form of IVCSVN information, noticed that mg (), ag(E), ng ()

shown the grade of truth, abstinence, and falsity, where mg(t) =
AN u ilenl u
[ty (B, i, (O] exp/ [0 @0 ®) g (1) = [xL, (), 22, (B)]. expl¥aO#ia®] g ) =

[x4, (), x% ()] exp’ [Wha® O] Noticed that j = 214, with 0 < x (0 +x% (D) + x4 (B) <3and 0 <

0, () + @4, (B) + ¥, (B) < 3m. The simple form of IVCSVNV is stated by: 9%; =

l u
][wm »Wm, ]
l N N
[xmml)xmm ] exp J J ’
,J =1,2,..n. To resolve some practical

ilapl
][‘Puml,'ﬁﬂumi] [ I J[ll)nmj,w%mj]

1
[xam VX ] exp xnmj,x}{mj] .exp

problems, we presented the decision-making procedure, which is discussed below:

Step 1: We compute the matrix of decision-making by including the IVCSVN information, during the
construction of the matrix, we have two possibilities, if the data is cost type, then we normalized it with the
help of the below theory:

([xrlnmj,x#mj].exp o | [xam ,xam] expj[(p“m ol I:xnm ,xnm] expj[whmf'w%mfb benefit
Z=

J|Why Wi J| @l 0 J|@hg @y,
([xrllgtj' x%mj] -exp [ KA ] [xasn 'Xasn ] exp [ KA ] [xmm :xmm ] exp [ K ml]) cost
If the data is benefiting type, then we do to next step.
Step 2: Aggregate the data in a normalized matrix with the presence of the IVCSVNAAWA operator.
Step 3: Examine the value of the score function by using the aggregated information.

Step 4: Rank all the preferences based on the score values and evaluate the finest one.

5.11 MADM Application for Invented Theory

To select the director of the campus for any university, we considered five candidates which are applied
for the post of director Jt;, N,, N3, Ny, Ns. To decide which one is more perfect and more suitable for the
director of the campus based on the following four features such as: 9tj: Ph.D. degree, 9;: fifteen-year
experience, 9t3: more than twenty publications, and 9t}: personality. For Each feature, we have the following
weight vectors such as 0.3,0.3,0.1, and 0.3. To resolve some practical problems, we presented the decision-
making procedure, which is discussed below:

Step 1: We compute the matrix (see Table 1) of decision-making by including the IVCSVN information,
During the construction of the matrix, we have two possibilities, if the data is cost type, then we normalized

it with the help of the below theory:

([x}nmj,x}ﬁmj].exp][wmm wmm] [xa XY ] exp][%m %m] [xnm ,xnm] exp][wh‘“f'w%mi]) benefit
7 =

j wnm Wl | Py Py J|@hg g
([xrllmj,x}{mj].exp [ ] [xmﬁ ,xum] exp [ ] [xm ,xmm] exp [ J J] cost
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If the data is benefiting type, then we do to next step, but the data in Table 1 does not need to be normalized.

Table 1: IVCSVN decision matrix.

",
[0.61,0.71]. O 31, 0.61],) ([0.62,0.72 0 32,0.62], ) [0.63,0.73].[0.33,0.63],
]

[0.4,0.6].[0.5, 0.6],
[0.7,0.8].[0.1, 0.3]
%, /[0.1,0.3].[0.2,0.3],
[0.2,0.5].[0.2,0.3],
[0.1,0.7].[0.1,0.4]

N3 [0.4,0.5].[0.3,0.4], )

[0.41,0.61].[0.51,0.61] [0.42,0.62].[0.52,0.62], | [ [0.43,0.63].[0.53,0.63

[0.73,0.83].[0.13,0.63]

[0.11,0.31].[0.21,0.31], ) ([0.12,0.32 [0.22,0.32], ) [0.13,0.33].[0.23,0.33],
]

)

[0.71,0.81].[0.11,0.31]

n, /[0.6 07] [0306
[0.72,0.82].[0.12,0.32

[0.21,0.51].[0.21,0.31], [0.22,0.52].[0.22,0.32], | [ [0.23,0.53].[0.23,0.33
[0.13,0.73].[0.13, 0.43]

)

[0.11,0.71].]0.11,0.41] [0.12,0.72].0.12,0.42]

([041051 031041]) ([042052 [0.22,0.42],

[0.43,0.53].[0.33,0.43],
[0.13,0.23].[0.23,0.33]
[0.23,0.33].[0.23, 0.43]

[0.1,0.2].[0.2,0.3], )
[0.12,0. 22]) [0.23,0.33].[0.13,0.23

[0.2,0.3].[0.2,0.4]
N, [0.2,0.3].[0.1,0.2],

[0.11,0.21].]0.21,0.31] [0.12,0.22].]0.22,0.32]
[0.21,0.31].]0.21,0.41] [0.22,0.32].]0.22,0.42

[0.21,0.31].[0.11, 021]) ([0.22,0.32

)

]l
[0.3,0.4].[0.1,0.2], [0.31,0.41].[0.11,0.21] [0.32,0.42 ]
[0.4,0.5].[0.2,0.3] [0.41,0.51].[0.21,0.31] [0.42,0.52

s /[0.1,0.2].[0.4, 05]) ([011021] [0.41, 051]) ([0.12,0.22

[0.12,0.22] [0.33,0.43].[0.13,0.23
[0.22,0.32] [0.43,0.53].[0.23,0.33]

[0.42, 052]) [0.13,0.23].[0.43, 053],>
]

)

— =

[0.2,0.3].[0.5,0.6], [0.21,0.31].[0.51, 0.61], [0.22,0.32
[0.3,0.4].[0.6,0.7] [0.31,0.41].[0.61,0.71] [0.32,0.42

.[0.52,0.62] [0.23,0.33].[0.53,0.63
.[0.62,0.72] [0.33,0.43].[0.63,0.73]

)

—_

Step 2: Aggregate the data in a normalized matrix with the presence of the IVCSVNAAWA operator, see
Table 2.

Table 2: IVCSVN aggregated matrix

IVCSVNAAWA Operator
N, [0.6143,0.7144].[0.3143,0.6143
[0.4136,0.6136].[0.5136,0.6136
[0.7136,0.8134].[0.1130,0.3135

1]

e

1]

—_

N, [0.1147,0.3143].[0.2144,0.3143],
[0.2143,0.2134].[0.2134,0.3135],
[0.1130,0.7136].[0.1130,0.4136]

N, [0.4143,0.5143].[0.3143,0.4143],

— —

1.
[0.1130,0.2134].[0.2134,0.3135
[0.2134,0.3135].[0.2134,0.4136
n, [0.2144,0.3143].[0.1147,0.2144
[0.3135,0.4136].[0.1130,0.2134
[0.4136,0.5136].[0.2134,0.3135
N [0.1147,0.2144].[0.4143,0.5143
[0.2134,0.3135].[0.5136,0.6136
[0.3135,0.4136].[0.6136,0.7136]

1]

—_

1]

e

1]

—_

1]

—

1]

Step 3: Examine the value of the score function by using the aggregated information, see Table 3.

Table 3: IVCSVN score values

IVCSVNAAW A Operator

N, 0.53049
N, 0.29713
N, 0.30543
N, 0.28051
N 0.41389

Step 4: Rank all the preferences based on the score values and evaluate the finest one, such as

Ny >N >N, >N, >N,
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The finest optimal is 9t;. Furthermore, we compare the proposed work with some existing operators to
enhance the worth of the invented theory.

Data visualization of score values

0.6
0.4

0.2

Score values

BAl mA2 mA3 mA4 mAS

Figure 1: Displaying Data using Table 3

6 | COMPARATIVE ANALYSIS

In this section, we compare the invented theory with some existing operators by using the data in Table
1 under the consideration of various valuable prevailing operators. For this, we considered some prevailing
operators which are described as follows: Aczel-Alsina aggregation operators for IFSs [29], Aczel-Alsina
prioritized aggregation operators for IFSs [30], Aczel-Alsina geometric aggregation operators for IFSs [31],
Aczel-Alsina aggregation operators for z-neutrosophic sets [32], Aczel-Alsina aggregation operators for
CIFSs [33], Aczel-Alsina aggregation operators for SVNSs [34], and power Aczel-Alsina aggregation
operators for IFSs [35], but the above all theories are failed because they are not able to evaluate the theory

in Table 1 because these all information are the special cases of the invented theory.
7 | CONCLUSION

Using the theory of IVCSVN information and Aczel-Alsina aggregation operators, we derived the

following information, such as:

1. We evaluated the novel theory of Aczel-Alsina operational laws under the consideration of the
IVCSVN values by using the idea of Aczel-Alsina t-norm and t-conorm.

2. We derived the concept of the IVCSVNAAWA operator, IVCSVNAAOWA operator, and
IVCSVNAAHA operator, and examined or presented their major properties, such as idempotency,
boundedness, and monotonicity.

3. We demonstrated a MADM scenario in the availability of the derived operators for IVCSVN

information and illustrated various numerical examples.
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4. We show the practicality and supremacy of the presented theory by comparing the derived work
with some prevailing techniques.

In the future, we will derive some new ideas such as interval-valued complex single-valued

neutrosophic hesitant fuzzy sets and their extensions, and then we try to employ them in the areas of

decision-making, pattern recognition, and clustering analysis.
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