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Abstract. This article introduces the concept of the interval-valued complex neutrosophic fuzzy set, which
extends traditional neutrosophic sets to address challenges like uncertainty, inconsistency, and indeterminate
information. This specialized set blends complex fuzzy functions and real-valued fuzzy terms with phase ele-
ments. This article also discusses Hamming and Euclidean distances and proposes similarity measures based
on these distances. These measures are applied in a multi-criteria decision-making method within an interval-
valued complex neutrosophic fuzzy structure. Practical applications include ranking alternatives and identifying
optimal choices. Illustrative examples demonstrate its effectiveness in handling interval-valued complex neutro-

sophic fuzzy sets.
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1. Introduction

The paper begins with a historical context, acknowledging the seminal contributions of
Cardano (1501-1576), Euler (1707-1783), Gauss (1777-1855) and Caspar Wessel (1745-1818)
to the development of complex numbers and their representation. Then it talks about the evo-
lution of the classical set theory into the fuzzy set theory [1] marked by elements that possess
membership degrees. The subsequent introduction of non-membership functions was carried

out by Krassimir T. Atanassov and S.Stoeva [2] in the form of “Intuitionistic fuzzy sets”.
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Despite these advancements, the paper notes the persistence of challenges in handling inde-
terminate and inconsistent information, which led to the emergence of Neutrosophic sets [3],
characterized by truth, indeterminacy, and false membership functions. The limitations of
fuzzy sets and intuitionistic fuzzy sets in representing both attributes concurrently prompted
the development of Neutrosophic fuzzy sets in 2020 by Sujit Das et al [4]. For more details,
see [5], [6], [7]-

Further complexities in dealing with periodicity within uncertain data were addressed with
Complex fuzzy sets [8] in 2002, followed by Complex intuitionistic fuzzy sets [9], [10] in 2012,
extending these concepts to incorporate complex-valued non-membership grades. In 2015,
Complex neutrosophic sets introduced in [11], [12], addressed the challenge of handling indeter-
minate and inconsistent periodic information. Greenfield et al. [13] introduced a combination
of interval-valued fuzzy sets and complex fuzzy sets and developed interval-valued complex

fuzzy sets. Mumtaz Ali et al. [14] worked on the complex neutrosophic interval set.

The need for IVCNFS came from the necessity to effectively represent and manage com-
plex uncertainty in real-world scenarios. IVCNFS offers a powerful tool for this purpose by
incorporating several key features. First and foremost they allow for more refined represen-
tation of membership degrees through interval-valued membership, accommodating situations
where precise values are uncertain. Next, they enable the modeling of periodic or oscillatory

phenomena, which are common in real-world systems, through complex membership.

In many real-world scenarios, environmental and other natural situations exhibit dynamic
and uncertain characteristics. Consequently, the truth, falsity, and indeterminacy associated
with statements may be more accurately represented by intervals, rather than single values.
To address this, Wang et al. [15] introduced the concept of Interval Neutrosophic Sets (INS),
where degrees of truth, falsehood, and indeterminacy belong to intervals instead of assuming
specific numbers. Developing on this, Ye [16] defined the Hamming and Euclidean distances
between INS and developed similarity measures based on these distances. Furthermore, Tian
et al. [17] proposed a multi-criteria decision-making method (MCDM) that uses cross entropy
with INS.

Several studies explored multicriteria decision making (MCDM) using neutrosophic sets and
their alternatives. In [18], two distinct MCDM methods were developed and applied to an
investment problem using interval neutrosophic vague sets (INVS) and entropy measures by

Hashim et.al. Further research has focused on supplier evaluation, with Yazdani et. al. [19]
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proposing an enhanced sustainable supplier evaluation structure using multiple criteria and a
fuzzy neutrosophic model valued at intervals (IVFN). The interval neutrosophic optimization
and the sets of neutrosophic values (IVNS) were investigated in [20] by Khalil et al. The
application of these techniques extends to various fields, as demonstrated in [21] by Torkayesh
et. al., which examined the development of sustainable municipal waste management systems

by analyzing indicators of economic, environmental and social sustainability.

Furthermore, in [22], the authors explored the design of acceptance sampling plans based
on neutrosophic sets with interval values. In addition, in [23], Manshath et. al. introduced
operators on fuzzy neutrosophic sets with interval values and discussed their properties with
numerical examples. Distance measures for neutrosophic sets in intervals and their applica-
tion in ecological management were also introduced. The article emphasizes the importance

of using normalized distance measures for effective management decisions.

Notably, this paper highlights the absence of literature addressing similarity measures between
Interval Neutrosophic Sets (INS) and decision-making problems. In response to the challenge
of obtaining precise neutrosophic membership degrees in real-life scenarios dominated by vague
information, the paper presents Interval-Valued Complex Neutrosophic Fuzzy Sets (IVCNFS)
as a versatile and adaptable structure. This concept is positioned as an enhanced alternative
to Single-Valued Complex Neutrosophic Sets (SVCNS) and (INS), particularly in decision-

making scenarios where precision and accuracy are paramount.

Section 2 provides the basic definitions required for the present work. The definition of the
Interval-Valued Complex Neutrosophic Fuzzy Set, basic operations on it, and its properties
are discussed in Section 3. Section 4 introduces and analyzes similarity and distance mea-
sures, along with their properties. An approach to addressing multi-criteria decision-making
problems using these similarity measures with respect to the Interval-Valued Complex Neutro-
sophic Fuzzy Set is discussed in Section 5. Section 6 covers the computation of the similarity
measure between the ideal alternatives and individual options within specified time periods
and suggests the preferred options. The advantages and limitations of the proposed method

are discussed in Section 7.

2. Preliminaries

This section carries the definitions and statements of several theorems that are essential for

our research work.
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2.1. Neutrosophic set [3]

Let U be a space of points and [ € U. A neutrosophic set A in U is characterized by the truth,
indeterminacy, and falsity membership functions, which are denoted using 7', (1), 1, (1), F, ()

and defined by
A={{T, (1), 1,(1), F,(1) : L € U}.
The ranges of T, (1), I,(l) and F,(l) are real standard or non-standard subsets of |70, 1]
T,(0):1—=]70,1%],
I,():1—]70,17],
F.():1=]70,17],
There is no restriction on the sum of 7', (1), I, (l) and F, (1), but
0~ <supT,(l)+supl,(l)+supF,(I) <3 .

2.2. Complement of neutrosophic set [4]

The complement of a neutrosophic set A is denoted by A¢ and is defined as
A= {( e U, TH(), I5(1), F5(1))}-
where T4(l) =1 —=Ta(l) = Fa(l),15(1) =1 = 1a(1), F§(1) =1 — Fa(l) = Ta(l).

2.3. Subset of a neutrosophic set [4)]

A neutrosophic set A is said to be a subset of a neutrosophic set B if and only if
inf Ty(l) < infTg(l), supTa(l) < supTg(l), infIa(l) > infIg(l), supla(l) > supIp(l),
inf F4(l) > inf Fg(l) and sup F4(l) > sup Fp(l) Vi€ U

2.4. Neutrosophic fuzzy set [4]

To express uncertain, indeterminate and inconsistent information, an additional component
called indeterminacy with 07 < sup . (v) +supp, (1) +supp, (1) < 3%, VIe U was
proposed. Thus the Intutionistic Fuzzy set was made Neutrosophic by adding the component,

indeterminacy and it is denoted as

A= {MA(Z)7TA(Z7N)JIA(lvu)aFA(lvu) S [07 1],V le U}

2.5. Complex neutrosophic Set [11|]

By adding a complex-valued indeterminacy membership grade I4(l), to a complex in-

tuitionistic set, it is made complex neutrosophic set. Here Ta(l) = 7, (). a®W I (1) =
s, (D).e"aW F (1) =1t,(1).e“2a® where r,(1),s,(1),t,(I) € [0,1] such that

07 <1y () + 8, (1) + 1, () < 3*
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and

T, (1) + L) + Fy (D] < 3.

2.6. Complex neutrosophic fuzzy set [24)]

A complex neutrosophic fuzzy set A defined on a universe of discourse U is the one which
is characterized by a complex-valued fuzzy membership, truth, indeterminacy, and falsity

functions which are respectively denoted using p, (1), Ta(l, i), Ia(l, 1) and Fa(l,p),V 1 € U.

They are defined by p,(l) = qA(l).eiw“A(l), T,() = TA(Z).(BWTA (l), I,(l) = SA(Z).eiwIA .
0

w

and F,(l) = t,(l).e
fa (D)7 4(
and q, (1), 7, (1),5, (1), 1, (1) € [0,1]
50 <q, ()47, 0)+s,(0)+t,(1) <4t.

Fa>’ where the complex membership values of the amplitude terms

1),s,(1) and ¢, (1) and the phase terms wy, (l),wTA (l),wIA (l),wFA (1) are real valued
T

Thus the complex neutrosophic fuzzy set A is given by
A= {(Z’MA(Z) = Z,uvTA(lvN) = ZT’IA(ZMLL) = ZI’FA(Z’M) = ZF) :leU}

a (D) + Ty () + Lo p) + Fu (1 p)| < 4

2.7. Interval neutrosophic set [15]

Let us consider a space of points denoted by U, where the generic element in U is repre-
sented using [. Within this context, an Interval Neutrosophic Set (INS) A in U is defined by
three essential components: a truth-membership function T'4(1), an indeterminacy-membership
function I4(1), and a falsity-membership function F4(l), where
Ta(l) = [iInf Ta(l),supTa(l)], Ia(l) = [inf I4(1),sup 14(1)], Fa(l) = [inf F4(l),sup Fa(l)] C
[0,1] and 07 < sup py, (1) +supp, (1) +sup py (1) < 3t, VieUl.

3. Interval-Valued Complex Neutrosophic Fuzzy Set and Set Operations

3.1. Interval-Valued Complex Neutrosophic Fuzzy Set:

An interval-valued complex neutrosophic fuzzy set A defined in a universe of discourse U is
characterized by interval-valued complex fuzzy membership, truth, indeterminacy and falsity

functions:

pall) = [ao (0, g, (0D <D 1yt 0) = (0, )] e ) =
(5, (1), 5, (D)2 DRy 1) = 11, 0,1, ]8O D e v

These functions include both amplitude terms

9. (D), ¢, (D], [r (1), 7, (D], [ (1), 8, (D], [t (1), (D)] € [0,1] and phase
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terms [w, (1), w,, (D], [wr, (D), wg, (D] [w;, (1), @, (D], [wp, (1), wg, (D] € [0, 27]
with their component constraint that
0 < (D) + Tyl p) + L (G ) + Fy (L p)] < 47

This representation captures the intricate properties of the complex neutrosophic fuzzy set

with interval values A.

Z Z
pall) U = {Ze, Zya : Zye, By € C, | 2578 < 1}
Ta(l, 1) : U = {Zye, Zyu : Zpe, Zyu € C, | ZrEt2r) < 1)
Ta(l,p) : U = {Zpe, Zy = Zye, Zyu € C, | 22220 < 1y

Fall,p) : U — {Zpe, Zypu : Zpe, Zpu € C, | 222204 < 1} and

ZML+ZHM + ZTZ:;ZTM + ZIZ:;ZIZ’{ + ZFL;ZF‘U S 4

2
(or)

‘/‘A(l) +TA(Z>,U) +IA(Z7,U) +FA(Z7M)’ <4

Example 3.1. Let U = {uy, u2,us,us} be the Universe of discourse. Then, A be an interval-
Valued Complex Neutrosophic Fuzzy Set in U as given below.

[0.23, 0.3].ei[0'93’0'94}, 0.5, 0‘6]'61'[0.67,0.69]
) [057 0-7]-67;[0'5’0'54], [03, 0.4].€i[0'5610'58]

A=
U1
([0.3,0.4].6i[0'3’0'32, [0.2,0.3].¢il0-77:0.79] )
, [0.6,0'7]@@'[0.45,0.49] [O 12,0. 3 £il0.12,0.4]
i Y2
([0.48,0.87].€i[0'65’0'77 [0.3,0.3].¢10:00:32] )
,[0.8,0.9].€i0-11.017] 0,55, 0.6].¢i0-54.0.71]
! Y3
([0.6,0.61].6i[0‘5’0‘72 [0.14,0.15].¢10-1.0.15] )
,[0.54, 0.6].¢t0-39.0-88] 10,6, 0.5].¢t0-79,0.81]
n

Y4

3.2. Set operations on Interval-Valued Complex Neutrosophic Fuzzy Sets
3.2.1. Union and Intersection

Let A; and Ay be two Interval-Valued Complex Neutrosophic Fuzzy Sets. These are repre-
sented by
Ar =l pa, (D) = [Zyes Zan)s Tay (L p) = [Zpeys Zpun ]y Tay(bp) = [Ziey, Zpa ], Fay(lp) =
[(Zpey, Zpuy]) 1 1€ U} and
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Ay = {(lv A, (l) = [Z,u‘:2 ) Zu”2]7 TAz (l7 :U’) = [ZTL2 ) ZT“2]7 IAz(lv M) = [ZIL2 ) ZI“2]ﬂ FAz(l7 :u) =
[ZFz:Q,ZFuQ]) e U}

Their union and intersection are given by

Ay U As = {1 [t (0 s ), [T (1), Tyaa O, e (0, Laa (D), [Fye (1), Fopae(0)]) £ 1 € U}
A1 N Ag = {1, [pec (1), ppere (D], [Ty (1), Tyee ()], [Lysre (1), Lyez (0], [Fyec (1), Fype(1)]) : 1 € U}

where a*f = £1 U L2, a*¥ = Uy Ulda, b*£ = L1 N Lo, b =U; nUy . The Interval-valued complex neu-
trosophic fuzzy membership function, truth, indeterminacy and falsity functions of union and

intersection are given by
pgrc (1) = Hc1u£2(l) - [qﬁl (v a, (0)]. eilp () v uzﬂ(l)),
prota (1) = Py ouy (1) = [QMI () v Qu, (). ellm™ v mu(l)),

Tpoe (1) = Tppie, () = ey () V re, (D). 1750V BED),

— tLiuL,
T (1) = Tog, 0ty (1) = [rea, (1) V rgy (D] 05O v THD)
Lpc(l) = Ieyug, (1) = [s2, (1) V sz, (1)]. e“0) v BED),
Lpar(l) = Ty, (1) = [0, (1) V s, (1)]. O v BHD)
Fouc(l) = Fryue, (1) = [te, (1) Vit g, (1)]. efF50 v RED)
Fpac(l) = Fuyous (1) = [tuy (D) V ty ()] /O v RED)
pee (1) = peancs (1) = lac, (1) A g, (D). e “O A it @)
iy (1) = tseey (1) = g, (D) A gy, ()] €000 A 2 0),
Tye(l) = Ty g, (1) = [, (1) A, (D). €/TEO ATED),
Tyai(l) = T,y gy, (1) = [, (1) Ay, (1)) €710 A THD)

Le() =1, . ()=s ()] ¢hEM) A BED),

L£1NLo

ORI
Ty (D) = Tyt (1) = [s2 (1) A sy (1)), /0O A BHD)

Fypec(l) = Frong, () = [te, (1) Ate, (1)]. P50 A BED)
Fyae(1) = Fyruty (D) = [tu, (1) Aty (D] dE17O A RHD)

where

Velan Kalaiyarasan and Krishnan Muthunagai, Navigating Economic and Agricultural
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e = Whg, o m = Weygy s pa® = Wi, ptt = Wiy s

T1[' = wTﬁ N Tlu = wTul s TQL: = wTﬁg s Tgu = wTM2 s

Ilﬁ :w1517 Ilu :wIZ/ﬁ’ Igﬁ :wI£2, Izu :wlu2,

Flﬁ :wF£17 Flu :wFul, FQE :wF£2, Fgu :wFuz’
and

ei(u1=(l) v #2£(l))7 eilui”() v #2“(1))7 HTE () v Tzﬁ(l))’ (MU v T2M(l))7
eiIie (1) v 125(1))’ eI (1) v 121’{(5))’ (P15 () v F2£(l))’ P () v qu(l))’

eiuic() A /12£(l))7 eilui() A Hz”(l))7 HTE () A TQL(Z))7 (T (1) A TY (1)

)

LA A D) (MDA YD) Gi(FED) A RED) - Gi(BYQ) A FHQ),

are the reformulated versions of the amplitude and the phase terms respectively, V and A

signify the maximum and minimum operators.

3.2.2. Properties

Let A1 and As be two Interval-Valued Complex Neutrosophic Fuzzy Sets in U with complex-

valued interval fuzzy membership, truth, indeterminacy and falsity functions

A= AL g, (05 g, D) [T, (0T, DL, (0 Ly (D) [F, (0, F, (D] L€ UY,

and

Ag = {1 [pe, (D)5 gy, (D] [T, (D, Ty, D], [, (D) Ly, D, [, (D), By, (D] 2 1€ U,

respectively. The Union and Intersection of the Interval-Valued Complex Neutrosophic Fuzzy
Sets A; and Ay denoted by A1 U Ay and Ay N Ay can be expressed in terms of their associated
function:

Y {((aﬁ,au), (aﬁ,ai’), (af,azf), (aﬁ,aﬂ;’)) : aﬁ,au,ai,ag,af,al;’,aﬁ,azﬁ €

L L L L U 121 u u
(a +az+a; +zzF)+(a +a . +a] +aF)

C,

< 4,[a”|,lazl, laf], lag], la*], |a], |a¥], |a¥] < 1}

)L (5, ), (b=, B4, (b5, B4, (b5, B4)) < b1 0M b, b4 b5 B4 bE b e C,

17771 [ s AR S SR AR 2

L L L L U U U U
(b2 +bE +b* +bF);(b Y BB

{((cE M), (& ),(cf,c%’),(cﬁ ) :cﬁ,cu,cg,cu ek M cﬁ,clg eC,

T F’°F T 17717

< A, [V bz (o7 ] fog] (o, o (0 0] < 1} —

(cE el el el ) (M +d)
2

< 4, [eE, [ | [eE ] | M), [ ML | M) | ) < 1}

where (a,b,c,d)*Y, (o', ¥, ¢, d)VH, (o AV (a6 " d"EM are the  complex-

valued interval fuzzy membership, truth, indeterminacy and falsity membership functions of
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Ay, A, A1 U As and A N As respectively. Hence by assigning complex values to ¢, we have
VieU.

¥ ([Mﬁ1 (l)a Mty (l)]v [:U'C2 (l)nu’lb (l)]) = [Na*ﬂ (l)nufa*“ (l)] = [Z,uc, z,u“]?
¢ (T2, (1), T, D), (T2, (1), Teay (1)) = [Towe (1), Tyt (D] = (272, 2qu],

¥ ([Iﬁl (l)7 Tu, (l)]v [Iﬁz (l)7 Tu, (l)])

Il
~

[
—~
o~
~—
~

a* s Lo (l)] - [ZIE,ZI(/{],

¥ ([F£1 (l)v Fuy, (l)]’ [FEQ (l)v Fuy, (l)]) = [Fa*ﬁ(l)7 Fa*u(l)] = [ZFﬁﬂ ZF“]?
and
¥ (Luﬁl (l)7 Mty (l)]7 [/’LLQ (l)a Hito (l)D = ['ub*ﬁ (l)7 Hp=ut (l)] [Z;fa Z;Z/L{]

¥ ([TC1 (1)7TU1 (l)]7 [Tﬁz(l)7TU2(l)]) = [Tb*ﬂ (l)va*“(l)] = [ZT‘:7ZT“L
@ (e, (D), Iy, (D], Lo (1), Lty (D)]) = [Lyee (1), Ly ()] = 272, 27u],
@ ([F, (1), Fuy (D], [Fro (1), Fuy (D)) = [Fyee (1), Fpu(D)] = [2pz, 2pul,

Here the function must be following axiomatic condition in [11]

3.2.3. Complement
Let A = {(L, [ (D), (D], [T (1), Tu (D], (1), Tu (D],

[Fac(l), Fau(l)] : 1 € U} be an Interval-Valued Complex Neutrosophic Fuzzy Set in U. The

complement of the Interval-Valued Complex Neutrosophic Fuzzy Set A denoted by ¢(A), can

be expressed as follows.

c(A) = {0 = pe), 1 = pe (D), [Fe (), Fu (D], [1 = Le(l), 1 = Ty (1),
[Tac(l), Tav (D] : L € U},
where

cluc(l), puy (D] =1 = pe(l), 1= pe(D)], e[Te (), Tu(l)] = [Fe(l), Fu(l)],

eI (D), u(D)] = 1 = I1c(1), 1 = Iy (D], e[Fe (1), Fu(D)] = [T (1), Tu(l)].

The phase terms are

1), wu ()] =27 — wpp (), 27 = wpy, (1) (e (D)5 wi, (1) (or) [wpe (1) + 7, wyy, (1) + 7]
(1), 21 — wry, (1)), (wr (1), wry, (1)) (or) [wp, (1) + 7, wry (1) + 7]
C[(wfa(l)7 Wiy D] =@2r _wlﬁ(l)7 2m _wlu( )) (wlﬁ( )7 w[u( )) ( ) [wfz:( ) +, wfu(w +7T]

cl(wr (1), wr, (D] =@ = wr (1), 2m — wr, (1), (Wre (1), wry (1) (or) [wr (D) + 7, wry, (1) + 7).
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3.2.4. Composition

Let us consider two Interval-Valued Complex Neutrosophic Fuzzy Sets A; and A, on U with

[, (1), 1y (D) = [z, (1), quy (D)0 5O,
[Tz, (1), Tot, (1)) = [, (1), 724, (1) 7T OTED),
Ty (D), Ty (D] = [52,(1), 50, (1)] D5 ODED),

[Py (1), Py (D] = [ty (1), tag, (1)) /5O D)

and
[Mﬁz (l)a 1207 (l)] = [QL’2 (l)v qu- (l)].ei(uzc(l),ugu(l)),

(Tea (1), Toay (D] = e, (1), gy ()]0,

L2, (1): Tty (D] = [, (1) s, (D)2 1250,

(e (), Fuay ()] = [t (1), tagy (). /PO

The complex interval-valued fuzzy membership, truth membership, indeterminacy membership

and falsehood membership functions of the product of the interval-valued complex neutrosophic

fuzzy sets Ay and Ay denoted by A; o Ay are

e 0y 0 = { (02,0 00,0 0, 00,

()15 (1), (3t (1) }

[T yoey (D) Ty, (D] = { (Ire, () - reo (D], ru (1) - rus (1))
(TTEQ TE )T (1) T3 }
)

)

Ly oo () ()] = { (Is2 1) - s2a@] T (1) - 5200 (D)

ez’((Ifﬁ(Z).I;ﬁ(l ), (LU ()34 (1

oz, D Fryaus, (D] = { ([t () - o (D], [ty (1) - tua (1)

A (FFEW-F3EW),(FrY ()-FsU (1

Velan Kalaiyarasan and Krishnan Muthunagai, Navigating Economic and Agricultural
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where
/LTE = W“gl/%’ MTM = w“ul/%’ /6[: = w‘“ﬁz/%’ 'UJSU - w““z/%’
Tl*ﬁ = WT£1/27r ’ Tl*u = wTul/?.fr ’ TQ*E - wTﬁz/% ’ T;M - WTZ/Q/Q’r ’
Iikﬁ = WI£1/27r ’ Iiku = wful/% ’ I;L - w1£2/27r ’ I;u - wIU2/27r ’
F1*£ = WFgl/QW ’ Fl*u = wFul/% ’ FQ*E - wFlig/%r ’ F;M - wFU2/27r ’
Propositions:

e Let By, Bs, B3 be Interval-Valued Complex Neutrosophic Fuzzy Sets on U. Then

) BN (Bl UBQ) = By,
11) (Bl U BQ)C = B{ N B§,
)

(B1 N By)¢ = B{U BS,

(1) (B1UBg) = (B2U By),

(2) (B1 N By) = (BN By),

(3) (BLUB1) = B,

(4) (BLNBy) = B,

(5) By U (B2 U B3) = (B; UB3) U Bs,

(6) By N (B2 N Bs) = (By N By) N Bs,

(7) B1U (B2 N B3) = (B UB2)N (B UB3),
(8) B1N (B2 U B3) = (B1 N By)U (BN Bsy),
(9) B; U (B; N By) = By,

(

(

(

(

13) (BS)C = By.

e The Interval-Valued Complex Neutrosophic Fuzzy Set B; U By is the maximal set that
encompasses both B; and Bs.

e The Interval-Valued Complex Neutrosophic Fuzzy Sets Bi N Bs is the minimal set that
encompasses both By and Bs.

e Let By and B3 be the Interval-Valued Complex Neutrosophic Fuzzy Sets defined on U. Then
By C By <= B$ C BY.
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4. Application

Expanding on this, we aim to demonstrate the practical applications of the defined Interval-
Valued Complex Neutrosophic Fuzzy Sets (IVCNFS). We intend to illustrate how these funda-
mental properties of IVCNFS can be effectively used in addressing real-world challenges and

integrating this concept into forthcoming problem-solving scenarios.

4.1. Similarity Measure on IVCNFES

In this section, we apply the proposed Multiple Criteria Group Decision-Making
Method(MCGDM) discussed in [4], [16]. This section addresses the topics of Hamming dis-
tance, normalized Hamming distance, Euclidean distance, normalized Euclidean distance, and
similarity measures within the context of interval-valued complex neutrosophic fuzzy sets.

Let the three Interval-Valued Complex Neutrosophic Fuzzy Sets

By = {l [ig, (), g, (W) [T, (1), Ty ()] U, () Ly, ()],
[Fe, (L), By, ()] L€ U,
By ={l, [u£2(lz),uu2( s [T, ), Ty, ()], U g, ()5 Ly, ()]
[, ()] =1 e U},
)
)

=
N
o

2

{l [:U’LS (ll 7“143( )] [TLS (4 )7Tz/13 (L )] [IL3 (L )7Iu3 (l')]v
[F, (L),

be defined over the universe U = {l1,l2,[3,...l,}. The following definitions describe several

3'11

W) 1€},

distance measures between B; and Bs.

Definition 1. Let By and Bs be two Interval-Valued Complex Neutrosophic Fuzzy Sets. The
Hamming distance between By and Bs is defined by

di(Bi, Bs) = é > [|M£1 (L) = poey, L]+ Ny, (L) = gy, )| + | T (L) = T, (W) + [T, (1)

l,eU

T, U+ 1L, (Gi) = Loy ()l + [y (1) = Ly, (1) 4 [y (1) = F, (L))
"HFul (ZZ) _Fu2 (ll)’ (1)
Definition 2. The normalized Hamming distance between B; and B, is defined by

Qo(Br, Bo) = = 3 [lte, 06) = ey ()] + g, ) = sy ()] + T2, (1) = T 09
l;ieU

Ty, (L) = T, W)+ [ () = Ly ()| + Ly, (L) = Ly, (1) 4 [F (1) = F, ()]
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+|Fy,, (L) — Fy, ()] (2)
Definition 3. The Euclidean distance measures between By and Bs is defined to be

8

d5(B1, By) = [1 S oty (05) = oy ()PP + i, (1) = gy () 2 + T, (1) = T, (1) 2
l,eU

+IT,, (L) = T, (1) + |1, (L) = I (L) [* + L, (L) — L, (1) + | F, (L) — F (1)

1/2
HE (1) - (P ®
Definition 4. The normalized Euclidean distance measures between B; and B, is given by

1
(81 B2) = | g 3 [ 0 = ey (O 4 g ) = g 00+ [T, (0) = T, )P
lL,eU
T, 1) = Ty (1)1 4 1 () = Loy ()12 4 1Ly, () = Ly (1)1 4 [ F, (1) = ey ()]
1/2
+HE () - By (1] @
4.2. Properties

The distances dj, (k = 1,2, 3,4) defined above between interval-valued complex neutrosophic

fuzzy sets B; ,Bo and Bj satisfy the following properties (D1-D4).

(D1) di(Bf, Bf) 2 0, dy(BY, BY) = 0;

(Dy) d.(Bf,B) =0 <= BF=DB%, dp(BY,BY)=0 <= BY =DBY

(Ds) d(Bf, By) = di(Bf, Bf) and dy,(BY, BY) = di.(BY', BY');

(Dy4) If BF C B C B and BY C BY C BY where Bf and BY are IVCNFS in U.
Then dy (B, Bf) > di(Bf, BS), di(Bf, BY) > di(Bf, Bf) and

dy(BY, BY) > dy,(BY, BY), di(BY, BY) > di(BY, BY).

(or)

(1) dx(B1, B2) < di(B1, Bs)

(2) di (B2, B3) < di(B1, Bs).
It is a well-established fact that similarity measures can be generated from distance mea-

sures, as documented in references [25], [26], [27]. Hence, we can utilize the proposed distance
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measures to formulate similarity measures. The inherent relationship between similarity mea-
sures &1(B1, B2) and G3(Bi, B2) and Interval-valued complex neutrosophic fuzzy sets By,Bs

and Bs are as follows:

(1) 0 < S(B1,B2) <1

(2) 6x(B1,B2) =1 < B; = Bs

(3) 6k(B1,B2) = 6x(Ba, By)

(4) If By € By C Bs,Bs is IVCNFS in U, then &(Bi,Bs) < 6y(Bi, Bs) and

G,(B1, B3) < G(Bs, Bs), where [BF, BY] € By, [B%, BY] € By

Clearly, & (B, Bg) (for k = 1,2) increases the degree of similarity between B; and Bs.

5. Multi Criteria Decision-Making

In this section, using the similarity measure to the MCDM method, we present an approach
to addressing multi-criteria decision-making problems with respect to an Interval-Valued Com-
plex Neutrosophic Fuzzy Set using these similarity measures.

Let B = {By, Bg,...B,,} represent a set of alternatives, and L = {l1, 12, ...l,,} represent a set
of criteria. Assume that the decision-maker considers the criteria L;(for j = 1,2,3,...n), and
alternative B; (for i = 1,2,3,...m) characterized by the following Interval-Valued Complex
Ntrosophic Fuzzy set (IVCNES).

Bi ={lj, 1y, (1), Ty, (1), 1, (), Fp (1) |l; € U}
={L lpg, @)l Vg, UL (T, (U [T, A T, (U 1L, () (T E, (251
|Fy, ()] - 4 € U}
where
{ps, (1) € (e, G pa U1 Ty, (L) € ([T, U)s | Tu ()1 Is, () € [z (1)1,

|Iui(lj)|]7 FBZ» (l]) € [|F£¢(lj)‘7 |Fuz(l])|]} c[0,1],

0< :U’Bi(lj) + TBi (l]) + IBZ» (l]) + FBi (lj) <47F
(or)
|:uBi (lj) + TBi(lj) + IBi (lj) + FBi(lj)‘ <4
Vi e Ui = 1,23,.n and j = 1,2,3,..m. The Interval pairs |up,(l;)] €
e @)1 T ()1 T ()] € [Tz, ()1 1 Tae, ()1 M ()] € (e, ()]s [ ()], 1B ()] €
[ Fz, ()], | Fu,(1;)]] are denoted by an Interval-Valued Complex Neutrosophic Fuzzy Value

(IVCNFV) ,,. These values are usually derived from evaluating an alternative B; with respect
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to a criterion L; using a scoring method and practical data processing. Consequently, we can

construct an Interval-Valued Complex Neutrosophic Fuzzy Decision Matrix

D = [v,;lmxn-

The ideal point is to determine the optimal alternative in multi-criteria decision making en-
vironments. Although the ideal alternative doesn’t manifest in the real world, this concept
provides a variable theoretical framework for the evaluation and comparison of alternatives.

In general, evaluation can be broadly classified into two categories: benefit criteria and cost
criteria. Let X represent the set of benefit criteria, and Y represent the set of cost criteria.
In the decision-making method presented here, the ideal alternative can be ascertained by
employing a maximum operator for the benefit criteria and minimum operator for the cost
criteria, which helps us to determine the optimal value for each criteria across all alternatives.
We define an ideal Interval-Valued Complex Neutrosophic Fuzzy Value (IVCNFV) for benefit

criterion within the ideal alternative B* as follows:
v = 1 0, DT 1T, T H L L F 2L )

{1 g D1 g 75 a7, i 20 min )
bmin(| 1) min(| )] [+ € X,

while for a cost criterion, we define an ideal (IVCNFV) in B* as

= (U1 0 U5 1520 051 4, 4 52

o

J

{[mln(!m] ), min (|5 1)), fmin (175, min(1T5))], fmaxc(| 5], max(| )],

*L *U .
(| max ()] e -

Therefore, utilizing equations and , we define two similarity measures between an alter-

native B; and the ideal alternative B* as follows:

n

* 1 * * * k *

&1 (B ,Bi):l—%Z |Nj£—ﬂz‘ﬁj|‘1'|Mju—lﬁ%‘|+|7}L—E§\+|7}u—Tg|+|Ij£—Ii§|

j=1
* *L L *

HIGH = I+ | S = Bl + [ - F (5)
1 n

Sa(B", ) [811 (15— P s 2 4 T8~ TEP + 1T~ TP 13— 1P
j=1

1/2
LY — TP+ |FfE — BSP2+ |FY - P
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To assess each alternative in comparison with the ideal alternative, we can establish a rank-
ing order for all alternatives and identify the best one by utilizing the similarity measures
61(.8*, BZ) and 62(3*, Bl), (’L = 1, 2, m)

6. Illustrative Examples

Two instances have been covered in this section. Example recommends a seed selection
that helps the farmer consistently make money, whereas Example assists the investor in
identifying the preferable option.

In the example below, we have computed the similarity measure between the ideal alternatives
and individual options, and we have, within specified time periods, suggested the investor’s

preferred option.

Example 6.1. Let’s consider an investor who intends to invest in a corporation. Initially,
the investor has chosen five corporations based on their periodic profit and loss trends. The
investor’s selection depends on specific criteria, namely: Risk (C1), availability of green mate-
rials (C2), availability of labor (C3), market demand (Cy) and production quality (C5). These
criteria are applied to five different industries:

1. Automobile industry (I), which exhibits good profits for three to four months.

2. The food manufacturing industry (/2), which shows good profits for two to five months.

3. Electronic manufacturing industry (I3), with good profits occurring for six to seven months.
4. Oil industry (1), where good profits are observed for six to eight months.
5

. Pharmaceutical industry (I5), which experiences good profits for five to nine months.

The company evaluation and criteria data were collected from Ref [4].
Tables 15| contain the similarity measures between five industries and five criteria.
The ideal alternative (company) is computed from Tables as

b*= ([0.0631, 0.0794], [0.4419, 0.0978], [0.0000, 0.0109], [0.0000, 0.0109]), ([0.1263, 0.0652]
,[0.0631, 0.0326], [0.0084, 0.0362], [0.0126, 0.0223]), ([0.1578, 0.0936], [0.0758, 0.1114], [0.0000,
0.0000] ,[0.0000, 0.0000]), ([0.2904, 0.0826] [0.2525 ,0.0783], [0.0342 , 0.0794], [0.0105, 0.0326]),
([0.1263, 0.0908], [0.1263, 0.0794], [0.0100, 0.0227], [0.0151, 0.0340] ).

The similarity measures between the ideal alternative and each individual alternative are com-

puted as follows.

S1(bx,I}) = 0.94466, &, (b, 1) = 0.94395,&(bx, I3) = 0.95438,&1(bx, I,) =
0.94521, &1 (b*, I5) = 0.94776,
So(b,I;) = 0.90251,&y(bx,I,) = 0.90043,So(bx,I5) = 0.91961, So(bx, I;) =

0.90454, So(bx, I5) = 0.90354.
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TABLE 1. Evaluation of Companies in accordance with the criteria

Ch
I, ([0.017, 0.038], [0.042, 0.066], [0.017, 0.038], [0.008, 0.028])
I, ([0.020, 0.060], [0.020, 0.050], [0.027, 0.080], [0.008, 0.020])
Iy ([0.063, 0.033], [0.442, 0.098], [0.000, 0.011], [0.000, 0.011])
L ([0.021, 0.056], [0.053, 0.089], [0.021, 0.067], [0.011, 0.033])
s ([0.050, 0.079], [0.035, 0.074], [0.010, 0.023], [0.030, 0.091])

) )

TABLE 2. Evaluation of Companies in accordance with the criteria

Cy
I, (0.008, 0.028], [0.008, 0.025], [0.008, 0.038], [0.025, 0.066])
I ([0.000 ,0.025], [0.000, 0.015], [0.011, 0.036], [0.028, 0.078])
Iy (0.126, 0.065], [0.063, 0.033], [0.189, 0.065], [0.189, 0.098])
I ([0.000, 0.011], [0.008, 0.011], [0.042, 0.089], [0.013, 0.022])
Is ([0.012, 0.023], [0.010, 0.023], [0.025, 0.051], [0.024, 0.074])

) )

TABLE 3. Evaluation of Companies in accordance with the criteria

C3
I ([0.025, 0.066], [0.017, 0.047], [0.004, 0.009], [0.007, 0.019]
I ([0.020, 0.080], [0.027, 0.090], [0.000, 0.000], [0.010, 0.020]
I; ([0.158, 0.071], [0.076, 0.027], [0.063, 0.043], [0.126, 0.054]
L ([0.051, 0.094], [0.074, 0.111], [0.021, 0.056], [0.000, 0.000]
Is (0020, 0.057], [0.030, 0.079], [0.025, 0.045], [0.020, 0.068])

)
)
)
)

TABLE 4. Evaluation of Companies in accordance with the criteria

Cy
I, ([0.025, 0.056], [0.017, 0.047], [0.042, 0.084], [0.017 0.038])
I, ([0.027, 0.070], [0.020, 0.060], [0.044, 0.096], [0.034, 0.045])
)
)

I3 (]0.290, 0.083], [0.253, 0.078], [0.265, 0.092], [0.158, 0.033]
Iy (]0.040, 0.072], [0.021, 0.063], [0.057, 0.089], [0.011, 0.039]
I ([0.020, 0.057], [0.015, 0.045], [0.034, 0.079], [0.035, 0.068])
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TABLE 5. Evaluation of Companies in accordance with the criteria

Cs
I ([0.008, 0.019], [0.008, 0.019], [0.013, 0.028], [0.042, 0.075])
I, ([0.010, 0.030], [0.010, 0.030], [0.027, 0.050], [0.024, 0.075])
I; ([0.126, 0.038], [0.126, 0.033], [0.126, 0.049], [0.253, 0.085])
I ([0.005, 0.011], [0.005, 0.011], [0.053, 0.089], [0.026, 0.067])

I;  ([0.050, 0.091], [0.040, 0.079], [0.010, 0.023], [0.015, 0.034])

Consequently, in both similarity measures, the ” Pharmaceutical industry” seems to be
the preferred choice for investment within the specified time periods. Figures and
illustrate the results obtained in Example (6.1)).

Example 6.2. Consider a farmer who intends to select a seed for farming within a specific
period. The farmer has initially chosen six seeds, taking into account their periodic profit and
loss, which is influenced by the prevailing environmental conditions. Additionally, the farmer
has identified nine criteria for seed selection: Sunlight (C4), Soil fertility (C2), Humidity (C3),
Fertilizer (Cy), Pesticides (C5), Pollination (Cg), Atmosphere (C7), Genotype (Cs) and Weed
control (Cy). The six selected seeds are Flax Seed (s1), Chia Seed (s2), Ground Seed (s3),
Sesame Seed (s4), Pumpkin Seed (s5) and Sunflower Seed (sg). Tables
provide the similarity measures between these six seeds and the nine criteria. The data em-
ployed for calculating similarity measures between the six seeds and nine criteria have been

sourced from: https://www.agrifarming.in, https://greenplanet.eolss.net and some
of articles Ref[ [28], [29]].
The ideal alternative (seeds) is obtained from the tables as

b*= ({0.0003, 0.0389], [0.0003, 0.0379], [0.0003, 0.0316], [0.0006, 0.0526]), ([0.0010, 0.0905],
[0.0011, 0.0894], [0.0002, 0.0263] [0.0001, 0.0158]), ([0.0010, 0.0874], [0.0010, 0.0854], [0.0003,
0.0301], [0.0001, 0.0151]), ([0.0399, 0.0838], [0.0416, 0.0828], [0.0133, 0.0341], [0.0055, 0.0195]),
([0.0472, 0.0842], [0.0472, 0.0947], [0.0101, 0.0263], [0.0034, 0.0105]), ([0.0597, 0.0840], [0.0615,
0.0821], [0.0103, 0.0241], [0.0080, 0.0193]), ([0.0003, 0.0316], [0.0002, 0.0263], [0.0000, 0.0032],
[0.0001, 0.0473]), (]0.0012, 0.0968], [0.0012, 0.0989], [0.0000, 0.0053], [0.0000, 0.0053]), ([0.0539,
0.0947], [0.0532, 0.0979], [0.0168, 0.0368], [0.0007, 0.0074])).
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TABLE 6. Evaluation of Seeds in accordance with the criteria

Ch
I ([0.00017, 0.02630] [0.00017, 0.02841] [0.00026, 0.03157] [0.00081, 0.07681])
I, ([0.00031, 0.03893] [0.00031, 0.03788] [0.00044, 0.04209] [0.00067, 0.06734])
] [ ] 1)

I3 ([0.00015, 0.02841] [0.00023, 0.03157] [0.00073, 0.06313] [0.00055, 0.05261

I, (]0.00022, 0.02946] [0.00019, 0.02736] [0.00058, 0.05261] [0.00073, 0.06313]

( )
I ([0.00031, 0.03683] [0.00031, 0.03157] [0.00087, 0.07365] [0.00102, 0.08418))
I ([0.00028, 0.03157] [0.00026, 0.03051] [0.00044, 0.05261] [0.00073, 0.06313))

TABLE 7. Evaluation of Seeds in accordance with the criteria

Co
I, ([0.00070, 0.06734] [0.00084, 0.06839] [0.00047, 0.04524] [0.00016, 0.02630])
I ([0.00073, 0.07365] [0.00090, 0.07786] [0.00076, 0.06734] [0.00015, 0.01578])
Iy ([0.00097, 0.09049] [0.00109, 0.08944] [0.00017, 0.02630] [0.00045, 0.04735])
[0.00073, 0.07365] [0.00080, 0.06839] [0.00077, 0.06839] [0.00031, 0.03683]

( )
I ([0.00093, 0.07891] [0.00092, 0.07681] [0.00049, 0.04524] [0.00036, 0.04735))
([0.00102, 0.08418] [0.00105, 0.08733] [0.00061, 0.06734] [0.00012, 0.01578])

TABLE 8. Evaluation of Seeds in accordance with the criteria

C3
I, ([0.00073, 0.06030] [0.00063, 0.05527] [0.00029, 0.03015] [0.00036, 0.04522])
I ([0.00003, 0.00804] [0.00003, 0.00925] [0.00087, 0.07035] [0.00106, 0.09145])
([0.00087, 0.07035] [0.00065, 0.06532] [0.00079, 0.06532] [0.00031, 0.03517])
L ([0.00065, 0.06532] [0.00073, 0.07035] [0.00051, 0.04522] [0.00029, 0.03015])
([0.00001, 0.00301] [0.00001, 0.00255] [0.00036, 0.03517] [0.00099, 0.08542])
s ([0.00097, 0.08743] [0.00105, 0.08542] [0.00061, 0.05427] [0.00012, 0.01507])

The values in each square of the tables above indicate the growth factor of a seed over a
specific period under a given criterion. The similarity measures between the ideal alternative

and each individual alternative are computed as follows:

Gi(bx,51) = 0.9878, Sy(bx,s9) = 0.9849, &1(bx,s3) = 0.9891, Sy(b,s4) = 0.9870,
61(b*,$5) = 0.9830, Gl(b*,SG) = 0.9928.
Ga(b*,s51) = 0.9819, Ga(bx,s2) = 0.9758, Ga(bk,s3) = 0.9833, Ga(b*,s4) = 0.9795,

S (b, s5) = 0.9732, Gy(bx, s6) = 0.9870.
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TABLE 9. Evaluation of Seeds in accordance with the criteria

Cy
I, ([0.02219, 0.04873] [0.01387, 0.04385] [0.01332, 0.03411] [0.02774, 0.05847])
I, ([0.01443, 0.03801] [0.01165, 0.03801] [0.02330, 0.05262] [0.02497, 0.05360])
I3 (]0.03329, 0.06822] [0.03606, 0.07309] [0.02219, 0.04873] [0.00832, 0.02436])
L ([0.02330, 0.05457) [0.02219, 0.04873] [0.02497, 0.06334] [0.01942, 0.04385))
( ]
( ]

I5 [0.01110, 0.02924] [0.01387, 0.03411] [0.01387, 0.04385] [0.02774, 0.05847])
Ig [0.03995, 0.08381] [0.04161, 0.08283] [0.02219, 0.06822] [0.00555, 0.01949))

TABLE 10. Evaluation of Seeds in accordance with the criteria

Cs
I, ([0.04042, 0.07365] [0.04379, 0.08944] [0.02358, 0.04735] [0.00606, 0.01578]
I, ([0.04379, 0.07891] [0.03705, 0.07891] [0.01684, 0.03683] [0.00674, 0.02630]
I3 ([0.04716,, 0.08418] [0.04716, 0.09470] [0.01011, 0.02630] [0.00337, 0.01052]
L ([0.01347, 0.03157] [0.01011, 0.02630] [0.03705, 0.06839] [0.03908, 0.07891]
s ([0.02358, 0.04735] [0.02358, 0.04735) [0.04042, 0.07365] [0.01347, 0.03157))
Is  ([0.03369, 0.06313] [0.03705, 0.06839] [0.03032, 0.05787] [0.01684, 0.03683)])

)
)
)
)

TABLE 11. Evaluation of Seeds in accordance with the criteria

Cs
( [0.03063, 0.05465] [0.03063, 0.05465] [0.02858, 0.04708] [0.01701, 0.02943]
( [0.02878, 0.04204] [0.02518, 0.03687] [0.02230, 0.03850] [0.02518, 0.04506]
Is  ( [0.02929, 0.05375] [0.03083, 0.04633] [0.03468, 0.06023] [0.01927, 0.03243|
(
(
(

)
)
)
[0.05970, 0.08399] [0.05970, 0.08206] [0.02388, 0.03862] [0.00796, 0.01931])
[0.05713, 0.06950] [0.06153, 0.07413] [0.01758, 0.03243] [0.01758, 0.03243])

[0.05164, 0.06758] [0.05594, 0.07241] [0.01033, 0.02414] [0.02582, 0.03862])

Pumpkin Seed is selected for crop cultivation based on the results obtained from both
similarity measures. It stands out as the most profitable crop choice, delivering the highest

potential profit. Figures and illustrate the results of Example (6.2]).

A farmer may make money from a crop only during a particular season. The aim here is to
find a crop that will help farmers make money in a continuous way. The similarity index has

been calculated to achieve this and the example above is an illustration.
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TABLE 12. Evaluation of Seeds in accordance with the criteria

Cr
I ([0.00001, 0.00316] [0.00002, 0.00263] [0.00005, 0.00473] [0.00012, 0.10311])
I, (0.00001, 0.00210] [0.00001, 0.00158] [0.00001, 0.00316] [0.00109, 0.08944])
([0.00003, 0.00526] [0.00003, 0.00421] [0.00003, 0.00421] [0.00093, 0.08102])

([0.00029, 0.03157] [0.00022, 0.02630] [0.00006, 0.00737] [0.00076, 0.06629])
Is  ([0.00000, 0.00053] [0.00000, 0.00026] [0.00004, 0.00631] [0.00090, 0.07681))
([0.00006, 0.00842] [0.00003, 0.00526] [0.00003, 0.00316] [0.00051, 0.04735))

TABLE 13. Evaluation of Seeds in accordance with the criteria

Cs
I, ([0.00105 0.09259 ] [0.00109, 0.08944] [0.00051, 0.04735] [0.00003, 0.00526])
I, ([0.00073, 0.09470] [0.00121, 0.09785] [0.00022, 0.02630] [0.00004, 0.00737]
I3 (]0.00093, 0.08207] [0.00095, 0.07891] [0.00055, 0.05051] [0.00036, 0.03683]
([0.00029, 0.03157] [0.00022, 0.02630] [0.00006, 0.00737] [0.00076, 0.06629)])
s ([0.00095, 0.07891] [0.00093, 0.08207] [0.00058, 0.08418] [0.00016, 0.02315])
Is  ([0.00109, 0.08944] [0.00103, 0.08838] [0.00051, 0.04735] [0.00013, 0.01684])

)
)

TABLE 14. Evaluation of Seeds in accordance with the criteria

Cy
[0.04177, 0.08207], [0.04379, 0.07891], [0.01684, 0.03683], [0.00674, 0.02630]
0.04716, 0.08628], [0.04783, 0.08733], [0.02358, 0.04735|, [0.00674, 0.01789

(

(I 1l 1 I [ ]

([0.04783, 0.07681], [0.04110, 0.07681], [0.03099, 0.06839], [0.00808, 0.02841]
s, ([0.04042, 0.08418], [0.03773, 0.08207), [0.03032, 0.05787), [0.00876, 0.02315]

(I 1 )1 I [ ]

(I ) | 1 I ]

0.04716, 0.08944|, |0.04649, 0.08733], [0.02358, 0.04735], |0.00606, 0.01789

)
)
)
)
)
0.05390, 0.09470], [0.05322, 0.09785], [0.01684, 0.03683], [0.00067, 0.00737])

6.1. Results and Discussion

In Example of the pharmaceutical industry, the output indicates that the Interval-
Valued Complex Neutrosophic Fuzzy Set appears to be the preferred investment choice within
specific periods of the year. In Example , pumpkin seeds are chosen for crop farming
throughout the year, emerging as the most profitable option with the highest potential for
profit.
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7. Merits and limitations of the proposed approach

The proposed approach using IVCNFS offers significant advantages in terms of representing
complex uncertainty and improving the precision of decision making. This enhanced repre-
sentation of uncertainty can lead to more informed and accurate decision-making in complex
scenarios. Furthermore, the use of IVCNFSs has the potential to improve the accuracy of
solutions compared to existing methods. The versatility of this structure allows for its poten-
tial application across various domains. However, it also presents certain limitations, such as
increased computational complexity, challenges in parameter selection and interpretation, and
potential data requirements. The successful application of the proposed approach may require
sufficient and reliable data to accurately estimate the parameters and membership functions
of IVCNFSs.

8. Conclusion

In our present work, we have extended complex neutrosophic fuzzy sets (CNFSs) into
interval-valued complex neutrosophic fuzzy sets (IVCNFSs). To assess the practical applica-
tions in real-time scenario, we apply IVCNFS and multivariable decision-making. The results,
illustrated through relevant examples, serve to validate the effectiveness of our approach and
also we have defined the Hamming and Euclidean distances, along with the proposal of sim-
ilarity measures tailored for IVCNFS. These measures have been developed by establishing
a connection between similarity measures and distances. Additionally, we have applied these
similarity measures in the context of multicriteria decision-making within the Interval-Value
Complex Neutrosophic Fuzzy structure. This approach involves an evaluation of the similarity
between each alternative and the ideal alternative. By utilizing these similarity measures, we
can effectively determine the ranking order of all available alternatives and identify the most
suitable one. To illustrate the practical utility of our approach, we have provided two examples.
The proposed similarity measures for IVCNFS demonstrate their suitability for real scientific
and engineering applications. Moreover, these techniques extend the existing decision-making
methods and offer a valuable tool for decision-makers. In future, we will continue to explore

the application of these similarity measures for IVCNF'S to various other domains.
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