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Abstract: The main purpose of the paper is to introduce the notion of complex interval neutrosophic soft set
(CIVNSS) theory, which is the generalization of the soft set, fuzzy soft set, interval-valued fuzzy soft set,
interval neutrosophic soft set, etc. to describe the uncertain time-periodic phenomena in the form of an interval.
After that, some important properties, and operations on CIVNSSs have been discussed. Also, we study the
similarity measures on CIVNSSs. Then, an algorithm has been constructed by using the CIVNSS aggregate
operator. Finally, to show the impact of CIVNSS in solving real decision-making problems, an example, which
is suitable to the current theory, is chosen, which ensures the effectiveness of the proposed theory in group
decision-making problem.
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1. Introduction

Complex interval neutrosophic soft set (CIVNSS) is a new kind of soft set where the truth-membership
function, indeterminacy-membership function, and the falsity-membership function are replaced by
complex-valued functions in the form of an interval. It is the new way to handle parametric data in which
time-phase plays an important role to describe the incomplete, indeterminate, inconsistent, or contradictory
information systematically. The main feature in CIVNSS is the presence of phase and its membership in the
form of an interval. In the group decision-making problem, researchers realized that the time period is an
important factor along with the membership value so that decision-makers can make the real decision and it is
more reliable and more acceptable than the other existing theories in which there is no scope of considering
time-period. So, this new concept provides more scope for the decision-makers to make the real decisions with
more feasibility.

In a crisp set, there are only two choices for the belongingness of an object, and, for this, we use two bits i.e., if
an object belongs to a set, we assign 1, and for not belongs to we assign 0 for that particular object. There is no
other option regarding the belongingness of an object. But due to the uncertainty involved in real life, we cannot
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restrict ourselves with only two values. This leads to the introduction of the fuzzy set theory, by Zadeh [1] in
1965. By fuzzy set theory, we represent the uncertainty with the help of a membership function. Later on, we
realize that the non-membership value is also equally as important as the membership value to design the
vagueness. So, Atanassov[2] introduced another mathematical tool known as the intuitionistic fuzzy set. In an
intuitionistic fuzzy set, each object has membership value as well as non-membership value and they depend on
each other. Researchers use the concept of fuzzy set theory in different application areas and introduce new
theories and results. Later on, the fuzzy set has been extended by introducing an interval-valued intuitionistic
fuzzy set [3], an interval-valued fuzzy set [4], a Pythagorean fuzzy set and its application [5], multi fuzzy set[6]
,etc.

In the fuzzy set theory, the vague concept is handled by a membership function and its nature is extremely
individual. In reality, to measure the uncertainty there exist different possibilities so, setting up a membership
function is a difficult task. For example, to represent the concept of ‘middle-aged person’ we define the
membership function via a triangular form and a trapezoidal form of fuzzy membership function by setting up
the age limit in different ways. So, there is a problem to choose the best criteria fit for the middle-aged person.
So, there is a chance of getting different membership values for a single person. This difficulty of membership
function has been removed by introducing a soft set by Russian mathematician Molodtsov[7] in 1999. Soft set
theory handled uncertainty or vagueness differently by using the notion of parameterization. In soft set theory,
to define an object, no need to introduce a membership function. It can be applied in different fields including
game theory, social science, medical science, operation research, decision-making, pattern recognition, algebra,
etc. Parameters may not be always crisp, but maybe in fuzzy words so, such types of vagueness demand several
kinds of extensions of soft set theory which leads to the introduction of rough soft sets and fuzzy soft sets [8],
fuzzy soft set theory, and its application [9], intuitionistic fuzzy parameterized soft set theory and its decision
making [10], bipolar soft sets [11], hypersoft set[12] ,etc.

Incomplete information can be handled by the intuitionistic fuzzy set. But it cannot represent the indeterminacy
involve in the data. So, there is a demand for another tool that is capable of representing incomplete,
indeterminate, and uncertain information in an organized manner. This purpose is solved by introducing the
neutrosophic set proposed by Smarandache [13]. The nature of indeterminacy is different as it depends on the
problem so, researchers use this concept in various ways to tackle different essence of indeterminacy present in
real life. Neutrosophic set is the extension of fuzzy set, intuitionistic fuzzy set, interval-valued fuzzy set, and
interval-valued intuitionistic fuzzy set. For scientific implementation, we use a single-valued neutrosophic set
introduced by Wang et al. [14]. The neutrosophic set has several extensions and applications among which
some significant works are neutrosophic soft set [15], aggregate operators of neutrosophic hypersoft sets[16],
rough neutrosophic sets[17], interval neutrosophic sets[18], interval neutrosophic tangent similarity measure
based MADM strategy[19], bipolar neutrosophic sets and their application[20] , neutrosophic refined sets in
medical diagnosis[21], distance-based similarity measure for refined neutrosophic sets and its application[22],
an approach of TOPSIS technique for developing supplier selection under type-2 neutrosophic number[23], an
integrated neutrosophic ANP and VIKOR method for supplier selection[24], neutrosophic approach for
evaluation of the green supply chain management[25], group decision making model based on neutrosophic sets
for heart disease diagnosis[26], bipolar neutrosophic multi-criteria decision making framework for professional

selection[27], a novel intelligent medical decision support model based on soft computing 10T[28] etc.
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But in all the above discussions, there is one information gap. To make it clear we consider an example. In a
medical diagnosis problem, one person may have a variety of symptoms or attributes, or criteria. But in that
case, we do not consider the information ‘time duration of the symptom’ though, it is also necessary information
and should be considered together with the information’s, ‘belongingness level of a symptom’ or
‘non-belongingness level of a symptom” or ‘indeterminacy level of a symptom” for proper diagnosis of a
patient. To cover up such problem complex fuzzy set [29], complex fuzzy soft set [30-31], complex
intuitionistic fuzzy soft set [32], complex fuzzy logic [33], interval-valued complex fuzzy soft sets [34],
complex neutrosophic set [35], complex neutrosophic soft set [36],etc. are introduced.

Ramot et al. introduced complex fuzzy sets (CFSs) to ensure the accurate time-periodic representation of the
fuzziness behavior of the attributes to generalize the membership structure. The problems that are intrinsic in
CFSs can be handled with the help of complex intuitionistic fuzzy soft sets (CIFSSs) and complex vague soft
sets(CVSSs). Selvachandran et al. generalize the CFS model by introducing the interval-valued complex fuzzy
soft set(IV-CFSS). By combining the complex fuzzy sets and neutrosophic sets, Ali et al. developed complex
neutrosophic sets (CNSs). In 2018, Ali et al. [37] formulate an interval complex neutrosophic set (ICNS) and
apply it in decision making. To handle the parametric data, Broumi et al. [36] introduced complex neutrosophic
soft sets (CNSSs).

The main objective of this paper is to introduce the notion of complex interval neutrosophic soft sets
(CIVNSSs). CIVNSSs are formed by combining the interval-valued fuzzy sets (IV-FSs) and the complex
neutrosophic soft sets (CNSSs). CIVNSS is the extension of CNSS. The main objective behind the modeling of
CIVNSS is to provide a more general framework for time-periodic phenomena to ensure a more accurate
representation of uncertainty of three-dimensional information about the problem parameters and an
interval-based truth-membership, falsity-membership, and indeterminacy-membership structure. Moreover, we
study some operations and distance measures on CIVVNSSs. Finally, we use complex interval neutrosophic set
aggregate operators to solve real-life problems in real decision-making.

The main motivation behind the introduction of complex interval neutrosophic soft set has been furnished
below point wise:

e A soft set has been introduced to tackle parametric data in which the attributes associated with the
parameter attain only the values 0 or 1.

e Toovercome the issues which cannot be explained by a soft set, a fuzzy soft set is introduced where an
attribute can take any values that belong to the unit closed interval [0, 1].

e  The fuzzy soft set has been further extended by introducing an interval-valued fuzzy soft set and
intuitionistic fuzzy soft set. In interval-valued fuzzy soft set, a decision-maker may take the
membership value as a subset of [0,1] and in the intuitionistic fuzzy soft set, a decision-maker has a
scope to assign non-membership value along with the non-membership value with the condition that
their sum cannot exceed 1.

e Interval-valued fuzzy soft set and the intuitionistic fuzzy soft set has been extended further by
introducing interval-valued intuitionistic fuzzy soft set where the value of an attribute can be

represented by a pairwise interval in which the first interval is for membership degree and the second
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interval for the non-membership degree with the condition that the sum of their supremum cannot
exceed 1.

e A neutrosophic soft set has been introduced in which every attribute has three membership values and
each belongs to the interval [0,1].

e Interval neutrosophic soft set has been introduced to extend the notion of the neutrosophic soft set
where each membership value is a subset of [0,1].

e Sometimes time-period is an issue while solving decision making problem in real-world and such
problem cannot be solved by soft set, fuzzy soft set, intuitionistic fuzzy soft set, interval-valued fuzzy
soft set, neutrosophic soft set, interval-neutrosophic soft set ,etc. To eradicate such an issue, a complex
interval neutrosophic soft set has been introduced in the present literature. So, complex interval
neutrosophic soft set can be viewed as follows:

soft set < fuzzy soft set C intuitionistic fuzzy soft set / interval-valued fuzzy soft set— interval-valued
intuitionistic fuzzy soft set < neutrosophic soft set < interval neutrosophic soft set & complex interval

neutrosophic soft set.

The paper is organized in the following manner:

In section 2, we give a brief literature review that is relevant to the subsequent sections. In section 3, some
operations on CIVNSSs have been proposed. In section 4, similarity measures on CIVNSSs have been
discussed. In section 5, aggregation of CIVNSSs has been discussed. In section 6, an algorithm has been
constructed by using CIVNSS aggregate operators. In section 7, an application of the proposed algorithm has
been suggested. Finally, the paper is concluded in section 8.

2. Literature Review

2.1 Definition (Zadeh, 1965) Let X be a set of the universe. A fuzzy set on X can be defined as a set of
ordered pairs of the form given by,

A ={(X, Uy (X)): X € X}, where 4, denotes the membership function, and £, : X —[0,1].

2.2 Definition (Molodtsov, 1999) Let X be the initial universe set and E be the set of parameters and
P(X) denotes the power set of X . Then the pair (F, A)is called a soft set over X , where Ac E, and
F:A— P(X).

2.3 Definition (Atanassov, 1986) Let X be a fixed set and A be a subset of X . Then an intuitionistic fuzzy

seton X can be defined as a set of an ordered triplet of the form given by,
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A ={(X,,uA(X),;/A(X)) :Xxe X}, where u, and y, denote the membership function and
non-membership function respectively such that  z¢,, 7, : X —[0,1] ,and 0 < z¢, (X) +7a (X) <1.

2.4 Definition (Bustince, 2010) An interval-valued fuzzy set A onauniverse X isa mapping such that,

A" X — Int[0,1], where Int[0,1] denotes the set of all closed subintervals of [0,1] and the membership

of an element X € X is defined as 24, (X)=[14, (X), tx (X)].

2.5 Definition (Cagman et al., 2011) Let U be an initial universe and E be a set of parameters which are in

fuzzy words. Then the pair (F, Ej is called a fuzzy soft set (FSS) over U if F:E — P(U), where

P (U ) denotes the set of all fuzzy subsets overU .
2.6 Definition (Smarandache, 2005) Let U be an initial universe. A neutrosophic set N is an object having

the form N = {<X,TN (x), IN (x), FN (x)> ‘X eU } , where the functions T, I, F :U —] 0,1'[, denote the

truth, indeterminacy, and falsity membership functions, respectively and they must satisfy the condition,

0<T. (X)+ I (X)+ F. (X)£3+. For practical application, it is difficult to apply. So we define its
N N N

special form, called single-valued neutrosophic set (SVNS).

2.7 Definition (Wang et al., 2010) Let U denotes the space of objects with generic elements X €U . Then, an
SVNS on U is denoted by N and it is defined as N :{<X,T/\ (x).1 5 (x),Fa (X)>ZXEU}, where
N N N

T,1,F:U >[0,1].

2.8 Definition (Ramot et al., 2002) A complex fuzzy set(CFS) C” over a universal set U is defined by

taking complex fuzzy-valued membership degree (,ug (X))to each of the elements of U where,

yg(x)zag(x)eibg(x), i=J-1, ¥xeU.
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ag(X)e[O,l] is called the amplitude part and bg(X) €[0, 2] is called the phase part in the complex

fuzzy-valued membership degree _(X)of X.

2.9 Definition ( Thirunavukarasu et al., 2017) A complex fuzzy soft set (CFSS) over a universal set U is

defined as an ordered pair (F:Ej where, Fisa mapping defined as, FE— Is(U ) ;P (U ) denotes the

set of all complex fuzzy subsets of the setU .

Let, U ={X1,X2, ..... ,Xm} be the set of the universe and E={el,ez, ..... ,en} be the set of complex

fuzzy-valued parameters then, a complex fuzzy soft set (F , E) can be defined as follows

(FTEJ:{(ej,E(ej)j:Vej eE} ,Wherelé(ej)z{xllxlj,xz/ij, ....... X I % Ve €E

X5 is a complex fuzzy evaluation of an alternative X, over a parameter €;as, X; = psje'u”' , Where
pg €[0,1] is the amplitude part and Uy €[0,27] is the periodic part; S=1,2,.....,m and
j=12,... ,N . So, CFSS is a combination of a soft set (SS) with CFS by taking all the parameters in the
complex fuzzy sense in a soft set.

2.10 Definition (Broumi et al., 2017) Let U be an initial universe and E be a set of parameters, AC E , and
¥ , be a complex neutrosophic set over U for all X €U . Then, a complex neutrosophic soft set (CNSS)

7, over U is defined as a mapping 7, : E —>CN(U) , where CN(U) denotes the set of complex

neutrosophic sets in U and it is defined as
Ty ={(X,l//A(X)): xeE,w,(x)eCN (U)}
Where y/A(X):(aA(X)ei”“(x),ﬁA(X)eivA(X),é'A(X)ei”’*(x)) .y PBa0,€[01] ,  and

Un, Va0, €(0,27].
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*

2.11 Definition Let U be an initial universe and E be a set of parameters, AC E , and i/ , be a complex

interval neutrosophic set over U for all X €U . Then, a complex interval neutrosophic soft set (CIVNSS)

* *

Taover U is defined as a mapping 7A:E — CIVN(U), where CIVN(U) denotes the set of complex

interval neutrosophic sets in U and it is defined as

:A={(X,;A(X)j:Xe E,;A(X)ECIVN(U)},

Where

*

wa (%) = (@ (X)), By ()", 5, (x)e" ) , . B8, <[0,]] ,
a,(x)= [a'A(X),a“A(x)J - Bu(x)= [ﬁIA(X)’ﬂUA(X)] + Oa(X) =[5|A(X)’§UA(X)] and
HarVar @y €(0,27]

For more clarity we consider the following example:

2.11.1 Example Let, U ={X,, X,, X3, X, } be the set of developing countries under consideration, E be a set
of parameters that signifies a country’s time-dependent population indicators, and A={e e, e} cE,

where the parameters stand for €, =birth rate, €,=death rate ,and €, =immigration rate. Then we define the

CIVNS:s as follows

. . . . i .
[02,04]¢1067 [05,06]¢187 [03,05]e%47 \ [[05,08]¢%47 [03,0.4]e 3,[0.25,055]¢! 02
x ! | X2
V/A(el): ) izi i4i i5l . .
[0.2,05]e!%47 [0.1,0.2]e 3 [0.6,07]e 3 \ /[06,0.7]e 4 [0.45,0.65]e'%%" [0.7,0.8]'0>"
X3 , X4
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[0.25,0.75]¢'017 [0.4,06]'07 [0, o.g]ei% [0.1,03]¢'%27 [0.35,0.65] & [0.6,07]¢'057
x ! | *2
vale)- 27 4 27 37
[0305]e 3 [0103]e 3 .[06,08]e 3 | /[04,06]e 4 [065,075]e!057 [0.25,045]e10457
XS ‘ X4

. . . -57[ 37
<[0.25, 0.35]e'0'3”,[0.4,0.6]e'0'2”,[0.3,0.5]e'0'1”> [0.45,065]e © [0.3,06]e 4 [0.65,085]¢'047
. ,

i0.37 ig i2z Ed i0.37 i0.67
[0.7,0.8]e"""" [0.2,0.3]e 3,[0.8,0.9]e [0.5,0. G]e [0.35,0.65]e " [0.6,0.7]e

X3 X4

)
'//A(e3) =

*

Then the complex interval neutrosophic soft set 7a can be written as a collection of complex interval

neutrosophic sets of the form

x={onle) vate) vate)|

2.12 Definition Let us consider the two CIVVNSSs over the set of the universe U as follows:

*

A :{(X,J/A(X)JZXE E,l/;A(X)eCIVN(U)},

Where

*

‘//A(X)=<aA( ) g IBA( ) G ’5A(X)eiwA(X)) , p Pri 64 <[0,1]
ay(X)=[d' s (x),a' ()] Ba(X)=[B'a(X). 8°4(X)] . 4(x)=[8"a(x),5"4(x)] and
Un,Va, 0, €(0,27]

*

and 7g = {(x,y;B (x)) ‘Xe E,z/;B (x)eCIVN (U)} :

where
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*

e (%) (aB(x)eiﬂs<X>,ﬁB(x)eiVB(X>,5B(x)ein<X>) , g, By, 55 <[0,1]
O‘B(X)Z[O‘IB(X)’“UB(X)J ! ﬁB(X)Z[ﬁIB(X)’ﬂUB(X)] ’ 5B(X)=[5IB(X)’5UB(X)] and

Hg: Ve, @y € (0,27]

Then we consider the following:

* *

(i) 7aissaid to be an empty CIVNSS, denoted by 74, , if y, (X) =, forall XxXeU .

* * *

(ii) 7ais said to be an absolute CIVNSS, denoted by 74, , if y,(X)=U ,forall xeU .

* *

(iii) Ta is said to be a normal CIVNSS, denoted by Ta, if

aA(X):[l,l],ﬂA(X)=[1,1],5A(X)=[1,1]and Uy Va0, =21, forall xeU .

* * * * *

(iv) Tais said to be a CIVNS-subset of 78, denoted by 7a < 78, if forall XeU , l//A(e) Cy, (e),

that is the following conditions are satisfied:
ay(e)cas(e). Bu(e)< fBs(e). G4(x)=ds(x)
and 11, (e)< 15 (e).va(e)<vg(e). wp(e)<ay(e).

(v) Tais said to be equal to 7s, denoted by 7a = 7g, if for all XeU , Wa (e) =Yg (e), that is the

following conditions are satisfied:

a,(e)=ag(e). Ba(e)=Fs(e). Sa(X)=55(X)
and 11, (€)= 115 (€). v, (e) =vs(e), w,(e)=ws(e)
3. Operations on Complex Interval Neutrosophic Soft Sets

In this section, we discuss different sorts of set-theoretic operations on CIVNSSs.

* *

Let 7a and 78 be two CIVNSSs over the common universal setU . Then we define the following operations:

* * C
3.1 Definition Complement of 7 a is denoted by(mj and it is defined as:

Somen Debnath, Impact of Complex Interval Neutrosophic Soft Set Theory in Decision making By Using Aggregate
Operator



Neutrosophic Sets and Systems, Vol.45, 2021 227

(,;,A(X)jc :(§A(X)ei(Zﬂ'—#A(X)),(l_ﬂA(X))ei(Zﬂ'—vA(x))’aA(X)ei(zﬂ_wA(x)))

* C c >
It is to be noted that [[WA(X)) ] =ya(x)

3.2 Definition

Let,

;A ={(X,l/*/A(X)jIXE E,:/;A(x)eCIVN(U)},and

*

Tg = {(X,J/B (x)) X e E,z/;B (x)eCIVN (U)}

* *

be two IVNSSs over the common universe U . Then, their union is denoted by 7a U7 s and is defined as:

;CZTAOTB::{(X,I//A(X)OV/B (x)):XGU},where C=AuUB

(x,y/*A(x)J ifec A-B
:c (e)= (X,V/*B (x)] ifecB-A

* *

X (x)Uypg(x)| ifecAnB

Where

([ak(X) v aIB (x), auA(x) v ag (X)])el(ﬂA(X)UﬂB(X))

* *

va(x)Upg (x)= ([ﬁIA(X) v ﬁ||3 (), Bp(X) v fig (x)})e
])ei(a)A(X)ua)B(X))

i(v A (X)vg (X))

([5'A(x) A 81 (x), 8% () A S (%)

3.3Definition
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Let,

*

TA:{(X,I;IA(X)]:XEE,y;A(X)EC|VN(U)} and

*

Tp = {(X,QLB (x)} X e E,z;/B (x)eCIVN (U)}

* *

be two I\VVNSSs over the common universe U . Then, their intersection is denoted by 7 ()7s and is defined
as:

* * *

Tc=TA ﬂrszz{(x,z/;A(x)ﬁz;B(x)j: XEU},WheI’e C=ANB

(X,W*A(X)] ifec A—B
re(e)= (X,W*B(x)j fecB-A

* *

x,y/A(x)ﬂz//B (x) if ee AnB

Where

(|:0(!A(X)/\(ZIB(X),(ZUA(X)/\LZE()O )e ()N (X)

* *

wa()Nwg (x)= ([ﬁlA(x)Aﬁé(x),ﬂX(x)Aﬁg(X)})e
(H\(X)V5E<X>,5L‘\<x)vég(x>])e( Op(X)Ng (X))

X)Nvg(X))

4. Similarity measure of complex interval neutrosophic soft sets

Nowadays the concept of similarity measure has been used in almost all scientific disciplines. The Similarity

measure of two objects determines the degree of closeness or the degree of sameness between them. In many

different fields like pattern recognition, decision-making, disease diagnosis, etc. it has been used quite

successfully.
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Now considering U = {Xl, Xo s Xgyeeneny Xm} be the set of the universe and E = {el, €,,65,....., €, } be the set

of parameters where they are used in complex interval neutrosophic sense. Then, a mapping

& Zawnss (U)* Zawnss (U) = ([0,1],]0,1],[0,1]), where ypss (U ) denotes the set of all complex
interval neutrosophic soft set over the universe U , is said to be a similarity measure if it satisfies the following

conditions:

For all (PTE),(QTE),(RTE)G Zewss (U)
(i) S( , Q,E ] ([0.1].]0.1].[0.1])
(7

(i)

e i€ ) )
(e i) () %)

4.1 Ratio Similarity measure of two complex interval neutrosophic soft sets

Let (F: Ej and (G:Ej be two complex interval neutrosophic soft sets over U as follows:

(FTEJ:{[ej,F(Nej)}:VejeE}:{e ( /(p.f ”S',qu,e‘ij,rleei&:")):VejeE,xSeU}and
(G?Ej:{{ej,G(Nej)]:VejeE}:{ej,(xs/(ps o qCe v e SGJ)):VejeE,xSeU}
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Where pSFj ,quj , I‘SiF c [0,1] are the amplitude parts of the truth-membership, indeterminacy-membership

,and falsity-membership values respectively and ﬂ:j ,v:j ,5:_ €[0,27]are the respective phase parts of the

evaluation of an alternative X, concerning for to the parameter e over the CIVNSS(F, E]. Similarly, we

can write for(G?E) .

Since in every evaluation there exist two decision information to each membership value, one is amplitude part

another one is phase part. So, to measure the similarity degree between the two CIVNSSs
(F, Ej and (G, Ej , we have measured one similarity for the amplitude part and phase part individually and

then added them for deriving the total similarity.

4.2 Definition
The ratio similarity between (F,:Ej and (GTE) is denoted by SzR (( F,:Ej , (GTED and is defined

by the following equation:

- N JZ:;ngR F(ej),é(ej)
(Fe)ee)

Where
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Zn:max(min
2

(péf by ) min(ps“;, p’ ))+max(min(q;f al ),min(qs“;,q:f ))+min(max(rs';,

(min ( p;JF , pljs )+ min ( p:jF , ps“jG )+ min (q;T q;j’ )+ min (q;f , qS”J_G )+ max(rs'jF ,

1© TR
rsj ),max(rsj ,rsj ))
1° [T
rsj )-i-maX(l"sj ,I's_ ))

and w= {Wl, W,,

W, } are the weights of the parameters and each w; €[0,1].

If, Zr;:le =1, then the above equation takes the form as,

B: e (U)X 7o (U) %

() ] ] ) e

is the absolute complex
1

A

interval neutrosophic soft set over U .

(o) é{(Ff, EJ ,[F{, E] s ,[ka, E] J:(FTEl, where (FTE) is the null complex interval
0 0

0 0

neutrosophic soft set overU .
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(c) If, foralli =1,2,3,....,K, {Ff, Ej c [Gi:, E]then,

e[[pf,aj,[pzigj, ........ ,(Ff,EDsg[[ef,Ej,(Gf,Ej, ........ ,(Gk“,Ej],where

(Gf, E) , (G{, Ej, ........ , (GkN, E) be another k-CIVNSSs over U .

(F-“,Ejga((pf,Ej,[inEj, ........ ,[Ff,EDS[F;Ej v (F] e

worst(min-min-max-valued for amplitude part and min-valued for phase part) CIVNSS and (F*, Ej is the

best(max-max-min-valued for amplitude part and max-valued for phase part)CIVNSS over k-CIVVNSSs.

Now we consider the following tables for better understanding:

Tablel for absolute CIVNSS ( F:Ejf

o @URIp)e | (L) (L[] e
v (@URAp)e | (L) (L[ e™
o (@URIR)e | (L) (Lo [na])e™

Tablel. Absolute CIVNSS ( F?Ejr
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Table2  for null C|VNSS(F,~EJO<

&

&

X, ([0,0][0,0][0,0])e‘o” ([010][0’0][0’0])@0” ([010][0’0][0’0])@07[
% | ([0.0][0.0)0.0))" | ([0.0][0,0][0,0])e®| | ([0.0][0.0][0,0])e"
X ([0,0][0,0][0,0])e‘o” ([010][0’0][0’0])@0” ([010][0’0][0,0])ei0ﬁ

Table2. Null cwmss(F?Ejr

Table 3 for K-CIVNSSs

[[ Pl by Je [l g Je ]

isl
[ e

isl
10 Je

[[ Pl Pl Je% [l i Je%,

I

[[ ol o Je [ b, qp Je ]

[T N7
[r.no e

{[ Phy. P €% [ oy, 0y Je

I u],id%
|:r21’r21:|e 2

'J

[T P
[rzzrrzzJe “

{[ Pho. Py &% [ oy, i J€%,

1 ia?, 1 iB2,
[ P P, | [ o, o, €,
g2
|:r2In’ r2un:|elém
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Xm [ Phes P Je [ o, 0 e,

[ Pha Pra €. Oz, G, J€F

I u iok
|:rm2'rm2]e :

[ Pl Pl J& [ A Gy &7,

1 Lu iok,
|:rmn’rmn:|e

[T R P
[rmllrml]e '

Table3. K- CIVNSSs

Table4 for the best CIVNSS| F*, E

i 2 K

I 12 Ik ul u2 uk | imax(eqy.efqe0qy)

Xl [max(pu, PLL e PL1)s MAX(P11 . P11 LY )]e ‘”}1 “f1eny)
i 2 K

n o2 Ik ul u2 uk | imax(Bry. B s )

[max(qn,qﬂ, ..... 011) MaX(Gg 7 G 1o Ggp ):Ie L ,
i 12 K

.11 12 k, . ul u2 uk imax(8i,6 vy 7)

‘:mln(ru,rll s g ) MIN(RY  Rg e R ):'e 01:0f1 011

i 1 2 k
112 Ik ul u2 uk imax(, O )
I:max(pln, Pify s Pin ) MaX(Py s Pry oo Pan ):Ie “n%n - n)

uk ]eimax(/i}n,ﬁfn ...... ﬁlkn)v

112 Ik ul u2
max(Qqpy , Gy s Oy )y MAX(Gypy s Ay oo gy )

S 1 2 <k
imax(Sy Oy vever
I:min(rllnl, rllnz rllr:( ), min(rll:]l, rll:Iz, ..... rlt:]k )]e (1n 9 --In)

i 1,2 K
1112 Ik ul u2 uk | imax(azq,57,051)
X2 I:max(pﬂ, Po1s - Pp1)iMax(Pog, Pop s p21)]9 2121 21 )
i 1 52 K
112 Ik ul u2 uk ] imax (53,557 e yp)
I:max(q21,q21, ..... q21),max(q21‘q21,___vq21)}e 21721 21
i 1 o2 k
v k, . ul u2 uk 7 1Max(55q,097 .o 551)
[""”('21*'21v-~»- 01 ) Min(yy Ty 1o Ty ):'e 219211921

o2 Kk ulow2 k.7 imax(edyed..akp)
max(Papy, Popy s Pop ) MAX(Popy s Popy v Popy) [€ )
i 1 52 K
11 12 Ik ul u2 uk . imax(B5,.85n v £5)
I:max(qz,pqz,],..-,q2n),ma><(q2n,q2n,..__,qZH)}e 2n'P2n 20
i S K
P R k, . ul u2 uk ] iMax(85 .05 e S30)
I:mln(rzn,rznv vvvvv 'Zn)'m'"('Zn-"Zn"'“"'Zn)]e 2n%2n"%2n

X no Ik uou2 ok ] imax(adyafgemaly)
m MaX(P g+ g v Py ) MBX(Ppg s Py Pg) | @ '
o2 Ik ulou2 ik ] imax(Ahy AR
mMax(Q 1 Ay oo Qg ) MAX(A g2 A s Ay ) | € .
o2 kw2 k| imax(ohy 02 iy
mm(rml, g oo rml)' mm(rmlv g v rml) e

12 Ik ul w2 uk
maxX(Pyn+ Pmn - Pmn ) MaX(Pmp s P s+ Prn)

i 2 k
I 12 Ik ul  u2 uk imax(Shn,
[maX(qmn.qmn,..”.qmn)‘ maX(qmn‘qmn.m.,qmn)}e (fiin-Aiin /}mn)l
; g o2 ok
PP Ik . ul u2 uk imax(Smn ,ofin - 5
[m'“('mn"mn* ,,,,, rmn),mm(rrm.rm"..“,,rmn)]e (Smndfn »--dmn)

] ei max(almn ,a%n ...... amn

Table4. Best CIVNSS| F*, E

Table5 for the worst CIVNSS| F ™, E
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imin(ed. o2 k
N S ) k., . ul u2 uk ] imin(eqq.afy-eqy)
X1 I:mlﬂ(Pn, 1y P1)yMIN(PLL, Prp oo Prp ) € 11091111 i
imin( L 52 k
N I ) Ik . ooul u2 uk imin(B5, A7 e )
I:mm(qu,qu,.. 2 Gy1), Min(Gyy s Gy 1o Gy ):Ie Piv PPy ,

iminesl 52 sk
1112 Ik ul u2 uk ] imin(8iq,647 e yq)
["‘ax(ﬁl"m v 1 e MAX(R ] Ry i) [e O 010

11 12 Ik . oul o u2
m'"(pln' Pip e pln)'m'"(pln' T P1n )

" ]eimin(a}n ) ‘

2wk }eimin(ﬂlln,ﬂlzn, B

.11 12 Ik .o ul ou
mln(qln SO qln)‘ m|n(c|1n SO e Ogp )

1112 Ik ul u2 uk
max(Rp R o B ) MaX(Ry s Ry oo By ) [€

i""i"(‘slln ,612n """" ‘glkn)

imin(ad. o2 k
o112 k, . ul u2 uk 7 imin(ezq,a59 ahq)
X2 I:mm(pzr Pops e p21),mm(p21,p21_...,p21)]e 2v%2rm 2l
imi 2 gk
12 k., . ul u2 uk . imin(BL, B2 )
I:mln(qn,qu,...,q21),m|n(c|21,qu___,,qzl):le 21721 21‘
imin(sl. 52 k
112 Ik ul u2 uk 7] imin(831,657 1871)
I:"‘ax(fn,rﬂ,.. WT1) Max(fyg Ty 1T ) [ 21921021

oI 12 k., . ul u2 uk
min(papy . Py e Pop ) MIN(Pop s Popysoeees Py

2 K :Ieimin(ﬂ%n,ﬂzzn ...... pE

1112 Ik .ooulou
min(dzp . Ao s eees Ao ) MINA2  Aopy oo Aoy )

)J J min(agy @ )

u w2 uk]eimin(a‘%n,ﬁzzn ...... %)

1112 Ik
max(fyp, oy e T )y MaX(Fpp s Ty s oy )

X ICENE Kot w2 uk ] imintadgady eeaky)
m Min(P s Prg s Py ) MNPy s Py oo Pryg) | € .

oz k. ut w2 uk | imin(ghy A2 A
min(@1 Ay - Gg ) MIN(@ s Gpyg oo Gy ) [ € .

o2k ut w2 k] iminehy68g 08
MRX(Fg s Fng v oo g D MAX(Tg o g e g ) | @

12 u2

o1 Ik . oul uk
mln(pmn, Prmn s pmn)‘ mm(pmn, Pron s pmn)

12 u2

i Ik o ul uk
m'n(qmn +Amn - Amn ) m'"(qmn Y M. qmn)

] o min(edhn afn et

]eimin(ﬂ%nﬁ%n ..... An)

o2 Ik ulou2 k. imin(hn S e okin)
ton) [€

‘:max(rmn, [ "mn)‘ max(rmn, Ton 2100

Table5. Worst CIVNSS| F~,E

5.1 Complex interval neutrosophic soft geometric mean aggregation operator

Aggregation of some CIVNSSs produces a CIVNSS. We have introduced the geometric mean aggregation of

CIVNSSs.

et |FLELIEZE]...|F“E| be

k-CIVNSSs over a

universe

U and

k
W={W, Wy, W, } be K real numbers such that w; €[0,1], and Zi=1Wi =1. Then, the complex

interval neutrosophic soft geometric aggregation of k-CIVVNSSs is denoted by,

| FX.E ||, and is defined as follows:
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Bow (W, W ... ,Wk)((Ff,EJ,{F;,E], ........ ,(FfEn (F Ej

vy e e

i=1

We have the following properties:

@ Bow (W, Wy..... ,Wk)([Flz,EL,(F;,EL, ........ ,(F?ED:(FTEL where(Fijf

denotes the absolute complex interval neutrosophic soft set over the universe U .

(&) Bow (W, Wy ... ,wk)((Ff,EL,(F;,EL, ........ ,(Fk:,E]OJ:(FTEjm Where(F,zE)r

denotes the null complex interval neutrosophic soft set over the universe U .

©) If, foralli=12,....k, [F‘N, E] < (G‘N, Ejthen

where (Gl, E] ,(GZ, E], ......... (Gk , E] be another set of K-CIVNSSs over U .

ATEANNEN Vo

6. Construction of an algorithm by using complex interval neutrosophic soft sets aggregate operator

a

@ [Fe )< Bom (... Wk)&p
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In this section, a step-wise method is described by using complex interval neutrosophic soft sets aggregate
operators and it is useful and effective to deal with real-life decision-making problems.

Stepl: Input a set of m alternatives U = {ul,uz, ..... ,um} that have been defined by k-experts
D= {dl, d,,.....d, } concerning for to n complex interval neutrosophic parameters E = {el, €)reinnns en} :

Step2: Opinions of K-experts have been described by K-CIVNSSs

(F'N, Ej:{[ej, F(Nej )]:Vej € E}Z{ej,(xs /(p'steiwsF, ’q|;:jei|v§j ’rI;eiIEFJ )j:Vej €E,x. EU}

IF

Where p'SFj ,q'SF]_ g c [0,1] are the amplitude parts of the truth-membership, indeterminacy-membership

IF IF

,and falsity-membership values respectively and ﬂ'; ', s'" €[0,27]are the respective phase parts of the

Sj 5

evaluation of an alternative X  concerning for to the parameter €; over the CIVNSS(F, Ej :

Step3: Construct the best (Fﬂ E] and the worst (F", Ej CIVNSS over K-CIVNSSs.

Step4: Evaluate the approximate index PI (dI ) of an expert dI is given by,

(o))
(BRI

Step5: Measure the nearness index CI (d, ) of an expert dI is given by,

(el

k
Cl(d|):ZI¢I’,I/:1 | +1

Step6: Derive the preference rate w(dI ) of an expert dI as,

A
, where S indicates similarity measure.

P|(d|):
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, Where & denotes the linear product.

3 (R(d)®C (d))

Step7: Construct the collective CIVNSS ( F, E] from K-CIVNSSs which is derived by using complex interval

neutrosophic soft geometric mean aggregation operators as follows:

B (Wy Wy ,wk)((Fle],[Ff,Ej, ........ (FEJJ

Step8: Determined the combined weight of a parameter €; as follows:

* _ #
W. = Z(Wj)@)(l ﬂ)(wj) ,WhereW*-:%(Wl- AW ®........ ®W'j();

LY (A(w) e a-2)(w)))

o mgllen e e ) )f
' k(k-1 ) ) 1 . | 2 L 2 L
Zj:lZS’:l,S¢S’ {2((( ij - psj ):usj ) +((qu _qu' )Vsj ) +((rsj - rsj )551 )

.and A is the influence parameter such that A4 € [0,1].

Since, experts came from different environments along with different specialization, judgment powers, and
knowledge, so they may impose different weights on the associated parameters. |If
w = {Wl',w'z,wé, ..... ,Wr']} be the associated weights of the parameters given by an expert dI such that
ZLW} =1 ,and W'J 6[0,1].

Step9: Select the best alternative by determining the upper-alternative [ X j and the lower-alternative ( X ) as

follows:
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®qj
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- 7p1
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’C‘L) " ®('11 "11) Iélj) ((pgj

& (7
lj u
U(( pmj m') ®(qmj - qmj

)l

I’m i

u

|
~ T

)

7p2j

|;42J
e q21

qzj

vy I
e ® r2] r2j

S i 2 oivi T id]
=1le;.Pe"1,Qe"T Re'T |ve;cE

): " o(j - )e Is“)”((r’zj -py

u I\ 4 u 1

(( i mg)e o (d - )e

X =1¢€j Vinj Ul O
)e ®(rmj—rmj)e

I [y7e
u | Hmj u |
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g vios.
= Ej,EeNJ,Qe ~ Re ! Ve cE

)

u

Stepl10: Determine the separation level of (X j and ( X )as follows:
pI + pu ~ ~ 2 ql +qu ~ ~ 2
[W12®[[51251_ p1](/‘sl _ﬂsljJ ®[[ . 2 . —qu(v V%)]
X 1 PR, - Y ((d g -
ofs el oo S5
2

| u
® I’Sl -H’Sl
2
2

- roart -
VS) 8| =%
: 2

_;1](551_

................. +[Wn®[[ Al _p;j(usn-u;j] ®[[‘*2qq]( _v;n]T@(

RS

el

U |

N\

A'-Q'“
N
N———
©
~_
+
N
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Step11: Obtain the ranking index of an alternative X, by using the formula

D| =
Ii(xs): X 's=12,...m
p| % |+p| %
X X

The alternative having a maximum ranking index R will be selected as the best or optimal alternative for this

multi-expert decision-making. If more than one alternative has the same maximum ranking index, then, we will
select any one of them as an optimal solution.

7. An application on a financial problem

A trader wants to set up a car manufacturing company and the set of alternatives
U= {ul, u,,u;,u,, Ug, Ue} represent a set of six cars among which he or she has to choose any one of the
alternatives which fulfilled all the pre-assigned criteria. Selection of any one of the alternatives influenced by
the set of parameters E = {el, €,,6;, e4,e5} . Here, the parameters stand for land, labor, capital,
entrepreneurship, and raw material cost respectively. Now, a set of four experts denoted by
D= {dl, d,,d,, d4} have been assigned for monitoring the parameters to reach a common decision about
which a car manufacturing company is more likely to choose which have these parametric characters. Here, the
belongingness level of a parameter has been taken through the amplitude part (interval form due to the more
complexity involved in the problem which has neutrosophic nature) and the time duration of a parameter has
been taken through the phase part. All the data has been collected by the decision-makers on 20 consecutive

days. To express this data in the interval [O, 27[] , 27T has been taken here instead of 20 days.
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About of on this idea and by using the algorithm discussed in section6, the trader will be able to choose the best

alternatives and it is possible when all the decision-makers come to a common solution and it is possible due to

the aggregate operators used in the said algorithm. The calculation part is left for the readers as an exercise.

8. Conclusions

In this article, we first give the basic definition of complex interval neutrosophic soft sets and some basic

operations on them. We then discuss similarity measures on complex interval neutrosophic soft sets and their

aggregation. An algorithm has been introduced by using complex interval neutrosophic soft sets aggregate

operators. To apply the algorithm to the decision-making problem we give an application that shows the

algorithm can be successfully applied in financial problems. In the future, there is a scope to extend the notion

of complex interval neutrosophic soft set by introducing hypersoft set introduced by Smarandache [12] in 2018.

Also, the comlex interval neutrosophic soft set may be applied comprehensively in different fields such as

engineering, medical science, finance, game theory, computer science, decision-making,etc.
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