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Abstract. The primary focus of this manuscript comprises three sections. Initially, we discuss the notion
of an interval-valued intuitionistic neutrosophic soft set. We impose an intuitionistic condition between the
membership grades of truth and falsity such that their supremum sum does not exceed unity. Similarly, for
indeterminacy, the membership grade is in interval from the closed interval [0,1]. Hence in this case, the
supremum sum of membership grades of truth, indeterminacy, and falsity does not exceed two. We present
the notion of necessity, possibility, concentration, and dilation operators and establish some of its properties.
Second, we define the similarity measure between two interval-valued intuitionistic neutrosophic soft sets. Also,
we discuss its superiority by comparing it with existing methods. Finally, we develop an algorithm and illustrate
with an example of diagnosing psychiatric disorders. Even though the similarity measure plays a vital role in
diagnosing psychiatric disorders, existing methods deal hardly in diagnosing psychiatric disorders. By nature,
most of the psychiatric disorder behaviors are ambivalence. Hence, it is vital to capture the membership
grades by using interval-valued intuitionistic neutrosophic soft set. In this manuscript, we provide a solution in
diagnosing psychiatric disorders, and the proposed similarity measure is valuable and compatible in diagnosing

psychiatric disorders in any neutrosophic environment.
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1. Introduction

Zadeh [35] coined the notion of a fuzzy set (F'S) to the world. In FS theory, the membership
grade of each element in a set is specified by a real number from the closed interval of [0, 1].
Later, Atanassov [3] defined the notion of an intuitionistic F'S (IFS) as an extension of FS. In
IF'S theory, the elements are assumed to posses both membership and non-membership grades

with the condition that their sum does not exceed unity. Also, Atanassov [5] established some
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properties of IFS. Both FS and IFS theories have significant roles in handling decision-making
problems. But in today’s decision-making scenarios, the primary focus of the decision-makers
(DMs) is to select the best option under different precise or imprecise criteria. DMs may fall
short of adequate level of knowledge of the problem in cognitive terms and therefore have
difficulty in selecting the right object. This difficulty is overcome by the use of the notion
of neutrosophic set (NS), which is characterized by the grades of truth, indeterminacy and
falsity membership for each element of the set. Smarandache [27] presented the concept of NS.
DMs applied this concept widely to show the importance of truth, indeterminacy, and falsity
information on which humans handle the decisions. Wang et al. [30] defined the concept of
single-valued NS (SVNS) with the restricted conditions for the membership grades to facilitate
the real-life applications and to overcome the constraints faced in neutrosophic theory. We cite
some recent developments of IF'S, NS theories, and also on similarity measures (SMs) below.
Beg and Tabasam [7] introduced the concept of comparative linguistic expression based on
hesitant IFSs. Anita et al. [2] developed an application to solve multi-criteria decision-making
(MCDM) problems using interval-valued IFS of root type. Jianming et al. [22] defined the
concepts of weighted aggregation operators in neutrosophic cubic sets (NCSs) and provided
applications in MCDM. Majid Khan et al. [24] presented the notions of algebraic and Einstein
operators on NCSs and developed an MCDM application based on these operators. Hashim
et al. [20] introduced SMs in neutrosophic bipolar FS with a purpose to build a children’s
hospital with the help of the HOPE foundation. Chinnadurai et al. [15] presented the concept
of unique ranking by using the parameters in a neutrosophic environment. Chinnadurai and
Bobin [16] used prospect theory in real-life applications to solve MCDM problems. Saranya
et al. [25] introduced an application for finding the similarity value of any two NSs in the
neutrosophic environment by using programming language. Broumi and Smarandache [9]
developed SMs using Hausdorff distance. Liu et al. [23] introduced the concept of SMs using
Euclidean distance. Chahhtterjee et al. [13] presented various concepts of SMs in neutrosophic
environment. Shahzadi et al. [26] diagnosed the medical symptoms using SVNSs. Hamidi and
Borumand [19] developed the concept of neutrosophic graphs to analyze the sensor networks.

Smarandache [28] studied the concept of soul in psychology by using neutrosophic theory.
Christianto and Smarandache [I7] reviewed the concept of cultural psychology as one of the
seven applications using neutrosophic logic. Chicaiza et al. [14] studied the concept of emo-
tional intelligence of the students using neutrosophic psychology. Abdel-Basset et al. [I] used
cosine SMs in bipolar and interval-valued bipolar SVNS to diagnose bipolar disorder behaviors.
The domination of NS and SVNS in psychology is clear from the above-cited works. Hence,
in this research, we enlighten the concept of neutrosophic theory in the field of psychology.

In general, the psychotherapist considers that each person holds a mental structure called the

V. Chinnadurai and A. Bobin, Interval Valued Intuitionistic Neutrosophic Soft Set and its
Application



NeutrosophicSetsandSystems,Vol.41,2021 217 ]

self, which acts as an origin of personality. Winnicott [33] introduced the concept of true self
and false self. He applied the thought of true-self to sense out the individual’s aliveness or
conceiving real. True-self is always be in part or hidden completely. The notion of false-self
acts as a defense mechanism to protect the true-self by hibernating it. He explained that
the behavior of a person in society is a gentle and self-conscious attitude because of the de-
fense mechanism of false-self. In brief, we can establish the separation of true and false self
on a continuum between the normal and the pathological behaviors. There always exists a
doubtful amount of unconscious substance that pertains to the whole of the self. The above
statements explain the need for an intuitionistic neutrosophic set (INS) to deal with this new
concept. We cite the literature review of INS and its role in decision making below. Bhowmik
and Pal [§] presented the concept of INS and studied its properties. Broumi and Smaran-
dache [10] defined the concept of intuitionistic neutrosophic soft set (INSS) and established
some of its properties. Both INS and INSS have a significant role in handling decision-making
problems. They defined the restricted conditions as i) the minimum of membership grades
between truth and indeterminacy to be less than or equal to 0.5, ii) the minimum of member-
ship grades between truth and falsity to be less than or equal to 0.5, and iii) the minimum
of membership grades between falsity and indeterminacy to be less than or equal to 0.5, such
that the sum of membership grades of truth, indeterminacy, and falsity cannot exceed two.
Let us consider an example N = (0.4,0.7,0.6). Now according to INS definition, we have
min {0.4,0.6} < 0.5, min{0.4,0.7} < 0.5 and min {0.6,0.7} ¢ 0.5 but satisfies the condition
0<0.4+0.7+0.6 <2. It is evident that the given example is not an INS. However, the DM
may have a situation where the membership grades of falsity and indeterminacy are greater
than 0.5. Similarly, let us consider another example A" = (0.7,0.8,0.3). According to INS def-
inition, we have min {0.7,0.3} < 0.5, min {0.8,0.3} < 0.5 and min {0.7,0.8} £ 0.5 but satisfies
the condition 0 < 0.7+0.8+0.3 < 2. It is clear that the given example is not an INS. However,
the DM may have a situation where the membership grades of truth and falsity are greater
than 0.5. Therefore DM may have some constraints while handling these information in INS
environment. Now, when the membership grades are in interval as well the membership grades
of true and false are a continuum and the membership grade of indeterminacy is independent,
it becomes a challenge to input the grades during decision-making with the help of INS and
INSS. Hence, it is very clear that there is a need for a new INS with simplified conditions. So,
we introduce an interval-valued INS (IVINS) and interval-valued INSS (IVINSS) to effectively
handle the decision-making problems.

One of the purpose of this study is to bring out the importance of IVINSS when experts
provide membership grades in truth, indeterminacy, and falsity in a restricted environment.

In recent years, human beings face many decisions-making problems in multiple fields and
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analyzing the psychiatric disorder of the subject is one of them. Similarly, SM plays a signif-
icant factor in diagnosing psychiatric disorders, but hardly no existing methods deal with it.
Therefore, it is necessary to provide a working model for determining the same. DMs look
for many novel extensions of the NS to compete with other working models. So, we propose
a new extension of NS and a model for diagnosing the psychiatric disorders using SM, which
provides an advantage for the DMs to make well-defined decisions.

The manuscript enfolds the following sections. Section 2 provides a glimpse of existing
definitions. Section 3 introduces the concept of IVINSS and some basic definitions related to
IVINSS. Section 4 and 5 deal with the necessity, possibility, and two new operators (4 and
TF) with their properties. Section 6 explains the concept of N, N, and Z., operators on
IVINSS. Section 7 provides insight on concentration and dilation operators on SINSS. Section
8 highlights the concept of SM with a new definition and also with a comparison study to

show the importance of the proposed method. Section 9 wraps up with a conclusion.

2. Preliminaries

We discuss some essential definitions required for this study. Let us consider the following
notations throughout this manuscript unless otherwise specified . Let V represent universe
and v € V, Q be a set of parameters, S C Q, C[0,1] denotes the set of all closed sub intervals
of [0,1] and ZV be the set of all IVINS over V.

Definition 2.1. [6] An interval-valued IFS (IVIFS) is a set of the form F =
{{v,ar(v),vr(v))}, where ar(v) : V — C[0,1] and vr(v) : V — C0,1] are the interval-
valued membership and non-membership grades respectively. The lower and upper ends of
ar(v) and yF(v) are denoted by az(v), @r(v) and v .(v), Y5 (v), where 0 < @r(v)+75(v) <1
and ax(v),y,(v) 2 0.

Definition 2.2. [3I] An interval-valued NS (IVNS) is a set of the form N =
{v, (an(v), By (V), Y (V) }, where apr(v) : V — C[0,1], Bar(v) : V — C[0,1] and y(v) :
V — C]0,1] are the interval-valued membership of truth, indeterminacy and falsity respec-

tively. The lower and upper limits of ay(v), Bar(v) and yar(v) are denoted by apr(v), an(v),
B,(0), Bar(®), and v,,(v), T(v), where 0 < @ (v) + By(v) + T (v) < 3.

3. Interval-valued intuitionistic neutrosophic soft set

We present the notion of IVINSS and investigate some of its properties. We generalize the

operations and properties on IVINSS by the concepts discussed in [3] and [21].

Definition 3.1. An IVINS in V is a set of the form Z = {(v,az(v), fz(v),vz(v))}, where
az(v) : V = C[0,1], z(v) : V — C[0,1] and ~vz(v) : V — C[0,1]. az(v), pz(v) and vz(v) are

V. Chinnadurai and A. Bobin, Interval Valued Intuitionistic Neutrosophic Soft Set and its
Application




Neutrosophic Sets and Systems, Vol. 41, 2021 219 ]

closed sub intervals of [0,1], representing the membership grades of truth, indeterminacy and
falsity of the element v € V. The lower and upper ends of az(v), 5z(v) and yz(v) are denoted,
respectively by az(v), az(v), B(v), Bz(v), and v, (v), ¥z(v), where 0 < az(v) +77(v) <1
and az(v), B,(v),7,(v) >0, 0 <az(v) + Bz(v) +77(v) <2, Vv e V.

Example 3.2. Let V = {v1,v9,v3} be a non-empty set. Then an IVINS on V can be repre-
sented as,
I= { (v1,[0.3,0.4],[0.7,0.8],[0.1,0.2]) , (v2, [0.4, 0.5], [0.8,0.9],[0.2,0.3]) ,
(vs,[0.6,0.7],[0.2,0.3],[0.2,0.3]) }.

Definition 3.3. A pair (©2,S) is called IVINSS over V, where 2 : S — ZV. Thus for any
parameter ¢ € S, Q(q) is an IVINSS.

Example 3.4. Let V = {v1,vs,v3} represent clients with cognitive disorders and & =
{q1,92,q3} represent symptoms which stand for inability of motor coordination (IMC), loss
of memory (LM) and identity confusion (IC) respectively. An IVINSS (2, S) is a collection of
subsets of V), given by a psychiatrist based on the description in Table 1.

TABLE 1. Shows client with cognitive disorders in IVINSS (Q2, S) form.

V IMC(q1) LM(q2) 1C(g3)

v ([0.2,0.4],[0.4,0.5], [0.4,0.5]) ([0.3,0.4],[0.5,0.6],[0.3,0.5]) ([0.2,0.3],[0.5,0.8], [0.6,0.7])
va  ([0.4,0.6],[0.3,0.5],[0.1,0.2])  ([0.7,0.8],[0.2,0.5],[0.1,0.2]) ([0.6,0.7],[0.7,0.8], [0.1,0.2])
vy {[0.6,0.7],[0.2,0.7),[0.1,0.2])  ([0.1,0.3],[0.6,0.7],[0.5,0.6])  ([0.2,0.3],[0.7,0.8], [0.4,0.5])

Definition 3.5. Let (21,81) and (Q2, S2) be two IVINSS over V. Then,
(1) (£21,81) OR (Q2, S2) is an IVINSS represented as (21, S1) V (22, S2) = (v, S1 x S2), where
Qv (g1, q2) =Q1(q1) UQ2(g2), V (q1,92) € S1 X So.
Q\/(Qla q2) :<[\/(Q91(q1)(U)vgﬁg(qg)(v))a \/(691((11)(1})7 aﬂz(%)(”))]v
[\/(égl( (U)J éQQ(QQ) (U)), \/(Bgl(ql) (U)J Bﬂg(qg) (U))]J

[/\(191( (U)7192(q2)(v))7 /\(an(m)(v)’aﬂz(qz)(”))]v >,V (QLQQ) € S X 8.

q)
q)
(i1) (21,81) AND (Q9,S2) is an IVINSS represented as (21,51) A (Q2,S2) = (2, S1 X S2),
where Qx(q1,q2) =Q1(q1) N Q2(q2), ¥ (q1,q2) € S1 x Sa.
Q/\(qu2) :<[/\(Q91(q1)(1)),QQQ(%)(U)),/\(@Ql(ql)(’U),@QZ((]Q)(U))],
[/\(ﬁﬂl(th)(’U)7§Qz(q2)(v))’ A(BQl(Ql)(v)7BQ2((]2)(v))]7

[\/(lﬂl(m)(v)’lflz( (U))aV(WQl(ql)(’U)aﬁQg(qg)(U))D’v (Q17QQ) S Sl X 82'

q2)
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Definition 3.6. Let (21,S1) and (Q2,S2) be two IVINSS over V. Then,

(i) (21,81) union (9, S) is an IVINSS represented as (1,81) U (Q2,82) = (Qu, Su), where
Sy=851US8 and V g € Sy,

; ifge& -8},

; ifge S — 81},

1) (V) Y01(9) (V)
0, (q) (V) Bes(g) (V) Y0,() (V)
) (V): @0, () (V), V(@q, () (V), Ty (g) (V)]

@), V(Bay (g)(©); Bay(g) ()],

Yo (@) Y@ W) N0 (0) (V) Tas () (D)) if g€ SINSy}.

(ii) (£29,81) intersection (€29, Ss) is an IVINSS represented as (21, S1) M (Q2,S2) = (Qa, Sa),
where S =81 USs and V g € Sp,

p

{{v, (aq,(4)(v), Bay () (), Y0, () (V) 5 if g8 -8},
{{v, (a0, (4)(0), Bay ) (), Yu () (V) 3 ifge 8 -8},
Qn(q) = ¢ {(v, [/\(Qﬂl(q)(v)vgﬂg(q)(v))ﬂ/\(afh(q)(v) aa,(g) ()],
[ABag, gy ) By (g ) MBay ) (V) Bay (o) (0))],
[V(lgl(q) (U)QQQ(q) (©)), V(T (9) (V) T (g) ()] if g€ S1NS2}.

Definition 3.7. The complement of an IVINSS (2, S) is represented as,
(2.8)° = {{v. 909 (0), [(1 = By (0)), (1 = By ) ()], a0 (v) ) sand g € S}

Theorem 3.8. Let (©1,S1) and (Q2,S2) be two IVINSS over V. Then,
(i) (2, 81) V (22,82))° = (2, 81)° A (22, 82)°
(ii) ((Q1,81) A (92,82)) = (21,81)° V (22, 82)°.

Proof. We give the proof of (i), and proof of (if) is analogous.
(i) (Q1,81) V (Q2,82) = (Qy,S1 X S2).
((21,81) V (22, 82))" = (v, S1 x So)“.
0(a1,42) = (1N, (41) ) Yara () () A1 (00) (V) Tz (02) (V)]
(AL = By (q1) () (1= Boy (ga) (D)), M = By (), (1= By, o ()],
V(@0 (g) (1), @0, (42) (), V(@0 (1) (1), Ty (42) (0))]), Y (41, G2) € S1 X S
and (21,81)° A (Q2,852)¢ = (Qn,S1 X S2).

Qn (QIa Q2) = <[/\ (191(111) (U)a 192(%) (U))’ /\(th(ql) (U)v ﬁQg(qg) (U))],

A = By () (0)): (1= By ) AL = By, (@), (= By (o @D

[\/(gfh((h)(v)’QQ2(Q2)(U))’ \/(591(41)(7))’an(Qz)(U))D’V (q1,q2) € S1 X Sa.
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Thus ((Q1,81> vV (QQ,SQ))C = (91,81)0 A (QQ,SQ)C. 0

Definition 3.9. Let S1,S2 C Q. (©1,S1) is an interval-valued intuitionistic neutrosophic soft
subset (IVINSSS) of (€22, S2) represented as (21,S1) € (22, 82) if and only if (iff)

(i) S§1 € Sy

(i1)21(q) is an IVINSSS of Q3(q) that is for all ¢ € Sy,

30, (+) < D) (0): Ty () () < iy (0): By () < By, ) (¥) -

Bont@®) < Ban®) - Yo, ¥) = o)) 4 To (4 (2) > Faryy (0)

Also, (£22,83) is called an interval-valued intuitionistic neutrosophic soft superset of (€1, S1)

and represented as (Q2,82) 3 (1, S1).

Definition 3.10. If (©;,81) and (Q9,S2) are two IVINSS, then (21,81) = (Q9,S2) iff
(€21, 81) € (22,S2) and (2, S52) € (21, 81).

4. Necessity (@) and possibility (©) operators on IVINSS

We provide the definition of & and & operators on IVINSS and its properties. We generalize
these operations and some properties on IVINSS using the concepts discussed in [3] and [21].

Definition 4.1. If (©2,S) is an IVINSS over V and Q: S — Z% then,
(i) the necessity operator () is represented as,
@(st) = {<U7 a@Q(q)(“)a BEBQ(q) (’U)?’YEBQ(q) (U)> VRS S} .

Here, agq(q)(v) = [an() (v), @ag) (V)] Bea)(v) = [Bg, (v), Bag (v)] and
Yea(g) (V) = [(1 =8y (v)), (1 — aqg)(v))], are the membership grades of truth, indeterminacy
and falsity for the object v on the parameter q.

(ii) the possibility operator (©) is represented as,
6(2,8) = {{v, aca(y) (v): Pon( (v), Tew@) (V)5 ¢ € S}

Here, aga(g)(v) = [(1 = Fagg)(v), (1 = 75, () Bon) (v) = By, (), Bagg (v)] and
Yeag) (V) = [1q @ (v),¥q(g) ()], are the membership grades of truth, indeterminacy and falsity

for the object v on the parameter q.

Example 4.2. (i) The IVINSS &(Q2,S) for Example 3.4 is shown in Table 2.

TABLE 2. Shows client with cognitive disorders using @ operator.

v IMC(q1) LM(q2) 1C(q3)

v ([0.2,0.4],]0.4,0.5],[0.6,0.8]) ([0.3,0.4],[0.5,0.6],[0.6,0.7]) ([0.2,0.3],[0.5,0.8],[0.7,0.8])
va  ([0.4,0.6],[0.3,0.5],[0.4,0.6]) ([0.7,0.8],[0.2,0.5],[0.2,0.3]) ([0.6,0.7],[0.7,0.8],[0.3,0.4])
vg  ([0.6,0.7],]0.2,0.7],[0.3,0.4]) ([0.1,0.3],]0.6,0.7],[0.7,0.9]) ([0.2,0.3],[0.7,0.8],[0.7,0.8])
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TABLE 3. Shows client with cognitive disorders using © operator.

v IMC(q1) LM(q2) 1C(g3)

v {[0.5,0.6],[0.4,0.5],[0.4,0.5]) {([0.5,0.7],[0.5,0.6],[0.3,0.5]) ([0.3,0.4],[0.5,0.8],[0.6,0.7])
vy ([0.8,0.9],[0.3,0.5],[0.1,0.2]) ([0.8,0.9],[0.2,0.5],[0.1,0.2]) ([0.8,0.9],[0.7,0.8],[0.1,0.2])
v3  ([0.8,0.9],[0.2,0.7],[0.1,0.2]) {[0.4,0.5],[0.6,0.7],[0.5,0.6]) ([0.5,0.6],[0.7,0.8], [0.4,0.5])

(ii) The IVINSS &(£2,S) for Example 3.4 is shown in Table 3.

Theorem 4.3. Let (Q1,S81) and (Q2,S82) be two IVINSS over V. Then,
(i) © ((1,851) U (Q2,82)) = &(, 1) UB(Q, S2);

(ii) @ (1, S1) M (Q2,S2)) = D(Q1,S1) MDB(Q2, S2);

(1) & ® (, S1)= &(, Sh).

Proof. We present the proof of (i), and proof of (ii) is analogous.

(i) Let (Q1,81) U (Q2,82) = (Qu, Su), where Sy = S1 USs, V ¢ € Sy.

Consider,
DVy(q)

( —

{{v:lag, ) (v), Ta, ) (V)] By, () (V) Bay (g (V)]
(1= a0, ()(v), 1 —ag,()]);  ifqeS =S},
_ {20, () (0): By ()] By, () () Baz(g) ()]

[(1 = @y (q) (), (1 = gy (g (V)] if g € Sy — 81},
{<v,\/(agl(q)(v),a92( ( ))7\/(591@ (U) /BQQ ('U))
[(1 = V(@q, (¢) (), Ty () (1)))s (1 = V(@ (g) (V) Ty () (V)))])5 if g € S1 NSy}

,

(1 —ag,(g(v), 1 —ag,®)]);  ifqgeS —Saf,

(1 = @ay(g) (1), (1 = agyg()]);  ifge S —Si},
{{v, V{ag, (4)(v), ag, ) (), V(Bay ) (V), Bayg) (v)),

A1 =@, (g) (V) (1 = Tay() (1)), AL = g, () (V)5 (1 = Ty g (0)))])3
ifge SN Sg}.

We know that,
B, 81) ={(v: lag, (4 (v), T, () (V)] [B, () (V) Bay (g (V)]
(1 = @q, ) (v), (1 = ag,@)]);q € St1},
B(Q2,82) ={(v, 20, (4) (V) T2y () (V)] [By, () (V) Bera() (V)]
[(1 = @a, g (v), (1 — aq,()(V))]):1q € S2},
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Let @(91,81) y @(QQ,SQ) = (Q@@,S@@),Where S@@ =85 US,.
For q € 5@@,
Qau(g)

4

{(v: lag, ) (v), @0, ) (V)] By, () (V) Bay (g (V)]
(1 —ag, (), (1 —ag,@)]);  ifgeSi—S,
{(v, [, (g) (), Tz, (g (V)] Bay () Baa(g) ()],
(1 = A, (1), (1 = ag, g (©)]); if g € Sy — 81},
{(v: V(ag, () (v), a0, (g) (v)): V(Bay (g) (V) Bas(g) (v)):
N1 =T, (g (0)), (1 = Ty (g (0))); AL = gy, () (1)) (1 = Ty g ()]
if g€ SINSa}.

Thus & ((21,51) U (22,852)) = &(Q1,S1) U H(Q2, S2).
(iii) ® @ (21, 81)

= @ {<U7 ag Q1(q) (U)>a(21(q) (’U)], [éﬁl(q) (’U)aﬁﬁl(q) (U)]7 [(1 - aQl(q) (U))7 (1 - QQl(q)(U))D; qc 51}
= {(v: lag, () (v), e, () V)], B, () () Bay (o) ()] [(1 = Ty () (v)), (1 = @y () (v)])1 ¢ € S}
= @ (Ql, Sl)

O

Theorem 4.4. Let (Q1,S1) and (Q2,S2) be two IVINSS over V. Then,
(1) ©((Q21,81) U (Q2,82)) = ©(Q21,81) US(Q2,S2);

(71) © (21, S1) M (Q2,S2)) = ©(21,S1) MO(Qa, S2);

(1ii) © © (21,851)= (1, 81).

Proof. We give the proof of (i), and proof of (ii) is analogous.
(i) Let (91,81) Y (QQ,SQ) = (Q@,S@), where Sy = S1 U8y, V ¢ € Sy.
Consider, ©WUy(q)

[’le(q) 1))7791@)(7))]% if q e S| — 82}7

T (V) Tas(g) (0)]); if g€ Sy — 81},
{0, 101 = ATy () (V) T () (0))s (1 = Alrg, () () Fra () (VD))

ABay () (1), Bas(q) (), AV, () (), Y0, (0)); if g € S1NSa}.
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(

{(v [(1 =Ty (), (1 - Yoo ()W) B (©): Baaia) (V)]

[VQz(q) (v), YQa(q) (v)]>, ifges— 51},
{{v, V(1 = You(q) (0)s (1 = Fay(g) (), V(1 — lQl(q)(U))a (1= Ta0 @),

V(Ba, () (V) Bara() (v)), A (0) (1) Yora() (V) )5 if g €S NS).
We know that,
(2, 81) ={(v, [(1 = 7q, (4 (v), A — Yo (a) (v))], [§Q1(q)(v)’BQ1(q) ()],
[lﬂl(tJ) (), Ve () ()]);q € S},

2(q)(v)aﬁﬂz(q)(v)]7
[192()( v), Yoo q) > qESZ}

Let @(Ql,Sl) ] @(QQ,SQ) = (Q@@,S@@),Where S@@ = 81 U 82.
For q € Sau,
Qou(q)

{0100 = oy (), (1= 3, ) )] By () Be (g ()
)7

@(Q%SQ) :{<v’ [(1 - iﬂg(q)(v))a (1 - 192( )(U))]a [EQ

q

(
{0, 101 =Ty (), (1 = 74, @], [592 1 (0): Ba(g) (U)]
Vs (q) (V) Tr (q) (V 1); if g€ Sy — &1},
{0 IV =g, () (D), (1 = Aoy ) (0)); VIA = 7,y (), (1 =Ty g ()]
V(Ba () (V) Baa(a) () Ava (g) (V) Y (g) (V) if g € S1 NSy}
Thus © ((Q21,81) U (Q2,82)) = ©(21,51) U S(Q2,S2).
(iil) & & (21, 51)

=0 {< 1 - 791(q)(v))7 (1 - lgl(q)(v))]ﬂ [ﬁ 1(q) ( ) BQl (q) ( )]7 [lQl(q)(U%W(h(q)(v)D;q € 81}
{0,101~ Ty 0)): (= 2, ) By, ) 0)- By )] [ ) (0)- T ()50 € 1}
=0 (91,51).

O

Theorem 4.5. Let (Q2,S) be an IVINSS over V. Then,
(i) ©® (Q,S) =d(Q,S);
(it) o (2,S) = 5(,S).
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]

Proof. (i)© ® (2,S)

= {<2}, [(1 - (1 - Qﬂ(q)(v))v (1 - (1 - aﬂ(q)(v))]’ [gg(q)(v)759(q)(v)]v
[(1 =B (), (1 — 2o (v)]);q € S}
:{<Ua [QQ(q) (U)aaQ(q) (U)]’ [gg(q) (U)agﬂ(q) (U)],

[(1 =Ty (v), (1 = g (v)]);q € S}
=3 (Q,8).

(ii) @ © (22,8)

= {<’U, [(1 - ﬁQ(q) (’U)), (1 - lg(q) (’U))], [ég(q) (’U)7BQ(q) (U)L
(1= (1= 70 (). (1= (1 =T (0))])i4 € S}
:{<U’ [(1 - WQ(q) (U))v (1 - lﬂ(q) (U))]’ [ég(q) (’U)7BQ(q) (U)]v

[lg(q) (,U)77Q(q) (U)]>, q €< 5}
=0(9Q,S).

Theorem 4.6. Let (Q1,S81) and (Q2,82) be two IVINSS over V. Then,
(1) ®((21,81) A (22,52)) = ®(21,51) A B(2,82);

(11) ® ((Q1,81) V (22,852)) = ®(21,51) VB(22,S2);

(iii) © ((1,S1) A (Q2,82)) = 6(Q1,81) AB(Q2,S2);

(iv) ©((,81) V (22,8)) =6(N,81) Va(Q,S).

Proof. We present the proofs of (i) and (iii), and proofs of (ii) and (iv) are analogous.
(i) & ((€21,S81) A (€22, 52))

= {<’U, [/\(Qﬁl(ql) (’U), Q0 (q2) (1})), /\(an(th) (’U), an(qz) (’U))],

[/\(égl (q1) (’U), QQQ (g2) (U))7 /\(Bﬁl (1) (’U), BQQ (q2) (U))]a

[(1 = M@, (q1) (V) @0y (g2) (0))), (1 = M@0, g1) (1), Ty (q2) ()], Va1, G2) € S1 % Saf

= {(v, [M@q, (1) (V) Qy(5) (V) M@ (1) (V) Tt (0) (V)]

@(91,81) = {<Uv [Qﬂl(ql)(v)vaﬁl(m)(v)}a [égl(ql)(v)agfll(ql)(v)L
[(1 —ag, (g (), (1 = ag, () (©)]); @1 € Si},
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B(Q2,82) = {(v, [20, (42) (1), Az 32) (V)] [By, ) (V) Btz a2) (V)]
[(1 = @lgy(ga) (v)); (1 = @y gy (v ))]>, G2 € Sz}

Therefore, we have

S(,81) A B(Q22,S2)

= {(v, [A(Qq, (1) (1), 0y (g2) (V)); A@sy (1) (V) Ty () ()]s
A By )+ By ) (00 A Bty ) (00, Bty (0 V(L = o gy (). (1 = Gy (),
V(1= ag, () (), (1 = g, (g) (v))]: V(q1, ¢2) € S1 ¥ So}.

= & (2, 81) A (22,5,)) -

(iii) © (21, 81) A (Q22,S2))

= {(0, [(1 = V(Fa, (g1) (V) Ty (g) ()5 (1 = V%0, (g (V) Qa(g2) (V)]s
[V(ﬁgl(ql)(v) Ba(an) @) V(Bay (a1 (V) Bay(g) (0)];
Vg, )(U)) V(g )Y T 0) (V) Tz(02) ()] Va1, g2) € St x Sa}-
= {0, M =Ty (q) (©)s (1= Ty (g) (), AL = 7 1y @) (1= 70, 0 (D)),
VB, (1)) Bary gy DV (Baay (a1) (V) By gz (V)]s
Vs (01 @) V) ) VT2100) (V) Ttz (a2) (0] (41, @2) € St x S}
Also,

o(Q1,81) = {(v,[(1 — 7gq, (@) (©); (1 _lgl(ql)(v))]a
[éfll(th)( )7591((11)( )]7[lﬂl(ql)(v)7WQI(QI)(/U)]>; q1 € 81}7

S, 82) = {(v, [(1 = Ty () (0)): (1 = 7y (W]
[ﬁﬂ2(q2)( )’692((12)( v)l; [192(@)(”)7792((12)(1))]% g2 € Sa}.

Therefore, we have
O(Q1,81) A O(2, 52)

= {0, TAU =Ty ) (00D (1= Fargay (0 AL = Ty, 1y ) (= 3 (0]
VB ) ) By gy ()2 Y Bty 0y (0): Beta ) ()
Vs g0y O ey ) (D) s a) (0 Tra(am) ()], a1, 2) € 51 x S5},
= o ((Q1,851) A (22,852)) .

q1)
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5. + and F operators on IVINSS

We provide the definition of two new operators (+ and F) on IVINSS and discuss some of
their properties. We generalize these operations and properties on IVINSS using the concepts
given in [5].
Definition 5.1. Let (21,81) and (Q2,S2) be two IVINSS over V. Then,
(i) the operator =+ is represented as (21,81) £ (Q2,82) = (24,S8+), where S; = S U Sy V

q € Sy,
04 (q)

{<’U, [QQl () (U) + aQ1 (¢) (U)L [éfh(q) (U> + Bﬂl(q) (U)]7 [191( )( + 7 Fle(q)

0);
{<”U, [QQ2(q)('U) +aﬂz(q)(v)]7 [/BQQ( )( ) +BQQ ( )]7 [ny (q )( + ’YQQ(q > if q € Sy — Sl}
= {<U [anl(q)(v);ang(q)(v) Enl(rJ)(v)Jran(q)( )} [BQ (q)(v)—f—ﬁQ (q)(v) Ba, (g (V) + B (v )}

v)+ v) x5 v)+7. v
[791@( )2192@)( ), T2, (o) );792(@( )] >; if g € Sy OSQ}.

(ii) the operator F is represented as (€21,S1) F (22,S2) = (24,5¢), where S+ = S§; U Sy, V

1fq€81 82},

)

q € S+,

Q(q)
{{v; lag, () (v) + oy () (V)] [Bg, () (@) + Bay (o) ()] [,y (¥) + T2, (9 (W)])5 3 ¢ € St = Sa},
{(v, [, (g (v) + Tayq) (0)], 18, @ V) + Boy () ()] [V, () (V) + T (0)])s 3 ¢ € S2 = S},

Qg (g) (V) 20, (g) (V) T, (q) (V) +00y(q) (V) ’

290, (9 Y0y ") 290, 0 (0) Ty @) |\ . .
|:’le(q)(’U)+’YQ2<q)(v)7 Wnl(q)(0)+792(q)(v) ; if qc S1NSyp.

- {<v [20‘91@)(“) %2<q>(”; 20‘91@)(”) aﬂz(cn(v)} Ba, @ HBay @) 591(q>(v)+592(q>(v)}
’ ) 2 2 )

Example 5.2. Consider that a psychiatrist has conducted two counseling sessions for the
clients. Assume the psychiatrist has given the values in the IVINSS form for the first session
(©1,81), as in Table 1 and for the second session ({22,S2) in Table 4. Now we calculate the
combined results of the two sessions using (2, S1) £ (Q22,S2), (21, S1) F (22,S2) and present
the results in Table 5 and 6 respectively.

TABLE 4. Shows client with cognitive disorders in IVINSS (€3, S2) form.

% IMC(q1) LM(qz2) 1C(g3)

v1  ([0.1,0.3],[0.6,0.7],[0.2,0.3]) ([0.2,0.3],[0.7,0.8],[0.4,0.6]) ([0.3,0.4],[0.70.9], [0.4,0.5])
]
]

vy ([0.3,0.5],[0.5,0.8],(0.2,0.4]) ([0.6,0.7],[0.5,0.6],0.2,0.3]) ([0.5,0.6],[0.30.5], [0.2,0.3])
vz ([0.5,0.6],[0.6,0.9],(0.3,0.4]) ([0.2,0.4],[0.9,1.0],[0.3,0.4]) ([0.1,0.2],[0.20.4], [0.3,0.4])

(i) The IVINSS (21, 81) £ (22, 82) is shown in Table 5
(ii) The IVINSS (Q1,S1) F (Q9,S2) is given in Table 6.
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TABLE 5. Representation of clients with cognitive disorders in IVINSS
(Q1,81) = (Q2,S2) form.

v IMC(q1) LM(q2) 1C(gs)

v1 ([0.15,0.35],[0.50,0.60], [0.30,0.40])  ([0.25,0.35],[0.60,0.70], [0.35,0.55])  ([0.25,0.35], [0.60, 0.85], [0.50, 0.60])
vy ([0.35,0.55],[0.40,0.65],[0.15,0.30])  ([0.65,0.75],[0.35,0.55],[0.15,0.25])  ([0.55,0.65], [0.50,0.65], [0.15, 0.25])
vz ([0.55,0.65],[0.40,0.80], [0.20,0.30])  ([0.15,0.35],[0.75,0.85],[0.40,0.50]) ~ ([0.15,0.25], [0.45,0.60], [0.35, 0.45])

TABLE 6. Shows clients with cognitive disorders in IVINSS (2, S1) F (€22, S2) form.

u IMC(q1) LM(q2) 1C(g3)

v ([0.13,0.34], [0.50,0.60], [0.26,0.37])  ([0.24,0.34], [0.60,0.70], [0.34,0.54])  ([0.24,0.34], [0.60, 0.85], [0.48, 0.58])
va  (]0.34,0.54], [0.40,0.65], [0.13,0.26])  ([0.64,0.74],[0.35,0.55], [0.13,0.24])  ([0.54,0.64], [0.50,0.65], [0.13, 0.24])
vy (0.54,0.64], [0.40,0.80], [0.15,0.26])  ([0.13,0.34], [0.75,0.85], [0.37,0.48])  ([0.13,0.24], [0.45,0.60], [0.34, 0.44])

Proposition 5.3. Let (21,81) and (Q2,S2) be non-empty over V. Then,
(i) (Q1,81) £ (2, S2) = (Q2,82) £ (1, S1);
(ZZ) [(91781)6 + (92782)6]6 = (91781) + (91731)'

Proof. (i) Proof straightforward.
(ii) Let

(91781) = {<U7 [QQl(q)(U) + aQl(q) (U)]v [éfh(q) (U) + BQl(q) (v)]7 [lQl(q) (U) + 791(q)(v)]>§ qc Sl}a

and

(92,52) = {(v: [0, () + Ty (0)] B () + Brngiy ()] gy

2(1)()"1"7(22 >q682}

be two IVINSS.
Then, [(Q1,81)¢ £ (Qa, S2)]

{<Uv [191(q) (v)aﬁﬂl(q) (U)], [(1 - Bﬂl(q) (v))v (1 Ql(q (U))]
[ag, () (v), @a, () (0)]); ifge S — So},
{<v7 [192(,1) (U)7792(q) (’U)]v [(1 - BQQ(Q) (’U)), (1 Q2(q) (’U )]
)(

[0492 v), aﬂz(q( v)]); ifgeSy—Si},
)

{<v [V“Mq)(”)ﬂnz(q)(”) 791(:1)(”)*792(«1)(1})} [( - (Q)(U)H( : (‘”()
y P} ) 2 ) 2

(1ﬁnl(q)(v));(1ﬁﬂz(q)(v)] ’ [aﬂl(q)(v);a%(w(v)v an(q)(y);aQQ(Q)(v)} >; Haean 82}‘
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Now consider, [(21,81)¢ + (Q2,S2)°]°

{<U’ [Qﬁl(q) (U)vaSh(q) (U)]7 [(1 - BQl(q) (U))a (1 - éfh(
hQ1(q) (’U 77(21((1) ('U)]>, if qc 81— 82}7
{<’U, [Qﬂz(q) (U)7aﬂ2(q) (U)], [(1 - BQQ((]) (U)), (1 - QQQ(

Mg (@) Taa@@)]); if g € S2 = S},
{<U [anl(q)(v)mﬂz(q)(”) aq, (q) (V) +0ay(g) (V) [(1_ﬁm<q>(v))+ 186, ®)
) 2 2

)

\

-8 v —B. v v)+ v) ¥ V)47, v
(1B, (g)( ));'(1 Bay ) )]’ [791(11)( )210201)( )7 70y () ( );792(11)( ):| >; ifgeSin 82}_

Hence [(Ql,Sl)c + (QQ,SQ)C]C = (Ql,Sl) + (QQ,SQ). 0

Proposition 5.4. Let (21,81) and (22, S2) be non-empty over V. Then,
(i) (1, 81) F (2, 82) = (2, S2) F (1, 1)
(i) [(21,81)° F (22, 82)1° = (1, 81) F (1, 81).

Proo(f. (i) Consider, (21,81) F (Q2,S2)
{(v: lag, ) (v), @0, ) ()], By, () Bay (o) (0)]: (g, () () T (@ (@)]); if g € S1 = Sa},

@\
{ (v, [, (g) (), Ty () (V)] = ( ): Ba(g) ()], Vg ()(U)WQQ(q)(U)D; if g€ Sy — 81},
= {<v [2‘191@)(”) -0, (¢) (V) Qin(q)() T, (q) (V) Ql(q)(”)+§92(q)(”) ﬁnl(q)(v);rﬁsz?(q)(v)]

" | 2a, (q) W) Fag,(g)(v) @, (g (v)+a Qg<q>(v) ’

Y

2q 1(@) (v)7g (q)( V) 25q (@) (V) Ty (q) (V) .

[79 @ +792( () a0 @ ) | )3 HEESL0 S}

<’U, aﬁl q) aQ1 (U)L 2041 (q) ( ) BQl q)( )] [lQl(q)(v)’791(q)(v)]>; if qe Sl - 82}7
)(

{ 18
{<'U7 Q0 ( q) OZQQ U)]?[ 205(q) ( ) /BQQ q)( )] ['792( )( ) WQQ(q)i('U)]% lfq €Sy — 31}7
{{v, [2%2@)(“ aﬂm)(“; 200, (q) (v )anlm(”)] [ Bayg ¥ )2 Ba ™) 592@)(“);591@)(”)]

)

) B0, (q) (V)00 (q) (V)

Moy 20,0 2y () Fo, 0 () :

— _ . if .
|:’Y”2(q) (v)+lﬂ1(q)(v)’ 792(Q)(”)+791(q)(”) o Hae Sl 4 82}
Hence (91,81) F (QQ,SQ) = (QQ,SQ) F (Ql,Sl).

(ii) Consider, (Q1,81)¢ F (22, S2)¢

aq, (q) (V) +2q, (g (v

{(v, Do () (0)s Ve () ()] [(1 = B (g)(0), (1= B @)

lag, () (), @, ()]); if ¢ € S — Sa},
(0. Dy (0 Tt (0] 1 = By () (1= By ) (0)
)
)

A, (W)]); ifqge S-S},

v Ho, (00,0 @) 27901 (0) () Ty (0) (V) (1=Bg, (o W +0=B5, @)
" [ 2o (@) 0y V1@ (D HTy0) () | 2

(1Bnl(q)(v));(lﬁnm)(v)} [2a91(q>(v>.a92(q><v> zanl(q>(v>.a92<q)<v>] >;if gE SN 52}.

" g, () (V)F2a,(q) (V)7 Qo () (V) +Haa, ) (V)

)
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Then, [(Q21,81)° F (22, 82)°]°

{ <U7 [QQl(q) (U)v ag, (q) (U)]’ [éﬂl(q) (U)7 /BQl(q) (U)] )
[19101) (v)aiﬂl(q) (U)D» ifqge & — SZ}a
{<U> [QQg(q) (U)v aQz(q) (U)]7 [ﬁQQ(q) (U)>BQg(q) (’U)],

_ M) ) Ta@@)]); i g €S2 =81},
{<v [zam(q)(v).agg(q)(v) 280, (q)(v)-Ta, (g) (V) (1— Bo e )(v))Q( 92@( )

g, (q)(V)+a0, () (V) Tay (q)(V)+a, ) (V) |

(1-Bg, (g () +(1=Bg, () (v) 2lszl(q)(”)'192(q)(”) 250, () (V) Fay @) |\ .
2 " [ 20, (020, () ) Tay @0y ) | /7 ifged NSy,

)

Hence [(21,81)° F (Q22,852)°° = (21, 81) F (22,52). o

6. Ney Ne, and Z. , operators on IVINSS

In this section, we define the operators N, N, and Z. , on IVINSS and discuss some of
their properties in detail. We generalize these operations and properties on IVINSS by the

concepts discussed in [4].

Definition 6.1. Let € € [0,1]. Then the operator N (2, S) is represented as,
Ne(2,S)

= {(v, [ag(g)(v) + (1 — agy(v) — Yo (V) @) (V) + €(1 = Tag) (v) = Tag (V)]
Bayg) (@) Bagg) ()], o (v) + (1 = e)(1 = g (v) = Fagg (v),
Yo + (1= €1 = agg)(v) = 7, (@))]); g € S}
= {(v, lag(g) (v) + e(ma(g) (v), T (v) + e(Ta) ()],
Bag) @) Bagg) ()], o (v) + (1 = ) (Tagg) (v),
Yo + (1= &(Tag (W)]);q € S},
where mo ) (v) = (1 = q(g) (V) = Y, (v))and Tag) (v) = (1 = g (v) = Taqg) (v))-
Proposition 6.2. Let ¢,p € [0,1] and ¢ < p. Then for every IVINSS (Q,8) the following
hold:
(1) Ne(R,8) € N,(Q,S);

(”) NU(Q7‘S) - @(st);
(iii) N1(2,8) = 5(9,8).
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Proof. (i) Ne(Q2,8)

= {(v, [ag(g) (v) + e(ma) (v), Tag) (V) + €(Tog) ()], [éﬂ(q)(v)7BQ(q)(U>]a
hQ(q)( ) + (1 - 6)(”9((1)( ))719((1)(“) + (1 - 6)(Eﬂ(q)(v))]>; qc S}7and

N, (©Q,S)

= {(v: [2ng) (v) + p(Ta) (), G (V) + p(TaE) (V)] [Bg ) (v) Bag (V)]
Fag) () + (1= p)Fa) (1), Yg) (V) + (1 = ) (Ta) (0)])iq € S}

Since € < p, we have

(Qa(g) (V) + €(Tag) (v) < (@) (V) + p(Tag) (v))-

Also, (1 —¢€) > (1 — p), we have

(Tag) () + (1 = ) (TaE) (v) = Tag) (v) + (1 = ) (Tag) (v))-

Hence N (2, S) € N,(2,S).
(ii) Consider, € =0
NO(QaS)

= {(0, oy (v) + 0, @) (0) + 01, [By, (), Bea ()] () (0) + 1Ty (),
(o () + Lo @)]):q € S)
= {(0, [y (0), Tt (0)], By (0 Bary ()] [(1 = Ty (), (1 = gy ()] 4 € S}
= 3 (Q,S).

Hence NVp(€,S) = &(0, S).

(iii) Consider, € =1

N1 (2, S)

= {(v: [(an() (v) + Tag) (V) (@) (v) + Tag) (V)] By, (©): Bagg ()],
Mo @) +0:Tag)(v) +0])i g € S}

= {{v, [(1 = Fagg) (1)), (1 = 75, ()] By,

= @ (Q,S).

)(U)agﬂ(q) (U)]> [lg(q) (’U)77Q(q) (U)]>» qc S}

q

Hence V1(Q,S) = ©(Q,S). g

Remark 6.3. The operator N, is an extension of @ and © operators.
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Definition 6.4. Let ¢,p € [0,1] and € + p < 1. Then the operator N, ,(f2,S) is represented
as,

Nep(2,5)

= {{v, [ag(g) (v) + e(mqy (v), T (v) + €(Tog) (v))],
[ﬁg(q) (’U)7B§2(q) (U)]7 [lg(q) (’U) + p(ﬂﬂ(q)(v))?iﬂ(q) (’U) + p(%ﬂ(q)(v)]% VIS S}:
where mo ) (v) = (1 = @q(g) (V) = Y, (v))and Ta ) (v) = (1 = o) (V) = Tag) (v))-

Theorem 6.5. Let €,p,0 € [0,1] and € + p < 1. Then for every IVINSS (Q2,S) the following
hold:

(1) Nep(R,S) is an IVINSS;

(1t) If 0 < o < € then N, ,(Q,S) € N ,(2,S);

(iii) If 0 < o < p then N ,(Q,S) € N +(Q,S);

(i0) NA(.8) = N0 (9.5);

(v) ®(8) = Noa(Q,S);

(vi) £(9,8) = N (2, 5);

(0ii) (N (52, 5)°)° = (N, 5).

Proof. (i) Consider,

_ ¢ el B _
Qa(g) (V) 26(7TQ(q) (v)) 4 By () + Yag) (V) ;(Wn(q)( )
_ T (v) -QFVQ(q) (v) + Boo)(0) + (e + ) (WQ(;) (v))
S@Q(q) (v) ;WQ(q) (v) + Bogy(0) + (1 —a@qq (112) —Yag)(v)
%+1<2 sincee+p§1andBQ(q)(v)§l

Hence N ,(Q,S) is an IVINSS.
(ii) Consider,

Nop(©,8) = {{v: lan(g) (v) + o(ma(g) (1), Tag) (V) + 0 (Tag) (V)] By, (v), Bagg) (0)):
Mo () + P(Ta) () Tag (v) + p(Fag (V)]); g € S}

Nep(,8) = {(v, o + e(ma(g) (v): Aa(g) (V) + €(Ta@ (V)] [Bo, (v) Bag (v)];

o )( )+ P(Tap) (V) Tag) (v) + p(Tag (V)]); ¢ € S}
Now, aqq)(v) + o(mge (v) <
Similarly, @ (g) (v) + o (T (v)) < Qag) (v) + e(Tgg) (v)).
Hence N, ,(Q,S) € N ,(22,S).

(iii) Similar to proof (ii).

aq ( ) + e(mag) (v), since o < €
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(iv) Consider,
Nea-e(2,8) = {(v; [an) (¢v) + e(mag) (), Fag () + €(Ta ()], [By ) (v), B (v)],
[lﬂ(q)(v) + (1= ) (ma (1), Tag (V) + (1 = €)(Ta) (v)]); g € S}
—NL(Q,S).

Hence Ne(Q,S) = N (1-¢ (2, S).
(v) Let e =0 and p = 1,

No1(€,8) = {{v, lagg) (v), Tag) ()], B, (U)7BQ(q)(U)]a[lg(q)(U)JrEQ(q)(U),
Yo(q )( + 7o > q€ 5}
={(v ), % )( V)], [Boyg () Bag (0] [(1 = Gy (v),
(1 —QQ(q)(U) >%q €S}
=3 (Q,S).

Hence &(92,S) = Np1(2,S).
(vi)Let « =1 and f = 0,

N10(2,8) = {(v: lan) (v) + o) (v), Bagg) (v) + Tagg) (V)] [Bo ) (v): Bagg ()],
Do )(U) Yo (0)]);q € S}
={(v, [(1 = ) (), (1 = 25 D] By ) () Bay (V)] [
m(q)(v) Yiq €S}
=0(Q,S).
Hence (2, 8) = A1 o(Q, S).

(vii) Consider,

\(©),

q

Nep(©2,8)" = {(v: [1g(,) (V) + €(Tag) (V) gy (v) + €(Fagg) (v))];
By (v ) ﬁmq( V)], [aag) (v) + p(Tagg) (v)), Tagg) (V) + p(Fagg) (v)])1a € S}
(Nep(2,8))° = {(v Qq(q) (V) + p(Ta(g) (v)); Tag) (V) + P(Tag) (V)];
Bayg @) Bagg) ()] [1g,) () + €(mag) (), Tag (v) + €(Tag ()]); ¢ € S}
=(Noe(2,5)).

Hence (N ,(92,85)9)¢ = (N,.(,5)). 0

Remark 6.6. If e+ p = 1, then N ,(Q,S) = N(Q,S).

Definition 6.7. Let ¢, p € [0,1] and e+ p < 1. Then the operator Z, ,(€2, S) is represented as,

Iﬁ,p(Qa S) = {<U7 [E'QQ((]) (U)v e'aﬂ(q) (U)]v [ég(q) (U)vﬁﬂ(q) (U)]a [IOZQ( )( ) p- 'VQ q) > q € S}
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Theorem 6.8. Let €,p,v € [0,1]. Then for every IVINSS (2,S) the following hold:
(1) I, (2, S) is an IVINSS;

(i1) If € < o then I ,(2,S) € L5 ,(2, S);

(111) If p < o then Z ,(Q,S) D L (2, S);

(w) If 6 € [0,1] then L ,(Z5,5(S2,S)) = Zeo,p5 (0, S) = Lo 5(Zep (2, S));
(V(Ze,p (€2, 8)9)° = (Zpe (€2, S)).

Proof. (i) Proof straightforward.
(ii) Consider,

Ie,p(Qv S) = {<Ua [G'QQ(q) (’U), 6'aQ(q) (U)]7 [ﬁg(q) (’U)aBQ(q)(U)]a [p'lﬂ(q) (U)a p'ﬁQ(q)(v)D; S 8}7
Icr,p(Qv S) = {<Ua [U'QQ(q) (U)a U'aﬂ(q) (U)]> [ég(q)(v)7BQ(q) (U)]7 [plg(q) (U)7 p'ﬁQ(q) (U)D» qc S}

Since € < 0, e.aqy) (V) < .0y (v) and e.dgy) (v) < 0.0y (V).
Hence Z ,(Q2, S) € Z,,(2, S).

(iii) Consider,

Zé,p(Q? S) = {<Ua [6'QQ(q) (’U), 6'aQ(q) (U)]7 [ﬁg(q) (’U)7BQ(q) (U)]7 [p'lg(q) (’U), p'WQ(q)(U)D; q &€ S},
Teo(9,8) = {{v, leangy (0), 0 (0)] B (0 Ba ()] 1776 (0): 770 (0)]); 4 € S},

Since, P <o, plﬂ(q) (U) < U'lQ(q) (U> and piﬂ(q) (U) < U~7Q(q) (’U)
Hence Z ,(©2,S) D Zc ,(2, S).

(iv) Consider,

T (Trs(2,5)) = { (0. 0.0 (0), 0.0 (V)]s By (0): By ()
(005 (V) P T (V)])3 0 € S},
=Teo,p5(2,S).
T (1. p(2,5)) = { (0. [re.00(0 (v), 7€) (0)] By (0): Br) ()]
(09704 (0): 00Ty (V)])3 4 € S},
= (v, [e0-0(g) (), 0501 ()], By (0): B (V)]
0956y (V) POT gy (V)])5 0 € S},
=Teo,05(§2,5))-
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Hence Zc ,(Z5,5(2,S)) = Zeop5 (2, S) = Lo 5(Ze p(£2, S)).
(v) Consider,

(9,.8)° = {0, g (0): Far (0], By () Beray (), [0 (0, By ()]s € S,
T (. 8) = {(v, ww )s 7o () By (0): B (0)], 02y (0), pBagg) (0)])ia € S},
(Ze o (2.8)°)° = { (v, [0-801) (). Pt ()] By (0). Beag) ()] [ery (0 €Ty ()] )i € S
:Ipﬁ(Q,S).

Hence (Z¢ ,(2,8)°)¢ =1,(,85). g

7. Concentration (CO) and dilation (DO) operators on IVINSS

We provide the definition of (CO) and (DO) on IVINSS and discuss their properties in
detail. We generalize these operations and properties on IVINSS by the concepts discussed

in [32], [18] and [2].

Definition 7.1. Let (2, S) be an IVINSS over V. Then,
(i) the CO of (22, 8) is represented as,

0(978) = {<U7 [Qﬂ(q) (’U)7a§2(q) (U)L [ﬁg(q) (’U), 5Q(q) (U)]7
[1 - (1 - lg(q)(v))2a 1- (1 - WQ(q)(U))Q]% qc S},

(ii) the DO of (2, S) is represented as,

N|=
—

Q2
2
S
—

<
~—
~—

N|=
)

2

D(2,S) = {(v, [(an@y(v))2,

(1= (1= 7 @)1= (1= Fa (0) 1) g € S}

Proposition 7.2. Let V denote a non-empty set and (2,S) be an IVINSS over V.

(1) If [mag) (V) Tag) (V)] = [0,0]; then [meqq)(v), Teaq) (V)] = [0,0] iff [aaqg) (v), @aq (v)] =
[0,0] or [agq) (v), @aeg) (v)] = [1,1] ;

(ii) B[C(, S)] = C[&(2, S)] iff lagq) (v), Ao (v)] = [0,0] or [aq ) (v), B (v)] = [1,1] ;
(i) S[C(.8)] = C[B( 8] if Py ()T ()] = [0.0] or Ly, ()T ()] = [1.1]

Proof. (i) If [mq g (v), Tag) (v)] = [0,0]
=1 —aq(q) (v) — Yo (v) = 0 and 1 —agg) (v) — Ya(q) (v) =0
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= aq(q) (v) + Yaa) (v) = 1 and @gg) (v) +Ya(q) (v) =1

C(92,8) = {1, [aa() (®), B (V)] Boy) (©): Bag )]
1= (1= 5y )21 = (1= T (0));a € S}.
={ {0, laag)(0), Tagg) ()], [Bogy (0): By (),
11— (0 (0))%. 1 — (@ag) ()]0 € S}

If Tog(g) (V) = 0 & 1 — agg (v) — (1 = (ag@ (v)?) = 0.

Then aq ) (v)(anE)(v) —1) = 0 & agy(v) =0 or ag(v) = 1.
Similarly, g (v) = 0 or ag)(v) = 1.

(ii) We know that, ®[C(Q,S)]

= {(v, lag(g) (v), Aa(g) (v)]; Bo (v), Bag) ()], [(1 = g(g) (), (1 — agp()]);g € S} (1)

Also,
Cla(2,S)]
= {(v.[20g) (v), Tag (V)] [Bo ) () Bag) ()], [ = (1 = (1 = agy (v)))?,
1 —(1—(1—ag) 2]>'q€8} (2)

= {(v, [ag(y) (), Ao (v)]; Bag @ v), Bogg) ()], [1 = (agg) ()% 1 — (@) (v)°])i q € S}

From (1) and (2), we conclude that

B[C(Q,8)] = C[B(Q,8)] & 1 — agy(v) =1 — (g ()
& agg) (V) (agE) () —1) =0
& agg)(v) =0 or agy(v) = 1.

Similarly, g (v) = 0 or agg(v) = 1.

(iii) Proof is similar to (ii). g

Proposition 7.3. Let V denote a non-empty set and (2, S) be an IVINSS over V.

(i) If [T (v), 7o q)( v)] = [0,0], then [mpoq) (V) Teag) (V)] = [0,0] iff [agq) (v), o) (v)] =
[0,0] or lag g (v), Ao (v)] = [1,1] ;

(i) [D(, S)] = D[ (€, 8)] ff [ (v), dag) (v)] = [0,0] or [agy)(v), Ao (v)] = [L1];
(i) S[D(. 8)] = DI S)] iff gy (v): T (0)] = (0.0] o7 ) ) Fex ()] = (1.1

Proof. (i) If [mq g (v), Tag) (v)] = [0,0]
=1 —aq(q) (v) — Yo (v) = 0 and 1 —agg) (v) — Ya(q) (v) =0
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= gg(q)(v) + Yaa) (v) = 1 and @gg) (v) +Ya(q) (v) =1

_lg(q)(v))77 1- (1 - WQ(q)(v)) D;q € S}

[1— (g @), 1 - (@ (©)1])ig € S.

If o (1) = 0 & 1 — (agq ()2 — 1+ (agg(©)T = 0 & (agqy ()T = (ang)©))?.
Then aq ) (v)(anE)(v) —1) = 0 & agy(v) = 0 or ag(v) = 1.

=
o
2
[

Similarly, Gqg)(v)= 0 or agq)(v) = 1.
(ii) We know that,

B[D(Q,8)] = { (v, (@ ©))?, (@ ©))

N|=

]7 [ﬁg(q) (’U)ng(q) (U)]a

1 1 (3)
[1— (g (v)2, 1 — (@) (v)2]); g € S}
Also,
DIa(2,8)] = {(v, [(anq)(©)?, @a(g (©))2]; By, (@), Bag (v)]
[1— (1= (1 - agey®)i1— (1~ (1-agy©)i)qge S} "
- {<Ua [(QQ(q) (U))Z (aQ(q) (7)))%]7 [Eg(q) (’U),BQ(q)(U)],
[1— (g (¥)7, 1 — (@) (v)1]);q € S}

From (3) and (4), we conclude that

= 1— (an(y(v))7.

[SIE

B[D(,8)] = D[B(Q, )] & 1 - (ag@(v))
& ag(g) (V)(1 — agg)(v)) = 0.
& ag(e) (V) =0 or ag)(v) = 1.

Similarly, @q ) (v) = 0 or @g)(v) = 1.

(iii) Proof is similar to (ii). g

Proposition 7.4. For any IVINSS (2,S), C(2,S) € (,S8) € D(,S).

Proof. Consider,

(2.8) = { (v, lang) (), Tagg) (V)]s B (v): Bagg (0)], gy (0) Ty (0)]) 5 0 € S}

C(Q’ S) = {<Ua [QQ(q) (U)vaﬂ(q)(v)]a [éQ(q) (U)agﬂ(q) (U)]’ [1 - (1 - ZQ(q) (U))Qv
1— (1= Fgp(©)?]);q € S}
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Since, lg(q) (U>7VQ(q) (1}) < [07 1]7 (1 - (1 - lg(q) (U))2> > lﬂ(q)(v)and
(1= (1 =g )% =T (v)-

Hence C(12,S) € (12, S). (5)

DR, 8) = {(v, () ()7, (@) ()], By,

q)

Hence (£2,S) € D(12,S). (6)

From (5) and (6), we get C(R2,S) € (,8) € D(,S). o

8. Similarity measures between IVINSS

We provide a new similarity measure (SM) between IVINSS and explain its use with an
application. We illustrate the working model with an algorithm and examples. Also, we bring

out the importance of the proposed SM by comparing with existing SMs.

Definition 8.1. Let V = {v1,v9,...,v,} represent the universe and S = {q1,q2,....qm } rep-
resent the parameters. Then the SM between IVINSSs (Q1,S) and (£2,S) is represented
as,

Sm <(Qla 8)7 (QQ’S)>

m n

-1 > [ |20, (g) (¥3) — 2y (g,) (%) [0, (4:) (V7) — Ty (q,) (5] Ba, (4)¥3) ~ Bay g, (%)
- 2+ 09, (g,) (V) T Qay () (Vi) 2+ T, (g,) (V) T Tayg) (Vi) 2 +§91<qi>(vj) +§92<qi)(vj)

4m = =1

Bos @) ) =Bz @)l Moi@®) = Zoy@ @ Faia0 (49) = Fos @ ()]
2+ﬂ01(qi)(”j) +692(qi)(vj) 2+lgl(qi)(vj) +192(qi)(1}j) 2+¥91(q7‘,)(vj)+7§22(qz‘)(vj)

’ (gﬂl(%)(’l}]) - 191(%)(1}‘7)) (gﬂg(qi)(vj) - ZQZ(%)(UJ))
2 2

(@0, (g0) (V) =Ty (a) (3)  (@s(a:) (V3) = T (a0) (¥3)) H
2 2 ’

8.1. Comparison analysis with existing SMs

In this section, we analyze some existing SMs on IVINSS. DMs apply SM to identify the
most similar pattern between the precise and imprecise values. The framework of existing
measures are given below.
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(1) Sy (S1,92) [

=1-- ng [|anl(ql)(”]) Q0 (q) W)+ @y (g) (V) — Py (q,) (V)] + |§Ql(¢1i)(vj) - QQQ(qi)(Uj)\

i=1

+ 180, (45) (W5) — Barg(q;) (W)l + Y, (a0 ©9) = Yy gy @ + P2 (00) (Vi) = T2 a0 (@3]

(i) Sc (S, 92) [1I]

1y (G2, (2 (99)) @y (0 (¥3)) + Bery () (03)) Berg (a1 (©9)) + Gy (a) () Gy ) (0)
" (4 @y () 02 + Bery 0 ©3)2 + Gy 0 (032 G0 ©9))2 + Barg(a) 03)% + Gy (0, (©1))?)

)

where 60 (¢;)(Vj) = Qq, (¢;) (V) + @0y (4;) (V5)s Gy (g5) (Vi) = Ly (g:) (V5) T Ty () (V5),
BQI(‘Zi)(Uj) = éQl(qL)(vJ) +Bﬂl(qi)(vj)w8~ﬂg(qi)(vj) = Eﬂg(qi)(vj) +Bﬂz(ql)(vj),
A1 (a0) (V3) = Yy, (419 (¥3) F 721 (00) (V3) a0d g (0,) (¥5) = Yy, (09 (¥3) + T2z (01 (¥3)-

(iii) S7(21,92) [
min(ag, (4;)(v5), Qq, (q;) (05)) + min(@a, (g;) (V3) ¥y ;) (v7)) + min(B, (3 (v5):Bg, (1 (v5))

NgE

.
Il

! ( +min(Ba, (4,)(v5): By (g:) (v5)) + min(lgl(qi)(vj)7192(q.)(vj)) +min(Tqo, (q;)(V5); VQz(qi)(Uj)))

)

max(gﬂl(qi)(vj)» QQQ(qi)(’Uj)) + max(aﬂl(qj)(ijEQQ (ql)(vj)) + max( )( ) P (q; )( ))

e

! ( + max(Bszl(qi)(Uj),ﬁsb(qi)(vj)) + mafﬁ(lﬂl<qi>(Uj):192<qi>(Uj)) + mawﬁgl(qi)(Uj)ﬁgz(qi)(vj)))

k3

(iv) Sg(Q1,Q2) 2]
1 < _ _
=5 ;wj |:|le(%)(”]') — a0y () (V)] + 180, (9, (V) = Tag(a,) () + 1By () Wi) = Bg, 4y (W)
+1Bay (g5) (V) = Barg(q;) (i)l + Yy (a0 V) ™ Yerg (g9 @)+ P2y (a) (v5) —%mi)(’%‘)l}
(v) Sp(1,Q2) [12]

- (ij {'Qm(qn(”ﬂ = 80, (g0) DI + [Ty (0) (V) = Teay(00) (W1 +1Bgy () (¥3) = By, g,y @)

=1
%
+ B0 () = Boa(a0 091 + g g (09 = T g 09+ o0 (09) ~ Toata (0] )
(vi) Ser (1. 9) [

-1 ZCos[ (120100 55) = 20 00 0] + 001 (00 (85) = T (0 + By, (05) = iy g ()

+1Bay () (V) = Bey gy (03)| + ‘lgl(qi>(vj) *lgz(qi)(vjﬂ + [V, (g;)(v5) — VQg(qi)(Uj)\)}
(vii) S, (Q1,Q2) [34]

: ZCOs[ (12010 (83) = 800 @IV By 1 53) = By @IV b 0 (83) = g 4 ()

+ 100, (g) (V) = Tz (a0) 01V 1Bay () (¥3) = Bag (a:) (W) V T, (1) (v3) — %z(qi)(”jﬂ)} :

Example 8.2. Consider the following values, as in Table 7. Table 8 shows the superiority
of the proposed SM than the existing SMs. It illustrates that the proposed SM can identify
similar patterns (refer third column) even when the existing SMs have some limitations (refer

first column). For computation purpose, let us consider w;=1 for Sy (£21,s) and Sy (21, Q).
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TABLE 7. Shows precise and imprecise values.

Precise value

Imprecise values

= ([0.20,0.30], [0.50, 0.60], [0.30, 0.50])

0.60,0.70], [0.50, 0.60], [0.10, 0.20]

)

= ([0.60,0.70], [0.70, 0.80], [0.20, 0.30])

[ I,

[0.50, 0.60], [0.40, 0.50], [0.10, 0.20]).
[0.50,0.60], [0.30, 0.60], [0.10, 0.20]
[ B

0.60, 0.70], [0.40, 0.50], [0.20, 0.30]).

)

([0.40,0.50], [0.80, 0.90], [0.30, 0.40])

[0.50,0.60], [0.50, 0.60], [0.20, 0.30]

= ([0.69,0.75], [0.75, 0.85], [0.15, 0.25])

[0.55,0.65], [0.55, 0.66], [0.21, 0.29]
0.58,0.69], [0.57,0.68], [0.22, 0.29]).

([0.69,0.75], [0.75, 0.85], [0.15, 0.25])

0.55,0.65], [0.54, 0.66], [0.21, 0.29)]

Q = (0.20,0.30], [0.50, 0.60], [0.30, 0.50])

0.40, 0.50], [0.40, 0.50], [0.10, 0.20]

(

(

(

(

(

([0.30, 0.40], [0.40, 0.50], [0.30, [0.40]).
(

(

(

(

(

([0.50, 0.60], [0.50, 0.60], [0.20, 0.30]).

[ i
[ ],
[0.58,0.69], [0.46,0.68], [0.22, 0.29]).
[ I,
[ I,

)

~ | I

TABLE 8. Analysis of existing SMs.

Existing SMs

Proposed SMs

Similar pattern

Sy (Q,1) =Sy (,Q2) =0.7833, Sy (Q,Q1) = 0.7198, Spr (€2, Q2) = 0.7435
SH(Q,Q1) = Sy (Q, Q) = 0.2166,  Spr(Q, Q) > Sar(2,Q1) = Qo Q4
Sc, (Q,) =S¢, (2,9Q2) = 0.9426.
Scp(92,91) = Sy (2, Q2) = 0.9877  Spr(Q, Q1) = 0.9154, Spr(2, Q2) = 0.9530

Sm(2,92) > Sm(Q,) = Qa2 Qs
Sy (Q,Q1) = Sy (2,02) = 0.8333,  Sn(Q,Q1) = 0.8698, Spr(2,Q2) = 0.8964
SH (1) = Sy (Q, Q) = 01666,  Spr(Q,Q2) > Sar(2,Q1) = Qs Q
Sc, (Q,) =S¢, (2,Q2) = 0.9659.
Sc(2,Q1) = Sc(Q,Q2) =0.9937  Sar(Q,Q1) = 0.9003, Spr(2, Q2) = 0.8702

S (2,91) > S (Q2,92) =N o
Sr(2,Q1) = Sr(Q,Q2) = 0800 Sr(, Q1) = 0.8995, Sar(Q, Q2) = 0.8611

Sar(2,91) > Sar(Q,92) = N o
Sp(Q,Q1) = Sp(2,Q2) =0.1957 S (R, Q) = 0.7851, Spy (€2, Q2) = 0.8060

Sar(92,Q2) > Spr(92,Q1) = Qo Q

Theorem 8.3. Let (Q1,S) and (Q2,S) be two IVINSS over V. Then,

(1) 0 < Sm((§h, 5), (22 73)) <1

(ZZ) SM((QD ) (QQ7 )) ((927 )(91,5»,
(iti) Sn((€,S), (22,8)) = L iff (1, 8) =

Proof. Proof straightforward

(QQ,S)'
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8.2. Diagnosing psychiatric disorder for people with COVID-19

In this section, we present an application on diagnosing psychiatric disorder for people with
COVID-19 using IVINSS. Let us consider the SM between two IVINSS over different universes
with the same set of parameters. We use this to analyze the psychiatric disorder problem. We

have proposed an algorithm and illustrated the technique with a suitable example.

8.3. Description of the problem

Let V = {vy,vg, ..., v, } represent universe and S = {q1, g2, ..., ¢m } represent the parameters.
Also, let the precise values (£2,S) describe the elements of the universe in IVINSS form given
by the psychiatrist for each stage. Let the psychiatrist define the norms to identify the levels
(low or moderate or high) associated with psychiatric disorder as in Table 10. Let (€;,S),
(1 =1,2,...,t) denote the imprecise values. Each (£2;,S) is in IVINSS form representing the
alternatives based on the observations on the subject by the psychiatrist made in relation to
each element of the universe and for each element of the parameter set. Now the problem is

to identify the level associated with (€2;,S) to the precise information (2, S).

8.4. A new method to diagnose psychiatric disorder

Let’s assume that (2, S) and (€2;, S) represent the precise and imprecise values, respectively
in IVINSS form. By using Definition 7.1, the psychiatrist identifies the SM value associated
with (£;,8) (i = 1,2,...,t) to the precise information (€2,S). Now, the psychiatrist compares
the obtained SM value with the norms (Table 10) and interprets on the level of psychiatric

disorder for each subject.

8.5. Algorithm for diagnosing psychiatric disorder

An algorithm is given below for diagnosing psychiatric disorder based on SM between
IVINSS.

Step 1: Construct the precise values (€2, S) and the norms based on the evaluation of
psychiatrist for diagnosing psychiatric disorder.

Step 2: Construct the imprecise values (€2;,S), (i = 1,2, ...,t) by observing the behavior of the
subjects.

Step 3: Compute the SM between (2, S) and (€2;,S).

Step 4: Compare the calculated SM value between (£2,S) and (€;,S) with the norms.

Step 5: Identify the level associated with each subject to diagnose the psychiatric disorder.

Example 8.4. Let V = {01, 02,03} represent the sessions conducted by a psychiatrist. Let
(1, Cy and Cj5 represent the subjects and S = {q1, g2, g3, q4, g5 } represent the parameters, ¢; =
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feeling sad or low, ¢go = confused thinking, ¢3 = extreme mood changes, ¢4 = excessive fears or
worries and g5 = sleeping problems. The psychiatrist has to diagnose the psychiatric disorder
based on the norms associated with each subject.

Step 1. Construct the precise values (£2,S) as in Table 9 and the norms as in Table 10

based on the evaluation of psychiatrist for diagnosing psychiatric disorder.

TABLE 9. Representation of precise values (£2,S) in IVINSS form for each session.

% 01 02 03

q1 ([0.6,0.7],[0.7,0.8],]0.1,0.2]) ([0.7,0.8],[0.7,0.8],[0.1,0.2]) (]0.6,0.7],[0.8,0.9],[0.1,0.2])
g2 ([0.5,0.6],[0.8,0.9],]0.2,0.3]) ([0.7,0.8],[0.8,0.9],[0.1,0.2]) (]0.5,0.6],[0.9,1.0],[0.2,0.3])
g3 ([0.4,0.5],[0.7,0.8],]0.3,0.4]) ([0.2,0.3],[0.9,1.0],[0.4,0.5]) (]0.4,0.5],[0.8,0.9],[0.4,0.5])
qa ([0.3,0.4],[0.6,0.7],]0.4,0.5])  ([0.4,0.5],[0.7,0.8],[0.3,0.4])  (]0.6,0.7],[0.8,0.9],[0.1,0.2])
g5 ([0.2,0.3],[0.5,0.6],[0.4,0.5]) ([0.5,0.6],[0.7,0.8],[0.1,0.2])  (]0.4,0.5],[0.9,1.0],[0.1,0.3])

TABLE 10. Norms for NPD.

Range of SM values Levels of psychiatric disorder

0.00 < Spr (€, 8), (€, 8)) < 0.40 Low
0.40 < S ((22,8), (£2;,8)) < 0.75 Moderate
0.75 < S ((2,S), (24, 8)) < 1.00 High

Step 2. Now construct the imprecise values (£2;,S), (i = 1,2, ...,t) by observing the behav-
ior of the subjects C7, Cy and C5 respectively, as in Table 11, 12 and 13.

TABLE 11. Representation of imprecise values (€21, S) for the first subject in

SINSS form for each session.

v

01

02

03

q1
q2
q3
q4

[0.8,0.9],[0.7,0.8], [0.0,0.1]
[0.7,0.8],[0.6,0.7],0.1,0.2]

[0.6,0.7],[0.7,0.8],[0.1,0.2]

[0.2,0.3],[0.4,0.5],[0.1,0.2]
[0.1,0.2],[0.3,0.4],0.2,0.3]

[0.2,0.4],[0.2,0.3],[0.4,0.5]

[0.1,0.2],[0.7,0.8],[0.1,0.2
[0.2,0.3],[0.8,0.9],[0.1,0.2

[0.2,0.3],[0.9,1.0],[0.2,0.3

( [ [ )« I, )« B I, 1)
( [ [ )« I, A B I, 1)
([0.6,0.7],[0.8,0.9],[0.2,0.3])  ([0.3,0.4],[0.5,0.6],[0.3,0.4])  ([0.3,0.4],[0.9,1.0], 0.4, 0.5])
( [ [ A I, )« B I, 1)
( [ [ ) I, ) B B 1)

[0.6,0.7],]0.9,1.0],[0.2,0.3])  ([0.1,0.3],[0.4,0.5],[0.1,0.2])  ([0.1,0.3],[0.8,0.9],[0.3,0.4

d5

Step 3. By using Definition 7.1, calculate the Sys ((©2,S), (€, S)).
The values are as below:
Sn((22,8),(Q1,8)) = 0.396, Sy ((22,S),(Q22,S)) = 0.663, Sas (2, S), (23,8)) = 0.772.
Step 4. Now compare the calculated values of Sys ((2,S), (€, S)) with Table 10.
The level of psychiatric disorder for the first subject shows low, for the second average and
the third high.
Step 5. We can conclude from the above observation that the psychiatrist to start the next

set, of treatment sessions for the subjects Co and C'3 to lower the level of psychiatric disorder.
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TABLE 12. Representation of imprecise values (22, S) for the second subject

in SINSS form for each session.

% o1 02 03

a1 (0.2,0.3],[0.7,0.8],[0.2,0.3]) ([0.7,0.8],[0.8,0.9],[0.1,0.2])  ([0.7,0.8],[0.7,0.8],[0.1,0.2])
¢ ([0.4,0.5],[0.8,0.9],]0.1,0.2]) ([0.5,0.6],[0.9,1.0],[0.2,0.3]) ([0.4,0.5],[0.8,0.9],[0.1,0.2])
gz ([0.4,0.5],[0.9,1.0],[0.4,0.5]) ([0.4,0.5],[0.8,0.9],[0.3,0.4]) ([0.3,0.4],[0.9,1.0],[0.4,0.5])
qa  (0.6,0.7],[0.7,0.8],]0.1,0.2])  ([0.3,0.4],[0.9,1.0],[0.4,0.5]) ([0.6,0.7],[0.9,1.0],[0.2,0.3])
g5 ([0.5,0.6],[0.7,0.8],]0.2,0.3]) ([0.2,0.3],[0.8,0.9],[0.1,0.2])  ([0.5,0.6],[0.8,0.9],[0.3,0.4])

TABLE 13. Representation of imprecise values (€23, S) for the third subject in

SINSS form for each session.

% 01 02 03

a1 {0.7,0.8],[0.7,0.8],[0.1,0.2])  ([0.7,0.8],[0.8,0.9],[0.1,0.2])  ([0.7,0.8],[0.8,0.9],[0.1,0.2])
g2 ([0.4,0.5],[0.8,0.9],[0.1,0.2]) ([0.6,0.7],[0.9,1.0],[0.1,0.2]) (]0.5,0.6],[0.7,0.8],[0.2,0.3])
g3 ([0.2,0.3],[0.6,0.7],[0.2,0.3]) ([0.1,0.3],[0.8,0.9],[0.2,0.3]) (]0.1,0.2],[0.7,0.8],[0.1,0.3])
g4 ([0.4,0.5],[0.7,0.8],]0.1,0.2]) ([0.4,0.5],[0.9,1.0],[0.1,0.2]) (][0.6,0.7],[0.9,1.0],[0.1,0.2])
g5 ([0.1,0.2],[0.8,0.9],[0.2,0.3]) ([0.3,0.4],[0.8,0.9],[0.1,0.2]) (][0.5,0.6],[0.8,0.9],[0.2,0.3])

9. Conclusion

In this manuscript, we outline the notions of IVINS, IVINSS, and establish some of their
properties. Also, we show the effectiveness of the proposed SM by comparing it with existing
SMs.

diagnosing the same. So, we propose a diagnosing method based on the SM for diagnosing

In today’s complicated psychiatric disorder behaviors, SM plays a significant role in

psychiatric disorder with IVINSSs. In this method, we predict the psychiatric behavior of the
subjects represented in the IVINSS form. We can apply this concept to other hybrid sets for

diagnosing psychiatric disorders. Our future study would be the applications of neutrosophics

in sociology [29].
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