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Abstract

In this paper, exponential sine distance and exponential
cotangent distance between n-valued interval neutrosophic
sets are proposed and some of its properties are discussed
herein. The concept of the above proposed methods is an
essential tool for dealing with uncertainties and shortcom-
ings that affect the existing methods. Implementation of
medical diagnosis is presented to find out the disease im-
pacting the patient.
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1 Introduction

In 1965, Fuzzy set theory was firstly given by Zadeh(see [6]) which is
applied in many real applications to handle uncertainty.Sometimes
membership function itself is uncertain and hard to be defined by
a crisp value.So the concept of interval valued fuzzy sets was pro-
posed to capture the uncertaintyof grade of membership. In 1986,
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Atanassov(see[4]) introduced the intuitionistic fuzzy sets which con-
sider both truth-membership and falsity-membership. Neutrosoph-
icset (generalization of fuzzy sets, intuitionistic fuzzy sets and so
on) defined by FlorentinSmarandache(see [2]) has capability to deal
with uncertainty, imprecise, incomplete and inconsistent informa-
tion which exists in real world from philosophical point of view..Wang
et al(see [3]) proposed the set theoretic operations on an instance
of neutrosophic set is called interval valued neutrosophic set which
is more flexible and practical thanneutrosophic set.Broumiet al(see
[5]) generalize the concept of n-valued neutrosophic sets to the case
of n-valued interval neutrosophic sets. Edward Samuel and Nar-
madhagnanam (see [1]) proposed few novel methods in n-valued
interval neutrosophic sets.
In this paper, using the notion of n-valued interval neutrosophic
set it was provided an exemplary for medical diagnosis.In order to
make this, novel methods were implemented.

2 Preliminaries

2.1 Definition(see [5])

A n-valued interval neutrosophicset is contained in the other n-
valued interval neutrosophicset , denoted by A ⊆ B,if and only if
{infT 1

A(x) ≤ infT 1
B(x), infT 2

A(x) ≤ infT 2
B(x), .., infT p

A(x) ≤ infT p
B(x),

supT 1
A(x) ≤ supT 1

B(x), supT 2
A(x) ≤ supT 2

B(x), .., supT p
A(x) ≤ supT p

B(x),
infI1A(x) ≥ infI1B(x), infI2A(x) ≥ infI2B(x), .., infIpA(x) ≥ infIpB(x),
supI1A(x) ≥ supI1B(x), supI2A(x) ≥ supI2B(x), .., supIpA(x) ≥ supIpB(x),
infF 1

A(x) ≥ infF 1
B(x), infF 2

A(x) ≥ infF 2
B(x), .., infF p

A(x) ≥ infF p
B(x),

supF 1
A(x) ≥ supF 1

B(x), supF 2
A(x) ≥ supF 2

B(x), .., supF p
A(x) ≥ supF p

B(x)
∀x ∈ X}→ (1)

3 Proposed Definitions with proposition

3.0.1 Definition

Let A={x, ([infT 1
A(x), supT 1

A(x)], [infT 2
A(x), supT 2

A(x)], ..., [infT p
A(x), supT p

A(x)]),
([infI1A(x), supI1A(x)], [infI2A(x), supI2A(x)], ..., [infIpA(x), supIpA(x)]),
([infF 1

A(x), supF 1
A(x)], [infF 2

A(x), supF 2
A(x)], ..., [infF p

A(x), supF p
A(x)]) :

x ∈ X}
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and
Let B={x, ([infT 1

B(x), supT 1
B(x)], [infT 2

B(x), supT 2
B(x)], ..., [infT p

B(x), supT p
B(x)]),

([infI1B(x), supI1B(x)], [infI2B(x), supI2B(x)], ..., [infIpB(x), supIpB(x)]),
([infF 1

B(x), supF 1
B(x)], [infF 2

B(x), supF 2
B(x)], ..., [infF p

B(x), supF p
B(x)]) :

x ∈ X }
be two n-valued interval neutrosophic sets then the exponential sine
distance is defined as
ESNV INS(A,B) = 5

4np

∑p
j=1[

∑n
i=1 e−[1−sin[π

4
[|infT j

A(xi)−infT j
B(xi)|+

|supT j
A(xi)− supT j

B(xi)|+ infIjA(xi)− infIjB(xi)|
+ |supIjA(xi)−supIjB(xi)|+ |infF j

A(xi)− infF j
B(xi)|+ |supF j

A(xi)−
supF j

B(xi)|]]]]→ (2)

3.1 Proposition1

(i)ESNV INS(A,B) > 0
(ii)ESNV INS(A,B) = ESNV INS(B,A)
(iii)IfA ⊆ B ⊆ CthenESNV INS(A,C) ≥ ESNV INS(A,B)and
ESNV INS(A,C) ≥ ESNV INS(B,C)

3.2 Definition

Let
A={x, ([infT 1

A(x), supT 1
A(x)], [infT 2

A(x), supT 2
A(x)], ..., [infT p

A(x), supT p
A(x)]),

([infI1A(x), supI1A(x)], [infI2A(x), supI2A(x)], ..., [infIpA(x), supIpA(x)]),
([infF 1

A(x), supF 1
A(x)], [infF 2

A(x), supF 2
A(x)], ..., [infF p

A(x), supF p
A(x)]) :

x ∈ X}
and
B={x, ([infT 1

B(x), supT 1
B(x)], [infT 2

B(x), supT 2
B(x)], ..., [infT p

B(x), supT p
B(x)]),

([infI1B(x), supI1B(x)], [infI2B(x), supI2B(x)], ..., [infIpB(x), supIpB(x)]),
([infF 1

B(x), supF 1
B(x)], [infF 2

B(x), supF 2
B(x)], ..., [infF p

B(x), supF p
B(x)]) :

x ∈ X }
be two n-valued interval neutrosophic sets then the exponential sine
distance is defined as
ECNV INS(A,B) = 1

np

∑p
j=1[

∑n
i=1 e−[ 1

cotx
[π
6
[6+|infT j

A(xi)−infT j
B(xi)|+

|supT j
A(xi)− supT j

B(xi)|+ infIjA(xi)− infIjB(xi)|
+ |supIjA(xi)−supIjB(xi)|+ |infF j

A(xi)− infF j
B(xi)|+ |supF j

A(xi)−
supF j

B(xi)|]]]]→ (3)
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3.3 Proposition2

(i)ECNV INS(A,B) > 0
(ii)ECNV INS(A,B) = EcNV INS(B,A)
(iii)IfA ⊆ B ⊆ CthenECNV INS(A,C) ≥ ECNV INS(A,B)and
ECNV INS(A,C) ≥ ECNV INS(B,C)

4 Methodology

In this section, it was presented an application of rough neutro-
sophic set in medical diagnosis. In a given pathology, suppose S is
a set of symptoms, D is a set of diseases and P is a set of patients
and let Q be a rough neutrosophic relation from the set of patients
to the symptoms. i.e.,Q (P → S) and R be a rough neutrosophic
relation from the set of symptoms to the diseases. i.e., R (S → D)
and then the methodology involves three main jobs:
(i) Determination of symptoms
(ii) Formulation of medical knowledge based on n-valued interval
neutrosophic sets and interval neutrosophic sets
(iii) Determination of diagnosis on the basis of new computation
techniques of n-valued interval neutrosophic sets.

5 Algorithm

Step 1:The Symptoms of the patients are given to obtain the patient-
symptom relation Q and are noted in Table 1.
Step 2:The medical knowledge relating the symptoms with the set
of diseases under consideration are given to obtain the symptom-
disease relation R and are noted in Table 2.
Step 3:The computation T of the relation of patients and diseases
is found using (1) and (2) and are noted in Table 3 and Table 4
respectively.
Step 4:Finally, minimum value from Table 3 and Table 4 of each
row were selected to find the possibility of the patient affected with
the respective disease and then it was concluded that the patient
Pk(k=1,2 and 3) was suffering from the disease Dr (r=1,2,3 and 4).
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6 Case study(see [5])

Let there be three patients P = 〈P1, P2, P3〉 and the set of symptoms
S = {S1 = Temperature, S2 = Cough, S3 = ThroatpainStomachpain,
S4 = Headache, S5 = Bodypain}. The n-valued interval neutro-
sophic relation Q (P → S) is given as in Table 1. Let the set
of diseases D = {D1 = V iralfever,D2 = Tuberculosis,D3 =
Typhoid,D4 = Throatdisease}. The interval neutrosophic rela-
tion R (S → D) is given as in Table 2.

Remark From Table 3 and Table 4, it is obvious that, if the doc-
tor agrees, then P1 and P3 suffers from Viral fever and P2suffers
from Throat disease.(For reference, the case study data values
are given after bibliography).

7 Conclusion

In this paper, it was analyzed the relationship between the set of
symptoms found with the patients and the set of diseases and em-
ployed two methods (exponential sine distance method and expo-
nential cotangent distance) to find out the disease possibly affected
the patient. The techniques considered in this study were more re-
liable to handle medical diagnosis problems quiet comfortably. The
proposed methods had more accuracy than the others and they
could handle the limitations and drawbacks of the previous works
well.
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Table 1: The relation between Patients and Symptoms (Using Step
1)

Q Temperature Cough Throat pain Headache Body pain
P1 [0.3, 0.4], [0.1, 0.2], [0.0, 0.5], [0.2, 0.3], [0.0, 0.4],

[0.4, 0.5], [0.3, 0.6], [0.2, 0.6], [0.3, 0.5], [0.6, 0.7],
[0.3, 0.7] [0.6, 0.8] [0.0, 0.4] [0.0, 0.7] [0.2, 0.5],
[0.0, 0.3], [0.0, 0.5], [0.3, 0.4], [0.4, 0.5], [0.2, 0.4],
[0.1, 0.3], [0.4, 0.7], [0.2, 0.3], [0.4, 0.7], [0.4, 0.5],
[0.0, 0.5] [0.4, 0.5] [0.3, 0.4] [0.3, 0.6] [0.1, 0.2]
[0.0, 0.6], [0.2, 0.3], [0.0, 0.7], [0.2, 0.6], [0.1, 0.3],
[0.4, 0.5], [0.0, 0.5], [0.3, 0.7], [0.0, 0.6], [0.1, 0.3],
[0.3, 0.4] [0.4, 0.6] [0.3, 0.5] [0.3, 0.4] [0.2, 0.3]

P2 [0.2, 0.3], [0.5, 0.7], [0.5, 0.6], [0.2, 0.5], [0.2, 0.4],
[0.4, 0.5], [0.0, 0.4], [0.0, 0.6], [0.5, 0.6], [0.4, 0.6],
[0.1, 0.2] [0.7, 0.8] [0.2, 0.3] [0.1, 0.5] [0.1, 0.4]
[0.4, 0.5], [0.6, 0.7], [0.4, 0.7], [0.2, 0.3], [0.0, 0.5],
[0.2, 0.5], [0.0, 0.5], [0.4, 0.6], [0.2, 0.5], [0.2, 0.4],
[0.0, 0.3] [0.4, 0.5] [0.3, 0.4] [0.5, 0.6] [0.5, 0.6]
[0.6, 0.7], [0.4, 0.6], [0.1, 0.3], [0.1, 0.3], [0.5, 0.7],
[0.4, 0.5], [0.2, 0.7], [0.2, 0.3], [0.3, 0.4], [0.0, 0.7],
[0.4, 0.5] [0.0, 0.3] [0.5, 0.7] [0.4, 0.5] [0.2, 0.4]

P3 [0.1, 0.3], [0.2, 0.3], [0.2, 0.4], [0.2, 0.3], [0.0, 0.6],
[0.0, 0.5], [0.0, 0.7], [0.3, 0.6], [0.5, 0.6], [0.4, 0.7],
[0.4, 0.6] [0.1, 0.4] [0.0, 0.6] [0.4, 0.5] [0.2, 0.3]
[0.1, 0.2], [0.5, 0.6], [0.4, 0.5], [0.2, 0.4], [0.2, 0.3],
[0.3, 0.4], [0.0, 0.3], [0.0, 0.3], [0.0, 0.4], [0.2, 0.3],
[0.2, 0.5] [0.3, 0.5] [0.3, 0.4] [0.2, 0.7] [0.1, 0.2]
[0.2, 0.4], [0.3, 0.5], [0.5, 0.7], [0.4, 0.5], [0.0, 0.6],
[0.4, 0.5], [0.2, 0.5], [0.4, 0.6], [0.2, 0.3], [0.2, 0.4],
[0.3, 0.7] [0.4, 0.6] [0.3, 0.7] [0.3, 0.5] [0.4, 0.6]
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Table 2: The relation among Symptoms and Diseases (Using Step2)
R Viral fever Tuberculosis Typhoid Throat disease

Temperature [0.2, 0.4], [0.1, 0.4], [0.4, 0.6], [0.3, 0.4],
[0.3, 0.5], [0.2, 0.6], [0.4, 0.6], [0.2, 0.5],
[0.3, 0.7] [0.6, 0.7] [0.0, 0.2] [0.0, 0.6]

Cough [0.2, 0.4], [0.3, 0.4], [0.3, 0.4], [0.4, 0.5],
[0.2, 0], [0.2, 0.5], [0.2, 0.3], [0.1, 0.3],
[0.0, 0.5] [0.7, 0.8] [0.1, 0.2] [0.0, 0.5]

Throatpain [0.0, 0.4], [0.0, 0.2], [0.1, 0.2], [0.2, 0.4],
[0.2, 0.4], [0.3, 0.6], [0.4, 0.5], [0.2, 0.5],
[0.2, 0.4] [0.6, 0.7] [0.3, 0.4] [0.3, 0.7]

Headache [0.4, 0.7], [0.1, 0.2], [0.3, 0.4], [0.0, 0.3],
[0.0, 0.3], [0.0, 0.5], [0.2, 0.3], [0.3, 0.6],
[0.3, 0.5] [0.0, 0.6] [0.2, 0.5] [0.2, 0.5]

Bodypain [0.1, 0.4], [0.5, 0.7], [0.2, 0.3], [0.0, 0.4],
[0.2, 0.5], [0.4, 0.5], [0.2, 0.4], [0.1, 0.2],
[0.3, 0.4] [0.2, 0.5] [0.2, 0.3] [0.1, 0.3]

Table 3: Exponential sine distance(Using step3 and step4)
T Viral fever Tuberculosis Typhoid Throat disease
P1 0.8769 0.9976 0.9417 0.9224
P2 0.9927 1.0315 0.9568 0.9179
P3 0.8558 1.0034 0.9105 0.8659

Table 4: Exponential cotangent distance(Using step3 and step4)
T Viral fever Tuberculosis Typhoid Throat disease
P1 0.7829 0.8535 0.8247 0.8208
P2 0.8534 0.8647 0.8344 0.8192
P3 0.7636 0.8532 0.8032 0.8063
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