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Cosine Similarity Measure of Interval Valued Neutrosophic Sets

Said Broumi Florentin Smarandache

Abstract. In this paper, we define a new cosine similarity suggested some new methods for measuring the similarity
between two interval valued neutrosophic sets based on between neutrosophic set. However, there is a little
Bhattacharya's distance [19]. The notions of interval valued investigation on the similarity measure of IVNS, although
neutrosophic sets (IVNS, for short) will be used as vector some method on measure of similarity between intervals

representations in 3D-vector space. Based on the comparative yalued neutrosophic sets have been presented in [5] recently.
analysis of the existing similarity measures for IVNS, we find that

our proposed similarity measure is better and more robust. An Pattern recognition has been one of the fastest growing
ilustrative example of the pattern recognition shows that the areas during the last two decades because of its usefulness and
proposed method is simple and effective. fascination. In pattern recognition, on the basis of the

knowledge of known pattern, our aim is to classify the
Keywords: Cosine Simlarity Measure; Interval Valued unknown pattern. Because of the complex and uncertain nature
Neutrosophic Sets . of the problems. The problem pattern recognition is given in
the form of interval valued neutrosophic sets.
. INTRODUCTION

The neutrsophic setdN§), pioneered by F. Smarandache ba
[1], has been studied and applied in different fields, including,
decision making problems [2, 3, 4 , 5, 284tabases [6-7],
medical diagnosis problems [8] , topology [9], control theory,
[10], Image processing [11,12,13] and so on. The character grieasure is more reasonable than some similarity measures.
NSs is that the values of its membership function, nORpne  yrohosed  similarity measure is applied to pattern
membership function and indeterminacy function are SUbsetFecognition
The concept of neutrosophic sets generalizes the following
concepts: the classic set, fuzzy set, interval valued fuzzy set, This paper is organized as follow: In section 2 some basic
Intuitionistic fuzzy set, and interval valued intuitionistic fuzzy definitions of neutrosophic set, single valued neutrosophic set,
set and so on, from a philosophical point of view. Thereforeinterval valued neutrosophic set and cosine similarity measure
Wang et al [14] introduced an instance of neutrosophic se&re presented briefly. In section 3, cosine similarity measure of
known as single valued neutrosophic sets (SVNS), which wetieterval valued neutrosophic sets and their proofs are
motivated from the practical point of view and that can be useittroduced. In section 4, results of the proposed similarity
in real scientific and engineering application, and provide theneasure and existing similarity measures are compared .In
set theoretic operators and various properties of SVNSsection 5, the proposed similarity measure is applied to deal
However, in many applications, due to lack of knowledge owith the problem related to medical diagnosis. Finally we
data about the problem domains, the decision information magonclude the paper.
be provided with intervals, instead of real numbers. Thus,
interval valued neutrosophic sets (IVNS), as a useful Il PRELIMINARIE
generation of NS, was introduced by Wang et al [15], which is  This section gives a brief overview of the concepts of
characterized by a membership function, non-membershieutrosophic set, single valued neutrosophic set, interval
function and an indeterminacy function, whose values argalued neutrosophic set and cosine similarity measure.
intervals rather than real numbers. Also, the interval valued )
neutrosophic set can represent uncertain, imprecise, incompléle Neutrosophic Sets
and inconsistent information which exist in the real world. As 1) Definition[1]
an important extension of NS, IVNS has many applications in Let U be an universe of discourse then the neutrosophic set
real life [16, 17]. A is an object having the form

In this paper, motivated by the cosine similarity measure
sed on Bhattacharya's distance [19], we propose a new
ethod called “cosine similarity measure for interval valued
neutrosophic sets. Also the proposed and existing similarity
easures are compared to show that the proposed similarity

Many methods have been proposed for measuring the A = {< x: To(%), Ia(x), Fa(x)> x € U}, where the
degree of similarity between neutrosophic set, S.Broumi anfdinctions T, I, F : U» ]-0, 1+[ define respectively the degree
F. Smarandache [22] proposed several definitions of similaritgf membership (or Truth) , the degree of indeterminacy, and
measure between NS. P.Majumdar and S.K.Samanta [21]

74



Florentin Smarandache Neutrosophic Theory and Its Applications. Collected Papers, I

the degree of non-membership (or Falsehood) of the elemenf{X) A;yns S Bjyns if and only if T};(x) < TB%(X),TX(X)

€ U to the set A with the condition. <TVX), kK =15, 1VE >1x), Fix) >Fix)
"0 <T, (x)+H A (X)+F4 (x) <3". 1) JFR() = Fg(%).
(2)Awns = Bns ifandonlyif, TE(X)=Tg(x), TL(X)

From philo®phical point of view, the neutrosophic set_ 'y Lrs_tL U T U L N nL U
takes the value from real standard or non-standard subsets:(;rI‘?J (9, 1Z0=15(), 12(0) =g (), Fx()=F5(x), Fa(x)
170, T'[. So instead of] -0, "L we need to take the interval [0, —'8(X) for anyx € X.

1] for techrical applications, becaus&] 1'[will be difficultto  p Cosi ne Smilarity
apply in tke real applications such as in scientific and

; ; 1) Definition
engineering problems. . A
g gp Cosine similarity is a fundamental angle-based measure of
For two NS Ays = {<X,Ta(x), [o(x), Fa(x)> |x € X} similarity between two vectors of n dimensions using the

cosine of the angle between them Candan and Sapino [20]. It
measures the similarity between two vectors based only on the
direction, ignoring the impact of the distance between them.

And Bys = {<x, Tg(x), Iz(x), Fg(x)> | x € X} the two
relations are defined as follows:

(1)Ays € Bpslf and only if Ty(x) < Tg(x), IA(x) Given two vectors of attributes, X x,( x5, ... ,x,) and Y=
> I5(x), FA(x) = Fg(x) (Y1, Y2, --- » ¥Yn), the cosine similarity, c6s is repreented
i dot product and itud
(2) Ays = Bys ifand only if, Ty (x)=Tg(x), 1(x) =Ig(x), using & dot product and magnitude as
Fa(x) =Fs(x) Cosd - TiaXivi @)
\I ?:1Xi2, Z31”:13’i2
B. Single Valued Neutrosophic Sets In vecbr space, a cosine similarity measure based on

Bhattacharya’s distance [19] between two fuzzy $et(x;)

1) Definition[14] , ) .
Let X be a space of points (objects) with generic element%nd“ 5 (x;) definedasfollows:

in X denoted by x. An SVNS A in X is characterized by a Cr(A,B) = iz uaCx) up(x) )

truth-membership ~ function Ty(x), an indeteminacy- B \/Zi"=1ﬂA(xi)2 JZZLluB(xi)Z

membership functioih, (x), and a faity-membership function

Fa(x), for eachpoint x in X, T, (x), [4(x), F5(x) €0, 1]. The cosine bthe angle between the vectors is within the
values between 0 and 1.

When X is continuous, an SVNS A can be written as
In 2-D vector space, J. Ye [18] defines cosine similarity

A=J, <TA001aG). FaT).> IA)((X)' a2 e X. 2 measure between IFS as follows:
When X isdiscrete, an SVNS A can be written as — Yie1 ba(x) ppx)+va(xdvp(xy)
: Cirs(A,B) == - — = - = (6
A= STAGD IAGDFAGD.> oy @) J2i=1ﬂA(xi) +va(x) JZ,-zlllB(xi) +vp (%)
. [l
Xi IIl . COSINE SIMILARITY M EASURE FORINTERVAL VALUED
For twoSVNS, Agyys = {<X,Ta(%) , [4(%), FA(x)> |x € X} NEUTROSOPHIC SETS.

The existing cosine similarity measure is defined as the
inner product of these two vectors divided by the product of
their lengths. The cosine similarity measure is the cosine of the

(1) Agyns € Bsynsif and only if Ta(x) < Tg(x), [4 (%) angle between the vector representations of the two fuzzy sets.
> [5(x), Fa(x) = Fg(x) The cosine similarity measure is a classic measure used in

. . _ information retrieval and is the most widely reported measures
B (2) Asvns = Bgyns ifand only if, Ta(®) =Te(), A& of vector similarity [19]. However, to the best of our
=lg(x), Fa(x) =Fp(x) for ary x € X. Knowledge, the existing cosine similarity measures does not
C. Interval Valued Neutrosophic Sets deal with interval valued neutrosophic sets. Therefore, to
N overcome this limitation in this section, a new cosine similarity
1) Definition[15]

. : . . measure between interval valued neutrosophic sets is proposed
Let X be a space of points (objects) with generic elements iy 3_p vector space.

X denoted by x. An interval valued neutrosophic set (for short

IVNS) A in X is characterized by truth-membership functionLet A be an interval valued neutrosophic sets in a universe of
Ta(x), indeteminacy-membership functidp(x) and falsiy- dlscourse_ X ={x}, the_: interval valued neutrosophlg sets is
membership functiorf,(x). For each point x in X, we have characterized by the interval of membershipy (k), Ty (x)]

And Bgyns = <X, Tg(x), Ig(x), Fg(x)> | x € X} the two
relations are defined as follows:

thatT, (x), 14(X), Fa(x) [0, 1]. sthe interal degree of non-membershif;[x), F} (x)] and the

For two IVNS, yns ={<x, [TE(x), TV ()] interval degree of indeterminaci[x), I§(x)] which can be

[FL (x) FU(X)], 1L (x) IU();)] i Ix E Q} ' considered as a vector representation with the three elements.
A A A r 1A

Therefore, a cosine similarity measure for interval neutrosophic

And Byns= {<X, . : X oo
sets is proposed in an analogous manner to the cosine similarity

[Té‘(x) yTéJ 1, [Fé (), FIISJ x)], [IIE(X); IS(X)]>| x € X} the two measure proposed by J. Ye [18

relations are defined as follows: prop yJ. Ye 18]
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E. Definition fuzzy setsa cosine similarity measure between interval valued

Assume that there are two interval neutrosophic sets A arfiutrosophic sets A and B is proposed as follows
Bin X ={ x;, x, ,..., x,} Based on the extension measure for

Cy( A, B)= % n (TR Ce) + T () (TG Oe)+T ) +UACe) + 14 () U (o) + 15 () +(Fi () + F (x0) (FE (x) + Fg (x0)) )

T ke + 1Y Gy o1 0y ke + £ Ge)? (e + T8 e+ e +18 ey + (b ) + Y )

(i) it is obvious that the proposition is true.

F. Propostion (iii) when A =B, there are

Let A and B be interval valued neutrosophic sets then TEx) = TE(x), TV () = TY (%),

b 0=Cy4B)<1 i) = 15(x), 1{(x) = I§(x) and

I Cy(AB)=Cy(B,A4) FF(x) = Fr(x) FY(x) = FY(x) for i=1,2...,n, So

iii. Cy(A,B)=1 ifA=Bi.e there isCy(4,B) = 1
Ty (x) = Tg(x), Ty (x) = Tg (x0), If we consder the weights of each element a weighted
i) = 15(x), L/ (x) = I§(x) and cosine simarity measure between IVNSs A and B is given as
Fi(xi) = Fé’(xl) , FAU(XI:) = Féj(xl) for i:l,2,...., n follows:

Proof : (i) it is obvious that the proposition is true according
to the cosine valued

_1yn (T Ge) + T (X)) (TE Ge)+TE Gep))+UAGeD) + 14 (x) UB (o) + 1 (k) +(FE(x) + FA () (FE(x0) + Fy (%)) 8
Cwn (A B)=— Xl w; (8)
Jerkeo + T8 o2k 1§ G+ Eh G + FY Gon? (e + T (o2 + e +F )2+ (B e + R ()2
Wherew; € [0.1] ,i =1,2,...,n ,andy.’, w; =1. i diA,B)= 0, if 0<(C,(4,B)<1
1. . ii. d(A, B)=arcos1) =0, ifCy(4,B) =1
If we takew; = — i =1,2,...,n , then there i<,y (4,B) = ii. d(A, B) = d(B, A) if Cy(A,B) = Cy(B,A)
Cn(4,B). iv.  d(A,C)<d(A B)+d(B,C) if AcBcCforany

The weghted cosine similarity measure between two interval valued neutrosophic sets C.

IVNSs A and B also satisfies the following properties: ) o )
Proof : obviously, d(A,B) satisfies the (i) — (iii). In the

. 0<Cyn(A4B)<1 following , d(A,B) will be proved to satisfy the (iv).
i, Cun(A B) =Cun(B,A)

ii. Con(AB)=1 if A=Bi.e Forany C ={x;}, A € Bc Csince g (7) is the sum of

terms. Let us consider the distance measure of the angle

Tr(x) = TE(x), T () =T (x) , If(x) = ;
G, 190k = I80c) amd FhGr) = FE(x), FYGe) =  emweenvectors:
FO(e) for 12, o1 di(AGx), Blx) = arcosCu(A(x), B(x))),

di(B(x;), Clx;)) = arcos(Cy(B(x;), €(x;))) and
d;(A(x;), C(x;)) =arcos(Cy(A(x;), C(x;))), for i=1, 2, .., n,

G. Proposition where

Let the distance measure of the angle@sB)= arcos
(Cn (A, B)) then it satisfies the following properties.

(Th ) + T () (T e +TH ) +U5 ) + 15 (e) UBGe) + 18 () +(E5 Op) + Fif () (FEGxp) + FE (x)

CN(A! B):l n (9)

=1
" Jerkeo + 1§ Gtk G2+ kG + B Gin? (e + 18 Gon®+ e+ )2+ (R e + Y G2

Cy(B,C)=2 3m (T§ (<) + T8 (<) (TEG)+TE )+ UG + 18 (ki) UEGe) + 1€ (i) +(FE (ep) + FE (x) (FE(xep) + FE () (10)
’ - i=1
" Sk + 1Y G2+ b+ Gy (b G + FY G [(re + 18 e+t +1Z oy (G + B G2
Cy(A,C)= % n (TR Ge) + T () (TE e+ TE e+ (UG Ge) + 14 (e) UEGey) + 18 (x)) +(F(xp) + F (%)) (FE (xp) + FE (x) (11)

i=1
Jerken + 1Y G2 rakeorif oy ko + Y Gon? [ + 18 2 b+ oy G + FY Gop?

For three ectors

Agxi) = <, [ Tr(x), TGOl [ I8, Ld ()]s [Fa(xi) . Clo) =<y, [ Té (), TE (el [ 1) ¢ (x) T,
Fa ()l > [Fé (), FY (x)] >, in a plane

B(x;) = <x;, [ Tg(x;), Tg (x;) LI I5(x) I (x) 1, [FE (%)
Fg (x)] >
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IfA(x)<SB () €C () (=1, 2,..., n), then it is obvious observed from the example 1 and 2 that the values of similarity
that d(Ax;), Clx;)) < d( A(x;), B(x;)) + d(B(x;), C(x;)), measures are more closer to 1 wih(A, B) ,the proposed
According b the triangle inequality. Combining the inequality similarity measure. This implies that we may be more

with Eq (7), we can obtain d(A, @ d(A, B) + d(B, C) deterministic for correct diagnosis and proper treatment.
Thus, d(A,B) satisfies the property (iv). So we have finished v AppLICATION OF COSINE SIMILARITY MEASURE FOR
the proof. INTERVAL VALUED NEUTROSOPHIC NUMBERS TO

IV. COMPARISON OF NEW SIMILARITY MEASURE WITH PATTERN RECOGNITION o _
THE EXISTING M EASURES. In order to demonstrate the application of the proposed cosine

Let A and B be two interval neutrosophic set in thesimiIarity measure for interval valued neutrosophic humbers

universe of discourse Xx{, x,,.,x,}. For the cosine similarity to pattern recognition, we discuss the medical diagnosis

and the exdting similarity measures of interval valued Problem as follows: .
neutrosophic sets introduced in [5, 21], they are listed akor example the patient reported temperature claiming that the

follows: patient has temperature between 0.5 and 0.7  severity
o [certainty, some how it is between 0.2 and 0.4 indeterminable
Pinaki's similarity | [21] if temperature is cause or the effect of his current disease.
Spi= And it between 0.1 and 0.2 sure that temperature has no

relation with his main disease. This piece of information about
one patient and one symptom may be written as:

. . o (patient , Temperature) = <[0.5, 0.7], [0.2 ,0.4], [0.1, 0.2]>
Also ,P. Majumdar [21] proposed weighted similarity measurgpatient , Headache) = < [0.2, 0.3], [0.3 ,0.5], [0.3, 0.6]>

T {min{Ta (x{), Tg (x;)}+min{lz (x;),Ig (x;)}+ min{F  (x;),Fg (x;{)}} (12)
ST {max{Ta (x;),Tg(x;)}+max{la (x;),Ig (x;)}+ max{Fa (x;),Fp (xi)}}

for neutrosophic set as follows: (patient , Cough) = <[0.4, 0.5], [0.6 ,0.7], [0.3, 0.4]>

S _ Z?=1Wi (TA(Xi)'TB(Xi)+(IA(Xi)'IB(Xi)+(FA(Xi)'FB(Xi) Then, P: {<x1, [05, 07], [02 ,0.4], [Ol, 02] >,;€2, [02,
PII _maX(Wi\/TA(X1)2+IA(X1)2+FA(X1)2,Wi\/TB(Xi)2+IB(Xi)2+FB(Xi)2)) 03], [03 05], [03, 06] > ,Q3, [04, 05], [06 ,07], [03,

(13) 0.4]>}

Where,Sp;, Spp; denotes Pinaki’s similarity | and Pinaki's

And each diagnosigl; (=1, 2, 3) can also be represented
by intervalvalued neutrosophic numbers with respect to all the
symptoms as follows:

A= {< x,, [0.5, 0.6], [0.2 ,0.3], [0.4, 0.5] >, %, , [0.2, 0.6 ],

similarity Il

Ye's similarity [5] is defined as the following:

Sye(4,B) = 1-%2{‘=1wi [linfTs(x;) — infTe(x;)| + [0.3,0.4][0.6, 0.7]>,<x3, [0.1,0.2], [0.3,0.6 ], [0.7, 0.8]>}
|supTa(x;) — supTg(xi)| + |infl5(x;) — inflg(x;)| + A,={< x,. [0.4. 0.5]. [0.3. 0.41. [0.5. 0.6] > 0.3. 0.5
|supla(x;) — suplp(x)| + |infFo(x) — infFp ()| + (0.4 ,{0.6 i'[c[).z, '0.411’,<[ X, | [o?’s,[o.e'], [o].1,'c?2]’, [[0.5', o.e]L}
|supFa(xi) — supFg(x;)] (14)

e 1: A;= {< x,, [0.6, 0.8], [0.4 ,0.5], [0.3, 0.4]>x5 , [0.3, 0.7 ],
Example 1: [0.2,0.3] [0.4, 0.7]> ,<xs, [0.3, 0.5 ], [0.4, 0.7 ], [0.2, 0.6]>}
LetA={<x (0.2,0.20.3)>} andB={<x, (0.5,0.20.5>} Our aim isto classify the pattern P in one of the claségs
Pinaki similarity | = 0.58 A4,, 3 .According to the recognition principle of maximum

degree of imilarity measure between interval valued

Pinaki similarity Il (withw; =1) = 0.29 neutrosophic numbers, the process of diagndsgiso patient P

Ye similarty (with w; =1) = 0.83 is derivedaccording to

Cosine simarity Cy(A, B) = 0.95 k= arg Max{Cy( 4;,P))}

Example 2: from the pevious formula (7) , we can compute the cosine
similarity betweer; (i=1, 2, 3) and P as follows;

Let A= {<x, ([0.2, 0.3], [0.5, 0.6] ,[ 0.3, 0.5])>} and B{<x,

([0.5, 0.6], [0.3, 0.6] ,[0.5, 0.6])>} Cy( A,,P)=0.8988, Cy( A4;,P)=0.8%0, Cy( 43,P)

=0.%54

Then, we can assign the patient to diagnosis (Typoid)
according ® recognition of principal.

Pinaki similarty | = NA
Pinaki similarty 1(Withw; =1) = NA

Ye similarty (With w; =1) =0.81 ]
L VI. Conclusions.
Cosine siniarity Cy(A, B) = 0.92 In this paper a cosine similarity measure between two and

On the bais of computational study. J.Ye [5] have shown thatVeighted interval valued neutrosophic sets is proposed. The
their measure is more effective and reasonable .A similar kin@sults of the proposed similarity measure and existing
of study with the help of the proposed new measure based &inilarity measure are compared. Finally, the proposed cosine
the cosine similarity, has been done and it is found that treimilarity measure is applied to pattern recognition.

obtained results are more refined and accurate. It may be
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