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Abstract. In this paper, we propose some transfor-
mations based on the centroid points between single
valued neutrosophic numbers. We introduce these trans-
formations according to truth, indeterminacy and falsity
value of single valued neutrosophic numbers. We
propose a new similarity measure based on falsity value
between single valued neutrosophic sets. Then we prove
some properties on new similarity measure based on

falsity value between single valued neutrosophic sets.
Furthermore, we propose similarity measure based on
falsity value between single valued neutrosophic sets
based on the centroid points of transformed single valued
neutrosophic numbers. We also apply the proposed
similarity measure between single valued neutrosophic
sets to deal with pattern recognition problems.

Keywords: Neutrosophic sets, Single Valued Neutrosophic Numbers, Centroid Points.

1 Introduction

In [1] Atanassov introduced a concept of intuitionistic
sets based on the concepts of fuzzy sets [2]. In [3]
Smarandache introduced a concept of neutrosophic sets
which is characterized by truth function, indeterminacy
function and falsity function, where the functions are com-
pletely independent. Neutrosophic set has been a mathe-
matical tool for handling problems involving imprecise,
indeterminant and inconsistent data; such as cluster analy-
sis, pattern recognition, medical diagnosis and decision
making.In [4] Smarandache et.al introduced a concept of
single valued neutrosophic sets. Recently few researchers
have been dealing with single valued neutrosophic sets [5-
10].

The concept of similarity is fundamentally important in
almost every scientific field. Many methods have been
proposed for measuring the degree of similarity between
intuitionistic fuzzy sets [11-15]. Furthermore, in [13-15]
methods have been proposed for measuring the degree of

similarity between intuitionistic fuzzy sets based on trans-
formed techniques for pattern recognition. But those meth-
ods are unsuitable for dealing with the similarity measures
of neutrosophic sets since intuitionistic sets are character-
ized by only a membership function and a non-
membership function. Few researchers dealt with similarity
measures for neutrosophic sets [16-22]. Recently, Jun [18]
discussed similarity measures on internalneutrosophic sets,
Majumdar et al.[17] discussed similarity and entropy of
neutrosophic sets, Broumi et.al.[16]discussed several simi-
larity measures of neutrosophic sets, Ye [9] discussed sin-
gle-valued neutrosophic similarity measures based on co-
tangent function and their application in the fault diagnosis
of steam turbine, Deli et.al.[10] discussed multiple criteria
decision making method on single valued bipolar neutro-
sophic set based on correlation coefficient similarity meas-
ure, Ulucay et.al. [21] discussed Jaccard vector similarity
measure of bipolar neutrosophic set based on multi-criteria
decision making and Ulucay et.al.[22] discussed similarity
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measure of bipolar neutrosophic sets and their application
to multiple criteria decision making.

In this paper, we propose methods to transform be-
tween single valued neutrosophic numbers based on cen-
troid points. Here, as single valued neutrosophic sets are
made up of three functions, to make the transformation
functions be applicable to all single valued neutrosophic
numbers, we divide them into four according to their truth,
indeterminacy and falsity values. While grouping accord-
ing to the truth values, we take into account whether the
truth values are greater or smaller than the indeterminancy
and falsity values. Similarly, while grouping according to
the indeterminancy/falsity values, we examine the inde-
terminancy/falsity values and their greatness or smallness
with respect to their remaining two values. We also pro-
pose a new method to measure the degree of similarity
based on falsity values between single valued neutrosophic
sets. Then we prove some properties of new similarity
measure based on falsity value between single valued neu-
trosophic sets. When we take this measure with respect to
truth or indeterminancy we show that it does not satisfy
one of the conditions of similarity measure. We also apply
the proposed new similarity measures based on falsity val-
ue between single valued neutrosophic sets to deal with
pattern recognition problems. Later, we define the method
based on falsity value to measure the degree of similarity
between single valued neutrosophic set based on centroid
points of transformed single valued neutrosophic numbers
and the similarity measure based on falsity value between
single valued neutrosophic sets.

In section 2, we briefly review some concepts of single
valued neutrosophic sets [4] and property of similarity
measure between single valued neutrosophic sets. In sec-
tion 3, we define transformations between the single val-
ued neutrosophic numbers based on centroid points. In sec-
tion 4, we define the new similarity measures based on fal-
sity value between single valued neutrosophic sets and we
prove some properties of new similarity measure between
single valued neutroshopic sets. We also apply the pro-
posed method to deal with pattern recognition problems. In
section 5, we define the method to measure the degree of
similarity based on falsity value between single valued
neutrosophicset based on the centroid point of transformed
single valued neutrosophic number and we apply the
measure to deal with pattern recognition problems. Also
we compare the traditional and new methods in pattern
recognition problems.

2 Preliminaries

Definition 2.1[3] Let U be a universe of discourse. The
neutrosophic set A is an object having the farm A =
{¢x: Tyey, Lay Fay) »x €U} where  the  functions
T,I,F:U —-]0,1*[ respectively the degree of member-

ship, the degree of indeterminacy and degree of non-
membership of the element x € U to the set A with the
condition:

0_ S TA(X) + IA(.X') + FA(x) S 3+

Definition 2.2 [4] Let U be a universe of discourse.The
single valued neutrosophic set Ais an object having the
farm A = {(x: Tatxy, Loy Fae)) » X € U} where the func-
tions T,I,F: U — [0,1]respectively the degree of member-
ship, the degree of indeterminacy and degree of non-
membership of the element x € U to the set A with the
condition:

0< TA(x) + IA(x) + FA(x) <3

For convenience we can simply use x = (T,I,F) to represent
an element x in SVNS, and element x can be called a sin-
gle valued neutrosophic number.

Definition 2.3 [4] A single valued neutrosophic set A is
equal to another single valued neutrosophic set B, A = B
ifvx € U,

Ta) = Texy la) = Iexy Fag) = Freo)-

Definition 2.4[4] A single valued neutrosophic set A is
contained in another single valued neutrosophic set B ,
Ac BifvxeU,

Tae) = Tox)r Taee) = Ipxyr Fao) 2 Freo-
Definition 2.5[16] (Axiom of similarity measure)

A mappingS(4, B): NS¢y X NS¢y = [0,1] , where NSy,
denotes the set of all NS inx = {x, ... , x,,},is said to be the
degree of similarity between A and B if it satisfies the fol-
lowing conditions:

sP)0 <S(4,B) <1
sp,) S(A,B) =1ifandonlyifA=B,vAB € NS
sP;) S(A,B) = S(B,A)

sp,) IfAS Bc Cforall A4,B,C € NS,then S(4,B) =
S(4,C)and S(B,C) = S(4,0).
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3 The Transformation Techniques between Single
Valued Neutrosophic Numbers

In this section, we propose transformation techniques
between a single valued neutrosophic number
(Taexp) » Lacxp » Facxp) and a single valued neutrosophic
number Ciyy. Here (Tyy » Ly » Facxp) denote the single
valued neutrosophic numbers to represent an element x; in
the single valued neutrosophic set A, and Cy, , is the cen-
ter of a triangle (SLK) which was obtained by the trans-
formation on the three-dimensional Z — Y — M plane.

First we transform single valued neutrosophic numbers ac-
cording to their distinct T,, 1, F4values in three parts.

3.1 Transformation According to the Truth Value

In this section, we group the single valued neutrosophic
numbers after the examination of their truth values T,’s
greatness or smallness against 1, and F, values. We will
shift the Ty(x,and Fy)Vvalues on the Z — axis andTy
and I,(,values on the Y — axis onto each other. We take
the Fy(x,yvalue on the M — axis. The shifting on the Z and
Y planes are made such that we shift the smaller value to
the difference of the greater value and 2, as shown in the
below figures.

1. First Group

For the single valued numbers

(Tacxp » T » Facep)s 1

neutrosophic

Taep < Facep
and
TA(Xi) = IA(Xi)’
as shown in the figure below, we transformed

(Taxp) » Iacxp » Facxp) into the single valued neutrosophic
number Cy(y,), the center of the SKL triangle, where

Staxp = (Tacepy Tacep Facp)
Kaxy = (2 = Fap Tacey Faep)

Liaxy = (Tagepy 2 = Ty Facen) -

2« Faux

( 2= Fyo) — TA(Xi))
Teen = Tacep + 3

_ 2 - FA(Xi) + 2 TA(Xi)
3
(2 = Ineey = Tacp)
ICA(xi) = TA(xi) + 3
2— Ly + 2Taey
3

and

FCA(xi) = FA(xi) !

we have

c _ 2— FA(Xi)+ 2 TA(Xi) 2— IA(xi)+ 2 TA(xi)
A(xi) — 3 ’ 3 » A )

2. Second Group

the valued numbers

(Tacxp »Tacey » Facep)s 1

For single neutrosophic

Tacep = Facep

and
Taxp 2 Tacy

as shown in the figure below, we transformed
(Tacxp) » Lacxp » Facxp) Into the single valued neutrosophic
number Cy(x,), the center of the SKL triangle, where
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Sacey = (Fagepy »lacep » Face)
Lacep = (Facep »2 = Tacep » Facep)

Kacp = (2= Taey I » Face) -

2-Taix
»7
v
Here, as
(2 = Tagey = Faxp)
TCA(xi) = FA(Xi) + 13 :
_ 2 - TA(XL‘) + 2 FA(JCi)
3
(2 - TA(x-) - [A(x-))
lepoe = lagp + 3
_ 2 - TA(Xi) + 2 IA(xi)
3
and
Feaxp = Faceps
we have
Cacxp
(2= Ta@p T 2Facy 2= Tapy + 2lac
- 3 ’ 3 R CHN N

3. Third Group

For the single valued neutrosophic numbers
(Tacep Tacey » Facep)s 1flac < Tay < Fagrp 188 shown
in the figure below, we transformed (Ta(x,) , Iacx;) » Facxp)

into the single valued neutrosophic number Cy (), the cen-
ter of the SKL triangle, where

Sacy = (Tacey lacy Fag)
Lacep = (Tagyr 2 = Tacey Face)

Kacep = (2 = Faepr Tacey Fag) -

-»Z
.‘A/,/'
/
=
Here, as
(2 = Fagep = Tacx)
TCA(Xi) = TA(xi) + L3 :
_ 2 - FA(Xi) + 2 TA(Xi)
3
I —7 (2 = Taeepy = lacxp)
caep = la@p T 3
_ 2 - TA(xi) + 2 IA(xi)
3
and
Fepp = Fa
we have
Cap
(%2~ Fagp 2 Tap 2= Tagep + 2lacy
= 3 ’ 3 A |
4. Fourth Group
For the single valued neutrosophic  numbers

<TA(Xi) ) IA(xi) ) FA(xi))'l ifFA(xi) S TA(xi) S IA(xi),aS ShOWh |n
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the figure below, we transformed (T, , Lacx;) » Facxp) in-
to the single valued neutrosophic number Cy ), the center
of the SKL triangle, where

Sacy = (Fagyr Tacy Facp)
Lacy = (Fagyr 2= Tacy Face)

Kaep = (2 = Tagryy Tapr Faep) -

Fax 2- Tax

Example3.1.1Transform the following single valued neu-
trosophic numbers according to their truth values.

(0.2, 0.5, 0.7), (0.9, 0.4, 0.5), (0.3, 0.2, 0.5), (0.3,
0.2, 0.4).

i. (0.2, 0.5, 0.7) single valued neutrosophic number be-
longs to the first group.

The center is calculated by the formula,Cy(,,) =

(2— FA(xi)+2TA(xi) 2— IA(xl-)+2TA(Xi) A ))
) 4 Xi

3 3

and we haveCp(,y = (0.566, 0.633, 0.7).

ii. (0.9, 0.4, 0.5)single valued neutrosophic number is in
the second group.

The center for the values of the second group is, Cay,y =

2— TA(xl-)+2 FA(xl-) 2— TA(xl-)+ ZIA(X,:) F
3 4 3 » DA(xp)

and for (0.9, 0.4, 0.5),Ca) = (0.7, 0.633, 0.5).

iii. (0.3, 0.2, 0.5)single valued neutrosophic number be-
longs to the third group.

The formula for the center of (0.3, 0.2, 0.5) is Ca(y =

(2— Fa@p*t2 Tae) 2- Ta@p* 2law)
3 ! 3

have Cp(x) = (0.7, 0.7, 0.5).

, FA(xi))and therefore we

iv. (0.3, 0.2, 0.4)single valued neutrosophic number is in
the third group and the center is calculated to be Cp ) =
(0.733, 0.7, 0.4).

Corollary 3.1.2The corners of the triangles obtained using
the above method need not be single valued neutrosophic
number but by definition, trivially their centers are.

Note 3.1.3As for the single valued neutrosophic number(1,
ber(1, 1, 1) there does not exist any transformable trian-

. gle in the above four groups, we take its transformation

equal to itself.

Corollary  3.1.41f Fyrx) = Taxy = la, the transfor-
mation gives the same center in all four groups. Also,
if Taex;) = lagey < Faqxy - then the center in the first group
is equal to the one in the third group and if Fp,) <
Tacxp = lax, » the center in the second group is equal to
the center in the fourth group. Similarly, if Ty, =
Fawy < lax » then the center in the first group is equal to
the center in the fourth group and if 15,y < Tax;) = Facxp
, the center in the second group is equal to the one in the
third group.

3.2Transformation According to the Indeterminancy
Value

In this section, we group the single valued neutrosophic
numbers after the examination of their indeterminancy val-
ues I,’s greatness or smallness against T, andF,values. We
will shift the I, and Fu, values on the Z — axis
and T,y and I,(,yvalues on the Y — axis onto each other.
We take the Fj(,value on the M — axis. The shifting on
the Z and Y planes are made such that we shift the smaller
value to the difference of the greater value and 2, as shown
in the below figures.

1. First Group
the  single

(Tacxp »Tacep » Facep)s 1

For valued  neutrosophic  numbers
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Ly < Fap we have
and C _ 2— FA(xl-)+21A(xi) 2— TA(Xi)+21A(Xi)
A(x) — 3 ’ 3 P PAx) )
Loy = Fap »
as shown in the figure below, we transformed

(Tacxp » Lagxp » Facxp) into the single valued neutrosophic
number Cy(y,), the center of the SKL triangle, where

Saxp = (acey Ty Faep)
Kaxp = (2= Faep Iy Facep)

Liaxy = (aeeyr 2= Taepy Facp) -

2- Faqx

We transformed the single valued neutrosophic number
(Taxp » Lagxp » Facxpinto the center of the SKL triangle,
namely Cy(x,. Here, as

(2= Fagey = lacxp)

Teaeo = Tagep + 3
_ 2 - FA(Xi) + 2 IA(Xi)
3
(2 = Tup — lac)
leap = Taep + 3
_ 2 - TA(xi) + 2 IA(xi)

3

and

Fepn = Fagep »

2. Second Group

the valued numbers

(Taqp »Taqe) » Fageph 1

For single neutrosophic

Tacey = Fap
and
Tagxy) = Fagy) »

as shown in the figure below, we transformed
(Tacxp »lacxp » Faxp) nto the single valued neutro-
sophic number C4(y,), the center of the SKL triangle,
where

Saxy = (Facyy  Tagey  Fac)
Kaxy = ( Faey 2 = gy Fagep)

Liaxy = (2 = Iy Tary Face) -

L N . L.y SAiCn
-LA.“

Tj/’//
o
/)/
> y;’/
.
Here, as

(2~ Ly = Fap)

Tean = Facey + 3 L

2 — Iy + 2 Faixy

B 3
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Here as
(2 = Ly — Tace) (2= Fagp = )
leyep = Tagp + 3 Teaen = lagp + 3
_ 2 - IA(xz) + 2 TA(xi) _ 2— FA(Xi) + 2 IA(Xi)
3 3
and (2 = Lneey = Tacp)
leyop = Tago + 3
Fepp = Facyy _ 2= Ly + 2 Taxy
B 3
we have
and
CA(Xi)
_ 2- IA(xl-) + 2 FA(xi) 2- IA(xi) + 2 TA(X,;) FCA(Xi) = FA(xi)’
- 3 ’ 3 P HAx) |
we have
3. Third Group
Cawxp
_ 2 - FA(Xi) + 2 IA(Xi) 2 - IA(Xi) + 2 TA(.X'i)
For the single valued neutrosophic number 3 ’ 3 TAGD )

(Tacxp +Taqey » Faeoh IF Tay < lagey < Faq) 4 Fourth Group

as shown in the figure below, we transformed
(Tacxp »lacx » Faxp) nto the single valued neutro-
sophic number C4(y,), the center of the SKL triangle,

For the single valued neutrosophic  numbers
(Taxp »Tacep » Facep) » 1 Fay < Tay < Tagep »

where as shown in the figure below, we transformed
(Tacxp) » Lacxp » Facxp)  Into the single valued neutrosophic
Scaxp = (laeyy  Tawy  Faep) numbers Cyx,), the center of the SKL triangle, where
Kaxy = (Lay 2 = lagryr Facen) Saxp = Facy  Tapr Facen)
Liaxy = (2 = Faep Tacxiy Facep) - Keaxy = ( Fagiyp 2 = Tacepr Face)
M Liaxy = (2 = Iageyr Tacror Fae) -
M
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Here, as
T = F 4 (2= Ly = Facep) Cacxy)
a(xi) A(x;) 3 2 — FA(xi) + 2 IA(xi) 2 - TA(xi) + 2 IA(xi)
_ 2~ hopt 2B N ( 3 ‘ 3 'FA("i)>'
B 3
$0,Cac = (0.633, 0.9, 0.5).
4 (2 — Taxp — lacxp)
Calx) = "4 3 iv. (0.3, 0.2, 0.4)single valued neutrosophic number is in
2= Ty + 2 D the first group.
- 3 Using
Cacp
and _ <2 ~ Fagp t 2l 2 Tagp + 2l >
- 3 ’ 3 » TA(xy) |
Fepen = Faceoy we have Cp = (0.666, 0.7, 0.4).
we have Corollary 3.2.2 The corners of the triangles obtained using
the above method need not be single valued neutrosophic
Cacz numbers but by definition, trivially their centers are
_ (2 ~ lag + 2Fa) 2= T ¥ 2hagy ) ' '
B 3 ' 3 AED I Note 3.2.3As for the single valued neutrosophic number

Example3.2.1:Transform the single neutrosophic numbers
of Example 3.1.3,

(0.2, 0.5, 0.7), (0.9, 0.4, 0.5), (0.3, 0.2, 0.5),
(0.3, 0.2, 0.4)according to their indeterminancy values.

i. (0.2, 0.5, 0.7) single valued neutrosophic number is in
the third group. The center is given by the formula

Caxp
_ 2- FA(xi) + 2 IA(xi) 2- IA(xi) + 2 TA(Xi)
- 3 1] 3 1] A(xi) )

and 50 C () = (0.766, 0.633, 0.7).

ii. (0.9, 0.4, 0.5) single valued neutrosophic number is in
the first group.

By

Cacrp
_ 2 - FA(xi) + 2 IA(.X[') 2 - TA(xi) + 2 IA(Xi)
= 3 ) 3 Fagey )

we have Cp () = (0.733, 0.633, 0.5).

iii. (0.3, 0.2, 0.5)single valued neutrosophic number be-
longs to the first group and the center is

(1, 1, 1) there does not exist any transformable triangle in
the above four groups, we take its transformation equal to
itself.

Corollary 3.2.4 If Fpy,) = Taw;) = law; the transfor-
mation gives the same center in all four groups. Also if
Taxp = lae < Fag,), then the center in the first group is
equal to the center in the third group, and ifF(,) <
Taxp = lacx. then the center in the second group is the
same as the one in the fiurth group. Similarly, ifFy(,) =
Iap < Tacxy, then the center in the first group is equal to
the one in the fourth and in the case that Ty(x,) < Fa,) =
Iax;),the center in the second group is equal to the center
in the third.

3.3 Transformation According to the Falsity Value

In this section, we group the single valued neutrosophic
numbers after the examination of their indeterminancy val-
ues F,’s greatness or smallness against I, and F,values.
We will shift the I, and F,(,,)values on the Z — axis and
Ty(x;y @nd Fypvalues on the Y — axis onto each other. We
take the F(,)value on the M — axis. The shifting on the Z
and Y planes are made such that we shift the smaller value
to the difference of the greater value and 2, as shown in the
below figures.
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1. First Group Feaiep = Faexyy

For the single valued neutrosophic numbers we get
(Taxp » Tace » Facep)s 1
CA(x-)
Facxy < Tax: :
Al = 2AG) 2= Iy + 2 Faey 2= Taep + 2 Fagy)
and = 3 ) 3 'FA(xl-) .

F, <] N
Alxp) = 1A(x) 2. Second Group
then

For the single wvalued neutrosophic  numbers

as shown in the figure below, we transformed (Tacep » Iaxp » Fagep)s if
Xi)’ Xi) "’ xi)l

(Tagep »laxp » Faxp)  into the single valued neutrosophic

number Cy(y,), the center of the SKL triangle, where Faeep Z Tacxp

Staxp = (Faceyr Facpr Facep) and
K(Axi) = (2 = Laxpy Fageyy FA(xi)) FA(xi) = IA(xi) ’
— then
Leaxy = (Faepr 2 = Taey Fagep) -
Ry as shown in the figure below, we transformed
G (Tacxp) » Lacxp » Facxp) Into the single valued neutrosophic

numbers Cyx,), the center of the SKL triangle, where
Sxp = (e Tawy  Faep)

Kiaxy = (Tacey 2 = Facey Facep)

L(Axi) = (2 - FA(xi)' TA(Xi)' FA(xi)) :

M

-
Cax
al

- IV Fader _______ Kax | Sacx
“'TA\ ) Ty -
LA x '

N ’A. :'FA:

Here, as z

(2= Ly = Facep)

Teaeep = Fap +

3
2-F -
2= Dy + 2 Faixy re

= -

3
(2 — TA(xi) - FA(xi)) Here, as

leyep = Facep + 3

_ 2 - TA(X,:) + 2 FA(Xi) TCA(x,) — IA(x_) + (2 - FA(xé) - IA(Xi))

3 L L

_ 2 - FA(Xi) + 2 IA(Xi)
and N 3
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Here, as
(2= Fagep = Tucxp) (2 = Fagp — lac)
leyay = Taeep + 3 Tepep = laceo + 3
_ 2 - FA(xi) + 2 TA(xi) _ 2— FA(xi) + 2 IA(xi)
3 3
and (2 = Taxp = Facep)
leaepy = Facep + 3
Fepp = Facyy _ 2= Tap + 2 Fap
- 3
we have
and
Caxp
_ 2 - FA(xl-) + 2 TA(xl-) 2- FA(xi) + 2 TA(xi) FCA(xi) = FA(xi)’
- 3 ’ 3 ’FA(XL‘) '
we have
3. Third Group
Cacxp)
For the single valued neutrosophic  numbers 2= Fyap+ 2Ly 2— Tagep + 2 Fagep
(Taeey Iaxp » Fap) s 1F Tagey < Fagp < Taey then as 3 ’ 3 TAGD

shown in the figure below, we transformed
(Tacxp) » Lagxp » Facxp) into the single valued neutrosophic
numbers Cy (), the center of the SKL triangle, where

Saxp = (aey  Facy  Fago)
Kaxy = (lacey 2 = Tacey Facep)
Liaxy = (2 = Fage Faceiy Facp) -

M

4. Fourth Group

For the single valued neutrosophic numbers

(Taceo »acen » Faeoh 1 Taep = Facey < lap + then as
shown in the figure below, we transformed
(Taxp » lagxp » Facxp) into the single valued neutrosophic
numbers Cy(x,), the center of the SKL triangle, where
Fagp)

S(Axi) = (FA(xi)' TA(xi)'

Kaxy = (Facey 2 = Faeyy Fagep)
Liaxy = (2 = Iy Taepr Facep)-

M

L

Fades K [ Saix
LA x 5 //_

)— - - - >z

Taco £-

/
/

2-Faxd
A',i

.1’.

Example 3.3.1: Transform the single neutrosophic
numbers of Example 3.1.3.
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(0.2, 0.5, 0.7), (0.9, 0.4, 0.5), (0.3, 0.2, 0.5),
(0.3, 0.2, 0.4)according to their falsity values.

i. (0.2, 0.5, 0.7) single valued neutrosophic number be-
longs to the second group. So, the center is

P <2 ~ Facp + 2Tagy 2= Fac + 2Tace |, )
Alxy) — 3 ’ 3 1 FAx) |

and we get Cp(y) = (0.766, 0.7, 0.7).

ii. (0.9, 0.4, 0.5) single valued neutrosophic number is in
the third group. Using the formula

(2= Fap*t 2Iawy 2= Tawp + 2 Faxy
Cagry = 3 , 3 Fac

we see thatCp ) = (0.766, 0.7, 0.5).

iii. (0.3, 0.2, 0.5)single valued neutrosophic number is in
the second group. As

o <2 ~ Faep+ 2Taey 2~ Facp + 2Taey o, )
A(xi) — 3 ’ 3 rFAx) |

the center of the triangle is Cp() = (0.633, 0.7, 0.5).

iv. (0.3, 0.2, 0.4)single valued neutrosophic number be-
longs to the second group.

o <2 ~ Faco + 2Taey 2= Fago + 2Tacy . )
A(x) — 3 ’ 3 P PA) |

and so we have Cy(y) = (0.666, 0.733, 0.4).

Corollary 3.3.2The corners of the triangles obtained using
the above method need not be single valued neutrosophic
numbers but by definition, trivially their centers are single
valued neutrosophic values.

Note 3.3.3 As for the single valued neutrosophic
ber(1, 1, 1) there does not exist any transformable trian-
gle in the above four groups, we take its transformation
equal to itself.

Corollary 3.3.4 If Foex) = Taxy = laxy» the transfor-
mation gives the same center in all four groups. Also,
if Tatx;) = Fagxp < lag) » then the center in the first group
is equal to the one in the fourth group, and if I, <
Tax;) = Facxy then the center in the second group is the
same as the center in the third. Similarly, if Iy, =

Faxp < Taw;) » then the centers in the first and third
groups are same and lastly, if Ty(,,y < I = Fa(xy - then
the center in the second group is equal to the one in the
fourth group.

4. A New Similarity Measure Based on Falsity
Value Between Single Valued Neutrosophic Sets
In this section, we propose a new similarity measure
based on falsity value between single valued neutrosophic
sets.

Definition 4.1 Let A and B two single valued neutrosoph-
icsetsinx = {x;, x5, ..., X, }.

Let A = {(x, Tacep, Lacepy Facep)}
and
B = {(xﬁ TB(xi); IB(xi); FB(XI))}

The similarity measure based on falsity value between the
neutrosophic numbers A(x;) and B(x;) is given by

|2(Face) = Fexp) = (Tace) = Tox)|
S(A(xi)' B(xi)) =1- ( i = 9 = =

|2(Facey = Fexp) = (ace) = o)l
+ 9

N 3|(FA(xi)9— FB(xi))|>_

Here, we use the values
2(Fagey = Foep) = (Tace = Toexn):
2(Fagp = Fp) = (lacp = Iseep):

2(Facp — Fep) + (Facp = Fexp)
= 3(Facp — Feox) -

Since we use the falsity values F,, in all these three val-

ues, we name this formula as “similarity measure based on
falsity value between single valued neutrosophic num-
bers”.

Property4.2:0 < S(Ax) Bupy) < 1.
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Proof: By the definition of Single valued neut-
rosophic numbers, as

0 =< TA(xz)'TB(Xi)'IA(Xi)'IB(xi)'FA(xi)'FB(xz) =1
we have
0 < 2(Facy = Foep) = (Tacep » Toap) < 3
0 < 2(Fyeep = Fooep) = (np »Iap) <3
and
0= 3(FA(xi) 'FB(xi)) =3.

So,

0<1-

(|2(FA(xi) — Frie) = (Tae) = Tox))|
9

|2(Face) = Fxp) = Uacy = lsy)|
+ 9

+3|(FA<xi>—FB(xi))|> <1

9
Therefore,0 < S(A(xy . Bixp) < 1.
Property 4.3:S(A(x, , Bxp) = 1 © Ay = By

Proof.i)  First we when

S(Aw) Bep) = 1-

ShOW A(xt) = B(xi)

Let (A(xl) ’B(xi)) =1.

|2(FA(X) —Fo) = (T — TB(xi))|
S(Aey Bap) = 1- ( 5
|2(Facy = FBen) = Uac) = IBe)|
+ 9
3|(Facey = FB(xi))|>
t— 9

and thus,

<|2(FA(xi) — Fperp) = (Tagep — Toeep)|
9

|2(FA(xi) - FB(Xi)) - (IA(xi) - IB(xi))|
+ 9

N 3|(FA<xi)9— FB(xi>)|> _o

So,
|(Faeep = Focep)| = 0,
|2(FA(x,-) - FB(xl-)) - (TA(xi) - TB(xl-))| =0,
and
|2(FA(xi) - FB(xi)) - (IA(xi) - IB(xi))l =0.
As |(FA(xi) - FB(xi))|:0 , then FA(xi) = FB(xi)'
If FA(xi) = FB(xi) '
|2(Fac)- Faeen) = (Tago- Tap)| = 0
and
Tacep=Teey-
When Fa)) = Fex),
|2(Facen = Faep) = Uag — lsie)| = 0
and
Iaep=TB0xp

Therefore, if (A, Bx;)) =1, then by Definition 2.3,
Aty = Bay-

ii)Now we show if A,y = By, thenS(Ac,y, Bex,y) = 1.
Let A,y = B(x,- By Definition 2.3,

Tacp=Teey lacep=IB@xp Faep=Fry
and we have

Tap = Teeep = 00 Taeep = IBxp) = 0 Fap-Feeep =0

So,
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|2(Face) = Fep) = (Tace) = To)|
S(Agey Bup) = 1- ( 5

|2(Facy — Fearp) — Uaey — Iy
+ 9

N 3|(FA(xi)9— Fs(xi))|)
=1-2=1.
9
Property4.4 :S(Ac,) Bxy) = S(Byy Acxp) -

Proof:

|2(Face) = Fee)) = (Tace) = Tox)|
S(Agey Bay) =1 - ( 5

|2(FA(Xi) - FB(Xz)) - (IA(Xz) - IB(xi))|
+ 9

N 3|(FA(xi>9— FB(xi))|)

-1-— <|2(_(FA(XL) - FB(X{))) - (_(TA(xi) - TB(XL)))|
Bl 9

+ |2((_FA(xl) - FB(xi))) - (_(IA(xi) - IB(xl)))|
9

N 3|—(FA(xi29 - FB(xi))|)

-1 <|2(FB(XL) - FA(xi)) - (TB(xi) - TA(xi))|
Bl 9

|2(Fpey = Faep) = (s = laey)|
+ 9

N 3|(FB(xi)9— Face)|

= (B Ap)-
Property45:I1f ASBcC,

i) S(Awy Bixp) 2 S(Ap Cixp)
i) S(Bxpy Caxpy) = S(Axp Cixpy)

Proof:

By the single valued neutrosophic set proper-
ty,ifAS B c C,then

Tacy < Teayp < Ty
Tacep = Tep = ey

So, Facp = Feery = Feay -

Ta@p-Teap =0,
IA(xi)— IB(xi) <0
Faep = Fp 20 @
Ta@p-Teaxp =0,
IA(xi)— IC(xi) <0,
Fawp — Fep =0 2
Tacp- T 2 Tap- Tewy
laap- By = laayp-leey
Fae) = Feeep < Faep —Fep Q)
Using (1), we have
2(Face) — Faoen) = (Taep- Tep) = 0

2(Faep = Feerp) = (lacep-lpep) = 0

and
3(TA(xi)— TB(xi)) =0.
Thus, we get
Z(F i_F 1)_(T i_T i)
S(A(x,-):B(xi)) =1= <| Axy) B(x;) . ACx) B(xp) |
|2(FA(xi) = Fpp) — (Tagp — IB(xL-))|
+
9
3|(FA(xl-) - FB(xl))l)
+
9
=1- 7(FA(xi)_FB(xi))_(TA(xi)_TB(Xi))_(IA(xi)_IB(xi)).(4)

9
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Similarly, by (2), we have

|2(Face) = Fep) = (Tace = Teen)|
S(Agy Caep) =1 - < )

|2(FA(xz) - FC(xz)) - (IA(xz) - IC(xi))|
+ 9

N 3|(FA(xi)9— Fc(xi))|)

7(Fad Potep) “(Tate)Tetep) [z letx) )

=1-
9

Using (4) and (5) together, we get
S(Acey Bap) = S(Aap, Cxp)

_ 1 7(Fag) = ) = (Tace = Toep) = (T ~ Teea)

9

11 7Ca = Fae) = (Tag = Towo) ~ (Iaco — )
9

_ 7(Fage) = o)) (Tace) — Toen)  (Taco — Iscro)
B 9 9 9

L T(Fac) = Fep)  (Tag = Tewn) _ (Taco — Teep)
9 9 9

_ 7(Fae) = Fep) N 7(Faco — Fen)  (Tace — To)
B 9 9 9

C(Tag) ~Tewrp)  (Tag —leexp) — (Tag —le)
9 9 9

by (1) and (3),

7(Facp = Fe) | 7(Fac — Feep)
9 9

=0,

(e = Toan)  (Tagp = Tewp)

>0,
9 9 -

(e o) (Tagp — lea) >0
9 9

and therefore
S(Awp Bxp) = S(Axpr Cxp) 2 0

and

S(A(xi)' B(xi)) 2 S(A(xi)' C(xi)) :

ii. The proof of the latter part can be similarly done as the
first part.

Corollary 4.6 : Suppose we make similar definitions to
Definition 4.1, but this time based on truth values or inde-
terminancy values. If we define a truth based similarity
measure, or namely,

[2(Tacr) = Toxn) = Fac) = Feix)|
S(Aey Bey) = 1= ( 5

|2(Tacxy — Toeen) — (acey — Ieap)|
+ 9

n 3|(TA(Xi) B TB(xi))|>,

9

or if we define a measure based on indeterminancy values
like

120 = Bep) = (Tacy = To)|
S(Apey Bey) =1 ( 5

|2(ace) = Isep) — Faey — Faep)]
+ 9

N 3|(IA(xi)9— IB(xi>)|>

these two definitions don’t provide the conditions of Prop-
erty 4.5 . For instance, for the truth value

|2(Tacey = Toexn) = (Facey = Feep)|
S(Agey Bey) =1 - ( 5

|2(Tacxy — Toeen) — (acey — Iep)|
+ 9

N 3| (Tagp — TB(xl-))|>’

9

when we take the single valued neutrosophic numbers
A(x) = <O, 01, O), B(x) = (1,02,0) andC(x) = (1,03,0),
we see S(Aqy, Byy) = 0.233 and S(Agy, Cryy) = 0.244-.
This contradicts with the results of Property 4.5.

Similarly, for the indeterminancy values,
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|20y = o) = (Tacy = Toee)|
S(Apey Bup) = 1- ( 5

|2(acp) = Isexn) — Fay — Feap)]
+ 9

N 3|(IA(xi)9— Is(xi))|)

if we take the single valued neurosophic numbers A,y =
(0.1,0,1), By =(0.2,1,1)and C(,y = (0.3,1, 1), we have
S(Awy Bexy) = 0.233 and S(Ay), Crry) = 0.244.

These results show that the definition 4.1 is only valid for
the measure based on falsity values.

Defintion 4.7 As

|2(Face) = Ferp) = (Tace) = To)|
S(Acy Bep) =1 = ( 5

|2(Fae) — Fearp) — Uacey — Iy
+ 9

N 3|(FA(xi); FB(xi>)|>,

The similarity measure based on the falsity value between
two single valued neutrosophic sets A and B is;

Sns(4,B) = Xi, (Wi X S (A B(xa)) :

Here,Sys(4, B) € [0,1]and w;’s are the weights of the x;’s
with the property >, w; = 1. Also,

A = {0 Tag, Ly Facep))

B = {(x: TB(xi)' IB(xz)' FB(Xi)>}'

Example4.8 Let us consider three patternsP;, P,, P; repre-
serted by single valued neutrosophic sets P, and P,in X =
{1, x5} respectively, where
P, = {(x,,0.2,0.5,0.7),(x,,0.9,0.4,0.5)} and P, =
{(x4,0.3,0.2,0.5),(x,,0.3,0.2,0.4)}. We want to classify
an unknown pattern represented by a single valued neutro-
sophic set Q in X = {x;,x,} into one of the patterns
P,, P,;where Q = {(x,0.4,0.4,0.1),(x,,0.6,0.2,0.3)}.

IA

Let w; be the weight of element w; , where w; =% 1
i<2,

Sxs(P1, Q) = 0.711
and
Sxs(P, Q) = 0.772.

We can see that Sys(P;, Q)is the largest value amongthe
values of Sys(P;, @) and Sys(P;, Q) .

Therefore, the unknown pattern represented by single val-
ued neutrosophic setQ should be classified into the pat-
tern P,.

5. A New Similarity Measure Based on Falsity
Measure Between Neutrosophic Sets Based on the
Centroid Points of Transformed Single Valued
Neutrosophic Numbers

In this section, we propose a new similarity measure
based on falsity value between single valued neutrosophic
sets based on the centroid points of transformed single val-
ued neutrosophic numbers.

Definition5.1:

|2(Face) = Fae)) = (Tace) = Tox))|
S(Apey Bery) =1 < 5

|2(Facy = Fearp) — Uacey — Iy
+ 9

N 3|(FA(xi)9— FB(xi))|>’

Taking the similarity measure as defined in the fourth sec-
tion, and letting Cj(y,) andCg,be the centers of the trian-

gles obtained by the transformation of A(,yand By in the

third section respectively,the similarity measure based on
falsity value between single valued neutrosophic sets A
and B based on the centroid points of transformed single
valued neutrosophic numbers is

n

Snsc(4,B) = Z (WL'XS(CA(xi) tCB(xi))):

i=1

where
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A= {XZ (TA(xl-)' IA(xi)' FA(xl-)>}’
B = {x: (Tpixpy Ineps Faoep)) -

Here again, w;’s are the weights of the x;’s with the prop-
erty Z?:l w; = 1.

Example5.2: Let us consider two patterns P, and P, repre-
sented by single valued neutrosophic sets P;, P, in
X = {x,, x, }respectively in Example 4.8,where

P, = {(x4,0.2,0.5,0.7), (x,,0.9, 0.4, 0.5)}
and
P, = {(x4,0.3,0.2,0.5), (x,,0.3,0.2,0.4)}.

We want to classify an unknown pattern represented by
single valued neutrosophic set Q in X = {x,,x,} into one
of the patterns P;, P,, where

0 = {(x4,0.4,0.4,0.1),(x,, 0.6,0.2,0.3)}.

We make the classification using the measure in Definition
5.1, namely

Snsc(4,B) =X, (Wi X S(Cacxi) rCB(xi))) :

Also we find the Cy(xiy,Cgxiy centers according to the
truth values.

Let w; be the weight of elementx;, w; = %; 1<i<2.

P,x; = (0.2, 0.5, 0.7)transformed based on falsity value
in Example 3.1.1

C-y, = (0.566,0.633,0.7)

P,x, = (0.9, 0.4, 0.5) transformed based on falsity value
in Example 3.1.1

Cpoy, = (0.7,0.633,0.5)

P,x; = (0.3, 0.2, 0.5) transformed based on falsity value
in Example 3.1.1

Cpyy, = (0.7,0.7,0.5)

P,x, = (0.3, 0.2, 0.4) transformed based on falsity value
in Example 3.1.1

Cpy, = (0.733,0.7,0.4)

Qxl = (x4, 0.4,0.4,0.1) transformed based on falsity value
in Section 3.1

Cgx, = (0.6, 0.8, 0.1)(second group)

QX2 = (X, 0.6, 0.2, 0.3)transformed based on truth falsity
in Section 3.1

Cgx, = (0.666, 0.6, 0.3)(second group)
Sxsc(P1, Q) = 0.67592
Sxsc(Py, @) = 0.80927

Therefore, the unknown patternQ,represented by a single
valued neutrosophic set based on truth value is classified
into pattern P,.

Example5.3 : Let us consider two patterns P; and P, of
example 4.8, represented by single valued neutrosophic
sets P;, P,, in X = {x,, x,} respectively, where

P, = {(x,4,0.2,0.5,0.7), (x,,0.9,0.4,0.5)}
and
P, = {(x4,0.3,0.2,0.5), (x,,0.3,0.2,0.4)}.

We want to classify an unknown pattern represented by the
single valued neutrosophic set Q in X = {x,,x,} into one
of the patterns P;, P,,where

0 = {(x4,0.4,0.4,0.1),(x5,0.6,0.2,0.3)}.

We make the classification using the measure in Definition
5.1, namely

Snsc(4,B) = X1, (WiXS(CA(xi) :CB(xi)))-

Also we find the Cy(xi , Cp(xiy CeNters according to the in-
determinacy values.

Let w; be the weight of elementx;, w; = %; 1<i<2.

P,x; = (0.2, 0.5, 0.7) transformed based on falsity value
in Example 3.2.1

Coy, = (0.766,0.633,0.7)
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P,x, = (0.9, 0.4, 0.5) transformed based on falsity value
in Example 3.2.1

Cpx, = (0.766,0.633,0.5)

P,x; = (0.3, 0.2, 0.5) transformed based on falsity value
in Example 3.2.1

Cpyy, = (0.633,0.9,0.5)

P,x, = (0.3, 0.2, 0.4) transformed based on falsity value
in Example 3.2.1

Cpyy, = (0.666,0.7,0.4)

Qxl = (x4, 0.4,0.4,0.1) transformed based on falsity value
in Section 3.2

Cgx, = (0.6, 0.8, 0.1)(second group)

GX2 = (x5,0.6, 0.2, 0.3)transformed based on truth falsity
in Section 3.2

Cgx, = (0.7, 0.666, 0.3) (first group)
Snsc(P1, Q) = 0.67592
Sxsc(Ps, @) = 0.80927

Therefore, the unknown patternQ, represented by a single
valued neutrosophic set based on indeterminacy value is
classified into pattern P,.

Example5.4: Let us consider in example 4.8, two patterns
P, and P, represented by single valued neutrosophic sets
P, B, in X = {x;, x,} respectively ,where

P, = {(x4,0.2,0.5,0.7), (x,,0.9,0.4,0.5)}
and
P, = {(x4,0.3,0.2,0.5), (x,,0.3,0.2,0.4)}.

We want to classify an unknown pattern represented by
single valued neutrosophic set Q inx = {x; , x,} into one of
the patterns P;, P,, where

Q = {(x{,0.4,0.4,0.1), (x,, 0.6,0.2,0.3)}.

We make the classification using the measure in Definition
5.1, namely

Snsc(4,B) =X, (WiXS(CA(xi) :CB(Xi)))-

Also we find the Cp (i) , Cp(xiy CeNters according to the fal-
sity values.

Let w; be the weight of elementx;, w; = i; 1<i<2.

Pix, = (0.2, 0.5, 0.7)transformed based on falsity value
in Example 3.3.1

Cy, = (0.766,0.7,0.7)

P,x, = (0.9, 0.4, 0.5) transformed based on falsity value
in Example 3.3.1

Cpox, = (0.766,0.7,0.5)

P,x, = (0.3, 0.2, 0.5) transformed based on falsity value
in Example 3.3.1

Cpyx, = (0.633,0.7,0.5)

P,x, = (0.3, 0.2, 0.4) transformed based on falsity value
in Example 3.3.1

Cs,. = (0.666,0.733,0.4)

Paxz ™

@Xl = (x4, 0.4,0.4,0.1) transformed based on falsity value
in Section 3.3

Cgx, = (0.6, 0.6, 0.1)(first group)

sz = (x,,0.6, 0.2, 0.3)transformed based on truthfalsity
in Section 3.3

Cgx, = (0.7, 0.666, 0.3) (third group)
Snsc(Pr, @) = 0.7091
Sxsc(P3, Q) = 0.8148

Therefore, the unknown pattern Q, represented by a single
valued neutrosophic set based on falsity value is classified
into pattern P,.

In Example 5.2, Example 5.3 and Example 5.4, all
measures according to truth, indeterminancy and falsity
values give the same exact result.
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Conclusion

In this study, we propose methods to transform between
single valued neutrosophic numbers based on centroid
points. We also propose a new method to measure the de-
gree of similarity based on falsity values between single
valued neutrosophic sets. Then we prove some properties
of new similarity measure based on falsity value between
single valued neutrosophic sets. When we take this meas-
ure with respect to truth or indeterminancy we show that it

does not satisfy one of the conditions of similarity measure.

We also apply the proposed new similarity measures based
on falsity value between single valued neutrosophic sets to
deal with pattern recognition problems.
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