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Abstract In this paper, we propose transformations based on the centroid points between single valued
neutrosophic values. We introduce these transformations according to truth, indeterminacy and falsity
value of single valued neutrosophic values. 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 values. We also apply the proposed
similarity measure between single valued neutrosophic sets to deal with pattern recognition problems.

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 completely independent.
Neutrosophic set has been a mathematical tool for handling problems involving imprecise,
indeterminant and inconsistent data; such as cluster analysis, pattern recognition, medical diagnosis
and decision making. In [4] Broumi 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 transformed techniques for pattern recognition. But those
methods are unsuitable for dealing with the similarity measures of neutrosophic sets since
intuitionistic sets are characterized 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 internal neutrosophic sets, Majumdar et.al. [17] discussed similarity
and entropy of neutrosophic sets, Broumi et.al. [16] discussed several similarity measures of
neutrosophic sets, Ye [9] discussed single-valued neutrosophic similarity measures based on cotangent
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 neutrosophic set based on correlation
coefficient similarity measure, Ulucay et.al. [21] discussed Jaccard vector similarity measure of
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bipolar neutrosophic set based on multi-criteria decision making and Ulucay et.al. [22] discussed
similarity measure of bipolar neutrosophic sets and their application to multiple criteria decision
making.

In this paper, we propose methods to transform between single valued neutrosophic values based
on centroid 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 values, we divide them
into four according to their truth, indeterminacy and falsity values. While grouping according 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 indeterminancy/falsity values and their greatness or smallness with respect to
their remaining two values. We also propose a hew 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 neutrosophic 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 value
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 values 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 section 3, we define
transformations between the single valued neutrosophic values based on centroid points. In section 4,
we define the new similarity measures based on falsity value between single valued neutrosophic sets
and we prove some properties of new similarity measure between single valued neutroshopic sets. We
also apply the proposed 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 neutrosophic
set based on the centroid point of transformed single valued neutrosophic value 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

Definition2.1 [3]: Let U be a universe of discourse. The neutrosophic set A is an object having the
farm A = {(x: Tacx), Lacxy Facxy) » x € U} where the functions T,1,F: U —]~0,1*[ respectively the
degree of membership, 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) <3t

Definition 2.2 [4] Let U be a universe of discourse. The single valued neutrosophic set A is an object
having the farm A = {(x:Taq) lay Facey),x € U} where the functions T,I,F:U - [0,1]
respectively the degree of membership, 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

Definition 2.3 [4] A single valued neutrosophic set A is equal to another single valued neutrosophic
setB,A=Bif Vx € U,



Ta) = Texy la) = IBx)y Fa) = Fpo):

Definition2.4 [4]: A single valued neutrosophic set A is contained in another single valued
neutrosophicsetB ,A € B ifvx € U,

Tae) < Tox) Lae) < Ipx)y Fae) 2 Freay-
Definition2.5 [16]: (Axiom of similarity measure)

A mapping S(A,B): NS(xy X NSy — [0,1] , where NS, denotes the set of all NS in
x = {xq,... ,x,}, is said to be the degree of similarity between A and B if it satisfies the following
conditions:

sP,)0 <S(4,B) <1

sp;) S(A,B) =1ifandonlyifA=B,VAB € NS

sP;) S(A, B) = S(B, A)

spy)IfAS B < CforallA,B,C € NS,thenS(4,B) = S(A,C) and S(B,C) = S(A4,C).
3. The Transformation Techniques between Single Valued Neutrosophic Sets

In this section, we propose transformation techniques between a single valued neutrosophic value
(Tacxp) » lacxp) » Faxp) and a single valued neutrosophic value Cy,y. Here (Ty(x,) , lax;) » Facx)) denote
the single valued neutrosophic value of the element x; belonging to the to the single valued
neutrosophic set A, and Cagxp is the center of a triangle (SLK) which was obtained by the

transformation on the three-dimensional Z — Y — M plane.

First we transform single valued neutrosophic values according to their distinct T, I, F4 values in
three parts.

3.1 Transformation According to the Truth Value

In this section, we group the single valued neutrosophic values after the examination of their truth
values T,’s greatness or smallness against I, and F, values. We will shift the T,y and Fy(y,) values

on the Z —axis and T,y and Iy, values on the Y —axis onto each other. We take the F,,,y 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
For the single valued neutrosophic value (Ty(x,) » lacx;) » Facxp) o if
Tacey < Face
and
Tacey = lage -

as shown in the figure below, we transformed (Ty(y,),lax,)  Facx;)) into the single valued
neutrosophic value Cy(y,, the center of the SKL triangle, where



Saxy = (Tay  Tay Fa)
Kaxy = (2 = Fagey Taqy Fac)

Laxy = (Taeyy 2= laxy Faep) -

M Cacxp

Kaxy

2- Fp(xy)

v

Y
Here, as
T -7 n (2 - FA(xi) B TA(xi)) _ 2 - FA(xi) + 2 TA(xi)

Calxy)) — TA(xp) 3 - 3

| _7 (2= Iaep = Taxp) 2= lagy + 2 Tagxy

cate) = Taep T 3 = 3
and

Fe,) = Fagxp »

we have

c _ 2— FA(xl-)+ 2 TA(xl-) 2— IA(xl-)+ 2 TA(xl-) F
A(xy) — 3 ’ 3 rFA(x) ) -

2. Second Group
For the single valued neutrosophic value (Ty(x,) » lacx;) » Facxp) o if
Tacey = Face
and

Tagxd = Lacxy,



as shown in the figure below, we transformed (Ty(y,),lacx;) Facxp)) into the single valued
neutrosophic value Cy(y,, the center of the SKL triangle, where

Saed = (Fagep »Taxy » Fae)
Lacy = (Faey 2 = Tagp » Fae)

Kagy = (2= Taey Jago) » Facxp) -

Caxyp

/ Sacx)
4

Y
Here, as
Teateo = Facey + (2= Tace) = Facp) _ 2= Taaep + 2 Fagay
a(x) A(xp) 3 3
N (2 = Tagep = ao) _ 2= Tacep + 2 laxy
a(x) — CA(x) 3 3
and
Feoixp = Faeep:
we have

o 2= Tagp T 2Fa@y 2= Tap + 2lawy .
A(xy) — 3 ’ 3 ' TA(xy) |-

3. Third Group

For the single valued neutrosophic value (Ty(x,) , Lacx;) » Facxp)) + 1F Tacxy) < Tacx;) < Facx;) » @S shown



in the figure below, we transformed (Ty(x,) , La(x;) » Facx;)) into the single valued neutrosophic value
Ca(x;), the center of the SKL triangle, where

Sacx) = (Tagey 1acey Faen)
Lagy = (Taceyr 2 = Tagey Fae)

Kagp = (2= Faey lag Fago) -

Saex)

2- Fpxy)

v
N

Y
Here, as
B (2= Faeep) = Taep) _ 2= Faeep + 2 Taxp
Teaeep = Taep + 3 = 3
L (2= Taee) = laxd) 2= Taeep + 2 ey
Calxy) — “A(xp) + 3 - 3
and
FCA(Xi) = FA(xi)'
we have

2~ Faep +2Taey 2~ Tagp + 2lawy
Cagp = 3 ' 3 Faey |-
4. Fourth Group
For the single valued neutrosophic value (Ty(x,) , lacx;) » Facxp)) + 1f Faey < Taee) < lacey »

as shown in the figure below, we transformed (Ta(x, , La(x;) » Facxy? into the single valued
neutrosophic value Cacxp)s the center of the SKL triangle, where



Sac) = (Facey Tawy Fawy)
Lagy = (Fagyr 2 = Tae Faeo)

Kagy = (2= Tagy Tag Fap) -

Sax)

\ 4
N

Here, as
B (2= Taey = Fap) _ 2= Taep + 2 Fagxp
TCA(xi) - FA(xi) + 3 - 3
P (2= Lagy = Tacxd) _ 2= laep + 2 Tagxy
Calxy)) — TA(xp) + 3 - 3
and
Fey = Fagep »
we have

C (2= Tapt2Fan) 2= lapp+ 2Tay F
A(x;) — 3 ’ 3 »TAX) )

Example 3.1.1 Transform the following single valued neutrosophic values 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 value belongs to the first group.

2— FA(xi)+ 2 TA(xl-) 2— IA(xi)+ 2 TA(xl-) F
3 ’ 3 » PA(x)

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

and we have Cp(y) = (0.566, 0.633, 0.7).

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

2— TA(xi)+2 FA(xl-) 2— TA(xl-)+ ZIA(xL-)
, y Fac:
3 3 ()

The center for the values of the second group is, Ca(x,) = (
and for (0.9, 0.4, 0.5), Cappy = (0.7, 0.633, 0.5).

iii. (0.3, 0.2, 0.5) single valued neutrosophic value belongs to the third group.

2— FA(xi)+2 TA(xi) 2— TA(xi)+ ZIA(xL-)
, , Face:
3 3 (0

The formula for the center of (0.3, 0.2, 0.5) is Cacxp) :(
and therefore we have Cp() = (0.7, 0.7, 0.5).

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

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

Note 3.1.3 As for the single valued neutrosophic value (1, 1, 1) there does not exist any
transformable triangle in the above four groups, we take its transformation equal to itself.

Corollary 3.1.4 If Fo(x,) = Tax;) = la(x,) the transformation gives the same value in all four groups.
Also, if Tacx,) = Iacx;) < Facx;) » then the value in the first group is equal to the one in the third group
and if Fp(x;) < Tax;) = lag;) » the value in the second group is equal to the value in the fourth group.
Similarly, if Tyx;) = Facx;) < lag;) » then the value in the first group is equal to the value in the
fourth group and if I5(x;) < Ta(x;) = Fa(x,) » the value in the second group is equal to the one in the
third group.

3.2 Transformation According to the Indeterminancy Value

In this section, we group the single valued neutrosophic values after the examination of their
indeterminancy values I,’s greatness or smallness against T and F, values. We will shift the I,

and Fy,,y values on the Z — axis and T,y and I,y values on the Y — axis onto each other. We take
the Fy(y,) 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
For the single valued neutrosophic value (Ty(x,) , lacx;) » Facx)) » If
Taei) = Fap

and ) < Facy »



as shown in the figure below, we transformed (Ty(y,),lacx;)  Facxp)) into the single valued
neutrosophic value Cy(y,, the center of the SKL triangle, where

Seaxpy = (e Tacy Fap)
Kiaxy = (2 = Fagyy ey Facep)

Liaxy = (neey 2 = Taey Facep) -

We transformed the single valued neutrosophic value (Ty(x,) , la(x;) » Facx;)) nto the center of the SKL
triangle, namely C4(y,). Here, as

(2=Fae) —lawp) _ 2= Faee) + 2l

Teaeey = la@p + 3 3
lerion = Typn + (2 = Tacep = Iao) _ 2= Tacep + 2 lacxy
aGe) = Tagxy 3 3
and
Feyeo = Fae -
we have

c _ 2— FA(xi)+ 2 IA(XL') 2— TA(xi)+ 2 IA(X,:)
A(x)) — 3 ’ 3 rFA(xp) )



2. Second Group
For the single valued neutrosophic value (Ty(x,) , lacx;) » Facxp)) » If
Lagxy) = Fagx and
Lyxy) 2 Faeep s

as shown in the figure below, we transformed (Tpcx,),lacx,)  Facxp? into the single valued
neutrosophic value Cy(y,, the center of the SKL triangle, where

Staxy = (Faey Tacey Face)
Kiaxy = ( Faey 2 = ey Faeep)

Laxy = (2= ay Taey Facep) -

Sa(x:)

2- IA(xi)

Y
Here, as
T _r (2= Loy = Faxp) 2= lap + 2 Fagxp
Calxy)) — TA(xp) + 3 - 3
(2 = Taep = Taxp) 2= Laep + 2 Tagxy
Iepoey = Tagepy + 3 - 3
and

Fe,ep = Facepy



we have
(27 Tagp t 2Fay 2 — Tap t 2 Tag)
Cagep = 3 , 3 Faeen )

3. Third Group

For the single valued neutrosophic value (Ty(x,) , Lacx;) » Faixp)) + 1F Tag) < lagy) < Face) s

as shown in the figure below, we transformed (Ty(y,),lacx;)  Facxp)) into the single valued

neutrosophic value Cy(y,, the center of the SKL triangle, where
Staxy = (acxp» Taxy Face)
Keaxy = (a2 =~ lacpr Faeo)

Liaxy = (2 = Fageyy Tag Faee) -

Fag, Sa(x)
:' .: Ly .'I 2- Faxy
II D : / > Z
A ,_,"
TA(x' ll //’ ”,”’
2-Ldy
Y
Here as
o (2=Faep —lap) 2= Faeep + 2 Ly
Catxp) = lagep + 3 - 3
| _7 (2 = Iaep = Tuxp) 2= lag) + 2 Tagxy
Ca(xi) — “A(xp) + 3 - 3

and



Fe,xi) = Facep

we have

co (2 ~ Faco ¥ 2lae 2= I + 2Ta )
A(xp) — 3 ’ 3 »FA(x) )

4. Fourth Group
For the single valued neutrosophic value (Ty(x,) , lacx;) » Fagep)) > If Fay) < lagy) < Tae) »

as shown in the figure below, we transformed (Ty(y,),lacx;) Facx;)) into the single valued
neutrosophic value Cy(y,, the center of the SKL triangle, where

Seaxy = (Faey Iacey Fagen)
Kiaxy = ( Fagepr2 = Tagey Face)

Laxy = (2= lary acey Faex) -

Sa(xy)

2 Inxy
> Z

Y
Here, as
T _r (2= Loy = Faxp) 2= lap + 2 Fagxp
Calxy)) — TA(xp) + 3 - 3
B (2= Taxp = laxd) 2= Taxp + 2 lacxy
ICA(xi) - IA(xi) + 3 - 3
and

FCA(XL') = FA(xi)l



we have

2= Tagep + 2Faey 2= Taeepy + 2 laexy
Cagep = 3 , 3 Faee )

Example 3.2.1: Transform the single neutrosophic values 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 value is in the third group. The center is given by the
formula

e (2= Facot 2lay 27 laap + 2Taey |,
A(xi) — 3 ’ 3 P PAx P

and so Cy(xy = (0.766, 0.633, 0.7) .

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

By

co 2= Faeept 214y 2= Taxp + 2 lagxp F
Alxy) — 3 ’ 3 yFA(xy) )
we have Ca) = (0.733, 0.633, 0.5).

iii. (0.3, 0.2, 0.5) single valued neutrosophic value belongs to the first group and the center is

o= <2 ~ Fagp + 2laee) 2~ Tagp + 2lacey >
A(x;) — 3 ’ 3 ' FA(xy) )

50, Cagg = (0.633, 0.9, 0.5).

iv. (0.3, 0.2, 0.4)single valued neutrosophic value is in the first group.
Using

Coo 2= Faipy + 21axp) 2= Tap + 2 lay) F
A(xy) — 3 ’ 3 y FA(xy) )
we have Cpy) = (0.666, 0.7, 0.4) .

Corollary 3.2.2 The corners of the triangles obtained using the above method need not be single
valued neutrosophic values but by definition, trivially their centers are.

Note 3.2.3 As for the single valued neutrosophic value (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 Fp(x;) = Tax;) = lacx;), the transformation gives the same value in all four groups.
Also if Ta(y,) = Iax) < Facx, then the value in the first group is equal to the value in the third
group, and if Fo .,y < Ta(x,) = lagx,), then the value in the second group is the same as the one in the
fiurth group. Similarly, if Fo¢x,y = Iacx;) < Ta(x,), then the value in the first group is equal to the one



in the fourth and in the case that Ty () < Fa(x;) = la(x,), the value in the second group is equal to the
value in the third.

3.3 Transformation According to the Falsity Value

In this section, we group the single valued neutrosophic values after the examination of their
indeterminancy values F,’s greatness or smallness against I, and F, values. We will shift the I,
and Fy(,,y values on the Z — axis and T,y and Fy(,y values on the Y — axis onto each other. We take
the Fj(y,) 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

For the single valued neutrosophic value (Ty(x,) , lacx;) » Facxp) o if
Fae = Taer and

Faey < laxy - then

as shown in the figure below, we transformed (Tp(x,),lacx,)  Facxp? Into the single valued
neutrosophic value C, ), the center of the SKL triangle, where

Seaxy = (Faey Facey Faceo)
Kiaxy = (2= lay Facey Faeen)

Liaxy = (Facey 2= Tagy Fap) -

Fy(x

Here, as

(2= Loy = Faxp) 2= lap + 2 Fagxp
TCA(xi) = FA(xi) + 3 = 3



(2 = Ta) = Faxp) 2= Taeep + 2 Fagxp
leap = Faeey + 3 = 3

and
FCA(xi) = FA(xi)’

we get
co 2= Iaxpy + 2Faey 2= Taeey + 2 Fagy) F
A(xy) — 3 ’ 3 ' FA(xy) )

2. Second Group
For the single valued neutrosophic value (Tyx,) , lacx;) » Facxp)) o if
Facxy 2 Tagxy and

FA(X{) = IA(xi) , then

as shown in the figure below, we transformed (Ty(y,),lacx;) Facxp)) into the single valued

neutrosophic value Cy ), the center of the SKL triangle, where
Staxy = (acryr Taxpyr Facen)
Keaxy = (Iaexr 2 = Faerpr Facxp)

Luaxp = (2 = Faxp Tagy Faeo) -

M
A
SA(xi)
i

' i !
; i Lagx L2 Fagxy
I 3 |
; — > >
I 17

Taey fee e A .
1 7 -~
1 // -7
1 P
v gl
1 7 Pre
1 4 -7
VT
", -

2- FA( s I LT T 4.7

Here, as



(2=Faep —lawp) 2~ Faeep + 2 Ly

Tea@n = lagy) + . .
ey = T + (2- FA("%) ~ Taceo) _2-F A(xl-)3+ 2 Tagxp
and
Feaixp = Facep
we have

co 2= Fapy+ 2Taey 2= Faeepy + 2 Ty F
A(xi) — 3 ’ 3 ' TA(xy) |-

3. Third Group
For the single valued neutrosophic value (Ty(x,) » lacx;) » Facxp)) + I Tacxy) < Fage) < Tacry then

as shown in the figure below, we transformed (Ty(y,),lacx;)  Facxp))? into the single valued
neutrosophic value Cy(y,, the center of the SKL triangle, where

Scaxpy = (e Facey Faeen)
Kaxy = (Iagp 2 = Taxy Facp)

Luaxy = (2 = Fap Fagy Fac) -

eD

2- Fpxy)

»
>

Here, as

(2=Faep —lap) 2= Faeep + 2 Ly
Tepn = la@p + 3 = 3




(2 = Ta) = Faxp) 2= Taeep + 2 Fagxp
leap = Faeey + 3 = 3

and
Fe e = Facepy

we have

co 2= Faipy + 2laixpy 2= Tapy + 2 Fagxy F
A(x;) — 3 ’ 3 ' TA(xy) )

4. Fourth Group

For the single valued neutrosophic value (Ty(x,) , la(x;) » Facep? » If Tacxy) < Fa@y < lagx » then

as shown in the figure below, we transformed (Tp(x,),lacx,)  Facxp? into the single valued
neutrosophic value C, ), the center of the SKL triangle, where

Suxy = (Facyy Taey Facep)
Kaxy = (Facei 2 = Facey Fage)

Luxy = (2= Tacey Tagey Facen) -

Sa(xi)

Here, as

(2= la@y = Faep) _ 2= lagy + 2 Fagy
Teaen = Facey + 3 = 3




(2= Fag) —Tad) _ 2= Faoe) + 2 Tagxy
leqep = Tagp + 3 = 3

and
Fe e = Facepy

we get

2 haapt 2Fae) 27 Fagp + 2Tay
Cacp) = : »Faey |
3 3
Example3.3.1: Transform the single neutrosophic values 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 falsity values.

i. (0.2, 0.5, 0.7) single valued neutrosophic value belongs to the second group. So, the center is

C _ 2 - FA(Xi) + 2 TA(xi) 2 - FA(Xi) + 2 TA(XL‘) F
A(xi) — ’ AR )

3 3
and we get Cacyy = (0.766, 0.7, 0.7) .
ii. (0.9, 0.4, 0.5) single valued neutrosophic value is in the third group. Using the formula

o= (2 ~ Fago+ 2hae 2~ Taeo + 2Fac) o >
A(xi) — 3 ’ 3 » FA(x;)

we see that Cp(x) = (0.766, 0.7, 0.5) .

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

o (2 ~ Fago+ 2Tag) 2= Faep + 2Tace )
A(xi) — 3 ’ 3 ' TA(xp) |

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

iv. (0.3, 0.2, 0.4) single valued neutrosophic value belongs to the second group.

o (2 ~ Fago+ 2Tag) 2= Faep + 2Tace )
A(xi) — 3 ’ 3 RCHN

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

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

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



Corollary 3.3.4 If Fo(x,) = Tax,) = lagx;), the transformation gives the same value in all four groups.
Also, if Taex;y) = Facx) < lacx) » then the value in the first group is equal to the one in the fourth
group, and if Ia(y,) < Tacx;) = Fa(x,) » then the value in the second group is the same as the value in
the third. Similarly, if 15,y = Facx;) < Ta(x,) » then the values in the first and third groups are same
and lastly, if Ta(x,) < lax,) = Fac,;) » then the value 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 neutrosophic sets in x = {x;,x,,...,x,}. Let
A = {(x, Ty, Lacepy Faep) } and B = {(x, Tox, I Foeep) } -

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

S(A(xi)r B(xi)) =1— <|Z(FA(xi)_FB(xi))—(TA(xi)—TB(xi))|+|Z(FA(X%—FB(XL,))—(IA(XL,)—IB(xi))|+ 3|(FA(xi)_FB(xi))|) |

Here, we use the values
2(Fagy = Feeen) = (Taey = Ty
2(Fagy = Feeen) = (lagy = T8 ),

2(Fap = FBxp) + (Fay = Fexp) = 3(Facxp — Fexp) -

Since we use the falsity values Fy(,,) in all these three values, we name this formula as “similarity
measure based on falsity value between single valued neutrosophic sets”.

Property 4.2:0 < S(Au, Bap) < 1.
Proof: By the definition of Single valued neutrosophic sets, as

0 < Taep Toexoy laeep e Facey Feep < 1

we have
0<2(Faep — Forp) = (Taxp » Tox) < 3

0 < 2(Faey = Fprp ) = (a1 Ipxp) <3

and



0 < 3(Fagey» Frrp) <3

So,

0< 1 (|2(FA(xi> — Fep) = Tacep = Toep)| + [2CFacey = Foeo) = (ac = Iseeo)| + 3] Facey —FB(xl-))|) <1
< 5 <1.

Therefore, 0 < S(A(xi) 'B(xi)) =1

Property 4.3: S(Aw;),Bxp) = 1 © A = By

Proof. i) First we show A,y = B(y;y When S(Acy,),Bupy) = 1.
Let (A Bap) = 1.

(e Bexp)

|2(FA(xi) - FB(xi)) - (TA(xi) - TB(Xi))| + |2(FA(xi) - FB(";‘)) - (IA(xi) - IB(Xi))| +3 |(FA(xi) - FB(X,'))
9

=1

=1

and thus,

<|Z(FA(xi) — Faep) = (Tacey — Taep)| + 12CFacey) = Facep) — Uacen) — Isee)| + 3| (Facep — FB(xi))|) _o
5 =0.

So,
|(Faxy = Feee)| = 0, [2(Facey — Fex) = Tacxp — Teee)| = 0,

and

|2(Fax) = Feiep) = Uaeey = Ipx)| = 0 -
As |(Facx;) — FBx))|70 , then Face) = Fpexy -
It Facxy = Faeey + [2(Faceo- Faen) = (Tao- Toeen)| = 0 and Tagy=Toxy) -
When Facx) = Fpyr [2(Fay = Fee) = Uacn = Ipe)| = 0and Tag= Ipay -
Therefore, if (A,), Bx;)) = 1, then by Definition 2.3, Ag,y) = By, -
ii) Now we show if A,y = By, then S(A(y,), Bex,y) = 1. Let A,y = By, . By Definition 2.3,

Tacp=Te) Taep=IB@y Fawp=Fa@y
and we have

Tap = TBp) = 0s Taeey = I = 00 Fa@p-Fpey =0



So,
(e Bexp)

|2(FA(xl-) - FB(xi)) - (TA(xl-) - TB(Xi))| + |2(FA(xi) - FB(";‘)) - (IA(xi) - IB(Xi))| +3 |(FA(xi) - FB(X[))

=1
9
=1-2=1.
9

Property 4.4 : S(A(xl),B(xl)) = S(B(xl),A(xl)) .
Proof:
S(Aeey Bay) =

—q— <|2(FA(XL-)_FB(XL'))_(TA(XL‘)_TB(X[)) +|2(FA(xi)_FB(Xi))_(IA(xi)_IB(Xi)) + 3|(FA(XL)_FB(XL)) >

9
4 <|2(—<FA(xi)—FB(xi)»—(—(TA(xi)—TB(xi)»|+|z((—FA(xi)—FB(,Q)))—(—(IA(,CL.)—IB(,CL.)))|+ 3|—<FA(xi)—FB(xi))|>
9

1o <|2(FB(XL') — Facen) = Moy = Tace)| + 12(Fy = Fac) = (s = lace)| + 3| Freey = FA(xi))l)
B 9

= S(Bap Axp)-

Property45:I1f ACB CC,

i) S(A@y Bap) = S(Aiy Cox)
i) S(Bay Cp) = S(Ay Cixp)

Proof:
i) By the single valued neutrosophic set property, if A € B € C , then
Tac) = Ty = Teey Ta@y = 1) = e Fawy 2 Fe@y 2 Fey -
So,
Taco-Teex) < 00 lac- By < 0,Facxy = Fpy 20 (1)
Tacx)- Teen < 00 Tagey- Ty < 0. Fae) = Foep 20 @)

Tace)- Toeep 2 Tae- Tea) 1ae-Isa 2 laay- leeyr Facy = Feep < Fap = Feay ()

Using (1), we have
2(Fac) — Faexp) — (Tago- Toxp) 2 0

2(Facy — Fep) — (lag-1Bexp) = 0



and

3(Tagn- o) 2 0

Thus, we get
(e Bexp)
_ <\Z(FAoco—Fs(xi))—(TA(xi)—TB(xi))|+|Z(FA(xi)—FB(xi))—(IA(xi)—IB(xi))|+ 3|(Faey) —Fs(xi))|>
9
—1- <Z(FA("0‘FB(xi))-(TA(xi)‘Ts(xi))“(FA(xi)-FB(xi))‘(‘A(xi)“B(xi))” (Fa -FB(xi)))
9
o 7(FA<xa-Fs(xi))-(TA(x%—TB(xi))-(‘A(xi)-‘B(xi)) | @

Similarly, by (2), we have
S(Acr Carn)

—1- <|Z(FAm)—Fc<xi))—(TA(xi>—Tc(xi))|+|Z(FA(xi)—Fc(xa)—(IA(xo—‘c(xi))|+ 3|(Pagey —Fc(xi))|>

9

L <2(FA<»@-Fc(xi))-(TA(xi)-Tc(xi))”(FA(xi)-Fc(xi))-(‘A(xi)-‘c(xl-))+3 (Fa) -Fc(xi))>
9

1 7(FA<xi>—ch))—(TA@:%—Tc(xi))—(‘A(xl-r'c(xi)) | ©)

Using (4) and (5) together, we get

S(A Bixy) = S(Ay Coxp)

7 (Fage) = Fo) = (Tace) — o) — (la) — Ipeey)
9

-1- -1+

7 (Fac) — ) = (Tacy — To) — (Iage) — IBo)
9

~ 7(Faee) = Feap)  (Tacp = Toen)  (lacy = Iead) | 7(Facy = Feo)  (Tace = Teen)  (lagy = lewn)
B 9 B 9 B 9 + 9 B 9 B 9

xi) — i i i i i i i i i i i
_ 7(Fagp = Fae) | 7(Facy = Fee) _ (Taco = Tao) _ (T = Tean) _ (acen ~ o) — (Tac ~Tecn)
a 9 9 9 9 9 9

by (1) and (3),

7(Facp — Fao) + 7(Fae — Fe) >0 (Tacp = Toe)  (Tacey — Te) >0 — (Iago = Tse) _ (Tag ~ leap) -
9 9 =" 9 9 =" 9 9 =

0

and therefore

S(Ap Bixp) = S(Ap Cxp) = 0

and



S(Awp Brp) = S(Awp Coxp) -
i) 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 indeterminancy values. If we define a truth based similarity measure, or namely,

(e Bexy)
. <|2(TA(xi) ~ Toce) = (Face) = Foeo))| + 2(Tae) = Top) = (tacey = Tee )| + 31 (Tacey — TB(xi))|)

9

or if we define a measure based on indeterminancy values like

|2(Tacey = Toe)) = (Tacey = Tac)| + 12(Tacey = Tace) = (Facey = Fac)| + 3] (lacey = Tacsy) |
S(A(xi):B(xi)) 1 _( A — 1B AGD) B AC - B AC B A — I >

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

|2(Tucey = Tac)) = (Facy = Faea)) | + 12(Tacey = Totey) = (g = Toe))| + 3] (Tacsy — TB(xL))|>

(A Barp) = 1= ( 9

when we take the single valued neutrosophic values Ay =(0,0.1,0), B =(1,0.2,0) and
Ciry = (1,0.3,0), we see S(Aw), By) = 0.2333 and  S(A(y), Crry)) = 0.2444 . This contradicts
with the results of Property 4.5.

Similarly, for the indeterminancy values,

|2(1a) = o)) = (Tacey = Toee)) | + [2(1ay = 1oe)) = (Fagey = Faged) | + 3| (tacey — IB(n))l)
9

S(AGp Bap) = 1- (
if we take the single valued neurosophic values A,y = (0.1,0,1), B, =(0.2,1,1) and
Ciry = (0.3,1,1), we have S(A(y), B(xy) = 0.2333 and S(Ayy, Cry)) = 0.2444.

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

Defintion 4.7 As

(A(xi)'B(xi)) =1- < 9

|2(Faceo ~Fae)) = (Tae) T |12 (Face ~Fae) (e )|+ 3 (Facey -Fs(xi>)|>

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

Sns(4,B) = Xi1(Wi X S (A, Byp) ) -
Here, Sys(4, B) € [0,1] and w;’s are the weights of the x;’s with the property Y-, w; = 1. Also,
A = {(x: Taxp Lace Face)} B = {06 Taep, Inr Froxn)

Example 4.8 Let us consider three patterns P;, P,, P; represerted by single valued neutrosophic sets
P, and P, in X = {x;,x,} respectively, where



P, = {(x4,0.2,0.5,0.7), (x5, 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 neutrosophic set Q in
X = {x;,x,} into one of the patterns P;, P,; where 0 = {(x;,0.4,0.4,0.1),(x;,0.6,0.2,0.3)}.

Let w; be the weight of element w; , where w; =% 1<i<2,
Sns(P1,0) =0.711
and
Sns(P1,0) =0.772.
We can see that Sys(P;, Q) is the largest value among the values of Sys(Py, @) and Sys (P, Q) .

Therefore, the unknown pattern represented by single valued neutrosophic set @ should be classified
into the pattern P,.

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

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 valued neutrosophic values.

Definition5.1 :

S(A(xi)r B(xi)) =1— <|Z(FA(xi)_FB(xi))—(TA(xi)—TB(xi))|+|Z(FA(X%—FB(XL,))—(IA(XL,)—IB(xi))|+ 3|(FA(xi)_FB(xi))|).

Taking the similarity measure as the similarity measure in the fourth section, and letting Ca(,,) and
Cg(x;) be the centers of the triangles obtained by the transformation of A, and B(y,) 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 neutrosophic values is

n

Snsc(4,B) = 2 (WiXS(CA(xi) ’CB(xi)));

i=1
where
A = {x: (T Lace FaceoY)r B = {%: (Toce Iy Focep)}
Here again, w;’s are the weights of the x;’s with the property >, w; = 1.

Example 5.2 : Let us consider two patterns P; and P, represented 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), (x5, 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 =
{x1,x,} into one of the patterns P;, P, , where Q = {(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) =¥, (Wi X S(Cacxi) rCB(xi))) :

Also we find the Cp (i) , Cp(xiy centers according to the truth values.

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

P;x; = (0.2, 0.5, 0.7) transformed based on falsity value in Example 3.1.1
Cprx, = (0.566, 0.633, 0.7)

P;x, = (0.9, 0.4, 0.5) transformed based on falsity value in Example 3.1.1
Cpzx, = (0.7, 0.633, 0.5)
P,x; = (0.3, 0.2, 0.5) transformed based on falsity value in Example 3.1.1
Cpoy, = (0.7, 0.7, 0.5)
P,x, = (0.3, 0.2, 0.4) transformed based on falsity value in Example 3.1.1

Cpsy, = (0.733, 0.7, 0.4)

QX1 = (x4, 0.4, 0.4,0.1) transformed based on falsity value in Section 3.1
Cox, = (0.6, 0.8, 0.1) (second group)

QXZ = (x,,0.6, 0.2, 0.3) transformed based on truth falsity in Section 3.1

Cox, = (0.666, 0.6, 0.3) (second group)
Snsc(P1, Q) = 0,67592
Snsc(P2, @) = 0,80927

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

Example 5.3 : 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, = {(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 the single valued neutrosophic 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)}.

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

Snsc(4,B) = X1y (WiXS(CA(xi) rCB(Xi)))-

Also we find the Ca i) , Cp(xiy Centers according to the indeterminancy values.



Let w; be the weight of element x;, w; = %; 1<i<2.
Pix; = (0.2, 0.5, 0.7) transformed based on falsity value in Example 3.2.1
Cprx, = (0.766, 0.633, 0.7)
P;x, = (0.9, 0.4, 0.5) transformed based on falsity value in Example 3.2.1
Cpzx, = (0.766, 0.633, 0.5)
P,x; = (0.3, 0.2, 0.5) transformed based on falsity value in Example 3.2.1
Cox, = (0.633, 0.9, 0.5)
P,x, = (0.3, 0.2, 0.4) transformed based on falsity value in Example 3.2.1
Cpy, = (0.666, 0.7, 0.4)
QX1 = (x4, 0.4, 0.4,0.1) transformed based on falsity value in Section 3.2
Cox, = (0.6, 0.8, 0.1) (second group)
QXZ = (x,,0.6, 0.2, 0.3) transformed based on truth falsity in Section 3.2
Cox, = (0.7, 0.666, 0.3) (first group)
Snsc(Pr, @) = 0,67592
Snsc(P2, Q) = 0,80927

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

Example 5.4: Let us consider in example 4.8, two patterns P; and P, represented by single valued
neutrosophic sets P;, P, in X = {x;, x,} respectively ,where

P, = {(x4,0.2,0.5,0.7),(x5, 0.9,0.4,0.5)} and P, = {(x;,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 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) rCB(Xi))) :

Also we find the Ca (i , Cp(xiy Centers according to the falsity values.

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

P,x; = (0.2, 0.5, 0.7) transformed based on falsity value in Example 3.3.1

Cpoy, = (0.766, 0.7, 0.7)



P,x, = (0.9, 0.4, 0.5) transformed based on falsity value in Example 3.3.1
Cpzx, = (0.766, 0.7, 0.5)
P,x; = (0.3, 0.2, 0.5) transformed based on falsity value in Example 3.3.1
Cp;x, = (0.633, 0.7, 0.5)
P,x, = (0.3, 0.2, 0.4) transformed based on falsity value in Example 3.3.1
Cp;x, = (0.666, 0.733, 0.4)
QXI = (x4, 0.4, 0.4, 0.1) transformed based on falsity value in Section 3.3
Cox, = (0.6, 0.6, 0.1) (first group)
QXZ = (x,,0.6, 0.2, 0.3) transformed based on truth falsity in Section 3.3
Cox, = (0.7, 0.666, 0.3) (third group)

Snsc(Pr, @) = 0,7091

Snsc(P2, 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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