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Abstract. In this paper, we introduced a new concept of derpeutrosophic graphs

called regular complex neutrosophic graph with rdedor complex neutrosophic graphs
and studied some properties of this new concepe @tncept of regular complex

neutrosophic graph is an extension of complex neaphic fuzzy graphs of type.
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1. Introduction

Fuzzy set was introduced by Zadeh [10] whose bamieponent is only a membership
function. In Zadeh's fuzzy set, the sum of membigrstegree and a non-membership
degree is equal to one. Complex fuzzy set (CFS]76is a new development in the
theory of fuzzy systems in [10]. The concept of GB&n extension of fuzzy set, by
which the membership for each element of a comfilexy set is extended to complex-
valued state. The first definition of fuzzy graptas proposed by Kauffmann [2] in 1973,
from the Zadeh's fuzzy relations [10,11,12]. Thestfidefinition and applications of a
complex fuzzy graph defined [&,9].In this paper, we planned tatend our theoretical
concepts of complex fuzzy graph into regular compleutrosophic fuzzy graph.

In this paper, Section 1 describes about introdaaind informative collection of
existing concepts about complex fuzzy set and fgraph. Definition of complex fuzzy
set, complex fuzzy graph discussed in section 2efition 3, new and innovative concept
of complex neutrosophic fuzzy set, complex neufpbso graph, and introduced degree
of complex neutrosophic graph and regular complextrosophic graph with example
and its applications are discussed. Concludedigfiper in section 4.

2. Complex fuzzy sets

In a complex fuzzy set, membership values are cexnplimbers in the unit disc of the

complex plane [6]-[7]. Although the introductoryettry of the CFS has been presented
[6], the research on complex fuzzy system desiguisagplications using the concept of
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CFS is found rarelySince the seminal paper in 1965 by Zadeh propbaezy Sets [10],

a huge amount of literature has appeared on diffesspects of fuzzy sets and their
applications [10-12].

Definition 2.1. Ramot et al. [6] proposed an important extensiortheke ideas, the
Complex Fuzzy Sets (CFS), where the membership function of a CFS is compkdxed,
different from fuzzy complex numbers developed incBey et.al. The membership
function to characterize a CFS consists of an daog#i function and a phase function. In
other words, the membership of a CFS is in the dimoensional complex-valued unit
disc space, instead of in the one-dimensionalvakled unit interval space. Thus, CFS
can be much richer in membership description tredittonal fuzzy set.

Assume there is a complex fuzzy Setvhose membership functiopg(h) is given as
follows,

ps() = ro (e’ = Re( s () + j Im( s ()
rsh( )cay (4 irs h)sin(ax ()

wherej =\/—_1 , his the base variable for the complex fuzzy sgh) is the amplitude
function of the complex membershims(h) is the phase function of the complex
membership function.

The property of sinusoidal waves appears obviounstite definition of complex
fuzzy set. In the case thai(h) equals to 0, a traditional fuzzy set is regarded special
case of a complex fuzzy set.

Definition 2.2. Let V be a nonempty set. A fuzzy graph is a paifuaftions G(a, (/)

where g'is a fuzzy subset of V angd is a symmetric fuzzy relation ogr .
i.e. 0V - [0,1] andu :VxV - [0,1] such thaty (u,v)< o (u) U o (v) for all u,vin V.

Definition 2.3. [1] A complex fuzzy directed graph G is a quadrupletid form
G=(V,0,E,@), where V is a complex fuzzy set referred to assiteof vertices and E

OVXV is a complex fuzzy set of edgeg.:V — [01] X[0]1]is a mapping from V to
[01] X[0]]. i.e, ois the assignment of the complex degrees of merhipets members
of V, @:E - [01]X[0]]is a function that maps elements of the formEe: (U,V) to

[02] X[01], where WV,vIV , we assume that/VE =¢. In general, we use the form

e= (a,b) to denote a specific edge that is saidottnect the vertices a and b. For an
undirected graph both=u,v) and g=(v,u) are in the domain qf .
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Example 2.4.
05410 0.5+j0.4 035410
A .5+j0.4 .35+j0. B
_/ \
0.340. 0.6+j0.
C O.25+j? @ﬂ'o. D

0.2+4j0.
Figure2.1l. Complex fuzzy graph

Definition 2.5. Alternative definition of complex fuzzy graph giveas follows. An
complex fuzzy graph is defined as CG=(VJEw) where V is the set of vertices and E is

the set of edges.represents a amplitude membership function defore&xV and w
represents a phase membership function definedxsh We denoter (v, ,vj)by r,and

(v, ,vj)by @ such that (D0<r;,a) <1. Hence (VxV[ ,w) is an complex fuzzy set

ij 1M

0.24j0.2
A ]
1 l:
0.2+j0.3
0.3+j0.1 0.5+j0.2 0.4+i0.1
0.1+j0.3
Cl3 )
0.2+j02

Figure 2.2. Directea complex fuzzy graph

3. Regular complex neutrosophic graph
Definition 3.1. Complex neutr osophic set
A complex neutrosophic set as defined in [3],Ae@omplex neutrosophic set defined on

a universe of discourse X, which is charaterizedliyuth membership functiof, (X)

,an indeterminacy membership functibp(x) ,and a falsity membership functié(X)
that assigns a complex-valued gradd ofx) , | ((X) , and F,(X) in S for anyx [ X.

The valuesT (X),1.(x), F.(X)and their sum may all within the unit circle in the
complex plane and so is of the following foffp(x) = pg(x)es™,
1,0 =0s(x)e'™™ and  F (X) =rs(x)e'*™where  pg(x),qs(X),rs(X) and
Hs(X),Vs(X), w5 (X) are, amplitude term and phase term Bf(x),1.(X), F.(X)
respectively, real valued and pg(X),qs(x),rs(x)J[01]  such that
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"0< ps(X) +0s(x) +rg(x) < 3".The complex neutrosophic set S can be represemted i
set form asS={(x,Tq(x) =a,,1,(X) =a,,Fs(x) = a. ): xO X},

Where Ts: X - {a; :a, DC,|aT|s]}, Io:X =~ {a :a DC,|a,|s]},

Fo:X - {a: 12, 0C|a| <1, and|T + 14 +Fq<3.

Definition 3.2. [8] Complex neutrasophic graph

Let V be a non-void set. Two functions are congderas follows:
o=(or.0,,0:):V - [01Pand w= (e, @, ):VxV - [01]°. We suppose
A={(o; (%), or ()} (x, ) 2 0},

B={(0, (0,0, ()@ (x.y) 20}.C ={(0 (%), o (V) r (x. y) 2 0},

we have considered) , &, and a- = Ofor all set A,B,C, since it is possible to have @dg
degree =0 (for T, or |, or F). The tria(kt’,p, a))is defined to be complex neutrosophic
graph of type 1 (CNG1) if there are functions: A - [01],5:B - [0l] and
0:C - [0]1]

such thatc, (X, y) = a(or (X), 21 (¥)), @ (xy) = B(0, (), £, (Y))

andad: (X, y) = 8(¢ (X), £ (¥)) %, yDV ;here p(X) = (o1 (X), 0, (X), ¢ (X)), XLV

are the complex truth membership, complex indetesteimembership and complex
false-membership of the vertex x ai, y) = (& (X, ¥), @ (X, Y), w- (X, ¥)), X, y IV

are the complex truth membership, complex indetesteimembership and complex
false-membership values of the edge (x,y).

Example 3.3.
Membershig
function of A b c d
Vertex set
pT jzin j’l j’l E
03e 3 | 04e 2 | 02e3 0.6e3
4 T T T
A 02’2 | 08 | 07¢'* | 05e'®
pF jf jzin j37” jf
05e 3 03e 3 | 06e 4 | 08e

Table 3.1: Complex truth-membership, complex indeterminate-tmenship and
complex false-membership of the vertex set.

Here,

2 s 2 s s s s s
A:{o.:ae' 3 ,0.4e12},(0.3ej 3 ,O.2el3],(0.4e'2 ,0.6ej3],(0.4e'2 ,O.6e]3J},
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41 LT
B= {(OZe 8 08e3j(02e 3 07e

4

4} (0.8ej3 ,0.5ej3j (08e 3 07e 4]}

L2

03¢ 3 06e’ ¢

27T
C= {OSe 3 03e 3](05e 3 0.6e 4](0?@ 3 08e 4](
Then,
Membershi| function
of edge set (a,b) (a.c) (b,d) (b,c)

.2 T LT n
“ 04e'® | 04e'® | 06e'z | 04"
@ i i iz iz
08e 3 0.7e 3 08e 3 08e 3
a)F J'ZLT J'ZLT 1'37” 1'37”
05e 3 0.3e 3 06e 4 | 06e 4

Table 3.2, Complex truth-membership, complex indeterminate-tmenship and

complex false-membership of the edge set.

Then, the corresponding complex neutrosophic giaphown in the following figure.

a

Figure 3.1: Complex neutrosophic graph

b

(e@.4@ pp(a)) (be(ab) @ (@b).a @b)= (o 0).0 0).0 (b))‘

277

(O.3e 3 OZe B 05e3)

2

(0.4e 3 08e' 3

4rr

0563) (04e2 0863 03e3)

(a+(a,c) @ (@9, wp(a,C)) (@@9 ae(nc) G%(hc)) (a%(hd) a((hd) ae(hd))—

77

(O4e3 07e B O3e 3) (04e'2 0863 066 4)
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377

(0r (9).p (0), /OF ©)= (PT(d) pi(d), oe (d)) = (02e E 076 +,06e 4)

JIT

(06e?®, 05e 3 08e 4)

Definition 3.4. The degree of a vertex in complex neutrosophictycedined as in [4].
Let G =(p,«) be complex neutrosophic graph. The degree of axerts denoted by

i (xy)
D(X) (a)l' (X y) C() (X y) Cl) (X Y)) Whel’e CL)l—(X y) = Z p_l_ (X y)e yOp,y#x ,
yop,y#x
25 DIAERY
7)) (X, y) = qu (X, y)e vy, y£x Anda) (X y) = Zr (X y)e Yoo, y£x
yOp,y#x Vo y#x

Definition 3.5. A complex neutrosophic grapB = (p,)is called a regular complex

neutrosophic graph of degrém,,m,,m,)if D, (S) = (m,m,,m,),0SOV, where V

is Vertex set. i.e., the regularity of a complexitnesophic graph means that the degrees
of each vertex is same. But, for large networkss difficult to confirm that all vertices
have same degree. If major number of vertices llagesame degree or almost same
degree, then the graph is defined to be regular.

Example 3.6. Consider the grapks = (0, &) such thatp = {a, b,c, d} and
= {(a, b),(a,c),(c,d),(b, d)}. The corresponding regular complex neutrosophaplyr
G =(p,a)is given below.

a b

Figure3.2: Regular complex neutrosophic graph g

(or(a). 0 (a), ,OF (@)= (wr (a,b),a (a,0), @k (a,b)) = (o (0),9 (b) P ()=

27T 277 4rr 2rr n 2rr

(03e 3 02e B 56'3) (O.Ze 3 08 3 05¢’ 3 (O4e 2 086'3 03¢’ 3
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277

(wr(a,c)af(a,c)@(a,c)) (@b0d).whd).wbd)= (06e E 076 N 036 3)

(066 3 O7e : ,0.3e 2:)
CrICY ©)= (€094 09.200)=(p: (@, A.0-()=

277 4rr 277 in

(028 3 O?e“ 068 4) (02e 3 08¢’ 3 05¢ 3) (06e? 05(1,‘3 088 )

4. Conclusion

An extended form of neutrosophic graph is preskiethis paper, so-called regular
complex neutrosophic graph. Complex neutrosophicae handle the redundant nature
of uncertainty, incompleteness, indeterminacy, mststency, etc. A complex
neutrosophic set is defined by a complex-valuethtraembership function, complex-
valued indeterminate membership function, and aptexavalued falsehood membership
function. Therefore, a complex-valued truth memhbigrdunction is a combination of
traditional truth membership function with the aaduial term is called phase term. Thus,
in this way, the truth amplitude term representsettainty and the phase term represents
periodicity in the uncertainty. Thus, a complexued truth membership function
represents uncertainty with periodicity as a wholgis paper is an introductory paper of
regular complex neutrosophic graph, and indeedhmesearch is still needed for the full
comprehension of order, degree, size and matrixesgmtation of regular complex
neutrosophic graph. The regular complex neutrosogtaiph presented in this paper is an
entire general concept which is not limited to acfic application.
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