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Abstract—In this paper, we 1ntroduced a new
neutrosophic oraphs called complex
neutrosophic graphs of typel (CNG1) and
presented a matrix representation for it and
studied some properties of this new concept.
The concept of CNG1 1s an extension of
ogeneralized fuzzy graphs of type 1 (GFG1)
and generalized single valued neutrosophic

oraphs of type 1 (GSVNG1)..
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L.INTRODUCTION

Smarandache [7] in 1995, introduced a new theory called Neutrosophic, which is basically a
branch of philosophy that focus on the origin, nature, and scope of neutralities and their
interactions with different ideational spectra. On the basis of neutrosophy, Smarandache
defined the concept of neutrosophic set which is characterized by a degree of truth membership
T, a degree of indeterminacy membership I and a degree falsehood membership F. The concept
of neutrosophic set theory generalizes the concept of classical sets, fuzzy sets [14],
intuitionistic fuzzy sets [13], interval-valued fuzzy sets [12]. In fact this mathematical tool is
used to handle problems like imprecision, indeterminacy and inconsistency of data. Specially,
the indeterminacy presented in the neutrosophic sets is independent on the truth and falsity
values. To easily apply the neutrosophic sets to real scientific and engineering areas,
Smarandache [7] proposed the single valued neutrosophic sets as subclass of neutrosophic sets.
Later on, Wang et al.[11] provided the set-theoretic operators and various properties of single
valued neutrosophic sets. The concept of neutrosophic sets and their particular types have
been applied successfully in several fields [40].

Graphs are the most powerful and handful tool used in representing information involving
relationship between objects and concepts. In a crisp graphs two vertices are either related or
not related to each other, mathematically, the degree of relationship is either O or 1. While in
fuzzy graphs, the degree of relationship takes values from [0, 1]. Later on Atanassov [2]
defined intuitionistic fuzzy graphs (IFGs) using five types of Cartesian products. The concept
fuzzy graphs and their extensions have a common property that each edge must have a
membership value less than or equal to the minimum membership of the nodes it connects.



When description of the object or their relations or both is indeterminate and
inconsistent, it cannot be handled by fuzzy intuitionistic fuzzy, bipolar fuzzy,
vague and interval valued fuzzy graphs. So, for this reason, Smaranadache [10]
proposed the concept of neutrosophic graphs based on literal indeterminacy (I) to
deal with such situations. Then, Smarandache [4, 5] gave another definition for
neutrosophic graph theory using the neutrosophic truth-values (T, I, F) and
constructed three structures of neutrosophic graphs: neutrosophic edge graphs,
neutrosophic vertex graphs and neutrosophic vertex-edge graphs. Later on
Smarandache [9] proposed new version of neutrosophic graphs such as
neutrosophic offgraph, neutrosophic bipolar/tripola/ multipolar graph. Presently,
works on neutrosophic vertex-edge graphs and neutrosophic edge graphs are
progressing rapidly. Broumi et al.[24] combined the concept of single valued
neutrosophic sets and graph theory, and introduced certain types of single valued
neutrosophic graphs (SVNG) such as strong single valued neutrosophic graph,
constant single valued neutrosophic graph, complete single valued neutrosophic
graph and investigate some of their properties with proofs and examples. Also,
Broumi et al.[25] also introduced neighborhood degree of a vertex and closed
neighborhood degree of vertex in single valued neutrosophic graph as a
generalization of neighborhood degree of a vertex and closed neighborhood degree
of vertex in fuzzy graph and intuitionistic fuzzy graph. In addition, Broumi et
al.[26] proved a necessary and sufficient condition for a single wvalued
neutrosophic graph to be an isolated single valued neutrosophic graph. After
Broumi, the studies on the single valued neutrosophic graph theory have been
studied increasingly [1, 16-20, 27-34, 36-38 ].



Recently, Smarandache [8] initiated the idea of removal of the edge degree
restriction of fuzzy graphs, intuitionistic fuzzy graphs and single valued
neutrosophic graphs. Samanta et al [35] proposed a new concept named the
generalized fuzzy graphs (GFG) and defined two types of GFG, also the authors
studied some major properties such as completeness and regularity with proved
results. In this paper, the authors claims that fuzzy graphs and their extension
defined by many researches are limited to represent for some systems such as
social network. Later on Broumi et al. [34] have discussed the removal of the edge
degree restriction of single valued neutrosophic graphs and presented a new class
of single valued neutrosophic graph called generalized single valued neutrosophic
graph of typel, which is a is an extension of generalized fuzzy graph of typel [35].
Since complex fuzzy sets was introduced by Ramot [3], few extension of complex
fuzzy set have been widely discussed [22, 23].Ali and Smarandache [15] proposed
the concept of complex neutrosophic set which is a generalization of complex fuzzy
set and complex intuitionstic fuzzy sets. The concept of complex neutrosophic set
1s defined by a complex-valued truth membership function, complex-valued
indeterminate membership function, and a complex-valued falsehood membership
function. Therefore, a complex-valued truth membership function 1s a
combination of traditional truth membership function with the addition of an
extra term. Similar to the fuzzy graphs, which have a common property that each
edge must have a membership value less than or equal to the minimum
membership of the nodes it connects. Also, complex fuzzy graphs presented in [21]
have the same property. Until now, to our best knowledge, there 1s no research on
complex neutrosophic graphs. The main objective of this paper is to introduce the
concept of complex neutrosophic graph of type 1 and introduced a matrix
representation of CNG1.



The remainder of this paper 1s organized as follows. In Section 2,
we review some basic concepts about neutrosophic sets, single
valued neutrosophic sets, complex neutrosophic sets and
generalized single valued neutrosophic graphs of type 1. In
Section 3, the concept of complex neutrosophic graphs of type 1 is
proposed with an 1illustrative example. In Section 4 a
representation matrix of complex neutrosophic graphs of type 1 is
introduced. Finally, Section 5outlines the conclusion of this paper
and suggests several directions for future research.



II. PRELIMINARIES

In this section, we mainly recall some notions related to neutrosophic sets, single valued neutrosophic

sets, single valued neutrosophic graphs and generalized fuzzy graphs relevant to the present work. See
especially [7.11, 15, 34] for further details and background.

Definition 2.1 [7]. Let X be a space of points and let x € X. A neutrosophic set A in X is charactenized

by a truth membership function T, an indeterminacy membership function I, and a falsity membership
function F. T, I. F are real standard or nonstandard subsets of [0.1°[, and T, I. F: X—]70.17]. The

neutrosophic set can be represented as

A={[:x, Ty(x),1,(x),F, (x])x E J:'} (1)

There 1s no restriction on thesum of T, I F, So
V=T ()t L (P (x)=37 (D)

From philosophical point of view, the neutrosophic set takes the value from real standard or non-standard
subsets of |°0.1"[. Thus it is necessary to take the interval [0, 1] instead of J70.17[. For technical
applications. It is difficult to apply 170,17 in the real life applications such as engineering and scientific

problems.



Definition 2.2 [11]. Let X be a space of points (objects) with generic elements in X denoted by x. A single
valued neutrosophic set A (SVNS A) is characterized by truth-membership function T,(x) . an

indeterminacy-membership function 7,(x). and a falsityv-membership function F,(x). For each point x in
X, Ty(x). I(x), Fy(x)€[0.1]. A SVNS A can be written as

ﬁ={[x, T (x),1,(x),F, (x]):x = X} (3)

Definition 2.3 [15]:

A complex neutrosophic set A defined on a universe of discourse X, which is characterized bv a truth
membership function Ty (x). an indeterminacy membership function I, (x). and a falsity membership
function F, (x)that assigns a complex-valued grade of T,(x).1,(x). and F,(x)in A for any x ©X. The

valuesT,(x), I, (x). andF 4 (x) and their sum may all within the unit circle in the complex plane and so is of
the following form,

T (X)=Pa (x)-e*a, 1, (x)=a, (x).€™4™ and F, (x)=r, (x).e*2 "
Where, p, (%).q, (x).rs (x) and p, (x). v4 (%).0,(x) are respectively, real valued and
Pa(x)a, (x).rs(x) €0, 1] such that
0=pa(x)Fgu(x)+tra(x)=3

The complex neutrosophic set A can be represented in set form as
A={x.T,(0)=a,.],(x)=a,.F,(x)=a,):xe X}
where T: X = {ar:ar €C,lay[ = 1}
I;:X = {a,;a, €C,la,l| = 1},
Fp: X — {ﬂ,F: ar €EC, ||:IF| = l}m
Ta(x) + Li(x) + B (x)] = 3.



Definition 2.4 [15] The union of two complex neutrosophic sets as follows:
Let A and B be two complex nentrosophic sets in X, where

A={[x, T,(x),L(x),F, (x])x = }f} and

B={[x, To(x), I(x), F [:c])x = X}.
Then, the union of A and B is denoted as A U, B and is given as

AUy B={(x, Ty 5(x), Lyyp (%), Fa p(x)):x € X}

Where the truth membership functionT, g(x). the indeterminacy membership function I, 5 (x) and the
falsehood membership function F, 5(x)is defined by

Taus()=1(pa () V pa ()] T2
Laus (91 (04 (%) A g () L8,

Hipy g %)
Faus (=[(ra () Arg(x))] €™ Fae™
WhereV and Adenotes the max and min operators respectively.



[The phase term of complex truth membership function, complex indeterminacy membership function
and complex falsity membership function belongs to (0, 2.7) and, they are defined as follows:

a) Sum:
My e @) =1, (%) + pg (),
Vaug (%) = vy (x) +vg(x),
@ays (X)) = 0, (x) + g (x),
b) Max:

s () = max (1, (9,11, (9.

Vaugr (x) = max["”ﬁ (xj:"*"]; (x) ):

®4up (%) = max(o, (x), 05(x)).
c) Min:

s () = min (p, G),u, G))

Vaup (%) = min [""'A. (x),vg [K])

®4ug (%) = min (o, (x), 0 (x)).
d) “The game of winner, neutral, and loser™:

p (]=jL#,,KX) if py>Pp
48 LX) if py>py

-

v [x:l_ ]';_.![:x} E.f 'f.i-!'J! '-':'QE
ET v i gz <ay

o, . I::'E] :J[f:dd[:x) zf Py =i _
@g(x) if rp=r,
The game of winner, neutral, and loser is the generalization of the concept “winner take all” introduced
by Ramot et al. in [3] for the union of phase terms.



Definition 2.5 [13] intersection of complex neutrosophic sets
Let A and B be two complex neutrosophic sets in X, A={[x, T,(x),L(x),F, [:c]) X € X}and

B={[x, To(x),I5(x), F (x]) XE X}.
Then the intersection of A and B is denoted as 4 N, B and is define as

A Ny B={(x, Tyng (x). Ly (%), Fanp(x)):x € X}

Where the truth membership functionT, ,p(x). the indeterminacy membership function I, ; (x) and the
falsehood membership function F, ,5(x) is given as:

Tans(9=L(pa (5) A s (5))} 0™
Lyng (971(04 (9 V g ()] ™48,

gy g )
Fang (0=[(ra(x) Vrg(x))L & Fae™
WhereV and A denotes denotes the max and min operators respectively

j (x)  juy, o(x) bhg, olx) - -
The phase termse Tane'™ gMane™ and o™ Fane'™ was caloulated on the same lines by winner, neutral,

and loser game.



Definition 2.6 [34]. Let V be a non-void set. Two functions are considered as follows:
p=lor. 0. o)V = [0, l]aalld
w=(wr, 0y, 0z)VxV = [0,1]° . We suppose
A={(p;(x).0:()) | wr(x. v) = 0},
B={{p; (x).0,(y)) |ew; (x. ¥} = 0},
C=1lor(2).07(¥)) |0F (x. v) 2 0},

We have considered w;, w; and w; =0 for all set AB, C since its is possible to have edge degree =0
(for T, or I, or F).

The triad (V. p, w) 15 defined to be generalized single valued neutrosophic graph of type 1 (GSVNGI)if
there are functions

a:A—[0,1], B~ [0,1] and 6:C— [ 0,1] such that
wr(x,y) = al(pr(x).pr (¥)))

w; (%,5) = By (x).p, (¥)))

wg (%,¥) = 6((pr (x).0¢ (v))) wherex, yE'V.

Here p(x)= (pr(x). p,(x). pe(x)). € V are the truth- membership, indeterminate-membership and
false-membership of the vertex x and w(x,y)=(w;(x,¥). w,(x,¥). wg(x,¥)). X, yE V are the truth-
membership, indeterminate-membership and false-membership values of the edge (x. v).



ITII. COMPLEX NEUTROSOPHIC GRAPH OF
TYPE1

Bv using the concept of complex neutrosophic sets [13] and the concept of generalized single valued

neutrosophic graph of tvpe 1 [34], we define the concept of complex neutrosophic graph of tvpe 1 as
follows:

Definition 3.1. Let V be a non-void set. Two functions are considered as follows:
p=(pr. py. pr)V = [ 0,1]%and
w=(wy, w;, wg)VxV — [ 0,1]* . We suppose
A= {lpr(x).pr(¥) | wr(x. v) = 0},
B= {(p; (x).0;(¥)) ey (x. ¥) = 0},
C= {lor (x).0p (V) |wp (x. ¥) = 0},

We have considered w;. w; and w; = 0 for all set A B, C . since its is possible to have edge degree =0
(for T, or I, or F).

The triad (V, p, w)is defined to be complex neutrosophic graph of type 1 (CNG1) if there are functions
a:A—[0,1], f:B—[0,1] and §:C— [ 0,1] such that
wr(x,¥) = allpr (x).pr(¥)))
w; (x,¥) = B((p; ()., ()

wp (%,5) = 6((pr (x).2- (¥)))
Where x, ve V.



Here p(x)=(pr(x). p;(x). pr(x)). XxE V are the complex truth-membership. complex indeterminate-
membership and complex false-membership of the vertex x and w(x, ¥y )=(w (x,¥). w,(x, ¥). w(x, ¥)). %,

v E V are the complex truth-membership, complex indeterminate-membership and complex false-
membership values of the edge (x, v).

anmple 3.2: Let the vertex set be V={x, v, z. t} and edge set be E= {(x. v).(x. z).(x. t).(v. t)}.

TABLE1l. Complex truth-membership, complex indeterminate-membership and complex false-membership
of the vertex set.

= ¥ Z t
pr | 0.5e7%8 | 092795 | 03703 | 0 8el01
o | 03eis | 02ei% | 0.1€7% [ 05677
pr | 0.1e7%3 | 0672 | 082702 | 0 42707

Let us consider functions a(m, n)=(m, V ny). e Tmun,

B(m,n)=(m; An;). e"Mimunand S(m,n)=( mg Ang). e Fmun

Here, A={(0.5¢7%, 09 £7°%), (0.5 £7°%,03 £7°%), (0.5 ¢7°%, 0.8 ¢7°7), (0.9 7°%, 0.8 £7°%)}

B={(03e/s,02e/3), (0.3 e/, 0.1727) (03 ' . 0.5e/™), (0.2¢"%. 0.5¢7))
C = {(0.1e70%_ 0.62795) (0.1e703,0.8¢795) (0.17%3_ 0.4e707), (0.6e705, 0 4£+°7)} Then



TABLE 2. Complex truth-membership, complex indeterminate-membership and complex false-
membership of the edge set.

o (x,) (x, =) (x, 1)

wyr | 0977 | 0 5728

(v, t)

0. Bel %8 | 0 9gl®7
€y D_Ee‘f'% 0.1e2™ | 0.3/ 0.2el™
weg | 0.1e?%5 | 01525

0.1e7%7 | 0.47%7

The corresponding complex neutrosophic graph is shown in Fig 2

29T
:-::u.s.g-f-”-lﬂ..u.ang. 0.1 /03~

t<0.8e7%1, 0.5/, 0.4e/07=
A <0.8e/%2, 0.3/ ™, 0.1/ 07
?E T = -
3 62703 0.2¢)%, 0.4¢107=
Ele
iy
o
=
i‘%: 08 0.1 e, 0.1e/ 05
=y
? L 7.2 'u5:=.
- - . o
v=0.9e/9270.2¢' %, 0.6e705= z =0.3e%3, 0.1 77, 0.8e

Fig 2 ACNGof tyvpe 1.

The easier way to represent any graph is to use the matrix representation. The

adjacency matrices, incident matrices are the widely matrices used. In the following
section CNGI is represented by adjacency matrix.



IV. MATRIX REPRESENTATION OF COMPLEX
NEUTROSOPHIC GRAPH OF TYPE 1

In this section, complex truth-membership, complex indeterminate-membership and complex false-
membership are considered independents. So, we adopted the representation matrix of generalized single
valued neutrosophic graphs presented in [34].

The complex neutrosophic graph (CING1) has one propertv that edge membership values (T, I, F)
depends on the membership values (T, I. F) of adjacent vertices. Suppose &=(V, p. @) 1s a CNG1 where

vertex set V={v,.V,.....,v, . [he functions

e ;A—[0,1] is taken such that w, (x,v) = a((pr(x).p-(¥))) Where x, v€ V and A= {(py(x).p7(¥))
| wr(x, v) = 0},

f B~ [ 0,1]is taken such that w, (x,y) = B((g; (x).0;(¥))) Where x. yEV and B= {{g; (x).0;(¥)) | e, (x.
v) = 0}, and

§ :C— [ 0,1] is taken such that wg(x,¥) = 6((pr (x).0F (¥))) Where x. vE€ V and C= {{pg (x).p= (V) | wg(x.
v) = 0}. The CNGI1 can be represented by (n+1) x (n+1) matrix M;J’Fﬂarif[i= )] as follows:

Complex truth-membership (T). complex indeterminate-membership (I) and complex false-
membership(F) values of the vertices are provided in the first row and first column. The (i+1. j+1)- th entry
are the Complex truth-membership (T). complex indeterminate-membership (I) and complex false-
membership(F)values of the edge (x,.x;). 1. j=1....n if i#].

The (i, 1)-th entry is p(x, =or(x;). p;(x;). pe(x;)). where i=1.2,. .. n. The Complex truth-membership
(T), complex indeterminate-membership (I) and complex false-membership (F) values of the edge can be
computed easilv using the functions a, f and § which are in (1_1)-position of the matrix. The matrix

representation of CNG1, denoted bvM TLE

- . can be written as three matnx !pr]‘.’EE entationM[ . M; and M .



The M; can be represented as follows

TABLE 3 Matnx representation of T-CNG1

a

ALY

AL

AGY)

pr(vy)

a0y (vy)pr (7))

v (pr(v,))

a(pp(vy).pr (1))

g%

éx--(br(ﬂnlpr(ﬂij)




The ML can be represented as follows

[CTABLE 4. Matrix representation of I-CNG1

rn
£ vy (o (1)) vy (o (v2)) A )
vy (o (1)) Pr(vy) Blog(vy ).o; (v ) | Bl (v )0y (v, )
va (op (w2)) | Bloy(va)or (1)) pr(v2) Blp (v ) .o (v2))
v (or () | Blor ()2 (i) | Blor(w)or(w2)) | i (o)

The ML can be represented as follows

TABLE 5. Matrix representation of F-CING1

) vy (pe(v1])) v, (Pr (7)) v, (Pr (¥,))
vy (Pp(174)) Pe (1) G(pp(vy).oe (v3)) | §lop(vy).0p (v, 1)
vy (pp (V) | Slpe(va).oe () Pr(v2) O(pr (w2 ).pr (V1))
vz (2)) | 8oz ()0 (1)) | 6 () e (7D | e (o)

Eemark 1: If the complex indeterminacv-membership and complex non-membership values of vertices

equals zero, and phase term of complex tmth membership of vertices equals 0, the complex neutrosophic
graphs oftvpe 1 is reduced to generalized fuzzv graphs tvpe 1 (GFG1).

Eemark 2: If the phase term of complex truth membership, complex indeterminacv membership and
complex falsitv membership wvalues of wvertices equals 0, the complex neutrosophic graphs of tvpe 1 is
reduced to generalized single valued neutrosophic graphs of tvpe 1 (GEVNGI1)



Here the complex neutrosophic graph of tvpe 1 (CING1) can be represented by the matrix representation
depicted in table 9. The matrix representation can be written as three matrices one containing the entries as
T.I.F (see table 6, 7 and 8).

TABLE 6: Complex truth-matrix representation of CING1

& x(0.5 [ y(0.9e7°%) [ 2(0.3¢793) [ 1(0.8¢7°%)
e-’"D'E‘)

x(0.5 e70%) 0.5 09e7%% [05e7%8 [08gl08
E_:I'.I}.E

¥(0.9¢7°%) 0.9 0.9e7%% |0 0.9 703
E_:I'.D.'}

z(0.3e7%9) 0.5 0 ELE 0
E_J'.D.E

t(0.8e701) 0.8 09795 [0 08 ei01
lE?_;l'.IZ!'.EI

TABLE 7. Complex indeterminate- matrix representation of CNG1.

JE K{':'g F(D_E Z(D_l tl::[:]_f‘- E_:I'.ER')
ej'f} e‘f'-l?-) e’ T)
«03e'%) |03, [o2o% 017303675
ej'%
(0.2 e7%) 02¢’% |02e’s | O 0.2ei2"
z(0.1 el-37) 0.1ed2™ | 0 0.1
E}.':R
(0.5 el27) 03e/2™ | 020%™ | O 0.5 el2"




il'ABLE §. Complex falsity- matnx representation of CNG1

: 01 [y(06 [2(08 [t{08e®7)
Ej-ﬂ-Hj Ej.I}.E:] Ej.l}.Ej

x(0.1) 01" | 0.0 | 0.16" | 0.167%°

y(0.6e") 0.1 | 0.66"% | 0 0.6¢+%7

2089%)  [016% [0 [080%]0

(0.8 &) 0.1e"*" ] 0.6¢"7 | 0 08¢




The matrix representation of CNG1 can be represented as follows:

[TABLE 9. Matrix representation of CNG1

(a. B, 5) x(0.5 /%8 0.3 [ y(0.9 z(0.3 {08 &1, 05
ej'ﬂ 09 02 )03 ol 17
4, T e ' "
0.1 &/3) e, 0.1 0:4.e°7)
0.6 e05) | €7
0.8,
_ - - E_;.ﬂ.Ej -
<(0.5e%8 035,01 | (05503 | (097°% | (0.2 | (08e7°% 03
" p e L] _BW =m 0 1
e/03) &%, 0z, |7 €
j.0. i0. 0.1 0.1 &%
0.1 &/93) 0.1 /%) el 0.1.7)
0.1,
i - - Ej.ﬂ.Ej -
v(0.9 &2, 0.2 &% (09.€°%, 02 |(097°° |(000) |(0.9€°% 02
s T ! 2T X JNEE:
0.6 &%) es, 0.2 &', ,
0,1 &%) 0.6 e/05) 0.4.€°7)
z(0.3 &/%3, 0.1 &7, (0.5 %% 0.1 | (0,0,0) (0.3 (0,0,0)
0.8.€°%) e’ , e’ 03,
0.1 e0=) 0.1
o ol 2
0.8
Ej.ﬂ.E]
(0.8 /%1, 0.5 &/17, (0.8 %%, 03 | (0.9¢%% |(0,00) |(08e%05
0.4€°7) o 0.2 ei2", o1
0.1 &07) 0.4 e’%%) 0.4 e/%7)




Theorem 1. Let M be matrix representation of T-CNG1, then the degree of vertex D, (x,)
=Xj=1,zk a’(k+1,j+1)x, €Vor Dr(%,) =Li=1i2p a’(i+Lp+ 1)x, €V.

Proof: It is similar asin theorem 1 of [34].

Theorem 2. Let M. be matrix representation of [-CNG1, then the degree of vertex D,(x, )
=71 ek a'(k+1,j+ 1)x, EVor D;(x,) =Xy i2p a'(i+1,p+ 1)x, € V.

Proof: Itis similar asin theorem 1 of [34].

Theorem 3. Let ML be matrix representation of F-CNGI, then the degree of vertex D, (x,)
=¥y e @ (kK +1,j+ 1), €Vor De(x,) =Xk, .,a" (i+Lp+1)x,EV.
Proof: Itis similar as in theorem 1 of [34]

Theorem 4. Let M;"E’F be matrix representation of CNG1, then the degree of vertex D(x, )
=(Dr (2 ).D; (x).Dp () where
Dr(x) =27y e @ (k+ 1,7+ 1),x, EV.
D;(x;) =Xz e @' (k +1,j +1),x, EV.
Dp(x) =Xij=1;=k a"(k+1,j+1)x, €V
Proof: The proof is obvious.



V. CONCLUSION

In this article, we present a new concept of
neutrosophic graph called complex neutrosophic
osraphs of type 1 and presented a matrix
representation of 1t. The concept of complex
neutrosophic graph of type 1 (CNG1) can be applied to
the case of  Dbipolar complex neutrosophic
oraphs(BCNG1).In the future works, we plan to study
the concept of completeness, the concept of regularity
and to define the concept of complex neutrosophic
ographs type 2.
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