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Abstract

The neutrosophic set theory, proposed by smarandache, can be used
as a general mathematical tool for dealing with indeterminate and
inconsistent information. By applying the concept of neutrosophic
sets on graph theory, several studies of neutrosophic models have
been presented in the literature. In this paper, the concept of complex
neutrosophic graph of type 1 is extended to interval complex
neutrosophic graph of type I(ICNGI). We have proposed a
representation of ICNGI1 by adjacency matrix and studied some
properties related to this new structure. The concept of ICNGI
generalized the concept of generalized fuzzy graphs of type 1
(GFG1), generalized single valued neutrosophic graphs of type 1
(GSVNGT1) generalized interval valued neutrosophic graphs of type
1 (GIVNG1) and complex neutrosophic graph type 1(CNG1).
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1 Introduction

Crisp set, fuzzy sets [14] and intuitionisitic fuzzy sets [13] already acts as
a mathematical tool. But Smarandache [5, 6] gave a momentum by introducing
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the concept of neutrosophic sets (NSs in short). Neutrosophic sets came as a
glitter in this field as their vast potential to intimate imprecise, incomplete,
uncertainty and inconsistent information of the world. Neutrosophic sets
associates a degree of membership (T) , indeterminacy(I) and non- membership
(F) for an element each of which belongs to the non-standard unit interval -0,
1+[. Due to this characteristics, the practical implement of NSs becomes difficult.
So, for this reason, Smarandache [5, 6] and Wang et al. [10] introduced the
concept of a single valued Neutrosophic sets (SVNS), which is an instance of a
NS and can be used in real scientific and engineering applications. Wang et al.
[12] defined the concept of interval valued neutrosophic sets as generalization of
SVNS. In [11], the readers can found a rich literature on single valued
neutrosophic sets and their applications in divers fields.

Graph representations are widely used for dealing with structural
information, in different domains such as networks, image interpretation, pattern
recognition operations research. In a crisp graphs two vertices are either related
or not related to each other, mathematically, the degree of relationship is either 0
or 1. While in fuzzy graphs, the degree of relationship takes values from [0, 1].In
[1] Atanassov defined the concept of intuitionistic fuzzy graphs (IFGs) with
vertex sets and edge sets as I[FS. The concept of 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.

Fuzzy graphs and their extensions such as hesitant fuzzy graph,
intuitionistic fuzzy graphs ..etc , deal with the kinds of real life problems having
some uncertainty measure. All these graphs cannot handle the indeterminate
relationship between object. So, for this reason, Smaranadache [3,9]defined a
new form of graph theory called neutrosophic graphs based on literal
indeterminacy (I) to deal with such situations. The same author[4]initiated a new
graphical structure of neutrosphic graphs based on (T, I, F) components and
proposed three structures of neutrosophic graphs such as neutrosophic edge
graphs, neutrosophic vertex graphs and neutrosophic vertex-edge graphs. In [§]
Smarandache defined a new classes of neutrosophic graphs including
neutrosophic offgraph, neutrosophic bipolar/tripola/ multipolar graph. Single
valued neutrosphic graphs with vertex sets and edge sets as SVN were first
introduced by Broumi [33] and defined some of its properties. Also, Broumi et
al.[34] defined certain degrees of SVNG and established some of their properties.
The same author proved a necessary and sufficient condition for a single valued
neutrosophic graph to be an isolated-SVNG [35]. In addition, Broumi et al. [47]
defined the concept of the interval valued neutrosophic graph as a generalization
of SVNG and analyzed some properties of it. Recently, Several extension of
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single valued neutrosophic graphs, interval valued neutrosophic graphs and their
application have been studied deeply [17-19, 21-22, 36-45, 48-49,54-56].

In [7] Smarandache initiated the idea of removal of the edge degree
restriction of fuzzy graphs, intuitionistic fuzzy graphs and single valued
neutrosophic graphs. Samanta et al [53] discussed the concept of generalized
fuzzy graphs (GFG) and studied some properties of it . The authors claim that
fuzzy graphs and their extension defined by many researches are limited to
represented for some systems such as social network. Employing the idea
initiated by smarandache [7], Broumi et al. [46, 50,51 |proposed a new structures
of neutrosophic graphs such as generalized single valued neutrosophic graph of
typel (GSVNG1), generalized interval valued neutrosophic graph of
typel(GIVNG1), generalized bipolar neutrosophic graph of type 1, all these types
of graphs are a generalization of generalized fuzzy graph of typel[53]. In [2],
Ramot defined the concept of complex fuzzy sets as an extension of the fuzzy set
in which the range of the membership function is extended from the subset of the
real number to the unit disc. Later on, some extensions of complex fuzzy set have
been studied well in the litteratur ¢[20,23,26,28,29,58-68].In [15],Ali and
Smarandache proposed the concept of complex neutrosophic set in short CNS.
The concept of complex neutrosophic set is an extension of complex intuitionistic
fuzzy sets by adding by adding complex-valued indeterminate membership grade
to the definition of complex intuitionistic fuzzy set. The complex-valued truth
membership function, complex-valued indeterminacy membership function, and
complex-valued falsity membership function are totally independent. The
complex fuzzy set has only one extra phase term, complex intuitionistic fuzzy set
has two additional phase terms while complex neutrosophic set has three phase
terms. The complex neutrosophic sets (CNS) are used to handle the information
of uncertainty and periodicity simultaneously. When the values of the
membership function indeterminacy-membership function and the falsity-
membership function in a CNS are difficult to be expressed as exact single value
in many real-world problems, interval complex neutrosophic sets can be used to
characterize the uncertain information more sufficiently and accurately. So for
this purpose, Ali et al [16] defined the concept of interval complex neutrosophic
sets (ICNs) and examined its characteristics. Recently, Broumi et al.[52]defined
the concept of complex neutrosophic graphs of type 1 with vertex sets and edge
sets as complex neutrosophic sets.

In this paper, an extended version of complex neutrosophic graph of type
I(ICNG1) is introduced. To the best of our knowledge, there is no research on
interval complex neutrosophic graph of type 1 in literature at present.
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The remainder of this paper is organized as follows. In Section 2, some
fundamental and basic concepts regarding neutrosophic sets, single valued
neutrosophic sets, complex neutrosophic set, interval complex neutrosophic set
and complex neutrosophic graphs of type 1 are presented. In Section 3, ICNG1 is
proposed and provided by a numerical example. In section 4 a representation
matrix of [CNGI is introduced and finally we draw conclusions in section 5.

2 Fundamental and Basic Concepts

In this section we give some definitions regarding neutrosophic sets, single
valued neutrosophic sets, complex neutrosophic set, interval complex
neutrosophic set and complex neutrosophic graphs of type 1

Definition 2.1 [5, 6]

Let { be a space of points and let x € {. A neutrosophic set A € { is
characterized by a truth membership function T, an indeterminacy membership
function I, and a falsity membership function F. The values of T, I, F are real
standard or nonstandard subsets of ] 0,1'[, and T, I, F: {—] 0,1'[. A neutrosophic
set can therefore be represented as

A={(x, Ty (), Is(x), F4(x)):x € ¢} (1)

Since T, I, F € [0, 1], the only restriction on the sum of T, 1, F is as given
below:

0<TA(+ [ ()+FA(0=3".  (2)

From philosophical point of view, the NS takes on value from real standard
or non-standard subsets of ]70,1°[. However, to deal with real life applications
such as engineering and scientific problems, it is necessary to take values from
the interval [0, 1] instead of ]70,1°].

Definition 2.2 [10]

Let ¢ be a space of points (objects) with generic elements in ¢ denoted by
X. A single valued neutrosophic set A (SVNS A) is characterized by truth-
membership function7,(x) , an indeterminacy-membership function /,(x), and
a falsity-membership function F,(x). For each point x in ¢, 7,(x), I,(x),
F,(x)€[0, 1]. The SVNS A can therefore be written as

A={(, Ta(x), Ly (x), F4(x)): x € {} 3)
Definition 2.3 [15]

A complex neutrosophic set A defined on a universe of discourse X, which
is characterized by a truth membership function T,(x), an indeterminacy-
membership functionl, (x), and a falsity-membership functionF, (x)that assigns
a complex-valued membership grade to T, (x), I,(x), Fy(x) for any x € X. The
values of T4 (x), I4(x), F4(x) and their sum may be any values within a unit circle
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in the complex plane and is therefore of the form T, (x) = ps(x)e#a® [,(x) =
q4()eVa®) and F,(x) = ry(x)e!®a®) All the amplitude and phase terms are
real-valued and p4(x),q,(x),74(x) € [0,1], whereas py(x),v,(x), ws(x) €
(0, 2m],such that the condition.

0<ps(x)+qa(x) +74(x) <3 (4)

is satisfied. A complex neutrosophic set A can thus be represented in set
form as:

A={x,Ty(x) = ar,[4(x) = a;, F4(x) = ap):x € X}, (5)

WhereT,: X = {ar:ar €C,|lap| <1}, 14:X = {a;:a; € C,la;| <
1}, F4: X —» {ap:ar € C,|ap| < 1}, and also

ITa(x) + Iy (x) + F4(x)] < 3. (6)

Let A and B be two CNSs in X, which are as defined as follow A4 =
{(x, TA(x),IA(x),FA(x)):x € X} and B = {(x, TB(x),IB(x),FB(x)):x € X}.
Definition 2.4 [15]

Let A and B be two CNSs in X. The union, intersection and complement of
two CNSs are defined as:

The union of A and B denoted as A Uy B,is defined as:
AUy B = {(x, Tayp (%), Layp (%), Faup (x)): x € X}, (7N
Where, Ty, 5(x), Lyug (x), F4up (x) are given by

Taup(x) = max(p, (x), pp(x)) . € (kaGVKE ()

Liup(x) = min(g4(x), g5 (x)) . €' (vatuvs (),

Fpup () = min(r, (x), 75 (x) . ' (2400500),

The intersection of A and B denoted as A Ny B, is defined as:

ANy B = {(x, Tang (), Linp (%), Fanp(x)): x € X}, (8)
WhereTyng(x), [1ng (x), Fanp (x) are given by

Taup () = min(pa(x), pp(x)) . e! (HaINE () )
Laup (1) = max(qa(x), 45 (2)) . ¢! (Va®Ve ), (10)
Fpup () = max(r (x), 7 (x) . ' (@400500), (1)

The union and the intersection of the phase terms of the complex truth,
falsity and indeterminacy membership functions can be calculated using any one
of the following operations:

Sum:
taus (x) = ua(x) + pp(x), (12)
Vaup(x) = vy (x) + vp(x), (13)
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waup (%) = wa(x) + wp(x). (14)
Max:

taup(x) = maX(ﬂA(x):ﬂB(x)): (15)
Vaup () = max(v, (), v (), (16)
waup(x) = maX(wA(x). Wp (x)). (17)
Min:

Haug () = min(p, (0), up (1)), (18)
Vaup(x) = min(VA(x):vB (x)), (19)
wayp(x) = min(wA(x): Wp (x)). (20)

“The game of winner, neutral, and loser”:

AUB(X):{ﬂA(x) lf Pi> Py o
Ug(x) if py>p,
_ v,(x) i q,<q,
Vs ( )—{VB(X) ;g <q (22)
3 w,(x) if r,<rn
CUAUB(X)_{@B()C) if rB<VA. 23)

Definition 2.5 [16]

An interval complex neutrosophic set A defined on a universe of discourse
¢, which is characterized by an interval truth membership function T,(x) =
[TX(x), TY (x)], an interval indeterminacy-membership function I,(x), and an
interval falsity-membership functionF, (x)that assigns a complex-valued
membership grade to T4(x),[,(x),Fy(x) for any x € {. The values of
T,(x),[,(x), F4(x) and their sum may be any values within a unit circle in the

complex plane .arid Uis therefore of the form
Ty (x) =[pi(x).p3 (x)].eF4A), #a(), (24)
1,60 =[a500.94 ()] 4G, vAC0] (25)
and Fy (x) =[1} (0).1f (). @40 @3 0) (26)
All  the amplitude and phase terms are real-valued and
pL(x),p{ (%), q5(x), qY (x), rF(x)and r¥ (x) € [0,1], whereas
Ua(x),v4(x), wa(x) € (0, 21],such that the condition
0<pf)+qiC)+7/(x) <3 (27)

is satisfied. An interval complex neutrosophic set A can thus be represented
in set form as:

A= {0, Ty(x) = ar, I,(x) = a;, F4(x) = ag):x € {}, (28)
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WhereT: (.= {ar:ar € C,lagp| <1}, 1: (.= {a;:a; €C, |a;| < 1}, F4: (.-
{ap:ap € C,lag| < 1}, andalso |Ty (x) +13(x) + F3 (x)| < 3. (29)

Definition 2.6 [16]

Let A and B be two ICNSs in {. The union, intersection and complement
of two ICNSs are defined as:

The union ofA and B denoted asA Uy B,is defined as:
AUy B = {(x TAUB(x),fAUB(x),FAUB(x)) :x € X}, (30)

Where, Ty (%), [ayp (x), Fayp (x) are given by

Thu (=] (P5 () V ph ()] . *Fave ™),

TV 5= (PY() v pY(x))] & Taue® 31)
1 s(0=[(a% (%) A g5 (x))]. A,
190,5(0=[(Q4 (%) A qY(x))].*avn®), (32)

SL
Fius (0= (5 () A (x))]. &HFave @),
LU
FRus (0=[(rR (%) A r§ (x))]. "Fave® (33)
The intersection ofA and B denoted as A Ny B, is defined as:
A0y B ={(x,Tans (), Tanp (6, Fanp () ) : x € X}, (34)

Where,Tynp (), [1np (), Fsnp (x) are given by

Thg (O=[(P% (%) A p5 ()] .€*Tave®,

Ths(O=[ (PR (0 A pY () .M Taun® (35)
105(0=[(a% (0 V g ()] e v @,
805 O=[(@R (0 v a§ ()] e iavs @, (36)
Fiop GO (rk (0 v T ()] €Faus ),
Fiop CO=[ (¥ 00 v r§ ()] € #Favs ™ (37)

The union and the intersection of the phase terms of the complex truth,
falsity and indeterminacy membership functions can be calculated using any one
of the following operations:
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Sum:

Maus () = HE () + p (),

MRue () = MR () + pg (%), (38)
Viup (%) = V() + vE(X),

vaup(®) = Vi (x) + vB (%), (39)
wEup () = Wi () + wE(x),

wa,(X) = wh(X) + wi(x), (40)
Max:

Maup (%) = max(pz (), pg (%)),

Mius () = max(uf (%), ug (), (41)
Viup (%) = max(v (%), vg (x)),

VRus (%) = max(va (), vg (x)), (42)
wius(¥) = max(wz (%), wg (),

wiup(¥) = max(w} (), 0§ (), (43)
Min:

Maus () = min(uj (%), p (X)),

HRup () = min(uz (x), ug (x)), (44)
Viup (%) = min(v (x), vg(x)),

vaus () = min (v{(x), v§ (x)), (45)
wxup () = min(wj (x), 0§ (X)),

waup(®) = min(wg (), wg (%)), (46)

“The game of winner, neutral, and loser”:

" (x)z{/uA(x) ljp pA >pB' (47)
Ug(x) if py>p,
va) if g, <4
)= {vg () i gy<a,’ (48)
Jo,x) if <
s (X) - {C‘)B(x) if ry<r, . @)

Definition 2.7 [52]

Consider V be a non-void set. Two function are considered as follows:
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p=(pr, p1, pr):V = [ 0,1]%and
w= (W, w;, wp):VxV - [ 0,1]3 . We suppose
A={(pr(x).pr(»)) | wr(x,y) = 0}, (50)
B={(p;(¥).p1(¥)) lw;(x,y) = 0}, (51)
C={(pr(x).pr (¥)) lwp(x,y) = 0}, (52)

considered wy, w; and wp = 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],:B-[0,1] and §:C— [ 0, 1] such that

wr(x,y) = a((pr(x).pr(¥))) (53)
w;(x,y) = B(pr(x).01(¥))) (54)
wp(x,y) = 6((pr(x),pr(¥))) wherex,ye V. (55)

For each p(x)=(pr(x), p;(x), pr(x)),,XE V are called the complex truth,
complex indeterminacy and complex falsity-membership values, respectively, of
the vertex x. likewise for each edge (%, y) : w(X, y)=(w1(X,¥), w1(X,y), wr(X,y))
are called the complex membership, complex indeterminacy membership and
complex falsity values of the edge.

3 Interval Complex Neutrosophic Graph of Type 1

In this section, based on the concept of complex neutrosophic graph of type 1
[52], we define the concept of interval complex neutrosophic graph of type 1 as
follows:

Definition 3.1.

Consider V be a non-void set. Two function are considered as follows:

p=([p%.pr1.[er-p1 ], [PF.PF]):V— [0, 1]%and
o= [wk,w¥], [oF,wl], [wkwY]):VxV - [0,1]3. We suppose

A= {([pF(X).pT X1, [PT¥).pT (] l0F(x, y) = 0

and w3(x, y) =0 }, (56)
B={([pr (®).p7 1. [pr .7 M [wr(x, y) = 0
and w?(x, y) =0}, (57)
C={([pF(),pE ], [PE®)-PF ) |0F(x, y) = 0
and wY(x, y) =0}, (58)

We have considered wr, w; and wr = 0 for all set A,B, C, since its is
possible to have edge degree = 0 (for T, or I, or F).
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The triad (V, p, w) is defined to be an interval complex neutrosophic graph
of type 1 (ICNG1) if there are functions
a:A—[0,1], 5:B-[0,1] and §:C— [ 0, 1] such that

wT(xr y):[ w%‘(x' y)a

wf (x, Y= a([pF(0).pF B L[PF3).pF ()] (59)
w; (2, y)=[ wf (x, ),
wf (x,3)1= B(lpr (x).pr ) 1.[pr ().pr 1) (60)
wr (%, )= wi(x,y),
wf (6, Y)1= 8([pE (0).pF (O 1.[PF().pE (¥)]) where x, y€ V. (61)

For cach p(0=([p%().p¥CO1, [pF .oV COLIPk(O).pYCODXE V are
called the interval complex truth, interval complex indeterminacy and interval
complex falsity-membership values, respectively, of the vertex x. likewise for
each edge(x, y) :w(x, y)=(wr(x,y), w1(X,y), wg(x,y)) are called the interval
complex membership, interval complex indeterminacy membership and interval
complex falsity values of the edge.

Example 3.2

Consider the vertex set be V={x, y, z, t} and edge set be E= {(x, y),(x,
z),(x, 1),(y, )}

X y z t
[p']f‘,pg] [057 0.6]61'.11[0.8,0.9] [09 , l]ej.n[0.7,0.8] [037 0.4]61'.11[0.2,0.5] [08, 0.9]ej.n[0.1,0.3]
[pL,pY] [0.3, 0.4]e/™0102] [0.2,03]e/™0506T (0.1, 0.2]e/ 70396 [ [0.5, 0.6]e/ 710203
[pL,pY [0.1, 0.2]e/™10507] [0.6,0.7]e/710203T (0.8, 0.9]e/ 7102041 [ [0.4, 0.5]e/710307]

Table 1. Interval Complex truth-membership, indeterminacy-membership and
falsity-membership of the vertex set.

Given the following functions

a(m, m)=[mf (W) V nf (W), m¥ (W) V nf (u)] . e/ mavs (62)
B(m,n)=[mf (u) Anj(w),my (w) Anj (w)].e/ ™avst (63)
8(m, n)=[mf(w) Ang (W), mf (W) Ang (w)] . e/ m@ast) (64)

Here,

A={([0.5, 0.6]e/™[08091 0.9, 1]e/70708]) ([0.5, 0.6]e/™[0-809 0.3,
0.4]e/ 02031 (10,5, 0.61e/ 108091 [0.8, 0.9]e/710-1.031) (10.9, 1.0]e/™10-7.08],
[0.8, 0.9]e/ 7[01.03)

B={([0.3, 0.4]e/™0102] 102 0.3]e/7[0-506]) (0.3, 0.4]e/7[0-1.02] [0 1,
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th]ej.T[[O.S,O.G]), ([03’ 0.4]ej.7t[0.1,0.2],
0'3]ej.n'[0.5,0.6], [05, 0.6]€j'n[0'2’0'8])}
C={([0.1, 0.2]e/ 7105071 '10.6, 0.7]e/™10-203]) ([0.1, 0.2]e/[0-507] '[0.8,

[0.5, 0.6]e/™0208]y (0.2,

0.9]e/ 02040 = ([0.1,  0.2]e/ 05071 0.4,  0.5]e/ O30T ([0.6,
0.7]6']'”[0'2’0'3], [04, 0'5]61.1'[[0.3,0.7])} )
Then
w () (x,2) (%, 1) 0t
[w%,wrlrl] [09, l]ej.ﬂ[O.S,O.‘J] [05, 0.6]ej.n[0.8,0.9] [018,0.9]ej.7r[0.8,0.9] [09’1 ]ej.n[0.8,0.9]
[w}"wlU] [0.2’0.3]€j.n[0.5,0.6] [O.I,O.Z]Bj'n[0'3’0'6] [0_3,0.4]ej.7'[[0.2,0.8] [02, 0.3]€j'”[0'5’0'8]
[(U;.'-,(Ug] [01’ O'Z]ej.n'[O.S,OJ] [0.170.2]ej.n[0.5,0.7] [0.1,0.2]ej'”[°'5'°'7] [0'470'5]ej.7r[0.5,0.7]

Table 2. Interval Complex truth-membership, indeterminacy-membership
and falsity-membership of the edge set.

The figure 2 show the interval complex neutrosophic graph of type 1

Fig 2. Interval complex neutrosophicgraph of type 1.

In classical graph theory, any graph can be represented by adjacency
matrices, and incident matrices. In the following section ICNG1 is represented
by adjacency matrix.

4 Representation of interval complex neutrosophic graph of

Type 1 by adjacency matrix

In this section, interval truth-membership, interval indeterminate-membership
and interval false-membership are considered independents. Based on the
representation of complex neutrosophic graph of type 1 by adjacency matrix [52],
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we propose a matrix representation of interval complex neutrosophic graph of
type 1 as follow:

The interval complex neutrosophic graph (ICNG1) has one property that
edge membership values (T, I, F) depends on the membership values (T, I, F) of
adjacent vertices. Suppose &=(V, p,w) is a ICNGI where vertex set
V={v,,V,,...,v,}. The functions

a :A— (0,1] is taken such that

wt(x,¥) = a((pF(x).pF (1)), w7 (x,¥) = a((p? (x).p7 ())), where x, y€
V and

A= {([pr(0).p7 (O], [pF 1).p7 D) [ (x, ¥) 2 0 and w7 (x,y) 2 0},
B :B— (0, 1] is taken such that

wr (x,y) = B((pr (X).p1 ). of (x,¥) = B(p{ (x).pf (¥))), where x, y€
V and

B= {([pr (x).0{ (1. [pr .07 O] | (%, y) = 0 and wf (x,y) =0 }
and

6 :C- (0,1] is taken such that

wi (%, ) = 8((pF(X).pF(V))), @F (x,¥) = 6((pF (x).pF (¥))), where x, y€
V and

C= {([pr (0).pF ()], [PE().pF D) lwE(x, ¥) 2 0 and wF (x,y) > 0 }.

The ICNGI can be represented by (n+1) x (n+1) matrix Mgil F=[aT1F (1, j)]
as follows:

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

The (i, 1)-th entry is p(x;)=(pr(x;), pr(x;), pr(x;)), where i=1,2,...,n. the
interval complex truth membership (T), interval complex indeterminacy-
membership (I) and the interval complex falsity-membership (F) values of the
edge can be computed easily using the functions a, 8 and § which are in (1,1)-

position of the matrix. The matrix representation of ICNG1, denoted by Mg;I‘F,

can be written as three matrix representationMgl, M (1;1 and M 51. For convenience
representation vy(pr (v;)) =[p7(vi), p7 ()1, vilpr(vi)) =[pf (i), pi (vi)] and
vi(pr(v) =[pF(vy), pF (v)], fori=1, ....,n
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M(T;1 can be therefore represented as follows

a

v1(pr(v1))

v2(pr(v2))

Un(pr(Vn))

v1(pr(v1))

(o7 (v1), p7 (v1)]

a(pr(v1).pr(v2))

a(pr(v1).pr(vn))

va(pr(v2))

a(pr (v2).pr (V1))

ACHNZCH)

a(pr(v2).pr(v2))

Vn(pr(Vn))

a(pr(vn).pr(v1))

a(pr(vn).pr(v2))

(7 (). pF ()]

Table 3. Matrix representation of T-ICNG1

The

M(I;1 can be therefore represented as follows

B

v1(pr (V1))

v2(p1(v2))

Un(pr ()

v1(p;(v1))

[pf (w1, pf (v1)]

B(p1(v1).p1(v2))

B(p1(v1).p1(vn))

v2(p1(v2))

B(p1(v2).p1(v1))

lof (v2), pf ()]

B(p1(v2).p1(v2))

Vn(pl (Vn))

B(pr(vn).p;(v1))

Bpr (vn).p1(v2))

lof (),
pr ()]

Table 4. Matrix representation of ILICNG1

The

Mél can be therefore represented as follows

8

v1(pr(v1))

v2(pr(v2))

Vn(pr (V)

v1(pr (V1))

[pF (1), pF (v1)]

8(pr(v1),pr(v2))

8(pr(v1),pr(Vn))

v2(pr(v2))

8(pr(v2),pr (V1))

[pE (1), pE ()]

8(pr(v2),pr (v2))

Un(pr (V)

8(pr(vn).pr (V1))

8(pr(vn).pr(v2))

[PF (W), P (va)]

Table 5. Matrix representation of F-ICNG1

Here the Interval complex neutrosophic graph of first type (ICNG1) can be
represented by the matrix representation depicted in table 9. The matrix
representation can be written as three interval complex matrices one containing
the entries as T, I, F (see table 6, 7 and 8).
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a =max(X, y)

x([0.5, 0.6] e/ [0-809])

¥([09, 1] 0703y

z([0.3,
ej.n[O.Z,O.S])

04].

(0.8,

ej.n[0.1,0.3])

0.9].

x([0.5, 0.6].e7 70801y

[0.5, 0.6].e/ 710801

[0.9, 1]. e/ 710809]

[0.5, 0.6].¢/ 10801

[0.8, 0.9]. ¢J-m[0809]

ej.n[0.1,0.3])

y([0.9 , 1]. e/ l07.08]) [0.9, 1]. e/ 710809] [0.9,1]. e/ml07.08] [0, 0] [0, 1], ¢/0708]
2([0.3, 0.4]. [0.5, 0.6].e/m08.0] [0, 0] [03, 041 [ 10,0]
j.m(0.2,0.5
ej.n[oAz,oAs]) el 1[0.2,0.5]
%[0.8, 0.9]. [0.8, 0.9]. e/0-80.9] [0.9, 1]. eJm0708] [0, 0] [0.8, 0.9]. e/ 7101031

Table 6. Lower and upper Truth- matrix representationof ICNG1

B = min(x, y) x([0.3, 0.4]. /7101021y | y([0.2, 0.3]. | z(0.1, 0.2]. | t([0.5, 0.6]. eJml0208])
’ eJm050.6]y £J710.3,06]

X([03, 04] ej.r[[O.l,OAZ]) [03, 04] ejATt[O.l,O.Z] [02, 03] [01, 02] ejAn[0.3,0.6] [03’ 04] ejATt[O.3,0.6]
eJm[0.5,0.6]

y([0.2, 0.3]. /705061y | 10.2, 0.3]. ¢/ 710-5.06] [0.2, 0.3]. | 10,01 [0.2, 0.3]. e/ ml05:08]
) m10.5,0.6]

2([0.1,0.2]. e/™03061 | [0.1,0.2]. e/ 70306 10,01 [0.1,0.2]. e/ m03.061 | 10,0]

t([0.5, 0.6]. [0.3,0.4]. e/m[02.08] [0.2, 0.3]. | 10,01 [0.5 0.6]. e/ ™0-2.08]
eJm[0.5,0.8]

ele[OAZ,O.B])

Table 7: Lower and upper Indeterminacy- matrix representation of ICNG1

6= min(x, y)

x([0.1,
ejAn[O.5,0.7])

0.2].

y([0.6,
ejAn[O.2,0.3])

0.71.

z([0.8,
ej.n[OAZ,OA])

0.9].

t([0.4,
/03071y

0.5].

x([0.1, 0.2].e/ 705071

[0.1,0.2]. e/ 05071

[0.1,0.2]. e/ 05071

[01’ 02] ej.n[0.8,0.9]

[01’ 02] ej.n[0.5,0.7]

y10.6, 0.7].e/710203])

[0.1, 0.2]. ¢ 70507]

[0.6, 0.7]. ¢/ ™1203]

[0, 0]

[04, 05] ej.TL’[O.3,0.7]

2([0.8, 0.9].e/m102041)

[01, 02] ej.n[0.8,0.9]

[0, 0]

[08, 09] ej.n[0.2,0.4]

[0, 0]

1[0.4, 0.5]. ¢ 70307

[0.1, 0.2]. e/ 050.7)

[0.4,0.5]. ¢ 703071

[0, 0]

[0.4,0.5]. /703071

Table 8: Lower and upper Falsity- matrix representation of ICNG1

The matrix representation of ICNG1 can be represented as follows:
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(a, B, ) X(<[0.5, 0.6]. e/™[0809] y(<[0.5, 0.6]. /708,091 z(<[0.5, 0.6]. | t(<[0.5, 0.6].
[0.3,0.4]. e/lor02] [0.3,0.4]. el0102] erioses), ehrionssl,
(0.1, 02], e 0507]5) [0.1,02], &/ 7050715, [0.3, 0.4]. efmlo-102] | [0.3, 0.4]. e/mlo102] |
[0.1,0.2]. e/ 050715y 1 0.1, 0.2]. e/ 05071
X(<[0.5, 0.6]. | <[0.5,0.6]. e/™L801, <[0.9,0.1]. e/mL0809], <[0.5,0.6]. /7108091 [ <[0.8, 0.9]. &/7(0809],

j.1[0.8,0.9
el 1,

[0.3,0.4]. e/ m0-L02]
[0.1,0.2]. e/ 05071>)

[03, 0.4]. eml0102]
[01’ 02] ej.n[0.5,0.7]>

[0.2,0.3]. e/ 05061,
[0 1 , 02] ej.n[0.5,0.7]>

[0.1, 0.2]. e/l0306]
[01, 02] ej.n[0.8,0.9]>

[03, 04] ej.TL’[O.Z,O.S] S
[0.1,0.2]. e/ml0-5071>

y(<[05, 06] ej.ﬂ[0.8,0.9]’
[0.3,0.4]. e/ 01021
[0.1,0.2]. e/ (05071

<[0.9, 0.1]. e/ 08021,
[02’ 03] ej.T[[O.S,O.G] R
[01’ 02] ej.n[0.5,0.7]>

<[0.5, 06] ej.TL’[OAS,OB],
[03’ 04] ej.n[O.l,O.Z] s
[01’ 02] ej.n[0.5,0.7]>

<[, 0],
[0, 0],
[0, 0>

<[0.9 1]. e/ 107.08]
[0.2,0.3]. eJml0.508]
[0.4,0.5]. e/m10-307]>

2(<[0.5, 0.6]. e/™10801,
[03’ 04] ej.Tr[O.l,O.Z] s
[01, 02] ej.n[0.5,0.7]>)

<[0.5, 06] ej.Tt[O.B,O.Q],
[0.1,0.2]. e/l0306]
[0.1, 0.2]. e 7108091

<[0, 0],
[0, 0],
[0, 0]>

<[0.5, 0.6]. e/ ml0809]
[0.3,0.4]. efmlor02] |
[0.1, 0.2]. e/m0:507]>

<[o, 0],
[0, 0],
[0, 0]>

t(<[0.5, 0.6]. e/ 108031
[0.3,0.4]. e/ 01021
[01’ 02] ej.ﬂ[0.5,0.7]>)

<[08, 0.9]. ¢/™0809],
[0.3,0.4]. e/ml0208] |
[0.1,0.2]. e/ 710507

<[0.9 1]. e/m107.08]
[0.2, 0.3]. e/ml05.08]
[0.4, 0.5]. eJm[03.0.7]>

<[, 0],
[0, 0],
[0, 0]>

<[0.5, 0.6]. /(08091
[0.3,0.4]. e/ 01021
[01’ 02] ej.ﬂ[0.5,0.7]>

Table 9: Matrix representation of ICNGI.

Remark 1

If pL(x)=p¥ (x),pE (x)=p! (x)=0 and pk(x)=pf (x) = 0 and the interval

valued phase terms equals zero, the interval complex neutrosophic graphs type 1

is reduced to generalized fuzzy graphs type 1 (GFG1).

Remark 2

If pE(0)=p¥ (x),pF (x)=pY (x) and pL(x)=pY (x)and the interval valued

phase terms equals zero, the interval complex neutrosophic graphs type 1 is
reduced to generalized single valued graphs type 1 (GSVNGI1).

Remark 3

If pk()=p¥ (x).pF(x)=p! (x) and pk(x)=pY(x) the interval complex

neutrosophic graphs type 1 is reduced to complex neutrosophic graphs type 1
(CNG1).
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Remark 4

If pk(x) # p¥(x) , pF(x) # pf (x)and pk(x) # pf (x) and the interval
valued phase terms equals zero, the interval complex neutrosophic graphs type 1
is reduced to generalized interval valued graphs type 1 (GIVNG1).

Theorem 1

Given the Mgl be matrix representation of T-ICNG1, then the degree of
vertex Dp(xy) =[X7; jepar(k+1,j+ 1) X%, ipar(k+1,j+ D]x €V

or
Dr(xp) =[Eierisp ar(i+ Lp + DXLy impar (i + Lp+ Dx, €V,
Proof
Similar to that of theorem 1 of [52].
Theorem 2
Given the Mél be a matrix representation of [-ICNG1, then the degree of
vertex Dy(xi) =[X7oy jerar(k+1,j+ DY ipaf (k+ 1,7+ D]x €V

or Dy(xp) =[Xiiispar(i+1Lp+1).X, a0l (i+1L,p+1)],x, €

V.
Proof

Similar to that of theorem 1 of [52].
Theorem 3

Given the Mgl be a matrix representation of ICNGI1, then the degree of
vertex

Dp(x) =[Xjeqjerap(k+1,j+1).X7 apar(k+1,j+D]x € V
or

Dp(xp) =[ 7i1=1,i¢p ap(i+1,p+ 1)72?:1,i¢p ag(i+1,p+ 1], x, €V.
Proof

Similar to that of theorem 1 of [52].
Theorem 4

Given the Mg;I’F be a matrix representation of ICNGI, then the degree of
vertex D(xy) =(Dr (xx),D; (xy),Dr (X)) where

Dr(x) =[X7-yjexar(k+1,j + 1), 570, jpaf(k+ 1,7+ 1)],x €V.
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Dy(x) ==[X7=1jexaf (k + 1,j + 1), 30, japaf (k+1,j + D], x, €V.

Dp(x) ==[X}cyjurar(k+1,j+1), X%, ispaf(k+1,j+ 1], x, €
V.

Proof

The proof is obvious.

5 Conclusion

In this article, we have introduced the concept of interval complex neutrosophic
graph of typel as generalization of the concept of single valued neutrosophic
graph type 1 (GSVNG1), interval valued neutrosophic graph type 1 (GIVNGI)
and complex neutrosophic graph of typel(CNG1). Next, we processed to
presented a matrix representation of it. In the future works, we plan to study some
more properties and applications of ICNG type 1 define the concept of interval
complex neutrosophic graphs type 2.
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