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Abstract—In this paper, motivated by the notion of
generalized single valued neutrosophic graphs of
first type, we defined anew neutrosophic graphs
named generalized interval valued neutrosophic
oraphs of first type (GIVNG1) and presented a
matrix representation for 1t and studied few
properties of this new concept. The concept of
GIVNGT1 1s an extension of generalized fuzzy graphs
(GFG1) and generalized single valued neutrosophic

of first type (GSVNG1).
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L.INTRODUCTION

Smarandache [7] grounded the concept of neutrosophic set theory (NS) from philosophical
point of view by incorporating the degree of indeterminacy or neutrality as independent
component to deal with problems involving imprecise, indeterminate and inconsistent
information. The concept of neutrosophic set theory is a generalization of the theory of fuzzy
sets [17], intuitionistic fuzzy sets [14, 15], interval-valued fuzzy sets [13] and interval-valued
intuitionistic fuzzy sets [16]. In neutrosophic set, every element has three membership degrees
including a true membership degree T, an indeterminacy membership degree I and a falsity
membership degree F independently, which are within the real standard or nonstandard unit
interval ]—0, 1+[. Therefore, if their range is restrained within the real standard unit interval
[0, 1], Nevertheless, NSs are hard to be apply in practical problems since the values of the
functions of truth, indeterminacy and falsity lie in]—0, 1+[.The single valued neutrosophic set
was introduced for the first time by Smarandache in his book [7] . Later on, Wang et al.[10]
studied some properties related to single valued neutrosophic sets. In fact, sometimes the
degree of truth-membership, indeterminacy-membership and falsity- membership about a
certain statement cannot be defined exactly in the real situations, but expressed by several
possible interval values. So the interval valued neutrosophic set (IVNS) was required. For this
purpose, Wang et al.[11] introduced the concept of interval valued neutrosophic set (IVNS for
short), which 1s more precise and more flexible than the single valued neutrosophic set. The
interval valued neutrosophic sets (IVNS) is a generalization of the concept of single valued
neutrosophic set, in which three membership (T, I, F) functions are independent, and their
values belong to the unit interval [0 , 1]. Some more literature about neutrosophic sets,
interval valued neutrosophic sets and their applications in various fields can be found in [32,
34, 46].



When description of the object or their relations or both is indeterminate and
inconsistent, it cannot be handled by fuzzy, intuitionistic fuzzy, interval valued
fuzzy and interval valued intuitionistic fuzzy graphs. So, for this purpose,
Smaranadache [9] proposed the concept of neutrosophic graphs based on literal
indeterminacy (I) to deal with such situations. Many book on neutrosophic graphs
based on literal indeterminacy (I) was completed by Smarandache and
Kandasamy [45]. Later on, Smarandache [5, 6] gave another definition for
neutrosophic graph theory using the neutrosophic truth-values (T, I, F) without
and constructed three structures of neutrosophic graphs: neutrosophic edge
graphs, neutrosophic vertex graphs and neutrosophic vertex-edge graphs. Later
on Smarandache [8] proposed new version of neutrosophic graphs such as
neutrosophic offgraph, neutrosophic bipolar/tripola/ multipolar graph. In a short
period of time, few authors have focused deeply on the study of neutrosophic
vertex-edge graphs and explored diverse types of different neutrosophic graphs.



In 2016, using the concepts of single valued neutrosophic sets, Broumi et
al.[27]introduced  the concept of single valued neutrosophic graphs, 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. Later on, Broumi et al.[28] 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.[29]proved a necessary and sufficient
condition for a single valued neutrosophic graph to be an isolated single valued
neutrosophic graph. The same authors [35] defined the concept of bipolar single
neutrosophic graphs as the generalization of bipolar fuzzy graphs, N-graphs,
intuitionistic fuzzy graph, single valued neutrosophic graphs and bipolar
intuitionistic fuzzy graphs. In addition, the same authors [36] proposed different
types of bipolar single valued neutrosophic graphs such as bipolar single valued
neutrosophic graphs, complete bipolar single valued neutrosophic graphs, regular
bipolar single valued neutrosophic graphs and investigate some of their related
properties. In [30, 31, 47], the authors initiated the idea of interval valued
neutrosophic graphs and the concept of strong interval valued neutrosophic
graph, where different operations such as union, join, intersection and
complement have been investigated. Nasir et al. [22, 23] proposed a new type of
graph called neutrosophic soft graphs and have established a link between graphs
and neutrosophic soft sets. The authors also, defined some basic operations of
neutrosophic soft graphs such as union, intersection and complement.



Akram et al.[18] proposed a new type of single valued neutrosophic graphs
different that the concepts proposed in [ 22,27] and presented some fundamental
operations on single-valued neutrosophic graphs. Also, the authors presented
some interesting properties of single-valued neutrosophic graphs by level graphs.
In [19] Malik and Hassan introduced the concept of single valued neutrosophic
trees and studied some of their properties. Also, Hassan et Malik [1] proposed
some classes of bipolar single valued neutrosophic graphs and investigated some
of their properties. Dhavaseelan et al. [26] introduced the concept of strong
neutrosophic graph and studied some interesting properties of strong
neutrosophic graphs. P. K. Singh [24] has discussed adequate analysis of
uncertainty and vagueness in medical data set using the properties of three-way
fuzzy concept lattice and neutrosophic graph introduced by Broumi et al. [27].
Fathhi et al.[43] computed the dissimilarity between two neutrosophic graphs
based on the concept of Haussdorff distance. Ashraf et al.[40], proposed some
novels concepts of edge regular, partially edge regular and full edge regular single
valued neutrosophic graphs and investigated some of their properties. Also the
authors introduced the notion of single valued neutrosophic digraphs (SVNDGs)
and presented an application of SVNDG in multi-attribute decision making.
Mehra and Singh [39] introduced the concept of single valued neutrosophic signed
graphs and examined the properties of this concept with examples. Ulucay et
al.[44] introduced the concept of neutrosophic soft expert graph and have
established a link between graphs and neutrosophic soft expert sets [21] and
studies some basic operations of neutrosophic soft experts graphs such as union,
intersection and complement.



Recently, Naz et al. [42] defined basic operations on SVNGs such as direct
product, Cartesian product, semi-strong product, strong product, lexicographic
product, union, ring sum and join and provided an application of single valued
neutrosophic digraph (SVNDG) in travel time.

Similar to the interval valued fuzzy graphs and interval valued intuitionistic
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, the interval valued neutrosophic graphs presented in the
literature [30, 31] have a common property, that edge membership value is less
than the minimum of it’s end vertex values. Whereas the edge indeterminacy-
membership value is less than the maximum of it’s end vertex values or is greater
than the maximum of its’s end vertex values. And the edge non-membership value
1s less than the minimum of it’s end vertex values or is greater than the
maximum of it’s end vertex values.

Broumi et al [38]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 typel,
which 1s a 1s an extension of generalized fuzzy graph typel [37]. Based on
generalized single valued neutrosophic graph of typel(GSVNG1) introduced in
[38]. The main objective of this paper is to extend the concept of generalized single
valued neutrosophic graph of first type to interval valued neutrosophic graphs
first type (GIVNG1) to model systems having indeterminate information and
introduced a matrix representation of GIVNG1.



This paper has been arranged as the following: In Section 2, some
fundamental concepts about neutrosophic sets, single wvalued
neutrosophic sets, interval valued neutrosophic graph and
generalized single valued neutrosophic graphs type lare
presented which will employed in later sections. In Section 3, the
concept of generalized interval valued neutrosophic graphs type 1
1s given with an 1illustrative example. In Section 4 a
representation matrix of generalized interval valued neutrosophic
ographs type 1lis introduced. Conclusion is also given at the end of
Section 5.



II. PRELIMINARIES

[This section contains some basic definitions from [7,10, 30, 38] about neutrosophic sets, single valued
neutrosophic sets, interval valued neutrosophic graphs and generalized single valued neutrosophic graphs of
type 1, which will helpful for rest of the sections.

Definition 2.1 [7]. Let X be a space of points (objects) with generic elements in X denoted by x; then the
neutrosophic set A (NS A) is an object having the form A = {<X: T, (x), I,(x), F,(x)>, X € X}, where the

functions T, I, F: X—]70,17[define respectively the truth-membership function, indeterminacy-membership
function, and falsity-membership function of the element x € X to the set A with the condition:

0T () F LTEMSI. (1)

The functions T, (x),1,(x) and F(x) are real standard or nonstandard subsets of ] 70,177

Since it is difficult to apply NSs to practical problems, Smarandache [7] introduced the concept of a SVNS,
which is an instance of a NS and can be used in real scientific and engineering applications.

Definition 2.2 [10]. Let X De 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 function7, (x), an indeterminacy-

membership function7 (x), and a falsity-membership function 7, (x). For each point x in X,7,(x). I,(x),
F,(x)€[0, 1]. ASVNS A can be written as
Aii{X: T,(x),1,(x) FA(x)>’X Eﬁ} (2)



pef'mitiun 2.3 [30]. By an interval-valued neutrosophic graph of a graph G* = (V, E) we mean a pair G = (A,
B), where A =< [T, Tuy). [Lap: Lag): [Fap: Fapl™ 1s an interval-valued neutrosophic set on V, and B =<[Ty,.
Tgyl: [Ia: Igyl: [Fgp. Fgyl® is an interval-valued neutrosophic relation on E satisfving the following condition:
1V={v,, v, ,...v,} such that T, :-V=[0, 1], T, 'V=[0, 1], I, -V=[0, 1], I,,,:-V=[0, 1]. and F,, -V=[0, 1],
Fyy:V=[0, 1] denote the degree of truth-membership, the degree of indeterminacy-membership and falsity-
membership of the element y € V| respectivelv, and

0< T, (v,) +1L(v,)+F,(v,) <3 forall v, e V(i=L,2, ...n).

(3)

2. The functions Ty, :V x V=3[0, 1], T, :Vx V[0, 1], L :Vx V[0, 1], I;;:V x V[0, [] andF, :Vx V
=[0.1], Fg,:V x V=[0, 1] are such that:

Ty, (Eji!y}'] < min [TM-[”EJM-(F}')L Tay E“z‘r'”j) =min [Ty, (v;). TAU(EJ_J']] :

{E'L-(Eji!yj:] 2 %[Iﬂ-wij: fa;-f'%)]: fau(ﬂfrﬂj] = max[lg; (v;). IBUEE‘;J] and

Fa1 (ﬁ'frﬁ'}'] =max [Fy (ﬂi]hFEL-(ﬂ}'j]= Foy [vi,v}-] = max[Fyy (v;). FEU@}']] (4)
Denoting the degree of truth-membership, indeterminacy-membership and falsity-membership of the edge
(v;.v;) € V x V respectively, where:

0= Ty (v, v;) + I (v v;)t Fp (v, v;) <3, forall (v, v;) EVV (1,j=1.2, n).

(2)

They called A the interval valued neutrosophic vertex set of V, and B the interval valued neutrosophic edge set
of E. respectively; note that B is a symmetric interval valued neutrosophic relation on A.



Example 2.4 [30] Figure 1 is an example for IVNG, G=(A, B) defined on a graph G* = (V. E) such that V=
{vy. vouvq ), BE= {vy vy, vovg, vov, v, vy | Als an interval valued neutrosophic set of V
A={ =v, ([05, 0.5], [0.2, 0.3].[0.3, 0.4]F=, <v,, ([0.2, 0.3], [0.2, 0.3][0.1, 04]) = <vgy, ([0.1, 03], [0.2,
0.4],[0.3,0.3])>=}, and B an interval valued neutrosophic setof EEVx 'V
B={ <v,v,([0.1,02], [0.3.04][04, 0.5])=, <v,v,,([0.1,0.3], [04,0.5],[04, 0.5]) =, <vyv,. ([0.1. 0.2], [0.5,
0.5].[0.4, 0.6])=}.

Remark 2.5: The underlving set V is vertex set of usual graph that we use it in neutrosophic graph as vertex.
- G*=(V.E) denoted a usual graph where a neutrosophic graphs obtained from it that truth —membership,
indeterminacy -membership and non-membership values are 0 to 1.

0.2, 0.3 02, 0.3,[0.1, 0.4
03,0511 02, 0.3110.3, 0.41s 402,031192,03Ll01, 043

(0.1, 8200 0.3, D40, [0.4, 0.50=
18 >_/

<[0.1, 0.2 0.3, 0.5].[0.4, 06> <|0.1. 0.3L[ 0u8, 0.5] 0.4, 0.5]=

e[0. 5 0.3L[ 0. 2, 0.8 [0.5, 0L5)=

Fig 1. Interval valued neutrosophic graph



Definition 2.6 [38]. Let V be a non-void set. Two functions are considered as follows:
p=(pr. py. pr )V = [ 0,1] and

w={wr, wy, wz)VxV = [ 0,1]° . We suppose

A= {lpr(x).or(v)) | wrlx.y) = 0}
B={(g; (x).0, (¥)) |y (x. ¥) 2 0},

C={(pr ()£ () |0 (x. ¥) 2 0},

We have considered w;, w, and w; = 0 forall set AB. C, sinceits is possible to have edge degree = 0 (for T,
orl, or F).

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

a:A—[0,1], f:B—[0,1] and 6:C- [ 0,1] such that

wr(%,y) = allor(x).pr (v))

w,(%,y) = B((p; (x).0,(¥)))

wg (%) = 0((pr (x).p¢ (7))

Wherex, vE V.

Here p(x)=(pp(x), p;(x). pr(x)). XE V are the membership, indeterminacy and non-membership of the vertex
x and w(x, y)={ w(x,y). w(x,y). @p(x,y)), X, YE V are the membership. ndeterminacy and non-
membership values of the edge (x, v).



I1I. GENERALIZED INTERVAL VALUED
NEUTROSOPHIC GRAPH OF FIRST TYPE

In this section, based on the generalized single valued neutrosophic graphs of first tvpe proposed bv Broumi
et al [38]. the definition of generalized interval valued neutrosophic graphs first type is defined as follow:

Definition 3.1. Let V be a non-void set. Two functions are considered as follows:

p=([p1. Pr] [of Pf /1. [F‘F PF ]:ﬁ“ — [ 0,1]%and

w=( [mr ] [CL:'I ] [mF ]}‘bﬂf = [0, 1] We suppose
A={([pr(®) Pfr'r(x)] [or () Pr r D |wrx, v) = 0and wr (x.y) = 0}
B= {([Pf (). Pfu[xj] [Pf (v).2; (v]]:l' |'1’f':1": v) = 0 and W}I(K v) = 0},
C= {([p7 (%).p¢ [I)liﬂ&&’lﬁp [1’)]) pr(K v) = 0 and wf (x, ) = 0},

We have consideredw?, wf .wf, wf .wr, wf = 0 for all set A B, C, since its is possible to have edge degree = 0

(for T, or I, or F).

The tnad (V. p, w) is defined to be generalized interval valued neutrosophic graph of first type (GIVNGI) if
there are functions

a:A—[0,1]. fB—[0,1] and §:C— [ 0,1] such that

wr(%,Y) = al(pr(x).pr (1)), wr (x.y) = allpr (x).p7 (7).

wf (x,5) = B(lpr (x).pf (). i’ (x.¥) = By’ (). ()

wg (x,5) = 6((pF (%).p5 (YD), wi (x,3) = 8((pF (x).F ("))

Wherex, ve V.

Here p(x)=(pr(x). p;(x). pp(x)). € V are the interval membership, interval indeterminacy and interval non-
membership of the vertex x and w(xy)=(wr (%), w,(x¥). we(x¥)). X. vE V are the interval membership,
interval indeterminacy membership and interval non-membership values of the edge (x, v).



Example 3.2: Let the vertex setbe V={x, v, z. t} and edge set be E={(x. y).(x, z).(x. t).(. 1)}

TABLE[ INTERVAL MEMBERSHIP, INTERVAL INDETERMINACY AND INTERVAL NON-
MEMBERSHIP OF THE VERTEX SET.

X y z t

[pEpl] |05, |09, [[03, |[0S.
06] |11 |04] |09]
pEpf] (03, [[02. |01, ][5,
04] 03] |02] |06
lrpf] | 0.0, |06, |[08. |[04,
02] |07 |09 03]

Let us consider functions a(m,n)=m Vm= f(m,n)=d(m,n)

Here, A={([0.5, 0.6]. [0.9. 1]), ([0.5, 0.6]. [0.3, 0.4]). ([0.5, 0.6]. [0.8, 0.9]).([0.9, 1.0], [0.8, 0.9)}
B={([0.3,04],[0.2, 0.3]),([0.3, 0.4]. [0.1, 0.2]), ([0.3, 0.4]. [0.5, 0.6]). ([0.2, 0.3]. [0.5, 0.6])}
C={([0.1,0.2]. [0.6, 0.7]). ([0.1, 0.2]. [0.8, 0.9]). ([0.1, 0.2], [0.4. 0.3]), ([0.6. 0.7], [0.4. 0.3])} Then



[TABLE II. MEMBERSHIP, INDETERMINACY AND NON-MEMBERSHIP OF THE EDGE SET

w (x,y) (xz) | (xt) (1)
[whof] |[09.1] |[05.06] |[0809]][09.1]
[wiw?] |[03.04] |[03.04] |[0506]][05,06]
[wiwl] |[06.07] |[0809] |[0405]|[0607]

The comresponding generalized single valued neutrosophic graph is shown in Fig 2

[0.5.09]. [050.6], 40T

Xs[0.5,0.6], [03,0.4], (107> Es[0.5,0.9], [0.506), (0408

=[0800], (508 s

210911, [0P.0.4], [0.60.7]>

. 102, [0505

¥s[08.1], [0.2,0.3]

—

Fig 2.GIVNG of first type.
The easier way to represent any graph is to use the matrix representation. The adjacencv matrices, incident
matrices are the widelv matrices used. In the following section GIVNG] is represented by adjacency matrix.



IV. MATRIX REPRESENTATION OF GENERALIZED INTERVAL
VALUED NEUTROSOPHIC GRAPH OF FIRST TYPE

Because Interval membership, interval indeterminacy membership and interval non-membership of the
vertices are considered independents. In this section, we extended the representation matrix of generalized

single valued neutrosophic graphs first type proposed in [38] to the case of generalized interval valued
neutrosophic graphs of first type.

The generalized interval valued neutrosophic graph (GIVNGI) 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
GIVNGI where vertex set V={v,,v5,....v,,}. The functions

a: A- (0,1] is taken such that

wr (1Y) = al(pr (x).pr))): o1 (4,) = al(oy ()07 (7))
Where x, y€ V and A= {([pr (x).7 (0)], [or 0).07 (0)]) g (x, ¥) 2 O and wr (x, y) 2 0 }

1’3 :B- (0,1] is taken such that
0y ()= B((pr )y ) ) (%) Zﬁ((ﬂfU (X)aﬂ; )}
Where x, y€ V and B= {([pf (X)pﬂ; (0L oy )0/ 0D lo(x, y) = 0 and ] (x, y) 2 0}



and
§ : C— ( 0,1] is taken such that
wf (2,5) = 6((oF (%). pF (). @F (x,3) = 8((pF (x).08 ().
Where x, y€ V and C= {([p£ (). p¢ (9. [PE(¥). o€ ()] |k (x. v) = 0 and w¥(x. ) 2 0 }. The GIVNG1 can
be represented bv (n+1) x (n+1) matnx M;’LF= [aTHF (1. 1)] as follows:

The interval membership (T), interval indeterminacv-membership (I) and the interval non-membership (F)
values of the vertices are provided in the first row and first column. The (i+1. j+1)-th-entry are the membership
(T). indeterminacy-membership (I) and the non-membership (F) values of the edge (x;.x)). 1.] =1, ... nifi#].

The (1, 1)-th entry is p(x, Fp(x). p;(x%). pe(x;)). where i=1.2,.._.n. The interval membership (T), interval
indeterminacv-membership (I) and the interval non-membership (F) values of the edge can be computed easilv
using the functions e, [} and & which are in (1, 1)-position of the matrix. The matrix representation of GIVNGI,

T.LF , . : .
denoted byM_™" . can be written as three matrix representation M . M{ andM{ . For convenience
representation v;(pr(v.))=[p%(v.). pX(v,)]. fori=l, ....n

iIhE M[ can be represented as follows

TABLE III. MATRIX REPRESENTATION OF T-GIVNGI

a vy (pr(v)) v, (pr(v;)) vy (o7 (v,))
vy (pr(vy)) [pl{-'[tjlj P?(“ij] a(pr(vy).or(v2)) | alpr(vy).00(v,))
vy(pr(v2)) | alpr(vy)pr(vy)) [F"frw:] F‘?(”z]] a(pr(vy).pr(v2))

22 (7)) | oz (2)pe () | alor (v) o2 (22)) | (P2 (o). pE ()]




The M; can be represented as follows

TABLEIV. MATRIX REPRESENTATION OF I-GIVNGI

p

Ae)

vy (py (1))

ﬂn@f(ﬂnjj

)

[P,ri ().
Pfu(ylj]

Bloy(vy ).y (v,))

ﬁ(pf(ﬂljuﬂf(ﬂnj)

vy (py (1))

Bloy(v;).1(v))

[Pf(%l P,r”(’”zj]

Blpy(v3).1(v5))

0%

Boo) ()

Bor(ear o) | 1




The Mg can be represented as follows

TAELE V.

MATERIX REPRESENTATION OF F-GIVNGI1

&

vy (pe(v1))

v, (Pg (V1))

U I:JDF [:vn]]

vy (pr(v1))

Log (vy). pg (vy)]

Sl (vy).or (1))

S(pr (v1).or (v,))

v, (P (V1))

8(pe(v2 ). (1))

[Pg-é[”:] PF[”:]]

Spr(v2).pr (v2))

Y I:JGF {vnjj

S'LC"F (v).Pe (v1))

5'&5‘; ()P (v2))

[pE(%). P ()]

Remark]: If p; (x)=p (x)=0andpf (x)=pF (x) = O the generalized interval valued neutrosophic graphs type
lis reduced to generalized fuzzv graphs tvpe 1 (GFG1).

Remark2: if pf(x)=p7F (x), pf (x)=p; (x)and pf(x)=pf (x),the generalized interval valued neutrosophic
graphs tvpe 1 is reduced to generalized single valued graphs tvpe 1 (GSVNGI1).

Here the generalized Interval valued neutrosophic graph of first tvpe (GIVING1) can be represented bv the
matrix representation depicted in table IX. The matrix representation can be written as three interval matrices
one containing the entries as T, I, F (see table VI, VII and VIII).

TABLE VI, LOWER. AND UPPER TRUTH- MATRIX REPRESENTATION

OF GIVNG1

& = max(x. v) %([0.5,0.6]) | v([0.9,1]) | z(0.3,0.4]) | t([0.8,0.9])
x([0.5,0.6]) [0.5,0.6] | [09,1.0] | [0.5,0.6] | [0.8,0.9]
+([0.9.1]) [09,1.0] | [09.1] |[0,0] [0.9,1.0]
2([0.3,0.4]) [0.5,0.6] | [0,0] [0.3.0.4] | [0,0]
1([0.8,0.9]) [0.8,0.9] | [0.9.1.0] | [0,0] [0.8.0.9]




TABLE VIL. LOWER AND UPPER INDETERMINACY- MATRIX REPRESENTATION OF GIVNGI

f=max(x.y) | x([0.3,04])| v([0.2,03]) | 2([0.1,0.2]) | 1([0.3,0.6])
0304) | 0304] |[0304] |[0304] |[0504]
W0203) | 03,04 |[0203] |[00] | [0504]
A0102) | 03,04 [0.0]  |[0L02] |[0,0]
t(0.5.04) 05,06 | 05,06 |00 |[0508

TABLE VIII. LOWER AND UPPER FALSITY- MATRIX REPRESENTATION OF GIVNGI

0=max(x,y)  [x([0.1,0.2]) | v([0.6,0.7]) | 2([0.8,0.9]) | 1([0.4,0.6])
x(0.102) 01,02] |[06,07 |[08,09] |[04,08]
7([0.6,0.7]) 06,07 |[0607 |00 |[06,07]
[0809) 08,09 |[0.0] | [08,09] |[,0]
t([0.4,0.4) 04,06] |[06,07 |[0,0] | [04,08]




The matrix representation of GIVINGI1 can be represented as follows:

TABLE IX. MATRIX REPRESENTATION OF GIVNGIL.

(a. B. 8) x(05.03.0.1) ¥(0.9.0.2.0.6) | 2(03,0.1.0.8) [ £(0.8.0.5.0.49)
x([0.5, 0.6], =[0.5, 0.6], =[0.9,1.0], |<=[05,0.6], |=[0.8,0.9],
[0.3,0.4], 0.3, 0.4], [0.3,0.4], [0.3,0.4], [0.5,0.6],
[0.1,0.2]) [0.1,0.2]= [0.6,0.7]> | [0.8,09]= | [0.4,0.6]=
v([0.9, 1.0], =[0.9,1.0], =[0.9,1.0], | =[0,0], =[0.9, 1.0],
[0.2,0.3], [0.3,0.4], [0.2,0.3], [0, 0], [0.5, 0.6],
[0.6,0.7]) [0.6, 0.7]= [0.6,0.7]= | [0,0]= [0.6,0.7]=
z([03, 0.4], =[0.5, 0.6], =[0, 0], =[03,0.4], | =<[0,0],
[0.1,0.2], [0.3,0.4], [0, 0], [0.1,0.2], [0, 0],

[0.8, 0.9]) [0.8, 0.9]= [0, 0]= [0.8,0.9]= | [0,0]=
1([0.8, 0.9], =[0.8,0.9], =[0.9,1.0], | =[O, 0], =[0.8,0.9],
[0.5, 0.6], [0.5, 0.6], [0.5, 0.6], [0, 0], [0.5, 0.6],
[0.4, 0.6]) [0.4, 0.6]= [0.6,0.7]= | [0, 0]= [0.4, 0.6]=




Theorem 1 Let ML be matrix representation of T-GIVNGI,

r(xk)i[zg erar[k + 1,7+ 1).205 af(k+ 1,7+ 1)lx, € Vor
I'[:x?:)=[ i=1lizp aI’EI’_'_ 1,}5‘ + 1] Ez =1iz *paEI.'r(II’ + 1;113 + 1]x*p eV.

then the degree of wvertex

Proof :Itis similar as in theorem 1 of [37]

Theorem 2 Let M. be matrix representatinn of I-GIVNGI,

D (xkjw.[z_;l eraur (k+ 1,7+ 1) E} 1,72k '5‘*.! (k +1,j+1)]x eV
Dl’ D Ex*pjz[zz lizp ':II (I’ + 1;F + 1] Ez Liz 'ﬂ
Prcmf Itis similar asin theorem 1 of [37].

then the degree of wertex

i+ 1Lp+ 1)x, €V.

Theorem 3. Let M be matrix representation of F-GIVNG], then the degree of vertex
De(x) W[Z; =1,j=k aF(k +1,j +1). E} =1,jzk a},’r[k +1,j+1)]x, €EVor

F(x*p] [ i=1l,izxp H“F[:I’—l_ 1:}";' + 1] Ez 1.iz *paF (I’+ 1J'p + 1].‘-1:15 eV.

Proof :Itis similar as in theorem 1 of [37]

Theoremd. Let M;’{’F be matrix representation of GIVNGI, then the degree of wvemex D( x, )
=(D (2, ).D; (2, ). D (Ik]) where

D (x,)=[Z7= L;-*kﬂr(k + 1L+ 1).X0 . ka?(k+ 1,j+ 1)]x, V.
D;(xka[zszerI (k+ 1,7+ 1) Z} 1,j=k ﬂ'ur (k+1Lj+1)]x, eV
Do(x,)= [Z;-’zlu,-..k ar(k+1,j+1), Z} —1jrk ag(k+1,j+1)] x, € V.

Proof: The proof is obvious



V. CONCLUSION

In this article, we have extended the concept of
generalized single valued neutrosophic graph type 1
(GSVNG1) to generalized interval valued neutrosophic
oraph type 1(GIVNG1l) and presented a matrix
representation of it. In the future works, we plan to
study the concept of completeness, the concept of
regularity and to define the concept of generalized
interval valued neutrosophic graphs type 2.
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