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1 Introduction

The concept of neutrosophic set which is a powerful mathigailabol for dealing with incomplete, indeterminate and
inconsistent information was firstly proposed by Smarahddt]. Neutrosophic sets are generalization of the theory of
fuzzy sets ], intuitionistic fuzzy sets 3] and interval-valued intuitionistic fuzzy setd][ The neutrosophic sets are
characterized by a truth-membership functibpan indeterminacy-membership functibrand a falsity membership
function F independently, which are within the real standard or nowsead unit interval~0,17[. Wang et al. §]
introduced the concept of a single-valued neutrosophi wéiich is a subclass of the neutrosophic sets. They also
introduced the concept of interval-valued neutrosophiis & which is more sensitive than single valued neutrosophic
sets in which three membership functions are independehttsaair value belong to the unit intervl, 1]. Some more
work on single valued neutrosophic sets, neutrosophi¢ seesval valued neutrosophic sets and their applicatioag

be found on7,8,9,10,11,12.

The concept of soft set theory which is a new mathematical fmodealing with uncertainties was initiated by
Molodtsov [L3]. It has been showed that soft sets have potential appitatn different fields. Maji et al.1{4] presented
the definition of fuzzy soft sets and investigated some pitagseof this notion. Thereafter many researchers haveaegppl
this concept on different branches of mathematics. Theequiraf interval-valued fuzzy soft set has been introduced by
Yang et al. 5. The definition of neutrosophic soft sets was firstly given Maji [16]. He also discussed many
operations such as union, intersection and complement atrasephic soft sets. The concept of interval-valued
neutrosophic soft set which is a generalization of fuzzy sefs, interval-valued fuzzy soft sets and neutrosopHic so
sets were given by Delil[7].

Graph theory was firstly introduced by Euletd]. Since then graph theory has become the most importantgbart
combinatorial mathematics. A graph is used to create aioakdtip between a given set of elements. Each element can
be represented by a vertex and the relationship betweendtharbe represented by an edge. The concept of graph has
been applied to different algebraic structures in mathexhat

In this paper, primarily, we give the concepts of soft setutresophic set, neutrosophic soft set, interval-valued
neutrosophic soft set, graph and interval-valued neupiois@graph. After that we introduce the notion of intervalued
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neutrosophic soft graph and give some related examples.l&Wepaesent several different types operations including
cartesian product, union and intersection on intervaliwdineutrosophic soft graphs and investigate some prepetti
them.

2 Preliminaries

Definition 1. [1] A neutrosophic set A on the universe of discourse U is defigéd-a{ (x, Ta(x), Ia(x),

Fa(x)),x € U}, where the functions [T,F : U —] 0,1t define a truth-membership function, an
indeterminacy-membership function and a falsity-menitipfsinction of an elementx U for a set A, respectively, with
the condition 0 < Ta(X) + 1a(X) + Fa(x) < 3*. The neutrosophic set takes the value from real standardorstandard
subsets of ~0,1%[. We consider the neutrosophic set which takes the value thensubset of0,1]. The family of all
neutrosphic sets on U is denoted #y(U).

Definition 2. [16] Let U be an inital universe set, E be a set of parameters adB If F is a mapping given by
F:A— .4 (U), then a pair(F,A) is called a neutrosophic soft set over U.

Definition 3. [17] LetU be an inital universe set. Then an interval-valued rematphic set A over U can be represented
by the set A= {{x, Ta(X),1a(X),Fa(X)),x € U}, where

Ta() = [Ta(X) ", Ta(0) "]

IA(X) = [1a(¥) ", 1a(X)"]

Fa(X) = [Fa(X) ", Fa()"]

and0 < Ta(x) + Ia(X) + Fa(x) < 3for each point x in U. The family of all interval-valued neagphic sets on U is denoted
by IV (U).

Definition 4. [17] LetU be an initial universe set and@E be a set of parameters. If F is a mapping given byA—
IV (U), then a pair(F,A) is called an interval-valued neutrosophic soft set over U.

Definition 5. [18] A graph G consists of set of finite objects¥ {vi,v2,v3,..., vz} called vertices and other set £
{e1,e,63,...,en} whose elements are called edges. Usually a graph is densté€ti & (V,E).

Definition 6. [19] An interval-valued neutrosophic graph of a graph & (V,E) is given by a pair G= (A, B), where
A=<[Ty ., Ty, [15.1£],[Fa ,Fs] > is an interval-valued neutrosophic set on V aneé-B [Tg . Tg']. (5,15 ], [Fg . FA] >
is an interval-valued neutrosophic relation on E such that

Tg (i, V) < min{Ty (W), Ta (v}, Tg (Vi,vj) < min{Ty (i), Ta"(v))}

lg (vi,vj) > max{i (vi),1a (vj)}, 18 (Wi,vj) > max{I (vi), 14 (v

Fg (Vi,vj) > max{Fy (Vi),Fa (vj)},  Fg (vi,vj) > max{Fy (vi),Fa (vj)}

forall (vi,vj) €E.

3 Interval-valued neutrosophic soft graphs

Definition 7. An interval-valued neutrosophic soft graph is given by cedel-tuple G= (G*,K,M,A) such that

(i) G*=(V,E)is asimple graph
(i) Ais a nonempty set of parameters
(i) (K,A) is an interval-valued neutrosophic soft set over V
(iv) (M,A) is an interval-valued neutrosophic soft set over E
(v) (K(e),M(e)) is an interval-valued neutrosophic graph of @r all e € A. That is

Tn;(e) (xy) < min{T}Z(e) (X)7T|<7(e) W}, Tp\zr(e) (xy) < min{ler(e)(x),T}j(e) )}
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||\](e) (xy) > ma><{h2<e) (%), IlZ(e) )}, ||\J/|r(e) (xy) > ma)ql;(e) (%), ||2r(e) )}
F,\;(e) (xy) > maX{F;&e) (%), F}Z(e) w7}, Fp\zr(e) (xy) > maX{FQe)(X)a F|<+(e) (y)}

such tha < Ty g (X,Y) + Ime) (X Y) + Fu(e (X,y) < 3for alle € A and xy € V. The interval-valued neutrosophic graph
(K(e),M(e)) is denoted by Ke) for convenience. An interval-valued neutrosophic sofpris a parameterized family
of interval-valued neutrosophic graphs.

Example 1.Consider a simple grap®* = (V,E) such thaV = {vi,vp,v3} andE = {vivp,Vov3,v3vi }. Let A= {e1, e}
be a set of parameters and (&,A) be an interval-valued neutrosophic soft set ovewith its approximate function
K:A— IV./ (V) defined by

K(e1) = {v1/([0.2,0.6],]0.1,0.3],[0.2,0.3]), v,/ ([0.4,0.5],0.6,0.7],0.3,0.4], v3| ([0.2,0.3],[0.2,0.4],[0.3,0.5])}
K(e2) = {v1/([0.3,0.4],]0.4,0.5],[0.2,0.7]), V2| ([0.2,0.4],0.3,0.4], [0.4,0.5)), vs| ([0.2,0.3],[0.5,0.6],[0.4,0.8])}

Now let (M, A) be an interval-valued neutrosophic soft set dwevith its approximate functioM : A— IV .4 (E) defined
by

M(e1) = {v1v2|([0.1,0.4],[0.7,0.8],]0.4,0.5]) }

M(er) = {v1v2|([0.1,0.2],]0.6,0.7],]0.5,0.8]), v»v3|(]0.1,0.2],[0.6,0.7],[0.6,0.9]), vav1|([0.1,0.3],[0.6,0.7],[0.5,0.8]) }

It is clearly seen thatH(e;) = (K(e1),M(e1)), H(e2) = (K(e2),M(e2)) are interval-valued neutrosophic graphs
corresponding to the parametejsande,. HenceG = (G*,K,M,A) is an interval-valued neutrosophic soft graphGsf
as shown in Figure 1.

<[0.2,0.6],(0.1,0.3,(0.2,0.3 > <[0.4,05),(0.6,0.7],(0.3,0.4] > H(ey)

<10.1,0.2],(0.4,0.5],[0.4,0.6) >

<[0.3,0.4],(0.4,0.5],[0.2,0.7) > H(e)

<[0.2,03),(0.5,0.6],(0.4,0.8 >

Fig. 1: Interval-valued neutrosophic soft gra@h

Definition 8. Let G, = (G*,Ky,M1,A) and G = (G*,Ky, My, B) be two interval-valued neutrosophic soft graphs 6f G
Then G is called an interval-valued neutrosophic soft subgraplegff

(i) ACB
(i) Hi(e) = (Ki(e),My(e)) is an interval-valued neutrosophic subgraph af(g) = (Kz(e),Mz(e)) for all e € A.
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Example 2.Consider the simple grap* = (V,E) as taken in Example 1.
Now letB = {e;} be a parameter sé;, B) be an interval-valued neutrosophic soft set aend(M1, B) be an interval-
valued neutrosophic soft set &defined by

Ki(e1) = {v1/([0.1,0.4],]0.3,0.5],[0.4,0.6]), V| ([0.3,0.4], [0.7,0.8],[0.5,0.7], v/ ([0.1,0.3], [0.4,0.5],[0.6,0.7])}
M (e1) = {v1v2/([0.1,0.3],]0.8,0.9],[0.7,0.9]), v2v3|([0.1,0.2],0.8,0.9], [0.7,0.8]), vav1|([0.1,0.2], [0.5,0.6], [0.7,0.8]) }

It is clearly seen thatli(e;) = (Ki(e1),Mi(e1)) is interval-valued neutrosophic graphs correspondinegparameters
e1. Also G; = (G*,K1, M1, B) is an interval-valued neutrosophic soft graph as showngntei 2. Henc&; is an interval-
valued neutrosophic soft subgraphGf

<[0.1,0.3],(0.4,0.5],(0.6,0.7] >

Fig. 2: Interval-valued neutrosophic soft gra@h

Definition 9. An interval-valued neutrosophic soft graph 6 (G*,K,M,A) is called a complete interval-valued
neutrosophic soft graph if

Ti(e) (xy) = min{T|<7(e) (X)7T|<7(e) (y) }
Tuie (%) = min{ Ty o (%), Ty (o (V) }
Imge (%Y) = maX{hZ(e) )1k (o) (v)}
II\+/|(e) (xy) = max{';(e) (%), Ilé(e) v}
Fl\;(e) (Xa y) = maX{ FIZ(e) (X)7 F}Z(e) (y)}
Fl;lr(e) (xy) = max{ F|<+(e) (%), FK(e) (Y)}

foralle € A and xyc E.

Example 3.Consider a simple grap®* = (V, E) such that
V = {v1,V,v3,V4} andE = {v1Vy, VoV3, V3V, V4V, V1V3, VoVa }.

Let A= {e,e} be a set of parameters arf{,A) be an interval-valued neutrosophic soft sets ovewith its
approximation functioK : A — V.4 (V) defined by

K (e1) ={v1/([0.2,0.3],0.1,0.5),0.5,0.6]), V5| ([0.1,0.4],[0.3,0.4],[0.4,0.7)),
v3/([0.1,0.2],[0.1,0.3],[0.5,0.7]), V4| ([0.4,0.5],[0.3,0.5],[0.6,0.8])}
K (e2) ={v1(0.3,0.4],[0.2,0.5],[0.7,0.9]), v2|([0.1,0.2],[0.3,0.4], [0.4,0.7)),
v3/([0.2,0.4],]0.3,0.4],[0.5,0.7]) }, v4/ ([0.5,0.7], 0.2,0.3],[0.4,0.6])
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Let (M,A) be an interval-valued neutrosophic soft sets dvevith its approximation functioi : A — IV _4"(E) defined
by

M (e1) ={vav2|([0.1,0.3],[0.3,0.5],0.5,0.7]), vav3| ([0.1,0.2],[0.3,0.4],[0.5,0.7]),vav1| ([0.1,0.2],[0.1,0.5],[0.5,0.7])}
M(e2) ={vav2|([0.1,0.2],[0.3,0.5],[0.7,0.9]), vav3| ([0.1,0.2],[0.3,0.4],[0.5,0.7]),vav4| ([0.2,0.4],[0.3,0.4],[0.5,0.7)),
vav1/([0.3,0.4],]0.2,0.5],[0.7,0.9]), vav3|([0.2,0.4], [0.3,0.5], [0.7,0.9]), vava| ([0.1,0.2],[0.3,0.4], [0.4,0.7)) }

It is easy to see thad (e;) andH (e,) are interval valued neutrosophic graphg3ifcorresponding to the parametess
e, andes respectively. Henc& = (G*,K, M, A) is a complete interval-valued neutrosophic soft grap&of

Definition 10. Let G = (Gj,K1,M1,A) and G = (Gj},K2,M2,B) be two interval valued neutrosophic soft graphs of
simple graphs G= (V1,E;1) and G, = (V», E3), respectively. The cartesian product of @nd G is denoted by Gx G, =
(G*,K,M,Ax B), where G = (V1 x V,E; x E>), and is defined by

(Tiy(en)  Tig(ep) (X1 X2) = MIn{Tye ) (x0): Ty ) (%2) }
(Tiy(en) > Tityey)) (X0 %2) = MIN{Tl o) (40), Tidyey) O2) }
(i) * Nico(en)) (K0:%2) = MAX Ly ) (%0, iy ) (%2)
IF oxIt X1, %) =max{ 1, (X)), 15, (%
Ki(e1) = "Ka(ez) Ki(er) Ka(e2)
(Fy(en) * Ficy(ep)) (X:X2) = max{F o) (x0): Fi ;) (%2) }
(R en) X Fiyey)) (xa:%2) = Max{ R o) (%1), Ry ) (%2) }
for all (xl,xz) eV xVs.
(TM( eg))((x XZ) (X Y2) mm{T el)(x)’TMz(ez) (XZyZ)}
(Tﬁl( X T+ ez))((x X2)(X,Y2)) = m'”{T+ q)(x)7TJ2(ez) (XZyZ)}
(asten * o) (062 06¥2)) = MaX{Ig (0.l o, (2¥2)
(I,\le(e1 X I+ (&) (X X2) (X Y2)) = max{l+ (x),l,\jz(ez)(xzyz)}
(Futyier)  Fitae )((X X2)(X,Y2)) = max{F (X)7 Fio(e) (X2y2) }
(F+( X F Mo (e )((X X2)(X,Y2)) = maX{FJr )(X)vFJZ(eZ) (X2y2>}
forall xeV; and (X2,¥2) € Ex.
(T|\/|71(el) X Tﬁz(ez))((xlaz)(yl Z) mm{T 1(e1) (lel)’TKZ(eg) (Z)}
(Tuy(en) * Thiz(e)) (1,2 (¥1,2)) = m'”{Tﬂ (o) Y1) Titye) (D }
(ty(en) > () (1,2 (Y1,2)) = MaxX{lyy, o) (a1, iy e, (D)
(o) * ey ((1:2)(¥1,2)) = MaxX{lyy, o) (Xa¥a): iy e (D)
(Fy(en) * Fityey) ) ((1:2)(y1,2)) = max{ Ry, o) (xaya), FKZ(ez> (@)}
(Fr\zrl(el) X F,\L(ez))((xl,z)(w,z)) = maX{FJ( (lel)a Ko (&) (Z)}
forall zeV, and (x1,y1) € Ej.

foralle; e Aand e € B.
Example 4.Consider two graph6; = (Vi,E1) andG; = (V», E») such that

Vi = {ug, U}, E1 = {uiup} andVo = {vq,V2,v3}, Eo = {vivo,ov3}

Let A= {e;} be a set of parameters, and (K, A) and(M1,A) be two interval-valued neutrosophic soft sets d¥eand
E;, respectively, defined by

Ki(er) = {u1]([0.3,0.5],[0.1,0.2], [0.4,0.6]), u2| ([0.5,0.6], [0.2,0.4],[0.1,0.3])}
M1 (er) = {u1t2]([0.2,0.3],[0.3,0.5], 0.6,0.7))}

(© 2018 BISKA Bilisim Technology
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Now letB = {e,} be a set of parameters, and (&b, B) and(M,, B) be two interval-valued neutrosophic soft sets d¥er
andEy, respectively, defined by

Ka(e2) = {v1([0.4,0.5],[0.3,0.4],[0.6,0.7]),v2|([0.3,0.6],0.2,0.3], [0.1,0.4]), 5/ ([0.2, 0.5],[0.4,0.6], [0.3,0.5)) }
Ma(€2) = {v1v2|([0.1,0.2],[0.4,0.5], [0.7,0.8]), Vav3|([0.1,0.4], [0.6,0.7],0.8,0.9]) }

It is easy to see thakl (e;) = (Ki(e1),Mi(e1)) andH(ey) = (Ka(e2),Mz(e2)) are interval-valued neutrosophic graphs.

Hence G1 = (Gj,Kq,M1,A) and G, = (G5,K2,M,B) are interval-valued neutrosophic soft graphsGif and G,
respectively, as shown in Figure 3.

<1[0.2,0.3],(0.3,0.5],[0.6,0.7] >

<[0.3,0.5],(0.1,0.2],[0.4,0.6] >

<[05,0.6],(0.2,0.4],(0.1,0.3] > H(er)

V1 V2

<1[0.1,0.2],(0.4,0.5],[0.7,0.8 >

<[0.4,0.5],(0.3,0.4],(0.6,0.7) > <[0.3,0.6],(0.2,0.3],(0.1,0.4] >

<[0.2,0.5),(0.4,0.6],(0.3,0.5 >

V3

Fig. 3: Interval-valued neutrosophic soft gra@ andG,

The cartesian product &; andG; is as shown in Figure 4.
Theorem 1.1f G; and & are two interval-valued neutrosophic soft graphs, thenssgyix Go.

Proof. Let G; = (Gj,Ky1,M1,A) and G, = (G5,Kz,M2,B) be two interval-valued neutrosophic soft graphs of
G; = (V1,E1) andG} = (Vo, E), respectively. From Definition 10, for &} € A ande, € B, there are three cases.

Case (i) If x; € V1 andx; € V,, then
(Tka(en) * Tiaten) az) = MIN(Tie ) (X0 Ty ey) (X2)) < MIN[(Ty o7) X Tiyeg)) 0002 Ty o) X Thpten) 0]

Similarly, we can show thalfly| o ) X T o)) ) < MINI(T ) % T 0x0)> (T ) % Ticye)) 0]

(i en) X Tiaten) ) exe) = My () (X0), N ) (%2)) 2 MAX (1) X i) ) (T o) * Tyt 2]

Similarly, we can show the(lgl(el) X '@(ez))(xl,xy > max{(llzrl(el) X Izz(ez))(xl)v (I;ﬂel) X '»&ez))w)]

(Fy te) * Fica(en)) 0axe) = MaX(Fi o) (X1): Fig ) (%2)) = MaX(Fi gy X Fi e5)) 0+ (Ficy ) X Ficyren) o))

(© 2018 BISKA Bilisim Technology
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< [0.3,0.5],[0.3,0.4], (0.6, 0.7] > < [0.2,0.3],[0.3,0.5], [0.6, 0.7] > < [0.2,0.5], (0.4, 0.6], [0.4, 0.6] >

< [0.1,0.2],[0.4,0.5],[0.7,0.8] > /—\< [0.1,0.4],[0.6,0.7],[0.8,0.9] >
u:”/ \ufz/ B

< [0.2,0.3],[0.3,0.5], [0.6,0.7] >

\< [0.2,0.3], [0.3, 0.5, [0.6, 0.7] >

©< [0.2,0.3], [0.4, 0.6], [0.6, 0.7] >©

_\< [0.1,0.2], [0.4, 0.5], [0.7, 0.8] > _\< [0.1,0.4], [0.6, 0.7], [0.8, 0.9] >
B \\uzj/ B

< [0.4,0.5],[0.3,0.4],[0.6,0.7] > < [0.3,0.6],[0.2,0.4],[0.1,0.4] > < [0.2,0.5],[0.4,0.6],[0.3,0.5] >

Fig. 4: Cartesian product db; andG;

Similarly, we can show the(FKt(el) X FK+2(e2))(X1,Xz) > ma)<[(FK+l(el) X FIZz(ez))(Xl)’ (Flz;_(el) X F|<+2(e2))(><z)]

Case(ii)If x € Vi and(xz,¥2) € Ey, then

(Tlle(el) X Tﬁz(ez))((x,xz)(xyz = mm(T Ki(er (X), Mo (&) (X27y2))
< MINTy g (00 MIN(Ty ) 02 T (2))
= minfmin(Ty o (9. T o (02))MIN(Ty ) (9T o (2))
= min[(Ty, (e,) * Ti( Do) (Tiger) X Tiy(en) ) xy2)]

Similarly, we can show thaffy, o, < Tﬁz<ez>)<<x,Xz>(x,yz>> < min[(Ti, ) * Tiep) 02)> (T en) * T x92)

(IMy(er) X Iy(en)) () (xy2)) = MAX i (g (X): Iy, ey) (%25 Y2))
> maxly, ) (X);max(li, o) (X2), 1, ey (Y2))]
= maX{maX(th( )( )a||22( )( )),max(l )( ) Ik, Ko (e (VZ))]
= MaX{(l; (o) % Niy(er)) 00) iy e) '@(ez))(wz)]

I+ xIT

Similarly, we can show thely, ., >y, e,) ) (x)ey2)) = MaX (e ) X Tiy(ep)) o) (T er) * Tyt 032)]

Ma(e2)
(Fity(en) > Fiag(en) ) ((x00)(x32)) = MBXFig, () (X): P o) (X2,¥2))
max{ly o) (), maxF o (), Fi, e, (¥2))]
= mamax(F o 1 (%), Fg, e, (% )),maX(F,{l(el)( ) Py (e (V2)))]
= max{(F, 2o = Fro(e ))(X’Xz)’ (F‘Zl(el) % F*Zz(ez))(xm]

Y

Similarly, we can show the(FJl(el) X Fﬁz(ez))((x,Xz)(x,yz)) > max[(FKt(el) X F{Z(ez))(x,xﬂ, (FKJZ(el) X F|22(82))(X7y2)]
Case (iii) If x e Vo and(xq,y1) € E1, then it can be shown in a similar way to case (ii).
Definition 11. Let G = (G;,K1,M1,A) and G = (G5,K», Mz, B) be two interval-valued neutrosophic soft graphs of

simple graphs G = (V4,E1) and G = (Vp,Ep), respectively. The union of :Gand & is denoted by
G1UG; = (G*,K,M,AUB), where G = (V1NV,,E;NE;y), and is defined by

(© 2018 BISKA Bilisim Technology
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(ka9 Y Tka@) 0 = Ty ™) if ecA\B
(Tkte) Y Tkote) 0 = Tigye) ) it ecB\A
Tz Y Tko(e) 0 = MaXTy g (¥): Ty (X)) 1T €€ ANB
(Texe YTz 0 = Ty e ) if ecAB
(Téiie) U ko)) 0 = Ty (e ) if ecB\A
(Teye) Y Tioe) 00 = MaxT o (X), Tl () if ecANB
(s Y lka(e) 00 = Tiey(e ) if ecA\B
(ye) VMoo 0 = iy (X) if ecB\A
(ko) Y Nipe)) 0 = Min(ly, o (X)) (X)) Tf €€ ANB
('»Z(e) U ';&e))(x) = 'Ql(e) (x) if ecA\B
(ky(e) VU ka(e) 0 = Tiy(e) () if ecB\A
(k) Yo 0 = Min(le o (9.1, (X)) if e€ANB
(Fea(e) Y Fia(e) 0 = Figye ) if ecAB
(Fy () Y Ficy(e)) 00 = Ficye) () if ecB\A
(Fe(e) Y ko)) 00 = MiN(Fy (¢ (X): Fi ¢ (X)) 1T ecANB
(Fs o) YFia(e) 00 = Fids i () it ecAB
(F ) Yy e) 0 = Fidyie ¥ if ecB\A
(Fé (e YFicye) 00 = Min(F o (0. R (X)) if ecANB
forall xeV.
(Tl\L(e) UTMZ(e)>(x,y) Tva(e) (xy) if ecA\B
(T'\;l(e) UTNilz(e))(XﬂY) = Tl\gz(e) (Xy) if eeB\A
(TI\Zl(e) UTI\ZZ(e))(X,y) = ma)(Tn;l(e) (X, y)’T@(e) (xy)) if e€ANB
(T'\jlrl(e> Y TI\/Tz(e) Jxy) = TJ1<e> (xY) if ecA\B
(Tl\jlrl(e) L’|-|-|\/I+ (e))(X-,y) ng(e) (x,y) if ecB\A
(Tuy (0 Y Tip(e) 0cy) = MaXTy o (XY), Ty o (X)) if e€ANB
Uiy Y e oxy) = Ty o) (%Y) if ecA\B
(Iy(e) V(e ) = Ty(e)%Y) if ecB\A
(Iy(e) V() cy) = Min(ly, o (%Y): Iy, (% Y)) if  ecANB
(II\le(e) = II\ng(e))(X,Y) 'Jl(e) (xy) if ecA\B
(Wy(e) Y y(0)) 069) = Tty 6 Y) if ecB\A
(s o) Y Wy(e)) oxy) = MIN(lG o (X Y) Iy (X,Y) i e€ ANB
(Fil(e) U Fl\iz(e))(x,y) Fﬁl(e) (x,y) if ecA\B
(Fil(e) U FMz(e))(XaY) Fl\Xz(e) (x,y) if eeB\A
(Fvye) Y oo oy) = MiN(Fy, o (%.Y): By, o (X)) If €€ ANB
(Pt e Y Five)) ) = Pty (%) if ecAB
(Fﬁl(e) U Fﬁz(e))(x y) = Fﬁz(e) (xy) if eeB\A
(Fita(e) Y Fipe) cy) = MIn(F o (6 Y), Fy, (X)) if e€ANB
forall (x,y) €E.

Example 5.Consider two graphG; = (Vy,E1) andG3 = (V2, E») such thavy = {uy, up, us}, Ex = {uuz, ugus, upuz} and
Vo ={v1,vo}, Ex = {ug,us,vivo}. LetA={e1, e} be a set of parameters and(Kt, A) and(M1, A) be two interval-valued
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neutrosophic soft sets over andE; respectively, defined by

Ki(er) = {u1/([0.4,0.6],]0.2,0.3],]0.1,0.3]), u2|([0.4,0.7],[0.2,0.4],[0.1,0.3])}

M (er) = {u1u2|([0.3,0.4],[0.4,0.5,[0.3,0.5])}

Ky (e2) = {u1/([0.3,0.5],[0.2,0.3],[0.3,0.4]), u2|(0.2,0.3], [0.2,0.3],[0.1,0.4]), u3| ([0.1,0.3],[0.2,0.4],[0.3,0.5])}
Ma(e2) = {ugus([0.1,0.2],[0.3,0.5],[0.4,0.6]), usus|([0.1,0.3], [0.4,0.5], [0.4,0.5])}

Now letB = {e;,e3} be a set of parameters and (B, A) and(Ma, A) be two interval-valued neutrosophic soft sets over
V, andE; respectively, defined by

Ko(€) = {v1/([0.2,0.3],]0.1,0.2],[0.3,0.5]), | ([0.2,0.4], [0.1,0.3],(0.2,0.5])}
Ma(€2) = {v12|([0.1,0.2],[0.4,0.5], [0.4,0.6])}
Ka(es) = {v1/([0.3,0.5],[0.2,0.3],[0.3,0.4]),v,|([0.2,0.3],[0.1,0.3],[0.4,0.5]}
Ma(es) = {v12|([0.1,0.2],[0.3,0.4], [0.4,0.5]}

It is easy to see thaHi(e;) = (Ki(e1),Mi(e1)), Hi(ex) = (Ki(e2),M1(e2)), Hz2(e2) = (Ka(e2),Mz2(e2)) and
Ho(e3) = (Kox(e3),Mz(e3)) are interval valued neutrosophic graphs. Hen& = (Gj,Ki,Mq,A) and
Gy = (Gj,Kz2,Mz,B) are interval-valued neutrosophic soft graphssgfand G; respectively as shown in Figure 5 and
Figure 6. From Definition 12G; UG, = (G*,K,M,AUB), where AUB = {e;,es,e3}. Also H(e1) = Hi(e1),

<[0.3,0.4],[0.4,0.5],(0.3,0.5) >
<[0.4,07),[0.2,0.4],(0.1,0.3) > Ha(e1)

<[0.4,06],[0.2,0.3],(0.1,0.3) >

<[0.3,0.5],[0.2,0.3],[0.3,0.4] > <[0.2,0.3),[0.2,0.3],[0.1,0.4] > Ha(ez)

<[0.1,0.3],(0.2,0.4],(0.3,0.5] >

Fig. 5: Interval-valued neutrosophic soft gra@h

H(e2) = Hi(e2) UH2(e2), andH (e3) = Ha(e3) are interval-valued neutrosophic graphs correspondinigegarameters
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<[0.1,0.2],[0.4,0.5],(0.4,0.6] >

<[0.2,0.3],(0.1,0.2],(0.3,0.5] >

<[0.2,0.4],(0.1,0.3],(0.2,0.5] > Ha(ez)

<[0.3,0.5,[0.2,0.3],[0.3,0.4] > <[0102[03,04)[0506>

<[0.2,0.3],[0.1,0.3],[0.4,0.5) > Ha(es)

Fig. 6: Interval-valued neutrosophic soft gra@a

€1, & andes. Hence, the union o65; and G, corresponding to the parameter is interval-valued neutrosophic soft
graph as shown in Figure 7. The figuredfe;) andH (e;) can be drawn similarly.

Vi V2

<[0.3,0.5,[0.1,0.2],0.3,0.4] > <[01,02)[04,05}104.06 >

7

<[0.2,0.4],[0.1,0.3],[0.1,0.4] >

<[0.1,0.3],[0.2,0.4,[0.3,0.5 >

V3

Fig. 7: The union ofG; andG; corresponding to the parameter

Theorem 2.1f G; and & are two interval-valued neutrosophic soft graphs, thenssg;iu G,.
Proof. By using Definition 3.10, it can be shown in a similar way togdrof Theorem 1.

Definition 12. Let G = (Gj,K1,M1,A) and G = (G5, Kz, M2, B) be two interval-valued neutrosophic soft graphs of
simple graphs G= (V4,E1) and G, = (V», Ep), respectively. The intersection off@nd & is denoted by @Gy =
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(G*,K,M,AUB), where G = (V1NV,,E1NEy), and is defined by

(T (e M Tieate)) 0 = Tieg (9 ®) if ecA\B
(Tae) M Tiea()) 0 = Tigre ) if ecB\A
(Tiy e M Tip(e)) 00 = MIN(Tye (X, Ty (X)) If @€ ANB
(Ts )M Tiiz(e)) 0 = Tiiy (9 if ecA\B
(Ko N o) 09 = Tiye ) it ecB\A
(T, (0 N Ty o)) 00 = MIN(T 1 (X). T (X)) if e ANB
(ky(e MMz 00 = Tky(e) () if ecAB
(st Miy(e) 00 = Ny ) if ecB\A
(e Mipe)) 00 = MaXl ()1, (X)) i ecANB
(a0 M) = Ny ) if ecAB
('Zﬂe) N Igz(e))(X) = 'Zz(e) (x) if eeB\A
(kg0 Miye) 0 = MaXlg o (%), 1, (X)) if e€ANB
(Fic, () MFicy(e)) 0 = Ficy (X if ecA\B
(Fez (e M Fica(e) 0 = Ficg(e ¥ if ecB\A
(Fi, ) MFicye)) 0 = MaX(Fy o (X),F, (X)) If e ANB
(Fiiz(e) M Ficae)) 00 = 9 ) if ecA\B
(F; () MFicy(e)) 0 = Ficye) (%) if ecB\A
(Fe o) NPy 0 = MaxF o ()R (X)) if e ANB
forall xeV.
(Tva(e) N Trtage)) (xy) = Ty %Y if ecAB
(Tﬁl(e) mTrﬁz(e))(x,y) Tio(e (xy) if eeB\A
(Tt (o) N Tty(e)) oxy) = MiN(Tyg, (@ (6Y): Ty g (X ¥)) 1T €€ ANB
(Tl\xl(e) mTl\jlrg(e))(X,y) T|\j|r1(e) (x,y) if ecA\B
(Tuz(e) M Thtz(e)) x9) = Thiy(e) % Y) if ecB\A
(Tl\xl(e) N TI\?ILZ(e))(X,Y) = min(Tr\Xl(e) (X, y),TJz(e) (x,y)) if ec€AnB
(Irﬁl(e) n Iﬁz(e)>(x,y) Iy (o) (xy) if ecA\B
(hta(e) Mige) ) = Ity % Y) if ecB\A
Uty (e N ny(e) xy) = MaX(liy, (o (X Y) I (%Y)) if € ANB
(Il\yl(e) N Il\yz(e))(w) = |I\+/|1(e) (x.y) if ecA\B
(II\+/Il(e) N II\+/|2(e))(X7Y) = Ir\+/|2(e) (x,y) if ecB\A
(hayge) M i) o) = Mgy, (g (6 Y): Iy (XY)) if @€ ANB
(Fvate) " Fita(e)) 0c) = iy %Y) if ecAB
(Fus (e M Fua(e) ) = Py (% Y) if eeB\A
(Fune) " Fi(e)) ixy) = MaXFy,  (Y),Fiy () 1T e cANB
(Fl\;lrl(e) N Fﬁz(e))(xy) F|\;|r1(e) (x,y) if ecA\B
(Fty(e) M Fivy(e)) 0x9) = Pty (%:Y) if ecB\A
(Futy(e) N Fivy(e) xy) = Max(Fy o (X Y), Fy o (X Y)) if e€ANB
forall (xy) €E.
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Example 6.Let consider the Example 5. From Definition Gy,N G, = (G*,K,M;AUB), whereAUB = {e;, &, €3}. Also
H(e;) = Hi(e1), H(e2) = Hi(e2) NHa(e2), andH (e3) = Ha(e3) are interval-valued neutrosophic graphs corresponding
to the parameters, e; andes. Hence, the intersection &1 andG, corresponding to the parametgris interval-valued
neutrosophic soft graph as shown in Figure 8. The figurés(ef) andH (e;) can be drawn similarly.

H () = Hi(e) NHa(e) = {w1]([0.2,0.3],]0.2,0.3],0.3,0.5)),v,/([0.2,0.3],[0.2,0.3], [0.2,0.5]}.

<[0.2,0.3],[0.2,0.3],(0.3,0.5 > <1[0.2,0.3],[0.2,0.3],[0.2,0.5) >

H(ez)

Fig. 8: The intersection of5; andG; corresponding to the parameter

Theorem 3.1f G; and & are two interval-valued neutrosophic soft graphs, thenssg;in G,.

Proof. By using Definition 12, it can be shown in a similar way to probfrheorem 1.

4 Conclusion

Graph theory is an extremely useful mathematical tool teestiie complicated problems in different fields. The intérva
valued neutrosophic soft sets constitute a generalizatianterval-valued fuzzy soft set theory. The intervalued
neutrosophic soft models give more sensitive, flexibilitd@onformity to the systems as compared to the intervaledl
fuzzy soft models. We applied the concept of interval-vdlneutrosophic soft sets to graph structures and describe
method of their construction. We also defined cartesianyodinion and intersection on interval-valued neutrogoph
soft graphs and gave some of their properties. We want to niakear future, some algorithm and models using these
results.
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