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Abstract: In this paper, we introduce the concept of interval-valuedtrosophic soft graphs and gave some new operations such as
parametricA—intersection and parametric—union on interval-valued neutrosophic soft graphs. We lese applied the concept of
interval-valued neutrosophic soft graph in a decision mgkiroblem and then gave an algorithm for the selection afr@dtobject.
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1 Introduction

The concept of neutrosophic set which is a powerful mathigaidgbol for dealing with incomplete, indeterminate and
inconsistent information was firstly discussed by Smarahdall]. The neutrosophic sets are characterized by a
truth-membership functionl, an indeterminacy-membership functidn and a falsity membership functiok
independently, which are within the real standard or nevtsied unit interval~0,1%[. Wang et al. 2] introduced the
concept of interval-valued neutrosophic sets. Some workaeutrosophic sets, interval valued neutrosophic sets and
their applications may be found o8,#,5,6,7,8].

The concept of soft set theory was initiated by Molodtsé¥ [t has been showed that soft sets have potential
applications in different fields. The definition of neutrpb@ soft sets was firstly given by Maji{]. He also discussed
many operations such as union, intersection and compleameneutrosophic soft sets. The concept of interval-valued
neutrosophic soft set which is a generalization of neufshinsoft sets was given by Dell]].

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

In this paper, we define some new operations such as parametiintersection and parametrig—union on
interval-valued neutrosophic soft graphs. We also preserapplication of interval-valued neutrosophic soft graph
decision making problem and give an algorithm for the saaatf optimal object based on given sets of information.

2 Preliminaries

Definition 1. [1] A neutrosophic set A on the universe of discourse U is defiaéd=a{(x, Ta(X), 1a(X),
Fa(x)),x € U}, where the functions,T,F : U — [0, 1] define a truth-membership function, an indeterminacy-nessfiip

* Corresponding author e-mayicelik61@gmail.com and guvenkara@Ilive.com © 2018 BISKA Bilisim Technology


 http://dx.doi.org/10.20852/ntmsci.2018.317

68 BISK A VY CelkandG.Kara: An application of interval-valued nestophic soft graphs in a decision making...

function and a falsity-membership function of an elementkfor a set A, respectively, with the conditiof < Ta(x) +
Ia(X) + Fa(x) < 3*. The family of all neutrosphic sets on U is denoted/byU ).

Definition 2. [10] Let U be an inital universe set, E be a set of parameters ad B 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. [11] Let X be a space of objects with a generic element in X dengtedAn interval-valued neutrosophic
set (IVN-sets) A in X is characterized by truth-membershiigtion Ta, an indeterminacy-membership functignand

a falsity-membership functiommFFor each point xc X, Ta, |a and Fa C [0, 1]. For this reason, we can represent each
membership function for X as follows:

Ta(X) = [infTa(x),supTa(X)],1a(x) = [infla(x),supl(x)] and Fa(x) = [infFa(x), SUpFa(x)]

Thus, an IVN-set over X can be represented by

A= {{X[iINfTa(X),supTa(x)], [infla(x),suph(X)], [infFa(x),supma(x)]) | x € X}

Definition 4. [11] Let X be an initial universe set, IV(X) denotes the set of all interval-valued neutrosophic sed of
and E be a set of parameters that are describe the elementsAi iterval valued neutrosophic soft &t E) over X is
a set defined by a set valued functidmepresenting a mappinyg : E — IV N(X). It can be written a set of ordered pairs
(Y,E)={(e,Y(e)) : ec E}. HereY'is called approximate functions of tli¥,E) and Y{(e) is called e-approximate value
ofecE.

We denote the set of all interval-valued neutrosophic st sver X by IVN&).

Definition 5. [12] A graph G consists of set of finite objects ¥ {v1,v»,vs,...,vs} called vertices and other set
E = {e},e,€3,...,en} whose elements are called edges. Usually a graph is denatéd a (V,E).

Definition 6. [13] An interval-valued neutrosophic graph of a grapt & (V,E) is given by a pair G= (A,B), where
A=<[T T4, 5], [Fa ,Fs] > is aninterval-valued neutrosophic seton V aneB [T, T5 ], I, 18], [Fs . Fa ] >
is an interval-valued neutrosophic relation on E such that

Tg (Vi,v)) <min{Ty (v), Ta (vi)} T (W, V) <min{Ty (v), Ty (vj)}
g (Vi,Vj) > max{l (i), 14 (vj)} g (Vi,vj) > max{i, (Vi) 14 (vj)}
Fg (vi,vj) > maxqFa (vi),Fa (vj)}  Fg (vi,vj) > maxqFy (vi),Fa (vj)}

forall (vi,vj) € E.
Definition 7.[14] An interval-valued neutrosophic soft gragh= (G*,K,M,A) is a 4-tuple such that
(i) G*=(V,E) is asimple graph,
(i) Ais a non-empty set of parameters,
(iii) (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 an interval-valued neutrosophic soft subgraph 6f@ all e € A. That is,
infTywe) (xy) < min{inf T () (X),infTke) (V) SUPT(e) (Xy) < Min{supTke)(X), supke (¥)}
inflye (xy) > max(inflg e (X),infle (Y)}  suphe (xy) = max{supk e (X),supke(y)}

infFy e (xy) > maxinfFg e (X),infFe ()} Suphue (Xy) > maxsupk e (X),Supk e (y)}

The interval-valued neutrosophic grapki(e), M(e)) is denoted by k) for convenience. An interval-valued neutrosophic
soft graph is a parametrized family of interval-valued mesphic graphs. The set of all interval-valued neutrosoph
soft graphs of Gis denoted by IVG*).

© 2018 BISKA Bilisim Technology



=
NTMSCI 6, No. 4, 67-76 (2018) www.ntmsci.com BISKA 69

Example 1.Consider a simple grap®* = (V,E) such thal = {v1,v,,v3} andE = {vivp,Vov3,viv3}. LetA= {e1, e}
be set of parameter and Ig,A) be an interval-valued neutrosophic soft set ovewith its approximate functioik :
A — IVN(V) defined by

K(e1) = {(v1,[0.5,0.6],]0.3,0.4],[0.2,0.3]), (v2, [0.4,0.5], 0.3,0.4],[0.6,0.7]), (v3,[0.6,0.7],[0.2,0.3],(0.1,0.2]) },
{(v1,]0.3,0.5,[0.7,0.8],[0.4,0.5)), (v2, [0.2,0.3],[0.4,0.5], [0.4,0.5)), (v3, [0.2,0.4],0.3,0.5], [0.1,0.2]) }.

)
€
I

Let (M,A) be an interval-valued neutrosophic soft set dzavith its approximate functioM : E — IV N(E) defined by

M(e1) = {(v1v2,]0.3,0.4],0.4,0.5],[0.7,0.8]), (Vavs, [0.1,0.2], [0.5,0.6], [0.6,0.8]), (vav1, [0.2,0.3],]0.3,0.6], [0.4,0.5]) },
M(ez) = {(v1v2,]0.2,0.3],]0.7,0.8],[0.5,0.6]), (Vavs, [0.1,0.2], 0.6,0.7], [0.5,0.6]), (vav1, [0.1,0.4], [0.8,0.9], [0.6,0.7]) }.

Clearly,H(e;) = (K(e1),M(e1)) andH (e2) = (K(e2),M(e2)) are interval-valued neutrosophic graphs corresponding to
the paramteterg; ande, as shown in figure below, respectively.

Vi V2

{[0.3,0.4],[0.4,0.5],[0.7,0.8])

(10.5,0.6,[0.3,0.4,[0.2,0.3]) ([0.4,0.5,[0.3,0.4],[0.6,0.7])

{

[0.1,0.2],[0.5,0.6],[0.6,0.8))

([0.2,0.3],[0.3,0.6], [0.4,0.

([0.6,0.7),[0.2,0.3],[0.1,0.2])

Fig. 1: H(e) interval valued neutrosophic graph

V1 V2

{[0.2,0.3],[0.7,0.8],[0.5,0.6])

([0.3,0.5],[0.7,0.8], [0.4,0.5]) ([0.2,0.3],[0.4,0.5],[0.4,0.5])

((0.1,0.4,(0.8,0.9), [0.6,0. [0.1,0.2],[0.6,0.7],(0.5,0.6])

([0.2,0.4},[0.3,0.5],[0.1,0.2])

Fig. 2: H(ey) interval valued neutrosophic graph

HenceG = {H(ey),H(e)} is an interval-valued neutrosophic soft graphGsf Tabular representation of an interval-
valued neutrosophic soft gragghis given in Table 1.
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Table 1: Interval-valued neutrosophic soft grapgh

Vi

\

V3

([05,0.6,[0.3,0.4),[0.2,0.3))
([0.3,05,[0.7,0.8),[0.4,0.5])

([0.4,0.5],[0.3,0.4,[0.6,0.7))
([0.2,0.3,[0.4,0.5),[0.4,0.5))

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

ViV

VoV3

V3Vq

P PIZ(e (X

((0.3,0.4],(0.4,05),(0.7,0.8])
((0.2,0.3],[0.7,0.8,(0.5,0.6])

([0.1,0.2],[0.5,0.6],(0.6,0.8])

([0.1,0.2,[0.6,0.7],[0.5,0.6))

(10.2,0.3],[0.3,0.6],[0.4,0.5)
([0.1,0.4],(0.8,0.9],0.6,0.7)

Definition 8. [14] Let G = (G*,K1,M1,A) and G, = (G*,K2,Mz2,B) be two interval-valued neutrosophic soft graphs of
G* = (V,E). ThenG; is an interval valued neutrosophic soft subgrapltafif

(i) ACB
(i) Hi(e) is a subgraph of Kl(e) for all e € A.

Definition 9. LetG = (G*,K,M, A) be an interval-valued neutrosophic soft graph 6f&(V,E) and A= {ej,&,...,en}
be a set of parameters. The parameticintersection of subgraphs & is denoted by
M(e) = M(e1)AM(&z)A... AM(en)

wheree=e A& A...Agyand for all xye E

infTye (xy) = mln{meM (xy) infTye, ( Y), .. INfTyen) (xy)}

supTu(e) (xy) = min{supTy(e,) (Xy), SUPT(ey) (XY), - - -, SUP T (en) (XY) }

inflye) (xy) = maxinflye,) (Xy),inflye,) (Xy), .. .,inflyg,) (xy)}

SUPh(e) (XY) = Max{SUPh(e,) (XY), SUP(ey) (XY), - - -, SUPI(er) (XY) }

infFye (Xy) = max{infFy e, (XY),infFye,) (XY), - -, infFye,) (XY) }

Supky (e (Xy) = max{supkye,) (Xy), SUPR(ey) (XY); - - -, SUPFA(e) (XY) }-
Definition 10.LetG = (G*,K,M, A) be an interval-valued neutrosophic soft graph 6f-6(V,E) and A= {e;, ey, ...,en}
be a set of parameters. The parametrie union of subgraphs d& is denoted by

M(e) =M(e1)VM(e2)V ... UM(en)

wheree=e Ve V...Ve,and for all xye E

infTve (xy) mm{meM (xy) infTve,) (XY),---,inf Ty, (xy)}

SUPT(e) (Xy) = min{supTy(e,) (XY), SUPTu(ey) (XY); - - -, SUPTu (e, (XY) }

infly e (xy) = maxinflye) (Xy),inflye,) (Xy), .. .,inflye,) (Xy)}

SUPM(e) (XY) = Max{SUPl(e;) (XY), SUPW(ey) (XY); - - -, SUPI(ey) (XY) }

infFye (xy) = maxinfRy e, (Xy),infFye,) (XY), ..., infRy@e,) (Xy) }

SUPH(e) (Xy) = Max{ suphy e, (XY), SUPRa(e,) (XY); - - -, SUPFa(e,) (XY) }-
Example 2.Consider a simple grap®* = (V, E) such that
V = {V1,V2,V3,Vs,Vs5} andE = {V1V2,V1V3,V1V4,V1V5, V2V3,V2Va, V2V, VaVa, VaVs, VaVs |
Let A= {e1,e,e3} be a set of parameters and consider interval-valued neytis soft grapré = (G*,K,M,A) as

follows.
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G={H(e1),H(e),H(e3)} = {(K(e1),M(e1)), (K(€2),M(e2)), (K(€3),M(e3)) }

K(e1) = {(v1,[0.2,0.4],0.3,0.5],[0.6,0.8]), (v2, [0.1,0.3],0.4,0.7],[0.3,0.6]),
(vs,[0.3,0.5],[0.2,0.3],[0.4,0.5]), (v4,[0.5,0.6],[0.5,0.8],[0.2,0.4]),
(vs,[0.4,0.7],[0.6,0.9],[0.7,0.9])}

M(er) = {(v1V>,[0.1,0.3],[0.6,0.8],[0.7,0.8]), v1v3, [0.2,0.4
{ (0.1,0.3
( (0.1,0.3
( [

V3vs, [0.2,0.5

,[0.5,0.6,]0.8,0.9]),
(0.5,0.7],[0.4,0.6])
(0.8,0.9],[0.7,0.9])
,(0.8,0.9],(0.7,0.9))}.

[ ),
vivs,[0.1,0.2],(0.8,0.9],[0.7,0.9]),
vav4,[0.1,0.2],(0.6,0.9],[0.5,0.7]),
Vav4,[0.3,0.4],[0.7,0.9],(0.8,0.9]),

VaV3,

) ) 3 3

) ) VoVs, ; )

() = {(v1,[0.2,0.3],[0.6,0.7],[0.2,0.3]), (v2, [0.2,0.4],0.3,0.5],[0.3,0.4]),
(v3,[0.6,0.8],[0.3,0.4],[0.6,0.7]), (v4,[0.1,0.2],[0.5,0.6],[0.7,0.8]),
(vs,[0.3,0.4],[0.6,0.7],[0.8,0.9))}

{{v1v,,[0.2,0.3],[0.7,0.8],[0.5,0.7]), (v1v4,[0.1,0.2],[0.8,0.9],(0.7,0.9)),
(v1vs,[0.3,0.4],[0.7,0.9],0.8,0.9]), (vavs,[0.1,0.3],(0.4,0.5],(0.7,0.8)),
( )

Vovs, [0.2,0.4],[0.8,0.9], [0.8,0.9]), (vava, [0.1,0.2],[0.6,0.7],(0.8,0.9)) }.

)=

K(e
M(ez)

K(e3) = {(v1,[0.3,0.5],]0.4,0.5],]0.5,0.6]), (v2,[0.2,0.4],[0.3,0.4],[0.6,0.7]),
v3,[0.1,0.3],[0.5,0.7],[0.4,0.6]), (v4,[0.4,0.6],[0.2,0.3],[0.3,0.5]),
vs, [0.3,0.4],(0.6,0.7],(0.7,0.8])}

M(es) =

V2V3,

VaVs,[0.1,0.3],[0.5,0.8],0.6,0.7]), (vavs, [0.1,0.2],[0.7,0.8],0.7,0.9]),

(
(
(
{(v1v,]0.2,0.3],[0.5,0.6],[0.7,0.8]), (v1Vs, [0.3,0.4],0.7,0.8],[0.8,0.9]),
(
(
(Vavs, [0.1,0.4],]0.6,0.7],(0.8,0.9]) }.

[ [ [ )
0.1,0.2],[0.6,0.7],[0.7,0.9]), (vavs, [0.2,0.4],(0.8,0.9], 0.7,0.8)),
[ [ [ )
[ [ [ )

Clearly,H(e1), H(e2) andH(e3) are subgraphs ob. They are shown in matrix form in the below fef, e, and ez
respectively.

(0,0},[0,0],(0,0]) ((0.1,0.3),(0.6,0.8],(0.7,0.8]) ([0.2,0.4],(0.5,0.6],(0.8,0.9]) (10.0],[0,0],(0,0]) ([0.1,0.2),(0.8,09],[0.7,0.9])
([0.1,0.3],(0.6,0.8),(0.7,0.8]) (0,0],(0,0],[0,0]) ((0.1,0.3],[0.5,0.7],[0.4,0.6]) ([0.1,0.2},(0.6,0.9],[0.5,0.7]) ([0.1,0.3],(0.8,0.9),[0.7,0.9])

[0.6,08], [
Hiey) = ([0.2,0.4),(05,06], [
]

05,0.6/,(0.8,0.9]) ((0.1,0.3],(0.5,0.7].(0.4,0.6]) {[0,0].,0.0].[0,0]) ([0.3.0.4).0.7.0.9],0.8,0.9]) ([0.2,0.5],(0.8,0.9].[0.7,0.9])
([0,0],[0.0].[0,0]) ([0.1,0.2).[0.6,0.9),[0.5,0.7]) ([0.3,0.4],[0.7,0.9,[0.8,0.9)) ([0,0].,[0.0],[0,0]) ([0,0].[0.0].[0,0])
([0.1,0.2],(0.8,0.9],(0.7,0.9]) ([0.1,0.3],(0.8,0.9],(0.7,0.9]) ([0.2,0.5],(0.8,0.9],(0.7,0.9]) ([0,0],[0,0],[0,0]) ([0,0},[0,0],[0,0])

([0,0},[0,0},(0,0]) ([0.2,0.3],(0.7,0.8],(0.5,0.7]) ([0,0],[0,0],[0,0]) ([0.1,0.2],(0.8,0.9],(0.7,0.9]) ([0.3,0.4],(0.7,0.9],(0.8,0.9])
([0.2,0.3).[0.7,0.8].[0.5,0.7]) ([0,0],10.0].[0,0]) ([0.1,0.3,[0.4,0.5],[0.7.0.8]) ([0,0],[0.0],[0,0]) ([0.2,0.4).[0.8,0.9).[0.8,0.9])
H(e) = ([0,0},[0,0},(0,0]) ([0.1,0.3],(0.4,0.5},(0.7,0.8]) ([0,0],[0,0],[0,0]) (0.1,0.2],[0.6,0.7],(0.8,0.9]) ([0,0},[0,0],[0,0])
((0.1,0.2],(0.8,0.9],(0.7,0.9]) ([0,0},[0,0},[0,0]) (0.1,0.2],[0.6,0.7],(0.8,0.9]) ([0,0],[0,0,[0,0]) ([0,0},[0,0],[0,0])
([0.3,0.4).[0.7,0.9],[0.8,0.9]) ([0.2,0.4],(0.8,0.9].[0.8,0.9]) ([0,0].,[0.0],[0,0]) ([0,0],[0.0],[0,0]) ([0,0].0.0].[0,0])
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([0,0,[0,0],[0,0]) ([0.2,0.3],[0.5,0.6],(0.7.0.8) ([0,0],[0,0].[0,0]) ([0,0],[0,0]. [0,0]) ([0.3,0.4],[0.7,0.8],(0.8,0.9))
((0.2,0.3,[0.5,0.6],0.7,0.8)) ([0,0,[0,0],[0,0]) ([0.1,02],(06,0.7),0.7,0.9]) (0,0],(0,0],[0,0]) ((0.2,0.4],[0.8,09],0.7,0.8))

Hies) = ([0,0,[0,0],[0,0]) ([0.1,0.2],[0.6,0.7],[0.7,0.9)) ([0,0],[0,0].[0,0]) ([0.1,0.3],(05,0.8,0.6,0.7)) ([0.1,0.2,[0.7,0.8],[0.7,0.9])
([0,0,[0,0],[0,0]) ([0,0,[0,0],[0,0]) ([0.1,03],(05,0.8,(0.6,0.7)) (0,0],(0,0],[0,0]) ((0.1,0.4],[0.6,0.7],[0.8,0.9))

(10.3,0.4],[0.7,08],[0.8,0.9)) ([0.2,0.4],(0.8,0.9],[0.7,0.8]) ([0.1,0.2],[0.7,0.8),(0.7,09]) ([0.1,0.4],(0.6,0.7],(0.8,0.9]) (10.0],[0,0],(0.0])

By using Definition 9, we obtain the parametrie-intersection of subgraphs & as follows.

(0.0},[0,0],(0,0]) (10.1,0.3,[0.7,08],[0.7,0.8)  ([0,0].05,06],[0.8,0.9))  ([0,0],0.8,0.9,,[0.7,09]) ([0.1,0.2],(0.8,0.9],(0.8,0.9))

((0.1,0.3],[0.7,0.8],(0.7,0.8)) ([0,01,[0,0],[0,0]) ((0.1,0.2],[0.6,0.7],(0.7,0.9))  ([0,0],(0.6,0.9),0.5,0.7)) ([0.1,0.3],(0.8,0.9],(0.8,0.9])
Ha(e) = (0,0],[05,0.6),0.8,0.9)  ([0.1,0.2],[0.6,0.7],[0.7,0.9) ([0,0,[0,0],[0,0]) ([0.1,02],(0.7,0.9),(0.8,0.9))  ([0.0],(0.8,0.9),(0.7,0.9])
([0,0,[0.8,0.9),[0.7,0.9))  ([0,0],[0.7,0.8],[0.8,0.9]) ([0.1,0.2},[0.7,0.9],[0.8,0.9]) ([0,0],[0,0]. [0,0]) ([0,0],(0.6,0.7,0.8,0.9])
([0.1,0.2],(0.8,0.9,(0.8,0.9]) ([0.1,0.3),0.8,0.9],[0.8,09]) ([0,0],[0.7,09].(0.8,0.9))  ([0,0],(0.6,0.7),0.8,0.9]) ([0,0],[0,0]. [0,0])

By using Definition 10, we obtain the parametvie-union of subgraphs df as follows.

([0,01,[0,01,[0,0)  ([0.2,0.3],[0.5,0.6],[0.7,0.8]  ([0.2,0.4],[0,0],[0,0} (10.1,0.21,[0,01,[0,0)  ([0.3,0.41,0.7,0.8],[0.8,0.9]
([0.2,0.31,[0.5,0.6],[0.50.7]  ([0,01,[0,01,(0,0)  ([0.1,0.3],[0.4,0.5],]0.4,0.6]  ([0.1,0.2],]0,0,[0,0)  ([0.2,0.4],[0.8,0.9],[0.7,0.9]
Hy () = (10.2,0.41,[0,01,[0,0)  ([0.1,0.3],[0.4,0.5],[0.4,0.8]  ([0,01,[0,01,(0,0)  ([0.3,0.4],[0.5,0.7},[0.6,0.7]  ([0.2,0.5],[0,0],(0,0}
(10.1,0.2],[0,01,(0,0) (10.2,0.31,[0,01,(0,0)  ([0.3,0.4],[0.5,0.71,0.6,0.7]  ([0,0],(0,01,[0,0}) ([0.1,0.41,[0,01,[0,0)
([0.3,0.41,[0.7,0.81,0.7,0.9] ([0.2,0.4],[0.8,0.91,[0.7,0.8]  ([0.2,0.5],[0,0],0,0} ([0.1,0.41,[0,01,[0,0) {0,01,[0,01,[0,0])

3 An Application of Interval-valued Neutrosophic Soft Graphs in a Decision Making Problem

Interval-valued neutrosophic soft set has various apiitina in decision making problems and used to deal with
uncertainties from our real life problems. In this sectioe, applied the concept of interval-valued neutrosophit st

in a decision making problem and then gave an algorithm ferstlection of optimal object based on given sets of
information. Suppose that = {t3,t2,t3,t4,15} be the set of five football clubs under consideration whiclinaastor is
going to purchase a football club on the basis of wishing paters or attributes set
A= {e; = performancee, = status, e3 = squad valug.

Let (K,A) be an interval-valued neutrosophic soft graph&omhich describe the value of the football clubs based upon
the given parameters = performanceg, = statuse; = squad value, respectively, as given by

(e1) = {(t1,[0.1,0.2],[0.5,0.6],[0.3,0.5]), {tz, [0.2, 0.5}, [0.4,0.7], [0.5,0.8]),

(to, [ ], Al ), (t
(t3,[0.5,0.6],[0.6,0.8],[0.1,0.3]), (t4, [0.3,0.4],[0.2,0.3],[0.1,0.3]),
(ts,0.5,0.6],[0.7,0.8],[0.1,0.3])}
{(t1,[0.3,0.4],[0.4,0.7),[0.1,0.2]), (t, [0.3,0.5],[0.2,0.3],[0.1,0.2]),
(t3,(0.7,0.8],[0.5,0.6], [0.4,0.5]), (t4, [0.2,0.4],[0.1,0.2],[0.8,0.9]),
(ts, [ [ [ D}
(g, | ,[0.3,0.5],[0.2,0.4]), {t2,[0.4,0.5],[0.3,0.4],[0.5,0.7)),
(ta, | [ ,[0.3,0.4]), (t4,[0.3,0.4],[0.2,0.3],[0.6,0.7)),
(ts, [ [ [

}.

|
ts, [0.4,0.5],[0.3,0.4], [0.6,0.7
{(t1,[0.2,0.3] ]
t3,[0.6,0.7],[0.4,0.5]
ts,[0.1,0.2],[0.4,0.5], [0.5,0.6]

K(el) =
K(ez) =
K(es) =

)
)
)
)
)
)
( )
)
)

© 2018 BISKA Bilisim Technology



NTMSCI 6, No. 4, 67-76 (2018) www.ntmsci.com BISKA 73

Let (M,A) be an interval-valued neutrosophic soft setoa: {tity, tts, t1ts, tits, tots, tots, tots,
tats, tats, tats } which describe the value obtained by comparing two foottiabs according to each parameter as given by

)

M(e1) = {{tst2,0.1,0.2],[0.6,0.8],[0.6,0.9]), t:t3, [0.1,0.4], [0.8,0.9], [0.6,0.9]),

(tats,[0.1,0.2],[0.8,0.9], [0.4,0.6)), tzt4, [0.2,0.3],[0.7,0.8], [0.7,0.9)),

(tats, [0.2,0.3],0.7,0.8],]0.2,0.4)), tats,[0.1,0.3],[0.8,0.9], [0.5,0.8)),

(tats,[0.3,0.4],]0.7,0.9], [0.5,0.6])
M(e2) = {(tat2,]0.2,0.3],(0.5,0.6],[0.3,0.4]),
(tat5,[0.1,0.2],[0.6,0.8],[0.8,0.9])
(tats, [ [ Al )
(utz, [ [ ], )
(ts, [ [ Al )
(tats, [ [ Al )
(tats, [ [ ], [ )

(tzt3,10.3,0.4],(0.6,0.7],[0.5,0.6]),

|), (tsts,[0.2,0.3],[0.6,0.7],[0.8,0.9]),

tots,[0.3,0.4],[0.4,0.5],[0.7,0.8]) }

M(es) = {{t1t2,[0.1,0.2],(0.4,0.6],[0.6,0.8]), (tst3,[0.3,0.4],[0.5,0.6],[0.7,0.8]),
tits,[0.1,0.2],]0.5,0.6],[0.6,0.7]), (tst4,[0.1,0.2],[0.6,0.7],]0.6,0.8]),
t4ts5,[0.1,0.2],]0.5,0.6],[0.7,0.8]), (tst4,[0.2,0.3],{0.4,0.5],[0.8,0.9]),
tots,[0.1,0.2],(0.7,0.8],[0.8,0.9]) }.

The interval-valued neutrosophic graghise;) = (K(e1),M(e1)), H(e2) = (K(e2),M(e2)) andH(e3) = (K(e3),M(e3))

corresponding to the parameteise, andes, respectively, are represented by the following incidenatrices.

(0,0}, [0,0,[0,0]) ([0.1,0.2],[0.6,0.8],[0.6,0.9]) (0,0}, [0,0],[0,0]) (0,0}, (0,0, [0,0]) (101,0.2),08,0.9,[0.4,0.8)) |
([0.1,0.2],[0.6,0.8],[0.6,0.9]) (0,0}, [0,0],[0,0]) ((0.1,0.4},0.8,0.9],0.6,0.9]) (|0.2,0.3},0.7,0.8],0.7,0.9]) ([0.1,0.3,(0.8,0.9],0.5,0.8])
H(e) = (0,0}, [0,0],[0,0]) (0.1,0.4,0.8,0.9,(0.6,0.9)) (0,0}, [0,0],[0,0]) (10.2,0.3),(0.7,0.8],[0.2,0.4]) ([0.3,0.4,0.7,0.9],0.5,0.6])
(0,0}, [0,0],[0,0]) ((0.2,0.3),0.7,0.8],0.7,0.9]) ([0.2,0.3,0.7,0.8,0.2,0.4]) (0,0}, (0,0, [0,0]) (0,0}, (0,0, [0,0])
(10.1,0.2),0.8,0.9],(0.4,0.6]) ([0.1,0.3,0.8,0.9],(0.5,0.8]) ([0.3,0.4],0.7,0.9),0.5,0.6]) (0,0}, (0,0, [0,0]) ([0,0],[0,0},[0,0])
(0,0,[0,0],[0,0]) ([0.2,0.3],(0.5,0.6],[0.3,0.4]) (0,01,[0,0],[0,0]) (0,0],[0,0],[0,0]) ((01,0.2).(0.6,0.8/,[0.8.0.9)) |
(0.1,0.2),(0.6,0.8),(0.6,0.9)) (0,0],[0,0],[0,0]) (0.3,0.4,(0.6,0.7),[0.5,0.6]) (0,01,[0,0],[0,0]) (10.3,0.4},(0.4,0.5),(0.7,0.8])
H(e) = (0,0],[0,0],[0,0]) (0.3,0.4,(0.6,0.7),[0.5,0.6]) (0,0],[0,0,[0,0]) (10.2,0.3),(0.6,0.7),0.8,0.9)) (0,0],(0.01,[0,0])
(0,0],[0,0],[0,0]) (0,0],[0,0,[0,0]) (0.2,0.3),(0.6,0.7,(0.8,0.9)) (0,01,[0,0],[0,0]) (0,0],(0.01,[0,0])
(10.1,0.2},0.6,0.8],0.8,0.9]) ([0.3,0.4),(0.4,0.5,(0.7,0.8)) (0,0}, [0,0,[0,0]) (0,0}, (0,0, [0,0]) (0,0],[0,0,[0,0])
(0,0}, [0,0],[0,0]) (0.1,0.2),0.4,0.6,(0.6,0.8]) (0,0}, [0,0],[0,0]) (0,0}, (0,0, [0,0]) (10.1,0.2},0.5,0.6,(0.6,0.7])
(0.1,0.2),0.4,0.6,(0.6,0.8) (0,0}, [0,0],[0,0]) (0.3,0.4},0.5,0.6],0.7,0.8]) (|0.2,0.3},0.4,0.5],0.8,0.9]) ([0.1,0.2,0.7,0.8],0.8,0.9])
H (e3) = (0,0}, [0,0],[0,0]) (0.3,0.4,0.5,0.6},(0.7,0.8)) (0,0}, [0,0],[0,0]) (10.1,0.2},0.6,0.7),0.6,0.8) (0,0],(0,0,[0,0])
(0,0}, [0,0],[0,0]) (10.2,0.3),0.4,0.5],0.8,0.9]) ([0.1,0.2],(0.6,0.7],(0.6,0.8)) (0,0}, (0,0, [0,0]) (10.1,0.2},0.5,0.6],0.7,0.8])
(10.1,0.2],(0.5,0.6],[0.6,0.7)) ([0.1,0.2],(0.7,0.8],[0.8,0.9]) (0,01,[0,0],[0,0]) ([0.1,0.2,(0.5,0.6],[0.7,0.8]) ((0,0],(0.01,[0,0])

After performing parametriv and parametrie\ operations we obtain two resultant interval-valued neagtphic graph
H(e) andH’(e). The incidence matrices &f(e) andH’(e) are given by as follows.

([0,0[0,01,[00)  ([0.1,0.2],[0.4,0.6],[0.6,0.8]  ([0,0],[0,01,[0,0]) ([0,01,[0,01,[0,0]) ([0.1,0.2],[0.5,0.61,[0.4,0.6]
([0.1,0.21,]0.4,0.61,[0.6,0.8]  ([0,01,0,01,[0,0]) ([0.3,0.41,]0.5,0.61,[0.5,0.6]  ([0.2,0.3],[0,0,[0,0)  ([0.3,0.4],[0.4,0.5],[0.5,0.8]
H(e) = ([0,01,[0,01,[0,0)) ([0.3,0.41,]0.5,0.61,[0.5,0.6]  ([0,01,0,0],[0,0]) ([0.2,0.31,[0.6,0.71,[0.2,0.4]  ([0.3,0.41,[0,01,[0,0)
([0,01,[0,01,[0,0)) ([0.2,0.31,[0,01,[0,0)  ([0.2,0.3],[0.6,0.71,[0.2,0.4]  ([0,0],[0,01,[0,0}) ([0.1,0.21,[0,01,[0,0)
([0.1,0.2],[0.5,0.6],[0.4,0.6] ([0.3,0.4],[0.4,0.5],[0.5,0.8]  ([0.3,0.4],[0,01,[0,0} ([0.1,0.21,[0,01,[0,0} (0,01,[0,01,[0,0])
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([0,01,[0,0],[0,0]) ([0.1,0.2),[0.6,0.8],[0.6,0.9]) ([0,0,[0,0],[0,0]) ([0,0,[0,0],[0,0]) ([0.1,0.2],[0.8,0.9], [0.8,0.9])

([0.,021,(06,08].[0.6.0.9])
H'(e) = ([0,0],[0,0],[0,0])
([0,0],10,0],[0.0])

(0,01,[0,0],[0,0]) ([0.1,0.4),(0.8,0.9],(0.7,0.9])  ([0.0].[0.7.0.8].[0.8,0.9]) ([0.1,0.2],[0.8,0.9],[0.8,0.9])

((0.1,0.4],]0.8,0.9],(0.7,0.9]) ([0,0},[0,0],[0,0]) ([0.1,0.2],[0.7,0.8],(0.8,0.9])  ([0,0],[0.7,0.9],[0.5,0.6])

([0,0],[0.7,0.8],[0.8,0.9])  ([0.1,0.2],0.7,0.8],[0.8,0.9]) ([0,0,[0,0],[0,0]) ([0,0],[0.5,0.6],[0.7,0.8])

([0.1,0.2},[0.8,0.9],[0.8,0.9]) ([0.1,0.2],[0.8,0.9],[0.8,09]) ([0,0],[0.7,0.9],[0.5,0.6])  ([0,0],[0.5,0.6],[0.7,0.8)) {[0,0,[0,0],[0,0])

The average possible membership degree of an elexiemfiven interval-valued neutrosophic set

A= {{x,[infTa(x),supTa(X)], [infla(x),suph(x)], infFa(x),supFa(x)])}

is calculated by

Sx) = % infTA(x)J;supR(x) 1 ianA(x)2+suplq 1 ianA(x)2+supE\
_InfTA(X) +supTa(x) +4—infla(x) — suph(x) —infFa(X) — supFa(x)

6

Based onS; we construct the tabular representation of score value @fiémce matrix of resultant interval-valued
neutrosophic graphd(e) andH’(e) with S and choice value for each football clyfor k=1,2,3,4,5

Table 2: Tabular representation of score values with choice valtiége).

12 to i3 |7} t5 t'x
tg 0.667 0.317 0.667 0.667 0.367 2.683
to 0.317 0.667 0.417 0.750 0.417 2.567
t3 0.667 0.417 0.667 0.433 0.783 2.967
ty 0.667 0.750 0.433 0.667 0.717 3.233
ts 0.367 0.417 0.783 0.717 0.667 2.950

Table 3: Tabular representation of score values with choice valtiet @)

11 t i3 7] 5 t"
ty 0.667 0.233 0.667 0.667 0.150 2.383
to 0.233 0.667 0.200 0.133 0.150 1.383
t3 0.667 0.200 0.667 0.183 0.217 1.933
ty 0.667 0.133 0.183 0.667 0.233 1.883
ts 0.150 0.150 0.217 0.667 0.667 1.417

After taking the arithmetic average t§ andt”y for allk e A = {1,2,3,4,5}, we obtain the table shown in the below.

© 2018 BISKA Bilisim Technology




NTMSCI 6, No. 4, 67-76 (2018) www.ntmsci.com BISKA 75

Table 4: Tabular representation of average score valué$(ef andH’(e).

t,k t”k t

% 2.383 2.683 2.533
& 1.383 2567 1975
i 1933 2.967 2.450
T 1.833 3.233 2.558
Ts 1417 2.950 2.183

Clearly, the maximum score value is 2.558, scored by£hEhen the investor should purchase the football ¢fushich
is the best choice for him.
Now we present our approach as an algorithm that is used iagplication to deal with a decision-making problem.

Algorithm

(i) Input the seP of choice of parameters of an investor or a businessmansubset of.
(i) Inputthe interval-valued neutrosophic soft sgtsA) and(M, A).
(i) Construct the interval-valued neutrosophic softgt& = (G*,K,M,A).
(iv) Compute the resultant interval-valued neutrosophapgsH (e) andH’(e) with

H(e):ké/AH(a() for e:ké//\a(, forall ke A.

! _ X —
H (e>7ké\/\H(eK) for e*ké\/\% forall ke A.

(v) Consider the interval-valued neutrosophic gréf{le) andH’(e), and construct theirs incidence matrix forms.

(vi) Calculate the scorg of ty forallk € A.
(vii) The decision igy if t, = max .
4 Conclusion
Graph theory is an extremely useful mathematical tool teestiie complicated problems in different fields. The intérva
valued neutrosophic soft models give more sensitive, filityillnd conformity to the systems as compared to the iratierv
valued fuzzy soft models. We have applied the notion of iratkvalued neutrosophic soft graph in a decision making

problem. Also, a case study has been taken to exhibit thdisitgf the technique. Future work in this regard would be
required to study whether the notions put forward in thisgrageld a fruitful result.
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