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GENERALIZED BIPOLAR NEUTROSOPHIC HYPERGRAPHS

A. HASSAN! M. A. MALIK?, §

ABSTRACT. The generalization of the concept of single valued neutrosophic hypergraph
(SVNHG) and bipolar single valued neutrosophic hypergraph (BSVNHG) to generalized
SVNHG and BSVNHG by considering SVN-Vertices and BSVN-Vertices instead of crisp
vertices set and interrelations between SVN-Vertices and BSVN-Vertices with family of
SVN-Edges and BSVN-Edges are introduced here. A few properties and operations of
such hypergraphs are established here.

Keywords: Generalized BSVNHG, generalized strong BSVNHG, generalized BSVN sub
hypergraph, spanning generalized BSVN sub hypergraph.
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1. INTRODUCTION

Neutrosopic sets were introduced by Smarandache [10] which are the generalization of
fuzzy sets and intuitionistic fuzzy sets. Some studies in neutrosophic graphs introduced by
Nasir in [8]. Further Yang, Guo, She and Liao in [11] studied on single valued neutrosophic
relations. The bipolar single valued neutrosophic graphs were introduced by Broumi,
Talea, Bakali and Smarandache [1]. Recently in [2] proposed some algorithms dealt with
shortest path problem in a network (graph) where edge weights are characterized by a
neutrosophic numbers including single valued neutrosophic numbers, bipolar neutrosophic
numbers and interval valued neutrosophic numbers.

In graph edges are pairs of nodes, hyperedges are arbitrary sets of nodes, and can
therefore contain an arbitrary number of nodes. However, it is often desirable to study
hypergraphs where all hyperedges have the same cardinality. Hyperedges are absurdly
general, likewise the notion of data. To make this useful, one needs to constrain the form
hyper edges take. There are many research papers on fuzzy hypergraph in [3, 7] based on
vertex set as a crisp set. In fact, in the definition of fuzzy graph, both the concepts of
vertices and edges are fuzzy and there is an interrelation between the fuzzy vertices and
fuzzy edges. The generalized strong intuitionistic fuzzy hypergraphs were discussed by
Samanta and Mohinta [9].
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In this paper, we generalize the concept of SVNHG and BSVNHG by considering
SVN-Vertex and BSVN-Vertex instead of crisp vertex set and interrelation between SVN-
Vertices and BSVN-Vertices with family of SVN-Edges and BSVN-Edges. The GSVNHG,
GBSVNHG, generalized strong SVNHG, generalized strong BSVNHG and a few opera-
tions on them are defined here. Also some of their properties are studied.

2. PRELIMINARIES

Definition 2.1. [10] Let X be a crisp set, the single valued neutrosophic set (SVNS) Z
is characterized by three membership functions Tz(x),Iz(x) and Fz(x), which are truth,
indeterminacy and falsity membership functions, i.e Vo € X, Tz(x),Iz(x), Fz(x) € [0, 1].
The support of Z is denoted and defined by Supp(Z) = {x : z € X, Tz(x) > 0,17(x) >
0, Fy(z) > 0}.

Definition 2.2. [1] Let X be a crisp set, the bipolar single valued neutrosophic set
(BSVNS) Z is characterized by membership functions T} (z), I} (z), F} (z), T, (z), I, (z),
and Fy (z). That is Yz € X, T} (z), I} (x),F}(x) € [0,1] and T, (z),I, (), F ( ) €
[—1,0]. The support of Z, which is denoted by Supp(Z), is deﬁned by Supp( ) = {x
Th(z) >0, (z) >0,F)(z) >0,T,(z) <0,1,(z) <0,F, (z) <0}

Definition 2.3. [6] A bipolar single valued neutrosophic graph (BSVNG) is a pair G =
(Y, Z) of G*, where Y is BSVNS on'V and Z is BSVNS on E such that

Ty (By) < min(Ty(8), Ty (7)), 17 (Bv) = max(Iy (8), I} (7)),
I (By) < min(ly (8), Iy (7)), F7 (By) < min(Fy (8), Fy (7)),

F7(By) > max(Fyf(B), Fyf (7)), Ty (87) > max(Ty (8), Ty (7)),
where

0<TH(By)+15(By)+FF(By) <3

=3 < T, (By) +17(By) + F;(By) <0
Y B,y € V. In this case D is bipolar single valued neutrosophic relation (BSVNR) on C.
The BSVNG G = (Y, Z) is complete (strong) BSVNG, if

Ty (B7) = min(Ty"(8), Ty (7)), 17 (Bv) = max(Iy(8), I} (7)),
I (By) = min(Ly (8), Iy (7)), Fz (B7) = min(Fy (8), Fy (7)),

Fy (By) = max(Ey (8), By (7)), T (87) = max(Ty (8), Ty (7)),
Y B,y € V(Y By € E). The order of G, which is denoted by O(G), is defined by

O(G) = (07(G), 0] (G), 01:(G), 07.(G), 01 (G), Op(G))

=" Ti(a), OF(G) =" Ii(e), OF(G) =Y Fil(a)

where,

acV acV acV
ngnmqwbgmw%wzgaw

The size of G, which is denoted by S(G), is defined by
S(G) = (S7(G), Sf (G), S (G), 87 (G), Sf (G), S (G))

= N T, S7(G) =Y Tz (B),

ByeEE ByEE

where
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SE@) = Y I5(BY), S7(G) =) Iz(Bv),

ByeLE Byel
SEG) = D FH(BY), Sp(G) =Y Fg(B).
ByeE ByeE

The degree of a vertex 8 in G, which is denoted by dg(B), is defined by
de(B) = (d7(B), df (B), d(B). dp(B). df (B), dp(B))

where

dr(B) = > TE(BY), dr(8) = Y T5(B8v),

ByeEE ByeE

df(B) = > I5(By), d; (B) = > I5(Bv),
BryeEE ByeE

dh(B) = > FE(BY), dp(B)= > F5(8y).
BryeEE ByeEE

Definition 2.4. [6] The bipolar single valued neutrosophic subgraph of BSVNG G = (C, D)
of G* = (V,E) is a BSVNG H = (C',D") on a H* = (V',E'), such that C' = C, and
D' =D.
Definition 2.5. [6] Let G1 = (C1,D1) and Gy = (Ca,D3) be two BSVNGs of G7 =
(Vi, Eq) and G5 = (Va, Ea), respectively. Then the homomorphism x : Vi — Vi is a
mapping from Vy into Vo satisfying following conditions

T, (p) < T2, (x(0))s 16, (p) = 16, (x(p)), F, (p) = FE, (x(p),

Te, (p) > Te, (x(), 1o, (p) < I, (x(p), Fg,(p) < Fg,(x(p)),
VpeW.

Ty, (pa) < Tp, (x(0)x(a)), Ip, (pa) > I}, (x(0)x (), Fp, (pa),> Fp, (x(p)x(a)),

Tp, (pa) = Tp,(x(p)x(q)), Ip,(pa) < Ip,(x(p)Xx(9)), Fp,(pa) < Fp, (x(p)x(4)),

V pq € E1. The weak isomorphism v : Vi — V4 is a bijective homomorphism from Vi into
Vo satisfying following conditions

Té (p) = T, (v(p), I1¢, (p) = I, (v(p)), F& (p) = F¢, (v(p)),
Te, (p) = T, (v(p)s Ip,(p) = 1g,(v(p)), Fg,(p) = Fg,(v(p)),

V p € Vh. The co-weak isomorphism k : Vi — Va is a bijective homomorphism from Vi into
Vo satisfying following conditions

T3, (pg) = Tp, (k(p)K(9)), I, (pa) = I}, (k(p)k(9)), Fp,(pg),= Fp, (k(p)K(a)),

Ty, (pq) = Tp,(k(p)k(q)), Ip, (pq) = Ip,(k(P)k(q)), Fp, (pe) = Fp,(k(p)k(q)),
VY pq € E1. An isomorphism ¢ : Vi — Vs is a bijective homomorphism from Vi into Vo
satisfying following conditions

TS (p) = TE, (¥(p), I¢, (p) = If, (¥(p), FZ (p) = FZ (v(p)),

To,(p) =T, (W), Ic,(p) = Ig,(¥(p)), Fg,(p) = Fg,(¥(p)),
Vpel.

75, (pa) = Tp, (W (0)¥(0), Ip, (pa) = I}, (W (0)v(a), Fp (pa),= Fp, @ (p)¥(q)),
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Remark 2.1. One can see the following.

(1) The weak isomorphism between two BSVNGs preserves the orders.
2) The weak isomorphism between BSVNGSs is a partial order relation.
3) The co-weak isomorphism between two BSVNGs preserves the sizes.
4) The co-weak isomorphism between BSVNGSs is a partial order relation.
5) The isomorphism between two BSVNGs is an equivalence relation.
6) The isomorphism between two BSVNGSs preserves the orders and sizes.
7) The isomorphism between two BSVNGSs preserves the degrees of their vertices’s.

/\/\/‘\/-\/-\/-\

=

efinition 2.6. [7] A hypergraph is an ordered pair H = (Z,©), where

(1) Z={m,n2,...,0n} be a finite set of vertices.

(2) © ={01,09,...,0,,} be a family of subsets of Z.

(8)©; #¢,Vi=1,23,....mand |J;0; = Z.

A hypergraph is also called a set system or a family of sets drawn from the universal set
X.

3. GENERALIZED STRONG SVNHGS

Definition 3.1. The single valued neutrosophic hypergraph (SVNHG) be a H = (Z,0),
where

(1) Z ={m,n2,...,nn} be a finite set of vertices.

(2) © ={01,0,,...,0,,} be a family of SVNSs of Z.

(3) ©; #0 =(0,0,0) Vj =1,2,3,...,m and Uj Supp(©;) = Z.

Definition 3.2. A generalized single valued neutrosophic hypergraph (GSVNHG) H =
(Z, @) where

(1) Z ={n1,m2,...,nn} be a finite set of vertices.

(2) A,B,C:Z — [O 1] be the SVNS of vertices.

(3) © = {@1,@2, ..., Om} be set of SVNSs of Z, where

@j = {("72’ T9j (771)? 193' (771)? Fej (772)) : T9j (772)7 19]' (772)7 F@j (771) 14— [07 1]}
with

\/ 772<A771 /\ (i) > B(mi), /\ 77@>C771)

Vi:1,2,3,...,n ande:1,2,3,...,m.
(4) ©; # 0 =(0,0,0), 7 =1,2,3,...,m and Uj Supp(©;) = Z.

Remark 3.1. The generalized single valued neutrosophic hypergraph is the generalization
of generalized intuitionistic fuzzy hypergraph.

Example 3.1. Consider the H = (X, E), where X = {«, 3,7,0} and E = {E, Eo, E3, E4}.
Also A,B,C : X — [0,1] defined by A(a) = .5, A(B) = .9, A(y) = .8, A(d) = .6,

B(a)=.0, B(8) = .1, B(y) = .1, B(§) = .0, C(a)— 1,C(8) =1, C(y) = .2, C(6) = .3,
By = {(o,.2,.3,.4),(8,.5,.3,.6),(7,.5,.3,.2),(5,.0,.1,.3)}
By = {(o,5,.0,.2),(8,.6,.7,.4),(v,.1,.6,.9), (5,.2,.3,.6)},
Es = {(a,.1,.3,.5),(8,.8,.1,.3),(v,.3,.8,.9),(5,.5,.0,.9)},
E, = {(a,.1,.6,.2),(8,.2,.1,.6),(7,.6,.1,.3),(5,.3,.2,.6)}.

Then by routine calculations H is GSVNHG.
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Definition 3.3. The GSVNHG H = (X, E) is said to be generalized strong single valued
neutrosophic hypergraph (GSSVNHG), if

\ T, (i) = A(wi), N\ Ig,(z:) = B(zi), )\ Fg, (@) = C(a)
j=1 j=1 j=1

Vi=1,2,3,...,nand j =1,2,3,...,m

Example 3.2. Consider the GSVNHG H = (X,FE), where X = {«a,8,7} and E
) =

{E\, By, E3, E4}. Also A,B,C : X — [0,1] defined by A(a) = .5, A(8) = .6, A(y) = .8,

B(a)=.2, B(B)=.2, B(y) =.0, C(a) = .3, C(B) = .2, C(v) = .1,
E, = {(o,.5,.2,.3),(8,.5,.2,.9),(7,.3,.9,.1) },
Ey, = {(e,.1,.6,.5),(8,.3,.2,.6),(7,.0,.3,.2)},
Es = {(a, 3 6 9),( ,.1,.3,.2),(v,.1,.0,.9)},
E, = {(o,.2,.3,.6),(8,.6,.5,.2),(7,.8,.6,.4)}.

Then by routine calculations H is GSSVNHG.

Definition 3.4. Let H = (X, E) be a GSVNHG, where A,B,C : X — [0,1],
E = {(Tg,Ig, Fg,): X —[0,1]*:j=1,2,3,...,m}

and let H = (X, E/), where A", B',C" : X — [0, 1],

E' = {(Tg,. Ip, Fp,): X = (0,1 :j=1,2,3,...,m}

H' is said to be a generalized single valued neutrosophic sub hypergraph (GSVNSHG) of
H, whenever

m

\/T};j(l‘i)g \/TEj(:c,-), /\IE x;) /\IE x;), /\FE x;) > /\
j=1 j=1 j=1 j=1 j=1
A(z;) < A(zy), B (x:) > B(ai), C (x;) > Clx)

Vi=1,2,3,....,n. The GSVNHG H' = (X, E/) is said to be a spanning generalized single
valued neutrosophic sub hypergraph (SGSVNSHG) of H = (X, E), if

A(z;) = A(zy), B (2:) = B(ai), C (2;) = C(x)

Vi=1,2,3,...,n

Definition 3.5. Let H = (X, E) be a GSSVNHG, where A, B,C : X — [0, 1],
E = {(Tg, Ig,, Fg,): X —[0,1]*:j=1,2,3,...,m}

and let H' = (X, El), where A',B',C" : X — [0,1], and

E' = {(Tg, I, Fp): X = [0,1:j=1,2,3,...,m}

H' is is said to be a generalized strong single valued neutrosophic sub hypergraph (GSSVN-
SHG) of H, whenever

m

m
\ T, (z:) = \/ T, (z;), /\ I, (x:) /\ I, (), /\ Fp ()= \ F
j=1 j=1

’ ’ /

A (i) = A(x;), B (2;) = B(w;), C (z;) = C(x:)
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Vi=1,2,3,...,n. The GSVNHG H' = (X, E/) is said to be a spanning generalized strong
single valued neutrosophic sub hypergraph (SGSSVNSHG) of H = (X, E), if
Al(w) = Alwi), B'(x:) = B(wi), C' () = C(xs)
Vi=1,2,3,...,n
Example 3.3. Consider the GSVNHGs G = (X,FE), H ,: (X,E') and S = (X, E"),

where X = {a, 8,7}, E = {E1, By}, E' = {El,E2} and B = {E;’ Ey}. Also A,B,C :
X = [0,1] defined by A(a) = 4, A(f) = 5, B(a) = .2, B(f) = 2, C(a) = .3, C(8) = .0,

I I

Afa) = 4, A(B) = 4, B'(a) = .1, B'(f) = 1, g’(a) =.3,C0(8) = .0, A(a) = 4,
A"(B) =5 B"(a)=2 B"(B)=.2C"(a) =.3,C"(B) = .0,

(
Er ={(a,.2,.3,.6),(8,.5,.6,.2)}, Es={(c, 4,.2,.3),(8,.3,.2,.5)},
By ={(a,.2,.3,5),(8,.4,.3,5)}, Ey={(c,.3,.2,.3),(5,.3,.4,.3)},
Bl ={(a,.2,.3,5),(3,5,.3,5)}, By ={(a,.4,.2,.3),(5,.3,.4,.3)}.
Then by routine calculations H is GSVNSHG of G but S is SGSVNSHG of G.

Definition 3.6. Let Hy = (X1, E1) and Hy = (X2, Es) be two GSVNHGs, where X1 =
{.Il,ﬂ?z,...,l’n}, X2 - {ylayQa"'ayn}a AlaBlaCI : Xl - [07 1]3 A27B2a02 : X2 - [07 1]
and

By = {(TEH’IEn:FEn)? (TEIQ’ Ig,,, FE12)7 SRR (TEuw IEuw FElk)}

Ey, = {(TE217]E217FE21)) (TE22’ Igy,, FE22)’ R (TEva IE2p7FE2p)}

where

TE1i7[Eli7FE1i : X1 — [07 1]7
TE2j7IE2j7FE2j 1 Xo — [0, 1]5

Vi=1,2,3,....,k and j = 1,2,3,...,p. The union Hy U Hy = (X1 U X9, E1 U E3) of H;
and Hs is defined by

{ Al(a:) T € X1 — XQ
(A1UA2)(:L‘) = AQ(QE) rzeXo—Xq
max(Al(x), Ag(l')) ze X1NXy

Bl(.’L‘) T € X1 — X2
BQ(.I‘) T € X2 — X1
min(Bl(x), BQ(.%’)) r e X1NXy

{ C’l(a:) xEXl—XQ
Cg(w) ze Xo— X4
min(Cl(x), CQ((I?)) r e X1NXy
{ TEh(IL‘) e X —Xo
= (IL‘) r e Xo— X
(Tgy, (2), TEQj () ze€X1NXsy
(.’13) re X — Xy
{ IEQJ.(IE> reXy— Xy
(IEu( )’IEQj (l‘)) reX;NXo
FEM(JI) ze X —Xo
{ FE2].(:IZ) ze Xo—Xq
min(FEli(x),FEQj (1‘)) ze XiNXo
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Remark 3.2. If H| = (X1, E1) and Hy = (X2, E9) be two GSVNHGS, then Hy U Hs is
also GSVNHG.

Remark 3.3. If H) = (X1, E1) and Hy = (X9, E3) be two GSSVNHGs, then Hy U Ha is
also GSSVNHG.

Definition 3.7. Let Hy = (X1, E1) and Hy = (X2, Es) be two GSVNHGs, where X1 =
{xlax27 s ,l‘n}, X2 = {y17y27 s ’yn}a AlaBlvcl : Xl — [07 1]> AQaB2>CQ : X2 — [07 1]7
Ey = {(TEnvIEu’FEu)a (TE127]E127FE12)7 R (TElk’IE1k7 FElk)}’
Es = {(TE217[E217FE21)7 (TE227 I,,, FE22)7 ) (TE2p7 IEQp?FEQp)}7
where
TEM?IEM;FEM : X1 — [0, 1],
TEijlEgijEgj : Xo — [0, 1],
Vi=1,2,3,....k and j = 1,2,3,...,p. The cartesian product H1 x Hy of Hi and Hs is
defined by an ordered pair Hy x Hy = (X1 x Xa, E1 X Ej), where
(A1 x Ag)(z,y) = min(Ai(x), A2(2))
(B1 x Bp)(w,y) = max(Bi(x), B2(z))
(Cr x Co)(z,y) = max(Ci(x), C2(x))

(TEli X TE2j)(x7 y) = min(TEu(x)a TEQj (y))
(IEli X IEzj)(xv y) = maX(IEu (x)a IEQj (y))
(FEli X FE2]‘)(‘T7 y) = maX(FEu (x)7 FE2j (y))

Vee X1, y€e Xo,1=1,2,3,....,kand j =1,2,3,...,p

Remark 3.4. If both Hi and Hy are not GSSVNHGSs, then Hi X Hyo may or may not be
GSSVNHG.

Example 3.4. Consider a GSVNHGs H; = (X1, E1) and Hy = (X2, E2) where X1 =
{a,b}, Xo = {p,q}, E1 = {P,Q} Ey = {P',Q'}. Also Ay, B1,C} : X; — [0,1] defined by
Al(a) = 3 Al(b) = 5 Bl( ) = .2, Bl(b) = .4, 01((1) = .5, Cl(b) = .5 and AQ,BQ,CQ :
X( . [0, ] defined by As(p) = 5, Aa(q) = .9, Ba(p) = .1, Ba(q) = .5, Ca(p) = .5,
Co -5,

P={(a,.1,.2,.5),(b,.5,.4,.5)}, Q=1{(a,.3,.4,.5),(b,.4,.6, .5}
P ={(p,5,.3,5),(¢,8,.5,.5)} Q ={(p, 4,.6,5),(¢.1,.5,.5)}

Then by routine calculations Hy is GSSVNHG and Ho is GSVNHG. Let H = (X3 X
Xo, By X Eg), A = Ay X Ay, B = B; x By, C = C1 x Co. Then by routine calculations,
A((a,p)) = .3, A((a,q)) = .3, A((b,p)) = .5, A((b,q)) = .5, B((a,p)) = .2, B((a,q)) = .5,

B((b.p)) = 4. B((b,9)) = 5, C((a.p)) = 5 Cl(a,)) = 5, C((b,p) = 5, C((b,q)) = 5,
PxP = {((ap),1,3,5),((aq),.1,.5,.5), ((b,p), 5, 4,.5), ((b,), .5, 5,.5)},
PxQ = {((ap),1,.6,.5).((a,q),.1,.5,.5), ((b,p), 4, .6,.5), ((b,q), .1, .5,.5)},
QxP = {((a,p),3,4,.5), ((a,9),3,.5,.5), ((b,p), 4. .6,.5), ((b. ), 4,.6,.5)},
QxQ = {((a,p),3,.6,.5),((a,9)..1,.5,.5), ((b,p), 4. .6,.5), ((b.q), .1,.6,.5)}.

By calculations H is not GSSVNHG.
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Example 3.5. Consider the GSVNHGs Hy; = (X1, E1) and Hy = (Xg, E9) where X; =
{a,b}, Xo = {p,q}, By = {P,Q}, Ex = {P',Q'}. Also Ay, B1,Cy : X1 — [0,1] defined by
Ai(a) = .3, A1(b) = .5, Bi(a) = .3, B1(b) = 4, Ci(a) = .5, C1(b) = .5 and Ay, B2,C5 :

— [0,1] defined by A2(p) = .5, A2(q) = .9, Ba(p) = .1, Ba(q) = .5, C2(p) = .5,

C2(q) = .5,

P=1{(a,.1,.3,.5),(b,.5,.4,.5)}, Q={(a,.3,.4,.5), (b 4,.6,.5)}
P ={(p, 5,.3,5),(¢,8,.5.5)} Q ={(p, 4,.6,5),(¢.1,.5,.5)}

Then by routine calculations Hy is GSSVNHG and Hy is GSVNHG. Let H = (X X
Xo, Fy X E9), A= A1 X Ay, B = By x By, C = C} x Cy, then by routine calculations,

A((a,p)) = 3, A((a,q)) = -3,

A((b,p)) = .5, A((b,q)) = -5, B((a,p)) = .3, B((a,q)) = .5,

B((b,p)) = 4, B((b,q)) = -5, C((a,p)) = 5, C((a,9)) = -5, C((b,p)) = -5, C((b, q)) = .5,

Px P ={((a,p),.1,.3,.5),((a,q
Px@Q ={((a,p),.1,.6,.5),((a,q
Q x P ={((a,p),.3,.4,.5),((a,q
Q@ xQ ={((a,p), 3,.6,.5). ((a,9),

By calculations H is GSSVNHG.

)
),.
)
)

5,.5),((b,p), .5, .4,.5), ((b,q),.5,.5
5,.5), ((b,p); -4,.6,.5), (b, q), 1,5,
5,.5),((b,p), 4,.6,.5), ((b,q), 4, .6

Proposition 3.1. If both Hy and Hs are GSVNHGS, then Hi X Hy is also GSVNHG.

Proof. Let Hy = (X3, E1) and Hy = (X9, E3) be two GSVNHGSs, where X; = {x1,x9, ...
sYnts A1, B1,C1 2 Xy — [0,1], A, B2, Coy : Xo — [0, 1],

X2 = {ylayQa cee
Eq
Ey =
where

TEli"[Eli?FEli : X1 — [07 1]7
TEQj’IE2j7FE2j : X — [07 1]7

{(TE11’IE11>FE11)7 (TE12’ IE127 FE12)7 SR) (TE1k7 IEuw FElk)}
{(TE21’IE217FE21)7 (TEQQ’ IE227 FE22)’ ERER) (TEva IE2p7FE2p)}

Vi =1,2,3,....,k and 5 = 1,2,3,...,p. Then the cartesian product H; x Hs

XQ,El X Eg), where

axﬂ}7

(Xl X

Ey x Ey = {((TEII X TE21)’ (IEll X IE21)’ (FEll X FE21))7 KR ((TEll X TEQp)v (IEll X
IEQp)’ (FEn X FE2p))> SRR ((TElk X TE2p)7 (IElk X IE2p)7 (FEu@ X FE2p))}

with

k p
V Toy, (@) < (), \ T, () < Az(y))

r=1

s=1

k P
/\ IElr(xi) > Bl(xi)v /\ IE2s(yj) > B2(yj)

r=1

s=1

k p
N Fe.. (i) > Ci(x:), \ Fr,,(y5) = Caly;)

r=1

s=1
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Vi=1,2,3,...,nand 7 =1,2,3,...,m. Now consider
k p k

\V V Te, x T, (@i,y;) = \ (T, (), Ty, (y5))

s=1r=1 s=1r=1

= (\/ Tew, (@) A (] Ti, (95))
r=1 s=1

Ax(xi) A Az(y;) = (A1 X A2)(24, ;)
Vi and j. Similarly others can be proved. Thus H; x Hs is the GSVNHG.

T =

IN

O
Proposition 3.2. If both H, and Ho are GSSVNHGSs, then Hy X Hs is also GSSVNHG.
Proposition 3.3. If Hy x Hs is GSSVNHG, then at least Hy or Hy must be GSSVNHG.
Proof. Suppose Hi x Hy is GSSVNHG, but H; and Hs are not GSSVNHGSs, then by

definition

\/ Ty, (zi) < A1(z), \/ Ty, (y5) < A2(y;)

r=1 s=1

k

N 1z, (@) > Bi(:), /\ Ir,, (y;) > Ba(y;)
r=1 s=1

/\ Fg,, (%;) > Ci(z;), /\ Fg,,(y;) > Ca(y;)
r=1 s=1

Vi=1,2,3,...,nand j =1,2,3,...,m. Therefore
k
\/ (T, (2:), Ty, (yj))

r=1

<=

p k
\/ \/(TElr x TEQS)(xi7yj) =

s=1r=1

@
Il
-

I
<=

TEl'r :UZ \/ TEQS y]
1

< Ar(m) A Aa(y;) = (A1 x A2)(xi,yj)

ﬁ
I

Vi and j. Similarly

>
=

Ly, X Iy, ) (i y;) > (Br X Ba)(wi, ;)

s=1r=1

p k

N N\ Fe,, x Fry,) (i y;) > (Cr x Co)(i, ;)

s=1r=1
Vi and j. Therefore H; x Hs is not GSSVNHG, hence at least one of H; or Ho must be
GSSVNHG. 0

4. GENERALIZED STRONG BSVNHGS

Definition 4.1. The bipolar single valued neutrosophic hypergraph (BSVNHG) H =
(Z,0), where
(1) Z={n,m2,...,0n} be a finite set of vertices.
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(2) © ={01,09,...,0,,} be a set of BSVNSs of Z.
(3) ©; # 0 =(0,0,0,0,0,0) Vj =1,2,3,...,m and Uj Supp(©;) = Z.

Definition 4.2. A generalized bipolar single valued neutrosophic hypergraph (GBSVNHG)
be a H= (X, E), where

(1) X ={x1,z9,...,2,} be a finite set of vertices.

(2) AT, BT, CT: X —[0,1) and A=, B~,C~ : X — [-1,0] be the BSVNSs of vertices.
(3) E= {El,EQ, ..., En} be the set of BSVNSs of X, where

Ej = {(i, T (x0), I, (w2), Fg (20), T, (w2), I, (20), Fg, (23)) + Ty (1), I (@), Pt (x3) -
X —[0,1,T ( z)JEj(in),FEj(fI?i) : X — [-1,0]}, with

Vi=1,2,3,...,nandVj=1,2,3,...,m.
(4) E; #0 =(0,0,0,0,0,0), Vj =1,2,3,...,m and Uj Supp(E;) = X.
Remark 4.1. The generalized bipolar single valued neutrosophic hypergraph is the gener-

alization of generalized intuitionistic fuzzy hypergraphs and generalized single valued neu-
trosophic hyper graphs.

Example 4.1. Consider the H = (X, E), where X = {«, 8,7} and E = {FE1, Es, Es}.
The BSVN-Vertices and BSVN-Edges are defined in Tables. 1 and 2.

Pt et I X T o | v | X
al 71 21 21=6]-2] .0
Bl 6| 5] .2]-3]-1|-2
vlol 1| 2] -7=-2].0

TABLE 1. BSVN-Vertices of GBSVNHG.

E1 E2 E3
(2,3,5,-6,-2-9)](3,5,.6—-2-3-2)| (6.2.3—.1,-.2.0)
(5,.6,.3,—.1,—2,-.3) | (.5,.6,.2,—.3,—.1,—.2) | (.6,.8,.2,—.1,—.5,—.2)
(8,.2,.3,—.1,—-.2,—8) | (3,.1,8,—.1,-.2,—3) | (.6,.2,.8,—.7,—.8,.0)

= ®Q

) e )

TABLE 2. BSVN-Hyperedges of GBSVNHG.
Then by routine calculations H is GBSVNHG.

Definition 4.3. The GBSVNHG H = (X, E) is said to be generalized strong bipolar single
valued neutrosophic hypergraph (GSBSVNHG), if

\/ TE] z;) = AT (2y), /\ I;EJ z;) = BT (), /\ B (2;) = CT ()

Jj=1 j=1
/\T,g (i) = \/1 (zi) = B~ (), \/F,;j(xi):(f(xi)
j=1 j=1

Vi=1,2,3,. ,nandngl,Q,B,...,
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Example 4.2. Consider the GBSVNHG H = (X,E), where X = {a,,7} and E =
{E1, Ea, E3, Eq}. The BSVN-Vertices and BSVN-Edges are defined in Tables. 3 and 4.

2
+
S
©
>

Y X

o > o S

o N
|

Y

|

-

|

)

«
B
Y

TABLE 3. BSVN-Vertices of GSBSVNHG.

El E2 E3
(2,3,5,-6,—-2,-3)](3,5,.8-2-3-2)| (6.2.3—.1,-.2.0)
5,.6,3,—.1,—2,-.3) | (5,.6,.2,—.3,—.1,—2) | (:6,.8,.2,—.1,—.5,—.2)
8,.2,3,—.1,-2,—.8) | (3,.1,.8,—.1,-.2,—3) | (.6,.2,.8,—.7,—38,.0)

= ®Q

TABLE 4. BSVN-Hyperedges of GSBSVNHG.
Then by routine calculations H is GSBSVNHG.

Definition 4.4. Let H = (X, E) be a GBSVNHG, let A*,B*,C*T : X — [0,1], A~,B~,C™ :
X = [~1,0]
_ A e e e e = 3.1 013 4 —
E = {(TEjvIEijEjvTEjv‘[EijEj)'X_>[071] X[ 170] .]—1,2,3,.,.777’1}
and let H = (X, E') where A+ B+ ,C'*: X - (0,1], A'~,B~,C"~ : X = [-1,0]

E = (T, I P Ty 1y Fig ) - X = (0,17 x [-1,01°: j = 1,2,3,...,m}

H' is said to be a generalized bipolar single valued neutrosophic sub hypergraph (GBSVN-
SHG) of H, whenever

AT (x) < AT (%), BT (%) > Bt (i), C'H(z;) > CF(ay)

A= (x) > A (2), B (2;) < Bt (a3), C'~ () < C ()

Vi=1,2,3,...,n. The GBSVNHG H = (X, E/) 1s said to be a spanning generalized bipo-
lar single valued neutrosophic sub hypergraph (SGBSVNSHG) of H = (X, E), whenever

A (23) = AT (x), B (25) = BY (i), C"(x5) = CT(x5)

/

A= (2) = A (2), B (2;) = B (), C' ™ (w) = C ()
Vi=1,2,3,...,n.

Definition 4.5. Let H = (X, FE) be a GBSVNHG where A*,BT,C*T : X — [0,1],
A= B~,0~: X = [-1,0],

E = {(ng,fgj,ng,T,;j,Igj,F,;j) X = (0,13 x [-1,0P3:5=1,2,3,...,m}
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and let H = (X,E') where A+ B+, 0t : X —[0,1], A=, B~,C'~ : X = [-1,0]

E = {(TEJJT,IEJ;,FEJ;,TE;,IE;,FE;) cX = (0,13 x [-1,013:5=1,2,3,...,m}

H' is said to be be a generalized strong bipolar single valued neutrosophic sub hypergraph
(GSBSVNSHG) of H, if

V T (@) =\ Tk (@), N\ T () = N Ih (@), N\ Fil (@) = N\ Fi (a2)
j=1 Jj=1 J=1 J=1 J=1 J=1
A Ts, @) = \ T, (@), \ T (i) = \/ 15, (i), ) Fi, (@) = \/ Fi, (i)
j=1 j=1 j=1 j=1 j=1 j=1

/

A () = AT(23), BV (25) = BN (%), 'V (w) = CT ()

/ ! /

A7 (zi) = A”(xi), B~ (2) = B (i), C (w) = C (x4)
Vi=1,2,3,...,n and the GBSVNHG H = (X,E') is said to be a spanning generalized
strong bipolar single valued neutrosophic sub hypergraph (SGSBSVNSHG) of H = (X, E)

if
AJr( i) = A+(x1) B+( i) = B+(33%) CJr( i) = C+(x1)

/

A7 (23) = A (x5), B (x5) = B~ (3), C'(25) = C™ (xs)
Vi=1,2,3,...,n

Example 4.3. Consider the GBSVNHGs G = (X,E), H = (X,E') and S = (X,E")
where X = {a, 8,7}, E={E1, Ex}, E = {E|,F,} and E" = {E],Ey}. Also ¢T, 0", x:

V — [0.1] defined by 6*(a) = 4, 6*(8) = 5. ¢*(a) = 2, 7(8) = 2, x*(a) = 3,
X (/8) = 0 ¢ ( )” 47 ¢+(B) 7 47 (pur(a) ://'17 90l+<5) = /'/17 X/+<a) = '%/7 Xl+<5) =
0, ¢"F(a )= ,<i> TB) =5, 0 a) =2, 7(B) =2, x T(a) =3, x (B =0
and ¢~,07,x~ V. = [=1,0] defined by ¢~ () = —.1, ¢7(B) = —.1, ¢” (o) = —.2,
( ) = 27 X (Oé) = - 37 Xj(ﬁ) = _'37 (ﬁl/:(a) = - 17 ¢:7(ﬂ) = - 17 90:/7(0‘) - 27
90// (5) 27X (a):_37X;(ﬁ):_3)¢ _(a)__17¢ _(5):_1780 _(OZ)_—Q,
2 (5) 27X Oé):— 7X_(/8):_37
Ey = {(o,.2,.3,.6,—.1,—.2,—.3),(8,.5,.6,.2,—.1,—.2,—.3)},
By = {(a,4,.2,.3,—1,-2-.3),(8,.3,.2,.5,—.1,—.2,—.3)},
E, {(e,.2,.3,5,—.1,—.2,—.3),(8,.4,.3,.5,—.1,—.2,—.3)},
E; {(Oé, 37 27 3>_ 17 '27_'3)7(/87 -Sa 4a 37_ 1) -27_ 3)}3
E] {(e,.2,.3,5,—.1,—.2,—.3),(8,.5,.3,.5,—.1,—.2,—.3)},

E, = {(o, 4,.2,.3,—-.1,-.2,-3),(5,.3,.4,.3,—.1,—.2,—-.3) }.
Then by routine calculations H is GBSVNSHG of G but S is SGBSVNSHG of G.

Definition 4.6. Let Hy = (Z1, E1) and Hy = (Z3, E2) be two GBSVNHGs, where Zy =
{x1,$2,-..,$n}7 Z2 = {ylay27"'7yn}7 Aif—wa_aCf— : Zl — [07 1]7 A1_7B1_7C1_ : Zl —
[—1,0], AS,BS,C5 : Zy — [0,1], Ay, By ,Cy : Za — [~1,0] and

_ I N e e R S Y s
b= {(TEll’IEll’FE'n’TEll’IE11’FE11)’""(TEuc’IElk’FE1k’TE1k’IElk’FE1k)}

_ R o e S e A e e e
by = {(TE21 ) IE21 ’ FE21 ) TE'21 ’ IE'21 ) FE21 )i (TEzp’ IEzp’ FEzp’ TEzp’ IEzp’ FEZp)}
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where

Tg If Fp :Z1—[0,1], Ty 15 ,Fg : Z1— [-1,0]

+ 7+
T8, 1,

Vi=1,23,...,kandj=123,...

and Ho are defined as follows

F];EQ], 1 Zy = [0,1], Ty, Ip, , Fg, : Zo — [-1,0]

839

,p. The union Hi U Hy = (Zl U Zs, B U EQ) of Hy

AT (€) §€ 21— 2y
A5 (€) €2y~ 21
max(Af (€), A5 () € ZinZy
By (¢) §€Z1— 2y
By () £€Zy— 2
min(By (€), B (€)) €€ Z1NZs
Cr(¢) §€ 21— 2y
Cy(€) £€ 2y~ 7
min(CY (€),C5 (€)) €€ Z1N 27y
Ay (8) §€Z1— 2y
A5 (8) §€Zy— 7y
min(Ay (), A5 (§)) € Z1NZ;
By (§) §E€Z1— 22
By (€) §€Zy— 71
max(By (§), By (§)) £€Z1NZp
Cy (§) €21 — 27
C5 (£) §€Zo— 2
max(Cy (£),Cy (§)) £ € Z1NZ;
Ty, (6) §€ 21— 2
T5,,(6) §€Zy— 21
max(Tp, (), T, () €€ 21N 2,
I3 (€) EcZy— 7y
Iy, (6) E€Zy— 7
min(I3, (€), 15, (€)) €€ ZinZ
Fg (€) E€Z1— 7y
1y (€) §€Zo— 21
min(Fg (€), Fg, (£)) €€ ZiNZy
7 (6) §E€Z1— 2y
B, (6) §E€Zy— 7
min(Ty, (£),Tg, (§)) §€ Z1NZ
Ip,,(€) §e€Z1—2y
IEQJ_ (f) § € Z2 — Zl
max(Ip, (§), Ig, (£§)) §€ 21N Zy
Fp,, (&) §£€ 21— 2
Fp, (&) €2y — 71
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Remark 4.2. If Hy = (Z1, E1) and Hy = (Z3, E3) be two GBSVNHGS, then Hy U Hs is
also GBSVNHG.

Remark 4.3. If Hy = (Z1, F1) and Hy = (Z2, E3) be two GSBSVNHGS, then H; U Ho
1s also GSBSVNHG.

Definition 4.7. Let Hy = (Z1,E1) and Hy = (Z3, E2) be two GBSVNHGs, where Zy =
{.fCl,.’EQ,...,In}, ZQ = {ylayQ)"'ayn}v AT;-BT_aCf_ : Zl - [O) 1]7 A1_7B1_5C1_ : Zl -
[—1,0], AS, B, C5 : Zy — [0,1], Ay, By ,Cy = Zay — [—1,0],

_ + 7t ot - = e + + = 7= e
B = {(T 1 F T IEn’FEu) (TE k7lglk7FE1k7TE1k7IE1k7FE1k)}’

E1)TEwn T B T B
_ I e o e fL R Ty In Py
By = {(TE21 ) IE21 ) FE21 ) TE21 ’ IE21’ FE21) (TE2p I FEQp T I FE'zp)}

where
Ty g Fp :Z1—= 0,1, Ty 15  Fg :Z1 —[-1,0],
T+ A, F];r2 Zy —[0,1], Tp, . Ip, . Fp,, + Zo — [-1,0],
Vi=1,2,3,.. .,k and] =1,2,3,...,p. Then the cartesian product Hi x Hy of Hy and Ho
is defined as an ordered pair Hy x Ho = (Z1 X Za, E1 X E3), where
(A x A7) (&) = min(A{ (§), A3 (1), (A x A7)(&,n) = max(A; (€), 45 (1))
(CF x CF)(&,m) = max(C{ (€), C5 (n)), (C7 x C3)(&m) = min(Cy (£), C5 (1))
(B x BY)(&n) = max(B{ (§), By (n), (By x By)(&m) T
E1x Ey = {((Tg11 x T ), (If, < I ) (
F , (T xT I, x1Ig ),
E21 ;511 11:2 Jjfrn +
F§2p)) ((TEM XTEQ ) (I, ><I+ s (F,
- ))}, which are defined by
(T, % If, )(€m) = max(fgh@) fg ). (g, * I, (&) = min(I5, (). I5, ()
(T3, % T4, )& m) = min(T4, (6), T, (). (T, x T, )(En) = max(Tg, (€), T, (n)
(th X FEQJ)(gﬁ'r]) = maX(FEh( ) FEQ ( ))7 ( E_lz X FEQ )(57 77) = mln(FE_h(g)’FE_gj (T’))
VEeZyandn e Z3,Vi=1,2,3,....,k andVj =1,2,3,...,p

Remark 4.4. If both Hi and Hy are not GSBSVNHGSs, then Hy x Ho may or may not
be GSBSVNHG.

Example 4.4. Consider the GBSVNHGs Hy = (X1, E1) and Hy = (X2, E2) where X1 =
{a,b}, Xo = {p,q}, By = {P,Q}, B2 = {P',Q'}. Also AT, B]",C{" : X1 — [0,1] defined by

)i ( )
E11 X F}p) (TE:M X TEQp)7 (IEM X IEZ;))7 (FEM X
Ei X FEQP)7 (TElk X TEzp) ( )

9

A (a) = .3, AT (b) = .5, Bf (a) = 2 B+(b) = .4, Cf(a) = .5, Cf (b) = .5, AT, B, O -
Xy — [0,1] defined by A3 (p) = 5, Af(q) = 9, B (p) = .1, Bf () = 5, C (p) = 5,
CS(q) = .5, A] ,B1 ,C’ Xy — [ ,O] defined by A (a) = —.1, A7 (b) = —.1, B (a) =
-2, By (b) = Ci (a) = —.3, l_(b) -3, Ay, B, ,C5 : Xo — [0,1] defined by
A3 (p) = —1, Ay () —1, By (p) = —2, By (q) = =2, Cy (p) = =3, Cy (q) = —.3,

P = {(a,.1,.2,.5,—.1,—.2,—.3),(b,.5,.4,.5,—.1,—.2,—.3)},

Q = {(a,.3,4,5—-1,-2,-3),(b, 4,65 —1,—2 —3)},

P = {(p,5.3.5—1— 2,—3),(q 8,.5,.5,—.1,—.2,—.3)},

Q = {(p 4,65 —1,-2-3),(¢.1,.5,.5 —1,-2 —3)}
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Then by routine calculations Hy is GSBSVNHG and Hs is GBSVNHG. Let H = (X3 X
X2,E1 X EQ), A = A1 X AQ, B = Bl X BQ, C = Cl X 02. Then A+(( )) = .3,
A*((a,q)) = 3 A*((b,p)) = .5, AT((b,q)) = 5, B ((a,p)) = -2, B*((a,q)) = .5,
B*((b,p)) = ((bq) = 5, C*((a,p)) = .5, C*((a, q) = .5, C7((b,p)) = .5,
C*((b,q)) = 5, A (( 7p)) =-1, A" ((a,q)) = -1, A7((b,p)) = — 1 A- (( ,q) = —1,
B~ ((a,p)) = =2, B ((a,q)) = =2, B ((b,p)) = —2, B ((b,q)) = =2, C”((a,p)) =
—-.3, C_((aa Q)) =-3,C" ((b7 )) -3, C~ ((b q ) =—.3,
PxP = {((a,p),.1,.3,.5,—.1,—.2,—-.3),((a, q), .1, .5,.5, — -.3),
((b,p),.5,.4,.5,—.1 —-.3),((b,q),.5,.5,.5,— 3)},
PxQ ={(a,p),.1,.6,.5, — 1—2—3),((aq)155 1,—-.2,-.3),
((b,p), 4,.6,.5,—.1 -.3),((b,q),.1,.5,.5,—.1, -.3)},
Q x P ={((a,p), .3, 4,.5,— 2—3),((aq),3,5,5,— —.3),
((b,p), .4, .6, .5,—. , —.3),((b,q), 4,. 3)},
QxQ ={((a ,p),.3,.6,.5,—.1,—.2,—.3),((a,q) 1,.5,.5, — —.3),
((b,p), 4,.6,.5,—.1,—.2,—.3),((b,q), .1, .6, 5,—. -.3)}

By calculations H is not GSBSVNHG.

Example 4.5. Consider the GBSVNHGs Hy = (X1, E1) and Hy = (X2, E2) where X1 =
{a,b}, Xo = {p,q}, 1 = {P,Q}, B2 = {P',Q'}. Also AT, B]",C{ : X1 — [0,1] defined by
Af(a) = .3, AT (b) = .5, Bf (a) = .3, B (b) = 4, C (a) = .5, C (b) = .5, A], BS,C -
Xy — [0,1] defined by Ay (p) = 5, A3 (q) = .9, By (p) = .1, By (q) = 5, Cy (p) = .5,

Ci(q) = .5, AT, B{,C : X1 — [~1,0] defined by Aj (a) = —.5, A7 (b) = —.5, By (a) =
—.6, B (b) = —.6, C] (a) = =7, C (b) -7, Ay, B, ,Cy X2 —> [0,1] deﬁned by
AE(p)Z 5, Ay (q9) = =5, By (p) = By (q)=—6,Cy(p) = Cy(q) =

P = {(a,1,3,5—5—6—7),(0b,.5, 4,5 -5 —6 -7}

Q = {(a,.3,4,5-5-6,—.7),(b, 4,65 —5 —6—7)}

P = {(p,5,.3,.5—5—6,—7),(g.8,5,.5 -5 —6 71

Q = {(p 4,6,5 -5 —6,—-7),(¢.1,.5,5 -5 —6 —7)}

Then by routine calculations Hy is GSBSVNHG and Hy is GBSVNHG.
Let H = (X1 XXQ,El X EQ), A = A1 X AQ, B = Bl X BQ, C = Cl X 02. Then

A*((a,p)) = .3, A%((a,q)) = 3, A*((b,p)) = 5, A*((b,q)) = 5, B"((a,p)) = .3,
B*((a.q) = 5. B ((b.p)) = 4, B*((b.q) = 5, C*((@.p) = 5, C*((a.q) = 5,
C*((b,p)) = -5, C*((b q)) = -5, A" ((a,p)) = =5, A" ((a,9)) = =5, A=((b,p)) = — 5,
A~((b.)) = —5, B~((a.p)) = —6, B~((a,)) = —6, B~((b,p)) = —.6, B~((b.q)) = —6,
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C~((a,p)) = =7, €~ ((a,q)) = =7, C~((b,p)) = =7, C~((b,q)) = =7,

Px P ={((a,p), 1,.3,.5,—.5,—.6,—.7),((a,q), .1,.5,.5,—.5,—.6,—.7),
((b,p),.5,.4,.5,—.5,—.6,—.7),((b,q),.5,.5,.5,—.5,—.6,—.7)},
PxQ ={((a,p),.1,.6,.5,—.5, — 6—7),((a q),.1,.5,.5,—.5,—.6,—.7),
((b,p), 4,.6,.5,—.5,—.6,—.7),((b,q),.1,.5,.5 -5 —6 -7}
Qx P ={((a,p),.3, 4,55 — 6—7),((aq)355 5,—.6,—.7),
((b,p), 4,.6,.5,—.5,—.6,—.7),((b,q), 4,.6,.5,—.5,—.6,—.7)},
QxQ ={((a,p),.3,.6,.5,— -7, ((a,q),.1,.5,.5,—.5,—.6,—.7),

((b,p), 4, .6,.5,—.5,—. ,—.7),(( ,q),.1,.6,.5,—.5,—.6,—.7)}.
By calculations H is GSBSVNHG.

Proposition 4.1. If both H; and Hy are GBSVNHGS, then Hy x Hy is also GBSVNHG.

Proof. Let Hy = (Z1, E1) and Hy = (Z2, E3) be two GBSVNHGS, where Z; = {x1,x2,...,2,},
Zo ={y1,y2,-- . yn}, AT, B, Cf : Z1 — [0,1], AT, By ,Cy : Zy — [-1,0], AY,BS,C5
Zy —> [0, 1], A;,B;,C; 2 o — [—1,0] and

_ + ot - - +rr N
B = {(TEU’IEH FE11 TEll IE11 FEn) (TElk’IElk’FElk’TElk’IElk’FElk)}

_ N s SRS e — -
By = {(TEm IE21 FE21 TE21 IE21’FE21> (T IEZp F TEzp IEzp FEzp)}

where

+ + + . _ _ o
TEli’IE”’FEli 12— [0’ 1]’ TEli’IEli’FEu 12— [—1,0]

+ o+ ot . o T T
TE2]'7IE2j7FE2j . Z2 — [0, 1], TE2j7IE2j’FE2j : Z2 N [_1’0]

Vi =1,2,3,...,k and j = 1,2,3,...,p. Then the cartesian product Hy x Hy = (Z; X

Zy,E1 x E3) where Ey x By = {((T+11 x Th ), (If < If ), (Fp < Ff ), (T, %

Tgm)’ (11;711 X 1521) (FE_ll X FE2 )) ((TEM X TE%) (Iz?_u x IE2p)’ (an X FJ—EB;))’ (TEll X
T, ) Up,, x I, ), (Fg,, % FE2 ) (T, X Ty ), (I, < I, ), (i, < Fit, ), (T, X
Ty, ), Ug,, ¥ IEQP), (Fg,, X ))} which satisfies
k
\/ i, (@ \/ ) < AL (w), N T, (2) > B (3:)
r=1
P
N 14, /\ By (23) > CF (), N\ Fit, (97) > CF ()
s=1 r=1 s=1
k
N Tg,, (@) > A (2), /\TEQS (i) = A3 (47, \/ Ip,, (@) < By (a2)
r=1 r=1
P P
V 15, \/ Fp, (2:) < Cr (@), \/ Fg, (v) < Cy ()
s=1 r=1 s=1
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Vi=1,2,3,...,nand Vj =1,2,3,...,m. Now consider

p k P k

\/ \/(TEM X ngs)(x“yj) = \/ \/ B, (T (Z/J))

s=1r=1 s=1r=1
\/ 1. (Y5))

1+( i) N AZ (y5) = (AT x Af) (=i, y;)

Il
i 2»

IN

Vi and Vj. Similarly

<=
<=

w
Il
—
3
Il
—

(If,, * I, )(@i,y;) > (Bf x By)(xi, ;)

>= i>~a
i=-

=

(Fg:lr X ngs)(x“yj) (CF x CF ) (w4, y5)

»

<=1
>-1

IN

(I, x5 )(wiy;) < (BT x By )(xi,y;)

[y

<=4
>=;

(Fg,, *x Fii Ywi,y;) < (CF x C3) (@, ;)

@
I
—_
3
I
—

Vi and Vj. Thus H; x Hs is the GBSVNHG. O

Proposition 4.2. If both Hi and Hy are GSBSVNHGs, then Hy X Hs is also GSB-
SVNHG.

Proposition 4.3. If Hy x Hy be GSSVNHG, then at least Hy or Hy must be GSSVNHG.

Proof. Let Hy = (Z1, E1) and Hy = (Z2, E2) be two GBSVNHGS, where Z; = {21, 22, ..., 2y},
Zo =4{Y1,Y2, -y Yn}s Af,Bfr,Cfr 1 Zy —[0,1], A7, By ,Cy : Z1 — [—1,0], A;,B;,C’; :
Zo — [0, 1], AQ_,BQ_,C_ 1 dy — [—1,0],

_ + 7+ o + o7+ e
by = {(TEH’IEH’FEu’TEu’IEu’FEn) (TE1k’IE1k’FE1k’TE1k’IE1k’FE1k)}’
_ N S T s S e
Ey, = {(TE21 IE217FE21’TE21’IE21’FE21) (TE2p I F T IEQp’FEQP)}’
where
Ty If Fp 2 Z1— (0,1, Ty Ig ,Fg : Z1— [-1,0],

+ 7+ + i =
T T Fiy 20— (0,1, Ty, Ip,  Fig, + 2o — [<1,0],

Vi =1,2,3,...,k and j = 1,2,3,...,p. Then the cartesian product Hy x Hy = (Z1 %
ZQ_, E ><_E2) where Ej x E2 = {(T%,, +>< T521+) (I,;tﬂx I,'gil) (ng X F]:% ), (T, %
TE21) <IE11 X IE21) ( E11 >) <TE11 X T ) (IEH X I Eayp ) (FEll x I 2p) (TEH

Ty, ) Uy, < I, ), (Fg, ><FE2 )),... (T, ng,Z )s (I, ¥ 15, ) (B, X Fe, ), (T, %
Ty, ), Ug,, * Ig, ), (Fg, x Fg, ))}. Suppose that Hy x Hg is GSBSVNHG, but H; and
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Hy are not GSBSVNHGs then by definition we have

\/T;JF1 (z;) < Af (z4), \/TE2 y;) < A3 (y5), /\IE1 i) > By (%)
r=1 s=1

/\ () /\FJr z;) > Cf (x), /\ (yj) > C5 ()

r=1
p k
/\ Ty, (x:) > Ay (z:), N\ Tg,. () > A3 (y)), \/ Ip,, (1) < By (z:)
r=1 s=1 r=1
p
v5ﬁyﬂ<%lh VF&aw<c<m \ Fg,.(13) < Cy (y))
s=1

Vi = 1,2,3,...,n and Vj = 1,2,3,...,m Therefore

VW%x%mwn=VVszaw>

s=1r=1 s=1r=1

k p
= (V75 @) A\ T, (u)
r=1 s=1

< A (i) A A3 (y7) = (AT x AT)(wi,y5)

B

Vi and V4. Similarly

>~
>

(Tp,, X T, ) (@i y) > (A7 x A) (@i, y5)

V)
Il
_
3
I
—

(If, < I @i, y;) > (B x BY ) (24, y5)

== Ti>~c
=-

=

(Fg,, ¥ F, )(@i,y5) > (CF x CF)(wi,y5)

v}

<-1

<3

<-1

(Ig, x Ip V@i y;) < (By x By)(wi,y;)

—_

<=3

[y

<= %

(Filr X FE2S)(x1)y]) < (C; X C;)(x’my])

»
Il
—
3
Il
—

Vi and Vj. Therefore H; X Hs is not GSBSVNHG, which is contradiction, hence at least
one of Hy or Hy must be GSBSVNHG. O

5. CONCLUSION

In this paper, the concept of single valued neutrosophic hypergraph and bipolar single
valued neutrosophic hypergraph has been generalized by considering single valued neutro-
sophic vertex set and bipolar single valued neutrosophic vertex instead of crisp vertex set
and also considering interrelation between single valued neutrosophic vertices and bipolar
single valued neutrosophic vertices with and family of single valued neutrosophic edges
and bipolar single valued neutrosophic edges.
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