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Abstract

In this paper, we introduce the homomorphism, weak isomorphism, co-weak
isomorphism, and isomorphism of single valued neutrosophic hypergraphs. The
properties of order, size and degree of vertices, along with isomorphism, are
included. The isomorphism of single valued neutrosophic hypergraphs equivalence
relation and of weak isomorphism of single valued neutrosophic hypergraphs
partial order relation is also verified.
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1 Introduction

The neutrosophic set (NS) was proposed by Smarandache [8] as a general-
ization of the fuzzy sets [14], intuitionistic fuzzy sets [12], interval valued
fuzzy set [11] and interval-valued intuitionistic fuzzy sets [13] theories, and it
is a powerful mathematical tool for dealing with incomplete, indeterminate
and inconsistent information in the real world. The neutrosophic sets are
characterized by a truth-membership function (t), an indeterminacy-mem-
bership function (i) and a falsity membership function (f) independently,
which are within the real standard or non-standard unit interval ]-0, 1*[. To
conveniently use NS in the real-life applications, Wang et al. [9] introduced
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the single-valued neutrosophic set (SVNS), as a subclass of the neutrosophic
sets. The same authors [10] introduced the interval valued neutrosophic set
(IVNS), which is even more precise and flexible than the single valued
neutrosophic set. The IVNS is a generalization of the single valued
neutrosophic set, in which the three membership functions are independent,
and their values belong to the unit interval [0, 1]. The hypergraph is a graph
in which an edge can connect more than two vertices. Hypergraphs can be
applied to analyse architecture structures and to represent system partitions.
In this paper, we extend the concept into isomorphism of single valued
neutrosophic hypergraphs, and some of their properties are introduced.

2 Preliminaries

Definition 2.1

A hypergraph is an ordered pair H = (X, £), where:

(1) X ={xq, x,, ..., x, }a finite set of vertices;

(2) E={E|, E,, .., Ey}afamily of subsets of X;

3) E; are not-empty for j=1,2,3, .., mand U]-(Ej)z X
The set X is called set of vertices and £ is the set of edges (or hyper-edges).
Definition 2.2

A fuzzy hypergraph H = (X, E) is a pair, where X is a finite set and E is a finite
family of non-trivial fuzzy subsets of X, such thatX =u; Supp(Ej), j=
1,2,3,..,m.

Remark 2.3
The collection E = {E}, E;, E5, ..., E;, } is the collection of edge sets of H.
Definition 2.4

A fuzzy hypergraph with underlying set X is of the form # = (X E R) where
E = {Ey, E;, E3, ..., Ep,} is the collection of fuzzy subsets of X, that is Ej : X —

[0,1],/=1 2 3, .., mandR : E - [0, 1] is a fuzzy relation on fuzzy subsets
Ej, such that:

R(xq, X3, oo, %) < min(E;(xy), .., Ej(x,)), (D
for all { x4, x5, ..., x,-} subsets of X.

Definition 2.5

Let X be a space of points (objects) with generic elements in Xdenoted by x.
A single valued neutrosophic set A (SVNS A) is characterized by truth mem-
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bership function T, (x), indeterminacy membership function I, (x), and a
falsity membership function F4 (x). For each point x €X; T, (x), I4(x), Fa(x) €
[0, 1].

Definition 2.6

A single valued neutrosophic hypergraph (SVNHG) is an ordered pair # = (X,
E), where:

(1) X ={xq, x,, ..., x, } a finite set of vertices.

(2) E={E}, E,, .., E, }afamily of SVNSs of X.

B)E; #0=(0,0 0)forj=1,23, .., mand U; Supp(E;)= X
The set Xis called set of vertices and F'is the set of SVN-edges (or SVN-hyper-
edges).
Proposition 2.7

The SVNHG is the generalization of the fuzzy hypergraphs and of the
intuitionistic fuzzy hypergraphs.

Let be given a SVNHGH = (X E R), with underlying set X, where £ = {E;, E,,
..., E;y }is the collection of non-empty family of SVN subsets of X, and R being
SVN's relation on SVN subsets E; such that:

Rr(xq, X3, e, ) < min([TEj(xl)], o [TEj(xr)]): (2)
Ry (x1, %2, o, %) 2 max([Ig; (x1)], ..., Ug;(x)]), (3)
Rp(xq, X2, 0o Xp) = maX([FEj(xl)], ey [FEj(xr)D' 4)

for all { x4, x5, ..., x,-} subsets of X.

Example 2.8

Consider the SVNHG H = (X E, R) with underlying set X = {a, b, ¢}, where F' =
{4, B}and R, which is defined in the 7ables given below.

H A B

a (0.2,0.3,0.9) (0.5,0.2,0.7)
b (0.5,0.5,0.5) (0.1,0.6,0.4)
c (0.8,0.8,0.3) (0.5,0.9,0.8)
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R R, R, Ry
A 0.2 0.8 0.9
B 0.1 0.9 0.8

By routine calculations, # = (X, E, R)is a SVNHG.

3 Isomorphism of SVNHGs

Definition 3.1

A homomorphism f: H— K between two SVNHGs H= (X, E,R) and K= (Y, F,
S) is a mapping f: X = Y, which satisfies:

min[Tg,(x)] < min[Ty, (f(x))], (5)

max[lg;(x)] = max[Ip,(f ()], (6)

max[Fg, (x)] = max[Fg,(f(x))], )
for all x€ X, and

Ry (xp, Xz, 0 %) < Sp(f () f (), s f (), (®)

Ry (X1, Xz, s %) = Si(f (k1) f 2D, e f(20)), 9)

Re (X1, Xz, s %) = Sp(f(x1) , £ (62), s f (), (10)

for all { x;, x5, ..., x,-} subsets of X.

Example 3.2

Consider the two SVNHGs H = (X, E, R) and K = (Y, F, S) with underlying sets X
={a, b, c} and Y = {x, y, z}, where E = {A, B}, F = {C, D}, R and S, which are
defined in the Tables given below, and f: X = Y defined by f{a)=x, f(b)=y and
flc)=z.

H A B
a (0.2,0.3,0.9) (0.5,0.2,0.7)
b (0.5,0.5,0.5) (0.1,0.6,0.4)
c (0.8,0.8,0.3) (0.5,0.9,0.8)
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K C D
X (0.3,0.2,0.2) (0.2,0.1,0.3)
y (0.2,0.4,0.2) (0.3,0.2,0.1)
. (0.5,0.8,0.2) (0.9,0.7,0.1)

R Ry R, Rp

A 0.2 0.8 0.9

B 0.1 0.9 0.8

s S, S, S,

C 0.2 0.8 0.3

D 0.1 0.7 0.3

By routine calculations, f: H— K is a homomorphism between H and K.

Definition 3.3

A weak isomorphism f: H— K between two SVNHGs H = (X, E, R) and K= (Y, F,
S) is a bijective mapping f: X — Y, which satisfies f is homomorphism, such
that:

min[T, (x)] = min[Ty,(f ()], an

max[lg, (x)] = max[lr, (f ()], (12)

max([Fg, (x)] = max[Fy, (f ()], (13)
for all x€ X.

Note

The weak isomorphism between two SVNHGs preserves the weights of
vertices.

Example 3.4

Consider the two SVNHGs H = (X, E, R) and K = (Y, F, S) with underlying sets X
={a, b, c} and Y = {x, y, z}, where E = {A, B}, F = {C, D}, R and S, which are
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defined in the Tables given below, and f: X = Y defined by f{a)=x, f(b)=y and
fle)=z.

H A B
a (0.2,0.3,0.9) (0.5,0.2,0.7)
b (0.5,0.5,0.5) (0.1,0.6,0.4)
c (0.8,0.8,0.3) (0.5,0.9,0.8)
K C D
X (0.2,0.3,0.2) (0.2,0.1,0.8)
y (0.2,0.4,0.2) (0.1,0.6,0.5)
z (0.5,0.8,0.9) (0.9,0.9,0.1)

R R, R, Ry

A 0.2 0.8 0.9

B 0.1 0.9 0.9

S Sy S, Sp

C 0.2 0.8 0.9

D 0.1 0.9 0.8

By routine calculations, f: H = K is a weak isomorphism between H and K.
Definition 3.5

A co-weak isomorphism f: H —» K between two SVNHGs H = (X, E, R) and K = (Y,
F, S) is a bijective mapping f: X = Y which satisfies fis homomorphism, i.e.:

RT(xl'xZI ""xr) = ST(f(xl) lf(x2)r 'f(xr) )' (14)
Ri(x1, %2, s %) = Si(f(x1), f(x2), e, f(2)), (15)
RF(xlﬂxZ' ""xr) = SF(f(xl) 'f(xZ)' ""f(xr) )' (16)

for all { x;, x5, ..., x,-} subsets of X.
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Note

The co-weak isomorphism between two SVNHGs preserves the weights of
edges.

Example 3.6

Consider the two SVNHGs H = (X, E, R) and K = (Y, F, S) with underlying sets X
={a, b, c} and Y ={x, y, z}, where E = {A, B} ,F ={C, D}, R and S are defined in
the Tables given below, and f: X = Y defined by f(a)=x, f(b)=y and f(c)=z.

A B
(0.2,0.3,0.9) (0.5,0.2,0.7)
(0.5,0.5,0.5) (0.1,0.6,0.4)
(0.8,0.8,0.3) (0.5,0.9,0.8)

C D
(0.3,0.2,0.2) (0.2,0.1,0.3)
(0.2,0.4,0.2) (0.3,0.2,0.1)
(0.5,0.8,0.2) (0.9,0.7,0.1)

R Ry R, Rp

A 0.2 0.8 0.9

B 0.1 0.9 0.8

S Sy S, Sg

C 0.2 0.8 0.9

D 0.1 0.9 0.8

By routine calculations, f: H — K is a co-weak isomorphism between H and K.
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Definition 3.7

An isomorphism f: H— K between two SVNHGs H= (X, E,R) and K= (Y, F, S) is
a bijective mapping f: X = Y, which satisfies:

min([Tg, (x)] = min[Tp (f(x))], (17)

max[lg,(x)] = max[lg,(f(x))], (18)

max[Fy, (x)] = max([F,(f(x))], (19)
for all x€ X, and:

Ry(xp, Xz, 0 %) = Sp(f (1), £ (32), ooe, £ (2)), (20)

R (xg, %z e, %y) = Si(f (1), £ (52, ooe, f(21)), 21)

Rp(xy, %z s %) = Sp(f(xg), f(2), s f (1)), (22)

forall { x;, x5, ..., x,.} subsets of X.

Note

The isomorphism between two SVNHGs preserves both the weights of
vertices and the weights of edges.

Example 3.8

Consider the two SVNHGs H = (X, E, R) and K = (Y, F, S) with underlying sets X
={a, b, c} and Y = {x, y, z}, where E = {A, B}, F = {C, D}, R and S, which are
defined in the Tables given below, and f: X = Y defined by, f{a)=x, f(b)=y and
flc)=z.

H A B
a (0.2,0.3,0.7) (0.5,0.2,0.7)
b (0.5,0.5,0.5) (0.1,0.6,0.4)
c (0.8,0.8,0.3) (0.5,0.9,0.8)
K C D
X (0.2,0.3,0.2) (0.2,0.1,0.8)
y (0.2,0.4,0.2) (0.1,0.6,0.5)
z (0.5,0.8,0.7) (0.9, 0.9,0.1)
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R| Ry R, R,
A 0.2 0.8 0.9
B 0.0 0.9 0.8
S Sr S Sk
C 0.2 0.8 0.9
D 0.0 0.9 0.8

By routine calculations, f: H— K is an isomorphism between H and K.

Definition 3.9

Let H = (X, E, R) be a SVNHG; then, the order of H is denoted and defined by:

O(H) = minTEj(x),ZmaxIEj(x), (23)
and the size of H is denoted and defined by:
S(H) = (X Rr(E;) L Ri(E;) X Re(E;)). (24)

Theorem 3.10

Let H=(X E, R) and K = (Y, F, S) be two SVNHGs, such that H is isomorphic to
K.

Then:
(1) O(H) = O(K);
(2) S(H) = S(K).
Proof.

Let f: H - K be an isomorphism between H and K with underlying sets X and Y
respectively.

Then, by definition, we have:

min[Ts, ()] = min[Tr, (£ ()], 25)
max(/s, ()] = max{ly, (£ ()], (26)
max[F, (¥)] = max{Fr, (f(0)], @7

for all x € X, and:
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Ry(xp, Xz, s %) = Sp(F(x1) , f(2), woes f(21) ), (28)
Rl(xler' "'rxr) = Sl(f(xl) rf(xZ)' ""f(xr) )' (29)
RF(xI'xZ' "'rxr) = SF(f(xl) 'f(xZ)' ""f(xr) )' (30)

for all { x;, x5, ..., x,.} subsets of X.

Consider:

07(H) = ¥ minTg,(x) = £ min Ty, (£ (x)) = 07(K) (31
Similarly, 0;(H) = 0,(K) and Or(H) = Or(K), hence O(H) = O(K).
Next,

Sr(H) = X Rr(x1, X2, ..., %) = BSp(f(x0), f(x2), o, f () =
Sr(K) (32)

Similarly, S;(H) = S,(K), Sp(H) = Sp(K), hence S(H) = S(K).

Remark 3.11

The converse of the above theorem need not to be true in general.

Example 3.12

Consider the two SVNHGs H = (X, E, R) and K = (Y, F, S) with underlying sets X
={a, b, c d} and Y={w, x, y, z}, where E = {A, B}, F={C, D}, R and S, which are
defined in the Tables given below, where fis defined by f{a)=w, f(b)=x, f(c)=y,
fld)=z.

H A B
a (0.2,0.5,0.33) (0.16,0.5,0.33)
b (0.0,0.0,0.0) (0.2,0.5,0.33)
c (0.33,0.5,0.33) (0.2,0.5,0.33)
d (0.5,0.5,0.33) (0.0,0.0,0.0)

K C D

w (0.2,0.5,0.33) (0.2,0.5,0.33)

X (0.16,0.5,0.33) (0.33,0.5,0.33)

y (0.33,0.5,0.33) (0.2,0.5,0.33)

z (0.5,0.5,0.33) (0.0,0.0,0.0)
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R Ry R, R,
A 0.2 0.5 0.33
B 0.16 0.5 0.33
S St S; Sp

C 0.16 0.5 0.33
D 0.2 0.5 0.33

Here, O(H) = (1.06, 2.0, 1.32) = O(K) and S(H) = (0.36, 1.0, 0.66) = S(K), but, by

routine calculations, H is not isomorphism to K.

Corollary 3.13

The weak isomorphism between any two SVNHGs preserves the orders.

Remark 3.14

The converse of above corollary need not to be true in general.

Example 3.15

Consider the two SVNHGs H = (X, E, R) and K = (Y, F, S) with underlying sets X
={a, b, c d} and Y={w, x,y, z}, where E = {A, B}, F={C, D}, R and S, which are
defined in the Tables given below, where fis defined by f{a)=w, f(b)=x, f(c)=y,

fld)=z.
H A B
a (0.2,0.5,0.3) (0.14,0.5,0.3)
b (0.0,0.0,0.0) (0.2,0.5,0.3)
c (0.33,0.5,0.3) (0.16,0.5,0.3)
d (0.5,0.5,0.3) (0.0,0.0,0.0)
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K C D
w (0.14,0.5,0.3) (0.16,0.5,0.3)
X (0.0,0.0,0.0) (0.16,0.5,0.3)
y (0.25,0.5,0.3) (0.2,0.5,0.3)
z (0.5,0.5,0.3) (0.0,0.0,0.0)

Here, O(H)= (1.0, 2.0, 1.2) = O(K), but, by routine calculations, H is not weak
isomorphism to K.

Corollary 3.16

The co-weak isomorphism between any two SVNHGs preserves sizes.
Remark 3.17

The converse of above corollary need not to be true in general.

Example 3.18

Consider the two SVNHGs H = (X, E, R) and K = (Y, F, S) with underlying sets X
={a, b,c d} and Y={w,x y, z}, where E ={A, B}, F={C, D},R and S are defined
in the Tables given below, where fis defined by f{(a)=w, f(b)=x, f(c)=y, f(d)=z.

H A B
(0.2,0.5,0.3) (0.14,0.5,0.3)

(0.0,0.0,0.0) (0.16,0.5,0.3)

(0.3,0.5,0.3) (0.2,0.5,0.3)

(0.5,0.5,0.3) (0.0,0.0,0.0)

C D

(0.0,0.0,0.0) (0.2,0.5,0.3)
(0.14,0.5,0.3) (0.25,0.5,0.3)

(0.5,0.5,0.3) (0.2,0.5,0.3)

(0.3,0.5,0.3) (0.0,0.0,0.0)
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R Ry R, Ry
A 0.2 0.5 0.3
B 0.14 0.5 0.3
S St S Sk
C 0.14 0.5 0.3
D 0.2 0.5 0.3

Here, S(H) = (0.34,1.0,0.6) = S(K), but, by routine calculations, H is not co-
weak isomorphism to K.

Definition 3.19

Let H = (X, E, R) be a SVNHG; then the degree of vertex x; is denoted and
defined by:

deg(x;) = (degr(x;), deg;(x;), degp(x;)), (33)
where

degr(x;) = X Rr(xy, %2, ., %) (34)

deg;(x;) = X R;(x1, %2, .., xp), (35)

degp(x;) = X Rp(x1, %z, ..., X1), (36)
forx; # x,.

Theorem 3.20

If H and K are two isomorphic SVNHGs, then the degree of their vertices is
preserved.

Proof.

Let f: H— K be an isomorphism between H and K with underlying sets Xand Y
respectively; then, by definition, we have

min[Tg, ()] = min[Ty, (£ ()], 37
maX[IEj(x)] = maX[IFj(f(x))]’ (38)
max(Fy, (x)] = max[Fy,(f ()], (39)

for all x€ X, and:
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Ry(xp, %z, %) = Se(f(xn) . f(x2), oo, f (7)), (40)
Rl(xler' "'rxr) = Sl(f(xl) rf(xZ)' ""f(xr) )' (41)
RF(xlle' "'rxr) = SF(f(xl) 'f(xZ)' ""f(xr) )' (4'2)

for all { x;, x5, ..., x,.} subsets of X.

Consider:

degr(x;) = X Rr(x1, Xz, o, %) = XSr(f(x1), f(x2), e, f (7)) =

degr(f (x;)). (43)
Similarly:

deg;(x;) = deg;(f (x;)), degr(x;) = degp(f (x;)) (44)
Hence:

deg(x;) = deg(f (x)). (45)
Remark 3.21

The converse of the above theorem may not be true in general.

Example 3.22

Consider the two SVNHGs H = (X, E, R) and K = (Y, F, S) with underlying sets X
={a, b} and Y = {x, y}, where E = {A, B}, F = {C, D}, R and S are defined in the
Tables given below, where f is defined by, f(a)=x, f(b)=y, here deg(a) = ( 0.8,
1.0, 0.6) = deg(x) and deg(b) = (0.45, 1.0, 0.6) = deg(y).

H A B
a (0.5,0.5,0.3) (0.3,0.5,0.3)
b (0.25,0.5,0.3) (0.2,0.5,0.3)

K C D
X (0.3,0.5,0.3) (0.5,0.5,0.3)

y (0.2,0.5,0.3) (0.25,0.5,0.3)

S Sy S, Sk
C 0.2 0.5 0.3
D 0.25 0.5 0.3
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R R, R, Rp
A 0.25 0.5 0.3
B 0.2 0.5 0.3

But H is not isomorphic to K, i.e. H is neither weak isomorphic nor co-weak
isomorphic to K.

Theorem 3.23
The isomorphism between SVNHGs is an equivalence relation.

Proof.

Let H=(X E,R), K=(Y,F,S) and M = (Z, G, W) be SVNHGs with underlying sets
X, Y and Z, respectively:

- Reflexive.

Consider the map (identity map) f: X = X defined as follows: f{x) = x for all x€
X, since identity map is always bijective and satisfies the conditions:

min[Tg; (x)] = min[Tg,(f ()], (46)

max[lg;(x)] = max[Ig,(f ()], (47)

max[Fg, (x)] = max[Fg, (f ()], (48)
for all x€ X, and:

Ry (xp, Xz, %) = Rp(f(xp), f (%), o f(20)), (49)

Ry (1, %z, %) = Ri(F(0) , f(x2), s f(20)), (50)

Rp(xp, Xz, e, %) = Rp(f(x1) , f(%2), s f (X)), (51)

for all { x;, x5, ..., x,-} subsets of X.

Hence fis an isomorphism of SVNHG H to itself.

- Symmetric.

Let f: X = Y be an isomorphism of H and K, then fis bijective mapping, defined
as f{x) =y forallxe X

Then, by definition:
min{Ty, ()] = minTp, (f ()], (52)
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max[lg,(x)] = max[Ig;(f (x))], (53)

max[Fg, (x)] = max[Fy,(f ()], (54)
for all x€ X, and:

Ry(xp, X2, s %) = Sp(F (X)), f(x2), oo, f (1)), (55)

Ri(xp, %2, 0, %) = S (f(x1), f(X2), oo, f (X)), (56)

Rp(x1, %z, s %) = Sp(f(x1), f(x2), oo, f (1)), (57)

for all { x;, x5, ..., x,-} subsets of X.

Since fis bijective, then we have f~1(y) = x forally €Y.

Thus, we get:

min[Ty, (/)] = min[Ts, ()], (58)
max(lg, (f 1)1 = max(lr, )] (59)
max(Fg, (f ()] = max[Fr, ()], (60)

for all x€ X, and:
Rr (f_l(%):f_](YZ)» ---:f_l(Yr)) =St(V1, Y2 - V), (61)
RI (f_l(yI)'f_l(yZ)r ""f_l(yr)) = Sl(yl » Y2, ""yr)' (62)

RF (f_l(yl)'f_l(yZ)' -":f_l(yr)) = SF(yl » Y2, ""yr)' (63)

forall { y;,v,, ..., ¥} subsetsofY.

Hence, we have a bijective map f~! : ¥ — X, which is an isomorphism from K
to H.

- Transitive.

Let f:X - Y and g:Y — Z be two isomorphism of SVNHGs of H onto K and K
onto M, respectively. Then gof is a bijective mapping from X to Z, where gof
is defined as (gof)(x) = g(f(x)) forallx € X.

Since fis an isomorphism, then, by definition, f(x) = y forall x € X, which
satisfies:

min[T;, ()] = min{Ty,(f(O)], (64
max{ly,(x)] = max{ly, (£ ()], (65)
max[Fy, ()] = max[Fy, ( ()] (66)

for all x€ X, and:
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Rp(xp, %z, %) = Sp(f(x1), f(x2), o, f (1)), (67)
Ri(xy,xz, %) = S;(f(x1), f(x2), o, f(37)), (68)
Rp(x1, %2, s %) = Sp(f(x1), f(x2), o) f () ), (69)

for all { x;, x5, ..., x,.} subsets of X.

Since g : Y — Zis an isomorphism, then, by definition, g(y) = zforally €Y,
satisfying the conditions:

min[Ty, ()] = min|T5,(90)),
max[IFj(y)] = maX[Ic;j(g(}’))]'

maX[FFj (¥)] = max[F; (g(y))],

for all x€ X, and:

SruYz 0 ¥r) = Wr(g(y1), 9@2) s 9O ),
Sy ¥r) =W @), 902 g ),
Sr1 Y2 0 ¥r) = We(@1), 92), -, 9O) ),

forall { y;, v, ..., y-} subsets of Y.

Thus, from above equations, we conclude that:

min[TEj(x)] = min[TGj(g(f(x)))]:
max[lg, ()] = max[lg,(g(f ()],
max[FEj(x)] = maX[FGj(g(f(x)))]»

for all x€ X, and:

Ry (xy, s %) = Wr(g(f(x0), . g (F (),
R (xp, e, ) = Wi (g(f (xD), ., g (f (D)),
R (xg, %) = We(g(f Ce)), -, g (f (),

for all { x;, x5, ..., x,.} subsets of X.

(70)

(7D
(72)

(73)
(74)
(75)

(76)
(77)

(78)

(79)
(80)
(81

Therefore, gof is an isomorphism between H and M. Hence, the isomorphism
between SVNHGs is an equivalence relation.

Theorem 3.24

The weak isomorphism between SVNHGs satisfies the partial order relation.

Proof.

Let H=(X E,R), K=(Y,F,S) and M = (Z, G, W) be SVNHGs with underlying sets
X, Y and Z, respectively.
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- Reflexive.

Consider the map (identity map) f: X = X, defined as follows f{x)=x for all x €
X, since the identity map is always bijective and satisfies the conditions:

min[Tg, (x)] = min[Tg, (£ ()], (82)

max(l, (x)] = max[lg, (f ()], (83)

max[Fy, ()] = max[Fg, (f ()], (84)
for all x€ X, and:

Rp(xp, %z, o %) < Re(f (1) f (X2, o f (1)), (85)

Ri(x1, %2, ., xr) = Ri(f(xg), f(x2), e, f (1)), (86)

Rp(xp, 2z 0 2p) 2 Re(f (i), £ (), s f (1)), (87)

forall { x;, x5, ..., x,.} subsets of X.

Hence fis a weak isomorphism of SVNHG H to itself.

- Anti-symmetric.

Let fbe a weak isomorphism between H onto K, and g be a weak isomorphic
between K and H, that is f:X — Yis a bijective map defined by f(x) =
y for all x € X, satisfying the conditions:

min[Tg, (x)] = min[Ty, (f ()], (88)

max[lg, (x)] = max[lr,(f ()], (89)

max[Fg, (x)] = max[Fr, (f ()], (90)
for all x€ X, and:

Rr(xy, Xz, 00, 2) < Sp(f(x0)  f (), s f (), oD

Ry(x1, %2, o, %) = Si(f(x), f(x2), e, f (X)), (92)

Rp(x1,2z %) 2 Sp(f(rr) (), s f (1)), (93)

for all { x;, x5, ..., x,-} subsets of X.

Since g is also a bijective map g(y) = x for all y € Y satisfying the conditions:

min[Tp,(y)] = min[Tg,(9(»))], (95)
max{ly, ()] = max{ly, (90))], (96)
max[Fr,(y)] = max[Fg,(g(»)], (97)

forally € Y, and:
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Rr(y,y2 0, ¥r) < Sr(91),9(2), -, g(¥r)), (98)
Rl(ylﬂ Y2 ---'yr) = Sl(f(yl) 'f(yZ)' 'f(yr) )' (99)
Re(y1, ¥z s ¥r) = SE(f o), f2)s e fO) ), (100)

forall { y;, vy, ..., y-} subsets of Y.

The above inequalities hold for finite sets X and Y only when H and K SVNHGs
have same number of edges and the corresponding edge have same weight,
hence H is identical to K.

- Transitive.

Let f:X —» Y and g:Y = Z be two weak isomorphism of SVNHGs of H onto K
and K onto M, respectively. Then gof is a bijective mapping from X to Z,
where gof is defined as (gof)(x) = g(f(x)) forall x € X.

Since f is a weak isomorphism, then, by definition, f(x) = y forallx € X,
which satisfies the conditions:

min[Ty, (x)] = min[Tr (f ()], (101)

max[lp,(x)] = max[lp,(f(x))], (102)

max[Fg, (x)] = max[Fr, (f ()], (103)
for all x€ X, and:

Rp(xy, %z e, %) < Sp(f (), f(22)s s f (), (104)

Ri(xg, %2, e, %) =S (f(x1), f(x2), oo, f()), (105)

Ry (x1, %z, o0, %) = Sp(f (X1) , £ (x2), oo, f(20)), (106)

for all { x;, x5, ..., x,-} subsets of X.

Since g:Y - Z is a weak isomorphism, then, by definition, g(y) =
z forall y €Y satisfying the conditions:

min[Ts,(y)] = min[Tg,(g9()], (107)

max[ls,(y)] = max[lg,(g()], (108)

max[Fp,(y)] = max[Fg(g(»)], (109)
for all x€ X, and:

Srn Y2 w0 ¥) SWr(ge) , 92, s 901 ), (110)

SiVL Y2 o) Z2WigW), 92, -, 90)), (111)

S Y2 0 ¥r) =2 We(@1),9(2), -, 90 ), (112)

forall {y;,y,, ..., -} subsetsofY.
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Thus, from above equations, we conclude that:
min[Tg;(x)] = min[T;, (g(f (x)))],
max[lg, ()] = max[lg,(g(f ()],
max[Fg (x)] = max[Fg;(g(f ()],

for all X€ X, and:
Rp(xy, %) < Wr(g(f(x2)), ., g(f (x))),
Ri(xp, %) 2 Wi(g(f(x2)), o, g(f (X)),
Re(xy, %) 2 Wr(g(f (), ., g(f ()

for all { x;, x5, ..., x,.} subsets of X.

Therefore gofis a weak isomorphism between H and M.

(113)
(114)

(115)

(116)
(117)
(118)

Hence, a weak isomorphism between SVNHGs is a partial order relation.

4 Conclusion

Theoretical concepts of graphs and hypergraphs are highly used by computer

science applications. Single valued neutrosophic hypergraphs are more
flexible than fuzzy hypergraphs and intuitionistic fuzzy hypergraphs. The
concepts of single valued neutrosophic hypergraphs can be applied in various

areas of engineering and computer science.

In this paper, the isomorphism between SVNHGs is proved to be an

equivalence relation and the weak isomorphism to be a partial order relation.
Similarly, it can be proved that a co-weak isomorphism in SVNHGs is a partial

order relation.

5) References

[1] C. Radhamani, C. Radhika. Isomorphism on Fuzzy Hypergraphs, I0SR Journal
of Mathematics (IOSRJM), ISSN: 2278-5728 Volume 2, Issue 6 (Sep-Oct.

2012), 24-31.

[2] A. V. Devadoss, A. Rajkumar & N. J. P. Praveena. A Study on Miracles through
Holy Bible using Neutrosophic Cognitive Maps (NCMS). In: International

Journal of Computer Applications, 69(3) (2013).

[3] A. Nagoorgani and M. B. Ahamed. Order and Size in Fuzzy Graphs. In: Bulletin

of Pure and Applied Sciences, Vol 22E (No. 1) (2003) 145-148.

[4] A. Nagoorgani. A. and S. Shajitha Begum. Degree, Order and Size in
Intuitionistic Fuzzy Graphs. In: Intl. Journal of Algorithms, Computing and

Mathematics, (3)3 (2010).

Critical Review. Volume XIII, 2016



M, Aslam Malik, Ali Hassan, Said Broumi, Assia Bakali, M. Talea, F. Smarandache 39

Isomorphism of Single Valued Neutrosophic Hypergraphs

[5] A. Nagoorgani and S. R Latha. On Irregular Fuzzy Graphs. In: Applied
Mathematical Sciences, Vol. 6, no. 11 (2012) 517-523.

[6] A. Nagoorgani, J. Malarvizhi. Isomorphism Properties on Strong Fuzzy Graphs,
International Journal of Algorithms, Computing and Mathematics, 2009, pp.
39-47.

[7] F. Smarandache. Refined Literal Indeterminacy and the Multiplication Law of
Sub-Indeterminacies. In: Neutrosophic Sets and Systems, Vol. 9 (2015) 58-
63.

[8] F. Smarandache. Types of Neutrosophic Graphs and Neutrosophic Algebraic
Structures together with their Applications in Technology, Seminar,
Universitatea Transilvania din Brasov, Facultatea de Design de Produs si
Mediu, Brasov, Romania, June, 6th, 2015.

[9] F. Smarandache. Symbolic Neutrosophic Theory. Brussels: Europanova, 2015,
195 p.

[10] F. Smarandache. Neutrosophic set - a generalization of the intuitionistic
fuzzy set. In: Granular Computing, 2006 IEEE Intl. Conference, (2006) 38 - 42,
DOI: 10.1109/GRC. 2006.1635754.

[11] H. Wang, F. Smarandache, Y. Zhang, R. Sunderraman. Single Valued
Neutrosophic Sets. In: Multispace and Multistructure, 4 (2010) 410-413.

[12] H. Wang, F. Smarandache, Zhang, Y.-Q., R. Sunderraman. [Interval
Neutrosophic Sets and Logic: Theory and Applications in Computing. Phoenix:
Hexis, 2005.

[13] I. Turksen. Interval valued fuzzy sets based on normal forms. In: Fuzzy Sets
and Systems, vol. 20(1986) 191-210.

[14] K. Atanassov. Intuitionistic fuzzy sets. In: Fuzzy Sets and Systems. vol. 20
(1986) 87-96.

[15] K. Atanassov and G. Gargov. Interval valued intuitionistic fuzzy sets. In:
Fuzzy Sets and Systems, vol. 31 (1989) 343-349.

[16] L. Zadeh. Fuzzy sets. In: Information and Control, 8 (1965) 338-353.

[17] M. Akram and B. Davvaz. Strong intuitionistic fuzzy graphs. In: Filomat, vol.
26,n0.1(2012) 177-196.

[18] M. Akram and W. A. Dudek. Interval-valued fuzzy graphs. In: Computers &
Mathematics with Applications, vol. 61, no. 2 (2011) 289-299.

[19] M. Akram. Interval-valued fuzzy line graphs. In: Neural Comp. and
Applications, vol. 21 (2012) 145-150.

[20] M. Akram. Bipolar fuzzy graphs. In: Information Sciences, vol. 181, no. 24
(2011) 5548-5564.

[21] M. Akram. Bipolar fuzzy graphs with applications. In: Knowledge Based
Systems, vol. 39 (2013) 1-8.

[22] M. Akram and A. Adeel. m-polar fuzzy graphs and m-polar fuzzy line graphs.
In: Journal of Discrete Mathematical Sciences and Cryptography, 2015.

[23] M. Akram, W. A. Dudek. Regular bipolar fuzzy graphs. In: Neural Computing
and Applications, vol. 21, pp. 97-205 (2012).

[24] M. Akram, W.A. Dudek, S. Sarwar. Properties of Bipolar Fuzzy Hypergraphs.
In: Italian Journal of Pure and Applied Mathematics, no. 31 (2013), 141-161

Critical Review. Volume XIII, 2016



40

M, Aslam Malik, Ali Hassan, Said Broumi, Assia Bakali, M. Talea, F. Smarandache

Isomorphism of Single Valued Neutrosophic Hypergraphs

[25] M. Akram, N. O. Alshehri, and W. A. Dudek. Certain Types of Interval-Valued
Fuzzy Graphs. In: Journal of Appl. Mathematics, 2013, 11 pages,
http://dx.doi.org/10.1155/ 2013 /857070.

[26] M. Akram, M. M. Yousaf, W. A. Dudek. Self-centered interval-valued fuzzy
graphs. In: AfrikaMatematika, vol. 26, Issue 5, pp 887-898, 2015.

[27] P. Bhattacharya. Some remarks on fuzzy graphs. In: Pattern Recognition
Letters 6 (1987) 297-302.

[28] R. Parvathi and M. G. Karunambigai. Intuitionistic Fuzzy Graphs. In:
Computational Intelligence. In: Theory and applications, International
Conference in Germany, Sept 18 -20, 2006.

[29] R. A. Borzooei, H. Rashmanlou. More Results on Vague Graphs, U.P.B. Sci.
Bull,, Series A, Vol. 78, Issue 1, 2016, 109-122.

[30] S. Broumi, M. Talea, F. Smarandache and A. Bakali. Single Valued
Neutrosophic Graphs: Degree, Order and Size. IEEE International Conference
on Fuzzy Systems (FUZZ),2016, pp. 2444-2451.

[31] S. Broumi, M. Talea, A. Bakali, F. Smarandache. Single Valued Neutrosophic
Graphs. In: Journal of New Theory, no. 10, 68-101 (2016).

[32] S. Broumi, M. Talea, A. Bakali, F. Smarandache. On Bipolar Single Valued
Neutrosophic Graphs. In: Journal of New Theory, no. 11, 84-102 (2016).

[33] S. Broumi, M. Talea, A. Bakali, F. Smarandache. Interval Valued Neutrosophic
Graphs, SISOM & ACOUSTICS 2016, Bucharest 12-13 May, pp. 79-91.

[34] S. Broumi, F. Smarandache, M. Talea and A. Bakali. An Introduction to
Bipolar Single Valued Neutrosophic Graph Theory. Applied Mechanics and
Materials, vol.841, 2016, pp.184-191.

[35] S. Broumi, M. Talea, A. Bakali, F. Smarandache. Operations on Interval
Valued Neutrosophic Graphs (2016), submitted.

[36] S. Broumi, F. Smarandache, M. Talea and A. Bakali. Decision-Making Method
Based on the Interval Valued Neutrosophic Graph, Future Technologie, 2016,
IEEE, pp 44-50.

[37] S. N. Mishra and A. Pal. Product of Interval Valued Intuitionistic fuzzy graph.
In: Annals of Pure and Applied Mathematics, Vol. 5, No. 1 (2013) 37-46.

[38] S. Rahurikar. On Isolated Fuzzy Graph. In: Intl. Journal of Research in
Engineering Technology and Management, 3 pages.

[39] W. B. Vasantha Kandasamy, K. Ilanthenraland F. Smarandache.
Neutrosophic Graphs: A New Dimension to Graph Theory, EuropaNova,
Belgium, 2016.

Critical Review. Volume XIII, 2016



