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Abstract

In this paper, we have extended the concept of soft hemiring in graph theory and introduced soft simple graphs over
hemirings and soft simple graph isomorphism over hemirings. We also investigated some structural properties of them.
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1 Introduction

In our practical life, we often face some troubles with uncertainties in which right judgment is very crucial. But most
of our conventional mathematic apparatus cannot solve these troubles. To triumph over these limitations in 1999,
Russian researcher Molodtsov [23] initiated the idea of soft set, which can be treated as an inventive mathematical
tool for dealing with uncertainties. Also Molodtsov pointed out some applications of soft set in [24]. Recently, soft set
theory has been developed speedily and focused by a host of scholars in theory and application. In 2003, Maji et
al.[21] defined some basic operations of soft set such as equality of two soft sets, subset and super set of a soft set,
complement of a soft set, null soft set and absolute soft set with examples. In 2009, Ali et al. [5] introduced several
new operations of soft sets and developed the idea of complement of soft set. Babitha and Sunil [6] in 2010,
introduced the concept of soft set relations as a sub soft set of the Cartesian product of the soft sets and many related
concepts such as equivalent soft set relation, partition, composition and function are discussed. The theoretical aspects
of soft set were also studied by some researchers [11, 22, 26, 27, 28, 30]. Soft set theory has also probable
applications in numerous fields of science and engineering such as smoothness of functions, game theory, operations
research, Riemann integration, Perron integration, probability theory and measurement theory. Mostly it has been
applied to soft decision making in [7, 8, 20, 34]. In algebra, the concept of soft set was also successfully applied by
some researchers [1, 4, 9, 13-18, 25]. On the other hand the concept of hemiring was first introduced by LaTorre [19]
in 1965; as a special kind of semiring. Golan [10] in 1999 redefined hemiring and discussed some special classes of
hemirings. Later some researchers studied hemirings such as [2, 31]. Soft hemirings are also studied by Yasin Ali et
al. [32, 33]. In graph theory, the concept of soft set first used Thumbakara and George [29]. They introduced soft
graphs and investigated some of its properties. Akram and Nawaz [3] introduced vertex-induced soft graphs, edge-
induced soft graphs and complement of soft graphs also investigated some properties of soft graphs. In this work, we
have extended the concept of soft hemirings in undirected simple graph theory. The paper is organized as follows. In
section 2 we have discussed some basic definitions and notations used in this article. In section 3 we have introduced
soft simple graph over hemirings. In section 4, soft simple graph isomorphism is described.

2 Preliminaries

2.1 Hemirings
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Definition 2.1.1: [31] A hemiring is a nonempty set H on which operations of addition and multiplication have been
defined such that the following conditions are satisfied:

= (H; +) isacommutative monoid with identity element 0;
= (H;-) isasemigroup;

= Multiplication distributes over addition from either side;

= The element 0 is the absorbing element of the multiplication i.e.,0-r=0=17"-0.

A non-empty subset A of H is called a subhemiring of H if it contains zero and is closed with respect to the
addition and multiplication of H.

Example 2.1.1 (a): The set H = {0, a, b, ¢, d} is a hemiring with the operations table in Table 1.
Table 1: The operations table of the hemiring H
d : 0
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2.2 Soft Sets [23]

Suppose that U is an initial universe set and E is a set of parameters, let P(U) denotes the power set of U. A pair
(F,E)is called a soft set of U where F is a mapping given by F: E —» P(U). Clearly a soft set is a mapping from
parameters to P(U) and it is not a set, but a parameterized family of subsets of the universe.

2.3 Soft Hemirings [33]

Let H be a hemiring and A be two non-empty set. We consider an arbitrary binary relation R between an element of A
and an element of H, that is, R is a subset of A X H without otherwise specified. A set-valued function F: A - P(H)
which is defined as

F(x) ={y € H:(x,y) € R} forall x € A.

Then the pair (F,A) is called a soft set of H, which is derived from the relation R. For a soft set (F, A), the set
Supp(F,A) = {x € A:F(x) # @} is called the support of the soft set. A soft set is called null soft set if the support is
empty, and we say that a soft set is non-null if Supp(F, A) # .

Definition 2.3.1: Let (H; +,-) be a hemiring and A be a non-empty set. Then a non-null soft set (F, A) is called a soft
hemiring of H, if F(x) is a subhemiring of H for all x € Supp(F, A).

Example 2.3.1(a): Let (H ={0,1,2,3,4,5}; +¢, X¢) be a hemiring and A = {0,1,2,3,4,5}. We consider a set valued
function F: A — P(H) which is defined as

F(x)={y € H:xRy & x X,y = 0} forall x € A.
Then F(0) = H,F(1) = {0}, F(2) ={0,3}, F(3) ={0,2,4}, F(4) ={0,3}, F(5) = {0}.

As we observe that all of these sets are subhemirings of H. So (F, A) is a soft hemiring of H.

2.4 Simple Undirected Graphs [12]

A graph G* = (V, E) consists of a non-empty set of objects I, called vertices and a set E of two element subset of V
called edges. A graph G; = (V4, E;) is said to be a subgraph of G* = (V,E) if V; €V and E; € E. A graph in which
each edge connects two different vertices and where no two edges connect the same pair of vertices is called a simple
graph. The simple graphs G; = (V;, E;) and G5 = (V,, E,) are isomorphic if there is a one-to-one and onto mapping
from V; to V, with the property that a and b are adjacent in G; if and only if f(a) and f(b) are adjacent in G, for all
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a and b in V;. Such a mapping f is called an isomorphism. The degree of a vertex in an undirected simple graph is the
number of edges incident with it.

3 Soft Simple Graphs over Hemirings

Let G* = (V,E) be a simple undirected graph where, V is a hemiring and E is the relation on V. The elements of IV
are vertices of G* and the elements of E are the edges of G*. Let A be a non-empty set and R be an arbitrary binary
relation from A to G*. A mapping from A to P(V) written as, F: A — P(V) can be defined as F(x) = {y € V: (x,y) €
R} for all x € A and a mapping from A to P(E) written as K: A = P(E) can be defined as K(x) = {uv € E: {u,v} S
F(x)} for all x € A. The pair (F, 4) is a soft set of VV and the pair (K, A) is a soft set of E.

Definition 3.1: The pair ((F, A), (K, A)) is a called soft simple graph over a hemiring V if (F, A) is a soft hemiring of
V and (F(a), K(a)) is a connected subgraph of G* for all a € A. It is denoted by G, i.e., G = ((F, A), (K, A)) where
(F(a),K(a)) is denoted by J(a).

Example 3.1 (a): Consider the simple undirected graph G* = (V, E), where V = {0, a, b, ¢, d} is a hemiring with the
operations table in Table 1, and the graph is given as,

Figure 1: Simple undirected graph G*
Let A = {a, b, c} be a non-empty set and F: A = P(V) is a set valued function defined by
F(x) ={y €V:xRy © d(x,y) = 1} forall x € A.
That is, F(a) = {0,b,d}, F(b) = {0, a, c} andF(c) = {0, b, d}. Then clearly (F, A) be a soft hemiring of V.
Let (K, A) be a soft set of E where K: A — P(E) is a set valued function defined by
K(x) = {uv € E: {u,v} € F(x)} for all x € A.

That is, K(a) = {0b,0d}, K(b) = {0a,0c} and K(c) = {0b,0d}. Then we obtain that J(a) = (F(a),K(a)),](b) =
(F (b),K (b)) and J(c) = (F (c),K (c)) are connected subgraphs of G* as shown in Figure 2. Hence
G = ((F,A), (K, A)) is a soft simple graph of G* over the hemiring V.

d a d
0
.\D\' 0
b b b
J(a) corresponding to ‘a’ J(b) corresponding to ‘b’ J(c) corresponding to ‘¢’
Figure 2: Connected subgraphs J(a),J(b),](c)

Also we can represent this soft simple graph G = ((F, A), (K, A)) over the hemiring V by the Table 2.
Table 2: Tabular representation of the soft simple graph

F|loO a b c d K|Oa Ob O 0d ab bc cd da
a 1 0 1 0 1 a 0 1 0 1 0 0 0 0
b 1 1 0 1 0 b 1 0 1 0 0 0 0 0
c 1 0 1 0 1 c 0 0 0 1 0 0 0 0

Definition 3.2: Let G, = ((F, 4), (K;,A4)) and G, = ((F,,B), (K,,B)) be two soft simple graphs of G* over a
hemiring V. Then G, is a soft simple subgraph of G,if
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(i) B € 4;
(i) F,(x) is a subhemiring of F; (x) for all x € B;
(ii1) J,(x) is a connected subgraph of J; (x) for all x € B.

Example 3.2 (a): Consider the simple undirected graph G* in the Example 3.1(a).
Let A = {a, b, c} and B = {a, b} be two non-empty sets. Let F;: A = P(V) be a set valued function defined by
Fi(x)={y€V:xRy © d(x,y) <1} forallx € A.

That is, F;(a) = {0,a, b,d}, F,(b) = {0,a,b,c}and F;(c) = {0, b, c,d}. Then obviously (F;,A) be a soft hemiring
of V.

Let (K;, A) be a soft set of E where K;: A — P(FE) is a set valued function defined by
K (x) ={uv € E:{u,v} € F,(x)} forall x € A.

That is, K;(a) = {0a, 0b,0d, ab, ad}, K, (b) = {0a, 0b,0c, ab, bc} and K;(c) = {0b,0c,0d, bc,cd}. Thus J;(a) =
(F1 (a),K; (a)),]l b) = (Fl (b), K, (b)) and J;(c) = (F1 (¢),K; (c)) are connected subgraphs of G*as shown in figure
3. Hence G; = ((F;, A), (K, A)) is a soft simple graph of G* over the hemiring V.

a d a d

Ji(a) J1(b) Ji(c)

Figure 3: Connected subgraphs J;(a), J;(b),];(c)
Again let F,: B = P(V) is a set valued function defined by
F,(x) ={y €V:xRy © d(x,y) = 1} forall x € B.
That is, F,(a) = {0, b,d} and F,(b) = {0, a, c}. Then evidently (F,, B) be a soft hemiring of V.

Let (K,, B) be a soft set of E where K,:B — P(E) is a set valued function defined by
K,(x) = {uv € E:{u,v} € F,(x)} forall x € B.

That is, K,(a) ={0b,0d} and K,(b) ={0a,0c} . Thus J,(a) = (F(a),Ks(a)), Jo(b) = (F,(b),K,(b)) are
connected subgraphs of G*as shown in figure 4. Hence G, = ((F,, B), (K;, B)) is a soft simple graph of G* over the
hemiring V.

d a
L .
N
0 s
b c
J2(a) J2(b)

Figure 4: Connected subgraphs J,(a), J,(b)

Now, we observe that B € A, F,(x) is a subhemiring of F;(x) and J,(x) is a connected subgraph of J; (x) for
all x € B. Hence G, is a soft simple subgraph of G;.

Definition 3.3: Let G, = ((Fy,A4), (K;,A)) and G, = ((F,, B), (K,,B)) be two soft simple graphs of G* over a
hemiring V. Then the intersection of G, and G,is defined by G = G, N G, = ((F,C), (K, C)) where C = AN B and
for allx € C, F(x) = F;(x) N F,(x) and K(x) = K;(x) N K,(x)

Example 3.3 (a): Consider the simple undirected graph G* in the Example 3.1(a).
Let A = {b,c} and B = {c, d} be two non-empty sets. Let F;: A = P (V) is a set valued function defined by
Fi(x) ={y €V:xRy & d(x,y) = 1} for all x € A.
That is, F; (b) = {0, a, c} and F;(c) = {0, b, d}, and therefore (F;, A) be a soft hemiring of V.
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Let (K;, A) be a soft set of E where K;: A — P(FE) is a set valued function defined by
Ki(x) = {uv € E:{u,v} € F;(x)} forall x € A.

That is, K;(b) = {0a, 0c} and K;(c) = {0b,0d}. Thus J,(b) = (Fl(b),Kl(b)),jl(c) = (Fl(c),Kl(c)) are connected
subgraphs of G*as shown in figure 5. Hence G, = ((F;, A), (K, A)) is a soft simple graph of G* over the hemiring V.

a d

c b
Ji(B) Ji(e)

Figure 5: Connected subgraphs J; (b), J;(c)
Again let F,: B —» P(V) is a set valued function defined by
F,(x) ={y €V:xRy & d(x,y) < 1} forallx € B.

That is F,(c) = {0,b,c,d} and F,(d) = {0,a,c,d}. So by routine calculations give that (F,, B) is a soft hemiring
of V.

Let (K,, B) be a soft set of E where K,: B — P(E) is a set valued function defined by
K,(x) = {uv € E: {u,v} € F,(x)} forall x € B.
That is, K,(c) = {0b, 0c, 0d, bc, cd} and K,(d) = {0a, Oc, 0d, cd, da}. Consequently
J(c) = (FZ(C)’ KZ(C))JZ(d) = (Fz(d)' Kz(d))

are connected subgraphs of G*as shown in Figure 6. Hence G, = ((F,, A), (K;, A)) is a soft simple graph of G* over
the hemiring V.

J2(c) J2(d)
Figure 6: Connected subgraphs J,(c),/,(d)
Here C = AN B = {c}. Then
F(c) = F,(c)nF,(c) ={0,b,d}and K(c) = K;(c) N K,(c) = {0b, 0d}.
The subgraph J(c) = (F(c), K(c)) of G* is shown Figure 7.

J(e)
Figure 7: Subgraph J(c)

Theorem 3.4: Let G, = ((F,,4), (K;,4)) and G, = ((F,, B), (K,,B)) be two soft simple graphs of G* over a
hemiring V.If AN B # @ and F(x) = F;(x) N F,(x) # @. Then G, N G, is an also soft simple graph of G* over the
hemiring V.

Proof: By Definition 3.3, we can write
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G1 NGy = ((F,A), (K1, 4)) n ((F,, B), (K, B)) = ((F, ), (K, ),
where C = AN B,F(x) = F;(x) N Fy(x) and K(x) = K;(x) N K,(x) forallx € C.
By hypothesis for allx € C = AN B # @, we have F(x) = F;(x) N F,(x) # @. Thus F; (x) and F,(x) are both
subhemirings of V. Hence F(x) is a subhemiring of V and consequently(F (x), K(x)) is a connected subgraph of G*

for all x € C and so ((F, 0), (K, C)) = ((Fl,A), (Kl,A)) n ((FZ,B), (KZ,B)) is a soft simple graph of G* over a
hemiring V.

Corollary 3.5: Let G; = ((F;, A), (Ky,A4)) and G, = ((F,, A), (K,,A)) be two soft simple graphs of G* over a
hemiring V. If F(x) = F;(x) N F,(x) # @. Then we have the following

(i) The intersection G; N G, is a soft simple graph of G* over the hemiring V.
(ii) Gy N G, is a soft connected subgraph of G; and G, over the hemiring V.

Proof: Trivial.

Definition 3.6: Let G, = ((F1,A), (K1, A)) and G, = ((F,, B), (K5, B)) be two soft simple graphs of G* over a
hemiring V. Then the union of G, and G, is defined by G = G; U G, = ((F,C), (K, C)) where C = AU B and for
allx € C,

F; (%) if x€e A—B;
F(x) =X F,(x) if xEB—A4;
Fi(x) UF,(x) ifxe AnB.
And
K, (x) if x€A—B;
K(x) =<K, (x) if x € B—4;

K, (x)UK,(x) ifx € AnB.

Example 3.6 (a): Consider the soft simple graphs G; = ((F,, A), (Ky,4)) and G, = ((F,, B), (K;, B)) in the example
3.3(a).

Here C = AU B = {b,c,d}. Then

F(b) = F;(b) ={0,a,c} and K(b) = {0a, Oc};
F(c) = Fi(c) UF,(c) ={0,b,c,d} and K(c) = {0b,0c,0d, bc, cd};

F(d) = F,(d) ={0,a,c,d} and K(d) = {0a, Oc, 0d, cd, da}.
Subgraphs of G* are

x

b .
d

S5 1@ 7o

Figure 8: Subgraphs J(b),](c),/(d)

Theorem 3.7: Let G, = ((F,,4), (K;,4)) and G, = ((F,, B), (K,,B)) be two soft simple graphs of G* over a
hemiring V. If A N B = @, then G; U G, is an also soft simple graph of G* over a hemiring V.

Proof: We have from the Definition 3.6, G = G, U G, = ((F, (), (K,C)) where C = AU B and for all x € C,

F;(x) if x€e A—B;
F(x) =<{F,(x) if x € B—A;
Fi(x) UF,(x) ifxe ANnB.

And
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K;(x) if x€ A—B;
K(x) =< K,(x) if x€EB—A;
K (x) UK,(x) ifx € AnB.

Since AN B = @, it follows that x EA— Borx € B—Aforallx € C.

Ifx € A— B, then F(x) = F;(x), is a subhemiring of V, since (F, A) is a soft hemiring of V and consequently,
(F(x),K(x)) is a connected subgraph of G* over the hemiring V. If x € B — A, then F(x) = F,(x) is a subhemiring
of V, since (F,,B) is a soft hemiring of V and therefore, (F(x),K(x)) is a connected subgraph of G* over a
hemiring V. Hence G; U G, = ((F,C), (K, C)) is a soft simple graph of G* over the hemiring V.

Definition 3.8: Let G; = ((F;,4), (K;,4)) and G, = ((F,, B), (K,,B)) be two soft simple graphs of G* over a
hemiring V.

Then G; AND G, denoted by G; A G, = ((Fy, A), (Ky, A)) A ((Fy, B), (K2, B))is defined by ((Fy, A), (K1, A)) A
((F,, B), (K,,B)) = ((F,C),(K,C)) where C=AXB and F(x,y) =F, (x) N F,(y) and K(x,y) =K, (x) N
K,(y) forall (x,y) € C.

Example 3.8 (a): Consider the simple undirected graph G* in the example 3.1(a).
Let A = {a, c} and B = {b} be two parameter sets. Let F;: A — P(V) is a set valued function defined by
Fi(x) ={y €V:xRy & d(x,y) < 1} forallx € A.
That is, F; (a) = {0,a,b,d} and F;(c) = {0, b, c,d}. We notice that (F;, A) be a soft hemiring of V.
Let (K, A) be a soft set of E where K;: A — P(E) is a set valued function defined by
K;(x) = {uv € E: {u, v} € F;(x)} for all x € A.

That is, K;(a) = {0a, 0b,0d, ad, ab} and K;(c) = {0b,0c,0d, bc dc}. Therefore J;(a) = (F,(a),K;(a)),]1(c) =
(F1(c), K, (c)) are connected subgraphs of G*as shown in figure 9. Thus G, = ((Fy, 4), (K, A)) is a soft simple graph

of G* over the hemiring V.
a V(ﬁ d
0

b 0 b c

Ji(a) Ji(e)
Figure 9: Connected subgraphs J;(a),J;(c)
Again let F,: B = P(V) is a set valued function defined by
F,(x) ={y €V:xRy © d(x,y) < 1} forall x € B.
That is, F,(b) = {0, a, b, c}, so therefore (F,, B) be a soft hemiring of V.
Let (K;, B) be a soft set of E where K,: B — P(E) is a set valued function defined by
K,(x) = {uv € E: {u,v} S F,(x)} forall x € B.

That is, K, (b) = {0a, 0b, Oc, ab, bc}. Thus J,(b) = (Fz (b), K, (b)) is a connected subgraph of G*as shown in figure
10.

Consequently G, = ((F,, A), (K;, A)) is a soft simple graph of G* over a hemiring V.
) %.
b c

J2(b)
Figure 10: Connected subgraph J,(b)
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Here C = A X B = {(a,b)(c, b)}. Then
F(a,b) = F,(a) N F,(b) ={0,a,b}and K(a,b) = K;(a) N K,(b) = {0a, 0b, ab};
F(c,b) = F;(c) N F,(b) ={0,b,c} and K(c,b) = K;(c) N K,(b) = {0b,Oc, bc}.
Subgraphs of G* are

b (8]
Jla, b) J(c. b)

Figure 11: Subgraphs J(a, b),J(c, b)

Theorem 3.9: Let G, = ((F,4), (K1, A)) and G, = ((F,,A), (K,,A)) be two soft simple graphs of G* over a
hemiring V. If F(x) = F;(x) N F,(x) # @. Then G; A G, is an also soft simple graph of G* over the hemiring V.

Proof: Trivial.
Definition 3.10: Let G, = ((F;, A), (K1, 4)) and G, = ((F,, B), (K, B)) be two soft simple graphs of G* over a
hemiring V. Then G; OR G, denoted by G; V G, = ((Fy, 4), (K1, A)) V ((Fy, B), (K2, B)) is defined by
((Fy, A), (Ky, D)) V ((Fy, B), (K3, B)) = ((F, ), (K, C))
where C = AX Band F(x,y) = F; (x) U F,(y) and K(x,y) = K; (x) U K,(y) forall (x,y) € C.

Example 3.10 (a): Consider the soft simple graphs G, = ((F;,4),(K;,A4)) and G, = ((F,, A), (K, A)) in the
example 3.8(a).

Here C = A X B = {(a, b)(c, b)}. Then
F(a,b) = F,(a) UF,(b) ={0,a,b,c,d} and K(a,b) = K;(a) U K,(b) = {0a,0b,ab,0d, ad, Oc, bc};
F(c,b) = F,(c) UF,(b) ={0,a,b,c,d}and K(c,b) = K,(c) U K,(b) = {0a, 0b, Oc, bc,ab, 0d, dc}.
Subgraphs of G* are

J(a,b) J(c,b)
Figure 12: Subgraphs J(a, b),J (b, c)

Theorem 3.11: Let G; = ((Fy, A), (K;,A)) and G, = ((F,,A), (K, A)) be two soft simple graphs of G* over a
hemiring V. If F(x) = F;(x) N F,(x) # @. Then G; V G, is an also soft simple graph of G* over the hemiring V.

Proof: Trivial.

4 Soft Simple Graph Isomorphism

Definition 4.1: Let G; = ((F;,A), (K1, A)) and G, = ((F,, B), (K3, B)) be two soft simple graphs of the graphs
Gy = (V4,E,) and G; = (V,, E,) respectively over hemirings V; and V, respectively. Let f: G; = G5 and g: A — B.
Then (f, g) is said to be a soft simple graph homomorphism if,

(i) f is a graph homomorphism from G; to G,;

(i) g is a mapping from A to B;

(iii) f(F,(x)) = F,(g(x)) for all x € A.

Then G; is said to be a soft simple graph homomorphic to G,.



Journal of Uncertain Systems, Vol.12, No.4, pp.309-320, 2018 317

Example 4.1 (a): Consider the graphs G = (V;, E;) and G; = (V,, E,) as shown in figure 13, where V; = {0, a, b, c}
and V, = {u(= 0), v} are hemirings under the operations tables, Table 3 and Table 4 respectively.

Table 3: The operations table of the hemiring V;

+] 0 a b c ] 0 a b c
0 0 a b c 0 0 0 0 0
a a a b c a 0 a a a
b b b b c b 0 a b b
c c c c c c 0 a b c

Table 4: The operations table of the hemiring V,

+| u v " u v
u 0 v u u u
v v v v u v
o L
4]
b c T
Gi G3

Figure 13: Simple undirected graphs G; and G,

Let A ={0,a,b,c}and B = {u, v} be non-empty sets. Let (F;, A) be a soft hemiring of V; where F;: A = P(V;)
is a set valued function defined by

F(x) ={y €V;:xRy & d(x,y) < 1} forall x € A.
Let (K3, A) be a soft set of E; where K;: A — P(E;) is a set valued function defined by
K (x) = {uv € E;: {u,v} € F,(x)} forall x € A.
Then G; = ((F;, A), (Ky,A4)) is a soft simple graph of G; over the hemiring V;.
Again let (F,, B) be a soft hemiring of V,, where F,: B — P(V;) is a set valued function defined by
F,(x) ={y € V;:xRy © d(x,y) < 1} forall x € B.
Let (K,, B) be a soft set of E;, and K,: B — P(E,) is a set valued function defined by
K,(x) = {uv € E;: {u,v} € F,(x)} for all x € B.
Then G, = ((F,, B), (K, B)) is a soft simple graph of G, over the hemiring V.

Define
f:Gi > G by f(0) =u,f(a) =v,f(b) =uf(c) =v.
Then f is a graph homomorphism from Gy to G;.
Define
9:A—-Bbyg(0) =u,g(a) =v,9(b) =u,g(c) =v.
Then g is a mapping from A to B.
Also f(F;(x)) = F,(g(x)) forall x € A.
Hence G is soft simple graph homomorphic to G,.

Definition 4.2: Let G; = ((F;, 4), (K;,4)) and G, = ((F,, B), (K,,B)) be two soft simple graphs of the graphs
Gy = (V3,E;) and G; = (V,, E;) respectively over hemirings V; and V, respectively. Let f: G; = G5 and g: A - B.
Then (f, g) is said to be a soft simple graph isomorphism if
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(i) f is a graph isomorphism from G; to G,;
(i) g is a bijective mapping from 4 to B;
(iii) f(F;(x)) = F,(g(x)) forall x € A.
Then G; is said to be a soft simple graph isomorphic to G,.

Example 4.2 (a): Consider the graphs G = (V4, E;) and G; = (V,, E,) as shown in figure 14, where V; = {0, a, b}
and V, = {u(= 0), v, w} are hemirings under the operations tables, Table 5 and Table 6 respectively.

Table 5: The operations table of the hemiring V;

+] 0 a b ] 0 a b
0 0 a b 0 0 0 0
a a a b a 0 a a
b b b b b 0 a b
Table 6: The operations table of the hemiring V,

+ u v w " u v w
u u % w u u u u
v v v w v u v v
w w w w w u v w

a

‘L‘J

0 T

b i

Gi G2

Figure 14: Simple undirected graphs G; and G,

Let A ={0,a,b} and B = {u, v, w} be non-empty sets. Let (F;, A) be a soft hemiring of V; where F;: A —» P(V;)
is a set valued function defined by

Fi(x) ={y €V;:xRy & d(x,y) < 1} forall x € A.
Let (K, A) be a soft set of E; where K;:A — P(E,) is a set valued function defined by
Ki(x) = {uv € E;: {u,v} € F,(x)} for all x € A.
Then G, = ((F;,A), (K3, A)) is a soft simple graph of G; over the hemiring V.
Again let (F,, B) be a soft hemiring of V, where F,: B — P (V) is a set valued function defined by
F,(x) ={y € V;: xRy © d(x,y) < 1} forall x € B.
Let (K,, B) be a soft set of E, where K,: B — P(E}) is a set valued function defined by
K,(x) = {uv € E;: {u,v} € F,(x)} for all x € B.
Then G, = ((F,, B), (K, B)) is a soft simple graph of G, over the hemiring V.
Define f: Gy = G; byf(0) = u, f(a) = v, f(b) = w. Then f is a graph isomorphism from G to G;.
Define g: A = B by g(0) = u, g(a) = v, g(b) = w. Then g is a bijective mapping from A to B.
Also f(F,(x)) = F,(g(x)) for all x € A.

Hence G, is soft simple graph isomorphic to G,.
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5 Conclusion

After the introduction of soft set by Molodtsov, a host of researchers used this concept in many branches of
mathematics and other disciplines. In this work, we have used the concept of soft hemirings and introduced soft
simple graphs and discussed some properties of them.
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