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Abstract. Soft set is a classification of elements of the universe with respect to some given set of
parameters. It is a new approach for modeling vagueness and uncertainty. The concept of soft graph is
used to provide a parameterized point of view for graphs. In this paper we introduce the concepts of
subdivision graph, power and line graph of a soft graph and investigate some of their properties.
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1. Introduction
The idea of soft sets was first given by D. Molodtsov [7] in 1999. A soft set is a classification of
elements of the universe with respect to some given set of parameters. It has been shown that
soft set is more general in nature and has more capabilities in handling uncertain information.
Many authors like Maji et al. [6], [5] have further studied the theory of soft sets and used
the theory to solve some decision making problems. In 2014, Thumbakara and George [12]
introduced the concept of soft graph to provide a parameterized point of view for graphs. In
2015, Akram and Nawas [2] modified the definition of soft graph. They [1] also defined certain
types of soft graphs like regular soft graph, soft tree etc. and also explained the concepts of
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soft bridge, soft cut vertex, soft cycle etc. Thenge et al. [10] contributed more to connected
soft graph. Also they [11] studied about the radius, diameter and center of a soft graph and
introduced the concept of degree in soft graph. In 2019, Sarala and Manju [8] introduced the
concept of soft bi-partite graph and studied some properties. In 2020, Thenge [9] discussed the
concepts of adjacency matrix and incidence matrix of a soft graph. Domination over soft graphs
is introduced by Venkatraman and Helen [13]. In this paper, we introduce the concepts of power
and line graph of a soft graph. Also, we investigate some properties of them.

2. Preliminaries
2.1 Graphs
We refer [4] for preliminaries from graphs. A graph G is a pair (V ,E) of two finite sets: V , the
vertex set of G which is a nonempty set and E, the edge set which is possibly empty. G can also
be represented by (V (G),EG)). The degree of a vertex v denoted by d(v) is the number of edges
of G incident with v. Let H be a graph with vertex set V (H) and edge set E(H) and G be a graph
with vertex set V (G) and edge set E(G). Then we say that H is a subgraph of G if V (H)⊆V (G)
and E(H)⊆ E(G). A walk in a graph G is a finite sequence W = v0e1v1e2v2 . . .vk−1ekvk whose
terms are alternately vertices and edges such that for 1≤ i ≤ k, the edge e i has ends vi−1 and
vi . We say this walk as a v0-vk walk. Here v0 is called origin of the walk and vk is called the
terminus of the walk. A u-v walk is called closed or open depending on whether u = v or u ̸= v.
Trivial walk is one containing no edges. The number of edges in the walk is called the length of
the walk. If the edges in the walk are distinct then the walk is called a trail. If the vertices of
the walk are distinct then that walk W is called a path. A non-trivial closed trail in a graph G
is called a cycle if its origin and internal vertices are distinct. A trail in G is called an Euler
trail if it includes every edge of G. A tour of G is a closed walk of G which includes every edge
of G at least once. An Euler tour of G is a tour which includes each edge of G exactly once.
A graph is called Euler if it has an Euler tour. A vertex u is said to be connected to a vertex v
in a graph G if there is a path in G from u to v. A graph is said to be connected if every two
of its vertices are connected. If C(u) denote the set of all vertices in G that are connected to u
then the subgraph of G induced by C(u) is called the connected component containing u, or
simply the component containing u. A Hamiltonian path in a graph G is a path which contains
every vertex of G. A Hamiltonian cycle in a graph G is a cycle which contains every vertex of
G. A graph is called Hamiltonian if it has a Hamiltonian cycle. First theorem of graph theory

says that “For any graph G with e edges and n vertices,
n∑

i=1
d(vi)= 2e”. A graph G is sad to be

bipartite if the vertex set of G can be partitioned into two nonempty subsets X and Y in such a
way that each edge of G has one end in X and the other end in Y . For any two vertices u and v
in a graph G which are connected by a path, we define distance between u and v, denoted by
d(u,v) or dG(u,v) to be the length of a shortest u-v path. Degree sequence of a graph G is the
list of degree of all vertices of the graph in nonincreasing order, that is, from largest degree to
smallest degree.
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2.2 Soft Set
In 1999 D. Molodstov [7] introduced the concept of soft set. Let u be an initial universe set and
let e be a set of parameters. A pair (F,E) is called a Soft set (over u) if and only F is a mapping
of e into the set of all subsets of the set u. That is, F : E → P(u). In other words, the soft set is
a parametrized family of subsets of the set u. Every set F(ε), ε ∈ E, from this family may be
considered as the set of ε-elements of the set (F,E), or as the set of ε-approximate elements of
the soft set.

2.3 Soft Graph
Thumbakara and George [12] defined a soft graph as follows. Let G = (V ,E) be a simple graph
and A be any nonempty set. Let R be an arbitrary relation between elements of A and elements
of v. That is R ⊆ AXV . A mapping F : A → P(v) can be defined as F(x)= {y ∈V | xR y}. The pair
(F, A) is a soft set over v. Then (F, A) is said to be a Soft Graph of G if the subgraph induced by
F(x) in G is a connected subgraph of G for all x ∈ A.

Akram and Nawas [2] modified the definition of soft graph as follows. Let G∗ = (V ,E)
be a simple graph and A be any nonempty set. Let R be an arbitrary relation between
elements of A and elements of V . That is R ⊆ AXV . A mapping F : A → P(v) can be defined
as F(x) = {y ∈ V | xR y}. Also, define a mapping K : A → P(e) by K(x) = {uv ∈ E | {u,v} ⊆ F(x)}.
The pair (F, A) is a soft set over v and the pair (K , A) is a soft set over e. Then the 4-tuple
G = (G∗,F,K , A) is called a soft graph if it satisfies the following conditions:

(i) G∗ = (V ,E) is a simple graph,

(ii) A is a nonempty set of parameters,

(iii) (F, A) is a soft set over v,

(iv) (K , A) is a soft set over E,

(v) (F(A),K(A)) is a subgraph of G∗ for all a ∈ A

If we represent (F(x),K(x)) by H(x) then soft graph G is also given by {H(x) : x ∈ A}.

3. Part of a Soft Graph and Part Degree
Definition 3.1 (Part of a Soft Graph). Let G∗ = (V ,E) be a graph and G = (G∗,F,K , A) be a soft
graph of G∗ which is also represented by {H(x) : x ∈ A}. Then H(x) corresponding to a parameter
x in A is called a part of the soft graph G.

Definition 3.2 (Part Degree). Let G = (G∗,F,K , A) be a soft graph and v be any vertex of the
part H(x) of G for some x ∈ A. Then part degree of the vertex v in H(x) denoted by d(v)[H(x)] is
the degree of the vertex v in that part H(x).

Theorem 3.1. Let G∗ = (V ,E) be a graph and G = (G∗,F,K , A) be a soft graph of G∗ which is
represented by {H(x) : x ∈ A}. Then

∑
x∈A

∑
v∈F(x)

d(v)[H(x)] = 2
∑

x∈A
|K(x)|, where |K(x)| denotes the

number of edges in the part H(x).
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Proof. Let H(x) = (F(x),K(x)) be a part of the soft graph G for some xA. By applying first
theorem of graph theory in the part H(x) we get

∑
v∈F(x)

d(v)[H(x)]= 2|K(x)|. This is true for every

part H(x) of G. So
∑

x∈A

∑
v∈F(x)

d(v)[H(x)]= 2
∑

x∈A
|K(x)|.

Example 3.1. Consider a graph G∗ = (V ,E) as shown in the following Figure 1.

Figure 1. Graph G∗ = (V ,E)

Let A = {b, e} ⊆ V be a parameter set and (F, A) be a soft set with its approximate function
F : A → P(V ) defined by {y ∈V | xR y⇔ d(x, y)≤ 1} for all x ∈ A.
That is, F(b) = {a,b, c,h, g} and F(e) = {c,d, e, g, f }. Let (K , A) be a soft set over E with its
approximate function K : A → P(E) defined by K(x)= {uv ∈ E | {u,v}⊆ F(x)} for all x ∈ A.
That is, K(b)= {ab,ah,bh,bc,bg, ch,hg} and K(e)= {cd, ce,de, ge, gf , f e}.
Thus H(b)= (F(b),K(b)) and H(e)= (F(e),K(e)) are subgraphs of G∗ as shown in Figure 2.
Hence G = {H(b),H(e)} is a soft graph of G∗.

Figure 2. Soft graph G = {H(b),H(e)}

Tabular representation of this soft graph is given in Table 1.

Table 1. Tabular representation of the Soft graph G = {H(b),H(e)}

A/V a b c d e f g h
b 1 1 1 0 0 0 1 1
e 0 0 1 1 1 1 1 0

A/E ab ah bc bh bg ch cd ce de e f eg f g gh
b 1 1 1 1 1 1 0 0 0 0 0 0 1
e 0 0 0 0 0 0 1 1 1 1 1 1 0

Communications in Mathematics and Applications, Vol. 13, No. 1, pp. 75–85, 2022



Subdivision Graph, Power and Line Graph of a Soft Graph: R.K. Thumbakara et al. 79

In G two parts are H(b) and H(e). The part degrees of vertices are calculated as follows:
d(a)[H(b)] = 2, d(b)[H(b)] = 4, d(c)[H(b)] = 2, d(h)[H(b)] = 4, d(g)[H(b)] = 2, d(c)[H(e)] = 2,
d(d)[H(e)]= 2, d(e)[H(e)]= 4, d(g)[H(e)]= 2 and d( f )[H(e)]= 2.
Here ∑

x∈A

∑
v∈F(x)

d(v)[H(x)]= (2+4+2+4+2)+ (2+2+4+2+2)= 14+12= 26.

Also

2
∑
x∈A

|K(x)| = 2(7+6)= 26.

That is,∑
x∈A

∑
v∈F(x)

d(v)[H(x)]= 2
∑
x∈A

|K(x)| in G.

4. Subdivision Graph of a Soft Graph
Definition 4.1 (Subdivision part). Let G = (G∗,F,K , A) be a soft graph of G∗ represented by
{H(x) : x ∈ A}. Let H(x) be a part of G for some x ∈ A. Then the subdivision part S[H(x)] of H(x)
is the graph obtained from H(x) by replacing each edge uv of the part H(x) by a new vertex wuv

and the two new edges uwuv and vwuv.

Definition 4.2 (Subdivision Graph of a Soft Graph). Let G = (G∗,F,K , A) be a soft graph of G∗

represented by {H(x) : x ∈ A}. Then subdivision graph of the soft graph G denoted by S(G) is
given by S(G)= {S[H(x)] : x ∈ A}, where S[H(x)] is the subdivision part of H(x) for x ∈ A.

Example 4.1. Consider a graph G∗ = (V ,E) as shown in the following Figure 3.

Figure 3. Graph G∗ = (V ,E)

Let A = {b, e} ⊆ V be a parameter set and (F, A) be a soft set with its approximate function
F : A → P(V ) defined by F(x)= {y ∈V | xR y⇔ d(x, y)≤ 1} for all x ∈ A.
That is, F(b)= {b, f , g} and F(e)= {d, e, i, j}. Let (K , A) be a soft set over E with its approximate
function K : A → P(E) defined by K(x)= {uv ∈ E | {u,v}⊆ F(x)} for all x ∈ A.
That is, K(b)= {bf ,bg, f g} and K(e)= {de,di, ei, e j, i j}.
Thus H(b)= (F(b),K(b)) and H(e)= (F(e),K(e)) are subgraphs of G∗ as shown in Figure 4.
Hence G = {H(b),H(e)} is a soft graph of G∗.
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Figure 4. Soft graph G = {H(b),H(e)}

Tabular representation of this soft graph is given in Table 2.

Table 2. Tabular representation of the Soft graph G = {H(b),H(e)}

A/V a b c d e f g h i j
b 0 1 0 0 0 1 1 0 0 0
e 0 0 0 1 1 0 0 0 1 1

A/E af ag bf bg c f cg f g ch hi di de ei e j i j
b 0 0 1 1 0 0 1 0 0 0 0 0 0 0
e 0 0 0 0 0 0 0 0 0 1 1 1 1 1

Consider this soft graph G = {H(b),H(e)}. It’s subdivision graph S(G) = {S[H(b)],S[H(e)]} is
given below in Figure 5.

Figure 5. Subdivision graph S(G)= {S[H(b)],S[H(e)]}

Theorem 4.1. Let G = (G∗,F,K , A) be a soft graph represented by {H(x) : x ∈ A} and S(G) =
{S[H(x)] : x ∈ A} be the subdivision graph of G. Then the total number of vertices in S(G) is∑
x∈A

(|F(x)|+ |K(x)|) and the total number of edges in S(G) is 2
∑

x∈A
|K(x)|, where |F(x)| denotes the

number of vertices and |K(x)| denotes the number of edges in the part H(x) of G.

Proof. Let H(x) be a part of the soft graph G for some x ∈ A and S[H(x)] be the corresponding
subdivision part. Then by the definition, the subdivision part S[H(x)] of H(x) is the graph
obtained from H(x) by replacing each edge uv of the part H(x) by a new vertex wuv and the
two new edges uwuv and vwuv. So corresponding to an edge in H(x), we have a new vertex in
S[H(x)] and all vertices of H(x) remain in S[H(x)]. Also, an edge in H(x) splits into two edges
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in S[H(x)]. So in the subdivision part S[H(x)], total number of vertices is (|F(x)|+ |K(x)|) and
the total number of edges is 2|K(x)|. This is true for all subdivision parts S[H(x)]. Therefore,
the total number of vertices in S(G) is

∑
x∈A

(|F(x)|+ |K(x)|) and the total number of edges in S(G)

is 2
∑

x∈A
|K(x)|.

Example 4.2. Consider the soft graph G = {H(b),H(e)} given in Figure 4 and its subdivision
graph S(G)= {S[H(b)],S[H(e)]} is given in Figure 5. The total number of vertices in S(G)= 15=
(3+3)+ (4+5)= ∑

x∈A
(|F(x)|+ |K(x)|). Total number of edges in S(G)= 16= 6+10= 2

∑
x∈A

|K(x)|.

Theorem 4.2. Let G = (G∗,F,K , A) be a soft graph represented by {H(x) : x ∈ A} and S(G) =
{S[H(x)] : x ∈ A} be the subdivision graph of G. Then the subdivision part S[H(x)] is a bipartite
graph for every x ∈ A.

Proof. Let S(x) be the subdivision part of H(x) = (F(x),K(x)) for some x ∈ A. The subdivision
part S[H(x)] of H(x) is obtained from H(x) by replacing each edge uv of the part H(x) by a
new vertex wuv and the two new edges uwuv and vwuv. So the vertex set of S[H(x)] denoted by
V (S[H(x)]) can be partitioned into two non-empty subsets V1 = F(x) and V2 =V (S[H(x)])−F(x)
(i.e., V1

⋃
V2 = V (S[H(x)]) and V1

⋂
V2 = φ) such that each edge in the subdivision part has

one end in V1 and the other end in V2. So S[H(x)] is a bipartite graph. This is true for every
x ∈ A.

5. Power of a Soft Graph
Definition 5.1 (kth Power of a Part). Let H(x)= (F(x),K(x)) be any part of a soft graph G which
is connected. Then the kth power of the part H(x), denoted by [H(x)]k is defined to be the graph
having the same vertex set F(x) as H(x) and in which two vertices u and v are joined by an edge
uv if and only if in H(x) we have 1≤ dH(x)(u,v)≤ k, where dH(x)(u,v) is the distance between u
and v in the part H(x).

Definition 5.2 (kth Power of a Soft Graph). Let G = (G∗,F,K , A) be a soft graph represented
by {H(x) : x ∈ A} in which all parts H(x) are connected. Then kth power of G denoted by Gk is
defined as Gk = {[H(x)]k : x ∈ A}, where [H(x)]k is the kth power of the part H(x). G2 and G3

are also called square and cube respectively of the soft graph G.

Example 5.1. Consider a graph G∗ = (V ,E) as shown in Figure 6.

Figure 6. Graph G∗ = (V ,E)
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Let A = {a, e} ⊆ V be a parameter set and (F, A) be a soft set with its approximate function
F : A → P(V ) defined by for all x ∈ A.
That is, F(a) = {a,b, c, f , g} and F(e) = {d, e,h, i, j}. Let (K , A) be a soft set over E with its
approximate function K : A → P(E) defined by K(x)= {uv ∈ E | {u,v}⊆ F(x)} for all x ∈ A.
That is, K(a)= {ab,bc,af ,bf ,bg, cg} and K(e)= {dh,di,hi, ei, e j, i j}.
Thus H(a)= (F(a),K(a)) and H(e)= (F(e),K(e)) are subgraphs of G∗ as shown in Figure 7.
Hence G = {H(a),H(e)} is a soft graph of G∗.

Figure 7. Soft graph G = {H(a),H(e)}

Tabular representation of this soft graph is given in Table 3.

Table 3. Tabular representation of the Soft graph G = {H(a),H(e)}

A/V a b c d e f g h i j

a 1 1 1 0 0 1 1 0 0 0

e 0 0 0 1 1 0 0 1 1 1

A/E ab af bc b f bg cg cd ch dg dh di ei e j gh hi i j

a 1 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0

e 0 0 0 0 0 0 0 0 0 1 1 1 1 0 1 1

The square of this soft graph G = {H(a),H(e)} is G2 = {[H(a)]2, [H(e)]2} and is given in
Figure 8.

Figure 8. G2 = {[H(a)]2, [H(e)]2}

Theorem 5.1. Let G = (G∗,F,K , A) be a soft graph represented by {H(x) : x ∈ A}. If H(x) is a
Hamiltonian part for some x ∈ A then [H(x)]k will be Hamiltonian.
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Proof. Consider a Hamiltonian part H(x) of G. Then [H(x)]k will be Hamiltonian since the
supergraph of a Hamiltonian graph is Hamiltonian.

6. Line Graph of a Soft Graph
Definition 6.1 (Line Graph of a Part). Let G = (G∗,F,K , A) be a soft graph represented by
{H(x) : x ∈ A}. Then the line graph L[H(x)] of the part H(x) of G is a graph whose vertices can
be put in one-to-one correspondence with the edges of H(x) such that two vertices u and v of
L[H(x)] are adjacent if and only if the corresponding edges of H(x) are adjacent.

Definition 6.2. [Line Graph of a Soft Graph] Let G = (G∗,F,K , A) be a soft graph represented by
{H(x) : x ∈ A}. Then the line graph L(G) of the soft graph G is defined as L(G)= {L[H(x)] : x ∈ A}.

Example 6.1. Consider the graph G = (V ,E) given in Figure 6 and its soft graph G = {H(a),H(e)}
given in Figure 7. The line graph L(G) of the soft graph G is L(G)= {L[H(a)],L[H(e)]} and is
given in Figure 9. The vertex corresponding to the edge mn in H(x) is given as umn in L[H(x)].

Figure 9. L(G)= {L[H(a)],L[H(e)]}

Theorem 6.1. Let G = (G∗,F,K , A) be a soft graph represented by {H(x) : x ∈ A} and L(G) be
the line graph of G given by {L[H(x)] : x ∈ A}. Assume that the degree sequence of the part
H(x) for some x ∈ A is d1[H(x)],d2[H(x)] . . .d|F(x)|[H(x)]. In L(G), the total number of vertices is∑
x∈A

|K(x)| and total number of edges is
∑

x∈A

|F(x)|∑
i=1

(di[H(x)])(di[H(x)]−1)
2 , where |F(x)| and |K(x)| denote

the number of vertices and edges respectively in the part H(x) of G.

Proof. Consider a part H(x) = (F(x),K(x)) of the soft graph G for some x ∈ A having degree
sequence d1[H(x)],d2[H(x)] . . .d|F(x)|[H(x)]. Since the vertices of the line graph L[H(x)] of this
part H(x) can be put in one-to-one correspondence with the edges of H(x), the number of vertices
in L[H(x)] is |K(x)|. Also, each vertex in H(x) having degree di creates di(di−1)

2 edges in L[H(x)]
since there is an edge in L[H(x)] joining two vertices u and v if and only if the corresponding
edges of H(x) are adjacent. So in L[H(x)], the total number of vertices is |K(x)| and total number

of edges is
|F(x)|∑
i=1

(di[H(x)])(di[H(x)]−1)
2 . This is true for H(x) for every x ∈ A. So in L(G), the total

number of vertices is
∑

x∈A
|K(x)| and total number of edges is

∑
x∈A

|F(x)|∑
i=1

(di[H(x)])(di[H(x)]−1)
2 .

Example 6.2. Consider the soft graph G = {H(a),H(e)} given in Figure 7 and its line graph
given in Figure 9.
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Here the total number of vertices in L(G) = 12 = 6+6 = |K(a)| + |K(e)| = ∑
x∈A

|K(x)| and the

total number of edges in L(G)= 20= 10+10=
|F(a)|∑
i=1

(di[H(a)])(di[H(a)]−1)
2 +

|F(e)|∑
i=1

(di[H(e)])(di[H(e)]−1)
2 =

∑
x∈A

|F(x)|∑
i=1

(di[H(x)])(di[H(x)]−1)
2 .

7. Conclusion
Theory of soft graphs is a fast developing research area in graph theory due to its capability to
deal with the parameterization tool. Soft graph was introduced by applying the concept of soft
set in graph. By means of parameterization, soft graph produces a series of descriptions of a
complicated relation described using a graph. We introduced the concepts of subdivision graph,
power and line graph of a soft graph and established some important properties of them.
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