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Abstract

An edge-colored graph G is called rainbow connected if any two vertices in G are connected by a
path whose no two edges are colored the same. The rainbow connection of G, denoted by rc(G), is
the smallest number of colors needed such that G be a rainbow connected graph. Similarly defined,
an edge-colored graph G is called strong rainbow connected if any two vertices in G are connected
by a geodesic path whose no two of its edges are colored the same. The strong rainbow connection
for G, denoted by src(G), is the smallest number of colors needed such that G be a strong rainbow
connected graph. This paper considers the determination of the rainbow connection and strong
rainbow connection numbers of the line graph, the middle graph, and the total graph of a wheel
Wn on n+ 1 vertices.
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1. Introduction

The concept of rainbow connection was introduced by Chartrand et al. [1]. For a nontrivial
connected graph G and a positive integer k, let c : E(G) → {1, 2, · · · , k} be an edge coloring of
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G, where the adjacent edges can be colored the same. A path in G is called a rainbow path if every
edge is colored differently. A graph G is called a rainbow connected if for every two vertices x and
y in G, there exists a rainbow (x, y)-path. In this case, the coloring c is a rainbow coloring. If c is
a rainbow coloring with k colors, then c is a rainbow k-coloring. If k is the smallest number, then
k is defined as the rainbow connection number rc(G) of G. Clearly diam(G) ≤ rc(G), where
diam(G) is the diameter of G.

Let c be an edge coloring of a nontrivial graph G. For two vertices x and y of G, a (x, y)-
rainbow geodesic in G is a (x, y)-rainbow path of length d(x, y). The graph G is called a strongly
rainbow connected if for every two vertices x and y in G, there exists a rainbow (x, y) geodesic. In
this case, the coloring c is called a strong rainbow coloring of G. If c is a strong rainbow coloring
with k colors, then c is defined as a rainbow k-coloring. The smallest k such that G has a strong
rainbow k-coloring is defined as the strong rainbow connection number of G, denoted by src(G).
If G is a nontrivial connected graph with size m, then Chartrand et al. [1] stated that

diam(G) ≤ rc(G) ≤ src(G) ≤ m.

Chartrand et al. [1] gave some characterizations of connected graphs G with rc(G) = 1, 2, and
m. They also determined the rainbow connection number and strong rainbow connection for path,
cycle, wheel, complete graph, complete bipartite graph, and complete multipartite graph. Other
results discussing the rainbow connection numbers and strong rainbow connection numbers for
various connected graphs were listed in an updated survey by Li and Sun [3]. Next, the rainbow
connection and the strong rainbow connection numbers of the generalized triangle-ladder graph
are determined by Yulianti et al. [9]. Moreover, in [10] Yulianti et al. determined the rainbow
connection and the strong rainbow connection numbers of the amalgamation of the generalized
triangle-ladder graphs, denoted by the triangle-net graph. In [5], Septyanto and Sugeng proved
a new class of lower bounds of rainbow connection numbers, depending on the existence of sets
with common neighbours. In [2], Fitriani et al. gave the sharp lower and upper bounds for the
rainbow connection number of comb product between two connected graphs. Recent results were
some new bounds for rainbow connection number of corona product of two graphs G ◦H , for two
certain non-trivial graphs G and H in [6].

Sun [7] investigated the rainbow connection numbers of the line graph, middle graph, and total
graph of a connected triangle-free graph G. There were three (near) sharp upper bounds in terms
of the number of vertex-disjoint cycles of the original graph G obtained in the paper. Next, Sy et al.
[8] determined the rainbow connection number and strong rainbow connection number of fan and
sunlet graphs. The rainbow connection numbers of the line graph, middle graph, and total graph
of the sunlet graph were investigated by Rao and Murali [4]. The results in [4] were sharpened
by Zhao et al. [11], by determining the exact values of rc(G) and src(G), where G are the line
and the middle graphs of sunlet graph. This paper determines the rainbow connection and strong
rainbow connection numbers of the line graph, the middle graph, and the total graph of wheel Wn

on n+ 1 vertices.

2. Preliminary Notes

The definitions of line, middle and total graphs are taken from [7].
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Definition 2.1. [7] Let G be an arbitrary graph with vertex set V (G) and edge set E(G). The
line graph of a graph G, denoted by L(G), is a graph whose vertex set is the edge set of G, and if
u, v ∈ E(G) then uv ∈ E(L(G)) if u and v share a vertex in G.

Definition 2.2. [7] Let G be a graph with vertex set V (G) and edge set E(G). The middle graph
of a graph G, denoted by M(G), is defined as follows. The vertex set of M(G) is V (G) ∪ E(G).
Two vertices x, y in the vertex set of M(G) are adjacent in M(G) if one of the following conditions
holds:

(1) x, y are in E(G) and x, y adjacent in G,

(2) x is in V (G), y is in E(G) and x, y are incident in G.

Definition 2.3. [7] Let G be a graph with vertex set V (G) and edge set E(G). The total graph
of a graph G, denoted by T (G), is defined as follows. The vertex set of T (G) is V (G) ∪ E(G).
Two vertices x, y in the vertex set of T (G) are adjacent in T (G) if one of the following conditions
holds:

(1) x, y are in V (G) and x is adjacent to y in G,

(2) x, y are in E(G) and x, y are adjacent in G,

(3) x is in V (G), y is in E(G) and x, y are incident in G.

3. Main Results

Let Wn be a wheel on n + 1 vertices and 2n edges. The vertex set and the edge set of the line
graph of a wheel, denoted by L(Wn), are as follows.

V (L(Wn)) = {vi | 1 ≤ i ≤ n} ∪ {wi | 1 ≤ i ≤ n},
E(L(Wn)) = {vivj | 1 ≤ i, j ≤ n, i ̸= j} ∪ {viwi | 1 ≤ i ≤ n}

{wivi+1 | 1 ≤ i ≤ n, vn+1 = v1} ∪ {wiwi+1 | 1 ≤ i ≤ n,wn+1 = w1}.

The vertex set and the edge set of the middle graph of wheel, denoted by M(Wn), are as follows.

V (M(Wn)) = {ui | 0 ≤ i ≤ n} ∪ {vi | 1 ≤ i ≤ n} ∪ {wi | 1 ≤ i ≤ n},
E(M(Wn)) = {u0vi | 1 ≤ i ≤ n} ∪ {uivi | 1 ≤ i ≤ n}

∪ {uiwi | 1 ≤ i ≤ n} ∪ {wi−1ui | 1 ≤ i ≤ n,w0 = wn}
∪ {vivj | 1 ≤ i, j ≤ n, i ̸= j} ∪ {viwi | 1 ≤ i ≤ n}
∪ {wi−1vi | 1 ≤ i ≤ n,w0 = wn} ∪ {wi−1wi | 1 ≤ i ≤ n,w0 = wn}.
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The vertex set and the edge set of the total graph of wheel, denoted by T (Wn), are as follows.

V (T (Wn)) = {ui | 0 ≤ i ≤ n} ∪ {vi | 1 ≤ i ≤ n} ∪ {wi | 1 ≤ i ≤ n},
E(T (Wn)) = {u0ui | 1 ≤ i ≤ n} ∪ {uiui+1 | 1 ≤ i ≤ n, un+1 = u1}

∪ {u0vi | 1 ≤ i ≤ n} ∪ {uivi | 1 ≤ i ≤ n}
∪ {uiwi | 1 ≤ i ≤ n} ∪ {wiui+1 | 1 ≤ i ≤ n, un+1 = u1}
∪ {vivj | 1 ≤ i, j ≤ n, i ̸= j} ∪ {viwi | 1 ≤ i ≤ n}
∪ {wivi+1 | 1 ≤ i ≤ n, vn+1 = v1} ∪ {wiwi+1 | 1 ≤ i ≤ n,wn+1 = w1}.

The following are the diameter of the line, middle, and total graphs of a wheel for n ≥ 3.

diam(L(Wn)) =

{
2, n = 3, 4,
3, n ≥ 5.

diam(M(Wn)) =

{
2, n = 3,
3, n ≥ 4.

diam(T (Wn)) =

{
2, n = 3, 4,
3, n ≥ 5.

Theorem 3.1 stated the rainbow and strong rainbow connection numbers of the line graph of a
wheel Wn on n+ 1 vertices for n ≥ 3.

Theorem 3.1. Let G1 = L(Wn) be the line graph of a wheel on n+ 1 vertices for n ≥ 3. Then

rc(G1) = src(G1) =

{
2, n = 3, 4,
3, n ≥ 5.

Proof. Consider the following cases.
Case 1. n = 3 or n = 4.
Because diam(G1) = 2, then rc(G1) ≥ 2. Since c11 : E(G1) → {1, 2} defined by:

c11(e) =


1, e ∈ {vivj | 1 ≤ i, j ≤ n, i ̸= j}

∪ {wjwj+1 | 1 ≤ j ≤ n− 1} for odd k
∪ {wnw1} for odd n,

2, otherwise,

(1)

is a rainbow strong coloring, it follows that rc(G1) = src(G1) = 2 for n = 3 or n = 4.
Case 2. n = 5.

Let n = 5. Because diam(G1) = 2 then rc(G1) ≥ 2 for n = 5. Let c12 be a rainbow 2-coloring of
G1. Without loss of generalities, let c12(w1w2) = 1. Then for 1 ≤ i ≤ 5, there are some vertices
wi, wi+1, wi+2 with wn+1 = w1 and wn+2 = w2 in G1, such that there exists a (wi, wi+2)-path
with length 2 and therefore, c12(w2w3) = 2. It follows that c12(w3w4) = 1. Then, c12(w4w5) = 2
and c12(w5w1) = 1. Therefore, there is no rainbow (w5, w2)-path, which is a contradiction. Thus,
rc(G1) ≥ 3.
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Next, it will be shown that rc(G1) ≤ 3 for n = 5. Let c13 : E(G1) → {1, 2, 3} be an edge-
coloring, which is defined as follows.

c13(e) =


1, e ∈ {vivj | 1 ≤ i, j ≤ n, i ̸= j} ∪ {wnw1},
2, e ∈ {wivi+1 | 1 ≤ i ≤ n, vn+1 = v1} ∪ {wiwi+1 | 1 ≤ i ≤ n, for odd i, },
3, otherwise,

(2)

For 1 ≤ i, j ≤ n, i ̸= j and for every two vertices a, b ∈ V (G1) with d(a, b) ≥ 2, it will be shown
that there exists a rainbow (a, b)-path.

(i) If a = wi, b = wj , i < j and d(a, b) = 2, then the rainbow (a, b)-path is: wi, wi+1, wj .

(ii) If a = wi, b = wj , i < j and d(a, b) > 2, then the rainbow (a, b)-path is: wi, vi, vj, wj .

(iii) If a = vi and b = wj , then the rainbow (a, b)-path is: vi, vj, wj .

From (i) - (iii), it can be shown that those rainbow (a, b)-paths are also geodesic. Therefore, c13
(eq. 2) is a strong rainbow 3-coloring. Thus, we have that rc(G1) = src(G1) = 3 for n = 5.

Case 3. n > 5.
Since diam(G1) = 3 for n > 5, then rc(G1) ≥ 3 for n > 5. Using c13 as the strong rainbow
3-coloring of G1, we have that rc(G1) = src(G1) = 3 for n > 5.

In Theorem 3.2 we determined the rainbow and strong rainbow connection numbers of the
middle graph of wheel Wn on n+ 1 vertices for n ≥ 3.

Theorem 3.2. If n ≥ 3 and G2 = M(Wn) is the middle graph of a wheel Wn on n + 1 vertices,
then

rc(G2) =


2, n = 3,
3, 4 ≤ n ≤ 9,
4, n ≥ 10,

and src(G2) =


2, n = 3,
3, 4 ≤ n ≤ 9,
⌈n/3⌉, n ≥ 10.

Proof. Consider the following cases.
Case 1. n = 3.

(a) Since diam(G2) = 2, then rc(G2) ≥ 2. Next, it will be shown that rc(G2) ≤ 2. We
construct a rainbow 2-coloring c21 : E(G2) → {1, 2}, which is defined as

c21(e) =


1, e ∈ {u0vi | 1 ≤ i ≤ n} ∪ {uiwi | 1 ≤ i ≤ n}

∪{vivj | 1 ≤ i, j ≤ n, i ̸= j},
2, otherwise.

(3)

Therefore, rc(G2) = 2 for n = 3.

(b) Next, since rc(G2) = 2 for n = 3, it is clear that src(G2) ≥ 2. Moreover, because c21 (eq.
3) is a strong rainbow 2-coloring, it follows that src(G2) = 2 for n = 3.

Case 2. 4 ≤ n ≤ 9.
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(a) Since diam(G2) = 3 for n ≥ 4, then rc(G2) ≥ 3. Let c22 : E(G2) → {1, 2, 3} be an edge
coloring defined as follows.

c22(e) =



1, e ∈ {u0vs | 4 ≤ s ≤ n} ∪ {upvp | 1 ≤ p ≤ 3}
∪{uiwi | 1 ≤ i ≤ n} ∪ {vqvr | 4 ≤ q, r ≤ n, q ̸= r)}
∪{vpwp−1 | 1 ≤ p ≤ 3, w0 = wn},

2, e ∈ {uzvz, wzvz, wz−1vz | 4 ≤ z ≤ 6}
∪{wiwi+1 | 1 ≤ i ≤ n,wn+1 = w1}
∪{vbvc | 1 ≤ b ≤ 3, 7 ≤ c ≤ n},

3, otherwise.

(4)

For every two vertices a, b ∈ V (G2) with d(a, b) ≥ 2, we will show that there exists a
rainbow (a, b)-path as follows.

(i) If a = ui and b = uj , then the rainbow (a, b)-path is ui, vi, vj, uj or ui, wi, wj−1, wj ,
where w0 = wn.

(ii) If a = ui and b = vj , then the rainbow (a, b)-path is ui, vi, vj .

(iii) If a = ui and b = wj , then the rainbow (a, b)-path is ui, wi, wj or ui, vi, vj + 1, wj ,
where vn+1 = v1.

(iv) If a = wi and b = wj then the rainbow (a, b)-path is wi, wj−1, uj, wj or wi, ui, uj, wj .

Therefore, rc(G2) = 3 for 4 ≤ n ≤ 9.

(b) Since rc(G2) = 3 for 4 ≤ n ≤ 9, then src(G2) ≥ 3. To show that src(G2) ≤ 3, we provide
a strong rainbow 3-coloring defined by c23 : E(G2) → {1, 2, · · · , ⌈n

3
⌉} as follows.

(i) If n mod 3 ̸= 1.

c23(e) =


⌈ i
3
⌉, e ∈ {wi−1vi | 1 ≤ i ≤ n,w0 = wn}

∪{uivi, viwi | 1 ≤ i ≤ n},
f(i), e ∈ {wi−1ui, wi−1wi | i ≤ i ≤ n,w0 = wn}

∪{uiwi | 1 ≤ i ≤ n},
k, e ∈ {vivj | 1 ≤ i, j ≤ n, i < j} ∪ {u0vi | 1 ≤ i ≤ n}.

(5)

(ii) If n mod 3 = 1.

c24(e) =



⌈ i
3
⌉, e ∈ {wi−1vi | 1 ≤ i ≤ n,w0 = wn}

∪{uivi, viwi | 1 ≤ i ≤ n},
f(j), e ∈ {wj−1uj, wj−1wj | 1 ≤ j ≤ n− 1, w0 = wn}

∪{ujwj | 1 ≤ j ≤ n− 1},
k, e ∈ {vivj | 1 ≤ i, j ≤ n, i < j} ∪ {u0vi | 1 ≤ i ≤ n},
2, e ∈ {wn−1un, unwn, wn−1wn},

(6)
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where

f(i) =


i, i = 1, 2,
i mod 3, i mod 3 ̸= 0,
3, i mod 3 = 0,

and k is a number which is assigned to e = vivj , where k ̸= c(vivj) ̸= c(vjuj).
Therefore, src(G2) = 3 for 4 ≤ n ≤ 9.

Case 3. n ≥ 10.

(a) Because diam(G2) = 3 for n ≥ 10 then rc(G2) ≥ 3. Assume to the contrary that rc(G2) =
3. Let c25 be a rainbow 3-coloring of G2. Let H be a subgraph of G2 with vertex set and
edge set as follows.

V (H) = {ui, wi | 1 ≤ i ≤ n},
E(H) = {uiwi, wi−1ui, wi−1wi | 1 ≤ i ≤ n,w0 = wn}.

Let V ′ = {vi | 1 ≤ i ≤ n} and E ′ = {uivi | 1 ≤ i ≤ n}. Thus, there exist vertices
x, y ∈ {ui | 1 ≤ i ≤ n} ⊂ V (H) where dH(x, y) > 3, and vertices x′, y′ ∈ V ′ such
that c25(xx′) = c25(yy

′). Because x, x′, y′, y is the only (x, y)- path which has d(x, y) = 3
in G2, it follows that there is no rainbow (x, y)-path in G2, which is a contradiction. Thus
rc(G2) ≥ 4.

Next, let c26 : E(G2) → {1, 2, 3, 4} be an edge coloring of G2 as follows.

c26(e) =


1, e ∈ {u0vi | 1 ≤ i ≤ n} ∪ {vivj | 1 ≤ i, j ≤ n, i ̸= j},
2, e ∈ {uivi | 1 ≤ i ≤ n, for odd i} ∪ {viwi−1 | 1 ≤ i ≤ n,w0 = wn},
3, e ∈ {uyvy | 2 ≤ y ≤ n, for even i} ∪ {viwi | 1 ≤ i ≤ n},
4, otherwise.

(7)

Under this coloring, we will show that for a, b ∈ V (G2) with d(a, b) ≥ 2, there exists a
rainbow (a, b)-path as follows.

(i) If a = ui and b = uj for 1 ≤ i, j ≤ n, i ̸= j, then the rainbow (a, b)-path is:

1. a = ui, vi, vj, wj, uj = b, if i and j are both odd,
2. a = ui, vi, vj, wj−1, vj = b, if i and j are both even,
3. a = ui, vi, vj, uj = b, if i is odd and j is even or i is even and j is odd.

(ii) ui, vi, vj, wj or a = ui, vi, vj+1, wj , where vn+1 = v1, if a = ui and b = wj .

(iii) wi, vi+1, vj, wj , if a = wi and b = wj .

Therefore, rc(G2) = 4 for n ≥ 10.

(b) Because n ≥ 10, then there is an integer z such that 3z − 2 ≤ n ≤ 3z. Let G2 consists
of an n-cycle Cn : u1, u2, · · · , un, u1 and V ′ = {vi | 1 ≤ i ≤ n}. First, it will be shown
that src(G) ≥ z. Assume to the contrary that src(G) ≤ z − 1. Let c be a strong rainbow
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(z − 1)-coloring of G. Since deg(v) = n + 2 > 3(z − 1) for v ∈ V ′ in G, then there exists
V ∗ ⊆ V (Cn) such that |V ∗| = 4 and all edges {uv | u ∈ V ∗, v ∈ V ′, uv ∈ E(G2)} are
assigned the same. Thus, there exist at least two vertices x, y ∈ V ∗ such that d(x, y) ≥ 3
in Cn and d(x, y) = 3 in G2. Let E ′ = {uivi | 1 ≤ i ≤ n} ⊆ E(G). Since x, x′, y′, y
(xx′, yy′ ∈ E ′) is the only x − y geodesic in G2, it follows that there is no rainbow (x, y)-
geodesic in G2, which is a contradiction. Thus, src(G2) ≥ z.

Next, to show that src(G) ≤ z, we provide a strong rainbow z-coloring which is defined by
c23 and c24 (eq. (5) and (6)). Therefore, src(G) = ⌈n/3⌉ for n ≥ 10.

In Theorem 3.3 we determined the rainbow and strong rainbow connection numbers of the total
graph of wheel Wn on n+ 1 vertices for n ≥ 3.

Theorem 3.3. If n ≥ 3 and G3 = T (Wn) is the total graph of a wheel Wn on n+ 1 vertices, then

rc(G3) =

{
2, n = 3, 4,
3, n ≥ 5,

, and src(G3) =


2, n = 3, 4,
3, 5 ≤ n ≤ 9,

⌈n/3⌉, n ≥ 10.

Proof. Consider the following cases.
Case 1. n = 3 or n = 4.

(a) Since diam(G3) = 2 for n = 3, 4, then rc(G3) ≥ 2. Next, it will be shown that rc(G3) ≤ 2.
Since c31 : E(G3) → {1, 2} defined by

c31(e) =


1, e ∈ {u0ui, u0vi, uiwi | 1 ≤ i ≤ n} ∪ {vivj | 1 ≤ i, j ≤ n, i ̸= j}

∪{uiui+1, wiwi+1 | 1 ≤ i ≤ n, for odd i, un+1 = u1, wn+1 = w1}
2, otherwise

(8)

is a rainbow 2-coloring, it follows that rc(G3) = 2 for n = 3 or n = 4.

(b) Since rc(G3) = 2 for n = 3 or n = 4, then src(G3) ≥ 2. Since c31 (eq. 8) is a strong
rainbow 2-coloring, it follows that src(G3) = 2 for n = 3 or n = 4.

Case 2. n ≥ 5.

(a) Since diam(G3) = 3, then rc(G3) ≥ 3. To show that rc(G) ≤ 3, let c32 : E(G3) → {1, 2, 3}
as follows.

c32(e) =


1, e ∈ {u0ui | 1 ≤ i ≤ n, for odd i} ∪ {u0vi | 1 ≤ i ≤ n}

∪{vivj | 1 ≤ i, j ≤ n, i ̸= j}
2, e ∈ {u0ui | 2 ≤ i ≤ n, for even i} ∪ {viui | 1 ≤ i ≤ n, for odd i}

∪{viwi−1 | 1 ≤ i ≤ n,w0 = wn},
3, otherwise.

(9)

The rainbow (a, b) − path for every two vertices a, b ∈ V (G3) under this coloring are as
follows.
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(i) If a = ui and b = uj , then the rainbow (a, b)-path is:

* ui, v0, vj−1, uj if i, j are both odd or i, j are both even.

* ui, u0, uj if i is odd and j is even, or i is even and j is odd.

(ii) If a = vi and b = uj , then the rainbow (a, b)-path is vi, vj, uj .

(iii) If a = ui and b = wj , then the rainbow (a, b)-path is ui, vi, vj, wj or ui, vi, vj+1, wj .

(iv) If a = vi and b = wj , then the rainbow (a, b)-path is vi, vj, wj .

(v) If a = wi and b = wj , then the rainbow (a, b)-path is wi, vi+1, vj, wj .

Therefore, rc(G) = 3 for n ≥ 5.

(b) Since rc(G3) = 3 for n ≥ 5 then src(G3) ≥ 3. Consider the following cases.

(i) 5 ≤ n ≤ 9. Claim that src(G3) ≤ 3 for 5 ≤ n ≤ 9, by defining strong rainbow
3-colorings c33 : E(G3) → {1, 2, · · · , ⌈n

3
⌉} and c34 : E(G3) → {1, 2, · · · , ⌈n

3
⌉} as

follows.

* If n is even then

c33(e) =



⌈ i
3
⌉, e ∈ {u0ui | 1 ≤ i ≤ n},

1, e ∈ {u0vi | 1 ≤ i ≤ n} ∪ {vivj | 1 ≤ i, j ≤ n, i ̸= j}
∪ {utut+1, utwt, wtut+1, wtwt+1 | 1 ≤ t ≤ n− 1,
for odd t}

2, e ∈ {uivi | 1 ≤ i ≤ n}
∪{viwi−1 | 1 ≤ i ≤ n, i ̸= j, w0 = w1},
∪{ukuk+1, wkwk+1, wkuk+1, ukwk | 2 ≤ i ≤ n,
for even k, un+1 = u1, wn+1 = w1}

3, otherwise.

(10)

* If n is odd then

c34(e) =



⌈ i
3
⌉, e ∈ {u0ui | 1 ≤ i ≤ n},

1, e ∈ {u0vi | 1 ≤ i ≤ n} ∪ {vivj | 1 ≤ i, j ≤ n, i ̸= j}
∪ {usus+1, usws, wsus+1, wsws+1 | 1 ≤ s ≤ n− 2,
for odd s}

2, e ∈ {uivi | 1 ≤ i ≤ n}
∪{viwi−1 | 1 ≤ i ≤ n, i ̸= j, w0 = w1},
∪{ulul+1, wlwl+1, wlul+1, ulwl | 2 ≤ l ≤ n− 1,
for even l, un+1 = u1, wn+1 = w1}

3, otherwise.

(11)

(ii) n ≥ 10.
For the lower bound of src(G3), the proof is similar with Theorem 3.2, Case 3.2.3
(b). For the upper bound, we provide c33 (eq. (10) and c34 (11)) as the strong rainbow
k-coloring of G3 for n ≥ 10.
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4. Conclusion

In this paper, we have determined the rainbow connection numbers and strong rainbow con-
nection numbers of the line, middle, and total graphs of wheel Wn on n+ 1 vertices.
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