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1. Introduction and Preliminaries
For vertices u, v ∈ V (G), the distance between u and v in G, denoted by

dG(u, v), is the length of a shortest (u, v)-path in G and let dG(v) be the degree of
a vertex v ∈ V (G). The diameter of the graph G is max{dG(u, v)|u, v ∈ V (G)}.
A topological index of a graph is a real number related to the graph; it does not
depend on labeling or pictorial representation of a graph. There exist several types
of such indices, especially those based on vertex and edge distances. One of the
most intensively studied topological indices is the Wiener index.

Dobrynin and Kochetova [2] and Gutman [3] independently proposed a vertex-
degree-weighted version of Wiener index called degree distance, which is defined for
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a connected graph G as DD(G) = 1
2

∑
u,v∈V (G)

(dG(u)+dG(v))dG(u, v). The additively

weighted Harary index(HA) or reciprocal degree distance(RDD) is defined in [1] as

RDD(G) = 1
2

∑
u,v∈V (G)

(dG(u)+dG(v))
dG(u,v)

.

The generalized degree distance, denoted by Hλ(G), is defined as Hλ(G) =
1
2

∑
u,v∈V (G)

(dG(u) + dG(v))dλG(u, v), where λ is a any real number. If λ = 1, then

Hλ(G) = DD(G) and if λ = −1, then Hλ(G) = RDD(G). The generalized degree
distance of unicyclic and bicyclic graphs are studied by Hamzeh et. al [4], [5]. Also
they are given the generalized degree distance of Cartesian product, join, symmetric
difference, composition and disjunction of two graphs. The first Zagreb index is de-
fined for a connected graph G as M1(G) =

∑
u∈V (G)

dG(u)2 =
∑

uv∈E(G)

(dG(u) + dG(v)).

The Zagreb indices are found to have applications in QSPR and QSAR studies as
well. In this paper, we establish an explicit formula to calculate the several graph
indices based on distance for the complement of generalized Mycielskian of a given
graph G.

2. Main Results

Let G be (s, e)-graph (that is, G has s vertices and e edges). The complement
of G, denoted by G, is a simple graph on the same set of vertices of G in which
two vertices u and v are adjacent in G if and only if they are nonadjacent in G.
Obviously, E(G) ∪ E(G) = E(Ks) and e =

∣∣E(G)
∣∣ = s(s−1)

2
− e. The degree of a

vertex v in G is denoted by dG(v); the degree of the same vertex in G is given by
dG(v) = s− 1− dG(v).

Mycielski [6] developed a graph transformation that transforms a graph G into
a new graph µ(G), which is called the Mycielskian of G, in a search for triangle
for triangle-free graphs with arbitrarily large chromatic number. The generalized
Mycielskian is natural generalization of Mycielskian graph, which is also called by
Tardif cones over graphs. Let G be a graph with vertex set V 0 = {v01, v02, . . . , v0n}
and edge set E0. Given an integer r ≥ 1, the r-Mycielskian of G, denoted by µr(G),
is the graph with vertex set V 0 ∪ V 1 ∪ . . . ∪ V r ∪ {r}, where V i = {vij : V 0 ∈ V 0}
is the ith distinct copy of V 0 for i = 1, 2, . . . , r and edge set E0 ∪

(
∪r−1i=0 v

i
jv
i+1
j′ :

v0j v
0
j′ ∈ E0

)
∪ {vrju : vrj ∈ V r}.

The proof of the following lemmas are easily follows from the structure of the
graph µr(G).

Lemma 2.1. Let G be a (n, e)-graph. If µr(G) is the generalized Mycielkian graph



Distance Based Indices for Complement of Mycielskian Graphs 43

of G, then for any two vertices a, b ∈ V (µr(G)),

(i) dµr(G)(a, b) = 1, if a = ati, b = atj, t = 1, 2, ..., r; i, j = 1, 2, ..., s.

(ii) dµr(G)(a, b) = 1, if a = ati, b = w, t = 0, 1, 2, ..., r − 1; i = 1, 2, ..., s.

(iii) dµr(G)(a, b) = 1, if a = ati, b = azi , t, z = 1, 2, ..., r; i = 1, 2, ..., s, t 6= z.

(iv) dµr(G)(a, b) =

{
1 if a = a0i , b = a0j , dµr(G)(a

0
i , a

0
j) > 1; i, j = 1, 2, ..., s,

2, if a = a0i , b = a0j , dµr(G)(u
0
i , u

0
j) = 1; i, j = 1, 2, ..., s.

(v) dµr(G)(a, b) =


1 if a = ati, b = azj , dµr(G)(a

t
i, a

z
j) > 1;

t 6= z; i 6= j; t, z = 0, 1, 2, ..., r; i, r = 1, 2, ..., s.

2, if a = ati, b = azj , dµr(G)(a
t
i, a

z
j) = 1;

t 6= z; i 6= j; t, z = 0, 1, 2, ..., r; i, r = 1, 2, ..., s.

(vi) dµr(G)(a, b) = 2, if a = ari , b = w, i = 1, 2, ..., s.

Lemma 2.2. Let G ba a graph with s vertices. Then for any vertex a ∈ V (µr(G)),

dµr(G)(a) =


rs if a = w;

s(r + 1)− 2dG(a0i ), if a = ati; t = 0, 1, 2, ..., r − 1; i = 1, 2, ..., s.

s(r + 1)− dG(a0i )− 1, if a = ari ; i = 1, 2, ..., s.

Theorem 2.3. Let G be a (n, e)-graph. If diameter of G is 2, then Hλ(µr(G)) =
[r(r − 1) + 2]M1(G) + r(2r + 1)(s2 − 2e) + s(r + 1)(rs(r + 1)− e)− 4er(s− 1)−
4er+ s(s−1)

2

[
3s(r+ 1) + 2s(r2− 1)− 2

]
− 2λ

[
(r(r− 1) + 4)M1(G)− es(r+ 1)(4r+

1)− s(2rs+ s− 1) + 4e
]
.

Proof. To find Hλ(µr(G)), we consider the following cases of adjacent and nonad-
jacent pairs of vertices in µr(G).
Case 1. If {a, b} ⊆ V (µr(G)), a = a0i , b = a0j ∈ V 0, then by Lemmas 2.1 and
2.2,

Hλ(µr(G)) =
1

2

∑
a=a0i , b=a

0
j∈V 0

(
dµr(G)(a

0
i ) + dµr(G)(a

0
j)
)
dλµr(G)(a

0
i , a

0
j)

=
1

2

∑
a=a0i , b=a

0
j∈V 0; a0i ,a

0
j /∈E(µr(G))

(
s(r + 1)− 2dG(a0i ) + s(r + 1)− 2dG(a0j)

)
+

1

2

∑
a=a0i , b=a

0
j∈V 0; a0i ,a

0
j∈E(µr(G))

(
s(r + 1)− 2dG(a0i ) + s(r + 1)− 2dG(a0j)

)
2λ
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=
1

2

∑
a=a0i , b=a

0
j∈V 0; a0i ,a

0
j /∈E(µr(G))

2
(
s(r + 1)− (dG(a0i ) + dG(a0j))

)
+

1

2

∑
a=a0i , b=a

0
j∈V 0; a0i ,a

0
j∈E(µr(G))

2(2λ)
(
s(r + 1)− (dG(a0i ) + dG(a0j))

)
=

[(s(s− 1)

2
− e
)

(r + 1)s− 2e(s− 1)−M1(G)
]

+ 2λ
[
(r + 1)se−M1(G)

]
.

Case 2. If {a, b} ⊆ V (µr(G)), a = ati, b = atj ∈ V t; t = 1, 2, ..., r, then by
Lemmas 2.1 and 2.2,

Hλ(µr(G)) =
1

2

∑
a=ati, b=a

t
j∈V t, t=1,2,...,r

(
dµr(G)(a

t
i) + dµr(G)(a

t
j)
)
dλµr(G)(a

t
i, a

t
j)

=
1

2

∑
a=ati; b=a

t
j∈V t; t=1,2,...,r−1

[
s(r + 1)− 2dG(a

0
i ) + s(r + 1)− 2dG(a

0
j )
]

+
1

2

∑
a=ari , b=a

r
j∈V r

[
s(r + 1)− dG(a0i )− 1 + s(r + 1)− dG(a0j )− 1

]
=

1

2

∑
a=ati; b=a

t
j∈V t; t=1,2,...,r−1

2(s(r + 1)− (dG(a
0
i ) + dG(a

0
j )))

+
1

2

∑
a=ari , b=a

r
j∈V r

2(s(r + 1)− (dG(a
0
i ) + dG(a

0
j )))

= 2
[s(s− 1)

2
(r − 1)s(r + 1)− 2e(s− 1)(r − 1)

]
+ 2
[s(s− 1)

2
(s(r + 1)− 1)− e(s− 1)

]
= s(s− 1)

(
s(r − 1)(r + 1) + (s(r + 1)− 1)

)
− 2e(s− 1)(2(r − 1) + 1).

Case 3. If {a, b} ⊆ V (µr(G)), a = ari ∈ V r, b = w and i = 1, 2, ..., s, then by
Lemmas 2.1 and 2.2,

Hλ(µr(G)) =
1

2

∑
a=ari∈V r, b=w, i=1,2,...,s

(
dµr(G)(a

r
i ) + dµr(G)(w)

)
dλµr(G)(a

r
i , w)

=
1

2

∑
a=ari∈V r, b=w, i=1,2,...,s

(
s(r + 1)− 1− dG(a0i ) + rs

)
(2λ)

= 2λ−1
( ∑
a=ari∈V r, b=w, i=1,2,...,s

(rs+ s(r + 1)− 1)−
∑

a=ari∈V r, b=w, i=1,2,...,s

dG(a
0
i )
)

= 2λ−1(2)
(
s(2rs+ s− 1)− 2e

)
= 2λ

(
s(2rs+ s− 1)− 2e

)
.

Case 4. If {a, b} ⊆ V (µr(G)), a = ati ∈ V t, b = w, t = 0, 1, ..., r − 1,



Distance Based Indices for Complement of Mycielskian Graphs 45

i = 1, 2, ..., s, then by Lemmas 2.1 and 2.2,

Hλ(µr(G)) =
1

2

∑
a=ati∈V t, b=w, t=0,1,...,r−1, i=1,2,...,s

(
dµr(G)(a

t
i) + dµr(G)(w)

)
dλµr(G)(a

t
i, w)

=
1

2

∑
a=ati∈V t, b=w, t=0,1,...,r−1, i=1,2,...,s

(
s(r + 1)− 2(dG(a

0
i ) + rs)

)
=

1

2

(
2rs+ s− 2dG(a

0
i )
)
=

1

2

(
2rs(2rs+ s)− 4(2er)

)
= rs(2rs+ s)− 4er.

Case 5. If {a, b} ⊆ V (µr(G)), a = ati, b = azi , t 6= z, t, z ∈ {0, 1, ..., r − 1},
i = 1, 2, ..., s, then by Lemmas 2.1 and 2.2,

Hλ(µr(G)) =
1

2

∑
a=ati, b=azi , t 6=z∈{0,1,...,r−1}, i∈{1,2,...,s}

(
dµr(G)(a

t
i) + dµr(G)(a

z
i )
)
dλµr(G)(a

t
i, a

z
i )

=
1

2

∑
a=ati, b=azi , t 6=z, t,z∈{0,1,...,r−1}

(
s(r + 1)− 2dG(a

0
i ) + s(r + 1)− 2dG(a

0
i )
)

+
1

2

∑
a=ati, b=ari , t=0,1,...,r−1, i=1,2,...,s

(
s(r + 1)− 2dG(a

0
i ) + s(r + 1)− 2dG(a

0
i )− 1

)
=

1

2

∑
a=ati, b=azi , t 6=z, t,z∈{0,1,...,r−1}

(
2s(r + 1)− 4dG(a

0
i )
)

+
1

2

∑
a=ati, b=ari , t=0,1,...,r−1, i=1,2,...,s

(
2s(r + 1)− 3dG(a

0
i )− 1

)
=
(
r(r − 1)s2(r + 1)− 4r(r − 1)e

)
+
(
rs(2s(r + 1)− 1)− 6re

)
= rs2(r + 1)2 − 2re(2r + 1).

Case 6. If {a, b} ⊆ V (µr(G)), a = ati, b = azj , t 6= z, t, z ∈ {0, 1, ..., r−1}, i 6=
j, i ∈ {1, 2, ..., s}, then by Lemmas 2.1 and 2.2,

Hλ(µr(G)) =
1

2

∑
a=ati, b=azj , t 6=z∈{0,1,...,r−1}(

s(r + 1)− 2dG(a0i ) + s(r + 1)− 2dG(a0j)
)
dλµr(G)(a

0
i , a

0
j)

+
1

2

∑
a=ati, b=arj , t=0,1,...,r−1, i,j=1,2,...,s(

s(r + 1)− 2dG(a0i ) + s(r + 1)− 2dG(a0j)− 1
)
dλµr(G)(a

0
i , a

0
j)
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=
1

2

∑
a=ati, b=azj , t 6=z, i 6=j, i,j∈{0,1,...,s}, t,z∈{0,1,...,r−1}, atia

z
j /∈E(µr(G))

(2s(r + 1)− 2(dG(a0i ) + dG(a0j)))

+
1

2

∑
a=ati, b=azj , t 6=z, i 6=j, i,j∈0,1,...,s, t,z∈{0,1,...,r−1}, atia

z
j∈E(µr(G))

(2s(r + 1)− 2(dG(a0i ) + dG(a0j)))(2
λ)

+
1

2

∑
a=ati, b=arj , t 6=r, i6=j, i,j∈0,1,...,s, t,r∈{0,1,...,r−1}, atia

r
j /∈E(µr(G))

(2s(r + 1)− 1− 2(dG(a0i )− dG(a0j)))

+
1

2

∑
a=ati, b=arj , t 6=r, i6=j, i,j∈0,1,...,s, t,r∈{0,1,...,r−1}, atia

r
j∈E(µr(G))

(2s(r + 1)− 1− 2dG(a0i )− dG(a0j))(2
λ)

=
((
s(s− 1)

r(r − 1)

2
− (r − 1)2e

)
2s(r + 1)− 2

(r(r − 1)

2
(2e)(s− 1)

− M1(G)
))

+ 2λ
(

(r − 1)2e(2s(r + 1))− 2
r(r − 1)

2
M1(G)

)
+

(
(s(s− 1)− 2e+ (r − 1)s(s− 1))(2s(r + 1)− 1)− 2(r(s− 1)2e−M1(G))

−(r(s− 1)2e−M1(G))
)

+ 2λ
(

2e(2s(r + 1)− 1)− 2M1(G)−M1(G)
)

=
(
r(r − 1) + 3

)
M1(G) + s(r + 1)

(
s(s− 1)(r − 1)(r + 2)− 4er + 2s(s− 1)

)
−2er(s− 1)(r − 4) + 4e− rs(s− 1) + 2λ

(
4esr(r + 1)− 2e− (r(r − 1) + 3)

M1(G)
)

+ 2λ
(

4esr(r + 1)− 2e− (r(r − 1) + 3)M1(G)
)
.

Summarizing the total contributions of above cases of adjacent and non-adjacent
pairs of vertices in µr(G), we can obtain the desired result.

Using λ = 1 in Theorem 2.3, we obtain the degree distance of complement of
generalized Mycielskian of a graph G.

Corollary 2.4. Let G be a (n, e)-graph with diameter 2. Then DD(µr(G)) =
2es(r+ 1)(4r+ 1) + 2s(2rs+ s− 1) + r(2r+ 1)(s2− 2e) + s(r+ 1)(rs(r+ 1)− e)−
4e(r + 2)− 4er(s− 1) + s(s−1)

2

(
3s(r + 1) + 2s(r2 − 1)− 2

)
− (r(r− 1) + 6)M1(G).
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Using λ = −1 in Theorem 2.3, we obtain the following.

Corollary 2.5. Let G be a (n, e)-graph with diameter 2. Then RDD(µr(G)) =
es(r+1)(4r+1)

2
+ s(2rs+s−1)

2
+ r(2r+ 1)(s2− 2e) + s(r+ 1)(rs(r+ 1)− e)− 2e(2r+ 1)−

4er(s− 1) + s(s−1)
2

(
3s(r + 1) + 2s(r2 − 1)− 2

)
+ r(r−1)

2
M1(G).

3. Conclusion:
In this paper, we have computed the general results related to degree and

distance for generalized Mycielskian graph.
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