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Abstract

Let G = (V,E) be a simple graph. Let v ∈ V (G)
and dG(v) denote the number of edges incident with v.
The multiplicative Zagreb indices are defined as Π1(G) =∏

v∈V (G) dG(v)
2 and Π2(G) =

∏
uv∈E(G) dG(u)dG(v). In this

paper we present the upper bounds on the multiplicative
version of Zagreb indices of complementary prism and My-
cielskian graph of a graph in terms of graph parameters in-
cluding the size of graph, first zagreb index, order of graph
and second Zagreb index. We also determine the multi-
plicative Zagreb indices of the complementary prism and
Mycielskian of some standard graphs.

AMS Subject Classification: 05C05, 05C90,05C07.
Key Words and Phrases:Graph, Degree of vertex,

multiplicative Zagreb index, Zagreb index.

1 Introduction

We denote by n the order of a graph containing no loops and mul-
tiple edges. The set V (G) and E(G) represents respectively the
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vertex set and edge set of graph G. The number of edges of a
graph G is called the size of G and is denoted by m. We say that
two vertices are adjacent, if there is an edge incident with both the
vertices. The degree of a vertex v denoted by dG(v) is the number
of vertices adjacent to v. The first and second Zagreb indices are
defined as

M1(G) =
∑

v∈V (G)

(dG(v))
2

and
M2(G) =

∑

uv∈E(G)

dG(u)dG(v)

The reader is refered to [1, 2, 3, 4] for mathematical properties
of Zagreb indices. A variant of Zagreb index, the multiplicative
version of Zagreb indices was defined in [5, 6] as

Π1(G) =
∏

v∈V (G)

dG(v)
2

and
Π2(G) =

∏

uv∈E(G)

dG(u)dG(v).

Topological indices are widely used in chemistry and indices are
classified based on degree concepts, distance concepts and combina-
tion of both degree and distance concepts. In the study of molecular
complexity, the Zagreb indices and its variants are widely used. The
mathematical properties and applications of multiplicative version
of zagreb indices(abbreviated, MZI) are given in [8, 9].

We compute the MZI of two classes of graphs namely Comple-
mentary prism and Mycielskian graph of a graph.

2 Preliminaries

To start with, we define complementary prism of a graph and my-
cielskian graph of a graph and then calculate its multiplicative Za-
greb indices.

Definition 1. [10] The complementary prism GG of G is the
graph formed from the disjoint union of G and G by adding the
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edges of a perfect matching between the corresponding vertices of
G and G.

Definition 2. [7] The mycielskian graph µ(G) of G = (V,E) is
defined as follows: If V = {v1, v2, · · · , vn} then V (µ(G)) = V ∪V 1∪
{x}, where V 1 = {u1, u2, · · · , un} is a copy of V and E(µ(G)) =
E(G) ∪ {uivj : vivj ∈ E(G)} ∪ {xui : 1 ≤ i ≤ n}.

Lemma 3. [9] Let x1, x2, · · · , xn be nonnegative numbers.
Then x1+x2+···+xn

n
≥ n

√
x1x2 · · · xn holds with equality if and only if

x1 = x2 = · · · = xn.

3 First Multiplicative Zagreb index of

Complementary prism andMycielskian

graph

It is easy to observe the following:

Remark 4. It is to be noted that

degGG(v) =

{
degG(v) + 1, if v ∈ V (G)
degG(v) + 1, if v ∈ V (G)

We now find the first multiplicative zagreb index of complemen-
tary prisms.

Theorem 5. For any graph G with size m ,

Π1(GG) ≤
(

n+4m+M1(G)
n

)n (
n+4m1+M1(G)

n

)n

,

where m1 is the size of G. Equality holds if and only if G is regular.

Proof. By definition,

Π1(GG) =
∏

v∈V (G)

(dGG(v))
2

∏

v∈V (G)

(dGG(v))
2

=
∏

v∈V (G)

(dG(v) + 1)2
∏

v∈V (G)

(dG(v) + 1)2
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from Lemma 3, we get

≤


 ∑

v∈V (G)

(dG(v))
2 + 2(dG(v)) + 1

n



n 
 ∑

v∈V (G)

(dG(v))
2 + 2(dG(v)) + 1

n



n

(A)

≤
[
n+ 4m+M1(G)

n

]n [
n+ 4m1 +M1(G)

n

]n

Equality is obtained if and only if

(dG(v))
2 + 2dG(v) + 1 = (dG(u))

2 + 2dG(u) + 1

Which gives
dG(v)− dG(u) = 0

Therefore, G is regular.

Example 6. For the graph G = Cp , we have Π1(CpCp) =
(9(p− 2)2)

p
.

Example 7. For the graph G = Kp, we have Π1(KpKp) = p2p.

We can also express the right hand side of Theorem 3 in terms
of parameters in G.

Corollary 8. For any graph G,

Π1(GG) ≤
(

M1(G)+4m+n
n

)n (
M1(G)+n3−4nm

n

)n

.

Proof. Replacing dG(v) with (n − 1 − dG(v)) in equation (A),
we get the required inequality.

We now express the right hand side of Theorem 3 in terms of
parameters in G.

Corollary 9. For any graph G,

Π1(GG) ≤
(

M1(G)+4m1+n
n

)n (
M1(G)+n3−4nm1

n

)n

.

Proof. Replacing dG(v) with (n − 1 − dG(v)) in equation (A),
we get the required inequality.

We now compute the first multiplicative zagreb index of My-
cielskian graphs.
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Remark 10. It is to be noted that

degµ(G)(v) =

{
2degG(v), if v ∈ V (G)
degG(v) + 1, if v ∈ V 1(G)

and dµ(G)(x) = n.

Theorem 11. For any graph G,

Π1(µ(G)) ≤ 4nn2Π1(G)
[
M1(G)+4m+n

n

]n
. Equality holds if and only

if G is regular.

Proof. By definition,

Π1(µ(G)) =
∏

v∈V (G)

dµ(G)(v).
∏

v∈V 1(G)

dµ(G)(v).n
2

≤
∏

(2dG(v))
2.
∏

(dG(v) + 1)2.n2

by Lemma 3,

≤ 4nn2
∑(

(dG(v))
2 + 2dG(v) + 1

n

)n

≤ 4nn2Π1(G)

[
M1(G) + 4m+ n

n

]n

arguing as in Theorem 5, we get the equality condition.

Example 12. For the cycle Cp, Π1(µ(G)) = 144p.p2.

Example 13. For the complete graph Kp,
Π1(µ(G)) = 4pp2(p− 1)2pp2p.

4 Second Multiplicative Zagreb index

of Complementary prism and Myciel-

skian graph:

We now compute the second multiplicative Zagreb index of Com-
plementary prism.
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Theorem 14. For any graph G with size m and G with size

m1, Π2(GG) ≤
[
M2(G)+m+M1(G)

m

]m [
M2(G)+m1+M1(G)

m1

]m1
[
4m1m+n3

n2

]n
.

Equality holds if and only if G is regular.

Proof. By definition,

Π2(GG) =
∏

uv∈E(GG)

dGG(u)dGG(v)

=
∏

uiuj∈E(G)

(dG(ui) + 1)(dG(uj) + 1)
∏

vivj∈E(G)

(dG(vi) + 1)(dG(vj) + 1)

∏

u∈V (G),v∈V (G)

(dG(u) + 1)(dG(v) + 1)

By Lemma 1, we have

≤


 ∑

uiuj∈E(G)

(dG(ui)dG(uj) + dG(ui) + dG(uj) + 1)

m




m

X


 ∑

vivj∈E(G)

(dG(vi)dG(vj) + dG(vi) + dG(vj) + 1)

m1



m1

X


 ∑

u∈V (G),v∈V (G)

dG(u)dG(v) + dG(v) + dG(u) + 1

n2



n

≤
[
M2(G) +m+M1(G)

m

]m [
M2(G) +m1 +M1(G)

m1

]m1

[
4mm1 + 2n(m+m1) + n2

n2

]n

≤
[
M2(G) +m+M1(G)

m

]m [
M2(G) +m1 +M1(G)

m1

]m1 [
4m1m+ n3

n2

]n

Arguing as in theorem 5, we get the equality.

Example 15. For the cycle Cp, Π2(CpCp) = 27p(p− 2)p(p−2).

Theorem 16. For any graph G,
Π2(µ(G)) ≤ 4mΠ2(G) [8m+ 4n]m (2m+ n)n.
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Proof. By definition,

Π2(µ(G)) =
∏

uv∈E(µ(G))

dµ(G)(u)dµ(G)(v)

=
∏

uv∈E(G)

(2dG(u))(2dG(v))
∏

u∈V (G),v∈V 1(G)

(2dG(u))(dG(v) + 1)

∏

x∈V (µ(G)),v∈V 1(G)

(dµ(G)(x))(dG(v) + 1))

By Lemma 1, we have

≤ 4mΠ2(G)


 ∑

u∈V (G),v∈V 1(G)

2dG(u)dG(v) + 2dG(u))

m




m

nn

[∑ dG(v) + 1

n

]n

≤ 4mΠ2(G)

[
2(2m)2 + 4mn

m

]m
(2m+ n)n

≤ 4mΠ2(G) [8m+ 4n]m (2m+ n)n
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