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FIRST REFORMULATED ZAGREB INDICES OF SOME CLASSES OF GRAPHS

A topological index of a graph is a parameter related to the graph; it does not depend on labeling

or pictorial representation of the graph. Graph operations plays a vital role to analyze the structure

and properties of a large graph which is derived from the smaller graphs. The Zagreb indices are

the important topological indices found to have the applications in Quantitative Structure Property

Relationship (QSPR) and Quantitative Structure Activity Relationship (QSAR) studies as well. There

are various studies of different versions of Zagreb indices. One of the most important Zagreb indices

is the reformulated Zagreb index which is used in QSPR study.

In this paper, we obtain the first reformulated Zagreb indices of some derived graphs such as

double graph, extended double graph, thorn graph, subdivision vertex corona graph, subdivision

graph and triangle parallel graph. In addition, we compute the first reformulated Zagreb indices of

two important transformation graphs such as the generalized transformation graph and generalized

Mycielskian graph.
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INTRODUCTION

All the graphs considered in this paper are connected and simple. For vertex u ∈ V(G),

the degree of the vertex u in G, denoted by dG(u), is the number of edges incident to u in G. A

topological index of a graph is a parameter related to the graph; it does not depend on labeling

or pictorial representation of the graph. In theoretical chemistry, molecular structure descrip-

tors (also called topological indices) are used for modeling physicochemical, pharmacologic,

toxicologic, biological and other properties of chemical compounds. Several types of such in-

dices exist, especially those based on vertex and edge distances. One of the most intensively

studied topological indices is the Wiener index. Two of these topological indices are known

under various names, the most commonly used one are the first and second Zagreb indices.

The Zagreb indices have been introduced more than thirty years ago by Gutman I. and

Trinajstić N. [6]. They are defined as

M1(G) = ∑
u∈V(G)

dG(u)
2, M2(G) = ∑

uv∈E(G)

dG(u)dG(v).

Note that the first Zagreb index may also be written as

M1(G) = ∑
uv∈E(G)

(dG(u) + dG(v)).
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The Zagreb indices are found to have appilications in QSPR and QSAR studies as well. For the

survey on theory and application of Zagreb indices see [7]. Feng L. et al. [5] have given the

sharp bounds for the Zagreb indices of graphs with a given matching number. Khalifeh M.H.

et al. [12] have obtained the Zagreb indices of the Cartesian product, composition, join, dis-

junction and symmetric difference of graphs. The extremal values of Zagreb coindices over

some special class of graphs determined by Ashrafi A.R. et al. [1].

Milićević A. et al. [15] in 2004 reformulated the Zagreb indices in terms of edge-degrees

instead of vertex-degrees EM1(G) = ∑
e∈E(G)

d(e)2, where d(e) denotes the degree of the edge

e in G, which is defined by d(e) = d(u) + d(v) − 2 with e = uv. The use of these descriptors

in QSPR study was also discussed in their report [15]. Reformulated Zagreb index, particu-

larly its upper/lower bounds has attracted recently theat tention of many mathematicians and

computer scientists, see [3, 4, 10, 11, 15, 17, 20]. The aim of this paper is to obtain, the first

reformulated Zagreb indices of some derived graphs such as double, extended double, thorn

graph, subdivision vertex corona of graphs, subdivision graph and triangle parallel graph. In

addition, we compute the first reformulated Zagreb indices of two important transformation

graphs such as the generalized transformations graphs and generalized Mycielskian graphs.

1 MAIN RESULTS

The hyper Zagreb index and its coindex are defined as

HM(G) = ∑
uv∈E(G)

(dG(u) + dG(v))
2 and HM(G) = ∑

uv/∈E(G)

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

The F-index of a graph G is defined as F = F(G) = ∑
u∈V(G)

d3
G(u) = ∑

uv∈E(G)
(d2

G(u) + d2
G(v)).

1.1 Double graph and extended double cover

Let us denote the double graph of a graph G by G∗, which is constructed from two copies

of G in the following manner [9, 2]. Let the vertex set of G be V(G) = {v1, v2, . . . , vn}, and the

vertices of G∗ are given by the two sets X = {x1, x2, . . . , xn} and Y = {y1, y2, . . . , yn}. Thus for

each vertex vi ∈ V(G), there are two vertices xi and yi in V(G∗). The double graph G∗ includes

the initial edge set of each copies of G, and for any edge vivj ∈ E(G), two more edges xiyj

and xjyi are added, see Figure 1. Now we compute the first reformulated Zagreb index of the

double of a given graph.

b b b

b b b b

x2 x3 x4x1

y1 y2 y3 y4

P∗
4

b b b b
b

P4

Figure 1: The double graph of P4.

Theorem 1. Let G be a connected graph with m edges. If G∗ is a double graph of G, then

EM1(G
∗) = 16HM(G)− 32M1(G) + 16m.
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Proof. From the definition of a double graph it is clear that dG∗(xi) = dG∗(yi) = 2dG(vi), where

vi ∈ V(G) and xi, yi ∈ V(G∗) are corresponding clone vertices of vi. By the definition of EM1,

EM1(G
∗) = ∑

uv∈E(G∗)

(dG∗(u) + dG∗(v)− 2)2

= ∑
xixj∈E(G∗)

(dG∗(xi) + dG∗(xj)− 2)2 + ∑
yiyj∈E(G∗)

(dG∗(yi) + dG∗(yj)− 2)2

+ ∑
xiyj∈E(G∗)

(dG∗(xi) + dG∗(yj)− 2)2 + ∑
xjyi∈E(G∗)

(dG∗(xj) + dG∗(yi)− 2)2

= 4 ∑
vivj∈E(G)

(2dG(vi) + 2dG(vj)− 2)2 = 16 ∑
vivj∈E(G)

(dG(vi) + dG(vj)− 1)2

= 16 ∑
vivj∈E(G)

[

(dG(vi) + dG(vj))
2 − 2(dG(vi) + dG(vj)) + 1

]

= 16HM(G)− 32M1(G) + 16m.

Let G be a simple connected graph with V(G) = {v1, v2, . . . , vn}. The extended double cover of

G, denoted by G∗∗ is the bipartite graph with bipartition (X, Y) where X = {x1, x2, . . . , xn} and

Y = {y1, y2, . . . , yn} in which xi and yj are adjacent if and only if either vi and vj are adjacent

in G or i = j, see Figure 2. This construction of the extended double cover was introduced by

Alon N. [2] in 1986. Here we obtain the first reformulated Zagreb index of extended double

cover of a given graph.

b b b b

b b b b

Figure 2: Extended double cover of P4.

Theorem 2. Let G be a graph and G∗∗ its extended double cover. Then EM1(G
∗∗) = 2HM(G).

Proof. Let G be a graph with n vertices and m edges. The definition of the extended dou-

ble cover implies that G∗∗ consists of 2n vertices and n + 2m edges. Moreover, dG∗∗(xi) =

dG∗∗(yi) = dG(vi) + 1, for i = {1, 2, . . . , n}. Here, vi ∈ V(G) and xi, yi ∈ V(G∗∗) are corre-

sponding clone vertices of vi. Hence

EM1(G
∗∗) = ∑

uv∈E(G∗∗)

(dG∗∗(u) + dG∗∗(v)− 2)2

= ∑
xiyj∈E(G∗∗)

(dG∗∗(xi) + dG∗∗(yj)− 2)2 + ∑
xjyi∈E(G∗∗)

(dG∗∗(xj) + dG∗∗(yi)− 2)2

+
n

∑
i=1

(dG∗∗(xi) + dG∗∗(yi)− 2)2 = 2 ∑
vivj∈E(G)

(dG(vi) + 1 + dG(vj) + 1 − 2)2

= 2 ∑
vivj∈E(G)

(dG(vi) + dG(vj))
2 = 2HM(G).
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1.2 Thorn Graph

An edge e = uv of a graph G is called a thorn if either dG(u) = 1 or dG(v) = 1. The concept

of thorn graph was introduced by Gutman I. [8] by joining a number of thorn to each vertex of

any given graph G. Some of the topological indices of thorn graphs are studied in [13, 18, 19].

Let V(G) and V(GT) be the vertex sets of G and its thorn graph GT respectively. Let V(G) =

{v1, v2, . . . , vn} and VT(G) = V(G) ∪ V1 ∪ V2 ∪ . . . ∪ Vn, where Vi are the set of degree one

vertices attached to the vertices vi in GT and Vi ∪Vj = ϕ, i 6= j. Let the vertices of the set Vi are

denoted by vij for j = 1, 2, . . . , pi and i = 1, 2, . . . , n. Thus
∣

∣V(GT)
∣

∣ = n + z where, z =
n

∑
i=1

pi.

Then the degree of the vertices vi in GT are given by dGT (vi) = dG(vi) + pi, for i = 1, 2, . . . , n.

Now we compute the first reformulated Zagreb index of thorn of a given graph.

Theorem 3. Let G be a graph. Then

EM1(G
T) = HM(G) + ∑

vivj∈E(G)

(pi + pj − 2)2 + 2 ∑
vivj∈E(G)

(dG(vi) + dG(vj))(pi + pj − 2)

+
n

∑
i=1

pi

[

d2
G(vi) + (pi − 1)2 + 2dG(vi)(pi − 1)].

Proof. From the definition of reformulated first Zagreb index,

EM1(G
T) = ∑

vivj∈E(GT)

(dGT (vi) + dGT(vj)− 2)2

= ∑
vivj∈E(GT)

(dGT (vi) + dGT(vj)− 2)2 +
n

∑
i=1

pi

∑
j=1

(dGT (vi) + dGT(vj)− 2)2

= ∑
vivj∈E(G)

(dG(vi) + pi + dG(vj) + pj − 2)2 +
n

∑
i=1

pi

∑
j=1

(dG(vi) + pi + 1 − 2)2

= ∑
vivj∈E(G)

[

(dG(vi) + dG(vj))
2 + (pi + pj − 2)2

+ 2(dG(vi) + dG(vj))(pi + pj − 2)
]

+
n

∑
i=1

pi(dG(vi) + pi − 1)2

= HM(G) + ∑
vivj∈E(G)

(pi + pj − 2)2 + 2 ∑
vivj∈E(G)

(dG(vi) + dG(vj))(pi + pj − 2)

+
n

∑
i=1

pi

[

d2
G(vi) + (pi − 1)2 + 2dG(vi)(pi − 1)].

1.3 Subdivision Vertex Corona of Graphs

Let G1 and G2 be any two simple connected graphs with n1 and n2 number of vertices and

m1 and m2 number of edges respectively. The subdivision vertex corona of G1 and G2 is denoted

by G1 ◦ G2 and was introduced by Lu P. and Miao Y. [14]. The graph G1 ◦ G2 is obtained

from the subdivision graph S(G1) and n1 copies of G2, by joining the i-th vertex of V(G1) to

every vertex in the i-th copy of G2. Let V(G1) = {v1, v2, . . . , vn1}, I(G1) = {ve
1, ve

2, . . . , ve
m1
}
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and V(G2) = {u1, u2, . . . , un2}, so that V(S(G)) = V(G) ∪ I(G). Let ui
1, ui

2, . . . , ui
n2

denote the

vertices of the i-th copy of G2,i, i = 1, 2, . . . , n1, so that

V(G1 ◦ G2) = V(G1) ∪ I(G1) ∪ [V(G2,1) ∪ V(G2,2) ∪ . . . ∪ V(G2,n1
)].

Here we compute the first reformulated Zagreb index of Subdivision vertex corona of graphs.

Theorem 4. Let G1 and G2 be two graphs with n1, n2 and m1, m2 edges, respectively. Then

EM1(G1 ◦ G2) = n1HM(G2) + F(G1) + 3n2M1(G1) + n1M1(G2) + n2

[

2m1n2 + n1(n2 − 1)2
]

+ 8m1m2 + 4
[

m1(n2 − 1) + m2(n1 − 1)
]

.

Proof. The degree of the vertices of G1 ◦ G2 is given by dG1◦G2
(vi) = dG1

(vi) + n2 for i =

1, 2, . . . , n1, dG1◦G2
(ei) = 2 for i = 1, 2, . . . , m1, dG1◦G2

(ui
j) = dG2

(uj) + 1 for i = 1, 2, . . . , n1 and

j = 1, 2, . . . , n2. Let the vertex set of G1 ◦ G2 can be partitioned into three subsets E1 = {xy ∈

E(G1 ◦ G2)|x, y ∈ V(G2,i), i = 1, 2, . . . , n1}, E2 = {xy ∈ E(G1 ◦ G2)|x ∈ V(G1), y ∈ I(G1)}, and

E3 = {xy ∈ E(G1 ◦ G2)|x ∈ V(G1), y ∈ V(G2,i), i = 1, 2, . . . , n1}. The contribution of the edges

in E1 to the first reformulated Zagreb index of G1 ⊙ G2 is given by

EM1(G1 ⊙ G2) = ∑
xy∈E1

(dG1⊙G2
(x) + dG1⊙G2

(y)− 2)2

=
n1

∑
i=1

∑
uiuj∈E(G2)

(dG2
(ui) + 1 + dG2

(uj) + 1 − 2)2

=
n1

∑
i=1

∑
uiuj∈E(G2)

(dG2
(ui) + dG2

(uj))
2 = n1HM(G2).

Similarly, the contribution of the edges in E2 to the first reformulated Zagreb index of G1 ⊙ G2

is given by

EM1(G1 ⊙ G2) = ∑
xy∈E2

(dG1⊙G2
(x) + dG1⊙G2

(y)− 2)2 =
n

∑
i=1

(dG1
(vi) + n2 + 2 − 2)2dG1

(vi)

=
n

∑
i=1

[

d2
G1
(vi) + n2

2 + 2dG1
(vi)n2

]

dG1
(vi)

= F(G1) + 2n2M1(G1) + 2m1n2
2.

The contribution of the edges in E3 to the first reformulated Zagreb index of G1 ⊙ G2 is given

by

EM1(G1 ⊙ G2) =
n1

∑
i=1

n2

∑
j=1

(dG1
(vi) + n2 + dG2

(uj) + 1 − 2)2

=
n1

∑
i=1

n2

∑
j=1

(dG1
(vi) + dG2

(uj) + (n2 − 1))2

=
n1

∑
i=1

n2

∑
j=1

[

d2
G1
(vi) + d2

G2
(uj) + (n2 − 1)2 + 2dG1

(vi)dG2
(uj)

+ 2dG2
(uj)(n2 − 1) + 2dG1

(vi)(n2 − 1)
]

= n2M1(G1) + n1M1(G2)

+ n1n2(n2 − 1)2 + 8m1m2 + 4m2(n2 − 1) + 4m1(n2 − 1).

The desired expression for the first reformulated Zagreb index of G1 ⊙ G2 is obtained by sum-

ming the above three expressions.
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1.4 Some derived graphs

The subdivision graphS(G) is the graph obtained from G by replacing each edge of G by a

path of length two. The triangle parallel graph of a graph G is denoted by R(G) and is obtained

from G by replacing each edge of G by a triangle. Now we compute the first reformulated

Zagreb index of S(G) and R(G) for a given graph G.

Theorem 5. Let G be a graph. Then EM1(S(G)) = F(G).

Proof. Observe that V(S(G)) =
(

V(S(G)) ∩ V(G)
)

∪
(

V(S(G)) \ V(G)
)

, that is |V(S(G))| =

p + q and |E(S(G))| = 2q. Note that for x ∈ V(S(G)) ∩ V(G), dS(G)(x) = dG(x) and for

x ∈ V(S(G)) \ V(G), dS(G)(x) = 2. The first reformulated Zagreb index is given by

EM1(S(G)) = ∑
uv∈E(S(G))

(dS(G)(u) + dS(G)(v)− 2)2 = ∑
u∈V(S(G))

(dS(G)(u) + 2 − 2)2

= ∑
u∈V(G)

dG(u)(dG(u))
2 = F(G).

Theorem 6. Let G be a graph on m edges. Then

EM1(R(G)) = 4HM(G)− 8M1(G) + 4F(G) + 4m.

Proof. From the definition of R(G), we have

RM1(R(G)) = ∑
uv∈E(R(G))

(dR(G)(u) + dR(G)(v)− 2)2

= ∑
u,v∈V(G), uv∈E(R(G))

(dR(G)(u) + dR(G)(v)− 2)2

+ ∑
x∈V(G), y∈V(R(G))/V(G), xy∈E(R(G))

(dR(G)(x) + dR(G)(y)− 2)2

= ∑
uv∈E(G)

(2dG(u) + 2dG(v)− 2)2 + ∑
p∈V(G)

(2dG(p) + 2 − 2)2dG(p)

= ∑
uv∈E(G)

[(2dG(u) + 2dG(v))
2 + 4 − 4(2dG(u) + 2dG(v))] + ∑

p∈V(G)

4d3
G(p)

= 4HM(G)− 8M1(G) + 4F(G) + 4m.

1.5 Generalized transformation graphs

Sampathkumar E. and Chikkodimath S.B. [16] defined the semitotal-point graph of given

graph. Based on this definition, Gutman introduced some new graphical transformations.

These generalize the concept of a semitotal-point graph.

Let G = (V, E) be a graph, and let α, β be two elements of V(G) ∪ E(G). We say that the

associativity of α and β is + if they are adjacent or incident in G, otherwise is −. Let ab be a

2−permutation of the set {+,−}. We say that α and β correspond to the first term a of ab if

both α and β are in V(G), whereas α and β correspond to the second term b of ab if one of α

and β is in V(G) and the other is in E(G). The generalized transformation graph Gab of G is
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defined on the vertex set V(G) ∪ E(G). Two vertices α and β of Gab are joined by an edge if and

only if their associativity in G is consistent with the corresponding term of ab.

In view of above, one can obtain four graphical transformations of graphs, since there are

four distinct 2−permutations of {+−}. Note that G++ is just the semitotal-point graph T2(G)

of G, whereas the other generalized transformation graphs are G+−, G−+ and G−−. In other

words, the generalized transformation graph Gab is a graph whose vertex set is V(G) ∪ E(G),

and α, β ∈ V(Gab). α and β are adjacent in Gab if and only if either (i) and (ii) holds:

(i) for any α, β ∈ V(G), α, β are adjacent in G if a = + and; α, β are not adjacent in G if

a = −;

(ii) for any α ∈ V(G) and β ∈ E(G), α, β are incident in G if b = + and; α, β are not incident

in G if b = −.

The vertex vi of Gab corresponding to a vertex vi of G is referred to as a point vertex. The

vertex ei of Gab corresponding to an edge ei of G is referred to as a line vertex.

Theorem 7. Let G be a connected graph on n vertices and m edges. Then EM1(G
++) =

4HM(G)− 8M1(G) + 4F(G) + 4m.

Proof. One can observe that the number of vertices and edges of G++ are n + m and 2m, re-

spectively. dG++(vi) = 2dG(vi) and dG++(ei) = 2.

EM1(G
++) = ∑

uv∈E(G++)

(dG++(u) + dG++(v)− 2)2

= ∑
uv∈E(G++)∩E(G)

(dG++(u) + dG++(v)− 2)2

+ ∑
uv∈E(G++)−E(G)

(dG++(u) + dG++(v)− 2)2

= ∑
uv∈E(G)

(2dG(u) + 2dG(v)− 2)2 + ∑
uv∈E(G++)−E(G)

(2 + 2dG(v)− 2)2

= 4HM(G)− 8M1(G) + 4 ∑
v∈V(G)

d3
G(v) + 4m

= 4HM(G)− 8M1(G) + 4F(G) + 4m.

Theorem 8. Let G be a connected graph on n vertices and m edges. Then

EM1(G
+−) = 4m(m − 1)2 + (nm − 2m)(n + m − 4)2.

Proof. Note that |V(G+−)| = n + m and |E(G+−)| = m(n − 1). Moreover, dG++(vi) = m and

dG++(ei) = n − 2.

EM1(G
+−) = ∑

uv∈E(G+−)

(dG+−(u) + dG+−(v)− 2)2

= ∑
uv∈E(G+−)∩E(G)

(dG+−(u) + dG+−(v)− 2)2

+ ∑
uv∈E(G+−)−E(G)

(dG+−(u) + dG+−(v)− 2)2

= ∑
uv∈E(G)

(2m − 2)2 + ∑
uv∈E(G+−)−E(G)

(m + (n − 2)− 2)2

= m(2m − 2)2 + (m(n − 1)− m)(n + m − 4)2.
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Theorem 9. Let G be a connected graph on n vertices and m edges. Then

EM1(G
−+) = 2n2(n(n − 1)− 2m) + 2m(n − 1)2.

Proof. Note that |V(G−+)| = n + m and |E(G−+)| = m + n(n−1)
2 . Moreover, dG−+(vi) = n − 1

and dG++(ei) = 2.

EM1(G
−+) = ∑

uv∈E(G−+)

(dG−+(u) + dG−+(v)− 2)2

= ∑
uv∈E(G−+)∩E(G)

(dG−+(u) + dG−+(v)− 2)2

+ ∑
uv∈E(G−+)−E(G)

(dG−+(u) + dG−+(v)− 2)2

= [
n(n − 1)

2
− m](2n)2 + (n − 1)2(

n(n − 1)

2
+ m −

n(n − 1)

2
+ m)

= 4n2(
n(n − 1)

2
− m) + 2m(n − 1)2.

Theorem 10. Let G be a connected graph on n vertices and m edges. Then

EM1(G
−−) = 4HM(G)− 8(n + m − 2)M1(G) + 2(n + m − 2)2(n2 − n − m)

+ (2n + m − 5)2m(n − 2) + 4 ∑
uv∈E(G−−)−E(G)

(

d2
G(v)− (2n + m − 5)dG(v)

)

.

Proof. Note that |V(G−−)| = p + q and |E(G−−)| =
p(p−1)

2 + q(p − 3). Moreover, dG−−(vi) =

p + q − 1 − 2dG(vi) and dG−−(ei) = p − 2.

EM1(G
−−) = ∑

uv∈E(G−−)

(dG−−(u) + dG−−(v)− 2)2 = ∑
uv∈E(G−−)∩E(G)

(dG−−(u) + dG−−(v)− 2)2

+ ∑
uv∈E(G−−)−E(G)

(dG−−(u) + dG−−(v)− 2)2

= ∑
uv∈E(G)

((n + m − 1)− 2dG(u) + (n + m − 1)− 2dG(v)− 2)2

+ ∑
uv∈E(G−−)−E(G)

(n − 2 + n + m − 1 − 2dG(v)− 2)2

= ∑
uv∈E(G)

(2(n + m − 1)− 2(dG(u) + dG(v))− 2)2

+ ∑
uv∈E(G−−)−E(G)

(2n + m − 5 − 2dG(v))
2

= ∑
uv∈E(G)

((2(n + m − 1)− 2)2 + 4(dG(u) + dG(v))
2

− 4(2(n + m − 1)− 2)(dG(u) + dG(v)))

+ ∑
uv∈E(G−−)−E(G)

((2n + m − 5)2 + 4d2
G(v)− 4(2n + m − 5)dG(v))

= 4HM(G)− 8(n + m − 2)M1(G) + 2(n + m − 2)2(n2 − n − m)

+ (2n + m − 5)2m(n − 2) + 4 ∑
uv∈E(G−−)−E(G)

(

d2
G(v)− (2n + m − 5)dG(v)

)

.
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1.6 Generalized Mycielskian graphs

Let G be a simple connected graph with n vertices and m edges, V(G) = {v1, v2, . . . , vn}.

For a graph G = (V, E), the Mycielskian of G is the graph µ(G) with the vertex set consisting

of the disjoint union V ∪ V′ ∪ {u}, where V′ = {x′|x ∈ V} and edge set E ∪ {x′y, xy′|xy ∈

E} ∪ {x′u|x′ ∈ V′}.

For a graph G = (V, E), the generalized Mycielskian, denoted by µk(G), of G is the graph

whose vertex set is the disjoint union V ∪ (
k
⋃

i=1
Vi)∪ {u}, where Vi = {xi|x ∈ V} is an indepen-

dent set, 1 ≤ i ≤ k, and edge set E(µk(G)) = E∪ {
k
⋃

i=1
{yi−1xi; xi−1yi|xy ∈ E}}

⋃

{xku|xk ∈ Vk},

where x0 = x and y0 = y.

The proof of the following lemma easily follows from the definition of the generalized

Mycielskian of G.

Lemma 1. Let G be a connected graph. Then

(i) |V(µk(G))| = (k + 1)n + 1;

(ii) |E(µk(G))| = (2k + 1)m + n;

(iii) If u0v0 ∈ E(G), then u0v0, uivi+1, ui+1vi ∈ E(µk(G)) for 0 ≤ i ≤ k − 1;

(iv) dµk(G)(v
i) = 2dG(v), 0 ≤ i ≤ k − 1;

(v) dµk(G)(v
k) = dG(v) + 1 for all v ∈ V(G);

(vi) dµk(G)(u) = n.

Here we obtain the first reformulated Zagreb index of µk(G).

Theorem 11. Let G be a connected graph with n vertices and m edges. Then

EM1(µk(G)) = 2(4k − 1)HM(G) + 6F(G)− (16k − 1)M1(G) + 4M2(G)

+ n(n − 1)2 + 2m(4k + 2n − 3).

Proof. By the definition of EM1, we have

EM1(µk(G)) = ∑
uv∈E(µk(G))

(

dµk(G)(u) + dµk(G)(v)− 2
)2

.

By Lemma 1, we get

EM1(µk(G)) = ∑
uv∈E(G)

(

2dG(u) + 2dG(v)− 2
)2

+ 2(k − 1) ∑
uv∈E(G)

(

2dG(u) + 2dG(v)− 2
)2

+ ∑
uv∈E(G)

(

2dG(u) + (dG(v) + 1)− 2
)2

+ ∑
uv∈E(G)

(

2dG(v) + (dG(u) + 1)− 2
)2

+ ∑
v∈V(G)

(

(dG(v) + 1) + n − 2
)2

= (2k − 1) ∑
uv∈E(G)

(

2dG(u) + 2dG(v)− 2
)2

+ ∑
uv∈E(G)

(

2dG(u) + dG(v)− 1
)2

+ ∑
uv∈E(G)

(

2dG(v) + dG(u)− 1
)2

+ ∑
v∈V(G)

(

dG(v) + n − 1
)2

= S1 + S2 + S3 + S4,
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where

S1 = (2k − 1) ∑
uv∈E(G)

(

2dG(u) + 2dG(v)− 2
)2

= 4(2k − 1) ∑
uv∈E(G)

(

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

)

= (2k − 1)
(

4HM(G)− 8M1(G) + 4m
)

,

S2 = ∑
uv∈E(G)

(

2dG(u) + dG(v)− 1
)2

= ∑
uv∈E(G)

(

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

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

−2(dG(u) + dG(v))− 2dG(u) + 1
)

= HM(G) + 3 ∑
v∈V(G)

dG(v)(dG(v))
2 + 2M2(G)− 2M1(G)− 2 ∑

v∈V(G)

(dG(v))
2 + m

= HM(G) + 3F(G) + 2M2(G)− 4M1(G) + m.

Similarly,

S3 = ∑
uv∈E(G)

(

2dG(v) + dG(u)− 1
)2

= HM(G) + 3F(G) + 2M2(G)− 4M1(G) + m,

S4 = ∑
v∈V(G)

(

dG(v) + n − 1
)2

= ∑
v∈V(G)

(

(dG(v))
2 + 2(n1)dG(v) + (n − 1)2

)2

= M1(G) + n(n − 1)2 + 4(n − 1)m.

The desired expression for the first reformulated Zagreb index of µk(G) is obtained by sum-

ming S1 to S4.
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Каладевi В., Муруґешан Р., Паттабiраман К. Першi перевизначенi iндекси Загреба для деяких класiв

графiв // Карпатськi матем. публ. — 2017. — Т.9, №2. — C. 134–144.

Топологiчний iндекс графа — це параметр, пов’язаний з графом; вiн не залежить вiд мар-

кування або наочного зображення графа. Операцiї з графами вiдiграють важливу роль для

аналiзу структури i властивостей великого графа, що породжений вiд менших графiв. Iнде-

кси Загреба є важливими топологiчними показниками, якi знайшли застосування в вивченнi

кiлькiсної структури вiдносин власностi (QSPR) та кiлькiсної структури вiдносин активностi

(QSAR). Є рiзнi дослiдження окремих видiв iндексiв Загреба. Один з найважливiших iнде-

ксiв Загреба — це переформульований iндекс Загреба, який використовується в дослiдженнi

QSPR.

У статтi ми отримуємо значення перших переформульованих iндексiв Загреба деяких по-

хiдних графiв, таких як подвiйний граф, подовжений подвiйний граф, шиповий граф, напiв-

подiлений вершиний коронний граф, напiвподiлений граф та паралельний трикутний граф.

Крiм того обчислено першi переформульованi iндекси Загреба для двох важливих перетво-

рень графiв таких як граф узагальненого перетворення та узагальнений граф Мiцельскiяна.

Ключовi слова i фрази: iндекс Загреба, перевизначений iндекс Загреба, похiднi графи.


