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1. Introduction

I n the literature of graph theory, we can find several graph polynomials based on different matrices defined
on the graph such as adjacency matrix [1], Laplacian matrix [2], signless Laplacian matrix [3,4], distance

matrix [5], degree sum matrix [6,7], seidel matrix [8] etc. The purpose of this paper is to obtain the characteristic
polynomial of the minimum degree matrix of a graph obtained by some graph operators (generalized xyz-point-line
transformation graphs). For undefined graph theoretic terminologies and notions refer [1,9,10].

Let G = (n, m) be a simple, undirected graph. Let V(G) and E(G) be the vertex set and edge set of G
respectively. The degree degG(v) (or dG(v)) of a vertex v ∈ V(G) is the number of edges incident to it in G.
The graph G is r-regular if the degree of each vertex in G is r. Let {v1, v2, ..., vn} be the vertices of G and let
di = degG(vi). The minimum degree matrix [11] of a graph G is an n × n matrix MD(G) = [(md)ij], whose
elements are defined as

(md)ij =

{
min{di, dj} i f i 6= j,
0 otherwise.

Let I be the identity matrix and J be the matrix whose all entries are equal to 1. The minimum degree
polynomial of a graph G is defined as

PMD(G)(ξ) = det(ξ I −MD(G)).

The eigenvalues of the matrix MD(G), denoted by ξ1, ξ2, ..., ξn are called the minimum degree eigenvalues of
G and their collection is called the minimum degree spectra of G. It is easy to see that if G is an r-regular graph,
then MD(G) = r(J − I). Therefore, for an r-regular graph G of order n,

PMD(G)(ξ) = [ξ − r(n− 1)][ξ + r]n−1. (1)

The subdivision graph [9] S(G) of a graph G is a graph with the vertex set V(S(G)) = V(G) ∪ E(G) and two
vertices of S(G) are adjacent whenever they are incident in G. The partial complement of subdivision graph [12]
S(G) of a graph G is a graph with the vertex set V(S(G)) = V(G)∪ E(G) and two vertices of S(G) are adjacent
whenever they are nonincident in G.

In [13], Wu Bayoindureng et al. introduced the total transformation graphs and obtained the basic
properties of total transformation graphs. For a graph G = (V, E), let G0 be the graph with V(G0) = V(G)
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and with no edges, G1 the complete graph with V(G1) = V(G), G+ = G, and G− = G. Let G denotes the
set of simple graphs. The following graph operators depending on x, y, z ∈ {0, 1,+,−} induce functions
Txyz : G → G. These operators are introduced by Deng et al. in [14]. They referred these resulting
graphs as xyz-transformations of G, denoted by Txyz(G) = Gxyz and obtained the Laplacian characteristic
polynomials and some other Laplacian parameters of xyz-transformations of an r-regular graph G. Further,
Basavanagoud [15] established the basic properties of these xyz-transformation graphs by calling them
xyz-point-line transformation graphs.

Definition 1. [14] Given a graph G with vertex set V(G) and edge set E(G) and three variables x, y, z ∈
{0, 1,+,−}, the xyz-point-line transformation graph Txyz(G) of G is the graph with vertex set V(Txyz(G)) =

V(G) ∪ E(G) and the edge set E(Txyz(G)) = E((G)x) ∪ E((L(G))y) ∪ E(W) where W = S(G) if z = +,
W = S(G) if z = −, W is the graph with V(W) = V(G) ∪ E(G) and with no edges if z = 0 and W is the
complete bipartite graph with parts V(G) and E(G) if z = 1.

Since there are 64 distinct 3-permutations of {0, 1,+,−}. Thus obtained 64 kinds of generalized
xyz-point-line transformation graphs. There are 16 different graphs for each case when z = 0, z = 1, z = +,
z = −.

For instance, the total graph T(G) is a graph with vertex set V(G) ∪ E(G) and two vertices of T(G) are
adjacent whenever they are adjacent or incident in G. The xyz-point-line transformation graph T−−+(G) is a
graph with vertex set V(G) ∪ E(G) and two vertices of T−−+(G) are adjacent whenever they are nonadjacent
or incident in G.

The degree of vertices in the graphs Txyz(G) are given in the following Theorems 2 and 3, which are
helpful in proving our results.

Theorem 2. [16] Let G be a graph of order n, size m and let v be the point-vertex of Txyz corresponding to a vertex v of
G. Then

1. dTxy0(v) =


0 i f x = 0, y ∈ {0, 1,+,−},
n− 1 i f x = 1, y ∈ {0, 1,+,−},
dG(v) i f x = +, y ∈ {0, 1,+,−},
n− 1− dG(v) i f x = −, y ∈ {0, 1,+,−}.

2. dTxy1(v) =


m i f x = 0, y ∈ {0, 1,+,−},
n + m− 1 i f x = 1, y ∈ {0, 1,+,−},
m + dG(v) i f x = +, y ∈ {0, 1,+,−},
n + m− 1− dG(v) i f x = −, y ∈ {0, 1,+,−}.

3. dTxy+(v) =


dG(v) i f x = 0, y ∈ {0, 1,+,−},
n− 1 + dG(v) i f x = 1, y ∈ {0, 1,+,−},
2dG(v) i f x = +, y ∈ {0, 1,+,−},
n− 1 i f x = −, y ∈ {0, 1,+,−}.

4. dTxy−(v) =


m− dG(v) i f x = 0, y ∈ {0, 1,+,−},
n + m− 1− dG(v) i f x = 1, y ∈ {0, 1,+,−},
m i f x = +, y ∈ {0, 1,+,−},
n + m− 1− 2dG(v) i f x = −, y ∈ {0, 1,+,−}.

Theorem 3. [16] Let G be a graph of order n, size m and let e be the line-vertex of Txyz corresponding to an edge e of G.
Then

1. dTxy0(e) =


0 i f y = 0, x ∈ {0, 1,+,−},
m− 1 i f y = 1, x ∈ {0, 1,+,−},
dG(e) i f y = +, x ∈ {0, 1,+,−},
m− 1− dG(e) i f y = −, x ∈ {0, 1,+,−}.

2. dTxy1(e) =


n i f y = 0, x ∈ {0, 1,+,−},
n + m− 1 i f y = 1, x ∈ {0, 1,+,−},
n + dG(e) i f y = +, x ∈ {0, 1,+,−},
n + m− 1− dG(e) i f y = −, x ∈ {0, 1,+,−}.
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3. dTxy+(e) =


2 i f y = 0, x ∈ {0, 1,+,−},
m + 1 i f y = 1, x ∈ {0, 1,+,−},
2 + dG(e) i f y = +, x ∈ {0, 1,+,−},
m + 1− dG(e) i f y = −, x ∈ {0, 1,+,−}.

4. dTxy−(e) =


n− 2 i f y = 0, x ∈ {0, 1,+,−},
n + m− 3 i f y = 1, x ∈ {0, 1,+,−},
n− 2 + dG(e) i f y = +, x ∈ {0, 1,+,−},
n + m− 3− dG(e) i f y = −, x ∈ {0, 1,+,−}.

2. Degree exponent polynomial of graphs obtained by graph operations

In this section we obtain the minimum degree polynomial of graphs obtained by some graph operators.
We use the following lemma in order to prove the following theorems.

Lemma 4. [17] If a, b, c and d are real numbers, then the determinant of the form∣∣∣∣∣ (ξ + a)In1 − aJn1 −cJn1×n2

−dJn2×n1 (ξ + b)In2 − bJn2

∣∣∣∣∣ (2)

of order n1 + n2 can be expressed in the simplified form as

(ξ + a)n1−1(ξ + b)n2−1{[ξ − (n1 − 1)a][ξ − (n2 − 1)b]− n1n2cd}.

Theorem 5. Let G be an r-regular graph of order n and size m. Then

PMD(T01+(G))(ξ) = (ξ + m + 1)m−1(ξ + r)n−1{ξ2 − [(n− 1)r + (m− 1)(m + 1)]ξ

+(n− 1)r(m− 1)(m + 1)−min{m + 1, r}2mn}.

Proof. The generalized xyz-point-line transformation graph T01+(G) of a regular graph G of degree r has two
types of vertices. The n vertices with degree r and the remaining m vertices are with degree m + 1. Hence

MD(T01+(G)) =

[
r(Jn − In) min{r, m + 1}Jn×m

min{r, m + 1}Jm×n (m + 1)(Jm − Im)

]
.

Therefore,

PMD(T01+(G))(ξ) = |ξ I −MD(T01+(G))|

=

∣∣∣∣∣ (ξ + r)In − rJn −min{r, m + 1}Jn×m

−min{r, m + 1}Jm×n (ξ + m + 1)Im − (m + 1)Jm

∣∣∣∣∣ .

Using Lemma 4, we get the required result.

Theorem 6. Let G be an r-regular graph of order n and size m. Then

PMD(T0−+(G))(ξ) = (ξ + r)n−1(ξ + m + 3− 2r)m−1{ξ2 − [(n− 1)r + (m− 1)(m + 3− 2r)]ξ

+(n− 1)(m− 1)r(m + 3− 2r)−min{r, m + 3− 2r}2mn}.

Proof. The generalized xyz-point-line transformation graph T0−+(G) of a regular graph G of degree r has two
types of vertices. The n vertices with degree r and the remaining m vertices are with degree m + 3− 2r. Hence

MD(T0−+(G)) =

[
r(Jn − In) min{r, m + 3− 2r}Jn×m

min{r, m + 3− 2r}Jm×n (m + 3− 2r)(Jm − Im)

]
.
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Therefore,

PMD(T0−+(G))(ξ) = |ξ I −MD(T0−+(G))|

=

∣∣∣∣∣ (ξ + r)In − rJn −min{r, m + 3− 2r}Jn×m

−min{r, m + 3− 2r}Jm×n (ξ + m + 3− 2r)Im − (m + 3− 2r)Jm

∣∣∣∣∣ .

Using Lemma 4, we get the required result.

Theorem 7. Let G be an r-regular graph of order n and size m. Then

PMD(T10+(G))(ξ) = (ξ + n− 1 + r)n−1(ξ + 2)m−1{ξ2 − [(n− 1)(n− 1 + r) + 2(m− 1)]ξ

+2(n− 1)(m− 1)(n− 1 + r)−min{2, n− 1 + r}2mn}.

Proof. The generalized xyz-point-line transformation graph T10+(G) of a regular graph G of degree r has two
types of vertices. The n vertices with degree n− 1 + r and the remaining m vertices are with degree 2. Hence

MD(T10+(G)) =

[
(n− 1 + r)(Jn − In) min{2, n− 1 + r}Jn×m

min{2, n− 1 + r}Jm×n 2(Jm − Im)

]
.

Therefore,

PMD(T10+(G))(ξ) = |ξ I −MD(T10+(G))|

=

∣∣∣∣∣ (ξ + n− 1 + r)In − (n− 1 + r)Jn −min{2, n− 1 + r}Jn×m

−min{2, n− 1 + r}Jm×n (ξ + 2)Im − 2Jm

∣∣∣∣∣ .

Using Lemma 4, we get the required result.

Theorem 8. Let G be an r-regular graph of order n and size m. Then

PMD(T11+(G))(ξ) = (ξ + n− 1 + r)n−1(ξ + m + 1)m−1{ξ2 − [(n− 1)(n− 1 + r) + (m− 1)(m + 1)]ξ

+(n− 1)(m− 1)(n− 1 + r)(m + 1)−min{n− 1 + r, m + 1}2mn}.

Proof. The generalized xyz-point-line transformation graph T11+(G) of a regular graph G of degree r has two
types of vertices. The n vertices with degree n − 1 + r and the remaining m vertices are with degree m + 1.
Hence

MD(T11+(G)) =

[
(n− 1 + r)(Jn − In) min{n− 1 + r, m + 1}Jn×m

min{n− 1 + r, m + 1}Jm×n (m + 1)(Jm − Im)

]
.

Therefore,

PMD(T11+(G))(ξ) = |ξ I −MD(T11+(G))|

=

∣∣∣∣∣ (ξ + n− 1 + r)In − (n− 1 + r)Jn −min{n− 1 + r, m + 1}Jn×m

−min{n− 1 + r, m + 1}Jm×n (ξ + m + 1)Im − (m + 1)Jm

∣∣∣∣∣ .

Using Lemma 4, we get the required result.

Theorem 9. Let G be an r-regular graph of order n and size m. Then

PMD(T1++(G))(ξ) = (ξ + n− 1 + r)n−1(ξ + 2r)m−1{ξ2 − [(n− 1)(n− 1 + r) + (m− 1)2r]ξ

+(n− 1)(m− 1)(n− 1 + r)2r−min{2r, n− 1 + r}2mn}.
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Proof. The generalized xyz-point-line transformation graph T1++(G) of a regular graph G of degree r has two
types of vertices. The n vertices with degree n− 1 + r and the remaining m vertices are with degree 2r. Hence

MD(T1++(G)) =

[
(n− 1 + r)(Jn − In) min{2r, n− 1 + r}Jn×m

min{2r, n− 1 + r}Jm×n 2r(Jm − Im)

]
.

Therefore,

PMD(T1++(G))(ξ) = |ξ I −MD(T1++(G))|

=

∣∣∣∣∣ (ξ + n− 1 + r)In − (n− 1 + r)Jn −min{2r, n− 1 + r}Jn×m

−min{2r, n− 1 + r}Jm×n (ξ + 2r)Im − 2rJm

∣∣∣∣∣ .

Using Lemma 4, we get the required result.

Theorem 10. Let G be an r-regular graph of order n and size m. Then

PMD(T1−+(G))(ξ) = (ξ + n− 1 + r)n−1(ξ + m + 3− 2r)m−1{ξ2 − [(n− 1)(n− 1 + r)

+(m− 1)(m + 3− 2r)]ξ + (n− 1)(m− 1)(n− 1 + r)(m + 3− 2r)

−min{m + 3− 2r, n− 1 + r}2mn}.

Proof. The generalized xyz-point-line transformation graph T1−+(G) of a regular graph G of degree r has two
types of vertices. The n vertices with degree R1 = n − 1 + r and the remaining m vertices are with degree
R2 = m + 3− 2r. Hence

MD(T1−+(G)) =

[
R1(Jn − In) min{R1, R2}Jn×m

min{R1, R2}Jm×n R2(Jm − Im)

]
.

Therefore,

PMD(T1−+(G))(ξ) = |ξ I −MD(T1−+(G))|

=

∣∣∣∣∣ (ξ + R1)In − R1 Jn −min{R1, R2}Jn×m

−min{R1, R2}Jm×n (ξ + R2)Im − R2 Jm

∣∣∣∣∣ .

Using Lemma 4, we get the required result.

Theorem 11. Let G be an r-regular graph of order n and size m. Then

PMD(T+1+(G))(ξ) = (ξ + 2r)n−1(ξ + m + 1)m−1{ξ2 − [(n− 1)2r + (m− 1)(m + 1)]ξ

+(n− 1)(m− 1)2r(m + 1)−min{2r, m + 1}2mn}.

Proof. The generalized xyz-point-line transformation graph T+1+(G) of a regular graph G of degree r has two
types of vertices. The n vertices with degree 2r and the remaining m vertices are with degree m + 1. Hence

MD(T+1+(G)) =

[
2r(Jn − In) min{2r, m + 1}Jn×m

min{2r, m + 1}Jm×n (m + 1)(Jm − Im)

]
.

Therefore,

PMD(T+1+(G))(ξ) = |ξ I −MD(T+1+(G))|

=

∣∣∣∣∣ (ξ + 2r)In − 2rJn −min{2r, m + 1}Jn×m

−min{2r, m + 1}Jm×n (ξ + m + 1)Im − (m + 1)Jm

∣∣∣∣∣ .

Using Lemma 4, we get the required result.
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Theorem 12. Let G be an r-regular graph of order n and size m. Then

PMD(T+−+(G))(ξ) = (ξ + 2r)n−1(ξ + m + 3− 2r)m−1{ξ2 − [(n− 1)2r + (m− 1)(m + 3− 2r)]ξ

+(n− 1)(m− 1)2r(m + 3− 2r)−min{2r, m + 3− 2r}2mn}.

Proof. The generalized xyz-point-line transformation graph T+−+(G) of a regular graph G of degree r has
two types of vertices. The n vertices with degree 2r and the remaining m vertices are with degree m + 3− 2r.
Hence

MD(T+−+(G)) =

[
2r(Jn − In) min{2r, m + 3− 2r}Jn×m

min{2r, m + 3− 2r}Jm×n (m + 3− 2r)(Jm − Im)

]
.

Therefore,

PMD(T+−+(G))(ξ) = |ξ I −MD(T+−+(G))|

=

∣∣∣∣∣ (ξ + 2r)In − 2rJn −min{2r, m + 3− 2r}Jn×m

−min{2r, m + 3− 2r}Jm×n (ξ + m + 3− 2r)Im − (m + 3− 2r)Jm

∣∣∣∣∣ .

Using Lemma 4, we get the required result.

Theorem 13. Let G be an r-regular graph of order n and size m. Then

PMD(T−0+(G))(ξ) = (ξ + n− 1)n−1(ξ + 2)m−1{ξ2 − [(n− 1)(n− 1) + 2(m− 1)]ξ

+2(n− 1)(m− 1)(n− 1)−min{n− 1, 2}2mn}.

Proof. The generalized xyz-point-line transformation graph T−0+(G) of a regular graph G of degree r has two
types of vertices. The n vertices with degree n− 1 and the remaining m vertices are with degree 2. Hence

MD(T−0+(G)) =

[
(n− 1)(Jn − In) min{n− 1, 2}Jn×m

min{n− 1, 2}Jm×n 2(Jm − Im)

]
.

Therefore,

PMD(T−0+(G))(ξ) = |ξ I −MD(T−0+(G))|

=

∣∣∣∣∣ (ξ + n− 1)In − (n− 1)Jn −min{n− 1, 2}Jn×m

−min{n− 1, 2}Jm×n (ξ + 2)Im − 2Jm

∣∣∣∣∣ .

Using Lemma 4, we get the required result.

Theorem 14. Let G be an r-regular graph of order n and size m. Then

PMD(T−1+(G))(ξ) = (ξ + n− 1)n−1(ξ + m + 1)m−1{ξ2 − [(n− 1)(n− 1) + (m− 1)(m + 1)]ξ

+(n− 1)(m− 1)(n− 1)(m + 1)−min{n− 1, m + 1}2mn}.

Proof. The generalized xyz-point-line transformation graph T−1+(G) of a regular graph G of degree r has two
types of vertices. The n vertices with degree n− 1 and the remaining m vertices are with degree m + 1. Hence

MD(T−1+(G)) =

[
(n− 1)(Jn − In) min{n− 1, m + 1}Jn×m

min{n− 1, m + 1}Jm×n (m + 1)(Jm − Im)

]
.



Open J. Discret. Appl. Math. 2019, 2(2), 1-18 7

Therefore,

PMD(T−1+(G))(ξ) = |ξ I −MD(T−1+(G))|

=

∣∣∣∣∣ (ξ + n− 1)In − (n− 1)Jn −min{n− 1, m + 1}Jn×m

−min{n− 1, m + 1}Jm×n (ξ + m + 1)Im − (m + 1)Jm

∣∣∣∣∣ .

Using Lemma 4, we get the required result.

Theorem 15. Let G be an r-regular graph of order n and size m. Then

PMD(T−++(G))(ξ) = (ξ + n− 1)n−1(ξ + 2r)m−1{ξ2 − [(n− 1)(n− 1) + (m− 1)2r]ξ

+(n− 1)(m− 1)(n− 1)2r−min{n− 1, 2r}2mn}.

Proof. The generalized xyz-point-line transformation graph T−++(G) of a regular graph G of degree r has
two types of vertices. The n vertices with degree n− 1 and the remaining m vertices are with degree 2r. Hence

MD(T−++(G)) =

[
(n− 1)(Jn − In) min{n− 1, 2r}Jn×m

min{n− 1, 2r}Jm×n 2r(Jm − Im)

]
.

Therefore,

PMD(T−++(G))(ξ) = |ξ I −MD(T−++(G))|

=

∣∣∣∣∣ (ξ + n− 1)In − (n− 1)Jn −min{n− 1, 2r}Jn×m

−min{n− 1, 2r}Jm×n (ξ + 2r)Im − 2rJm

∣∣∣∣∣ .

Using Lemma 4, we get the required result.

Theorem 16. Let G be an r-regular graph of order n and size m. Then

PMD(T−−+(G))(ξ) = (ξ + n− 1)n−1(ξ + m + 3− 2r)m−1{ξ2 − [(n− 1)(n− 1)

+(m− 1)(m + 3− 2r)]ξ + (n− 1)(m− 1)(n− 1)(m + 3− 2r)

−min{n− 1, m + 3− 2r}2mn}.

Proof. The generalized xyz-point-line transformation graph T−−+(G) of a regular graph G of degree r has two
types of vertices. The n vertices with degree n− 1 and the remaining m vertices are with degree R = m+ 3− 2r.
Hence

MD(T−−+(G)) =

[
(n− 1)(Jn − In) min{n− 1, R}Jn×m

min{n− 1, R}Jm×n R(Jm − Im)

]
.

Therefore,

PMD(T−−+(G))(ξ) = |ξ I −MD(T−−+(G))|

=

∣∣∣∣∣ (ξ + n− 1)In − (n− 1)Jn −min{n− 1, R}Jn×m

−min{n− 1, R}Jm×n (ξ + R)Im − RJm

∣∣∣∣∣ .

Using Lemma 4, we get the required result.

Theorem 17. Let G be an r-regular graph of order n and size m. Then

PMD(T00−(G))(ξ) = (ξ + m− r)n−1(ξ + n− 2)m−1{ξ2 − [(n− 1)(m− r) + (m− 1)(n− 2)]ξ

+(n− 1)(m− 1)(m− r)(n− 2)−min{m− r, n− 2}2mn}.
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Proof. The generalized xyz-point-line transformation graph T00−(G) of a regular graph G of degree r has two
types of vertices. The n vertices with degree m− r and the remaining m vertices are with degree n− 2. Hence

MD(T00−(G)) =

[
(m− r)(Jn − In) min{m− r, n− 2}Jn×m

min{m− r, n− 2}Jm×n (n− 2)(Jm − Im)

]
.

Therefore,

PMD(T00−(G))(ξ) = |ξ I −MD(T00−(G))|

=

∣∣∣∣∣ (ξ + m− r)In − (m− r)Jn −min{m− r, n− 2}Jn×m

−min{m− r, n− 2}Jm×n (ξ + n− 2)Im − (n− 2)Jm

∣∣∣∣∣ .

Using Lemma 4, we get the required result.

Theorem 18. Let G be an r-regular graph of order n and size m. Then

PMD(T01−(G))(ξ) = (ξ + m− r)n−1(ξ + n + m− 3)m−1{ξ2 − [(n− 1)(m− r) + (m− 1)(n + m− 3)]ξ

+(n− 1)(m− 1)(m− r)(n + m− 3)−min{m− r, n + m− 3}2mn}.

Proof. The generalized xyz-point-line transformation graph T01−(G) of a regular graph G of degree r has two
types of vertices. The n vertices with degree m− r and the remaining m vertices are with degree R = n+m− 3.
Hence

MD(T01−(G)) =

[
(m− r)(Jn − In) min{m− r, R}Jn×m

min{m− r, R}Jm×n R(Jm − Im)

]
.

Therefore,

PMD(T01−(G))(ξ) = |ξ I −MD(T01−(G))|

=

∣∣∣∣∣ (ξ + m− r)In − (m− r)Jn −min{m− r, R}Jn×m

−min{m− r, R}Jm×n (ξ + R)Im − RJm

∣∣∣∣∣ .

Using Lemma 4, we get the required result.

Theorem 19. Let G be an r-regular graph of order n and size m. Then

PMD(T0+−(G))(ξ) = (ξ + m− r)n−1(ξ + n− 4 + 2r)m−1{ξ2 − [(n− 1)(m− r) + (m− 1)(n− 4 + 2r)]ξ

+(n− 1)(m− 1)(m− r)(n− 4 + 2r)−min{m− r, n− 4 + 2r}2mn}.

Proof. The generalized xyz-point-line transformation graph T0+−(G) of a regular graph G of degree r has two
types of vertices. The n vertices with degree m− r and the remaining m vertices are with degree R = n− 4+ 2r.
Hence

MD(T0+−(G)) =

[
(m− r)(Jn − In) min{m− r, R}Jn×m

min{m− r, R}Jm×n R(Jm − Im)

]
.

Therefore,

PMD(T0+−(G))(ξ) = |ξ I −MD(T0+−(G))|

=

∣∣∣∣∣ (ξ + m− r)In − (m− r)Jn −min{m− r, R}Jn×m

−min{m− r, R}Jm×n (ξ + R)Im − RJm

∣∣∣∣∣ .

Using Lemma 4, we get the required result.
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Theorem 20. Let G be an r-regular graph of order n and size m. Then

PMD(T0−−(G))(ξ) = (ξ + m− r)n−1(ξ + n + m− 1− 2r)m−1{ξ2 − [(n− 1)(m− r)

+(m− 1)(n + m− 1− 2r)]ξ + (n− 1)(m− 1)(m− r)(n + m− 1− 2r)

−min{m− r, n + m− 1− 2r}2mn}.

Proof. The generalized xyz-point-line transformation graph T0−−(G) of a regular graph G of degree r has
two types of vertices. The n vertices with degree m − r and the remaining m vertices are with degree R =

n + m− 1− 2r. Hence

MD(T0−−(G)) =

[
(m− r)(Jn − In) min{m− r, R}Jn×m

min{m− r, R}Jm×n R(Jm − Im)

]
.

Therefore,

PMD(T0−−(G))(ξ) = |ξ I −MD(T0−−(G))|

=

∣∣∣∣∣ (ξ + m− r)In − (m− r)Jn −min{m− r, R}Jn×m

−min{m− r, R}Jm×n (ξ + R)Im − RJm

∣∣∣∣∣ .

Using Lemma 4, we get the required result.

Theorem 21. Let G be an r-regular graph of order n and size m. Then

PMD(T10−(G))(ξ) = (ξ + n + m− r− 1)n−1(ξ + n− 2)m−1{ξ2 − [(n− 1)(n + m− r− 1) + (m− 1)(n− 2)]ξ

+(n− 1)(m− 1)(n + m− r− 1)(n− 2)−min{n + m− r− 1, n− 2}2mn}.

Proof. The generalized xyz-point-line transformation graph T10−(G) of a regular graph G of degree r has two
types of vertices. The n vertices with degree R1 = n + m− r− 1 and the remaining m vertices are with degree
R2 = n + m− 1− 2r. Hence

MD(T10−(G)) =

[
R1(Jn − In) min{R1, R2}Jn×m

min{R1, R2}Jm×n R2(Jm − Im)

]
.

Therefore,

PMD(T10−(G))(ξ) = |ξ I −MD(T10−(G))|

=

∣∣∣∣∣ (ξ + R1)In − R1 Jn −min{R1, R2}Jn×m

−min{R1, R2}Jm×n (ξ + R2)Im − R2 Jm

∣∣∣∣∣ .

Using Lemma 4, we get the required result.

Theorem 22. Let G be an r-regular graph of order n and size m. Then

PMD(T11−(G))(ξ) = (ξ + n + m− r− 1)n−1(ξ + n + m− 3)m−1{ξ2 − [(n− 1)(n + m− r− 1)

+(m− 1)(n + m− 3)]ξ + (n− 1)(m− 1)(n + m− r− 1)(n + m− 3)

−min{n + m− r− 1, n + m− 3}2mn}.

Proof. The generalized xyz-point-line transformation graph T11−(G) of a regular graph G of degree r has two
types of vertices. The n vertices with degree R1 = n + m− r− 1 and the remaining m vertices are with degree
R2 = n + m− 3. Hence

MD(T11−(G)) =

[
R1(Jn − In) min{R1, R2}Jn×m

min{R1, R2}Jm×n R2(Jm − Im)

]
.
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Therefore,

PMD(T11−(G)(ξ) = |ξ I −MD(T11−(G))|

=

∣∣∣∣∣ (ξ + R1)In − R1 Jn −min{R1, R2}Jn×m

−min{R1, R2}Jm×n (ξ + R2)Im − R2 Jm

∣∣∣∣∣ .

Using Lemma 4, we get the required result.

Theorem 23. Let G be an r-regular graph of order n and size m. Then

PMD(T1+−(G))(ξ) = (ξ + n + m− r− 1)n−1(ξ + n + 2r− 4)m−1{ξ2 − [(n− 1)(n + m− r− 1)

+(m− 1)(n + 2r− 4)]ξ + (n− 1)(m− 1)(n + m− r− 1)(n + 2r− 4)

−min{n + m− r− 1, n + 2r− 4}2mn}.

Proof. The generalized xyz-point-line transformation graph T1+−(G) of a regular graph G of degree r has two
types of vertices. The n vertices with degree R1 = n + m− r− 1 and the remaining m vertices are with degree
R2 = n + 2r− 4. Hence

MD(T1+−(G)) =

[
R1(Jn − In) min{R1, R2}Jn×m

min{R1, R2}Jm×n R2(Jm − Im)

]
.

Therefore,

PMD(T1+−(G))(ξ) = |ξ I −MD(T1+−(G))|

=

∣∣∣∣∣ (ξ + R1)In − R1 Jn −min{R1, R2}Jn×m

−min{R1, R2}Jm×n (ξ + R2)Im − R2 Jm

∣∣∣∣∣ .

Using Lemma 4, we get the required result.

Theorem 24. Let G be an r-regular graph of order n and size m. Then

PMD(T1−−(G))(ξ) = (ξ + n + m− r− 1)n−1(ξ + n + m− 2r− 1)m−1{ξ2 − [(n− 1)(n + m− r− 1)

+(m− 1)(n + m− 2r− 1)]ξ + (n− 1)(m− 1)(n + m− r− 1)(n + m− 2r− 1)

−min{n + m− r− 1, n + m− 2r− 1}2mn}.

Proof. The generalized xyz-point-line transformation graph T1−−(G) of a regular graph G of degree r has two
types of vertices. The n vertices with degree R1 = n + m− r− 1 and the remaining m vertices are with degree
R2 = n + m− 2r− 1. Hence

MD(T1−−(G)) =

[
R1(Jn − In) min{R1, R2}Jn×m

min{R1, R2}Jm×n R2(Jm − Im)

]
.

Therefore,

PMD(T1−−(G))(ξ) = |ξ I −MD(T1−−(G))|

=

∣∣∣∣∣ (ξ + R1)In − R1 Jn −min{R1, R2}Jn×m

−min{R1, R2}Jm×n (ξ + R2)Im − R2 Jm

∣∣∣∣∣ .

Using Lemma 4, we get the required result.
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Theorem 25. Let G be an r-regular graph of order n and size m. Then

PMD(T+0−(G))(ξ) = (ξ + m)n−1(ξ + n− 2)m−1{ξ2 − [(n− 1)m + (m− 1)(n− 2)]ξ

+(n− 1)(m− 1)m(n− 2)−min{m, n− 2}2mn}.

Proof. The generalized xyz-point-line transformation graph T+0−(G) of a regular graph G of degree r has two
types of vertices. The n vertices with degree m and the remaining m vertices are with degree n− 2. Hence

MD(T+0−(G)) =

[
m(Jn − In) min{m, n− 2}Jn×m

min{m, n− 2}Jm×n (n− 2)(Jm − Im)

]
.

Therefore,

PMD(T+0−(G))(ξ) = |ξ I −MD(T+0−(G))|

=

∣∣∣∣∣ (ξ + m)In −mJn −min{m, n− 2}Jn×m

−min{m, n− 2}Jm×n (ξ + n− 2)Im − (n− 2)Jm

∣∣∣∣∣ .

Using Lemma 4, we get the required result.

Theorem 26. Let G be an r-regular graph of order n and size m. Then

PMD(T+1−(G))(ξ) = (ξ + m)n−1(ξ + n + m− 3)m−1{ξ2 − [(n− 1)m + (m− 1)(n + m− 3)]ξ

+(n− 1)(m− 1)m(n + m− 3)−min{m, n + m− 3}2mn}.

Proof. The generalized xyz-point-line transformation graph T+1−(G) of a regular graph G of degree r has two
types of vertices. The n vertices with degree m and the remaining m vertices are with degree n + m− 3. Hence

MD(T+1−(G)) =

[
m(Jn − In) min{m, n + m− 3}Jn×m

min{m, n + m− 3}Jm×n (n + m− 3)(Jm − Im)

]
.

Therefore,

PMD(T+1−(G))(ξ) = |ξ I −MD(T+1−(G))|

=

∣∣∣∣∣ (ξ + m)In −mJn −min{m, n + m− 3}Jn×m

−min{m, n + m− 3}Jm×n (ξ + n + m− 3)Im − (n + m− 3)Jm

∣∣∣∣∣ .

Using Lemma 4, we get the required result.

Theorem 27. Let G be an r-regular graph of order n and size m. Then

PMD(T++−(G))(ξ) = (ξ + m)n−1(ξ + n + 2r− 4)m−1{ξ2 − [(n− 1)m + (m− 1)(n + 2r− 4)]ξ

+(n− 1)(m− 1)m(n + 2r− 4)−min{m, n + 2r− 4}2mn}.

Proof. The generalized xyz-point-line transformation graph T++−(G) of a regular graph G of degree r has
two types of vertices. The n vertices with degree m and the remaining m vertices are with degree n + 2r − 4.
Hence

MD(T++−(G)) =

[
m(Jn − In) min{m, n + 2r− 4}Jn×m

min{m, n + 2r− 4}Jm×n (n + 2r− 4)(Jm − Im)

]
.
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Therefore,

PMD(T++−(G))(ξ) = |ξ I −MD(T++−(G))|

=

∣∣∣∣∣ (ξ + m)In −mJn −min{m, n + 2r− 4}Jn×m

−min{m, n + 2r− 4}Jm×n (ξ + n + 2r− 4)Im − (n + 2r− 4)Jm

∣∣∣∣∣ .

Using Lemma 4, we get the required result.

Theorem 28. Let G be an r-regular graph of order n and size m. Then

PMD(T+−−(G))(ξ) = (ξ + m)n−1(ξ + n + m− 1− 2r)m−1{ξ2 − [(n− 1)m + (m− 1)(n + m− 1− 2r)]ξ

+(n− 1)(m− 1)m(n + m− 1− 2r)−min{n + m− 1− 2r, n + m− 1− 2r}2mn}.

Proof. The generalized xyz-point-line transformation graph T+−−(G) of a regular graph G of degree r has
two types of vertices. The n vertices with degree m and the remaining m vertices are with degree R = n + m−
1− 2r. Hence

MD(T+−−(G)) =

[
m(Jn − In) min{m, R}Jn×m

min{m, R}Jm×n R(Jm − Im)

]
.

Therefore,

PMD(T+−−(G))(ξ) = |ξ I −MD(T+−−(G))|

=

∣∣∣∣∣ (ξ + m)In −mJn −min{m, R}Jn×m

−min{m, R}Jm×n (ξ + R)Im − RJm

∣∣∣∣∣ .

Using Lemma 4, we get the required result.

Theorem 29. Let G be an r-regular graph of order n and size m. Then

PMD(T−0−(G))(ξ) = (ξ + n + m + 3− 4r)n−1(ξ + n− 2)m−1{ξ2 − [(n− 1)(n + m + 3− 4r)

+(m− 1)(n− 2)]ξ + (n− 1)(m− 1)(n + m + 3− 4r)(n− 2)

−min{n + m + 3− 4r, n− 2}2mn}.

Proof. The generalized xyz-point-line transformation graph T−0−(G) of a regular graph G of degree r has two
types of vertices. The n vertices with degree R = n + m + 3− 4r and the remaining m vertices are with degree
n− 2. Hence

MD(T−0−(G)) =

[
R(Jn − In) min{n− 2, R}Jn×m

min{n− 2, R}Jm×n (n− 2)(Jm − Im)

]
.

Therefore,

PMD(T−0−(G))(ξ) = |ξ I −MD(T−0−(G))|

=

∣∣∣∣∣ (ξ + R)In − RJn −min{n− 2, R}Jn×m

−min{n− 2, R}Jm×n (ξ + n− 2)Im − (n− 2)Jm

∣∣∣∣∣ .

Using Lemma 4, we get the required result.

Theorem 30. Let G be an r-regular graph of order n and size m. Then

PMD(T−1−(G))(ξ) = (ξ + n + m + 3− 4r)n−1(ξ + n + m− 3)m−1{ξ2 − [(n− 1)(n + m + 3− 4r)

+(m− 1)(n + m− 3)]ξ + (n− 1)(m− 1)(n + m + 3− 4r)(n + m− 3)

−min{n + m + 3− 4r, n + m− 3}2mn}.
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Proof. The generalized xyz-point-line transformation graph T−1−(G) of a regular graph G of degree r has two
types of vertices. The n vertices with degree R = n + m + 3− 4r and the remaining m vertices are with degree
n + m− 3. Hence

MD(T−1−(G)) =

[
R(Jn − In) min{n + m− 3, R}Jn×m

min{n + m− 3, R}Jm×n (n + m− 3)(Jm − Im)

]
.

Therefore,

PMD(T−1−(G))(ξ) = |ξ I −MD(T−1−(G))|

=

∣∣∣∣∣ (ξ + R)In − RJn −min{n + m− 3, R}Jn×m

−min{n + m− 3, R}Jm×n (ξ + n + m− 3)Im − (n + m− 3)Jm

∣∣∣∣∣ .

Using Lemma 4, we get the required result.

Theorem 31. Let G be an r-regular graph of order n and size m. Then

PMD(T−+−(G))(ξ) = (ξ + n + m + 3− 4r)n−1(ξ + n + 2r− 4)m−1{ξ2 − [(n− 1)(n + m + 3− 4r)

+(m− 1)(n + 2r− 4)]ξ + (n− 1)(m− 1)(n + m + 3− 4r)(n + 2r− 4)

−min{n + m + 3− 4r, n + 2r− 4}2mn}.

Proof. The generalized xyz-point-line transformation graph T−+−(G) of a regular graph G of degree r has
two types of vertices. The n vertices with degree R = n + m + 3− 4r and the remaining m vertices are with
degree n + 2r− 4. Hence

MD(T−+−(G)) =

[
R(Jn − In) min{n + 2r− 4, R}Jn×m

min{n + 2r− 4, R}Jm×n (n + 2r− 4)(Jm − Im)

]
.

Therefore,

PMD(T−+−(G))(ξ) = |ξ I −MD(T−+−(G))|

=

∣∣∣∣∣ (ξ + R)In − RJn −min{n + 2r− 4, R}Jn×m

−min{n + 2r− 4, R}Jm×n (ξ + n + 2r− 4)Im − (n + 2r− 4)Jm

∣∣∣∣∣ .

Using Lemma 4, we get the required result.

Theorem 32. Let G be an r-regular graph of order n and size m. Then

PMD(T−−−(G))(ξ) = (ξ + n + m + 3− 4r)n−1(ξ + n + m− 2r− 1)m−1{ξ2 − [(n− 1)(n + m + 3− 4r)

+(m− 1)(n + m− 2r− 1)]ξ + (n− 1)(m− 1)(n + m + 3− 4r)(n + m− 2r− 1)

−min{n + m + 3− 4r, n + m− 2r− 1}2mn}.

Proof. The generalized xyz-point-line transformation graph T−−−(G) of a regular graph G of degree r has
two types of vertices. The n vertices with degree R1 = n + m + 3− 4r and the remaining m vertices are with
degree R2 = n + m− 2r− 1. Hence

MD(T−−−(G)) =

[
R1(Jn − In) min{R1, R2}Jn×m

min{R1, R2}Jm×n R2(Jm − Im)

]
.
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Therefore,

PMD(T−−−(G))(ξ) = |ξ I −MD(T−−−(G))|

=

∣∣∣∣∣ (ξ + R1)In − R1 Jn −min{R1, R2}Jn×m

−min{R1, R2}Jm×n (ξ + R2)Im − R2 Jm

∣∣∣∣∣ .

Using Lemma 4, we get the required result.

Theorem 33. Let G be an r-regular graph of order n and size m. Then

PMD(T001(G))(ξ) = (ξ + m)n−1(ξ + n)m−1{ξ2 − [(n− 1)m + (m− 1)n]ξ

+(n− 1)(m− 1)mn−min{m, n}2mn}.

Proof. The generalized xyz-point-line transformation graph T001(G) of a regular graph G of degree r has two
types of vertices. The n vertices with degree m and the remaining m vertices are with degree n. Hence

MD(T001(G)) =

[
m(Jn − In) min{m, n}Jn×m

min{m, n}Jm×n n(Jm − Im)

]
.

Therefore,

PMD(T001(G))(ξ) = |ξ I −MD(T001(G))|

=

∣∣∣∣∣ (ξ + m)In −mJn −min{m, n}Jn×m

−min{m, n}Jm×n (ξ + n)Im − nJm

∣∣∣∣∣ .

Using Lemma 4, we get the required result.

Theorem 34. Let G be an r-regular graph of order n and size m. Then

PMD(T011(G))(ξ) = (ξ + m)n−1(ξ + n + m− 3)m−1{ξ2 − [(n− 1)m + (m− 1)(n + m− 3)]ξ

+(n− 1)(m− 1)m(n + m− 3)−min{m, n + m− 3}2mn}.

Proof. The generalized xyz-point-line transformation graph T011(G) of a regular graph G of degree r has two
types of vertices. The n vertices with degree m and the remaining m vertices are with degree n + m− 3. Hence

MD(T011(G)) =

[
m(Jn − In) min{m, n + m− 3}Jn×m

min{m, n + m− 3}Jm×n (n + m− 3)(Jm − Im)

]
.

Therefore,

PMD(T011(G))(ξ) = |ξ I −MD(T011(G))|

=

∣∣∣∣∣ (ξ + m)In −mJn −min{m, n + m− 3}Jn×m

−min{m, n + m− 3}Jm×n (ξ + n + m− 3)Im − (n + m− 3)Jm

∣∣∣∣∣ .

Using Lemma 4, we get the required result.

Theorem 35. Let G be an r-regular graph of order n and size m. Then

PMD(T0+1(G))(ξ) = (ξ + m)n−1(ξ + n + 2r− 2)m−1{ξ2 − [(n− 1)m + (m− 1)(n + 2r− 2)]ξ

+(n− 1)(m− 1)m(n + 2r− 2)−min{m, n + 2r− 2}2mn}.
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Proof. The generalized xyz-point-line transformation graph T0+1(G) of a regular graph G of degree r has two
types of vertices. The n vertices with degree m and the remaining m vertices are with degree n + 2r− 2. Hence

MD(T0+1(G)) =

[
m(Jn − In) min{m, n + 2r− 2}Jn×m

min{m, n + 2r− 2}Jm×n (n + 2r− 2)(Jm − Im)

]
.

Therefore,

PMD(T0+1(G))(ξ) = |ξ I −MD(T0+1(G))|

=

∣∣∣∣∣ (ξ + m)In −mJn −min{m, n + 2r− 2}Jn×m

−min{m, n + 2r− 2}Jm×n (ξ + n + 2r− 2)Im − (n + 2r− 2)Jm

∣∣∣∣∣ .

Using Lemma 4, we get the required result.

Theorem 36. Let G be an r-regular graph of order n and size m. Then

PMD(T0−1(G))(ξ) = (ξ + m)n−1(ξ + n + m + 1− 2r)m−1{ξ2 − [(n− 1)m + (m− 1)(n + m + 1− 2r)]ξ

+(n− 1)(m− 1)m(n + m + 1− 2r)−min{m, n + m + 1− 2r}2mn}.

Proof. The generalized xyz-point-line transformation graph T0−1(G) of a regular graph G of degree r has two
types of vertices. The n vertices with degree m and the remaining m vertices are with degree R = n + m + 1−
2r. Hence

MD(T0−1(G)) =

[
m(Jn − In) min{m, R}Jn×m

min{m, R}Jm×n R(Jm − Im)

]
.

Therefore,

PMD(T0−1(G))(ξ) = |ξ I −MD(T0−1(G))|

=

∣∣∣∣∣ (ξ + m)In −mJn −min{m, R}Jn×m

−min{m, R}Jm×n (ξ + R)Im − RJm

∣∣∣∣∣ .

Using Lemma 4, we get the required result.

Theorem 37. Let G be an r-regular graph of order n and size m. Then

PMD(T101(G))(ξ) = (ξ + n + m− 1)n−1(ξ + n)m−1{ξ2 − [(n− 1)(n + m− 1)

+(m− 1)n]ξ + (n− 1)(m− 1)(n + m− 1)n−min{n + m− 1, n}2mn}.

Proof. The generalized xyz-point-line transformation graph T101(G) of a regular graph G of degree r has two
types of vertices. The n vertices with degree n + m− 1 and the remaining m vertices are with degree n. Hence

MD(T101(G)) =

[
(n + m− 1)(Jn − In) min{n + m− 1, n}Jn×m

min{n + m− 1, n}Jm×n n(Jm − Im)

]
.

Therefore,

PMD(T101(G))(ξ) = |ξ I −MD(T101(G))|

=

∣∣∣∣∣ (ξ + n + m− 1)In − (n + m− 1)Jn −min{n + m− 1, n}Jn×m

−min{n + m− 1, n}Jm×n (ξ + n)Im − nJm

∣∣∣∣∣ .

Using Lemma 4, we get the required result.
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Theorem 38. Let G be an r-regular graph of order n and size m. Then the degree exponent polynomial of T111(G) is

PMD(T111(G))(ξ) = [ξ − (n + m− 1)2][ξ + (n + m− 1)]n+m−1.

Proof. The generalized xyz-point-line transformation graph T111(G) of a regular graph G of degree r is a
regular graph of degree n + m− 1. Hence the result follows from (1).

Theorem 39. Let G be an r-regular graph of order n and size m. Then

PMD(T1+1(G))(ξ) = (ξ + n + m− 1)n−1(ξ + n + 2r− 2)m−1{ξ2 − [(n− 1)(n + m− 1) + (m− 1)(n + 2r− 2)]ξ

+(n− 1)(m− 1)(n + m− 1)(n + 2r− 2)−min{n + m− 1, n + 2r− 2}2mn}.

Proof. The generalized xyz-point-line transformation graph T1+1(G) of a regular graph G of degree r has two
types of vertices. The n vertices with degree R1 = n + m − 1 and the remaining m vertices are with degree
R2 = n + 2r− 2. Hence

MD(T1+1(G)) =

[
R1(Jn − In) min{R1, R2}Jn×m

min{R1, R2}Jm×n R2(Jm − Im)

]
.

Therefore,

PMD(T1+1(G))(ξ) = |ξ I −MD(T1+1(G))|

=

∣∣∣∣∣ (ξ + R1)In − R1 Jn −min{R1, R2}Jn×m

−min{R1, R2}Jm×n (ξ + R2)Im − R2 Jm

∣∣∣∣∣ .

Using Lemma 4, we get the required result.

Theorem 40. Let G be an r-regular graph of order n and size m. Then

PMD(T1−1(G))(ξ) = (ξ + n + m− 1)n−1(ξ + n + m + 1− 2r)m−1{ξ2 − [(n− 1)(n + m− 1)

+(m− 1)(n + m + 1− 2r)]ξ + (n− 1)(m− 1)(n + m− 1)(n + m + 1− 2r)

−min{n + m− 1, n + m + 1− 2r}2mn}.

Proof. The generalized xyz-point-line transformation graph T1−1(G) of a regular graph G of degree r has two
types of vertices. The n vertices with degree R1 = n + m − 1 and the remaining m vertices are with degree
R2 = n + m + 1− 2r. Hence

MD(T1−1(G)) =

[
R1(Jn − In) min{R1, R2}Jn×m

min{R1, R2}Jm×n R2(Jm − Im)

]
.

Therefore,

PMD(T1−1(G))(ξ) = |ξ I −MD(T1−1(G))|

=

∣∣∣∣∣ (ξ + R1)In − R1 Jn −min{R1, R2}Jn×m

−min{R1, R2}Jm×n (ξ + R2)Im − R2 Jm

∣∣∣∣∣ .

Using Lemma 4, we get the required result.

The proof of the following theorems are analogous to that of the above.
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Theorem 41. Let G be an r-regular graph of order n and size m. Then

PMD(T+01(G))(ξ) = (ξ + m + r)n−1(ξ + n)m−1{ξ2 − [(n− 1)(m + r) + (m− 1)n]ξ

+(n− 1)(m− 1)(m + r)n−min{n, m + r}2mn}.

Theorem 42. Let G be an r-regular graph of order n and size m. Then

PMD(T+11(G))(ξ) = (ξ + m + r)n−1(ξ + m + n− 1))m−1{ξ2 − [(n− 1)(m + r) + (m− 1)(m + n− 1)]ξ

+(n− 1)(m− 1)(m + r)(m + n− 1)−min{m + r, m + n− 1}2mn}.

Theorem 43. Let G be an r-regular graph of order n and size m. Then

PMD(T++1(G))(ξ) = (ξ + m + r)n−1(ξ + n + 2r− 2)m−1{ξ2 − [(n− 1)(m + r) + (m− 1)(n + 2r− 2)]ξ

+(n− 1)(m− 1)(m + r)(n + 2r− 2)−min{m + r, n + 2r− 2}2mn}.

Theorem 44. Let G be an r-regular graph of order n and size m. Then

PMD(T+−1(G))(ξ) = (ξ + m + r)n−1(ξ + n + m + 1− 2r)m−1{ξ2 − [(n− 1)(m + r) + (m− 1)(n + m + 1− 2r)]ξ

+(n− 1)(m− 1)(m + r)(n + m + 1− 2r)−min{m + r, n + m + 1− 2r}2mn}.

Theorem 45. Let G be an r-regular graph of order n and size m. Then

PMD(T−01(G))(ξ) = (ξ + n + m− 1− r)n−1(ξ + n)m−1{ξ2 − [(n− 1)(n + m− 1− r) + (m− 1)n]ξ

+n(n− 1)(m− 1)(n + m− 1− r)−min{n, n + m− 1− r}2mn}.

Theorem 46. Let G be an r-regular graph of order n and size m. Then

PMD(T−11(G))(ξ) = (ξ + n + m− 1− r)n−1(ξ + n + m− 1)m−1{ξ2 − [(n− 1)(n + m− 1− r)

+(m− 1)(n + m− 1)]ξ + (n− 1)(m− 1)(n + m− 1− r)(n + m− 1)− (n + m− 1)2mn}.

Theorem 47. Let G be an r-regular graph of order n and size m. Then

PMD(T−+1(G))(ξ) = (ξ + n + m− 1− r)n−1(ξ + n + 2r− 2)m−1{ξ2 − [(n− 1)(n + m− 1− r)

+(m− 1)(n + 2r− 2)]ξ + (n− 1)(m− 1)(n + m− 1− r)(n + 2r− 2)

−min{n + m− 1− r, n + 2r− 2}2mn}.

The minimum degree polynomial of subdivision graph (T00+) [9], total graph T+++ [9], semitotal point
graph (T+0+) [18], semitotal line graph (T0++) [19] can be found in [11].
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[10] Kulli, V. R. (2012). College Graph Theory. Vishwa International Publications, Gulbarga, India.
[11] Basavanagoud, B., & Praveen Jakkannavar. (2019). Minimum degree energy of graphs. Electronic Journal of

Mathematical Analysis and Applications, 7(2), 230-243.
[12] Indulal, G., & Vijayakumar, A. (2008). A note on energy of some graphs. MATCH Communications in Mathematical and

in Computer Chemistry, 59, 269–274.
[13] Baoyindureng, W., & Jixiang, M. (2001). Basic properties of Total Transformation Graphs. Journal of Mathematical

Study, 34(2), 109–116.
[14] Deng, A., Kelmans, A., & Meng, J. (2013). Laplacian Spectra of regular graph transformations. Discrete Applied

Mathematics., 161, 118–133.
[15] Basavanagoud, B. (2018). Basic properties of generalized xyz-Point-Line transformation graphs. Journal of Information

and Optimization Sciences, 39(2), 561-580.
[16] Basavanagoud, B., & Gali, C. S. (2018). Computing first and second Zagreb indices of generalized xyz-Point-Line

transformation graphs. Journal of Global Research in Mathematical Archives, 5(4), 100–125.
[17] Ramane, H. S., & Shinde, S. S. (2017). Degree exponent polynomial of graphs obtained by some graph operations.

Electronic Notes in Discrete Mathematics, 63, 161–168.
[18] Sampathkumar, E., & Chikkodimath, S. B. (1973). Semitotal graphs of a graph I. Journal of the Karnatak University.

Science, 18, 274–280.
[19] Hamada, T., & Yoshimura, I. (1976). Traversability and Connectivity of Middle Graph. Discrete Mathematics, 14,

247–255.

c© 2019 by the authors; licensee PSRP, Lahore, Pakistan. This article is an open access article
distributed under the terms and conditions of the Creative Commons Attribution (CC-BY) license
(http://creativecommons.org/licenses/by/4.0/).

http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/

	Introduction
	Degree exponent polynomial of graphs obtained by graph operations

