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VARIOUS POLYNOMIALS ASSOCIATED TO GRAPHS
INVOLVING SPLICE AND LINK STRUCTURES

HARISHCHANDRA S. RAMANE!, DANESHWARI D. PATIL!*, B. PARVATHALU? AND
K. ASHOKA3

ABSTRACT. Cones are the graph structures involving an universal vertex, which
is adjacent to all other vertices. Splice and link structures of graphs involving
cones, which are formed by using regular graphs, can be viewed in terms of
joined union of graphs. The current work is about polynomials associated to
adjacency, Laplacian and signless Laplacian matrix for graphs involving cones.
Significantly it is noted that, results due to adjacency polynomial of splice and
link structure of cones are generalizations of those due to structures involving
complete graphs, which are available in the literature.

1. INTRODUCTION

One of the methods of studying a particular type of graph structures is the
study related to graph operations. T. Dosli¢ in 2005 [6], defined two new graph
operations called splice and link of two graphs, which involve vertex identifica-
tion among two graphs and linking two graphs with an edge, respectively. These
structures are prominent, as they are observed in many chemical compounds.
For example, splice of cycles serve as models of spirane molecules and models
of complex molecules are built from simpler binding blocks by iterating and/or
combining splice and link operations. The spectral approach to splice and link
of two graphs interms of characteristic polynomials was due to F. Celik et al. in
[1]. Recently, Ramane et al. [3] extended the concept of splice and link (include
symmetric structures) of two graphs to any number of graphs, which is due to
the fact that spiro compounds can have more than two molecular rings. Hence,
study spectra and energy of these structures for certain class of graphs.

The present work is intended to study splice and link structures of graphs
involving cones (can be viewed in terms of joined union), which includes the study
of adjacency polynomial, Laplacian polynomial, signless Laplacian polynomial
and constuction of certain class of equienergetic graphs. Notable significance is
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that, results due to adjacency polynomial of splice and link structure of cones are
generalizations of those due to structures involving complete graphs in [3].

2. PRELIMINARIES

Throughout, we consider simple, connected, undirected and labeled graphs. In
a graph G on n vertices with the vertex set {vy,vs,...,v,}, two vertices v; and
v; are said to be adjacent whenever there is an edge between them, the degree
of a vertex v; is the number of edges incident to it, if all the vertices have same
degree say a constant r then G is an r-regulr graph.
For a graph G with n vertices, the adjacency matrix is defined as A(G) = [ai;|nxn
in which a;; = 1 if vertices v; and v; are adjacent and zero otherwise. Polyno-
mial associated to A(G) given by ¢4(G;z) = |I,x — A(G)| is called as adjacency
polynomial, roots of the equation ¢4(G;x) = 0 are adjacency eigenvalues, de-
note them by Ai, Ao, ..., \,, collection of these eigenvalues constitute adjacency
spectrum, aggregate of the absolute values of eigenvalues forming spectrum of a
graph will be graph energy. Two graphs are said to be equienergetic, if they have
same energy.
D(G) = (dy,ds, ..., d,) denote diagonal matrix of the vertex degrees in G. Lapla-
cian matrix and signless Laplacian matrix for a graph on n vertices are n x n
matrices, L(G) = D(G) — A(G) and LT(G) = A(G) + D(G), respectively. Poly-
nomial associated to L(G)uxn given by ¢,(G;z) = |I,o — L(G)] is called as
Laplacian polynomial, roots of the equation ¢ (G;x) = 0 are Laplacian eigen-
values, denote them by pq, o, pt3 .. ., ttn, collection of these eigenvalues consti-
tute Laplacian spectrum. Analogously, polynomial associated to L™ (G),x, given
by ¢r+(G;x) = |I,x — L*(G)| is called as signless Laplacian polynomial, roots
of the equation ¢r+(G;x) = 0 are signless Laplacian eigenvalues, denote them
by v1,72,73, - -+, Vn, collection of these eigenvalues constitute signless Laplacian
spectrum. For an r-regular graph on n vertices, adjacency, Laplacian and signless
Laplacian spectrum are given by,

{7“, Xo(G), M(G), ... )\n(G)}
{0, 1s(G), 13(G), ... Mn((;)} and

{27", 7(G), 13(G),..., ’yn(G)}, respectively.

K, denote complete graph on s vertices. For other graph theoretical definitions
and terminologies, we follow the book [5]. More work on the concepts of joned
union and equitable partition be seen in [1, 2, 3, 7, 10, 11]

Definition 2.1. [9] For a graph G on n vertices with the vertex set labeling
V(G) = {v1,v9,...,v,}, the joined union of n arbitrary graphs Gi, G, ..., G,
denoted by G[G1,Ga,...,G,], is the graph obtained from the union of graphs
G1,Go, ..., Gy by joining every vertex of G; to each vertex of G; whenever v;
and v; are adjacent in G.
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If G = K5, we call the joined union of two graphs G; and G, as join of graphs
and denote it by G;VGs. The graph GG; Vv can be called as a cone, in which v is
the universal vertex as is adjacent to all vertices of G;.

Definition 2.2. [3] Let G1,Go,...,G, be p disjoint graphs and let us label p
vertices, one in each V(G;) for i = 1,2,...,p, by v. The vertex joining graph
at v or the splice of these graphs, denoted as V,[G1,Ga,...,G,), is obtained by
identifying the vertices v of the p graphs.

If all the graphs are same then, let us denote splice of them as:

vU[G,G,...,G]orvU{ U G}.

p-copies p-copies

Definition 2.3. [3] Let Gy, Gy, ..., Gs, be 2p graphs and let us label p vertices,
one in each V(G;) for i = 1,2, ..., p, by v and other p vertices, one in each V (G;)
fori=p+1,p+2,...,2p, by v'. The edge joining graph at vv’ or the link of
these graphs be denoted as V¢, ,[G1, G, ..., Ggpy] which is obtained by adding a
new edge between the identified vertices v and v’ of 2p graphs.

If all the graphs are same then, let us denote link of them as:

\/fw,[G,G,...,G]or{ U G} vgv,{ U G}.

2p-copies p-copies p-copies

Definition 2.4. [9] A partition 7 : V4, Va,...,V,, of the vertex set V(G) of a
graph G is equitable if the number of neighbors in V; for a vertex u in V; is a
constant ¢;;, independent of u for all 4, j (1 <i,j <m).

It is noted that, a partition of the vertex set V(G) of a graph G is the collection
of subsets V; for : = 1,2,...,m of V(G) such that they are pairwise disjoint and
their union will be V(G).

The matrix associated with an equitable partition 7 is called a quotient matrix,
which is given by Q = [ij]mxm-

If we study equitable partition with respect to adjacency, Laplacian and signless
Laplacian matrix, the corresponding quotient matrix is denoted by @, @)1 and
Q1+, respectively. Where

—q;; , otherwise

and

Qr+ = {Zj—l g , Hi=j

Qi , otherwise.

Theorem 2.5. [9] If 7 : V1, Vs, ..., V,, is an equitable partition of a graph G then
d(Q;x) divides da(G ; ).

Theorem 2.6. [1| Ifm:V}, Vs, ..., Vi, is an equitable partition of a graph G then
gb(QL;x) divides ¢r(G ; x).
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Theorem 2.7. [10] If 7 : Vi, Va, ..., V,, is an equitable partition of a graph G
then ¢<QL+;x> divides ¢+ (G ; x).

3. VARIOUS POLYNOMIALS FOR GRAPHS INVOLVING SPLICE STRUCTURES
This section focuses on the adjacency, Laplacian and signless Laplacian poly-

nomials associated to graphs involving splice structures.

3.1. Adjacency polynomial of splice structures.

Theorem 3.1. If Gy and G5 are r1 and ry regular graphs on nqy and ns vertices,
respectively. Then, adjacency polynomial of the splice of graphs G1syv and Go\/v
at the verter v is

oa( Vo [G1 V0. Ga v 0] 5 x)
_ 9a(Gr;7) ¢a(Ga; )

r—T T — T2

{:C3 — (ry +12)2® 4 (rirs — Ny — n2)T
+(ring + 7”2711)}-

Proof. Graphs GGy and Gy are regular graphs on ny and ny vertices with adjacency
spectra

{7”1, Ao(Gh), A3(Gh)s . )\nl(Gl)} and

{7‘2, X (Ga), A3(Ga), ..., /\n2(G2)}, respectively.

The graph structure of V, |G 57 v, G2 5/ v] involves two graphs Gy 7 v and Gg v/ v
which are identified at v, is embedded with the structure of joined union, which
can be viewed with the proper partition of the vertex set. Making n; + no + 1
vertices into three partite sets: Vi = V(Gy), Vo = {v} and V3 = V(G3), these
three partite sets lead to the quotient matrix

(&1 1 0
Q = | 0 N9
0 1 T2

The polynomial associated to @) is
O(Q;x) = 2 — (r1 + ra)2® + (ryry — ny — na)x + (r1ng + rany).

Remaining part of the spectrum of V,[G; v/ v, G 7 v] is due to the partitions V;
and V3 which is:

{)\Z-(Gl):i:2,3,...,n1}U{/\i(G2):z':2,3,...,n2}.

Hence, by Theorem 2.5, result follows. O
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Theorem 3.2. If G is an r-reqular graph on n vertices. Then, adjacency poly-
nomial of the splice of p graphs, G =V,[Gvv,Gv,...,Gyv] is

(¢A(G;fﬁ))p

¢a(G; ) = — L {xQ—rx—np}.

r—7T

p-copies

Proof. Let G be an r-regular graph on n vertices with adjacency spectrum

{r, Ao (G), A3(G), ..., )\n(G)}.

Structure of G involves p-copies of GVv which are identified at v, is embedded with
the structure of joined union, which can be viewed with the proper partition of the
vertex set. Making np + 1 vertices into two partite sets: Vi = U, copies ot ¢ V (G)
with p-copies of G labeled with different vertex labels and Vo, = {v}, these two
partite sets lead to the quotient matrix

r 1
“- {np 0} '
The polynomial associated to @ is
H(Q;x) = 2% — ro — np.

Remaining part of the spectrum of G is due to the partition V;, which is:
(p)
{r(p_l), <)\Z(G)> ' 1 =2,3,... ,n}

Hence, by Theorem 2.5, result follows. O

Remark 3.3. If we take G = K_; (a complete graph on s — 1 vertices) and p = 2
in Theorem 3.2, we get G = V,[Ks_1 v v, Ks_1 7 v]. Thus,

$a(G; z) = (z—(s—2)) (x+1)>* (a:2— (s—2)x—23+2>.

Hence, Theorem 3.2 is the generalization of Theorem 3.3 and Theorem 3.4 due
to F. Celik et al. in [1].

Remark 3.4. If we take G = K,_; (a complete graph on s—1 vertices) in Theorem
32, weget G =V, [ K1V, K 1vo,...,Ks1vv]. Thus,

p-copies

da (g; :v) = (93 — (s — 2))1771 (x + 1)”(5_2) (:1:2 —(s=2)z— (s — 1)p>.

Hence, Theorem 3.2 is the generalization of Theorem 2.2 due to Ramane et al.
in [3].
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3.2. Laplacian polynomial of splice structures.

Theorem 3.5. If G, and Gy are r1 and ro reqular graphs on ny and ny vertices,
respectively. Then, Laplacian polynomial of the splice of graphs G1<7v and Go<7v
at the vertex v 1s

¢L(\/v G1vv,Gav ] x)
_ 0u(Griz—1) ¢r(Goyz—1)

r—1 rz—1

T {x2—(n1+n2+2)x+(n1—|—n2+1)}.

Proof. Graphs (G; and G5 are regular graphs on n; and ns vertices with Laplacian
spectra

{0, p2(Gh), ps(Gr),. .., ,um(G1)} and

{o, (G), 13(Ga). . um(Gz)}, respectively

The graph structure of V,[G1 7 v, G2 5/ v] involves two graphs G 7 v and G v/ v
which are identified at v, is embedded with the structure of joined union, which
can be viewed with the proper partition of the vertex set. Making n; + no + 1
vertices into three partite sets: V; = V(Gy), Vo = {v} and V53 = V(Gy), these
three partite sets lead to the quotient matrix

1 -1 0
Qr=|—m ni+ny —ng
0 -1 1

The polynomial associated to )y, is
gb(QL;.Z‘) =T (1‘2 — (n1 + ng + Q)I + (n1 + ng + 1))

Remaining part of the Laplacian spectrum of V,[G; v v, G2 57 v] is due to the
partitions V; and V3 which is:

{ui(Gl)—i—l:i:2,3,...,n1}U{ui(G2)+1:i:2,3,...,n2}.

Hence, by Theorem 2.6, result follows. O]

Theorem 3.6. If G is an r-regular graph on n wvertices. Then, Laplacian poly-
nomial of the splice of p graphs, G =V,[Gvv,Gvv,...,Gyv] is

<¢L(G§ €r = 1)) ”

r—1

p-copies

¢r(G; z) = T {m—(anrl)}.

Proof. Let G be an r-regular graph on n vertices with Laplacian spectrum

{0 100), (@), mi(@)}.
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Structure of G involves p-copies of GVv which are identified at v, is embedded with
the structure of joined union, which can be viewed with the proper partition of the
vertex set. Making np + 1 vertices into two partite sets: Vi = (U, copies of ¢ V(G)
with p-copies of G labeled with different vertex labels and Vo, = {v}, these two
partite sets lead to the quotient matrix

1 -1
S -

The polynomial associated to @y, is
H(Qr;x) == {x — (np+ 1)}

Remaining part of the Laplacian spectrum of G is due to the partition V;, which
is:

{1@—1), <M,~(G) n 1>(p) =923, .. n}

Hence, by Theorem 2.6, result follows. O

3.3. Signless Laplacian polynomial of splice structures.

Theorem 3.7. If G and Gy are r1 and ro reqular graphs on ny and ny vertices,
respectively. Then, signless Laplacian polynomial of the splice of graphs Gi </ v
and Go <7 v at the vertex v is

¢L+<\/v G1vv,Ga v g 5U)
_ ¢L+(G1;I - 1) ¢L+(G2;$ - 1)

r—2r; — 1 T —2ry — 1

{1’3 — (2(7’1 + 7’2) +n; +ng + 2)1’2
+<2(n1 +ng) (11 +1r2) + 2(r1 + 19 + 2r179) + 1y + 1o + 1>x

_2 <2T1T2(7’L1 + 7’L2) + (r1n1 —|— r2n2)> }

Proof. Graphs G; and G5 are regular graphs on n; and ny vertices with signless
Laplacian spectra

{27"1, 72(G1), v3(Gi),-- ., fym(Gl)} and

{27“2, Y2 (G2), 13(Ga), ..., fynQ(GQ)}, respectively.

The graph structure of V, |G| 57 v, G2 5/ v] involves two graphs Gy 7 v and Ga v/ v
which are identified at v, is embedded with the structure of joined union, which
can be viewed with the proper partition of the vertex set. Making n; + no + 1
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vertices into three partite sets: Vi = V(Gy), Vo = {v} and V3 = V(G,), these
three partite sets lead to the quotient matrix

2r1 +1 1 0
QL+ = ny n1 + Ng (D)
0 1 2ra +1

The polynomial associated to Qp+ is

O(Qp+;x) = {:E3 — (2(7’1 +1r3) +ny 4+ ng + 2)332 + (2(n1 +ng) (r1+r2) +2(r

+ry 4+ 2r7r9) + 1y + ng + 1)35 -2 <2r1r2(n1 +ng) + (ring + rgng)) }

Remaining part of the spectrum of V,[G; v/ v, G 7 v] is due to the partitions V;
and V5 which is:

{%(Gl)—i-l:i:2,3,...,n1}U{%(G2)+1:i:2,3,...,n2}.

Hence, by Theorem 2.7, result follows. O

Theorem 3.8. If G is an r-regular graph on n vertices. Then, signless Laplacian
polynomial of the splice of p graphs, G =V,[GVv,GVv,...,Gv Q] is

p-copies

<¢L+(G;x — 1))
¢1+(G; ) = - — {x2 —2r+np+ 1)z + 2rnp}

Proof. Let G be an r-regular graph on n vertices with Laplacian spectrum

{2r, (G), 3(G),..., %(G)}.

Structure of G involves p-copies of GVv which are identified at v, is embedded with
the structure of joined union, which can be viewed with the proper partition of the
vertex set. Making np + 1 vertices into two partite sets: Vi = (U, copies of ¢ V(G)
with p-copies of G labeled with different vertex labels and Vo = {v}, these two
partite sets lead to the quotient matrix

Ops = {27“—#1 1]

np np
The polynomial associated to Q-+ is

H(Qr+ix) = {372 —2r+np+ 1)z + 2rnp}.

Remaining part of the signless Laplacian spectrum of G is due to the partition

V1, which is:
(r—1) ()
{<2r+1> , <%~(G)+1> :2:2,3,...,71}.
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Hence, by Theorem 2.7, result follows. 0

4. VARIOUS POLYNOMIALS FOR GRAPHS INVOLVING LINK STRUCTURES

This section focuses on the adjacency, Laplacian and signless Laplacian poly-
nomials associated to graphs involving link structures.

4.1. Adjacency polynomial of link structures.

Theorem 4.1. If G, and Gy are r1 and ro reqular graphs on ny and ny vertices,
respectively. Then, adjacency polynomial of the link of graphs 2p graphs, G =

{ Up-copies G1 V7 v} Ve, { U, -copies G2 v’} involving p-copies of G1 ~7 v spliced
at v and p-copies of Go 7 v’ spliced at V', linked through e = vv’ is
p P
<¢A(G1; 95)) <¢A(G2§ 1’))
r—T T —To
—n1p — ngp — 1)x? + (nyrap + ngrip + 11+ 1o)T
+(n1n2p2 — 7"17’2)}.

94(G; ) {x4 — (ry +ro)2® + (ri7o

Proof. Graphs GG; and G5 are regular graphs on n; and ny vertices with adjacency
spectra

{7‘17 A2(G1), As(Gh)s - >‘n1(G1)} and

{7”2, )\2(G2), )\3<G2), ceey /\n2 (GQ)}, respectively.

The graph structure of G = { Up-copies G1 V v} \ { Up-copies G2 V V' } involves
p-copies of G 57 v spliced at v and p-copies of Gy 37 v spliced at v’ linked
through e = vt/ is embedded with the structure of joined union, which can
be viewed with the proper partition of the vertex set. Making nip + nop + 2
vertices into four partite sets: Vi = U, copies of ¢, V(G1); Vo = {v}, V3 = {v'} and
Vi = U, copics of @, V (G2), these four partite sets lead to the quotient matrix

rr 1 0 0
_lmup 01 0
Q= 0 1 0 ngp
0 0 1 7

The polynomial associated to @) is
p(Q;x) = {304 — (11 +12)2” + (1172 — map — nop — 1)a® + (narap + ngrip
+r1 4 79)x + (nyngp® — 7"17’2)}.
Remaining part of the spectrum of G is due to the partitions V; and V; which is:

{r?"”, ()\i(Gl)>(p) =23, .. ,nl} U {rép‘l), (Ai(Gz)>(p) 1i=2,3,... 7”2}-
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Hence, by Theorem 2.5, result follows. 0

Corollary 4.2. If G is an r-reqular graphs on n vertices. Then, adjacency poly-
nomial of the link of 2p graphs, G = { Up-copics G V v} Y { Up-copics G V v’},

involving p-copies of G <7 v spliced at v and p-copies of Gy v spliced at V', linked
through e = vv' is

2p

(6a(Gim))

+2r(np+ Dz + (712]92 — 7’2)}.

$a(G; z) = {:c4 —2ra® + (r? — 2np — 1)2?

Proof. Result follows from Theorem 4.1 by taking G; = G = G and hence,
Ny =MNo =N, =7y =T. O

Remark 4.3. If we take G = K,_; (a complete graph on s — 1 vertices) and p = 1
in Corollary 4.2 we get G = [K,_1 v v| VS, [Ks—1 v v']. Thus,

(%0

oa(G; x) = (x+1)>* {x4 — (25 —4)7® + (s — 65+ 5)2* + 25(s — 2)x

+(2s—3)}.

Hence, Corollary 4.2 is the generalization of Theorem 3.11 due to F. Celik et al.
in [4].

Remark 4.4. If we take G = K,_; (a complete graph on s—1 vertices) in Corollary
1.2, we get G = { Upampies Kot 70} Vi { Upreopies Koot v 0/} Thus,

oa(G; z) = (z—(s— 2))2p_2 (x4 1)?E=2) {x4 — (25 — 4)2®
+(s* = 2sp—4s+2p+3)2” +2(s — 2)[1 + p(s — 1)]=
+[pP(s = )2 - (s - 27 }.

Hence, Corollary 4.2 is the generalization of Theorem 3.2 due to Ramane et al.
in [3].

Corollary 4.5. If G| and Gy are ry and ro reqular graphs on ny and ny vertices,
respectively. Then, adjacency polynomial of the link of graphs two graphs G =
G1 7 v] Ve, [Ge sy V'], involving Gy <7 v and G <7 V', linked through e = vv' is

¢A(G1;93) ¢A(G2;ZE)

r—T r — T2

—1)2® + (nyrg +nory + 1y +12)x + (Ning — 7“17"2)}-

oa(G; x) =

{x4 — (r1 +12)2® + (rira — na — na

Proof. Result follows from Theorem 4.1 by taking p = 1. O
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4.2. Laplacian polynomial of link structures.

Theorem 4.6. If Gi and G5 are r1 and ry reqular graphs on ny and no ver-
tices, respectively. Then, Laplacian polynomial of the link of 2p graphs G =

{ Up-copies G1 V v} o { Up-copies G2 V v’}, involving p-copies of Gy <7 v spliced
at v and p-copies of Gy N7 V' spliced at v', linked through e = vv' is

(¢L<Gl; z— 1))p <¢L(G2; v — 1))’”
r—1 z—1

+(n1nep® + 2n1p + 2n9p + 5)x — (nN1p + nop + 2)}

¢L(g; $) =

x {a:?’ — (nip + nap + 4)2*

Proof. Graphs G; and G4 are regular graphs on n; and ny vertices with Laplacian
spectrum

{O, p2(Gh), pus(Gr), ..., um(Gl)} and

{o, paG). (G .. um«;z)}, respectively.

The graph structure of G = { Upcopies G1v v} Ve, { Up_copies Gosy v/ } involves
p-copies of G 7 v spliced at v and p-copies of Gy 37 v spliced at v’ linked
through e = vt/ is embedded with the structure of joined union, which can
be viewed with the proper partition of the vertex set. Making nip + nop + 2
vertices into four partite sets: Vi = U, copies of ¢, V(G1); Vo = {v}, V3 = {v'} and
Vi = U, copics of @, V (G2), these four partite sets lead to the quotient matrix

1 —1 0 0

Q) — —np np+1 —1 0
L 0 -1 nop+1 —ngp

0 0 -1 1

The polynomial associated to )y, is
o(Qr;xr) = «x {x“ — (nup + nap + 4)2® + (nynop® + 2n1p + 2nop + 5)a

—(n1p + ngp + 2)}

Remaining part of the Laplacian spectrum of G is due to the partitions V; and
V4 which is:

{12(p_1)}U{<m(G1)+1)(p) = 2,3,...,n1}
U{(Mi(Gz)—l—l)(p) :i:2,3,...,n2},

Hence, by Theorem 2.6, result follows. O
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4.3. Signless Laplacian polynomial of link structures.

Theorem 4.7. If G and Gy are r1 and ro reqular graphs on ny and ny vertices,
respectively. Then, signless Laplacian polynomial of the link of 2p graphs G =
{ Up_comes G v v} \ { Up_comes Gy vy v’}, involving p-copies of Gy 7 v spliced
at v and p-copies of Go 7 v’ spliced at V', linked through e = vv’ is

<¢L+(G1;az — 1))p <¢L+(G2;az — 1))p
x—2r;—1 x—2ry—1

{x4 — Oy 4 Coz? — Cyz + 04},

Pr+ (Q; 95) =

where

Ci = 2(r1 +712) +p(ng +ng)+4

Cy = nyngp? + 2p(niry + ngry 4+ nyra + ngry) + 4riry 4 2p(ng + ng)
+6(r; + 1) + 4

C3 = 2mnap(rip + ra) +4drirap(ny + ng) + 4p(niry + nars)
+2p(nyra + nory) + 8rirg + p(ng + ng) + 4(ry +1r2) + 2

and C;, = 2p(2n1n2r1r2p + 2rro(ny 4+ ng) + nyry + n27’2>.

Proof. Graphs GG and G, are regular graphs on n; and ns vertices with signless
Laplacian spectra

{27’1, 12(G1), v3(Gy), ..., %I(Gl)} and

{27“2, 72(Gs), 13(Ga), ..., 'ynQ(Gg)}, respectively.

The graph structure of G = { U]}wpieS G v v} - { Up_copies Gysy v/ } involves
p-copies of G1 57 v spliced at v and p-copies of G 57 v spliced at v’, linked
through e = vv/, is embedded with the structure of joined union, which can
be viewed with the proper partition of the vertex set. Making nip + nop + 2
vertices into four partite sets: Vi = U, copies of ¢, V(G1), Vo = {v}, V3 = {v'} and
Vi = Upcopies of G, V (Ga), these four partite sets lead to the quotient matrix

2ri +1 1 0 0
Qps = np mp+1 1 0
L 0 1 nop+1  ngp
0 0 1 2rg + 1

The polynomial associated to Qp+ is

P(Qr+;z) = {$4 — C12° + Coz® — Cyx + 04},
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where
Ci = 2(ri+79) +p(na +ng) +4
Cy = nyngp® + 2p(nyry + norg 4 nyry + ngry) + 4ryre + 2p(ng + ny)
+6(r +12) + 4
Cs = 2ninap(rip + re) + 4rirap(ny + ng) + 4p(nary + nars)
+2p(na1rg + nory) + 8y + p(ng + ng) + 4(ry +12) + 2
and Cy = 2p <2n1n2r17“2p + 2rra(ng + ng) + nyry + n2r2>.

Remaining part of the signless Laplacian spectrum of G is due to the partitions
V1 and V; which is:

{<2r1+1>(p_1), (%(Gl)ﬂ)(p);¢:2,3,...,n1}U
{<2r2+1>(p_1), (fyi(Gg)—i—l)(p):i:2,3,...,n2}.

Hence, by Theorem 2.7, result follows. 0

5. CONSTRUCTION OF EQUIENERGETIC GRAPHS

Corollary 5.1. If G,, Gy are r-reqular equienergetic graphs with n vertices and
G is an ri-reqular graph on ny vertices. Then, V,|G1 7 v, G, 7 v] and V,[G1 7
v, Gy 57 V] are equienergetic.

Corollary 5.2. If G,, Gy, are r-reqular equienergetic graphs with n vertices.
Then, Vu[GaVU,GaV?}w--,GaV?ﬂ and \/U[\vav,vav,...,vag] are

p-copies p-copies
equienergetic.

Corollary 5.3. If G,, Gy are r-reqular equienergetic graphs with n vertices and
G is an ri-regular graph on n, vertices. Then,

° { Up_copies G v v} Ve { Up_wmes Gav/ v’}, inwvolving p-copies of Gy 7 v
spliced at v and p-copies of G, <7 v spliced at V', linked through e = vv’
and
. { Up-copies G1 V v} Ve, { U, -copies Gb V v’}, involving p-copies of G1 <7 v
spliced at v and p-copies of Gy <7 V' spliced at V', linked through e = vv’
are equienergetic.

Corollary 5.4. If G,, Gy are r-reqular equienergetic graphs with n vertices.
Then,

. { Up-copies Ga V v} \ { Up-copies Ga v’}, involving p-copies of G,/ v
spliced at v and other p-copies at V', linked through e = vv’
and
o { Up-copies Go V v} Ve, { U, -copies Gb V v’}, involving p-copies of Gy <7 v
spliced at v and other p-copies spliced at V', linked through e = vv’
are equienergetic.
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6. CONCLUSIONS

The study of polynomials associated to various graph matrices for splice and
link structures involving cone structures become easy with the concept of equi-
table partition, as the splice and link structures can be viewed in terms of joined
union of graphs.
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