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Abstract

In this paper we defined an open support of a vertex v under addition and open support of a graph G
under addition. We calculate the open support for Dutch windmill graph, Butterfly graph and Ladder graph.
Also, we generalized the value of open support under addition for any given graph G.
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I. INTRODUCTION

In this work we consider finite, undirected, simple graphs G = (V, E) with n vertices and m edges.
The neighbourhood of a vertex v € V(G) is the set N;(v) of all the vertices adjacent to v in G. For a set
X € V(G), the open neighbourhoodN, (X) is defined to be U,cx N;(v) and the closed neighbourhood N;[X] =
N;(X) U X. The degree of a vertex v € V(G) is the number of edges of G incident with v and is denoted by
deg;(v) or deg(v). The maximum and the minimum degrees of the vertices of G are respectively denoted by
A(G) and 6(G). A vertex of a degree 0 in G is called an isolated vertex and a vertex of degree 1 is called a
pendent vertex or an end vertex of G. A vertex of a graph G is said to be a vertex of full degree if it is adjacent to
all other vertices in G. A graph G is said to be regular of degree r if every vertex of G has degree r. Such graphs

are called r-regular graphs. The Dutch windmill graphD,(lm), is the graph obtained by taking m copies of the
cycle graph C, with a vertex in common. The Butterfly graph(also called the bowtie graph and the hourglass
graph) is a planar undirected graph with 5 vertices and 6 edges. It can be constructed by joining 2 copies of the
cycle graph C; with a common vertex. It is denoted by B,. The ladder graphL,, is a planar undirected graph
with 2n vertices and n + 2(n — 1) edges. The Ladder graph obtained as the cartesian product of two graphs one

of which has only one edge: L, ; = B, X P;.
Il. DEFINITIONS

Definition 2.1.Let G=(V,E) be a graph. A open support of a vertex, v under addition is defined by
Yuenw) deg(uw) and itis denoted by supp (v).

Definition 2.2.Let G=(V,E) be a graph. A open support of a graph, G under addition is defined by
Yvev(cy Supp(v) and it is denoted by supp(G).

I1l. RESULTS

Theorem 3.1 Let G = P} be a corona graph. Then supp(G) = 10(n — 1).
Proof: Let G = P} be a corona graph. Let V(P}) = {vy,v5,V3,..., Uy, Uy, Uy, ..., U, } SUCh that deg(v,) =
deg(v,) = 2;deg(v;) =3 foralli=23,..,n—1,deg(y) =1forallj =1,2,..,n.
Now,
supp(v1) = Lven(w,) deg(v)
= deg(v,) +deg(uy)
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=3+1=4
Similarly,
supp(v,) = 4;
supp(v2) = Lven () deg(v)
= deg(vy) +deg(vs) + deg(u)
=2+3+1=6
Similarly,

supp(Vp—1) = 6;
Fori=34,..,n—2

supp(v;) = Lyenw,) deg(v)

=deg(v;i_1) + deg(viy,) + deg(u;)

=3+3+1=7

supp(uy) = Xoenq,) deg(®)
=deg(vy)
=2
Similarly,
supp(U,) = 2;
Fori=2,3,4,..,n—1
supp(w;) = ZveN(ui) deg(v)
=deg(v;)
=3
Now,
supp(G) = Lyev(s) Supp(v)
=X supp(vy) + Xy supp(w;)
= supp(vy) + supp(vy) + X1 supp(v;) + supp(v,_1) + supp(v,)
+supp(uy) + supp(u,) + X1 supp(u;)
=44+6+Y 7 T7+6+4+2+31 342
supp(G) =24+7n—28+3n—-6
=10n—-10
=10(n —1).

Theorem 3.2.Let G=(m,m,...,m) be a caterpillar graph. Then supp(G) = 5mn + m?n + 4n — 4m — 6Proof.
Let G=(m, m, ..., m) be a caterpillar graph.
Let V(G) = {v1, V2, ) Uy U, Uiy oo s Upmy oo Un s oo Ungn } SUCH that deg(vy) = deg(v,) = m + 1;
deg(v;,)=m+2foralli=23,..,n—1and deg(u;) =1 foralli=1,2,..,nandj =1,2,...,m
supp(vy) = Xi—; deg(uy;) + deg(v;)
=)y", 1+m+2
=2m+2
Similarly,
supp(v,) = 2m + 2;

supp(vy) = Xi-y deg(uy;) + deg(vy) + deg(vs)
=X 1l+m+1+m+2
=3m+3
Similarly,
supp(v,_1) =3m+3;
Fori=34,..,.n—2
supp (Vi) = Loen(,) deg(v)
=deg(vi_1) + X, deg(uy) + deg(viy1)
=m+2+2]}l=1 1+m+2
=3m+4
Forj=12,..,m
supp(uy;) = deg(vy)
=m+1
Similarly,
supp(up;) =m+1;
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Fori=23,..,n—1landj=12,..,m
supp(u;;) = deg(v;)
=m+2

Similarly,
supp(up;) =m+ 2;

Now,
supp(G) = Lyev(c) Supp(v)
=i supp(vy) + Xl XJ-q supp ()
= supp(v,) + supp(vy) + XI5 supp(vy) + supp(v,_1) + supp(v,)
+ X7 supp(uy;) + X7y supp(uy) + 215, XLy supp(uy;)
=2m+2+3m+3+X"73m+4+3m+3+2m+2
+X (m+ D)+ X (m+ 1) + X715 X (m+2)
=10m+10+(Bm+4)(n—4)+m(m+1)+mim+1)
+(n—2)m(m+ 2)
=4n— 6+ 3mn+ 2m? + m?n — 2m? + 2mn — 4m
supp(G) = 5mn +m?n+4n — 4m — 6.

Theorem 3.3.Let G be a tadpole graph. Then supp(G) = 4(m +n) + 2
Proof: Let G be a tadpole graph. Let V(G) = {x, v, v, ..., Vyp—1, Uq, -, Uy, } SUCh that deg(x) = 3; deg(v;) =
2foralli=123,..,m—1;deg(u,) =1anddeg(u;,) =2foralli =1,2,..,.n—1

Supp(x) = ZUEN(X) deg(v)

=deg(v,) +deg(vy,_1) +deg(u,)

=242+2=6

Supp(vl) = ZveN(vl) deg(v)
=deg(x) +deg(v,)
=3+4+2=5
Similarly,
supp(Vy—1) =5 andsupp(u;) = 5;
Fori=23,...,m—2
supp(v;) = Zvenw,) deg(®)
=deg(v;_1) + deg(vi41)
=2+4+2=4
Fori=23,...,.n—2
supp(;) = Lovenw,) deg(®)
=deg(u;_1) +deg(ui11)
=2+4+2=4

supp (Un—1) = Lvenqu,—) 4eg(v)
= deg(uy ) +deg(uy)
=2+1=3

supp(u,) = Yyenqu,) deg(v)
=deg(u,—1) =2

Now,
supp(G) = Xyev(c) supp(v)
=X supp(v;) + supp(x) + Xi-y supp(u;)
= supp(vy) + supp(Vp—1) + 2155 supp(v;) + supp(x)
+supp(uy) + L7 supp(uy) + supp(u,_y) + supp(u,)
=5+5+XY"24+6+5+X 7 4+3+2
=26+(m—-3)4+4(n—-3)
supp(G) = 4m +4n + 2.

Theorem 3.4.Let G be a butterfly graph. Then supp(G) = 32
Proof. Let G be a butterfly graph. Let V(G) = {x,v,,v,,v3,v,} such that deg(x) = 4; deg(v;) = 2,for all
i=1,2,34;

supp(x) = Lyen) deg(v)

ISSN: 2231-5373 http://www.ijmttjournal.org Page 117




International Journal of Mathematics Trends and Technology (IIMTT) — Volume 65 Issue 5 - May 2019

= deg(vy) +deg(v;) + deg(vs) + deg(vs)

=8
Fori=1,2,3,4
supp(v;) = Xven(,) deg()
=2+4
=6
Now,

supp(G) = Xev ) Supp(v)

= supp(v,) + supp(v;) + supp(vs) + supp(v,) + supp(x)
=32

Theorem 3.5 Let G = D(;’ be a Dutch windmill graph. Then supp(G) = 4m(n +m — 1)

Proof. Let G = D((Z;) be a Dutch windmill graph. Let V(G) = {x, v}, v}, v4, ..., vi_,} for i = 1,2, ...,m such that
deg(x) = 2m;deg(v)) = 2,foralli =1,2,..,mandj = 1,2,..,n — 1;
supp(x) = Zveg\/(x) deg(v)
= X% (deg(vi) + deg(vy_1))
=X5 (4
=4m
Fori=12,..,m
supp(vi) = Len iy deg(v)
=2m+2
Similarly,
supp(vi_y) =2m+2
Forj =23,..,n—2
supp(v) = Z ey (1) de8@)
=2+4+2=4
Now,
supp(G) = Zveve) Supp(v)
= supp(x) + i1, L} supp(v))
=4m+2m(2m+2) +4m(n — 3)
=4m? — 4m + 4mn
=4m(m+n-—1)

Theorem 3.6.Let G = L,,. Then supp(G) = 18n — 20.
Proof. Let G = L,, be a Ladder graph with 2n vertices. Let V(G) = {vy,v,, ..., v, Uy, Uy, ..., U, } and
deg(v;) =deg(w;) =2 foralli =1,n; deg(v;,) =deg(y;) =3 foralli =2,3,...,n— 1. Then

supp(v1) = Lven(w,) deg(v)

= deg(uy) + deg(v,)

supp(v,) =5

Similarly,
supp(v,) = supp(u,) = supp(u,) = 5.
supp(vy) = Yyen,) deg(v)
=deg(u,) + deg(v,) +deg(vs)
supp(v,) =8

Similarly,

supp(u;) = supp(uy—1) = supp(v,—1) = 8.
Foreachi =3,4,...,n— 2,
supp(v;) = Zven,) deg()
=deg(u;) +deg(v;_1) + deg(viy1)
supp(v;) =9(foralli =34,..,n—2.
Similarly,
supp(u;) =9,foralli =34, ..,n— 2.
Now,
supp(G) = Lyev(e) Supp(v)
=Yiz1n SUpp(v) + Xicyn supp(wy) + Xi—z -1 supp(v;)
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+ Y21 supp(w,) + X7ZF supp(v,) + XiF supp (u;)
=Yicin 5+ i1 5+ Xicon-1 8+ Dicpn1 8+ XEF 9+ XE9
supp(G) = 18n — 20.

Theorem 3.7.For any graph G, supp(G) = X,y 6y (deg(v))=?.

Proof. Let v € V(G) be an arbitrary vertex of G such that deg(v) = k and let N(v) = {vy,v,, ..., v, }. Then
supp(v) = XX, deg(v;). Similarly, supp(v;) must contain deg(v) as its summand, for each i = 1,2, ..., k.
Hence, if deg(v) = k, then supp(G) must contain deg(v) as its summand at exactly k times, since supp(G) =
Yver(cy Supp(v). That is, supp(G) must contain kdeg(v) as its summand. This implies that supp(G) must
contain (deg(v))? as its summand. Since v is arbitrary, supp(G) must contain (deg(v))? as its summand for
all v € V(G). Hence supp(G) = X,ey ) (deg(v))?.

Theorem 3.8 Let G o K; be a corona product of G and K;. Then supp(G ° K;) = supp(G) + 4m + 2n, where
n and m are the order and size of G respectively.

Proof. Let G be an any graph of order n and size m. Let G o K; be a corona product of G and K;. By Theorem
(3.7), supp(G ° K1) = YpevGoky) (deg())? = Xyev(e) (deg(v) + 1)* + n, Since degree of each vertex, v in
G o K; increases one from its corresponding vertex in G. Therefore supp(G o K;) = supp(G) + 4m + 2n.
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