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Abstract. Motivated by the research on Terminal Wiener indeetminal distance matrix
of connected graph and its chemical applicatiorts it mathematical properties, we
define Acharya Index A(G) of a graph G as the sum of the distance betwa#eair of
degree d vertices. This concept was defined amtiskgd in the ICDM 2013 with late
Dr. B. D. Acharya. In this paper we determinedAhgG) for some classes of graphs.
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1. Introduction

The Wiener index is considered as one of the miasisic and applicable topological

indices in the molecular graph theory, which wasoitiuced by chemist Harold Wiener

in 1947 and used it to determine physico-chemicalpgrties of alkanes known as

paraffin. Alkanes are chemical compounds exclugivebmposed of carbon and

hydrogen [1,2]. For more information about Wienailéx in chemical graph theory and
its mathematical applications see [ 3,4, 5, 6,THroughout this paper we considered
only simple connected graphs. For undefined temescan see [5]. One can find distance
concept in graphsin [8,9,10 ]

The distance between two verticasind v is denoted by (u,v) and n be the order of

graph,A(G) denotes maximum degree of graph G and p=diamé3he diameter of a
graph G.
TheWiener Index W(G) is defined as sum of distances of all paiveftices of
graph G.
W=W(G)= > d(v,v))
I<i<j<n
TheTerminal Wiener index TW(G) of a graph G is defined as the sum of the
distances between all the pair of pendent verfitEs,
TW =TW(G)= > d(v,,v,/G)
I<i<j<k

whered(v,,v, /G) is the distance between pendent vertigeandv, in graph G.
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TheHosoya polynomial of graph is defined asH (G,A) = > A*“* . The first
{u,v}Ov(G)
derivate H (G, A) at A =1is equal to the wiener index of G.

The Terminal Hosoya  Polynomial is  defined in [12] as
TH(G,A) =) d; (G,k)A.The first derivate TH (G, 1) at A =1is equal to the
k=1
Terminal Wiener index of G.
Motivated by the research on terminal Wiener indexl its chemical applications and
mathematical properties, we define

Definition 1. Let G be a connected graph of order n and degrdéeed\charya I ndex
Al;(G) of a graph G as the sum of the distance betwég@mialof degree d vertices, i.e.,

Al,(G)= > u(d,G)k
1<d<n-1
I1<ksp

where ,u(d,G) denotes pair of vertices of degree d at distanpettiam(G).
Fori=1 then the Acharya index reduces to terminal wiégmgex i.e. A|(G)=TW(G)

2. Main results
In this section we present Acharya index(&l) of some important class of graph.

Theorem 1. Let G=R, be the path on n vertices then
Al (P)=W(PR,) - (n*-3n+2)

Theorem 2. For a regular graph G with regularity Al (G) =W(G)
Corollary 2.1. If C be a cycle om vertices then Al (C,) =W(C,)

Corollary 2.2. If K, be a complete graph dmvertices thenAl _, (K, ) =W(K,)

Theorem 3. If K is star on n vertices thenAl , (K, ) = TW (K, ) where TW(G) is
the terminal Wiener index.
Proof: If G= Kllthen there exist one pair of vertices with degree ¢terminal

vertices) at a distance one. Therefdk&(G) =1. If n>1then there exist only one vertex
with degree n and remaining vertices are of degnee HenceAl , (K ) =TW (K, )

Theorem 4. If P is Petersen graph thei , (P) =W(G) =75

Theorem 5. If G =Ky is bipartite graph theml , (K, ) =m? +n* -m-n

Proof: Let G=K,, be the bipartite graph with vertex se|1‘ﬂ!1 |: m and |V2 |: n, then
every edge in G has one vertex inand other in V.
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The deg(y=n, I<i<m and deg()=m, 1< j< n then distance between the vertices of V
m n
and \,is 2. There are| 2 | pair of vertices in Yand| 2 | pair of vertices iV, which are

at distance 2.

m n
Therefore the number of pair of verticediatance two in G ar{zj{zj-

k)| ()13

:m2+n2—m—n

Theorem 6. If G=K,,, is bipartite graph with m=n, theAl, (Knn)=W(K,)=3r-2n
Proof: Let G=K,,, be the complete bipartite graph with m=n.

If m=n tT\e Knis n regular graph.
Let|V1 = |V, |=n,The number pair of vertices at distance 1 are m

n n
From abov&heorem 5 the pair of vertices at distance 2 E’:}j}'* (2]

AL K = ﬁ*{@{;ﬂz

=3 rf-2n
= W(K»

Theorem 7. Let G be a connected graph théw,(G)<W(G),the equality holds if G is
regular.

Proof: If G is connected graph with n vertices, the Wieimglex of G is the sum of
distance between of all pair of vertices wherehasfcharya Index is the sum of distance
between pair of vertices of same degree. Ther&oi&)<W(G). The second part of the
theorem is obevious if G is regular.

Theorem 8. Let T be atree on n vertices th&lV(T)<Al,(T)<W(T).
Proof : The inequalities are obvious as we are partitignite vertices with their degrees
and calculate the distance between them .The égbalds if i< 2.

Definition 2. Let G a connected n-vertex graph with vertex s@)¥{v, v, vz, ...,\h },
let p=(p, P2, Ps .. pr) be an n-tuple of non negative integers .The tlypaph G is the
graph obtained by attachinggendent vertices to the vertexof G for i=1,2,.......... n.
The ppendent vertices attached to the vertewill be called the thorn of;\J9-10]

Theorem 9. Let G be the connected non regular graph with eesti(, v,, vs, ..... v,.Let
G, be the thorn graph obtained by attachingemdent vertices to the vertex of G for

i=1,2,..en, n.If p>0 for all i=1,2,.......... n, ther)qU(Gp) =TW(G,)+ >.d(Vv,v, |G)

I<i<j<n

Where deg(+p= deg(y)+p,
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Proof: Considering the thorn attached to the given vertex
v; ,are pendent vertices are all of same degree airdstimmation of the distance leads to
first term in the right side of above equation. Ba¥ second term consider the vertices p

thorn Vi,V Vg Vi, attached to the vertex and vi,VoVis Vv, attached to the
vertex y of G ,i# for all i,j=1,2,.......... N. In G,if deg(v)+p= deg(y)+p,
d(Vi,ViIGo)=d(v;,vi|G) k=1,2,.......... Wpl=1,2,. ,. p there contribution to Al is

d(Vi,V|Gp)=d(V;,vj|G) which leads to second term.

Observation 1. The above formula remains valid ifpare equal to zero, provided that
the corresponding vertices of graph G are not pende

Corollary 9.2. Let G is regular graph, If jg p for all ij=1,2,.......... ,n. then Al
(Gp)=TW(Gy)

Corollary 9.3. If G is regular, p=p>0for all i=1,2,......... ,n. then AI(G)=W(G,).
Corollary 9.4. If G is complete graph on n vertices ,|Ep>0, for all i=1,2,.......... n.

then Al (Gp)=W(G).

Corollary 9.5. If G is complete graph on n vertices. If A4y for all i,j=1,2,.......... n.
then Al (Gp)=TW(Gy).

Corollary 9.6. For a thorn ring G, p=p>0 where i=1,2,.......... ,n. then
Al (Cr)=W(C).

Corollary 9.7. For a thorn ring G, If pi# p where i,j=1,2,.......... ,n. then
Al (Cr)=TW(C )

Bonchev and Klein [11-12] proposed the concephofri trees, where the parent graph is
a tree, then it is called as thorn trees. In thiggp we consider the cases when the parent
tree is a path. Then the respective thorn treatergillar and "thorn rod" is understood a
caterpillar obtained so that new vertices are h#dmnly to the two terminal vertices of
the underlying path. Another thorn tree is the fithstar", obtained by attaching pendent
vertices to the vertices of a star, except toétstmal vertex. If the parent graph is a cycle,
then we speak of "thorn cycles".

Theorem 10. Let the thorn star K¥, is the graph obtained by attaching=g0
=12, ,n. pendent vertices to the i-th peridemtex of a star K, ,n>2 then
ALK )= TW(K  )+n-n

Proof: Considering the distance betwegs [ the first term and since allare same,
deg(v)=pi+1,for all v,

i=1,2,. e, .n. .Thus there a{rfej pair of vertices at distance 2.Which[f§j[2= -
2 2

n,which leads to second term.

Corollary 10.1. Let the thorn star K*, .If pi#p for all i,j=1,2,.......... ,n. then
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A|x(K*1,n): TW(K*l,n)

3. Conclusion and scope

Acharya index is new Distance -Degree based indé%e observe that
TW(G) < Al (G) <W(G)- The equality holds if and only if G=kand also A(G)=W(G) for
regular graph. Obtaining class of graphs with AW@®&), TW(G)=AI(G) and
TW(G)=W(G) interesting problem to compute.
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