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Abstract. Motivated by the research on Terminal Wiener index, Terminal distance matrix 
of connected graph and its chemical applications and its mathematical properties, we 
define Acharya Index AIλ(G)  of a graph G as the sum of the distance between all pair of 
degree d vertices. This concept was defined and discussed in the ICDM 2013 with late 
Dr. B. D. Acharya. In this paper we determined the AIλ(G)  for some classes of graphs.  
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1. Introduction 
The Wiener index is considered as one of the most classic and applicable topological 
indices in the molecular graph theory, which was introduced by chemist Harold Wiener 
in 1947 and used it to determine physico-chemical properties of alkanes known as 
paraffin. Alkanes are chemical compounds exclusively composed of carbon and 
hydrogen [1,2]. For more information about Wiener index in chemical graph theory and 
its mathematical applications see [ 3,4, 5, 6, 7]. Throughout this paper we considered 
only simple connected graphs. For undefined terms one can see [5]. One can find distance 
concept in graphs in [8,9,10 ]    
The distance between two vertices u and v  is denoted by ),( vud  and n be the order of 

graph, ( )G∆  denotes maximum degree of graph G and p=diam(G), is the diameter of a 
graph G. 
       The Wiener Index W(G) is defined as sum of distances of all pair of vertices of 
graph G. 
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       The Terminal Wiener index TW(G) of a graph G is defined as the sum of the 
distances between all the pair of pendent vertices [11] , 
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where )/,( Gvvd ji  is the distance between pendent vertices iv  and jv  in graph G. 
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        The Hosoya polynomial of graph is defined as, ∑
⊆

=
)(},{

),(),(
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vudGH λλ . The first 

derivate ),( λGH at 1=λ is equal to the wiener index of G.
   

     The Terminal Hosoya Polynomial is defined in [12] as 

∑
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T kGdGTH λλ .The first derivate ),( λGTH  at 1=λ is equal to the 

Terminal Wiener index of G. 
Motivated by the research on terminal Wiener index and its chemical applications and 
mathematical properties, we define  
 
Definition 1. Let G be a connected graph of order n and degree d, the Acharya Index  
AIλ(G) of a graph G as the sum of the distance between all pair of degree d vertices, i.e.,    
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where ( )Gd,µ  denotes pair of vertices of degree d at distance k, p=diam(G). 
For λ=1 then the Acharya index reduces to terminal wiener index i.e. AIλ(G)=TW(G) 
 
2. Main results 
In this section we present Acharya index AIλ(G) of some important class of graph. 
 
Theorem 1. Let G=Pn be the path on n vertices then  

)23()()( 2 +−−= nnPWPAI nnλ  

Theorem 2. For a regular graph G with regularity r,  )()( GWGAIr =  
 
Corollary 2.1.  If nC  be a cycle on n  vertices then   )()(2 nn CWCAI =  
 
Corollary 2.2. If nK  be a complete graph on n  vertices then )()(1 nnn KWKAI =−  

 
Theorem 3. If nK ,1 is star on  n  vertices then )()( ,1,1 nn KTWKAI =λ  

where TW(G) is 

the terminal Wiener index. 

Proof: If 1,1KG = then there exist one pair of vertices with degree one (terminal 

vertices) at a distance one. Therefore 1)( =GAI . If 1>n then there exist only one vertex 

with degree n and remaining vertices are of degree one.  Hence )()( ,1,1 nn KTWKAI =λ .
 

 
Theorem 4. If P is Petersen graph then 75)()( == GWPAIλ  
 
Theorem 5. If nmKG ,=

 
is bipartite graph then nmnmKAI nm −−+= 22

, )(λ  
Proof: Let G=Km,n be the bipartite graph with vertex sets ⃒V1⃒= m and ⃒ V2⃒= n, then 
every edge in G has one vertex in V1 and other in V2.  
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The deg(vi)=n, 1≤ i≤ m   and deg(vj)=m, 1≤ j≤ n then distance between the vertices of V1 

and V2 is 2. There are  

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pair of vertices in V1 and 
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pair of vertices in V2 which are 

at distance 2. 

       Therefore the number of pair of vertices at distance two in G are  
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Theorem 6. If G=Km,n  is bipartite graph with m=n, then  AIλ (Kn,n)=W(Kn,n)=3n2-2n 
Proof: Let G=Km,n be the complete bipartite graph with m=n.  
             If m=n then Km,n is n regular graph.   
              Let ⃒ V1⃒= ⃒ V2⃒=n ,The number pair of vertices at distance 1 are mn . 

            From above Theorem 5 the pair of vertices at distance 2 are  
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                          = 3 n2-2n 
                         = W(Kn,n) 
 
Theorem 7. Let G be a connected graph then, AIλ(G)≤W(G),the equality holds if G is 
regular. 
Proof: If G is connected graph with n vertices, the Wiener index of G is the sum of 
distance between of all pair of vertices where as the Acharya Index is the sum of distance 
between pair of vertices of same degree. Therefore AI λ(G)≤W(G). The second part of the 
theorem is obevious  if G is regular. 
 
Theorem 8. Let T  be a tree on n vertices  then, TW(T)≤AI λ(T)≤W(T). 
Proof : The inequalities are obvious as we are partitioning the vertices with their degrees 
and calculate the distance between them .The equality holds if n≤ 2. 
 
Definition 2. Let G a connected n-vertex graph with vertex set V(G)={v1, v2 , v3 , …,vn } ,  
let p=( p1 , p2 , p3 … pn ) be an n-tuple of non negative integers .The thorn graph Gp is the 
graph obtained by attaching pi pendent vertices to the vertex vi  of G for i=1,2,……….,n. 
The pi pendent vertices attached to the vertex vi  will be called the thorn of vi  [9-10] 

Theorem 9. Let G be the connected non regular graph with vertices v1, v2 , v3 , ….. vn .Let  
Gp be the thorn graph obtained by attaching  pi pendent vertices to the vertex vi  of G for 

i=1,2,……….,n.If pi>0 for all i=1,2,……….,n, then )|,()()(
1
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Where deg(vi)+pi= deg(vj)+pj 
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Proof: Considering the thorn attached to the given vertex  
vi ,are pendent vertices are all of same degree and their summation of the distance leads to 
first term in the right side of above equation. For the second term consider the vertices pi 
thorn vi

1,v
i
2, vi

3,--------- vi
pi attached to the vertex vi and vj1,v

j
2,v

j
3,--------- v

j
pj attached to the 

vertex vj  of G ,i≠j for all i,j=1,2,……….,n. In Gp ,if deg(vi)+pi= deg(vj)+pj  

d(vi
k,v

j
l|Gp)=d(vi,vj|G) ,k=1,2,……….,.pi l=1,2,……….,. pj. there contribution to AI is 

d(vi
k,v

j
l|Gp)=d(vi,vj|G) which leads to second term. 

  
Observation 1. The above formula remains valid if pi’s are equal to zero, provided that 
the corresponding vertices of graph G are not pendent. 
 
Corollary 9.2. Let  G is regular graph, If  pi ≠ pj  for all  i,j=1,2,……….,n. then AIλ 
(Gp)=TW(Gp) 
 
Corollary 9.3. If G is regular, pi =p>0  for all  i=1,2,……….,n. then AI(Gp)=W(Gp). 
 
Corollary 9.4. If G is complete graph on n vertices ,If pi=p>0, for all  i=1,2,……….,n. 
then AIλ (Gp)=W(Gp). 
 
Corollary 9.5. If G is complete graph on n vertices. If  pi ≠ pj  for all  i,j=1,2,……….,n. 
then AIλ (Gp)=TW(Gp). 
 
Corollary 9.6. For a thorn ring C*n, pi =p>0  where i=1,2,……….,n. then  
AIλ (C

*
n)=W(C*

n). 
 
Corollary 9.7. For a thorn ring C*n, If  pi ≠ pj  where i,j=1,2,……….,n. then  
AIλ (C

*
n)=TW(C*

n) 
 
Bonchev and Klein [11-12] proposed the concept of thorn trees, where the parent graph is 
a tree, then it is called as thorn trees. In this paper we consider the cases when the parent 
tree is a path. Then the respective thorn tree is caterpillar and "thorn rod" is understood a 
caterpillar obtained so that new vertices are attached only to the two terminal vertices of 
the underlying path. Another thorn tree is the "thorn star", obtained by attaching pendent 
vertices to the vertices of a star, except to its central vertex. If the parent graph is a cycle, 
then we speak of "thorn cycles". 
 
Theorem 10. Let the thorn star K*1,n is the graph obtained by attaching pi=p>0 
,i=1,2,……….,n.  pendent vertices to the i-th pendent vertex of a star K1,n  ,n≥2 then 
AIλ(K

*
1,n)= TW(K*

1,n)+n2-n 
Proof: Considering the distance between pi’s is the first term and since  all pi’s are  same, 
deg(vi)=pi+1,for all vi,  

i=1,2,……….,n.  .Thus  there are




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
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n  pair of vertices at distance  2.which is 2
2

⋅



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n = n2-

n,which leads to second term. 
 
Corollary 10.1. Let the thorn star K*1,n .If  pi ≠ pj  for all  i,j=1,2,……….,n. then    
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AIλ(K
*
1,n)= TW(K*

1,n) 
 
3. Conclusion and scope 
Acharya index is new Distance –Degree based index. We observe that 

)()()( GWGAIGTW ≤≤ λ
. The equality holds if and only if G=K2 and also AIλ(G)=W(G) for 

regular graph. Obtaining class of graphs with A(G)=W(G), TW(G)=AI(G) and 
TW(G)=W(G)  interesting problem to compute. 
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