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Abstract
Graph theory has supported chemists with topological indices which predict different 

physicochemical properties such as boiling point, entropy, acentric factor, etc. of chemical 
compounds. In this article, we introduce two new topological indices called degree locating 
indices, based on the degree and location of the vertices. We present exact expressions for 
some families of standard graphs and we get the exact values of these indices for any graph 
of diameter two. Finally, we compute these indices for join graphs and book graphs.
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1.  Introduction

Topological indices are important in chemistry, medicine, and other 
fields (see [5-9, 12, 18, 19]). Many of the topological indices that are 
currently of interest in mathematical chemistry are defined in terms of 
vertex degrees of molecular graphs. The first and second Zagreb indices, 
established by Gutman and Trinajstic in [10], are two of the most well-
known topological indices of graphs. They are defined as: M1(G) = 

2
( )1 ( ( ) )u E GM d u∈= ∑  and ∈∑ ( )2 ( ) = ( ) ( ),uv E GM G d u d v  respectively. The Zagreb 

indices have been intensively explored due to their multiple applications 
in place of existing chemical procedures, which take longer and are more 
expensive. For similar reasons, many new reformulated and expanded 
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versions of the Zagreb indices have been introduced (cf. [1, 2, 4, 11, 13, 15, 
16, 21-23]).

By defining the locating matrix Lo (G) over G, one of the current 
authors, Saleh [17], has recently presented a novel matrix representation 
for a graph G. This representation will be redefined in the following ways.

Definition 1 : Let = ( , )G V E  be a connected graph with vertex set 
1 2= { , , ..., }.nV v v v  A degree locating function of G denoted by ( )GLd  is a 

function 1( ) : ( ) ( {0})dG V G + +→ ∪Ld   where d is the diameter of the graph 

G such that Γ Γ Γ


0 1( ) = = ( ( ), ( ), ..., ( )),j j j j d jv v v v vLd  where Γ ( )i jv  is the 

number of vertices of distance i from the vertex jv  in G. The vector 


jv  is 
called the degree locating vector corresponding to the vertex .jv  Then we 
define first and second degree locating indices of G as 

∈ ∈

⋅∑ ∑
  

 2
1 2

( ) ( )
( ) = ( ) and ( ) = ,

i i j

i i j
v V G v v E G

G v G v v

respectively, where ⋅
 

i jv v  is the dot product of the two vectors 


iv  and 


.jv  
Based on the degree locating vectors, we introduced two new 

topological indices, the first and second degree locating indices.
Unless otherwise mentioned, all graphs in this work shall be assumed 

to be simple, undirected, and connected. We direct the reader to [3] for 
graph theoretical terminologies.

2.  Some exact values of locating indices

In this section,we determine the first and second degree locating 
indices for some standard graphs like ,nK  ,nC  , ,n mK  ,nW  ,nP  

Theorem 2 : Let ≅ nG K  be the complete graph with a vertex set 
1 2( ) = { , , , },nV G v v v  where ≥ 2.n Then

3
1

22 2( ) = ..i G n n n− +

2

2( 1)( 2 2)
2. ( ) = .n n n nii G − − +

Proof : Let ≅ nG K  be the complete graph with vertex set 1 2( ) = { , , ..., },nV G v v v 

1 2( ) = { , , ..., },nV G v v v ≥ 2n  and obviously, for any vertex ∈ ( )iv V G  the corresponding 

degree locating vector (1, 1)iv n= −


 so + −
2 2= 1 ( 1) .iv n  
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Hence,
3 2

1( ) 2 2 .G n n n= − +

Similarly,

	

2

2
( 1)( ) = 2)

2
.( 2n n n nG − − +


	 

Proposition 3 : For an even integer ≥ 2,n  let ≅ .nG C  Then 
− 1 2( ) = ( ) = 2 ( 1).G G n n

Proof : By labeling the vertices of the cycle nC  as 1 2{ , , , }nv v v  in the 
anticlockwise direction, we can see that for any vertex iv  the degree 
locating vector will be in the form

− 
   







/2 1

= 1, 2, , 2 ,1 , for all = 1, 2, ..., .
n

iv i n

So, + − −
2

= 2 4( /2 1) = 2( 1).iv n n

Hence, 

	 − 1 2( ) = ( ) = 2 ( 1).G G n n 	 

Proposition 4 : For an odd integer ≥ 3,n  let ≅ .nG C  Then 
− 1 2( ) = ( ) = (2 1).G G n n

Proof : By labeling the vertices of the cycle nC  as 1 2{ , , , }nv v v  in the 
anticlockwise direction, it is easy to see that for any vertex iv  the degree 
locating vector will be in the form 

− 
  







1
2

= 1, 2, , 2 , for all = 1, 2, ..., .

n

iv i n

So, −
2

= 2 1.iv n

Hence, 

	 − 1 2( ) = ( ) = (2 1).G G n n 	 



258� A. SALEH AND N. A. ZEYADA

Theorem 5 : Let ≅ , ,a bG K be a complete bipartite graph. Then

+ − + + + − + 3 2 2 2 3 2
1. ( ) = 2 2 2 2 .i G a ab a a a b b b b

− + −2. ( ) = (2 2 ).ii G ab ab a b

Proof : Let G  ≅  , ,a bK  with two partite sets A and B such that | |=A a  and 
| |= ,B b  by labeling the vertices as 1 1( ) = { , ... , , ... }.a bV G v v u u  Obviously for 
any vertex iv  the corresponding degree degree locating is of the form 

−


= (1, , 1), for all = 1, 2, ..., ,iv b a i a

and 

−


= (1, , 1), for all = 1, 2, ..., .iu a b i b

Therefore 
2 2 2 2 2= 1 ( 1) = 2 2, for all = 1, 2, ..., ,iv b a a b a i a+ + − + − +



and 
2 2 2 2 2 for all = 1, 21 ( , .. ,2 .1 .) 2iu a b a b b i b= + + − = + − +



In the same way we have for any adjacent vertices , ,i jv u

+ + − −
 

. = 1 ( 1)( 1), for all = 1, 2, ..., and = 1, 2, ...,i iv u ab a b i b j b

Hence, 

+ − + + + − + 3 2 2 2 3 2
1( ) = 2 2 2 2 ,G a ab a a a b b b b

and 

	 − + −2 ( ) = (2 2 ).G ab ab a b 	 

Since the following consequences of Theorem 5 are special cases and 
clear, we will omit their proofs. 

Corollary 6 : Let G  ≅  , ,a aK  be complete bipartite graph. Then 
− + 2 2

1( ) = 2 ( 1),G a a a  and − + 2
2 ( ) = 4 ( 1).G a a a

Corollary 7 : Let G  ≅  1, ,aK  be a star graph with a+1 vertices. Then 
− + + 3 2

1( ) = 3 1,G a a a  and +2 ( ) = ( 1).G a a
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Proposition 8 : Let G be wheel graph nW  with +1n  vertices, where 
≥( 4).n  Then we have

− + + 3 2
1. ( ) = 5 19 1.i G n n n

− + 2
2. ( ) = ( 3 20).ii G n n n

Proof : Let G  ≅  nW  for ≥ 4,n  where nW  is the wheel graph with +1n  
vertices. By labeling the vertices of ( )V G  in the anticlockwise direction as 

+1 2 1, , , ,n nv v v v  such that +1nv  is the center of the wheel, we obtain 

−


= (1, 3, 3), for = 1, 2, ...,iv n i n

and 

+



1 = (1, , 0).nv n

So we get for = 1, ..., ,i n  − +
2 2= 6 19,iv n n  + − +

 

2
1. = 6 19,i iv v n n  

+ +
 

1. = 3 1i nv v n  and + +
2 2

1 = 1.nv n  Hence, 

− + + 3 2
1( ) = 5 19 1,G n n n

and 

	 − + 2
2 ( ) = ( 3 20).G n n n 	 

Theorem 9 : Let ≅ nG P  be path of even number of vertices ≥( 4).n  Then

−1
(3 2)

2. ( ) = .n ni G

− +2
3 ( 2) 4

2. ( ) = .n nii G

Proof : Let G is be a path nP  with even number of vertices ≥( 4).n  By 
labeling the vertices from left to right as 1 2, , , nv v v  

( ) ( )
( ) ( )
( ) ( )

−

− −

−

− −

−

− −

 

 

 

  

 

 

 

 

 

 

 



 

1 1
3 3

2 1
5 5

3 2

1 1
2 2

2

= 1, ,1 , = 1, ,1 ,

= 1, 2,1, ,1, 0 , = 1, 2,1, ,1, 0 ,

= 1, 2, 2,1, ,1, 0, 0 , = 1, 2, 2,1, ,1, 0, 0 ,

= 1, 2, , 2 ,10, , 0

n n

n
n n

n
n n

n

n n

n

v v

v v

v v

v

− −

+

   
      

  



 

1 1
2 2

1
2

, = 1, 2, , 2 ,10, , 0 .

n n

nv
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( ) ( )
( ) ( )
( ) ( )

−

− −

−

− −

−

− −

 

 

 

  

 

 

 

 

 

 

 



 

1 1
3 3

2 1
5 5

3 2

1 1
2 2

2

= 1, ,1 , = 1, ,1 ,

= 1, 2,1, ,1, 0 , = 1, 2,1, ,1, 0 ,

= 1, 2, 2,1, ,1, 0, 0 , = 1, 2, 2,1, ,1, 0, 0 ,

= 1, 2, , 2 ,10, , 0

n n

n
n n

n
n n

n

n n

n

v v

v v

v v

v

− −

+

   
      

  



 

1 1
2 2

1
2

, = 1, 2, , 2 ,10, , 0 .

n n

nv

By symmetry on components between the vectors easy to see that
 

1 = ,nv v  −

 

2 1= ,nv v   ,
+

 

2 2 1
=n nv v  That means, for 2= 1, 2, ..., ,nj  we 

have

− − + − 
 

  



  

1 2 1 1

= 1, 2, , 2 ,1, ,1, 0, , 0 ,
j n j j

jv

and

+ − + − + + +
2

= 1 4( 1) ( 2 1) = 2 1.jv j n j n j

Therefore, 

+
+ − + −∑

2
2

1
=1

/2( /2 1)( ) = 2 ( 2 2) = 4 2 .
2

n

j

n nG n j n n

Hence, 
−

1
(3 2)( ) = .

2
n nG

Now to prove part (ii), we have, for −2= 1, 2, ..., 1nj  
− − + − − − − −

+

   
   

     

 

     

1 2 1 1 1 2 1 1

1. = 1, 2, , 2 ,1, ,1, 0, , 0 . 1, 2, , 2 , 2,1, ,1, 0, , 0
j n j j j n j j

i iv v

Thus, 

+ + − + + + − − + −
 

1. = 1 4( 1) 2 2 1 = 2 2.i iv v j n j j n

But, for 

− − − −

−

   
       −

   

 

   

1 1 1 1
2 2 2 2

1
2 2

. = 1, 2, , 2 ,10, , 0 . 1, 2, , 2 ,10, , 0 = 2( 1).

n n n n

n nv v n

Then we get 
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−

−
− + + − +∑

2
2

2
=1

3 ( 2)( ) = 2( 1) 2 ( 2 2) = 2
2

n

j

n nG n n j

Hence, 

	
− +

2
3 ( 2) 4( ) = .

2
n nG

	 

Theorem 10 : Let ≅ nG P  be path of odd number of vertices ≥( 5).n  Then
− +

2

1
3 2 1

2. ( ) = .n ni G

− +
2

2
3 6 3

2. ( ) = .n nii G

Proof : Let G is be a path nP  with even number of vertices ≥( 5).n  By 
labeling the vertices from left to right as 1 2, , , nv v v  

( ) ( )
( ) ( )
( ) ( )

−

− −

−

− −

−

− −

−

 

 

 



 

 

 

 

 

 

 



 

1 1
3 3

2 1
5 5

3 2

3 3
2 2

1
2

= 1, ,1 , = 1, ,1 ,

= 1, 2,1, ,1, 0 , = 1, 2,1, ,1, 0 ,

= 1, 2, 2,1, ,1, 0, 0 , = 1, 2, 2,1, ,1, 0, 0 ,

= 1, 2, , 2 ,10, , 0

n n

n
n n

n
n n

n

n n

n

v v

v v

v v

v

− −

+

   
      

  



 

3 3
2 2

3
2

, = 1, 2, , 2 ,10, , 0 .

n n

nv

By symmetry on components between the vectors easy to see that
 

1 = ,nv v  −

 

2 1= ,nv v   , − +

 

1 3
2 2

=n nv v  That means, for −1
2= 1, 2, ..., ,nj  we 

have
− − + − 

 
  



  

1 2 1 1

= 1, 2, , 2 ,1, ,1, 0, , 0 ,
j n j j

jv

and

+ − + − + + +
2

= 1 4( 1) ( 2 1) = 2 1.jv j n j n j

For the remaining vertex +1
2

,nv  we get 
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− −

+

 
  

 



 

1 1
2 2

1
2

= 1, 2, , 2 , 0, , 0 ,

n n

nv

So, 

+ −
2

1
2

= 2 1.nv n

Therefore, 
−

− +
− + + −∑

1
22

1
=1

3 2 1( ) = 2 1 2 ( 2 2) = .
2

n

j

n nG n n j

Now, to prove part ( ),ii  we have, for −3
2= 1, 2, ..., nj  

− − + − − − − −

+

   
   

     

 

     

1 2 1 1 1 2 1 1

1. = 1, 2, , 2 ,1, ,1, 0, , 0 . 1, 2, , 2 , 2,1, ,1, 0, , 0
j n j j j n j j

i iv v

Thus, 

+ + − + + + − − + −
 

1. = 1 4( 1) 2 2 1 = 2 2.i iv v j n j j n

But, for − + +1 1 3
2 2 2= , ,n n ni  

− − − −

− + + +

   
       −

   

   

   

3 3 1 1
2 2 2 2

1 1 1 3
2 2 2 2

. = . = 1, 2, , 2 ,10, , 0 . 1, 2, , 2 , 0, , 0 = 2 3.

n n n n

n n n nv v v v n

Then, we get 
−

− +
− + + − +∑

3
22

2
=1

3 10 3( ) = 2(2 3) 2 ( 2 2) = 2
2

n

j

n nG n n j n

Hence, 

	
− +


2

2
3 6 3( ) = .

2
n nG

	 

Proposition 11 : Let G be k-regular graph of ≥ 2n  and with diameter two. 
Then 

− − + + + 2 2
1. ( ) = ( 2 2 2 2 2).i G n n nk n k k
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− − + + +
2 2

2
( 2 2 2 2 2)

2. ( ) = .nk n nk n k kii G

Proof : Let G be k-regular graph of ≥ 2n  vertices and with diameter two. 
Then clearly for any vertex ∈ ( ),v V G we have 

− −


= (1, , 1)v k n k  and + + − −
 2 2 2= 1 ( 1) ,v k n k  Hence, 

− − + + + 2 2
1( ) = ( 2 2 2 2 2),G n n nk n k k

and 

	
− − + + +


2 2

2
( 2 2 2 2 2)( ) = .

2
nk n nk n k kG

	 

Proposition 12 : Let G be a graph of ≥ 2n  and with diameter two. Then 
+ + − − −1 1. ( ) = 2 ( ) ( 1)( 2 1).i G n M G n n m

− − + + − 2
2 2 1. ( ) = 2 ( ) ( 1) ( ) 2 2 .ii G M G n M G mn m mn

Proof : Let G be a graph of ≥ 2n  vertices and with diameter two. Then 

clearly for any vertex ∈ ( ),v V G we have  − −


= (1, ( ), ( ) 1)v deg v n deg v  and 

+ + − −
 2 2 2= 1 ( ) ( ( ) 1) ,v deg v n deg v  then 

∈

+ + − − −∑



2

1 1
( )

( ) = = 2 ( ) ( 1)( 2 1).
u V G

G v n M G n n m

Similarly, 

∈ ∈

+ + − − − −∑ ∑
 

2
( ) ( )

( ) = . = (1 ( ) ( ) ( 1 ( ))( 1 ( ))).
uv E G uv E G

G u v deg v deg u n deg v n deg u

Hence, 

	 − − + + − 2
2 2 1( ) = 2 ( ) ( 1) ( ) 2 2 .G M G n M G mn m mn 	 

3.  Locating indices of the join of two graphs

The join +1 2=G G G  of graphs 1G  and 2G  with disjoint vertex sets 1V  
and 2V  and edge sets 1E  and 2E  is the graph union ∪1 2G G  together with 
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all the edges joining 1V  and 2 .V  In the following theorem we find first and 
second locating indices for the join graph G.

Theorem 13 : Let ≅ +1 2G G G  such that 1G  and 2G  are both connected graphs, 
such that 1G  has 1n  vertices and 1m  edges while 2G  has 2n  vertices and 2m  
edges. Then 

+ + + + + − +

+ + + + − + + +

1 1 1 1 2 2 1 1 2 1 2 1 1 2 2
3 3 2 2 2 2
1 2 1 2 2 1 1 2 1 2

( ) = 2( ( ) ( )) ( ) 4( ) 4( )
( ) ( ) 2( ) 2( ).

G M G M G n m n m m m n m n m
n n n n n n n n n n

and 

− + + + + + − +
+ + − + + +

+ + + − −

 2 2
2 2 1 1 1 2 2 1 1 1 2 1

2 2
2 1 2 2 1 2 1 2

1 2 1 2 1 2 1 2

( ) = ( 1)( ( ) ( )) 2 ( ) ( 2 2)
( 2 2) ( )

2 (2 2 ).

G n n M G M G M G m n n n
m n n n n n m m

m m n n n n n n

Proof : Let ≅ +1 2G G G  such that 1G  and 2G  are both connected graphs, 
such that 1G  has 1n  vertices and 1m  edges while 2G  has 2n  vertices and 

2m  edges. Then.by labeling the vertices of the graph G as 
 1 2 1 21 2

( ) = { , , , , , , , }n nV G v v v u u u

where ∈

11 2 1, , , ( )nv v v V G  and ∈

21 2 2, , , ( ).nu u v V G  we get the degree 
locating vectors in G as following:

+ − −


2 11 1
= (1, ( ), ( ) 1),i G i G iv n deg v n deg v

and 

+ − −


1 22 2
= (1, ( ), ( ) 1).i G i G iu n deg u n deg u

So, 

+ + − + + + −
2 2 2 2

2 1 2 1 11 1 1 1
= 2 ( ) 2 ( ) 2 ( ) 2 ( ) 2 2i G i G i G i G iv deg v n deg v deg v n deg v n n n

and 

+ + − + + − +∑
1 2 3 2 2

1 1 2 1 1 1 1 1 1 2 1 1
=1

= 2 ( ) 4 4 4 2 2 .
n

i
i

v M G n m m n m n n n n n

In the same way 
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+ + − + + + −
2 2 2 2

1 1 2 1 22 2 2 2
= 2 ( ) 2 ( ) 2 ( ) 2 2 ( ) 2 2i G i G i G i G iu deg u n deg u deg u n deg u n n n

So, 

+ + − + + + − +∑
2 2 3 2 2

1 2 1 2 2 2 2 2 2 1 2 2
=1

= 2 ( ) 4 4 4 2 2 .
n

i
i

u M G n m m n m n n n n n

Clearly, 

+∑ ∑
 


1 22 2

1
=1 =1

( ) = ,
n n

i i
i i

G v u

then 
+ + + + + − +

+ + + + − + + +

1 1 1 1 2 2 1 1 2 1 2 1 1 2 2
3 3 2 2 2 2
1 2 1 2 2 1 1 2 1 2

( ) = 2( ( ) ( )) ( ) 4( ) 4( )
( ) ( ) 2( ) 2( )

G M G M G n m n m m m n m n m
n n n n n n n n n n

To prove ( ),ii  according to different types of edges in G, we have 

∈ ∈ ∈

+ +∑ ∑ ∑
     

2
( ) ( ) ( )

( ) = ( . ) ( . ) ( . )
i j i j i j

i j i j i j
v v E G u u E G v u E G

G v v u u v u

Since, 

+ + +

+ − − − −

 

2 1 2 1

1 1 1 1

. = 1 ( ( ))( ( ))

( ( ) 1)( ( ) 1),
i j G i G j

G i G j

v v n deg v n deg v

n deg v n deg v

so, 

+ +

+ + − −

+ + + −

 

2 1 2 1 1 1

1 1 1 1 1 1

2 2
2 1 1

. = ( ) ( ) 2 ( ) ( )
( ) ( ) ( ) ( )

2 2 .

i j G j G i G i G j

G i G j G j G i

v v n deg v n deg v deg v deg v
deg v deg v n deg v n deg v

n n n

Then 

∈

∈

+ +

+ + − + + + + −

− + + + + − +

∑

∑

 

( )

2 1 1 1 1( )

2 2
1 1 2 11 1 1 1

2 2
2 1 1 1 2 1 1 1 2 1

( . )

= ( ( ( ) ( )) 2( ( ) ( ))

( ( ) ( )) ( ( ) ( )) 2 2 )

= ( 1) ( ) 2 ( ) ( 2 2)

i j
v v E Gi j

G i G j G i G j
v v E Gi j

G i G j G i G j

v v

n deg v deg v deg v deg v

deg v deg v n deg v deg v n n n

n n M G M G m n n n

∈

∈

+ +

+ + − + + + + −

− + + + + − +

∑

∑

 

( )

2 1 1 1 1( )

2 2
1 1 2 11 1 1 1

2 2
2 1 1 1 2 1 1 1 2 1

( . )

= ( ( ( ) ( )) 2( ( ) ( ))

( ( ) ( )) ( ( ) ( )) 2 2 )

= ( 1) ( ) 2 ( ) ( 2 2)

i j
v v E Gi j

G i G j G i G j
v v E Gi j

G i G j G i G j

v v

n deg v deg v deg v deg v

deg v deg v n deg v deg v n n n

n n M G M G m n n n
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Also, since 

+ + +

+ − − − −

 

1 12 2

2 22 2

. = 1 ( ( ))( ( ))

( ( ) 1)( ( ) 1)
i j G i G j

G i G j

u u n deg u n deg u

n deg u n deg u

In the same way we get, 

∈

− + + + + − +∑
 

2 2
1 2 1 2 2 2 2 1 2 2

( )
( . ) = ( 1) ( ) 2 ( ) ( 2 2).

i j

i j
u u E G

u u n n M G M G m n n n

Similarly, since, 

+ + +

+ − − − −

 

2 11 2

1 21 2

. = 1 ( ( ))( ( ))

( ( ) 1)( ( ) 1)
i j G i G j

G i G j

v u n deg v n deg u

n deg v n deg v

We get 

∈
∑ ∑∑

   1 2

( ) =1 =1
( . ) = ( . ),

i j

n n

i j i j
v u E G i j

v u v u

and 

+ + +

+ − − + + − −

+ + + + − −

∑∑ ∑
 1 2 1

2 2 1 2 2 21 1 1=1 =1 =1

2 2 1 2 2 1 2 2 11

1 2 1 2 1 2 1 2 1 2 1 2

( . ) = ( ( ) 2 ( ) ( )

( ) (2 2 ))

= ( ) 2 (2 2 ).

n n n

i j G i G i G i
i j i

G i

v u n m n n deg v m deg v n deg v

m n deg v n m n n n n n

n n m m m m n n n n n n

Hence,

− + + + + − +
− + + + + − +

+ + + + + − −

 2 2
2 2 1 1 1 2 1 1 1 2 1

2 2
1 2 1 2 2 2 2 1 2 2

1 2 1 2 1 2 1 2 1 2 1 2

( ) = ( 1) ( ) 2 ( ) ( 2 2)
( 1) ( ) 2 ( ) ( 2 2)

( ) 2 (2 2 ).

G n n M G M G m n n n
n n M G M G m n n n
n n m m m m n n n n n n



4.  Locating indices of the book graph

Theorem 14 : Let G be a book graph ×2=t tB P S  with +(2 2)t  vertices. Then,

+ + 3
1. ( ) = 4 16 4.i G t t

+ + + 3 2
2. ( ) = 4 4 14 2.ii G t t t
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Proof : Suppose, we have G is the book graph ×2=t tB P S  with +(2 2)t  by 
labeling the vertices as 1 2 1 2( ) = { , , , , .... , , , ..., }t tV G v u v v v u u u  as in Figure 1, 
we get,

+ +
 

= (1, 1, , 0) , = (1, 1, , 0)v t t u t t

And for = 1, 2, ..., ,i m  we have 

− −
 

= (1, 2, , 1) , = (1, 2, , 1),iv t t u t t

Then, 

+ + + + +
 2 2 2 2 2= = 1 ( 1) = 2( 1),v u t t t t

and for = 1, 2, 3, ...,i t

+ + + − − +
 2 2 2 2 2= = 1 4 ( 1) = 2( 3).i iv u t t t t

Hence, 

+ + 3
1( ) = 4 16 4.G t t

Similarly, to prove ( )ii  we have, + +
 

2. = 2( 1),v u t t  and for any 
= 1, 2, 3, ..., ,i t

− +
 

2. = 2( 3)i iv u t t

and in the same way,

+ +
   

2. = . = 2 3.i iv v u u t t

Figure 1
A Book Graph Bt. 
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Hence, 

	 + + + 3 2
2 ( ) = 4 4 14 2.G t t t 	 

5.  Acknowledgment

This work was funded by the Deanship of Scientific Research (DSR), 
University of Jeddah, Jeddah, under grant No. (UJ-02-013-DR)The authors, 
therefore, acknowledge with thanks DSR technical and financial support.

References 

[1]	 A. Alwardi, A. Alqesmah, R. Rangarajan and I.N. Cangul, Entire 
Zagreb Indices of Graphs, Discrete Math. Algorithm. Appl., 10 (3) (2018) 
1850037 (16 pages).

[2]	 J. Braun, A. Kerber, M. Meringer, C. Rucker, Similarity of molecular 
descriptors: the equivalence of Zagreb indices and walk counts, 
MATCH Commun. Math. Comput. Chem. 54 (2005) 163-176.

[3]	 G. Chartand, L. Lesniak, Graphs and Digraphs, 4th ed., Boca Raton, 
FL, USA: CRC Press, 2005.

[4]	 K.C. Das, A. Yurttas, M. Togan, A.S. Cevik, I.N. Cangul, The 
multiplicative Zagreb indices of graph operation, Journal of inequalities 
and applications, 2013 (1), 90.

[5]	 M.V. Diudea, M.S. Florescu, P.V. Khadikar, Molecular Topolgy and Its 
Applications, Eficon, Bucarest, 2006.

[6]	 M.V. Diudea, Nanomolecules and Nanostructures-Poynomial and 
Indices, Univ. Kragujevac, 2010.

[7]	 I. Gutman, B. Furula (Eds.), Distance in Molecular Graphs, Univ. 
Kragujevac, Kragujevac, 2012 .

[8]	 I. Gutman, B. Furula (Eds.), Novel Molecular Structure Descriptors-
Theory and Applications I, Univ. Kragujevac, Kragujevac, 2010 .

[9]	 I. Gutman, B. Furula (Eds.), Novel Molecular Structure Descriptors-
Theory and Applications II, Univ. Kragujevac, Kragujevac, 2010.

[10]	 I. Gutman, N. Trinajstic, Graph theory and molecular orbitals, Total 
−π electron energy of alternant hydrocarbons, Chem. Phys. Lett. 17 

(1972) 535-538.



DEGREE LOCATING INDICES OF GRAPHS� 269

[11]	 I. Gutman, K. C. Das, The first Zagreb index 30 years after, MATCH 
Commun. Math. Comput. Chem. 50 (2004) 83-92.

[12]	 M. Karelson, Molecular Descriptors in QSAR-QSPR, Wiley, New 
York, 2000.

[13]	 M. H. Khalifeh, H. Youse -Azari, A.R. Ashra , The first and second 
Zagreb indices of some graph operations, Discrete Applied Mathematics 
157 (2009) 804-811.

[14]	 J.X. Li, J.M. Guo and W.C. Shiu, On the Second Largest Laplacian 
Eignvalues of Graphs, Linear Algebra Appl., 438 (2013) 2438-2446.

[15]	 S. Nikolić, G. Kovacević, A. Milicević, N. Trinajstić, The Zagreb 
indices 30 years after, Croat. Chem. Acta 76 (2003) 113-124. 

[16]	 K. Pattabiraman and A. Santhakumar, Reformulated Zagreb 
indices of vertex F-join graphs, Journal of Discrete Mathematical 
Sciences and Cryptography, 23:3, (2020) 759-772, DOI: 
10.1080/09720529.2019.1681672.

[17]	 H.N. Ramaswamy, A. Alwardi, N.R. Kumar, On the locating matrix of 
a graph and its spectral analysis. Computer Science Journal of Moldova, 
vol. 25, no. 3(75), 2017.

[18]	 R. Todeschini, V. Consonni, Handbook of Molecular Descriptors, 
Wiley-VCH, Weinheim, 2000.

[19]	 R. Todeschini, V. Consonni, Molecular Descriptors for 
Chemoinformatics, Wiley-VCH, Weinheim, 2009, Vols. I and II.

[20]	 Suha A. Wazzan and Anwar Saleh, On the First and Second Locating 
Zagreb Indices of Graphs, Applied Mathematics 10 (2019) 805-816.

[21]	 B. Zhou, I. Gutman, Further properties of Zagreb indices, MATCH 
Commun. Math. Comput. Chem. 54 (2005) 233-239.

[22]	 B. Zhou, I. Gutman, Relations between Wiener, hyper-Wiener and 
Zagreb indices, Chem. Phys. Lett. 394 (2004) 93-95.

[23]	 B. Zhou, Zagreb indices, MATCH Commun. Math. Comput. Chem. 52 
(2004) 113-118. 

		  Received November, 2020
		  Revised March, 2021




