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Abstract: Grid implementation is a principal unit in elec-
trical and electronic engineering but it depends on the 
domain of these projects. For example, depending on 
the grid and the signal processing in that fields of elec-
tronic and electrical engineering, such as more abstract 
mathematics in signal conversion and e-transmission 
theory griding, etc. Provides transmission through grid 
nodes. Graph theory is very useful in research fields.  
As topological indices, there are more actual numbers 
associated with chemical composition complaints con-
nected to the chemical grid with physical and chemical  
properties and reactions. In this paper, we expand 
the work to interconnected grid and examine the first 
Zagreb, the second Zagreb, Randic, sum-connectivity, 
harmonic, geometric, and atom bond connectivity expo-
nents of hierarchical hypercube network based on ver-
tex-edge and edge-vertex degree.
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various processor linkage grid is recently captured 
more attention due to accessibility of cheap, solid nano 
processor and bit cache. Web grid has been known as 
universal interconnection grid as a large-scale linkage 
parallel computing. Web/ring like low dimensional grid, 
they have received more consideration recently due to 
their improvement, compared to more complex grid, 
it can be extended to larger grid, such as hypercube. 
Especially failure has studied reliance on network 
collaboration (Gutman et  al., 2012), which have a lot 
lately. Algorithm development on optical system and 
extremal weights of graph are studied by Al-Ayyoub 
et  al. (2006) and Bollobas and Erdos (1998). Basic 
operations (Wang and Sahni, 1998a), image processing 
(Wang and Sahni, 2000), and many more about the OTIS-
Mesh optoelectronic computer are studied by Wang and 
Sahni (1998b). To lessen the grid and to use the locus 
of transmission to lessen link costs exist in similar 
utilization, Hierarchical interconnection network (HIN) 
provide design framework. Various level are engaged 
by HIN. The core grid facilitates native transmission, 
whereas developed grids provides distant transmission. 
Various leveled grid have been in use for a long time. 
The transmission grid performs similar calculations 
(Konstantinidou, 1992). Some web networking topology 
characteristics are studied in Aslam et  al. (2017), Baig 
and Naeem (2018), Hayat and Imran (2014), and Shao 
et  al. (2018). Chemicals composite and their structure 
are designed by molecular diagrams. A molecular design 
is a design of atoms as points of the given structure and 
links are their linkage. Topological indices is a digital 
figure related to the structure describe the topological 
feature. It is invariant under the automorphism of the 
graph. More briefly, the topological descriptor, the 
Top(G) of graph G is a number, and each graph H that 
is isomorphic to graph G, Top(H) = Top(G). The work 
completed by Wiener (1947) gave the idea of topological 
descriptor, while working at the breaking point of the 
paraffin. He called this indices the routing number. 
Then, the routing number was recalled as Wiener 
indices. This topological descriptor had provided base 

1  Introduction
It usually requires a multi-processor interconnect 
grid to connect to thousands of analogs, copies of 
processor-memory pairs, each this pairing is called 
processing node. No need to use shared memory, all 
integration and transmission with processing nodes 
to execution of the program is usually completed by 
message transferring. Utilization and structure of 
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to the topological indices, from the perspective of theory 
and application, for details, see Dobrynin et al. (2001), 
Estrada et al. (1998), and Gutman and Polansky (1986). 
So chemically and quantitatively literature, the most 
commonly used topological lesion are Wiener, Zagreb, 
Randic, and atom-bond connectivity (Chen et  al. 2012; 
Das et al. 2011; Ediz 2017a, 2017b; Li et al., 2010; Wiener, 
1947; Zhou and Trinajstiae 2010; Zhou et  al., 2013). In 
any in this case, all the above work has been completed 
using the previous degree concepts. Later on, Chellali 
et  al. (2017) discovered two new degree ideas in grid 
history, specifically, vertex-edge degree, and edge-
vertex degree. Many researchers explore different 
networks by using these two new ideas such as Ediz 
(2018). These ideas are the transformation of previous 
degree-based concept (Estrada et  al. 1998; Sahin and  
Ediz, 2018).

2  Preliminaries
This part comprises of some primary concepts related to 
graph which is usually represented by H = (V,E) where 
V represents collection of nodes and E is collection of 
links of graph. The total number of links attached to a 
node is degree of that node. In connected graph there 
exist adjacency of nodes. The open neighborhood, 
denoted by N(y), for a node y can be defined as the 

( ) | ,N y x V x y E= ∈ ∈ . Similarly, the closed neighborhood 
of y, denoted by N[y], can be defined as If we add the 
node y to the collection of N(y), then we get the edge-
vertex degree of the link f xy E= ∈ , denoted by ( )ev fφ  
defined in Cancan (2019) is equal to the number of 
nodes in the union of the closed neighborhoods of x 
and y. Furthermore, The vertex-edge degree, denoted 
by ( )ve yφ , defined in Cancan (2019) of the node y V∈ , is 
equal to the number of links that are joined to any nodes 
from the closed neighborhood of y but in this collection 
there is not repetition occur. 

Let H be a simple graph and ( )f xy E H= ∈ . For 
detail associated to vertex-edge and edge-vertex degree 
topological indices, we mention (Cancan, 2019; Chellali 
et al., 2017).

In the given all descriptions, consider H be a simple 
graph and ( )y V H∈ .

The edge-vertex degree Zagreb indices is defined  
as:

( )
( )

ev 2
ev

f E H

H (f)φ
∈

= ∑  � (1)

The first vertex-edge degree Zagreb alpha indices is 
define as:

( )
( )

2
1 ( )ve

ve

x V G

H xα φ
∈

= ∑  � (2)

The first vertex-edge degree Zagreb beta indices is 
define as:

( )
( )

( ) ( )( )1
ve

ve ve

xy E H

H x yβ φ φ
∈

= +∑   � (3)

The second vertex-edge degree Zagreb indices is 
define as:

( )
( )

( ) ( )( )2
ve

ve ve

xy E H

H x yφ φ
∈

= ×∑   � (4)

The vertex-edge degree Randic indices is define as:

( )
( )

( ) ( )
1
2( )ve

ve ve

xy E H

H x yφ φ
−

∈

= ×∑   � (5)

The edge-vertex degree Randic indices is define as:

( )
( )

1
2( )ev

ve

f E H

H fφ
−

∈

= ∑  � (6)

The vertex-edge degree atom-bond connectivity 
indices is define as:

( )
( )

( ) ( )
( ) ( )

2ve veve

ve vexy E H

x y
H

x y

φ φ

φ φ
∈

+ −
=

×∑
 

 

 � (7)

The vertex-edge degree geometric-arithmetic (ve-GA) 
indices is define as:

( )
( )

( ) ( )
( ) ( )

2 ve veve

ve vexy E H

x y
H

x y

φ φ

φ φ
∈

×
=

+∑
 

 

 � (8)

The vertex-edge degree harmonic (ve-H) indices is 
defined as:

( )
( ) ( ) ( )

2ve

ve vexy E H

H
x yφ φ

∈

=
+∑

 

 � (9)

The vertex-edge degree sum-connectivity (ve-χ) 
indices is defined as:

( )
( )

( ) ( )
1
2( )ve

ve ve

xy E H

H x yχ φ φ
−

∈

= +∑   � (10)
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3  �Hierarchical hypercube network 
(HHN-1)n×n

In this segment, we determine some vertex-edge 
and edge-vertex degree based topological indices 
for hierarchical hypercube network (HHN-1), from 
Guirao et  al. (2018), see Figure 1. Let (HHN-1)n×n be a 
hierarchical hypercube network. The (HHN-1)n×n have 
16n +  16 nodes and 24n +  20 links. We divide the link 
collection with respect to the degrees of end nodes 
of each link of (HHN-1)n×n into two component. One 
link component E1((HHN-1)n×n) comprises of 16 links 
uv, where deg(u) =  2, deg(v) =  3. The other link part 
E2((HHN-1)n×n) comprises of 24n  +  4 links uv, where 
deg(u) = deg(v) = 3.

Similarly, we divide the node collection with 
respect to the degrees of nodes into two components.  
One component comprises the 8 nodes with degree 2  
and the other is comprises the 16n  +  8 nodes with 
degree 3. 

We splits the links, based on edge-vertex degree of 
the (HHN-1)n×n for n ≥  2 in Table 1. Similarly, we splits 
the nodes and links, based on vertex-edge degree of  
(HHN-1)n×n for n ≥ 2 in Tables 2 and 3.

3.1  Edge-vertex degree base indices

Now for the hierarchical hypercube network (HHN-1)n×n, 
we will determine Zagreb and Randic indices based on the 
edge-vertex degree.

3.1.1  Zagreb index

The Zagreb index using Table 1 is computed as:

( )
( )

2

1

1 ( ) ,ev
ev

f E HHN

HHN fφ
∈ −

− = ∑ 

( ) ( )2 21 16 5 24 4 6ev HHN n− = × + + ×

400 864 144n= + +

864 544.n= +

3.1.2  The Randic index

The Randic index using Table 1 is computed as:

( )
( )

1
2

1

1 ( ) ,ev
ev

f E HHN

HHN fφ
−

∈ −

− = ∑ 

( ) ( )
1 1
2 21 16 5 24 4 6ev HHN n

− −
− = × + + ×

16 24 4
5 6 6

n= + +

9.79 8.78.n= +

3.2  Vertex-edge degree base indices

Now for the hierarchical hypercube network (HHN-1)n×n, 
we will determine the vertex-edge degree based first Zagreb 
alpha, first Zagreb beta, the second Zagreb, Randic, atom-
bond connectivity, geometric-arithmetic, harmonic, and 
sum-connectivity indices.

Figure 1: Hierarchical hypercube network (HNN-1)2×2.

Table 1: Link partitioning of ( 1)n nHHN ×−

No. of links Deg of end nodes Edge-vertex degrees

16 (2,3) 5
24n + 4 (3,3) 6

Table 2: Nodes partitioning of ( 1)n nHHN ×−

No. of nodes Deg(u) Vertex-edge degrees

8 2 6
16 3 8
16n - 8 3 9

Table 3: �The vertex-edge degree of the end nodes of links of 
( 1)n nHHN ×−

No. of links Deg of end nodes Vertex-edge degrees  
of end nodes

16 (2,3) (6,8) 
16 (3,3) (8,9) 
24n - 12 (3,3) (9,9)
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3.2.1  The first Zagreb alpha index

The first Zagreb alpha index using Table 2 can be computed 
as:

( )
( )

2
1

1

1 ( ) ,ve
ve

x V HHN

HHN xα φ
∈ −

− = ∑ 

( ) ( )2 2 2
1 1 8 6 16 8 16 8 9ve HHN nα − = × + × + − ×

288 1024 1296 648n= + + −

1296 664.n= +

3.2.2  The first Zagreb beta index

The first Zagreb beta index using Table 3 can be computed 
as:

( )
( )

( ) ( )( )1

1

1 ,ve
ve ve

xy E HHN

HHN x yβ φ φ
∈ −

− = +∑  

( ) ( )1 1 16 14 16 17 24 12 18ve HHN nβ − = × + × + − ×

224 272 432 216n= + + −

432 280.n= +

3.2.3  The second Zagreb index

The second Zagreb index using Table 3 can be computed 
as:

( )
( )

( ) ( )( )2

1

1 ,ve
ve ve

xy E HHN

HHN x yφ φ
∈ −

− = ×∑  

( ) ( )2 1 16 48 16 72 24 12 81ve HHN n− = × + × + − ×

768 1152 1944 972n= + + −

1944 948.n= +

3.2.4  The Randic index

The Randic index using Table 3 can be computed as:

( )
( )

( ) ( )
1
2

1

1 ( ) ,ve
ve ve

xy E HHN

HHN x yφ φ
−

∈ −

− = ×∑  

( ) ( )
1 1 1
2 2 21 16 48 16 72 24 12 81ve HHN n

− − −
− = × + × + − ×

4 8 8 4
3 33 3 2
n= + + −

2.67 2.86.n= +

3.2.5  The atom-bond connectivity index

The atom-bond connectivity index using Table 3 can be 
computed as:

( )
( )

( ) ( )
( ) ( )1

2
1 ,ve veve

ve vexy E HHN

x y
HHN

x y

φ φ

φ φ
∈ −

+ −
− =

×∑
 

 



( )

( )

14 2 17 21 16 16
48 72

18 224 12
81

ve HHN

n

− −− = × + ×

−+ − ×



8 15 32 168
3 32
n= + + −

10.67 24.57.n= +

3.2.6  The geometric-arithmetic index

The geometric arithmetic index using Table 3 can be 
computed as:

( )
( )

( ) ( )
( ) ( )1

2
1 ,ve veve

ve vexy E HHN

x y
HHN

x y

φ φ

φ φ
∈ −

×
− =

+∑
 

 



( ) ( )2 48 2 72 2 811 16 16 24 12
14 17 18

ve HHN n− = × + × + − ×

64 3 192 2 24 12
7 17

n= + + −

24 19.81.n= +

3.2.7  The harmonic index

The harmonic index using Table 3 can be computed as:

( )
( ) ( ) ( )1

21 ,ve

ve vexy E HHN

HHN
x yφ φ

∈ −

− =
+∑

 


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( ) ( )2 2 21 16 16 24 12
14 17 18

ve HHN n− = × + × + − ×

16 32 8 4
7 17 3 3

n= + + −

2.67 2.83.n= +

3.2.8  The sum-connectivity index

The sum-connectivity index using Table 3 can be 
computed as:

( )
( )

( ) ( )
1
2

1

1 ( ) ,ve
ve ve

xy E HHN

HHN x yχ φ φ
−

∈ −

− = +∑  

( ) ( )
1 1 1
2 2 21 16 14 16 17 24 12 18ve HHN nχ

− − −
− = × + × + − ×

16 16 8 4
14 17 2 2

n= + + −

5.66 5.33.n= +

4  �Hierarchical hypercube network 
(HHN-2)n×n

In this segment, we determine some vertex-edge and edge-
vertex degree based topological indices for hierarchical 
hypercube network (HHN-2), from Guirao et  al. (2018), 
see in Figure 2. The (HHN-2)n×n have 16n +  16 nodes and 
32n + 28 links. We divide the link collection with respect 
to the degrees of end nodes of each link of (HHN-2)n×n 
into two components. One link component E1((HHN-2)n×n) 
comprises of 24 links uv, where deg(u) = 3, deg(v) = 4 . The 
other link component E2((HHN-2)n×n) comprises of 32n + 4 
links uv, where deg(u) = deg(v) = 4.

Similarly, we divide the node collection with respect 
to the degrees of nodes into two components. One 

component comprises of 8 nodes with degree 3 and the 
other component comprises of 16n + 8 nodes with degree 4.

We split the links, based on edge-vertex degree of 
the (HHN-2)n×n for n ≥  2 in Table 4. Similarly, we divide 
the nodes and links, based on vertex-edge degree of  
(HHN-2)n×n for n ≥ 2 in Tables 5 and 6.

4.1  Edge-vertex degree base indices

Now for the hierarchical hypercube network (HHN-1)n×n 
we will compute Zagreb and Randic indices based on the 
edge-vertex degree.

4.1.1  Zagreb index

The Zagreb index using Table 4 can be computed as:

( )
( )

2

1

2 ( ) ,ev
ev

e E HHN

HHN eφ
∈ −

− = ∑ 

( ) ( )2 2 22 24 5 24 6 8 4 8ev HHN n n− = × + × + + ×

600 864 512 256n n= + + +

1376 856.n= +

Figure 2: Hierarchical hypercube network (HNN-2)2×2.

Table 4: Link partitioning of ( 2)n nHHN ×−

No. of links Deg of end nodes Edge-vertex degrees

24 (3,4) 5
24n (4,4) 6
8n + 4 (4,4) 8

Table 5: Nodes partitioning of ( 2)n nHHN ×−

No. of nodes Deg(u) Vertex-edge degrees

8 3 9
24 4 12
16n - 16 4 13

Table 6: �The vertex-edge degree of the end nodes of links of 
( 2)n nHHN ×− .

No. of links Deg of end nodes Vertex-edge degrees  
of end nodes

24 (3,4) (9,12)
32 (4,4) (12,12)
8 (4,4) (12,13)
32n - 36 (4,4) (13,13)
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4.1.2  The Randic index

The Randic index using Table 4 can be computed as:

( )
( )

1
2

1

2 ( ) ,ev
ev

e E HHN

HHN eφ
−

∈ −

− = ∑ 

( ) ( )
1 1 1
2 2 22 24 5 24 6 8 4 8ev HHN n n

− − −
− = × + × + + ×

24 24 4 2
5 6 2 2

n n= + + +

12.63 12.15.n= +

4.2  Vertex-edge degree base indices

Now for the hierarchical hypercube network (HHN-1)n×n,  
we will compute first Zagreb alpha, first Zagreb beta, 
the second Zagreb, Randic, atom-bond connectivity, 
geometric-arithmetic, harmonic, and sum-connectivity 
indices based on the vertex-edge degree.

4.2.1  The first Zagreb alpha index

The first Zagreb alpha index using Table 5 can be 
computed as:

( )
( )

2
1

1

1 ( ) ,ve
ve

v V HHN

HHN vα φ
∈ −

− = ∑ 

( ) ( )2 2 2
1 1 8 9 24 12 16 16 13ve HHN nα − = × + × + − ×

648 3456 2704 2704n= + + −

2704 1400.n= +

4.2.2  The first Zagreb beta index

The first Zagreb beta index using Table 6 can be computed 
as:

( )
( )

( ) ( )( )1

1

2 ,ve
ve ve

uv E HHN

HHN u vβ φ φ
∈ −

− = +∑  

( ) ( )1 2 24 21 32 24 8 25 32 36 26ve HHN nβ − = × + × + × + − ×

504 768 200 832 936n= + + + −

832 536.n= +

4.2.3  The second Zagreb index

The second Zagreb index using Table 6 can be computed as:

( )
( )

( ) ( )( )2

1

2 ,ve
ve ve

uv E HHN

HHN u vφ φ
∈ −

− = ×∑  

( )
( )

2 2 24 108 32 144 8 156

32 36 169

ve HHN

n

− = × + × + ×

+ − ×



2592 4608 1248 5408 6084n= + + + −

5408 2364.n= +

4.2.4  The Randic index

The Randic index using Table 6 can be computed as:

( )
( )

( ) ( )
1
2

1

2 ( ) ,ve
ve ve

uv E HHN

HHN u vφ φ
−

∈ −

− = ×∑  

( )
1 1 1
2 2 22 24 108 32 144 8 156ve HHN

− − −
− = × + × + ×

	
1
2(32 36) 169n

−
+ − ×

	
4 8 4 32 36

3 13 133 39
n= + + + −

	 2.46 2.85.n= +

4.2.5  The atom-bond connectivity index

The atom-bond connectivity index using Table 6 can be 
computed as:

( )
( )

( ) ( )
( ) ( )1

2
2 ,ve veve

ve veuv E HHN

u v
HHN

u v

φ φ

φ φ
∈ −

+ −
− =

×∑
 

 



( )

( )

21 2 24 22 24 32 8
108 144

25 2 26 232 36
156 169

ve HHN

n

− −− = × + × +

− −
× + − ×



4 19 8 22 4 23 64 6 72 6
3 13 133 39

n= + + + −

12.06 12.08.n= +
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4.2.6  The geometric-arithmetic index

The geometric arithmetic index using Table 6 can be 
computed as:

( )
( )

( ) ( )
( ) ( )1

2
2 ,ve veve

ve veuv E HHN

u v
HHN

u v

φ φ

φ φ
∈ −

×
− =

+∑
 

 



( )

( )

− = × + × + ×

+ − ×

2 108 2 144 2 1562 24 32 8
21 24 25

2 16932 36
26

ve HHN

n



	
96 3 32 3932 32 36

7 25
n= + + + −

	 32 27.75.n= +

4.2.7  The harmonic index

The harmonic index using Table 6 can be computed as:

( )
( ) ( ) ( )1

22 ,ve

ve veuv E HHN

HHN
u vφ φ

∈ −

− =
+∑

 



( ) ( )2 2 2 22 24 32 8 32 36
21 24 25 26

ve HHN n− = × + × + × + − ×

16 8 16 32 36
7 3 25 13 13

n= + + + −

2.46 2.82.n= +

4.2.8  The sum-connectivity index

The sum-connectivity index using Table 6 can be 
computed as:

( )
( )

( ) ( )χ φ φ
−

∈ −

− = +∑  

1
2

1

2 ( ) ,ve
ve ve

uv E HHN

HHN u v

( )
( )

1 1 1
2 2 2

1
2

2 24 21 32 24 8 25

32 36 26

ve HHN

n

χ
− − −

−

− = × + × + ×

+ − ×

24 16 8 32 36
521 6 26 26

n= + + + −

6.27 6.31.n= +

5  �Graphical representation and 
discussion

In this part, we debate diagrammatically illustration 
relative to the edge-vertex degree and vertex-edge degree 
based topological indices for the hierarchical hypercube 
network (HHN -  1) and (HHN -  2). We manipulate the 
precise results for the edge-vertex degree based Zagreb 
and Randic indices, vertex-edge degree based First Zagreb 
alpha, first Zagreb beta, the second Zagreb, Randic, atom-
bond connectivity (ve-), geometric-arithmetic (ve-), 
harmonic (ve-), and sum-connectivity (ve-χ) indices for 
the hierarchical hypercube network 1HHN −  and 2HHN − . 

The diagrammatically illustration of hierarchical 
hypercube network 1HHN −  are given below. All indicators 
grow with growing values of n, can be noticed from given 
Figures 3 and 4. It can also be detected that vertex-edge 

Figure 3: Graphical comparison of 1 1, ,ev ve veM M Mα β , and 2
veM  for 

HNN-1.

Figure 4: Graphical comparison of ,ev veR GA , veABC  ,ve veH R , and veχ  
for HNN-1.
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degree based Randic and harmonic indices behave same 
for all values of n.

Similarly, The diagrammatically illustration of 
hierarchical hypercube network 2HHN −  are given below. 
All indicators expand with expansion of n, can be noticed 
from given Figures 5 and 6. It can also be noticed that 
vertex-edge degree based Randic and harmonic indices 
act same for all values of n.

6  Conclusion
Research the network through graphs, topological indices 
are important to understand its fundamental topology. 
Such researches has a global utilization in the computer 
field science, which uses various indices based on graph 
invariance to deal with some provocation scenarios. 
In the investigation of quantitative structure-activity 

relationship (QSAR) and quantitative structure-property 
relationship (QSPR), figure invariants are important tools 
for approximation and predicateization the characteristics 
of chemical networking.

In this paper, we have presented some outcomes with 
respect to the edge-vertex degree and vertex-edge degree 
based indices such as the edge-vertex degree Zagreb and 
Randic indices, vertex-edge degree based First Zagreb 
alpha, first Zagreb beta, the second Zagreb, Randic, atom-
bond connectivity (ve-), geometric-arithmetic (ve-),  
harmonic (ve-), and sum-connectivity (ve-χ) indices for 
the hierarchical hypercube network 1HHN −  and 2HHN − .
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