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Abstract

The Wiener number, widely used in chemical graph theory-molecular structure analysis;
describes sum of shortest-path lengths (distances) between all pairs of vertices in a molecular
Graph. H. Wiener developed it as topological measure to investigate the relationship between
molecular structure and physical and chemical characteristics of certain hydrocarbon
compounds. Traditional ways of computing the Wiener index are often time-consuming and
prone to human error. In this paper we obtained Wiener number for a class of graphs Using
python -network X, generated structures. For custom graph calculated the wiener number at
each instance along with structures under ‘n’ number of modifications.

Math. Subject Classification (2020): 05C09
Keywords: wiener index, types of graphs, network X
Introduction:

The Wiener number or Wiener index was developed by H. Wiener [1] as a topological index to
examine the relationship between the molecular structure, physical characteristics, and
chemical properties of a certain class of hydrocarbon compounds. Initially It is used to forecast
a wide range of alkane’s physical-chemical parameters, including molar volumes and boiling
points [5]. The molecular structure of a chemical compound can be represented by an
undirected, simple, finite and connected graph G= (V, E), where ‘V’ consists of all vertices of
G which represent the atoms of the molecule and E is of all edges in G representing the
connections among the atoms of the molecules (i.e. atomic bonds). Such a graph is designated
as a molecular graph. This number is widely used in computational chemistry to measure some
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topological concepts and in the study of quantitative structure property relation. In this paper

we have used Bondy and Murthy [2] for terminology and standard definitions of Graph Theory.
Significant works and contributions are made on the context of Wiener number by many
mathematicians; we applied the ‘python’ programming language to certain results and
discussed the advantage in calculation of topological indices and applications in graph theory.
Python has strong packages which are the inbuilt libraries from which we can visualize the
structure of molecular graphs and other graphs as well.

Preliminaries:
Definition 1.1:

The Wiener index or Wiener number, denoted by W(G), for a graph G, having the vertex set
V={vy, v;, ...y} (say) is defined by W(G) = X 1<i<j<n d(v;, vj ); Where d(v;, v; )represents
the distance (shortest path length from vertex vi to vj) between the vertices vi & vj in G.

(n-1n

Result 1.2: K, denotes the Complete Graph with n vertices then W (K,,) = >

Proof: Let V(K,)={v;, vy, .... 1}, if n=1 then the result is trivial hence we consider n > 2.

W(K,) = Z?=_11 7]'1=i+1 d(vi»vj) = Z?=_11 ;’l=i+1 1=
- , (n-1)n
Pin—i="20

We calculated the Wiener number using python programming language. The python network
X package with its in-built function for complete graph generates its structure. It calculates the
Wiener Number with corresponding function in the package by generating adjacency matrix
and in turn computes the shortest paths using suitable algorithms and by summing up all the
distances under distance matrix. Common python libraries imported in all programs are given
below.

import networkx as nx
import matplotlib.pyplot as plt
from itertools import combinations

Program code for Complete Graph.

def weiner index complete graph(n):

# For complete graph, Wiener index is just number of pairs

returnn * (n-1)//2

def plot_complete graph(n):

G = nx.complete graph(n)

# Plotting the graph

pos = nx.spring_layout(G)

plt.figure(figsize=(6, 6))

nx.draw(G, pos, with labels=True, node color="lightblue', node_size=500,
font weight="bold")

. plt.title(f"Complete Graph K{n}")
. plt.show()
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# Print Wiener index

w_index = weiner_index_complete graph(n)
print(f"Wiener Index of Complete Graph K{n}: {w_index}")
try:

# Example usage

n = int(input("Enter number of vertices:"))
if(n>=1):

# number of nodes in cycle

plot_complete graph(n)

else:

print("Number of vertices must be greater than 0")
except:

print("Invalid Input")

Example: Enter number of vertices:5

Wiener Index of Complete Graph Ks: 10

Fig-1: Complete Graph

We disclose certain results [3] and corresponding python programming code in calculating

wiener number along with output examples for reference.

Result 1.3:K,, ,, denotes Complete Bipartite graph with the bipartition (X, Y), where X has m

elements and Y has n elements. Then W (K,,)) = (m? + mn + n?) — (m + n).

When m =n = 1, the above result is trivial and the Wiener number value is 1.

When n =1 and m > 2, then Wiener Number value is m?, similarly when m = 1 and n > 2 it is

n2.

Program Code for Complete Bipartite Graph:

def weiner_index_complete bipartite(m, n):

# First term: between-part distances (all 1)
between =m * n

# Second & third terms: within-part distances (all 2)
within m=m * (m - 1) # each pair contributes 2
within n=n* (n-1)
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return between + within_m + within_n

def plot_complete bipartite graph(m, n):
G =nx.complete bipartite graph(m, n)

. # Get node sets

top _nodes = range(m)
pos = nx.bipartite layout(G, top nodes)

. # Draw graph

. plt.figure(figsize=(7, 5))

. nx.draw(G, pos, with_labels=True, node color='green’, node size=650, font weight='bold")
. plt.title(f"Complete Bipartite Graph K{m},{n}")

. plt.show()

. # Compute and print Wiener Index

. w_index = weiner_index_complete bipartite(m, n)

. print(f"Wiener Index of Complete Bipartite Graph K{m},{n}: {w_index}")
try:

. # Example usage

. m = int(input("Enter number of vertices set 1 i.e. m:")) # size of first set

. n = int(input("Enter number of vertices set 2 i.e. n:")) # size of second set
.if m>=1 and n>=1:

. # number of nodes in Complete bi-Partite graph

. plot_complete bipartite graph(m, n)

. else:

. print("Number of vertices must be greater than 1")

. except:

. print("Invalid Input")

Example:
Enter number of vertices in set-1 i.em: 5
Enter number of vertices in set -2 i.en: 3

Wiener Index of Complete Bipartite Graph K 3: 41

4 7

o 5

Fig-2 Complete Bipartite Graph
The vertices are listed from 0 to 8 where 0 to 4 consists in

the first set and remaining S to 7 belongs to the other set.
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n(n?-1)
6

Result 1.4: Pn, denotes a path with n vertices. Then W(Pn)=

When n = 1, Wiener number is zero hence we consider n > 2.
Fig-5: Program Code for Path Graph:

def weiner index path graph(n):
return (n**3 -n) // 6
def plot_path_graph(n):
G =nx.path_graph(n)
# Layout and drawing
pos = nx.spring_layout(G)
plt.figure(figsize=(6, 4))
nx.draw(G, pos, with_labels=True, node color='orange', node size=600, font weight="bold")
plt.title(f"Path Graph P{n}")
. plt.show()
. # Compute Wiener Index
. w_index = weiner_index_path graph(n)
. print(f"Wiener Index of Path Graph P{n}: {w_index}")
. # Example usage

ARSI IR ol S e

—_ =
— O

—_—
whn B~ W N

. n = int(input("Enter number of vertices:")) # number of nodes in path
. plot_path graph(n)

[S—
N

Example:
Enter number of vertices: 5

Wiener Index of Path Graph Ps: 20

T—a
\3\“

Fig-3: Path Graph

Result 1.5: For n > 3, Cn denotes the cycle vertices n (‘n’ edges also)

3

% ‘nis even
Then W(C,) = ) for n =2, 3, etc.
Y. his odd

Program Code for Cycle Graph:

1. def weiner index cycle graph(n):
2. ifn%2==0:
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return (n**3) // 8

else:

return (n * (n**2 - 1)) // 8
def plot cycle graph(n):

G =nx.cycle graph(n)

# Layout and drawing

pos = nx.circular layout(G)

. plt.figure(figsize=(6, 6))

. nx.draw(G, pos, with_labels=True, node color='skyblue', node size=600, font weight="bold")
. plt.title(f'Cycle Graph C{n}")

. plt.show()

. # Compute Wiener Index

. w_index = weiner_index_cycle graph(n)

. print(f"Wiener Index of Cycle Graph C{n}: {w_index}")
try:

. # Example usage

. n = int(input("Enter number of vertices:"))

. if(n>=3):

. # number of nodes in cycle

. plot_cycle graph(n)

. else:

. print("Number of vertices must be greater than 3")

. except:

. print("Invalid Input")

Example:

The output with example under python code is given below.
Fig-4: Cs Cycle graph with vertices: 5 with Wiener number=15
Fig-5: C¢ Cycle graph with vertices: 6 with Wiener number=26

N SN
N/

Fig-4 Fig-5
Result 1.6: Any wheel is of the form K1V Cy, (n > 3). Its Wiener number is W(K,V C,,) =
nn-1)
Program Code for Wheel Graph:

. defweiner index wheel graph(n):
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G =nx.wheel graph(n)

length = dict(nx.all pairs_shortest path length(G))

total = 0

for u in length:

for v in length[u]:
ifu<v:

total += length[u][v]
return total

def plot_wheel graph(n):

. G =nx.wheel graph(n)

. pos = nx.circular layout(G)
. pos[0] =0, 0] # center hub at origin
. # Draw graph

. plt.figure(figsize=(6.5, 6.5))
. nx.draw(G, pos, with_labels=True, node color='lightcoral’,

font_weight="bold")
plt.title(f"Wheel Graph W{n}")
plt.show()

. # Compute Wiener Index
19.

w_index = weiner_index_wheel graph(n)
print(f"Wiener Index of Wheel Graph W{n}: {w_index}")

. try:
22.
23.

# Example usage

n = int(input("Enter number of vertices:"))y# W6 = hub + 5-cycle

if(n>3):

# number of nodes in cycle
plot_ wheel graph(n)

else:

print("Number of vertices must be greater than 3")

except:
print("Invalid Input")

Example:

Enter Number of vertices: 6

Wiener Index of Wheel Graph We (K1 V Cs): 20
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Fig-6: Wheel Graph
2. Main Results:

2.1 Definition. Let ni, nobe positive integers. By . is the (n1, n2) bistar obtained from the two
disjoint graphs K; ,, and K, by joining the centre vertices by an edge (It has ni + ny +2
vertices and n; + n2 +1 edges).

2.2Theorem:
W(Bnl,nz) = nlz +3 nn, + n22 +2 (nl + nz) +1
Program Code for Bi-star graph:

def wiener index(G):

if not nx.is_connected(G):

print("Graph is not connected. Wiener index is undefined.")
return None

length = dict(nx.all pairs_shortest path length(G))

return sum(length[u][v] for u, v in combinations(G.nodes(), 2))
def create_bi_star(n):

ifn<3:

raise ValueError("Bi-star graph requires at least 3 vertices")

. G = nx.Graph()

. G.add _nodes from(range(n))

. G.add_edge(0, 1) # Connect two center vertices
. for 1in range(2, n):

Lf1%2==0:

. G.add_edge(0, 1)

. else:

. G.add_edge(1, 1)

.return G

. def plot_graph(G, title):

. pos = nx.spring_layout(G, seed=42)

. plt.figure(figsize=(6,6))

. nx.draw(G, pos, with_labels=True, node color='skyblue', node size=700, edge color='gray’,

font weight="bold")

plt.title(title)

plt.show()

def main():

n = int(input("Enter number of vertices (>3): "))
ifn<3:

print("Number of vertices must be at least 3")
return

G =create_bi_star(n)
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w_index = wiener_index(QG)

print(f"Wiener index of the bi-star graph with {n} vertices: {w_index}")
plot graph(G, f"Bi-star Graph with {n} vertices")

if name ==" main ":
main()

For bi-star graph nl, n2 values are generated by default, and not from the user input
Example: Enter number of vertices (=3): 9

Wiener index of the bi-star graph with 9 vertices: 76

Fig-7: Bi-Star Graph
Advantage of Python:

(1) For certain known collection of graphs, for a required range in vertices say from 4 to ‘n’ by

using python we generated a sequence of graphs with visual structures and calculated the
wiener index values. The python programming language code for this is given as PROGRAM-
1 below. The user can ask for a desired number of vertices range for the class of graphs among
the following, “Complete graph, Cycle Graph, Path Graph, Star Graph, Complete Bipartite
Graph, and Wheel Graph”, subsequently it generates set of graphs with wiener indices for that.

(i1) Advantage of python is we can do the visualization of customized graphs which are

I e

having complex structures; study their properties and calculate various graph theoretical
concepts. In this paper we generated the programming code in python in which we generated
a graph having ‘n’ vertices with desired given custom edges pattern, for which we can add and
remove vertices as per our need and so as with the edges. At each instance of modification, we
generated new structure of the graph with Wiener index value. We can do ‘n’ number of
modifications for the initial graph and for the final one we generate its structure and calculate
its wiener index. This method is useful for the custom graphs for which specific mathematical
formula to compute wiener index is not yet illustrated. The code is listed below as PROGRAM
2.

PROGRAM -1 CODE:

def wiener index(G):

length = dict(nx.all_pairs_shortest path length(G))

return sum(length[u][v] for u, v in combinations(G.nodes(), 2))
def create_graph(graph_type, n):

if graph_type == 'complete":
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return nx.complete graph(n)

elif graph_type == 'star":
return nx.star_graph(n - 1)
elif graph type == 'wheel':

. return nx.wheel graph(n)
. elif graph type == 'path":
. return nx.path_graph(n)

. elif graph_type == 'cycle":

. return nx.cycle graph(n)

. elif graph_type == 'complete bipartite":
.nl=n//2

.n2=n-nl

. return nx.complete bipartite_graph(nl, n2)
. elif graph_type =='bi_star"

. G = nx.Graph()

. G.add_nodes_from([0, 1])

. for i in range(2, n):

Lf1%2==0:

G.add_edge(0, 1)

. else:

G.add _edge(1, 1)

. G.add_edge(0, 1)

.return G

. elif graph_type =='tree bi_star":
.ifn<5:

. return None

. G = nx.Graph()

. G.add_nodes_from([0, 1])
. foriin range(2, n - 2):

. G.add_edge(0, 1)

. G.add_edge(0, 1)

. G.add edge(1,n-2)
.G.add edge(1,n-1)

. return G

. elif graph_type == 'double star":
.ifn<4:

. return None

. G = nx.Graph()
.mid=n//2

. for 1 in range(1, mid):

. G.add_edge(0, 1)

. for 1 in range(mid + 1, n):
. G.add_edge(mid, 1)

1
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G.add_edge(0, mid)

return G

return None

def plot graph(G, title):

pos = nx.spring_layout(G, seed=42)

plt.figure(figsize=(4.5, 4.5))

nx.draw(G, pos, with labels=True, node color='lightblue',
font weight="bold', edge color='gray")

plt.suptitle(title, fontsize=12, y=0.95)
plt.subplots_adjust(top=0.88)

plt.show()

def main():

graph_types = [

'complete’, 'star', 'wheel', 'path’, 'cycle’,

'complete bipartite', 'bi_star', 'tree_bi_star', 'double_star’

]

try:

n_max = int(input("Enter maximum number of vertices (>4): "))
if n_max <4:

. print("Please enter a number > 4.")
66.
67.

return
except ValueError:

. print("Invalid number.")
69.
70.
71.
72.
73.
74.
75.
76.

return

# Dictionary to store results

results = {g type: [] for g _type in graph_types}
# First: Compute all graphs and Wiener indices
for n in range(4, n_max + 1):

for g_type in graph_types:

G = create_graph(g_type, n)

if G is None or G.number of nodes() < 4:
continue

w_index = wiener_index(G)
results[g_type].append((n, G, w_index))

# Print Wiener indices grouped by graph type
for g_type in graph_types:

if results[g_type]:

print(f"\n==== {g_type.replace(' ','").capitalize()} Graphs ====")
forn, , win results[g_type]:

print(f'Vertices: {n:<2} Wiener Index: {w}")
# Plot all graphs

for g_type in graph types:

forn, G, _inresults[g type]:
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87. title = " {g_type.replace(' ','").capitalize()} Graph (n={n})"

88. plot_graph(G, title)

n

89.if name ==" main_ ":
90. main()

PROGRAM-1: Example-1: Complete graphs, given range of vertices is 4 to 8:

Fig:8

te Graphs ====

t 4 Wiener Index: 6

5 Wiener Index: 10
Wiener Index: 15

es: 7 Wiener Index: 2

8  Wiener Index: 2

PROGRAM - 1 Example-2: Star graphs, given range of vertices is 4 to 8:

Fig:9

Star Graphs ====

§tar Graph (n=8)

5 StorGrah (=)

gStar Graph (n=6)

Wiener Index:
Wiener Index:
Wiener Index: 25
Wiener Index:
Wiener Index:

16

36
49

PROGRAM - 2 Generating user defined graph and doing required number of modifications
and calculating Wiener index at each instance and for the final graph with structures as well.

PROGRAM -2 CODE:

def wiener index(G):
if not nx.is_connected(G):

b=

return None
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length = dict(nx.all pairs_shortest path length(G))

return sum(length[u][v] for u, v in combinations(G.nodes(), 2))

def plot graph(G, title):
pos = nx.spring_layout(G, seed=42)
plt.figure(figsize=(5, 5))

. nx.draw(G, pos, with labels=True,

font weight="bold', edge color='gray")

print("Enter edges as pairs of vertices (e.g., 0 1). Enter 'done' when finished.")

plt.suptitle(title, fontsize=14, y=0.95)
plt.subplots_adjust(top=0.88)
plt.show()
def input_edges():
edges =[]
while True:
inp = input("Edge: ").strip()
if inp.lower() == 'done":
break
try:
u, v = map(int, inp.split())

. edges.append((u, v))
except:

print("Invalid format. Please enter two integers separated by space.")

return edges

def modify graph(G):

while True:

print("\nModification options:")
print("1. Add edge")

print("2. Remove edge")

print("3. Add vertex")

print("4. Remove vertex")

print("5. Exit modifications")

choice = input("Choose an option: ").strip()
if choice =="1"

u = int(input("Enter source vertex: "))
v = int(input("Enter target vertex: "))
G.add_edge(u, v)

print(f"Edge ({u}, {v}) added.")

elif choice == "2":

u = int(input("Enter source vertex: "))
v = int(input("Enter target vertex: "))
if G.has_edge(u, v):
G.remove_edge(u, v)

print(f"Edge ({u}, {v}) removed.")
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else:

print("Edge does not exist.")

elif choice =='3":

v = int(input("Enter new vertex label: "))
if v in G.nodes:

print("Vertex already exists.")

else:

G.add node(v)

print(f"Vertex {v} added.")

elif choice =='4";

v = int(input("Enter vertex to remove: "))
if v in G.nodes:

G.remove _node(v)

print(f"Vertex {v} removed.")

else:

print("Vertex does not exist.")

elif choice =="'5"
break

else:

print("Invalid choice.")

. # Show graph after each modification
59.
60.
61.
62.
63.
64.
65.
66.
67.
68.
69.
70.
71.
72.
73.
74.
75.
76.
77.
78.
79.
80.

plot_graph(G, "Modified Graph")

w_index = wiener_index(Q)

if w_index is not None:

print(f'Current Wiener Index: {w_index}")
else:

print("Wiener index could not be calculated.")
def main():

try:

n = int(input("Enter number of vertices: "))
ifn<2:

print("Graph must have at least 2 vertices.")
return

except ValueError:

print("Invalid input.")

return

G = nx.Graph()

G.add nodes from(range(n))

print(f"Enter edges for a graph with {n} vertices:")
edges = input_edges()

G.add edges from(edges)

print("\nInitial Graph:")

plot_graph(G, "Initial Graph")
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w_index = wiener_index(QG)

if w_index is not None:

print(f"Initial Wiener Index: {w_index}")
modify graph(G)

print("\nFinal Graph:")

plot graph(G, "Final Graph")

final w_index = wiener index(G)

if final w_index is not None:

print(f"Final Wiener Index: {final w_index}")
if name ==" main "
main()

Example:

Consider the Initial Graph which contains 9 vertices with custom edges pattern having wiener
index 81. When and an edge is added between the vertices 2 and 4, wiener index becomes 80.
If another edge is added between the vertices 5 and 6 then wiener index value is 80. It is shown
in Fig: 10

Modified Graph 3

4 Initial Graph 4

4 Modified Graph
5 3
5
3 ’ 2

2 2 5

1
EDGE ADDITION EDGE ADDITION

Fig: 10

Now we removed vertex ‘0’ with associated edges, graph is connected and its wiener index is
66. Now we removed vertex 5, graph becomes disconnected hence wiener index is not
calculated. Later by adding an edge between the vertices 2 and 8 the graph becomes connected
having wiener number 48. The details are given in Fig-11. We conclude that user can do ‘n’
number of modifications and at each instance can obtain wiener number of the graph along
with its structure.
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3 Modified Graph

L]
/ Modified Graph 1
; 7
5 8

VERTEX ‘5'REMOVED EDGESADDITION 8
VERTEX 0’ 1S

REMOVED WITH -3 2
EDGES

Fig:11
Conclusion:

The robust collection of available, in-built libraries and packages in python having functions
related to graph theory and other allied sciences provides us immense support in calculating
the topological indices and other graph theoretical problems. Network X is one of the powerful
packages available in python in visualization of graph structures which enable us for ease of
doing in calculation. If we want to study certain class of graphs and their wiener number or
other topological indices with relation by generating structures, programming in python is most
useful. So far mathematical formulae are developed for certain, various class of graphs and
illustrated their wiener index and chemical applications [4], random graphs or any customized
graphs do not have such flexibility in calculation or they possess difficulty in determination
[6]. Using technology, we can do such things by avoiding the computational complexity;
especially when we are studying a class of chemical compounds obtained through addition and
deletion of atomic bonds under specific pattern; we can do calculation of topological indices
like Wiener number and other, generate their structures, and interpret their properties which
further leads us to explore the relation among them.
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