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import math

names = input("Enter the names in order, separated by spaces:")
names_list = names.split()

#Graph nodes

nodes = sorted(list(set(names_list)))
n = len(nodes)

print ("\nGraph nodes:")

print(nodes)

#Graph edges

edges = []

for i in range(len(names_list) - 1):
a, b = names_list[i], names_list[i + 1]
edges.append((a, b))

m = len(edges)

print ("\nGraph edges:")

print (set(edges))

#Graph density

if n > 1:

Densityl =m / (n * (n - 1))

else:

Densityl = 0

print ("\n Graph density")

print (Densityl)

#Degree-based Centrality

degrees = {}

for node in nodes:

in_d=0

out_d=0
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for u,v in edges:

if u == node:out_d +=1

if v == node:in_d +=1

degrees[node] = in_d + out_d

print ("\n Degree-based Centrality: \n")
print( degrees)

#In-degree & Out-degree

in_degrees = {}

out_degrees = {}

for name in nodes:
in_degrees[name] = 0
out_degrees[name] = 0

for u, v in edges:

out_degrees[u] += 1

in_degrees([v] += 1

print ("\nIn-degree & Out-degree:")

print ("In-Degrees:", in_degrees)
print ("Out-Degrees:", out_degrees)
#Edge weight:

weights = {}

for edge in edges:

if edge in weights:

weights[edge] += 1

else:

weights[edge] = 1

print ("\nEdge weight:")

print (weights)

#Constructing weighted adjacency matrix
idax = {}

for i , node in enumerate(nodes):
idx[node] = i

matrix = [[0] * n for _ in range(n)]
for (u, v), w in weights.items():
matrix[idx[ul] [idx[v]] = w

print("\n weighted adjacency matrix:")

width = max(len(str(node)) for node in nodes) + 2

header = " " x width + "".join(f"{node:>{width}}" for node in nodes)
print (header)

print("-" x len(header))

for i, node in enumerate(nodes):

row = f"{node:>{width}}" + "".join(f"{matrix[i] [j]:>{width}}" for j in range(n))
print (row)

# Network concentration level

def calculate_centralization(deg_dict, n):

if n <= 2: return O

deg_values = list(deg_dict.values())

d_max = max(deg_values)
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numerator = sum(d_max - d for d in deg_values)
Normalization_Factor = (n - 1) * (n - 2)

if Normalization_Factor ==

return 0O

else:

return numerator / Normalization Factor

c = calculate_centralization(degrees, n)

print (£"\n Network concentration level: (C_D): {c:.3f}")

#Participation Ratio

t_i =4}

for i in range(n):

row_sum = sum(matrix[i])
t_il[nodes[i]] = row_sum

print("\n t_i:")

for node , v in t_i.items():

print (f"t_{node} = {v}")

total = sum(t_i.values())

print(£"\n Total Duration = {totall}")
print("\n Participation Ratio:")

R_i ={}

if total > O:

for i in nodes:

ti = t_il[i]

ri = ti / total

R_il[i] = ri

print (f"R_{i} = {ti} / {total} A{ri:.3f} ({ri:.1%HO")

print(f"\n sum R_i :{sum(R_i.values()):.1f}")

# Standard Deviation of Participation
if total != O:
R_bar = sum(R_i.values()) / n

variance_sum = sum(
(R_i[node] - R_bar) ** 2
for node in nodes

)

sigma_R = math.sqrt(variance_sum / n)

print (£"\nTheoretical Mean (R_bar): {R_bar:.3f}")
print (£"Standard Deviation of Participation (sigma_R)

else:
print ("Error: Sum of weights is zero; ratio cannot be

: {sigma_R:.3f}")

calculated.")
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Enter the names in order, separated by spaces:dara sara tara nazi sara nazi
tara nazi sara dara sam

Graph nodes:
['dara', 'mazi', 'sam', 'sara', 'tara']

Graph edges:
{('sara', 'dara'), ('sara', 'mazi'), ('dara', 'sara'), ('dara', 'sam'),

('sara', 'tara'), ('tara', 'mazi'), ('nazi', 'sara'), ('nazi', 'tara')}

Graph density
1.0

Degree-based Centrality:

{'dara': 3, 'mazi': 6, 'sam': 1, 'sara': 6, 'tara': 4}

In-degree & Out-degree:

In-Degrees: {'dara': 1, 'nazi': 3, 'sam': 1, 'sara': 3, 'tara': 2}

Out-Degrees: {'dara': 2, 'nazi': 3, 'sam': O, 'sara': 3, 'tara': 2}

Edge weight:

{('dara', 'sara'): 1, ('sara', 'tara'): 1, ('tara', 'mnazi'): 2,
('nazi', 'sara'): 2, ('sara', 'mazi'): 1, ('nazi', 'tara'): 1,
('sara', 'dara'): 1, ('dara', 'sam'): 1}

weighted adjacency matrix:
dara nazi sam sara tara

dara 0 0 1 1
nazi 0 0 2 1
sam 0 0 0 0 0
sara 1 1 0 0 1
tara 0 0 0

Network concentration level: (C_D): 0.833

t_i:
t_dara = 2
t_nazi = 3

t_sam = 0
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1]
w

t_sara
t_tara

]
N

Total Duration = 10

Participation Ratio:

R_dara = 2 / 10 0.200 (20.0%)
R_nazi = 3 / 10 0.300 (30.0%)
R_sam = 0 / 10 0.000 (0.0%)
R_sara =3 / 10 0.300 (30.0%)
R_tara = 2 / 10 0.200 (20.0%)

sum R_i :1.0
Theoretical Mean (R_bar): 0.200

Standard Deviation of Participation (sigma_R): 0.110

D 0305 YU gl 157 5 Sae 45 job 4 0als rw N Fdsaz )
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