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1. BE&RSE: Windows 11
2. JF k4% : Lenovo Legion R9000P2021H

3. JFRF4: PyCharm 2023. 1
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import math

import random

import pandas as pd

import matplotlib.pyplot as plt
from matplotlib.pylab impoert mpl

mpl.rcParams['font.sans-serif'] = ['SimHei']

def calculate_distance(city_coordinates):

distance_matrix = pd.DataFrame(index=range(len(city_coordinates)), columns=range(len(city_coordinates)))
for i in range(len(city_coordinates)):
xi, yi = city_coordinates[i]
for j in range(len(city_coordinates)):
xj, yj = city_coordinates[j]
distance_matrix.loc[i, j] = round(math.sqrt((xi - xj) #* 2 + (yi - yj) #= 2)
return distance_matrix

R

def greedy_algorithm(city_coordinates, distance _matrix):
distance_matrix = distance_matrix.astype('floaté4”)
for i in range(len(city_coordinates)):
distance_matrix.loc[i, i] = float('inf') #
distance_matrix.loc[:, 8] = float('inf') #
route = []
current_city = random.randint(1, len(city_coordinates) - 1)
route.append(current_city)
distance_matrix.loc[:, current_city] = float('inf")
for i in range(1, len(city_coordinates) - 1)
next_city = distance_matrix.loc[current_city, :].idxmin()
route.append(next_city)
distance_matrix.lec[:, next_city] = float('inf')
current_city = next_city
return rouvte
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|Ldef calculate_fitness(bird_pop, demand, distance _matrix, 6 capacity, distance_limit, c8, c1):

=

_l

# iHEE ) fi
bird_pop_routes, fitness_values = [], []
for j in range(len(bird_pop)):
bird = bird_pop[jl
routes = []
route = [8]
total_distance = 8
current_distance, load = 0, @
i=a
while i < len(bird):
if route == [0]:
current_distance += distance_matrix.loc(®, bird[i]]
route.append(bird[i])
load += demand[bird[i]
i+4=1

else:

if (distance_matrix.loc[route[-1], bird[i]] + distance_matrix.loc[bird[i], B] + current_distance <= distance_limit) & (

load + demand[bird[i]] <= capacity):
current_distance += distance_matrix.loc[route[-11, bird[il]
route.append(bird[i])
load += demand[bird[i]]
1+=1
else:
current_distance += distance_matrix.loc[route[-1], 8]
route.append(@)
total_distance += current_distance
routes.append(route)

current_distance, load = 8, 8
route = [0]

current_distance += distance_matrix.loc[route[-1], @]
route.append(8)

total_distance += current_distance
routes.append(route)

bird_pop_routes.append(routes)
fitness_values.append(round(cl * total_distance + cO * len(routes), 1))

return bird_pop_routes, fitness_values
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Jdef crossover_operator(bird, personal_line, qlebal_line, w, cl, c2):

crossed_bird = [None] * len(bird)

parentl = bird

rand_num = random.uniform(@, sum([w, c1, c2]1))
if rand_num <= w:
parent2 = [bird[i] for i in range(len(bird) - 1, -1, -1)]
elif rand_num <= w + cl:
parent? = personal_line
else:
parent2 = global_line

start_pos = random.randint(8, len(parentl) - 1)
end_pos = random.randint(®, len(parentl) - 1)
if start_pos > end_pos:
start_pos, end_pos = end_pos, start_pos
crossed_bird[start_pos:end_pos + 1] = parentl[start_pos:end_pos + 1].copy()

1list2 = list(range(d, start_pos))

1listl = list(range(end_pos + 1, len(parent2)))

list_index = listl + list2

i=-1

for 1 in list_index:

for j in range(j + 1, len(parent2) + 1):
if parent2[j] not in crossed_bird:

crossed_bird[i] = parent2[j]
break

return crossed_bird
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def draw_routes(car_routes, city_coordinates):

route in car_routes:

#
i fo
x, y = zip(x[city_coordinates[i] for i in routel)

=5

plt.plot(x, y, 'o-', alpha=0.8, linewidth=0.8)

115 plt.xlabel('x")

114 plt.ylabel('y')

117 plt.show()

118

19 Uif __name__ == '_main__':

120 CAPACITY = 128

11 DISTANCE_LIMIT = 250

122 ce = 38

123 €1 =1

124 bird_num = 58

125 w=0.2

126 cl_value = 8.4

127 c2_value = 8.4

128 personal_best, personal_line = float('inf'), []

129 global_best, global_line = fleat('inf'), []

130 max_iterations = 1880

131 iteration_count = 1

132 best_fitness_values = []

133

134 o customer_coordinates = [(50, 58), (96, 24), (48, 5), (49, 8), (13, 7), (29, 89), (48, 38), (84, 39), (14, 47),
135 (2, 24), (3, 82), (65, 18), (98, 52), (84, 25), (41, 89), (1, 65), (51, 71), (75, 83),
136 (29, 32), (83, 3), (50, 93), (80, 94), (5, 42), (62, 78), (31, 62), (19, 97), (91, 75),
137 O (27, 49), (23, 15), (20, 70), (85, 60), (98, 85)]

138 demand_valves = [8, 16, 11, 6, 18, 7, 12, 16, 6, 16, 8, 14, 7, 16, 3, 22, 18, 19, 1, 14, 8, 12, 4, 8, 24, 24, 2, 18, 15, 2, 14, 9]
139 #demand_valves = [B, 24 % 3, 27 15 12 308, 6, 4,12, 28, 10, 9, 18 11 8, 24, 23 6, 18, 25 3, 2 38, 19 13, 12, 11, 22 18, 48]
140 distance_matrix = calculate_distance(customer_coordinates)

141

142 bird_pop = [greedy_algorithm(customer_coordinates, distance_matrix) for _ in range(bird_num)]

143

144 bird_pop_routes, fitness_values = calculate_fitness(bird_pop, demand_values, distance_matrix, CAPACITY, DISTANCE_LIMIT, CB, C1)
145

146 global_best = personal_best = min(fitness_values)

147 global line = personal line = bird_pop[fitness_values.index(min(fitness_values))]

148 global_line_routes = personal_line_routes = bird_pop_routes[fitness_values.index(min(fitness_values))]

149 best_fitness_values.append(global_best)

150

151 =] while iteration_count <= max_iterations

152 for i in range(bird_num}:

153 bird_pop[il] = crossover_operator(bird_pop[il, personal_line, global line, w, cl_value, c2_value)

154

155 bird_pop_routes, fitness_values = calculate_fitness(bird_pop, demand_values, distance_matrix, CAPACITY, DISTANCE LIMIT, c@, C1)
156 personal_best, personal_line, personal_line_routes = min(fitness_values), bird_popl

157 fitness_values.index(min(fitness_values))], bird_pop_routes[

158 fitness_values.index(min(fitness_values))]

if personal_best <= global_best:
global_best, global_line, global_line_routes = personal_best, bird_popl
fitness_values.index(min(fitness_values))], bird_pop_routes[
fitness_values.index(min(fitness_valuves))]

best_fitness_values.append(global_best)
print(iteration_count, global_best)
iteration_count += 1

print(global_line_routes)
1469 & draw_routes(global_line_routes, customer_coordinates)
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