import
import
import
import

# — 1.

numpy

as np

matplotlib.pyplot as plt
matplotlib.animation as animation
random

from IPython import get_ipython

from IPython.display import display, HTML

HIHIRE ——-

N_CITY = 64 #16 # ZBi#%
MAX_COUNT = 10000 # SA&7TEIZ

TEMP =

0.02

# BE (7=—U>0DRE)

print("SA4T75UDA UR— b EMEBIRENTT LELE ")
SATSYDA R— b EMEIREDSTET LE L.

# ——— 2. EHDBEEEFEREITIIDEK ——
# 051 DEFH TEHDEIRES > S AICER
positions =

np.random.rand (N_CITY, 2)

# EBHEIDEREEITIIEL THE
distance_matrix = np.zeros((N_CITY, N_CITY))
for i in range(N_CITY):

for j in range(i + 1, N_CITY):

dist = np.linalg.norm(positions[i] - positions[j])
distance_matrix[i, j] = dist
distance_matrix[j, il = dist

print(f"{N_CITYMEDEHTDEZEEERK L. ERITIZHELELE, ")
# print("#DEEFE:\n", positions)

GAEDITTDEEFREEZ LR L. ERITIZFAELE L,

# ——— 3. FREEEIEDEH ——-
def calculate_total_distance(path, dist_matrix):
U ERSAOBREHET 5"
total _dist = 0
# path(¥ [0, 1, ..., N-1, 0] DLII-Z>TIS
for i in range(len(path) - 1):
total_dist += dist_matrix[path[i], path[i+1]]
return total_dist

def create_new_path(current_path, selector, n_city):
TR L ORERIRB AR LR T S
# IBEBED—BES ST AIL2 FZEIR (a8 (ER<)
i, j = random.sample(range(1, n_city), 2)

new_path = list(current_path) # JE—Z1EL

if selector == 'two_city_swap':
# 2:23H: 2EMOMUEEANEZS

new_

path[i]l, new_path[j] = new_path[j]l, new_path[il

elif selector == 'route_reverse':
# 2-opt: XM [1, j] #REx
if i > j:

new_

i, =13, 1
path[i:j+1] = reversed(new_path[i:j+1])



return new_path

print("ZHRIEMIREAREERLE L. ")
RERIERERBEERLELL,

# ——— 4. AN=T (2Zab—FTYRT=—U>0) ——-
# HIEIREES (0, 1, 2, ..., N_CITY-1, 0)

current_path = list(range(N_CITY)) + [0]
current_dist calculate_total_distance(current_path, distance_matrix)

# ECERA
dist_history = [current_dist]
path_history_for_anim = []

# ETUVREEIR G DIERL 774 2 2E0R
# 'two_city_swap' / 'route_reverse' / 'route_reverse_2'
selector = 'route_reverse'

print(f"#EAEEOIESE: {current_dist:.5f}")
YERR R DEERE: 33.44894

# ——— 4b. #EHEEOTOYN ——

# “wmatplotlib inline’ Z##5EL T, EG&TOYNEEINAICERT
get_ipython().run_line_magic('matplotlib', 'inline')

# HIEIFEES DRI NEERL
initial_path_coords = np.array([positions[city] for city in current_path]

# ZOYNEER

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

plt.plot(initial_path_coords[:, @], initial_path_coords[:, 1], 'o-')

# FIE/ #E T &R T

plt.plot(initial_path_coords[0, @], initial_path_coords[0, 1], 'ro', mark

# ZARINESNI

plt.title(f"Path Distance: {current_dist:.3f}")
plt.xlabel("X coordinate")

plt.ylabel("Y coordinate")

plt.xticks([])

plt.yticks([])

plt.legend()

plt.grid(True)

plt.show()
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selector = 'route_reverse'

for count in range(MAX_COUNT):

# B VIR Z1ERL
new_path = create_new_path(current_path, selector, N_CITY)

new_dist = calculate_total_distance(new_path, distance_matrix)

# EEEEBH T BNESDEEFRICRE (AORYZRZ)
delta_e = new_dist - current_dist
# Maple® ‘exp(-dE/Temp)>evalf(rand()/10°12)" tRICSM
if np.exp(-delta_e / TEMP) > random.random():
current_path = new_path
current_dist = new_dist

# FCER
dist_history.append(current_dist)

# ToA—=23>  [BICIREE DB INB/ENCEERT S
path_coords = np.array([positions[city] for city in current_path]
path_history_for_anim.append((path_coords, current_dist, count))

print(f"518RT., &N/ REER: {current_dist:.5f}")

FTEET. RRMNAREIER: 7.25009

# %pip install ipympl

# ——— 6. 42850747V NEL TT=A—232FFKFR ———

# 1pympl/Ny I REFINCTS
get_ipython().run_line_magic('matplotlib', 'widget"')

# FHERAE(Figure) £2 DD 7Oy B (Axes ) #1172 5 TIERE
fig, (ax1, ax2) = plt.subplots(1l, 2, figsize=(12, 6))
plt.tight_layout(pad=3.0) # ZOvFEIDEfEZ5H%



# EEREFEDT —5F%E R

# FToA—232 TU—AICKHIGT BT —25 B8

anim_counts = [datal[2] for data in path_history_for_anim]
anim_dists = [datal[l] for data in path_history_for_anim]

# 2DBD7OY (EEBEDIEE) ZHTHIRE

ax2.plot(dist_history, label='Distance History')

# BHEDIEREETR I IR A EHTHIE (RAIIFIEZRT)

current_dist_marker, = ax2.plot([], [], 'ro', label='Current State')
ax2.set_title("Distance History")

ax2.set_xlabel("Accepted Steps")

ax2.set_ylabel("Total Distance")

ax2.legend()

ax2.grid(True)

# ToA—232DETL—AEEFH T DE5%
def update_widget_animation(frame_idx):
path_coords, dist, count = path_history_for_anim[frame_idx]

# 1DBEDTOv (1R EEH

axl.clear()

axl.plot(path_coords[:, @], path_coords[:, 1], 'o-')
axl.plot(path_coords[@, 0], path_coords[@, 1], 'ro', markersize=10)
axl.set_title(f"Iteration: {count}, Distance: {dist:.3f}")
axl.set_xticks([])

axl.set_yticks([])

axl.grid(True)

# 2DHDTOYRDFRAEER

# frame_idx(tdist_history D4 > 7o RE1 341 TG T B (FTEHEZERS)
step_index = frame_idx + 1
current_dist_marker.set_data([step_index], [dist])

# yEDEFZERIICITEE
ax2.relim()
ax2.autoscale_view()

# FuncAnimationZ@o>T7=X—>3>4 7> T O E1FRL

ani_widget = animation.FuncAnimation(fig,
update_widget_animation,
frames=1len(path_history_for_anim),
interval=200,
blit=False,
repeat=False)
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