1. @R : RITEFoA, BITSPE)@ (Traveling Salesman Problem)
NEFEARTHEHEREA., BREENE, SHFREPEZRETAL—. RRE—
PIRTEABRF AT, ATUERREENERZ, BENREESMHT
ReEFF—R, MERBEEREFEREXNET. BRNEFEGFEEREN
BRI A AR R HRIME.

2AFRE: DNDPTRMTSP GRITHEA) &, NMAREEEH
REENREES, RITEENRENECREX EBETRE, Kb DTN R
L, BEXREFFENRREELHTEBRBHEARRE.
THLSHMEHHVERS:
&1 Oliver TSP[E)RAY30NH T AL & AL AR

Hh RS 3 W RS AR Wh RS AR

1 87, 7) 11 (58, 69) 21 (4, 50)
2 (91, 38) 12 (54, 62) 22 (13, 40)
3 (83, 46) 13 (51, 67) 23 (18, 40)
4 (71, 44) 14 (37, 84) 24 (24, 42)
o (64, 60) 15 (41, 94) 25 (25, 38)
6 (68, 58) 16 (2, 99) 26 (41, 26)
7 (83, 69) 17 (7, 64) 21 (45, 21)
8 (87, 76) 18 (22, 60) 28 (44, 35)

9 (74, 78) 19 (25, 62) 29 (58, 35)
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° 1. AN T AAFRTI A
® 2 NVARGEXAFALEMRRERIES RITEHENRENARSEN 08
HITRAE, KE BRI E.
® 3 EFEHIRNITEETER.
® ANHENERENBAARREENTM.
® S5 REME FERAEEBENNRAERNKEEENT T
def mutation(routes,n_cities):
#A2 PR
prob=0.3#15% B4 FREHE
p_rand=np.random.rand(len(routes))# £ 7L 5751, OF|1FBEHLAL
for i in range(len(routes)):

if p_rand[i]<prob:# FIW7 AHTHLIE Tl 22 R %M (BHLEUD T2 M%)

mut_position = np.random.choice(range(n_cities), =2, =False)

[, v = mut_position[O], mut_position[1]
routes[i,[].routes[i,r]J=routes[i,r].routes[i.]

return routes

TREXIXHR, SEEREBRZX

M. 44k (BEERERSTRA, TERORBRER)
LIS BRK

RITHEABER— M ERNAGRAEE, RFANBRE: LE—ABTHET
ZEMEEE, BRZE—FHREOHER, EERTHIMNE—HTHEL, 2
F-ETERET—K, REEEIHEET.



1. #F4af
def init_route(n_route, n_cities):#H]ii1b# 2k

routes = np.zeros((n_route, n_cities)).astype(int)# )ikt

for i in range(n_route):#FENIA A B Fn_route 55 7E FR & 3 1T 1) #i =

voutes[i] = np.random.choice(range(n_cities), =n_cities,

return routes

2. PN ZHEARFRT =
def random _cities(cities_n): # IR AL BRI BITEOR] 1002 1]
range_limit = 100

coordinates=[]

while len(coordinates) < cities_n:
x = random.randint(0, range_limit)
y = random.randint(0, range_limit)
coordinates.append((x,y))# NN bR

return coordinates

3. MTHBEENE
def get_two_cities_dist(city ,city2):# R [ HFK [GRE 25
x_1,y_1=cityl

X 2,y 2=city2

return math.sqrt(math.pow(x_1 -x_2,2)+math.pow(y_1-y_2),2)




def get_cities_distance(cities):#3REUH T 1A ) 2 25 4

dist_matrix=np.zeros((len(cities),len(cities)))# 1t
n_cities=len(cities)
for i in range(n_cities-1):
for j in range(i+1,n_cities):
dist=get_two_cities_dist(cities[(].cities[])
dist_matrix[i,j]=dist
dist_matrix[j,i]=dist
return dist_matrix
def get_all_routes_fitness_value(routes,dist_matrix):# i1 T A F 26 1 1& B FE
fitness_values=np.zeros(len(routes))# 4421
for i in range(len(routes)):
f_value=get_route_fitness_value(routes[i].dist_matrix)

fitness_values[i]=f_value

return fitness_values

4. & piFEALES 12

for i in range(n_route):#BEHL A A B 5 IIn_route 557 BR 5 T 10 4 i

voutes[i] = np.random.choice(range(n_cities), =n_cities, =False)




def selection(routes, fitness_values):# ik P #AF

selected_routes=np.zeros(routes.shape).astype(int)# Wi 1Lk 2k

probability=fitness_values/np.sum(fitness_values)# rl iglt, 4t el

n_routes=routes.shape[O]# I HLH £ K&
for i in range(n_routes):

choice=np.random.choice(range(n_routes),p=probability)# i i FEHLIEH 5%

selected_routes[i]=routes[choice]

return selected_routes

def crossover(routes,n_cities):#x X #4F
for i in range(O,len(routes),2):# " IR Ab FL 1 5% % 45

# R YR, T AREAE X R R 2R

rl_new, r2_new = np.zeros(n_cities), np.zeros(n_cities)
# BENLEREAE X

seg_point = np.random.randint(0, n_cities)
# TR B

cross_len = n_cities - seg_point
#IRBCA F AL PP R, r2
rl, r2 = routes[i], routes[i + 1]

H#IEAL XBE N X RTHR IR Br2 M 5 Btdird _cross, HRMr1 )5 B4




rl_cross, r2_cross = r2[seg_point:], ri[seg_point:]
#PEIARAE XBAL Fnp.in LA BREHR Bl P AErd _cross 4 (RIAEREXBD

FRIR B2 HANTEr2_cross i 43

ri_non_cross = vi[np.inld(rl, rl_cross, =True)]

r2_non_cross = r2[np.inld(r2, r2_cross, =True)]
# MG RO IE S A X BRNB B 2R IR B, AR BN
ri_new[:cross_len], r2_new[:cross_len] = rl_cross, r2_cross
ri_new[cross_len:], r2_new[cross_len:] = rl_non_cross, r2_non_cross
# ST R B 4%
routes[i], routes[i + 1] = ri_new, r2_new

return routes

RXEErRE:

RXEErEE



def mutation(routes,n_cities):
#72 FPRAF
prob=0.01# % &4 7%

p_rand=np.random.rand(len(routes))# £ AL 55, OF|1¥BEHLAL

for [ in range(len(routes)):

(FEHLEDN T2 R )
mut_position = np.random.choice(range(n_cities), =2, =False)
[, ¥ = mut_position[O], mut_position[1]
routes[i,].routes[i,r]=routes[i,r].routes[i,]

return routes

8. MIEHE

def genetic_algorithm(file_path, n_routes, max_epoch):
cities = read_cities_from _file(file_path)
dist_matrix = get_cities_distance(cities)
routes = init_route(n_routes, len(cities))

fitness_values = get_all_routes_fitness_value(routes, dist_matrix)

best_route_index = np.argmax(fitness_values)

best_route = routes[best_route_index]

best_fitness = fitness_values[best_route_index]




for epoch in range(max_epoch):
routes = selection(routes, fitness_values)
routes = crossover(routes, len(cities))
routes = mutation(routes, len(cities))
fitness_values = get_all_routes_fitness_value(routes, dist_matrix)

current_best_index = np.argmax(fitness_values)

if fitness_values[current_best_index] > best_fitness:
best_route = routes[current_best_index]

best_fitness = fitness_values[current_best_index]

if (epoch + 1) % 10 == ©:

print(FIERIEL: {epoch + 1}, MuTEMRIEE: {1 / best_fitness:.2f}")

print(faihiks: {best_route}, mALIEE: {1 / best_fitness:2f}")

plot_best_route(cities, best_route)

9. BEFEBELUMATEZRTER

def plot_best_route(cities, best_route):

# SRR ARAR

x = [cities[(][O] for [ in best_route]




y = [cities[(][1] for [ in best_route]

# i R AR
print(" LR )
for i in best_route:

print(i, =

print("\n")

# LT AR

plt.figure( =(10, 10))

plt.scatter(x, y, ='r!,

# LR AANR A BTN INGR S AR TE

for i, (x_ y_) in enumerate(zip(x, y)):

plt.text(x_, y_, str(best_route[i]), ha='center,

# il R LR

plt.plot(x + [x[O]], y + [y[oI], '-b',

# WA AR AR
plt.title(" A% 1%")

plt.xlabel("X")

='bottom’,




plt.ylabel("y")

plt.grid(True)

plt.show()
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Fitness=1/distance
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TR MAMBHNLSBNES, BINEEEN.
R TR SEUS R U

KIER:

RERE

60

wilbisek: [2 1035 49 8 6 7], wibiiE: 173.38

- iz
i

=,
AR ETIT A

21035498267

10T HITSPER



1L XBEREXEERIZX ZENHMTSHRNERTNIAR

LB GIF

#HEHL B NS X a5 Blr2 ) JG 2 Be 4B rd_cross, $&Brd ()5 B 4hr2_cross.

rl_cross, r2_cross = r2[seg_point:], ri[seg_point:]

#ERIWAESE X BCAL A np.in 1 d BB Bl h A TErd _crossth 7 (BIAERE B , A BEEk Elr2
AEr2_crossH Ry -

ri_non_cross = vi[np.indd(rl, rl_cross)]

r2_non_cross = v2[np.indd(r2, r2_cross)]

#H GO IE L A BN B BR 2RI RT B, 4 HAEAE SCBORN B i%

ri_new[:cross_len], r2_new[:cross_len] = rl_cross, r2_cross

ri_new[cross_len:], r2_new[cross_len:] = rl_non_cross, r2_non_cross

#HHEMAZ X B WA XS IR IR B r2 1 f5 - B 2R vrd _cross, $RELrd M fE B4 vr2_cross.

rl_cross, r2_cross = r2[seg_point:], ri[seg_point:]

#IRINAEE X BCAE A np. in 1 AR BH Bl h A Erd _crossth I (BIAERR B, [AE R E|r2

AEr2_crossH IR 57

ri_non_cross = ri[np.inld(rl, ri_cross, =True)]

r2_non_cross = r2[np.in1d(r2, r2_cross, =True)]

#M G ROTIR A K3 XBORNA TR AT By, B RS BUBN BT 8 4 )5 - B
ri_new[:cross_len], r2_new[:cross_len] = rl_cross, r2_cross

ri_new[cross_len:], r2_new[cross_len:] = rl_non_cross, r2_non_cross




2B ARG E NS BENA OB Fahfd, JINEFHIENSE

CEGIE

n_routes_ = 100 # 4

epoch = 100000 # EARIH

esa (FahmAN)

randomcities=int(input( ))#EAE IR T
# FRNMLHE

n_routes_ = int(input(

# T NiEA K

epoch = int(input(

SIHEENERHNREE L RE—REAEASNESR, TSSEITEN
BEE AR,
(EBGIE
def get_route_fitness_value(route,dist_matrix):# i1 5 5 243E B %
dist_sum=0#3E N 5 5 No
for i in range(len(route)-1):#routeft—N—4EMIEA, EFF—KKLEL
dist_sum+=dist_matrix[route[i],route[i+1]]

return 1/dist_sum

Ba:

def get_route_fitness_value(route,dist_matrix):# 1 5 % 4 b %

dist_sum=0#iE N % NOo




for i in range(len(route)-1):#route®z— " —4EMI%eH, W% H2

dist_sum+=dist_matrix[route[i],route[i+1]]

dist_sum+=dist_matrix[route[len(route)-1],route[O]]# I i & iR [l )i 5 #R 25

return 1/dist_sum

4. B EMABUCABEA
(CEIE
cities_ = load_data( ) # AR

cities_=random_cities(randomcities)  #FaHLA K

(CUEE
randomcities=int(input( V) #AE IR T

cities_=random_cities(randomcities)  #FaHLA K

5. {ZIEIERFM EL20000%H R RILH L

if not_improve_time >= 2000:# %R E| 2000 T AN 45T

print(

break

6. EM@2000 ik K i BRBS L R 55

BUE:



if (iI_+ 1) % 200 == O:#&ENRM E UG EnR—Ik

print( format(i_+ 1,1/

get_route_fitness_value(best_route, dist_matrix_)))

7. BBV A NBENERAES, ERRIABFENTRMEANR, ZXRER

N

RREEN AR

prob=0.01# 4 B 7%

8. B4

BEARSLE, BRANT R REEEMRTSPEENEARTEMLIITE. FEHIA
RE, REEENMEBRAEE LEBTENERERIT. ZERENLRETN
B, RRBHATERSIAGSHENG] . SHRXXERTRURSHHURSEHE
Fi, Mmt—FRAFEMEE.

TR

LRZ FHZFEIE (WS ERBEER) .
2R ARHARM T (40 50 3 100 M) KERMEE TREMRE.

fix (FrEHREB)

import numpy as np

import math

import matplotlib.pyplot as plt

from matplotlib.font_manager import FontProperties

# BEPTTIk

def get_chinese_font():

return FontProperties(

# 1. MSCHEEEUI AT AL bR




def read_cities_from _file(file_path):

coordinates = []
with open(file_path, 'r) as file:
for line in file:
parts = line.strip().split()
if len(parts) == 3:  # RIEH "R9l XY
_ X, Yy = map(int, parts)
coordinates.append((x, y))

return coordinates

# 2. WIGHACFI T
def init_route(n_route, n_cities):
routes = np.zeros((n_route, n_cities)).astype(int) # itk
for i in range(n_route): # BEHLAERA B S FIn_route 54 7E BR E 3 T 14
routes[i] = np.random.choice(range(n_cities), =n_cities, =False)

return routes

# 3. TSRS N AR 5K R 3
def get_two_cities_dist(cityl, city2):

x 1,y 1 = cityl




X2,y2 = city2

return math.sqrt((x_1 - x_2) ** 2 + (y_1 - y_2) ** 2)

def get_cities_distance(cities):
dist_matrix = np.zeros((len(cities), len(cities))) # itk
n_cities = len(cities)
for i in range(n_cities - 1):
for j in range(i + 1, n_cities):

dist = get_two_cities_dist(cities[i], cities[j])
dist_matrix[i, j] = dist
dist_matrix[j, (] = dist

return dist_matrix

def get_route_fitness_value(route, dist_matrix):

total_distance = sum(dist_matrix[route[i], route[i + 1]] for [ in range(len(route)
- 1))
total_distance += dist_matrix[route[-1], route[O]] # [AIZI]}T T

return 1 / (total_distance + 1e-6) # HHHEE

def get_all_routes_fitness_value(routes, dist_matrix):




fitness_values = np.zeros(len(routes)) —# 4%
for i in range(len(routes)):
fvalue = get_route_fitness_value(routes[i], dist_matrix)
fitness_values[i] = f_value

return fitness_values

# 4. EPHRAE

def selection(routes, fitness_values):
selected_routes = np.zeros(routes.shape).astype(int)  # HIIHILIEFERE2LL
probability = fitness_values / np.sum(fitness_values) —# 544 LA
n_routes = routes.shape[O] # FREUKLAAE

for i in range(n_routes):

choice = np.random.choice(range(n_routes), p=probability) # M= HEHLIE

I A

selected_routes[i] = routes[choice]

return selected_routes

# 5. 2R

def crossover(routes, n_cities):

for i in range(O, len(routes), 2): # RIMCIEFE KL




if { + 1 >= len(routes):

break # WMRRTHKHEL, BF—FRIFAEL

# IRICH AT AL PR 5% AR AT

rl, r2 = routes[i], routes[i + 1]

# FEHLEEEPIANAE SR, TR EATT B IE

pL, p2 = sorted(np.random.choice(range(n_cities), =2, =False))

# YR TR, oM -1 R, FoRARBUE
childz, child2 = np.full(n_cities, -1), np.full(n_cities, -1)
# TP LB E X B
child1[p1:p2] = r2[p1:p2]
child2[p1:p2] = ri[p1:p2]
# ST R AR AR AT B
# JH child1
for city in ri:
if city not in child1:
# JEBE-ASAE (1) FHEA
idx = np.where(child1 == -1)[0][O]
child1[idx] = city
# W child2
for city in r2:
if city not in child2:

# LAEATME (-1 FFEA




idx = np.where(child2 == -1)[0][O]
child2[idx] = city
# SRR BRI AR B 2

routes[i], routes[i + 1] = child1, child2

return routes

# 6. BRIE
def mutation(routes, n_cities):
prob = 0.01 # WELRMR
p_rand = np.random.rand(len(routes)) # HRERFH, O LHIBHHLIEL
for i in range(len(routes)):
if p_rand[i] < prob:  # FIWi a2 R T AL AR AT
mut_position = np.random.choice(range(n_cities), size=2.,
[, v = mut_position[O], mut_position[1]
routes[i, [], routes[i, v] = routes[i, r], routes[i, (]

return routes

# 7. AR R AR

def plot_best_route(cities, best_route):




= [eities[{][O] for i in best_route]
y = [cities[{][1] for [ in best_route]
print("EERAE N
for [ in best_route:
print(i, ="

print("\n'")

plt.figure( =(10, 10))

plt.scatter(x, y, ='r

# SRS
for i, (x_ y_) in enumerate(zip(x, y)):
plt.text(x_, y_, str(best_route[i]), ha='center', va='bottom',

=get_chinese_font())

# 2R AR

plt.plot(x + [x[O]], y + [y[o]], '-b', =2)

plt.title(" & %4E", =get_chinese_font())
plt.xlabel("xX iz, =get_chinese_font())
plt.ylabel("y bz, =get_chinese_font())
plt.grid(True)

plt.show()




# 8. BHEHEIE
def genetic_algorithm(file_path, n_routes, max_epoch):
cities = read_cities_from file(file_path)
dist_matrix = get_cities_distance(cities)
routes = init_route(n_routes, len(cities))
fitness_values = get_all_routes_fitness_value(routes, dist_matrix)
best_route_index = np.argmax(fitness_values)
best_route = routes[best_route_index]

best_fitness = fitness_values[best_route_index]

for epoch in range(max_epoch):

routes = selection(routes, fitness_values)

routes = crossover(routes, len(cities))

routes = mutation(routes, len(cities))

fitness_values = get_all_routes_fitness_value(routes, dist_matrix)

current_best_index = np.argmax(fitness_values)

if fitness_values[current_best_index] > best_fitness:
best_route = routes[current_best_index]

best_fitness = fitness_values[current_best_index]




if (epoch + 1) % 10 == ©O:

print( {epoch + 1} {1 / best_fitness:.2f}")

print( {best_route} {1 / best_fitness:.2f}")

plot_best_route(cities, best_route)

if _name__ ==
file_path = # BN P B AR SRR
n_routes = int(input( )

max_epoch = int(input( )

genetic_algorithm(file_path, n_routes, max_epoch)




