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Q - 57 def neighbors(state)
v R " 68 yield tuple(new_state), dir print(" i %:", path)
XJ’ Chinese (Simplified) (... 69 print("FH:", len(path))
L o # UG start AT A 0 R R AR 3% RSB H R 2 51 print()
~ 71 def a_star (start heur’lstxc func)
= 9 36m # Wbk 5, TERL: (F, e KA, Bi2)
(R - ks 2 # f = g + h, HehgNEAFILIPRENLFSE BRI
Jun H; 74 open_heap = []
o GitHub Copilot Cha 09ms 5 ‘a',u‘.}*eapnu;}'(open_heap, hegristic_func(start), o, startt,
= & Alchat features powered by ¢ 7€ # came_from kB MIREWRIRMBR TR, B FTEERE MRS
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# g_score id BMRERS b ehimaiot)
o | pyle & % t o hoice
. g_score = {star }  choi,
star 1 t()
while open_heap: T else:
# MU OMET £ RS (REAENY start = r )
£; g cuf‘rent path = heapq.heappop(open_heap) print("RIHLHIEIARE:", start)
# KERE
if is_goal(current): .
= tart
return path
# 8T T RERAS 2 RIHSEY
for nxt, move in neighbors(current): ylve_and print(start, het
# WD S B40E 0 kb B
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import heapq
import sys
import random
GOAL = (1, 2, 3, 4, 5, 6, 7, 8, @)
MOVES = {"U": -3,"D": 3,"L": -1,"R": 1,}
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def heuristic_manhattan(state):

# SRR ZET 5 Ale
dist = ©
for idx, v in enumerate(state):

if v ==0 or v ==

continue

goal idx = GOAL.index(v)

dist += abs((idx//3) - (goal_idx//3)) + abs((idx%3) - (goal_idx%3))
return dist

def heuristic_misplaced(state):
# HE0LE THE 1/2/3/4/6/7/8 ANEIEWALE R
count = 0
for idx, v in enumerate(state):
if v in (1, 2, 3, 4, 6, 7, 8) and GOAL[idx] != v:
count += 1
return count

def is_goal(state):
# WA 1/2/3/4/6/7/8 REAT GOAL X MifHE
for idx, v in enumerate(state):
if v in (1, 2, 3, 4, 6, 7, 8) and GOAL[idx] != v:
return False
return True

def neighbors(state):
z = state.index(0)
for dir in NEIGHBORS[z]:
ni = z + MOVES[dir]
# KFL R

if dir == "L" and z % 3 ==
continue

if dir == "R" and z % 3 == 2:
continue

new_state = list(state)
new_state[z], new_state[ni] = new_state[ni], new_state[z]
yield tuple(new_state), dir

# BUSWIIRIRA start AR R RE, R B S 3] H VR 30F 5 775 8, 25 TCi#IR[E] None
def a_star(start, heuristic_func):
# WIIRILERAA, TeERKA: (F, g, RE, BiE)
#f =g+ h, Hi g RMNEAZLAPREWERSE, h 28 KR EE
open_heap = []
heapqg.heappush(open_heap, (heuristic_func(start), @, start, ""))
# (f, g, state, path)
# came_from R EARSHIATIRFIF N T7 17, AT T 2L B e B g A
came_from = {start: ("", None)}
# g_score 1CRMEE R BEARA I IR AL
g _score = {start: 0}

while open_heap:
# SR ET F BRI A (B AR RD
f, g, current, path = heapq.heappop(open_heap)
# AR BILHARIRE
if is_goal(current):
return path



# WA AT eI R 3
for nxt, move in neighbors(current):
# M RUE SR e 20 £
tentative g = g + 1
# IRAE 7R, WERIF AR
if tentative_g < g _score.get(nxt, 1_000 000):
# R — M RERRLTTK
g _score[nxt] = tentative_ g
came_from[nxt] = (move, current)
# R R AREATSATIRS B B ARREE R, HAERMECRIE T A IRIUTE
h = heuristic_func(nxt) # T E A R E
heapqg.heappush(open_heap, (tentative_g + h, tentative_g, nxt,

path + move))

def

def

def

# JoiR

return None

print_state(state, step):
print(f"Step {step}:")
for i in range(3):
print(" ".join(str(x) for x in state[i*3:(i+1)*3]))
print()

apply_move(state, move):

z = state.index(0)

ni = z + MOVES[move]

new_state = list(state)

new_state[z], new_state[ni] = new_state[ni], new_state[z]
return tuple(new_state)

random_solvable():
# A A ATRIRAS
while True:
perm = list(range(9))
random.shuffle(perm)
inv = sum(1 for i in range(9) for j in range(i + 1, 9) if perm[i] and

perm[j] and perm[i] > perm[j])

if inv % 2 ==
return tuple(perm)

def is_valid_state(state):

# ARG NINMT, 0-8 %Ik
if len(state) != 9:
return False
nums = set()
for num in state:
if not (@ <= num <= 8) or num in nums:
return False
nums .add (num)
return True

def get_manual_start():

.

print ("TERAVIGERE: 9 MIE (0-8), ASKAME, Fon 3x3 MAMRSE (0 Rrz
)
print("fl41: 1 2 3456 7 8 0")
while True:
try:
inp = input("fIA: ").strip()
nums = [int(x) for x in inp.split()]



def

def

if

if is_valid state(nums):
return tuple(nums)
else:
print("HINTRL: B 9 NMLFE, 0-8 F—IK. ")
except ValueError:

print("¥IATCR: IEFIRBALT. ")

solve _and_print(start, heuristic_func, heuristic_name):
print(f"\n ffHE K XKEL: {heuristic_name}")
path = a_star(start, heuristic_func)
if path is None:
print("ARILBIHE")

return

print ("B ", path)
print("6%(:", len(path))
print()

state = start

print_state(state, 0)

for i, move in enumerate(path, 1):
state = apply_move(state, move)
print_state(state, i)

main():
choice = input("ZEFIMAVIGIRE? (y/n): ").strip().lower()
if choice == 'y':
start = get manual_start()
else:
start = random_solvable()

print("BENLHFILEIRAS ", start)

# {3 2 iR e A X
solve_and_print(start, heuristic_manhattan, "ZMHFEE")

# IR A BUR Kol

solve_and_print(start, heuristic_misplaced, "4&Efi%(")

__name__ == "_ main__

main()

(2) 5AXENEE (BFERTEAF):
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BFREBEE ARRITETHR—RINGESE, B3R 1. 2. 3. 4. 6. 7. 8 BahE|
HIFRNE, HPh#HTF 5 NUERERR, SREEEHFHNT BFERN, BHAX

KBRS, BFR R KBERENERANBHNTE.
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