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REREEEZN EREEELERIINRE:

def getDivection(self): # JEIR 4wl (A5 Eh 77 ]

def getEmptyPos(self):# ERTHEMALE, REFH AR

def generateSubStates(self): # ERFTA W BEMTIRES



1. IrERERE (BFS)

[TERARRRE—TRHEFEEMNE L. EMBAIIEN D, NIRRT
i, FH—TERMNEETITR, FIABG, ABEACRISBAGI % S H4T

FHFEE, EENMNTIHZE,
BBE:

AER®/N53%: openTable (fFfi&fFiAiolIk7x) FcloseTable (FF&EE A0k

7&)0

7N

B. ¥ RS A InF openTabled, FFEE71EIR,
C.MopenTable B T =, £MEFREHFRELBLEBIRRE.
D.an R 2 BARRE, BIHAEREEFFRE,
WRAREE BIRIRT, SREFFIRSIN A openTable# 17 T —R1E X,

REREZRE, NBELERER.

MRt
SRR
State: FRRHH/\BIBIRT. EFEHEPEMIBARFN=E (EAS

directionFlag: FRYFPRS E— RN TE, NEEERFRENERE
HERTENZS (ENR) . G, WRE—RBHEEE, E£HFIRSHEA
SBERATE,

Parent: AFIZRLIPRSHRE, BIIRESHIORSHME, TRUER



FERRSEHITEEE, MmiiEl T BB,

(self, state, directionFlag=None, parent=None):

.State = state

direction = ['up', 'down', 'right', 'left']

if directionFlag:
direction.remove(directionFlag) # 7, il [aliE
parent = parent

Ssymbol = ' ' # HHIRTHERFS 1 — Bk

ii. RS REASH:

def solve(self, max_depth=1000):
#AE T DL e 2R A k) \ B 1] it
openTable = [1 # JFMBIER, AFAERFUT RS A
closeTable = [] # KHFIFR, 74T U IR 197 5
openTable.append(self) # KHIMIRSIMATFRFIE

depth = 0 # 4 RIREL

while len(openTable) > © and depth < max_depth:

n = openTable.pop(0) # MIFIFIZ U 5
closeTable.append(n) # FULHT SN 5%
subStates = n.generateSubStates() # 'EpCTIRA

path = []




for s in subStates:
if (s.state == State.answer).all(): # WHRFIRERE BHIRRE
path.append(s)
while s.parent: # [FiE1%
path.append(s.parent)
S = s.parent
path.reverse() # %A%
closeTable.extend(openTable) # N4IFTHFR T SN 51 2%

return path, closeTable

openTable.extend(subStates) # ¥&IREMANIF IR E

depth += 1 # HIHERIRSE

return None, closeTable # tWHEEILBIHIMIRES, Z[FINone

2. REM KR E(DFS)

RERERREER—MBENEETRH, @O TREEZITERS A
ik, AEEBEE—TR, BRERRAMRBHNKEZE, BIEBHTENE
SR L.

BRg:

A EHEAFIER: openTableXkFHEFFY RAVIRZ, closeTablekFHEEY &
FRZS pathFl = A F 17 6E M1 Ea RS 2 B ARR S AIBR 12,



B. ¥ HEPIRZSRNZopenTabled, KEHEFPRSZEEEELRERRE, MR

REEBHIMARZEIIR

C. HopenTable R A=Y, #HAJEI: MopenTableF Bt &F—H=n, 7

K HEF NcloseTable;, WMRLFHRARELETL0, NhLE, MUBRHIERM

R

D.AME T RMNAA TR FIRS (@il iEAgenerateSubStates 77 j%)

BRRAERN RS ¥TFE-PTFREE6), REERERERRES. R
BHEMANBERIFHTEN, BEXDRESMAREZER B IHIRES.

REBBERE, FEBRINFAIEIREE B IRRE.

F. B4R RS INE openTabledr, HE& T —RIY &,

C. MRBHAEREMAIKE BIRRZ, MREINone, FxEHITITHIERE.

HEREZRE, NBELTRER.

i ERES R

SRR

State: FNHA/\BIBAVRES., EFEHEPESMIBNRFNSE (EAS

BHSERR) |

directionFlag: FRHBPRZS L —R#ERNAITTE, MEEER RS EER G

HRAENFES (BIR) . flm, MR E—XBHEEZL, ERFRESERA

SBERATE,

Parent: FTCRLRPRSHORES . BERFSHRESHSERE, TINER

FEIRRASEHTIREEN, N HEENB R,

Depth: Rm HEPASERBZWPRIRE. MHRSHRERIAAL BERSH



TR RERBM. REERTMUATEFIRRARERS (WRBHERH
10RRERRS) . Mgl By &.
(self, state, divectionFlag=None, parent=None, depth=1):
# YIRS
# state2State KB, FR3x3H) )\ B H
.State = state
# FEtE IR B 7 1)
direction = ['up',
# ZdivectionFlagfEmt, WIS HBERIZE, #RELER )
if directionFlag:
direction.remove(directionFlag)
# AFTCARTT R S, T AR ]
parent = parent

# o \ERS SR, T 2R I E AL

symbol =

# RN YHIE AR, WG AR

depth = depth

SKGER
MAEIRAS: 283104765

BHirIRZAS: 123804765

MR



I ITERERREIESR:

def solve(self):

openTable = [] # 7Y AT A

closeTable = [] # FCY AT AT

path = [1 # fFiRsesse

# KPR I R openTable

openTable.append(sclf)

CIRZE)




# RAEVIIHIRE 2T A BIRIRES

if (openTable[O].state == openTable[O].answer).all():

path.append(openTable[O]) # Efzik|#1E

return path, closeTable

# YopenTable 1=y
while len(openTable) > o:
n = openTable.pop() # HlitiopenTableffifjg—1i 4
closeTable.append(n) # H575 5ife AcloseTable
if n.depth == 10:

continue # IREETEPIFRAINS, Beid = &

# PR, ERTIRE

subStates = n.generateSubStates()

for s in subStates:
# BB T RSN ERRE
if (s.state == s.answer).all():
path.append(s) # KHBIFPIRSIMAHEZ
while s.parent and s.parent != originState: # [FIWEIHYT S
path.append(s.parent)
S = s.parent

path.reverse() # B4R, AEH MR 3] H bR A




# IR [B] ALY R

return path, closeTable

# Y9 R T 1 s AN openTable

openTable.extend(subStates)

return None, None # IR TEELB|HIRRS, REINone

SKIGLER
EEIRZS: 283104765
B#RIR7AS: 123804765

W ZER:
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MIEIRZS: 283104765
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i il

& ik
BfiE:

[['2" '8" '3']
[rar v v g 1
['7" '6' '5']]

(2
[
(7

HERE LT, IR AR50

3BREAARE (BRRUEEEMEAITE)
BRABERENTRMMEZR LN, —MIBENKRAEERBZEEZD
IHIMNRILRE. BRARXBEETURBHEX. —PMETERANEREENE



AUEXNRE (ETENEMN=E) TahFRRAASHLEEZ KM
MN—MIT% ZUTRSRUBNESEE R IERIT.

BEE:

A. EX—BIRIRZSTARGET, R-5ERE/\ERIHES !, €12 — EightPuzzle
X, HPEETHERBRNBAENRE. BIRRESMERNERITIE.

B. NERIRSHER, TRBEZBHNBHEMNIRS. BERES 8RN
B, JMEERLETEANSE, £NMEaENREIRE.

C. AIEFT—MRRNRSH, RETERITBEAIE:

Wi

RS HRER B AR
.

ERWEBSTESMFINUET HBFNENENTIIIZEZM, &
FBENSRSHERTEEE. MEAITENTESIPRSHEN TS HBRMT
ETHERNEE BREBALNEZE.

D. AT MU ERERE, ERREAIREERFREZNRS. EIMSHEEH
B FEMLBAXRXTHEE) . ARRLEERERNRIRARZSHTY
.

E. £— AP REMILEBS R EUH AN RBEVIRTS, wBIZRSEEAR
RRTS. MRE, BERFNERIFREMFENIHEMERZ. MRAE, M5
WJRERFURTS, TR ARIEIEAVRZSIIABAS] .

F. ZHF BHRRSRE, BRREIEREMRESHIOCRSRERMNEHIREEI B

RS ERRZ. ZRAHHNERRETRINET—PTRR BIRRTE.

| #0864k R &



# & L HIRIRE
TARGET = "123456780" # HirnRE, '0 RE=H
def (self, start):
start = start # YIRS
target = TARGET # HipiR4
# BN CH. T A D

directions = [(0, 1), (2, 0), (0, -1), (-1, O)]

i KB T — RS
def get_next_states(self, state):
# RN HDIRES AT A S RI BT T — N IRES

blank_pos = sclf.get_blank_position(state) # 37 (1% (100 &

row, col = divmod(blank_pos, 3) # K—HR3I N _dE8br (47, FD

next_states = [] # fAnl 2AM T —IRE

for dr, dc in self.directions:
# 38 [ A W] B R 3 U7 [F)
new_row, new_col = row + dr, col + dc # THEHi= A0 &
# i R L BT Y B
If O <= new_row < 3 and O <= new_col < 3:
new_blank_pos = new_row * 3 + new_col # #7112 7]
new_state = [ist(state) # F MR IMER

# ZHAETE A SHNE AL E R




new_state[blank_pos], new_state[new_blank_pos] =

new_state[new_blank_pos], new_state[blank_pos]

next_states.append(".join(new_state)) # N5 N TR E IEIINE] 4 RS

# S

=]

def heuristic_manhattan(self, state):

distance = 0 # JIHL IR B

for index, value in enumerate(state):

if value = '0": # Bhida AR

target_index = int(value) - 1 # HisfiE (K5

target_row, target_col = divmod(target_index, 3) # HFrhiE 1T
current_row, curvent_col = divmod(index, 3) # 4HIECFHIALE 4T A5

# iHEEm

ATEE B

distance += abs(target_row - curvent_row) + abs(target_col - current_col)

return distance # IR [A] 5 fR) S A5 PR B
VS5 EUR R TR X
# A EUR R RS

def heuristic_misplaced(self, state):

count = © # WILEAAE RT3

for index, value in enumerate(state):



if value != '0" and value != str(index + 1): # Bhitzs AR I AL
count += 1 # WMRLHAMEAEERWLE L, 80—

return count # R[EIFENTHEL

# A% HREDS
def a_star(self, heuristic_func):
priority_queue = [] # fEAMRIERIIREFRSE

# YHRIARIEAT], f(n) = g(n) + h(n), g(n) = %

heapq.heappush(priority_queue, (O + heuristic_func(self.start), 0, self.start)) #

(f(n), g(n), state)

visited = set() # LTI APIRE

parent_map = {} # WCERESREMLRE, FITIEEEE

while priority_queue:
# MRS BAF AR B AR RIS

estimated_cost, steps, curvent = heapq.heappop(priority_queue)

# WR PR HRIRS
if current == <clf.target:

return steps, self.reconstruct_path(parent_map, curvent) # iR [FIEHRIRK

visited.add(current) # K 24EPRSER AV




# AP RE RN —IRES

for next_state in self.get_next_states(current):

if next_state not in visited: # WIRAYVF T
gn = steps + 1 # THLH
fn = g_n + heuristic_func(next_state) # iIE ()
SIS
heapq.heappush(priority_queue, (f_n, g_n, next_state))

parent_map[next_state] = curvent # ilatEEIE (X THR)

return -1, [ # WRLIEEBIHVORE, RE -T2 BE

Vi [E s 1 7 B
def reconstruct_path(self, parent_map, current):
# MRYESCIRAE B MR RS B B ARIRES %42
path = [[#FKEAmEN L, AFE-LEHEE
while curvent in parent_map: # JBERERAEEEBLE RS

path.append(current) # UIN4ADIRAS 2 ER 42

current = parent_map[curvent] # FZIFISORE

path.append(selfstart) # URIPIAGIRE

path.reverse() # AR HFRREITIRIBERK, B2 LT

veturn path # & [EAKIIEIRZE 2 H ARIRE I # 42

MAEIRAS: 283104765

H#rIR7ZS: 132408765



-> 280143765 -> 208143765 -> 028143765 -> 128043765 -> 128483765 -> 128430765 -> 120438765 -> 102438765 -> 132408765
B A% ¥
ti2: 283104765 -> 283140765 -> 280143765 -> 208143765 -> 028143765 -> 128043765 -> 128483765 -> 128430765 -> 120438765 -> 102438765 -> 132408765

EEIRZS: 328104765
BiRRZS: 321408765

WHEER:

A RANREMRREZNRTR

BFS:EEH#HEH, MEGRLAIRENFETR, REHAENT—F ZEEH
ERS, ERTIRREBZNEE, flusk\TENRERE

DFSURE—MRRARARR, BFIARA[NLHIE, REEW, Z=EEHR
ERMNRMR BEHREIAFEERENEBRL IEFTERRIDAE JREEEZNG

=.
R

BRABER: HSERANGER, 3ISHRRORERZRH. BRESRENR
THERBRNERE (WREMEESMELITE)

S5 ot R BN BARNRREEN K E

LEAHBITEE R, EERZXBERSNGR, EAMNMENRETRREERH
FfEit, BHETERS, PHRRIEAIER M.

. SEATEIRLE, ERTBEBEFEASERXAERSNRESS=EPRAEF, K
AEEERTEMFHNEAUE, TARRANKESIT

i AT A BRETE AR —ENENE, EERZNHEFRBNENE



&, BELLERTIEERRMR. £=EERAERSNER T ERBAITEER
BERRBTRSSHESHNTREYT R, MiEKE RN,
VAN UERESHNEAT, SOTHTEENSE, BERBREEX
SHERT, SRIERLEFNLE.
6. AITIIRSE BIRRS T K, HETH4ARES TR (RBT5%: #FE)
ARSI BIRRSHE A S EE -2, TH
RE: EFNTEBEREOREDHTEIENEK, B—NENEFLRSE
EEEA. HEABNTEE, HEFAE. S ETBHTEE, HETE—
MEFER (HEE) BeEE RENXAENMFEASLER (N | i
FeRE+2;, BA—DRBRR—DRN, BFAE,

. BEUE
LAESKISRES, EFERANEREEBINBEZMFBFSTDFS, BRKR
1R RE R AN (8] 2= B SRR
2. B ARRUIBRIRICEIREEBRENNEEN. CBIREYT RN

ARARTHRERIAE EBFSERXAREZRTH, TEHERXERS,
SAREMERRNEIL T EARNSF S A LN, KA HREBEZRERT

BEANBNNELT, EBEBLASH. BRAESKKES, DFSKERIFhk
BRI, AT ERBEXFBELEFEENEE
ABRABRREERBEZ R ORRONE, LHAEBMNEZ 0@ RAR
tH

5.7 SLHIDFSH, RTILREZRARE, SBREFHENLER, AUIAREFK

4,



6. AL BARNREE AN, RAMRFFM, SBE—DHREHH, %

HMELEHER, FEAMZFENEHEERESR,

fii% (AR £KAD)

BFSIRRH%:

import numpy as np

class State:

def (self, state, divectionFlag=None, parent=None):

.State = state
direction = ['up', '‘down', 'right', 'left']
if directionFlag:
direction.remove(directionFlag) # 5 71, BiikELE
parent = parent

symbol = ' ' # HHIRTHERF S M — Bk

def getDirection(self):
#IRECY FORAS AT AR BN 77 17

return direction

def getEmptyPos(self):




# R HIA B
position = np.where(self.state == self.symbol)

return position[O][O], position[1][O] # iR [A A& AL & 14T F151)

def generateSubStates(self):
#E TR S KT TIRE
if not self.direction:
return []
subStates = []
boarder = len(self.state) - 1 # L TR

row, col = self.getEmptyPos() # FRECEIALE

# [0 /L #3E)

if 'left' in self.direction and col > O:
s = state.copy()
s[row, col], s[row, col - 1] = s[row, col - 1], s[row, col]
news = State(s, ='right’,

subStates.append(news)

# [0 LR

if 'up' in self.direction and row > O:

s = state.copy()

s[row, col], s[row - 1, col] = s[row - 1, col], s[row, col]




news = State(s,

subStates.append(news)

# [ 4t%5)

if 'right' in self.direction and col < boarder:
s = State.copy()
s[row, col], s[row, col + 1] = s[row, col + 1], s[row, col]
news = State(s, ='left!,

subStates.append(news)

# [0 M)
if ‘down' in self.direction and row < boarder:
state.copy()
s[row, col], s[row + 1, col] = s[row + 1, col], s[row, col]
news = State(s,

subStates.append(news)

return subStates

def solve(self, max_depth=1000):

#fE ) EE SR R Mg v )\ B [

openTable = [1 # JFRFIZR, AR A A




closeTable = [T # XHFIZR, A4 HT A
openTable.append(self) # KHIIRIRESIMATFIRIIZR

depth = 0 # MEZRE

while len(openTable) > © and depth < max_depth:
n = openTable.pop(0) # MIFIRFHIF FHUH— A1 A
closeTable.append(n) # HGULT TN C 51 %
subStates = n.generateSubStates() # "ERCTIRA

path =[]

for s in subStates:
if (s.state == State.answer).all(): # WIRFIREE HIRRE
path.append(s)
while s.parent: # [Alif]ixiE
path.append(s.parent)
S = s.parent
path.reverse() # AT
closeTable.extend(openTable) # H4TFHFZR FIIAT SUIMAKIAIZIER

return path, closeTable

openTable.extend(subStates) # ¥ IREIMANIF I E

depth += 1 # BN ZRIRE




return None, closeTable # HIEEAHE HIRRA, &FINone

[ {

if _name__ == '_main_"
# 58 SU\BRSHIIR RS

originState = State(np.arvay([[2, 8, 3], [1, ' ', 4], [7, &, S]]))
# T )\ B 1 H AR

State.answer = np.array([[1, 2, 3], [8, ', 4], [7, &, 5]])

s1 = State( =originState.state)

path, closeTable = s1.solve()

# H U 1] 1

print("Vi R KIS S )

for node in closeTable:
print(node.state)
print(")

print(State.answer)

print("VilE T SIRECH: !, len(closeTable) + 1)

# B KA
if path:
print(\nigiz: 1)

for node in path:




print(")
print(node.state)
print(‘HR 2R T FIIRECN: 1, len(path))
else:
print(‘ oL E AL
DFSIRH %!

import numpy as np

# DFSHIL
# WERE ERN1O

class State:

def (self, state, divectionFlag=None, parent=None, depth=1):

# HIIHAIRES
# statefeStateXINEME, RR3x3 0]\ HhDHE

.State = state
# fEERI RN 17 )

direction = ['up', '‘down', 'right', 'left']
# YdivectionFlagF{EIS, WJ7 A T FIRZME, &% FIREF)
if directionFlag:

direction.remove(directionFlag)
# AFIBCARTE SIS R, T R A [ )

parent = parent




# R \ER R SR, T R E AL
symbol = "
# RN ARH RRIREE, AT IR RN L

depth = depth

def getDirection(self):
# JR[B] = R] F E A2 305 1A

return .direction

def showlnfo(self):
# BN HEPRENE R
for i in range(3):
for j in range(3):
print(self.state[i, jI,
print(\nw) # 47
print('->")

return

def getEmptyPos(self):

# ERTHIOAE, R&EIHAR
position = np.where(self.state == self.symbol)

return position




def generateSubStates(self):
# AT T RER) TOIRES
if not self.direction:
return [] # WEREAE AT, &[5 7 5)%
subStates = [] # 1FBUCERKITIRZS
border = len(self.state) - 1 # HiFERIIAF

row, col = self.getEmptyPos() # FREUEI% L E

# [ E#3)
if 'up' in self.direction and row > O:
state.copy() # EHIUEPRA
temp = s.copy() # FHREHILME T2
s[row, col] = s[row - 1, col] # 5 LJiux"H
s[row - 1, col] = temp[row, col]
news = State(s, ='down', =self.depth + 1)

# QIR

subStates.append(news) # UNINE]TIRE S

# [ N #5)
if 'down' in direction and row < border:

s = state.copy()

temp = s.copy()




s[row, col] = s[row + 1, col]
s[row + 1, col] = temp[row, col]
news = State(s, up', =self.depth + 1)

subStates.append(news)

# [0 ERE)
if 'left' in self.direction and col > O:
s = state.copy()
temp = s.copy()
s[row, col] = s[row, col - 1]
s[row, col - 1] = temp[row, col]
news = State(s, ='right’, depth + 1)

subStates.append(news)

# [WA123)
if 'right' in self.direction and col < border:
s = state.copy()
temp = s.copy()
s[row, col] = s[row, col + 1]
s[row, col + 1] = temp[row, col]

news = State(s, ='left!, depth + 1)

subStates.append(news)




return subStates # IR [EIFTA AL RHTIRGS

def solve(self):
openTable = [] # A I A CRZED
closeTable = [] # 1A/ M A

path = [] # {EBLHH1E

# K 4EPIRS A BlopenTable

openTable.append(self)

# M EYIIRRE R SN HARRE

if (openTable[O].state == openTable[O].answer).all():
path.append(openTable[O]) # FE ka1t

return path, closeTable

# MopenTable A1y

while len(openTable) > O:

n = openTable.pop() # W iliopenTableff)f)5—A>15
closeTable.append(n) # ¥415 ki NcloseTable
if n.depth == 10:

continue # TRFETEFIPRBINS, Beid 217 &

# PRI R, ERTIRE

subStates = n.generateSubStates()




for s in subStates:
# BB T REEAEPRE
if (s.state == s.answer).all():

path.append(s) # FRBIFPREMAF AR

while s.parent and s.parent != originState: # |5 HFIHRT 2

path.append(s.parent)

S = s.parent
path.reverse() # E¥eikAE, (EHMIRTT A2 H AR A
# IR [AERAR AN 7

return path, closeTable

# Ky T S N openTable
openTable.extend(subStates)

return None, None # WIRTGFEELFIHIRRE, BFEINone

if _name_ == '_main_"
# 32 )\ BRSHERIRES
originState = State(np.arvay([[2, 8, 3], [1, ' ', 4], [7, &, S]]))
# B \BUS ) HARRAS

State.answer = np.arvay([[1, 2, 3], [8, ', 4], [7, &, 5]])




# G —IREXN FRs1

s1 = State( =originState.state)

# FEATRAE, BB A R A
path, closeTable = s1.solve()
print(‘Vi T S A )
for node in closeTable:
print(node.state) # FTEIREAVTH BPRZS

print(")

print(State.answer) # FTEIHFRIRES

print(“Ui el SR ECH: Y, len(closeTable) + 1) # HtHyiia) 35 sl A%

# HLIRAE path B i A
if path:

print("\nifiz: )

for node in path:

print(")

print(node.state) # ITENERAEH HRAVRA

print(R BB T I SO, , len(path)) # %t BRI S

else:

print(TCiEIREIBRAT)  # WRAREEKBIERAE, WLIRNER




BEAERZR (ZRMEEBMEAMITE)

import heapq

# € LCHBRIRES

TARGET = "123456780" # BIE, '0 REFZH

class EightPuzzle:
def (self, start):
Start = start # VIGHIRA
target = TARGET # HinIRE
# EXRBITN Ca. . B

directions = [(0, 1), (2, 0), (0, -1), (-1, 0)]

def get_blank_position(self, state):
# FPE AR (‘o) M E

return state.index('0") # IR[A'O'[)Z 5]

def get_next_states(self, state):
# RPN APIRES AT B S BIATA F— MRS
blank_pos = sclf.get_blank_position(state) # L3745 ks &
row, col = divmod(blank_pos, 3) # K—4R3 N _g8bR (T, FID

next_states = [] # fAERT2IAM T —IRE




for dr, dc in self.directions:

# 38T I RERIRE 3N T )

new_row, new_col = row + dr, col + dc # THEH= A0 E

# HyRE AL B A TG A

If O <= new_row < 3 and O <= new_col < 3:
new_blank_pos = new_row * 3 + new_col # Hi7= 1%
new_state = [ist(state) # Fc#rNoIFR LI #
# STHAHTE B 5T A6 B R BT
new_state[blank_pos], new_state[new_blank_pos] =

new_state[new_blank_pos], new_state[blank_pos]

next_states.append("join(new_state)) # KFIFRIFEH N FRF R IFIINEIL,

return next_states # R[EIFTERAIREN T —IRE

# SRR RS JE R R
def heuristic_manhattan(self, state):
distance = 0 # YR EIES
for index, value in enumerate(state):
if value != '0": # Bd= AR

target_index = int(value) - = # HisfrE (K3

target_row, target_col = divimod(target_index, 3) # HinhiE 117151

current_row, curvent_col = divmod(index, 3) # EI%C7HIALE AT Al




# THE S GE Ry
distance += abs(target_row - curvent_row) + abs(target_col -
current_col)

return distance # &[] S A PR BT

# AT EUE KR
def heuristic_misplaced(self, state):
count = 0 # WIERIAE LI THEL
for index, value in enumerate(state):
if value != '0" and value '= str(index + 1): # Blit =S (AR H i AL
count += 1 # MR MEMEAEIEMOME L, H80n—

return count # IR [EIEENTITHEL

# A% AR RER S
def a_star(self, heuristic_func):
priority_queue = [] # {f MG FIRE FLRA

# YPHRIARIEAT], f(n) = g(n) + h(n), g(n) = B

heapg.heappush(priority_queue, (O + heuristic_func(self.start), O, self.start))

(f(n), g(n), state)

visited = set() # O IHFPRE

parent_map = {§ # LFEDIRESCRE, HTIBE S

while priority_queue:




# AL BAA R B A S AR AR S

estimated_cost, steps, curvent = heapq.heappop(priority_queue)

# WM EPRSE BARIRS
if current == target:

return steps, self.reconstruct_path(parent_map, curvent) # iz[nEE]

visited.add(current) # 15470 RA LN LT

# LT P EEK R IRES
for next_state in sclf.get_next_states(current):
if next_state not in visited: # GIRAWVj )L
gn = steps + 1 # FHILH
fn = g + heuristic_func(next_state) # i1 FUHIAIf(n)
# FEFRA IR S BA )
heapq.heappush(priority_queue, (fon, g_n, next_state))

parent_map[next_state] = curvent # ilBEIE (X TRA)

return -1, [J # Qﬂ%t;zj&?” ’{/T u\\_, ’ J’RI_I l/ﬂl"_\'”?IT

def reconstruct_path(self, parent_map, current):

# IRAESCIES B NI IR B H AR I %42
path = [[#Gkigchmitid 2, RA&HEE ALK

while current in parent_map: # JBE G E B BIEREIRE




path.append(curvent) # F24HRA 22

curvent = parent_map[curvent] # FEIFISORE
path.append(self.start) # HIMVIGIRA
path.reverse() # FNEATEMNBFRIRSITIRIBERNT, Pr oA 2 SO AR

return path  # & [E MATAIRZS 2 B AR B2

# il
if _name__ =="_main_ "
start_state = input("EFIAVIIERE (Bla: 123547608) : ") # FEHRMAVIMIRES

TARGET=input("iEHN HbeRE (Blan: 123456780) ")

puzzle = EightPuzzle(start_state) # @)\ Hht ] & S5

# A F] 2 iR S AR
steps, path = puzzle.a_star(puzzle.heuristic_manhattan)
print("EH 2 IR EEE B AR BRI HCY, steps) # Rl H

print("E1E:", 1 -> Ljoin(path)) # %itEEAE

# AL EUE R

steps, path = puzzle.a_star(puzzle.heuristic_misplaced)

print("E RIS LU A LD HLY, steps)  # Hili P EL

print("EAE", 1 -> Ljoin(path)) # fithEgie




