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: HHE

2 AR M3 H R HZE S S5k, B4 T AL 8 AN O BT A . A — B

s VAT BES ] python R AR, WAERULZHRRL 9 8o H TR IR E R F

+ maze.py, VR TACRS IR BRI SCEL 1 BRIE e U O SN HE 3 MR TR H=Ma

s 0 CS50 RMIIIH 1—degrees, /M2 7 HNAE. JRELAMSCHUINE, JiE S HUE 7 A SLHL
TTRINS: VUi B CS50 R IITH 2—tictactoe, /M4 T H N B, SEILTTVERL K

P AR ARAL . 5 TR A A 5 e R A L3R AT OSGR AN 22 ST 2256

s 1 Python 23]

o NFEEAR KA, ANH 2 R EE A FRIE R 52 5] 75 python 16 5 A RIIH 5<k
w0 8, BAREEE.
Python J:Aillii %
Python A2 & ¥ & S H
Python 12 HAF
Python 25 /41E %)
Python fE¥H 15 )
Python #I| 3R fE X H1#4E
Python JLZHHE S5 #H:AF
Python 7 it i) 2 LS #RAE
. Python BRELH & X E i
20 10. Python SCAFEE A AIEE H
21 11. Python T [P0 R G2 712
2 BARKIZ 2% 5 R4
T AT (Python ZEAtiere )
K%k runoob.com Python FE At 2
(Python M1 ZI¥EiE )
26 https://www.bilibili.com/video/BV1wD4yl107AS?spm _id from=333.337.search-card.all.click
27 ANZ AR C1ES M java if 5, XL ] HLAD 4 2] Python A Frlhat . @R >3 T
2 fiff 1 Python ifi 5 AR, ABONITH 58 BORELAT TR, B 1EIRESR 7 — I R g is

CH ==
29 l%ﬁo

w2  BRESEFRIG nave. py

21 ARKAE N FR 3% P20 5 H 2 (0-search) |, 045 & TR 52 I8 7 [ R K B S AR RS A0 9 A 3
2 CS50 T H o BLAb T S/ aR fif ik 5 s ARhS
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40

41

F AL
BEA maze.txt R HERE
Zxil ek E EE.
Solve KE, 10 R RIRES.
FTEIR E 5 Rk mss

1% K B maze.png

ok wnE

Node 2K7& X 3 M EME: state JIRFS, BTl () Fom, i AREWATE, joARERSI%. %

o NRENAE EEAT, £ BTSN TP 5K parent NI action N R T, A EFA
e A4,

a1 class Node():

45

46

47

48

49

50

def init  (self, state, parent, action):
self.state = state
self.parent = parent

self.action = action

HEARELIR S5, AUFE 5 N7k def init  (self) HIEAML, & LH AR def add(self, node)

s MARTIES AL 725 def contains_state(self, state) JIWrHEfk N & B AFAEFEAIRES ;s def empty(self) F e
s2 AT AT def remove(self) HIARHERAE, MARTIRIZ R & 5 — A0 2= MR IR B

s3 class StackFrontier():

54

55

56

57

58

59

60

61

62

63

64

65

def _init_ (self): # WIlaHERR, ZIFMEAX
self.frontier = []
def add(self, node): # HEFZ NI
self.frontier.append(node)
def contains_state(self, state): # Wi —IRZS state 7EHEAR N & B AFAE
return any(node.state = state for node in self.frontier)
def empty(self): # HIWrHER &5 T
return len(self. frontier) == 0
def remove(self): # BER1R1E, MEANEER, RIEIFZERI node
if self.empty():
raise Exception("empty frontier")
else:
node = self.frontier[-1]
self.frontier = self.frontier|:-1]

return node



69 BAIEE S5, S HER S 1) remove(selRIAT, KE MBIZRA M B 1k 52 5 MBI IT Sk Ml B

0 L

1 class QueueFrontier(StackFrontier):

722 defremove(self): # FAF 5 HERRME— AR — S0, FERRECOII A #2 5k
% if self.empty():

74 raise Exception("empty frontier")
75 else:

76 node = self.frontier[0]

77 self.frontier = self.frontier[1:]

78 return node

79

o EE, HAARBEIRERE R maze.txt FANEE, AR,

81 class Maze(): # K&K

82 def init _ (self, filename):

83 # BEHUR E S

84 with open(filename) as f:

85 contents = f.read()

8 # AR B Ak, RRE DB N AN
87 if contents.count("A") = 1:

88 raise Exception("maze must have exactly one start point")
89 if contents.count("B") !=1:

90 raise Exception("maze must have exactly one goal")

o1 # 49 B3R B ) v AN B8

92 contents = contents.splitlines()

o self height = len(contents) # & 1 &

o self.width = max(len(line) for line in contents) # LK = % &
o # R E

96 self.walls =[]

97 for i in range(self.height):

98 row =[]

9 for j in range(self.width): # ¥ [Jj K = 1R —H%

100 try:

101

if contents[i][j]="A": # $KEKE {2



102

103

104

105

106

107

108

109

110

111

112

113

114

115

116

117

118

119

120

121

122

123

124

125

126

127

128

129

130

131

1

w

2

self.start = (i, j)
row.append(False)
elif contents[i][j]=="B": # K FIK B2 5T

self.goal = (1, j)

row.append(False)

elif contents[i][j]=="": # XK E W= E
row.append(False)

else:

row.append(True) # 2K 5 (145 B
except IndexError:
row.append(False)
self.walls.append(row) # F i B 4L A /R K

self.solution = None

neighbors PR EH T [ 32— R NI AR ATARE, IR EIFIFK,
def neighbors(self, state): # FRE| M FPRES N A BRI 1740 &
row, col = state
candidates = [
("up", (row - 1, col)),
("down", (row + 1, col)),
("left", (row, col - 1)),
("right", (row, col + 1))
]
result =[]
for action, (1, ¢) in candidates:
if 0 <=r <self height and 0 <= ¢ < self.width and not self.walls[r][c]:
result.append((action, (r, ¢)))

return result

AT Rl SRR, 4T BV = pR &K print 5 22 118 B BEL output_image A IR
JFESE IR B A ok ERE VIR B et R, R PRI RE “UR 7 M RN . ERIHEA A

s 2 N T ORAF IR, SER B R RENE LA AT (TEERD RER, ERREET, —BRIUR
o0 RIVEFEAFFEER, BUENH S QG PR 4 nl, PELFRTIRR, WILRE#T, HEXR



s (AR . SEILIVE A HERR, EGNSeH . SEILERECH solve DFS, HARARRGIT R, HAZ OB
16 NERRIEFERPAR KA AT AR, DO TR 2 QR AR R HEMON TSRO, K3 HARjE1E—
o S B AR

138 def'solve DFS(self): # IRFEARIIHE 2%

139 """Finds a solution to maze, if one exists."""

140 # Keep track of number of states explored

141 selfnum_explored =0 # R FPIREHH

142 # Initialize frontier to just the starting position

143 start = Node(state=self.start, parent=None, action=None) # & EYILHTI 5, KREN

124 {start,nome,none}

145 frontier = StackFrontier() # ¥JURALHER

146 frontier.add(start) # K HI14GH7T S HERR

147 # Initialize an empty explored set

148 self.explored = set() # L R AT

149 # Keep looping until solution found

150 while True:

151 # If nothing left in frontier, then no path

152 if frontier.empty(): # HEA%H JC node KR Tofif
153 raise Exception("no solution")

154 # Choose a node from the frontier

155 node = frontier.remove() # # H #EA& T node
156 self.num_explored += 1 # #RZ 177 s £h+1

157 # If node is the goal, then we have a solution

158 if node.state == self.goal: # 1R node A H Fr3% B 4L 2 i
159 actions = []

160 cells =]

161 while node.parent is not None: # i&—3-% parent
162 actions.append(node.action)

163 cells.append(node.state)

164 node = node.parent

165 actions.reverse() # X %1% FHES

166 cells.reverse() # X 41|31 7 HE51)

167 self.solution = (actions, cells)



168 return

169 # Mark node as explored

170 self.explored.add(node.state) # %717 mi DR R

el # Add neighbors to frontier

172 for action, state in self.neighbors(node.state): # i [ 24 BRI AT 41 &

173 if not frontier.contains_state(state) and state not in self.explored: # ik -HF AT ZIRAS H A
s PERR

175 child = Node(state=state, parent=node, action=action)

176 frontier.add(child)

177

178 TR R GIR A IR AR, HERRRE 777 MBTr R SRR SR e R

e B, FFEBAIIGE NS IR B0 JEOL AR 2R S IR AR S 48 R AR AR R AU _EA A
o [\, PRI R SRR AR e 2 TR B HERR SO BAB BRI AT, R frontier = StackFrontier()lSCH frontier =

181 QueueFrontier().

182

163 TOAEFE AR R AR, HERSHE MR R M AR R R I e R A
100 AHRBAATIRE AR R TP, HIAEE e 202 LR 5 B s Z M) S i s (A 1
s B, SIREEHE KA, SWEEEE/NREARK. IXFE Agent B SEIRR L 2T ES /MK
o . PRBLT “BUAE” [EAE

187 def'solve Greedy(self): # 7125102

188 """Finds a solution to maze, if one exists."""

189 # Keep track of number of states explored

190 self.num_explored =0 # D RIIREEH

191 # Initialize frontier to just the starting position

102 start = Node(state=self.start, parent=None, action=None) # & BEW¥JZH T, REN

193 {start,nome,none}

104 frontier = StackFrontier() # #JUGILHERL

105 frontier.add(start) # ¥ HI4GH7T S HERR

196 # Initialize an empty explored set

107 self.explored = set() # CU% 2177 11

108 # Keep looping until solution found

199 while True:

200 # If nothing left in frontier, then no path

201 if frontier.empty(): # #EF%H TG node F/x L f#
202 raise Exception("no solution")



203

204 # Choose a node from the frontier

205 node = frontier.remove() # # H #EA T node

206 selfnum_explored += 1 # #RZ I i 4+1

207 # If node is the goal, then we have a solution

208 if node.state == self.goal: # W4 node 4 H b1k B 3L 2 fi#

209 actions = []

210 cells =]

21 while node.parent is not None: # iZ— 34k parent

212 actions.append(node.action)

213 cells.append(node.state)

214 node = node.parent

215 actions.reverse() # X 41K W 7 HES

216 cells.reverse() # X 1|32 7451

217 self.solution = (actions, cells)

218 return

219 # Mark node as explored

220 self.explored.add(node.state) # %17 il CHHRER

21 # Add neighbors to frontier

222 choices =[] # FEAFRATE TR

223 for action, state in self.neighbors(node.state): # i [ 24 B RS B BT & 48 &
224 if not frontier.contains_state(state) and state not in self.explored: # HE#%H AL EIZRS HA
s WARZR

226 child = Node(state=state, parent=node, action=action)

207 choices.append(child)

228 # R Q8 JE AR A 2 s TR B oK BN

220 for 1 in range(len(choices) - 1):

230 for j in range(i + 1, len(choices)):

231 if abs(self.goal[0] - choices][i].state[0]) + abs(self.goal[1] - choices[i].state[1]) < abs(
232 self.goal[0] - choices|[j].state[0]) + abs(self.goal[1] - choices][j].state[1]):
233 temp = choices[i]

234 choices[i] = choices[j]

235 choices|[j] = temp



2% # 1 HE e B PR 408 I e AR
237 for i in range(len(choices)):

238 frontier.add(choices[i]) # K% 2 241 & D ANHER

a0 AMERGTAEFIEAR, HADCEEMN A RPIRERIE AR A, @75 18 MEIa A7 B 25K 241
oo ML BEHAE A . ZFRIRES (RIBIE Y LERIBR AR A+ B ARl T A, — BB A St
2o SRS THEAS, SRR TG 24 T AR IR (8 B i Ak L, AT 1E B IR — S KM R A #s 42
o FRR o BARMBER BRI s AR U 5 pR BUE MT mEHAT IR R R e
2o By JR RSB BB I MG 5 31 22 HBR S B0 2 EL 10+ AN 24 IR S 20K H A A 2 e i

245 def findMinNode(self, frontier): # F T 5o KRB/ &, AR N: Sk 2t
20 PR+ 55 2% R AT G

247 NodeM = frontier[-1]

248 for i in range(len(frontier)):

249 node = frontier[i]

250 if (abs(self.start[0] - node.state[0]) + abs(self.start[1] - node.state[1]) + abs(
251 self.goal[0] - node.state[0]) + abs(self.goal[1] - node.state[1]) < abs(

252 self.start[0] - NodeM.state[0]) + abs(self.start[1] - NodeM.state[1]) + abs(
253 self.goal[0] - NodeM.state[0]) + abs(self.goal[1] - NodeM.state[1])):

254 NodeM = node

255 return NodeM

256

260 BATERUTT



BAR, TR R R HERIR” FRRYE, Agent RAEIE R — %k HAEERAT
SO e LS R R A — ks, IBATA R IR

UL prf kAR B N e, S8 T 98 e 2R “T 7 e s
12 S AR SAR B N 3k E

BATERINTE
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210 AR, BRI B LR, HirAE
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A***I*******
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Bo N E IR

274

215 WLVER], i TR RAe sy OB I £ 7 BRI T ), RIS X “—BRE BB, Agent %44
e Y T AR AT BRI AT DA A*BEE, — B R RGBS S i i i Al S, i
o FEMET SRR B BT AR T, AT IE Agent W — & KM S A8 R . I8 A RIEF
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23 Degrees

282 A K Six Degrees of Kevin Bacon H1—#F, AT —/Mif 33552 B # 0] LAAE 6 28 N 5 Kevin Bacon
o PEAEIR R WERAN B ILFRI S A — Mg, MM A giaer= LBk &R . U0 Jennifer Lawrence Fl
25 Kevin Bacon 3L [A]Z{# “X-Men: First Class”, Kevin Bacon 1 Tom Hanks 3£ [7]Z#“Apollo 137, I
205 Jennifer Lawrence 1 Tom Hank Z A4 T KR, BN 2. DIHMERESAEWNE, KRiEH
2 AT 22 TB] A B DR 2R

27 3.1 ﬁaﬁ*ﬁ

288 S Xt — MR R A i FE T SR E RS, W states LR, action U HLEY,
200 AFIF EEE R TR HS5ERE R EARKZ, XA EIRAEEG IR H— N E R
o0 BREL RIMTEEEES ABEATEH, #Hie b H R8s FREA e R/ 5 A e Rk A7 R

201 TH S E TASSCHESE, 73ildr 48 small #l large, small SRR/, NTHIEE; large
o PR EIRR, NEWEEN. G320, WERIE R 5% R R X PIF & 1
200 FHFE AN A

204 I ICH 3 AN, )& movies.csv. people.csv Fil stars.csv. movies.csv 24 H T AN R HEL S
205 BIF 5 BRAFEAS; people.csv HZGH T AR EN TS AFMHBAFA; stas.csv FEEH T
00 BREHENER, HZEWF SRR,

207 RSP AKX RHTAR R, RAKRBE MBI EERR. Hla(1,2),3,4))E&RH)
o0 WGP R SRR 2 B | PPARIR, R 2 5 EVRE 4B R 3 AR R HERRAIBA S ) XL
299 5 2 ':Pﬂgﬁ, 5&@@9‘]9%@%@@&1]?

300 def shortest path(source, target):

nmn
301

302 Returns the shortest list of (movie_id, person_id) pairs
303 that connect the source to the target.
304

305 If no possible path, returns None.
306 o

307 global time

308 start = Node(state=source, parent=None, action=None)
309 frontier = QueueFrontier()

310 frontier.add(start)

311

312 num_explored =0

313 explored = set()

314

315 while True:

316 time = time + 1

317 if frontier.empty():

318 raise Exception("no solution")
319

320 node = frontier.remove()

321 num_explored += 1

322

323 if node.state == target:

324 actions = []

325 cells = []

326 while node.parent is not None:
327 actions.append(node.action)
328 cells.append(node.state)

329 node = node.parent

330 actions.reverse()

11



331 cells.reverse()

332 solution = list(zip(actions, cells))

333 return solution

334

335 neighbors = neighbors_for person(node.state)

336 explored.add(node.state)

337 for action, state in neighbors:

338 if not frontier.contains_state(state) and state not in explored:
339 child = Node(state=state, parent=node, action=action)

340 frontier.add(child)

31 BARXE 2 TR R e a8, RN states i 2R, action B2 ST E

w32 BITHRSHTREB
343 Small Fiz FH 55 B Se 48 2% S LAY $ Chris Sarandon A1 Bill Paxton 2 [A] ) fc /ME B U0 T -
Loading data...
Data loaded.
Name:
Name:
3 degrees of separation.
1: Chris Sarandon and Robin Wright starred in The Princess Bride

2: Robin Wright and Gary Sinise starred in Forrest Gump

3: Gary Sinise and Bill Paxton starred in Apollo 13
.
245 HA X2 Chris Sarandon 1 Bill Paxton Z [A]f¥J#E 5§74 3, Chris Sarandon 11 Robin Wright J&[F] i i
25 “Princess Bride”, Robin Wright f1 Gary Sinise 2 [F]#id “Forest Gump”, Gary Sinise A Bill Paxton $£
a7 [AIVEIE “ Apollo 137, B+ 53 A FELFZ 0T I OC JR T Sk IR it . # R APIRECH 8.
a4 8 small STHFJ T R E AR I @Tuﬁﬁﬁ%fhﬁﬁ%%@? 55 5 FEAR Se 8 AT H 1) rontier

a10 = QueueFrontier(){ N frontier = StackFrontier(), &1T45 KU1
Data loaded.

Name:
Name:
degrees of separation.
Chris Sarandon and Robin Wright starred in The Princess Bride

3
1
2: Robin Wright and Tom Hanks starred in Forrest Gump
3

: Tom Hanks and Bill Paxton starred in Apollo 13
7

350

351 UAE B BARE R A AR, (RS R IR 1 iigte, Mo H IR R b 58 B AL se
s RERNPPPIEE S, 23X AR source M1 target B4k 10 U0, HUALREEML /LI R AN T8 L0 618 R
s EHDEL

source | Kevin | Cary Mandy Chris Jack Sally Gerald | Cary Dustin Chris

Bacon | Elwes Patinkin | Sarandon | Nicholson | Field R. Elwes Hoffman | Sarandon
Molen

target Tom Tom Dustin Demi Bill Valeria | Gary Mandy | Demi Jack
Cruise | Hanks Hoffman | Moore Paxton Golino | Sinise Patinkin | Moore Nicholson

steps 1 1 5 4 2 4 3 1 2 4

BFS 5 5 14 10 9 1 5 8 3 7 1 2

DFS 10 12 15 14 5

354 BFS Fﬁﬁﬁ?iﬁg?ﬁ*ﬁﬁ 8.8, DFS ﬁﬁﬁﬁ?ﬂﬁﬁi*ﬁﬁ 8.6, gﬁ*ﬁﬁﬁﬂ .Jﬁhﬁiﬁ(jﬁid‘
sss ISR IEFF BN S 2

12



356 B 455 AR KIN, BFS F1 DFS B kAR A W25 . A HIWTH Frds € 1 large SCAFR TN
s B BFS #HT7# &, 2 Ingmar Bergman 1 Marlon Brando HIf R 2, 250U
Loading data...

Data loaded.

Name:

Name:

2 degrees of separation.

1: Ingmar Bergman and Gene Hackman starred in A Look at Liv

2: Gene Hackman and Marlon Brando starred in Superman
898

359 F] DFS # R 45140 T -

Loading data...

Data loaded.
Name:
Name:

361 FEAPRIVISFERIRFA T, BFS REs TR HI45R, M DFS RAEEA RN E NIZ2HAARIZR . 5
see PRIR 5 0 [A)IER 2% AR AR B0 H 20K 2 TR A MR R VR L . DFS 2 “—3RBERIRY, WARRT —
o DA S VIS 7 — T RERIBRAZ | BFS f8) 8 ER, seildfAR RELHER . BIEH
sor PERARKAIELLT, 0 T3 — il jin 5 R et 98 FE i e R .

s 4 Tictactoe

366 IiH tictactoe ERFATHIT— N REE BRI FHU Agent, HAHAHNZ—T N “X” —
wr TN “O7, “X7 RFNEL AR 3*3 BIJLERS, BT R 3 MR — U iR . T E sk
a0 TA1 T8GR 7> BRI 9 5 LASE I H ,  FEREIZATRRIT AT Agent SIu X 2%, Buadskiz A nf ge kit
369 Agento

w41 HWHEERS

an o WUHESRBAHS MABIRECE 6 4, 7 7l7& player(board), actions(board), result(board,action),
s winner(board), terminal(board), utility(board). " HI&KIXI A

373

s ML Board RAUNFIF, A 3ANFIRICER 720X R 347, BANFIRITCED A 3.
w5 ZXIRAS N Empty=None, AT HI 351X B X= “X”, O= “O”. WIERAH 9 M EIA Empty.

376

w7 player(board IRAE MADIRAS R B N —AMNEF 1 —T7, X 0. SEUITER G A EiY XA O B+
o NG NN X, ANFENEN O.

9 def player(board):

nmm

X

3

N

380

381 Returns player who has the next tum on a board.
382 e

383 countX =0

384 countO =0

385 for i in range(3):

386 for j in range(3):

13



387

388

389

390

391

392

393

394

395

396

397

398

399

400

401

402

403

404

405

406

407

408

if board[i][j] = "X"
countX = countX + 1
if board[i][j]="0"
countO = countO + 1
if countX == countO:
return X
else:
return O

actions(board) iRHE AL R M A S E (B30
def actions(board):

nmm

Returns set of all possible actions (i, j) available on the board.
actionSet = []
for i in range(3):
for j in range(3):
if board[i][j]= EMPTY:
actionSet.append((i, j))
return actionSet

result(board,action) /R L FRZSHUT A Gl () Fox, R i 17 j IET) IREE T 5 R

4093?1 T EE R T BB ARG E, AAVE TREMALE, IR HASRE SR A AR

410

411

412

413

414

415

416

417

418

419

420

421

422

423

424

425

426

427

428

429

430

4

w

1

432

433

434

436

437

438

439

440

&, MRHTE A FRE AR AT B4
def result(board, action):

nmnm

Returns the board that results from making move (i, j) on the board.
newBoard = [[EMPTY, EMPTY, EMPTY],
[EMPTY, EMPTY, EMPTY],
[EMPTY, EMPTY, EMPTY]]
for i in range(3):
for j in range(3):
newBoard[i][j] = board[i][j]

if newBoard[action[0]][action[1]] = EMPTY:
raise NotlmplementedError
else:
if player(board) == X
newBoard[action[0]][action[1]] = X
else:
newBoard[action[0]][action[1]] = O
return newBoard

winner(board iR E ML ALIRAS A IR, R XOMGRIE] X, HE#EN O WERIEN O, A & MR
[7] None.
def winner(board):

nmn

Returns the winner of the game, if there is one.

nmm

if (board[0][0] = X) & (board[0][1] == X) & (board[0][2] = X)) | (
(board[1][0] == X) & (board[1][1] = X) & (board[1][2] == X)) | (
(board[2][0] == X) & (board[2][1] = X) & (board[2][2] == X)) | (
(board[0][0] == X) & (board[1][1] = X) & (board[2][2] == X)) | (

14



an1 (board[0][2] == X) & (board[1][1] = X) & (board[2][0] == X)) | (
442 (board[0][0] == X) & (board[1][0] = X) & (board[Z][O] =X) | (
443 (board[0][1] == X) & (board[1][1] = X) & (board[2][1]== X)) | (
444 (board[0][2] == X) & (board[1][2] = X) & (board[2][2] == X)):
445 return X

446 if (board[0][0] = O) & (board[0][1] == O) & (board[0][2] = O)) | (
447 (board[1][0] == O) & (board[1][1] = O) & (board[1][2] == O)) | (
as8 (board[2][0] == O) & (board[2][1] = O) & (board[2][2] == O)) | (
449 (board[0][0] == O) & (board[1][1] = O) & (board[2][2] == 0)) | (
450 (board[0][2] == O) & (board[1][1] = O) & (board[2][0] == O)) | (
451 (board[0][0] == O) & (board[1][0] = O) & (board[2][0] == O)) | (
452 (board[0][1] == 0O) & (board[1][1] = O) & (board[2][1]==0)) | (
453 (board[0][2] == O) & (board[1][2] = O) & (board[2][2] == O)):
454 return O

455 return None

456

ss7 terminal(board AR AL ELIRZS HIWT B B RUR 45K, R NERE] True, FIRIE False. SEHL 7722 )T
s ALE T AR Empty.
as9  def terminal(board):

nn
460

461 Returns True if game is over, False otherwise.
462 e

463 win = winner(board)

464 if (win = X) | (win == O):

465 return True

466 else:

467 count=10

468 for i in range(3):

469 for j in range(3):

470 if board[i][j]= EMPTY:
an count = count + 1

472 if count = 0:

473 return False

a74 else:

475 return True

476
7 utility(board)# X BiMR[E] 1, O Bl
as def utility(board):

nmnm

4

by

479

480 Returns 1 if X has won the game, -1 if O has won, 0 otherwise.
481 e

482 Result = winner(board)

483 if Result == X:

484 return 1

485 elif Result == O:

486 return -1

487 else:

488 return 0

wd2 RERPRE

w0 ARITH AR R ECN minimax(board), EARIEHLERRA S 1 270 T — TN RIUE TALE, X
sor SN TP FUEAE 2R R, W] DA IR MR R SR SR A . Minimax KR IR S8 AR 9 — DA (-1)

soo MUY (+1)0 HE— P BT BRE BX LS55 AR IR, B/ IME— 7 RIS IR AR M 4, TR — 77
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son WK BRI Iy 70 8 0 E, UL AT T RER AR I X, XS] LU BIPIRES T 4R, B
son BB HAORE . BALEREHIER (D 0 8L (+1). MIEFRBIENPIRE, 1ZFIEW DUIE 2T
105 ZAE BRI R 5 2k 75 S B A A BIR B R EPIRERIE. X8, FAER/ MUKz
wo (MRS, NEAATREMBIE A RPRES QMG . BAUIFAER — M EEE SR ORISR
s MTE, A —AFRES . WEREIMEB SRR, SIS 0] LRI A AT 3 RIE B R A
o PHE? 7 ART, N T BIEEA A, R BeR AN “ ERE R MR 24, A EAE
w0 B /IMEBUS BRI TP B R I R VB & 2l 7 R PCRIUZ AT 3, S KB
so0 W] KRBT AT Rk Bl il ? ° 7 e, XA R R, s KB s O RS A R
sor B, IXES{E AT REH M ATIRES T A rTRERIBNE AL RIS IX M Ja, e KLU SR Ff = i —

502 /I\o

MAX-VALUE:
1

PLAYER(s) = X

sos _IRTH SRR S (O A SR R K OV ARG R P eR BSO ELR S«

506 KA /IME R 2
so7  function MAX-VALUE(state):

508 if TERMINAL state):

509 return UTILITY (state)

510 VvV = -00

511 for action in ACTIONS(state):

512 v = MAX(v, MIN-VALUE(RESULT(state, action)))
513 return v

515 SN S SNIEEEAE
sie function MIN-VALUE(state):

517 if TERMINAL(state):

518 return UTILITY (state)

519 V=00

520 for action in ACTIONS(state):

521 v = MIN(v, MAX-VALUE(RESULT(state, action)))
522 return v

500 HASEILHARIS IR

525 def minimax(board):

nmn

527 Returns the optimal action for the current player on the board.

nmn
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529 turn = player(board)

530 Actions = actions(board)

531 Action = Actions[0]

532 if turn == X:

for action in Actions:

534 if min_value(result(board, Action)) < min_value(result(board, action)):
535 Action = action

536 return Action

537 else:

538 for action in Actions:

539 if max_value(result(board, Action)) > max_value(result(board, action)):
540 Action = action

541 return Action

se3 def max_value(board):

544 if terminal(board):

545 return utility(board)

546 v=-10000

547 for action in actions(board):

548 vl =min_value(result(board, action))
549 ifvl >v:

550 v=vl

551 return v

ss3 defmin_value(board):

554 if terminal(board):

555 return utility(board)

556 v =10000

557 for action in actions(board):

558 vl =max_value(result(board, action))
559 ifvl <wv:

560 v=vl

561 return v

w2 4.3 THBITER
MR SFEWIFTRE: 5 Agent#1°F (tie) B Agent B (“O win™):

564 Tie:

o
o
W

Game Over: Tie.

565

566 O win:

17



Game Over: O wins.

BuZ K AT BEELT Agent, T H 5 k.

54 4.4 ma'ﬁt’f/h

A NAESEBRIMK B g R, Bk Ja FHE Agent B — LR AT REI AR,  J R 15 DL
s ZIUTHEBERKFE . M TXAE K, TR ERKEFH Agent D@ EF LK T, JRFELE
s7 FULTEF—E X Agent A Fl. ARAARES TR

def minimax(board):
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nm
579

580 Returns the optimal action for the current player on the board.

nn
581

582 turn = player(board)

583 Actions = actions(board)

584 Action = Actions[0]

585 if turm == X:

586 if (UUser == O) & empty(board):

587 return (1, 1)

588 for action in Actions:

589 if min_value(result(board, Action)) < min_value(result(board, action)):
590 Action = action

591 return Action

592 else:

593 for action in Actions:

594 if max_value(result(board, Action)) > max_value(result(board, action)):
595 Action = action

596 return Action

597

ss  def empty(board):

599 count =0

600 for 1 in range(3):

601 for j in range(3):

602 if board[i][j] '= EMPTY:
603 count = count + 1

604 if count ==0:

605 return True

606 else:

607 return False

coo SRR BUEAEHORT BUKIR SETHE SRR, 2T P AR5 .

o FEARTRHEFRTBAMENAL, BEEAX DU Rt ae s F feoRIRGF AR SG, SR DR A AR X
oo ] Lo ELAE— LU R P AN B . LSRR A, B A A UME SRR S A 7 B R I 1 it
o 2, TSR IEANUE SN T e OE A HVETE . X AT AR Alpha-Beta {2 BYFIVRE 32 BRKI 0
o #. Alpha-Beta 1285245 5 @ X FUTEE 2 AR LUBbid 1 — S840 AR 8 A5 R e — 4
os SPERIUMESE,  WRAT VD UESE R WL T R A BIAE Al DA 23845 b 228 € 1B /R SE 4 1) 70 4L
o W EFRH—LREZINE, FACHEANZATEZK—A . WREZREIX TR IR e R
o7 L Z BT A B &G MAEBNIREL, AR BIE RN B2, XA NN SR
o {H, PR ARIE BB I ZE R . O T R I AS TRl L, R P 52 BRI DU PR SR AR T — S VP R
o0 BONZE RS THIE R TN - B, fEEPRRBEE S, O B B S i 2w B AR
oo BN, FPPAE RN, AR E R BB UE, R BB A T 5 — AR
oo AAIRESE . IXLBAE AT DAFISR U E IERAIIB01E, IF HATAN BB, fOBIE 1) Minimax SE BB .
o0 JRAULF LE— ML T RES AR 2R J LN R ik, (ERETAR R RI AL —FE.

=5 WIREZRK

624 FoaEd EEER, WEMME 52T python, #F| 7 —TTSLHMIMIEE S . AA/EHRE LK
o FEALR CEFM java ifi 5, FFARY 21 python. (HIEIXKOAEALIR | ##IFHEA SR | python FIfE
oo TR, JEIEERARE T SLI ARSI AN H AR, St AR s B AR A 0 A AR 1K T ] A
o7 o FEBEF] python FELMEFEE I MR —Fh il il 5 IEZB R I, BRI T RAEH SIS
os IR . BAREIRAE LG 2200 AR IR A H] python T8 5 DR AN R 5L B il AL

=
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629 TEWT 52 Z AR 20X T AR 5 I e fa, FRER TR XA R S5 R BN . — R

s20 FEFAFIX AN FIR SRR, 55— J7 TH & T XA 7 T A 4R, 1RAEE 23 T 5 AL 928 .
oo BRAAE T 8 500 IR R B ED maze.py I H 'S T He =R R 07 ik IR ZI LR T A H

o IR ITIEZ B ER AR . SERIE M CS50 R E 1—degrees J:LL%E: T BFS #1 DFS f1ig47

oo 25 LI BEAR T BFS 1 DFS % H G %A 58 CS50 # R I H 2—tictactoe, TR ELAR I 5 17

sa T RTPUER R I SEI TV SN AR B . BT S 2, S TR A e R i TR PR AR I 4 S AR D

sos (PR D EHIE . I SERRA IR KAV IR R TIRZ, WORTIRZ .

o B ICER
s7 £ —AT[A%=11) {Python Fefitifa e )
sse %% runoob.com Python FEfili#fE

639 <<Python U\]\ [‘] i”ﬂ%ﬁﬁ »
es0 https://www.bilibili.com/video/BVIwD4y107AS?spm id from=333.337.search-card.all.click

641 ;Eﬁ 0 lj:[: - Ei%'f ppt
s> Degrees - CS50's Introduction to Artificial Intelligence with Python
43 Tic-Tac-Toe - CS50's Introduction to Artificial Intelligence with Python
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