MEEE: HFH

3.1 % B #r

(1) g&
(2) BEWS /AT T Minimax SRR IICHER A, IR5E H ekodh JE %
fe

5B LR HUIER AR TR FPAE S o

(3) REMEPEMRIF R TR AR

3.2 XWARSES

TicTacToe Xk, WA “Hgph”, &—KERRNFR. E£—1 3x3 1 9 N7
R AR, PIANBL SR IRE — M A B, W R — O A SR TR &
HE AL LM 3 AT, WESHER . 5B — NI RS, A — AN
Minimax M AL BiFK, BeER ARILRNZE. B 3.1 2+ X MBu ke it BT
FEE 5 PRHE, NIRRT O MInK N,

X X O

X

K 3.1 Fedigk BRIz O FHD
3.3 S FEREX

(1) SHOAEFESR . Windows/Linux #ERSt, Python 4i¥iAl, random SFHFE .
(2) KLY Game. TicTacToe. Minimax_player. query_player 5§ £ HREk
(3) AT AN UL AR NG

(4) ¥ TicTacToe HELP K, MEIH1T1E Minimax_player FIZRI .
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3.4 MHXMARER

M 20 2D 50 AN TR GRG0, 3 21 RS AR ZNA, H2E
WAk — BN TR A B A, A EPR G BRI ST N T4 BB 2 i) ik
FET ANFE. H Minimax RN 2 EIRMEATE, MALESM AN TGRS, H
TAEZRWE R IR E T R RN, ke T RH Minimasx 5B 10 1 58 7] 5 4%
PE, P54 A Minimax SREES 193E0 A R IE RN AR . 7 B ph 2 — A~ /N Y
Wk, HRSEM RS RA 9, N Minimax SEHST DLALEE . ASZIGZA T —AMEZE
PR AIMELE, FF R Minimax R8RS LB REBLE 2 5H 7K.

3.5 LWHF5HES

AR SEIA WA . MRS Bk 3 DEEXTR, Hroa AR IR R RN 2 i kL
i, SeftHms g R — AT L.

3.5.1 Minimax R%K

T R ) R SR SRS Ay B — BRI SRR« AR BEHEAT HE - B AR A N B R 44 72 Max
A Min, HF7RE MR Max /78 REGAZIIR Max B PIELURIRE, FR9 Max
Sl MR Max BUATSIEEE, REMAEREZ D TH A, BT IR Min B3 EFPIRES,
RO Min 45 55. T — 24 Min 3347305 302 Max 450 RBCH DR s (1
PE2r B E Minimax(s), BB Max BAF], W Max —& &8 —M73h, K0
745 ;P ORI Minimax B, 117 Min W@ H—M738), APra 7455 b B &
/M) Minimax 8, 0El 3.2 Fios.

Max

Min

3.2 Minimax 3
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YR FIA ST Minimax EHPHER, — AR Minimax 7] BLHH 25 58 Mini-
max 33|, FHIXE—ANEIEE L, E7FHEE 745 gt £ 208 HH Y Minimax 5
AT . P Minimax 5 B RS — SRR VP B3, a2 R
HIRH %L Utility(s), B

1, W s J& Max BEL PR
Utility(s) = ¢ —1, #WH s /& Max AL RRE (3.1)
0, R s RIFLFPIRE, 82 FREIRE

WAE 4 RPIRAS 10 Minimax (55T HANE, KU 7B+, Minimax &%
A PAE N

Utility(s), A5
Minimax(s) = ¢ max,eaction(s) Minimax(Results(s,a)), Max £k (3.2)
MiNge Action(s) Minimax(Results(s, a)), Min 455

RiER AL T, A Minimax RIS H CATHIN A28 —
PROFMHEAT IS, JE A C241F Max, 8477 241F Min.

3.5.2 MFxiRRY

B — AU T E LIRS : GameState = namedtuple(' GameState', 'to_
move, value, board, moves'). fEHFHH, to_move & MFTTHMIILEK .

A, BEAE BRI AR AN oK, T4 “X7 BiE “07 For.
utility 2XF AT XS Je AT H RO, A (3.1) & L. board s A ATHIELE, 10K
BMMIE (z,y) MWETFFER “X” 83 “0”, H Python Hia#EAEIR . moves &4
HIBLR T AT E (2, y) A,

TERRAL AN Problem YA, FEEE X actions, result 557777,

1 class Game:

2 def actions(self, state): # ERATHTANES

: raise NotImplementedError

" def result(self, state, move): # XBEATHEHFRES
raise NotImplementedError

6 def terminal_test(self, state): #HERGA RS

7 return NotImplementedError
8 def utility(self, state, player): #IME#HEE4 X player WA
9 if player == self.initial.to_move:

10 return state.utility
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def

def

def

else:
return -state.utility
to_move (self, state): # KB YRS THANITEATH
return state.to_move
display(self, state): # DR LEDRA TR A
print (state)
play_game (self, *players): #players ZIMKF| &
# & player HI# < H THATHE
state = self.initial
while True:
for player in players:
move = player(self, state) #player RE—PMTH#H
state = self.result(state, move)
if self.terminal_test(state):
self.display(state)
return self.utility(

state,self.to_move(self.initial))

3.5.3 Iz

£ Game JE RN T, BB R MEEDRE T k. hTHIhEes

R G W — A% . minimax_player s&ffH Minimax KRB HFITLHK

def minimax_player (game,state):

player = game.to_move(state)

def

def

max_value (state): #Max % 5 1TH Minimax
if game.terminal_test(state):
return game.utility(state, player)
v = -np.inf
for a in game.actions(state):
v = max(v, min_value (game.result(state, a)))

return v

min_value(state): #Min % 5 1it% Minimax
if game.terminal_test(state):

return game.utility(state, player)
v = np.inf
for a in game.actions(state):

v = min(v, max_value(game.result(state, a)))

—, Pt
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return v

return max(game.actions(state),

key=lambda a:min_value(game.result(state,a)))

#IMFE K E Y Max, B Minimax FERA, #HEHA Minimax T4
PR —ANIE, i i ) N SERATAL, AT AT RASEI AN .

query_player (game, state):

print ("current state:")

game .display(state)

print ("available moves: {}".format(game.actions(state)))
print("")

move = None

if game.actions(state):
move_string = input('Your move? ')
try:
move = eval(move_string)
except NameError:
move = move_string
else:
print ('no legal moves: passing turn to next player')

return move

3.5.4 FHFHEMEHRAISCHL

HF Rk K Game, SEIURH R T EELTT -

class TicTacToe (Game) :

def __init__(self, h=3, v=3, k=3):
self.h = h #H&THK

v #HEEFHK

k #k METELH A

moves = [(x, y) for x in range(i, h + 1)

self.v

self .k

for y in range(1, v + 1)]
self.initial = GameState(to_move='X",

utility=0,

board={},

moves=moves)

def actions(self, state):

return state.moves
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16 def result(self, state, move):

17 if move not in state.moves:

18 return state #IFETHEM, FAFTHENLS
19 board = state.board.copy()

20 board[move] = state.to_move

21 moves = list(state.moves)

22 moves.remove (move)

23 return GameState (

24 to_move=('0"' if state.to_move == 'X' else 'X'),
25 utility=self.compute_utility(

26 board, move, state.to_move),

27 board=board, moves=moves)

29 def terminal_test(self, state):

30 return state.utility != 0 or len(state.moves) == 0

32 def display(self, state): #ITHI##A state.board
board = state.board
34 for x in range(1, self.h + 1):
for y in range(1, self.v + 1):
36 print (board.get ((x, y), '.'), end=" ')
37 print O

39 def compute_utility(self, board, move, player):

10 # F#r 0°, 90°, +45° WAFHAET k THL, #HIHEARAE

1 if (self.k_in_row(board, move, player, (0, 1)) or

12 self.k_in_row(board,move,player,(1, 0)) or

13 self .k_in_row(board,move,player,(1,-1)) or

14 self .k_in_row(board, move, player, (1, 1))):
15 return +1 if player==self.to_move(self.initial) \
16 else -1

17 else:

18 return 0

50 def k_in_row(self, board, move, player, delta_x_y):
51 # NLHMATHEMEF 4, EHE deltaxy FHAMET k FHE4L
52 (delta_x, delta_y) = delta_x_y

X, y = move
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n =20
while board.get ((x, y)) == player:
n+ =1

X, y = x + delta_x, y + delta_y

X, y = move
while board.get ((x, y)) == player:
n+ =1

X, y = x - delta_x, y - delta_y
n - =1

return n >= self .k

3.6 SEIGIREEkK

SR F AL SEIRAT S . LR A SRR, SRR IR, SRR 0. S
SER T AISEIR S5 105 7y, Rl e AN B AN A

(1) LI ALA Minimax HE .

(2) FERRANLT K R SR .

(3) 1A% Minimax SEB&FE S KA R @ ERIRIH, 0t LR PR .

3.7 EREK5STR]

ST 100 7p, G SERAR AT HE, AREA T 3

(D fRAFTENE 10 7. REPHIANE. a0 BER. i, A, REASE
SCHRAE AT B T ZEK

(2) R B ENE 40 7. G5RR ST, RRRE DO EIEN, BRI N A, i
A HER .

(3) SEERAIFE 1 50 700 SRR RS IR EOR” M 3 N E AR, #
TR B A, 20 QU R B IR

3.8 ROIFFEREH

AL HRF e T BTRAE N R DR R iR TR R R R 7T, SRS R
G MSEBLRE ST, N s A N TR RE SR A R MR AR, RIS B2 22 A
0% TR I L ) S AR RE 0 RE FE 73 AT RE 7



