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def findOneMoveWin(game state, player):
possible moves = []
for candidate move in game state. legal moves(player): H1
next game state = game state.apply move(candidate move) =52
if next game state. is over() and next game state.winner == player:
possible moves. append(candidate move) =3
return possible moves #4
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def findMinLoseMoves(game state, player):
opponent = player.other() #1
possible moves = []
for candidate move in game_state. legal moves(player) : 52
next state = game_ state.apply move(candidate move) #3
opponent winning move = findOneMoveWin(next state, opponent) =54
if opponent winning move is None:
possible moves. append(candidate move) =5
return possible moves
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def findTwoMovesWin(game_state, player):
opponent = player. other()
for candidate move in game state.legal moves(player):
next state = game state.apply move(candidate move)
good_responses = findMinLoseMoves(next state, opponent) #1
if not good_responses: #2
return candidate move

return None
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MyGo\tic - tac - toe\main. py

class GameResult(enum. Enum) : 1
loss = 1
draw = 2
win = 3

class GameState(enum. Enum) : 2

waiting =0

running = 1

over = 2
player x=1 #3
player o= -1
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MyGo\tic - tac - toe\ttt. py
class Board:

def __init (self): #1
self. board = np. zeros((3,3))
def printBoard(self): =2
for 1 in range(3):
line="|"
ele=1[]
for j in range(3):
if self.board[i,j] == —1:
ele.append(' O ")
elif self.board[i,j]==1:
ele.append(' X ')
else:
ele.append(' ")
print(line. join(ele)) =3
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MyGo\tic - tac - toe\ttt. py
class Game:

def init (self, board, player = player x,game_ state = GameState.waiting):
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self. board = board 1
self. player = player H#2
self. winner = None
self. state = game_state
self. botl = None
self.bot2 = None

def getResult(self): #3

def run(self,mode = 'hvh',botl mode = 'r',bot2 mode= 'r'): #4

def applyMove(self, move) : 5

def simuBpplyMove(self, move) : 56

def isLegalMove(self,move) : g7

def getLegalMoves(self): 8
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MyGo\tic - tac - toe\ttt. py
class Agent:

def init (self,game, player,mode = 'r'):
self. game = game #1
self. player = player =2

self. mode = mode =3
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def chooselMove(self):
if self.mode== 'r': H4
moves = self. game. getLegalMoves()
return random. choice(moves)
if self.mode == 'ai': £4
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MyGo\tic - tac - toe\ttt. py

if self.mode == 'ai':
moves = self. game. getLegalMoves() #1
win moves = [ ] 52
loss_moves = [ ] 2
draw_moves = [ ] =2
for move in moves:
new_game = self. game. simuBhpplyMove(move) #3
op_best outcome = bestResultForOP(new game) 4
my best outcome = reverse bestResultForOP(op_best outcome) 5

if my best outcome == GameResult.win:
win_moves. append(move)
elif my best outcome == GameResult. loss:
loss_moves. append(move)
else:
draw_moves. append(move)
if win_moves:
return random. choice(win moves)
elif draw _moves:
return random. choice(draw_moves)
else:

return random. choice(loss_moves)
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MyGo\tic - tac - toe\ttt. py
def bestResultForOP(game) :
if game. state == GameState. over: 1
if game. winner == game. player:
return GameResult. win
elif game. winner == None:
return GameResult. draw
else:
return GameResult. loss
best so far = GameResult. loss =52

for move in game. getLegalMoves() :

new_game = game. simuApplyMove(move) 3
op_best outcome = bestResultForOP(new game) 4
my best outcome = reverse bestResultForOP(op best outcome)
if best_so_far.value < my_best_outcome. value: 5
best_so_far = my_best_outcome
if best_so_far == GameResult. win: %6
break
return best_so far =57
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MyGo\tic - tac - toe\ttt. py
def evl game(game) :
if getResult(game. board. board)[1] != None: #1
if game.player == getResult(game.board.board) == (0,1)[1]: =2
return 1 #3
else:
return — 1 #3
else:
return 0 %3
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if self.mode == 'ab': =1
moves = self. game. getLegalMoves() 2
best_moves = [ ] =3
best_score = None 4
best_o=minValue 74
best_x = minValue 74
for move in moves: 75
new_game = self. game. simuBApplyMove(move) 26
op_best outcome = alpha beta prune(new game, max depth,best o,best x,evl game)
=7
my best outcome = -1 * op best outcome =8
if (not best moves) or my best outcome > best score: #9
best_moves = [move] 10
best_score = my_best_ outcome #11
if self. game. player == player_ x: 12
best_x = best_score
elif self.game.player == player o: #12
best o = best score
elif my best outcome == best score: #13
best_moves. append(move) #13
return random. choice(best moves) 13

[ AA]
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KL, alpha_beta_prune () bR HE AN 38 V5 7 3% A% O 3235 1T DIOKE A /N R B8 7 v
f) bestResultForOPO Fli% 4~ alpha_beta_pruneO A E K F . U1 5 Bt 3-12 R T 5 ik
P4 A% oo 386 VA 5 2 2 ] SIC B
[RA R 3-12) ik ik A 400 i i I &
MyGo\tic - tac - toe\ttt. py

max_depth =4 #1
def alpha beta prune(game, max_depth, best o,best x,evl fn):

if game. state == GameState. over:
if game. winner == game. player:

return maxValue #2
elif game.winner == None:
return 0
else:
return minValue ®2
if max depth == 0: H3
return evl fn(game) #3
best_so far = minValue H$4
for move in game. getLegalMoves( ) : 5
next game = game.simuBApplyMove(move) 5

op_best_result = alpha beta prune(
next_game, max depth — 1,
best_o, best_x,

evl fn) 75
my result = —1 % op best result #5
if my result > best so far: 6
best so far = my result 6
if game. player == player o: =57
if best so far > best o: 8
best o = best so far #8
outcome_for x = -1 * best so_far 9
if outcome for x < best_ x: #10
break
elif game.player == player x:

if best so far > best x:
best x = best so far
outcome for o = -1 * best so far
if outcome for o < best o:
break
return best so far 11

€571:) |
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MyGo\tic - tac - toe\cycle area.py
import numpy as np
from numpy import linalg as LA

r=0.45 e e
side len=2xr £ IEHIELK
square_area = side_len %% 2 #1IE B m

class area machine:
def __init (self, times,r):
self. times = times £ RlALA LR AL
self.len=r # BB Bk R
def isInsideCycle(self,gen):
return LA. norm(gen, axis = 1)< self. len
def random_generator(self, times) :
return ( — 1+ 2 * np. random. rand(times, 2)) * self. len # 78 1E F I PR HL A B A5
def run(self):
dots = self. random generator(self. times)

dots_in cycle = self. isInsideCycle(dots) # A RAE R N 1) 5
dots in cycle n=np. sum(dots_in cycle)
return (dots_in_cycle n/self.times) * square area 3R [A] 5] f) i AR
times = [100,1000,10000,100000,1000000,10000000] # i 2RBHOX BB
np. random. seed(2020) £ BE B LR AR 25 T LI 3

print([area_machine(i,r).run() for i in times])

/N T ERTE T LIERFE 3-3 22 0. 45m BB TR,
£33 FEZH0.45mPyBEER

Fit AL ¥ £ 100 1000 10000 100000 1000000 10000 000

[ f14 T FH/ m” 0.5994 0.63828 0.639171 0.6363117 0.63647127 |0.636210045
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MyGo\tic - tac - toe\ttt. py
class Agent:

def chooseMove(self):
if self.mode == 'mt':

try times = 1000 #1
if self.game. last move is not None: # 2

node_tmp = self. tree. findNextNodeByMove ( self. tree. tree _root,

self. game. last move) #3

if node_tmp == None: #4
self. tree. node_name +=1
self. tree. tree_root = Node(

str(self. tree. node name),

parent = self. tree. tree root, move = self. game. last move,

loss=0,win=0,draw=0,player = — 1 * self.player
)

else:
self. tree. tree_root = node_tmp

node_point = self. tree. tree root #5

45
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for i in range(try times): #6
board_ = copy. copy(self. game. board. board)
node_start = node_point
move_records, game result = easySimuGame(board , self.player)
for move in move records:
node start = self. tree. updateLeaf (node start, move, game
result) £#7
all next leaves = self. tree. getNodeLeaves(node point)
all rates = [ (node. loss/(node. loss + node. win + node. draw)) for node in all
next_leaves]
all rates = np.array(all rates)
pick move index = int (random. choice(np. argwhere(all rates == min(all
rates)))) #8
self. tree. tree root = all next leaves[pick move index] # 8

return all next leaves[pick move_ index].move
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