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def player (board) :

x _count = 0
o _count = 0
for i in board:
for j in 1i:
if jJ == "X":
x_count += 1
elif j == "O":
o _count += 1
if x count == 0:
return X
elif x count > o count:
return O
elif x count == o _count:

return X
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def actions (board) :

action list = []
for row in range(3):
for col in range(3):
if board[row] [col] ==

EMPTY:

action list.append((row,col))

return action list
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def winner (board) :

TR
for i in range(3):
if board[i][0] ==board[i][1l] =
board[i][2]:
return board[i][0]
COBR
for j in range(3):
if board[0][]j] ==Dboard[1][]] =
board[2][j]:
return board[0][J]
AR
if board[0][0] == board[l][l] =
board[2][2]:
return board[1l][1]
if board[0][2] == board[l][l] =

board[2][0]:
return board[1][1]

return None

def result (board, action):

board dul =
copy.deepcopy (board)

additive player =
player (board dul)

board dul[action[0]] [action[1]]
additive player

return board dul
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def terminal (board) :
if winner (board) is not
None:
return True
else:
for i in board:
for § in i:
if § == EMPTY:
return False

return True

def utility(board):
if terminal (board) is True:
flag = winner (board)
if flag == X:
return 1
elif flag == O:
return -1
else:

return 0O
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function MINIMA X-DECISION(state) returns an action
returparg max, . ACTIONS(s) MIN- VALUE(RESULT(state, a))

function MAX-VALUE(state) returns ¢ utility value
if TERMINAL-TEST(state) then return UTILITY(state)
ve——20
for each ain ACTIONS{state) do
ve— MAX(v. MIN-VALUE(RESULT(s, a)))
return v

-

unction MIN-VALUE(state) returns a utility value
if TERMINAL-TEST(state) then return UTILITY(state)
ve—00
for each ain ACTIONS(state) do

ve— MiN(v, MAX-VALUE(RESULT(s, a)))
return v
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import pygame
import sys

import time
import tictactoe as ttt

pygame.init ()
size = width, height = 600, 400

# Colors

black = (0, 0, 0)

white = (255, 255, 255)
screen =

pygame.display.set mode (size)

mediumFont =

pygame. font.Font ("OpenSans-Regul
ar.ttf", 28)

largeFont =

pygame. font.Font ("OpenSans-Regul
ar.ttf", 40)

moveFont =

pygame. font.Font ("OpenSans-Regul
ar.ttf", 60)

user = None
board = ttt.initial state()

ai turn = False

while True:

for event in pygame.event.get () :

if event.type ==
pygame.QUIT:

sys.exit ()

screen.fill (black)

# Let user choose a player.

if user is None:

# Draw title
title =
largeFont.render ("Play
Tic-Tac-Toe", True, white)
titleRect = title.get rect()
titleRect.center = ((width
/ 2), 50)
screen.blit (title,

titleRect)

# Draw buttons

playXButton =
pygame.Rect ((width / 8), (height /
2), width / 4, 50)

playX =
mediumFont.render ("Play as X",
True, black)

playXRect = playX.get rect()

playXRect.center =
playXButton.center

pygame.draw.rect (screen,
white, playXButton)

screen.blit (playX,
playXRect)

playOButton = pygame.Rect (5
* (width / 8), (height / 2), width
/ 4, 50)

playOo =
mediumFont.render ("Play as O",
True, black)

playORect = playO.get rect()

playORect.center =
playOButton.center

pygame.draw.rect (screen,
white, playOButton)

screen.blit (playO,
playORect)

# Check if button is clicked

click, , =
pygame.mouse.get pressed()

if click ==

mouse =



pygame.mouse.get pos()
if
playXButton.collidepoint (mouse) :
time.sleep (0.2)
user = ttt.X
elif
playOButton.collidepoint (mouse) :
time.sleep (0.2)
user = ttt.O

else:

# Draw game board

tile size = 80
tile origin = (width / 2 -
(1.5 * tile size),
height / 2 -

(1.5 * tile size))
tiles = []
for i in range(3):
row = []
for j in range(3):
rect = pygame.Rect (
tile origin[0] +
j * tile size,
tile origin[1l] +
i * tile size,
tile size,

tile size

pygame.draw.rect (screen, white,

rect, 3)

if board[i][j] !'=

Lttt .EMPTY:

move =
moveFont.render (board[i] [j], True,
white)

moveRect =
move.get rect ()

moveRect.center
= rect.center

screen.blit (move,

moveRect)
row.append (rect)

tiles.append (row)

game_over =
ttt.terminal (board)
player = ttt.player (board)

# Show title
if game over:
winner =
ttt.winner (board)
if winner is None:
title = f£"Game Over:
Tie."
else:
title = f£"Game Over:
{winner} wins."
elif user == player:
title = f"Play as {user}"
else:
title = f"Computer
thinking..."
title =
largeFont.render (title, True,
white)
titleRect = title.get rect()
titleRect.center = ((width
/ 2), 30)
screen.blit (title,

titleRect)

# Check for AI move
if user != player and not
game_over:
if ai turn:
time.sleep (0.5)
# move =
ttt.minimax (board)
move =
ttt.alph beta prune (board)
board =
ttt.result (board, move)

ai turn = False



else: ttt.initial state()

ai _turn = True ai turn = False

# Check for a user move pygame.display.flip()
click, , =
pygame.mouse.get pressed()
if click == 1 and user ==
player and not game over:
mouse =
pygame.mouse.get pos()
for i in range(3):
for j in range(3):
if (board[i][]]
== ttt.EMPTY and
tiles[i][J].collidepoint (mouse)) :
board =
ttt.result (board, (i, 3j))

if game over:

againButton =
pygame.Rect (width / 3, height - 65,
width / 3, 50)

again =
mediumFont.render ("Play Again",
True, black)

againRect =
again.get rect()

againRect.center =

againButton.center

pygame.draw.rect (screen, white,
againButton)
screen.blit (again,
againRect)
click, , =
pygame.mouse.get pressed()
if click ==
mouse =
pygame.mouse.get pos()
if
againButton.collidepoint (mouse) :
time.sleep (0.2)
user = None

board =



tictactoe.py JRAUHS

mrmrn

Tic Tac Toe Player

mrmrn

import math

import copy

X = "X"
O = "QO"
EMPTY = None

def initial state():
mrmrn
Returns starting state of the
board.
mrmrn
return [[EMPTY, EMPTY, EMPTY],
[EMPTY, EMPTY, EMPTY],
[EMPTY, EMPTY, EMPTY]]

def player (board) :

mrmrn

Returns player who has the next
turn on a board.

mrmrn

x _count = 0

o_count = 0

for i in board:

for j in 1i:

if § == "x":
x _count += 1
elif § == "O":
o count += 1 #¥/X
10 1%
if x_count == # Yy
W75 1] &

return X

elif x count > o count:
return O

elif x count == o count:

return X

# raise NotImplementedError

def actions (board) :

Returns set of all possible
actions (i, j) available on the
board.

action list = []

for row in range(3):

for col in range(3):
if board[row] [col] ==
EMPTY: # X EMPTY I/ EA 1ist
action list.append((row,col))
return action list

# raise NotImplementedError

def result (board, action):
Returns the board that results
from making move (i, j) on the board.
board dul =
copy.deepcopy (board)
additive player =
player (board dul) #////player
EWEN X U0

board dullaction[0]][action[1l]] =
additive player
return board dul

# raise NotImplementedError

def winner (board) :
mrmrn
Returns the winner of the game,

if there is one.

mrmrn

lll,?i‘—*ﬁlavvv

for i in range(3):



if board[i][0] ==

board[i][1] == board[i][2]:
return board[i][0]
lllﬁu*ﬁﬁlll

for j in range(3):
if board[0][j] ==
board[1][]j] == board[2][]]:
return board[0] [J]
R
if board[0][0] == board[1][1]
== board[2][2]
return board[1][1]
if board[0][2] == board[1][1]
== board[2] [0]
return board[1][1]
return None

# raise NotImplementedError

def terminal (board) :
nmn
Returns True 1if game is over,
False otherwise.
nmn
if winner (board) is not None:
return True
else:
for i1 in board:
for j in 1i:
if j == EMPTY:
return False

return True

# raise NotImplementedError

def utility (board):
Returns 1 if X has won the game,
-1 if O has won, 0 otherwise.
if terminal (board) is True:
flag = winner (board)
if flag == X:

return 1
elif flag ==

return -1
else:

return 0

# raise NotImplementedError

def minimax (board) :
mrmrn
Returns the optimal action for
the current player on the board.
mrmrn
m = actions (board)
float ('-inf"')

playerl
#MAX AT

player?2 float ("inf"')
MIN FW5 & PI1E
player judgement =
player (board)
if player judgement is X: #7;
K X W9l &
for i1 in m:
playerl new =
mini (result (board, il)) # MIN /7 l5,
HetF— FHIBR D IR e
if playerl <=
playerl new: #MAX /E/ A IR T176
BAHIZ M, FFEXT I TT5)
playerl =
playerl new
final action = il
else: #HN Y K]
é&
for 12 in m:
player2 new =
maxi (result (board, i2)) # MAX [IG M5,
HetF— FHIRA IR e
if playerz >=

player2 new: #MIN 7L/ A HIRA 176
BAPHIZ M FFEXT I TT5)
player2 =

playerZ2 new

final action = i2



return final action

# raise NotImplementedError

def mini (board) :

#E 7l

if terminal (board) :

terminal FIBTIIXCEE R, IR [FI0 M HTRCH 1

return utility (board)
pl = float('inf')
for 1 in actions (board):
pl new =
maxi (result (board,i)) #mini JHE

maxi FHEHRK

if pl >= pl new: #MIN #H5/E

Pl A 1 e  IRCH 1
pl = pl new

return pl

def maxi (board) :
if terminal (board) :
return utility (board)
p2 = float('-inf'")
for j in actions (board):
pZ2 new =
mini (result (board, j)) #maxi FiHE

mini FHEP

if p2 <= p2 new: #MAX FHEE

Pl B 1 1 imR A HIRCH 1
P2 = p2Z2_ new

return p2

def alph beta prune (board) :
Returns the optimal action for
the current player on the board.
m = actions (board)
playerl = float('-inf'")
player2 = float('inf'")
player judgement =
player (board)
if player judgement is X:
for il in m:

playerl new =

mini ab(result (board,il),playerl,
player2) #{%alph fll beta =474 1H
if playerl <=
playerl new:
playerl =
playerl new
final action = il
return final action
else:
for i2 in m:
player2 new =
maxi ab(result (board,i2),playerl,
player2)
if playerz >=
player2 new:
player2 =
playerZ2 new
final action = i2

return final action

def mini_ ab (board,alph,beta):
if terminal (board) :
return utility (board)
pl = float('inf')
for 1 in actions (board):
pl =
min (pl,maxi ab(result (board, i), a
1lph,beta))
if pl < alph: #HBT MAX 77
W5 25 AT A2 75 S22 2 Hi 18 ZIH H M E
75
return pl  #4&, W57,
FEHIIK 7]
beta = min (beta,pl) #ZJF
beta

return pl

def maxi ab (board,alph,beta):
if terminal (board) :
return utility (board)
p2 = float('-inf'")
for j in actions (board):
p2 =
max (p2,mini_ab (result (board, Jj),a



lph,beta))
if p2 > beta: # T MIN G
PRI EAR 77 C A 2 Hi 18 5 ZIHIRA MK
return p2 #i2, JBIFE,
FE AT A
alph = max(alph,p2) #2771
beta

return p2



