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GUIDELINE®S

You don't need to memorize what
will be mentioned. Instead, try to
understand

Each PowerPoint Presentation will be
available as PDF file on Google Drive
Folder of the Course

Give attention as much as you can for
this lab, as long as you will
implement a cooperative project with
your mates






ADVERSARIAL SEARCH
(REVISION)

A type of search in artificial intelligence used for
decision-making in environments where multiple
agents (often two players) compete with each other

each player’s goal is to maximize their own chances

of winning while minimizing the chances of the

opponent.




ADVERSARIAL

SEARCH:
FULLY OBSERVABLE
ENVIRONMENT




O A finite set of states
O A finite set of legal actions

O The transition from one state to

another is well-defined
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ADVERSARIAL SEARCH.:
DETERMINISTIC
ENVIRONMENT







ADVERSARIAL SEARCH:
SEQUENTIAL ENVIRONMENT




0 More than one agent exists and interacts
within the same environment — each
with its own goals, perceptions, and
actions.

0 Can be agents that work together
toward a shared goal (called

)

0 Can be one agent’s gain = another’s loss
(called : )




ADVERSARIAL ENVIRONMENT PROPERTIES

Fully-

Discrete Deterministic Sequential
observable

Multi-agent

Static (Competitive)



ADVERSARIAL KEY
CONCEPTS
(BUILD THE ENV.)
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IMPLEMENTATION

Tic - Tac - Toe

2



MAX (x)

MIN (0)

Urility




Build the “Tic-Tac-

Toe" Environment

with interfaces to
Interact

Implement the
terminal checker

Make sure to
display the grid in
each turn

Make a method for
either human

playing or
computer playing



" T LI -
# Design Tic-Tac-Toe

class Tic _Tac Toe:

def init (self):
5elf_initial_grid — [[ll IIJ F IIJ L n]’[u HJ L1 1IJ Bl II]J[H IIJ b1 n’ L1 1l]]




=tate):

in rangef{3):

col in range(3):
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if col < 2=
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printd(])
if row
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def take action{self, current state, action):

" L1} m " m m L1 m L1} L1 " L1} m L1} L1 " L1} L |
new state = [[" ", - 1.[" " 3 110
= CcUrren te into g n

# copy the c ent stote into g new state
for row in range(3):
for col in range(3):
new state[row][col] = current state[row][col]

player, row, col - action
new _state[row]|[col] = player
return new_state

Rememoer | LIStS aie passed 0y feierenes, So tne
original e)ricl will oe ciitectee alone) all iunctions wWinici
not clesiiecl, so tis vest prectics to melke & Cooy



def check _terminzl(self, current_state): # i¥ gll cells

terminal - False . .

full = False empty_count - &

player - None for row in range(3):

#if X's or 0's in g row, it is over for cal im FE|I1|;E(:I}:

or I.'w , ra'ge(j]:- ) ) ) if current_state[row][col]

if current_state[row][9] == current_state[row]|[1] == current_state[row][Z] and current_state[row][8] - g - - -

terminal - True empty_count += 1
player = current_state row][#]

break if empty_count == @
full = True

#1f X's or 0's in g column, i
for col in range(3):
if current_state[@][col] == current_state[1][col] == current_state[2][col] and current_state[#][col] - # check the
terminal = True if terminal:
player = current_state[d][col] B
break if player

return 1

] lagonal, it is over elif player == "0":
if current_state[B][9] == current_state[1][1] == current_state[Z][2] and current_state[d][&] != " ":
terminal = True

returm -1
glif Ffull:

return
if current_state[8][2] == current_state[1][1] == current_state[:][#] and current_state[d][2] != " ": glse:
terminal = True

player - current_state[d][d]

player - current_state[d][2] return "Hot terminal




def available actions(self¥, current_state):
actions = []
player - self.current_player({current_state)
for row in range{3):

for col in range(3):

if current_state row [col] == °
actions.append{{player, row, col))

return actlons




def human play(sel¥, current_state):
self.display grid{current_state)
player - self.current_player{current_state)
print{f"Your turn, you are playing with {player}”)
row, column = list{map{int, input({"Choose your action, row column respectively: ").split()))

action - (player, row, column)

new state - self.take action(current_state, action)
self.display grid({new_state)

return new_state

(1) Flere Is @ reason of maiking & copy, i tne pleyer mecle @
ety (errelr) cholce, tnen the currenit state wWoullel oe
alifectec), so [t Weas ioest to melke & coP)y



def MinMax(self, current_state): MINMAX ALGORITHM

if self.check_terminal{current_state) != "Not terminal":
Remember !

Max wants to MAXIMIZE the wtlity to win over Min
M, vants to MINIMIZE the utifity to win over Max
Both are play.q PERFECTLY (no mistakes are made)

score = self.check terminal{current_state)
return score

utility values - []
for action in self.available actions{current_state):

next_state - self.take action(current_state, action)
new utility value - self.MinMax(next_state)
utility values.zppend(new_utility value)

Generate the game tree in Apply the utility/reward
depth-first order until terminal function to the terminal states

, . o i it is Max turn, maximize the
states are reached. to get utility value

utility of the next state.

if self.current player{current state) == "X":
return max{utility values)

I .[.J' 4 = = ||...
It it is Min turn, minimize the

utility of the next state.

elif self.current_player{current_state)
return min{utility values)




def MinMax(self, current_state):
if self.check_terminal{current_state) != "Not terminal":
score = self.check terminal{current_state)
return score

utility values = []

for artinn in calf_=zyailzhla artinnslroerant ctatal-

next_state - self.take action(current_state, action)

MEW_UT1L1TY Value - SELt.MinMzx|NexT_STate)
utility values.zppend(new_utility value)

if self.current player{current state) == "X":
return max{utility values)

elif self.current_player{current_state) == "0":
return min{utility values)

(2) The seconel reason o
mEl<ine) & cooy WelS
acituelly o this step), s
tnere s no ectual cction is
telken), OUlt & CenelrEtion ol
mlnEmextieel(Esia
simulEition Ut not ectusl)



my_game - Tic_Tac_Toel)
my_grid = my_game.initial grid.copy()}
while my_game.check_terminal{my_grid) == "MNot terminal":
primt(” )
my_grid - my_game.human_play{my_grid})
if my_game.check_terminalf{my_ grid) != "Not terminal®”:
if my_game.check_terminal{my_grid) == 1:
print({"You won !")
break

elif my game.check_terminal{my_grid) == -1:
print({"You lost 1"}
break

else:

print("Draw 1"}
break

my_grid = my_game.computer play(my_grid)
if my_pgame.check_terminal{my grid) != "Not terminal®:
if my_game.check_terminal{my grid) == 1:
print{"You won 1™}
break
elif my game.check_terminal{my_grid) == -1:
print({"You lost 1"}
break
else:
print{"Draw 1"}
break
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In large games (maybe millions of states), it would take an infinite
amount of time to take one action with min-max, so you have to
think how to PRUNE the tree, or maybe limited depth strategy ©
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