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class State: °
def _init  (self, board= None, player = 1, legal actions = []) -> None: nll7 nlyxnxl \ TJID‘J'XYJ-]
self.board = board DID"” 17\ '1 7hwnj
self.player = player R
self.legal actions = legal actions / \‘\\\ \71 1 O \
\ \ L
def get_opponent (self): / \\ e

def switch_player(self):

/"‘(‘v \\"\ _/.//
def score (self): \lé -1  Eaf
/ V' Ba

def __eq__(self, other) ->bool: nMxie IJI']]N an JT]“X' 'ﬁvl 9
def _ hash_ (self) -»> int: ' .TYlLH_UD-\ D LNU —\n"U'\
set copy (self): N'?) aX¥N ININ], nl"nm
def reverse (self): XI-] InT |]I7 -]Oln -]N Inq)j \
| | f (jwnwn
def toTensor (self, device = torch.device('cpu’)) -> tuple: ‘ | 7
[staticmethod] . 4 /
dew-E :enso:ToState (state_tuple, player): ‘\.\,\\ e }1 / .
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class Graphics: \ nmifn%’l?mﬁna
> =t 0'9TnY NN 7y nn11 GrapHics '\7'7nn'1 .
> def draw(self, board): ']OY]"] I7y>'7nwp'] nll'} _T]X
> def draw_Lines(self): ! \\_ ‘ ‘ E o
> def draw_all pieces(self, board): NnNX ]']'73_7)]"] draw() Nl"] ]']l']‘)lyﬁ\ u}D"] ° )
S ST R INIX N0'9TNI state.board a¥nn *n;nn\'nl'm
Wrn 2y n'sﬁgg n"uxa
> def calc_pos(self, row_col): :
> def calc_base pos(self, row col): L4 “/ ‘ . “ \\ "
NX  Niawnnn n|'7w9 '\7‘7nn'7 qonn o
” [Reteateron-col(settathos)t wnnUnNn T 7Y DAN2Y ATIMYNL Aivn |
> def calc_color(self, player): Calc rOW COl() 12AJVUnN ]']IMXYJNl \
> def draw_square(self, row_col, color): / ‘2 /
‘\\_\ o ",’ /‘.
> def blink(self, row_col, color, board): ’ ) \ ",l /



class Reversi:

def

def

def

def

def

def

def

def

def

def

def

def

def

def

def

__init_ (self, state:State = None) -»> None:

if state is None:
self.state = self.get init state((ROWS, COLS))
else:

self.state = state
get init state(self, Rows Cols = (ROWS, COLS)):

is inside(self, row col, state: State):

flip piece(self, row _col, state: State):

check legal line(self, start row col: tuple[int, int], dir row col: tuple[ir

is legal move(self, row col, state: State):

reverse line (self, row col, dir row col, count, state: State) -»> None: -

move(self, action: tuple[int, int], state: State) -> bool: -

set legal actions(self, state: State):

get legal actions(self, state:State) -> list: -

is _end of game(self, state: State) -> bool:

get next state(self, action, state:State) -» State:

get all next states (self, state: State) -> tuple:

toTensor (self, list states, device = torch.device('cpu')) -> tuple:

reward (self, state : State, action = None) -» tuple:
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class Human_Agent: ¥

def _init_ (self, player: int) -> None:
self.player = player

def get Action (self, events= None, graphics: Graphics = None, state : State = None,

for event in events:
if event.type == pygame.MOUSEBUTTONDOWN :
pos = pygame.mouse.get pos()
row_col = graphics.calc row _col(pos)
if row_col in state.legal actions:
return row_col

return None



def main ():
run = Tr

B

clock = pygame.time.Clock()

graphics.draw(env.state.board)
player = playerl

while(run):

clock.tick(FP5)
events =

pygame.event.get()

1t event.type == pygame_QUIT:

Yy nwRIN ARYIPN N1t Gafhe '17'7nrn .
for event in events:

'|n'n1n'-17
TN PIND

)1}.1‘3 n a

‘\Il'\ \
\\
k\\\ l'\..yv \\ 7 n w n a
run = False
exit()

playerl, player2 :Dapny JQ}
action = player.get Action(events=events, graphics=
if action:

env.move(action, env.state)

graphics.blink(action

pygame .display.update()

7NYY NINY |[7nwnn n"nm N'N0!
graphiCS:draw{env.5tate.b0ard)

if env.is _end of game(env.state)

print ("score = ", score)
pygame.time.delay(DELAY)

env.state = env.get init state()

graphics.draw(env.state.board)

n'w"rm i
\\\
.01, '9"7rm h'Dm
. , GREEN, env.state.board)
player = switchPlayers(player)
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score = Env.state.sco;e(} |
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player = playerl /

pygame.time.delay(568)
pygame.quit()

print("End of game")

score = env.state.score()
print ("score

= ", score)

> def switchPlayers{player):
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class Random Agent: ‘
def _init_ (self, env : Reversi, player = None) -»> None:
self.env = env
def pet Action (self, events = |

lone, graphics=None, state:
random.choice(state.legal actions)
return action

action =

State = None, epoch = @, train = None):



class Fix Agent:
def

def

def

__init_ (self, env, player = 1, train = False, random = 8.18) -> None:
self.env = env

] ! | '|n'n1n'-1p
self.player = player TN PIAND

self.train = train lawyb n'a

NNTNYI NN'IYNI
self.random = random

value(self, state: State):
v = np.array([[1068, -25, 16, 5, 5, 1@, -25, 180], \

[-25, -25, 2, 2, 2, 2, -25, -25], \ L |
(10, 2, 5, 1, 1, 5, 2, 10], unj H)(—‘ \ MUK |ﬁQ ’
(5,2,1,2,2,1,2,5],

[5,2,1,2,2,1,2,5],
1@, 2, 5, 1, 1, 5, 2, 101, \ ‘
[-25, -25, 2, 2, 2, 2, -25, -25], , anl-'\ B
[10@, -25, 10, 5, 5, 10, -25, 108]])

board = state.board

return (board*v).sum() / 7I]yn n 3- y/ I73 2

\

/ \ |
get Action (self, events = None, graphics=None, state: State = None, epoch = @, train = True): /‘ " "'\ '\_\r|7 ] “
legal actions = state.legal actions /
if self.train and train and random.random() < self.random: l? ’ I () Q

return random.choice(legal actions) :) nN 7-”3' )' :)I -]
next states, = self.env.get all next states(state) I ”\ ‘?
B NIMYOXRN | NI7Iwon/

tor next state in next states:

values. append{gel—'.vaiue{next_sta‘te)} jl? Iy 9 _] n N j n IJ-'

if self.player ==

maxIndex = valu{-as.index(max{values}) -‘ I-] n NI? an -] qjy w

return legal actions[maxIndex] | |
» AN AR A n

minIndex = values.index(min(values)) | //
¥

return legal actions[minIndex]
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Deep Q-learning (

Initialize Q(s,a,w) with arbitrary w.

Initialize Q(s,a,w ™) with arbitrary w™
Initialize replay-buffer RB with size N.
For epoch in epochs (for each game):

Initialize s
While s is not Terminal;

Choose A From S using Q and e-greedy
Interact with environment and get s, a, r, s’
Store transition (s, a, r, s’) in RB

S = S

sample random minibatch from RB

Calculate Q(s, a,w) - forward -

Calculate loss with MSELoos :
If s’ is Terminal:

loss = (r — Q(s,a, W))
else:

Calculate gradients (backwards): loss. backward ()
Update W : Optim.SGD. step()
Every Cepochs w™ <« w

\ \

\

DQN \J

/
/
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» ~

loss = (r +y-max,0(s',a,w™) —'Q(S a, W))2
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Replay_Buffer \\ B

capacity = 1006000 niIxYnY
end priority = 2

class ReplayBuffer:
def init (self, capacity= capacity, path = None) -> None:
if path:
self.buffer = torch.load(path).buffer
else:

self . buffer = deque(maxlen=capacity)

def push (self, state : State, action, reward, next state: State, done):

self . buffer.append((state.toTensor(), torch.from numpy(np.array(action)), torch.tensor(reward), next state.toTensor(), torch.tensor(done)))
if done:

//
.. .. /
for 1 in range(end priority):
self . buffer.append((state.toTensor(), torch.from_numpy(np.array(action)), torch.tensor(reward), next_ state.toTensor(), torch.tensor(done)))
def sample (self, batch_size):

if (batch_size > self. len_ ()):

batch _size = self. len_ () /

state_tensors, action_tensor, reward tensors, next_state tensors, dones = zip(*random.sample(self.buffer, batch_size)) /

state boards, state actions = zip(*state tensors) /

states = torch.vstack(state boards), state actions »

actions= torch.vstack{action tensor)

rewards = torch.vstack(reward tensors)

next board, next actions = zip(*next state tensors)

next_states = torch.vstack(next board), next_actions

done_tensor = torch.tensor(dones).long().reshape(-1,1)

return states, actions, rewards, next states, done_ tensor
def _len_ (self):

return len(self.buffer)

s L W /



input _size = 66
layerl = 64
output_size = 1

mrnih"17
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gamma = ©.99

\

| n
class [?QM lEnrj.Hodule): . _ | . DI]IIDNYJ 6% I?W D|77 -]3.30 )

def __init_ (self, device = torch.device('cpu')) -> Non

o

/ \, \\ "\.‘ \ ‘ \\.
_ N'"OXN 64.Nn17 ¢
def forward (self, x): \ oy | 5
x = self.linearl(x) _[JIJIIEjb(”i\Sa " IBJE) ° .
x = F.leaky relu(x) \ l |7
¥ - el loutput(o .01N' 64 v mNm 0 wa .
def loss (self, Q value, rewards, Q next Values, Dones ): Lea kyRELu -]&3- U7N Y

Q new = rewards + gamma * () next Values * (1- Dones)

return self.MSELoss(Q value, Q new) y 'T\ vn -1 0'73 T]JDW o

def load params(self, path): ‘f E E \

.\ ‘(‘,
| \

\/
A

\

\

def save_params(self, path):

0'1N' J'WJ'] Dy 0"10"Y) DJ IHJX'J

et copy (selD): NnNdY /My N7 npmy
def call (self, states, actions): ‘/\ 128 64 nl"]jno
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DQN_Agent
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class DQN_Agent:
def init_ (self, player = 1, parametes path = None, train = True, env= None): -

def setTrainMode (self): -

def get Action (self, state:State, epoch = 8, events= None, train = True, graphics = None, black _state = None) -> tuple: -
def get Actions (self, states_tensor: State, dones) -> torch.tensor: -

def epsilon_greedy(self,epoch, start = epsilon_start, final=epsilon final, decay=epsiln _decay): -

def loadModel (self, file): -

def save_param (self, path):-

def load params (self, path):- \\

def call (self, events= None, state=None):
return self.get Action(state)



DQN Agent: get Action

def get Action (self, state:State, epoch = 8, events= None, train

actions = state.legal actions
if self.train and train:
epsilon = self.epsilon_greedy(epoch)
rnd = random.random()
if rnd < epsilon:
return random.choice(actions)

if self.player ==

state tensor, action tensor = state.toTensor()
elif not black state:

black state = state.reverse()

state tensor, action tensor = black state.toTensor()
else:

state tensor, action tensor = black state.toTensor()

expand_state_tensor = state tensor.unsqueeze(@).repeat((len(action_tensor),1))

with torch.no _grad():

Q values = self.DQN(expand state tensor, action_tensor)

max_index = torch.argmax(Q values)
return actions[max_index]

True, graphics None, black state

J1’'Nnn NP
TNN PIND
'>27VY nr'a
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MNone) -»> tuple:
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DQN Agent: get_Action&k\ /<

def get Actions (self, states tensor: State, dones) -»> torch.tensor:

actions = []
boards_tensor = states tensor[@]
actions tensor = states tensor[1]
for 1, board in enumerate(boards tensor):

if dones[i].item():

actions.append((@,8))
else:

actions.append(self.get Action(State.tensorToState(state tuple=(boards tensor[i],actions_tensor[i])},player=self.player), train=False))
return torch.tensor(actions)

/ \

DQN_Agent: epsilon_greedy() :

/

//v
/

/,
/
/

def epsilon greedy(self,epoch, start = epsilon start, final=epsilon final, decay=epsiln decay):
res = final + (start - final) * math.exp(-1 * epoch/decay)
return res
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def main ():

playerl = DQN_Agent(player=1, env=env,parametes path=path_load)

player hat = DQN_Agent(player=1, env=env, train=False)
Q = playerl.DQN

Q_hat = Q.copy()
Q hat.train = False

QA7 pnw axn | TIipnce
player hat.DQN = Q hat .(I\\l N-] I—’nw
# player? = Fix_Agent(player=-1, env=env, train=True, random=0) 10 . l

player2 = Random_ Agent(player=-1, env=env)

g O \
buff 1 tter( h=buff h) ID I?” h\Q{yJ I\InIN-] .\
utter = ReplayButter{path=butter pat # None \ \ \
niyynxy ,DON,aNNNNRN -
results file = torch.load(results_path)

results = results file[ 'results'] # []

g 'Jl"wi
avglLosses = results file[ 'avglosses’] #[ 1]
avgloss = avglosses[-1] #

:’\
loss = torch.Tensor([0]) h. nw-] MDTIDD DI‘I’ /CV./[?DD- ¢
e (Q hat) Twh D'Jh'm
best res = -200
loss _count = @

QAR I
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/ . | \\\
tester = Tester(playerl=playerl, player2=Random_Agent(player=-1, env=env), env=env) / R E \\ /
tester_fix = Tester(playerl=playerl, player2=player2, env=env) ,/ \\ 3. \f .
random results = torch.load(random results path) # [] E/ \ z f
best random = max{random_results) / \ | /

i .\ /’
\ I| /
‘J/‘ \ |l
# init optimizer // \ |
optim = torch.optim.Adam(Q.parameters(), lr=learning_rate) ﬂ \
scheduler = torch.optim.lr scheduler. StepLR(optlm 1006000%30, gamma=0.9@) .L\\?\\\\ ® \E | .
# scheduler = torch.optim.lr_scheduler.MultiSteplLR(optim,[30*50000, 30*100000, 30*25000 =



Trainer white Q.

for epoch in range(start _epoch, epochs):
print(f epoch = {epoch}', end="\r")
state 1 = env.get _init state()
while not env.is_end _of game(state 1):

action 1 = playerl.get Action(state 1, epoch=epoch)
atter state 1 = env.get next state(state=state 1, action=action 1)
reward 1, end of game 1 = env.reward(after state 1)
it end of game 1:
res += reward 1
buffer.push(state 1, action_1, reward 1, after state 1, True)
break
state 2 = after state 1
action 2 = player2.get Action(state=state 2)
atter state 2 = env.get next state(state=state 2, action=action 2)
reward 2, end of game 2 = env.reward(state=after state 2)
it end of game 2:
res += reward 2
buffer.push(state 1, action_1, reward 2, after state 2, end of game 2)
state 1 = after state 2

it len(buffer) < MIN Buffer:
continue

nnep
TN PIND

'>27VY nr'a
NNTNYI NN'IYNI

NnX NP0 MRN . DRI ¢
‘D'NAN DA7vWN

.a¥n —State 1

.N71Y9 — Action_1 * -

INX? QYN — After state 1«
hrlibh

*

State_2<- after*_styate_l .

Q"' 2XN — State_ 2 e

¢ n71von  — Action 2 ¢
i L Th!

N2 QXN — After_state 2 °
State_1 <- after_state 2 -

R
- \3| /
‘\» ; \.l. I ".



rain NN
states, actions, rewards, next states, dones = buffer.sample(batch
Q values = Q(states[@], actions)

next actions = player hat.get Actions(next states, dones) #fixed
with torch.no _grad():

loss = Q.loss(Q values, rewards, Q hat Values
loss.backward()
optim.step()

optim.zero_grad()

, dones)

scheduler.step()

it loss count <= 1008:

avglLoss = (avgloss * loss count + loss.item()) / (loss count + 1)
loss count += 1

else:
avgloss += (loss.item()-avgloss)* 6.80001
if epoch % C ==
Q hat.load state dict(Q.state dict())

it (epoch+1) % 188 == @:
print{(f*\nres= {res}')
aveglosses.append(avgloss)

results.append(res)

it best res < res:
best res = res

if best res > 75 and tester fix(1l) == (1,0):

playerl.save param(path_best)
res = @

| size)

1=
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Q h/at nwxnxh n'nwlnn
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it (epoch+1) % 1088 == @:
test = tester(160)

\
e
\
g
test _score = test[@]-test[1] & |
if best_random < test score and tester fix(1) == (1,0):
best _random = test score

playerl.save param{path_best random)
print(test)

random_results.append(test score)

it (epoch+1) % 5088 == @:
torch.save({ 'epoch’': epoch, 'results’: results,
torch.save(buffer, buffer path)
playerl.save_ param(path_Save)

torch.save(random results, random results path)
it len(buffer) > MIN Buffer:

'avglosses':avglosses}, results path)

print (f'epoch={epoch} loss={loss:.5f} Q values[@]={Q values[@]_.item():.3f} avgloss={avgloss:.5f}', end=" ")
print (f'learning rate={scheduler.get last 1r()[@]} path={path _Save} res= {res} best res = {best res}')

~— i



for epoch in range(start_epoch, epochs):
print{f'epoch = {epoch}', end="\r")
state = env.get init state()

AN NP
TN PIND

'>27VY nr'a
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action = player2.get Action(state=state) \ 4 -
state 1 = env.get next state(state=state, action=action) |IYJ'N'7 nn DJ']', IIA'?N-E'] -
state 1 R = state 1.reverse() D"'v I ) L}n '\Ir}nwn »
T2 . . ; \ u
while not env.is_end of game(state 1 R): \ L[]'?(:¥iﬂ
# Sample Environement / \\\ AN 2 S
/ \ \ |
action_1 R = playerl.get Action(state 1 R, epoch=epoch, black state=state 1 R) # QV N q\N\ |7 N ‘r}nwn b
atter state 1 R = env.get next state(state=state 1 R, action=action 1 R) 1 11” Dl\g\ll?n ll7llnn \\\
reward 1 R, end of game 1 R = env.reward(aftter state 1 R) N #1 |7
. / "ul [ 1 nl 1 /
if end of game 1 R: / \ D
/ \ / /
res += reward 1 R I?W n:)"_:)n D'l\jx ‘ '1|X/!7/ °
buffer.push(state 1 R, action_1 R, reward 1 R, after state 1 R, True) D'I7" - Ny -]3 A |J7n
[
break ! ! i
state 2 = after_state 1 R.reverse() ni ' D 39”\? llr\?wi‘;
/ |
action 2 = player2.get Action(state=state 2) / \ -F]\ngl x
aftter state 2 = env.get next state(state=state 2, action=action_ 2) Illﬁ |7I'WJ IDW nlwmﬂn I\iN .
after state 2 R = after_state 2.reverse() | i I ﬂ7|| \ E : ]1\ /
reward 2 R, end of game 2 = env.reward(state=after state 2 R) 3/7- D n -1E)g)xj ;T n \ /
/ \ /
if end of game 2: JAIT 'R -“nw IP”W' Y @
\ ‘ ,

res += reward 2 R \ /

| £ AT iNni 1 /@
buffer.push(state 1 R, action_ 1 R, reward 2 R, after state 2 R, end of game 2) l_’n ] D'N'KXNN |7 O -:‘ |7 na /
state 1 R = after state 2 R Y 20N1S DA AXN q DIﬂ'?/

7107 ,(1-1x 1) unp !
if len(buffer) < MIN_Buffer: 0DVNS 77 -9 UL’FW n;
o \ §|

continue = Q1 "
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def main ():

NN PNYY NYAN '727 [N e
playerl = DQN_Agent(player=1, env=env,parametes_path=path_load)
player2 = DQN_Agent(player=-1, env=env,parametes path=lNone) } Dl\{_’nwj I]w
player _hat = DQN_Agent(player=1, env=env,parametes_ path=None) 1) w/ o\ \
n'7onon"/ n'nhw. Y
NNIX2 A¥nn 7w R v
Q = playerl.DQN I \ | o
player2.DQN = Q 1 NIn D"\"HU '7 ‘Q PR S
Q_hat = Q.copy() _1 \j .-].m/
Q hat.train = False .'\ >
prover et DOl = et n"z'mrﬁ AR NN -
# init optimizer v n"7|9:) D'JXYJ
Dptlm = torch.optim.Adam(Q.parameters(), lr=learning_rate) - L \
scheduler = torch. optlm lr‘ scheduler StepLR(optlm 100000%30, gamma=0. 9@) I7nwl7 State L’IA-] B_ﬁg V). \
# :-.':,.-_._:' = TOorcn.optim.1r_scneduler. ..___:_:__'__'_"__ _._:.,_ ___,_-._. 38*10006¢ \\’\
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t

print(f'epoch = {epoch}', end="\r")

state_1 = env.get_init_state()

state 2, action 2, after state 2 = None, None, None
state 2 R, after state 2 R = None, None

while not env.is _end of game(state 1):

# Sample Environement

action 1 =
action_
after_state 1 =

- epoch in range(start_ epoch epochs):

playerl.get Action(state 1, epoch=epoch)
1 R = action_1

env.get next state(state=state 1, action=action_1)

after_state 1 R = after_state_1.reverse()

reward 1, end of game 1 = env
reward 1 R,
if state 2: #

.reward(after state 1)
end of game 1 R = -reward_1, end of _game 1
not the first action in a game

buffer.push(state_2 R, action_2 R,

reward_1_R, after_state 1 R, end of game_1_R)

if end_of_game_ 1:

res += reward_1
buffer.push(state_1,

t

E.l

action_1, reward_1, after_state 1, True) # white

state_1 = after_state_1
else:
# Black
state_2 = after_state_1
state 2 R = after_state 1 R
action 2 = player2.get Action(state=state 2, epoch=epoch, black state=state 2 R)

action 2 R = action_2
aftter state 2 = env.get next state(state=state 2,
atter state 2 R = after state 2.reverse()
reward 2, end of game 2 = env.reward(state=after state 2)
end of pame 2 R =
if end_of _game 2:
res += reward 2
buffer.push(state 2 R, action 2 R,
buffer.push(state_1, action_ 1, reward 2,
state 1 = after_state 2

action=action_2)

reward 2 R, -reward 2, end of game 2

reward 2 R, after state 2 R, True) # fo

aftter_state 2, end of game_2)

if len(buffer) < MIN Buffer:

continue

QAR I
Tnn PIND

ljwyb n'a
NNTNYI NN'IYNI

NIY NNIX MM 01
\DAI 270 [PNwn 1Ay

Statel <- after_gfcatez

Statel, actionl/-,

/

Paish not end state:

Statel, actlonl reward2, after state2 \\,v-""f :

State?2 R,,act|0n2 R, rewardl R,\ after state/ R
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class Tester:

def init  (self, env
self.env = env
self.playerl = playerl

mrnih"1p
TN PPIAND
self.player2 = player2

1Dy ‘J n'a
NNTNYI NN'IYNI

yoon ny¥an Testér '17'7nrn .
D'II0 Y |2 n'hnwn v Vg
def test (self, games num):
env = self.env
player = self

7¢ NNIN¥n 1von. nx\ 'n'rnm
= self.playerl
playerl win = @

player2 win = @

nlnlown 'rnN 95 N\
games = @

while games < games num:
action =

, playerl, player2) -> None:

28

//
DN PIMY7 T WT_\JI\ NN

INTENN
nnnx*numo
env.state.score() v / InNnn I7_”n-] |I7|n
1 score > @:
playerl win += 1

|
elif score < @:

player.get Action(state=env.state, train = Fal

 train < ratsey 1IN '7‘rm'1 '7w [IN'RD
env.move(action, env.state)

player = self.switchPlayers(player)

|DION RpIIT /IN7I
it env.is_end of pgame(env.state):

s5Care =

player2 win += 1

u‘ ! \
env.state = env.get_init state()
games += 1

player = self.playerl

\..\v‘ | [
return playerl win, player2 win
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