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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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' ReplayBuffer.py > %3 ReplayBuffer

—
'S

1 from collections import deque
g Replay buffer - apbman
3 %mport torch §1ﬁ1E1¥2
4 import numpy as np NNWIN71I NN'IXDT
5
6 capacity = 10060
-
8 class ReplayBuffer:
9 def __init__ (self, capacity= 10000) -> None:
Lo self.buffer = deque(maxlen=capacity)
L1
L2 def push (self, state_tensor, reward_tensor, next_state_tensor, done):
L3 self.buffer.append((state_tensor, reward tensor, next_state tensor, done))
L5 def sample (self, batch_size):
L6 if (batch_size > self. len_ ()):
L7 batch_size = self._len_ ()
L8 state_tensors, reward_tensors, next_state_tensors, dones = zip(*random.sample(self.buffer, batch_size))
L9 states = torch.vstack(state_tensors)
20 rewards = torch.vstack(reward_tensors)
21 next_states = torch.vstack(next_state_tensors)
22 done_tensor = torch.tensor(dones).long().reshape(-1,1)
23 return states, rewards, next_states, done_tensor
24
25 def __len__ (self):
)

6 return len(self.buffer)

T N
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# Parameters

input_size = 11 # state: board = 3 * 3 + action 1 * 2 - e
layerl = 128

layer2 = 64

output_size = 1 # Q(s,a)

gamma = ©0.99

MSELoss = nn.MSELoss()

class DQN (nn.Module): “

def __init__ (self) -> None:
super()._init_ ()
if torch.cuda.is_available:
self.device = torch.device('cpu') # 'cuda’
else:

self.device = torch.device('cpu’)

self.linearl = nn.Linear(input_size, layerl, device=self.device)
self.linear2 = nn.Linear(layerl, layer2, device=self.device)
self.output = nn.Linear(layer2, output_size, device=self.device) -

5 \ »




def forward (self, x):
X = self.linearl(x)
x = F.relu(x)
X = self.linear2(x)
x = F.relu(x)
X = self.output(x)
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return X

def load_params(self, path): -

def save params(self, path): .-
def copy (self): -

def loss (self, Q _value, rewards, Q _next_Values, Dones ): -
Q_new = rewards + gamma * Q_next_Values * (1- Dones)
return MSELoss(Q value, Q _new)

def _ call (self, states, actions):
state_action = torch.cat((states,actions), dim=1)
return self.forward(state_action)
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class DQN_Agent:
def __init__ (self, player = 1, parametes_path = None, train = True, env= None) -> None:
self.DQON = DQN()
i parametes_path:
self.DQN.load_params(parametes_path)
self.train(train)
self.player = player
self.env = env

N

def train (self, train):
self.train = train
if train:
self.DQN.train()

else:
self.DQN.eval() \\




\ P
def get_action (self, state: State, epoch = @, events= None, train = True): //
epsilon = self.epsilon_greedy(epoch) 7
rnd = random.random() ~ nnnmp
i ) ~ YTPN PIND
actions = self.env.legal actions(state) '51uY nia

if self.train and train and rnd < epsilon:

NNYTNII NNIXNI
return random.choice(actions) DQN Age nt

A
state_tensor = state.toTensor()
action_np = np.array(actions)
action_tensor = torch.from_numpy(action_np)
expand_state tensor = state_tensor.unsqueeze(®).repeat((len(action_tensor),1))
# state_action = torch.cat((expand_state tensor, action_tensor ), dim=1)
with torch.no_grad():
Q_values = self.DQN(expand_state_tensor, action_tensor)
max_index = torch.argmax(Q_values)
return actions[max_index]

def get_actions (self, states, dones):
actions = []
for i, state in enumerate(states):
if dones[i].item():
actions.append((9,0))

else:
actions.append(self.get_action(State.tensorToState(state), train=False))

return torch.tensor(actions)
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epochs = 30000 -
C = 10ee :

batch = 64
learning _rate = 0.1
path = "Data\DQN_PARAM_3 30K.pth"
»
. a »

def main ():
env = TicTacToe()
playerl = DQN_Agent(1l, env=env)
player2 = Random_Agent(-1, env=env)
replay = ReplayBuffer()
Q = playerl.DQN
Q_hat :DQN = Q.copy()
Q hat.train = False
optim = torch.optim.SGD(Q.parameters(), lr=learning_rate)
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. \\
for epoch in range(epochs): 27
="

\\\ -

N
print (epoch, end="\r") S v,
state = State()

% : )
. A
DQN_Trainer
while not env.end_of_game(state):
action = playerl.get_action(state, epoch=epoch)

TPN PIND
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after_state, reward = env.next_state(state, action)
if env.end_of_game(after_state):

.
break

after_action =

replay.push(state, action, reward, after_state, env.end_of_game(after_state))

[

|

player2.get_action(state=after_state) |
next_state, reward = env.next_state(after_state, after_action)

replay.push(state, action, reward, next_state, env.end_of_game(next_state)) ”/{
state = next_state

|
r
/// /
/
if epoch < batch: - N /
continue /
states, actions, rewards, next_states, dones = replay.sample(batch) : ]
Q_values = Q(states, actions) ¢
next_actions =

| /
= playerl.get_actions(next_states, dones) (
with torch.no_grad():

Q_hat_Values = Q_hat(next_states, next_actions)

. /
\ /

loss = Q.loss(Q _values, rewards, Q_hat_Values, dones)

loss.backward()

e -/ »
optim.step()

[
|
optim.zero_grad() \\
if epoch % C == @:
Q_hat.load_state_dict(Q.state_dict())

| \
\
.
x
playerl.save_param(path)
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def main (): ﬁév
Il-lp
. PIND
Tester X_win = @ il
o win = ©
tie = ©
® . +
for n in range(num):
state = State()
player = playerl
PATH = 'Data\DQN_PARAM_3_3eK.pth’ while not env.end_of_game(state): ////7
) action = player.get_action(state=state) /
env = TicTacToe(State()) tat _ t stat tat 1 /
playerl = DQN_Agent(1l, env=env, parametes_path=PATH, train=False) state, _ = ?nv.nex _state(state,action)
# playerl = Random_Agent(1, env,graphics=None) player = switch_players(player)
player2 = Random_Agent(-1, env,graphics=None) if state.end_of_game == 1:
num = 1000 X_win +=1
elif state.end_of_game == -1: /
o win += 1 /
else: -
tie +=1

state.reset()
print(n, end = "\r")

& print()
. . print(x_win, o_win, tie)

. e e 17
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