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Actor Critic n-steps
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Actor Network

ActorNetwork{nn.Module}:
ef init (self, input_dims, n_actions, 1lr, fcl dims=256, fc2 dims=512, chkpt=1, optim step = 188, optim gamma = ©8.9):
super(ActordMetwork, self). init ()
.Linear{input dims, fcl dims}
.Linear{fcl dims, fc2 dims)
.Linear{fc2_dims, fcl_dims)
.Linear{fcl dims, n_actions}

self
self
self
self

self.

self

celf.
self.
self.

celf

fca
fc2
2
fcd

nn
nmn
nn
nmn

relu = nn.RelLU(}

.checkpoint_file = f'Data/Actor{chkpt}.pth’

optimizer
scheduler

optim.Adam(self.parameters(), 1lr=1r)
optim.lr scheduler.SteplLR(self.optimizer, step size-optim step, gamma=optim gamma)

device = T.device( 'cuda:8' if T.cuda.is available() else 'cpu')}

-to(self.device)

forward(self, state):
fci(state)

relufx)
fc2(x)
relu(x)
fc3(x)
relu(x)
fca(x)

¥
X
X
W o=
X
¥
X

self.
self.
self.
self.
self.
self.
self.

dist = Categorical(logits=x}

return dist

Input_dims = state (88)

n_action=4

Categorical = softmax
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Critic Nerwork

s CriticNetwork{nn.Module}:
def init (self, input dims, 1r, fcl dims=256, fc2 dims=512, chkpt=1, optim step = 188, optim gamma = 8.9):

supe

self.
self.
self.
self.
self.
self.

self.
self.
self.
self.

r(CriticNetwork, self). init ()

checkpoint_file = f'Data/Critic{chkpt}.pth’
fcl nn.Linear{input dims, fcl dims)

fc2 = nn.Linear(fcl dims, fc2 dims)

fc3 = nn.Linear(fc2 dims, fcl dims)

fc4d = nn.Linear(fcl_dims, 1)

relu = nn.RelLU()

Input_dims = state (88)
Output = Value (1)

optimizer = optim.Adam{self.parameters(), lr=1r)

scheduler = optim.lr scheduler.StepLR(self.optimizer, step size-optim step, gamma=optim_gamma)
device = T.device( cuda:®" if T.cuda.is available() else ‘cpu’)

to(self.device)

forward({self, state):

oM oM oM oM oM M
Il

retu

self.fcl(state)
self.relu{x)
self.fc2(x)
self.relu(x)
self.fc3(x)
self.relu(x)
self.fcd(x)
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class Memory:

]
=

[4+}

def  init (self, batch size):
self.states = []
self.log probs = []
self.vals = []
self.actions = []
self.rewards = []
self.dones = []

self.batch_size = batch_size

get _arrays(self):

return np.array(self.states},\
np.array(self.actions),\
np.array(self.vals),\
np.array(self.rewards),\
np.array(self.dones)

f clear memory(self):

self.states = []
self.log probs = []
self.actions = []
self.rewards = []
self.dones = []
self.vals = []

[1#}
=

memory

.(64) n-steps DINIY IX — memory 1 *

7v 77122 Nin'wA 127 X' — generate _batches °
D'O?TI'N

noon NI?7pn (16) batch_size

J'RA X D'AANIIN

generate batches(self):

n_states = len(self.states)

batch _start = np.arange(®, n_states, self.batch size)

indices = np.arange(n_states, dtype=np.intad)
np.random.shuffle(indices)

batches = [indices[i:i+self.batch _size] for i in batch start]

return batches

store memory(self, state, action, log probs, vals, reward, done):
self.states.append(state)

self.actions.append({action)

self.log probs.append(log_probs)

self.vals.append{vals)

self.rewards.append{reward)

self.dones.append(done)
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actor, critic n NIMWA pI 17¥ DUVNI9N DX 7NNNN DION °

class Actor Critic Agent:

def __ init_ (self, chkpt, input_dims=88, n_actions=4, wandb = None):

self.gamma = 8.995
self.n_epochs = 2
self.batch size = 16
self.1lr actor = 1le-4
self.lr critic = le-4
self.optim step = 5888
self.optim gamma = 8.95
self.critic actor ratio = 8.5
self.wandb = None  # will
self.learn step = 8 # counter for
self.entropy coefficient = 8.1
self.max_entropy coeff = 8.1
self.min_entropy_coeff = 8.82
self.entropy decay rate = 8.9996

self.actor = ActorNetwork(input_dims, n_actions, self.lr actor, chkpt=chkpt, optim step=self.optim step,
self.critic = CriticNetwork({input dims, self.lr critic, chkpt=chkpt, optim step=self.optim step,

self.memory = Memory{self.batch size)
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choose action + get Value
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:2¥N N'72pn choose_action N'¥j119n
.N71Y9N W log _prob N aIv'Nl N?71V9N NX N'TNN actor N NIYXNX] °
2AXNN Y DX DTN critic N NIy¥nxa ¢

2XNN )Y DX critic N NIYXNXR2 NN'TNnN get_value n'x71on »
AIY'NN 922 NISNNWN |2'X NIYXAI9N 'NY °
JIN2'T2 NN'ATN DX NNNIYW remember N'Xp2119n °

choose_action(self, state): remember(self, state, action, probs, vals, reward, done):

state = state.to(self.actor.device) self.memory.store_memory(state, action, probs, vals, reward, done)
with T.no grad():
dist = self.actor(state)

value = self.critic(state) get_value (self, state):
action = dist.sample().item() state = state.to(self.actor.device)
log prob = dist.log prob(T.tensor{action, device=self.actor.device)).item() with T.no_grad():
value = value.item() value = self.critic(state)

value = value.item()

return action, log prob, value return value




def train(self}:

agent = self.agent

self.step = 8

for epoch in range(self.start epoch, self.epochs}:
self.env.restart()
done = False
self.reward = 8
self.moves = @
state = self.env.state()
if self.env.level ==

self.env.score = @

while not done:

while not done:
self.graphics.clear()
self.graphics.event pump()
self.graphics.events()
action, log prob, wval = agent.choose_action(state)
reward, done = self.env.move(action=action)
self.reward += reward
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s,a,a_log, v, r,done

NYIN 7Y [IN'X YXANN D' TYX n_step ‘7D

N''¥71197 N2YIN 7NWN Q10 12'X n_step DN °
NN1) NN QXN ¢ 7vn DA NTnn
.(Awnna 1a0n

if self.step % self.n _steps == or done:
if not done:
val = agent.get value(state)
agent.learn(val)
else:

agent.learn(0.8)

agent.remember(state, action, log prob, val, reward, done)

self.step += 1
self.moves += 1
state = self.env.state()

self.graphics.header writing{env=self.env, epoch=epoch, chkpt=chkpt)
self.graphics.update()
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learn(self, next wval):
self.learn step += 1

state arr, action arr, val arr, reward arr, done arr = self.memory.get arrays()

if len{state_arr) < 2:
print(f"Skipping learning: only {len(state arr)} samples, need at least 2")
self.memory.clear memory()
return

self.entropy coefficient = max(self.min_entropy coeff, self.entropy coefficient * self.entropy decay rate)

advantage, returns = self.calculate_ advantage_and_returns(reward_arr, val_arr, done_arr, next_val)
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. :rmi::h:HEEEZiifézazﬁ:‘.:;za::ar'ate_batches(} n_epOChS I?W -]Don IIn'Nn nN DIyXJD ¢
for batch in batches: . (D 'YJMD 2_4)

states = T.tensor(state_arr[batch], dtype=T.float).to(self.actor.device)
actions = T.tensor{action_arr[batch]).to(self.actor.device)

batch vetarns - FBEREE [hatch) to(oelt critic device) 7Y DURIPR DDA Nd'Tn DY7apn ¢

___ | R batch 77122 DropTI'N

dist = self.actor(states)

g - bt oo NN D'OFTI'X 7@ batch niyynx1 -
- J1ND'TAN D'DVN NN D'971Y

actor_loss = -(log_probs * batch_advantage).mean() _nl CritiC n nlyxnxn 1Iw D'ann °
;r‘lt;c_i;s; =:I-;:rins:.e:i;;s(critic_value, batch_returns) qjan I7I7I-]3 Dygn) DID-]un nN aCtor
o s e o (awnn

dist_entropy - dist.entropy().mean()

total loss = actor loss + self.critic_actor ratio * critic loss - self.entropy coefficient * dist entropy

loss |21 NINYONN TNX 727 loss D'favwnn e
cor . optiniz .(exploration -7) entropy 77100 TNINN

self.critic.optimizer.zero_grad()

total_loss.backward()

self.actor.optimizer.step() .DI-]UD-]D IIDT”I -]InNI7 ”ID”D DIHXJYJ i

self.critic.optimizer.step()

eglon logging loss and entr

| 0

self.actor.optimizer.zero_grad()
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Calculate Advantage
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nWVYl Advantage n alvw'ne
'‘D'A7v w2
iet calculate advantage and returns (self, reward arr, val arr, done_arr, next val): nwu]n retu rns n leln °
returns = np.zeros_like(reward_arr, dtype=np.float32) _nl-,nn n|7 ‘]IO:‘]Y.\ nNI7|I73.

future_return = next_wval I)-]y |7w -]-]yn — retu rnS ¢
for t in reversed(range(len(reward_arr))): .V(S’) VYN |7:)|7 bln)nn

if done_arr[t]:

future return = 8.8 qlo I]IN IljnNn ann DN (]

A =1+ YTep1 + V2T + oo+ YV (Spa1) —V(se)

i:z:Egrfﬁuznf:t:i:i::i:;[t] + self.gamma * future return nEXt_Val qO“nn _ pnwn
NAN 2A¥NN 7Y VN Y
advantage = returns - val_arr .bootstra ping n n-r

e e e e A |20 NK7 ©
110'N NIY¥NXA Advantage
return advantage, returns -V(S) ann I?W Value n I7W
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gamma = 0.995
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stage reward =5

n_step = 64

done_reward =-0.5

n_epochs =2

zero_ammunition_reward = 0

batch_size = 16

shoot_reward =-0.01

Ir_actor = 1e-4

survival_reward = 0.00

Ir_critic = 1e-4

misile_above _reward =-0.3

optim_step = 5000

optim_gamma = 0.95

Actor_net: 88->256->512->256->4

critic_actor_ratio =0.5

Critic_net: 88->256->512->256->1

entropy_coefficient = 0.1

Activation func: Relu

max_entropy_coeff = 0.1

min_entropy_coeff = 0.02

entropy_decay rate = 0.9996
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actor_losses critic_losses
— AC_n_step78e AC_n_step77e@ AC_n_step74 @ — AC_n_step78e AC_n_step77e@ AC_n_step74 @
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4k 6k

entropy
= AC_n_step78e AC_n_step77e@ AC_n_step74 @

\J\MV\ /f\\w N,-

total_losses
= AC_n_step78e AC_n_step77e@ AC_n_step74 @
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