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Deep Q-learning (DQN

Initialize 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 in RB
s =5
sample random minibatch from RB
Calculate - forward
Finding a’ for s’ using Q(s,a, w™)
Calculate loss with MSELoos :

If s” is Terminal: loss = (r — )2
A 2
else: loss = (r +y - Q(s’,a’,w™) — )
Calculate gradients (backwards): loss. backward ()

Update W : Optim.SGD. step()
Every C epochs w™ « w
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Deep Reinforcement Learning with Double Q-learning

Hado van Hasselt and Arthur Guez and David Silver
Google DeepMind

Abstract

The popular Q-learning
action values undet

p answer all these
In particular, we first show that the

recent DQN algorithm, which combines Q-1

deep neural network, s s from substantial ove

in some games in the Atar )0 domain. We then show that

the idea behind the Double Q-learni rithm, which was

introduced in a tabular setti nelahzed

pel‘fOlTllﬁI'ICE' on several games.

exploration technique (Kaelbling et al., 1996). If, however,
the overestimations are not uniform and not concentrated at
states about which we wish to learn more, then they might
negatively affect the quality of th Iting policy. Thrun
and Schwartz (1993) give specific examples in which this
leads to suboptimal policies, even asymptotic

To test whether overestimations occur in practice and at
scale, w gate the performance of the recent DQN al-
gorithm (Mnih et al., 2015). DQN combines Q-learning with
a flexible deep neural network and was tested on a vari
and large set of deterministic Atari 2600 games, r

this setting is a best-case
the deep neural network

tion error, and the determinism of the environments prevents
the harmful effects of noise. Perhaps surprisingly, we show

van Hasselt, Deep Reinforcement

Learning with Double Q-learning
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Double Deep Q-learning (DDQN)

Initialize 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 in RB

)

)

S =S
sample random minibatch from RB
Calculate - forward

e

Initialize with arbitrary w. ®

Initialize @(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-gre@dy
Interact with environment and gets, a,r, s’ =
Store transition in RB |

) 5

S =5
sample random minibatch from RB -
Calculate - forward

Finding a’ for s’ using Q(s, a,w™) — Finding a’ for s’ using

Calculate loss with MSELoos :
. : y)
If s” is Terminal: loss = (r — )
y 2
else: loss = (r +y-0Q(s',a,w™) — )
Calculate gradients (backwards): loss. backward ()

Update W : Optim.SGD. step()
Every C epochs w™ « w

Calculate loss with MSELoos :

y)
If s’ is Terminal: loss = (r — )
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R 2
else: loss = (r +y-0(s’,a,w™) — )

Calculate gradients (backwards): loss. backward ()
Update W : Optim.SGD. step()
Every C epochew™ « w o
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» import pygame ---

class Environment:
def init  (self, surface) -»> None: --

def make_enemy group (self, row=ENEMY ROWS, col=EMEMY COLS, space row = 80, space col = 120, speed = ENEMY_ START SPEED): ---

def update (self): - 10N DIZNYN NXR T'TN

def draw (self): - D'O7"AIXN DI|7'YJ'7 OXNN2 0NN NKR \'XN

def restart (self, add speed = @, add shoot factor = @, new game = True): -

def move (self, action):-- reward, Done <- 2'TNNI 1''¥N ,N2' 20N NX [DTyN ,|D10N 7W 17nn yxan

def is _end of stage (self): --

def is _end of Game (self): --

def hits (self):-- NIY'A9N 190N 1'ThAl ,NYaA91n N'77nn NX "n" ,0a"INa Ny NN oKX 2T

def state (self): -- D'9011 DN PNYNI D'OPAIND 72 DIM DY 88 7T1aa TN TN N 1'TNn
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# Parameters

input size = 88 # Q(state) see environment for state shape
layerl = 128

layer2 = 64

output size = 4 # Q(state)-> 4 value of stay, left, right, shoot
gamma = ©.99

class DQN (nn.Module):

def

def

def

def

def

def

def

__init_ (self, device = torch.device('cpu')) -> None:

super{)}. init ()

self.device = device

self.linearl = nn.Linear(input_size, layerl)
self.linear2 = nn.Linear(layerl, layer2)
self.output = nn.Llinear(layer2, output size)
self .MSELoss = nn.MSELoss()

forward (self, x):
x = self.linearl(x)
F.leaky relu(x)
self.linear2{x)
x = F.leaky relu(x)
x = self.output(x)

x
x

return x

loss (self, Q values, rewards, Q next_Values, dones ): --
load params(self, path):--

save_params(self, path):--

copy (self):--

_call (self, states):--
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Reversi pnwn%? nnaw pio? nnima n1a1 DQN._Agent [Dion ®
JADIN 21012 N'WYY DANTYNL D'7TANT DX 71 D19

class DQN_Agent: !

def __init_ (self, parametes_path = None, train = True, env= None, devive = torch.device( 'cpu')): - ‘

. _ ®
def setTrainMode (self): --
def get Action (self, state, epoch = @, events= None, train = True) -» tuple: -- ’\_p
def get Actions Values (self, states): .- |

. “
def Q (self, states, actions): --
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 fix update (self, dgn, tau=0.001): --- o

def soft_update (self, dgn, tau=0.001): ---

def _ call_ (self, events= None, state=None):---
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def get_ Action (self, state, epoch = @, events= None, train = True)
actions = [0,1,2,3] -
if self.train and train:
epsilon = self.epsilon_greedy(epoch)
rnd = random.random()
if rnd < epsilon:
return random.choice(actions)

with torch.no _grad():
Q values = self.DQN(state)
max_index = torch.argmax(Q values)

return actions[max_index]
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def Q (self, states, actions):
Q values = =self.DQN(states)

rows = torch.arange(Q values.shape[8]).reshape(-1,1)
cols = actions.reshape(-1,1)

o
return Q values[rows, cols]
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e Start = 1; final = 0.01; decay = 5000 ‘ 5
2T 17'09K W MINAYT 7 TIn wnn? oyoSn DN e

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

# res = final + (start - final) * math.exp(-1 * epoch/decay)

it epoch < decay:
return start - (start - final) * epoch/decay
return final
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def get Actions Values (self, states):
with torch.no grad():
Q values = self.DQN(states)
max_values, max_indices = torch.max(Q values,dim=1) # best values, best actions

return max_indices.reshape(-1,1), max values.reshape(-1,1)
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def fix update (self, dgn, tau=0.001): .n'WN-]n nw-]n

self.DQN.load state dict(dgn.state dict())

def soft_update (self, dgn, tau=0.001): #
with torch.no _grad():

for dgn_hat_param, dgn_param in zip(self.DQN.parameters(), dgn.parameters()): o

dgn_hat param.data.copy (tau * dgn_param.data + (1.8 - tau) * dgn_hat_param.data)
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- Ziigii;:#.ﬂ############## init Surface of pyGame #HHHEHHHHHHHHEHEE --- DDQN A\ ann‘n
D'XIV] D'ool = O'7T1aNn °

#region #HHEHHEHEHHHEHEE params and models #HHEHHEHEHEHREHBHREHRREE - \ \
1 |
B | . X'NY Nn'mnmn n:ihrn
#region #HHEHEHEHEHBHHEH checkpoint Load #HHEHHBHEHHEHERHHEHEHEHEHE - \ )
pyGame N2'10 7V NOoo1an
n !
#region HHHEHEHHEEHHASREHEE Wandb . init #HEHEBHEEEBHEREHEHERHEEASREERBHE - g \ .
#region HHHHEHHEHHEBHEEE Main Loop #HHHHHHEHHHEHHHAHHHHEHEHEHEHAAEHE | 5

for epoch in range(start _epoch, ephocs):
N'DINN 7Y 11y e
#region i#HHHHEHEHHE Episode loop - one game loop #iHHHHEHHEHEE - . \
#region #HHHEHHHEHEH Update target network #HHHHEHEHEHHEHEHEE ---

#region #HHH#HHHHHE Printing and saving HHEHEHEHEHREHEHREHRREE -

#endregion — /%
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X
a’l @
def main ():

#region #HHHHHEHHHEHEHE init Surface of pyGame #HHHHHHHHEHHERHE

pygame.init()

screen = pygame.display.set _mode( (WIDTH, HEIGHT))

pygame.display.set caption('Space’)

# clock = pygame.time.Clock()

header surf = pygame.Surface((WIDTH, 168))

main_surf = pygame.Surface((WIDTH, HEIGHT - 180))

header surf.fill(BLUE)

main_surf.fill(LIGHTGRAY)

env = Environment(surface=main_surt)

screen.blit(header surf, (6,0))

screen.blit(main_surf, (0,160)) ”

write (header surf, "Score: " + str(env.score) + " Ammunition: " + str(env.spaceship.ammunition)) ‘

#endregion
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#region HHHEHHEEHEHEHEHE params and models #HH#HHHEHEHERREHRHEHEHEE \ /[ -
T .0" N MY e

if torch.cuda.is_available():

EISet;.Ievice = torch.device( 'cuda") DQN_Agent ID'O nlj_} o
.player_hat nMuvnn NYd wim'w? 210 n11a ¢

device = torch.device('cpu’)

player = DQN_Agent(devive=device) “ @ |

player hat = DQN_Agent(devive=device) _replay. buffer N)) °
player _hat.DQN = player.DQN.copy() o \ \J.
batch_size = 128 .reversi [IN'X2 11'UYY '9D 0'S011 D'VjZMAINI D'IVANY ' TA) °
buffer = ReplayBuffer(path=None} / \ o
learning rate = 0.0001 . \ -

ephocs = 200000

start_epoch = 8

C, tau = 3, 0.001

loss = torch.tensor(@)

avg = @

scores, losses, avg score =[], []1, []

optim = torch.optim.Adam(player.DQN.parameters(), lr=learning rate)

# scheduler = torch.optim.lr scheduler.SteplLR(optim,10000@, gamma=0.58)

scheduler = torch.optim.1lr_scheduler.MultiSteplLR(optim, [56@00%*1006, 10000*1000,
15000*1000, 20000*1000, 25000%1000, 30000*1000], gamma=0.5)

step = @ o ¢
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.
#Hr .;Ei:n HHEHEHEEREHEEREEE checkpolint Load #HHHEHEBHEHEHESHEHHEEHHEE IJW:. IInINn I?M D Itln] -‘ IYJW] .

num = 480 _ - 1
checkpoint_path = f"Data/checkpoint{num}.pth" at 'D Xln
buffer path = f"Data/buffer{num}.pth" Checkp0|nt pth Yl", °
resume_wandb = False
if os.path.exists(checkpoint_path): bUffer pth Y.D_l_} °
resume _wandb = True
checkpoint = torch.load(checkpoint_path) nNI7|I7 ']l7jn1 nlwy] ’]']Imw'] o
start_epoch = checkpoint[ 'epoch’]+1
player.DQN.load state dict(checkpoint[ 'model state dict']) .-] 'Un 11 l |YJ:N-]

player hat.DQN.load state dict(checkpoint[ ‘model state dict'])

optim. load state dict(checkpoint[ 'optimizer state dict']) D |"ann |] n]N n'r _” |7 ¢ y Ul?:. o

scheduler.load state dict(checkpoint| ' 'scheduler state dict'])

buffer = tnr‘ch.lc-}ad(hu-F-Fer‘_path] DN ,UYJ'N W‘UYJ nl7 fT\'X_U :n_|'||7]

v et 70'T2 D7 DY

avg_score = checkpoint['avg score’] : ;
player.DQN.train() DIJIn]n I?D .T]N DIJHIU I]N i
Player et ot evatO) NTIZINN [IN'X JWNN7? D'WATIN

DN/ 7TX DY1Y N2 annNn”
- B

[
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#region #HHHHHHHHHHHHHEE Main Loop HHHHHEHHHHHHHHEHHMHHHHHENY

for epoch in range(start_epoch, ephocs):

#region #HHHEHHEHHEEE Episode loop - one game loop #3#HbHEHH
env.restart()
end of game = False
state = env.state()
while not end of game:
print (step, end="\r")
step += 1
#region #HiHHEHHEHEHHE Play and Sample Environement #4

#region #HHHHEHHHEHEHHEE Train #EHEHHEHHEEHEHSHE ---
#endregion
#region #HHHHHEHEHEE Update target network #iHHHHHHHEHERREH
#region #HHHEHHHEEHEHE Printing and saving #HHHHHERHEHBHEREHH

#endregion
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#region #HHHEHHEHHH Episode loop - one game loop #HEHHEREHHEHHHE ' / NNWINII NI

env.restart() | . -

d = - l I I7 Py
e e NNATAl ZRYnNn 'Y
while not end_of_game:

print. (step, end="\r") JNYN N'NN? 72INNKX *

step += 1

#region #HHEHEHEEEHEE Play d S le Environement #iH
it fin ey gyGame 7¢ D'WIN'RA 719'01 JoNnn I 719'0 ¢

header_surf.fill(BLUE)

S ) JN'URIN NYIN NIYYNINRA TYXY NN e

for event in events:
if event.type == pygame.QUIT:

.21NANN N7271 N2'202 TYXN VIN »

action = player.get Action(state=state, epoch=epoch)

reward, done = env.move(action=action)

next_state = env.state() . ‘ k3

buffer.push(state, torch.tensor(action, dtype=torch.int64), torch.tensor(reward, dtype=torch.float32), \
next_state, torch.tensor(done, dtype=torch.float32))

if done:
best_score = max(best_score, env.score) . Nj.n an n n-] IXI ®

statepianext_state re p I ay_b u ffe r 3_ nj | n w °

write(header surf,”level: " + str(env.level), (20@, 28))

Vi
write(header_surf, "epoch: " + str (epoch), (480, 28)) PUSh(S’ a’ r’ S ) done) o

write(header_surt, "Score: " + str(env.score), (200, 60))

write(header_surf, "Ammunition: " + str(env.spaceship.ammunition), (400, 68)) P
screen.blit(header_surf, (9,8)) . pnwnn jon I I]y-]
screen.blit(main_surf, (@,100))

pygame .display.update()
# clock.tick(FPS)
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buffer yxinnn DTy NixnaFason oty

JYUKIN YN NIVXNR1A Q "Dy JIUJ'D.
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#region HHHEHHHEHHHHE Train #SHHEBHHHBEHEHBHE
it len(buffer) < MIN BUFFER:
continue . . *
states, actions, rewards, next states, dones = buffer.sample(batch size)
Q values = player.Q(states, actions)
next actions, _ = player.get Actions Values(next states)
Q hat Values = player hat.Q(next states, next _actions)
loss = player.DQN.loss(Q values, rewards, Q hat Values, dones)
loss .backward()
optim.step()
optim.zero_grad()
scheduler.step()
#endregion
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Target Q N720 - DQN,
Q n7av —DDQON -
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def loss (self, Q values, rewards, Q next Values, dones ):
Q new = rewards.to(self.device) + gamma * Q next Values * (1- dones.to(self.device))

return self.MSELoss(Q wvalues, Q new)




Q_target N0 OW - 4

TY)'I 'J'IND

1Dy ‘J n'a
NNwINYI NN'IYNI

(Q-Target) Q_hat N720 NX D'1DTYN 11NIX .’isl,-m' T e

*
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#region #HHEHHEHHEE Update target network #HHHHHHEHHEHRHEERBE
if epoch % C ==
player hat.fix update(dgn=player.DQN)
# player hat.soft _update(dgn=player.DQN, tau=tau)
# player hat.DQN.load state dict(player.DQN.state dict())
#endregion
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.checkpoint
o) 2
\.
\
-
if epoch % 1000 == @ and epoch > @:
checkpoint = { . \ ¢
‘epoch': epoch,
'model state dict': player.DQN.state dict(), .
'optimizer state dict': optim.state dict(),
'scheduler state dict': scheduler.state dict(),
‘loss': losses,
'scores' :scores,
'avg score': avg score
¥

torch.save(checkpoint, checkpoint_path)
torch.save(buffer, buffer_path)



WandB 7179907 | .

m'xa 7702 o7 mapn (wandb) weights and Biasés n'oon
.DYN' NINYY

1N 7Y DIININ DX MW7 07 NIXa 17 DIYOXRND 90N *
NIoX7I ,0'972 NIY¥NXA 17'K DM A7 .[wa . fin'R '
Y DAIN'RN NINTPRNNA

N7V X727 NN DY wim'vnl nfoon e

tiEW&B

WandB "X ¢ |



https://wandb.ai/site
https://wandb.ai/site

wandb 7°7902 VW : .

TNN PIND

77 TIND NID ONNAL NN90d win'win ¢
ANKA NTIAY N7'NN72N0TN XY o e

NTIAYN A7 .
NN NI7Y X727 [1awn NN »
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72’02 NTIPO  NIYXANA V7 AN Y'RIE ONR? . N0 e
.wandb.login(API key)
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https://docs.wandb.ai/quickstart

wandb vP*17D MINR

e

#region HHEHHEHHEHEHEEHEE Wandb. init #HHHEEHHEEHHEHAHBHEHBHBEHHHEE
wandb.init(
# set the wandb project where this run will be logged

project="Space Invaders™,
resume=resume_wandb,

id=f"'Space_invaders {num}',

# track hyperparameters and run metadata

config={

"name": f"Space_ invaders DDQN {num}"™,

"checkpoint™:
"learning_rate™:
"Schedule":
"epochs": ephocs,
"start _epoch”:
"decay": epsiln_decay,
“"gamma": ©.99,

"batch_size": batch _size,

"C": C,
"tau":tau,
"Model" :str(player.DQN),
"device": str(device)
h
)
# wandb.config.update({"Model"

start_epoch,

checkpoint_path,
learning_rate,
f'{str(scheduler.milestones)} gamma={str(scheduler.

:str(player.DQN) },

allow val change=True)

gamma) } ',
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) TNN PIND
V4 D'I!J'J n'a

NNwINYI NN'IYNI
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(epoch + 1) % 106 == @:

avg_score.append{avg) ®
wandb. log ({
"score”: env.score,
"loss": loss.item(),
"aveg _score”: avg b

-
J
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