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Chapter 3: Monte Carlo Methods




2 X 2 units = 4 square units
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Initialize, for all s € S, a € A(s):
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Returns(s,a) «— empty list
m «— an arbitrary e-soft policy

Repeat forever:

(a) Generate an episode using

(b) For each pair s.a appearing in the episode:
R « return following the first occurrence of s, a
Append R to Returns(s,a)
Q(s,a) — average(Returns(s.a))

(¢) For each s in the episode:
a* «— arg max, QQ(s,a)
For all a € A(s):
ol il { 1 —e+¢e/|A(s)] %f o= ﬂ:

e/|A(s)| if a # a
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Chapter 5: Exploring SARSA
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Mountain Car

Observation
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Tabular TD(A
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Chapter 6: Going Deep with DQN
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Chapter 7: Going Deeper with DDQN
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Introduction
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due to the model sizes
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Chapter 8: Policy Gradient Methods
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Chapter 10: All about Rainbow DQN
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TensorBoard INACT.. > C & @

No dashboards are active for the current data set.

Probable causes:

« You haven't written any data to your event files.
* TensorBoard can't find your event files.

If you're new to using TensorBoard, and want to find out how to add data
and set up your event files, check out the README and perhaps the
TensorBoard tutorial.

If you think TensorBoard is configured properly, please see the section of
the README devoted to missing_data problems and consider filing an issue
on GitHub.
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Chapter 11: Exploiting ML-Agents
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@AH Prefabs

Vﬁﬂnet!
ﬁ Gizmos
¥ & ML-Agents

3 3DBall
¥ Gl Basic

[&al Prefabs
G5 Scenes L Assets/ML-Agents/Examples/Basic/Brains/Basiclearning.asset =,

ﬁ Scripts




| Create +| (&AT

@ Collab - | & |

Scene 8 Inspector

| Shaded

v €} Basic

_Main Camera
I Directional_Light

nt
|, LargeGoal
|, smallGoal
Logo-PlaneMesh-GRAY
W [ Platfarm
| Academy
P byl Canvas_Watermark

' ¥ [BasicAgent | [ static =
Tag [ Untagged ¢| Layer | Defaulr ™
¥ .~ Transform @ ! =
Position X0 Y0 Z[0
Rotation X0 Y0 Z0
Scale X1 Y1 Z2{1
¥ g ¥ Box Collider @ 5t
Edit Collider
Is Trigger
Material [None (Physic Material) ]
Center *®/0 vl lzlo
Size ®[1 | v[1 | z[1

Agent Cameras

¥ o ¥ Basic Agent{Script) @ 5 %
Brain [@BasicLearning (LearningBrain) o

Reset On Done
On Demand Decisions

[ Add Camera [ Remove Camera |
Agent RenderTextures

| Add RenderTextures [ Remove Rende rTextures |
Max Step |

Script BasicAgent ]
Time Between Decisions 0.15 |
Large Goal W LargeGoal e
small Goal WwSmallGoal |

Add Component
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b Directional_Light
_ PlayerCam

» b WalldumpArea
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b g WalllumpArea (4)
b i WalllumpArea (5)
» b WalllumpArea (6)
» by WaldumpArea (7)
¥ by WalllumpArea (8)
> b WallJumpArea (9)
b b WalllumpArea (10)
b i WalllumpArea (11)
» b WaldumpArea (12)
» by WaldumpArea (13)
» by WalllumpArea (14)
b g WalllumpArea (15)
b b WalllumpArea (16)
b i WalllumpArea (17)
» b WaldumpArea (18)
» by WaldumphArea (19)
» b WallumpArea (20)
b b WalllumpArea (21)
>
>

by WalllumpéArea (22)

Collab - [ &
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Y.~ Transform

Position x 0 Y0
Rotation x 0 Y0
Scale X1 Y1
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BigWalllJumpLearning (LearningBi @ |
SmallwallJumpLearning (Learning| @ O

» Training Configuration

¥ Inference Configuration
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big_wall_max_height
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Specific to WallJump
Agent Run Speed |3 |
Agent Jump Height [2.75 |

Goal Scored Materia| & LightGreen a
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Chapter 12: DRL Frameworks

® ‘google dopamine” @ openaibaselines ® Keras-RL @ milagents @ rliib Worldwide, Past 12 months

75 .
I II 'i \ ) o il A9
Y g
| — “
Average Nov 11, 2018 Mar 17,2019 Jul 21,2019 \

Compared breakdown by region Region v * <> <
® "google dopamine” @ openai baselines ® Keras-RL @ ml-agents Sort: Interest for "google dopamine"
o rllib
1 United States ]
’ 2 Japan ]

Notebook settings

Runtime type

Python 3 -

Hardware accelerator
GPU - @ dh———

|:| Omit code cell output when saving this notebook

CANCEL . SAVE




& RLLibipynb ¥

File Edit View Insert Runtime Tools Help Allchanges saved

+ Code + Text

|°——)

“type’: 'MultiAgentBatch'}

2019-11-11 0:36:55,819 INFO tf_policy.py:358
2019-11-11 00:36:55,819 INFO tf_policy.py:358
2019-11-11 0:36:55,819 INFO tf_policy.py:358
2019-11-11 00:36:55,819 INFO tf_policy.py:358
2019-11-11 00:36:55,819 INFO tf_policy.py:358
2019-11-11 0:36:55,819 INFO tf_policy.py:358
2019-11-11 00:36:55,819 INFO tf_policy.py:358
2019-11-11 0:36:55,819 INFO tf_policy.py:358
2019-11-11 00:36:55,819 INFO tf_policy.py:358
2010-11-11 8:36:55,819 INFO tf_policy.py:358
2019-11-11 00:36:55,819 NFO tf_policy.py:358

(pid=491) 2019-11-11 00:36:55,819 INFO tf_policy.py:358

(pid-491) 2019-11-11 00:36:55,819 NFO

Result for DON_CartPole-ve 1 1r-0.001:
custom_metrics: {}
date: 2019-11-11_80-37-85
done: false
episode_len_mean: 18.3
episode_reward_max: 40.8
episode_reward mea
episode_reward_min
episodes_this_iter: 59
episodes_tota:
periment_id: c93979681at 6b7bde
hostname: 74d868c92a77
info:
grad_time_ms: 9.305
learner:
default_policy:
©.0010000000474974513
2.99139404296875
q: 2.878482151831494
mean_td_error: ©.18657320737838745
i ©8.0282804131587874

2 {1
max_exploration: @.902
min_exploration: 0.062
num_steps_sampled: 2000
num_steps_trained: 8008
num_target_updates: 3
opt_peak_throughput: 3438.853
opt_samples: 32.
replay_time ms: 2.895
sample_time ms: 14.544
update_time_ms: 11.078

iterations_since_restore: 2

-- optimizing
-- Optimizing
-- Optimizing
-- Optimizing
-- Optimizing
-- Optimizing
-- Optimizing
-- optimizing
-- Optimizing
-- Optimizing
-- optimizing
-- Optimizing

variable
variable
variable
variable
variable
variable
variable
variable
variable
variable
variable
variable

<tf.variable
<tf.variable
<tf.Variable
<tf.variable
<tf.variable
<tf.Variable
<tf.variable
<tf.variable
<tf.variable
<tf.Variable
<tf.variable
<tf.variable

*default_policy/fc_1/kernel:6’ shape=(4, 256) dtype=float32>
*default_policy/fc_1/bias:@’ shape=(256,) dtype=float32>
‘default_policy/fc_out/kernel:0’ shape-(256, 256) dtype-float32>
*default_policy/fc_out/bias:@’ shape=(256,) dtype-float32>
‘default_policy/q_func/action_value/hidden_e/kernel:@’ shape=(256, 256) dtype=float32_ref>
‘default_policy/q_func/action _value/hidden @/bias:@’ shape-(256,) dtype-Float32 ref>
*default_policy/q_func/action_value/dense/kernel:@' shape-(256, 2) diype=float32_refs
*default_policy/q_func/action_value/dense/bias:@’ shape=(2,) dtype=Float32_ref>
*default_policy/q_func/state_value/dense/kernel:0’ shape=(256, 256) dtype=float32_ref>
‘default_policy/q_func/state_value/dense/bias:@’ shape-(256,) dtypefloat32_ref>
*default_policy/q_func/state_value/dense_1/kernel:@' shape=(256, 1) dtype=float32_ref>
‘default_policy/q_func/state_value/dense_1/bias:@’ shape=(1,) dtype=float32_ref>

tf_run_builder.py:92 -- Executing TF run without tracing. To dump TF timeline traces to disk, set the TF_TIMELINE DIR environment variable.
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[ 8 Inspector ] g

VisualHallwayLearning L

| Open |

Learning Brain

Copy Brain Parameters from : | None (Brain) | @
¥ Brain Parameters
Vector Observation
Space Size |U

Stacked Vectors O 1

Visual Observations

l Add Mew l Remove Last ]
Index Width Height Gray
Obs 0 84 | 84 -
Vector Action
Space Type Discrete $
Branches Size |1
Branch 0 Size |5
¥ Branch Descriptions
Size |1 |
Element 0 | |
Model |Nune (NN Model) | @
Inference Device [ cPu al

‘ & There is no model for this Brain, cannet run inference. (But can still train)

Asset Labels

AssetBundle Mone ! 'Mone




8 Inspector

¥ |Academy 4 | [] Static =
Tag (Untagged B V] Layer (Defaui /

_’E Hierarchy
v Q VisualHallway*

-

| [ Static «




or if you do not have a GPU

cecutor/cuda/cudart_stub.cc:29] Ignore above cudart dle

2019-11-16 15:25:19.214278: I tensorflow/stream
set up on your machine.
WARNING: tensorflow

The TensorfFlow contrib module will not be included in TensorFlow 2.

For more information, please
/github.com/tenso /community/blob/master
github.com/te addon

ithub. com/tei

run_id="cob_1', load model=False, train_
slow=False, no_graphics

lesson=0,
one, env_a

eed=-1, env_path=None,
~_target_name:

iculum folder=None,

1, s
None, dock:

CommandLineOptions(debug=False, num_runs=
, base_port=5005, num_env cu
ig.yaml', sampler_file_ pat|

True, 00, keep checkpoints
multi_gpu trainer_config path='config/trainer_conf

cpu=False)

nlagents.envs:Start training by pressing the Play button in the Unity Editor.

save_f




F(x) lactivation (relu)

i
-

F(x) + x

activation (relu)

identity




3X3 Conv2D, 16
.

3X3 Conv2D, 16 Identity
‘ .
3X3 Conv2D, 16 connection
3X3 Conv2D, 32
3X3 Conv2D, 32 I dentity
‘ .
3X3 Conv2D, 32 connection
3X3 Conv2D, 32
s
3X3 Conv2D, 32 Identity
. < connection

3X3 Conv2D, 32
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Environment Variables

User variables for Micheal

Variable

Onelrive
Path
TEMP
TP

Value

ChUsers\Micheal\OneDrive
ChUsers\Micheal'\AppData\Local\Microsoft\WindowsApps; Ch\User...
ChUsers\Micheal\AppData\Local\ Temp
ChUsers\Micheal\AppDataiLocal\ Temp

Systern variables

Variable
CombSpec

DriverData

ERLAMNG_HOME
MEMPI_BIM
MUMBER_OF_PROCESSORS

as
Path

Value

CAWindows\system32\emd.exe
CAWindows\System32\Drivers DriverData
ChProgram Filesherl 10,1

ChProgram Files\Microsoft MPMNBin

4

Windows_MNT
Ch\Proaram Files (88N Addinsoft\ XLSTAT A\ Proaram Files\Micros...

L

Mew... Edit... Delete

QK Cancel




Locked Door

Closed door
¥ Locked door

Boxed door

Open door

Key

Box

Hurtle

Orb

Goal

Box target

Box undo Save




highest uncertainty/entropy
higher uncertainty/entropy

high uncertainty/entropy

low uncertainty/entropy
lower uncertainty/entropy

lowest uncertainty/entropy

Use W/A/D to move aroun:
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Test Data




Output

7

. WE-iB._htEd sum delete + add




D test

(X1, Y1) (x2, ¥2) (x3,¥3) (XT, YT) (X, Y)

“
“

Learner Learner ’ ’

.
, Learner

|

.

Learner

\d

“

y.
4.

Rd

Repeat for T steps

Repeat for D steps

Training signal 0 |
|
|
Rewar_d I Distribution of
rObservatlon | enviroments
|
|
Agent | ——Action—  Epyironment < -
|j |
| |
Last action I
|
|
Inner loop |
________ *__________________.I

Outer loop




\ProgramData\Anaconda

Iteration @

adaptation_reward -87.55885884882813

adaptation loss ©.085364679731428623

100 | I | 20/20 [04:31<00:00, 13.58s/it]

Iteration 1

adaptation_reward -63.27845184988469

adaptation loss -8.8018655828898772597

10 | I | 20/20 [04:23<00:00, 13.19s/it]

Iteration 2

adaptation_reward -55.6820788208680784

adaptation loss -8.886878348060727453

100 | I | 20/20 [04:21<00:00, 13.07s/it]

Iteration 3

adaptation_reward -46.21164981733399

adaptation loss -8.885148175172587763

1007 | I | 20/20 [04:18<00:00, 12.94s/it]

Iteration 4

adaptation_reward -43.73767562866211

adaptation loss -5.525294545885882e-85

100 | I | 20/20 [04:40<00:00, 14.84s/it]

Iteration 5

adaptation_reward -39.8928018808537116

adaptation loss -8.865211153533389698

coc | I - 12/20 [02:36<01:44, 13.025/it]

= E #hyperparans:
ahyperparans: batch_size = 5
batch_size = 5 new_goals =5
=5 33 max_frames = 2
= 200000
5 optimizer = optim.Adam(model.parameters())
optimizer = optim.Adam(model.parameters()) replay_buffer = ReplayBuffer(16060)
replay_buffer = ReplayBuffer (10000) 3
frame_idx =
frame_idx = & all _rewards = []
all rewards - [] E 5 losses = []
losses = []
while frame idx < max frames
while frame idx < max_frames state, goal = env.reset()
state, goal = env.reset() done = False
done = False —— episode = []
episode = [] E total reward = 0
total_reward 53 while not done:
while not done: ) E action = get_action(model, state, goal)
action = get_action(model, state, goal) 55 next_state, reward, done, _ = env.step(action
next_state, reward, done, _ = env.step(action) 56 replay_buffer.push(state, action, reward, next state, done, goal)
episode.append((state, reward, done, next_state, goal)) 57 state = next_state
replay_buffer.push(state, action, reward, next_state, done, goal) E total reward += reward
state = next_state 59 frame_idx += 1
total_reward += reward
frame_idx += 1 6 if frame_idx % 1000 == 6:
plot(frame_idx, [np.mean(all rewards[i:i+10@]) for i in range(e,
if frame_idx % 10808 — o: -
plot(frame idx, [np.mean({all rewards[i:i+108]) for i in range(@, len - all_rewards.append(total_reward)

all_rewards.append(total_reward) loss = compute_td_error (batch_size)
if loss is not None: losses.append(loss.item())

new_episode = []
for state, reward, done, next_state, goal in episode:
for t in np.random.choice(num_bits, new goals)
try:
episode[t]
except:
continue
new_goal = episode[t][-2]
if np.sum(next_state == new_goal) == num_bits:
reward = @ HER - new section
else:
reward = -1
replay_buffer.push(state, action, reward, next_state, done, new_goal)
new_episode.append((state, reward, done, next_state, new goal))

loss = compute_td_error(batch_size)
if loss is not None: losses.append(loss.item())




Mean Reward: -6.608695652173913. frame: 190000
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