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Reinforcement learning what to do 
maximize a numerical 

reward signal

by 
trying them

-- Reinforcement Learning: An Introduction 

R. Sutton, A. Barto, MIT Press, 1998
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OpenAI Gym
https://gym.openai.com/



Classic Control Problems



Atari Game Environments



MuJoCo - Multi-Joint dynamics with Contact



Robotics



Microsoft AirSim
https://github.com/Microsoft/AirSim









Project Malmo
https://github.com/Microsoft/malmo
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Qπ pos1, speed1 , push left = 21

Qπ pos1, speed1 , push right = 26

( pos1 speed1 )





• Given a new experience,      (𝑠, 𝑎, 𝑟, 𝑠′)

(Bellman Equation)



Qπ 𝑠′, push left = 21

Qπ 𝑠′, push right = 26

𝑠′ = ( pos1 speed1 )
𝑠

-1



• Given a new experience,      (𝑠, 𝑝𝑢𝑠ℎ 𝑟𝑖𝑔ℎ𝑡, −1, 𝑠′)

(Bellman Equation)



State Action Q (s,a)

S1 A1 0

S1 A2 -2

S2 A1 1

S2 A2 -1

S3 A1 3

… … …

S99 A1 100





• The agent should be able to deal with previously unseen states

• States might be only partially observable



approximate



position

speed

Q(s, push left)

Q(s, push right)

•

“target” “current”loss

(𝑠, 𝑎, 𝑟, 𝑠′) =>



qmodel.init('random')

policy.init('greedy')

for N episodes do:

state = environment.init_episode()

do:

a = policy.select_action(state, qmodel) 

(reward, next_state, done) = environment.step(state, action) 

qmodel.learn((state, action, reward, next_state)) 

state = next_state

while (!done)

end for



do:

a = policy.select_action(state, qmodel)

(reward, next_state, done) = 

environment.step(state, action) 

qmodel.learn((state, action, reward, next_state)) 

state = next_state

while (!done)



http://cntk.ai/

https://github.com/Microsoft/CNTK/tree/master/Examples/ReinforcementLearning

http://cntk.ai/
https://github.com/Microsoft/CNTK/tree/master/Examples/ReinforcementLearning
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https://senseis.xmp.net/?Joseki









Image source: https://bons.ai/blog/deep-reinforcement-learning-enterprise
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• Cost of acquiring experience

• Cost of failing

• Robotic Control

• Autonomous Vehicles

• IT Network Security

• Financial Trading

• Fleet Logistics

• Process Planning…




