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Reinforcement Learning (RL)

Autonomous agent learns without human 
intervention

• Agent learns by stochastically interacting 
with its environment, getting infrequent 
rewards

• Goal: maximize reward
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Reinforcement Learning

• Addresses the temporal credit assignment 

problem:

– Delayed reward (HARD problem!)

• Some successful RL applications:

– TD gammon (Tesauro)

– Packing containers (Moore)

– Elevator dispatch (Crites and Barto)
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RL Application Domains

Successful domains

• Low dimensional 
discrete state space

• 1,000,000’s learning 
runs (simulation)

Not so successful domains

• Large continuous state 
space

• 1,000,000’s learning runs 
not practical
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Continuous Domains? Robotics

Goal

Robot

Obstacle

Static 

Navigational

Feature

-Hit an obstacle: get a negative reward

-Reach goal: get a positive reward

-Reach goal faster: get a bigger positive reward
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Other Continuous Problems

• Process control

– Chemical

– Power

• Financial modeling

• Software agents on web

– State space defined by hit statistics

• TCOM problems, etc
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Why Is RL Hard in Large 

Continuous Domains?

• Stochastic search in large continuous 

domains is hard

• One possible solution: use prior domain 

knowledge to direct search
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Reinforcement Learning (MDP)

• Policy:

• Reinforcement feedback (environment)

• Goal: modify policy to maximize reward

• State-action value function 
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Approaches to RL

• Value Function RL

• Policy Gradient RL

• Actor-Critic RL

– combines value functions and policy gradients
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Value Function RL

• Learn the value of executing each action in 

each state (Value Function             ) 

• In each state, execute the most valuable 

action

• Problem:

– Value function learning infeasible in high 

dimensional state spaces
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Policy Gradient RL

• Parameterize agent’s policy (    )

• Estimate how the value of a policy  (   ) 

changes as      changes: 

• Update policy (gradient ascent):

• Problems:

– Local minimum and slow convergence
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