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Rational agents
A rational agent 

● has clear preferences  

● models uncertainty via expected values of variables or functions of 
variables

● chooses actions with the optimal expected outcome for itself from 
among all feasible actions
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E(ball position)

E(ball velocity | push gently)  = ∫ v p(v | pg) ∂v

E(ball velocity | push hard)

E(ball position | old position, velocity)
.
.
. expectation probability 

density
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action* = argmax E[ r(ball position) p(ball position | action) ]
        action

reward
(determined by 
preferences)
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Internal forward models
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Internal forward models
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Problem: 
The function F  is often unknown and parameterized functions imply many 
assumption! 

Solution: 
Be Bayesian! Define a prior over F and integrate over all possible 
functions!



Gaussian Processes
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The likelihood of N sample pairs (x , y ) is given byi    i

N



Gaussian Processes
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Policy Learning
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Model-based Gaussian processes Q-learning

Step 1) Predicting a normal distribution over the next state using the 
forward model
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Model-based Gaussian processes Q-learning

Step 1) Predicting a normal distribution over the next state using the 
forward model

Step 2) Finding the expected cost for the next state 

Step 3) Calculating the expected Q-value over the next state

Step 4) Updating Q-function 
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Bayesian optimization for optimal decision making

Bayesian optimization
• Optimal action selection
• Staying close to the previous action-state trajectories 

• Safe exploration
• Fast policy learning
• Action selection under uncertainty

<
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Experiments
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http://www.youtube.com/watch?v=-Kpi_dohYJQ
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Thanks!
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