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Reinforcement Learning

Source: Gym Documentation - Acrobot

Goal: reach the top in fewest frames

https://www.gymlibrary.dev/environments/classic_control/acrobot/
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Environment
action

reward



How does the agent learn?

Sample From Real 
Environment

Torque 1

Est. 
Torque 1： 80
Torque 0： 90
Torque -1：100

* Est. is the estimate number of frames 
from the goal 

Est. 
Torque 1： 90
Torque 0： 60
Torque -1：90

Target: 1+80 = 81

Environment
action

reward

Simulated 
Environment



How does the agent learn?

Sample From Real 
Environment

Torque 1 Torque 1

Est. 
Torque 1： 80
Torque 0： 90
Torque -1：100

* Est. is the estimate number of frames 
from the goal 

Est. 
Torque 1： 90
Torque 0： 60
Torque -1：90

Target: 1+80 = 81

Est. 
Torque 1： 85
Torque 0： 60
Torque -1：95

Target: 2+60 = 62



Planning
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3-Step Planning

* Est. is the estimate number of frames 
from the goal 
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Planning Helps

Planning with Perfect Model



Planning Not Helping?
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Selective Planning

* Est. is the estimate number of frames 
from the goal 

Torque 1

Est. 
Torque 1： 85
Torque 0： 60
Torque -1：95

Torque 1

Sample From Real 
Environment

Est. 
Torque 1： 90
Torque 0： 60
Torque -1：90

Torque 0

Est. 
Torque 1： 100
Torque 0： 45
Torque -1：60

Est. 
Torque 1： 80
Torque 0：90

Torque -1：100

Est. 
Torque 1： 80
Torque 0： 70
Torque -1：90

Est. 
Torque 1： 90
Torque 0： 70
Torque -1：80

Confident Not 
Confident

Torque 0

Est. 
Torque 1： 70
Torque 0： 60
Torque -1：80



Selective Planning

* Est. is the estimate number of frames 
from the goal 

Torque 1

Est. 
Torque 1： 85
Torque 0： 60
Torque -1：95

Torque 1

Sample From Real 
Environment

Est. 
Torque 1： 90
Torque 0： 60
Torque -1：90

Torque 0

Est. 
Torque 1： 100
Torque 0： 45
Torque -1：60

Est. 
Torque 1： 80
Torque 0：90

Torque -1：100

Est. 
Torque 1： 80
Torque 0： 70
Torque -1：90

Est. 
Torque 1： 90
Torque 0： 70
Torque -1：80

Confident Not 
Confident

Torque 0

Est. 
Torque 1： 70
Torque 0： 60
Torque -1：80

How to measure the 
uncertainty?



Selective Planning

* Est. is the estimate number of frames 
from the goal 

Torque 1

Est. 
Torque 1： 85
Torque 0： 60
Torque -1：95

Torque 1

Sample From Real 
Environment

Est. 
Torque 1： 90
Torque 0： 60
Torque -1：90

Torque 0

Est. 
Torque 1： 100
Torque 0： 45
Torque -1：60

Est. 
Torque 1： 80
Torque 0：90

Torque -1：100

Est. 
Torque 1： 80
Torque 0： 70
Torque -1：90

Est. 
Torque 1： 90
Torque 0： 70
Torque -1：80

Confident Not 
Confident

Torque 0

Est. 
Torque 1： 70
Torque 0： 60
Torque -1：80

How to measure the 
uncertainty?

➔ One-Step State Error



Selective Planning
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Testing Hypothesis
➔ State and target can be used as uncertainty signal to measure how confident model is
➔ Oracle experiment

◆ Assume differences are known and weigh experiences differently accordingly
◆ For one-step state error, we accumulate them through planning
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New Idea: Planning With Range

* Est. is the estimate number of frames 
from the goal 
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Approach: Neural Networks 
with Quantile Regression

NN



Approach: Neural Networks 
with Quantile Regression

Source: https://en.wikipedia.org/wiki/Quantile_regression#Intuition

Source: Ready to Score 1500+ on S.A.T? - Boost Your S.A.T Score Quickly

https://en.wikipedia.org/wiki/Quantile_regression#Intuition
https://www.bing.com/aclick?ld=e8be_m8EM_Q-QTtu2n_Zdz6DVUCUxgqZcdVw3kHSFB2kyX2MnlKw0iL0JXI4CHgt1aa4KOnkchJfn-rO3QUJC5DE18tDjdoqY27mlCAUM0oty4STvp59uZw8DUD6zW2mQ1GplJ6bvxvnExN_TSpqYRV-eaflgdu-DH5Q0EijqvrNGA5ZAj&u=&rlid=d4cb46785edf1abf77a722ff05fff36e


Approach: Neural Networks 
with Quantile Regression
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Preliminary Results
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