
Causal Reinforcement Learning
A Road to Artificial General Intelligence

Chaochao Lu

Department of Engineering  
University of Cambridge 

Cambridge, UK

Department of Empirical Inference  
Max Planck Institute for Intelligent Systems 

Tübingen, Germany

NOKIA Bell Labs | Social Dynamics Seminar | 28 Nov 2019



Google Books Ngram Viewer

Chaochao Lu                                                                                                                                                              Cambridge Machine Learning Group



Google Books Ngram Viewer

Chaochao Lu                                                                                                                                                              Cambridge Machine Learning Group



The Bible Times

Chaochao Lu                                                                                                                                                              Cambridge Machine Learning Group

The Bible, for example, tells us that just a few 
hours after tasting from the tree of knowledge, 
Adam is already an expert in causal arguments.  

When God asks: “Did you eat from that tree?”  

This is what Adam replies: “The woman whom 
you gave to be with me, She handed me the fruit 
from the tree; and I ate.” 

Eve is just as skilful: “The serpent deceived me, 
and I ate.”  

The thing to notice about this story is that God did 
not ask for explanation, only for the facts – it was 
Adam who felt the need to explain. The message is 
clear: causal explanation is a man-made concept.

Judea Pearl. Causality, 2009.
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The Debate on AGI
Does AI Need More Innate Machinery?

Chaochao Lu                                                                                                                                                              Cambridge Machine Learning Group



Chaochao Lu                                                                                                                                                              Cambridge Machine Learning Group



Chaochao Lu                                                                                                                                                              Cambridge Machine Learning Group



GOTO 2018 • On the Road to Artificial General Intelligence • Danny Lange
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What’s Wrong with RL?
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RL researchers all the time Legit RL research request

Exploration and Long Term Credit Assignment

Himanshu Sahni's Blog
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https://himanshusahni.github.io/


RL’s Fundamental Flaw

Andrey Kurenkov's Blog

Starting from Scratch
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https://thegradient.pub/author/andrey/


RL is a Cherry
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Why is Causal RL?
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Why from RL
Is RL an exercise in causal inference? Of course! Albeit a restricted 
one. By deploying interventions in training, RL allows us to infer 
consequences of those interventions, but ONLY those interventions. 
A causal model is needed to go BEYOND, i.e., to actions not used in 
training. 

The relation between RL and causal inference has been a topic of 
some debate. It can be resolved, I believe, by understanding the 
limits of each. 

Question 1: why is RL on the original high-dimensional Atari games harder 
than on downsampled versions? 
Question 2: why is RL easier if we permute the replayed data?  

RL is closer to causality research than the machine learning mainstream in 
that it sometimes effectively directly estimates do-probabilities (on-policy 
learning). However, as soon as off-policy learning is considered, in particular 
in the batch (or observational) setting, issues of causality become subtle.



Why from Natural Science 

Chaochao Lu                                                                                                                                                              Cambridge Machine Learning Group

Reproducibility Crisis Flawed Patterns

Experiments Theory Symmetry



Why from Cognition 
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Humans summarise rules or experience from their interaction 
with nature and then exploit this to improve their adaptation in 
the next exploration.  

What Causal RL does is exactly to mimic human behaviours, i.e., 
learning causal relations from an agent that communicates with 
the environment and then optimising its policy based on the 
learned causal structures.



What is Causal RL?
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Causal RL 
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Reinforcement Learning (RL)
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Association vs. Causation
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Independent Causal Mechanism

Credit: Elements of Causal Inference
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Confounder
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Credit: Elements of Causal Inference



Latent Confounders
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Alex D’Amour’s Blog



Counterfactuals
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Let us consider a student named Joe, for whom we measure X = 0.5, H = 1, and Y = 1.5. 
Suppose we wish to answer the following query: What would Joe’s score have been had 
he doubled his study time?

Judea Pearl. Causality, 2009.



Identification

Chaochao Lu                                                                                                                                                              Cambridge Machine Learning Group

• Identification in Causal Reasoning


Interventional prob.         Observational prob. 

• Identification in Causal Learning


Uniqueness of Causal Orientation  

• Identification in Latent Confounder Models


Uniqueness of Causal Strength



Causal RL 
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Connections to 
Machine Learning
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Causal RL in Transfer Learning
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https://youtu.be/hx_bgoTF7bs



Causal RL in Meta Learning

Munkhdalai et al. Meta Networks, 2017
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Causal RL in Meta RL
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Causal RL in Multi-Agent RL
Challenge I: Joint Action Space 
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Sanyam Kapoor. Multi-Agent Reinforcement Learning: 
A Report on Challenges and Approaches, 2018



Causal RL in Multi-Agent RL
Challenge II: Common Knowledge of Rationality 
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Pastine et al. Introducing Game Theory, 2017



Potential Applications 
in Various Areas
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Causal RL for Vision

Flexible Spatio-Temporal Networks 
(Lu et al. 2017)
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Loving Vincent
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https://youtu.be/47h6pQ6StCk



Causal RL for Robotics

Video Pixel Networks  
(Kalchbrenner et al. 2016)

Causal Induction from Visual Observations  
for Goal Directed Tasks 

(Nair et al. 2019)
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Causal RL for Self-driving

de Hann et al. Causal Confusion in Imitation Learning, 2018
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Causal RL for  
Healthcare/Medicine/Finance

p(rt+1 |zt, at)

p(rt+1 |zt, do(at))

Lu et al. Deconfounding RL, 2018 & Batch OPL, 2019
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Conclusion
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Causal RL 
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The Take-home Message

Causal RL 
was born for 

AGI.
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arXiv:1911.10500

Chaochao Lu                                                                                                                                                              Cambridge Machine Learning Group

https://arxiv.org/abs/1911.10500


Recommendation
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