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Causal Inference 

modelling assumptions outside the data
identification & estimation
graph learning
etc.



Causal Inference in/for/with AI (implied ML) 

get these machines finally ‘smart’
attributions/explanations
robust/invariant predictions
reasoning
etc.



Causal Inference in/for/with AI (implied ML) 

get the answers we want
get them quick
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3 x 3 x 3 cube

43,252,003,274,489,856,000 
potential positions

max. 20 moves from any position
necessary
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‘Zoo’ of Complexity Classes

NP-hard,
#P-hard, etc.

“<problem> is
<complexity>-hard”
= <problem> solves all in that class
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This talk is brief and not too formal…

…since doing that would be: Very-hard

sorry that pun was necessary

For technical details and all the references, 
please consider the preliminary paper:
https://arxiv.org/pdf/2110.12052.pdf



You to advisor:
“Cannot solve this, I’m too dumb.”

Justifying to your Boss the wrong way



You to advisor:
“I cannot solve this, 
but neither can these people.”

Justifying to your Boss the right way



In this sense, being NP-hard is a good thing ;-)



Tractability

Definition. A class of queries Q is tractable on a 
family of probabilistic models M
iff for any query q ∈ Q and model m ∈ M
exactly computing q(m) runs in time O(poly(|m|)).



Tractability

Definition. A class of queries Q is tractable on a 
family of probabilistic models M
iff for any query q ∈ Q and model m ∈ M
exactly computing q(m) runs in time O(poly(|m|)).

cubic O(x3), high-degree O(x2023), linear O(x)



Known results for PGM incl. Bayesian Nets (1990s):

exact marginal inference is #P-hard
approximate is NP-hard



What is the landscape of tractability of inference 
in causal models?



What is the landscape of tractability of inference 
in causal models?

In the cases where it is bad…
what kind of design choices for tradeoffs are available?
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Overview

1 Are There Even Different Types of Causal Models?

2 Inference in Non-Causal (i), 
Partially and Structural Causal Models (ii)

3Summarizing the Key Differences
4Bonus: Speeding Up Mechanism Inference
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AI requires the ‘inference’ in causal inference 
to be effectively computable. 

Classical causal models might not do the trick.



TL;DR

AI requires the ‘inference’ in causal inference 
to be effectively computable. 

Classical causal models might not do the trick.

…but we will do something about it! ;-)



Are There Even Different 
Types of Causal Models?

1

Y
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Neural Nets Sum-Product Nets

many more non-causal models…







don’t even ‘speak’ counterfactuals  \(0.0)/
cannot define them



…well, CBN not a proper causal model then??

don’t even ‘speak’ counterfactuals  \(0.0)/
cannot define them



Other Partially Causal Models include..

Interventional SPNs



Inference in
Non-Causal / 
Correlation-based Models

2(i)

Y
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Corollary. Let Q be an identifiable causal query, 
|Q| be the number of terms in the estimand and 
R be the number of edges in the DAG of SPN S. 
If |Q| < R, then Q is tractable. 



Corollary. Let Q be an identifiable causal query, 
|Q| be the number of terms in the estimand and 
R be the number of edges in the DAG of SPN S. 
If |Q| < R, then Q is tractable. 

For SPN Q is linear-time tractable.



Inference in (parameterized)

Partially/ Structural 
Causal Models

2(ii)

Y

<latexit sha1_base64="FKCl15ee6JRklaeKSEIuuIwxyIQ=">AAAB6HicdZDLSsNAFIYnXmu8VV26GSyCq5DEttaFWHTjsgV7kTaUyXTSjp1MwsxEKKFP4MaFIm71Ydy7Ed/G6UVQ0R8GPv7/HOac48eMSmXbH8bc/MLi0nJmxVxdW9/YzG5t12WUCExqOGKRaPpIEkY5qSmqGGnGgqDQZ6ThD87HeeOGCEkjfqmGMfFC1OM0oBgpbVWvOtmcbR3brl0sQQ3OYb4wA9ctQseyJ8qdvpon8cu7Welk39rdCCch4QozJGXLsWPlpUgoihkZme1EkhjhAeqRlkaOQiK9dDLoCO5rpwuDSOjHFZy43ztSFEo5DH1dGSLVl7+zsflX1kpUUPJSyuNEEY6nHwUJgyqC461hlwqCFRtqQFhQPSvEfSQQVvo2pj7C16bwf6i7lpO3ClUnVz4DU2XALtgDB8ABR6AMLkAF1AAGBNyCe/BgXBt3xqPxNC2dM2Y9O+CHjOdPiq2QcQ==</latexit>

X

<latexit sha1_base64="jFpCGS6SqHfNRLftSPt5Oadq9iw=">AAAB6HicdZDLSsNAFIYn9VbjrerSzWARXIUktrUuxKIbly3YC7ShTKaTduxkEmYmQgl9AjcuFHGrD+Pejfg2Ti+Civ4w8PH/5zDnHD9mVCrb/jAyC4tLyyvZVXNtfWNzK7e905BRIjCp44hFouUjSRjlpK6oYqQVC4JCn5GmP7yY5M0bIiSN+JUaxcQLUZ/TgGKktFVrdXN52zqxXbtUhhqco0JxDq5bgo5lT5U/ezVP45d3s9rNvXV6EU5CwhVmSMq2Y8fKS5FQFDMyNjuJJDHCQ9QnbY0chUR66XTQMTzQTg8GkdCPKzh1v3ekKJRyFPq6MkRqIH9nE/OvrJ2ooOyllMeJIhzPPgoSBlUEJ1vDHhUEKzbSgLCgelaIB0ggrPRtTH2Er03h/9BwLadgFWtOvnIOZsqCPbAPDoEDjkEFXIIqqAMMCLgF9+DBuDbujEfjaVaaMeY9u+CHjOdPiSmQcA==</latexit>

Z

<latexit sha1_base64="mPxKGVeOZ0lISbDMI0XqZbYnmWI=">AAAB6HicdZDLSsNAFIYnXmu8VV26GSyCq5DEttaFWHTjsgV7wTaUyXTSjp1MwsxEKKFP4MaFIm71Ydy7Ed/G6UVQ0R8GPv7/HOac48eMSmXbH8bc/MLi0nJmxVxdW9/YzG5t12WUCExqOGKRaPpIEkY5qSmqGGnGgqDQZ6ThD87HeeOGCEkjfqmGMfFC1OM0oBgpbVWvOtmcbR3brl0sQQ3OYb4wA9ctQseyJ8qdvpon8cu7Welk39rdCCch4QozJGXLsWPlpUgoihkZme1EkhjhAeqRlkaOQiK9dDLoCO5rpwuDSOjHFZy43ztSFEo5DH1dGSLVl7+zsflX1kpUUPJSyuNEEY6nHwUJgyqC461hlwqCFRtqQFhQPSvEfSQQVvo2pj7C16bwf6i7lpO3ClUnVz4DU2XALtgDB8ABR6AMLkAF1AAGBNyCe/BgXBt3xqPxNC2dM2Y9O+CHjOdPjDGQcg==</latexit>

W

<latexit sha1_base64="KAoXLCnldczJGDyvPHxO1yxGsMo=">AAAB6HicdZDLSsNAFIYn9VbjrerSzWARXIUktrUuxKIbly3YC7ShTKaTduxkEmYmQgl9AjcuFHGrD+Pejfg2Ti+Civ4w8PH/5zDnHD9mVCrb/jAyC4tLyyvZVXNtfWNzK7e905BRIjCp44hFouUjSRjlpK6oYqQVC4JCn5GmP7yY5M0bIiSN+JUaxcQLUZ/TgGKktFVrdnN52zqxXbtUhhqco0JxDq5bgo5lT5U/ezVP45d3s9rNvXV6EU5CwhVmSMq2Y8fKS5FQFDMyNjuJJDHCQ9QnbY0chUR66XTQMTzQTg8GkdCPKzh1v3ekKJRyFPq6MkRqIH9nE/OvrJ2ooOyllMeJIhzPPgoSBlUEJ1vDHhUEKzbSgLCgelaIB0ggrPRtTH2Er03h/9BwLadgFWtOvnIOZsqCPbAPDoEDjkEFXIIqqAMMCLgF9+DBuDbujEfjaVaaMeY9u+CHjOdPh6WQbw==</latexit>

p(Y | do(X))

<latexit sha1_base64="6edbg+am3rIzfVTrCKFUPdiT7s8=">AAAB9XicdVDLSsNAFJ34rPVVdelmaBFahJLUttZd0Y3LCvYhTSyTybQdOpmEmYkSQv/ChRsXirj1X9z1b5w+BBU9cOFwzr3ce48bMiqVaU6MpeWV1bX11EZ6c2t7Zzezt9+SQSQwaeKABaLjIkkY5aSpqGKkEwqCfJeRtju6mPrtOyIkDfi1ikPi+GjAaZ9ipLR0G+ZvbJ960AvynUKhl8mZxTOzZFZrUBPrpFxZkFKpCq2iOUOunrWPHyb1uNHLfNhegCOfcIUZkrJrmaFyEiQUxYyM03YkSYjwCA1IV1OOfCKdZHb1GB5pxYP9QOjiCs7U7xMJ8qWMfVd3+kgN5W9vKv7ldSPVrzkJ5WGkCMfzRf2IQRXAaQTQo4JgxWJNEBZU3wrxEAmElQ4qrUP4+hT+T1qlolUuVq6sXP0czJEChyAL8sACp6AOLkEDNAEGAjyCZ/Bi3BtPxqvxNm9dMhYzB+AHjPdPQViUtA==</latexit>

Yx

<latexit sha1_base64="RQHZ+Aq25nMr2Is8iQvPSyGgQHY=">AAAB6nicdZDLSgMxFIYz9VbrrSq4cRMsgqthZmxr3ZW6cdmivUg7lEyaaUMzmSHJiGXoI7hxoYhbt76FT+DOjc9iehFU9IfAx/+fQ845XsSoVJb1bqQWFpeWV9KrmbX1jc2t7PZOQ4axwKSOQxaKlockYZSTuqKKkVYkCAo8Rpre8GySN6+JkDTkl2oUETdAfU59ipHS1sVV96abzVnmqeVYxRLUYB/nC3NwnCK0TWuqXHmv9kFfKq/Vbvat0wtxHBCuMENStm0rUm6ChKKYkXGmE0sSITxEfdLWyFFApJtMRx3DQ+30oB8K/biCU/d7R4ICKUeBpysDpAbydzYx/8rasfJLbkJ5FCvC8ewjP2ZQhXCyN+xRQbBiIw0IC6pnhXiABMJKXyejj/C1KfwfGo5p581Czc6VK2CmNNgHB+AI2OAElME5qII6wKAPbsE9eDCYcWc8Gk+z0pQx79kFP2Q8fwKalJG8</latexit>

Li

<latexit sha1_base64="AuxD26SVdtfoYueoAFHzLnLTfwI=">AAAB9HicdVDLSgMxFM3UV62vquDGTbAIroaZ2ta6K3XjwkUL9gHtUDJppg3NZMYkUyhDv8ONC0Vc6lf4Be7c+C1m2goqeiBwOOde7slxQ0alsqx3I7W0vLK6ll7PbGxube9kd/eaMogEJg0csEC0XSQJo5w0FFWMtENBkO8y0nJHF4nfGhMhacCv1SQkjo8GnHoUI6Ulp+sjNcSIxVfTHu1lc5Z5buWtUhlqYp8WiguSz5egbVoz5CoH9Q/6XH2t9bJv3X6AI59whRmSsmNboXJiJBTFjEwz3UiSEOERGpCOphz5RDrxLPQUHmulD71A6McVnKnfN2LkSznxXT2ZhJS/vUT8y+tEyis7MeVhpAjH80NexKAKYNIA7FNBsGITTRAWVGeFeIgEwkr3lNElfP0U/k+aedMumMW6natUwRxpcAiOwAmwwRmogEtQAw2AwQ24BffgwRgbd8aj8TQfTRmLnX3wA8bLJ1YKljI=</latexit>

C

<latexit sha1_base64="FrrqIkMqcymUQLyB+oQS632z/Ec=">AAAB83icdVDLSsNAFJ34rPFVdelmsAiuQlLbWhdisRuXFewDmlAm00k7dDIJMxOhhP6GGxeKuvU73LsR/8ZJW0FFDwwczrmXe+b4MaNS2faHsbC4tLyymlsz1zc2t7bzO7stGSUCkyaOWCQ6PpKEUU6aiipGOrEgKPQZafujeua3b4iQNOLXahwTL0QDTgOKkdKS64ZIDQOBRml90ssXbOvULtqVKtTEOS6V56RYrEDHsqconL+aZ/HTu9no5d/cfoSTkHCFGZKy69ix8lIkFMWMTEw3kSRGeIQGpKspRyGRXjrNPIGHWunDIBL6cQWn6veNFIVSjkNfT2YZ5W8vE//yuokKql5KeZwowvHsUJAwqCKYFQD7VBCs2FgThAXVWSEeIoGw0jWZuoSvn8L/SatoOSWrfOUUahdghhzYBwfgCDjgBNTAJWiAJsAgBrfgHjwYiXFnPBrPs9EFY76zB37AePkEIFGVaw==</latexit>



Proposition. Let {Qi}  be a set of queries and
R as before for iSPN I. 
Any {Qk} is linear-time tractable.



Proposition. Let {Qi}  be a set of queries and
R as before for iSPN I. 
Any {Qk} is linear-time tractable.

no inherent identification,
data assumption necessary



Proposition. Let {Qi}  be a set of queries and
R as before for iSPN I. 
Any {Qk} is linear-time tractable.

arbitrary many distributions, 
efficient exact inference



= Neural Nets + Causal Graph



Neural Causal Model = Neural Nets + Causal Graph
= parameterized SCM with neural nets mechanisms



Theorem. Causal (marginal) inference 
in any parameterized SCM is NP-hard.



Theorem. Causal (marginal) inference 
in any parameterized SCM is NP-hard.

Proof.
Reduction to 3-SAT, …

(𝑥1 ∨ 𝑥2 ∨ 𝑥3) ∧ (𝑥4 ∨ 𝑥5 ∨ 𝑥6) 
exists 𝑥i-tuple s.t. true?



Theorem. Causal (marginal) inference 
in any parameterized SCM is NP-hard.

Proof.
Reduction to 3-SAT, so that solving causal inference
amounts to solving 3-SAT. Since 3-SAT is NP-hard,
we conclude that causal inference is NP-hard.



Theorem. Causal (marginal) inference 
in any parameterized SCM is NP-hard.

Historcal Issue: Inherited from BNs.



BN SPN



Semantic Graph Computational Graph



Open Question:
Can we have the best of both worlds?



Summarizing the 
Key Differences

3

Y

<latexit sha1_base64="FKCl15ee6JRklaeKSEIuuIwxyIQ=">AAAB6HicdZDLSsNAFIYnXmu8VV26GSyCq5DEttaFWHTjsgV7kTaUyXTSjp1MwsxEKKFP4MaFIm71Ydy7Ed/G6UVQ0R8GPv7/HOac48eMSmXbH8bc/MLi0nJmxVxdW9/YzG5t12WUCExqOGKRaPpIEkY5qSmqGGnGgqDQZ6ThD87HeeOGCEkjfqmGMfFC1OM0oBgpbVWvOtmcbR3brl0sQQ3OYb4wA9ctQseyJ8qdvpon8cu7Welk39rdCCch4QozJGXLsWPlpUgoihkZme1EkhjhAeqRlkaOQiK9dDLoCO5rpwuDSOjHFZy43ztSFEo5DH1dGSLVl7+zsflX1kpUUPJSyuNEEY6nHwUJgyqC461hlwqCFRtqQFhQPSvEfSQQVvo2pj7C16bwf6i7lpO3ClUnVz4DU2XALtgDB8ABR6AMLkAF1AAGBNyCe/BgXBt3xqPxNC2dM2Y9O+CHjOdPiq2QcQ==</latexit>

X

<latexit sha1_base64="jFpCGS6SqHfNRLftSPt5Oadq9iw=">AAAB6HicdZDLSsNAFIYn9VbjrerSzWARXIUktrUuxKIbly3YC7ShTKaTduxkEmYmQgl9AjcuFHGrD+Pejfg2Ti+Civ4w8PH/5zDnHD9mVCrb/jAyC4tLyyvZVXNtfWNzK7e905BRIjCp44hFouUjSRjlpK6oYqQVC4JCn5GmP7yY5M0bIiSN+JUaxcQLUZ/TgGKktFVrdXN52zqxXbtUhhqco0JxDq5bgo5lT5U/ezVP45d3s9rNvXV6EU5CwhVmSMq2Y8fKS5FQFDMyNjuJJDHCQ9QnbY0chUR66XTQMTzQTg8GkdCPKzh1v3ekKJRyFPq6MkRqIH9nE/OvrJ2ooOyllMeJIhzPPgoSBlUEJ1vDHhUEKzbSgLCgelaIB0ggrPRtTH2Er03h/9BwLadgFWtOvnIOZsqCPbAPDoEDjkEFXIIqqAMMCLgF9+DBuDbujEfjaVaaMeY9u+CHjOdPiSmQcA==</latexit>

Z

<latexit sha1_base64="mPxKGVeOZ0lISbDMI0XqZbYnmWI=">AAAB6HicdZDLSsNAFIYnXmu8VV26GSyCq5DEttaFWHTjsgV7wTaUyXTSjp1MwsxEKKFP4MaFIm71Ydy7Ed/G6UVQ0R8GPv7/HOac48eMSmXbH8bc/MLi0nJmxVxdW9/YzG5t12WUCExqOGKRaPpIEkY5qSmqGGnGgqDQZ6ThD87HeeOGCEkjfqmGMfFC1OM0oBgpbVWvOtmcbR3brl0sQQ3OYb4wA9ctQseyJ8qdvpon8cu7Welk39rdCCch4QozJGXLsWPlpUgoihkZme1EkhjhAeqRlkaOQiK9dDLoCO5rpwuDSOjHFZy43ztSFEo5DH1dGSLVl7+zsflX1kpUUPJSyuNEEY6nHwUJgyqC461hlwqCFRtqQFhQPSvEfSQQVvo2pj7C16bwf6i7lpO3ClUnVz4DU2XALtgDB8ABR6AMLkAF1AAGBNyCe/BgXBt3xqPxNC2dM2Y9O+CHjOdPjDGQcg==</latexit>

W

<latexit sha1_base64="KAoXLCnldczJGDyvPHxO1yxGsMo=">AAAB6HicdZDLSsNAFIYn9VbjrerSzWARXIUktrUuxKIbly3YC7ShTKaTduxkEmYmQgl9AjcuFHGrD+Pejfg2Ti+Civ4w8PH/5zDnHD9mVCrb/jAyC4tLyyvZVXNtfWNzK7e905BRIjCp44hFouUjSRjlpK6oYqQVC4JCn5GmP7yY5M0bIiSN+JUaxcQLUZ/TgGKktFVrdnN52zqxXbtUhhqco0JxDq5bgo5lT5U/ezVP45d3s9rNvXV6EU5CwhVmSMq2Y8fKS5FQFDMyNjuJJDHCQ9QnbY0chUR66XTQMTzQTg8GkdCPKzh1v3ekKJRyFPq6MkRqIH9nE/OvrJ2ooOyllMeJIhzPPgoSBlUEJ1vDHhUEKzbSgLCgelaIB0ggrPRtTH2Er03h/9BwLadgFWtOvnIOZsqCPbAPDoEDjkEFXIIqqAMMCLgF9+DBuDbujEfjaVaaMeY9u+CHjOdPh6WQbw==</latexit>

p(Y | do(X))

<latexit sha1_base64="6edbg+am3rIzfVTrCKFUPdiT7s8=">AAAB9XicdVDLSsNAFJ34rPVVdelmaBFahJLUttZd0Y3LCvYhTSyTybQdOpmEmYkSQv/ChRsXirj1X9z1b5w+BBU9cOFwzr3ce48bMiqVaU6MpeWV1bX11EZ6c2t7Zzezt9+SQSQwaeKABaLjIkkY5aSpqGKkEwqCfJeRtju6mPrtOyIkDfi1ikPi+GjAaZ9ipLR0G+ZvbJ960AvynUKhl8mZxTOzZFZrUBPrpFxZkFKpCq2iOUOunrWPHyb1uNHLfNhegCOfcIUZkrJrmaFyEiQUxYyM03YkSYjwCA1IV1OOfCKdZHb1GB5pxYP9QOjiCs7U7xMJ8qWMfVd3+kgN5W9vKv7ldSPVrzkJ5WGkCMfzRf2IQRXAaQTQo4JgxWJNEBZU3wrxEAmElQ4qrUP4+hT+T1qlolUuVq6sXP0czJEChyAL8sACp6AOLkEDNAEGAjyCZ/Bi3BtPxqvxNm9dMhYzB+AHjPdPQViUtA==</latexit>

Yx

<latexit sha1_base64="RQHZ+Aq25nMr2Is8iQvPSyGgQHY=">AAAB6nicdZDLSgMxFIYz9VbrrSq4cRMsgqthZmxr3ZW6cdmivUg7lEyaaUMzmSHJiGXoI7hxoYhbt76FT+DOjc9iehFU9IfAx/+fQ845XsSoVJb1bqQWFpeWV9KrmbX1jc2t7PZOQ4axwKSOQxaKlockYZSTuqKKkVYkCAo8Rpre8GySN6+JkDTkl2oUETdAfU59ipHS1sVV96abzVnmqeVYxRLUYB/nC3NwnCK0TWuqXHmv9kFfKq/Vbvat0wtxHBCuMENStm0rUm6ChKKYkXGmE0sSITxEfdLWyFFApJtMRx3DQ+30oB8K/biCU/d7R4ICKUeBpysDpAbydzYx/8rasfJLbkJ5FCvC8ewjP2ZQhXCyN+xRQbBiIw0IC6pnhXiABMJKXyejj/C1KfwfGo5p581Czc6VK2CmNNgHB+AI2OAElME5qII6wKAPbsE9eDCYcWc8Gk+z0pQx79kFP2Q8fwKalJG8</latexit>

Li

<latexit sha1_base64="AuxD26SVdtfoYueoAFHzLnLTfwI=">AAAB9HicdVDLSgMxFM3UV62vquDGTbAIroaZ2ta6K3XjwkUL9gHtUDJppg3NZMYkUyhDv8ONC0Vc6lf4Be7c+C1m2goqeiBwOOde7slxQ0alsqx3I7W0vLK6ll7PbGxube9kd/eaMogEJg0csEC0XSQJo5w0FFWMtENBkO8y0nJHF4nfGhMhacCv1SQkjo8GnHoUI6Ulp+sjNcSIxVfTHu1lc5Z5buWtUhlqYp8WiguSz5egbVoz5CoH9Q/6XH2t9bJv3X6AI59whRmSsmNboXJiJBTFjEwz3UiSEOERGpCOphz5RDrxLPQUHmulD71A6McVnKnfN2LkSznxXT2ZhJS/vUT8y+tEyis7MeVhpAjH80NexKAKYNIA7FNBsGITTRAWVGeFeIgEwkr3lNElfP0U/k+aedMumMW6natUwRxpcAiOwAmwwRmogEtQAw2AwQ24BffgwRgbd8aj8TQfTRmLnX3wA8bLJ1YKljI=</latexit>

C

<latexit sha1_base64="FrrqIkMqcymUQLyB+oQS632z/Ec=">AAAB83icdVDLSsNAFJ34rPFVdelmsAiuQlLbWhdisRuXFewDmlAm00k7dDIJMxOhhP6GGxeKuvU73LsR/8ZJW0FFDwwczrmXe+b4MaNS2faHsbC4tLyymlsz1zc2t7bzO7stGSUCkyaOWCQ6PpKEUU6aiipGOrEgKPQZafujeua3b4iQNOLXahwTL0QDTgOKkdKS64ZIDQOBRml90ssXbOvULtqVKtTEOS6V56RYrEDHsqconL+aZ/HTu9no5d/cfoSTkHCFGZKy69ix8lIkFMWMTEw3kSRGeIQGpKspRyGRXjrNPIGHWunDIBL6cQWn6veNFIVSjkNfT2YZ5W8vE//yuokKql5KeZwowvHsUJAwqCKYFQD7VBCs2FgThAXVWSEeIoGw0jWZuoSvn8L/SatoOSWrfOUUahdghhzYBwfgCDjgBNTAJWiAJsAgBrfgHjwYiXFnPBrPs9EFY76zB37AePkEIFGVaw==</latexit>



Little Taxonomy:

e.g. Neural Net



Little Taxonomy:

e.g. Neural Net

observational (L1),
interventional (L2),
counterfactual (L3)



Little Taxonomy:

e.g. Neural Net

observational (L1),
interventional (L2),
counterfactual (L3)

produce e.g. 
L2 with L1?



Little Taxonomy:

e.g. Neural Net

observational (L1),
interventional (L2),
counterfactual (L3)

produce e.g. 
L2 with L1?

complexity of 
P(Vi | do(pai))



Little Taxonomy:

e.g. Neural Net

observational (L1),
interventional (L2),
counterfactual (L3)

produce e.g. 
L2 with L1?

complexity of 
P(Vi | do(pai))

complexity 
of P(Vi)



Non-causals



Best one but not expressivity of course



Partially Causal



Partially Causal with SPN



SCMs



Open: SCMs with linear-time mechanisms?

??? linear ?



Bonus: 
Speeding Up 
Mechanism Inference

4

Y

<latexit sha1_base64="FKCl15ee6JRklaeKSEIuuIwxyIQ=">AAAB6HicdZDLSsNAFIYnXmu8VV26GSyCq5DEttaFWHTjsgV7kTaUyXTSjp1MwsxEKKFP4MaFIm71Ydy7Ed/G6UVQ0R8GPv7/HOac48eMSmXbH8bc/MLi0nJmxVxdW9/YzG5t12WUCExqOGKRaPpIEkY5qSmqGGnGgqDQZ6ThD87HeeOGCEkjfqmGMfFC1OM0oBgpbVWvOtmcbR3brl0sQQ3OYb4wA9ctQseyJ8qdvpon8cu7Welk39rdCCch4QozJGXLsWPlpUgoihkZme1EkhjhAeqRlkaOQiK9dDLoCO5rpwuDSOjHFZy43ztSFEo5DH1dGSLVl7+zsflX1kpUUPJSyuNEEY6nHwUJgyqC461hlwqCFRtqQFhQPSvEfSQQVvo2pj7C16bwf6i7lpO3ClUnVz4DU2XALtgDB8ABR6AMLkAF1AAGBNyCe/BgXBt3xqPxNC2dM2Y9O+CHjOdPiq2QcQ==</latexit>

X

<latexit sha1_base64="jFpCGS6SqHfNRLftSPt5Oadq9iw=">AAAB6HicdZDLSsNAFIYn9VbjrerSzWARXIUktrUuxKIbly3YC7ShTKaTduxkEmYmQgl9AjcuFHGrD+Pejfg2Ti+Civ4w8PH/5zDnHD9mVCrb/jAyC4tLyyvZVXNtfWNzK7e905BRIjCp44hFouUjSRjlpK6oYqQVC4JCn5GmP7yY5M0bIiSN+JUaxcQLUZ/TgGKktFVrdXN52zqxXbtUhhqco0JxDq5bgo5lT5U/ezVP45d3s9rNvXV6EU5CwhVmSMq2Y8fKS5FQFDMyNjuJJDHCQ9QnbY0chUR66XTQMTzQTg8GkdCPKzh1v3ekKJRyFPq6MkRqIH9nE/OvrJ2ooOyllMeJIhzPPgoSBlUEJ1vDHhUEKzbSgLCgelaIB0ggrPRtTH2Er03h/9BwLadgFWtOvnIOZsqCPbAPDoEDjkEFXIIqqAMMCLgF9+DBuDbujEfjaVaaMeY9u+CHjOdPiSmQcA==</latexit>

Z

<latexit sha1_base64="mPxKGVeOZ0lISbDMI0XqZbYnmWI=">AAAB6HicdZDLSsNAFIYnXmu8VV26GSyCq5DEttaFWHTjsgV7wTaUyXTSjp1MwsxEKKFP4MaFIm71Ydy7Ed/G6UVQ0R8GPv7/HOac48eMSmXbH8bc/MLi0nJmxVxdW9/YzG5t12WUCExqOGKRaPpIEkY5qSmqGGnGgqDQZ6ThD87HeeOGCEkjfqmGMfFC1OM0oBgpbVWvOtmcbR3brl0sQQ3OYb4wA9ctQseyJ8qdvpon8cu7Welk39rdCCch4QozJGXLsWPlpUgoihkZme1EkhjhAeqRlkaOQiK9dDLoCO5rpwuDSOjHFZy43ztSFEo5DH1dGSLVl7+zsflX1kpUUPJSyuNEEY6nHwUJgyqC461hlwqCFRtqQFhQPSvEfSQQVvo2pj7C16bwf6i7lpO3ClUnVz4DU2XALtgDB8ABR6AMLkAF1AAGBNyCe/BgXBt3xqPxNC2dM2Y9O+CHjOdPjDGQcg==</latexit>

W

<latexit sha1_base64="KAoXLCnldczJGDyvPHxO1yxGsMo=">AAAB6HicdZDLSsNAFIYn9VbjrerSzWARXIUktrUuxKIbly3YC7ShTKaTduxkEmYmQgl9AjcuFHGrD+Pejfg2Ti+Civ4w8PH/5zDnHD9mVCrb/jAyC4tLyyvZVXNtfWNzK7e905BRIjCp44hFouUjSRjlpK6oYqQVC4JCn5GmP7yY5M0bIiSN+JUaxcQLUZ/TgGKktFVrdnN52zqxXbtUhhqco0JxDq5bgo5lT5U/ezVP45d3s9rNvXV6EU5CwhVmSMq2Y8fKS5FQFDMyNjuJJDHCQ9QnbY0chUR66XTQMTzQTg8GkdCPKzh1v3ekKJRyFPq6MkRqIH9nE/OvrJ2ooOyllMeJIhzPPgoSBlUEJ1vDHhUEKzbSgLCgelaIB0ggrPRtTH2Er03h/9BwLadgFWtOvnIOZsqCPbAPDoEDjkEFXIIqqAMMCLgF9+DBuDbujEfjaVaaMeY9u+CHjOdPh6WQbw==</latexit>

p(Y | do(X))

<latexit sha1_base64="6edbg+am3rIzfVTrCKFUPdiT7s8=">AAAB9XicdVDLSsNAFJ34rPVVdelmaBFahJLUttZd0Y3LCvYhTSyTybQdOpmEmYkSQv/ChRsXirj1X9z1b5w+BBU9cOFwzr3ce48bMiqVaU6MpeWV1bX11EZ6c2t7Zzezt9+SQSQwaeKABaLjIkkY5aSpqGKkEwqCfJeRtju6mPrtOyIkDfi1ikPi+GjAaZ9ipLR0G+ZvbJ960AvynUKhl8mZxTOzZFZrUBPrpFxZkFKpCq2iOUOunrWPHyb1uNHLfNhegCOfcIUZkrJrmaFyEiQUxYyM03YkSYjwCA1IV1OOfCKdZHb1GB5pxYP9QOjiCs7U7xMJ8qWMfVd3+kgN5W9vKv7ldSPVrzkJ5WGkCMfzRf2IQRXAaQTQo4JgxWJNEBZU3wrxEAmElQ4qrUP4+hT+T1qlolUuVq6sXP0czJEChyAL8sACp6AOLkEDNAEGAjyCZ/Bi3BtPxqvxNm9dMhYzB+AHjPdPQViUtA==</latexit>

Yx

<latexit sha1_base64="RQHZ+Aq25nMr2Is8iQvPSyGgQHY=">AAAB6nicdZDLSgMxFIYz9VbrrSq4cRMsgqthZmxr3ZW6cdmivUg7lEyaaUMzmSHJiGXoI7hxoYhbt76FT+DOjc9iehFU9IfAx/+fQ845XsSoVJb1bqQWFpeWV9KrmbX1jc2t7PZOQ4axwKSOQxaKlockYZSTuqKKkVYkCAo8Rpre8GySN6+JkDTkl2oUETdAfU59ipHS1sVV96abzVnmqeVYxRLUYB/nC3NwnCK0TWuqXHmv9kFfKq/Vbvat0wtxHBCuMENStm0rUm6ChKKYkXGmE0sSITxEfdLWyFFApJtMRx3DQ+30oB8K/biCU/d7R4ICKUeBpysDpAbydzYx/8rasfJLbkJ5FCvC8ewjP2ZQhXCyN+xRQbBiIw0IC6pnhXiABMJKXyejj/C1KfwfGo5p581Czc6VK2CmNNgHB+AI2OAElME5qII6wKAPbsE9eDCYcWc8Gk+z0pQx79kFP2Q8fwKalJG8</latexit>

Li

<latexit sha1_base64="AuxD26SVdtfoYueoAFHzLnLTfwI=">AAAB9HicdVDLSgMxFM3UV62vquDGTbAIroaZ2ta6K3XjwkUL9gHtUDJppg3NZMYkUyhDv8ONC0Vc6lf4Be7c+C1m2goqeiBwOOde7slxQ0alsqx3I7W0vLK6ll7PbGxube9kd/eaMogEJg0csEC0XSQJo5w0FFWMtENBkO8y0nJHF4nfGhMhacCv1SQkjo8GnHoUI6Ulp+sjNcSIxVfTHu1lc5Z5buWtUhlqYp8WiguSz5egbVoz5CoH9Q/6XH2t9bJv3X6AI59whRmSsmNboXJiJBTFjEwz3UiSEOERGpCOphz5RDrxLPQUHmulD71A6McVnKnfN2LkSznxXT2ZhJS/vUT8y+tEyis7MeVhpAjH80NexKAKYNIA7FNBsGITTRAWVGeFeIgEwkr3lNElfP0U/k+aedMumMW6natUwRxpcAiOwAmwwRmogEtQAw2AwQ24BffgwRgbd8aj8TQfTRmLnX3wA8bLJ1YKljI=</latexit>

C

<latexit sha1_base64="FrrqIkMqcymUQLyB+oQS632z/Ec=">AAAB83icdVDLSsNAFJ34rPFVdelmsAiuQlLbWhdisRuXFewDmlAm00k7dDIJMxOhhP6GGxeKuvU73LsR/8ZJW0FFDwwczrmXe+b4MaNS2faHsbC4tLyymlsz1zc2t7bzO7stGSUCkyaOWCQ6PpKEUU6aiipGOrEgKPQZafujeua3b4iQNOLXahwTL0QDTgOKkdKS64ZIDQOBRml90ssXbOvULtqVKtTEOS6V56RYrEDHsqconL+aZ/HTu9no5d/cfoSTkHCFGZKy69ix8lIkFMWMTEw3kSRGeIQGpKspRyGRXjrNPIGHWunDIBL6cQWn6veNFIVSjkNfT2YZ5W8vE//yuokKql5KeZwowvHsUJAwqCKYFQD7VBCs2FgThAXVWSEeIoGw0jWZuoSvn8L/SatoOSWrfOUUahdghhzYBwfgCDjgBNTAJWiAJsAgBrfgHjwYiXFnPBrPs9EFY76zB37AePkEIFGVaw==</latexit>



Neural Causal Model = Neural Nets + Causal Graph
= parameterized SCM with neural nets mechanisms



Circuit Causal Model = Sum-Product Nets + Causal Graph
= parameterized SCM with SPN mechanisms
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(a) Intractable Marginals
both NCM and TNCM
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(b) Tractable Equations
only TNCM

...

...

Marginal inference: 
Both NCM and CCM
are intractable
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Mechanism inference: 
Only CCM is 
linear-time tractable



Answered: SCMs with linear-time mechanisms, yes!

CCM



Final 
Remarks

Z

Y

<latexit sha1_base64="FKCl15ee6JRklaeKSEIuuIwxyIQ=">AAAB6HicdZDLSsNAFIYnXmu8VV26GSyCq5DEttaFWHTjsgV7kTaUyXTSjp1MwsxEKKFP4MaFIm71Ydy7Ed/G6UVQ0R8GPv7/HOac48eMSmXbH8bc/MLi0nJmxVxdW9/YzG5t12WUCExqOGKRaPpIEkY5qSmqGGnGgqDQZ6ThD87HeeOGCEkjfqmGMfFC1OM0oBgpbVWvOtmcbR3brl0sQQ3OYb4wA9ctQseyJ8qdvpon8cu7Welk39rdCCch4QozJGXLsWPlpUgoihkZme1EkhjhAeqRlkaOQiK9dDLoCO5rpwuDSOjHFZy43ztSFEo5DH1dGSLVl7+zsflX1kpUUPJSyuNEEY6nHwUJgyqC461hlwqCFRtqQFhQPSvEfSQQVvo2pj7C16bwf6i7lpO3ClUnVz4DU2XALtgDB8ABR6AMLkAF1AAGBNyCe/BgXBt3xqPxNC2dM2Y9O+CHjOdPiq2QcQ==</latexit>

X

<latexit sha1_base64="jFpCGS6SqHfNRLftSPt5Oadq9iw=">AAAB6HicdZDLSsNAFIYn9VbjrerSzWARXIUktrUuxKIbly3YC7ShTKaTduxkEmYmQgl9AjcuFHGrD+Pejfg2Ti+Civ4w8PH/5zDnHD9mVCrb/jAyC4tLyyvZVXNtfWNzK7e905BRIjCp44hFouUjSRjlpK6oYqQVC4JCn5GmP7yY5M0bIiSN+JUaxcQLUZ/TgGKktFVrdXN52zqxXbtUhhqco0JxDq5bgo5lT5U/ezVP45d3s9rNvXV6EU5CwhVmSMq2Y8fKS5FQFDMyNjuJJDHCQ9QnbY0chUR66XTQMTzQTg8GkdCPKzh1v3ekKJRyFPq6MkRqIH9nE/OvrJ2ooOyllMeJIhzPPgoSBlUEJ1vDHhUEKzbSgLCgelaIB0ggrPRtTH2Er03h/9BwLadgFWtOvnIOZsqCPbAPDoEDjkEFXIIqqAMMCLgF9+DBuDbujEfjaVaaMeY9u+CHjOdPiSmQcA==</latexit>

Z

<latexit sha1_base64="mPxKGVeOZ0lISbDMI0XqZbYnmWI=">AAAB6HicdZDLSsNAFIYnXmu8VV26GSyCq5DEttaFWHTjsgV7wTaUyXTSjp1MwsxEKKFP4MaFIm71Ydy7Ed/G6UVQ0R8GPv7/HOac48eMSmXbH8bc/MLi0nJmxVxdW9/YzG5t12WUCExqOGKRaPpIEkY5qSmqGGnGgqDQZ6ThD87HeeOGCEkjfqmGMfFC1OM0oBgpbVWvOtmcbR3brl0sQQ3OYb4wA9ctQseyJ8qdvpon8cu7Welk39rdCCch4QozJGXLsWPlpUgoihkZme1EkhjhAeqRlkaOQiK9dDLoCO5rpwuDSOjHFZy43ztSFEo5DH1dGSLVl7+zsflX1kpUUPJSyuNEEY6nHwUJgyqC461hlwqCFRtqQFhQPSvEfSQQVvo2pj7C16bwf6i7lpO3ClUnVz4DU2XALtgDB8ABR6AMLkAF1AAGBNyCe/BgXBt3xqPxNC2dM2Y9O+CHjOdPjDGQcg==</latexit>

W

<latexit sha1_base64="KAoXLCnldczJGDyvPHxO1yxGsMo=">AAAB6HicdZDLSsNAFIYn9VbjrerSzWARXIUktrUuxKIbly3YC7ShTKaTduxkEmYmQgl9AjcuFHGrD+Pejfg2Ti+Civ4w8PH/5zDnHD9mVCrb/jAyC4tLyyvZVXNtfWNzK7e905BRIjCp44hFouUjSRjlpK6oYqQVC4JCn5GmP7yY5M0bIiSN+JUaxcQLUZ/TgGKktFVrdnN52zqxXbtUhhqco0JxDq5bgo5lT5U/ezVP45d3s9rNvXV6EU5CwhVmSMq2Y8fKS5FQFDMyNjuJJDHCQ9QnbY0chUR66XTQMTzQTg8GkdCPKzh1v3ekKJRyFPq6MkRqIH9nE/OvrJ2ooOyllMeJIhzPPgoSBlUEJ1vDHhUEKzbSgLCgelaIB0ggrPRtTH2Er03h/9BwLadgFWtOvnIOZsqCPbAPDoEDjkEFXIIqqAMMCLgF9+DBuDbujEfjaVaaMeY9u+CHjOdPh6WQbw==</latexit>

p(Y | do(X))

<latexit sha1_base64="6edbg+am3rIzfVTrCKFUPdiT7s8=">AAAB9XicdVDLSsNAFJ34rPVVdelmaBFahJLUttZd0Y3LCvYhTSyTybQdOpmEmYkSQv/ChRsXirj1X9z1b5w+BBU9cOFwzr3ce48bMiqVaU6MpeWV1bX11EZ6c2t7Zzezt9+SQSQwaeKABaLjIkkY5aSpqGKkEwqCfJeRtju6mPrtOyIkDfi1ikPi+GjAaZ9ipLR0G+ZvbJ960AvynUKhl8mZxTOzZFZrUBPrpFxZkFKpCq2iOUOunrWPHyb1uNHLfNhegCOfcIUZkrJrmaFyEiQUxYyM03YkSYjwCA1IV1OOfCKdZHb1GB5pxYP9QOjiCs7U7xMJ8qWMfVd3+kgN5W9vKv7ldSPVrzkJ5WGkCMfzRf2IQRXAaQTQo4JgxWJNEBZU3wrxEAmElQ4qrUP4+hT+T1qlolUuVq6sXP0czJEChyAL8sACp6AOLkEDNAEGAjyCZ/Bi3BtPxqvxNm9dMhYzB+AHjPdPQViUtA==</latexit>

Yx

<latexit sha1_base64="RQHZ+Aq25nMr2Is8iQvPSyGgQHY=">AAAB6nicdZDLSgMxFIYz9VbrrSq4cRMsgqthZmxr3ZW6cdmivUg7lEyaaUMzmSHJiGXoI7hxoYhbt76FT+DOjc9iehFU9IfAx/+fQ845XsSoVJb1bqQWFpeWV9KrmbX1jc2t7PZOQ4axwKSOQxaKlockYZSTuqKKkVYkCAo8Rpre8GySN6+JkDTkl2oUETdAfU59ipHS1sVV96abzVnmqeVYxRLUYB/nC3NwnCK0TWuqXHmv9kFfKq/Vbvat0wtxHBCuMENStm0rUm6ChKKYkXGmE0sSITxEfdLWyFFApJtMRx3DQ+30oB8K/biCU/d7R4ICKUeBpysDpAbydzYx/8rasfJLbkJ5FCvC8ewjP2ZQhXCyN+xRQbBiIw0IC6pnhXiABMJKXyejj/C1KfwfGo5p581Czc6VK2CmNNgHB+AI2OAElME5qII6wKAPbsE9eDCYcWc8Gk+z0pQx79kFP2Q8fwKalJG8</latexit>

Li

<latexit sha1_base64="AuxD26SVdtfoYueoAFHzLnLTfwI=">AAAB9HicdVDLSgMxFM3UV62vquDGTbAIroaZ2ta6K3XjwkUL9gHtUDJppg3NZMYkUyhDv8ONC0Vc6lf4Be7c+C1m2goqeiBwOOde7slxQ0alsqx3I7W0vLK6ll7PbGxube9kd/eaMogEJg0csEC0XSQJo5w0FFWMtENBkO8y0nJHF4nfGhMhacCv1SQkjo8GnHoUI6Ulp+sjNcSIxVfTHu1lc5Z5buWtUhlqYp8WiguSz5egbVoz5CoH9Q/6XH2t9bJv3X6AI59whRmSsmNboXJiJBTFjEwz3UiSEOERGpCOphz5RDrxLPQUHmulD71A6McVnKnfN2LkSznxXT2ZhJS/vUT8y+tEyis7MeVhpAjH80NexKAKYNIA7FNBsGITTRAWVGeFeIgEwkr3lNElfP0U/k+aedMumMW6natUwRxpcAiOwAmwwRmogEtQAw2AwQ24BffgwRgbd8aj8TQfTRmLnX3wA8bLJ1YKljI=</latexit>

C

<latexit sha1_base64="FrrqIkMqcymUQLyB+oQS632z/Ec=">AAAB83icdVDLSsNAFJ34rPFVdelmsAiuQlLbWhdisRuXFewDmlAm00k7dDIJMxOhhP6GGxeKuvU73LsR/8ZJW0FFDwwczrmXe+b4MaNS2faHsbC4tLyymlsz1zc2t7bzO7stGSUCkyaOWCQ6PpKEUU6aiipGOrEgKPQZafujeua3b4iQNOLXahwTL0QDTgOKkdKS64ZIDQOBRml90ssXbOvULtqVKtTEOS6V56RYrEDHsqconL+aZ/HTu9no5d/cfoSTkHCFGZKy69ix8lIkFMWMTEw3kSRGeIQGpKspRyGRXjrNPIGHWunDIBL6cQWn6veNFIVSjkNfT2YZ5W8vE//yuokKql5KeZwowvHsUJAwqCKYFQD7VBCs2FgThAXVWSEeIoGw0jWZuoSvn8L/SatoOSWrfOUUahdghhzYBwfgCDjgBNTAJWiAJsAgBrfgHjwYiXFnPBrPs9EFY76zB37AePkEIFGVaw==</latexit>



It is clear: we want AI with causal reasoning 
capabilities because interacting with change is 
fundamental in nature



It is clear: we want AI with causal reasoning 
capabilities because interacting with change is 
fundamental in nature

It is also clear: we don’t want to wait aeons and waste 
endless resources to get an answers from our AI



It is clear: we want AI with causal reasoning 
capabilities because interacting with change is 
fundamental in nature

It is also clear: we don’t want to wait aeons and waste 
endless resources to get an answers from our AI

Trade-off ?
“how much” causal vs. how efficient the acquisition
Future: Partially Causal Models?





Thank you!
Questions?

matej.zecevic@tu-darmstadt.de | https://www.matej-zecevic.de

https://arxiv.org/pdf/2110.12052.pdf



Announcements

Y

<latexit sha1_base64="FKCl15ee6JRklaeKSEIuuIwxyIQ=">AAAB6HicdZDLSsNAFIYnXmu8VV26GSyCq5DEttaFWHTjsgV7kTaUyXTSjp1MwsxEKKFP4MaFIm71Ydy7Ed/G6UVQ0R8GPv7/HOac48eMSmXbH8bc/MLi0nJmxVxdW9/YzG5t12WUCExqOGKRaPpIEkY5qSmqGGnGgqDQZ6ThD87HeeOGCEkjfqmGMfFC1OM0oBgpbVWvOtmcbR3brl0sQQ3OYb4wA9ctQseyJ8qdvpon8cu7Welk39rdCCch4QozJGXLsWPlpUgoihkZme1EkhjhAeqRlkaOQiK9dDLoCO5rpwuDSOjHFZy43ztSFEo5DH1dGSLVl7+zsflX1kpUUPJSyuNEEY6nHwUJgyqC461hlwqCFRtqQFhQPSvEfSQQVvo2pj7C16bwf6i7lpO3ClUnVz4DU2XALtgDB8ABR6AMLkAF1AAGBNyCe/BgXBt3xqPxNC2dM2Y9O+CHjOdPiq2QcQ==</latexit>

X

<latexit sha1_base64="jFpCGS6SqHfNRLftSPt5Oadq9iw=">AAAB6HicdZDLSsNAFIYn9VbjrerSzWARXIUktrUuxKIbly3YC7ShTKaTduxkEmYmQgl9AjcuFHGrD+Pejfg2Ti+Civ4w8PH/5zDnHD9mVCrb/jAyC4tLyyvZVXNtfWNzK7e905BRIjCp44hFouUjSRjlpK6oYqQVC4JCn5GmP7yY5M0bIiSN+JUaxcQLUZ/TgGKktFVrdXN52zqxXbtUhhqco0JxDq5bgo5lT5U/ezVP45d3s9rNvXV6EU5CwhVmSMq2Y8fKS5FQFDMyNjuJJDHCQ9QnbY0chUR66XTQMTzQTg8GkdCPKzh1v3ekKJRyFPq6MkRqIH9nE/OvrJ2ooOyllMeJIhzPPgoSBlUEJ1vDHhUEKzbSgLCgelaIB0ggrPRtTH2Er03h/9BwLadgFWtOvnIOZsqCPbAPDoEDjkEFXIIqqAMMCLgF9+DBuDbujEfjaVaaMeY9u+CHjOdPiSmQcA==</latexit>

Z

<latexit sha1_base64="mPxKGVeOZ0lISbDMI0XqZbYnmWI=">AAAB6HicdZDLSsNAFIYnXmu8VV26GSyCq5DEttaFWHTjsgV7wTaUyXTSjp1MwsxEKKFP4MaFIm71Ydy7Ed/G6UVQ0R8GPv7/HOac48eMSmXbH8bc/MLi0nJmxVxdW9/YzG5t12WUCExqOGKRaPpIEkY5qSmqGGnGgqDQZ6ThD87HeeOGCEkjfqmGMfFC1OM0oBgpbVWvOtmcbR3brl0sQQ3OYb4wA9ctQseyJ8qdvpon8cu7Welk39rdCCch4QozJGXLsWPlpUgoihkZme1EkhjhAeqRlkaOQiK9dDLoCO5rpwuDSOjHFZy43ztSFEo5DH1dGSLVl7+zsflX1kpUUPJSyuNEEY6nHwUJgyqC461hlwqCFRtqQFhQPSvEfSQQVvo2pj7C16bwf6i7lpO3ClUnVz4DU2XALtgDB8ABR6AMLkAF1AAGBNyCe/BgXBt3xqPxNC2dM2Y9O+CHjOdPjDGQcg==</latexit>

W

<latexit sha1_base64="KAoXLCnldczJGDyvPHxO1yxGsMo=">AAAB6HicdZDLSsNAFIYn9VbjrerSzWARXIUktrUuxKIbly3YC7ShTKaTduxkEmYmQgl9AjcuFHGrD+Pejfg2Ti+Civ4w8PH/5zDnHD9mVCrb/jAyC4tLyyvZVXNtfWNzK7e905BRIjCp44hFouUjSRjlpK6oYqQVC4JCn5GmP7yY5M0bIiSN+JUaxcQLUZ/TgGKktFVrdnN52zqxXbtUhhqco0JxDq5bgo5lT5U/ezVP45d3s9rNvXV6EU5CwhVmSMq2Y8fKS5FQFDMyNjuJJDHCQ9QnbY0chUR66XTQMTzQTg8GkdCPKzh1v3ekKJRyFPq6MkRqIH9nE/OvrJ2ooOyllMeJIhzPPgoSBlUEJ1vDHhUEKzbSgLCgelaIB0ggrPRtTH2Er03h/9BwLadgFWtOvnIOZsqCPbAPDoEDjkEFXIIqqAMMCLgF9+DBuDbujEfjaVaaMeY9u+CHjOdPh6WQbw==</latexit>

p(Y | do(X))

<latexit sha1_base64="6edbg+am3rIzfVTrCKFUPdiT7s8=">AAAB9XicdVDLSsNAFJ34rPVVdelmaBFahJLUttZd0Y3LCvYhTSyTybQdOpmEmYkSQv/ChRsXirj1X9z1b5w+BBU9cOFwzr3ce48bMiqVaU6MpeWV1bX11EZ6c2t7Zzezt9+SQSQwaeKABaLjIkkY5aSpqGKkEwqCfJeRtju6mPrtOyIkDfi1ikPi+GjAaZ9ipLR0G+ZvbJ960AvynUKhl8mZxTOzZFZrUBPrpFxZkFKpCq2iOUOunrWPHyb1uNHLfNhegCOfcIUZkrJrmaFyEiQUxYyM03YkSYjwCA1IV1OOfCKdZHb1GB5pxYP9QOjiCs7U7xMJ8qWMfVd3+kgN5W9vKv7ldSPVrzkJ5WGkCMfzRf2IQRXAaQTQo4JgxWJNEBZU3wrxEAmElQ4qrUP4+hT+T1qlolUuVq6sXP0czJEChyAL8sACp6AOLkEDNAEGAjyCZ/Bi3BtPxqvxNm9dMhYzB+AHjPdPQViUtA==</latexit>

Yx

<latexit sha1_base64="RQHZ+Aq25nMr2Is8iQvPSyGgQHY=">AAAB6nicdZDLSgMxFIYz9VbrrSq4cRMsgqthZmxr3ZW6cdmivUg7lEyaaUMzmSHJiGXoI7hxoYhbt76FT+DOjc9iehFU9IfAx/+fQ845XsSoVJb1bqQWFpeWV9KrmbX1jc2t7PZOQ4axwKSOQxaKlockYZSTuqKKkVYkCAo8Rpre8GySN6+JkDTkl2oUETdAfU59ipHS1sVV96abzVnmqeVYxRLUYB/nC3NwnCK0TWuqXHmv9kFfKq/Vbvat0wtxHBCuMENStm0rUm6ChKKYkXGmE0sSITxEfdLWyFFApJtMRx3DQ+30oB8K/biCU/d7R4ICKUeBpysDpAbydzYx/8rasfJLbkJ5FCvC8ewjP2ZQhXCyN+xRQbBiIw0IC6pnhXiABMJKXyejj/C1KfwfGo5p581Czc6VK2CmNNgHB+AI2OAElME5qII6wKAPbsE9eDCYcWc8Gk+z0pQx79kFP2Q8fwKalJG8</latexit>

Li

<latexit sha1_base64="AuxD26SVdtfoYueoAFHzLnLTfwI=">AAAB9HicdVDLSgMxFM3UV62vquDGTbAIroaZ2ta6K3XjwkUL9gHtUDJppg3NZMYkUyhDv8ONC0Vc6lf4Be7c+C1m2goqeiBwOOde7slxQ0alsqx3I7W0vLK6ll7PbGxube9kd/eaMogEJg0csEC0XSQJo5w0FFWMtENBkO8y0nJHF4nfGhMhacCv1SQkjo8GnHoUI6Ulp+sjNcSIxVfTHu1lc5Z5buWtUhlqYp8WiguSz5egbVoz5CoH9Q/6XH2t9bJv3X6AI59whRmSsmNboXJiJBTFjEwz3UiSEOERGpCOphz5RDrxLPQUHmulD71A6McVnKnfN2LkSznxXT2ZhJS/vUT8y+tEyis7MeVhpAjH80NexKAKYNIA7FNBsGITTRAWVGeFeIgEwkr3lNElfP0U/k+aedMumMW6natUwRxpcAiOwAmwwRmogEtQAw2AwQ24BffgwRgbd8aj8TQfTRmLnX3wA8bLJ1YKljI=</latexit>

C

<latexit sha1_base64="FrrqIkMqcymUQLyB+oQS632z/Ec=">AAAB83icdVDLSsNAFJ34rPFVdelmsAiuQlLbWhdisRuXFewDmlAm00k7dDIJMxOhhP6GGxeKuvU73LsR/8ZJW0FFDwwczrmXe+b4MaNS2faHsbC4tLyymlsz1zc2t7bzO7stGSUCkyaOWCQ6PpKEUU6aiipGOrEgKPQZafujeua3b4iQNOLXahwTL0QDTgOKkdKS64ZIDQOBRml90ssXbOvULtqVKtTEOS6V56RYrEDHsqconL+aZ/HTu9no5d/cfoSTkHCFGZKy69ix8lIkFMWMTEw3kSRGeIQGpKspRyGRXjrNPIGHWunDIBL6cQWn6veNFIVSjkNfT2YZ5W8vE//yuokKql5KeZwowvHsUJAwqCKYFQD7VBCs2FgThAXVWSEeIoGw0jWZuoSvn8L/SatoOSWrfOUUahdghhzYBwfgCDjgBNTAJWiAJsAgBrfgHjwYiXFnPBrPs9EFY76zB37AePkEIFGVaw==</latexit>
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Are you also overwhelmed
by all the different flavours
of causality and 
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