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The Aim of nCSI

Our aim is to bring together researchers interested in the
integration of research areas in artificial intelligence
including general machine and deep learning, symbolic
and object-centric methods, and logic with rigorous
formalizations of causality with the goal of developing
next-generation AI systems.
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Invited Speakers

Judea Pearl

Mausam

Dhanya Sridhar

Opening Keynote for nCSI

“Neural Models with Symbolic Representations
for Perceptuo-Reasoning Tasks”

“Causal Inference from Text”



p(Y = y | do(X = x))

<latexit sha1_base64="d1LLirmLTAWeOYQyx1isDNX/A08=">AAAB+3icdVDLSsNAFJ34rPUV69LNYBHaTUhiYttFoejGZQX7kLaUyWTSDp08mJlIS+mvuHGhiFt/xJ1/4/QhqOiBC4dz7uXee7yEUSFN80NbW9/Y3NrO7GR39/YPDvWjXFPEKcekgWMW87aHBGE0Ig1JJSPthBMUeoy0vNHV3G/dEy5oHN3KSUJ6IRpENKAYSSX19VxSuKtOuiH1oR8X2tVxsdjX86ZhVWzLLUHTuDh37YqjSNktl20HWoa5QB6sUO/r710/xmlIIokZEqJjmYnsTRGXFDMyy3ZTQRKER2hAOopGKCSiN13cPoNnSvFhEHNVkYQL9fvEFIVCTEJPdYZIDsVvby7+5XVSGZR7UxolqSQRXi4KUgZlDOdBQJ9ygiWbKIIwp+pWiIeIIyxVXFkVwten8H/StA3LMdwbJ1+7XMWRASfgFBSABUqgBq5BHTQABmPwAJ7AszbTHrUX7XXZuqatZo7BD2hvn31Mk3c=</latexit>

Invited Speakers

Jovana Mitrović

Tobias Gerstenberg

Guy Van den Broeck

“Representation Learning and Causality”

“A Counterfactual Simulation Model of 
Causal Judgment”

“AI can learn from data. 
But can it learn to reason?”
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Submissions & Reviews

§ 19 out of 24 submissions accepted (79%, 4 / 19 orals)

§ 33 Reviewers, 7 Area Chairs, each paper 2+1 reviews
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Back to Today’s Topic

Paper Currently Under Review
“Causal Explanations of SCM”



Causal Explanations of SCM
Matej Zečević, Devendra Singh Dhami,
Constantin Rothkopf, Kristian Kersting



TL;DR
As a step towards causal XIL, we propose a solution to 

the lack of truly causal explanations from existing methods.



Why?
(Why Causality?)
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Figure from “Elements of Causal Inference” (2017) by
Jonas Peters, Dominik Janzing and Bernhard Schölkopf



The Full Picture

Figure from “Elements of Causal Inference” (2017) by
Jonas Peters, Dominik Janzing and Bernhard Schölkopf



Why?

“To Build Truly Intelligent Machines, Teach Them Cause and Effect”

“All the impressive achievements of deep learning amount to just curve fitting”

Judea Pearl in “The Book of Why” and in an interview with quantamagazine in 2018



”As X-rays are to the surgeon, graphs are for causation.”
-Judea Pearl in Causality (2009)



”As X-rays are to the surgeon, graphs are for causation.”
-Judea Pearl in Causality (2009)

”As graphs are to the causality, causal nets are for AI.”



Background:
Causality & XAI
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<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>



q Structural Causal Model (SCM) 

describe the mechanistic relations of variables

where           factorizes the exogenous variables. (Markovian-SCM)

q An intervention actively replaces the origin mechanism

with a new mechanism, denoted by                          .

q An important view on valuation is given by:

where                      .

Causal Inference 101

X Y

Z

X Y

Z

gY = a

<latexit sha1_base64="n3WN4OA5iaBtxemzFyhZY705QNc=">AAAB7HicdVDLSgMxFL1TX7W+qi7dBIvgasi01epCKLhxWcFplXYomTRtQzOZIckIZeg3uHGhiFs/yJ1/Y/oQVPRAyOGce7n3njARXBuMP5zc0vLK6lp+vbCxubW9U9zda+o4VZT5NBaxug2JZoJL5htuBLtNFCNRKFgrHF1O/dY9U5rH8saMExZEZCB5n1NirOQPuncXpFssYRdXK16lhrBbxpXzcnlK7O+dIs/FM5RggUa3+N7pxTSNmDRUEK3bHk5MkBFlOBVsUuikmiWEjsiAtS2VJGI6yGbLTtCRVXqoHyv7pEEz9XtHRiKtx1FoKyNihvq3NxX/8tqp6Z8FGZdJapik80H9VCATo+nlqMcVo0aMLSFUcbsrokOiCDU2n4IN4etS9D9pll2v6p5cV0t1vIgjDwdwCMfgQQ3qcAUN8IEChwd4gmdHOo/Oi/M6L805i559+AHn7RO8io6a</latexit>

do(Y = gY )

<latexit sha1_base64="TvvPoGRDe94yijNrHu+H7PS0NN0=">AAAB8HicdVDLSgMxFM3UV62vqks3wSLUzZBpq9WFUHDjsoJ90Q4lk8m0oZnMkGSEMvQr3LhQxK2f486/MdNWUNEDIYdz7uXee7yYM6UR+rByK6tr6xv5zcLW9s7uXnH/oK2iRBLaIhGPZNfDinImaEszzWk3lhSHHqcdb3Kd+Z17KhWLxJ2extQN8UiwgBGsjdTzo3LvajTsnQ6LJWSjWtWp1iGyK6h6WalkxPzOOXRsNEcJLNEcFt8HfkSSkApNOFaq76BYuymWmhFOZ4VBomiMyQSPaN9QgUOq3HS+8AyeGMWHQSTNExrO1e8dKQ6VmoaeqQyxHqvfXib+5fUTHVy4KRNxoqkgi0FBwqGOYHY99JmkRPOpIZhIZnaFZIwlJtpkVDAhfF0K/yftiu3U7LPbWqmBlnHkwRE4BmXggDpogBvQBC1AQAgewBN4tqT1aL1Yr4vSnLXsOQQ/YL19AgdRj94=</latexit>

fY (X,Z,UY )

<latexit sha1_base64="pN3sQSudLABgrNfmHMR4KNqjiX8=">AAAB83icdVDLSgMxFM3UV62vqks3wSJUKENmWq3uCm5cVnD6sB2GTJppQzMPkoxQSn/DjQtF3Poz7vwbM20FFT1wuYdz7iU3x084kwqhDyO3srq2vpHfLGxt7+zuFfcPWjJOBaEOiXksOj6WlLOIOoopTjuJoDj0OW3746vMb99TIVkc3apJQt0QDyMWMIKVlvqB1y13KncVx+ueesUSMlGtalXrEJk2ql7adkZ0t86hZaI5SmCJpld87w9ikoY0UoRjKXsWSpQ7xUIxwums0E8lTTAZ4yHtaRrhkEp3Or95Bk+0MoBBLHRFCs7V7xtTHEo5CX09GWI1kr+9TPzL66UquHCnLEpSRSOyeChIOVQxzAKAAyYoUXyiCSaC6VshGWGBidIxFXQIXz+F/5OWbVo18+ymVmqgZRx5cASOQRlYoA4a4Bo0gQMISMADeALPRmo8Gi/G62I0Zyx3DsEPGG+fhNGQqQ==</latexit>

C = (S, P (U))

<latexit sha1_base64="J7cUpTcjpv1TN0WnlpKkp2Z5eU4="></latexit>

P (U)

<latexit sha1_base64="Nh1eHVqbj2mnBMpnERusLheSc2A=">AAAB9HicdVBPS8MwHE3nvzn/TT16CQ5hXkraTae3gRePE6wbbGWkWbqFpWlN0sEo+xxePCji1Q/jzW9juk1Q0Qchj/d+P/LygoQzpRH6sAorq2vrG8XN0tb2zu5eef/gTsWpJNQjMY9lJ8CKciaop5nmtJNIiqOA03Ywvsr99oRKxWJxq6cJ9SM8FCxkBGsj+a1qL8J6FISZNzvtlyvIRvWaU2tAZLuodum6OTG3cw4dG81RAUu0+uX33iAmaUSFJhwr1XVQov0MS80Ip7NSL1U0wWSMh7RrqMARVX42Dz2DJ0YZwDCW5ggN5+r3jQxHSk2jwEzmEdVvLxf/8rqpDi/8jIkk1VSQxUNhyqGOYd4AHDBJieZTQzCRzGSFZIQlJtr0VDIlfP0U/k/uXNup22c39UoTLesogiNwDKrAAQ3QBNegBTxAwD14AE/g2ZpYj9aL9boYLVjLnUPwA9bbJ4bzkek=</latexit>

V

<latexit sha1_base64="nC8p86zNxJSh5m6vopEBBB5BeP4=">AAAB8XicdVDLSgMxFL1TX7W+qi7dBIvgasi01equ4MZlBfvAtpRMmmlDM5khyQhl6F+4caGIW//GnX9jpq2gohdCDufcyz33+LHg2mD84eRWVtfWN/Kbha3tnd294v5BS0eJoqxJIxGpjk80E1yypuFGsE6sGAl9wdr+5CrT2/dMaR7JWzONWT8kI8kDTomx1F0vJGbsB2lrNiiWsIurFa9SQ9gt48pluZwB+3vnyHPxvEqwrMag+N4bRjQJmTRUEK27Ho5NPyXKcCrYrNBLNIsJnZAR61ooSch0P507nqETywxRECn7pEFz9vtESkKtp6FvOzOH+reWkX9p3cQEF/2UyzgxTNLFoiARyEQoOx8NuWLUiKkFhCpuvSI6JopQY0Mq2BC+LkX/g1bZ9aru2U21VMfLOPJwBMdwCh7UoA7X0IAmUJDwAE/w7Gjn0XlxXhetOWc5cwg/ynn7BBvqkSs=</latexit>

do(W = gw)

<latexit sha1_base64="zmCojJ9ANqtjWhUsKxNwevzmKTY=">AAACBHicdVDLSgMxFM34rPU16rKbYBHqZsi01epCKLhxWcE+oB2GTJppQzMPkoxShi7c+CtuXCji1o9w59+Y6QNU9EDIyTn3knuPF3MmFUKfxtLyyuraem4jv7m1vbNr7u23ZJQIQpsk4pHoeFhSzkLaVExx2okFxYHHadsbXWZ++5YKyaLwRo1j6gR4EDKfEay05JqFflTqBVgNPT9tTy4G7uJxNzl2zSKyULViV2oQWWVUOS+XM6Jv+xTaFpqiCOZouOZHrx+RJKChIhxL2bVRrJwUC8UIp5N8L5E0xmSEB7SraYgDKp10usQEHmmlD/1I6BMqOFW/d6Q4kHIceLoyG1H+9jLxL6+bKP/MSVkYJ4qGZPaRn3CoIpglAvtMUKL4WBNMBNOzQjLEAhOlc8vrEBabwv9Jq2zZVevkulqso3kcOVAAh6AEbFADdXAFGqAJCLgHj+AZvBgPxpPxarzNSpeMec8B+AHj/QsxF5hr</latexit>

fW

<latexit sha1_base64="KN7M7kMmKp1CJfwpU2zeGiPeE5Y=">AAAB9XicdVDLSgMxFL3js9ZX1aWbYBFcDZm2Wt0V3LisYB/QjiWTZtrQzIMko5Rh/sONC0Xc+i/u/BszbQUVPRByOOdecnK8WHClMf6wlpZXVtfWCxvFza3tnd3S3n5bRYmkrEUjEcmuRxQTPGQtzbVg3VgyEniCdbzJZe537phUPApv9DRmbkBGIfc5JdpIt/4g7QdEjz0/7WTZoFTGNq5VnWodYbuCqxeVSk7M7Zwhx8YzlGGB5qD03h9GNAlYqKkgSvUcHGs3JVJzKlhW7CeKxYROyIj1DA1JwJSbzlJn6NgoQ+RH0pxQo5n6fSMlgVLTwDOTeUT128vFv7xeov1zN+VhnGgW0vlDfiKQjlBeARpyyagWU0MIldxkRXRMJKHaFFU0JXz9FP1P2hXbqdmn17VyAy/qKMAhHMEJOFCHBlxBE1pAQcIDPMGzdW89Wi/W63x0yVrsHMAPWG+fZvyTEQ==</latexit>

Vi := fi(pa(Vi), Ui), where i = 1, . . . , d

<latexit sha1_base64="QrBPqTUbThJHMTPLIjbcmcwy2Kg="></latexit>

pC(w | do(z)) =
X

{u|Wz(u)=w}

p(u)

<latexit sha1_base64="NWH+oNFBNk7gsyLr9uGQ8JpunDc="></latexit>

Wz : U 7! W

<latexit sha1_base64="Lf2thherro1n8mgX2+LwcgDLjg8=">AAACHnicdVDLSgMxFM3UV62vUZdugkVwNWT6sOqq4MZlBfuAdiiZNNOGZh4kGaEO8yVu/BU3LhQRXOnfmOkDquiFkJNzzyX3HDfiTCqEvozcyura+kZ+s7C1vbO7Z+4ftGQYC0KbJOSh6LhYUs4C2lRMcdqJBMW+y2nbHV9l/fYdFZKFwa2aRNTx8TBgHiNYaapvVns+ViPXS9ppP1ng+zS9hItHM9UokiqES1KziCxUKdvlGkRWCZUvSqUM6Ns+g7aFplUE82r0zY/eICSxTwNFOJaya6NIOQkWihFO00IvljTCZIyHtKthgH0qnWRqL4UnmhlALxT6BApO2eWJBPtSTnxXK7MN5e9eRv7V68bKO3cSFkSxogGZfeTFHGqvWVZwwAQlik80wEQwvSskIywwUTrRgg5h4RT+D1oly65Y1ZtKsY7mceTBETgGp8AGNVAH16ABmoCAB/AEXsCr8Wg8G2/G+0yaM+Yzh+BHGZ/fDXOkRA==</latexit>



Why?

On Pearl’s Hierarchy and 
the Foundations of Causal Inference
Elias Bareinboim, Juan Correa, Duligur Ibeling, Thomas Icard

causalai.net/r60

Pearl Causal Hierarchy (PCH), “The Book of Why” (2018)



q Judea Pearl, “Causality”, Cambridge University Press, 2009.

q Peters et al., “Elements of Causal Inference”, MIT Press, 2017.

q Elias Bareinboim Lecture “Causal Data Science”, 2019.

https://www.youtube.com/watch?v=dUsokjG4DHc

q Brady Neal’s Free Online Course ”Introduction to Causal Inference”, 2020.

https://www.bradyneal.com/causal-inference-course

q Jonas Peters Lecture Series “Causality”, 2017.

https://www.youtube.com/watch?v=zvrcyqcN9Wo

Pointers to Causal Inference References



q Alexandre Drouin’s Code Tutorial for EEML 2022

https://colab.research.google.com/drive/13Bsvvl5l3uR1hbVdpMAFR13gdjwoJ6if?usp=sharing

q My Code Tutorial for SMLW 2022
https://github.com/zecevic-matej/SMLW-Causality-Tutorial/blob/main/Tutorial-on-Causality.ipynb

Code Tutorials, Hands-on!



eXplainable Artificial Intelligence (XAI)



eXplainable Interactive Learning (XIL)



“Clever Hans”



Motivation
& What’s New

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>



q In explanatory interactive learning (XIL) the user queries the learner, 

then the learner explains its answer to the user and finally the loop repeats. 

q XIL is attractive for two reasons, 

(1) the learner becomes better and (2) the user’s trust increases.

q For both reasons to hold, the learner's explanations must be useful to the 

user and the user must be allowed to ask useful questions. 

Ideally, both questions and explanations should be grounded in a causal 

model since they avoid spurious fallacies. 

==> Causal XIL

Motivation



q We show that existing explanation methods are not guaranteed to be causal 

even when provided with a Structural Causal Model (SCM)

q We derive from first principles an explanation method that makes full use 

of a given SCM, which we refer to as SCE (E standing for Explanation)

q We conduct several experiments including a user study with 22 participants 

to investigate the virtue of SCE as causal explanations of SCMs.

Contributions



The “Causal Hans”
Example

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>



Philosophical Point: Human Thoughts in Terms of SCM

Hans

Kurt

Jonas



The Causal XIL Loop 
(Before Our Derivation)

through XIL iterations convering closer to true SCM

Learned Structure

observes and asks question

feedback to user, XIL loop closes and user suggests correction / 
after iteration(s) user is satisfied, trust increases, model performance increases

learning 
algorithmseek

ideally 
contains
true 
assumptions

tweaks learning

explain

explain

Structural 
Intuition

User(s)
e.g. M.D. 

and Developer

Question
e.g. about patient

Latent True SCM

generates

Data
e.g. Patient Records

Hans

93.8
58.8
2.6

26.2

Hans's Mobility is 26.2 which is lower 
than population average of 35.6
"Why is Hans's Mobility bad?" 

Explanation using
SCE Algorithm

"Hans’s Mobility (M) is bad

in spite his high Age (A)

mostly because of his

bad Health (H) which is 

bad mostly due to 

his good F. Habits (F)."

"Hans' Mobility (M) is bad

because of his bad 

Health (H) which is mostly 

due to his high Age (A),

although his Food Habits (F) 

are good."



Asking a Question about Individuals



Formalizing the Question Type



What an SCM Tells Us About Hans



Formulating an Explanation



Generalizing the Key Ideas in Logic



Pronouncing the Rules + Inspiration



Deriving an Algorithm
Structural Causal Explanations (SCE)



Our “Causal Hans” Example
Explanation Automated through SCE Algorithm



The Causal XIL Loop for SCE

through XIL iterations convering closer to true SCM

Learned Structure

observes and asks question

feedback to user, XIL loop closes and user suggests correction / 
after iteration(s) user is satisfied, trust increases, model performance increases

learning 
algorithmseek

ideally 
contains
true 
assumptions

tweaks learning

explain

explain

Structural 
Intuition

User(s)
e.g. M.D. 

and Developer

Question
e.g. about patient

Latent True SCM

generates

Data
e.g. Patient Records

Hans

93.8
58.8
2.6

26.2

Hans's Mobility is 26.2 which is lower 
than population average of 35.6
"Why is Hans's Mobility bad?" 

Explanation using
SCE Algorithm

"Hans’s Mobility (M) is bad

in spite his high Age (A)

mostly because of his

bad Health (H) which is 

bad mostly due to 

his good F. Habits (F)."

"Hans' Mobility (M) is bad

because of his bad 

Health (H) which is mostly 

due to his high Age (A),

although his Food Habits (F) 

are good."



Checking SCE,
Theory & Empirics
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Noteworthy Properties of SCE



Failure of Previous Methods (e.g. CXPlain) 
and Comparison to SCE

Answer:

"Hans' Mobility (M) is bad

because of his bad Health (H) 

which is mostly due to his high Age (A),

although his Food Habits (F) are good."

Graphical Interpretation:

high Age good F.H.

mostly
due

bad Health

Causal Explanation with SCE Algorithm

Hans

"Why is Hans's Mobility bad?" 
Query / Question

93.8,    58.8,   2.6,   26.2
Age,  Food Habits, Health, Mobility

Average Mobility in Population 35.6

"Causal" Explanation with CXPlain
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Quality of Learned Explanations



Using Explanations for Regularization
in Learning the Right Graph
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User Study with 22 Participants, Our Survey Document:



Aggregating the Human Data

...

Graph Distribution for Human Data

"Mode"

Result

Graph
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Comparing Human vs Machine SCEs
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Works of Ours
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<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>



got a lot of attention, Judea tweeted,
whole community went nuts..

got a little attention, Judea also tweeted
published at UAI CRL WS

published in NeurIPS 2021

published at ICLR OSC WS







Thank you!
Questions?

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

Further, my gratitude and thanks go out to Kristian Kersting, Devendra Dhami, all our collaborators and AIML@TU Darmstadt


