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Transfer Learning in RL

In this work we 
decompose 

environments and 
tasks, and consider 
three progressively 

more difficult 
transfer settings 

mop the floor wash dishes cooking

A good household robot needs to 
complete multiple tasks

Image Credits: retrieved from: http://twomaverix.com/?p=14570, https://www.stufftoblowyourmind.com/blogs/robots-will-cook-you-dinner.htm, 
http://www.mehmetari.com/blog/time-da-yayinlanan-yeni-nesil-robot-goruntuleri/
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Transfer Learning in RL

In this work we 
decompose 

environments and 
tasks, and consider 
three progressively 

more difficult 
transfer settings 

A’s home B’s home C’s home

A good household robot needs to 
complete multiple tasks in multiple 

environments
Image Credits: retrieved from: http://v1.escapistmagazine.com/news/view/100397-Humanoid-Dishbot-Will-Force-You-to-Do-Chores, 
https://www.stufftoblowyourmind.com/blogs/robots-will-cook-you-dinner.htm, https://spielraum.xing.com/2015/03/kollege-roboter-ist-schon-da/
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Transfer Settings I

• Transfer to a new (env, task) pair, with seen environment and seen 
task
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Transfer Settings 2 & 3

• Transfer to a seen environment and unseen task, or unseen 
environment and seen task, or unseen environment and unseen task
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Our Method

(“Move Forward”,
“Move Left”,        
“Move Right”,…)

Extract State-Action Features

State Feature
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Action 
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State, action features and policy basis are 
learned across all seen (env, task) comb.



Our Method

(“Move Forward”,
“Move Left”,        
“Move Right”,…)
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<latexit sha1_base64="cNjHI87d0dKPyztd5opFagPUGV8="></latexit><latexit sha1_base64="cNjHI87d0dKPyztd5opFagPUGV8="></latexit><latexit sha1_base64="cNjHI87d0dKPyztd5opFagPUGV8="></latexit><latexit sha1_base64="lpuh9RuEwAX0HSCse/GR+EnQVwY=">AAACUHicfVE9SwNBEN2cX/GMMdY2hyKIRbiz0VLQwkaMYDRggsxtJsmS/Th258Rw5A/Y+uus/CvuJSk0EQeWebyZYd+8STMpHMXxZyVYW9/Y3Kpuhzu1cLe+16g9OpNbjm1upLGdFBxKobFNgiR2MougUolP6fiqrD+9onXC6AeaZNhTMNRiIDiQp1ovjaO4Gc8iWgXJAhyxRbzsV266fcNzhZq4BOeekzijXgGWBJc4Dbu5wwz4GIb47KEGha5XzHROo2PP9KOBsf5pimbsz4kClHMTlfpOBTRyy7WS/LNWMmSMdL8EFGmqlhTR4KJXCJ3lhJrPBQ1yGZGJSnOivrDISU48AG6F3yniI7DAyVsYht1r9EtbvPXf3WVogYw9LbpghwrepsUi/9cm9LzNZ299smz0Kng8ayYe38esyg7YITthCTtnl+yGtVibcdZn7+yj8hVsBLX5iYLK4lb77FcE9W/MerdJ</latexit><latexit sha1_base64="n7N+oQcmhXRMJXOdyLH7niTxM6g="></latexit><latexit sha1_base64="n7N+oQcmhXRMJXOdyLH7niTxM6g="></latexit><latexit sha1_base64="WBhP+t3nUVwKJfZexlG2iGDk7wU="></latexit><latexit sha1_base64="cNjHI87d0dKPyztd5opFagPUGV8="></latexit><latexit sha1_base64="cNjHI87d0dKPyztd5opFagPUGV8="></latexit><latexit sha1_base64="cNjHI87d0dKPyztd5opFagPUGV8="></latexit><latexit sha1_base64="cNjHI87d0dKPyztd5opFagPUGV8="></latexit><latexit sha1_base64="cNjHI87d0dKPyztd5opFagPUGV8="></latexit><latexit sha1_base64="cNjHI87d0dKPyztd5opFagPUGV8="></latexit>

Environment and task embeddings are learned 
via training on corresponding combinations.



Our Method
Policy Prediction

(“Move Forward”,
“Move Left”,        
“Move Right”,…)

3
Compute State-Action Score 

Synthesize Policy

↵(e", e⌧ )
<latexit sha1_base64="9UyHAbOkW8X/xPXTLrLzPRCcQKE=">AAACBnicbVDLSgNBEJyNrxhfUY8iDAYhgoRdEfQY8OIxinlAdgm9k04yZHZ2mZkNhJCTF3/FiwdFvPoN3vwbJ4+DJhY01FR1M90VJoJr47rfTmZldW19I7uZ29re2d3L7x/UdJwqhlUWi1g1QtAouMSq4UZgI1EIUSiwHvZvJn59gErzWD6YYYJBBF3JO5yBsVIrf+yDSHpQxJY/AIWJ5iKW59Q+DaRnrXzBLblT0GXizUmBzFFp5b/8dszSCKVhArRuem5ighEow5nAcc5PNSbA+tDFpqUSItTBaHrGmJ5apU07sbIlDZ2qvydGEGk9jELbGYHp6UVvIv7nNVPTuQ5GXCapQclmH3VSQU1MJ5nQNlfIjBhaAkxxuytlPVDAjE0uZ0PwFk9eJrWLkueWvLvLQvl+HkeWHJETUiQeuSJlcksqpEoYeSTP5JW8OU/Oi/PufMxaM8585pD8gfP5A7OBmKk=</latexit><latexit sha1_base64="9UyHAbOkW8X/xPXTLrLzPRCcQKE=">AAACBnicbVDLSgNBEJyNrxhfUY8iDAYhgoRdEfQY8OIxinlAdgm9k04yZHZ2mZkNhJCTF3/FiwdFvPoN3vwbJ4+DJhY01FR1M90VJoJr47rfTmZldW19I7uZ29re2d3L7x/UdJwqhlUWi1g1QtAouMSq4UZgI1EIUSiwHvZvJn59gErzWD6YYYJBBF3JO5yBsVIrf+yDSHpQxJY/AIWJ5iKW59Q+DaRnrXzBLblT0GXizUmBzFFp5b/8dszSCKVhArRuem5ighEow5nAcc5PNSbA+tDFpqUSItTBaHrGmJ5apU07sbIlDZ2qvydGEGk9jELbGYHp6UVvIv7nNVPTuQ5GXCapQclmH3VSQU1MJ5nQNlfIjBhaAkxxuytlPVDAjE0uZ0PwFk9eJrWLkueWvLvLQvl+HkeWHJETUiQeuSJlcksqpEoYeSTP5JW8OU/Oi/PufMxaM8585pD8gfP5A7OBmKk=</latexit><latexit sha1_base64="9UyHAbOkW8X/xPXTLrLzPRCcQKE=">AAACBnicbVDLSgNBEJyNrxhfUY8iDAYhgoRdEfQY8OIxinlAdgm9k04yZHZ2mZkNhJCTF3/FiwdFvPoN3vwbJ4+DJhY01FR1M90VJoJr47rfTmZldW19I7uZ29re2d3L7x/UdJwqhlUWi1g1QtAouMSq4UZgI1EIUSiwHvZvJn59gErzWD6YYYJBBF3JO5yBsVIrf+yDSHpQxJY/AIWJ5iKW59Q+DaRnrXzBLblT0GXizUmBzFFp5b/8dszSCKVhArRuem5ighEow5nAcc5PNSbA+tDFpqUSItTBaHrGmJ5apU07sbIlDZ2qvydGEGk9jELbGYHp6UVvIv7nNVPTuQ5GXCapQclmH3VSQU1MJ5nQNlfIjBhaAkxxuytlPVDAjE0uZ0PwFk9eJrWLkueWvLvLQvl+HkeWHJETUiQeuSJlcksqpEoYeSTP5JW8OU/Oi/PufMxaM8585pD8gfP5A7OBmKk=</latexit><latexit sha1_base64="9UyHAbOkW8X/xPXTLrLzPRCcQKE=">AAACBnicbVDLSgNBEJyNrxhfUY8iDAYhgoRdEfQY8OIxinlAdgm9k04yZHZ2mZkNhJCTF3/FiwdFvPoN3vwbJ4+DJhY01FR1M90VJoJr47rfTmZldW19I7uZ29re2d3L7x/UdJwqhlUWi1g1QtAouMSq4UZgI1EIUSiwHvZvJn59gErzWD6YYYJBBF3JO5yBsVIrf+yDSHpQxJY/AIWJ5iKW59Q+DaRnrXzBLblT0GXizUmBzFFp5b/8dszSCKVhArRuem5ighEow5nAcc5PNSbA+tDFpqUSItTBaHrGmJ5apU07sbIlDZ2qvydGEGk9jELbGYHp6UVvIv7nNVPTuQ5GXCapQclmH3VSQU1MJ5nQNlfIjBhaAkxxuytlPVDAjE0uZ0PwFk9eJrWLkueWvLvLQvl+HkeWHJETUiQeuSJlcksqpEoYeSTP5JW8OU/Oi/PufMxaM8585pD8gfP5A7OBmKk=</latexit>

Environment
Embedding
e"

<latexit sha1_base64="o0ScyitlsecfAWzDmpxR2anCJoc=">AAAB9HicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bjw4jGKeUCyhNlJbzJkdmadmQ2EkO/w4kERr36MN//GSbIHTSxoKKq66e6KUsGN9f1vb219Y3Nru7BT3N3bPzgsHR03jMo0wzpTQulWRA0KLrFuuRXYSjXSJBLYjIa3M785Qm24ko92nGKY0L7kMWfUOinEbmdENaaGCyW7pbJf8ecgqyTISRly1Lqlr05PsSxBaZmgxrQDP7XhhGrLmcBpsZMZTCkb0j62HZU0QRNO5kdPyblTeiRW2pW0ZK7+npjQxJhxErnOhNqBWfZm4n9eO7PxTTjhMs0sSrZYFGeCWEVmCZAe18isGDtCmebuVsIGVFNmXU5FF0Kw/PIqaVxWAr8S3F+Vqw95HAU4hTO4gACuoQp3UIM6MHiCZ3iFN2/kvXjv3seidc3LZ07gD7zPHzqQkm8=</latexit><latexit sha1_base64="o0ScyitlsecfAWzDmpxR2anCJoc=">AAAB9HicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bjw4jGKeUCyhNlJbzJkdmadmQ2EkO/w4kERr36MN//GSbIHTSxoKKq66e6KUsGN9f1vb219Y3Nru7BT3N3bPzgsHR03jMo0wzpTQulWRA0KLrFuuRXYSjXSJBLYjIa3M785Qm24ko92nGKY0L7kMWfUOinEbmdENaaGCyW7pbJf8ecgqyTISRly1Lqlr05PsSxBaZmgxrQDP7XhhGrLmcBpsZMZTCkb0j62HZU0QRNO5kdPyblTeiRW2pW0ZK7+npjQxJhxErnOhNqBWfZm4n9eO7PxTTjhMs0sSrZYFGeCWEVmCZAe18isGDtCmebuVsIGVFNmXU5FF0Kw/PIqaVxWAr8S3F+Vqw95HAU4hTO4gACuoQp3UIM6MHiCZ3iFN2/kvXjv3seidc3LZ07gD7zPHzqQkm8=</latexit><latexit sha1_base64="o0ScyitlsecfAWzDmpxR2anCJoc=">AAAB9HicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bjw4jGKeUCyhNlJbzJkdmadmQ2EkO/w4kERr36MN//GSbIHTSxoKKq66e6KUsGN9f1vb219Y3Nru7BT3N3bPzgsHR03jMo0wzpTQulWRA0KLrFuuRXYSjXSJBLYjIa3M785Qm24ko92nGKY0L7kMWfUOinEbmdENaaGCyW7pbJf8ecgqyTISRly1Lqlr05PsSxBaZmgxrQDP7XhhGrLmcBpsZMZTCkb0j62HZU0QRNO5kdPyblTeiRW2pW0ZK7+npjQxJhxErnOhNqBWfZm4n9eO7PxTTjhMs0sSrZYFGeCWEVmCZAe18isGDtCmebuVsIGVFNmXU5FF0Kw/PIqaVxWAr8S3F+Vqw95HAU4hTO4gACuoQp3UIM6MHiCZ3iFN2/kvXjv3seidc3LZ07gD7zPHzqQkm8=</latexit><latexit sha1_base64="o0ScyitlsecfAWzDmpxR2anCJoc=">AAAB9HicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bjw4jGKeUCyhNlJbzJkdmadmQ2EkO/w4kERr36MN//GSbIHTSxoKKq66e6KUsGN9f1vb219Y3Nru7BT3N3bPzgsHR03jMo0wzpTQulWRA0KLrFuuRXYSjXSJBLYjIa3M785Qm24ko92nGKY0L7kMWfUOinEbmdENaaGCyW7pbJf8ecgqyTISRly1Lqlr05PsSxBaZmgxrQDP7XhhGrLmcBpsZMZTCkb0j62HZU0QRNO5kdPyblTeiRW2pW0ZK7+npjQxJhxErnOhNqBWfZm4n9eO7PxTTjhMs0sSrZYFGeCWEVmCZAe18isGDtCmebuVsIGVFNmXU5FF0Kw/PIqaVxWAr8S3F+Vqw95HAU4hTO4gACuoQp3UIM6MHiCZ3iFN2/kvXjv3seidc3LZ07gD7zPHzqQkm8=</latexit>

Compose Policy Coefficients

2

Task 
Embedding
e⌧

<latexit sha1_base64="b17TtuIqqpVuQMgCnxZngNLs8a8=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMeAF49RzAOSJcxOZpMxszPLTK8QQv7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqWw6PvfXmFtfWNzq7hd2tnd2z8oHx41rc4M4w2mpTbtiFouheINFCh5OzWcJpHkrWh0M/NbT9xYodUDjlMeJnSgRCwYRSc1ea+LNOuVK37Vn4OskiAnFchR75W/un3NsoQrZJJa2wn8FMMJNSiY5NNSN7M8pWxEB7zjqKIJt+Fkfu2UnDmlT2JtXCkkc/X3xIQm1o6TyHUmFId22ZuJ/3mdDOPrcCJUmiFXbLEoziRBTWavk74wnKEcO0KZEe5WwobUUIYuoJILIVh+eZU0L6qBXw3uLiu1+zyOIpzAKZxDAFdQg1uoQwMYPMIzvMKbp70X7937WLQWvHzmGP7A+/wBnGePMA==</latexit><latexit sha1_base64="b17TtuIqqpVuQMgCnxZngNLs8a8=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMeAF49RzAOSJcxOZpMxszPLTK8QQv7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqWw6PvfXmFtfWNzq7hd2tnd2z8oHx41rc4M4w2mpTbtiFouheINFCh5OzWcJpHkrWh0M/NbT9xYodUDjlMeJnSgRCwYRSc1ea+LNOuVK37Vn4OskiAnFchR75W/un3NsoQrZJJa2wn8FMMJNSiY5NNSN7M8pWxEB7zjqKIJt+Fkfu2UnDmlT2JtXCkkc/X3xIQm1o6TyHUmFId22ZuJ/3mdDOPrcCJUmiFXbLEoziRBTWavk74wnKEcO0KZEe5WwobUUIYuoJILIVh+eZU0L6qBXw3uLiu1+zyOIpzAKZxDAFdQg1uoQwMYPMIzvMKbp70X7937WLQWvHzmGP7A+/wBnGePMA==</latexit><latexit sha1_base64="b17TtuIqqpVuQMgCnxZngNLs8a8=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMeAF49RzAOSJcxOZpMxszPLTK8QQv7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqWw6PvfXmFtfWNzq7hd2tnd2z8oHx41rc4M4w2mpTbtiFouheINFCh5OzWcJpHkrWh0M/NbT9xYodUDjlMeJnSgRCwYRSc1ea+LNOuVK37Vn4OskiAnFchR75W/un3NsoQrZJJa2wn8FMMJNSiY5NNSN7M8pWxEB7zjqKIJt+Fkfu2UnDmlT2JtXCkkc/X3xIQm1o6TyHUmFId22ZuJ/3mdDOPrcCJUmiFXbLEoziRBTWavk74wnKEcO0KZEe5WwobUUIYuoJILIVh+eZU0L6qBXw3uLiu1+zyOIpzAKZxDAFdQg1uoQwMYPMIzvMKbp70X7937WLQWvHzmGP7A+/wBnGePMA==</latexit><latexit sha1_base64="b17TtuIqqpVuQMgCnxZngNLs8a8=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMeAF49RzAOSJcxOZpMxszPLTK8QQv7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqWw6PvfXmFtfWNzq7hd2tnd2z8oHx41rc4M4w2mpTbtiFouheINFCh5OzWcJpHkrWh0M/NbT9xYodUDjlMeJnSgRCwYRSc1ea+LNOuVK37Vn4OskiAnFchR75W/un3NsoQrZJJa2wn8FMMJNSiY5NNSN7M8pWxEB7zjqKIJt+Fkfu2UnDmlT2JtXCkkc/X3xIQm1o6TyHUmFId22ZuJ/3mdDOPrcCJUmiFXbLEoziRBTWavk74wnKEcO0KZEe5WwobUUIYuoJILIVh+eZU0L6qBXw3uLiu1+zyOIpzAKZxDAFdQg1uoQwMYPMIzvMKbp70X7937WLQWvHzmGP7A+/wBnGePMA==</latexit>

Coefficient 
Networks

Policy 
Coefficients

U(e", e⌧ )
<latexit sha1_base64="Wi9HYxO+E7gd9s61yvePwNaZmyc="></latexit><latexit sha1_base64="Wi9HYxO+E7gd9s61yvePwNaZmyc="></latexit><latexit sha1_base64="Wi9HYxO+E7gd9s61yvePwNaZmyc="></latexit><latexit sha1_base64="Wi9HYxO+E7gd9s61yvePwNaZmyc="></latexit>

Extract State-Action Features

State Feature
Extractor

Action 
Embedding

1

Action Set

State Feature Action Feature

 s
<latexit sha1_base64="T4ONkARTjmV8pYtsYsNmP8MqAXM="></latexit><latexit sha1_base64="T4ONkARTjmV8pYtsYsNmP8MqAXM="></latexit><latexit sha1_base64="T4ONkARTjmV8pYtsYsNmP8MqAXM="></latexit><latexit sha1_base64="lpuh9RuEwAX0HSCse/GR+EnQVwY=">AAACUHicfVE9SwNBEN2cX/GMMdY2hyKIRbiz0VLQwkaMYDRggsxtJsmS/Th258Rw5A/Y+uus/CvuJSk0EQeWebyZYd+8STMpHMXxZyVYW9/Y3Kpuhzu1cLe+16g9OpNbjm1upLGdFBxKobFNgiR2MougUolP6fiqrD+9onXC6AeaZNhTMNRiIDiQp1ovjaO4Gc8iWgXJAhyxRbzsV266fcNzhZq4BOeekzijXgGWBJc4Dbu5wwz4GIb47KEGha5XzHROo2PP9KOBsf5pimbsz4kClHMTlfpOBTRyy7WS/LNWMmSMdL8EFGmqlhTR4KJXCJ3lhJrPBQ1yGZGJSnOivrDISU48AG6F3yniI7DAyVsYht1r9EtbvPXf3WVogYw9LbpghwrepsUi/9cm9LzNZ299smz0Kng8ayYe38esyg7YITthCTtnl+yGtVibcdZn7+yj8hVsBLX5iYLK4lb77FcE9W/MerdJ</latexit><latexit sha1_base64="1qbDn4hyLuDwUZY5mtxWe9ysdD8="></latexit><latexit sha1_base64="1qbDn4hyLuDwUZY5mtxWe9ysdD8="></latexit><latexit sha1_base64="MflsxGTI0iX43wI7Ga0JSoXzMeI="></latexit><latexit sha1_base64="T4ONkARTjmV8pYtsYsNmP8MqAXM="></latexit><latexit sha1_base64="T4ONkARTjmV8pYtsYsNmP8MqAXM="></latexit><latexit sha1_base64="T4ONkARTjmV8pYtsYsNmP8MqAXM="></latexit><latexit sha1_base64="T4ONkARTjmV8pYtsYsNmP8MqAXM="></latexit><latexit sha1_base64="T4ONkARTjmV8pYtsYsNmP8MqAXM="></latexit><latexit sha1_base64="T4ONkARTjmV8pYtsYsNmP8MqAXM="></latexit>

{�a}A
<latexit sha1_base64="cNjHI87d0dKPyztd5opFagPUGV8="></latexit><latexit sha1_base64="cNjHI87d0dKPyztd5opFagPUGV8="></latexit><latexit sha1_base64="cNjHI87d0dKPyztd5opFagPUGV8="></latexit><latexit sha1_base64="lpuh9RuEwAX0HSCse/GR+EnQVwY=">AAACUHicfVE9SwNBEN2cX/GMMdY2hyKIRbiz0VLQwkaMYDRggsxtJsmS/Th258Rw5A/Y+uus/CvuJSk0EQeWebyZYd+8STMpHMXxZyVYW9/Y3Kpuhzu1cLe+16g9OpNbjm1upLGdFBxKobFNgiR2MougUolP6fiqrD+9onXC6AeaZNhTMNRiIDiQp1ovjaO4Gc8iWgXJAhyxRbzsV266fcNzhZq4BOeekzijXgGWBJc4Dbu5wwz4GIb47KEGha5XzHROo2PP9KOBsf5pimbsz4kClHMTlfpOBTRyy7WS/LNWMmSMdL8EFGmqlhTR4KJXCJ3lhJrPBQ1yGZGJSnOivrDISU48AG6F3yniI7DAyVsYht1r9EtbvPXf3WVogYw9LbpghwrepsUi/9cm9LzNZ299smz0Kng8ayYe38esyg7YITthCTtnl+yGtVibcdZn7+yj8hVsBLX5iYLK4lb77FcE9W/MerdJ</latexit><latexit sha1_base64="n7N+oQcmhXRMJXOdyLH7niTxM6g="></latexit><latexit sha1_base64="n7N+oQcmhXRMJXOdyLH7niTxM6g="></latexit><latexit sha1_base64="WBhP+t3nUVwKJfZexlG2iGDk7wU="></latexit><latexit sha1_base64="cNjHI87d0dKPyztd5opFagPUGV8="></latexit><latexit sha1_base64="cNjHI87d0dKPyztd5opFagPUGV8="></latexit><latexit sha1_base64="cNjHI87d0dKPyztd5opFagPUGV8="></latexit><latexit sha1_base64="cNjHI87d0dKPyztd5opFagPUGV8="></latexit><latexit sha1_base64="cNjHI87d0dKPyztd5opFagPUGV8="></latexit><latexit sha1_base64="cNjHI87d0dKPyztd5opFagPUGV8="></latexit>

Both components are then used to compute
state action compatibility score.



Our Method
A disentanglement objective is used as auxiliary 
loss term

Policy Prediction

(“Move Forward”,
“Move Left”,        
“Move Right”,…)

3
Compute State-Action Score 

4
Disentanglement

OR

Disentanglement
Objective
(Auxiliary)

Synthesize Policy

↵(e", e⌧ )
<latexit sha1_base64="9UyHAbOkW8X/xPXTLrLzPRCcQKE=">AAACBnicbVDLSgNBEJyNrxhfUY8iDAYhgoRdEfQY8OIxinlAdgm9k04yZHZ2mZkNhJCTF3/FiwdFvPoN3vwbJ4+DJhY01FR1M90VJoJr47rfTmZldW19I7uZ29re2d3L7x/UdJwqhlUWi1g1QtAouMSq4UZgI1EIUSiwHvZvJn59gErzWD6YYYJBBF3JO5yBsVIrf+yDSHpQxJY/AIWJ5iKW59Q+DaRnrXzBLblT0GXizUmBzFFp5b/8dszSCKVhArRuem5ighEow5nAcc5PNSbA+tDFpqUSItTBaHrGmJ5apU07sbIlDZ2qvydGEGk9jELbGYHp6UVvIv7nNVPTuQ5GXCapQclmH3VSQU1MJ5nQNlfIjBhaAkxxuytlPVDAjE0uZ0PwFk9eJrWLkueWvLvLQvl+HkeWHJETUiQeuSJlcksqpEoYeSTP5JW8OU/Oi/PufMxaM8585pD8gfP5A7OBmKk=</latexit><latexit sha1_base64="9UyHAbOkW8X/xPXTLrLzPRCcQKE=">AAACBnicbVDLSgNBEJyNrxhfUY8iDAYhgoRdEfQY8OIxinlAdgm9k04yZHZ2mZkNhJCTF3/FiwdFvPoN3vwbJ4+DJhY01FR1M90VJoJr47rfTmZldW19I7uZ29re2d3L7x/UdJwqhlUWi1g1QtAouMSq4UZgI1EIUSiwHvZvJn59gErzWD6YYYJBBF3JO5yBsVIrf+yDSHpQxJY/AIWJ5iKW59Q+DaRnrXzBLblT0GXizUmBzFFp5b/8dszSCKVhArRuem5ighEow5nAcc5PNSbA+tDFpqUSItTBaHrGmJ5apU07sbIlDZ2qvydGEGk9jELbGYHp6UVvIv7nNVPTuQ5GXCapQclmH3VSQU1MJ5nQNlfIjBhaAkxxuytlPVDAjE0uZ0PwFk9eJrWLkueWvLvLQvl+HkeWHJETUiQeuSJlcksqpEoYeSTP5JW8OU/Oi/PufMxaM8585pD8gfP5A7OBmKk=</latexit><latexit sha1_base64="9UyHAbOkW8X/xPXTLrLzPRCcQKE=">AAACBnicbVDLSgNBEJyNrxhfUY8iDAYhgoRdEfQY8OIxinlAdgm9k04yZHZ2mZkNhJCTF3/FiwdFvPoN3vwbJ4+DJhY01FR1M90VJoJr47rfTmZldW19I7uZ29re2d3L7x/UdJwqhlUWi1g1QtAouMSq4UZgI1EIUSiwHvZvJn59gErzWD6YYYJBBF3JO5yBsVIrf+yDSHpQxJY/AIWJ5iKW59Q+DaRnrXzBLblT0GXizUmBzFFp5b/8dszSCKVhArRuem5ighEow5nAcc5PNSbA+tDFpqUSItTBaHrGmJ5apU07sbIlDZ2qvydGEGk9jELbGYHp6UVvIv7nNVPTuQ5GXCapQclmH3VSQU1MJ5nQNlfIjBhaAkxxuytlPVDAjE0uZ0PwFk9eJrWLkueWvLvLQvl+HkeWHJETUiQeuSJlcksqpEoYeSTP5JW8OU/Oi/PufMxaM8585pD8gfP5A7OBmKk=</latexit><latexit sha1_base64="9UyHAbOkW8X/xPXTLrLzPRCcQKE=">AAACBnicbVDLSgNBEJyNrxhfUY8iDAYhgoRdEfQY8OIxinlAdgm9k04yZHZ2mZkNhJCTF3/FiwdFvPoN3vwbJ4+DJhY01FR1M90VJoJr47rfTmZldW19I7uZ29re2d3L7x/UdJwqhlUWi1g1QtAouMSq4UZgI1EIUSiwHvZvJn59gErzWD6YYYJBBF3JO5yBsVIrf+yDSHpQxJY/AIWJ5iKW59Q+DaRnrXzBLblT0GXizUmBzFFp5b/8dszSCKVhArRuem5ighEow5nAcc5PNSbA+tDFpqUSItTBaHrGmJ5apU07sbIlDZ2qvydGEGk9jELbGYHp6UVvIv7nNVPTuQ5GXCapQclmH3VSQU1MJ5nQNlfIjBhaAkxxuytlPVDAjE0uZ0PwFk9eJrWLkueWvLvLQvl+HkeWHJETUiQeuSJlcksqpEoYeSTP5JW8OU/Oi/PufMxaM8585pD8gfP5A7OBmKk=</latexit>

Environment
Embedding
e"

<latexit sha1_base64="o0ScyitlsecfAWzDmpxR2anCJoc=">AAAB9HicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bjw4jGKeUCyhNlJbzJkdmadmQ2EkO/w4kERr36MN//GSbIHTSxoKKq66e6KUsGN9f1vb219Y3Nru7BT3N3bPzgsHR03jMo0wzpTQulWRA0KLrFuuRXYSjXSJBLYjIa3M785Qm24ko92nGKY0L7kMWfUOinEbmdENaaGCyW7pbJf8ecgqyTISRly1Lqlr05PsSxBaZmgxrQDP7XhhGrLmcBpsZMZTCkb0j62HZU0QRNO5kdPyblTeiRW2pW0ZK7+npjQxJhxErnOhNqBWfZm4n9eO7PxTTjhMs0sSrZYFGeCWEVmCZAe18isGDtCmebuVsIGVFNmXU5FF0Kw/PIqaVxWAr8S3F+Vqw95HAU4hTO4gACuoQp3UIM6MHiCZ3iFN2/kvXjv3seidc3LZ07gD7zPHzqQkm8=</latexit><latexit sha1_base64="o0ScyitlsecfAWzDmpxR2anCJoc=">AAAB9HicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bjw4jGKeUCyhNlJbzJkdmadmQ2EkO/w4kERr36MN//GSbIHTSxoKKq66e6KUsGN9f1vb219Y3Nru7BT3N3bPzgsHR03jMo0wzpTQulWRA0KLrFuuRXYSjXSJBLYjIa3M785Qm24ko92nGKY0L7kMWfUOinEbmdENaaGCyW7pbJf8ecgqyTISRly1Lqlr05PsSxBaZmgxrQDP7XhhGrLmcBpsZMZTCkb0j62HZU0QRNO5kdPyblTeiRW2pW0ZK7+npjQxJhxErnOhNqBWfZm4n9eO7PxTTjhMs0sSrZYFGeCWEVmCZAe18isGDtCmebuVsIGVFNmXU5FF0Kw/PIqaVxWAr8S3F+Vqw95HAU4hTO4gACuoQp3UIM6MHiCZ3iFN2/kvXjv3seidc3LZ07gD7zPHzqQkm8=</latexit><latexit sha1_base64="o0ScyitlsecfAWzDmpxR2anCJoc=">AAAB9HicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bjw4jGKeUCyhNlJbzJkdmadmQ2EkO/w4kERr36MN//GSbIHTSxoKKq66e6KUsGN9f1vb219Y3Nru7BT3N3bPzgsHR03jMo0wzpTQulWRA0KLrFuuRXYSjXSJBLYjIa3M785Qm24ko92nGKY0L7kMWfUOinEbmdENaaGCyW7pbJf8ecgqyTISRly1Lqlr05PsSxBaZmgxrQDP7XhhGrLmcBpsZMZTCkb0j62HZU0QRNO5kdPyblTeiRW2pW0ZK7+npjQxJhxErnOhNqBWfZm4n9eO7PxTTjhMs0sSrZYFGeCWEVmCZAe18isGDtCmebuVsIGVFNmXU5FF0Kw/PIqaVxWAr8S3F+Vqw95HAU4hTO4gACuoQp3UIM6MHiCZ3iFN2/kvXjv3seidc3LZ07gD7zPHzqQkm8=</latexit><latexit sha1_base64="o0ScyitlsecfAWzDmpxR2anCJoc=">AAAB9HicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bjw4jGKeUCyhNlJbzJkdmadmQ2EkO/w4kERr36MN//GSbIHTSxoKKq66e6KUsGN9f1vb219Y3Nru7BT3N3bPzgsHR03jMo0wzpTQulWRA0KLrFuuRXYSjXSJBLYjIa3M785Qm24ko92nGKY0L7kMWfUOinEbmdENaaGCyW7pbJf8ecgqyTISRly1Lqlr05PsSxBaZmgxrQDP7XhhGrLmcBpsZMZTCkb0j62HZU0QRNO5kdPyblTeiRW2pW0ZK7+npjQxJhxErnOhNqBWfZm4n9eO7PxTTjhMs0sSrZYFGeCWEVmCZAe18isGDtCmebuVsIGVFNmXU5FF0Kw/PIqaVxWAr8S3F+Vqw95HAU4hTO4gACuoQp3UIM6MHiCZ3iFN2/kvXjv3seidc3LZ07gD7zPHzqQkm8=</latexit>

Compose Policy Coefficients

2

Task 
Embedding
e⌧

<latexit sha1_base64="b17TtuIqqpVuQMgCnxZngNLs8a8=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMeAF49RzAOSJcxOZpMxszPLTK8QQv7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqWw6PvfXmFtfWNzq7hd2tnd2z8oHx41rc4M4w2mpTbtiFouheINFCh5OzWcJpHkrWh0M/NbT9xYodUDjlMeJnSgRCwYRSc1ea+LNOuVK37Vn4OskiAnFchR75W/un3NsoQrZJJa2wn8FMMJNSiY5NNSN7M8pWxEB7zjqKIJt+Fkfu2UnDmlT2JtXCkkc/X3xIQm1o6TyHUmFId22ZuJ/3mdDOPrcCJUmiFXbLEoziRBTWavk74wnKEcO0KZEe5WwobUUIYuoJILIVh+eZU0L6qBXw3uLiu1+zyOIpzAKZxDAFdQg1uoQwMYPMIzvMKbp70X7937WLQWvHzmGP7A+/wBnGePMA==</latexit><latexit sha1_base64="b17TtuIqqpVuQMgCnxZngNLs8a8=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMeAF49RzAOSJcxOZpMxszPLTK8QQv7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqWw6PvfXmFtfWNzq7hd2tnd2z8oHx41rc4M4w2mpTbtiFouheINFCh5OzWcJpHkrWh0M/NbT9xYodUDjlMeJnSgRCwYRSc1ea+LNOuVK37Vn4OskiAnFchR75W/un3NsoQrZJJa2wn8FMMJNSiY5NNSN7M8pWxEB7zjqKIJt+Fkfu2UnDmlT2JtXCkkc/X3xIQm1o6TyHUmFId22ZuJ/3mdDOPrcCJUmiFXbLEoziRBTWavk74wnKEcO0KZEe5WwobUUIYuoJILIVh+eZU0L6qBXw3uLiu1+zyOIpzAKZxDAFdQg1uoQwMYPMIzvMKbp70X7937WLQWvHzmGP7A+/wBnGePMA==</latexit><latexit sha1_base64="b17TtuIqqpVuQMgCnxZngNLs8a8=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMeAF49RzAOSJcxOZpMxszPLTK8QQv7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqWw6PvfXmFtfWNzq7hd2tnd2z8oHx41rc4M4w2mpTbtiFouheINFCh5OzWcJpHkrWh0M/NbT9xYodUDjlMeJnSgRCwYRSc1ea+LNOuVK37Vn4OskiAnFchR75W/un3NsoQrZJJa2wn8FMMJNSiY5NNSN7M8pWxEB7zjqKIJt+Fkfu2UnDmlT2JtXCkkc/X3xIQm1o6TyHUmFId22ZuJ/3mdDOPrcCJUmiFXbLEoziRBTWavk74wnKEcO0KZEe5WwobUUIYuoJILIVh+eZU0L6qBXw3uLiu1+zyOIpzAKZxDAFdQg1uoQwMYPMIzvMKbp70X7937WLQWvHzmGP7A+/wBnGePMA==</latexit><latexit sha1_base64="b17TtuIqqpVuQMgCnxZngNLs8a8=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMeAF49RzAOSJcxOZpMxszPLTK8QQv7BiwdFvPo/3vwbJ8keNLGgoajqprsrSqWw6PvfXmFtfWNzq7hd2tnd2z8oHx41rc4M4w2mpTbtiFouheINFCh5OzWcJpHkrWh0M/NbT9xYodUDjlMeJnSgRCwYRSc1ea+LNOuVK37Vn4OskiAnFchR75W/un3NsoQrZJJa2wn8FMMJNSiY5NNSN7M8pWxEB7zjqKIJt+Fkfu2UnDmlT2JtXCkkc/X3xIQm1o6TyHUmFId22ZuJ/3mdDOPrcCJUmiFXbLEoziRBTWavk74wnKEcO0KZEe5WwobUUIYuoJILIVh+eZU0L6qBXw3uLiu1+zyOIpzAKZxDAFdQg1uoQwMYPMIzvMKbp70X7937WLQWvHzmGP7A+/wBnGePMA==</latexit>

Coefficient 
Networks

Policy 
Coefficients

U(e", e⌧ )
<latexit sha1_base64="Wi9HYxO+E7gd9s61yvePwNaZmyc="></latexit><latexit sha1_base64="Wi9HYxO+E7gd9s61yvePwNaZmyc="></latexit><latexit sha1_base64="Wi9HYxO+E7gd9s61yvePwNaZmyc="></latexit><latexit sha1_base64="Wi9HYxO+E7gd9s61yvePwNaZmyc="></latexit>

Extract State-Action Features

State Feature
Extractor

Action 
Embedding

1

Action Set

State Feature Action Feature

 s
<latexit sha1_base64="T4ONkARTjmV8pYtsYsNmP8MqAXM="></latexit><latexit sha1_base64="T4ONkARTjmV8pYtsYsNmP8MqAXM="></latexit><latexit sha1_base64="T4ONkARTjmV8pYtsYsNmP8MqAXM="></latexit><latexit sha1_base64="lpuh9RuEwAX0HSCse/GR+EnQVwY=">AAACUHicfVE9SwNBEN2cX/GMMdY2hyKIRbiz0VLQwkaMYDRggsxtJsmS/Th258Rw5A/Y+uus/CvuJSk0EQeWebyZYd+8STMpHMXxZyVYW9/Y3Kpuhzu1cLe+16g9OpNbjm1upLGdFBxKobFNgiR2MougUolP6fiqrD+9onXC6AeaZNhTMNRiIDiQp1ovjaO4Gc8iWgXJAhyxRbzsV266fcNzhZq4BOeekzijXgGWBJc4Dbu5wwz4GIb47KEGha5XzHROo2PP9KOBsf5pimbsz4kClHMTlfpOBTRyy7WS/LNWMmSMdL8EFGmqlhTR4KJXCJ3lhJrPBQ1yGZGJSnOivrDISU48AG6F3yniI7DAyVsYht1r9EtbvPXf3WVogYw9LbpghwrepsUi/9cm9LzNZ299smz0Kng8ayYe38esyg7YITthCTtnl+yGtVibcdZn7+yj8hVsBLX5iYLK4lb77FcE9W/MerdJ</latexit><latexit sha1_base64="1qbDn4hyLuDwUZY5mtxWe9ysdD8="></latexit><latexit sha1_base64="1qbDn4hyLuDwUZY5mtxWe9ysdD8="></latexit><latexit sha1_base64="MflsxGTI0iX43wI7Ga0JSoXzMeI="></latexit><latexit sha1_base64="T4ONkARTjmV8pYtsYsNmP8MqAXM="></latexit><latexit sha1_base64="T4ONkARTjmV8pYtsYsNmP8MqAXM="></latexit><latexit sha1_base64="T4ONkARTjmV8pYtsYsNmP8MqAXM="></latexit><latexit sha1_base64="T4ONkARTjmV8pYtsYsNmP8MqAXM="></latexit><latexit sha1_base64="T4ONkARTjmV8pYtsYsNmP8MqAXM="></latexit><latexit sha1_base64="T4ONkARTjmV8pYtsYsNmP8MqAXM="></latexit>

{�a}A
<latexit sha1_base64="cNjHI87d0dKPyztd5opFagPUGV8="></latexit><latexit sha1_base64="cNjHI87d0dKPyztd5opFagPUGV8="></latexit><latexit sha1_base64="cNjHI87d0dKPyztd5opFagPUGV8="></latexit><latexit sha1_base64="lpuh9RuEwAX0HSCse/GR+EnQVwY=">AAACUHicfVE9SwNBEN2cX/GMMdY2hyKIRbiz0VLQwkaMYDRggsxtJsmS/Th258Rw5A/Y+uus/CvuJSk0EQeWebyZYd+8STMpHMXxZyVYW9/Y3Kpuhzu1cLe+16g9OpNbjm1upLGdFBxKobFNgiR2MougUolP6fiqrD+9onXC6AeaZNhTMNRiIDiQp1ovjaO4Gc8iWgXJAhyxRbzsV266fcNzhZq4BOeekzijXgGWBJc4Dbu5wwz4GIb47KEGha5XzHROo2PP9KOBsf5pimbsz4kClHMTlfpOBTRyy7WS/LNWMmSMdL8EFGmqlhTR4KJXCJ3lhJrPBQ1yGZGJSnOivrDISU48AG6F3yniI7DAyVsYht1r9EtbvPXf3WVogYw9LbpghwrepsUi/9cm9LzNZ299smz0Kng8ayYe38esyg7YITthCTtnl+yGtVibcdZn7+yj8hVsBLX5iYLK4lb77FcE9W/MerdJ</latexit><latexit sha1_base64="n7N+oQcmhXRMJXOdyLH7niTxM6g="></latexit><latexit sha1_base64="n7N+oQcmhXRMJXOdyLH7niTxM6g="></latexit><latexit sha1_base64="WBhP+t3nUVwKJfZexlG2iGDk7wU="></latexit><latexit sha1_base64="cNjHI87d0dKPyztd5opFagPUGV8="></latexit><latexit sha1_base64="cNjHI87d0dKPyztd5opFagPUGV8="></latexit><latexit sha1_base64="cNjHI87d0dKPyztd5opFagPUGV8="></latexit><latexit sha1_base64="cNjHI87d0dKPyztd5opFagPUGV8="></latexit><latexit sha1_base64="cNjHI87d0dKPyztd5opFagPUGV8="></latexit><latexit sha1_base64="cNjHI87d0dKPyztd5opFagPUGV8="></latexit>

xt = { T
s ⇥k�a}

<latexit sha1_base64="R/fOnIgNONfGqDtrweNHGxFAhNA="></latexit><latexit sha1_base64="R/fOnIgNONfGqDtrweNHGxFAhNA="></latexit><latexit sha1_base64="R/fOnIgNONfGqDtrweNHGxFAhNA="></latexit><latexit sha1_base64="lpuh9RuEwAX0HSCse/GR+EnQVwY=">AAACUHicfVE9SwNBEN2cX/GMMdY2hyKIRbiz0VLQwkaMYDRggsxtJsmS/Th258Rw5A/Y+uus/CvuJSk0EQeWebyZYd+8STMpHMXxZyVYW9/Y3Kpuhzu1cLe+16g9OpNbjm1upLGdFBxKobFNgiR2MougUolP6fiqrD+9onXC6AeaZNhTMNRiIDiQp1ovjaO4Gc8iWgXJAhyxRbzsV266fcNzhZq4BOeekzijXgGWBJc4Dbu5wwz4GIb47KEGha5XzHROo2PP9KOBsf5pimbsz4kClHMTlfpOBTRyy7WS/LNWMmSMdL8EFGmqlhTR4KJXCJ3lhJrPBQ1yGZGJSnOivrDISU48AG6F3yniI7DAyVsYht1r9EtbvPXf3WVogYw9LbpghwrepsUi/9cm9LzNZ299smz0Kng8ayYe38esyg7YITthCTtnl+yGtVibcdZn7+yj8hVsBLX5iYLK4lb77FcE9W/MerdJ</latexit><latexit sha1_base64="2HEIVX8uNpKfs2uFeVxYHDyuj/Q="></latexit><latexit sha1_base64="2HEIVX8uNpKfs2uFeVxYHDyuj/Q="></latexit><latexit sha1_base64="k1q/0Guy6JH9ZrbdP4BdENFOqCY="></latexit><latexit sha1_base64="R/fOnIgNONfGqDtrweNHGxFAhNA="></latexit><latexit sha1_base64="R/fOnIgNONfGqDtrweNHGxFAhNA="></latexit><latexit sha1_base64="R/fOnIgNONfGqDtrweNHGxFAhNA="></latexit><latexit sha1_base64="R/fOnIgNONfGqDtrweNHGxFAhNA="></latexit><latexit sha1_base64="R/fOnIgNONfGqDtrweNHGxFAhNA="></latexit><latexit sha1_base64="R/fOnIgNONfGqDtrweNHGxFAhNA="></latexit>

OR



Experimental Setup

GridWorld Simulator

World Agent’s View

We experiment our approach on two different simulators, with many 
different map and many tasks (of finding objects sequentially)

GridWorld:   20 maps 20 tasks (144 SEEN & 256 UNSEEN)
THOR: 19 scenes 21 tasks (144 SEEN & 199 UNSEEN)

Thor [1]

Agent’s View



Experimental Results (Setting 1)

Success Rate on UNSEEN (Env, Task)Success Rate on SEEN (Env, Task)

Performances on THOR[1]

Performances on GridWorld



Experimental Results (Setting 2 and 3)
U

nseen
Seen

N tasks

M
envs

P

QP’s Env
Q’s Task

Q’s Env
P’s Task

• On P Set: We train policies basis and 
embeddings for P’s task, env

• Setting 2: We incrementally learn new task, 
environment embeddings, on purple sets

• Setting 3: We directly learn new task, 
environment embeddings on Q set
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