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Reinforcement Learning

Not always practical



Reinforcement Learning(Offline)



Improving Offline RL with primitives 

Idea: Improve Offline RL by leveraging primitives present in a multi-modal dataset



Intuition for OPAL

z

z

z

z

Given a task 
(i.e. a reward 

function)

+1 for reaching goal

⇡✓(a|s, z)
<latexit sha1_base64="XGKGEGHXYjG4NaqJqfbPtivAuyE=">AAAB/HicbVDLSsNAFJ3UV62vaJduBotQQUpSBV0W3bisYB/QhDCZTtuhkwczN0KM9VfcuFDErR/izr9x2mahrQcuHM65l3vv8WPBFVjWt1FYWV1b3yhulra2d3b3zP2DtooSSVmLRiKSXZ8oJnjIWsBBsG4sGQl8wTr++Hrqd+6ZVDwK7yCNmRuQYcgHnBLQkmeWnZh7mQMjBmRSJY/q9OHEMytWzZoBLxM7JxWUo+mZX04/oknAQqCCKNWzrRjcjEjgVLBJyUkUiwkdkyHraRqSgCk3mx0/wcda6eNBJHWFgGfq74mMBEqlga87AwIjtehNxf+8XgKDSzfjYZwAC+l80SARGCI8TQL3uWQURKoJoZLrWzEdEUko6LxKOgR78eVl0q7X7LNa/fa80rjK4yiiQ3SEqshGF6iBblATtRBFKXpGr+jNeDJejHfjY95aMPKZMvoD4/MHjTiUsg==</latexit>

Primitive Policy

Task Policy
⇡ (z|s)

<latexit sha1_base64="GCK2+ngQZu2EKM9l8D2Kk7TdZBw=">AAAB+HicbVBNT8JAEJ3iF+IHVY9eGokJXkiLJnokevGIiYAJbZrtssCG7XazuzWByi/x4kFjvPpTvPlvXKAHBV8yyct7M5mZFwlGlXbdb6uwtr6xuVXcLu3s7u2X7YPDtkpSiUkLJyyRDxFShFFOWppqRh6EJCiOGOlEo5uZ33kkUtGE3+uxIEGMBpz2KUbaSKFd9gUNM18oOq1OntRZaFfcmjuHs0q8nFQgRzO0v/xegtOYcI0ZUqrruUIHGZKaYkamJT9VRCA8QgPSNZSjmKggmx8+dU6N0nP6iTTFtTNXf09kKFZqHEemM0Z6qJa9mfif1011/yrIKBepJhwvFvVT5ujEmaXg9KgkWLOxIQhLam518BBJhLXJqmRC8JZfXiXtes07r9XvLiqN6zyOIhzDCVTBg0towC00oQUYUniGV3izJtaL9W59LFoLVj5zBH9gff4A1q+TMw==</latexit>

Reduced task horizon & Compact 
action space      Better Credit 

Assignment



OPAL:Offline Primitive Discovery for Accelerating RL

⇡✓(a|s, z)
<latexit sha1_base64="XGKGEGHXYjG4NaqJqfbPtivAuyE=">AAAB/HicbVDLSsNAFJ3UV62vaJduBotQQUpSBV0W3bisYB/QhDCZTtuhkwczN0KM9VfcuFDErR/izr9x2mahrQcuHM65l3vv8WPBFVjWt1FYWV1b3yhulra2d3b3zP2DtooSSVmLRiKSXZ8oJnjIWsBBsG4sGQl8wTr++Hrqd+6ZVDwK7yCNmRuQYcgHnBLQkmeWnZh7mQMjBmRSJY/q9OHEMytWzZoBLxM7JxWUo+mZX04/oknAQqCCKNWzrRjcjEjgVLBJyUkUiwkdkyHraRqSgCk3mx0/wcda6eNBJHWFgGfq74mMBEqlga87AwIjtehNxf+8XgKDSzfjYZwAC+l80SARGCI8TQL3uWQURKoJoZLrWzEdEUko6LxKOgR78eVl0q7X7LNa/fa80rjK4yiiQ3SEqshGF6iBblATtRBFKXpGr+jNeDJejHfjY95aMPKZMvoD4/MHjTiUsg==</latexit>

Primitive Policy
Encoder
q�(z|⌧)

<latexit sha1_base64="mitotMQhu7WCExqwOKL8kk0lhkI=">AAAB+XicbVBNS8NAEJ34WetX1KOXxSLUS0mqoMeiF48V7Ae0IWy2m3bpZhN3N4Ua+0+8eFDEq//Em//GbZuDtj4YeLw3w8y8IOFMacf5tlZW19Y3Ngtbxe2d3b19++CwqeJUEtogMY9lO8CKciZoQzPNaTuRFEcBp61geDP1WyMqFYvFvR4n1ItwX7CQEayN5Nv2g591kwGblB+fuhqnZ75dcirODGiZuDkpQY66b391ezFJIyo04Vipjusk2suw1IxwOil2U0UTTIa4TzuGChxR5WWzyyfo1Cg9FMbSlNBopv6eyHCk1DgKTGeE9UAtelPxP6+T6vDKy5hIUk0FmS8KU450jKYxoB6TlGg+NgQTycytiAywxESbsIomBHfx5WXSrFbc80r17qJUu87jKMAxnEAZXLiEGtxCHRpAYATP8ApvVma9WO/Wx7x1xcpnjuAPrM8fmeGToQ==</latexit>

Unlabelled & Undirected
Data

D
<latexit sha1_base64="vhcSZKB5REty1fMyhkxMk/A5FwM=">AAAB8nicbVDLSgMxFL1TX7W+qi7dBIvgqsxUQZdFXbisYB8wHUomzbShmWRIMkIZ+hluXCji1q9x59+YaWehrQcCh3PuJeeeMOFMG9f9dkpr6xubW+Xtys7u3v5B9fCoo2WqCG0TyaXqhVhTzgRtG2Y47SWK4jjktBtObnO/+0SVZlI8mmlCgxiPBIsYwcZKfj/GZkwwz+5mg2rNrbtzoFXiFaQGBVqD6ld/KEkaU2EIx1r7npuYIMPKMMLprNJPNU0wmeAR9S0VOKY6yOaRZ+jMKkMUSWWfMGiu/t7IcKz1NA7tZB5RL3u5+J/npya6DjImktRQQRYfRSlHRqL8fjRkihLDp5ZgopjNisgYK0yMbaliS/CWT14lnUbdu6g3Hi5rzZuijjKcwCmcgwdX0IR7aEEbCEh4hld4c4zz4rw7H4vRklPsHMMfOJ8/diuRXg==</latexit>

Task Policy
⇡ (z|s)

<latexit sha1_base64="GCK2+ngQZu2EKM9l8D2Kk7TdZBw=">AAAB+HicbVBNT8JAEJ3iF+IHVY9eGokJXkiLJnokevGIiYAJbZrtssCG7XazuzWByi/x4kFjvPpTvPlvXKAHBV8yyct7M5mZFwlGlXbdb6uwtr6xuVXcLu3s7u2X7YPDtkpSiUkLJyyRDxFShFFOWppqRh6EJCiOGOlEo5uZ33kkUtGE3+uxIEGMBpz2KUbaSKFd9gUNM18oOq1OntRZaFfcmjuHs0q8nFQgRzO0v/xegtOYcI0ZUqrruUIHGZKaYkamJT9VRCA8QgPSNZSjmKggmx8+dU6N0nP6iTTFtTNXf09kKFZqHEemM0Z6qJa9mfif1011/yrIKBepJhwvFvVT5ujEmaXg9KgkWLOxIQhLam518BBJhLXJqmRC8JZfXiXtes07r9XvLiqN6zyOIhzDCVTBg0towC00oQUYUniGV3izJtaL9W59LFoLVj5zBH9gff4A1q+TMw==</latexit>

Labelled Data

Dr
<latexit sha1_base64="7fed4aboO+102xrMnPuo3ukabcM=">AAAB9HicbVDLSgMxFL3js9ZX1aWbYBFclZkq6LKoC5cV7APasWTSTBuaScYkUyhDv8ONC0Xc+jHu/Bsz7Sy09UDgcM693JMTxJxp47rfzsrq2vrGZmGruL2zu7dfOjhsapkoQhtEcqnaAdaUM0EbhhlO27GiOAo4bQWjm8xvjanSTIoHM4mpH+GBYCEj2FjJ70bYDAnm6e30UfVKZbfizoCWiZeTMuSo90pf3b4kSUSFIRxr3fHc2PgpVoYRTqfFbqJpjMkID2jHUoEjqv10FnqKTq3SR6FU9gmDZurvjRRHWk+iwE5mIfWil4n/eZ3EhFd+ykScGCrI/FCYcGQkyhpAfaYoMXxiCSaK2ayIDLHCxNieirYEb/HLy6RZrXjnler9Rbl2nddRgGM4gTPw4BJqcAd1aACBJ3iGV3hzxs6L8+58zEdXnHznCP7A+fwBBL2SQg==</latexit>

Dr
hi

<latexit sha1_base64="rjibpOyYn67iESUeufzIxXHtUtw=">AAACBHicbVC7TsMwFHXKq5RXgLGLRYXEVCUFCcYKGBiLRB9SGyLHdVurthPZDlIVZWDhV1gYQIiVj2Djb3DSDNByJEvH59yre+8JIkaVdpxvq7Syura+Ud6sbG3v7O7Z+wcdFcYSkzYOWSh7AVKEUUHammpGepEkiAeMdIPpVeZ3H4hUNBR3ehYRj6OxoCOKkTaSb1cHHOkJRiy5Tu+ln+RfyZMJTVPfrjl1JwdcJm5BaqBAy7e/BsMQx5wIjRlSqu86kfYSJDXFjKSVQaxIhPAUjUnfUIE4UV6SH5HCY6MM4SiU5gkNc/V3R4K4UjMemMpsR7XoZeJ/Xj/WowsvoSKKNRF4PmgUM6hDmCUCh1QSrNnMEIQlNbtCPEESYW1yq5gQ3MWTl0mnUXdP643bs1rzsoijDKrgCJwAF5yDJrgBLdAGGDyCZ/AK3qwn68V6tz7mpSWr6DkEf2B9/gAUNpkE</latexit>

Dr
lo

<latexit sha1_base64="SdFxDs6avafE+GzUtiaM9gkNgwc=">AAACBHicbVC7TsMwFHXKq5RXgLGLRYXEVCUFCcYKGBiLRB9SGyLHdVurjh3ZDlIVZWDhV1gYQIiVj2Djb3DSDNByJEvH59yre+8JIkaVdpxvq7Syura+Ud6sbG3v7O7Z+wcdJWKJSRsLJmQvQIowyklbU81IL5IEhQEj3WB6lfndByIVFfxOzyLihWjM6YhipI3k29VBiPQEI5Zcp/fST/KvDBMm0tS3a07dyQGXiVuQGijQ8u2vwVDgOCRcY4aU6rtOpL0ESU0xI2llECsSITxFY9I3lKOQKC/Jj0jhsVGGcCSkeVzDXP3dkaBQqVkYmMpsR7XoZeJ/Xj/WowsvoTyKNeF4PmgUM6gFzBKBQyoJ1mxmCMKSml0hniCJsDa5VUwI7uLJy6TTqLun9cbtWa15WcRRBlVwBE6AC85BE9yAFmgDDB7BM3gFb9aT9WK9Wx/z0pJV9ByCP7A+fwAjdpkO</latexit>

{⌧ = (st, at)
c�1
t=0}

<latexit sha1_base64="jOBcCHisI7KSx4ePENZkOqNE7ic=">AAACB3icbVDLSsNAFJ3UV62vqEtBgkWooCWpgm4KRTcuK9gHNDFMppM6dPJg5kYoITs3/oobF4q49Rfc+TdO2yy09cCFwzn3cu89XsyZBNP81goLi0vLK8XV0tr6xuaWvr3TllEiCG2RiEei62FJOQtpCxhw2o0FxYHHaccbXo39zgMVkkXhLYxi6gR4EDKfEQxKcvV9O7UBJ/WKdOEYu3DkplA3s7uUnFiZnbl62ayaExjzxMpJGeVouvqX3Y9IEtAQCMdS9iwzBifFAhjhNCvZiaQxJkM8oD1FQxxQ6aSTPzLjUCl9w4+EqhCMifp7IsWBlKPAU50Bhns5643F/7xeAv6Fk7IwToCGZLrIT7gBkTEOxegzQQnwkSKYCKZuNcg9FpiAiq6kQrBmX54n7VrVOq3Wbs7Kjcs8jiLaQweogix0jhroGjVRCxH0iJ7RK3rTnrQX7V37mLYWtHxmF/2B9vkD7IuYtA==</latexit>

{⌧ = (st, at, rt)
c�1
t=0}

<latexit sha1_base64="zkczpXm8cCwKC6Ft6jK47HOCjPU=">AAACC3icbVDLSsNAFJ3UV62vqEs3oUWooCWpgm4KRTcuK9gHNDFMppN26OTBzI1QQvZu/BU3LhRx6w+482+ctllo9cCFwzn3cu89XsyZBNP80gpLyyura8X10sbm1vaOvrvXkVEiCG2TiEei52FJOQtpGxhw2osFxYHHadcbX0397j0VkkXhLUxi6gR4GDKfEQxKcvWyndqAk0ZVunCMVQkXjtwUGmZ2l5ITK7MzV6+YNXMG4y+xclJBOVqu/mkPIpIENATCsZR9y4zBSbEARjjNSnYiaYzJGA9pX9EQB1Q66eyXzDhUysDwI6EqBGOm/pxIcSDlJPBUZ4BhJBe9qfif10/Av3BSFsYJ0JDMF/kJNyAypsEYAyYoAT5RBBPB1K0GGWGBCaj4SioEa/Hlv6RTr1mntfrNWaV5mcdRRAeojKrIQueoia5RC7URQQ/oCb2gV+1Re9betPd5a0HLZ/bRL2gf396Cmk0=</latexit>

{⌧ = (st, at, z)
c�1
t=0}

<latexit sha1_base64="4SMDc0hbh8KS6W0qJD2YT/+zNjI=">AAACCXicbVDJSgNBEO2JW4xb1KOXxiBE0DATBb0Egl48RjALZMahp9OTNOlZ6K4R4jBXL/6KFw+KePUPvPk3dpaDRh8UPN6roqqeFwuuwDS/jNzC4tLySn61sLa+sblV3N5pqSiRlDVpJCLZ8YhigoesCRwE68SSkcATrO0NL8d++45JxaPwBkYxcwLSD7nPKQEtuUVspzaQpFZWLhwRXfeHbgo1M7tN6bGV2ZlbLJkVcwL8l1gzUkIzNNzip92LaBKwEKggSnUtMwYnJRI4FSwr2IliMaFD0mddTUMSMOWkk08yfKCVHvYjqSsEPFF/TqQkUGoUeLozIDBQ895Y/M/rJuCfOykP4wRYSKeL/ERgiPA4FtzjklEQI00IlVzfiumASEJBh1fQIVjzL/8lrWrFOqlUr09L9YtZHHm0h/ZRGVnoDNXRFWqgJqLoAT2hF/RqPBrPxpvxPm3NGbOZXfQLxsc3R7OZbg==</latexit>

{(s0, z, sc,
c�1X

t=0

�trt)}
<latexit sha1_base64="OUKfMaw3B0LGzfTK0gkJT57pH/g=">AAACFHicbVDLSsNAFJ3UV62vqEs3wSJUrCWpgm6EohuXFewDmjZMptN26EwSZm6EGvIRbvwVNy4UcevCnX/j9LHQ6oELh3Pu5d57/IgzBbb9ZWQWFpeWV7KrubX1jc0tc3unrsJYElojIQ9l08eKchbQGjDgtBlJioXPacMfXo39xh2VioXBLYwi2ha4H7AeIxi05JlHblJQnl28LyqPFF0VCy+BCzvtJOTYSd0+FgJ3QHpw6KaembdL9gTWX+LMSB7NUPXMT7cbkljQAAjHSrUcO4J2giUwwmmac2NFI0yGuE9bmgZYUNVOJk+l1oFWulYvlLoCsCbqz4kEC6VGwtedAsNAzXtj8T+vFUPvvJ2wIIqBBmS6qBdzC0JrnJDVZZIS4CNNMJFM32qRAZaYgM4xp0Nw5l/+S+rlknNSKt+c5iuXsziyaA/towJy0BmqoGtURTVE0AN6Qi/o1Xg0no03433amjFmM7voF4yPb8Ktngk=</latexit>

Forward Autoencoding loss + KL constraint Fine-tuning with BC Offline RL

s

z

once per c steps

every step

Task Policy
⇡ (z|s)

<latexit sha1_base64="GCK2+ngQZu2EKM9l8D2Kk7TdZBw=">AAAB+HicbVBNT8JAEJ3iF+IHVY9eGokJXkiLJnokevGIiYAJbZrtssCG7XazuzWByi/x4kFjvPpTvPlvXKAHBV8yyct7M5mZFwlGlXbdb6uwtr6xuVXcLu3s7u2X7YPDtkpSiUkLJyyRDxFShFFOWppqRh6EJCiOGOlEo5uZ33kkUtGE3+uxIEGMBpz2KUbaSKFd9gUNM18oOq1OntRZaFfcmjuHs0q8nFQgRzO0v/xegtOYcI0ZUqrruUIHGZKaYkamJT9VRCA8QgPSNZSjmKggmx8+dU6N0nP6iTTFtTNXf09kKFZqHEemM0Z6qJa9mfif1011/yrIKBepJhwvFvVT5ujEmaXg9KgkWLOxIQhLam518BBJhLXJqmRC8JZfXiXtes07r9XvLiqN6zyOIhzDCVTBg0towC00oQUYUniGV3izJtaL9W59LFoLVj5zBH9gff4A1q+TMw==</latexit>

⇡✓(a|s, z)
<latexit sha1_base64="XGKGEGHXYjG4NaqJqfbPtivAuyE=">AAAB/HicbVDLSsNAFJ3UV62vaJduBotQQUpSBV0W3bisYB/QhDCZTtuhkwczN0KM9VfcuFDErR/izr9x2mahrQcuHM65l3vv8WPBFVjWt1FYWV1b3yhulra2d3b3zP2DtooSSVmLRiKSXZ8oJnjIWsBBsG4sGQl8wTr++Hrqd+6ZVDwK7yCNmRuQYcgHnBLQkmeWnZh7mQMjBmRSJY/q9OHEMytWzZoBLxM7JxWUo+mZX04/oknAQqCCKNWzrRjcjEjgVLBJyUkUiwkdkyHraRqSgCk3mx0/wcda6eNBJHWFgGfq74mMBEqlga87AwIjtehNxf+8XgKDSzfjYZwAC+l80SARGCI8TQL3uWQURKoJoZLrWzEdEUko6LxKOgR78eVl0q7X7LNa/fa80rjK4yiiQ3SEqshGF6iBblATtRBFKXpGr+jNeDJejHfjY95aMPKZMvoD4/MHjTiUsg==</latexit>

Primitive Policy

a

(2) Offline training of task policy (3) Test-time policy execution

⇡✓(a|s, z)
<latexit sha1_base64="XGKGEGHXYjG4NaqJqfbPtivAuyE=">AAAB/HicbVDLSsNAFJ3UV62vaJduBotQQUpSBV0W3bisYB/QhDCZTtuhkwczN0KM9VfcuFDErR/izr9x2mahrQcuHM65l3vv8WPBFVjWt1FYWV1b3yhulra2d3b3zP2DtooSSVmLRiKSXZ8oJnjIWsBBsG4sGQl8wTr++Hrqd+6ZVDwK7yCNmRuQYcgHnBLQkmeWnZh7mQMjBmRSJY/q9OHEMytWzZoBLxM7JxWUo+mZX04/oknAQqCCKNWzrRjcjEjgVLBJyUkUiwkdkyHraRqSgCk3mx0/wcda6eNBJHWFgGfq74mMBEqlga87AwIjtehNxf+8XgKDSzfjYZwAC+l80SARGCI8TQL3uWQURKoJoZLrWzEdEUko6LxKOgR78eVl0q7X7LNa/fa80rjK4yiiQ3SEqshGF6iBblATtRBFKXpGr+jNeDJejHfjY95aMPKZMvoD4/MHjTiUsg==</latexit>

Primitive PolicyPrior
⇢!(z|s)

<latexit sha1_base64="GVo4fk2jq6kQ2n6lQ4VageKeonY=">AAAB+3icbVDLSsNAFJ34rPUV69LNYBHqpiRV0GXRjcsK9gFNCJPppB06mQkzE7HG/IobF4q49Ufc+TdO2yy09cCFwzn3cu89YcKo0o7zba2srq1vbJa2yts7u3v79kGlo0QqMWljwYTshUgRRjlpa6oZ6SWSoDhkpBuOr6d+955IRQW/05OE+DEachpRjLSRArviyZEIMk/EZIjy2uOTOg3sqlN3ZoDLxC1IFRRoBfaXNxA4jQnXmCGl+q6TaD9DUlPMSF72UkUShMdoSPqGchQT5Wez23N4YpQBjIQ0xTWcqb8nMhQrNYlD0xkjPVKL3lT8z+unOrr0M8qTVBOO54uilEEt4DQIOKCSYM0mhiAsqbkV4hGSCGsTV9mE4C6+vEw6jbp7Vm/cnlebV0UcJXAEjkENuOACNMENaIE2wOABPINX8Gbl1ov1bn3MW1esYuYQ/IH1+QMh8JR+</latexit>

Encoder
q�(z|⌧)

<latexit sha1_base64="mitotMQhu7WCExqwOKL8kk0lhkI=">AAAB+XicbVBNS8NAEJ34WetX1KOXxSLUS0mqoMeiF48V7Ae0IWy2m3bpZhN3N4Ua+0+8eFDEq//Em//GbZuDtj4YeLw3w8y8IOFMacf5tlZW19Y3Ngtbxe2d3b19++CwqeJUEtogMY9lO8CKciZoQzPNaTuRFEcBp61geDP1WyMqFYvFvR4n1ItwX7CQEayN5Nv2g591kwGblB+fuhqnZ75dcirODGiZuDkpQY66b391ezFJIyo04Vipjusk2suw1IxwOil2U0UTTIa4TzuGChxR5WWzyyfo1Cg9FMbSlNBopv6eyHCk1DgKTGeE9UAtelPxP6+T6vDKy5hIUk0FmS8KU450jKYxoB6TlGg+NgQTycytiAywxESbsIomBHfx5WXSrFbc80r17qJUu87jKMAxnEAZXLiEGtxCHRpAYATP8ApvVma9WO/Wx7x1xcpnjuAPrM8fmeGToQ==</latexit>

OPAL

(1) Offline unsupervised primitive learning 
with OPAL

⇡✓(a|s, z)
<latexit sha1_base64="XGKGEGHXYjG4NaqJqfbPtivAuyE=">AAAB/HicbVDLSsNAFJ3UV62vaJduBotQQUpSBV0W3bisYB/QhDCZTtuhkwczN0KM9VfcuFDErR/izr9x2mahrQcuHM65l3vv8WPBFVjWt1FYWV1b3yhulra2d3b3zP2DtooSSVmLRiKSXZ8oJnjIWsBBsG4sGQl8wTr++Hrqd+6ZVDwK7yCNmRuQYcgHnBLQkmeWnZh7mQMjBmRSJY/q9OHEMytWzZoBLxM7JxWUo+mZX04/oknAQqCCKNWzrRjcjEjgVLBJyUkUiwkdkyHraRqSgCk3mx0/wcda6eNBJHWFgGfq74mMBEqlga87AwIjtehNxf+8XgKDSzfjYZwAC+l80SARGCI8TQL3uWQURKoJoZLrWzEdEUko6LxKOgR78eVl0q7X7LNa/fa80rjK4yiiQ3SEqshGF6iBblATtRBFKXpGr+jNeDJejHfjY95aMPKZMvoD4/MHjTiUsg==</latexit>

Primitive Policy
Encoder
q�(z|⌧)

<latexit sha1_base64="mitotMQhu7WCExqwOKL8kk0lhkI=">AAAB+XicbVBNS8NAEJ34WetX1KOXxSLUS0mqoMeiF48V7Ae0IWy2m3bpZhN3N4Ua+0+8eFDEq//Em//GbZuDtj4YeLw3w8y8IOFMacf5tlZW19Y3Ngtbxe2d3b19++CwqeJUEtogMY9lO8CKciZoQzPNaTuRFEcBp61geDP1WyMqFYvFvR4n1ItwX7CQEayN5Nv2g591kwGblB+fuhqnZ75dcirODGiZuDkpQY66b391ezFJIyo04Vipjusk2suw1IxwOil2U0UTTIa4TzuGChxR5WWzyyfo1Cg9FMbSlNBopv6eyHCk1DgKTGeE9UAtelPxP6+T6vDKy5hIUk0FmS8KU450jKYxoB6TlGg+NgQTycytiAywxESbsIomBHfx5WXSrFbc80r17qJUu87jKMAxnEAZXLiEGtxCHRpAYATP8ApvVma9WO/Wx7x1xcpnjuAPrM8fmeGToQ==</latexit>

Unlabelled & Undirected
Data

D
<latexit sha1_base64="vhcSZKB5REty1fMyhkxMk/A5FwM=">AAAB8nicbVDLSgMxFL1TX7W+qi7dBIvgqsxUQZdFXbisYB8wHUomzbShmWRIMkIZ+hluXCji1q9x59+YaWehrQcCh3PuJeeeMOFMG9f9dkpr6xubW+Xtys7u3v5B9fCoo2WqCG0TyaXqhVhTzgRtG2Y47SWK4jjktBtObnO/+0SVZlI8mmlCgxiPBIsYwcZKfj/GZkwwz+5mg2rNrbtzoFXiFaQGBVqD6ld/KEkaU2EIx1r7npuYIMPKMMLprNJPNU0wmeAR9S0VOKY6yOaRZ+jMKkMUSWWfMGiu/t7IcKz1NA7tZB5RL3u5+J/npya6DjImktRQQRYfRSlHRqL8fjRkihLDp5ZgopjNisgYK0yMbaliS/CWT14lnUbdu6g3Hi5rzZuijjKcwCmcgwdX0IR7aEEbCEh4hld4c4zz4rw7H4vRklPsHMMfOJ8/diuRXg==</latexit>

Task Policy
⇡ (z|s)

<latexit sha1_base64="GCK2+ngQZu2EKM9l8D2Kk7TdZBw=">AAAB+HicbVBNT8JAEJ3iF+IHVY9eGokJXkiLJnokevGIiYAJbZrtssCG7XazuzWByi/x4kFjvPpTvPlvXKAHBV8yyct7M5mZFwlGlXbdb6uwtr6xuVXcLu3s7u2X7YPDtkpSiUkLJyyRDxFShFFOWppqRh6EJCiOGOlEo5uZ33kkUtGE3+uxIEGMBpz2KUbaSKFd9gUNM18oOq1OntRZaFfcmjuHs0q8nFQgRzO0v/xegtOYcI0ZUqrruUIHGZKaYkamJT9VRCA8QgPSNZSjmKggmx8+dU6N0nP6iTTFtTNXf09kKFZqHEemM0Z6qJa9mfif1011/yrIKBepJhwvFvVT5ujEmaXg9KgkWLOxIQhLam518BBJhLXJqmRC8JZfXiXtes07r9XvLiqN6zyOIhzDCVTBg0towC00oQUYUniGV3izJtaL9W59LFoLVj5zBH9gff4A1q+TMw==</latexit>

Labelled Data

Dr
<latexit sha1_base64="7fed4aboO+102xrMnPuo3ukabcM=">AAAB9HicbVDLSgMxFL3js9ZX1aWbYBFclZkq6LKoC5cV7APasWTSTBuaScYkUyhDv8ONC0Xc+jHu/Bsz7Sy09UDgcM693JMTxJxp47rfzsrq2vrGZmGruL2zu7dfOjhsapkoQhtEcqnaAdaUM0EbhhlO27GiOAo4bQWjm8xvjanSTIoHM4mpH+GBYCEj2FjJ70bYDAnm6e30UfVKZbfizoCWiZeTMuSo90pf3b4kSUSFIRxr3fHc2PgpVoYRTqfFbqJpjMkID2jHUoEjqv10FnqKTq3SR6FU9gmDZurvjRRHWk+iwE5mIfWil4n/eZ3EhFd+ykScGCrI/FCYcGQkyhpAfaYoMXxiCSaK2ayIDLHCxNieirYEb/HLy6RZrXjnler9Rbl2nddRgGM4gTPw4BJqcAd1aACBJ3iGV3hzxs6L8+58zEdXnHznCP7A+fwBBL2SQg==</latexit>

Dr
hi

<latexit sha1_base64="rjibpOyYn67iESUeufzIxXHtUtw=">AAACBHicbVC7TsMwFHXKq5RXgLGLRYXEVCUFCcYKGBiLRB9SGyLHdVurthPZDlIVZWDhV1gYQIiVj2Djb3DSDNByJEvH59yre+8JIkaVdpxvq7Syura+Ud6sbG3v7O7Z+wcdFcYSkzYOWSh7AVKEUUHammpGepEkiAeMdIPpVeZ3H4hUNBR3ehYRj6OxoCOKkTaSb1cHHOkJRiy5Tu+ln+RfyZMJTVPfrjl1JwdcJm5BaqBAy7e/BsMQx5wIjRlSqu86kfYSJDXFjKSVQaxIhPAUjUnfUIE4UV6SH5HCY6MM4SiU5gkNc/V3R4K4UjMemMpsR7XoZeJ/Xj/WowsvoSKKNRF4PmgUM6hDmCUCh1QSrNnMEIQlNbtCPEESYW1yq5gQ3MWTl0mnUXdP643bs1rzsoijDKrgCJwAF5yDJrgBLdAGGDyCZ/AK3qwn68V6tz7mpSWr6DkEf2B9/gAUNpkE</latexit>

Dr
lo

<latexit sha1_base64="SdFxDs6avafE+GzUtiaM9gkNgwc=">AAACBHicbVC7TsMwFHXKq5RXgLGLRYXEVCUFCcYKGBiLRB9SGyLHdVurjh3ZDlIVZWDhV1gYQIiVj2Djb3DSDNByJEvH59yre+8JIkaVdpxvq7Syura+Ud6sbG3v7O7Z+wcdJWKJSRsLJmQvQIowyklbU81IL5IEhQEj3WB6lfndByIVFfxOzyLihWjM6YhipI3k29VBiPQEI5Zcp/fST/KvDBMm0tS3a07dyQGXiVuQGijQ8u2vwVDgOCRcY4aU6rtOpL0ESU0xI2llECsSITxFY9I3lKOQKC/Jj0jhsVGGcCSkeVzDXP3dkaBQqVkYmMpsR7XoZeJ/Xj/WowsvoTyKNeF4PmgUM6gFzBKBQyoJ1mxmCMKSml0hniCJsDa5VUwI7uLJy6TTqLun9cbtWa15WcRRBlVwBE6AC85BE9yAFmgDDB7BM3gFb9aT9WK9Wx/z0pJV9ByCP7A+fwAjdpkO</latexit>

{⌧ = (st, at)
c�1
t=0}

<latexit sha1_base64="jOBcCHisI7KSx4ePENZkOqNE7ic=">AAACB3icbVDLSsNAFJ3UV62vqEtBgkWooCWpgm4KRTcuK9gHNDFMppM6dPJg5kYoITs3/oobF4q49Rfc+TdO2yy09cCFwzn3cu89XsyZBNP81goLi0vLK8XV0tr6xuaWvr3TllEiCG2RiEei62FJOQtpCxhw2o0FxYHHaccbXo39zgMVkkXhLYxi6gR4EDKfEQxKcvV9O7UBJ/WKdOEYu3DkplA3s7uUnFiZnbl62ayaExjzxMpJGeVouvqX3Y9IEtAQCMdS9iwzBifFAhjhNCvZiaQxJkM8oD1FQxxQ6aSTPzLjUCl9w4+EqhCMifp7IsWBlKPAU50Bhns5643F/7xeAv6Fk7IwToCGZLrIT7gBkTEOxegzQQnwkSKYCKZuNcg9FpiAiq6kQrBmX54n7VrVOq3Wbs7Kjcs8jiLaQweogix0jhroGjVRCxH0iJ7RK3rTnrQX7V37mLYWtHxmF/2B9vkD7IuYtA==</latexit>

{⌧ = (st, at, rt)
c�1
t=0}

<latexit sha1_base64="zkczpXm8cCwKC6Ft6jK47HOCjPU=">AAACC3icbVDLSsNAFJ3UV62vqEs3oUWooCWpgm4KRTcuK9gHNDFMppN26OTBzI1QQvZu/BU3LhRx6w+482+ctllo9cCFwzn3cu89XsyZBNP80gpLyyura8X10sbm1vaOvrvXkVEiCG2TiEei52FJOQtpGxhw2osFxYHHadcbX0397j0VkkXhLUxi6gR4GDKfEQxKcvWyndqAk0ZVunCMVQkXjtwUGmZ2l5ITK7MzV6+YNXMG4y+xclJBOVqu/mkPIpIENATCsZR9y4zBSbEARjjNSnYiaYzJGA9pX9EQB1Q66eyXzDhUysDwI6EqBGOm/pxIcSDlJPBUZ4BhJBe9qfif10/Av3BSFsYJ0JDMF/kJNyAypsEYAyYoAT5RBBPB1K0GGWGBCaj4SioEa/Hlv6RTr1mntfrNWaV5mcdRRAeojKrIQueoia5RC7URQQ/oCb2gV+1Re9betPd5a0HLZ/bRL2gf396Cmk0=</latexit>

{⌧ = (st, at, z)
c�1
t=0}

<latexit sha1_base64="4SMDc0hbh8KS6W0qJD2YT/+zNjI=">AAACCXicbVDJSgNBEO2JW4xb1KOXxiBE0DATBb0Egl48RjALZMahp9OTNOlZ6K4R4jBXL/6KFw+KePUPvPk3dpaDRh8UPN6roqqeFwuuwDS/jNzC4tLySn61sLa+sblV3N5pqSiRlDVpJCLZ8YhigoesCRwE68SSkcATrO0NL8d++45JxaPwBkYxcwLSD7nPKQEtuUVspzaQpFZWLhwRXfeHbgo1M7tN6bGV2ZlbLJkVcwL8l1gzUkIzNNzip92LaBKwEKggSnUtMwYnJRI4FSwr2IliMaFD0mddTUMSMOWkk08yfKCVHvYjqSsEPFF/TqQkUGoUeLozIDBQ895Y/M/rJuCfOykP4wRYSKeL/ERgiPA4FtzjklEQI00IlVzfiumASEJBh1fQIVjzL/8lrWrFOqlUr09L9YtZHHm0h/ZRGVnoDNXRFWqgJqLoAT2hF/RqPBrPxpvxPm3NGbOZXfQLxsc3R7OZbg==</latexit>

{(s0, z, sc,
c�1X

t=0

�trt)}
<latexit sha1_base64="OUKfMaw3B0LGzfTK0gkJT57pH/g=">AAACFHicbVDLSsNAFJ3UV62vqEs3wSJUrCWpgm6EohuXFewDmjZMptN26EwSZm6EGvIRbvwVNy4UcevCnX/j9LHQ6oELh3Pu5d57/IgzBbb9ZWQWFpeWV7KrubX1jc0tc3unrsJYElojIQ9l08eKchbQGjDgtBlJioXPacMfXo39xh2VioXBLYwi2ha4H7AeIxi05JlHblJQnl28LyqPFF0VCy+BCzvtJOTYSd0+FgJ3QHpw6KaembdL9gTWX+LMSB7NUPXMT7cbkljQAAjHSrUcO4J2giUwwmmac2NFI0yGuE9bmgZYUNVOJk+l1oFWulYvlLoCsCbqz4kEC6VGwtedAsNAzXtj8T+vFUPvvJ2wIIqBBmS6qBdzC0JrnJDVZZIS4CNNMJFM32qRAZaYgM4xp0Nw5l/+S+rlknNSKt+c5iuXsziyaA/towJy0BmqoGtURTVE0AN6Qi/o1Xg0no03433amjFmM7voF4yPb8Ktngk=</latexit>

Forward Autoencoding loss + KL constraint Fine-tuning with BC Offline RL

s

z

once per c steps

every step

Task Policy
⇡ (z|s)

<latexit sha1_base64="GCK2+ngQZu2EKM9l8D2Kk7TdZBw=">AAAB+HicbVBNT8JAEJ3iF+IHVY9eGokJXkiLJnokevGIiYAJbZrtssCG7XazuzWByi/x4kFjvPpTvPlvXKAHBV8yyct7M5mZFwlGlXbdb6uwtr6xuVXcLu3s7u2X7YPDtkpSiUkLJyyRDxFShFFOWppqRh6EJCiOGOlEo5uZ33kkUtGE3+uxIEGMBpz2KUbaSKFd9gUNM18oOq1OntRZaFfcmjuHs0q8nFQgRzO0v/xegtOYcI0ZUqrruUIHGZKaYkamJT9VRCA8QgPSNZSjmKggmx8+dU6N0nP6iTTFtTNXf09kKFZqHEemM0Z6qJa9mfif1011/yrIKBepJhwvFvVT5ujEmaXg9KgkWLOxIQhLam518BBJhLXJqmRC8JZfXiXtes07r9XvLiqN6zyOIhzDCVTBg0towC00oQUYUniGV3izJtaL9W59LFoLVj5zBH9gff4A1q+TMw==</latexit>

⇡✓(a|s, z)
<latexit sha1_base64="XGKGEGHXYjG4NaqJqfbPtivAuyE=">AAAB/HicbVDLSsNAFJ3UV62vaJduBotQQUpSBV0W3bisYB/QhDCZTtuhkwczN0KM9VfcuFDErR/izr9x2mahrQcuHM65l3vv8WPBFVjWt1FYWV1b3yhulra2d3b3zP2DtooSSVmLRiKSXZ8oJnjIWsBBsG4sGQl8wTr++Hrqd+6ZVDwK7yCNmRuQYcgHnBLQkmeWnZh7mQMjBmRSJY/q9OHEMytWzZoBLxM7JxWUo+mZX04/oknAQqCCKNWzrRjcjEjgVLBJyUkUiwkdkyHraRqSgCk3mx0/wcda6eNBJHWFgGfq74mMBEqlga87AwIjtehNxf+8XgKDSzfjYZwAC+l80SARGCI8TQL3uWQURKoJoZLrWzEdEUko6LxKOgR78eVl0q7X7LNa/fa80rjK4yiiQ3SEqshGF6iBblATtRBFKXpGr+jNeDJejHfjY95aMPKZMvoD4/MHjTiUsg==</latexit>

Primitive Policy

a

(2) Offline training of task policy (3) Test-time policy execution

⇡✓(a|s, z)
<latexit sha1_base64="XGKGEGHXYjG4NaqJqfbPtivAuyE=">AAAB/HicbVDLSsNAFJ3UV62vaJduBotQQUpSBV0W3bisYB/QhDCZTtuhkwczN0KM9VfcuFDErR/izr9x2mahrQcuHM65l3vv8WPBFVjWt1FYWV1b3yhulra2d3b3zP2DtooSSVmLRiKSXZ8oJnjIWsBBsG4sGQl8wTr++Hrqd+6ZVDwK7yCNmRuQYcgHnBLQkmeWnZh7mQMjBmRSJY/q9OHEMytWzZoBLxM7JxWUo+mZX04/oknAQqCCKNWzrRjcjEjgVLBJyUkUiwkdkyHraRqSgCk3mx0/wcda6eNBJHWFgGfq74mMBEqlga87AwIjtehNxf+8XgKDSzfjYZwAC+l80SARGCI8TQL3uWQURKoJoZLrWzEdEUko6LxKOgR78eVl0q7X7LNa/fa80rjK4yiiQ3SEqshGF6iBblATtRBFKXpGr+jNeDJejHfjY95aMPKZMvoD4/MHjTiUsg==</latexit>

Primitive PolicyPrior
⇢!(z|s)

<latexit sha1_base64="GVo4fk2jq6kQ2n6lQ4VageKeonY=">AAAB+3icbVDLSsNAFJ34rPUV69LNYBHqpiRV0GXRjcsK9gFNCJPppB06mQkzE7HG/IobF4q49Ufc+TdO2yy09cCFwzn3cu89YcKo0o7zba2srq1vbJa2yts7u3v79kGlo0QqMWljwYTshUgRRjlpa6oZ6SWSoDhkpBuOr6d+955IRQW/05OE+DEachpRjLSRArviyZEIMk/EZIjy2uOTOg3sqlN3ZoDLxC1IFRRoBfaXNxA4jQnXmCGl+q6TaD9DUlPMSF72UkUShMdoSPqGchQT5Wez23N4YpQBjIQ0xTWcqb8nMhQrNYlD0xkjPVKL3lT8z+unOrr0M8qTVBOO54uilEEt4DQIOKCSYM0mhiAsqbkV4hGSCGsTV9mE4C6+vEw6jbp7Vm/cnlebV0UcJXAEjkENuOACNMENaIE2wOABPINX8Gbl1ov1bn3MW1esYuYQ/IH1+QMh8JR+</latexit>

Encoder
q�(z|⌧)

<latexit sha1_base64="mitotMQhu7WCExqwOKL8kk0lhkI=">AAAB+XicbVBNS8NAEJ34WetX1KOXxSLUS0mqoMeiF48V7Ae0IWy2m3bpZhN3N4Ua+0+8eFDEq//Em//GbZuDtj4YeLw3w8y8IOFMacf5tlZW19Y3Ngtbxe2d3b19++CwqeJUEtogMY9lO8CKciZoQzPNaTuRFEcBp61geDP1WyMqFYvFvR4n1ItwX7CQEayN5Nv2g591kwGblB+fuhqnZ75dcirODGiZuDkpQY66b391ezFJIyo04Vipjusk2suw1IxwOil2U0UTTIa4TzuGChxR5WWzyyfo1Cg9FMbSlNBopv6eyHCk1DgKTGeE9UAtelPxP6+T6vDKy5hIUk0FmS8KU450jKYxoB6TlGg+NgQTycytiAywxESbsIomBHfx5WXSrFbc80r17qJUu87jKMAxnEAZXLiEGtxCHRpAYATP8ApvVma9WO/Wx7x1xcpnjuAPrM8fmeGToQ==</latexit>

OPAL

(1) Offline unsupervised primitive learning 
with OPAL



OPAL:Offline Primitive Discovery for Accelerating RL

⇡✓(a|s, z)
<latexit sha1_base64="XGKGEGHXYjG4NaqJqfbPtivAuyE=">AAAB/HicbVDLSsNAFJ3UV62vaJduBotQQUpSBV0W3bisYB/QhDCZTtuhkwczN0KM9VfcuFDErR/izr9x2mahrQcuHM65l3vv8WPBFVjWt1FYWV1b3yhulra2d3b3zP2DtooSSVmLRiKSXZ8oJnjIWsBBsG4sGQl8wTr++Hrqd+6ZVDwK7yCNmRuQYcgHnBLQkmeWnZh7mQMjBmRSJY/q9OHEMytWzZoBLxM7JxWUo+mZX04/oknAQqCCKNWzrRjcjEjgVLBJyUkUiwkdkyHraRqSgCk3mx0/wcda6eNBJHWFgGfq74mMBEqlga87AwIjtehNxf+8XgKDSzfjYZwAC+l80SARGCI8TQL3uWQURKoJoZLrWzEdEUko6LxKOgR78eVl0q7X7LNa/fa80rjK4yiiQ3SEqshGF6iBblATtRBFKXpGr+jNeDJejHfjY95aMPKZMvoD4/MHjTiUsg==</latexit>

Primitive Policy
Encoder
q�(z|⌧)

<latexit sha1_base64="mitotMQhu7WCExqwOKL8kk0lhkI=">AAAB+XicbVBNS8NAEJ34WetX1KOXxSLUS0mqoMeiF48V7Ae0IWy2m3bpZhN3N4Ua+0+8eFDEq//Em//GbZuDtj4YeLw3w8y8IOFMacf5tlZW19Y3Ngtbxe2d3b19++CwqeJUEtogMY9lO8CKciZoQzPNaTuRFEcBp61geDP1WyMqFYvFvR4n1ItwX7CQEayN5Nv2g591kwGblB+fuhqnZ75dcirODGiZuDkpQY66b391ezFJIyo04Vipjusk2suw1IxwOil2U0UTTIa4TzuGChxR5WWzyyfo1Cg9FMbSlNBopv6eyHCk1DgKTGeE9UAtelPxP6+T6vDKy5hIUk0FmS8KU450jKYxoB6TlGg+NgQTycytiAywxESbsIomBHfx5WXSrFbc80r17qJUu87jKMAxnEAZXLiEGtxCHRpAYATP8ApvVma9WO/Wx7x1xcpnjuAPrM8fmeGToQ==</latexit>

Unlabelled & Undirected
Data

D
<latexit sha1_base64="vhcSZKB5REty1fMyhkxMk/A5FwM=">AAAB8nicbVDLSgMxFL1TX7W+qi7dBIvgqsxUQZdFXbisYB8wHUomzbShmWRIMkIZ+hluXCji1q9x59+YaWehrQcCh3PuJeeeMOFMG9f9dkpr6xubW+Xtys7u3v5B9fCoo2WqCG0TyaXqhVhTzgRtG2Y47SWK4jjktBtObnO/+0SVZlI8mmlCgxiPBIsYwcZKfj/GZkwwz+5mg2rNrbtzoFXiFaQGBVqD6ld/KEkaU2EIx1r7npuYIMPKMMLprNJPNU0wmeAR9S0VOKY6yOaRZ+jMKkMUSWWfMGiu/t7IcKz1NA7tZB5RL3u5+J/npya6DjImktRQQRYfRSlHRqL8fjRkihLDp5ZgopjNisgYK0yMbaliS/CWT14lnUbdu6g3Hi5rzZuijjKcwCmcgwdX0IR7aEEbCEh4hld4c4zz4rw7H4vRklPsHMMfOJ8/diuRXg==</latexit>

Task Policy
⇡ (z|s)

<latexit sha1_base64="GCK2+ngQZu2EKM9l8D2Kk7TdZBw=">AAAB+HicbVBNT8JAEJ3iF+IHVY9eGokJXkiLJnokevGIiYAJbZrtssCG7XazuzWByi/x4kFjvPpTvPlvXKAHBV8yyct7M5mZFwlGlXbdb6uwtr6xuVXcLu3s7u2X7YPDtkpSiUkLJyyRDxFShFFOWppqRh6EJCiOGOlEo5uZ33kkUtGE3+uxIEGMBpz2KUbaSKFd9gUNM18oOq1OntRZaFfcmjuHs0q8nFQgRzO0v/xegtOYcI0ZUqrruUIHGZKaYkamJT9VRCA8QgPSNZSjmKggmx8+dU6N0nP6iTTFtTNXf09kKFZqHEemM0Z6qJa9mfif1011/yrIKBepJhwvFvVT5ujEmaXg9KgkWLOxIQhLam518BBJhLXJqmRC8JZfXiXtes07r9XvLiqN6zyOIhzDCVTBg0towC00oQUYUniGV3izJtaL9W59LFoLVj5zBH9gff4A1q+TMw==</latexit>

Labelled Data

Dr
<latexit sha1_base64="7fed4aboO+102xrMnPuo3ukabcM=">AAAB9HicbVDLSgMxFL3js9ZX1aWbYBFclZkq6LKoC5cV7APasWTSTBuaScYkUyhDv8ONC0Xc+jHu/Bsz7Sy09UDgcM693JMTxJxp47rfzsrq2vrGZmGruL2zu7dfOjhsapkoQhtEcqnaAdaUM0EbhhlO27GiOAo4bQWjm8xvjanSTIoHM4mpH+GBYCEj2FjJ70bYDAnm6e30UfVKZbfizoCWiZeTMuSo90pf3b4kSUSFIRxr3fHc2PgpVoYRTqfFbqJpjMkID2jHUoEjqv10FnqKTq3SR6FU9gmDZurvjRRHWk+iwE5mIfWil4n/eZ3EhFd+ykScGCrI/FCYcGQkyhpAfaYoMXxiCSaK2ayIDLHCxNieirYEb/HLy6RZrXjnler9Rbl2nddRgGM4gTPw4BJqcAd1aACBJ3iGV3hzxs6L8+58zEdXnHznCP7A+fwBBL2SQg==</latexit>

Dr
hi

<latexit sha1_base64="rjibpOyYn67iESUeufzIxXHtUtw=">AAACBHicbVC7TsMwFHXKq5RXgLGLRYXEVCUFCcYKGBiLRB9SGyLHdVurthPZDlIVZWDhV1gYQIiVj2Djb3DSDNByJEvH59yre+8JIkaVdpxvq7Syura+Ud6sbG3v7O7Z+wcdFcYSkzYOWSh7AVKEUUHammpGepEkiAeMdIPpVeZ3H4hUNBR3ehYRj6OxoCOKkTaSb1cHHOkJRiy5Tu+ln+RfyZMJTVPfrjl1JwdcJm5BaqBAy7e/BsMQx5wIjRlSqu86kfYSJDXFjKSVQaxIhPAUjUnfUIE4UV6SH5HCY6MM4SiU5gkNc/V3R4K4UjMemMpsR7XoZeJ/Xj/WowsvoSKKNRF4PmgUM6hDmCUCh1QSrNnMEIQlNbtCPEESYW1yq5gQ3MWTl0mnUXdP643bs1rzsoijDKrgCJwAF5yDJrgBLdAGGDyCZ/AK3qwn68V6tz7mpSWr6DkEf2B9/gAUNpkE</latexit>

Dr
lo

<latexit sha1_base64="SdFxDs6avafE+GzUtiaM9gkNgwc=">AAACBHicbVC7TsMwFHXKq5RXgLGLRYXEVCUFCcYKGBiLRB9SGyLHdVurjh3ZDlIVZWDhV1gYQIiVj2Djb3DSDNByJEvH59yre+8JIkaVdpxvq7Syura+Ud6sbG3v7O7Z+wcdJWKJSRsLJmQvQIowyklbU81IL5IEhQEj3WB6lfndByIVFfxOzyLihWjM6YhipI3k29VBiPQEI5Zcp/fST/KvDBMm0tS3a07dyQGXiVuQGijQ8u2vwVDgOCRcY4aU6rtOpL0ESU0xI2llECsSITxFY9I3lKOQKC/Jj0jhsVGGcCSkeVzDXP3dkaBQqVkYmMpsR7XoZeJ/Xj/WowsvoTyKNeF4PmgUM6gFzBKBQyoJ1mxmCMKSml0hniCJsDa5VUwI7uLJy6TTqLun9cbtWa15WcRRBlVwBE6AC85BE9yAFmgDDB7BM3gFb9aT9WK9Wx/z0pJV9ByCP7A+fwAjdpkO</latexit>

{⌧ = (st, at)
c�1
t=0}

<latexit sha1_base64="jOBcCHisI7KSx4ePENZkOqNE7ic=">AAACB3icbVDLSsNAFJ3UV62vqEtBgkWooCWpgm4KRTcuK9gHNDFMppM6dPJg5kYoITs3/oobF4q49Rfc+TdO2yy09cCFwzn3cu89XsyZBNP81goLi0vLK8XV0tr6xuaWvr3TllEiCG2RiEei62FJOQtpCxhw2o0FxYHHaccbXo39zgMVkkXhLYxi6gR4EDKfEQxKcvV9O7UBJ/WKdOEYu3DkplA3s7uUnFiZnbl62ayaExjzxMpJGeVouvqX3Y9IEtAQCMdS9iwzBifFAhjhNCvZiaQxJkM8oD1FQxxQ6aSTPzLjUCl9w4+EqhCMifp7IsWBlKPAU50Bhns5643F/7xeAv6Fk7IwToCGZLrIT7gBkTEOxegzQQnwkSKYCKZuNcg9FpiAiq6kQrBmX54n7VrVOq3Wbs7Kjcs8jiLaQweogix0jhroGjVRCxH0iJ7RK3rTnrQX7V37mLYWtHxmF/2B9vkD7IuYtA==</latexit>

{⌧ = (st, at, rt)
c�1
t=0}

<latexit sha1_base64="zkczpXm8cCwKC6Ft6jK47HOCjPU=">AAACC3icbVDLSsNAFJ3UV62vqEs3oUWooCWpgm4KRTcuK9gHNDFMppN26OTBzI1QQvZu/BU3LhRx6w+482+ctllo9cCFwzn3cu89XsyZBNP80gpLyyura8X10sbm1vaOvrvXkVEiCG2TiEei52FJOQtpGxhw2osFxYHHadcbX0397j0VkkXhLUxi6gR4GDKfEQxKcvWyndqAk0ZVunCMVQkXjtwUGmZ2l5ITK7MzV6+YNXMG4y+xclJBOVqu/mkPIpIENATCsZR9y4zBSbEARjjNSnYiaYzJGA9pX9EQB1Q66eyXzDhUysDwI6EqBGOm/pxIcSDlJPBUZ4BhJBe9qfif10/Av3BSFsYJ0JDMF/kJNyAypsEYAyYoAT5RBBPB1K0GGWGBCaj4SioEa/Hlv6RTr1mntfrNWaV5mcdRRAeojKrIQueoia5RC7URQQ/oCb2gV+1Re9betPd5a0HLZ/bRL2gf396Cmk0=</latexit>

{⌧ = (st, at, z)
c�1
t=0}

<latexit sha1_base64="4SMDc0hbh8KS6W0qJD2YT/+zNjI=">AAACCXicbVDJSgNBEO2JW4xb1KOXxiBE0DATBb0Egl48RjALZMahp9OTNOlZ6K4R4jBXL/6KFw+KePUPvPk3dpaDRh8UPN6roqqeFwuuwDS/jNzC4tLySn61sLa+sblV3N5pqSiRlDVpJCLZ8YhigoesCRwE68SSkcATrO0NL8d++45JxaPwBkYxcwLSD7nPKQEtuUVspzaQpFZWLhwRXfeHbgo1M7tN6bGV2ZlbLJkVcwL8l1gzUkIzNNzip92LaBKwEKggSnUtMwYnJRI4FSwr2IliMaFD0mddTUMSMOWkk08yfKCVHvYjqSsEPFF/TqQkUGoUeLozIDBQ895Y/M/rJuCfOykP4wRYSKeL/ERgiPA4FtzjklEQI00IlVzfiumASEJBh1fQIVjzL/8lrWrFOqlUr09L9YtZHHm0h/ZRGVnoDNXRFWqgJqLoAT2hF/RqPBrPxpvxPm3NGbOZXfQLxsc3R7OZbg==</latexit>

{(s0, z, sc,
c�1X

t=0

�trt)}
<latexit sha1_base64="OUKfMaw3B0LGzfTK0gkJT57pH/g=">AAACFHicbVDLSsNAFJ3UV62vqEs3wSJUrCWpgm6EohuXFewDmjZMptN26EwSZm6EGvIRbvwVNy4UcevCnX/j9LHQ6oELh3Pu5d57/IgzBbb9ZWQWFpeWV7KrubX1jc0tc3unrsJYElojIQ9l08eKchbQGjDgtBlJioXPacMfXo39xh2VioXBLYwi2ha4H7AeIxi05JlHblJQnl28LyqPFF0VCy+BCzvtJOTYSd0+FgJ3QHpw6KaembdL9gTWX+LMSB7NUPXMT7cbkljQAAjHSrUcO4J2giUwwmmac2NFI0yGuE9bmgZYUNVOJk+l1oFWulYvlLoCsCbqz4kEC6VGwtedAsNAzXtj8T+vFUPvvJ2wIIqBBmS6qBdzC0JrnJDVZZIS4CNNMJFM32qRAZaYgM4xp0Nw5l/+S+rlknNSKt+c5iuXsziyaA/towJy0BmqoGtURTVE0AN6Qi/o1Xg0no03433amjFmM7voF4yPb8Ktngk=</latexit>

Forward Autoencoding loss + KL constraint Fine-tuning with BC Offline RL

s

z

once per c steps

every step

Task Policy
⇡ (z|s)

<latexit sha1_base64="GCK2+ngQZu2EKM9l8D2Kk7TdZBw=">AAAB+HicbVBNT8JAEJ3iF+IHVY9eGokJXkiLJnokevGIiYAJbZrtssCG7XazuzWByi/x4kFjvPpTvPlvXKAHBV8yyct7M5mZFwlGlXbdb6uwtr6xuVXcLu3s7u2X7YPDtkpSiUkLJyyRDxFShFFOWppqRh6EJCiOGOlEo5uZ33kkUtGE3+uxIEGMBpz2KUbaSKFd9gUNM18oOq1OntRZaFfcmjuHs0q8nFQgRzO0v/xegtOYcI0ZUqrruUIHGZKaYkamJT9VRCA8QgPSNZSjmKggmx8+dU6N0nP6iTTFtTNXf09kKFZqHEemM0Z6qJa9mfif1011/yrIKBepJhwvFvVT5ujEmaXg9KgkWLOxIQhLam518BBJhLXJqmRC8JZfXiXtes07r9XvLiqN6zyOIhzDCVTBg0towC00oQUYUniGV3izJtaL9W59LFoLVj5zBH9gff4A1q+TMw==</latexit>

⇡✓(a|s, z)
<latexit sha1_base64="XGKGEGHXYjG4NaqJqfbPtivAuyE=">AAAB/HicbVDLSsNAFJ3UV62vaJduBotQQUpSBV0W3bisYB/QhDCZTtuhkwczN0KM9VfcuFDErR/izr9x2mahrQcuHM65l3vv8WPBFVjWt1FYWV1b3yhulra2d3b3zP2DtooSSVmLRiKSXZ8oJnjIWsBBsG4sGQl8wTr++Hrqd+6ZVDwK7yCNmRuQYcgHnBLQkmeWnZh7mQMjBmRSJY/q9OHEMytWzZoBLxM7JxWUo+mZX04/oknAQqCCKNWzrRjcjEjgVLBJyUkUiwkdkyHraRqSgCk3mx0/wcda6eNBJHWFgGfq74mMBEqlga87AwIjtehNxf+8XgKDSzfjYZwAC+l80SARGCI8TQL3uWQURKoJoZLrWzEdEUko6LxKOgR78eVl0q7X7LNa/fa80rjK4yiiQ3SEqshGF6iBblATtRBFKXpGr+jNeDJejHfjY95aMPKZMvoD4/MHjTiUsg==</latexit>

Primitive Policy

a

(2) Offline training of task policy (3) Test-time policy execution

⇡✓(a|s, z)
<latexit sha1_base64="XGKGEGHXYjG4NaqJqfbPtivAuyE=">AAAB/HicbVDLSsNAFJ3UV62vaJduBotQQUpSBV0W3bisYB/QhDCZTtuhkwczN0KM9VfcuFDErR/izr9x2mahrQcuHM65l3vv8WPBFVjWt1FYWV1b3yhulra2d3b3zP2DtooSSVmLRiKSXZ8oJnjIWsBBsG4sGQl8wTr++Hrqd+6ZVDwK7yCNmRuQYcgHnBLQkmeWnZh7mQMjBmRSJY/q9OHEMytWzZoBLxM7JxWUo+mZX04/oknAQqCCKNWzrRjcjEjgVLBJyUkUiwkdkyHraRqSgCk3mx0/wcda6eNBJHWFgGfq74mMBEqlga87AwIjtehNxf+8XgKDSzfjYZwAC+l80SARGCI8TQL3uWQURKoJoZLrWzEdEUko6LxKOgR78eVl0q7X7LNa/fa80rjK4yiiQ3SEqshGF6iBblATtRBFKXpGr+jNeDJejHfjY95aMPKZMvoD4/MHjTiUsg==</latexit>

Primitive PolicyPrior
⇢!(z|s)

<latexit sha1_base64="GVo4fk2jq6kQ2n6lQ4VageKeonY=">AAAB+3icbVDLSsNAFJ34rPUV69LNYBHqpiRV0GXRjcsK9gFNCJPppB06mQkzE7HG/IobF4q49Ufc+TdO2yy09cCFwzn3cu89YcKo0o7zba2srq1vbJa2yts7u3v79kGlo0QqMWljwYTshUgRRjlpa6oZ6SWSoDhkpBuOr6d+955IRQW/05OE+DEachpRjLSRArviyZEIMk/EZIjy2uOTOg3sqlN3ZoDLxC1IFRRoBfaXNxA4jQnXmCGl+q6TaD9DUlPMSF72UkUShMdoSPqGchQT5Wez23N4YpQBjIQ0xTWcqb8nMhQrNYlD0xkjPVKL3lT8z+unOrr0M8qTVBOO54uilEEt4DQIOKCSYM0mhiAsqbkV4hGSCGsTV9mE4C6+vEw6jbp7Vm/cnlebV0UcJXAEjkENuOACNMENaIE2wOABPINX8Gbl1ov1bn3MW1esYuYQ/IH1+QMh8JR+</latexit>

Encoder
q�(z|⌧)

<latexit sha1_base64="mitotMQhu7WCExqwOKL8kk0lhkI=">AAAB+XicbVBNS8NAEJ34WetX1KOXxSLUS0mqoMeiF48V7Ae0IWy2m3bpZhN3N4Ua+0+8eFDEq//Em//GbZuDtj4YeLw3w8y8IOFMacf5tlZW19Y3Ngtbxe2d3b19++CwqeJUEtogMY9lO8CKciZoQzPNaTuRFEcBp61geDP1WyMqFYvFvR4n1ItwX7CQEayN5Nv2g591kwGblB+fuhqnZ75dcirODGiZuDkpQY66b391ezFJIyo04Vipjusk2suw1IxwOil2U0UTTIa4TzuGChxR5WWzyyfo1Cg9FMbSlNBopv6eyHCk1DgKTGeE9UAtelPxP6+T6vDKy5hIUk0FmS8KU450jKYxoB6TlGg+NgQTycytiAywxESbsIomBHfx5WXSrFbc80r17qJUu87jKMAxnEAZXLiEGtxCHRpAYATP8ApvVma9WO/Wx7x1xcpnjuAPrM8fmeGToQ==</latexit>

OPAL

(1) Offline unsupervised primitive learning 
with OPAL

⇡✓(a|s, z)
<latexit sha1_base64="XGKGEGHXYjG4NaqJqfbPtivAuyE=">AAAB/HicbVDLSsNAFJ3UV62vaJduBotQQUpSBV0W3bisYB/QhDCZTtuhkwczN0KM9VfcuFDErR/izr9x2mahrQcuHM65l3vv8WPBFVjWt1FYWV1b3yhulra2d3b3zP2DtooSSVmLRiKSXZ8oJnjIWsBBsG4sGQl8wTr++Hrqd+6ZVDwK7yCNmRuQYcgHnBLQkmeWnZh7mQMjBmRSJY/q9OHEMytWzZoBLxM7JxWUo+mZX04/oknAQqCCKNWzrRjcjEjgVLBJyUkUiwkdkyHraRqSgCk3mx0/wcda6eNBJHWFgGfq74mMBEqlga87AwIjtehNxf+8XgKDSzfjYZwAC+l80SARGCI8TQL3uWQURKoJoZLrWzEdEUko6LxKOgR78eVl0q7X7LNa/fa80rjK4yiiQ3SEqshGF6iBblATtRBFKXpGr+jNeDJejHfjY95aMPKZMvoD4/MHjTiUsg==</latexit>

Primitive Policy
Encoder
q�(z|⌧)

<latexit sha1_base64="mitotMQhu7WCExqwOKL8kk0lhkI=">AAAB+XicbVBNS8NAEJ34WetX1KOXxSLUS0mqoMeiF48V7Ae0IWy2m3bpZhN3N4Ua+0+8eFDEq//Em//GbZuDtj4YeLw3w8y8IOFMacf5tlZW19Y3Ngtbxe2d3b19++CwqeJUEtogMY9lO8CKciZoQzPNaTuRFEcBp61geDP1WyMqFYvFvR4n1ItwX7CQEayN5Nv2g591kwGblB+fuhqnZ75dcirODGiZuDkpQY66b391ezFJIyo04Vipjusk2suw1IxwOil2U0UTTIa4TzuGChxR5WWzyyfo1Cg9FMbSlNBopv6eyHCk1DgKTGeE9UAtelPxP6+T6vDKy5hIUk0FmS8KU450jKYxoB6TlGg+NgQTycytiAywxESbsIomBHfx5WXSrFbc80r17qJUu87jKMAxnEAZXLiEGtxCHRpAYATP8ApvVma9WO/Wx7x1xcpnjuAPrM8fmeGToQ==</latexit>

Unlabelled & Undirected
Data

D
<latexit sha1_base64="vhcSZKB5REty1fMyhkxMk/A5FwM=">AAAB8nicbVDLSgMxFL1TX7W+qi7dBIvgqsxUQZdFXbisYB8wHUomzbShmWRIMkIZ+hluXCji1q9x59+YaWehrQcCh3PuJeeeMOFMG9f9dkpr6xubW+Xtys7u3v5B9fCoo2WqCG0TyaXqhVhTzgRtG2Y47SWK4jjktBtObnO/+0SVZlI8mmlCgxiPBIsYwcZKfj/GZkwwz+5mg2rNrbtzoFXiFaQGBVqD6ld/KEkaU2EIx1r7npuYIMPKMMLprNJPNU0wmeAR9S0VOKY6yOaRZ+jMKkMUSWWfMGiu/t7IcKz1NA7tZB5RL3u5+J/npya6DjImktRQQRYfRSlHRqL8fjRkihLDp5ZgopjNisgYK0yMbaliS/CWT14lnUbdu6g3Hi5rzZuijjKcwCmcgwdX0IR7aEEbCEh4hld4c4zz4rw7H4vRklPsHMMfOJ8/diuRXg==</latexit>

Task Policy
⇡ (z|s)

<latexit sha1_base64="GCK2+ngQZu2EKM9l8D2Kk7TdZBw=">AAAB+HicbVBNT8JAEJ3iF+IHVY9eGokJXkiLJnokevGIiYAJbZrtssCG7XazuzWByi/x4kFjvPpTvPlvXKAHBV8yyct7M5mZFwlGlXbdb6uwtr6xuVXcLu3s7u2X7YPDtkpSiUkLJyyRDxFShFFOWppqRh6EJCiOGOlEo5uZ33kkUtGE3+uxIEGMBpz2KUbaSKFd9gUNM18oOq1OntRZaFfcmjuHs0q8nFQgRzO0v/xegtOYcI0ZUqrruUIHGZKaYkamJT9VRCA8QgPSNZSjmKggmx8+dU6N0nP6iTTFtTNXf09kKFZqHEemM0Z6qJa9mfif1011/yrIKBepJhwvFvVT5ujEmaXg9KgkWLOxIQhLam518BBJhLXJqmRC8JZfXiXtes07r9XvLiqN6zyOIhzDCVTBg0towC00oQUYUniGV3izJtaL9W59LFoLVj5zBH9gff4A1q+TMw==</latexit>

Labelled Data

Dr
<latexit sha1_base64="7fed4aboO+102xrMnPuo3ukabcM=">AAAB9HicbVDLSgMxFL3js9ZX1aWbYBFclZkq6LKoC5cV7APasWTSTBuaScYkUyhDv8ONC0Xc+jHu/Bsz7Sy09UDgcM693JMTxJxp47rfzsrq2vrGZmGruL2zu7dfOjhsapkoQhtEcqnaAdaUM0EbhhlO27GiOAo4bQWjm8xvjanSTIoHM4mpH+GBYCEj2FjJ70bYDAnm6e30UfVKZbfizoCWiZeTMuSo90pf3b4kSUSFIRxr3fHc2PgpVoYRTqfFbqJpjMkID2jHUoEjqv10FnqKTq3SR6FU9gmDZurvjRRHWk+iwE5mIfWil4n/eZ3EhFd+ykScGCrI/FCYcGQkyhpAfaYoMXxiCSaK2ayIDLHCxNieirYEb/HLy6RZrXjnler9Rbl2nddRgGM4gTPw4BJqcAd1aACBJ3iGV3hzxs6L8+58zEdXnHznCP7A+fwBBL2SQg==</latexit>

Dr
hi

<latexit sha1_base64="rjibpOyYn67iESUeufzIxXHtUtw=">AAACBHicbVC7TsMwFHXKq5RXgLGLRYXEVCUFCcYKGBiLRB9SGyLHdVurthPZDlIVZWDhV1gYQIiVj2Djb3DSDNByJEvH59yre+8JIkaVdpxvq7Syura+Ud6sbG3v7O7Z+wcdFcYSkzYOWSh7AVKEUUHammpGepEkiAeMdIPpVeZ3H4hUNBR3ehYRj6OxoCOKkTaSb1cHHOkJRiy5Tu+ln+RfyZMJTVPfrjl1JwdcJm5BaqBAy7e/BsMQx5wIjRlSqu86kfYSJDXFjKSVQaxIhPAUjUnfUIE4UV6SH5HCY6MM4SiU5gkNc/V3R4K4UjMemMpsR7XoZeJ/Xj/WowsvoSKKNRF4PmgUM6hDmCUCh1QSrNnMEIQlNbtCPEESYW1yq5gQ3MWTl0mnUXdP643bs1rzsoijDKrgCJwAF5yDJrgBLdAGGDyCZ/AK3qwn68V6tz7mpSWr6DkEf2B9/gAUNpkE</latexit>

Dr
lo

<latexit sha1_base64="SdFxDs6avafE+GzUtiaM9gkNgwc=">AAACBHicbVC7TsMwFHXKq5RXgLGLRYXEVCUFCcYKGBiLRB9SGyLHdVurjh3ZDlIVZWDhV1gYQIiVj2Djb3DSDNByJEvH59yre+8JIkaVdpxvq7Syura+Ud6sbG3v7O7Z+wcdJWKJSRsLJmQvQIowyklbU81IL5IEhQEj3WB6lfndByIVFfxOzyLihWjM6YhipI3k29VBiPQEI5Zcp/fST/KvDBMm0tS3a07dyQGXiVuQGijQ8u2vwVDgOCRcY4aU6rtOpL0ESU0xI2llECsSITxFY9I3lKOQKC/Jj0jhsVGGcCSkeVzDXP3dkaBQqVkYmMpsR7XoZeJ/Xj/WowsvoTyKNeF4PmgUM6gFzBKBQyoJ1mxmCMKSml0hniCJsDa5VUwI7uLJy6TTqLun9cbtWa15WcRRBlVwBE6AC85BE9yAFmgDDB7BM3gFb9aT9WK9Wx/z0pJV9ByCP7A+fwAjdpkO</latexit>

{⌧ = (st, at)
c�1
t=0}

<latexit sha1_base64="jOBcCHisI7KSx4ePENZkOqNE7ic=">AAACB3icbVDLSsNAFJ3UV62vqEtBgkWooCWpgm4KRTcuK9gHNDFMppM6dPJg5kYoITs3/oobF4q49Rfc+TdO2yy09cCFwzn3cu89XsyZBNP81goLi0vLK8XV0tr6xuaWvr3TllEiCG2RiEei62FJOQtpCxhw2o0FxYHHaccbXo39zgMVkkXhLYxi6gR4EDKfEQxKcvV9O7UBJ/WKdOEYu3DkplA3s7uUnFiZnbl62ayaExjzxMpJGeVouvqX3Y9IEtAQCMdS9iwzBifFAhjhNCvZiaQxJkM8oD1FQxxQ6aSTPzLjUCl9w4+EqhCMifp7IsWBlKPAU50Bhns5643F/7xeAv6Fk7IwToCGZLrIT7gBkTEOxegzQQnwkSKYCKZuNcg9FpiAiq6kQrBmX54n7VrVOq3Wbs7Kjcs8jiLaQweogix0jhroGjVRCxH0iJ7RK3rTnrQX7V37mLYWtHxmF/2B9vkD7IuYtA==</latexit>

{⌧ = (st, at, rt)
c�1
t=0}

<latexit sha1_base64="zkczpXm8cCwKC6Ft6jK47HOCjPU=">AAACC3icbVDLSsNAFJ3UV62vqEs3oUWooCWpgm4KRTcuK9gHNDFMppN26OTBzI1QQvZu/BU3LhRx6w+482+ctllo9cCFwzn3cu89XsyZBNP80gpLyyura8X10sbm1vaOvrvXkVEiCG2TiEei52FJOQtpGxhw2osFxYHHadcbX0397j0VkkXhLUxi6gR4GDKfEQxKcvWyndqAk0ZVunCMVQkXjtwUGmZ2l5ITK7MzV6+YNXMG4y+xclJBOVqu/mkPIpIENATCsZR9y4zBSbEARjjNSnYiaYzJGA9pX9EQB1Q66eyXzDhUysDwI6EqBGOm/pxIcSDlJPBUZ4BhJBe9qfif10/Av3BSFsYJ0JDMF/kJNyAypsEYAyYoAT5RBBPB1K0GGWGBCaj4SioEa/Hlv6RTr1mntfrNWaV5mcdRRAeojKrIQueoia5RC7URQQ/oCb2gV+1Re9betPd5a0HLZ/bRL2gf396Cmk0=</latexit>

{⌧ = (st, at, z)
c�1
t=0}

<latexit sha1_base64="4SMDc0hbh8KS6W0qJD2YT/+zNjI=">AAACCXicbVDJSgNBEO2JW4xb1KOXxiBE0DATBb0Egl48RjALZMahp9OTNOlZ6K4R4jBXL/6KFw+KePUPvPk3dpaDRh8UPN6roqqeFwuuwDS/jNzC4tLySn61sLa+sblV3N5pqSiRlDVpJCLZ8YhigoesCRwE68SSkcATrO0NL8d++45JxaPwBkYxcwLSD7nPKQEtuUVspzaQpFZWLhwRXfeHbgo1M7tN6bGV2ZlbLJkVcwL8l1gzUkIzNNzip92LaBKwEKggSnUtMwYnJRI4FSwr2IliMaFD0mddTUMSMOWkk08yfKCVHvYjqSsEPFF/TqQkUGoUeLozIDBQ895Y/M/rJuCfOykP4wRYSKeL/ERgiPA4FtzjklEQI00IlVzfiumASEJBh1fQIVjzL/8lrWrFOqlUr09L9YtZHHm0h/ZRGVnoDNXRFWqgJqLoAT2hF/RqPBrPxpvxPm3NGbOZXfQLxsc3R7OZbg==</latexit>

{(s0, z, sc,
c�1X

t=0

�trt)}
<latexit sha1_base64="OUKfMaw3B0LGzfTK0gkJT57pH/g=">AAACFHicbVDLSsNAFJ3UV62vqEs3wSJUrCWpgm6EohuXFewDmjZMptN26EwSZm6EGvIRbvwVNy4UcevCnX/j9LHQ6oELh3Pu5d57/IgzBbb9ZWQWFpeWV7KrubX1jc0tc3unrsJYElojIQ9l08eKchbQGjDgtBlJioXPacMfXo39xh2VioXBLYwi2ha4H7AeIxi05JlHblJQnl28LyqPFF0VCy+BCzvtJOTYSd0+FgJ3QHpw6KaembdL9gTWX+LMSB7NUPXMT7cbkljQAAjHSrUcO4J2giUwwmmac2NFI0yGuE9bmgZYUNVOJk+l1oFWulYvlLoCsCbqz4kEC6VGwtedAsNAzXtj8T+vFUPvvJ2wIIqBBmS6qBdzC0JrnJDVZZIS4CNNMJFM32qRAZaYgM4xp0Nw5l/+S+rlknNSKt+c5iuXsziyaA/towJy0BmqoGtURTVE0AN6Qi/o1Xg0no03433amjFmM7voF4yPb8Ktngk=</latexit>

Forward Autoencoding loss + KL constraint Fine-tuning with BC Offline RL

s

z

once per c steps

every step

Task Policy
⇡ (z|s)

<latexit sha1_base64="GCK2+ngQZu2EKM9l8D2Kk7TdZBw=">AAAB+HicbVBNT8JAEJ3iF+IHVY9eGokJXkiLJnokevGIiYAJbZrtssCG7XazuzWByi/x4kFjvPpTvPlvXKAHBV8yyct7M5mZFwlGlXbdb6uwtr6xuVXcLu3s7u2X7YPDtkpSiUkLJyyRDxFShFFOWppqRh6EJCiOGOlEo5uZ33kkUtGE3+uxIEGMBpz2KUbaSKFd9gUNM18oOq1OntRZaFfcmjuHs0q8nFQgRzO0v/xegtOYcI0ZUqrruUIHGZKaYkamJT9VRCA8QgPSNZSjmKggmx8+dU6N0nP6iTTFtTNXf09kKFZqHEemM0Z6qJa9mfif1011/yrIKBepJhwvFvVT5ujEmaXg9KgkWLOxIQhLam518BBJhLXJqmRC8JZfXiXtes07r9XvLiqN6zyOIhzDCVTBg0towC00oQUYUniGV3izJtaL9W59LFoLVj5zBH9gff4A1q+TMw==</latexit>

⇡✓(a|s, z)
<latexit sha1_base64="XGKGEGHXYjG4NaqJqfbPtivAuyE=">AAAB/HicbVDLSsNAFJ3UV62vaJduBotQQUpSBV0W3bisYB/QhDCZTtuhkwczN0KM9VfcuFDErR/izr9x2mahrQcuHM65l3vv8WPBFVjWt1FYWV1b3yhulra2d3b3zP2DtooSSVmLRiKSXZ8oJnjIWsBBsG4sGQl8wTr++Hrqd+6ZVDwK7yCNmRuQYcgHnBLQkmeWnZh7mQMjBmRSJY/q9OHEMytWzZoBLxM7JxWUo+mZX04/oknAQqCCKNWzrRjcjEjgVLBJyUkUiwkdkyHraRqSgCk3mx0/wcda6eNBJHWFgGfq74mMBEqlga87AwIjtehNxf+8XgKDSzfjYZwAC+l80SARGCI8TQL3uWQURKoJoZLrWzEdEUko6LxKOgR78eVl0q7X7LNa/fa80rjK4yiiQ3SEqshGF6iBblATtRBFKXpGr+jNeDJejHfjY95aMPKZMvoD4/MHjTiUsg==</latexit>

Primitive Policy

a

(2) Offline training of task policy (3) Test-time policy execution

⇡✓(a|s, z)
<latexit sha1_base64="XGKGEGHXYjG4NaqJqfbPtivAuyE=">AAAB/HicbVDLSsNAFJ3UV62vaJduBotQQUpSBV0W3bisYB/QhDCZTtuhkwczN0KM9VfcuFDErR/izr9x2mahrQcuHM65l3vv8WPBFVjWt1FYWV1b3yhulra2d3b3zP2DtooSSVmLRiKSXZ8oJnjIWsBBsG4sGQl8wTr++Hrqd+6ZVDwK7yCNmRuQYcgHnBLQkmeWnZh7mQMjBmRSJY/q9OHEMytWzZoBLxM7JxWUo+mZX04/oknAQqCCKNWzrRjcjEjgVLBJyUkUiwkdkyHraRqSgCk3mx0/wcda6eNBJHWFgGfq74mMBEqlga87AwIjtehNxf+8XgKDSzfjYZwAC+l80SARGCI8TQL3uWQURKoJoZLrWzEdEUko6LxKOgR78eVl0q7X7LNa/fa80rjK4yiiQ3SEqshGF6iBblATtRBFKXpGr+jNeDJejHfjY95aMPKZMvoD4/MHjTiUsg==</latexit>

Primitive PolicyPrior
⇢!(z|s)

<latexit sha1_base64="GVo4fk2jq6kQ2n6lQ4VageKeonY=">AAAB+3icbVDLSsNAFJ34rPUV69LNYBHqpiRV0GXRjcsK9gFNCJPppB06mQkzE7HG/IobF4q49Ufc+TdO2yy09cCFwzn3cu89YcKo0o7zba2srq1vbJa2yts7u3v79kGlo0QqMWljwYTshUgRRjlpa6oZ6SWSoDhkpBuOr6d+955IRQW/05OE+DEachpRjLSRArviyZEIMk/EZIjy2uOTOg3sqlN3ZoDLxC1IFRRoBfaXNxA4jQnXmCGl+q6TaD9DUlPMSF72UkUShMdoSPqGchQT5Wez23N4YpQBjIQ0xTWcqb8nMhQrNYlD0xkjPVKL3lT8z+unOrr0M8qTVBOO54uilEEt4DQIOKCSYM0mhiAsqbkV4hGSCGsTV9mE4C6+vEw6jbp7Vm/cnlebV0UcJXAEjkENuOACNMENaIE2wOABPINX8Gbl1ov1bn3MW1esYuYQ/IH1+QMh8JR+</latexit>

Encoder
q�(z|⌧)

<latexit sha1_base64="mitotMQhu7WCExqwOKL8kk0lhkI=">AAAB+XicbVBNS8NAEJ34WetX1KOXxSLUS0mqoMeiF48V7Ae0IWy2m3bpZhN3N4Ua+0+8eFDEq//Em//GbZuDtj4YeLw3w8y8IOFMacf5tlZW19Y3Ngtbxe2d3b19++CwqeJUEtogMY9lO8CKciZoQzPNaTuRFEcBp61geDP1WyMqFYvFvR4n1ItwX7CQEayN5Nv2g591kwGblB+fuhqnZ75dcirODGiZuDkpQY66b391ezFJIyo04Vipjusk2suw1IxwOil2U0UTTIa4TzuGChxR5WWzyyfo1Cg9FMbSlNBopv6eyHCk1DgKTGeE9UAtelPxP6+T6vDKy5hIUk0FmS8KU450jKYxoB6TlGg+NgQTycytiAywxESbsIomBHfx5WXSrFbc80r17qJUu87jKMAxnEAZXLiEGtxCHRpAYATP8ApvVma9WO/Wx7x1xcpnjuAPrM8fmeGToQ==</latexit>

OPAL

(1) Offline unsupervised primitive learning 
with OPAL



OPAL:Offline Primitive Discovery for Accelerating RL

⇡✓(a|s, z)
<latexit sha1_base64="XGKGEGHXYjG4NaqJqfbPtivAuyE=">AAAB/HicbVDLSsNAFJ3UV62vaJduBotQQUpSBV0W3bisYB/QhDCZTtuhkwczN0KM9VfcuFDErR/izr9x2mahrQcuHM65l3vv8WPBFVjWt1FYWV1b3yhulra2d3b3zP2DtooSSVmLRiKSXZ8oJnjIWsBBsG4sGQl8wTr++Hrqd+6ZVDwK7yCNmRuQYcgHnBLQkmeWnZh7mQMjBmRSJY/q9OHEMytWzZoBLxM7JxWUo+mZX04/oknAQqCCKNWzrRjcjEjgVLBJyUkUiwkdkyHraRqSgCk3mx0/wcda6eNBJHWFgGfq74mMBEqlga87AwIjtehNxf+8XgKDSzfjYZwAC+l80SARGCI8TQL3uWQURKoJoZLrWzEdEUko6LxKOgR78eVl0q7X7LNa/fa80rjK4yiiQ3SEqshGF6iBblATtRBFKXpGr+jNeDJejHfjY95aMPKZMvoD4/MHjTiUsg==</latexit>

Primitive Policy
Encoder
q�(z|⌧)

<latexit sha1_base64="mitotMQhu7WCExqwOKL8kk0lhkI=">AAAB+XicbVBNS8NAEJ34WetX1KOXxSLUS0mqoMeiF48V7Ae0IWy2m3bpZhN3N4Ua+0+8eFDEq//Em//GbZuDtj4YeLw3w8y8IOFMacf5tlZW19Y3Ngtbxe2d3b19++CwqeJUEtogMY9lO8CKciZoQzPNaTuRFEcBp61geDP1WyMqFYvFvR4n1ItwX7CQEayN5Nv2g591kwGblB+fuhqnZ75dcirODGiZuDkpQY66b391ezFJIyo04Vipjusk2suw1IxwOil2U0UTTIa4TzuGChxR5WWzyyfo1Cg9FMbSlNBopv6eyHCk1DgKTGeE9UAtelPxP6+T6vDKy5hIUk0FmS8KU450jKYxoB6TlGg+NgQTycytiAywxESbsIomBHfx5WXSrFbc80r17qJUu87jKMAxnEAZXLiEGtxCHRpAYATP8ApvVma9WO/Wx7x1xcpnjuAPrM8fmeGToQ==</latexit>

Unlabelled & Undirected
Data

D
<latexit sha1_base64="vhcSZKB5REty1fMyhkxMk/A5FwM=">AAAB8nicbVDLSgMxFL1TX7W+qi7dBIvgqsxUQZdFXbisYB8wHUomzbShmWRIMkIZ+hluXCji1q9x59+YaWehrQcCh3PuJeeeMOFMG9f9dkpr6xubW+Xtys7u3v5B9fCoo2WqCG0TyaXqhVhTzgRtG2Y47SWK4jjktBtObnO/+0SVZlI8mmlCgxiPBIsYwcZKfj/GZkwwz+5mg2rNrbtzoFXiFaQGBVqD6ld/KEkaU2EIx1r7npuYIMPKMMLprNJPNU0wmeAR9S0VOKY6yOaRZ+jMKkMUSWWfMGiu/t7IcKz1NA7tZB5RL3u5+J/npya6DjImktRQQRYfRSlHRqL8fjRkihLDp5ZgopjNisgYK0yMbaliS/CWT14lnUbdu6g3Hi5rzZuijjKcwCmcgwdX0IR7aEEbCEh4hld4c4zz4rw7H4vRklPsHMMfOJ8/diuRXg==</latexit>

Task Policy
⇡ (z|s)

<latexit sha1_base64="GCK2+ngQZu2EKM9l8D2Kk7TdZBw=">AAAB+HicbVBNT8JAEJ3iF+IHVY9eGokJXkiLJnokevGIiYAJbZrtssCG7XazuzWByi/x4kFjvPpTvPlvXKAHBV8yyct7M5mZFwlGlXbdb6uwtr6xuVXcLu3s7u2X7YPDtkpSiUkLJyyRDxFShFFOWppqRh6EJCiOGOlEo5uZ33kkUtGE3+uxIEGMBpz2KUbaSKFd9gUNM18oOq1OntRZaFfcmjuHs0q8nFQgRzO0v/xegtOYcI0ZUqrruUIHGZKaYkamJT9VRCA8QgPSNZSjmKggmx8+dU6N0nP6iTTFtTNXf09kKFZqHEemM0Z6qJa9mfif1011/yrIKBepJhwvFvVT5ujEmaXg9KgkWLOxIQhLam518BBJhLXJqmRC8JZfXiXtes07r9XvLiqN6zyOIhzDCVTBg0towC00oQUYUniGV3izJtaL9W59LFoLVj5zBH9gff4A1q+TMw==</latexit>

Labelled Data

Dr
<latexit sha1_base64="7fed4aboO+102xrMnPuo3ukabcM=">AAAB9HicbVDLSgMxFL3js9ZX1aWbYBFclZkq6LKoC5cV7APasWTSTBuaScYkUyhDv8ONC0Xc+jHu/Bsz7Sy09UDgcM693JMTxJxp47rfzsrq2vrGZmGruL2zu7dfOjhsapkoQhtEcqnaAdaUM0EbhhlO27GiOAo4bQWjm8xvjanSTIoHM4mpH+GBYCEj2FjJ70bYDAnm6e30UfVKZbfizoCWiZeTMuSo90pf3b4kSUSFIRxr3fHc2PgpVoYRTqfFbqJpjMkID2jHUoEjqv10FnqKTq3SR6FU9gmDZurvjRRHWk+iwE5mIfWil4n/eZ3EhFd+ykScGCrI/FCYcGQkyhpAfaYoMXxiCSaK2ayIDLHCxNieirYEb/HLy6RZrXjnler9Rbl2nddRgGM4gTPw4BJqcAd1aACBJ3iGV3hzxs6L8+58zEdXnHznCP7A+fwBBL2SQg==</latexit>

Dr
hi

<latexit sha1_base64="rjibpOyYn67iESUeufzIxXHtUtw=">AAACBHicbVC7TsMwFHXKq5RXgLGLRYXEVCUFCcYKGBiLRB9SGyLHdVurthPZDlIVZWDhV1gYQIiVj2Djb3DSDNByJEvH59yre+8JIkaVdpxvq7Syura+Ud6sbG3v7O7Z+wcdFcYSkzYOWSh7AVKEUUHammpGepEkiAeMdIPpVeZ3H4hUNBR3ehYRj6OxoCOKkTaSb1cHHOkJRiy5Tu+ln+RfyZMJTVPfrjl1JwdcJm5BaqBAy7e/BsMQx5wIjRlSqu86kfYSJDXFjKSVQaxIhPAUjUnfUIE4UV6SH5HCY6MM4SiU5gkNc/V3R4K4UjMemMpsR7XoZeJ/Xj/WowsvoSKKNRF4PmgUM6hDmCUCh1QSrNnMEIQlNbtCPEESYW1yq5gQ3MWTl0mnUXdP643bs1rzsoijDKrgCJwAF5yDJrgBLdAGGDyCZ/AK3qwn68V6tz7mpSWr6DkEf2B9/gAUNpkE</latexit>

Dr
lo

<latexit sha1_base64="SdFxDs6avafE+GzUtiaM9gkNgwc=">AAACBHicbVC7TsMwFHXKq5RXgLGLRYXEVCUFCcYKGBiLRB9SGyLHdVurjh3ZDlIVZWDhV1gYQIiVj2Djb3DSDNByJEvH59yre+8JIkaVdpxvq7Syura+Ud6sbG3v7O7Z+wcdJWKJSRsLJmQvQIowyklbU81IL5IEhQEj3WB6lfndByIVFfxOzyLihWjM6YhipI3k29VBiPQEI5Zcp/fST/KvDBMm0tS3a07dyQGXiVuQGijQ8u2vwVDgOCRcY4aU6rtOpL0ESU0xI2llECsSITxFY9I3lKOQKC/Jj0jhsVGGcCSkeVzDXP3dkaBQqVkYmMpsR7XoZeJ/Xj/WowsvoTyKNeF4PmgUM6gFzBKBQyoJ1mxmCMKSml0hniCJsDa5VUwI7uLJy6TTqLun9cbtWa15WcRRBlVwBE6AC85BE9yAFmgDDB7BM3gFb9aT9WK9Wx/z0pJV9ByCP7A+fwAjdpkO</latexit>

{⌧ = (st, at)
c�1
t=0}

<latexit sha1_base64="jOBcCHisI7KSx4ePENZkOqNE7ic=">AAACB3icbVDLSsNAFJ3UV62vqEtBgkWooCWpgm4KRTcuK9gHNDFMppM6dPJg5kYoITs3/oobF4q49Rfc+TdO2yy09cCFwzn3cu89XsyZBNP81goLi0vLK8XV0tr6xuaWvr3TllEiCG2RiEei62FJOQtpCxhw2o0FxYHHaccbXo39zgMVkkXhLYxi6gR4EDKfEQxKcvV9O7UBJ/WKdOEYu3DkplA3s7uUnFiZnbl62ayaExjzxMpJGeVouvqX3Y9IEtAQCMdS9iwzBifFAhjhNCvZiaQxJkM8oD1FQxxQ6aSTPzLjUCl9w4+EqhCMifp7IsWBlKPAU50Bhns5643F/7xeAv6Fk7IwToCGZLrIT7gBkTEOxegzQQnwkSKYCKZuNcg9FpiAiq6kQrBmX54n7VrVOq3Wbs7Kjcs8jiLaQweogix0jhroGjVRCxH0iJ7RK3rTnrQX7V37mLYWtHxmF/2B9vkD7IuYtA==</latexit>

{⌧ = (st, at, rt)
c�1
t=0}

<latexit sha1_base64="zkczpXm8cCwKC6Ft6jK47HOCjPU=">AAACC3icbVDLSsNAFJ3UV62vqEs3oUWooCWpgm4KRTcuK9gHNDFMppN26OTBzI1QQvZu/BU3LhRx6w+482+ctllo9cCFwzn3cu89XsyZBNP80gpLyyura8X10sbm1vaOvrvXkVEiCG2TiEei52FJOQtpGxhw2osFxYHHadcbX0397j0VkkXhLUxi6gR4GDKfEQxKcvWyndqAk0ZVunCMVQkXjtwUGmZ2l5ITK7MzV6+YNXMG4y+xclJBOVqu/mkPIpIENATCsZR9y4zBSbEARjjNSnYiaYzJGA9pX9EQB1Q66eyXzDhUysDwI6EqBGOm/pxIcSDlJPBUZ4BhJBe9qfif10/Av3BSFsYJ0JDMF/kJNyAypsEYAyYoAT5RBBPB1K0GGWGBCaj4SioEa/Hlv6RTr1mntfrNWaV5mcdRRAeojKrIQueoia5RC7URQQ/oCb2gV+1Re9betPd5a0HLZ/bRL2gf396Cmk0=</latexit>

{⌧ = (st, at, z)
c�1
t=0}

<latexit sha1_base64="4SMDc0hbh8KS6W0qJD2YT/+zNjI=">AAACCXicbVDJSgNBEO2JW4xb1KOXxiBE0DATBb0Egl48RjALZMahp9OTNOlZ6K4R4jBXL/6KFw+KePUPvPk3dpaDRh8UPN6roqqeFwuuwDS/jNzC4tLySn61sLa+sblV3N5pqSiRlDVpJCLZ8YhigoesCRwE68SSkcATrO0NL8d++45JxaPwBkYxcwLSD7nPKQEtuUVspzaQpFZWLhwRXfeHbgo1M7tN6bGV2ZlbLJkVcwL8l1gzUkIzNNzip92LaBKwEKggSnUtMwYnJRI4FSwr2IliMaFD0mddTUMSMOWkk08yfKCVHvYjqSsEPFF/TqQkUGoUeLozIDBQ895Y/M/rJuCfOykP4wRYSKeL/ERgiPA4FtzjklEQI00IlVzfiumASEJBh1fQIVjzL/8lrWrFOqlUr09L9YtZHHm0h/ZRGVnoDNXRFWqgJqLoAT2hF/RqPBrPxpvxPm3NGbOZXfQLxsc3R7OZbg==</latexit>

{(s0, z, sc,
c�1X

t=0

�trt)}
<latexit sha1_base64="OUKfMaw3B0LGzfTK0gkJT57pH/g=">AAACFHicbVDLSsNAFJ3UV62vqEs3wSJUrCWpgm6EohuXFewDmjZMptN26EwSZm6EGvIRbvwVNy4UcevCnX/j9LHQ6oELh3Pu5d57/IgzBbb9ZWQWFpeWV7KrubX1jc0tc3unrsJYElojIQ9l08eKchbQGjDgtBlJioXPacMfXo39xh2VioXBLYwi2ha4H7AeIxi05JlHblJQnl28LyqPFF0VCy+BCzvtJOTYSd0+FgJ3QHpw6KaembdL9gTWX+LMSB7NUPXMT7cbkljQAAjHSrUcO4J2giUwwmmac2NFI0yGuE9bmgZYUNVOJk+l1oFWulYvlLoCsCbqz4kEC6VGwtedAsNAzXtj8T+vFUPvvJ2wIIqBBmS6qBdzC0JrnJDVZZIS4CNNMJFM32qRAZaYgM4xp0Nw5l/+S+rlknNSKt+c5iuXsziyaA/towJy0BmqoGtURTVE0AN6Qi/o1Xg0no03433amjFmM7voF4yPb8Ktngk=</latexit>

Forward Autoencoding loss + KL constraint Fine-tuning with BC Offline RL

s

z

once per c steps

every step

Task Policy
⇡ (z|s)

<latexit sha1_base64="GCK2+ngQZu2EKM9l8D2Kk7TdZBw=">AAAB+HicbVBNT8JAEJ3iF+IHVY9eGokJXkiLJnokevGIiYAJbZrtssCG7XazuzWByi/x4kFjvPpTvPlvXKAHBV8yyct7M5mZFwlGlXbdb6uwtr6xuVXcLu3s7u2X7YPDtkpSiUkLJyyRDxFShFFOWppqRh6EJCiOGOlEo5uZ33kkUtGE3+uxIEGMBpz2KUbaSKFd9gUNM18oOq1OntRZaFfcmjuHs0q8nFQgRzO0v/xegtOYcI0ZUqrruUIHGZKaYkamJT9VRCA8QgPSNZSjmKggmx8+dU6N0nP6iTTFtTNXf09kKFZqHEemM0Z6qJa9mfif1011/yrIKBepJhwvFvVT5ujEmaXg9KgkWLOxIQhLam518BBJhLXJqmRC8JZfXiXtes07r9XvLiqN6zyOIhzDCVTBg0towC00oQUYUniGV3izJtaL9W59LFoLVj5zBH9gff4A1q+TMw==</latexit>

⇡✓(a|s, z)
<latexit sha1_base64="XGKGEGHXYjG4NaqJqfbPtivAuyE=">AAAB/HicbVDLSsNAFJ3UV62vaJduBotQQUpSBV0W3bisYB/QhDCZTtuhkwczN0KM9VfcuFDErR/izr9x2mahrQcuHM65l3vv8WPBFVjWt1FYWV1b3yhulra2d3b3zP2DtooSSVmLRiKSXZ8oJnjIWsBBsG4sGQl8wTr++Hrqd+6ZVDwK7yCNmRuQYcgHnBLQkmeWnZh7mQMjBmRSJY/q9OHEMytWzZoBLxM7JxWUo+mZX04/oknAQqCCKNWzrRjcjEjgVLBJyUkUiwkdkyHraRqSgCk3mx0/wcda6eNBJHWFgGfq74mMBEqlga87AwIjtehNxf+8XgKDSzfjYZwAC+l80SARGCI8TQL3uWQURKoJoZLrWzEdEUko6LxKOgR78eVl0q7X7LNa/fa80rjK4yiiQ3SEqshGF6iBblATtRBFKXpGr+jNeDJejHfjY95aMPKZMvoD4/MHjTiUsg==</latexit>

Primitive Policy

a

(2) Offline training of task policy (3) Test-time policy execution

⇡✓(a|s, z)
<latexit sha1_base64="XGKGEGHXYjG4NaqJqfbPtivAuyE=">AAAB/HicbVDLSsNAFJ3UV62vaJduBotQQUpSBV0W3bisYB/QhDCZTtuhkwczN0KM9VfcuFDErR/izr9x2mahrQcuHM65l3vv8WPBFVjWt1FYWV1b3yhulra2d3b3zP2DtooSSVmLRiKSXZ8oJnjIWsBBsG4sGQl8wTr++Hrqd+6ZVDwK7yCNmRuQYcgHnBLQkmeWnZh7mQMjBmRSJY/q9OHEMytWzZoBLxM7JxWUo+mZX04/oknAQqCCKNWzrRjcjEjgVLBJyUkUiwkdkyHraRqSgCk3mx0/wcda6eNBJHWFgGfq74mMBEqlga87AwIjtehNxf+8XgKDSzfjYZwAC+l80SARGCI8TQL3uWQURKoJoZLrWzEdEUko6LxKOgR78eVl0q7X7LNa/fa80rjK4yiiQ3SEqshGF6iBblATtRBFKXpGr+jNeDJejHfjY95aMPKZMvoD4/MHjTiUsg==</latexit>

Primitive PolicyPrior
⇢!(z|s)

<latexit sha1_base64="GVo4fk2jq6kQ2n6lQ4VageKeonY=">AAAB+3icbVDLSsNAFJ34rPUV69LNYBHqpiRV0GXRjcsK9gFNCJPppB06mQkzE7HG/IobF4q49Ufc+TdO2yy09cCFwzn3cu89YcKo0o7zba2srq1vbJa2yts7u3v79kGlo0QqMWljwYTshUgRRjlpa6oZ6SWSoDhkpBuOr6d+955IRQW/05OE+DEachpRjLSRArviyZEIMk/EZIjy2uOTOg3sqlN3ZoDLxC1IFRRoBfaXNxA4jQnXmCGl+q6TaD9DUlPMSF72UkUShMdoSPqGchQT5Wez23N4YpQBjIQ0xTWcqb8nMhQrNYlD0xkjPVKL3lT8z+unOrr0M8qTVBOO54uilEEt4DQIOKCSYM0mhiAsqbkV4hGSCGsTV9mE4C6+vEw6jbp7Vm/cnlebV0UcJXAEjkENuOACNMENaIE2wOABPINX8Gbl1ov1bn3MW1esYuYQ/IH1+QMh8JR+</latexit>

Encoder
q�(z|⌧)

<latexit sha1_base64="mitotMQhu7WCExqwOKL8kk0lhkI=">AAAB+XicbVBNS8NAEJ34WetX1KOXxSLUS0mqoMeiF48V7Ae0IWy2m3bpZhN3N4Ua+0+8eFDEq//Em//GbZuDtj4YeLw3w8y8IOFMacf5tlZW19Y3Ngtbxe2d3b19++CwqeJUEtogMY9lO8CKciZoQzPNaTuRFEcBp61geDP1WyMqFYvFvR4n1ItwX7CQEayN5Nv2g591kwGblB+fuhqnZ75dcirODGiZuDkpQY66b391ezFJIyo04Vipjusk2suw1IxwOil2U0UTTIa4TzuGChxR5WWzyyfo1Cg9FMbSlNBopv6eyHCk1DgKTGeE9UAtelPxP6+T6vDKy5hIUk0FmS8KU450jKYxoB6TlGg+NgQTycytiAywxESbsIomBHfx5WXSrFbc80r17qJUu87jKMAxnEAZXLiEGtxCHRpAYATP8ApvVma9WO/Wx7x1xcpnjuAPrM8fmeGToQ==</latexit>

OPAL

(1) Offline unsupervised primitive learning 
with OPAL

⇡✓(a|s, z)
<latexit sha1_base64="XGKGEGHXYjG4NaqJqfbPtivAuyE=">AAAB/HicbVDLSsNAFJ3UV62vaJduBotQQUpSBV0W3bisYB/QhDCZTtuhkwczN0KM9VfcuFDErR/izr9x2mahrQcuHM65l3vv8WPBFVjWt1FYWV1b3yhulra2d3b3zP2DtooSSVmLRiKSXZ8oJnjIWsBBsG4sGQl8wTr++Hrqd+6ZVDwK7yCNmRuQYcgHnBLQkmeWnZh7mQMjBmRSJY/q9OHEMytWzZoBLxM7JxWUo+mZX04/oknAQqCCKNWzrRjcjEjgVLBJyUkUiwkdkyHraRqSgCk3mx0/wcda6eNBJHWFgGfq74mMBEqlga87AwIjtehNxf+8XgKDSzfjYZwAC+l80SARGCI8TQL3uWQURKoJoZLrWzEdEUko6LxKOgR78eVl0q7X7LNa/fa80rjK4yiiQ3SEqshGF6iBblATtRBFKXpGr+jNeDJejHfjY95aMPKZMvoD4/MHjTiUsg==</latexit>

Primitive Policy
Encoder
q�(z|⌧)

<latexit sha1_base64="mitotMQhu7WCExqwOKL8kk0lhkI=">AAAB+XicbVBNS8NAEJ34WetX1KOXxSLUS0mqoMeiF48V7Ae0IWy2m3bpZhN3N4Ua+0+8eFDEq//Em//GbZuDtj4YeLw3w8y8IOFMacf5tlZW19Y3Ngtbxe2d3b19++CwqeJUEtogMY9lO8CKciZoQzPNaTuRFEcBp61geDP1WyMqFYvFvR4n1ItwX7CQEayN5Nv2g591kwGblB+fuhqnZ75dcirODGiZuDkpQY66b391ezFJIyo04Vipjusk2suw1IxwOil2U0UTTIa4TzuGChxR5WWzyyfo1Cg9FMbSlNBopv6eyHCk1DgKTGeE9UAtelPxP6+T6vDKy5hIUk0FmS8KU450jKYxoB6TlGg+NgQTycytiAywxESbsIomBHfx5WXSrFbc80r17qJUu87jKMAxnEAZXLiEGtxCHRpAYATP8ApvVma9WO/Wx7x1xcpnjuAPrM8fmeGToQ==</latexit>

Unlabelled & Undirected
Data

D
<latexit sha1_base64="vhcSZKB5REty1fMyhkxMk/A5FwM=">AAAB8nicbVDLSgMxFL1TX7W+qi7dBIvgqsxUQZdFXbisYB8wHUomzbShmWRIMkIZ+hluXCji1q9x59+YaWehrQcCh3PuJeeeMOFMG9f9dkpr6xubW+Xtys7u3v5B9fCoo2WqCG0TyaXqhVhTzgRtG2Y47SWK4jjktBtObnO/+0SVZlI8mmlCgxiPBIsYwcZKfj/GZkwwz+5mg2rNrbtzoFXiFaQGBVqD6ld/KEkaU2EIx1r7npuYIMPKMMLprNJPNU0wmeAR9S0VOKY6yOaRZ+jMKkMUSWWfMGiu/t7IcKz1NA7tZB5RL3u5+J/npya6DjImktRQQRYfRSlHRqL8fjRkihLDp5ZgopjNisgYK0yMbaliS/CWT14lnUbdu6g3Hi5rzZuijjKcwCmcgwdX0IR7aEEbCEh4hld4c4zz4rw7H4vRklPsHMMfOJ8/diuRXg==</latexit>

Task Policy
⇡ (z|s)

<latexit sha1_base64="GCK2+ngQZu2EKM9l8D2Kk7TdZBw=">AAAB+HicbVBNT8JAEJ3iF+IHVY9eGokJXkiLJnokevGIiYAJbZrtssCG7XazuzWByi/x4kFjvPpTvPlvXKAHBV8yyct7M5mZFwlGlXbdb6uwtr6xuVXcLu3s7u2X7YPDtkpSiUkLJyyRDxFShFFOWppqRh6EJCiOGOlEo5uZ33kkUtGE3+uxIEGMBpz2KUbaSKFd9gUNM18oOq1OntRZaFfcmjuHs0q8nFQgRzO0v/xegtOYcI0ZUqrruUIHGZKaYkamJT9VRCA8QgPSNZSjmKggmx8+dU6N0nP6iTTFtTNXf09kKFZqHEemM0Z6qJa9mfif1011/yrIKBepJhwvFvVT5ujEmaXg9KgkWLOxIQhLam518BBJhLXJqmRC8JZfXiXtes07r9XvLiqN6zyOIhzDCVTBg0towC00oQUYUniGV3izJtaL9W59LFoLVj5zBH9gff4A1q+TMw==</latexit>

Labelled Data

Dr
<latexit sha1_base64="7fed4aboO+102xrMnPuo3ukabcM=">AAAB9HicbVDLSgMxFL3js9ZX1aWbYBFclZkq6LKoC5cV7APasWTSTBuaScYkUyhDv8ONC0Xc+jHu/Bsz7Sy09UDgcM693JMTxJxp47rfzsrq2vrGZmGruL2zu7dfOjhsapkoQhtEcqnaAdaUM0EbhhlO27GiOAo4bQWjm8xvjanSTIoHM4mpH+GBYCEj2FjJ70bYDAnm6e30UfVKZbfizoCWiZeTMuSo90pf3b4kSUSFIRxr3fHc2PgpVoYRTqfFbqJpjMkID2jHUoEjqv10FnqKTq3SR6FU9gmDZurvjRRHWk+iwE5mIfWil4n/eZ3EhFd+ykScGCrI/FCYcGQkyhpAfaYoMXxiCSaK2ayIDLHCxNieirYEb/HLy6RZrXjnler9Rbl2nddRgGM4gTPw4BJqcAd1aACBJ3iGV3hzxs6L8+58zEdXnHznCP7A+fwBBL2SQg==</latexit>

Dr
hi

<latexit sha1_base64="rjibpOyYn67iESUeufzIxXHtUtw=">AAACBHicbVC7TsMwFHXKq5RXgLGLRYXEVCUFCcYKGBiLRB9SGyLHdVurthPZDlIVZWDhV1gYQIiVj2Djb3DSDNByJEvH59yre+8JIkaVdpxvq7Syura+Ud6sbG3v7O7Z+wcdFcYSkzYOWSh7AVKEUUHammpGepEkiAeMdIPpVeZ3H4hUNBR3ehYRj6OxoCOKkTaSb1cHHOkJRiy5Tu+ln+RfyZMJTVPfrjl1JwdcJm5BaqBAy7e/BsMQx5wIjRlSqu86kfYSJDXFjKSVQaxIhPAUjUnfUIE4UV6SH5HCY6MM4SiU5gkNc/V3R4K4UjMemMpsR7XoZeJ/Xj/WowsvoSKKNRF4PmgUM6hDmCUCh1QSrNnMEIQlNbtCPEESYW1yq5gQ3MWTl0mnUXdP643bs1rzsoijDKrgCJwAF5yDJrgBLdAGGDyCZ/AK3qwn68V6tz7mpSWr6DkEf2B9/gAUNpkE</latexit>

Dr
lo

<latexit sha1_base64="SdFxDs6avafE+GzUtiaM9gkNgwc=">AAACBHicbVC7TsMwFHXKq5RXgLGLRYXEVCUFCcYKGBiLRB9SGyLHdVurjh3ZDlIVZWDhV1gYQIiVj2Djb3DSDNByJEvH59yre+8JIkaVdpxvq7Syura+Ud6sbG3v7O7Z+wcdJWKJSRsLJmQvQIowyklbU81IL5IEhQEj3WB6lfndByIVFfxOzyLihWjM6YhipI3k29VBiPQEI5Zcp/fST/KvDBMm0tS3a07dyQGXiVuQGijQ8u2vwVDgOCRcY4aU6rtOpL0ESU0xI2llECsSITxFY9I3lKOQKC/Jj0jhsVGGcCSkeVzDXP3dkaBQqVkYmMpsR7XoZeJ/Xj/WowsvoTyKNeF4PmgUM6gFzBKBQyoJ1mxmCMKSml0hniCJsDa5VUwI7uLJy6TTqLun9cbtWa15WcRRBlVwBE6AC85BE9yAFmgDDB7BM3gFb9aT9WK9Wx/z0pJV9ByCP7A+fwAjdpkO</latexit>

{⌧ = (st, at)
c�1
t=0}

<latexit sha1_base64="jOBcCHisI7KSx4ePENZkOqNE7ic=">AAACB3icbVDLSsNAFJ3UV62vqEtBgkWooCWpgm4KRTcuK9gHNDFMppM6dPJg5kYoITs3/oobF4q49Rfc+TdO2yy09cCFwzn3cu89XsyZBNP81goLi0vLK8XV0tr6xuaWvr3TllEiCG2RiEei62FJOQtpCxhw2o0FxYHHaccbXo39zgMVkkXhLYxi6gR4EDKfEQxKcvV9O7UBJ/WKdOEYu3DkplA3s7uUnFiZnbl62ayaExjzxMpJGeVouvqX3Y9IEtAQCMdS9iwzBifFAhjhNCvZiaQxJkM8oD1FQxxQ6aSTPzLjUCl9w4+EqhCMifp7IsWBlKPAU50Bhns5643F/7xeAv6Fk7IwToCGZLrIT7gBkTEOxegzQQnwkSKYCKZuNcg9FpiAiq6kQrBmX54n7VrVOq3Wbs7Kjcs8jiLaQweogix0jhroGjVRCxH0iJ7RK3rTnrQX7V37mLYWtHxmF/2B9vkD7IuYtA==</latexit>

{⌧ = (st, at, rt)
c�1
t=0}

<latexit sha1_base64="zkczpXm8cCwKC6Ft6jK47HOCjPU=">AAACC3icbVDLSsNAFJ3UV62vqEs3oUWooCWpgm4KRTcuK9gHNDFMppN26OTBzI1QQvZu/BU3LhRx6w+482+ctllo9cCFwzn3cu89XsyZBNP80gpLyyura8X10sbm1vaOvrvXkVEiCG2TiEei52FJOQtpGxhw2osFxYHHadcbX0397j0VkkXhLUxi6gR4GDKfEQxKcvWyndqAk0ZVunCMVQkXjtwUGmZ2l5ITK7MzV6+YNXMG4y+xclJBOVqu/mkPIpIENATCsZR9y4zBSbEARjjNSnYiaYzJGA9pX9EQB1Q66eyXzDhUysDwI6EqBGOm/pxIcSDlJPBUZ4BhJBe9qfif10/Av3BSFsYJ0JDMF/kJNyAypsEYAyYoAT5RBBPB1K0GGWGBCaj4SioEa/Hlv6RTr1mntfrNWaV5mcdRRAeojKrIQueoia5RC7URQQ/oCb2gV+1Re9betPd5a0HLZ/bRL2gf396Cmk0=</latexit>

{⌧ = (st, at, z)
c�1
t=0}

<latexit sha1_base64="4SMDc0hbh8KS6W0qJD2YT/+zNjI=">AAACCXicbVDJSgNBEO2JW4xb1KOXxiBE0DATBb0Egl48RjALZMahp9OTNOlZ6K4R4jBXL/6KFw+KePUPvPk3dpaDRh8UPN6roqqeFwuuwDS/jNzC4tLySn61sLa+sblV3N5pqSiRlDVpJCLZ8YhigoesCRwE68SSkcATrO0NL8d++45JxaPwBkYxcwLSD7nPKQEtuUVspzaQpFZWLhwRXfeHbgo1M7tN6bGV2ZlbLJkVcwL8l1gzUkIzNNzip92LaBKwEKggSnUtMwYnJRI4FSwr2IliMaFD0mddTUMSMOWkk08yfKCVHvYjqSsEPFF/TqQkUGoUeLozIDBQ895Y/M/rJuCfOykP4wRYSKeL/ERgiPA4FtzjklEQI00IlVzfiumASEJBh1fQIVjzL/8lrWrFOqlUr09L9YtZHHm0h/ZRGVnoDNXRFWqgJqLoAT2hF/RqPBrPxpvxPm3NGbOZXfQLxsc3R7OZbg==</latexit>

{(s0, z, sc,
c�1X

t=0

�trt)}
<latexit sha1_base64="OUKfMaw3B0LGzfTK0gkJT57pH/g=">AAACFHicbVDLSsNAFJ3UV62vqEs3wSJUrCWpgm6EohuXFewDmjZMptN26EwSZm6EGvIRbvwVNy4UcevCnX/j9LHQ6oELh3Pu5d57/IgzBbb9ZWQWFpeWV7KrubX1jc0tc3unrsJYElojIQ9l08eKchbQGjDgtBlJioXPacMfXo39xh2VioXBLYwi2ha4H7AeIxi05JlHblJQnl28LyqPFF0VCy+BCzvtJOTYSd0+FgJ3QHpw6KaembdL9gTWX+LMSB7NUPXMT7cbkljQAAjHSrUcO4J2giUwwmmac2NFI0yGuE9bmgZYUNVOJk+l1oFWulYvlLoCsCbqz4kEC6VGwtedAsNAzXtj8T+vFUPvvJ2wIIqBBmS6qBdzC0JrnJDVZZIS4CNNMJFM32qRAZaYgM4xp0Nw5l/+S+rlknNSKt+c5iuXsziyaA/towJy0BmqoGtURTVE0AN6Qi/o1Xg0no03433amjFmM7voF4yPb8Ktngk=</latexit>

Forward Autoencoding loss + KL constraint Fine-tuning with BC Offline RL

s

z

once per c steps

every step

Task Policy
⇡ (z|s)

<latexit sha1_base64="GCK2+ngQZu2EKM9l8D2Kk7TdZBw=">AAAB+HicbVBNT8JAEJ3iF+IHVY9eGokJXkiLJnokevGIiYAJbZrtssCG7XazuzWByi/x4kFjvPpTvPlvXKAHBV8yyct7M5mZFwlGlXbdb6uwtr6xuVXcLu3s7u2X7YPDtkpSiUkLJyyRDxFShFFOWppqRh6EJCiOGOlEo5uZ33kkUtGE3+uxIEGMBpz2KUbaSKFd9gUNM18oOq1OntRZaFfcmjuHs0q8nFQgRzO0v/xegtOYcI0ZUqrruUIHGZKaYkamJT9VRCA8QgPSNZSjmKggmx8+dU6N0nP6iTTFtTNXf09kKFZqHEemM0Z6qJa9mfif1011/yrIKBepJhwvFvVT5ujEmaXg9KgkWLOxIQhLam518BBJhLXJqmRC8JZfXiXtes07r9XvLiqN6zyOIhzDCVTBg0towC00oQUYUniGV3izJtaL9W59LFoLVj5zBH9gff4A1q+TMw==</latexit>

⇡✓(a|s, z)
<latexit sha1_base64="XGKGEGHXYjG4NaqJqfbPtivAuyE=">AAAB/HicbVDLSsNAFJ3UV62vaJduBotQQUpSBV0W3bisYB/QhDCZTtuhkwczN0KM9VfcuFDErR/izr9x2mahrQcuHM65l3vv8WPBFVjWt1FYWV1b3yhulra2d3b3zP2DtooSSVmLRiKSXZ8oJnjIWsBBsG4sGQl8wTr++Hrqd+6ZVDwK7yCNmRuQYcgHnBLQkmeWnZh7mQMjBmRSJY/q9OHEMytWzZoBLxM7JxWUo+mZX04/oknAQqCCKNWzrRjcjEjgVLBJyUkUiwkdkyHraRqSgCk3mx0/wcda6eNBJHWFgGfq74mMBEqlga87AwIjtehNxf+8XgKDSzfjYZwAC+l80SARGCI8TQL3uWQURKoJoZLrWzEdEUko6LxKOgR78eVl0q7X7LNa/fa80rjK4yiiQ3SEqshGF6iBblATtRBFKXpGr+jNeDJejHfjY95aMPKZMvoD4/MHjTiUsg==</latexit>

Primitive Policy

a

(2) Offline training of task policy (3) Test-time policy execution

⇡✓(a|s, z)
<latexit sha1_base64="XGKGEGHXYjG4NaqJqfbPtivAuyE=">AAAB/HicbVDLSsNAFJ3UV62vaJduBotQQUpSBV0W3bisYB/QhDCZTtuhkwczN0KM9VfcuFDErR/izr9x2mahrQcuHM65l3vv8WPBFVjWt1FYWV1b3yhulra2d3b3zP2DtooSSVmLRiKSXZ8oJnjIWsBBsG4sGQl8wTr++Hrqd+6ZVDwK7yCNmRuQYcgHnBLQkmeWnZh7mQMjBmRSJY/q9OHEMytWzZoBLxM7JxWUo+mZX04/oknAQqCCKNWzrRjcjEjgVLBJyUkUiwkdkyHraRqSgCk3mx0/wcda6eNBJHWFgGfq74mMBEqlga87AwIjtehNxf+8XgKDSzfjYZwAC+l80SARGCI8TQL3uWQURKoJoZLrWzEdEUko6LxKOgR78eVl0q7X7LNa/fa80rjK4yiiQ3SEqshGF6iBblATtRBFKXpGr+jNeDJejHfjY95aMPKZMvoD4/MHjTiUsg==</latexit>

Primitive PolicyPrior
⇢!(z|s)

<latexit sha1_base64="GVo4fk2jq6kQ2n6lQ4VageKeonY=">AAAB+3icbVDLSsNAFJ34rPUV69LNYBHqpiRV0GXRjcsK9gFNCJPppB06mQkzE7HG/IobF4q49Ufc+TdO2yy09cCFwzn3cu89YcKo0o7zba2srq1vbJa2yts7u3v79kGlo0QqMWljwYTshUgRRjlpa6oZ6SWSoDhkpBuOr6d+955IRQW/05OE+DEachpRjLSRArviyZEIMk/EZIjy2uOTOg3sqlN3ZoDLxC1IFRRoBfaXNxA4jQnXmCGl+q6TaD9DUlPMSF72UkUShMdoSPqGchQT5Wez23N4YpQBjIQ0xTWcqb8nMhQrNYlD0xkjPVKL3lT8z+unOrr0M8qTVBOO54uilEEt4DQIOKCSYM0mhiAsqbkV4hGSCGsTV9mE4C6+vEw6jbp7Vm/cnlebV0UcJXAEjkENuOACNMENaIE2wOABPINX8Gbl1ov1bn3MW1esYuYQ/IH1+QMh8JR+</latexit>

Encoder
q�(z|⌧)

<latexit sha1_base64="mitotMQhu7WCExqwOKL8kk0lhkI=">AAAB+XicbVBNS8NAEJ34WetX1KOXxSLUS0mqoMeiF48V7Ae0IWy2m3bpZhN3N4Ua+0+8eFDEq//Em//GbZuDtj4YeLw3w8y8IOFMacf5tlZW19Y3Ngtbxe2d3b19++CwqeJUEtogMY9lO8CKciZoQzPNaTuRFEcBp61geDP1WyMqFYvFvR4n1ItwX7CQEayN5Nv2g591kwGblB+fuhqnZ75dcirODGiZuDkpQY66b391ezFJIyo04Vipjusk2suw1IxwOil2U0UTTIa4TzuGChxR5WWzyyfo1Cg9FMbSlNBopv6eyHCk1DgKTGeE9UAtelPxP6+T6vDKy5hIUk0FmS8KU450jKYxoB6TlGg+NgQTycytiAywxESbsIomBHfx5WXSrFbc80r17qJUu87jKMAxnEAZXLiEGtxCHRpAYATP8ApvVma9WO/Wx7x1xcpnjuAPrM8fmeGToQ==</latexit>

OPAL

(1) Offline unsupervised primitive learning 
with OPAL



Environments

State (joint angles + xy pose): 29 dim

Action (joint torques): 8 dim

State (joint angles + xy pose): 60 dim

Action (joint torques): 9 dim

Antmaze largeAntmaze medium kitchen

(from D4RL (fu et. al.)) 



Results

CQL (medium) CQL + OPAL (medium)

Offline RL

CQL (large) CQL + OPAL (large)



Results

Offline RL

Few-shot imitation learning Online RL

Online multi-task transfer learning



Summary

OPAL discovers a continuous space of primitives from a multi-modal 
dataset which can be used to


• Improve offline RL

• Improve few-shot imitation learning

• Accelerate online RL and multi-task learning 

Check out paper/poster for


• Detailed description of OPAL

• Theoretical guarantees 

• Results on few-shot imitation learning, online RL and 

multi-task learning 

Visualization & code:

https://sites.google.com/view/opal-iclr


