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Data-driven machine learning

f.lux

In reinforcement learning

<latexit sha1_base64="BSXKW4miwSpJS2GLO5x1Vfb50kQ=">AAAB73icbVDLSgNBEOz1GeMr6tHLYBDiJeyKRI9BLx4jmAckS5idzCZDZmfXmV4hxPyEFw+KePV3vPk3TpI9aGJBQ1HVTXdXkEhh0HW/nZXVtfWNzdxWfntnd2+/cHDYMHGqGa+zWMa6FVDDpVC8jgIlbyWa0yiQvBkMb6Z+85FrI2J1j6OE+xHtKxEKRtFKrU4iSvTJnHULRbfszkCWiZeRImSodQtfnV7M0ogrZJIa0/bcBP0x1SiY5JN8JzU8oWxI+7xtqaIRN/54du+EnFqlR8JY21JIZurviTGNjBlFge2MKA7MojcV//PaKYZX/lioJEWu2HxRmEqCMZk+T3pCc4ZyZAllWthbCRtQTRnaiPI2BG/x5WXSOC97lXLl7qJYvc7iyMExnEAJPLiEKtxCDerAQMIzvMKb8+C8OO/Ox7x1xclmjuAPnM8fjVOPqw==</latexit>

ω(a|s)
<latexit sha1_base64="BSXKW4miwSpJS2GLO5x1Vfb50kQ=">AAAB73icbVDLSgNBEOz1GeMr6tHLYBDiJeyKRI9BLx4jmAckS5idzCZDZmfXmV4hxPyEFw+KePV3vPk3TpI9aGJBQ1HVTXdXkEhh0HW/nZXVtfWNzdxWfntnd2+/cHDYMHGqGa+zWMa6FVDDpVC8jgIlbyWa0yiQvBkMb6Z+85FrI2J1j6OE+xHtKxEKRtFKrU4iSvTJnHULRbfszkCWiZeRImSodQtfnV7M0ogrZJIa0/bcBP0x1SiY5JN8JzU8oWxI+7xtqaIRN/54du+EnFqlR8JY21JIZurviTGNjBlFge2MKA7MojcV//PaKYZX/lioJEWu2HxRmEqCMZk+T3pCc4ZyZAllWthbCRtQTRnaiPI2BG/x5WXSOC97lXLl7qJYvc7iyMExnEAJPLiEKtxCDerAQMIzvMKb8+C8OO/Ox7x1xclmjuAPnM8fjVOPqw==</latexit>

ω(a|s)
Trajectories

Online RL Offline RL



Offline model-based reinforcement learning

<latexit sha1_base64="BSXKW4miwSpJS2GLO5x1Vfb50kQ=">AAAB73icbVDLSgNBEOz1GeMr6tHLYBDiJeyKRI9BLx4jmAckS5idzCZDZmfXmV4hxPyEFw+KePV3vPk3TpI9aGJBQ1HVTXdXkEhh0HW/nZXVtfWNzdxWfntnd2+/cHDYMHGqGa+zWMa6FVDDpVC8jgIlbyWa0yiQvBkMb6Z+85FrI2J1j6OE+xHtKxEKRtFKrU4iSvTJnHULRbfszkCWiZeRImSodQtfnV7M0ogrZJIa0/bcBP0x1SiY5JN8JzU8oWxI+7xtqaIRN/54du+EnFqlR8JY21JIZurviTGNjBlFge2MKA7MojcV//PaKYZX/lioJEWu2HxRmEqCMZk+T3pCc4ZyZAllWthbCRtQTRnaiPI2BG/x5WXSOC97lXLl7qJYvc7iyMExnEAJPLiEKtxCDerAQMIzvMKb8+C8OO/Ox7x1xclmjuAPnM8fjVOPqw==</latexit>

ω(a|s)
<latexit sha1_base64="7rwgEfHQlTmfPPa46STbK+F2OQA=">AAAB/HicbVDLSsNAFL2pr1pf0S7dBItYQUoiUl0W3bis0Be0oUymk3boZBJmJkKI9VfcuFDErR/izr9x0mah1QMDh3Pu5Z45XsSoVLb9ZRRWVtfWN4qbpa3tnd09c/+gI8NYYNLGIQtFz0OSMMpJW1HFSC8SBAUeI11vepP53XsiJA15SyURcQM05tSnGCktDc3yIEBqghFLW7OqPHmQZ+h0aFbsmj2H9Zc4OalAjubQ/ByMQhwHhCvMkJR9x46UmyKhKGZkVhrEkkQIT9GY9DXlKCDSTefhZ9axVkaWHwr9uLLm6s+NFAVSJoGnJ7OoctnLxP+8fqz8KzelPIoV4XhxyI+ZpUIra8IaUUGwYokmCAuqs1p4ggTCSvdV0iU4y1/+SzrnNadeq99dVBrXeR1FOIQjqIIDl9CAW2hCGzAk8AQv8Go8Gs/Gm/G+GC0Y+U4ZfsH4+AYB/ZRd</latexit>

T (s→|s, a)
PolicyTransition model

Synthetic data



Offline model-based reinforcement learning
However, in long-horizon sparse reward tasks…

<latexit sha1_base64="BSXKW4miwSpJS2GLO5x1Vfb50kQ=">AAAB73icbVDLSgNBEOz1GeMr6tHLYBDiJeyKRI9BLx4jmAckS5idzCZDZmfXmV4hxPyEFw+KePV3vPk3TpI9aGJBQ1HVTXdXkEhh0HW/nZXVtfWNzdxWfntnd2+/cHDYMHGqGa+zWMa6FVDDpVC8jgIlbyWa0yiQvBkMb6Z+85FrI2J1j6OE+xHtKxEKRtFKrU4iSvTJnHULRbfszkCWiZeRImSodQtfnV7M0ogrZJIa0/bcBP0x1SiY5JN8JzU8oWxI+7xtqaIRN/54du+EnFqlR8JY21JIZurviTGNjBlFge2MKA7MojcV//PaKYZX/lioJEWu2HxRmEqCMZk+T3pCc4ZyZAllWthbCRtQTRnaiPI2BG/x5WXSOC97lXLl7qJYvc7iyMExnEAJPLiEKtxCDerAQMIzvMKb8+C8OO/Ox7x1xclmjuAPnM8fjVOPqw==</latexit>

ω(a|s)
<latexit sha1_base64="7rwgEfHQlTmfPPa46STbK+F2OQA=">AAAB/HicbVDLSsNAFL2pr1pf0S7dBItYQUoiUl0W3bis0Be0oUymk3boZBJmJkKI9VfcuFDErR/izr9x0mah1QMDh3Pu5Z45XsSoVLb9ZRRWVtfWN4qbpa3tnd09c/+gI8NYYNLGIQtFz0OSMMpJW1HFSC8SBAUeI11vepP53XsiJA15SyURcQM05tSnGCktDc3yIEBqghFLW7OqPHmQZ+h0aFbsmj2H9Zc4OalAjubQ/ByMQhwHhCvMkJR9x46UmyKhKGZkVhrEkkQIT9GY9DXlKCDSTefhZ9axVkaWHwr9uLLm6s+NFAVSJoGnJ7OoctnLxP+8fqz8KzelPIoV4XhxyI+ZpUIra8IaUUGwYokmCAuqs1p4ggTCSvdV0iU4y1/+SzrnNadeq99dVBrXeR1FOIQjqIIDl9CAW2hCGzAk8AQv8Go8Gs/Gm/G+GC0Y+U4ZfsH4+AYB/ZRd</latexit>

T (s→|s, a)
PolicyTransition model

Unfaithful and useless synthesized dataset

long-horizon sparse reward tasks



Why do prior offline MBRLs fail in such tasks?

Noisy value functionOvergeneralization  
on Euclidean space Unstable policy optimization

Rollout of erroneous policy in Euclidean raw state space

Out of reach Purposeless

Synthesized transition data not only fails 
to eliminate OOD, but actually makes the 
value function and policy worse 



Our solution: Temporal distance-aware state embedding
1. Building an autoencoder to encode raw state and decode latent state

<latexit sha1_base64="nGF/9tedLt5sOx4Kq7mGWmtKk4U="></latexit>

Lrec = argmin
ω

Es→D

[
||s→ h ↑ f(s; ω)||

]

2. Capturing a trajectory-level temporal distance  (TD) between any two states
<latexit sha1_base64="zxPpCuP0v0ZlWIak1nSC+H2/pbQ="></latexit>

Ltraj = E (s,s→)→D
sgoal→pgoal

[
Lω
2

(
Bd→ d

(
f(s; ω), f(sgoal; ω)

))]

<latexit sha1_base64="kwVGRCuyugWruGLRNV155SWRACY=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6rHoxWMFW4ttKZvtpF262YTdiVBC/4UXD4p49d9489+4bXPQ1gcDj/dmmJkXJFIY8rxvp7Cyura+UdwsbW3v7O6V9w+aJk41xwaPZaxbATMohcIGCZLYSjSyKJD4EIxupv7DE2ojYnVP4wS7ERsoEQrOyEqPYS/r0BCJTXrlilf1ZnCXiZ+TCuSo98pfnX7M0wgVccmMafteQt2MaRJc4qTUSQ0mjI/YANuWKhah6WaziyfuiVX6bhhrW4rcmfp7ImORMeMosJ0Ro6FZ9Kbif147pfCqmwmVpISKzxeFqXQpdqfvu32hkZMcW8K4FvZWlw+ZZpxsSCUbgr/48jJpnlX9i6p/d16pXedxFOEIjuEUfLiEGtxCHRrAQcEzvMKbY5wX5935mLcWnHzmEP7A+fwB6LGREw==</latexit>

f✓

<latexit sha1_base64="bJMahMp9ooFdVqU7kjATwLwCVr8=">AAAB8nicbVDLSgMxFL1TX7W+qi7dBIvgqsyIVJdFNy4r2gdMh5JJM21oJhmSjFCGfoYbF4q49Wvc+Tdm2llo64HA4Zx7ybknTDjTxnW/ndLa+sbmVnm7srO7t39QPTzqaJkqQttEcql6IdaUM0HbhhlOe4miOA457YaT29zvPlGlmRSPZprQIMYjwSJGsLGS34+xGRPMs4fZoFpz6+4caJV4BalBgdag+tUfSpLGVBjCsda+5yYmyLAyjHA6q/RTTRNMJnhEfUsFjqkOsnnkGTqzyhBFUtknDJqrvzcyHGs9jUM7mUfUy14u/uf5qYmug4yJJDVUkMVHUcqRkSi/Hw2ZosTwqSWYKGazIjLGChNjW6rYErzlk1dJ56LuNeqN+8ta86aoowwncArn4MEVNOEOWtAGAhKe4RXeHOO8OO/Ox2K05BQ7x/AHzucPjzqRdA==</latexit>

S

<latexit sha1_base64="jDLXr/oK4UUlVb0vRetWbgtXn5o=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi1WPRi8cK9gPaUDbbTbt2sxt2J0IJ/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZemAhu0PO+ncLa+sbmVnG7tLO7t39QPjxqGZVqyppUCaU7ITFMcMmayFGwTqIZiUPB2uH4dua3n5g2XMkHnCQsiMlQ8ohTglZq9ZCkfb9frnhVbw53lfg5qUCORr/81RsomsZMIhXEmK7vJRhkRCOngk1LvdSwhNAxGbKupZLEzATZ/Nqpe2aVgRspbUuiO1d/T2QkNmYSh7YzJjgyy95M/M/rphhdBxmXSYpM0sWiKBUuKnf2ujvgmlEUE0sI1dze6tIR0YSiDahkQ/CXX14lrYuqX6vW7i8r9Zs8jiKcwCmcgw9XUIc7aEATKDzCM7zCm6OcF+fd+Vi0Fpx85hj+wPn8AUyPjvc=</latexit>ω1
<latexit sha1_base64="oQMvtW0IzI3BPdh4DPi4YcRuegM=">AAAB7XicdVDLSgMxFM34rPVVdekmWARXQ2b63hXduKxgH9AOJZNm2tjMZEgyQhn6D25cKOLW/3Hn35hOK6jogQuHc+7l3nv8mDOlEfqw1tY3Nre2czv53b39g8PC0XFHiUQS2iaCC9nzsaKcRbStmea0F0uKQ5/Trj+9WvjdeyoVE9GtnsXUC/E4YgEjWBupM9A4GbrDQhHZJeQ2KhWIbLdRRzU3I2VUcqFjowxFsEJrWHgfjARJQhppwrFSfQfF2kux1IxwOs8PEkVjTKZ4TPuGRjikykuza+fw3CgjGAhpKtIwU79PpDhUahb6pjPEeqJ+ewvxL6+f6KDupSyKE00jslwUJBxqARevwxGTlGg+MwQTycytkEywxESbgPImhK9P4f+k49pO1a7elIvNy1UcOXAKzsAFcEANNME1aIE2IOAOPIAn8GwJ69F6sV6XrWvWauYE/ID19gm2bY9A</latexit>ω2

<latexit sha1_base64="bJMahMp9ooFdVqU7kjATwLwCVr8=">AAAB8nicbVDLSgMxFL1TX7W+qi7dBIvgqsyIVJdFNy4r2gdMh5JJM21oJhmSjFCGfoYbF4q49Wvc+Tdm2llo64HA4Zx7ybknTDjTxnW/ndLa+sbmVnm7srO7t39QPTzqaJkqQttEcql6IdaUM0HbhhlOe4miOA457YaT29zvPlGlmRSPZprQIMYjwSJGsLGS34+xGRPMs4fZoFpz6+4caJV4BalBgdag+tUfSpLGVBjCsda+5yYmyLAyjHA6q/RTTRNMJnhEfUsFjqkOsnnkGTqzyhBFUtknDJqrvzcyHGs9jUM7mUfUy14u/uf5qYmug4yJJDVUkMVHUcqRkSi/Hw2ZosTwqSWYKGazIjLGChNjW6rYErzlk1dJ56LuNeqN+8ta86aoowwncArn4MEVNOEOWtAGAhKe4RXeHOO8OO/Ox2K05BQ7x/AHzucPjzqRdA==</latexit>

S
<latexit sha1_base64="CDbiVu9Tr9Gne3lQWIXGSf2RxKE=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIqMuiG5cV7IO2Q8mkmTY0kxmSO0IZ+hduXCji1r9x59+YtrPQ1gOBwzn3knNPkEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmjjVjDdYLGPdDqjhUijeQIGStxPNaRRI3grGdzO/9cS1EbF6xEnC/YgOlQgFo2ilTi+iOGJUkk6/XHGr7hxklXg5qUCOer/81RvELI24QiapMV3PTdDPqEbBJJ+WeqnhCWVjOuRdSxWNuPGzeeIpObPKgISxtk8hmau/NzIaGTOJAjs5S2iWvZn4n9dNMbzxM6GSFLlii4/CVBKMyex8MhCaM5QTSyjTwmYlbEQ1ZWhLKtkSvOWTV0nzoupdVb2Hy0rtNq+jCCdwCufgwTXU4B7q0AAGCp7hFd4c47w4787HYrTg5DvH8AfO5w8neJCU</latexit>Z

<latexit sha1_base64="jDLXr/oK4UUlVb0vRetWbgtXn5o=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi1WPRi8cK9gPaUDbbTbt2sxt2J0IJ/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZemAhu0PO+ncLa+sbmVnG7tLO7t39QPjxqGZVqyppUCaU7ITFMcMmayFGwTqIZiUPB2uH4dua3n5g2XMkHnCQsiMlQ8ohTglZq9ZCkfb9frnhVbw53lfg5qUCORr/81RsomsZMIhXEmK7vJRhkRCOngk1LvdSwhNAxGbKupZLEzATZ/Nqpe2aVgRspbUuiO1d/T2QkNmYSh7YzJjgyy95M/M/rphhdBxmXSYpM0sWiKBUuKnf2ujvgmlEUE0sI1dze6tIR0YSiDahkQ/CXX14lrYuqX6vW7i8r9Zs8jiKcwCmcgw9XUIc7aEATKDzCM7zCm6OcF+fd+Vi0Fpx85hj+wPn8AUyPjvc=</latexit>ω1

Transition-level

Trajectory-level

3. Capturing a transition-level temporal distance (TD)
<latexit sha1_base64="bl1cSJ+p33TUxphnfgahUW0iycE="></latexit>

Ltran = E(s,s→)→D

[
Lω=1
2

(
d
(
f(s; ω), f(s↑; ω)→ d0

))]



TempDATA: Temporal distance-aware transition augmentation

<latexit sha1_base64="59Vpx8dayP/Vt18XgJdc4SBA+dE=">AAAB+XicbVBNSwMxEM3Wr1q/Vj16CRahQim7Iuqx6MVjBfsB7Vqy6bQNTbJLki2Upf/EiwdFvPpPvPlvTNs9aOuDgcd7M8zMC2POtPG8bye3tr6xuZXfLuzs7u0fuIdHDR0likKdRjxSrZBo4ExC3TDDoRUrICLk0AxHdzO/OQalWSQfzSSGQJCBZH1GibFS13VLuoxJGeunTqyYgPOuW/Qq3hx4lfgZKaIMta771elFNBEgDeVE67bvxSZIiTKMcpgWOomGmNARGUDbUkkE6CCdXz7FZ1bp4X6kbEmD5+rviZQIrScitJ2CmKFe9mbif147Mf2bIGUyTgxIuljUTzg2EZ7FgHtMATV8YgmhitlbMR0SRaixYRVsCP7yy6ukcVHxryr+w2WxepvFkUcn6BSVkI+uURXdoxqqI4rG6Bm9ojcndV6cd+dj0Zpzsplj9AfO5w+VqpJY</latexit>

(s, a, s0)
<latexit sha1_base64="vsDpfYbw0s5cDF7qjMYBdSqobT4=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzU0P1yxa26c5BV4uWkAjnq/fJXbxCzNEJpmKBadz03MX5GleFM4LTUSzUmlI3pELuWShqh9rP5oVNyZpUBCWNlSxoyV39PZDTSehIFtjOiZqSXvZn4n9dNTXjjZ1wmqUHJFovCVBATk9nXZMAVMiMmllCmuL2VsBFVlBmbTcmG4C2/vEpaF1Xvquo1Liu12zyOIpzAKZyDB9dQg3uoQxMYIDzDK7w5j86L8+58LFoLTj5zDH/gfP4A4J2M/Q==</latexit>s <latexit sha1_base64="XNXWJT90ht5GZRaOllfDLG+2twc=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeix68diC/YA2lM120q7dbMLuRqihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nfqtR1Sax/LejBP0IzqQPOSMGivVn3qlsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDaz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveZcWrX5SrN3kcBTiGEzgDD66gCndQgwYwQHiGV3hzHpwX5935mLeuOPnMEfyB8/kD6zmNBA==</latexit>z

<latexit sha1_base64="JUffPhFdTB/Chx2oX74iu5Hh3q0=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cK9gPaUDbbTbt0swm7E6GE/ggvHhTx6u/x5r9x0+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wSTu9zvPHFtRKwecZpwP6IjJULBKFqp0x9TzMxsUK25dXcOskq8gtSgQHNQ/eoPY5ZGXCGT1Jie5yboZ1SjYJLPKv3U8ISyCR3xnqWKRtz42fzcGTmzypCEsbalkMzV3xMZjYyZRoHtjCiOzbKXi/95vRTDGz8TKkmRK7ZYFKaSYEzy38lQaM5QTi2hTAt7K2FjqilDm1DFhuAtv7xK2hd176ruPVzWGrdFHGU4gVM4Bw+uoQH30IQWMJjAM7zCm5M4L86787FoLTnFzDH8gfP5A6qbj8o=</latexit>

ŝ
<latexit sha1_base64="kwVGRCuyugWruGLRNV155SWRACY=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6rHoxWMFW4ttKZvtpF262YTdiVBC/4UXD4p49d9489+4bXPQ1gcDj/dmmJkXJFIY8rxvp7Cyura+UdwsbW3v7O6V9w+aJk41xwaPZaxbATMohcIGCZLYSjSyKJD4EIxupv7DE2ojYnVP4wS7ERsoEQrOyEqPYS/r0BCJTXrlilf1ZnCXiZ+TCuSo98pfnX7M0wgVccmMafteQt2MaRJc4qTUSQ0mjI/YANuWKhah6WaziyfuiVX6bhhrW4rcmfp7ImORMeMosJ0Ro6FZ9Kbif147pfCqmwmVpISKzxeFqXQpdqfvu32hkZMcW8K4FvZWlw+ZZpxsSCUbgr/48jJpnlX9i6p/d16pXedxFOEIjuEUfLiEGtxCHRrAQcEzvMKbY5wX5935mLcWnHzmEP7A+fwB6LGREw==</latexit>

f✓
<latexit sha1_base64="HPfV6BA+TOWUuNyrtL5LQ1px8es=">AAAB73icbVBNS8NAEN3Ur1q/qh69LBbBU0lE1GPRi8cKthbaUDbbSbN0s4m7E6GE/gkvHhTx6t/x5r9x2+agrQ8GHu/NMDMvSKUw6LrfTmlldW19o7xZ2dre2d2r7h+0TZJpDi2eyER3AmZACgUtFCihk2pgcSDhIRjdTP2HJ9BGJOoexyn4MRsqEQrO0EqdqN/DCJD1qzW37s5Al4lXkBop0OxXv3qDhGcxKOSSGdP13BT9nGkUXMKk0ssMpIyP2BC6lioWg/Hz2b0TemKVAQ0TbUshnam/J3IWGzOOA9sZM4zMojcV//O6GYZXfi5UmiEoPl8UZpJiQqfP04HQwFGOLWFcC3sr5RHTjKONqGJD8BZfXibts7p3UffuzmuN6yKOMjkix+SUeOSSNMgtaZIW4USSZ/JK3pxH58V5dz7mrSWnmDkkf+B8/gAimZAJ</latexit>

h✓

Step 1: Building temporal distance-aware autoencoder

<latexit sha1_base64="kwVGRCuyugWruGLRNV155SWRACY=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6rHoxWMFW4ttKZvtpF262YTdiVBC/4UXD4p49d9489+4bXPQ1gcDj/dmmJkXJFIY8rxvp7Cyura+UdwsbW3v7O6V9w+aJk41xwaPZaxbATMohcIGCZLYSjSyKJD4EIxupv7DE2ojYnVP4wS7ERsoEQrOyEqPYS/r0BCJTXrlilf1ZnCXiZ+TCuSo98pfnX7M0wgVccmMafteQt2MaRJc4qTUSQ0mjI/YANuWKhah6WaziyfuiVX6bhhrW4rcmfp7ImORMeMosJ0Ro6FZ9Kbif147pfCqmwmVpISKzxeFqXQpdqfvu32hkZMcW8K4FvZWlw+ZZpxsSCUbgr/48jJpnlX9i6p/d16pXedxFOEIjuEUfLiEGtxCHRrAQcEzvMKbY5wX5935mLcWnHzmEP7A+fwB6LGREw==</latexit>

f✓
<latexit sha1_base64="59Vpx8dayP/Vt18XgJdc4SBA+dE=">AAAB+XicbVBNSwMxEM3Wr1q/Vj16CRahQim7Iuqx6MVjBfsB7Vqy6bQNTbJLki2Upf/EiwdFvPpPvPlvTNs9aOuDgcd7M8zMC2POtPG8bye3tr6xuZXfLuzs7u0fuIdHDR0likKdRjxSrZBo4ExC3TDDoRUrICLk0AxHdzO/OQalWSQfzSSGQJCBZH1GibFS13VLuoxJGeunTqyYgPOuW/Qq3hx4lfgZKaIMta771elFNBEgDeVE67bvxSZIiTKMcpgWOomGmNARGUDbUkkE6CCdXz7FZ1bp4X6kbEmD5+rviZQIrScitJ2CmKFe9mbif147Mf2bIGUyTgxIuljUTzg2EZ7FgHtMATV8YgmhitlbMR0SRaixYRVsCP7yy6ukcVHxryr+w2WxepvFkUcn6BSVkI+uURXdoxqqI4rG6Bm9ojcndV6cd+dj0Zpzsplj9AfO5w+VqpJY</latexit>

(s, a, s0)
<latexit sha1_base64="CBN3jUOJe1+hLgfQEbRqio1d3qc=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBahQimJiHosevFYwX5AG8tmu2mXbjZhd1NoQ/+JFw+KePWfePPfuG1z0NYHA4/3ZpiZ58ecKe0431ZubX1jcyu/XdjZ3ds/sA+PGipKJKF1EvFItnysKGeC1jXTnLZiSXHoc9r0h3czvzmiUrFIPOpxTL0Q9wULGMHaSF3bLk3KCJfR5KkTSxbS865ddCrOHGiVuBkpQoZa1/7q9CKShFRowrFSbdeJtZdiqRnhdFroJIrGmAxxn7YNFTikykvnl0/RmVF6KIikKaHRXP09keJQqXHom84Q64Fa9mbif1470cGNlzIRJ5oKslgUJBzpCM1iQD0mKdF8bAgmkplbERlgiYk2YRVMCO7yy6ukcVFxryruw2WxepvFkYcTOIUSuHANVbiHGtSBwAie4RXerNR6sd6tj0VrzspmjuEPrM8fq3ySZg==</latexit>

(z, a, z0)
<latexit sha1_base64="Le01WBBuORK/cRKGG426PyUdfKQ=">AAAB9XicbVDLSgNBEOz1GeMr6tHLYBAjSNgVUY9BLx4jmAcka5idTJIhsw9mepVkzX948aCIV//Fm3/jJNmDJhY0FFXddHd5kRQabfvbWlhcWl5Zzaxl1zc2t7ZzO7tVHcaK8QoLZajqHtVcioBXUKDk9Uhx6nuS17z+9divPXClRRjc4SDirk+7gegIRtFI980hR0oKw6On4Qk9buXydtGegMwTJyV5SFFu5b6a7ZDFPg+QSap1w7EjdBOqUDDJR9lmrHlEWZ92ecPQgPpcu8nk6hE5NEqbdEJlKkAyUX9PJNTXeuB7ptOn2NOz3lj8z2vE2Ll0ExFEMfKATRd1YkkwJOMISFsozlAODKFMCXMrYT2qKEMTVNaE4My+PE+qp0XnvOjcnuVLV2kcGdiHAyiAAxdQghsoQwUYKHiGV3izHq0X6936mLYuWOnMHvyB9fkDPZaRsQ==</latexit>

⇣(z0|z, a)

Step 2: Building latent dynamic model

<latexit sha1_base64="v/rQfdm3aB7JEDqzBgFYh7MDDvA=">AAACBXicbZDLSsNAFIYn9VbrLepSF4NFqFBKIqIui25cVrAXaGKZTE/boTNJmJkIJXTjxldx40IRt76DO9/GaZuFtv4w8PGfczhz/iDmTGnH+bZyS8srq2v59cLG5tb2jr2711BRIinUacQj2QqIAs5CqGumObRiCUQEHJrB8HpSbz6AVCwK7/QoBl+Qfsh6jBJtrI59WPIGRKdqXMakjDO+92LJBJx07KJTcabCi+BmUESZah37y+tGNBEQasqJUm3XibWfEqkZ5TAueImCmNAh6UPbYEgEKD+dXjHGx8bp4l4kzQs1nrq/J1IilBqJwHQKogdqvjYx/6u1E9279FMWxomGkM4W9RKOdYQnkeAuk0A1HxkgVDLzV0wHRBKqTXAFE4I7f/IiNE4r7nnFvT0rVq+yOPLoAB2hEnLRBaqiG1RDdUTRI3pGr+jNerJerHfrY9aas7KZffRH1ucPfw6X8g==</latexit>

(ŝ, a, ŝ0)
<latexit sha1_base64="vsDpfYbw0s5cDF7qjMYBdSqobT4=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzU0P1yxa26c5BV4uWkAjnq/fJXbxCzNEJpmKBadz03MX5GleFM4LTUSzUmlI3pELuWShqh9rP5oVNyZpUBCWNlSxoyV39PZDTSehIFtjOiZqSXvZn4n9dNTXjjZ1wmqUHJFovCVBATk9nXZMAVMiMmllCmuL2VsBFVlBmbTcmG4C2/vEpaF1Xvquo1Liu12zyOIpzAKZyDB9dQg3uoQxMYIDzDK7w5j86L8+58LFoLTj5zDH/gfP4A4J2M/Q==</latexit>s <latexit sha1_base64="XNXWJT90ht5GZRaOllfDLG+2twc=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeix68diC/YA2lM120q7dbMLuRqihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nfqtR1Sax/LejBP0IzqQPOSMGivVn3qlsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDaz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveZcWrX5SrN3kcBTiGEzgDD66gCndQgwYwQHiGV3hzHpwX5935mLeuOPnMEfyB8/kD6zmNBA==</latexit>z <latexit sha1_base64="XNXWJT90ht5GZRaOllfDLG+2twc=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KomIeix68diC/YA2lM120q7dbMLuRqihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nfqtR1Sax/LejBP0IzqQPOSMGivVn3qlsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDaz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveZcWrX5SrN3kcBTiGEzgDD66gCndQgwYwQHiGV3hzHpwX5935mLeuOPnMEfyB8/kD6zmNBA==</latexit>z <latexit sha1_base64="vsDpfYbw0s5cDF7qjMYBdSqobT4=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4bua3n1BpHssHM0nQj+hQ8pAzaqzU0P1yxa26c5BV4uWkAjnq/fJXbxCzNEJpmKBadz03MX5GleFM4LTUSzUmlI3pELuWShqh9rP5oVNyZpUBCWNlSxoyV39PZDTSehIFtjOiZqSXvZn4n9dNTXjjZ1wmqUHJFovCVBATk9nXZMAVMiMmllCmuL2VsBFVlBmbTcmG4C2/vEpaF1Xvquo1Liu12zyOIpzAKZyDB9dQg3uoQxMYIDzDK7w5j86L8+58LFoLTj5zDH/gfP4A4J2M/Q==</latexit>s

<latexit sha1_base64="ZSFfORqIbzZekqvB1YLL6OEvaHo=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYhA8hV0R9Rj04jGCeUCyhNlJbzJmHsvMrBBC/sGLB0W8+j/e/BsnyR40saChqOqmuytOOTM2CL69ldW19Y3NwlZxe2d3b790cNgwKtMU61RxpVsxMciZxLpllmMr1UhEzLEZD2+nfvMJtWFKPthRipEgfckSRol1UqOTaiawWyoHlWAGf5mEOSlDjlq39NXpKZoJlJZyYkw7DFIbjYm2jHKcFDuZwZTQIelj21FJBJpoPLt24p86pecnSruS1p+pvyfGRBgzErHrFMQOzKI3Ff/z2plNrqMxk2lmUdL5oiTjvlX+9HW/xzRSy0eOEKqZu9WnA6IJtS6gogshXHx5mTTOK+FlJby/KFdv8jgKcAwncAYhXEEV7qAGdaDwCM/wCm+e8l68d+9j3rri5TNH8Afe5w+wmo81</latexit>0 <latexit sha1_base64="ZSFfORqIbzZekqvB1YLL6OEvaHo=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYhA8hV0R9Rj04jGCeUCyhNlJbzJmHsvMrBBC/sGLB0W8+j/e/BsnyR40saChqOqmuytOOTM2CL69ldW19Y3NwlZxe2d3b790cNgwKtMU61RxpVsxMciZxLpllmMr1UhEzLEZD2+nfvMJtWFKPthRipEgfckSRol1UqOTaiawWyoHlWAGf5mEOSlDjlq39NXpKZoJlJZyYkw7DFIbjYm2jHKcFDuZwZTQIelj21FJBJpoPLt24p86pecnSruS1p+pvyfGRBgzErHrFMQOzKI3Ff/z2plNrqMxk2lmUdL5oiTjvlX+9HW/xzRSy0eOEKqZu9WnA6IJtS6gogshXHx5mTTOK+FlJby/KFdv8jgKcAwncAYhXEEV7qAGdaDwCM/wCm+e8l68d+9j3rri5TNH8Afe5w+wmo81</latexit>0<latexit sha1_base64="kwVGRCuyugWruGLRNV155SWRACY=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6rHoxWMFW4ttKZvtpF262YTdiVBC/4UXD4p49d9489+4bXPQ1gcDj/dmmJkXJFIY8rxvp7Cyura+UdwsbW3v7O6V9w+aJk41xwaPZaxbATMohcIGCZLYSjSyKJD4EIxupv7DE2ojYnVP4wS7ERsoEQrOyEqPYS/r0BCJTXrlilf1ZnCXiZ+TCuSo98pfnX7M0wgVccmMafteQt2MaRJc4qTUSQ0mjI/YANuWKhah6WaziyfuiVX6bhhrW4rcmfp7ImORMeMosJ0Ro6FZ9Kbif147pfCqmwmVpISKzxeFqXQpdqfvu32hkZMcW8K4FvZWlw+ZZpxsSCUbgr/48jJpnlX9i6p/d16pXedxFOEIjuEUfLiEGtxCHRrAQcEzvMKbY5wX5935mLcWnHzmEP7A+fwB6LGREw==</latexit>

f✓
<latexit sha1_base64="Le01WBBuORK/cRKGG426PyUdfKQ=">AAAB9XicbVDLSgNBEOz1GeMr6tHLYBAjSNgVUY9BLx4jmAcka5idTJIhsw9mepVkzX948aCIV//Fm3/jJNmDJhY0FFXddHd5kRQabfvbWlhcWl5Zzaxl1zc2t7ZzO7tVHcaK8QoLZajqHtVcioBXUKDk9Uhx6nuS17z+9divPXClRRjc4SDirk+7gegIRtFI980hR0oKw6On4Qk9buXydtGegMwTJyV5SFFu5b6a7ZDFPg+QSap1w7EjdBOqUDDJR9lmrHlEWZ92ecPQgPpcu8nk6hE5NEqbdEJlKkAyUX9PJNTXeuB7ptOn2NOz3lj8z2vE2Ll0ExFEMfKATRd1YkkwJOMISFsozlAODKFMCXMrYT2qKEMTVNaE4My+PE+qp0XnvOjcnuVLV2kcGdiHAyiAAxdQghsoQwUYKHiGV3izHq0X6936mLYuWOnMHvyB9fkDPZaRsQ==</latexit>

⇣(z0|z, a)
<latexit sha1_base64="HPfV6BA+TOWUuNyrtL5LQ1px8es=">AAAB73icbVBNS8NAEN3Ur1q/qh69LBbBU0lE1GPRi8cKthbaUDbbSbN0s4m7E6GE/gkvHhTx6t/x5r9x2+agrQ8GHu/NMDMvSKUw6LrfTmlldW19o7xZ2dre2d2r7h+0TZJpDi2eyER3AmZACgUtFCihk2pgcSDhIRjdTP2HJ9BGJOoexyn4MRsqEQrO0EqdqN/DCJD1qzW37s5Al4lXkBop0OxXv3qDhGcxKOSSGdP13BT9nGkUXMKk0ssMpIyP2BC6lioWg/Hz2b0TemKVAQ0TbUshnam/J3IWGzOOA9sZM4zMojcV//O6GYZXfi5UmiEoPl8UZpJiQqfP04HQwFGOLWFcC3sr5RHTjKONqGJD8BZfXibts7p3UffuzmuN6yKOMjkix+SUeOSSNMgtaZIW4USSZ/JK3pxH58V5dz7mrSWnmDkkf+B8/gAimZAJ</latexit>

h✓

Step 3: Rolling out synthesized transition

Step 4: Extracting policy through off-the-shelf offline RL

<latexit sha1_base64="FknHqxEfB7VISIO4q7vCojfM27k=">AAAB9HicbVBNSwMxEJ31s9avqkcvwSLUS9kVUY9FLx4r2A/oLiWbZtvQbDYm2UJZ+zu8eFDEqz/Gm//GtN2Dtj4YeLw3w8y8UHKmjet+Oyura+sbm4Wt4vbO7t5+6eCwqZNUEdogCU9UO8SaciZowzDDaVsqiuOQ01Y4vJ36rRFVmiXiwYwlDWLcFyxiBBsrBb5kXV8OWAU/6bNuqexW3RnQMvFyUoYc9W7py+8lJI2pMIRjrTueK02QYWUY4XRS9FNNJSZD3KcdSwWOqQ6y2dETdGqVHooSZUsYNFN/T2Q41noch7YzxmagF72p+J/XSU10HWRMyNRQQeaLopQjk6BpAqjHFCWGjy3BRDF7KyIDrDAxNqeiDcFbfHmZNM+r3mXVu78o127yOApwDCdQAQ+uoAZ3UIcGEHiEZ3iFN2fkvDjvzse8dcXJZ47gD5zPH1qAkdQ=</latexit>

⇡�(a|s)<latexit sha1_base64="59Vpx8dayP/Vt18XgJdc4SBA+dE=">AAAB+XicbVBNSwMxEM3Wr1q/Vj16CRahQim7Iuqx6MVjBfsB7Vqy6bQNTbJLki2Upf/EiwdFvPpPvPlvTNs9aOuDgcd7M8zMC2POtPG8bye3tr6xuZXfLuzs7u0fuIdHDR0likKdRjxSrZBo4ExC3TDDoRUrICLk0AxHdzO/OQalWSQfzSSGQJCBZH1GibFS13VLuoxJGeunTqyYgPOuW/Qq3hx4lfgZKaIMta771elFNBEgDeVE67bvxSZIiTKMcpgWOomGmNARGUDbUkkE6CCdXz7FZ1bp4X6kbEmD5+rviZQIrScitJ2CmKFe9mbif147Mf2bIGUyTgxIuljUTzg2EZ7FgHtMATV8YgmhitlbMR0SRaixYRVsCP7yy6ukcVHxryr+w2WxepvFkUcn6BSVkI+uURXdoxqqI4rG6Bm9ojcndV6cd+dj0Zpzsplj9AfO5w+VqpJY</latexit>

(s, a, s0)
<latexit sha1_base64="v/rQfdm3aB7JEDqzBgFYh7MDDvA=">AAACBXicbZDLSsNAFIYn9VbrLepSF4NFqFBKIqIui25cVrAXaGKZTE/boTNJmJkIJXTjxldx40IRt76DO9/GaZuFtv4w8PGfczhz/iDmTGnH+bZyS8srq2v59cLG5tb2jr2711BRIinUacQj2QqIAs5CqGumObRiCUQEHJrB8HpSbz6AVCwK7/QoBl+Qfsh6jBJtrI59WPIGRKdqXMakjDO+92LJBJx07KJTcabCi+BmUESZah37y+tGNBEQasqJUm3XibWfEqkZ5TAueImCmNAh6UPbYEgEKD+dXjHGx8bp4l4kzQs1nrq/J1IilBqJwHQKogdqvjYx/6u1E9279FMWxomGkM4W9RKOdYQnkeAuk0A1HxkgVDLzV0wHRBKqTXAFE4I7f/IiNE4r7nnFvT0rVq+yOPLoAB2hEnLRBaqiG1RDdUTRI3pGr+jNerJerHfrY9aas7KZffRH1ucPfw6X8g==</latexit>

(ŝ, a, ŝ0)
<latexit sha1_base64="l9yZhi4EFkgrrt1ORlYy+R3Qlhw=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSIIQklE1GPRi8cW7Ae0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+Oyura+sbm4Wt4vbO7t5+6eCwqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR3dRvPaHSPJYPZpygH9GB5CFn1Fipft4rld2KOwNZJl5OypCj1it9dfsxSyOUhgmqdcdzE+NnVBnOBE6K3VRjQtmIDrBjqaQRaj+bHTohp1bpkzBWtqQhM/X3REYjrcdRYDsjaoZ60ZuK/3md1IQ3fsZlkhqUbL4oTAUxMZl+TfpcITNibAllittbCRtSRZmx2RRtCN7iy8ukeVHxripe/bJcvc3jKMAxnMAZeHANVbiHGjSAAcIzvMKb8+i8OO/Ox7x1xclnjuAPnM8fc32MtQ==</latexit>

+



Closing remarks
TempDATA makes offline MBRL more practical in long-horizon sparse reward tasks 

 Build a state abstraction capturing trajectory- and transition-level temporal distance
 Roll out a synthesized transition in representation space, instead of raw state space

→
→

Project Website

Our solution can be adopted in any type (MBRL and MFRL) and technique of RL (Skill RL, GCRL, RL)


