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Class Structure
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Model-free Reinforcement Learning 

Imitation Learning

Model-based Reinforcement Learning 

Unifying Perspectives on RL and IRL

Frontiers

Exploration Inverse Reinforcement Learning Learning across tasks

Policy Gradient ADP



From Single Task to Multi-Task RL



Can we make RL algorithms generalists?
We need a single agent to be able to (quickly or directly) 

solve multiple different tasks
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Multi-Task RL – Distribution over MDPs 
Assumption: Same state/action space, varying dynamics and rewards

M = (S,A, T ,R, µ, �)
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Goals for Today
Our goal: understand different ways to solve meta-MDP/multi-task RL problem 

p(Mi)
<latexit sha1_base64="HTSIU0jwZF6ktxOhWXJVmWEWl38=">AAAB+XicbVDLSsNAFL2pr1pfUZduBotQNyWRgi6LbtwIFewD2hAm00k7dDIJM5NCCf0TNy4UceufuPNvnLRZaOuBgcM593LPnCDhTGnH+bZKG5tb2zvl3cre/sHhkX180lFxKgltk5jHshdgRTkTtK2Z5rSXSIqjgNNuMLnL/e6USsVi8aRnCfUiPBIsZARrI/m2ndQGEdZjgnn2MPfZpW9XnbqzAFonbkGqUKDl21+DYUzSiApNOFaq7zqJ9jIsNSOcziuDVNEEkwke0b6hAkdUedki+RxdGGWIwliaJzRaqL83MhwpNYsCM5mnVKteLv7n9VMd3ngZE0mqqSDLQ2HKkY5RXgMaMkmJ5jNDMJHMZEVkjCUm2pRVMSW4q19eJ52ruuvU3cdGtXlb1FGGMziHGrhwDU24hxa0gcAUnuEV3qzMerHerY/laMkqdk7hD6zPHx6Ck08=</latexit><latexit sha1_base64="HTSIU0jwZF6ktxOhWXJVmWEWl38=">AAAB+XicbVDLSsNAFL2pr1pfUZduBotQNyWRgi6LbtwIFewD2hAm00k7dDIJM5NCCf0TNy4UceufuPNvnLRZaOuBgcM593LPnCDhTGnH+bZKG5tb2zvl3cre/sHhkX180lFxKgltk5jHshdgRTkTtK2Z5rSXSIqjgNNuMLnL/e6USsVi8aRnCfUiPBIsZARrI/m2ndQGEdZjgnn2MPfZpW9XnbqzAFonbkGqUKDl21+DYUzSiApNOFaq7zqJ9jIsNSOcziuDVNEEkwke0b6hAkdUedki+RxdGGWIwliaJzRaqL83MhwpNYsCM5mnVKteLv7n9VMd3ngZE0mqqSDLQ2HKkY5RXgMaMkmJ5jNDMJHMZEVkjCUm2pRVMSW4q19eJ52ruuvU3cdGtXlb1FGGMziHGrhwDU24hxa0gcAUnuEV3qzMerHerY/laMkqdk7hD6zPHx6Ck08=</latexit><latexit sha1_base64="HTSIU0jwZF6ktxOhWXJVmWEWl38=">AAAB+XicbVDLSsNAFL2pr1pfUZduBotQNyWRgi6LbtwIFewD2hAm00k7dDIJM5NCCf0TNy4UceufuPNvnLRZaOuBgcM593LPnCDhTGnH+bZKG5tb2zvl3cre/sHhkX180lFxKgltk5jHshdgRTkTtK2Z5rSXSIqjgNNuMLnL/e6USsVi8aRnCfUiPBIsZARrI/m2ndQGEdZjgnn2MPfZpW9XnbqzAFonbkGqUKDl21+DYUzSiApNOFaq7zqJ9jIsNSOcziuDVNEEkwke0b6hAkdUedki+RxdGGWIwliaJzRaqL83MhwpNYsCM5mnVKteLv7n9VMd3ngZE0mqqSDLQ2HKkY5RXgMaMkmJ5jNDMJHMZEVkjCUm2pRVMSW4q19eJ52ruuvU3cdGtXlb1FGGMziHGrhwDU24hxa0gcAUnuEV3qzMerHerY/laMkqdk7hD6zPHx6Ck08=</latexit><latexit sha1_base64="HTSIU0jwZF6ktxOhWXJVmWEWl38=">AAAB+XicbVDLSsNAFL2pr1pfUZduBotQNyWRgi6LbtwIFewD2hAm00k7dDIJM5NCCf0TNy4UceufuPNvnLRZaOuBgcM593LPnCDhTGnH+bZKG5tb2zvl3cre/sHhkX180lFxKgltk5jHshdgRTkTtK2Z5rSXSIqjgNNuMLnL/e6USsVi8aRnCfUiPBIsZARrI/m2ndQGEdZjgnn2MPfZpW9XnbqzAFonbkGqUKDl21+DYUzSiApNOFaq7zqJ9jIsNSOcziuDVNEEkwke0b6hAkdUedki+RxdGGWIwliaJzRaqL83MhwpNYsCM5mnVKteLv7n9VMd3ngZE0mqqSDLQ2HKkY5RXgMaMkmJ5jNDMJHMZEVkjCUm2pRVMSW4q19eJ52ruuvU3cdGtXlb1FGGMziHGrhwDU24hxa0gcAUnuEV3qzMerHerY/laMkqdk7hD6zPHx6Ck08=</latexit>

Mi = (S,A, Ti,Ri, µ, �)
<latexit sha1_base64="/Frx1z3jjHnkcNC4LXBL4pCt1Uo=">AAACPnicbVBNSwMxEM36WevXqkcvwSJUkLIrgl6EqhcvQtV+QVvKbJq2ocnukmSFsvSXefE3ePPoxYMiXj2atkuprQMJ772ZYWaeF3KmtOO8WguLS8srq6m19PrG5ta2vbNbVkEkCS2RgAey6oGinPm0pJnmtBpKCsLjtOL1rof5yiOVigV+UfdD2hDQ8VmbEdBGatqlugDdJcDj20GT4QucnQgPg2M8IZfTpGhKp+h9QiPzdUAIOGraGSfnjALPAzcBGZREoWm/1FsBiQT1NeGgVM11Qt2IQWpGOB2k65GiIZAedGjNQB8EVY14dP4AHxqlhduBNM/XeKROd8QglOoLz1QOV1azuaH4X64W6fZ5I2Z+GGnqk/GgdsSxDvDQS9xikhLN+wYAkczsikkXJBBtHE8bE9zZk+dB+STnOjn37jSTv0rsSKF9dICyyEVnKI9uUAGVEEFP6A19oE/r2Xq3vqzvcemClfTsoT9h/fwCf/GuqQ==</latexit><latexit sha1_base64="/Frx1z3jjHnkcNC4LXBL4pCt1Uo=">AAACPnicbVBNSwMxEM36WevXqkcvwSJUkLIrgl6EqhcvQtV+QVvKbJq2ocnukmSFsvSXefE3ePPoxYMiXj2atkuprQMJ772ZYWaeF3KmtOO8WguLS8srq6m19PrG5ta2vbNbVkEkCS2RgAey6oGinPm0pJnmtBpKCsLjtOL1rof5yiOVigV+UfdD2hDQ8VmbEdBGatqlugDdJcDj20GT4QucnQgPg2M8IZfTpGhKp+h9QiPzdUAIOGraGSfnjALPAzcBGZREoWm/1FsBiQT1NeGgVM11Qt2IQWpGOB2k65GiIZAedGjNQB8EVY14dP4AHxqlhduBNM/XeKROd8QglOoLz1QOV1azuaH4X64W6fZ5I2Z+GGnqk/GgdsSxDvDQS9xikhLN+wYAkczsikkXJBBtHE8bE9zZk+dB+STnOjn37jSTv0rsSKF9dICyyEVnKI9uUAGVEEFP6A19oE/r2Xq3vqzvcemClfTsoT9h/fwCf/GuqQ==</latexit><latexit sha1_base64="/Frx1z3jjHnkcNC4LXBL4pCt1Uo=">AAACPnicbVBNSwMxEM36WevXqkcvwSJUkLIrgl6EqhcvQtV+QVvKbJq2ocnukmSFsvSXefE3ePPoxYMiXj2atkuprQMJ772ZYWaeF3KmtOO8WguLS8srq6m19PrG5ta2vbNbVkEkCS2RgAey6oGinPm0pJnmtBpKCsLjtOL1rof5yiOVigV+UfdD2hDQ8VmbEdBGatqlugDdJcDj20GT4QucnQgPg2M8IZfTpGhKp+h9QiPzdUAIOGraGSfnjALPAzcBGZREoWm/1FsBiQT1NeGgVM11Qt2IQWpGOB2k65GiIZAedGjNQB8EVY14dP4AHxqlhduBNM/XeKROd8QglOoLz1QOV1azuaH4X64W6fZ5I2Z+GGnqk/GgdsSxDvDQS9xikhLN+wYAkczsikkXJBBtHE8bE9zZk+dB+STnOjn37jSTv0rsSKF9dICyyEVnKI9uUAGVEEFP6A19oE/r2Xq3vqzvcemClfTsoT9h/fwCf/GuqQ==</latexit><latexit sha1_base64="/Frx1z3jjHnkcNC4LXBL4pCt1Uo=">AAACPnicbVBNSwMxEM36WevXqkcvwSJUkLIrgl6EqhcvQtV+QVvKbJq2ocnukmSFsvSXefE3ePPoxYMiXj2atkuprQMJ772ZYWaeF3KmtOO8WguLS8srq6m19PrG5ta2vbNbVkEkCS2RgAey6oGinPm0pJnmtBpKCsLjtOL1rof5yiOVigV+UfdD2hDQ8VmbEdBGatqlugDdJcDj20GT4QucnQgPg2M8IZfTpGhKp+h9QiPzdUAIOGraGSfnjALPAzcBGZREoWm/1FsBiQT1NeGgVM11Qt2IQWpGOB2k65GiIZAedGjNQB8EVY14dP4AHxqlhduBNM/XeKROd8QglOoLz1QOV1azuaH4X64W6fZ5I2Z+GGnqk/GgdsSxDvDQS9xikhLN+wYAkczsikkXJBBtHE8bE9zZk+dB+STnOjn37jSTv0rsSKF9dICyyEVnKI9uUAGVEEFP6A19oE/r2Xq3vqzvcemClfTsoT9h/fwCf/GuqQ==</latexit>
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Why should we do this?

n Learn faster by sharing data

n Generalize immediately (or quickly) to 
new, unseen tasks



Lecture Outline

From specialists to generalists

Multi-Task Reinforcement Learning

Meta-Reinforcement Learning

Takeaways



Multi-Task Meta-MDP 

M = (S,A, T ,R, µ, �)
<latexit sha1_base64="vXyHAPaMhvhOQeMMYo5baJPbKkQ=">AAACOHicbVBLSwMxEM7WV62vVY9egkWoIGVXBL0IVS9exKp9QVvKbJq2ocnukmSFsvRnefFneBMvHhTx6i8wfVBq60DC930zw8x8XsiZ0o7zaiUWFpeWV5KrqbX1jc0te3unpIJIElokAQ9kxQNFOfNpUTPNaSWUFITHadnrXg3y5UcqFQv8gu6FtC6g7bMWI6CN1LBvawJ0hwCPb/r4HGcm9KF/hCfkYpoUpsn9kETma4MQcNiw007WGQaeB+4YpNE48g37pdYMSCSorwkHpaquE+p6DFIzwmk/VYsUDYF0oU2rBvogqKrHw8P7+MAoTdwKpHm+xkN1uiMGoVRPeKZysLCazQ3E/3LVSLfO6jHzw0hTn4wGtSKOdYAHLuImk5Ro3jMAiGRmV0w6IIFo43XKmODOnjwPSsdZ18m6dyfp3OXYjiTaQ/sog1x0inLoGuVRERH0hN7QB/q0nq1368v6HpUmrHHPLvoT1s8vVkOsFQ==</latexit><latexit sha1_base64="vXyHAPaMhvhOQeMMYo5baJPbKkQ=">AAACOHicbVBLSwMxEM7WV62vVY9egkWoIGVXBL0IVS9exKp9QVvKbJq2ocnukmSFsvRnefFneBMvHhTx6i8wfVBq60DC930zw8x8XsiZ0o7zaiUWFpeWV5KrqbX1jc0te3unpIJIElokAQ9kxQNFOfNpUTPNaSWUFITHadnrXg3y5UcqFQv8gu6FtC6g7bMWI6CN1LBvawJ0hwCPb/r4HGcm9KF/hCfkYpoUpsn9kETma4MQcNiw007WGQaeB+4YpNE48g37pdYMSCSorwkHpaquE+p6DFIzwmk/VYsUDYF0oU2rBvogqKrHw8P7+MAoTdwKpHm+xkN1uiMGoVRPeKZysLCazQ3E/3LVSLfO6jHzw0hTn4wGtSKOdYAHLuImk5Ro3jMAiGRmV0w6IIFo43XKmODOnjwPSsdZ18m6dyfp3OXYjiTaQ/sog1x0inLoGuVRERH0hN7QB/q0nq1368v6HpUmrHHPLvoT1s8vVkOsFQ==</latexit><latexit sha1_base64="vXyHAPaMhvhOQeMMYo5baJPbKkQ=">AAACOHicbVBLSwMxEM7WV62vVY9egkWoIGVXBL0IVS9exKp9QVvKbJq2ocnukmSFsvRnefFneBMvHhTx6i8wfVBq60DC930zw8x8XsiZ0o7zaiUWFpeWV5KrqbX1jc0te3unpIJIElokAQ9kxQNFOfNpUTPNaSWUFITHadnrXg3y5UcqFQv8gu6FtC6g7bMWI6CN1LBvawJ0hwCPb/r4HGcm9KF/hCfkYpoUpsn9kETma4MQcNiw007WGQaeB+4YpNE48g37pdYMSCSorwkHpaquE+p6DFIzwmk/VYsUDYF0oU2rBvogqKrHw8P7+MAoTdwKpHm+xkN1uiMGoVRPeKZysLCazQ3E/3LVSLfO6jHzw0hTn4wGtSKOdYAHLuImk5Ro3jMAiGRmV0w6IIFo43XKmODOnjwPSsdZ18m6dyfp3OXYjiTaQ/sog1x0inLoGuVRERH0hN7QB/q0nq1368v6HpUmrHHPLvoT1s8vVkOsFQ==</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="YgOZYXskJxZBbKVJw70BGzrXXWY=">AAACLXicbVBNSwMxEJ31s9aq1auXYBEqSNn1ohdB8eJFrB+1hbaU2TRtg8nukmSFsvRnefFneBMvHhTxX5hdi9TWBwnvvZmQmedHgmvjui/O3PzC4tJybiW/Wlhb3yhuFu50GCvKajQUoWr4qJngAasZbgRrRIqh9AWr+/dnab3+wJTmYXBrhhFrS+wHvMcpGmt1ipctiWZAUSQXI3JMyr/yZrRPfsXppLidFNeZiO3VRylxr1MsuRU3A5kl3piUYIxqp/jc6oY0liwwVKDWTc+NTDtBZTgVbJRvxZpFSO+xz5qWBiiZbifZ4iOya50u6YXKnsCQzJ18kaDUeih925kOrKdrqflfrRmb3lE74UEUGxbQn496sSAmJGmKpMsVo0YMLUGquJ2V0AEqpMZmnbcheNMrz5K7g4rnVrwrF3KwDTtQBg8O4QTOoQo1oPAIr/AOH86T8+Z8/sQ154xz24I/cL6+AfnMqnI=</latexit><latexit sha1_base64="YgOZYXskJxZBbKVJw70BGzrXXWY=">AAACLXicbVBNSwMxEJ31s9aq1auXYBEqSNn1ohdB8eJFrB+1hbaU2TRtg8nukmSFsvRnefFneBMvHhTxX5hdi9TWBwnvvZmQmedHgmvjui/O3PzC4tJybiW/Wlhb3yhuFu50GCvKajQUoWr4qJngAasZbgRrRIqh9AWr+/dnab3+wJTmYXBrhhFrS+wHvMcpGmt1ipctiWZAUSQXI3JMyr/yZrRPfsXppLidFNeZiO3VRylxr1MsuRU3A5kl3piUYIxqp/jc6oY0liwwVKDWTc+NTDtBZTgVbJRvxZpFSO+xz5qWBiiZbifZ4iOya50u6YXKnsCQzJ18kaDUeih925kOrKdrqflfrRmb3lE74UEUGxbQn496sSAmJGmKpMsVo0YMLUGquJ2V0AEqpMZmnbcheNMrz5K7g4rnVrwrF3KwDTtQBg8O4QTOoQo1oPAIr/AOH86T8+Z8/sQ154xz24I/cL6+AfnMqnI=</latexit><latexit sha1_base64="634MQh/bIyXsz7fr/JG/NkvJQaA=">AAACOHicbVBNSwMxEM36WetX1aOXYBEqSNn1oheh6sWLWLVf0JYym6ZtaLK7JFmhLP1ZXvwZ3sSLB0W8+gvMbkuprQMJ772ZYWaeG3CmtG2/WguLS8srq6m19PrG5tZ2Zme3ovxQElomPvdlzQVFOfNoWTPNaS2QFITLadXtX8X56iOVivleSQ8C2hTQ9ViHEdBGamVuGwJ0jwCPbob4HOcm9GF4jCfkYpqUpsl9QkLzdUEIOGplsnbeTgLPA2cMsmgcxVbmpdH2SSiopwkHpeqOHehmBFIzwukw3QgVDYD0oUvrBnogqGpGyeFDfGiUNu740jxP40Sd7ohAKDUQrqmMF1azuVj8L1cPdeesGTEvCDX1yGhQJ+RY+zh2EbeZpETzgQFAJDO7YtIDCUQbr9PGBGf25HlQOck7dt65s7OFy7EdKbSPDlAOOegUFdA1KqIyIugJvaEP9Gk9W+/Wl/U9Kl2wxj176E9YP79VA6wR</latexit><latexit sha1_base64="vXyHAPaMhvhOQeMMYo5baJPbKkQ=">AAACOHicbVBLSwMxEM7WV62vVY9egkWoIGVXBL0IVS9exKp9QVvKbJq2ocnukmSFsvRnefFneBMvHhTx6i8wfVBq60DC930zw8x8XsiZ0o7zaiUWFpeWV5KrqbX1jc0te3unpIJIElokAQ9kxQNFOfNpUTPNaSWUFITHadnrXg3y5UcqFQv8gu6FtC6g7bMWI6CN1LBvawJ0hwCPb/r4HGcm9KF/hCfkYpoUpsn9kETma4MQcNiw007WGQaeB+4YpNE48g37pdYMSCSorwkHpaquE+p6DFIzwmk/VYsUDYF0oU2rBvogqKrHw8P7+MAoTdwKpHm+xkN1uiMGoVRPeKZysLCazQ3E/3LVSLfO6jHzw0hTn4wGtSKOdYAHLuImk5Ro3jMAiGRmV0w6IIFo43XKmODOnjwPSsdZ18m6dyfp3OXYjiTaQ/sog1x0inLoGuVRERH0hN7QB/q0nq1368v6HpUmrHHPLvoT1s8vVkOsFQ==</latexit><latexit sha1_base64="vXyHAPaMhvhOQeMMYo5baJPbKkQ=">AAACOHicbVBLSwMxEM7WV62vVY9egkWoIGVXBL0IVS9exKp9QVvKbJq2ocnukmSFsvRnefFneBMvHhTx6i8wfVBq60DC930zw8x8XsiZ0o7zaiUWFpeWV5KrqbX1jc0te3unpIJIElokAQ9kxQNFOfNpUTPNaSWUFITHadnrXg3y5UcqFQv8gu6FtC6g7bMWI6CN1LBvawJ0hwCPb/r4HGcm9KF/hCfkYpoUpsn9kETma4MQcNiw007WGQaeB+4YpNE48g37pdYMSCSorwkHpaquE+p6DFIzwmk/VYsUDYF0oU2rBvogqKrHw8P7+MAoTdwKpHm+xkN1uiMGoVRPeKZysLCazQ3E/3LVSLfO6jHzw0hTn4wGtSKOdYAHLuImk5Ro3jMAiGRmV0w6IIFo43XKmODOnjwPSsdZ18m6dyfp3OXYjiTaQ/sog1x0inLoGuVRERH0hN7QB/q0nq1368v6HpUmrHHPLvoT1s8vVkOsFQ==</latexit><latexit sha1_base64="vXyHAPaMhvhOQeMMYo5baJPbKkQ=">AAACOHicbVBLSwMxEM7WV62vVY9egkWoIGVXBL0IVS9exKp9QVvKbJq2ocnukmSFsvRnefFneBMvHhTx6i8wfVBq60DC930zw8x8XsiZ0o7zaiUWFpeWV5KrqbX1jc0te3unpIJIElokAQ9kxQNFOfNpUTPNaSWUFITHadnrXg3y5UcqFQv8gu6FtC6g7bMWI6CN1LBvawJ0hwCPb/r4HGcm9KF/hCfkYpoUpsn9kETma4MQcNiw007WGQaeB+4YpNE48g37pdYMSCSorwkHpaquE+p6DFIzwmk/VYsUDYF0oU2rBvogqKrHw8P7+MAoTdwKpHm+xkN1uiMGoVRPeKZysLCazQ3E/3LVSLfO6jHzw0hTn4wGtSKOdYAHLuImk5Ro3jMAiGRmV0w6IIFo43XKmODOnjwPSsdZ18m6dyfp3OXYjiTaQ/sog1x0inLoGuVRERH0hN7QB/q0nq1368v6HpUmrHHPLvoT1s8vVkOsFQ==</latexit><latexit sha1_base64="vXyHAPaMhvhOQeMMYo5baJPbKkQ=">AAACOHicbVBLSwMxEM7WV62vVY9egkWoIGVXBL0IVS9exKp9QVvKbJq2ocnukmSFsvRnefFneBMvHhTx6i8wfVBq60DC930zw8x8XsiZ0o7zaiUWFpeWV5KrqbX1jc0te3unpIJIElokAQ9kxQNFOfNpUTPNaSWUFITHadnrXg3y5UcqFQv8gu6FtC6g7bMWI6CN1LBvawJ0hwCPb/r4HGcm9KF/hCfkYpoUpsn9kETma4MQcNiw007WGQaeB+4YpNE48g37pdYMSCSorwkHpaquE+p6DFIzwmk/VYsUDYF0oU2rBvogqKrHw8P7+MAoTdwKpHm+xkN1uiMGoVRPeKZysLCazQ3E/3LVSLfO6jHzw0hTn4wGtSKOdYAHLuImk5Ro3jMAiGRmV0w6IIFo43XKmODOnjwPSsdZ18m6dyfp3OXYjiTaQ/sog1x0inLoGuVRERH0hN7QB/q0nq1368v6HpUmrHHPLvoT1s8vVkOsFQ==</latexit><latexit sha1_base64="vXyHAPaMhvhOQeMMYo5baJPbKkQ=">AAACOHicbVBLSwMxEM7WV62vVY9egkWoIGVXBL0IVS9exKp9QVvKbJq2ocnukmSFsvRnefFneBMvHhTx6i8wfVBq60DC930zw8x8XsiZ0o7zaiUWFpeWV5KrqbX1jc0te3unpIJIElokAQ9kxQNFOfNpUTPNaSWUFITHadnrXg3y5UcqFQv8gu6FtC6g7bMWI6CN1LBvawJ0hwCPb/r4HGcm9KF/hCfkYpoUpsn9kETma4MQcNiw007WGQaeB+4YpNE48g37pdYMSCSorwkHpaquE+p6DFIzwmk/VYsUDYF0oU2rBvogqKrHw8P7+MAoTdwKpHm+xkN1uiMGoVRPeKZysLCazQ3E/3LVSLfO6jHzw0hTn4wGtSKOdYAHLuImk5Ro3jMAiGRmV0w6IIFo43XKmODOnjwPSsdZ18m6dyfp3OXYjiTaQ/sog1x0inLoGuVRERH0hN7QB/q0nq1368v6HpUmrHHPLvoT1s8vVkOsFQ==</latexit><latexit sha1_base64="vXyHAPaMhvhOQeMMYo5baJPbKkQ=">AAACOHicbVBLSwMxEM7WV62vVY9egkWoIGVXBL0IVS9exKp9QVvKbJq2ocnukmSFsvRnefFneBMvHhTx6i8wfVBq60DC930zw8x8XsiZ0o7zaiUWFpeWV5KrqbX1jc0te3unpIJIElokAQ9kxQNFOfNpUTPNaSWUFITHadnrXg3y5UcqFQv8gu6FtC6g7bMWI6CN1LBvawJ0hwCPb/r4HGcm9KF/hCfkYpoUpsn9kETma4MQcNiw007WGQaeB+4YpNE48g37pdYMSCSorwkHpaquE+p6DFIzwmk/VYsUDYF0oU2rBvogqKrHw8P7+MAoTdwKpHm+xkN1uiMGoVRPeKZysLCazQ3E/3LVSLfO6jHzw0hTn4wGtSKOdYAHLuImk5Ro3jMAiGRmV0w6IIFo43XKmODOnjwPSsdZ18m6dyfp3OXYjiTaQ/sog1x0inLoGuVRERH0hN7QB/q0nq1368v6HpUmrHHPLvoT1s8vVkOsFQ==</latexit>

Let us assume the factor of variation across MDPs can be characterized by known 
Eg: task ID, goal, video, language, …

!i
<latexit sha1_base64="tPA1JTojK9ro9PwDuBwYP8GR1tY=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOepMhMzvrzKwQQn7CiwdFvPo73vwbJ8keNLGgoajqprsrSgU31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVphg2mhNLtiBoUPMGG5VZgO9VIZSSwFY1uZ37rCbXhKnmw4xRDSQcJjzmj1kntrpI4oD3eK1f8qj8HWSVBTiqQo94rf3X7imUSE8sENaYT+KkNJ1RbzgROS93MYErZiA6w42hCJZpwMr93Ss6c0iex0q4SS+bq74kJlcaMZeQ6JbVDs+zNxP+8Tmbj63DCkzSzmLDFojgTxCoye570uUZmxdgRyjR3txI2pJoy6yIquRCC5ZdXSfOiGvjV4P6yUrvJ4yjCCZzCOQRwBTW4gzo0gIGAZ3iFN+/Re/HevY9Fa8HLZ47hD7zPHw52j/c=</latexit><latexit sha1_base64="tPA1JTojK9ro9PwDuBwYP8GR1tY=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOepMhMzvrzKwQQn7CiwdFvPo73vwbJ8keNLGgoajqprsrSgU31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVphg2mhNLtiBoUPMGG5VZgO9VIZSSwFY1uZ37rCbXhKnmw4xRDSQcJjzmj1kntrpI4oD3eK1f8qj8HWSVBTiqQo94rf3X7imUSE8sENaYT+KkNJ1RbzgROS93MYErZiA6w42hCJZpwMr93Ss6c0iex0q4SS+bq74kJlcaMZeQ6JbVDs+zNxP+8Tmbj63DCkzSzmLDFojgTxCoye570uUZmxdgRyjR3txI2pJoy6yIquRCC5ZdXSfOiGvjV4P6yUrvJ4yjCCZzCOQRwBTW4gzo0gIGAZ3iFN+/Re/HevY9Fa8HLZ47hD7zPHw52j/c=</latexit><latexit sha1_base64="tPA1JTojK9ro9PwDuBwYP8GR1tY=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOepMhMzvrzKwQQn7CiwdFvPo73vwbJ8keNLGgoajqprsrSgU31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVphg2mhNLtiBoUPMGG5VZgO9VIZSSwFY1uZ37rCbXhKnmw4xRDSQcJjzmj1kntrpI4oD3eK1f8qj8HWSVBTiqQo94rf3X7imUSE8sENaYT+KkNJ1RbzgROS93MYErZiA6w42hCJZpwMr93Ss6c0iex0q4SS+bq74kJlcaMZeQ6JbVDs+zNxP+8Tmbj63DCkzSzmLDFojgTxCoye570uUZmxdgRyjR3txI2pJoy6yIquRCC5ZdXSfOiGvjV4P6yUrvJ4yjCCZzCOQRwBTW4gzo0gIGAZ3iFN+/Re/HevY9Fa8HLZ47hD7zPHw52j/c=</latexit><latexit sha1_base64="tPA1JTojK9ro9PwDuBwYP8GR1tY=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOepMhMzvrzKwQQn7CiwdFvPo73vwbJ8keNLGgoajqprsrSgU31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVphg2mhNLtiBoUPMGG5VZgO9VIZSSwFY1uZ37rCbXhKnmw4xRDSQcJjzmj1kntrpI4oD3eK1f8qj8HWSVBTiqQo94rf3X7imUSE8sENaYT+KkNJ1RbzgROS93MYErZiA6w42hCJZpwMr93Ss6c0iex0q4SS+bq74kJlcaMZeQ6JbVDs+zNxP+8Tmbj63DCkzSzmLDFojgTxCoye570uUZmxdgRyjR3txI2pJoy6yIquRCC5ZdXSfOiGvjV4P6yUrvJ4yjCCZzCOQRwBTW4gzo0gIGAZ3iFN+/Re/HevY9Fa8HLZ47hD7zPHw52j/c=</latexit>

p(!i)
<latexit sha1_base64="zRagswi1cF41xd9rAB1zoJinrVg=">AAAB8nicbVDLSgNBEJz1GeMr6tHLYBDiJeyKoMegF48RzAM2S5idzCZD5rHM9AphyWd48aCIV7/Gm3/jJNmDJhY0FFXddHfFqeAWfP/bW1vf2NzaLu2Ud/f2Dw4rR8dtqzNDWYtqoU03JpYJrlgLOAjWTQ0jMhasE4/vZn7niRnLtXqEScoiSYaKJ5wScFKY1npasiHp84t+perX/TnwKgkKUkUFmv3KV2+gaSaZAiqItWHgpxDlxACngk3LvcyylNAxGbLQUUUks1E+P3mKz50ywIk2rhTgufp7IifS2omMXackMLLL3kz8zwszSG6inKs0A6boYlGSCQwaz/7HA24YBTFxhFDD3a2YjoghFFxKZRdCsPzyKmlf1gO/HjxcVRu3RRwldIrOUA0F6Bo10D1qohaiSKNn9IrePPBevHfvY9G65hUzJ+gPvM8fqtqQ1g==</latexit><latexit sha1_base64="zRagswi1cF41xd9rAB1zoJinrVg=">AAAB8nicbVDLSgNBEJz1GeMr6tHLYBDiJeyKoMegF48RzAM2S5idzCZD5rHM9AphyWd48aCIV7/Gm3/jJNmDJhY0FFXddHfFqeAWfP/bW1vf2NzaLu2Ud/f2Dw4rR8dtqzNDWYtqoU03JpYJrlgLOAjWTQ0jMhasE4/vZn7niRnLtXqEScoiSYaKJ5wScFKY1npasiHp84t+perX/TnwKgkKUkUFmv3KV2+gaSaZAiqItWHgpxDlxACngk3LvcyylNAxGbLQUUUks1E+P3mKz50ywIk2rhTgufp7IifS2omMXackMLLL3kz8zwszSG6inKs0A6boYlGSCQwaz/7HA24YBTFxhFDD3a2YjoghFFxKZRdCsPzyKmlf1gO/HjxcVRu3RRwldIrOUA0F6Bo10D1qohaiSKNn9IrePPBevHfvY9G65hUzJ+gPvM8fqtqQ1g==</latexit><latexit sha1_base64="zRagswi1cF41xd9rAB1zoJinrVg=">AAAB8nicbVDLSgNBEJz1GeMr6tHLYBDiJeyKoMegF48RzAM2S5idzCZD5rHM9AphyWd48aCIV7/Gm3/jJNmDJhY0FFXddHfFqeAWfP/bW1vf2NzaLu2Ud/f2Dw4rR8dtqzNDWYtqoU03JpYJrlgLOAjWTQ0jMhasE4/vZn7niRnLtXqEScoiSYaKJ5wScFKY1npasiHp84t+perX/TnwKgkKUkUFmv3KV2+gaSaZAiqItWHgpxDlxACngk3LvcyylNAxGbLQUUUks1E+P3mKz50ywIk2rhTgufp7IifS2omMXackMLLL3kz8zwszSG6inKs0A6boYlGSCQwaz/7HA24YBTFxhFDD3a2YjoghFFxKZRdCsPzyKmlf1gO/HjxcVRu3RRwldIrOUA0F6Bo10D1qohaiSKNn9IrePPBevHfvY9G65hUzJ+gPvM8fqtqQ1g==</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="15DJAla86HT/La+KxEaW4a9C5Cc=">AAAB53icbZBLSwMxFIXv+Ky1anXrJliEuikzbnQpuHFZwT6gHUomzbSheQzJHaEM/RluXCjiP3LnvzF9LLT1QODjnITce5JMCodh+B1sbe/s7u2XDsqHlaPjk+pppe1MbhlvMSON7SbUcSk0b6FAybuZ5VQlkneSyf087zxz64TRTzjNeKzoSItUMIre6mX1vlF8RAfialCthY1wIbIJ0QpqsFJzUP3qDw3LFdfIJHWuF4UZxgW1KJjks3I/dzyjbEJHvOdRU8VdXCxGnpFL7wxJaqw/GsnC/f2ioMq5qUr8TUVx7Nazuflf1ssxvY0LobMcuWbLj9JcEjRkvj8ZCssZyqkHyqzwsxI2ppYy9C2VfQnR+sqb0L5uRGEjegyhBOdwAXWI4Abu4AGa0AIGBl7gDd4DDF6Dj2VdW8GqtzP4o+DzB22ij3k=</latexit><latexit sha1_base64="15DJAla86HT/La+KxEaW4a9C5Cc=">AAAB53icbZBLSwMxFIXv+Ky1anXrJliEuikzbnQpuHFZwT6gHUomzbSheQzJHaEM/RluXCjiP3LnvzF9LLT1QODjnITce5JMCodh+B1sbe/s7u2XDsqHlaPjk+pppe1MbhlvMSON7SbUcSk0b6FAybuZ5VQlkneSyf087zxz64TRTzjNeKzoSItUMIre6mX1vlF8RAfialCthY1wIbIJ0QpqsFJzUP3qDw3LFdfIJHWuF4UZxgW1KJjks3I/dzyjbEJHvOdRU8VdXCxGnpFL7wxJaqw/GsnC/f2ioMq5qUr8TUVx7Nazuflf1ssxvY0LobMcuWbLj9JcEjRkvj8ZCssZyqkHyqzwsxI2ppYy9C2VfQnR+sqb0L5uRGEjegyhBOdwAXWI4Abu4AGa0AIGBl7gDd4DDF6Dj2VdW8GqtzP4o+DzB22ij3k=</latexit><latexit sha1_base64="RGJT5qPvftMWd/2gG0qEAw4AnQ4=">AAAB8nicbVDLSgNBEJyNrxhfUY9eBoMQL2HXix6DXjxGMA/YLGF20psMmccyMyuEJZ/hxYMiXv0ab/6Nk2QPmljQUFR1090Vp5wZ6/vfXmljc2t7p7xb2ds/ODyqHp90jMo0hTZVXOleTAxwJqFtmeXQSzUQEXPoxpO7ud99Am2Yko92mkIkyEiyhFFinRSm9b4SMCIDdjmo1vyGvwBeJ0FBaqhAa1D96g8VzQRISzkxJgz81EY50ZZRDrNKPzOQEjohIwgdlUSAifLFyTN84ZQhTpR2JS1eqL8nciKMmYrYdQpix2bVm4v/eWFmk5soZzLNLEi6XJRkHFuF5//jIdNALZ86Qqhm7lZMx0QTal1KFRdCsPryOulcNQK/ETz4teZtEUcZnaFzVEcBukZNdI9aqI0oUugZvaI3z3ov3rv3sWwtecXMKfoD7/MHqZqQ0g==</latexit><latexit sha1_base64="zRagswi1cF41xd9rAB1zoJinrVg=">AAAB8nicbVDLSgNBEJz1GeMr6tHLYBDiJeyKoMegF48RzAM2S5idzCZD5rHM9AphyWd48aCIV7/Gm3/jJNmDJhY0FFXddHfFqeAWfP/bW1vf2NzaLu2Ud/f2Dw4rR8dtqzNDWYtqoU03JpYJrlgLOAjWTQ0jMhasE4/vZn7niRnLtXqEScoiSYaKJ5wScFKY1npasiHp84t+perX/TnwKgkKUkUFmv3KV2+gaSaZAiqItWHgpxDlxACngk3LvcyylNAxGbLQUUUks1E+P3mKz50ywIk2rhTgufp7IifS2omMXackMLLL3kz8zwszSG6inKs0A6boYlGSCQwaz/7HA24YBTFxhFDD3a2YjoghFFxKZRdCsPzyKmlf1gO/HjxcVRu3RRwldIrOUA0F6Bo10D1qohaiSKNn9IrePPBevHfvY9G65hUzJ+gPvM8fqtqQ1g==</latexit><latexit sha1_base64="zRagswi1cF41xd9rAB1zoJinrVg=">AAAB8nicbVDLSgNBEJz1GeMr6tHLYBDiJeyKoMegF48RzAM2S5idzCZD5rHM9AphyWd48aCIV7/Gm3/jJNmDJhY0FFXddHfFqeAWfP/bW1vf2NzaLu2Ud/f2Dw4rR8dtqzNDWYtqoU03JpYJrlgLOAjWTQ0jMhasE4/vZn7niRnLtXqEScoiSYaKJ5wScFKY1npasiHp84t+perX/TnwKgkKUkUFmv3KV2+gaSaZAiqItWHgpxDlxACngk3LvcyylNAxGbLQUUUks1E+P3mKz50ywIk2rhTgufp7IifS2omMXackMLLL3kz8zwszSG6inKs0A6boYlGSCQwaz/7HA24YBTFxhFDD3a2YjoghFFxKZRdCsPzyKmlf1gO/HjxcVRu3RRwldIrOUA0F6Bo10D1qohaiSKNn9IrePPBevHfvY9G65hUzJ+gPvM8fqtqQ1g==</latexit><latexit sha1_base64="zRagswi1cF41xd9rAB1zoJinrVg=">AAAB8nicbVDLSgNBEJz1GeMr6tHLYBDiJeyKoMegF48RzAM2S5idzCZD5rHM9AphyWd48aCIV7/Gm3/jJNmDJhY0FFXddHfFqeAWfP/bW1vf2NzaLu2Ud/f2Dw4rR8dtqzNDWYtqoU03JpYJrlgLOAjWTQ0jMhasE4/vZn7niRnLtXqEScoiSYaKJ5wScFKY1npasiHp84t+perX/TnwKgkKUkUFmv3KV2+gaSaZAiqItWHgpxDlxACngk3LvcyylNAxGbLQUUUks1E+P3mKz50ywIk2rhTgufp7IifS2omMXackMLLL3kz8zwszSG6inKs0A6boYlGSCQwaz/7HA24YBTFxhFDD3a2YjoghFFxKZRdCsPzyKmlf1gO/HjxcVRu3RRwldIrOUA0F6Bo10D1qohaiSKNn9IrePPBevHfvY9G65hUzJ+gPvM8fqtqQ1g==</latexit><latexit sha1_base64="zRagswi1cF41xd9rAB1zoJinrVg=">AAAB8nicbVDLSgNBEJz1GeMr6tHLYBDiJeyKoMegF48RzAM2S5idzCZD5rHM9AphyWd48aCIV7/Gm3/jJNmDJhY0FFXddHfFqeAWfP/bW1vf2NzaLu2Ud/f2Dw4rR8dtqzNDWYtqoU03JpYJrlgLOAjWTQ0jMhasE4/vZn7niRnLtXqEScoiSYaKJ5wScFKY1npasiHp84t+perX/TnwKgkKUkUFmv3KV2+gaSaZAiqItWHgpxDlxACngk3LvcyylNAxGbLQUUUks1E+P3mKz50ywIk2rhTgufp7IifS2omMXackMLLL3kz8zwszSG6inKs0A6boYlGSCQwaz/7HA24YBTFxhFDD3a2YjoghFFxKZRdCsPzyKmlf1gO/HjxcVRu3RRwldIrOUA0F6Bo10D1qohaiSKNn9IrePPBevHfvY9G65hUzJ+gPvM8fqtqQ1g==</latexit><latexit sha1_base64="zRagswi1cF41xd9rAB1zoJinrVg=">AAAB8nicbVDLSgNBEJz1GeMr6tHLYBDiJeyKoMegF48RzAM2S5idzCZD5rHM9AphyWd48aCIV7/Gm3/jJNmDJhY0FFXddHfFqeAWfP/bW1vf2NzaLu2Ud/f2Dw4rR8dtqzNDWYtqoU03JpYJrlgLOAjWTQ0jMhasE4/vZn7niRnLtXqEScoiSYaKJ5wScFKY1npasiHp84t+perX/TnwKgkKUkUFmv3KV2+gaSaZAiqItWHgpxDlxACngk3LvcyylNAxGbLQUUUks1E+P3mKz50ywIk2rhTgufp7IifS2omMXackMLLL3kz8zwszSG6inKs0A6boYlGSCQwaz/7HA24YBTFxhFDD3a2YjoghFFxKZRdCsPzyKmlf1gO/HjxcVRu3RRwldIrOUA0F6Bo10D1qohaiSKNn9IrePPBevHfvY9G65hUzJ+gPvM8fqtqQ1g==</latexit><latexit sha1_base64="zRagswi1cF41xd9rAB1zoJinrVg=">AAAB8nicbVDLSgNBEJz1GeMr6tHLYBDiJeyKoMegF48RzAM2S5idzCZD5rHM9AphyWd48aCIV7/Gm3/jJNmDJhY0FFXddHfFqeAWfP/bW1vf2NzaLu2Ud/f2Dw4rR8dtqzNDWYtqoU03JpYJrlgLOAjWTQ0jMhasE4/vZn7niRnLtXqEScoiSYaKJ5wScFKY1npasiHp84t+perX/TnwKgkKUkUFmv3KV2+gaSaZAiqItWHgpxDlxACngk3LvcyylNAxGbLQUUUks1E+P3mKz50ywIk2rhTgufp7IifS2omMXackMLLL3kz8zwszSG6inKs0A6boYlGSCQwaz/7HA24YBTFxhFDD3a2YjoghFFxKZRdCsPzyKmlf1gO/HjxcVRu3RRwldIrOUA0F6Bo10D1qohaiSKNn9IrePPBevHfvY9G65hUzJ+gPvM8fqtqQ1g==</latexit>

Mi = (S,A, T!i ,R!i , µ, �)
<latexit sha1_base64="SCEB9RrojAnuIZ/4M58kAwziSz4="></latexit><latexit sha1_base64="SCEB9RrojAnuIZ/4M58kAwziSz4="></latexit><latexit sha1_base64="SCEB9RrojAnuIZ/4M58kAwziSz4="></latexit><latexit sha1_base64="SCEB9RrojAnuIZ/4M58kAwziSz4="></latexit>

T ! p(s0|s, a,!i)
<latexit sha1_base64="s35Iuqx1YJlkVz76500mO6omw6Q=">AAACFXicbVDLSgMxFM34rPVVdekmWMQKpcyIoMuiG5cV+oLOMNxJ0zY0MxmSjFLG/oQbf8WNC0XcCu78G9N2Ftp6IHA4515uzglizpS27W9raXlldW09t5Hf3Nre2S3s7TeVSCShDSK4kO0AFOUsog3NNKftWFIIA05bwfB64rfuqFRMRHU9iqkXQj9iPUZAG8kvlN0Q9IAAT+tj7ErWH2iQUtzjuKROHlQZQxm7IqR98NmpXyjaFXsKvEicjBRRhppf+HK7giQhjTThoFTHsWPtpSA1I5yO826iaAxkCH3aMTSCkCovnaYa42OjdHFPSPMijafq740UQqVGYWAmJxnUvDcR//M6ie5deimL4kTTiMwO9RKOtcCTinCXSUo0HxkCRDLzV0wGIIFoU2TelODMR14kzbOKY1ec2/Ni9SqrI4cO0REqIQddoCq6QTXUQAQ9omf0it6sJ+vFerc+ZqNLVrZzgP7A+vwBTe6eOg==</latexit><latexit sha1_base64="s35Iuqx1YJlkVz76500mO6omw6Q=">AAACFXicbVDLSgMxFM34rPVVdekmWMQKpcyIoMuiG5cV+oLOMNxJ0zY0MxmSjFLG/oQbf8WNC0XcCu78G9N2Ftp6IHA4515uzglizpS27W9raXlldW09t5Hf3Nre2S3s7TeVSCShDSK4kO0AFOUsog3NNKftWFIIA05bwfB64rfuqFRMRHU9iqkXQj9iPUZAG8kvlN0Q9IAAT+tj7ErWH2iQUtzjuKROHlQZQxm7IqR98NmpXyjaFXsKvEicjBRRhppf+HK7giQhjTThoFTHsWPtpSA1I5yO826iaAxkCH3aMTSCkCovnaYa42OjdHFPSPMijafq740UQqVGYWAmJxnUvDcR//M6ie5deimL4kTTiMwO9RKOtcCTinCXSUo0HxkCRDLzV0wGIIFoU2TelODMR14kzbOKY1ec2/Ni9SqrI4cO0REqIQddoCq6QTXUQAQ9omf0it6sJ+vFerc+ZqNLVrZzgP7A+vwBTe6eOg==</latexit><latexit sha1_base64="s35Iuqx1YJlkVz76500mO6omw6Q=">AAACFXicbVDLSgMxFM34rPVVdekmWMQKpcyIoMuiG5cV+oLOMNxJ0zY0MxmSjFLG/oQbf8WNC0XcCu78G9N2Ftp6IHA4515uzglizpS27W9raXlldW09t5Hf3Nre2S3s7TeVSCShDSK4kO0AFOUsog3NNKftWFIIA05bwfB64rfuqFRMRHU9iqkXQj9iPUZAG8kvlN0Q9IAAT+tj7ErWH2iQUtzjuKROHlQZQxm7IqR98NmpXyjaFXsKvEicjBRRhppf+HK7giQhjTThoFTHsWPtpSA1I5yO826iaAxkCH3aMTSCkCovnaYa42OjdHFPSPMijafq740UQqVGYWAmJxnUvDcR//M6ie5deimL4kTTiMwO9RKOtcCTinCXSUo0HxkCRDLzV0wGIIFoU2TelODMR14kzbOKY1ec2/Ni9SqrI4cO0REqIQddoCq6QTXUQAQ9omf0it6sJ+vFerc+ZqNLVrZzgP7A+vwBTe6eOg==</latexit><latexit sha1_base64="s35Iuqx1YJlkVz76500mO6omw6Q=">AAACFXicbVDLSgMxFM34rPVVdekmWMQKpcyIoMuiG5cV+oLOMNxJ0zY0MxmSjFLG/oQbf8WNC0XcCu78G9N2Ftp6IHA4515uzglizpS27W9raXlldW09t5Hf3Nre2S3s7TeVSCShDSK4kO0AFOUsog3NNKftWFIIA05bwfB64rfuqFRMRHU9iqkXQj9iPUZAG8kvlN0Q9IAAT+tj7ErWH2iQUtzjuKROHlQZQxm7IqR98NmpXyjaFXsKvEicjBRRhppf+HK7giQhjTThoFTHsWPtpSA1I5yO826iaAxkCH3aMTSCkCovnaYa42OjdHFPSPMijafq740UQqVGYWAmJxnUvDcR//M6ie5deimL4kTTiMwO9RKOtcCTinCXSUo0HxkCRDLzV0wGIIFoU2TelODMR14kzbOKY1ec2/Ni9SqrI4cO0REqIQddoCq6QTXUQAQ9omf0it6sJ+vFerc+ZqNLVrZzgP7A+vwBTe6eOg==</latexit>

R ! r(s, a,!i)
<latexit sha1_base64="+L3y3hs6DM67hC6wCVVCO32l8Eo=">AAACEnicbVDLSgMxFM3UV62vqks3wSK0UMqMCLosunFZxT6gMwx30rQNzUyGJKOUod/gxl9x40IRt67c+Tdm2i609UDgcM693JwTxJwpbdvfVm5ldW19I79Z2Nre2d0r7h+0lEgkoU0iuJCdABTlLKJNzTSnnVhSCANO28HoKvPb91QqJqI7PY6pF8IgYn1GQBvJL1bcEPSQAE9vJ9iVbDDUIKV4wLKsqhiq2BUhHYDPKn6xZNfsKfAyceakhOZo+MUvtydIEtJIEw5KdR071l4KUjPC6aTgJorGQEYwoF1DIwip8tJppAk+MUoP94U0L9J4qv7eSCFUahwGZjILoBa9TPzP6ya6f+GlLIoTTSMyO9RPONYCZ/3gHpOUaD42BIhk5q+YDEEC0abFginBWYy8TFqnNceuOTdnpfrlvI48OkLHqIwcdI7q6Bo1UBMR9Iie0St6s56sF+vd+piN5qz5ziH6A+vzBwkHnQY=</latexit><latexit sha1_base64="+L3y3hs6DM67hC6wCVVCO32l8Eo=">AAACEnicbVDLSgMxFM3UV62vqks3wSK0UMqMCLosunFZxT6gMwx30rQNzUyGJKOUod/gxl9x40IRt67c+Tdm2i609UDgcM693JwTxJwpbdvfVm5ldW19I79Z2Nre2d0r7h+0lEgkoU0iuJCdABTlLKJNzTSnnVhSCANO28HoKvPb91QqJqI7PY6pF8IgYn1GQBvJL1bcEPSQAE9vJ9iVbDDUIKV4wLKsqhiq2BUhHYDPKn6xZNfsKfAyceakhOZo+MUvtydIEtJIEw5KdR071l4KUjPC6aTgJorGQEYwoF1DIwip8tJppAk+MUoP94U0L9J4qv7eSCFUahwGZjILoBa9TPzP6ya6f+GlLIoTTSMyO9RPONYCZ/3gHpOUaD42BIhk5q+YDEEC0abFginBWYy8TFqnNceuOTdnpfrlvI48OkLHqIwcdI7q6Bo1UBMR9Iie0St6s56sF+vd+piN5qz5ziH6A+vzBwkHnQY=</latexit><latexit sha1_base64="+L3y3hs6DM67hC6wCVVCO32l8Eo=">AAACEnicbVDLSgMxFM3UV62vqks3wSK0UMqMCLosunFZxT6gMwx30rQNzUyGJKOUod/gxl9x40IRt67c+Tdm2i609UDgcM693JwTxJwpbdvfVm5ldW19I79Z2Nre2d0r7h+0lEgkoU0iuJCdABTlLKJNzTSnnVhSCANO28HoKvPb91QqJqI7PY6pF8IgYn1GQBvJL1bcEPSQAE9vJ9iVbDDUIKV4wLKsqhiq2BUhHYDPKn6xZNfsKfAyceakhOZo+MUvtydIEtJIEw5KdR071l4KUjPC6aTgJorGQEYwoF1DIwip8tJppAk+MUoP94U0L9J4qv7eSCFUahwGZjILoBa9TPzP6ya6f+GlLIoTTSMyO9RPONYCZ/3gHpOUaD42BIhk5q+YDEEC0abFginBWYy8TFqnNceuOTdnpfrlvI48OkLHqIwcdI7q6Bo1UBMR9Iie0St6s56sF+vd+piN5qz5ziH6A+vzBwkHnQY=</latexit><latexit sha1_base64="+L3y3hs6DM67hC6wCVVCO32l8Eo=">AAACEnicbVDLSgMxFM3UV62vqks3wSK0UMqMCLosunFZxT6gMwx30rQNzUyGJKOUod/gxl9x40IRt67c+Tdm2i609UDgcM693JwTxJwpbdvfVm5ldW19I79Z2Nre2d0r7h+0lEgkoU0iuJCdABTlLKJNzTSnnVhSCANO28HoKvPb91QqJqI7PY6pF8IgYn1GQBvJL1bcEPSQAE9vJ9iVbDDUIKV4wLKsqhiq2BUhHYDPKn6xZNfsKfAyceakhOZo+MUvtydIEtJIEw5KdR071l4KUjPC6aTgJorGQEYwoF1DIwip8tJppAk+MUoP94U0L9J4qv7eSCFUahwGZjILoBa9TPzP6ya6f+GlLIoTTSMyO9RPONYCZ/3gHpOUaD42BIhk5q+YDEEC0abFginBWYy8TFqnNceuOTdnpfrlvI48OkLHqIwcdI7q6Bo1UBMR9Iie0St6s56sF+vd+piN5qz5ziH6A+vzBwkHnQY=</latexit>

µ ! µ(s0)p(!i)
<latexit sha1_base64="+1HhQ90rXbzwSvvpcn0gUn2hLjU=">AAACDHicbVDLSgMxFM34rPVVdekmWIR2U2ZE0GXRjcsK9gGdYcikmWloHkOSUcrQD3Djr7hxoYhbP8Cdf2PazkJbDwROzjmX5J4oZVQb1/12VlbX1jc2S1vl7Z3dvf3KwWFHy0xh0saSSdWLkCaMCtI21DDSSxVBPGKkG42up373nihNpbgz45QEHCWCxhQjY6WwUvV5Bn1Fk6FBSskHaO81Hbr1tOZLThIU0rpNuQ13BrhMvIJUQYFWWPnyBxJnnAiDGdK677mpCXKkDMWMTMp+pkmK8AglpG+pQJzoIJ8tM4GnVhnAWCp7hIEz9fdEjrjWYx7ZJEdmqBe9qfif189MfBnkVKSZIQLPH4ozBo2E02bggCqCDRtbgrCi9q8QD5FC2Nj+yrYEb3HlZdI5a3huw7s9rzavijpK4BicgBrwwAVoghvQAm2AwSN4Bq/gzXlyXpx352MeXXGKmSPwB87nD5lbmqs=</latexit><latexit sha1_base64="+1HhQ90rXbzwSvvpcn0gUn2hLjU=">AAACDHicbVDLSgMxFM34rPVVdekmWIR2U2ZE0GXRjcsK9gGdYcikmWloHkOSUcrQD3Djr7hxoYhbP8Cdf2PazkJbDwROzjmX5J4oZVQb1/12VlbX1jc2S1vl7Z3dvf3KwWFHy0xh0saSSdWLkCaMCtI21DDSSxVBPGKkG42up373nihNpbgz45QEHCWCxhQjY6WwUvV5Bn1Fk6FBSskHaO81Hbr1tOZLThIU0rpNuQ13BrhMvIJUQYFWWPnyBxJnnAiDGdK677mpCXKkDMWMTMp+pkmK8AglpG+pQJzoIJ8tM4GnVhnAWCp7hIEz9fdEjrjWYx7ZJEdmqBe9qfif189MfBnkVKSZIQLPH4ozBo2E02bggCqCDRtbgrCi9q8QD5FC2Nj+yrYEb3HlZdI5a3huw7s9rzavijpK4BicgBrwwAVoghvQAm2AwSN4Bq/gzXlyXpx352MeXXGKmSPwB87nD5lbmqs=</latexit><latexit sha1_base64="+1HhQ90rXbzwSvvpcn0gUn2hLjU=">AAACDHicbVDLSgMxFM34rPVVdekmWIR2U2ZE0GXRjcsK9gGdYcikmWloHkOSUcrQD3Djr7hxoYhbP8Cdf2PazkJbDwROzjmX5J4oZVQb1/12VlbX1jc2S1vl7Z3dvf3KwWFHy0xh0saSSdWLkCaMCtI21DDSSxVBPGKkG42up373nihNpbgz45QEHCWCxhQjY6WwUvV5Bn1Fk6FBSskHaO81Hbr1tOZLThIU0rpNuQ13BrhMvIJUQYFWWPnyBxJnnAiDGdK677mpCXKkDMWMTMp+pkmK8AglpG+pQJzoIJ8tM4GnVhnAWCp7hIEz9fdEjrjWYx7ZJEdmqBe9qfif189MfBnkVKSZIQLPH4ozBo2E02bggCqCDRtbgrCi9q8QD5FC2Nj+yrYEb3HlZdI5a3huw7s9rzavijpK4BicgBrwwAVoghvQAm2AwSN4Bq/gzXlyXpx352MeXXGKmSPwB87nD5lbmqs=</latexit><latexit sha1_base64="+1HhQ90rXbzwSvvpcn0gUn2hLjU=">AAACDHicbVDLSgMxFM34rPVVdekmWIR2U2ZE0GXRjcsK9gGdYcikmWloHkOSUcrQD3Djr7hxoYhbP8Cdf2PazkJbDwROzjmX5J4oZVQb1/12VlbX1jc2S1vl7Z3dvf3KwWFHy0xh0saSSdWLkCaMCtI21DDSSxVBPGKkG42up373nihNpbgz45QEHCWCxhQjY6WwUvV5Bn1Fk6FBSskHaO81Hbr1tOZLThIU0rpNuQ13BrhMvIJUQYFWWPnyBxJnnAiDGdK677mpCXKkDMWMTMp+pkmK8AglpG+pQJzoIJ8tM4GnVhnAWCp7hIEz9fdEjrjWYx7ZJEdmqBe9qfif189MfBnkVKSZIQLPH4ozBo2E02bggCqCDRtbgrCi9q8QD5FC2Nj+yrYEb3HlZdI5a3huw7s9rzavijpK4BicgBrwwAVoghvQAm2AwSN4Bq/gzXlyXpx352MeXXGKmSPwB87nD5lbmqs=</latexit>

s ! (s,!i)
<latexit sha1_base64="u+wg5mJPJ3CswoggFaQ/vfuPlB0=">AAACBHicbVDLSsNAFJ3UV62vqMtuBotQQUoigi6LblxWsA9oQphMJ+nQmUyYmSgldOHGX3HjQhG3foQ7/8Zpm4W2HrhwOOde7r0nTBlV2nG+rdLK6tr6RnmzsrW9s7tn7x90lMgkJm0smJC9ECnCaELammpGeqkkiIeMdMPR9dTv3hOpqEju9DglPkdxQiOKkTZSYFcV9CSNhxpJKR5gXZ1CT3ASo4CeBHbNaTgzwGXiFqQGCrQC+8sbCJxxkmjMkFJ910m1nyOpKWZkUvEyRVKERygmfUMTxIny89kTE3hslAGMhDSVaDhTf0/kiCs15qHp5EgP1aI3Ff/z+pmOLv2cJmmmSYLni6KMQS3gNBE4oJJgzcaGICypuRXiIZIIa5NbxYTgLr68TDpnDddpuLfnteZVEUcZVMERqAMXXIAmuAEt0AYYPIJn8ArerCfrxXq3PuatJauYOQR/YH3+AHIsl04=</latexit><latexit sha1_base64="u+wg5mJPJ3CswoggFaQ/vfuPlB0=">AAACBHicbVDLSsNAFJ3UV62vqMtuBotQQUoigi6LblxWsA9oQphMJ+nQmUyYmSgldOHGX3HjQhG3foQ7/8Zpm4W2HrhwOOde7r0nTBlV2nG+rdLK6tr6RnmzsrW9s7tn7x90lMgkJm0smJC9ECnCaELammpGeqkkiIeMdMPR9dTv3hOpqEju9DglPkdxQiOKkTZSYFcV9CSNhxpJKR5gXZ1CT3ASo4CeBHbNaTgzwGXiFqQGCrQC+8sbCJxxkmjMkFJ910m1nyOpKWZkUvEyRVKERygmfUMTxIny89kTE3hslAGMhDSVaDhTf0/kiCs15qHp5EgP1aI3Ff/z+pmOLv2cJmmmSYLni6KMQS3gNBE4oJJgzcaGICypuRXiIZIIa5NbxYTgLr68TDpnDddpuLfnteZVEUcZVMERqAMXXIAmuAEt0AYYPIJn8ArerCfrxXq3PuatJauYOQR/YH3+AHIsl04=</latexit><latexit sha1_base64="u+wg5mJPJ3CswoggFaQ/vfuPlB0=">AAACBHicbVDLSsNAFJ3UV62vqMtuBotQQUoigi6LblxWsA9oQphMJ+nQmUyYmSgldOHGX3HjQhG3foQ7/8Zpm4W2HrhwOOde7r0nTBlV2nG+rdLK6tr6RnmzsrW9s7tn7x90lMgkJm0smJC9ECnCaELammpGeqkkiIeMdMPR9dTv3hOpqEju9DglPkdxQiOKkTZSYFcV9CSNhxpJKR5gXZ1CT3ASo4CeBHbNaTgzwGXiFqQGCrQC+8sbCJxxkmjMkFJ910m1nyOpKWZkUvEyRVKERygmfUMTxIny89kTE3hslAGMhDSVaDhTf0/kiCs15qHp5EgP1aI3Ff/z+pmOLv2cJmmmSYLni6KMQS3gNBE4oJJgzcaGICypuRXiIZIIa5NbxYTgLr68TDpnDddpuLfnteZVEUcZVMERqAMXXIAmuAEt0AYYPIJn8ArerCfrxXq3PuatJauYOQR/YH3+AHIsl04=</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="e9dAa5nSqCY3b95hl8nVom3FpnY=">AAAB+XicbZBLSwMxFIXv1FetVUe33QSLUEHKjBtdCm5cVrAP6JQhk2amoZlkSDJKGbpw419x40IR/4g7/43pY6GtBwIf5yTc3BNlnGnjed9OaWNza3unvFvZq+4fHLpH1Y6WuSK0TSSXqhdhTTkTtG2Y4bSXKYrTiNNuNL6Z5d0HqjST4t5MMjpIcSJYzAg21grdmkaBYsnIYKXkI2rocxTIlCY4ZGehW/ea3lxoHfwl1GGpVuh+BUNJ8pQKQzjWuu97mRkUWBlGOJ1WglzTDJMxTmjfosAp1YNivsQUnVpniGKp7BEGzd3fLwqcaj1JI3szxWakV7OZ+V/Wz018NSiYyHJDBVkMinOOjESzRtCQKUoMn1jARDH7V0RGWGFibG8VW4K/uvI6dC6avtf07zwoQw1OoAE+XMI13EIL2kDgCV7gDd6dZ+fV+VjUVXKWvR3DHzmfP/D5ld8=</latexit><latexit sha1_base64="e9dAa5nSqCY3b95hl8nVom3FpnY=">AAAB+XicbZBLSwMxFIXv1FetVUe33QSLUEHKjBtdCm5cVrAP6JQhk2amoZlkSDJKGbpw419x40IR/4g7/43pY6GtBwIf5yTc3BNlnGnjed9OaWNza3unvFvZq+4fHLpH1Y6WuSK0TSSXqhdhTTkTtG2Y4bSXKYrTiNNuNL6Z5d0HqjST4t5MMjpIcSJYzAg21grdmkaBYsnIYKXkI2rocxTIlCY4ZGehW/ea3lxoHfwl1GGpVuh+BUNJ8pQKQzjWuu97mRkUWBlGOJ1WglzTDJMxTmjfosAp1YNivsQUnVpniGKp7BEGzd3fLwqcaj1JI3szxWakV7OZ+V/Wz018NSiYyHJDBVkMinOOjESzRtCQKUoMn1jARDH7V0RGWGFibG8VW4K/uvI6dC6avtf07zwoQw1OoAE+XMI13EIL2kDgCV7gDd6dZ+fV+VjUVXKWvR3DHzmfP/D5ld8=</latexit><latexit sha1_base64="nPrGWLGD3dZRpYFgagfrUBXFM9s=">AAACBHicbVDLSsNAFJ34rPUVddnNYBEqSEnc6LLoxmUF+4A2hMl0kg6dR5iZKCV04cZfceNCEbd+hDv/xmmbhbYeuHA4517uvSdKGdXG876dldW19Y3N0lZ5e2d3b989OGxrmSlMWlgyqboR0oRRQVqGGka6qSKIR4x0otH11O/cE6WpFHdmnJKAo0TQmGJkrBS6FQ37iiZDg5SSD7Cmz2BfcpKgkJ6GbtWrezPAZeIXpAoKNEP3qz+QOONEGMyQ1j3fS02QI2UoZmRS7meapAiPUEJ6lgrEiQ7y2RMTeGKVAYylsiUMnKm/J3LEtR7zyHZyZIZ60ZuK/3m9zMSXQU5Fmhki8HxRnDFoJJwmAgdUEWzY2BKEFbW3QjxECmFjcyvbEPzFl5dJ+7zue3X/1qs2roo4SqACjkEN+OACNMANaIIWwOARPINX8OY8OS/Ou/Mxb11xipkj8AfO5w9w7JdK</latexit><latexit sha1_base64="u+wg5mJPJ3CswoggFaQ/vfuPlB0=">AAACBHicbVDLSsNAFJ3UV62vqMtuBotQQUoigi6LblxWsA9oQphMJ+nQmUyYmSgldOHGX3HjQhG3foQ7/8Zpm4W2HrhwOOde7r0nTBlV2nG+rdLK6tr6RnmzsrW9s7tn7x90lMgkJm0smJC9ECnCaELammpGeqkkiIeMdMPR9dTv3hOpqEju9DglPkdxQiOKkTZSYFcV9CSNhxpJKR5gXZ1CT3ASo4CeBHbNaTgzwGXiFqQGCrQC+8sbCJxxkmjMkFJ910m1nyOpKWZkUvEyRVKERygmfUMTxIny89kTE3hslAGMhDSVaDhTf0/kiCs15qHp5EgP1aI3Ff/z+pmOLv2cJmmmSYLni6KMQS3gNBE4oJJgzcaGICypuRXiIZIIa5NbxYTgLr68TDpnDddpuLfnteZVEUcZVMERqAMXXIAmuAEt0AYYPIJn8ArerCfrxXq3PuatJauYOQR/YH3+AHIsl04=</latexit><latexit sha1_base64="u+wg5mJPJ3CswoggFaQ/vfuPlB0=">AAACBHicbVDLSsNAFJ3UV62vqMtuBotQQUoigi6LblxWsA9oQphMJ+nQmUyYmSgldOHGX3HjQhG3foQ7/8Zpm4W2HrhwOOde7r0nTBlV2nG+rdLK6tr6RnmzsrW9s7tn7x90lMgkJm0smJC9ECnCaELammpGeqkkiIeMdMPR9dTv3hOpqEju9DglPkdxQiOKkTZSYFcV9CSNhxpJKR5gXZ1CT3ASo4CeBHbNaTgzwGXiFqQGCrQC+8sbCJxxkmjMkFJ910m1nyOpKWZkUvEyRVKERygmfUMTxIny89kTE3hslAGMhDSVaDhTf0/kiCs15qHp5EgP1aI3Ff/z+pmOLv2cJmmmSYLni6KMQS3gNBE4oJJgzcaGICypuRXiIZIIa5NbxYTgLr68TDpnDddpuLfnteZVEUcZVMERqAMXXIAmuAEt0AYYPIJn8ArerCfrxXq3PuatJauYOQR/YH3+AHIsl04=</latexit><latexit sha1_base64="u+wg5mJPJ3CswoggFaQ/vfuPlB0=">AAACBHicbVDLSsNAFJ3UV62vqMtuBotQQUoigi6LblxWsA9oQphMJ+nQmUyYmSgldOHGX3HjQhG3foQ7/8Zpm4W2HrhwOOde7r0nTBlV2nG+rdLK6tr6RnmzsrW9s7tn7x90lMgkJm0smJC9ECnCaELammpGeqkkiIeMdMPR9dTv3hOpqEju9DglPkdxQiOKkTZSYFcV9CSNhxpJKR5gXZ1CT3ASo4CeBHbNaTgzwGXiFqQGCrQC+8sbCJxxkmjMkFJ910m1nyOpKWZkUvEyRVKERygmfUMTxIny89kTE3hslAGMhDSVaDhTf0/kiCs15qHp5EgP1aI3Ff/z+pmOLv2cJmmmSYLni6KMQS3gNBE4oJJgzcaGICypuRXiIZIIa5NbxYTgLr68TDpnDddpuLfnteZVEUcZVMERqAMXXIAmuAEt0AYYPIJn8ArerCfrxXq3PuatJauYOQR/YH3+AHIsl04=</latexit><latexit sha1_base64="u+wg5mJPJ3CswoggFaQ/vfuPlB0=">AAACBHicbVDLSsNAFJ3UV62vqMtuBotQQUoigi6LblxWsA9oQphMJ+nQmUyYmSgldOHGX3HjQhG3foQ7/8Zpm4W2HrhwOOde7r0nTBlV2nG+rdLK6tr6RnmzsrW9s7tn7x90lMgkJm0smJC9ECnCaELammpGeqkkiIeMdMPR9dTv3hOpqEju9DglPkdxQiOKkTZSYFcV9CSNhxpJKR5gXZ1CT3ASo4CeBHbNaTgzwGXiFqQGCrQC+8sbCJxxkmjMkFJ910m1nyOpKWZkUvEyRVKERygmfUMTxIny89kTE3hslAGMhDSVaDhTf0/kiCs15qHp5EgP1aI3Ff/z+pmOLv2cJmmmSYLni6KMQS3gNBE4oJJgzcaGICypuRXiIZIIa5NbxYTgLr68TDpnDddpuLfnteZVEUcZVMERqAMXXIAmuAEt0AYYPIJn8ArerCfrxXq3PuatJauYOQR/YH3+AHIsl04=</latexit><latexit sha1_base64="u+wg5mJPJ3CswoggFaQ/vfuPlB0=">AAACBHicbVDLSsNAFJ3UV62vqMtuBotQQUoigi6LblxWsA9oQphMJ+nQmUyYmSgldOHGX3HjQhG3foQ7/8Zpm4W2HrhwOOde7r0nTBlV2nG+rdLK6tr6RnmzsrW9s7tn7x90lMgkJm0smJC9ECnCaELammpGeqkkiIeMdMPR9dTv3hOpqEju9DglPkdxQiOKkTZSYFcV9CSNhxpJKR5gXZ1CT3ASo4CeBHbNaTgzwGXiFqQGCrQC+8sbCJxxkmjMkFJ910m1nyOpKWZkUvEyRVKERygmfUMTxIny89kTE3hslAGMhDSVaDhTf0/kiCs15qHp5EgP1aI3Ff/z+pmOLv2cJmmmSYLni6KMQS3gNBE4oJJgzcaGICypuRXiIZIIa5NbxYTgLr68TDpnDddpuLfnteZVEUcZVMERqAMXXIAmuAEt0AYYPIJn8ArerCfrxXq3PuatJauYOQR/YH3+AHIsl04=</latexit><latexit sha1_base64="u+wg5mJPJ3CswoggFaQ/vfuPlB0=">AAACBHicbVDLSsNAFJ3UV62vqMtuBotQQUoigi6LblxWsA9oQphMJ+nQmUyYmSgldOHGX3HjQhG3foQ7/8Zpm4W2HrhwOOde7r0nTBlV2nG+rdLK6tr6RnmzsrW9s7tn7x90lMgkJm0smJC9ECnCaELammpGeqkkiIeMdMPR9dTv3hOpqEju9DglPkdxQiOKkTZSYFcV9CSNhxpJKR5gXZ1CT3ASo4CeBHbNaTgzwGXiFqQGCrQC+8sbCJxxkmjMkFJ910m1nyOpKWZkUvEyRVKERygmfUMTxIny89kTE3hslAGMhDSVaDhTf0/kiCs15qHp5EgP1aI3Ff/z+pmOLv2cJmmmSYLni6KMQS3gNBE4oJJgzcaGICypuRXiIZIIa5NbxYTgLr68TDpnDddpuLfnteZVEUcZVMERqAMXXIAmuAEt0AYYPIJn8ArerCfrxXq3PuatJauYOQR/YH3+AHIsl04=</latexit>

Slight reformulation

Key idea: Multi-task RL == Single task RL in modified MDP

Just include       in state and run standard RL, solve 
new       0-shot 
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Multi-Task Actor-Critic
We often want to learn a single policy, Q function which can solve multiple tasks. 

Train tasks Test tasks

46. hand insert

47. close box

48. lock door

49. unlock door

50. pick bin

3. basketball 4. sweep 
into hole

41. close 
window

42. open 
window

45. open 
drawer

28. close 
drawer

12. assemble 
nut

43. open 
door

44. close 
door

19. 
hammer

16. place 
onto shelf

27. retrieve 
plate

26. retrieve 
plate side

40. unplug 
peg

2. sweep

38. pick & 
place

6. push

21. slide 
plate side

20. slide 
plate

11. pull 
handle side

18. press 
handle side

23. press 
handle

24. pull 
handle

1. turn on 
faucet

5. turn off 
faucet

7. pull lever8. turn dial 9. push with 
stick

10. get 
coffee

31. press button 
top w/ wall

13. pull 
with stick

14. pick out 
of hole

22. press 
button wall

25. soccer

29. press 
button top

30. reach 32. reach 
with wall

33. insert 
peg side

34. push 35. push 
with wall

36. pick & 
place w/ wall

37. press 
button

17. push 
mug

39. pull 
mug

15. disassemble 
nut
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<latexit sha1_base64="N1eK0lTaQQAFA6yHzcECkl4oWJk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipqQflilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/epYz3</latexit><latexit sha1_base64="N1eK0lTaQQAFA6yHzcECkl4oWJk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipqQflilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/epYz3</latexit><latexit sha1_base64="N1eK0lTaQQAFA6yHzcECkl4oWJk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipqQflilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/epYz3</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="6uuYva+9StYc5DSMfHzGGSAUE/U=">AAAB3XicbZBLSwMxFIXv+Ky1anXrJlgEV2XGjS4FNy5bsA9oh5JJ77SxmcyQ3BHK0F/gxoUi/i13/hvTx0JbDwQ+zknIvSfKlLTk+9/e1vbO7t5+6aB8WDk6PqmeVto2zY3AlkhVaroRt6ikxhZJUtjNDPIkUtiJJvfzvPOMxspUP9I0wzDhIy1jKTg5q2kH1Zpf9xdimxCsoAYrNQbVr/4wFXmCmoTi1vYCP6Ow4IakUDgr93OLGRcTPsKeQ80TtGGxGHTGLp0zZHFq3NHEFu7vFwVPrJ0mkbuZcBrb9Wxu/pf1copvw0LqLCfUYvlRnCtGKZtvzYbSoCA1dcCFkW5WJsbccEGum7IrIVhfeRPa1/XArwdNH0pwDhdwBQHcwB08QANaIADhBd7g3XvyXr2PZV1b3qq3M/gj7/MHyjaLpA==</latexit><latexit sha1_base64="6uuYva+9StYc5DSMfHzGGSAUE/U=">AAAB3XicbZBLSwMxFIXv+Ky1anXrJlgEV2XGjS4FNy5bsA9oh5JJ77SxmcyQ3BHK0F/gxoUi/i13/hvTx0JbDwQ+zknIvSfKlLTk+9/e1vbO7t5+6aB8WDk6PqmeVto2zY3AlkhVaroRt6ikxhZJUtjNDPIkUtiJJvfzvPOMxspUP9I0wzDhIy1jKTg5q2kH1Zpf9xdimxCsoAYrNQbVr/4wFXmCmoTi1vYCP6Ow4IakUDgr93OLGRcTPsKeQ80TtGGxGHTGLp0zZHFq3NHEFu7vFwVPrJ0mkbuZcBrb9Wxu/pf1copvw0LqLCfUYvlRnCtGKZtvzYbSoCA1dcCFkW5WJsbccEGum7IrIVhfeRPa1/XArwdNH0pwDhdwBQHcwB08QANaIADhBd7g3XvyXr2PZV1b3qq3M/gj7/MHyjaLpA==</latexit><latexit sha1_base64="K2o33Wzv3Qny4tI5EYTg+UVfaOE=">AAAB6HicbVBNT8JAEJ3iF+IX6tHLRmLiibRe9Ej04hESCyTQkO0yhZXtttndmpCGX+DFg8Z49Sd589+4QA8KvmSSl/dmMjMvTAXXxnW/ndLG5tb2Tnm3srd/cHhUPT5p6yRTDH2WiER1Q6pRcIm+4UZgN1VI41BgJ5zczf3OEyrNE/lgpikGMR1JHnFGjZVaelCtuXV3AbJOvILUoEBzUP3qDxOWxSgNE1TrnuemJsipMpwJnFX6mcaUsgkdYc9SSWPUQb44dEYurDIkUaJsSUMW6u+JnMZaT+PQdsbUjPWqNxf/83qZiW6CnMs0MyjZclGUCWISMv+aDLlCZsTUEsoUt7cSNqaKMmOzqdgQvNWX10n7qu65da/l1hq3RRxlOINzuAQPrqEB99AEHxggPMMrvDmPzovz7nwsW0tOMXMKf+B8/gDdZYzz</latexit><latexit sha1_base64="N1eK0lTaQQAFA6yHzcECkl4oWJk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipqQflilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/epYz3</latexit><latexit sha1_base64="N1eK0lTaQQAFA6yHzcECkl4oWJk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipqQflilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/epYz3</latexit><latexit sha1_base64="N1eK0lTaQQAFA6yHzcECkl4oWJk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipqQflilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/epYz3</latexit><latexit sha1_base64="N1eK0lTaQQAFA6yHzcECkl4oWJk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipqQflilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/epYz3</latexit><latexit sha1_base64="N1eK0lTaQQAFA6yHzcECkl4oWJk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipqQflilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/epYz3</latexit><latexit sha1_base64="N1eK0lTaQQAFA6yHzcECkl4oWJk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipqQflilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/epYz3</latexit>

a
<latexit sha1_base64="b7/vCs5ze5KtVd66W3yyALYBfbk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipSQflilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/DXYzl</latexit><latexit sha1_base64="b7/vCs5ze5KtVd66W3yyALYBfbk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipSQflilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/DXYzl</latexit><latexit sha1_base64="b7/vCs5ze5KtVd66W3yyALYBfbk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipSQflilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/DXYzl</latexit><latexit sha1_base64="b7/vCs5ze5KtVd66W3yyALYBfbk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipSQflilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/DXYzl</latexit>

Task ID
<latexit sha1_base64="Af62xQwOh1q/rbNq50p+PSDY1KA=">AAAB9XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9BjUg94i5AXJGmYnk2TI7Owy06uGJf/hxYMiXv0Xb/6Nk2QPmljQUFR1090VxFIYdN1vZ2l5ZXVtPbeR39za3tkt7O3XTZRoxmsskpFuBtRwKRSvoUDJm7HmNAwkbwTDq4nfeODaiEhVcRRzP6R9JXqCUbTSfRv5E6ZVaobk9nrcKRTdkjsFWSReRoqQodIpfLW7EUtCrpBJakzLc2P0U6pRMMnH+XZieEzZkPZ5y1JFQ278dHr1mBxbpUt6kbalkEzV3xMpDY0ZhYHtDCkOzLw3Ef/zWgn2LvxUqDhBrthsUS+RBCMyiYB0heYM5cgSyrSwtxI2oJoytEHlbQje/MuLpH5a8tySd3dWLF9mceTgEI7gBDw4hzLcQAVqwEDDM7zCm/PovDjvzsesdcnJZg7gD5zPH1DFkl8=</latexit><latexit sha1_base64="Af62xQwOh1q/rbNq50p+PSDY1KA=">AAAB9XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9BjUg94i5AXJGmYnk2TI7Owy06uGJf/hxYMiXv0Xb/6Nk2QPmljQUFR1090VxFIYdN1vZ2l5ZXVtPbeR39za3tkt7O3XTZRoxmsskpFuBtRwKRSvoUDJm7HmNAwkbwTDq4nfeODaiEhVcRRzP6R9JXqCUbTSfRv5E6ZVaobk9nrcKRTdkjsFWSReRoqQodIpfLW7EUtCrpBJakzLc2P0U6pRMMnH+XZieEzZkPZ5y1JFQ278dHr1mBxbpUt6kbalkEzV3xMpDY0ZhYHtDCkOzLw3Ef/zWgn2LvxUqDhBrthsUS+RBCMyiYB0heYM5cgSyrSwtxI2oJoytEHlbQje/MuLpH5a8tySd3dWLF9mceTgEI7gBDw4hzLcQAVqwEDDM7zCm/PovDjvzsesdcnJZg7gD5zPH1DFkl8=</latexit><latexit sha1_base64="Af62xQwOh1q/rbNq50p+PSDY1KA=">AAAB9XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9BjUg94i5AXJGmYnk2TI7Owy06uGJf/hxYMiXv0Xb/6Nk2QPmljQUFR1090VxFIYdN1vZ2l5ZXVtPbeR39za3tkt7O3XTZRoxmsskpFuBtRwKRSvoUDJm7HmNAwkbwTDq4nfeODaiEhVcRRzP6R9JXqCUbTSfRv5E6ZVaobk9nrcKRTdkjsFWSReRoqQodIpfLW7EUtCrpBJakzLc2P0U6pRMMnH+XZieEzZkPZ5y1JFQ278dHr1mBxbpUt6kbalkEzV3xMpDY0ZhYHtDCkOzLw3Ef/zWgn2LvxUqDhBrthsUS+RBCMyiYB0heYM5cgSyrSwtxI2oJoytEHlbQje/MuLpH5a8tySd3dWLF9mceTgEI7gBDw4hzLcQAVqwEDDM7zCm/PovDjvzsesdcnJZg7gD5zPH1DFkl8=</latexit><latexit sha1_base64="Af62xQwOh1q/rbNq50p+PSDY1KA=">AAAB9XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9BjUg94i5AXJGmYnk2TI7Owy06uGJf/hxYMiXv0Xb/6Nk2QPmljQUFR1090VxFIYdN1vZ2l5ZXVtPbeR39za3tkt7O3XTZRoxmsskpFuBtRwKRSvoUDJm7HmNAwkbwTDq4nfeODaiEhVcRRzP6R9JXqCUbTSfRv5E6ZVaobk9nrcKRTdkjsFWSReRoqQodIpfLW7EUtCrpBJakzLc2P0U6pRMMnH+XZieEzZkPZ5y1JFQ278dHr1mBxbpUt6kbalkEzV3xMpDY0ZhYHtDCkOzLw3Ef/zWgn2LvxUqDhBrthsUS+RBCMyiYB0heYM5cgSyrSwtxI2oJoytEHlbQje/MuLpH5a8tySd3dWLF9mceTgEI7gBDw4hzLcQAVqwEDDM7zCm/PovDjvzsesdcnJZg7gD5zPH1DFkl8=</latexit>

Task ID
<latexit sha1_base64="Af62xQwOh1q/rbNq50p+PSDY1KA=">AAAB9XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9BjUg94i5AXJGmYnk2TI7Owy06uGJf/hxYMiXv0Xb/6Nk2QPmljQUFR1090VxFIYdN1vZ2l5ZXVtPbeR39za3tkt7O3XTZRoxmsskpFuBtRwKRSvoUDJm7HmNAwkbwTDq4nfeODaiEhVcRRzP6R9JXqCUbTSfRv5E6ZVaobk9nrcKRTdkjsFWSReRoqQodIpfLW7EUtCrpBJakzLc2P0U6pRMMnH+XZieEzZkPZ5y1JFQ278dHr1mBxbpUt6kbalkEzV3xMpDY0ZhYHtDCkOzLw3Ef/zWgn2LvxUqDhBrthsUS+RBCMyiYB0heYM5cgSyrSwtxI2oJoytEHlbQje/MuLpH5a8tySd3dWLF9mceTgEI7gBDw4hzLcQAVqwEDDM7zCm/PovDjvzsesdcnJZg7gD5zPH1DFkl8=</latexit><latexit sha1_base64="Af62xQwOh1q/rbNq50p+PSDY1KA=">AAAB9XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9BjUg94i5AXJGmYnk2TI7Owy06uGJf/hxYMiXv0Xb/6Nk2QPmljQUFR1090VxFIYdN1vZ2l5ZXVtPbeR39za3tkt7O3XTZRoxmsskpFuBtRwKRSvoUDJm7HmNAwkbwTDq4nfeODaiEhVcRRzP6R9JXqCUbTSfRv5E6ZVaobk9nrcKRTdkjsFWSReRoqQodIpfLW7EUtCrpBJakzLc2P0U6pRMMnH+XZieEzZkPZ5y1JFQ278dHr1mBxbpUt6kbalkEzV3xMpDY0ZhYHtDCkOzLw3Ef/zWgn2LvxUqDhBrthsUS+RBCMyiYB0heYM5cgSyrSwtxI2oJoytEHlbQje/MuLpH5a8tySd3dWLF9mceTgEI7gBDw4hzLcQAVqwEDDM7zCm/PovDjvzsesdcnJZg7gD5zPH1DFkl8=</latexit><latexit sha1_base64="Af62xQwOh1q/rbNq50p+PSDY1KA=">AAAB9XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9BjUg94i5AXJGmYnk2TI7Owy06uGJf/hxYMiXv0Xb/6Nk2QPmljQUFR1090VxFIYdN1vZ2l5ZXVtPbeR39za3tkt7O3XTZRoxmsskpFuBtRwKRSvoUDJm7HmNAwkbwTDq4nfeODaiEhVcRRzP6R9JXqCUbTSfRv5E6ZVaobk9nrcKRTdkjsFWSReRoqQodIpfLW7EUtCrpBJakzLc2P0U6pRMMnH+XZieEzZkPZ5y1JFQ278dHr1mBxbpUt6kbalkEzV3xMpDY0ZhYHtDCkOzLw3Ef/zWgn2LvxUqDhBrthsUS+RBCMyiYB0heYM5cgSyrSwtxI2oJoytEHlbQje/MuLpH5a8tySd3dWLF9mceTgEI7gBDw4hzLcQAVqwEDDM7zCm/PovDjvzsesdcnJZg7gD5zPH1DFkl8=</latexit><latexit sha1_base64="Af62xQwOh1q/rbNq50p+PSDY1KA=">AAAB9XicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9BjUg94i5AXJGmYnk2TI7Owy06uGJf/hxYMiXv0Xb/6Nk2QPmljQUFR1090VxFIYdN1vZ2l5ZXVtPbeR39za3tkt7O3XTZRoxmsskpFuBtRwKRSvoUDJm7HmNAwkbwTDq4nfeODaiEhVcRRzP6R9JXqCUbTSfRv5E6ZVaobk9nrcKRTdkjsFWSReRoqQodIpfLW7EUtCrpBJakzLc2P0U6pRMMnH+XZieEzZkPZ5y1JFQ278dHr1mBxbpUt6kbalkEzV3xMpDY0ZhYHtDCkOzLw3Ef/zWgn2LvxUqDhBrthsUS+RBCMyiYB0heYM5cgSyrSwtxI2oJoytEHlbQje/MuLpH5a8tySd3dWLF9mceTgEI7gBDw4hzLcQAVqwEDDM7zCm/PovDjvzsesdcnJZg7gD5zPH1DFkl8=</latexit>

max
�

E!⇠p(!)

"
E⇡�(a|s,!)

"
X

t

�tr(s, a,!)

##

<latexit sha1_base64="5xSM7CuCBSupn9OwXwFsT/6zJGA="></latexit><latexit sha1_base64="5xSM7CuCBSupn9OwXwFsT/6zJGA="></latexit><latexit sha1_base64="5xSM7CuCBSupn9OwXwFsT/6zJGA="></latexit><latexit sha1_base64="5xSM7CuCBSupn9OwXwFsT/6zJGA="></latexit>



Template for Multi-Task RL

Canonical paradigm for doing multi-task RL via RL

1. Sample data from all tasks using the same actor with different task ID
2. Collect all data into a single batch with (s, a, s’,  task ID) pairs
3. Perform actor and critic updates on the shared actor and critic with losses 

summed up across tasks

Q⇡  argminE⌧⇠p(⌧)E(s,a,s0)⇠p

⇥
(Q(s, a, ⌧)� (r(s, a, ⌧) + �Ea0⇠⇡(.|s0,⌧)Q(s0, a0, ⌧)))2

⇤
<latexit sha1_base64="U9quxnpmSHy8F1wNWyp0ENp6HeE="></latexit><latexit sha1_base64="YM86Sip77x+k4V/32IdLv49ZicE="></latexit><latexit sha1_base64="YM86Sip77x+k4V/32IdLv49ZicE="></latexit><latexit sha1_base64="gvNG/Fw5pqXFqBbvvlorLI+ZPsg="></latexit>

⇡  argmaxE⌧⇠p(⌧)Ea⇠⇡ [Q
⇡(s, a, ⌧)]

<latexit sha1_base64="oay8NwTdccGcCYOCkf1ieGEuTMM="></latexit><latexit sha1_base64="yDeJS5srZxbP0Tf1txLsuWQUEqI="></latexit><latexit sha1_base64="yDeJS5srZxbP0Tf1txLsuWQUEqI="></latexit><latexit sha1_base64="g02GpmaSo1BFqXpzAobvmtjB/hA="></latexit>

Acto
r

Criti
c



Does it work?

Let’s not even study generalization, let’s understand if this fits the train set

Multi Task RL



Why is it hard to do Multi-Task RL?

Gradients from different tasks often conflict and hamper performance of all 
tasks, especially when coupled with exploration

gi
<latexit sha1_base64="1NnXg9Lb8ygM+32pKPfdyzzr0OM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8eK9gPaUDbbTbp0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSKUw6LrfTmltfWNzq7xd2dnd2z+oHh61TZJpxlsskYnuBtRwKRRvoUDJu6nmNA4k7wTj25nfeeLaiEQ94iTlfkwjJULBKFrpIRqIQbXm1t05yCrxClKDAs1B9as/TFgWc4VMUmN6npuin1ONgkk+rfQzw1PKxjTiPUsVjbnx8/mpU3JmlSEJE21LIZmrvydyGhsziQPbGVMcmWVvJv7n9TIMr/1cqDRDrthiUZhJggmZ/U2GQnOGcmIJZVrYWwkbUU0Z2nQqNgRv+eVV0r6oe27du7+sNW6KOMpwAqdwDh5cQQPuoAktYBDBM7zCmyOdF+fd+Vi0lpxi5hj+wPn8AUaqjcc=</latexit><latexit sha1_base64="1NnXg9Lb8ygM+32pKPfdyzzr0OM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8eK9gPaUDbbTbp0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSKUw6LrfTmltfWNzq7xd2dnd2z+oHh61TZJpxlsskYnuBtRwKRRvoUDJu6nmNA4k7wTj25nfeeLaiEQ94iTlfkwjJULBKFrpIRqIQbXm1t05yCrxClKDAs1B9as/TFgWc4VMUmN6npuin1ONgkk+rfQzw1PKxjTiPUsVjbnx8/mpU3JmlSEJE21LIZmrvydyGhsziQPbGVMcmWVvJv7n9TIMr/1cqDRDrthiUZhJggmZ/U2GQnOGcmIJZVrYWwkbUU0Z2nQqNgRv+eVV0r6oe27du7+sNW6KOMpwAqdwDh5cQQPuoAktYBDBM7zCmyOdF+fd+Vi0lpxi5hj+wPn8AUaqjcc=</latexit><latexit sha1_base64="1NnXg9Lb8ygM+32pKPfdyzzr0OM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8eK9gPaUDbbTbp0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSKUw6LrfTmltfWNzq7xd2dnd2z+oHh61TZJpxlsskYnuBtRwKRRvoUDJu6nmNA4k7wTj25nfeeLaiEQ94iTlfkwjJULBKFrpIRqIQbXm1t05yCrxClKDAs1B9as/TFgWc4VMUmN6npuin1ONgkk+rfQzw1PKxjTiPUsVjbnx8/mpU3JmlSEJE21LIZmrvydyGhsziQPbGVMcmWVvJv7n9TIMr/1cqDRDrthiUZhJggmZ/U2GQnOGcmIJZVrYWwkbUU0Z2nQqNgRv+eVV0r6oe27du7+sNW6KOMpwAqdwDh5cQQPuoAktYBDBM7zCmyOdF+fd+Vi0lpxi5hj+wPn8AUaqjcc=</latexit><latexit sha1_base64="1NnXg9Lb8ygM+32pKPfdyzzr0OM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8eK9gPaUDbbTbp0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSKUw6LrfTmltfWNzq7xd2dnd2z+oHh61TZJpxlsskYnuBtRwKRRvoUDJu6nmNA4k7wTj25nfeeLaiEQ94iTlfkwjJULBKFrpIRqIQbXm1t05yCrxClKDAs1B9as/TFgWc4VMUmN6npuin1ONgkk+rfQzw1PKxjTiPUsVjbnx8/mpU3JmlSEJE21LIZmrvydyGhsziQPbGVMcmWVvJv7n9TIMr/1cqDRDrthiUZhJggmZ/U2GQnOGcmIJZVrYWwkbUU0Z2nQqNgRv+eVV0r6oe27du7+sNW6KOMpwAqdwDh5cQQPuoAktYBDBM7zCmyOdF+fd+Vi0lpxi5hj+wPn8AUaqjcc=</latexit>

gj
<latexit sha1_base64="Fj6/eWAGtqTdfV6zk0Y37nBC6P4=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjRfkAbymY7SdduNmF3I5TQn+DFgyJe/UXe/Ddu2xy09cHA470ZZuYFqeDauO63s7K6tr6xWdoqb+/s7u1XDg5bOskUwyZLRKI6AdUouMSm4UZgJ1VI40BgOxjdTP32EyrNE/lgxin6MY0kDzmjxkr3Uf+xX6m6NXcGsky8glShQKNf+eoNEpbFKA0TVOuu56bGz6kynAmclHuZxpSyEY2wa6mkMWo/n506IadWGZAwUbakITP190ROY63HcWA7Y2qGetGbiv953cyEV37OZZoZlGy+KMwEMQmZ/k0GXCEzYmwJZYrbWwkbUkWZsemUbQje4svLpHVe89yad3dRrV8XcZTgGE7gDDy4hDrcQgOawCCCZ3iFN0c4L8678zFvXXGKmSP4A+fzB0gujcg=</latexit><latexit sha1_base64="Fj6/eWAGtqTdfV6zk0Y37nBC6P4=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjRfkAbymY7SdduNmF3I5TQn+DFgyJe/UXe/Ddu2xy09cHA470ZZuYFqeDauO63s7K6tr6xWdoqb+/s7u1XDg5bOskUwyZLRKI6AdUouMSm4UZgJ1VI40BgOxjdTP32EyrNE/lgxin6MY0kDzmjxkr3Uf+xX6m6NXcGsky8glShQKNf+eoNEpbFKA0TVOuu56bGz6kynAmclHuZxpSyEY2wa6mkMWo/n506IadWGZAwUbakITP190ROY63HcWA7Y2qGetGbiv953cyEV37OZZoZlGy+KMwEMQmZ/k0GXCEzYmwJZYrbWwkbUkWZsemUbQje4svLpHVe89yad3dRrV8XcZTgGE7gDDy4hDrcQgOawCCCZ3iFN0c4L8678zFvXXGKmSP4A+fzB0gujcg=</latexit><latexit sha1_base64="Fj6/eWAGtqTdfV6zk0Y37nBC6P4=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjRfkAbymY7SdduNmF3I5TQn+DFgyJe/UXe/Ddu2xy09cHA470ZZuYFqeDauO63s7K6tr6xWdoqb+/s7u1XDg5bOskUwyZLRKI6AdUouMSm4UZgJ1VI40BgOxjdTP32EyrNE/lgxin6MY0kDzmjxkr3Uf+xX6m6NXcGsky8glShQKNf+eoNEpbFKA0TVOuu56bGz6kynAmclHuZxpSyEY2wa6mkMWo/n506IadWGZAwUbakITP190ROY63HcWA7Y2qGetGbiv953cyEV37OZZoZlGy+KMwEMQmZ/k0GXCEzYmwJZYrbWwkbUkWZsemUbQje4svLpHVe89yad3dRrV8XcZTgGE7gDDy4hDrcQgOawCCCZ3iFN0c4L8678zFvXXGKmSP4A+fzB0gujcg=</latexit><latexit sha1_base64="Fj6/eWAGtqTdfV6zk0Y37nBC6P4=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68VjRfkAbymY7SdduNmF3I5TQn+DFgyJe/UXe/Ddu2xy09cHA470ZZuYFqeDauO63s7K6tr6xWdoqb+/s7u1XDg5bOskUwyZLRKI6AdUouMSm4UZgJ1VI40BgOxjdTP32EyrNE/lgxin6MY0kDzmjxkr3Uf+xX6m6NXcGsky8glShQKNf+eoNEpbFKA0TVOuu56bGz6kynAmclHuZxpSyEY2wa6mkMWo/n506IadWGZAwUbakITP190ROY63HcWA7Y2qGetGbiv953cyEV37OZZoZlGy+KMwEMQmZ/k0GXCEzYmwJZYrbWwkbUkWZsemUbQje4svLpHVe89yad3dRrV8XcZTgGE7gDDy4hDrcQgOawCCCZ3iFN0c4L8678zFvXXGKmSP4A+fzB0gujcg=</latexit>

g = gi + gj
<latexit sha1_base64="g55FZ/nM08rqV2VwsBk5uUUhMOA=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIsgCGVGBN0IRTcuK9gHtEPJpJlpbJIZk0yhDP0ONy4UcevHuPNvTNtZaOuBezmccy+5OUHCmTau++0UVlbX1jeKm6Wt7Z3dvfL+QVPHqSK0QWIeq3aANeVM0oZhhtN2oigWAaetYHg79VsjqjSL5YMZJ9QXOJIsZAQbK/kRukZRj6Ez2x975YpbdWdAy8TLSQVy1Hvlr24/Jqmg0hCOte54bmL8DCvDCKeTUjfVNMFkiCPasVRiQbWfzY6eoBOr9FEYK1vSoJn6eyPDQuuxCOykwGagF72p+J/XSU145WdMJqmhkswfClOOTIymCaA+U5QYPrYEE8XsrYgMsMLE2JxKNgRv8cvLpHle9dyqd39Rqd3kcRThCI7hFDy4hBrcQR0aQOAJnuEV3pyR8+K8Ox/z0YKT7xzCHzifP5SEkKo=</latexit><latexit sha1_base64="g55FZ/nM08rqV2VwsBk5uUUhMOA=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIsgCGVGBN0IRTcuK9gHtEPJpJlpbJIZk0yhDP0ONy4UcevHuPNvTNtZaOuBezmccy+5OUHCmTau++0UVlbX1jeKm6Wt7Z3dvfL+QVPHqSK0QWIeq3aANeVM0oZhhtN2oigWAaetYHg79VsjqjSL5YMZJ9QXOJIsZAQbK/kRukZRj6Ez2x975YpbdWdAy8TLSQVy1Hvlr24/Jqmg0hCOte54bmL8DCvDCKeTUjfVNMFkiCPasVRiQbWfzY6eoBOr9FEYK1vSoJn6eyPDQuuxCOykwGagF72p+J/XSU145WdMJqmhkswfClOOTIymCaA+U5QYPrYEE8XsrYgMsMLE2JxKNgRv8cvLpHle9dyqd39Rqd3kcRThCI7hFDy4hBrcQR0aQOAJnuEV3pyR8+K8Ox/z0YKT7xzCHzifP5SEkKo=</latexit><latexit sha1_base64="g55FZ/nM08rqV2VwsBk5uUUhMOA=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIsgCGVGBN0IRTcuK9gHtEPJpJlpbJIZk0yhDP0ONy4UcevHuPNvTNtZaOuBezmccy+5OUHCmTau++0UVlbX1jeKm6Wt7Z3dvfL+QVPHqSK0QWIeq3aANeVM0oZhhtN2oigWAaetYHg79VsjqjSL5YMZJ9QXOJIsZAQbK/kRukZRj6Ez2x975YpbdWdAy8TLSQVy1Hvlr24/Jqmg0hCOte54bmL8DCvDCKeTUjfVNMFkiCPasVRiQbWfzY6eoBOr9FEYK1vSoJn6eyPDQuuxCOykwGagF72p+J/XSU145WdMJqmhkswfClOOTIymCaA+U5QYPrYEE8XsrYgMsMLE2JxKNgRv8cvLpHle9dyqd39Rqd3kcRThCI7hFDy4hBrcQR0aQOAJnuEV3pyR8+K8Ox/z0YKT7xzCHzifP5SEkKo=</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="irpXvpd8a7iYAmv6TjRJpm2Ipi8=">AAAB6XicbZDNSgMxFIXv1L9aq1a3boJFEIQy40Y3guDGZQWnLbRDyaR3prGZzJhkCmXoc7hxoYgv5M63Mf1ZaOuBhI9zEnJzwkxwbVz32yltbG5t75R3K3vV/YPD2lG1pdNcMfRZKlLVCalGwSX6hhuBnUwhTUKB7XB0N8vbY1Sap/LRTDIMEhpLHnFGjbWCmNyQuM/Jhd2f+rW623DnIuvgLaEOSzX7ta/eIGV5gtIwQbXuem5mgoIqw5nAaaWXa8woG9EYuxYlTVAHxXzoKTmzzoBEqbJLGjJ3f98oaKL1JAntyYSaoV7NZuZ/WTc30XVQcJnlBiVbPBTlgpiUzBogA66QGTGxQJnidlbChlRRZmxPFVuCt/rldWhdNjy34T24UIYTOIVz8OAKbuEemuADg2d4gTd4d8bOq/OxqKvkLHs7hj9yPn8AWYyPSw==</latexit><latexit sha1_base64="irpXvpd8a7iYAmv6TjRJpm2Ipi8=">AAAB6XicbZDNSgMxFIXv1L9aq1a3boJFEIQy40Y3guDGZQWnLbRDyaR3prGZzJhkCmXoc7hxoYgv5M63Mf1ZaOuBhI9zEnJzwkxwbVz32yltbG5t75R3K3vV/YPD2lG1pdNcMfRZKlLVCalGwSX6hhuBnUwhTUKB7XB0N8vbY1Sap/LRTDIMEhpLHnFGjbWCmNyQuM/Jhd2f+rW623DnIuvgLaEOSzX7ta/eIGV5gtIwQbXuem5mgoIqw5nAaaWXa8woG9EYuxYlTVAHxXzoKTmzzoBEqbJLGjJ3f98oaKL1JAntyYSaoV7NZuZ/WTc30XVQcJnlBiVbPBTlgpiUzBogA66QGTGxQJnidlbChlRRZmxPFVuCt/rldWhdNjy34T24UIYTOIVz8OAKbuEemuADg2d4gTd4d8bOq/OxqKvkLHs7hj9yPn8AWYyPSw==</latexit><latexit sha1_base64="6rky7RXOWjocYAXGCSHZscmwYMU=">AAAB9HicbVBNSwMxEJ31s9avqkcvwSIIQtn1oheh6MVjBfsB7VKy6ew2Nptdk2yhlP4OLx4U8eqP8ea/MW33oK0PZni8N0MmL0gF18Z1v52V1bX1jc3CVnF7Z3dvv3Rw2NBJphjWWSIS1QqoRsEl1g03AlupQhoHApvB4HbqN4eoNE/kgxml6Mc0kjzkjBor+RG5JlGXk3PbH7ulsltxZyDLxMtJGXLUuqWvTi9hWYzSMEG1bntuavwxVYYzgZNiJ9OYUjagEbYtlTRG7Y9nR0/IqVV6JEyULWnITP29Maax1qM4sJMxNX296E3F/7x2ZsIrf8xlmhmUbP5QmAliEjJNgPS4QmbEyBLKFLe3EtanijJjcyraELzFLy+TxkXFcyvevVuu3uRxFOAYTuAMPLiEKtxBDerA4Ame4RXenKHz4rw7H/PRFSffOYI/cD5/AJNEkKY=</latexit><latexit sha1_base64="g55FZ/nM08rqV2VwsBk5uUUhMOA=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIsgCGVGBN0IRTcuK9gHtEPJpJlpbJIZk0yhDP0ONy4UcevHuPNvTNtZaOuBezmccy+5OUHCmTau++0UVlbX1jeKm6Wt7Z3dvfL+QVPHqSK0QWIeq3aANeVM0oZhhtN2oigWAaetYHg79VsjqjSL5YMZJ9QXOJIsZAQbK/kRukZRj6Ez2x975YpbdWdAy8TLSQVy1Hvlr24/Jqmg0hCOte54bmL8DCvDCKeTUjfVNMFkiCPasVRiQbWfzY6eoBOr9FEYK1vSoJn6eyPDQuuxCOykwGagF72p+J/XSU145WdMJqmhkswfClOOTIymCaA+U5QYPrYEE8XsrYgMsMLE2JxKNgRv8cvLpHle9dyqd39Rqd3kcRThCI7hFDy4hBrcQR0aQOAJnuEV3pyR8+K8Ox/z0YKT7xzCHzifP5SEkKo=</latexit><latexit sha1_base64="g55FZ/nM08rqV2VwsBk5uUUhMOA=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIsgCGVGBN0IRTcuK9gHtEPJpJlpbJIZk0yhDP0ONy4UcevHuPNvTNtZaOuBezmccy+5OUHCmTau++0UVlbX1jeKm6Wt7Z3dvfL+QVPHqSK0QWIeq3aANeVM0oZhhtN2oigWAaetYHg79VsjqjSL5YMZJ9QXOJIsZAQbK/kRukZRj6Ez2x975YpbdWdAy8TLSQVy1Hvlr24/Jqmg0hCOte54bmL8DCvDCKeTUjfVNMFkiCPasVRiQbWfzY6eoBOr9FEYK1vSoJn6eyPDQuuxCOykwGagF72p+J/XSU145WdMJqmhkswfClOOTIymCaA+U5QYPrYEE8XsrYgMsMLE2JxKNgRv8cvLpHle9dyqd39Rqd3kcRThCI7hFDy4hBrcQR0aQOAJnuEV3pyR8+K8Ox/z0YKT7xzCHzifP5SEkKo=</latexit><latexit sha1_base64="g55FZ/nM08rqV2VwsBk5uUUhMOA=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIsgCGVGBN0IRTcuK9gHtEPJpJlpbJIZk0yhDP0ONy4UcevHuPNvTNtZaOuBezmccy+5OUHCmTau++0UVlbX1jeKm6Wt7Z3dvfL+QVPHqSK0QWIeq3aANeVM0oZhhtN2oigWAaetYHg79VsjqjSL5YMZJ9QXOJIsZAQbK/kRukZRj6Ez2x975YpbdWdAy8TLSQVy1Hvlr24/Jqmg0hCOte54bmL8DCvDCKeTUjfVNMFkiCPasVRiQbWfzY6eoBOr9FEYK1vSoJn6eyPDQuuxCOykwGagF72p+J/XSU145WdMJqmhkswfClOOTIymCaA+U5QYPrYEE8XsrYgMsMLE2JxKNgRv8cvLpHle9dyqd39Rqd3kcRThCI7hFDy4hBrcQR0aQOAJnuEV3pyR8+K8Ox/z0YKT7xzCHzifP5SEkKo=</latexit><latexit sha1_base64="g55FZ/nM08rqV2VwsBk5uUUhMOA=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIsgCGVGBN0IRTcuK9gHtEPJpJlpbJIZk0yhDP0ONy4UcevHuPNvTNtZaOuBezmccy+5OUHCmTau++0UVlbX1jeKm6Wt7Z3dvfL+QVPHqSK0QWIeq3aANeVM0oZhhtN2oigWAaetYHg79VsjqjSL5YMZJ9QXOJIsZAQbK/kRukZRj6Ez2x975YpbdWdAy8TLSQVy1Hvlr24/Jqmg0hCOte54bmL8DCvDCKeTUjfVNMFkiCPasVRiQbWfzY6eoBOr9FEYK1vSoJn6eyPDQuuxCOykwGagF72p+J/XSU145WdMJqmhkswfClOOTIymCaA+U5QYPrYEE8XsrYgMsMLE2JxKNgRv8cvLpHle9dyqd39Rqd3kcRThCI7hFDy4hBrcQR0aQOAJnuEV3pyR8+K8Ox/z0YKT7xzCHzifP5SEkKo=</latexit><latexit sha1_base64="g55FZ/nM08rqV2VwsBk5uUUhMOA=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIsgCGVGBN0IRTcuK9gHtEPJpJlpbJIZk0yhDP0ONy4UcevHuPNvTNtZaOuBezmccy+5OUHCmTau++0UVlbX1jeKm6Wt7Z3dvfL+QVPHqSK0QWIeq3aANeVM0oZhhtN2oigWAaetYHg79VsjqjSL5YMZJ9QXOJIsZAQbK/kRukZRj6Ez2x975YpbdWdAy8TLSQVy1Hvlr24/Jqmg0hCOte54bmL8DCvDCKeTUjfVNMFkiCPasVRiQbWfzY6eoBOr9FEYK1vSoJn6eyPDQuuxCOykwGagF72p+J/XSU145WdMJqmhkswfClOOTIymCaA+U5QYPrYEE8XsrYgMsMLE2JxKNgRv8cvLpHle9dyqd39Rqd3kcRThCI7hFDy4hBrcQR0aQOAJnuEV3pyR8+K8Ox/z0YKT7xzCHzifP5SEkKo=</latexit><latexit sha1_base64="g55FZ/nM08rqV2VwsBk5uUUhMOA=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIsgCGVGBN0IRTcuK9gHtEPJpJlpbJIZk0yhDP0ONy4UcevHuPNvTNtZaOuBezmccy+5OUHCmTau++0UVlbX1jeKm6Wt7Z3dvfL+QVPHqSK0QWIeq3aANeVM0oZhhtN2oigWAaetYHg79VsjqjSL5YMZJ9QXOJIsZAQbK/kRukZRj6Ez2x975YpbdWdAy8TLSQVy1Hvlr24/Jqmg0hCOte54bmL8DCvDCKeTUjfVNMFkiCPasVRiQbWfzY6eoBOr9FEYK1vSoJn6eyPDQuuxCOykwGagF72p+J/XSU145WdMJqmhkswfClOOTIymCaA+U5QYPrYEE8XsrYgMsMLE2JxKNgRv8cvLpHle9dyqd39Rqd3kcRThCI7hFDy4hBrcQR0aQOAJnuEV3pyR8+K8Ox/z0YKT7xzCHzifP5SEkKo=</latexit>

Conflicting



How can we deal with gradient interference in RL?

Idea 1: Remove exploration from MTRL Idea 2: Modify gradients

If issue is exploration + conflicting gradients is bad



Resolving Gradient Interference with Distillation
Empirical observation: 
Multi-task SL (no exploration) is stable, multi-task RL (exploration) is unstable 

Idea:  convert multi-task RL into single task RL + multi task SL

Single task RL is 
easier

Policy

T1 T2 T3 T4

Supervised 
Learning

Multi task supervised. 
learning is easier



Divide and Conquer Approach to RL
Divide into multiple single task RL problems, “distill” into a single solution

Single task RL à standard RL Distillation à supervised learning
Distral:  Robust multi-task RL Teh et al 2017



Divide and Conquer RL: Mathematical Formulation

Single task RL à standard RL

Distillation à supervised learning

Shared policy Per-task policy Per-task reward Match shared/individual 
policy

Entropy

max
⇡i

J(⇡0, {⇡i}ni=1)
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max
⇡0

J(⇡0, {⇡i}ni=1)
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Experimental Validation

Divide and Conquer

Monolithic RL

Divide and Conquer RL, Ghosh et al 2018



Experimental Validation

Divide and Conquer RL, Ghosh et al 2018



Is this enough?

Lot of the learning is done independently, limited data/parameter sharing

Can we do better?



What if we directly modified the gradients?

Replace gi by gi’

Replace gj by gj’
What should gi’ and gj’ be?  

Idea: When gradients conflict, project them to deconflict



Deconflicting gradients with PCGrad
If gradients conflict: project them onto the normal plane

Otherwise:  leave them alone

gi = gi �
gi.gj
kgjk2

.gj
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Gradient Surgery for Multi-Task RL, Yu et al 2018



Does this empirically help?

Gradient Surgery for Multi-Task RL, Yu et al 2018



Does this empirically help?

Modified gradients Original multi-task RL

Gradient Surgery for Multi-Task RL, Yu et al 2018



So multi-task RL is pretty cool, does it work?

Mt-Opt: Kalashnikov et al 2021



So multi-task RL is pretty cool, does it work?
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can be language too!

Do As I Can, Not as I Say: Ahn et al 2022



Takeaways

1. Multi-task RL solves a contextual meta-MDP for 0-shot generalization
• Can help with efficiency and generalization 

2. Optimization in multi-task RL can be challenging:
• Gradient interference during optimization
• Winner take all during optimization

3. Solutions to multi-task optimization include:
• Divide and conquer
• Gradient projection
• …



Lecture Outline

From specialists to generalists

Multi-Task Reinforcement Learning

Meta-Reinforcement Learning

Takeaways



Recap: Multi-task RL Setup, 0-shot generalization

Visual from C Finn

Multi-task RL

Factor of variation across MDPs can be characterized by , which is known
Eg: task ID, goal, video, language, …
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When is this not enough?

Good 0-shot performance



From 0–shot learning to few-shot learning
Factor of variation across MDPs can be characterized by , which is known

Eg: task ID, goal, video, language, …
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When is this not enough?

Policy is not good enough 0-
shot, need to finetune

Context is unknown or hard 
to specify analytically 



From 0–shot learning to few-shot learning

Agent
Agent

0-shot MTRL: No experience 
at test time 

Meta-RL: Small amount of experience at test time 

Agent Agent Agent

Fast adaptation with experience



Connection to Contextual Multi-Task RL

n Multi-task policy evaluates 0-shot performance

n Meta-RL trains for good k-shot policy by ”learning to learn”



Meta-Learning Problem for RL

Collect Experience 
(Meta-Training)

Fast Adaptation 
(Meta-Testing)

§ Given a distribution over tasks , learn an update function that 
can learn tasks drawn from         quickly!

§ Leverage regularity across tasks to optimize for a fast RL algorithm
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Visual from C Finn



Distribution of tasks , optimize for update function 

Meta-Learning Problem for RL
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Single reward function, single dynamics

Meta RL:
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where Shared update function Per-task updated policy

Encourages quick update

�i = f✓(D⌧ )
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Intuition behind Meta-RL

n Leverage regularity in task distribution to speed up learning

n Explore for some time before exploiting

n Minimizes regret not just maximizes reward

Duan et al 2016



General Structure of Meta-RL Algorithms

1. Sample a batch of tasks from 

2. collect data pre-update 

3. Compute update according to

4. Sample data from       post-update to evaluate the update

5. Optimize for update function    
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f✓
<latexit sha1_base64="/ij4NDw1XHtQ2g/MYQ4Asu23I5M=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHoxWMF+4FtKZvtpF262YTdiVBC/4UXD4p49d9489+4bXPQ1gcDj/dmmJkXJFIY8rxvp7C2vrG5Vdwu7ezu7R+UD4+aJk41xwaPZazbATMohcIGCZLYTjSyKJDYCsa3M7/1hNqIWD3QJMFexIZKhIIzstJj2M+6NEJi03654lW9OdxV4uekAjnq/fJXdxDzNEJFXDJjOr6XUC9jmgSXOC11U4MJ42M2xI6likVoetn84ql7ZpWBG8baliJ3rv6eyFhkzCQKbGfEaGSWvZn4n9dJKbzuZUIlKaHii0VhKl2K3dn77kBo5CQnljCuhb3V5SOmGScbUsmG4C+/vEqaF1Xfq/r3l5XaTR5HEU7gFM7BhyuowR3UoQEcFDzDK7w5xnlx3p2PRWvByWeO4Q+czx/muZEN</latexit><latexit sha1_base64="/ij4NDw1XHtQ2g/MYQ4Asu23I5M=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHoxWMF+4FtKZvtpF262YTdiVBC/4UXD4p49d9489+4bXPQ1gcDj/dmmJkXJFIY8rxvp7C2vrG5Vdwu7ezu7R+UD4+aJk41xwaPZazbATMohcIGCZLYTjSyKJDYCsa3M7/1hNqIWD3QJMFexIZKhIIzstJj2M+6NEJi03654lW9OdxV4uekAjnq/fJXdxDzNEJFXDJjOr6XUC9jmgSXOC11U4MJ42M2xI6likVoetn84ql7ZpWBG8baliJ3rv6eyFhkzCQKbGfEaGSWvZn4n9dJKbzuZUIlKaHii0VhKl2K3dn77kBo5CQnljCuhb3V5SOmGScbUsmG4C+/vEqaF1Xfq/r3l5XaTR5HEU7gFM7BhyuowR3UoQEcFDzDK7w5xnlx3p2PRWvByWeO4Q+czx/muZEN</latexit><latexit sha1_base64="/ij4NDw1XHtQ2g/MYQ4Asu23I5M=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHoxWMF+4FtKZvtpF262YTdiVBC/4UXD4p49d9489+4bXPQ1gcDj/dmmJkXJFIY8rxvp7C2vrG5Vdwu7ezu7R+UD4+aJk41xwaPZazbATMohcIGCZLYTjSyKJDYCsa3M7/1hNqIWD3QJMFexIZKhIIzstJj2M+6NEJi03654lW9OdxV4uekAjnq/fJXdxDzNEJFXDJjOr6XUC9jmgSXOC11U4MJ42M2xI6likVoetn84ql7ZpWBG8baliJ3rv6eyFhkzCQKbGfEaGSWvZn4n9dJKbzuZUIlKaHii0VhKl2K3dn77kBo5CQnljCuhb3V5SOmGScbUsmG4C+/vEqaF1Xfq/r3l5XaTR5HEU7gFM7BhyuowR3UoQEcFDzDK7w5xnlx3p2PRWvByWeO4Q+czx/muZEN</latexit><latexit sha1_base64="/ij4NDw1XHtQ2g/MYQ4Asu23I5M=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHoxWMF+4FtKZvtpF262YTdiVBC/4UXD4p49d9489+4bXPQ1gcDj/dmmJkXJFIY8rxvp7C2vrG5Vdwu7ezu7R+UD4+aJk41xwaPZazbATMohcIGCZLYTjSyKJDYCsa3M7/1hNqIWD3QJMFexIZKhIIzstJj2M+6NEJi03654lW9OdxV4uekAjnq/fJXdxDzNEJFXDJjOr6XUC9jmgSXOC11U4MJ42M2xI6likVoetn84ql7ZpWBG8baliJ3rv6eyFhkzCQKbGfEaGSWvZn4n9dJKbzuZUIlKaHii0VhKl2K3dn77kBo5CQnljCuhb3V5SOmGScbUsmG4C+/vEqaF1Xfq/r3l5XaTR5HEU7gFM7BhyuowR3UoQEcFDzDK7w5xnlx3p2PRWvByWeO4Q+czx/muZEN</latexit>

Inner loop

Outer loop

�i = f✓(D⌧ )
<latexit sha1_base64="mvZTTNblvL7L0Ynud39Ugz3XUcA=">AAACDHicbVC7SgNBFJ31GeMramkzGITYhF0RtBGCWlhGMA/IhnB3MpsMmX0wc1cISz7Axl+xsVDE1g+w82+cTbbQxAMDh3POZe49XiyFRtv+tpaWV1bX1gsbxc2t7Z3d0t5+U0eJYrzBIhmptgeaSxHyBgqUvB0rDoEnecsbXWd+64ErLaLwHscx7wYwCIUvGKCReqWyGw9FT9BL6vdcHHKEihsADhnI9GZiJEhOTMqu2lPQReLkpExy1HulL7cfsSTgITIJWnccO8ZuCgoFk3xSdBPNY2AjGPCOoSEEXHfT6TETemyUPvUjZV6IdKr+nkgh0HoceCaZLarnvUz8z+sk6F90UxHGCfKQzT7yE0kxolkztC8UZyjHhgBTwuxK2RAUMDT9FU0JzvzJi6R5WnXsqnN3Vq5d5XUUyCE5IhXikHNSI7ekThqEkUfyTF7Jm/VkvVjv1scsumTlMwfkD6zPH/Jcmuo=</latexit><latexit sha1_base64="mvZTTNblvL7L0Ynud39Ugz3XUcA=">AAACDHicbVC7SgNBFJ31GeMramkzGITYhF0RtBGCWlhGMA/IhnB3MpsMmX0wc1cISz7Axl+xsVDE1g+w82+cTbbQxAMDh3POZe49XiyFRtv+tpaWV1bX1gsbxc2t7Z3d0t5+U0eJYrzBIhmptgeaSxHyBgqUvB0rDoEnecsbXWd+64ErLaLwHscx7wYwCIUvGKCReqWyGw9FT9BL6vdcHHKEihsADhnI9GZiJEhOTMqu2lPQReLkpExy1HulL7cfsSTgITIJWnccO8ZuCgoFk3xSdBPNY2AjGPCOoSEEXHfT6TETemyUPvUjZV6IdKr+nkgh0HoceCaZLarnvUz8z+sk6F90UxHGCfKQzT7yE0kxolkztC8UZyjHhgBTwuxK2RAUMDT9FU0JzvzJi6R5WnXsqnN3Vq5d5XUUyCE5IhXikHNSI7ekThqEkUfyTF7Jm/VkvVjv1scsumTlMwfkD6zPH/Jcmuo=</latexit><latexit sha1_base64="mvZTTNblvL7L0Ynud39Ugz3XUcA=">AAACDHicbVC7SgNBFJ31GeMramkzGITYhF0RtBGCWlhGMA/IhnB3MpsMmX0wc1cISz7Axl+xsVDE1g+w82+cTbbQxAMDh3POZe49XiyFRtv+tpaWV1bX1gsbxc2t7Z3d0t5+U0eJYrzBIhmptgeaSxHyBgqUvB0rDoEnecsbXWd+64ErLaLwHscx7wYwCIUvGKCReqWyGw9FT9BL6vdcHHKEihsADhnI9GZiJEhOTMqu2lPQReLkpExy1HulL7cfsSTgITIJWnccO8ZuCgoFk3xSdBPNY2AjGPCOoSEEXHfT6TETemyUPvUjZV6IdKr+nkgh0HoceCaZLarnvUz8z+sk6F90UxHGCfKQzT7yE0kxolkztC8UZyjHhgBTwuxK2RAUMDT9FU0JzvzJi6R5WnXsqnN3Vq5d5XUUyCE5IhXikHNSI7ekThqEkUfyTF7Jm/VkvVjv1scsumTlMwfkD6zPH/Jcmuo=</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="pXXNWoh9qUKBggwOnBvkoH0QkGI=">AAACAXicbVDLSgNBEOz1GWPU6NXLYBDiJex60Ysg6MFjBPOAbAi9k9lkyOyDmV4hLPkAL/6KFw+K+BPe/Bsnj4MmFjQUVd10dwWpkoZc99tZW9/Y3Nou7BR3S3v7B+XDUtMkmeaiwROV6HaARigZiwZJUqKdaoFRoEQrGN1M/daj0EYm8QONU9GNcBDLUHIkK/XKFT8dyp5kVyzs+TQUhFU/QhpyVPntxEqYndkut+bOwFaJtyAVWKDeK3/5/YRnkYiJKzSm47kpdXPUJLkSk6KfGZEiH+FAdCyNMRKmm8+embBTq/RZmGhbMbGZ+nsix8iYcRTYzumhZtmbiv95nYzCy24u4zQjEfP5ojBTjBI2TYb1pRac1NgS5FraWxkfokZONr+iDcFbfnmVNM9rnlvz7l0owDGcQBU8uIBruIM6NIDDE7zAG7w7z86r8zGPa81Z5HYEf+B8/gBK9Jlz</latexit><latexit sha1_base64="pXXNWoh9qUKBggwOnBvkoH0QkGI=">AAACAXicbVDLSgNBEOz1GWPU6NXLYBDiJex60Ysg6MFjBPOAbAi9k9lkyOyDmV4hLPkAL/6KFw+K+BPe/Bsnj4MmFjQUVd10dwWpkoZc99tZW9/Y3Nou7BR3S3v7B+XDUtMkmeaiwROV6HaARigZiwZJUqKdaoFRoEQrGN1M/daj0EYm8QONU9GNcBDLUHIkK/XKFT8dyp5kVyzs+TQUhFU/QhpyVPntxEqYndkut+bOwFaJtyAVWKDeK3/5/YRnkYiJKzSm47kpdXPUJLkSk6KfGZEiH+FAdCyNMRKmm8+embBTq/RZmGhbMbGZ+nsix8iYcRTYzumhZtmbiv95nYzCy24u4zQjEfP5ojBTjBI2TYb1pRac1NgS5FraWxkfokZONr+iDcFbfnmVNM9rnlvz7l0owDGcQBU8uIBruIM6NIDDE7zAG7w7z86r8zGPa81Z5HYEf+B8/gBK9Jlz</latexit><latexit sha1_base64="oHSdaamH1pHNwMjZkTT4rheo8Qg=">AAACDHicbVC7SgNBFJ2NrxhfUUubwSDEJuzaaCMEtbCMYB6QXZa7k9lkyOyDmbtCWPIBNv6KjYUitn6AnX/j5FFo4oGBwznnMveeIJVCo21/W4WV1bX1jeJmaWt7Z3evvH/Q0kmmGG+yRCaqE4DmUsS8iQIl76SKQxRI3g6G1xO//cCVFkl8j6OUexH0YxEKBmgkv1xx04HwBb2koe/igCNU3QhwwEDmN2MjQXZqUnbNnoIuE2dOKmSOhl/+cnsJyyIeI5OgddexU/RyUCiY5OOSm2meAhtCn3cNjSHi2sunx4zpiVF6NEyUeTHSqfp7IodI61EUmORkUb3oTcT/vG6G4YWXizjNkMds9lGYSYoJnTRDe0JxhnJkCDAlzK6UDUABQ9NfyZTgLJ68TFpnNceuOXd2pX41r6NIjsgxqRKHnJM6uSUN0iSMPJJn8krerCfrxXq3PmbRgjWfOSR/YH3+APEcmuY=</latexit><latexit sha1_base64="mvZTTNblvL7L0Ynud39Ugz3XUcA=">AAACDHicbVC7SgNBFJ31GeMramkzGITYhF0RtBGCWlhGMA/IhnB3MpsMmX0wc1cISz7Axl+xsVDE1g+w82+cTbbQxAMDh3POZe49XiyFRtv+tpaWV1bX1gsbxc2t7Z3d0t5+U0eJYrzBIhmptgeaSxHyBgqUvB0rDoEnecsbXWd+64ErLaLwHscx7wYwCIUvGKCReqWyGw9FT9BL6vdcHHKEihsADhnI9GZiJEhOTMqu2lPQReLkpExy1HulL7cfsSTgITIJWnccO8ZuCgoFk3xSdBPNY2AjGPCOoSEEXHfT6TETemyUPvUjZV6IdKr+nkgh0HoceCaZLarnvUz8z+sk6F90UxHGCfKQzT7yE0kxolkztC8UZyjHhgBTwuxK2RAUMDT9FU0JzvzJi6R5WnXsqnN3Vq5d5XUUyCE5IhXikHNSI7ekThqEkUfyTF7Jm/VkvVjv1scsumTlMwfkD6zPH/Jcmuo=</latexit><latexit sha1_base64="mvZTTNblvL7L0Ynud39Ugz3XUcA=">AAACDHicbVC7SgNBFJ31GeMramkzGITYhF0RtBGCWlhGMA/IhnB3MpsMmX0wc1cISz7Axl+xsVDE1g+w82+cTbbQxAMDh3POZe49XiyFRtv+tpaWV1bX1gsbxc2t7Z3d0t5+U0eJYrzBIhmptgeaSxHyBgqUvB0rDoEnecsbXWd+64ErLaLwHscx7wYwCIUvGKCReqWyGw9FT9BL6vdcHHKEihsADhnI9GZiJEhOTMqu2lPQReLkpExy1HulL7cfsSTgITIJWnccO8ZuCgoFk3xSdBPNY2AjGPCOoSEEXHfT6TETemyUPvUjZV6IdKr+nkgh0HoceCaZLarnvUz8z+sk6F90UxHGCfKQzT7yE0kxolkztC8UZyjHhgBTwuxK2RAUMDT9FU0JzvzJi6R5WnXsqnN3Vq5d5XUUyCE5IhXikHNSI7ekThqEkUfyTF7Jm/VkvVjv1scsumTlMwfkD6zPH/Jcmuo=</latexit><latexit sha1_base64="mvZTTNblvL7L0Ynud39Ugz3XUcA=">AAACDHicbVC7SgNBFJ31GeMramkzGITYhF0RtBGCWlhGMA/IhnB3MpsMmX0wc1cISz7Axl+xsVDE1g+w82+cTbbQxAMDh3POZe49XiyFRtv+tpaWV1bX1gsbxc2t7Z3d0t5+U0eJYrzBIhmptgeaSxHyBgqUvB0rDoEnecsbXWd+64ErLaLwHscx7wYwCIUvGKCReqWyGw9FT9BL6vdcHHKEihsADhnI9GZiJEhOTMqu2lPQReLkpExy1HulL7cfsSTgITIJWnccO8ZuCgoFk3xSdBPNY2AjGPCOoSEEXHfT6TETemyUPvUjZV6IdKr+nkgh0HoceCaZLarnvUz8z+sk6F90UxHGCfKQzT7yE0kxolkztC8UZyjHhgBTwuxK2RAUMDT9FU0JzvzJi6R5WnXsqnN3Vq5d5XUUyCE5IhXikHNSI7ekThqEkUfyTF7Jm/VkvVjv1scsumTlMwfkD6zPH/Jcmuo=</latexit><latexit sha1_base64="mvZTTNblvL7L0Ynud39Ugz3XUcA=">AAACDHicbVC7SgNBFJ31GeMramkzGITYhF0RtBGCWlhGMA/IhnB3MpsMmX0wc1cISz7Axl+xsVDE1g+w82+cTbbQxAMDh3POZe49XiyFRtv+tpaWV1bX1gsbxc2t7Z3d0t5+U0eJYrzBIhmptgeaSxHyBgqUvB0rDoEnecsbXWd+64ErLaLwHscx7wYwCIUvGKCReqWyGw9FT9BL6vdcHHKEihsADhnI9GZiJEhOTMqu2lPQReLkpExy1HulL7cfsSTgITIJWnccO8ZuCgoFk3xSdBPNY2AjGPCOoSEEXHfT6TETemyUPvUjZV6IdKr+nkgh0HoceCaZLarnvUz8z+sk6F90UxHGCfKQzT7yE0kxolkztC8UZyjHhgBTwuxK2RAUMDT9FU0JzvzJi6R5WnXsqnN3Vq5d5XUUyCE5IhXikHNSI7ekThqEkUfyTF7Jm/VkvVjv1scsumTlMwfkD6zPH/Jcmuo=</latexit><latexit sha1_base64="mvZTTNblvL7L0Ynud39Ugz3XUcA=">AAACDHicbVC7SgNBFJ31GeMramkzGITYhF0RtBGCWlhGMA/IhnB3MpsMmX0wc1cISz7Axl+xsVDE1g+w82+cTbbQxAMDh3POZe49XiyFRtv+tpaWV1bX1gsbxc2t7Z3d0t5+U0eJYrzBIhmptgeaSxHyBgqUvB0rDoEnecsbXWd+64ErLaLwHscx7wYwCIUvGKCReqWyGw9FT9BL6vdcHHKEihsADhnI9GZiJEhOTMqu2lPQReLkpExy1HulL7cfsSTgITIJWnccO8ZuCgoFk3xSdBPNY2AjGPCOoSEEXHfT6TETemyUPvUjZV6IdKr+nkgh0HoceCaZLarnvUz8z+sk6F90UxHGCfKQzT7yE0kxolkztC8UZyjHhgBTwuxK2RAUMDT9FU0JzvzJi6R5WnXsqnN3Vq5d5XUUyCE5IhXikHNSI7ekThqEkUfyTF7Jm/VkvVjv1scsumTlMwfkD6zPH/Jcmuo=</latexit><latexit sha1_base64="mvZTTNblvL7L0Ynud39Ugz3XUcA=">AAACDHicbVC7SgNBFJ31GeMramkzGITYhF0RtBGCWlhGMA/IhnB3MpsMmX0wc1cISz7Axl+xsVDE1g+w82+cTbbQxAMDh3POZe49XiyFRtv+tpaWV1bX1gsbxc2t7Z3d0t5+U0eJYrzBIhmptgeaSxHyBgqUvB0rDoEnecsbXWd+64ErLaLwHscx7wYwCIUvGKCReqWyGw9FT9BL6vdcHHKEihsADhnI9GZiJEhOTMqu2lPQReLkpExy1HulL7cfsSTgITIJWnccO8ZuCgoFk3xSdBPNY2AjGPCOoSEEXHfT6TETemyUPvUjZV6IdKr+nkgh0HoceCaZLarnvUz8z+sk6F90UxHGCfKQzT7yE0kxolkztC8UZyjHhgBTwuxK2RAUMDT9FU0JzvzJi6R5WnXsqnN3Vq5d5XUUyCE5IhXikHNSI7ekThqEkUfyTF7Jm/VkvVjv1scsumTlMwfkD6zPH/Jcmuo=</latexit>

�i = f✓(D⌧ )
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Solution Techniques for Meta-RL Problems
Main design choices:

n Parameterization of      for inner loop 

n Algorithm for outer loop optimization
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Inner loop

Memory based Gradient Descent

Outer loop

Policy Gradient Off-Policy RL Model-Based RL
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where Inner loop

Outer loop
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Memory Based Meta-RL
Idea: Make the update function forward pass of an RNN

n Learn RNN that takes in past s, a, r(s, a), produce action. 

n Maintain hidden state across episodes

n Maximize sum of returns across episodes

RL2 Duan et al, Learning to RL Wang et al



Memory Based Meta-RL

1. Sample a batch of tasks from 

2. Collect data using RNN across episodes for each task, with 
persistent hidden state and rewards available to the policy 

3. Optimize RNN policy via policy gradient BPTT
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Combine inner and 
outer loop into black 

box RNN
Meta-Training

Meta-Testing

1. Simply run the RNN forward pass across episodes
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Memory Based Meta-RL

Visual from Duan et al 2016



How well does memory based meta-RL work?
Pros: 

Simple, easy to implement

Arbitrarily flexible inner loop

Generally stable optimization

Cons:

No guaranteed improvement during meta-test time

Poor performance OOD

Convergent RL

Potential RL2 update



Optimization Based Meta-RL
Idea: 

What if we force to be convergent? 

Force           to be a convergent optimization algorithm like SGD
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<latexit sha1_base64="Gj65LuCQC3lfCHR5+bSMPP5KZGU="></latexit><latexit sha1_base64="Gj65LuCQC3lfCHR5+bSMPP5KZGU="></latexit><latexit sha1_base64="Gj65LuCQC3lfCHR5+bSMPP5KZGU="></latexit><latexit sha1_base64="Gj65LuCQC3lfCHR5+bSMPP5KZGU="></latexit>

�i = f✓(Mi)
<latexit sha1_base64="+7UnzFcESoVLYGC72fqgJjEb1V0=">AAACC3icbVDLSsNAFJ3UV62vqks3Q4tQNyURQTdC0Y0boYJ9QBPCZDpphk4ezNwIJWTvxl9x40IRt/6AO//GaZuFth64cDjnXu69x0sEV2Ca30ZpZXVtfaO8Wdna3tndq+4fdFWcSso6NBax7HtEMcEj1gEOgvUTyUjoCdbzxtdTv/fApOJxdA+ThDkhGUXc55SAltxqzU4C7nJ8iX03syFgQPKGHRIIKBHZbe7yE7daN5vmDHiZWAWpowJtt/plD2OahiwCKohSA8tMwMmIBE4Fyyt2qlhC6JiM2EDTiIRMOdnslxwfa2WI/VjqigDP1N8TGQmVmoSe7pxeqRa9qfifN0jBv3AyHiUpsIjOF/mpwBDjaTB4yCWjICaaECq5vhXTgEhCQcdX0SFYiy8vk+5p0zKb1t1ZvXVVxFFGR6iGGshC56iFblAbdRBFj+gZvaI348l4Md6Nj3lryShmDtEfGJ8/aSCapA==</latexit><latexit sha1_base64="+7UnzFcESoVLYGC72fqgJjEb1V0=">AAACC3icbVDLSsNAFJ3UV62vqks3Q4tQNyURQTdC0Y0boYJ9QBPCZDpphk4ezNwIJWTvxl9x40IRt/6AO//GaZuFth64cDjnXu69x0sEV2Ca30ZpZXVtfaO8Wdna3tndq+4fdFWcSso6NBax7HtEMcEj1gEOgvUTyUjoCdbzxtdTv/fApOJxdA+ThDkhGUXc55SAltxqzU4C7nJ8iX03syFgQPKGHRIIKBHZbe7yE7daN5vmDHiZWAWpowJtt/plD2OahiwCKohSA8tMwMmIBE4Fyyt2qlhC6JiM2EDTiIRMOdnslxwfa2WI/VjqigDP1N8TGQmVmoSe7pxeqRa9qfifN0jBv3AyHiUpsIjOF/mpwBDjaTB4yCWjICaaECq5vhXTgEhCQcdX0SFYiy8vk+5p0zKb1t1ZvXVVxFFGR6iGGshC56iFblAbdRBFj+gZvaI348l4Md6Nj3lryShmDtEfGJ8/aSCapA==</latexit><latexit sha1_base64="+7UnzFcESoVLYGC72fqgJjEb1V0=">AAACC3icbVDLSsNAFJ3UV62vqks3Q4tQNyURQTdC0Y0boYJ9QBPCZDpphk4ezNwIJWTvxl9x40IRt/6AO//GaZuFth64cDjnXu69x0sEV2Ca30ZpZXVtfaO8Wdna3tndq+4fdFWcSso6NBax7HtEMcEj1gEOgvUTyUjoCdbzxtdTv/fApOJxdA+ThDkhGUXc55SAltxqzU4C7nJ8iX03syFgQPKGHRIIKBHZbe7yE7daN5vmDHiZWAWpowJtt/plD2OahiwCKohSA8tMwMmIBE4Fyyt2qlhC6JiM2EDTiIRMOdnslxwfa2WI/VjqigDP1N8TGQmVmoSe7pxeqRa9qfifN0jBv3AyHiUpsIjOF/mpwBDjaTB4yCWjICaaECq5vhXTgEhCQcdX0SFYiy8vk+5p0zKb1t1ZvXVVxFFGR6iGGshC56iFblAbdRBFj+gZvaI348l4Md6Nj3lryShmDtEfGJ8/aSCapA==</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="5xQ6MSO4zL82aeKwlwGUrjHzyGo=">AAACAHicbZA7SwNBFIXvxleMUaOtzZAgxCbs2mgjCDY2QgTzgOyyzE5mkyGzD2buCmHZ3sa/YmOhiL/Czn/j5FFo4oGBj3NmmHtPkEqh0ba/rdLG5tb2Tnm3slfdPzisHVW7OskU4x2WyET1A6q5FDHvoEDJ+6niNAok7wWTm1nee+RKiyR+wGnKvYiOYhEKRtFYfq3upmPhC3JFQj93ccyRFk03ojhmVOZ3hS/O/FrDbtlzkXVwltCApdp+7csdJiyLeIxMUq0Hjp2il1OFgkleVNxM85SyCR3xgcGYRlx7+XyXgpwaZ0jCRJkTI5m7v1/kNNJ6GgXm5mxKvZrNzP+yQYbhpZeLOM2Qx2zxUZhJggmZFUOGQnGGcmqAMiXMrISNqaIMTX0VU4KzuvI6dM9bjt1y7m0owwnUoQkOXMA13EIbOsDgCV7gDd6tZ+vV+ljUVbKWvR3DH1mfP8R9mS4=</latexit><latexit sha1_base64="5xQ6MSO4zL82aeKwlwGUrjHzyGo=">AAACAHicbZA7SwNBFIXvxleMUaOtzZAgxCbs2mgjCDY2QgTzgOyyzE5mkyGzD2buCmHZ3sa/YmOhiL/Czn/j5FFo4oGBj3NmmHtPkEqh0ba/rdLG5tb2Tnm3slfdPzisHVW7OskU4x2WyET1A6q5FDHvoEDJ+6niNAok7wWTm1nee+RKiyR+wGnKvYiOYhEKRtFYfq3upmPhC3JFQj93ccyRFk03ojhmVOZ3hS/O/FrDbtlzkXVwltCApdp+7csdJiyLeIxMUq0Hjp2il1OFgkleVNxM85SyCR3xgcGYRlx7+XyXgpwaZ0jCRJkTI5m7v1/kNNJ6GgXm5mxKvZrNzP+yQYbhpZeLOM2Qx2zxUZhJggmZFUOGQnGGcmqAMiXMrISNqaIMTX0VU4KzuvI6dM9bjt1y7m0owwnUoQkOXMA13EIbOsDgCV7gDd6tZ+vV+ljUVbKWvR3DH1mfP8R9mS4=</latexit><latexit sha1_base64="pGrlsmJkzH1pYpCiD4/+0XLABtI=">AAACC3icbVDLSsNAFJ34rPUVdelmaBHqpiRudCMU3bgRKtgHNCFMppN26OTBzI1QQvZu/BU3LhRx6w+482+ctFlo64ELh3Pu5d57/ERwBZb1baysrq1vbFa2qts7u3v75sFhV8WppKxDYxHLvk8UEzxiHeAgWD+RjIS+YD1/cl34vQcmFY+je5gmzA3JKOIBpwS05Jk1Jxlzj+NLHHiZA2MGJG84IYExJSK7zT1+6pl1q2nNgJeJXZI6KtH2zC9nGNM0ZBFQQZQa2FYCbkYkcCpYXnVSxRJCJ2TEBppGJGTKzWa/5PhEK0McxFJXBHim/p7ISKjUNPR1Z3GlWvQK8T9vkEJw4WY8SlJgEZ0vClKBIcZFMHjIJaMgppoQKrm+FdMxkYSCjq+qQ7AXX14m3bOmbTXtO6veuirjqKBjVEMNZKNz1EI3qI06iKJH9Ixe0ZvxZLwY78bHvHXFKGeO0B8Ynz9n4Jqg</latexit><latexit sha1_base64="+7UnzFcESoVLYGC72fqgJjEb1V0=">AAACC3icbVDLSsNAFJ3UV62vqks3Q4tQNyURQTdC0Y0boYJ9QBPCZDpphk4ezNwIJWTvxl9x40IRt/6AO//GaZuFth64cDjnXu69x0sEV2Ca30ZpZXVtfaO8Wdna3tndq+4fdFWcSso6NBax7HtEMcEj1gEOgvUTyUjoCdbzxtdTv/fApOJxdA+ThDkhGUXc55SAltxqzU4C7nJ8iX03syFgQPKGHRIIKBHZbe7yE7daN5vmDHiZWAWpowJtt/plD2OahiwCKohSA8tMwMmIBE4Fyyt2qlhC6JiM2EDTiIRMOdnslxwfa2WI/VjqigDP1N8TGQmVmoSe7pxeqRa9qfifN0jBv3AyHiUpsIjOF/mpwBDjaTB4yCWjICaaECq5vhXTgEhCQcdX0SFYiy8vk+5p0zKb1t1ZvXVVxFFGR6iGGshC56iFblAbdRBFj+gZvaI348l4Md6Nj3lryShmDtEfGJ8/aSCapA==</latexit><latexit sha1_base64="+7UnzFcESoVLYGC72fqgJjEb1V0=">AAACC3icbVDLSsNAFJ3UV62vqks3Q4tQNyURQTdC0Y0boYJ9QBPCZDpphk4ezNwIJWTvxl9x40IRt/6AO//GaZuFth64cDjnXu69x0sEV2Ca30ZpZXVtfaO8Wdna3tndq+4fdFWcSso6NBax7HtEMcEj1gEOgvUTyUjoCdbzxtdTv/fApOJxdA+ThDkhGUXc55SAltxqzU4C7nJ8iX03syFgQPKGHRIIKBHZbe7yE7daN5vmDHiZWAWpowJtt/plD2OahiwCKohSA8tMwMmIBE4Fyyt2qlhC6JiM2EDTiIRMOdnslxwfa2WI/VjqigDP1N8TGQmVmoSe7pxeqRa9qfifN0jBv3AyHiUpsIjOF/mpwBDjaTB4yCWjICaaECq5vhXTgEhCQcdX0SFYiy8vk+5p0zKb1t1ZvXVVxFFGR6iGGshC56iFblAbdRBFj+gZvaI348l4Md6Nj3lryShmDtEfGJ8/aSCapA==</latexit><latexit sha1_base64="+7UnzFcESoVLYGC72fqgJjEb1V0=">AAACC3icbVDLSsNAFJ3UV62vqks3Q4tQNyURQTdC0Y0boYJ9QBPCZDpphk4ezNwIJWTvxl9x40IRt/6AO//GaZuFth64cDjnXu69x0sEV2Ca30ZpZXVtfaO8Wdna3tndq+4fdFWcSso6NBax7HtEMcEj1gEOgvUTyUjoCdbzxtdTv/fApOJxdA+ThDkhGUXc55SAltxqzU4C7nJ8iX03syFgQPKGHRIIKBHZbe7yE7daN5vmDHiZWAWpowJtt/plD2OahiwCKohSA8tMwMmIBE4Fyyt2qlhC6JiM2EDTiIRMOdnslxwfa2WI/VjqigDP1N8TGQmVmoSe7pxeqRa9qfifN0jBv3AyHiUpsIjOF/mpwBDjaTB4yCWjICaaECq5vhXTgEhCQcdX0SFYiy8vk+5p0zKb1t1ZvXVVxFFGR6iGGshC56iFblAbdRBFj+gZvaI348l4Md6Nj3lryShmDtEfGJ8/aSCapA==</latexit><latexit sha1_base64="+7UnzFcESoVLYGC72fqgJjEb1V0=">AAACC3icbVDLSsNAFJ3UV62vqks3Q4tQNyURQTdC0Y0boYJ9QBPCZDpphk4ezNwIJWTvxl9x40IRt/6AO//GaZuFth64cDjnXu69x0sEV2Ca30ZpZXVtfaO8Wdna3tndq+4fdFWcSso6NBax7HtEMcEj1gEOgvUTyUjoCdbzxtdTv/fApOJxdA+ThDkhGUXc55SAltxqzU4C7nJ8iX03syFgQPKGHRIIKBHZbe7yE7daN5vmDHiZWAWpowJtt/plD2OahiwCKohSA8tMwMmIBE4Fyyt2qlhC6JiM2EDTiIRMOdnslxwfa2WI/VjqigDP1N8TGQmVmoSe7pxeqRa9qfifN0jBv3AyHiUpsIjOF/mpwBDjaTB4yCWjICaaECq5vhXTgEhCQcdX0SFYiy8vk+5p0zKb1t1ZvXVVxFFGR6iGGshC56iFblAbdRBFj+gZvaI348l4Md6Nj3lryShmDtEfGJ8/aSCapA==</latexit><latexit sha1_base64="+7UnzFcESoVLYGC72fqgJjEb1V0=">AAACC3icbVDLSsNAFJ3UV62vqks3Q4tQNyURQTdC0Y0boYJ9QBPCZDpphk4ezNwIJWTvxl9x40IRt/6AO//GaZuFth64cDjnXu69x0sEV2Ca30ZpZXVtfaO8Wdna3tndq+4fdFWcSso6NBax7HtEMcEj1gEOgvUTyUjoCdbzxtdTv/fApOJxdA+ThDkhGUXc55SAltxqzU4C7nJ8iX03syFgQPKGHRIIKBHZbe7yE7daN5vmDHiZWAWpowJtt/plD2OahiwCKohSA8tMwMmIBE4Fyyt2qlhC6JiM2EDTiIRMOdnslxwfa2WI/VjqigDP1N8TGQmVmoSe7pxeqRa9qfifN0jBv3AyHiUpsIjOF/mpwBDjaTB4yCWjICaaECq5vhXTgEhCQcdX0SFYiy8vk+5p0zKb1t1ZvXVVxFFGR6iGGshC56iFblAbdRBFj+gZvaI348l4Md6Nj3lryShmDtEfGJ8/aSCapA==</latexit><latexit sha1_base64="+7UnzFcESoVLYGC72fqgJjEb1V0=">AAACC3icbVDLSsNAFJ3UV62vqks3Q4tQNyURQTdC0Y0boYJ9QBPCZDpphk4ezNwIJWTvxl9x40IRt/6AO//GaZuFth64cDjnXu69x0sEV2Ca30ZpZXVtfaO8Wdna3tndq+4fdFWcSso6NBax7HtEMcEj1gEOgvUTyUjoCdbzxtdTv/fApOJxdA+ThDkhGUXc55SAltxqzU4C7nJ8iX03syFgQPKGHRIIKBHZbe7yE7daN5vmDHiZWAWpowJtt/plD2OahiwCKohSA8tMwMmIBE4Fyyt2qlhC6JiM2EDTiIRMOdnslxwfa2WI/VjqigDP1N8TGQmVmoSe7pxeqRa9qfifN0jBv3AyHiUpsIjOF/mpwBDjaTB4yCWjICaaECq5vhXTgEhCQcdX0SFYiy8vk+5p0zKb1t1ZvXVVxFFGR6iGGshC56iFblAbdRBFj+gZvaI348l4Md6Nj3lryShmDtEfGJ8/aSCapA==</latexit>

Restrict to be convergent optimization



MAML: Gradient Based Meta-RL

Learn most fine-tunable initial parameters, such that 1-step of SGD is good
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<latexit sha1_base64="K+5gpeP5QaPETGbxnK9RsS3p6HQ="></latexit><latexit sha1_base64="K+5gpeP5QaPETGbxnK9RsS3p6HQ="></latexit><latexit sha1_base64="K+5gpeP5QaPETGbxnK9RsS3p6HQ="></latexit><latexit sha1_base64="K+5gpeP5QaPETGbxnK9RsS3p6HQ="></latexit>

Finn et al 2017, 2018



Pseudocode for Gradient Based RL
1. Sample a batch of tasks from 

2. collect data pre-update from 

3. Compute update according to

4. Sample data from       post-update 

5. Optimize for initial parameters by PG in outer loop

p(⌧)
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Second order gradients 
via bi-level optimization



How well does it work?
Tasks: 
Half cheetah: goal velocity, 
Half cheetah: forward/backward
Ant: forward/backward

Finn et al 2017



How well does it work?

Pros: 

Consistent, worst case performance is PG

Only need to learn initialization

Cons:

Second order gradients needed

Potentially less expressive update



Latent Variable Models for Meta-RL
Think of meta-RL similar to multi-task RL, but context       is a hidden variable 

that must be inferred

Meta-RL as a POMDP

Need to infer this

!i
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Recasting meta-RL as context inference
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<latexit sha1_base64="mvZTTNblvL7L0Ynud39Ugz3XUcA=">AAACDHicbVC7SgNBFJ31GeMramkzGITYhF0RtBGCWlhGMA/IhnB3MpsMmX0wc1cISz7Axl+xsVDE1g+w82+cTbbQxAMDh3POZe49XiyFRtv+tpaWV1bX1gsbxc2t7Z3d0t5+U0eJYrzBIhmptgeaSxHyBgqUvB0rDoEnecsbXWd+64ErLaLwHscx7wYwCIUvGKCReqWyGw9FT9BL6vdcHHKEihsADhnI9GZiJEhOTMqu2lPQReLkpExy1HulL7cfsSTgITIJWnccO8ZuCgoFk3xSdBPNY2AjGPCOoSEEXHfT6TETemyUPvUjZV6IdKr+nkgh0HoceCaZLarnvUz8z+sk6F90UxHGCfKQzT7yE0kxolkztC8UZyjHhgBTwuxK2RAUMDT9FU0JzvzJi6R5WnXsqnN3Vq5d5XUUyCE5IhXikHNSI7ekThqEkUfyTF7Jm/VkvVjv1scsumTlMwfkD6zPH/Jcmuo=</latexit><latexit sha1_base64="mvZTTNblvL7L0Ynud39Ugz3XUcA=">AAACDHicbVC7SgNBFJ31GeMramkzGITYhF0RtBGCWlhGMA/IhnB3MpsMmX0wc1cISz7Axl+xsVDE1g+w82+cTbbQxAMDh3POZe49XiyFRtv+tpaWV1bX1gsbxc2t7Z3d0t5+U0eJYrzBIhmptgeaSxHyBgqUvB0rDoEnecsbXWd+64ErLaLwHscx7wYwCIUvGKCReqWyGw9FT9BL6vdcHHKEihsADhnI9GZiJEhOTMqu2lPQReLkpExy1HulL7cfsSTgITIJWnccO8ZuCgoFk3xSdBPNY2AjGPCOoSEEXHfT6TETemyUPvUjZV6IdKr+nkgh0HoceCaZLarnvUz8z+sk6F90UxHGCfKQzT7yE0kxolkztC8UZyjHhgBTwuxK2RAUMDT9FU0JzvzJi6R5WnXsqnN3Vq5d5XUUyCE5IhXikHNSI7ekThqEkUfyTF7Jm/VkvVjv1scsumTlMwfkD6zPH/Jcmuo=</latexit><latexit sha1_base64="mvZTTNblvL7L0Ynud39Ugz3XUcA=">AAACDHicbVC7SgNBFJ31GeMramkzGITYhF0RtBGCWlhGMA/IhnB3MpsMmX0wc1cISz7Axl+xsVDE1g+w82+cTbbQxAMDh3POZe49XiyFRtv+tpaWV1bX1gsbxc2t7Z3d0t5+U0eJYrzBIhmptgeaSxHyBgqUvB0rDoEnecsbXWd+64ErLaLwHscx7wYwCIUvGKCReqWyGw9FT9BL6vdcHHKEihsADhnI9GZiJEhOTMqu2lPQReLkpExy1HulL7cfsSTgITIJWnccO8ZuCgoFk3xSdBPNY2AjGPCOoSEEXHfT6TETemyUPvUjZV6IdKr+nkgh0HoceCaZLarnvUz8z+sk6F90UxHGCfKQzT7yE0kxolkztC8UZyjHhgBTwuxK2RAUMDT9FU0JzvzJi6R5WnXsqnN3Vq5d5XUUyCE5IhXikHNSI7ekThqEkUfyTF7Jm/VkvVjv1scsumTlMwfkD6zPH/Jcmuo=</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="pXXNWoh9qUKBggwOnBvkoH0QkGI=">AAACAXicbVDLSgNBEOz1GWPU6NXLYBDiJex60Ysg6MFjBPOAbAi9k9lkyOyDmV4hLPkAL/6KFw+K+BPe/Bsnj4MmFjQUVd10dwWpkoZc99tZW9/Y3Nou7BR3S3v7B+XDUtMkmeaiwROV6HaARigZiwZJUqKdaoFRoEQrGN1M/daj0EYm8QONU9GNcBDLUHIkK/XKFT8dyp5kVyzs+TQUhFU/QhpyVPntxEqYndkut+bOwFaJtyAVWKDeK3/5/YRnkYiJKzSm47kpdXPUJLkSk6KfGZEiH+FAdCyNMRKmm8+embBTq/RZmGhbMbGZ+nsix8iYcRTYzumhZtmbiv95nYzCy24u4zQjEfP5ojBTjBI2TYb1pRac1NgS5FraWxkfokZONr+iDcFbfnmVNM9rnlvz7l0owDGcQBU8uIBruIM6NIDDE7zAG7w7z86r8zGPa81Z5HYEf+B8/gBK9Jlz</latexit><latexit sha1_base64="pXXNWoh9qUKBggwOnBvkoH0QkGI=">AAACAXicbVDLSgNBEOz1GWPU6NXLYBDiJex60Ysg6MFjBPOAbAi9k9lkyOyDmV4hLPkAL/6KFw+K+BPe/Bsnj4MmFjQUVd10dwWpkoZc99tZW9/Y3Nou7BR3S3v7B+XDUtMkmeaiwROV6HaARigZiwZJUqKdaoFRoEQrGN1M/daj0EYm8QONU9GNcBDLUHIkK/XKFT8dyp5kVyzs+TQUhFU/QhpyVPntxEqYndkut+bOwFaJtyAVWKDeK3/5/YRnkYiJKzSm47kpdXPUJLkSk6KfGZEiH+FAdCyNMRKmm8+embBTq/RZmGhbMbGZ+nsix8iYcRTYzumhZtmbiv95nYzCy24u4zQjEfP5ojBTjBI2TYb1pRac1NgS5FraWxkfokZONr+iDcFbfnmVNM9rnlvz7l0owDGcQBU8uIBruIM6NIDDE7zAG7w7z86r8zGPa81Z5HYEf+B8/gBK9Jlz</latexit><latexit sha1_base64="oHSdaamH1pHNwMjZkTT4rheo8Qg=">AAACDHicbVC7SgNBFJ2NrxhfUUubwSDEJuzaaCMEtbCMYB6QXZa7k9lkyOyDmbtCWPIBNv6KjYUitn6AnX/j5FFo4oGBwznnMveeIJVCo21/W4WV1bX1jeJmaWt7Z3evvH/Q0kmmGG+yRCaqE4DmUsS8iQIl76SKQxRI3g6G1xO//cCVFkl8j6OUexH0YxEKBmgkv1xx04HwBb2koe/igCNU3QhwwEDmN2MjQXZqUnbNnoIuE2dOKmSOhl/+cnsJyyIeI5OgddexU/RyUCiY5OOSm2meAhtCn3cNjSHi2sunx4zpiVF6NEyUeTHSqfp7IodI61EUmORkUb3oTcT/vG6G4YWXizjNkMds9lGYSYoJnTRDe0JxhnJkCDAlzK6UDUABQ9NfyZTgLJ68TFpnNceuOXd2pX41r6NIjsgxqRKHnJM6uSUN0iSMPJJn8krerCfrxXq3PmbRgjWfOSR/YH3+APEcmuY=</latexit><latexit sha1_base64="mvZTTNblvL7L0Ynud39Ugz3XUcA=">AAACDHicbVC7SgNBFJ31GeMramkzGITYhF0RtBGCWlhGMA/IhnB3MpsMmX0wc1cISz7Axl+xsVDE1g+w82+cTbbQxAMDh3POZe49XiyFRtv+tpaWV1bX1gsbxc2t7Z3d0t5+U0eJYrzBIhmptgeaSxHyBgqUvB0rDoEnecsbXWd+64ErLaLwHscx7wYwCIUvGKCReqWyGw9FT9BL6vdcHHKEihsADhnI9GZiJEhOTMqu2lPQReLkpExy1HulL7cfsSTgITIJWnccO8ZuCgoFk3xSdBPNY2AjGPCOoSEEXHfT6TETemyUPvUjZV6IdKr+nkgh0HoceCaZLarnvUz8z+sk6F90UxHGCfKQzT7yE0kxolkztC8UZyjHhgBTwuxK2RAUMDT9FU0JzvzJi6R5WnXsqnN3Vq5d5XUUyCE5IhXikHNSI7ekThqEkUfyTF7Jm/VkvVjv1scsumTlMwfkD6zPH/Jcmuo=</latexit><latexit sha1_base64="mvZTTNblvL7L0Ynud39Ugz3XUcA=">AAACDHicbVC7SgNBFJ31GeMramkzGITYhF0RtBGCWlhGMA/IhnB3MpsMmX0wc1cISz7Axl+xsVDE1g+w82+cTbbQxAMDh3POZe49XiyFRtv+tpaWV1bX1gsbxc2t7Z3d0t5+U0eJYrzBIhmptgeaSxHyBgqUvB0rDoEnecsbXWd+64ErLaLwHscx7wYwCIUvGKCReqWyGw9FT9BL6vdcHHKEihsADhnI9GZiJEhOTMqu2lPQReLkpExy1HulL7cfsSTgITIJWnccO8ZuCgoFk3xSdBPNY2AjGPCOoSEEXHfT6TETemyUPvUjZV6IdKr+nkgh0HoceCaZLarnvUz8z+sk6F90UxHGCfKQzT7yE0kxolkztC8UZyjHhgBTwuxK2RAUMDT9FU0JzvzJi6R5WnXsqnN3Vq5d5XUUyCE5IhXikHNSI7ekThqEkUfyTF7Jm/VkvVjv1scsumTlMwfkD6zPH/Jcmuo=</latexit><latexit sha1_base64="mvZTTNblvL7L0Ynud39Ugz3XUcA=">AAACDHicbVC7SgNBFJ31GeMramkzGITYhF0RtBGCWlhGMA/IhnB3MpsMmX0wc1cISz7Axl+xsVDE1g+w82+cTbbQxAMDh3POZe49XiyFRtv+tpaWV1bX1gsbxc2t7Z3d0t5+U0eJYrzBIhmptgeaSxHyBgqUvB0rDoEnecsbXWd+64ErLaLwHscx7wYwCIUvGKCReqWyGw9FT9BL6vdcHHKEihsADhnI9GZiJEhOTMqu2lPQReLkpExy1HulL7cfsSTgITIJWnccO8ZuCgoFk3xSdBPNY2AjGPCOoSEEXHfT6TETemyUPvUjZV6IdKr+nkgh0HoceCaZLarnvUz8z+sk6F90UxHGCfKQzT7yE0kxolkztC8UZyjHhgBTwuxK2RAUMDT9FU0JzvzJi6R5WnXsqnN3Vq5d5XUUyCE5IhXikHNSI7ekThqEkUfyTF7Jm/VkvVjv1scsumTlMwfkD6zPH/Jcmuo=</latexit><latexit sha1_base64="mvZTTNblvL7L0Ynud39Ugz3XUcA=">AAACDHicbVC7SgNBFJ31GeMramkzGITYhF0RtBGCWlhGMA/IhnB3MpsMmX0wc1cISz7Axl+xsVDE1g+w82+cTbbQxAMDh3POZe49XiyFRtv+tpaWV1bX1gsbxc2t7Z3d0t5+U0eJYrzBIhmptgeaSxHyBgqUvB0rDoEnecsbXWd+64ErLaLwHscx7wYwCIUvGKCReqWyGw9FT9BL6vdcHHKEihsADhnI9GZiJEhOTMqu2lPQReLkpExy1HulL7cfsSTgITIJWnccO8ZuCgoFk3xSdBPNY2AjGPCOoSEEXHfT6TETemyUPvUjZV6IdKr+nkgh0HoceCaZLarnvUz8z+sk6F90UxHGCfKQzT7yE0kxolkztC8UZyjHhgBTwuxK2RAUMDT9FU0JzvzJi6R5WnXsqnN3Vq5d5XUUyCE5IhXikHNSI7ekThqEkUfyTF7Jm/VkvVjv1scsumTlMwfkD6zPH/Jcmuo=</latexit><latexit sha1_base64="mvZTTNblvL7L0Ynud39Ugz3XUcA=">AAACDHicbVC7SgNBFJ31GeMramkzGITYhF0RtBGCWlhGMA/IhnB3MpsMmX0wc1cISz7Axl+xsVDE1g+w82+cTbbQxAMDh3POZe49XiyFRtv+tpaWV1bX1gsbxc2t7Z3d0t5+U0eJYrzBIhmptgeaSxHyBgqUvB0rDoEnecsbXWd+64ErLaLwHscx7wYwCIUvGKCReqWyGw9FT9BL6vdcHHKEihsADhnI9GZiJEhOTMqu2lPQReLkpExy1HulL7cfsSTgITIJWnccO8ZuCgoFk3xSdBPNY2AjGPCOoSEEXHfT6TETemyUPvUjZV6IdKr+nkgh0HoceCaZLarnvUz8z+sk6F90UxHGCfKQzT7yE0kxolkztC8UZyjHhgBTwuxK2RAUMDT9FU0JzvzJi6R5WnXsqnN3Vq5d5XUUyCE5IhXikHNSI7ekThqEkUfyTF7Jm/VkvVjv1scsumTlMwfkD6zPH/Jcmuo=</latexit><latexit sha1_base64="mvZTTNblvL7L0Ynud39Ugz3XUcA=">AAACDHicbVC7SgNBFJ31GeMramkzGITYhF0RtBGCWlhGMA/IhnB3MpsMmX0wc1cISz7Axl+xsVDE1g+w82+cTbbQxAMDh3POZe49XiyFRtv+tpaWV1bX1gsbxc2t7Z3d0t5+U0eJYrzBIhmptgeaSxHyBgqUvB0rDoEnecsbXWd+64ErLaLwHscx7wYwCIUvGKCReqWyGw9FT9BL6vdcHHKEihsADhnI9GZiJEhOTMqu2lPQReLkpExy1HulL7cfsSTgITIJWnccO8ZuCgoFk3xSdBPNY2AjGPCOoSEEXHfT6TETemyUPvUjZV6IdKr+nkgh0HoceCaZLarnvUz8z+sk6F90UxHGCfKQzT7yE0kxolkztC8UZyjHhgBTwuxK2RAUMDT9FU0JzvzJi6R5WnXsqnN3Vq5d5XUUyCE5IhXikHNSI7ekThqEkUfyTF7Jm/VkvVjv1scsumTlMwfkD6zPH/Jcmuo=</latexit>

q✓(z|s0, a0, r0, s1, a1, r1, . . . , sT , aT , rT )
<latexit sha1_base64="aE/zky7KzeeVs/DemYX4iW1yWzY=">AAACJ3icbVDLSgMxFM34rPU16tJNsAgVpMyIoCspunFZYfqAtgyZNG1DMw+TO0Id+zdu/BU3goro0j8xabvQ1gs5nHvuvUnuCRLBFTjOl7WwuLS8sppby69vbG5t2zu7NRWnkrIqjUUsGwFRTPCIVYGDYI1EMhIGgtWDwZWp1++YVDyOPBgmrB2SXsS7nBLQkm9f3Pot6DMgxfsH5TvHmBiQBpTvmtQ1qYZWJwZlVM+onlG9I98uOCVnHHieuFNSQNOo+ParvoemIYuACqJU03USaGdEAqeCjfKtVLGE0AHpsaamEQmZamfjPUf4UCsd3I2lPhHgsfp7IiOhUsMw0J0hgb6arRnxv1ozhe55O+NRkgKL6OShbiowxNiYhjtcMgpiqAmhkuu/YtonklDQ1ua1Ce7syvOkdlJynZJ7c1ooX07tyKF9dICKyEVnqIyuUQVVEUWP6Bm9oXfryXqxPqzPSeuCNZ3ZQ3/C+v4BAB2hqg==</latexit><latexit sha1_base64="aE/zky7KzeeVs/DemYX4iW1yWzY=">AAACJ3icbVDLSgMxFM34rPU16tJNsAgVpMyIoCspunFZYfqAtgyZNG1DMw+TO0Id+zdu/BU3goro0j8xabvQ1gs5nHvuvUnuCRLBFTjOl7WwuLS8sppby69vbG5t2zu7NRWnkrIqjUUsGwFRTPCIVYGDYI1EMhIGgtWDwZWp1++YVDyOPBgmrB2SXsS7nBLQkm9f3Pot6DMgxfsH5TvHmBiQBpTvmtQ1qYZWJwZlVM+onlG9I98uOCVnHHieuFNSQNOo+ParvoemIYuACqJU03USaGdEAqeCjfKtVLGE0AHpsaamEQmZamfjPUf4UCsd3I2lPhHgsfp7IiOhUsMw0J0hgb6arRnxv1ozhe55O+NRkgKL6OShbiowxNiYhjtcMgpiqAmhkuu/YtonklDQ1ua1Ce7syvOkdlJynZJ7c1ooX07tyKF9dICKyEVnqIyuUQVVEUWP6Bm9oXfryXqxPqzPSeuCNZ3ZQ3/C+v4BAB2hqg==</latexit><latexit sha1_base64="aE/zky7KzeeVs/DemYX4iW1yWzY=">AAACJ3icbVDLSgMxFM34rPU16tJNsAgVpMyIoCspunFZYfqAtgyZNG1DMw+TO0Id+zdu/BU3goro0j8xabvQ1gs5nHvuvUnuCRLBFTjOl7WwuLS8sppby69vbG5t2zu7NRWnkrIqjUUsGwFRTPCIVYGDYI1EMhIGgtWDwZWp1++YVDyOPBgmrB2SXsS7nBLQkm9f3Pot6DMgxfsH5TvHmBiQBpTvmtQ1qYZWJwZlVM+onlG9I98uOCVnHHieuFNSQNOo+ParvoemIYuACqJU03USaGdEAqeCjfKtVLGE0AHpsaamEQmZamfjPUf4UCsd3I2lPhHgsfp7IiOhUsMw0J0hgb6arRnxv1ozhe55O+NRkgKL6OShbiowxNiYhjtcMgpiqAmhkuu/YtonklDQ1ua1Ce7syvOkdlJynZJ7c1ooX07tyKF9dICKyEVnqIyuUQVVEUWP6Bm9oXfryXqxPqzPSeuCNZ3ZQ3/C+v4BAB2hqg==</latexit><latexit sha1_base64="aE/zky7KzeeVs/DemYX4iW1yWzY=">AAACJ3icbVDLSgMxFM34rPU16tJNsAgVpMyIoCspunFZYfqAtgyZNG1DMw+TO0Id+zdu/BU3goro0j8xabvQ1gs5nHvuvUnuCRLBFTjOl7WwuLS8sppby69vbG5t2zu7NRWnkrIqjUUsGwFRTPCIVYGDYI1EMhIGgtWDwZWp1++YVDyOPBgmrB2SXsS7nBLQkm9f3Pot6DMgxfsH5TvHmBiQBpTvmtQ1qYZWJwZlVM+onlG9I98uOCVnHHieuFNSQNOo+ParvoemIYuACqJU03USaGdEAqeCjfKtVLGE0AHpsaamEQmZamfjPUf4UCsd3I2lPhHgsfp7IiOhUsMw0J0hgb6arRnxv1ozhe55O+NRkgKL6OShbiowxNiYhjtcMgpiqAmhkuu/YtonklDQ1ua1Ce7syvOkdlJynZJ7c1ooX07tyKF9dICKyEVnqIyuUQVVEUWP6Bm9oXfryXqxPqzPSeuCNZ3ZQ3/C+v4BAB2hqg==</latexit>

Infer latent variable from 
experience 

Deploy latent conditioned 
policy ⇡✓(a|s, z)

<latexit sha1_base64="MflzkFPix9KvGohS/e3LEaYBEDk=">AAAB+3icbVBNS8NAEN3Ur1q/Yj16WSxCBSmJCHosevFYwX5AE8Jmu2mXbjZhdyLW2r/ixYMiXv0j3vw3btsctPXBwOO9GWbmhangGhzn2yqsrK6tbxQ3S1vbO7t79n65pZNMUdakiUhUJySaCS5ZEzgI1kkVI3EoWDscXk/99j1TmifyDkYp82PSlzzilICRArvspTzwYMCAVMmTPsWPJ4FdcWrODHiZuDmpoByNwP7yegnNYiaBCqJ113VS8MdEAaeCTUpepllK6JD0WddQSWKm/fHs9gk+NkoPR4kyJQHP1N8TYxJrPYpD0xkTGOhFbyr+53UziC79MZdpBkzS+aIoExgSPA0C97hiFMTIEEIVN7diOiCKUDBxlUwI7uLLy6R1VnOdmnt7Xqlf5XEU0SE6QlXkogtURzeogZqIogf0jF7RmzWxXqx362PeWrDymQP0B9bnDxWBk8w=</latexit><latexit sha1_base64="MflzkFPix9KvGohS/e3LEaYBEDk=">AAAB+3icbVBNS8NAEN3Ur1q/Yj16WSxCBSmJCHosevFYwX5AE8Jmu2mXbjZhdyLW2r/ixYMiXv0j3vw3btsctPXBwOO9GWbmhangGhzn2yqsrK6tbxQ3S1vbO7t79n65pZNMUdakiUhUJySaCS5ZEzgI1kkVI3EoWDscXk/99j1TmifyDkYp82PSlzzilICRArvspTzwYMCAVMmTPsWPJ4FdcWrODHiZuDmpoByNwP7yegnNYiaBCqJ113VS8MdEAaeCTUpepllK6JD0WddQSWKm/fHs9gk+NkoPR4kyJQHP1N8TYxJrPYpD0xkTGOhFbyr+53UziC79MZdpBkzS+aIoExgSPA0C97hiFMTIEEIVN7diOiCKUDBxlUwI7uLLy6R1VnOdmnt7Xqlf5XEU0SE6QlXkogtURzeogZqIogf0jF7RmzWxXqx362PeWrDymQP0B9bnDxWBk8w=</latexit><latexit sha1_base64="MflzkFPix9KvGohS/e3LEaYBEDk=">AAAB+3icbVBNS8NAEN3Ur1q/Yj16WSxCBSmJCHosevFYwX5AE8Jmu2mXbjZhdyLW2r/ixYMiXv0j3vw3btsctPXBwOO9GWbmhangGhzn2yqsrK6tbxQ3S1vbO7t79n65pZNMUdakiUhUJySaCS5ZEzgI1kkVI3EoWDscXk/99j1TmifyDkYp82PSlzzilICRArvspTzwYMCAVMmTPsWPJ4FdcWrODHiZuDmpoByNwP7yegnNYiaBCqJ113VS8MdEAaeCTUpepllK6JD0WddQSWKm/fHs9gk+NkoPR4kyJQHP1N8TYxJrPYpD0xkTGOhFbyr+53UziC79MZdpBkzS+aIoExgSPA0C97hiFMTIEEIVN7diOiCKUDBxlUwI7uLLy6R1VnOdmnt7Xqlf5XEU0SE6QlXkogtURzeogZqIogf0jF7RmzWxXqx362PeWrDymQP0B9bnDxWBk8w=</latexit><latexit sha1_base64="MflzkFPix9KvGohS/e3LEaYBEDk=">AAAB+3icbVBNS8NAEN3Ur1q/Yj16WSxCBSmJCHosevFYwX5AE8Jmu2mXbjZhdyLW2r/ixYMiXv0j3vw3btsctPXBwOO9GWbmhangGhzn2yqsrK6tbxQ3S1vbO7t79n65pZNMUdakiUhUJySaCS5ZEzgI1kkVI3EoWDscXk/99j1TmifyDkYp82PSlzzilICRArvspTzwYMCAVMmTPsWPJ4FdcWrODHiZuDmpoByNwP7yegnNYiaBCqJ113VS8MdEAaeCTUpepllK6JD0WddQSWKm/fHs9gk+NkoPR4kyJQHP1N8TYxJrPYpD0xkTGOhFbyr+53UziC79MZdpBkzS+aIoExgSPA0C97hiFMTIEEIVN7diOiCKUDBxlUwI7uLLy6R1VnOdmnt7Xqlf5XEU0SE6QlXkogtURzeogZqIogf0jF7RmzWxXqx362PeWrDymQP0B9bnDxWBk8w=</latexit>

PEARL: Off-Policy Meta RL via Probabilistic Context Variables, Rakelly et al 2019



1. Sample a batch of tasks from 

2. Sample trajectories

3. Train and
to maximize rewards via RL ( + some regularization)

Recasting meta-RL as context inference

q✓(z|s0, a0, r0, s1, a1, r1, . . . , sT , aT , rT )
<latexit sha1_base64="aE/zky7KzeeVs/DemYX4iW1yWzY=">AAACJ3icbVDLSgMxFM34rPU16tJNsAgVpMyIoCspunFZYfqAtgyZNG1DMw+TO0Id+zdu/BU3goro0j8xabvQ1gs5nHvuvUnuCRLBFTjOl7WwuLS8sppby69vbG5t2zu7NRWnkrIqjUUsGwFRTPCIVYGDYI1EMhIGgtWDwZWp1++YVDyOPBgmrB2SXsS7nBLQkm9f3Pot6DMgxfsH5TvHmBiQBpTvmtQ1qYZWJwZlVM+onlG9I98uOCVnHHieuFNSQNOo+ParvoemIYuACqJU03USaGdEAqeCjfKtVLGE0AHpsaamEQmZamfjPUf4UCsd3I2lPhHgsfp7IiOhUsMw0J0hgb6arRnxv1ozhe55O+NRkgKL6OShbiowxNiYhjtcMgpiqAmhkuu/YtonklDQ1ua1Ce7syvOkdlJynZJ7c1ooX07tyKF9dICKyEVnqIyuUQVVEUWP6Bm9oXfryXqxPqzPSeuCNZ3ZQ3/C+v4BAB2hqg==</latexit><latexit sha1_base64="aE/zky7KzeeVs/DemYX4iW1yWzY=">AAACJ3icbVDLSgMxFM34rPU16tJNsAgVpMyIoCspunFZYfqAtgyZNG1DMw+TO0Id+zdu/BU3goro0j8xabvQ1gs5nHvuvUnuCRLBFTjOl7WwuLS8sppby69vbG5t2zu7NRWnkrIqjUUsGwFRTPCIVYGDYI1EMhIGgtWDwZWp1++YVDyOPBgmrB2SXsS7nBLQkm9f3Pot6DMgxfsH5TvHmBiQBpTvmtQ1qYZWJwZlVM+onlG9I98uOCVnHHieuFNSQNOo+ParvoemIYuACqJU03USaGdEAqeCjfKtVLGE0AHpsaamEQmZamfjPUf4UCsd3I2lPhHgsfp7IiOhUsMw0J0hgb6arRnxv1ozhe55O+NRkgKL6OShbiowxNiYhjtcMgpiqAmhkuu/YtonklDQ1ua1Ce7syvOkdlJynZJ7c1ooX07tyKF9dICKyEVnqIyuUQVVEUWP6Bm9oXfryXqxPqzPSeuCNZ3ZQ3/C+v4BAB2hqg==</latexit><latexit sha1_base64="aE/zky7KzeeVs/DemYX4iW1yWzY=">AAACJ3icbVDLSgMxFM34rPU16tJNsAgVpMyIoCspunFZYfqAtgyZNG1DMw+TO0Id+zdu/BU3goro0j8xabvQ1gs5nHvuvUnuCRLBFTjOl7WwuLS8sppby69vbG5t2zu7NRWnkrIqjUUsGwFRTPCIVYGDYI1EMhIGgtWDwZWp1++YVDyOPBgmrB2SXsS7nBLQkm9f3Pot6DMgxfsH5TvHmBiQBpTvmtQ1qYZWJwZlVM+onlG9I98uOCVnHHieuFNSQNOo+ParvoemIYuACqJU03USaGdEAqeCjfKtVLGE0AHpsaamEQmZamfjPUf4UCsd3I2lPhHgsfp7IiOhUsMw0J0hgb6arRnxv1ozhe55O+NRkgKL6OShbiowxNiYhjtcMgpiqAmhkuu/YtonklDQ1ua1Ce7syvOkdlJynZJ7c1ooX07tyKF9dICKyEVnqIyuUQVVEUWP6Bm9oXfryXqxPqzPSeuCNZ3ZQ3/C+v4BAB2hqg==</latexit><latexit sha1_base64="aE/zky7KzeeVs/DemYX4iW1yWzY=">AAACJ3icbVDLSgMxFM34rPU16tJNsAgVpMyIoCspunFZYfqAtgyZNG1DMw+TO0Id+zdu/BU3goro0j8xabvQ1gs5nHvuvUnuCRLBFTjOl7WwuLS8sppby69vbG5t2zu7NRWnkrIqjUUsGwFRTPCIVYGDYI1EMhIGgtWDwZWp1++YVDyOPBgmrB2SXsS7nBLQkm9f3Pot6DMgxfsH5TvHmBiQBpTvmtQ1qYZWJwZlVM+onlG9I98uOCVnHHieuFNSQNOo+ParvoemIYuACqJU03USaGdEAqeCjfKtVLGE0AHpsaamEQmZamfjPUf4UCsd3I2lPhHgsfp7IiOhUsMw0J0hgb6arRnxv1ozhe55O+NRkgKL6OShbiowxNiYhjtcMgpiqAmhkuu/YtonklDQ1ua1Ce7syvOkdlJynZJ7c1ooX07tyKF9dICKyEVnqIyuUQVVEUWP6Bm9oXfryXqxPqzPSeuCNZ3ZQ3/C+v4BAB2hqg==</latexit>

p(⌧)
<latexit sha1_base64="UEV+m5D5HLzxTeveJHdDucml6v4=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBDiJeyKoMegF48RzAOSJcxOJsmQ2dlhplcISz7CiwdFvPo93vwbJ8keNLGgoajqprsr0lJY9P1vb219Y3Nru7BT3N3bPzgsHR03bZIaxhsskYlpR9RyKRRvoEDJ29pwGkeSt6Lx3cxvPXFjRaIecaJ5GNOhEgPBKDqppStdpOlFr1T2q/4cZJUEOSlDjnqv9NXtJyyNuUImqbWdwNcYZtSgYJJPi93Uck3ZmA55x1FFY27DbH7ulJw7pU8GiXGlkMzV3xMZja2dxJHrjCmO7LI3E//zOikObsJMKJ0iV2yxaJBKggmZ/U76wnCGcuIIZUa4WwkbUUMZuoSKLoRg+eVV0rysBn41eLgq127zOApwCmdQgQCuoQb3UIcGMBjDM7zCm6e9F+/d+1i0rnn5zAn8gff5A7mSjyc=</latexit><latexit sha1_base64="UEV+m5D5HLzxTeveJHdDucml6v4=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBDiJeyKoMegF48RzAOSJcxOJsmQ2dlhplcISz7CiwdFvPo93vwbJ8keNLGgoajqprsr0lJY9P1vb219Y3Nru7BT3N3bPzgsHR03bZIaxhsskYlpR9RyKRRvoEDJ29pwGkeSt6Lx3cxvPXFjRaIecaJ5GNOhEgPBKDqppStdpOlFr1T2q/4cZJUEOSlDjnqv9NXtJyyNuUImqbWdwNcYZtSgYJJPi93Uck3ZmA55x1FFY27DbH7ulJw7pU8GiXGlkMzV3xMZja2dxJHrjCmO7LI3E//zOikObsJMKJ0iV2yxaJBKggmZ/U76wnCGcuIIZUa4WwkbUUMZuoSKLoRg+eVV0rysBn41eLgq127zOApwCmdQgQCuoQb3UIcGMBjDM7zCm6e9F+/d+1i0rnn5zAn8gff5A7mSjyc=</latexit><latexit sha1_base64="UEV+m5D5HLzxTeveJHdDucml6v4=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBDiJeyKoMegF48RzAOSJcxOJsmQ2dlhplcISz7CiwdFvPo93vwbJ8keNLGgoajqprsr0lJY9P1vb219Y3Nru7BT3N3bPzgsHR03bZIaxhsskYlpR9RyKRRvoEDJ29pwGkeSt6Lx3cxvPXFjRaIecaJ5GNOhEgPBKDqppStdpOlFr1T2q/4cZJUEOSlDjnqv9NXtJyyNuUImqbWdwNcYZtSgYJJPi93Uck3ZmA55x1FFY27DbH7ulJw7pU8GiXGlkMzV3xMZja2dxJHrjCmO7LI3E//zOikObsJMKJ0iV2yxaJBKggmZ/U76wnCGcuIIZUa4WwkbUUMZuoSKLoRg+eVV0rysBn41eLgq127zOApwCmdQgQCuoQb3UIcGMBjDM7zCm6e9F+/d+1i0rnn5zAn8gff5A7mSjyc=</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="MJGcszpUgszEOBfJ0Plotddwdn4=">AAAB43icbZBLSwMxFIXv+Ky1anXrJliEuikzbnQpuHFZwT6gHUomzbShSSYkd4Qy9Ee4caGI/8md/8b0sdDWA4GPcxJy70mMFA7D8DvY2t7Z3dsvHZQPK0fHJ9XTSttluWW8xTKZ2W5CHZdC8xYKlLxrLKcqkbyTTO7neeeZWycy/YRTw2NFR1qkglH0VsfU+0jzq0G1FjbChcgmRCuowUrNQfWrP8xYrrhGJqlzvSg0GBfUomCSz8r93HFD2YSOeM+jpoq7uFiMOyOX3hmSNLP+aCQL9/eLgirnpirxNxXFsVvP5uZ/WS/H9DYuhDY5cs2WH6W5JJiR+e5kKCxnKKceKLPCz0rYmFrK0DdU9iVE6ytvQvu6EYWN6DGEEpzDBdQhghu4gwdoQgsYTOAF3uA9MMFr8LGsaytY9XYGfxR8/gCOJ43O</latexit><latexit sha1_base64="MJGcszpUgszEOBfJ0Plotddwdn4=">AAAB43icbZBLSwMxFIXv+Ky1anXrJliEuikzbnQpuHFZwT6gHUomzbShSSYkd4Qy9Ee4caGI/8md/8b0sdDWA4GPcxJy70mMFA7D8DvY2t7Z3dsvHZQPK0fHJ9XTSttluWW8xTKZ2W5CHZdC8xYKlLxrLKcqkbyTTO7neeeZWycy/YRTw2NFR1qkglH0VsfU+0jzq0G1FjbChcgmRCuowUrNQfWrP8xYrrhGJqlzvSg0GBfUomCSz8r93HFD2YSOeM+jpoq7uFiMOyOX3hmSNLP+aCQL9/eLgirnpirxNxXFsVvP5uZ/WS/H9DYuhDY5cs2WH6W5JJiR+e5kKCxnKKceKLPCz0rYmFrK0DdU9iVE6ytvQvu6EYWN6DGEEpzDBdQhghu4gwdoQgsYTOAF3uA9MMFr8LGsaytY9XYGfxR8/gCOJ43O</latexit><latexit sha1_base64="z9Pa8EfdK8EpD3M/fzyks8E0rsY=">AAAB7nicbVA9SwNBEJ2LXzF+RS1tFoMQm3Bno2XQxjKC+YDkCHubTbJkb2/ZnRPCkR9hY6GIrb/Hzn/jJrlCEx8MPN6bYWZepKWw6PvfXmFjc2t7p7hb2ts/ODwqH5+0bJIaxpsskYnpRNRyKRRvokDJO9pwGkeSt6PJ3dxvP3FjRaIecap5GNOREkPBKDqpras9pOllv1zxa/4CZJ0EOalAjka//NUbJCyNuUImqbXdwNcYZtSgYJLPSr3Uck3ZhI5411FFY27DbHHujFw4ZUCGiXGlkCzU3xMZja2dxpHrjCmO7ao3F//zuikOb8JMKJ0iV2y5aJhKggmZ/04GwnCGcuoIZUa4WwkbU0MZuoRKLoRg9eV10rqqBX4tePAr9ds8jiKcwTlUIYBrqMM9NKAJDCbwDK/w5mnvxXv3PpatBS+fOYU/8D5/ALhSjyM=</latexit><latexit sha1_base64="UEV+m5D5HLzxTeveJHdDucml6v4=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBDiJeyKoMegF48RzAOSJcxOJsmQ2dlhplcISz7CiwdFvPo93vwbJ8keNLGgoajqprsr0lJY9P1vb219Y3Nru7BT3N3bPzgsHR03bZIaxhsskYlpR9RyKRRvoEDJ29pwGkeSt6Lx3cxvPXFjRaIecaJ5GNOhEgPBKDqppStdpOlFr1T2q/4cZJUEOSlDjnqv9NXtJyyNuUImqbWdwNcYZtSgYJJPi93Uck3ZmA55x1FFY27DbH7ulJw7pU8GiXGlkMzV3xMZja2dxJHrjCmO7LI3E//zOikObsJMKJ0iV2yxaJBKggmZ/U76wnCGcuIIZUa4WwkbUUMZuoSKLoRg+eVV0rysBn41eLgq127zOApwCmdQgQCuoQb3UIcGMBjDM7zCm6e9F+/d+1i0rnn5zAn8gff5A7mSjyc=</latexit><latexit sha1_base64="UEV+m5D5HLzxTeveJHdDucml6v4=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBDiJeyKoMegF48RzAOSJcxOJsmQ2dlhplcISz7CiwdFvPo93vwbJ8keNLGgoajqprsr0lJY9P1vb219Y3Nru7BT3N3bPzgsHR03bZIaxhsskYlpR9RyKRRvoEDJ29pwGkeSt6Lx3cxvPXFjRaIecaJ5GNOhEgPBKDqppStdpOlFr1T2q/4cZJUEOSlDjnqv9NXtJyyNuUImqbWdwNcYZtSgYJJPi93Uck3ZmA55x1FFY27DbH7ulJw7pU8GiXGlkMzV3xMZja2dxJHrjCmO7LI3E//zOikObsJMKJ0iV2yxaJBKggmZ/U76wnCGcuIIZUa4WwkbUUMZuoSKLoRg+eVV0rysBn41eLgq127zOApwCmdQgQCuoQb3UIcGMBjDM7zCm6e9F+/d+1i0rnn5zAn8gff5A7mSjyc=</latexit><latexit sha1_base64="UEV+m5D5HLzxTeveJHdDucml6v4=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBDiJeyKoMegF48RzAOSJcxOJsmQ2dlhplcISz7CiwdFvPo93vwbJ8keNLGgoajqprsr0lJY9P1vb219Y3Nru7BT3N3bPzgsHR03bZIaxhsskYlpR9RyKRRvoEDJ29pwGkeSt6Lx3cxvPXFjRaIecaJ5GNOhEgPBKDqppStdpOlFr1T2q/4cZJUEOSlDjnqv9NXtJyyNuUImqbWdwNcYZtSgYJJPi93Uck3ZmA55x1FFY27DbH7ulJw7pU8GiXGlkMzV3xMZja2dxJHrjCmO7LI3E//zOikObsJMKJ0iV2yxaJBKggmZ/U76wnCGcuIIZUa4WwkbUUMZuoSKLoRg+eVV0rysBn41eLgq127zOApwCmdQgQCuoQb3UIcGMBjDM7zCm6e9F+/d+1i0rnn5zAn8gff5A7mSjyc=</latexit><latexit sha1_base64="UEV+m5D5HLzxTeveJHdDucml6v4=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBDiJeyKoMegF48RzAOSJcxOJsmQ2dlhplcISz7CiwdFvPo93vwbJ8keNLGgoajqprsr0lJY9P1vb219Y3Nru7BT3N3bPzgsHR03bZIaxhsskYlpR9RyKRRvoEDJ29pwGkeSt6Lx3cxvPXFjRaIecaJ5GNOhEgPBKDqppStdpOlFr1T2q/4cZJUEOSlDjnqv9NXtJyyNuUImqbWdwNcYZtSgYJJPi93Uck3ZmA55x1FFY27DbH7ulJw7pU8GiXGlkMzV3xMZja2dxJHrjCmO7LI3E//zOikObsJMKJ0iV2yxaJBKggmZ/U76wnCGcuIIZUa4WwkbUUMZuoSKLoRg+eVV0rysBn41eLgq127zOApwCmdQgQCuoQb3UIcGMBjDM7zCm6e9F+/d+1i0rnn5zAn8gff5A7mSjyc=</latexit><latexit sha1_base64="UEV+m5D5HLzxTeveJHdDucml6v4=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBDiJeyKoMegF48RzAOSJcxOJsmQ2dlhplcISz7CiwdFvPo93vwbJ8keNLGgoajqprsr0lJY9P1vb219Y3Nru7BT3N3bPzgsHR03bZIaxhsskYlpR9RyKRRvoEDJ29pwGkeSt6Lx3cxvPXFjRaIecaJ5GNOhEgPBKDqppStdpOlFr1T2q/4cZJUEOSlDjnqv9NXtJyyNuUImqbWdwNcYZtSgYJJPi93Uck3ZmA55x1FFY27DbH7ulJw7pU8GiXGlkMzV3xMZja2dxJHrjCmO7LI3E//zOikObsJMKJ0iV2yxaJBKggmZ/U76wnCGcuIIZUa4WwkbUUMZuoSKLoRg+eVV0rysBn41eLgq127zOApwCmdQgQCuoQb3UIcGMBjDM7zCm6e9F+/d+1i0rnn5zAn8gff5A7mSjyc=</latexit><latexit sha1_base64="UEV+m5D5HLzxTeveJHdDucml6v4=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBDiJeyKoMegF48RzAOSJcxOJsmQ2dlhplcISz7CiwdFvPo93vwbJ8keNLGgoajqprsr0lJY9P1vb219Y3Nru7BT3N3bPzgsHR03bZIaxhsskYlpR9RyKRRvoEDJ29pwGkeSt6Lx3cxvPXFjRaIecaJ5GNOhEgPBKDqppStdpOlFr1T2q/4cZJUEOSlDjnqv9NXtJyyNuUImqbWdwNcYZtSgYJJPi93Uck3ZmA55x1FFY27DbH7ulJw7pU8GiXGlkMzV3xMZja2dxJHrjCmO7LI3E//zOikObsJMKJ0iV2yxaJBKggmZ/U76wnCGcuIIZUa4WwkbUUMZuoSKLoRg+eVV0rysBn41eLgq127zOApwCmdQgQCuoQb3UIcGMBjDM7zCm6e9F+/d+1i0rnn5zAn8gff5A7mSjyc=</latexit>

Meta-Training

{s0, a0, r0, . . . , sT , aT , rT }NI=1
<latexit sha1_base64="IRz/vKMWNJ05nl2Z66H4MKmS/nk=">AAACGHicbVBNS8MwGE79nPOr6tFLcAgexmxF0Isw9KIXmdB9wFpLmmVbWJqWJBVG6c/w4l/x4kERr7v5b0y3HnTzgbw8PM/7JnmfIGZUKsv6NpaWV1bX1ksb5c2t7Z1dc2+/JaNEYNLEEYtEJ0CSMMpJU1HFSCcWBIUBI+1gdJP77SciJI24o8Yx8UI04LRPMVJa8s1TN5W+VYUoLyIvbi9Ssgql7+Sqk6uOm/np3ZWdPd77ZsWqWVPARWIXpAIKNHxzoi/ESUi4wgxJ2bWtWHkpEopiRrKym0gSIzxCA9LVlKOQSC+dLpbBY630YD8S+nAFp+rviRSFUo7DQHeGSA3lvJeL/3ndRPUvvZTyOFGE49lD/YRBFcE8JdijgmDFxpogLKj+K8RDJBBWOsuyDsGeX3mRtM5qtlWzH84r9esijhI4BEfgBNjgAtTBLWiAJsDgGbyCd/BhvBhvxqfxNWtdMoqZA/AHxuQHvpSdGw==</latexit><latexit sha1_base64="IRz/vKMWNJ05nl2Z66H4MKmS/nk=">AAACGHicbVBNS8MwGE79nPOr6tFLcAgexmxF0Isw9KIXmdB9wFpLmmVbWJqWJBVG6c/w4l/x4kERr7v5b0y3HnTzgbw8PM/7JnmfIGZUKsv6NpaWV1bX1ksb5c2t7Z1dc2+/JaNEYNLEEYtEJ0CSMMpJU1HFSCcWBIUBI+1gdJP77SciJI24o8Yx8UI04LRPMVJa8s1TN5W+VYUoLyIvbi9Ssgql7+Sqk6uOm/np3ZWdPd77ZsWqWVPARWIXpAIKNHxzoi/ESUi4wgxJ2bWtWHkpEopiRrKym0gSIzxCA9LVlKOQSC+dLpbBY630YD8S+nAFp+rviRSFUo7DQHeGSA3lvJeL/3ndRPUvvZTyOFGE49lD/YRBFcE8JdijgmDFxpogLKj+K8RDJBBWOsuyDsGeX3mRtM5qtlWzH84r9esijhI4BEfgBNjgAtTBLWiAJsDgGbyCd/BhvBhvxqfxNWtdMoqZA/AHxuQHvpSdGw==</latexit><latexit sha1_base64="IRz/vKMWNJ05nl2Z66H4MKmS/nk=">AAACGHicbVBNS8MwGE79nPOr6tFLcAgexmxF0Isw9KIXmdB9wFpLmmVbWJqWJBVG6c/w4l/x4kERr7v5b0y3HnTzgbw8PM/7JnmfIGZUKsv6NpaWV1bX1ksb5c2t7Z1dc2+/JaNEYNLEEYtEJ0CSMMpJU1HFSCcWBIUBI+1gdJP77SciJI24o8Yx8UI04LRPMVJa8s1TN5W+VYUoLyIvbi9Ssgql7+Sqk6uOm/np3ZWdPd77ZsWqWVPARWIXpAIKNHxzoi/ESUi4wgxJ2bWtWHkpEopiRrKym0gSIzxCA9LVlKOQSC+dLpbBY630YD8S+nAFp+rviRSFUo7DQHeGSA3lvJeL/3ndRPUvvZTyOFGE49lD/YRBFcE8JdijgmDFxpogLKj+K8RDJBBWOsuyDsGeX3mRtM5qtlWzH84r9esijhI4BEfgBNjgAtTBLWiAJsDgGbyCd/BhvBhvxqfxNWtdMoqZA/AHxuQHvpSdGw==</latexit><latexit sha1_base64="IRz/vKMWNJ05nl2Z66H4MKmS/nk=">AAACGHicbVBNS8MwGE79nPOr6tFLcAgexmxF0Isw9KIXmdB9wFpLmmVbWJqWJBVG6c/w4l/x4kERr7v5b0y3HnTzgbw8PM/7JnmfIGZUKsv6NpaWV1bX1ksb5c2t7Z1dc2+/JaNEYNLEEYtEJ0CSMMpJU1HFSCcWBIUBI+1gdJP77SciJI24o8Yx8UI04LRPMVJa8s1TN5W+VYUoLyIvbi9Ssgql7+Sqk6uOm/np3ZWdPd77ZsWqWVPARWIXpAIKNHxzoi/ESUi4wgxJ2bWtWHkpEopiRrKym0gSIzxCA9LVlKOQSC+dLpbBY630YD8S+nAFp+rviRSFUo7DQHeGSA3lvJeL/3ndRPUvvZTyOFGE49lD/YRBFcE8JdijgmDFxpogLKj+K8RDJBBWOsuyDsGeX3mRtM5qtlWzH84r9esijhI4BEfgBNjgAtTBLWiAJsDgGbyCd/BhvBhvxqfxNWtdMoqZA/AHxuQHvpSdGw==</latexit>

⇡✓(a|s, z)
<latexit sha1_base64="MflzkFPix9KvGohS/e3LEaYBEDk=">AAAB+3icbVBNS8NAEN3Ur1q/Yj16WSxCBSmJCHosevFYwX5AE8Jmu2mXbjZhdyLW2r/ixYMiXv0j3vw3btsctPXBwOO9GWbmhangGhzn2yqsrK6tbxQ3S1vbO7t79n65pZNMUdakiUhUJySaCS5ZEzgI1kkVI3EoWDscXk/99j1TmifyDkYp82PSlzzilICRArvspTzwYMCAVMmTPsWPJ4FdcWrODHiZuDmpoByNwP7yegnNYiaBCqJ113VS8MdEAaeCTUpepllK6JD0WddQSWKm/fHs9gk+NkoPR4kyJQHP1N8TYxJrPYpD0xkTGOhFbyr+53UziC79MZdpBkzS+aIoExgSPA0C97hiFMTIEEIVN7diOiCKUDBxlUwI7uLLy6R1VnOdmnt7Xqlf5XEU0SE6QlXkogtURzeogZqIogf0jF7RmzWxXqx362PeWrDymQP0B9bnDxWBk8w=</latexit><latexit sha1_base64="MflzkFPix9KvGohS/e3LEaYBEDk=">AAAB+3icbVBNS8NAEN3Ur1q/Yj16WSxCBSmJCHosevFYwX5AE8Jmu2mXbjZhdyLW2r/ixYMiXv0j3vw3btsctPXBwOO9GWbmhangGhzn2yqsrK6tbxQ3S1vbO7t79n65pZNMUdakiUhUJySaCS5ZEzgI1kkVI3EoWDscXk/99j1TmifyDkYp82PSlzzilICRArvspTzwYMCAVMmTPsWPJ4FdcWrODHiZuDmpoByNwP7yegnNYiaBCqJ113VS8MdEAaeCTUpepllK6JD0WddQSWKm/fHs9gk+NkoPR4kyJQHP1N8TYxJrPYpD0xkTGOhFbyr+53UziC79MZdpBkzS+aIoExgSPA0C97hiFMTIEEIVN7diOiCKUDBxlUwI7uLLy6R1VnOdmnt7Xqlf5XEU0SE6QlXkogtURzeogZqIogf0jF7RmzWxXqx362PeWrDymQP0B9bnDxWBk8w=</latexit><latexit sha1_base64="MflzkFPix9KvGohS/e3LEaYBEDk=">AAAB+3icbVBNS8NAEN3Ur1q/Yj16WSxCBSmJCHosevFYwX5AE8Jmu2mXbjZhdyLW2r/ixYMiXv0j3vw3btsctPXBwOO9GWbmhangGhzn2yqsrK6tbxQ3S1vbO7t79n65pZNMUdakiUhUJySaCS5ZEzgI1kkVI3EoWDscXk/99j1TmifyDkYp82PSlzzilICRArvspTzwYMCAVMmTPsWPJ4FdcWrODHiZuDmpoByNwP7yegnNYiaBCqJ113VS8MdEAaeCTUpepllK6JD0WddQSWKm/fHs9gk+NkoPR4kyJQHP1N8TYxJrPYpD0xkTGOhFbyr+53UziC79MZdpBkzS+aIoExgSPA0C97hiFMTIEEIVN7diOiCKUDBxlUwI7uLLy6R1VnOdmnt7Xqlf5XEU0SE6QlXkogtURzeogZqIogf0jF7RmzWxXqx362PeWrDymQP0B9bnDxWBk8w=</latexit><latexit sha1_base64="MflzkFPix9KvGohS/e3LEaYBEDk=">AAAB+3icbVBNS8NAEN3Ur1q/Yj16WSxCBSmJCHosevFYwX5AE8Jmu2mXbjZhdyLW2r/ixYMiXv0j3vw3btsctPXBwOO9GWbmhangGhzn2yqsrK6tbxQ3S1vbO7t79n65pZNMUdakiUhUJySaCS5ZEzgI1kkVI3EoWDscXk/99j1TmifyDkYp82PSlzzilICRArvspTzwYMCAVMmTPsWPJ4FdcWrODHiZuDmpoByNwP7yegnNYiaBCqJ113VS8MdEAaeCTUpepllK6JD0WddQSWKm/fHs9gk+NkoPR4kyJQHP1N8TYxJrPYpD0xkTGOhFbyr+53UziC79MZdpBkzS+aIoExgSPA0C97hiFMTIEEIVN7diOiCKUDBxlUwI7uLLy6R1VnOdmnt7Xqlf5XEU0SE6QlXkogtURzeogZqIogf0jF7RmzWxXqx362PeWrDymQP0B9bnDxWBk8w=</latexit>

Meta-Testing

1. Sample z from prior

2. Sample trajectories from and z

3. Update to posterior

p(z)
<latexit sha1_base64="hjTNcT/T22k1EBXzBaBGgeR+bek=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBahXkoigh6LXjxWMG2hDWWz3bRLdzdhdyPU0L/gxYMiXv1D3vw3btoctPXBwOO9GWbmhQln2rjut1NaW9/Y3CpvV3Z29/YPqodHbR2nilCfxDxW3RBrypmkvmGG026iKBYhp51wcpv7nUeqNIvlg5kmNBB4JFnECDa5lNSfzgfVmttw50CrxCtIDQq0BtWv/jAmqaDSEI617nluYoIMK8MIp7NKP9U0wWSCR7RnqcSC6iCb3zpDZ1YZoihWtqRBc/X3RIaF1lMR2k6BzVgve7n4n9dLTXQdZEwmqaGSLBZFKUcmRvnjaMgUJYZPLcFEMXsrImOsMDE2nooNwVt+eZW0Lxqe2/DuL2vNmyKOMpzAKdTBgytowh20wAcCY3iGV3hzhPPivDsfi9aSU8wcwx84nz9+r43d</latexit><latexit sha1_base64="hjTNcT/T22k1EBXzBaBGgeR+bek=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBahXkoigh6LXjxWMG2hDWWz3bRLdzdhdyPU0L/gxYMiXv1D3vw3btoctPXBwOO9GWbmhQln2rjut1NaW9/Y3CpvV3Z29/YPqodHbR2nilCfxDxW3RBrypmkvmGG026iKBYhp51wcpv7nUeqNIvlg5kmNBB4JFnECDa5lNSfzgfVmttw50CrxCtIDQq0BtWv/jAmqaDSEI617nluYoIMK8MIp7NKP9U0wWSCR7RnqcSC6iCb3zpDZ1YZoihWtqRBc/X3RIaF1lMR2k6BzVgve7n4n9dLTXQdZEwmqaGSLBZFKUcmRvnjaMgUJYZPLcFEMXsrImOsMDE2nooNwVt+eZW0Lxqe2/DuL2vNmyKOMpzAKdTBgytowh20wAcCY3iGV3hzhPPivDsfi9aSU8wcwx84nz9+r43d</latexit><latexit sha1_base64="hjTNcT/T22k1EBXzBaBGgeR+bek=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBahXkoigh6LXjxWMG2hDWWz3bRLdzdhdyPU0L/gxYMiXv1D3vw3btoctPXBwOO9GWbmhQln2rjut1NaW9/Y3CpvV3Z29/YPqodHbR2nilCfxDxW3RBrypmkvmGG026iKBYhp51wcpv7nUeqNIvlg5kmNBB4JFnECDa5lNSfzgfVmttw50CrxCtIDQq0BtWv/jAmqaDSEI617nluYoIMK8MIp7NKP9U0wWSCR7RnqcSC6iCb3zpDZ1YZoihWtqRBc/X3RIaF1lMR2k6BzVgve7n4n9dLTXQdZEwmqaGSLBZFKUcmRvnjaMgUJYZPLcFEMXsrImOsMDE2nooNwVt+eZW0Lxqe2/DuL2vNmyKOMpzAKdTBgytowh20wAcCY3iGV3hzhPPivDsfi9aSU8wcwx84nz9+r43d</latexit><latexit sha1_base64="hjTNcT/T22k1EBXzBaBGgeR+bek=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBahXkoigh6LXjxWMG2hDWWz3bRLdzdhdyPU0L/gxYMiXv1D3vw3btoctPXBwOO9GWbmhQln2rjut1NaW9/Y3CpvV3Z29/YPqodHbR2nilCfxDxW3RBrypmkvmGG026iKBYhp51wcpv7nUeqNIvlg5kmNBB4JFnECDa5lNSfzgfVmttw50CrxCtIDQq0BtWv/jAmqaDSEI617nluYoIMK8MIp7NKP9U0wWSCR7RnqcSC6iCb3zpDZ1YZoihWtqRBc/X3RIaF1lMR2k6BzVgve7n4n9dLTXQdZEwmqaGSLBZFKUcmRvnjaMgUJYZPLcFEMXsrImOsMDE2nooNwVt+eZW0Lxqe2/DuL2vNmyKOMpzAKdTBgytowh20wAcCY3iGV3hzhPPivDsfi9aSU8wcwx84nz9+r43d</latexit>

⇡✓(a|s, z)
<latexit sha1_base64="MflzkFPix9KvGohS/e3LEaYBEDk=">AAAB+3icbVBNS8NAEN3Ur1q/Yj16WSxCBSmJCHosevFYwX5AE8Jmu2mXbjZhdyLW2r/ixYMiXv0j3vw3btsctPXBwOO9GWbmhangGhzn2yqsrK6tbxQ3S1vbO7t79n65pZNMUdakiUhUJySaCS5ZEzgI1kkVI3EoWDscXk/99j1TmifyDkYp82PSlzzilICRArvspTzwYMCAVMmTPsWPJ4FdcWrODHiZuDmpoByNwP7yegnNYiaBCqJ113VS8MdEAaeCTUpepllK6JD0WddQSWKm/fHs9gk+NkoPR4kyJQHP1N8TYxJrPYpD0xkTGOhFbyr+53UziC79MZdpBkzS+aIoExgSPA0C97hiFMTIEEIVN7diOiCKUDBxlUwI7uLLy6R1VnOdmnt7Xqlf5XEU0SE6QlXkogtURzeogZqIogf0jF7RmzWxXqx362PeWrDymQP0B9bnDxWBk8w=</latexit><latexit sha1_base64="MflzkFPix9KvGohS/e3LEaYBEDk=">AAAB+3icbVBNS8NAEN3Ur1q/Yj16WSxCBSmJCHosevFYwX5AE8Jmu2mXbjZhdyLW2r/ixYMiXv0j3vw3btsctPXBwOO9GWbmhangGhzn2yqsrK6tbxQ3S1vbO7t79n65pZNMUdakiUhUJySaCS5ZEzgI1kkVI3EoWDscXk/99j1TmifyDkYp82PSlzzilICRArvspTzwYMCAVMmTPsWPJ4FdcWrODHiZuDmpoByNwP7yegnNYiaBCqJ113VS8MdEAaeCTUpepllK6JD0WddQSWKm/fHs9gk+NkoPR4kyJQHP1N8TYxJrPYpD0xkTGOhFbyr+53UziC79MZdpBkzS+aIoExgSPA0C97hiFMTIEEIVN7diOiCKUDBxlUwI7uLLy6R1VnOdmnt7Xqlf5XEU0SE6QlXkogtURzeogZqIogf0jF7RmzWxXqx362PeWrDymQP0B9bnDxWBk8w=</latexit><latexit sha1_base64="MflzkFPix9KvGohS/e3LEaYBEDk=">AAAB+3icbVBNS8NAEN3Ur1q/Yj16WSxCBSmJCHosevFYwX5AE8Jmu2mXbjZhdyLW2r/ixYMiXv0j3vw3btsctPXBwOO9GWbmhangGhzn2yqsrK6tbxQ3S1vbO7t79n65pZNMUdakiUhUJySaCS5ZEzgI1kkVI3EoWDscXk/99j1TmifyDkYp82PSlzzilICRArvspTzwYMCAVMmTPsWPJ4FdcWrODHiZuDmpoByNwP7yegnNYiaBCqJ113VS8MdEAaeCTUpepllK6JD0WddQSWKm/fHs9gk+NkoPR4kyJQHP1N8TYxJrPYpD0xkTGOhFbyr+53UziC79MZdpBkzS+aIoExgSPA0C97hiFMTIEEIVN7diOiCKUDBxlUwI7uLLy6R1VnOdmnt7Xqlf5XEU0SE6QlXkogtURzeogZqIogf0jF7RmzWxXqx362PeWrDymQP0B9bnDxWBk8w=</latexit><latexit sha1_base64="MflzkFPix9KvGohS/e3LEaYBEDk=">AAAB+3icbVBNS8NAEN3Ur1q/Yj16WSxCBSmJCHosevFYwX5AE8Jmu2mXbjZhdyLW2r/ixYMiXv0j3vw3btsctPXBwOO9GWbmhangGhzn2yqsrK6tbxQ3S1vbO7t79n65pZNMUdakiUhUJySaCS5ZEzgI1kkVI3EoWDscXk/99j1TmifyDkYp82PSlzzilICRArvspTzwYMCAVMmTPsWPJ4FdcWrODHiZuDmpoByNwP7yegnNYiaBCqJ113VS8MdEAaeCTUpepllK6JD0WddQSWKm/fHs9gk+NkoPR4kyJQHP1N8TYxJrPYpD0xkTGOhFbyr+53UziC79MZdpBkzS+aIoExgSPA0C97hiFMTIEEIVN7diOiCKUDBxlUwI7uLLy6R1VnOdmnt7Xqlf5XEU0SE6QlXkogtURzeogZqIogf0jF7RmzWxXqx362PeWrDymQP0B9bnDxWBk8w=</latexit>

p(z)
<latexit sha1_base64="hjTNcT/T22k1EBXzBaBGgeR+bek=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBahXkoigh6LXjxWMG2hDWWz3bRLdzdhdyPU0L/gxYMiXv1D3vw3btoctPXBwOO9GWbmhQln2rjut1NaW9/Y3CpvV3Z29/YPqodHbR2nilCfxDxW3RBrypmkvmGG026iKBYhp51wcpv7nUeqNIvlg5kmNBB4JFnECDa5lNSfzgfVmttw50CrxCtIDQq0BtWv/jAmqaDSEI617nluYoIMK8MIp7NKP9U0wWSCR7RnqcSC6iCb3zpDZ1YZoihWtqRBc/X3RIaF1lMR2k6BzVgve7n4n9dLTXQdZEwmqaGSLBZFKUcmRvnjaMgUJYZPLcFEMXsrImOsMDE2nooNwVt+eZW0Lxqe2/DuL2vNmyKOMpzAKdTBgytowh20wAcCY3iGV3hzhPPivDsfi9aSU8wcwx84nz9+r43d</latexit><latexit sha1_base64="hjTNcT/T22k1EBXzBaBGgeR+bek=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBahXkoigh6LXjxWMG2hDWWz3bRLdzdhdyPU0L/gxYMiXv1D3vw3btoctPXBwOO9GWbmhQln2rjut1NaW9/Y3CpvV3Z29/YPqodHbR2nilCfxDxW3RBrypmkvmGG026iKBYhp51wcpv7nUeqNIvlg5kmNBB4JFnECDa5lNSfzgfVmttw50CrxCtIDQq0BtWv/jAmqaDSEI617nluYoIMK8MIp7NKP9U0wWSCR7RnqcSC6iCb3zpDZ1YZoihWtqRBc/X3RIaF1lMR2k6BzVgve7n4n9dLTXQdZEwmqaGSLBZFKUcmRvnjaMgUJYZPLcFEMXsrImOsMDE2nooNwVt+eZW0Lxqe2/DuL2vNmyKOMpzAKdTBgytowh20wAcCY3iGV3hzhPPivDsfi9aSU8wcwx84nz9+r43d</latexit><latexit sha1_base64="hjTNcT/T22k1EBXzBaBGgeR+bek=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBahXkoigh6LXjxWMG2hDWWz3bRLdzdhdyPU0L/gxYMiXv1D3vw3btoctPXBwOO9GWbmhQln2rjut1NaW9/Y3CpvV3Z29/YPqodHbR2nilCfxDxW3RBrypmkvmGG026iKBYhp51wcpv7nUeqNIvlg5kmNBB4JFnECDa5lNSfzgfVmttw50CrxCtIDQq0BtWv/jAmqaDSEI617nluYoIMK8MIp7NKP9U0wWSCR7RnqcSC6iCb3zpDZ1YZoihWtqRBc/X3RIaF1lMR2k6BzVgve7n4n9dLTXQdZEwmqaGSLBZFKUcmRvnjaMgUJYZPLcFEMXsrImOsMDE2nooNwVt+eZW0Lxqe2/DuL2vNmyKOMpzAKdTBgytowh20wAcCY3iGV3hzhPPivDsfi9aSU8wcwx84nz9+r43d</latexit><latexit sha1_base64="hjTNcT/T22k1EBXzBaBGgeR+bek=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBahXkoigh6LXjxWMG2hDWWz3bRLdzdhdyPU0L/gxYMiXv1D3vw3btoctPXBwOO9GWbmhQln2rjut1NaW9/Y3CpvV3Z29/YPqodHbR2nilCfxDxW3RBrypmkvmGG026iKBYhp51wcpv7nUeqNIvlg5kmNBB4JFnECDa5lNSfzgfVmttw50CrxCtIDQq0BtWv/jAmqaDSEI617nluYoIMK8MIp7NKP9U0wWSCR7RnqcSC6iCb3zpDZ1YZoihWtqRBc/X3RIaF1lMR2k6BzVgve7n4n9dLTXQdZEwmqaGSLBZFKUcmRvnjaMgUJYZPLcFEMXsrImOsMDE2nooNwVt+eZW0Lxqe2/DuL2vNmyKOMpzAKdTBgytowh20wAcCY3iGV3hzhPPivDsfi9aSU8wcwx84nz9+r43d</latexit>

q✓(z|s0, a0, r0, s1, a1, r1, . . . , sT , aT , rT )
<latexit sha1_base64="aE/zky7KzeeVs/DemYX4iW1yWzY=">AAACJ3icbVDLSgMxFM34rPU16tJNsAgVpMyIoCspunFZYfqAtgyZNG1DMw+TO0Id+zdu/BU3goro0j8xabvQ1gs5nHvuvUnuCRLBFTjOl7WwuLS8sppby69vbG5t2zu7NRWnkrIqjUUsGwFRTPCIVYGDYI1EMhIGgtWDwZWp1++YVDyOPBgmrB2SXsS7nBLQkm9f3Pot6DMgxfsH5TvHmBiQBpTvmtQ1qYZWJwZlVM+onlG9I98uOCVnHHieuFNSQNOo+ParvoemIYuACqJU03USaGdEAqeCjfKtVLGE0AHpsaamEQmZamfjPUf4UCsd3I2lPhHgsfp7IiOhUsMw0J0hgb6arRnxv1ozhe55O+NRkgKL6OShbiowxNiYhjtcMgpiqAmhkuu/YtonklDQ1ua1Ce7syvOkdlJynZJ7c1ooX07tyKF9dICKyEVnqIyuUQVVEUWP6Bm9oXfryXqxPqzPSeuCNZ3ZQ3/C+v4BAB2hqg==</latexit><latexit sha1_base64="aE/zky7KzeeVs/DemYX4iW1yWzY=">AAACJ3icbVDLSgMxFM34rPU16tJNsAgVpMyIoCspunFZYfqAtgyZNG1DMw+TO0Id+zdu/BU3goro0j8xabvQ1gs5nHvuvUnuCRLBFTjOl7WwuLS8sppby69vbG5t2zu7NRWnkrIqjUUsGwFRTPCIVYGDYI1EMhIGgtWDwZWp1++YVDyOPBgmrB2SXsS7nBLQkm9f3Pot6DMgxfsH5TvHmBiQBpTvmtQ1qYZWJwZlVM+onlG9I98uOCVnHHieuFNSQNOo+ParvoemIYuACqJU03USaGdEAqeCjfKtVLGE0AHpsaamEQmZamfjPUf4UCsd3I2lPhHgsfp7IiOhUsMw0J0hgb6arRnxv1ozhe55O+NRkgKL6OShbiowxNiYhjtcMgpiqAmhkuu/YtonklDQ1ua1Ce7syvOkdlJynZJ7c1ooX07tyKF9dICKyEVnqIyuUQVVEUWP6Bm9oXfryXqxPqzPSeuCNZ3ZQ3/C+v4BAB2hqg==</latexit><latexit sha1_base64="aE/zky7KzeeVs/DemYX4iW1yWzY=">AAACJ3icbVDLSgMxFM34rPU16tJNsAgVpMyIoCspunFZYfqAtgyZNG1DMw+TO0Id+zdu/BU3goro0j8xabvQ1gs5nHvuvUnuCRLBFTjOl7WwuLS8sppby69vbG5t2zu7NRWnkrIqjUUsGwFRTPCIVYGDYI1EMhIGgtWDwZWp1++YVDyOPBgmrB2SXsS7nBLQkm9f3Pot6DMgxfsH5TvHmBiQBpTvmtQ1qYZWJwZlVM+onlG9I98uOCVnHHieuFNSQNOo+ParvoemIYuACqJU03USaGdEAqeCjfKtVLGE0AHpsaamEQmZamfjPUf4UCsd3I2lPhHgsfp7IiOhUsMw0J0hgb6arRnxv1ozhe55O+NRkgKL6OShbiowxNiYhjtcMgpiqAmhkuu/YtonklDQ1ua1Ce7syvOkdlJynZJ7c1ooX07tyKF9dICKyEVnqIyuUQVVEUWP6Bm9oXfryXqxPqzPSeuCNZ3ZQ3/C+v4BAB2hqg==</latexit><latexit sha1_base64="aE/zky7KzeeVs/DemYX4iW1yWzY=">AAACJ3icbVDLSgMxFM34rPU16tJNsAgVpMyIoCspunFZYfqAtgyZNG1DMw+TO0Id+zdu/BU3goro0j8xabvQ1gs5nHvuvUnuCRLBFTjOl7WwuLS8sppby69vbG5t2zu7NRWnkrIqjUUsGwFRTPCIVYGDYI1EMhIGgtWDwZWp1++YVDyOPBgmrB2SXsS7nBLQkm9f3Pot6DMgxfsH5TvHmBiQBpTvmtQ1qYZWJwZlVM+onlG9I98uOCVnHHieuFNSQNOo+ParvoemIYuACqJU03USaGdEAqeCjfKtVLGE0AHpsaamEQmZamfjPUf4UCsd3I2lPhHgsfp7IiOhUsMw0J0hgb6arRnxv1ozhe55O+NRkgKL6OShbiowxNiYhjtcMgpiqAmhkuu/YtonklDQ1ua1Ce7syvOkdlJynZJ7c1ooX07tyKF9dICKyEVnqIyuUQVVEUWP6Bm9oXfryXqxPqzPSeuCNZ3ZQ3/C+v4BAB2hqg==</latexit>



Latent Variable Model Intuition

Latent Space

Different images correspond to 
different z

Different tasks correspond to different z
Quick search happens in z space



How well does it work?
Quantitative:

Gains mainly from off-policy RL

Exploration:

PEARL: Off-Policy Meta RL via Probabilistic Context Variables, Rakelly et al 2019



How well does it work?

Rapid Motor Adaptation: Kumar et al 2021



How well does it work?

Pros: 

Easy to run with off-policy RL

Can be very efficient, trained offline, etc

Might be easy to incorporate priors into inference network 

Cons:

Exploration may be suboptimal

May need a huge context variable, hard to optimize/generalize



So meta-RL is cool, does it actually work?
Industrial insertion à adapting to different plug shapes

Offline Meta-Reinforcement Learning for Industrial Insertion, Zhao 2021



So meta-RL is cool, does it actually work?
Adapting to different terrains/robot conditions

Learning to Adapt in Dynamic, Real-World Environments, Nagabandi. 2018



Takeaways from meta-RL
n Meta-RL takes multi-task RL from 0-shot to few-shot

n Meta-RL algorithms can be viewed as choices on top of bi-level optimization 
– memory based, gradient based, latent variable

n Meta-RL can allow adaptation when context is unknown or hard to describe



Putting things in perspective
n Multi-task (and meta) RL takes RL from specialists to generalists (well, kind of)

n The landscape can be understood along 2 axes

Amount of test-time 
experience

Inference Scheme

Gradient Based Memory-based LVM

Multi-task Meta-Learning RL from scratch

0-shot few-shot many-shot



Some heavily biased readings
Multi-Task RL
1. Gradient conflict: Gradient Surgery for Multi-Task Learning (Yu et al 2020), Multi-Task Learning as Multi-Objective 

Optimization (Sener et al 2019)

2. Divide and Conquer:  Distral: Robust Multitask Reinforcement Learning (Teh et al 2017), Divide-and-Conquer 
Reinforcement Learning (Ghosh et al 2018)

3. Multi-task RL at scale: MT-Opt: Continuous Multi-Task Robotic Reinforcement Learning at Scale (Kalashnikov et al 2021), 
BC-Z: (Jang et al 2022), Do As I Can, Not As I Say: Grounding Language in Robotic Affordances (Ahn et al 2022)

Meta-RL
4. Meta-RL overview, older papers by Schimdhuber/Hochreiter

5. Recurrent meta-RL: RL2 (Duan et al), L2RL (Wang et al), SNAIL (Mishra et al), CNP (Garnelo et al 2018)

6. Gradient-based meta-RL: MAML (Finn et al), REPTILE (Nichols et al), ProMP (Clavera et al), Antoniu 2018, Bechtle 2019

7. Latent variable meta-RL: PEARL (rakelly et al), VariBAD (zintgraf et al), MAESN (Gupta et al), Zhang et al 2020

8. Model-based meta-RL: Clavera and Nagabandi 2019, Harrison and Sharma 2020, MIER (Mendonca et al)

9. Exploration in meta-RL: MAESN (Gupta et al), DREAM (Liu et al), GMPS (Mendonca et al)

10. Supervision in meta-RL: UMRL (Gupta et al), CARML (Jabri et al), UML (Hsu et al)



Lecture Outline

From specialists to generalists

Multi-Task Reinforcement Learning

Meta-Reinforcement Learning

Takeaways



What did we learn in this class?

Model-free Reinforcement Learning 

Imitation Learning

Model-based Reinforcement Learning 

Unifying Perspectives on RL and IRL

Frontiers

Exploration Inverse Reinforcement Learning Learning across tasks

Policy Gradient ADP



What did we learn in this class?

Policy Learning Algorithms Unification frameworks

Elements of Practical RL Frontiers

PG ADP MBRL

Multi-task and meta-RL 

Control as Inference

Exploration IRL



What are big open problems in RL?

Where does the data come from? Safe efficient Exploration

Can we generalize? What role do foundation models play?



Thank you!!


