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Generative model 

Train        to predict 

Behavioral Cloning (BC)Human demonstrations

<latexit sha1_base64="r7JPVQED6P4SqPRDe7HQ1d/UQFc=">AAACCXicbVDLSsNAFJ3UV62vqks3g0WoICURqW6Eoi5cVrAPaEKYTCft0MmDmRuhhGzd+CtuXCji1j9w5984abvQ1gMXDufcy733eLHgCkzz2ygsLa+srhXXSxubW9s75d29tooSSVmLRiKSXY8oJnjIWsBBsG4sGQk8wTre6Dr3Ow9MKh6F9zCOmROQQch9TgloyS1jOyAw9CUZpTcZvsR2iqvKhRPiwjG2MxfccsWsmRPgRWLNSAXN0HTLX3Y/oknAQqCCKNWzzBiclEjgVLCsZCeKxYSOyID1NA1JwJSTTj7J8JFW+tiPpK4Q8ET9PZGSQKlx4OnO/G417+Xif14vAf/CSXkYJ8BCOl3kJwJDhPNYcJ9LRkGMNSFUcn0rpkMiCQUdXkmHYM2/vEjapzWrXqvfnVUaV7M4iugAHaIqstA5aqBb1EQtRNEjekav6M14Ml6Md+Nj2lowZjP76A+Mzx+z/pkT</latexit>

D = {(st, at)}t

Human demonstrations + behavioral cloning in robotics

<latexit sha1_base64="3rCGLaACjniK0D5+HkNz0c+b6vw=">AAAB+nicbVC7TsMwFHXKq5RXCiOLRYXEVCUIFcYKFsYi0YfURJHjOq1V24lsB1SFfAoLAwix8iVs/A1OmwFajmTp6Jx7dY9PmDCqtON8W5W19Y3Nrep2bWd3b//Arh/2VJxKTLo4ZrEchEgRRgXpaqoZGSSSIB4y0g+nN4XffyBS0Vjc61lCfI7GgkYUI22kwK57CQ0yjyM9kTwLcZ4HdsNpOnPAVeKWpAFKdAL7yxvFOOVEaMyQUkPXSbSfIakpZiSveakiCcJTNCZDQwXiRPnZPHoOT40yglEszRMaztXfGxniSs14aCaLjGrZK8T/vGGqoys/oyJJNRF4cShKGdQxLHqAIyoJ1mxmCMKSmqwQT5BEWJu2aqYEd/nLq6R33nRbzdbdRaN9XdZRBcfgBJwBF1yCNrgFHdAFGDyCZ/AK3qwn68V6tz4WoxWr3DkCf2B9/gAVdpSO</latexit>ωbc

<latexit sha1_base64="3rCGLaACjniK0D5+HkNz0c+b6vw=">AAAB+nicbVC7TsMwFHXKq5RXCiOLRYXEVCUIFcYKFsYi0YfURJHjOq1V24lsB1SFfAoLAwix8iVs/A1OmwFajmTp6Jx7dY9PmDCqtON8W5W19Y3Nrep2bWd3b//Arh/2VJxKTLo4ZrEchEgRRgXpaqoZGSSSIB4y0g+nN4XffyBS0Vjc61lCfI7GgkYUI22kwK57CQ0yjyM9kTwLcZ4HdsNpOnPAVeKWpAFKdAL7yxvFOOVEaMyQUkPXSbSfIakpZiSveakiCcJTNCZDQwXiRPnZPHoOT40yglEszRMaztXfGxniSs14aCaLjGrZK8T/vGGqoys/oyJJNRF4cShKGdQxLHqAIyoJ1mxmCMKSmqwQT5BEWJu2aqYEd/nLq6R33nRbzdbdRaN9XdZRBcfgBJwBF1yCNrgFHdAFGDyCZ/AK3qwn68V6tz4WoxWr3DkCf2B9/gAVdpSO</latexit>ωbc
<latexit sha1_base64="hZnjXudCA8wJalngmaVsHFkfP+s=">AAACCHicbVBNS8NAEN3Ur1q/oh49uFiEeimJSPVY9OKxgv2ApoTNdtMu3U3C7kQooUcv/hUvHhTx6k/w5r9x0/agrQ8GHu/NMDMvSATX4DjfVmFldW19o7hZ2tre2d2z9w9aOk4VZU0ai1h1AqKZ4BFrAgfBOoliRAaCtYPRTe63H5jSPI7uYZywniSDiIecEjCSbx8TH7CnucRewv3MkwSGSmYBnUwq2ocz3y47VWcKvEzcOSmjORq+/eX1Y5pKFgEVROuu6yTQy4gCTgWblLxUs4TQERmwrqERkUz3sukjE3xqlD4OY2UqAjxVf09kRGo9loHpzA/Vi14u/ud1UwivehmPkhRYRGeLwlRgiHGeCu5zxSiIsSGEKm5uxXRIFKFgsiuZENzFl5dJ67zq1qq1u4ty/XoeRxEdoRNUQS66RHV0ixqoiSh6RM/oFb1ZT9aL9W59zFoL1nzmEP2B9fkDsZWZyg==</latexit>

at → ωbc(st)

[ZKLF RSS ’23; WSYLA IROS ’23, LZLQYLM ICRA ’24]
Deployment

Reasonable but  
not good enough
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Generative model 

Train        to predict 

Behavioral Cloning (BC)Human demonstrations

<latexit sha1_base64="r7JPVQED6P4SqPRDe7HQ1d/UQFc=">AAACCXicbVDLSsNAFJ3UV62vqks3g0WoICURqW6Eoi5cVrAPaEKYTCft0MmDmRuhhGzd+CtuXCji1j9w5984abvQ1gMXDufcy733eLHgCkzz2ygsLa+srhXXSxubW9s75d29tooSSVmLRiKSXY8oJnjIWsBBsG4sGQk8wTre6Dr3Ow9MKh6F9zCOmROQQch9TgloyS1jOyAw9CUZpTcZvsR2iqvKhRPiwjG2MxfccsWsmRPgRWLNSAXN0HTLX3Y/oknAQqCCKNWzzBiclEjgVLCsZCeKxYSOyID1NA1JwJSTTj7J8JFW+tiPpK4Q8ET9PZGSQKlx4OnO/G417+Xif14vAf/CSXkYJ8BCOl3kJwJDhPNYcJ9LRkGMNSFUcn0rpkMiCQUdXkmHYM2/vEjapzWrXqvfnVUaV7M4iugAHaIqstA5aqBb1EQtRNEjekav6M14Ml6Md+Nj2lowZjP76A+Mzx+z/pkT</latexit>

D = {(st, at)}t

Human demonstrations + behavioral cloning in robotics

<latexit sha1_base64="3rCGLaACjniK0D5+HkNz0c+b6vw=">AAAB+nicbVC7TsMwFHXKq5RXCiOLRYXEVCUIFcYKFsYi0YfURJHjOq1V24lsB1SFfAoLAwix8iVs/A1OmwFajmTp6Jx7dY9PmDCqtON8W5W19Y3Nrep2bWd3b//Arh/2VJxKTLo4ZrEchEgRRgXpaqoZGSSSIB4y0g+nN4XffyBS0Vjc61lCfI7GgkYUI22kwK57CQ0yjyM9kTwLcZ4HdsNpOnPAVeKWpAFKdAL7yxvFOOVEaMyQUkPXSbSfIakpZiSveakiCcJTNCZDQwXiRPnZPHoOT40yglEszRMaztXfGxniSs14aCaLjGrZK8T/vGGqoys/oyJJNRF4cShKGdQxLHqAIyoJ1mxmCMKSmqwQT5BEWJu2aqYEd/nLq6R33nRbzdbdRaN9XdZRBcfgBJwBF1yCNrgFHdAFGDyCZ/AK3qwn68V6tz4WoxWr3DkCf2B9/gAVdpSO</latexit>ωbc

<latexit sha1_base64="3rCGLaACjniK0D5+HkNz0c+b6vw=">AAAB+nicbVC7TsMwFHXKq5RXCiOLRYXEVCUIFcYKFsYi0YfURJHjOq1V24lsB1SFfAoLAwix8iVs/A1OmwFajmTp6Jx7dY9PmDCqtON8W5W19Y3Nrep2bWd3b//Arh/2VJxKTLo4ZrEchEgRRgXpaqoZGSSSIB4y0g+nN4XffyBS0Vjc61lCfI7GgkYUI22kwK57CQ0yjyM9kTwLcZ4HdsNpOnPAVeKWpAFKdAL7yxvFOOVEaMyQUkPXSbSfIakpZiSveakiCcJTNCZDQwXiRPnZPHoOT40yglEszRMaztXfGxniSs14aCaLjGrZK8T/vGGqoys/oyJJNRF4cShKGdQxLHqAIyoJ1mxmCMKSmqwQT5BEWJu2aqYEd/nLq6R33nRbzdbdRaN9XdZRBcfgBJwBF1yCNrgFHdAFGDyCZ/AK3qwn68V6tz4WoxWr3DkCf2B9/gAVdpSO</latexit>ωbc
<latexit sha1_base64="hZnjXudCA8wJalngmaVsHFkfP+s=">AAACCHicbVBNS8NAEN3Ur1q/oh49uFiEeimJSPVY9OKxgv2ApoTNdtMu3U3C7kQooUcv/hUvHhTx6k/w5r9x0/agrQ8GHu/NMDMvSATX4DjfVmFldW19o7hZ2tre2d2z9w9aOk4VZU0ai1h1AqKZ4BFrAgfBOoliRAaCtYPRTe63H5jSPI7uYZywniSDiIecEjCSbx8TH7CnucRewv3MkwSGSmYBnUwq2ocz3y47VWcKvEzcOSmjORq+/eX1Y5pKFgEVROuu6yTQy4gCTgWblLxUs4TQERmwrqERkUz3sukjE3xqlD4OY2UqAjxVf09kRGo9loHpzA/Vi14u/ud1UwivehmPkhRYRGeLwlRgiHGeCu5zxSiIsSGEKm5uxXRIFKFgsiuZENzFl5dJ67zq1qq1u4ty/XoeRxEdoRNUQS66RHV0ixqoiSh6RM/oFb1ZT9aL9W59zFoL1nzmEP2B9fkDsZWZyg==</latexit>

at → ωbc(st)

[ZKLF RSS ’23; WSYLA IROS ’23, LZLQYLM ICRA ’24]
Deployment

Reasonable but  
not good enough



2. How should we “pretrain” a policy to  
ensure it can be efficiently improved?

Online improvement of pretrained robot policies

7

1. How can we efficiently improve a 
pretrained BC policy in deployment?

Human demonstrations

<latexit sha1_base64="r7JPVQED6P4SqPRDe7HQ1d/UQFc=">AAACCXicbVDLSsNAFJ3UV62vqks3g0WoICURqW6Eoi5cVrAPaEKYTCft0MmDmRuhhGzd+CtuXCji1j9w5984abvQ1gMXDufcy733eLHgCkzz2ygsLa+srhXXSxubW9s75d29tooSSVmLRiKSXY8oJnjIWsBBsG4sGQk8wTre6Dr3Ow9MKh6F9zCOmROQQch9TgloyS1jOyAw9CUZpTcZvsR2iqvKhRPiwjG2MxfccsWsmRPgRWLNSAXN0HTLX3Y/oknAQqCCKNWzzBiclEjgVLCsZCeKxYSOyID1NA1JwJSTTj7J8JFW+tiPpK4Q8ET9PZGSQKlx4OnO/G417+Xif14vAf/CSXkYJ8BCOl3kJwJDhPNYcJ9LRkGMNSFUcn0rpkMiCQUdXkmHYM2/vEjapzWrXqvfnVUaV7M4iugAHaIqstA5aqBb1EQtRNEjekav6M14Ml6Md+Nj2lowZjP76A+Mzx+z/pkT</latexit>

D = {(st, at)}t

Generative model 

Train        to predict 

DeploymentBehavioral Cloning (BC)

Reasonable but  
not good enough

Assume correct behaviors  
“in-distribution” for BC policy No assumption on BC policy

<latexit sha1_base64="3rCGLaACjniK0D5+HkNz0c+b6vw=">AAAB+nicbVC7TsMwFHXKq5RXCiOLRYXEVCUIFcYKFsYi0YfURJHjOq1V24lsB1SFfAoLAwix8iVs/A1OmwFajmTp6Jx7dY9PmDCqtON8W5W19Y3Nrep2bWd3b//Arh/2VJxKTLo4ZrEchEgRRgXpaqoZGSSSIB4y0g+nN4XffyBS0Vjc61lCfI7GgkYUI22kwK57CQ0yjyM9kTwLcZ4HdsNpOnPAVeKWpAFKdAL7yxvFOOVEaMyQUkPXSbSfIakpZiSveakiCcJTNCZDQwXiRPnZPHoOT40yglEszRMaztXfGxniSs14aCaLjGrZK8T/vGGqoys/oyJJNRF4cShKGdQxLHqAIyoJ1mxmCMKSmqwQT5BEWJu2aqYEd/nLq6R33nRbzdbdRaN9XdZRBcfgBJwBF1yCNrgFHdAFGDyCZ/AK3qwn68V6tz4WoxWr3DkCf2B9/gAVdpSO</latexit>ωbc

<latexit sha1_base64="3rCGLaACjniK0D5+HkNz0c+b6vw=">AAAB+nicbVC7TsMwFHXKq5RXCiOLRYXEVCUIFcYKFsYi0YfURJHjOq1V24lsB1SFfAoLAwix8iVs/A1OmwFajmTp6Jx7dY9PmDCqtON8W5W19Y3Nrep2bWd3b//Arh/2VJxKTLo4ZrEchEgRRgXpaqoZGSSSIB4y0g+nN4XffyBS0Vjc61lCfI7GgkYUI22kwK57CQ0yjyM9kTwLcZ4HdsNpOnPAVeKWpAFKdAL7yxvFOOVEaMyQUkPXSbSfIakpZiSveakiCcJTNCZDQwXiRPnZPHoOT40yglEszRMaztXfGxniSs14aCaLjGrZK8T/vGGqoys/oyJJNRF4cShKGdQxLHqAIyoJ1mxmCMKSmqwQT5BEWJu2aqYEd/nLq6R33nRbzdbdRaN9XdZRBcfgBJwBF1yCNrgFHdAFGDyCZ/AK3qwn68V6tz4WoxWr3DkCf2B9/gAVdpSO</latexit>ωbc
<latexit sha1_base64="hZnjXudCA8wJalngmaVsHFkfP+s=">AAACCHicbVBNS8NAEN3Ur1q/oh49uFiEeimJSPVY9OKxgv2ApoTNdtMu3U3C7kQooUcv/hUvHhTx6k/w5r9x0/agrQ8GHu/NMDMvSATX4DjfVmFldW19o7hZ2tre2d2z9w9aOk4VZU0ai1h1AqKZ4BFrAgfBOoliRAaCtYPRTe63H5jSPI7uYZywniSDiIecEjCSbx8TH7CnucRewv3MkwSGSmYBnUwq2ocz3y47VWcKvEzcOSmjORq+/eX1Y5pKFgEVROuu6yTQy4gCTgWblLxUs4TQERmwrqERkUz3sukjE3xqlD4OY2UqAjxVf09kRGo9loHpzA/Vi14u/ud1UwivehmPkhRYRGeLwlRgiHGeCu5zxSiIsSGEKm5uxXRIFKFgsiuZENzFl5dJ67zq1qq1u4ty/XoeRxEdoRNUQS66RHV0ixqoiSh6RM/oFb1ZT9aL9W59zFoL1nzmEP2B9fkDsZWZyg==</latexit>

at → ωbc(st)

“Pretraining”



<latexit sha1_base64="j0lsFxZMti1suCX5qM85oetEeTw=">AAACAHicbVDLSsNAFJ3UV62vqAsXbgaLUEFKIlJdFt3oRirYBzShTKaTdujMJMxMlBKy8VfcuFDErZ/hzr9x0nah1QMXDufcy733BDGjSjvOl1VYWFxaXimultbWNza37O2dlooSiUkTRyySnQApwqggTU01I51YEsQDRtrB6DL32/dEKhqJOz2Oic/RQNCQYqSN1LP3HqCnKIceR3qIEUtvsopzfH3Us8tO1ZkA/iXujJTBDI2e/en1I5xwIjRmSKmu68TaT5HUFDOSlbxEkRjhERqQrqECcaL8dPJABg+N0odhJE0JDSfqz4kUcaXGPDCd+Z1q3svF/7xuosNzP6UiTjQReLooTBjUEczTgH0qCdZsbAjCkppbIR4iibA2mZVMCO78y39J66Tq1qq129Ny/WIWRxHsgwNQAS44A3VwBRqgCTDIwBN4Aa/Wo/VsvVnv09aCNZvZBb9gfXwDCqGVag==</latexit>

w → N (0, I)

<latexit sha1_base64="uWioic9Sc3+uT7pr32g9YUpvtBk=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZq6H6p7FbcOcgq8XJShhz1fumrN4hZGqE0TFCtu56bGD+jynAmcFrspRoTysZ0iF1LJY1Q+9n80Ck5t8qAhLGyJQ2Zq78nMhppPYkC2xlRM9LL3kz8z+umJrzxMy6T1KBki0VhKoiJyexrMuAKmRETSyhT3N5K2IgqyozNpmhD8JZfXiWty4pXrVQbV+XabR5HAU7hDC7Ag2uowT3UoQkMEJ7hFd6cR+fFeXc+Fq1rTj5zAn/gfP4A4jeNAg==</latexit>s
<latexit sha1_base64="WL8tLovw+ZvLUJryYm2mFtCpTbM=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNQY9ELx4hkUcCGzI79MLI7OxmZlZDCF/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7cxvPaLSPJb3ZpygH9GB5CFn1Fip/tQrltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa89idcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmhdlr1Ku1C9L1ZssjjycwCmcgwdXUIU7qEEDGCA8wyu8OQ/Oi/PufCxac042cwx/4Hz+AOhHjQY=</latexit>w

<latexit sha1_base64="wU9N8iAZUxUZhrRaMUhOas7zCJM=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZq0H6p7FbcOcgq8XJShhz1fumrN4hZGqE0TFCtu56bGD+jynAmcFrspRoTysZ0iF1LJY1Q+9n80Ck5t8qAhLGyJQ2Zq78nMhppPYkC2xlRM9LL3kz8z+umJrzxMy6T1KBki0VhKoiJyexrMuAKmRETSyhT3N5K2IgqyozNpmhD8JZfXiWty4pXrVQbV+XabR5HAU7hDC7Ag2uowT3UoQkMEJ7hFd6cR+fFeXc+Fq1rTj5zAn/gfP4Axu+M8A==</latexit>a

Background: Diffusion policies

8

Demonstrator  
action

Iterative denoising 
process

<latexit sha1_base64="3rCGLaACjniK0D5+HkNz0c+b6vw=">AAAB+nicbVC7TsMwFHXKq5RXCiOLRYXEVCUIFcYKFsYi0YfURJHjOq1V24lsB1SFfAoLAwix8iVs/A1OmwFajmTp6Jx7dY9PmDCqtON8W5W19Y3Nrep2bWd3b//Arh/2VJxKTLo4ZrEchEgRRgXpaqoZGSSSIB4y0g+nN4XffyBS0Vjc61lCfI7GgkYUI22kwK57CQ0yjyM9kTwLcZ4HdsNpOnPAVeKWpAFKdAL7yxvFOOVEaMyQUkPXSbSfIakpZiSveakiCcJTNCZDQwXiRPnZPHoOT40yglEszRMaztXfGxniSs14aCaLjGrZK8T/vGGqoys/oyJJNRF4cShKGdQxLHqAIyoJ1mxmCMKSmqwQT5BEWJu2aqYEd/nLq6R33nRbzdbdRaN9XdZRBcfgBJwBF1yCNrgFHdAFGDyCZ/AK3qwn68V6tz4WoxWr3DkCf2B9/gAVdpSO</latexit>ωbc



Background: Diffusion policies

9

Iterative denoising process



<latexit sha1_base64="j0lsFxZMti1suCX5qM85oetEeTw=">AAACAHicbVDLSsNAFJ3UV62vqAsXbgaLUEFKIlJdFt3oRirYBzShTKaTdujMJMxMlBKy8VfcuFDErZ/hzr9x0nah1QMXDufcy733BDGjSjvOl1VYWFxaXimultbWNza37O2dlooSiUkTRyySnQApwqggTU01I51YEsQDRtrB6DL32/dEKhqJOz2Oic/RQNCQYqSN1LP3HqCnKIceR3qIEUtvsopzfH3Us8tO1ZkA/iXujJTBDI2e/en1I5xwIjRmSKmu68TaT5HUFDOSlbxEkRjhERqQrqECcaL8dPJABg+N0odhJE0JDSfqz4kUcaXGPDCd+Z1q3svF/7xuosNzP6UiTjQReLooTBjUEczTgH0qCdZsbAjCkppbIR4iibA2mZVMCO78y39J66Tq1qq129Ny/WIWRxHsgwNQAS44A3VwBRqgCTDIwBN4Aa/Wo/VsvVnv09aCNZvZBb9gfXwDCqGVag==</latexit>

w → N (0, I)

<latexit sha1_base64="uWioic9Sc3+uT7pr32g9YUpvtBk=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZq6H6p7FbcOcgq8XJShhz1fumrN4hZGqE0TFCtu56bGD+jynAmcFrspRoTysZ0iF1LJY1Q+9n80Ck5t8qAhLGyJQ2Zq78nMhppPYkC2xlRM9LL3kz8z+umJrzxMy6T1KBki0VhKoiJyexrMuAKmRETSyhT3N5K2IgqyozNpmhD8JZfXiWty4pXrVQbV+XabR5HAU7hDC7Ag2uowT3UoQkMEJ7hFd6cR+fFeXc+Fq1rTj5zAn/gfP4A4jeNAg==</latexit>s
<latexit sha1_base64="WL8tLovw+ZvLUJryYm2mFtCpTbM=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNQY9ELx4hkUcCGzI79MLI7OxmZlZDCF/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7cxvPaLSPJb3ZpygH9GB5CFn1Fip/tQrltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa89idcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmhdlr1Ku1C9L1ZssjjycwCmcgwdXUIU7qEEDGCA8wyu8OQ/Oi/PufCxac042cwx/4Hz+AOhHjQY=</latexit>w

<latexit sha1_base64="wU9N8iAZUxUZhrRaMUhOas7zCJM=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZq0H6p7FbcOcgq8XJShhz1fumrN4hZGqE0TFCtu56bGD+jynAmcFrspRoTysZ0iF1LJY1Q+9n80Ck5t8qAhLGyJQ2Zq78nMhppPYkC2xlRM9LL3kz8z+umJrzxMy6T1KBki0VhKoiJyexrMuAKmRETSyhT3N5K2IgqyozNpmhD8JZfXiWty4pXrVQbV+XabR5HAU7hDC7Ag2uowT3UoQkMEJ7hFd6cR+fFeXc+Fq1rTj5zAn/gfP4Axu+M8A==</latexit>a

Background: Diffusion policies

10

Demonstrator  
action

Iterative denoising 
process

A diffusion policy is simply a mapping that transforms noise to demonstrator actions

<latexit sha1_base64="3rCGLaACjniK0D5+HkNz0c+b6vw=">AAAB+nicbVC7TsMwFHXKq5RXCiOLRYXEVCUIFcYKFsYi0YfURJHjOq1V24lsB1SFfAoLAwix8iVs/A1OmwFajmTp6Jx7dY9PmDCqtON8W5W19Y3Nrep2bWd3b//Arh/2VJxKTLo4ZrEchEgRRgXpaqoZGSSSIB4y0g+nN4XffyBS0Vjc61lCfI7GgkYUI22kwK57CQ0yjyM9kTwLcZ4HdsNpOnPAVeKWpAFKdAL7yxvFOOVEaMyQUkPXSbSfIakpZiSveakiCcJTNCZDQwXiRPnZPHoOT40yglEszRMaztXfGxniSs14aCaLjGrZK8T/vGGqoys/oyJJNRF4cShKGdQxLHqAIyoJ1mxmCMKSmqwQT5BEWJu2aqYEd/nLq6R33nRbzdbdRaN9XdZRBcfgBJwBF1yCNrgFHdAFGDyCZ/AK3qwn68V6tz4WoxWr3DkCf2B9/gAVdpSO</latexit>ωbc



Standard diffusion policy deployment

<latexit sha1_base64="j0lsFxZMti1suCX5qM85oetEeTw=">AAACAHicbVDLSsNAFJ3UV62vqAsXbgaLUEFKIlJdFt3oRirYBzShTKaTdujMJMxMlBKy8VfcuFDErZ/hzr9x0nah1QMXDufcy733BDGjSjvOl1VYWFxaXimultbWNza37O2dlooSiUkTRyySnQApwqggTU01I51YEsQDRtrB6DL32/dEKhqJOz2Oic/RQNCQYqSN1LP3HqCnKIceR3qIEUtvsopzfH3Us8tO1ZkA/iXujJTBDI2e/en1I5xwIjRmSKmu68TaT5HUFDOSlbxEkRjhERqQrqECcaL8dPJABg+N0odhJE0JDSfqz4kUcaXGPDCd+Z1q3svF/7xuosNzP6UiTjQReLooTBjUEczTgH0qCdZsbAjCkppbIR4iibA2mZVMCO78y39J66Tq1qq129Ny/WIWRxHsgwNQAS44A3VwBRqgCTDIwBN4Aa/Wo/VsvVnv09aCNZvZBb9gfXwDCqGVag==</latexit>

w → N (0, I)

<latexit sha1_base64="uWioic9Sc3+uT7pr32g9YUpvtBk=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZq6H6p7FbcOcgq8XJShhz1fumrN4hZGqE0TFCtu56bGD+jynAmcFrspRoTysZ0iF1LJY1Q+9n80Ck5t8qAhLGyJQ2Zq78nMhppPYkC2xlRM9LL3kz8z+umJrzxMy6T1KBki0VhKoiJyexrMuAKmRETSyhT3N5K2IgqyozNpmhD8JZfXiWty4pXrVQbV+XabR5HAU7hDC7Ag2uowT3UoQkMEJ7hFd6cR+fFeXc+Fq1rTj5zAn/gfP4A4jeNAg==</latexit>s
<latexit sha1_base64="WL8tLovw+ZvLUJryYm2mFtCpTbM=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNQY9ELx4hkUcCGzI79MLI7OxmZlZDCF/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7cxvPaLSPJb3ZpygH9GB5CFn1Fip/tQrltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa89idcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmhdlr1Ku1C9L1ZssjjycwCmcgwdXUIU7qEEDGCA8wyu8OQ/Oi/PufCxac042cwx/4Hz+AOhHjQY=</latexit>w <latexit sha1_base64="wU9N8iAZUxUZhrRaMUhOas7zCJM=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZq0H6p7FbcOcgq8XJShhz1fumrN4hZGqE0TFCtu56bGD+jynAmcFrspRoTysZ0iF1LJY1Q+9n80Ck5t8qAhLGyJQ2Zq78nMhppPYkC2xlRM9LL3kz8z+umJrzxMy6T1KBki0VhKoiJyexrMuAKmRETSyhT3N5K2IgqyozNpmhD8JZfXiWty4pXrVQbV+XabR5HAU7hDC7Ag2uowT3UoQkMEJ7hFd6cR+fFeXc+Fq1rTj5zAn/gfP4Axu+M8A==</latexit>a

Sampling process

11

<latexit sha1_base64="rqIVADqAFzef+/9Ufcgqskntb+8=">AAACGHicbVA9SwNBEJ2LXzF+RS1tDoNgFe5EomXQxjKC+YAkhL3NXLJkd+/Y3RPDkT9hqf4YO7G187fYuEmuMIkDA4/3ZngzL4g508bzvp3c2vrG5lZ+u7Czu7d/UDw8augoURTrNOKRagVEI2cS64YZjq1YIREBx2Ywup3qzUdUmkXywYxj7AoykCxklBhLtTpMWBfUvWLJK3uzcleBn4ESZFXrFX86/YgmAqWhnGjd9r3YdFOiDKMcJ4VOojEmdEQG2LZQEoG6m87unbhnlum7YaRsS+PO2L8bKRFaj0VgJwUxQ72sTcn/tHZiwutuymScGJR0bhQm3DWRO33e7TOF1PCxBYQqZm916ZAoQo2NaMFFMoqhFRY+SZ/mlE3LX85mFTQuyn6lXLm/LFVvstzycAKncA4+XEEV7qAGdaDA4Rle4c15cd6dD+dzPppzsp1jWCjn6xdHC6FX</latexit>

=→
<latexit sha1_base64="3rCGLaACjniK0D5+HkNz0c+b6vw=">AAAB+nicbVC7TsMwFHXKq5RXCiOLRYXEVCUIFcYKFsYi0YfURJHjOq1V24lsB1SFfAoLAwix8iVs/A1OmwFajmTp6Jx7dY9PmDCqtON8W5W19Y3Nrep2bWd3b//Arh/2VJxKTLo4ZrEchEgRRgXpaqoZGSSSIB4y0g+nN4XffyBS0Vjc61lCfI7GgkYUI22kwK57CQ0yjyM9kTwLcZ4HdsNpOnPAVeKWpAFKdAL7yxvFOOVEaMyQUkPXSbSfIakpZiSveakiCcJTNCZDQwXiRPnZPHoOT40yglEszRMaztXfGxniSs14aCaLjGrZK8T/vGGqoys/oyJJNRF4cShKGdQxLHqAIyoJ1mxmCMKSmqwQT5BEWJu2aqYEd/nLq6R33nRbzdbdRaN9XdZRBcfgBJwBF1yCNrgFHdAFGDyCZ/AK3qwn68V6tz4WoxWr3DkCf2B9/gAVdpSO</latexit>ωbc

<latexit sha1_base64="q4uAJFUCcXe1j2wDK2dsE8B31cc=">AAACBHicbVDLSsNAFJ3UV62vqMtuBotQNyURqS6LblxWsA9oQphMp+3QmUmYmQglZOHGX3HjQhG3foQ7/8ZJm4W2HrhwOOde7r0njBlV2nG+rdLa+sbmVnm7srO7t39gHx51VZRITDo4YpHsh0gRRgXpaKoZ6ceSIB4y0gunN7nfeyBS0Ujc61lMfI7Ggo4oRtpIgV1F0FOUQy+mQepxpCeSpyHOsro6C+ya03DmgKvELUgNFGgH9pc3jHDCidCYIaUGrhNrP0VSU8xIVvESRWKEp2hMBoYKxIny0/kTGTw1yhCOImlKaDhXf0+kiCs146HpzM9Uy14u/ucNEj268lMq4kQTgReLRgmDOoJ5InBIJcGazQxBWFJzK8QTJBHWJreKCcFdfnmVdM8bbrPRvLuota6LOMqgCk5AHbjgErTALWiDDsDgETyDV/BmPVkv1rv1sWgtWcXMMfgD6/MHb2OX/A==</latexit>

a → ωbc(s)



Sampling process

Standard diffusion policy deployment

<latexit sha1_base64="j0lsFxZMti1suCX5qM85oetEeTw=">AAACAHicbVDLSsNAFJ3UV62vqAsXbgaLUEFKIlJdFt3oRirYBzShTKaTdujMJMxMlBKy8VfcuFDErZ/hzr9x0nah1QMXDufcy733BDGjSjvOl1VYWFxaXimultbWNza37O2dlooSiUkTRyySnQApwqggTU01I51YEsQDRtrB6DL32/dEKhqJOz2Oic/RQNCQYqSN1LP3HqCnKIceR3qIEUtvsopzfH3Us8tO1ZkA/iXujJTBDI2e/en1I5xwIjRmSKmu68TaT5HUFDOSlbxEkRjhERqQrqECcaL8dPJABg+N0odhJE0JDSfqz4kUcaXGPDCd+Z1q3svF/7xuosNzP6UiTjQReLooTBjUEczTgH0qCdZsbAjCkppbIR4iibA2mZVMCO78y39J66Tq1qq129Ny/WIWRxHsgwNQAS44A3VwBRqgCTDIwBN4Aa/Wo/VsvVnv09aCNZvZBb9gfXwDCqGVag==</latexit>

w → N (0, I)

<latexit sha1_base64="uWioic9Sc3+uT7pr32g9YUpvtBk=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZq6H6p7FbcOcgq8XJShhz1fumrN4hZGqE0TFCtu56bGD+jynAmcFrspRoTysZ0iF1LJY1Q+9n80Ck5t8qAhLGyJQ2Zq78nMhppPYkC2xlRM9LL3kz8z+umJrzxMy6T1KBki0VhKoiJyexrMuAKmRETSyhT3N5K2IgqyozNpmhD8JZfXiWty4pXrVQbV+XabR5HAU7hDC7Ag2uowT3UoQkMEJ7hFd6cR+fFeXc+Fq1rTj5zAn/gfP4A4jeNAg==</latexit>s

<latexit sha1_base64="WL8tLovw+ZvLUJryYm2mFtCpTbM=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNQY9ELx4hkUcCGzI79MLI7OxmZlZDCF/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7cxvPaLSPJb3ZpygH9GB5CFn1Fip/tQrltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa89idcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmhdlr1Ku1C9L1ZssjjycwCmcgwdXUIU7qEEDGCA8wyu8OQ/Oi/PufCxac042cwx/4Hz+AOhHjQY=</latexit>w <latexit sha1_base64="wU9N8iAZUxUZhrRaMUhOas7zCJM=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZq0H6p7FbcOcgq8XJShhz1fumrN4hZGqE0TFCtu56bGD+jynAmcFrspRoTysZ0iF1LJY1Q+9n80Ck5t8qAhLGyJQ2Zq78nMhppPYkC2xlRM9LL3kz8z+umJrzxMy6T1KBki0VhKoiJyexrMuAKmRETSyhT3N5K2IgqyozNpmhD8JZfXiWty4pXrVQbV+XabR5HAU7hDC7Ag2uowT3UoQkMEJ7hFd6cR+fFeXc+Fq1rTj5zAn/gfP4Axu+M8A==</latexit>a
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<latexit sha1_base64="rqIVADqAFzef+/9Ufcgqskntb+8=">AAACGHicbVA9SwNBEJ2LXzF+RS1tDoNgFe5EomXQxjKC+YAkhL3NXLJkd+/Y3RPDkT9hqf4YO7G187fYuEmuMIkDA4/3ZngzL4g508bzvp3c2vrG5lZ+u7Czu7d/UDw8augoURTrNOKRagVEI2cS64YZjq1YIREBx2Ywup3qzUdUmkXywYxj7AoykCxklBhLtTpMWBfUvWLJK3uzcleBn4ESZFXrFX86/YgmAqWhnGjd9r3YdFOiDKMcJ4VOojEmdEQG2LZQEoG6m87unbhnlum7YaRsS+PO2L8bKRFaj0VgJwUxQ72sTcn/tHZiwutuymScGJR0bhQm3DWRO33e7TOF1PCxBYQqZm916ZAoQo2NaMFFMoqhFRY+SZ/mlE3LX85mFTQuyn6lXLm/LFVvstzycAKncA4+XEEV7qAGdaDA4Rle4c15cd6dD+dzPppzsp1jWCjn6xdHC6FX</latexit>

=→
<latexit sha1_base64="3rCGLaACjniK0D5+HkNz0c+b6vw=">AAAB+nicbVC7TsMwFHXKq5RXCiOLRYXEVCUIFcYKFsYi0YfURJHjOq1V24lsB1SFfAoLAwix8iVs/A1OmwFajmTp6Jx7dY9PmDCqtON8W5W19Y3Nrep2bWd3b//Arh/2VJxKTLo4ZrEchEgRRgXpaqoZGSSSIB4y0g+nN4XffyBS0Vjc61lCfI7GgkYUI22kwK57CQ0yjyM9kTwLcZ4HdsNpOnPAVeKWpAFKdAL7yxvFOOVEaMyQUkPXSbSfIakpZiSveakiCcJTNCZDQwXiRPnZPHoOT40yglEszRMaztXfGxniSs14aCaLjGrZK8T/vGGqoys/oyJJNRF4cShKGdQxLHqAIyoJ1mxmCMKSmqwQT5BEWJu2aqYEd/nLq6R33nRbzdbdRaN9XdZRBcfgBJwBF1yCNrgFHdAFGDyCZ/AK3qwn68V6tz4WoxWr3DkCf2B9/gAVdpSO</latexit>ωbc

<latexit sha1_base64="q4uAJFUCcXe1j2wDK2dsE8B31cc=">AAACBHicbVDLSsNAFJ3UV62vqMtuBotQNyURqS6LblxWsA9oQphMp+3QmUmYmQglZOHGX3HjQhG3foQ7/8ZJm4W2HrhwOOde7r0njBlV2nG+rdLa+sbmVnm7srO7t39gHx51VZRITDo4YpHsh0gRRgXpaKoZ6ceSIB4y0gunN7nfeyBS0Ujc61lMfI7Ggo4oRtpIgV1F0FOUQy+mQepxpCeSpyHOsro6C+ya03DmgKvELUgNFGgH9pc3jHDCidCYIaUGrhNrP0VSU8xIVvESRWKEp2hMBoYKxIny0/kTGTw1yhCOImlKaDhXf0+kiCs146HpzM9Uy14u/ucNEj268lMq4kQTgReLRgmDOoJ5InBIJcGazQxBWFJzK8QTJBHWJreKCcFdfnmVdM8bbrPRvLuota6LOMqgCk5AHbjgErTALWiDDsDgETyDV/BmPVkv1rv1sWgtWcXMMfgD6/MHb2OX/A==</latexit>

a → ωbc(s)



2. How should we “pretrain” a policy to  
ensure it can be efficiently improved?

Online improvement of pretrained robot policies
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1. How can we efficiently improve a 
pretrained BC policy in deployment?

Human demonstrations

<latexit sha1_base64="r7JPVQED6P4SqPRDe7HQ1d/UQFc=">AAACCXicbVDLSsNAFJ3UV62vqks3g0WoICURqW6Eoi5cVrAPaEKYTCft0MmDmRuhhGzd+CtuXCji1j9w5984abvQ1gMXDufcy733eLHgCkzz2ygsLa+srhXXSxubW9s75d29tooSSVmLRiKSXY8oJnjIWsBBsG4sGQk8wTre6Dr3Ow9MKh6F9zCOmROQQch9TgloyS1jOyAw9CUZpTcZvsR2iqvKhRPiwjG2MxfccsWsmRPgRWLNSAXN0HTLX3Y/oknAQqCCKNWzzBiclEjgVLCsZCeKxYSOyID1NA1JwJSTTj7J8JFW+tiPpK4Q8ET9PZGSQKlx4OnO/G417+Xif14vAf/CSXkYJ8BCOl3kJwJDhPNYcJ9LRkGMNSFUcn0rpkMiCQUdXkmHYM2/vEjapzWrXqvfnVUaV7M4iugAHaIqstA5aqBb1EQtRNEjekav6M14Ml6Md+Nj2lowZjP76A+Mzx+z/pkT</latexit>

D = {(st, at)}t

Generative model 

Train        to predict 

DeploymentBehavioral Cloning (BC)
Assume correct behaviors  
“in-distribution” for BC policy No assumption on BC policy

<latexit sha1_base64="3rCGLaACjniK0D5+HkNz0c+b6vw=">AAAB+nicbVC7TsMwFHXKq5RXCiOLRYXEVCUIFcYKFsYi0YfURJHjOq1V24lsB1SFfAoLAwix8iVs/A1OmwFajmTp6Jx7dY9PmDCqtON8W5W19Y3Nrep2bWd3b//Arh/2VJxKTLo4ZrEchEgRRgXpaqoZGSSSIB4y0g+nN4XffyBS0Vjc61lCfI7GgkYUI22kwK57CQ0yjyM9kTwLcZ4HdsNpOnPAVeKWpAFKdAL7yxvFOOVEaMyQUkPXSbSfIakpZiSveakiCcJTNCZDQwXiRPnZPHoOT40yglEszRMaztXfGxniSs14aCaLjGrZK8T/vGGqoys/oyJJNRF4cShKGdQxLHqAIyoJ1mxmCMKSmqwQT5BEWJu2aqYEd/nLq6R33nRbzdbdRaN9XdZRBcfgBJwBF1yCNrgFHdAFGDyCZ/AK3qwn68V6tz4WoxWr3DkCf2B9/gAVdpSO</latexit>ωbc

<latexit sha1_base64="3rCGLaACjniK0D5+HkNz0c+b6vw=">AAAB+nicbVC7TsMwFHXKq5RXCiOLRYXEVCUIFcYKFsYi0YfURJHjOq1V24lsB1SFfAoLAwix8iVs/A1OmwFajmTp6Jx7dY9PmDCqtON8W5W19Y3Nrep2bWd3b//Arh/2VJxKTLo4ZrEchEgRRgXpaqoZGSSSIB4y0g+nN4XffyBS0Vjc61lCfI7GgkYUI22kwK57CQ0yjyM9kTwLcZ4HdsNpOnPAVeKWpAFKdAL7yxvFOOVEaMyQUkPXSbSfIakpZiSveakiCcJTNCZDQwXiRPnZPHoOT40yglEszRMaztXfGxniSs14aCaLjGrZK8T/vGGqoys/oyJJNRF4cShKGdQxLHqAIyoJ1mxmCMKSmqwQT5BEWJu2aqYEd/nLq6R33nRbzdbdRaN9XdZRBcfgBJwBF1yCNrgFHdAFGDyCZ/AK3qwn68V6tz4WoxWr3DkCf2B9/gAVdpSO</latexit>ωbc
<latexit sha1_base64="hZnjXudCA8wJalngmaVsHFkfP+s=">AAACCHicbVBNS8NAEN3Ur1q/oh49uFiEeimJSPVY9OKxgv2ApoTNdtMu3U3C7kQooUcv/hUvHhTx6k/w5r9x0/agrQ8GHu/NMDMvSATX4DjfVmFldW19o7hZ2tre2d2z9w9aOk4VZU0ai1h1AqKZ4BFrAgfBOoliRAaCtYPRTe63H5jSPI7uYZywniSDiIecEjCSbx8TH7CnucRewv3MkwSGSmYBnUwq2ocz3y47VWcKvEzcOSmjORq+/eX1Y5pKFgEVROuu6yTQy4gCTgWblLxUs4TQERmwrqERkUz3sukjE3xqlD4OY2UqAjxVf09kRGo9loHpzA/Vi14u/ud1UwivehmPkhRYRGeLwlRgiHGeCu5zxSiIsSGEKm5uxXRIFKFgsiuZENzFl5dJ67zq1qq1u4ty/XoeRxEdoRNUQS66RHV0ixqoiSh6RM/oFb1ZT9aL9W59zFoL1nzmEP2B9fkDsZWZyg==</latexit>

at → ωbc(st)

“Pretraining”



What makes RL hard?
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<latexit sha1_base64="uWioic9Sc3+uT7pr32g9YUpvtBk=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZq6H6p7FbcOcgq8XJShhz1fumrN4hZGqE0TFCtu56bGD+jynAmcFrspRoTysZ0iF1LJY1Q+9n80Ck5t8qAhLGyJQ2Zq78nMhppPYkC2xlRM9LL3kz8z+umJrzxMy6T1KBki0VhKoiJyexrMuAKmRETSyhT3N5K2IgqyozNpmhD8JZfXiWty4pXrVQbV+XabR5HAU7hDC7Ag2uowT3UoQkMEJ7hFd6cR+fFeXc+Fq1rTj5zAn/gfP4A4jeNAg==</latexit>s

Goal: “pick up the spray bottle”



What makes RL hard?
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<latexit sha1_base64="uWioic9Sc3+uT7pr32g9YUpvtBk=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZq6H6p7FbcOcgq8XJShhz1fumrN4hZGqE0TFCtu56bGD+jynAmcFrspRoTysZ0iF1LJY1Q+9n80Ck5t8qAhLGyJQ2Zq78nMhppPYkC2xlRM9LL3kz8z+umJrzxMy6T1KBki0VhKoiJyexrMuAKmRETSyhT3N5K2IgqyozNpmhD8JZfXiWty4pXrVQbV+XabR5HAU7hDC7Ag2uowT3UoQkMEJ7hFd6cR+fFeXc+Fq1rTj5zAn/gfP4A4jeNAg==</latexit>s

Goal: “pick up the spray bottle”

Many possible actions, must 
determine which is best



What makes RL hard?
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<latexit sha1_base64="uWioic9Sc3+uT7pr32g9YUpvtBk=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZq6H6p7FbcOcgq8XJShhz1fumrN4hZGqE0TFCtu56bGD+jynAmcFrspRoTysZ0iF1LJY1Q+9n80Ck5t8qAhLGyJQ2Zq78nMhppPYkC2xlRM9LL3kz8z+umJrzxMy6T1KBki0VhKoiJyexrMuAKmRETSyhT3N5K2IgqyozNpmhD8JZfXiWty4pXrVQbV+XabR5HAU7hDC7Ag2uowT3UoQkMEJ7hFd6cR+fFeXc+Fq1rTj5zAn/gfP4A4jeNAg==</latexit>s

Goal: “pick up the spray bottle”



What makes RL hard?
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<latexit sha1_base64="uWioic9Sc3+uT7pr32g9YUpvtBk=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZq6H6p7FbcOcgq8XJShhz1fumrN4hZGqE0TFCtu56bGD+jynAmcFrspRoTysZ0iF1LJY1Q+9n80Ck5t8qAhLGyJQ2Zq78nMhppPYkC2xlRM9LL3kz8z+umJrzxMy6T1KBki0VhKoiJyexrMuAKmRETSyhT3N5K2IgqyozNpmhD8JZfXiWty4pXrVQbV+XabR5HAU7hDC7Ag2uowT3UoQkMEJ7hFd6cR+fFeXc+Fq1rTj5zAn/gfP4A4jeNAg==</latexit>s

Goal: “pick up the spray bottle”



What makes RL hard?
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<latexit sha1_base64="uWioic9Sc3+uT7pr32g9YUpvtBk=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZq6H6p7FbcOcgq8XJShhz1fumrN4hZGqE0TFCtu56bGD+jynAmcFrspRoTysZ0iF1LJY1Q+9n80Ck5t8qAhLGyJQ2Zq78nMhppPYkC2xlRM9LL3kz8z+umJrzxMy6T1KBki0VhKoiJyexrMuAKmRETSyhT3N5K2IgqyozNpmhD8JZfXiWty4pXrVQbV+XabR5HAU7hDC7Ag2uowT3UoQkMEJ7hFd6cR+fFeXc+Fq1rTj5zAn/gfP4A4jeNAg==</latexit>s

Goal: “pick up the spray bottle”



Goal: “pick up the spray bottle”

What makes RL hard?
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Challenge 1: Naive exploration 
doesn’t scale to the real world

Months of robot time
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How would a human behave?

<latexit sha1_base64="uWioic9Sc3+uT7pr32g9YUpvtBk=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZq6H6p7FbcOcgq8XJShhz1fumrN4hZGqE0TFCtu56bGD+jynAmcFrspRoTysZ0iF1LJY1Q+9n80Ck5t8qAhLGyJQ2Zq78nMhppPYkC2xlRM9LL3kz8z+umJrzxMy6T1KBki0VhKoiJyexrMuAKmRETSyhT3N5K2IgqyozNpmhD8JZfXiWty4pXrVQbV+XabR5HAU7hDC7Ag2uowT3UoQkMEJ7hFd6cR+fFeXc+Fq1rTj5zAn/gfP4A4jeNAg==</latexit>s
Reasonable human  

actions at <latexit sha1_base64="uWioic9Sc3+uT7pr32g9YUpvtBk=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZq6H6p7FbcOcgq8XJShhz1fumrN4hZGqE0TFCtu56bGD+jynAmcFrspRoTysZ0iF1LJY1Q+9n80Ck5t8qAhLGyJQ2Zq78nMhppPYkC2xlRM9LL3kz8z+umJrzxMy6T1KBki0VhKoiJyexrMuAKmRETSyhT3N5K2IgqyozNpmhD8JZfXiWty4pXrVQbV+XabR5HAU7hDC7Ag2uowT3UoQkMEJ7hFd6cR+fFeXc+Fq1rTj5zAn/gfP4A4jeNAg==</latexit>s

Goal: “pick up the spray bottle”
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How would a human behave?



What makes RL on diffusion policies hard?

Standard RL policy update

Running this requires: 
1. Evaluating action likelihoods 
2. Backpropagating through policy 

Challenge 2: For diffusion policies, 
1. Can’t evaluate action likelihoods 
2. Backpropagation through time unstable

22
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Challenge 1: Naive exploration 
doesn’t scale to the real world

How can we enable efficient online improvement 
of diffusion policies?

Challenge 2: For diffusion policies, 
1. Can’t evaluate action likelihoods 
2. Backpropagation through time unstable



<latexit sha1_base64="ksi2TSA+vm+ZMNzddSe8Iom9cq8=">AAAB+HicbVBNT8JAEJ3iF+IHVY9eNhITvJDWGPRI9OIRE/lIaCXbZQsbtttmdytBwi/x4kFjvPpTvPlvXKAHBV8yyct7M5mZFyScKe0431ZubX1jcyu/XdjZ3dsv2geHTRWnktAGiXks2wFWlDNBG5ppTtuJpDgKOG0Fw5uZ33qkUrFY3OtxQv0I9wULGcHaSF27OEKeYhHyEvYwKquzrl1yKs4caJW4GSlBhnrX/vJ6MUkjKjThWKmO6yTan2CpGeF0WvBSRRNMhrhPO4YKHFHlT+aHT9GpUXoojKUpodFc/T0xwZFS4ygwnRHWA7XszcT/vE6qwyt/wkSSairIYlGYcqRjNEsB9ZikRPOxIZhIZm5FZIAlJtpkVTAhuMsvr5LmecWtVqp3F6XadRZHHo7hBMrgwiXU4Bbq0AACKTzDK7xZT9aL9W59LFpzVjZzBH9gff4Aqi+Sdg==</latexit>

w → ωw(s)

<latexit sha1_base64="uWioic9Sc3+uT7pr32g9YUpvtBk=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZq6H6p7FbcOcgq8XJShhz1fumrN4hZGqE0TFCtu56bGD+jynAmcFrspRoTysZ0iF1LJY1Q+9n80Ck5t8qAhLGyJQ2Zq78nMhppPYkC2xlRM9LL3kz8z+umJrzxMy6T1KBki0VhKoiJyexrMuAKmRETSyhT3N5K2IgqyozNpmhD8JZfXiWty4pXrVQbV+XabR5HAU7hDC7Ag2uowT3UoQkMEJ7hFd6cR+fFeXc+Fq1rTj5zAn/gfP4A4jeNAg==</latexit>s
<latexit sha1_base64="WL8tLovw+ZvLUJryYm2mFtCpTbM=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNQY9ELx4hkUcCGzI79MLI7OxmZlZDCF/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7cxvPaLSPJb3ZpygH9GB5CFn1Fip/tQrltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa89idcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmhdlr1Ku1C9L1ZssjjycwCmcgwdXUIU7qEEDGCA8wyu8OQ/Oi/PufCxac042cwx/4Hz+AOhHjQY=</latexit>w

<latexit sha1_base64="6L8Fgy2E+7CnBsEq73jnJRR4GC0=">AAAB6XicbVDLTgJBEOzFF+IL9ehlIjF6IrvGoEeiF49o5JEAIbNDL0yYnd3MzGrIhj/w4kFjvPpH3vwbB9iDgpV0UqnqTneXHwuujet+O7mV1bX1jfxmYWt7Z3evuH/Q0FGiGNZZJCLV8qlGwSXWDTcCW7FCGvoCm/7oZuo3H1FpHskHM46xG9KB5AFn1Fjp/um0Vyy5ZXcGsky8jJQgQ61X/Or0I5aEKA0TVOu258amm1JlOBM4KXQSjTFlIzrAtqWShqi76ezSCTmxSp8EkbIlDZmpvydSGmo9Dn3bGVIz1IveVPzPaycmuOqmXMaJQcnmi4JEEBOR6dukzxUyI8aWUKa4vZWwIVWUGRtOwYbgLb68TBrnZa9SrtxdlKrXWRx5OIJjOAMPLqEKt1CDOjAI4Ble4c0ZOS/Ou/Mxb8052cwh/IHz+QNIzY03</latexit>

w→

<latexit sha1_base64="j0lsFxZMti1suCX5qM85oetEeTw=">AAACAHicbVDLSsNAFJ3UV62vqAsXbgaLUEFKIlJdFt3oRirYBzShTKaTdujMJMxMlBKy8VfcuFDErZ/hzr9x0nah1QMXDufcy733BDGjSjvOl1VYWFxaXimultbWNza37O2dlooSiUkTRyySnQApwqggTU01I51YEsQDRtrB6DL32/dEKhqJOz2Oic/RQNCQYqSN1LP3HqCnKIceR3qIEUtvsopzfH3Us8tO1ZkA/iXujJTBDI2e/en1I5xwIjRmSKmu68TaT5HUFDOSlbxEkRjhERqQrqECcaL8dPJABg+N0odhJE0JDSfqz4kUcaXGPDCd+Z1q3svF/7xuosNzP6UiTjQReLooTBjUEczTgH0qCdZsbAjCkppbIR4iibA2mZVMCO78y39J66Tq1qq129Ny/WIWRxHsgwNQAS44A3VwBRqgCTDIwBN4Aa/Wo/VsvVnv09aCNZvZBb9gfXwDCqGVag==</latexit>

w → N (0, I)

Control noise 
generation
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<latexit sha1_base64="iekl6zh+PA+1HTbaPKwKj11xCcw=">AAACE3icbVDLTgJBEOzFF+IL9ehlIzF4IrvGoEeiF48Y5ZEAIbNDL0yYnd3MzKpkwyd4VD/Gm/HqB/gtXhxgDwJW0kmlqjvdXV7EmdKO821lVlbX1jeym7mt7Z3dvfz+QV2FsaRYoyEPZdMjCjkTWNNMc2xGEkngcWx4w+uJ33hAqVgo7vUowk5A+oL5jBJtpLvHYrGbLzglZwp7mbgpKUCKajf/0+6FNA5QaMqJUi3XiXQnIVIzynGca8cKI0KHpI8tQwUJUHWS6alj+8QoPdsPpSmh7an6dyIhgVKjwDOdAdEDtehNxP+8Vqz9y07CRBRrFHS2yI+5rUN78rfdYxKp5iNDCJXM3GrTAZGEapPO3BbBKPrGmPskeZpJJi13MZtlUj8rueVS+fa8ULlKc8vCERzDKbhwARW4gSrUgEIfnuEV3qwX6936sD5nrRkrnTmEOVhfv0HUnps=</latexit>

w→→

<latexit sha1_base64="uWioic9Sc3+uT7pr32g9YUpvtBk=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZq6H6p7FbcOcgq8XJShhz1fumrN4hZGqE0TFCtu56bGD+jynAmcFrspRoTysZ0iF1LJY1Q+9n80Ck5t8qAhLGyJQ2Zq78nMhppPYkC2xlRM9LL3kz8z+umJrzxMy6T1KBki0VhKoiJyexrMuAKmRETSyhT3N5K2IgqyozNpmhD8JZfXiWty4pXrVQbV+XabR5HAU7hDC7Ag2uowT3UoQkMEJ7hFd6cR+fFeXc+Fq1rTj5zAn/gfP4A4jeNAg==</latexit>s

<latexit sha1_base64="3rCGLaACjniK0D5+HkNz0c+b6vw=">AAAB+nicbVC7TsMwFHXKq5RXCiOLRYXEVCUIFcYKFsYi0YfURJHjOq1V24lsB1SFfAoLAwix8iVs/A1OmwFajmTp6Jx7dY9PmDCqtON8W5W19Y3Nrep2bWd3b//Arh/2VJxKTLo4ZrEchEgRRgXpaqoZGSSSIB4y0g+nN4XffyBS0Vjc61lCfI7GgkYUI22kwK57CQ0yjyM9kTwLcZ4HdsNpOnPAVeKWpAFKdAL7yxvFOOVEaMyQUkPXSbSfIakpZiSveakiCcJTNCZDQwXiRPnZPHoOT40yglEszRMaztXfGxniSs14aCaLjGrZK8T/vGGqoys/oyJJNRF4cShKGdQxLHqAIyoJ1mxmCMKSmqwQT5BEWJu2aqYEd/nLq6R33nRbzdbdRaN9XdZRBcfgBJwBF1yCNrgFHdAFGDyCZ/AK3qwn68V6tz4WoxWr3DkCf2B9/gAVdpSO</latexit>ωbc

Key Idea: Treat the noise as the action 
 Rather than optimizing over original 

action space, optimize over noise space
→



<latexit sha1_base64="ksi2TSA+vm+ZMNzddSe8Iom9cq8=">AAAB+HicbVBNT8JAEJ3iF+IHVY9eNhITvJDWGPRI9OIRE/lIaCXbZQsbtttmdytBwi/x4kFjvPpTvPlvXKAHBV8yyct7M5mZFyScKe0431ZubX1jcyu/XdjZ3dsv2geHTRWnktAGiXks2wFWlDNBG5ppTtuJpDgKOG0Fw5uZ33qkUrFY3OtxQv0I9wULGcHaSF27OEKeYhHyEvYwKquzrl1yKs4caJW4GSlBhnrX/vJ6MUkjKjThWKmO6yTan2CpGeF0WvBSRRNMhrhPO4YKHFHlT+aHT9GpUXoojKUpodFc/T0xwZFS4ygwnRHWA7XszcT/vE6qwyt/wkSSairIYlGYcqRjNEsB9ZikRPOxIZhIZm5FZIAlJtpkVTAhuMsvr5LmecWtVqp3F6XadRZHHo7hBMrgwiXU4Bbq0AACKTzDK7xZT9aL9W59LFpzVjZzBH9gff4Aqi+Sdg==</latexit>

w → ωw(s)

<latexit sha1_base64="uWioic9Sc3+uT7pr32g9YUpvtBk=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZq6H6p7FbcOcgq8XJShhz1fumrN4hZGqE0TFCtu56bGD+jynAmcFrspRoTysZ0iF1LJY1Q+9n80Ck5t8qAhLGyJQ2Zq78nMhppPYkC2xlRM9LL3kz8z+umJrzxMy6T1KBki0VhKoiJyexrMuAKmRETSyhT3N5K2IgqyozNpmhD8JZfXiWty4pXrVQbV+XabR5HAU7hDC7Ag2uowT3UoQkMEJ7hFd6cR+fFeXc+Fq1rTj5zAn/gfP4A4jeNAg==</latexit>s
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<latexit sha1_base64="uWioic9Sc3+uT7pr32g9YUpvtBk=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZq6H6p7FbcOcgq8XJShhz1fumrN4hZGqE0TFCtu56bGD+jynAmcFrspRoTysZ0iF1LJY1Q+9n80Ck5t8qAhLGyJQ2Zq78nMhppPYkC2xlRM9LL3kz8z+umJrzxMy6T1KBki0VhKoiJyexrMuAKmRETSyhT3N5K2IgqyozNpmhD8JZfXiWty4pXrVQbV+XabR5HAU7hDC7Ag2uowT3UoQkMEJ7hFd6cR+fFeXc+Fq1rTj5zAn/gfP4A4jeNAg==</latexit>s

<latexit sha1_base64="WL8tLovw+ZvLUJryYm2mFtCpTbM=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNQY9ELx4hkUcCGzI79MLI7OxmZlZDCF/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7cxvPaLSPJb3ZpygH9GB5CFn1Fip/tQrltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa89idcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmhdlr1Ku1C9L1ZssjjycwCmcgwdXUIU7qEEDGCA8wyu8OQ/Oi/PufCxac042cwx/4Hz+AOhHjQY=</latexit>w
<latexit sha1_base64="3rCGLaACjniK0D5+HkNz0c+b6vw=">AAAB+nicbVC7TsMwFHXKq5RXCiOLRYXEVCUIFcYKFsYi0YfURJHjOq1V24lsB1SFfAoLAwix8iVs/A1OmwFajmTp6Jx7dY9PmDCqtON8W5W19Y3Nrep2bWd3b//Arh/2VJxKTLo4ZrEchEgRRgXpaqoZGSSSIB4y0g+nN4XffyBS0Vjc61lCfI7GgkYUI22kwK57CQ0yjyM9kTwLcZ4HdsNpOnPAVeKWpAFKdAL7yxvFOOVEaMyQUkPXSbSfIakpZiSveakiCcJTNCZDQwXiRPnZPHoOT40yglEszRMaztXfGxniSs14aCaLjGrZK8T/vGGqoys/oyJJNRF4cShKGdQxLHqAIyoJ1mxmCMKSmqwQT5BEWJu2aqYEd/nLq6R33nRbzdbdRaN9XdZRBcfgBJwBF1yCNrgFHdAFGDyCZ/AK3qwn68V6tz4WoxWr3DkCf2B9/gAVdpSO</latexit>ωbc



<latexit sha1_base64="ksi2TSA+vm+ZMNzddSe8Iom9cq8=">AAAB+HicbVBNT8JAEJ3iF+IHVY9eNhITvJDWGPRI9OIRE/lIaCXbZQsbtttmdytBwi/x4kFjvPpTvPlvXKAHBV8yyct7M5mZFyScKe0431ZubX1jcyu/XdjZ3dsv2geHTRWnktAGiXks2wFWlDNBG5ppTtuJpDgKOG0Fw5uZ33qkUrFY3OtxQv0I9wULGcHaSF27OEKeYhHyEvYwKquzrl1yKs4caJW4GSlBhnrX/vJ6MUkjKjThWKmO6yTan2CpGeF0WvBSRRNMhrhPO4YKHFHlT+aHT9GpUXoojKUpodFc/T0xwZFS4ygwnRHWA7XszcT/vE6qwyt/wkSSairIYlGYcqRjNEsB9ZikRPOxIZhIZm5FZIAlJtpkVTAhuMsvr5LmecWtVqp3F6XadRZHHo7hBMrgwiXU4Bbq0AACKTzDK7xZT9aL9W59LFpzVjZzBH9gff4Aqi+Sdg==</latexit>

w → ωw(s)

<latexit sha1_base64="uWioic9Sc3+uT7pr32g9YUpvtBk=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZq6H6p7FbcOcgq8XJShhz1fumrN4hZGqE0TFCtu56bGD+jynAmcFrspRoTysZ0iF1LJY1Q+9n80Ck5t8qAhLGyJQ2Zq78nMhppPYkC2xlRM9LL3kz8z+umJrzxMy6T1KBki0VhKoiJyexrMuAKmRETSyhT3N5K2IgqyozNpmhD8JZfXiWty4pXrVQbV+XabR5HAU7hDC7Ag2uowT3UoQkMEJ7hFd6cR+fFeXc+Fq1rTj5zAn/gfP4A4jeNAg==</latexit>s
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<latexit sha1_base64="uWioic9Sc3+uT7pr32g9YUpvtBk=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZq6H6p7FbcOcgq8XJShhz1fumrN4hZGqE0TFCtu56bGD+jynAmcFrspRoTysZ0iF1LJY1Q+9n80Ck5t8qAhLGyJQ2Zq78nMhppPYkC2xlRM9LL3kz8z+umJrzxMy6T1KBki0VhKoiJyexrMuAKmRETSyhT3N5K2IgqyozNpmhD8JZfXiWty4pXrVQbV+XabR5HAU7hDC7Ag2uowT3UoQkMEJ7hFd6cR+fFeXc+Fq1rTj5zAn/gfP4A4jeNAg==</latexit>s

<latexit sha1_base64="WL8tLovw+ZvLUJryYm2mFtCpTbM=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNQY9ELx4hkUcCGzI79MLI7OxmZlZDCF/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7cxvPaLSPJb3ZpygH9GB5CFn1Fip/tQrltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa89idcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmhdlr1Ku1C9L1ZssjjycwCmcgwdXUIU7qEEDGCA8wyu8OQ/Oi/PufCxac042cwx/4Hz+AOhHjQY=</latexit>w

<latexit sha1_base64="WL8tLovw+ZvLUJryYm2mFtCpTbM=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNQY9ELx4hkUcCGzI79MLI7OxmZlZDCF/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7cxvPaLSPJb3ZpygH9GB5CFn1Fip/tQrltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa89idcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmhdlr1Ku1C9L1ZssjjycwCmcgwdXUIU7qEEDGCA8wyu8OQ/Oi/PufCxac042cwx/4Hz+AOhHjQY=</latexit>w

<latexit sha1_base64="3rCGLaACjniK0D5+HkNz0c+b6vw=">AAAB+nicbVC7TsMwFHXKq5RXCiOLRYXEVCUIFcYKFsYi0YfURJHjOq1V24lsB1SFfAoLAwix8iVs/A1OmwFajmTp6Jx7dY9PmDCqtON8W5W19Y3Nrep2bWd3b//Arh/2VJxKTLo4ZrEchEgRRgXpaqoZGSSSIB4y0g+nN4XffyBS0Vjc61lCfI7GgkYUI22kwK57CQ0yjyM9kTwLcZ4HdsNpOnPAVeKWpAFKdAL7yxvFOOVEaMyQUkPXSbSfIakpZiSveakiCcJTNCZDQwXiRPnZPHoOT40yglEszRMaztXfGxniSs14aCaLjGrZK8T/vGGqoys/oyJJNRF4cShKGdQxLHqAIyoJ1mxmCMKSmqwQT5BEWJu2aqYEd/nLq6R33nRbzdbdRaN9XdZRBcfgBJwBF1yCNrgFHdAFGDyCZ/AK3qwn68V6tz4WoxWr3DkCf2B9/gAVdpSO</latexit>ωbcReinforcement 
learning training



<latexit sha1_base64="ksi2TSA+vm+ZMNzddSe8Iom9cq8=">AAAB+HicbVBNT8JAEJ3iF+IHVY9eNhITvJDWGPRI9OIRE/lIaCXbZQsbtttmdytBwi/x4kFjvPpTvPlvXKAHBV8yyct7M5mZFyScKe0431ZubX1jcyu/XdjZ3dsv2geHTRWnktAGiXks2wFWlDNBG5ppTtuJpDgKOG0Fw5uZ33qkUrFY3OtxQv0I9wULGcHaSF27OEKeYhHyEvYwKquzrl1yKs4caJW4GSlBhnrX/vJ6MUkjKjThWKmO6yTan2CpGeF0WvBSRRNMhrhPO4YKHFHlT+aHT9GpUXoojKUpodFc/T0xwZFS4ygwnRHWA7XszcT/vE6qwyt/wkSSairIYlGYcqRjNEsB9ZikRPOxIZhIZm5FZIAlJtpkVTAhuMsvr5LmecWtVqp3F6XadRZHHo7hBMrgwiXU4Bbq0AACKTzDK7xZT9aL9W59LFpzVjZzBH9gff4Aqi+Sdg==</latexit>

w → ωw(s)

<latexit sha1_base64="uWioic9Sc3+uT7pr32g9YUpvtBk=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZq6H6p7FbcOcgq8XJShhz1fumrN4hZGqE0TFCtu56bGD+jynAmcFrspRoTysZ0iF1LJY1Q+9n80Ck5t8qAhLGyJQ2Zq78nMhppPYkC2xlRM9LL3kz8z+umJrzxMy6T1KBki0VhKoiJyexrMuAKmRETSyhT3N5K2IgqyozNpmhD8JZfXiWty4pXrVQbV+XabR5HAU7hDC7Ag2uowT3UoQkMEJ7hFd6cR+fFeXc+Fq1rTj5zAn/gfP4A4jeNAg==</latexit>s
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<latexit sha1_base64="uWioic9Sc3+uT7pr32g9YUpvtBk=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZq6H6p7FbcOcgq8XJShhz1fumrN4hZGqE0TFCtu56bGD+jynAmcFrspRoTysZ0iF1LJY1Q+9n80Ck5t8qAhLGyJQ2Zq78nMhppPYkC2xlRM9LL3kz8z+umJrzxMy6T1KBki0VhKoiJyexrMuAKmRETSyhT3N5K2IgqyozNpmhD8JZfXiWty4pXrVQbV+XabR5HAU7hDC7Ag2uowT3UoQkMEJ7hFd6cR+fFeXc+Fq1rTj5zAn/gfP4A4jeNAg==</latexit>s

Reinforcement 
learning training

<latexit sha1_base64="WL8tLovw+ZvLUJryYm2mFtCpTbM=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNQY9ELx4hkUcCGzI79MLI7OxmZlZDCF/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7cxvPaLSPJb3ZpygH9GB5CFn1Fip/tQrltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa89idcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmhdlr1Ku1C9L1ZssjjycwCmcgwdXUIU7qEEDGCA8wyu8OQ/Oi/PufCxac042cwx/4Hz+AOhHjQY=</latexit>w

<latexit sha1_base64="3rCGLaACjniK0D5+HkNz0c+b6vw=">AAAB+nicbVC7TsMwFHXKq5RXCiOLRYXEVCUIFcYKFsYi0YfURJHjOq1V24lsB1SFfAoLAwix8iVs/A1OmwFajmTp6Jx7dY9PmDCqtON8W5W19Y3Nrep2bWd3b//Arh/2VJxKTLo4ZrEchEgRRgXpaqoZGSSSIB4y0g+nN4XffyBS0Vjc61lCfI7GgkYUI22kwK57CQ0yjyM9kTwLcZ4HdsNpOnPAVeKWpAFKdAL7yxvFOOVEaMyQUkPXSbSfIakpZiSveakiCcJTNCZDQwXiRPnZPHoOT40yglEszRMaztXfGxniSs14aCaLjGrZK8T/vGGqoys/oyJJNRF4cShKGdQxLHqAIyoJ1mxmCMKSmqwQT5BEWJu2aqYEd/nLq6R33nRbzdbdRaN9XdZRBcfgBJwBF1yCNrgFHdAFGDyCZ/AK3qwn68V6tz4WoxWr3DkCf2B9/gAVdpSO</latexit>ωbc
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<latexit sha1_base64="ksi2TSA+vm+ZMNzddSe8Iom9cq8=">AAAB+HicbVBNT8JAEJ3iF+IHVY9eNhITvJDWGPRI9OIRE/lIaCXbZQsbtttmdytBwi/x4kFjvPpTvPlvXKAHBV8yyct7M5mZFyScKe0431ZubX1jcyu/XdjZ3dsv2geHTRWnktAGiXks2wFWlDNBG5ppTtuJpDgKOG0Fw5uZ33qkUrFY3OtxQv0I9wULGcHaSF27OEKeYhHyEvYwKquzrl1yKs4caJW4GSlBhnrX/vJ6MUkjKjThWKmO6yTan2CpGeF0WvBSRRNMhrhPO4YKHFHlT+aHT9GpUXoojKUpodFc/T0xwZFS4ygwnRHWA7XszcT/vE6qwyt/wkSSairIYlGYcqRjNEsB9ZikRPOxIZhIZm5FZIAlJtpkVTAhuMsvr5LmecWtVqp3F6XadRZHHo7hBMrgwiXU4Bbq0AACKTzDK7xZT9aL9W59LFpzVjZzBH9gff4Aqi+Sdg==</latexit>

w → ωw(s)

<latexit sha1_base64="uWioic9Sc3+uT7pr32g9YUpvtBk=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZq6H6p7FbcOcgq8XJShhz1fumrN4hZGqE0TFCtu56bGD+jynAmcFrspRoTysZ0iF1LJY1Q+9n80Ck5t8qAhLGyJQ2Zq78nMhppPYkC2xlRM9LL3kz8z+umJrzxMy6T1KBki0VhKoiJyexrMuAKmRETSyhT3N5K2IgqyozNpmhD8JZfXiWty4pXrVQbV+XabR5HAU7hDC7Ag2uowT3UoQkMEJ7hFd6cR+fFeXc+Fq1rTj5zAn/gfP4A4jeNAg==</latexit>s

<latexit sha1_base64="uWioic9Sc3+uT7pr32g9YUpvtBk=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZq6H6p7FbcOcgq8XJShhz1fumrN4hZGqE0TFCtu56bGD+jynAmcFrspRoTysZ0iF1LJY1Q+9n80Ck5t8qAhLGyJQ2Zq78nMhppPYkC2xlRM9LL3kz8z+umJrzxMy6T1KBki0VhKoiJyexrMuAKmRETSyhT3N5K2IgqyozNpmhD8JZfXiWty4pXrVQbV+XabR5HAU7hDC7Ag2uowT3UoQkMEJ7hFd6cR+fFeXc+Fq1rTj5zAn/gfP4A4jeNAg==</latexit>s

Reinforcement 
learning training

<latexit sha1_base64="WL8tLovw+ZvLUJryYm2mFtCpTbM=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNQY9ELx4hkUcCGzI79MLI7OxmZlZDCF/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7cxvPaLSPJb3ZpygH9GB5CFn1Fip/tQrltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa89idcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmhdlr1Ku1C9L1ZssjjycwCmcgwdXUIU7qEEDGCA8wyu8OQ/Oi/PufCxac042cwx/4Hz+AOhHjQY=</latexit>w

<latexit sha1_base64="3rCGLaACjniK0D5+HkNz0c+b6vw=">AAAB+nicbVC7TsMwFHXKq5RXCiOLRYXEVCUIFcYKFsYi0YfURJHjOq1V24lsB1SFfAoLAwix8iVs/A1OmwFajmTp6Jx7dY9PmDCqtON8W5W19Y3Nrep2bWd3b//Arh/2VJxKTLo4ZrEchEgRRgXpaqoZGSSSIB4y0g+nN4XffyBS0Vjc61lCfI7GgkYUI22kwK57CQ0yjyM9kTwLcZ4HdsNpOnPAVeKWpAFKdAL7yxvFOOVEaMyQUkPXSbSfIakpZiSveakiCcJTNCZDQwXiRPnZPHoOT40yglEszRMaztXfGxniSs14aCaLjGrZK8T/vGGqoys/oyJJNRF4cShKGdQxLHqAIyoJ1mxmCMKSmqwQT5BEWJu2aqYEd/nLq6R33nRbzdbdRaN9XdZRBcfgBJwBF1yCNrgFHdAFGDyCZ/AK3qwn68V6tz4WoxWr3DkCf2B9/gAVdpSO</latexit>ωbc

Challenge 1: Naive exploration 
doesn’t scale to the real world

Solution: Behaviors learned via BC can be 
exploited to enable structured exploration

Challenge 2: For diffusion policies, 
1. Can’t evaluate action likelihoods 
2. Backpropagation through time unstable

Solution: Treat diffusion policy as black box, 
optimize over input noise to improve behavior

Part of 
environment

Key Idea: Treat the noise as the action 
 Rather than optimizing over original 

action space, optimize over noise space
→



DSRL: Simulated Results

Online results on Robomimic

Online results on OpenAI Gym
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20x

30

Our Approach

20x

Previous State-of-the-Art*

Task Success vs.  
Amount of Experience

Goal: “Place the mushroom on the cloth”

*including approaches that rely on the BC policy



“Turn on the toaster”

“Put the block in the bowl” “Set the spoon on the plate”

“Set the mushroom on the cloth”
Single-task diffusion policy

Multi-task diffusion policyFlow-based VLA 
(  from Physical Intelligence)<latexit sha1_base64="Hkvas9Lr+TNWgIjHrc56QnHd2Fk=">AAACFXicbVBNT8JAEJ3iF+IX6tFLIzHxRFpj0CPRi0dMLJBAQ7bLFDZst83u1kgafoNH9cd4M149+1u8uEAPAr5kkpf3ZjIzL0g4U9pxvq3C2vrG5lZxu7Szu7d/UD48aqo4lRQ9GvNYtgOikDOBnmaaYzuRSKKAYysY3U791iNKxWLxoMcJ+hEZCBYySrSRvG7Cek6vXHGqzgz2KnFzUoEcjV75p9uPaRqh0JQTpTquk2g/I1IzynFS6qYKE0JHZIAdQwWJUPnZ7NiJfWaUvh3G0pTQ9kz9O5GRSKlxFJjOiOihWvam4n9eJ9XhtZ8xkaQaBZ0vClNu69iefm73mUSq+dgQQiUzt9p0SCSh2uSzsEUwiqExFj7JnuaSSctdzmaVNC+qbq1au7+s1G/y3IpwAqdwDi5cQR3uoAEeUGDwDK/wZr1Y79aH9TlvLVj5zDEswPr6BTpFn64=</latexit>ω0

Flow-based VLA 
(  from Physical Intelligence)<latexit sha1_base64="Hkvas9Lr+TNWgIjHrc56QnHd2Fk=">AAACFXicbVBNT8JAEJ3iF+IX6tFLIzHxRFpj0CPRi0dMLJBAQ7bLFDZst83u1kgafoNH9cd4M149+1u8uEAPAr5kkpf3ZjIzL0g4U9pxvq3C2vrG5lZxu7Szu7d/UD48aqo4lRQ9GvNYtgOikDOBnmaaYzuRSKKAYysY3U791iNKxWLxoMcJ+hEZCBYySrSRvG7Cek6vXHGqzgz2KnFzUoEcjV75p9uPaRqh0JQTpTquk2g/I1IzynFS6qYKE0JHZIAdQwWJUPnZ7NiJfWaUvh3G0pTQ9kz9O5GRSKlxFJjOiOihWvam4n9eJ9XhtZ8xkaQaBZ0vClNu69iefm73mUSq+dgQQiUzt9p0SCSh2uSzsEUwiqExFj7JnuaSSctdzmaVNC+qbq1au7+s1G/y3IpwAqdwDi5cQR3uoAEeUGDwDK/wZr1Y79aH9TlvLVj5zDEswPr6BTpFn64=</latexit>ω0
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“Turn on the toaster”

“Put the block in the bowl” “Set the spoon on the plate”

“Set the mushroom on the cloth”
30 minutes 90 minutes

90 minutes 60 minutes

32

Single-task diffusion policy

Multi-task diffusion policyFlow-based VLA 
(  from Physical Intelligence)<latexit sha1_base64="Hkvas9Lr+TNWgIjHrc56QnHd2Fk=">AAACFXicbVBNT8JAEJ3iF+IX6tFLIzHxRFpj0CPRi0dMLJBAQ7bLFDZst83u1kgafoNH9cd4M149+1u8uEAPAr5kkpf3ZjIzL0g4U9pxvq3C2vrG5lZxu7Szu7d/UD48aqo4lRQ9GvNYtgOikDOBnmaaYzuRSKKAYysY3U791iNKxWLxoMcJ+hEZCBYySrSRvG7Cek6vXHGqzgz2KnFzUoEcjV75p9uPaRqh0JQTpTquk2g/I1IzynFS6qYKE0JHZIAdQwWJUPnZ7NiJfWaUvh3G0pTQ9kz9O5GRSKlxFJjOiOihWvam4n9eJ9XhtZ8xkaQaBZ0vClNu69iefm73mUSq+dgQQiUzt9p0SCSh2uSzsEUwiqExFj7JnuaSSctdzmaVNC+qbq1au7+s1G/y3IpwAqdwDi5cQR3uoAEeUGDwDK/wZr1Y79aH9TlvLVj5zDEswPr6BTpFn64=</latexit>ω0

Flow-based VLA 
(  from Physical Intelligence)<latexit sha1_base64="Hkvas9Lr+TNWgIjHrc56QnHd2Fk=">AAACFXicbVBNT8JAEJ3iF+IX6tFLIzHxRFpj0CPRi0dMLJBAQ7bLFDZst83u1kgafoNH9cd4M149+1u8uEAPAr5kkpf3ZjIzL0g4U9pxvq3C2vrG5lZxu7Szu7d/UD48aqo4lRQ9GvNYtgOikDOBnmaaYzuRSKKAYysY3U791iNKxWLxoMcJ+hEZCBYySrSRvG7Cek6vXHGqzgz2KnFzUoEcjV75p9uPaRqh0JQTpTquk2g/I1IzynFS6qYKE0JHZIAdQwWJUPnZ7NiJfWaUvh3G0pTQ9kz9O5GRSKlxFJjOiOihWvam4n9eJ9XhtZ8xkaQaBZ0vClNu69iefm73mUSq+dgQQiUzt9p0SCSh2uSzsEUwiqExFj7JnuaSSctdzmaVNC+qbq1au7+s1G/y3IpwAqdwDi5cQR3uoAEeUGDwDK/wZr1Y79aH9TlvLVj5zDEswPr6BTpFn64=</latexit>ω0



90 minutes

60 minutes

33

Before DSRL After DSRL

Real-world  
training length:  
~40 episodes 
(~30 minutes)

Diffusion policy trained on 10 human demonstrations

Goal: “Put the block in the bowl”

DSRL Improves Single-Task Diffusion Policies



90 minutes

60 minutes

34

DSRL Improves VLAs

Real-world  
training length:  
~80 episodes 
(~90 minutes)

Goal: “Turn on the toaster”Before DSRL After DSRL

 from Physical Intelligence<latexit sha1_base64="b1W1Mn5tEpglIAqYLUN07hF5awk=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48VTFtoQ9lsN+3SzSbsToQS+hu8eFDEqz/Im//GbZuDVh8MPN6bYWZemEph0HW/nNLa+sbmVnm7srO7t39QPTxqmyTTjPsskYnuhtRwKRT3UaDk3VRzGoeSd8LJ7dzvPHJtRKIecJryIKYjJSLBKFrJ76di4A6qNbfuLkD+Eq8gNSjQGlQ/+8OEZTFXyCQ1pue5KQY51SiY5LNKPzM8pWxCR7xnqaIxN0G+OHZGzqwyJFGibSkkC/XnRE5jY6ZxaDtjimOz6s3F/7xehtF1kAuVZsgVWy6KMkkwIfPPyVBozlBOLaFMC3srYWOqKUObT8WG4K2+/Je0L+peo964v6w1b4o4ynACp3AOHlxBE+6gBT4wEPAEL/DqKOfZeXPel60lp5g5hl9wPr4BeLWOew==</latexit>ω0



“the first learning-based policy that can autonomously lace up a shoe”

35



Offline DSRL
Conceptually, DSRL implements a “support constraint”:

<latexit sha1_base64="Wt/32eIuJ2kL7D9M5lMxy+Yqsf4="></latexit>

max
ω

Es[Q(s,ω(s))] s.t. support(ω(s)) → support(ωbc(s))

36



<latexit sha1_base64="ksi2TSA+vm+ZMNzddSe8Iom9cq8=">AAAB+HicbVBNT8JAEJ3iF+IHVY9eNhITvJDWGPRI9OIRE/lIaCXbZQsbtttmdytBwi/x4kFjvPpTvPlvXKAHBV8yyct7M5mZFyScKe0431ZubX1jcyu/XdjZ3dsv2geHTRWnktAGiXks2wFWlDNBG5ppTtuJpDgKOG0Fw5uZ33qkUrFY3OtxQv0I9wULGcHaSF27OEKeYhHyEvYwKquzrl1yKs4caJW4GSlBhnrX/vJ6MUkjKjThWKmO6yTan2CpGeF0WvBSRRNMhrhPO4YKHFHlT+aHT9GpUXoojKUpodFc/T0xwZFS4ygwnRHWA7XszcT/vE6qwyt/wkSSairIYlGYcqRjNEsB9ZikRPOxIZhIZm5FZIAlJtpkVTAhuMsvr5LmecWtVqp3F6XadRZHHo7hBMrgwiXU4Bbq0AACKTzDK7xZT9aL9W59LFpzVjZzBH9gff4Aqi+Sdg==</latexit>

w → ωw(s)

<latexit sha1_base64="uWioic9Sc3+uT7pr32g9YUpvtBk=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZq6H6p7FbcOcgq8XJShhz1fumrN4hZGqE0TFCtu56bGD+jynAmcFrspRoTysZ0iF1LJY1Q+9n80Ck5t8qAhLGyJQ2Zq78nMhppPYkC2xlRM9LL3kz8z+umJrzxMy6T1KBki0VhKoiJyexrMuAKmRETSyhT3N5K2IgqyozNpmhD8JZfXiWty4pXrVQbV+XabR5HAU7hDC7Ag2uowT3UoQkMEJ7hFd6cR+fFeXc+Fq1rTj5zAn/gfP4A4jeNAg==</latexit>s

37

<latexit sha1_base64="uWioic9Sc3+uT7pr32g9YUpvtBk=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZq6H6p7FbcOcgq8XJShhz1fumrN4hZGqE0TFCtu56bGD+jynAmcFrspRoTysZ0iF1LJY1Q+9n80Ck5t8qAhLGyJQ2Zq78nMhppPYkC2xlRM9LL3kz8z+umJrzxMy6T1KBki0VhKoiJyexrMuAKmRETSyhT3N5K2IgqyozNpmhD8JZfXiWty4pXrVQbV+XabR5HAU7hDC7Ag2uowT3UoQkMEJ7hFd6cR+fFeXc+Fq1rTj5zAn/gfP4A4jeNAg==</latexit>s

Reinforcement 
learning training

<latexit sha1_base64="WL8tLovw+ZvLUJryYm2mFtCpTbM=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNQY9ELx4hkUcCGzI79MLI7OxmZlZDCF/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7cxvPaLSPJb3ZpygH9GB5CFn1Fip/tQrltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa89idcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmhdlr1Ku1C9L1ZssjjycwCmcgwdXUIU7qEEDGCA8wyu8OQ/Oi/PufCxac042cwx/4Hz+AOhHjQY=</latexit>w

<latexit sha1_base64="3rCGLaACjniK0D5+HkNz0c+b6vw=">AAAB+nicbVC7TsMwFHXKq5RXCiOLRYXEVCUIFcYKFsYi0YfURJHjOq1V24lsB1SFfAoLAwix8iVs/A1OmwFajmTp6Jx7dY9PmDCqtON8W5W19Y3Nrep2bWd3b//Arh/2VJxKTLo4ZrEchEgRRgXpaqoZGSSSIB4y0g+nN4XffyBS0Vjc61lCfI7GgkYUI22kwK57CQ0yjyM9kTwLcZ4HdsNpOnPAVeKWpAFKdAL7yxvFOOVEaMyQUkPXSbSfIakpZiSveakiCcJTNCZDQwXiRPnZPHoOT40yglEszRMaztXfGxniSs14aCaLjGrZK8T/vGGqoys/oyJJNRF4cShKGdQxLHqAIyoJ1mxmCMKSmqwQT5BEWJu2aqYEd/nLq6R33nRbzdbdRaN9XdZRBcfgBJwBF1yCNrgFHdAFGDyCZ/AK3qwn68V6tz4WoxWr3DkCf2B9/gAVdpSO</latexit>ωbc



Offline Diffusion Steering

Offline results on OGBench

Given offline dataset <latexit sha1_base64="4pKapX0NeSY1B40edAZGnQG1wks=">AAACGHicbVDLSgMxFM3UV62vqks3wSJUlDojUt0IRV24rGAf0ClDJs20oZkHyR2hDPMZbvwVNy4Ucdudf2Om7UJbD+RyOOdebu5xI8EVmOa3kVtaXlldy68XNja3tneKu3tNFcaSsgYNRSjbLlFM8IA1gINg7Ugy4ruCtdzhbea3nphUPAweYRSxrk/6Afc4JaAlp3hm+wQGniTD5C7F19hOcFk5cIpJVmRWlJPAiZUeYzt1wCmWzIo5AV4k1oyU0Ax1pzi2eyGNfRYAFUSpjmVG0E2IBE4FSwt2rFhE6JD0WUfTgPhMdZPJYSk+0koPe6HULwA8UX9PJMRXauS7ujM7Q817mfif14nBu+omPIhiYAGdLvJigSHEWUq4xyWjIEaaECq5/iumAyIJBZ1lQYdgzZ+8SJrnFataqT5clGo3szjy6AAdojKy0CWqoXtURw1E0TN6Re/ow3gx3oxP42vamjNmM/voD4zxD5nnnkA=</latexit>

D = {(st, at, rt, st+1)}t

2. Use  to find optimal “in-distribution” actions<latexit sha1_base64="gdbuuQsV3gNeNktVx63gGXbqLwo=">AAAB83icbVDLSgMxFL1TX7W+qi7dBIvgqsyIVJdFXbisYB/QGUomzbShSWZIMkIZ+htuXCji1p9x59+YaWehrQcCh3Pu5Z6cMOFMG9f9dkpr6xubW+Xtys7u3v5B9fCoo+NUEdomMY9VL8SaciZp2zDDaS9RFIuQ0244uc397hNVmsXy0UwTGgg8kixiBBsr+b7AZhwpPMnuZoNqza27c6BV4hWkBgVag+qXP4xJKqg0hGOt+56bmCDDyjDC6azip5ommEzwiPYtlVhQHWTzzDN0ZpUhimJlnzRorv7eyLDQeipCO5ln1MteLv7n9VMTXQcZk0lqqCSLQ1HKkYlRXgAaMkWJ4VNLMFHMZkVkjBUmxtZUsSV4y19eJZ2LuteoNx4ua82boo4ynMApnIMHV9CEe2hBGwgk8Ayv8Oakzovz7nwsRktOsXMMf+B8/gBR+JHj</latexit>

D

Conceptually, DSRL implements a “support constraint”:
<latexit sha1_base64="Wt/32eIuJ2kL7D9M5lMxy+Yqsf4="></latexit>

max
ω

Es[Q(s,ω(s))] s.t. support(ω(s)) → support(ωbc(s))

1. Train diffusion policy to predict
<latexit sha1_base64="hZnjXudCA8wJalngmaVsHFkfP+s=">AAACCHicbVBNS8NAEN3Ur1q/oh49uFiEeimJSPVY9OKxgv2ApoTNdtMu3U3C7kQooUcv/hUvHhTx6k/w5r9x0/agrQ8GHu/NMDMvSATX4DjfVmFldW19o7hZ2tre2d2z9w9aOk4VZU0ai1h1AqKZ4BFrAgfBOoliRAaCtYPRTe63H5jSPI7uYZywniSDiIecEjCSbx8TH7CnucRewv3MkwSGSmYBnUwq2ocz3y47VWcKvEzcOSmjORq+/eX1Y5pKFgEVROuu6yTQy4gCTgWblLxUs4TQERmwrqERkUz3sukjE3xqlD4OY2UqAjxVf09kRGo9loHpzA/Vi14u/ud1UwivehmPkhRYRGeLwlRgiHGeCu5zxSiIsSGEKm5uxXRIFKFgsiuZENzFl5dJ67zq1qq1u4ty/XoeRxEdoRNUQS66RHV0ixqoiSh6RM/oFb1ZT9aL9W59zFoL1nzmEP2B9fkDsZWZyg==</latexit>

at → ωbc(st)

Instantiates  
conservatism

38



Learning from experience with human demonstrations

39

1. How can we efficiently improve a 
pretrained BC policy in deployment?

2. How should we “pretrain” a policy to  
ensure it can be effi

Human demonstrations

<latexit sha1_base64="r7JPVQED6P4SqPRDe7HQ1d/UQFc=">AAACCXicbVDLSsNAFJ3UV62vqks3g0WoICURqW6Eoi5cVrAPaEKYTCft0MmDmRuhhGzd+CtuXCji1j9w5984abvQ1gMXDufcy733eLHgCkzz2ygsLa+srhXXSxubW9s75d29tooSSVmLRiKSXY8oJnjIWsBBsG4sGQk8wTre6Dr3Ow9MKh6F9zCOmROQQch9TgloyS1jOyAw9CUZpTcZvsR2iqvKhRPiwjG2MxfccsWsmRPgRWLNSAXN0HTLX3Y/oknAQqCCKNWzzBiclEjgVLCsZCeKxYSOyID1NA1JwJSTTj7J8JFW+tiPpK4Q8ET9PZGSQKlx4OnO/G417+Xif14vAf/CSXkYJ8BCOl3kJwJDhPNYcJ9LRkGMNSFUcn0rpkMiCQUdXkmHYM2/vEjapzWrXqvfnVUaV7M4iugAHaIqstA5aqBb1EQtRNEjekav6M14Ml6Md+Nj2lowZjP76A+Mzx+z/pkT</latexit>

D = {(st, at)}t

Generative model 

Train        to predict 

DeploymentBehavioral Cloning (BC)

“Pretraining”

Reasonable but  
not good enough

2. How should we “pretrain” a policy to  
ensure it can be efficiently improved?

<latexit sha1_base64="3rCGLaACjniK0D5+HkNz0c+b6vw=">AAAB+nicbVC7TsMwFHXKq5RXCiOLRYXEVCUIFcYKFsYi0YfURJHjOq1V24lsB1SFfAoLAwix8iVs/A1OmwFajmTp6Jx7dY9PmDCqtON8W5W19Y3Nrep2bWd3b//Arh/2VJxKTLo4ZrEchEgRRgXpaqoZGSSSIB4y0g+nN4XffyBS0Vjc61lCfI7GgkYUI22kwK57CQ0yjyM9kTwLcZ4HdsNpOnPAVeKWpAFKdAL7yxvFOOVEaMyQUkPXSbSfIakpZiSveakiCcJTNCZDQwXiRPnZPHoOT40yglEszRMaztXfGxniSs14aCaLjGrZK8T/vGGqoys/oyJJNRF4cShKGdQxLHqAIyoJ1mxmCMKSmqwQT5BEWJu2aqYEd/nLq6R33nRbzdbdRaN9XdZRBcfgBJwBF1yCNrgFHdAFGDyCZ/AK3qwn68V6tz4WoxWr3DkCf2B9/gAVdpSO</latexit>ωbc

<latexit sha1_base64="3rCGLaACjniK0D5+HkNz0c+b6vw=">AAAB+nicbVC7TsMwFHXKq5RXCiOLRYXEVCUIFcYKFsYi0YfURJHjOq1V24lsB1SFfAoLAwix8iVs/A1OmwFajmTp6Jx7dY9PmDCqtON8W5W19Y3Nrep2bWd3b//Arh/2VJxKTLo4ZrEchEgRRgXpaqoZGSSSIB4y0g+nN4XffyBS0Vjc61lCfI7GgkYUI22kwK57CQ0yjyM9kTwLcZ4HdsNpOnPAVeKWpAFKdAL7yxvFOOVEaMyQUkPXSbSfIakpZiSveakiCcJTNCZDQwXiRPnZPHoOT40yglEszRMaztXfGxniSs14aCaLjGrZK8T/vGGqoys/oyJJNRF4cShKGdQxLHqAIyoJ1mxmCMKSmqwQT5BEWJu2aqYEd/nLq6R33nRbzdbdRaN9XdZRBcfgBJwBF1yCNrgFHdAFGDyCZ/AK3qwn68V6tz4WoxWr3DkCf2B9/gAVdpSO</latexit>ωbc
<latexit sha1_base64="hZnjXudCA8wJalngmaVsHFkfP+s=">AAACCHicbVBNS8NAEN3Ur1q/oh49uFiEeimJSPVY9OKxgv2ApoTNdtMu3U3C7kQooUcv/hUvHhTx6k/w5r9x0/agrQ8GHu/NMDMvSATX4DjfVmFldW19o7hZ2tre2d2z9w9aOk4VZU0ai1h1AqKZ4BFrAgfBOoliRAaCtYPRTe63H5jSPI7uYZywniSDiIecEjCSbx8TH7CnucRewv3MkwSGSmYBnUwq2ocz3y47VWcKvEzcOSmjORq+/eX1Y5pKFgEVROuu6yTQy4gCTgWblLxUs4TQERmwrqERkUz3sukjE3xqlD4OY2UqAjxVf09kRGo9loHpzA/Vi14u/ud1UwivehmPkhRYRGeLwlRgiHGeCu5zxSiIsSGEKm5uxXRIFKFgsiuZENzFl5dJ67zq1qq1u4ty/XoeRxEdoRNUQS66RHV0ixqoiSh6RM/oFb1ZT9aL9W59zFoL1nzmEP2B9fkDsZWZyg==</latexit>

at → ωbc(st)
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How should we pretrain to enable online improvement?

1. Pretrained policy no worse than BC policy 
2. Pretrained policy expresses actions needed for improvement:

Plays demonstrator behavior when it’s sufficient, 
collects experience that distinguishes correct behavior when it’s not

<latexit sha1_base64="uWioic9Sc3+uT7pr32g9YUpvtBk=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZq6H6p7FbcOcgq8XJShhz1fumrN4hZGqE0TFCtu56bGD+jynAmcFrspRoTysZ0iF1LJY1Q+9n80Ck5t8qAhLGyJQ2Zq78nMhppPYkC2xlRM9LL3kz8z+umJrzxMy6T1KBki0VhKoiJyexrMuAKmRETSyhT3N5K2IgqyozNpmhD8JZfXiWty4pXrVQbV+XabR5HAU7hDC7Ag2uowT3UoQkMEJ7hFd6cR+fFeXc+Fq1rTj5zAn/gfP4A4jeNAg==</latexit>s
Pretrained Policy A

<latexit sha1_base64="uWioic9Sc3+uT7pr32g9YUpvtBk=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KolI9Vj04rEF+wFtKJvtpF272YTdjVBCf4EXD4p49Sd589+4bXPQ1gcDj/dmmJkXJIJr47rfztr6xubWdmGnuLu3f3BYOjpu6ThVDJssFrHqBFSj4BKbhhuBnUQhjQKB7WB8N/PbT6g0j+WDmSToR3QoecgZNVZq6H6p7FbcOcgq8XJShhz1fumrN4hZGqE0TFCtu56bGD+jynAmcFrspRoTysZ0iF1LJY1Q+9n80Ck5t8qAhLGyJQ2Zq78nMhppPYkC2xlRM9LL3kz8z+umJrzxMy6T1KBki0VhKoiJyexrMuAKmRETSyhT3N5K2IgqyozNpmhD8JZfXiWty4pXrVQbV+XabR5HAU7hDC7Ag2uowT3UoQkMEJ7hFd6cR+fFeXc+Fq1rTj5zAn/gfP4A4jeNAg==</latexit>s
Pretrained Policy B

Collects experience enabling online learning Fails to collect experience enabling online learning



BC pretraining

Theorem [WDTFL ’25]. With constant probability, BC policy will:  
1. fail to express all demonstrator actions 
2. not collect the experience necessary to improve in deployment

Is BC pretraining sufficient?

41

Demonstrator Demonstrations BC policy



Theorem [WDTFL ’25]. BC + exploration either:  
(a) expresses actions needed for improvement, or 
(b) matches pretrained performance of BC policy

Is BC pretraining + exploration sufficient?

42

Demonstrator Demonstrations BC + exploration

☹ expressivity, 😊 performance

😊 expressivity, ☹ performance



Theorem [WDTFL ’25]. BC + exploration either:  
(a) expresses actions needed for improvement, or 
(b) matches pretrained performance of BC policy

Is BC pretraining + exploration sufficient?

43

Over-explores Under-explores

Demonstrations

☹ expressivity, 😊 performance

😊 expressivity, ☹ performanceStandard pretraining approaches fail to obtain an 
effective initialization for online improvement



Let’s assume uniform prior over demonstrator policy 
 Given       we can form demonstrator posterior 
 BC policy is MAP estimate: 

→
→

<latexit sha1_base64="ryiUnK1LZrCpnAiVD5pLxmwzllw=">AAAB/HicbVBPS8MwHE3nvzn/VXf0EhyCp9GKTI9DLx4nuDlYS0nTdAtL0pKkQinzq3jxoIhXP4g3v43p1oNuPgg83vv9+L28MGVUacf5tmpr6xubW/Xtxs7u3v6BfXg0UEkmMenjhCVyGCJFGBWkr6lmZJhKgnjIyEM4vSn9h0ciFU3Evc5T4nM0FjSmGGkjBXbTS2lQeBzpieRFRHgymwV2y2k7c8BV4lakBSr0AvvLixKccSI0Zkipkeuk2i+Q1BQzMmt4mSIpwlM0JiNDBeJE+cU8/AyeGiWCcSLNExrO1d8bBeJK5Tw0k2VKteyV4n/eKNPxlV9QkWaaCLw4FGcM6gSWTcCISoI1yw1BWFKTFeIJkghr01fDlOAuf3mVDM7bbqfdubtoda+rOurgGJyAM+CCS9AFt6AH+gCDHDyDV/BmPVkv1rv1sRitWdVOE/yB9fkDweyVgg==</latexit>ωdemo
<latexit sha1_base64="OQdX77WGQOAJVHkRS5DDSmOyWOg=">AAACI3icbZDLSsNAFIYn9VbrrerSzWAR6qYkIlVcFXXhsoK9QBPCZDJph84kYWYilJB3ceOruHGhFDcufBenaRa29YeBn++cw5zzezGjUpnmt1FaW9/Y3CpvV3Z29/YPqodHXRklApMOjlgk+h6ShNGQdBRVjPRjQRD3GOl547tZvfdMhKRR+KQmMXE4GoY0oBgpjdzqjc2RGgUCjdP7DNqSctiuLzJOfWjH1E1zLHjqEx5l2blbrZkNMxdcNVZhaqBQ261ObT/CCSehwgxJObDMWDkpEopiRrKKnUgSIzxGQzLQNkScSCfNb8zgmSY+DCKhX6hgTv9OpIhLOeGe7pytKZdrM/hfbZCo4NpJaRgnioR4/lGQMKgiOAsM+lQQrNhEG4QF1btCPEICYaVjregQrOWTV033omE1G83Hy1rrtoijDE7AKagDC1yBFngAbdABGLyAN/ABPo1X492YGl/z1pJRzByDBRk/vxEEpTA=</latexit>

D → P (D | ωdemo)

<latexit sha1_base64="gdbuuQsV3gNeNktVx63gGXbqLwo=">AAAB83icbVDLSgMxFL1TX7W+qi7dBIvgqsyIVJdFXbisYB/QGUomzbShSWZIMkIZ+htuXCji1p9x59+YaWehrQcCh3Pu5Z6cMOFMG9f9dkpr6xubW+Xtys7u3v5B9fCoo+NUEdomMY9VL8SaciZp2zDDaS9RFIuQ0244uc397hNVmsXy0UwTGgg8kixiBBsr+b7AZhwpPMnuZoNqza27c6BV4hWkBgVag+qXP4xJKqg0hGOt+56bmCDDyjDC6azip5ommEzwiPYtlVhQHWTzzDN0ZpUhimJlnzRorv7eyLDQeipCO5ln1MteLv7n9VMTXQcZk0lqqCSLQ1HKkYlRXgAaMkWJ4VNLMFHMZkVkjBUmxtZUsSV4y19eJZ2LuteoNx4ua82boo4ynMApnIMHV9CEe2hBGwgk8Ayv8Oakzovz7nwsRktOsXMMf+B8/gBR+JHj</latexit>

D
<latexit sha1_base64="3Kh9V6d/n9ZY68YTSGBq0HEygJs=">AAACEXicbVDLSsNAFJ3UV62vqEs3g0Wom5KIVJdFXbisYB/QhDCZTtqhM0mYmQgl5Bfc+CtuXCji1p07/8ZJmoW2HrhwOOde7r3HjxmVyrK+jcrK6tr6RnWztrW9s7tn7h/0ZJQITLo4YpEY+EgSRkPSVVQxMogFQdxnpO9Pr3O//0CEpFF4r2YxcTkahzSgGCkteWaj46UOR2oieBpHUmVZw4kpdDgdwUIPBJqmN9mpZ9atplUALhO7JHVQouOZX84owgknocIMSTm0rVi5KRKKYkaympNIEiM8RWMy1DREnEg3LT7K4IlWRjCIhK5QwUL9PZEiLuWM+7ozP1Iuern4nzdMVHDppjSME0VCPF8UJAyqCObxwBEVBCs20wRhQfWtEE+QQFjpEGs6BHvx5WXSO2varWbr7rzevirjqIIjcAwawAYXoA1uQQd0AQaP4Bm8gjfjyXgx3o2PeWvFKGcOwR8Ynz8b5Z3S</latexit>

Ppost(ω | D)
<latexit sha1_base64="KgnGfHu78tQNQdZyAgA7gc2fAIA="></latexit>

ωbc = argmaxω Ppost(ω | D)

A Bayesian perspective on demonstrators

Adjusts exploration with uncertainty 
of demonstrator’s behavior
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<latexit sha1_base64="fX1xKK7xAeAyNsZulD2OW3zGb4E=">AAACGHicbVBNS8NAEJ3Ur1q/qh69BItQLyURqR6LXjxWsB/QhrLZTtqlm03Y3Ygl9E94VH+MN/Hqzd/ixW2bg219MPB4b4aZeX7MmdKO823l1tY3Nrfy24Wd3b39g+LhUVNFiaTYoBGPZNsnCjkT2NBMc2zHEknoc2z5o9up33pEqVgkHvQ4Ri8kA8ECRok2Urvec8rdmJ33iiWn4sxgrxI3IyXIUO8Vf7r9iCYhCk05UarjOrH2UiI1oxwnhW6iMCZ0RAbYMVSQEJWXzu6d2GdG6dtBJE0Jbc/UvxMpCZUah77pDIkeqmVvKv7ndRIdXHspE3GiUdD5oiDhto7s6fN2n0mkmo8NIVQyc6tNh0QSqk1EC1sEoxgYY+GT9GkumbTc5WxWSfOi4lYr1fvLUu0myy0PJ3AKZXDhCmpwB3VoAAUOz/AKb9aL9W59WJ/z1pyVzRzDAqyvX7vMoG0=</latexit>

P0(ω)

Demonstrator Demonstrations Demonstrator posterior*

Collapses posterior to a point, doesn’t allow for 
adjusting exploration with demonstrator uncertainty

*Posterior predictive distribution



<latexit sha1_base64="ryiUnK1LZrCpnAiVD5pLxmwzllw=">AAAB/HicbVBPS8MwHE3nvzn/VXf0EhyCp9GKTI9DLx4nuDlYS0nTdAtL0pKkQinzq3jxoIhXP4g3v43p1oNuPgg83vv9+L28MGVUacf5tmpr6xubW/Xtxs7u3v6BfXg0UEkmMenjhCVyGCJFGBWkr6lmZJhKgnjIyEM4vSn9h0ciFU3Evc5T4nM0FjSmGGkjBXbTS2lQeBzpieRFRHgymwV2y2k7c8BV4lakBSr0AvvLixKccSI0Zkipkeuk2i+Q1BQzMmt4mSIpwlM0JiNDBeJE+cU8/AyeGiWCcSLNExrO1d8bBeJK5Tw0k2VKteyV4n/eKNPxlV9QkWaaCLw4FGcM6gSWTcCISoI1yw1BWFKTFeIJkghr01fDlOAuf3mVDM7bbqfdubtoda+rOurgGJyAM+CCS9AFt6AH+gCDHDyDV/BmPVkv1rv1sRitWdVOE/yB9fkDweyVgg==</latexit>ωdemo
<latexit sha1_base64="OQdX77WGQOAJVHkRS5DDSmOyWOg=">AAACI3icbZDLSsNAFIYn9VbrrerSzWAR6qYkIlVcFXXhsoK9QBPCZDJph84kYWYilJB3ceOruHGhFDcufBenaRa29YeBn++cw5zzezGjUpnmt1FaW9/Y3CpvV3Z29/YPqodHXRklApMOjlgk+h6ShNGQdBRVjPRjQRD3GOl547tZvfdMhKRR+KQmMXE4GoY0oBgpjdzqjc2RGgUCjdP7DNqSctiuLzJOfWjH1E1zLHjqEx5l2blbrZkNMxdcNVZhaqBQ261ObT/CCSehwgxJObDMWDkpEopiRrKKnUgSIzxGQzLQNkScSCfNb8zgmSY+DCKhX6hgTv9OpIhLOeGe7pytKZdrM/hfbZCo4NpJaRgnioR4/lGQMKgiOAsM+lQQrNhEG4QF1btCPEICYaVjregQrOWTV033omE1G83Hy1rrtoijDE7AKagDC1yBFngAbdABGLyAN/ABPo1X492YGl/z1pJRzByDBRk/vxEEpTA=</latexit>

D → P (D | ωdemo)

A Bayesian perspective on demonstrators
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Demonstrator posterior*Demonstrator Demonstrations

Theorem [WDTFL ’25]. Demonstrator posterior has: 
1. Same pretrained performance as BC policy 
2. Maximum action expressivity out of all such policies

Key Insight: exploring proportional to demonstrator 
uncertainty does not increase suboptimality

Rather than pretraining with BC, we should 
pretrain to fit the demonstrator posterior

<latexit sha1_base64="/RtdGzxPv+gNpHC4rg+FoYPRaRg="></latexit>

ωpt(a | s) ↭ (A+H)→1 · ωdemo(a | s)In tabular settings:



Implementing “Posterior Behavioral Cloning”
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Step 1: Estimate posterior variance via ensembling

Step 2: Fit posterior demonstrator policy

Corresponds to true 
posterior in Gaussian case

Only requires standard 
supervised learning/BC
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After Improvement: BC policy  Demonstrator posterior policy<latexit sha1_base64="+pP5cU/bvnRe4fn/vCYjo1+224g=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh56U/XLFrbpzkFXi5aQCORr98ldvELM04gqZpMZ0PTdBP6MaBZN8WuqlhieUjemQdy1VNOLGz+anTsmZVQYkjLUthWSu/p7IaGTMJApsZ0RxZJa9mfif100xvPYzoZIUuWKLRWEqCcZk9jcZCM0ZyokllGlhbyVsRDVlaNMp2RC85ZdXSeui6tWqtfvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzifP1HHjdc=</latexit>→

DSRL on Robomimic DPPO on Robomimic
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BC (pretrained) Demonstrator posterior (pretrained)

Pretrained: BC policy  Demonstrator posterior policy<latexit sha1_base64="5Ri2VmiiTLIrseqV7sGIAyUEJEc=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRbBU9kVqR6LXjxWsB/QLiWbZtvQbBKSrFiW/ggvHhTx6u/x5r8xbfegrQ8GHu/NMDMvUpwZ6/vfXmFtfWNzq7hd2tnd2z8oHx61jEw1oU0iudSdCBvKmaBNyyynHaUpTiJO29H4dua3H6k2TIoHO1E0TPBQsJgRbJ3U7mGltHzqlyt+1Z8DrZIgJxXI0eiXv3oDSdKECks4NqYb+MqGGdaWEU6npV5qqMJkjIe066jACTVhNj93is6cMkCx1K6ERXP190SGE2MmSeQ6E2xHZtmbif953dTG12HGhEotFWSxKE45shLNfkcDpimxfOIIJpq5WxEZYY2JdQmVXAjB8surpHVRDWrV2v1lpX6Tx1GEEziFcwjgCupwBw1oAoExPMMrvHnKe/HevY9Fa8HLZ47hD7zPH5b0j8E=</latexit>→

Goal: “put the corn in the pot”
PostBC BC PostBC BC

0.28

0.12

0.75

0.38

PostBC BC PostBC BC

0.28

0.12

0.75

0.38
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BC (after improvement) Demonstrator posterior (after improvement)

After Improvement: BC policy  Demonstrator posterior policy<latexit sha1_base64="+pP5cU/bvnRe4fn/vCYjo1+224g=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh56U/XLFrbpzkFXi5aQCORr98ldvELM04gqZpMZ0PTdBP6MaBZN8WuqlhieUjemQdy1VNOLGz+anTsmZVQYkjLUthWSu/p7IaGTMJApsZ0RxZJa9mfif100xvPYzoZIUuWKLRWEqCcZk9jcZCM0ZyokllGlhbyVsRDVlaNMp2RC85ZdXSeui6tWqtfvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzifP1HHjdc=</latexit>→

PostBC BC PostBC BC

0.28

0.12

0.75

0.38

PostBC BC PostBC BC

0.28

0.12

0.75

0.38

Goal: “put the corn in the pot” 49
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BC (after improvement)

Demonstrator posterior (after improvement)

Pretrained After Improvement
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After Improvement: BC policy  Demonstrator posterior policy<latexit sha1_base64="+pP5cU/bvnRe4fn/vCYjo1+224g=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseiF48V7Qe0oWy2m3bpZhN2J0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6xEnC/YgOlQgFo2ilh56U/XLFrbpzkFXi5aQCORr98ldvELM04gqZpMZ0PTdBP6MaBZN8WuqlhieUjemQdy1VNOLGz+anTsmZVQYkjLUthWSu/p7IaGTMJApsZ0RxZJa9mfif100xvPYzoZIUuWKLRWEqCcZk9jcZCM0ZyokllGlhbyVsRDVlaNMp2RC85ZdXSeui6tWqtfvLSv0mj6MIJ3AK5+DBFdThDhrQBAZDeIZXeHOk8+K8Ox+L1oKTzxzDHzifP1HHjdc=</latexit>→

BC æ-BC PostBC BC æ-BC PostBC

0.22 0.21 0.23

0.36

0.48

0.63



Takeaway 1: BC pretraining encodes strong behavioral priors that, if 
properly exploited, can enable highly efficient online policy improvement 

Takeaway 2: We can improve the usefulness of these priors for online 
improvement by understanding where they are actually reliable 
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Thank You! 

WNZPYNGL. “Steering Your Diffusion Policy with Latent Space Reinforcement Learning”. 
CoRL, 2025 (Best Paper Nomination). 

WDTFL. “Posterior Behavioral Cloning: Pretraining BC Policies for Efficient RL Finetuning”. 
In Submission, 2025.



Can DSRL utilize offline data?
Challenge: Need “noise” actions  to run DSRL. How do we utilize offline 
datasets where we only have “standard” transitions ? 

Idea: Train two critics  
•  trained via standard TD learning over original action space 
•  trained by distilling  over noise action space 
• Optimize noise policy  by maximizing  

w
(s, a, s′￼)

<latexit sha1_base64="h0tNs5tV2VoADjLXMvNY1VKg5YI=">AAAB+HicbVDLSsNAFL2pr1ofjbp0M1gEVyURqS6rbly2YB/QxjKZTtuhk0mYmQg15EvcuFDErZ/izr9x0mahrQcGDufcyz1z/IgzpR3n2yqsrW9sbhW3Szu7e/tl++CwrcJYEtoiIQ9l18eKciZoSzPNaTeSFAc+px1/epv5nUcqFQvFvZ5F1AvwWLARI1gbaWCXmw9JP8B6QjBPrtN0YFecqjMHWiVuTiqQozGwv/rDkMQBFZpwrFTPdSLtJVhqRjhNS/1Y0QiTKR7TnqECB1R5yTx4ik6NMkSjUJonNJqrvzcSHCg1C3wzmWVUy14m/uf1Yj268hImolhTQRaHRjFHOkRZC2jIJCWazwzBRDKTFZEJlpho01XJlOAuf3mVtM+rbq1aa15U6jd5HUU4hhM4AxcuoQ530IAWEIjhGV7hzXqyXqx362MxWrDynSP4A+vzBxRAk2I=</latexit>

QA
<latexit sha1_base64="k7CInVc6YdVcksLg2D1d4/3SbRA=">AAAB+HicbVDLSsNAFL3xWeujUZduBovgqiQi1WXRjcsW7APaWCbTSTt0MgkzE6GGfIkbF4q49VPc+TdO2iy09cDA4Zx7uWeOH3OmtON8W2vrG5tb26Wd8u7e/kHFPjzqqCiRhLZJxCPZ87GinAna1kxz2oslxaHPadef3uZ+95FKxSJxr2cx9UI8FixgBGsjDe1K6yEdhFhPCOZpN8uGdtWpOXOgVeIWpAoFmkP7azCKSBJSoQnHSvVdJ9ZeiqVmhNOsPEgUjTGZ4jHtGypwSJWXzoNn6MwoIxRE0jyh0Vz9vZHiUKlZ6JvJPKNa9nLxP6+f6ODaS5mIE00FWRwKEo50hPIW0IhJSjSfGYKJZCYrIhMsMdGmq7IpwV3+8irpXNTceq3euqw2boo6SnACp3AOLlxBA+6gCW0gkMAzvMKb9WS9WO/Wx2J0zSp2juEPrM8fNcSTeA==</latexit>

QW
<latexit sha1_base64="h0tNs5tV2VoADjLXMvNY1VKg5YI=">AAAB+HicbVDLSsNAFL2pr1ofjbp0M1gEVyURqS6rbly2YB/QxjKZTtuhk0mYmQg15EvcuFDErZ/izr9x0mahrQcGDufcyz1z/IgzpR3n2yqsrW9sbhW3Szu7e/tl++CwrcJYEtoiIQ9l18eKciZoSzPNaTeSFAc+px1/epv5nUcqFQvFvZ5F1AvwWLARI1gbaWCXmw9JP8B6QjBPrtN0YFecqjMHWiVuTiqQozGwv/rDkMQBFZpwrFTPdSLtJVhqRjhNS/1Y0QiTKR7TnqECB1R5yTx4ik6NMkSjUJonNJqrvzcSHCg1C3wzmWVUy14m/uf1Yj268hImolhTQRaHRjFHOkRZC2jIJCWazwzBRDKTFZEJlpho01XJlOAuf3mVtM+rbq1aa15U6jd5HUU4hhM4AxcuoQ530IAWEIjhGV7hzXqyXqx362MxWrDynSP4A+vzBxRAk2I=</latexit>

QA
<latexit sha1_base64="g6e/ZnplwvVbiHpk8zO7omB0Lw8=">AAAB+nicbVDLSsNAFL3xWesr1aWbwSK4KolIdVl047KCfUAby2Q6aYdOJmFmopSYT3HjQhG3fok7/8ZJm4W2Hhg4nHMv98zxY86Udpxva2V1bX1js7RV3t7Z3du3KwdtFSWS0BaJeCS7PlaUM0FbmmlOu7GkOPQ57fiT69zvPFCpWCTu9DSmXohHggWMYG2kgV3px+w+7YdYjwnmaSfLBnbVqTkzoGXiFqQKBZoD+6s/jEgSUqEJx0r1XCfWXoqlZoTTrNxPFI0xmeAR7RkqcEiVl86iZ+jEKEMURNI8odFM/b2R4lCpaeibyTyjWvRy8T+vl+jg0kuZiBNNBZkfChKOdITyHtCQSUo0nxqCiWQmKyJjLDHRpq2yKcFd/PIyaZ/V3HqtfntebVwVdZTgCI7hFFy4gAbcQBNaQOARnuEV3qwn68V6tz7moytWsXMIf2B9/gDnQ5Rw</latexit>

ωW
<latexit sha1_base64="k7CInVc6YdVcksLg2D1d4/3SbRA=">AAAB+HicbVDLSsNAFL3xWeujUZduBovgqiQi1WXRjcsW7APaWCbTSTt0MgkzE6GGfIkbF4q49VPc+TdO2iy09cDA4Zx7uWeOH3OmtON8W2vrG5tb26Wd8u7e/kHFPjzqqCiRhLZJxCPZ87GinAna1kxz2oslxaHPadef3uZ+95FKxSJxr2cx9UI8FixgBGsjDe1K6yEdhFhPCOZpN8uGdtWpOXOgVeIWpAoFmkP7azCKSBJSoQnHSvVdJ9ZeiqVmhNOsPEgUjTGZ4jHtGypwSJWXzoNn6MwoIxRE0jyh0Vz9vZHiUKlZ6JvJPKNa9nLxP6+f6ODaS5mIE00FWRwKEo50hPIW0IhJSjSfGYKJZCYrIhMsMdGmq7IpwV3+8irpXNTceq3euqw2boo6SnACp3AOLlxBA+6gCW0gkMAzvMKb9WS9WO/Wx2J0zSp2juEPrM8fNcSTeA==</latexit>

QW

Noise-Aliased DSRL



Noise-Aliased DSRL enables fully offline learning

How do we usually think about offline RL? 

If we train  on some offline dataset , and run Noise-Aliased DSRL on this same  
  will only play “in-distribution” actions by construction, so Noise-Aliased DSRL 

only optimizes over “in-distribution” actions, and so implements conservatism! 

πdp 𝔇 𝔇
→ πdp

Principle of Conservatism: train your policy to 
maximize reward over “in-distribution” actions

Noise-Aliased DSRL


