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Problems often formalised as MDP

States:  
x

<latexit sha1_base64="3JhSqxkwkC77RvAaoG35hcHriZY=">AAACA3icbVDLSgMxFE181vqqulMXwSK4KjMi6rLgRndV7AM6Y8mkmTY0kxmSjFiGghv/wb3gxoUibv0JwYW/4srMtAttPRA4Oede7r3HizhT2rK+4NT0zOzcfG4hv7i0vLJaWFuvqTCWhFZJyEPZ8LCinAla1Uxz2ogkxYHHad3rnaR+/ZpKxUJxqfsRdQPcEcxnBGsjtQqbToB11/OTm4HDRPYhmCcXgytjFq2SlQFNEntEimX4cI+2P78rrcKH0w5JHFChCcdKNW0r0m6CpWaE00HeiRWNMOnhDm0aKnBAlZtkNwzQrlHayA+leUKjTP3dkeBAqX7gmcp0STXupeJ/XjPW/rGbMBHFmgoyHOTHHOkQpYGgNpOUaN43BBPJzK6IdLHERJvY8iYEe/zkSVLbL9mHpYNzk8YZGCIHtsAO2AM2OAJlcAoqoAoIuAWP4Bm8wDv4BF/h27B0Co56NsAfwPcf04Gb/w==</latexit>

x 2 Rn



Actions:

States:  
x u

<latexit sha1_base64="B3LiXHMRvJQuqBd3i4MG0hzi7Bw=">AAAB8XicbVBNS8NAEJ3Urxq/oh69LBbBU0kU0YtY9OKxgv3ANpTNdtMu3WzC7kYoof/CiwdF9OgP8e5F/Ddu2h609cHA470Z5s0ECWdKu+63VVhYXFpeKa7aa+sbm1vO9k5dxakktEZiHstmgBXlTNCaZprTZiIpjgJOG8HgKvcb91QqFotbPUyoH+GeYCEjWBvprh1h3Q/CLB11nJJbdsdA88SbktLFh32evH3Z1Y7z2e7GJI2o0IRjpVqem2g/w1IzwunIbqeKJpgMcI+2DBU4osrPxolH6MAoXRTG0pTQaKz+nshwpNQwCkxnnlDNern4n9dKdXjmZ0wkqaaCTBaFKUc6Rvn5qMskJZoPDcFEMpMVkT6WmGjzJNs8wZs9eZ7Uj8recfnkxi1VLmGCIuzBPhyCB6dQgWuoQg0ICHiAJ3i2lPVovVivk9aCNZ3ZhT+w3n8AWoSUXQ==</latexit>

u 2 Rm
<latexit sha1_base64="YID+TlDO3aB1CXFdMHQ6Vq1e96I=">AAACA3icbVC7TsMwFHV4lvIKsMFiUSExVQkIwUYFC2NB9CE1oXJcp7VqO5HtIFVRJBZ+hYUBhFj5CTY+hQ0n7QAtR7J0fM69uveeIGZUacf5submFxaXlksr5dW19Y1Ne2u7qaJEYtLAEYtkO0CKMCpIQ1PNSDuWBPGAkVYwvMz91j2RikbiVo9i4nPUFzSkGGkjde1djyM9CMI0yTwqig9GLL3J7njXrjhVpwCcJe6EVM6/wwL1rv3p9SKccCI0ZkipjuvE2k+R1BQzkpW9RJEY4SHqk46hAnGi/LS4IYMHRunBMJLmCQ0L9XdHirhSIx6YynxJNe3l4n9eJ9HhmZ9SESeaCDweFCYM6gjmgcAelQRrNjIEYUnNrhAPkERYm9jKJgR3+uRZ0jyqusfVk2unUrsAY5TAHtgHh8AFp6AGrkAdNAAGD+AJvIBX69F6tt6s93HpnDXp2QF/YH38AOs5nAc=</latexit>

Problems often formalised as MDP

<latexit sha1_base64="3JhSqxkwkC77RvAaoG35hcHriZY=">AAACA3icbVDLSgMxFE181vqqulMXwSK4KjMi6rLgRndV7AM6Y8mkmTY0kxmSjFiGghv/wb3gxoUibv0JwYW/4srMtAttPRA4Oede7r3HizhT2rK+4NT0zOzcfG4hv7i0vLJaWFuvqTCWhFZJyEPZ8LCinAla1Uxz2ogkxYHHad3rnaR+/ZpKxUJxqfsRdQPcEcxnBGsjtQqbToB11/OTm4HDRPYhmCcXgytjFq2SlQFNEntEimX4cI+2P78rrcKH0w5JHFChCcdKNW0r0m6CpWaE00HeiRWNMOnhDm0aKnBAlZtkNwzQrlHayA+leUKjTP3dkeBAqX7gmcp0STXupeJ/XjPW/rGbMBHFmgoyHOTHHOkQpYGgNpOUaN43BBPJzK6IdLHERJvY8iYEe/zkSVLbL9mHpYNzk8YZGCIHtsAO2AM2OAJlcAoqoAoIuAWP4Bm8wDv4BF/h27B0Co56NsAfwPcf04Gb/w==</latexit>

x 2 Rn



Actions:

States:  

Model:

x
x0

x00

u
<latexit sha1_base64="B3LiXHMRvJQuqBd3i4MG0hzi7Bw=">AAAB8XicbVBNS8NAEJ3Urxq/oh69LBbBU0kU0YtY9OKxgv3ANpTNdtMu3WzC7kYoof/CiwdF9OgP8e5F/Ddu2h609cHA470Z5s0ECWdKu+63VVhYXFpeKa7aa+sbm1vO9k5dxakktEZiHstmgBXlTNCaZprTZiIpjgJOG8HgKvcb91QqFotbPUyoH+GeYCEjWBvprh1h3Q/CLB11nJJbdsdA88SbktLFh32evH3Z1Y7z2e7GJI2o0IRjpVqem2g/w1IzwunIbqeKJpgMcI+2DBU4osrPxolH6MAoXRTG0pTQaKz+nshwpNQwCkxnnlDNern4n9dKdXjmZ0wkqaaCTBaFKUc6Rvn5qMskJZoPDcFEMpMVkT6WmGjzJNs8wZs9eZ7Uj8recfnkxi1VLmGCIuzBPhyCB6dQgWuoQg0ICHiAJ3i2lPVovVivk9aCNZ3ZhT+w3n8AWoSUXQ==</latexit>

u 2 Rm
<latexit sha1_base64="YID+TlDO3aB1CXFdMHQ6Vq1e96I=">AAACA3icbVC7TsMwFHV4lvIKsMFiUSExVQkIwUYFC2NB9CE1oXJcp7VqO5HtIFVRJBZ+hYUBhFj5CTY+hQ0n7QAtR7J0fM69uveeIGZUacf5submFxaXlksr5dW19Y1Ne2u7qaJEYtLAEYtkO0CKMCpIQ1PNSDuWBPGAkVYwvMz91j2RikbiVo9i4nPUFzSkGGkjde1djyM9CMI0yTwqig9GLL3J7njXrjhVpwCcJe6EVM6/wwL1rv3p9SKccCI0ZkipjuvE2k+R1BQzkpW9RJEY4SHqk46hAnGi/LS4IYMHRunBMJLmCQ0L9XdHirhSIx6YynxJNe3l4n9eJ9HhmZ9SESeaCDweFCYM6gjmgcAelQRrNjIEYUnNrhAPkERYm9jKJgR3+uRZ0jyqusfVk2unUrsAY5TAHtgHh8AFp6AGrkAdNAAGD+AJvIBX69F6tt6s93HpnDXp2QF/YH38AOs5nAc=</latexit>

p(x0|x,u)
<latexit sha1_base64="JTPO5/3htPY/TLOM7GHUjJFwLsI=">AAACF3icbZDLSsNAFIYn9VbrLerSzdAiVJSSKKLLohuXFewFmlgm00k7dHJhZiKGmLfoxldx40IRt7rr2zhpi5fWHwY+/nMOc87vhIwKaRgjLbewuLS8kl8trK1vbG7p2zsNEUQckzoOWMBbDhKEUZ/UJZWMtEJOkOcw0nQGl1m9eUe4oIF/I+OQ2B7q+dSlGElldfRKWLY8JPuOm9ynt1bIqUfgA/zxjr45SuFBRy8ZFWMsOA/mFErVonU4HFXjWkf/tLoBjjziS8yQEG3TCKWdIC4pZiQtWJEgIcID1CNthT7yiLCT8V0p3FdOF7oBV8+XcOz+nkiQJ0TsOaoz21HM1jLzv1o7ku65nVA/jCTx8eQjN2JQBjALCXYpJ1iyWAHCnKpdIe4jjrBUURZUCObsyfPQOK6YJ5XTa5XGBZgoD/ZAEZSBCc5AFVyBGqgDDIbgCbyAV+1Re9betPdJa06bzuyCP9I+vgBXa6MA</latexit>

Problems often formalised as MDP

<latexit sha1_base64="3JhSqxkwkC77RvAaoG35hcHriZY=">AAACA3icbVDLSgMxFE181vqqulMXwSK4KjMi6rLgRndV7AM6Y8mkmTY0kxmSjFiGghv/wb3gxoUibv0JwYW/4srMtAttPRA4Oede7r3HizhT2rK+4NT0zOzcfG4hv7i0vLJaWFuvqTCWhFZJyEPZ8LCinAla1Uxz2ogkxYHHad3rnaR+/ZpKxUJxqfsRdQPcEcxnBGsjtQqbToB11/OTm4HDRPYhmCcXgytjFq2SlQFNEntEimX4cI+2P78rrcKH0w5JHFChCcdKNW0r0m6CpWaE00HeiRWNMOnhDm0aKnBAlZtkNwzQrlHayA+leUKjTP3dkeBAqX7gmcp0STXupeJ/XjPW/rGbMBHFmgoyHOTHHOkQpYGgNpOUaN43BBPJzK6IdLHERJvY8iYEe/zkSVLbL9mHpYNzk8YZGCIHtsAO2AM2OAJlcAoqoAoIuAWP4Bm8wDv4BF/h27B0Co56NsAfwPcf04Gb/w==</latexit>

x 2 Rn



Actions:

States:  

Model:

Rewards:

x
x0

x00

p(x0|x,u)
<latexit sha1_base64="JTPO5/3htPY/TLOM7GHUjJFwLsI=">AAACF3icbZDLSsNAFIYn9VbrLerSzdAiVJSSKKLLohuXFewFmlgm00k7dHJhZiKGmLfoxldx40IRt7rr2zhpi5fWHwY+/nMOc87vhIwKaRgjLbewuLS8kl8trK1vbG7p2zsNEUQckzoOWMBbDhKEUZ/UJZWMtEJOkOcw0nQGl1m9eUe4oIF/I+OQ2B7q+dSlGElldfRKWLY8JPuOm9ynt1bIqUfgA/zxjr45SuFBRy8ZFWMsOA/mFErVonU4HFXjWkf/tLoBjjziS8yQEG3TCKWdIC4pZiQtWJEgIcID1CNthT7yiLCT8V0p3FdOF7oBV8+XcOz+nkiQJ0TsOaoz21HM1jLzv1o7ku65nVA/jCTx8eQjN2JQBjALCXYpJ1iyWAHCnKpdIe4jjrBUURZUCObsyfPQOK6YJ5XTa5XGBZgoD/ZAEZSBCc5AFVyBGqgDDIbgCbyAV+1Re9betPdJa06bzuyCP9I+vgBXa6MA</latexit>

r(x,u,x0) 2 R
<latexit sha1_base64="tz8ggpzjECa6RQ8e6hza2qwx90w="></latexit>

u
<latexit sha1_base64="B3LiXHMRvJQuqBd3i4MG0hzi7Bw=">AAAB8XicbVBNS8NAEJ3Urxq/oh69LBbBU0kU0YtY9OKxgv3ANpTNdtMu3WzC7kYoof/CiwdF9OgP8e5F/Ddu2h609cHA470Z5s0ECWdKu+63VVhYXFpeKa7aa+sbm1vO9k5dxakktEZiHstmgBXlTNCaZprTZiIpjgJOG8HgKvcb91QqFotbPUyoH+GeYCEjWBvprh1h3Q/CLB11nJJbdsdA88SbktLFh32evH3Z1Y7z2e7GJI2o0IRjpVqem2g/w1IzwunIbqeKJpgMcI+2DBU4osrPxolH6MAoXRTG0pTQaKz+nshwpNQwCkxnnlDNern4n9dKdXjmZ0wkqaaCTBaFKUc6Rvn5qMskJZoPDcFEMpMVkT6WmGjzJNs8wZs9eZ7Uj8recfnkxi1VLmGCIuzBPhyCB6dQgWuoQg0ICHiAJ3i2lPVovVivk9aCNZ3ZhT+w3n8AWoSUXQ==</latexit>

u 2 Rm
<latexit sha1_base64="YID+TlDO3aB1CXFdMHQ6Vq1e96I=">AAACA3icbVC7TsMwFHV4lvIKsMFiUSExVQkIwUYFC2NB9CE1oXJcp7VqO5HtIFVRJBZ+hYUBhFj5CTY+hQ0n7QAtR7J0fM69uveeIGZUacf5submFxaXlksr5dW19Y1Ne2u7qaJEYtLAEYtkO0CKMCpIQ1PNSDuWBPGAkVYwvMz91j2RikbiVo9i4nPUFzSkGGkjde1djyM9CMI0yTwqig9GLL3J7njXrjhVpwCcJe6EVM6/wwL1rv3p9SKccCI0ZkipjuvE2k+R1BQzkpW9RJEY4SHqk46hAnGi/LS4IYMHRunBMJLmCQ0L9XdHirhSIx6YynxJNe3l4n9eJ9HhmZ9SESeaCDweFCYM6gjmgcAelQRrNjIEYUnNrhAPkERYm9jKJgR3+uRZ0jyqusfVk2unUrsAY5TAHtgHh8AFp6AGrkAdNAAGD+AJvIBX69F6tt6s93HpnDXp2QF/YH38AOs5nAc=</latexit>

Problems often formalised as MDP

<latexit sha1_base64="3JhSqxkwkC77RvAaoG35hcHriZY=">AAACA3icbVDLSgMxFE181vqqulMXwSK4KjMi6rLgRndV7AM6Y8mkmTY0kxmSjFiGghv/wb3gxoUibv0JwYW/4srMtAttPRA4Oede7r3HizhT2rK+4NT0zOzcfG4hv7i0vLJaWFuvqTCWhFZJyEPZ8LCinAla1Uxz2ogkxYHHad3rnaR+/ZpKxUJxqfsRdQPcEcxnBGsjtQqbToB11/OTm4HDRPYhmCcXgytjFq2SlQFNEntEimX4cI+2P78rrcKH0w5JHFChCcdKNW0r0m6CpWaE00HeiRWNMOnhDm0aKnBAlZtkNwzQrlHayA+leUKjTP3dkeBAqX7gmcp0STXupeJ/XjPW/rGbMBHFmgoyHOTHHOkQpYGgNpOUaN43BBPJzK6IdLHERJvY8iYEe/zkSVLbL9mHpYNzk8YZGCIHtsAO2AM2OAJlcAoqoAoIuAWP4Bm8wDv4BF/h27B0Co56NsAfwPcf04Gb/w==</latexit>

x 2 Rn



Actions:

States:  

Model:

Rewards:

Policy:

x
x0

x00
u 2 Rm

<latexit sha1_base64="YID+TlDO3aB1CXFdMHQ6Vq1e96I=">AAACA3icbVC7TsMwFHV4lvIKsMFiUSExVQkIwUYFC2NB9CE1oXJcp7VqO5HtIFVRJBZ+hYUBhFj5CTY+hQ0n7QAtR7J0fM69uveeIGZUacf5submFxaXlksr5dW19Y1Ne2u7qaJEYtLAEYtkO0CKMCpIQ1PNSDuWBPGAkVYwvMz91j2RikbiVo9i4nPUFzSkGGkjde1djyM9CMI0yTwqig9GLL3J7njXrjhVpwCcJe6EVM6/wwL1rv3p9SKccCI0ZkipjuvE2k+R1BQzkpW9RJEY4SHqk46hAnGi/LS4IYMHRunBMJLmCQ0L9XdHirhSIx6YynxJNe3l4n9eJ9HhmZ9SESeaCDweFCYM6gjmgcAelQRrNjIEYUnNrhAPkERYm9jKJgR3+uRZ0jyqusfVk2unUrsAY5TAHtgHh8AFp6AGrkAdNAAGD+AJvIBX69F6tt6s93HpnDXp2QF/YH38AOs5nAc=</latexit>

u
<latexit sha1_base64="B3LiXHMRvJQuqBd3i4MG0hzi7Bw=">AAAB8XicbVBNS8NAEJ3Urxq/oh69LBbBU0kU0YtY9OKxgv3ANpTNdtMu3WzC7kYoof/CiwdF9OgP8e5F/Ddu2h609cHA470Z5s0ECWdKu+63VVhYXFpeKa7aa+sbm1vO9k5dxakktEZiHstmgBXlTNCaZprTZiIpjgJOG8HgKvcb91QqFotbPUyoH+GeYCEjWBvprh1h3Q/CLB11nJJbdsdA88SbktLFh32evH3Z1Y7z2e7GJI2o0IRjpVqem2g/w1IzwunIbqeKJpgMcI+2DBU4osrPxolH6MAoXRTG0pTQaKz+nshwpNQwCkxnnlDNern4n9dKdXjmZ0wkqaaCTBaFKUc6Rvn5qMskJZoPDcFEMpMVkT6WmGjzJNs8wZs9eZ7Uj8recfnkxi1VLmGCIuzBPhyCB6dQgWuoQg0ICHiAJ3i2lPVovVivk9aCNZ3ZhT+w3n8AWoSUXQ==</latexit>

p(x0|x,u)
<latexit sha1_base64="JTPO5/3htPY/TLOM7GHUjJFwLsI=">AAACF3icbZDLSsNAFIYn9VbrLerSzdAiVJSSKKLLohuXFewFmlgm00k7dHJhZiKGmLfoxldx40IRt7rr2zhpi5fWHwY+/nMOc87vhIwKaRgjLbewuLS8kl8trK1vbG7p2zsNEUQckzoOWMBbDhKEUZ/UJZWMtEJOkOcw0nQGl1m9eUe4oIF/I+OQ2B7q+dSlGElldfRKWLY8JPuOm9ynt1bIqUfgA/zxjr45SuFBRy8ZFWMsOA/mFErVonU4HFXjWkf/tLoBjjziS8yQEG3TCKWdIC4pZiQtWJEgIcID1CNthT7yiLCT8V0p3FdOF7oBV8+XcOz+nkiQJ0TsOaoz21HM1jLzv1o7ku65nVA/jCTx8eQjN2JQBjALCXYpJ1iyWAHCnKpdIe4jjrBUURZUCObsyfPQOK6YJ5XTa5XGBZgoD/ZAEZSBCc5AFVyBGqgDDIbgCbyAV+1Re9betPdJa06bzuyCP9I+vgBXa6MA</latexit>

r(x,u,x0) 2 R
<latexit sha1_base64="tz8ggpzjECa6RQ8e6hza2qwx90w="></latexit>

⇡(u|x)
<latexit sha1_base64="cMnp7cff0sy3jF6fla7rpBNv7wE=">AAACA3icbZDLSsNAFIYn9VbrLepON0OLUBFKoogui25cVrAXaEKZTCft0MkkzEzEEAtufAOfwY0LRdz6Eu76Nk7aCtr6w8DHf85hzvm9iFGpLGtk5BYWl5ZX8quFtfWNzS1ze6chw1hgUschC0XLQ5IwykldUcVIKxIEBR4jTW9wmdWbt0RIGvIblUTEDVCPU59ipLTVMfeciJadAKm+56fx8P4H74aHHbNkVayx4DzYUyhVi87R06ia1Drml9MNcRwQrjBDUrZtK1JuioSimJFhwYkliRAeoB5pa+QoINJNxzcM4YF2utAPhX5cwbH7eyJFgZRJ4OnObEU5W8vM/2rtWPnnbkp5FCvC8eQjP2ZQhTALBHapIFixRAPCgupdIe4jgbDSsRV0CPbsyfPQOK7YJ5XTa53GBZgoD/ZBEZSBDc5AFVyBGqgDDB7AM3gFb8aj8WK8Gx+T1pwxndkFf2R8fgPHmJs8</latexit>

Problems often formalised as MDP

<latexit sha1_base64="Lf333OA0nhSx1mP61f3qm8E6YDo=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBbBVUlE1GXBje4q2Ac0sUymk3boTBJmJkqJ/RQ3LhRx65e482+ctFlo64GBwzn3cs+cIOFMacf5tkorq2vrG+XNytb2zu6eXd1vqziVhLZIzGPZDbCinEW0pZnmtJtIikXAaScYX+V+54FKxeLoTk8S6gs8jFjICNZG6ttVT2A9CsIsnd57iWSC9u2aU3dmQMvELUgNCjT79pc3iEkqaKQJx0r1XCfRfoalZoTTacVLFU0wGeMh7RkaYUGVn82iT9GxUQYojKV5kUYz9fdGhoVSExGYyTyoWvRy8T+vl+rw0s9YlKSaRmR+KEw50jHKe0ADJinRfGIIJpKZrIiMsMREm7YqpgR38cvLpH1ad8/rZ7dntcZNUUcZDuEITsCFC2jANTShBQQe4Rle4c16sl6sd+tjPlqyip0D+APr8wfsspR3</latexit>

u0<latexit sha1_base64="3JhSqxkwkC77RvAaoG35hcHriZY=">AAACA3icbVDLSgMxFE181vqqulMXwSK4KjMi6rLgRndV7AM6Y8mkmTY0kxmSjFiGghv/wb3gxoUibv0JwYW/4srMtAttPRA4Oede7r3HizhT2rK+4NT0zOzcfG4hv7i0vLJaWFuvqTCWhFZJyEPZ8LCinAla1Uxz2ogkxYHHad3rnaR+/ZpKxUJxqfsRdQPcEcxnBGsjtQqbToB11/OTm4HDRPYhmCcXgytjFq2SlQFNEntEimX4cI+2P78rrcKH0w5JHFChCcdKNW0r0m6CpWaE00HeiRWNMOnhDm0aKnBAlZtkNwzQrlHayA+leUKjTP3dkeBAqX7gmcp0STXupeJ/XjPW/rGbMBHFmgoyHOTHHOkQpYGgNpOUaN43BBPJzK6IdLHERJvY8iYEe/zkSVLbL9mHpYNzk8YZGCIHtsAO2AM2OAJlcAoqoAoIuAWP4Bm8wDv4BF/h27B0Co56NsAfwPcf04Gb/w==</latexit>

x 2 Rn



Actions:

States:  

Model:

Rewards:

Policy:

x
x0

x00
u 2 Rm

<latexit sha1_base64="YID+TlDO3aB1CXFdMHQ6Vq1e96I=">AAACA3icbVC7TsMwFHV4lvIKsMFiUSExVQkIwUYFC2NB9CE1oXJcp7VqO5HtIFVRJBZ+hYUBhFj5CTY+hQ0n7QAtR7J0fM69uveeIGZUacf5submFxaXlksr5dW19Y1Ne2u7qaJEYtLAEYtkO0CKMCpIQ1PNSDuWBPGAkVYwvMz91j2RikbiVo9i4nPUFzSkGGkjde1djyM9CMI0yTwqig9GLL3J7njXrjhVpwCcJe6EVM6/wwL1rv3p9SKccCI0ZkipjuvE2k+R1BQzkpW9RJEY4SHqk46hAnGi/LS4IYMHRunBMJLmCQ0L9XdHirhSIx6YynxJNe3l4n9eJ9HhmZ9SESeaCDweFCYM6gjmgcAelQRrNjIEYUnNrhAPkERYm9jKJgR3+uRZ0jyqusfVk2unUrsAY5TAHtgHh8AFp6AGrkAdNAAGD+AJvIBX69F6tt6s93HpnDXp2QF/YH38AOs5nAc=</latexit>

u
<latexit sha1_base64="B3LiXHMRvJQuqBd3i4MG0hzi7Bw=">AAAB8XicbVBNS8NAEJ3Urxq/oh69LBbBU0kU0YtY9OKxgv3ANpTNdtMu3WzC7kYoof/CiwdF9OgP8e5F/Ddu2h609cHA470Z5s0ECWdKu+63VVhYXFpeKa7aa+sbm1vO9k5dxakktEZiHstmgBXlTNCaZprTZiIpjgJOG8HgKvcb91QqFotbPUyoH+GeYCEjWBvprh1h3Q/CLB11nJJbdsdA88SbktLFh32evH3Z1Y7z2e7GJI2o0IRjpVqem2g/w1IzwunIbqeKJpgMcI+2DBU4osrPxolH6MAoXRTG0pTQaKz+nshwpNQwCkxnnlDNern4n9dKdXjmZ0wkqaaCTBaFKUc6Rvn5qMskJZoPDcFEMpMVkT6WmGjzJNs8wZs9eZ7Uj8recfnkxi1VLmGCIuzBPhyCB6dQgWuoQg0ICHiAJ3i2lPVovVivk9aCNZ3ZhT+w3n8AWoSUXQ==</latexit>

p(x0|x,u)
<latexit sha1_base64="JTPO5/3htPY/TLOM7GHUjJFwLsI=">AAACF3icbZDLSsNAFIYn9VbrLerSzdAiVJSSKKLLohuXFewFmlgm00k7dHJhZiKGmLfoxldx40IRt7rr2zhpi5fWHwY+/nMOc87vhIwKaRgjLbewuLS8kl8trK1vbG7p2zsNEUQckzoOWMBbDhKEUZ/UJZWMtEJOkOcw0nQGl1m9eUe4oIF/I+OQ2B7q+dSlGElldfRKWLY8JPuOm9ynt1bIqUfgA/zxjr45SuFBRy8ZFWMsOA/mFErVonU4HFXjWkf/tLoBjjziS8yQEG3TCKWdIC4pZiQtWJEgIcID1CNthT7yiLCT8V0p3FdOF7oBV8+XcOz+nkiQJ0TsOaoz21HM1jLzv1o7ku65nVA/jCTx8eQjN2JQBjALCXYpJ1iyWAHCnKpdIe4jjrBUURZUCObsyfPQOK6YJ5XTa5XGBZgoD/ZAEZSBCc5AFVyBGqgDDIbgCbyAV+1Re9betPdJa06bzuyCP9I+vgBXa6MA</latexit>

r(x,u,x0) 2 R
<latexit sha1_base64="tz8ggpzjECa6RQ8e6hza2qwx90w="></latexit>

⇡(u|x)
<latexit sha1_base64="cMnp7cff0sy3jF6fla7rpBNv7wE=">AAACA3icbZDLSsNAFIYn9VbrLepON0OLUBFKoogui25cVrAXaEKZTCft0MkkzEzEEAtufAOfwY0LRdz6Eu76Nk7aCtr6w8DHf85hzvm9iFGpLGtk5BYWl5ZX8quFtfWNzS1ze6chw1hgUschC0XLQ5IwykldUcVIKxIEBR4jTW9wmdWbt0RIGvIblUTEDVCPU59ipLTVMfeciJadAKm+56fx8P4H74aHHbNkVayx4DzYUyhVi87R06ia1Drml9MNcRwQrjBDUrZtK1JuioSimJFhwYkliRAeoB5pa+QoINJNxzcM4YF2utAPhX5cwbH7eyJFgZRJ4OnObEU5W8vM/2rtWPnnbkp5FCvC8eQjP2ZQhTALBHapIFixRAPCgupdIe4jgbDSsRV0CPbsyfPQOK7YJ5XTa53GBZgoD/ZBEZSBDc5AFVyBGqgDDB7AM3gFb8aj8WK8Gx+T1pwxndkFf2R8fgPHmJs8</latexit>

Problems often formalised as MDP

<latexit sha1_base64="Lf333OA0nhSx1mP61f3qm8E6YDo=">AAAB+nicbVDLSsNAFL2pr1pfqS7dDBbBVUlE1GXBje4q2Ac0sUymk3boTBJmJkqJ/RQ3LhRx65e482+ctFlo64GBwzn3cs+cIOFMacf5tkorq2vrG+XNytb2zu6eXd1vqziVhLZIzGPZDbCinEW0pZnmtJtIikXAaScYX+V+54FKxeLoTk8S6gs8jFjICNZG6ttVT2A9CsIsnd57iWSC9u2aU3dmQMvELUgNCjT79pc3iEkqaKQJx0r1XCfRfoalZoTTacVLFU0wGeMh7RkaYUGVn82iT9GxUQYojKV5kUYz9fdGhoVSExGYyTyoWvRy8T+vl+rw0s9YlKSaRmR+KEw50jHKe0ADJinRfGIIJpKZrIiMsMREm7YqpgR38cvLpH1ad8/rZ7dntcZNUUcZDuEITsCFC2jANTShBQQe4Rle4c16sl6sd+tjPlqyip0D+APr8wfsspR3</latexit>

u0

Goal: (e.g.                                    )
<latexit sha1_base64="XiiKti9wD+DJ8Eb4pcsQk/5SibE=">AAACCHicbVC7SgNBFL0bXzG+Vi0tHAyCiIRdEbURIjZqFcE8ILuG2clsMmT2wcysGJaUNn6FvY2FIrZ+gp1/42ySQqMHLvdwzr3M3OPFnEllWV9Gbmp6ZnYuP19YWFxaXjFX12oySgShVRLxSDQ8LClnIa0qpjhtxILiwOO07vXOMr9+S4VkUXit+jF1A9wJmc8IVlpqmZtOzG520QlysOg4Ab5racHZu8wacpxCyyxaJWsI9JfYY1Isnz5ChkrL/HTaEUkCGirCsZRN24qVm2KhGOF0UHASSWNMerhDm5qGOKDSTYeHDNC2VtrIj4SuUKGh+nMjxYGU/cDTkwFWXTnpZeJ/XjNR/rGbsjBOFA3J6CE/4UhFKEsFtZmgRPG+JpgIpv+KSBcLTJTOLgvBnjz5L6ntl+zD0sGVTuMCRsjDBmzBDthwBGU4hwpUgcA9PMELvBoPxrPxZryPRnPGeGcdfsH4+AbH8Zlc</latexit>

⇡⇤ = argmax
⇡

J⇡
<latexit sha1_base64="XhoAxRsViDqNakcwslh1L7O4zrE="></latexit>

J⇡ = E⌧⇠⇡{
X

rt⇠⌧

�trt}

<latexit sha1_base64="3JhSqxkwkC77RvAaoG35hcHriZY=">AAACA3icbVDLSgMxFE181vqqulMXwSK4KjMi6rLgRndV7AM6Y8mkmTY0kxmSjFiGghv/wb3gxoUibv0JwYW/4srMtAttPRA4Oede7r3HizhT2rK+4NT0zOzcfG4hv7i0vLJaWFuvqTCWhFZJyEPZ8LCinAla1Uxz2ogkxYHHad3rnaR+/ZpKxUJxqfsRdQPcEcxnBGsjtQqbToB11/OTm4HDRPYhmCcXgytjFq2SlQFNEntEimX4cI+2P78rrcKH0w5JHFChCcdKNW0r0m6CpWaE00HeiRWNMOnhDm0aKnBAlZtkNwzQrlHayA+leUKjTP3dkeBAqX7gmcp0STXupeJ/XjPW/rGbMBHFmgoyHOTHHOkQpYGgNpOUaN43BBPJzK6IdLHERJvY8iYEe/zkSVLbL9mHpYNzk8YZGCIHtsAO2AM2OAJlcAoqoAoIuAWP4Bm8wDv4BF/h27B0Co56NsAfwPcf04Gb/w==</latexit>

x 2 Rn



incomplete, noisy

continuous high-dimensional

hard to engineer

Actions:

States:  

Model:

Rewards:

Policy:

Goal: (e.g.                                    )

execution endanger the robot

inaccurate model

u 2 Rm
<latexit sha1_base64="YID+TlDO3aB1CXFdMHQ6Vq1e96I=">AAACA3icbVC7TsMwFHV4lvIKsMFiUSExVQkIwUYFC2NB9CE1oXJcp7VqO5HtIFVRJBZ+hYUBhFj5CTY+hQ0n7QAtR7J0fM69uveeIGZUacf5submFxaXlksr5dW19Y1Ne2u7qaJEYtLAEYtkO0CKMCpIQ1PNSDuWBPGAkVYwvMz91j2RikbiVo9i4nPUFzSkGGkjde1djyM9CMI0yTwqig9GLL3J7njXrjhVpwCcJe6EVM6/wwL1rv3p9SKccCI0ZkipjuvE2k+R1BQzkpW9RJEY4SHqk46hAnGi/LS4IYMHRunBMJLmCQ0L9XdHirhSIx6YynxJNe3l4n9eJ9HhmZ9SESeaCDweFCYM6gjmgcAelQRrNjIEYUnNrhAPkERYm9jKJgR3+uRZ0jyqusfVk2unUrsAY5TAHtgHh8AFp6AGrkAdNAAGD+AJvIBX69F6tt6s93HpnDXp2QF/YH38AOs5nAc=</latexit>

p(x0|x,u)
<latexit sha1_base64="JTPO5/3htPY/TLOM7GHUjJFwLsI=">AAACF3icbZDLSsNAFIYn9VbrLerSzdAiVJSSKKLLohuXFewFmlgm00k7dHJhZiKGmLfoxldx40IRt7rr2zhpi5fWHwY+/nMOc87vhIwKaRgjLbewuLS8kl8trK1vbG7p2zsNEUQckzoOWMBbDhKEUZ/UJZWMtEJOkOcw0nQGl1m9eUe4oIF/I+OQ2B7q+dSlGElldfRKWLY8JPuOm9ynt1bIqUfgA/zxjr45SuFBRy8ZFWMsOA/mFErVonU4HFXjWkf/tLoBjjziS8yQEG3TCKWdIC4pZiQtWJEgIcID1CNthT7yiLCT8V0p3FdOF7oBV8+XcOz+nkiQJ0TsOaoz21HM1jLzv1o7ku65nVA/jCTx8eQjN2JQBjALCXYpJ1iyWAHCnKpdIe4jjrBUURZUCObsyfPQOK6YJ5XTa5XGBZgoD/ZAEZSBCc5AFVyBGqgDDIbgCbyAV+1Re9betPdJa06bzuyCP9I+vgBXa6MA</latexit>

r(x,u,x0) 2 R
<latexit sha1_base64="tz8ggpzjECa6RQ8e6hza2qwx90w="></latexit>

⇡(u|x)
<latexit sha1_base64="cMnp7cff0sy3jF6fla7rpBNv7wE=">AAACA3icbZDLSsNAFIYn9VbrLepON0OLUBFKoogui25cVrAXaEKZTCft0MkkzEzEEAtufAOfwY0LRdz6Eu76Nk7aCtr6w8DHf85hzvm9iFGpLGtk5BYWl5ZX8quFtfWNzS1ze6chw1hgUschC0XLQ5IwykldUcVIKxIEBR4jTW9wmdWbt0RIGvIblUTEDVCPU59ipLTVMfeciJadAKm+56fx8P4H74aHHbNkVayx4DzYUyhVi87R06ia1Drml9MNcRwQrjBDUrZtK1JuioSimJFhwYkliRAeoB5pa+QoINJNxzcM4YF2utAPhX5cwbH7eyJFgZRJ4OnObEU5W8vM/2rtWPnnbkp5FCvC8eQjP2ZQhTALBHapIFixRAPCgupdIe4jgbDSsRV0CPbsyfPQOK7YJ5XTa53GBZgoD/ZBEZSBDc5AFVyBGqgDDB7AM3gFb8aj8WK8Gx+T1pwxndkFf2R8fgPHmJs8</latexit>

Problems often formalised as MDP

<latexit sha1_base64="XiiKti9wD+DJ8Eb4pcsQk/5SibE=">AAACCHicbVC7SgNBFL0bXzG+Vi0tHAyCiIRdEbURIjZqFcE8ILuG2clsMmT2wcysGJaUNn6FvY2FIrZ+gp1/42ySQqMHLvdwzr3M3OPFnEllWV9Gbmp6ZnYuP19YWFxaXjFX12oySgShVRLxSDQ8LClnIa0qpjhtxILiwOO07vXOMr9+S4VkUXit+jF1A9wJmc8IVlpqmZtOzG520QlysOg4Ab5racHZu8wacpxCyyxaJWsI9JfYY1Isnz5ChkrL/HTaEUkCGirCsZRN24qVm2KhGOF0UHASSWNMerhDm5qGOKDSTYeHDNC2VtrIj4SuUKGh+nMjxYGU/cDTkwFWXTnpZeJ/XjNR/rGbsjBOFA3J6CE/4UhFKEsFtZmgRPG+JpgIpv+KSBcLTJTOLgvBnjz5L6ntl+zD0sGVTuMCRsjDBmzBDthwBGU4hwpUgcA9PMELvBoPxrPxZryPRnPGeGcdfsH4+AbH8Zlc</latexit>

⇡⇤ = argmax
⇡

J⇡
<latexit sha1_base64="XhoAxRsViDqNakcwslh1L7O4zrE="></latexit>

J⇡ = E⌧⇠⇡{
X

rt⇠⌧

�trt}

<latexit sha1_base64="3JhSqxkwkC77RvAaoG35hcHriZY=">AAACA3icbVDLSgMxFE181vqqulMXwSK4KjMi6rLgRndV7AM6Y8mkmTY0kxmSjFiGghv/wb3gxoUibv0JwYW/4srMtAttPRA4Oede7r3HizhT2rK+4NT0zOzcfG4hv7i0vLJaWFuvqTCWhFZJyEPZ8LCinAla1Uxz2ogkxYHHad3rnaR+/ZpKxUJxqfsRdQPcEcxnBGsjtQqbToB11/OTm4HDRPYhmCcXgytjFq2SlQFNEntEimX4cI+2P78rrcKH0w5JHFChCcdKNW0r0m6CpWaE00HeiRWNMOnhDm0aKnBAlZtkNwzQrlHayA+leUKjTP3dkeBAqX7gmcp0STXupeJ/XjPW/rGbMBHFmgoyHOTHHOkQpYGgNpOUaN43BBPJzK6IdLHERJvY8iYEe/zkSVLbL9mHpYNzk8YZGCIHtsAO2AM2OAJlcAoqoAoIuAWP4Bm8wDv4BF/h27B0Co56NsAfwPcf04Gb/w==</latexit>

x 2 Rn



Typical problems

Model identification: 
• given some trajectories  

estimate model

p(x0|x,u)
<latexit sha1_base64="JTPO5/3htPY/TLOM7GHUjJFwLsI=">AAACF3icbZDLSsNAFIYn9VbrLerSzdAiVJSSKKLLohuXFewFmlgm00k7dHJhZiKGmLfoxldx40IRt7rr2zhpi5fWHwY+/nMOc87vhIwKaRgjLbewuLS8kl8trK1vbG7p2zsNEUQckzoOWMBbDhKEUZ/UJZWMtEJOkOcw0nQGl1m9eUe4oIF/I+OQ2B7q+dSlGElldfRKWLY8JPuOm9ynt1bIqUfgA/zxjr45SuFBRy8ZFWMsOA/mFErVonU4HFXjWkf/tLoBjjziS8yQEG3TCKWdIC4pZiQtWJEgIcID1CNthT7yiLCT8V0p3FdOF7oBV8+XcOz+nkiQJ0TsOaoz21HM1jLzv1o7ku65nVA/jCTx8eQjN2JQBjALCXYpJ1iyWAHCnKpdIe4jjrBUURZUCObsyfPQOK6YJ5XTa5XGBZgoD/ZAEZSBCc5AFVyBGqgDDIbgCbyAV+1Re9betPdJa06bzuyCP9I+vgBXa6MA</latexit>

Inverse reinforcement learning: 
• given optimal trajectories 

estimate reward function
r(x,u,x0) 2 R

<latexit sha1_base64="tz8ggpzjECa6RQ8e6hza2qwx90w="></latexit>

p(x0|x,u)
<latexit sha1_base64="JTPO5/3htPY/TLOM7GHUjJFwLsI=">AAACF3icbZDLSsNAFIYn9VbrLerSzdAiVJSSKKLLohuXFewFmlgm00k7dHJhZiKGmLfoxldx40IRt7rr2zhpi5fWHwY+/nMOc87vhIwKaRgjLbewuLS8kl8trK1vbG7p2zsNEUQckzoOWMBbDhKEUZ/UJZWMtEJOkOcw0nQGl1m9eUe4oIF/I+OQ2B7q+dSlGElldfRKWLY8JPuOm9ynt1bIqUfgA/zxjr45SuFBRy8ZFWMsOA/mFErVonU4HFXjWkf/tLoBjjziS8yQEG3TCKWdIC4pZiQtWJEgIcID1CNthT7yiLCT8V0p3FdOF7oBV8+XcOz+nkiQJ0TsOaoz21HM1jLzv1o7ku65nVA/jCTx8eQjN2JQBjALCXYpJ1iyWAHCnKpdIe4jjrBUURZUCObsyfPQOK6YJ5XTa5XGBZgoD/ZAEZSBCc5AFVyBGqgDDIbgCbyAV+1Re9betPdJa06bzuyCP9I+vgBXa6MA</latexit>

Model predictive control / Planning 
• given the model and reward 

estimate optimal policy/planr(x,u,x0) 2 R
<latexit sha1_base64="tz8ggpzjECa6RQ8e6hza2qwx90w="></latexit>

<latexit sha1_base64="XiiKti9wD+DJ8Eb4pcsQk/5SibE=">AAACCHicbVC7SgNBFL0bXzG+Vi0tHAyCiIRdEbURIjZqFcE8ILuG2clsMmT2wcysGJaUNn6FvY2FIrZ+gp1/42ySQqMHLvdwzr3M3OPFnEllWV9Gbmp6ZnYuP19YWFxaXjFX12oySgShVRLxSDQ8LClnIa0qpjhtxILiwOO07vXOMr9+S4VkUXit+jF1A9wJmc8IVlpqmZtOzG520QlysOg4Ab5racHZu8wacpxCyyxaJWsI9JfYY1Isnz5ChkrL/HTaEUkCGirCsZRN24qVm2KhGOF0UHASSWNMerhDm5qGOKDSTYeHDNC2VtrIj4SuUKGh+nMjxYGU/cDTkwFWXTnpZeJ/XjNR/rGbsjBOFA3J6CE/4UhFKEsFtZmgRPG+JpgIpv+KSBcLTJTOLgvBnjz5L6ntl+zD0sGVTuMCRsjDBmzBDthwBGU4hwpUgcA9PMELvBoPxrPxZryPRnPGeGcdfsH4+AbH8Zlc</latexit>

⇡⇤ = argmax
⇡

J⇡

Reinforcement learning: 
• given rewards and trajectories, 

estimate optimal policyr(x,u,x0) 2 R
<latexit sha1_base64="tz8ggpzjECa6RQ8e6hza2qwx90w="></latexit>

<latexit sha1_base64="XiiKti9wD+DJ8Eb4pcsQk/5SibE=">AAACCHicbVC7SgNBFL0bXzG+Vi0tHAyCiIRdEbURIjZqFcE8ILuG2clsMmT2wcysGJaUNn6FvY2FIrZ+gp1/42ySQqMHLvdwzr3M3OPFnEllWV9Gbmp6ZnYuP19YWFxaXjFX12oySgShVRLxSDQ8LClnIa0qpjhtxILiwOO07vXOMr9+S4VkUXit+jF1A9wJmc8IVlpqmZtOzG520QlysOg4Ab5racHZu8wacpxCyyxaJWsI9JfYY1Isnz5ChkrL/HTaEUkCGirCsZRN24qVm2KhGOF0UHASSWNMerhDm5qGOKDSTYeHDNC2VtrIj4SuUKGh+nMjxYGU/cDTkwFWXTnpZeJ/XjNR/rGbsjBOFA3J6CE/4UhFKEsFtZmgRPG+JpgIpv+KSBcLTJTOLgvBnjz5L6ntl+zD0sGVTuMCRsjDBmzBDthwBGU4hwpUgcA9PMELvBoPxrPxZryPRnPGeGcdfsH4+AbH8Zlc</latexit>

⇡⇤ = argmax
⇡

J⇡



Typical problems

Model identification: 
• given some trajectories  

estimate model

p(x0|x,u)
<latexit sha1_base64="JTPO5/3htPY/TLOM7GHUjJFwLsI=">AAACF3icbZDLSsNAFIYn9VbrLerSzdAiVJSSKKLLohuXFewFmlgm00k7dHJhZiKGmLfoxldx40IRt7rr2zhpi5fWHwY+/nMOc87vhIwKaRgjLbewuLS8kl8trK1vbG7p2zsNEUQckzoOWMBbDhKEUZ/UJZWMtEJOkOcw0nQGl1m9eUe4oIF/I+OQ2B7q+dSlGElldfRKWLY8JPuOm9ynt1bIqUfgA/zxjr45SuFBRy8ZFWMsOA/mFErVonU4HFXjWkf/tLoBjjziS8yQEG3TCKWdIC4pZiQtWJEgIcID1CNthT7yiLCT8V0p3FdOF7oBV8+XcOz+nkiQJ0TsOaoz21HM1jLzv1o7ku65nVA/jCTx8eQjN2JQBjALCXYpJ1iyWAHCnKpdIe4jjrBUURZUCObsyfPQOK6YJ5XTa5XGBZgoD/ZAEZSBCc5AFVyBGqgDDIbgCbyAV+1Re9betPdJa06bzuyCP9I+vgBXa6MA</latexit>

Inverse reinforcement learning: 
• given optimal trajectories 

estimate reward function
r(x,u,x0) 2 R

<latexit sha1_base64="tz8ggpzjECa6RQ8e6hza2qwx90w="></latexit>

p(x0|x,u)
<latexit sha1_base64="JTPO5/3htPY/TLOM7GHUjJFwLsI=">AAACF3icbZDLSsNAFIYn9VbrLerSzdAiVJSSKKLLohuXFewFmlgm00k7dHJhZiKGmLfoxldx40IRt7rr2zhpi5fWHwY+/nMOc87vhIwKaRgjLbewuLS8kl8trK1vbG7p2zsNEUQckzoOWMBbDhKEUZ/UJZWMtEJOkOcw0nQGl1m9eUe4oIF/I+OQ2B7q+dSlGElldfRKWLY8JPuOm9ynt1bIqUfgA/zxjr45SuFBRy8ZFWMsOA/mFErVonU4HFXjWkf/tLoBjjziS8yQEG3TCKWdIC4pZiQtWJEgIcID1CNthT7yiLCT8V0p3FdOF7oBV8+XcOz+nkiQJ0TsOaoz21HM1jLzv1o7ku65nVA/jCTx8eQjN2JQBjALCXYpJ1iyWAHCnKpdIe4jjrBUURZUCObsyfPQOK6YJ5XTa5XGBZgoD/ZAEZSBCc5AFVyBGqgDDIbgCbyAV+1Re9betPdJa06bzuyCP9I+vgBXa6MA</latexit>

Model predictive control / Planning 
• given the model and reward 

estimate optimal policy/planr(x,u,x0) 2 R
<latexit sha1_base64="tz8ggpzjECa6RQ8e6hza2qwx90w="></latexit>

<latexit sha1_base64="XiiKti9wD+DJ8Eb4pcsQk/5SibE=">AAACCHicbVC7SgNBFL0bXzG+Vi0tHAyCiIRdEbURIjZqFcE8ILuG2clsMmT2wcysGJaUNn6FvY2FIrZ+gp1/42ySQqMHLvdwzr3M3OPFnEllWV9Gbmp6ZnYuP19YWFxaXjFX12oySgShVRLxSDQ8LClnIa0qpjhtxILiwOO07vXOMr9+S4VkUXit+jF1A9wJmc8IVlpqmZtOzG520QlysOg4Ab5racHZu8wacpxCyyxaJWsI9JfYY1Isnz5ChkrL/HTaEUkCGirCsZRN24qVm2KhGOF0UHASSWNMerhDm5qGOKDSTYeHDNC2VtrIj4SuUKGh+nMjxYGU/cDTkwFWXTnpZeJ/XjNR/rGbsjBOFA3J6CE/4UhFKEsFtZmgRPG+JpgIpv+KSBcLTJTOLgvBnjz5L6ntl+zD0sGVTuMCRsjDBmzBDthwBGU4hwpUgcA9PMELvBoPxrPxZryPRnPGeGcdfsH4+AbH8Zlc</latexit>

⇡⇤ = argmax
⇡

J⇡

Reinforcement learning: 
• given rewards and trajectories, 

estimate optimal policyr(x,u,x0) 2 R
<latexit sha1_base64="tz8ggpzjECa6RQ8e6hza2qwx90w="></latexit>

<latexit sha1_base64="XiiKti9wD+DJ8Eb4pcsQk/5SibE=">AAACCHicbVC7SgNBFL0bXzG+Vi0tHAyCiIRdEbURIjZqFcE8ILuG2clsMmT2wcysGJaUNn6FvY2FIrZ+gp1/42ySQqMHLvdwzr3M3OPFnEllWV9Gbmp6ZnYuP19YWFxaXjFX12oySgShVRLxSDQ8LClnIa0qpjhtxILiwOO07vXOMr9+S4VkUXit+jF1A9wJmc8IVlpqmZtOzG520QlysOg4Ab5racHZu8wacpxCyyxaJWsI9JfYY1Isnz5ChkrL/HTaEUkCGirCsZRN24qVm2KhGOF0UHASSWNMerhDm5qGOKDSTYeHDNC2VtrIj4SuUKGh+nMjxYGU/cDTkwFWXTnpZeJ/XjNR/rGbsjBOFA3J6CE/4UhFKEsFtZmgRPG+JpgIpv+KSBcLTJTOLgvBnjz5L6ntl+zD0sGVTuMCRsjDBmzBDthwBGU4hwpUgcA9PMELvBoPxrPxZryPRnPGeGcdfsH4+AbH8Zlc</latexit>

⇡⇤ = argmax
⇡

J⇡



Model identification:
• Employ physics engine and experimentally identify  

its physical quantities

• For example fully observable, time-discrete, linear system:

<latexit sha1_base64="zwivBbRIQQ4GDy7woCdEtuSDd3Q="></latexit>

✓

<latexit sha1_base64="q4qfw5zZciqxR0M9s0iIygfpMMQ="></latexit>

xk+1 = p✓(xk,uk) = Axk +Buk

• Learn network (deep convolutional) to predict  
following state                               .

<latexit sha1_base64="0EBuQ5HPdq3V/+jp/rinH3tP9rI="></latexit>

xk+1 = p✓(xk,uk) +N
<latexit sha1_base64="RajXTJKC17NuofZ9N8EYf7itfQM="></latexit>

argmin
✓

X

k

kp✓(xk,uk)� xk+1k22



Typical problems

Model identification: 
• given some trajectories  

estimate model

p(x0|x,u)
<latexit sha1_base64="JTPO5/3htPY/TLOM7GHUjJFwLsI=">AAACF3icbZDLSsNAFIYn9VbrLerSzdAiVJSSKKLLohuXFewFmlgm00k7dHJhZiKGmLfoxldx40IRt7rr2zhpi5fWHwY+/nMOc87vhIwKaRgjLbewuLS8kl8trK1vbG7p2zsNEUQckzoOWMBbDhKEUZ/UJZWMtEJOkOcw0nQGl1m9eUe4oIF/I+OQ2B7q+dSlGElldfRKWLY8JPuOm9ynt1bIqUfgA/zxjr45SuFBRy8ZFWMsOA/mFErVonU4HFXjWkf/tLoBjjziS8yQEG3TCKWdIC4pZiQtWJEgIcID1CNthT7yiLCT8V0p3FdOF7oBV8+XcOz+nkiQJ0TsOaoz21HM1jLzv1o7ku65nVA/jCTx8eQjN2JQBjALCXYpJ1iyWAHCnKpdIe4jjrBUURZUCObsyfPQOK6YJ5XTa5XGBZgoD/ZAEZSBCc5AFVyBGqgDDIbgCbyAV+1Re9betPdJa06bzuyCP9I+vgBXa6MA</latexit>

p(x0|x,u)
<latexit sha1_base64="JTPO5/3htPY/TLOM7GHUjJFwLsI=">AAACF3icbZDLSsNAFIYn9VbrLerSzdAiVJSSKKLLohuXFewFmlgm00k7dHJhZiKGmLfoxldx40IRt7rr2zhpi5fWHwY+/nMOc87vhIwKaRgjLbewuLS8kl8trK1vbG7p2zsNEUQckzoOWMBbDhKEUZ/UJZWMtEJOkOcw0nQGl1m9eUe4oIF/I+OQ2B7q+dSlGElldfRKWLY8JPuOm9ynt1bIqUfgA/zxjr45SuFBRy8ZFWMsOA/mFErVonU4HFXjWkf/tLoBjjziS8yQEG3TCKWdIC4pZiQtWJEgIcID1CNthT7yiLCT8V0p3FdOF7oBV8+XcOz+nkiQJ0TsOaoz21HM1jLzv1o7ku65nVA/jCTx8eQjN2JQBjALCXYpJ1iyWAHCnKpdIe4jjrBUURZUCObsyfPQOK6YJ5XTa5XGBZgoD/ZAEZSBCc5AFVyBGqgDDIbgCbyAV+1Re9betPdJa06bzuyCP9I+vgBXa6MA</latexit>

Model predictive control / Planning 
• given the model and reward 

estimate optimal policy/planr(x,u,x0) 2 R
<latexit sha1_base64="tz8ggpzjECa6RQ8e6hza2qwx90w="></latexit>

⇡⇤ = argmax
⇡

J⇡

Reinforcement learning: 
• given rewards and trajectories, 

estimate optimal policy

⇡⇤ = argmax
⇡

J⇡

r(x,u,x0) 2 R
<latexit sha1_base64="tz8ggpzjECa6RQ8e6hza2qwx90w="></latexit>

Inverse reinforcement learning: 
• given optimal trajectories 

estimate reward function
r(x,u,x0) 2 R

<latexit sha1_base64="tz8ggpzjECa6RQ8e6hza2qwx90w="></latexit>



Planning actions

• typically strongly non-convex => gradient optimization inefficient 
• exhaustive search (BFS, Dijkstra, A*, RRT, MPC) => repeated open loop control

Plan policy (sequence of actions) maximizing the 
rewards on model-based trajectories

<latexit sha1_base64="k31rCBsElScu80/G5b9WUIXm3XQ="></latexit>

argmax
u0,u1,...,uN�1

nX

k

r(xk,uk) | xk+1 = p✓(xk,uk)
o

r
<latexit sha1_base64="IbnMQ9qLk1JcXNbWK3+XyclpFyk="></latexit><latexit sha1_base64="IbnMQ9qLk1JcXNbWK3+XyclpFyk="></latexit><latexit sha1_base64="IbnMQ9qLk1JcXNbWK3+XyclpFyk="></latexit><latexit sha1_base64="IbnMQ9qLk1JcXNbWK3+XyclpFyk="></latexit>

<latexit sha1_base64="CTy/4LR1aifHGU9OYmQXnmcnNJk=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKUI8BL+opAfOAZAmzk95kzOzsMjMrhJAv8OJBEa9+kjf/xkmyB00saCiquunuChLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3cz81hMqzWP5YMYJ+hEdSB5yRo2V6ve9Ysktu3OQVeJlpAQZar3iV7cfszRCaZigWnc8NzH+hCrDmcBpoZtqTCgb0QF2LJU0Qu1P5odOyZlV+iSMlS1pyFz9PTGhkdbjKLCdETVDvezNxP+8TmrCa3/CZZIalGyxKEwFMTGZfU36XCEzYmwJZYrbWwkbUkWZsdkUbAje8surpHlR9i7LlXqlVL3L4sjDCZzCOXhwBVW4hRo0gAHCM7zCm/PovDjvzseiNedkM8fwB87nD6WKjN4=</latexit>

J
p✓

<latexit sha1_base64="bojDJWEHTRET+MNxAovHO1CuKXg="></latexit><latexit sha1_base64="bojDJWEHTRET+MNxAovHO1CuKXg="></latexit><latexit sha1_base64="bojDJWEHTRET+MNxAovHO1CuKXg="></latexit><latexit sha1_base64="bojDJWEHTRET+MNxAovHO1CuKXg="></latexit>

…

<latexit sha1_base64="yPPycajpLJLWoneq8EH78pnbz+U=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgxpJIUZcFN7qRCvYBbQiT6aQdOpmEmUmhhPyJGxeKuPVP3Pk3TtsstPXAwOGce7lnTpBwprTjfFultfWNza3ydmVnd2//wD48aqs4lYS2SMxj2Q2wopwJ2tJMc9pNJMVRwGknGN/O/M6ESsVi8aSnCfUiPBQsZARrI/m23Y+wHgVhluZ+9nDh5r5ddWrOHGiVuAWpQoGmb3/1BzFJIyo04Vipnusk2suw1Ixwmlf6qaIJJmM8pD1DBY6o8rJ58hydGWWAwliaJzSaq783MhwpNY0CMznLqZa9mfif10t1eONlTCSppoIsDoUpRzpGsxrQgElKNJ8agolkJisiIywx0aasiinBXf7yKmlf1tyrWv2xXm3cF3WU4QRO4RxcuIYG3EETWkBgAs/wCm9WZr1Y79bHYrRkFTvH8AfW5w9+3pOZ</latexit>uN�1

<latexit sha1_base64="TmkZaTyMenQpvV+o5tSk/h85+r4=">AAAB+XicbVDLSsNAFL3xWesr6tLNYBHcWBIp6rLgRjdSwT6gDWUynbRDJ5MwMymWkD9x40IRt/6JO//GSZuFth4YOJxzL/fM8WPOlHacb2tldW19Y7O0Vd7e2d3btw8OWypKJKFNEvFIdnysKGeCNjXTnHZiSXHoc9r2xze5355QqVgkHvU0pl6Ih4IFjGBtpL5t90KsR36QPmX99P7czfp2xak6M6Bl4hakAgUaffurN4hIElKhCcdKdV0n1l6KpWaE06zcSxSNMRnjIe0aKnBIlZfOkmfo1CgDFETSPKHRTP29keJQqWnom8k8p1r0cvE/r5vo4NpLmYgTTQWZHwoSjnSE8hrQgElKNJ8agolkJisiIywx0aassinBXfzyMmldVN3Lau2hVqnfFXWU4BhO4AxcuII63EIDmkBgAs/wCm9War1Y79bHfHTFKnaO4A+szx+Df5Oc</latexit>xN�1
p✓

<latexit sha1_base64="bojDJWEHTRET+MNxAovHO1CuKXg="></latexit><latexit sha1_base64="bojDJWEHTRET+MNxAovHO1CuKXg="></latexit><latexit sha1_base64="bojDJWEHTRET+MNxAovHO1CuKXg="></latexit><latexit sha1_base64="bojDJWEHTRET+MNxAovHO1CuKXg="></latexit>

<latexit sha1_base64="u+qQ+q2XaSalRa+4sxYlAikdkc4=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiSi6LLoxmUF+4AmlMl00g6dTMI8hBD6G25cKOLWn3Hn3zhps9DWAwOHc+7lnjlhypnSrvvtVNbWNza3qtu1nd29/YP64VFXJUYS2iEJT2Q/xIpyJmhHM81pP5UUxyGnvXB6V/i9JyoVS8SjzlIaxHgsWMQI1lby/RjrSRjlZjZ0h/WG23TnQKvEK0kDSrSH9S9/lBATU6EJx0oNPDfVQY6lZoTTWc03iqaYTPGYDiwVOKYqyOeZZ+jMKiMUJdI+odFc/b2R41ipLA7tZJFRLXuF+J83MDq6CXImUqOpIItDkeFIJ6goAI2YpETzzBJMJLNZEZlgiYm2NdVsCd7yl1dJ96LpXTXdh8tG67asowoncArn4ME1tOAe2tABAik8wyu8OcZ5cd6dj8VoxSl3juEPnM8fJZmRwA==</latexit>u0
x0

<latexit sha1_base64="x5qlii+3HNX83+VKqPpHuLFIng0="></latexit><latexit sha1_base64="x5qlii+3HNX83+VKqPpHuLFIng0="></latexit><latexit sha1_base64="x5qlii+3HNX83+VKqPpHuLFIng0="></latexit><latexit sha1_base64="x5qlii+3HNX83+VKqPpHuLFIng0="></latexit>

<latexit sha1_base64="BMEKeOKCRxNDySp4Yv5byEmCZh0=">AAAB9XicbVDLSsNAFL2pr1pfUZduBovgqiRS1GXBje4q2Ae0sUymk3boZBJmJmoJ+Q83LhRx67+482+ctFlo64GBwzn3cs8cP+ZMacf5tkorq2vrG+XNytb2zu6evX/QVlEiCW2RiEey62NFORO0pZnmtBtLikOf044/ucr9zgOVikXiTk9j6oV4JFjACNZGuu+HWI/9IH3KBqmbDeyqU3NmQMvELUgVCjQH9ld/GJEkpEITjpXquU6svRRLzQinWaWfKBpjMsEj2jNU4JAqL52lztCJUYYoiKR5QqOZ+nsjxaFS09A3k3lKtejl4n9eL9HBpZcyESeaCjI/FCQc6QjlFaAhk5RoPjUEE8lMVkTGWGKiTVEVU4K7+OVl0j6ruee1+m292rgp6ijDERzDKbhwAQ24hia0gICEZ3iFN+vRerHerY/5aMkqdg7hD6zPH/uvktw=</latexit>x1
<latexit sha1_base64="jNeF+WLGRsZcrHOrjcxlj/OS0gA=">AAAB9XicbVDLSsNAFL2pr1pfUZduBovgqiRS1GXBje4q2Ae0sUymk3boZBJmJmoJ+Q83LhRx67+482+ctFlo64GBwzn3cs8cP+ZMacf5tkorq2vrG+XNytb2zu6evX/QVlEiCW2RiEey62NFORO0pZnmtBtLikOf044/ucr9zgOVikXiTk9j6oV4JFjACNZGuu+HWI/9IH3KBqmTDeyqU3NmQMvELUgVCjQH9ld/GJEkpEITjpXquU6svRRLzQinWaWfKBpjMsEj2jNU4JAqL52lztCJUYYoiKR5QqOZ+nsjxaFS09A3k3lKtejl4n9eL9HBpZcyESeaCjI/FCQc6QjlFaAhk5RoPjUEE8lMVkTGWGKiTVEVU4K7+OVl0j6ruee1+m292rgp6ijDERzDKbhwAQ24hia0gICEZ3iFN+vRerHerY/5aMkqdg7hD6zPH/oqkts=</latexit>x0



Learning policy

x0
<latexit sha1_base64="x5qlii+3HNX83+VKqPpHuLFIng0="></latexit><latexit sha1_base64="x5qlii+3HNX83+VKqPpHuLFIng0="></latexit><latexit sha1_base64="x5qlii+3HNX83+VKqPpHuLFIng0="></latexit><latexit sha1_base64="x5qlii+3HNX83+VKqPpHuLFIng0="></latexit>

p✓
<latexit sha1_base64="bojDJWEHTRET+MNxAovHO1CuKXg="></latexit><latexit sha1_base64="bojDJWEHTRET+MNxAovHO1CuKXg="></latexit><latexit sha1_base64="bojDJWEHTRET+MNxAovHO1CuKXg="></latexit><latexit sha1_base64="bojDJWEHTRET+MNxAovHO1CuKXg="></latexit>

⇡!
<latexit sha1_base64="nQeOCVMHtLRtZEBck1pEMvoxCjg="></latexit><latexit sha1_base64="nQeOCVMHtLRtZEBck1pEMvoxCjg="></latexit><latexit sha1_base64="nQeOCVMHtLRtZEBck1pEMvoxCjg="></latexit><latexit sha1_base64="nQeOCVMHtLRtZEBck1pEMvoxCjg="></latexit>

p✓
<latexit sha1_base64="bojDJWEHTRET+MNxAovHO1CuKXg="></latexit><latexit sha1_base64="bojDJWEHTRET+MNxAovHO1CuKXg="></latexit><latexit sha1_base64="bojDJWEHTRET+MNxAovHO1CuKXg="></latexit><latexit sha1_base64="bojDJWEHTRET+MNxAovHO1CuKXg="></latexit>

… r
<latexit sha1_base64="IbnMQ9qLk1JcXNbWK3+XyclpFyk="></latexit><latexit sha1_base64="IbnMQ9qLk1JcXNbWK3+XyclpFyk="></latexit><latexit sha1_base64="IbnMQ9qLk1JcXNbWK3+XyclpFyk="></latexit><latexit sha1_base64="IbnMQ9qLk1JcXNbWK3+XyclpFyk="></latexit>

Learn policy (e.g. deep net) maximizing the 
rewards on model-based trajectories

⇡!
<latexit sha1_base64="nQeOCVMHtLRtZEBck1pEMvoxCjg="></latexit><latexit sha1_base64="nQeOCVMHtLRtZEBck1pEMvoxCjg="></latexit><latexit sha1_base64="nQeOCVMHtLRtZEBck1pEMvoxCjg="></latexit><latexit sha1_base64="nQeOCVMHtLRtZEBck1pEMvoxCjg="></latexit>

• Especially: linear system and policy + quadratic reward function  
• LQR has closed form solution => closed loop control

<latexit sha1_base64="Zwa8K1B5rJs6rQ+w8h/jxfemZGE="></latexit>

argmax
!

nX

k

r(xk,uk) | xk+1 = p✓(xk,uk), uk = ⇡!(xk)
o

<latexit sha1_base64="yPPycajpLJLWoneq8EH78pnbz+U=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgxpJIUZcFN7qRCvYBbQiT6aQdOpmEmUmhhPyJGxeKuPVP3Pk3TtsstPXAwOGce7lnTpBwprTjfFultfWNza3ydmVnd2//wD48aqs4lYS2SMxj2Q2wopwJ2tJMc9pNJMVRwGknGN/O/M6ESsVi8aSnCfUiPBQsZARrI/m23Y+wHgVhluZ+9nDh5r5ddWrOHGiVuAWpQoGmb3/1BzFJIyo04Vipnusk2suw1Ixwmlf6qaIJJmM8pD1DBY6o8rJ58hydGWWAwliaJzSaq783MhwpNY0CMznLqZa9mfif10t1eONlTCSppoIsDoUpRzpGsxrQgElKNJ8agolkJisiIywx0aasiinBXf7yKmlf1tyrWv2xXm3cF3WU4QRO4RxcuIYG3EETWkBgAs/wCm9WZr1Y79bHYrRkFTvH8AfW5w9+3pOZ</latexit>uN�1
<latexit sha1_base64="BMEKeOKCRxNDySp4Yv5byEmCZh0=">AAAB9XicbVDLSsNAFL2pr1pfUZduBovgqiRS1GXBje4q2Ae0sUymk3boZBJmJmoJ+Q83LhRx67+482+ctFlo64GBwzn3cs8cP+ZMacf5tkorq2vrG+XNytb2zu6evX/QVlEiCW2RiEey62NFORO0pZnmtBtLikOf044/ucr9zgOVikXiTk9j6oV4JFjACNZGuu+HWI/9IH3KBqmbDeyqU3NmQMvELUgVCjQH9ld/GJEkpEITjpXquU6svRRLzQinWaWfKBpjMsEj2jNU4JAqL52lztCJUYYoiKR5QqOZ+nsjxaFS09A3k3lKtejl4n9eL9HBpZcyESeaCjI/FCQc6QjlFaAhk5RoPjUEE8lMVkTGWGKiTVEVU4K7+OVl0j6ruee1+m292rgp6ijDERzDKbhwAQ24hia0gICEZ3iFN+vRerHerY/5aMkqdg7hD6zPH/uvktw=</latexit>x1

<latexit sha1_base64="u+qQ+q2XaSalRa+4sxYlAikdkc4=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiSi6LLoxmUF+4AmlMl00g6dTMI8hBD6G25cKOLWn3Hn3zhps9DWAwOHc+7lnjlhypnSrvvtVNbWNza3qtu1nd29/YP64VFXJUYS2iEJT2Q/xIpyJmhHM81pP5UUxyGnvXB6V/i9JyoVS8SjzlIaxHgsWMQI1lby/RjrSRjlZjZ0h/WG23TnQKvEK0kDSrSH9S9/lBATU6EJx0oNPDfVQY6lZoTTWc03iqaYTPGYDiwVOKYqyOeZZ+jMKiMUJdI+odFc/b2R41ipLA7tZJFRLXuF+J83MDq6CXImUqOpIItDkeFIJ6goAI2YpETzzBJMJLNZEZlgiYm2NdVsCd7yl1dJ96LpXTXdh8tG67asowoncArn4ME1tOAe2tABAik8wyu8OcZ5cd6dj8VoxSl3juEPnM8fJZmRwA==</latexit>u0 <latexit sha1_base64="CTy/4LR1aifHGU9OYmQXnmcnNJk=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKUI8BL+opAfOAZAmzk95kzOzsMjMrhJAv8OJBEa9+kjf/xkmyB00saCiquunuChLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3cz81hMqzWP5YMYJ+hEdSB5yRo2V6ve9Ysktu3OQVeJlpAQZar3iV7cfszRCaZigWnc8NzH+hCrDmcBpoZtqTCgb0QF2LJU0Qu1P5odOyZlV+iSMlS1pyFz9PTGhkdbjKLCdETVDvezNxP+8TmrCa3/CZZIalGyxKEwFMTGZfU36XCEzYmwJZYrbWwkbUkWZsdkUbAje8surpHlR9i7LlXqlVL3L4sjDCZzCOXhwBVW4hRo0gAHCM7zCm/PovDjvzseiNedkM8fwB87nD6WKjN4=</latexit>

J
<latexit sha1_base64="TmkZaTyMenQpvV+o5tSk/h85+r4=">AAAB+XicbVDLSsNAFL3xWesr6tLNYBHcWBIp6rLgRjdSwT6gDWUynbRDJ5MwMymWkD9x40IRt/6JO//GSZuFth4YOJxzL/fM8WPOlHacb2tldW19Y7O0Vd7e2d3btw8OWypKJKFNEvFIdnysKGeCNjXTnHZiSXHoc9r2xze5355QqVgkHvU0pl6Ih4IFjGBtpL5t90KsR36QPmX99P7czfp2xak6M6Bl4hakAgUaffurN4hIElKhCcdKdV0n1l6KpWaE06zcSxSNMRnjIe0aKnBIlZfOkmfo1CgDFETSPKHRTP29keJQqWnom8k8p1r0cvE/r5vo4NpLmYgTTQWZHwoSjnSE8hrQgElKNJ8agolkJisiIywx0aassinBXfzyMmldVN3Lau2hVqnfFXWU4BhO4AxcuII63EIDmkBgAs/wCm9War1Y79bHfHTFKnaO4A+szx+Df5Oc</latexit>xN�1



Typical problems

Model identification: 
• given some trajectories  

estimate model

p(x0|x,u)
<latexit sha1_base64="JTPO5/3htPY/TLOM7GHUjJFwLsI=">AAACF3icbZDLSsNAFIYn9VbrLerSzdAiVJSSKKLLohuXFewFmlgm00k7dHJhZiKGmLfoxldx40IRt7rr2zhpi5fWHwY+/nMOc87vhIwKaRgjLbewuLS8kl8trK1vbG7p2zsNEUQckzoOWMBbDhKEUZ/UJZWMtEJOkOcw0nQGl1m9eUe4oIF/I+OQ2B7q+dSlGElldfRKWLY8JPuOm9ynt1bIqUfgA/zxjr45SuFBRy8ZFWMsOA/mFErVonU4HFXjWkf/tLoBjjziS8yQEG3TCKWdIC4pZiQtWJEgIcID1CNthT7yiLCT8V0p3FdOF7oBV8+XcOz+nkiQJ0TsOaoz21HM1jLzv1o7ku65nVA/jCTx8eQjN2JQBjALCXYpJ1iyWAHCnKpdIe4jjrBUURZUCObsyfPQOK6YJ5XTa5XGBZgoD/ZAEZSBCc5AFVyBGqgDDIbgCbyAV+1Re9betPdJa06bzuyCP9I+vgBXa6MA</latexit>

p(x0|x,u)
<latexit sha1_base64="JTPO5/3htPY/TLOM7GHUjJFwLsI=">AAACF3icbZDLSsNAFIYn9VbrLerSzdAiVJSSKKLLohuXFewFmlgm00k7dHJhZiKGmLfoxldx40IRt7rr2zhpi5fWHwY+/nMOc87vhIwKaRgjLbewuLS8kl8trK1vbG7p2zsNEUQckzoOWMBbDhKEUZ/UJZWMtEJOkOcw0nQGl1m9eUe4oIF/I+OQ2B7q+dSlGElldfRKWLY8JPuOm9ynt1bIqUfgA/zxjr45SuFBRy8ZFWMsOA/mFErVonU4HFXjWkf/tLoBjjziS8yQEG3TCKWdIC4pZiQtWJEgIcID1CNthT7yiLCT8V0p3FdOF7oBV8+XcOz+nkiQJ0TsOaoz21HM1jLzv1o7ku65nVA/jCTx8eQjN2JQBjALCXYpJ1iyWAHCnKpdIe4jjrBUURZUCObsyfPQOK6YJ5XTa5XGBZgoD/ZAEZSBCc5AFVyBGqgDDIbgCbyAV+1Re9betPdJa06bzuyCP9I+vgBXa6MA</latexit>

Model predictive control / Planning 
• given the model and reward 

estimate optimal policy/planr(x,u,x0) 2 R
<latexit sha1_base64="tz8ggpzjECa6RQ8e6hza2qwx90w="></latexit>

⇡⇤ = argmax
⇡

J⇡

Reinforcement learning: 
• given rewards and trajectories, 

estimate optimal policy

⇡⇤ = argmax
⇡

J⇡

r(x,u,x0) 2 R
<latexit sha1_base64="tz8ggpzjECa6RQ8e6hza2qwx90w="></latexit>

Inverse reinforcement learning: 
• given optimal trajectories 

estimate reward function
r(x,u,x0) 2 R

<latexit sha1_base64="tz8ggpzjECa6RQ8e6hza2qwx90w="></latexit>



Deterministic vs stochastic policy
Deterministic policy for  
continuous control:

x
<latexit sha1_base64="/hJkej/HRouyoVE0EC7jObVO/D4="></latexit>

u
<latexit sha1_base64="4d5APMdnY1Eq/s+yFYET2kYm6N0="></latexit>

<latexit sha1_base64="IwxoFuDxROQq/o5X8BA3dxE0AyE="></latexit>

⇡✓(u|x) = f(x, ✓)

<latexit sha1_base64="IwxoFuDxROQq/o5X8BA3dxE0AyE="></latexit>

⇡✓(u|x) = f(x, ✓)

Stochastic policy for  
continuous control:

x
<latexit sha1_base64="/hJkej/HRouyoVE0EC7jObVO/D4="></latexit>

u
<latexit sha1_base64="4d5APMdnY1Eq/s+yFYET2kYm6N0="></latexit>

μ σ<latexit sha1_base64="IwxoFuDxROQq/o5X8BA3dxE0AyE="></latexit>

⇡✓(u|x) = f(x, ✓)<latexit sha1_base64="ltEdFT5KEmJt7nylwd/zqszURpg="></latexit>

⇡✓(u|x) ⇠ N (u; µ,�2) = C · exp
⇣
� (µ� u)2

�2

⌘

<latexit sha1_base64="ltEdFT5KEmJt7nylwd/zqszURpg="></latexit>

⇡✓(u|x) ⇠ N (u; µ,�2) = C · exp
⇣
� (µ� u)2

�2

⌘

u
<latexit sha1_base64="4d5APMdnY1Eq/s+yFYET2kYm6N0="></latexit>

from torch.distributions.normal import Normal
distribution = Normal(mu, sigma)
actions = distribution.sample()

x
<latexit sha1_base64="/hJkej/HRouyoVE0EC7jObVO/D4="></latexit>

Stochastic policy for 
discrete control:

<latexit sha1_base64="IwxoFuDxROQq/o5X8BA3dxE0AyE="></latexit>

⇡✓(u|x) = f(x, ✓)
<latexit sha1_base64="oFcbHiVtEhpmnvqlBWzCG0eRP94=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIr2XRjcsK9oFtKZn0ThuayQxJRihD/8KNC0Xc+jfu/Bsz7Sy09UDgcM695Nzjx4Jr47rfTmFldW19o7hZ2tre2d0r7x80dZQohg0WiUi1fapRcIkNw43AdqyQhr7Alj++zfzWEyrNI/lgJjH2QjqUPOCMGis9dkNqRn6QxtN+ueJW3RnIMvFyUoEc9X75qzuIWBKiNExQrTueG5teSpXhTOC01E00xpSN6RA7lkoaou6ls8RTcmKVAQkiZZ80ZKb+3khpqPUk9O1kllAvepn4n9dJTHDdS7mME4OSzT8KEkFMRLLzyYArZEZMLKFMcZuVsBFVlBlbUsmW4C2evEyaZ1Xvsnpxf16p3eR1FOEIjuEUPLiCGtxBHRrAQMIzvMKbo50X5935mI8WnHznEP7A+fwB9FGRHg==</latexit>p

<latexit sha1_base64="VrcuVDLtRjrHWPbiNp1JFiOBZO0="></latexit>

⇡✓(u|x) ⇠ p(u; p)



Deterministic vs stochastic policy

u
<latexit sha1_base64="4d5APMdnY1Eq/s+yFYET2kYm6N0="></latexit>

Stochastic policy for 
discrete control:

<latexit sha1_base64="VrcuVDLtRjrHWPbiNp1JFiOBZO0="></latexit>

⇡✓(u|x) ⇠ p(u; p)

from torch.distributions.normal import Categorical
distribution = Categorical(mu, sigma)
actions = distribution.sample()

x
<latexit sha1_base64="/hJkej/HRouyoVE0EC7jObVO/D4="></latexit>

<latexit sha1_base64="IwxoFuDxROQq/o5X8BA3dxE0AyE="></latexit>

⇡✓(u|x) = f(x, ✓)
<latexit sha1_base64="oFcbHiVtEhpmnvqlBWzCG0eRP94=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIr2XRjcsK9oFtKZn0ThuayQxJRihD/8KNC0Xc+jfu/Bsz7Sy09UDgcM695Nzjx4Jr47rfTmFldW19o7hZ2tre2d0r7x80dZQohg0WiUi1fapRcIkNw43AdqyQhr7Alj++zfzWEyrNI/lgJjH2QjqUPOCMGis9dkNqRn6QxtN+ueJW3RnIMvFyUoEc9X75qzuIWBKiNExQrTueG5teSpXhTOC01E00xpSN6RA7lkoaou6ls8RTcmKVAQkiZZ80ZKb+3khpqPUk9O1kllAvepn4n9dJTHDdS7mME4OSzT8KEkFMRLLzyYArZEZMLKFMcZuVsBFVlBlbUsmW4C2evEyaZ1Xvsnpxf16p3eR1FOEIjuEUPLiCGtxBHRrAQMIzvMKbo50X5935mI8WnHznEP7A+fwB9FGRHg==</latexit>p<latexit sha1_base64="VrcuVDLtRjrHWPbiNp1JFiOBZO0="></latexit>

⇡✓(u|x) ⇠ p(u; p)

Deterministic policy for  
continuous control:

x
<latexit sha1_base64="/hJkej/HRouyoVE0EC7jObVO/D4="></latexit>

u
<latexit sha1_base64="4d5APMdnY1Eq/s+yFYET2kYm6N0="></latexit>

<latexit sha1_base64="IwxoFuDxROQq/o5X8BA3dxE0AyE="></latexit>

⇡✓(u|x) = f(x, ✓)

<latexit sha1_base64="IwxoFuDxROQq/o5X8BA3dxE0AyE="></latexit>

⇡✓(u|x) = f(x, ✓)

Stochastic policy for  
continuous control:

x
<latexit sha1_base64="/hJkej/HRouyoVE0EC7jObVO/D4="></latexit>

u
<latexit sha1_base64="4d5APMdnY1Eq/s+yFYET2kYm6N0="></latexit>

μ σ<latexit sha1_base64="IwxoFuDxROQq/o5X8BA3dxE0AyE="></latexit>

⇡✓(u|x) = f(x, ✓)<latexit sha1_base64="ltEdFT5KEmJt7nylwd/zqszURpg="></latexit>

⇡✓(u|x) ⇠ N (u; µ,�2) = C · exp
⇣
� (µ� u)2

�2

⌘

<latexit sha1_base64="ltEdFT5KEmJt7nylwd/zqszURpg="></latexit>

⇡✓(u|x) ⇠ N (u; µ,�2) = C · exp
⇣
� (µ� u)2

�2

⌘

from torch.distributions.normal import Normal
distribution = Normal(mu, sigma)
actions = distribution.sample()

<latexit sha1_base64="R8S92S84QKnfUNGGh500JG0ijBs=">AAACA3icbVDLSgMxFL1TX7W+Rt3pJliEuikz4msjFNzoroJ9QDuUTJppQzMPkoxYxgE3/oobF4q49Sfc+Tdm2graeiBwcs693HuPG3EmlWV9Gbm5+YXFpfxyYWV1bX3D3NyqyzAWhNZIyEPRdLGknAW0ppjitBkJin2X04Y7uMj8xi0VkoXBjRpG1PFxL2AeI1hpqWPuRKW2j1Xf9ZI4Pbfvfz536UHHLFplawQ0S+wJKcIE1Y752e6GJPZpoAjHUrZsK1JOgoVihNO00I4ljTAZ4B5taRpgn0onGd2Qon2tdJEXCv0ChUbq744E+1IOfVdXZivKaS8T//NasfLOnIQFUaxoQMaDvJgjFaIsENRlghLFh5pgIpjeFZE+FpgoHVtBh2BPnzxL6odl+6R8fH1UrFxN4sjDLuxBCWw4hQpcQhVqQOABnuAFXo1H49l4M97HpTlj0rMNf2B8fAMoWpfk</latexit>

p(u = 1|x)
<latexit sha1_base64="UwZ3UkhoOpNVdJS+DKtTQwvuAg8=">AAACA3icbVDLSgMxFL3js9bXqDvdBItQN2Wm+NoIBTe6q2Af0A4lk2ba0MyDJCOWccCNv+LGhSJu/Ql3/o2ZtoK2HgicnHMv997jRpxJZVlfxtz8wuLScm4lv7q2vrFpbm3XZRgLQmsk5KFoulhSzgJaU0xx2owExb7LacMdXGR+45YKycLgRg0j6vi4FzCPEay01DF3o2Lbx6rvekmcnpfvfz536WHHLFglawQ0S+wJKcAE1Y752e6GJPZpoAjHUrZsK1JOgoVihNM0344ljTAZ4B5taRpgn0onGd2QogOtdJEXCv0ChUbq744E+1IOfVdXZivKaS8T//NasfLOnIQFUaxoQMaDvJgjFaIsENRlghLFh5pgIpjeFZE+FpgoHVteh2BPnzxL6uWSfVI6vj4qVK4mceRgD/ahCDacQgUuoQo1IPAAT/ACr8aj8Wy8Ge/j0jlj0rMDf2B8fAMp6pfl</latexit>

p(u = 2|x)
<latexit sha1_base64="AFIdkJb6TMrIloWDeOgAd/BbgYs=">AAACA3icbVDLSsNAFL3xWesr6k43wSLUTUl8b4SCG91VsA9oS5lMJ+3QySTMTMQSA278FTcuFHHrT7jzb5y0EbT1wMCZc+7l3nvckFGpbPvLmJmdm19YzC3ll1dW19bNjc2aDCKBSRUHLBANF0nCKCdVRRUjjVAQ5LuM1N3BRerXb4mQNOA3ahiSto96nHoUI6WljrkdFls+Un3Xi6Pk/PD+53OX7HfMgl2yR7CmiZORAmSodMzPVjfAkU+4wgxJ2XTsULVjJBTFjCT5ViRJiPAA9UhTU458Itvx6IbE2tNK1/ICoR9X1kj93REjX8qh7+rKdEU56aXif14zUt5ZO6Y8jBTheDzIi5ilAisNxOpSQbBiQ00QFlTvauE+EggrHVteh+BMnjxNagcl56R0fH1UKF9lceRgB3ahCA6cQhkuoQJVwPAAT/ACr8aj8Wy8Ge/j0hkj69mCPzA+vgErepfm</latexit>

p(u = 3|x)
u

<latexit sha1_base64="4d5APMdnY1Eq/s+yFYET2kYm6N0="></latexit>



x

x0
<latexit sha1_base64="KkyT1DMjIA/1kXOCJxrxq5tskN0=">AAACCXicbZDLSsNAFIZP6q3WW9Slm8EiVJSSSFE3hYIb3VWwF2hDmUwn7dDJhZmJWEK3bnwVNy4UcesbuPNtnLQRtPrDwMd/zmHO+d2IM6ks69PILSwuLa/kVwtr6xubW+b2TlOGsSC0QUIeiraLJeUsoA3FFKftSFDsu5y23NFFWm/dUiFZGNyocUQdHw8C5jGClbZ6JhKlro/V0PWSu8kx+uZ4UrUPURUd2T2zaJWtqdBfsDMoQqZ6z/zo9kMS+zRQhGMpO7YVKSfBQjHC6aTQjSWNMBnhAe1oDLBPpZNML5mgA+30kRcK/QKFpu7PiQT7Uo59V3emm8r5Wmr+V+vEyjt3EhZEsaIBmX3kxRypEKWxoD4TlCg+1oCJYHpXRIZYYKJ0eAUdgj1/8l9onpTt03LlulKsXWVx5GEP9qEENpxBDS6hDg0gcA+P8AwvxoPxZLwab7PWnJHN7MIvGe9fRb+Yyg==</latexit>

r(x,u = 1) = +1
<latexit sha1_base64="kRSwqVa9bepAqRuS8vP7AvO//MM=">AAACDXicbVDLSsNAFJ3UV62vqEs3g1Wom5BI0W4KBTe6q2Af0IQymU7aoZMHMxOxxPyAG3/FjQtF3Lp35984aSNo64GBM+fcy733uBGjQprml1ZYWl5ZXSuulzY2t7Z39N29tghjjkkLhyzkXRcJwmhAWpJKRroRJ8h3Gem444vM79wSLmgY3MhJRBwfDQPqUYykkvr6kR3Riu0jOXK9JE7rFryHP9+79ATWoWnU+nrZNMwp4CKxclIGOZp9/dMehDj2SSAxQ0L0LDOSToK4pJiRtGTHgkQIj9GQ9BQNkE+Ek0yvSeGxUgbQC7l6gYRT9XdHgnwhJr6rKrNFxbyXif95vVh6NSehQRRLEuDZIC9mUIYwiwYOKCdYsokiCHOqdoV4hDjCUgVYUiFY8ycvkvapYZ0Z1etquXGVx1EEB+AQVIAFzkEDXIImaAEMHsATeAGv2qP2rL1p77PSgpb37IM/0D6+ATKEml8=</latexit>

⇡(u = 1|x) = 0.8

x00
<latexit sha1_base64="RVpeRyEoRXskBVuRXslHWbNnj8Y=">AAACCXicbZDLSsNAFIYn9VbrLerSzWARKmhJSlE3hYIb3VWwF2hDmUwn7dDJJMxMxBKydeOruHGhiFvfwJ1v46SNoK0/DHz85xzmnN8NGZXKsr6M3NLyyupafr2wsbm1vWPu7rVkEAlMmjhggei4SBJGOWkqqhjphIIg32Wk7Y4v03r7jghJA36rJiFxfDTk1KMYKW31TShKPR+pkevF98kJ/OEoqVWOYQ2e2n2zaJWtqeAi2BkUQaZG3/zsDQIc+YQrzJCUXdsKlRMjoShmJCn0IklChMdoSLoaOfKJdOLpJQk80s4AeoHQjys4dX9PxMiXcuK7ujPdVM7XUvO/WjdS3oUTUx5GinA8+8iLGFQBTGOBAyoIVmyiAWFB9a4Qj5BAWOnwCjoEe/7kRWhVyvZZuXpTLdavszjy4AAcghKwwTmogyvQAE2AwQN4Ai/g1Xg0no03433WmjOymX3wR8bHN0pTmM0=</latexit>

r(x,u = 2) = �1
<latexit sha1_base64="iiTWTXRtvWpeWC1KHji5uOI1dPk=">AAACDXicbVDLSsNAFJ3UV62vqEs3g1Wom5CUom4KBTe6q2Af0IQymU7aoZMHMxOxxPyAG3/FjQtF3Lp35984aSNo64GBM+fcy733uBGjQprml1ZYWl5ZXSuulzY2t7Z39N29tghjjkkLhyzkXRcJwmhAWpJKRroRJ8h3Gem444vM79wSLmgY3MhJRBwfDQPqUYykkvr6kR3Riu0jOXK9JE7rVXgPf7536QmsQ9Oo9vWyaZhTwEVi5aQMcjT7+qc9CHHsk0BihoToWWYknQRxSTEjacmOBYkQHqMh6SkaIJ8IJ5lek8JjpQygF3L1Agmn6u+OBPlCTHxXVWaLinkvE//zerH0zp2EBlEsSYBng7yYQRnCLBo4oJxgySaKIMyp2hXiEeIISxVgSYVgzZ+8SNpVwzo1ate1cuMqj6MIDsAhqAALnIEGuARN0AIYPIAn8AJetUftWXvT3melBS3v2Qd/oH18AysEmlo=</latexit>

⇡(u = 2|x) = 0.2

Stochastic policy for 
discrete control:

<latexit sha1_base64="VrcuVDLtRjrHWPbiNp1JFiOBZO0="></latexit>

⇡✓(u|x) ⇠ p(u; p) x
<latexit sha1_base64="/hJkej/HRouyoVE0EC7jObVO/D4="></latexit>

<latexit sha1_base64="IwxoFuDxROQq/o5X8BA3dxE0AyE="></latexit>

⇡✓(u|x) = f(x, ✓)
<latexit sha1_base64="oFcbHiVtEhpmnvqlBWzCG0eRP94=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIr2XRjcsK9oFtKZn0ThuayQxJRihD/8KNC0Xc+jfu/Bsz7Sy09UDgcM695Nzjx4Jr47rfTmFldW19o7hZ2tre2d0r7x80dZQohg0WiUi1fapRcIkNw43AdqyQhr7Alj++zfzWEyrNI/lgJjH2QjqUPOCMGis9dkNqRn6QxtN+ueJW3RnIMvFyUoEc9X75qzuIWBKiNExQrTueG5teSpXhTOC01E00xpSN6RA7lkoaou6ls8RTcmKVAQkiZZ80ZKb+3khpqPUk9O1kllAvepn4n9dJTHDdS7mME4OSzT8KEkFMRLLzyYArZEZMLKFMcZuVsBFVlBlbUsmW4C2evEyaZ1Xvsnpxf16p3eR1FOEIjuEUPLiCGtxBHRrAQMIzvMKbo50X5935mI8WnHznEP7A+fwB9FGRHg==</latexit>p<latexit sha1_base64="VrcuVDLtRjrHWPbiNp1JFiOBZO0="></latexit>

⇡✓(u|x) ⇠ p(u; p)

u
<latexit sha1_base64="4d5APMdnY1Eq/s+yFYET2kYm6N0="></latexit>

<latexit sha1_base64="R8S92S84QKnfUNGGh500JG0ijBs=">AAACA3icbVDLSgMxFL1TX7W+Rt3pJliEuikz4msjFNzoroJ9QDuUTJppQzMPkoxYxgE3/oobF4q49Sfc+Tdm2graeiBwcs693HuPG3EmlWV9Gbm5+YXFpfxyYWV1bX3D3NyqyzAWhNZIyEPRdLGknAW0ppjitBkJin2X04Y7uMj8xi0VkoXBjRpG1PFxL2AeI1hpqWPuRKW2j1Xf9ZI4Pbfvfz536UHHLFplawQ0S+wJKcIE1Y752e6GJPZpoAjHUrZsK1JOgoVihNO00I4ljTAZ4B5taRpgn0onGd2Qon2tdJEXCv0ChUbq744E+1IOfVdXZivKaS8T//NasfLOnIQFUaxoQMaDvJgjFaIsENRlghLFh5pgIpjeFZE+FpgoHVtBh2BPnzxL6odl+6R8fH1UrFxN4sjDLuxBCWw4hQpcQhVqQOABnuAFXo1H49l4M97HpTlj0rMNf2B8fAMoWpfk</latexit>

p(u = 1|x)
<latexit sha1_base64="UwZ3UkhoOpNVdJS+DKtTQwvuAg8=">AAACA3icbVDLSgMxFL3js9bXqDvdBItQN2Wm+NoIBTe6q2Af0A4lk2ba0MyDJCOWccCNv+LGhSJu/Ql3/o2ZtoK2HgicnHMv997jRpxJZVlfxtz8wuLScm4lv7q2vrFpbm3XZRgLQmsk5KFoulhSzgJaU0xx2owExb7LacMdXGR+45YKycLgRg0j6vi4FzCPEay01DF3o2Lbx6rvekmcnpfvfz536WHHLFglawQ0S+wJKcAE1Y752e6GJPZpoAjHUrZsK1JOgoVihNM0344ljTAZ4B5taRpgn0onGd2QogOtdJEXCv0ChUbq744E+1IOfVdXZivKaS8T//NasfLOnIQFUaxoQMaDvJgjFaIsENRlghLFh5pgIpjeFZE+FpgoHVteh2BPnzxL6uWSfVI6vj4qVK4mceRgD/ahCDacQgUuoQo1IPAAT/ACr8aj8Wy8Ge/j0jlj0rMDf2B8fAMp6pfl</latexit>

p(u = 2|x)

0.80.2



x

x0
<latexit sha1_base64="KkyT1DMjIA/1kXOCJxrxq5tskN0=">AAACCXicbZDLSsNAFIZP6q3WW9Slm8EiVJSSSFE3hYIb3VWwF2hDmUwn7dDJhZmJWEK3bnwVNy4UcesbuPNtnLQRtPrDwMd/zmHO+d2IM6ks69PILSwuLa/kVwtr6xubW+b2TlOGsSC0QUIeiraLJeUsoA3FFKftSFDsu5y23NFFWm/dUiFZGNyocUQdHw8C5jGClbZ6JhKlro/V0PWSu8kx+uZ4UrUPURUd2T2zaJWtqdBfsDMoQqZ6z/zo9kMS+zRQhGMpO7YVKSfBQjHC6aTQjSWNMBnhAe1oDLBPpZNML5mgA+30kRcK/QKFpu7PiQT7Uo59V3emm8r5Wmr+V+vEyjt3EhZEsaIBmX3kxRypEKWxoD4TlCg+1oCJYHpXRIZYYKJ0eAUdgj1/8l9onpTt03LlulKsXWVx5GEP9qEENpxBDS6hDg0gcA+P8AwvxoPxZLwab7PWnJHN7MIvGe9fRb+Yyg==</latexit>

r(x,u = 1) = +1
<latexit sha1_base64="kRSwqVa9bepAqRuS8vP7AvO//MM=">AAACDXicbVDLSsNAFJ3UV62vqEs3g1Wom5BI0W4KBTe6q2Af0IQymU7aoZMHMxOxxPyAG3/FjQtF3Lp35984aSNo64GBM+fcy733uBGjQprml1ZYWl5ZXSuulzY2t7Z39N29tghjjkkLhyzkXRcJwmhAWpJKRroRJ8h3Gem444vM79wSLmgY3MhJRBwfDQPqUYykkvr6kR3Riu0jOXK9JE7rFryHP9+79ATWoWnU+nrZNMwp4CKxclIGOZp9/dMehDj2SSAxQ0L0LDOSToK4pJiRtGTHgkQIj9GQ9BQNkE+Ek0yvSeGxUgbQC7l6gYRT9XdHgnwhJr6rKrNFxbyXif95vVh6NSehQRRLEuDZIC9mUIYwiwYOKCdYsokiCHOqdoV4hDjCUgVYUiFY8ycvkvapYZ0Z1etquXGVx1EEB+AQVIAFzkEDXIImaAEMHsATeAGv2qP2rL1p77PSgpb37IM/0D6+ATKEml8=</latexit>

⇡(u = 1|x) = 0.8

x00
<latexit sha1_base64="RVpeRyEoRXskBVuRXslHWbNnj8Y=">AAACCXicbZDLSsNAFIYn9VbrLerSzWARKmhJSlE3hYIb3VWwF2hDmUwn7dDJJMxMxBKydeOruHGhiFvfwJ1v46SNoK0/DHz85xzmnN8NGZXKsr6M3NLyyupafr2wsbm1vWPu7rVkEAlMmjhggei4SBJGOWkqqhjphIIg32Wk7Y4v03r7jghJA36rJiFxfDTk1KMYKW31TShKPR+pkevF98kJ/OEoqVWOYQ2e2n2zaJWtqeAi2BkUQaZG3/zsDQIc+YQrzJCUXdsKlRMjoShmJCn0IklChMdoSLoaOfKJdOLpJQk80s4AeoHQjys4dX9PxMiXcuK7ujPdVM7XUvO/WjdS3oUTUx5GinA8+8iLGFQBTGOBAyoIVmyiAWFB9a4Qj5BAWOnwCjoEe/7kRWhVyvZZuXpTLdavszjy4AAcghKwwTmogyvQAE2AwQN4Ai/g1Xg0no03433WmjOymX3wR8bHN0pTmM0=</latexit>

r(x,u = 2) = �1
<latexit sha1_base64="iiTWTXRtvWpeWC1KHji5uOI1dPk=">AAACDXicbVDLSsNAFJ3UV62vqEs3g1Wom5CUom4KBTe6q2Af0IQymU7aoZMHMxOxxPyAG3/FjQtF3Lp35984aSNo64GBM+fcy733uBGjQprml1ZYWl5ZXSuulzY2t7Z39N29tghjjkkLhyzkXRcJwmhAWpJKRroRJ8h3Gem444vM79wSLmgY3MhJRBwfDQPqUYykkvr6kR3Riu0jOXK9JE7rVXgPf7536QmsQ9Oo9vWyaZhTwEVi5aQMcjT7+qc9CHHsk0BihoToWWYknQRxSTEjacmOBYkQHqMh6SkaIJ8IJ5lek8JjpQygF3L1Agmn6u+OBPlCTHxXVWaLinkvE//zerH0zp2EBlEsSYBng7yYQRnCLBo4oJxgySaKIMyp2hXiEeIISxVgSYVgzZ+8SNpVwzo1ate1cuMqj6MIDsAhqAALnIEGuARN0AIYPIAn8AJetUftWXvT3melBS3v2Qd/oH18AysEmlo=</latexit>

⇡(u = 2|x) = 0.2

<latexit sha1_base64="hXz2Vk3q41iY0JfLt39EvAdHpDg=">AAACCHicbVC7TsMwFHV4lvIKMDJgUSExVQkgYKzEAluR6ENqQuW4TmvVdiLbQVRRRhZ+hYUBhFj5BDb+BqfNUFqOZOvonHt17z1BzKjSjvNjLSwuLa+sltbK6xubW9v2zm5TRYnEpIEjFsl2gBRhVJCGppqRdiwJ4gEjrWB4lfutByIVjcSdHsXE56gvaEgx0kbq2gceR3oQhOljdp96saScTP9Z1644VWcMOE/cglRAgXrX/vZ6EU44ERozpFTHdWLtp0hqihnJyl6iSIzwEPVJx1CBOFF+Oj4kg0dG6cEwkuYJDcfqdEeKuFIjHpjKfG016+Xif14n0eGln1IRJ5oIPBkUJgzqCOapwB6VBGs2MgRhSc2uEA+QRFib7MomBHf25HnSPKm659XT27NK7aaIowT2wSE4Bi64ADVwDeqgATB4Ai/gDbxbz9ar9WF9TkoXrKJnD/yB9fULetia7w==</latexit>

x000
<latexit sha1_base64="yoKuYHESGrhWd6As/mU8DcCsKwM=">AAACEHicbVDLSsNAFJ3UV62vqEs3g0WsKCWRom4KBTe6q2Af0MQymU7q0MkkzEzEEvIJbvwVNy4UcevSnX/jtI2grQcuHM65l3vv8SJGpbKsLyM3N7+wuJRfLqysrq1vmJtbTRnGApMGDlko2h6ShFFOGooqRtqRICjwGGl5g/OR37ojQtKQX6thRNwA9Tn1KUZKS11zX5ScAKlbz0/u0xsnEjQgR/BHitOqfQCr8NDumkWrbI0BZ4mdkSLIUO+an04vxHFAuMIMSdmxrUi5CRKKYkbSghNLEiE8QH3S0ZSjgEg3GT+Uwj2t9KAfCl1cwbH6eyJBgZTDwNOdo0vltDcS//M6sfLP3ITyKFaE48kiP2ZQhXCUDuxRQbBiQ00QFlTfCvEtEggrnWFBh2BPvzxLmsdl+6RcuaoUa5dZHHmwA3ZBCdjgFNTABaiDBsDgATyBF/BqPBrPxpvxPmnNGdnMNvgD4+Mb++Cb5w==</latexit>

r(x0,u = 1) = +1
<latexit sha1_base64="l12QY9GVfneHK1mCNtS64hU5EGs=">AAACFHicbVDLSsNAFJ34rPUVdelmsAgVISRSfCwKBTe6q2Af0MQymU7aoZMHMxOxxHyEG3/FjQtF3Lpw5984aSNo64GBM+fcy733uBGjQprmlzY3v7C4tFxYKa6urW9s6lvbTRHGHJMGDlnI2y4ShNGANCSVjLQjTpDvMtJyh+eZ37olXNAwuJajiDg+6gfUoxhJJXX1QzuiZdtHcuB6SZxWLXgPf7536Y0dceqTA1iFpnHW1UumYY4BZ4mVkxLIUe/qn3YvxLFPAokZEqJjmZF0EsQlxYykRTsWJEJ4iPqko2iAfCKcZHxUCveV0oNeyNULJByrvzsS5Asx8l1Vme0rpr1M/M/rxNI7dRIaRLEkAZ4M8mIGZQizhGCPcoIlGymCMKdqV4gHiCMsVY5FFYI1ffIsaR4Z1rFRuaqUapd5HAWwC/ZAGVjgBNTABaiDBsDgATyBF/CqPWrP2pv2Pimd0/KeHfAH2sc38I6dfQ==</latexit>

⇡(u = 1|x0) = 0.9

<latexit sha1_base64="3ucZFceX34pbY0xf3enayRf0UVc=">AAACDnicbVC7TsMwFHXKq5RXgJHFoqrEVCWAgLESC2xFog+pCZXjOq1V24lsB1FF+QIWfoWFAYRYmdn4G5w2A7QcydbROffq3nuCmFGlHefbKi0tr6yuldcrG5tb2zv27l5bRYnEpIUjFslugBRhVJCWppqRbiwJ4gEjnWB8mfudeyIVjcStnsTE52goaEgx0kbq2zWPIz0KwvQhu0u9WFJOFv+sb1edujMFXCRuQaqgQLNvf3mDCCecCI0ZUqrnOrH2UyQ1xYxkFS9RJEZ4jIakZ6hAnCg/nZ6TwZpRBjCMpHlCw6n6uyNFXKkJD0xlvrya93LxP6+X6PDCT6mIE00Eng0KEwZ1BPNs4IBKgjWbGIKwpGZXiEdIIqxNghUTgjt/8iJpH9fds/rJzWm1cV3EUQYH4BAcARecgwa4Ak3QAhg8gmfwCt6sJ+vFerc+ZqUlq+jZB39gff4AbcWdpA==</latexit>

x0000

<latexit sha1_base64="L8gwcdgOh81zDLxBikgo01HAUgE=">AAACEHicbVDLSsNAFJ3UV62vqEs3g0WsoCUpRd0UCm50V8E+oIllMp20QycPZiZiCfkEN/6KGxeKuHXpzr9x0kbQ1gMXDufcy733OCGjQhrGl5ZbWFxaXsmvFtbWNza39O2dlggijkkTByzgHQcJwqhPmpJKRjohJ8hzGGk7o4vUb98RLmjg38hxSGwPDXzqUoykknr6IS9ZHpJDx43vk1sr5NQjx/BHipJa5QjW4InZ04tG2ZgAzhMzI0WQodHTP61+gCOP+BIzJETXNEJpx4hLihlJClYkSIjwCA1IV1EfeUTY8eShBB4opQ/dgKvyJZyovydi5Akx9hzVmV4qZr1U/M/rRtI9t2Pqh5EkPp4uciMGZQDTdGCfcoIlGyuCMKfqVoiHiCMsVYYFFYI5+/I8aVXK5mm5el0t1q+yOPJgD+yDEjDBGaiDS9AATYDBA3gCL+BVe9SetTftfdqa07KZXfAH2sc3AIOb6g==</latexit>

r(x 0,u = 2) = �1

<latexit sha1_base64="C4vuNO6sPzkPrqqaSgkEkK9MTbU=">AAACFHicbVDLSsNAFJ34rPUVdelmsAgVISSlqJtCwY3uKtgHNLFMppN26OTBzEQsMR/hxl9x40IRty7c+TdO2gjaemDgzDn3cu89bsSokKb5pS0sLi2vrBbWiusbm1vb+s5uS4Qxx6SJQxbyjosEYTQgTUklI52IE+S7jLTd0Xnmt28JFzQMruU4Io6PBgH1KEZSST392I5o2faRHLpeEqe1CryHP9+79MaOOPXJEaxB07B6esk0zAngPLFyUgI5Gj390+6HOPZJIDFDQnQtM5JOgrikmJG0aMeCRAiP0IB0FQ2QT4STTI5K4aFS+tALuXqBhBP1d0eCfCHGvqsqs33FrJeJ/3ndWHpnTkKDKJYkwNNBXsygDGGWEOxTTrBkY0UQ5lTtCvEQcYSlyrGoQrBmT54nrYphnRjVq2qpfpnHUQD74ACUgQVOQR1cgAZoAgwewBN4Aa/ao/asvWnv09IFLe/ZA3+gfXwD5g2ddg==</latexit>

⇡(u = 2|x 0) = 0.1

Stochastic policy for 
discrete control:

<latexit sha1_base64="VrcuVDLtRjrHWPbiNp1JFiOBZO0="></latexit>

⇡✓(u|x) ⇠ p(u; p) <latexit sha1_base64="IwxoFuDxROQq/o5X8BA3dxE0AyE="></latexit>

⇡✓(u|x) = f(x, ✓)
<latexit sha1_base64="oFcbHiVtEhpmnvqlBWzCG0eRP94=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIr2XRjcsK9oFtKZn0ThuayQxJRihD/8KNC0Xc+jfu/Bsz7Sy09UDgcM695Nzjx4Jr47rfTmFldW19o7hZ2tre2d0r7x80dZQohg0WiUi1fapRcIkNw43AdqyQhr7Alj++zfzWEyrNI/lgJjH2QjqUPOCMGis9dkNqRn6QxtN+ueJW3RnIMvFyUoEc9X75qzuIWBKiNExQrTueG5teSpXhTOC01E00xpSN6RA7lkoaou6ls8RTcmKVAQkiZZ80ZKb+3khpqPUk9O1kllAvepn4n9dJTHDdS7mME4OSzT8KEkFMRLLzyYArZEZMLKFMcZuVsBFVlBlbUsmW4C2evEyaZ1Xvsnpxf16p3eR1FOEIjuEUPLiCGtxBHRrAQMIzvMKbo50X5935mI8WnHznEP7A+fwB9FGRHg==</latexit>p<latexit sha1_base64="VrcuVDLtRjrHWPbiNp1JFiOBZO0="></latexit>

⇡✓(u|x) ⇠ p(u; p)x0
<latexit sha1_base64="R8S92S84QKnfUNGGh500JG0ijBs=">AAACA3icbVDLSgMxFL1TX7W+Rt3pJliEuikz4msjFNzoroJ9QDuUTJppQzMPkoxYxgE3/oobF4q49Sfc+Tdm2graeiBwcs693HuPG3EmlWV9Gbm5+YXFpfxyYWV1bX3D3NyqyzAWhNZIyEPRdLGknAW0ppjitBkJin2X04Y7uMj8xi0VkoXBjRpG1PFxL2AeI1hpqWPuRKW2j1Xf9ZI4Pbfvfz536UHHLFplawQ0S+wJKcIE1Y752e6GJPZpoAjHUrZsK1JOgoVihNO00I4ljTAZ4B5taRpgn0onGd2Qon2tdJEXCv0ChUbq744E+1IOfVdXZivKaS8T//NasfLOnIQFUaxoQMaDvJgjFaIsENRlghLFh5pgIpjeFZE+FpgoHVtBh2BPnzxL6odl+6R8fH1UrFxN4sjDLuxBCWw4hQpcQhVqQOABnuAFXo1H49l4M97HpTlj0rMNf2B8fAMoWpfk</latexit>

p(u = 1|x)
<latexit sha1_base64="UwZ3UkhoOpNVdJS+DKtTQwvuAg8=">AAACA3icbVDLSgMxFL3js9bXqDvdBItQN2Wm+NoIBTe6q2Af0A4lk2ba0MyDJCOWccCNv+LGhSJu/Ql3/o2ZtoK2HgicnHMv997jRpxJZVlfxtz8wuLScm4lv7q2vrFpbm3XZRgLQmsk5KFoulhSzgJaU0xx2owExb7LacMdXGR+45YKycLgRg0j6vi4FzCPEay01DF3o2Lbx6rvekmcnpfvfz536WHHLFglawQ0S+wJKcAE1Y752e6GJPZpoAjHUrZsK1JOgoVihNM0344ljTAZ4B5taRpgn0onGd2QogOtdJEXCv0ChUbq744E+1IOfVdXZivKaS8T//NasfLOnIQFUaxoQMaDvJgjFaIsENRlghLFh5pgIpjeFZE+FpgoHVteh2BPnzxL6uWSfVI6vj4qVK4mceRgD/ahCDacQgUuoQo1IPAAT/ACr8aj8Wy8Ge/j0jlj0rMDf2B8fAMp6pfl</latexit>

p(u = 2|x)

0.1 0.9

u
<latexit sha1_base64="4d5APMdnY1Eq/s+yFYET2kYm6N0="></latexit>



x

x0

x00

<latexit sha1_base64="hXz2Vk3q41iY0JfLt39EvAdHpDg=">AAACCHicbVC7TsMwFHV4lvIKMDJgUSExVQkgYKzEAluR6ENqQuW4TmvVdiLbQVRRRhZ+hYUBhFj5BDb+BqfNUFqOZOvonHt17z1BzKjSjvNjLSwuLa+sltbK6xubW9v2zm5TRYnEpIEjFsl2gBRhVJCGppqRdiwJ4gEjrWB4lfutByIVjcSdHsXE56gvaEgx0kbq2gceR3oQhOljdp96saScTP9Z1644VWcMOE/cglRAgXrX/vZ6EU44ERozpFTHdWLtp0hqihnJyl6iSIzwEPVJx1CBOFF+Oj4kg0dG6cEwkuYJDcfqdEeKuFIjHpjKfG016+Xif14n0eGln1IRJ5oIPBkUJgzqCOapwB6VBGs2MgRhSc2uEA+QRFib7MomBHf25HnSPKm659XT27NK7aaIowT2wSE4Bi64ADVwDeqgATB4Ai/gDbxbz9ar9WF9TkoXrKJnD/yB9fULetia7w==</latexit>

x000

<latexit sha1_base64="3ucZFceX34pbY0xf3enayRf0UVc=">AAACDnicbVC7TsMwFHXKq5RXgJHFoqrEVCWAgLESC2xFog+pCZXjOq1V24lsB1FF+QIWfoWFAYRYmdn4G5w2A7QcydbROffq3nuCmFGlHefbKi0tr6yuldcrG5tb2zv27l5bRYnEpIUjFslugBRhVJCWppqRbiwJ4gEjnWB8mfudeyIVjcStnsTE52goaEgx0kbq2zWPIz0KwvQhu0u9WFJOFv+sb1edujMFXCRuQaqgQLNvf3mDCCecCI0ZUqrnOrH2UyQ1xYxkFS9RJEZ4jIakZ6hAnCg/nZ6TwZpRBjCMpHlCw6n6uyNFXKkJD0xlvrya93LxP6+X6PDCT6mIE00Eng0KEwZ1BPNs4IBKgjWbGIKwpGZXiEdIIqxNghUTgjt/8iJpH9fds/rJzWm1cV3EUQYH4BAcARecgwa4Ak3QAhg8gmfwCt6sJ+vFerc+ZqUlq+jZB39gff4AbcWdpA==</latexit>

x0000

<latexit sha1_base64="pMOXAeCU/jRLW++32EVBS0TfgPc="></latexit>

V ⇡(x) = E
⌧⇠⇡
x0=x

[
1X

t=0

�trt+1] = E
⌧⇠⇡
x0=x

[r(⌧)] =

Z

⌧ :x0=x

p(⌧ |⇡)r(⌧)

<latexit sha1_base64="KkyT1DMjIA/1kXOCJxrxq5tskN0=">AAACCXicbZDLSsNAFIZP6q3WW9Slm8EiVJSSSFE3hYIb3VWwF2hDmUwn7dDJhZmJWEK3bnwVNy4UcesbuPNtnLQRtPrDwMd/zmHO+d2IM6ks69PILSwuLa/kVwtr6xubW+b2TlOGsSC0QUIeiraLJeUsoA3FFKftSFDsu5y23NFFWm/dUiFZGNyocUQdHw8C5jGClbZ6JhKlro/V0PWSu8kx+uZ4UrUPURUd2T2zaJWtqdBfsDMoQqZ6z/zo9kMS+zRQhGMpO7YVKSfBQjHC6aTQjSWNMBnhAe1oDLBPpZNML5mgA+30kRcK/QKFpu7PiQT7Uo59V3emm8r5Wmr+V+vEyjt3EhZEsaIBmX3kxRypEKWxoD4TlCg+1oCJYHpXRIZYYKJ0eAUdgj1/8l9onpTt03LlulKsXWVx5GEP9qEENpxBDS6hDg0gcA+P8AwvxoPxZLwab7PWnJHN7MIvGe9fRb+Yyg==</latexit>

r(x,u = 1) = +1

<latexit sha1_base64="yoKuYHESGrhWd6As/mU8DcCsKwM=">AAACEHicbVDLSsNAFJ3UV62vqEs3g0WsKCWRom4KBTe6q2Af0MQymU7q0MkkzEzEEvIJbvwVNy4UcevSnX/jtI2grQcuHM65l3vv8SJGpbKsLyM3N7+wuJRfLqysrq1vmJtbTRnGApMGDlko2h6ShFFOGooqRtqRICjwGGl5g/OR37ojQtKQX6thRNwA9Tn1KUZKS11zX5ScAKlbz0/u0xsnEjQgR/BHitOqfQCr8NDumkWrbI0BZ4mdkSLIUO+an04vxHFAuMIMSdmxrUi5CRKKYkbSghNLEiE8QH3S0ZSjgEg3GT+Uwj2t9KAfCl1cwbH6eyJBgZTDwNOdo0vltDcS//M6sfLP3ITyKFaE48kiP2ZQhXCUDuxRQbBiQ00QFlTfCvEtEggrnWFBh2BPvzxLmsdl+6RcuaoUa5dZHHmwA3ZBCdjgFNTABaiDBsDgATyBF/BqPBrPxpvxPmnNGdnMNvgD4+Mb++Cb5w==</latexit>

r(x0,u = 1) = +1

<latexit sha1_base64="L8gwcdgOh81zDLxBikgo01HAUgE=">AAACEHicbVDLSsNAFJ3UV62vqEs3g0WsoCUpRd0UCm50V8E+oIllMp20QycPZiZiCfkEN/6KGxeKuHXpzr9x0kbQ1gMXDufcy733OCGjQhrGl5ZbWFxaXsmvFtbWNza39O2dlggijkkTByzgHQcJwqhPmpJKRjohJ8hzGGk7o4vUb98RLmjg38hxSGwPDXzqUoykknr6IS9ZHpJDx43vk1sr5NQjx/BHipJa5QjW4InZ04tG2ZgAzhMzI0WQodHTP61+gCOP+BIzJETXNEJpx4hLihlJClYkSIjwCA1IV1EfeUTY8eShBB4opQ/dgKvyJZyovydi5Akx9hzVmV4qZr1U/M/rRtI9t2Pqh5EkPp4uciMGZQDTdGCfcoIlGyuCMKfqVoiHiCMsVYYFFYI5+/I8aVXK5mm5el0t1q+yOPJgD+yDEjDBGaiDS9AATYDBA3gCL+BVe9SetTftfdqa07KZXfAH2sc3AIOb6g==</latexit>

r(x 0,u = 2) = �1

<latexit sha1_base64="RVpeRyEoRXskBVuRXslHWbNnj8Y=">AAACCXicbZDLSsNAFIYn9VbrLerSzWARKmhJSlE3hYIb3VWwF2hDmUwn7dDJJMxMxBKydeOruHGhiFvfwJ1v46SNoK0/DHz85xzmnN8NGZXKsr6M3NLyyupafr2wsbm1vWPu7rVkEAlMmjhggei4SBJGOWkqqhjphIIg32Wk7Y4v03r7jghJA36rJiFxfDTk1KMYKW31TShKPR+pkevF98kJ/OEoqVWOYQ2e2n2zaJWtqeAi2BkUQaZG3/zsDQIc+YQrzJCUXdsKlRMjoShmJCn0IklChMdoSLoaOfKJdOLpJQk80s4AeoHQjys4dX9PxMiXcuK7ujPdVM7XUvO/WjdS3oUTUx5GinA8+8iLGFQBTGOBAyoIVmyiAWFB9a4Qj5BAWOnwCjoEe/7kRWhVyvZZuXpTLdavszjy4AAcghKwwTmogyvQAE2AwQN4Ai/g1Xg0no03433WmjOymX3wR8bHN0pTmM0=</latexit>

r(x,u = 2) = �1

<latexit sha1_base64="kRSwqVa9bepAqRuS8vP7AvO//MM=">AAACDXicbVDLSsNAFJ3UV62vqEs3g1Wom5BI0W4KBTe6q2Af0IQymU7aoZMHMxOxxPyAG3/FjQtF3Lp35984aSNo64GBM+fcy733uBGjQprml1ZYWl5ZXSuulzY2t7Z39N29tghjjkkLhyzkXRcJwmhAWpJKRroRJ8h3Gem444vM79wSLmgY3MhJRBwfDQPqUYykkvr6kR3Riu0jOXK9JE7rFryHP9+79ATWoWnU+nrZNMwp4CKxclIGOZp9/dMehDj2SSAxQ0L0LDOSToK4pJiRtGTHgkQIj9GQ9BQNkE+Ek0yvSeGxUgbQC7l6gYRT9XdHgnwhJr6rKrNFxbyXif95vVh6NSehQRRLEuDZIC9mUIYwiwYOKCdYsokiCHOqdoV4hDjCUgVYUiFY8ycvkvapYZ0Z1etquXGVx1EEB+AQVIAFzkEDXIImaAEMHsATeAGv2qP2rL1p77PSgpb37IM/0D6+ATKEml8=</latexit>

⇡(u = 1|x) = 0.8

<latexit sha1_base64="iiTWTXRtvWpeWC1KHji5uOI1dPk=">AAACDXicbVDLSsNAFJ3UV62vqEs3g1Wom5CUom4KBTe6q2Af0IQymU7aoZMHMxOxxPyAG3/FjQtF3Lp35984aSNo64GBM+fcy733uBGjQprml1ZYWl5ZXSuulzY2t7Z39N29tghjjkkLhyzkXRcJwmhAWpJKRroRJ8h3Gem444vM79wSLmgY3MhJRBwfDQPqUYykkvr6kR3Riu0jOXK9JE7rVXgPf7536QmsQ9Oo9vWyaZhTwEVi5aQMcjT7+qc9CHHsk0BihoToWWYknQRxSTEjacmOBYkQHqMh6SkaIJ8IJ5lek8JjpQygF3L1Agmn6u+OBPlCTHxXVWaLinkvE//zerH0zp2EBlEsSYBng7yYQRnCLBo4oJxgySaKIMyp2hXiEeIISxVgSYVgzZ+8SNpVwzo1ate1cuMqj6MIDsAhqAALnIEGuARN0AIYPIAn8AJetUftWXvT3melBS3v2Qd/oH18AysEmlo=</latexit>

⇡(u = 2|x) = 0.2

<latexit sha1_base64="l12QY9GVfneHK1mCNtS64hU5EGs=">AAACFHicbVDLSsNAFJ34rPUVdelmsAgVISRSfCwKBTe6q2Af0MQymU7aoZMHMxOxxHyEG3/FjQtF3Lpw5984aSNo64GBM+fcy733uBGjQprmlzY3v7C4tFxYKa6urW9s6lvbTRHGHJMGDlnI2y4ShNGANCSVjLQjTpDvMtJyh+eZ37olXNAwuJajiDg+6gfUoxhJJXX1QzuiZdtHcuB6SZxWLXgPf7536Y0dceqTA1iFpnHW1UumYY4BZ4mVkxLIUe/qn3YvxLFPAokZEqJjmZF0EsQlxYykRTsWJEJ4iPqko2iAfCKcZHxUCveV0oNeyNULJByrvzsS5Asx8l1Vme0rpr1M/M/rxNI7dRIaRLEkAZ4M8mIGZQizhGCPcoIlGymCMKdqV4gHiCMsVY5FFYI1ffIsaR4Z1rFRuaqUapd5HAWwC/ZAGVjgBNTABaiDBsDgATyBF/CqPWrP2pv2Pimd0/KeHfAH2sc38I6dfQ==</latexit>

⇡(u = 1|x0) = 0.9

<latexit sha1_base64="C4vuNO6sPzkPrqqaSgkEkK9MTbU=">AAACFHicbVDLSsNAFJ34rPUVdelmsAgVISSlqJtCwY3uKtgHNLFMppN26OTBzEQsMR/hxl9x40IRty7c+TdO2gjaemDgzDn3cu89bsSokKb5pS0sLi2vrBbWiusbm1vb+s5uS4Qxx6SJQxbyjosEYTQgTUklI52IE+S7jLTd0Xnmt28JFzQMruU4Io6PBgH1KEZSST392I5o2faRHLpeEqe1CryHP9+79MaOOPXJEaxB07B6esk0zAngPLFyUgI5Gj390+6HOPZJIDFDQnQtM5JOgrikmJG0aMeCRAiP0IB0FQ2QT4STTI5K4aFS+tALuXqBhBP1d0eCfCHGvqsqs33FrJeJ/3ndWHpnTkKDKJYkwNNBXsygDGGWEOxTTrBkY0UQ5lTtCvEQcYSlyrGoQrBmT54nrYphnRjVq2qpfpnHUQD74ACUgQVOQR1cgAZoAgwewBN4Aa/ao/asvWnv09IFLe/ZA3+gfXwD5g2ddg==</latexit>

⇡(u = 2|x 0) = 0.1



x

x0

x00

<latexit sha1_base64="hXz2Vk3q41iY0JfLt39EvAdHpDg=">AAACCHicbVC7TsMwFHV4lvIKMDJgUSExVQkgYKzEAluR6ENqQuW4TmvVdiLbQVRRRhZ+hYUBhFj5BDb+BqfNUFqOZOvonHt17z1BzKjSjvNjLSwuLa+sltbK6xubW9v2zm5TRYnEpIEjFsl2gBRhVJCGppqRdiwJ4gEjrWB4lfutByIVjcSdHsXE56gvaEgx0kbq2gceR3oQhOljdp96saScTP9Z1644VWcMOE/cglRAgXrX/vZ6EU44ERozpFTHdWLtp0hqihnJyl6iSIzwEPVJx1CBOFF+Oj4kg0dG6cEwkuYJDcfqdEeKuFIjHpjKfG016+Xif14n0eGln1IRJ5oIPBkUJgzqCOapwB6VBGs2MgRhSc2uEA+QRFib7MomBHf25HnSPKm659XT27NK7aaIowT2wSE4Bi64ADVwDeqgATB4Ai/gDbxbz9ar9WF9TkoXrKJnD/yB9fULetia7w==</latexit>

x000

<latexit sha1_base64="3ucZFceX34pbY0xf3enayRf0UVc=">AAACDnicbVC7TsMwFHXKq5RXgJHFoqrEVCWAgLESC2xFog+pCZXjOq1V24lsB1FF+QIWfoWFAYRYmdn4G5w2A7QcydbROffq3nuCmFGlHefbKi0tr6yuldcrG5tb2zv27l5bRYnEpIUjFslugBRhVJCWppqRbiwJ4gEjnWB8mfudeyIVjcStnsTE52goaEgx0kbq2zWPIz0KwvQhu0u9WFJOFv+sb1edujMFXCRuQaqgQLNvf3mDCCecCI0ZUqrnOrH2UyQ1xYxkFS9RJEZ4jIakZ6hAnCg/nZ6TwZpRBjCMpHlCw6n6uyNFXKkJD0xlvrya93LxP6+X6PDCT6mIE00Eng0KEwZ1BPNs4IBKgjWbGIKwpGZXiEdIIqxNghUTgjt/8iJpH9fds/rJzWm1cV3EUQYH4BAcARecgwa4Ak3QAhg8gmfwCt6sJ+vFerc+ZqUlq+jZB39gff4AbcWdpA==</latexit>

x0000

<latexit sha1_base64="pMOXAeCU/jRLW++32EVBS0TfgPc="></latexit>

V ⇡(x) = E
⌧⇠⇡
x0=x

[
1X

t=0

�trt+1] = E
⌧⇠⇡
x0=x

[r(⌧)] =

Z

⌧ :x0=x

p(⌧ |⇡)r(⌧)

<latexit sha1_base64="KkyT1DMjIA/1kXOCJxrxq5tskN0=">AAACCXicbZDLSsNAFIZP6q3WW9Slm8EiVJSSSFE3hYIb3VWwF2hDmUwn7dDJhZmJWEK3bnwVNy4UcesbuPNtnLQRtPrDwMd/zmHO+d2IM6ks69PILSwuLa/kVwtr6xubW+b2TlOGsSC0QUIeiraLJeUsoA3FFKftSFDsu5y23NFFWm/dUiFZGNyocUQdHw8C5jGClbZ6JhKlro/V0PWSu8kx+uZ4UrUPURUd2T2zaJWtqdBfsDMoQqZ6z/zo9kMS+zRQhGMpO7YVKSfBQjHC6aTQjSWNMBnhAe1oDLBPpZNML5mgA+30kRcK/QKFpu7PiQT7Uo59V3emm8r5Wmr+V+vEyjt3EhZEsaIBmX3kxRypEKWxoD4TlCg+1oCJYHpXRIZYYKJ0eAUdgj1/8l9onpTt03LlulKsXWVx5GEP9qEENpxBDS6hDg0gcA+P8AwvxoPxZLwab7PWnJHN7MIvGe9fRb+Yyg==</latexit>

r(x,u = 1) = +1

<latexit sha1_base64="yoKuYHESGrhWd6As/mU8DcCsKwM=">AAACEHicbVDLSsNAFJ3UV62vqEs3g0WsKCWRom4KBTe6q2Af0MQymU7q0MkkzEzEEvIJbvwVNy4UcevSnX/jtI2grQcuHM65l3vv8SJGpbKsLyM3N7+wuJRfLqysrq1vmJtbTRnGApMGDlko2h6ShFFOGooqRtqRICjwGGl5g/OR37ojQtKQX6thRNwA9Tn1KUZKS11zX5ScAKlbz0/u0xsnEjQgR/BHitOqfQCr8NDumkWrbI0BZ4mdkSLIUO+an04vxHFAuMIMSdmxrUi5CRKKYkbSghNLEiE8QH3S0ZSjgEg3GT+Uwj2t9KAfCl1cwbH6eyJBgZTDwNOdo0vltDcS//M6sfLP3ITyKFaE48kiP2ZQhXCUDuxRQbBiQ00QFlTfCvEtEggrnWFBh2BPvzxLmsdl+6RcuaoUa5dZHHmwA3ZBCdjgFNTABaiDBsDgATyBF/BqPBrPxpvxPmnNGdnMNvgD4+Mb++Cb5w==</latexit>

r(x0,u = 1) = +1

<latexit sha1_base64="L8gwcdgOh81zDLxBikgo01HAUgE=">AAACEHicbVDLSsNAFJ3UV62vqEs3g0WsoCUpRd0UCm50V8E+oIllMp20QycPZiZiCfkEN/6KGxeKuHXpzr9x0kbQ1gMXDufcy733OCGjQhrGl5ZbWFxaXsmvFtbWNza39O2dlggijkkTByzgHQcJwqhPmpJKRjohJ8hzGGk7o4vUb98RLmjg38hxSGwPDXzqUoykknr6IS9ZHpJDx43vk1sr5NQjx/BHipJa5QjW4InZ04tG2ZgAzhMzI0WQodHTP61+gCOP+BIzJETXNEJpx4hLihlJClYkSIjwCA1IV1EfeUTY8eShBB4opQ/dgKvyJZyovydi5Akx9hzVmV4qZr1U/M/rRtI9t2Pqh5EkPp4uciMGZQDTdGCfcoIlGyuCMKfqVoiHiCMsVYYFFYI5+/I8aVXK5mm5el0t1q+yOPJgD+yDEjDBGaiDS9AATYDBA3gCL+BVe9SetTftfdqa07KZXfAH2sc3AIOb6g==</latexit>

r(x 0,u = 2) = �1

<latexit sha1_base64="RVpeRyEoRXskBVuRXslHWbNnj8Y=">AAACCXicbZDLSsNAFIYn9VbrLerSzWARKmhJSlE3hYIb3VWwF2hDmUwn7dDJJMxMxBKydeOruHGhiFvfwJ1v46SNoK0/DHz85xzmnN8NGZXKsr6M3NLyyupafr2wsbm1vWPu7rVkEAlMmjhggei4SBJGOWkqqhjphIIg32Wk7Y4v03r7jghJA36rJiFxfDTk1KMYKW31TShKPR+pkevF98kJ/OEoqVWOYQ2e2n2zaJWtqeAi2BkUQaZG3/zsDQIc+YQrzJCUXdsKlRMjoShmJCn0IklChMdoSLoaOfKJdOLpJQk80s4AeoHQjys4dX9PxMiXcuK7ujPdVM7XUvO/WjdS3oUTUx5GinA8+8iLGFQBTGOBAyoIVmyiAWFB9a4Qj5BAWOnwCjoEe/7kRWhVyvZZuXpTLdavszjy4AAcghKwwTmogyvQAE2AwQN4Ai/g1Xg0no03433WmjOymX3wR8bHN0pTmM0=</latexit>

r(x,u = 2) = �1

<latexit sha1_base64="kRSwqVa9bepAqRuS8vP7AvO//MM=">AAACDXicbVDLSsNAFJ3UV62vqEs3g1Wom5BI0W4KBTe6q2Af0IQymU7aoZMHMxOxxPyAG3/FjQtF3Lp35984aSNo64GBM+fcy733uBGjQprml1ZYWl5ZXSuulzY2t7Z39N29tghjjkkLhyzkXRcJwmhAWpJKRroRJ8h3Gem444vM79wSLmgY3MhJRBwfDQPqUYykkvr6kR3Riu0jOXK9JE7rFryHP9+79ATWoWnU+nrZNMwp4CKxclIGOZp9/dMehDj2SSAxQ0L0LDOSToK4pJiRtGTHgkQIj9GQ9BQNkE+Ek0yvSeGxUgbQC7l6gYRT9XdHgnwhJr6rKrNFxbyXif95vVh6NSehQRRLEuDZIC9mUIYwiwYOKCdYsokiCHOqdoV4hDjCUgVYUiFY8ycvkvapYZ0Z1etquXGVx1EEB+AQVIAFzkEDXIImaAEMHsATeAGv2qP2rL1p77PSgpb37IM/0D6+ATKEml8=</latexit>

⇡(u = 1|x) = 0.8

<latexit sha1_base64="iiTWTXRtvWpeWC1KHji5uOI1dPk=">AAACDXicbVDLSsNAFJ3UV62vqEs3g1Wom5CUom4KBTe6q2Af0IQymU7aoZMHMxOxxPyAG3/FjQtF3Lp35984aSNo64GBM+fcy733uBGjQprml1ZYWl5ZXSuulzY2t7Z39N29tghjjkkLhyzkXRcJwmhAWpJKRroRJ8h3Gem444vM79wSLmgY3MhJRBwfDQPqUYykkvr6kR3Riu0jOXK9JE7rVXgPf7536QmsQ9Oo9vWyaZhTwEVi5aQMcjT7+qc9CHHsk0BihoToWWYknQRxSTEjacmOBYkQHqMh6SkaIJ8IJ5lek8JjpQygF3L1Agmn6u+OBPlCTHxXVWaLinkvE//zerH0zp2EBlEsSYBng7yYQRnCLBo4oJxgySaKIMyp2hXiEeIISxVgSYVgzZ+8SNpVwzo1ate1cuMqj6MIDsAhqAALnIEGuARN0AIYPIAn8AJetUftWXvT3melBS3v2Qd/oH18AysEmlo=</latexit>

⇡(u = 2|x) = 0.2

<latexit sha1_base64="l12QY9GVfneHK1mCNtS64hU5EGs=">AAACFHicbVDLSsNAFJ34rPUVdelmsAgVISRSfCwKBTe6q2Af0MQymU7aoZMHMxOxxHyEG3/FjQtF3Lpw5984aSNo64GBM+fcy733uBGjQprmlzY3v7C4tFxYKa6urW9s6lvbTRHGHJMGDlnI2y4ShNGANCSVjLQjTpDvMtJyh+eZ37olXNAwuJajiDg+6gfUoxhJJXX1QzuiZdtHcuB6SZxWLXgPf7536Y0dceqTA1iFpnHW1UumYY4BZ4mVkxLIUe/qn3YvxLFPAokZEqJjmZF0EsQlxYykRTsWJEJ4iPqko2iAfCKcZHxUCveV0oNeyNULJByrvzsS5Asx8l1Vme0rpr1M/M/rxNI7dRIaRLEkAZ4M8mIGZQizhGCPcoIlGymCMKdqV4gHiCMsVY5FFYI1ffIsaR4Z1rFRuaqUapd5HAWwC/ZAGVjgBNTABaiDBsDgATyBF/CqPWrP2pv2Pimd0/KeHfAH2sc38I6dfQ==</latexit>

⇡(u = 1|x0) = 0.9

<latexit sha1_base64="C4vuNO6sPzkPrqqaSgkEkK9MTbU=">AAACFHicbVDLSsNAFJ34rPUVdelmsAgVISSlqJtCwY3uKtgHNLFMppN26OTBzEQsMR/hxl9x40IRty7c+TdO2gjaemDgzDn3cu89bsSokKb5pS0sLi2vrBbWiusbm1vb+s5uS4Qxx6SJQxbyjosEYTQgTUklI52IE+S7jLTd0Xnmt28JFzQMruU4Io6PBgH1KEZSST392I5o2faRHLpeEqe1CryHP9+79MaOOPXJEaxB07B6esk0zAngPLFyUgI5Gj390+6HOPZJIDFDQnQtM5JOgrikmJG0aMeCRAiP0IB0FQ2QT4STTI5K4aFS+tALuXqBhBP1d0eCfCHGvqsqs33FrJeJ/3ndWHpnTkKDKJYkwNNBXsygDGGWEOxTTrBkY0UQ5lTtCvEQcYSlyrGoQrBmT54nrYphnRjVq2qpfpnHUQD74ACUgQVOQR1cgAZoAgwewBN4Aa/ao/asvWnv09IFLe/ZA3+gfXwD5g2ddg==</latexit>

⇡(u = 2|x 0) = 0.1



x

x0

x00

<latexit sha1_base64="hXz2Vk3q41iY0JfLt39EvAdHpDg=">AAACCHicbVC7TsMwFHV4lvIKMDJgUSExVQkgYKzEAluR6ENqQuW4TmvVdiLbQVRRRhZ+hYUBhFj5BDb+BqfNUFqOZOvonHt17z1BzKjSjvNjLSwuLa+sltbK6xubW9v2zm5TRYnEpIEjFsl2gBRhVJCGppqRdiwJ4gEjrWB4lfutByIVjcSdHsXE56gvaEgx0kbq2gceR3oQhOljdp96saScTP9Z1644VWcMOE/cglRAgXrX/vZ6EU44ERozpFTHdWLtp0hqihnJyl6iSIzwEPVJx1CBOFF+Oj4kg0dG6cEwkuYJDcfqdEeKuFIjHpjKfG016+Xif14n0eGln1IRJ5oIPBkUJgzqCOapwB6VBGs2MgRhSc2uEA+QRFib7MomBHf25HnSPKm659XT27NK7aaIowT2wSE4Bi64ADVwDeqgATB4Ai/gDbxbz9ar9WF9TkoXrKJnD/yB9fULetia7w==</latexit>

x000

<latexit sha1_base64="3ucZFceX34pbY0xf3enayRf0UVc=">AAACDnicbVC7TsMwFHXKq5RXgJHFoqrEVCWAgLESC2xFog+pCZXjOq1V24lsB1FF+QIWfoWFAYRYmdn4G5w2A7QcydbROffq3nuCmFGlHefbKi0tr6yuldcrG5tb2zv27l5bRYnEpIUjFslugBRhVJCWppqRbiwJ4gEjnWB8mfudeyIVjcStnsTE52goaEgx0kbq2zWPIz0KwvQhu0u9WFJOFv+sb1edujMFXCRuQaqgQLNvf3mDCCecCI0ZUqrnOrH2UyQ1xYxkFS9RJEZ4jIakZ6hAnCg/nZ6TwZpRBjCMpHlCw6n6uyNFXKkJD0xlvrya93LxP6+X6PDCT6mIE00Eng0KEwZ1BPNs4IBKgjWbGIKwpGZXiEdIIqxNghUTgjt/8iJpH9fds/rJzWm1cV3EUQYH4BAcARecgwa4Ak3QAhg8gmfwCt6sJ+vFerc+ZqUlq+jZB39gff4AbcWdpA==</latexit>

x0000

<latexit sha1_base64="pMOXAeCU/jRLW++32EVBS0TfgPc="></latexit>

V ⇡(x) = E
⌧⇠⇡
x0=x

[
1X

t=0

�trt+1] = E
⌧⇠⇡
x0=x

[r(⌧)] =

Z

⌧ :x0=x

p(⌧ |⇡)r(⌧)

<latexit sha1_base64="KkyT1DMjIA/1kXOCJxrxq5tskN0=">AAACCXicbZDLSsNAFIZP6q3WW9Slm8EiVJSSSFE3hYIb3VWwF2hDmUwn7dDJhZmJWEK3bnwVNy4UcesbuPNtnLQRtPrDwMd/zmHO+d2IM6ks69PILSwuLa/kVwtr6xubW+b2TlOGsSC0QUIeiraLJeUsoA3FFKftSFDsu5y23NFFWm/dUiFZGNyocUQdHw8C5jGClbZ6JhKlro/V0PWSu8kx+uZ4UrUPURUd2T2zaJWtqdBfsDMoQqZ6z/zo9kMS+zRQhGMpO7YVKSfBQjHC6aTQjSWNMBnhAe1oDLBPpZNML5mgA+30kRcK/QKFpu7PiQT7Uo59V3emm8r5Wmr+V+vEyjt3EhZEsaIBmX3kxRypEKWxoD4TlCg+1oCJYHpXRIZYYKJ0eAUdgj1/8l9onpTt03LlulKsXWVx5GEP9qEENpxBDS6hDg0gcA+P8AwvxoPxZLwab7PWnJHN7MIvGe9fRb+Yyg==</latexit>

r(x,u = 1) = +1

<latexit sha1_base64="yoKuYHESGrhWd6As/mU8DcCsKwM=">AAACEHicbVDLSsNAFJ3UV62vqEs3g0WsKCWRom4KBTe6q2Af0MQymU7q0MkkzEzEEvIJbvwVNy4UcevSnX/jtI2grQcuHM65l3vv8SJGpbKsLyM3N7+wuJRfLqysrq1vmJtbTRnGApMGDlko2h6ShFFOGooqRtqRICjwGGl5g/OR37ojQtKQX6thRNwA9Tn1KUZKS11zX5ScAKlbz0/u0xsnEjQgR/BHitOqfQCr8NDumkWrbI0BZ4mdkSLIUO+an04vxHFAuMIMSdmxrUi5CRKKYkbSghNLEiE8QH3S0ZSjgEg3GT+Uwj2t9KAfCl1cwbH6eyJBgZTDwNOdo0vltDcS//M6sfLP3ITyKFaE48kiP2ZQhXCUDuxRQbBiQ00QFlTfCvEtEggrnWFBh2BPvzxLmsdl+6RcuaoUa5dZHHmwA3ZBCdjgFNTABaiDBsDgATyBF/BqPBrPxpvxPmnNGdnMNvgD4+Mb++Cb5w==</latexit>

r(x0,u = 1) = +1

<latexit sha1_base64="L8gwcdgOh81zDLxBikgo01HAUgE=">AAACEHicbVDLSsNAFJ3UV62vqEs3g0WsoCUpRd0UCm50V8E+oIllMp20QycPZiZiCfkEN/6KGxeKuHXpzr9x0kbQ1gMXDufcy733OCGjQhrGl5ZbWFxaXsmvFtbWNza39O2dlggijkkTByzgHQcJwqhPmpJKRjohJ8hzGGk7o4vUb98RLmjg38hxSGwPDXzqUoykknr6IS9ZHpJDx43vk1sr5NQjx/BHipJa5QjW4InZ04tG2ZgAzhMzI0WQodHTP61+gCOP+BIzJETXNEJpx4hLihlJClYkSIjwCA1IV1EfeUTY8eShBB4opQ/dgKvyJZyovydi5Akx9hzVmV4qZr1U/M/rRtI9t2Pqh5EkPp4uciMGZQDTdGCfcoIlGyuCMKfqVoiHiCMsVYYFFYI5+/I8aVXK5mm5el0t1q+yOPJgD+yDEjDBGaiDS9AATYDBA3gCL+BVe9SetTftfdqa07KZXfAH2sc3AIOb6g==</latexit>

r(x 0,u = 2) = �1

<latexit sha1_base64="RVpeRyEoRXskBVuRXslHWbNnj8Y=">AAACCXicbZDLSsNAFIYn9VbrLerSzWARKmhJSlE3hYIb3VWwF2hDmUwn7dDJJMxMxBKydeOruHGhiFvfwJ1v46SNoK0/DHz85xzmnN8NGZXKsr6M3NLyyupafr2wsbm1vWPu7rVkEAlMmjhggei4SBJGOWkqqhjphIIg32Wk7Y4v03r7jghJA36rJiFxfDTk1KMYKW31TShKPR+pkevF98kJ/OEoqVWOYQ2e2n2zaJWtqeAi2BkUQaZG3/zsDQIc+YQrzJCUXdsKlRMjoShmJCn0IklChMdoSLoaOfKJdOLpJQk80s4AeoHQjys4dX9PxMiXcuK7ujPdVM7XUvO/WjdS3oUTUx5GinA8+8iLGFQBTGOBAyoIVmyiAWFB9a4Qj5BAWOnwCjoEe/7kRWhVyvZZuXpTLdavszjy4AAcghKwwTmogyvQAE2AwQN4Ai/g1Xg0no03433WmjOymX3wR8bHN0pTmM0=</latexit>

r(x,u = 2) = �1

<latexit sha1_base64="kRSwqVa9bepAqRuS8vP7AvO//MM=">AAACDXicbVDLSsNAFJ3UV62vqEs3g1Wom5BI0W4KBTe6q2Af0IQymU7aoZMHMxOxxPyAG3/FjQtF3Lp35984aSNo64GBM+fcy733uBGjQprml1ZYWl5ZXSuulzY2t7Z39N29tghjjkkLhyzkXRcJwmhAWpJKRroRJ8h3Gem444vM79wSLmgY3MhJRBwfDQPqUYykkvr6kR3Riu0jOXK9JE7rFryHP9+79ATWoWnU+nrZNMwp4CKxclIGOZp9/dMehDj2SSAxQ0L0LDOSToK4pJiRtGTHgkQIj9GQ9BQNkE+Ek0yvSeGxUgbQC7l6gYRT9XdHgnwhJr6rKrNFxbyXif95vVh6NSehQRRLEuDZIC9mUIYwiwYOKCdYsokiCHOqdoV4hDjCUgVYUiFY8ycvkvapYZ0Z1etquXGVx1EEB+AQVIAFzkEDXIImaAEMHsATeAGv2qP2rL1p77PSgpb37IM/0D6+ATKEml8=</latexit>

⇡(u = 1|x) = 0.8

<latexit sha1_base64="iiTWTXRtvWpeWC1KHji5uOI1dPk=">AAACDXicbVDLSsNAFJ3UV62vqEs3g1Wom5CUom4KBTe6q2Af0IQymU7aoZMHMxOxxPyAG3/FjQtF3Lp35984aSNo64GBM+fcy733uBGjQprml1ZYWl5ZXSuulzY2t7Z39N29tghjjkkLhyzkXRcJwmhAWpJKRroRJ8h3Gem444vM79wSLmgY3MhJRBwfDQPqUYykkvr6kR3Riu0jOXK9JE7rVXgPf7536QmsQ9Oo9vWyaZhTwEVi5aQMcjT7+qc9CHHsk0BihoToWWYknQRxSTEjacmOBYkQHqMh6SkaIJ8IJ5lek8JjpQygF3L1Agmn6u+OBPlCTHxXVWaLinkvE//zerH0zp2EBlEsSYBng7yYQRnCLBo4oJxgySaKIMyp2hXiEeIISxVgSYVgzZ+8SNpVwzo1ate1cuMqj6MIDsAhqAALnIEGuARN0AIYPIAn8AJetUftWXvT3melBS3v2Qd/oH18AysEmlo=</latexit>

⇡(u = 2|x) = 0.2

<latexit sha1_base64="l12QY9GVfneHK1mCNtS64hU5EGs=">AAACFHicbVDLSsNAFJ34rPUVdelmsAgVISRSfCwKBTe6q2Af0MQymU7aoZMHMxOxxHyEG3/FjQtF3Lpw5984aSNo64GBM+fcy733uBGjQprmlzY3v7C4tFxYKa6urW9s6lvbTRHGHJMGDlnI2y4ShNGANCSVjLQjTpDvMtJyh+eZ37olXNAwuJajiDg+6gfUoxhJJXX1QzuiZdtHcuB6SZxWLXgPf7536Y0dceqTA1iFpnHW1UumYY4BZ4mVkxLIUe/qn3YvxLFPAokZEqJjmZF0EsQlxYykRTsWJEJ4iPqko2iAfCKcZHxUCveV0oNeyNULJByrvzsS5Asx8l1Vme0rpr1M/M/rxNI7dRIaRLEkAZ4M8mIGZQizhGCPcoIlGymCMKdqV4gHiCMsVY5FFYI1ffIsaR4Z1rFRuaqUapd5HAWwC/ZAGVjgBNTABaiDBsDgATyBF/CqPWrP2pv2Pimd0/KeHfAH2sc38I6dfQ==</latexit>

⇡(u = 1|x0) = 0.9

<latexit sha1_base64="C4vuNO6sPzkPrqqaSgkEkK9MTbU=">AAACFHicbVDLSsNAFJ34rPUVdelmsAgVISSlqJtCwY3uKtgHNLFMppN26OTBzEQsMR/hxl9x40IRty7c+TdO2gjaemDgzDn3cu89bsSokKb5pS0sLi2vrBbWiusbm1vb+s5uS4Qxx6SJQxbyjosEYTQgTUklI52IE+S7jLTd0Xnmt28JFzQMruU4Io6PBgH1KEZSST392I5o2faRHLpeEqe1CryHP9+79MaOOPXJEaxB07B6esk0zAngPLFyUgI5Gj390+6HOPZJIDFDQnQtM5JOgrikmJG0aMeCRAiP0IB0FQ2QT4STTI5K4aFS+tALuXqBhBP1d0eCfCHGvqsqs33FrJeJ/3ndWHpnTkKDKJYkwNNBXsygDGGWEOxTTrBkY0UQ5lTtCvEQcYSlyrGoQrBmT54nrYphnRjVq2qpfpnHUQD74ACUgQVOQR1cgAZoAgwewBN4Aa/ao/asvWnv09IFLe/ZA3+gfXwD5g2ddg==</latexit>

⇡(u = 2|x 0) = 0.1



x

x0

x00

<latexit sha1_base64="hXz2Vk3q41iY0JfLt39EvAdHpDg=">AAACCHicbVC7TsMwFHV4lvIKMDJgUSExVQkgYKzEAluR6ENqQuW4TmvVdiLbQVRRRhZ+hYUBhFj5BDb+BqfNUFqOZOvonHt17z1BzKjSjvNjLSwuLa+sltbK6xubW9v2zm5TRYnEpIEjFsl2gBRhVJCGppqRdiwJ4gEjrWB4lfutByIVjcSdHsXE56gvaEgx0kbq2gceR3oQhOljdp96saScTP9Z1644VWcMOE/cglRAgXrX/vZ6EU44ERozpFTHdWLtp0hqihnJyl6iSIzwEPVJx1CBOFF+Oj4kg0dG6cEwkuYJDcfqdEeKuFIjHpjKfG016+Xif14n0eGln1IRJ5oIPBkUJgzqCOapwB6VBGs2MgRhSc2uEA+QRFib7MomBHf25HnSPKm659XT27NK7aaIowT2wSE4Bi64ADVwDeqgATB4Ai/gDbxbz9ar9WF9TkoXrKJnD/yB9fULetia7w==</latexit>

x000

<latexit sha1_base64="3ucZFceX34pbY0xf3enayRf0UVc=">AAACDnicbVC7TsMwFHXKq5RXgJHFoqrEVCWAgLESC2xFog+pCZXjOq1V24lsB1FF+QIWfoWFAYRYmdn4G5w2A7QcydbROffq3nuCmFGlHefbKi0tr6yuldcrG5tb2zv27l5bRYnEpIUjFslugBRhVJCWppqRbiwJ4gEjnWB8mfudeyIVjcStnsTE52goaEgx0kbq2zWPIz0KwvQhu0u9WFJOFv+sb1edujMFXCRuQaqgQLNvf3mDCCecCI0ZUqrnOrH2UyQ1xYxkFS9RJEZ4jIakZ6hAnCg/nZ6TwZpRBjCMpHlCw6n6uyNFXKkJD0xlvrya93LxP6+X6PDCT6mIE00Eng0KEwZ1BPNs4IBKgjWbGIKwpGZXiEdIIqxNghUTgjt/8iJpH9fds/rJzWm1cV3EUQYH4BAcARecgwa4Ak3QAhg8gmfwCt6sJ+vFerc+ZqUlq+jZB39gff4AbcWdpA==</latexit>

x0000

<latexit sha1_base64="pMOXAeCU/jRLW++32EVBS0TfgPc="></latexit>

V ⇡(x) = E
⌧⇠⇡
x0=x

[
1X

t=0

�trt+1] = E
⌧⇠⇡
x0=x

[r(⌧)] =

Z

⌧ :x0=x

p(⌧ |⇡)r(⌧)

<latexit sha1_base64="5Qs0szTsNY5rD4zUDCzhKY438ew="></latexit>

Q⇡(x,u) = E
⌧⇠⇡
x0=x
u0=u

[
1X

t=0

�trt+1] = E
⌧⇠⇡
x0=x
u0=u

[r(⌧)] =

Z

⌧:x0=x
u0=u

p(⌧ |⇡)r(⌧)

<latexit sha1_base64="KkyT1DMjIA/1kXOCJxrxq5tskN0=">AAACCXicbZDLSsNAFIZP6q3WW9Slm8EiVJSSSFE3hYIb3VWwF2hDmUwn7dDJhZmJWEK3bnwVNy4UcesbuPNtnLQRtPrDwMd/zmHO+d2IM6ks69PILSwuLa/kVwtr6xubW+b2TlOGsSC0QUIeiraLJeUsoA3FFKftSFDsu5y23NFFWm/dUiFZGNyocUQdHw8C5jGClbZ6JhKlro/V0PWSu8kx+uZ4UrUPURUd2T2zaJWtqdBfsDMoQqZ6z/zo9kMS+zRQhGMpO7YVKSfBQjHC6aTQjSWNMBnhAe1oDLBPpZNML5mgA+30kRcK/QKFpu7PiQT7Uo59V3emm8r5Wmr+V+vEyjt3EhZEsaIBmX3kxRypEKWxoD4TlCg+1oCJYHpXRIZYYKJ0eAUdgj1/8l9onpTt03LlulKsXWVx5GEP9qEENpxBDS6hDg0gcA+P8AwvxoPxZLwab7PWnJHN7MIvGe9fRb+Yyg==</latexit>

r(x,u = 1) = +1

<latexit sha1_base64="yoKuYHESGrhWd6As/mU8DcCsKwM=">AAACEHicbVDLSsNAFJ3UV62vqEs3g0WsKCWRom4KBTe6q2Af0MQymU7q0MkkzEzEEvIJbvwVNy4UcevSnX/jtI2grQcuHM65l3vv8SJGpbKsLyM3N7+wuJRfLqysrq1vmJtbTRnGApMGDlko2h6ShFFOGooqRtqRICjwGGl5g/OR37ojQtKQX6thRNwA9Tn1KUZKS11zX5ScAKlbz0/u0xsnEjQgR/BHitOqfQCr8NDumkWrbI0BZ4mdkSLIUO+an04vxHFAuMIMSdmxrUi5CRKKYkbSghNLEiE8QH3S0ZSjgEg3GT+Uwj2t9KAfCl1cwbH6eyJBgZTDwNOdo0vltDcS//M6sfLP3ITyKFaE48kiP2ZQhXCUDuxRQbBiQ00QFlTfCvEtEggrnWFBh2BPvzxLmsdl+6RcuaoUa5dZHHmwA3ZBCdjgFNTABaiDBsDgATyBF/BqPBrPxpvxPmnNGdnMNvgD4+Mb++Cb5w==</latexit>

r(x0,u = 1) = +1

<latexit sha1_base64="L8gwcdgOh81zDLxBikgo01HAUgE=">AAACEHicbVDLSsNAFJ3UV62vqEs3g0WsoCUpRd0UCm50V8E+oIllMp20QycPZiZiCfkEN/6KGxeKuHXpzr9x0kbQ1gMXDufcy733OCGjQhrGl5ZbWFxaXsmvFtbWNza39O2dlggijkkTByzgHQcJwqhPmpJKRjohJ8hzGGk7o4vUb98RLmjg38hxSGwPDXzqUoykknr6IS9ZHpJDx43vk1sr5NQjx/BHipJa5QjW4InZ04tG2ZgAzhMzI0WQodHTP61+gCOP+BIzJETXNEJpx4hLihlJClYkSIjwCA1IV1EfeUTY8eShBB4opQ/dgKvyJZyovydi5Akx9hzVmV4qZr1U/M/rRtI9t2Pqh5EkPp4uciMGZQDTdGCfcoIlGyuCMKfqVoiHiCMsVYYFFYI5+/I8aVXK5mm5el0t1q+yOPJgD+yDEjDBGaiDS9AATYDBA3gCL+BVe9SetTftfdqa07KZXfAH2sc3AIOb6g==</latexit>

r(x 0,u = 2) = �1

<latexit sha1_base64="RVpeRyEoRXskBVuRXslHWbNnj8Y=">AAACCXicbZDLSsNAFIYn9VbrLerSzWARKmhJSlE3hYIb3VWwF2hDmUwn7dDJJMxMxBKydeOruHGhiFvfwJ1v46SNoK0/DHz85xzmnN8NGZXKsr6M3NLyyupafr2wsbm1vWPu7rVkEAlMmjhggei4SBJGOWkqqhjphIIg32Wk7Y4v03r7jghJA36rJiFxfDTk1KMYKW31TShKPR+pkevF98kJ/OEoqVWOYQ2e2n2zaJWtqeAi2BkUQaZG3/zsDQIc+YQrzJCUXdsKlRMjoShmJCn0IklChMdoSLoaOfKJdOLpJQk80s4AeoHQjys4dX9PxMiXcuK7ujPdVM7XUvO/WjdS3oUTUx5GinA8+8iLGFQBTGOBAyoIVmyiAWFB9a4Qj5BAWOnwCjoEe/7kRWhVyvZZuXpTLdavszjy4AAcghKwwTmogyvQAE2AwQN4Ai/g1Xg0no03433WmjOymX3wR8bHN0pTmM0=</latexit>

r(x,u = 2) = �1

<latexit sha1_base64="kRSwqVa9bepAqRuS8vP7AvO//MM=">AAACDXicbVDLSsNAFJ3UV62vqEs3g1Wom5BI0W4KBTe6q2Af0IQymU7aoZMHMxOxxPyAG3/FjQtF3Lp35984aSNo64GBM+fcy733uBGjQprml1ZYWl5ZXSuulzY2t7Z39N29tghjjkkLhyzkXRcJwmhAWpJKRroRJ8h3Gem444vM79wSLmgY3MhJRBwfDQPqUYykkvr6kR3Riu0jOXK9JE7rFryHP9+79ATWoWnU+nrZNMwp4CKxclIGOZp9/dMehDj2SSAxQ0L0LDOSToK4pJiRtGTHgkQIj9GQ9BQNkE+Ek0yvSeGxUgbQC7l6gYRT9XdHgnwhJr6rKrNFxbyXif95vVh6NSehQRRLEuDZIC9mUIYwiwYOKCdYsokiCHOqdoV4hDjCUgVYUiFY8ycvkvapYZ0Z1etquXGVx1EEB+AQVIAFzkEDXIImaAEMHsATeAGv2qP2rL1p77PSgpb37IM/0D6+ATKEml8=</latexit>

⇡(u = 1|x) = 0.8

<latexit sha1_base64="iiTWTXRtvWpeWC1KHji5uOI1dPk=">AAACDXicbVDLSsNAFJ3UV62vqEs3g1Wom5CUom4KBTe6q2Af0IQymU7aoZMHMxOxxPyAG3/FjQtF3Lp35984aSNo64GBM+fcy733uBGjQprml1ZYWl5ZXSuulzY2t7Z39N29tghjjkkLhyzkXRcJwmhAWpJKRroRJ8h3Gem444vM79wSLmgY3MhJRBwfDQPqUYykkvr6kR3Riu0jOXK9JE7rVXgPf7536QmsQ9Oo9vWyaZhTwEVi5aQMcjT7+qc9CHHsk0BihoToWWYknQRxSTEjacmOBYkQHqMh6SkaIJ8IJ5lek8JjpQygF3L1Agmn6u+OBPlCTHxXVWaLinkvE//zerH0zp2EBlEsSYBng7yYQRnCLBo4oJxgySaKIMyp2hXiEeIISxVgSYVgzZ+8SNpVwzo1ate1cuMqj6MIDsAhqAALnIEGuARN0AIYPIAn8AJetUftWXvT3melBS3v2Qd/oH18AysEmlo=</latexit>

⇡(u = 2|x) = 0.2

<latexit sha1_base64="l12QY9GVfneHK1mCNtS64hU5EGs=">AAACFHicbVDLSsNAFJ34rPUVdelmsAgVISRSfCwKBTe6q2Af0MQymU7aoZMHMxOxxHyEG3/FjQtF3Lpw5984aSNo64GBM+fcy733uBGjQprmlzY3v7C4tFxYKa6urW9s6lvbTRHGHJMGDlnI2y4ShNGANCSVjLQjTpDvMtJyh+eZ37olXNAwuJajiDg+6gfUoxhJJXX1QzuiZdtHcuB6SZxWLXgPf7536Y0dceqTA1iFpnHW1UumYY4BZ4mVkxLIUe/qn3YvxLFPAokZEqJjmZF0EsQlxYykRTsWJEJ4iPqko2iAfCKcZHxUCveV0oNeyNULJByrvzsS5Asx8l1Vme0rpr1M/M/rxNI7dRIaRLEkAZ4M8mIGZQizhGCPcoIlGymCMKdqV4gHiCMsVY5FFYI1ffIsaR4Z1rFRuaqUapd5HAWwC/ZAGVjgBNTABaiDBsDgATyBF/CqPWrP2pv2Pimd0/KeHfAH2sc38I6dfQ==</latexit>

⇡(u = 1|x0) = 0.9

<latexit sha1_base64="C4vuNO6sPzkPrqqaSgkEkK9MTbU=">AAACFHicbVDLSsNAFJ34rPUVdelmsAgVISSlqJtCwY3uKtgHNLFMppN26OTBzEQsMR/hxl9x40IRty7c+TdO2gjaemDgzDn3cu89bsSokKb5pS0sLi2vrBbWiusbm1vb+s5uS4Qxx6SJQxbyjosEYTQgTUklI52IE+S7jLTd0Xnmt28JFzQMruU4Io6PBgH1KEZSST392I5o2faRHLpeEqe1CryHP9+79MaOOPXJEaxB07B6esk0zAngPLFyUgI5Gj390+6HOPZJIDFDQnQtM5JOgrikmJG0aMeCRAiP0IB0FQ2QT4STTI5K4aFS+tALuXqBhBP1d0eCfCHGvqsqs33FrJeJ/3ndWHpnTkKDKJYkwNNBXsygDGGWEOxTTrBkY0UQ5lTtCvEQcYSlyrGoQrBmT54nrYphnRjVq2qpfpnHUQD74ACUgQVOQR1cgAZoAgwewBN4Aa/ao/asvWnv09IFLe/ZA3+gfXwD5g2ddg==</latexit>

⇡(u = 2|x 0) = 0.1



x

x0

x00

<latexit sha1_base64="hXz2Vk3q41iY0JfLt39EvAdHpDg=">AAACCHicbVC7TsMwFHV4lvIKMDJgUSExVQkgYKzEAluR6ENqQuW4TmvVdiLbQVRRRhZ+hYUBhFj5BDb+BqfNUFqOZOvonHt17z1BzKjSjvNjLSwuLa+sltbK6xubW9v2zm5TRYnEpIEjFsl2gBRhVJCGppqRdiwJ4gEjrWB4lfutByIVjcSdHsXE56gvaEgx0kbq2gceR3oQhOljdp96saScTP9Z1644VWcMOE/cglRAgXrX/vZ6EU44ERozpFTHdWLtp0hqihnJyl6iSIzwEPVJx1CBOFF+Oj4kg0dG6cEwkuYJDcfqdEeKuFIjHpjKfG016+Xif14n0eGln1IRJ5oIPBkUJgzqCOapwB6VBGs2MgRhSc2uEA+QRFib7MomBHf25HnSPKm659XT27NK7aaIowT2wSE4Bi64ADVwDeqgATB4Ai/gDbxbz9ar9WF9TkoXrKJnD/yB9fULetia7w==</latexit>

x000

<latexit sha1_base64="3ucZFceX34pbY0xf3enayRf0UVc=">AAACDnicbVC7TsMwFHXKq5RXgJHFoqrEVCWAgLESC2xFog+pCZXjOq1V24lsB1FF+QIWfoWFAYRYmdn4G5w2A7QcydbROffq3nuCmFGlHefbKi0tr6yuldcrG5tb2zv27l5bRYnEpIUjFslugBRhVJCWppqRbiwJ4gEjnWB8mfudeyIVjcStnsTE52goaEgx0kbq2zWPIz0KwvQhu0u9WFJOFv+sb1edujMFXCRuQaqgQLNvf3mDCCecCI0ZUqrnOrH2UyQ1xYxkFS9RJEZ4jIakZ6hAnCg/nZ6TwZpRBjCMpHlCw6n6uyNFXKkJD0xlvrya93LxP6+X6PDCT6mIE00Eng0KEwZ1BPNs4IBKgjWbGIKwpGZXiEdIIqxNghUTgjt/8iJpH9fds/rJzWm1cV3EUQYH4BAcARecgwa4Ak3QAhg8gmfwCt6sJ+vFerc+ZqUlq+jZB39gff4AbcWdpA==</latexit>

x0000

<latexit sha1_base64="pMOXAeCU/jRLW++32EVBS0TfgPc="></latexit>

V ⇡(x) = E
⌧⇠⇡
x0=x

[
1X

t=0

�trt+1] = E
⌧⇠⇡
x0=x

[r(⌧)] =

Z

⌧ :x0=x

p(⌧ |⇡)r(⌧)

<latexit sha1_base64="5Qs0szTsNY5rD4zUDCzhKY438ew="></latexit>

Q⇡(x,u) = E
⌧⇠⇡
x0=x
u0=u

[
1X

t=0

�trt+1] = E
⌧⇠⇡
x0=x
u0=u

[r(⌧)] =

Z

⌧:x0=x
u0=u

p(⌧ |⇡)r(⌧)

<latexit sha1_base64="S8GXfVIWKXG9YrUK61ke4bucNSQ="></latexit>

Q⇡(x,u = 2) = �1???

<latexit sha1_base64="KkyT1DMjIA/1kXOCJxrxq5tskN0=">AAACCXicbZDLSsNAFIZP6q3WW9Slm8EiVJSSSFE3hYIb3VWwF2hDmUwn7dDJhZmJWEK3bnwVNy4UcesbuPNtnLQRtPrDwMd/zmHO+d2IM6ks69PILSwuLa/kVwtr6xubW+b2TlOGsSC0QUIeiraLJeUsoA3FFKftSFDsu5y23NFFWm/dUiFZGNyocUQdHw8C5jGClbZ6JhKlro/V0PWSu8kx+uZ4UrUPURUd2T2zaJWtqdBfsDMoQqZ6z/zo9kMS+zRQhGMpO7YVKSfBQjHC6aTQjSWNMBnhAe1oDLBPpZNML5mgA+30kRcK/QKFpu7PiQT7Uo59V3emm8r5Wmr+V+vEyjt3EhZEsaIBmX3kxRypEKWxoD4TlCg+1oCJYHpXRIZYYKJ0eAUdgj1/8l9onpTt03LlulKsXWVx5GEP9qEENpxBDS6hDg0gcA+P8AwvxoPxZLwab7PWnJHN7MIvGe9fRb+Yyg==</latexit>

r(x,u = 1) = +1

<latexit sha1_base64="yoKuYHESGrhWd6As/mU8DcCsKwM=">AAACEHicbVDLSsNAFJ3UV62vqEs3g0WsKCWRom4KBTe6q2Af0MQymU7q0MkkzEzEEvIJbvwVNy4UcevSnX/jtI2grQcuHM65l3vv8SJGpbKsLyM3N7+wuJRfLqysrq1vmJtbTRnGApMGDlko2h6ShFFOGooqRtqRICjwGGl5g/OR37ojQtKQX6thRNwA9Tn1KUZKS11zX5ScAKlbz0/u0xsnEjQgR/BHitOqfQCr8NDumkWrbI0BZ4mdkSLIUO+an04vxHFAuMIMSdmxrUi5CRKKYkbSghNLEiE8QH3S0ZSjgEg3GT+Uwj2t9KAfCl1cwbH6eyJBgZTDwNOdo0vltDcS//M6sfLP3ITyKFaE48kiP2ZQhXCUDuxRQbBiQ00QFlTfCvEtEggrnWFBh2BPvzxLmsdl+6RcuaoUa5dZHHmwA3ZBCdjgFNTABaiDBsDgATyBF/BqPBrPxpvxPmnNGdnMNvgD4+Mb++Cb5w==</latexit>

r(x0,u = 1) = +1

<latexit sha1_base64="L8gwcdgOh81zDLxBikgo01HAUgE=">AAACEHicbVDLSsNAFJ3UV62vqEs3g0WsoCUpRd0UCm50V8E+oIllMp20QycPZiZiCfkEN/6KGxeKuHXpzr9x0kbQ1gMXDufcy733OCGjQhrGl5ZbWFxaXsmvFtbWNza39O2dlggijkkTByzgHQcJwqhPmpJKRjohJ8hzGGk7o4vUb98RLmjg38hxSGwPDXzqUoykknr6IS9ZHpJDx43vk1sr5NQjx/BHipJa5QjW4InZ04tG2ZgAzhMzI0WQodHTP61+gCOP+BIzJETXNEJpx4hLihlJClYkSIjwCA1IV1EfeUTY8eShBB4opQ/dgKvyJZyovydi5Akx9hzVmV4qZr1U/M/rRtI9t2Pqh5EkPp4uciMGZQDTdGCfcoIlGyuCMKfqVoiHiCMsVYYFFYI5+/I8aVXK5mm5el0t1q+yOPJgD+yDEjDBGaiDS9AATYDBA3gCL+BVe9SetTftfdqa07KZXfAH2sc3AIOb6g==</latexit>

r(x 0,u = 2) = �1

<latexit sha1_base64="RVpeRyEoRXskBVuRXslHWbNnj8Y=">AAACCXicbZDLSsNAFIYn9VbrLerSzWARKmhJSlE3hYIb3VWwF2hDmUwn7dDJJMxMxBKydeOruHGhiFvfwJ1v46SNoK0/DHz85xzmnN8NGZXKsr6M3NLyyupafr2wsbm1vWPu7rVkEAlMmjhggei4SBJGOWkqqhjphIIg32Wk7Y4v03r7jghJA36rJiFxfDTk1KMYKW31TShKPR+pkevF98kJ/OEoqVWOYQ2e2n2zaJWtqeAi2BkUQaZG3/zsDQIc+YQrzJCUXdsKlRMjoShmJCn0IklChMdoSLoaOfKJdOLpJQk80s4AeoHQjys4dX9PxMiXcuK7ujPdVM7XUvO/WjdS3oUTUx5GinA8+8iLGFQBTGOBAyoIVmyiAWFB9a4Qj5BAWOnwCjoEe/7kRWhVyvZZuXpTLdavszjy4AAcghKwwTmogyvQAE2AwQN4Ai/g1Xg0no03433WmjOymX3wR8bHN0pTmM0=</latexit>

r(x,u = 2) = �1

<latexit sha1_base64="kRSwqVa9bepAqRuS8vP7AvO//MM=">AAACDXicbVDLSsNAFJ3UV62vqEs3g1Wom5BI0W4KBTe6q2Af0IQymU7aoZMHMxOxxPyAG3/FjQtF3Lp35984aSNo64GBM+fcy733uBGjQprml1ZYWl5ZXSuulzY2t7Z39N29tghjjkkLhyzkXRcJwmhAWpJKRroRJ8h3Gem444vM79wSLmgY3MhJRBwfDQPqUYykkvr6kR3Riu0jOXK9JE7rFryHP9+79ATWoWnU+nrZNMwp4CKxclIGOZp9/dMehDj2SSAxQ0L0LDOSToK4pJiRtGTHgkQIj9GQ9BQNkE+Ek0yvSeGxUgbQC7l6gYRT9XdHgnwhJr6rKrNFxbyXif95vVh6NSehQRRLEuDZIC9mUIYwiwYOKCdYsokiCHOqdoV4hDjCUgVYUiFY8ycvkvapYZ0Z1etquXGVx1EEB+AQVIAFzkEDXIImaAEMHsATeAGv2qP2rL1p77PSgpb37IM/0D6+ATKEml8=</latexit>

⇡(u = 1|x) = 0.8

<latexit sha1_base64="iiTWTXRtvWpeWC1KHji5uOI1dPk=">AAACDXicbVDLSsNAFJ3UV62vqEs3g1Wom5CUom4KBTe6q2Af0IQymU7aoZMHMxOxxPyAG3/FjQtF3Lp35984aSNo64GBM+fcy733uBGjQprml1ZYWl5ZXSuulzY2t7Z39N29tghjjkkLhyzkXRcJwmhAWpJKRroRJ8h3Gem444vM79wSLmgY3MhJRBwfDQPqUYykkvr6kR3Riu0jOXK9JE7rVXgPf7536QmsQ9Oo9vWyaZhTwEVi5aQMcjT7+qc9CHHsk0BihoToWWYknQRxSTEjacmOBYkQHqMh6SkaIJ8IJ5lek8JjpQygF3L1Agmn6u+OBPlCTHxXVWaLinkvE//zerH0zp2EBlEsSYBng7yYQRnCLBo4oJxgySaKIMyp2hXiEeIISxVgSYVgzZ+8SNpVwzo1ate1cuMqj6MIDsAhqAALnIEGuARN0AIYPIAn8AJetUftWXvT3melBS3v2Qd/oH18AysEmlo=</latexit>

⇡(u = 2|x) = 0.2

<latexit sha1_base64="l12QY9GVfneHK1mCNtS64hU5EGs=">AAACFHicbVDLSsNAFJ34rPUVdelmsAgVISRSfCwKBTe6q2Af0MQymU7aoZMHMxOxxHyEG3/FjQtF3Lpw5984aSNo64GBM+fcy733uBGjQprmlzY3v7C4tFxYKa6urW9s6lvbTRHGHJMGDlnI2y4ShNGANCSVjLQjTpDvMtJyh+eZ37olXNAwuJajiDg+6gfUoxhJJXX1QzuiZdtHcuB6SZxWLXgPf7536Y0dceqTA1iFpnHW1UumYY4BZ4mVkxLIUe/qn3YvxLFPAokZEqJjmZF0EsQlxYykRTsWJEJ4iPqko2iAfCKcZHxUCveV0oNeyNULJByrvzsS5Asx8l1Vme0rpr1M/M/rxNI7dRIaRLEkAZ4M8mIGZQizhGCPcoIlGymCMKdqV4gHiCMsVY5FFYI1ffIsaR4Z1rFRuaqUapd5HAWwC/ZAGVjgBNTABaiDBsDgATyBF/CqPWrP2pv2Pimd0/KeHfAH2sc38I6dfQ==</latexit>

⇡(u = 1|x0) = 0.9

<latexit sha1_base64="C4vuNO6sPzkPrqqaSgkEkK9MTbU=">AAACFHicbVDLSsNAFJ34rPUVdelmsAgVISSlqJtCwY3uKtgHNLFMppN26OTBzEQsMR/hxl9x40IRty7c+TdO2gjaemDgzDn3cu89bsSokKb5pS0sLi2vrBbWiusbm1vb+s5uS4Qxx6SJQxbyjosEYTQgTUklI52IE+S7jLTd0Xnmt28JFzQMruU4Io6PBgH1KEZSST392I5o2faRHLpeEqe1CryHP9+79MaOOPXJEaxB07B6esk0zAngPLFyUgI5Gj390+6HOPZJIDFDQnQtM5JOgrikmJG0aMeCRAiP0IB0FQ2QT4STTI5K4aFS+tALuXqBhBP1d0eCfCHGvqsqs33FrJeJ/3ndWHpnTkKDKJYkwNNBXsygDGGWEOxTTrBkY0UQ5lTtCvEQcYSlyrGoQrBmT54nrYphnRjVq2qpfpnHUQD74ACUgQVOQR1cgAZoAgwewBN4Aa/ao/asvWnv09IFLe/ZA3+gfXwD5g2ddg==</latexit>

⇡(u = 2|x 0) = 0.1



x

x0

x00

<latexit sha1_base64="hXz2Vk3q41iY0JfLt39EvAdHpDg=">AAACCHicbVC7TsMwFHV4lvIKMDJgUSExVQkgYKzEAluR6ENqQuW4TmvVdiLbQVRRRhZ+hYUBhFj5BDb+BqfNUFqOZOvonHt17z1BzKjSjvNjLSwuLa+sltbK6xubW9v2zm5TRYnEpIEjFsl2gBRhVJCGppqRdiwJ4gEjrWB4lfutByIVjcSdHsXE56gvaEgx0kbq2gceR3oQhOljdp96saScTP9Z1644VWcMOE/cglRAgXrX/vZ6EU44ERozpFTHdWLtp0hqihnJyl6iSIzwEPVJx1CBOFF+Oj4kg0dG6cEwkuYJDcfqdEeKuFIjHpjKfG016+Xif14n0eGln1IRJ5oIPBkUJgzqCOapwB6VBGs2MgRhSc2uEA+QRFib7MomBHf25HnSPKm659XT27NK7aaIowT2wSE4Bi64ADVwDeqgATB4Ai/gDbxbz9ar9WF9TkoXrKJnD/yB9fULetia7w==</latexit>

x000

<latexit sha1_base64="3ucZFceX34pbY0xf3enayRf0UVc=">AAACDnicbVC7TsMwFHXKq5RXgJHFoqrEVCWAgLESC2xFog+pCZXjOq1V24lsB1FF+QIWfoWFAYRYmdn4G5w2A7QcydbROffq3nuCmFGlHefbKi0tr6yuldcrG5tb2zv27l5bRYnEpIUjFslugBRhVJCWppqRbiwJ4gEjnWB8mfudeyIVjcStnsTE52goaEgx0kbq2zWPIz0KwvQhu0u9WFJOFv+sb1edujMFXCRuQaqgQLNvf3mDCCecCI0ZUqrnOrH2UyQ1xYxkFS9RJEZ4jIakZ6hAnCg/nZ6TwZpRBjCMpHlCw6n6uyNFXKkJD0xlvrya93LxP6+X6PDCT6mIE00Eng0KEwZ1BPNs4IBKgjWbGIKwpGZXiEdIIqxNghUTgjt/8iJpH9fds/rJzWm1cV3EUQYH4BAcARecgwa4Ak3QAhg8gmfwCt6sJ+vFerc+ZqUlq+jZB39gff4AbcWdpA==</latexit>

x0000

<latexit sha1_base64="pMOXAeCU/jRLW++32EVBS0TfgPc="></latexit>

V ⇡(x) = E
⌧⇠⇡
x0=x

[
1X

t=0

�trt+1] = E
⌧⇠⇡
x0=x

[r(⌧)] =

Z

⌧ :x0=x

p(⌧ |⇡)r(⌧)

<latexit sha1_base64="5Qs0szTsNY5rD4zUDCzhKY438ew="></latexit>

Q⇡(x,u) = E
⌧⇠⇡
x0=x
u0=u

[
1X

t=0

�trt+1] = E
⌧⇠⇡
x0=x
u0=u

[r(⌧)] =

Z

⌧:x0=x
u0=u

p(⌧ |⇡)r(⌧)

<latexit sha1_base64="S8GXfVIWKXG9YrUK61ke4bucNSQ="></latexit>

Q⇡(x,u = 2) = �1

<latexit sha1_base64="KkyT1DMjIA/1kXOCJxrxq5tskN0=">AAACCXicbZDLSsNAFIZP6q3WW9Slm8EiVJSSSFE3hYIb3VWwF2hDmUwn7dDJhZmJWEK3bnwVNy4UcesbuPNtnLQRtPrDwMd/zmHO+d2IM6ks69PILSwuLa/kVwtr6xubW+b2TlOGsSC0QUIeiraLJeUsoA3FFKftSFDsu5y23NFFWm/dUiFZGNyocUQdHw8C5jGClbZ6JhKlro/V0PWSu8kx+uZ4UrUPURUd2T2zaJWtqdBfsDMoQqZ6z/zo9kMS+zRQhGMpO7YVKSfBQjHC6aTQjSWNMBnhAe1oDLBPpZNML5mgA+30kRcK/QKFpu7PiQT7Uo59V3emm8r5Wmr+V+vEyjt3EhZEsaIBmX3kxRypEKWxoD4TlCg+1oCJYHpXRIZYYKJ0eAUdgj1/8l9onpTt03LlulKsXWVx5GEP9qEENpxBDS6hDg0gcA+P8AwvxoPxZLwab7PWnJHN7MIvGe9fRb+Yyg==</latexit>

r(x,u = 1) = +1

<latexit sha1_base64="yoKuYHESGrhWd6As/mU8DcCsKwM=">AAACEHicbVDLSsNAFJ3UV62vqEs3g0WsKCWRom4KBTe6q2Af0MQymU7q0MkkzEzEEvIJbvwVNy4UcevSnX/jtI2grQcuHM65l3vv8SJGpbKsLyM3N7+wuJRfLqysrq1vmJtbTRnGApMGDlko2h6ShFFOGooqRtqRICjwGGl5g/OR37ojQtKQX6thRNwA9Tn1KUZKS11zX5ScAKlbz0/u0xsnEjQgR/BHitOqfQCr8NDumkWrbI0BZ4mdkSLIUO+an04vxHFAuMIMSdmxrUi5CRKKYkbSghNLEiE8QH3S0ZSjgEg3GT+Uwj2t9KAfCl1cwbH6eyJBgZTDwNOdo0vltDcS//M6sfLP3ITyKFaE48kiP2ZQhXCUDuxRQbBiQ00QFlTfCvEtEggrnWFBh2BPvzxLmsdl+6RcuaoUa5dZHHmwA3ZBCdjgFNTABaiDBsDgATyBF/BqPBrPxpvxPmnNGdnMNvgD4+Mb++Cb5w==</latexit>

r(x0,u = 1) = +1

<latexit sha1_base64="L8gwcdgOh81zDLxBikgo01HAUgE=">AAACEHicbVDLSsNAFJ3UV62vqEs3g0WsoCUpRd0UCm50V8E+oIllMp20QycPZiZiCfkEN/6KGxeKuHXpzr9x0kbQ1gMXDufcy733OCGjQhrGl5ZbWFxaXsmvFtbWNza39O2dlggijkkTByzgHQcJwqhPmpJKRjohJ8hzGGk7o4vUb98RLmjg38hxSGwPDXzqUoykknr6IS9ZHpJDx43vk1sr5NQjx/BHipJa5QjW4InZ04tG2ZgAzhMzI0WQodHTP61+gCOP+BIzJETXNEJpx4hLihlJClYkSIjwCA1IV1EfeUTY8eShBB4opQ/dgKvyJZyovydi5Akx9hzVmV4qZr1U/M/rRtI9t2Pqh5EkPp4uciMGZQDTdGCfcoIlGyuCMKfqVoiHiCMsVYYFFYI5+/I8aVXK5mm5el0t1q+yOPJgD+yDEjDBGaiDS9AATYDBA3gCL+BVe9SetTftfdqa07KZXfAH2sc3AIOb6g==</latexit>

r(x 0,u = 2) = �1

<latexit sha1_base64="RVpeRyEoRXskBVuRXslHWbNnj8Y=">AAACCXicbZDLSsNAFIYn9VbrLerSzWARKmhJSlE3hYIb3VWwF2hDmUwn7dDJJMxMxBKydeOruHGhiFvfwJ1v46SNoK0/DHz85xzmnN8NGZXKsr6M3NLyyupafr2wsbm1vWPu7rVkEAlMmjhggei4SBJGOWkqqhjphIIg32Wk7Y4v03r7jghJA36rJiFxfDTk1KMYKW31TShKPR+pkevF98kJ/OEoqVWOYQ2e2n2zaJWtqeAi2BkUQaZG3/zsDQIc+YQrzJCUXdsKlRMjoShmJCn0IklChMdoSLoaOfKJdOLpJQk80s4AeoHQjys4dX9PxMiXcuK7ujPdVM7XUvO/WjdS3oUTUx5GinA8+8iLGFQBTGOBAyoIVmyiAWFB9a4Qj5BAWOnwCjoEe/7kRWhVyvZZuXpTLdavszjy4AAcghKwwTmogyvQAE2AwQN4Ai/g1Xg0no03433WmjOymX3wR8bHN0pTmM0=</latexit>

r(x,u = 2) = �1

<latexit sha1_base64="kRSwqVa9bepAqRuS8vP7AvO//MM=">AAACDXicbVDLSsNAFJ3UV62vqEs3g1Wom5BI0W4KBTe6q2Af0IQymU7aoZMHMxOxxPyAG3/FjQtF3Lp35984aSNo64GBM+fcy733uBGjQprml1ZYWl5ZXSuulzY2t7Z39N29tghjjkkLhyzkXRcJwmhAWpJKRroRJ8h3Gem444vM79wSLmgY3MhJRBwfDQPqUYykkvr6kR3Riu0jOXK9JE7rFryHP9+79ATWoWnU+nrZNMwp4CKxclIGOZp9/dMehDj2SSAxQ0L0LDOSToK4pJiRtGTHgkQIj9GQ9BQNkE+Ek0yvSeGxUgbQC7l6gYRT9XdHgnwhJr6rKrNFxbyXif95vVh6NSehQRRLEuDZIC9mUIYwiwYOKCdYsokiCHOqdoV4hDjCUgVYUiFY8ycvkvapYZ0Z1etquXGVx1EEB+AQVIAFzkEDXIImaAEMHsATeAGv2qP2rL1p77PSgpb37IM/0D6+ATKEml8=</latexit>

⇡(u = 1|x) = 0.8

<latexit sha1_base64="iiTWTXRtvWpeWC1KHji5uOI1dPk=">AAACDXicbVDLSsNAFJ3UV62vqEs3g1Wom5CUom4KBTe6q2Af0IQymU7aoZMHMxOxxPyAG3/FjQtF3Lp35984aSNo64GBM+fcy733uBGjQprml1ZYWl5ZXSuulzY2t7Z39N29tghjjkkLhyzkXRcJwmhAWpJKRroRJ8h3Gem444vM79wSLmgY3MhJRBwfDQPqUYykkvr6kR3Riu0jOXK9JE7rVXgPf7536QmsQ9Oo9vWyaZhTwEVi5aQMcjT7+qc9CHHsk0BihoToWWYknQRxSTEjacmOBYkQHqMh6SkaIJ8IJ5lek8JjpQygF3L1Agmn6u+OBPlCTHxXVWaLinkvE//zerH0zp2EBlEsSYBng7yYQRnCLBo4oJxgySaKIMyp2hXiEeIISxVgSYVgzZ+8SNpVwzo1ate1cuMqj6MIDsAhqAALnIEGuARN0AIYPIAn8AJetUftWXvT3melBS3v2Qd/oH18AysEmlo=</latexit>

⇡(u = 2|x) = 0.2

<latexit sha1_base64="l12QY9GVfneHK1mCNtS64hU5EGs=">AAACFHicbVDLSsNAFJ34rPUVdelmsAgVISRSfCwKBTe6q2Af0MQymU7aoZMHMxOxxHyEG3/FjQtF3Lpw5984aSNo64GBM+fcy733uBGjQprmlzY3v7C4tFxYKa6urW9s6lvbTRHGHJMGDlnI2y4ShNGANCSVjLQjTpDvMtJyh+eZ37olXNAwuJajiDg+6gfUoxhJJXX1QzuiZdtHcuB6SZxWLXgPf7536Y0dceqTA1iFpnHW1UumYY4BZ4mVkxLIUe/qn3YvxLFPAokZEqJjmZF0EsQlxYykRTsWJEJ4iPqko2iAfCKcZHxUCveV0oNeyNULJByrvzsS5Asx8l1Vme0rpr1M/M/rxNI7dRIaRLEkAZ4M8mIGZQizhGCPcoIlGymCMKdqV4gHiCMsVY5FFYI1ffIsaR4Z1rFRuaqUapd5HAWwC/ZAGVjgBNTABaiDBsDgATyBF/CqPWrP2pv2Pimd0/KeHfAH2sc38I6dfQ==</latexit>

⇡(u = 1|x0) = 0.9

<latexit sha1_base64="C4vuNO6sPzkPrqqaSgkEkK9MTbU=">AAACFHicbVDLSsNAFJ34rPUVdelmsAgVISSlqJtCwY3uKtgHNLFMppN26OTBzEQsMR/hxl9x40IRty7c+TdO2gjaemDgzDn3cu89bsSokKb5pS0sLi2vrBbWiusbm1vb+s5uS4Qxx6SJQxbyjosEYTQgTUklI52IE+S7jLTd0Xnmt28JFzQMruU4Io6PBgH1KEZSST392I5o2faRHLpeEqe1CryHP9+79MaOOPXJEaxB07B6esk0zAngPLFyUgI5Gj390+6HOPZJIDFDQnQtM5JOgrikmJG0aMeCRAiP0IB0FQ2QT4STTI5K4aFS+tALuXqBhBP1d0eCfCHGvqsqs33FrJeJ/3ndWHpnTkKDKJYkwNNBXsygDGGWEOxTTrBkY0UQ5lTtCvEQcYSlyrGoQrBmT54nrYphnRjVq2qpfpnHUQD74ACUgQVOQR1cgAZoAgwewBN4Aa/ao/asvWnv09IFLe/ZA3+gfXwD5g2ddg==</latexit>

⇡(u = 2|x 0) = 0.1



x

x0

x00

<latexit sha1_base64="hXz2Vk3q41iY0JfLt39EvAdHpDg=">AAACCHicbVC7TsMwFHV4lvIKMDJgUSExVQkgYKzEAluR6ENqQuW4TmvVdiLbQVRRRhZ+hYUBhFj5BDb+BqfNUFqOZOvonHt17z1BzKjSjvNjLSwuLa+sltbK6xubW9v2zm5TRYnEpIEjFsl2gBRhVJCGppqRdiwJ4gEjrWB4lfutByIVjcSdHsXE56gvaEgx0kbq2gceR3oQhOljdp96saScTP9Z1644VWcMOE/cglRAgXrX/vZ6EU44ERozpFTHdWLtp0hqihnJyl6iSIzwEPVJx1CBOFF+Oj4kg0dG6cEwkuYJDcfqdEeKuFIjHpjKfG016+Xif14n0eGln1IRJ5oIPBkUJgzqCOapwB6VBGs2MgRhSc2uEA+QRFib7MomBHf25HnSPKm659XT27NK7aaIowT2wSE4Bi64ADVwDeqgATB4Ai/gDbxbz9ar9WF9TkoXrKJnD/yB9fULetia7w==</latexit>

x000

<latexit sha1_base64="3ucZFceX34pbY0xf3enayRf0UVc=">AAACDnicbVC7TsMwFHXKq5RXgJHFoqrEVCWAgLESC2xFog+pCZXjOq1V24lsB1FF+QIWfoWFAYRYmdn4G5w2A7QcydbROffq3nuCmFGlHefbKi0tr6yuldcrG5tb2zv27l5bRYnEpIUjFslugBRhVJCWppqRbiwJ4gEjnWB8mfudeyIVjcStnsTE52goaEgx0kbq2zWPIz0KwvQhu0u9WFJOFv+sb1edujMFXCRuQaqgQLNvf3mDCCecCI0ZUqrnOrH2UyQ1xYxkFS9RJEZ4jIakZ6hAnCg/nZ6TwZpRBjCMpHlCw6n6uyNFXKkJD0xlvrya93LxP6+X6PDCT6mIE00Eng0KEwZ1BPNs4IBKgjWbGIKwpGZXiEdIIqxNghUTgjt/8iJpH9fds/rJzWm1cV3EUQYH4BAcARecgwa4Ak3QAhg8gmfwCt6sJ+vFerc+ZqUlq+jZB39gff4AbcWdpA==</latexit>

x0000

<latexit sha1_base64="pMOXAeCU/jRLW++32EVBS0TfgPc="></latexit>

V ⇡(x) = E
⌧⇠⇡
x0=x

[
1X

t=0

�trt+1] = E
⌧⇠⇡
x0=x

[r(⌧)] =

Z

⌧ :x0=x

p(⌧ |⇡)r(⌧)

<latexit sha1_base64="5Qs0szTsNY5rD4zUDCzhKY438ew="></latexit>

Q⇡(x,u) = E
⌧⇠⇡
x0=x
u0=u

[
1X

t=0

�trt+1] = E
⌧⇠⇡
x0=x
u0=u

[r(⌧)] =

Z

⌧:x0=x
u0=u

p(⌧ |⇡)r(⌧)

<latexit sha1_base64="S8GXfVIWKXG9YrUK61ke4bucNSQ="></latexit>

Q⇡(x,u = 2) = �1
<latexit sha1_base64="RM/hQzIhGeX0pGiP0/1EWUXUno8="></latexit>

Q⇡(x,u = 1) = 1 + 0.9 ⇤ 1 + 0.1 ⇤ (�1) = 1.8???

<latexit sha1_base64="KkyT1DMjIA/1kXOCJxrxq5tskN0=">AAACCXicbZDLSsNAFIZP6q3WW9Slm8EiVJSSSFE3hYIb3VWwF2hDmUwn7dDJhZmJWEK3bnwVNy4UcesbuPNtnLQRtPrDwMd/zmHO+d2IM6ks69PILSwuLa/kVwtr6xubW+b2TlOGsSC0QUIeiraLJeUsoA3FFKftSFDsu5y23NFFWm/dUiFZGNyocUQdHw8C5jGClbZ6JhKlro/V0PWSu8kx+uZ4UrUPURUd2T2zaJWtqdBfsDMoQqZ6z/zo9kMS+zRQhGMpO7YVKSfBQjHC6aTQjSWNMBnhAe1oDLBPpZNML5mgA+30kRcK/QKFpu7PiQT7Uo59V3emm8r5Wmr+V+vEyjt3EhZEsaIBmX3kxRypEKWxoD4TlCg+1oCJYHpXRIZYYKJ0eAUdgj1/8l9onpTt03LlulKsXWVx5GEP9qEENpxBDS6hDg0gcA+P8AwvxoPxZLwab7PWnJHN7MIvGe9fRb+Yyg==</latexit>

r(x,u = 1) = +1

<latexit sha1_base64="yoKuYHESGrhWd6As/mU8DcCsKwM=">AAACEHicbVDLSsNAFJ3UV62vqEs3g0WsKCWRom4KBTe6q2Af0MQymU7q0MkkzEzEEvIJbvwVNy4UcevSnX/jtI2grQcuHM65l3vv8SJGpbKsLyM3N7+wuJRfLqysrq1vmJtbTRnGApMGDlko2h6ShFFOGooqRtqRICjwGGl5g/OR37ojQtKQX6thRNwA9Tn1KUZKS11zX5ScAKlbz0/u0xsnEjQgR/BHitOqfQCr8NDumkWrbI0BZ4mdkSLIUO+an04vxHFAuMIMSdmxrUi5CRKKYkbSghNLEiE8QH3S0ZSjgEg3GT+Uwj2t9KAfCl1cwbH6eyJBgZTDwNOdo0vltDcS//M6sfLP3ITyKFaE48kiP2ZQhXCUDuxRQbBiQ00QFlTfCvEtEggrnWFBh2BPvzxLmsdl+6RcuaoUa5dZHHmwA3ZBCdjgFNTABaiDBsDgATyBF/BqPBrPxpvxPmnNGdnMNvgD4+Mb++Cb5w==</latexit>

r(x0,u = 1) = +1

<latexit sha1_base64="L8gwcdgOh81zDLxBikgo01HAUgE=">AAACEHicbVDLSsNAFJ3UV62vqEs3g0WsoCUpRd0UCm50V8E+oIllMp20QycPZiZiCfkEN/6KGxeKuHXpzr9x0kbQ1gMXDufcy733OCGjQhrGl5ZbWFxaXsmvFtbWNza39O2dlggijkkTByzgHQcJwqhPmpJKRjohJ8hzGGk7o4vUb98RLmjg38hxSGwPDXzqUoykknr6IS9ZHpJDx43vk1sr5NQjx/BHipJa5QjW4InZ04tG2ZgAzhMzI0WQodHTP61+gCOP+BIzJETXNEJpx4hLihlJClYkSIjwCA1IV1EfeUTY8eShBB4opQ/dgKvyJZyovydi5Akx9hzVmV4qZr1U/M/rRtI9t2Pqh5EkPp4uciMGZQDTdGCfcoIlGyuCMKfqVoiHiCMsVYYFFYI5+/I8aVXK5mm5el0t1q+yOPJgD+yDEjDBGaiDS9AATYDBA3gCL+BVe9SetTftfdqa07KZXfAH2sc3AIOb6g==</latexit>

r(x 0,u = 2) = �1

<latexit sha1_base64="RVpeRyEoRXskBVuRXslHWbNnj8Y=">AAACCXicbZDLSsNAFIYn9VbrLerSzWARKmhJSlE3hYIb3VWwF2hDmUwn7dDJJMxMxBKydeOruHGhiFvfwJ1v46SNoK0/DHz85xzmnN8NGZXKsr6M3NLyyupafr2wsbm1vWPu7rVkEAlMmjhggei4SBJGOWkqqhjphIIg32Wk7Y4v03r7jghJA36rJiFxfDTk1KMYKW31TShKPR+pkevF98kJ/OEoqVWOYQ2e2n2zaJWtqeAi2BkUQaZG3/zsDQIc+YQrzJCUXdsKlRMjoShmJCn0IklChMdoSLoaOfKJdOLpJQk80s4AeoHQjys4dX9PxMiXcuK7ujPdVM7XUvO/WjdS3oUTUx5GinA8+8iLGFQBTGOBAyoIVmyiAWFB9a4Qj5BAWOnwCjoEe/7kRWhVyvZZuXpTLdavszjy4AAcghKwwTmogyvQAE2AwQN4Ai/g1Xg0no03433WmjOymX3wR8bHN0pTmM0=</latexit>

r(x,u = 2) = �1

<latexit sha1_base64="kRSwqVa9bepAqRuS8vP7AvO//MM=">AAACDXicbVDLSsNAFJ3UV62vqEs3g1Wom5BI0W4KBTe6q2Af0IQymU7aoZMHMxOxxPyAG3/FjQtF3Lp35984aSNo64GBM+fcy733uBGjQprml1ZYWl5ZXSuulzY2t7Z39N29tghjjkkLhyzkXRcJwmhAWpJKRroRJ8h3Gem444vM79wSLmgY3MhJRBwfDQPqUYykkvr6kR3Riu0jOXK9JE7rFryHP9+79ATWoWnU+nrZNMwp4CKxclIGOZp9/dMehDj2SSAxQ0L0LDOSToK4pJiRtGTHgkQIj9GQ9BQNkE+Ek0yvSeGxUgbQC7l6gYRT9XdHgnwhJr6rKrNFxbyXif95vVh6NSehQRRLEuDZIC9mUIYwiwYOKCdYsokiCHOqdoV4hDjCUgVYUiFY8ycvkvapYZ0Z1etquXGVx1EEB+AQVIAFzkEDXIImaAEMHsATeAGv2qP2rL1p77PSgpb37IM/0D6+ATKEml8=</latexit>

⇡(u = 1|x) = 0.8

<latexit sha1_base64="iiTWTXRtvWpeWC1KHji5uOI1dPk=">AAACDXicbVDLSsNAFJ3UV62vqEs3g1Wom5CUom4KBTe6q2Af0IQymU7aoZMHMxOxxPyAG3/FjQtF3Lp35984aSNo64GBM+fcy733uBGjQprml1ZYWl5ZXSuulzY2t7Z39N29tghjjkkLhyzkXRcJwmhAWpJKRroRJ8h3Gem444vM79wSLmgY3MhJRBwfDQPqUYykkvr6kR3Riu0jOXK9JE7rVXgPf7536QmsQ9Oo9vWyaZhTwEVi5aQMcjT7+qc9CHHsk0BihoToWWYknQRxSTEjacmOBYkQHqMh6SkaIJ8IJ5lek8JjpQygF3L1Agmn6u+OBPlCTHxXVWaLinkvE//zerH0zp2EBlEsSYBng7yYQRnCLBo4oJxgySaKIMyp2hXiEeIISxVgSYVgzZ+8SNpVwzo1ate1cuMqj6MIDsAhqAALnIEGuARN0AIYPIAn8AJetUftWXvT3melBS3v2Qd/oH18AysEmlo=</latexit>

⇡(u = 2|x) = 0.2

<latexit sha1_base64="l12QY9GVfneHK1mCNtS64hU5EGs=">AAACFHicbVDLSsNAFJ34rPUVdelmsAgVISRSfCwKBTe6q2Af0MQymU7aoZMHMxOxxHyEG3/FjQtF3Lpw5984aSNo64GBM+fcy733uBGjQprmlzY3v7C4tFxYKa6urW9s6lvbTRHGHJMGDlnI2y4ShNGANCSVjLQjTpDvMtJyh+eZ37olXNAwuJajiDg+6gfUoxhJJXX1QzuiZdtHcuB6SZxWLXgPf7536Y0dceqTA1iFpnHW1UumYY4BZ4mVkxLIUe/qn3YvxLFPAokZEqJjmZF0EsQlxYykRTsWJEJ4iPqko2iAfCKcZHxUCveV0oNeyNULJByrvzsS5Asx8l1Vme0rpr1M/M/rxNI7dRIaRLEkAZ4M8mIGZQizhGCPcoIlGymCMKdqV4gHiCMsVY5FFYI1ffIsaR4Z1rFRuaqUapd5HAWwC/ZAGVjgBNTABaiDBsDgATyBF/CqPWrP2pv2Pimd0/KeHfAH2sc38I6dfQ==</latexit>

⇡(u = 1|x0) = 0.9

<latexit sha1_base64="C4vuNO6sPzkPrqqaSgkEkK9MTbU=">AAACFHicbVDLSsNAFJ34rPUVdelmsAgVISSlqJtCwY3uKtgHNLFMppN26OTBzEQsMR/hxl9x40IRty7c+TdO2gjaemDgzDn3cu89bsSokKb5pS0sLi2vrBbWiusbm1vb+s5uS4Qxx6SJQxbyjosEYTQgTUklI52IE+S7jLTd0Xnmt28JFzQMruU4Io6PBgH1KEZSST392I5o2faRHLpeEqe1CryHP9+79MaOOPXJEaxB07B6esk0zAngPLFyUgI5Gj390+6HOPZJIDFDQnQtM5JOgrikmJG0aMeCRAiP0IB0FQ2QT4STTI5K4aFS+tALuXqBhBP1d0eCfCHGvqsqs33FrJeJ/3ndWHpnTkKDKJYkwNNBXsygDGGWEOxTTrBkY0UQ5lTtCvEQcYSlyrGoQrBmT54nrYphnRjVq2qpfpnHUQD74ACUgQVOQR1cgAZoAgwewBN4Aa/ao/asvWnv09IFLe/ZA3+gfXwD5g2ddg==</latexit>

⇡(u = 2|x 0) = 0.1



x

x0

x00

<latexit sha1_base64="hXz2Vk3q41iY0JfLt39EvAdHpDg=">AAACCHicbVC7TsMwFHV4lvIKMDJgUSExVQkgYKzEAluR6ENqQuW4TmvVdiLbQVRRRhZ+hYUBhFj5BDb+BqfNUFqOZOvonHt17z1BzKjSjvNjLSwuLa+sltbK6xubW9v2zm5TRYnEpIEjFsl2gBRhVJCGppqRdiwJ4gEjrWB4lfutByIVjcSdHsXE56gvaEgx0kbq2gceR3oQhOljdp96saScTP9Z1644VWcMOE/cglRAgXrX/vZ6EU44ERozpFTHdWLtp0hqihnJyl6iSIzwEPVJx1CBOFF+Oj4kg0dG6cEwkuYJDcfqdEeKuFIjHpjKfG016+Xif14n0eGln1IRJ5oIPBkUJgzqCOapwB6VBGs2MgRhSc2uEA+QRFib7MomBHf25HnSPKm659XT27NK7aaIowT2wSE4Bi64ADVwDeqgATB4Ai/gDbxbz9ar9WF9TkoXrKJnD/yB9fULetia7w==</latexit>

x000

<latexit sha1_base64="3ucZFceX34pbY0xf3enayRf0UVc=">AAACDnicbVC7TsMwFHXKq5RXgJHFoqrEVCWAgLESC2xFog+pCZXjOq1V24lsB1FF+QIWfoWFAYRYmdn4G5w2A7QcydbROffq3nuCmFGlHefbKi0tr6yuldcrG5tb2zv27l5bRYnEpIUjFslugBRhVJCWppqRbiwJ4gEjnWB8mfudeyIVjcStnsTE52goaEgx0kbq2zWPIz0KwvQhu0u9WFJOFv+sb1edujMFXCRuQaqgQLNvf3mDCCecCI0ZUqrnOrH2UyQ1xYxkFS9RJEZ4jIakZ6hAnCg/nZ6TwZpRBjCMpHlCw6n6uyNFXKkJD0xlvrya93LxP6+X6PDCT6mIE00Eng0KEwZ1BPNs4IBKgjWbGIKwpGZXiEdIIqxNghUTgjt/8iJpH9fds/rJzWm1cV3EUQYH4BAcARecgwa4Ak3QAhg8gmfwCt6sJ+vFerc+ZqUlq+jZB39gff4AbcWdpA==</latexit>

x0000

<latexit sha1_base64="pMOXAeCU/jRLW++32EVBS0TfgPc="></latexit>

V ⇡(x) = E
⌧⇠⇡
x0=x

[
1X

t=0

�trt+1] = E
⌧⇠⇡
x0=x

[r(⌧)] =

Z

⌧ :x0=x

p(⌧ |⇡)r(⌧)

<latexit sha1_base64="5Qs0szTsNY5rD4zUDCzhKY438ew="></latexit>

Q⇡(x,u) = E
⌧⇠⇡
x0=x
u0=u

[
1X

t=0

�trt+1] = E
⌧⇠⇡
x0=x
u0=u

[r(⌧)] =

Z

⌧:x0=x
u0=u

p(⌧ |⇡)r(⌧)

<latexit sha1_base64="S8GXfVIWKXG9YrUK61ke4bucNSQ="></latexit>

Q⇡(x,u = 2) = �1
<latexit sha1_base64="RM/hQzIhGeX0pGiP0/1EWUXUno8="></latexit>

Q⇡(x,u = 1) = 1 + 0.9 ⇤ 1 + 0.1 ⇤ (�1) = 1.8

<latexit sha1_base64="KkyT1DMjIA/1kXOCJxrxq5tskN0=">AAACCXicbZDLSsNAFIZP6q3WW9Slm8EiVJSSSFE3hYIb3VWwF2hDmUwn7dDJhZmJWEK3bnwVNy4UcesbuPNtnLQRtPrDwMd/zmHO+d2IM6ks69PILSwuLa/kVwtr6xubW+b2TlOGsSC0QUIeiraLJeUsoA3FFKftSFDsu5y23NFFWm/dUiFZGNyocUQdHw8C5jGClbZ6JhKlro/V0PWSu8kx+uZ4UrUPURUd2T2zaJWtqdBfsDMoQqZ6z/zo9kMS+zRQhGMpO7YVKSfBQjHC6aTQjSWNMBnhAe1oDLBPpZNML5mgA+30kRcK/QKFpu7PiQT7Uo59V3emm8r5Wmr+V+vEyjt3EhZEsaIBmX3kxRypEKWxoD4TlCg+1oCJYHpXRIZYYKJ0eAUdgj1/8l9onpTt03LlulKsXWVx5GEP9qEENpxBDS6hDg0gcA+P8AwvxoPxZLwab7PWnJHN7MIvGe9fRb+Yyg==</latexit>

r(x,u = 1) = +1

<latexit sha1_base64="yoKuYHESGrhWd6As/mU8DcCsKwM=">AAACEHicbVDLSsNAFJ3UV62vqEs3g0WsKCWRom4KBTe6q2Af0MQymU7q0MkkzEzEEvIJbvwVNy4UcevSnX/jtI2grQcuHM65l3vv8SJGpbKsLyM3N7+wuJRfLqysrq1vmJtbTRnGApMGDlko2h6ShFFOGooqRtqRICjwGGl5g/OR37ojQtKQX6thRNwA9Tn1KUZKS11zX5ScAKlbz0/u0xsnEjQgR/BHitOqfQCr8NDumkWrbI0BZ4mdkSLIUO+an04vxHFAuMIMSdmxrUi5CRKKYkbSghNLEiE8QH3S0ZSjgEg3GT+Uwj2t9KAfCl1cwbH6eyJBgZTDwNOdo0vltDcS//M6sfLP3ITyKFaE48kiP2ZQhXCUDuxRQbBiQ00QFlTfCvEtEggrnWFBh2BPvzxLmsdl+6RcuaoUa5dZHHmwA3ZBCdjgFNTABaiDBsDgATyBF/BqPBrPxpvxPmnNGdnMNvgD4+Mb++Cb5w==</latexit>

r(x0,u = 1) = +1

<latexit sha1_base64="L8gwcdgOh81zDLxBikgo01HAUgE=">AAACEHicbVDLSsNAFJ3UV62vqEs3g0WsoCUpRd0UCm50V8E+oIllMp20QycPZiZiCfkEN/6KGxeKuHXpzr9x0kbQ1gMXDufcy733OCGjQhrGl5ZbWFxaXsmvFtbWNza39O2dlggijkkTByzgHQcJwqhPmpJKRjohJ8hzGGk7o4vUb98RLmjg38hxSGwPDXzqUoykknr6IS9ZHpJDx43vk1sr5NQjx/BHipJa5QjW4InZ04tG2ZgAzhMzI0WQodHTP61+gCOP+BIzJETXNEJpx4hLihlJClYkSIjwCA1IV1EfeUTY8eShBB4opQ/dgKvyJZyovydi5Akx9hzVmV4qZr1U/M/rRtI9t2Pqh5EkPp4uciMGZQDTdGCfcoIlGyuCMKfqVoiHiCMsVYYFFYI5+/I8aVXK5mm5el0t1q+yOPJgD+yDEjDBGaiDS9AATYDBA3gCL+BVe9SetTftfdqa07KZXfAH2sc3AIOb6g==</latexit>

r(x 0,u = 2) = �1

<latexit sha1_base64="RVpeRyEoRXskBVuRXslHWbNnj8Y=">AAACCXicbZDLSsNAFIYn9VbrLerSzWARKmhJSlE3hYIb3VWwF2hDmUwn7dDJJMxMxBKydeOruHGhiFvfwJ1v46SNoK0/DHz85xzmnN8NGZXKsr6M3NLyyupafr2wsbm1vWPu7rVkEAlMmjhggei4SBJGOWkqqhjphIIg32Wk7Y4v03r7jghJA36rJiFxfDTk1KMYKW31TShKPR+pkevF98kJ/OEoqVWOYQ2e2n2zaJWtqeAi2BkUQaZG3/zsDQIc+YQrzJCUXdsKlRMjoShmJCn0IklChMdoSLoaOfKJdOLpJQk80s4AeoHQjys4dX9PxMiXcuK7ujPdVM7XUvO/WjdS3oUTUx5GinA8+8iLGFQBTGOBAyoIVmyiAWFB9a4Qj5BAWOnwCjoEe/7kRWhVyvZZuXpTLdavszjy4AAcghKwwTmogyvQAE2AwQN4Ai/g1Xg0no03433WmjOymX3wR8bHN0pTmM0=</latexit>

r(x,u = 2) = �1

<latexit sha1_base64="kRSwqVa9bepAqRuS8vP7AvO//MM=">AAACDXicbVDLSsNAFJ3UV62vqEs3g1Wom5BI0W4KBTe6q2Af0IQymU7aoZMHMxOxxPyAG3/FjQtF3Lp35984aSNo64GBM+fcy733uBGjQprml1ZYWl5ZXSuulzY2t7Z39N29tghjjkkLhyzkXRcJwmhAWpJKRroRJ8h3Gem444vM79wSLmgY3MhJRBwfDQPqUYykkvr6kR3Riu0jOXK9JE7rFryHP9+79ATWoWnU+nrZNMwp4CKxclIGOZp9/dMehDj2SSAxQ0L0LDOSToK4pJiRtGTHgkQIj9GQ9BQNkE+Ek0yvSeGxUgbQC7l6gYRT9XdHgnwhJr6rKrNFxbyXif95vVh6NSehQRRLEuDZIC9mUIYwiwYOKCdYsokiCHOqdoV4hDjCUgVYUiFY8ycvkvapYZ0Z1etquXGVx1EEB+AQVIAFzkEDXIImaAEMHsATeAGv2qP2rL1p77PSgpb37IM/0D6+ATKEml8=</latexit>

⇡(u = 1|x) = 0.8

<latexit sha1_base64="iiTWTXRtvWpeWC1KHji5uOI1dPk=">AAACDXicbVDLSsNAFJ3UV62vqEs3g1Wom5CUom4KBTe6q2Af0IQymU7aoZMHMxOxxPyAG3/FjQtF3Lp35984aSNo64GBM+fcy733uBGjQprml1ZYWl5ZXSuulzY2t7Z39N29tghjjkkLhyzkXRcJwmhAWpJKRroRJ8h3Gem444vM79wSLmgY3MhJRBwfDQPqUYykkvr6kR3Riu0jOXK9JE7rVXgPf7536QmsQ9Oo9vWyaZhTwEVi5aQMcjT7+qc9CHHsk0BihoToWWYknQRxSTEjacmOBYkQHqMh6SkaIJ8IJ5lek8JjpQygF3L1Agmn6u+OBPlCTHxXVWaLinkvE//zerH0zp2EBlEsSYBng7yYQRnCLBo4oJxgySaKIMyp2hXiEeIISxVgSYVgzZ+8SNpVwzo1ate1cuMqj6MIDsAhqAALnIEGuARN0AIYPIAn8AJetUftWXvT3melBS3v2Qd/oH18AysEmlo=</latexit>

⇡(u = 2|x) = 0.2

<latexit sha1_base64="l12QY9GVfneHK1mCNtS64hU5EGs=">AAACFHicbVDLSsNAFJ34rPUVdelmsAgVISRSfCwKBTe6q2Af0MQymU7aoZMHMxOxxHyEG3/FjQtF3Lpw5984aSNo64GBM+fcy733uBGjQprmlzY3v7C4tFxYKa6urW9s6lvbTRHGHJMGDlnI2y4ShNGANCSVjLQjTpDvMtJyh+eZ37olXNAwuJajiDg+6gfUoxhJJXX1QzuiZdtHcuB6SZxWLXgPf7536Y0dceqTA1iFpnHW1UumYY4BZ4mVkxLIUe/qn3YvxLFPAokZEqJjmZF0EsQlxYykRTsWJEJ4iPqko2iAfCKcZHxUCveV0oNeyNULJByrvzsS5Asx8l1Vme0rpr1M/M/rxNI7dRIaRLEkAZ4M8mIGZQizhGCPcoIlGymCMKdqV4gHiCMsVY5FFYI1ffIsaR4Z1rFRuaqUapd5HAWwC/ZAGVjgBNTABaiDBsDgATyBF/CqPWrP2pv2Pimd0/KeHfAH2sc38I6dfQ==</latexit>

⇡(u = 1|x0) = 0.9

<latexit sha1_base64="C4vuNO6sPzkPrqqaSgkEkK9MTbU=">AAACFHicbVDLSsNAFJ34rPUVdelmsAgVISSlqJtCwY3uKtgHNLFMppN26OTBzEQsMR/hxl9x40IRty7c+TdO2gjaemDgzDn3cu89bsSokKb5pS0sLi2vrBbWiusbm1vb+s5uS4Qxx6SJQxbyjosEYTQgTUklI52IE+S7jLTd0Xnmt28JFzQMruU4Io6PBgH1KEZSST392I5o2faRHLpeEqe1CryHP9+79MaOOPXJEaxB07B6esk0zAngPLFyUgI5Gj390+6HOPZJIDFDQnQtM5JOgrikmJG0aMeCRAiP0IB0FQ2QT4STTI5K4aFS+tALuXqBhBP1d0eCfCHGvqsqs33FrJeJ/3ndWHpnTkKDKJYkwNNBXsygDGGWEOxTTrBkY0UQ5lTtCvEQcYSlyrGoQrBmT54nrYphnRjVq2qpfpnHUQD74ACUgQVOQR1cgAZoAgwewBN4Aa/ao/asvWnv09IFLe/ZA3+gfXwD5g2ddg==</latexit>

⇡(u = 2|x 0) = 0.1



x

x0

x00

<latexit sha1_base64="hXz2Vk3q41iY0JfLt39EvAdHpDg=">AAACCHicbVC7TsMwFHV4lvIKMDJgUSExVQkgYKzEAluR6ENqQuW4TmvVdiLbQVRRRhZ+hYUBhFj5BDb+BqfNUFqOZOvonHt17z1BzKjSjvNjLSwuLa+sltbK6xubW9v2zm5TRYnEpIEjFsl2gBRhVJCGppqRdiwJ4gEjrWB4lfutByIVjcSdHsXE56gvaEgx0kbq2gceR3oQhOljdp96saScTP9Z1644VWcMOE/cglRAgXrX/vZ6EU44ERozpFTHdWLtp0hqihnJyl6iSIzwEPVJx1CBOFF+Oj4kg0dG6cEwkuYJDcfqdEeKuFIjHpjKfG016+Xif14n0eGln1IRJ5oIPBkUJgzqCOapwB6VBGs2MgRhSc2uEA+QRFib7MomBHf25HnSPKm659XT27NK7aaIowT2wSE4Bi64ADVwDeqgATB4Ai/gDbxbz9ar9WF9TkoXrKJnD/yB9fULetia7w==</latexit>

x000

<latexit sha1_base64="3ucZFceX34pbY0xf3enayRf0UVc=">AAACDnicbVC7TsMwFHXKq5RXgJHFoqrEVCWAgLESC2xFog+pCZXjOq1V24lsB1FF+QIWfoWFAYRYmdn4G5w2A7QcydbROffq3nuCmFGlHefbKi0tr6yuldcrG5tb2zv27l5bRYnEpIUjFslugBRhVJCWppqRbiwJ4gEjnWB8mfudeyIVjcStnsTE52goaEgx0kbq2zWPIz0KwvQhu0u9WFJOFv+sb1edujMFXCRuQaqgQLNvf3mDCCecCI0ZUqrnOrH2UyQ1xYxkFS9RJEZ4jIakZ6hAnCg/nZ6TwZpRBjCMpHlCw6n6uyNFXKkJD0xlvrya93LxP6+X6PDCT6mIE00Eng0KEwZ1BPNs4IBKgjWbGIKwpGZXiEdIIqxNghUTgjt/8iJpH9fds/rJzWm1cV3EUQYH4BAcARecgwa4Ak3QAhg8gmfwCt6sJ+vFerc+ZqUlq+jZB39gff4AbcWdpA==</latexit>

x0000

<latexit sha1_base64="pMOXAeCU/jRLW++32EVBS0TfgPc="></latexit>

V ⇡(x) = E
⌧⇠⇡
x0=x

[
1X

t=0

�trt+1] = E
⌧⇠⇡
x0=x

[r(⌧)] =

Z

⌧ :x0=x

p(⌧ |⇡)r(⌧)

<latexit sha1_base64="5Qs0szTsNY5rD4zUDCzhKY438ew="></latexit>

Q⇡(x,u) = E
⌧⇠⇡
x0=x
u0=u

[
1X

t=0

�trt+1] = E
⌧⇠⇡
x0=x
u0=u

[r(⌧)] =

Z

⌧:x0=x
u0=u

p(⌧ |⇡)r(⌧)

<latexit sha1_base64="RM/hQzIhGeX0pGiP0/1EWUXUno8="></latexit>

Q⇡(x,u = 1) = 1 + 0.9 ⇤ 1 + 0.1 ⇤ (�1) = 1.8

<latexit sha1_base64="S8GXfVIWKXG9YrUK61ke4bucNSQ="></latexit>

Q⇡(x,u = 2) = �1

<latexit sha1_base64="bgUkb1zl4okjXGUsAiXh+YxF8tg="></latexit>

V ⇡(x) = 0.8 ⇤ (1 + 0.9 ⇤ 1 + 0.1 ⇤ (�1)) + 0.2 ⇤ (�1) = 1.24???

<latexit sha1_base64="KkyT1DMjIA/1kXOCJxrxq5tskN0=">AAACCXicbZDLSsNAFIZP6q3WW9Slm8EiVJSSSFE3hYIb3VWwF2hDmUwn7dDJhZmJWEK3bnwVNy4UcesbuPNtnLQRtPrDwMd/zmHO+d2IM6ks69PILSwuLa/kVwtr6xubW+b2TlOGsSC0QUIeiraLJeUsoA3FFKftSFDsu5y23NFFWm/dUiFZGNyocUQdHw8C5jGClbZ6JhKlro/V0PWSu8kx+uZ4UrUPURUd2T2zaJWtqdBfsDMoQqZ6z/zo9kMS+zRQhGMpO7YVKSfBQjHC6aTQjSWNMBnhAe1oDLBPpZNML5mgA+30kRcK/QKFpu7PiQT7Uo59V3emm8r5Wmr+V+vEyjt3EhZEsaIBmX3kxRypEKWxoD4TlCg+1oCJYHpXRIZYYKJ0eAUdgj1/8l9onpTt03LlulKsXWVx5GEP9qEENpxBDS6hDg0gcA+P8AwvxoPxZLwab7PWnJHN7MIvGe9fRb+Yyg==</latexit>

r(x,u = 1) = +1

<latexit sha1_base64="yoKuYHESGrhWd6As/mU8DcCsKwM=">AAACEHicbVDLSsNAFJ3UV62vqEs3g0WsKCWRom4KBTe6q2Af0MQymU7q0MkkzEzEEvIJbvwVNy4UcevSnX/jtI2grQcuHM65l3vv8SJGpbKsLyM3N7+wuJRfLqysrq1vmJtbTRnGApMGDlko2h6ShFFOGooqRtqRICjwGGl5g/OR37ojQtKQX6thRNwA9Tn1KUZKS11zX5ScAKlbz0/u0xsnEjQgR/BHitOqfQCr8NDumkWrbI0BZ4mdkSLIUO+an04vxHFAuMIMSdmxrUi5CRKKYkbSghNLEiE8QH3S0ZSjgEg3GT+Uwj2t9KAfCl1cwbH6eyJBgZTDwNOdo0vltDcS//M6sfLP3ITyKFaE48kiP2ZQhXCUDuxRQbBiQ00QFlTfCvEtEggrnWFBh2BPvzxLmsdl+6RcuaoUa5dZHHmwA3ZBCdjgFNTABaiDBsDgATyBF/BqPBrPxpvxPmnNGdnMNvgD4+Mb++Cb5w==</latexit>

r(x0,u = 1) = +1

<latexit sha1_base64="L8gwcdgOh81zDLxBikgo01HAUgE=">AAACEHicbVDLSsNAFJ3UV62vqEs3g0WsoCUpRd0UCm50V8E+oIllMp20QycPZiZiCfkEN/6KGxeKuHXpzr9x0kbQ1gMXDufcy733OCGjQhrGl5ZbWFxaXsmvFtbWNza39O2dlggijkkTByzgHQcJwqhPmpJKRjohJ8hzGGk7o4vUb98RLmjg38hxSGwPDXzqUoykknr6IS9ZHpJDx43vk1sr5NQjx/BHipJa5QjW4InZ04tG2ZgAzhMzI0WQodHTP61+gCOP+BIzJETXNEJpx4hLihlJClYkSIjwCA1IV1EfeUTY8eShBB4opQ/dgKvyJZyovydi5Akx9hzVmV4qZr1U/M/rRtI9t2Pqh5EkPp4uciMGZQDTdGCfcoIlGyuCMKfqVoiHiCMsVYYFFYI5+/I8aVXK5mm5el0t1q+yOPJgD+yDEjDBGaiDS9AATYDBA3gCL+BVe9SetTftfdqa07KZXfAH2sc3AIOb6g==</latexit>

r(x 0,u = 2) = �1

<latexit sha1_base64="RVpeRyEoRXskBVuRXslHWbNnj8Y=">AAACCXicbZDLSsNAFIYn9VbrLerSzWARKmhJSlE3hYIb3VWwF2hDmUwn7dDJJMxMxBKydeOruHGhiFvfwJ1v46SNoK0/DHz85xzmnN8NGZXKsr6M3NLyyupafr2wsbm1vWPu7rVkEAlMmjhggei4SBJGOWkqqhjphIIg32Wk7Y4v03r7jghJA36rJiFxfDTk1KMYKW31TShKPR+pkevF98kJ/OEoqVWOYQ2e2n2zaJWtqeAi2BkUQaZG3/zsDQIc+YQrzJCUXdsKlRMjoShmJCn0IklChMdoSLoaOfKJdOLpJQk80s4AeoHQjys4dX9PxMiXcuK7ujPdVM7XUvO/WjdS3oUTUx5GinA8+8iLGFQBTGOBAyoIVmyiAWFB9a4Qj5BAWOnwCjoEe/7kRWhVyvZZuXpTLdavszjy4AAcghKwwTmogyvQAE2AwQN4Ai/g1Xg0no03433WmjOymX3wR8bHN0pTmM0=</latexit>

r(x,u = 2) = �1

<latexit sha1_base64="kRSwqVa9bepAqRuS8vP7AvO//MM=">AAACDXicbVDLSsNAFJ3UV62vqEs3g1Wom5BI0W4KBTe6q2Af0IQymU7aoZMHMxOxxPyAG3/FjQtF3Lp35984aSNo64GBM+fcy733uBGjQprml1ZYWl5ZXSuulzY2t7Z39N29tghjjkkLhyzkXRcJwmhAWpJKRroRJ8h3Gem444vM79wSLmgY3MhJRBwfDQPqUYykkvr6kR3Riu0jOXK9JE7rFryHP9+79ATWoWnU+nrZNMwp4CKxclIGOZp9/dMehDj2SSAxQ0L0LDOSToK4pJiRtGTHgkQIj9GQ9BQNkE+Ek0yvSeGxUgbQC7l6gYRT9XdHgnwhJr6rKrNFxbyXif95vVh6NSehQRRLEuDZIC9mUIYwiwYOKCdYsokiCHOqdoV4hDjCUgVYUiFY8ycvkvapYZ0Z1etquXGVx1EEB+AQVIAFzkEDXIImaAEMHsATeAGv2qP2rL1p77PSgpb37IM/0D6+ATKEml8=</latexit>

⇡(u = 1|x) = 0.8

<latexit sha1_base64="iiTWTXRtvWpeWC1KHji5uOI1dPk=">AAACDXicbVDLSsNAFJ3UV62vqEs3g1Wom5CUom4KBTe6q2Af0IQymU7aoZMHMxOxxPyAG3/FjQtF3Lp35984aSNo64GBM+fcy733uBGjQprml1ZYWl5ZXSuulzY2t7Z39N29tghjjkkLhyzkXRcJwmhAWpJKRroRJ8h3Gem444vM79wSLmgY3MhJRBwfDQPqUYykkvr6kR3Riu0jOXK9JE7rVXgPf7536QmsQ9Oo9vWyaZhTwEVi5aQMcjT7+qc9CHHsk0BihoToWWYknQRxSTEjacmOBYkQHqMh6SkaIJ8IJ5lek8JjpQygF3L1Agmn6u+OBPlCTHxXVWaLinkvE//zerH0zp2EBlEsSYBng7yYQRnCLBo4oJxgySaKIMyp2hXiEeIISxVgSYVgzZ+8SNpVwzo1ate1cuMqj6MIDsAhqAALnIEGuARN0AIYPIAn8AJetUftWXvT3melBS3v2Qd/oH18AysEmlo=</latexit>

⇡(u = 2|x) = 0.2

<latexit sha1_base64="l12QY9GVfneHK1mCNtS64hU5EGs=">AAACFHicbVDLSsNAFJ34rPUVdelmsAgVISRSfCwKBTe6q2Af0MQymU7aoZMHMxOxxHyEG3/FjQtF3Lpw5984aSNo64GBM+fcy733uBGjQprmlzY3v7C4tFxYKa6urW9s6lvbTRHGHJMGDlnI2y4ShNGANCSVjLQjTpDvMtJyh+eZ37olXNAwuJajiDg+6gfUoxhJJXX1QzuiZdtHcuB6SZxWLXgPf7536Y0dceqTA1iFpnHW1UumYY4BZ4mVkxLIUe/qn3YvxLFPAokZEqJjmZF0EsQlxYykRTsWJEJ4iPqko2iAfCKcZHxUCveV0oNeyNULJByrvzsS5Asx8l1Vme0rpr1M/M/rxNI7dRIaRLEkAZ4M8mIGZQizhGCPcoIlGymCMKdqV4gHiCMsVY5FFYI1ffIsaR4Z1rFRuaqUapd5HAWwC/ZAGVjgBNTABaiDBsDgATyBF/CqPWrP2pv2Pimd0/KeHfAH2sc38I6dfQ==</latexit>

⇡(u = 1|x0) = 0.9

<latexit sha1_base64="C4vuNO6sPzkPrqqaSgkEkK9MTbU=">AAACFHicbVDLSsNAFJ34rPUVdelmsAgVISSlqJtCwY3uKtgHNLFMppN26OTBzEQsMR/hxl9x40IRty7c+TdO2gjaemDgzDn3cu89bsSokKb5pS0sLi2vrBbWiusbm1vb+s5uS4Qxx6SJQxbyjosEYTQgTUklI52IE+S7jLTd0Xnmt28JFzQMruU4Io6PBgH1KEZSST392I5o2faRHLpeEqe1CryHP9+79MaOOPXJEaxB07B6esk0zAngPLFyUgI5Gj390+6HOPZJIDFDQnQtM5JOgrikmJG0aMeCRAiP0IB0FQ2QT4STTI5K4aFS+tALuXqBhBP1d0eCfCHGvqsqs33FrJeJ/3ndWHpnTkKDKJYkwNNBXsygDGGWEOxTTrBkY0UQ5lTtCvEQcYSlyrGoQrBmT54nrYphnRjVq2qpfpnHUQD74ACUgQVOQR1cgAZoAgwewBN4Aa/ao/asvWnv09IFLe/ZA3+gfXwD5g2ddg==</latexit>

⇡(u = 2|x 0) = 0.1



x

x0

x00

<latexit sha1_base64="hXz2Vk3q41iY0JfLt39EvAdHpDg=">AAACCHicbVC7TsMwFHV4lvIKMDJgUSExVQkgYKzEAluR6ENqQuW4TmvVdiLbQVRRRhZ+hYUBhFj5BDb+BqfNUFqOZOvonHt17z1BzKjSjvNjLSwuLa+sltbK6xubW9v2zm5TRYnEpIEjFsl2gBRhVJCGppqRdiwJ4gEjrWB4lfutByIVjcSdHsXE56gvaEgx0kbq2gceR3oQhOljdp96saScTP9Z1644VWcMOE/cglRAgXrX/vZ6EU44ERozpFTHdWLtp0hqihnJyl6iSIzwEPVJx1CBOFF+Oj4kg0dG6cEwkuYJDcfqdEeKuFIjHpjKfG016+Xif14n0eGln1IRJ5oIPBkUJgzqCOapwB6VBGs2MgRhSc2uEA+QRFib7MomBHf25HnSPKm659XT27NK7aaIowT2wSE4Bi64ADVwDeqgATB4Ai/gDbxbz9ar9WF9TkoXrKJnD/yB9fULetia7w==</latexit>

x000

<latexit sha1_base64="3ucZFceX34pbY0xf3enayRf0UVc=">AAACDnicbVC7TsMwFHXKq5RXgJHFoqrEVCWAgLESC2xFog+pCZXjOq1V24lsB1FF+QIWfoWFAYRYmdn4G5w2A7QcydbROffq3nuCmFGlHefbKi0tr6yuldcrG5tb2zv27l5bRYnEpIUjFslugBRhVJCWppqRbiwJ4gEjnWB8mfudeyIVjcStnsTE52goaEgx0kbq2zWPIz0KwvQhu0u9WFJOFv+sb1edujMFXCRuQaqgQLNvf3mDCCecCI0ZUqrnOrH2UyQ1xYxkFS9RJEZ4jIakZ6hAnCg/nZ6TwZpRBjCMpHlCw6n6uyNFXKkJD0xlvrya93LxP6+X6PDCT6mIE00Eng0KEwZ1BPNs4IBKgjWbGIKwpGZXiEdIIqxNghUTgjt/8iJpH9fds/rJzWm1cV3EUQYH4BAcARecgwa4Ak3QAhg8gmfwCt6sJ+vFerc+ZqUlq+jZB39gff4AbcWdpA==</latexit>

x0000

<latexit sha1_base64="pMOXAeCU/jRLW++32EVBS0TfgPc="></latexit>

V ⇡(x) = E
⌧⇠⇡
x0=x

[
1X

t=0

�trt+1] = E
⌧⇠⇡
x0=x

[r(⌧)] =

Z

⌧ :x0=x

p(⌧ |⇡)r(⌧)

<latexit sha1_base64="5Qs0szTsNY5rD4zUDCzhKY438ew="></latexit>

Q⇡(x,u) = E
⌧⇠⇡
x0=x
u0=u

[
1X

t=0

�trt+1] = E
⌧⇠⇡
x0=x
u0=u

[r(⌧)] =

Z

⌧:x0=x
u0=u

p(⌧ |⇡)r(⌧)

<latexit sha1_base64="RM/hQzIhGeX0pGiP0/1EWUXUno8="></latexit>

Q⇡(x,u = 1) = 1 + 0.9 ⇤ 1 + 0.1 ⇤ (�1) = 1.8

<latexit sha1_base64="S8GXfVIWKXG9YrUK61ke4bucNSQ="></latexit>

Q⇡(x,u = 2) = �1

<latexit sha1_base64="bgUkb1zl4okjXGUsAiXh+YxF8tg="></latexit>

V ⇡(x) = 0.8 ⇤ (1 + 0.9 ⇤ 1 + 0.1 ⇤ (�1)) + 0.2 ⇤ (�1) = 1.24

<latexit sha1_base64="KkyT1DMjIA/1kXOCJxrxq5tskN0=">AAACCXicbZDLSsNAFIZP6q3WW9Slm8EiVJSSSFE3hYIb3VWwF2hDmUwn7dDJhZmJWEK3bnwVNy4UcesbuPNtnLQRtPrDwMd/zmHO+d2IM6ks69PILSwuLa/kVwtr6xubW+b2TlOGsSC0QUIeiraLJeUsoA3FFKftSFDsu5y23NFFWm/dUiFZGNyocUQdHw8C5jGClbZ6JhKlro/V0PWSu8kx+uZ4UrUPURUd2T2zaJWtqdBfsDMoQqZ6z/zo9kMS+zRQhGMpO7YVKSfBQjHC6aTQjSWNMBnhAe1oDLBPpZNML5mgA+30kRcK/QKFpu7PiQT7Uo59V3emm8r5Wmr+V+vEyjt3EhZEsaIBmX3kxRypEKWxoD4TlCg+1oCJYHpXRIZYYKJ0eAUdgj1/8l9onpTt03LlulKsXWVx5GEP9qEENpxBDS6hDg0gcA+P8AwvxoPxZLwab7PWnJHN7MIvGe9fRb+Yyg==</latexit>

r(x,u = 1) = +1

<latexit sha1_base64="yoKuYHESGrhWd6As/mU8DcCsKwM=">AAACEHicbVDLSsNAFJ3UV62vqEs3g0WsKCWRom4KBTe6q2Af0MQymU7q0MkkzEzEEvIJbvwVNy4UcevSnX/jtI2grQcuHM65l3vv8SJGpbKsLyM3N7+wuJRfLqysrq1vmJtbTRnGApMGDlko2h6ShFFOGooqRtqRICjwGGl5g/OR37ojQtKQX6thRNwA9Tn1KUZKS11zX5ScAKlbz0/u0xsnEjQgR/BHitOqfQCr8NDumkWrbI0BZ4mdkSLIUO+an04vxHFAuMIMSdmxrUi5CRKKYkbSghNLEiE8QH3S0ZSjgEg3GT+Uwj2t9KAfCl1cwbH6eyJBgZTDwNOdo0vltDcS//M6sfLP3ITyKFaE48kiP2ZQhXCUDuxRQbBiQ00QFlTfCvEtEggrnWFBh2BPvzxLmsdl+6RcuaoUa5dZHHmwA3ZBCdjgFNTABaiDBsDgATyBF/BqPBrPxpvxPmnNGdnMNvgD4+Mb++Cb5w==</latexit>

r(x0,u = 1) = +1

<latexit sha1_base64="L8gwcdgOh81zDLxBikgo01HAUgE=">AAACEHicbVDLSsNAFJ3UV62vqEs3g0WsoCUpRd0UCm50V8E+oIllMp20QycPZiZiCfkEN/6KGxeKuHXpzr9x0kbQ1gMXDufcy733OCGjQhrGl5ZbWFxaXsmvFtbWNza39O2dlggijkkTByzgHQcJwqhPmpJKRjohJ8hzGGk7o4vUb98RLmjg38hxSGwPDXzqUoykknr6IS9ZHpJDx43vk1sr5NQjx/BHipJa5QjW4InZ04tG2ZgAzhMzI0WQodHTP61+gCOP+BIzJETXNEJpx4hLihlJClYkSIjwCA1IV1EfeUTY8eShBB4opQ/dgKvyJZyovydi5Akx9hzVmV4qZr1U/M/rRtI9t2Pqh5EkPp4uciMGZQDTdGCfcoIlGyuCMKfqVoiHiCMsVYYFFYI5+/I8aVXK5mm5el0t1q+yOPJgD+yDEjDBGaiDS9AATYDBA3gCL+BVe9SetTftfdqa07KZXfAH2sc3AIOb6g==</latexit>

r(x 0,u = 2) = �1

<latexit sha1_base64="RVpeRyEoRXskBVuRXslHWbNnj8Y=">AAACCXicbZDLSsNAFIYn9VbrLerSzWARKmhJSlE3hYIb3VWwF2hDmUwn7dDJJMxMxBKydeOruHGhiFvfwJ1v46SNoK0/DHz85xzmnN8NGZXKsr6M3NLyyupafr2wsbm1vWPu7rVkEAlMmjhggei4SBJGOWkqqhjphIIg32Wk7Y4v03r7jghJA36rJiFxfDTk1KMYKW31TShKPR+pkevF98kJ/OEoqVWOYQ2e2n2zaJWtqeAi2BkUQaZG3/zsDQIc+YQrzJCUXdsKlRMjoShmJCn0IklChMdoSLoaOfKJdOLpJQk80s4AeoHQjys4dX9PxMiXcuK7ujPdVM7XUvO/WjdS3oUTUx5GinA8+8iLGFQBTGOBAyoIVmyiAWFB9a4Qj5BAWOnwCjoEe/7kRWhVyvZZuXpTLdavszjy4AAcghKwwTmogyvQAE2AwQN4Ai/g1Xg0no03433WmjOymX3wR8bHN0pTmM0=</latexit>

r(x,u = 2) = �1

<latexit sha1_base64="kRSwqVa9bepAqRuS8vP7AvO//MM=">AAACDXicbVDLSsNAFJ3UV62vqEs3g1Wom5BI0W4KBTe6q2Af0IQymU7aoZMHMxOxxPyAG3/FjQtF3Lp35984aSNo64GBM+fcy733uBGjQprml1ZYWl5ZXSuulzY2t7Z39N29tghjjkkLhyzkXRcJwmhAWpJKRroRJ8h3Gem444vM79wSLmgY3MhJRBwfDQPqUYykkvr6kR3Riu0jOXK9JE7rFryHP9+79ATWoWnU+nrZNMwp4CKxclIGOZp9/dMehDj2SSAxQ0L0LDOSToK4pJiRtGTHgkQIj9GQ9BQNkE+Ek0yvSeGxUgbQC7l6gYRT9XdHgnwhJr6rKrNFxbyXif95vVh6NSehQRRLEuDZIC9mUIYwiwYOKCdYsokiCHOqdoV4hDjCUgVYUiFY8ycvkvapYZ0Z1etquXGVx1EEB+AQVIAFzkEDXIImaAEMHsATeAGv2qP2rL1p77PSgpb37IM/0D6+ATKEml8=</latexit>

⇡(u = 1|x) = 0.8

<latexit sha1_base64="iiTWTXRtvWpeWC1KHji5uOI1dPk=">AAACDXicbVDLSsNAFJ3UV62vqEs3g1Wom5CUom4KBTe6q2Af0IQymU7aoZMHMxOxxPyAG3/FjQtF3Lp35984aSNo64GBM+fcy733uBGjQprml1ZYWl5ZXSuulzY2t7Z39N29tghjjkkLhyzkXRcJwmhAWpJKRroRJ8h3Gem444vM79wSLmgY3MhJRBwfDQPqUYykkvr6kR3Riu0jOXK9JE7rVXgPf7536QmsQ9Oo9vWyaZhTwEVi5aQMcjT7+qc9CHHsk0BihoToWWYknQRxSTEjacmOBYkQHqMh6SkaIJ8IJ5lek8JjpQygF3L1Agmn6u+OBPlCTHxXVWaLinkvE//zerH0zp2EBlEsSYBng7yYQRnCLBo4oJxgySaKIMyp2hXiEeIISxVgSYVgzZ+8SNpVwzo1ate1cuMqj6MIDsAhqAALnIEGuARN0AIYPIAn8AJetUftWXvT3melBS3v2Qd/oH18AysEmlo=</latexit>

⇡(u = 2|x) = 0.2

<latexit sha1_base64="l12QY9GVfneHK1mCNtS64hU5EGs=">AAACFHicbVDLSsNAFJ34rPUVdelmsAgVISRSfCwKBTe6q2Af0MQymU7aoZMHMxOxxHyEG3/FjQtF3Lpw5984aSNo64GBM+fcy733uBGjQprmlzY3v7C4tFxYKa6urW9s6lvbTRHGHJMGDlnI2y4ShNGANCSVjLQjTpDvMtJyh+eZ37olXNAwuJajiDg+6gfUoxhJJXX1QzuiZdtHcuB6SZxWLXgPf7536Y0dceqTA1iFpnHW1UumYY4BZ4mVkxLIUe/qn3YvxLFPAokZEqJjmZF0EsQlxYykRTsWJEJ4iPqko2iAfCKcZHxUCveV0oNeyNULJByrvzsS5Asx8l1Vme0rpr1M/M/rxNI7dRIaRLEkAZ4M8mIGZQizhGCPcoIlGymCMKdqV4gHiCMsVY5FFYI1ffIsaR4Z1rFRuaqUapd5HAWwC/ZAGVjgBNTABaiDBsDgATyBF/CqPWrP2pv2Pimd0/KeHfAH2sc38I6dfQ==</latexit>

⇡(u = 1|x0) = 0.9

<latexit sha1_base64="C4vuNO6sPzkPrqqaSgkEkK9MTbU=">AAACFHicbVDLSsNAFJ34rPUVdelmsAgVISSlqJtCwY3uKtgHNLFMppN26OTBzEQsMR/hxl9x40IRty7c+TdO2gjaemDgzDn3cu89bsSokKb5pS0sLi2vrBbWiusbm1vb+s5uS4Qxx6SJQxbyjosEYTQgTUklI52IE+S7jLTd0Xnmt28JFzQMruU4Io6PBgH1KEZSST392I5o2faRHLpeEqe1CryHP9+79MaOOPXJEaxB07B6esk0zAngPLFyUgI5Gj390+6HOPZJIDFDQnQtM5JOgrikmJG0aMeCRAiP0IB0FQ2QT4STTI5K4aFS+tALuXqBhBP1d0eCfCHGvqsqs33FrJeJ/3ndWHpnTkKDKJYkwNNBXsygDGGWEOxTTrBkY0UQ5lTtCvEQcYSlyrGoQrBmT54nrYphnRjVq2qpfpnHUQD74ACUgQVOQR1cgAZoAgwewBN4Aa/ao/asvWnv09IFLe/ZA3+gfXwD5g2ddg==</latexit>

⇡(u = 2|x 0) = 0.1



x

x0

x00

<latexit sha1_base64="hXz2Vk3q41iY0JfLt39EvAdHpDg=">AAACCHicbVC7TsMwFHV4lvIKMDJgUSExVQkgYKzEAluR6ENqQuW4TmvVdiLbQVRRRhZ+hYUBhFj5BDb+BqfNUFqOZOvonHt17z1BzKjSjvNjLSwuLa+sltbK6xubW9v2zm5TRYnEpIEjFsl2gBRhVJCGppqRdiwJ4gEjrWB4lfutByIVjcSdHsXE56gvaEgx0kbq2gceR3oQhOljdp96saScTP9Z1644VWcMOE/cglRAgXrX/vZ6EU44ERozpFTHdWLtp0hqihnJyl6iSIzwEPVJx1CBOFF+Oj4kg0dG6cEwkuYJDcfqdEeKuFIjHpjKfG016+Xif14n0eGln1IRJ5oIPBkUJgzqCOapwB6VBGs2MgRhSc2uEA+QRFib7MomBHf25HnSPKm659XT27NK7aaIowT2wSE4Bi64ADVwDeqgATB4Ai/gDbxbz9ar9WF9TkoXrKJnD/yB9fULetia7w==</latexit>

x000

<latexit sha1_base64="3ucZFceX34pbY0xf3enayRf0UVc=">AAACDnicbVC7TsMwFHXKq5RXgJHFoqrEVCWAgLESC2xFog+pCZXjOq1V24lsB1FF+QIWfoWFAYRYmdn4G5w2A7QcydbROffq3nuCmFGlHefbKi0tr6yuldcrG5tb2zv27l5bRYnEpIUjFslugBRhVJCWppqRbiwJ4gEjnWB8mfudeyIVjcStnsTE52goaEgx0kbq2zWPIz0KwvQhu0u9WFJOFv+sb1edujMFXCRuQaqgQLNvf3mDCCecCI0ZUqrnOrH2UyQ1xYxkFS9RJEZ4jIakZ6hAnCg/nZ6TwZpRBjCMpHlCw6n6uyNFXKkJD0xlvrya93LxP6+X6PDCT6mIE00Eng0KEwZ1BPNs4IBKgjWbGIKwpGZXiEdIIqxNghUTgjt/8iJpH9fds/rJzWm1cV3EUQYH4BAcARecgwa4Ak3QAhg8gmfwCt6sJ+vFerc+ZqUlq+jZB39gff4AbcWdpA==</latexit>

x0000

<latexit sha1_base64="pMOXAeCU/jRLW++32EVBS0TfgPc="></latexit>

V ⇡(x) = E
⌧⇠⇡
x0=x

[
1X

t=0

�trt+1] = E
⌧⇠⇡
x0=x

[r(⌧)] =

Z

⌧ :x0=x

p(⌧ |⇡)r(⌧)

<latexit sha1_base64="5Qs0szTsNY5rD4zUDCzhKY438ew="></latexit>

Q⇡(x,u) = E
⌧⇠⇡
x0=x
u0=u

[
1X

t=0

�trt+1] = E
⌧⇠⇡
x0=x
u0=u

[r(⌧)] =

Z

⌧:x0=x
u0=u

p(⌧ |⇡)r(⌧)

<latexit sha1_base64="RM/hQzIhGeX0pGiP0/1EWUXUno8="></latexit>

Q⇡(x,u = 1) = 1 + 0.9 ⇤ 1 + 0.1 ⇤ (�1) = 1.8

<latexit sha1_base64="S8GXfVIWKXG9YrUK61ke4bucNSQ="></latexit>

Q⇡(x,u = 2) = �1

<latexit sha1_base64="bgUkb1zl4okjXGUsAiXh+YxF8tg="></latexit>

V ⇡(x) = 0.8 ⇤ (1 + 0.9 ⇤ 1 + 0.1 ⇤ (�1)) + 0.2 ⇤ (�1) = 1.24

<latexit sha1_base64="KkyT1DMjIA/1kXOCJxrxq5tskN0=">AAACCXicbZDLSsNAFIZP6q3WW9Slm8EiVJSSSFE3hYIb3VWwF2hDmUwn7dDJhZmJWEK3bnwVNy4UcesbuPNtnLQRtPrDwMd/zmHO+d2IM6ks69PILSwuLa/kVwtr6xubW+b2TlOGsSC0QUIeiraLJeUsoA3FFKftSFDsu5y23NFFWm/dUiFZGNyocUQdHw8C5jGClbZ6JhKlro/V0PWSu8kx+uZ4UrUPURUd2T2zaJWtqdBfsDMoQqZ6z/zo9kMS+zRQhGMpO7YVKSfBQjHC6aTQjSWNMBnhAe1oDLBPpZNML5mgA+30kRcK/QKFpu7PiQT7Uo59V3emm8r5Wmr+V+vEyjt3EhZEsaIBmX3kxRypEKWxoD4TlCg+1oCJYHpXRIZYYKJ0eAUdgj1/8l9onpTt03LlulKsXWVx5GEP9qEENpxBDS6hDg0gcA+P8AwvxoPxZLwab7PWnJHN7MIvGe9fRb+Yyg==</latexit>

r(x,u = 1) = +1

<latexit sha1_base64="yoKuYHESGrhWd6As/mU8DcCsKwM=">AAACEHicbVDLSsNAFJ3UV62vqEs3g0WsKCWRom4KBTe6q2Af0MQymU7q0MkkzEzEEvIJbvwVNy4UcevSnX/jtI2grQcuHM65l3vv8SJGpbKsLyM3N7+wuJRfLqysrq1vmJtbTRnGApMGDlko2h6ShFFOGooqRtqRICjwGGl5g/OR37ojQtKQX6thRNwA9Tn1KUZKS11zX5ScAKlbz0/u0xsnEjQgR/BHitOqfQCr8NDumkWrbI0BZ4mdkSLIUO+an04vxHFAuMIMSdmxrUi5CRKKYkbSghNLEiE8QH3S0ZSjgEg3GT+Uwj2t9KAfCl1cwbH6eyJBgZTDwNOdo0vltDcS//M6sfLP3ITyKFaE48kiP2ZQhXCUDuxRQbBiQ00QFlTfCvEtEggrnWFBh2BPvzxLmsdl+6RcuaoUa5dZHHmwA3ZBCdjgFNTABaiDBsDgATyBF/BqPBrPxpvxPmnNGdnMNvgD4+Mb++Cb5w==</latexit>

r(x0,u = 1) = +1

<latexit sha1_base64="L8gwcdgOh81zDLxBikgo01HAUgE=">AAACEHicbVDLSsNAFJ3UV62vqEs3g0WsoCUpRd0UCm50V8E+oIllMp20QycPZiZiCfkEN/6KGxeKuHXpzr9x0kbQ1gMXDufcy733OCGjQhrGl5ZbWFxaXsmvFtbWNza39O2dlggijkkTByzgHQcJwqhPmpJKRjohJ8hzGGk7o4vUb98RLmjg38hxSGwPDXzqUoykknr6IS9ZHpJDx43vk1sr5NQjx/BHipJa5QjW4InZ04tG2ZgAzhMzI0WQodHTP61+gCOP+BIzJETXNEJpx4hLihlJClYkSIjwCA1IV1EfeUTY8eShBB4opQ/dgKvyJZyovydi5Akx9hzVmV4qZr1U/M/rRtI9t2Pqh5EkPp4uciMGZQDTdGCfcoIlGyuCMKfqVoiHiCMsVYYFFYI5+/I8aVXK5mm5el0t1q+yOPJgD+yDEjDBGaiDS9AATYDBA3gCL+BVe9SetTftfdqa07KZXfAH2sc3AIOb6g==</latexit>

r(x 0,u = 2) = �1

<latexit sha1_base64="RVpeRyEoRXskBVuRXslHWbNnj8Y=">AAACCXicbZDLSsNAFIYn9VbrLerSzWARKmhJSlE3hYIb3VWwF2hDmUwn7dDJJMxMxBKydeOruHGhiFvfwJ1v46SNoK0/DHz85xzmnN8NGZXKsr6M3NLyyupafr2wsbm1vWPu7rVkEAlMmjhggei4SBJGOWkqqhjphIIg32Wk7Y4v03r7jghJA36rJiFxfDTk1KMYKW31TShKPR+pkevF98kJ/OEoqVWOYQ2e2n2zaJWtqeAi2BkUQaZG3/zsDQIc+YQrzJCUXdsKlRMjoShmJCn0IklChMdoSLoaOfKJdOLpJQk80s4AeoHQjys4dX9PxMiXcuK7ujPdVM7XUvO/WjdS3oUTUx5GinA8+8iLGFQBTGOBAyoIVmyiAWFB9a4Qj5BAWOnwCjoEe/7kRWhVyvZZuXpTLdavszjy4AAcghKwwTmogyvQAE2AwQN4Ai/g1Xg0no03433WmjOymX3wR8bHN0pTmM0=</latexit>

r(x,u = 2) = �1

<latexit sha1_base64="kRSwqVa9bepAqRuS8vP7AvO//MM=">AAACDXicbVDLSsNAFJ3UV62vqEs3g1Wom5BI0W4KBTe6q2Af0IQymU7aoZMHMxOxxPyAG3/FjQtF3Lp35984aSNo64GBM+fcy733uBGjQprml1ZYWl5ZXSuulzY2t7Z39N29tghjjkkLhyzkXRcJwmhAWpJKRroRJ8h3Gem444vM79wSLmgY3MhJRBwfDQPqUYykkvr6kR3Riu0jOXK9JE7rFryHP9+79ATWoWnU+nrZNMwp4CKxclIGOZp9/dMehDj2SSAxQ0L0LDOSToK4pJiRtGTHgkQIj9GQ9BQNkE+Ek0yvSeGxUgbQC7l6gYRT9XdHgnwhJr6rKrNFxbyXif95vVh6NSehQRRLEuDZIC9mUIYwiwYOKCdYsokiCHOqdoV4hDjCUgVYUiFY8ycvkvapYZ0Z1etquXGVx1EEB+AQVIAFzkEDXIImaAEMHsATeAGv2qP2rL1p77PSgpb37IM/0D6+ATKEml8=</latexit>

⇡(u = 1|x) = 0.8

<latexit sha1_base64="iiTWTXRtvWpeWC1KHji5uOI1dPk=">AAACDXicbVDLSsNAFJ3UV62vqEs3g1Wom5CUom4KBTe6q2Af0IQymU7aoZMHMxOxxPyAG3/FjQtF3Lp35984aSNo64GBM+fcy733uBGjQprml1ZYWl5ZXSuulzY2t7Z39N29tghjjkkLhyzkXRcJwmhAWpJKRroRJ8h3Gem444vM79wSLmgY3MhJRBwfDQPqUYykkvr6kR3Riu0jOXK9JE7rVXgPf7536QmsQ9Oo9vWyaZhTwEVi5aQMcjT7+qc9CHHsk0BihoToWWYknQRxSTEjacmOBYkQHqMh6SkaIJ8IJ5lek8JjpQygF3L1Agmn6u+OBPlCTHxXVWaLinkvE//zerH0zp2EBlEsSYBng7yYQRnCLBo4oJxgySaKIMyp2hXiEeIISxVgSYVgzZ+8SNpVwzo1ate1cuMqj6MIDsAhqAALnIEGuARN0AIYPIAn8AJetUftWXvT3melBS3v2Qd/oH18AysEmlo=</latexit>

⇡(u = 2|x) = 0.2

<latexit sha1_base64="l12QY9GVfneHK1mCNtS64hU5EGs=">AAACFHicbVDLSsNAFJ34rPUVdelmsAgVISRSfCwKBTe6q2Af0MQymU7aoZMHMxOxxHyEG3/FjQtF3Lpw5984aSNo64GBM+fcy733uBGjQprmlzY3v7C4tFxYKa6urW9s6lvbTRHGHJMGDlnI2y4ShNGANCSVjLQjTpDvMtJyh+eZ37olXNAwuJajiDg+6gfUoxhJJXX1QzuiZdtHcuB6SZxWLXgPf7536Y0dceqTA1iFpnHW1UumYY4BZ4mVkxLIUe/qn3YvxLFPAokZEqJjmZF0EsQlxYykRTsWJEJ4iPqko2iAfCKcZHxUCveV0oNeyNULJByrvzsS5Asx8l1Vme0rpr1M/M/rxNI7dRIaRLEkAZ4M8mIGZQizhGCPcoIlGymCMKdqV4gHiCMsVY5FFYI1ffIsaR4Z1rFRuaqUapd5HAWwC/ZAGVjgBNTABaiDBsDgATyBF/CqPWrP2pv2Pimd0/KeHfAH2sc38I6dfQ==</latexit>

⇡(u = 1|x0) = 0.9

<latexit sha1_base64="C4vuNO6sPzkPrqqaSgkEkK9MTbU=">AAACFHicbVDLSsNAFJ34rPUVdelmsAgVISSlqJtCwY3uKtgHNLFMppN26OTBzEQsMR/hxl9x40IRty7c+TdO2gjaemDgzDn3cu89bsSokKb5pS0sLi2vrBbWiusbm1vb+s5uS4Qxx6SJQxbyjosEYTQgTUklI52IE+S7jLTd0Xnmt28JFzQMruU4Io6PBgH1KEZSST392I5o2faRHLpeEqe1CryHP9+79MaOOPXJEaxB07B6esk0zAngPLFyUgI5Gj390+6HOPZJIDFDQnQtM5JOgrikmJG0aMeCRAiP0IB0FQ2QT4STTI5K4aFS+tALuXqBhBP1d0eCfCHGvqsqs33FrJeJ/3ndWHpnTkKDKJYkwNNBXsygDGGWEOxTTrBkY0UQ5lTtCvEQcYSlyrGoQrBmT54nrYphnRjVq2qpfpnHUQD74ACUgQVOQR1cgAZoAgwewBN4Aa/ao/asvWnv09IFLe/ZA3+gfXwD5g2ddg==</latexit>

⇡(u = 2|x 0) = 0.1

<latexit sha1_base64="G0DuUVFgb/9J9V6VHC+dt5XDhPI="></latexit>

A⇡(x,u = 2) = Q⇡(x,u = 2)� V ⇡(x) = �1� 1.24 = �2.24

<latexit sha1_base64="MuMbt44R/vSh1YVBurUN2qVljck="></latexit>

A⇡(x,u = 1) = Q⇡(x,u = 1)� V ⇡(x) = 1.8� 1.24 = 0.56Can you  
interpret it?



x

x0

x00

<latexit sha1_base64="hXz2Vk3q41iY0JfLt39EvAdHpDg=">AAACCHicbVC7TsMwFHV4lvIKMDJgUSExVQkgYKzEAluR6ENqQuW4TmvVdiLbQVRRRhZ+hYUBhFj5BDb+BqfNUFqOZOvonHt17z1BzKjSjvNjLSwuLa+sltbK6xubW9v2zm5TRYnEpIEjFsl2gBRhVJCGppqRdiwJ4gEjrWB4lfutByIVjcSdHsXE56gvaEgx0kbq2gceR3oQhOljdp96saScTP9Z1644VWcMOE/cglRAgXrX/vZ6EU44ERozpFTHdWLtp0hqihnJyl6iSIzwEPVJx1CBOFF+Oj4kg0dG6cEwkuYJDcfqdEeKuFIjHpjKfG016+Xif14n0eGln1IRJ5oIPBkUJgzqCOapwB6VBGs2MgRhSc2uEA+QRFib7MomBHf25HnSPKm659XT27NK7aaIowT2wSE4Bi64ADVwDeqgATB4Ai/gDbxbz9ar9WF9TkoXrKJnD/yB9fULetia7w==</latexit>

x000

<latexit sha1_base64="3ucZFceX34pbY0xf3enayRf0UVc=">AAACDnicbVC7TsMwFHXKq5RXgJHFoqrEVCWAgLESC2xFog+pCZXjOq1V24lsB1FF+QIWfoWFAYRYmdn4G5w2A7QcydbROffq3nuCmFGlHefbKi0tr6yuldcrG5tb2zv27l5bRYnEpIUjFslugBRhVJCWppqRbiwJ4gEjnWB8mfudeyIVjcStnsTE52goaEgx0kbq2zWPIz0KwvQhu0u9WFJOFv+sb1edujMFXCRuQaqgQLNvf3mDCCecCI0ZUqrnOrH2UyQ1xYxkFS9RJEZ4jIakZ6hAnCg/nZ6TwZpRBjCMpHlCw6n6uyNFXKkJD0xlvrya93LxP6+X6PDCT6mIE00Eng0KEwZ1BPNs4IBKgjWbGIKwpGZXiEdIIqxNghUTgjt/8iJpH9fds/rJzWm1cV3EUQYH4BAcARecgwa4Ak3QAhg8gmfwCt6sJ+vFerc+ZqUlq+jZB39gff4AbcWdpA==</latexit>

x0000

<latexit sha1_base64="KkyT1DMjIA/1kXOCJxrxq5tskN0=">AAACCXicbZDLSsNAFIZP6q3WW9Slm8EiVJSSSFE3hYIb3VWwF2hDmUwn7dDJhZmJWEK3bnwVNy4UcesbuPNtnLQRtPrDwMd/zmHO+d2IM6ks69PILSwuLa/kVwtr6xubW+b2TlOGsSC0QUIeiraLJeUsoA3FFKftSFDsu5y23NFFWm/dUiFZGNyocUQdHw8C5jGClbZ6JhKlro/V0PWSu8kx+uZ4UrUPURUd2T2zaJWtqdBfsDMoQqZ6z/zo9kMS+zRQhGMpO7YVKSfBQjHC6aTQjSWNMBnhAe1oDLBPpZNML5mgA+30kRcK/QKFpu7PiQT7Uo59V3emm8r5Wmr+V+vEyjt3EhZEsaIBmX3kxRypEKWxoD4TlCg+1oCJYHpXRIZYYKJ0eAUdgj1/8l9onpTt03LlulKsXWVx5GEP9qEENpxBDS6hDg0gcA+P8AwvxoPxZLwab7PWnJHN7MIvGe9fRb+Yyg==</latexit>

r(x,u = 1) = +1

<latexit sha1_base64="yoKuYHESGrhWd6As/mU8DcCsKwM=">AAACEHicbVDLSsNAFJ3UV62vqEs3g0WsKCWRom4KBTe6q2Af0MQymU7q0MkkzEzEEvIJbvwVNy4UcevSnX/jtI2grQcuHM65l3vv8SJGpbKsLyM3N7+wuJRfLqysrq1vmJtbTRnGApMGDlko2h6ShFFOGooqRtqRICjwGGl5g/OR37ojQtKQX6thRNwA9Tn1KUZKS11zX5ScAKlbz0/u0xsnEjQgR/BHitOqfQCr8NDumkWrbI0BZ4mdkSLIUO+an04vxHFAuMIMSdmxrUi5CRKKYkbSghNLEiE8QH3S0ZSjgEg3GT+Uwj2t9KAfCl1cwbH6eyJBgZTDwNOdo0vltDcS//M6sfLP3ITyKFaE48kiP2ZQhXCUDuxRQbBiQ00QFlTfCvEtEggrnWFBh2BPvzxLmsdl+6RcuaoUa5dZHHmwA3ZBCdjgFNTABaiDBsDgATyBF/BqPBrPxpvxPmnNGdnMNvgD4+Mb++Cb5w==</latexit>

r(x0,u = 1) = +1

<latexit sha1_base64="L8gwcdgOh81zDLxBikgo01HAUgE=">AAACEHicbVDLSsNAFJ3UV62vqEs3g0WsoCUpRd0UCm50V8E+oIllMp20QycPZiZiCfkEN/6KGxeKuHXpzr9x0kbQ1gMXDufcy733OCGjQhrGl5ZbWFxaXsmvFtbWNza39O2dlggijkkTByzgHQcJwqhPmpJKRjohJ8hzGGk7o4vUb98RLmjg38hxSGwPDXzqUoykknr6IS9ZHpJDx43vk1sr5NQjx/BHipJa5QjW4InZ04tG2ZgAzhMzI0WQodHTP61+gCOP+BIzJETXNEJpx4hLihlJClYkSIjwCA1IV1EfeUTY8eShBB4opQ/dgKvyJZyovydi5Akx9hzVmV4qZr1U/M/rRtI9t2Pqh5EkPp4uciMGZQDTdGCfcoIlGyuCMKfqVoiHiCMsVYYFFYI5+/I8aVXK5mm5el0t1q+yOPJgD+yDEjDBGaiDS9AATYDBA3gCL+BVe9SetTftfdqa07KZXfAH2sc3AIOb6g==</latexit>

r(x 0,u = 2) = �1

<latexit sha1_base64="RVpeRyEoRXskBVuRXslHWbNnj8Y=">AAACCXicbZDLSsNAFIYn9VbrLerSzWARKmhJSlE3hYIb3VWwF2hDmUwn7dDJJMxMxBKydeOruHGhiFvfwJ1v46SNoK0/DHz85xzmnN8NGZXKsr6M3NLyyupafr2wsbm1vWPu7rVkEAlMmjhggei4SBJGOWkqqhjphIIg32Wk7Y4v03r7jghJA36rJiFxfDTk1KMYKW31TShKPR+pkevF98kJ/OEoqVWOYQ2e2n2zaJWtqeAi2BkUQaZG3/zsDQIc+YQrzJCUXdsKlRMjoShmJCn0IklChMdoSLoaOfKJdOLpJQk80s4AeoHQjys4dX9PxMiXcuK7ujPdVM7XUvO/WjdS3oUTUx5GinA8+8iLGFQBTGOBAyoIVmyiAWFB9a4Qj5BAWOnwCjoEe/7kRWhVyvZZuXpTLdavszjy4AAcghKwwTmogyvQAE2AwQN4Ai/g1Xg0no03433WmjOymX3wR8bHN0pTmM0=</latexit>

r(x,u = 2) = �1

<latexit sha1_base64="kRSwqVa9bepAqRuS8vP7AvO//MM=">AAACDXicbVDLSsNAFJ3UV62vqEs3g1Wom5BI0W4KBTe6q2Af0IQymU7aoZMHMxOxxPyAG3/FjQtF3Lp35984aSNo64GBM+fcy733uBGjQprml1ZYWl5ZXSuulzY2t7Z39N29tghjjkkLhyzkXRcJwmhAWpJKRroRJ8h3Gem444vM79wSLmgY3MhJRBwfDQPqUYykkvr6kR3Riu0jOXK9JE7rFryHP9+79ATWoWnU+nrZNMwp4CKxclIGOZp9/dMehDj2SSAxQ0L0LDOSToK4pJiRtGTHgkQIj9GQ9BQNkE+Ek0yvSeGxUgbQC7l6gYRT9XdHgnwhJr6rKrNFxbyXif95vVh6NSehQRRLEuDZIC9mUIYwiwYOKCdYsokiCHOqdoV4hDjCUgVYUiFY8ycvkvapYZ0Z1etquXGVx1EEB+AQVIAFzkEDXIImaAEMHsATeAGv2qP2rL1p77PSgpb37IM/0D6+ATKEml8=</latexit>

⇡(u = 1|x) = 0.8

<latexit sha1_base64="iiTWTXRtvWpeWC1KHji5uOI1dPk=">AAACDXicbVDLSsNAFJ3UV62vqEs3g1Wom5CUom4KBTe6q2Af0IQymU7aoZMHMxOxxPyAG3/FjQtF3Lp35984aSNo64GBM+fcy733uBGjQprml1ZYWl5ZXSuulzY2t7Z39N29tghjjkkLhyzkXRcJwmhAWpJKRroRJ8h3Gem444vM79wSLmgY3MhJRBwfDQPqUYykkvr6kR3Riu0jOXK9JE7rVXgPf7536QmsQ9Oo9vWyaZhTwEVi5aQMcjT7+qc9CHHsk0BihoToWWYknQRxSTEjacmOBYkQHqMh6SkaIJ8IJ5lek8JjpQygF3L1Agmn6u+OBPlCTHxXVWaLinkvE//zerH0zp2EBlEsSYBng7yYQRnCLBo4oJxgySaKIMyp2hXiEeIISxVgSYVgzZ+8SNpVwzo1ate1cuMqj6MIDsAhqAALnIEGuARN0AIYPIAn8AJetUftWXvT3melBS3v2Qd/oH18AysEmlo=</latexit>

⇡(u = 2|x) = 0.2

<latexit sha1_base64="l12QY9GVfneHK1mCNtS64hU5EGs=">AAACFHicbVDLSsNAFJ34rPUVdelmsAgVISRSfCwKBTe6q2Af0MQymU7aoZMHMxOxxHyEG3/FjQtF3Lpw5984aSNo64GBM+fcy733uBGjQprmlzY3v7C4tFxYKa6urW9s6lvbTRHGHJMGDlnI2y4ShNGANCSVjLQjTpDvMtJyh+eZ37olXNAwuJajiDg+6gfUoxhJJXX1QzuiZdtHcuB6SZxWLXgPf7536Y0dceqTA1iFpnHW1UumYY4BZ4mVkxLIUe/qn3YvxLFPAokZEqJjmZF0EsQlxYykRTsWJEJ4iPqko2iAfCKcZHxUCveV0oNeyNULJByrvzsS5Asx8l1Vme0rpr1M/M/rxNI7dRIaRLEkAZ4M8mIGZQizhGCPcoIlGymCMKdqV4gHiCMsVY5FFYI1ffIsaR4Z1rFRuaqUapd5HAWwC/ZAGVjgBNTABaiDBsDgATyBF/CqPWrP2pv2Pimd0/KeHfAH2sc38I6dfQ==</latexit>

⇡(u = 1|x0) = 0.9

<latexit sha1_base64="C4vuNO6sPzkPrqqaSgkEkK9MTbU=">AAACFHicbVDLSsNAFJ34rPUVdelmsAgVISSlqJtCwY3uKtgHNLFMppN26OTBzEQsMR/hxl9x40IRty7c+TdO2gjaemDgzDn3cu89bsSokKb5pS0sLi2vrBbWiusbm1vb+s5uS4Qxx6SJQxbyjosEYTQgTUklI52IE+S7jLTd0Xnmt28JFzQMruU4Io6PBgH1KEZSST392I5o2faRHLpeEqe1CryHP9+79MaOOPXJEaxB07B6esk0zAngPLFyUgI5Gj390+6HOPZJIDFDQnQtM5JOgrikmJG0aMeCRAiP0IB0FQ2QT4STTI5K4aFS+tALuXqBhBP1d0eCfCHGvqsqs33FrJeJ/3ndWHpnTkKDKJYkwNNBXsygDGGWEOxTTrBkY0UQ5lTtCvEQcYSlyrGoQrBmT54nrYphnRjVq2qpfpnHUQD74ACUgQVOQR1cgAZoAgwewBN4Aa/ao/asvWnv09IFLe/ZA3+gfXwD5g2ddg==</latexit>

⇡(u = 2|x 0) = 0.1

Learning from trajectories



x

x0

x00

<latexit sha1_base64="hXz2Vk3q41iY0JfLt39EvAdHpDg=">AAACCHicbVC7TsMwFHV4lvIKMDJgUSExVQkgYKzEAluR6ENqQuW4TmvVdiLbQVRRRhZ+hYUBhFj5BDb+BqfNUFqOZOvonHt17z1BzKjSjvNjLSwuLa+sltbK6xubW9v2zm5TRYnEpIEjFsl2gBRhVJCGppqRdiwJ4gEjrWB4lfutByIVjcSdHsXE56gvaEgx0kbq2gceR3oQhOljdp96saScTP9Z1644VWcMOE/cglRAgXrX/vZ6EU44ERozpFTHdWLtp0hqihnJyl6iSIzwEPVJx1CBOFF+Oj4kg0dG6cEwkuYJDcfqdEeKuFIjHpjKfG016+Xif14n0eGln1IRJ5oIPBkUJgzqCOapwB6VBGs2MgRhSc2uEA+QRFib7MomBHf25HnSPKm659XT27NK7aaIowT2wSE4Bi64ADVwDeqgATB4Ai/gDbxbz9ar9WF9TkoXrKJnD/yB9fULetia7w==</latexit>

x000

<latexit sha1_base64="3ucZFceX34pbY0xf3enayRf0UVc=">AAACDnicbVC7TsMwFHXKq5RXgJHFoqrEVCWAgLESC2xFog+pCZXjOq1V24lsB1FF+QIWfoWFAYRYmdn4G5w2A7QcydbROffq3nuCmFGlHefbKi0tr6yuldcrG5tb2zv27l5bRYnEpIUjFslugBRhVJCWppqRbiwJ4gEjnWB8mfudeyIVjcStnsTE52goaEgx0kbq2zWPIz0KwvQhu0u9WFJOFv+sb1edujMFXCRuQaqgQLNvf3mDCCecCI0ZUqrnOrH2UyQ1xYxkFS9RJEZ4jIakZ6hAnCg/nZ6TwZpRBjCMpHlCw6n6uyNFXKkJD0xlvrya93LxP6+X6PDCT6mIE00Eng0KEwZ1BPNs4IBKgjWbGIKwpGZXiEdIIqxNghUTgjt/8iJpH9fds/rJzWm1cV3EUQYH4BAcARecgwa4Ak3QAhg8gmfwCt6sJ+vFerc+ZqUlq+jZB39gff4AbcWdpA==</latexit>

x0000

<latexit sha1_base64="KkyT1DMjIA/1kXOCJxrxq5tskN0=">AAACCXicbZDLSsNAFIZP6q3WW9Slm8EiVJSSSFE3hYIb3VWwF2hDmUwn7dDJhZmJWEK3bnwVNy4UcesbuPNtnLQRtPrDwMd/zmHO+d2IM6ks69PILSwuLa/kVwtr6xubW+b2TlOGsSC0QUIeiraLJeUsoA3FFKftSFDsu5y23NFFWm/dUiFZGNyocUQdHw8C5jGClbZ6JhKlro/V0PWSu8kx+uZ4UrUPURUd2T2zaJWtqdBfsDMoQqZ6z/zo9kMS+zRQhGMpO7YVKSfBQjHC6aTQjSWNMBnhAe1oDLBPpZNML5mgA+30kRcK/QKFpu7PiQT7Uo59V3emm8r5Wmr+V+vEyjt3EhZEsaIBmX3kxRypEKWxoD4TlCg+1oCJYHpXRIZYYKJ0eAUdgj1/8l9onpTt03LlulKsXWVx5GEP9qEENpxBDS6hDg0gcA+P8AwvxoPxZLwab7PWnJHN7MIvGe9fRb+Yyg==</latexit>

r(x,u = 1) = +1

<latexit sha1_base64="yoKuYHESGrhWd6As/mU8DcCsKwM=">AAACEHicbVDLSsNAFJ3UV62vqEs3g0WsKCWRom4KBTe6q2Af0MQymU7q0MkkzEzEEvIJbvwVNy4UcevSnX/jtI2grQcuHM65l3vv8SJGpbKsLyM3N7+wuJRfLqysrq1vmJtbTRnGApMGDlko2h6ShFFOGooqRtqRICjwGGl5g/OR37ojQtKQX6thRNwA9Tn1KUZKS11zX5ScAKlbz0/u0xsnEjQgR/BHitOqfQCr8NDumkWrbI0BZ4mdkSLIUO+an04vxHFAuMIMSdmxrUi5CRKKYkbSghNLEiE8QH3S0ZSjgEg3GT+Uwj2t9KAfCl1cwbH6eyJBgZTDwNOdo0vltDcS//M6sfLP3ITyKFaE48kiP2ZQhXCUDuxRQbBiQ00QFlTfCvEtEggrnWFBh2BPvzxLmsdl+6RcuaoUa5dZHHmwA3ZBCdjgFNTABaiDBsDgATyBF/BqPBrPxpvxPmnNGdnMNvgD4+Mb++Cb5w==</latexit>

r(x0,u = 1) = +1

<latexit sha1_base64="L8gwcdgOh81zDLxBikgo01HAUgE=">AAACEHicbVDLSsNAFJ3UV62vqEs3g0WsoCUpRd0UCm50V8E+oIllMp20QycPZiZiCfkEN/6KGxeKuHXpzr9x0kbQ1gMXDufcy733OCGjQhrGl5ZbWFxaXsmvFtbWNza39O2dlggijkkTByzgHQcJwqhPmpJKRjohJ8hzGGk7o4vUb98RLmjg38hxSGwPDXzqUoykknr6IS9ZHpJDx43vk1sr5NQjx/BHipJa5QjW4InZ04tG2ZgAzhMzI0WQodHTP61+gCOP+BIzJETXNEJpx4hLihlJClYkSIjwCA1IV1EfeUTY8eShBB4opQ/dgKvyJZyovydi5Akx9hzVmV4qZr1U/M/rRtI9t2Pqh5EkPp4uciMGZQDTdGCfcoIlGyuCMKfqVoiHiCMsVYYFFYI5+/I8aVXK5mm5el0t1q+yOPJgD+yDEjDBGaiDS9AATYDBA3gCL+BVe9SetTftfdqa07KZXfAH2sc3AIOb6g==</latexit>

r(x 0,u = 2) = �1

<latexit sha1_base64="RVpeRyEoRXskBVuRXslHWbNnj8Y=">AAACCXicbZDLSsNAFIYn9VbrLerSzWARKmhJSlE3hYIb3VWwF2hDmUwn7dDJJMxMxBKydeOruHGhiFvfwJ1v46SNoK0/DHz85xzmnN8NGZXKsr6M3NLyyupafr2wsbm1vWPu7rVkEAlMmjhggei4SBJGOWkqqhjphIIg32Wk7Y4v03r7jghJA36rJiFxfDTk1KMYKW31TShKPR+pkevF98kJ/OEoqVWOYQ2e2n2zaJWtqeAi2BkUQaZG3/zsDQIc+YQrzJCUXdsKlRMjoShmJCn0IklChMdoSLoaOfKJdOLpJQk80s4AeoHQjys4dX9PxMiXcuK7ujPdVM7XUvO/WjdS3oUTUx5GinA8+8iLGFQBTGOBAyoIVmyiAWFB9a4Qj5BAWOnwCjoEe/7kRWhVyvZZuXpTLdavszjy4AAcghKwwTmogyvQAE2AwQN4Ai/g1Xg0no03433WmjOymX3wR8bHN0pTmM0=</latexit>

r(x,u = 2) = �1

<latexit sha1_base64="kRSwqVa9bepAqRuS8vP7AvO//MM=">AAACDXicbVDLSsNAFJ3UV62vqEs3g1Wom5BI0W4KBTe6q2Af0IQymU7aoZMHMxOxxPyAG3/FjQtF3Lp35984aSNo64GBM+fcy733uBGjQprml1ZYWl5ZXSuulzY2t7Z39N29tghjjkkLhyzkXRcJwmhAWpJKRroRJ8h3Gem444vM79wSLmgY3MhJRBwfDQPqUYykkvr6kR3Riu0jOXK9JE7rFryHP9+79ATWoWnU+nrZNMwp4CKxclIGOZp9/dMehDj2SSAxQ0L0LDOSToK4pJiRtGTHgkQIj9GQ9BQNkE+Ek0yvSeGxUgbQC7l6gYRT9XdHgnwhJr6rKrNFxbyXif95vVh6NSehQRRLEuDZIC9mUIYwiwYOKCdYsokiCHOqdoV4hDjCUgVYUiFY8ycvkvapYZ0Z1etquXGVx1EEB+AQVIAFzkEDXIImaAEMHsATeAGv2qP2rL1p77PSgpb37IM/0D6+ATKEml8=</latexit>

⇡(u = 1|x) = 0.8

<latexit sha1_base64="iiTWTXRtvWpeWC1KHji5uOI1dPk=">AAACDXicbVDLSsNAFJ3UV62vqEs3g1Wom5CUom4KBTe6q2Af0IQymU7aoZMHMxOxxPyAG3/FjQtF3Lp35984aSNo64GBM+fcy733uBGjQprml1ZYWl5ZXSuulzY2t7Z39N29tghjjkkLhyzkXRcJwmhAWpJKRroRJ8h3Gem444vM79wSLmgY3MhJRBwfDQPqUYykkvr6kR3Riu0jOXK9JE7rVXgPf7536QmsQ9Oo9vWyaZhTwEVi5aQMcjT7+qc9CHHsk0BihoToWWYknQRxSTEjacmOBYkQHqMh6SkaIJ8IJ5lek8JjpQygF3L1Agmn6u+OBPlCTHxXVWaLinkvE//zerH0zp2EBlEsSYBng7yYQRnCLBo4oJxgySaKIMyp2hXiEeIISxVgSYVgzZ+8SNpVwzo1ate1cuMqj6MIDsAhqAALnIEGuARN0AIYPIAn8AJetUftWXvT3melBS3v2Qd/oH18AysEmlo=</latexit>

⇡(u = 2|x) = 0.2

<latexit sha1_base64="l12QY9GVfneHK1mCNtS64hU5EGs=">AAACFHicbVDLSsNAFJ34rPUVdelmsAgVISRSfCwKBTe6q2Af0MQymU7aoZMHMxOxxHyEG3/FjQtF3Lpw5984aSNo64GBM+fcy733uBGjQprmlzY3v7C4tFxYKa6urW9s6lvbTRHGHJMGDlnI2y4ShNGANCSVjLQjTpDvMtJyh+eZ37olXNAwuJajiDg+6gfUoxhJJXX1QzuiZdtHcuB6SZxWLXgPf7536Y0dceqTA1iFpnHW1UumYY4BZ4mVkxLIUe/qn3YvxLFPAokZEqJjmZF0EsQlxYykRTsWJEJ4iPqko2iAfCKcZHxUCveV0oNeyNULJByrvzsS5Asx8l1Vme0rpr1M/M/rxNI7dRIaRLEkAZ4M8mIGZQizhGCPcoIlGymCMKdqV4gHiCMsVY5FFYI1ffIsaR4Z1rFRuaqUapd5HAWwC/ZAGVjgBNTABaiDBsDgATyBF/CqPWrP2pv2Pimd0/KeHfAH2sc38I6dfQ==</latexit>

⇡(u = 1|x0) = 0.9

<latexit sha1_base64="C4vuNO6sPzkPrqqaSgkEkK9MTbU=">AAACFHicbVDLSsNAFJ34rPUVdelmsAgVISSlqJtCwY3uKtgHNLFMppN26OTBzEQsMR/hxl9x40IRty7c+TdO2gjaemDgzDn3cu89bsSokKb5pS0sLi2vrBbWiusbm1vb+s5uS4Qxx6SJQxbyjosEYTQgTUklI52IE+S7jLTd0Xnmt28JFzQMruU4Io6PBgH1KEZSST392I5o2faRHLpeEqe1CryHP9+79MaOOPXJEaxB07B6esk0zAngPLFyUgI5Gj390+6HOPZJIDFDQnQtM5JOgrikmJG0aMeCRAiP0IB0FQ2QT4STTI5K4aFS+tALuXqBhBP1d0eCfCHGvqsqs33FrJeJ/3ndWHpnTkKDKJYkwNNBXsygDGGWEOxTTrBkY0UQ5lTtCvEQcYSlyrGoQrBmT54nrYphnRjVq2qpfpnHUQD74ACUgQVOQR1cgAZoAgwewBN4Aa/ao/asvWnv09IFLe/ZA3+gfXwD5g2ddg==</latexit>

⇡(u = 2|x 0) = 0.1

Learning from trajectories

Qπ(x, u = 1) ≈ ???
x0 = x, u1 = 1, r1 = + 1, x1 = x′ , u1 = 1, r2 = + 1, x2 = x′ ′ ,τ1 :



x

x0

x00

<latexit sha1_base64="hXz2Vk3q41iY0JfLt39EvAdHpDg=">AAACCHicbVC7TsMwFHV4lvIKMDJgUSExVQkgYKzEAluR6ENqQuW4TmvVdiLbQVRRRhZ+hYUBhFj5BDb+BqfNUFqOZOvonHt17z1BzKjSjvNjLSwuLa+sltbK6xubW9v2zm5TRYnEpIEjFsl2gBRhVJCGppqRdiwJ4gEjrWB4lfutByIVjcSdHsXE56gvaEgx0kbq2gceR3oQhOljdp96saScTP9Z1644VWcMOE/cglRAgXrX/vZ6EU44ERozpFTHdWLtp0hqihnJyl6iSIzwEPVJx1CBOFF+Oj4kg0dG6cEwkuYJDcfqdEeKuFIjHpjKfG016+Xif14n0eGln1IRJ5oIPBkUJgzqCOapwB6VBGs2MgRhSc2uEA+QRFib7MomBHf25HnSPKm659XT27NK7aaIowT2wSE4Bi64ADVwDeqgATB4Ai/gDbxbz9ar9WF9TkoXrKJnD/yB9fULetia7w==</latexit>

x000

<latexit sha1_base64="3ucZFceX34pbY0xf3enayRf0UVc=">AAACDnicbVC7TsMwFHXKq5RXgJHFoqrEVCWAgLESC2xFog+pCZXjOq1V24lsB1FF+QIWfoWFAYRYmdn4G5w2A7QcydbROffq3nuCmFGlHefbKi0tr6yuldcrG5tb2zv27l5bRYnEpIUjFslugBRhVJCWppqRbiwJ4gEjnWB8mfudeyIVjcStnsTE52goaEgx0kbq2zWPIz0KwvQhu0u9WFJOFv+sb1edujMFXCRuQaqgQLNvf3mDCCecCI0ZUqrnOrH2UyQ1xYxkFS9RJEZ4jIakZ6hAnCg/nZ6TwZpRBjCMpHlCw6n6uyNFXKkJD0xlvrya93LxP6+X6PDCT6mIE00Eng0KEwZ1BPNs4IBKgjWbGIKwpGZXiEdIIqxNghUTgjt/8iJpH9fds/rJzWm1cV3EUQYH4BAcARecgwa4Ak3QAhg8gmfwCt6sJ+vFerc+ZqUlq+jZB39gff4AbcWdpA==</latexit>

x0000

<latexit sha1_base64="KkyT1DMjIA/1kXOCJxrxq5tskN0=">AAACCXicbZDLSsNAFIZP6q3WW9Slm8EiVJSSSFE3hYIb3VWwF2hDmUwn7dDJhZmJWEK3bnwVNy4UcesbuPNtnLQRtPrDwMd/zmHO+d2IM6ks69PILSwuLa/kVwtr6xubW+b2TlOGsSC0QUIeiraLJeUsoA3FFKftSFDsu5y23NFFWm/dUiFZGNyocUQdHw8C5jGClbZ6JhKlro/V0PWSu8kx+uZ4UrUPURUd2T2zaJWtqdBfsDMoQqZ6z/zo9kMS+zRQhGMpO7YVKSfBQjHC6aTQjSWNMBnhAe1oDLBPpZNML5mgA+30kRcK/QKFpu7PiQT7Uo59V3emm8r5Wmr+V+vEyjt3EhZEsaIBmX3kxRypEKWxoD4TlCg+1oCJYHpXRIZYYKJ0eAUdgj1/8l9onpTt03LlulKsXWVx5GEP9qEENpxBDS6hDg0gcA+P8AwvxoPxZLwab7PWnJHN7MIvGe9fRb+Yyg==</latexit>

r(x,u = 1) = +1

<latexit sha1_base64="yoKuYHESGrhWd6As/mU8DcCsKwM=">AAACEHicbVDLSsNAFJ3UV62vqEs3g0WsKCWRom4KBTe6q2Af0MQymU7q0MkkzEzEEvIJbvwVNy4UcevSnX/jtI2grQcuHM65l3vv8SJGpbKsLyM3N7+wuJRfLqysrq1vmJtbTRnGApMGDlko2h6ShFFOGooqRtqRICjwGGl5g/OR37ojQtKQX6thRNwA9Tn1KUZKS11zX5ScAKlbz0/u0xsnEjQgR/BHitOqfQCr8NDumkWrbI0BZ4mdkSLIUO+an04vxHFAuMIMSdmxrUi5CRKKYkbSghNLEiE8QH3S0ZSjgEg3GT+Uwj2t9KAfCl1cwbH6eyJBgZTDwNOdo0vltDcS//M6sfLP3ITyKFaE48kiP2ZQhXCUDuxRQbBiQ00QFlTfCvEtEggrnWFBh2BPvzxLmsdl+6RcuaoUa5dZHHmwA3ZBCdjgFNTABaiDBsDgATyBF/BqPBrPxpvxPmnNGdnMNvgD4+Mb++Cb5w==</latexit>

r(x0,u = 1) = +1

<latexit sha1_base64="L8gwcdgOh81zDLxBikgo01HAUgE=">AAACEHicbVDLSsNAFJ3UV62vqEs3g0WsoCUpRd0UCm50V8E+oIllMp20QycPZiZiCfkEN/6KGxeKuHXpzr9x0kbQ1gMXDufcy733OCGjQhrGl5ZbWFxaXsmvFtbWNza39O2dlggijkkTByzgHQcJwqhPmpJKRjohJ8hzGGk7o4vUb98RLmjg38hxSGwPDXzqUoykknr6IS9ZHpJDx43vk1sr5NQjx/BHipJa5QjW4InZ04tG2ZgAzhMzI0WQodHTP61+gCOP+BIzJETXNEJpx4hLihlJClYkSIjwCA1IV1EfeUTY8eShBB4opQ/dgKvyJZyovydi5Akx9hzVmV4qZr1U/M/rRtI9t2Pqh5EkPp4uciMGZQDTdGCfcoIlGyuCMKfqVoiHiCMsVYYFFYI5+/I8aVXK5mm5el0t1q+yOPJgD+yDEjDBGaiDS9AATYDBA3gCL+BVe9SetTftfdqa07KZXfAH2sc3AIOb6g==</latexit>

r(x 0,u = 2) = �1

<latexit sha1_base64="RVpeRyEoRXskBVuRXslHWbNnj8Y=">AAACCXicbZDLSsNAFIYn9VbrLerSzWARKmhJSlE3hYIb3VWwF2hDmUwn7dDJJMxMxBKydeOruHGhiFvfwJ1v46SNoK0/DHz85xzmnN8NGZXKsr6M3NLyyupafr2wsbm1vWPu7rVkEAlMmjhggei4SBJGOWkqqhjphIIg32Wk7Y4v03r7jghJA36rJiFxfDTk1KMYKW31TShKPR+pkevF98kJ/OEoqVWOYQ2e2n2zaJWtqeAi2BkUQaZG3/zsDQIc+YQrzJCUXdsKlRMjoShmJCn0IklChMdoSLoaOfKJdOLpJQk80s4AeoHQjys4dX9PxMiXcuK7ujPdVM7XUvO/WjdS3oUTUx5GinA8+8iLGFQBTGOBAyoIVmyiAWFB9a4Qj5BAWOnwCjoEe/7kRWhVyvZZuXpTLdavszjy4AAcghKwwTmogyvQAE2AwQN4Ai/g1Xg0no03433WmjOymX3wR8bHN0pTmM0=</latexit>

r(x,u = 2) = �1

<latexit sha1_base64="kRSwqVa9bepAqRuS8vP7AvO//MM=">AAACDXicbVDLSsNAFJ3UV62vqEs3g1Wom5BI0W4KBTe6q2Af0IQymU7aoZMHMxOxxPyAG3/FjQtF3Lp35984aSNo64GBM+fcy733uBGjQprml1ZYWl5ZXSuulzY2t7Z39N29tghjjkkLhyzkXRcJwmhAWpJKRroRJ8h3Gem444vM79wSLmgY3MhJRBwfDQPqUYykkvr6kR3Riu0jOXK9JE7rFryHP9+79ATWoWnU+nrZNMwp4CKxclIGOZp9/dMehDj2SSAxQ0L0LDOSToK4pJiRtGTHgkQIj9GQ9BQNkE+Ek0yvSeGxUgbQC7l6gYRT9XdHgnwhJr6rKrNFxbyXif95vVh6NSehQRRLEuDZIC9mUIYwiwYOKCdYsokiCHOqdoV4hDjCUgVYUiFY8ycvkvapYZ0Z1etquXGVx1EEB+AQVIAFzkEDXIImaAEMHsATeAGv2qP2rL1p77PSgpb37IM/0D6+ATKEml8=</latexit>

⇡(u = 1|x) = 0.8

<latexit sha1_base64="iiTWTXRtvWpeWC1KHji5uOI1dPk=">AAACDXicbVDLSsNAFJ3UV62vqEs3g1Wom5CUom4KBTe6q2Af0IQymU7aoZMHMxOxxPyAG3/FjQtF3Lp35984aSNo64GBM+fcy733uBGjQprml1ZYWl5ZXSuulzY2t7Z39N29tghjjkkLhyzkXRcJwmhAWpJKRroRJ8h3Gem444vM79wSLmgY3MhJRBwfDQPqUYykkvr6kR3Riu0jOXK9JE7rVXgPf7536QmsQ9Oo9vWyaZhTwEVi5aQMcjT7+qc9CHHsk0BihoToWWYknQRxSTEjacmOBYkQHqMh6SkaIJ8IJ5lek8JjpQygF3L1Agmn6u+OBPlCTHxXVWaLinkvE//zerH0zp2EBlEsSYBng7yYQRnCLBo4oJxgySaKIMyp2hXiEeIISxVgSYVgzZ+8SNpVwzo1ate1cuMqj6MIDsAhqAALnIEGuARN0AIYPIAn8AJetUftWXvT3melBS3v2Qd/oH18AysEmlo=</latexit>

⇡(u = 2|x) = 0.2

<latexit sha1_base64="l12QY9GVfneHK1mCNtS64hU5EGs=">AAACFHicbVDLSsNAFJ34rPUVdelmsAgVISRSfCwKBTe6q2Af0MQymU7aoZMHMxOxxHyEG3/FjQtF3Lpw5984aSNo64GBM+fcy733uBGjQprmlzY3v7C4tFxYKa6urW9s6lvbTRHGHJMGDlnI2y4ShNGANCSVjLQjTpDvMtJyh+eZ37olXNAwuJajiDg+6gfUoxhJJXX1QzuiZdtHcuB6SZxWLXgPf7536Y0dceqTA1iFpnHW1UumYY4BZ4mVkxLIUe/qn3YvxLFPAokZEqJjmZF0EsQlxYykRTsWJEJ4iPqko2iAfCKcZHxUCveV0oNeyNULJByrvzsS5Asx8l1Vme0rpr1M/M/rxNI7dRIaRLEkAZ4M8mIGZQizhGCPcoIlGymCMKdqV4gHiCMsVY5FFYI1ffIsaR4Z1rFRuaqUapd5HAWwC/ZAGVjgBNTABaiDBsDgATyBF/CqPWrP2pv2Pimd0/KeHfAH2sc38I6dfQ==</latexit>

⇡(u = 1|x0) = 0.9

<latexit sha1_base64="C4vuNO6sPzkPrqqaSgkEkK9MTbU=">AAACFHicbVDLSsNAFJ34rPUVdelmsAgVISSlqJtCwY3uKtgHNLFMppN26OTBzEQsMR/hxl9x40IRty7c+TdO2gjaemDgzDn3cu89bsSokKb5pS0sLi2vrBbWiusbm1vb+s5uS4Qxx6SJQxbyjosEYTQgTUklI52IE+S7jLTd0Xnmt28JFzQMruU4Io6PBgH1KEZSST392I5o2faRHLpeEqe1CryHP9+79MaOOPXJEaxB07B6esk0zAngPLFyUgI5Gj390+6HOPZJIDFDQnQtM5JOgrikmJG0aMeCRAiP0IB0FQ2QT4STTI5K4aFS+tALuXqBhBP1d0eCfCHGvqsqs33FrJeJ/3ndWHpnTkKDKJYkwNNBXsygDGGWEOxTTrBkY0UQ5lTtCvEQcYSlyrGoQrBmT54nrYphnRjVq2qpfpnHUQD74ACUgQVOQR1cgAZoAgwewBN4Aa/ao/asvWnv09IFLe/ZA3+gfXwD5g2ddg==</latexit>

⇡(u = 2|x 0) = 0.1

Learning from trajectories

Qπ(x, u = 1) ≈ r1 + γr2

x0 = x, u1 = 1, r1 = + 1, x1 = x′ , u2 = 1, r2 = + 1, x2 = x′ ′ ′ ,τ1 :



x

x0

x00

<latexit sha1_base64="hXz2Vk3q41iY0JfLt39EvAdHpDg=">AAACCHicbVC7TsMwFHV4lvIKMDJgUSExVQkgYKzEAluR6ENqQuW4TmvVdiLbQVRRRhZ+hYUBhFj5BDb+BqfNUFqOZOvonHt17z1BzKjSjvNjLSwuLa+sltbK6xubW9v2zm5TRYnEpIEjFsl2gBRhVJCGppqRdiwJ4gEjrWB4lfutByIVjcSdHsXE56gvaEgx0kbq2gceR3oQhOljdp96saScTP9Z1644VWcMOE/cglRAgXrX/vZ6EU44ERozpFTHdWLtp0hqihnJyl6iSIzwEPVJx1CBOFF+Oj4kg0dG6cEwkuYJDcfqdEeKuFIjHpjKfG016+Xif14n0eGln1IRJ5oIPBkUJgzqCOapwB6VBGs2MgRhSc2uEA+QRFib7MomBHf25HnSPKm659XT27NK7aaIowT2wSE4Bi64ADVwDeqgATB4Ai/gDbxbz9ar9WF9TkoXrKJnD/yB9fULetia7w==</latexit>

x000

<latexit sha1_base64="3ucZFceX34pbY0xf3enayRf0UVc=">AAACDnicbVC7TsMwFHXKq5RXgJHFoqrEVCWAgLESC2xFog+pCZXjOq1V24lsB1FF+QIWfoWFAYRYmdn4G5w2A7QcydbROffq3nuCmFGlHefbKi0tr6yuldcrG5tb2zv27l5bRYnEpIUjFslugBRhVJCWppqRbiwJ4gEjnWB8mfudeyIVjcStnsTE52goaEgx0kbq2zWPIz0KwvQhu0u9WFJOFv+sb1edujMFXCRuQaqgQLNvf3mDCCecCI0ZUqrnOrH2UyQ1xYxkFS9RJEZ4jIakZ6hAnCg/nZ6TwZpRBjCMpHlCw6n6uyNFXKkJD0xlvrya93LxP6+X6PDCT6mIE00Eng0KEwZ1BPNs4IBKgjWbGIKwpGZXiEdIIqxNghUTgjt/8iJpH9fds/rJzWm1cV3EUQYH4BAcARecgwa4Ak3QAhg8gmfwCt6sJ+vFerc+ZqUlq+jZB39gff4AbcWdpA==</latexit>

x0000

<latexit sha1_base64="KkyT1DMjIA/1kXOCJxrxq5tskN0=">AAACCXicbZDLSsNAFIZP6q3WW9Slm8EiVJSSSFE3hYIb3VWwF2hDmUwn7dDJhZmJWEK3bnwVNy4UcesbuPNtnLQRtPrDwMd/zmHO+d2IM6ks69PILSwuLa/kVwtr6xubW+b2TlOGsSC0QUIeiraLJeUsoA3FFKftSFDsu5y23NFFWm/dUiFZGNyocUQdHw8C5jGClbZ6JhKlro/V0PWSu8kx+uZ4UrUPURUd2T2zaJWtqdBfsDMoQqZ6z/zo9kMS+zRQhGMpO7YVKSfBQjHC6aTQjSWNMBnhAe1oDLBPpZNML5mgA+30kRcK/QKFpu7PiQT7Uo59V3emm8r5Wmr+V+vEyjt3EhZEsaIBmX3kxRypEKWxoD4TlCg+1oCJYHpXRIZYYKJ0eAUdgj1/8l9onpTt03LlulKsXWVx5GEP9qEENpxBDS6hDg0gcA+P8AwvxoPxZLwab7PWnJHN7MIvGe9fRb+Yyg==</latexit>

r(x,u = 1) = +1

<latexit sha1_base64="yoKuYHESGrhWd6As/mU8DcCsKwM=">AAACEHicbVDLSsNAFJ3UV62vqEs3g0WsKCWRom4KBTe6q2Af0MQymU7q0MkkzEzEEvIJbvwVNy4UcevSnX/jtI2grQcuHM65l3vv8SJGpbKsLyM3N7+wuJRfLqysrq1vmJtbTRnGApMGDlko2h6ShFFOGooqRtqRICjwGGl5g/OR37ojQtKQX6thRNwA9Tn1KUZKS11zX5ScAKlbz0/u0xsnEjQgR/BHitOqfQCr8NDumkWrbI0BZ4mdkSLIUO+an04vxHFAuMIMSdmxrUi5CRKKYkbSghNLEiE8QH3S0ZSjgEg3GT+Uwj2t9KAfCl1cwbH6eyJBgZTDwNOdo0vltDcS//M6sfLP3ITyKFaE48kiP2ZQhXCUDuxRQbBiQ00QFlTfCvEtEggrnWFBh2BPvzxLmsdl+6RcuaoUa5dZHHmwA3ZBCdjgFNTABaiDBsDgATyBF/BqPBrPxpvxPmnNGdnMNvgD4+Mb++Cb5w==</latexit>

r(x0,u = 1) = +1

<latexit sha1_base64="L8gwcdgOh81zDLxBikgo01HAUgE=">AAACEHicbVDLSsNAFJ3UV62vqEs3g0WsoCUpRd0UCm50V8E+oIllMp20QycPZiZiCfkEN/6KGxeKuHXpzr9x0kbQ1gMXDufcy733OCGjQhrGl5ZbWFxaXsmvFtbWNza39O2dlggijkkTByzgHQcJwqhPmpJKRjohJ8hzGGk7o4vUb98RLmjg38hxSGwPDXzqUoykknr6IS9ZHpJDx43vk1sr5NQjx/BHipJa5QjW4InZ04tG2ZgAzhMzI0WQodHTP61+gCOP+BIzJETXNEJpx4hLihlJClYkSIjwCA1IV1EfeUTY8eShBB4opQ/dgKvyJZyovydi5Akx9hzVmV4qZr1U/M/rRtI9t2Pqh5EkPp4uciMGZQDTdGCfcoIlGyuCMKfqVoiHiCMsVYYFFYI5+/I8aVXK5mm5el0t1q+yOPJgD+yDEjDBGaiDS9AATYDBA3gCL+BVe9SetTftfdqa07KZXfAH2sc3AIOb6g==</latexit>

r(x 0,u = 2) = �1

<latexit sha1_base64="RVpeRyEoRXskBVuRXslHWbNnj8Y=">AAACCXicbZDLSsNAFIYn9VbrLerSzWARKmhJSlE3hYIb3VWwF2hDmUwn7dDJJMxMxBKydeOruHGhiFvfwJ1v46SNoK0/DHz85xzmnN8NGZXKsr6M3NLyyupafr2wsbm1vWPu7rVkEAlMmjhggei4SBJGOWkqqhjphIIg32Wk7Y4v03r7jghJA36rJiFxfDTk1KMYKW31TShKPR+pkevF98kJ/OEoqVWOYQ2e2n2zaJWtqeAi2BkUQaZG3/zsDQIc+YQrzJCUXdsKlRMjoShmJCn0IklChMdoSLoaOfKJdOLpJQk80s4AeoHQjys4dX9PxMiXcuK7ujPdVM7XUvO/WjdS3oUTUx5GinA8+8iLGFQBTGOBAyoIVmyiAWFB9a4Qj5BAWOnwCjoEe/7kRWhVyvZZuXpTLdavszjy4AAcghKwwTmogyvQAE2AwQN4Ai/g1Xg0no03433WmjOymX3wR8bHN0pTmM0=</latexit>

r(x,u = 2) = �1

<latexit sha1_base64="kRSwqVa9bepAqRuS8vP7AvO//MM=">AAACDXicbVDLSsNAFJ3UV62vqEs3g1Wom5BI0W4KBTe6q2Af0IQymU7aoZMHMxOxxPyAG3/FjQtF3Lp35984aSNo64GBM+fcy733uBGjQprml1ZYWl5ZXSuulzY2t7Z39N29tghjjkkLhyzkXRcJwmhAWpJKRroRJ8h3Gem444vM79wSLmgY3MhJRBwfDQPqUYykkvr6kR3Riu0jOXK9JE7rFryHP9+79ATWoWnU+nrZNMwp4CKxclIGOZp9/dMehDj2SSAxQ0L0LDOSToK4pJiRtGTHgkQIj9GQ9BQNkE+Ek0yvSeGxUgbQC7l6gYRT9XdHgnwhJr6rKrNFxbyXif95vVh6NSehQRRLEuDZIC9mUIYwiwYOKCdYsokiCHOqdoV4hDjCUgVYUiFY8ycvkvapYZ0Z1etquXGVx1EEB+AQVIAFzkEDXIImaAEMHsATeAGv2qP2rL1p77PSgpb37IM/0D6+ATKEml8=</latexit>

⇡(u = 1|x) = 0.8

<latexit sha1_base64="iiTWTXRtvWpeWC1KHji5uOI1dPk=">AAACDXicbVDLSsNAFJ3UV62vqEs3g1Wom5CUom4KBTe6q2Af0IQymU7aoZMHMxOxxPyAG3/FjQtF3Lp35984aSNo64GBM+fcy733uBGjQprml1ZYWl5ZXSuulzY2t7Z39N29tghjjkkLhyzkXRcJwmhAWpJKRroRJ8h3Gem444vM79wSLmgY3MhJRBwfDQPqUYykkvr6kR3Riu0jOXK9JE7rVXgPf7536QmsQ9Oo9vWyaZhTwEVi5aQMcjT7+qc9CHHsk0BihoToWWYknQRxSTEjacmOBYkQHqMh6SkaIJ8IJ5lek8JjpQygF3L1Agmn6u+OBPlCTHxXVWaLinkvE//zerH0zp2EBlEsSYBng7yYQRnCLBo4oJxgySaKIMyp2hXiEeIISxVgSYVgzZ+8SNpVwzo1ate1cuMqj6MIDsAhqAALnIEGuARN0AIYPIAn8AJetUftWXvT3melBS3v2Qd/oH18AysEmlo=</latexit>

⇡(u = 2|x) = 0.2

<latexit sha1_base64="l12QY9GVfneHK1mCNtS64hU5EGs=">AAACFHicbVDLSsNAFJ34rPUVdelmsAgVISRSfCwKBTe6q2Af0MQymU7aoZMHMxOxxHyEG3/FjQtF3Lpw5984aSNo64GBM+fcy733uBGjQprmlzY3v7C4tFxYKa6urW9s6lvbTRHGHJMGDlnI2y4ShNGANCSVjLQjTpDvMtJyh+eZ37olXNAwuJajiDg+6gfUoxhJJXX1QzuiZdtHcuB6SZxWLXgPf7536Y0dceqTA1iFpnHW1UumYY4BZ4mVkxLIUe/qn3YvxLFPAokZEqJjmZF0EsQlxYykRTsWJEJ4iPqko2iAfCKcZHxUCveV0oNeyNULJByrvzsS5Asx8l1Vme0rpr1M/M/rxNI7dRIaRLEkAZ4M8mIGZQizhGCPcoIlGymCMKdqV4gHiCMsVY5FFYI1ffIsaR4Z1rFRuaqUapd5HAWwC/ZAGVjgBNTABaiDBsDgATyBF/CqPWrP2pv2Pimd0/KeHfAH2sc38I6dfQ==</latexit>

⇡(u = 1|x0) = 0.9

<latexit sha1_base64="C4vuNO6sPzkPrqqaSgkEkK9MTbU=">AAACFHicbVDLSsNAFJ34rPUVdelmsAgVISSlqJtCwY3uKtgHNLFMppN26OTBzEQsMR/hxl9x40IRty7c+TdO2gjaemDgzDn3cu89bsSokKb5pS0sLi2vrBbWiusbm1vb+s5uS4Qxx6SJQxbyjosEYTQgTUklI52IE+S7jLTd0Xnmt28JFzQMruU4Io6PBgH1KEZSST392I5o2faRHLpeEqe1CryHP9+79MaOOPXJEaxB07B6esk0zAngPLFyUgI5Gj390+6HOPZJIDFDQnQtM5JOgrikmJG0aMeCRAiP0IB0FQ2QT4STTI5K4aFS+tALuXqBhBP1d0eCfCHGvqsqs33FrJeJ/3ndWHpnTkKDKJYkwNNBXsygDGGWEOxTTrBkY0UQ5lTtCvEQcYSlyrGoQrBmT54nrYphnRjVq2qpfpnHUQD74ACUgQVOQR1cgAZoAgwewBN4Aa/ao/asvWnv09IFLe/ZA3+gfXwD5g2ddg==</latexit>

⇡(u = 2|x 0) = 0.1

Learning from trajectories
τ1 τ2

x0 = x, u1 = 1, r1 = + 1, x1 = x′ , u2 = 1, r2 = + 1, x2 = x′ ′ ′ ,
x0 = x, u1 = 1, r1 = + 1, x1 = x′ , u2 = 1, r2 = + 1, x2 = x′ ′ ′ ,

τ1 :
τ2 :



x

x0

x00

<latexit sha1_base64="hXz2Vk3q41iY0JfLt39EvAdHpDg=">AAACCHicbVC7TsMwFHV4lvIKMDJgUSExVQkgYKzEAluR6ENqQuW4TmvVdiLbQVRRRhZ+hYUBhFj5BDb+BqfNUFqOZOvonHt17z1BzKjSjvNjLSwuLa+sltbK6xubW9v2zm5TRYnEpIEjFsl2gBRhVJCGppqRdiwJ4gEjrWB4lfutByIVjcSdHsXE56gvaEgx0kbq2gceR3oQhOljdp96saScTP9Z1644VWcMOE/cglRAgXrX/vZ6EU44ERozpFTHdWLtp0hqihnJyl6iSIzwEPVJx1CBOFF+Oj4kg0dG6cEwkuYJDcfqdEeKuFIjHpjKfG016+Xif14n0eGln1IRJ5oIPBkUJgzqCOapwB6VBGs2MgRhSc2uEA+QRFib7MomBHf25HnSPKm659XT27NK7aaIowT2wSE4Bi64ADVwDeqgATB4Ai/gDbxbz9ar9WF9TkoXrKJnD/yB9fULetia7w==</latexit>

x000

<latexit sha1_base64="3ucZFceX34pbY0xf3enayRf0UVc=">AAACDnicbVC7TsMwFHXKq5RXgJHFoqrEVCWAgLESC2xFog+pCZXjOq1V24lsB1FF+QIWfoWFAYRYmdn4G5w2A7QcydbROffq3nuCmFGlHefbKi0tr6yuldcrG5tb2zv27l5bRYnEpIUjFslugBRhVJCWppqRbiwJ4gEjnWB8mfudeyIVjcStnsTE52goaEgx0kbq2zWPIz0KwvQhu0u9WFJOFv+sb1edujMFXCRuQaqgQLNvf3mDCCecCI0ZUqrnOrH2UyQ1xYxkFS9RJEZ4jIakZ6hAnCg/nZ6TwZpRBjCMpHlCw6n6uyNFXKkJD0xlvrya93LxP6+X6PDCT6mIE00Eng0KEwZ1BPNs4IBKgjWbGIKwpGZXiEdIIqxNghUTgjt/8iJpH9fds/rJzWm1cV3EUQYH4BAcARecgwa4Ak3QAhg8gmfwCt6sJ+vFerc+ZqUlq+jZB39gff4AbcWdpA==</latexit>

x0000

<latexit sha1_base64="KkyT1DMjIA/1kXOCJxrxq5tskN0=">AAACCXicbZDLSsNAFIZP6q3WW9Slm8EiVJSSSFE3hYIb3VWwF2hDmUwn7dDJhZmJWEK3bnwVNy4UcesbuPNtnLQRtPrDwMd/zmHO+d2IM6ks69PILSwuLa/kVwtr6xubW+b2TlOGsSC0QUIeiraLJeUsoA3FFKftSFDsu5y23NFFWm/dUiFZGNyocUQdHw8C5jGClbZ6JhKlro/V0PWSu8kx+uZ4UrUPURUd2T2zaJWtqdBfsDMoQqZ6z/zo9kMS+zRQhGMpO7YVKSfBQjHC6aTQjSWNMBnhAe1oDLBPpZNML5mgA+30kRcK/QKFpu7PiQT7Uo59V3emm8r5Wmr+V+vEyjt3EhZEsaIBmX3kxRypEKWxoD4TlCg+1oCJYHpXRIZYYKJ0eAUdgj1/8l9onpTt03LlulKsXWVx5GEP9qEENpxBDS6hDg0gcA+P8AwvxoPxZLwab7PWnJHN7MIvGe9fRb+Yyg==</latexit>

r(x,u = 1) = +1

<latexit sha1_base64="yoKuYHESGrhWd6As/mU8DcCsKwM=">AAACEHicbVDLSsNAFJ3UV62vqEs3g0WsKCWRom4KBTe6q2Af0MQymU7q0MkkzEzEEvIJbvwVNy4UcevSnX/jtI2grQcuHM65l3vv8SJGpbKsLyM3N7+wuJRfLqysrq1vmJtbTRnGApMGDlko2h6ShFFOGooqRtqRICjwGGl5g/OR37ojQtKQX6thRNwA9Tn1KUZKS11zX5ScAKlbz0/u0xsnEjQgR/BHitOqfQCr8NDumkWrbI0BZ4mdkSLIUO+an04vxHFAuMIMSdmxrUi5CRKKYkbSghNLEiE8QH3S0ZSjgEg3GT+Uwj2t9KAfCl1cwbH6eyJBgZTDwNOdo0vltDcS//M6sfLP3ITyKFaE48kiP2ZQhXCUDuxRQbBiQ00QFlTfCvEtEggrnWFBh2BPvzxLmsdl+6RcuaoUa5dZHHmwA3ZBCdjgFNTABaiDBsDgATyBF/BqPBrPxpvxPmnNGdnMNvgD4+Mb++Cb5w==</latexit>

r(x0,u = 1) = +1

<latexit sha1_base64="L8gwcdgOh81zDLxBikgo01HAUgE=">AAACEHicbVDLSsNAFJ3UV62vqEs3g0WsoCUpRd0UCm50V8E+oIllMp20QycPZiZiCfkEN/6KGxeKuHXpzr9x0kbQ1gMXDufcy733OCGjQhrGl5ZbWFxaXsmvFtbWNza39O2dlggijkkTByzgHQcJwqhPmpJKRjohJ8hzGGk7o4vUb98RLmjg38hxSGwPDXzqUoykknr6IS9ZHpJDx43vk1sr5NQjx/BHipJa5QjW4InZ04tG2ZgAzhMzI0WQodHTP61+gCOP+BIzJETXNEJpx4hLihlJClYkSIjwCA1IV1EfeUTY8eShBB4opQ/dgKvyJZyovydi5Akx9hzVmV4qZr1U/M/rRtI9t2Pqh5EkPp4uciMGZQDTdGCfcoIlGyuCMKfqVoiHiCMsVYYFFYI5+/I8aVXK5mm5el0t1q+yOPJgD+yDEjDBGaiDS9AATYDBA3gCL+BVe9SetTftfdqa07KZXfAH2sc3AIOb6g==</latexit>

r(x 0,u = 2) = �1

<latexit sha1_base64="RVpeRyEoRXskBVuRXslHWbNnj8Y=">AAACCXicbZDLSsNAFIYn9VbrLerSzWARKmhJSlE3hYIb3VWwF2hDmUwn7dDJJMxMxBKydeOruHGhiFvfwJ1v46SNoK0/DHz85xzmnN8NGZXKsr6M3NLyyupafr2wsbm1vWPu7rVkEAlMmjhggei4SBJGOWkqqhjphIIg32Wk7Y4v03r7jghJA36rJiFxfDTk1KMYKW31TShKPR+pkevF98kJ/OEoqVWOYQ2e2n2zaJWtqeAi2BkUQaZG3/zsDQIc+YQrzJCUXdsKlRMjoShmJCn0IklChMdoSLoaOfKJdOLpJQk80s4AeoHQjys4dX9PxMiXcuK7ujPdVM7XUvO/WjdS3oUTUx5GinA8+8iLGFQBTGOBAyoIVmyiAWFB9a4Qj5BAWOnwCjoEe/7kRWhVyvZZuXpTLdavszjy4AAcghKwwTmogyvQAE2AwQN4Ai/g1Xg0no03433WmjOymX3wR8bHN0pTmM0=</latexit>

r(x,u = 2) = �1

<latexit sha1_base64="kRSwqVa9bepAqRuS8vP7AvO//MM=">AAACDXicbVDLSsNAFJ3UV62vqEs3g1Wom5BI0W4KBTe6q2Af0IQymU7aoZMHMxOxxPyAG3/FjQtF3Lp35984aSNo64GBM+fcy733uBGjQprml1ZYWl5ZXSuulzY2t7Z39N29tghjjkkLhyzkXRcJwmhAWpJKRroRJ8h3Gem444vM79wSLmgY3MhJRBwfDQPqUYykkvr6kR3Riu0jOXK9JE7rFryHP9+79ATWoWnU+nrZNMwp4CKxclIGOZp9/dMehDj2SSAxQ0L0LDOSToK4pJiRtGTHgkQIj9GQ9BQNkE+Ek0yvSeGxUgbQC7l6gYRT9XdHgnwhJr6rKrNFxbyXif95vVh6NSehQRRLEuDZIC9mUIYwiwYOKCdYsokiCHOqdoV4hDjCUgVYUiFY8ycvkvapYZ0Z1etquXGVx1EEB+AQVIAFzkEDXIImaAEMHsATeAGv2qP2rL1p77PSgpb37IM/0D6+ATKEml8=</latexit>

⇡(u = 1|x) = 0.8

<latexit sha1_base64="iiTWTXRtvWpeWC1KHji5uOI1dPk=">AAACDXicbVDLSsNAFJ3UV62vqEs3g1Wom5CUom4KBTe6q2Af0IQymU7aoZMHMxOxxPyAG3/FjQtF3Lp35984aSNo64GBM+fcy733uBGjQprml1ZYWl5ZXSuulzY2t7Z39N29tghjjkkLhyzkXRcJwmhAWpJKRroRJ8h3Gem444vM79wSLmgY3MhJRBwfDQPqUYykkvr6kR3Riu0jOXK9JE7rVXgPf7536QmsQ9Oo9vWyaZhTwEVi5aQMcjT7+qc9CHHsk0BihoToWWYknQRxSTEjacmOBYkQHqMh6SkaIJ8IJ5lek8JjpQygF3L1Agmn6u+OBPlCTHxXVWaLinkvE//zerH0zp2EBlEsSYBng7yYQRnCLBo4oJxgySaKIMyp2hXiEeIISxVgSYVgzZ+8SNpVwzo1ate1cuMqj6MIDsAhqAALnIEGuARN0AIYPIAn8AJetUftWXvT3melBS3v2Qd/oH18AysEmlo=</latexit>

⇡(u = 2|x) = 0.2

<latexit sha1_base64="l12QY9GVfneHK1mCNtS64hU5EGs=">AAACFHicbVDLSsNAFJ34rPUVdelmsAgVISRSfCwKBTe6q2Af0MQymU7aoZMHMxOxxHyEG3/FjQtF3Lpw5984aSNo64GBM+fcy733uBGjQprmlzY3v7C4tFxYKa6urW9s6lvbTRHGHJMGDlnI2y4ShNGANCSVjLQjTpDvMtJyh+eZ37olXNAwuJajiDg+6gfUoxhJJXX1QzuiZdtHcuB6SZxWLXgPf7536Y0dceqTA1iFpnHW1UumYY4BZ4mVkxLIUe/qn3YvxLFPAokZEqJjmZF0EsQlxYykRTsWJEJ4iPqko2iAfCKcZHxUCveV0oNeyNULJByrvzsS5Asx8l1Vme0rpr1M/M/rxNI7dRIaRLEkAZ4M8mIGZQizhGCPcoIlGymCMKdqV4gHiCMsVY5FFYI1ffIsaR4Z1rFRuaqUapd5HAWwC/ZAGVjgBNTABaiDBsDgATyBF/CqPWrP2pv2Pimd0/KeHfAH2sc38I6dfQ==</latexit>

⇡(u = 1|x0) = 0.9

<latexit sha1_base64="C4vuNO6sPzkPrqqaSgkEkK9MTbU=">AAACFHicbVDLSsNAFJ34rPUVdelmsAgVISSlqJtCwY3uKtgHNLFMppN26OTBzEQsMR/hxl9x40IRty7c+TdO2gjaemDgzDn3cu89bsSokKb5pS0sLi2vrBbWiusbm1vb+s5uS4Qxx6SJQxbyjosEYTQgTUklI52IE+S7jLTd0Xnmt28JFzQMruU4Io6PBgH1KEZSST392I5o2faRHLpeEqe1CryHP9+79MaOOPXJEaxB07B6esk0zAngPLFyUgI5Gj390+6HOPZJIDFDQnQtM5JOgrikmJG0aMeCRAiP0IB0FQ2QT4STTI5K4aFS+tALuXqBhBP1d0eCfCHGvqsqs33FrJeJ/3ndWHpnTkKDKJYkwNNBXsygDGGWEOxTTrBkY0UQ5lTtCvEQcYSlyrGoQrBmT54nrYphnRjVq2qpfpnHUQD74ACUgQVOQR1cgAZoAgwewBN4Aa/ao/asvWnv09IFLe/ZA3+gfXwD5g2ddg==</latexit>

⇡(u = 2|x 0) = 0.1

Learning from trajectories

Qπ(x, u = 1) ≈
1
N ∑

τ

r1 + γr2

x0 = x, u1 = 1, r1 = + 1, x1 = x′ , u2 = 1, r2 = + 1, x2 = x′ ′ ′ ,
x0 = x, u1 = 1, r1 = + 1, x1 = x′ , u2 = 1, r2 = + 1, x2 = x′ ′ ′ ,

τ1 :
τ2 :

x0 = x, u1 = 1, r1 = + 1, x1 = x′ , u2 = 2, r2 = − 1, x2 = x′ ′ ′ ′ ,τ3 :

τ1 τ2

τ3

=  (1+1 + 1+1 + 1+(-1)) = 1.331
3

Qπ(x, u = 1) = 1.8vs

Qπ(x, u = 1) ≈
1
N ∑

τ

r1 + γVπ(x′ ) =  (1+0.8 + 1+0.8 + 1+0.8) = 1.81
3

If you are given true value function Vπ(x′ ) = 0.8 then
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<latexit sha1_base64="hXz2Vk3q41iY0JfLt39EvAdHpDg=">AAACCHicbVC7TsMwFHV4lvIKMDJgUSExVQkgYKzEAluR6ENqQuW4TmvVdiLbQVRRRhZ+hYUBhFj5BDb+BqfNUFqOZOvonHt17z1BzKjSjvNjLSwuLa+sltbK6xubW9v2zm5TRYnEpIEjFsl2gBRhVJCGppqRdiwJ4gEjrWB4lfutByIVjcSdHsXE56gvaEgx0kbq2gceR3oQhOljdp96saScTP9Z1644VWcMOE/cglRAgXrX/vZ6EU44ERozpFTHdWLtp0hqihnJyl6iSIzwEPVJx1CBOFF+Oj4kg0dG6cEwkuYJDcfqdEeKuFIjHpjKfG016+Xif14n0eGln1IRJ5oIPBkUJgzqCOapwB6VBGs2MgRhSc2uEA+QRFib7MomBHf25HnSPKm659XT27NK7aaIowT2wSE4Bi64ADVwDeqgATB4Ai/gDbxbz9ar9WF9TkoXrKJnD/yB9fULetia7w==</latexit>

x000

<latexit sha1_base64="3ucZFceX34pbY0xf3enayRf0UVc=">AAACDnicbVC7TsMwFHXKq5RXgJHFoqrEVCWAgLESC2xFog+pCZXjOq1V24lsB1FF+QIWfoWFAYRYmdn4G5w2A7QcydbROffq3nuCmFGlHefbKi0tr6yuldcrG5tb2zv27l5bRYnEpIUjFslugBRhVJCWppqRbiwJ4gEjnWB8mfudeyIVjcStnsTE52goaEgx0kbq2zWPIz0KwvQhu0u9WFJOFv+sb1edujMFXCRuQaqgQLNvf3mDCCecCI0ZUqrnOrH2UyQ1xYxkFS9RJEZ4jIakZ6hAnCg/nZ6TwZpRBjCMpHlCw6n6uyNFXKkJD0xlvrya93LxP6+X6PDCT6mIE00Eng0KEwZ1BPNs4IBKgjWbGIKwpGZXiEdIIqxNghUTgjt/8iJpH9fds/rJzWm1cV3EUQYH4BAcARecgwa4Ak3QAhg8gmfwCt6sJ+vFerc+ZqUlq+jZB39gff4AbcWdpA==</latexit>

x0000

<latexit sha1_base64="KkyT1DMjIA/1kXOCJxrxq5tskN0=">AAACCXicbZDLSsNAFIZP6q3WW9Slm8EiVJSSSFE3hYIb3VWwF2hDmUwn7dDJhZmJWEK3bnwVNy4UcesbuPNtnLQRtPrDwMd/zmHO+d2IM6ks69PILSwuLa/kVwtr6xubW+b2TlOGsSC0QUIeiraLJeUsoA3FFKftSFDsu5y23NFFWm/dUiFZGNyocUQdHw8C5jGClbZ6JhKlro/V0PWSu8kx+uZ4UrUPURUd2T2zaJWtqdBfsDMoQqZ6z/zo9kMS+zRQhGMpO7YVKSfBQjHC6aTQjSWNMBnhAe1oDLBPpZNML5mgA+30kRcK/QKFpu7PiQT7Uo59V3emm8r5Wmr+V+vEyjt3EhZEsaIBmX3kxRypEKWxoD4TlCg+1oCJYHpXRIZYYKJ0eAUdgj1/8l9onpTt03LlulKsXWVx5GEP9qEENpxBDS6hDg0gcA+P8AwvxoPxZLwab7PWnJHN7MIvGe9fRb+Yyg==</latexit>

r(x,u = 1) = +1

<latexit sha1_base64="yoKuYHESGrhWd6As/mU8DcCsKwM=">AAACEHicbVDLSsNAFJ3UV62vqEs3g0WsKCWRom4KBTe6q2Af0MQymU7q0MkkzEzEEvIJbvwVNy4UcevSnX/jtI2grQcuHM65l3vv8SJGpbKsLyM3N7+wuJRfLqysrq1vmJtbTRnGApMGDlko2h6ShFFOGooqRtqRICjwGGl5g/OR37ojQtKQX6thRNwA9Tn1KUZKS11zX5ScAKlbz0/u0xsnEjQgR/BHitOqfQCr8NDumkWrbI0BZ4mdkSLIUO+an04vxHFAuMIMSdmxrUi5CRKKYkbSghNLEiE8QH3S0ZSjgEg3GT+Uwj2t9KAfCl1cwbH6eyJBgZTDwNOdo0vltDcS//M6sfLP3ITyKFaE48kiP2ZQhXCUDuxRQbBiQ00QFlTfCvEtEggrnWFBh2BPvzxLmsdl+6RcuaoUa5dZHHmwA3ZBCdjgFNTABaiDBsDgATyBF/BqPBrPxpvxPmnNGdnMNvgD4+Mb++Cb5w==</latexit>

r(x0,u = 1) = +1

<latexit sha1_base64="L8gwcdgOh81zDLxBikgo01HAUgE=">AAACEHicbVDLSsNAFJ3UV62vqEs3g0WsoCUpRd0UCm50V8E+oIllMp20QycPZiZiCfkEN/6KGxeKuHXpzr9x0kbQ1gMXDufcy733OCGjQhrGl5ZbWFxaXsmvFtbWNza39O2dlggijkkTByzgHQcJwqhPmpJKRjohJ8hzGGk7o4vUb98RLmjg38hxSGwPDXzqUoykknr6IS9ZHpJDx43vk1sr5NQjx/BHipJa5QjW4InZ04tG2ZgAzhMzI0WQodHTP61+gCOP+BIzJETXNEJpx4hLihlJClYkSIjwCA1IV1EfeUTY8eShBB4opQ/dgKvyJZyovydi5Akx9hzVmV4qZr1U/M/rRtI9t2Pqh5EkPp4uciMGZQDTdGCfcoIlGyuCMKfqVoiHiCMsVYYFFYI5+/I8aVXK5mm5el0t1q+yOPJgD+yDEjDBGaiDS9AATYDBA3gCL+BVe9SetTftfdqa07KZXfAH2sc3AIOb6g==</latexit>

r(x 0,u = 2) = �1

<latexit sha1_base64="RVpeRyEoRXskBVuRXslHWbNnj8Y=">AAACCXicbZDLSsNAFIYn9VbrLerSzWARKmhJSlE3hYIb3VWwF2hDmUwn7dDJJMxMxBKydeOruHGhiFvfwJ1v46SNoK0/DHz85xzmnN8NGZXKsr6M3NLyyupafr2wsbm1vWPu7rVkEAlMmjhggei4SBJGOWkqqhjphIIg32Wk7Y4v03r7jghJA36rJiFxfDTk1KMYKW31TShKPR+pkevF98kJ/OEoqVWOYQ2e2n2zaJWtqeAi2BkUQaZG3/zsDQIc+YQrzJCUXdsKlRMjoShmJCn0IklChMdoSLoaOfKJdOLpJQk80s4AeoHQjys4dX9PxMiXcuK7ujPdVM7XUvO/WjdS3oUTUx5GinA8+8iLGFQBTGOBAyoIVmyiAWFB9a4Qj5BAWOnwCjoEe/7kRWhVyvZZuXpTLdavszjy4AAcghKwwTmogyvQAE2AwQN4Ai/g1Xg0no03433WmjOymX3wR8bHN0pTmM0=</latexit>

r(x,u = 2) = �1

<latexit sha1_base64="kRSwqVa9bepAqRuS8vP7AvO//MM=">AAACDXicbVDLSsNAFJ3UV62vqEs3g1Wom5BI0W4KBTe6q2Af0IQymU7aoZMHMxOxxPyAG3/FjQtF3Lp35984aSNo64GBM+fcy733uBGjQprml1ZYWl5ZXSuulzY2t7Z39N29tghjjkkLhyzkXRcJwmhAWpJKRroRJ8h3Gem444vM79wSLmgY3MhJRBwfDQPqUYykkvr6kR3Riu0jOXK9JE7rFryHP9+79ATWoWnU+nrZNMwp4CKxclIGOZp9/dMehDj2SSAxQ0L0LDOSToK4pJiRtGTHgkQIj9GQ9BQNkE+Ek0yvSeGxUgbQC7l6gYRT9XdHgnwhJr6rKrNFxbyXif95vVh6NSehQRRLEuDZIC9mUIYwiwYOKCdYsokiCHOqdoV4hDjCUgVYUiFY8ycvkvapYZ0Z1etquXGVx1EEB+AQVIAFzkEDXIImaAEMHsATeAGv2qP2rL1p77PSgpb37IM/0D6+ATKEml8=</latexit>

⇡(u = 1|x) = 0.8

<latexit sha1_base64="iiTWTXRtvWpeWC1KHji5uOI1dPk=">AAACDXicbVDLSsNAFJ3UV62vqEs3g1Wom5CUom4KBTe6q2Af0IQymU7aoZMHMxOxxPyAG3/FjQtF3Lp35984aSNo64GBM+fcy733uBGjQprml1ZYWl5ZXSuulzY2t7Z39N29tghjjkkLhyzkXRcJwmhAWpJKRroRJ8h3Gem444vM79wSLmgY3MhJRBwfDQPqUYykkvr6kR3Riu0jOXK9JE7rVXgPf7536QmsQ9Oo9vWyaZhTwEVi5aQMcjT7+qc9CHHsk0BihoToWWYknQRxSTEjacmOBYkQHqMh6SkaIJ8IJ5lek8JjpQygF3L1Agmn6u+OBPlCTHxXVWaLinkvE//zerH0zp2EBlEsSYBng7yYQRnCLBo4oJxgySaKIMyp2hXiEeIISxVgSYVgzZ+8SNpVwzo1ate1cuMqj6MIDsAhqAALnIEGuARN0AIYPIAn8AJetUftWXvT3melBS3v2Qd/oH18AysEmlo=</latexit>

⇡(u = 2|x) = 0.2

<latexit sha1_base64="l12QY9GVfneHK1mCNtS64hU5EGs=">AAACFHicbVDLSsNAFJ34rPUVdelmsAgVISRSfCwKBTe6q2Af0MQymU7aoZMHMxOxxHyEG3/FjQtF3Lpw5984aSNo64GBM+fcy733uBGjQprmlzY3v7C4tFxYKa6urW9s6lvbTRHGHJMGDlnI2y4ShNGANCSVjLQjTpDvMtJyh+eZ37olXNAwuJajiDg+6gfUoxhJJXX1QzuiZdtHcuB6SZxWLXgPf7536Y0dceqTA1iFpnHW1UumYY4BZ4mVkxLIUe/qn3YvxLFPAokZEqJjmZF0EsQlxYykRTsWJEJ4iPqko2iAfCKcZHxUCveV0oNeyNULJByrvzsS5Asx8l1Vme0rpr1M/M/rxNI7dRIaRLEkAZ4M8mIGZQizhGCPcoIlGymCMKdqV4gHiCMsVY5FFYI1ffIsaR4Z1rFRuaqUapd5HAWwC/ZAGVjgBNTABaiDBsDgATyBF/CqPWrP2pv2Pimd0/KeHfAH2sc38I6dfQ==</latexit>

⇡(u = 1|x0) = 0.9

<latexit sha1_base64="C4vuNO6sPzkPrqqaSgkEkK9MTbU=">AAACFHicbVDLSsNAFJ34rPUVdelmsAgVISSlqJtCwY3uKtgHNLFMppN26OTBzEQsMR/hxl9x40IRty7c+TdO2gjaemDgzDn3cu89bsSokKb5pS0sLi2vrBbWiusbm1vb+s5uS4Qxx6SJQxbyjosEYTQgTUklI52IE+S7jLTd0Xnmt28JFzQMruU4Io6PBgH1KEZSST392I5o2faRHLpeEqe1CryHP9+79MaOOPXJEaxB07B6esk0zAngPLFyUgI5Gj390+6HOPZJIDFDQnQtM5JOgrikmJG0aMeCRAiP0IB0FQ2QT4STTI5K4aFS+tALuXqBhBP1d0eCfCHGvqsqs33FrJeJ/3ndWHpnTkKDKJYkwNNBXsygDGGWEOxTTrBkY0UQ5lTtCvEQcYSlyrGoQrBmT54nrYphnRjVq2qpfpnHUQD74ACUgQVOQR1cgAZoAgwewBN4Aa/ao/asvWnv09IFLe/ZA3+gfXwD5g2ddg==</latexit>

⇡(u = 2|x 0) = 0.1

Learning from trajectories

Qπ(x1, u1) ≈ r1 + γr2 + γ2r3 + γ3r4 + . . .

τ1 τ2

τ3

There are many possible approximations of  when  is available:Qπ(x, u) Vπ(x)

Qπ(x1, u1) ≈ r1 + γr2 + γ2r3 + γ3Vπ(x4)

Qπ(x1, u1) ≈ r1 + γr2 + γ2Vπ(x3)

Qπ(x1, u1) ≈ r1 + γVπ(x2)

Which I should use?

TD(0) estimate (if reliable  available):  
• small variance, 
• strong bias

Vπ(x)
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<latexit sha1_base64="hXz2Vk3q41iY0JfLt39EvAdHpDg=">AAACCHicbVC7TsMwFHV4lvIKMDJgUSExVQkgYKzEAluR6ENqQuW4TmvVdiLbQVRRRhZ+hYUBhFj5BDb+BqfNUFqOZOvonHt17z1BzKjSjvNjLSwuLa+sltbK6xubW9v2zm5TRYnEpIEjFsl2gBRhVJCGppqRdiwJ4gEjrWB4lfutByIVjcSdHsXE56gvaEgx0kbq2gceR3oQhOljdp96saScTP9Z1644VWcMOE/cglRAgXrX/vZ6EU44ERozpFTHdWLtp0hqihnJyl6iSIzwEPVJx1CBOFF+Oj4kg0dG6cEwkuYJDcfqdEeKuFIjHpjKfG016+Xif14n0eGln1IRJ5oIPBkUJgzqCOapwB6VBGs2MgRhSc2uEA+QRFib7MomBHf25HnSPKm659XT27NK7aaIowT2wSE4Bi64ADVwDeqgATB4Ai/gDbxbz9ar9WF9TkoXrKJnD/yB9fULetia7w==</latexit>

x000

<latexit sha1_base64="3ucZFceX34pbY0xf3enayRf0UVc=">AAACDnicbVC7TsMwFHXKq5RXgJHFoqrEVCWAgLESC2xFog+pCZXjOq1V24lsB1FF+QIWfoWFAYRYmdn4G5w2A7QcydbROffq3nuCmFGlHefbKi0tr6yuldcrG5tb2zv27l5bRYnEpIUjFslugBRhVJCWppqRbiwJ4gEjnWB8mfudeyIVjcStnsTE52goaEgx0kbq2zWPIz0KwvQhu0u9WFJOFv+sb1edujMFXCRuQaqgQLNvf3mDCCecCI0ZUqrnOrH2UyQ1xYxkFS9RJEZ4jIakZ6hAnCg/nZ6TwZpRBjCMpHlCw6n6uyNFXKkJD0xlvrya93LxP6+X6PDCT6mIE00Eng0KEwZ1BPNs4IBKgjWbGIKwpGZXiEdIIqxNghUTgjt/8iJpH9fds/rJzWm1cV3EUQYH4BAcARecgwa4Ak3QAhg8gmfwCt6sJ+vFerc+ZqUlq+jZB39gff4AbcWdpA==</latexit>

x0000

<latexit sha1_base64="KkyT1DMjIA/1kXOCJxrxq5tskN0=">AAACCXicbZDLSsNAFIZP6q3WW9Slm8EiVJSSSFE3hYIb3VWwF2hDmUwn7dDJhZmJWEK3bnwVNy4UcesbuPNtnLQRtPrDwMd/zmHO+d2IM6ks69PILSwuLa/kVwtr6xubW+b2TlOGsSC0QUIeiraLJeUsoA3FFKftSFDsu5y23NFFWm/dUiFZGNyocUQdHw8C5jGClbZ6JhKlro/V0PWSu8kx+uZ4UrUPURUd2T2zaJWtqdBfsDMoQqZ6z/zo9kMS+zRQhGMpO7YVKSfBQjHC6aTQjSWNMBnhAe1oDLBPpZNML5mgA+30kRcK/QKFpu7PiQT7Uo59V3emm8r5Wmr+V+vEyjt3EhZEsaIBmX3kxRypEKWxoD4TlCg+1oCJYHpXRIZYYKJ0eAUdgj1/8l9onpTt03LlulKsXWVx5GEP9qEENpxBDS6hDg0gcA+P8AwvxoPxZLwab7PWnJHN7MIvGe9fRb+Yyg==</latexit>

r(x,u = 1) = +1

<latexit sha1_base64="yoKuYHESGrhWd6As/mU8DcCsKwM=">AAACEHicbVDLSsNAFJ3UV62vqEs3g0WsKCWRom4KBTe6q2Af0MQymU7q0MkkzEzEEvIJbvwVNy4UcevSnX/jtI2grQcuHM65l3vv8SJGpbKsLyM3N7+wuJRfLqysrq1vmJtbTRnGApMGDlko2h6ShFFOGooqRtqRICjwGGl5g/OR37ojQtKQX6thRNwA9Tn1KUZKS11zX5ScAKlbz0/u0xsnEjQgR/BHitOqfQCr8NDumkWrbI0BZ4mdkSLIUO+an04vxHFAuMIMSdmxrUi5CRKKYkbSghNLEiE8QH3S0ZSjgEg3GT+Uwj2t9KAfCl1cwbH6eyJBgZTDwNOdo0vltDcS//M6sfLP3ITyKFaE48kiP2ZQhXCUDuxRQbBiQ00QFlTfCvEtEggrnWFBh2BPvzxLmsdl+6RcuaoUa5dZHHmwA3ZBCdjgFNTABaiDBsDgATyBF/BqPBrPxpvxPmnNGdnMNvgD4+Mb++Cb5w==</latexit>

r(x0,u = 1) = +1

<latexit sha1_base64="L8gwcdgOh81zDLxBikgo01HAUgE=">AAACEHicbVDLSsNAFJ3UV62vqEs3g0WsoCUpRd0UCm50V8E+oIllMp20QycPZiZiCfkEN/6KGxeKuHXpzr9x0kbQ1gMXDufcy733OCGjQhrGl5ZbWFxaXsmvFtbWNza39O2dlggijkkTByzgHQcJwqhPmpJKRjohJ8hzGGk7o4vUb98RLmjg38hxSGwPDXzqUoykknr6IS9ZHpJDx43vk1sr5NQjx/BHipJa5QjW4InZ04tG2ZgAzhMzI0WQodHTP61+gCOP+BIzJETXNEJpx4hLihlJClYkSIjwCA1IV1EfeUTY8eShBB4opQ/dgKvyJZyovydi5Akx9hzVmV4qZr1U/M/rRtI9t2Pqh5EkPp4uciMGZQDTdGCfcoIlGyuCMKfqVoiHiCMsVYYFFYI5+/I8aVXK5mm5el0t1q+yOPJgD+yDEjDBGaiDS9AATYDBA3gCL+BVe9SetTftfdqa07KZXfAH2sc3AIOb6g==</latexit>

r(x 0,u = 2) = �1

<latexit sha1_base64="RVpeRyEoRXskBVuRXslHWbNnj8Y=">AAACCXicbZDLSsNAFIYn9VbrLerSzWARKmhJSlE3hYIb3VWwF2hDmUwn7dDJJMxMxBKydeOruHGhiFvfwJ1v46SNoK0/DHz85xzmnN8NGZXKsr6M3NLyyupafr2wsbm1vWPu7rVkEAlMmjhggei4SBJGOWkqqhjphIIg32Wk7Y4v03r7jghJA36rJiFxfDTk1KMYKW31TShKPR+pkevF98kJ/OEoqVWOYQ2e2n2zaJWtqeAi2BkUQaZG3/zsDQIc+YQrzJCUXdsKlRMjoShmJCn0IklChMdoSLoaOfKJdOLpJQk80s4AeoHQjys4dX9PxMiXcuK7ujPdVM7XUvO/WjdS3oUTUx5GinA8+8iLGFQBTGOBAyoIVmyiAWFB9a4Qj5BAWOnwCjoEe/7kRWhVyvZZuXpTLdavszjy4AAcghKwwTmogyvQAE2AwQN4Ai/g1Xg0no03433WmjOymX3wR8bHN0pTmM0=</latexit>

r(x,u = 2) = �1

<latexit sha1_base64="kRSwqVa9bepAqRuS8vP7AvO//MM=">AAACDXicbVDLSsNAFJ3UV62vqEs3g1Wom5BI0W4KBTe6q2Af0IQymU7aoZMHMxOxxPyAG3/FjQtF3Lp35984aSNo64GBM+fcy733uBGjQprml1ZYWl5ZXSuulzY2t7Z39N29tghjjkkLhyzkXRcJwmhAWpJKRroRJ8h3Gem444vM79wSLmgY3MhJRBwfDQPqUYykkvr6kR3Riu0jOXK9JE7rFryHP9+79ATWoWnU+nrZNMwp4CKxclIGOZp9/dMehDj2SSAxQ0L0LDOSToK4pJiRtGTHgkQIj9GQ9BQNkE+Ek0yvSeGxUgbQC7l6gYRT9XdHgnwhJr6rKrNFxbyXif95vVh6NSehQRRLEuDZIC9mUIYwiwYOKCdYsokiCHOqdoV4hDjCUgVYUiFY8ycvkvapYZ0Z1etquXGVx1EEB+AQVIAFzkEDXIImaAEMHsATeAGv2qP2rL1p77PSgpb37IM/0D6+ATKEml8=</latexit>

⇡(u = 1|x) = 0.8

<latexit sha1_base64="iiTWTXRtvWpeWC1KHji5uOI1dPk=">AAACDXicbVDLSsNAFJ3UV62vqEs3g1Wom5CUom4KBTe6q2Af0IQymU7aoZMHMxOxxPyAG3/FjQtF3Lp35984aSNo64GBM+fcy733uBGjQprml1ZYWl5ZXSuulzY2t7Z39N29tghjjkkLhyzkXRcJwmhAWpJKRroRJ8h3Gem444vM79wSLmgY3MhJRBwfDQPqUYykkvr6kR3Riu0jOXK9JE7rVXgPf7536QmsQ9Oo9vWyaZhTwEVi5aQMcjT7+qc9CHHsk0BihoToWWYknQRxSTEjacmOBYkQHqMh6SkaIJ8IJ5lek8JjpQygF3L1Agmn6u+OBPlCTHxXVWaLinkvE//zerH0zp2EBlEsSYBng7yYQRnCLBo4oJxgySaKIMyp2hXiEeIISxVgSYVgzZ+8SNpVwzo1ate1cuMqj6MIDsAhqAALnIEGuARN0AIYPIAn8AJetUftWXvT3melBS3v2Qd/oH18AysEmlo=</latexit>

⇡(u = 2|x) = 0.2

<latexit sha1_base64="l12QY9GVfneHK1mCNtS64hU5EGs=">AAACFHicbVDLSsNAFJ34rPUVdelmsAgVISRSfCwKBTe6q2Af0MQymU7aoZMHMxOxxHyEG3/FjQtF3Lpw5984aSNo64GBM+fcy733uBGjQprmlzY3v7C4tFxYKa6urW9s6lvbTRHGHJMGDlnI2y4ShNGANCSVjLQjTpDvMtJyh+eZ37olXNAwuJajiDg+6gfUoxhJJXX1QzuiZdtHcuB6SZxWLXgPf7536Y0dceqTA1iFpnHW1UumYY4BZ4mVkxLIUe/qn3YvxLFPAokZEqJjmZF0EsQlxYykRTsWJEJ4iPqko2iAfCKcZHxUCveV0oNeyNULJByrvzsS5Asx8l1Vme0rpr1M/M/rxNI7dRIaRLEkAZ4M8mIGZQizhGCPcoIlGymCMKdqV4gHiCMsVY5FFYI1ffIsaR4Z1rFRuaqUapd5HAWwC/ZAGVjgBNTABaiDBsDgATyBF/CqPWrP2pv2Pimd0/KeHfAH2sc38I6dfQ==</latexit>

⇡(u = 1|x0) = 0.9

<latexit sha1_base64="C4vuNO6sPzkPrqqaSgkEkK9MTbU=">AAACFHicbVDLSsNAFJ34rPUVdelmsAgVISSlqJtCwY3uKtgHNLFMppN26OTBzEQsMR/hxl9x40IRty7c+TdO2gjaemDgzDn3cu89bsSokKb5pS0sLi2vrBbWiusbm1vb+s5uS4Qxx6SJQxbyjosEYTQgTUklI52IE+S7jLTd0Xnmt28JFzQMruU4Io6PBgH1KEZSST392I5o2faRHLpeEqe1CryHP9+79MaOOPXJEaxB07B6esk0zAngPLFyUgI5Gj390+6HOPZJIDFDQnQtM5JOgrikmJG0aMeCRAiP0IB0FQ2QT4STTI5K4aFS+tALuXqBhBP1d0eCfCHGvqsqs33FrJeJ/3ndWHpnTkKDKJYkwNNBXsygDGGWEOxTTrBkY0UQ5lTtCvEQcYSlyrGoQrBmT54nrYphnRjVq2qpfpnHUQD74ACUgQVOQR1cgAZoAgwewBN4Aa/ao/asvWnv09IFLe/ZA3+gfXwD5g2ddg==</latexit>

⇡(u = 2|x 0) = 0.1

Learning from trajectories

Qπ(x1, u1) ≈ r1 + γr2 + γ2r3 + γ3r4 + . . .

τ1 τ2

τ3

There are many possible approximations of  when  is available:Qπ(x, u) Vπ(x)

Qπ(x1, u1) ≈ r1 + γr2 + γ2r3 + γ3Vπ(x4)

Qπ(x1, u1) ≈ r1 + γr2 + γ2Vπ(x3)

Qπ(x1, u1) ≈ r1 + γVπ(x2)

TD(1) estimate (if no reliable  available):  
• high variance,  
• no bias

Vπ(x)

Which I should use?

TD(0) estimate (if reliable  available):  
• small variance, 
• strong bias

Vπ(x)



Qπ(x1, u1) ≈ r1 + γr2 + γ2r3 + γ3r4 + . . .
There are many possible approximations of  when  is available:Qπ(x, u) Vπ(x)

Qπ(x1, u1) ≈ r1 + γr2 + γ2r3 + γ3Vπ(x4)
Qπ(x1, u1) ≈ r1 + γr2 + γ2Vπ(x3)
Qπ(x1, u1) ≈ r1 + γVπ(x2)
Qπ(x1, u1) ≈ c1G(1) + c2G(2) + c3G(3) + c4G(4) + …

= G(4)

= G(3)

= G(2)

= G(1)

1 2 3 4 5 6 7

ci

…

ci = (1 − λ)λi−1
TD( )λ

x

x0

x00

<latexit sha1_base64="hXz2Vk3q41iY0JfLt39EvAdHpDg=">AAACCHicbVC7TsMwFHV4lvIKMDJgUSExVQkgYKzEAluR6ENqQuW4TmvVdiLbQVRRRhZ+hYUBhFj5BDb+BqfNUFqOZOvonHt17z1BzKjSjvNjLSwuLa+sltbK6xubW9v2zm5TRYnEpIEjFsl2gBRhVJCGppqRdiwJ4gEjrWB4lfutByIVjcSdHsXE56gvaEgx0kbq2gceR3oQhOljdp96saScTP9Z1644VWcMOE/cglRAgXrX/vZ6EU44ERozpFTHdWLtp0hqihnJyl6iSIzwEPVJx1CBOFF+Oj4kg0dG6cEwkuYJDcfqdEeKuFIjHpjKfG016+Xif14n0eGln1IRJ5oIPBkUJgzqCOapwB6VBGs2MgRhSc2uEA+QRFib7MomBHf25HnSPKm659XT27NK7aaIowT2wSE4Bi64ADVwDeqgATB4Ai/gDbxbz9ar9WF9TkoXrKJnD/yB9fULetia7w==</latexit>

x000

<latexit sha1_base64="3ucZFceX34pbY0xf3enayRf0UVc=">AAACDnicbVC7TsMwFHXKq5RXgJHFoqrEVCWAgLESC2xFog+pCZXjOq1V24lsB1FF+QIWfoWFAYRYmdn4G5w2A7QcydbROffq3nuCmFGlHefbKi0tr6yuldcrG5tb2zv27l5bRYnEpIUjFslugBRhVJCWppqRbiwJ4gEjnWB8mfudeyIVjcStnsTE52goaEgx0kbq2zWPIz0KwvQhu0u9WFJOFv+sb1edujMFXCRuQaqgQLNvf3mDCCecCI0ZUqrnOrH2UyQ1xYxkFS9RJEZ4jIakZ6hAnCg/nZ6TwZpRBjCMpHlCw6n6uyNFXKkJD0xlvrya93LxP6+X6PDCT6mIE00Eng0KEwZ1BPNs4IBKgjWbGIKwpGZXiEdIIqxNghUTgjt/8iJpH9fds/rJzWm1cV3EUQYH4BAcARecgwa4Ak3QAhg8gmfwCt6sJ+vFerc+ZqUlq+jZB39gff4AbcWdpA==</latexit>

x0000

<latexit sha1_base64="KkyT1DMjIA/1kXOCJxrxq5tskN0=">AAACCXicbZDLSsNAFIZP6q3WW9Slm8EiVJSSSFE3hYIb3VWwF2hDmUwn7dDJhZmJWEK3bnwVNy4UcesbuPNtnLQRtPrDwMd/zmHO+d2IM6ks69PILSwuLa/kVwtr6xubW+b2TlOGsSC0QUIeiraLJeUsoA3FFKftSFDsu5y23NFFWm/dUiFZGNyocUQdHw8C5jGClbZ6JhKlro/V0PWSu8kx+uZ4UrUPURUd2T2zaJWtqdBfsDMoQqZ6z/zo9kMS+zRQhGMpO7YVKSfBQjHC6aTQjSWNMBnhAe1oDLBPpZNML5mgA+30kRcK/QKFpu7PiQT7Uo59V3emm8r5Wmr+V+vEyjt3EhZEsaIBmX3kxRypEKWxoD4TlCg+1oCJYHpXRIZYYKJ0eAUdgj1/8l9onpTt03LlulKsXWVx5GEP9qEENpxBDS6hDg0gcA+P8AwvxoPxZLwab7PWnJHN7MIvGe9fRb+Yyg==</latexit>

r(x,u = 1) = +1

<latexit sha1_base64="yoKuYHESGrhWd6As/mU8DcCsKwM=">AAACEHicbVDLSsNAFJ3UV62vqEs3g0WsKCWRom4KBTe6q2Af0MQymU7q0MkkzEzEEvIJbvwVNy4UcevSnX/jtI2grQcuHM65l3vv8SJGpbKsLyM3N7+wuJRfLqysrq1vmJtbTRnGApMGDlko2h6ShFFOGooqRtqRICjwGGl5g/OR37ojQtKQX6thRNwA9Tn1KUZKS11zX5ScAKlbz0/u0xsnEjQgR/BHitOqfQCr8NDumkWrbI0BZ4mdkSLIUO+an04vxHFAuMIMSdmxrUi5CRKKYkbSghNLEiE8QH3S0ZSjgEg3GT+Uwj2t9KAfCl1cwbH6eyJBgZTDwNOdo0vltDcS//M6sfLP3ITyKFaE48kiP2ZQhXCUDuxRQbBiQ00QFlTfCvEtEggrnWFBh2BPvzxLmsdl+6RcuaoUa5dZHHmwA3ZBCdjgFNTABaiDBsDgATyBF/BqPBrPxpvxPmnNGdnMNvgD4+Mb++Cb5w==</latexit>

r(x0,u = 1) = +1

<latexit sha1_base64="L8gwcdgOh81zDLxBikgo01HAUgE=">AAACEHicbVDLSsNAFJ3UV62vqEs3g0WsoCUpRd0UCm50V8E+oIllMp20QycPZiZiCfkEN/6KGxeKuHXpzr9x0kbQ1gMXDufcy733OCGjQhrGl5ZbWFxaXsmvFtbWNza39O2dlggijkkTByzgHQcJwqhPmpJKRjohJ8hzGGk7o4vUb98RLmjg38hxSGwPDXzqUoykknr6IS9ZHpJDx43vk1sr5NQjx/BHipJa5QjW4InZ04tG2ZgAzhMzI0WQodHTP61+gCOP+BIzJETXNEJpx4hLihlJClYkSIjwCA1IV1EfeUTY8eShBB4opQ/dgKvyJZyovydi5Akx9hzVmV4qZr1U/M/rRtI9t2Pqh5EkPp4uciMGZQDTdGCfcoIlGyuCMKfqVoiHiCMsVYYFFYI5+/I8aVXK5mm5el0t1q+yOPJgD+yDEjDBGaiDS9AATYDBA3gCL+BVe9SetTftfdqa07KZXfAH2sc3AIOb6g==</latexit>

r(x 0,u = 2) = �1

<latexit sha1_base64="RVpeRyEoRXskBVuRXslHWbNnj8Y=">AAACCXicbZDLSsNAFIYn9VbrLerSzWARKmhJSlE3hYIb3VWwF2hDmUwn7dDJJMxMxBKydeOruHGhiFvfwJ1v46SNoK0/DHz85xzmnN8NGZXKsr6M3NLyyupafr2wsbm1vWPu7rVkEAlMmjhggei4SBJGOWkqqhjphIIg32Wk7Y4v03r7jghJA36rJiFxfDTk1KMYKW31TShKPR+pkevF98kJ/OEoqVWOYQ2e2n2zaJWtqeAi2BkUQaZG3/zsDQIc+YQrzJCUXdsKlRMjoShmJCn0IklChMdoSLoaOfKJdOLpJQk80s4AeoHQjys4dX9PxMiXcuK7ujPdVM7XUvO/WjdS3oUTUx5GinA8+8iLGFQBTGOBAyoIVmyiAWFB9a4Qj5BAWOnwCjoEe/7kRWhVyvZZuXpTLdavszjy4AAcghKwwTmogyvQAE2AwQN4Ai/g1Xg0no03433WmjOymX3wR8bHN0pTmM0=</latexit>

r(x,u = 2) = �1

<latexit sha1_base64="kRSwqVa9bepAqRuS8vP7AvO//MM=">AAACDXicbVDLSsNAFJ3UV62vqEs3g1Wom5BI0W4KBTe6q2Af0IQymU7aoZMHMxOxxPyAG3/FjQtF3Lp35984aSNo64GBM+fcy733uBGjQprml1ZYWl5ZXSuulzY2t7Z39N29tghjjkkLhyzkXRcJwmhAWpJKRroRJ8h3Gem444vM79wSLmgY3MhJRBwfDQPqUYykkvr6kR3Riu0jOXK9JE7rFryHP9+79ATWoWnU+nrZNMwp4CKxclIGOZp9/dMehDj2SSAxQ0L0LDOSToK4pJiRtGTHgkQIj9GQ9BQNkE+Ek0yvSeGxUgbQC7l6gYRT9XdHgnwhJr6rKrNFxbyXif95vVh6NSehQRRLEuDZIC9mUIYwiwYOKCdYsokiCHOqdoV4hDjCUgVYUiFY8ycvkvapYZ0Z1etquXGVx1EEB+AQVIAFzkEDXIImaAEMHsATeAGv2qP2rL1p77PSgpb37IM/0D6+ATKEml8=</latexit>

⇡(u = 1|x) = 0.8

<latexit sha1_base64="iiTWTXRtvWpeWC1KHji5uOI1dPk=">AAACDXicbVDLSsNAFJ3UV62vqEs3g1Wom5CUom4KBTe6q2Af0IQymU7aoZMHMxOxxPyAG3/FjQtF3Lp35984aSNo64GBM+fcy733uBGjQprml1ZYWl5ZXSuulzY2t7Z39N29tghjjkkLhyzkXRcJwmhAWpJKRroRJ8h3Gem444vM79wSLmgY3MhJRBwfDQPqUYykkvr6kR3Riu0jOXK9JE7rVXgPf7536QmsQ9Oo9vWyaZhTwEVi5aQMcjT7+qc9CHHsk0BihoToWWYknQRxSTEjacmOBYkQHqMh6SkaIJ8IJ5lek8JjpQygF3L1Agmn6u+OBPlCTHxXVWaLinkvE//zerH0zp2EBlEsSYBng7yYQRnCLBo4oJxgySaKIMyp2hXiEeIISxVgSYVgzZ+8SNpVwzo1ate1cuMqj6MIDsAhqAALnIEGuARN0AIYPIAn8AJetUftWXvT3melBS3v2Qd/oH18AysEmlo=</latexit>

⇡(u = 2|x) = 0.2

<latexit sha1_base64="l12QY9GVfneHK1mCNtS64hU5EGs=">AAACFHicbVDLSsNAFJ34rPUVdelmsAgVISRSfCwKBTe6q2Af0MQymU7aoZMHMxOxxHyEG3/FjQtF3Lpw5984aSNo64GBM+fcy733uBGjQprmlzY3v7C4tFxYKa6urW9s6lvbTRHGHJMGDlnI2y4ShNGANCSVjLQjTpDvMtJyh+eZ37olXNAwuJajiDg+6gfUoxhJJXX1QzuiZdtHcuB6SZxWLXgPf7536Y0dceqTA1iFpnHW1UumYY4BZ4mVkxLIUe/qn3YvxLFPAokZEqJjmZF0EsQlxYykRTsWJEJ4iPqko2iAfCKcZHxUCveV0oNeyNULJByrvzsS5Asx8l1Vme0rpr1M/M/rxNI7dRIaRLEkAZ4M8mIGZQizhGCPcoIlGymCMKdqV4gHiCMsVY5FFYI1ffIsaR4Z1rFRuaqUapd5HAWwC/ZAGVjgBNTABaiDBsDgATyBF/CqPWrP2pv2Pimd0/KeHfAH2sc38I6dfQ==</latexit>

⇡(u = 1|x0) = 0.9

<latexit sha1_base64="C4vuNO6sPzkPrqqaSgkEkK9MTbU=">AAACFHicbVDLSsNAFJ34rPUVdelmsAgVISSlqJtCwY3uKtgHNLFMppN26OTBzEQsMR/hxl9x40IRty7c+TdO2gjaemDgzDn3cu89bsSokKb5pS0sLi2vrBbWiusbm1vb+s5uS4Qxx6SJQxbyjosEYTQgTUklI52IE+S7jLTd0Xnmt28JFzQMruU4Io6PBgH1KEZSST392I5o2faRHLpeEqe1CryHP9+79MaOOPXJEaxB07B6esk0zAngPLFyUgI5Gj390+6HOPZJIDFDQnQtM5JOgrikmJG0aMeCRAiP0IB0FQ2QT4STTI5K4aFS+tALuXqBhBP1d0eCfCHGvqsqs33FrJeJ/3ndWHpnTkKDKJYkwNNBXsygDGGWEOxTTrBkY0UQ5lTtCvEQcYSlyrGoQrBmT54nrYphnRjVq2qpfpnHUQD74ACUgQVOQR1cgAZoAgwewBN4Aa/ao/asvWnv09IFLe/ZA3+gfXwD5g2ddg==</latexit>

⇡(u = 2|x 0) = 0.1

Learning from trajectories
τ1 τ2

τ3



Qπ(x1, u1) ≈ r1 + γr2 + γ2r3 + γ3r4 + . . .
There are many possible approximations of  when  is available:Qπ(x, u) Vπ(x)

Qπ(x1, u1) ≈ r1 + γr2 + γ2r3 + γ3Vπ(x4)
Qπ(x1, u1) ≈ r1 + γr2 + γ2Vπ(x3)
Qπ(x1, u1) ≈ r1 + γVπ(x2)

= G(4)

= G(3)

= G(2)

= G(1)

1 2 3 4 5 6 7

ci

…

TD( )0

Qπ(x1, u1) ≈ c1G(1) + c2G(2) + c3G(3) + c4G(4) + …

x

x0

x00

<latexit sha1_base64="hXz2Vk3q41iY0JfLt39EvAdHpDg=">AAACCHicbVC7TsMwFHV4lvIKMDJgUSExVQkgYKzEAluR6ENqQuW4TmvVdiLbQVRRRhZ+hYUBhFj5BDb+BqfNUFqOZOvonHt17z1BzKjSjvNjLSwuLa+sltbK6xubW9v2zm5TRYnEpIEjFsl2gBRhVJCGppqRdiwJ4gEjrWB4lfutByIVjcSdHsXE56gvaEgx0kbq2gceR3oQhOljdp96saScTP9Z1644VWcMOE/cglRAgXrX/vZ6EU44ERozpFTHdWLtp0hqihnJyl6iSIzwEPVJx1CBOFF+Oj4kg0dG6cEwkuYJDcfqdEeKuFIjHpjKfG016+Xif14n0eGln1IRJ5oIPBkUJgzqCOapwB6VBGs2MgRhSc2uEA+QRFib7MomBHf25HnSPKm659XT27NK7aaIowT2wSE4Bi64ADVwDeqgATB4Ai/gDbxbz9ar9WF9TkoXrKJnD/yB9fULetia7w==</latexit>

x000

<latexit sha1_base64="3ucZFceX34pbY0xf3enayRf0UVc=">AAACDnicbVC7TsMwFHXKq5RXgJHFoqrEVCWAgLESC2xFog+pCZXjOq1V24lsB1FF+QIWfoWFAYRYmdn4G5w2A7QcydbROffq3nuCmFGlHefbKi0tr6yuldcrG5tb2zv27l5bRYnEpIUjFslugBRhVJCWppqRbiwJ4gEjnWB8mfudeyIVjcStnsTE52goaEgx0kbq2zWPIz0KwvQhu0u9WFJOFv+sb1edujMFXCRuQaqgQLNvf3mDCCecCI0ZUqrnOrH2UyQ1xYxkFS9RJEZ4jIakZ6hAnCg/nZ6TwZpRBjCMpHlCw6n6uyNFXKkJD0xlvrya93LxP6+X6PDCT6mIE00Eng0KEwZ1BPNs4IBKgjWbGIKwpGZXiEdIIqxNghUTgjt/8iJpH9fds/rJzWm1cV3EUQYH4BAcARecgwa4Ak3QAhg8gmfwCt6sJ+vFerc+ZqUlq+jZB39gff4AbcWdpA==</latexit>

x0000

<latexit sha1_base64="KkyT1DMjIA/1kXOCJxrxq5tskN0=">AAACCXicbZDLSsNAFIZP6q3WW9Slm8EiVJSSSFE3hYIb3VWwF2hDmUwn7dDJhZmJWEK3bnwVNy4UcesbuPNtnLQRtPrDwMd/zmHO+d2IM6ks69PILSwuLa/kVwtr6xubW+b2TlOGsSC0QUIeiraLJeUsoA3FFKftSFDsu5y23NFFWm/dUiFZGNyocUQdHw8C5jGClbZ6JhKlro/V0PWSu8kx+uZ4UrUPURUd2T2zaJWtqdBfsDMoQqZ6z/zo9kMS+zRQhGMpO7YVKSfBQjHC6aTQjSWNMBnhAe1oDLBPpZNML5mgA+30kRcK/QKFpu7PiQT7Uo59V3emm8r5Wmr+V+vEyjt3EhZEsaIBmX3kxRypEKWxoD4TlCg+1oCJYHpXRIZYYKJ0eAUdgj1/8l9onpTt03LlulKsXWVx5GEP9qEENpxBDS6hDg0gcA+P8AwvxoPxZLwab7PWnJHN7MIvGe9fRb+Yyg==</latexit>

r(x,u = 1) = +1

<latexit sha1_base64="yoKuYHESGrhWd6As/mU8DcCsKwM=">AAACEHicbVDLSsNAFJ3UV62vqEs3g0WsKCWRom4KBTe6q2Af0MQymU7q0MkkzEzEEvIJbvwVNy4UcevSnX/jtI2grQcuHM65l3vv8SJGpbKsLyM3N7+wuJRfLqysrq1vmJtbTRnGApMGDlko2h6ShFFOGooqRtqRICjwGGl5g/OR37ojQtKQX6thRNwA9Tn1KUZKS11zX5ScAKlbz0/u0xsnEjQgR/BHitOqfQCr8NDumkWrbI0BZ4mdkSLIUO+an04vxHFAuMIMSdmxrUi5CRKKYkbSghNLEiE8QH3S0ZSjgEg3GT+Uwj2t9KAfCl1cwbH6eyJBgZTDwNOdo0vltDcS//M6sfLP3ITyKFaE48kiP2ZQhXCUDuxRQbBiQ00QFlTfCvEtEggrnWFBh2BPvzxLmsdl+6RcuaoUa5dZHHmwA3ZBCdjgFNTABaiDBsDgATyBF/BqPBrPxpvxPmnNGdnMNvgD4+Mb++Cb5w==</latexit>

r(x0,u = 1) = +1

<latexit sha1_base64="L8gwcdgOh81zDLxBikgo01HAUgE=">AAACEHicbVDLSsNAFJ3UV62vqEs3g0WsoCUpRd0UCm50V8E+oIllMp20QycPZiZiCfkEN/6KGxeKuHXpzr9x0kbQ1gMXDufcy733OCGjQhrGl5ZbWFxaXsmvFtbWNza39O2dlggijkkTByzgHQcJwqhPmpJKRjohJ8hzGGk7o4vUb98RLmjg38hxSGwPDXzqUoykknr6IS9ZHpJDx43vk1sr5NQjx/BHipJa5QjW4InZ04tG2ZgAzhMzI0WQodHTP61+gCOP+BIzJETXNEJpx4hLihlJClYkSIjwCA1IV1EfeUTY8eShBB4opQ/dgKvyJZyovydi5Akx9hzVmV4qZr1U/M/rRtI9t2Pqh5EkPp4uciMGZQDTdGCfcoIlGyuCMKfqVoiHiCMsVYYFFYI5+/I8aVXK5mm5el0t1q+yOPJgD+yDEjDBGaiDS9AATYDBA3gCL+BVe9SetTftfdqa07KZXfAH2sc3AIOb6g==</latexit>

r(x 0,u = 2) = �1

<latexit sha1_base64="RVpeRyEoRXskBVuRXslHWbNnj8Y=">AAACCXicbZDLSsNAFIYn9VbrLerSzWARKmhJSlE3hYIb3VWwF2hDmUwn7dDJJMxMxBKydeOruHGhiFvfwJ1v46SNoK0/DHz85xzmnN8NGZXKsr6M3NLyyupafr2wsbm1vWPu7rVkEAlMmjhggei4SBJGOWkqqhjphIIg32Wk7Y4v03r7jghJA36rJiFxfDTk1KMYKW31TShKPR+pkevF98kJ/OEoqVWOYQ2e2n2zaJWtqeAi2BkUQaZG3/zsDQIc+YQrzJCUXdsKlRMjoShmJCn0IklChMdoSLoaOfKJdOLpJQk80s4AeoHQjys4dX9PxMiXcuK7ujPdVM7XUvO/WjdS3oUTUx5GinA8+8iLGFQBTGOBAyoIVmyiAWFB9a4Qj5BAWOnwCjoEe/7kRWhVyvZZuXpTLdavszjy4AAcghKwwTmogyvQAE2AwQN4Ai/g1Xg0no03433WmjOymX3wR8bHN0pTmM0=</latexit>

r(x,u = 2) = �1

<latexit sha1_base64="kRSwqVa9bepAqRuS8vP7AvO//MM=">AAACDXicbVDLSsNAFJ3UV62vqEs3g1Wom5BI0W4KBTe6q2Af0IQymU7aoZMHMxOxxPyAG3/FjQtF3Lp35984aSNo64GBM+fcy733uBGjQprml1ZYWl5ZXSuulzY2t7Z39N29tghjjkkLhyzkXRcJwmhAWpJKRroRJ8h3Gem444vM79wSLmgY3MhJRBwfDQPqUYykkvr6kR3Riu0jOXK9JE7rFryHP9+79ATWoWnU+nrZNMwp4CKxclIGOZp9/dMehDj2SSAxQ0L0LDOSToK4pJiRtGTHgkQIj9GQ9BQNkE+Ek0yvSeGxUgbQC7l6gYRT9XdHgnwhJr6rKrNFxbyXif95vVh6NSehQRRLEuDZIC9mUIYwiwYOKCdYsokiCHOqdoV4hDjCUgVYUiFY8ycvkvapYZ0Z1etquXGVx1EEB+AQVIAFzkEDXIImaAEMHsATeAGv2qP2rL1p77PSgpb37IM/0D6+ATKEml8=</latexit>

⇡(u = 1|x) = 0.8

<latexit sha1_base64="iiTWTXRtvWpeWC1KHji5uOI1dPk=">AAACDXicbVDLSsNAFJ3UV62vqEs3g1Wom5CUom4KBTe6q2Af0IQymU7aoZMHMxOxxPyAG3/FjQtF3Lp35984aSNo64GBM+fcy733uBGjQprml1ZYWl5ZXSuulzY2t7Z39N29tghjjkkLhyzkXRcJwmhAWpJKRroRJ8h3Gem444vM79wSLmgY3MhJRBwfDQPqUYykkvr6kR3Riu0jOXK9JE7rVXgPf7536QmsQ9Oo9vWyaZhTwEVi5aQMcjT7+qc9CHHsk0BihoToWWYknQRxSTEjacmOBYkQHqMh6SkaIJ8IJ5lek8JjpQygF3L1Agmn6u+OBPlCTHxXVWaLinkvE//zerH0zp2EBlEsSYBng7yYQRnCLBo4oJxgySaKIMyp2hXiEeIISxVgSYVgzZ+8SNpVwzo1ate1cuMqj6MIDsAhqAALnIEGuARN0AIYPIAn8AJetUftWXvT3melBS3v2Qd/oH18AysEmlo=</latexit>

⇡(u = 2|x) = 0.2

<latexit sha1_base64="l12QY9GVfneHK1mCNtS64hU5EGs=">AAACFHicbVDLSsNAFJ34rPUVdelmsAgVISRSfCwKBTe6q2Af0MQymU7aoZMHMxOxxHyEG3/FjQtF3Lpw5984aSNo64GBM+fcy733uBGjQprmlzY3v7C4tFxYKa6urW9s6lvbTRHGHJMGDlnI2y4ShNGANCSVjLQjTpDvMtJyh+eZ37olXNAwuJajiDg+6gfUoxhJJXX1QzuiZdtHcuB6SZxWLXgPf7536Y0dceqTA1iFpnHW1UumYY4BZ4mVkxLIUe/qn3YvxLFPAokZEqJjmZF0EsQlxYykRTsWJEJ4iPqko2iAfCKcZHxUCveV0oNeyNULJByrvzsS5Asx8l1Vme0rpr1M/M/rxNI7dRIaRLEkAZ4M8mIGZQizhGCPcoIlGymCMKdqV4gHiCMsVY5FFYI1ffIsaR4Z1rFRuaqUapd5HAWwC/ZAGVjgBNTABaiDBsDgATyBF/CqPWrP2pv2Pimd0/KeHfAH2sc38I6dfQ==</latexit>

⇡(u = 1|x0) = 0.9

<latexit sha1_base64="C4vuNO6sPzkPrqqaSgkEkK9MTbU=">AAACFHicbVDLSsNAFJ34rPUVdelmsAgVISSlqJtCwY3uKtgHNLFMppN26OTBzEQsMR/hxl9x40IRty7c+TdO2gjaemDgzDn3cu89bsSokKb5pS0sLi2vrBbWiusbm1vb+s5uS4Qxx6SJQxbyjosEYTQgTUklI52IE+S7jLTd0Xnmt28JFzQMruU4Io6PBgH1KEZSST392I5o2faRHLpeEqe1CryHP9+79MaOOPXJEaxB07B6esk0zAngPLFyUgI5Gj390+6HOPZJIDFDQnQtM5JOgrikmJG0aMeCRAiP0IB0FQ2QT4STTI5K4aFS+tALuXqBhBP1d0eCfCHGvqsqs33FrJeJ/3ndWHpnTkKDKJYkwNNBXsygDGGWEOxTTrBkY0UQ5lTtCvEQcYSlyrGoQrBmT54nrYphnRjVq2qpfpnHUQD74ACUgQVOQR1cgAZoAgwewBN4Aa/ao/asvWnv09IFLe/ZA3+gfXwD5g2ddg==</latexit>

⇡(u = 2|x 0) = 0.1

Learning from trajectories
τ1 τ2

τ3



Qπ(x1, u1) ≈ r1 + γr2 + γ2r3 + γ3r4 + . . .
There are many possible approximations of  when  is available:Qπ(x, u) Vπ(x)

Qπ(x1, u1) ≈ r1 + γr2 + γ2r3 + γ3Vπ(x4)
Qπ(x1, u1) ≈ r1 + γr2 + γ2Vπ(x3)
Qπ(x1, u1) ≈ r1 + γVπ(x2)

= G(4)

= G(3)

= G(2)

= G(1)

Qπ(x1, u1) ≈ c1G(1) + c2G(2) + c3G(3) + c4G(4) + …
Aπ(x1, u1) = Qπ(x1, u1) − Vπ(x1) ≈ G(1) − Vπ(x1) = r1 + γVπ(x2) − Vπ(x1)

1 2 3 4 5 6 7

ci

…

TD( )0

This determines , ,  for a given policy Qπ(x, u) Vπ(x) Aπ(x, u)
<latexit sha1_base64="XiiKti9wD+DJ8Eb4pcsQk/5SibE=">AAACCHicbVC7SgNBFL0bXzG+Vi0tHAyCiIRdEbURIjZqFcE8ILuG2clsMmT2wcysGJaUNn6FvY2FIrZ+gp1/42ySQqMHLvdwzr3M3OPFnEllWV9Gbmp6ZnYuP19YWFxaXjFX12oySgShVRLxSDQ8LClnIa0qpjhtxILiwOO07vXOMr9+S4VkUXit+jF1A9wJmc8IVlpqmZtOzG520QlysOg4Ab5racHZu8wacpxCyyxaJWsI9JfYY1Isnz5ChkrL/HTaEUkCGirCsZRN24qVm2KhGOF0UHASSWNMerhDm5qGOKDSTYeHDNC2VtrIj4SuUKGh+nMjxYGU/cDTkwFWXTnpZeJ/XjNR/rGbsjBOFA3J6CE/4UhFKEsFtZmgRPG+JpgIpv+KSBcLTJTOLgvBnjz5L6ntl+zD0sGVTuMCRsjDBmzBDthwBGU4hwpUgcA9PMELvBoPxrPxZryPRnPGeGcdfsH4+AbH8Zlc</latexit>

⇡⇤ = argmax
⇡

J⇡How do I find ?

x

x0

x00

<latexit sha1_base64="hXz2Vk3q41iY0JfLt39EvAdHpDg=">AAACCHicbVC7TsMwFHV4lvIKMDJgUSExVQkgYKzEAluR6ENqQuW4TmvVdiLbQVRRRhZ+hYUBhFj5BDb+BqfNUFqOZOvonHt17z1BzKjSjvNjLSwuLa+sltbK6xubW9v2zm5TRYnEpIEjFsl2gBRhVJCGppqRdiwJ4gEjrWB4lfutByIVjcSdHsXE56gvaEgx0kbq2gceR3oQhOljdp96saScTP9Z1644VWcMOE/cglRAgXrX/vZ6EU44ERozpFTHdWLtp0hqihnJyl6iSIzwEPVJx1CBOFF+Oj4kg0dG6cEwkuYJDcfqdEeKuFIjHpjKfG016+Xif14n0eGln1IRJ5oIPBkUJgzqCOapwB6VBGs2MgRhSc2uEA+QRFib7MomBHf25HnSPKm659XT27NK7aaIowT2wSE4Bi64ADVwDeqgATB4Ai/gDbxbz9ar9WF9TkoXrKJnD/yB9fULetia7w==</latexit>

x000

<latexit sha1_base64="3ucZFceX34pbY0xf3enayRf0UVc=">AAACDnicbVC7TsMwFHXKq5RXgJHFoqrEVCWAgLESC2xFog+pCZXjOq1V24lsB1FF+QIWfoWFAYRYmdn4G5w2A7QcydbROffq3nuCmFGlHefbKi0tr6yuldcrG5tb2zv27l5bRYnEpIUjFslugBRhVJCWppqRbiwJ4gEjnWB8mfudeyIVjcStnsTE52goaEgx0kbq2zWPIz0KwvQhu0u9WFJOFv+sb1edujMFXCRuQaqgQLNvf3mDCCecCI0ZUqrnOrH2UyQ1xYxkFS9RJEZ4jIakZ6hAnCg/nZ6TwZpRBjCMpHlCw6n6uyNFXKkJD0xlvrya93LxP6+X6PDCT6mIE00Eng0KEwZ1BPNs4IBKgjWbGIKwpGZXiEdIIqxNghUTgjt/8iJpH9fds/rJzWm1cV3EUQYH4BAcARecgwa4Ak3QAhg8gmfwCt6sJ+vFerc+ZqUlq+jZB39gff4AbcWdpA==</latexit>

x0000

<latexit sha1_base64="KkyT1DMjIA/1kXOCJxrxq5tskN0=">AAACCXicbZDLSsNAFIZP6q3WW9Slm8EiVJSSSFE3hYIb3VWwF2hDmUwn7dDJhZmJWEK3bnwVNy4UcesbuPNtnLQRtPrDwMd/zmHO+d2IM6ks69PILSwuLa/kVwtr6xubW+b2TlOGsSC0QUIeiraLJeUsoA3FFKftSFDsu5y23NFFWm/dUiFZGNyocUQdHw8C5jGClbZ6JhKlro/V0PWSu8kx+uZ4UrUPURUd2T2zaJWtqdBfsDMoQqZ6z/zo9kMS+zRQhGMpO7YVKSfBQjHC6aTQjSWNMBnhAe1oDLBPpZNML5mgA+30kRcK/QKFpu7PiQT7Uo59V3emm8r5Wmr+V+vEyjt3EhZEsaIBmX3kxRypEKWxoD4TlCg+1oCJYHpXRIZYYKJ0eAUdgj1/8l9onpTt03LlulKsXWVx5GEP9qEENpxBDS6hDg0gcA+P8AwvxoPxZLwab7PWnJHN7MIvGe9fRb+Yyg==</latexit>

r(x,u = 1) = +1

<latexit sha1_base64="yoKuYHESGrhWd6As/mU8DcCsKwM=">AAACEHicbVDLSsNAFJ3UV62vqEs3g0WsKCWRom4KBTe6q2Af0MQymU7q0MkkzEzEEvIJbvwVNy4UcevSnX/jtI2grQcuHM65l3vv8SJGpbKsLyM3N7+wuJRfLqysrq1vmJtbTRnGApMGDlko2h6ShFFOGooqRtqRICjwGGl5g/OR37ojQtKQX6thRNwA9Tn1KUZKS11zX5ScAKlbz0/u0xsnEjQgR/BHitOqfQCr8NDumkWrbI0BZ4mdkSLIUO+an04vxHFAuMIMSdmxrUi5CRKKYkbSghNLEiE8QH3S0ZSjgEg3GT+Uwj2t9KAfCl1cwbH6eyJBgZTDwNOdo0vltDcS//M6sfLP3ITyKFaE48kiP2ZQhXCUDuxRQbBiQ00QFlTfCvEtEggrnWFBh2BPvzxLmsdl+6RcuaoUa5dZHHmwA3ZBCdjgFNTABaiDBsDgATyBF/BqPBrPxpvxPmnNGdnMNvgD4+Mb++Cb5w==</latexit>

r(x0,u = 1) = +1

<latexit sha1_base64="L8gwcdgOh81zDLxBikgo01HAUgE=">AAACEHicbVDLSsNAFJ3UV62vqEs3g0WsoCUpRd0UCm50V8E+oIllMp20QycPZiZiCfkEN/6KGxeKuHXpzr9x0kbQ1gMXDufcy733OCGjQhrGl5ZbWFxaXsmvFtbWNza39O2dlggijkkTByzgHQcJwqhPmpJKRjohJ8hzGGk7o4vUb98RLmjg38hxSGwPDXzqUoykknr6IS9ZHpJDx43vk1sr5NQjx/BHipJa5QjW4InZ04tG2ZgAzhMzI0WQodHTP61+gCOP+BIzJETXNEJpx4hLihlJClYkSIjwCA1IV1EfeUTY8eShBB4opQ/dgKvyJZyovydi5Akx9hzVmV4qZr1U/M/rRtI9t2Pqh5EkPp4uciMGZQDTdGCfcoIlGyuCMKfqVoiHiCMsVYYFFYI5+/I8aVXK5mm5el0t1q+yOPJgD+yDEjDBGaiDS9AATYDBA3gCL+BVe9SetTftfdqa07KZXfAH2sc3AIOb6g==</latexit>

r(x 0,u = 2) = �1

<latexit sha1_base64="RVpeRyEoRXskBVuRXslHWbNnj8Y=">AAACCXicbZDLSsNAFIYn9VbrLerSzWARKmhJSlE3hYIb3VWwF2hDmUwn7dDJJMxMxBKydeOruHGhiFvfwJ1v46SNoK0/DHz85xzmnN8NGZXKsr6M3NLyyupafr2wsbm1vWPu7rVkEAlMmjhggei4SBJGOWkqqhjphIIg32Wk7Y4v03r7jghJA36rJiFxfDTk1KMYKW31TShKPR+pkevF98kJ/OEoqVWOYQ2e2n2zaJWtqeAi2BkUQaZG3/zsDQIc+YQrzJCUXdsKlRMjoShmJCn0IklChMdoSLoaOfKJdOLpJQk80s4AeoHQjys4dX9PxMiXcuK7ujPdVM7XUvO/WjdS3oUTUx5GinA8+8iLGFQBTGOBAyoIVmyiAWFB9a4Qj5BAWOnwCjoEe/7kRWhVyvZZuXpTLdavszjy4AAcghKwwTmogyvQAE2AwQN4Ai/g1Xg0no03433WmjOymX3wR8bHN0pTmM0=</latexit>

r(x,u = 2) = �1

<latexit sha1_base64="kRSwqVa9bepAqRuS8vP7AvO//MM=">AAACDXicbVDLSsNAFJ3UV62vqEs3g1Wom5BI0W4KBTe6q2Af0IQymU7aoZMHMxOxxPyAG3/FjQtF3Lp35984aSNo64GBM+fcy733uBGjQprml1ZYWl5ZXSuulzY2t7Z39N29tghjjkkLhyzkXRcJwmhAWpJKRroRJ8h3Gem444vM79wSLmgY3MhJRBwfDQPqUYykkvr6kR3Riu0jOXK9JE7rFryHP9+79ATWoWnU+nrZNMwp4CKxclIGOZp9/dMehDj2SSAxQ0L0LDOSToK4pJiRtGTHgkQIj9GQ9BQNkE+Ek0yvSeGxUgbQC7l6gYRT9XdHgnwhJr6rKrNFxbyXif95vVh6NSehQRRLEuDZIC9mUIYwiwYOKCdYsokiCHOqdoV4hDjCUgVYUiFY8ycvkvapYZ0Z1etquXGVx1EEB+AQVIAFzkEDXIImaAEMHsATeAGv2qP2rL1p77PSgpb37IM/0D6+ATKEml8=</latexit>

⇡(u = 1|x) = 0.8

<latexit sha1_base64="iiTWTXRtvWpeWC1KHji5uOI1dPk=">AAACDXicbVDLSsNAFJ3UV62vqEs3g1Wom5CUom4KBTe6q2Af0IQymU7aoZMHMxOxxPyAG3/FjQtF3Lp35984aSNo64GBM+fcy733uBGjQprml1ZYWl5ZXSuulzY2t7Z39N29tghjjkkLhyzkXRcJwmhAWpJKRroRJ8h3Gem444vM79wSLmgY3MhJRBwfDQPqUYykkvr6kR3Riu0jOXK9JE7rVXgPf7536QmsQ9Oo9vWyaZhTwEVi5aQMcjT7+qc9CHHsk0BihoToWWYknQRxSTEjacmOBYkQHqMh6SkaIJ8IJ5lek8JjpQygF3L1Agmn6u+OBPlCTHxXVWaLinkvE//zerH0zp2EBlEsSYBng7yYQRnCLBo4oJxgySaKIMyp2hXiEeIISxVgSYVgzZ+8SNpVwzo1ate1cuMqj6MIDsAhqAALnIEGuARN0AIYPIAn8AJetUftWXvT3melBS3v2Qd/oH18AysEmlo=</latexit>

⇡(u = 2|x) = 0.2

<latexit sha1_base64="l12QY9GVfneHK1mCNtS64hU5EGs=">AAACFHicbVDLSsNAFJ34rPUVdelmsAgVISRSfCwKBTe6q2Af0MQymU7aoZMHMxOxxHyEG3/FjQtF3Lpw5984aSNo64GBM+fcy733uBGjQprmlzY3v7C4tFxYKa6urW9s6lvbTRHGHJMGDlnI2y4ShNGANCSVjLQjTpDvMtJyh+eZ37olXNAwuJajiDg+6gfUoxhJJXX1QzuiZdtHcuB6SZxWLXgPf7536Y0dceqTA1iFpnHW1UumYY4BZ4mVkxLIUe/qn3YvxLFPAokZEqJjmZF0EsQlxYykRTsWJEJ4iPqko2iAfCKcZHxUCveV0oNeyNULJByrvzsS5Asx8l1Vme0rpr1M/M/rxNI7dRIaRLEkAZ4M8mIGZQizhGCPcoIlGymCMKdqV4gHiCMsVY5FFYI1ffIsaR4Z1rFRuaqUapd5HAWwC/ZAGVjgBNTABaiDBsDgATyBF/CqPWrP2pv2Pimd0/KeHfAH2sc38I6dfQ==</latexit>

⇡(u = 1|x0) = 0.9

<latexit sha1_base64="C4vuNO6sPzkPrqqaSgkEkK9MTbU=">AAACFHicbVDLSsNAFJ34rPUVdelmsAgVISSlqJtCwY3uKtgHNLFMppN26OTBzEQsMR/hxl9x40IRty7c+TdO2gjaemDgzDn3cu89bsSokKb5pS0sLi2vrBbWiusbm1vb+s5uS4Qxx6SJQxbyjosEYTQgTUklI52IE+S7jLTd0Xnmt28JFzQMruU4Io6PBgH1KEZSST392I5o2faRHLpeEqe1CryHP9+79MaOOPXJEaxB07B6esk0zAngPLFyUgI5Gj390+6HOPZJIDFDQnQtM5JOgrikmJG0aMeCRAiP0IB0FQ2QT4STTI5K4aFS+tALuXqBhBP1d0eCfCHGvqsqs33FrJeJ/3ndWHpnTkKDKJYkwNNBXsygDGGWEOxTTrBkY0UQ5lTtCvEQcYSlyrGoQrBmT54nrYphnRjVq2qpfpnHUQD74ACUgQVOQR1cgAZoAgwewBN4Aa/ao/asvWnv09IFLe/ZA3+gfXwD5g2ddg==</latexit>

⇡(u = 2|x 0) = 0.1

Learning from trajectories
τ1 τ2

τ3



<latexit sha1_base64="XiiKti9wD+DJ8Eb4pcsQk/5SibE=">AAACCHicbVC7SgNBFL0bXzG+Vi0tHAyCiIRdEbURIjZqFcE8ILuG2clsMmT2wcysGJaUNn6FvY2FIrZ+gp1/42ySQqMHLvdwzr3M3OPFnEllWV9Gbmp6ZnYuP19YWFxaXjFX12oySgShVRLxSDQ8LClnIa0qpjhtxILiwOO07vXOMr9+S4VkUXit+jF1A9wJmc8IVlpqmZtOzG520QlysOg4Ab5racHZu8wacpxCyyxaJWsI9JfYY1Isnz5ChkrL/HTaEUkCGirCsZRN24qVm2KhGOF0UHASSWNMerhDm5qGOKDSTYeHDNC2VtrIj4SuUKGh+nMjxYGU/cDTkwFWXTnpZeJ/XjNR/rGbsjBOFA3J6CE/4UhFKEsFtZmgRPG+JpgIpv+KSBcLTJTOLgvBnjz5L6ntl+zD0sGVTuMCRsjDBmzBDthwBGU4hwpUgcA9PMELvBoPxrPxZryPRnPGeGcdfsH4+AbH8Zlc</latexit>

⇡⇤ = argmax
⇡

J⇡How do I find ?
There are two ways:

• Search for Q satisfying Bellman equation (for every transition):
<latexit sha1_base64="ZwMnik0wYs9/kICRDQzD2OyYHeM="></latexit>

Q⇡(x,u) = r(x,u) + �max
u0

Q⇡(x0,u0)

• Once we find it, the optimal policy is:
<latexit sha1_base64="V1H2euzoDD4YX2KsJPiNTn+sxGE="></latexit>

⇡⇤(x) = argmax
u

Q⇡(x,u) = argmax
⇡

J⇡

Straightforward (primal) way:

<latexit sha1_base64="XFlKhjeDurKLxRQUL1xr/KWvJSA="></latexit>

✓⇤ = argmax
✓

J⇡✓

• Gradient optimization in parameter space of the criterion

Dual way:



x

x0

x00

<latexit sha1_base64="hXz2Vk3q41iY0JfLt39EvAdHpDg=">AAACCHicbVC7TsMwFHV4lvIKMDJgUSExVQkgYKzEAluR6ENqQuW4TmvVdiLbQVRRRhZ+hYUBhFj5BDb+BqfNUFqOZOvonHt17z1BzKjSjvNjLSwuLa+sltbK6xubW9v2zm5TRYnEpIEjFsl2gBRhVJCGppqRdiwJ4gEjrWB4lfutByIVjcSdHsXE56gvaEgx0kbq2gceR3oQhOljdp96saScTP9Z1644VWcMOE/cglRAgXrX/vZ6EU44ERozpFTHdWLtp0hqihnJyl6iSIzwEPVJx1CBOFF+Oj4kg0dG6cEwkuYJDcfqdEeKuFIjHpjKfG016+Xif14n0eGln1IRJ5oIPBkUJgzqCOapwB6VBGs2MgRhSc2uEA+QRFib7MomBHf25HnSPKm659XT27NK7aaIowT2wSE4Bi64ADVwDeqgATB4Ai/gDbxbz9ar9WF9TkoXrKJnD/yB9fULetia7w==</latexit>

x000

<latexit sha1_base64="3ucZFceX34pbY0xf3enayRf0UVc=">AAACDnicbVC7TsMwFHXKq5RXgJHFoqrEVCWAgLESC2xFog+pCZXjOq1V24lsB1FF+QIWfoWFAYRYmdn4G5w2A7QcydbROffq3nuCmFGlHefbKi0tr6yuldcrG5tb2zv27l5bRYnEpIUjFslugBRhVJCWppqRbiwJ4gEjnWB8mfudeyIVjcStnsTE52goaEgx0kbq2zWPIz0KwvQhu0u9WFJOFv+sb1edujMFXCRuQaqgQLNvf3mDCCecCI0ZUqrnOrH2UyQ1xYxkFS9RJEZ4jIakZ6hAnCg/nZ6TwZpRBjCMpHlCw6n6uyNFXKkJD0xlvrya93LxP6+X6PDCT6mIE00Eng0KEwZ1BPNs4IBKgjWbGIKwpGZXiEdIIqxNghUTgjt/8iJpH9fds/rJzWm1cV3EUQYH4BAcARecgwa4Ak3QAhg8gmfwCt6sJ+vFerc+ZqUlq+jZB39gff4AbcWdpA==</latexit>

x0000

⌧1 :
<latexit sha1_base64="Lo2WXNiCVzkwdmfFXsRmTi7MsBg="></latexit><latexit sha1_base64="Lo2WXNiCVzkwdmfFXsRmTi7MsBg="></latexit><latexit sha1_base64="Lo2WXNiCVzkwdmfFXsRmTi7MsBg="></latexit><latexit sha1_base64="Lo2WXNiCVzkwdmfFXsRmTi7MsBg="></latexit>

state action reward next state

<latexit sha1_base64="fp76jwpp2+OXAY99DyZQ1C3XlUQ="></latexit>

x0 = x,u0 = 1, r1 = +1,x1 = x0,u1 = 1, r2 = +1,x2 = x00,

Q u=1 u=2

x 0 0

x’ 0 0

x’’ 0 0

x’’’ 0 0

x’’’’ 0 0

<latexit sha1_base64="KkyT1DMjIA/1kXOCJxrxq5tskN0=">AAACCXicbZDLSsNAFIZP6q3WW9Slm8EiVJSSSFE3hYIb3VWwF2hDmUwn7dDJhZmJWEK3bnwVNy4UcesbuPNtnLQRtPrDwMd/zmHO+d2IM6ks69PILSwuLa/kVwtr6xubW+b2TlOGsSC0QUIeiraLJeUsoA3FFKftSFDsu5y23NFFWm/dUiFZGNyocUQdHw8C5jGClbZ6JhKlro/V0PWSu8kx+uZ4UrUPURUd2T2zaJWtqdBfsDMoQqZ6z/zo9kMS+zRQhGMpO7YVKSfBQjHC6aTQjSWNMBnhAe1oDLBPpZNML5mgA+30kRcK/QKFpu7PiQT7Uo59V3emm8r5Wmr+V+vEyjt3EhZEsaIBmX3kxRypEKWxoD4TlCg+1oCJYHpXRIZYYKJ0eAUdgj1/8l9onpTt03LlulKsXWVx5GEP9qEENpxBDS6hDg0gcA+P8AwvxoPxZLwab7PWnJHN7MIvGe9fRb+Yyg==</latexit>

r(x,u = 1) = +1

<latexit sha1_base64="yoKuYHESGrhWd6As/mU8DcCsKwM=">AAACEHicbVDLSsNAFJ3UV62vqEs3g0WsKCWRom4KBTe6q2Af0MQymU7q0MkkzEzEEvIJbvwVNy4UcevSnX/jtI2grQcuHM65l3vv8SJGpbKsLyM3N7+wuJRfLqysrq1vmJtbTRnGApMGDlko2h6ShFFOGooqRtqRICjwGGl5g/OR37ojQtKQX6thRNwA9Tn1KUZKS11zX5ScAKlbz0/u0xsnEjQgR/BHitOqfQCr8NDumkWrbI0BZ4mdkSLIUO+an04vxHFAuMIMSdmxrUi5CRKKYkbSghNLEiE8QH3S0ZSjgEg3GT+Uwj2t9KAfCl1cwbH6eyJBgZTDwNOdo0vltDcS//M6sfLP3ITyKFaE48kiP2ZQhXCUDuxRQbBiQ00QFlTfCvEtEggrnWFBh2BPvzxLmsdl+6RcuaoUa5dZHHmwA3ZBCdjgFNTABaiDBsDgATyBF/BqPBrPxpvxPmnNGdnMNvgD4+Mb++Cb5w==</latexit>

r(x0,u = 1) = +1

<latexit sha1_base64="L8gwcdgOh81zDLxBikgo01HAUgE=">AAACEHicbVDLSsNAFJ3UV62vqEs3g0WsoCUpRd0UCm50V8E+oIllMp20QycPZiZiCfkEN/6KGxeKuHXpzr9x0kbQ1gMXDufcy733OCGjQhrGl5ZbWFxaXsmvFtbWNza39O2dlggijkkTByzgHQcJwqhPmpJKRjohJ8hzGGk7o4vUb98RLmjg38hxSGwPDXzqUoykknr6IS9ZHpJDx43vk1sr5NQjx/BHipJa5QjW4InZ04tG2ZgAzhMzI0WQodHTP61+gCOP+BIzJETXNEJpx4hLihlJClYkSIjwCA1IV1EfeUTY8eShBB4opQ/dgKvyJZyovydi5Akx9hzVmV4qZr1U/M/rRtI9t2Pqh5EkPp4uciMGZQDTdGCfcoIlGyuCMKfqVoiHiCMsVYYFFYI5+/I8aVXK5mm5el0t1q+yOPJgD+yDEjDBGaiDS9AATYDBA3gCL+BVe9SetTftfdqa07KZXfAH2sc3AIOb6g==</latexit>

r(x 0,u = 2) = �1

<latexit sha1_base64="RVpeRyEoRXskBVuRXslHWbNnj8Y=">AAACCXicbZDLSsNAFIYn9VbrLerSzWARKmhJSlE3hYIb3VWwF2hDmUwn7dDJJMxMxBKydeOruHGhiFvfwJ1v46SNoK0/DHz85xzmnN8NGZXKsr6M3NLyyupafr2wsbm1vWPu7rVkEAlMmjhggei4SBJGOWkqqhjphIIg32Wk7Y4v03r7jghJA36rJiFxfDTk1KMYKW31TShKPR+pkevF98kJ/OEoqVWOYQ2e2n2zaJWtqeAi2BkUQaZG3/zsDQIc+YQrzJCUXdsKlRMjoShmJCn0IklChMdoSLoaOfKJdOLpJQk80s4AeoHQjys4dX9PxMiXcuK7ujPdVM7XUvO/WjdS3oUTUx5GinA8+8iLGFQBTGOBAyoIVmyiAWFB9a4Qj5BAWOnwCjoEe/7kRWhVyvZZuXpTLdavszjy4AAcghKwwTmogyvQAE2AwQN4Ai/g1Xg0no03433WmjOymX3wR8bHN0pTmM0=</latexit>

r(x,u = 2) = �1

<latexit sha1_base64="kRSwqVa9bepAqRuS8vP7AvO//MM=">AAACDXicbVDLSsNAFJ3UV62vqEs3g1Wom5BI0W4KBTe6q2Af0IQymU7aoZMHMxOxxPyAG3/FjQtF3Lp35984aSNo64GBM+fcy733uBGjQprml1ZYWl5ZXSuulzY2t7Z39N29tghjjkkLhyzkXRcJwmhAWpJKRroRJ8h3Gem444vM79wSLmgY3MhJRBwfDQPqUYykkvr6kR3Riu0jOXK9JE7rFryHP9+79ATWoWnU+nrZNMwp4CKxclIGOZp9/dMehDj2SSAxQ0L0LDOSToK4pJiRtGTHgkQIj9GQ9BQNkE+Ek0yvSeGxUgbQC7l6gYRT9XdHgnwhJr6rKrNFxbyXif95vVh6NSehQRRLEuDZIC9mUIYwiwYOKCdYsokiCHOqdoV4hDjCUgVYUiFY8ycvkvapYZ0Z1etquXGVx1EEB+AQVIAFzkEDXIImaAEMHsATeAGv2qP2rL1p77PSgpb37IM/0D6+ATKEml8=</latexit>

⇡(u = 1|x) = 0.8

<latexit sha1_base64="iiTWTXRtvWpeWC1KHji5uOI1dPk=">AAACDXicbVDLSsNAFJ3UV62vqEs3g1Wom5CUom4KBTe6q2Af0IQymU7aoZMHMxOxxPyAG3/FjQtF3Lp35984aSNo64GBM+fcy733uBGjQprml1ZYWl5ZXSuulzY2t7Z39N29tghjjkkLhyzkXRcJwmhAWpJKRroRJ8h3Gem444vM79wSLmgY3MhJRBwfDQPqUYykkvr6kR3Riu0jOXK9JE7rVXgPf7536QmsQ9Oo9vWyaZhTwEVi5aQMcjT7+qc9CHHsk0BihoToWWYknQRxSTEjacmOBYkQHqMh6SkaIJ8IJ5lek8JjpQygF3L1Agmn6u+OBPlCTHxXVWaLinkvE//zerH0zp2EBlEsSYBng7yYQRnCLBo4oJxgySaKIMyp2hXiEeIISxVgSYVgzZ+8SNpVwzo1ate1cuMqj6MIDsAhqAALnIEGuARN0AIYPIAn8AJetUftWXvT3melBS3v2Qd/oH18AysEmlo=</latexit>

⇡(u = 2|x) = 0.2

<latexit sha1_base64="l12QY9GVfneHK1mCNtS64hU5EGs=">AAACFHicbVDLSsNAFJ34rPUVdelmsAgVISRSfCwKBTe6q2Af0MQymU7aoZMHMxOxxHyEG3/FjQtF3Lpw5984aSNo64GBM+fcy733uBGjQprmlzY3v7C4tFxYKa6urW9s6lvbTRHGHJMGDlnI2y4ShNGANCSVjLQjTpDvMtJyh+eZ37olXNAwuJajiDg+6gfUoxhJJXX1QzuiZdtHcuB6SZxWLXgPf7536Y0dceqTA1iFpnHW1UumYY4BZ4mVkxLIUe/qn3YvxLFPAokZEqJjmZF0EsQlxYykRTsWJEJ4iPqko2iAfCKcZHxUCveV0oNeyNULJByrvzsS5Asx8l1Vme0rpr1M/M/rxNI7dRIaRLEkAZ4M8mIGZQizhGCPcoIlGymCMKdqV4gHiCMsVY5FFYI1ffIsaR4Z1rFRuaqUapd5HAWwC/ZAGVjgBNTABaiDBsDgATyBF/CqPWrP2pv2Pimd0/KeHfAH2sc38I6dfQ==</latexit>

⇡(u = 1|x0) = 0.9

<latexit sha1_base64="C4vuNO6sPzkPrqqaSgkEkK9MTbU=">AAACFHicbVDLSsNAFJ34rPUVdelmsAgVISSlqJtCwY3uKtgHNLFMppN26OTBzEQsMR/hxl9x40IRty7c+TdO2gjaemDgzDn3cu89bsSokKb5pS0sLi2vrBbWiusbm1vb+s5uS4Qxx6SJQxbyjosEYTQgTUklI52IE+S7jLTd0Xnmt28JFzQMruU4Io6PBgH1KEZSST392I5o2faRHLpeEqe1CryHP9+79MaOOPXJEaxB07B6esk0zAngPLFyUgI5Gj390+6HOPZJIDFDQnQtM5JOgrikmJG0aMeCRAiP0IB0FQ2QT4STTI5K4aFS+tALuXqBhBP1d0eCfCHGvqsqs33FrJeJ/3ndWHpnTkKDKJYkwNNBXsygDGGWEOxTTrBkY0UQ5lTtCvEQcYSlyrGoQrBmT54nrYphnRjVq2qpfpnHUQD74ACUgQVOQR1cgAZoAgwewBN4Aa/ao/asvWnv09IFLe/ZA3+gfXwD5g2ddg==</latexit>

⇡(u = 2|x 0) = 0.1

<latexit sha1_base64="Q47WMAV2UKqsU47/cFSNKjMSAtM=">AAADRXicdVJNb9NAEF2br2K+UjhyWRFFStU08hbUVlSRKnGBW1ORtlIcrPV6na7qta3dNUpk+c9x4c6Nf8CFAwhxhXFsEZqmsxpp9s2bebOjDbJYaOO6Xy371u07d+9t3HcePHz0+Elr8+mpTnPF+IilcarOA6p5LBI+MsLE/DxTnMog5mfB5Zsqf/aRKy3S5L2ZZ3wi6TQRkWDUAORvWuPOsEt7J1t4gA+cYdczfGYWbQvFw7 LwJDUXQVTMSt8FyvJa9m6i5kAdkLLquErZJiXext6USkmBPvOXNXiNdnWvtclgqfzBy5SQHAb4V7zldDxDc584HXgMPunVykoWOzBIzzvE3WA9zK7AxIWxO95hfbDp1l2rp+yQRmP3NWQoeAAegnOMb6jwW2237y4MXw9IE7RRY8d+64sXpiyXPDEsplqPiZuZSUGVESzmpePlmmeUXdIpH0OYUMn1pFisrMQdQEIcpQo8MXiB/l9RUKn1XAbArBanV3MVuC43zk10MClEkuWGJ6wWivIYmxRXXwqHQnFm4jkElCkBs2J2QRVlBj6eA0sgq0++Hpzu9sle/+XwVfvoXbOODfQcvUBdRNA+OkJv0TEaIWZ9sr5ZP6yf9mf7u/3L/l1TbaupeYaumP3nL4t8BbQ=</latexit>

Q(x0 = x,u0 = 1) = +1 + �max
u

Q(x1 = x0,u) =+1



⌧1 :
<latexit sha1_base64="Lo2WXNiCVzkwdmfFXsRmTi7MsBg="></latexit><latexit sha1_base64="Lo2WXNiCVzkwdmfFXsRmTi7MsBg="></latexit><latexit sha1_base64="Lo2WXNiCVzkwdmfFXsRmTi7MsBg="></latexit><latexit sha1_base64="Lo2WXNiCVzkwdmfFXsRmTi7MsBg="></latexit>

state action reward next state

<latexit sha1_base64="fp76jwpp2+OXAY99DyZQ1C3XlUQ="></latexit>

x0 = x,u0 = 1, r1 = +1,x1 = x0,u1 = 1, r2 = +1,x2 = x00,

Q u=1 u=2

x 0 0

x’ 0 0

x’’ 0 0

x’’’ 0 0

x’’’’ 0 0

<latexit sha1_base64="Q47WMAV2UKqsU47/cFSNKjMSAtM=">AAADRXicdVJNb9NAEF2br2K+UjhyWRFFStU08hbUVlSRKnGBW1ORtlIcrPV6na7qta3dNUpk+c9x4c6Nf8CFAwhxhXFsEZqmsxpp9s2bebOjDbJYaOO6Xy371u07d+9t3HcePHz0+Elr8+mpTnPF+IilcarOA6p5LBI+MsLE/DxTnMog5mfB5Zsqf/aRKy3S5L2ZZ3wi6TQRkWDUAORvWuPOsEt7J1t4gA+cYdczfGYWbQvFw7 LwJDUXQVTMSt8FyvJa9m6i5kAdkLLquErZJiXext6USkmBPvOXNXiNdnWvtclgqfzBy5SQHAb4V7zldDxDc584HXgMPunVykoWOzBIzzvE3WA9zK7AxIWxO95hfbDp1l2rp+yQRmP3NWQoeAAegnOMb6jwW2237y4MXw9IE7RRY8d+64sXpiyXPDEsplqPiZuZSUGVESzmpePlmmeUXdIpH0OYUMn1pFisrMQdQEIcpQo8MXiB/l9RUKn1XAbArBanV3MVuC43zk10MClEkuWGJ6wWivIYmxRXXwqHQnFm4jkElCkBs2J2QRVlBj6eA0sgq0++Hpzu9sle/+XwVfvoXbOODfQcvUBdRNA+OkJv0TEaIWZ9sr5ZP6yf9mf7u/3L/l1TbaupeYaumP3nL4t8BbQ=</latexit>

Q(x0 = x,u0 = 1) = +1 + �max
u

Q(x1 = x0,u)
<latexit sha1_base64="fAX/eCyRKiorF7JgvLBJXGiUe8o=">AAADVHicdVJRa9swEJbtde28rUu3x72IBYNL02ClYystgcJetremLG0hzowsy6lWyzaSXBKMf+T2MNgv2cseJsdmbdP0xMHpu+9O3x0K84RJ5Xm/DdN6svF0c+uZ/fzFy+1XnZ3X5zIrBKFjkiWZuAyxpAlL6VgxldDLXFDMw4RehNef6vzFDRWSZelXtcjplONZymJGsNJQsGN8d0Yu7p3twiE8tEeur+hcLduWgkZV6XOsrs K4nFcB0pTb6zc/F4zTqvdYRVEF3hBVdeNVyh6q4B70Z5hzrOnz4LYGrpFQ3xsJg+EdAWWjoNWhhfxvsms7vsJFgGxHzwbPeo0Cwct9LajnH0M3XA+TezDytHzHP24OVG7TtR5pH7VvDI50BmsPtUfaKYSPVASdrtf3lgYfBqgNuqC106Dz048yUnCaKpJgKSfIy9W0xEIxktDK9gtJc0yu8YxOdJhiTuW0XK6ugo5GIhhnQnuq4BK9W1FiLuWCh5pZL06u5mpwXW5SqPhwWrI0LxRNSfNQXCRQZbD+YTBighKVLHSAiWBaKyRXWGCi9D+09RLQ6sgPg/NBH33oH4zed0++tOvYAm/BO+ACBD6CE/AZnIIxIMYP448JTMP8Zf61LGujoZpGW/MG3DNr+x8TpAeZ</latexit>

Q(x1 = x0,u0 = 1) = +1 + �max
u

Q(x2 = x00,u)

=+1
=+1

x

x0

x00

<latexit sha1_base64="hXz2Vk3q41iY0JfLt39EvAdHpDg=">AAACCHicbVC7TsMwFHV4lvIKMDJgUSExVQkgYKzEAluR6ENqQuW4TmvVdiLbQVRRRhZ+hYUBhFj5BDb+BqfNUFqOZOvonHt17z1BzKjSjvNjLSwuLa+sltbK6xubW9v2zm5TRYnEpIEjFsl2gBRhVJCGppqRdiwJ4gEjrWB4lfutByIVjcSdHsXE56gvaEgx0kbq2gceR3oQhOljdp96saScTP9Z1644VWcMOE/cglRAgXrX/vZ6EU44ERozpFTHdWLtp0hqihnJyl6iSIzwEPVJx1CBOFF+Oj4kg0dG6cEwkuYJDcfqdEeKuFIjHpjKfG016+Xif14n0eGln1IRJ5oIPBkUJgzqCOapwB6VBGs2MgRhSc2uEA+QRFib7MomBHf25HnSPKm659XT27NK7aaIowT2wSE4Bi64ADVwDeqgATB4Ai/gDbxbz9ar9WF9TkoXrKJnD/yB9fULetia7w==</latexit>

x000

<latexit sha1_base64="3ucZFceX34pbY0xf3enayRf0UVc=">AAACDnicbVC7TsMwFHXKq5RXgJHFoqrEVCWAgLESC2xFog+pCZXjOq1V24lsB1FF+QIWfoWFAYRYmdn4G5w2A7QcydbROffq3nuCmFGlHefbKi0tr6yuldcrG5tb2zv27l5bRYnEpIUjFslugBRhVJCWppqRbiwJ4gEjnWB8mfudeyIVjcStnsTE52goaEgx0kbq2zWPIz0KwvQhu0u9WFJOFv+sb1edujMFXCRuQaqgQLNvf3mDCCecCI0ZUqrnOrH2UyQ1xYxkFS9RJEZ4jIakZ6hAnCg/nZ6TwZpRBjCMpHlCw6n6uyNFXKkJD0xlvrya93LxP6+X6PDCT6mIE00Eng0KEwZ1BPNs4IBKgjWbGIKwpGZXiEdIIqxNghUTgjt/8iJpH9fds/rJzWm1cV3EUQYH4BAcARecgwa4Ak3QAhg8gmfwCt6sJ+vFerc+ZqUlq+jZB39gff4AbcWdpA==</latexit>

x0000

<latexit sha1_base64="KkyT1DMjIA/1kXOCJxrxq5tskN0=">AAACCXicbZDLSsNAFIZP6q3WW9Slm8EiVJSSSFE3hYIb3VWwF2hDmUwn7dDJhZmJWEK3bnwVNy4UcesbuPNtnLQRtPrDwMd/zmHO+d2IM6ks69PILSwuLa/kVwtr6xubW+b2TlOGsSC0QUIeiraLJeUsoA3FFKftSFDsu5y23NFFWm/dUiFZGNyocUQdHw8C5jGClbZ6JhKlro/V0PWSu8kx+uZ4UrUPURUd2T2zaJWtqdBfsDMoQqZ6z/zo9kMS+zRQhGMpO7YVKSfBQjHC6aTQjSWNMBnhAe1oDLBPpZNML5mgA+30kRcK/QKFpu7PiQT7Uo59V3emm8r5Wmr+V+vEyjt3EhZEsaIBmX3kxRypEKWxoD4TlCg+1oCJYHpXRIZYYKJ0eAUdgj1/8l9onpTt03LlulKsXWVx5GEP9qEENpxBDS6hDg0gcA+P8AwvxoPxZLwab7PWnJHN7MIvGe9fRb+Yyg==</latexit>

r(x,u = 1) = +1

<latexit sha1_base64="yoKuYHESGrhWd6As/mU8DcCsKwM=">AAACEHicbVDLSsNAFJ3UV62vqEs3g0WsKCWRom4KBTe6q2Af0MQymU7q0MkkzEzEEvIJbvwVNy4UcevSnX/jtI2grQcuHM65l3vv8SJGpbKsLyM3N7+wuJRfLqysrq1vmJtbTRnGApMGDlko2h6ShFFOGooqRtqRICjwGGl5g/OR37ojQtKQX6thRNwA9Tn1KUZKS11zX5ScAKlbz0/u0xsnEjQgR/BHitOqfQCr8NDumkWrbI0BZ4mdkSLIUO+an04vxHFAuMIMSdmxrUi5CRKKYkbSghNLEiE8QH3S0ZSjgEg3GT+Uwj2t9KAfCl1cwbH6eyJBgZTDwNOdo0vltDcS//M6sfLP3ITyKFaE48kiP2ZQhXCUDuxRQbBiQ00QFlTfCvEtEggrnWFBh2BPvzxLmsdl+6RcuaoUa5dZHHmwA3ZBCdjgFNTABaiDBsDgATyBF/BqPBrPxpvxPmnNGdnMNvgD4+Mb++Cb5w==</latexit>

r(x0,u = 1) = +1

<latexit sha1_base64="L8gwcdgOh81zDLxBikgo01HAUgE=">AAACEHicbVDLSsNAFJ3UV62vqEs3g0WsoCUpRd0UCm50V8E+oIllMp20QycPZiZiCfkEN/6KGxeKuHXpzr9x0kbQ1gMXDufcy733OCGjQhrGl5ZbWFxaXsmvFtbWNza39O2dlggijkkTByzgHQcJwqhPmpJKRjohJ8hzGGk7o4vUb98RLmjg38hxSGwPDXzqUoykknr6IS9ZHpJDx43vk1sr5NQjx/BHipJa5QjW4InZ04tG2ZgAzhMzI0WQodHTP61+gCOP+BIzJETXNEJpx4hLihlJClYkSIjwCA1IV1EfeUTY8eShBB4opQ/dgKvyJZyovydi5Akx9hzVmV4qZr1U/M/rRtI9t2Pqh5EkPp4uciMGZQDTdGCfcoIlGyuCMKfqVoiHiCMsVYYFFYI5+/I8aVXK5mm5el0t1q+yOPJgD+yDEjDBGaiDS9AATYDBA3gCL+BVe9SetTftfdqa07KZXfAH2sc3AIOb6g==</latexit>

r(x 0,u = 2) = �1

<latexit sha1_base64="RVpeRyEoRXskBVuRXslHWbNnj8Y=">AAACCXicbZDLSsNAFIYn9VbrLerSzWARKmhJSlE3hYIb3VWwF2hDmUwn7dDJJMxMxBKydeOruHGhiFvfwJ1v46SNoK0/DHz85xzmnN8NGZXKsr6M3NLyyupafr2wsbm1vWPu7rVkEAlMmjhggei4SBJGOWkqqhjphIIg32Wk7Y4v03r7jghJA36rJiFxfDTk1KMYKW31TShKPR+pkevF98kJ/OEoqVWOYQ2e2n2zaJWtqeAi2BkUQaZG3/zsDQIc+YQrzJCUXdsKlRMjoShmJCn0IklChMdoSLoaOfKJdOLpJQk80s4AeoHQjys4dX9PxMiXcuK7ujPdVM7XUvO/WjdS3oUTUx5GinA8+8iLGFQBTGOBAyoIVmyiAWFB9a4Qj5BAWOnwCjoEe/7kRWhVyvZZuXpTLdavszjy4AAcghKwwTmogyvQAE2AwQN4Ai/g1Xg0no03433WmjOymX3wR8bHN0pTmM0=</latexit>

r(x,u = 2) = �1

<latexit sha1_base64="kRSwqVa9bepAqRuS8vP7AvO//MM=">AAACDXicbVDLSsNAFJ3UV62vqEs3g1Wom5BI0W4KBTe6q2Af0IQymU7aoZMHMxOxxPyAG3/FjQtF3Lp35984aSNo64GBM+fcy733uBGjQprml1ZYWl5ZXSuulzY2t7Z39N29tghjjkkLhyzkXRcJwmhAWpJKRroRJ8h3Gem444vM79wSLmgY3MhJRBwfDQPqUYykkvr6kR3Riu0jOXK9JE7rFryHP9+79ATWoWnU+nrZNMwp4CKxclIGOZp9/dMehDj2SSAxQ0L0LDOSToK4pJiRtGTHgkQIj9GQ9BQNkE+Ek0yvSeGxUgbQC7l6gYRT9XdHgnwhJr6rKrNFxbyXif95vVh6NSehQRRLEuDZIC9mUIYwiwYOKCdYsokiCHOqdoV4hDjCUgVYUiFY8ycvkvapYZ0Z1etquXGVx1EEB+AQVIAFzkEDXIImaAEMHsATeAGv2qP2rL1p77PSgpb37IM/0D6+ATKEml8=</latexit>

⇡(u = 1|x) = 0.8

<latexit sha1_base64="iiTWTXRtvWpeWC1KHji5uOI1dPk=">AAACDXicbVDLSsNAFJ3UV62vqEs3g1Wom5CUom4KBTe6q2Af0IQymU7aoZMHMxOxxPyAG3/FjQtF3Lp35984aSNo64GBM+fcy733uBGjQprml1ZYWl5ZXSuulzY2t7Z39N29tghjjkkLhyzkXRcJwmhAWpJKRroRJ8h3Gem444vM79wSLmgY3MhJRBwfDQPqUYykkvr6kR3Riu0jOXK9JE7rVXgPf7536QmsQ9Oo9vWyaZhTwEVi5aQMcjT7+qc9CHHsk0BihoToWWYknQRxSTEjacmOBYkQHqMh6SkaIJ8IJ5lek8JjpQygF3L1Agmn6u+OBPlCTHxXVWaLinkvE//zerH0zp2EBlEsSYBng7yYQRnCLBo4oJxgySaKIMyp2hXiEeIISxVgSYVgzZ+8SNpVwzo1ate1cuMqj6MIDsAhqAALnIEGuARN0AIYPIAn8AJetUftWXvT3melBS3v2Qd/oH18AysEmlo=</latexit>

⇡(u = 2|x) = 0.2

<latexit sha1_base64="l12QY9GVfneHK1mCNtS64hU5EGs=">AAACFHicbVDLSsNAFJ34rPUVdelmsAgVISRSfCwKBTe6q2Af0MQymU7aoZMHMxOxxHyEG3/FjQtF3Lpw5984aSNo64GBM+fcy733uBGjQprmlzY3v7C4tFxYKa6urW9s6lvbTRHGHJMGDlnI2y4ShNGANCSVjLQjTpDvMtJyh+eZ37olXNAwuJajiDg+6gfUoxhJJXX1QzuiZdtHcuB6SZxWLXgPf7536Y0dceqTA1iFpnHW1UumYY4BZ4mVkxLIUe/qn3YvxLFPAokZEqJjmZF0EsQlxYykRTsWJEJ4iPqko2iAfCKcZHxUCveV0oNeyNULJByrvzsS5Asx8l1Vme0rpr1M/M/rxNI7dRIaRLEkAZ4M8mIGZQizhGCPcoIlGymCMKdqV4gHiCMsVY5FFYI1ffIsaR4Z1rFRuaqUapd5HAWwC/ZAGVjgBNTABaiDBsDgATyBF/CqPWrP2pv2Pimd0/KeHfAH2sc38I6dfQ==</latexit>

⇡(u = 1|x0) = 0.9

<latexit sha1_base64="C4vuNO6sPzkPrqqaSgkEkK9MTbU=">AAACFHicbVDLSsNAFJ34rPUVdelmsAgVISSlqJtCwY3uKtgHNLFMppN26OTBzEQsMR/hxl9x40IRty7c+TdO2gjaemDgzDn3cu89bsSokKb5pS0sLi2vrBbWiusbm1vb+s5uS4Qxx6SJQxbyjosEYTQgTUklI52IE+S7jLTd0Xnmt28JFzQMruU4Io6PBgH1KEZSST392I5o2faRHLpeEqe1CryHP9+79MaOOPXJEaxB07B6esk0zAngPLFyUgI5Gj390+6HOPZJIDFDQnQtM5JOgrikmJG0aMeCRAiP0IB0FQ2QT4STTI5K4aFS+tALuXqBhBP1d0eCfCHGvqsqs33FrJeJ/3ndWHpnTkKDKJYkwNNBXsygDGGWEOxTTrBkY0UQ5lTtCvEQcYSlyrGoQrBmT54nrYphnRjVq2qpfpnHUQD74ACUgQVOQR1cgAZoAgwewBN4Aa/ao/asvWnv09IFLe/ZA3+gfXwD5g2ddg==</latexit>

⇡(u = 2|x 0) = 0.1



⌧1 :
<latexit sha1_base64="Lo2WXNiCVzkwdmfFXsRmTi7MsBg="></latexit><latexit sha1_base64="Lo2WXNiCVzkwdmfFXsRmTi7MsBg="></latexit><latexit sha1_base64="Lo2WXNiCVzkwdmfFXsRmTi7MsBg="></latexit><latexit sha1_base64="Lo2WXNiCVzkwdmfFXsRmTi7MsBg="></latexit>

state action reward next state

<latexit sha1_base64="fp76jwpp2+OXAY99DyZQ1C3XlUQ="></latexit>

x0 = x,u0 = 1, r1 = +1,x1 = x0,u1 = 1, r2 = +1,x2 = x00,

Q u=1 u=2

x 0 0

x’ 0 0

x’’ 0 0

x’’’ 0 0

x’’’’ 0 0

<latexit sha1_base64="Q47WMAV2UKqsU47/cFSNKjMSAtM=">AAADRXicdVJNb9NAEF2br2K+UjhyWRFFStU08hbUVlSRKnGBW1ORtlIcrPV6na7qta3dNUpk+c9x4c6Nf8CFAwhxhXFsEZqmsxpp9s2bebOjDbJYaOO6Xy371u07d+9t3HcePHz0+Elr8+mpTnPF+IilcarOA6p5LBI+MsLE/DxTnMog5mfB5Zsqf/aRKy3S5L2ZZ3wi6TQRkWDUAORvWuPOsEt7J1t4gA+cYdczfGYWbQvFw7 LwJDUXQVTMSt8FyvJa9m6i5kAdkLLquErZJiXext6USkmBPvOXNXiNdnWvtclgqfzBy5SQHAb4V7zldDxDc584HXgMPunVykoWOzBIzzvE3WA9zK7AxIWxO95hfbDp1l2rp+yQRmP3NWQoeAAegnOMb6jwW2237y4MXw9IE7RRY8d+64sXpiyXPDEsplqPiZuZSUGVESzmpePlmmeUXdIpH0OYUMn1pFisrMQdQEIcpQo8MXiB/l9RUKn1XAbArBanV3MVuC43zk10MClEkuWGJ6wWivIYmxRXXwqHQnFm4jkElCkBs2J2QRVlBj6eA0sgq0++Hpzu9sle/+XwVfvoXbOODfQcvUBdRNA+OkJv0TEaIWZ9sr5ZP6yf9mf7u/3L/l1TbaupeYaumP3nL4t8BbQ=</latexit>

Q(x0 = x,u0 = 1) = +1 + �max
u

Q(x1 = x0,u)
<latexit sha1_base64="fAX/eCyRKiorF7JgvLBJXGiUe8o=">AAADVHicdVJRa9swEJbtde28rUu3x72IBYNL02ClYystgcJetremLG0hzowsy6lWyzaSXBKMf+T2MNgv2cseJsdmbdP0xMHpu+9O3x0K84RJ5Xm/DdN6svF0c+uZ/fzFy+1XnZ3X5zIrBKFjkiWZuAyxpAlL6VgxldDLXFDMw4RehNef6vzFDRWSZelXtcjplONZymJGsNJQsGN8d0Yu7p3twiE8tEeur+hcLduWgkZV6XOsrs K4nFcB0pTb6zc/F4zTqvdYRVEF3hBVdeNVyh6q4B70Z5hzrOnz4LYGrpFQ3xsJg+EdAWWjoNWhhfxvsms7vsJFgGxHzwbPeo0Cwct9LajnH0M3XA+TezDytHzHP24OVG7TtR5pH7VvDI50BmsPtUfaKYSPVASdrtf3lgYfBqgNuqC106Dz048yUnCaKpJgKSfIy9W0xEIxktDK9gtJc0yu8YxOdJhiTuW0XK6ugo5GIhhnQnuq4BK9W1FiLuWCh5pZL06u5mpwXW5SqPhwWrI0LxRNSfNQXCRQZbD+YTBighKVLHSAiWBaKyRXWGCi9D+09RLQ6sgPg/NBH33oH4zed0++tOvYAm/BO+ACBD6CE/AZnIIxIMYP448JTMP8Zf61LGujoZpGW/MG3DNr+x8TpAeZ</latexit>

Q(x1 = x0,u0 = 1) = +1 + �max
u

Q(x2 = x00,u) =+1

Bellman equation is not satisfied

=+1

x

x0

x00

<latexit sha1_base64="hXz2Vk3q41iY0JfLt39EvAdHpDg=">AAACCHicbVC7TsMwFHV4lvIKMDJgUSExVQkgYKzEAluR6ENqQuW4TmvVdiLbQVRRRhZ+hYUBhFj5BDb+BqfNUFqOZOvonHt17z1BzKjSjvNjLSwuLa+sltbK6xubW9v2zm5TRYnEpIEjFsl2gBRhVJCGppqRdiwJ4gEjrWB4lfutByIVjcSdHsXE56gvaEgx0kbq2gceR3oQhOljdp96saScTP9Z1644VWcMOE/cglRAgXrX/vZ6EU44ERozpFTHdWLtp0hqihnJyl6iSIzwEPVJx1CBOFF+Oj4kg0dG6cEwkuYJDcfqdEeKuFIjHpjKfG016+Xif14n0eGln1IRJ5oIPBkUJgzqCOapwB6VBGs2MgRhSc2uEA+QRFib7MomBHf25HnSPKm659XT27NK7aaIowT2wSE4Bi64ADVwDeqgATB4Ai/gDbxbz9ar9WF9TkoXrKJnD/yB9fULetia7w==</latexit>

x000

<latexit sha1_base64="3ucZFceX34pbY0xf3enayRf0UVc=">AAACDnicbVC7TsMwFHXKq5RXgJHFoqrEVCWAgLESC2xFog+pCZXjOq1V24lsB1FF+QIWfoWFAYRYmdn4G5w2A7QcydbROffq3nuCmFGlHefbKi0tr6yuldcrG5tb2zv27l5bRYnEpIUjFslugBRhVJCWppqRbiwJ4gEjnWB8mfudeyIVjcStnsTE52goaEgx0kbq2zWPIz0KwvQhu0u9WFJOFv+sb1edujMFXCRuQaqgQLNvf3mDCCecCI0ZUqrnOrH2UyQ1xYxkFS9RJEZ4jIakZ6hAnCg/nZ6TwZpRBjCMpHlCw6n6uyNFXKkJD0xlvrya93LxP6+X6PDCT6mIE00Eng0KEwZ1BPNs4IBKgjWbGIKwpGZXiEdIIqxNghUTgjt/8iJpH9fds/rJzWm1cV3EUQYH4BAcARecgwa4Ak3QAhg8gmfwCt6sJ+vFerc+ZqUlq+jZB39gff4AbcWdpA==</latexit>

x0000

<latexit sha1_base64="KkyT1DMjIA/1kXOCJxrxq5tskN0=">AAACCXicbZDLSsNAFIZP6q3WW9Slm8EiVJSSSFE3hYIb3VWwF2hDmUwn7dDJhZmJWEK3bnwVNy4UcesbuPNtnLQRtPrDwMd/zmHO+d2IM6ks69PILSwuLa/kVwtr6xubW+b2TlOGsSC0QUIeiraLJeUsoA3FFKftSFDsu5y23NFFWm/dUiFZGNyocUQdHw8C5jGClbZ6JhKlro/V0PWSu8kx+uZ4UrUPURUd2T2zaJWtqdBfsDMoQqZ6z/zo9kMS+zRQhGMpO7YVKSfBQjHC6aTQjSWNMBnhAe1oDLBPpZNML5mgA+30kRcK/QKFpu7PiQT7Uo59V3emm8r5Wmr+V+vEyjt3EhZEsaIBmX3kxRypEKWxoD4TlCg+1oCJYHpXRIZYYKJ0eAUdgj1/8l9onpTt03LlulKsXWVx5GEP9qEENpxBDS6hDg0gcA+P8AwvxoPxZLwab7PWnJHN7MIvGe9fRb+Yyg==</latexit>

r(x,u = 1) = +1

<latexit sha1_base64="yoKuYHESGrhWd6As/mU8DcCsKwM=">AAACEHicbVDLSsNAFJ3UV62vqEs3g0WsKCWRom4KBTe6q2Af0MQymU7q0MkkzEzEEvIJbvwVNy4UcevSnX/jtI2grQcuHM65l3vv8SJGpbKsLyM3N7+wuJRfLqysrq1vmJtbTRnGApMGDlko2h6ShFFOGooqRtqRICjwGGl5g/OR37ojQtKQX6thRNwA9Tn1KUZKS11zX5ScAKlbz0/u0xsnEjQgR/BHitOqfQCr8NDumkWrbI0BZ4mdkSLIUO+an04vxHFAuMIMSdmxrUi5CRKKYkbSghNLEiE8QH3S0ZSjgEg3GT+Uwj2t9KAfCl1cwbH6eyJBgZTDwNOdo0vltDcS//M6sfLP3ITyKFaE48kiP2ZQhXCUDuxRQbBiQ00QFlTfCvEtEggrnWFBh2BPvzxLmsdl+6RcuaoUa5dZHHmwA3ZBCdjgFNTABaiDBsDgATyBF/BqPBrPxpvxPmnNGdnMNvgD4+Mb++Cb5w==</latexit>

r(x0,u = 1) = +1

<latexit sha1_base64="L8gwcdgOh81zDLxBikgo01HAUgE=">AAACEHicbVDLSsNAFJ3UV62vqEs3g0WsoCUpRd0UCm50V8E+oIllMp20QycPZiZiCfkEN/6KGxeKuHXpzr9x0kbQ1gMXDufcy733OCGjQhrGl5ZbWFxaXsmvFtbWNza39O2dlggijkkTByzgHQcJwqhPmpJKRjohJ8hzGGk7o4vUb98RLmjg38hxSGwPDXzqUoykknr6IS9ZHpJDx43vk1sr5NQjx/BHipJa5QjW4InZ04tG2ZgAzhMzI0WQodHTP61+gCOP+BIzJETXNEJpx4hLihlJClYkSIjwCA1IV1EfeUTY8eShBB4opQ/dgKvyJZyovydi5Akx9hzVmV4qZr1U/M/rRtI9t2Pqh5EkPp4uciMGZQDTdGCfcoIlGyuCMKfqVoiHiCMsVYYFFYI5+/I8aVXK5mm5el0t1q+yOPJgD+yDEjDBGaiDS9AATYDBA3gCL+BVe9SetTftfdqa07KZXfAH2sc3AIOb6g==</latexit>

r(x 0,u = 2) = �1

<latexit sha1_base64="RVpeRyEoRXskBVuRXslHWbNnj8Y=">AAACCXicbZDLSsNAFIYn9VbrLerSzWARKmhJSlE3hYIb3VWwF2hDmUwn7dDJJMxMxBKydeOruHGhiFvfwJ1v46SNoK0/DHz85xzmnN8NGZXKsr6M3NLyyupafr2wsbm1vWPu7rVkEAlMmjhggei4SBJGOWkqqhjphIIg32Wk7Y4v03r7jghJA36rJiFxfDTk1KMYKW31TShKPR+pkevF98kJ/OEoqVWOYQ2e2n2zaJWtqeAi2BkUQaZG3/zsDQIc+YQrzJCUXdsKlRMjoShmJCn0IklChMdoSLoaOfKJdOLpJQk80s4AeoHQjys4dX9PxMiXcuK7ujPdVM7XUvO/WjdS3oUTUx5GinA8+8iLGFQBTGOBAyoIVmyiAWFB9a4Qj5BAWOnwCjoEe/7kRWhVyvZZuXpTLdavszjy4AAcghKwwTmogyvQAE2AwQN4Ai/g1Xg0no03433WmjOymX3wR8bHN0pTmM0=</latexit>

r(x,u = 2) = �1

<latexit sha1_base64="kRSwqVa9bepAqRuS8vP7AvO//MM=">AAACDXicbVDLSsNAFJ3UV62vqEs3g1Wom5BI0W4KBTe6q2Af0IQymU7aoZMHMxOxxPyAG3/FjQtF3Lp35984aSNo64GBM+fcy733uBGjQprml1ZYWl5ZXSuulzY2t7Z39N29tghjjkkLhyzkXRcJwmhAWpJKRroRJ8h3Gem444vM79wSLmgY3MhJRBwfDQPqUYykkvr6kR3Riu0jOXK9JE7rFryHP9+79ATWoWnU+nrZNMwp4CKxclIGOZp9/dMehDj2SSAxQ0L0LDOSToK4pJiRtGTHgkQIj9GQ9BQNkE+Ek0yvSeGxUgbQC7l6gYRT9XdHgnwhJr6rKrNFxbyXif95vVh6NSehQRRLEuDZIC9mUIYwiwYOKCdYsokiCHOqdoV4hDjCUgVYUiFY8ycvkvapYZ0Z1etquXGVx1EEB+AQVIAFzkEDXIImaAEMHsATeAGv2qP2rL1p77PSgpb37IM/0D6+ATKEml8=</latexit>

⇡(u = 1|x) = 0.8

<latexit sha1_base64="iiTWTXRtvWpeWC1KHji5uOI1dPk=">AAACDXicbVDLSsNAFJ3UV62vqEs3g1Wom5CUom4KBTe6q2Af0IQymU7aoZMHMxOxxPyAG3/FjQtF3Lp35984aSNo64GBM+fcy733uBGjQprml1ZYWl5ZXSuulzY2t7Z39N29tghjjkkLhyzkXRcJwmhAWpJKRroRJ8h3Gem444vM79wSLmgY3MhJRBwfDQPqUYykkvr6kR3Riu0jOXK9JE7rVXgPf7536QmsQ9Oo9vWyaZhTwEVi5aQMcjT7+qc9CHHsk0BihoToWWYknQRxSTEjacmOBYkQHqMh6SkaIJ8IJ5lek8JjpQygF3L1Agmn6u+OBPlCTHxXVWaLinkvE//zerH0zp2EBlEsSYBng7yYQRnCLBo4oJxgySaKIMyp2hXiEeIISxVgSYVgzZ+8SNpVwzo1ate1cuMqj6MIDsAhqAALnIEGuARN0AIYPIAn8AJetUftWXvT3melBS3v2Qd/oH18AysEmlo=</latexit>

⇡(u = 2|x) = 0.2

<latexit sha1_base64="l12QY9GVfneHK1mCNtS64hU5EGs=">AAACFHicbVDLSsNAFJ34rPUVdelmsAgVISRSfCwKBTe6q2Af0MQymU7aoZMHMxOxxHyEG3/FjQtF3Lpw5984aSNo64GBM+fcy733uBGjQprmlzY3v7C4tFxYKa6urW9s6lvbTRHGHJMGDlnI2y4ShNGANCSVjLQjTpDvMtJyh+eZ37olXNAwuJajiDg+6gfUoxhJJXX1QzuiZdtHcuB6SZxWLXgPf7536Y0dceqTA1iFpnHW1UumYY4BZ4mVkxLIUe/qn3YvxLFPAokZEqJjmZF0EsQlxYykRTsWJEJ4iPqko2iAfCKcZHxUCveV0oNeyNULJByrvzsS5Asx8l1Vme0rpr1M/M/rxNI7dRIaRLEkAZ4M8mIGZQizhGCPcoIlGymCMKdqV4gHiCMsVY5FFYI1ffIsaR4Z1rFRuaqUapd5HAWwC/ZAGVjgBNTABaiDBsDgATyBF/CqPWrP2pv2Pimd0/KeHfAH2sc38I6dfQ==</latexit>

⇡(u = 1|x0) = 0.9

<latexit sha1_base64="C4vuNO6sPzkPrqqaSgkEkK9MTbU=">AAACFHicbVDLSsNAFJ34rPUVdelmsAgVISSlqJtCwY3uKtgHNLFMppN26OTBzEQsMR/hxl9x40IRty7c+TdO2gjaemDgzDn3cu89bsSokKb5pS0sLi2vrBbWiusbm1vb+s5uS4Qxx6SJQxbyjosEYTQgTUklI52IE+S7jLTd0Xnmt28JFzQMruU4Io6PBgH1KEZSST392I5o2faRHLpeEqe1CryHP9+79MaOOPXJEaxB07B6esk0zAngPLFyUgI5Gj390+6HOPZJIDFDQnQtM5JOgrikmJG0aMeCRAiP0IB0FQ2QT4STTI5K4aFS+tALuXqBhBP1d0eCfCHGvqsqs33FrJeJ/3ndWHpnTkKDKJYkwNNBXsygDGGWEOxTTrBkY0UQ5lTtCvEQcYSlyrGoQrBmT54nrYphnRjVq2qpfpnHUQD74ACUgQVOQR1cgAZoAgwewBN4Aa/ao/asvWnv09IFLe/ZA3+gfXwD5g2ddg==</latexit>

⇡(u = 2|x 0) = 0.1



⌧1 :
<latexit sha1_base64="Lo2WXNiCVzkwdmfFXsRmTi7MsBg="></latexit><latexit sha1_base64="Lo2WXNiCVzkwdmfFXsRmTi7MsBg="></latexit><latexit sha1_base64="Lo2WXNiCVzkwdmfFXsRmTi7MsBg="></latexit><latexit sha1_base64="Lo2WXNiCVzkwdmfFXsRmTi7MsBg="></latexit>

state action reward next state

<latexit sha1_base64="fp76jwpp2+OXAY99DyZQ1C3XlUQ="></latexit>

x0 = x,u0 = 1, r1 = +1,x1 = x0,u1 = 1, r2 = +1,x2 = x00,

Q u=1 u=2

x 1 0

x’ 0 0

x’’ 0 0

x’’’ 0 0

x’’’’ 0 0

<latexit sha1_base64="Q47WMAV2UKqsU47/cFSNKjMSAtM=">AAADRXicdVJNb9NAEF2br2K+UjhyWRFFStU08hbUVlSRKnGBW1ORtlIcrPV6na7qta3dNUpk+c9x4c6Nf8CFAwhxhXFsEZqmsxpp9s2bebOjDbJYaOO6Xy371u07d+9t3HcePHz0+Elr8+mpTnPF+IilcarOA6p5LBI+MsLE/DxTnMog5mfB5Zsqf/aRKy3S5L2ZZ3wi6TQRkWDUAORvWuPOsEt7J1t4gA+cYdczfGYWbQvFw7 LwJDUXQVTMSt8FyvJa9m6i5kAdkLLquErZJiXext6USkmBPvOXNXiNdnWvtclgqfzBy5SQHAb4V7zldDxDc584HXgMPunVykoWOzBIzzvE3WA9zK7AxIWxO95hfbDp1l2rp+yQRmP3NWQoeAAegnOMb6jwW2237y4MXw9IE7RRY8d+64sXpiyXPDEsplqPiZuZSUGVESzmpePlmmeUXdIpH0OYUMn1pFisrMQdQEIcpQo8MXiB/l9RUKn1XAbArBanV3MVuC43zk10MClEkuWGJ6wWivIYmxRXXwqHQnFm4jkElCkBs2J2QRVlBj6eA0sgq0++Hpzu9sle/+XwVfvoXbOODfQcvUBdRNA+OkJv0TEaIWZ9sr5ZP6yf9mf7u/3L/l1TbaupeYaumP3nL4t8BbQ=</latexit>

Q(x0 = x,u0 = 1) = +1 + �max
u

Q(x1 = x0,u)
<latexit sha1_base64="fAX/eCyRKiorF7JgvLBJXGiUe8o=">AAADVHicdVJRa9swEJbtde28rUu3x72IBYNL02ClYystgcJetremLG0hzowsy6lWyzaSXBKMf+T2MNgv2cseJsdmbdP0xMHpu+9O3x0K84RJ5Xm/DdN6svF0c+uZ/fzFy+1XnZ3X5zIrBKFjkiWZuAyxpAlL6VgxldDLXFDMw4RehNef6vzFDRWSZelXtcjplONZymJGsNJQsGN8d0Yu7p3twiE8tEeur+hcLduWgkZV6XOsrs K4nFcB0pTb6zc/F4zTqvdYRVEF3hBVdeNVyh6q4B70Z5hzrOnz4LYGrpFQ3xsJg+EdAWWjoNWhhfxvsms7vsJFgGxHzwbPeo0Cwct9LajnH0M3XA+TezDytHzHP24OVG7TtR5pH7VvDI50BmsPtUfaKYSPVASdrtf3lgYfBqgNuqC106Dz048yUnCaKpJgKSfIy9W0xEIxktDK9gtJc0yu8YxOdJhiTuW0XK6ugo5GIhhnQnuq4BK9W1FiLuWCh5pZL06u5mpwXW5SqPhwWrI0LxRNSfNQXCRQZbD+YTBighKVLHSAiWBaKyRXWGCi9D+09RLQ6sgPg/NBH33oH4zed0++tOvYAm/BO+ACBD6CE/AZnIIxIMYP448JTMP8Zf61LGujoZpGW/MG3DNr+x8TpAeZ</latexit>

Q(x1 = x0,u0 = 1) = +1 + �max
u

Q(x2 = x00,u)

=+1
=+1

Search for solution by successive subst. of RHS to LHS. 

x

x0

x00

<latexit sha1_base64="hXz2Vk3q41iY0JfLt39EvAdHpDg=">AAACCHicbVC7TsMwFHV4lvIKMDJgUSExVQkgYKzEAluR6ENqQuW4TmvVdiLbQVRRRhZ+hYUBhFj5BDb+BqfNUFqOZOvonHt17z1BzKjSjvNjLSwuLa+sltbK6xubW9v2zm5TRYnEpIEjFsl2gBRhVJCGppqRdiwJ4gEjrWB4lfutByIVjcSdHsXE56gvaEgx0kbq2gceR3oQhOljdp96saScTP9Z1644VWcMOE/cglRAgXrX/vZ6EU44ERozpFTHdWLtp0hqihnJyl6iSIzwEPVJx1CBOFF+Oj4kg0dG6cEwkuYJDcfqdEeKuFIjHpjKfG016+Xif14n0eGln1IRJ5oIPBkUJgzqCOapwB6VBGs2MgRhSc2uEA+QRFib7MomBHf25HnSPKm659XT27NK7aaIowT2wSE4Bi64ADVwDeqgATB4Ai/gDbxbz9ar9WF9TkoXrKJnD/yB9fULetia7w==</latexit>

x000

<latexit sha1_base64="3ucZFceX34pbY0xf3enayRf0UVc=">AAACDnicbVC7TsMwFHXKq5RXgJHFoqrEVCWAgLESC2xFog+pCZXjOq1V24lsB1FF+QIWfoWFAYRYmdn4G5w2A7QcydbROffq3nuCmFGlHefbKi0tr6yuldcrG5tb2zv27l5bRYnEpIUjFslugBRhVJCWppqRbiwJ4gEjnWB8mfudeyIVjcStnsTE52goaEgx0kbq2zWPIz0KwvQhu0u9WFJOFv+sb1edujMFXCRuQaqgQLNvf3mDCCecCI0ZUqrnOrH2UyQ1xYxkFS9RJEZ4jIakZ6hAnCg/nZ6TwZpRBjCMpHlCw6n6uyNFXKkJD0xlvrya93LxP6+X6PDCT6mIE00Eng0KEwZ1BPNs4IBKgjWbGIKwpGZXiEdIIqxNghUTgjt/8iJpH9fds/rJzWm1cV3EUQYH4BAcARecgwa4Ak3QAhg8gmfwCt6sJ+vFerc+ZqUlq+jZB39gff4AbcWdpA==</latexit>

x0000

<latexit sha1_base64="KkyT1DMjIA/1kXOCJxrxq5tskN0=">AAACCXicbZDLSsNAFIZP6q3WW9Slm8EiVJSSSFE3hYIb3VWwF2hDmUwn7dDJhZmJWEK3bnwVNy4UcesbuPNtnLQRtPrDwMd/zmHO+d2IM6ks69PILSwuLa/kVwtr6xubW+b2TlOGsSC0QUIeiraLJeUsoA3FFKftSFDsu5y23NFFWm/dUiFZGNyocUQdHw8C5jGClbZ6JhKlro/V0PWSu8kx+uZ4UrUPURUd2T2zaJWtqdBfsDMoQqZ6z/zo9kMS+zRQhGMpO7YVKSfBQjHC6aTQjSWNMBnhAe1oDLBPpZNML5mgA+30kRcK/QKFpu7PiQT7Uo59V3emm8r5Wmr+V+vEyjt3EhZEsaIBmX3kxRypEKWxoD4TlCg+1oCJYHpXRIZYYKJ0eAUdgj1/8l9onpTt03LlulKsXWVx5GEP9qEENpxBDS6hDg0gcA+P8AwvxoPxZLwab7PWnJHN7MIvGe9fRb+Yyg==</latexit>

r(x,u = 1) = +1

<latexit sha1_base64="yoKuYHESGrhWd6As/mU8DcCsKwM=">AAACEHicbVDLSsNAFJ3UV62vqEs3g0WsKCWRom4KBTe6q2Af0MQymU7q0MkkzEzEEvIJbvwVNy4UcevSnX/jtI2grQcuHM65l3vv8SJGpbKsLyM3N7+wuJRfLqysrq1vmJtbTRnGApMGDlko2h6ShFFOGooqRtqRICjwGGl5g/OR37ojQtKQX6thRNwA9Tn1KUZKS11zX5ScAKlbz0/u0xsnEjQgR/BHitOqfQCr8NDumkWrbI0BZ4mdkSLIUO+an04vxHFAuMIMSdmxrUi5CRKKYkbSghNLEiE8QH3S0ZSjgEg3GT+Uwj2t9KAfCl1cwbH6eyJBgZTDwNOdo0vltDcS//M6sfLP3ITyKFaE48kiP2ZQhXCUDuxRQbBiQ00QFlTfCvEtEggrnWFBh2BPvzxLmsdl+6RcuaoUa5dZHHmwA3ZBCdjgFNTABaiDBsDgATyBF/BqPBrPxpvxPmnNGdnMNvgD4+Mb++Cb5w==</latexit>

r(x0,u = 1) = +1

<latexit sha1_base64="L8gwcdgOh81zDLxBikgo01HAUgE=">AAACEHicbVDLSsNAFJ3UV62vqEs3g0WsoCUpRd0UCm50V8E+oIllMp20QycPZiZiCfkEN/6KGxeKuHXpzr9x0kbQ1gMXDufcy733OCGjQhrGl5ZbWFxaXsmvFtbWNza39O2dlggijkkTByzgHQcJwqhPmpJKRjohJ8hzGGk7o4vUb98RLmjg38hxSGwPDXzqUoykknr6IS9ZHpJDx43vk1sr5NQjx/BHipJa5QjW4InZ04tG2ZgAzhMzI0WQodHTP61+gCOP+BIzJETXNEJpx4hLihlJClYkSIjwCA1IV1EfeUTY8eShBB4opQ/dgKvyJZyovydi5Akx9hzVmV4qZr1U/M/rRtI9t2Pqh5EkPp4uciMGZQDTdGCfcoIlGyuCMKfqVoiHiCMsVYYFFYI5+/I8aVXK5mm5el0t1q+yOPJgD+yDEjDBGaiDS9AATYDBA3gCL+BVe9SetTftfdqa07KZXfAH2sc3AIOb6g==</latexit>

r(x 0,u = 2) = �1

<latexit sha1_base64="RVpeRyEoRXskBVuRXslHWbNnj8Y=">AAACCXicbZDLSsNAFIYn9VbrLerSzWARKmhJSlE3hYIb3VWwF2hDmUwn7dDJJMxMxBKydeOruHGhiFvfwJ1v46SNoK0/DHz85xzmnN8NGZXKsr6M3NLyyupafr2wsbm1vWPu7rVkEAlMmjhggei4SBJGOWkqqhjphIIg32Wk7Y4v03r7jghJA36rJiFxfDTk1KMYKW31TShKPR+pkevF98kJ/OEoqVWOYQ2e2n2zaJWtqeAi2BkUQaZG3/zsDQIc+YQrzJCUXdsKlRMjoShmJCn0IklChMdoSLoaOfKJdOLpJQk80s4AeoHQjys4dX9PxMiXcuK7ujPdVM7XUvO/WjdS3oUTUx5GinA8+8iLGFQBTGOBAyoIVmyiAWFB9a4Qj5BAWOnwCjoEe/7kRWhVyvZZuXpTLdavszjy4AAcghKwwTmogyvQAE2AwQN4Ai/g1Xg0no03433WmjOymX3wR8bHN0pTmM0=</latexit>

r(x,u = 2) = �1

<latexit sha1_base64="kRSwqVa9bepAqRuS8vP7AvO//MM=">AAACDXicbVDLSsNAFJ3UV62vqEs3g1Wom5BI0W4KBTe6q2Af0IQymU7aoZMHMxOxxPyAG3/FjQtF3Lp35984aSNo64GBM+fcy733uBGjQprml1ZYWl5ZXSuulzY2t7Z39N29tghjjkkLhyzkXRcJwmhAWpJKRroRJ8h3Gem444vM79wSLmgY3MhJRBwfDQPqUYykkvr6kR3Riu0jOXK9JE7rFryHP9+79ATWoWnU+nrZNMwp4CKxclIGOZp9/dMehDj2SSAxQ0L0LDOSToK4pJiRtGTHgkQIj9GQ9BQNkE+Ek0yvSeGxUgbQC7l6gYRT9XdHgnwhJr6rKrNFxbyXif95vVh6NSehQRRLEuDZIC9mUIYwiwYOKCdYsokiCHOqdoV4hDjCUgVYUiFY8ycvkvapYZ0Z1etquXGVx1EEB+AQVIAFzkEDXIImaAEMHsATeAGv2qP2rL1p77PSgpb37IM/0D6+ATKEml8=</latexit>

⇡(u = 1|x) = 0.8

<latexit sha1_base64="iiTWTXRtvWpeWC1KHji5uOI1dPk=">AAACDXicbVDLSsNAFJ3UV62vqEs3g1Wom5CUom4KBTe6q2Af0IQymU7aoZMHMxOxxPyAG3/FjQtF3Lp35984aSNo64GBM+fcy733uBGjQprml1ZYWl5ZXSuulzY2t7Z39N29tghjjkkLhyzkXRcJwmhAWpJKRroRJ8h3Gem444vM79wSLmgY3MhJRBwfDQPqUYykkvr6kR3Riu0jOXK9JE7rVXgPf7536QmsQ9Oo9vWyaZhTwEVi5aQMcjT7+qc9CHHsk0BihoToWWYknQRxSTEjacmOBYkQHqMh6SkaIJ8IJ5lek8JjpQygF3L1Agmn6u+OBPlCTHxXVWaLinkvE//zerH0zp2EBlEsSYBng7yYQRnCLBo4oJxgySaKIMyp2hXiEeIISxVgSYVgzZ+8SNpVwzo1ate1cuMqj6MIDsAhqAALnIEGuARN0AIYPIAn8AJetUftWXvT3melBS3v2Qd/oH18AysEmlo=</latexit>

⇡(u = 2|x) = 0.2

<latexit sha1_base64="l12QY9GVfneHK1mCNtS64hU5EGs=">AAACFHicbVDLSsNAFJ34rPUVdelmsAgVISRSfCwKBTe6q2Af0MQymU7aoZMHMxOxxHyEG3/FjQtF3Lpw5984aSNo64GBM+fcy733uBGjQprmlzY3v7C4tFxYKa6urW9s6lvbTRHGHJMGDlnI2y4ShNGANCSVjLQjTpDvMtJyh+eZ37olXNAwuJajiDg+6gfUoxhJJXX1QzuiZdtHcuB6SZxWLXgPf7536Y0dceqTA1iFpnHW1UumYY4BZ4mVkxLIUe/qn3YvxLFPAokZEqJjmZF0EsQlxYykRTsWJEJ4iPqko2iAfCKcZHxUCveV0oNeyNULJByrvzsS5Asx8l1Vme0rpr1M/M/rxNI7dRIaRLEkAZ4M8mIGZQizhGCPcoIlGymCMKdqV4gHiCMsVY5FFYI1ffIsaR4Z1rFRuaqUapd5HAWwC/ZAGVjgBNTABaiDBsDgATyBF/CqPWrP2pv2Pimd0/KeHfAH2sc38I6dfQ==</latexit>

⇡(u = 1|x0) = 0.9

<latexit sha1_base64="C4vuNO6sPzkPrqqaSgkEkK9MTbU=">AAACFHicbVDLSsNAFJ34rPUVdelmsAgVISSlqJtCwY3uKtgHNLFMppN26OTBzEQsMR/hxl9x40IRty7c+TdO2gjaemDgzDn3cu89bsSokKb5pS0sLi2vrBbWiusbm1vb+s5uS4Qxx6SJQxbyjosEYTQgTUklI52IE+S7jLTd0Xnmt28JFzQMruU4Io6PBgH1KEZSST392I5o2faRHLpeEqe1CryHP9+79MaOOPXJEaxB07B6esk0zAngPLFyUgI5Gj390+6HOPZJIDFDQnQtM5JOgrikmJG0aMeCRAiP0IB0FQ2QT4STTI5K4aFS+tALuXqBhBP1d0eCfCHGvqsqs33FrJeJ/3ndWHpnTkKDKJYkwNNBXsygDGGWEOxTTrBkY0UQ5lTtCvEQcYSlyrGoQrBmT54nrYphnRjVq2qpfpnHUQD74ACUgQVOQR1cgAZoAgwewBN4Aa/ao/asvWnv09IFLe/ZA3+gfXwD5g2ddg==</latexit>

⇡(u = 2|x 0) = 0.1



⌧1 :
<latexit sha1_base64="Lo2WXNiCVzkwdmfFXsRmTi7MsBg="></latexit><latexit sha1_base64="Lo2WXNiCVzkwdmfFXsRmTi7MsBg="></latexit><latexit sha1_base64="Lo2WXNiCVzkwdmfFXsRmTi7MsBg="></latexit><latexit sha1_base64="Lo2WXNiCVzkwdmfFXsRmTi7MsBg="></latexit>

state action reward next state

<latexit sha1_base64="fp76jwpp2+OXAY99DyZQ1C3XlUQ="></latexit>

x0 = x,u0 = 1, r1 = +1,x1 = x0,u1 = 1, r2 = +1,x2 = x00,

Q u=1 u=2

x 1 0

x’ 1 0

x’’ 0 0

x’’’ 0 0

x’’’’ 0 0

<latexit sha1_base64="Q47WMAV2UKqsU47/cFSNKjMSAtM=">AAADRXicdVJNb9NAEF2br2K+UjhyWRFFStU08hbUVlSRKnGBW1ORtlIcrPV6na7qta3dNUpk+c9x4c6Nf8CFAwhxhXFsEZqmsxpp9s2bebOjDbJYaOO6Xy371u07d+9t3HcePHz0+Elr8+mpTnPF+IilcarOA6p5LBI+MsLE/DxTnMog5mfB5Zsqf/aRKy3S5L2ZZ3wi6TQRkWDUAORvWuPOsEt7J1t4gA+cYdczfGYWbQvFw7 LwJDUXQVTMSt8FyvJa9m6i5kAdkLLquErZJiXext6USkmBPvOXNXiNdnWvtclgqfzBy5SQHAb4V7zldDxDc584HXgMPunVykoWOzBIzzvE3WA9zK7AxIWxO95hfbDp1l2rp+yQRmP3NWQoeAAegnOMb6jwW2237y4MXw9IE7RRY8d+64sXpiyXPDEsplqPiZuZSUGVESzmpePlmmeUXdIpH0OYUMn1pFisrMQdQEIcpQo8MXiB/l9RUKn1XAbArBanV3MVuC43zk10MClEkuWGJ6wWivIYmxRXXwqHQnFm4jkElCkBs2J2QRVlBj6eA0sgq0++Hpzu9sle/+XwVfvoXbOODfQcvUBdRNA+OkJv0TEaIWZ9sr5ZP6yf9mf7u/3L/l1TbaupeYaumP3nL4t8BbQ=</latexit>

Q(x0 = x,u0 = 1) = +1 + �max
u

Q(x1 = x0,u)
<latexit sha1_base64="fAX/eCyRKiorF7JgvLBJXGiUe8o=">AAADVHicdVJRa9swEJbtde28rUu3x72IBYNL02ClYystgcJetremLG0hzowsy6lWyzaSXBKMf+T2MNgv2cseJsdmbdP0xMHpu+9O3x0K84RJ5Xm/DdN6svF0c+uZ/fzFy+1XnZ3X5zIrBKFjkiWZuAyxpAlL6VgxldDLXFDMw4RehNef6vzFDRWSZelXtcjplONZymJGsNJQsGN8d0Yu7p3twiE8tEeur+hcLduWgkZV6XOsrs K4nFcB0pTb6zc/F4zTqvdYRVEF3hBVdeNVyh6q4B70Z5hzrOnz4LYGrpFQ3xsJg+EdAWWjoNWhhfxvsms7vsJFgGxHzwbPeo0Cwct9LajnH0M3XA+TezDytHzHP24OVG7TtR5pH7VvDI50BmsPtUfaKYSPVASdrtf3lgYfBqgNuqC106Dz048yUnCaKpJgKSfIy9W0xEIxktDK9gtJc0yu8YxOdJhiTuW0XK6ugo5GIhhnQnuq4BK9W1FiLuWCh5pZL06u5mpwXW5SqPhwWrI0LxRNSfNQXCRQZbD+YTBighKVLHSAiWBaKyRXWGCi9D+09RLQ6sgPg/NBH33oH4zed0++tOvYAm/BO+ACBD6CE/AZnIIxIMYP448JTMP8Zf61LGujoZpGW/MG3DNr+x8TpAeZ</latexit>

Q(x1 = x0,u0 = 1) = +1 + �max
u

Q(x2 = x00,u)

=+1
=+1

Search for solution by successive subst. of RHS to LHS. 

x

x0

x00

<latexit sha1_base64="hXz2Vk3q41iY0JfLt39EvAdHpDg=">AAACCHicbVC7TsMwFHV4lvIKMDJgUSExVQkgYKzEAluR6ENqQuW4TmvVdiLbQVRRRhZ+hYUBhFj5BDb+BqfNUFqOZOvonHt17z1BzKjSjvNjLSwuLa+sltbK6xubW9v2zm5TRYnEpIEjFsl2gBRhVJCGppqRdiwJ4gEjrWB4lfutByIVjcSdHsXE56gvaEgx0kbq2gceR3oQhOljdp96saScTP9Z1644VWcMOE/cglRAgXrX/vZ6EU44ERozpFTHdWLtp0hqihnJyl6iSIzwEPVJx1CBOFF+Oj4kg0dG6cEwkuYJDcfqdEeKuFIjHpjKfG016+Xif14n0eGln1IRJ5oIPBkUJgzqCOapwB6VBGs2MgRhSc2uEA+QRFib7MomBHf25HnSPKm659XT27NK7aaIowT2wSE4Bi64ADVwDeqgATB4Ai/gDbxbz9ar9WF9TkoXrKJnD/yB9fULetia7w==</latexit>

x000

<latexit sha1_base64="3ucZFceX34pbY0xf3enayRf0UVc=">AAACDnicbVC7TsMwFHXKq5RXgJHFoqrEVCWAgLESC2xFog+pCZXjOq1V24lsB1FF+QIWfoWFAYRYmdn4G5w2A7QcydbROffq3nuCmFGlHefbKi0tr6yuldcrG5tb2zv27l5bRYnEpIUjFslugBRhVJCWppqRbiwJ4gEjnWB8mfudeyIVjcStnsTE52goaEgx0kbq2zWPIz0KwvQhu0u9WFJOFv+sb1edujMFXCRuQaqgQLNvf3mDCCecCI0ZUqrnOrH2UyQ1xYxkFS9RJEZ4jIakZ6hAnCg/nZ6TwZpRBjCMpHlCw6n6uyNFXKkJD0xlvrya93LxP6+X6PDCT6mIE00Eng0KEwZ1BPNs4IBKgjWbGIKwpGZXiEdIIqxNghUTgjt/8iJpH9fds/rJzWm1cV3EUQYH4BAcARecgwa4Ak3QAhg8gmfwCt6sJ+vFerc+ZqUlq+jZB39gff4AbcWdpA==</latexit>

x0000

<latexit sha1_base64="KkyT1DMjIA/1kXOCJxrxq5tskN0=">AAACCXicbZDLSsNAFIZP6q3WW9Slm8EiVJSSSFE3hYIb3VWwF2hDmUwn7dDJhZmJWEK3bnwVNy4UcesbuPNtnLQRtPrDwMd/zmHO+d2IM6ks69PILSwuLa/kVwtr6xubW+b2TlOGsSC0QUIeiraLJeUsoA3FFKftSFDsu5y23NFFWm/dUiFZGNyocUQdHw8C5jGClbZ6JhKlro/V0PWSu8kx+uZ4UrUPURUd2T2zaJWtqdBfsDMoQqZ6z/zo9kMS+zRQhGMpO7YVKSfBQjHC6aTQjSWNMBnhAe1oDLBPpZNML5mgA+30kRcK/QKFpu7PiQT7Uo59V3emm8r5Wmr+V+vEyjt3EhZEsaIBmX3kxRypEKWxoD4TlCg+1oCJYHpXRIZYYKJ0eAUdgj1/8l9onpTt03LlulKsXWVx5GEP9qEENpxBDS6hDg0gcA+P8AwvxoPxZLwab7PWnJHN7MIvGe9fRb+Yyg==</latexit>

r(x,u = 1) = +1

<latexit sha1_base64="yoKuYHESGrhWd6As/mU8DcCsKwM=">AAACEHicbVDLSsNAFJ3UV62vqEs3g0WsKCWRom4KBTe6q2Af0MQymU7q0MkkzEzEEvIJbvwVNy4UcevSnX/jtI2grQcuHM65l3vv8SJGpbKsLyM3N7+wuJRfLqysrq1vmJtbTRnGApMGDlko2h6ShFFOGooqRtqRICjwGGl5g/OR37ojQtKQX6thRNwA9Tn1KUZKS11zX5ScAKlbz0/u0xsnEjQgR/BHitOqfQCr8NDumkWrbI0BZ4mdkSLIUO+an04vxHFAuMIMSdmxrUi5CRKKYkbSghNLEiE8QH3S0ZSjgEg3GT+Uwj2t9KAfCl1cwbH6eyJBgZTDwNOdo0vltDcS//M6sfLP3ITyKFaE48kiP2ZQhXCUDuxRQbBiQ00QFlTfCvEtEggrnWFBh2BPvzxLmsdl+6RcuaoUa5dZHHmwA3ZBCdjgFNTABaiDBsDgATyBF/BqPBrPxpvxPmnNGdnMNvgD4+Mb++Cb5w==</latexit>

r(x0,u = 1) = +1

<latexit sha1_base64="L8gwcdgOh81zDLxBikgo01HAUgE=">AAACEHicbVDLSsNAFJ3UV62vqEs3g0WsoCUpRd0UCm50V8E+oIllMp20QycPZiZiCfkEN/6KGxeKuHXpzr9x0kbQ1gMXDufcy733OCGjQhrGl5ZbWFxaXsmvFtbWNza39O2dlggijkkTByzgHQcJwqhPmpJKRjohJ8hzGGk7o4vUb98RLmjg38hxSGwPDXzqUoykknr6IS9ZHpJDx43vk1sr5NQjx/BHipJa5QjW4InZ04tG2ZgAzhMzI0WQodHTP61+gCOP+BIzJETXNEJpx4hLihlJClYkSIjwCA1IV1EfeUTY8eShBB4opQ/dgKvyJZyovydi5Akx9hzVmV4qZr1U/M/rRtI9t2Pqh5EkPp4uciMGZQDTdGCfcoIlGyuCMKfqVoiHiCMsVYYFFYI5+/I8aVXK5mm5el0t1q+yOPJgD+yDEjDBGaiDS9AATYDBA3gCL+BVe9SetTftfdqa07KZXfAH2sc3AIOb6g==</latexit>

r(x 0,u = 2) = �1

<latexit sha1_base64="RVpeRyEoRXskBVuRXslHWbNnj8Y=">AAACCXicbZDLSsNAFIYn9VbrLerSzWARKmhJSlE3hYIb3VWwF2hDmUwn7dDJJMxMxBKydeOruHGhiFvfwJ1v46SNoK0/DHz85xzmnN8NGZXKsr6M3NLyyupafr2wsbm1vWPu7rVkEAlMmjhggei4SBJGOWkqqhjphIIg32Wk7Y4v03r7jghJA36rJiFxfDTk1KMYKW31TShKPR+pkevF98kJ/OEoqVWOYQ2e2n2zaJWtqeAi2BkUQaZG3/zsDQIc+YQrzJCUXdsKlRMjoShmJCn0IklChMdoSLoaOfKJdOLpJQk80s4AeoHQjys4dX9PxMiXcuK7ujPdVM7XUvO/WjdS3oUTUx5GinA8+8iLGFQBTGOBAyoIVmyiAWFB9a4Qj5BAWOnwCjoEe/7kRWhVyvZZuXpTLdavszjy4AAcghKwwTmogyvQAE2AwQN4Ai/g1Xg0no03433WmjOymX3wR8bHN0pTmM0=</latexit>

r(x,u = 2) = �1

<latexit sha1_base64="kRSwqVa9bepAqRuS8vP7AvO//MM=">AAACDXicbVDLSsNAFJ3UV62vqEs3g1Wom5BI0W4KBTe6q2Af0IQymU7aoZMHMxOxxPyAG3/FjQtF3Lp35984aSNo64GBM+fcy733uBGjQprml1ZYWl5ZXSuulzY2t7Z39N29tghjjkkLhyzkXRcJwmhAWpJKRroRJ8h3Gem444vM79wSLmgY3MhJRBwfDQPqUYykkvr6kR3Riu0jOXK9JE7rFryHP9+79ATWoWnU+nrZNMwp4CKxclIGOZp9/dMehDj2SSAxQ0L0LDOSToK4pJiRtGTHgkQIj9GQ9BQNkE+Ek0yvSeGxUgbQC7l6gYRT9XdHgnwhJr6rKrNFxbyXif95vVh6NSehQRRLEuDZIC9mUIYwiwYOKCdYsokiCHOqdoV4hDjCUgVYUiFY8ycvkvapYZ0Z1etquXGVx1EEB+AQVIAFzkEDXIImaAEMHsATeAGv2qP2rL1p77PSgpb37IM/0D6+ATKEml8=</latexit>

⇡(u = 1|x) = 0.8

<latexit sha1_base64="iiTWTXRtvWpeWC1KHji5uOI1dPk=">AAACDXicbVDLSsNAFJ3UV62vqEs3g1Wom5CUom4KBTe6q2Af0IQymU7aoZMHMxOxxPyAG3/FjQtF3Lp35984aSNo64GBM+fcy733uBGjQprml1ZYWl5ZXSuulzY2t7Z39N29tghjjkkLhyzkXRcJwmhAWpJKRroRJ8h3Gem444vM79wSLmgY3MhJRBwfDQPqUYykkvr6kR3Riu0jOXK9JE7rVXgPf7536QmsQ9Oo9vWyaZhTwEVi5aQMcjT7+qc9CHHsk0BihoToWWYknQRxSTEjacmOBYkQHqMh6SkaIJ8IJ5lek8JjpQygF3L1Agmn6u+OBPlCTHxXVWaLinkvE//zerH0zp2EBlEsSYBng7yYQRnCLBo4oJxgySaKIMyp2hXiEeIISxVgSYVgzZ+8SNpVwzo1ate1cuMqj6MIDsAhqAALnIEGuARN0AIYPIAn8AJetUftWXvT3melBS3v2Qd/oH18AysEmlo=</latexit>

⇡(u = 2|x) = 0.2

<latexit sha1_base64="l12QY9GVfneHK1mCNtS64hU5EGs=">AAACFHicbVDLSsNAFJ34rPUVdelmsAgVISRSfCwKBTe6q2Af0MQymU7aoZMHMxOxxHyEG3/FjQtF3Lpw5984aSNo64GBM+fcy733uBGjQprmlzY3v7C4tFxYKa6urW9s6lvbTRHGHJMGDlnI2y4ShNGANCSVjLQjTpDvMtJyh+eZ37olXNAwuJajiDg+6gfUoxhJJXX1QzuiZdtHcuB6SZxWLXgPf7536Y0dceqTA1iFpnHW1UumYY4BZ4mVkxLIUe/qn3YvxLFPAokZEqJjmZF0EsQlxYykRTsWJEJ4iPqko2iAfCKcZHxUCveV0oNeyNULJByrvzsS5Asx8l1Vme0rpr1M/M/rxNI7dRIaRLEkAZ4M8mIGZQizhGCPcoIlGymCMKdqV4gHiCMsVY5FFYI1ffIsaR4Z1rFRuaqUapd5HAWwC/ZAGVjgBNTABaiDBsDgATyBF/CqPWrP2pv2Pimd0/KeHfAH2sc38I6dfQ==</latexit>

⇡(u = 1|x0) = 0.9

<latexit sha1_base64="C4vuNO6sPzkPrqqaSgkEkK9MTbU=">AAACFHicbVDLSsNAFJ34rPUVdelmsAgVISSlqJtCwY3uKtgHNLFMppN26OTBzEQsMR/hxl9x40IRty7c+TdO2gjaemDgzDn3cu89bsSokKb5pS0sLi2vrBbWiusbm1vb+s5uS4Qxx6SJQxbyjosEYTQgTUklI52IE+S7jLTd0Xnmt28JFzQMruU4Io6PBgH1KEZSST392I5o2faRHLpeEqe1CryHP9+79MaOOPXJEaxB07B6esk0zAngPLFyUgI5Gj390+6HOPZJIDFDQnQtM5JOgrikmJG0aMeCRAiP0IB0FQ2QT4STTI5K4aFS+tALuXqBhBP1d0eCfCHGvqsqs33FrJeJ/3ndWHpnTkKDKJYkwNNBXsygDGGWEOxTTrBkY0UQ5lTtCvEQcYSlyrGoQrBmT54nrYphnRjVq2qpfpnHUQD74ACUgQVOQR1cgAZoAgwewBN4Aa/ao/asvWnv09IFLe/ZA3+gfXwD5g2ddg==</latexit>

⇡(u = 2|x 0) = 0.1



⌧1 :
<latexit sha1_base64="Lo2WXNiCVzkwdmfFXsRmTi7MsBg="></latexit><latexit sha1_base64="Lo2WXNiCVzkwdmfFXsRmTi7MsBg="></latexit><latexit sha1_base64="Lo2WXNiCVzkwdmfFXsRmTi7MsBg="></latexit><latexit sha1_base64="Lo2WXNiCVzkwdmfFXsRmTi7MsBg="></latexit>

state action reward next state

<latexit sha1_base64="fp76jwpp2+OXAY99DyZQ1C3XlUQ="></latexit>

x0 = x,u0 = 1, r1 = +1,x1 = x0,u1 = 1, r2 = +1,x2 = x00,

Q u=1 u=2

x 1.9 0

x’ 1 0

x’’ 0 0

x’’’ 0 0

x’’’’ 0 0

<latexit sha1_base64="Q47WMAV2UKqsU47/cFSNKjMSAtM=">AAADRXicdVJNb9NAEF2br2K+UjhyWRFFStU08hbUVlSRKnGBW1ORtlIcrPV6na7qta3dNUpk+c9x4c6Nf8CFAwhxhXFsEZqmsxpp9s2bebOjDbJYaOO6Xy371u07d+9t3HcePHz0+Elr8+mpTnPF+IilcarOA6p5LBI+MsLE/DxTnMog5mfB5Zsqf/aRKy3S5L2ZZ3wi6TQRkWDUAORvWuPOsEt7J1t4gA+cYdczfGYWbQvFw7 LwJDUXQVTMSt8FyvJa9m6i5kAdkLLquErZJiXext6USkmBPvOXNXiNdnWvtclgqfzBy5SQHAb4V7zldDxDc584HXgMPunVykoWOzBIzzvE3WA9zK7AxIWxO95hfbDp1l2rp+yQRmP3NWQoeAAegnOMb6jwW2237y4MXw9IE7RRY8d+64sXpiyXPDEsplqPiZuZSUGVESzmpePlmmeUXdIpH0OYUMn1pFisrMQdQEIcpQo8MXiB/l9RUKn1XAbArBanV3MVuC43zk10MClEkuWGJ6wWivIYmxRXXwqHQnFm4jkElCkBs2J2QRVlBj6eA0sgq0++Hpzu9sle/+XwVfvoXbOODfQcvUBdRNA+OkJv0TEaIWZ9sr5ZP6yf9mf7u/3L/l1TbaupeYaumP3nL4t8BbQ=</latexit>

Q(x0 = x,u0 = 1) = +1 + �max
u

Q(x1 = x0,u)
<latexit sha1_base64="fAX/eCyRKiorF7JgvLBJXGiUe8o=">AAADVHicdVJRa9swEJbtde28rUu3x72IBYNL02ClYystgcJetremLG0hzowsy6lWyzaSXBKMf+T2MNgv2cseJsdmbdP0xMHpu+9O3x0K84RJ5Xm/DdN6svF0c+uZ/fzFy+1XnZ3X5zIrBKFjkiWZuAyxpAlL6VgxldDLXFDMw4RehNef6vzFDRWSZelXtcjplONZymJGsNJQsGN8d0Yu7p3twiE8tEeur+hcLduWgkZV6XOsrs K4nFcB0pTb6zc/F4zTqvdYRVEF3hBVdeNVyh6q4B70Z5hzrOnz4LYGrpFQ3xsJg+EdAWWjoNWhhfxvsms7vsJFgGxHzwbPeo0Cwct9LajnH0M3XA+TezDytHzHP24OVG7TtR5pH7VvDI50BmsPtUfaKYSPVASdrtf3lgYfBqgNuqC106Dz048yUnCaKpJgKSfIy9W0xEIxktDK9gtJc0yu8YxOdJhiTuW0XK6ugo5GIhhnQnuq4BK9W1FiLuWCh5pZL06u5mpwXW5SqPhwWrI0LxRNSfNQXCRQZbD+YTBighKVLHSAiWBaKyRXWGCi9D+09RLQ6sgPg/NBH33oH4zed0++tOvYAm/BO+ACBD6CE/AZnIIxIMYP448JTMP8Zf61LGujoZpGW/MG3DNr+x8TpAeZ</latexit>

Q(x1 = x0,u0 = 1) = +1 + �max
u

Q(x2 = x00,u)

=+1.9
=+1

Substitute of RHS to LHS. 

x

x0

x00

<latexit sha1_base64="hXz2Vk3q41iY0JfLt39EvAdHpDg=">AAACCHicbVC7TsMwFHV4lvIKMDJgUSExVQkgYKzEAluR6ENqQuW4TmvVdiLbQVRRRhZ+hYUBhFj5BDb+BqfNUFqOZOvonHt17z1BzKjSjvNjLSwuLa+sltbK6xubW9v2zm5TRYnEpIEjFsl2gBRhVJCGppqRdiwJ4gEjrWB4lfutByIVjcSdHsXE56gvaEgx0kbq2gceR3oQhOljdp96saScTP9Z1644VWcMOE/cglRAgXrX/vZ6EU44ERozpFTHdWLtp0hqihnJyl6iSIzwEPVJx1CBOFF+Oj4kg0dG6cEwkuYJDcfqdEeKuFIjHpjKfG016+Xif14n0eGln1IRJ5oIPBkUJgzqCOapwB6VBGs2MgRhSc2uEA+QRFib7MomBHf25HnSPKm659XT27NK7aaIowT2wSE4Bi64ADVwDeqgATB4Ai/gDbxbz9ar9WF9TkoXrKJnD/yB9fULetia7w==</latexit>

x000

<latexit sha1_base64="3ucZFceX34pbY0xf3enayRf0UVc=">AAACDnicbVC7TsMwFHXKq5RXgJHFoqrEVCWAgLESC2xFog+pCZXjOq1V24lsB1FF+QIWfoWFAYRYmdn4G5w2A7QcydbROffq3nuCmFGlHefbKi0tr6yuldcrG5tb2zv27l5bRYnEpIUjFslugBRhVJCWppqRbiwJ4gEjnWB8mfudeyIVjcStnsTE52goaEgx0kbq2zWPIz0KwvQhu0u9WFJOFv+sb1edujMFXCRuQaqgQLNvf3mDCCecCI0ZUqrnOrH2UyQ1xYxkFS9RJEZ4jIakZ6hAnCg/nZ6TwZpRBjCMpHlCw6n6uyNFXKkJD0xlvrya93LxP6+X6PDCT6mIE00Eng0KEwZ1BPNs4IBKgjWbGIKwpGZXiEdIIqxNghUTgjt/8iJpH9fds/rJzWm1cV3EUQYH4BAcARecgwa4Ak3QAhg8gmfwCt6sJ+vFerc+ZqUlq+jZB39gff4AbcWdpA==</latexit>

x0000

<latexit sha1_base64="KkyT1DMjIA/1kXOCJxrxq5tskN0=">AAACCXicbZDLSsNAFIZP6q3WW9Slm8EiVJSSSFE3hYIb3VWwF2hDmUwn7dDJhZmJWEK3bnwVNy4UcesbuPNtnLQRtPrDwMd/zmHO+d2IM6ks69PILSwuLa/kVwtr6xubW+b2TlOGsSC0QUIeiraLJeUsoA3FFKftSFDsu5y23NFFWm/dUiFZGNyocUQdHw8C5jGClbZ6JhKlro/V0PWSu8kx+uZ4UrUPURUd2T2zaJWtqdBfsDMoQqZ6z/zo9kMS+zRQhGMpO7YVKSfBQjHC6aTQjSWNMBnhAe1oDLBPpZNML5mgA+30kRcK/QKFpu7PiQT7Uo59V3emm8r5Wmr+V+vEyjt3EhZEsaIBmX3kxRypEKWxoD4TlCg+1oCJYHpXRIZYYKJ0eAUdgj1/8l9onpTt03LlulKsXWVx5GEP9qEENpxBDS6hDg0gcA+P8AwvxoPxZLwab7PWnJHN7MIvGe9fRb+Yyg==</latexit>

r(x,u = 1) = +1

<latexit sha1_base64="yoKuYHESGrhWd6As/mU8DcCsKwM=">AAACEHicbVDLSsNAFJ3UV62vqEs3g0WsKCWRom4KBTe6q2Af0MQymU7q0MkkzEzEEvIJbvwVNy4UcevSnX/jtI2grQcuHM65l3vv8SJGpbKsLyM3N7+wuJRfLqysrq1vmJtbTRnGApMGDlko2h6ShFFOGooqRtqRICjwGGl5g/OR37ojQtKQX6thRNwA9Tn1KUZKS11zX5ScAKlbz0/u0xsnEjQgR/BHitOqfQCr8NDumkWrbI0BZ4mdkSLIUO+an04vxHFAuMIMSdmxrUi5CRKKYkbSghNLEiE8QH3S0ZSjgEg3GT+Uwj2t9KAfCl1cwbH6eyJBgZTDwNOdo0vltDcS//M6sfLP3ITyKFaE48kiP2ZQhXCUDuxRQbBiQ00QFlTfCvEtEggrnWFBh2BPvzxLmsdl+6RcuaoUa5dZHHmwA3ZBCdjgFNTABaiDBsDgATyBF/BqPBrPxpvxPmnNGdnMNvgD4+Mb++Cb5w==</latexit>

r(x0,u = 1) = +1

<latexit sha1_base64="L8gwcdgOh81zDLxBikgo01HAUgE=">AAACEHicbVDLSsNAFJ3UV62vqEs3g0WsoCUpRd0UCm50V8E+oIllMp20QycPZiZiCfkEN/6KGxeKuHXpzr9x0kbQ1gMXDufcy733OCGjQhrGl5ZbWFxaXsmvFtbWNza39O2dlggijkkTByzgHQcJwqhPmpJKRjohJ8hzGGk7o4vUb98RLmjg38hxSGwPDXzqUoykknr6IS9ZHpJDx43vk1sr5NQjx/BHipJa5QjW4InZ04tG2ZgAzhMzI0WQodHTP61+gCOP+BIzJETXNEJpx4hLihlJClYkSIjwCA1IV1EfeUTY8eShBB4opQ/dgKvyJZyovydi5Akx9hzVmV4qZr1U/M/rRtI9t2Pqh5EkPp4uciMGZQDTdGCfcoIlGyuCMKfqVoiHiCMsVYYFFYI5+/I8aVXK5mm5el0t1q+yOPJgD+yDEjDBGaiDS9AATYDBA3gCL+BVe9SetTftfdqa07KZXfAH2sc3AIOb6g==</latexit>

r(x 0,u = 2) = �1

<latexit sha1_base64="RVpeRyEoRXskBVuRXslHWbNnj8Y=">AAACCXicbZDLSsNAFIYn9VbrLerSzWARKmhJSlE3hYIb3VWwF2hDmUwn7dDJJMxMxBKydeOruHGhiFvfwJ1v46SNoK0/DHz85xzmnN8NGZXKsr6M3NLyyupafr2wsbm1vWPu7rVkEAlMmjhggei4SBJGOWkqqhjphIIg32Wk7Y4v03r7jghJA36rJiFxfDTk1KMYKW31TShKPR+pkevF98kJ/OEoqVWOYQ2e2n2zaJWtqeAi2BkUQaZG3/zsDQIc+YQrzJCUXdsKlRMjoShmJCn0IklChMdoSLoaOfKJdOLpJQk80s4AeoHQjys4dX9PxMiXcuK7ujPdVM7XUvO/WjdS3oUTUx5GinA8+8iLGFQBTGOBAyoIVmyiAWFB9a4Qj5BAWOnwCjoEe/7kRWhVyvZZuXpTLdavszjy4AAcghKwwTmogyvQAE2AwQN4Ai/g1Xg0no03433WmjOymX3wR8bHN0pTmM0=</latexit>

r(x,u = 2) = �1

<latexit sha1_base64="kRSwqVa9bepAqRuS8vP7AvO//MM=">AAACDXicbVDLSsNAFJ3UV62vqEs3g1Wom5BI0W4KBTe6q2Af0IQymU7aoZMHMxOxxPyAG3/FjQtF3Lp35984aSNo64GBM+fcy733uBGjQprml1ZYWl5ZXSuulzY2t7Z39N29tghjjkkLhyzkXRcJwmhAWpJKRroRJ8h3Gem444vM79wSLmgY3MhJRBwfDQPqUYykkvr6kR3Riu0jOXK9JE7rFryHP9+79ATWoWnU+nrZNMwp4CKxclIGOZp9/dMehDj2SSAxQ0L0LDOSToK4pJiRtGTHgkQIj9GQ9BQNkE+Ek0yvSeGxUgbQC7l6gYRT9XdHgnwhJr6rKrNFxbyXif95vVh6NSehQRRLEuDZIC9mUIYwiwYOKCdYsokiCHOqdoV4hDjCUgVYUiFY8ycvkvapYZ0Z1etquXGVx1EEB+AQVIAFzkEDXIImaAEMHsATeAGv2qP2rL1p77PSgpb37IM/0D6+ATKEml8=</latexit>

⇡(u = 1|x) = 0.8

<latexit sha1_base64="iiTWTXRtvWpeWC1KHji5uOI1dPk=">AAACDXicbVDLSsNAFJ3UV62vqEs3g1Wom5CUom4KBTe6q2Af0IQymU7aoZMHMxOxxPyAG3/FjQtF3Lp35984aSNo64GBM+fcy733uBGjQprml1ZYWl5ZXSuulzY2t7Z39N29tghjjkkLhyzkXRcJwmhAWpJKRroRJ8h3Gem444vM79wSLmgY3MhJRBwfDQPqUYykkvr6kR3Riu0jOXK9JE7rVXgPf7536QmsQ9Oo9vWyaZhTwEVi5aQMcjT7+qc9CHHsk0BihoToWWYknQRxSTEjacmOBYkQHqMh6SkaIJ8IJ5lek8JjpQygF3L1Agmn6u+OBPlCTHxXVWaLinkvE//zerH0zp2EBlEsSYBng7yYQRnCLBo4oJxgySaKIMyp2hXiEeIISxVgSYVgzZ+8SNpVwzo1ate1cuMqj6MIDsAhqAALnIEGuARN0AIYPIAn8AJetUftWXvT3melBS3v2Qd/oH18AysEmlo=</latexit>

⇡(u = 2|x) = 0.2

<latexit sha1_base64="l12QY9GVfneHK1mCNtS64hU5EGs=">AAACFHicbVDLSsNAFJ34rPUVdelmsAgVISRSfCwKBTe6q2Af0MQymU7aoZMHMxOxxHyEG3/FjQtF3Lpw5984aSNo64GBM+fcy733uBGjQprmlzY3v7C4tFxYKa6urW9s6lvbTRHGHJMGDlnI2y4ShNGANCSVjLQjTpDvMtJyh+eZ37olXNAwuJajiDg+6gfUoxhJJXX1QzuiZdtHcuB6SZxWLXgPf7536Y0dceqTA1iFpnHW1UumYY4BZ4mVkxLIUe/qn3YvxLFPAokZEqJjmZF0EsQlxYykRTsWJEJ4iPqko2iAfCKcZHxUCveV0oNeyNULJByrvzsS5Asx8l1Vme0rpr1M/M/rxNI7dRIaRLEkAZ4M8mIGZQizhGCPcoIlGymCMKdqV4gHiCMsVY5FFYI1ffIsaR4Z1rFRuaqUapd5HAWwC/ZAGVjgBNTABaiDBsDgATyBF/CqPWrP2pv2Pimd0/KeHfAH2sc38I6dfQ==</latexit>

⇡(u = 1|x0) = 0.9

<latexit sha1_base64="C4vuNO6sPzkPrqqaSgkEkK9MTbU=">AAACFHicbVDLSsNAFJ34rPUVdelmsAgVISSlqJtCwY3uKtgHNLFMppN26OTBzEQsMR/hxl9x40IRty7c+TdO2gjaemDgzDn3cu89bsSokKb5pS0sLi2vrBbWiusbm1vb+s5uS4Qxx6SJQxbyjosEYTQgTUklI52IE+S7jLTd0Xnmt28JFzQMruU4Io6PBgH1KEZSST392I5o2faRHLpeEqe1CryHP9+79MaOOPXJEaxB07B6esk0zAngPLFyUgI5Gj390+6HOPZJIDFDQnQtM5JOgrikmJG0aMeCRAiP0IB0FQ2QT4STTI5K4aFS+tALuXqBhBP1d0eCfCHGvqsqs33FrJeJ/3ndWHpnTkKDKJYkwNNBXsygDGGWEOxTTrBkY0UQ5lTtCvEQcYSlyrGoQrBmT54nrYphnRjVq2qpfpnHUQD74ACUgQVOQR1cgAZoAgwewBN4Aa/ao/asvWnv09IFLe/ZA3+gfXwD5g2ddg==</latexit>

⇡(u = 2|x 0) = 0.1



⌧1 :
<latexit sha1_base64="Lo2WXNiCVzkwdmfFXsRmTi7MsBg="></latexit><latexit sha1_base64="Lo2WXNiCVzkwdmfFXsRmTi7MsBg="></latexit><latexit sha1_base64="Lo2WXNiCVzkwdmfFXsRmTi7MsBg="></latexit><latexit sha1_base64="Lo2WXNiCVzkwdmfFXsRmTi7MsBg="></latexit>

state action reward next state

<latexit sha1_base64="fp76jwpp2+OXAY99DyZQ1C3XlUQ="></latexit>

x0 = x,u0 = 1, r1 = +1,x1 = x0,u1 = 1, r2 = +1,x2 = x00,

Q u=1 u=2

x 1.9 0

x’ 1 0

x’’ 0 0

x’’’ 0 0

x’’’’ 0 0

<latexit sha1_base64="Q47WMAV2UKqsU47/cFSNKjMSAtM=">AAADRXicdVJNb9NAEF2br2K+UjhyWRFFStU08hbUVlSRKnGBW1ORtlIcrPV6na7qta3dNUpk+c9x4c6Nf8CFAwhxhXFsEZqmsxpp9s2bebOjDbJYaOO6Xy371u07d+9t3HcePHz0+Elr8+mpTnPF+IilcarOA6p5LBI+MsLE/DxTnMog5mfB5Zsqf/aRKy3S5L2ZZ3wi6TQRkWDUAORvWuPOsEt7J1t4gA+cYdczfGYWbQvFw7 LwJDUXQVTMSt8FyvJa9m6i5kAdkLLquErZJiXext6USkmBPvOXNXiNdnWvtclgqfzBy5SQHAb4V7zldDxDc584HXgMPunVykoWOzBIzzvE3WA9zK7AxIWxO95hfbDp1l2rp+yQRmP3NWQoeAAegnOMb6jwW2237y4MXw9IE7RRY8d+64sXpiyXPDEsplqPiZuZSUGVESzmpePlmmeUXdIpH0OYUMn1pFisrMQdQEIcpQo8MXiB/l9RUKn1XAbArBanV3MVuC43zk10MClEkuWGJ6wWivIYmxRXXwqHQnFm4jkElCkBs2J2QRVlBj6eA0sgq0++Hpzu9sle/+XwVfvoXbOODfQcvUBdRNA+OkJv0TEaIWZ9sr5ZP6yf9mf7u/3L/l1TbaupeYaumP3nL4t8BbQ=</latexit>

Q(x0 = x,u0 = 1) = +1 + �max
u

Q(x1 = x0,u)
<latexit sha1_base64="fAX/eCyRKiorF7JgvLBJXGiUe8o=">AAADVHicdVJRa9swEJbtde28rUu3x72IBYNL02ClYystgcJetremLG0hzowsy6lWyzaSXBKMf+T2MNgv2cseJsdmbdP0xMHpu+9O3x0K84RJ5Xm/DdN6svF0c+uZ/fzFy+1XnZ3X5zIrBKFjkiWZuAyxpAlL6VgxldDLXFDMw4RehNef6vzFDRWSZelXtcjplONZymJGsNJQsGN8d0Yu7p3twiE8tEeur+hcLduWgkZV6XOsrs K4nFcB0pTb6zc/F4zTqvdYRVEF3hBVdeNVyh6q4B70Z5hzrOnz4LYGrpFQ3xsJg+EdAWWjoNWhhfxvsms7vsJFgGxHzwbPeo0Cwct9LajnH0M3XA+TezDytHzHP24OVG7TtR5pH7VvDI50BmsPtUfaKYSPVASdrtf3lgYfBqgNuqC106Dz048yUnCaKpJgKSfIy9W0xEIxktDK9gtJc0yu8YxOdJhiTuW0XK6ugo5GIhhnQnuq4BK9W1FiLuWCh5pZL06u5mpwXW5SqPhwWrI0LxRNSfNQXCRQZbD+YTBighKVLHSAiWBaKyRXWGCi9D+09RLQ6sgPg/NBH33oH4zed0++tOvYAm/BO+ACBD6CE/AZnIIxIMYP448JTMP8Zf61LGujoZpGW/MG3DNr+x8TpAeZ</latexit>

Q(x1 = x0,u0 = 1) = +1 + �max
u

Q(x2 = x00,u)

=+1.9
=+1

If Q is table, the mapping is contraction and iterations  
always converge to a fixed point of Bellman operator.

x

x0

x00

<latexit sha1_base64="hXz2Vk3q41iY0JfLt39EvAdHpDg=">AAACCHicbVC7TsMwFHV4lvIKMDJgUSExVQkgYKzEAluR6ENqQuW4TmvVdiLbQVRRRhZ+hYUBhFj5BDb+BqfNUFqOZOvonHt17z1BzKjSjvNjLSwuLa+sltbK6xubW9v2zm5TRYnEpIEjFsl2gBRhVJCGppqRdiwJ4gEjrWB4lfutByIVjcSdHsXE56gvaEgx0kbq2gceR3oQhOljdp96saScTP9Z1644VWcMOE/cglRAgXrX/vZ6EU44ERozpFTHdWLtp0hqihnJyl6iSIzwEPVJx1CBOFF+Oj4kg0dG6cEwkuYJDcfqdEeKuFIjHpjKfG016+Xif14n0eGln1IRJ5oIPBkUJgzqCOapwB6VBGs2MgRhSc2uEA+QRFib7MomBHf25HnSPKm659XT27NK7aaIowT2wSE4Bi64ADVwDeqgATB4Ai/gDbxbz9ar9WF9TkoXrKJnD/yB9fULetia7w==</latexit>

x000

<latexit sha1_base64="3ucZFceX34pbY0xf3enayRf0UVc=">AAACDnicbVC7TsMwFHXKq5RXgJHFoqrEVCWAgLESC2xFog+pCZXjOq1V24lsB1FF+QIWfoWFAYRYmdn4G5w2A7QcydbROffq3nuCmFGlHefbKi0tr6yuldcrG5tb2zv27l5bRYnEpIUjFslugBRhVJCWppqRbiwJ4gEjnWB8mfudeyIVjcStnsTE52goaEgx0kbq2zWPIz0KwvQhu0u9WFJOFv+sb1edujMFXCRuQaqgQLNvf3mDCCecCI0ZUqrnOrH2UyQ1xYxkFS9RJEZ4jIakZ6hAnCg/nZ6TwZpRBjCMpHlCw6n6uyNFXKkJD0xlvrya93LxP6+X6PDCT6mIE00Eng0KEwZ1BPNs4IBKgjWbGIKwpGZXiEdIIqxNghUTgjt/8iJpH9fds/rJzWm1cV3EUQYH4BAcARecgwa4Ak3QAhg8gmfwCt6sJ+vFerc+ZqUlq+jZB39gff4AbcWdpA==</latexit>

x0000

<latexit sha1_base64="KkyT1DMjIA/1kXOCJxrxq5tskN0=">AAACCXicbZDLSsNAFIZP6q3WW9Slm8EiVJSSSFE3hYIb3VWwF2hDmUwn7dDJhZmJWEK3bnwVNy4UcesbuPNtnLQRtPrDwMd/zmHO+d2IM6ks69PILSwuLa/kVwtr6xubW+b2TlOGsSC0QUIeiraLJeUsoA3FFKftSFDsu5y23NFFWm/dUiFZGNyocUQdHw8C5jGClbZ6JhKlro/V0PWSu8kx+uZ4UrUPURUd2T2zaJWtqdBfsDMoQqZ6z/zo9kMS+zRQhGMpO7YVKSfBQjHC6aTQjSWNMBnhAe1oDLBPpZNML5mgA+30kRcK/QKFpu7PiQT7Uo59V3emm8r5Wmr+V+vEyjt3EhZEsaIBmX3kxRypEKWxoD4TlCg+1oCJYHpXRIZYYKJ0eAUdgj1/8l9onpTt03LlulKsXWVx5GEP9qEENpxBDS6hDg0gcA+P8AwvxoPxZLwab7PWnJHN7MIvGe9fRb+Yyg==</latexit>

r(x,u = 1) = +1

<latexit sha1_base64="yoKuYHESGrhWd6As/mU8DcCsKwM=">AAACEHicbVDLSsNAFJ3UV62vqEs3g0WsKCWRom4KBTe6q2Af0MQymU7q0MkkzEzEEvIJbvwVNy4UcevSnX/jtI2grQcuHM65l3vv8SJGpbKsLyM3N7+wuJRfLqysrq1vmJtbTRnGApMGDlko2h6ShFFOGooqRtqRICjwGGl5g/OR37ojQtKQX6thRNwA9Tn1KUZKS11zX5ScAKlbz0/u0xsnEjQgR/BHitOqfQCr8NDumkWrbI0BZ4mdkSLIUO+an04vxHFAuMIMSdmxrUi5CRKKYkbSghNLEiE8QH3S0ZSjgEg3GT+Uwj2t9KAfCl1cwbH6eyJBgZTDwNOdo0vltDcS//M6sfLP3ITyKFaE48kiP2ZQhXCUDuxRQbBiQ00QFlTfCvEtEggrnWFBh2BPvzxLmsdl+6RcuaoUa5dZHHmwA3ZBCdjgFNTABaiDBsDgATyBF/BqPBrPxpvxPmnNGdnMNvgD4+Mb++Cb5w==</latexit>

r(x0,u = 1) = +1

<latexit sha1_base64="L8gwcdgOh81zDLxBikgo01HAUgE=">AAACEHicbVDLSsNAFJ3UV62vqEs3g0WsoCUpRd0UCm50V8E+oIllMp20QycPZiZiCfkEN/6KGxeKuHXpzr9x0kbQ1gMXDufcy733OCGjQhrGl5ZbWFxaXsmvFtbWNza39O2dlggijkkTByzgHQcJwqhPmpJKRjohJ8hzGGk7o4vUb98RLmjg38hxSGwPDXzqUoykknr6IS9ZHpJDx43vk1sr5NQjx/BHipJa5QjW4InZ04tG2ZgAzhMzI0WQodHTP61+gCOP+BIzJETXNEJpx4hLihlJClYkSIjwCA1IV1EfeUTY8eShBB4opQ/dgKvyJZyovydi5Akx9hzVmV4qZr1U/M/rRtI9t2Pqh5EkPp4uciMGZQDTdGCfcoIlGyuCMKfqVoiHiCMsVYYFFYI5+/I8aVXK5mm5el0t1q+yOPJgD+yDEjDBGaiDS9AATYDBA3gCL+BVe9SetTftfdqa07KZXfAH2sc3AIOb6g==</latexit>

r(x 0,u = 2) = �1

<latexit sha1_base64="RVpeRyEoRXskBVuRXslHWbNnj8Y=">AAACCXicbZDLSsNAFIYn9VbrLerSzWARKmhJSlE3hYIb3VWwF2hDmUwn7dDJJMxMxBKydeOruHGhiFvfwJ1v46SNoK0/DHz85xzmnN8NGZXKsr6M3NLyyupafr2wsbm1vWPu7rVkEAlMmjhggei4SBJGOWkqqhjphIIg32Wk7Y4v03r7jghJA36rJiFxfDTk1KMYKW31TShKPR+pkevF98kJ/OEoqVWOYQ2e2n2zaJWtqeAi2BkUQaZG3/zsDQIc+YQrzJCUXdsKlRMjoShmJCn0IklChMdoSLoaOfKJdOLpJQk80s4AeoHQjys4dX9PxMiXcuK7ujPdVM7XUvO/WjdS3oUTUx5GinA8+8iLGFQBTGOBAyoIVmyiAWFB9a4Qj5BAWOnwCjoEe/7kRWhVyvZZuXpTLdavszjy4AAcghKwwTmogyvQAE2AwQN4Ai/g1Xg0no03433WmjOymX3wR8bHN0pTmM0=</latexit>

r(x,u = 2) = �1

<latexit sha1_base64="kRSwqVa9bepAqRuS8vP7AvO//MM=">AAACDXicbVDLSsNAFJ3UV62vqEs3g1Wom5BI0W4KBTe6q2Af0IQymU7aoZMHMxOxxPyAG3/FjQtF3Lp35984aSNo64GBM+fcy733uBGjQprml1ZYWl5ZXSuulzY2t7Z39N29tghjjkkLhyzkXRcJwmhAWpJKRroRJ8h3Gem444vM79wSLmgY3MhJRBwfDQPqUYykkvr6kR3Riu0jOXK9JE7rFryHP9+79ATWoWnU+nrZNMwp4CKxclIGOZp9/dMehDj2SSAxQ0L0LDOSToK4pJiRtGTHgkQIj9GQ9BQNkE+Ek0yvSeGxUgbQC7l6gYRT9XdHgnwhJr6rKrNFxbyXif95vVh6NSehQRRLEuDZIC9mUIYwiwYOKCdYsokiCHOqdoV4hDjCUgVYUiFY8ycvkvapYZ0Z1etquXGVx1EEB+AQVIAFzkEDXIImaAEMHsATeAGv2qP2rL1p77PSgpb37IM/0D6+ATKEml8=</latexit>

⇡(u = 1|x) = 0.8

<latexit sha1_base64="iiTWTXRtvWpeWC1KHji5uOI1dPk=">AAACDXicbVDLSsNAFJ3UV62vqEs3g1Wom5CUom4KBTe6q2Af0IQymU7aoZMHMxOxxPyAG3/FjQtF3Lp35984aSNo64GBM+fcy733uBGjQprml1ZYWl5ZXSuulzY2t7Z39N29tghjjkkLhyzkXRcJwmhAWpJKRroRJ8h3Gem444vM79wSLmgY3MhJRBwfDQPqUYykkvr6kR3Riu0jOXK9JE7rVXgPf7536QmsQ9Oo9vWyaZhTwEVi5aQMcjT7+qc9CHHsk0BihoToWWYknQRxSTEjacmOBYkQHqMh6SkaIJ8IJ5lek8JjpQygF3L1Agmn6u+OBPlCTHxXVWaLinkvE//zerH0zp2EBlEsSYBng7yYQRnCLBo4oJxgySaKIMyp2hXiEeIISxVgSYVgzZ+8SNpVwzo1ate1cuMqj6MIDsAhqAALnIEGuARN0AIYPIAn8AJetUftWXvT3melBS3v2Qd/oH18AysEmlo=</latexit>

⇡(u = 2|x) = 0.2

<latexit sha1_base64="l12QY9GVfneHK1mCNtS64hU5EGs=">AAACFHicbVDLSsNAFJ34rPUVdelmsAgVISRSfCwKBTe6q2Af0MQymU7aoZMHMxOxxHyEG3/FjQtF3Lpw5984aSNo64GBM+fcy733uBGjQprmlzY3v7C4tFxYKa6urW9s6lvbTRHGHJMGDlnI2y4ShNGANCSVjLQjTpDvMtJyh+eZ37olXNAwuJajiDg+6gfUoxhJJXX1QzuiZdtHcuB6SZxWLXgPf7536Y0dceqTA1iFpnHW1UumYY4BZ4mVkxLIUe/qn3YvxLFPAokZEqJjmZF0EsQlxYykRTsWJEJ4iPqko2iAfCKcZHxUCveV0oNeyNULJByrvzsS5Asx8l1Vme0rpr1M/M/rxNI7dRIaRLEkAZ4M8mIGZQizhGCPcoIlGymCMKdqV4gHiCMsVY5FFYI1ffIsaR4Z1rFRuaqUapd5HAWwC/ZAGVjgBNTABaiDBsDgATyBF/CqPWrP2pv2Pimd0/KeHfAH2sc38I6dfQ==</latexit>

⇡(u = 1|x0) = 0.9

<latexit sha1_base64="C4vuNO6sPzkPrqqaSgkEkK9MTbU=">AAACFHicbVDLSsNAFJ34rPUVdelmsAgVISSlqJtCwY3uKtgHNLFMppN26OTBzEQsMR/hxl9x40IRty7c+TdO2gjaemDgzDn3cu89bsSokKb5pS0sLi2vrBbWiusbm1vb+s5uS4Qxx6SJQxbyjosEYTQgTUklI52IE+S7jLTd0Xnmt28JFzQMruU4Io6PBgH1KEZSST392I5o2faRHLpeEqe1CryHP9+79MaOOPXJEaxB07B6esk0zAngPLFyUgI5Gj390+6HOPZJIDFDQnQtM5JOgrikmJG0aMeCRAiP0IB0FQ2QT4STTI5K4aFS+tALuXqBhBP1d0eCfCHGvqsqs33FrJeJ/3ndWHpnTkKDKJYkwNNBXsygDGGWEOxTTrBkY0UQ5lTtCvEQcYSlyrGoQrBmT54nrYphnRjVq2qpfpnHUQD74ACUgQVOQR1cgAZoAgwewBN4Aa/ao/asvWnv09IFLe/ZA3+gfXwD5g2ddg==</latexit>

⇡(u = 2|x 0) = 0.1



Q-learning
1. Collect transition 
2. Solve 
3. Repeat from 1

Q(x,u) = r + γmax
u′

Q(x′,u′)
[x,u, r,x′]
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Q-learning
1. Collect transition 
2. Solve 
3. Repeat from 1
• Curse of dimensionality

Q✓(x,u)
<latexit sha1_base64="TM1uKbX/JUpduIq7KZns2DpEWSI="></latexit><latexit sha1_base64="TM1uKbX/JUpduIq7KZns2DpEWSI="></latexit><latexit sha1_base64="TM1uKbX/JUpduIq7KZns2DpEWSI="></latexit><latexit sha1_base64="TM1uKbX/JUpduIq7KZns2DpEWSI="></latexit>

• Replace table              by functionQ(x,u)
<latexit sha1_base64="JkC7QOSGzUIwfdycPP4yh0t3oOU="></latexit><latexit sha1_base64="JkC7QOSGzUIwfdycPP4yh0t3oOU="></latexit><latexit sha1_base64="JkC7QOSGzUIwfdycPP4yh0t3oOU="></latexit><latexit sha1_base64="JkC7QOSGzUIwfdycPP4yh0t3oOU="></latexit>

Q(x,u) = r + γmax
u′

Q(x′,u′)
[x,u, r,x′]



Q-learning

1. Collect transition 
2. Estimate 
3. Update parameters by learning 

 

4. Repeat from 1

1. Collect transition 
2. Solve 
3. Repeat from 1
• Curse of dimensionality

Q✓(x,u)
<latexit sha1_base64="TM1uKbX/JUpduIq7KZns2DpEWSI="></latexit><latexit sha1_base64="TM1uKbX/JUpduIq7KZns2DpEWSI="></latexit><latexit sha1_base64="TM1uKbX/JUpduIq7KZns2DpEWSI="></latexit><latexit sha1_base64="TM1uKbX/JUpduIq7KZns2DpEWSI="></latexit>

• Replace table              by functionQ(x,u)
<latexit sha1_base64="JkC7QOSGzUIwfdycPP4yh0t3oOU="></latexit><latexit sha1_base64="JkC7QOSGzUIwfdycPP4yh0t3oOU="></latexit><latexit sha1_base64="JkC7QOSGzUIwfdycPP4yh0t3oOU="></latexit><latexit sha1_base64="JkC7QOSGzUIwfdycPP4yh0t3oOU="></latexit>

argmin
✓

X

x,u,y

kQ✓(x,u)� yk
<latexit sha1_base64="HmgcMsPZdWJl1SJ8ZHpMublf4g0="></latexit><latexit sha1_base64="HmgcMsPZdWJl1SJ8ZHpMublf4g0="></latexit><latexit sha1_base64="HmgcMsPZdWJl1SJ8ZHpMublf4g0="></latexit><latexit sha1_base64="HmgcMsPZdWJl1SJ8ZHpMublf4g0="></latexit>

Q(x,u) = r + γmax
u′

Q(x′,u′)

y = r + γmax
u′

Qθ(x
′,u′)

[x,u, r,x′]

[x,u, r,x′]

Approximate Q-learning (DQN)



Mnih et al. Nature 2015

difficult and engaging for human players. We used the same network
architecture, hyperparameter values (see Extended Data Table 1) and
learning procedure throughout—taking high-dimensional data (210|160
colour video at 60 Hz) as input—to demonstrate that our approach
robustly learns successful policies over a variety of games based solely
on sensory inputs with only very minimal prior knowledge (that is, merely
the input data were visual images, and the number of actions available
in each game, but not their correspondences; see Methods). Notably,
our method was able to train large neural networks using a reinforce-
ment learning signal and stochastic gradient descent in a stable manner—
illustrated by the temporal evolution of two indices of learning (the
agent’s average score-per-episode and average predicted Q-values; see
Fig. 2 and Supplementary Discussion for details).

We compared DQN with the best performing methods from the
reinforcement learning literature on the 49 games where results were
available12,15. In addition to the learned agents, we also report scores for
a professional human games tester playing under controlled conditions
and a policy that selects actions uniformly at random (Extended Data
Table 2 and Fig. 3, denoted by 100% (human) and 0% (random) on y
axis; see Methods). Our DQN method outperforms the best existing
reinforcement learning methods on 43 of the games without incorpo-
rating any of the additional prior knowledge about Atari 2600 games
used by other approaches (for example, refs 12, 15). Furthermore, our
DQN agent performed at a level that was comparable to that of a pro-
fessional human games tester across the set of 49 games, achieving more
than 75% of the human score on more than half of the games (29 games;

Convolution Convolution Fully connected Fully connected

No input

Figure 1 | Schematic illustration of the convolutional neural network. The
details of the architecture are explained in the Methods. The input to the neural
network consists of an 84 3 84 3 4 image produced by the preprocessing
map w, followed by three convolutional layers (note: snaking blue line

symbolizes sliding of each filter across input image) and two fully connected
layers with a single output for each valid action. Each hidden layer is followed
by a rectifier nonlinearity (that is, max 0,xð Þ).
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Figure 2 | Training curves tracking the agent’s average score and average
predicted action-value. a, Each point is the average score achieved per episode
after the agent is run with e-greedy policy (e 5 0.05) for 520 k frames on Space
Invaders. b, Average score achieved per episode for Seaquest. c, Average
predicted action-value on a held-out set of states on Space Invaders. Each point

on the curve is the average of the action-value Q computed over the held-out
set of states. Note that Q-values are scaled due to clipping of rewards (see
Methods). d, Average predicted action-value on Seaquest. See Supplementary
Discussion for details.
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Solution: ReplayMemory => minibatch sampled at random 
  (decorrelates samples to be “more i.i.d”)

https://pytorch.org/tutorials/intermediate/reinforcement_q_learning.html

Transition = namedtuple( 'Transition',  
                                         ('state', 'action', 'next_state', 'reward'))

class ReplayMemory(object):
    def push(self, *args):
       if len(self.memory) < self.capacity:
            self.memory.append(None)
        self.memory[self.position] = Transition(*args)
        self.position = (self.position + 1) % self.capacity

    def sample(self, batch_size):
        return random.sample(self.memory, batch_size)

★ Transitions are strongly correlated !

https://pytorch.org/tutorials/intermediate/reinforcement_q_learning.html
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difficult and engaging for human players. We used the same network
architecture, hyperparameter values (see Extended Data Table 1) and
learning procedure throughout—taking high-dimensional data (210|160
colour video at 60 Hz) as input—to demonstrate that our approach
robustly learns successful policies over a variety of games based solely
on sensory inputs with only very minimal prior knowledge (that is, merely
the input data were visual images, and the number of actions available
in each game, but not their correspondences; see Methods). Notably,
our method was able to train large neural networks using a reinforce-
ment learning signal and stochastic gradient descent in a stable manner—
illustrated by the temporal evolution of two indices of learning (the
agent’s average score-per-episode and average predicted Q-values; see
Fig. 2 and Supplementary Discussion for details).

We compared DQN with the best performing methods from the
reinforcement learning literature on the 49 games where results were
available12,15. In addition to the learned agents, we also report scores for
a professional human games tester playing under controlled conditions
and a policy that selects actions uniformly at random (Extended Data
Table 2 and Fig. 3, denoted by 100% (human) and 0% (random) on y
axis; see Methods). Our DQN method outperforms the best existing
reinforcement learning methods on 43 of the games without incorpo-
rating any of the additional prior knowledge about Atari 2600 games
used by other approaches (for example, refs 12, 15). Furthermore, our
DQN agent performed at a level that was comparable to that of a pro-
fessional human games tester across the set of 49 games, achieving more
than 75% of the human score on more than half of the games (29 games;

Convolution Convolution Fully connected Fully connected

No input

Figure 1 | Schematic illustration of the convolutional neural network. The
details of the architecture are explained in the Methods. The input to the neural
network consists of an 84 3 84 3 4 image produced by the preprocessing
map w, followed by three convolutional layers (note: snaking blue line

symbolizes sliding of each filter across input image) and two fully connected
layers with a single output for each valid action. Each hidden layer is followed
by a rectifier nonlinearity (that is, max 0,xð Þ).
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Figure 2 | Training curves tracking the agent’s average score and average
predicted action-value. a, Each point is the average score achieved per episode
after the agent is run with e-greedy policy (e 5 0.05) for 520 k frames on Space
Invaders. b, Average score achieved per episode for Seaquest. c, Average
predicted action-value on a held-out set of states on Space Invaders. Each point

on the curve is the average of the action-value Q computed over the held-out
set of states. Note that Q-values are scaled due to clipping of rewards (see
Methods). d, Average predicted action-value on Seaquest. See Supplementary
Discussion for details.
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• replay buffer: decorrelates samples to be “more i.i.d” through  
• two Q-networks: suppress trn/tst mismatch (oscilations)

Mnih et al. Nature 2015

• collection of control tasks: https://gym.openai.com

https://gym.openai.com
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see Fig. 3, Supplementary Discussion and Extended Data Table 2). In
additional simulations (see Supplementary Discussion and Extended
Data Tables 3 and 4), we demonstrate the importance of the individual
core components of the DQN agent—the replay memory, separate target
Q-network and deep convolutional network architecture—by disabling
them and demonstrating the detrimental effects on performance.

We next examined the representations learned by DQN that under-
pinned the successful performance of the agent in the context of the game
Space Invaders (see Supplementary Video 1 for a demonstration of the
performance of DQN), by using a technique developed for the visual-
ization of high-dimensional data called ‘t-SNE’25 (Fig. 4). As expected,
the t-SNE algorithm tends to map the DQN representation of percep-
tually similar states to nearby points. Interestingly, we also found instances
in which the t-SNE algorithm generated similar embeddings for DQN
representations of states that are close in terms of expected reward but

perceptually dissimilar (Fig. 4, bottom right, top left and middle), con-
sistent with the notion that the network is able to learn representations
that support adaptive behaviour from high-dimensional sensory inputs.
Furthermore, we also show that the representations learned by DQN
are able to generalize to data generated from policies other than its
own—in simulations where we presented as input to the network game
states experienced during human and agent play, recorded the repre-
sentations of the last hidden layer, and visualized the embeddings gen-
erated by the t-SNE algorithm (Extended Data Fig. 1 and Supplementary
Discussion). Extended Data Fig. 2 provides an additional illustration of
how the representations learned by DQN allow it to accurately predict
state and action values.

It is worth noting that the games in which DQN excels are extremely
varied in their nature, from side-scrolling shooters (River Raid) to box-
ing games (Boxing) and three-dimensional car-racing games (Enduro).
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Figure 3 | Comparison of the DQN agent with the best reinforcement
learning methods15 in the literature. The performance of DQN is normalized
with respect to a professional human games tester (that is, 100% level) and
random play (that is, 0% level). Note that the normalized performance of DQN,
expressed as a percentage, is calculated as: 100 3 (DQN score 2 random play
score)/(human score 2 random play score). It can be seen that DQN

outperforms competing methods (also see Extended Data Table 2) in almost all
the games, and performs at a level that is broadly comparable with or superior
to a professional human games tester (that is, operationalized as a level of
75% or above) in the majority of games. Audio output was disabled for both
human players and agents. Error bars indicate s.d. across the 30 evaluation
episodes, starting with different initial conditions.
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own—in simulations where we presented as input to the network game
states experienced during human and agent play, recorded the repre-
sentations of the last hidden layer, and visualized the embeddings gen-
erated by the t-SNE algorithm (Extended Data Fig. 1 and Supplementary
Discussion). Extended Data Fig. 2 provides an additional illustration of
how the representations learned by DQN allow it to accurately predict
state and action values.

It is worth noting that the games in which DQN excels are extremely
varied in their nature, from side-scrolling shooters (River Raid) to box-
ing games (Boxing) and three-dimensional car-racing games (Enduro).

Montezuma's Revenge
Private Eye

Gravitar
Frostbite
Asteroids

Ms. Pac-Man
Bowling

Double Dunk
Seaquest

Venture
Alien

Amidar

River Raid
Bank Heist

Zaxxon

Centipede
Chopper Command

Wizard of Wor
Battle Zone

Asterix
H.E.R.O.

Q*bert
Ice Hockey

Up and Down
Fishing Derby

Enduro
Time Pilot

Freeway
Kung-Fu Master

Tutankham
Beam Rider

Space Invaders
Pong

James Bond
Tennis

Kangaroo
Road Runner

Assault
Krull

Name This Game
Demon Attack

Gopher
Crazy Climber

Atlantis
Robotank

Star Gunner
Breakout

Boxing
Video Pinball

At human-level or above

Below human-level

0 100 200 300 400 4,500%500 1,000600

Best linear learner

DQN

Figure 3 | Comparison of the DQN agent with the best reinforcement
learning methods15 in the literature. The performance of DQN is normalized
with respect to a professional human games tester (that is, 100% level) and
random play (that is, 0% level). Note that the normalized performance of DQN,
expressed as a percentage, is calculated as: 100 3 (DQN score 2 random play
score)/(human score 2 random play score). It can be seen that DQN

outperforms competing methods (also see Extended Data Table 2) in almost all
the games, and performs at a level that is broadly comparable with or superior
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Hessel et. al Rainbow DQN, 2017
Ensemble of different RL methods
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<latexit sha1_base64="LUJBpTBOGqGoTxgE1kAJiSFbp/A=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIosuiG5cV7APbUjLpnTY0kxmSjFiG/oUbF4q49W/c+Tdm2llo64HA4Zx7ybnHjwXXxnW/ncLK6tr6RnGztLW9s7tX3j9o6ihRDBssEpFq+1Sj4BIbhhuB7VghDX2BLX98k/mtR1SaR/LeTGLshXQoecAZNVZ66IbUjPwgfZr2yxW36s5AlomXkwrkqPfLX91BxJIQpWGCat3x3Nj0UqoMZwKnpW6iMaZsTIfYsVTSEHUvnSWekhOrDEgQKfukITP190ZKQ60noW8ns4R60cvE/7xOYoKrXsplnBiUbP5RkAhiIpKdTwZcITNiYgllitushI2ooszYkkq2BG/x5GXSPKt6F1X37rxSu87rKMIRHMMpeHAJNbiFOjSAgYRneIU3RzsvzrvzMR8tOPnOIfyB8/kD/ouRIA==</latexit>xcontinuous  
high-dimensional 

1. Collect transition                 => ReplayMemory 
2. Sample transition(s) at random from ReplayMemory 
3. Estimate target(s) 
4. Update critic 

 

5. Update target network 
6. Repeat from 1

[x,u, r,x′]

<latexit sha1_base64="QGFdpKKvB+9jefWVbeoqOENIeVE="></latexit>u

<latexit sha1_base64="EQRscFJibJ0Elxx0GDZlc8Xx0Vk="></latexit>

Q …..…. critic (Q-value net)

<latexit sha1_base64="LUJBpTBOGqGoTxgE1kAJiSFbp/A=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIosuiG5cV7APbUjLpnTY0kxmSjFiG/oUbF4q49W/c+Tdm2llo64HA4Zx7ybnHjwXXxnW/ncLK6tr6RnGztLW9s7tX3j9o6ihRDBssEpFq+1Sj4BIbhhuB7VghDX2BLX98k/mtR1SaR/LeTGLshXQoecAZNVZ66IbUjPwgfZr2yxW36s5AlomXkwrkqPfLX91BxJIQpWGCat3x3Nj0UqoMZwKnpW6iMaZsTIfYsVTSEHUvnSWekhOrDEgQKfukITP190ZKQ60noW8ns4R60cvE/7xOYoKrXsplnBiUbP5RkAhiIpKdTwZcITNiYgllitushI2ooszYkkq2BG/x5GXSPKt6F1X37rxSu87rKMIRHMMpeHAJNbiFOjSAgYRneIU3RzsvzrvzMR8tOPnOIfyB8/kD/ouRIA==</latexit>xcontinuous  
high-dimensional 

…..…. actor (policy net)<latexit sha1_base64="QGFdpKKvB+9jefWVbeoqOENIeVE="></latexit>u
<latexit sha1_base64="AgiDVGTjM5S+X1N/Hhab+3MExIw="></latexit>

⇡✓⇡ (x)

<latexit sha1_base64="3acR724exX0X1sn6+C4BHAUfuh4="></latexit>

Q✓Q(x,u)

<latexit sha1_base64="zeKlqqc4pha2hTtVUGowz4NvB8g="></latexit>

y = r + �max
u0

Q✓Q(x
0,u0)

<latexit sha1_base64="fAGa9qFG5sZWJGr8cqPkpF45ZjE="></latexit>

✓Q := ↵✓Q + (1� ↵)✓Q

Deep Deterministic Policy Gradient (DDPG)

<latexit sha1_base64="RhfNQSsJ8tNF39X0KAaTtlwoSNA="></latexit>

argmin
✓Q

X

x,u,y

kQ✓Q(x,u)� yk



<latexit sha1_base64="LUJBpTBOGqGoTxgE1kAJiSFbp/A=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIosuiG5cV7APbUjLpnTY0kxmSjFiG/oUbF4q49W/c+Tdm2llo64HA4Zx7ybnHjwXXxnW/ncLK6tr6RnGztLW9s7tX3j9o6ihRDBssEpFq+1Sj4BIbhhuB7VghDX2BLX98k/mtR1SaR/LeTGLshXQoecAZNVZ66IbUjPwgfZr2yxW36s5AlomXkwrkqPfLX91BxJIQpWGCat3x3Nj0UqoMZwKnpW6iMaZsTIfYsVTSEHUvnSWekhOrDEgQKfukITP190ZKQ60noW8ns4R60cvE/7xOYoKrXsplnBiUbP5RkAhiIpKdTwZcITNiYgllitushI2ooszYkkq2BG/x5GXSPKt6F1X37rxSu87rKMIRHMMpeHAJNbiFOjSAgYRneIU3RzsvzrvzMR8tOPnOIfyB8/kD/ouRIA==</latexit>xcontinuous  
high-dimensional 

1. Collect transition                 => ReplayMemory 
2. Sample transition(s) at random from ReplayMemory 
3. Estimate target(s) 
4. Update critic 

5. Update target network 
6. Repeat from 1

[x,u, r,x′]

<latexit sha1_base64="QGFdpKKvB+9jefWVbeoqOENIeVE="></latexit>u

<latexit sha1_base64="EQRscFJibJ0Elxx0GDZlc8Xx0Vk="></latexit>

Q …..…. critic (Q-value net)

<latexit sha1_base64="LUJBpTBOGqGoTxgE1kAJiSFbp/A=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIosuiG5cV7APbUjLpnTY0kxmSjFiG/oUbF4q49W/c+Tdm2llo64HA4Zx7ybnHjwXXxnW/ncLK6tr6RnGztLW9s7tX3j9o6ihRDBssEpFq+1Sj4BIbhhuB7VghDX2BLX98k/mtR1SaR/LeTGLshXQoecAZNVZ66IbUjPwgfZr2yxW36s5AlomXkwrkqPfLX91BxJIQpWGCat3x3Nj0UqoMZwKnpW6iMaZsTIfYsVTSEHUvnSWekhOrDEgQKfukITP190ZKQ60noW8ns4R60cvE/7xOYoKrXsplnBiUbP5RkAhiIpKdTwZcITNiYgllitushI2ooszYkkq2BG/x5GXSPKt6F1X37rxSu87rKMIRHMMpeHAJNbiFOjSAgYRneIU3RzsvzrvzMR8tOPnOIfyB8/kD/ouRIA==</latexit>xcontinuous  
high-dimensional 

…..…. actor (policy net)<latexit sha1_base64="QGFdpKKvB+9jefWVbeoqOENIeVE="></latexit>u
<latexit sha1_base64="AgiDVGTjM5S+X1N/Hhab+3MExIw="></latexit>

⇡✓⇡ (x)

<latexit sha1_base64="3acR724exX0X1sn6+C4BHAUfuh4="></latexit>

Q✓Q(x,u)

<latexit sha1_base64="zeKlqqc4pha2hTtVUGowz4NvB8g="></latexit>

y = r + �max
u0

Q✓Q(x
0,u0)

<latexit sha1_base64="fAGa9qFG5sZWJGr8cqPkpF45ZjE="></latexit>

✓Q := ↵✓Q + (1� ↵)✓Q

Deep Deterministic Policy Gradient (DDPG)

<latexit sha1_base64="RhfNQSsJ8tNF39X0KAaTtlwoSNA="></latexit>

argmin
✓Q

X

x,u,y

kQ✓Q(x,u)� yk



<latexit sha1_base64="LUJBpTBOGqGoTxgE1kAJiSFbp/A=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIosuiG5cV7APbUjLpnTY0kxmSjFiG/oUbF4q49W/c+Tdm2llo64HA4Zx7ybnHjwXXxnW/ncLK6tr6RnGztLW9s7tX3j9o6ihRDBssEpFq+1Sj4BIbhhuB7VghDX2BLX98k/mtR1SaR/LeTGLshXQoecAZNVZ66IbUjPwgfZr2yxW36s5AlomXkwrkqPfLX91BxJIQpWGCat3x3Nj0UqoMZwKnpW6iMaZsTIfYsVTSEHUvnSWekhOrDEgQKfukITP190ZKQ60noW8ns4R60cvE/7xOYoKrXsplnBiUbP5RkAhiIpKdTwZcITNiYgllitushI2ooszYkkq2BG/x5GXSPKt6F1X37rxSu87rKMIRHMMpeHAJNbiFOjSAgYRneIU3RzsvzrvzMR8tOPnOIfyB8/kD/ouRIA==</latexit>xcontinuous  
high-dimensional 

1. Collect transition                 => ReplayMemory 
2. Sample transition(s) at random from ReplayMemory 
3. Estimate target(s) 
4. Update critic 

5. Update target network 
6. Repeat from 1

[x,u, r,x′]

<latexit sha1_base64="QGFdpKKvB+9jefWVbeoqOENIeVE="></latexit>u

<latexit sha1_base64="EQRscFJibJ0Elxx0GDZlc8Xx0Vk="></latexit>

Q …..…. critic (Q-value net)

<latexit sha1_base64="LUJBpTBOGqGoTxgE1kAJiSFbp/A=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIosuiG5cV7APbUjLpnTY0kxmSjFiG/oUbF4q49W/c+Tdm2llo64HA4Zx7ybnHjwXXxnW/ncLK6tr6RnGztLW9s7tX3j9o6ihRDBssEpFq+1Sj4BIbhhuB7VghDX2BLX98k/mtR1SaR/LeTGLshXQoecAZNVZ66IbUjPwgfZr2yxW36s5AlomXkwrkqPfLX91BxJIQpWGCat3x3Nj0UqoMZwKnpW6iMaZsTIfYsVTSEHUvnSWekhOrDEgQKfukITP190ZKQ60noW8ns4R60cvE/7xOYoKrXsplnBiUbP5RkAhiIpKdTwZcITNiYgllitushI2ooszYkkq2BG/x5GXSPKt6F1X37rxSu87rKMIRHMMpeHAJNbiFOjSAgYRneIU3RzsvzrvzMR8tOPnOIfyB8/kD/ouRIA==</latexit>xcontinuous  
high-dimensional 

…..…. actor (policy net)<latexit sha1_base64="QGFdpKKvB+9jefWVbeoqOENIeVE="></latexit>u
<latexit sha1_base64="AgiDVGTjM5S+X1N/Hhab+3MExIw="></latexit>

⇡✓⇡ (x)

<latexit sha1_base64="3acR724exX0X1sn6+C4BHAUfuh4="></latexit>

Q✓Q(x,u)

<latexit sha1_base64="fAGa9qFG5sZWJGr8cqPkpF45ZjE="></latexit>

✓Q := ↵✓Q + (1� ↵)✓Q

<latexit sha1_base64="YOLkDDQwq5UMLVRiU4uuFLd3CHo="></latexit>

y = r + �Q✓Q(x
0,⇡✓⇡ (x0))

Deep Deterministic Policy Gradient (DDPG)

<latexit sha1_base64="RhfNQSsJ8tNF39X0KAaTtlwoSNA="></latexit>

argmin
✓Q

X

x,u,y

kQ✓Q(x,u)� yk



Deep Deterministic Policy Gradient (DDPG)
continuous  

high-dimensional 

1. Collect transition                 => ReplayMemory 
2. Sample transition(s) at random from ReplayMemory 
3. Estimate target(s) 
4. Update critic 

5. Update actor 

6. Update target network 

7. Repeat from 1

[x,u, r,x′]

…..…. critic (Q-value net)

<latexit sha1_base64="LUJBpTBOGqGoTxgE1kAJiSFbp/A=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIosuiG5cV7APbUjLpnTY0kxmSjFiG/oUbF4q49W/c+Tdm2llo64HA4Zx7ybnHjwXXxnW/ncLK6tr6RnGztLW9s7tX3j9o6ihRDBssEpFq+1Sj4BIbhhuB7VghDX2BLX98k/mtR1SaR/LeTGLshXQoecAZNVZ66IbUjPwgfZr2yxW36s5AlomXkwrkqPfLX91BxJIQpWGCat3x3Nj0UqoMZwKnpW6iMaZsTIfYsVTSEHUvnSWekhOrDEgQKfukITP190ZKQ60noW8ns4R60cvE/7xOYoKrXsplnBiUbP5RkAhiIpKdTwZcITNiYgllitushI2ooszYkkq2BG/x5GXSPKt6F1X37rxSu87rKMIRHMMpeHAJNbiFOjSAgYRneIU3RzsvzrvzMR8tOPnOIfyB8/kD/ouRIA==</latexit>xcontinuous  
high-dimensional 

…..…. actor (policy net)<latexit sha1_base64="QGFdpKKvB+9jefWVbeoqOENIeVE="></latexit>u
<latexit sha1_base64="AgiDVGTjM5S+X1N/Hhab+3MExIw="></latexit>

⇡✓⇡ (x)

<latexit sha1_base64="LUJBpTBOGqGoTxgE1kAJiSFbp/A=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIosuiG5cV7APbUjLpnTY0kxmSjFiG/oUbF4q49W/c+Tdm2llo64HA4Zx7ybnHjwXXxnW/ncLK6tr6RnGztLW9s7tX3j9o6ihRDBssEpFq+1Sj4BIbhhuB7VghDX2BLX98k/mtR1SaR/LeTGLshXQoecAZNVZ66IbUjPwgfZr2yxW36s5AlomXkwrkqPfLX91BxJIQpWGCat3x3Nj0UqoMZwKnpW6iMaZsTIfYsVTSEHUvnSWekhOrDEgQKfukITP190ZKQ60noW8ns4R60cvE/7xOYoKrXsplnBiUbP5RkAhiIpKdTwZcITNiYgllitushI2ooszYkkq2BG/x5GXSPKt6F1X37rxSu87rKMIRHMMpeHAJNbiFOjSAgYRneIU3RzsvzrvzMR8tOPnOIfyB8/kD/ouRIA==</latexit>x

<latexit sha1_base64="QGFdpKKvB+9jefWVbeoqOENIeVE="></latexit>u

<latexit sha1_base64="EQRscFJibJ0Elxx0GDZlc8Xx0Vk="></latexit>

Q
<latexit sha1_base64="3acR724exX0X1sn6+C4BHAUfuh4="></latexit>

Q✓Q(x,u)

<latexit sha1_base64="fAGa9qFG5sZWJGr8cqPkpF45ZjE="></latexit>

✓Q := ↵✓Q + (1� ↵)✓Q
<latexit sha1_base64="autMDaSx6aU4iR87bW6GVaGsjXY="></latexit>

✓⇡ := ↵✓⇡ + (1� ↵)✓⇡

<latexit sha1_base64="RhfNQSsJ8tNF39X0KAaTtlwoSNA="></latexit>

argmin
✓Q

X

x,u,y

kQ✓Q(x,u)� yk

<latexit sha1_base64="YOLkDDQwq5UMLVRiU4uuFLd3CHo="></latexit>

y = r + �Q✓Q(x
0,⇡✓⇡ (x0))

<latexit sha1_base64="jUO7DQa/dkfH0dJtCeXpOisQEek="></latexit>

argmax
✓⇡

X

x

Q✓Q(x,⇡✓⇡ (x))



Deep Deterministic Policy Gradient (DDPG)

<latexit sha1_base64="LUJBpTBOGqGoTxgE1kAJiSFbp/A=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIosuiG5cV7APbUjLpnTY0kxmSjFiG/oUbF4q49W/c+Tdm2llo64HA4Zx7ybnHjwXXxnW/ncLK6tr6RnGztLW9s7tX3j9o6ihRDBssEpFq+1Sj4BIbhhuB7VghDX2BLX98k/mtR1SaR/LeTGLshXQoecAZNVZ66IbUjPwgfZr2yxW36s5AlomXkwrkqPfLX91BxJIQpWGCat3x3Nj0UqoMZwKnpW6iMaZsTIfYsVTSEHUvnSWekhOrDEgQKfukITP190ZKQ60noW8ns4R60cvE/7xOYoKrXsplnBiUbP5RkAhiIpKdTwZcITNiYgllitushI2ooszYkkq2BG/x5GXSPKt6F1X37rxSu87rKMIRHMMpeHAJNbiFOjSAgYRneIU3RzsvzrvzMR8tOPnOIfyB8/kD/ouRIA==</latexit>x
<latexit sha1_base64="AgiDVGTjM5S+X1N/Hhab+3MExIw="></latexit>

⇡✓⇡ (x)

1. Collect transition                 => ReplayMemory 
2. Sample transition(s) at random from ReplayMemory 
3. Estimate target(s) 
4. Update critic 

5. Update actor 

6. Update target network 

7. Repeat from 1

[x,u, r,x′]

<latexit sha1_base64="fAGa9qFG5sZWJGr8cqPkpF45ZjE="></latexit>

✓Q := ↵✓Q + (1� ↵)✓Q
<latexit sha1_base64="autMDaSx6aU4iR87bW6GVaGsjXY="></latexit>

✓⇡ := ↵✓⇡ + (1� ↵)✓⇡

<latexit sha1_base64="RhfNQSsJ8tNF39X0KAaTtlwoSNA="></latexit>

argmin
✓Q

X

x,u,y

kQ✓Q(x,u)� yk

<latexit sha1_base64="YOLkDDQwq5UMLVRiU4uuFLd3CHo="></latexit>

y = r + �Q✓Q(x
0,⇡✓⇡ (x0))

<latexit sha1_base64="jUO7DQa/dkfH0dJtCeXpOisQEek="></latexit>

argmax
✓⇡

X

x

Q✓Q(x,⇡✓⇡ (x))

<latexit sha1_base64="LUJBpTBOGqGoTxgE1kAJiSFbp/A=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIosuiG5cV7APbUjLpnTY0kxmSjFiG/oUbF4q49W/c+Tdm2llo64HA4Zx7ybnHjwXXxnW/ncLK6tr6RnGztLW9s7tX3j9o6ihRDBssEpFq+1Sj4BIbhhuB7VghDX2BLX98k/mtR1SaR/LeTGLshXQoecAZNVZ66IbUjPwgfZr2yxW36s5AlomXkwrkqPfLX91BxJIQpWGCat3x3Nj0UqoMZwKnpW6iMaZsTIfYsVTSEHUvnSWekhOrDEgQKfukITP190ZKQ60noW8ns4R60cvE/7xOYoKrXsplnBiUbP5RkAhiIpKdTwZcITNiYgllitushI2ooszYkkq2BG/x5GXSPKt6F1X37rxSu87rKMIRHMMpeHAJNbiFOjSAgYRneIU3RzsvzrvzMR8tOPnOIfyB8/kD/ouRIA==</latexit>x

<latexit sha1_base64="QGFdpKKvB+9jefWVbeoqOENIeVE="></latexit>u<latexit sha1_base64="QGFdpKKvB+9jefWVbeoqOENIeVE="></latexit>u

<latexit sha1_base64="EQRscFJibJ0Elxx0GDZlc8Xx0Vk="></latexit>

Q
<latexit sha1_base64="3acR724exX0X1sn6+C4BHAUfuh4="></latexit>

Q✓Q(x,u)

Update critic



Deep Deterministic Policy Gradient (DDPG)

<latexit sha1_base64="LUJBpTBOGqGoTxgE1kAJiSFbp/A=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIosuiG5cV7APbUjLpnTY0kxmSjFiG/oUbF4q49W/c+Tdm2llo64HA4Zx7ybnHjwXXxnW/ncLK6tr6RnGztLW9s7tX3j9o6ihRDBssEpFq+1Sj4BIbhhuB7VghDX2BLX98k/mtR1SaR/LeTGLshXQoecAZNVZ66IbUjPwgfZr2yxW36s5AlomXkwrkqPfLX91BxJIQpWGCat3x3Nj0UqoMZwKnpW6iMaZsTIfYsVTSEHUvnSWekhOrDEgQKfukITP190ZKQ60noW8ns4R60cvE/7xOYoKrXsplnBiUbP5RkAhiIpKdTwZcITNiYgllitushI2ooszYkkq2BG/x5GXSPKt6F1X37rxSu87rKMIRHMMpeHAJNbiFOjSAgYRneIU3RzsvzrvzMR8tOPnOIfyB8/kD/ouRIA==</latexit>x

<latexit sha1_base64="QGFdpKKvB+9jefWVbeoqOENIeVE="></latexit>u

<latexit sha1_base64="EQRscFJibJ0Elxx0GDZlc8Xx0Vk="></latexit>

Q
<latexit sha1_base64="LUJBpTBOGqGoTxgE1kAJiSFbp/A=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIosuiG5cV7APbUjLpnTY0kxmSjFiG/oUbF4q49W/c+Tdm2llo64HA4Zx7ybnHjwXXxnW/ncLK6tr6RnGztLW9s7tX3j9o6ihRDBssEpFq+1Sj4BIbhhuB7VghDX2BLX98k/mtR1SaR/LeTGLshXQoecAZNVZ66IbUjPwgfZr2yxW36s5AlomXkwrkqPfLX91BxJIQpWGCat3x3Nj0UqoMZwKnpW6iMaZsTIfYsVTSEHUvnSWekhOrDEgQKfukITP190ZKQ60noW8ns4R60cvE/7xOYoKrXsplnBiUbP5RkAhiIpKdTwZcITNiYgllitushI2ooszYkkq2BG/x5GXSPKt6F1X37rxSu87rKMIRHMMpeHAJNbiFOjSAgYRneIU3RzsvzrvzMR8tOPnOIfyB8/kD/ouRIA==</latexit>x <latexit sha1_base64="QGFdpKKvB+9jefWVbeoqOENIeVE="></latexit>u

<latexit sha1_base64="3acR724exX0X1sn6+C4BHAUfuh4="></latexit>

Q✓Q(x,u)

1. Collect transition                 => ReplayMemory 
2. Sample transition(s) at random from ReplayMemory 
3. Estimate target(s) 
4. Update critic 

5. Update actor 

6. Update target network 

7. Repeat from 1

[x,u, r,x′]

<latexit sha1_base64="fAGa9qFG5sZWJGr8cqPkpF45ZjE="></latexit>

✓Q := ↵✓Q + (1� ↵)✓Q
<latexit sha1_base64="autMDaSx6aU4iR87bW6GVaGsjXY="></latexit>

✓⇡ := ↵✓⇡ + (1� ↵)✓⇡

<latexit sha1_base64="RhfNQSsJ8tNF39X0KAaTtlwoSNA="></latexit>

argmin
✓Q

X

x,u,y

kQ✓Q(x,u)� yk

<latexit sha1_base64="YOLkDDQwq5UMLVRiU4uuFLd3CHo="></latexit>

y = r + �Q✓Q(x
0,⇡✓⇡ (x0))

<latexit sha1_base64="jUO7DQa/dkfH0dJtCeXpOisQEek="></latexit>

argmax
✓⇡

X

x

Q✓Q(x,⇡✓⇡ (x))

<latexit sha1_base64="AgiDVGTjM5S+X1N/Hhab+3MExIw="></latexit>

⇡✓⇡ (x)

Update actor



Summary

Q✓(x,u)
<latexit sha1_base64="TM1uKbX/JUpduIq7KZns2DpEWSI="></latexit><latexit sha1_base64="TM1uKbX/JUpduIq7KZns2DpEWSI="></latexit><latexit sha1_base64="TM1uKbX/JUpduIq7KZns2DpEWSI="></latexit><latexit sha1_base64="TM1uKbX/JUpduIq7KZns2DpEWSI="></latexit>

<latexit sha1_base64="LUJBpTBOGqGoTxgE1kAJiSFbp/A=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIosuiG5cV7APbUjLpnTY0kxmSjFiG/oUbF4q49W/c+Tdm2llo64HA4Zx7ybnHjwXXxnW/ncLK6tr6RnGztLW9s7tX3j9o6ihRDBssEpFq+1Sj4BIbhhuB7VghDX2BLX98k/mtR1SaR/LeTGLshXQoecAZNVZ66IbUjPwgfZr2yxW36s5AlomXkwrkqPfLX91BxJIQpWGCat3x3Nj0UqoMZwKnpW6iMaZsTIfYsVTSEHUvnSWekhOrDEgQKfukITP190ZKQ60noW8ns4R60cvE/7xOYoKrXsplnBiUbP5RkAhiIpKdTwZcITNiYgllitushI2ooszYkkq2BG/x5GXSPKt6F1X37rxSu87rKMIRHMMpeHAJNbiFOjSAgYRneIU3RzsvzrvzMR8tOPnOIfyB8/kD/ouRIA==</latexit>xcontinuous  
high-dimensional 

<latexit sha1_base64="TiInzhv2DGCGAtrX7MovL1LsMyc="></latexit>

Q✓(x,u1)
<latexit sha1_base64="inEpQV8VlmbNMTURlMTJdEwf564="></latexit>

Q✓(x,u2)

<latexit sha1_base64="rh2eHH8ziEx2TE6ER23jNX6GVVc="></latexit>

Q✓(x,uK)

…
…

set of discrete  
actions

DQN:

<latexit sha1_base64="LUJBpTBOGqGoTxgE1kAJiSFbp/A=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIosuiG5cV7APbUjLpnTY0kxmSjFiG/oUbF4q49W/c+Tdm2llo64HA4Zx7ybnHjwXXxnW/ncLK6tr6RnGztLW9s7tX3j9o6ihRDBssEpFq+1Sj4BIbhhuB7VghDX2BLX98k/mtR1SaR/LeTGLshXQoecAZNVZ66IbUjPwgfZr2yxW36s5AlomXkwrkqPfLX91BxJIQpWGCat3x3Nj0UqoMZwKnpW6iMaZsTIfYsVTSEHUvnSWekhOrDEgQKfukITP190ZKQ60noW8ns4R60cvE/7xOYoKrXsplnBiUbP5RkAhiIpKdTwZcITNiYgllitushI2ooszYkkq2BG/x5GXSPKt6F1X37rxSu87rKMIRHMMpeHAJNbiFOjSAgYRneIU3RzsvzrvzMR8tOPnOIfyB8/kD/ouRIA==</latexit>x

<latexit sha1_base64="QGFdpKKvB+9jefWVbeoqOENIeVE="></latexit>u

<latexit sha1_base64="EQRscFJibJ0Elxx0GDZlc8Xx0Vk="></latexit>

Q
<latexit sha1_base64="LUJBpTBOGqGoTxgE1kAJiSFbp/A=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIosuiG5cV7APbUjLpnTY0kxmSjFiG/oUbF4q49W/c+Tdm2llo64HA4Zx7ybnHjwXXxnW/ncLK6tr6RnGztLW9s7tX3j9o6ihRDBssEpFq+1Sj4BIbhhuB7VghDX2BLX98k/mtR1SaR/LeTGLshXQoecAZNVZ66IbUjPwgfZr2yxW36s5AlomXkwrkqPfLX91BxJIQpWGCat3x3Nj0UqoMZwKnpW6iMaZsTIfYsVTSEHUvnSWekhOrDEgQKfukITP190ZKQ60noW8ns4R60cvE/7xOYoKrXsplnBiUbP5RkAhiIpKdTwZcITNiYgllitushI2ooszYkkq2BG/x5GXSPKt6F1X37rxSu87rKMIRHMMpeHAJNbiFOjSAgYRneIU3RzsvzrvzMR8tOPnOIfyB8/kD/ouRIA==</latexit>x <latexit sha1_base64="QGFdpKKvB+9jefWVbeoqOENIeVE="></latexit>u

<latexit sha1_base64="AgiDVGTjM5S+X1N/Hhab+3MExIw="></latexit>

⇡✓⇡ (x)

<latexit sha1_base64="3acR724exX0X1sn6+C4BHAUfuh4="></latexit>

Q✓Q(x,u)
DDPG:

continuous  
high-dimensional 

continuous  
high-dimensional 

scalar

• DQN and DDPG are off-policy algorithms  
(can learn from transitions collected by a different policy)



Summary

• DQN and DDPG are off-policy algorithms 

• Replay memory helps to decorrelate samples. 
• Slowly updated network suppresses trn/tst distribution mismatch  

(and conesequent learning oscillations). 
• Ensemble of different algorithms helps a lot.

• => Can use ReplayMemory (which includes outdated transitions) 
• => Can learn deterministic policy (while using synth.noise for exploration)

• Next: On-policy methods with stochastic gradient

• off-policy algorithms can learn from transitions collected by a different policy
• on-policy algorithms can learn only from transitions collected by the current policy



What is the gradient???3. Optimize criterion: <latexit sha1_base64="lD1U+oozeI3aIZM/OtgX1HxjujQ=">AAACAnicbZDLSgNBEEV74ivG16grcdMYBEEIMyIqghBwo7sI5gGZEGo6naRJz4PuGiEMwY2/4saFIm79Cnf+jZ1kFpp4oeFwq4rqun4shUbH+bZyC4tLyyv51cLa+sbmlr29U9NRohivskhGquGD5lKEvIoCJW/EikPgS173B9fjev2BKy2i8B6HMW8F0AtFVzBAY7XtPQ/7HIFeXtGMjqkHMu5D2y46JWciOg9uBkWSqdK2v7xOxJKAh8gkaN10nRhbKSgUTPJRwUs0j4ENoMebBkMIuG6lkxNG9NA4HdqNlHkh0on7eyKFQOth4JvOALCvZ2tj879aM8HuRSsVYZwgD9l0UTeRFCM6zoN2hOIM5dAAMCXMXynrgwKGJrWCCcGdPXkeaicl96zk3p0Wy7dZHHmyTw7IEXHJOSmTG1IhVcLII3kmr+TNerJerHfrY9qas7KZXfJH1ucPSK2WGg==</latexit>

✓ := ✓ + ↵ @J(✓)

@✓
=

Z

T
p(⌧ |⇡✓)

@ log p(⌧ |⇡✓)

@✓
r(⌧)d⌧ =

<latexit sha1_base64="O70Lp3jQD7VEDEnoGyiK+uYL9qI="></latexit>

REINFORCE

4. Repeat from 2

⌧
<latexit sha1_base64="WEuQaxy+80wPLN8+yAQ+jjl+yUs="></latexit><latexit sha1_base64="WEuQaxy+80wPLN8+yAQ+jjl+yUs="></latexit><latexit sha1_base64="WEuQaxy+80wPLN8+yAQ+jjl+yUs="></latexit><latexit sha1_base64="WEuQaxy+80wPLN8+yAQ+jjl+yUs="></latexit>

⇡✓
<latexit sha1_base64="sDsHPwYdPNM81X2VGc4nTJ+gQGw="></latexit><latexit sha1_base64="sDsHPwYdPNM81X2VGc4nTJ+gQGw="></latexit><latexit sha1_base64="sDsHPwYdPNM81X2VGc4nTJ+gQGw="></latexit><latexit sha1_base64="sDsHPwYdPNM81X2VGc4nTJ+gQGw="></latexit>

2. Collect trajectories     with policy
1. Initialize policy 

<latexit sha1_base64="0m0H/YvSwCux5kzlVOuX8fQdYGU="></latexit>

⇡✓(u|x) = f(x, ✓)

Stochastic policy 
discrete control:

<latexit sha1_base64="VrcuVDLtRjrHWPbiNp1JFiOBZO0="></latexit>

⇡✓(u|x) ⇠ p(u; p)

x
<latexit sha1_base64="/hJkej/HRouyoVE0EC7jObVO/D4="></latexit>

<latexit sha1_base64="IwxoFuDxROQq/o5X8BA3dxE0AyE="></latexit>

⇡✓(u|x) = f(x, ✓)
<latexit sha1_base64="VrcuVDLtRjrHWPbiNp1JFiOBZO0="></latexit>

⇡✓(u|x) ⇠ p(u; p)

u
<latexit sha1_base64="4d5APMdnY1Eq/s+yFYET2kYm6N0="></latexit>

<latexit sha1_base64="R8S92S84QKnfUNGGh500JG0ijBs=">AAACA3icbVDLSgMxFL1TX7W+Rt3pJliEuikz4msjFNzoroJ9QDuUTJppQzMPkoxYxgE3/oobF4q49Sfc+Tdm2graeiBwcs693HuPG3EmlWV9Gbm5+YXFpfxyYWV1bX3D3NyqyzAWhNZIyEPRdLGknAW0ppjitBkJin2X04Y7uMj8xi0VkoXBjRpG1PFxL2AeI1hpqWPuRKW2j1Xf9ZI4Pbfvfz536UHHLFplawQ0S+wJKcIE1Y752e6GJPZpoAjHUrZsK1JOgoVihNO00I4ljTAZ4B5taRpgn0onGd2Qon2tdJEXCv0ChUbq744E+1IOfVdXZivKaS8T//NasfLOnIQFUaxoQMaDvJgjFaIsENRlghLFh5pgIpjeFZE+FpgoHVtBh2BPnzxL6odl+6R8fH1UrFxN4sjDLuxBCWw4hQpcQhVqQOABnuAFXo1H49l4M97HpTlj0rMNf2B8fAMoWpfk</latexit>

p(u = 1|x)
<latexit sha1_base64="UwZ3UkhoOpNVdJS+DKtTQwvuAg8=">AAACA3icbVDLSgMxFL3js9bXqDvdBItQN2Wm+NoIBTe6q2Af0A4lk2ba0MyDJCOWccCNv+LGhSJu/Ql3/o2ZtoK2HgicnHMv997jRpxJZVlfxtz8wuLScm4lv7q2vrFpbm3XZRgLQmsk5KFoulhSzgJaU0xx2owExb7LacMdXGR+45YKycLgRg0j6vi4FzCPEay01DF3o2Lbx6rvekmcnpfvfz536WHHLFglawQ0S+wJKcAE1Y752e6GJPZpoAjHUrZsK1JOgoVihNM0344ljTAZ4B5taRpgn0onGd2QogOtdJEXCv0ChUbq744E+1IOfVdXZivKaS8T//NasfLOnIQFUaxoQMaDvJgjFaIsENRlghLFh5pgIpjeFZE+FpgoHVteh2BPnzxL6uWSfVI6vj4qVK4mceRgD/ahCDacQgUuoQo1IPAAT/ACr8aj8Wy8Ge/j0jlj0rMDf2B8fAMp6pfl</latexit>

p(u = 2|x)
<latexit sha1_base64="nB3kTc5R2h/2lFukBs9U/RgKnmI=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIr2XBje4q2Ae2pWTSO21oJjMkGaEM/Qs3LhRx69+482/MtLPQ1gOBwzn3knOPHwuujet+O4WV1bX1jeJmaWt7Z3evvH/Q1FGiGDZYJCLV9qlGwSU2DDcC27FCGvoCW/74JvNbT6g0j+SDmcTYC+lQ8oAzaqz02A2pGflBmkz75YpbdWcgy8TLSQVy1Pvlr+4gYkmI0jBBte54bmx6KVWGM4HTUjfRGFM2pkPsWCppiLqXzhJPyYlVBiSIlH3SkJn6eyOlodaT0LeTWUK96GXif14nMcF1L+UyTgxKNv8oSAQxEcnOJwOukBkxsYQyxW1WwkZUUWZsSSVbgrd48jJpnlW9y+rF/XmldpfXUYQjOIZT8OAKanALdWgAAwnP8ApvjnZenHfnYz5acPKdQ/gD5/MH/gWRKg==</latexit>u

You control robot with  and sum of rewards  is high, how to change policy?u = 2 r(τ)

You control robot with  and sum of rewards  is small, how to change policy?u = 1 r(τ)



What is the gradient???

@J(✓)

@✓
=

Z

T
p(⌧ |⇡✓)

@ log p(⌧ |⇡✓)

@✓
r(⌧)d⌧ =

<latexit sha1_base64="O70Lp3jQD7VEDEnoGyiK+uYL9qI="></latexit>

<latexit sha1_base64="+yj/s1tvKyLZkWDOa8XF4EDVY5E="></latexit>

⇡
TX

t=0

@ log(⇡✓(ut|xt))

@✓
· r(⌧)

<latexit sha1_base64="IwxoFuDxROQq/o5X8BA3dxE0AyE="></latexit>

⇡✓(u|x) = f(x, ✓)
<latexit sha1_base64="VrcuVDLtRjrHWPbiNp1JFiOBZO0="></latexit>

⇡✓(u|x) ⇠ p(u; p)

u
<latexit sha1_base64="4d5APMdnY1Eq/s+yFYET2kYm6N0="></latexit>

<latexit sha1_base64="R8S92S84QKnfUNGGh500JG0ijBs=">AAACA3icbVDLSgMxFL1TX7W+Rt3pJliEuikz4msjFNzoroJ9QDuUTJppQzMPkoxYxgE3/oobF4q49Sfc+Tdm2graeiBwcs693HuPG3EmlWV9Gbm5+YXFpfxyYWV1bX3D3NyqyzAWhNZIyEPRdLGknAW0ppjitBkJin2X04Y7uMj8xi0VkoXBjRpG1PFxL2AeI1hpqWPuRKW2j1Xf9ZI4Pbfvfz536UHHLFplawQ0S+wJKcIE1Y752e6GJPZpoAjHUrZsK1JOgoVihNO00I4ljTAZ4B5taRpgn0onGd2Qon2tdJEXCv0ChUbq744E+1IOfVdXZivKaS8T//NasfLOnIQFUaxoQMaDvJgjFaIsENRlghLFh5pgIpjeFZE+FpgoHVtBh2BPnzxL6odl+6R8fH1UrFxN4sjDLuxBCWw4hQpcQhVqQOABnuAFXo1H49l4M97HpTlj0rMNf2B8fAMoWpfk</latexit>

p(u = 1|x)
<latexit sha1_base64="UwZ3UkhoOpNVdJS+DKtTQwvuAg8=">AAACA3icbVDLSgMxFL3js9bXqDvdBItQN2Wm+NoIBTe6q2Af0A4lk2ba0MyDJCOWccCNv+LGhSJu/Ql3/o2ZtoK2HgicnHMv997jRpxJZVlfxtz8wuLScm4lv7q2vrFpbm3XZRgLQmsk5KFoulhSzgJaU0xx2owExb7LacMdXGR+45YKycLgRg0j6vi4FzCPEay01DF3o2Lbx6rvekmcnpfvfz536WHHLFglawQ0S+wJKcAE1Y752e6GJPZpoAjHUrZsK1JOgoVihNM0344ljTAZ4B5taRpgn0onGd2QogOtdJEXCv0ChUbq744E+1IOfVdXZivKaS8T//NasfLOnIQFUaxoQMaDvJgjFaIsENRlghLFh5pgIpjeFZE+FpgoHVteh2BPnzxL6uWSfVI6vj4qVK4mceRgD/ahCDacQgUuoQo1IPAAT/ACr8aj8Wy8Ge/j0jlj0rMDf2B8fAMp6pfl</latexit>

p(u = 2|x)

<latexit sha1_base64="hK5buf3d74hSJ+DE5DyK8RZ72NI=">AAACG3icbVDLSsNAFJ34rPUVdelmsAh1U5LiayMU3Oiugn1AG8JkOmmHTiZhZiItsf/hxl9x40IRV4IL/8ZJG6m2Hhg4c8693HuPFzEqlWV9GQuLS8srq7m1/PrG5ta2ubNbl2EsMKnhkIWi6SFJGOWkpqhipBkJggKPkYbXv0z9xh0Rkob8Vg0j4gSoy6lPMVJacs1yVGwHSPU8P4lHF1Pqqvufz2CqD7R+5JoFq2SNAeeJnZECyFB1zY92J8RxQLjCDEnZsq1IOQkSimJGRvl2LEmEcB91SUtTjgIinWR82wgeaqUD/VDoxxUcq787EhRIOQw8XZkuKWe9VPzPa8XKP3cSyqNYEY4ng/yYQRXCNCjYoYJgxYaaICyo3hXiHhIIKx1nXodgz548T+rlkn1aOrk5LlSuszhyYB8cgCKwwRmogCtQBTWAwQN4Ai/g1Xg0no03431SumBkPXvgD4zPb4MTov8=</latexit>

p(u = ut|x = xt)
<latexit sha1_base64="hK5buf3d74hSJ+DE5DyK8RZ72NI=">AAACG3icbVDLSsNAFJ34rPUVdelmsAh1U5LiayMU3Oiugn1AG8JkOmmHTiZhZiItsf/hxl9x40IRV4IL/8ZJG6m2Hhg4c8693HuPFzEqlWV9GQuLS8srq7m1/PrG5ta2ubNbl2EsMKnhkIWi6SFJGOWkpqhipBkJggKPkYbXv0z9xh0Rkob8Vg0j4gSoy6lPMVJacs1yVGwHSPU8P4lHF1Pqqvufz2CqD7R+5JoFq2SNAeeJnZECyFB1zY92J8RxQLjCDEnZsq1IOQkSimJGRvl2LEmEcB91SUtTjgIinWR82wgeaqUD/VDoxxUcq787EhRIOQw8XZkuKWe9VPzPa8XKP3cSyqNYEY4ng/yYQRXCNCjYoYJgxYaaICyo3hXiHhIIKx1nXodgz548T+rlkn1aOrk5LlSuszhyYB8cgCKwwRmogCtQBTWAwQN4Ai/g1Xg0no03431SumBkPXvgD4zPb4MTov8=</latexit>

p(u = ut|x = xt)

Assume that you performed action      in state <latexit sha1_base64="tV1yqj8ty2nfVwqgNsQdsDfrv20=">AAAB83icbVDLSgMxFM3UR2t9VV2KEiyCqzIj+FgW3KirCvYBnaFk0kwbmskMyR21DP0NNy4UcevPuPMb/AjNtF1o64HA4Zx7uSfHjwXXYNufVm5hcWk5X1gprq6tb2yWtrYbOkoUZXUaiUi1fKKZ4JLVgYNgrVgxEvqCNf3BReY375jSPJK3MIyZF5Ke5AGnBIzkuiGBvh+kD6MOdEplu2KPgeeJMyXl6v73V/76fq/WKX243YgmIZNABdG67dgxeClRwKlgo6KbaBYTOiA91jZUkpBpLx1nHuFDo3RxECnzJOCx+nsjJaHWw9A3k1lGPetl4n9eO4Hg3Eu5jBNgkk4OBYnAEOGsANzlilEQQ0MIVdxkxbRPFKFgaiqaEpzZL8+TxnHFOa2c3Jg2rtAEBbSLDtARctAZqqJLVEN1RFGMHtEzerES68l6td4mozlrurOD/sB6/wHbb5U9</latexit>xt
<latexit sha1_base64="2VW683jUIPWa6oJ56fAGJoXJbGg=">AAAB83icbVDLSgMxFM34aq2vqktRgkVwVWYEH8uCG3VVwT6gU0omzbShmcyQ3Chl6G+4caGIW3/Gnd/gR2im7UJbDwQO59zLPTlBIrgG1/10FhaXlldy+dXC2vrG5lZxe6euY6Moq9FYxKoZEM0El6wGHARrJoqRKBCsEQwuM79xz5TmsbyDYcLaEelJHnJKwEq+HxHoB2FqRh3oFEtu2R0DzxNvSkqVg++v3M3DfrVT/PC7MTURk0AF0brluQm0U6KAU8FGBd9olhA6ID3WslSSiOl2Os48wkdW6eIwVvZJwGP190ZKIq2HUWAns4x61svE/7yWgfCinXKZGGCSTg6FRmCIcVYA7nLFKIihJYQqbrNi2ieKULA1FWwJ3uyX50n9pOydlU9vbRvXaII82kOH6Bh56BxV0BWqohqiKEGP6Bm9OMZ5cl6dt8nogjPd2UV/4Lz/ANbalTo=</latexit>ut

Direction (in   -space) that increases probability of performed action. <latexit sha1_base64="fumyG8WbCQIm97m1rGRV+sj6e68=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV1R9Bj04jGCeUCyhNnJbDJmdmaZ6RVCyD948aCIV//Hm3/jJNmDJhY0FFXddHdFqRQWff/bW1ldW9/YLGwVt3d29/ZLB4cNqzPDeJ1pqU0ropZLoXgdBUreSg2nSSR5MxreTv3mEzdWaPWAo5SHCe0rEQtG0UmNDg440m6p7Ff8GcgyCXJShhy1bumr09MsS7hCJqm17cBPMRxTg4JJPil2MstTyoa0z9uOKppwG45n107IqVN6JNbGlUIyU39PjGli7SiJXGdCcWAXvan4n9fOML4Ox0KlGXLF5oviTBLUZPo66QnDGcqRI5QZ4W4lbEANZegCKroQgsWXl0njvBJcVvz7i3L1Jo+jAMdwAmcQwBVU4Q5qUAcGj/AMr/Dmae/Fe/c+5q0rXj5zBH/gff4ApUmPLA==</latexit>

✓

Sum of rewards along the resulting trajectory.v

<latexit sha1_base64="VHQERuxP/5qdzojHb3O/kS+aqgo="></latexit>

⇡
X

(u,x)2⌧

@ log(⇡✓(u|x))
@✓

· r(⌧) =+100



What is the gradient???

@J(✓)

@✓
=

Z

T
p(⌧ |⇡✓)

@ log p(⌧ |⇡✓)

@✓
r(⌧)d⌧ =

<latexit sha1_base64="O70Lp3jQD7VEDEnoGyiK+uYL9qI="></latexit>

<latexit sha1_base64="+yj/s1tvKyLZkWDOa8XF4EDVY5E="></latexit>

⇡
TX

t=0

@ log(⇡✓(ut|xt))

@✓
· r(⌧)

<latexit sha1_base64="IwxoFuDxROQq/o5X8BA3dxE0AyE="></latexit>

⇡✓(u|x) = f(x, ✓)
<latexit sha1_base64="VrcuVDLtRjrHWPbiNp1JFiOBZO0="></latexit>

⇡✓(u|x) ⇠ p(u; p)

u
<latexit sha1_base64="4d5APMdnY1Eq/s+yFYET2kYm6N0="></latexit>

<latexit sha1_base64="R8S92S84QKnfUNGGh500JG0ijBs=">AAACA3icbVDLSgMxFL1TX7W+Rt3pJliEuikz4msjFNzoroJ9QDuUTJppQzMPkoxYxgE3/oobF4q49Sfc+Tdm2graeiBwcs693HuPG3EmlWV9Gbm5+YXFpfxyYWV1bX3D3NyqyzAWhNZIyEPRdLGknAW0ppjitBkJin2X04Y7uMj8xi0VkoXBjRpG1PFxL2AeI1hpqWPuRKW2j1Xf9ZI4Pbfvfz536UHHLFplawQ0S+wJKcIE1Y752e6GJPZpoAjHUrZsK1JOgoVihNO00I4ljTAZ4B5taRpgn0onGd2Qon2tdJEXCv0ChUbq744E+1IOfVdXZivKaS8T//NasfLOnIQFUaxoQMaDvJgjFaIsENRlghLFh5pgIpjeFZE+FpgoHVtBh2BPnzxL6odl+6R8fH1UrFxN4sjDLuxBCWw4hQpcQhVqQOABnuAFXo1H49l4M97HpTlj0rMNf2B8fAMoWpfk</latexit>

p(u = 1|x)
<latexit sha1_base64="UwZ3UkhoOpNVdJS+DKtTQwvuAg8=">AAACA3icbVDLSgMxFL3js9bXqDvdBItQN2Wm+NoIBTe6q2Af0A4lk2ba0MyDJCOWccCNv+LGhSJu/Ql3/o2ZtoK2HgicnHMv997jRpxJZVlfxtz8wuLScm4lv7q2vrFpbm3XZRgLQmsk5KFoulhSzgJaU0xx2owExb7LacMdXGR+45YKycLgRg0j6vi4FzCPEay01DF3o2Lbx6rvekmcnpfvfz536WHHLFglawQ0S+wJKcAE1Y752e6GJPZpoAjHUrZsK1JOgoVihNM0344ljTAZ4B5taRpgn0onGd2QogOtdJEXCv0ChUbq744E+1IOfVdXZivKaS8T//NasfLOnIQFUaxoQMaDvJgjFaIsENRlghLFh5pgIpjeFZE+FpgoHVteh2BPnzxL6uWSfVI6vj4qVK4mceRgD/ahCDacQgUuoQo1IPAAT/ACr8aj8Wy8Ge/j0jlj0rMDf2B8fAMp6pfl</latexit>

p(u = 2|x)

<latexit sha1_base64="hK5buf3d74hSJ+DE5DyK8RZ72NI=">AAACG3icbVDLSsNAFJ34rPUVdelmsAh1U5LiayMU3Oiugn1AG8JkOmmHTiZhZiItsf/hxl9x40IRV4IL/8ZJG6m2Hhg4c8693HuPFzEqlWV9GQuLS8srq7m1/PrG5ta2ubNbl2EsMKnhkIWi6SFJGOWkpqhipBkJggKPkYbXv0z9xh0Rkob8Vg0j4gSoy6lPMVJacs1yVGwHSPU8P4lHF1Pqqvufz2CqD7R+5JoFq2SNAeeJnZECyFB1zY92J8RxQLjCDEnZsq1IOQkSimJGRvl2LEmEcB91SUtTjgIinWR82wgeaqUD/VDoxxUcq787EhRIOQw8XZkuKWe9VPzPa8XKP3cSyqNYEY4ng/yYQRXCNCjYoYJgxYaaICyo3hXiHhIIKx1nXodgz548T+rlkn1aOrk5LlSuszhyYB8cgCKwwRmogCtQBTWAwQN4Ai/g1Xg0no03431SumBkPXvgD4zPb4MTov8=</latexit>

p(u = ut|x = xt)
<latexit sha1_base64="hK5buf3d74hSJ+DE5DyK8RZ72NI=">AAACG3icbVDLSsNAFJ34rPUVdelmsAh1U5LiayMU3Oiugn1AG8JkOmmHTiZhZiItsf/hxl9x40IRV4IL/8ZJG6m2Hhg4c8693HuPFzEqlWV9GQuLS8srq7m1/PrG5ta2ubNbl2EsMKnhkIWi6SFJGOWkpqhipBkJggKPkYbXv0z9xh0Rkob8Vg0j4gSoy6lPMVJacs1yVGwHSPU8P4lHF1Pqqvufz2CqD7R+5JoFq2SNAeeJnZECyFB1zY92J8RxQLjCDEnZsq1IOQkSimJGRvl2LEmEcB91SUtTjgIinWR82wgeaqUD/VDoxxUcq787EhRIOQw8XZkuKWe9VPzPa8XKP3cSyqNYEY4ng/yYQRXCNCjYoYJgxYaaICyo3hXiHhIIKx1nXodgz548T+rlkn1aOrk5LlSuszhyYB8cgCKwwRmogCtQBTWAwQN4Ai/g1Xg0no03431SumBkPXvgD4zPb4MTov8=</latexit>

p(u = ut|x = xt)

Assume that you performed action      in state <latexit sha1_base64="tV1yqj8ty2nfVwqgNsQdsDfrv20=">AAAB83icbVDLSgMxFM3UR2t9VV2KEiyCqzIj+FgW3KirCvYBnaFk0kwbmskMyR21DP0NNy4UcevPuPMb/AjNtF1o64HA4Zx7uSfHjwXXYNufVm5hcWk5X1gprq6tb2yWtrYbOkoUZXUaiUi1fKKZ4JLVgYNgrVgxEvqCNf3BReY375jSPJK3MIyZF5Ke5AGnBIzkuiGBvh+kD6MOdEplu2KPgeeJMyXl6v73V/76fq/WKX243YgmIZNABdG67dgxeClRwKlgo6KbaBYTOiA91jZUkpBpLx1nHuFDo3RxECnzJOCx+nsjJaHWw9A3k1lGPetl4n9eO4Hg3Eu5jBNgkk4OBYnAEOGsANzlilEQQ0MIVdxkxbRPFKFgaiqaEpzZL8+TxnHFOa2c3Jg2rtAEBbSLDtARctAZqqJLVEN1RFGMHtEzerES68l6td4mozlrurOD/sB6/wHbb5U9</latexit>xt
<latexit sha1_base64="2VW683jUIPWa6oJ56fAGJoXJbGg=">AAAB83icbVDLSgMxFM34aq2vqktRgkVwVWYEH8uCG3VVwT6gU0omzbShmcyQ3Chl6G+4caGIW3/Gnd/gR2im7UJbDwQO59zLPTlBIrgG1/10FhaXlldy+dXC2vrG5lZxe6euY6Moq9FYxKoZEM0El6wGHARrJoqRKBCsEQwuM79xz5TmsbyDYcLaEelJHnJKwEq+HxHoB2FqRh3oFEtu2R0DzxNvSkqVg++v3M3DfrVT/PC7MTURk0AF0brluQm0U6KAU8FGBd9olhA6ID3WslSSiOl2Os48wkdW6eIwVvZJwGP190ZKIq2HUWAns4x61svE/7yWgfCinXKZGGCSTg6FRmCIcVYA7nLFKIihJYQqbrNi2ieKULA1FWwJ3uyX50n9pOydlU9vbRvXaII82kOH6Bh56BxV0BWqohqiKEGP6Bm9OMZ5cl6dt8nogjPd2UV/4Lz/ANbalTo=</latexit>ut

Direction (in   -space) that increases probability of performed action. <latexit sha1_base64="fumyG8WbCQIm97m1rGRV+sj6e68=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV1R9Bj04jGCeUCyhNnJbDJmdmaZ6RVCyD948aCIV//Hm3/jJNmDJhY0FFXddHdFqRQWff/bW1ldW9/YLGwVt3d29/ZLB4cNqzPDeJ1pqU0ropZLoXgdBUreSg2nSSR5MxreTv3mEzdWaPWAo5SHCe0rEQtG0UmNDg440m6p7Ff8GcgyCXJShhy1bumr09MsS7hCJqm17cBPMRxTg4JJPil2MstTyoa0z9uOKppwG45n107IqVN6JNbGlUIyU39PjGli7SiJXGdCcWAXvan4n9fOML4Ox0KlGXLF5oviTBLUZPo66QnDGcqRI5QZ4W4lbEANZegCKroQgsWXl0njvBJcVvz7i3L1Jo+jAMdwAmcQwBVU4Q5qUAcGj/AMr/Dmae/Fe/c+5q0rXj5zBH/gff4ApUmPLA==</latexit>

✓

Sum of rewards along the resulting trajectory.v

<latexit sha1_base64="VHQERuxP/5qdzojHb3O/kS+aqgo="></latexit>

⇡
X

(u,x)2⌧

@ log(⇡✓(u|x))
@✓

· r(⌧) =+100



What is the gradient???

@J(✓)

@✓
=

Z

T
p(⌧ |⇡✓)

@ log p(⌧ |⇡✓)

@✓
r(⌧)d⌧ =

<latexit sha1_base64="O70Lp3jQD7VEDEnoGyiK+uYL9qI="></latexit>

<latexit sha1_base64="+yj/s1tvKyLZkWDOa8XF4EDVY5E="></latexit>

⇡
TX

t=0

@ log(⇡✓(ut|xt))

@✓
· r(⌧)

<latexit sha1_base64="IwxoFuDxROQq/o5X8BA3dxE0AyE="></latexit>

⇡✓(u|x) = f(x, ✓)
<latexit sha1_base64="VrcuVDLtRjrHWPbiNp1JFiOBZO0="></latexit>

⇡✓(u|x) ⇠ p(u; p)

u
<latexit sha1_base64="4d5APMdnY1Eq/s+yFYET2kYm6N0="></latexit>

<latexit sha1_base64="R8S92S84QKnfUNGGh500JG0ijBs=">AAACA3icbVDLSgMxFL1TX7W+Rt3pJliEuikz4msjFNzoroJ9QDuUTJppQzMPkoxYxgE3/oobF4q49Sfc+Tdm2graeiBwcs693HuPG3EmlWV9Gbm5+YXFpfxyYWV1bX3D3NyqyzAWhNZIyEPRdLGknAW0ppjitBkJin2X04Y7uMj8xi0VkoXBjRpG1PFxL2AeI1hpqWPuRKW2j1Xf9ZI4Pbfvfz536UHHLFplawQ0S+wJKcIE1Y752e6GJPZpoAjHUrZsK1JOgoVihNO00I4ljTAZ4B5taRpgn0onGd2Qon2tdJEXCv0ChUbq744E+1IOfVdXZivKaS8T//NasfLOnIQFUaxoQMaDvJgjFaIsENRlghLFh5pgIpjeFZE+FpgoHVtBh2BPnzxL6odl+6R8fH1UrFxN4sjDLuxBCWw4hQpcQhVqQOABnuAFXo1H49l4M97HpTlj0rMNf2B8fAMoWpfk</latexit>

p(u = 1|x)
<latexit sha1_base64="UwZ3UkhoOpNVdJS+DKtTQwvuAg8=">AAACA3icbVDLSgMxFL3js9bXqDvdBItQN2Wm+NoIBTe6q2Af0A4lk2ba0MyDJCOWccCNv+LGhSJu/Ql3/o2ZtoK2HgicnHMv997jRpxJZVlfxtz8wuLScm4lv7q2vrFpbm3XZRgLQmsk5KFoulhSzgJaU0xx2owExb7LacMdXGR+45YKycLgRg0j6vi4FzCPEay01DF3o2Lbx6rvekmcnpfvfz536WHHLFglawQ0S+wJKcAE1Y752e6GJPZpoAjHUrZsK1JOgoVihNM0344ljTAZ4B5taRpgn0onGd2QogOtdJEXCv0ChUbq744E+1IOfVdXZivKaS8T//NasfLOnIQFUaxoQMaDvJgjFaIsENRlghLFh5pgIpjeFZE+FpgoHVteh2BPnzxL6uWSfVI6vj4qVK4mceRgD/ahCDacQgUuoQo1IPAAT/ACr8aj8Wy8Ge/j0jlj0rMDf2B8fAMp6pfl</latexit>

p(u = 2|x)

<latexit sha1_base64="hK5buf3d74hSJ+DE5DyK8RZ72NI=">AAACG3icbVDLSsNAFJ34rPUVdelmsAh1U5LiayMU3Oiugn1AG8JkOmmHTiZhZiItsf/hxl9x40IRV4IL/8ZJG6m2Hhg4c8693HuPFzEqlWV9GQuLS8srq7m1/PrG5ta2ubNbl2EsMKnhkIWi6SFJGOWkpqhipBkJggKPkYbXv0z9xh0Rkob8Vg0j4gSoy6lPMVJacs1yVGwHSPU8P4lHF1Pqqvufz2CqD7R+5JoFq2SNAeeJnZECyFB1zY92J8RxQLjCDEnZsq1IOQkSimJGRvl2LEmEcB91SUtTjgIinWR82wgeaqUD/VDoxxUcq787EhRIOQw8XZkuKWe9VPzPa8XKP3cSyqNYEY4ng/yYQRXCNCjYoYJgxYaaICyo3hXiHhIIKx1nXodgz548T+rlkn1aOrk5LlSuszhyYB8cgCKwwRmogCtQBTWAwQN4Ai/g1Xg0no03431SumBkPXvgD4zPb4MTov8=</latexit>

p(u = ut|x = xt)
<latexit sha1_base64="hK5buf3d74hSJ+DE5DyK8RZ72NI=">AAACG3icbVDLSsNAFJ34rPUVdelmsAh1U5LiayMU3Oiugn1AG8JkOmmHTiZhZiItsf/hxl9x40IRV4IL/8ZJG6m2Hhg4c8693HuPFzEqlWV9GQuLS8srq7m1/PrG5ta2ubNbl2EsMKnhkIWi6SFJGOWkpqhipBkJggKPkYbXv0z9xh0Rkob8Vg0j4gSoy6lPMVJacs1yVGwHSPU8P4lHF1Pqqvufz2CqD7R+5JoFq2SNAeeJnZECyFB1zY92J8RxQLjCDEnZsq1IOQkSimJGRvl2LEmEcB91SUtTjgIinWR82wgeaqUD/VDoxxUcq787EhRIOQw8XZkuKWe9VPzPa8XKP3cSyqNYEY4ng/yYQRXCNCjYoYJgxYaaICyo3hXiHhIIKx1nXodgz548T+rlkn1aOrk5LlSuszhyYB8cgCKwwRmogCtQBTWAwQN4Ai/g1Xg0no03431SumBkPXvgD4zPb4MTov8=</latexit>

p(u = ut|x = xt)

Assume that you performed action      in state <latexit sha1_base64="tV1yqj8ty2nfVwqgNsQdsDfrv20=">AAAB83icbVDLSgMxFM3UR2t9VV2KEiyCqzIj+FgW3KirCvYBnaFk0kwbmskMyR21DP0NNy4UcevPuPMb/AjNtF1o64HA4Zx7uSfHjwXXYNufVm5hcWk5X1gprq6tb2yWtrYbOkoUZXUaiUi1fKKZ4JLVgYNgrVgxEvqCNf3BReY375jSPJK3MIyZF5Ke5AGnBIzkuiGBvh+kD6MOdEplu2KPgeeJMyXl6v73V/76fq/WKX243YgmIZNABdG67dgxeClRwKlgo6KbaBYTOiA91jZUkpBpLx1nHuFDo3RxECnzJOCx+nsjJaHWw9A3k1lGPetl4n9eO4Hg3Eu5jBNgkk4OBYnAEOGsANzlilEQQ0MIVdxkxbRPFKFgaiqaEpzZL8+TxnHFOa2c3Jg2rtAEBbSLDtARctAZqqJLVEN1RFGMHtEzerES68l6td4mozlrurOD/sB6/wHbb5U9</latexit>xt
<latexit sha1_base64="2VW683jUIPWa6oJ56fAGJoXJbGg=">AAAB83icbVDLSgMxFM34aq2vqktRgkVwVWYEH8uCG3VVwT6gU0omzbShmcyQ3Chl6G+4caGIW3/Gnd/gR2im7UJbDwQO59zLPTlBIrgG1/10FhaXlldy+dXC2vrG5lZxe6euY6Moq9FYxKoZEM0El6wGHARrJoqRKBCsEQwuM79xz5TmsbyDYcLaEelJHnJKwEq+HxHoB2FqRh3oFEtu2R0DzxNvSkqVg++v3M3DfrVT/PC7MTURk0AF0brluQm0U6KAU8FGBd9olhA6ID3WslSSiOl2Os48wkdW6eIwVvZJwGP190ZKIq2HUWAns4x61svE/7yWgfCinXKZGGCSTg6FRmCIcVYA7nLFKIihJYQqbrNi2ieKULA1FWwJ3uyX50n9pOydlU9vbRvXaII82kOH6Bh56BxV0BWqohqiKEGP6Bm9OMZ5cl6dt8nogjPd2UV/4Lz/ANbalTo=</latexit>ut

Direction (in   -space) that increases probability of performed action. <latexit sha1_base64="fumyG8WbCQIm97m1rGRV+sj6e68=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV1R9Bj04jGCeUCyhNnJbDJmdmaZ6RVCyD948aCIV//Hm3/jJNmDJhY0FFXddHdFqRQWff/bW1ldW9/YLGwVt3d29/ZLB4cNqzPDeJ1pqU0ropZLoXgdBUreSg2nSSR5MxreTv3mEzdWaPWAo5SHCe0rEQtG0UmNDg440m6p7Ff8GcgyCXJShhy1bumr09MsS7hCJqm17cBPMRxTg4JJPil2MstTyoa0z9uOKppwG45n107IqVN6JNbGlUIyU39PjGli7SiJXGdCcWAXvan4n9fOML4Ox0KlGXLF5oviTBLUZPo66QnDGcqRI5QZ4W4lbEANZegCKroQgsWXl0njvBJcVvz7i3L1Jo+jAMdwAmcQwBVU4Q5qUAcGj/AMr/Dmae/Fe/c+5q0rXj5zBH/gff4ApUmPLA==</latexit>

✓

Sum of rewards along the resulting trajectory.v

<latexit sha1_base64="VHQERuxP/5qdzojHb3O/kS+aqgo="></latexit>

⇡
X

(u,x)2⌧

@ log(⇡✓(u|x))
@✓

· r(⌧) =-100



What is the gradient???

@J(✓)

@✓
=

Z

T
p(⌧ |⇡✓)

@ log p(⌧ |⇡✓)

@✓
r(⌧)d⌧ =

<latexit sha1_base64="O70Lp3jQD7VEDEnoGyiK+uYL9qI="></latexit>

<latexit sha1_base64="+yj/s1tvKyLZkWDOa8XF4EDVY5E="></latexit>

⇡
TX

t=0

@ log(⇡✓(ut|xt))

@✓
· r(⌧)

<latexit sha1_base64="IwxoFuDxROQq/o5X8BA3dxE0AyE="></latexit>

⇡✓(u|x) = f(x, ✓)
<latexit sha1_base64="VrcuVDLtRjrHWPbiNp1JFiOBZO0="></latexit>

⇡✓(u|x) ⇠ p(u; p)

u
<latexit sha1_base64="4d5APMdnY1Eq/s+yFYET2kYm6N0="></latexit>

<latexit sha1_base64="R8S92S84QKnfUNGGh500JG0ijBs=">AAACA3icbVDLSgMxFL1TX7W+Rt3pJliEuikz4msjFNzoroJ9QDuUTJppQzMPkoxYxgE3/oobF4q49Sfc+Tdm2graeiBwcs693HuPG3EmlWV9Gbm5+YXFpfxyYWV1bX3D3NyqyzAWhNZIyEPRdLGknAW0ppjitBkJin2X04Y7uMj8xi0VkoXBjRpG1PFxL2AeI1hpqWPuRKW2j1Xf9ZI4Pbfvfz536UHHLFplawQ0S+wJKcIE1Y752e6GJPZpoAjHUrZsK1JOgoVihNO00I4ljTAZ4B5taRpgn0onGd2Qon2tdJEXCv0ChUbq744E+1IOfVdXZivKaS8T//NasfLOnIQFUaxoQMaDvJgjFaIsENRlghLFh5pgIpjeFZE+FpgoHVtBh2BPnzxL6odl+6R8fH1UrFxN4sjDLuxBCWw4hQpcQhVqQOABnuAFXo1H49l4M97HpTlj0rMNf2B8fAMoWpfk</latexit>

p(u = 1|x)
<latexit sha1_base64="UwZ3UkhoOpNVdJS+DKtTQwvuAg8=">AAACA3icbVDLSgMxFL3js9bXqDvdBItQN2Wm+NoIBTe6q2Af0A4lk2ba0MyDJCOWccCNv+LGhSJu/Ql3/o2ZtoK2HgicnHMv997jRpxJZVlfxtz8wuLScm4lv7q2vrFpbm3XZRgLQmsk5KFoulhSzgJaU0xx2owExb7LacMdXGR+45YKycLgRg0j6vi4FzCPEay01DF3o2Lbx6rvekmcnpfvfz536WHHLFglawQ0S+wJKcAE1Y752e6GJPZpoAjHUrZsK1JOgoVihNM0344ljTAZ4B5taRpgn0onGd2QogOtdJEXCv0ChUbq744E+1IOfVdXZivKaS8T//NasfLOnIQFUaxoQMaDvJgjFaIsENRlghLFh5pgIpjeFZE+FpgoHVteh2BPnzxL6uWSfVI6vj4qVK4mceRgD/ahCDacQgUuoQo1IPAAT/ACr8aj8Wy8Ge/j0jlj0rMDf2B8fAMp6pfl</latexit>

p(u = 2|x)

<latexit sha1_base64="hK5buf3d74hSJ+DE5DyK8RZ72NI=">AAACG3icbVDLSsNAFJ34rPUVdelmsAh1U5LiayMU3Oiugn1AG8JkOmmHTiZhZiItsf/hxl9x40IRV4IL/8ZJG6m2Hhg4c8693HuPFzEqlWV9GQuLS8srq7m1/PrG5ta2ubNbl2EsMKnhkIWi6SFJGOWkpqhipBkJggKPkYbXv0z9xh0Rkob8Vg0j4gSoy6lPMVJacs1yVGwHSPU8P4lHF1Pqqvufz2CqD7R+5JoFq2SNAeeJnZECyFB1zY92J8RxQLjCDEnZsq1IOQkSimJGRvl2LEmEcB91SUtTjgIinWR82wgeaqUD/VDoxxUcq787EhRIOQw8XZkuKWe9VPzPa8XKP3cSyqNYEY4ng/yYQRXCNCjYoYJgxYaaICyo3hXiHhIIKx1nXodgz548T+rlkn1aOrk5LlSuszhyYB8cgCKwwRmogCtQBTWAwQN4Ai/g1Xg0no03431SumBkPXvgD4zPb4MTov8=</latexit>

p(u = ut|x = xt)
<latexit sha1_base64="hK5buf3d74hSJ+DE5DyK8RZ72NI=">AAACG3icbVDLSsNAFJ34rPUVdelmsAh1U5LiayMU3Oiugn1AG8JkOmmHTiZhZiItsf/hxl9x40IRV4IL/8ZJG6m2Hhg4c8693HuPFzEqlWV9GQuLS8srq7m1/PrG5ta2ubNbl2EsMKnhkIWi6SFJGOWkpqhipBkJggKPkYbXv0z9xh0Rkob8Vg0j4gSoy6lPMVJacs1yVGwHSPU8P4lHF1Pqqvufz2CqD7R+5JoFq2SNAeeJnZECyFB1zY92J8RxQLjCDEnZsq1IOQkSimJGRvl2LEmEcB91SUtTjgIinWR82wgeaqUD/VDoxxUcq787EhRIOQw8XZkuKWe9VPzPa8XKP3cSyqNYEY4ng/yYQRXCNCjYoYJgxYaaICyo3hXiHhIIKx1nXodgz548T+rlkn1aOrk5LlSuszhyYB8cgCKwwRmogCtQBTWAwQN4Ai/g1Xg0no03431SumBkPXvgD4zPb4MTov8=</latexit>

p(u = ut|x = xt)

Direction (in   -space) that increases probability of performed action. <latexit sha1_base64="fumyG8WbCQIm97m1rGRV+sj6e68=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV1R9Bj04jGCeUCyhNnJbDJmdmaZ6RVCyD948aCIV//Hm3/jJNmDJhY0FFXddHdFqRQWff/bW1ldW9/YLGwVt3d29/ZLB4cNqzPDeJ1pqU0ropZLoXgdBUreSg2nSSR5MxreTv3mEzdWaPWAo5SHCe0rEQtG0UmNDg440m6p7Ff8GcgyCXJShhy1bumr09MsS7hCJqm17cBPMRxTg4JJPil2MstTyoa0z9uOKppwG45n107IqVN6JNbGlUIyU39PjGli7SiJXGdCcWAXvan4n9fOML4Ox0KlGXLF5oviTBLUZPo66QnDGcqRI5QZ4W4lbEANZegCKroQgsWXl0njvBJcVvz7i3L1Jo+jAMdwAmcQwBVU4Q5qUAcGj/AMr/Dmae/Fe/c+5q0rXj5zBH/gff4ApUmPLA==</latexit>

✓

Sum of rewards along the resulting trajectory.v

<latexit sha1_base64="VHQERuxP/5qdzojHb3O/kS+aqgo="></latexit>

⇡
X

(u,x)2⌧

@ log(⇡✓(u|x))
@✓

· r(⌧) =-100

Assume that you performed action      in state <latexit sha1_base64="tV1yqj8ty2nfVwqgNsQdsDfrv20=">AAAB83icbVDLSgMxFM3UR2t9VV2KEiyCqzIj+FgW3KirCvYBnaFk0kwbmskMyR21DP0NNy4UcevPuPMb/AjNtF1o64HA4Zx7uSfHjwXXYNufVm5hcWk5X1gprq6tb2yWtrYbOkoUZXUaiUi1fKKZ4JLVgYNgrVgxEvqCNf3BReY375jSPJK3MIyZF5Ke5AGnBIzkuiGBvh+kD6MOdEplu2KPgeeJMyXl6v73V/76fq/WKX243YgmIZNABdG67dgxeClRwKlgo6KbaBYTOiA91jZUkpBpLx1nHuFDo3RxECnzJOCx+nsjJaHWw9A3k1lGPetl4n9eO4Hg3Eu5jBNgkk4OBYnAEOGsANzlilEQQ0MIVdxkxbRPFKFgaiqaEpzZL8+TxnHFOa2c3Jg2rtAEBbSLDtARctAZqqJLVEN1RFGMHtEzerES68l6td4mozlrurOD/sB6/wHbb5U9</latexit>xt
<latexit sha1_base64="2VW683jUIPWa6oJ56fAGJoXJbGg=">AAAB83icbVDLSgMxFM34aq2vqktRgkVwVWYEH8uCG3VVwT6gU0omzbShmcyQ3Chl6G+4caGIW3/Gnd/gR2im7UJbDwQO59zLPTlBIrgG1/10FhaXlldy+dXC2vrG5lZxe6euY6Moq9FYxKoZEM0El6wGHARrJoqRKBCsEQwuM79xz5TmsbyDYcLaEelJHnJKwEq+HxHoB2FqRh3oFEtu2R0DzxNvSkqVg++v3M3DfrVT/PC7MTURk0AF0brluQm0U6KAU8FGBd9olhA6ID3WslSSiOl2Os48wkdW6eIwVvZJwGP190ZKIq2HUWAns4x61svE/7yWgfCinXKZGGCSTg6FRmCIcVYA7nLFKIihJYQqbrNi2ieKULA1FWwJ3uyX50n9pOydlU9vbRvXaII82kOH6Bh56BxV0BWqohqiKEGP6Bm9OMZ5cl6dt8nogjPd2UV/4Lz/ANbalTo=</latexit>ut



REINFORCE

@J(✓)

@✓
=

Z

T
p(⌧ |⇡✓)

@ log p(⌧ |⇡✓)

@✓
r(⌧)d⌧ =

<latexit sha1_base64="O70Lp3jQD7VEDEnoGyiK+uYL9qI="></latexit>

⌧
<latexit sha1_base64="WEuQaxy+80wPLN8+yAQ+jjl+yUs="></latexit><latexit sha1_base64="WEuQaxy+80wPLN8+yAQ+jjl+yUs="></latexit><latexit sha1_base64="WEuQaxy+80wPLN8+yAQ+jjl+yUs="></latexit><latexit sha1_base64="WEuQaxy+80wPLN8+yAQ+jjl+yUs="></latexit>

<latexit sha1_base64="AWY3E25ZSDCp1pLYiKUal8mKV6A="></latexit>

⇡✓(u|x) = C · exp
⇣
� (f(x, ✓µ)� u)2

✓2�

⌘
2. Collect trajectories     with policy
3. Update policy (actor):

<latexit sha1_base64="H06wqck3JNyM8xHFCQYGgVY0/Bo=">AAACLHicbZDLSgMxFIYzXmu9VV26CRZBEcqMiIogFLpRVwpWC51SzqQZG5q5kJwRytAHcuOrCOJCEbc+h5nOgFo9EPj5/nOSnN+LpdBo22/W1PTM7Nx8aaG8uLS8slpZW7/RUaIYb7JIRqrlgeZShLyJAiVvxYpD4El+6w0amX97z5UWUXiNw5h3ArgLhS8YoEHdSsPFPkegJ6e0UHvUBRn3wfUVsNSNQaEASS92cn939M1yMupWqnbNHhf9K5xCVElRl93Ks9uLWBLwEJkErduOHWMnzW5lko/KbqJ5DGwAd7xtZAgB1510vOyIbhvSo36kzAmRjunPiRQCrYeBZzoDwL6e9DL4n9dO0D/upCKME+Qhyx/yE0kxollytCcUZyiHRgBTwvyVsj6YkNDkWzYhOJMr/xU3+zXnsOZcHVTr50UcJbJJtsgOccgRqZMzckmahJEH8kReyZv1aL1Y79ZH3jplFTMb5FdZn1+tzqf3</latexit>

✓ := ✓ + ↵
@J(✓)

@✓
4. Repeat from 2

1. Initialize policy 
<latexit sha1_base64="0m0H/YvSwCux5kzlVOuX8fQdYGU="></latexit>

⇡✓(u|x) = f(x, ✓)

<latexit sha1_base64="+yj/s1tvKyLZkWDOa8XF4EDVY5E="></latexit>

⇡
TX

t=0

@ log(⇡✓(ut|xt))

@✓
· r(⌧)

<latexit sha1_base64="IwxoFuDxROQq/o5X8BA3dxE0AyE="></latexit>

⇡✓(u|x) = f(x, ✓)
<latexit sha1_base64="VrcuVDLtRjrHWPbiNp1JFiOBZO0="></latexit>

⇡✓(u|x) ⇠ p(u; p)

u
<latexit sha1_base64="4d5APMdnY1Eq/s+yFYET2kYm6N0="></latexit>

<latexit sha1_base64="R8S92S84QKnfUNGGh500JG0ijBs=">AAACA3icbVDLSgMxFL1TX7W+Rt3pJliEuikz4msjFNzoroJ9QDuUTJppQzMPkoxYxgE3/oobF4q49Sfc+Tdm2graeiBwcs693HuPG3EmlWV9Gbm5+YXFpfxyYWV1bX3D3NyqyzAWhNZIyEPRdLGknAW0ppjitBkJin2X04Y7uMj8xi0VkoXBjRpG1PFxL2AeI1hpqWPuRKW2j1Xf9ZI4Pbfvfz536UHHLFplawQ0S+wJKcIE1Y752e6GJPZpoAjHUrZsK1JOgoVihNO00I4ljTAZ4B5taRpgn0onGd2Qon2tdJEXCv0ChUbq744E+1IOfVdXZivKaS8T//NasfLOnIQFUaxoQMaDvJgjFaIsENRlghLFh5pgIpjeFZE+FpgoHVtBh2BPnzxL6odl+6R8fH1UrFxN4sjDLuxBCWw4hQpcQhVqQOABnuAFXo1H49l4M97HpTlj0rMNf2B8fAMoWpfk</latexit>

p(u = 1|x)
<latexit sha1_base64="UwZ3UkhoOpNVdJS+DKtTQwvuAg8=">AAACA3icbVDLSgMxFL3js9bXqDvdBItQN2Wm+NoIBTe6q2Af0A4lk2ba0MyDJCOWccCNv+LGhSJu/Ql3/o2ZtoK2HgicnHMv997jRpxJZVlfxtz8wuLScm4lv7q2vrFpbm3XZRgLQmsk5KFoulhSzgJaU0xx2owExb7LacMdXGR+45YKycLgRg0j6vi4FzCPEay01DF3o2Lbx6rvekmcnpfvfz536WHHLFglawQ0S+wJKcAE1Y752e6GJPZpoAjHUrZsK1JOgoVihNM0344ljTAZ4B5taRpgn0onGd2QogOtdJEXCv0ChUbq744E+1IOfVdXZivKaS8T//NasfLOnIQFUaxoQMaDvJgjFaIsENRlghLFh5pgIpjeFZE+FpgoHVteh2BPnzxL6uWSfVI6vj4qVK4mceRgD/ahCDacQgUuoQo1IPAAT/ACr8aj8Wy8Ge/j0jlj0rMDf2B8fAMp6pfl</latexit>

p(u = 2|x)

<latexit sha1_base64="hK5buf3d74hSJ+DE5DyK8RZ72NI=">AAACG3icbVDLSsNAFJ34rPUVdelmsAh1U5LiayMU3Oiugn1AG8JkOmmHTiZhZiItsf/hxl9x40IRV4IL/8ZJG6m2Hhg4c8693HuPFzEqlWV9GQuLS8srq7m1/PrG5ta2ubNbl2EsMKnhkIWi6SFJGOWkpqhipBkJggKPkYbXv0z9xh0Rkob8Vg0j4gSoy6lPMVJacs1yVGwHSPU8P4lHF1Pqqvufz2CqD7R+5JoFq2SNAeeJnZECyFB1zY92J8RxQLjCDEnZsq1IOQkSimJGRvl2LEmEcB91SUtTjgIinWR82wgeaqUD/VDoxxUcq787EhRIOQw8XZkuKWe9VPzPa8XKP3cSyqNYEY4ng/yYQRXCNCjYoYJgxYaaICyo3hXiHhIIKx1nXodgz548T+rlkn1aOrk5LlSuszhyYB8cgCKwwRmogCtQBTWAwQN4Ai/g1Xg0no03431SumBkPXvgD4zPb4MTov8=</latexit>

p(u = ut|x = xt)
<latexit sha1_base64="hK5buf3d74hSJ+DE5DyK8RZ72NI=">AAACG3icbVDLSsNAFJ34rPUVdelmsAh1U5LiayMU3Oiugn1AG8JkOmmHTiZhZiItsf/hxl9x40IRV4IL/8ZJG6m2Hhg4c8693HuPFzEqlWV9GQuLS8srq7m1/PrG5ta2ubNbl2EsMKnhkIWi6SFJGOWkpqhipBkJggKPkYbXv0z9xh0Rkob8Vg0j4gSoy6lPMVJacs1yVGwHSPU8P4lHF1Pqqvufz2CqD7R+5JoFq2SNAeeJnZECyFB1zY92J8RxQLjCDEnZsq1IOQkSimJGRvl2LEmEcB91SUtTjgIinWR82wgeaqUD/VDoxxUcq787EhRIOQw8XZkuKWe9VPzPa8XKP3cSyqNYEY4ng/yYQRXCNCjYoYJgxYaaICyo3hXiHhIIKx1nXodgz548T+rlkn1aOrk5LlSuszhyYB8cgCKwwRmogCtQBTWAwQN4Ai/g1Xg0no03431SumBkPXvgD4zPb4MTov8=</latexit>

p(u = ut|x = xt)



Policy gradient derivation

J(✓) =

Z

T
p(⌧ |⇡✓)r(⌧)d⌧

<latexit sha1_base64="+JD1wE/P0AMdbpTB6hNg+LeGZvg=">AAACG3icbZDLSgMxFIYzXmu9VV26CRah3ZSZquhGKLoRVxV6g04ZMmnahmYyQ3JGKLXv4cZXceNCEVeCC9/GdDoLbT0Q8vP955Cc348E12Db39bS8srq2npmI7u5tb2zm9vbb+gwVpTVaShC1fKJZoJLVgcOgrUixUjgC9b0h9dTv3nPlOahrMEoYp2A9CXvcUrAIC9Xvi24MGBAivgSu1yCV8ORQSR+cCPupZ5KSBF3p5eXy9slOym8KJxU5FFaVS/36XZDGgdMAhVE67ZjR9AZEwWcCjbJurFmEaFD0mdtIyUJmO6Mk90m+NiQLu6FyhwJOKG/J8Yk0HoU+KYzIDDQ894U/ue1Y+hddMZcRjEwSWcP9WKBIcTToHCXK0ZBjIwgVHHzV0wHRBEKJs6sCcGZX3lRNMol56R0dnear1ylcWTQITpCBeSgc1RBN6iK6oiiR/SMXtGb9WS9WO/Wx6x1yUpnDtCfsr5+APBCoCY=</latexit>

@J(✓)

@✓
=

Z

T

@p(⌧ |⇡✓)

@✓
r(⌧)d⌧

<latexit sha1_base64="Zd2Hcx7xjLl5tNCw9NruPD5XzpM="></latexit>

@p(⌧ |⇡✓)

@✓
= p(⌧ |⇡✓)

@ log p(⌧ |⇡✓)

@✓
<latexit sha1_base64="KIrYK+9OVoxmbO7JHvK51O4et1w=">AAACaXicjVHLSgMxFM2M71q1KoroJliEuikzPtCNILpxqWC10CnlTpppg5mZkNwRyljwG935A278CdMHqK0LLwQO59x7bnISKikMet67487Mzs0vLC4Vlosrq2ul9Y0Hk2aa8RpLZarrIRguRcJrKFDyutIc4lDyx/DpeqA/PnNtRJrcY0/xZgydRESCAVqqVXoNIg0sDxRoFCCpqgQI2UugRCvALkc47H+LI6ZPL/5om/AJZNr5l1mrVPaq3rDoNPDHoEzGddsqvQXtlGUxT5BJMKbhewqb+cCVSd4vBJnhCtgTdHjDwgRibpr5MKk+PbBMm0aptidBOmR/TuQQG9OLQ9sZA3bNpDYg/9IaGUbnzVwkKkOesNGiKJMUUzqInbaF5gxlzwJgWti7UtYFGxnazynYEPzJJ0+Dh6Oqf1w9vTspX16N41gke2SfVIhPzsgluSG3pEYY+XCKzpaz7Xy66+6OuztqdZ3xzCb5VW75C0+zvAc=</latexit>

@J(✓)

@✓
=

Z

T
p(⌧ |⇡✓)

@ log p(⌧ |⇡✓)

@✓
r(⌧)d⌧ =

<latexit sha1_base64="O70Lp3jQD7VEDEnoGyiK+uYL9qI="></latexit>

<latexit sha1_base64="Dgh5jhYr/q0h5VLmQXpi6y6ns5U="></latexit>

J(✓) = E
⌧⇠⇡✓

[
TX

t=0

�trt+1

| {z }
r(⌧)

]



Policy gradient derivation

J(✓) =

Z

T
p(⌧ |⇡✓)r(⌧)d⌧

<latexit sha1_base64="+JD1wE/P0AMdbpTB6hNg+LeGZvg=">AAACG3icbZDLSgMxFIYzXmu9VV26CRah3ZSZquhGKLoRVxV6g04ZMmnahmYyQ3JGKLXv4cZXceNCEVeCC9/GdDoLbT0Q8vP955Cc348E12Db39bS8srq2npmI7u5tb2zm9vbb+gwVpTVaShC1fKJZoJLVgcOgrUixUjgC9b0h9dTv3nPlOahrMEoYp2A9CXvcUrAIC9Xvi24MGBAivgSu1yCV8ORQSR+cCPupZ5KSBF3p5eXy9slOym8KJxU5FFaVS/36XZDGgdMAhVE67ZjR9AZEwWcCjbJurFmEaFD0mdtIyUJmO6Mk90m+NiQLu6FyhwJOKG/J8Yk0HoU+KYzIDDQ894U/ue1Y+hddMZcRjEwSWcP9WKBIcTToHCXK0ZBjIwgVHHzV0wHRBEKJs6sCcGZX3lRNMol56R0dnear1ylcWTQITpCBeSgc1RBN6iK6oiiR/SMXtGb9WS9WO/Wx6x1yUpnDtCfsr5+APBCoCY=</latexit>

@J(✓)

@✓
=

Z

T

@p(⌧ |⇡✓)

@✓
r(⌧)d⌧

<latexit sha1_base64="Zd2Hcx7xjLl5tNCw9NruPD5XzpM="></latexit>

@J(✓)

@✓
=

Z

T
p(⌧ |⇡✓)

@ log p(⌧ |⇡✓)

@✓
r(⌧)d⌧ =

<latexit sha1_base64="O70Lp3jQD7VEDEnoGyiK+uYL9qI="></latexit>

<latexit sha1_base64="DtiOYphav7KU8iFla4puIS1L6GE="></latexit>

E
⌧⇠⇡✓

[
@ log p(⌧ |⇡✓)

@✓
r(⌧)]

<latexit sha1_base64="iCwNF2mxy/BPBQMbX/A/KxzBdvE="></latexit>

⇡ 1

N

X

⌧2T

TX

t=0

@ log ⇡✓(ut|xt)

@✓
r(⌧)

<latexit sha1_base64="Dgh5jhYr/q0h5VLmQXpi6y6ns5U="></latexit>

J(✓) = E
⌧⇠⇡✓

[
TX

t=0

�trt+1

| {z }
r(⌧)

]

<latexit sha1_base64="Mo6etGt06+4qX0YUWxlDk2G87Tw="></latexit>

= E
⌧⇠⇡✓

[
TX

t=0

@ log ⇡✓(ut|xt)

@✓
r(⌧)]

…. assuming MDP
<latexit sha1_base64="9fenvIpV7dDBS5Jaqu2yK4OTrz0="></latexit>

p(⌧ |⇡✓) = p(x0)
TY

t=0

p(xt+1|xt,ut)⇡✓(ut|xt)
<latexit sha1_base64="sJmypZ6NPkJvmPySaLyPeG4A65c="></latexit>

@ log p(⌧ |⇡✓)

@✓
=

@

@✓
[log p(x0) +

TX

t=0

log(p(xt+1|xt,ut)) +
TX

t=0

log(⇡✓(ut|xt)]

@J(✓)

@✓
=

Z

T
p(⌧ |⇡✓)

@ log p(⌧ |⇡✓)

@✓
r(⌧)d⌧ =

<latexit sha1_base64="O70Lp3jQD7VEDEnoGyiK+uYL9qI="></latexit>



REINFORCE

⇡✓(u|x)
<latexit sha1_base64="c8O3efg+MUJgIKsgdHTS34nc+gA="></latexit>

x
<latexit sha1_base64="/hJkej/HRouyoVE0EC7jObVO/D4="></latexit>

<latexit sha1_base64="SoylLy+y1aZ2vo2koNNkupURrJs=">AAACA3icbVDLSsNAFL3xWesr6k43g0Wom5KIohuh6MZlBfuANpTJdNIOnTyYmYglBtz4K25cKOLWn3Dn3zhpI2jrgYEz59zLvfe4EWdSWdaXMTe/sLi0XFgprq6tb2yaW9sNGcaC0DoJeShaLpaUs4DWFVOctiJBse9y2nSHl5nfvKVCsjC4UaOIOj7uB8xjBCstdc3dqNzxsRq4XhKn59b9z+cuPeyaJatijYFmiZ2TEuSodc3PTi8ksU8DRTiWsm1bkXISLBQjnKbFTixphMkQ92lb0wD7VDrJ+IYUHWilh7xQ6BcoNFZ/dyTYl3Lku7oyW1FOe5n4n9eOlXfmJCyIYkUDMhnkxRypEGWBoB4TlCg+0gQTwfSuiAywwETp2Io6BHv65FnSOKrYJxXr+rhUvcjjKMAe7EMZbDiFKlxBDepA4AGe4AVejUfj2Xgz3ielc0beswN/YHx8AyLBl9Y=</latexit>

p(u = 0|x)
<latexit sha1_base64="5Urf5k+V/FTzzHzmEkCGMjJreVY=">AAACA3icbVDLSgMxFL1TX7W+Rt3pJliEuikzRdGNUHTjsoJ9QDuUTJppQzMPkoxYxgE3/oobF4q49Sfc+Tem7QjaeiBwcs693HuPG3EmlWV9GbmFxaXllfxqYW19Y3PL3N5pyDAWhNZJyEPRcrGknAW0rpjitBUJin2X06Y7vBz7zVsqJAuDGzWKqOPjfsA8RrDSUtfci0odH6uB6yVxel65//ncpUdds2iVrQnQPLEzUoQMta752emFJPZpoAjHUrZtK1JOgoVihNO00IkljTAZ4j5taxpgn0onmdyQokOt9JAXCv0ChSbq744E+1KOfFdXjleUs95Y/M9rx8o7cxIWRLGiAZkO8mKOVIjGgaAeE5QoPtIEE8H0rogMsMBE6dgKOgR79uR50qiU7ZOydX1crF5kceRhHw6gBDacQhWuoAZ1IPAAT/ACr8aj8Wy8Ge/T0pyR9ezCHxgf3yXhl9g=</latexit>

p(u = 2|x)

…Stochastic policy for 
discrete control:

1. Initialize policy 
⌧

<latexit sha1_base64="WEuQaxy+80wPLN8+yAQ+jjl+yUs="></latexit><latexit sha1_base64="WEuQaxy+80wPLN8+yAQ+jjl+yUs="></latexit><latexit sha1_base64="WEuQaxy+80wPLN8+yAQ+jjl+yUs="></latexit><latexit sha1_base64="WEuQaxy+80wPLN8+yAQ+jjl+yUs="></latexit>

<latexit sha1_base64="AWY3E25ZSDCp1pLYiKUal8mKV6A="></latexit>

⇡✓(u|x) = C · exp
⇣
� (f(x, ✓µ)� u)2

✓2�

⌘
2. Collect trajectories     with policy

<latexit sha1_base64="H06wqck3JNyM8xHFCQYGgVY0/Bo=">AAACLHicbZDLSgMxFIYzXmu9VV26CRZBEcqMiIogFLpRVwpWC51SzqQZG5q5kJwRytAHcuOrCOJCEbc+h5nOgFo9EPj5/nOSnN+LpdBo22/W1PTM7Nx8aaG8uLS8slpZW7/RUaIYb7JIRqrlgeZShLyJAiVvxYpD4El+6w0amX97z5UWUXiNw5h3ArgLhS8YoEHdSsPFPkegJ6e0UHvUBRn3wfUVsNSNQaEASS92cn939M1yMupWqnbNHhf9K5xCVElRl93Ks9uLWBLwEJkErduOHWMnzW5lko/KbqJ5DGwAd7xtZAgB1510vOyIbhvSo36kzAmRjunPiRQCrYeBZzoDwL6e9DL4n9dO0D/upCKME+Qhyx/yE0kxollytCcUZyiHRgBTwvyVsj6YkNDkWzYhOJMr/xU3+zXnsOZcHVTr50UcJbJJtsgOccgRqZMzckmahJEH8kReyZv1aL1Y79ZH3jplFTMb5FdZn1+tzqf3</latexit>

✓ := ✓ + ↵
@J(✓)

@✓
5. Repeat from 2

<latexit sha1_base64="0m0H/YvSwCux5kzlVOuX8fQdYGU="></latexit>

⇡✓(u|x) = f(x, ✓)

4. Actor: Update policy:

@J(✓)

@✓
=

Z

T
p(⌧ |⇡✓)

@ log p(⌧ |⇡✓)

@✓
r(⌧)d⌧ =

<latexit sha1_base64="O70Lp3jQD7VEDEnoGyiK+uYL9qI="></latexit>

<latexit sha1_base64="iCwNF2mxy/BPBQMbX/A/KxzBdvE="></latexit>

⇡ 1

N

X

⌧2T

TX

t=0

@ log ⇡✓(ut|xt)

@✓
r(⌧)



Policy gradients for stochastic policy 
[Schulman et al 2016]

• temporal coherence
<latexit sha1_base64="dDxIEwu1un3c0QMXvy4/QfKGRYw="></latexit>

@J(✓)

@✓
=

X

(ut,xt)2⌧

@ log ⇡✓(ut|xt)

@✓
· r(⌧)



<latexit sha1_base64="On8iLO4SCS7byUYSWWKAEZesiBM="></latexit>

@J(✓)

@✓
=

X

(ut,xt)2⌧

@ log ⇡✓(ut|xt)

@✓
·
⇣ TX

k=1

�k�1r(uk,xk)
⌘

Policy gradients for stochastic policy 
[Schulman et al 2016]

• temporal coherence



Policy gradients for stochastic policy 
[Schulman et al 2016]

• temporal coherence
<latexit sha1_base64="On8iLO4SCS7byUYSWWKAEZesiBM="></latexit>

@J(✓)

@✓
=

X

(ut,xt)2⌧

@ log ⇡✓(ut|xt)

@✓
·
⇣ TX

k=1

�k�1r(uk,xk)
⌘



• temporal coherence

Policy gradients for stochastic policy 
[Schulman et al 2016]

<latexit sha1_base64="853XX4Gdp31SGOXL5sV4ONfsGqg="></latexit>

@J(✓)

@✓
=

X

(ut,xt)2⌧

@ log ⇡✓(ut|xt)

@✓
·
⇣ TX

k=t

�k�1r(uk,xk)
⌘



• temporal coherence 

• state-action function (policy gradient theorem): 

Policy gradients for stochastic policy 
[Schulman et al 2016]

<latexit sha1_base64="853XX4Gdp31SGOXL5sV4ONfsGqg="></latexit>

@J(✓)

@✓
=

X

(ut,xt)2⌧

@ log ⇡✓(ut|xt)

@✓
·
⇣ TX

k=t

�k�1r(uk,xk)
⌘

<latexit sha1_base64="IlPpy+MIHAxalZLtFvvjAKwBZJQ="></latexit>

@J(✓)

@✓
=

X

(ut,xt)2⌧

@ log ⇡✓(ut|xt)

@✓
·Q(ut,xt)



• temporal coherence 

• state-action function (policy gradient theorem): 

• arbitrary baseline can be subtracted (Q-function => A-function) 

Policy gradients for stochastic policy 
[Schulman et al 2016]

<latexit sha1_base64="853XX4Gdp31SGOXL5sV4ONfsGqg="></latexit>

@J(✓)

@✓
=

X

(ut,xt)2⌧

@ log ⇡✓(ut|xt)

@✓
·
⇣ TX

k=t

�k�1r(uk,xk)
⌘

<latexit sha1_base64="IlPpy+MIHAxalZLtFvvjAKwBZJQ="></latexit>

@J(✓)

@✓
=

X

(ut,xt)2⌧

@ log ⇡✓(ut|xt)

@✓
·Q(ut,xt)

<latexit sha1_base64="9E80NasRR7ixa5g3IlnDAdpAvx0="></latexit>

@J(✓)

@✓
=

X

(ut,xt)2⌧

@ log ⇡✓(ut|xt)

@✓
·
⇣
Q(ut,xt)� V (xt)

⌘

| {z }
A(ut,xt)

<latexit sha1_base64="109oCF7xbNjnaMhCspBlAOf/8r4="></latexit>

@J(✓)

@✓
=

X

(ut,xt)2⌧

@ log ⇡✓(ut|xt)

@✓
·A(ut,xt)



5. Repeat from 2

=
<latexit sha1_base64="RYd2amF3SOCvfzQRXcVlRXXkl6Q="></latexit>

✓ := ✓ + ↵
@Lactor(✓)

@✓

<latexit sha1_base64="RYd2amF3SOCvfzQRXcVlRXXkl6Q="></latexit>

✓ := ✓ + ↵
@Lactor(✓)

@✓

<latexit sha1_base64="109oCF7xbNjnaMhCspBlAOf/8r4="></latexit>

@J(✓)

@✓
=

X

(ut,xt)2⌧

@ log ⇡✓(ut|xt)

@✓
·A(ut,xt)

4. Actor: Update policy by policy gradient:

1. Initialize policy 
⌧

<latexit sha1_base64="WEuQaxy+80wPLN8+yAQ+jjl+yUs="></latexit><latexit sha1_base64="WEuQaxy+80wPLN8+yAQ+jjl+yUs="></latexit><latexit sha1_base64="WEuQaxy+80wPLN8+yAQ+jjl+yUs="></latexit><latexit sha1_base64="WEuQaxy+80wPLN8+yAQ+jjl+yUs="></latexit>

<latexit sha1_base64="AWY3E25ZSDCp1pLYiKUal8mKV6A="></latexit>

⇡✓(u|x) = C · exp
⇣
� (f(x, ✓µ)� u)2

✓2�

⌘
2. Collect trajectories     with policy

<latexit sha1_base64="0m0H/YvSwCux5kzlVOuX8fQdYGU="></latexit>

⇡✓(u|x) = f(x, ✓)

<latexit sha1_base64="IwxoFuDxROQq/o5X8BA3dxE0AyE="></latexit>

⇡✓(u|x) = f(x, ✓)

<latexit sha1_base64="R8S92S84QKnfUNGGh500JG0ijBs=">AAACA3icbVDLSgMxFL1TX7W+Rt3pJliEuikz4msjFNzoroJ9QDuUTJppQzMPkoxYxgE3/oobF4q49Sfc+Tdm2graeiBwcs693HuPG3EmlWV9Gbm5+YXFpfxyYWV1bX3D3NyqyzAWhNZIyEPRdLGknAW0ppjitBkJin2X04Y7uMj8xi0VkoXBjRpG1PFxL2AeI1hpqWPuRKW2j1Xf9ZI4Pbfvfz536UHHLFplawQ0S+wJKcIE1Y752e6GJPZpoAjHUrZsK1JOgoVihNO00I4ljTAZ4B5taRpgn0onGd2Qon2tdJEXCv0ChUbq744E+1IOfVdXZivKaS8T//NasfLOnIQFUaxoQMaDvJgjFaIsENRlghLFh5pgIpjeFZE+FpgoHVtBh2BPnzxL6odl+6R8fH1UrFxN4sjDLuxBCWw4hQpcQhVqQOABnuAFXo1H49l4M97HpTlj0rMNf2B8fAMoWpfk</latexit>

p(u = 1|x)
<latexit sha1_base64="UwZ3UkhoOpNVdJS+DKtTQwvuAg8=">AAACA3icbVDLSgMxFL3js9bXqDvdBItQN2Wm+NoIBTe6q2Af0A4lk2ba0MyDJCOWccCNv+LGhSJu/Ql3/o2ZtoK2HgicnHMv997jRpxJZVlfxtz8wuLScm4lv7q2vrFpbm3XZRgLQmsk5KFoulhSzgJaU0xx2owExb7LacMdXGR+45YKycLgRg0j6vi4FzCPEay01DF3o2Lbx6rvekmcnpfvfz536WHHLFglawQ0S+wJKcAE1Y752e6GJPZpoAjHUrZsK1JOgoVihNM0344ljTAZ4B5taRpgn0onGd2QogOtdJEXCv0ChUbq744E+1IOfVdXZivKaS8T//NasfLOnIQFUaxoQMaDvJgjFaIsENRlghLFh5pgIpjeFZE+FpgoHVteh2BPnzxL6uWSfVI6vj4qVK4mceRgD/ahCDacQgUuoQo1IPAAT/ACr8aj8Wy8Ge/j0jlj0rMDf2B8fAMp6pfl</latexit>

p(u = 2|x)

replace by approximation



5. Repeat from 2

=
<latexit sha1_base64="RYd2amF3SOCvfzQRXcVlRXXkl6Q="></latexit>

✓ := ✓ + ↵
@Lactor(✓)

@✓

<latexit sha1_base64="RYd2amF3SOCvfzQRXcVlRXXkl6Q="></latexit>

✓ := ✓ + ↵
@Lactor(✓)

@✓

<latexit sha1_base64="109oCF7xbNjnaMhCspBlAOf/8r4="></latexit>

@J(✓)

@✓
=

X

(ut,xt)2⌧

@ log ⇡✓(ut|xt)

@✓
·A(ut,xt)

4. Actor: Update policy by policy gradient:

1. Initialize policy 
⌧

<latexit sha1_base64="WEuQaxy+80wPLN8+yAQ+jjl+yUs="></latexit><latexit sha1_base64="WEuQaxy+80wPLN8+yAQ+jjl+yUs="></latexit><latexit sha1_base64="WEuQaxy+80wPLN8+yAQ+jjl+yUs="></latexit><latexit sha1_base64="WEuQaxy+80wPLN8+yAQ+jjl+yUs="></latexit>

<latexit sha1_base64="AWY3E25ZSDCp1pLYiKUal8mKV6A="></latexit>

⇡✓(u|x) = C · exp
⇣
� (f(x, ✓µ)� u)2

✓2�

⌘
2. Collect trajectories     with policy

<latexit sha1_base64="0m0H/YvSwCux5kzlVOuX8fQdYGU="></latexit>

⇡✓(u|x) = f(x, ✓)

<latexit sha1_base64="IwxoFuDxROQq/o5X8BA3dxE0AyE="></latexit>

⇡✓(u|x) = f(x, ✓)

<latexit sha1_base64="R8S92S84QKnfUNGGh500JG0ijBs=">AAACA3icbVDLSgMxFL1TX7W+Rt3pJliEuikz4msjFNzoroJ9QDuUTJppQzMPkoxYxgE3/oobF4q49Sfc+Tdm2graeiBwcs693HuPG3EmlWV9Gbm5+YXFpfxyYWV1bX3D3NyqyzAWhNZIyEPRdLGknAW0ppjitBkJin2X04Y7uMj8xi0VkoXBjRpG1PFxL2AeI1hpqWPuRKW2j1Xf9ZI4Pbfvfz536UHHLFplawQ0S+wJKcIE1Y752e6GJPZpoAjHUrZsK1JOgoVihNO00I4ljTAZ4B5taRpgn0onGd2Qon2tdJEXCv0ChUbq744E+1IOfVdXZivKaS8T//NasfLOnIQFUaxoQMaDvJgjFaIsENRlghLFh5pgIpjeFZE+FpgoHVtBh2BPnzxL6odl+6R8fH1UrFxN4sjDLuxBCWw4hQpcQhVqQOABnuAFXo1H49l4M97HpTlj0rMNf2B8fAMoWpfk</latexit>

p(u = 1|x)
<latexit sha1_base64="UwZ3UkhoOpNVdJS+DKtTQwvuAg8=">AAACA3icbVDLSgMxFL3js9bXqDvdBItQN2Wm+NoIBTe6q2Af0A4lk2ba0MyDJCOWccCNv+LGhSJu/Ql3/o2ZtoK2HgicnHMv997jRpxJZVlfxtz8wuLScm4lv7q2vrFpbm3XZRgLQmsk5KFoulhSzgJaU0xx2owExb7LacMdXGR+45YKycLgRg0j6vi4FzCPEay01DF3o2Lbx6rvekmcnpfvfz536WHHLFglawQ0S+wJKcAE1Y752e6GJPZpoAjHUrZsK1JOgoVihNM0344ljTAZ4B5taRpgn0onGd2QogOtdJEXCv0ChUbq744E+1IOfVdXZivKaS8T//NasfLOnIQFUaxoQMaDvJgjFaIsENRlghLFh5pgIpjeFZE+FpgoHVteh2BPnzxL6uWSfVI6vj4qVK4mceRgD/ahCDacQgUuoQo1IPAAT/ACr8aj8Wy8Ge/j0jlj0rMDf2B8fAMp6pfl</latexit>

p(u = 2|x)

<latexit sha1_base64="GhwKGQNQzjY0EyjVJcJjPM97Qcg="></latexit>

Lactor(✓) =
X

(u,x,x0)2⌧

log ⇡✓(u|x) ·
⇣
r + �V!(x

0)� V!(x)
⌘

| {z }
A!=Q�V

replace by approximation



5. Repeat from 2

=
<latexit sha1_base64="RYd2amF3SOCvfzQRXcVlRXXkl6Q="></latexit>

✓ := ✓ + ↵
@Lactor(✓)

@✓

<latexit sha1_base64="RYd2amF3SOCvfzQRXcVlRXXkl6Q="></latexit>

✓ := ✓ + ↵
@Lactor(✓)

@✓

<latexit sha1_base64="109oCF7xbNjnaMhCspBlAOf/8r4="></latexit>

@J(✓)

@✓
=

X

(ut,xt)2⌧

@ log ⇡✓(ut|xt)

@✓
·A(ut,xt)

4. Actor: Update policy by policy gradient:

1. Initialize policy 
⌧

<latexit sha1_base64="WEuQaxy+80wPLN8+yAQ+jjl+yUs="></latexit><latexit sha1_base64="WEuQaxy+80wPLN8+yAQ+jjl+yUs="></latexit><latexit sha1_base64="WEuQaxy+80wPLN8+yAQ+jjl+yUs="></latexit><latexit sha1_base64="WEuQaxy+80wPLN8+yAQ+jjl+yUs="></latexit>

<latexit sha1_base64="AWY3E25ZSDCp1pLYiKUal8mKV6A="></latexit>

⇡✓(u|x) = C · exp
⇣
� (f(x, ✓µ)� u)2

✓2�

⌘
2. Collect trajectories     with policy

<latexit sha1_base64="0m0H/YvSwCux5kzlVOuX8fQdYGU="></latexit>

⇡✓(u|x) = f(x, ✓)

<latexit sha1_base64="IwxoFuDxROQq/o5X8BA3dxE0AyE="></latexit>

⇡✓(u|x) = f(x, ✓)

<latexit sha1_base64="R8S92S84QKnfUNGGh500JG0ijBs=">AAACA3icbVDLSgMxFL1TX7W+Rt3pJliEuikz4msjFNzoroJ9QDuUTJppQzMPkoxYxgE3/oobF4q49Sfc+Tdm2graeiBwcs693HuPG3EmlWV9Gbm5+YXFpfxyYWV1bX3D3NyqyzAWhNZIyEPRdLGknAW0ppjitBkJin2X04Y7uMj8xi0VkoXBjRpG1PFxL2AeI1hpqWPuRKW2j1Xf9ZI4Pbfvfz536UHHLFplawQ0S+wJKcIE1Y752e6GJPZpoAjHUrZsK1JOgoVihNO00I4ljTAZ4B5taRpgn0onGd2Qon2tdJEXCv0ChUbq744E+1IOfVdXZivKaS8T//NasfLOnIQFUaxoQMaDvJgjFaIsENRlghLFh5pgIpjeFZE+FpgoHVtBh2BPnzxL6odl+6R8fH1UrFxN4sjDLuxBCWw4hQpcQhVqQOABnuAFXo1H49l4M97HpTlj0rMNf2B8fAMoWpfk</latexit>

p(u = 1|x)
<latexit sha1_base64="UwZ3UkhoOpNVdJS+DKtTQwvuAg8=">AAACA3icbVDLSgMxFL3js9bXqDvdBItQN2Wm+NoIBTe6q2Af0A4lk2ba0MyDJCOWccCNv+LGhSJu/Ql3/o2ZtoK2HgicnHMv997jRpxJZVlfxtz8wuLScm4lv7q2vrFpbm3XZRgLQmsk5KFoulhSzgJaU0xx2owExb7LacMdXGR+45YKycLgRg0j6vi4FzCPEay01DF3o2Lbx6rvekmcnpfvfz536WHHLFglawQ0S+wJKcAE1Y752e6GJPZpoAjHUrZsK1JOgoVihNM0344ljTAZ4B5taRpgn0onGd2QogOtdJEXCv0ChUbq744E+1IOfVdXZivKaS8T//NasfLOnIQFUaxoQMaDvJgjFaIsENRlghLFh5pgIpjeFZE+FpgoHVteh2BPnzxL6uWSfVI6vj4qVK4mceRgD/ahCDacQgUuoQo1IPAAT/ACr8aj8Wy8Ge/j0jlj0rMDf2B8fAMp6pfl</latexit>

p(u = 2|x)

replace by criterion
<latexit sha1_base64="GhwKGQNQzjY0EyjVJcJjPM97Qcg="></latexit>

Lactor(✓) =
X

(u,x,x0)2⌧

log ⇡✓(u|x) ·
⇣
r + �V!(x

0)� V!(x)
⌘

| {z }
A!=Q�V



<latexit sha1_base64="GhwKGQNQzjY0EyjVJcJjPM97Qcg="></latexit>

Lactor(✓) =
X

(u,x,x0)2⌧

log ⇡✓(u|x) ·
⇣
r + �V!(x

0)� V!(x)
⌘

| {z }
A!=Q�V

4. Actor: Update policy by policy gradient:

5. Repeat from 2

<latexit sha1_base64="RYd2amF3SOCvfzQRXcVlRXXkl6Q="></latexit>

✓ := ✓ + ↵
@Lactor(✓)

@✓

1. Initialize policy 
⌧

<latexit sha1_base64="WEuQaxy+80wPLN8+yAQ+jjl+yUs="></latexit><latexit sha1_base64="WEuQaxy+80wPLN8+yAQ+jjl+yUs="></latexit><latexit sha1_base64="WEuQaxy+80wPLN8+yAQ+jjl+yUs="></latexit><latexit sha1_base64="WEuQaxy+80wPLN8+yAQ+jjl+yUs="></latexit>

<latexit sha1_base64="AWY3E25ZSDCp1pLYiKUal8mKV6A="></latexit>

⇡✓(u|x) = C · exp
⇣
� (f(x, ✓µ)� u)2

✓2�

⌘
2. Collect trajectories     with policy

<latexit sha1_base64="0m0H/YvSwCux5kzlVOuX8fQdYGU="></latexit>

⇡✓(u|x) = f(x, ✓)

<latexit sha1_base64="IwxoFuDxROQq/o5X8BA3dxE0AyE="></latexit>

⇡✓(u|x) = f(x, ✓)

<latexit sha1_base64="R8S92S84QKnfUNGGh500JG0ijBs=">AAACA3icbVDLSgMxFL1TX7W+Rt3pJliEuikz4msjFNzoroJ9QDuUTJppQzMPkoxYxgE3/oobF4q49Sfc+Tdm2graeiBwcs693HuPG3EmlWV9Gbm5+YXFpfxyYWV1bX3D3NyqyzAWhNZIyEPRdLGknAW0ppjitBkJin2X04Y7uMj8xi0VkoXBjRpG1PFxL2AeI1hpqWPuRKW2j1Xf9ZI4Pbfvfz536UHHLFplawQ0S+wJKcIE1Y752e6GJPZpoAjHUrZsK1JOgoVihNO00I4ljTAZ4B5taRpgn0onGd2Qon2tdJEXCv0ChUbq744E+1IOfVdXZivKaS8T//NasfLOnIQFUaxoQMaDvJgjFaIsENRlghLFh5pgIpjeFZE+FpgoHVtBh2BPnzxL6odl+6R8fH1UrFxN4sjDLuxBCWw4hQpcQhVqQOABnuAFXo1H49l4M97HpTlj0rMNf2B8fAMoWpfk</latexit>

p(u = 1|x)
<latexit sha1_base64="UwZ3UkhoOpNVdJS+DKtTQwvuAg8=">AAACA3icbVDLSgMxFL3js9bXqDvdBItQN2Wm+NoIBTe6q2Af0A4lk2ba0MyDJCOWccCNv+LGhSJu/Ql3/o2ZtoK2HgicnHMv997jRpxJZVlfxtz8wuLScm4lv7q2vrFpbm3XZRgLQmsk5KFoulhSzgJaU0xx2owExb7LacMdXGR+45YKycLgRg0j6vi4FzCPEay01DF3o2Lbx6rvekmcnpfvfz536WHHLFglawQ0S+wJKcAE1Y752e6GJPZpoAjHUrZsK1JOgoVihNM0344ljTAZ4B5taRpgn0onGd2QogOtdJEXCv0ChUbq744E+1IOfVdXZivKaS8T//NasfLOnIQFUaxoQMaDvJgjFaIsENRlghLFh5pgIpjeFZE+FpgoHVteh2BPnzxL6uWSfVI6vj4qVK4mceRgD/ahCDacQgUuoQo1IPAAT/ACr8aj8Wy8Ge/j0jlj0rMDf2B8fAMp6pfl</latexit>

p(u = 2|x)



<latexit sha1_base64="GhwKGQNQzjY0EyjVJcJjPM97Qcg="></latexit>

Lactor(✓) =
X

(u,x,x0)2⌧

log ⇡✓(u|x) ·
⇣
r + �V!(x

0)� V!(x)
⌘

| {z }
A!=Q�V

4. Actor: Update policy by policy gradient:

5. Repeat from 2

<latexit sha1_base64="RYd2amF3SOCvfzQRXcVlRXXkl6Q="></latexit>

✓ := ✓ + ↵
@Lactor(✓)

@✓

1. Initialize policy 
⌧

<latexit sha1_base64="WEuQaxy+80wPLN8+yAQ+jjl+yUs="></latexit><latexit sha1_base64="WEuQaxy+80wPLN8+yAQ+jjl+yUs="></latexit><latexit sha1_base64="WEuQaxy+80wPLN8+yAQ+jjl+yUs="></latexit><latexit sha1_base64="WEuQaxy+80wPLN8+yAQ+jjl+yUs="></latexit>

<latexit sha1_base64="AWY3E25ZSDCp1pLYiKUal8mKV6A="></latexit>

⇡✓(u|x) = C · exp
⇣
� (f(x, ✓µ)� u)2

✓2�

⌘
2. Collect trajectories     with policy

<latexit sha1_base64="0m0H/YvSwCux5kzlVOuX8fQdYGU="></latexit>

⇡✓(u|x) = f(x, ✓)
<latexit sha1_base64="LXf0JmGTOF6zAJcVPw7bl7mAnr4="></latexit>

V!(x) r + �V!(x
0),

<latexit sha1_base64="IwxoFuDxROQq/o5X8BA3dxE0AyE="></latexit>

⇡✓(u|x) = f(x, ✓)

<latexit sha1_base64="R8S92S84QKnfUNGGh500JG0ijBs=">AAACA3icbVDLSgMxFL1TX7W+Rt3pJliEuikz4msjFNzoroJ9QDuUTJppQzMPkoxYxgE3/oobF4q49Sfc+Tdm2graeiBwcs693HuPG3EmlWV9Gbm5+YXFpfxyYWV1bX3D3NyqyzAWhNZIyEPRdLGknAW0ppjitBkJin2X04Y7uMj8xi0VkoXBjRpG1PFxL2AeI1hpqWPuRKW2j1Xf9ZI4Pbfvfz536UHHLFplawQ0S+wJKcIE1Y752e6GJPZpoAjHUrZsK1JOgoVihNO00I4ljTAZ4B5taRpgn0onGd2Qon2tdJEXCv0ChUbq744E+1IOfVdXZivKaS8T//NasfLOnIQFUaxoQMaDvJgjFaIsENRlghLFh5pgIpjeFZE+FpgoHVtBh2BPnzxL6odl+6R8fH1UrFxN4sjDLuxBCWw4hQpcQhVqQOABnuAFXo1H49l4M97HpTlj0rMNf2B8fAMoWpfk</latexit>

p(u = 1|x)
<latexit sha1_base64="UwZ3UkhoOpNVdJS+DKtTQwvuAg8=">AAACA3icbVDLSgMxFL3js9bXqDvdBItQN2Wm+NoIBTe6q2Af0A4lk2ba0MyDJCOWccCNv+LGhSJu/Ql3/o2ZtoK2HgicnHMv997jRpxJZVlfxtz8wuLScm4lv7q2vrFpbm3XZRgLQmsk5KFoulhSzgJaU0xx2owExb7LacMdXGR+45YKycLgRg0j6vi4FzCPEay01DF3o2Lbx6rvekmcnpfvfz536WHHLFglawQ0S+wJKcAE1Y752e6GJPZpoAjHUrZsK1JOgoVihNM0344ljTAZ4B5taRpgn0onGd2QogOtdJEXCv0ChUbq744E+1IOfVdXZivKaS8T//NasfLOnIQFUaxoQMaDvJgjFaIsENRlghLFh5pgIpjeFZE+FpgoHVteh2BPnzxL6uWSfVI6vj4qVK4mceRgD/ahCDacQgUuoQo1IPAAT/ACr8aj8Wy8Ge/j0jlj0rMDf2B8fAMp6pfl</latexit>

p(u = 2|x)



<latexit sha1_base64="GhwKGQNQzjY0EyjVJcJjPM97Qcg="></latexit>

Lactor(✓) =
X

(u,x,x0)2⌧

log ⇡✓(u|x) ·
⇣
r + �V!(x

0)� V!(x)
⌘

| {z }
A!=Q�V

4. Actor: Update policy by policy gradient:

5. Repeat from 2

<latexit sha1_base64="RYd2amF3SOCvfzQRXcVlRXXkl6Q="></latexit>

✓ := ✓ + ↵
@Lactor(✓)

@✓

1. Initialize policy 
⌧

<latexit sha1_base64="WEuQaxy+80wPLN8+yAQ+jjl+yUs="></latexit><latexit sha1_base64="WEuQaxy+80wPLN8+yAQ+jjl+yUs="></latexit><latexit sha1_base64="WEuQaxy+80wPLN8+yAQ+jjl+yUs="></latexit><latexit sha1_base64="WEuQaxy+80wPLN8+yAQ+jjl+yUs="></latexit>

<latexit sha1_base64="AWY3E25ZSDCp1pLYiKUal8mKV6A="></latexit>

⇡✓(u|x) = C · exp
⇣
� (f(x, ✓µ)� u)2

✓2�

⌘
2. Collect trajectories     with policy

<latexit sha1_base64="0m0H/YvSwCux5kzlVOuX8fQdYGU="></latexit>

⇡✓(u|x) = f(x, ✓)
<latexit sha1_base64="LXf0JmGTOF6zAJcVPw7bl7mAnr4="></latexit>

V!(x) r + �V!(x
0),

3. Critic: Update value function to predict observed values:
<latexit sha1_base64="LXf0JmGTOF6zAJcVPw7bl7mAnr4="></latexit>

V!(x) r + �V!(x
0)

<latexit sha1_base64="el1sIcRn7QAECDLrjQvtY1wVXEI="></latexit>

! := ! + �
@Lcritic(!)

@!

<latexit sha1_base64="ZDMJ2beWWI8ZUNgO+KG/YjWXIAo=">AAACD3icbVBNS8MwGE7n15xfVY9eikOZl9HKUC/CwIuChwnuA9Yy0izdwpKmJKkwSv+BF/+KFw+KePXqzX9j2vWgmw8EnjzP+77J+/gRJVLZ9rdRWlpeWV0rr1c2Nre2d8zdvY7ksUC4jTjloudDiSkJcVsRRXEvEhgyn+KuP7nK/O4DFpLw8F5NI+wxOApJQBBUWhqYxy6DaowgTW7TQZJfBEuQIIqgNK25nOERPLkcmFW7buewFolTkCoo0BqYX+6Qo5jhUCEKpew7dqS8BAo9l+K04sYSRxBN4Aj3NQ0hw9JL8n1S60grQyvgQp9QWbn6uyOBTMop83Vl9mE572Xif14/VsGFl5AwihUO0eyhIKaW4lYWjjUkAiNFp5rAWQYWGkMBkdIRVnQIzvzKi6RzWnfO6o27RrV5U8RRBgfgENSAA85BE1yDFmgDBB7BM3gFb8aT8WK8Gx+z0pJR9OyDPzA+fwAXLp1W</latexit>

Lcritic(!) =

<latexit sha1_base64="R/sr53/kgdSPycevtlk55Yb925M="></latexit>⇣
r + �V!(x

0)� V!(x| {z }
A!

)
⌘2

<latexit sha1_base64="IwxoFuDxROQq/o5X8BA3dxE0AyE="></latexit>

⇡✓(u|x) = f(x, ✓)

<latexit sha1_base64="R8S92S84QKnfUNGGh500JG0ijBs=">AAACA3icbVDLSgMxFL1TX7W+Rt3pJliEuikz4msjFNzoroJ9QDuUTJppQzMPkoxYxgE3/oobF4q49Sfc+Tdm2graeiBwcs693HuPG3EmlWV9Gbm5+YXFpfxyYWV1bX3D3NyqyzAWhNZIyEPRdLGknAW0ppjitBkJin2X04Y7uMj8xi0VkoXBjRpG1PFxL2AeI1hpqWPuRKW2j1Xf9ZI4Pbfvfz536UHHLFplawQ0S+wJKcIE1Y752e6GJPZpoAjHUrZsK1JOgoVihNO00I4ljTAZ4B5taRpgn0onGd2Qon2tdJEXCv0ChUbq744E+1IOfVdXZivKaS8T//NasfLOnIQFUaxoQMaDvJgjFaIsENRlghLFh5pgIpjeFZE+FpgoHVtBh2BPnzxL6odl+6R8fH1UrFxN4sjDLuxBCWw4hQpcQhVqQOABnuAFXo1H49l4M97HpTlj0rMNf2B8fAMoWpfk</latexit>

p(u = 1|x)
<latexit sha1_base64="UwZ3UkhoOpNVdJS+DKtTQwvuAg8=">AAACA3icbVDLSgMxFL3js9bXqDvdBItQN2Wm+NoIBTe6q2Af0A4lk2ba0MyDJCOWccCNv+LGhSJu/Ql3/o2ZtoK2HgicnHMv997jRpxJZVlfxtz8wuLScm4lv7q2vrFpbm3XZRgLQmsk5KFoulhSzgJaU0xx2owExb7LacMdXGR+45YKycLgRg0j6vi4FzCPEay01DF3o2Lbx6rvekmcnpfvfz536WHHLFglawQ0S+wJKcAE1Y752e6GJPZpoAjHUrZsK1JOgoVihNM0344ljTAZ4B5taRpgn0onGd2QogOtdJEXCv0ChUbq744E+1IOfVdXZivKaS8T//NasfLOnIQFUaxoQMaDvJgjFaIsENRlghLFh5pgIpjeFZE+FpgoHVteh2BPnzxL6uWSfVI6vj4qVK4mceRgD/ahCDacQgUuoQo1IPAAT/ACr8aj8Wy8Ge/j0jlj0rMDf2B8fAMp6pfl</latexit>

p(u = 2|x)



Proximal Policy Optimization PPO

<latexit sha1_base64="5YuGs16fdNYzmIoSwSUs2KfKSiU=">AAAB/HicbVDLSsNAFJ3UV62vaJdugkVwVRLxtSy40V0F+4Amlslk0g6dZMLMjRBC/RU3LhRx64e482+ctFlo64GBwzn3cs8cP+FMgW1/G5WV1bX1jepmbWt7Z3fP3D/oKpFKQjtEcCH7PlaUs5h2gAGn/URSHPmc9vzJdeH3HqlUTMT3kCXUi/AoZiEjGLQ0NOsujCngBzfCMJZRLngwHZoNu2nPYC0TpyQNVKI9NL/cQJA0ojEQjpUaOHYCXo4lMMLptOamiiaYTPCIDjSNcUSVl8/CT61jrQRWKKR+MVgz9fdGjiOlssjXk0VGtegV4n/eIIXwystZnKRAYzI/FKbcAmEVTVgBk5QAzzTBRDKd1SJjLDEB3VdNl+AsfnmZdE+bzkXz/O6s0bot66iiQ3SETpCDLlEL3aA26iCCMvSMXtGb8WS8GO/Gx3y0YpQ7dfQHxucPj02VZg==</latexit>

✓old

<latexit sha1_base64="oGR4+oUr8wO25GzMVzhDeMMwbvM=">AAACHXicbVDLSgMxFM34rPU16tJNsAh1U2akPpYFNwouKtgHtLVk0rQNzUyG5I5QhvkRN/6KGxeKuHAj/o2ZdgRtPRA495x7yb3HCwXX4Dhf1sLi0vLKam4tv76xubVt7+zWtYwUZTUqhVRNj2gmeMBqwEGwZqgY8T3BGt7oIvUb90xpLoNbGIes45NBwPucEjBS1y63fQJDSkR8nXTjSaH8mFCQKknufmodKZUU2zBkQI5wvmsXnJIzAZ4nbkYKKEO1a3+0e5JGPguACqJ1y3VC6MREAaeCJfl2pFlI6IgMWMvQgPhMd+LJdQk+NEoP96UyLwA8UX9PxMTXeux7pjNdV896qfif14qgf96JeRBGwAI6/agfCQwSp1HhHleMghgbQqjiZldMh0SZcEygaQju7MnzpH5cck9LJzflQuUqiyOH9tEBKiIXnaEKukRVVEMUPaAn9IJerUfr2Xqz3qetC1Y2s4f+wPr8Bqmso38=</latexit>

Lsurr
actor(✓)

<latexit sha1_base64="K+Jy03R/F+D5Pu9mC8LOMHzN4JY="></latexit>

�
X

(u,x,x0)2⌧

⇡✓(u|x)
⇡✓old(u|x)

· Â!(u,x) =

<latexit sha1_base64="xRdCLEOZqQCfb275TDe74HdygXs="></latexit>

Lsurr
actor(✓)

<latexit sha1_base64="GrxqX7K/4sCMMNYo2AzEAFPwb8A="></latexit>

J⇡✓ = E⌧⇠⇡✓{
X

rt⇠⌧

�trt}

<latexit sha1_base64="GPQobugrJ4K2XrMQINGe2pL2Pp8=">AAAB+HicdVDLSsNAFJ3UV62PRl26GSyCq5IUre2u4EZdVbAPaEKYTCft0MmDmRuhhn6JGxeKuPVT3Pk3TtoKKnrgwuGce7n3Hj8RXIFlfRiFldW19Y3iZmlre2e3bO7td1WcSso6NBax7PtEMcEj1gEOgvUTyUjoC9bzJxe537tjUvE4uoVpwtyQjCIecEpAS55ZvvYyJ+GeA2MGZIY9s2JVLY16HefEbli2Js1mo1ZrYntuWVYFLdH2zHdnGNM0ZBFQQZQa2FYCbkYkcCrYrOSkiiWETsiIDTSNSMiUm80Pn+FjrQxxEEtdEeC5+n0iI6FS09DXnSGBsfrt5eJf3iCFoOFmPEpSYBFdLApSgSHGeQp4yCWjIKaaECq5vhXTMZGEgs6qpEP4+hT/T7q1ql2vnt2cVlpXyziK6BAdoRNko3PUQpeojTqIohQ9oCf0bNwbj8aL8bpoLRjLmQP0A8bbJ/Uwk1Y=</latexit>

J⇡✓

Lower bound surrogate loss that locally approximates the true criterion

You can also understand it as importance-sampling re-weighted policy gradient

https://jonathan-hui.medium.com/rl-the-math-behind-trpo-ppo-d12f6c745f33



Trust Region Policy Optimization (TRPO)

<latexit sha1_base64="oGR4+oUr8wO25GzMVzhDeMMwbvM=">AAACHXicbVDLSgMxFM34rPU16tJNsAh1U2akPpYFNwouKtgHtLVk0rQNzUyG5I5QhvkRN/6KGxeKuHAj/o2ZdgRtPRA495x7yb3HCwXX4Dhf1sLi0vLKam4tv76xubVt7+zWtYwUZTUqhVRNj2gmeMBqwEGwZqgY8T3BGt7oIvUb90xpLoNbGIes45NBwPucEjBS1y63fQJDSkR8nXTjSaH8mFCQKknufmodKZUU2zBkQI5wvmsXnJIzAZ4nbkYKKEO1a3+0e5JGPguACqJ1y3VC6MREAaeCJfl2pFlI6IgMWMvQgPhMd+LJdQk+NEoP96UyLwA8UX9PxMTXeux7pjNdV896qfif14qgf96JeRBGwAI6/agfCQwSp1HhHleMghgbQqjiZldMh0SZcEygaQju7MnzpH5cck9LJzflQuUqiyOH9tEBKiIXnaEKukRVVEMUPaAn9IJerUfr2Xqz3qetC1Y2s4f+wPr8Bqmso38=</latexit>

Lsurr
actor(✓)

<latexit sha1_base64="K+Jy03R/F+D5Pu9mC8LOMHzN4JY="></latexit>

�
X

(u,x,x0)2⌧

⇡✓(u|x)
⇡✓old(u|x)

· Â!(u,x)

<latexit sha1_base64="5YuGs16fdNYzmIoSwSUs2KfKSiU=">AAAB/HicbVDLSsNAFJ3UV62vaJdugkVwVRLxtSy40V0F+4Amlslk0g6dZMLMjRBC/RU3LhRx64e482+ctFlo64GBwzn3cs8cP+FMgW1/G5WV1bX1jepmbWt7Z3fP3D/oKpFKQjtEcCH7PlaUs5h2gAGn/URSHPmc9vzJdeH3HqlUTMT3kCXUi/AoZiEjGLQ0NOsujCngBzfCMJZRLngwHZoNu2nPYC0TpyQNVKI9NL/cQJA0ojEQjpUaOHYCXo4lMMLptOamiiaYTPCIDjSNcUSVl8/CT61jrQRWKKR+MVgz9fdGjiOlssjXk0VGtegV4n/eIIXwystZnKRAYzI/FKbcAmEVTVgBk5QAzzTBRDKd1SJjLDEB3VdNl+AsfnmZdE+bzkXz/O6s0bot66iiQ3SETpCDLlEL3aA26iCCMvSMXtGb8WS8GO/Gx3y0YpQ7dfQHxucPj02VZg==</latexit>

✓old

<latexit sha1_base64="xRdCLEOZqQCfb275TDe74HdygXs="></latexit>

Lsurr
actor(✓)

=
<latexit sha1_base64="GrxqX7K/4sCMMNYo2AzEAFPwb8A="></latexit>

J⇡✓ = E⌧⇠⇡✓{
X

rt⇠⌧

�trt}

<latexit sha1_base64="GPQobugrJ4K2XrMQINGe2pL2Pp8=">AAAB+HicdVDLSsNAFJ3UV62PRl26GSyCq5IUre2u4EZdVbAPaEKYTCft0MmDmRuhhn6JGxeKuPVT3Pk3TtoKKnrgwuGce7n3Hj8RXIFlfRiFldW19Y3iZmlre2e3bO7td1WcSso6NBax7PtEMcEj1gEOgvUTyUjoC9bzJxe537tjUvE4uoVpwtyQjCIecEpAS55ZvvYyJ+GeA2MGZIY9s2JVLY16HefEbli2Js1mo1ZrYntuWVYFLdH2zHdnGNM0ZBFQQZQa2FYCbkYkcCrYrOSkiiWETsiIDTSNSMiUm80Pn+FjrQxxEEtdEeC5+n0iI6FS09DXnSGBsfrt5eJf3iCFoOFmPEpSYBFdLApSgSHGeQp4yCWjIKaaECq5vhXTMZGEgs6qpEP4+hT/T7q1ql2vnt2cVlpXyziK6BAdoRNko3PUQpeojTqIohQ9oCf0bNwbj8aL8bpoLRjLmQP0A8bbJ/Uwk1Y=</latexit>

J⇡✓

TRPO:

subject to:

<latexit sha1_base64="QEa/kOgCH2c4ywMlSYb9t41GYu4="></latexit>

argmax
✓

E⌧⇠⇡✓

h ⇡✓(u|x)
⇡✓old(u|x)

· Â!(u,x)
i

<latexit sha1_base64="KXkinbAUvA9NdiqgsrYFG4eUYRY="></latexit>

E⌧⇠⇡✓

h
DKL

�
⇡✓(u|x) k⇡✓old(u|x)

�i
 ✏



Proximal Policy Optimization PPO

<latexit sha1_base64="5YuGs16fdNYzmIoSwSUs2KfKSiU=">AAAB/HicbVDLSsNAFJ3UV62vaJdugkVwVRLxtSy40V0F+4Amlslk0g6dZMLMjRBC/RU3LhRx64e482+ctFlo64GBwzn3cs8cP+FMgW1/G5WV1bX1jepmbWt7Z3fP3D/oKpFKQjtEcCH7PlaUs5h2gAGn/URSHPmc9vzJdeH3HqlUTMT3kCXUi/AoZiEjGLQ0NOsujCngBzfCMJZRLngwHZoNu2nPYC0TpyQNVKI9NL/cQJA0ojEQjpUaOHYCXo4lMMLptOamiiaYTPCIDjSNcUSVl8/CT61jrQRWKKR+MVgz9fdGjiOlssjXk0VGtegV4n/eIIXwystZnKRAYzI/FKbcAmEVTVgBk5QAzzTBRDKd1SJjLDEB3VdNl+AsfnmZdE+bzkXz/O6s0bot66iiQ3SETpCDLlEL3aA26iCCMvSMXtGb8WS8GO/Gx3y0YpQ7dfQHxucPj02VZg==</latexit>

✓old

<latexit sha1_base64="xRdCLEOZqQCfb275TDe74HdygXs="></latexit>

Lsurr
actor(✓)

<latexit sha1_base64="GPQobugrJ4K2XrMQINGe2pL2Pp8=">AAAB+HicdVDLSsNAFJ3UV62PRl26GSyCq5IUre2u4EZdVbAPaEKYTCft0MmDmRuhhn6JGxeKuPVT3Pk3TtoKKnrgwuGce7n3Hj8RXIFlfRiFldW19Y3iZmlre2e3bO7td1WcSso6NBax7PtEMcEj1gEOgvUTyUjoC9bzJxe537tjUvE4uoVpwtyQjCIecEpAS55ZvvYyJ+GeA2MGZIY9s2JVLY16HefEbli2Js1mo1ZrYntuWVYFLdH2zHdnGNM0ZBFQQZQa2FYCbkYkcCrYrOSkiiWETsiIDTSNSMiUm80Pn+FjrQxxEEtdEeC5+n0iI6FS09DXnSGBsfrt5eJf3iCFoOFmPEpSYBFdLApSgSHGeQp4yCWjIKaaECq5vhXTMZGEgs6qpEP4+hT/T7q1ql2vnt2cVlpXyziK6BAdoRNko3PUQpeojTqIohQ9oCf0bNwbj8aL8bpoLRjLmQP0A8bbJ/Uwk1Y=</latexit>

J⇡✓

<latexit sha1_base64="9lyW5yG+jqQRwZvPCvW8ZLKame0="></latexit>

⇡✓(u|x)
⇡✓old(u|x)

 1� ✏ <latexit sha1_base64="HmpdEBO82lRCzUFxcjy+CiSqUNk="></latexit>

⇡✓(u|x)
⇡✓old(u|x)

 1 + ✏

TRPO:
<latexit sha1_base64="QEa/kOgCH2c4ywMlSYb9t41GYu4="></latexit>

argmax
✓

E⌧⇠⇡✓

h ⇡✓(u|x)
⇡✓old(u|x)

· Â!(u,x)
i



Proximal Policy Optimization PPO

<latexit sha1_base64="5YuGs16fdNYzmIoSwSUs2KfKSiU=">AAAB/HicbVDLSsNAFJ3UV62vaJdugkVwVRLxtSy40V0F+4Amlslk0g6dZMLMjRBC/RU3LhRx64e482+ctFlo64GBwzn3cs8cP+FMgW1/G5WV1bX1jepmbWt7Z3fP3D/oKpFKQjtEcCH7PlaUs5h2gAGn/URSHPmc9vzJdeH3HqlUTMT3kCXUi/AoZiEjGLQ0NOsujCngBzfCMJZRLngwHZoNu2nPYC0TpyQNVKI9NL/cQJA0ojEQjpUaOHYCXo4lMMLptOamiiaYTPCIDjSNcUSVl8/CT61jrQRWKKR+MVgz9fdGjiOlssjXk0VGtegV4n/eIIXwystZnKRAYzI/FKbcAmEVTVgBk5QAzzTBRDKd1SJjLDEB3VdNl+AsfnmZdE+bzkXz/O6s0bot66iiQ3SETpCDLlEL3aA26iCCMvSMXtGb8WS8GO/Gx3y0YpQ7dfQHxucPj02VZg==</latexit>

✓old

<latexit sha1_base64="xRdCLEOZqQCfb275TDe74HdygXs="></latexit>

Lsurr
actor(✓)

<latexit sha1_base64="9lyW5yG+jqQRwZvPCvW8ZLKame0="></latexit>

⇡✓(u|x)
⇡✓old(u|x)

 1� ✏ <latexit sha1_base64="HmpdEBO82lRCzUFxcjy+CiSqUNk="></latexit>

⇡✓(u|x)
⇡✓old(u|x)

 1 + ✏

<latexit sha1_base64="kAtvtYr9NYvdXB/vZC1vnZYio74=">AAADgHictVJLj9MwEHYTHkt4deHIxaJC6opuSRAvwWUBIcFtkejuSnWJHMdprfUjsh20lfHf4Idx48cg4aStVHbhwIGxbH365pvxeDxFzZmxafqjF8WXLl+5unMtuX7j5q3b/d07R0Y1mtAJUVzpkwIbypmkE8sspye1plgUnB4Xp29b//EXqg1T8pNd1nQm8FyyihFsA5Xv9r4lCOs5EvgsR3ZBLYboVVgC20VRuHc+d8jiBh kmVlzlUM3WUu8hRG/YfIoEky1ALkGVxmRLM9yENf7rBp75Pd9J3Erz2XUeLZzipff+bzGIlMpCtMDWvfY5UoLOt/OPtrTJqHtHsklMOKtD3v9Y3CjbR7Q2jCs5yh5u4N4/1Nx10LfnLMn7g3ScdgYvgmwNBmBth3n/OyoVaQSVlnBszDRLaztzWFtGOPUJagytMTnFczoNUGJBzcx1A+Thg8CUsFI6bGlhx25HOCyMWYoiKNtyzXlfS/7JN21s9WLmmKwbSyVZXVQ1HFoF22mEJdOUWL4MABPNQq2QLHD4JBtmtm1Cdv7JF8HR43H2bPz045PBwYd1O3bAPXAfDEEGnoMD8B4cggkgvZ/RIBpF+3EUD+NHcbaSRr11zF3wm8UvfwH0+CkH</latexit>

argmax
✓

E⌧⇠⇡✓

h
min

n ⇡✓(u|x)
⇡✓old(u|x)

· Â!(u,x), clip(
⇡✓(u|x)
⇡✓old(u|x)

, 1� ✏, 1 + ✏) · Â!(u,x)
oi

<latexit sha1_base64="pcyU0rOrE+jn4BPikmQIdCdl/tA="></latexit>

(1� ✏) · Â!(u,x)

<latexit sha1_base64="SrOLxLHPtsoFki7mapgHZmLD9ro="></latexit>

(1 + ✏) · Â!(u,x)

<latexit sha1_base64="GPQobugrJ4K2XrMQINGe2pL2Pp8=">AAAB+HicdVDLSsNAFJ3UV62PRl26GSyCq5IUre2u4EZdVbAPaEKYTCft0MmDmRuhhn6JGxeKuPVT3Pk3TtoKKnrgwuGce7n3Hj8RXIFlfRiFldW19Y3iZmlre2e3bO7td1WcSso6NBax7PtEMcEj1gEOgvUTyUjoC9bzJxe537tjUvE4uoVpwtyQjCIecEpAS55ZvvYyJ+GeA2MGZIY9s2JVLY16HefEbli2Js1mo1ZrYntuWVYFLdH2zHdnGNM0ZBFQQZQa2FYCbkYkcCrYrOSkiiWETsiIDTSNSMiUm80Pn+FjrQxxEEtdEeC5+n0iI6FS09DXnSGBsfrt5eJf3iCFoOFmPEpSYBFdLApSgSHGeQp4yCWjIKaaECq5vhXTMZGEgs6qpEP4+hT/T7q1ql2vnt2cVlpXyziK6BAdoRNko3PUQpeojTqIohQ9oCf0bNwbj8aL8bpoLRjLmQP0A8bbJ/Uwk1Y=</latexit>

J⇡✓



Reinforcement learning baselines

import gym 

env = gym.make('CartPole-v1') 

obs = env.reset() 
for i in range(1000): 
    action, _state = model.predict(obs, deterministic=True) 
    obs, reward, done, info = env.step(action) 
    env.render() 
    if done: 
      obs = env.reset() 

https://gym.openai.com/

https://gym.openai.com/


Reinforcement learning baselines
https://stable-baselines3.readthedocs.io/

import gym 

from stable_baselines3 import A2C 

env = gym.make('CartPole-v1') 

model = A2C('MlpPolicy', env, verbose=1) 
model.learn(total_timesteps=10000)

https://stable-baselines3.readthedocs.io/


Known successes of RL
• Computer games controlled from pixel inputs 

• Starcraft II (AlphaStar) 
• Atari 2D platformers (DQN) 
• Doom 2 - VizDoom [Wydemuch 2018] 

https://arxiv.org/abs/1809.03470 
• Quake III - Arena capture the flag 
• DOTA 2 openAI+ bot https://blog.openai.com/dota-2/ 

http://www.apple.com/uk
https://blog.openai.com/dota-2/


Known successes of RL - Starcraft II
• Starcraft II (Deepmind AlphaStart beaten top-end professional human gamers 5:0)

https://medium.com/mlmemoirs/deepminds-ai-alphastar-showcases-significant-
progress-towards-agi-93810c94fbe9

• no single best strategy 
• partially observable 
• longterm planning (delayed  

rewards from upgrades) 
• realtime  
• large action space 
• human gameplay dataset 
• more-than-realtime 

implementation of the 
game for RL

https://medium.com/mlmemoirs/deepminds-ai-alphastar-showcases-significant-progress-towards-agi-93810c94fbe9
https://medium.com/mlmemoirs/deepminds-ai-alphastar-showcases-significant-progress-towards-agi-93810c94fbe9


Known successes of RL - Starcraft II
Minigames allows for traing small RL agents



Learning Starcraft II
• Supervised learning from human games dataset 

(performance: (i) humans - gold level, (ii) AI - elite level 
• Reinforcement learning:  
• minigames (collect minerals, build marines, …) 
• self-play 
• 14 days playing against two grand masters (TLO, MaNa)



Known successes of RL - Starcraft II
• Reinforcement learning: 14 days playing against two 

grand masters (TLO, MaNa) 
• Distributed Actor-Critic method IMPALA: 

https://arxiv.org/pdf/1802.01561.pdf 
•             learning of  
• stochastic policy gradient: 

• recurrent policy architecture with LSTM blocks

TD(�)
<latexit sha1_base64="ry9+T+/RAxyxyEot3oaDyG373gw=">AAAB8nicbVDLSgMxFM34rPVVdekmWIS6KTM+0GVRFy4r9AXToWQymTY0kwzJHaGUfoYbF4q49Wvc+Tem7Sy09UDgcM655N4TpoIbcN1vZ2V1bX1js7BV3N7Z3dsvHRy2jMo0ZU2qhNKdkBgmuGRN4CBYJ9WMJKFg7XB4N/XbT0wbrmQDRikLEtKXPOaUgJX8xn2lK2w6Ime9UtmtujPgZeLlpIxy1Hulr26kaJYwCVQQY3zPTSEYEw2cCjYpdjPDUkKHpM98SyVJmAnGs5Un+NQqEY6Vtk8Cnqm/J8YkMWaUhDaZEBiYRW8q/uf5GcQ3wZjLNAMm6fyjOBMYFJ7ejyOuGQUxsoRQze2umA6IJhRsS0Vbgrd48jJpnVe9i+rV42W5dpvXUUDH6ARVkIeuUQ09oDpqIooUekav6M0B58V5dz7m0RUnnzlCf+B8/gA9wJCV</latexit>

Q✓(x,u)
<latexit sha1_base64="YbvLmW3AU3fAE3EntJ7wLem8HvU=">AAACCHicbZDLSsNAFIYn9VbrLerShcEiVJCSeEGXRTcuW7AXaEKYTCft0MmFmROxhCzd+CpuXCji1kdw59s4aSto6w8DH/85hznn92LOJJjml1ZYWFxaXimultbWNza39O2dlowSQWiTRDwSHQ9LyllIm8CA004sKA48Ttve8Dqvt++okCwKb2EUUyfA/ZD5jGBQlqvvN1wbBhRwxQ4wDDw/vc+OfzDJjly9bFbNsYx5sKZQRlPVXf3T7kUkCWgIhGMpu5YZg5NiAYxwmpXsRNIYkyHu067CEAdUOun4kMw4VE7P8COhXgjG2P09keJAylHgqc58RTlby83/at0E/EsnZWGcAA3J5CM/4QZERp6K0WOCEuAjBZgIpnY1yAALTEBlV1IhWLMnz0PrpGqdVs8bZ+Xa1TSOItpDB6iCLHSBaugG1VETEfSAntALetUetWftTXuftBa06cwu+iPt4xsLk5oA</latexit>

• paralelized learning
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https://arxiv.org/pdf/1802.01561.pdf


Results:

Suggested explanations:
• higher APM 
• smaller delays in 

counter-actions 
• does not have to move 

camera 
• fog of war



• higher APM



• Of course, haze of war is used.

• moving interface



• Brute-force search-based algorithms has no chance in huge state-action spaces  
=> trained net guides the search efficiently

Known successes of RL - board games
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• Training set augmentation  
(jittering, mirroring, occlusions, brightness/contrast/color variations)

• Learn augmentation policy (AutoAugment, PBA), which provides good generalization

Known successes of RL 
Learning to learn

https://arxiv.org/pdf/1905.05393.pdf
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Known successes of RL - Learning to learn



[Heess 2017] https://arxiv.org/abs/1707.02286
Known successes of RL - learning complex motions in simulation

https://arxiv.org/abs/1707.02286


manipulator+ RGB camera

image

joint torques

Continues motion control from RGB(D)

=   (         )= ⇡✓
<latexit sha1_base64="Ws55MgIWmQm3Rst0nfEmQAw4zmY="></latexit>

[Levine IJRR 2017]  https://arxiv.org/abs/1603.02199

Known successes of RL  
Learning complex motions in reality by paralelizing and automatizing rewards 

https://arxiv.org/abs/1603.02199




• imitation learning from human demonstration 
• state space: joint+ball positions, velocities, acceler. 
• action space: motor torques 
• gradient minimization in policy parameter space

Peters et al. NOW 2013

Known successes of RL  
learning complex motions in reality by manually designing low-dim policy



Motion and compliance control of flippers

[3] Pecka, Zimmermann, Svoboda, et al. IROS/RAL/TIE(IF=6), 2015-2018



No visual inputs + flat terrain => simple domain transfer

[Hwangbo, ETH Zurich, Science Robotics, 2018]

Known successes of RL  
learning complex motions in reality by transfering policy from simulation



[Kumar 2020] Rapid Motor Adaptation for legged robot 
https://ashish-kmr.github.io/rma-legged-robots/ 



[Kaufman Nature 2023] Champion-level drone racing using deep RL

• Simulation+residual model 
• RL runs in simulation 
• Method = PPO



[Kaufman Nature 2023] Champion-level drone racing using deep RL



Boston dynamics - Big dog - NO RL AT ALL



Typical problems

Model identification: 
• given some trajectories  

estimate model

p(x0|x,u)
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p(x0|x,u)
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Model predictive control / Planning 
• given the model and reward 

estimate optimal policy/planr(x,u,x0) 2 R
<latexit sha1_base64="tz8ggpzjECa6RQ8e6hza2qwx90w="></latexit>

⇡⇤ = argmax
⇡

J⇡

Reinforcement learning: 
• given rewards and trajectories, 

estimate optimal policy

⇡⇤ = argmax
⇡

J⇡

r(x,u,x0) 2 R
<latexit sha1_base64="tz8ggpzjECa6RQ8e6hza2qwx90w="></latexit>

Inverse reinforcement learning: 
• given optimal trajectories 

estimate reward function
r(x,u,x0) 2 R

<latexit sha1_base64="tz8ggpzjECa6RQ8e6hza2qwx90w="></latexit>



• Designing RL-friendly rewards is hard 
• Sparse rewards are easier to design correctly (current speed) 
• Dense rewards are easier to learn (winning the race)

Rewards engineering



• Sparse rewards are easier to design correctly 
• Dense rewards are easier to learn

Rewards engineering



• Sparse rewards are easier to design correctly 
• Dense rewards are easier to learn

J⇡
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sparse rewards

Rewards engineering



• Sparse rewards are easier to design correctly 
• Dense rewards are easier to learn

J⇡
<latexit sha1_base64="Tn8UrKeyWCBsQWBDOXJpIPObymk=">AAAB7HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9CKeKpi20Iay2W7apZtN2J0IJfQ3ePGgiFd/kDf/jds2B219YeHhnRl25g1TKQy67rdTWlvf2Nwqb1d2dvf2D6qHRy2TZJpxnyUy0Z2QGi6F4j4KlLyTak7jUPJ2OL6d1dtPXBuRqEecpDyI6VCJSDCK1vLv+71U9Ks1t+7ORVbBK6AGhZr96ldvkLAs5gqZpMZ0PTfFIKcaBZN8WullhqeUjemQdy0qGnMT5PNlp+TMOgMSJdo+hWTu/p7IaWzMJA5tZ0xxZJZrM/O/WjfD6DrIhUoz5IotPooySTAhs8vJQGjOUE4sUKaF3ZWwEdWUoc2nYkPwlk9ehdZF3bP8cFlr3BRxlOEETuEcPLiCBtxBE3xgIOAZXuHNUc6L8+58LFpLTjFzDH/kfP4AnAmOig==</latexit><latexit sha1_base64="Tn8UrKeyWCBsQWBDOXJpIPObymk=">AAAB7HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9CKeKpi20Iay2W7apZtN2J0IJfQ3ePGgiFd/kDf/jds2B219YeHhnRl25g1TKQy67rdTWlvf2Nwqb1d2dvf2D6qHRy2TZJpxnyUy0Z2QGi6F4j4KlLyTak7jUPJ2OL6d1dtPXBuRqEecpDyI6VCJSDCK1vLv+71U9Ks1t+7ORVbBK6AGhZr96ldvkLAs5gqZpMZ0PTfFIKcaBZN8WullhqeUjemQdy0qGnMT5PNlp+TMOgMSJdo+hWTu/p7IaWzMJA5tZ0xxZJZrM/O/WjfD6DrIhUoz5IotPooySTAhs8vJQGjOUE4sUKaF3ZWwEdWUoc2nYkPwlk9ehdZF3bP8cFlr3BRxlOEETuEcPLiCBtxBE3xgIOAZXuHNUc6L8+58LFpLTjFzDH/kfP4AnAmOig==</latexit><latexit sha1_base64="Tn8UrKeyWCBsQWBDOXJpIPObymk=">AAAB7HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9CKeKpi20Iay2W7apZtN2J0IJfQ3ePGgiFd/kDf/jds2B219YeHhnRl25g1TKQy67rdTWlvf2Nwqb1d2dvf2D6qHRy2TZJpxnyUy0Z2QGi6F4j4KlLyTak7jUPJ2OL6d1dtPXBuRqEecpDyI6VCJSDCK1vLv+71U9Ks1t+7ORVbBK6AGhZr96ldvkLAs5gqZpMZ0PTfFIKcaBZN8WullhqeUjemQdy0qGnMT5PNlp+TMOgMSJdo+hWTu/p7IaWzMJA5tZ0xxZJZrM/O/WjfD6DrIhUoz5IotPooySTAhs8vJQGjOUE4sUKaF3ZWwEdWUoc2nYkPwlk9ehdZF3bP8cFlr3BRxlOEETuEcPLiCBtxBE3xgIOAZXuHNUc6L8+58LFpLTjFzDH/kfP4AnAmOig==</latexit><latexit sha1_base64="Tn8UrKeyWCBsQWBDOXJpIPObymk=">AAAB7HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9CKeKpi20Iay2W7apZtN2J0IJfQ3ePGgiFd/kDf/jds2B219YeHhnRl25g1TKQy67rdTWlvf2Nwqb1d2dvf2D6qHRy2TZJpxnyUy0Z2QGi6F4j4KlLyTak7jUPJ2OL6d1dtPXBuRqEecpDyI6VCJSDCK1vLv+71U9Ks1t+7ORVbBK6AGhZr96ldvkLAs5gqZpMZ0PTfFIKcaBZN8WullhqeUjemQdy0qGnMT5PNlp+TMOgMSJdo+hWTu/p7IaWzMJA5tZ0xxZJZrM/O/WjfD6DrIhUoz5IotPooySTAhs8vJQGjOUE4sUKaF3ZWwEdWUoc2nYkPwlk9ehdZF3bP8cFlr3BRxlOEETuEcPLiCBtxBE3xgIOAZXuHNUc6L8+58LFpLTjFzDH/kfP4AnAmOig==</latexit>

⇡
<latexit sha1_base64="BD88AXvjS3lujLi2A79/yugFl1Y=">AAAB6nicbZBNS8NAEIYn9avWr6hHL4tF8FQSEfRY9OKxov2ANpTNdtMu3WzC7kQooT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5hKYdDzvp3S2vrG5lZ5u7Kzu7d/4B4etUySacabLJGJ7oTUcCkUb6JAyTup5jQOJW+H49tZvf3EtRGJesRJyoOYDpWIBKNorYdeKvpu1at5c5FV8AuoQqFG3/3qDRKWxVwhk9SYru+lGORUo2CSTyu9zPCUsjEd8q5FRWNugny+6pScWWdAokTbp5DM3d8TOY2NmcSh7YwpjsxybWb+V+tmGF0HuVBphlyxxUdRJgkmZHY3GQjNGcqJBcq0sLsSNqKaMrTpVGwI/vLJq9C6qPmW7y+r9ZsijjKcwCmcgw9XUIc7aEATGAzhGV7hzZHOi/PufCxaS04xcwx/5Hz+AE+/jc0=</latexit><latexit sha1_base64="BD88AXvjS3lujLi2A79/yugFl1Y=">AAAB6nicbZBNS8NAEIYn9avWr6hHL4tF8FQSEfRY9OKxov2ANpTNdtMu3WzC7kQooT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5hKYdDzvp3S2vrG5lZ5u7Kzu7d/4B4etUySacabLJGJ7oTUcCkUb6JAyTup5jQOJW+H49tZvf3EtRGJesRJyoOYDpWIBKNorYdeKvpu1at5c5FV8AuoQqFG3/3qDRKWxVwhk9SYru+lGORUo2CSTyu9zPCUsjEd8q5FRWNugny+6pScWWdAokTbp5DM3d8TOY2NmcSh7YwpjsxybWb+V+tmGF0HuVBphlyxxUdRJgkmZHY3GQjNGcqJBcq0sLsSNqKaMrTpVGwI/vLJq9C6qPmW7y+r9ZsijjKcwCmcgw9XUIc7aEATGAzhGV7hzZHOi/PufCxaS04xcwx/5Hz+AE+/jc0=</latexit><latexit sha1_base64="BD88AXvjS3lujLi2A79/yugFl1Y=">AAAB6nicbZBNS8NAEIYn9avWr6hHL4tF8FQSEfRY9OKxov2ANpTNdtMu3WzC7kQooT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5hKYdDzvp3S2vrG5lZ5u7Kzu7d/4B4etUySacabLJGJ7oTUcCkUb6JAyTup5jQOJW+H49tZvf3EtRGJesRJyoOYDpWIBKNorYdeKvpu1at5c5FV8AuoQqFG3/3qDRKWxVwhk9SYru+lGORUo2CSTyu9zPCUsjEd8q5FRWNugny+6pScWWdAokTbp5DM3d8TOY2NmcSh7YwpjsxybWb+V+tmGF0HuVBphlyxxUdRJgkmZHY3GQjNGcqJBcq0sLsSNqKaMrTpVGwI/vLJq9C6qPmW7y+r9ZsijjKcwCmcgw9XUIc7aEATGAzhGV7hzZHOi/PufCxaS04xcwx/5Hz+AE+/jc0=</latexit><latexit sha1_base64="BD88AXvjS3lujLi2A79/yugFl1Y=">AAAB6nicbZBNS8NAEIYn9avWr6hHL4tF8FQSEfRY9OKxov2ANpTNdtMu3WzC7kQooT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5hKYdDzvp3S2vrG5lZ5u7Kzu7d/4B4etUySacabLJGJ7oTUcCkUb6JAyTup5jQOJW+H49tZvf3EtRGJesRJyoOYDpWIBKNorYdeKvpu1at5c5FV8AuoQqFG3/3qDRKWxVwhk9SYru+lGORUo2CSTyu9zPCUsjEd8q5FRWNugny+6pScWWdAokTbp5DM3d8TOY2NmcSh7YwpjsxybWb+V+tmGF0HuVBphlyxxUdRJgkmZHY3GQjNGcqJBcq0sLsSNqKaMrTpVGwI/vLJq9C6qPmW7y+r9ZsijjKcwCmcgw9XUIc7aEATGAzhGV7hzZHOi/PufCxaS04xcwx/5Hz+AE+/jc0=</latexit>

⇡⇤
<latexit sha1_base64="X0qPvu1l8NdBrY3kv/+8CtLViL0=">AAAB7HicbZBNS8NAEIYnftb6VfXoZbEI4qEkIuix6MVjBdMW2lg22027dLMJuxOhhP4GLx4U8eoP8ua/cdvmoK0vLDy8M8POvGEqhUHX/XZWVtfWNzZLW+Xtnd29/crBYdMkmWbcZ4lMdDukhkuhuI8CJW+nmtM4lLwVjm6n9dYT10Yk6gHHKQ9iOlAiEoyitfxuKh7Pe5WqW3NnIsvgFVCFQo1e5avbT1gWc4VMUmM6nptikFONgkk+KXczw1PKRnTAOxYVjbkJ8tmyE3JqnT6JEm2fQjJzf0/kNDZmHIe2M6Y4NIu1qflfrZNhdB3kQqUZcsXmH0WZJJiQ6eWkLzRnKMcWKNPC7krYkGrK0OZTtiF4iycvQ/Oi5lm+v6zWb4o4SnAMJ3AGHlxBHe6gAT4wEPAMr/DmKOfFeXc+5q0rTjFzBH/kfP4AaoiOaQ==</latexit><latexit sha1_base64="X0qPvu1l8NdBrY3kv/+8CtLViL0=">AAAB7HicbZBNS8NAEIYnftb6VfXoZbEI4qEkIuix6MVjBdMW2lg22027dLMJuxOhhP4GLx4U8eoP8ua/cdvmoK0vLDy8M8POvGEqhUHX/XZWVtfWNzZLW+Xtnd29/crBYdMkmWbcZ4lMdDukhkuhuI8CJW+nmtM4lLwVjm6n9dYT10Yk6gHHKQ9iOlAiEoyitfxuKh7Pe5WqW3NnIsvgFVCFQo1e5avbT1gWc4VMUmM6nptikFONgkk+KXczw1PKRnTAOxYVjbkJ8tmyE3JqnT6JEm2fQjJzf0/kNDZmHIe2M6Y4NIu1qflfrZNhdB3kQqUZcsXmH0WZJJiQ6eWkLzRnKMcWKNPC7krYkGrK0OZTtiF4iycvQ/Oi5lm+v6zWb4o4SnAMJ3AGHlxBHe6gAT4wEPAMr/DmKOfFeXc+5q0rTjFzBH/kfP4AaoiOaQ==</latexit><latexit sha1_base64="X0qPvu1l8NdBrY3kv/+8CtLViL0=">AAAB7HicbZBNS8NAEIYnftb6VfXoZbEI4qEkIuix6MVjBdMW2lg22027dLMJuxOhhP4GLx4U8eoP8ua/cdvmoK0vLDy8M8POvGEqhUHX/XZWVtfWNzZLW+Xtnd29/crBYdMkmWbcZ4lMdDukhkuhuI8CJW+nmtM4lLwVjm6n9dYT10Yk6gHHKQ9iOlAiEoyitfxuKh7Pe5WqW3NnIsvgFVCFQo1e5avbT1gWc4VMUmM6nptikFONgkk+KXczw1PKRnTAOxYVjbkJ8tmyE3JqnT6JEm2fQjJzf0/kNDZmHIe2M6Y4NIu1qflfrZNhdB3kQqUZcsXmH0WZJJiQ6eWkLzRnKMcWKNPC7krYkGrK0OZTtiF4iycvQ/Oi5lm+v6zWb4o4SnAMJ3AGHlxBHe6gAT4wEPAMr/DmKOfFeXc+5q0rTjFzBH/kfP4AaoiOaQ==</latexit><latexit sha1_base64="X0qPvu1l8NdBrY3kv/+8CtLViL0=">AAAB7HicbZBNS8NAEIYnftb6VfXoZbEI4qEkIuix6MVjBdMW2lg22027dLMJuxOhhP4GLx4U8eoP8ua/cdvmoK0vLDy8M8POvGEqhUHX/XZWVtfWNzZLW+Xtnd29/crBYdMkmWbcZ4lMdDukhkuhuI8CJW+nmtM4lLwVjm6n9dYT10Yk6gHHKQ9iOlAiEoyitfxuKh7Pe5WqW3NnIsvgFVCFQo1e5avbT1gWc4VMUmM6nptikFONgkk+KXczw1PKRnTAOxYVjbkJ8tmyE3JqnT6JEm2fQjJzf0/kNDZmHIe2M6Y4NIu1qflfrZNhdB3kQqUZcsXmH0WZJJiQ6eWkLzRnKMcWKNPC7krYkGrK0OZTtiF4iycvQ/Oi5lm+v6zWb4o4SnAMJ3AGHlxBHe6gAT4wEPAMr/DmKOfFeXc+5q0rTjFzBH/kfP4AaoiOaQ==</latexit>

well-chosen dense rewards

Rewards engineering



• Sparse rewards are easier to design correctly 
• Dense rewards are easier to learn

J⇡
<latexit sha1_base64="Tn8UrKeyWCBsQWBDOXJpIPObymk=">AAAB7HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9CKeKpi20Iay2W7apZtN2J0IJfQ3ePGgiFd/kDf/jds2B219YeHhnRl25g1TKQy67rdTWlvf2Nwqb1d2dvf2D6qHRy2TZJpxnyUy0Z2QGi6F4j4KlLyTak7jUPJ2OL6d1dtPXBuRqEecpDyI6VCJSDCK1vLv+71U9Ks1t+7ORVbBK6AGhZr96ldvkLAs5gqZpMZ0PTfFIKcaBZN8WullhqeUjemQdy0qGnMT5PNlp+TMOgMSJdo+hWTu/p7IaWzMJA5tZ0xxZJZrM/O/WjfD6DrIhUoz5IotPooySTAhs8vJQGjOUE4sUKaF3ZWwEdWUoc2nYkPwlk9ehdZF3bP8cFlr3BRxlOEETuEcPLiCBtxBE3xgIOAZXuHNUc6L8+58LFpLTjFzDH/kfP4AnAmOig==</latexit><latexit sha1_base64="Tn8UrKeyWCBsQWBDOXJpIPObymk=">AAAB7HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9CKeKpi20Iay2W7apZtN2J0IJfQ3ePGgiFd/kDf/jds2B219YeHhnRl25g1TKQy67rdTWlvf2Nwqb1d2dvf2D6qHRy2TZJpxnyUy0Z2QGi6F4j4KlLyTak7jUPJ2OL6d1dtPXBuRqEecpDyI6VCJSDCK1vLv+71U9Ks1t+7ORVbBK6AGhZr96ldvkLAs5gqZpMZ0PTfFIKcaBZN8WullhqeUjemQdy0qGnMT5PNlp+TMOgMSJdo+hWTu/p7IaWzMJA5tZ0xxZJZrM/O/WjfD6DrIhUoz5IotPooySTAhs8vJQGjOUE4sUKaF3ZWwEdWUoc2nYkPwlk9ehdZF3bP8cFlr3BRxlOEETuEcPLiCBtxBE3xgIOAZXuHNUc6L8+58LFpLTjFzDH/kfP4AnAmOig==</latexit><latexit sha1_base64="Tn8UrKeyWCBsQWBDOXJpIPObymk=">AAAB7HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9CKeKpi20Iay2W7apZtN2J0IJfQ3ePGgiFd/kDf/jds2B219YeHhnRl25g1TKQy67rdTWlvf2Nwqb1d2dvf2D6qHRy2TZJpxnyUy0Z2QGi6F4j4KlLyTak7jUPJ2OL6d1dtPXBuRqEecpDyI6VCJSDCK1vLv+71U9Ks1t+7ORVbBK6AGhZr96ldvkLAs5gqZpMZ0PTfFIKcaBZN8WullhqeUjemQdy0qGnMT5PNlp+TMOgMSJdo+hWTu/p7IaWzMJA5tZ0xxZJZrM/O/WjfD6DrIhUoz5IotPooySTAhs8vJQGjOUE4sUKaF3ZWwEdWUoc2nYkPwlk9ehdZF3bP8cFlr3BRxlOEETuEcPLiCBtxBE3xgIOAZXuHNUc6L8+58LFpLTjFzDH/kfP4AnAmOig==</latexit><latexit sha1_base64="Tn8UrKeyWCBsQWBDOXJpIPObymk=">AAAB7HicbZBNS8NAEIYn9avWr6pHL4tF8FQSEfRY9CKeKpi20Iay2W7apZtN2J0IJfQ3ePGgiFd/kDf/jds2B219YeHhnRl25g1TKQy67rdTWlvf2Nwqb1d2dvf2D6qHRy2TZJpxnyUy0Z2QGi6F4j4KlLyTak7jUPJ2OL6d1dtPXBuRqEecpDyI6VCJSDCK1vLv+71U9Ks1t+7ORVbBK6AGhZr96ldvkLAs5gqZpMZ0PTfFIKcaBZN8WullhqeUjemQdy0qGnMT5PNlp+TMOgMSJdo+hWTu/p7IaWzMJA5tZ0xxZJZrM/O/WjfD6DrIhUoz5IotPooySTAhs8vJQGjOUE4sUKaF3ZWwEdWUoc2nYkPwlk9ehdZF3bP8cFlr3BRxlOEETuEcPLiCBtxBE3xgIOAZXuHNUc6L8+58LFpLTjFzDH/kfP4AnAmOig==</latexit>

⇡
<latexit sha1_base64="BD88AXvjS3lujLi2A79/yugFl1Y=">AAAB6nicbZBNS8NAEIYn9avWr6hHL4tF8FQSEfRY9OKxov2ANpTNdtMu3WzC7kQooT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5hKYdDzvp3S2vrG5lZ5u7Kzu7d/4B4etUySacabLJGJ7oTUcCkUb6JAyTup5jQOJW+H49tZvf3EtRGJesRJyoOYDpWIBKNorYdeKvpu1at5c5FV8AuoQqFG3/3qDRKWxVwhk9SYru+lGORUo2CSTyu9zPCUsjEd8q5FRWNugny+6pScWWdAokTbp5DM3d8TOY2NmcSh7YwpjsxybWb+V+tmGF0HuVBphlyxxUdRJgkmZHY3GQjNGcqJBcq0sLsSNqKaMrTpVGwI/vLJq9C6qPmW7y+r9ZsijjKcwCmcgw9XUIc7aEATGAzhGV7hzZHOi/PufCxaS04xcwx/5Hz+AE+/jc0=</latexit><latexit sha1_base64="BD88AXvjS3lujLi2A79/yugFl1Y=">AAAB6nicbZBNS8NAEIYn9avWr6hHL4tF8FQSEfRY9OKxov2ANpTNdtMu3WzC7kQooT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5hKYdDzvp3S2vrG5lZ5u7Kzu7d/4B4etUySacabLJGJ7oTUcCkUb6JAyTup5jQOJW+H49tZvf3EtRGJesRJyoOYDpWIBKNorYdeKvpu1at5c5FV8AuoQqFG3/3qDRKWxVwhk9SYru+lGORUo2CSTyu9zPCUsjEd8q5FRWNugny+6pScWWdAokTbp5DM3d8TOY2NmcSh7YwpjsxybWb+V+tmGF0HuVBphlyxxUdRJgkmZHY3GQjNGcqJBcq0sLsSNqKaMrTpVGwI/vLJq9C6qPmW7y+r9ZsijjKcwCmcgw9XUIc7aEATGAzhGV7hzZHOi/PufCxaS04xcwx/5Hz+AE+/jc0=</latexit><latexit sha1_base64="BD88AXvjS3lujLi2A79/yugFl1Y=">AAAB6nicbZBNS8NAEIYn9avWr6hHL4tF8FQSEfRY9OKxov2ANpTNdtMu3WzC7kQooT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5hKYdDzvp3S2vrG5lZ5u7Kzu7d/4B4etUySacabLJGJ7oTUcCkUb6JAyTup5jQOJW+H49tZvf3EtRGJesRJyoOYDpWIBKNorYdeKvpu1at5c5FV8AuoQqFG3/3qDRKWxVwhk9SYru+lGORUo2CSTyu9zPCUsjEd8q5FRWNugny+6pScWWdAokTbp5DM3d8TOY2NmcSh7YwpjsxybWb+V+tmGF0HuVBphlyxxUdRJgkmZHY3GQjNGcqJBcq0sLsSNqKaMrTpVGwI/vLJq9C6qPmW7y+r9ZsijjKcwCmcgw9XUIc7aEATGAzhGV7hzZHOi/PufCxaS04xcwx/5Hz+AE+/jc0=</latexit><latexit sha1_base64="BD88AXvjS3lujLi2A79/yugFl1Y=">AAAB6nicbZBNS8NAEIYn9avWr6hHL4tF8FQSEfRY9OKxov2ANpTNdtMu3WzC7kQooT/BiwdFvPqLvPlv3LY5aOsLCw/vzLAzb5hKYdDzvp3S2vrG5lZ5u7Kzu7d/4B4etUySacabLJGJ7oTUcCkUb6JAyTup5jQOJW+H49tZvf3EtRGJesRJyoOYDpWIBKNorYdeKvpu1at5c5FV8AuoQqFG3/3qDRKWxVwhk9SYru+lGORUo2CSTyu9zPCUsjEd8q5FRWNugny+6pScWWdAokTbp5DM3d8TOY2NmcSh7YwpjsxybWb+V+tmGF0HuVBphlyxxUdRJgkmZHY3GQjNGcqJBcq0sLsSNqKaMrTpVGwI/vLJq9C6qPmW7y+r9ZsijjKcwCmcgw9XUIc7aEATGAzhGV7hzZHOi/PufCxaS04xcwx/5Hz+AE+/jc0=</latexit>

⇡⇤
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badly chosen dense rewards

Rewards engineering



• Boat racing (bad dense rewards):  
• sparse rewards (winning the race) 
• dense rewards (collecting powerups, checkpoints …)

Rewards engineering



Trolley problem

[Moral Machine Experiment, Nature, 2018]
https://www.nature.com/articles/s41586-018-0637-6



Trolley problem 
estimated preference (normalized rewards) for life saving

[Moral Machine Experiment, Nature, 2018]
https://www.nature.com/articles/s41586-018-0637-6

Male, Female, Cat, Dog, Criminal, Boy, Girl, Stroller, Homeless, …  

Guess your own preferences !



Trolley problem 
estimated preference (normalized rewards) for life saving

[Moral Machine Experiment, Nature, 2018]
https://www.nature.com/articles/s41586-018-0637-6



Trolley problem 
spatial distribution of life-saving preferences

[Moral Machine Experiment, Nature, 2018]
https://www.nature.com/articles/s41586-018-0637-6

https://www.moralmachine.net

https://www.moralmachine.net


Learning from expert demonstrations

• Sometimes easier to provide good trajectories than good rewards.
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• inverse reinforcement learning  
• state space: angular and euclidean position, 

velocity, acceleration  
• action space: motor torques 
• learning reward function from expert pilot

Abbeel et al. IJRR 2010



Abbeel et al. IJRR 2010



Silver et al. IJRR 2010

http://www.dtic.mil/dtic/tr/fulltext/u2/a525288.pdf
Similar to recent DARPA RACER



Silver et al. IJRR 2010

http://www.dtic.mil/dtic/tr/fulltext/u2/a525288.pdf

input image (state) learned reward function 
(traversability map)



GNSS

RGBD

odometry

Real world

Typical robotics white-box architecture

control

Kalman 
filter

ICP 
SLAM

object 
detection

planning

control

traversability 
assessment



• Allows in-field tuning

White-box architecture
• Explainable / interpretable
• Strong design bias



GNSS

RGBD

odometry

RL-like black-box architecture

control

policy gradient

 
cost 

reward
Real world



• => independent training of components is bad idea

Fully differentiable black-box architecture

• Self-actuated movement is necessary in order to develop normal perception. 

[Held and Hein, J. of Comparative Psychology, 1963]

• Easy to design • Smaller design bias
• Poor generalization • Rewards tuning



GNSS

RGBD

odometry

Graybox+Physics-aware+Differentiable architecture

𝛁ODE

arg min
x

f(x)

arg min h(y)
g(y) ≤ 0

robot
model

control

predicted
interaction

Longterm goal: Explainable + self-learnable architecture

policy gradient

 
cost 

reward
Real world

Next lecture topic: implicit layers


