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FQE [Munos, Szepesvari… CJ’19, …] / MIS [Liu et al’18, Nachum et al’19, UHJ’20, …]
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<latexit sha1_base64="u4JRhm6rsBtclnlER7ii2hgf6yM=">AAAB8nicbVDLSsNAFL2pr1pfVZdugkVwVRKR6rLoxmUF+4A2lMl00g6dzISZG6GEfoYbF4q49Wvc+TdO2iy0emDgcM69zLknTAQ36HlfTmltfWNzq7xd2dnd2z+oHh51jEo1ZW2qhNK9kBgmuGRt5ChYL9GMxKFg3XB6m/vdR6YNV/IBZwkLYjKWPOKUoJX6g5jghBKRdebDas2rewu4f4lfkBoUaA2rn4ORomnMJFJBjOn7XoJBRjRyKti8MkgNSwidkjHrWypJzEyQLSLP3TOrjNxIafskugv150ZGYmNmcWgn84hm1cvF/7x+itF1kHGZpMgkXX4UpcJF5eb3uyOuGUUxs4RQzW1Wl06IJhRtSxVbgr968l/Suaj7jXrj/rLWvCnqKMMJnMI5+HAFTbiDFrSBgoIneIFXB51n5815X46WnGLnGH7B+fgGk8mRdw==</latexit>V

<latexit sha1_base64="t06GjtPEsEcuWLUKpQtNffxLCdk="></latexit>

argminV 2V E⇡b [(V � T ⇡V )2]

• Coverage: marginal state distribution

• require  and  small 
<latexit sha1_base64="HNOWlAwJiVO2CewSk38NfjaV+GU=">AAACI3icbZDLSsNAFIYn9VbrrerSTbAIdVMSkSquim5cVrAXaGKYTE7aoZMLMxOhhLyLG1/FjQuluHHhuzhps6itBwZ+/u+cOTO/GzMqpGF8a6W19Y3NrfJ2ZWd3b/+genjUFVHCCXRIxCLed7EARkPoSCoZ9GMOOHAZ9NzxXc57z8AFjcJHOYnBDvAwpD4lWCrLqd5YPsck9Z5Sa3ZZysHLrJhmdeGMzrMF4LIEcuK4BXOqNaNhzEpfFWYhaqiotlOdWl5EkgBCSRgWYmAasbRTzCUlDLKKlQiIMRnjIQyUDHEAwk5n2zP9TDme7kdcnVDqM3dxIsWBEJPAVZ0BliOxzHLzPzZIpH9tpzSMEwkhmS/yE6bLSM8D0z3KgUg2UQITTtVbdTLCKjSpYq2oEMzlL6+K7kXDbDaaD5e11m0RRxmdoFNURya6Qi10j9qogwh6QW/oA31qr9q7NtW+5q0lrZg5Rn9K+/kFEEimYA==</latexit>

d⇡(sh)

d⇡b(sh)

<latexit sha1_base64="TAGM/GO0VU8+EzJkF1O9UJa4eGY="></latexit>

o1, a1, r1, . . . , oH , aH , rH )
 

HY

h=1

⇡(ah|oh)
⇡b(ah|oh)

! 
HX

h=1

rh

!

• Can further improve to e.g., 
<latexit sha1_base64="J0g12UMp6DYGvRhY/SyLAL7F/b4="></latexit>

sup
V 2V

|E⇡[V � T ⇡V ]|p
E⇡b [(V � T ⇡V )2]

• Fundamental to offline training
& online exploration

5

Better coverage?

* Also needs Bellman completeness



• Can always convert to MDP
<latexit sha1_base64="8nJIRsn3Um6daGp6qGU3FRawLYY=">AAACI3icbZBNSwMxEIaz9avWr6pHL8EieChlV6SKp6KXHivYD2jLks1mu6HZZEmyQin9L178K148KMWLB/+LSVtBWwcyvDwzw2TeIGVUadf9dHJr6xubW/ntws7u3v5B8fCopUQmMWliwYTsBEgRRjlpaqoZ6aSSoCRgpB0M72y9/UikooI/6FFK+gkacBpRjLRBfvFG+F4ZIpukTT0WCq3KUPixxbHF8Q82tG5p3dK6Xyy5FXcWcFV4C1ECi2j4xWkvFDhLCNeYIaW6npvq/hhJTTEjk0IvUyRFeIgGpGskRwlR/fHsxgk8MySEkZDmcQ1n9PfEGCVKjZLAdCZIx2q5ZuF/tW6mo+v+mPI004Tj+aIoY1ALaA2DIZUEazYyAmFJzV8hjpFEWBtbC8YEb/nkVdG6qHjVSvX+slS7XdiRByfgFJwDD1yBGqiDBmgCDJ7AC3gD786z8+pMnY95a85ZzByDP+F8fQOBKKCK</latexit>o1, a1, r1, . . . , oh, ah, rh, . . . oH , aH , rH

6

Partially Observed (non-Markov) Problems



• Can always convert to MDP
<latexit sha1_base64="8nJIRsn3Um6daGp6qGU3FRawLYY=">AAACI3icbZBNSwMxEIaz9avWr6pHL8EieChlV6SKp6KXHivYD2jLks1mu6HZZEmyQin9L178K148KMWLB/+LSVtBWwcyvDwzw2TeIGVUadf9dHJr6xubW/ntws7u3v5B8fCopUQmMWliwYTsBEgRRjlpaqoZ6aSSoCRgpB0M72y9/UikooI/6FFK+gkacBpRjLRBfvFG+F4ZIpukTT0WCq3KUPixxbHF8Q82tG5p3dK6Xyy5FXcWcFV4C1ECi2j4xWkvFDhLCNeYIaW6npvq/hhJTTEjk0IvUyRFeIgGpGskRwlR/fHsxgk8MySEkZDmcQ1n9PfEGCVKjZLAdCZIx2q5ZuF/tW6mo+v+mPI004Tj+aIoY1ALaA2DIZUEazYyAmFJzV8hjpFEWBtbC8YEb/nkVdG6qHjVSvX+slS7XdiRByfgFJwDD1yBGqiDBmgCDJ7AC3gD786z8+pMnY95a85ZzByDP+F8fQOBKKCK</latexit>o1, a1, r1, . . . , oh, ah, rh, . . . oH , aH , rH

• Define new state . Problem solved?
<latexit sha1_base64="aLCf7ApSMLefhFXmOJz9Rmp8woo=">AAAB9HicbVBNS8NAEN3Ur1q/qh69LBahgpREpHosevFYwX5AG8Jmu2mWbjZxd1Ioob/DiwdFvPpjvPlv3LY5aOuDgcd7M8zM8xPBNdj2t1VYW9/Y3Cpul3Z29/YPyodHbR2nirIWjUWsuj7RTHDJWsBBsG6iGIl8wTr+6G7md8ZMaR7LR5gkzI3IUPKAUwJGcqt9IKkXXuDYC8+9csWu2XPgVeLkpIJyNL3yV38Q0zRiEqggWvccOwE3Iwo4FWxa6qeaJYSOyJD1DJUkYtrN5kdP8ZlRBjiIlSkJeK7+nshIpPUk8k1nRCDUy95M/M/rpRDcuBmXSQpM0sWiIBUYYjxLAA+4YhTExBBCFTe3YhoSRSiYnEomBGf55VXSvqw59Vr94arSuM3jKKITdIqqyEHXqIHuURO1EEVP6Bm9ojdrbL1Y79bHorVg5TPH6A+szx963JFH</latexit>

(⌧h, oh)

6

Partially Observed (non-Markov) Problems

<latexit sha1_base64="uhxXmDQ23A3niPzT95+bbhAhh6M=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseCF49V7Ae0oW62m3bpZhN2J0IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//cS1EbF6wEnC/YgOlQgFo2il+17WL1fcqjsHWSVeTiqQo9Evf/UGMUsjrpBJakzXcxP0M6pRMMmnpV5qeELZmA5511JFI278bH7plJxZZUDCWNtSSObq74mMRsZMosB2RhRHZtmbif953RTDaz8TKkmRK7ZYFKaSYExmb5OB0JyhnFhCmRb2VsJGVFOGNpySDcFbfnmVtC6qXq1au7us1B/zOIpwAqdwDh5cQR1uoQFNYBDCM7zCmzN2Xpx352PRWnDymWP4A+fzB6gcjY4=</latexit> {



• Can always convert to MDP
<latexit sha1_base64="8nJIRsn3Um6daGp6qGU3FRawLYY=">AAACI3icbZBNSwMxEIaz9avWr6pHL8EieChlV6SKp6KXHivYD2jLks1mu6HZZEmyQin9L178K148KMWLB/+LSVtBWwcyvDwzw2TeIGVUadf9dHJr6xubW/ntws7u3v5B8fCopUQmMWliwYTsBEgRRjlpaqoZ6aSSoCRgpB0M72y9/UikooI/6FFK+gkacBpRjLRBfvFG+F4ZIpukTT0WCq3KUPixxbHF8Q82tG5p3dK6Xyy5FXcWcFV4C1ECi2j4xWkvFDhLCNeYIaW6npvq/hhJTTEjk0IvUyRFeIgGpGskRwlR/fHsxgk8MySEkZDmcQ1n9PfEGCVKjZLAdCZIx2q5ZuF/tW6mo+v+mPI004Tj+aIoY1ALaA2DIZUEazYyAmFJzV8hjpFEWBtbC8YEb/nkVdG6qHjVSvX+slS7XdiRByfgFJwDD1yBGqiDBmgCDJ7AC3gD786z8+pMnY95a85ZzByDP+F8fQOBKKCK</latexit>o1, a1, r1, . . . , oh, ah, rh, . . . oH , aH , rH

• Define new state . Problem solved?
<latexit sha1_base64="aLCf7ApSMLefhFXmOJz9Rmp8woo=">AAAB9HicbVBNS8NAEN3Ur1q/qh69LBahgpREpHosevFYwX5AG8Jmu2mWbjZxd1Ioob/DiwdFvPpjvPlv3LY5aOuDgcd7M8zM8xPBNdj2t1VYW9/Y3Cpul3Z29/YPyodHbR2nirIWjUWsuj7RTHDJWsBBsG6iGIl8wTr+6G7md8ZMaR7LR5gkzI3IUPKAUwJGcqt9IKkXXuDYC8+9csWu2XPgVeLkpIJyNL3yV38Q0zRiEqggWvccOwE3Iwo4FWxa6qeaJYSOyJD1DJUkYtrN5kdP8ZlRBjiIlSkJeK7+nshIpPUk8k1nRCDUy95M/M/rpRDcuBmXSQpM0sWiIBUYYjxLAA+4YhTExBBCFTe3YhoSRSiYnEomBGf55VXSvqw59Vr94arSuM3jKKITdIqqyEHXqIHuURO1EEVP6Bm9ojdrbL1Y79bHorVg5TPH6A+szx963JFH</latexit>

(⌧h, oh)

• State density ratio: 
<latexit sha1_base64="II5hWjBRU1ookpzkl+kj4ihfv0Y="></latexit>

d⇡(o1, a1, . . . , oh)

d⇡b(o1, a1, . . . , oh)
=

h�1Y

h0=1

⇡(ah0 |oh0)

⇡b(ah0 |oh0)
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<latexit sha1_base64="uhxXmDQ23A3niPzT95+bbhAhh6M=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseCF49V7Ae0oW62m3bpZhN2J0IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//cS1EbF6wEnC/YgOlQgFo2il+17WL1fcqjsHWSVeTiqQo9Evf/UGMUsjrpBJakzXcxP0M6pRMMmnpV5qeELZmA5511JFI278bH7plJxZZUDCWNtSSObq74mMRsZMosB2RhRHZtmbif953RTDaz8TKkmRK7ZYFKaSYExmb5OB0JyhnFhCmRb2VsJGVFOGNpySDcFbfnmVtC6qXq1au7us1B/zOIpwAqdwDh5cQR1uoQFNYBDCM7zCmzN2Xpx352PRWnDymWP4A+fzB6gcjY4=</latexit> {



• Can always convert to MDP
<latexit sha1_base64="8nJIRsn3Um6daGp6qGU3FRawLYY=">AAACI3icbZBNSwMxEIaz9avWr6pHL8EieChlV6SKp6KXHivYD2jLks1mu6HZZEmyQin9L178K148KMWLB/+LSVtBWwcyvDwzw2TeIGVUadf9dHJr6xubW/ntws7u3v5B8fCopUQmMWliwYTsBEgRRjlpaqoZ6aSSoCRgpB0M72y9/UikooI/6FFK+gkacBpRjLRBfvFG+F4ZIpukTT0WCq3KUPixxbHF8Q82tG5p3dK6Xyy5FXcWcFV4C1ECi2j4xWkvFDhLCNeYIaW6npvq/hhJTTEjk0IvUyRFeIgGpGskRwlR/fHsxgk8MySEkZDmcQ1n9PfEGCVKjZLAdCZIx2q5ZuF/tW6mo+v+mPI004Tj+aIoY1ALaA2DIZUEazYyAmFJzV8hjpFEWBtbC8YEb/nkVdG6qHjVSvX+slS7XdiRByfgFJwDD1yBGqiDBmgCDJ7AC3gD786z8+pMnY95a85ZzByDP+F8fQOBKKCK</latexit>o1, a1, r1, . . . , oh, ah, rh, . . . oH , aH , rH

• Define new state . Problem solved?
<latexit sha1_base64="aLCf7ApSMLefhFXmOJz9Rmp8woo=">AAAB9HicbVBNS8NAEN3Ur1q/qh69LBahgpREpHosevFYwX5AG8Jmu2mWbjZxd1Ioob/DiwdFvPpjvPlv3LY5aOuDgcd7M8zM8xPBNdj2t1VYW9/Y3Cpul3Z29/YPyodHbR2nirIWjUWsuj7RTHDJWsBBsG6iGIl8wTr+6G7md8ZMaR7LR5gkzI3IUPKAUwJGcqt9IKkXXuDYC8+9csWu2XPgVeLkpIJyNL3yV38Q0zRiEqggWvccOwE3Iwo4FWxa6qeaJYSOyJD1DJUkYtrN5kdP8ZlRBjiIlSkJeK7+nshIpPUk8k1nRCDUy95M/M/rpRDcuBmXSQpM0sWiIBUYYjxLAA+4YhTExBBCFTe3YhoSRSiYnEomBGf55VXSvqw59Vr94arSuM3jKKITdIqqyEHXqIHuURO1EEVP6Bm9ojdrbL1Y79bHorVg5TPH6A+szx963JFH</latexit>

(⌧h, oh)

• State density ratio: 
<latexit sha1_base64="II5hWjBRU1ookpzkl+kj4ihfv0Y="></latexit>

d⇡(o1, a1, . . . , oh)

d⇡b(o1, a1, . . . , oh)
=

h�1Y

h0=1

⇡(ah0 |oh0)

⇡b(ah0 |oh0)

6
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<latexit sha1_base64="uhxXmDQ23A3niPzT95+bbhAhh6M=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseCF49V7Ae0oW62m3bpZhN2J0IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//cS1EbF6wEnC/YgOlQgFo2il+17WL1fcqjsHWSVeTiqQo9Evf/UGMUsjrpBJakzXcxP0M6pRMMmnpV5qeELZmA5511JFI278bH7plJxZZUDCWNtSSObq74mMRsZMosB2RhRHZtmbif953RTDaz8TKkmRK7ZYFKaSYExmb5OB0JyhnFhCmRb2VsJGVFOGNpySDcFbfnmVtC6qXq1au7us1B/zOIpwAqdwDh5cQR1uoQFNYBDCM7zCmzN2Xpx352PRWnDymWP4A+fzB6gcjY4=</latexit> {
<latexit sha1_base64="II5hWjBRU1ookpzkl+kj4ihfv0Y="></latexit>

d⇡(o1, a1, . . . , oh)

d⇡b(o1, a1, . . . , oh)
=

h�1Y

h0=1

⇡(ah0 |oh0)

⇡b(ah0 |oh0) !!



• Can always convert to MDP
<latexit sha1_base64="8nJIRsn3Um6daGp6qGU3FRawLYY=">AAACI3icbZBNSwMxEIaz9avWr6pHL8EieChlV6SKp6KXHivYD2jLks1mu6HZZEmyQin9L178K148KMWLB/+LSVtBWwcyvDwzw2TeIGVUadf9dHJr6xubW/ntws7u3v5B8fCopUQmMWliwYTsBEgRRjlpaqoZ6aSSoCRgpB0M72y9/UikooI/6FFK+gkacBpRjLRBfvFG+F4ZIpukTT0WCq3KUPixxbHF8Q82tG5p3dK6Xyy5FXcWcFV4C1ECi2j4xWkvFDhLCNeYIaW6npvq/hhJTTEjk0IvUyRFeIgGpGskRwlR/fHsxgk8MySEkZDmcQ1n9PfEGCVKjZLAdCZIx2q5ZuF/tW6mo+v+mPI004Tj+aIoY1ALaA2DIZUEazYyAmFJzV8hjpFEWBtbC8YEb/nkVdG6qHjVSvX+slS7XdiRByfgFJwDD1yBGqiDBmgCDJ7AC3gD786z8+pMnY95a85ZzByDP+F8fQOBKKCK</latexit>o1, a1, r1, . . . , oh, ah, rh, . . . oH , aH , rH

• Define new state . Problem solved?
<latexit sha1_base64="aLCf7ApSMLefhFXmOJz9Rmp8woo=">AAAB9HicbVBNS8NAEN3Ur1q/qh69LBahgpREpHosevFYwX5AG8Jmu2mWbjZxd1Ioob/DiwdFvPpjvPlv3LY5aOuDgcd7M8zM8xPBNdj2t1VYW9/Y3Cpul3Z29/YPyodHbR2nirIWjUWsuj7RTHDJWsBBsG6iGIl8wTr+6G7md8ZMaR7LR5gkzI3IUPKAUwJGcqt9IKkXXuDYC8+9csWu2XPgVeLkpIJyNL3yV38Q0zRiEqggWvccOwE3Iwo4FWxa6qeaJYSOyJD1DJUkYtrN5kdP8ZlRBjiIlSkJeK7+nshIpPUk8k1nRCDUy95M/M/rpRDcuBmXSQpM0sWiIBUYYjxLAA+4YhTExBBCFTe3YhoSRSiYnEomBGf55VXSvqw59Vr94arSuM3jKKITdIqqyEHXqIHuURO1EEVP6Bm9ojdrbL1Y79bHorVg5TPH6A+szx963JFH</latexit>

(⌧h, oh)

• State density ratio: 
<latexit sha1_base64="II5hWjBRU1ookpzkl+kj4ihfv0Y="></latexit>

d⇡(o1, a1, . . . , oh)

d⇡b(o1, a1, . . . , oh)
=

h�1Y

h0=1

⇡(ah0 |oh0)

⇡b(ah0 |oh0)

• Structured can help: e.g., if  is linear in feature 
<latexit sha1_base64="u4JRhm6rsBtclnlER7ii2hgf6yM=">AAAB8nicbVDLSsNAFL2pr1pfVZdugkVwVRKR6rLoxmUF+4A2lMl00g6dzISZG6GEfoYbF4q49Wvc+TdO2iy0emDgcM69zLknTAQ36HlfTmltfWNzq7xd2dnd2z+oHh51jEo1ZW2qhNK9kBgmuGRt5ChYL9GMxKFg3XB6m/vdR6YNV/IBZwkLYjKWPOKUoJX6g5jghBKRdebDas2rewu4f4lfkBoUaA2rn4ORomnMJFJBjOn7XoJBRjRyKti8MkgNSwidkjHrWypJzEyQLSLP3TOrjNxIafskugv150ZGYmNmcWgn84hm1cvF/7x+itF1kHGZpMgkXX4UpcJF5eb3uyOuGUUxs4RQzW1Wl06IJhRtSxVbgr968l/Suaj7jXrj/rLWvCnqKMMJnMI5+HAFTbiDFrSBgoIneIFXB51n5815X46WnGLnGH7B+fgGk8mRdw==</latexit>V

<latexit sha1_base64="2ucQ5dTjkYprjXhd+1rVPlMj0jk=">AAACDHicbVDLSsNAFL2pr1pfVZdugkVwVRKRKq6KblzWRx/QxDKZTNqhk0mYmQgl5APc+CtuXCji1g9w5984abPQ6oGBM+fey73neDGjUlnWl1FaWFxaXimvVtbWNza3qts7HRklApM2jlgkeh6ShFFO2ooqRnqxICj0GOl644u83r0nQtKI36pJTNwQDTkNKEZKS4NqzYlH9Mx0QqRGGLH0JnNUNPt6Xnqd3aV+prusujWF+ZfYBalBgdag+un4EU5CwhVmSMq+bcXKTZFQFDOSVZxEkhjhMRqSvqYchUS66dRMZh5oxTeDSOjHlTlVf06kKJRyEnq6M79Sztdy8b9aP1HBqZtSHieKcDxbFCTM1H7zZEyfCoIVm2iCsKD6VhOPkEBY6fwqOgR73vJf0jmq24164+q41jwv4ijDHuzDIdhwAk24hBa0AcMDPMELvBqPxrPxZrzPWktGMbMLv2B8fAMor5u5</latexit>

� : S ! Rd
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<latexit sha1_base64="uhxXmDQ23A3niPzT95+bbhAhh6M=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseCF49V7Ae0oW62m3bpZhN2J0IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//cS1EbF6wEnC/YgOlQgFo2il+17WL1fcqjsHWSVeTiqQo9Evf/UGMUsjrpBJakzXcxP0M6pRMMmnpV5qeELZmA5511JFI278bH7plJxZZUDCWNtSSObq74mMRsZMosB2RhRHZtmbif953RTDaz8TKkmRK7ZYFKaSYExmb5OB0JyhnFhCmRb2VsJGVFOGNpySDcFbfnmVtC6qXq1au7us1B/zOIpwAqdwDh5cQR1uoQFNYBDCM7zCmzN2Xpx352PRWnDymWP4A+fzB6gcjY4=</latexit> {
<latexit sha1_base64="II5hWjBRU1ookpzkl+kj4ihfv0Y="></latexit>

d⇡(o1, a1, . . . , oh)

d⇡b(o1, a1, . . . , oh)
=

h�1Y

h0=1

⇡(ah0 |oh0)

⇡b(ah0 |oh0) !!



• Can always convert to MDP
<latexit sha1_base64="8nJIRsn3Um6daGp6qGU3FRawLYY=">AAACI3icbZBNSwMxEIaz9avWr6pHL8EieChlV6SKp6KXHivYD2jLks1mu6HZZEmyQin9L178K148KMWLB/+LSVtBWwcyvDwzw2TeIGVUadf9dHJr6xubW/ntws7u3v5B8fCopUQmMWliwYTsBEgRRjlpaqoZ6aSSoCRgpB0M72y9/UikooI/6FFK+gkacBpRjLRBfvFG+F4ZIpukTT0WCq3KUPixxbHF8Q82tG5p3dK6Xyy5FXcWcFV4C1ECi2j4xWkvFDhLCNeYIaW6npvq/hhJTTEjk0IvUyRFeIgGpGskRwlR/fHsxgk8MySEkZDmcQ1n9PfEGCVKjZLAdCZIx2q5ZuF/tW6mo+v+mPI004Tj+aIoY1ALaA2DIZUEazYyAmFJzV8hjpFEWBtbC8YEb/nkVdG6qHjVSvX+slS7XdiRByfgFJwDD1yBGqiDBmgCDJ7AC3gD786z8+pMnY95a85ZzByDP+F8fQOBKKCK</latexit>o1, a1, r1, . . . , oh, ah, rh, . . . oH , aH , rH

• Define new state . Problem solved?
<latexit sha1_base64="aLCf7ApSMLefhFXmOJz9Rmp8woo=">AAAB9HicbVBNS8NAEN3Ur1q/qh69LBahgpREpHosevFYwX5AG8Jmu2mWbjZxd1Ioob/DiwdFvPpjvPlv3LY5aOuDgcd7M8zM8xPBNdj2t1VYW9/Y3Cpul3Z29/YPyodHbR2nirIWjUWsuj7RTHDJWsBBsG6iGIl8wTr+6G7md8ZMaR7LR5gkzI3IUPKAUwJGcqt9IKkXXuDYC8+9csWu2XPgVeLkpIJyNL3yV38Q0zRiEqggWvccOwE3Iwo4FWxa6qeaJYSOyJD1DJUkYtrN5kdP8ZlRBjiIlSkJeK7+nshIpPUk8k1nRCDUy95M/M/rpRDcuBmXSQpM0sWiIBUYYjxLAA+4YhTExBBCFTe3YhoSRSiYnEomBGf55VXSvqw59Vr94arSuM3jKKITdIqqyEHXqIHuURO1EEVP6Bm9ojdrbL1Y79bHorVg5TPH6A+szx963JFH</latexit>

(⌧h, oh)

• State density ratio: 
<latexit sha1_base64="II5hWjBRU1ookpzkl+kj4ihfv0Y="></latexit>

d⇡(o1, a1, . . . , oh)

d⇡b(o1, a1, . . . , oh)
=

h�1Y

h0=1

⇡(ah0 |oh0)

⇡b(ah0 |oh0)

• Structured can help: e.g., if  is linear in feature 
<latexit sha1_base64="u4JRhm6rsBtclnlER7ii2hgf6yM=">AAAB8nicbVDLSsNAFL2pr1pfVZdugkVwVRKR6rLoxmUF+4A2lMl00g6dzISZG6GEfoYbF4q49Wvc+TdO2iy0emDgcM69zLknTAQ36HlfTmltfWNzq7xd2dnd2z+oHh51jEo1ZW2qhNK9kBgmuGRt5ChYL9GMxKFg3XB6m/vdR6YNV/IBZwkLYjKWPOKUoJX6g5jghBKRdebDas2rewu4f4lfkBoUaA2rn4ORomnMJFJBjOn7XoJBRjRyKti8MkgNSwidkjHrWypJzEyQLSLP3TOrjNxIafskugv150ZGYmNmcWgn84hm1cvF/7x+itF1kHGZpMgkXX4UpcJF5eb3uyOuGUUxs4RQzW1Wl06IJhRtSxVbgr968l/Suaj7jXrj/rLWvCnqKMMJnMI5+HAFTbiDFrSBgoIneIFXB51n5815X46WnGLnGH7B+fgGk8mRdw==</latexit>V

<latexit sha1_base64="2ucQ5dTjkYprjXhd+1rVPlMj0jk=">AAACDHicbVDLSsNAFL2pr1pfVZdugkVwVRKRKq6KblzWRx/QxDKZTNqhk0mYmQgl5APc+CtuXCji1g9w5984abPQ6oGBM+fey73neDGjUlnWl1FaWFxaXimvVtbWNza3qts7HRklApM2jlgkeh6ShFFO2ooqRnqxICj0GOl644u83r0nQtKI36pJTNwQDTkNKEZKS4NqzYlH9Mx0QqRGGLH0JnNUNPt6Xnqd3aV+prusujWF+ZfYBalBgdag+un4EU5CwhVmSMq+bcXKTZFQFDOSVZxEkhjhMRqSvqYchUS66dRMZh5oxTeDSOjHlTlVf06kKJRyEnq6M79Sztdy8b9aP1HBqZtSHieKcDxbFCTM1H7zZEyfCoIVm2iCsKD6VhOPkEBY6fwqOgR73vJf0jmq24164+q41jwv4ijDHuzDIdhwAk24hBa0AcMDPMELvBqPxrPxZrzPWktGMbMLv2B8fAMor5u5</latexit>

� : S ! Rd

<latexit sha1_base64="mYtC7ND/TDhRebKaoU8W4DuwFro="></latexit>

supV 2V
|E⇡ [V�T ⇡V ]|p
E⇡b

[(V�T ⇡V )2]
 E⇡[�]>E⇡b [��

>]�1E⇡[�]
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<latexit sha1_base64="uhxXmDQ23A3niPzT95+bbhAhh6M=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseCF49V7Ae0oW62m3bpZhN2J0IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//cS1EbF6wEnC/YgOlQgFo2il+17WL1fcqjsHWSVeTiqQo9Evf/UGMUsjrpBJakzXcxP0M6pRMMmnpV5qeELZmA5511JFI278bH7plJxZZUDCWNtSSObq74mMRsZMosB2RhRHZtmbif953RTDaz8TKkmRK7ZYFKaSYExmb5OB0JyhnFhCmRb2VsJGVFOGNpySDcFbfnmVtC6qXq1au7us1B/zOIpwAqdwDh5cQR1uoQFNYBDCM7zCmzN2Xpx352PRWnDymWP4A+fzB6gcjY4=</latexit> {
<latexit sha1_base64="II5hWjBRU1ookpzkl+kj4ihfv0Y="></latexit>

d⇡(o1, a1, . . . , oh)

d⇡b(o1, a1, . . . , oh)
=

h�1Y

h0=1

⇡(ah0 |oh0)

⇡b(ah0 |oh0) !!

* Also needs Bellman completeness



• Can always convert to MDP
<latexit sha1_base64="8nJIRsn3Um6daGp6qGU3FRawLYY=">AAACI3icbZBNSwMxEIaz9avWr6pHL8EieChlV6SKp6KXHivYD2jLks1mu6HZZEmyQin9L178K148KMWLB/+LSVtBWwcyvDwzw2TeIGVUadf9dHJr6xubW/ntws7u3v5B8fCopUQmMWliwYTsBEgRRjlpaqoZ6aSSoCRgpB0M72y9/UikooI/6FFK+gkacBpRjLRBfvFG+F4ZIpukTT0WCq3KUPixxbHF8Q82tG5p3dK6Xyy5FXcWcFV4C1ECi2j4xWkvFDhLCNeYIaW6npvq/hhJTTEjk0IvUyRFeIgGpGskRwlR/fHsxgk8MySEkZDmcQ1n9PfEGCVKjZLAdCZIx2q5ZuF/tW6mo+v+mPI004Tj+aIoY1ALaA2DIZUEazYyAmFJzV8hjpFEWBtbC8YEb/nkVdG6qHjVSvX+slS7XdiRByfgFJwDD1yBGqiDBmgCDJ7AC3gD786z8+pMnY95a85ZzByDP+F8fQOBKKCK</latexit>o1, a1, r1, . . . , oh, ah, rh, . . . oH , aH , rH

• Define new state . Problem solved?
<latexit sha1_base64="aLCf7ApSMLefhFXmOJz9Rmp8woo=">AAAB9HicbVBNS8NAEN3Ur1q/qh69LBahgpREpHosevFYwX5AG8Jmu2mWbjZxd1Ioob/DiwdFvPpjvPlv3LY5aOuDgcd7M8zM8xPBNdj2t1VYW9/Y3Cpul3Z29/YPyodHbR2nirIWjUWsuj7RTHDJWsBBsG6iGIl8wTr+6G7md8ZMaR7LR5gkzI3IUPKAUwJGcqt9IKkXXuDYC8+9csWu2XPgVeLkpIJyNL3yV38Q0zRiEqggWvccOwE3Iwo4FWxa6qeaJYSOyJD1DJUkYtrN5kdP8ZlRBjiIlSkJeK7+nshIpPUk8k1nRCDUy95M/M/rpRDcuBmXSQpM0sWiIBUYYjxLAA+4YhTExBBCFTe3YhoSRSiYnEomBGf55VXSvqw59Vr94arSuM3jKKITdIqqyEHXqIHuURO1EEVP6Bm9ojdrbL1Y79bHorVg5TPH6A+szx963JFH</latexit>

(⌧h, oh)

• State density ratio: 
<latexit sha1_base64="II5hWjBRU1ookpzkl+kj4ihfv0Y="></latexit>

d⇡(o1, a1, . . . , oh)

d⇡b(o1, a1, . . . , oh)
=

h�1Y

h0=1

⇡(ah0 |oh0)

⇡b(ah0 |oh0)

• Structured can help: e.g., if  is linear in feature 
<latexit sha1_base64="u4JRhm6rsBtclnlER7ii2hgf6yM=">AAAB8nicbVDLSsNAFL2pr1pfVZdugkVwVRKR6rLoxmUF+4A2lMl00g6dzISZG6GEfoYbF4q49Wvc+TdO2iy0emDgcM69zLknTAQ36HlfTmltfWNzq7xd2dnd2z+oHh51jEo1ZW2qhNK9kBgmuGRt5ChYL9GMxKFg3XB6m/vdR6YNV/IBZwkLYjKWPOKUoJX6g5jghBKRdebDas2rewu4f4lfkBoUaA2rn4ORomnMJFJBjOn7XoJBRjRyKti8MkgNSwidkjHrWypJzEyQLSLP3TOrjNxIafskugv150ZGYmNmcWgn84hm1cvF/7x+itF1kHGZpMgkXX4UpcJF5eb3uyOuGUUxs4RQzW1Wl06IJhRtSxVbgr968l/Suaj7jXrj/rLWvCnqKMMJnMI5+HAFTbiDFrSBgoIneIFXB51n5815X46WnGLnGH7B+fgGk8mRdw==</latexit>V

<latexit sha1_base64="2ucQ5dTjkYprjXhd+1rVPlMj0jk=">AAACDHicbVDLSsNAFL2pr1pfVZdugkVwVRKRKq6KblzWRx/QxDKZTNqhk0mYmQgl5APc+CtuXCji1g9w5984abPQ6oGBM+fey73neDGjUlnWl1FaWFxaXimvVtbWNza3qts7HRklApM2jlgkeh6ShFFO2ooqRnqxICj0GOl644u83r0nQtKI36pJTNwQDTkNKEZKS4NqzYlH9Mx0QqRGGLH0JnNUNPt6Xnqd3aV+prusujWF+ZfYBalBgdag+un4EU5CwhVmSMq+bcXKTZFQFDOSVZxEkhjhMRqSvqYchUS66dRMZh5oxTeDSOjHlTlVf06kKJRyEnq6M79Sztdy8b9aP1HBqZtSHieKcDxbFCTM1H7zZEyfCoIVm2iCsKD6VhOPkEBY6fwqOgR73vJf0jmq24164+q41jwv4ijDHuzDIdhwAk24hBa0AcMDPMELvBqPxrPxZrzPWktGMbMLv2B8fAMor5u5</latexit>

� : S ! Rd

<latexit sha1_base64="mYtC7ND/TDhRebKaoU8W4DuwFro="></latexit>

supV 2V
|E⇡ [V�T ⇡V ]|p
E⇡b

[(V�T ⇡V )2]
 E⇡[�]>E⇡b [��

>]�1E⇡[�]

• this assumes given low-dim linear feature to encode history…
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<latexit sha1_base64="uhxXmDQ23A3niPzT95+bbhAhh6M=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseCF49V7Ae0oW62m3bpZhN2J0IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//cS1EbF6wEnC/YgOlQgFo2il+17WL1fcqjsHWSVeTiqQo9Evf/UGMUsjrpBJakzXcxP0M6pRMMmnpV5qeELZmA5511JFI278bH7plJxZZUDCWNtSSObq74mMRsZMosB2RhRHZtmbif953RTDaz8TKkmRK7ZYFKaSYExmb5OB0JyhnFhCmRb2VsJGVFOGNpySDcFbfnmVtC6qXq1au7us1B/zOIpwAqdwDh5cQR1uoQFNYBDCM7zCmzN2Xpx352PRWnDymWP4A+fzB6gcjY4=</latexit> {
<latexit sha1_base64="II5hWjBRU1ookpzkl+kj4ihfv0Y="></latexit>

d⇡(o1, a1, . . . , oh)

d⇡b(o1, a1, . . . , oh)
=

h�1Y

h0=1

⇡(ah0 |oh0)

⇡b(ah0 |oh0) !!

* Also needs Bellman completeness



• Can always convert to MDP
<latexit sha1_base64="8nJIRsn3Um6daGp6qGU3FRawLYY=">AAACI3icbZBNSwMxEIaz9avWr6pHL8EieChlV6SKp6KXHivYD2jLks1mu6HZZEmyQin9L178K148KMWLB/+LSVtBWwcyvDwzw2TeIGVUadf9dHJr6xubW/ntws7u3v5B8fCopUQmMWliwYTsBEgRRjlpaqoZ6aSSoCRgpB0M72y9/UikooI/6FFK+gkacBpRjLRBfvFG+F4ZIpukTT0WCq3KUPixxbHF8Q82tG5p3dK6Xyy5FXcWcFV4C1ECi2j4xWkvFDhLCNeYIaW6npvq/hhJTTEjk0IvUyRFeIgGpGskRwlR/fHsxgk8MySEkZDmcQ1n9PfEGCVKjZLAdCZIx2q5ZuF/tW6mo+v+mPI004Tj+aIoY1ALaA2DIZUEazYyAmFJzV8hjpFEWBtbC8YEb/nkVdG6qHjVSvX+slS7XdiRByfgFJwDD1yBGqiDBmgCDJ7AC3gD786z8+pMnY95a85ZzByDP+F8fQOBKKCK</latexit>o1, a1, r1, . . . , oh, ah, rh, . . . oH , aH , rH

• Define new state . Problem solved?
<latexit sha1_base64="aLCf7ApSMLefhFXmOJz9Rmp8woo=">AAAB9HicbVBNS8NAEN3Ur1q/qh69LBahgpREpHosevFYwX5AG8Jmu2mWbjZxd1Ioob/DiwdFvPpjvPlv3LY5aOuDgcd7M8zM8xPBNdj2t1VYW9/Y3Cpul3Z29/YPyodHbR2nirIWjUWsuj7RTHDJWsBBsG6iGIl8wTr+6G7md8ZMaR7LR5gkzI3IUPKAUwJGcqt9IKkXXuDYC8+9csWu2XPgVeLkpIJyNL3yV38Q0zRiEqggWvccOwE3Iwo4FWxa6qeaJYSOyJD1DJUkYtrN5kdP8ZlRBjiIlSkJeK7+nshIpPUk8k1nRCDUy95M/M/rpRDcuBmXSQpM0sWiIBUYYjxLAA+4YhTExBBCFTe3YhoSRSiYnEomBGf55VXSvqw59Vr94arSuM3jKKITdIqqyEHXqIHuURO1EEVP6Bm9ojdrbL1Y79bHorVg5TPH6A+szx963JFH</latexit>

(⌧h, oh)

• State density ratio: 
<latexit sha1_base64="II5hWjBRU1ookpzkl+kj4ihfv0Y="></latexit>

d⇡(o1, a1, . . . , oh)

d⇡b(o1, a1, . . . , oh)
=

h�1Y

h0=1

⇡(ah0 |oh0)

⇡b(ah0 |oh0)

• Structured can help: e.g., if  is linear in feature 
<latexit sha1_base64="u4JRhm6rsBtclnlER7ii2hgf6yM=">AAAB8nicbVDLSsNAFL2pr1pfVZdugkVwVRKR6rLoxmUF+4A2lMl00g6dzISZG6GEfoYbF4q49Wvc+TdO2iy0emDgcM69zLknTAQ36HlfTmltfWNzq7xd2dnd2z+oHh51jEo1ZW2qhNK9kBgmuGRt5ChYL9GMxKFg3XB6m/vdR6YNV/IBZwkLYjKWPOKUoJX6g5jghBKRdebDas2rewu4f4lfkBoUaA2rn4ORomnMJFJBjOn7XoJBRjRyKti8MkgNSwidkjHrWypJzEyQLSLP3TOrjNxIafskugv150ZGYmNmcWgn84hm1cvF/7x+itF1kHGZpMgkXX4UpcJF5eb3uyOuGUUxs4RQzW1Wl06IJhRtSxVbgr968l/Suaj7jXrj/rLWvCnqKMMJnMI5+HAFTbiDFrSBgoIneIFXB51n5815X46WnGLnGH7B+fgGk8mRdw==</latexit>V

<latexit sha1_base64="2ucQ5dTjkYprjXhd+1rVPlMj0jk=">AAACDHicbVDLSsNAFL2pr1pfVZdugkVwVRKRKq6KblzWRx/QxDKZTNqhk0mYmQgl5APc+CtuXCji1g9w5984abPQ6oGBM+fey73neDGjUlnWl1FaWFxaXimvVtbWNza3qts7HRklApM2jlgkeh6ShFFO2ooqRnqxICj0GOl644u83r0nQtKI36pJTNwQDTkNKEZKS4NqzYlH9Mx0QqRGGLH0JnNUNPt6Xnqd3aV+prusujWF+ZfYBalBgdag+un4EU5CwhVmSMq+bcXKTZFQFDOSVZxEkhjhMRqSvqYchUS66dRMZh5oxTeDSOjHlTlVf06kKJRyEnq6M79Sztdy8b9aP1HBqZtSHieKcDxbFCTM1H7zZEyfCoIVm2iCsKD6VhOPkEBY6fwqOgR73vJf0jmq24164+q41jwv4ijDHuzDIdhwAk24hBa0AcMDPMELvBqPxrPxZrzPWktGMbMLv2B8fAMor5u5</latexit>

� : S ! Rd

<latexit sha1_base64="mYtC7ND/TDhRebKaoU8W4DuwFro="></latexit>

supV 2V
|E⇡ [V�T ⇡V ]|p
E⇡b

[(V�T ⇡V )2]
 E⇡[�]>E⇡b [��

>]�1E⇡[�]

• this assumes given low-dim linear feature to encode history…
• side q: what structure in  balances expressivity and coverage

<latexit sha1_base64="u4JRhm6rsBtclnlER7ii2hgf6yM=">AAAB8nicbVDLSsNAFL2pr1pfVZdugkVwVRKR6rLoxmUF+4A2lMl00g6dzISZG6GEfoYbF4q49Wvc+TdO2iy0emDgcM69zLknTAQ36HlfTmltfWNzq7xd2dnd2z+oHh51jEo1ZW2qhNK9kBgmuGRt5ChYL9GMxKFg3XB6m/vdR6YNV/IBZwkLYjKWPOKUoJX6g5jghBKRdebDas2rewu4f4lfkBoUaA2rn4ORomnMJFJBjOn7XoJBRjRyKti8MkgNSwidkjHrWypJzEyQLSLP3TOrjNxIafskugv150ZGYmNmcWgn84hm1cvF/7x+itF1kHGZpMgkXX4UpcJF5eb3uyOuGUUxs4RQzW1Wl06IJhRtSxVbgr968l/Suaj7jXrj/rLWvCnqKMMJnMI5+HAFTbiDFrSBgoIneIFXB51n5815X46WnGLnGH7B+fgGk8mRdw==</latexit>V
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<latexit sha1_base64="uhxXmDQ23A3niPzT95+bbhAhh6M=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseCF49V7Ae0oW62m3bpZhN2J0IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//cS1EbF6wEnC/YgOlQgFo2il+17WL1fcqjsHWSVeTiqQo9Evf/UGMUsjrpBJakzXcxP0M6pRMMmnpV5qeELZmA5511JFI278bH7plJxZZUDCWNtSSObq74mMRsZMosB2RhRHZtmbif953RTDaz8TKkmRK7ZYFKaSYExmb5OB0JyhnFhCmRb2VsJGVFOGNpySDcFbfnmVtC6qXq1au7us1B/zOIpwAqdwDh5cQR1uoQFNYBDCM7zCmzN2Xpx352PRWnDymWP4A+fzB6gcjY4=</latexit> {
<latexit sha1_base64="II5hWjBRU1ookpzkl+kj4ihfv0Y="></latexit>

d⇡(o1, a1, . . . , oh)

d⇡b(o1, a1, . . . , oh)
=

h�1Y

h0=1

⇡(ah0 |oh0)

⇡b(ah0 |oh0) !!

* Also needs Bellman completeness



• Can always convert to MDP
<latexit sha1_base64="8nJIRsn3Um6daGp6qGU3FRawLYY=">AAACI3icbZBNSwMxEIaz9avWr6pHL8EieChlV6SKp6KXHivYD2jLks1mu6HZZEmyQin9L178K148KMWLB/+LSVtBWwcyvDwzw2TeIGVUadf9dHJr6xubW/ntws7u3v5B8fCopUQmMWliwYTsBEgRRjlpaqoZ6aSSoCRgpB0M72y9/UikooI/6FFK+gkacBpRjLRBfvFG+F4ZIpukTT0WCq3KUPixxbHF8Q82tG5p3dK6Xyy5FXcWcFV4C1ECi2j4xWkvFDhLCNeYIaW6npvq/hhJTTEjk0IvUyRFeIgGpGskRwlR/fHsxgk8MySEkZDmcQ1n9PfEGCVKjZLAdCZIx2q5ZuF/tW6mo+v+mPI004Tj+aIoY1ALaA2DIZUEazYyAmFJzV8hjpFEWBtbC8YEb/nkVdG6qHjVSvX+slS7XdiRByfgFJwDD1yBGqiDBmgCDJ7AC3gD786z8+pMnY95a85ZzByDP+F8fQOBKKCK</latexit>o1, a1, r1, . . . , oh, ah, rh, . . . oH , aH , rH

• Define new state . Problem solved?
<latexit sha1_base64="aLCf7ApSMLefhFXmOJz9Rmp8woo=">AAAB9HicbVBNS8NAEN3Ur1q/qh69LBahgpREpHosevFYwX5AG8Jmu2mWbjZxd1Ioob/DiwdFvPpjvPlv3LY5aOuDgcd7M8zM8xPBNdj2t1VYW9/Y3Cpul3Z29/YPyodHbR2nirIWjUWsuj7RTHDJWsBBsG6iGIl8wTr+6G7md8ZMaR7LR5gkzI3IUPKAUwJGcqt9IKkXXuDYC8+9csWu2XPgVeLkpIJyNL3yV38Q0zRiEqggWvccOwE3Iwo4FWxa6qeaJYSOyJD1DJUkYtrN5kdP8ZlRBjiIlSkJeK7+nshIpPUk8k1nRCDUy95M/M/rpRDcuBmXSQpM0sWiIBUYYjxLAA+4YhTExBBCFTe3YhoSRSiYnEomBGf55VXSvqw59Vr94arSuM3jKKITdIqqyEHXqIHuURO1EEVP6Bm9ojdrbL1Y79bHorVg5TPH6A+szx963JFH</latexit>

(⌧h, oh)

• State density ratio: 
<latexit sha1_base64="II5hWjBRU1ookpzkl+kj4ihfv0Y="></latexit>

d⇡(o1, a1, . . . , oh)

d⇡b(o1, a1, . . . , oh)
=

h�1Y

h0=1

⇡(ah0 |oh0)

⇡b(ah0 |oh0)

• Structured can help: e.g., if  is linear in feature 
<latexit sha1_base64="u4JRhm6rsBtclnlER7ii2hgf6yM=">AAAB8nicbVDLSsNAFL2pr1pfVZdugkVwVRKR6rLoxmUF+4A2lMl00g6dzISZG6GEfoYbF4q49Wvc+TdO2iy0emDgcM69zLknTAQ36HlfTmltfWNzq7xd2dnd2z+oHh51jEo1ZW2qhNK9kBgmuGRt5ChYL9GMxKFg3XB6m/vdR6YNV/IBZwkLYjKWPOKUoJX6g5jghBKRdebDas2rewu4f4lfkBoUaA2rn4ORomnMJFJBjOn7XoJBRjRyKti8MkgNSwidkjHrWypJzEyQLSLP3TOrjNxIafskugv150ZGYmNmcWgn84hm1cvF/7x+itF1kHGZpMgkXX4UpcJF5eb3uyOuGUUxs4RQzW1Wl06IJhRtSxVbgr968l/Suaj7jXrj/rLWvCnqKMMJnMI5+HAFTbiDFrSBgoIneIFXB51n5815X46WnGLnGH7B+fgGk8mRdw==</latexit>V

<latexit sha1_base64="2ucQ5dTjkYprjXhd+1rVPlMj0jk=">AAACDHicbVDLSsNAFL2pr1pfVZdugkVwVRKRKq6KblzWRx/QxDKZTNqhk0mYmQgl5APc+CtuXCji1g9w5984abPQ6oGBM+fey73neDGjUlnWl1FaWFxaXimvVtbWNza3qts7HRklApM2jlgkeh6ShFFO2ooqRnqxICj0GOl644u83r0nQtKI36pJTNwQDTkNKEZKS4NqzYlH9Mx0QqRGGLH0JnNUNPt6Xnqd3aV+prusujWF+ZfYBalBgdag+un4EU5CwhVmSMq+bcXKTZFQFDOSVZxEkhjhMRqSvqYchUS66dRMZh5oxTeDSOjHlTlVf06kKJRyEnq6M79Sztdy8b9aP1HBqZtSHieKcDxbFCTM1H7zZEyfCoIVm2iCsKD6VhOPkEBY6fwqOgR73vJf0jmq24164+q41jwv4ijDHuzDIdhwAk24hBa0AcMDPMELvBqPxrPxZrzPWktGMbMLv2B8fAMor5u5</latexit>

� : S ! Rd

<latexit sha1_base64="mYtC7ND/TDhRebKaoU8W4DuwFro="></latexit>

supV 2V
|E⇡ [V�T ⇡V ]|p
E⇡b

[(V�T ⇡V )2]
 E⇡[�]>E⇡b [��

>]�1E⇡[�]

• this assumes given low-dim linear feature to encode history…
• side q: what structure in  balances expressivity and coverage

<latexit sha1_base64="u4JRhm6rsBtclnlER7ii2hgf6yM=">AAAB8nicbVDLSsNAFL2pr1pfVZdugkVwVRKR6rLoxmUF+4A2lMl00g6dzISZG6GEfoYbF4q49Wvc+TdO2iy0emDgcM69zLknTAQ36HlfTmltfWNzq7xd2dnd2z+oHh51jEo1ZW2qhNK9kBgmuGRt5ChYL9GMxKFg3XB6m/vdR6YNV/IBZwkLYjKWPOKUoJX6g5jghBKRdebDas2rewu4f4lfkBoUaA2rn4ORomnMJFJBjOn7XoJBRjRyKti8MkgNSwidkjHrWypJzEyQLSLP3TOrjNxIafskugv150ZGYmNmcWgn84hm1cvF/7x+itF1kHGZpMgkXX4UpcJF5eb3uyOuGUUxs4RQzW1Wl06IJhRtSxVbgr968l/Suaj7jXrj/rLWvCnqKMMJnMI5+HAFTbiDFrSBgoIneIFXB51n5815X46WnGLnGH7B+fgGk8mRdw==</latexit>V
• connection to known empirical evidence (LLMs, RLHF, etc.)

6

Partially Observed (non-Markov) Problems

<latexit sha1_base64="uhxXmDQ23A3niPzT95+bbhAhh6M=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseCF49V7Ae0oW62m3bpZhN2J0IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//cS1EbF6wEnC/YgOlQgFo2il+17WL1fcqjsHWSVeTiqQo9Evf/UGMUsjrpBJakzXcxP0M6pRMMmnpV5qeELZmA5511JFI278bH7plJxZZUDCWNtSSObq74mMRsZMosB2RhRHZtmbif953RTDaz8TKkmRK7ZYFKaSYExmb5OB0JyhnFhCmRb2VsJGVFOGNpySDcFbfnmVtC6qXq1au7us1B/zOIpwAqdwDh5cQR1uoQFNYBDCM7zCmzN2Xpx352PRWnDymWP4A+fzB6gcjY4=</latexit> {
<latexit sha1_base64="II5hWjBRU1ookpzkl+kj4ihfv0Y="></latexit>

d⇡(o1, a1, . . . , oh)

d⇡b(o1, a1, . . . , oh)
=

h�1Y

h0=1

⇡(ah0 |oh0)

⇡b(ah0 |oh0) !!

* Also needs Bellman completeness



• Can always convert to MDP
<latexit sha1_base64="8nJIRsn3Um6daGp6qGU3FRawLYY=">AAACI3icbZBNSwMxEIaz9avWr6pHL8EieChlV6SKp6KXHivYD2jLks1mu6HZZEmyQin9L178K148KMWLB/+LSVtBWwcyvDwzw2TeIGVUadf9dHJr6xubW/ntws7u3v5B8fCopUQmMWliwYTsBEgRRjlpaqoZ6aSSoCRgpB0M72y9/UikooI/6FFK+gkacBpRjLRBfvFG+F4ZIpukTT0WCq3KUPixxbHF8Q82tG5p3dK6Xyy5FXcWcFV4C1ECi2j4xWkvFDhLCNeYIaW6npvq/hhJTTEjk0IvUyRFeIgGpGskRwlR/fHsxgk8MySEkZDmcQ1n9PfEGCVKjZLAdCZIx2q5ZuF/tW6mo+v+mPI004Tj+aIoY1ALaA2DIZUEazYyAmFJzV8hjpFEWBtbC8YEb/nkVdG6qHjVSvX+slS7XdiRByfgFJwDD1yBGqiDBmgCDJ7AC3gD786z8+pMnY95a85ZzByDP+F8fQOBKKCK</latexit>o1, a1, r1, . . . , oh, ah, rh, . . . oH , aH , rH

• Define new state . Problem solved?
<latexit sha1_base64="aLCf7ApSMLefhFXmOJz9Rmp8woo=">AAAB9HicbVBNS8NAEN3Ur1q/qh69LBahgpREpHosevFYwX5AG8Jmu2mWbjZxd1Ioob/DiwdFvPpjvPlv3LY5aOuDgcd7M8zM8xPBNdj2t1VYW9/Y3Cpul3Z29/YPyodHbR2nirIWjUWsuj7RTHDJWsBBsG6iGIl8wTr+6G7md8ZMaR7LR5gkzI3IUPKAUwJGcqt9IKkXXuDYC8+9csWu2XPgVeLkpIJyNL3yV38Q0zRiEqggWvccOwE3Iwo4FWxa6qeaJYSOyJD1DJUkYtrN5kdP8ZlRBjiIlSkJeK7+nshIpPUk8k1nRCDUy95M/M/rpRDcuBmXSQpM0sWiIBUYYjxLAA+4YhTExBBCFTe3YhoSRSiYnEomBGf55VXSvqw59Vr94arSuM3jKKITdIqqyEHXqIHuURO1EEVP6Bm9ojdrbL1Y79bHorVg5TPH6A+szx963JFH</latexit>

(⌧h, oh)

• State density ratio: 
<latexit sha1_base64="II5hWjBRU1ookpzkl+kj4ihfv0Y="></latexit>

d⇡(o1, a1, . . . , oh)

d⇡b(o1, a1, . . . , oh)
=

h�1Y

h0=1

⇡(ah0 |oh0)

⇡b(ah0 |oh0)

• Structured can help: e.g., if  is linear in feature 
<latexit sha1_base64="u4JRhm6rsBtclnlER7ii2hgf6yM=">AAAB8nicbVDLSsNAFL2pr1pfVZdugkVwVRKR6rLoxmUF+4A2lMl00g6dzISZG6GEfoYbF4q49Wvc+TdO2iy0emDgcM69zLknTAQ36HlfTmltfWNzq7xd2dnd2z+oHh51jEo1ZW2qhNK9kBgmuGRt5ChYL9GMxKFg3XB6m/vdR6YNV/IBZwkLYjKWPOKUoJX6g5jghBKRdebDas2rewu4f4lfkBoUaA2rn4ORomnMJFJBjOn7XoJBRjRyKti8MkgNSwidkjHrWypJzEyQLSLP3TOrjNxIafskugv150ZGYmNmcWgn84hm1cvF/7x+itF1kHGZpMgkXX4UpcJF5eb3uyOuGUUxs4RQzW1Wl06IJhRtSxVbgr968l/Suaj7jXrj/rLWvCnqKMMJnMI5+HAFTbiDFrSBgoIneIFXB51n5815X46WnGLnGH7B+fgGk8mRdw==</latexit>V

<latexit sha1_base64="2ucQ5dTjkYprjXhd+1rVPlMj0jk=">AAACDHicbVDLSsNAFL2pr1pfVZdugkVwVRKRKq6KblzWRx/QxDKZTNqhk0mYmQgl5APc+CtuXCji1g9w5984abPQ6oGBM+fey73neDGjUlnWl1FaWFxaXimvVtbWNza3qts7HRklApM2jlgkeh6ShFFO2ooqRnqxICj0GOl644u83r0nQtKI36pJTNwQDTkNKEZKS4NqzYlH9Mx0QqRGGLH0JnNUNPt6Xnqd3aV+prusujWF+ZfYBalBgdag+un4EU5CwhVmSMq+bcXKTZFQFDOSVZxEkhjhMRqSvqYchUS66dRMZh5oxTeDSOjHlTlVf06kKJRyEnq6M79Sztdy8b9aP1HBqZtSHieKcDxbFCTM1H7zZEyfCoIVm2iCsKD6VhOPkEBY6fwqOgR73vJf0jmq24164+q41jwv4ijDHuzDIdhwAk24hBa0AcMDPMELvBqPxrPxZrzPWktGMbMLv2B8fAMor5u5</latexit>

� : S ! Rd

<latexit sha1_base64="mYtC7ND/TDhRebKaoU8W4DuwFro="></latexit>

supV 2V
|E⇡ [V�T ⇡V ]|p
E⇡b

[(V�T ⇡V )2]
 E⇡[�]>E⇡b [��

>]�1E⇡[�]

• this assumes given low-dim linear feature to encode history…
• side q: what structure in  balances expressivity and coverage

<latexit sha1_base64="u4JRhm6rsBtclnlER7ii2hgf6yM=">AAAB8nicbVDLSsNAFL2pr1pfVZdugkVwVRKR6rLoxmUF+4A2lMl00g6dzISZG6GEfoYbF4q49Wvc+TdO2iy0emDgcM69zLknTAQ36HlfTmltfWNzq7xd2dnd2z+oHh51jEo1ZW2qhNK9kBgmuGRt5ChYL9GMxKFg3XB6m/vdR6YNV/IBZwkLYjKWPOKUoJX6g5jghBKRdebDas2rewu4f4lfkBoUaA2rn4ORomnMJFJBjOn7XoJBRjRyKti8MkgNSwidkjHrWypJzEyQLSLP3TOrjNxIafskugv150ZGYmNmcWgn84hm1cvF/7x+itF1kHGZpMgkXX4UpcJF5eb3uyOuGUUxs4RQzW1Wl06IJhRtSxVbgr968l/Suaj7jXrj/rLWvCnqKMMJnMI5+HAFTbiDFrSBgoIneIFXB51n5815X46WnGLnGH7B+fgGk8mRdw==</latexit>V
• connection to known empirical evidence (LLMs, RLHF, etc.)
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Partially Observed (non-Markov) Problems

<latexit sha1_base64="uhxXmDQ23A3niPzT95+bbhAhh6M=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseCF49V7Ae0oW62m3bpZhN2J0IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//cS1EbF6wEnC/YgOlQgFo2il+17WL1fcqjsHWSVeTiqQo9Evf/UGMUsjrpBJakzXcxP0M6pRMMmnpV5qeELZmA5511JFI278bH7plJxZZUDCWNtSSObq74mMRsZMosB2RhRHZtmbif953RTDaz8TKkmRK7ZYFKaSYExmb5OB0JyhnFhCmRb2VsJGVFOGNpySDcFbfnmVtC6qXq1au7us1B/zOIpwAqdwDh5cQR1uoQFNYBDCM7zCmzN2Xpx352PRWnDymWP4A+fzB6gcjY4=</latexit> {
<latexit sha1_base64="II5hWjBRU1ookpzkl+kj4ihfv0Y="></latexit>

d⇡(o1, a1, . . . , oh)

d⇡b(o1, a1, . . . , oh)
=

h�1Y

h0=1

⇡(ah0 |oh0)

⇡b(ah0 |oh0) !!

* Also needs Bellman completeness

Can we avoid the exponentials in OPE in PO settings, without 
relying on structured function classes?



• For h = 1, 2, …, H,
• nature generates latent state sh ∈ Sh  (small?)

• sh ~ P( · | sh-1, ah-1) for h ≥ 2

7

Partially Observable MDPs (POMDPs)

s1

h=1



• For h = 1, 2, …, H,
• nature generates latent state sh ∈ Sh  (small?)

• sh ~ P( · | sh-1, ah-1) for h ≥ 2
• agent observes oh ∈ Oh  (large), oh ~ O( · | sh)

7

Partially Observable MDPs (POMDPs)

emission process 
O: S → ∆(O)

<latexit sha1_base64="v+3oV8KwRt9dNbnHscaZc/Q1SDk="></latexit>

S =
S

h Sh

O =
S

h Oh

s1

h=1

o1

O



• For h = 1, 2, …, H,
• nature generates latent state sh ∈ Sh  (small?)

• sh ~ P( · | sh-1, ah-1) for h ≥ 2
• agent observes oh ∈ Oh  (large), oh ~ O( · | sh)
• chooses action ah ∈ A    (small)

7

Partially Observable MDPs (POMDPs)

emission process 
O: S → ∆(O)

<latexit sha1_base64="v+3oV8KwRt9dNbnHscaZc/Q1SDk="></latexit>

S =
S

h Sh

O =
S

h Oh

s1

h=1

o1

O a1



• For h = 1, 2, …, H,
• nature generates latent state sh ∈ Sh  (small?)

• sh ~ P( · | sh-1, ah-1) for h ≥ 2
• agent observes oh ∈ Oh  (large), oh ~ O( · | sh)
• chooses action ah ∈ A    (small)
• receives reward rh = R(oh, ah)

7

Partially Observable MDPs (POMDPs)

reward function  
R: S×A →[0,1]

emission process 
O: S → ∆(O)

<latexit sha1_base64="v+3oV8KwRt9dNbnHscaZc/Q1SDk="></latexit>

S =
S

h Sh

O =
S

h Oh

s1

h=1

o1

O a1



• For h = 1, 2, …, H,
• nature generates latent state sh ∈ Sh  (small?)

• sh ~ P( · | sh-1, ah-1) for h ≥ 2
• agent observes oh ∈ Oh  (large), oh ~ O( · | sh)
• chooses action ah ∈ A    (small)
• receives reward rh = R(oh, ah)

7

Partially Observable MDPs (POMDPs)

transition dynamics 
P: S×A → ∆(S)

reward function  
R: S×A →[0,1]

emission process 
O: S → ∆(O)

<latexit sha1_base64="v+3oV8KwRt9dNbnHscaZc/Q1SDk="></latexit>

S =
S

h Sh

O =
S

h Oh

s1

h=1

o1

O a1

s2

2

P



• For h = 1, 2, …, H,
• nature generates latent state sh ∈ Sh  (small?)

• sh ~ P( · | sh-1, ah-1) for h ≥ 2
• agent observes oh ∈ Oh  (large), oh ~ O( · | sh)
• chooses action ah ∈ A    (small)
• receives reward rh = R(oh, ah)

7

Partially Observable MDPs (POMDPs)

transition dynamics 
P: S×A → ∆(S)

reward function  
R: S×A →[0,1]

emission process 
O: S → ∆(O)

<latexit sha1_base64="v+3oV8KwRt9dNbnHscaZc/Q1SDk="></latexit>

S =
S

h Sh

O =
S

h Oh

s1

h=1

o1

O a1

s2

2

P

o2

O



• For h = 1, 2, …, H,
• nature generates latent state sh ∈ Sh  (small?)

• sh ~ P( · | sh-1, ah-1) for h ≥ 2
• agent observes oh ∈ Oh  (large), oh ~ O( · | sh)
• chooses action ah ∈ A    (small)
• receives reward rh = R(oh, ah)

7

Partially Observable MDPs (POMDPs)

transition dynamics 
P: S×A → ∆(S)

reward function  
R: S×A →[0,1]

emission process 
O: S → ∆(O)

<latexit sha1_base64="v+3oV8KwRt9dNbnHscaZc/Q1SDk="></latexit>

S =
S

h Sh

O =
S

h Oh

s1

h=1

o1

O a1

s2

2

P
a2

…
H-1 H

aH-1 aH

sH-1 sH

O
P

oH-1 oHo2

O



• For h = 1, 2, …, H,
• nature generates latent state sh ∈ Sh  (small?)

• sh ~ P( · | sh-1, ah-1) for h ≥ 2
• agent observes oh ∈ Oh  (large), oh ~ O( · | sh)
• chooses action ah ∈ A    (small)
• receives reward rh = R(oh, ah)

• Memoryless policies 
<latexit sha1_base64="xJoB0Zq23GWTd6zFI749FCfNo2M=">AAACD3icbVDJSgNBEO1xjXEb9eilMSjxEmZEoniKy8GbEcwCmSH0dDpJk56F7hohDPMHXvwVLx4U8erVm39jJxlEEx8UPN6roqqeFwmuwLK+jLn5hcWl5dxKfnVtfWPT3NquqzCWlNVoKELZ9IhiggesBhwEa0aSEd8TrOENLkd+455JxcPgDoYRc33SC3iXUwJaapsHTsTPsOMT6FMikpvUgdC5YgJI8Uc8Tw/bZsEqWWPgWWJnpIAyVNvmp9MJaeyzAKggSrVsKwI3IRI4FSzNO7FiEaED0mMtTQPiM+Um439SvK+VDu6GUlcAeKz+nkiIr9TQ93Tn6EY17Y3E/7xWDN1TN+FBFAML6GRRNxYYQjwKB3e4ZBTEUBNCJde3YtonklDQEeZ1CPb0y7OkflSyy6Xy7XGhcpHFkUO7aA8VkY1OUAVdoyqqIYoe0BN6Qa/Go/FsvBnvk9Y5I5vZQX9gfHwDxQucgw==</latexit>

⇡ : O ! �(A)

7

Partially Observable MDPs (POMDPs)

transition dynamics 
P: S×A → ∆(S)

reward function  
R: S×A →[0,1]

emission process 
O: S → ∆(O)

<latexit sha1_base64="v+3oV8KwRt9dNbnHscaZc/Q1SDk="></latexit>

S =
S

h Sh

O =
S

h Oh

s1

h=1

o1

O a1

s2

2

P

<latexit sha1_base64="xJoB0Zq23GWTd6zFI749FCfNo2M=">AAACD3icbVDJSgNBEO1xjXEb9eilMSjxEmZEoniKy8GbEcwCmSH0dDpJk56F7hohDPMHXvwVLx4U8erVm39jJxlEEx8UPN6roqqeFwmuwLK+jLn5hcWl5dxKfnVtfWPT3NquqzCWlNVoKELZ9IhiggesBhwEa0aSEd8TrOENLkd+455JxcPgDoYRc33SC3iXUwJaapsHTsTPsOMT6FMikpvUgdC5YgJI8Uc8Tw/bZsEqWWPgWWJnpIAyVNvmp9MJaeyzAKggSrVsKwI3IRI4FSzNO7FiEaED0mMtTQPiM+Um439SvK+VDu6GUlcAeKz+nkiIr9TQ93Tn6EY17Y3E/7xWDN1TN+FBFAML6GRRNxYYQjwKB3e4ZBTEUBNCJde3YtonklDQEeZ1CPb0y7OkflSyy6Xy7XGhcpHFkUO7aA8VkY1OUAVdoyqqIYoe0BN6Qa/Go/FsvBnvk9Y5I5vZQX9gfHwDxQucgw==</latexit>

⇡ : O ! �(A)
<latexit sha1_base64="xJoB0Zq23GWTd6zFI749FCfNo2M=">AAACD3icbVDJSgNBEO1xjXEb9eilMSjxEmZEoniKy8GbEcwCmSH0dDpJk56F7hohDPMHXvwVLx4U8erVm39jJxlEEx8UPN6roqqeFwmuwLK+jLn5hcWl5dxKfnVtfWPT3NquqzCWlNVoKELZ9IhiggesBhwEa0aSEd8TrOENLkd+455JxcPgDoYRc33SC3iXUwJaapsHTsTPsOMT6FMikpvUgdC5YgJI8Uc8Tw/bZsEqWWPgWWJnpIAyVNvmp9MJaeyzAKggSrVsKwI3IRI4FSzNO7FiEaED0mMtTQPiM+Um439SvK+VDu6GUlcAeKz+nkiIr9TQ93Tn6EY17Y3E/7xWDN1TN+FBFAML6GRRNxYYQjwKB3e4ZBTEUBNCJde3YtonklDQEeZ1CPb0y7OkflSyy6Xy7XGhcpHFkUO7aA8VkY1OUAVdoyqqIYoe0BN6Qa/Go/FsvBnvk9Y5I5vZQX9gfHwDxQucgw==</latexit>

⇡ : O ! �(A)
<latexit sha1_base64="xJoB0Zq23GWTd6zFI749FCfNo2M=">AAACD3icbVDJSgNBEO1xjXEb9eilMSjxEmZEoniKy8GbEcwCmSH0dDpJk56F7hohDPMHXvwVLx4U8erVm39jJxlEEx8UPN6roqqeFwmuwLK+jLn5hcWl5dxKfnVtfWPT3NquqzCWlNVoKELZ9IhiggesBhwEa0aSEd8TrOENLkd+455JxcPgDoYRc33SC3iXUwJaapsHTsTPsOMT6FMikpvUgdC5YgJI8Uc8Tw/bZsEqWWPgWWJnpIAyVNvmp9MJaeyzAKggSrVsKwI3IRI4FSzNO7FiEaED0mMtTQPiM+Um439SvK+VDu6GUlcAeKz+nkiIr9TQ93Tn6EY17Y3E/7xWDN1TN+FBFAML6GRRNxYYQjwKB3e4ZBTEUBNCJde3YtonklDQEeZ1CPb0y7OkflSyy6Xy7XGhcpHFkUO7aA8VkY1OUAVdoyqqIYoe0BN6Qa/Go/FsvBnvk9Y5I5vZQX9gfHwDxQucgw==</latexit>

⇡ : O ! �(A)
<latexit sha1_base64="xJoB0Zq23GWTd6zFI749FCfNo2M=">AAACD3icbVDJSgNBEO1xjXEb9eilMSjxEmZEoniKy8GbEcwCmSH0dDpJk56F7hohDPMHXvwVLx4U8erVm39jJxlEEx8UPN6roqqeFwmuwLK+jLn5hcWl5dxKfnVtfWPT3NquqzCWlNVoKELZ9IhiggesBhwEa0aSEd8TrOENLkd+455JxcPgDoYRc33SC3iXUwJaapsHTsTPsOMT6FMikpvUgdC5YgJI8Uc8Tw/bZsEqWWPgWWJnpIAyVNvmp9MJaeyzAKggSrVsKwI3IRI4FSzNO7FiEaED0mMtTQPiM+Um439SvK+VDu6GUlcAeKz+nkiIr9TQ93Tn6EY17Y3E/7xWDN1TN+FBFAML6GRRNxYYQjwKB3e4ZBTEUBNCJde3YtonklDQEeZ1CPb0y7OkflSyy6Xy7XGhcpHFkUO7aA8VkY1OUAVdoyqqIYoe0BN6Qa/Go/FsvBnvk9Y5I5vZQX9gfHwDxQucgw==</latexit>

⇡ : O ! �(A)
a2

…
H-1 H

aH-1 aH

sH-1 sH

O
P

oH-1 oHo2

O



• For h = 1, 2, …, H,
• nature generates latent state sh ∈ Sh  (small?)

• sh ~ P( · | sh-1, ah-1) for h ≥ 2
• agent observes oh ∈ Oh  (large), oh ~ O( · | sh)
• chooses action ah ∈ A    (small)
• receives reward rh = R(oh, ah)

• Memoryless policies 
<latexit sha1_base64="xJoB0Zq23GWTd6zFI749FCfNo2M=">AAACD3icbVDJSgNBEO1xjXEb9eilMSjxEmZEoniKy8GbEcwCmSH0dDpJk56F7hohDPMHXvwVLx4U8erVm39jJxlEEx8UPN6roqqeFwmuwLK+jLn5hcWl5dxKfnVtfWPT3NquqzCWlNVoKELZ9IhiggesBhwEa0aSEd8TrOENLkd+455JxcPgDoYRc33SC3iXUwJaapsHTsTPsOMT6FMikpvUgdC5YgJI8Uc8Tw/bZsEqWWPgWWJnpIAyVNvmp9MJaeyzAKggSrVsKwI3IRI4FSzNO7FiEaED0mMtTQPiM+Um439SvK+VDu6GUlcAeKz+nkiIr9TQ93Tn6EY17Y3E/7xWDN1TN+FBFAML6GRRNxYYQjwKB3e4ZBTEUBNCJde3YtonklDQEeZ1CPb0y7OkflSyy6Xy7XGhcpHFkUO7aA8VkY1OUAVdoyqqIYoe0BN6Qa/Go/FsvBnvk9Y5I5vZQX9gfHwDxQucgw==</latexit>

⇡ : O ! �(A)

• Goal: estimate  using episodes collected by πb
<latexit sha1_base64="IdSABxbPQCzueiWLPjViKbdvXb8="></latexit>

J(⇡) := E⇡[
P

H

h=1 rh]

7

Partially Observable MDPs (POMDPs)

transition dynamics 
P: S×A → ∆(S)

reward function  
R: S×A →[0,1]

emission process 
O: S → ∆(O)

<latexit sha1_base64="v+3oV8KwRt9dNbnHscaZc/Q1SDk="></latexit>

S =
S

h Sh

O =
S

h Oh

s1

h=1

o1

O a1

s2

2

P

<latexit sha1_base64="xJoB0Zq23GWTd6zFI749FCfNo2M=">AAACD3icbVDJSgNBEO1xjXEb9eilMSjxEmZEoniKy8GbEcwCmSH0dDpJk56F7hohDPMHXvwVLx4U8erVm39jJxlEEx8UPN6roqqeFwmuwLK+jLn5hcWl5dxKfnVtfWPT3NquqzCWlNVoKELZ9IhiggesBhwEa0aSEd8TrOENLkd+455JxcPgDoYRc33SC3iXUwJaapsHTsTPsOMT6FMikpvUgdC5YgJI8Uc8Tw/bZsEqWWPgWWJnpIAyVNvmp9MJaeyzAKggSrVsKwI3IRI4FSzNO7FiEaED0mMtTQPiM+Um439SvK+VDu6GUlcAeKz+nkiIr9TQ93Tn6EY17Y3E/7xWDN1TN+FBFAML6GRRNxYYQjwKB3e4ZBTEUBNCJde3YtonklDQEeZ1CPb0y7OkflSyy6Xy7XGhcpHFkUO7aA8VkY1OUAVdoyqqIYoe0BN6Qa/Go/FsvBnvk9Y5I5vZQX9gfHwDxQucgw==</latexit>

⇡ : O ! �(A)
<latexit sha1_base64="xJoB0Zq23GWTd6zFI749FCfNo2M=">AAACD3icbVDJSgNBEO1xjXEb9eilMSjxEmZEoniKy8GbEcwCmSH0dDpJk56F7hohDPMHXvwVLx4U8erVm39jJxlEEx8UPN6roqqeFwmuwLK+jLn5hcWl5dxKfnVtfWPT3NquqzCWlNVoKELZ9IhiggesBhwEa0aSEd8TrOENLkd+455JxcPgDoYRc33SC3iXUwJaapsHTsTPsOMT6FMikpvUgdC5YgJI8Uc8Tw/bZsEqWWPgWWJnpIAyVNvmp9MJaeyzAKggSrVsKwI3IRI4FSzNO7FiEaED0mMtTQPiM+Um439SvK+VDu6GUlcAeKz+nkiIr9TQ93Tn6EY17Y3E/7xWDN1TN+FBFAML6GRRNxYYQjwKB3e4ZBTEUBNCJde3YtonklDQEeZ1CPb0y7OkflSyy6Xy7XGhcpHFkUO7aA8VkY1OUAVdoyqqIYoe0BN6Qa/Go/FsvBnvk9Y5I5vZQX9gfHwDxQucgw==</latexit>

⇡ : O ! �(A)
<latexit sha1_base64="xJoB0Zq23GWTd6zFI749FCfNo2M=">AAACD3icbVDJSgNBEO1xjXEb9eilMSjxEmZEoniKy8GbEcwCmSH0dDpJk56F7hohDPMHXvwVLx4U8erVm39jJxlEEx8UPN6roqqeFwmuwLK+jLn5hcWl5dxKfnVtfWPT3NquqzCWlNVoKELZ9IhiggesBhwEa0aSEd8TrOENLkd+455JxcPgDoYRc33SC3iXUwJaapsHTsTPsOMT6FMikpvUgdC5YgJI8Uc8Tw/bZsEqWWPgWWJnpIAyVNvmp9MJaeyzAKggSrVsKwI3IRI4FSzNO7FiEaED0mMtTQPiM+Um439SvK+VDu6GUlcAeKz+nkiIr9TQ93Tn6EY17Y3E/7xWDN1TN+FBFAML6GRRNxYYQjwKB3e4ZBTEUBNCJde3YtonklDQEeZ1CPb0y7OkflSyy6Xy7XGhcpHFkUO7aA8VkY1OUAVdoyqqIYoe0BN6Qa/Go/FsvBnvk9Y5I5vZQX9gfHwDxQucgw==</latexit>

⇡ : O ! �(A)
<latexit sha1_base64="xJoB0Zq23GWTd6zFI749FCfNo2M=">AAACD3icbVDJSgNBEO1xjXEb9eilMSjxEmZEoniKy8GbEcwCmSH0dDpJk56F7hohDPMHXvwVLx4U8erVm39jJxlEEx8UPN6roqqeFwmuwLK+jLn5hcWl5dxKfnVtfWPT3NquqzCWlNVoKELZ9IhiggesBhwEa0aSEd8TrOENLkd+455JxcPgDoYRc33SC3iXUwJaapsHTsTPsOMT6FMikpvUgdC5YgJI8Uc8Tw/bZsEqWWPgWWJnpIAyVNvmp9MJaeyzAKggSrVsKwI3IRI4FSzNO7FiEaED0mMtTQPiM+Um439SvK+VDu6GUlcAeKz+nkiIr9TQ93Tn6EY17Y3E/7xWDN1TN+FBFAML6GRRNxYYQjwKB3e4ZBTEUBNCJde3YtonklDQEeZ1CPb0y7OkflSyy6Xy7XGhcpHFkUO7aA8VkY1OUAVdoyqqIYoe0BN6Qa/Go/FsvBnvk9Y5I5vZQX9gfHwDxQucgw==</latexit>

⇡ : O ! �(A)
a2

…
H-1 H

aH-1 aH

sH-1 sH

O
P

oH-1 oHo2

O



• For h = 1, 2, …, H,
• nature generates latent state sh ∈ Sh  (small?)

• sh ~ P( · | sh-1, ah-1) for h ≥ 2
• agent observes oh ∈ Oh  (large), oh ~ O( · | sh)
• chooses action ah ∈ A    (small)
• receives reward rh = R(oh, ah)

• Memoryless policies 
<latexit sha1_base64="xJoB0Zq23GWTd6zFI749FCfNo2M=">AAACD3icbVDJSgNBEO1xjXEb9eilMSjxEmZEoniKy8GbEcwCmSH0dDpJk56F7hohDPMHXvwVLx4U8erVm39jJxlEEx8UPN6roqqeFwmuwLK+jLn5hcWl5dxKfnVtfWPT3NquqzCWlNVoKELZ9IhiggesBhwEa0aSEd8TrOENLkd+455JxcPgDoYRc33SC3iXUwJaapsHTsTPsOMT6FMikpvUgdC5YgJI8Uc8Tw/bZsEqWWPgWWJnpIAyVNvmp9MJaeyzAKggSrVsKwI3IRI4FSzNO7FiEaED0mMtTQPiM+Um439SvK+VDu6GUlcAeKz+nkiIr9TQ93Tn6EY17Y3E/7xWDN1TN+FBFAML6GRRNxYYQjwKB3e4ZBTEUBNCJde3YtonklDQEeZ1CPb0y7OkflSyy6Xy7XGhcpHFkUO7aA8VkY1OUAVdoyqqIYoe0BN6Qa/Go/FsvBnvk9Y5I5vZQX9gfHwDxQucgw==</latexit>

⇡ : O ! �(A)

• Goal: estimate  using episodes collected by πb
<latexit sha1_base64="IdSABxbPQCzueiWLPjViKbdvXb8="></latexit>

J(⇡) := E⇡[
P

H

h=1 rh]

7

Partially Observable MDPs (POMDPs)

transition dynamics 
P: S×A → ∆(S)

reward function  
R: S×A →[0,1]

emission process 
O: S → ∆(O)

<latexit sha1_base64="v+3oV8KwRt9dNbnHscaZc/Q1SDk="></latexit>

S =
S

h Sh

O =
S

h Oh

s1

h=1

o1

O a1

s2

2

P

<latexit sha1_base64="xJoB0Zq23GWTd6zFI749FCfNo2M=">AAACD3icbVDJSgNBEO1xjXEb9eilMSjxEmZEoniKy8GbEcwCmSH0dDpJk56F7hohDPMHXvwVLx4U8erVm39jJxlEEx8UPN6roqqeFwmuwLK+jLn5hcWl5dxKfnVtfWPT3NquqzCWlNVoKELZ9IhiggesBhwEa0aSEd8TrOENLkd+455JxcPgDoYRc33SC3iXUwJaapsHTsTPsOMT6FMikpvUgdC5YgJI8Uc8Tw/bZsEqWWPgWWJnpIAyVNvmp9MJaeyzAKggSrVsKwI3IRI4FSzNO7FiEaED0mMtTQPiM+Um439SvK+VDu6GUlcAeKz+nkiIr9TQ93Tn6EY17Y3E/7xWDN1TN+FBFAML6GRRNxYYQjwKB3e4ZBTEUBNCJde3YtonklDQEeZ1CPb0y7OkflSyy6Xy7XGhcpHFkUO7aA8VkY1OUAVdoyqqIYoe0BN6Qa/Go/FsvBnvk9Y5I5vZQX9gfHwDxQucgw==</latexit>

⇡ : O ! �(A)
<latexit sha1_base64="xJoB0Zq23GWTd6zFI749FCfNo2M=">AAACD3icbVDJSgNBEO1xjXEb9eilMSjxEmZEoniKy8GbEcwCmSH0dDpJk56F7hohDPMHXvwVLx4U8erVm39jJxlEEx8UPN6roqqeFwmuwLK+jLn5hcWl5dxKfnVtfWPT3NquqzCWlNVoKELZ9IhiggesBhwEa0aSEd8TrOENLkd+455JxcPgDoYRc33SC3iXUwJaapsHTsTPsOMT6FMikpvUgdC5YgJI8Uc8Tw/bZsEqWWPgWWJnpIAyVNvmp9MJaeyzAKggSrVsKwI3IRI4FSzNO7FiEaED0mMtTQPiM+Um439SvK+VDu6GUlcAeKz+nkiIr9TQ93Tn6EY17Y3E/7xWDN1TN+FBFAML6GRRNxYYQjwKB3e4ZBTEUBNCJde3YtonklDQEeZ1CPb0y7OkflSyy6Xy7XGhcpHFkUO7aA8VkY1OUAVdoyqqIYoe0BN6Qa/Go/FsvBnvk9Y5I5vZQX9gfHwDxQucgw==</latexit>

⇡ : O ! �(A)
<latexit sha1_base64="xJoB0Zq23GWTd6zFI749FCfNo2M=">AAACD3icbVDJSgNBEO1xjXEb9eilMSjxEmZEoniKy8GbEcwCmSH0dDpJk56F7hohDPMHXvwVLx4U8erVm39jJxlEEx8UPN6roqqeFwmuwLK+jLn5hcWl5dxKfnVtfWPT3NquqzCWlNVoKELZ9IhiggesBhwEa0aSEd8TrOENLkd+455JxcPgDoYRc33SC3iXUwJaapsHTsTPsOMT6FMikpvUgdC5YgJI8Uc8Tw/bZsEqWWPgWWJnpIAyVNvmp9MJaeyzAKggSrVsKwI3IRI4FSzNO7FiEaED0mMtTQPiM+Um439SvK+VDu6GUlcAeKz+nkiIr9TQ93Tn6EY17Y3E/7xWDN1TN+FBFAML6GRRNxYYQjwKB3e4ZBTEUBNCJde3YtonklDQEeZ1CPb0y7OkflSyy6Xy7XGhcpHFkUO7aA8VkY1OUAVdoyqqIYoe0BN6Qa/Go/FsvBnvk9Y5I5vZQX9gfHwDxQucgw==</latexit>

⇡ : O ! �(A)
<latexit sha1_base64="xJoB0Zq23GWTd6zFI749FCfNo2M=">AAACD3icbVDJSgNBEO1xjXEb9eilMSjxEmZEoniKy8GbEcwCmSH0dDpJk56F7hohDPMHXvwVLx4U8erVm39jJxlEEx8UPN6roqqeFwmuwLK+jLn5hcWl5dxKfnVtfWPT3NquqzCWlNVoKELZ9IhiggesBhwEa0aSEd8TrOENLkd+455JxcPgDoYRc33SC3iXUwJaapsHTsTPsOMT6FMikpvUgdC5YgJI8Uc8Tw/bZsEqWWPgWWJnpIAyVNvmp9MJaeyzAKggSrVsKwI3IRI4FSzNO7FiEaED0mMtTQPiM+Um439SvK+VDu6GUlcAeKz+nkiIr9TQ93Tn6EY17Y3E/7xWDN1TN+FBFAML6GRRNxYYQjwKB3e4ZBTEUBNCJde3YtonklDQEeZ1CPb0y7OkflSyy6Xy7XGhcpHFkUO7aA8VkY1OUAVdoyqqIYoe0BN6Qa/Go/FsvBnvk9Y5I5vZQX9gfHwDxQucgw==</latexit>

⇡ : O ! �(A)
a2

…
H-1 H

aH-1 aH

sH-1 sH

O
P

oH-1 oHo2

O
Coverage over 

latent state?



• Define: value function of latent state

 
<latexit sha1_base64="+grtebfhtWiPC0iasFe1UDbEfqo="></latexit>

V
⇡

S (sh) := E⇡[
P

H

h0=h
rh0 |sh] 2 [0, H]

8

Future-Dependent Value Function



• Define: value function of latent state

 
<latexit sha1_base64="+grtebfhtWiPC0iasFe1UDbEfqo="></latexit>

V
⇡

S (sh) := E⇡[
P

H

h0=h
rh0 |sh] 2 [0, H]

• Problem: sh  is latent — can’t even use this function!

8

Future-Dependent Value Function



• Define: value function of latent state

 
<latexit sha1_base64="+grtebfhtWiPC0iasFe1UDbEfqo="></latexit>

V
⇡

S (sh) := E⇡[
P

H

h0=h
rh0 |sh] 2 [0, H]

• Problem: sh  is latent — can’t even use this function!
• Solution:  as proxy of , using future as input!<latexit sha1_base64="UimbyWF64HbfwfkGIHDAV4rgzZw="></latexit>

E⇡b [V
⇡
F (fh)|sh] = V ⇡

S (sh)
<latexit sha1_base64="AtDlHWsxPmsUCDSVRaGCS715EO8="></latexit>

V ⇡

S (sh) := E⇡[
P

H

h0=h
rh0 |sh]

8

Future-Dependent Value Function



• Define: value function of latent state

 
<latexit sha1_base64="+grtebfhtWiPC0iasFe1UDbEfqo="></latexit>

V
⇡

S (sh) := E⇡[
P

H

h0=h
rh0 |sh] 2 [0, H]

• Problem: sh  is latent — can’t even use this function!
• Solution:  as proxy of , using future as input!<latexit sha1_base64="UimbyWF64HbfwfkGIHDAV4rgzZw="></latexit>

E⇡b [V
⇡
F (fh)|sh] = V ⇡

S (sh)
<latexit sha1_base64="AtDlHWsxPmsUCDSVRaGCS715EO8="></latexit>

V ⇡

S (sh) := E⇡[
P

H

h0=h
rh0 |sh]

9

Future-Dependent Value Function



• Define: value function of latent state

 
<latexit sha1_base64="+grtebfhtWiPC0iasFe1UDbEfqo="></latexit>

V
⇡

S (sh) := E⇡[
P

H

h0=h
rh0 |sh] 2 [0, H]

• Problem: sh  is latent — can’t even use this function!
• Solution:  as proxy of , using future as input!<latexit sha1_base64="UimbyWF64HbfwfkGIHDAV4rgzZw="></latexit>

E⇡b [V
⇡
F (fh)|sh] = V ⇡

S (sh)
<latexit sha1_base64="AtDlHWsxPmsUCDSVRaGCS715EO8="></latexit>

V ⇡

S (sh) := E⇡[
P

H

h0=h
rh0 |sh]

•
<latexit sha1_base64="UimbyWF64HbfwfkGIHDAV4rgzZw="></latexit>

E⇡b [V
⇡
F (fh)|sh] = V ⇡

S (sh)

9

Future-Dependent Value Function

<latexit sha1_base64="aLCf7ApSMLefhFXmOJz9Rmp8woo=">AAAB9HicbVBNS8NAEN3Ur1q/qh69LBahgpREpHosevFYwX5AG8Jmu2mWbjZxd1Ioob/DiwdFvPpjvPlv3LY5aOuDgcd7M8zM8xPBNdj2t1VYW9/Y3Cpul3Z29/YPyodHbR2nirIWjUWsuj7RTHDJWsBBsG6iGIl8wTr+6G7md8ZMaR7LR5gkzI3IUPKAUwJGcqt9IKkXXuDYC8+9csWu2XPgVeLkpIJyNL3yV38Q0zRiEqggWvccOwE3Iwo4FWxa6qeaJYSOyJD1DJUkYtrN5kdP8ZlRBjiIlSkJeK7+nshIpPUk8k1nRCDUy95M/M/rpRDcuBmXSQpM0sWiIBUYYjxLAA+4YhTExBBCFTe3YhoSRSiYnEomBGf55VXSvqw59Vr94arSuM3jKKITdIqqyEHXqIHuURO1EEVP6Bm9ojdrbL1Y79bHorVg5TPH6A+szx963JFH</latexit>

(⌧h, oh)

<latexit sha1_base64="uhxXmDQ23A3niPzT95+bbhAhh6M=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseCF49V7Ae0oW62m3bpZhN2J0IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//cS1EbF6wEnC/YgOlQgFo2il+17WL1fcqjsHWSVeTiqQo9Evf/UGMUsjrpBJakzXcxP0M6pRMMmnpV5qeELZmA5511JFI278bH7plJxZZUDCWNtSSObq74mMRsZMosB2RhRHZtmbif953RTDaz8TKkmRK7ZYFKaSYExmb5OB0JyhnFhCmRb2VsJGVFOGNpySDcFbfnmVtC6qXq1au7us1B/zOIpwAqdwDh5cQR1uoQFNYBDCM7zCmzN2Xpx352PRWnDymWP4A+fzB6gcjY4=</latexit> {<latexit sha1_base64="CWZs4VyqLmY9bEqYtfE7B3W1ebM=">AAACFXicbZBNS8NAEIY39avWr6hHL4tF8FBKIlI9Fr30WMF+QBvCZrNpl252w+5GKKF/wot/xYsHRbwK3vw3btoctHVgh5dnZpidN0gYVdpxvq3S2vrG5lZ5u7Kzu7d/YB8edZVIJSYdLJiQ/QApwignHU01I/1EEhQHjPSCyW1e7z0Qqajg93qaEC9GI04jipE2yLdrwndrEOVpyEKhVQ0Kf5wTkwpkSCsnLd+uOnVnHnBVuI WogiLavv01DAVOY8I1Zkipgesk2suQ1BQzMqsMU0UShCdoRAZGchQT5WXzq2bwzJAQRkKaxzWc098TGYqVmsaB6YyRHqvlWg7/qw1SHV17GeVJqgnHi0VRyqAWMLcIhlQSrNnUCIQlNX+FeIwkwtoYWTEmuMsnr4ruRd1t1Bt3l9XmTWFHGZyAU3AOXHAFmqAF2qADMHgEz+AVvFlP1ov1bn0sWktWMXMM/oT1+QNx2Jvm</latexit>o1, a1, . . . , oh, ah, . . . oH , aH

sh  here

<latexit sha1_base64="uhxXmDQ23A3niPzT95+bbhAhh6M=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseCF49V7Ae0oW62m3bpZhN2J0IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//cS1EbF6wEnC/YgOlQgFo2il+17WL1fcqjsHWSVeTiqQo9Evf/UGMUsjrpBJakzXcxP0M6pRMMmnpV5qeELZmA5511JFI278bH7plJxZZUDCWNtSSObq74mMRsZMosB2RhRHZtmbif953RTDaz8TKkmRK7ZYFKaSYExmb5OB0JyhnFhCmRb2VsJGVFOGNpySDcFbfnmVtC6qXq1au7us1B/zOIpwAqdwDh5cQR1uoQFNYBDCM7zCmzN2Xpx352PRWnDymWP4A+fzB6gcjY4=</latexit> {

<latexit sha1_base64="zCiyFUk4AWcK2JqvH1q87TNiq3M=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBZBEEoiUj0WvXisYD+gDWWz3bRLN5uwOxFK6I/w4kERr/4eb/4bt20O2vpg4PHeDDPzgkQKg6777RTW1jc2t4rbpZ3dvf2D8uFRy8SpZrzJYhnrTkANl0LxJgqUvJNoTqNA8nYwvpv57SeujYjVI04S7kd0qEQoGEUrtcN+Nrrwpv1yxa26c5BV4uWkAjka/fJXbxCzNOIKmaTGdD03QT+jGgWTfFrqpYYnlI3pkHctVTTixs/m507JmVUGJIy1LYVkrv6eyGhkzCQKbGdEcWSWvZn4n9dNMbzxM6GSFLlii0VhKgnGZPY7GQjNGcqJJZRpYW8lbEQ1ZWgTKtkQvOWXV0nrsurVqrWHq0r9No+jCCdwCufgwTXU4R4a0AQGY3iGV3hzEufFeXc+Fq0FJ585hj9wPn8A5QuPTA==</latexit>

fh+1

<latexit sha1_base64="zCiyFUk4AWcK2JqvH1q87TNiq3M=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBZBEEoiUj0WvXisYD+gDWWz3bRLN5uwOxFK6I/w4kERr/4eb/4bt20O2vpg4PHeDDPzgkQKg6777RTW1jc2t4rbpZ3dvf2D8uFRy8SpZrzJYhnrTkANl0LxJgqUvJNoTqNA8nYwvpv57SeujYjVI04S7kd0qEQoGEUrtcN+Nrrwpv1yxa26c5BV4uWkAjka/fJXbxCzNOIKmaTGdD03QT+jGgWTfFrqpYYnlI3pkHctVTTixs/m507JmVUGJIy1LYVkrv6eyGhkzCQKbGdEcWSWvZn4n9dNMbzxM6GSFLlii0VhKgnGZPY7GQjNGcqJJZRpYW8lbEQ1ZWgTKtkQvOWXV0nrsurVqrWHq0r9No+jCCdwCufgwTXU4R4a0AQGY3iGV3hzEufFeXc+Fq0FJ585hj9wPn8A5QuPTA==</latexit>

fh+1
<latexit sha1_base64="uhxXmDQ23A3niPzT95+bbhAhh6M=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseCF49V7Ae0oW62m3bpZhN2J0IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//cS1EbF6wEnC/YgOlQgFo2il+17WL1fcqjsHWSVeTiqQo9Evf/UGMUsjrpBJakzXcxP0M6pRMMmnpV5qeELZmA5511JFI278bH7plJxZZUDCWNtSSObq74mMRsZMosB2RhRHZtmbif953RTDaz8TKkmRK7ZYFKaSYExmb5OB0JyhnFhCmRb2VsJGVFOGNpySDcFbfnmVtC6qXq1au7us1B/zOIpwAqdwDh5cQR1uoQFNYBDCM7zCmzN2Xpx352PRWnDymWP4A+fzB6gcjY4=</latexit>

{



• Define: value function of latent state

 
<latexit sha1_base64="+grtebfhtWiPC0iasFe1UDbEfqo="></latexit>

V
⇡

S (sh) := E⇡[
P

H

h0=h
rh0 |sh] 2 [0, H]

• Problem: sh  is latent — can’t even use this function!
• Solution:  as proxy of , using future as input!<latexit sha1_base64="UimbyWF64HbfwfkGIHDAV4rgzZw="></latexit>

E⇡b [V
⇡
F (fh)|sh] = V ⇡

S (sh)
<latexit sha1_base64="AtDlHWsxPmsUCDSVRaGCS715EO8="></latexit>

V ⇡

S (sh) := E⇡[
P

H

h0=h
rh0 |sh]

•
<latexit sha1_base64="UimbyWF64HbfwfkGIHDAV4rgzZw="></latexit>

E⇡b [V
⇡
F (fh)|sh] = V ⇡

S (sh)
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Future-Dependent Value Function

<latexit sha1_base64="aLCf7ApSMLefhFXmOJz9Rmp8woo=">AAAB9HicbVBNS8NAEN3Ur1q/qh69LBahgpREpHosevFYwX5AG8Jmu2mWbjZxd1Ioob/DiwdFvPpjvPlv3LY5aOuDgcd7M8zM8xPBNdj2t1VYW9/Y3Cpul3Z29/YPyodHbR2nirIWjUWsuj7RTHDJWsBBsG6iGIl8wTr+6G7md8ZMaR7LR5gkzI3IUPKAUwJGcqt9IKkXXuDYC8+9csWu2XPgVeLkpIJyNL3yV38Q0zRiEqggWvccOwE3Iwo4FWxa6qeaJYSOyJD1DJUkYtrN5kdP8ZlRBjiIlSkJeK7+nshIpPUk8k1nRCDUy95M/M/rpRDcuBmXSQpM0sWiIBUYYjxLAA+4YhTExBBCFTe3YhoSRSiYnEomBGf55VXSvqw59Vr94arSuM3jKKITdIqqyEHXqIHuURO1EEVP6Bm9ojdrbL1Y79bHorVg5TPH6A+szx963JFH</latexit>

(⌧h, oh)

<latexit sha1_base64="uhxXmDQ23A3niPzT95+bbhAhh6M=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseCF49V7Ae0oW62m3bpZhN2J0IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//cS1EbF6wEnC/YgOlQgFo2il+17WL1fcqjsHWSVeTiqQo9Evf/UGMUsjrpBJakzXcxP0M6pRMMmnpV5qeELZmA5511JFI278bH7plJxZZUDCWNtSSObq74mMRsZMosB2RhRHZtmbif953RTDaz8TKkmRK7ZYFKaSYExmb5OB0JyhnFhCmRb2VsJGVFOGNpySDcFbfnmVtC6qXq1au7us1B/zOIpwAqdwDh5cQR1uoQFNYBDCM7zCmzN2Xpx352PRWnDymWP4A+fzB6gcjY4=</latexit> {<latexit sha1_base64="CWZs4VyqLmY9bEqYtfE7B3W1ebM=">AAACFXicbZBNS8NAEIY39avWr6hHL4tF8FBKIlI9Fr30WMF+QBvCZrNpl252w+5GKKF/wot/xYsHRbwK3vw3btoctHVgh5dnZpidN0gYVdpxvq3S2vrG5lZ5u7Kzu7d/YB8edZVIJSYdLJiQ/QApwignHU01I/1EEhQHjPSCyW1e7z0Qqajg93qaEC9GI04jipE2yLdrwndrEOVpyEKhVQ0Kf5wTkwpkSCsnLd+uOnVnHnBVuI WogiLavv01DAVOY8I1Zkipgesk2suQ1BQzMqsMU0UShCdoRAZGchQT5WXzq2bwzJAQRkKaxzWc098TGYqVmsaB6YyRHqvlWg7/qw1SHV17GeVJqgnHi0VRyqAWMLcIhlQSrNnUCIQlNX+FeIwkwtoYWTEmuMsnr4ruRd1t1Bt3l9XmTWFHGZyAU3AOXHAFmqAF2qADMHgEz+AVvFlP1ov1bn0sWktWMXMM/oT1+QNx2Jvm</latexit>o1, a1, . . . , oh, ah, . . . oH , aH

sh  here

<latexit sha1_base64="uhxXmDQ23A3niPzT95+bbhAhh6M=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseCF49V7Ae0oW62m3bpZhN2J0IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//cS1EbF6wEnC/YgOlQgFo2il+17WL1fcqjsHWSVeTiqQo9Evf/UGMUsjrpBJakzXcxP0M6pRMMmnpV5qeELZmA5511JFI278bH7plJxZZUDCWNtSSObq74mMRsZMosB2RhRHZtmbif953RTDaz8TKkmRK7ZYFKaSYExmb5OB0JyhnFhCmRb2VsJGVFOGNpySDcFbfnmVtC6qXq1au7us1B/zOIpwAqdwDh5cQR1uoQFNYBDCM7zCmzN2Xpx352PRWnDymWP4A+fzB6gcjY4=</latexit> {

<latexit sha1_base64="zCiyFUk4AWcK2JqvH1q87TNiq3M=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBZBEEoiUj0WvXisYD+gDWWz3bRLN5uwOxFK6I/w4kERr/4eb/4bt20O2vpg4PHeDDPzgkQKg6777RTW1jc2t4rbpZ3dvf2D8uFRy8SpZrzJYhnrTkANl0LxJgqUvJNoTqNA8nYwvpv57SeujYjVI04S7kd0qEQoGEUrtcN+Nrrwpv1yxa26c5BV4uWkAjka/fJXbxCzNOIKmaTGdD03QT+jGgWTfFrqpYYnlI3pkHctVTTixs/m507JmVUGJIy1LYVkrv6eyGhkzCQKbGdEcWSWvZn4n9dNMbzxM6GSFLlii0VhKgnGZPY7GQjNGcqJJZRpYW8lbEQ1ZWgTKtkQvOWXV0nrsurVqrWHq0r9No+jCCdwCufgwTXU4R4a0AQGY3iGV3hzEufFeXc+Fq0FJ585hj9wPn8A5QuPTA==</latexit>

fh+1

<latexit sha1_base64="zCiyFUk4AWcK2JqvH1q87TNiq3M=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBZBEEoiUj0WvXisYD+gDWWz3bRLN5uwOxFK6I/w4kERr/4eb/4bt20O2vpg4PHeDDPzgkQKg6777RTW1jc2t4rbpZ3dvf2D8uFRy8SpZrzJYhnrTkANl0LxJgqUvJNoTqNA8nYwvpv57SeujYjVI04S7kd0qEQoGEUrtcN+Nrrwpv1yxa26c5BV4uWkAjka/fJXbxCzNOIKmaTGdD03QT+jGgWTfFrqpYYnlI3pkHctVTTixs/m507JmVUGJIy1LYVkrv6eyGhkzCQKbGdEcWSWvZn4n9dNMbzxM6GSFLlii0VhKgnGZPY7GQjNGcqJJZRpYW8lbEQ1ZWgTKtkQvOWXV0nrsurVqrWHq0r9No+jCCdwCufgwTXU4R4a0AQGY3iGV3hzEufFeXc+Fq0FJ585hj9wPn8A5QuPTA==</latexit>

fh+1
<latexit sha1_base64="uhxXmDQ23A3niPzT95+bbhAhh6M=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseCF49V7Ae0oW62m3bpZhN2J0IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//cS1EbF6wEnC/YgOlQgFo2il+17WL1fcqjsHWSVeTiqQo9Evf/UGMUsjrpBJakzXcxP0M6pRMMmnpV5qeELZmA5511JFI278bH7plJxZZUDCWNtSSObq74mMRsZMosB2RhRHZtmbif953RTDaz8TKkmRK7ZYFKaSYExmb5OB0JyhnFhCmRb2VsJGVFOGNpySDcFbfnmVtC6qXq1au7us1B/zOIpwAqdwDh5cQR1uoQFNYBDCM7zCmzN2Xpx352PRWnDymWP4A+fzB6gcjY4=</latexit>

{ <latexit sha1_base64="zCiyFUk4AWcK2JqvH1q87TNiq3M=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBZBEEoiUj0WvXisYD+gDWWz3bRLN5uwOxFK6I/w4kERr/4eb/4bt20O2vpg4PHeDDPzgkQKg6777RTW1jc2t4rbpZ3dvf2D8uFRy8SpZrzJYhnrTkANl0LxJgqUvJNoTqNA8nYwvpv57SeujYjVI04S7kd0qEQoGEUrtcN+Nrrwpv1yxa26c5BV4uWkAjka/fJXbxCzNOIKmaTGdD03QT+jGgWTfFrqpYYnlI3pkHctVTTixs/m507JmVUGJIy1LYVkrv6eyGhkzCQKbGdEcWSWvZn4n9dNMbzxM6GSFLlii0VhKgnGZPY7GQjNGcqJJZRpYW8lbEQ1ZWgTKtkQvOWXV0nrsurVqrWHq0r9No+jCCdwCufgwTXU4R4a0AQGY3iGV3hzEufFeXc+Fq0FJ585hj9wPn8A5QuPTA==</latexit>

fh+1

<latexit sha1_base64="P6G9hMSjVXiyhggTdXkNaJjMlLc="></latexit>

V ⇡

S (sh) := E⇡[
P

H

h0=h
rh0 |sh]

Outcome Matrix 
<latexit sha1_base64="IJzeCYBIrsZeOIeK8B7hHtHgCik=">AAAB+HicbVDLSsNAFL2pr1ofjbp0M1gEVyURqS6LgrgRKtgHtCFMptN26GQSZiZCDfkSNy4UceunuPNvnLRZaPXAwOGce7lnThBzprTjfFmlldW19Y3yZmVre2e3au/td1SUSELbJOKR7AVYUc4EbWumOe3FkuIw4LQbTK9yv/tApWKRuNezmHohHgs2YgRrI/l29dZPByHWE4J5ep1lvl1z6s4c6C9xC1KDAi3f/hwMI5KEVGjCsVJ914m1l2KpGeE0qwwSRWNMpnhM+4YKHFLlpfPgGTo2yhCNImme0Giu/txIcajULAzMZJ5RLXu5+J/XT/TowkuZiBNNBVkcGiUc6QjlLaAhk5RoPjMEE8lMVkQmWGKiTVcVU4K7/OW/pHNadxv1xt1ZrXlZ1FGGQziCE3DhHJpwAy1oA4EEnuAFXq1H69l6s94XoyWr2DmAX7A+vgEXJ5Nk</latexit>

MF

<latexit sha1_base64="1g0UGTDi+dfyfIwUpay90iG4TGs=">AAACEXicbVA7T8MwGHR4lvIKMLJYVEidqgShwljBwlgk+pCSKHJcp7XqOJHtIFUhf4GFv8LCAEKsbGz8G5w0A7ScZOl09332+YKEUaks69tYWV1b39isbdW3d3b39s2Dw76MU4FJD8csFsMAScIoJz1FFSPDRBAUBYwMgul14Q/uiZA05ndqlhAvQmNOQ4qR0pJvNt0IqYmIsq7I/cwtL8wClpLcTagf5E7oTx6kP/F8s2G1rBJwmdgVaYAKXd/8ckcxTiPCFWZISse2EuVlSCiKGcnrbipJgvAUjYmjKUcRkV5WBsjhqVZGMIyFPlzBUv29kaFIylkU6Mkiv1z0CvE/z0lVeOlllCepIhzPHwpTBlUMi3rgiAqCFZtpgrCgOivEEyQQVrrEui7BXvzyMumftex2q3173uhcVXXUwDE4AU1ggwvQATegC3oAg0fwDF7Bm/FkvBjvxsd8dMWodo7AHxifP9Chnug=</latexit>

Pr⇡b [fh|sh]



• Define: value function of latent state

 
<latexit sha1_base64="+grtebfhtWiPC0iasFe1UDbEfqo="></latexit>

V
⇡

S (sh) := E⇡[
P

H

h0=h
rh0 |sh] 2 [0, H]

• Problem: sh  is latent — can’t even use this function!
• Solution:  as proxy of , using future as input!<latexit sha1_base64="UimbyWF64HbfwfkGIHDAV4rgzZw="></latexit>

E⇡b [V
⇡
F (fh)|sh] = V ⇡

S (sh)
<latexit sha1_base64="AtDlHWsxPmsUCDSVRaGCS715EO8="></latexit>

V ⇡

S (sh) := E⇡[
P

H

h0=h
rh0 |sh]

•
<latexit sha1_base64="UimbyWF64HbfwfkGIHDAV4rgzZw="></latexit>

E⇡b [V
⇡
F (fh)|sh] = V ⇡

S (sh)
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Future-Dependent Value Function

<latexit sha1_base64="aLCf7ApSMLefhFXmOJz9Rmp8woo=">AAAB9HicbVBNS8NAEN3Ur1q/qh69LBahgpREpHosevFYwX5AG8Jmu2mWbjZxd1Ioob/DiwdFvPpjvPlv3LY5aOuDgcd7M8zM8xPBNdj2t1VYW9/Y3Cpul3Z29/YPyodHbR2nirIWjUWsuj7RTHDJWsBBsG6iGIl8wTr+6G7md8ZMaR7LR5gkzI3IUPKAUwJGcqt9IKkXXuDYC8+9csWu2XPgVeLkpIJyNL3yV38Q0zRiEqggWvccOwE3Iwo4FWxa6qeaJYSOyJD1DJUkYtrN5kdP8ZlRBjiIlSkJeK7+nshIpPUk8k1nRCDUy95M/M/rpRDcuBmXSQpM0sWiIBUYYjxLAA+4YhTExBBCFTe3YhoSRSiYnEomBGf55VXSvqw59Vr94arSuM3jKKITdIqqyEHXqIHuURO1EEVP6Bm9ojdrbL1Y79bHorVg5TPH6A+szx963JFH</latexit>

(⌧h, oh)

<latexit sha1_base64="uhxXmDQ23A3niPzT95+bbhAhh6M=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseCF49V7Ae0oW62m3bpZhN2J0IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//cS1EbF6wEnC/YgOlQgFo2il+17WL1fcqjsHWSVeTiqQo9Evf/UGMUsjrpBJakzXcxP0M6pRMMmnpV5qeELZmA5511JFI278bH7plJxZZUDCWNtSSObq74mMRsZMosB2RhRHZtmbif953RTDaz8TKkmRK7ZYFKaSYExmb5OB0JyhnFhCmRb2VsJGVFOGNpySDcFbfnmVtC6qXq1au7us1B/zOIpwAqdwDh5cQR1uoQFNYBDCM7zCmzN2Xpx352PRWnDymWP4A+fzB6gcjY4=</latexit> {<latexit sha1_base64="CWZs4VyqLmY9bEqYtfE7B3W1ebM=">AAACFXicbZBNS8NAEIY39avWr6hHL4tF8FBKIlI9Fr30WMF+QBvCZrNpl252w+5GKKF/wot/xYsHRbwK3vw3btoctHVgh5dnZpidN0gYVdpxvq3S2vrG5lZ5u7Kzu7d/YB8edZVIJSYdLJiQ/QApwignHU01I/1EEhQHjPSCyW1e7z0Qqajg93qaEC9GI04jipE2yLdrwndrEOVpyEKhVQ0Kf5wTkwpkSCsnLd+uOnVnHnBVuI WogiLavv01DAVOY8I1Zkipgesk2suQ1BQzMqsMU0UShCdoRAZGchQT5WXzq2bwzJAQRkKaxzWc098TGYqVmsaB6YyRHqvlWg7/qw1SHV17GeVJqgnHi0VRyqAWMLcIhlQSrNnUCIQlNX+FeIwkwtoYWTEmuMsnr4ruRd1t1Bt3l9XmTWFHGZyAU3AOXHAFmqAF2qADMHgEz+AVvFlP1ov1bn0sWktWMXMM/oT1+QNx2Jvm</latexit>o1, a1, . . . , oh, ah, . . . oH , aH

sh  here

<latexit sha1_base64="uhxXmDQ23A3niPzT95+bbhAhh6M=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseCF49V7Ae0oW62m3bpZhN2J0IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//cS1EbF6wEnC/YgOlQgFo2il+17WL1fcqjsHWSVeTiqQo9Evf/UGMUsjrpBJakzXcxP0M6pRMMmnpV5qeELZmA5511JFI278bH7plJxZZUDCWNtSSObq74mMRsZMosB2RhRHZtmbif953RTDaz8TKkmRK7ZYFKaSYExmb5OB0JyhnFhCmRb2VsJGVFOGNpySDcFbfnmVtC6qXq1au7us1B/zOIpwAqdwDh5cQR1uoQFNYBDCM7zCmzN2Xpx352PRWnDymWP4A+fzB6gcjY4=</latexit> {

<latexit sha1_base64="zCiyFUk4AWcK2JqvH1q87TNiq3M=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBZBEEoiUj0WvXisYD+gDWWz3bRLN5uwOxFK6I/w4kERr/4eb/4bt20O2vpg4PHeDDPzgkQKg6777RTW1jc2t4rbpZ3dvf2D8uFRy8SpZrzJYhnrTkANl0LxJgqUvJNoTqNA8nYwvpv57SeujYjVI04S7kd0qEQoGEUrtcN+Nrrwpv1yxa26c5BV4uWkAjka/fJXbxCzNOIKmaTGdD03QT+jGgWTfFrqpYYnlI3pkHctVTTixs/m507JmVUGJIy1LYVkrv6eyGhkzCQKbGdEcWSWvZn4n9dNMbzxM6GSFLlii0VhKgnGZPY7GQjNGcqJJZRpYW8lbEQ1ZWgTKtkQvOWXV0nrsurVqrWHq0r9No+jCCdwCufgwTXU4R4a0AQGY3iGV3hzEufFeXc+Fq0FJ585hj9wPn8A5QuPTA==</latexit>

fh+1

<latexit sha1_base64="zCiyFUk4AWcK2JqvH1q87TNiq3M=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBZBEEoiUj0WvXisYD+gDWWz3bRLN5uwOxFK6I/w4kERr/4eb/4bt20O2vpg4PHeDDPzgkQKg6777RTW1jc2t4rbpZ3dvf2D8uFRy8SpZrzJYhnrTkANl0LxJgqUvJNoTqNA8nYwvpv57SeujYjVI04S7kd0qEQoGEUrtcN+Nrrwpv1yxa26c5BV4uWkAjka/fJXbxCzNOIKmaTGdD03QT+jGgWTfFrqpYYnlI3pkHctVTTixs/m507JmVUGJIy1LYVkrv6eyGhkzCQKbGdEcWSWvZn4n9dNMbzxM6GSFLlii0VhKgnGZPY7GQjNGcqJJZRpYW8lbEQ1ZWgTKtkQvOWXV0nrsurVqrWHq0r9No+jCCdwCufgwTXU4R4a0AQGY3iGV3hzEufFeXc+Fq0FJ585hj9wPn8A5QuPTA==</latexit>

fh+1
<latexit sha1_base64="uhxXmDQ23A3niPzT95+bbhAhh6M=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseCF49V7Ae0oW62m3bpZhN2J0IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//cS1EbF6wEnC/YgOlQgFo2il+17WL1fcqjsHWSVeTiqQo9Evf/UGMUsjrpBJakzXcxP0M6pRMMmnpV5qeELZmA5511JFI278bH7plJxZZUDCWNtSSObq74mMRsZMosB2RhRHZtmbif953RTDaz8TKkmRK7ZYFKaSYExmb5OB0JyhnFhCmRb2VsJGVFOGNpySDcFbfnmVtC6qXq1au7us1B/zOIpwAqdwDh5cQR1uoQFNYBDCM7zCmzN2Xpx352PRWnDymWP4A+fzB6gcjY4=</latexit>

{ <latexit sha1_base64="zCiyFUk4AWcK2JqvH1q87TNiq3M=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBZBEEoiUj0WvXisYD+gDWWz3bRLN5uwOxFK6I/w4kERr/4eb/4bt20O2vpg4PHeDDPzgkQKg6777RTW1jc2t4rbpZ3dvf2D8uFRy8SpZrzJYhnrTkANl0LxJgqUvJNoTqNA8nYwvpv57SeujYjVI04S7kd0qEQoGEUrtcN+Nrrwpv1yxa26c5BV4uWkAjka/fJXbxCzNOIKmaTGdD03QT+jGgWTfFrqpYYnlI3pkHctVTTixs/m507JmVUGJIy1LYVkrv6eyGhkzCQKbGdEcWSWvZn4n9dNMbzxM6GSFLlii0VhKgnGZPY7GQjNGcqJJZRpYW8lbEQ1ZWgTKtkQvOWXV0nrsurVqrWHq0r9No+jCCdwCufgwTXU4R4a0AQGY3iGV3hzEufFeXc+Fq0FJ585hj9wPn8A5QuPTA==</latexit>

fh+1

<latexit sha1_base64="P6G9hMSjVXiyhggTdXkNaJjMlLc="></latexit>

V ⇡

S (sh) := E⇡[
P

H

h0=h
rh0 |sh]

Outcome Matrix 
<latexit sha1_base64="IJzeCYBIrsZeOIeK8B7hHtHgCik=">AAAB+HicbVDLSsNAFL2pr1ofjbp0M1gEVyURqS6LgrgRKtgHtCFMptN26GQSZiZCDfkSNy4UceunuPNvnLRZaPXAwOGce7lnThBzprTjfFmlldW19Y3yZmVre2e3au/td1SUSELbJOKR7AVYUc4EbWumOe3FkuIw4LQbTK9yv/tApWKRuNezmHohHgs2YgRrI/l29dZPByHWE4J5ep1lvl1z6s4c6C9xC1KDAi3f/hwMI5KEVGjCsVJ914m1l2KpGeE0qwwSRWNMpnhM+4YKHFLlpfPgGTo2yhCNImme0Giu/txIcajULAzMZJ5RLXu5+J/XT/TowkuZiBNNBVkcGiUc6QjlLaAhk5RoPjMEE8lMVkQmWGKiTVcVU4K7/OW/pHNadxv1xt1ZrXlZ1FGGQziCE3DhHJpwAy1oA4EEnuAFXq1H69l6s94XoyWr2DmAX7A+vgEXJ5Nk</latexit>

MF

<latexit sha1_base64="1g0UGTDi+dfyfIwUpay90iG4TGs=">AAACEXicbVA7T8MwGHR4lvIKMLJYVEidqgShwljBwlgk+pCSKHJcp7XqOJHtIFUhf4GFv8LCAEKsbGz8G5w0A7ScZOl09332+YKEUaks69tYWV1b39isbdW3d3b39s2Dw76MU4FJD8csFsMAScIoJz1FFSPDRBAUBYwMgul14Q/uiZA05ndqlhAvQmNOQ4qR0pJvNt0IqYmIsq7I/cwtL8wClpLcTagf5E7oTx6kP/F8s2G1rBJwmdgVaYAKXd/8ckcxTiPCFWZISse2EuVlSCiKGcnrbipJgvAUjYmjKUcRkV5WBsjhqVZGMIyFPlzBUv29kaFIylkU6Mkiv1z0CvE/z0lVeOlllCepIhzPHwpTBlUMi3rgiAqCFZtpgrCgOivEEyQQVrrEui7BXvzyMumftex2q3173uhcVXXUwDE4AU1ggwvQATegC3oAg0fwDF7Bm/FkvBjvxsd8dMWodo7AHxifP9Chnug=</latexit>

Pr⇡b [fh|sh] x =
<latexit sha1_base64="AtDlHWsxPmsUCDSVRaGCS715EO8="></latexit>

V ⇡

S (sh) := E⇡[
P

H

h0=h
rh0 |sh]

<latexit sha1_base64="UimbyWF64HbfwfkGIHDAV4rgzZw="></latexit>

E⇡b [V
⇡
F (fh)|sh] = V ⇡

S (sh)



• Define: value function of latent state

 
<latexit sha1_base64="+grtebfhtWiPC0iasFe1UDbEfqo="></latexit>

V
⇡

S (sh) := E⇡[
P

H

h0=h
rh0 |sh] 2 [0, H]

• Problem: sh  is latent — can’t even use this function!
• Solution:  as proxy of , using future as input!<latexit sha1_base64="UimbyWF64HbfwfkGIHDAV4rgzZw="></latexit>

E⇡b [V
⇡
F (fh)|sh] = V ⇡

S (sh)
<latexit sha1_base64="AtDlHWsxPmsUCDSVRaGCS715EO8="></latexit>

V ⇡

S (sh) := E⇡[
P

H

h0=h
rh0 |sh]

•
<latexit sha1_base64="UimbyWF64HbfwfkGIHDAV4rgzZw="></latexit>

E⇡b [V
⇡
F (fh)|sh] = V ⇡

S (sh)
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Future-Dependent Value Function

<latexit sha1_base64="aLCf7ApSMLefhFXmOJz9Rmp8woo=">AAAB9HicbVBNS8NAEN3Ur1q/qh69LBahgpREpHosevFYwX5AG8Jmu2mWbjZxd1Ioob/DiwdFvPpjvPlv3LY5aOuDgcd7M8zM8xPBNdj2t1VYW9/Y3Cpul3Z29/YPyodHbR2nirIWjUWsuj7RTHDJWsBBsG6iGIl8wTr+6G7md8ZMaR7LR5gkzI3IUPKAUwJGcqt9IKkXXuDYC8+9csWu2XPgVeLkpIJyNL3yV38Q0zRiEqggWvccOwE3Iwo4FWxa6qeaJYSOyJD1DJUkYtrN5kdP8ZlRBjiIlSkJeK7+nshIpPUk8k1nRCDUy95M/M/rpRDcuBmXSQpM0sWiIBUYYjxLAA+4YhTExBBCFTe3YhoSRSiYnEomBGf55VXSvqw59Vr94arSuM3jKKITdIqqyEHXqIHuURO1EEVP6Bm9ojdrbL1Y79bHorVg5TPH6A+szx963JFH</latexit>

(⌧h, oh)

<latexit sha1_base64="uhxXmDQ23A3niPzT95+bbhAhh6M=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseCF49V7Ae0oW62m3bpZhN2J0IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//cS1EbF6wEnC/YgOlQgFo2il+17WL1fcqjsHWSVeTiqQo9Evf/UGMUsjrpBJakzXcxP0M6pRMMmnpV5qeELZmA5511JFI278bH7plJxZZUDCWNtSSObq74mMRsZMosB2RhRHZtmbif953RTDaz8TKkmRK7ZYFKaSYExmb5OB0JyhnFhCmRb2VsJGVFOGNpySDcFbfnmVtC6qXq1au7us1B/zOIpwAqdwDh5cQR1uoQFNYBDCM7zCmzN2Xpx352PRWnDymWP4A+fzB6gcjY4=</latexit> {<latexit sha1_base64="CWZs4VyqLmY9bEqYtfE7B3W1ebM=">AAACFXicbZBNS8NAEIY39avWr6hHL4tF8FBKIlI9Fr30WMF+QBvCZrNpl252w+5GKKF/wot/xYsHRbwK3vw3btoctHVgh5dnZpidN0gYVdpxvq3S2vrG5lZ5u7Kzu7d/YB8edZVIJSYdLJiQ/QApwignHU01I/1EEhQHjPSCyW1e7z0Qqajg93qaEC9GI04jipE2yLdrwndrEOVpyEKhVQ0Kf5wTkwpkSCsnLd+uOnVnHnBVuI WogiLavv01DAVOY8I1Zkipgesk2suQ1BQzMqsMU0UShCdoRAZGchQT5WXzq2bwzJAQRkKaxzWc098TGYqVmsaB6YyRHqvlWg7/qw1SHV17GeVJqgnHi0VRyqAWMLcIhlQSrNnUCIQlNX+FeIwkwtoYWTEmuMsnr4ruRd1t1Bt3l9XmTWFHGZyAU3AOXHAFmqAF2qADMHgEz+AVvFlP1ov1bn0sWktWMXMM/oT1+QNx2Jvm</latexit>o1, a1, . . . , oh, ah, . . . oH , aH

sh  here

<latexit sha1_base64="uhxXmDQ23A3niPzT95+bbhAhh6M=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseCF49V7Ae0oW62m3bpZhN2J0IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//cS1EbF6wEnC/YgOlQgFo2il+17WL1fcqjsHWSVeTiqQo9Evf/UGMUsjrpBJakzXcxP0M6pRMMmnpV5qeELZmA5511JFI278bH7plJxZZUDCWNtSSObq74mMRsZMosB2RhRHZtmbif953RTDaz8TKkmRK7ZYFKaSYExmb5OB0JyhnFhCmRb2VsJGVFOGNpySDcFbfnmVtC6qXq1au7us1B/zOIpwAqdwDh5cQR1uoQFNYBDCM7zCmzN2Xpx352PRWnDymWP4A+fzB6gcjY4=</latexit> {

<latexit sha1_base64="zCiyFUk4AWcK2JqvH1q87TNiq3M=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBZBEEoiUj0WvXisYD+gDWWz3bRLN5uwOxFK6I/w4kERr/4eb/4bt20O2vpg4PHeDDPzgkQKg6777RTW1jc2t4rbpZ3dvf2D8uFRy8SpZrzJYhnrTkANl0LxJgqUvJNoTqNA8nYwvpv57SeujYjVI04S7kd0qEQoGEUrtcN+Nrrwpv1yxa26c5BV4uWkAjka/fJXbxCzNOIKmaTGdD03QT+jGgWTfFrqpYYnlI3pkHctVTTixs/m507JmVUGJIy1LYVkrv6eyGhkzCQKbGdEcWSWvZn4n9dNMbzxM6GSFLlii0VhKgnGZPY7GQjNGcqJJZRpYW8lbEQ1ZWgTKtkQvOWXV0nrsurVqrWHq0r9No+jCCdwCufgwTXU4R4a0AQGY3iGV3hzEufFeXc+Fq0FJ585hj9wPn8A5QuPTA==</latexit>

fh+1

<latexit sha1_base64="zCiyFUk4AWcK2JqvH1q87TNiq3M=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBZBEEoiUj0WvXisYD+gDWWz3bRLN5uwOxFK6I/w4kERr/4eb/4bt20O2vpg4PHeDDPzgkQKg6777RTW1jc2t4rbpZ3dvf2D8uFRy8SpZrzJYhnrTkANl0LxJgqUvJNoTqNA8nYwvpv57SeujYjVI04S7kd0qEQoGEUrtcN+Nrrwpv1yxa26c5BV4uWkAjka/fJXbxCzNOIKmaTGdD03QT+jGgWTfFrqpYYnlI3pkHctVTTixs/m507JmVUGJIy1LYVkrv6eyGhkzCQKbGdEcWSWvZn4n9dNMbzxM6GSFLlii0VhKgnGZPY7GQjNGcqJJZRpYW8lbEQ1ZWgTKtkQvOWXV0nrsurVqrWHq0r9No+jCCdwCufgwTXU4R4a0AQGY3iGV3hzEufFeXc+Fq0FJ585hj9wPn8A5QuPTA==</latexit>

fh+1
<latexit sha1_base64="uhxXmDQ23A3niPzT95+bbhAhh6M=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseCF49V7Ae0oW62m3bpZhN2J0IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//cS1EbF6wEnC/YgOlQgFo2il+17WL1fcqjsHWSVeTiqQo9Evf/UGMUsjrpBJakzXcxP0M6pRMMmnpV5qeELZmA5511JFI278bH7plJxZZUDCWNtSSObq74mMRsZMosB2RhRHZtmbif953RTDaz8TKkmRK7ZYFKaSYExmb5OB0JyhnFhCmRb2VsJGVFOGNpySDcFbfnmVtC6qXq1au7us1B/zOIpwAqdwDh5cQR1uoQFNYBDCM7zCmzN2Xpx352PRWnDymWP4A+fzB6gcjY4=</latexit>

{ <latexit sha1_base64="zCiyFUk4AWcK2JqvH1q87TNiq3M=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBZBEEoiUj0WvXisYD+gDWWz3bRLN5uwOxFK6I/w4kERr/4eb/4bt20O2vpg4PHeDDPzgkQKg6777RTW1jc2t4rbpZ3dvf2D8uFRy8SpZrzJYhnrTkANl0LxJgqUvJNoTqNA8nYwvpv57SeujYjVI04S7kd0qEQoGEUrtcN+Nrrwpv1yxa26c5BV4uWkAjka/fJXbxCzNOIKmaTGdD03QT+jGgWTfFrqpYYnlI3pkHctVTTixs/m507JmVUGJIy1LYVkrv6eyGhkzCQKbGdEcWSWvZn4n9dNMbzxM6GSFLlii0VhKgnGZPY7GQjNGcqJJZRpYW8lbEQ1ZWgTKtkQvOWXV0nrsurVqrWHq0r9No+jCCdwCufgwTXU4R4a0AQGY3iGV3hzEufFeXc+Fq0FJ585hj9wPn8A5QuPTA==</latexit>

fh+1

<latexit sha1_base64="P6G9hMSjVXiyhggTdXkNaJjMlLc="></latexit>

V ⇡

S (sh) := E⇡[
P

H

h0=h
rh0 |sh]

Outcome Matrix 
<latexit sha1_base64="IJzeCYBIrsZeOIeK8B7hHtHgCik=">AAAB+HicbVDLSsNAFL2pr1ofjbp0M1gEVyURqS6LgrgRKtgHtCFMptN26GQSZiZCDfkSNy4UceunuPNvnLRZaPXAwOGce7lnThBzprTjfFmlldW19Y3yZmVre2e3au/td1SUSELbJOKR7AVYUc4EbWumOe3FkuIw4LQbTK9yv/tApWKRuNezmHohHgs2YgRrI/l29dZPByHWE4J5ep1lvl1z6s4c6C9xC1KDAi3f/hwMI5KEVGjCsVJ914m1l2KpGeE0qwwSRWNMpnhM+4YKHFLlpfPgGTo2yhCNImme0Giu/txIcajULAzMZJ5RLXu5+J/XT/TowkuZiBNNBVkcGiUc6QjlLaAhk5RoPjMEE8lMVkQmWGKiTVcVU4K7/OW/pHNadxv1xt1ZrXlZ1FGGQziCE3DhHJpwAy1oA4EEnuAFXq1H69l6s94XoyWr2DmAX7A+vgEXJ5Nk</latexit>

MF

<latexit sha1_base64="1g0UGTDi+dfyfIwUpay90iG4TGs=">AAACEXicbVA7T8MwGHR4lvIKMLJYVEidqgShwljBwlgk+pCSKHJcp7XqOJHtIFUhf4GFv8LCAEKsbGz8G5w0A7ScZOl09332+YKEUaks69tYWV1b39isbdW3d3b39s2Dw76MU4FJD8csFsMAScIoJz1FFSPDRBAUBYwMgul14Q/uiZA05ndqlhAvQmNOQ4qR0pJvNt0IqYmIsq7I/cwtL8wClpLcTagf5E7oTx6kP/F8s2G1rBJwmdgVaYAKXd/8ckcxTiPCFWZISse2EuVlSCiKGcnrbipJgvAUjYmjKUcRkV5WBsjhqVZGMIyFPlzBUv29kaFIylkU6Mkiv1z0CvE/z0lVeOlllCepIhzPHwpTBlUMi3rgiAqCFZtpgrCgOivEEyQQVrrEui7BXvzyMumftex2q3173uhcVXXUwDE4AU1ggwvQATegC3oAg0fwDF7Bm/FkvBjvxsd8dMWodo7AHxifP9Chnug=</latexit>

Pr⇡b [fh|sh] x =
<latexit sha1_base64="AtDlHWsxPmsUCDSVRaGCS715EO8="></latexit>

V ⇡

S (sh) := E⇡[
P

H

h0=h
rh0 |sh]

<latexit sha1_base64="UimbyWF64HbfwfkGIHDAV4rgzZw="></latexit>

E⇡b [V
⇡
F (fh)|sh] = V ⇡

S (sh)

1. Does (well-behaved)  even exist? 
2. Does it work in the same way as ?

<latexit sha1_base64="UimbyWF64HbfwfkGIHDAV4rgzZw="></latexit>

E⇡b [V
⇡
F (fh)|sh] = V ⇡

S (sh)
<latexit sha1_base64="AtDlHWsxPmsUCDSVRaGCS715EO8="></latexit>

V ⇡

S (sh) := E⇡[
P

H

h0=h
rh0 |sh]



• Define: value function of latent state

 
<latexit sha1_base64="+grtebfhtWiPC0iasFe1UDbEfqo="></latexit>

V
⇡

S (sh) := E⇡[
P

H

h0=h
rh0 |sh] 2 [0, H]

• Problem: sh  is latent — can’t even use this function!
• Solution:  as proxy of , using future as input!<latexit sha1_base64="UimbyWF64HbfwfkGIHDAV4rgzZw="></latexit>

E⇡b [V
⇡
F (fh)|sh] = V ⇡

S (sh)
<latexit sha1_base64="AtDlHWsxPmsUCDSVRaGCS715EO8="></latexit>

V ⇡

S (sh) := E⇡[
P

H

h0=h
rh0 |sh]

•
<latexit sha1_base64="UimbyWF64HbfwfkGIHDAV4rgzZw="></latexit>

E⇡b [V
⇡
F (fh)|sh] = V ⇡

S (sh)

9

Future-Dependent Value Function

<latexit sha1_base64="aLCf7ApSMLefhFXmOJz9Rmp8woo=">AAAB9HicbVBNS8NAEN3Ur1q/qh69LBahgpREpHosevFYwX5AG8Jmu2mWbjZxd1Ioob/DiwdFvPpjvPlv3LY5aOuDgcd7M8zM8xPBNdj2t1VYW9/Y3Cpul3Z29/YPyodHbR2nirIWjUWsuj7RTHDJWsBBsG6iGIl8wTr+6G7md8ZMaR7LR5gkzI3IUPKAUwJGcqt9IKkXXuDYC8+9csWu2XPgVeLkpIJyNL3yV38Q0zRiEqggWvccOwE3Iwo4FWxa6qeaJYSOyJD1DJUkYtrN5kdP8ZlRBjiIlSkJeK7+nshIpPUk8k1nRCDUy95M/M/rpRDcuBmXSQpM0sWiIBUYYjxLAA+4YhTExBBCFTe3YhoSRSiYnEomBGf55VXSvqw59Vr94arSuM3jKKITdIqqyEHXqIHuURO1EEVP6Bm9ojdrbL1Y79bHorVg5TPH6A+szx963JFH</latexit>

(⌧h, oh)

<latexit sha1_base64="uhxXmDQ23A3niPzT95+bbhAhh6M=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseCF49V7Ae0oW62m3bpZhN2J0IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//cS1EbF6wEnC/YgOlQgFo2il+17WL1fcqjsHWSVeTiqQo9Evf/UGMUsjrpBJakzXcxP0M6pRMMmnpV5qeELZmA5511JFI278bH7plJxZZUDCWNtSSObq74mMRsZMosB2RhRHZtmbif953RTDaz8TKkmRK7ZYFKaSYExmb5OB0JyhnFhCmRb2VsJGVFOGNpySDcFbfnmVtC6qXq1au7us1B/zOIpwAqdwDh5cQR1uoQFNYBDCM7zCmzN2Xpx352PRWnDymWP4A+fzB6gcjY4=</latexit> {<latexit sha1_base64="CWZs4VyqLmY9bEqYtfE7B3W1ebM=">AAACFXicbZBNS8NAEIY39avWr6hHL4tF8FBKIlI9Fr30WMF+QBvCZrNpl252w+5GKKF/wot/xYsHRbwK3vw3btoctHVgh5dnZpidN0gYVdpxvq3S2vrG5lZ5u7Kzu7d/YB8edZVIJSYdLJiQ/QApwignHU01I/1EEhQHjPSCyW1e7z0Qqajg93qaEC9GI04jipE2yLdrwndrEOVpyEKhVQ0Kf5wTkwpkSCsnLd+uOnVnHnBVuI WogiLavv01DAVOY8I1Zkipgesk2suQ1BQzMqsMU0UShCdoRAZGchQT5WXzq2bwzJAQRkKaxzWc098TGYqVmsaB6YyRHqvlWg7/qw1SHV17GeVJqgnHi0VRyqAWMLcIhlQSrNnUCIQlNX+FeIwkwtoYWTEmuMsnr4ruRd1t1Bt3l9XmTWFHGZyAU3AOXHAFmqAF2qADMHgEz+AVvFlP1ov1bn0sWktWMXMM/oT1+QNx2Jvm</latexit>o1, a1, . . . , oh, ah, . . . oH , aH

sh  here

<latexit sha1_base64="uhxXmDQ23A3niPzT95+bbhAhh6M=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseCF49V7Ae0oW62m3bpZhN2J0IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//cS1EbF6wEnC/YgOlQgFo2il+17WL1fcqjsHWSVeTiqQo9Evf/UGMUsjrpBJakzXcxP0M6pRMMmnpV5qeELZmA5511JFI278bH7plJxZZUDCWNtSSObq74mMRsZMosB2RhRHZtmbif953RTDaz8TKkmRK7ZYFKaSYExmb5OB0JyhnFhCmRb2VsJGVFOGNpySDcFbfnmVtC6qXq1au7us1B/zOIpwAqdwDh5cQR1uoQFNYBDCM7zCmzN2Xpx352PRWnDymWP4A+fzB6gcjY4=</latexit> {

<latexit sha1_base64="zCiyFUk4AWcK2JqvH1q87TNiq3M=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBZBEEoiUj0WvXisYD+gDWWz3bRLN5uwOxFK6I/w4kERr/4eb/4bt20O2vpg4PHeDDPzgkQKg6777RTW1jc2t4rbpZ3dvf2D8uFRy8SpZrzJYhnrTkANl0LxJgqUvJNoTqNA8nYwvpv57SeujYjVI04S7kd0qEQoGEUrtcN+Nrrwpv1yxa26c5BV4uWkAjka/fJXbxCzNOIKmaTGdD03QT+jGgWTfFrqpYYnlI3pkHctVTTixs/m507JmVUGJIy1LYVkrv6eyGhkzCQKbGdEcWSWvZn4n9dNMbzxM6GSFLlii0VhKgnGZPY7GQjNGcqJJZRpYW8lbEQ1ZWgTKtkQvOWXV0nrsurVqrWHq0r9No+jCCdwCufgwTXU4R4a0AQGY3iGV3hzEufFeXc+Fq0FJ585hj9wPn8A5QuPTA==</latexit>

fh+1

<latexit sha1_base64="zCiyFUk4AWcK2JqvH1q87TNiq3M=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBZBEEoiUj0WvXisYD+gDWWz3bRLN5uwOxFK6I/w4kERr/4eb/4bt20O2vpg4PHeDDPzgkQKg6777RTW1jc2t4rbpZ3dvf2D8uFRy8SpZrzJYhnrTkANl0LxJgqUvJNoTqNA8nYwvpv57SeujYjVI04S7kd0qEQoGEUrtcN+Nrrwpv1yxa26c5BV4uWkAjka/fJXbxCzNOIKmaTGdD03QT+jGgWTfFrqpYYnlI3pkHctVTTixs/m507JmVUGJIy1LYVkrv6eyGhkzCQKbGdEcWSWvZn4n9dNMbzxM6GSFLlii0VhKgnGZPY7GQjNGcqJJZRpYW8lbEQ1ZWgTKtkQvOWXV0nrsurVqrWHq0r9No+jCCdwCufgwTXU4R4a0AQGY3iGV3hzEufFeXc+Fq0FJ585hj9wPn8A5QuPTA==</latexit>

fh+1
<latexit sha1_base64="uhxXmDQ23A3niPzT95+bbhAhh6M=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseCF49V7Ae0oW62m3bpZhN2J0IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//cS1EbF6wEnC/YgOlQgFo2il+17WL1fcqjsHWSVeTiqQo9Evf/UGMUsjrpBJakzXcxP0M6pRMMmnpV5qeELZmA5511JFI278bH7plJxZZUDCWNtSSObq74mMRsZMosB2RhRHZtmbif953RTDaz8TKkmRK7ZYFKaSYExmb5OB0JyhnFhCmRb2VsJGVFOGNpySDcFbfnmVtC6qXq1au7us1B/zOIpwAqdwDh5cQR1uoQFNYBDCM7zCmzN2Xpx352PRWnDymWP4A+fzB6gcjY4=</latexit>

{ <latexit sha1_base64="zCiyFUk4AWcK2JqvH1q87TNiq3M=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBZBEEoiUj0WvXisYD+gDWWz3bRLN5uwOxFK6I/w4kERr/4eb/4bt20O2vpg4PHeDDPzgkQKg6777RTW1jc2t4rbpZ3dvf2D8uFRy8SpZrzJYhnrTkANl0LxJgqUvJNoTqNA8nYwvpv57SeujYjVI04S7kd0qEQoGEUrtcN+Nrrwpv1yxa26c5BV4uWkAjka/fJXbxCzNOIKmaTGdD03QT+jGgWTfFrqpYYnlI3pkHctVTTixs/m507JmVUGJIy1LYVkrv6eyGhkzCQKbGdEcWSWvZn4n9dNMbzxM6GSFLlii0VhKgnGZPY7GQjNGcqJJZRpYW8lbEQ1ZWgTKtkQvOWXV0nrsurVqrWHq0r9No+jCCdwCufgwTXU4R4a0AQGY3iGV3hzEufFeXc+Fq0FJ585hj9wPn8A5QuPTA==</latexit>

fh+1

<latexit sha1_base64="P6G9hMSjVXiyhggTdXkNaJjMlLc="></latexit>

V ⇡

S (sh) := E⇡[
P

H

h0=h
rh0 |sh]

Outcome Matrix 
<latexit sha1_base64="IJzeCYBIrsZeOIeK8B7hHtHgCik=">AAAB+HicbVDLSsNAFL2pr1ofjbp0M1gEVyURqS6LgrgRKtgHtCFMptN26GQSZiZCDfkSNy4UceunuPNvnLRZaPXAwOGce7lnThBzprTjfFmlldW19Y3yZmVre2e3au/td1SUSELbJOKR7AVYUc4EbWumOe3FkuIw4LQbTK9yv/tApWKRuNezmHohHgs2YgRrI/l29dZPByHWE4J5ep1lvl1z6s4c6C9xC1KDAi3f/hwMI5KEVGjCsVJ914m1l2KpGeE0qwwSRWNMpnhM+4YKHFLlpfPgGTo2yhCNImme0Giu/txIcajULAzMZJ5RLXu5+J/XT/TowkuZiBNNBVkcGiUc6QjlLaAhk5RoPjMEE8lMVkQmWGKiTVcVU4K7/OW/pHNadxv1xt1ZrXlZ1FGGQziCE3DhHJpwAy1oA4EEnuAFXq1H69l6s94XoyWr2DmAX7A+vgEXJ5Nk</latexit>

MF

<latexit sha1_base64="1g0UGTDi+dfyfIwUpay90iG4TGs=">AAACEXicbVA7T8MwGHR4lvIKMLJYVEidqgShwljBwlgk+pCSKHJcp7XqOJHtIFUhf4GFv8LCAEKsbGz8G5w0A7ScZOl09332+YKEUaks69tYWV1b39isbdW3d3b39s2Dw76MU4FJD8csFsMAScIoJz1FFSPDRBAUBYwMgul14Q/uiZA05ndqlhAvQmNOQ4qR0pJvNt0IqYmIsq7I/cwtL8wClpLcTagf5E7oTx6kP/F8s2G1rBJwmdgVaYAKXd/8ckcxTiPCFWZISse2EuVlSCiKGcnrbipJgvAUjYmjKUcRkV5WBsjhqVZGMIyFPlzBUv29kaFIylkU6Mkiv1z0CvE/z0lVeOlllCepIhzPHwpTBlUMi3rgiAqCFZtpgrCgOivEEyQQVrrEui7BXvzyMumftex2q3173uhcVXXUwDE4AU1ggwvQATegC3oAg0fwDF7Bm/FkvBjvxsd8dMWodo7AHxifP9Chnug=</latexit>

Pr⇡b [fh|sh] x =
<latexit sha1_base64="AtDlHWsxPmsUCDSVRaGCS715EO8="></latexit>

V ⇡

S (sh) := E⇡[
P

H

h0=h
rh0 |sh]

<latexit sha1_base64="UimbyWF64HbfwfkGIHDAV4rgzZw="></latexit>

E⇡b [V
⇡
F (fh)|sh] = V ⇡

S (sh)

1. Does (well-behaved)  even exist? 
2. Does it work in the same way as ?

<latexit sha1_base64="UimbyWF64HbfwfkGIHDAV4rgzZw="></latexit>

E⇡b [V
⇡
F (fh)|sh] = V ⇡

S (sh)
<latexit sha1_base64="AtDlHWsxPmsUCDSVRaGCS715EO8="></latexit>

V ⇡

S (sh) := E⇡[
P

H

h0=h
rh0 |sh]



Does it work in the same way as ?
<latexit sha1_base64="AtDlHWsxPmsUCDSVRaGCS715EO8="></latexit>

V ⇡

S (sh) := E⇡[
P

H

h0=h
rh0 |sh]

<latexit sha1_base64="UimbyWF64HbfwfkGIHDAV4rgzZw="></latexit>

E⇡b [V
⇡
F (fh)|sh] = V ⇡

S (sh)
<latexit sha1_base64="NnVhYjfFZkAu0xNN8sXFsHGEUFU="></latexit>

V ⇡
S (sh) = E⇡b [V

⇡
F (fh)|sh]



Does it work in the same way as ?
<latexit sha1_base64="AtDlHWsxPmsUCDSVRaGCS715EO8="></latexit>

V ⇡

S (sh) := E⇡[
P

H

h0=h
rh0 |sh]

Candidate

<latexit sha1_base64="UimbyWF64HbfwfkGIHDAV4rgzZw="></latexit>

E⇡b [V
⇡
F (fh)|sh] = V ⇡

S (sh)

<latexit sha1_base64="+J6Gc0AvhJ8O9acikJUQoC7hbPc=">AAACCXicbVDLSsNAFL2pr1pfUZduBovgqiQi1WVREJcV7QPaECbTaTt08mBmIpSQLt34K25cKOLWP3Dn3zhps6itBy4czrmXe+/xIs6ksqwfo7Cyura+UdwsbW3v7O6Z+wdNGcaC0AYJeSjaHpaUs4A2FFOctiNBse9x2vJG15nfeqRCsjB4UOOIOj4eBKzPCFZack3UdJOuj9WQYJ7cp+lkMi/cpKlrlq2KNQVaJnZOypCj7prf3V5IYp8GinAsZce2IuUkWChGOE1L3VjSCJMRHtCOpgH2qXSS6ScpOtFKD/VDoStQaKrOTyTYl3Lse7ozu1Euepn4n9eJVf/SSVgQxYoGZLaoH3OkQpTFgnpMUKL4WBNMBNO3IjLEAhOlwyvpEOzFl5dJ86xiVyvVu/Ny7SqPowhHcAynYMMF1OAW6tAAAk/wAm/wbjwbr8aH8TlrLRj5zCH8gfH1CxwPm0E=</latexit>

VS VF

<latexit sha1_base64="NnVhYjfFZkAu0xNN8sXFsHGEUFU="></latexit>

V ⇡
S (sh) = E⇡b [V

⇡
F (fh)|sh]



Does it work in the same way as ?
<latexit sha1_base64="AtDlHWsxPmsUCDSVRaGCS715EO8="></latexit>

V ⇡

S (sh) := E⇡[
P

H

h0=h
rh0 |sh]

Candidate

<latexit sha1_base64="UimbyWF64HbfwfkGIHDAV4rgzZw="></latexit>

E⇡b [V
⇡
F (fh)|sh] = V ⇡

S (sh)

<latexit sha1_base64="+J6Gc0AvhJ8O9acikJUQoC7hbPc=">AAACCXicbVDLSsNAFL2pr1pfUZduBovgqiQi1WVREJcV7QPaECbTaTt08mBmIpSQLt34K25cKOLWP3Dn3zhps6itBy4czrmXe+/xIs6ksqwfo7Cyura+UdwsbW3v7O6Z+wdNGcaC0AYJeSjaHpaUs4A2FFOctiNBse9x2vJG15nfeqRCsjB4UOOIOj4eBKzPCFZack3UdJOuj9WQYJ7cp+lkMi/cpKlrlq2KNQVaJnZOypCj7prf3V5IYp8GinAsZce2IuUkWChGOE1L3VjSCJMRHtCOpgH2qXSS6ScpOtFKD/VDoStQaKrOTyTYl3Lse7ozu1Euepn4n9eJVf/SSVgQxYoGZLaoH3OkQpTFgnpMUKL4WBNMBNO3IjLEAhOlwyvpEOzFl5dJ86xiVyvVu/Ny7SqPowhHcAynYMMF1OAW6tAAAk/wAm/wbjwbr8aH8TlrLRj5zCH8gfH1CxwPm0E=</latexit>

VS VF

<latexit sha1_base64="NnVhYjfFZkAu0xNN8sXFsHGEUFU="></latexit>

V ⇡
S (sh) = E⇡b [V

⇡
F (fh)|sh]

<latexit sha1_base64="I6Xpc6k1TrAFlffyclozxPKmcRs="></latexit>

VS(sh) := E⇡b [VF (fh)|sh]



Does it work in the same way as ?
<latexit sha1_base64="AtDlHWsxPmsUCDSVRaGCS715EO8="></latexit>

V ⇡

S (sh) := E⇡[
P

H

h0=h
rh0 |sh]

Candidate

Prediction

<latexit sha1_base64="UimbyWF64HbfwfkGIHDAV4rgzZw="></latexit>

E⇡b [V
⇡
F (fh)|sh] = V ⇡

S (sh)

<latexit sha1_base64="+J6Gc0AvhJ8O9acikJUQoC7hbPc=">AAACCXicbVDLSsNAFL2pr1pfUZduBovgqiQi1WVREJcV7QPaECbTaTt08mBmIpSQLt34K25cKOLWP3Dn3zhps6itBy4czrmXe+/xIs6ksqwfo7Cyura+UdwsbW3v7O6Z+wdNGcaC0AYJeSjaHpaUs4A2FFOctiNBse9x2vJG15nfeqRCsjB4UOOIOj4eBKzPCFZack3UdJOuj9WQYJ7cp+lkMi/cpKlrlq2KNQVaJnZOypCj7prf3V5IYp8GinAsZce2IuUkWChGOE1L3VjSCJMRHtCOpgH2qXSS6ScpOtFKD/VDoStQaKrOTyTYl3Lse7ozu1Euepn4n9eJVf/SSVgQxYoGZLaoH3OkQpTFgnpMUKL4WBNMBNO3IjLEAhOlwyvpEOzFl5dJ86xiVyvVu/Ny7SqPowhHcAynYMMF1OAW6tAAAk/wAm/wbjwbr8aH8TlrLRj5zCH8gfH1CxwPm0E=</latexit>

VS VF
<latexit sha1_base64="FuysuziSVB+VfjC4l9zU6eQqcCo="></latexit>

J(⇡) ⇡ E⇡b [VF (f1)]

<latexit sha1_base64="NnVhYjfFZkAu0xNN8sXFsHGEUFU="></latexit>

V ⇡
S (sh) = E⇡b [V

⇡
F (fh)|sh]

<latexit sha1_base64="I6Xpc6k1TrAFlffyclozxPKmcRs="></latexit>

VS(sh) := E⇡b [VF (fh)|sh]
<latexit sha1_base64="wtwmlJBalvbToo+DRoCw+dX0Cw4="></latexit>

J(⇡) ⇡ E[VS(s1)] = E⇡b [VF (f1)]



Does it work in the same way as ?
<latexit sha1_base64="AtDlHWsxPmsUCDSVRaGCS715EO8="></latexit>

V ⇡

S (sh) := E⇡[
P

H

h0=h
rh0 |sh]

Candidate

Prediction

<latexit sha1_base64="UimbyWF64HbfwfkGIHDAV4rgzZw="></latexit>

E⇡b [V
⇡
F (fh)|sh] = V ⇡

S (sh)

<latexit sha1_base64="+J6Gc0AvhJ8O9acikJUQoC7hbPc=">AAACCXicbVDLSsNAFL2pr1pfUZduBovgqiQi1WVREJcV7QPaECbTaTt08mBmIpSQLt34K25cKOLWP3Dn3zhps6itBy4czrmXe+/xIs6ksqwfo7Cyura+UdwsbW3v7O6Z+wdNGcaC0AYJeSjaHpaUs4A2FFOctiNBse9x2vJG15nfeqRCsjB4UOOIOj4eBKzPCFZack3UdJOuj9WQYJ7cp+lkMi/cpKlrlq2KNQVaJnZOypCj7prf3V5IYp8GinAsZce2IuUkWChGOE1L3VjSCJMRHtCOpgH2qXSS6ScpOtFKD/VDoStQaKrOTyTYl3Lse7ozu1Euepn4n9eJVf/SSVgQxYoGZLaoH3OkQpTFgnpMUKL4WBNMBNO3IjLEAhOlwyvpEOzFl5dJ86xiVyvVu/Ny7SqPowhHcAynYMMF1OAW6tAAAk/wAm/wbjwbr8aH8TlrLRj5zCH8gfH1CxwPm0E=</latexit>

VS VF
<latexit sha1_base64="FuysuziSVB+VfjC4l9zU6eQqcCo="></latexit>

J(⇡) ⇡ E⇡b [VF (f1)]

<latexit sha1_base64="NnVhYjfFZkAu0xNN8sXFsHGEUFU="></latexit>

V ⇡
S (sh) = E⇡b [V

⇡
F (fh)|sh]

<latexit sha1_base64="I6Xpc6k1TrAFlffyclozxPKmcRs="></latexit>

VS(sh) := E⇡b [VF (fh)|sh]
<latexit sha1_base64="wtwmlJBalvbToo+DRoCw+dX0Cw4="></latexit>

J(⇡) ⇡ E[VS(s1)] = E⇡b [VF (f1)]=



Does it work in the same way as ?
<latexit sha1_base64="AtDlHWsxPmsUCDSVRaGCS715EO8="></latexit>

V ⇡

S (sh) := E⇡[
P

H

h0=h
rh0 |sh]

Candidate

Prediction

Error

<latexit sha1_base64="UimbyWF64HbfwfkGIHDAV4rgzZw="></latexit>

E⇡b [V
⇡
F (fh)|sh] = V ⇡

S (sh)

<latexit sha1_base64="+J6Gc0AvhJ8O9acikJUQoC7hbPc=">AAACCXicbVDLSsNAFL2pr1pfUZduBovgqiQi1WVREJcV7QPaECbTaTt08mBmIpSQLt34K25cKOLWP3Dn3zhps6itBy4czrmXe+/xIs6ksqwfo7Cyura+UdwsbW3v7O6Z+wdNGcaC0AYJeSjaHpaUs4A2FFOctiNBse9x2vJG15nfeqRCsjB4UOOIOj4eBKzPCFZack3UdJOuj9WQYJ7cp+lkMi/cpKlrlq2KNQVaJnZOypCj7prf3V5IYp8GinAsZce2IuUkWChGOE1L3VjSCJMRHtCOpgH2qXSS6ScpOtFKD/VDoStQaKrOTyTYl3Lse7ozu1Euepn4n9eJVf/SSVgQxYoGZLaoH3OkQpTFgnpMUKL4WBNMBNO3IjLEAhOlwyvpEOzFl5dJ86xiVyvVu/Ny7SqPowhHcAynYMMF1OAW6tAAAk/wAm/wbjwbr8aH8TlrLRj5zCH8gfH1CxwPm0E=</latexit>

VS VF
<latexit sha1_base64="FuysuziSVB+VfjC4l9zU6eQqcCo="></latexit>

J(⇡) ⇡ E⇡b [VF (f1)]

<latexit sha1_base64="NnVhYjfFZkAu0xNN8sXFsHGEUFU="></latexit>

V ⇡
S (sh) = E⇡b [V

⇡
F (fh)|sh]

<latexit sha1_base64="I6Xpc6k1TrAFlffyclozxPKmcRs="></latexit>

VS(sh) := E⇡b [VF (fh)|sh]
<latexit sha1_base64="wtwmlJBalvbToo+DRoCw+dX0Cw4="></latexit>

J(⇡) ⇡ E[VS(s1)] = E⇡b [VF (f1)]
<latexit sha1_base64="4IloKnwR6f/fsDKgj1fx5HLpyTw="></latexit>P

H

h=1 E⇡[VS(sh)� rh � VS(sh+1)]
<latexit sha1_base64="AoEQVysYEmiIvGb55OPSBKXNqSQ="></latexit>P

H

h=1 E a1:h⇠⇡
ah+1:H⇠⇡b

[�hVF ]
<latexit sha1_base64="K5O3j7iTr0WRNdp26fuEymhKGQg="></latexit>

�hVF := VF (fh)� rh � VF (fh+1)

=



Does it work in the same way as ?
<latexit sha1_base64="AtDlHWsxPmsUCDSVRaGCS715EO8="></latexit>

V ⇡

S (sh) := E⇡[
P

H

h0=h
rh0 |sh]

Candidate

Prediction

Error

<latexit sha1_base64="UimbyWF64HbfwfkGIHDAV4rgzZw="></latexit>

E⇡b [V
⇡
F (fh)|sh] = V ⇡

S (sh)

<latexit sha1_base64="+J6Gc0AvhJ8O9acikJUQoC7hbPc=">AAACCXicbVDLSsNAFL2pr1pfUZduBovgqiQi1WVREJcV7QPaECbTaTt08mBmIpSQLt34K25cKOLWP3Dn3zhps6itBy4czrmXe+/xIs6ksqwfo7Cyura+UdwsbW3v7O6Z+wdNGcaC0AYJeSjaHpaUs4A2FFOctiNBse9x2vJG15nfeqRCsjB4UOOIOj4eBKzPCFZack3UdJOuj9WQYJ7cp+lkMi/cpKlrlq2KNQVaJnZOypCj7prf3V5IYp8GinAsZce2IuUkWChGOE1L3VjSCJMRHtCOpgH2qXSS6ScpOtFKD/VDoStQaKrOTyTYl3Lse7ozu1Euepn4n9eJVf/SSVgQxYoGZLaoH3OkQpTFgnpMUKL4WBNMBNO3IjLEAhOlwyvpEOzFl5dJ86xiVyvVu/Ny7SqPowhHcAynYMMF1OAW6tAAAk/wAm/wbjwbr8aH8TlrLRj5zCH8gfH1CxwPm0E=</latexit>

VS VF
<latexit sha1_base64="FuysuziSVB+VfjC4l9zU6eQqcCo="></latexit>

J(⇡) ⇡ E⇡b [VF (f1)]

<latexit sha1_base64="NnVhYjfFZkAu0xNN8sXFsHGEUFU="></latexit>

V ⇡
S (sh) = E⇡b [V

⇡
F (fh)|sh]

<latexit sha1_base64="I6Xpc6k1TrAFlffyclozxPKmcRs="></latexit>

VS(sh) := E⇡b [VF (fh)|sh]
<latexit sha1_base64="wtwmlJBalvbToo+DRoCw+dX0Cw4="></latexit>

J(⇡) ⇡ E[VS(s1)] = E⇡b [VF (f1)]
<latexit sha1_base64="4IloKnwR6f/fsDKgj1fx5HLpyTw="></latexit>P

H

h=1 E⇡[VS(sh)� rh � VS(sh+1)]
<latexit sha1_base64="AoEQVysYEmiIvGb55OPSBKXNqSQ="></latexit>P

H

h=1 E a1:h⇠⇡
ah+1:H⇠⇡b

[�hVF ]
<latexit sha1_base64="K5O3j7iTr0WRNdp26fuEymhKGQg="></latexit>

�hVF := VF (fh)� rh � VF (fh+1)

=

=



Does it work in the same way as ?
<latexit sha1_base64="AtDlHWsxPmsUCDSVRaGCS715EO8="></latexit>

V ⇡

S (sh) := E⇡[
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<latexit sha1_base64="4IloKnwR6f/fsDKgj1fx5HLpyTw="></latexit>P

H

h=1 E⇡[VS(sh)� rh � VS(sh+1)]

X

<latexit sha1_base64="AoEQVysYEmiIvGb55OPSBKXNqSQ="></latexit>P
H

h=1 E a1:h⇠⇡
ah+1:H⇠⇡b

[�hVF ]
<latexit sha1_base64="K5O3j7iTr0WRNdp26fuEymhKGQg="></latexit>

�hVF := VF (fh)� rh � VF (fh+1)
<latexit sha1_base64="MLqG3o796++U/ZgQZ8HBUn24I+A="></latexit>P

H

h=1 Esh⇠⇡b

h
E ah⇠⇡
ah+1:H⇠⇡b

[�hVF |sh])2
i<latexit sha1_base64="MLqG3o796++U/ZgQZ8HBUn24I+A="></latexit>P

H

h=1 Esh⇠⇡b

h
E ah⇠⇡
ah+1:H⇠⇡b

[�hVF |sh])2
i

=

=

<latexit sha1_base64="l8IC1WHi0JpekvahnpCdoW3q4zw=">AAACGHicbVDLSsNAFJ3UV62vqEs3wSJUKDEpbXVZdOOygn1AGsJkOkmHTh7MTIQS8hlu/BU3LhRx251/46TNQlsPDHM45947d44bU8KFYXwrpY3Nre2d8m5lb//g8Eg9PunzKGEI91BEIzZ0IceUhLgniKB4GDMMA5figTu9y/3BE2acROGjmMXYDqAfEo8gKKTkqFd+LR0txljMd+3U0FuGRKNu6PndbNULpZVxZ5JdOmp16RiGtk7MglRBga6jzkfjCCUBDgWikHPLNGJhp5AJgijOKqOE4xiiKfSxJWkIA8ztdLFRpl1IZax5EZMnFNpC/d2RwoDzWeDKygCKCV/1cvE/z0qEd2OnJIwTgUO0fMhLqCYiLU9JGxOGkaAzSSBiRO6qoQlkEAmZZUWGYK5+eZ30G7rZ1tsPzWrntoijDM7AOagBE1yDDrgHXdADCDyDV/AOPpQX5U35VL6WpSWl6DkFf6DMfwCxCZvI</latexit>

g(sh)

<latexit sha1_base64="l8IC1WHi0JpekvahnpCdoW3q4zw=">AAACGHicbVDLSsNAFJ3UV62vqEs3wSJUKDEpbXVZdOOygn1AGsJkOkmHTh7MTIQS8hlu/BU3LhRx251/46TNQlsPDHM45947d44bU8KFYXwrpY3Nre2d8m5lb//g8Eg9PunzKGEI91BEIzZ0IceUhLgniKB4GDMMA5figTu9y/3BE2acROGjmMXYDqAfEo8gKKTkqFd+LR0txljMd+3U0FuGRKNu6PndbNULpZVxZ5JdOmp16RiGtk7MglRBga6jzkfjCCUBDgWikHPLNGJhp5AJgijOKqOE4xiiKfSxJWkIA8ztdLFRpl1IZax5EZMnFNpC/d2RwoDzWeDKygCKCV/1cvE/z0qEd2OnJIwTgUO0fMhLqCYiLU9JGxOGkaAzSSBiRO6qoQlkEAmZZUWGYK5+eZ30G7rZ1tsPzWrntoijDM7AOagBE1yDDrgHXdADCDyDV/AOPpQX5U35VL6WpSWl6DkFf6DMfwCxCZvI</latexit>

g(sh)

=
<latexit sha1_base64="Q8h9A7EqSioHQkVTQMD6w6UfNJU="></latexit>

argminV 2V E⇡b [(VS(sh)� (T ⇡V )(sh))2]
<latexit sha1_base64="Q8h9A7EqSioHQkVTQMD6w6UfNJU="></latexit>

argminV 2V E⇡b [(VS(sh)� (T ⇡V )(sh))2]
<latexit sha1_base64="Q8h9A7EqSioHQkVTQMD6w6UfNJU="></latexit>

argminV 2V E⇡b [(VS(sh)� (T ⇡V )(sh))2]



<latexit sha1_base64="wH7yi7EVSpwJXFbiYMvQQquLiBI="></latexit>

=
P

H

h=1 E⌧h⇠⇡b

⇣P
sh

E ah⇠⇡
ah+1:H⇠⇡b

[�hVF |sh] · Pr[sh|⌧h]
⌘2

�

<latexit sha1_base64="7qGrLNwKHYgnivZfVFeg4oQ0yQs="></latexit>P
H

h=1 E⌧h⇠⇡b

h
E ah⇠⇡
ah+1:H⇠⇡b

[�hVF |⌧h]2
i

Does it work in the same way as ?
<latexit sha1_base64="AtDlHWsxPmsUCDSVRaGCS715EO8="></latexit>

V ⇡

S (sh) := E⇡[
P

H

h0=h
rh0 |sh]

Candidate

Prediction

Error

Learning 
objective

<latexit sha1_base64="UimbyWF64HbfwfkGIHDAV4rgzZw="></latexit>

E⇡b [V
⇡
F (fh)|sh] = V ⇡

S (sh)

<latexit sha1_base64="+J6Gc0AvhJ8O9acikJUQoC7hbPc=">AAACCXicbVDLSsNAFL2pr1pfUZduBovgqiQi1WVREJcV7QPaECbTaTt08mBmIpSQLt34K25cKOLWP3Dn3zhps6itBy4czrmXe+/xIs6ksqwfo7Cyura+UdwsbW3v7O6Z+wdNGcaC0AYJeSjaHpaUs4A2FFOctiNBse9x2vJG15nfeqRCsjB4UOOIOj4eBKzPCFZack3UdJOuj9WQYJ7cp+lkMi/cpKlrlq2KNQVaJnZOypCj7prf3V5IYp8GinAsZce2IuUkWChGOE1L3VjSCJMRHtCOpgH2qXSS6ScpOtFKD/VDoStQaKrOTyTYl3Lse7ozu1Euepn4n9eJVf/SSVgQxYoGZLaoH3OkQpTFgnpMUKL4WBNMBNO3IjLEAhOlwyvpEOzFl5dJ86xiVyvVu/Ny7SqPowhHcAynYMMF1OAW6tAAAk/wAm/wbjwbr8aH8TlrLRj5zCH8gfH1CxwPm0E=</latexit>

VS VF
<latexit sha1_base64="FuysuziSVB+VfjC4l9zU6eQqcCo="></latexit>

J(⇡) ⇡ E⇡b [VF (f1)]

<latexit sha1_base64="NnVhYjfFZkAu0xNN8sXFsHGEUFU="></latexit>

V ⇡
S (sh) = E⇡b [V

⇡
F (fh)|sh]

<latexit sha1_base64="I6Xpc6k1TrAFlffyclozxPKmcRs="></latexit>

VS(sh) := E⇡b [VF (fh)|sh]
<latexit sha1_base64="wtwmlJBalvbToo+DRoCw+dX0Cw4="></latexit>

J(⇡) ⇡ E[VS(s1)] = E⇡b [VF (f1)]
<latexit sha1_base64="4IloKnwR6f/fsDKgj1fx5HLpyTw="></latexit>P

H

h=1 E⇡[VS(sh)� rh � VS(sh+1)]

X

<latexit sha1_base64="AoEQVysYEmiIvGb55OPSBKXNqSQ="></latexit>P
H

h=1 E a1:h⇠⇡
ah+1:H⇠⇡b

[�hVF ]
<latexit sha1_base64="K5O3j7iTr0WRNdp26fuEymhKGQg="></latexit>

�hVF := VF (fh)� rh � VF (fh+1)
<latexit sha1_base64="MLqG3o796++U/ZgQZ8HBUn24I+A="></latexit>P

H

h=1 Esh⇠⇡b

h
E ah⇠⇡
ah+1:H⇠⇡b

[�hVF |sh])2
i<latexit sha1_base64="MLqG3o796++U/ZgQZ8HBUn24I+A="></latexit>P

H

h=1 Esh⇠⇡b

h
E ah⇠⇡
ah+1:H⇠⇡b

[�hVF |sh])2
i

=

=

belief state

linear measure

<latexit sha1_base64="l8IC1WHi0JpekvahnpCdoW3q4zw=">AAACGHicbVDLSsNAFJ3UV62vqEs3wSJUKDEpbXVZdOOygn1AGsJkOkmHTh7MTIQS8hlu/BU3LhRx251/46TNQlsPDHM45947d44bU8KFYXwrpY3Nre2d8m5lb//g8Eg9PunzKGEI91BEIzZ0IceUhLgniKB4GDMMA5figTu9y/3BE2acROGjmMXYDqAfEo8gKKTkqFd+LR0txljMd+3U0FuGRKNu6PndbNULpZVxZ5JdOmp16RiGtk7MglRBga6jzkfjCCUBDgWikHPLNGJhp5AJgijOKqOE4xiiKfSxJWkIA8ztdLFRpl1IZax5EZMnFNpC/d2RwoDzWeDKygCKCV/1cvE/z0qEd2OnJIwTgUO0fMhLqCYiLU9JGxOGkaAzSSBiRO6qoQlkEAmZZUWGYK5+eZ30G7rZ1tsPzWrntoijDM7AOagBE1yDDrgHXdADCDyDV/AOPpQX5U35VL6WpSWl6DkFf6DMfwCxCZvI</latexit>

g(sh)

<latexit sha1_base64="l8IC1WHi0JpekvahnpCdoW3q4zw=">AAACGHicbVDLSsNAFJ3UV62vqEs3wSJUKDEpbXVZdOOygn1AGsJkOkmHTh7MTIQS8hlu/BU3LhRx251/46TNQlsPDHM45947d44bU8KFYXwrpY3Nre2d8m5lb//g8Eg9PunzKGEI91BEIzZ0IceUhLgniKB4GDMMA5figTu9y/3BE2acROGjmMXYDqAfEo8gKKTkqFd+LR0txljMd+3U0FuGRKNu6PndbNULpZVxZ5JdOmp16RiGtk7MglRBga6jzkfjCCUBDgWikHPLNGJhp5AJgijOKqOE4xiiKfSxJWkIA8ztdLFRpl1IZax5EZMnFNpC/d2RwoDzWeDKygCKCV/1cvE/z0qEd2OnJIwTgUO0fMhLqCYiLU9JGxOGkaAzSSBiRO6qoQlkEAmZZUWGYK5+eZ30G7rZ1tsPzWrntoijDM7AOagBE1yDDrgHXdADCDyDV/AOPpQX5U35VL6WpSWl6DkFf6DMfwCxCZvI</latexit>

g(sh)

=
<latexit sha1_base64="Q8h9A7EqSioHQkVTQMD6w6UfNJU="></latexit>

argminV 2V E⇡b [(VS(sh)� (T ⇡V )(sh))2]
<latexit sha1_base64="Q8h9A7EqSioHQkVTQMD6w6UfNJU="></latexit>

argminV 2V E⇡b [(VS(sh)� (T ⇡V )(sh))2]
<latexit sha1_base64="Q8h9A7EqSioHQkVTQMD6w6UfNJU="></latexit>

argminV 2V E⇡b [(VS(sh)� (T ⇡V )(sh))2]



<latexit sha1_base64="wH7yi7EVSpwJXFbiYMvQQquLiBI="></latexit>

=
P

H

h=1 E⌧h⇠⇡b

⇣P
sh

E ah⇠⇡
ah+1:H⇠⇡b

[�hVF |sh] · Pr[sh|⌧h]
⌘2

�

<latexit sha1_base64="7qGrLNwKHYgnivZfVFeg4oQ0yQs="></latexit>P
H

h=1 E⌧h⇠⇡b

h
E ah⇠⇡
ah+1:H⇠⇡b

[�hVF |⌧h]2
i

Does it work in the same way as ?
<latexit sha1_base64="AtDlHWsxPmsUCDSVRaGCS715EO8="></latexit>

V ⇡

S (sh) := E⇡[
P

H

h0=h
rh0 |sh]

Candidate

Prediction

Error

Learning 
objective

<latexit sha1_base64="UimbyWF64HbfwfkGIHDAV4rgzZw="></latexit>

E⇡b [V
⇡
F (fh)|sh] = V ⇡

S (sh)

<latexit sha1_base64="+J6Gc0AvhJ8O9acikJUQoC7hbPc=">AAACCXicbVDLSsNAFL2pr1pfUZduBovgqiQi1WVREJcV7QPaECbTaTt08mBmIpSQLt34K25cKOLWP3Dn3zhps6itBy4czrmXe+/xIs6ksqwfo7Cyura+UdwsbW3v7O6Z+wdNGcaC0AYJeSjaHpaUs4A2FFOctiNBse9x2vJG15nfeqRCsjB4UOOIOj4eBKzPCFZack3UdJOuj9WQYJ7cp+lkMi/cpKlrlq2KNQVaJnZOypCj7prf3V5IYp8GinAsZce2IuUkWChGOE1L3VjSCJMRHtCOpgH2qXSS6ScpOtFKD/VDoStQaKrOTyTYl3Lse7ozu1Euepn4n9eJVf/SSVgQxYoGZLaoH3OkQpTFgnpMUKL4WBNMBNO3IjLEAhOlwyvpEOzFl5dJ86xiVyvVu/Ny7SqPowhHcAynYMMF1OAW6tAAAk/wAm/wbjwbr8aH8TlrLRj5zCH8gfH1CxwPm0E=</latexit>

VS VF
<latexit sha1_base64="FuysuziSVB+VfjC4l9zU6eQqcCo="></latexit>

J(⇡) ⇡ E⇡b [VF (f1)]

<latexit sha1_base64="NnVhYjfFZkAu0xNN8sXFsHGEUFU="></latexit>

V ⇡
S (sh) = E⇡b [V

⇡
F (fh)|sh]

<latexit sha1_base64="I6Xpc6k1TrAFlffyclozxPKmcRs="></latexit>

VS(sh) := E⇡b [VF (fh)|sh]
<latexit sha1_base64="wtwmlJBalvbToo+DRoCw+dX0Cw4="></latexit>

J(⇡) ⇡ E[VS(s1)] = E⇡b [VF (f1)]
<latexit sha1_base64="4IloKnwR6f/fsDKgj1fx5HLpyTw="></latexit>P

H

h=1 E⇡[VS(sh)� rh � VS(sh+1)]

X

<latexit sha1_base64="AoEQVysYEmiIvGb55OPSBKXNqSQ="></latexit>P
H

h=1 E a1:h⇠⇡
ah+1:H⇠⇡b

[�hVF ]
<latexit sha1_base64="K5O3j7iTr0WRNdp26fuEymhKGQg="></latexit>

�hVF := VF (fh)� rh � VF (fh+1)
<latexit sha1_base64="MLqG3o796++U/ZgQZ8HBUn24I+A="></latexit>P

H

h=1 Esh⇠⇡b

h
E ah⇠⇡
ah+1:H⇠⇡b

[�hVF |sh])2
i<latexit sha1_base64="MLqG3o796++U/ZgQZ8HBUn24I+A="></latexit>P

H

h=1 Esh⇠⇡b

h
E ah⇠⇡
ah+1:H⇠⇡b

[�hVF |sh])2
i

=

=

belief state

linear measure

<latexit sha1_base64="l8IC1WHi0JpekvahnpCdoW3q4zw=">AAACGHicbVDLSsNAFJ3UV62vqEs3wSJUKDEpbXVZdOOygn1AGsJkOkmHTh7MTIQS8hlu/BU3LhRx251/46TNQlsPDHM45947d44bU8KFYXwrpY3Nre2d8m5lb//g8Eg9PunzKGEI91BEIzZ0IceUhLgniKB4GDMMA5figTu9y/3BE2acROGjmMXYDqAfEo8gKKTkqFd+LR0txljMd+3U0FuGRKNu6PndbNULpZVxZ5JdOmp16RiGtk7MglRBga6jzkfjCCUBDgWikHPLNGJhp5AJgijOKqOE4xiiKfSxJWkIA8ztdLFRpl1IZax5EZMnFNpC/d2RwoDzWeDKygCKCV/1cvE/z0qEd2OnJIwTgUO0fMhLqCYiLU9JGxOGkaAzSSBiRO6qoQlkEAmZZUWGYK5+eZ30G7rZ1tsPzWrntoijDM7AOagBE1yDDrgHXdADCDyDV/AOPpQX5U35VL6WpSWl6DkFf6DMfwCxCZvI</latexit>

g(sh)

<latexit sha1_base64="l8IC1WHi0JpekvahnpCdoW3q4zw=">AAACGHicbVDLSsNAFJ3UV62vqEs3wSJUKDEpbXVZdOOygn1AGsJkOkmHTh7MTIQS8hlu/BU3LhRx251/46TNQlsPDHM45947d44bU8KFYXwrpY3Nre2d8m5lb//g8Eg9PunzKGEI91BEIzZ0IceUhLgniKB4GDMMA5figTu9y/3BE2acROGjmMXYDqAfEo8gKKTkqFd+LR0txljMd+3U0FuGRKNu6PndbNULpZVxZ5JdOmp16RiGtk7MglRBga6jzkfjCCUBDgWikHPLNGJhp5AJgijOKqOE4xiiKfSxJWkIA8ztdLFRpl1IZax5EZMnFNpC/d2RwoDzWeDKygCKCV/1cvE/z0qEd2OnJIwTgUO0fMhLqCYiLU9JGxOGkaAzSSBiRO6qoQlkEAmZZUWGYK5+eZ30G7rZ1tsPzWrntoijDM7AOagBE1yDDrgHXdADCDyDV/AOPpQX5U35VL6WpSWl6DkFf6DMfwCxCZvI</latexit>

g(sh)

=
<latexit sha1_base64="Q8h9A7EqSioHQkVTQMD6w6UfNJU="></latexit>

argminV 2V E⇡b [(VS(sh)� (T ⇡V )(sh))2]
<latexit sha1_base64="Q8h9A7EqSioHQkVTQMD6w6UfNJU="></latexit>

argminV 2V E⇡b [(VS(sh)� (T ⇡V )(sh))2]
<latexit sha1_base64="Q8h9A7EqSioHQkVTQMD6w6UfNJU="></latexit>

argminV 2V E⇡b [(VS(sh)� (T ⇡V )(sh))2]

S = 2



<latexit sha1_base64="wH7yi7EVSpwJXFbiYMvQQquLiBI="></latexit>

=
P

H

h=1 E⌧h⇠⇡b

⇣P
sh

E ah⇠⇡
ah+1:H⇠⇡b

[�hVF |sh] · Pr[sh|⌧h]
⌘2

�

<latexit sha1_base64="7qGrLNwKHYgnivZfVFeg4oQ0yQs="></latexit>P
H

h=1 E⌧h⇠⇡b

h
E ah⇠⇡
ah+1:H⇠⇡b

[�hVF |⌧h]2
i

Does it work in the same way as ?
<latexit sha1_base64="AtDlHWsxPmsUCDSVRaGCS715EO8="></latexit>

V ⇡

S (sh) := E⇡[
P

H

h0=h
rh0 |sh]

Candidate

Prediction

Error

Learning 
objective

<latexit sha1_base64="UimbyWF64HbfwfkGIHDAV4rgzZw="></latexit>

E⇡b [V
⇡
F (fh)|sh] = V ⇡

S (sh)

<latexit sha1_base64="+J6Gc0AvhJ8O9acikJUQoC7hbPc=">AAACCXicbVDLSsNAFL2pr1pfUZduBovgqiQi1WVREJcV7QPaECbTaTt08mBmIpSQLt34K25cKOLWP3Dn3zhps6itBy4czrmXe+/xIs6ksqwfo7Cyura+UdwsbW3v7O6Z+wdNGcaC0AYJeSjaHpaUs4A2FFOctiNBse9x2vJG15nfeqRCsjB4UOOIOj4eBKzPCFZack3UdJOuj9WQYJ7cp+lkMi/cpKlrlq2KNQVaJnZOypCj7prf3V5IYp8GinAsZce2IuUkWChGOE1L3VjSCJMRHtCOpgH2qXSS6ScpOtFKD/VDoStQaKrOTyTYl3Lse7ozu1Euepn4n9eJVf/SSVgQxYoGZLaoH3OkQpTFgnpMUKL4WBNMBNO3IjLEAhOlwyvpEOzFl5dJ86xiVyvVu/Ny7SqPowhHcAynYMMF1OAW6tAAAk/wAm/wbjwbr8aH8TlrLRj5zCH8gfH1CxwPm0E=</latexit>

VS VF
<latexit sha1_base64="FuysuziSVB+VfjC4l9zU6eQqcCo="></latexit>

J(⇡) ⇡ E⇡b [VF (f1)]

<latexit sha1_base64="NnVhYjfFZkAu0xNN8sXFsHGEUFU="></latexit>

V ⇡
S (sh) = E⇡b [V

⇡
F (fh)|sh]

<latexit sha1_base64="I6Xpc6k1TrAFlffyclozxPKmcRs="></latexit>

VS(sh) := E⇡b [VF (fh)|sh]
<latexit sha1_base64="wtwmlJBalvbToo+DRoCw+dX0Cw4="></latexit>

J(⇡) ⇡ E[VS(s1)] = E⇡b [VF (f1)]
<latexit sha1_base64="4IloKnwR6f/fsDKgj1fx5HLpyTw="></latexit>P

H

h=1 E⇡[VS(sh)� rh � VS(sh+1)]

X

<latexit sha1_base64="AoEQVysYEmiIvGb55OPSBKXNqSQ="></latexit>P
H

h=1 E a1:h⇠⇡
ah+1:H⇠⇡b

[�hVF ]
<latexit sha1_base64="K5O3j7iTr0WRNdp26fuEymhKGQg="></latexit>

�hVF := VF (fh)� rh � VF (fh+1)
<latexit sha1_base64="MLqG3o796++U/ZgQZ8HBUn24I+A="></latexit>P

H

h=1 Esh⇠⇡b

h
E ah⇠⇡
ah+1:H⇠⇡b

[�hVF |sh])2
i<latexit sha1_base64="MLqG3o796++U/ZgQZ8HBUn24I+A="></latexit>P

H

h=1 Esh⇠⇡b

h
E ah⇠⇡
ah+1:H⇠⇡b

[�hVF |sh])2
i

=

=

belief state

linear measure

<latexit sha1_base64="l8IC1WHi0JpekvahnpCdoW3q4zw=">AAACGHicbVDLSsNAFJ3UV62vqEs3wSJUKDEpbXVZdOOygn1AGsJkOkmHTh7MTIQS8hlu/BU3LhRx251/46TNQlsPDHM45947d44bU8KFYXwrpY3Nre2d8m5lb//g8Eg9PunzKGEI91BEIzZ0IceUhLgniKB4GDMMA5figTu9y/3BE2acROGjmMXYDqAfEo8gKKTkqFd+LR0txljMd+3U0FuGRKNu6PndbNULpZVxZ5JdOmp16RiGtk7MglRBga6jzkfjCCUBDgWikHPLNGJhp5AJgijOKqOE4xiiKfSxJWkIA8ztdLFRpl1IZax5EZMnFNpC/d2RwoDzWeDKygCKCV/1cvE/z0qEd2OnJIwTgUO0fMhLqCYiLU9JGxOGkaAzSSBiRO6qoQlkEAmZZUWGYK5+eZ30G7rZ1tsPzWrntoijDM7AOagBE1yDDrgHXdADCDyDV/AOPpQX5U35VL6WpSWl6DkFf6DMfwCxCZvI</latexit>

g(sh)

<latexit sha1_base64="l8IC1WHi0JpekvahnpCdoW3q4zw=">AAACGHicbVDLSsNAFJ3UV62vqEs3wSJUKDEpbXVZdOOygn1AGsJkOkmHTh7MTIQS8hlu/BU3LhRx251/46TNQlsPDHM45947d44bU8KFYXwrpY3Nre2d8m5lb//g8Eg9PunzKGEI91BEIzZ0IceUhLgniKB4GDMMA5figTu9y/3BE2acROGjmMXYDqAfEo8gKKTkqFd+LR0txljMd+3U0FuGRKNu6PndbNULpZVxZ5JdOmp16RiGtk7MglRBga6jzkfjCCUBDgWikHPLNGJhp5AJgijOKqOE4xiiKfSxJWkIA8ztdLFRpl1IZax5EZMnFNpC/d2RwoDzWeDKygCKCV/1cvE/z0qEd2OnJIwTgUO0fMhLqCYiLU9JGxOGkaAzSSBiRO6qoQlkEAmZZUWGYK5+eZ30G7rZ1tsPzWrntoijDM7AOagBE1yDDrgHXdADCDyDV/AOPpQX5U35VL6WpSWl6DkFf6DMfwCxCZvI</latexit>

g(sh)

=
<latexit sha1_base64="Q8h9A7EqSioHQkVTQMD6w6UfNJU="></latexit>

argminV 2V E⇡b [(VS(sh)� (T ⇡V )(sh))2]
<latexit sha1_base64="Q8h9A7EqSioHQkVTQMD6w6UfNJU="></latexit>

argminV 2V E⇡b [(VS(sh)� (T ⇡V )(sh))2]
<latexit sha1_base64="Q8h9A7EqSioHQkVTQMD6w6UfNJU="></latexit>

argminV 2V E⇡b [(VS(sh)� (T ⇡V )(sh))2]

S = 2

<latexit sha1_base64="wH7yi7EVSpwJXFbiYMvQQquLiBI="></latexit>

=
P

H

h=1 E⌧h⇠⇡b

⇣P
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E ah⇠⇡
ah+1:H⇠⇡b

[�hVF |sh] · Pr[sh|⌧h]
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<latexit sha1_base64="wH7yi7EVSpwJXFbiYMvQQquLiBI="></latexit>
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H
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⇣P
sh

E ah⇠⇡
ah+1:H⇠⇡b

[�hVF |sh] · Pr[sh|⌧h]
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�

<latexit sha1_base64="7qGrLNwKHYgnivZfVFeg4oQ0yQs="></latexit>P
H

h=1 E⌧h⇠⇡b

h
E ah⇠⇡
ah+1:H⇠⇡b

[�hVF |⌧h]2
i

Does it work in the same way as ?
<latexit sha1_base64="AtDlHWsxPmsUCDSVRaGCS715EO8="></latexit>

V ⇡

S (sh) := E⇡[
P

H

h0=h
rh0 |sh]

Candidate

Prediction

Error

Learning 
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<latexit sha1_base64="UimbyWF64HbfwfkGIHDAV4rgzZw="></latexit>

E⇡b [V
⇡
F (fh)|sh] = V ⇡

S (sh)

<latexit sha1_base64="+J6Gc0AvhJ8O9acikJUQoC7hbPc=">AAACCXicbVDLSsNAFL2pr1pfUZduBovgqiQi1WVREJcV7QPaECbTaTt08mBmIpSQLt34K25cKOLWP3Dn3zhps6itBy4czrmXe+/xIs6ksqwfo7Cyura+UdwsbW3v7O6Z+wdNGcaC0AYJeSjaHpaUs4A2FFOctiNBse9x2vJG15nfeqRCsjB4UOOIOj4eBKzPCFZack3UdJOuj9WQYJ7cp+lkMi/cpKlrlq2KNQVaJnZOypCj7prf3V5IYp8GinAsZce2IuUkWChGOE1L3VjSCJMRHtCOpgH2qXSS6ScpOtFKD/VDoStQaKrOTyTYl3Lse7ozu1Euepn4n9eJVf/SSVgQxYoGZLaoH3OkQpTFgnpMUKL4WBNMBNO3IjLEAhOlwyvpEOzFl5dJ86xiVyvVu/Ny7SqPowhHcAynYMMF1OAW6tAAAk/wAm/wbjwbr8aH8TlrLRj5zCH8gfH1CxwPm0E=</latexit>

VS VF
<latexit sha1_base64="FuysuziSVB+VfjC4l9zU6eQqcCo="></latexit>

J(⇡) ⇡ E⇡b [VF (f1)]

<latexit sha1_base64="NnVhYjfFZkAu0xNN8sXFsHGEUFU="></latexit>

V ⇡
S (sh) = E⇡b [V

⇡
F (fh)|sh]

<latexit sha1_base64="I6Xpc6k1TrAFlffyclozxPKmcRs="></latexit>

VS(sh) := E⇡b [VF (fh)|sh]
<latexit sha1_base64="wtwmlJBalvbToo+DRoCw+dX0Cw4="></latexit>

J(⇡) ⇡ E[VS(s1)] = E⇡b [VF (f1)]
<latexit sha1_base64="4IloKnwR6f/fsDKgj1fx5HLpyTw="></latexit>P

H

h=1 E⇡[VS(sh)� rh � VS(sh+1)]

X

<latexit sha1_base64="AoEQVysYEmiIvGb55OPSBKXNqSQ="></latexit>P
H

h=1 E a1:h⇠⇡
ah+1:H⇠⇡b

[�hVF ]
<latexit sha1_base64="K5O3j7iTr0WRNdp26fuEymhKGQg="></latexit>

�hVF := VF (fh)� rh � VF (fh+1)
<latexit sha1_base64="MLqG3o796++U/ZgQZ8HBUn24I+A="></latexit>P
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h
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[�hVF |sh])2
i<latexit sha1_base64="MLqG3o796++U/ZgQZ8HBUn24I+A="></latexit>P

H

h=1 Esh⇠⇡b

h
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ah+1:H⇠⇡b
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i

=

=
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linear measure

<latexit sha1_base64="l8IC1WHi0JpekvahnpCdoW3q4zw=">AAACGHicbVDLSsNAFJ3UV62vqEs3wSJUKDEpbXVZdOOygn1AGsJkOkmHTh7MTIQS8hlu/BU3LhRx251/46TNQlsPDHM45947d44bU8KFYXwrpY3Nre2d8m5lb//g8Eg9PunzKGEI91BEIzZ0IceUhLgniKB4GDMMA5figTu9y/3BE2acROGjmMXYDqAfEo8gKKTkqFd+LR0txljMd+3U0FuGRKNu6PndbNULpZVxZ5JdOmp16RiGtk7MglRBga6jzkfjCCUBDgWikHPLNGJhp5AJgijOKqOE4xiiKfSxJWkIA8ztdLFRpl1IZax5EZMnFNpC/d2RwoDzWeDKygCKCV/1cvE/z0qEd2OnJIwTgUO0fMhLqCYiLU9JGxOGkaAzSSBiRO6qoQlkEAmZZUWGYK5+eZ30G7rZ1tsPzWrntoijDM7AOagBE1yDDrgHXdADCDyDV/AOPpQX5U35VL6WpSWl6DkFf6DMfwCxCZvI</latexit>

g(sh)

<latexit sha1_base64="l8IC1WHi0JpekvahnpCdoW3q4zw=">AAACGHicbVDLSsNAFJ3UV62vqEs3wSJUKDEpbXVZdOOygn1AGsJkOkmHTh7MTIQS8hlu/BU3LhRx251/46TNQlsPDHM45947d44bU8KFYXwrpY3Nre2d8m5lb//g8Eg9PunzKGEI91BEIzZ0IceUhLgniKB4GDMMA5figTu9y/3BE2acROGjmMXYDqAfEo8gKKTkqFd+LR0txljMd+3U0FuGRKNu6PndbNULpZVxZ5JdOmp16RiGtk7MglRBga6jzkfjCCUBDgWikHPLNGJhp5AJgijOKqOE4xiiKfSxJWkIA8ztdLFRpl1IZax5EZMnFNpC/d2RwoDzWeDKygCKCV/1cvE/z0qEd2OnJIwTgUO0fMhLqCYiLU9JGxOGkaAzSSBiRO6qoQlkEAmZZUWGYK5+eZ30G7rZ1tsPzWrntoijDM7AOagBE1yDDrgHXdADCDyDV/AOPpQX5U35VL6WpSWl6DkFf6DMfwCxCZvI</latexit>

g(sh)

=
<latexit sha1_base64="Q8h9A7EqSioHQkVTQMD6w6UfNJU="></latexit>

argminV 2V E⇡b [(VS(sh)� (T ⇡V )(sh))2]
<latexit sha1_base64="Q8h9A7EqSioHQkVTQMD6w6UfNJU="></latexit>

argminV 2V E⇡b [(VS(sh)� (T ⇡V )(sh))2]
<latexit sha1_base64="Q8h9A7EqSioHQkVTQMD6w6UfNJU="></latexit>

argminV 2V E⇡b [(VS(sh)� (T ⇡V )(sh))2]

S = 2

<latexit sha1_base64="wH7yi7EVSpwJXFbiYMvQQquLiBI="></latexit>

=
P

H

h=1 E⌧h⇠⇡b

⇣P
sh

E ah⇠⇡
ah+1:H⇠⇡b

[�hVF |sh] · Pr[sh|⌧h]
⌘2

�



<latexit sha1_base64="wH7yi7EVSpwJXFbiYMvQQquLiBI="></latexit>

=
P

H

h=1 E⌧h⇠⇡b

⇣P
sh

E ah⇠⇡
ah+1:H⇠⇡b

[�hVF |sh] · Pr[sh|⌧h]
⌘2

�

<latexit sha1_base64="7qGrLNwKHYgnivZfVFeg4oQ0yQs="></latexit>P
H

h=1 E⌧h⇠⇡b

h
E ah⇠⇡
ah+1:H⇠⇡b

[�hVF |⌧h]2
i

Does it work in the same way as ?
<latexit sha1_base64="AtDlHWsxPmsUCDSVRaGCS715EO8="></latexit>

V ⇡

S (sh) := E⇡[
P

H

h0=h
rh0 |sh]

Candidate
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Error

Learning 
objective

<latexit sha1_base64="UimbyWF64HbfwfkGIHDAV4rgzZw="></latexit>

E⇡b [V
⇡
F (fh)|sh] = V ⇡

S (sh)

<latexit sha1_base64="+J6Gc0AvhJ8O9acikJUQoC7hbPc=">AAACCXicbVDLSsNAFL2pr1pfUZduBovgqiQi1WVREJcV7QPaECbTaTt08mBmIpSQLt34K25cKOLWP3Dn3zhps6itBy4czrmXe+/xIs6ksqwfo7Cyura+UdwsbW3v7O6Z+wdNGcaC0AYJeSjaHpaUs4A2FFOctiNBse9x2vJG15nfeqRCsjB4UOOIOj4eBKzPCFZack3UdJOuj9WQYJ7cp+lkMi/cpKlrlq2KNQVaJnZOypCj7prf3V5IYp8GinAsZce2IuUkWChGOE1L3VjSCJMRHtCOpgH2qXSS6ScpOtFKD/VDoStQaKrOTyTYl3Lse7ozu1Euepn4n9eJVf/SSVgQxYoGZLaoH3OkQpTFgnpMUKL4WBNMBNO3IjLEAhOlwyvpEOzFl5dJ86xiVyvVu/Ny7SqPowhHcAynYMMF1OAW6tAAAk/wAm/wbjwbr8aH8TlrLRj5zCH8gfH1CxwPm0E=</latexit>

VS VF
<latexit sha1_base64="FuysuziSVB+VfjC4l9zU6eQqcCo="></latexit>

J(⇡) ⇡ E⇡b [VF (f1)]

<latexit sha1_base64="NnVhYjfFZkAu0xNN8sXFsHGEUFU="></latexit>

V ⇡
S (sh) = E⇡b [V

⇡
F (fh)|sh]

<latexit sha1_base64="I6Xpc6k1TrAFlffyclozxPKmcRs="></latexit>

VS(sh) := E⇡b [VF (fh)|sh]
<latexit sha1_base64="wtwmlJBalvbToo+DRoCw+dX0Cw4="></latexit>

J(⇡) ⇡ E[VS(s1)] = E⇡b [VF (f1)]
<latexit sha1_base64="4IloKnwR6f/fsDKgj1fx5HLpyTw="></latexit>P

H

h=1 E⇡[VS(sh)� rh � VS(sh+1)]

X

<latexit sha1_base64="AoEQVysYEmiIvGb55OPSBKXNqSQ="></latexit>P
H

h=1 E a1:h⇠⇡
ah+1:H⇠⇡b

[�hVF ]
<latexit sha1_base64="K5O3j7iTr0WRNdp26fuEymhKGQg="></latexit>

�hVF := VF (fh)� rh � VF (fh+1)
<latexit sha1_base64="MLqG3o796++U/ZgQZ8HBUn24I+A="></latexit>P

H

h=1 Esh⇠⇡b

h
E ah⇠⇡
ah+1:H⇠⇡b

[�hVF |sh])2
i<latexit sha1_base64="MLqG3o796++U/ZgQZ8HBUn24I+A="></latexit>P

H

h=1 Esh⇠⇡b

h
E ah⇠⇡
ah+1:H⇠⇡b

[�hVF |sh])2
i

=

=

belief state

linear measure

<latexit sha1_base64="l8IC1WHi0JpekvahnpCdoW3q4zw=">AAACGHicbVDLSsNAFJ3UV62vqEs3wSJUKDEpbXVZdOOygn1AGsJkOkmHTh7MTIQS8hlu/BU3LhRx251/46TNQlsPDHM45947d44bU8KFYXwrpY3Nre2d8m5lb//g8Eg9PunzKGEI91BEIzZ0IceUhLgniKB4GDMMA5figTu9y/3BE2acROGjmMXYDqAfEo8gKKTkqFd+LR0txljMd+3U0FuGRKNu6PndbNULpZVxZ5JdOmp16RiGtk7MglRBga6jzkfjCCUBDgWikHPLNGJhp5AJgijOKqOE4xiiKfSxJWkIA8ztdLFRpl1IZax5EZMnFNpC/d2RwoDzWeDKygCKCV/1cvE/z0qEd2OnJIwTgUO0fMhLqCYiLU9JGxOGkaAzSSBiRO6qoQlkEAmZZUWGYK5+eZ30G7rZ1tsPzWrntoijDM7AOagBE1yDDrgHXdADCDyDV/AOPpQX5U35VL6WpSWl6DkFf6DMfwCxCZvI</latexit>

g(sh)

<latexit sha1_base64="l8IC1WHi0JpekvahnpCdoW3q4zw=">AAACGHicbVDLSsNAFJ3UV62vqEs3wSJUKDEpbXVZdOOygn1AGsJkOkmHTh7MTIQS8hlu/BU3LhRx251/46TNQlsPDHM45947d44bU8KFYXwrpY3Nre2d8m5lb//g8Eg9PunzKGEI91BEIzZ0IceUhLgniKB4GDMMA5figTu9y/3BE2acROGjmMXYDqAfEo8gKKTkqFd+LR0txljMd+3U0FuGRKNu6PndbNULpZVxZ5JdOmp16RiGtk7MglRBga6jzkfjCCUBDgWikHPLNGJhp5AJgijOKqOE4xiiKfSxJWkIA8ztdLFRpl1IZax5EZMnFNpC/d2RwoDzWeDKygCKCV/1cvE/z0qEd2OnJIwTgUO0fMhLqCYiLU9JGxOGkaAzSSBiRO6qoQlkEAmZZUWGYK5+eZ30G7rZ1tsPzWrntoijDM7AOagBE1yDDrgHXdADCDyDV/AOPpQX5U35VL6WpSWl6DkFf6DMfwCxCZvI</latexit>

g(sh)

=

<latexit sha1_base64="C+8oZuVgIMxAtI9vVR8QfqV/Ws4="></latexit>

=
P

H

h=1

P
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g(sh)d⇡(sh)

<latexit sha1_base64="Q8h9A7EqSioHQkVTQMD6w6UfNJU="></latexit>

argminV 2V E⇡b [(VS(sh)� (T ⇡V )(sh))2]
<latexit sha1_base64="Q8h9A7EqSioHQkVTQMD6w6UfNJU="></latexit>

argminV 2V E⇡b [(VS(sh)� (T ⇡V )(sh))2]
<latexit sha1_base64="Q8h9A7EqSioHQkVTQMD6w6UfNJU="></latexit>

argminV 2V E⇡b [(VS(sh)� (T ⇡V )(sh))2]

S = 2

<latexit sha1_base64="wH7yi7EVSpwJXFbiYMvQQquLiBI="></latexit>

=
P

H

h=1 E⌧h⇠⇡b

⇣P
sh

E ah⇠⇡
ah+1:H⇠⇡b

[�hVF |sh] · Pr[sh|⌧h]
⌘2

�



<latexit sha1_base64="wH7yi7EVSpwJXFbiYMvQQquLiBI="></latexit>
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H
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⇣P
sh
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ah+1:H⇠⇡b

[�hVF |sh] · Pr[sh|⌧h]
⌘2

�

<latexit sha1_base64="7qGrLNwKHYgnivZfVFeg4oQ0yQs="></latexit>P
H

h=1 E⌧h⇠⇡b

h
E ah⇠⇡
ah+1:H⇠⇡b

[�hVF |⌧h]2
i

Does it work in the same way as ?
<latexit sha1_base64="AtDlHWsxPmsUCDSVRaGCS715EO8="></latexit>

V ⇡

S (sh) := E⇡[
P

H

h0=h
rh0 |sh]

Candidate
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<latexit sha1_base64="UimbyWF64HbfwfkGIHDAV4rgzZw="></latexit>

E⇡b [V
⇡
F (fh)|sh] = V ⇡

S (sh)

<latexit sha1_base64="+J6Gc0AvhJ8O9acikJUQoC7hbPc=">AAACCXicbVDLSsNAFL2pr1pfUZduBovgqiQi1WVREJcV7QPaECbTaTt08mBmIpSQLt34K25cKOLWP3Dn3zhps6itBy4czrmXe+/xIs6ksqwfo7Cyura+UdwsbW3v7O6Z+wdNGcaC0AYJeSjaHpaUs4A2FFOctiNBse9x2vJG15nfeqRCsjB4UOOIOj4eBKzPCFZack3UdJOuj9WQYJ7cp+lkMi/cpKlrlq2KNQVaJnZOypCj7prf3V5IYp8GinAsZce2IuUkWChGOE1L3VjSCJMRHtCOpgH2qXSS6ScpOtFKD/VDoStQaKrOTyTYl3Lse7ozu1Euepn4n9eJVf/SSVgQxYoGZLaoH3OkQpTFgnpMUKL4WBNMBNO3IjLEAhOlwyvpEOzFl5dJ86xiVyvVu/Ny7SqPowhHcAynYMMF1OAW6tAAAk/wAm/wbjwbr8aH8TlrLRj5zCH8gfH1CxwPm0E=</latexit>

VS VF
<latexit sha1_base64="FuysuziSVB+VfjC4l9zU6eQqcCo="></latexit>

J(⇡) ⇡ E⇡b [VF (f1)]

<latexit sha1_base64="NnVhYjfFZkAu0xNN8sXFsHGEUFU="></latexit>

V ⇡
S (sh) = E⇡b [V

⇡
F (fh)|sh]

<latexit sha1_base64="I6Xpc6k1TrAFlffyclozxPKmcRs="></latexit>

VS(sh) := E⇡b [VF (fh)|sh]
<latexit sha1_base64="wtwmlJBalvbToo+DRoCw+dX0Cw4="></latexit>

J(⇡) ⇡ E[VS(s1)] = E⇡b [VF (f1)]
<latexit sha1_base64="4IloKnwR6f/fsDKgj1fx5HLpyTw="></latexit>P

H

h=1 E⇡[VS(sh)� rh � VS(sh+1)]

X

<latexit sha1_base64="AoEQVysYEmiIvGb55OPSBKXNqSQ="></latexit>P
H

h=1 E a1:h⇠⇡
ah+1:H⇠⇡b

[�hVF ]
<latexit sha1_base64="K5O3j7iTr0WRNdp26fuEymhKGQg="></latexit>

�hVF := VF (fh)� rh � VF (fh+1)
<latexit sha1_base64="MLqG3o796++U/ZgQZ8HBUn24I+A="></latexit>P

H

h=1 Esh⇠⇡b

h
E ah⇠⇡
ah+1:H⇠⇡b

[�hVF |sh])2
i<latexit sha1_base64="MLqG3o796++U/ZgQZ8HBUn24I+A="></latexit>P

H

h=1 Esh⇠⇡b

h
E ah⇠⇡
ah+1:H⇠⇡b

[�hVF |sh])2
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=
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linear measure

<latexit sha1_base64="l8IC1WHi0JpekvahnpCdoW3q4zw=">AAACGHicbVDLSsNAFJ3UV62vqEs3wSJUKDEpbXVZdOOygn1AGsJkOkmHTh7MTIQS8hlu/BU3LhRx251/46TNQlsPDHM45947d44bU8KFYXwrpY3Nre2d8m5lb//g8Eg9PunzKGEI91BEIzZ0IceUhLgniKB4GDMMA5figTu9y/3BE2acROGjmMXYDqAfEo8gKKTkqFd+LR0txljMd+3U0FuGRKNu6PndbNULpZVxZ5JdOmp16RiGtk7MglRBga6jzkfjCCUBDgWikHPLNGJhp5AJgijOKqOE4xiiKfSxJWkIA8ztdLFRpl1IZax5EZMnFNpC/d2RwoDzWeDKygCKCV/1cvE/z0qEd2OnJIwTgUO0fMhLqCYiLU9JGxOGkaAzSSBiRO6qoQlkEAmZZUWGYK5+eZ30G7rZ1tsPzWrntoijDM7AOagBE1yDDrgHXdADCDyDV/AOPpQX5U35VL6WpSWl6DkFf6DMfwCxCZvI</latexit>

g(sh)

<latexit sha1_base64="l8IC1WHi0JpekvahnpCdoW3q4zw=">AAACGHicbVDLSsNAFJ3UV62vqEs3wSJUKDEpbXVZdOOygn1AGsJkOkmHTh7MTIQS8hlu/BU3LhRx251/46TNQlsPDHM45947d44bU8KFYXwrpY3Nre2d8m5lb//g8Eg9PunzKGEI91BEIzZ0IceUhLgniKB4GDMMA5figTu9y/3BE2acROGjmMXYDqAfEo8gKKTkqFd+LR0txljMd+3U0FuGRKNu6PndbNULpZVxZ5JdOmp16RiGtk7MglRBga6jzkfjCCUBDgWikHPLNGJhp5AJgijOKqOE4xiiKfSxJWkIA8ztdLFRpl1IZax5EZMnFNpC/d2RwoDzWeDKygCKCV/1cvE/z0qEd2OnJIwTgUO0fMhLqCYiLU9JGxOGkaAzSSBiRO6qoQlkEAmZZUWGYK5+eZ30G7rZ1tsPzWrntoijDM7AOagBE1yDDrgHXdADCDyDV/AOPpQX5U35VL6WpSWl6DkFf6DMfwCxCZvI</latexit>

g(sh)

=

<latexit sha1_base64="C+8oZuVgIMxAtI9vVR8QfqV/Ws4="></latexit>

=
P

H

h=1

P
sh

g(sh)d⇡(sh)

<latexit sha1_base64="Q8h9A7EqSioHQkVTQMD6w6UfNJU="></latexit>

argminV 2V E⇡b [(VS(sh)� (T ⇡V )(sh))2]
<latexit sha1_base64="Q8h9A7EqSioHQkVTQMD6w6UfNJU="></latexit>

argminV 2V E⇡b [(VS(sh)� (T ⇡V )(sh))2]
<latexit sha1_base64="Q8h9A7EqSioHQkVTQMD6w6UfNJU="></latexit>

argminV 2V E⇡b [(VS(sh)� (T ⇡V )(sh))2]

S = 2<latexit sha1_base64="C+8oZuVgIMxAtI9vVR8QfqV/Ws4="></latexit>

=
P

H

h=1

P
sh

g(sh)d⇡(sh)

<latexit sha1_base64="wH7yi7EVSpwJXFbiYMvQQquLiBI="></latexit>

=
P

H

h=1 E⌧h⇠⇡b

⇣P
sh

E ah⇠⇡
ah+1:H⇠⇡b

[�hVF |sh] · Pr[sh|⌧h]
⌘2

�



11

<latexit sha1_base64="wH7yi7EVSpwJXFbiYMvQQquLiBI="></latexit>

=
P

H

h=1 E⌧h⇠⇡b

⇣P
sh

E ah⇠⇡
ah+1:H⇠⇡b

[�hVF |sh] · Pr[sh|⌧h]
⌘2

�

linear measure

<latexit sha1_base64="l8IC1WHi0JpekvahnpCdoW3q4zw=">AAACGHicbVDLSsNAFJ3UV62vqEs3wSJUKDEpbXVZdOOygn1AGsJkOkmHTh7MTIQS8hlu/BU3LhRx251/46TNQlsPDHM45947d44bU8KFYXwrpY3Nre2d8m5lb//g8Eg9PunzKGEI91BEIzZ0IceUhLgniKB4GDMMA5figTu9y/3BE2acROGjmMXYDqAfEo8gKKTkqFd+LR0txljMd+3U0FuGRKNu6PndbNULpZVxZ5JdOmp16RiGtk7MglRBga6jzkfjCCUBDgWikHPLNGJhp5AJgijOKqOE4xiiKfSxJWkIA8ztdLFRpl1IZax5EZMnFNpC/d2RwoDzWeDKygCKCV/1cvE/z0qEd2OnJIwTgUO0fMhLqCYiLU9JGxOGkaAzSSBiRO6qoQlkEAmZZUWGYK5+eZ30G7rZ1tsPzWrntoijDM7AOagBE1yDDrgHXdADCDyDV/AOPpQX5U35VL6WpSWl6DkFf6DMfwCxCZvI</latexit>

g(sh)

<latexit sha1_base64="C+8oZuVgIMxAtI9vVR8QfqV/Ws4="></latexit>

=
P

H

h=1

P
sh

g(sh)d⇡(sh)

co
ve
r



11

<latexit sha1_base64="wH7yi7EVSpwJXFbiYMvQQquLiBI="></latexit>

=
P

H

h=1 E⌧h⇠⇡b

⇣P
sh

E ah⇠⇡
ah+1:H⇠⇡b

[�hVF |sh] · Pr[sh|⌧h]
⌘2

�

linear measure

<latexit sha1_base64="l8IC1WHi0JpekvahnpCdoW3q4zw=">AAACGHicbVDLSsNAFJ3UV62vqEs3wSJUKDEpbXVZdOOygn1AGsJkOkmHTh7MTIQS8hlu/BU3LhRx251/46TNQlsPDHM45947d44bU8KFYXwrpY3Nre2d8m5lb//g8Eg9PunzKGEI91BEIzZ0IceUhLgniKB4GDMMA5figTu9y/3BE2acROGjmMXYDqAfEo8gKKTkqFd+LR0txljMd+3U0FuGRKNu6PndbNULpZVxZ5JdOmp16RiGtk7MglRBga6jzkfjCCUBDgWikHPLNGJhp5AJgijOKqOE4xiiKfSxJWkIA8ztdLFRpl1IZax5EZMnFNpC/d2RwoDzWeDKygCKCV/1cvE/z0qEd2OnJIwTgUO0fMhLqCYiLU9JGxOGkaAzSSBiRO6qoQlkEAmZZUWGYK5+eZ30G7rZ1tsPzWrntoijDM7AOagBE1yDDrgHXdADCDyDV/AOPpQX5U35VL6WpSWl6DkFf6DMfwCxCZvI</latexit>

g(sh)

<latexit sha1_base64="C+8oZuVgIMxAtI9vVR8QfqV/Ws4="></latexit>

=
P

H

h=1

P
sh

g(sh)d⇡(sh)

co
ve
r



11

<latexit sha1_base64="wH7yi7EVSpwJXFbiYMvQQquLiBI="></latexit>

=
P

H

h=1 E⌧h⇠⇡b

⇣P
sh

E ah⇠⇡
ah+1:H⇠⇡b

[�hVF |sh] · Pr[sh|⌧h]
⌘2

�

belief state
<latexit sha1_base64="WC1se8yT+b88vU5asDVuTampw4k="></latexit>

(d⇡h)
>E⌧h⇠⇡b [b(⌧h)b(⌧h)

>]�1d⇡h  CH
linear measure

<latexit sha1_base64="l8IC1WHi0JpekvahnpCdoW3q4zw=">AAACGHicbVDLSsNAFJ3UV62vqEs3wSJUKDEpbXVZdOOygn1AGsJkOkmHTh7MTIQS8hlu/BU3LhRx251/46TNQlsPDHM45947d44bU8KFYXwrpY3Nre2d8m5lb//g8Eg9PunzKGEI91BEIzZ0IceUhLgniKB4GDMMA5figTu9y/3BE2acROGjmMXYDqAfEo8gKKTkqFd+LR0txljMd+3U0FuGRKNu6PndbNULpZVxZ5JdOmp16RiGtk7MglRBga6jzkfjCCUBDgWikHPLNGJhp5AJgijOKqOE4xiiKfSxJWkIA8ztdLFRpl1IZax5EZMnFNpC/d2RwoDzWeDKygCKCV/1cvE/z0qEd2OnJIwTgUO0fMhLqCYiLU9JGxOGkaAzSSBiRO6qoQlkEAmZZUWGYK5+eZ30G7rZ1tsPzWrntoijDM7AOagBE1yDDrgHXdADCDyDV/AOPpQX5U35VL6WpSWl6DkFf6DMfwCxCZvI</latexit>

g(sh)

<latexit sha1_base64="C+8oZuVgIMxAtI9vVR8QfqV/Ws4="></latexit>

=
P

H

h=1

P
sh

g(sh)d⇡(sh)

co
ve
r

Theorem (Informal): Assume
<latexit sha1_base64="WC1se8yT+b88vU5asDVuTampw4k="></latexit>

(d⇡h)
>E⌧h⇠⇡b [b(⌧h)b(⌧h)

>]�1d⇡h  CH



11

<latexit sha1_base64="wH7yi7EVSpwJXFbiYMvQQquLiBI="></latexit>

=
P

H

h=1 E⌧h⇠⇡b

⇣P
sh

E ah⇠⇡
ah+1:H⇠⇡b

[�hVF |sh] · Pr[sh|⌧h]
⌘2

�

belief state
<latexit sha1_base64="WC1se8yT+b88vU5asDVuTampw4k="></latexit>

(d⇡h)
>E⌧h⇠⇡b [b(⌧h)b(⌧h)

>]�1d⇡h  CH
linear measure

<latexit sha1_base64="l8IC1WHi0JpekvahnpCdoW3q4zw=">AAACGHicbVDLSsNAFJ3UV62vqEs3wSJUKDEpbXVZdOOygn1AGsJkOkmHTh7MTIQS8hlu/BU3LhRx251/46TNQlsPDHM45947d44bU8KFYXwrpY3Nre2d8m5lb//g8Eg9PunzKGEI91BEIzZ0IceUhLgniKB4GDMMA5figTu9y/3BE2acROGjmMXYDqAfEo8gKKTkqFd+LR0txljMd+3U0FuGRKNu6PndbNULpZVxZ5JdOmp16RiGtk7MglRBga6jzkfjCCUBDgWikHPLNGJhp5AJgijOKqOE4xiiKfSxJWkIA8ztdLFRpl1IZax5EZMnFNpC/d2RwoDzWeDKygCKCV/1cvE/z0qEd2OnJIwTgUO0fMhLqCYiLU9JGxOGkaAzSSBiRO6qoQlkEAmZZUWGYK5+eZ30G7rZ1tsPzWrntoijDM7AOagBE1yDDrgHXdADCDyDV/AOPpQX5U35VL6WpSWl6DkFf6DMfwCxCZvI</latexit>

g(sh)

<latexit sha1_base64="C+8oZuVgIMxAtI9vVR8QfqV/Ws4="></latexit>

=
P

H

h=1

P
sh

g(sh)d⇡(sh)

co
ve
r

Theorem (Informal): Assume
<latexit sha1_base64="WC1se8yT+b88vU5asDVuTampw4k="></latexit>

(d⇡h)
>E⌧h⇠⇡b [b(⌧h)b(⌧h)

>]�1d⇡h  CH

and standard representation assumptions (realizability & 
Bellman-completeness), the sample complexity of OPE is poly in

• Coverage parameters:  and 
<latexit sha1_base64="WC1se8yT+b88vU5asDVuTampw4k="></latexit>

(d⇡h)
>E⌧h⇠⇡b [b(⌧h)b(⌧h)

>]�1d⇡h  CH

<latexit sha1_base64="HT7XW67J2r4RBicwVtJUlTmzUGU="></latexit>

CA := max
sh,ah

⇡(ah|sh)
⇡b(ah|sh)

• Ranges & complexities of function classes (e.g., that of )
<latexit sha1_base64="u4JRhm6rsBtclnlER7ii2hgf6yM=">AAAB8nicbVDLSsNAFL2pr1pfVZdugkVwVRKR6rLoxmUF+4A2lMl00g6dzISZG6GEfoYbF4q49Wvc+TdO2iy0emDgcM69zLknTAQ36HlfTmltfWNzq7xd2dnd2z+oHh51jEo1ZW2qhNK9kBgmuGRt5ChYL9GMxKFg3XB6m/vdR6YNV/IBZwkLYjKWPOKUoJX6g5jghBKRdebDas2rewu4f4lfkBoUaA2rn4ORomnMJFJBjOn7XoJBRjRyKti8MkgNSwidkjHrWypJzEyQLSLP3TOrjNxIafskugv150ZGYmNmcWgn84hm1cvF/7x+itF1kHGZpMgkXX4UpcJF5eb3uyOuGUUxs4RQzW1Wl06IJhRtSxVbgr968l/Suaj7jXrj/rLWvCnqKMMJnMI5+HAFTbiDFrSBgoIneIFXB51n5815X46WnGLnGH7B+fgGk8mRdw==</latexit>V



• Similar to 
<latexit sha1_base64="mYtC7ND/TDhRebKaoU8W4DuwFro="></latexit>

supV 2V
|E⇡ [V�T ⇡V ]|p
E⇡b

[(V�T ⇡V )2]
 E⇡[�]>E⇡b [��

>]�1E⇡[�]

11

<latexit sha1_base64="wH7yi7EVSpwJXFbiYMvQQquLiBI="></latexit>

=
P

H

h=1 E⌧h⇠⇡b

⇣P
sh

E ah⇠⇡
ah+1:H⇠⇡b

[�hVF |sh] · Pr[sh|⌧h]
⌘2

�

belief state
<latexit sha1_base64="WC1se8yT+b88vU5asDVuTampw4k="></latexit>

(d⇡h)
>E⌧h⇠⇡b [b(⌧h)b(⌧h)

>]�1d⇡h  CH
linear measure

<latexit sha1_base64="l8IC1WHi0JpekvahnpCdoW3q4zw=">AAACGHicbVDLSsNAFJ3UV62vqEs3wSJUKDEpbXVZdOOygn1AGsJkOkmHTh7MTIQS8hlu/BU3LhRx251/46TNQlsPDHM45947d44bU8KFYXwrpY3Nre2d8m5lb//g8Eg9PunzKGEI91BEIzZ0IceUhLgniKB4GDMMA5figTu9y/3BE2acROGjmMXYDqAfEo8gKKTkqFd+LR0txljMd+3U0FuGRKNu6PndbNULpZVxZ5JdOmp16RiGtk7MglRBga6jzkfjCCUBDgWikHPLNGJhp5AJgijOKqOE4xiiKfSxJWkIA8ztdLFRpl1IZax5EZMnFNpC/d2RwoDzWeDKygCKCV/1cvE/z0qEd2OnJIwTgUO0fMhLqCYiLU9JGxOGkaAzSSBiRO6qoQlkEAmZZUWGYK5+eZ30G7rZ1tsPzWrntoijDM7AOagBE1yDDrgHXdADCDyDV/AOPpQX5U35VL6WpSWl6DkFf6DMfwCxCZvI</latexit>

g(sh)

<latexit sha1_base64="C+8oZuVgIMxAtI9vVR8QfqV/Ws4="></latexit>

=
P

H

h=1

P
sh

g(sh)d⇡(sh)

<latexit sha1_base64="7zq/19lIeAk1HVqcZbxTKURUgvY="></latexit>

E⌧h⇠⇡[Pr[sh|⌧h]]

co
ve
r

Theorem (Informal): Assume
<latexit sha1_base64="WC1se8yT+b88vU5asDVuTampw4k="></latexit>

(d⇡h)
>E⌧h⇠⇡b [b(⌧h)b(⌧h)

>]�1d⇡h  CH

and standard representation assumptions (realizability & 
Bellman-completeness), the sample complexity of OPE is poly in

• Coverage parameters:  and 
<latexit sha1_base64="WC1se8yT+b88vU5asDVuTampw4k="></latexit>

(d⇡h)
>E⌧h⇠⇡b [b(⌧h)b(⌧h)

>]�1d⇡h  CH

<latexit sha1_base64="HT7XW67J2r4RBicwVtJUlTmzUGU="></latexit>

CA := max
sh,ah

⇡(ah|sh)
⇡b(ah|sh)

• Ranges & complexities of function classes (e.g., that of )
<latexit sha1_base64="u4JRhm6rsBtclnlER7ii2hgf6yM=">AAAB8nicbVDLSsNAFL2pr1pfVZdugkVwVRKR6rLoxmUF+4A2lMl00g6dzISZG6GEfoYbF4q49Wvc+TdO2iy0emDgcM69zLknTAQ36HlfTmltfWNzq7xd2dnd2z+oHh51jEo1ZW2qhNK9kBgmuGRt5ChYL9GMxKFg3XB6m/vdR6YNV/IBZwkLYjKWPOKUoJX6g5jghBKRdebDas2rewu4f4lfkBoUaA2rn4ORomnMJFJBjOn7XoJBRjRyKti8MkgNSwidkjHrWypJzEyQLSLP3TOrjNxIafskugv150ZGYmNmcWgn84hm1cvF/7x+itF1kHGZpMgkXX4UpcJF5eb3uyOuGUUxs4RQzW1Wl06IJhRtSxVbgr968l/Suaj7jXrj/rLWvCnqKMMJnMI5+HAFTbiDFrSBgoIneIFXB51n5815X46WnGLnGH7B+fgGk8mRdw==</latexit>V



• Similar to 
<latexit sha1_base64="mYtC7ND/TDhRebKaoU8W4DuwFro="></latexit>

supV 2V
|E⇡ [V�T ⇡V ]|p
E⇡b

[(V�T ⇡V )2]
 E⇡[�]>E⇡b [��

>]�1E⇡[�]

•  :  =1<latexit sha1_base64="3kC1xjcD6glsUJdTazL/RHUSe54=">AAACDXicbZDLSsNAFIYn9VbrLerSTbAKrkoiUt0IRTcuK9gLNCFMJqft0MmFmYlQQl7Aja/ixoUibt27822cpBG09cDAz/efM2fm92JGhTTNL62ytLyyulZdr21sbm3v6Lt7XRElnECHRCzifQ8LYDSEjqSSQT/mgAOPQc+bXOd+7x64oFF4J6cxOAEehXRICZYKufpRaheXpBz8zI5pdvkDPJZATlwvc/W62TCLMhaFVYo6Kqvt6p+2H5EkgFAShoUYWGYsnRRzSQmDrGYnAmJMJngEAyVDHIBw0mJvZhwr4hvDiKsTSqOgvydSHAgxDTzVGWA5FvNeDv/zBokcXjgpDeNEQkhmi4YJM2Rk5NEYPuVAJJsqgQmn6q0GGWOOiVQB1lQI1vyXF0X3tGE1G83bs3rrqoyjig7QITpBFjpHLXSD2qiDCHpAT+gFvWqP2rP2pr3PWitaObOP/pT28Q22450/</latexit>⇡ = ⇡b

<latexit sha1_base64="WC1se8yT+b88vU5asDVuTampw4k="></latexit>

(d⇡h)
>E⌧h⇠⇡b [b(⌧h)b(⌧h)

>]�1d⇡h  CH

11

<latexit sha1_base64="wH7yi7EVSpwJXFbiYMvQQquLiBI="></latexit>

=
P

H

h=1 E⌧h⇠⇡b

⇣P
sh

E ah⇠⇡
ah+1:H⇠⇡b

[�hVF |sh] · Pr[sh|⌧h]
⌘2

�

belief state
<latexit sha1_base64="WC1se8yT+b88vU5asDVuTampw4k="></latexit>

(d⇡h)
>E⌧h⇠⇡b [b(⌧h)b(⌧h)

>]�1d⇡h  CH
linear measure

<latexit sha1_base64="l8IC1WHi0JpekvahnpCdoW3q4zw=">AAACGHicbVDLSsNAFJ3UV62vqEs3wSJUKDEpbXVZdOOygn1AGsJkOkmHTh7MTIQS8hlu/BU3LhRx251/46TNQlsPDHM45947d44bU8KFYXwrpY3Nre2d8m5lb//g8Eg9PunzKGEI91BEIzZ0IceUhLgniKB4GDMMA5figTu9y/3BE2acROGjmMXYDqAfEo8gKKTkqFd+LR0txljMd+3U0FuGRKNu6PndbNULpZVxZ5JdOmp16RiGtk7MglRBga6jzkfjCCUBDgWikHPLNGJhp5AJgijOKqOE4xiiKfSxJWkIA8ztdLFRpl1IZax5EZMnFNpC/d2RwoDzWeDKygCKCV/1cvE/z0qEd2OnJIwTgUO0fMhLqCYiLU9JGxOGkaAzSSBiRO6qoQlkEAmZZUWGYK5+eZ30G7rZ1tsPzWrntoijDM7AOagBE1yDDrgHXdADCDyDV/AOPpQX5U35VL6WpSWl6DkFf6DMfwCxCZvI</latexit>

g(sh)

<latexit sha1_base64="C+8oZuVgIMxAtI9vVR8QfqV/Ws4="></latexit>

=
P

H

h=1

P
sh

g(sh)d⇡(sh)

<latexit sha1_base64="7zq/19lIeAk1HVqcZbxTKURUgvY="></latexit>

E⌧h⇠⇡[Pr[sh|⌧h]]

co
ve
r

Theorem (Informal): Assume
<latexit sha1_base64="WC1se8yT+b88vU5asDVuTampw4k="></latexit>

(d⇡h)
>E⌧h⇠⇡b [b(⌧h)b(⌧h)

>]�1d⇡h  CH

and standard representation assumptions (realizability & 
Bellman-completeness), the sample complexity of OPE is poly in

• Coverage parameters:  and 
<latexit sha1_base64="WC1se8yT+b88vU5asDVuTampw4k="></latexit>

(d⇡h)
>E⌧h⇠⇡b [b(⌧h)b(⌧h)

>]�1d⇡h  CH

<latexit sha1_base64="HT7XW67J2r4RBicwVtJUlTmzUGU="></latexit>

CA := max
sh,ah

⇡(ah|sh)
⇡b(ah|sh)

• Ranges & complexities of function classes (e.g., that of )
<latexit sha1_base64="u4JRhm6rsBtclnlER7ii2hgf6yM=">AAAB8nicbVDLSsNAFL2pr1pfVZdugkVwVRKR6rLoxmUF+4A2lMl00g6dzISZG6GEfoYbF4q49Wvc+TdO2iy0emDgcM69zLknTAQ36HlfTmltfWNzq7xd2dnd2z+oHh51jEo1ZW2qhNK9kBgmuGRt5ChYL9GMxKFg3XB6m/vdR6YNV/IBZwkLYjKWPOKUoJX6g5jghBKRdebDas2rewu4f4lfkBoUaA2rn4ORomnMJFJBjOn7XoJBRjRyKti8MkgNSwidkjHrWypJzEyQLSLP3TOrjNxIafskugv150ZGYmNmcWgn84hm1cvF/7x+itF1kHGZpMgkXX4UpcJF5eb3uyOuGUUxs4RQzW1Wl06IJhRtSxVbgr968l/Suaj7jXrj/rLWvCnqKMMJnMI5+HAFTbiDFrSBgoIneIFXB51n5815X46WnGLnGH7B+fgGk8mRdw==</latexit>V



• Similar to 
<latexit sha1_base64="mYtC7ND/TDhRebKaoU8W4DuwFro="></latexit>

supV 2V
|E⇡ [V�T ⇡V ]|p
E⇡b

[(V�T ⇡V )2]
 E⇡[�]>E⇡b [��

>]�1E⇡[�]

•  :  =1<latexit sha1_base64="3kC1xjcD6glsUJdTazL/RHUSe54=">AAACDXicbZDLSsNAFIYn9VbrLerSTbAKrkoiUt0IRTcuK9gLNCFMJqft0MmFmYlQQl7Aja/ixoUibt27822cpBG09cDAz/efM2fm92JGhTTNL62ytLyyulZdr21sbm3v6Lt7XRElnECHRCzifQ8LYDSEjqSSQT/mgAOPQc+bXOd+7x64oFF4J6cxOAEehXRICZYKufpRaheXpBz8zI5pdvkDPJZATlwvc/W62TCLMhaFVYo6Kqvt6p+2H5EkgFAShoUYWGYsnRRzSQmDrGYnAmJMJngEAyVDHIBw0mJvZhwr4hvDiKsTSqOgvydSHAgxDTzVGWA5FvNeDv/zBokcXjgpDeNEQkhmi4YJM2Rk5NEYPuVAJJsqgQmn6q0GGWOOiVQB1lQI1vyXF0X3tGE1G83bs3rrqoyjig7QITpBFjpHLXSD2qiDCHpAT+gFvWqP2rP2pr3PWitaObOP/pT28Q22450/</latexit>⇡ = ⇡b

<latexit sha1_base64="WC1se8yT+b88vU5asDVuTampw4k="></latexit>

(d⇡h)
>E⌧h⇠⇡b [b(⌧h)b(⌧h)

>]�1d⇡h  CH

• 1-hot : 
<latexit sha1_base64="WC1se8yT+b88vU5asDVuTampw4k="></latexit>

(d⇡h)
>E⌧h⇠⇡b [b(⌧h)b(⌧h)

>]�1d⇡h  CH

<latexit sha1_base64="ySk7nKMBWG9kTA3QD/0vB5IHz1Q="></latexit>

E⇡b

⇥
(d⇡h/d

⇡b
h )2

⇤

11

<latexit sha1_base64="wH7yi7EVSpwJXFbiYMvQQquLiBI="></latexit>

=
P

H

h=1 E⌧h⇠⇡b

⇣P
sh

E ah⇠⇡
ah+1:H⇠⇡b

[�hVF |sh] · Pr[sh|⌧h]
⌘2

�

belief state
<latexit sha1_base64="WC1se8yT+b88vU5asDVuTampw4k="></latexit>

(d⇡h)
>E⌧h⇠⇡b [b(⌧h)b(⌧h)

>]�1d⇡h  CH
linear measure

<latexit sha1_base64="l8IC1WHi0JpekvahnpCdoW3q4zw=">AAACGHicbVDLSsNAFJ3UV62vqEs3wSJUKDEpbXVZdOOygn1AGsJkOkmHTh7MTIQS8hlu/BU3LhRx251/46TNQlsPDHM45947d44bU8KFYXwrpY3Nre2d8m5lb//g8Eg9PunzKGEI91BEIzZ0IceUhLgniKB4GDMMA5figTu9y/3BE2acROGjmMXYDqAfEo8gKKTkqFd+LR0txljMd+3U0FuGRKNu6PndbNULpZVxZ5JdOmp16RiGtk7MglRBga6jzkfjCCUBDgWikHPLNGJhp5AJgijOKqOE4xiiKfSxJWkIA8ztdLFRpl1IZax5EZMnFNpC/d2RwoDzWeDKygCKCV/1cvE/z0qEd2OnJIwTgUO0fMhLqCYiLU9JGxOGkaAzSSBiRO6qoQlkEAmZZUWGYK5+eZ30G7rZ1tsPzWrntoijDM7AOagBE1yDDrgHXdADCDyDV/AOPpQX5U35VL6WpSWl6DkFf6DMfwCxCZvI</latexit>

g(sh)

<latexit sha1_base64="C+8oZuVgIMxAtI9vVR8QfqV/Ws4="></latexit>

=
P

H

h=1

P
sh

g(sh)d⇡(sh)

<latexit sha1_base64="7zq/19lIeAk1HVqcZbxTKURUgvY="></latexit>

E⌧h⇠⇡[Pr[sh|⌧h]]

co
ve
r

Theorem (Informal): Assume
<latexit sha1_base64="WC1se8yT+b88vU5asDVuTampw4k="></latexit>

(d⇡h)
>E⌧h⇠⇡b [b(⌧h)b(⌧h)

>]�1d⇡h  CH

and standard representation assumptions (realizability & 
Bellman-completeness), the sample complexity of OPE is poly in

• Coverage parameters:  and 
<latexit sha1_base64="WC1se8yT+b88vU5asDVuTampw4k="></latexit>

(d⇡h)
>E⌧h⇠⇡b [b(⌧h)b(⌧h)

>]�1d⇡h  CH

<latexit sha1_base64="HT7XW67J2r4RBicwVtJUlTmzUGU="></latexit>

CA := max
sh,ah

⇡(ah|sh)
⇡b(ah|sh)

• Ranges & complexities of function classes (e.g., that of )
<latexit sha1_base64="u4JRhm6rsBtclnlER7ii2hgf6yM=">AAAB8nicbVDLSsNAFL2pr1pfVZdugkVwVRKR6rLoxmUF+4A2lMl00g6dzISZG6GEfoYbF4q49Wvc+TdO2iy0emDgcM69zLknTAQ36HlfTmltfWNzq7xd2dnd2z+oHh51jEo1ZW2qhNK9kBgmuGRt5ChYL9GMxKFg3XB6m/vdR6YNV/IBZwkLYjKWPOKUoJX6g5jghBKRdebDas2rewu4f4lfkBoUaA2rn4ORomnMJFJBjOn7XoJBRjRyKti8MkgNSwidkjHrWypJzEyQLSLP3TOrjNxIafskugv150ZGYmNmcWgn84hm1cvF/7x+itF1kHGZpMgkXX4UpcJF5eb3uyOuGUUxs4RQzW1Wl06IJhRtSxVbgr968l/Suaj7jXrj/rLWvCnqKMMJnMI5+HAFTbiDFrSBgoIneIFXB51n5815X46WnGLnGH7B+fgGk8mRdw==</latexit>V



• Similar to 
<latexit sha1_base64="mYtC7ND/TDhRebKaoU8W4DuwFro="></latexit>

supV 2V
|E⇡ [V�T ⇡V ]|p
E⇡b

[(V�T ⇡V )2]
 E⇡[�]>E⇡b [��

>]�1E⇡[�]

•  :  =1<latexit sha1_base64="3kC1xjcD6glsUJdTazL/RHUSe54=">AAACDXicbZDLSsNAFIYn9VbrLerSTbAKrkoiUt0IRTcuK9gLNCFMJqft0MmFmYlQQl7Aja/ixoUibt27822cpBG09cDAz/efM2fm92JGhTTNL62ytLyyulZdr21sbm3v6Lt7XRElnECHRCzifQ8LYDSEjqSSQT/mgAOPQc+bXOd+7x64oFF4J6cxOAEehXRICZYKufpRaheXpBz8zI5pdvkDPJZATlwvc/W62TCLMhaFVYo6Kqvt6p+2H5EkgFAShoUYWGYsnRRzSQmDrGYnAmJMJngEAyVDHIBw0mJvZhwr4hvDiKsTSqOgvydSHAgxDTzVGWA5FvNeDv/zBokcXjgpDeNEQkhmi4YJM2Rk5NEYPuVAJJsqgQmn6q0GGWOOiVQB1lQI1vyXF0X3tGE1G83bs3rrqoyjig7QITpBFjpHLXSD2qiDCHpAT+gFvWqP2rP2pr3PWitaObOP/pT28Q22450/</latexit>⇡ = ⇡b

<latexit sha1_base64="WC1se8yT+b88vU5asDVuTampw4k="></latexit>

(d⇡h)
>E⌧h⇠⇡b [b(⌧h)b(⌧h)

>]�1d⇡h  CH

• 1-hot : 
<latexit sha1_base64="WC1se8yT+b88vU5asDVuTampw4k="></latexit>

(d⇡h)
>E⌧h⇠⇡b [b(⌧h)b(⌧h)

>]�1d⇡h  CH

<latexit sha1_base64="ySk7nKMBWG9kTA3QD/0vB5IHz1Q="></latexit>

E⇡b

⇥
(d⇡h/d

⇡b
h )2

⇤

•  => 
<latexit sha1_base64="ra11qr9DHpRcOa6ATD+6rYczmgc=">AAACJHicbZC7TsMwFIYdrqXcAowsERUSU0kQKkgsFSyMRaIXqSmR45y0Vh0nsh2kKs3DsPAqLAxcxMDCs+BeBtpyJEu/vv8c+/j3E0alsu1vY2l5ZXVtvbBR3Nza3tk19/YbMk4FgTqJWSxaPpbAKIe6oopBKxGAI59B0+/fjPzmIwhJY36vBgl0ItzlNKQEK40888odBl7vIcvc8V2ZgCB3E5rnpzPYZymMuOfnuTv0XMpDNfDMkl22x2UtCmcqSmhaNc/8cIOYpBFwRRiWsu3YiepkWChKGORFN5WQYNLHXWhryXEEspONN8itY00CK4yFPlxZY/p3IsORlIPI150RVj05743gf147VeFlJ6M8SRVwMnkoTJmlYmuUmBVQAUSxgRaYCKp3tUgPC0yUzrWoQ3Dmv7woGmdlp1Ku3J2XqtfTOAroEB2hE+SgC1RFt6iG6oigJ/SC3tC78Wy8Gp/G16R1yZjOHKCZMn5+AUZfp64=</latexit>

kd⇡h/d
⇡b
h k1

<latexit sha1_base64="a94xsjGKqj7lPgdWbN8KC2AIAmo="></latexit>

kE⇡b [b(⌧h)b(⌧h)
>]�1d⇡hk1
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<latexit sha1_base64="wH7yi7EVSpwJXFbiYMvQQquLiBI="></latexit>

=
P

H

h=1 E⌧h⇠⇡b

⇣P
sh

E ah⇠⇡
ah+1:H⇠⇡b

[�hVF |sh] · Pr[sh|⌧h]
⌘2

�

belief state
<latexit sha1_base64="WC1se8yT+b88vU5asDVuTampw4k="></latexit>

(d⇡h)
>E⌧h⇠⇡b [b(⌧h)b(⌧h)

>]�1d⇡h  CH
linear measure

<latexit sha1_base64="l8IC1WHi0JpekvahnpCdoW3q4zw=">AAACGHicbVDLSsNAFJ3UV62vqEs3wSJUKDEpbXVZdOOygn1AGsJkOkmHTh7MTIQS8hlu/BU3LhRx251/46TNQlsPDHM45947d44bU8KFYXwrpY3Nre2d8m5lb//g8Eg9PunzKGEI91BEIzZ0IceUhLgniKB4GDMMA5figTu9y/3BE2acROGjmMXYDqAfEo8gKKTkqFd+LR0txljMd+3U0FuGRKNu6PndbNULpZVxZ5JdOmp16RiGtk7MglRBga6jzkfjCCUBDgWikHPLNGJhp5AJgijOKqOE4xiiKfSxJWkIA8ztdLFRpl1IZax5EZMnFNpC/d2RwoDzWeDKygCKCV/1cvE/z0qEd2OnJIwTgUO0fMhLqCYiLU9JGxOGkaAzSSBiRO6qoQlkEAmZZUWGYK5+eZ30G7rZ1tsPzWrntoijDM7AOagBE1yDDrgHXdADCDyDV/AOPpQX5U35VL6WpSWl6DkFf6DMfwCxCZvI</latexit>

g(sh)

<latexit sha1_base64="C+8oZuVgIMxAtI9vVR8QfqV/Ws4="></latexit>

=
P

H

h=1

P
sh

g(sh)d⇡(sh)

<latexit sha1_base64="7zq/19lIeAk1HVqcZbxTKURUgvY="></latexit>

E⌧h⇠⇡[Pr[sh|⌧h]]

co
ve
r

Theorem (Informal): Assume
<latexit sha1_base64="WC1se8yT+b88vU5asDVuTampw4k="></latexit>

(d⇡h)
>E⌧h⇠⇡b [b(⌧h)b(⌧h)

>]�1d⇡h  CH

and standard representation assumptions (realizability & 
Bellman-completeness), the sample complexity of OPE is poly in

• Coverage parameters:  and 
<latexit sha1_base64="WC1se8yT+b88vU5asDVuTampw4k="></latexit>

(d⇡h)
>E⌧h⇠⇡b [b(⌧h)b(⌧h)

>]�1d⇡h  CH

<latexit sha1_base64="HT7XW67J2r4RBicwVtJUlTmzUGU="></latexit>

CA := max
sh,ah

⇡(ah|sh)
⇡b(ah|sh)

• Ranges & complexities of function classes (e.g., that of )
<latexit sha1_base64="u4JRhm6rsBtclnlER7ii2hgf6yM=">AAAB8nicbVDLSsNAFL2pr1pfVZdugkVwVRKR6rLoxmUF+4A2lMl00g6dzISZG6GEfoYbF4q49Wvc+TdO2iy0emDgcM69zLknTAQ36HlfTmltfWNzq7xd2dnd2z+oHh51jEo1ZW2qhNK9kBgmuGRt5ChYL9GMxKFg3XB6m/vdR6YNV/IBZwkLYjKWPOKUoJX6g5jghBKRdebDas2rewu4f4lfkBoUaA2rn4ORomnMJFJBjOn7XoJBRjRyKti8MkgNSwidkjHrWypJzEyQLSLP3TOrjNxIafskugv150ZGYmNmcWgn84hm1cvF/7x+itF1kHGZpMgkXX4UpcJF5eb3uyOuGUUxs4RQzW1Wl06IJhRtSxVbgr968l/Suaj7jXrj/rLWvCnqKMMJnMI5+HAFTbiDFrSBgoIneIFXB51n5815X46WnGLnGH7B+fgGk8mRdw==</latexit>V



• Define: value function of latent state 

  
• Problem: sh  is latent — can’t even use this function! 

• Solution:  as proxy of , using future as input! 
•

<latexit sha1_base64="+grtebfhtWiPC0iasFe1UDbEfqo="></latexit>

V
⇡

S (sh) := E⇡[
P

H

h0=h
rh0 |sh] 2 [0, H]

<latexit sha1_base64="UimbyWF64HbfwfkGIHDAV4rgzZw="></latexit>

E⇡b [V
⇡
F (fh)|sh] = V ⇡

S (sh)
<latexit sha1_base64="AtDlHWsxPmsUCDSVRaGCS715EO8="></latexit>

V ⇡

S (sh) := E⇡[
P

H

h0=h
rh0 |sh]

<latexit sha1_base64="UimbyWF64HbfwfkGIHDAV4rgzZw="></latexit>

E⇡b [V
⇡
F (fh)|sh] = V ⇡

S (sh)

12

Future-Dependent Value Function

<latexit sha1_base64="aLCf7ApSMLefhFXmOJz9Rmp8woo=">AAAB9HicbVBNS8NAEN3Ur1q/qh69LBahgpREpHosevFYwX5AG8Jmu2mWbjZxd1Ioob/DiwdFvPpjvPlv3LY5aOuDgcd7M8zM8xPBNdj2t1VYW9/Y3Cpul3Z29/YPyodHbR2nirIWjUWsuj7RTHDJWsBBsG6iGIl8wTr+6G7md8ZMaR7LR5gkzI3IUPKAUwJGcqt9IKkXXuDYC8+9csWu2XPgVeLkpIJyNL3yV38Q0zRiEqggWvccOwE3Iwo4FWxa6qeaJYSOyJD1DJUkYtrN5kdP8ZlRBjiIlSkJeK7+nshIpPUk8k1nRCDUy95M/M/rpRDcuBmXSQpM0sWiIBUYYjxLAA+4YhTExBBCFTe3YhoSRSiYnEomBGf55VXSvqw59Vr94arSuM3jKKITdIqqyEHXqIHuURO1EEVP6Bm9ojdrbL1Y79bHorVg5TPH6A+szx963JFH</latexit>

(⌧h, oh)

<latexit sha1_base64="uhxXmDQ23A3niPzT95+bbhAhh6M=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseCF49V7Ae0oW62m3bpZhN2J0IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//cS1EbF6wEnC/YgOlQgFo2il+17WL1fcqjsHWSVeTiqQo9Evf/UGMUsjrpBJakzXcxP0M6pRMMmnpV5qeELZmA5511JFI278bH7plJxZZUDCWNtSSObq74mMRsZMosB2RhRHZtmbif953RTDaz8TKkmRK7ZYFKaSYExmb5OB0JyhnFhCmRb2VsJGVFOGNpySDcFbfnmVtC6qXq1au7us1B/zOIpwAqdwDh5cQR1uoQFNYBDCM7zCmzN2Xpx352PRWnDymWP4A+fzB6gcjY4=</latexit> {<latexit sha1_base64="CWZs4VyqLmY9bEqYtfE7B3W1ebM=">AAACFXicbZBNS8NAEIY39avWr6hHL4tF8FBKIlI9Fr30WMF+QBvCZrNpl252w+5GKKF/wot/xYsHRbwK3vw3btoctHVgh5dnZpidN0gYVdpxvq3S2vrG5lZ5u7Kzu7d/YB8edZVIJSYdLJiQ/QApwignHU01I/1EEhQHjPSCyW1e7z0Qqajg93qaEC9GI04jipE2yLdrwndrEOVpyEKhVQ0Kf5wTkwpkSCsnLd+uOnVnHnBVuI WogiLavv01DAVOY8I1Zkipgesk2suQ1BQzMqsMU0UShCdoRAZGchQT5WXzq2bwzJAQRkKaxzWc098TGYqVmsaB6YyRHqvlWg7/qw1SHV17GeVJqgnHi0VRyqAWMLcIhlQSrNnUCIQlNX+FeIwkwtoYWTEmuMsnr4ruRd1t1Bt3l9XmTWFHGZyAU3AOXHAFmqAF2qADMHgEz+AVvFlP1ov1bn0sWktWMXMM/oT1+QNx2Jvm</latexit>o1, a1, . . . , oh, ah, . . . oH , aH

current 
time

sh  here

<latexit sha1_base64="uhxXmDQ23A3niPzT95+bbhAhh6M=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseCF49V7Ae0oW62m3bpZhN2J0IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//cS1EbF6wEnC/YgOlQgFo2il+17WL1fcqjsHWSVeTiqQo9Evf/UGMUsjrpBJakzXcxP0M6pRMMmnpV5qeELZmA5511JFI278bH7plJxZZUDCWNtSSObq74mMRsZMosB2RhRHZtmbif953RTDaz8TKkmRK7ZYFKaSYExmb5OB0JyhnFhCmRb2VsJGVFOGNpySDcFbfnmVtC6qXq1au7us1B/zOIpwAqdwDh5cQR1uoQFNYBDCM7zCmzN2Xpx352PRWnDymWP4A+fzB6gcjY4=</latexit> {

<latexit sha1_base64="zCiyFUk4AWcK2JqvH1q87TNiq3M=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBZBEEoiUj0WvXisYD+gDWWz3bRLN5uwOxFK6I/w4kERr/4eb/4bt20O2vpg4PHeDDPzgkQKg6777RTW1jc2t4rbpZ3dvf2D8uFRy8SpZrzJYhnrTkANl0LxJgqUvJNoTqNA8nYwvpv57SeujYjVI04S7kd0qEQoGEUrtcN+Nrrwpv1yxa26c5BV4uWkAjka/fJXbxCzNOIKmaTGdD03QT+jGgWTfFrqpYYnlI3pkHctVTTixs/m507JmVUGJIy1LYVkrv6eyGhkzCQKbGdEcWSWvZn4n9dNMbzxM6GSFLlii0VhKgnGZPY7GQjNGcqJJZRpYW8lbEQ1ZWgTKtkQvOWXV0nrsurVqrWHq0r9No+jCCdwCufgwTXU4R4a0AQGY3iGV3hzEufFeXc+Fq0FJ585hj9wPn8A5QuPTA==</latexit>

fh+1

<latexit sha1_base64="zCiyFUk4AWcK2JqvH1q87TNiq3M=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBZBEEoiUj0WvXisYD+gDWWz3bRLN5uwOxFK6I/w4kERr/4eb/4bt20O2vpg4PHeDDPzgkQKg6777RTW1jc2t4rbpZ3dvf2D8uFRy8SpZrzJYhnrTkANl0LxJgqUvJNoTqNA8nYwvpv57SeujYjVI04S7kd0qEQoGEUrtcN+Nrrwpv1yxa26c5BV4uWkAjka/fJXbxCzNOIKmaTGdD03QT+jGgWTfFrqpYYnlI3pkHctVTTixs/m507JmVUGJIy1LYVkrv6eyGhkzCQKbGdEcWSWvZn4n9dNMbzxM6GSFLlii0VhKgnGZPY7GQjNGcqJJZRpYW8lbEQ1ZWgTKtkQvOWXV0nrsurVqrWHq0r9No+jCCdwCufgwTXU4R4a0AQGY3iGV3hzEufFeXc+Fq0FJ585hj9wPn8A5QuPTA==</latexit>

fh+1
<latexit sha1_base64="uhxXmDQ23A3niPzT95+bbhAhh6M=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseCF49V7Ae0oW62m3bpZhN2J0IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//cS1EbF6wEnC/YgOlQgFo2il+17WL1fcqjsHWSVeTiqQo9Evf/UGMUsjrpBJakzXcxP0M6pRMMmnpV5qeELZmA5511JFI278bH7plJxZZUDCWNtSSObq74mMRsZMosB2RhRHZtmbif953RTDaz8TKkmRK7ZYFKaSYExmb5OB0JyhnFhCmRb2VsJGVFOGNpySDcFbfnmVtC6qXq1au7us1B/zOIpwAqdwDh5cQR1uoQFNYBDCM7zCmzN2Xpx352PRWnDymWP4A+fzB6gcjY4=</latexit>

{ <latexit sha1_base64="zCiyFUk4AWcK2JqvH1q87TNiq3M=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBZBEEoiUj0WvXisYD+gDWWz3bRLN5uwOxFK6I/w4kERr/4eb/4bt20O2vpg4PHeDDPzgkQKg6777RTW1jc2t4rbpZ3dvf2D8uFRy8SpZrzJYhnrTkANl0LxJgqUvJNoTqNA8nYwvpv57SeujYjVI04S7kd0qEQoGEUrtcN+Nrrwpv1yxa26c5BV4uWkAjka/fJXbxCzNOIKmaTGdD03QT+jGgWTfFrqpYYnlI3pkHctVTTixs/m507JmVUGJIy1LYVkrv6eyGhkzCQKbGdEcWSWvZn4n9dNMbzxM6GSFLlii0VhKgnGZPY7GQjNGcqJJZRpYW8lbEQ1ZWgTKtkQvOWXV0nrsurVqrWHq0r9No+jCCdwCufgwTXU4R4a0AQGY3iGV3hzEufFeXc+Fq0FJ585hj9wPn8A5QuPTA==</latexit>

fh+1

<latexit sha1_base64="P6G9hMSjVXiyhggTdXkNaJjMlLc="></latexit>

V ⇡

S (sh) := E⇡[
P

H

h0=h
rh0 |sh]

<latexit sha1_base64="1g0UGTDi+dfyfIwUpay90iG4TGs=">AAACEXicbVA7T8MwGHR4lvIKMLJYVEidqgShwljBwlgk+pCSKHJcp7XqOJHtIFUhf4GFv8LCAEKsbGz8G5w0A7ScZOl09332+YKEUaks69tYWV1b39isbdW3d3b39s2Dw76MU4FJD8csFsMAScIoJz1FFSPDRBAUBYwMgul14Q/uiZA05ndqlhAvQmNOQ4qR0pJvNt0IqYmIsq7I/cwtL8wClpLcTagf5E7oTx6kP/F8s2G1rBJwmdgVaYAKXd/8ckcxTiPCFWZISse2EuVlSCiKGcnrbipJgvAUjYmjKUcRkV5WBsjhqVZGMIyFPlzBUv29kaFIylkU6Mkiv1z0CvE/z0lVeOlllCepIhzPHwpTBlUMi3rgiAqCFZtpgrCgOivEEyQQVrrEui7BXvzyMumftex2q3173uhcVXXUwDE4AU1ggwvQATegC3oAg0fwDF7Bm/FkvBjvxsd8dMWodo7AHxifP9Chnug=</latexit>

Pr⇡b [fh|sh]

Outcome Matrix 
<latexit sha1_base64="IJzeCYBIrsZeOIeK8B7hHtHgCik=">AAAB+HicbVDLSsNAFL2pr1ofjbp0M1gEVyURqS6LgrgRKtgHtCFMptN26GQSZiZCDfkSNy4UceunuPNvnLRZaPXAwOGce7lnThBzprTjfFmlldW19Y3yZmVre2e3au/td1SUSELbJOKR7AVYUc4EbWumOe3FkuIw4LQbTK9yv/tApWKRuNezmHohHgs2YgRrI/l29dZPByHWE4J5ep1lvl1z6s4c6C9xC1KDAi3f/hwMI5KEVGjCsVJ914m1l2KpGeE0qwwSRWNMpnhM+4YKHFLlpfPgGTo2yhCNImme0Giu/txIcajULAzMZJ5RLXu5+J/XT/TowkuZiBNNBVkcGiUc6QjlLaAhk5RoPjMEE8lMVkQmWGKiTVcVU4K7/OW/pHNadxv1xt1ZrXlZ1FGGQziCE3DhHJpwAy1oA4EEnuAFXq1H69l6s94XoyWr2DmAX7A+vgEXJ5Nk</latexit>

MF

x =
<latexit sha1_base64="AtDlHWsxPmsUCDSVRaGCS715EO8="></latexit>

V ⇡

S (sh) := E⇡[
P

H

h0=h
rh0 |sh]

<latexit sha1_base64="UimbyWF64HbfwfkGIHDAV4rgzZw="></latexit>

E⇡b [V
⇡
F (fh)|sh] = V ⇡

S (sh)

1. Does (well-behaved)  even exist?   
2. Does it work in the same way as ?

<latexit sha1_base64="UimbyWF64HbfwfkGIHDAV4rgzZw="></latexit>

E⇡b [V
⇡
F (fh)|sh] = V ⇡

S (sh)
<latexit sha1_base64="AtDlHWsxPmsUCDSVRaGCS715EO8="></latexit>

V ⇡

S (sh) := E⇡[
P

H

h0=h
rh0 |sh]✓



• Define: value function of latent state 

  
• Problem: sh  is latent — can’t even use this function! 

• Solution:  as proxy of , using future as input! 
•

<latexit sha1_base64="+grtebfhtWiPC0iasFe1UDbEfqo="></latexit>

V
⇡

S (sh) := E⇡[
P

H

h0=h
rh0 |sh] 2 [0, H]

<latexit sha1_base64="UimbyWF64HbfwfkGIHDAV4rgzZw="></latexit>

E⇡b [V
⇡
F (fh)|sh] = V ⇡

S (sh)
<latexit sha1_base64="AtDlHWsxPmsUCDSVRaGCS715EO8="></latexit>

V ⇡

S (sh) := E⇡[
P

H

h0=h
rh0 |sh]

<latexit sha1_base64="UimbyWF64HbfwfkGIHDAV4rgzZw="></latexit>

E⇡b [V
⇡
F (fh)|sh] = V ⇡

S (sh)
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Future-Dependent Value Function

<latexit sha1_base64="aLCf7ApSMLefhFXmOJz9Rmp8woo=">AAAB9HicbVBNS8NAEN3Ur1q/qh69LBahgpREpHosevFYwX5AG8Jmu2mWbjZxd1Ioob/DiwdFvPpjvPlv3LY5aOuDgcd7M8zM8xPBNdj2t1VYW9/Y3Cpul3Z29/YPyodHbR2nirIWjUWsuj7RTHDJWsBBsG6iGIl8wTr+6G7md8ZMaR7LR5gkzI3IUPKAUwJGcqt9IKkXXuDYC8+9csWu2XPgVeLkpIJyNL3yV38Q0zRiEqggWvccOwE3Iwo4FWxa6qeaJYSOyJD1DJUkYtrN5kdP8ZlRBjiIlSkJeK7+nshIpPUk8k1nRCDUy95M/M/rpRDcuBmXSQpM0sWiIBUYYjxLAA+4YhTExBBCFTe3YhoSRSiYnEomBGf55VXSvqw59Vr94arSuM3jKKITdIqqyEHXqIHuURO1EEVP6Bm9ojdrbL1Y79bHorVg5TPH6A+szx963JFH</latexit>

(⌧h, oh)

<latexit sha1_base64="uhxXmDQ23A3niPzT95+bbhAhh6M=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseCF49V7Ae0oW62m3bpZhN2J0IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//cS1EbF6wEnC/YgOlQgFo2il+17WL1fcqjsHWSVeTiqQo9Evf/UGMUsjrpBJakzXcxP0M6pRMMmnpV5qeELZmA5511JFI278bH7plJxZZUDCWNtSSObq74mMRsZMosB2RhRHZtmbif953RTDaz8TKkmRK7ZYFKaSYExmb5OB0JyhnFhCmRb2VsJGVFOGNpySDcFbfnmVtC6qXq1au7us1B/zOIpwAqdwDh5cQR1uoQFNYBDCM7zCmzN2Xpx352PRWnDymWP4A+fzB6gcjY4=</latexit> {<latexit sha1_base64="CWZs4VyqLmY9bEqYtfE7B3W1ebM=">AAACFXicbZBNS8NAEIY39avWr6hHL4tF8FBKIlI9Fr30WMF+QBvCZrNpl252w+5GKKF/wot/xYsHRbwK3vw3btoctHVgh5dnZpidN0gYVdpxvq3S2vrG5lZ5u7Kzu7d/YB8edZVIJSYdLJiQ/QApwignHU01I/1EEhQHjPSCyW1e7z0Qqajg93qaEC9GI04jipE2yLdrwndrEOVpyEKhVQ0Kf5wTkwpkSCsnLd+uOnVnHnBVuI WogiLavv01DAVOY8I1Zkipgesk2suQ1BQzMqsMU0UShCdoRAZGchQT5WXzq2bwzJAQRkKaxzWc098TGYqVmsaB6YyRHqvlWg7/qw1SHV17GeVJqgnHi0VRyqAWMLcIhlQSrNnUCIQlNX+FeIwkwtoYWTEmuMsnr4ruRd1t1Bt3l9XmTWFHGZyAU3AOXHAFmqAF2qADMHgEz+AVvFlP1ov1bn0sWktWMXMM/oT1+QNx2Jvm</latexit>o1, a1, . . . , oh, ah, . . . oH , aH

current 
time

sh  here

<latexit sha1_base64="uhxXmDQ23A3niPzT95+bbhAhh6M=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseCF49V7Ae0oW62m3bpZhN2J0IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//cS1EbF6wEnC/YgOlQgFo2il+17WL1fcqjsHWSVeTiqQo9Evf/UGMUsjrpBJakzXcxP0M6pRMMmnpV5qeELZmA5511JFI278bH7plJxZZUDCWNtSSObq74mMRsZMosB2RhRHZtmbif953RTDaz8TKkmRK7ZYFKaSYExmb5OB0JyhnFhCmRb2VsJGVFOGNpySDcFbfnmVtC6qXq1au7us1B/zOIpwAqdwDh5cQR1uoQFNYBDCM7zCmzN2Xpx352PRWnDymWP4A+fzB6gcjY4=</latexit> {

<latexit sha1_base64="zCiyFUk4AWcK2JqvH1q87TNiq3M=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBZBEEoiUj0WvXisYD+gDWWz3bRLN5uwOxFK6I/w4kERr/4eb/4bt20O2vpg4PHeDDPzgkQKg6777RTW1jc2t4rbpZ3dvf2D8uFRy8SpZrzJYhnrTkANl0LxJgqUvJNoTqNA8nYwvpv57SeujYjVI04S7kd0qEQoGEUrtcN+Nrrwpv1yxa26c5BV4uWkAjka/fJXbxCzNOIKmaTGdD03QT+jGgWTfFrqpYYnlI3pkHctVTTixs/m507JmVUGJIy1LYVkrv6eyGhkzCQKbGdEcWSWvZn4n9dNMbzxM6GSFLlii0VhKgnGZPY7GQjNGcqJJZRpYW8lbEQ1ZWgTKtkQvOWXV0nrsurVqrWHq0r9No+jCCdwCufgwTXU4R4a0AQGY3iGV3hzEufFeXc+Fq0FJ585hj9wPn8A5QuPTA==</latexit>

fh+1

<latexit sha1_base64="zCiyFUk4AWcK2JqvH1q87TNiq3M=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBZBEEoiUj0WvXisYD+gDWWz3bRLN5uwOxFK6I/w4kERr/4eb/4bt20O2vpg4PHeDDPzgkQKg6777RTW1jc2t4rbpZ3dvf2D8uFRy8SpZrzJYhnrTkANl0LxJgqUvJNoTqNA8nYwvpv57SeujYjVI04S7kd0qEQoGEUrtcN+Nrrwpv1yxa26c5BV4uWkAjka/fJXbxCzNOIKmaTGdD03QT+jGgWTfFrqpYYnlI3pkHctVTTixs/m507JmVUGJIy1LYVkrv6eyGhkzCQKbGdEcWSWvZn4n9dNMbzxM6GSFLlii0VhKgnGZPY7GQjNGcqJJZRpYW8lbEQ1ZWgTKtkQvOWXV0nrsurVqrWHq0r9No+jCCdwCufgwTXU4R4a0AQGY3iGV3hzEufFeXc+Fq0FJ585hj9wPn8A5QuPTA==</latexit>

fh+1
<latexit sha1_base64="uhxXmDQ23A3niPzT95+bbhAhh6M=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseCF49V7Ae0oW62m3bpZhN2J0IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//cS1EbF6wEnC/YgOlQgFo2il+17WL1fcqjsHWSVeTiqQo9Evf/UGMUsjrpBJakzXcxP0M6pRMMmnpV5qeELZmA5511JFI278bH7plJxZZUDCWNtSSObq74mMRsZMosB2RhRHZtmbif953RTDaz8TKkmRK7ZYFKaSYExmb5OB0JyhnFhCmRb2VsJGVFOGNpySDcFbfnmVtC6qXq1au7us1B/zOIpwAqdwDh5cQR1uoQFNYBDCM7zCmzN2Xpx352PRWnDymWP4A+fzB6gcjY4=</latexit>

{ <latexit sha1_base64="zCiyFUk4AWcK2JqvH1q87TNiq3M=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBZBEEoiUj0WvXisYD+gDWWz3bRLN5uwOxFK6I/w4kERr/4eb/4bt20O2vpg4PHeDDPzgkQKg6777RTW1jc2t4rbpZ3dvf2D8uFRy8SpZrzJYhnrTkANl0LxJgqUvJNoTqNA8nYwvpv57SeujYjVI04S7kd0qEQoGEUrtcN+Nrrwpv1yxa26c5BV4uWkAjka/fJXbxCzNOIKmaTGdD03QT+jGgWTfFrqpYYnlI3pkHctVTTixs/m507JmVUGJIy1LYVkrv6eyGhkzCQKbGdEcWSWvZn4n9dNMbzxM6GSFLlii0VhKgnGZPY7GQjNGcqJJZRpYW8lbEQ1ZWgTKtkQvOWXV0nrsurVqrWHq0r9No+jCCdwCufgwTXU4R4a0AQGY3iGV3hzEufFeXc+Fq0FJ585hj9wPn8A5QuPTA==</latexit>

fh+1

<latexit sha1_base64="P6G9hMSjVXiyhggTdXkNaJjMlLc="></latexit>

V ⇡

S (sh) := E⇡[
P

H

h0=h
rh0 |sh]

<latexit sha1_base64="1g0UGTDi+dfyfIwUpay90iG4TGs=">AAACEXicbVA7T8MwGHR4lvIKMLJYVEidqgShwljBwlgk+pCSKHJcp7XqOJHtIFUhf4GFv8LCAEKsbGz8G5w0A7ScZOl09332+YKEUaks69tYWV1b39isbdW3d3b39s2Dw76MU4FJD8csFsMAScIoJz1FFSPDRBAUBYwMgul14Q/uiZA05ndqlhAvQmNOQ4qR0pJvNt0IqYmIsq7I/cwtL8wClpLcTagf5E7oTx6kP/F8s2G1rBJwmdgVaYAKXd/8ckcxTiPCFWZISse2EuVlSCiKGcnrbipJgvAUjYmjKUcRkV5WBsjhqVZGMIyFPlzBUv29kaFIylkU6Mkiv1z0CvE/z0lVeOlllCepIhzPHwpTBlUMi3rgiAqCFZtpgrCgOivEEyQQVrrEui7BXvzyMumftex2q3173uhcVXXUwDE4AU1ggwvQATegC3oAg0fwDF7Bm/FkvBjvxsd8dMWodo7AHxifP9Chnug=</latexit>

Pr⇡b [fh|sh]

Outcome Matrix 
<latexit sha1_base64="IJzeCYBIrsZeOIeK8B7hHtHgCik=">AAAB+HicbVDLSsNAFL2pr1ofjbp0M1gEVyURqS6LgrgRKtgHtCFMptN26GQSZiZCDfkSNy4UceunuPNvnLRZaPXAwOGce7lnThBzprTjfFmlldW19Y3yZmVre2e3au/td1SUSELbJOKR7AVYUc4EbWumOe3FkuIw4LQbTK9yv/tApWKRuNezmHohHgs2YgRrI/l29dZPByHWE4J5ep1lvl1z6s4c6C9xC1KDAi3f/hwMI5KEVGjCsVJ914m1l2KpGeE0qwwSRWNMpnhM+4YKHFLlpfPgGTo2yhCNImme0Giu/txIcajULAzMZJ5RLXu5+J/XT/TowkuZiBNNBVkcGiUc6QjlLaAhk5RoPjMEE8lMVkQmWGKiTVcVU4K7/OW/pHNadxv1xt1ZrXlZ1FGGQziCE3DhHJpwAy1oA4EEnuAFXq1H69l6s94XoyWr2DmAX7A+vgEXJ5Nk</latexit>

MF

x =
<latexit sha1_base64="AtDlHWsxPmsUCDSVRaGCS715EO8="></latexit>

V ⇡

S (sh) := E⇡[
P

H

h0=h
rh0 |sh]

<latexit sha1_base64="UimbyWF64HbfwfkGIHDAV4rgzZw="></latexit>

E⇡b [V
⇡
F (fh)|sh] = V ⇡

S (sh)

1. Does (well-behaved)  even exist?   
2. Does it work in the same way as ?

<latexit sha1_base64="UimbyWF64HbfwfkGIHDAV4rgzZw="></latexit>

E⇡b [V
⇡
F (fh)|sh] = V ⇡

S (sh)
<latexit sha1_base64="AtDlHWsxPmsUCDSVRaGCS715EO8="></latexit>

V ⇡

S (sh) := E⇡[
P

H

h0=h
rh0 |sh]✓



• Pay  of outcome matrix, which is 1/min-eigenvalue of
<latexit sha1_base64="Tp7YpjvoNIh9tS9BRVOxGUbiEAU=">AAAB+HicbVBNS8NAEJ3Ur1o/GvXoJVgETzURqR6LXjxWsB/QhLDZbtqlu5uwuxFq6C/x4kERr/4Ub/4bt20O2vpg4PHeDDPzopRRpV332yqtrW9sbpW3Kzu7e/tV++Cwo5JMYtLGCUtkL0KKMCpIW1PNSC+VBPGIkW40vp353UciFU3Eg56kJOBoKGhMMdJGCu2qd+4rOuQozH1OxTS0a27dncNZJV5BalCgFdpf/iDBGSdCY4aU6ntuqoMcSU0xI9OKnymSIjxGQ9I3VCBOVJDPD586p0YZOHEiTQntzNXfEzniSk14ZDo50iO17M3E/7x+puPrIKcizTQReLEozpijE2eWgjOgkmDNJoYgLKm51cEjJBHWJquKCcFbfnmVdC7qXqPeuL+sNW+KOMpwDCdwBh5cQRPuoAVtwJDBM7zCm/VkvVjv1seitWQVM0fwB9bnD5M1kxA=</latexit>

1/�min

• Exponentially small when system is stochastic!
• Problem: “linear regression" with exp. small covariates
• Similar quantity appears in online RL (Liu et al’22)

13

Constructing : pseudo-inverse<latexit sha1_base64="UimbyWF64HbfwfkGIHDAV4rgzZw="></latexit>

E⇡b [V
⇡
F (fh)|sh] = V ⇡

S (sh)

<latexit sha1_base64="zCiyFUk4AWcK2JqvH1q87TNiq3M=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBZBEEoiUj0WvXisYD+gDWWz3bRLN5uwOxFK6I/w4kERr/4eb/4bt20O2vpg4PHeDDPzgkQKg6777RTW1jc2t4rbpZ3dvf2D8uFRy8SpZrzJYhnrTkANl0LxJgqUvJNoTqNA8nYwvpv57SeujYjVI04S7kd0qEQoGEUrtcN+Nrrwpv1yxa26c5BV4uWkAjka/fJXbxCzNOIKmaTGdD03QT+jGgWTfFrqpYYnlI3pkHctVTTixs/m507JmVUGJIy1LYVkrv6eyGhkzCQKbGdEcWSWvZn4n9dNMbzxM6GSFLlii0VhKgnGZPY7GQjNGcqJJZRpYW8lbEQ1ZWgTKtkQvOWXV0nrsurVqrWHq0r9No+jCCdwCufgwTXU4R4a0AQGY3iGV3hzEufFeXc+Fq0FJ585hj9wPn8A5QuPTA==</latexit>

fh+1

<latexit sha1_base64="P6G9hMSjVXiyhggTdXkNaJjMlLc="></latexit>

V ⇡

S (sh) := E⇡[
P

H

h0=h
rh0 |sh]

<latexit sha1_base64="1g0UGTDi+dfyfIwUpay90iG4TGs=">AAACEXicbVA7T8MwGHR4lvIKMLJYVEidqgShwljBwlgk+pCSKHJcp7XqOJHtIFUhf4GFv8LCAEKsbGz8G5w0A7ScZOl09332+YKEUaks69tYWV1b39isbdW3d3b39s2Dw76MU4FJD8csFsMAScIoJz1FFSPDRBAUBYwMgul14Q/uiZA05ndqlhAvQmNOQ4qR0pJvNt0IqYmIsq7I/cwtL8wClpLcTagf5E7oTx6kP/F8s2G1rBJwmdgVaYAKXd/8ckcxTiPCFWZISse2EuVlSCiKGcnrbipJgvAUjYmjKUcRkV5WBsjhqVZGMIyFPlzBUv29kaFIylkU6Mkiv1z0CvE/z0lVeOlllCepIhzPHwpTBlUMi3rgiAqCFZtpgrCgOivEEyQQVrrEui7BXvzyMumftex2q3173uhcVXXUwDE4AU1ggwvQATegC3oAg0fwDF7Bm/FkvBjvxsd8dMWodo7AHxifP9Chnug=</latexit>

Pr⇡b [fh|sh]

Outcome Matrix 
<latexit sha1_base64="IJzeCYBIrsZeOIeK8B7hHtHgCik=">AAAB+HicbVDLSsNAFL2pr1ofjbp0M1gEVyURqS6LgrgRKtgHtCFMptN26GQSZiZCDfkSNy4UceunuPNvnLRZaPXAwOGce7lnThBzprTjfFmlldW19Y3yZmVre2e3au/td1SUSELbJOKR7AVYUc4EbWumOe3FkuIw4LQbTK9yv/tApWKRuNezmHohHgs2YgRrI/l29dZPByHWE4J5ep1lvl1z6s4c6C9xC1KDAi3f/hwMI5KEVGjCsVJ914m1l2KpGeE0qwwSRWNMpnhM+4YKHFLlpfPgGTo2yhCNImme0Giu/txIcajULAzMZJ5RLXu5+J/XT/TowkuZiBNNBVkcGiUc6QjlLaAhk5RoPjMEE8lMVkQmWGKiTVcVU4K7/OW/pHNadxv1xt1ZrXlZ1FGGQziCE3DhHJpwAy1oA4EEnuAFXq1H69l6s94XoyWr2DmAX7A+vgEXJ5Nk</latexit>

MF

x =
<latexit sha1_base64="AtDlHWsxPmsUCDSVRaGCS715EO8="></latexit>

V ⇡

S (sh) := E⇡[
P

H

h0=h
rh0 |sh]

<latexit sha1_base64="UimbyWF64HbfwfkGIHDAV4rgzZw="></latexit>

E⇡b [V
⇡
F (fh)|sh] = V ⇡

S (sh)

<latexit sha1_base64="1ianRtOFejtCfWXDc5py4BLyiCE=">AAACDHicbVDLSgMxFM3UV62vqks3wSLUTZkRqS6LgrisaB/QGUsmzbShmWRIMkIZ+wFu/BU3LhRx6we482/MtINo64HAuefcS+49fsSo0rb9ZeUWFpeWV/KrhbX1jc2t4vZOU4lYYtLAggnZ9pEijHLS0FQz0o4kQaHPSMsfnqd+645IRQW/0aOIeCHqcxpQjLSRusVSveyGSA8wYsnFuDu4/6muTXV462oRmS67Yk8A54mTkRLIUO8WP92ewHFIuMYMKdVx7Eh7CZKaYkbGBTdWJEJ4iPqkYyhHIVFeMjlmDA+M0oOBkOZxDSfq74kEhUqNQt90pquqWS8V//M6sQ5OvYTyKNaE4+lHQcygFjBNBvaoJFizkSEIS2p2hXiAJMLa5FcwITizJ8+T5lHFqVaqV8el2lkWRx7sgX1QBg44ATVwCeqgATB4AE/gBbxaj9az9Wa9T1tzVjazC/7A+vgGOTSbwQ==</latexit>

P (Fh|Sh)
>x

<latexit sha1_base64="IJzeCYBIrsZeOIeK8B7hHtHgCik=">AAAB+HicbVDLSsNAFL2pr1ofjbp0M1gEVyURqS6LgrgRKtgHtCFMptN26GQSZiZCDfkSNy4UceunuPNvnLRZaPXAwOGce7lnThBzprTjfFmlldW19Y3yZmVre2e3au/td1SUSELbJOKR7AVYUc4EbWumOe3FkuIw4LQbTK9yv/tApWKRuNezmHohHgs2YgRrI/l29dZPByHWE4J5ep1lvl1z6s4c6C9xC1KDAi3f/hwMI5KEVGjCsVJ914m1l2KpGeE0qwwSRWNMpnhM+4YKHFLlpfPgGTo2yhCNImme0Giu/txIcajULAzMZJ5RLXu5+J/XT/TowkuZiBNNBVkcGiUc6QjlLaAhk5RoPjMEE8lMVkQmWGKiTVcVU4K7/OW/pHNadxv1xt1ZrXlZ1FGGQziCE3DhHJpwAy1oA4EEnuAFXq1H69l6s94XoyWr2DmAX7A+vgEXJ5Nk</latexit>

MF
<latexit sha1_base64="IJzeCYBIrsZeOIeK8B7hHtHgCik=">AAAB+HicbVDLSsNAFL2pr1ofjbp0M1gEVyURqS6LgrgRKtgHtCFMptN26GQSZiZCDfkSNy4UceunuPNvnLRZaPXAwOGce7lnThBzprTjfFmlldW19Y3yZmVre2e3au/td1SUSELbJOKR7AVYUc4EbWumOe3FkuIw4LQbTK9yv/tApWKRuNezmHohHgs2YgRrI/l29dZPByHWE4J5ep1lvl1z6s4c6C9xC1KDAi3f/hwMI5KEVGjCsVJ914m1l2KpGeE0qwwSRWNMpnhM+4YKHFLlpfPgGTo2yhCNImme0Giu/txIcajULAzMZJ5RLXu5+J/XT/TowkuZiBNNBVkcGiUc6QjlLaAhk5RoPjMEE8lMVkQmWGKiTVcVU4K7/OW/pHNadxv1xt1ZrXlZ1FGGQziCE3DhHJpwAy1oA4EEnuAFXq1H69l6s94XoyWr2DmAX7A+vgEXJ5Nk</latexit>

MF

Diag entries: Simpson index 
<latexit sha1_base64="YVkDD0/O44RCTicmRBLssu7Dhws="></latexit>P

fh
Pr⇡b(fh|sh)2



Constructing : reweighting<latexit sha1_base64="UimbyWF64HbfwfkGIHDAV4rgzZw="></latexit>

E⇡b [V
⇡
F (fh)|sh] = V ⇡

S (sh)

• General case 

•

<latexit sha1_base64="aRDQD3OiohBXRby/yphGNJAlUgM="></latexit>

V ⇡

F (fh) =
HY

h0=h

⇡(ah0 |oh0)

⇡b(ah0 |oh0)

 
HX

h0=h

R(oh0 , ah0)

!

15

=

<latexit sha1_base64="zCiyFUk4AWcK2JqvH1q87TNiq3M=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBZBEEoiUj0WvXisYD+gDWWz3bRLN5uwOxFK6I/w4kERr/4eb/4bt20O2vpg4PHeDDPzgkQKg6777RTW1jc2t4rbpZ3dvf2D8uFRy8SpZrzJYhnrTkANl0LxJgqUvJNoTqNA8nYwvpv57SeujYjVI04S7kd0qEQoGEUrtcN+Nrrwpv1yxa26c5BV4uWkAjka/fJXbxCzNOIKmaTGdD03QT+jGgWTfFrqpYYnlI3pkHctVTTixs/m507JmVUGJIy1LYVkrv6eyGhkzCQKbGdEcWSWvZn4n9dNMbzxM6GSFLlii0VhKgnGZPY7GQjNGcqJJZRpYW8lbEQ1ZWgTKtkQvOWXV0nrsurVqrWHq0r9No+jCCdwCufgwTXU4R4a0AQGY3iGV3hzEufFeXc+Fq0FJ585hj9wPn8A5QuPTA==</latexit>

fh+1

<latexit sha1_base64="P6G9hMSjVXiyhggTdXkNaJjMlLc="></latexit>

V ⇡

S (sh) := E⇡[
P

H

h0=h
rh0 |sh]

<latexit sha1_base64="1g0UGTDi+dfyfIwUpay90iG4TGs=">AAACEXicbVA7T8MwGHR4lvIKMLJYVEidqgShwljBwlgk+pCSKHJcp7XqOJHtIFUhf4GFv8LCAEKsbGz8G5w0A7ScZOl09332+YKEUaks69tYWV1b39isbdW3d3b39s2Dw76MU4FJD8csFsMAScIoJz1FFSPDRBAUBYwMgul14Q/uiZA05ndqlhAvQmNOQ4qR0pJvNt0IqYmIsq7I/cwtL8wClpLcTagf5E7oTx6kP/F8s2G1rBJwmdgVaYAKXd/8ckcxTiPCFWZISse2EuVlSCiKGcnrbipJgvAUjYmjKUcRkV5WBsjhqVZGMIyFPlzBUv29kaFIylkU6Mkiv1z0CvE/z0lVeOlllCepIhzPHwpTBlUMi3rgiAqCFZtpgrCgOivEEyQQVrrEui7BXvzyMumftex2q3173uhcVXXUwDE4AU1ggwvQATegC3oAg0fwDF7Bm/FkvBjvxsd8dMWodo7AHxifP9Chnug=</latexit>

Pr⇡b [fh|sh]

Outcome Matrix 
<latexit sha1_base64="IJzeCYBIrsZeOIeK8B7hHtHgCik=">AAAB+HicbVDLSsNAFL2pr1ofjbp0M1gEVyURqS6LgrgRKtgHtCFMptN26GQSZiZCDfkSNy4UceunuPNvnLRZaPXAwOGce7lnThBzprTjfFmlldW19Y3yZmVre2e3au/td1SUSELbJOKR7AVYUc4EbWumOe3FkuIw4LQbTK9yv/tApWKRuNezmHohHgs2YgRrI/l29dZPByHWE4J5ep1lvl1z6s4c6C9xC1KDAi3f/hwMI5KEVGjCsVJ914m1l2KpGeE0qwwSRWNMpnhM+4YKHFLlpfPgGTo2yhCNImme0Giu/txIcajULAzMZJ5RLXu5+J/XT/TowkuZiBNNBVkcGiUc6QjlLaAhk5RoPjMEE8lMVkQmWGKiTVcVU4K7/OW/pHNadxv1xt1ZrXlZ1FGGQziCE3DhHJpwAy1oA4EEnuAFXq1H69l6s94XoyWr2DmAX7A+vgEXJ5Nk</latexit>

MF

x
<latexit sha1_base64="UimbyWF64HbfwfkGIHDAV4rgzZw="></latexit>

E⇡b [V
⇡
F (fh)|sh] = V ⇡

S (sh)

<latexit sha1_base64="zCiyFUk4AWcK2JqvH1q87TNiq3M=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBZBEEoiUj0WvXisYD+gDWWz3bRLN5uwOxFK6I/w4kERr/4eb/4bt20O2vpg4PHeDDPzgkQKg6777RTW1jc2t4rbpZ3dvf2D8uFRy8SpZrzJYhnrTkANl0LxJgqUvJNoTqNA8nYwvpv57SeujYjVI04S7kd0qEQoGEUrtcN+Nrrwpv1yxa26c5BV4uWkAjka/fJXbxCzNOIKmaTGdD03QT+jGgWTfFrqpYYnlI3pkHctVTTixs/m507JmVUGJIy1LYVkrv6eyGhkzCQKbGdEcWSWvZn4n9dNMbzxM6GSFLlii0VhKgnGZPY7GQjNGcqJJZRpYW8lbEQ1ZWgTKtkQvOWXV0nrsurVqrWHq0r9No+jCCdwCufgwTXU4R4a0AQGY3iGV3hzEufFeXc+Fq0FJ585hj9wPn8A5QuPTA==</latexit>

fh+1

<latexit sha1_base64="P6G9hMSjVXiyhggTdXkNaJjMlLc="></latexit>

V ⇡

S (sh) := E⇡[
P

H

h0=h
rh0 |sh] x

<latexit sha1_base64="LL5hBsTRy3zv1mapCEF+1JFbEpY=">AAACDnicbVA7T8MwGHR4lvIKMLJEVJWYqgShwljBwlgk+pCSKHIcp7HqOJHtIFUhv4CFv8LCAEKszGz8G5w0A7ScZOl09718fkqJkKb5ra2srq1vbDa2mts7u3v7+sHhUCQZR3iAEprwsQ8FpoThgSSS4nHKMYx9ikf+9Lr0R/eYC5KwOzlLsRvDCSMhQVAqydPbTgxlxOO8zwsvd6qBOcdB4aSksEMvehBe5Hp6y+yYFYxlYtWkBWr0Pf3LCRKUxZhJRKEQtmWm0s0hlwRRXDSdTOAUoimcYFtRBmMs3LzaXhhtpQRGmHD1mDQq9XdHDmMhZrGvKsvjxaJXiv95dibDSzcnLM0kZmi+KMyoIROjzMYICMdI0pkiEHGibjVQBDlEUiXYVCFYi19eJsOzjtXtdG/PW72rOo4GOAYn4BRY4AL0wA3ogwFA4BE8g1fwpj1pL9q79jEvXdHqniPwB9rnD2fanZw=</latexit>

Pr⇡[fh|sh]
<latexit sha1_base64="AnCjt8WNQuyBfleCSMLwLs39RE0=">AAAB/3icbVDLSgNBEJz1GeNrVfDiZTCInsKuSPQY9OIxinlANoTZSScZMvtgplcMaw7+ihcPinj1N7z5N06SPWhiQUNR1U13lx9LodFxvq2FxaXlldXcWn59Y3Nr297ZrekoURyqPJKRavhMgxQhVFGghEasgAW+hLo/uBr79XtQWkThHQ5jaAWsF4qu4AyN1Lb3PYQH1DiUQD2dBO20fzyit2274BSdCeg8cTNSIBkqbfvL60Q8CSBELpnWTdeJsZUyhYJLGOW9REPM+ID1oGloyALQrXRy/4geGaVDu5EyFSKdqL8nUhZoPQx80xkw7OtZbyz+5zUT7F60UhHGCULIp4u6iaQY0XEYtCMUcJRDQxhXwtxKeZ8pxtFEljchuLMvz5PaadEtFUs3Z4XyZRZHjhyQQ3JCXHJOyuSaVEiVcPJInskrebOerBfr3fqYti5Y2cwe+QPr8wfutJYN</latexit>P

h0 R

!!

Outcome under <latexit sha1_base64="3kC1xjcD6glsUJdTazL/RHUSe54=">AAACDXicbZDLSsNAFIYn9VbrLerSTbAKrkoiUt0IRTcuK9gLNCFMJqft0MmFmYlQQl7Aja/ixoUibt27822cpBG09cDAz/efM2fm92JGhTTNL62ytLyyulZdr21sbm3v6Lt7XRElnECHRCzifQ8LYDSEjqSSQT/mgAOPQc+bXOd+7x64oFF4J6cxOAEehXRICZYKufpRaheXpBz8zI5pdvkDPJZATlwvc/W62TCLMhaFVYo6Kqvt6p+2H5EkgFAShoUYWGYsnRRzSQmDrGYnAmJMJngEAyVDHIBw0mJvZhwr4hvDiKsTSqOgvydSHAgxDTzVGWA5FvNeDv/zBokcXjgpDeNEQkhmi4YJM2Rk5NEYPuVAJJsqgQmn6q0GGWOOiVQB1lQI1vyXF0X3tGE1G83bs3rrqoyjig7QITpBFjpHLXSD2qiDCHpAT+gFvWqP2rP2pr3PWitaObOP/pT28Q22450/</latexit>⇡ = ⇡b



Constructing : weighted pseudo-inverse<latexit sha1_base64="UimbyWF64HbfwfkGIHDAV4rgzZw="></latexit>

E⇡b [V
⇡
F (fh)|sh] = V ⇡

S (sh)

• Pseudo-inverse minimizes L2 norm (we want L∞) 
• L2 norm treats all exponentially many coordinates equally — not 

informative
• Find solution that minimizes weighted L2 norm
• Weight

16

=

<latexit sha1_base64="zCiyFUk4AWcK2JqvH1q87TNiq3M=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBZBEEoiUj0WvXisYD+gDWWz3bRLN5uwOxFK6I/w4kERr/4eb/4bt20O2vpg4PHeDDPzgkQKg6777RTW1jc2t4rbpZ3dvf2D8uFRy8SpZrzJYhnrTkANl0LxJgqUvJNoTqNA8nYwvpv57SeujYjVI04S7kd0qEQoGEUrtcN+Nrrwpv1yxa26c5BV4uWkAjka/fJXbxCzNOIKmaTGdD03QT+jGgWTfFrqpYYnlI3pkHctVTTixs/m507JmVUGJIy1LYVkrv6eyGhkzCQKbGdEcWSWvZn4n9dNMbzxM6GSFLlii0VhKgnGZPY7GQjNGcqJJZRpYW8lbEQ1ZWgTKtkQvOWXV0nrsurVqrWHq0r9No+jCCdwCufgwTXU4R4a0AQGY3iGV3hzEufFeXc+Fq0FJ585hj9wPn8A5QuPTA==</latexit>

fh+1

<latexit sha1_base64="P6G9hMSjVXiyhggTdXkNaJjMlLc="></latexit>

V ⇡

S (sh) := E⇡[
P

H

h0=h
rh0 |sh]

<latexit sha1_base64="1g0UGTDi+dfyfIwUpay90iG4TGs=">AAACEXicbVA7T8MwGHR4lvIKMLJYVEidqgShwljBwlgk+pCSKHJcp7XqOJHtIFUhf4GFv8LCAEKsbGz8G5w0A7ScZOl09332+YKEUaks69tYWV1b39isbdW3d3b39s2Dw76MU4FJD8csFsMAScIoJz1FFSPDRBAUBYwMgul14Q/uiZA05ndqlhAvQmNOQ4qR0pJvNt0IqYmIsq7I/cwtL8wClpLcTagf5E7oTx6kP/F8s2G1rBJwmdgVaYAKXd/8ckcxTiPCFWZISse2EuVlSCiKGcnrbipJgvAUjYmjKUcRkV5WBsjhqVZGMIyFPlzBUv29kaFIylkU6Mkiv1z0CvE/z0lVeOlllCepIhzPHwpTBlUMi3rgiAqCFZtpgrCgOivEEyQQVrrEui7BXvzyMumftex2q3173uhcVXXUwDE4AU1ggwvQATegC3oAg0fwDF7Bm/FkvBjvxsd8dMWodo7AHxifP9Chnug=</latexit>

Pr⇡b [fh|sh]

Outcome Matrix 
<latexit sha1_base64="IJzeCYBIrsZeOIeK8B7hHtHgCik=">AAAB+HicbVDLSsNAFL2pr1ofjbp0M1gEVyURqS6LgrgRKtgHtCFMptN26GQSZiZCDfkSNy4UceunuPNvnLRZaPXAwOGce7lnThBzprTjfFmlldW19Y3yZmVre2e3au/td1SUSELbJOKR7AVYUc4EbWumOe3FkuIw4LQbTK9yv/tApWKRuNezmHohHgs2YgRrI/l29dZPByHWE4J5ep1lvl1z6s4c6C9xC1KDAi3f/hwMI5KEVGjCsVJ914m1l2KpGeE0qwwSRWNMpnhM+4YKHFLlpfPgGTo2yhCNImme0Giu/txIcajULAzMZJ5RLXu5+J/XT/TowkuZiBNNBVkcGiUc6QjlLaAhk5RoPjMEE8lMVkQmWGKiTVcVU4K7/OW/pHNadxv1xt1ZrXlZ1FGGQziCE3DhHJpwAy1oA4EEnuAFXq1H69l6s94XoyWr2DmAX7A+vgEXJ5Nk</latexit>

MF

x
<latexit sha1_base64="UimbyWF64HbfwfkGIHDAV4rgzZw="></latexit>

E⇡b [V
⇡
F (fh)|sh] = V ⇡

S (sh)
<latexit sha1_base64="AtDlHWsxPmsUCDSVRaGCS715EO8="></latexit>

V ⇡

S (sh) := E⇡[
P

H

h0=h
rh0 |sh]

<latexit sha1_base64="/buBOg0hyjog7/gH5e7mq7cdKJc=">AAAB+HicbVDLSsNAFL2pr1ofjbp0M1gEVyURqS6LblxWsA9oYplMJ+3QSSbMTIQa+iVuXCji1k9x5984abPQ1gMDh3Pu5Z45QcKZ0o7zbZXW1jc2t8rblZ3dvf2qfXDYUSKVhLaJ4EL2AqwoZzFta6Y57SWS4ijgtBtMbnK/+0ilYiK+19OE+hEexSxkBGsjDeyqF2E9DsLMnT14WiQDu+bUnTnQKnELUoMCrYH95Q0FSSMaa8KxUn3XSbSfYakZ4XRW8VJFE0wmeET7hsY4osrP5sFn6NQoQxQKaV6s0Vz9vZHhSKlpFJjJPKZa9nLxP6+f6vDKz1icpJrGZHEoTDnSAuUtoCGTlGg+NQQTyUxWRMZYYqJNVxVTgrv85VXSOa+7jXrj7qLWvC7qKMMxnMAZuHAJTbiFFrSBQArP8Apv1pP1Yr1bH4vRklXsHMEfWJ8/+SWTUA==</latexit>

1>=<latexit sha1_base64="wF9UNcg9VoS4m5MXBKV+QA8JZT4=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNQY9ELx4hkUeEDZkdemFkdnYzM2tCCF/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7cxvPaHSPJb3ZpygH9GB5CFn1Fip/tArltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa89idcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmhdlr1Ku1C9L1ZssjjycwCmcgwdXUIU7qEEDGCA8wyu8OY/Oi/PufCxac042cwx/4Hz+ALxTjOk=</latexit>

Z
<latexit sha1_base64="IJzeCYBIrsZeOIeK8B7hHtHgCik=">AAAB+HicbVDLSsNAFL2pr1ofjbp0M1gEVyURqS6LgrgRKtgHtCFMptN26GQSZiZCDfkSNy4UceunuPNvnLRZaPXAwOGce7lnThBzprTjfFmlldW19Y3yZmVre2e3au/td1SUSELbJOKR7AVYUc4EbWumOe3FkuIw4LQbTK9yv/tApWKRuNezmHohHgs2YgRrI/l29dZPByHWE4J5ep1lvl1z6s4c6C9xC1KDAi3f/hwMI5KEVGjCsVJ914m1l2KpGeE0qwwSRWNMpnhM+4YKHFLlpfPgGTo2yhCNImme0Giu/txIcajULAzMZJ5RLXu5+J/XT/TowkuZiBNNBVkcGiUc6QjlLaAhk5RoPjMEE8lMVkQmWGKiTVcVU4K7/OW/pHNadxv1xt1ZrXlZ1FGGQziCE3DhHJpwAy1oA4EEnuAFXq1H69l6s94XoyWr2DmAX7A+vgEXJ5Nk</latexit>

MF



Constructing : weighted pseudo-inverse<latexit sha1_base64="UimbyWF64HbfwfkGIHDAV4rgzZw="></latexit>

E⇡b [V
⇡
F (fh)|sh] = V ⇡

S (sh)

17

<latexit sha1_base64="wF9UNcg9VoS4m5MXBKV+QA8JZT4=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNQY9ELx4hkUeEDZkdemFkdnYzM2tCCF/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7cxvPaHSPJb3ZpygH9GB5CFn1Fip/tArltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa89idcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmhdlr1Ku1C9L1ZssjjycwCmcgwdXUIU7qEEDGCA8wyu8OY/Oi/PufCxac042cwx/4Hz+ALxTjOk=</latexit>

Z

-1

x
<latexit sha1_base64="AtDlHWsxPmsUCDSVRaGCS715EO8="></latexit>

V ⇡

S (sh) := E⇡[
P

H

h0=h
rh0 |sh]

<latexit sha1_base64="AnJeF4J6rUCub1kQ5DuGZFUHjA8=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSL0VBKR6rHgxWML9gPaUDbbSbt2swm7G6GE/gIvHhTx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nY3Nre2d3cJecf/g8Oi4dHLa1nGqGLZYLGLVDahGwSW2DDcCu4lCGgUCO8Hkbu53nlBpHssHM03Qj+hI8pAzaqzUrAxKZbfqLkDWiZeTMuRoDEpf/WHM0gilYYJq3fPcxPgZVYYzgbNiP9WYUDahI+xZKmmE2s8Wh87IpVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGtn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNkUbgrf68jppX1W9WrXWvC7XaR5HAc7hAirgwQ3U4R4a0AIGCM/wCm/Oo/PivDsfy9YNJ585gz9wPn8Aed6M1g==</latexit>

( <latexit sha1_base64="IJzeCYBIrsZeOIeK8B7hHtHgCik=">AAAB+HicbVDLSsNAFL2pr1ofjbp0M1gEVyURqS6LgrgRKtgHtCFMptN26GQSZiZCDfkSNy4UceunuPNvnLRZaPXAwOGce7lnThBzprTjfFmlldW19Y3yZmVre2e3au/td1SUSELbJOKR7AVYUc4EbWumOe3FkuIw4LQbTK9yv/tApWKRuNezmHohHgs2YgRrI/l29dZPByHWE4J5ep1lvl1z6s4c6C9xC1KDAi3f/hwMI5KEVGjCsVJ914m1l2KpGeE0qwwSRWNMpnhM+4YKHFLlpfPgGTo2yhCNImme0Giu/txIcajULAzMZJ5RLXu5+J/XT/TowkuZiBNNBVkcGiUc6QjlLaAhk5RoPjMEE8lMVkQmWGKiTVcVU4K7/OW/pHNadxv1xt1ZrXlZ1FGGQziCE3DhHJpwAy1oA4EEnuAFXq1H69l6s94XoyWr2DmAX7A+vgEXJ5Nk</latexit>

MF

<latexit sha1_base64="1ianRtOFejtCfWXDc5py4BLyiCE=">AAACDHicbVDLSgMxFM3UV62vqks3wSLUTZkRqS6LgrisaB/QGUsmzbShmWRIMkIZ+wFu/BU3LhRx6we482/MtINo64HAuefcS+49fsSo0rb9ZeUWFpeWV/KrhbX1jc2t4vZOU4lYYtLAggnZ9pEijHLS0FQz0o4kQaHPSMsfnqd+645IRQW/0aOIeCHqcxpQjLSRusVSveyGSA8wYsnFuDu4/6muTXV462oRmS67Yk8A54mTkRLIUO8WP92ewHFIuMYMKdVx7Eh7CZKaYkbGBTdWJEJ4iPqkYyhHIVFeMjlmDA+M0oOBkOZxDSfq74kEhUqNQt90pquqWS8V//M6sQ5OvYTyKNaE4+lHQcygFjBNBvaoJFizkSEIS2p2hXiAJMLa5FcwITizJ8+T5lHFqVaqV8el2lkWRx7sgX1QBg44ATVwCeqgATB4AE/gBbxaj9az9Wa9T1tzVjazC/7A+vgGOTSbwQ==</latexit>

P (Fh|Sh)
><latexit sha1_base64="IJzeCYBIrsZeOIeK8B7hHtHgCik=">AAAB+HicbVDLSsNAFL2pr1ofjbp0M1gEVyURqS6LgrgRKtgHtCFMptN26GQSZiZCDfkSNy4UceunuPNvnLRZaPXAwOGce7lnThBzprTjfFmlldW19Y3yZmVre2e3au/td1SUSELbJOKR7AVYUc4EbWumOe3FkuIw4LQbTK9yv/tApWKRuNezmHohHgs2YgRrI/l29dZPByHWE4J5ep1lvl1z6s4c6C9xC1KDAi3f/hwMI5KEVGjCsVJ914m1l2KpGeE0qwwSRWNMpnhM+4YKHFLlpfPgGTo2yhCNImme0Giu/txIcajULAzMZJ5RLXu5+J/XT/TowkuZiBNNBVkcGiUc6QjlLaAhk5RoPjMEE8lMVkQmWGKiTVcVU4K7/OW/pHNadxv1xt1ZrXlZ1FGGQziCE3DhHJpwAy1oA4EEnuAFXq1H69l6s94XoyWr2DmAX7A+vgEXJ5Nk</latexit>

MF

<latexit sha1_base64="AnJeF4J6rUCub1kQ5DuGZFUHjA8=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSL0VBKR6rHgxWML9gPaUDbbSbt2swm7G6GE/gIvHhTx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nY3Nre2d3cJecf/g8Oi4dHLa1nGqGLZYLGLVDahGwSW2DDcCu4lCGgUCO8Hkbu53nlBpHssHM03Qj+hI8pAzaqzUrAxKZbfqLkDWiZeTMuRoDEpf/WHM0gilYYJq3fPcxPgZVYYzgbNiP9WYUDahI+xZKmmE2s8Wh87IpVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGtn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNkUbgrf68jppX1W9WrXWvC7XaR5HAc7hAirgwQ3U4R4a0AIGCM/wCm/Oo/PivDsfy9YNJ585gz9wPn8Aed6M1g==</latexit>

(
-1

<latexit sha1_base64="wF9UNcg9VoS4m5MXBKV+QA8JZT4=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNQY9ELx4hkUeEDZkdemFkdnYzM2tCCF/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7cxvPaHSPJb3ZpygH9GB5CFn1Fip/tArltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa89idcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmhdlr1Ku1C9L1ZssjjycwCmcgwdXUIU7qEEDGCA8wyu8OY/Oi/PufCxac042cwx/4Hz+ALxTjOk=</latexit>

Z

-1

<latexit sha1_base64="1ianRtOFejtCfWXDc5py4BLyiCE=">AAACDHicbVDLSgMxFM3UV62vqks3wSLUTZkRqS6LgrisaB/QGUsmzbShmWRIMkIZ+wFu/BU3LhRx6we482/MtINo64HAuefcS+49fsSo0rb9ZeUWFpeWV/KrhbX1jc2t4vZOU4lYYtLAggnZ9pEijHLS0FQz0o4kQaHPSMsfnqd+645IRQW/0aOIeCHqcxpQjLSRusVSveyGSA8wYsnFuDu4/6muTXV462oRmS67Yk8A54mTkRLIUO8WP92ewHFIuMYMKdVx7Eh7CZKaYkbGBTdWJEJ4iPqkYyhHIVFeMjlmDA+M0oOBkOZxDSfq74kEhUqNQt90pquqWS8V//M6sQ5OvYTyKNaE4+lHQcygFjBNBvaoJFizkSEIS2p2hXiAJMLa5FcwITizJ8+T5lHFqVaqV8el2lkWRx7sgX1QBg44ATVwCeqgATB4AE/gBbxaj9az9Wa9T1tzVjazC/7A+vgGOTSbwQ==</latexit>

P (Fh|Sh)
><latexit sha1_base64="IJzeCYBIrsZeOIeK8B7hHtHgCik=">AAAB+HicbVDLSsNAFL2pr1ofjbp0M1gEVyURqS6LgrgRKtgHtCFMptN26GQSZiZCDfkSNy4UceunuPNvnLRZaPXAwOGce7lnThBzprTjfFmlldW19Y3yZmVre2e3au/td1SUSELbJOKR7AVYUc4EbWumOe3FkuIw4LQbTK9yv/tApWKRuNezmHohHgs2YgRrI/l29dZPByHWE4J5ep1lvl1z6s4c6C9xC1KDAi3f/hwMI5KEVGjCsVJ914m1l2KpGeE0qwwSRWNMpnhM+4YKHFLlpfPgGTo2yhCNImme0Giu/txIcajULAzMZJ5RLXu5+J/XT/TowkuZiBNNBVkcGiUc6QjlLaAhk5RoPjMEE8lMVkQmWGKiTVcVU4K7/OW/pHNadxv1xt1ZrXlZ1FGGQziCE3DhHJpwAy1oA4EEnuAFXq1H69l6s94XoyWr2DmAX7A+vgEXJ5Nk</latexit>

MF

Col of : posterior of sh given fh 
under uniform prior 

<latexit sha1_base64="28yYTE01qJou5pXEe+hcXPwjC0c=">AAACFnicbVDLSsNAFJ34rPUVdSVuBovgqiQi1WVREDdCBfuAJoSbybQdOnkwM1FLCP6GP+BW/8CduHXrD/gdJm0WtvXAwOGc+5rjRpxJZRjf2sLi0vLKammtvL6xubWt7+y2ZBgLQpsk5KHouCApZwFtKqY47USCgu9y2naHl7nfvqdCsjC4U6OI2j70A9ZjBFQmOfq+9cA86oJIblInsXxQAwI8uUpTR68YVWMMPE/MglRQgYaj/1heSGKfBopwkLJrGpGyExCKEU7TshVLGgEZQp92MxqAT6WdjL+Q4qNM8XAvFNkLFB6rfzsS8KUc+W5Wmd8oZ71c/M/rxqp3bicsiGJFAzJZ1Is5ViHO88AeE5QoPsoIEMGyWzEZgACistSmtuSzwX3MgzFnY5gnrZOqWavWbk8r9YsiohI6QIfoGJnoDNXRNWqgJiLoCb2gV/SmPWvv2of2OSld0IqePTQF7esXSBagxA==</latexit> ÑMF



Constructing : weighted pseudo-inverse<latexit sha1_base64="UimbyWF64HbfwfkGIHDAV4rgzZw="></latexit>

E⇡b [V
⇡
F (fh)|sh] = V ⇡

S (sh)
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<latexit sha1_base64="wF9UNcg9VoS4m5MXBKV+QA8JZT4=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNQY9ELx4hkUeEDZkdemFkdnYzM2tCCF/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7cxvPaHSPJb3ZpygH9GB5CFn1Fip/tArltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa89idcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmhdlr1Ku1C9L1ZssjjycwCmcgwdXUIU7qEEDGCA8wyu8OY/Oi/PufCxac042cwx/4Hz+ALxTjOk=</latexit>

Z

-1

x
<latexit sha1_base64="AtDlHWsxPmsUCDSVRaGCS715EO8="></latexit>

V ⇡

S (sh) := E⇡[
P

H

h0=h
rh0 |sh]

<latexit sha1_base64="AnJeF4J6rUCub1kQ5DuGZFUHjA8=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSL0VBKR6rHgxWML9gPaUDbbSbt2swm7G6GE/gIvHhTx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nY3Nre2d3cJecf/g8Oi4dHLa1nGqGLZYLGLVDahGwSW2DDcCu4lCGgUCO8Hkbu53nlBpHssHM03Qj+hI8pAzaqzUrAxKZbfqLkDWiZeTMuRoDEpf/WHM0gilYYJq3fPcxPgZVYYzgbNiP9WYUDahI+xZKmmE2s8Wh87IpVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGtn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNkUbgrf68jppX1W9WrXWvC7XaR5HAc7hAirgwQ3U4R4a0AIGCM/wCm/Oo/PivDsfy9YNJ585gz9wPn8Aed6M1g==</latexit>

( <latexit sha1_base64="IJzeCYBIrsZeOIeK8B7hHtHgCik=">AAAB+HicbVDLSsNAFL2pr1ofjbp0M1gEVyURqS6LgrgRKtgHtCFMptN26GQSZiZCDfkSNy4UceunuPNvnLRZaPXAwOGce7lnThBzprTjfFmlldW19Y3yZmVre2e3au/td1SUSELbJOKR7AVYUc4EbWumOe3FkuIw4LQbTK9yv/tApWKRuNezmHohHgs2YgRrI/l29dZPByHWE4J5ep1lvl1z6s4c6C9xC1KDAi3f/hwMI5KEVGjCsVJ914m1l2KpGeE0qwwSRWNMpnhM+4YKHFLlpfPgGTo2yhCNImme0Giu/txIcajULAzMZJ5RLXu5+J/XT/TowkuZiBNNBVkcGiUc6QjlLaAhk5RoPjMEE8lMVkQmWGKiTVcVU4K7/OW/pHNadxv1xt1ZrXlZ1FGGQziCE3DhHJpwAy1oA4EEnuAFXq1H69l6s94XoyWr2DmAX7A+vgEXJ5Nk</latexit>

MF

<latexit sha1_base64="1ianRtOFejtCfWXDc5py4BLyiCE=">AAACDHicbVDLSgMxFM3UV62vqks3wSLUTZkRqS6LgrisaB/QGUsmzbShmWRIMkIZ+wFu/BU3LhRx6we482/MtINo64HAuefcS+49fsSo0rb9ZeUWFpeWV/KrhbX1jc2t4vZOU4lYYtLAggnZ9pEijHLS0FQz0o4kQaHPSMsfnqd+645IRQW/0aOIeCHqcxpQjLSRusVSveyGSA8wYsnFuDu4/6muTXV462oRmS67Yk8A54mTkRLIUO8WP92ewHFIuMYMKdVx7Eh7CZKaYkbGBTdWJEJ4iPqkYyhHIVFeMjlmDA+M0oOBkOZxDSfq74kEhUqNQt90pquqWS8V//M6sQ5OvYTyKNaE4+lHQcygFjBNBvaoJFizkSEIS2p2hXiAJMLa5FcwITizJ8+T5lHFqVaqV8el2lkWRx7sgX1QBg44ATVwCeqgATB4AE/gBbxaj9az9Wa9T1tzVjazC/7A+vgGOTSbwQ==</latexit>

P (Fh|Sh)
><latexit sha1_base64="IJzeCYBIrsZeOIeK8B7hHtHgCik=">AAAB+HicbVDLSsNAFL2pr1ofjbp0M1gEVyURqS6LgrgRKtgHtCFMptN26GQSZiZCDfkSNy4UceunuPNvnLRZaPXAwOGce7lnThBzprTjfFmlldW19Y3yZmVre2e3au/td1SUSELbJOKR7AVYUc4EbWumOe3FkuIw4LQbTK9yv/tApWKRuNezmHohHgs2YgRrI/l29dZPByHWE4J5ep1lvl1z6s4c6C9xC1KDAi3f/hwMI5KEVGjCsVJ914m1l2KpGeE0qwwSRWNMpnhM+4YKHFLlpfPgGTo2yhCNImme0Giu/txIcajULAzMZJ5RLXu5+J/XT/TowkuZiBNNBVkcGiUc6QjlLaAhk5RoPjMEE8lMVkQmWGKiTVcVU4K7/OW/pHNadxv1xt1ZrXlZ1FGGQziCE3DhHJpwAy1oA4EEnuAFXq1H69l6s94XoyWr2DmAX7A+vgEXJ5Nk</latexit>

MF

<latexit sha1_base64="AnJeF4J6rUCub1kQ5DuGZFUHjA8=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSL0VBKR6rHgxWML9gPaUDbbSbt2swm7G6GE/gIvHhTx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nY3Nre2d3cJecf/g8Oi4dHLa1nGqGLZYLGLVDahGwSW2DDcCu4lCGgUCO8Hkbu53nlBpHssHM03Qj+hI8pAzaqzUrAxKZbfqLkDWiZeTMuRoDEpf/WHM0gilYYJq3fPcxPgZVYYzgbNiP9WYUDahI+xZKmmE2s8Wh87IpVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGtn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNkUbgrf68jppX1W9WrXWvC7XaR5HAc7hAirgwQ3U4R4a0AIGCM/wCm/Oo/PivDsfy9YNJ585gz9wPn8Aed6M1g==</latexit>

(
-1

<latexit sha1_base64="wF9UNcg9VoS4m5MXBKV+QA8JZT4=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNQY9ELx4hkUeEDZkdemFkdnYzM2tCCF/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7cxvPaHSPJb3ZpygH9GB5CFn1Fip/tArltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa89idcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmhdlr1Ku1C9L1ZssjjycwCmcgwdXUIU7qEEDGCA8wyu8OY/Oi/PufCxac042cwx/4Hz+ALxTjOk=</latexit>

Z
<latexit sha1_base64="28yYTE01qJou5pXEe+hcXPwjC0c=">AAACFnicbVDLSsNAFJ34rPUVdSVuBovgqiQi1WVREDdCBfuAJoSbybQdOnkwM1FLCP6GP+BW/8CduHXrD/gdJm0WtvXAwOGc+5rjRpxJZRjf2sLi0vLKammtvL6xubWt7+y2ZBgLQpsk5KHouCApZwFtKqY47USCgu9y2naHl7nfvqdCsjC4U6OI2j70A9ZjBFQmOfq+9cA86oJIblInsXxQAwI8uUpTR68YVWMMPE/MglRQgYaj/1heSGKfBopwkLJrGpGyExCKEU7TshVLGgEZQp92MxqAT6WdjL+Q4qNM8XAvFNkLFB6rfzsS8KUc+W5Wmd8oZ71c/M/rxqp3bicsiGJFAzJZ1Is5ViHO88AeE5QoPsoIEMGyWzEZgACistSmtuSzwX3MgzFnY5gnrZOqWavWbk8r9YsiohI6QIfoGJnoDNXRNWqgJiLoCb2gV/SmPWvv2of2OSld0IqePTQF7esXSBagxA==</latexit> ÑMF

<latexit sha1_base64="28yYTE01qJou5pXEe+hcXPwjC0c=">AAACFnicbVDLSsNAFJ34rPUVdSVuBovgqiQi1WVREDdCBfuAJoSbybQdOnkwM1FLCP6GP+BW/8CduHXrD/gdJm0WtvXAwOGc+5rjRpxJZRjf2sLi0vLKammtvL6xubWt7+y2ZBgLQpsk5KHouCApZwFtKqY47USCgu9y2naHl7nfvqdCsjC4U6OI2j70A9ZjBFQmOfq+9cA86oJIblInsXxQAwI8uUpTR68YVWMMPE/MglRQgYaj/1heSGKfBopwkLJrGpGyExCKEU7TshVLGgEZQp92MxqAT6WdjL+Q4qNM8XAvFNkLFB6rfzsS8KUc+W5Wmd8oZ71c/M/rxqp3bicsiGJFAzJZ1Is5ViHO88AeE5QoPsoIEMGyWzEZgACistSmtuSzwX3MgzFnY5gnrZOqWavWbk8r9YsiohI6QIfoGJnoDNXRNWqgJiLoCb2gV/SmPWvv2of2OSld0IqePTQF7esXSBagxA==</latexit> ÑMF
<latexit sha1_base64="1ianRtOFejtCfWXDc5py4BLyiCE=">AAACDHicbVDLSgMxFM3UV62vqks3wSLUTZkRqS6LgrisaB/QGUsmzbShmWRIMkIZ+wFu/BU3LhRx6we482/MtINo64HAuefcS+49fsSo0rb9ZeUWFpeWV/KrhbX1jc2t4vZOU4lYYtLAggnZ9pEijHLS0FQz0o4kQaHPSMsfnqd+645IRQW/0aOIeCHqcxpQjLSRusVSveyGSA8wYsnFuDu4/6muTXV462oRmS67Yk8A54mTkRLIUO8WP92ewHFIuMYMKdVx7Eh7CZKaYkbGBTdWJEJ4iPqkYyhHIVFeMjlmDA+M0oOBkOZxDSfq74kEhUqNQt90pquqWS8V//M6sQ5OvYTyKNaE4+lHQcygFjBNBvaoJFizkSEIS2p2hXiAJMLa5FcwITizJ8+T5lHFqVaqV8el2lkWRx7sgX1QBg44ATVwCeqgATB4AE/gBbxaj9az9Wa9T1tzVjazC/7A+vgGOTSbwQ==</latexit>

P (Fh|Sh)
>

<latexit sha1_base64="1ianRtOFejtCfWXDc5py4BLyiCE=">AAACDHicbVDLSgMxFM3UV62vqks3wSLUTZkRqS6LgrisaB/QGUsmzbShmWRIMkIZ+wFu/BU3LhRx6we482/MtINo64HAuefcS+49fsSo0rb9ZeUWFpeWV/KrhbX1jc2t4vZOU4lYYtLAggnZ9pEijHLS0FQz0o4kQaHPSMsfnqd+645IRQW/0aOIeCHqcxpQjLSRusVSveyGSA8wYsnFuDu4/6muTXV462oRmS67Yk8A54mTkRLIUO8WP92ewHFIuMYMKdVx7Eh7CZKaYkbGBTdWJEJ4iPqkYyhHIVFeMjlmDA+M0oOBkOZxDSfq74kEhUqNQt90pquqWS8V//M6sQ5OvYTyKNaE4+lHQcygFjBNBvaoJFizkSEIS2p2hXiAJMLa5FcwITizJ8+T5lHFqVaqV8el2lkWRx7sgX1QBg44ATVwCeqgATB4AE/gBbxaj9az9Wa9T1tzVjazC/7A+vgGOTSbwQ==</latexit>

P (Fh|Sh)
><latexit sha1_base64="IJzeCYBIrsZeOIeK8B7hHtHgCik=">AAAB+HicbVDLSsNAFL2pr1ofjbp0M1gEVyURqS6LgrgRKtgHtCFMptN26GQSZiZCDfkSNy4UceunuPNvnLRZaPXAwOGce7lnThBzprTjfFmlldW19Y3yZmVre2e3au/td1SUSELbJOKR7AVYUc4EbWumOe3FkuIw4LQbTK9yv/tApWKRuNezmHohHgs2YgRrI/l29dZPByHWE4J5ep1lvl1z6s4c6C9xC1KDAi3f/hwMI5KEVGjCsVJ914m1l2KpGeE0qwwSRWNMpnhM+4YKHFLlpfPgGTo2yhCNImme0Giu/txIcajULAzMZJ5RLXu5+J/XT/TowkuZiBNNBVkcGiUc6QjlLaAhk5RoPjMEE8lMVkQmWGKiTVcVU4K7/OW/pHNadxv1xt1ZrXlZ1FGGQziCE3DhHJpwAy1oA4EEnuAFXq1H69l6s94XoyWr2DmAX7A+vgEXJ5Nk</latexit>

MF

<latexit sha1_base64="28yYTE01qJou5pXEe+hcXPwjC0c=">AAACFnicbVDLSsNAFJ34rPUVdSVuBovgqiQi1WVREDdCBfuAJoSbybQdOnkwM1FLCP6GP+BW/8CduHXrD/gdJm0WtvXAwOGc+5rjRpxJZRjf2sLi0vLKammtvL6xubWt7+y2ZBgLQpsk5KHouCApZwFtKqY47USCgu9y2naHl7nfvqdCsjC4U6OI2j70A9ZjBFQmOfq+9cA86oJIblInsXxQAwI8uUpTR68YVWMMPE/MglRQgYaj/1heSGKfBopwkLJrGpGyExCKEU7TshVLGgEZQp92MxqAT6WdjL+Q4qNM8XAvFNkLFB6rfzsS8KUc+W5Wmd8oZ71c/M/rxqp3bicsiGJFAzJZ1Is5ViHO88AeE5QoPsoIEMGyWzEZgACistSmtuSzwX3MgzFnY5gnrZOqWavWbk8r9YsiohI6QIfoGJnoDNXRNWqgJiLoCb2gV/SmPWvv2of2OSld0IqePTQF7esXSBagxA==</latexit> ÑMF
<latexit sha1_base64="1ianRtOFejtCfWXDc5py4BLyiCE=">AAACDHicbVDLSgMxFM3UV62vqks3wSLUTZkRqS6LgrisaB/QGUsmzbShmWRIMkIZ+wFu/BU3LhRx6we482/MtINo64HAuefcS+49fsSo0rb9ZeUWFpeWV/KrhbX1jc2t4vZOU4lYYtLAggnZ9pEijHLS0FQz0o4kQaHPSMsfnqd+645IRQW/0aOIeCHqcxpQjLSRusVSveyGSA8wYsnFuDu4/6muTXV462oRmS67Yk8A54mTkRLIUO8WP92ewHFIuMYMKdVx7Eh7CZKaYkbGBTdWJEJ4iPqkYyhHIVFeMjlmDA+M0oOBkOZxDSfq74kEhUqNQt90pquqWS8V//M6sQ5OvYTyKNaE4+lHQcygFjBNBvaoJFizkSEIS2p2hXiAJMLa5FcwITizJ8+T5lHFqVaqV8el2lkWRx7sgX1QBg44ATVwCeqgATB4AE/gBbxaj9az9Wa9T1tzVjazC/7A+vgGOTSbwQ==</latexit>

P (Fh|Sh)
>

<latexit sha1_base64="ogtaRBMfwN6fKjt5Z8O/BYWfZk4=">AAACEXicbVDLSsNAFJ3UV62v+Ni5CRbBVUlEqsuiIC4r2gc0IdxMJ+3QyYOZiVhDvsIfcKt/4E7c+gX+gN/hpM3Cth4YOJxz79zD8WJGhTTNb620tLyyulZer2xsbm3v6Lt7bRElHJMWjljEux4IwmhIWpJKRroxJxB4jHS80VXudx4IFzQK7+U4Jk4Ag5D6FINUkqsf2Hd0EICb2gHIIQaWXmeZq1fNmjmBsUisglRRgaar/9j9CCcBCSVmIETPMmPppMAlxYxkFTsRJAY8ggHpKRpCQISTTtJnxrFS+oYfcfVCaUzUvxspBEKMA09N5hnFvJeL/3m9RPoXTkrDOJEkxNNDfsIMGRl5FUafcoIlGysCmFOV1cBD4IClKmzmSv43eI95MdZ8DYukfVqz6rX67Vm1cVlUVEaH6AidIAudowa6QU3UQhg9oRf0it60Z+1d+9A+p6MlrdjZRzPQvn4B3nieYA==</latexit>

⌃F
row sum = 1

Col of : posterior of sh given fh 
under uniform prior 

<latexit sha1_base64="28yYTE01qJou5pXEe+hcXPwjC0c=">AAACFnicbVDLSsNAFJ34rPUVdSVuBovgqiQi1WVREDdCBfuAJoSbybQdOnkwM1FLCP6GP+BW/8CduHXrD/gdJm0WtvXAwOGc+5rjRpxJZRjf2sLi0vLKammtvL6xubWt7+y2ZBgLQpsk5KHouCApZwFtKqY47USCgu9y2naHl7nfvqdCsjC4U6OI2j70A9ZjBFQmOfq+9cA86oJIblInsXxQAwI8uUpTR68YVWMMPE/MglRQgYaj/1heSGKfBopwkLJrGpGyExCKEU7TshVLGgEZQp92MxqAT6WdjL+Q4qNM8XAvFNkLFB6rfzsS8KUc+W5Wmd8oZ71c/M/rxqp3bicsiGJFAzJZ1Is5ViHO88AeE5QoPsoIEMGyWzEZgACistSmtuSzwX3MgzFnY5gnrZOqWavWbk8r9YsiohI6QIfoGJnoDNXRNWqgJiLoCb2gV/SmPWvv2of2OSld0IqePTQF7esXSBagxA==</latexit> ÑMF



Properties of 
<latexit sha1_base64="ogtaRBMfwN6fKjt5Z8O/BYWfZk4=">AAACEXicbVDLSsNAFJ3UV62v+Ni5CRbBVUlEqsuiIC4r2gc0IdxMJ+3QyYOZiVhDvsIfcKt/4E7c+gX+gN/hpM3Cth4YOJxz79zD8WJGhTTNb620tLyyulZer2xsbm3v6Lt7bRElHJMWjljEux4IwmhIWpJKRroxJxB4jHS80VXudx4IFzQK7+U4Jk4Ag5D6FINUkqsf2Hd0EICb2gHIIQaWXmeZq1fNmjmBsUisglRRgaar/9j9CCcBCSVmIETPMmPppMAlxYxkFTsRJAY8ggHpKRpCQISTTtJnxrFS+oYfcfVCaUzUvxspBEKMA09N5hnFvJeL/3m9RPoXTkrDOJEkxNNDfsIMGRl5FUafcoIlGysCmFOV1cBD4IClKmzmSv43eI95MdZ8DYukfVqz6rX67Vm1cVlUVEaH6AidIAudowa6QU3UQhg9oRf0it60Z+1d+9A+p6MlrdjZRzPQvn4B3nieYA==</latexit>

⌃F

18

<latexit sha1_base64="28yYTE01qJou5pXEe+hcXPwjC0c=">AAACFnicbVDLSsNAFJ34rPUVdSVuBovgqiQi1WVREDdCBfuAJoSbybQdOnkwM1FLCP6GP+BW/8CduHXrD/gdJm0WtvXAwOGc+5rjRpxJZRjf2sLi0vLKammtvL6xubWt7+y2ZBgLQpsk5KHouCApZwFtKqY47USCgu9y2naHl7nfvqdCsjC4U6OI2j70A9ZjBFQmOfq+9cA86oJIblInsXxQAwI8uUpTR68YVWMMPE/MglRQgYaj/1heSGKfBopwkLJrGpGyExCKEU7TshVLGgEZQp92MxqAT6WdjL+Q4qNM8XAvFNkLFB6rfzsS8KUc+W5Wmd8oZ71c/M/rxqp3bicsiGJFAzJZ1Is5ViHO88AeE5QoPsoIEMGyWzEZgACistSmtuSzwX3MgzFnY5gnrZOqWavWbk8r9YsiohI6QIfoGJnoDNXRNWqgJiLoCb2gV/SmPWvv2of2OSld0IqePTQF7esXSBagxA==</latexit> ÑMF

<latexit sha1_base64="28yYTE01qJou5pXEe+hcXPwjC0c=">AAACFnicbVDLSsNAFJ34rPUVdSVuBovgqiQi1WVREDdCBfuAJoSbybQdOnkwM1FLCP6GP+BW/8CduHXrD/gdJm0WtvXAwOGc+5rjRpxJZRjf2sLi0vLKammtvL6xubWt7+y2ZBgLQpsk5KHouCApZwFtKqY47USCgu9y2naHl7nfvqdCsjC4U6OI2j70A9ZjBFQmOfq+9cA86oJIblInsXxQAwI8uUpTR68YVWMMPE/MglRQgYaj/1heSGKfBopwkLJrGpGyExCKEU7TshVLGgEZQp92MxqAT6WdjL+Q4qNM8XAvFNkLFB6rfzsS8KUc+W5Wmd8oZ71c/M/rxqp3bicsiGJFAzJZ1Is5ViHO88AeE5QoPsoIEMGyWzEZgACistSmtuSzwX3MgzFnY5gnrZOqWavWbk8r9YsiohI6QIfoGJnoDNXRNWqgJiLoCb2gV/SmPWvv2of2OSld0IqePTQF7esXSBagxA==</latexit> ÑMF
<latexit sha1_base64="1ianRtOFejtCfWXDc5py4BLyiCE=">AAACDHicbVDLSgMxFM3UV62vqks3wSLUTZkRqS6LgrisaB/QGUsmzbShmWRIMkIZ+wFu/BU3LhRx6we482/MtINo64HAuefcS+49fsSo0rb9ZeUWFpeWV/KrhbX1jc2t4vZOU4lYYtLAggnZ9pEijHLS0FQz0o4kQaHPSMsfnqd+645IRQW/0aOIeCHqcxpQjLSRusVSveyGSA8wYsnFuDu4/6muTXV462oRmS67Yk8A54mTkRLIUO8WP92ewHFIuMYMKdVx7Eh7CZKaYkbGBTdWJEJ4iPqkYyhHIVFeMjlmDA+M0oOBkOZxDSfq74kEhUqNQt90pquqWS8V//M6sQ5OvYTyKNaE4+lHQcygFjBNBvaoJFizkSEIS2p2hXiAJMLa5FcwITizJ8+T5lHFqVaqV8el2lkWRx7sgX1QBg44ATVwCeqgATB4AE/gBbxaj9az9Wa9T1tzVjazC/7A+vgGOTSbwQ==</latexit>

P (Fh|Sh)
>

<latexit sha1_base64="wF9UNcg9VoS4m5MXBKV+QA8JZT4=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNQY9ELx4hkUeEDZkdemFkdnYzM2tCCF/gxYPGePWTvPk3DrAHBSvppFLVne6uIBFcG9f9dnJr6xubW/ntws7u3v5B8fCoqeNUMWywWMSqHVCNgktsGG4EthOFNAoEtoLR7cxvPaHSPJb3ZpygH9GB5CFn1Fip/tArltyyOwdZJV5GSpCh1it+dfsxSyOUhgmqdcdzE+NPqDKcCZwWuqnGhLIRHWDHUkkj1P5kfuiUnFmlT8JY2ZKGzNXfExMaaT2OAtsZUTPUy95M/M/rpCa89idcJqlByRaLwlQQE5PZ16TPFTIjxpZQpri9lbAhVZQZm03BhuAtv7xKmhdlr1Ku1C9L1ZssjjycwCmcgwdXUIU7qEEDGCA8wyu8OY/Oi/PufCxac042cwx/4Hz+ALxTjOk=</latexit>

Z

<latexit sha1_base64="ogtaRBMfwN6fKjt5Z8O/BYWfZk4=">AAACEXicbVDLSsNAFJ3UV62v+Ni5CRbBVUlEqsuiIC4r2gc0IdxMJ+3QyYOZiVhDvsIfcKt/4E7c+gX+gN/hpM3Cth4YOJxz79zD8WJGhTTNb620tLyyulZer2xsbm3v6Lt7bRElHJMWjljEux4IwmhIWpJKRroxJxB4jHS80VXudx4IFzQK7+U4Jk4Ag5D6FINUkqsf2Hd0EICb2gHIIQaWXmeZq1fNmjmBsUisglRRgaar/9j9CCcBCSVmIETPMmPppMAlxYxkFTsRJAY8ggHpKRpCQISTTtJnxrFS+oYfcfVCaUzUvxspBEKMA09N5hnFvJeL/3m9RPoXTkrDOJEkxNNDfsIMGRl5FUafcoIlGysCmFOV1cBD4IClKmzmSv43eI95MdZ8DYukfVqz6rX67Vm1cVlUVEaH6AidIAudowa6QU3UQhg9oRf0it60Z+1d+9A+p6MlrdjZRzPQvn4B3nieYA==</latexit>

⌃F

•  is doubly stochastic
<latexit sha1_base64="ogtaRBMfwN6fKjt5Z8O/BYWfZk4=">AAACEXicbVDLSsNAFJ3UV62v+Ni5CRbBVUlEqsuiIC4r2gc0IdxMJ+3QyYOZiVhDvsIfcKt/4E7c+gX+gN/hpM3Cth4YOJxz79zD8WJGhTTNb620tLyyulZer2xsbm3v6Lt7bRElHJMWjljEux4IwmhIWpJKRroxJxB4jHS80VXudx4IFzQK7+U4Jk4Ag5D6FINUkqsf2Hd0EICb2gHIIQaWXmeZq1fNmjmBsUisglRRgaar/9j9CCcBCSVmIETPMmPppMAlxYxkFTsRJAY8ggHpKRpCQISTTtJnxrFS+oYfcfVCaUzUvxspBEKMA09N5hnFvJeL/3m9RPoXTkrDOJEkxNNDfsIMGRl5FUafcoIlGysCmFOV1cBD4IClKmzmSv43eI95MdZ8DYukfVqz6rX67Vm1cVlUVEaH6AidIAudowa6QU3UQhg9oRf0it60Z+1d+9A+p6MlrdjZRzPQvn4B3nieYA==</latexit>

⌃F

• When fh reveals sh, 
<latexit sha1_base64="3fmGJillVPt3niKTMNHeREAxnp8=">AAACHnicbVDLSsNAFJ3UV62vqEs3o0VwVRKR6kYoCqK7ivYBbQk300k7dPJgZiKWkLW/4Q+41T9wJ271B/wOkzQL23pg4Mw59869c+yAM6kM41srLCwuLa8UV0tr6xubW/r2TlP6oSC0QXzui7YNknLm0YZiitN2ICi4Nqcte3SZ+q0HKiTzvXs1DmjPhYHHHEZAJZKl73fv2MAFK+q6oIYEeHQVx/gcZ1fbiW5iSy8bFSMDnidmTsooR93Sf7p9n4Qu9RThIGXHNALVi0AoRjiNS91Q0gDICAa0k1APXCp7UfaVGB8mSh87vkiOp3Cm/u2IwJVy7NpJZbqhnPVS8T+vEyrnrBcxLwgV9chkkBNyrHyc5oL7TFCi+DghQARLdsVkCAKIStKbmpK+DfZjGow5G8M8aR5XzGqlentSrl3kERXRHjpAR8hEp6iGrlEdNRBBT+gFvaI37Vl71z60z0lpQct7dtEUtK9fg36jbg==</latexit>

⌃F “ I

• More generally, confusion matrix of predicting sh from fh

• Outcome Coverage:  (not )
<latexit sha1_base64="daxPxmuh/6+pxCKMsv5E0p07EXk="></latexit>

}⌃´1
F V ⇡

S }8 § CF
<latexit sha1_base64="H5mwxd7Jvb5UdHCSK1NBAk6Gano="></latexit>

}⌃´1{2
F V ⇡

S }2
•

<latexit sha1_base64="dTdYOLukTdRoexUoShZDDUXAl4Q="></latexit>ñ }V ⇡
F }8 § CF

<latexit sha1_base64="AnJeF4J6rUCub1kQ5DuGZFUHjA8=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSL0VBKR6rHgxWML9gPaUDbbSbt2swm7G6GE/gIvHhTx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nY3Nre2d3cJecf/g8Oi4dHLa1nGqGLZYLGLVDahGwSW2DDcCu4lCGgUCO8Hkbu53nlBpHssHM03Qj+hI8pAzaqzUrAxKZbfqLkDWiZeTMuRoDEpf/WHM0gilYYJq3fPcxPgZVYYzgbNiP9WYUDahI+xZKmmE2s8Wh87IpVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGtn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNkUbgrf68jppX1W9WrXWvC7XaR5HAc7hAirgwQ3U4R4a0AIGCM/wCm/Oo/PivDsfy9YNJ585gz9wPn8Aed6M1g==</latexit>

(
<latexit sha1_base64="AnJeF4J6rUCub1kQ5DuGZFUHjA8=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSL0VBKR6rHgxWML9gPaUDbbSbt2swm7G6GE/gIvHhTx6k/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nY3Nre2d3cJecf/g8Oi4dHLa1nGqGLZYLGLVDahGwSW2DDcCu4lCGgUCO8Hkbu53nlBpHssHM03Qj+hI8pAzaqzUrAxKZbfqLkDWiZeTMuRoDEpf/WHM0gilYYJq3fPcxPgZVYYzgbNiP9WYUDahI+xZKmmE2s8Wh87IpVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGtn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNkUbgrf68jppX1W9WrXWvC7XaR5HAc7hAirgwQ3U4R4a0AIGCM/wCm/Oo/PivDsfy9YNJ585gz9wPn8Aed6M1g==</latexit>

(
-1

<latexit sha1_base64="AtDlHWsxPmsUCDSVRaGCS715EO8="></latexit>

V ⇡

S (sh) := E⇡[
P

H

h0=h
rh0 |sh]x

<latexit sha1_base64="28yYTE01qJou5pXEe+hcXPwjC0c=">AAACFnicbVDLSsNAFJ34rPUVdSVuBovgqiQi1WVREDdCBfuAJoSbybQdOnkwM1FLCP6GP+BW/8CduHXrD/gdJm0WtvXAwOGc+5rjRpxJZRjf2sLi0vLKammtvL6xubWt7+y2ZBgLQpsk5KHouCApZwFtKqY47USCgu9y2naHl7nfvqdCsjC4U6OI2j70A9ZjBFQmOfq+9cA86oJIblInsXxQAwI8uUpTR68YVWMMPE/MglRQgYaj/1heSGKfBopwkLJrGpGyExCKEU7TshVLGgEZQp92MxqAT6WdjL+Q4qNM8XAvFNkLFB6rfzsS8KUc+W5Wmd8oZ71c/M/rxqp3bicsiGJFAzJZ1Is5ViHO88AeE5QoPsoIEMGyWzEZgACistSmtuSzwX3MgzFnY5gnrZOqWavWbk8r9YsiohI6QIfoGJnoDNXRNWqgJiLoCb2gV/SmPWvv2of2OSld0IqePTQF7esXSBagxA==</latexit> ÑMF
<latexit sha1_base64="1ianRtOFejtCfWXDc5py4BLyiCE=">AAACDHicbVDLSgMxFM3UV62vqks3wSLUTZkRqS6LgrisaB/QGUsmzbShmWRIMkIZ+wFu/BU3LhRx6we482/MtINo64HAuefcS+49fsSo0rb9ZeUWFpeWV/KrhbX1jc2t4vZOU4lYYtLAggnZ9pEijHLS0FQz0o4kQaHPSMsfnqd+645IRQW/0aOIeCHqcxpQjLSRusVSveyGSA8wYsnFuDu4/6muTXV462oRmS67Yk8A54mTkRLIUO8WP92ewHFIuMYMKdVx7Eh7CZKaYkbGBTdWJEJ4iPqkYyhHIVFeMjlmDA+M0oOBkOZxDSfq74kEhUqNQt90pquqWS8V//M6sQ5OvYTyKNaE4+lHQcygFjBNBvaoJFizkSEIS2p2hXiAJMLa5FcwITizJ8+T5lHFqVaqV8el2lkWRx7sgX1QBg44ATVwCeqgATB4AE/gBbxaj9az9Wa9T1tzVjazC/7A+vgGOTSbwQ==</latexit>

P (Fh|Sh)
>

row sum = 1



• Problem: OPE in POMDPs
• New framework: future-dependent value function 

<latexit sha1_base64="UimbyWF64HbfwfkGIHDAV4rgzZw="></latexit>

E⇡b [V
⇡
F (fh)|sh] = V ⇡

S (sh)

19

Conclusion

 

history
futurelatent 

state
history



• Problem: OPE in POMDPs
• New framework: future-dependent value function 

<latexit sha1_base64="UimbyWF64HbfwfkGIHDAV4rgzZw="></latexit>

E⇡b [V
⇡
F (fh)|sh] = V ⇡

S (sh)

• New assumptions:
• Belief coverage => error transfer
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<latexit sha1_base64="C+8oZuVgIMxAtI9vVR8QfqV/Ws4="></latexit>

=
P

H

h=1

P
sh

g(sh)d⇡(sh)

<latexit sha1_base64="wH7yi7EVSpwJXFbiYMvQQquLiBI="></latexit>

=
P

H

h=1 E⌧h⇠⇡b

⇣P
sh

E ah⇠⇡
ah+1:H⇠⇡b

[�hVF |sh] · Pr[sh|⌧h]
⌘2

�

posterior

covers



• Problem: OPE in POMDPs
• New framework: future-dependent value function 

<latexit sha1_base64="UimbyWF64HbfwfkGIHDAV4rgzZw="></latexit>

E⇡b [V
⇡
F (fh)|sh] = V ⇡

S (sh)

• New assumptions:
• Belief coverage => error transfer
• Outcome coverage => bounded 

<latexit sha1_base64="UimbyWF64HbfwfkGIHDAV4rgzZw="></latexit>

E⇡b [V
⇡
F (fh)|sh] = V ⇡

S (sh)
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<latexit sha1_base64="C+8oZuVgIMxAtI9vVR8QfqV/Ws4="></latexit>

=
P

H

h=1

P
sh

g(sh)d⇡(sh)

<latexit sha1_base64="wH7yi7EVSpwJXFbiYMvQQquLiBI="></latexit>

=
P

H

h=1 E⌧h⇠⇡b

⇣P
sh

E ah⇠⇡
ah+1:H⇠⇡b

[�hVF |sh] · Pr[sh|⌧h]
⌘2

�

posterior
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posterior
covers

<latexit sha1_base64="9twBSH3uaIfaWgP7F5sZ+vrsKyI="></latexit>

Pr⇡b [sh|fh]
<latexit sha1_base64="AtDlHWsxPmsUCDSVRaGCS715EO8="></latexit>

V ⇡

S (sh) := E⇡[
P

H

h0=h
rh0 |sh]

<latexit sha1_base64="C+8oZuVgIMxAtI9vVR8QfqV/Ws4="></latexit>

=
P

H

h=1

P
sh

g(sh)d⇡(sh)



• Problem: OPE in POMDPs
• New framework: future-dependent value function 

<latexit sha1_base64="UimbyWF64HbfwfkGIHDAV4rgzZw="></latexit>

E⇡b [V
⇡
F (fh)|sh] = V ⇡

S (sh)

• New assumptions:
• Belief coverage => error transfer
• Outcome coverage => bounded 

<latexit sha1_base64="UimbyWF64HbfwfkGIHDAV4rgzZw="></latexit>

E⇡b [V
⇡
F (fh)|sh] = V ⇡

S (sh)

• Open question: beyond memoryless & FSM policies
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<latexit sha1_base64="C+8oZuVgIMxAtI9vVR8QfqV/Ws4="></latexit>
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P

H
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g(sh)d⇡(sh)

<latexit sha1_base64="wH7yi7EVSpwJXFbiYMvQQquLiBI="></latexit>

=
P

H

h=1 E⌧h⇠⇡b

⇣P
sh

E ah⇠⇡
ah+1:H⇠⇡b

[�hVF |sh] · Pr[sh|⌧h]
⌘2
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<latexit sha1_base64="9twBSH3uaIfaWgP7F5sZ+vrsKyI="></latexit>

Pr⇡b [sh|fh]
<latexit sha1_base64="AtDlHWsxPmsUCDSVRaGCS715EO8="></latexit>

V ⇡

S (sh) := E⇡[
P

H

h0=h
rh0 |sh]

<latexit sha1_base64="C+8oZuVgIMxAtI9vVR8QfqV/Ws4="></latexit>
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g(sh)d⇡(sh)



• Problem: OPE in POMDPs
• New framework: future-dependent value function 

<latexit sha1_base64="UimbyWF64HbfwfkGIHDAV4rgzZw="></latexit>

E⇡b [V
⇡
F (fh)|sh] = V ⇡

S (sh)

• New assumptions:
• Belief coverage => error transfer
• Outcome coverage => bounded 

<latexit sha1_base64="UimbyWF64HbfwfkGIHDAV4rgzZw="></latexit>

E⇡b [V
⇡
F (fh)|sh] = V ⇡

S (sh)

• Open question: beyond memoryless & FSM policies
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Thank you! Questions? 
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<latexit sha1_base64="C+8oZuVgIMxAtI9vVR8QfqV/Ws4="></latexit>

=
P

H

h=1

P
sh

g(sh)d⇡(sh)

<latexit sha1_base64="wH7yi7EVSpwJXFbiYMvQQquLiBI="></latexit>

=
P

H

h=1 E⌧h⇠⇡b

⇣P
sh

E ah⇠⇡
ah+1:H⇠⇡b

[�hVF |sh] · Pr[sh|⌧h]
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<latexit sha1_base64="9twBSH3uaIfaWgP7F5sZ+vrsKyI="></latexit>

Pr⇡b [sh|fh]
<latexit sha1_base64="AtDlHWsxPmsUCDSVRaGCS715EO8="></latexit>

V ⇡

S (sh) := E⇡[
P

H

h0=h
rh0 |sh]

<latexit sha1_base64="C+8oZuVgIMxAtI9vVR8QfqV/Ws4="></latexit>

=
P

H

h=1

P
sh

g(sh)d⇡(sh)


