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• Generalization only happens to 
policies “covered by” behavior policy 

• How to define coverage, and what’s 
its interplay with algorithms?
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• If all policies are covered & accurately evaluated, we can pick the 

approximate best
• Doesn’t have to! Can constrain learned policy to be covered => 

compete with best covered policy
• behavior regularization, pessimism in face of uncertainty, etc.

• More lenient coverage => stronger competing target

D

D

compete w/ best policy 
among covered ones 

Figure from Gao et al. 2023
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V ⇡(sh) = (T ⇡V ⇡)(sh) := R(sh,⇡) + Esh+1⇠P (sh,⇡)[V
⇡(sh+1)].

• Estimate from class  by  
<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

!

9

Better coverage?

* Also needs Bellman completeness



FQE [Munos, Szepesvari… CJ’19, …] / MIS [Liu et al’18, Nachum et al’19, UHJ’20, …]

• Assume MDPs: 
<latexit sha1_base64="FQMWL5obqPQilPgLI0FqUvIZ/jE=">AAACG3icbZDLSgMxFIYz9VbrrerSTbAIFUqZFKluhKKbWVawF2jLkMlk2tDMZEgyQil9Dze+ihsXirgSXPg2ZqZdaOuBhJ//O4fk/F7MmdK2/W3l1tY3Nrfy24Wd3b39g+LhUVuJRBLaIoIL2fWwopxFtKWZ5rQbS4pDj9OON75NeeeBSsVEdK8nMR2EeBixgBGsjeUWa8JFsHytXHRegdhFFSjTq899oVUFCtfJqJNRJ6WOWyzZVTsruCrQQpTAoppu8bPvC5KENNKEY6V6yI71YIqlZoTTWaGfKBpjMsZD2jMywiFVg2m22wyeGceHgZDmRBpm7u+JKQ6VmoSe6QyxHqlllpr/sV6ig6vBlEVxomlE5g8FCYdawDQo6DNJieYTIzCRzPwVkhGWmGgTZ8GEgJZXXhXtWhXVq/W7i1LjZhFHHpyAU1AGCFyCBnBAE7QAAY/gGbyCN+vJerHerY95a85azByDP2V9/QA04JyW</latexit>

o1(= s1), a1, r1, . . . , oH(= sH), aH , rH

• Learn value functions:  
<latexit sha1_base64="veh39LVd9bcuTnbvqzltZQuLyWw="></latexit>

V ⇡(sh) := E⇡[
P

H

h0=h
rh0 |sh]

• Satisfies 
<latexit sha1_base64="aFo3ijcgfc5mRccpOpRFyyEBqiI="></latexit>

V ⇡(sh) = (T ⇡V ⇡)(sh) := R(sh,⇡) + Esh+1⇠P (sh,⇡)[V
⇡(sh+1)].

• Estimate from class  by  
<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]

9

Better coverage?

* Also needs Bellman completeness



FQE [Munos, Szepesvari… CJ’19, …] / MIS [Liu et al’18, Nachum et al’19, UHJ’20, …]

• Assume MDPs: 
<latexit sha1_base64="FQMWL5obqPQilPgLI0FqUvIZ/jE=">AAACG3icbZDLSgMxFIYz9VbrrerSTbAIFUqZFKluhKKbWVawF2jLkMlk2tDMZEgyQil9Dze+ihsXirgSXPg2ZqZdaOuBhJ//O4fk/F7MmdK2/W3l1tY3Nrfy24Wd3b39g+LhUVuJRBLaIoIL2fWwopxFtKWZ5rQbS4pDj9OON75NeeeBSsVEdK8nMR2EeBixgBGsjeUWa8JFsHytXHRegdhFFSjTq899oVUFCtfJqJNRJ6WOWyzZVTsruCrQQpTAoppu8bPvC5KENNKEY6V6yI71YIqlZoTTWaGfKBpjMsZD2jMywiFVg2m22wyeGceHgZDmRBpm7u+JKQ6VmoSe6QyxHqlllpr/sV6ig6vBlEVxomlE5g8FCYdawDQo6DNJieYTIzCRzPwVkhGWmGgTZ8GEgJZXXhXtWhXVq/W7i1LjZhFHHpyAU1AGCFyCBnBAE7QAAY/gGbyCN+vJerHerY95a85azByDP2V9/QA04JyW</latexit>

o1(= s1), a1, r1, . . . , oH(= sH), aH , rH

• Learn value functions:  
<latexit sha1_base64="veh39LVd9bcuTnbvqzltZQuLyWw="></latexit>

V ⇡(sh) := E⇡[
P

H

h0=h
rh0 |sh]

• Satisfies 
<latexit sha1_base64="aFo3ijcgfc5mRccpOpRFyyEBqiI="></latexit>

V ⇡(sh) = (T ⇡V ⇡)(sh) := R(sh,⇡) + Esh+1⇠P (sh,⇡)[V
⇡(sh+1)].

• Estimate from class  by  
<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

9

Better coverage?

* Also needs Bellman completeness



10

How do value functions help in MDPs?

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

Bellman error

<latexit sha1_base64="1nqMYR6dXLcYGuYkU8eXKJK8c7o="></latexit>

E[V (s1)]� J(⇡) =
P

H

h=1 E⇡[V (sh)� (T ⇡V )(sh)]
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How do value functions help in MDPs?

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

Bellman error
GroundtruthPrediction

<latexit sha1_base64="1nqMYR6dXLcYGuYkU8eXKJK8c7o="></latexit>

E[V (s1)]� J(⇡) =
P

H

h=1 E⇡[V (sh)� (T ⇡V )(sh)]
<latexit sha1_base64="1nqMYR6dXLcYGuYkU8eXKJK8c7o="></latexit>

E[V (s1)]� J(⇡) =
P

H

h=1 E⇡[V (sh)� (T ⇡V )(sh)]

<latexit sha1_base64="1nqMYR6dXLcYGuYkU8eXKJK8c7o="></latexit>

E[V (s1)]� J(⇡) =
P

H

h=1 E⇡[V (sh)� (T ⇡V )(sh)]

?
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How do value functions help in MDPs?
<latexit sha1_base64="uhxXmDQ23A3niPzT95+bbhAhh6M=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseCF49V7Ae0oW62m3bpZhN2J0IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//cS1EbF6wEnC/YgOlQgFo2il+17WL1fcqjsHWSVeTiqQo9Evf/UGMUsjrpBJakzXcxP0M6pRMMmnpV5qeELZmA5511JFI278bH7plJxZZUDCWNtSSObq74mMRsZMosB2RhRHZtmbif953RTDaz8TKkmRK7ZYFKaSYExmb5OB0JyhnFhCmRb2VsJGVFOGNpySDcFbfnmVtC6qXq1au7us1B/zOIpwAqdwDh5cQR1uoQFNYBDCM7zCmzN2Xpx352PRWnDymWP4A+fzB6gcjY4=</latexit> {

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

Bellman error
GroundtruthPrediction

<latexit sha1_base64="1nqMYR6dXLcYGuYkU8eXKJK8c7o="></latexit>

E[V (s1)]� J(⇡) =
P

H

h=1 E⇡[V (sh)� (T ⇡V )(sh)]
<latexit sha1_base64="1nqMYR6dXLcYGuYkU8eXKJK8c7o="></latexit>

E[V (s1)]� J(⇡) =
P

H

h=1 E⇡[V (sh)� (T ⇡V )(sh)]

<latexit sha1_base64="1nqMYR6dXLcYGuYkU8eXKJK8c7o="></latexit>

E[V (s1)]� J(⇡) =
P

H

h=1 E⇡[V (sh)� (T ⇡V )(sh)]

<latexit sha1_base64="IHpfzcyTfFHvabEQhBqsE5VlEHk=">AAAB7XicbVBNTwIxEJ3FL8Qv1KOXRmKCF7JrDHokevGIiSwksCHd0oVKt920XROy4T948aAxXv0/3vw3FtiDgi+Z5OW9mczMCxPOtHHdb6ewtr6xuVXcLu3s7u0flA+PfC1TRWiLSC5VJ8SaciZoyzDDaSdRFMchp+1wfDvz209UaSbFg5kkNIjxULCIEWys5PtV3b8475crbs2dA60SLycVyNHsl796A0nSmApDONa667mJCTKsDCOcTku9VNMEkzEe0q6lAsdUB9n82ik6s8oARVLZEgbN1d8TGY61nsSh7YyxGellbyb+53VTE10HGRNJaqggi0VRypGRaPY6GjBFieETSzBRzN6KyAgrTIwNqGRD8JZfXiX+Rc2r1+r3l5XGTR5HEU7gFKrgwRU04A6a0AICj/AMr/DmSOfFeXc+Fq0FJ585hj9wPn8AeGOObA==</latexit>

V (s2)

?
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How do value functions help in MDPs?
<latexit sha1_base64="uhxXmDQ23A3niPzT95+bbhAhh6M=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseCF49V7Ae0oW62m3bpZhN2J0IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//cS1EbF6wEnC/YgOlQgFo2il+17WL1fcqjsHWSVeTiqQo9Evf/UGMUsjrpBJakzXcxP0M6pRMMmnpV5qeELZmA5511JFI278bH7plJxZZUDCWNtSSObq74mMRsZMosB2RhRHZtmbif953RTDaz8TKkmRK7ZYFKaSYExmb5OB0JyhnFhCmRb2VsJGVFOGNpySDcFbfnmVtC6qXq1au7us1B/zOIpwAqdwDh5cQR1uoQFNYBDCM7zCmzN2Xpx352PRWnDymWP4A+fzB6gcjY4=</latexit> {

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

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

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

Bellman error
GroundtruthPrediction

<latexit sha1_base64="1nqMYR6dXLcYGuYkU8eXKJK8c7o="></latexit>

E[V (s1)]� J(⇡) =
P

H

h=1 E⇡[V (sh)� (T ⇡V )(sh)]
<latexit sha1_base64="1nqMYR6dXLcYGuYkU8eXKJK8c7o="></latexit>

E[V (s1)]� J(⇡) =
P

H

h=1 E⇡[V (sh)� (T ⇡V )(sh)]

<latexit sha1_base64="1nqMYR6dXLcYGuYkU8eXKJK8c7o="></latexit>

E[V (s1)]� J(⇡) =
P

H

h=1 E⇡[V (sh)� (T ⇡V )(sh)]

<latexit sha1_base64="IHpfzcyTfFHvabEQhBqsE5VlEHk=">AAAB7XicbVBNTwIxEJ3FL8Qv1KOXRmKCF7JrDHokevGIiSwksCHd0oVKt920XROy4T948aAxXv0/3vw3FtiDgi+Z5OW9mczMCxPOtHHdb6ewtr6xuVXcLu3s7u0flA+PfC1TRWiLSC5VJ8SaciZoyzDDaSdRFMchp+1wfDvz209UaSbFg5kkNIjxULCIEWys5PtV3b8475crbs2dA60SLycVyNHsl796A0nSmApDONa667mJCTKsDCOcTku9VNMEkzEe0q6lAsdUB9n82ik6s8oARVLZEgbN1d8TGY61nsSh7YyxGellbyb+53VTE10HGRNJaqggi0VRypGRaPY6GjBFieETSzBRzN6KyAgrTIwNqGRD8JZfXiX+Rc2r1+r3l5XGTR5HEU7gFKrgwRU04A6a0AICj/AMr/DmSOfFeXc+Fq0FJ585hj9wPn8AeGOObA==</latexit>

V (s2)

?
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How do value functions help in MDPs?
<latexit sha1_base64="uhxXmDQ23A3niPzT95+bbhAhh6M=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseCF49V7Ae0oW62m3bpZhN2J0IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//cS1EbF6wEnC/YgOlQgFo2il+17WL1fcqjsHWSVeTiqQo9Evf/UGMUsjrpBJakzXcxP0M6pRMMmnpV5qeELZmA5511JFI278bH7plJxZZUDCWNtSSObq74mMRsZMosB2RhRHZtmbif953RTDaz8TKkmRK7ZYFKaSYExmb5OB0JyhnFhCmRb2VsJGVFOGNpySDcFbfnmVtC6qXq1au7us1B/zOIpwAqdwDh5cQR1uoQFNYBDCM7zCmzN2Xpx352PRWnDymWP4A+fzB6gcjY4=</latexit> {

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

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

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

Bellman error
GroundtruthPrediction

<latexit sha1_base64="1nqMYR6dXLcYGuYkU8eXKJK8c7o="></latexit>

E[V (s1)]� J(⇡) =
P

H

h=1 E⇡[V (sh)� (T ⇡V )(sh)]
<latexit sha1_base64="1nqMYR6dXLcYGuYkU8eXKJK8c7o="></latexit>

E[V (s1)]� J(⇡) =
P

H

h=1 E⇡[V (sh)� (T ⇡V )(sh)]
<latexit sha1_base64="1nqMYR6dXLcYGuYkU8eXKJK8c7o="></latexit>

E[V (s1)]� J(⇡) =
P

H

h=1 E⇡[V (sh)� (T ⇡V )(sh)]
<latexit sha1_base64="1nqMYR6dXLcYGuYkU8eXKJK8c7o="></latexit>

E[V (s1)]� J(⇡) =
P

H

h=1 E⇡[V (sh)� (T ⇡V )(sh)]

<latexit sha1_base64="1nqMYR6dXLcYGuYkU8eXKJK8c7o="></latexit>

E[V (s1)]� J(⇡) =
P

H

h=1 E⇡[V (sh)� (T ⇡V )(sh)]

<latexit sha1_base64="IHpfzcyTfFHvabEQhBqsE5VlEHk=">AAAB7XicbVBNTwIxEJ3FL8Qv1KOXRmKCF7JrDHokevGIiSwksCHd0oVKt920XROy4T948aAxXv0/3vw3FtiDgi+Z5OW9mczMCxPOtHHdb6ewtr6xuVXcLu3s7u0flA+PfC1TRWiLSC5VJ8SaciZoyzDDaSdRFMchp+1wfDvz209UaSbFg5kkNIjxULCIEWys5PtV3b8475crbs2dA60SLycVyNHsl796A0nSmApDONa667mJCTKsDCOcTku9VNMEkzEe0q6lAsdUB9n82ik6s8oARVLZEgbN1d8TGY61nsSh7YyxGellbyb+53VTE10HGRNJaqggi0VRypGRaPY6GjBFieETSzBRzN6KyAgrTIwNqGRD8JZfXiX+Rc2r1+r3l5XGTR5HEU7gFKrgwRU04A6a0AICj/AMr/DmSOfFeXc+Fq0FJ585hj9wPn8AeGOObA==</latexit>

V (s2)
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How do value functions help in MDPs?
<latexit sha1_base64="uhxXmDQ23A3niPzT95+bbhAhh6M=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseCF49V7Ae0oW62m3bpZhN2J0IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//cS1EbF6wEnC/YgOlQgFo2il+17WL1fcqjsHWSVeTiqQo9Evf/UGMUsjrpBJakzXcxP0M6pRMMmnpV5qeELZmA5511JFI278bH7plJxZZUDCWNtSSObq74mMRsZMosB2RhRHZtmbif953RTDaz8TKkmRK7ZYFKaSYExmb5OB0JyhnFhCmRb2VsJGVFOGNpySDcFbfnmVtC6qXq1au7us1B/zOIpwAqdwDh5cQR1uoQFNYBDCM7zCmzN2Xpx352PRWnDymWP4A+fzB6gcjY4=</latexit> {

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

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

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

Bellman error
GroundtruthPrediction

<latexit sha1_base64="1nqMYR6dXLcYGuYkU8eXKJK8c7o="></latexit>

E[V (s1)]� J(⇡) =
P

H

h=1 E⇡[V (sh)� (T ⇡V )(sh)]
<latexit sha1_base64="1nqMYR6dXLcYGuYkU8eXKJK8c7o="></latexit>

E[V (s1)]� J(⇡) =
P

H

h=1 E⇡[V (sh)� (T ⇡V )(sh)]
<latexit sha1_base64="1nqMYR6dXLcYGuYkU8eXKJK8c7o="></latexit>

E[V (s1)]� J(⇡) =
P

H

h=1 E⇡[V (sh)� (T ⇡V )(sh)]
<latexit sha1_base64="1nqMYR6dXLcYGuYkU8eXKJK8c7o="></latexit>

E[V (s1)]� J(⇡) =
P

H

h=1 E⇡[V (sh)� (T ⇡V )(sh)]

<latexit sha1_base64="1nqMYR6dXLcYGuYkU8eXKJK8c7o="></latexit>

E[V (s1)]� J(⇡) =
P

H

h=1 E⇡[V (sh)� (T ⇡V )(sh)]

<latexit sha1_base64="IHpfzcyTfFHvabEQhBqsE5VlEHk=">AAAB7XicbVBNTwIxEJ3FL8Qv1KOXRmKCF7JrDHokevGIiSwksCHd0oVKt920XROy4T948aAxXv0/3vw3FtiDgi+Z5OW9mczMCxPOtHHdb6ewtr6xuVXcLu3s7u0flA+PfC1TRWiLSC5VJ8SaciZoyzDDaSdRFMchp+1wfDvz209UaSbFg5kkNIjxULCIEWys5PtV3b8475crbs2dA60SLycVyNHsl796A0nSmApDONa667mJCTKsDCOcTku9VNMEkzEe0q6lAsdUB9n82ik6s8oARVLZEgbN1d8TGY61nsSh7YyxGellbyb+53VTE10HGRNJaqggi0VRypGRaPY6GjBFieETSzBRzN6KyAgrTIwNqGRD8JZfXiX+Rc2r1+r3l5XGTR5HEU7gFKrgwRU04A6a0AICj/AMr/DmSOfFeXc+Fq0FJ585hj9wPn8AeGOObA==</latexit>

V (s2)
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How do value functions help in MDPs?
<latexit sha1_base64="uhxXmDQ23A3niPzT95+bbhAhh6M=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseCF49V7Ae0oW62m3bpZhN2J0IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//cS1EbF6wEnC/YgOlQgFo2il+17WL1fcqjsHWSVeTiqQo9Evf/UGMUsjrpBJakzXcxP0M6pRMMmnpV5qeELZmA5511JFI278bH7plJxZZUDCWNtSSObq74mMRsZMosB2RhRHZtmbif953RTDaz8TKkmRK7ZYFKaSYExmb5OB0JyhnFhCmRb2VsJGVFOGNpySDcFbfnmVtC6qXq1au7us1B/zOIpwAqdwDh5cQR1uoQFNYBDCM7zCmzN2Xpx352PRWnDymWP4A+fzB6gcjY4=</latexit> {

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

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

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

!

Bellman error
GroundtruthPrediction

<latexit sha1_base64="1nqMYR6dXLcYGuYkU8eXKJK8c7o="></latexit>

E[V (s1)]� J(⇡) =
P

H

h=1 E⇡[V (sh)� (T ⇡V )(sh)]
<latexit sha1_base64="1nqMYR6dXLcYGuYkU8eXKJK8c7o="></latexit>

E[V (s1)]� J(⇡) =
P

H

h=1 E⇡[V (sh)� (T ⇡V )(sh)]
<latexit sha1_base64="1nqMYR6dXLcYGuYkU8eXKJK8c7o="></latexit>

E[V (s1)]� J(⇡) =
P

H

h=1 E⇡[V (sh)� (T ⇡V )(sh)]
<latexit sha1_base64="1nqMYR6dXLcYGuYkU8eXKJK8c7o="></latexit>

E[V (s1)]� J(⇡) =
P

H

h=1 E⇡[V (sh)� (T ⇡V )(sh)]

<latexit sha1_base64="1nqMYR6dXLcYGuYkU8eXKJK8c7o="></latexit>

E[V (s1)]� J(⇡) =
P

H

h=1 E⇡[V (sh)� (T ⇡V )(sh)]

<latexit sha1_base64="IHpfzcyTfFHvabEQhBqsE5VlEHk=">AAAB7XicbVBNTwIxEJ3FL8Qv1KOXRmKCF7JrDHokevGIiSwksCHd0oVKt920XROy4T948aAxXv0/3vw3FtiDgi+Z5OW9mczMCxPOtHHdb6ewtr6xuVXcLu3s7u0flA+PfC1TRWiLSC5VJ8SaciZoyzDDaSdRFMchp+1wfDvz209UaSbFg5kkNIjxULCIEWys5PtV3b8475crbs2dA60SLycVyNHsl796A0nSmApDONa667mJCTKsDCOcTku9VNMEkzEe0q6lAsdUB9n82ik6s8oARVLZEgbN1d8TGY61nsSh7YyxGellbyb+53VTE10HGRNJaqggi0VRypGRaPY6GjBFieETSzBRzN6KyAgrTIwNqGRD8JZfXiX+Rc2r1+r3l5XGTR5HEU7gFKrgwRU04A6a0AICj/AMr/DmSOfFeXc+Fq0FJ585hj9wPn8AeGOObA==</latexit>

V (s2)
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How do value functions help in MDPs?
<latexit sha1_base64="uhxXmDQ23A3niPzT95+bbhAhh6M=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseCF49V7Ae0oW62m3bpZhN2J0IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//cS1EbF6wEnC/YgOlQgFo2il+17WL1fcqjsHWSVeTiqQo9Evf/UGMUsjrpBJakzXcxP0M6pRMMmnpV5qeELZmA5511JFI278bH7plJxZZUDCWNtSSObq74mMRsZMosB2RhRHZtmbif953RTDaz8TKkmRK7ZYFKaSYExmb5OB0JyhnFhCmRb2VsJGVFOGNpySDcFbfnmVtC6qXq1au7us1B/zOIpwAqdwDh5cQR1uoQFNYBDCM7zCmzN2Xpx352PRWnDymWP4A+fzB6gcjY4=</latexit> {

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

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

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

<latexit sha1_base64="ecdC63SY1qP57t5WMwjjyDuizls="></latexit>

argmin
V

P
H

h=1 E⇡b [(V (sh)� (T ⇡V )(sh))2]

<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

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

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

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

Bellman error
GroundtruthPrediction

<latexit sha1_base64="1nqMYR6dXLcYGuYkU8eXKJK8c7o="></latexit>

E[V (s1)]� J(⇡) =
P

H

h=1 E⇡[V (sh)� (T ⇡V )(sh)]
<latexit sha1_base64="1nqMYR6dXLcYGuYkU8eXKJK8c7o="></latexit>

E[V (s1)]� J(⇡) =
P

H

h=1 E⇡[V (sh)� (T ⇡V )(sh)]
<latexit sha1_base64="1nqMYR6dXLcYGuYkU8eXKJK8c7o="></latexit>

E[V (s1)]� J(⇡) =
P

H

h=1 E⇡[V (sh)� (T ⇡V )(sh)]
<latexit sha1_base64="1nqMYR6dXLcYGuYkU8eXKJK8c7o="></latexit>

E[V (s1)]� J(⇡) =
P

H

h=1 E⇡[V (sh)� (T ⇡V )(sh)]

<latexit sha1_base64="1nqMYR6dXLcYGuYkU8eXKJK8c7o="></latexit>

E[V (s1)]� J(⇡) =
P

H

h=1 E⇡[V (sh)� (T ⇡V )(sh)]

<latexit sha1_base64="IHpfzcyTfFHvabEQhBqsE5VlEHk=">AAAB7XicbVBNTwIxEJ3FL8Qv1KOXRmKCF7JrDHokevGIiSwksCHd0oVKt920XROy4T948aAxXv0/3vw3FtiDgi+Z5OW9mczMCxPOtHHdb6ewtr6xuVXcLu3s7u0flA+PfC1TRWiLSC5VJ8SaciZoyzDDaSdRFMchp+1wfDvz209UaSbFg5kkNIjxULCIEWys5PtV3b8475crbs2dA60SLycVyNHsl796A0nSmApDONa667mJCTKsDCOcTku9VNMEkzEe0q6lAsdUB9n82ik6s8oARVLZEgbN1d8TGY61nsSh7YyxGellbyb+53VTE10HGRNJaqggi0VRypGRaPY6GjBFieETSzBRzN6KyAgrTIwNqGRD8JZfXiX+Rc2r1+r3l5XGTR5HEU7gFKrgwRU04A6a0AICj/AMr/DmSOfFeXc+Fq0FJ585hj9wPn8AeGOObA==</latexit>

V (s2)
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How do value functions help in MDPs?
<latexit sha1_base64="uhxXmDQ23A3niPzT95+bbhAhh6M=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseCF49V7Ae0oW62m3bpZhN2J0IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//cS1EbF6wEnC/YgOlQgFo2il+17WL1fcqjsHWSVeTiqQo9Evf/UGMUsjrpBJakzXcxP0M6pRMMmnpV5qeELZmA5511JFI278bH7plJxZZUDCWNtSSObq74mMRsZMosB2RhRHZtmbif953RTDaz8TKkmRK7ZYFKaSYExmb5OB0JyhnFhCmRb2VsJGVFOGNpySDcFbfnmVtC6qXq1au7us1B/zOIpwAqdwDh5cQR1uoQFNYBDCM7zCmzN2Xpx352PRWnDymWP4A+fzB6gcjY4=</latexit> {

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

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

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

<latexit sha1_base64="ecdC63SY1qP57t5WMwjjyDuizls="></latexit>

argmin
V

P
H

h=1 E⇡b [(V (sh)� (T ⇡V )(sh))2]

<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

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

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

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

Bellman error
GroundtruthPrediction

<latexit sha1_base64="1nqMYR6dXLcYGuYkU8eXKJK8c7o="></latexit>

E[V (s1)]� J(⇡) =
P

H

h=1 E⇡[V (sh)� (T ⇡V )(sh)]
<latexit sha1_base64="1nqMYR6dXLcYGuYkU8eXKJK8c7o="></latexit>

E[V (s1)]� J(⇡) =
P

H

h=1 E⇡[V (sh)� (T ⇡V )(sh)]
<latexit sha1_base64="1nqMYR6dXLcYGuYkU8eXKJK8c7o="></latexit>

E[V (s1)]� J(⇡) =
P

H

h=1 E⇡[V (sh)� (T ⇡V )(sh)]
<latexit sha1_base64="1nqMYR6dXLcYGuYkU8eXKJK8c7o="></latexit>

E[V (s1)]� J(⇡) =
P

H

h=1 E⇡[V (sh)� (T ⇡V )(sh)]

<latexit sha1_base64="1nqMYR6dXLcYGuYkU8eXKJK8c7o="></latexit>

E[V (s1)]� J(⇡) =
P

H

h=1 E⇡[V (sh)� (T ⇡V )(sh)]

<latexit sha1_base64="IHpfzcyTfFHvabEQhBqsE5VlEHk=">AAAB7XicbVBNTwIxEJ3FL8Qv1KOXRmKCF7JrDHokevGIiSwksCHd0oVKt920XROy4T948aAxXv0/3vw3FtiDgi+Z5OW9mczMCxPOtHHdb6ewtr6xuVXcLu3s7u0flA+PfC1TRWiLSC5VJ8SaciZoyzDDaSdRFMchp+1wfDvz209UaSbFg5kkNIjxULCIEWys5PtV3b8475crbs2dA60SLycVyNHsl796A0nSmApDONa667mJCTKsDCOcTku9VNMEkzEe0q6lAsdUB9n82ik6s8oARVLZEgbN1d8TGY61nsSh7YyxGellbyb+53VTE10HGRNJaqggi0VRypGRaPY6GjBFieETSzBRzN6KyAgrTIwNqGRD8JZfXiX+Rc2r1+r3l5XGTR5HEU7gFKrgwRU04A6a0AICj/AMr/DmSOfFeXc+Fq0FJ585hj9wPn8AeGOObA==</latexit>

V (s2)
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How do value functions help in MDPs?
<latexit sha1_base64="uhxXmDQ23A3niPzT95+bbhAhh6M=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseCF49V7Ae0oW62m3bpZhN2J0IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//cS1EbF6wEnC/YgOlQgFo2il+17WL1fcqjsHWSVeTiqQo9Evf/UGMUsjrpBJakzXcxP0M6pRMMmnpV5qeELZmA5511JFI278bH7plJxZZUDCWNtSSObq74mMRsZMosB2RhRHZtmbif953RTDaz8TKkmRK7ZYFKaSYExmb5OB0JyhnFhCmRb2VsJGVFOGNpySDcFbfnmVtC6qXq1au7us1B/zOIpwAqdwDh5cQR1uoQFNYBDCM7zCmzN2Xpx352PRWnDymWP4A+fzB6gcjY4=</latexit> {

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

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

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

<latexit sha1_base64="ecdC63SY1qP57t5WMwjjyDuizls="></latexit>

argmin
V

P
H

h=1 E⇡b [(V (sh)� (T ⇡V )(sh))2]

<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

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

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

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

Bellman error

<latexit sha1_base64="C8TwClwwdoaKzreylukKczgbFNQ="></latexit>

Ep[g
2]  kp/qk1 · Eq[g

2]
GroundtruthPrediction

<latexit sha1_base64="1nqMYR6dXLcYGuYkU8eXKJK8c7o="></latexit>

E[V (s1)]� J(⇡) =
P

H

h=1 E⇡[V (sh)� (T ⇡V )(sh)]
<latexit sha1_base64="1nqMYR6dXLcYGuYkU8eXKJK8c7o="></latexit>

E[V (s1)]� J(⇡) =
P

H

h=1 E⇡[V (sh)� (T ⇡V )(sh)]
<latexit sha1_base64="1nqMYR6dXLcYGuYkU8eXKJK8c7o="></latexit>

E[V (s1)]� J(⇡) =
P

H

h=1 E⇡[V (sh)� (T ⇡V )(sh)]
<latexit sha1_base64="1nqMYR6dXLcYGuYkU8eXKJK8c7o="></latexit>

E[V (s1)]� J(⇡) =
P

H

h=1 E⇡[V (sh)� (T ⇡V )(sh)]

<latexit sha1_base64="1nqMYR6dXLcYGuYkU8eXKJK8c7o="></latexit>

E[V (s1)]� J(⇡) =
P

H

h=1 E⇡[V (sh)� (T ⇡V )(sh)]

<latexit sha1_base64="IHpfzcyTfFHvabEQhBqsE5VlEHk=">AAAB7XicbVBNTwIxEJ3FL8Qv1KOXRmKCF7JrDHokevGIiSwksCHd0oVKt920XROy4T948aAxXv0/3vw3FtiDgi+Z5OW9mczMCxPOtHHdb6ewtr6xuVXcLu3s7u0flA+PfC1TRWiLSC5VJ8SaciZoyzDDaSdRFMchp+1wfDvz209UaSbFg5kkNIjxULCIEWys5PtV3b8475crbs2dA60SLycVyNHsl796A0nSmApDONa667mJCTKsDCOcTku9VNMEkzEe0q6lAsdUB9n82ik6s8oARVLZEgbN1d8TGY61nsSh7YyxGellbyb+53VTE10HGRNJaqggi0VRypGRaPY6GjBFieETSzBRzN6KyAgrTIwNqGRD8JZfXiX+Rc2r1+r3l5XGTR5HEU7gFKrgwRU04A6a0AICj/AMr/DmSOfFeXc+Fq0FJ585hj9wPn8AeGOObA==</latexit>

V (s2)
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How do value functions help in MDPs?
<latexit sha1_base64="uhxXmDQ23A3niPzT95+bbhAhh6M=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseCF49V7Ae0oW62m3bpZhN2J0IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//cS1EbF6wEnC/YgOlQgFo2il+17WL1fcqjsHWSVeTiqQo9Evf/UGMUsjrpBJakzXcxP0M6pRMMmnpV5qeELZmA5511JFI278bH7plJxZZUDCWNtSSObq74mMRsZMosB2RhRHZtmbif953RTDaz8TKkmRK7ZYFKaSYExmb5OB0JyhnFhCmRb2VsJGVFOGNpySDcFbfnmVtC6qXq1au7us1B/zOIpwAqdwDh5cQR1uoQFNYBDCM7zCmzN2Xpx352PRWnDymWP4A+fzB6gcjY4=</latexit> {

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

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

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

<latexit sha1_base64="ecdC63SY1qP57t5WMwjjyDuizls="></latexit>

argmin
V

P
H

h=1 E⇡b [(V (sh)� (T ⇡V )(sh))2]

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

d⇡(sh)

d⇡b(sh)

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

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

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

 

history future

state

Bellman error

<latexit sha1_base64="C8TwClwwdoaKzreylukKczgbFNQ="></latexit>

Ep[g
2]  kp/qk1 · Eq[g

2]
GroundtruthPrediction

<latexit sha1_base64="1nqMYR6dXLcYGuYkU8eXKJK8c7o="></latexit>

E[V (s1)]� J(⇡) =
P

H

h=1 E⇡[V (sh)� (T ⇡V )(sh)]
<latexit sha1_base64="1nqMYR6dXLcYGuYkU8eXKJK8c7o="></latexit>

E[V (s1)]� J(⇡) =
P

H

h=1 E⇡[V (sh)� (T ⇡V )(sh)]
<latexit sha1_base64="1nqMYR6dXLcYGuYkU8eXKJK8c7o="></latexit>

E[V (s1)]� J(⇡) =
P

H

h=1 E⇡[V (sh)� (T ⇡V )(sh)]
<latexit sha1_base64="1nqMYR6dXLcYGuYkU8eXKJK8c7o="></latexit>

E[V (s1)]� J(⇡) =
P

H

h=1 E⇡[V (sh)� (T ⇡V )(sh)]

<latexit sha1_base64="1nqMYR6dXLcYGuYkU8eXKJK8c7o="></latexit>

E[V (s1)]� J(⇡) =
P

H

h=1 E⇡[V (sh)� (T ⇡V )(sh)]

<latexit sha1_base64="IHpfzcyTfFHvabEQhBqsE5VlEHk=">AAAB7XicbVBNTwIxEJ3FL8Qv1KOXRmKCF7JrDHokevGIiSwksCHd0oVKt920XROy4T948aAxXv0/3vw3FtiDgi+Z5OW9mczMCxPOtHHdb6ewtr6xuVXcLu3s7u0flA+PfC1TRWiLSC5VJ8SaciZoyzDDaSdRFMchp+1wfDvz209UaSbFg5kkNIjxULCIEWys5PtV3b8475crbs2dA60SLycVyNHsl796A0nSmApDONa667mJCTKsDCOcTku9VNMEkzEe0q6lAsdUB9n82ik6s8oARVLZEgbN1d8TGY61nsSh7YyxGellbyb+53VTE10HGRNJaqggi0VRypGRaPY6GjBFieETSzBRzN6KyAgrTIwNqGRD8JZfXiX+Rc2r1+r3l5XGTR5HEU7gFKrgwRU04A6a0AICj/AMr/DmSOfFeXc+Fq0FJ585hj9wPn8AeGOObA==</latexit>

V (s2)
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How do value functions help in MDPs?
<latexit sha1_base64="uhxXmDQ23A3niPzT95+bbhAhh6M=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqseCF49V7Ae0oW62m3bpZhN2J0IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//cS1EbF6wEnC/YgOlQgFo2il+17WL1fcqjsHWSVeTiqQo9Evf/UGMUsjrpBJakzXcxP0M6pRMMmnpV5qeELZmA5511JFI278bH7plJxZZUDCWNtSSObq74mMRsZMosB2RhRHZtmbif953RTDaz8TKkmRK7ZYFKaSYExmb5OB0JyhnFhCmRb2VsJGVFOGNpySDcFbfnmVtC6qXq1au7us1B/zOIpwAqdwDh5cQR1uoQFNYBDCM7zCmzN2Xpx352PRWnDymWP4A+fzB6gcjY4=</latexit> {

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

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

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

<latexit sha1_base64="ecdC63SY1qP57t5WMwjjyDuizls="></latexit>

argmin
V

P
H

h=1 E⇡b [(V (sh)� (T ⇡V )(sh))2]

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

d⇡(sh)

d⇡b(sh)

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

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

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

 

history future

state

Bellman error

<latexit sha1_base64="C8TwClwwdoaKzreylukKczgbFNQ="></latexit>

Ep[g
2]  kp/qk1 · Eq[g

2]
GroundtruthPrediction

<latexit sha1_base64="1nqMYR6dXLcYGuYkU8eXKJK8c7o="></latexit>

E[V (s1)]� J(⇡) =
P

H

h=1 E⇡[V (sh)� (T ⇡V )(sh)]
<latexit sha1_base64="1nqMYR6dXLcYGuYkU8eXKJK8c7o="></latexit>

E[V (s1)]� J(⇡) =
P

H

h=1 E⇡[V (sh)� (T ⇡V )(sh)]
<latexit sha1_base64="1nqMYR6dXLcYGuYkU8eXKJK8c7o="></latexit>
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P
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P
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h=1 E⇡[V (sh)� (T ⇡V )(sh)]

<latexit sha1_base64="IHpfzcyTfFHvabEQhBqsE5VlEHk=">AAAB7XicbVBNTwIxEJ3FL8Qv1KOXRmKCF7JrDHokevGIiSwksCHd0oVKt920XROy4T948aAxXv0/3vw3FtiDgi+Z5OW9mczMCxPOtHHdb6ewtr6xuVXcLu3s7u0flA+PfC1TRWiLSC5VJ8SaciZoyzDDaSdRFMchp+1wfDvz209UaSbFg5kkNIjxULCIEWys5PtV3b8475crbs2dA60SLycVyNHsl796A0nSmApDONa667mJCTKsDCOcTku9VNMEkzEe0q6lAsdUB9n82ik6s8oARVLZEgbN1d8TGY61nsSh7YyxGellbyb+53VTE10HGRNJaqggi0VRypGRaPY6GjBFieETSzBRzN6KyAgrTIwNqGRD8JZfXiX+Rc2r1+r3l5XGTR5HEU7gFKrgwRU04A6a0AICj/AMr/DmSOfFeXc+Fq0FJ585hj9wPn8AeGOObA==</latexit>

V (s2)
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history future<latexit sha1_base64="ecdC63SY1qP57t5WMwjjyDuizls="></latexit>

argmin
V

P
H

h=1 E⇡b [(V (sh)� (T ⇡V )(sh))2]

(observed)

How do value functions help in MDPs?
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h=1 E⇡b [(V (sh)� (T ⇡V )(sh))2]

(observed)

<latexit sha1_base64="1nqMYR6dXLcYGuYkU8eXKJK8c7o="></latexit>

E[V (s1)]� J(⇡) =
P

H

h=1 E⇡[V (sh)� (T ⇡V )(sh)]
<latexit sha1_base64="1nqMYR6dXLcYGuYkU8eXKJK8c7o="></latexit>

E[V (s1)]� J(⇡) =
P

H
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H
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history future<latexit sha1_base64="ecdC63SY1qP57t5WMwjjyDuizls="></latexit>

argmin
V

P
H

h=1 E⇡b [(V (sh)� (T ⇡V )(sh))2]

πb

π

Groundtruth

Prediction

How do value functions help in MDPs?



• 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
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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)

12

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
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(⌧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="II5hWjBRU1ookpzkl+kj4ihfv0Y="></latexit>

d⇡(o1, a1, . . . , oh)

d⇡b(o1, a1, . . . , oh)
=

h�1Y

h0=1
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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)

• Value in RLHF: > exp(25)!!!
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Partially Observed (non-Markov) Problems

<latexit sha1_base64="II5hWjBRU1ookpzkl+kj4ihfv0Y="></latexit>

d⇡(o1, a1, . . . , oh)

d⇡b(o1, a1, . . . , oh)
=

h�1Y

h0=1

⇡(ah0 |oh0)

⇡b(ah0 |oh0) !!

Bai et al. 2022. Training a helpful and harmless assistant with reinforcement learning from human feedback.

<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)

• Structure 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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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) !!



• 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)

• Structure 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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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)

• Structure 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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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)

• Structure 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)

• Structure 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 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

14

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)

14

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)
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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)

14

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)

14

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)

14

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)

14

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)
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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]
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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]
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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]
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Future-Dependent Value Function

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



• 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!
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<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
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• 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]
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<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
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• 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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<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

future observables at h=2



• 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)

• Long history for using future (prediction) as state
• OOM, SMA, PSR, etc - see Thon & Jaeger’15 
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<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

future observables at h=2



• 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)

• Long history for using future (prediction) as state
• OOM, SMA, PSR, etc - see Thon & Jaeger’15 
• Distribution of future observables is low-rank (≤ |S|)

17

Future-Dependent Value Function

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

future observables at h=2
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history future

<latexit sha1_base64="ecdC63SY1qP57t5WMwjjyDuizls="></latexit>

argmin
V

P
H

h=1 E⇡b [(V (sh)� (T ⇡V )(sh))2]

<latexit sha1_base64="ecdC63SY1qP57t5WMwjjyDuizls="></latexit>

argmin
V

P
H

h=1 E⇡b [(V (sh)� (T ⇡V )(sh))2]

(observed)

<latexit sha1_base64="1nqMYR6dXLcYGuYkU8eXKJK8c7o="></latexit>

E[V (s1)]� J(⇡) =
P

H

h=1 E⇡[V (sh)� (T ⇡V )(sh)]
<latexit sha1_base64="1nqMYR6dXLcYGuYkU8eXKJK8c7o="></latexit>

E[V (s1)]� J(⇡) =
P

H

h=1 E⇡[V (sh)� (T ⇡V )(sh)]
<latexit sha1_base64="1nqMYR6dXLcYGuYkU8eXKJK8c7o="></latexit>

E[V (s1)]� J(⇡) =
P

H

h=1 E⇡[V (sh)� (T ⇡V )(sh)]
<latexit sha1_base64="1nqMYR6dXLcYGuYkU8eXKJK8c7o="></latexit>

E[V (s1)]� J(⇡) =
P

H

h=1 E⇡[V (sh)� (T ⇡V )(sh)]

 

history future<latexit sha1_base64="ecdC63SY1qP57t5WMwjjyDuizls="></latexit>

argmin
V

P
H

h=1 E⇡b [(V (sh)� (T ⇡V )(sh))2]

πb

π

Markov case
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history future

<latexit sha1_base64="ecdC63SY1qP57t5WMwjjyDuizls="></latexit>

argmin
V

P
H

h=1 E⇡b [(V (sh)� (T ⇡V )(sh))2]

<latexit sha1_base64="ecdC63SY1qP57t5WMwjjyDuizls="></latexit>

argmin
V

P
H

h=1 E⇡b [(V (sh)� (T ⇡V )(sh))2]

(observed)

<latexit sha1_base64="1nqMYR6dXLcYGuYkU8eXKJK8c7o="></latexit>

E[V (s1)]� J(⇡) =
P

H

h=1 E⇡[V (sh)� (T ⇡V )(sh)]
<latexit sha1_base64="1nqMYR6dXLcYGuYkU8eXKJK8c7o="></latexit>

E[V (s1)]� J(⇡) =
P

H

h=1 E⇡[V (sh)� (T ⇡V )(sh)]
<latexit sha1_base64="1nqMYR6dXLcYGuYkU8eXKJK8c7o="></latexit>

E[V (s1)]� J(⇡) =
P

H

h=1 E⇡[V (sh)� (T ⇡V )(sh)]
<latexit sha1_base64="1nqMYR6dXLcYGuYkU8eXKJK8c7o="></latexit>

E[V (s1)]� J(⇡) =
P

H

h=1 E⇡[V (sh)� (T ⇡V )(sh)]

 

history future<latexit sha1_base64="ecdC63SY1qP57t5WMwjjyDuizls="></latexit>

argmin
V

P
H

h=1 E⇡b [(V (sh)� (T ⇡V )(sh))2]

πb

π

Markov case
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history futurePOMDP case
<latexit sha1_base64="ecdC63SY1qP57t5WMwjjyDuizls="></latexit>

argmin
V

P
H

h=1 E⇡b [(V (sh)� (T ⇡V )(sh))2]

(unobserved)
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history futurePOMDP case
<latexit sha1_base64="ecdC63SY1qP57t5WMwjjyDuizls="></latexit>

argmin
V

P
H

h=1 E⇡b [(V (sh)� (T ⇡V )(sh))2]

(unobserved)
<latexit sha1_base64="35t4JYjqQqUjpgcvCaUSW6qACh4=">AAAB/XicbVDLSsNAFL3xWesrPnZugkWom5KIVJdFQVxWsA9oQ5hMJ+3QySTMTIQagr/ixoUibv0Pd/6NkzYLbT0wcDjnXu6Z48eMSmXb38bS8srq2nppo7y5tb2za+7tt2WUCExaOGKR6PpIEkY5aSmqGOnGgqDQZ6Tjj69zv/NAhKQRv1eTmLghGnIaUIyUljzzsO2l/RCpEUYsvcmyauCNTj2zYtfsKaxF4hSkAgWanvnVH0Q4CQlXmCEpe44dKzdFQlHMSFbuJ5LECI/RkPQ05Sgk0k2n6TPrRCsDK4iEflxZU/X3RopCKSehryfzoHLey8X/vF6igks3pTxOFOF4dihImKUiK6/CGlBBsGITTRAWVGe18AgJhJUurKxLcOa/vEjaZzWnXqvfnVcaV0UdJTiCY6iCAxfQgFtoQgswPMIzvMKb8WS8GO/Gx2x0ySh2DuAPjM8fQ7qVHQ==</latexit>

VF (fh)
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history futurePOMDP case
<latexit sha1_base64="ecdC63SY1qP57t5WMwjjyDuizls="></latexit>

argmin
V

P
H

h=1 E⇡b [(V (sh)� (T ⇡V )(sh))2]

(unobserved)

<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="K5O3j7iTr0WRNdp26fuEymhKGQg="></latexit>

�hVF := VF (fh)� rh � VF (fh+1)

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

<latexit sha1_base64="35t4JYjqQqUjpgcvCaUSW6qACh4=">AAAB/XicbVDLSsNAFL3xWesrPnZugkWom5KIVJdFQVxWsA9oQ5hMJ+3QySTMTIQagr/ixoUibv0Pd/6NkzYLbT0wcDjnXu6Z48eMSmXb38bS8srq2nppo7y5tb2za+7tt2WUCExaOGKR6PpIEkY5aSmqGOnGgqDQZ6Tjj69zv/NAhKQRv1eTmLghGnIaUIyUljzzsO2l/RCpEUYsvcmyauCNTj2zYtfsKaxF4hSkAgWanvnVH0Q4CQlXmCEpe44dKzdFQlHMSFbuJ5LECI/RkPQ05Sgk0k2n6TPrRCsDK4iEflxZU/X3RopCKSehryfzoHLey8X/vF6igks3pTxOFOF4dihImKUiK6/CGlBBsGITTRAWVGe18AgJhJUurKxLcOa/vEjaZzWnXqvfnVcaV0UdJTiCY6iCAxfQgFtoQgswPMIzvMKb8WS8GO/Gx2x0ySh2DuAPjM8fQ7qVHQ==</latexit>

VF (fh)
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history futurePOMDP case
<latexit sha1_base64="ecdC63SY1qP57t5WMwjjyDuizls="></latexit>

argmin
V

P
H

h=1 E⇡b [(V (sh)� (T ⇡V )(sh))2]

(unobserved)

<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="UimbyWF64HbfwfkGIHDAV4rgzZw="></latexit>

E⇡b [V
⇡
F (fh)|sh] = V ⇡

S (sh)

<latexit sha1_base64="K5O3j7iTr0WRNdp26fuEymhKGQg="></latexit>

�hVF := VF (fh)� rh � VF (fh+1)

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

<latexit sha1_base64="35t4JYjqQqUjpgcvCaUSW6qACh4=">AAAB/XicbVDLSsNAFL3xWesrPnZugkWom5KIVJdFQVxWsA9oQ5hMJ+3QySTMTIQagr/ixoUibv0Pd/6NkzYLbT0wcDjnXu6Z48eMSmXb38bS8srq2nppo7y5tb2za+7tt2WUCExaOGKR6PpIEkY5aSmqGOnGgqDQZ6Tjj69zv/NAhKQRv1eTmLghGnIaUIyUljzzsO2l/RCpEUYsvcmyauCNTj2zYtfsKaxF4hSkAgWanvnVH0Q4CQlXmCEpe44dKzdFQlHMSFbuJ5LECI/RkPQ05Sgk0k2n6TPrRCsDK4iEflxZU/X3RopCKSehryfzoHLey8X/vF6igks3pTxOFOF4dihImKUiK6/CGlBBsGITTRAWVGe18AgJhJUurKxLcOa/vEjaZzWnXqvfnVcaV0UdJTiCY6iCAxfQgFtoQgswPMIzvMKb8WS8GO/Gx2x0ySh2DuAPjM8fQ7qVHQ==</latexit>

VF (fh)
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history futurePOMDP case
<latexit sha1_base64="ecdC63SY1qP57t5WMwjjyDuizls="></latexit>

argmin
V

P
H

h=1 E⇡b [(V (sh)� (T ⇡V )(sh))2]

(unobserved)

<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="K5O3j7iTr0WRNdp26fuEymhKGQg="></latexit>

�hVF := VF (fh)� rh � VF (fh+1)

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

<latexit sha1_base64="35t4JYjqQqUjpgcvCaUSW6qACh4=">AAAB/XicbVDLSsNAFL3xWesrPnZugkWom5KIVJdFQVxWsA9oQ5hMJ+3QySTMTIQagr/ixoUibv0Pd/6NkzYLbT0wcDjnXu6Z48eMSmXb38bS8srq2nppo7y5tb2za+7tt2WUCExaOGKR6PpIEkY5aSmqGOnGgqDQZ6Tjj69zv/NAhKQRv1eTmLghGnIaUIyUljzzsO2l/RCpEUYsvcmyauCNTj2zYtfsKaxF4hSkAgWanvnVH0Q4CQlXmCEpe44dKzdFQlHMSFbuJ5LECI/RkPQ05Sgk0k2n6TPrRCsDK4iEflxZU/X3RopCKSehryfzoHLey8X/vF6igks3pTxOFOF4dihImKUiK6/CGlBBsGITTRAWVGe18AgJhJUurKxLcOa/vEjaZzWnXqvfnVcaV0UdJTiCY6iCAxfQgFtoQgswPMIzvMKb8WS8GO/Gx2x0ySh2DuAPjM8fQ7qVHQ==</latexit>

VF (fh)
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history futurePOMDP case
<latexit sha1_base64="ecdC63SY1qP57t5WMwjjyDuizls="></latexit>

argmin
V

P
H

h=1 E⇡b [(V (sh)� (T ⇡V )(sh))2]

(unobserved)

<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="YDddXCqXCrGdQEcsk5Mzrk37nCA=">AAAB7XicdVDLSgMxFM3UV62vqks3wSK4GjLVju2u6MZlBfuAdiiZNNPGZpIhyQil9B/cuFDErf/jzr8x01ZQ0QMXDufcy733hAln2iD04eRWVtfWN/Kbha3tnd294v5BS8tUEdokkkvVCbGmnAnaNMxw2kkUxXHIaTscX2V++54qzaS4NZOEBjEeChYxgo2VWj2D0/6oXywhF/mVGqpB5FaQV50ThPxq+Qx6lmQogSUa/eJ7byBJGlNhCMdadz2UmGCKlWGE01mhl2qaYDLGQ9q1VOCY6mA6v3YGT6wygJFUtoSBc/X7xBTHWk/i0HbG2Iz0by8T//K6qYmqwZSJJDVUkMWiKOXQSJi9DgdMUWL4xBJMFLO3QjLCChNjAyrYEL4+hf+TVtn1fNe/OS/VL5dx5MEROAanwAMXoA6uQQM0AQF34AE8gWdHOo/Oi/O6aM05y5lD8APO2ycG7Y91</latexit>⌧h

<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="K5O3j7iTr0WRNdp26fuEymhKGQg="></latexit>

�hVF := VF (fh)� rh � VF (fh+1)

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

Actual loss:

<latexit sha1_base64="35t4JYjqQqUjpgcvCaUSW6qACh4=">AAAB/XicbVDLSsNAFL3xWesrPnZugkWom5KIVJdFQVxWsA9oQ5hMJ+3QySTMTIQagr/ixoUibv0Pd/6NkzYLbT0wcDjnXu6Z48eMSmXb38bS8srq2nppo7y5tb2za+7tt2WUCExaOGKR6PpIEkY5aSmqGOnGgqDQZ6Tjj69zv/NAhKQRv1eTmLghGnIaUIyUljzzsO2l/RCpEUYsvcmyauCNTj2zYtfsKaxF4hSkAgWanvnVH0Q4CQlXmCEpe44dKzdFQlHMSFbuJ5LECI/RkPQ05Sgk0k2n6TPrRCsDK4iEflxZU/X3RopCKSehryfzoHLey8X/vF6igks3pTxOFOF4dihImKUiK6/CGlBBsGITTRAWVGe18AgJhJUurKxLcOa/vEjaZzWnXqvfnVcaV0UdJTiCY6iCAxfQgFtoQgswPMIzvMKb8WS8GO/Gx2x0ySh2DuAPjM8fQ7qVHQ==</latexit>

VF (fh)
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history futurePOMDP case
<latexit sha1_base64="ecdC63SY1qP57t5WMwjjyDuizls="></latexit>

argmin
V

P
H

h=1 E⇡b [(V (sh)� (T ⇡V )(sh))2]

(unobserved)

<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="YDddXCqXCrGdQEcsk5Mzrk37nCA=">AAAB7XicdVDLSgMxFM3UV62vqks3wSK4GjLVju2u6MZlBfuAdiiZNNPGZpIhyQil9B/cuFDErf/jzr8x01ZQ0QMXDufcy733hAln2iD04eRWVtfWN/Kbha3tnd294v5BS8tUEdokkkvVCbGmnAnaNMxw2kkUxXHIaTscX2V++54qzaS4NZOEBjEeChYxgo2VWj2D0/6oXywhF/mVGqpB5FaQV50ThPxq+Qx6lmQogSUa/eJ7byBJGlNhCMdadz2UmGCKlWGE01mhl2qaYDLGQ9q1VOCY6mA6v3YGT6wygJFUtoSBc/X7xBTHWk/i0HbG2Iz0by8T//K6qYmqwZSJJDVUkMWiKOXQSJi9DgdMUWL4xBJMFLO3QjLCChNjAyrYEL4+hf+TVtn1fNe/OS/VL5dx5MEROAanwAMXoA6uQQM0AQF34AE8gWdHOo/Oi/O6aM05y5lD8APO2ycG7Y91</latexit>⌧h

<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="K5O3j7iTr0WRNdp26fuEymhKGQg="></latexit>

�hVF := VF (fh)� rh � VF (fh+1)

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

✓

Ideal loss:

Actual loss:

<latexit sha1_base64="35t4JYjqQqUjpgcvCaUSW6qACh4=">AAAB/XicbVDLSsNAFL3xWesrPnZugkWom5KIVJdFQVxWsA9oQ5hMJ+3QySTMTIQagr/ixoUibv0Pd/6NkzYLbT0wcDjnXu6Z48eMSmXb38bS8srq2nppo7y5tb2za+7tt2WUCExaOGKR6PpIEkY5aSmqGOnGgqDQZ6Tjj69zv/NAhKQRv1eTmLghGnIaUIyUljzzsO2l/RCpEUYsvcmyauCNTj2zYtfsKaxF4hSkAgWanvnVH0Q4CQlXmCEpe44dKzdFQlHMSFbuJ5LECI/RkPQ05Sgk0k2n6TPrRCsDK4iEflxZU/X3RopCKSehryfzoHLey8X/vF6igks3pTxOFOF4dihImKUiK6/CGlBBsGITTRAWVGe18AgJhJUurKxLcOa/vEjaZzWnXqvfnVcaV0UdJTiCY6iCAxfQgFtoQgswPMIzvMKb8WS8GO/Gx2x0ySh2DuAPjM8fQ7qVHQ==</latexit>

VF (fh)
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history futurePOMDP case
<latexit sha1_base64="ecdC63SY1qP57t5WMwjjyDuizls="></latexit>

argmin
V

P
H

h=1 E⇡b [(V (sh)� (T ⇡V )(sh))2]

(unobserved)

<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="YDddXCqXCrGdQEcsk5Mzrk37nCA=">AAAB7XicdVDLSgMxFM3UV62vqks3wSK4GjLVju2u6MZlBfuAdiiZNNPGZpIhyQil9B/cuFDErf/jzr8x01ZQ0QMXDufcy733hAln2iD04eRWVtfWN/Kbha3tnd294v5BS8tUEdokkkvVCbGmnAnaNMxw2kkUxXHIaTscX2V++54qzaS4NZOEBjEeChYxgo2VWj2D0/6oXywhF/mVGqpB5FaQV50ThPxq+Qx6lmQogSUa/eJ7byBJGlNhCMdadz2UmGCKlWGE01mhl2qaYDLGQ9q1VOCY6mA6v3YGT6wygJFUtoSBc/X7xBTHWk/i0HbG2Iz0by8T//K6qYmqwZSJJDVUkMWiKOXQSJi9DgdMUWL4xBJMFLO3QjLCChNjAyrYEL4+hf+TVtn1fNe/OS/VL5dx5MEROAanwAMXoA6uQQM0AQF34AE8gWdHOo/Oi/O6aM05y5lD8APO2ycG7Y91</latexit>⌧h

<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="K5O3j7iTr0WRNdp26fuEymhKGQg="></latexit>

�hVF := VF (fh)� rh � VF (fh+1)

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

✓

Ideal loss:

Actual loss:

<latexit sha1_base64="p8TEg9jMis0WmdghgwhQII9gXTk="></latexit>P
H

h=1 Esh⇠⇡b

h
hE ah⇠⇡

ah+1:H⇠⇡b

[�hVF |sh],b(·|⌧h)i)2
i

=

<latexit sha1_base64="35t4JYjqQqUjpgcvCaUSW6qACh4=">AAAB/XicbVDLSsNAFL3xWesrPnZugkWom5KIVJdFQVxWsA9oQ5hMJ+3QySTMTIQagr/ixoUibv0Pd/6NkzYLbT0wcDjnXu6Z48eMSmXb38bS8srq2nppo7y5tb2za+7tt2WUCExaOGKR6PpIEkY5aSmqGOnGgqDQZ6Tjj69zv/NAhKQRv1eTmLghGnIaUIyUljzzsO2l/RCpEUYsvcmyauCNTj2zYtfsKaxF4hSkAgWanvnVH0Q4CQlXmCEpe44dKzdFQlHMSFbuJ5LECI/RkPQ05Sgk0k2n6TPrRCsDK4iEflxZU/X3RopCKSehryfzoHLey8X/vF6igks3pTxOFOF4dihImKUiK6/CGlBBsGITTRAWVGe18AgJhJUurKxLcOa/vEjaZzWnXqvfnVcaV0UdJTiCY6iCAxfQgFtoQgswPMIzvMKb8WS8GO/Gx2x0ySh2DuAPjM8fQ7qVHQ==</latexit>

VF (fh)
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history futurePOMDP case
<latexit sha1_base64="ecdC63SY1qP57t5WMwjjyDuizls="></latexit>

argmin
V

P
H

h=1 E⇡b [(V (sh)� (T ⇡V )(sh))2]

(unobserved)

<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="YDddXCqXCrGdQEcsk5Mzrk37nCA=">AAAB7XicdVDLSgMxFM3UV62vqks3wSK4GjLVju2u6MZlBfuAdiiZNNPGZpIhyQil9B/cuFDErf/jzr8x01ZQ0QMXDufcy733hAln2iD04eRWVtfWN/Kbha3tnd294v5BS8tUEdokkkvVCbGmnAnaNMxw2kkUxXHIaTscX2V++54qzaS4NZOEBjEeChYxgo2VWj2D0/6oXywhF/mVGqpB5FaQV50ThPxq+Qx6lmQogSUa/eJ7byBJGlNhCMdadz2UmGCKlWGE01mhl2qaYDLGQ9q1VOCY6mA6v3YGT6wygJFUtoSBc/X7xBTHWk/i0HbG2Iz0by8T//K6qYmqwZSJJDVUkMWiKOXQSJi9DgdMUWL4xBJMFLO3QjLCChNjAyrYEL4+hf+TVtn1fNe/OS/VL5dx5MEROAanwAMXoA6uQQM0AQF34AE8gWdHOo/Oi/O6aM05y5lD8APO2ycG7Y91</latexit>⌧h

<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="K5O3j7iTr0WRNdp26fuEymhKGQg="></latexit>

�hVF := VF (fh)� rh � VF (fh+1)

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

✓

Ideal loss:

Actual loss:

<latexit sha1_base64="p8TEg9jMis0WmdghgwhQII9gXTk="></latexit>P
H

h=1 Esh⇠⇡b

h
hE ah⇠⇡

ah+1:H⇠⇡b

[�hVF |sh],b(·|⌧h)i)2
i

=

<latexit sha1_base64="35t4JYjqQqUjpgcvCaUSW6qACh4=">AAAB/XicbVDLSsNAFL3xWesrPnZugkWom5KIVJdFQVxWsA9oQ5hMJ+3QySTMTIQagr/ixoUibv0Pd/6NkzYLbT0wcDjnXu6Z48eMSmXb38bS8srq2nppo7y5tb2za+7tt2WUCExaOGKR6PpIEkY5aSmqGOnGgqDQZ6Tjj69zv/NAhKQRv1eTmLghGnIaUIyUljzzsO2l/RCpEUYsvcmyauCNTj2zYtfsKaxF4hSkAgWanvnVH0Q4CQlXmCEpe44dKzdFQlHMSFbuJ5LECI/RkPQ05Sgk0k2n6TPrRCsDK4iEflxZU/X3RopCKSehryfzoHLey8X/vF6igks3pTxOFOF4dihImKUiK6/CGlBBsGITTRAWVGe18AgJhJUurKxLcOa/vEjaZzWnXqvfnVcaV0UdJTiCY6iCAxfQgFtoQgswPMIzvMKb8WS8GO/Gx2x0ySh2DuAPjM8fQ7qVHQ==</latexit>

VF (fh)
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history futurePOMDP case
<latexit sha1_base64="ecdC63SY1qP57t5WMwjjyDuizls="></latexit>

argmin
V

P
H

h=1 E⇡b [(V (sh)� (T ⇡V )(sh))2]

(unobserved)

<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="YDddXCqXCrGdQEcsk5Mzrk37nCA=">AAAB7XicdVDLSgMxFM3UV62vqks3wSK4GjLVju2u6MZlBfuAdiiZNNPGZpIhyQil9B/cuFDErf/jzr8x01ZQ0QMXDufcy733hAln2iD04eRWVtfWN/Kbha3tnd294v5BS8tUEdokkkvVCbGmnAnaNMxw2kkUxXHIaTscX2V++54qzaS4NZOEBjEeChYxgo2VWj2D0/6oXywhF/mVGqpB5FaQV50ThPxq+Qx6lmQogSUa/eJ7byBJGlNhCMdadz2UmGCKlWGE01mhl2qaYDLGQ9q1VOCY6mA6v3YGT6wygJFUtoSBc/X7xBTHWk/i0HbG2Iz0by8T//K6qYmqwZSJJDVUkMWiKOXQSJi9DgdMUWL4xBJMFLO3QjLCChNjAyrYEL4+hf+TVtn1fNe/OS/VL5dx5MEROAanwAMXoA6uQQM0AQF34AE8gWdHOo/Oi/O6aM05y5lD8APO2ycG7Y91</latexit>⌧h

<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="K5O3j7iTr0WRNdp26fuEymhKGQg="></latexit>

�hVF := VF (fh)� rh � VF (fh+1)

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

✓

Ideal loss:

Actual loss:

<latexit sha1_base64="p8TEg9jMis0WmdghgwhQII9gXTk="></latexit>P
H

h=1 Esh⇠⇡b

h
hE ah⇠⇡

ah+1:H⇠⇡b

[�hVF |sh],b(·|⌧h)i)2
i

=

belief state 
<latexit sha1_base64="yGUqcvmIFOMnLqmPXMYseOnvceo="></latexit>

Pr[sh|⌧h]

<latexit sha1_base64="35t4JYjqQqUjpgcvCaUSW6qACh4=">AAAB/XicbVDLSsNAFL3xWesrPnZugkWom5KIVJdFQVxWsA9oQ5hMJ+3QySTMTIQagr/ixoUibv0Pd/6NkzYLbT0wcDjnXu6Z48eMSmXb38bS8srq2nppo7y5tb2za+7tt2WUCExaOGKR6PpIEkY5aSmqGOnGgqDQZ6Tjj69zv/NAhKQRv1eTmLghGnIaUIyUljzzsO2l/RCpEUYsvcmyauCNTj2zYtfsKaxF4hSkAgWanvnVH0Q4CQlXmCEpe44dKzdFQlHMSFbuJ5LECI/RkPQ05Sgk0k2n6TPrRCsDK4iEflxZU/X3RopCKSehryfzoHLey8X/vF6igks3pTxOFOF4dihImKUiK6/CGlBBsGITTRAWVGe18AgJhJUurKxLcOa/vEjaZzWnXqvfnVcaV0UdJTiCY6iCAxfQgFtoQgswPMIzvMKb8WS8GO/Gx2x0ySh2DuAPjM8fQ7qVHQ==</latexit>

VF (fh)
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history futurePOMDP case
<latexit sha1_base64="ecdC63SY1qP57t5WMwjjyDuizls="></latexit>

argmin
V

P
H

h=1 E⇡b [(V (sh)� (T ⇡V )(sh))2]

(unobserved)

<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="YDddXCqXCrGdQEcsk5Mzrk37nCA=">AAAB7XicdVDLSgMxFM3UV62vqks3wSK4GjLVju2u6MZlBfuAdiiZNNPGZpIhyQil9B/cuFDErf/jzr8x01ZQ0QMXDufcy733hAln2iD04eRWVtfWN/Kbha3tnd294v5BS8tUEdokkkvVCbGmnAnaNMxw2kkUxXHIaTscX2V++54qzaS4NZOEBjEeChYxgo2VWj2D0/6oXywhF/mVGqpB5FaQV50ThPxq+Qx6lmQogSUa/eJ7byBJGlNhCMdadz2UmGCKlWGE01mhl2qaYDLGQ9q1VOCY6mA6v3YGT6wygJFUtoSBc/X7xBTHWk/i0HbG2Iz0by8T//K6qYmqwZSJJDVUkMWiKOXQSJi9DgdMUWL4xBJMFLO3QjLCChNjAyrYEL4+hf+TVtn1fNe/OS/VL5dx5MEROAanwAMXoA6uQQM0AQF34AE8gWdHOo/Oi/O6aM05y5lD8APO2ycG7Y91</latexit>⌧h

<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="K5O3j7iTr0WRNdp26fuEymhKGQg="></latexit>

�hVF := VF (fh)� rh � VF (fh+1)

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

✓

Ideal loss:

Actual loss:

<latexit sha1_base64="p8TEg9jMis0WmdghgwhQII9gXTk="></latexit>P
H

h=1 Esh⇠⇡b

h
hE ah⇠⇡

ah+1:H⇠⇡b

[�hVF |sh],b(·|⌧h)i)2
i

=

belief state 
<latexit sha1_base64="yGUqcvmIFOMnLqmPXMYseOnvceo="></latexit>

Pr[sh|⌧h]

<latexit sha1_base64="35t4JYjqQqUjpgcvCaUSW6qACh4=">AAAB/XicbVDLSsNAFL3xWesrPnZugkWom5KIVJdFQVxWsA9oQ5hMJ+3QySTMTIQagr/ixoUibv0Pd/6NkzYLbT0wcDjnXu6Z48eMSmXb38bS8srq2nppo7y5tb2za+7tt2WUCExaOGKR6PpIEkY5aSmqGOnGgqDQZ6Tjj69zv/NAhKQRv1eTmLghGnIaUIyUljzzsO2l/RCpEUYsvcmyauCNTj2zYtfsKaxF4hSkAgWanvnVH0Q4CQlXmCEpe44dKzdFQlHMSFbuJ5LECI/RkPQ05Sgk0k2n6TPrRCsDK4iEflxZU/X3RopCKSehryfzoHLey8X/vF6igks3pTxOFOF4dihImKUiK6/CGlBBsGITTRAWVGe18AgJhJUurKxLcOa/vEjaZzWnXqvfnVcaV0UdJTiCY6iCAxfQgFtoQgswPMIzvMKb8WS8GO/Gx2x0ySh2DuAPjM8fQ7qVHQ==</latexit>

VF (fh)
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history futurePOMDP case
<latexit sha1_base64="ecdC63SY1qP57t5WMwjjyDuizls="></latexit>

argmin
V

P
H

h=1 E⇡b [(V (sh)� (T ⇡V )(sh))2]

(unobserved)

<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="YDddXCqXCrGdQEcsk5Mzrk37nCA=">AAAB7XicdVDLSgMxFM3UV62vqks3wSK4GjLVju2u6MZlBfuAdiiZNNPGZpIhyQil9B/cuFDErf/jzr8x01ZQ0QMXDufcy733hAln2iD04eRWVtfWN/Kbha3tnd294v5BS8tUEdokkkvVCbGmnAnaNMxw2kkUxXHIaTscX2V++54qzaS4NZOEBjEeChYxgo2VWj2D0/6oXywhF/mVGqpB5FaQV50ThPxq+Qx6lmQogSUa/eJ7byBJGlNhCMdadz2UmGCKlWGE01mhl2qaYDLGQ9q1VOCY6mA6v3YGT6wygJFUtoSBc/X7xBTHWk/i0HbG2Iz0by8T//K6qYmqwZSJJDVUkMWiKOXQSJi9DgdMUWL4xBJMFLO3QjLCChNjAyrYEL4+hf+TVtn1fNe/OS/VL5dx5MEROAanwAMXoA6uQQM0AQF34AE8gWdHOo/Oi/O6aM05y5lD8APO2ycG7Y91</latexit>⌧h

<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="K5O3j7iTr0WRNdp26fuEymhKGQg="></latexit>

�hVF := VF (fh)� rh � VF (fh+1)

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

✓

Ideal loss:

<latexit sha1_base64="p8TEg9jMis0WmdghgwhQII9gXTk="></latexit>P
H

h=1 Esh⇠⇡b

h
hE ah⇠⇡

ah+1:H⇠⇡b

[�hVF |sh],b(·|⌧h)i)2
i

=

belief state 
<latexit sha1_base64="yGUqcvmIFOMnLqmPXMYseOnvceo="></latexit>

Pr[sh|⌧h]

S = 2

<latexit sha1_base64="35t4JYjqQqUjpgcvCaUSW6qACh4=">AAAB/XicbVDLSsNAFL3xWesrPnZugkWom5KIVJdFQVxWsA9oQ5hMJ+3QySTMTIQagr/ixoUibv0Pd/6NkzYLbT0wcDjnXu6Z48eMSmXb38bS8srq2nppo7y5tb2za+7tt2WUCExaOGKR6PpIEkY5aSmqGOnGgqDQZ6Tjj69zv/NAhKQRv1eTmLghGnIaUIyUljzzsO2l/RCpEUYsvcmyauCNTj2zYtfsKaxF4hSkAgWanvnVH0Q4CQlXmCEpe44dKzdFQlHMSFbuJ5LECI/RkPQ05Sgk0k2n6TPrRCsDK4iEflxZU/X3RopCKSehryfzoHLey8X/vF6igks3pTxOFOF4dihImKUiK6/CGlBBsGITTRAWVGe18AgJhJUurKxLcOa/vEjaZzWnXqvfnVcaV0UdJTiCY6iCAxfQgFtoQgswPMIzvMKb8WS8GO/Gx2x0ySh2DuAPjM8fQ7qVHQ==</latexit>

VF (fh)
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history futurePOMDP case
<latexit sha1_base64="ecdC63SY1qP57t5WMwjjyDuizls="></latexit>

argmin
V

P
H

h=1 E⇡b [(V (sh)� (T ⇡V )(sh))2]

(unobserved)

<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="YDddXCqXCrGdQEcsk5Mzrk37nCA=">AAAB7XicdVDLSgMxFM3UV62vqks3wSK4GjLVju2u6MZlBfuAdiiZNNPGZpIhyQil9B/cuFDErf/jzr8x01ZQ0QMXDufcy733hAln2iD04eRWVtfWN/Kbha3tnd294v5BS8tUEdokkkvVCbGmnAnaNMxw2kkUxXHIaTscX2V++54qzaS4NZOEBjEeChYxgo2VWj2D0/6oXywhF/mVGqpB5FaQV50ThPxq+Qx6lmQogSUa/eJ7byBJGlNhCMdadz2UmGCKlWGE01mhl2qaYDLGQ9q1VOCY6mA6v3YGT6wygJFUtoSBc/X7xBTHWk/i0HbG2Iz0by8T//K6qYmqwZSJJDVUkMWiKOXQSJi9DgdMUWL4xBJMFLO3QjLCChNjAyrYEL4+hf+TVtn1fNe/OS/VL5dx5MEROAanwAMXoA6uQQM0AQF34AE8gWdHOo/Oi/O6aM05y5lD8APO2ycG7Y91</latexit>⌧h

<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="K5O3j7iTr0WRNdp26fuEymhKGQg="></latexit>

�hVF := VF (fh)� rh � VF (fh+1)

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

✓

Ideal loss:

<latexit sha1_base64="p8TEg9jMis0WmdghgwhQII9gXTk="></latexit>P
H

h=1 Esh⇠⇡b

h
hE ah⇠⇡

ah+1:H⇠⇡b

[�hVF |sh],b(·|⌧h)i)2
i

=

belief state 
<latexit sha1_base64="yGUqcvmIFOMnLqmPXMYseOnvceo="></latexit>

Pr[sh|⌧h]

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="35t4JYjqQqUjpgcvCaUSW6qACh4=">AAAB/XicbVDLSsNAFL3xWesrPnZugkWom5KIVJdFQVxWsA9oQ5hMJ+3QySTMTIQagr/ixoUibv0Pd/6NkzYLbT0wcDjnXu6Z48eMSmXb38bS8srq2nppo7y5tb2za+7tt2WUCExaOGKR6PpIEkY5aSmqGOnGgqDQZ6Tjj69zv/NAhKQRv1eTmLghGnIaUIyUljzzsO2l/RCpEUYsvcmyauCNTj2zYtfsKaxF4hSkAgWanvnVH0Q4CQlXmCEpe44dKzdFQlHMSFbuJ5LECI/RkPQ05Sgk0k2n6TPrRCsDK4iEflxZU/X3RopCKSehryfzoHLey8X/vF6igks3pTxOFOF4dihImKUiK6/CGlBBsGITTRAWVGe18AgJhJUurKxLcOa/vEjaZzWnXqvfnVcaV0UdJTiCY6iCAxfQgFtoQgswPMIzvMKb8WS8GO/Gx2x0ySh2DuAPjM8fQ7qVHQ==</latexit>

VF (fh)
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history futurePOMDP case
<latexit sha1_base64="ecdC63SY1qP57t5WMwjjyDuizls="></latexit>

argmin
V

P
H

h=1 E⇡b [(V (sh)� (T ⇡V )(sh))2]

(unobserved)

<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="YDddXCqXCrGdQEcsk5Mzrk37nCA=">AAAB7XicdVDLSgMxFM3UV62vqks3wSK4GjLVju2u6MZlBfuAdiiZNNPGZpIhyQil9B/cuFDErf/jzr8x01ZQ0QMXDufcy733hAln2iD04eRWVtfWN/Kbha3tnd294v5BS8tUEdokkkvVCbGmnAnaNMxw2kkUxXHIaTscX2V++54qzaS4NZOEBjEeChYxgo2VWj2D0/6oXywhF/mVGqpB5FaQV50ThPxq+Qx6lmQogSUa/eJ7byBJGlNhCMdadz2UmGCKlWGE01mhl2qaYDLGQ9q1VOCY6mA6v3YGT6wygJFUtoSBc/X7xBTHWk/i0HbG2Iz0by8T//K6qYmqwZSJJDVUkMWiKOXQSJi9DgdMUWL4xBJMFLO3QjLCChNjAyrYEL4+hf+TVtn1fNe/OS/VL5dx5MEROAanwAMXoA6uQQM0AQF34AE8gWdHOo/Oi/O6aM05y5lD8APO2ycG7Y91</latexit>⌧h

<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="K5O3j7iTr0WRNdp26fuEymhKGQg="></latexit>

�hVF := VF (fh)� rh � VF (fh+1)

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

✓

Ideal loss:

<latexit sha1_base64="p8TEg9jMis0WmdghgwhQII9gXTk="></latexit>P
H

h=1 Esh⇠⇡b

h
hE ah⇠⇡

ah+1:H⇠⇡b

[�hVF |sh],b(·|⌧h)i)2
i

=

belief state 
<latexit sha1_base64="yGUqcvmIFOMnLqmPXMYseOnvceo="></latexit>

Pr[sh|⌧h]

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="35t4JYjqQqUjpgcvCaUSW6qACh4=">AAAB/XicbVDLSsNAFL3xWesrPnZugkWom5KIVJdFQVxWsA9oQ5hMJ+3QySTMTIQagr/ixoUibv0Pd/6NkzYLbT0wcDjnXu6Z48eMSmXb38bS8srq2nppo7y5tb2za+7tt2WUCExaOGKR6PpIEkY5aSmqGOnGgqDQZ6Tjj69zv/NAhKQRv1eTmLghGnIaUIyUljzzsO2l/RCpEUYsvcmyauCNTj2zYtfsKaxF4hSkAgWanvnVH0Q4CQlXmCEpe44dKzdFQlHMSFbuJ5LECI/RkPQ05Sgk0k2n6TPrRCsDK4iEflxZU/X3RopCKSehryfzoHLey8X/vF6igks3pTxOFOF4dihImKUiK6/CGlBBsGITTRAWVGe18AgJhJUurKxLcOa/vEjaZzWnXqvfnVcaV0UdJTiCY6iCAxfQgFtoQgswPMIzvMKb8WS8GO/Gx2x0ySh2DuAPjM8fQ7qVHQ==</latexit>

VF (fh)
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history futurePOMDP case
<latexit sha1_base64="ecdC63SY1qP57t5WMwjjyDuizls="></latexit>

argmin
V

P
H

h=1 E⇡b [(V (sh)� (T ⇡V )(sh))2]

(unobserved)

<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="YDddXCqXCrGdQEcsk5Mzrk37nCA=">AAAB7XicdVDLSgMxFM3UV62vqks3wSK4GjLVju2u6MZlBfuAdiiZNNPGZpIhyQil9B/cuFDErf/jzr8x01ZQ0QMXDufcy733hAln2iD04eRWVtfWN/Kbha3tnd294v5BS8tUEdokkkvVCbGmnAnaNMxw2kkUxXHIaTscX2V++54qzaS4NZOEBjEeChYxgo2VWj2D0/6oXywhF/mVGqpB5FaQV50ThPxq+Qx6lmQogSUa/eJ7byBJGlNhCMdadz2UmGCKlWGE01mhl2qaYDLGQ9q1VOCY6mA6v3YGT6wygJFUtoSBc/X7xBTHWk/i0HbG2Iz0by8T//K6qYmqwZSJJDVUkMWiKOXQSJi9DgdMUWL4xBJMFLO3QjLCChNjAyrYEL4+hf+TVtn1fNe/OS/VL5dx5MEROAanwAMXoA6uQQM0AQF34AE8gWdHOo/Oi/O6aM05y5lD8APO2ycG7Y91</latexit>⌧h

<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="K5O3j7iTr0WRNdp26fuEymhKGQg="></latexit>

�hVF := VF (fh)� rh � VF (fh+1)

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

✓

Ideal loss:

<latexit sha1_base64="p8TEg9jMis0WmdghgwhQII9gXTk="></latexit>P
H

h=1 Esh⇠⇡b

h
hE ah⇠⇡

ah+1:H⇠⇡b

[�hVF |sh],b(·|⌧h)i)2
i

=

belief state 
<latexit sha1_base64="yGUqcvmIFOMnLqmPXMYseOnvceo="></latexit>

Pr[sh|⌧h]

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

�

<latexit sha1_base64="35t4JYjqQqUjpgcvCaUSW6qACh4=">AAAB/XicbVDLSsNAFL3xWesrPnZugkWom5KIVJdFQVxWsA9oQ5hMJ+3QySTMTIQagr/ixoUibv0Pd/6NkzYLbT0wcDjnXu6Z48eMSmXb38bS8srq2nppo7y5tb2za+7tt2WUCExaOGKR6PpIEkY5aSmqGOnGgqDQZ6Tjj69zv/NAhKQRv1eTmLghGnIaUIyUljzzsO2l/RCpEUYsvcmyauCNTj2zYtfsKaxF4hSkAgWanvnVH0Q4CQlXmCEpe44dKzdFQlHMSFbuJ5LECI/RkPQ05Sgk0k2n6TPrRCsDK4iEflxZU/X3RopCKSehryfzoHLey8X/vF6igks3pTxOFOF4dihImKUiK6/CGlBBsGITTRAWVGe18AgJhJUurKxLcOa/vEjaZzWnXqvfnVcaV0UdJTiCY6iCAxfQgFtoQgswPMIzvMKb8WS8GO/Gx2x0ySh2DuAPjM8fQ7qVHQ==</latexit>

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

(d⇡h)
>E⌧h⇠⇡b [b(⌧h)b(⌧h)

>]�1d⇡h  CH
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>]�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
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sh,ah

⇡(ah|sh)
⇡b(ah|sh)
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supV 2V
|E⇡ [V�T ⇡V ]|p
E⇡b

[(V�T ⇡V )2]
 E⇡[�]>E⇡b [��

>]�1E⇡[�]
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supV 2V
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E⇡b

[(V�T ⇡V )2]
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>]�1d⇡h  CH
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• 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⇡[�]
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(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

⇤
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• 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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Guarantee under belief coverage
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