
Lecture start: Tuesdays 9:35am 
Who’s talking? Prof. Tamara Broderick 
Questions? Ask on Piazza: “lecture (week) 12” folder 
Materials: slides, video will all be available on Canvas 
Live Zoom feed: https://mit.zoom.us/j/94238622313

6.036: Introduction to Machine 
Learning

1

Last Time
I. Actions change the state 

of the world and gain 
reward: Markov decision 
processes (MDPs) 

II. Value of a policy

Today’s Plan
I. How to choose the best 

policy? 
II. What if we don’t know 

the transition model or 
reward function?

Final exam: Thurs 12/16, 1:30pm. See Canvas for full info.
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Recall
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Recall

• Markov decision process
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Recall

<latexit sha1_base64="cgziEgfdtrWHaEOm3chkmVzvJpo=">AAAB8nicbVBNS8NAFHypX7V+VT16WSyCp5KIoseiF48VrS2koWy223bpJht2X4QS+jO8eFDEq7/Gm//GTZuDtg4sDDPvsfMmTKQw6LrfTmlldW19o7xZ2dre2d2r7h88GpVqxltMSaU7ITVcipi3UKDknURzGoWSt8PxTe63n7g2QsUPOEl4ENFhLAaCUbSS340ojhiV2f20V625dXcGsky8gtSgQLNX/er2FUsjHiOT1BjfcxMMMqpRMMmnlW5qeELZmA65b2lMI26CbBZ5Sk6s0icDpe2LkczU3xsZjYyZRKGdzCOaRS8X//P8FAdXQSbiJEUes/lHg1QSVCS/n/SF5gzlxBLKtLBZCRtRTRnaliq2BG/x5GXyeFb3Luru3XmtcV3UUYYjOIZT8OASGnALTWgBAwXP8ApvDjovzrvzMR8tOcXOIfyB8/kDjPqRbQ==</latexit>

S• Markov decision process: states  



2

Recall

<latexit sha1_base64="cgziEgfdtrWHaEOm3chkmVzvJpo=">AAAB8nicbVBNS8NAFHypX7V+VT16WSyCp5KIoseiF48VrS2koWy223bpJht2X4QS+jO8eFDEq7/Gm//GTZuDtg4sDDPvsfMmTKQw6LrfTmlldW19o7xZ2dre2d2r7h88GpVqxltMSaU7ITVcipi3UKDknURzGoWSt8PxTe63n7g2QsUPOEl4ENFhLAaCUbSS340ojhiV2f20V625dXcGsky8gtSgQLNX/er2FUsjHiOT1BjfcxMMMqpRMMmnlW5qeELZmA65b2lMI26CbBZ5Sk6s0icDpe2LkczU3xsZjYyZRKGdzCOaRS8X//P8FAdXQSbiJEUes/lHg1QSVCS/n/SF5gzlxBLKtLBZCRtRTRnaliq2BG/x5GXyeFb3Luru3XmtcV3UUYYjOIZT8OASGnALTWgBAwXP8ApvDjovzrvzMR8tOcXOIfyB8/kDjPqRbQ==</latexit>

S• Markov decision process: states  

rich soil poor soil



2

Recall

<latexit sha1_base64="cgziEgfdtrWHaEOm3chkmVzvJpo=">AAAB8nicbVBNS8NAFHypX7V+VT16WSyCp5KIoseiF48VrS2koWy223bpJht2X4QS+jO8eFDEq7/Gm//GTZuDtg4sDDPvsfMmTKQw6LrfTmlldW19o7xZ2dre2d2r7h88GpVqxltMSaU7ITVcipi3UKDknURzGoWSt8PxTe63n7g2QsUPOEl4ENFhLAaCUbSS340ojhiV2f20V625dXcGsky8gtSgQLNX/er2FUsjHiOT1BjfcxMMMqpRMMmnlW5qeELZmA65b2lMI26CbBZ5Sk6s0icDpe2LkczU3xsZjYyZRKGdzCOaRS8X//P8FAdXQSbiJEUes/lHg1QSVCS/n/SF5gzlxBLKtLBZCRtRTRnaliq2BG/x5GXyeFb3Luru3XmtcV3UUYYjOIZT8OASGnALTWgBAwXP8ApvDjovzrvzMR8tOcXOIfyB8/kDjPqRbQ==</latexit>

S
<latexit sha1_base64="SZdh5QT1NTY7zEHN0WSihpxhBNI=">AAAB8nicbVBNS8NAFHypX7V+VT16WSyCp5KIoseqF48VrC2koWy223bpZhN2X4QS+jO8eFDEq7/Gm//GTZuDtg4sDDPvsfMmTKQw6LrfTmlldW19o7xZ2dre2d2r7h88mjjVjLdYLGPdCanhUijeQoGSdxLNaRRK3g7Ht7nffuLaiFg94CThQUSHSgwEo2glvxtRHDEqs+tpr1pz6+4MZJl4BalBgWav+tXtxyyNuEImqTG+5yYYZFSjYJJPK93U8ISyMR1y31JFI26CbBZ5Sk6s0ieDWNunkMzU3xsZjYyZRKGdzCOaRS8X//P8FAdXQSZUkiJXbP7RIJUEY5LfT/pCc4ZyYgllWtishI2opgxtSxVbgrd48jJ5PKt7F3X3/rzWuCnqKMMRHMMpeHAJDbiDJrSAQQzP8ApvDjovzrvzMR8tOcXOIfyB8/kDcaCRWw==</latexit>

A• Markov decision process: states   , actions   

rich soil poor soil



2

Recall

<latexit sha1_base64="cgziEgfdtrWHaEOm3chkmVzvJpo=">AAAB8nicbVBNS8NAFHypX7V+VT16WSyCp5KIoseiF48VrS2koWy223bpJht2X4QS+jO8eFDEq7/Gm//GTZuDtg4sDDPvsfMmTKQw6LrfTmlldW19o7xZ2dre2d2r7h88GpVqxltMSaU7ITVcipi3UKDknURzGoWSt8PxTe63n7g2QsUPOEl4ENFhLAaCUbSS340ojhiV2f20V625dXcGsky8gtSgQLNX/er2FUsjHiOT1BjfcxMMMqpRMMmnlW5qeELZmA65b2lMI26CbBZ5Sk6s0icDpe2LkczU3xsZjYyZRKGdzCOaRS8X//P8FAdXQSbiJEUes/lHg1QSVCS/n/SF5gzlxBLKtLBZCRtRTRnaliq2BG/x5GXyeFb3Luru3XmtcV3UUYYjOIZT8OASGnALTWgBAwXP8ApvDjovzrvzMR8tOcXOIfyB8/kDjPqRbQ==</latexit>

S
<latexit sha1_base64="SZdh5QT1NTY7zEHN0WSihpxhBNI=">AAAB8nicbVBNS8NAFHypX7V+VT16WSyCp5KIoseqF48VrC2koWy223bpZhN2X4QS+jO8eFDEq7/Gm//GTZuDtg4sDDPvsfMmTKQw6LrfTmlldW19o7xZ2dre2d2r7h88mjjVjLdYLGPdCanhUijeQoGSdxLNaRRK3g7Ht7nffuLaiFg94CThQUSHSgwEo2glvxtRHDEqs+tpr1pz6+4MZJl4BalBgWav+tXtxyyNuEImqTG+5yYYZFSjYJJPK93U8ISyMR1y31JFI26CbBZ5Sk6s0ieDWNunkMzU3xsZjYyZRKGdzCOaRS8X//P8FAdXQSZUkiJXbP7RIJUEY5LfT/pCc4ZyYgllWtishI2opgxtSxVbgrd48jJ5PKt7F3X3/rzWuCnqKMMRHMMpeHAJDbiDJrSAQQzP8ApvDjovzrvzMR8tOcXOIfyB8/kDcaCRWw==</latexit>

A• Markov decision process: states   , actions   

rich soil poor soil
plant: fallow:



2

Recall

<latexit sha1_base64="cgziEgfdtrWHaEOm3chkmVzvJpo=">AAAB8nicbVBNS8NAFHypX7V+VT16WSyCp5KIoseiF48VrS2koWy223bpJht2X4QS+jO8eFDEq7/Gm//GTZuDtg4sDDPvsfMmTKQw6LrfTmlldW19o7xZ2dre2d2r7h88GpVqxltMSaU7ITVcipi3UKDknURzGoWSt8PxTe63n7g2QsUPOEl4ENFhLAaCUbSS340ojhiV2f20V625dXcGsky8gtSgQLNX/er2FUsjHiOT1BjfcxMMMqpRMMmnlW5qeELZmA65b2lMI26CbBZ5Sk6s0icDpe2LkczU3xsZjYyZRKGdzCOaRS8X//P8FAdXQSbiJEUes/lHg1QSVCS/n/SF5gzlxBLKtLBZCRtRTRnaliq2BG/x5GXyeFb3Luru3XmtcV3UUYYjOIZT8OASGnALTWgBAwXP8ApvDjovzrvzMR8tOcXOIfyB8/kDjPqRbQ==</latexit>

S
<latexit sha1_base64="SZdh5QT1NTY7zEHN0WSihpxhBNI=">AAAB8nicbVBNS8NAFHypX7V+VT16WSyCp5KIoseqF48VrC2koWy223bpZhN2X4QS+jO8eFDEq7/Gm//GTZuDtg4sDDPvsfMmTKQw6LrfTmlldW19o7xZ2dre2d2r7h88mjjVjLdYLGPdCanhUijeQoGSdxLNaRRK3g7Ht7nffuLaiFg94CThQUSHSgwEo2glvxtRHDEqs+tpr1pz6+4MZJl4BalBgWav+tXtxyyNuEImqTG+5yYYZFSjYJJPK93U8ISyMR1y31JFI26CbBZ5Sk6s0ieDWNunkMzU3xsZjYyZRKGdzCOaRS8X//P8FAdXQSZUkiJXbP7RIJUEY5LfT/pCc4ZyYgllWtishI2opgxtSxVbgrd48jJ5PKt7F3X3/rzWuCnqKMMRHMMpeHAJDbiDJrSAQQzP8ApvDjovzrvzMR8tOcXOIfyB8/kDcaCRWw==</latexit>

A• Markov decision process: states   , actions   

rich soil poor soil
plant: fallow:



2

Recall

<latexit sha1_base64="cgziEgfdtrWHaEOm3chkmVzvJpo=">AAAB8nicbVBNS8NAFHypX7V+VT16WSyCp5KIoseiF48VrS2koWy223bpJht2X4QS+jO8eFDEq7/Gm//GTZuDtg4sDDPvsfMmTKQw6LrfTmlldW19o7xZ2dre2d2r7h88GpVqxltMSaU7ITVcipi3UKDknURzGoWSt8PxTe63n7g2QsUPOEl4ENFhLAaCUbSS340ojhiV2f20V625dXcGsky8gtSgQLNX/er2FUsjHiOT1BjfcxMMMqpRMMmnlW5qeELZmA65b2lMI26CbBZ5Sk6s0icDpe2LkczU3xsZjYyZRKGdzCOaRS8X//P8FAdXQSbiJEUes/lHg1QSVCS/n/SF5gzlxBLKtLBZCRtRTRnaliq2BG/x5GXyeFb3Luru3XmtcV3UUYYjOIZT8OASGnALTWgBAwXP8ApvDjovzrvzMR8tOcXOIfyB8/kDjPqRbQ==</latexit>

S
<latexit sha1_base64="SZdh5QT1NTY7zEHN0WSihpxhBNI=">AAAB8nicbVBNS8NAFHypX7V+VT16WSyCp5KIoseqF48VrC2koWy223bpZhN2X4QS+jO8eFDEq7/Gm//GTZuDtg4sDDPvsfMmTKQw6LrfTmlldW19o7xZ2dre2d2r7h88mjjVjLdYLGPdCanhUijeQoGSdxLNaRRK3g7Ht7nffuLaiFg94CThQUSHSgwEo2glvxtRHDEqs+tpr1pz6+4MZJl4BalBgWav+tXtxyyNuEImqTG+5yYYZFSjYJJPK93U8ISyMR1y31JFI26CbBZ5Sk6s0ieDWNunkMzU3xsZjYyZRKGdzCOaRS8X//P8FAdXQSZUkiJXbP7RIJUEY5LfT/pCc4ZyYgllWtishI2opgxtSxVbgrd48jJ5PKt7F3X3/rzWuCnqKMMRHMMpeHAJDbiDJrSAQQzP8ApvDjovzrvzMR8tOcXOIfyB8/kDcaCRWw==</latexit>

A• Markov decision process: states   , actions   

rich soil poor soil
plant:

rich soil poor soil
fallow:



2

Recall

<latexit sha1_base64="cgziEgfdtrWHaEOm3chkmVzvJpo=">AAAB8nicbVBNS8NAFHypX7V+VT16WSyCp5KIoseiF48VrS2koWy223bpJht2X4QS+jO8eFDEq7/Gm//GTZuDtg4sDDPvsfMmTKQw6LrfTmlldW19o7xZ2dre2d2r7h88GpVqxltMSaU7ITVcipi3UKDknURzGoWSt8PxTe63n7g2QsUPOEl4ENFhLAaCUbSS340ojhiV2f20V625dXcGsky8gtSgQLNX/er2FUsjHiOT1BjfcxMMMqpRMMmnlW5qeELZmA65b2lMI26CbBZ5Sk6s0icDpe2LkczU3xsZjYyZRKGdzCOaRS8X//P8FAdXQSbiJEUes/lHg1QSVCS/n/SF5gzlxBLKtLBZCRtRTRnaliq2BG/x5GXyeFb3Luru3XmtcV3UUYYjOIZT8OASGnALTWgBAwXP8ApvDjovzrvzMR8tOcXOIfyB8/kDjPqRbQ==</latexit>

S
<latexit sha1_base64="SZdh5QT1NTY7zEHN0WSihpxhBNI=">AAAB8nicbVBNS8NAFHypX7V+VT16WSyCp5KIoseqF48VrC2koWy223bpZhN2X4QS+jO8eFDEq7/Gm//GTZuDtg4sDDPvsfMmTKQw6LrfTmlldW19o7xZ2dre2d2r7h88mjjVjLdYLGPdCanhUijeQoGSdxLNaRRK3g7Ht7nffuLaiFg94CThQUSHSgwEo2glvxtRHDEqs+tpr1pz6+4MZJl4BalBgWav+tXtxyyNuEImqTG+5yYYZFSjYJJPK93U8ISyMR1y31JFI26CbBZ5Sk6s0ieDWNunkMzU3xsZjYyZRKGdzCOaRS8X//P8FAdXQSZUkiJXbP7RIJUEY5LfT/pCc4ZyYgllWtishI2opgxtSxVbgrd48jJ5PKt7F3X3/rzWuCnqKMMRHMMpeHAJDbiDJrSAQQzP8ApvDjovzrvzMR8tOcXOIfyB8/kDcaCRWw==</latexit>

A
<latexit sha1_base64="YKZkFy0C+ZcYtDpDQ4t5Bf7Ys/U=">AAACNHicbZDLSsNAFIYn9VbrrerSzWARXJVEFMVV1Y3gpmpv0IQymU7aoZMLMydKCX0oNz6IGxFcKOLWZ3DSBtTWHwZ+vnMOc87vRoIrMM0XIzc3v7C4lF8urKyurW8UN7caKowlZXUailC2XKKY4AGrAwfBWpFkxHcFa7qDi7TevGNS8TCowTBijk96Afc4JaBRp3hVO8W2T6BPiUhuR9gG7jP1g85mUdolea8PRMrwfsJdN7kZdYols2yOhWeNlZkSylTtFJ/sbkhjnwVABVGqbZkROAmRwKlgo4IdKxYROiA91tY2IHoPJxkfPcJ7mnSxF0r9AsBj+nsiIb5SQ9/VnemGarqWwv9q7Ri8EyfhQRQDC+jkIy8WGEKcJoi7XDIKYqgNoZLrXTHtE0ko6JwLOgRr+uRZ0zgoW0dl8/qwVDnP4sijHbSL9pGFjlEFXaIqqiOKHtAzekPvxqPxanwYn5PWnJHNbKM/Mr6+Acz/rDE=</latexit>

T : S ⇥A⇥ S ! R
• Markov decision process: states   , actions    , 

transition model 

rich soil poor soil
plant:

rich soil poor soil
fallow:



2

Recall

rich soil

0.1 0.9

0.90.1

poor soil
plant:

rich soil

0.9 0.1

0.10.9

poor soil
fallow:

<latexit sha1_base64="cgziEgfdtrWHaEOm3chkmVzvJpo=">AAAB8nicbVBNS8NAFHypX7V+VT16WSyCp5KIoseiF48VrS2koWy223bpJht2X4QS+jO8eFDEq7/Gm//GTZuDtg4sDDPvsfMmTKQw6LrfTmlldW19o7xZ2dre2d2r7h88GpVqxltMSaU7ITVcipi3UKDknURzGoWSt8PxTe63n7g2QsUPOEl4ENFhLAaCUbSS340ojhiV2f20V625dXcGsky8gtSgQLNX/er2FUsjHiOT1BjfcxMMMqpRMMmnlW5qeELZmA65b2lMI26CbBZ5Sk6s0icDpe2LkczU3xsZjYyZRKGdzCOaRS8X//P8FAdXQSbiJEUes/lHg1QSVCS/n/SF5gzlxBLKtLBZCRtRTRnaliq2BG/x5GXyeFb3Luru3XmtcV3UUYYjOIZT8OASGnALTWgBAwXP8ApvDjovzrvzMR8tOcXOIfyB8/kDjPqRbQ==</latexit>

S
<latexit sha1_base64="SZdh5QT1NTY7zEHN0WSihpxhBNI=">AAAB8nicbVBNS8NAFHypX7V+VT16WSyCp5KIoseqF48VrC2koWy223bpZhN2X4QS+jO8eFDEq7/Gm//GTZuDtg4sDDPvsfMmTKQw6LrfTmlldW19o7xZ2dre2d2r7h88mjjVjLdYLGPdCanhUijeQoGSdxLNaRRK3g7Ht7nffuLaiFg94CThQUSHSgwEo2glvxtRHDEqs+tpr1pz6+4MZJl4BalBgWav+tXtxyyNuEImqTG+5yYYZFSjYJJPK93U8ISyMR1y31JFI26CbBZ5Sk6s0ieDWNunkMzU3xsZjYyZRKGdzCOaRS8X//P8FAdXQSZUkiJXbP7RIJUEY5LfT/pCc4ZyYgllWtishI2opgxtSxVbgrd48jJ5PKt7F3X3/rzWuCnqKMMRHMMpeHAJDbiDJrSAQQzP8ApvDjovzrvzMR8tOcXOIfyB8/kDcaCRWw==</latexit>

A
<latexit sha1_base64="YKZkFy0C+ZcYtDpDQ4t5Bf7Ys/U=">AAACNHicbZDLSsNAFIYn9VbrrerSzWARXJVEFMVV1Y3gpmpv0IQymU7aoZMLMydKCX0oNz6IGxFcKOLWZ3DSBtTWHwZ+vnMOc87vRoIrMM0XIzc3v7C4lF8urKyurW8UN7caKowlZXUailC2XKKY4AGrAwfBWpFkxHcFa7qDi7TevGNS8TCowTBijk96Afc4JaBRp3hVO8W2T6BPiUhuR9gG7jP1g85mUdolea8PRMrwfsJdN7kZdYols2yOhWeNlZkSylTtFJ/sbkhjnwVABVGqbZkROAmRwKlgo4IdKxYROiA91tY2IHoPJxkfPcJ7mnSxF0r9AsBj+nsiIb5SQ9/VnemGarqWwv9q7Ri8EyfhQRQDC+jkIy8WGEKcJoi7XDIKYqgNoZLrXTHtE0ko6JwLOgRr+uRZ0zgoW0dl8/qwVDnP4sijHbSL9pGFjlEFXaIqqiOKHtAzekPvxqPxanwYn5PWnJHNbKM/Mr6+Acz/rDE=</latexit>

T : S ⇥A⇥ S ! R
• Markov decision process: states   , actions    , 

transition model 



2

Recall

rich soil

0.1 0.9

0.90.1

poor soil
plant:

rich soil

0.9 0.1

0.10.9

poor soil
fallow:

<latexit sha1_base64="cgziEgfdtrWHaEOm3chkmVzvJpo=">AAAB8nicbVBNS8NAFHypX7V+VT16WSyCp5KIoseiF48VrS2koWy223bpJht2X4QS+jO8eFDEq7/Gm//GTZuDtg4sDDPvsfMmTKQw6LrfTmlldW19o7xZ2dre2d2r7h88GpVqxltMSaU7ITVcipi3UKDknURzGoWSt8PxTe63n7g2QsUPOEl4ENFhLAaCUbSS340ojhiV2f20V625dXcGsky8gtSgQLNX/er2FUsjHiOT1BjfcxMMMqpRMMmnlW5qeELZmA65b2lMI26CbBZ5Sk6s0icDpe2LkczU3xsZjYyZRKGdzCOaRS8X//P8FAdXQSbiJEUes/lHg1QSVCS/n/SF5gzlxBLKtLBZCRtRTRnaliq2BG/x5GXyeFb3Luru3XmtcV3UUYYjOIZT8OASGnALTWgBAwXP8ApvDjovzrvzMR8tOcXOIfyB8/kDjPqRbQ==</latexit>

S
<latexit sha1_base64="SZdh5QT1NTY7zEHN0WSihpxhBNI=">AAAB8nicbVBNS8NAFHypX7V+VT16WSyCp5KIoseqF48VrC2koWy223bpZhN2X4QS+jO8eFDEq7/Gm//GTZuDtg4sDDPvsfMmTKQw6LrfTmlldW19o7xZ2dre2d2r7h88mjjVjLdYLGPdCanhUijeQoGSdxLNaRRK3g7Ht7nffuLaiFg94CThQUSHSgwEo2glvxtRHDEqs+tpr1pz6+4MZJl4BalBgWav+tXtxyyNuEImqTG+5yYYZFSjYJJPK93U8ISyMR1y31JFI26CbBZ5Sk6s0ieDWNunkMzU3xsZjYyZRKGdzCOaRS8X//P8FAdXQSZUkiJXbP7RIJUEY5LfT/pCc4ZyYgllWtishI2opgxtSxVbgrd48jJ5PKt7F3X3/rzWuCnqKMMRHMMpeHAJDbiDJrSAQQzP8ApvDjovzrvzMR8tOcXOIfyB8/kDcaCRWw==</latexit>

A
<latexit sha1_base64="YKZkFy0C+ZcYtDpDQ4t5Bf7Ys/U=">AAACNHicbZDLSsNAFIYn9VbrrerSzWARXJVEFMVV1Y3gpmpv0IQymU7aoZMLMydKCX0oNz6IGxFcKOLWZ3DSBtTWHwZ+vnMOc87vRoIrMM0XIzc3v7C4lF8urKyurW8UN7caKowlZXUailC2XKKY4AGrAwfBWpFkxHcFa7qDi7TevGNS8TCowTBijk96Afc4JaBRp3hVO8W2T6BPiUhuR9gG7jP1g85mUdolea8PRMrwfsJdN7kZdYols2yOhWeNlZkSylTtFJ/sbkhjnwVABVGqbZkROAmRwKlgo4IdKxYROiA91tY2IHoPJxkfPcJ7mnSxF0r9AsBj+nsiIb5SQ9/VnemGarqWwv9q7Ri8EyfhQRQDC+jkIy8WGEKcJoi7XDIKYqgNoZLrXTHtE0ko6JwLOgRr+uRZ0zgoW0dl8/qwVDnP4sijHbSL9pGFjlEFXaIqqiOKHtAzekPvxqPxanwYn5PWnJHNbKM/Mr6+Acz/rDE=</latexit>

T : S ⇥A⇥ S ! R
• Markov decision process: states   , actions    , 

transition model 



2

Recall

rich soil

0.1 0.9

0.90.1

poor soil
plant:

<latexit sha1_base64="cgziEgfdtrWHaEOm3chkmVzvJpo=">AAAB8nicbVBNS8NAFHypX7V+VT16WSyCp5KIoseiF48VrS2koWy223bpJht2X4QS+jO8eFDEq7/Gm//GTZuDtg4sDDPvsfMmTKQw6LrfTmlldW19o7xZ2dre2d2r7h88GpVqxltMSaU7ITVcipi3UKDknURzGoWSt8PxTe63n7g2QsUPOEl4ENFhLAaCUbSS340ojhiV2f20V625dXcGsky8gtSgQLNX/er2FUsjHiOT1BjfcxMMMqpRMMmnlW5qeELZmA65b2lMI26CbBZ5Sk6s0icDpe2LkczU3xsZjYyZRKGdzCOaRS8X//P8FAdXQSbiJEUes/lHg1QSVCS/n/SF5gzlxBLKtLBZCRtRTRnaliq2BG/x5GXyeFb3Luru3XmtcV3UUYYjOIZT8OASGnALTWgBAwXP8ApvDjovzrvzMR8tOcXOIfyB8/kDjPqRbQ==</latexit>

S
<latexit sha1_base64="SZdh5QT1NTY7zEHN0WSihpxhBNI=">AAAB8nicbVBNS8NAFHypX7V+VT16WSyCp5KIoseqF48VrC2koWy223bpZhN2X4QS+jO8eFDEq7/Gm//GTZuDtg4sDDPvsfMmTKQw6LrfTmlldW19o7xZ2dre2d2r7h88mjjVjLdYLGPdCanhUijeQoGSdxLNaRRK3g7Ht7nffuLaiFg94CThQUSHSgwEo2glvxtRHDEqs+tpr1pz6+4MZJl4BalBgWav+tXtxyyNuEImqTG+5yYYZFSjYJJPK93U8ISyMR1y31JFI26CbBZ5Sk6s0ieDWNunkMzU3xsZjYyZRKGdzCOaRS8X//P8FAdXQSZUkiJXbP7RIJUEY5LfT/pCc4ZyYgllWtishI2opgxtSxVbgrd48jJ5PKt7F3X3/rzWuCnqKMMRHMMpeHAJDbiDJrSAQQzP8ApvDjovzrvzMR8tOcXOIfyB8/kDcaCRWw==</latexit>

A
<latexit sha1_base64="YKZkFy0C+ZcYtDpDQ4t5Bf7Ys/U=">AAACNHicbZDLSsNAFIYn9VbrrerSzWARXJVEFMVV1Y3gpmpv0IQymU7aoZMLMydKCX0oNz6IGxFcKOLWZ3DSBtTWHwZ+vnMOc87vRoIrMM0XIzc3v7C4lF8urKyurW8UN7caKowlZXUailC2XKKY4AGrAwfBWpFkxHcFa7qDi7TevGNS8TCowTBijk96Afc4JaBRp3hVO8W2T6BPiUhuR9gG7jP1g85mUdolea8PRMrwfsJdN7kZdYols2yOhWeNlZkSylTtFJ/sbkhjnwVABVGqbZkROAmRwKlgo4IdKxYROiA91tY2IHoPJxkfPcJ7mnSxF0r9AsBj+nsiIb5SQ9/VnemGarqWwv9q7Ri8EyfhQRQDC+jkIy8WGEKcJoi7XDIKYqgNoZLrXTHtE0ko6JwLOgRr+uRZ0zgoW0dl8/qwVDnP4sijHbSL9pGFjlEFXaIqqiOKHtAzekPvxqPxanwYn5PWnJHNbKM/Mr6+Acz/rDE=</latexit>

T : S ⇥A⇥ S ! R
• Markov decision process: states   , actions    , 

transition model 

rich soil

0.9 0.1

0.10.9

poor soil
fallow:



2

Recall

rich soil

0.1 0.9

0.90.1

poor soil
plant:

<latexit sha1_base64="cgziEgfdtrWHaEOm3chkmVzvJpo=">AAAB8nicbVBNS8NAFHypX7V+VT16WSyCp5KIoseiF48VrS2koWy223bpJht2X4QS+jO8eFDEq7/Gm//GTZuDtg4sDDPvsfMmTKQw6LrfTmlldW19o7xZ2dre2d2r7h88GpVqxltMSaU7ITVcipi3UKDknURzGoWSt8PxTe63n7g2QsUPOEl4ENFhLAaCUbSS340ojhiV2f20V625dXcGsky8gtSgQLNX/er2FUsjHiOT1BjfcxMMMqpRMMmnlW5qeELZmA65b2lMI26CbBZ5Sk6s0icDpe2LkczU3xsZjYyZRKGdzCOaRS8X//P8FAdXQSbiJEUes/lHg1QSVCS/n/SF5gzlxBLKtLBZCRtRTRnaliq2BG/x5GXyeFb3Luru3XmtcV3UUYYjOIZT8OASGnALTWgBAwXP8ApvDjovzrvzMR8tOcXOIfyB8/kDjPqRbQ==</latexit>

S
<latexit sha1_base64="SZdh5QT1NTY7zEHN0WSihpxhBNI=">AAAB8nicbVBNS8NAFHypX7V+VT16WSyCp5KIoseqF48VrC2koWy223bpZhN2X4QS+jO8eFDEq7/Gm//GTZuDtg4sDDPvsfMmTKQw6LrfTmlldW19o7xZ2dre2d2r7h88mjjVjLdYLGPdCanhUijeQoGSdxLNaRRK3g7Ht7nffuLaiFg94CThQUSHSgwEo2glvxtRHDEqs+tpr1pz6+4MZJl4BalBgWav+tXtxyyNuEImqTG+5yYYZFSjYJJPK93U8ISyMR1y31JFI26CbBZ5Sk6s0ieDWNunkMzU3xsZjYyZRKGdzCOaRS8X//P8FAdXQSZUkiJXbP7RIJUEY5LfT/pCc4ZyYgllWtishI2opgxtSxVbgrd48jJ5PKt7F3X3/rzWuCnqKMMRHMMpeHAJDbiDJrSAQQzP8ApvDjovzrvzMR8tOcXOIfyB8/kDcaCRWw==</latexit>

A
<latexit sha1_base64="YKZkFy0C+ZcYtDpDQ4t5Bf7Ys/U=">AAACNHicbZDLSsNAFIYn9VbrrerSzWARXJVEFMVV1Y3gpmpv0IQymU7aoZMLMydKCX0oNz6IGxFcKOLWZ3DSBtTWHwZ+vnMOc87vRoIrMM0XIzc3v7C4lF8urKyurW8UN7caKowlZXUailC2XKKY4AGrAwfBWpFkxHcFa7qDi7TevGNS8TCowTBijk96Afc4JaBRp3hVO8W2T6BPiUhuR9gG7jP1g85mUdolea8PRMrwfsJdN7kZdYols2yOhWeNlZkSylTtFJ/sbkhjnwVABVGqbZkROAmRwKlgo4IdKxYROiA91tY2IHoPJxkfPcJ7mnSxF0r9AsBj+nsiIb5SQ9/VnemGarqWwv9q7Ri8EyfhQRQDC+jkIy8WGEKcJoi7XDIKYqgNoZLrXTHtE0ko6JwLOgRr+uRZ0zgoW0dl8/qwVDnP4sijHbSL9pGFjlEFXaIqqiOKHtAzekPvxqPxanwYn5PWnJHNbKM/Mr6+Acz/rDE=</latexit>

T : S ⇥A⇥ S ! R
• Markov decision process: states   , actions    , 

transition model 

rich soil

0.9 0.1

0.10.9

poor soil
fallow:



2

Recall

rich soil

0.1 0.9

0.90.1

poor soil
plant:

<latexit sha1_base64="cgziEgfdtrWHaEOm3chkmVzvJpo=">AAAB8nicbVBNS8NAFHypX7V+VT16WSyCp5KIoseiF48VrS2koWy223bpJht2X4QS+jO8eFDEq7/Gm//GTZuDtg4sDDPvsfMmTKQw6LrfTmlldW19o7xZ2dre2d2r7h88GpVqxltMSaU7ITVcipi3UKDknURzGoWSt8PxTe63n7g2QsUPOEl4ENFhLAaCUbSS340ojhiV2f20V625dXcGsky8gtSgQLNX/er2FUsjHiOT1BjfcxMMMqpRMMmnlW5qeELZmA65b2lMI26CbBZ5Sk6s0icDpe2LkczU3xsZjYyZRKGdzCOaRS8X//P8FAdXQSbiJEUes/lHg1QSVCS/n/SF5gzlxBLKtLBZCRtRTRnaliq2BG/x5GXyeFb3Luru3XmtcV3UUYYjOIZT8OASGnALTWgBAwXP8ApvDjovzrvzMR8tOcXOIfyB8/kDjPqRbQ==</latexit>

S
<latexit sha1_base64="SZdh5QT1NTY7zEHN0WSihpxhBNI=">AAAB8nicbVBNS8NAFHypX7V+VT16WSyCp5KIoseqF48VrC2koWy223bpZhN2X4QS+jO8eFDEq7/Gm//GTZuDtg4sDDPvsfMmTKQw6LrfTmlldW19o7xZ2dre2d2r7h88mjjVjLdYLGPdCanhUijeQoGSdxLNaRRK3g7Ht7nffuLaiFg94CThQUSHSgwEo2glvxtRHDEqs+tpr1pz6+4MZJl4BalBgWav+tXtxyyNuEImqTG+5yYYZFSjYJJPK93U8ISyMR1y31JFI26CbBZ5Sk6s0ieDWNunkMzU3xsZjYyZRKGdzCOaRS8X//P8FAdXQSZUkiJXbP7RIJUEY5LfT/pCc4ZyYgllWtishI2opgxtSxVbgrd48jJ5PKt7F3X3/rzWuCnqKMMRHMMpeHAJDbiDJrSAQQzP8ApvDjovzrvzMR8tOcXOIfyB8/kDcaCRWw==</latexit>

A
<latexit sha1_base64="YKZkFy0C+ZcYtDpDQ4t5Bf7Ys/U=">AAACNHicbZDLSsNAFIYn9VbrrerSzWARXJVEFMVV1Y3gpmpv0IQymU7aoZMLMydKCX0oNz6IGxFcKOLWZ3DSBtTWHwZ+vnMOc87vRoIrMM0XIzc3v7C4lF8urKyurW8UN7caKowlZXUailC2XKKY4AGrAwfBWpFkxHcFa7qDi7TevGNS8TCowTBijk96Afc4JaBRp3hVO8W2T6BPiUhuR9gG7jP1g85mUdolea8PRMrwfsJdN7kZdYols2yOhWeNlZkSylTtFJ/sbkhjnwVABVGqbZkROAmRwKlgo4IdKxYROiA91tY2IHoPJxkfPcJ7mnSxF0r9AsBj+nsiIb5SQ9/VnemGarqWwv9q7Ri8EyfhQRQDC+jkIy8WGEKcJoi7XDIKYqgNoZLrXTHtE0ko6JwLOgRr+uRZ0zgoW0dl8/qwVDnP4sijHbSL9pGFjlEFXaIqqiOKHtAzekPvxqPxanwYn5PWnJHNbKM/Mr6+Acz/rDE=</latexit>

T : S ⇥A⇥ S ! R
• Markov decision process: states   , actions    , 

transition model 

rich soil

0.9 0.1

0.10.9

poor soil
fallow:



2

Recall

rich soil

0.1 0.9

0.90.1

poor soil
plant:

<latexit sha1_base64="cgziEgfdtrWHaEOm3chkmVzvJpo=">AAAB8nicbVBNS8NAFHypX7V+VT16WSyCp5KIoseiF48VrS2koWy223bpJht2X4QS+jO8eFDEq7/Gm//GTZuDtg4sDDPvsfMmTKQw6LrfTmlldW19o7xZ2dre2d2r7h88GpVqxltMSaU7ITVcipi3UKDknURzGoWSt8PxTe63n7g2QsUPOEl4ENFhLAaCUbSS340ojhiV2f20V625dXcGsky8gtSgQLNX/er2FUsjHiOT1BjfcxMMMqpRMMmnlW5qeELZmA65b2lMI26CbBZ5Sk6s0icDpe2LkczU3xsZjYyZRKGdzCOaRS8X//P8FAdXQSbiJEUes/lHg1QSVCS/n/SF5gzlxBLKtLBZCRtRTRnaliq2BG/x5GXyeFb3Luru3XmtcV3UUYYjOIZT8OASGnALTWgBAwXP8ApvDjovzrvzMR8tOcXOIfyB8/kDjPqRbQ==</latexit>

S
<latexit sha1_base64="SZdh5QT1NTY7zEHN0WSihpxhBNI=">AAAB8nicbVBNS8NAFHypX7V+VT16WSyCp5KIoseqF48VrC2koWy223bpZhN2X4QS+jO8eFDEq7/Gm//GTZuDtg4sDDPvsfMmTKQw6LrfTmlldW19o7xZ2dre2d2r7h88mjjVjLdYLGPdCanhUijeQoGSdxLNaRRK3g7Ht7nffuLaiFg94CThQUSHSgwEo2glvxtRHDEqs+tpr1pz6+4MZJl4BalBgWav+tXtxyyNuEImqTG+5yYYZFSjYJJPK93U8ISyMR1y31JFI26CbBZ5Sk6s0ieDWNunkMzU3xsZjYyZRKGdzCOaRS8X//P8FAdXQSZUkiJXbP7RIJUEY5LfT/pCc4ZyYgllWtishI2opgxtSxVbgrd48jJ5PKt7F3X3/rzWuCnqKMMRHMMpeHAJDbiDJrSAQQzP8ApvDjovzrvzMR8tOcXOIfyB8/kDcaCRWw==</latexit>

A
<latexit sha1_base64="YKZkFy0C+ZcYtDpDQ4t5Bf7Ys/U=">AAACNHicbZDLSsNAFIYn9VbrrerSzWARXJVEFMVV1Y3gpmpv0IQymU7aoZMLMydKCX0oNz6IGxFcKOLWZ3DSBtTWHwZ+vnMOc87vRoIrMM0XIzc3v7C4lF8urKyurW8UN7caKowlZXUailC2XKKY4AGrAwfBWpFkxHcFa7qDi7TevGNS8TCowTBijk96Afc4JaBRp3hVO8W2T6BPiUhuR9gG7jP1g85mUdolea8PRMrwfsJdN7kZdYols2yOhWeNlZkSylTtFJ/sbkhjnwVABVGqbZkROAmRwKlgo4IdKxYROiA91tY2IHoPJxkfPcJ7mnSxF0r9AsBj+nsiIb5SQ9/VnemGarqWwv9q7Ri8EyfhQRQDC+jkIy8WGEKcJoi7XDIKYqgNoZLrXTHtE0ko6JwLOgRr+uRZ0zgoW0dl8/qwVDnP4sijHbSL9pGFjlEFXaIqqiOKHtAzekPvxqPxanwYn5PWnJHNbKM/Mr6+Acz/rDE=</latexit>

T : S ⇥A⇥ S ! R
• Markov decision process: states   , actions    , 

transition model 

rich soil

0.9 0.1

0.10.9

poor soil
fallow:



2

Recall

rich soil

0.1 0.9

0.90.1

poor soil
plant: fallow:

<latexit sha1_base64="cgziEgfdtrWHaEOm3chkmVzvJpo=">AAAB8nicbVBNS8NAFHypX7V+VT16WSyCp5KIoseiF48VrS2koWy223bpJht2X4QS+jO8eFDEq7/Gm//GTZuDtg4sDDPvsfMmTKQw6LrfTmlldW19o7xZ2dre2d2r7h88GpVqxltMSaU7ITVcipi3UKDknURzGoWSt8PxTe63n7g2QsUPOEl4ENFhLAaCUbSS340ojhiV2f20V625dXcGsky8gtSgQLNX/er2FUsjHiOT1BjfcxMMMqpRMMmnlW5qeELZmA65b2lMI26CbBZ5Sk6s0icDpe2LkczU3xsZjYyZRKGdzCOaRS8X//P8FAdXQSbiJEUes/lHg1QSVCS/n/SF5gzlxBLKtLBZCRtRTRnaliq2BG/x5GXyeFb3Luru3XmtcV3UUYYjOIZT8OASGnALTWgBAwXP8ApvDjovzrvzMR8tOcXOIfyB8/kDjPqRbQ==</latexit>

S
<latexit sha1_base64="SZdh5QT1NTY7zEHN0WSihpxhBNI=">AAAB8nicbVBNS8NAFHypX7V+VT16WSyCp5KIoseqF48VrC2koWy223bpZhN2X4QS+jO8eFDEq7/Gm//GTZuDtg4sDDPvsfMmTKQw6LrfTmlldW19o7xZ2dre2d2r7h88mjjVjLdYLGPdCanhUijeQoGSdxLNaRRK3g7Ht7nffuLaiFg94CThQUSHSgwEo2glvxtRHDEqs+tpr1pz6+4MZJl4BalBgWav+tXtxyyNuEImqTG+5yYYZFSjYJJPK93U8ISyMR1y31JFI26CbBZ5Sk6s0ieDWNunkMzU3xsZjYyZRKGdzCOaRS8X//P8FAdXQSZUkiJXbP7RIJUEY5LfT/pCc4ZyYgllWtishI2opgxtSxVbgrd48jJ5PKt7F3X3/rzWuCnqKMMRHMMpeHAJDbiDJrSAQQzP8ApvDjovzrvzMR8tOcXOIfyB8/kDcaCRWw==</latexit>

A
<latexit sha1_base64="YKZkFy0C+ZcYtDpDQ4t5Bf7Ys/U=">AAACNHicbZDLSsNAFIYn9VbrrerSzWARXJVEFMVV1Y3gpmpv0IQymU7aoZMLMydKCX0oNz6IGxFcKOLWZ3DSBtTWHwZ+vnMOc87vRoIrMM0XIzc3v7C4lF8urKyurW8UN7caKowlZXUailC2XKKY4AGrAwfBWpFkxHcFa7qDi7TevGNS8TCowTBijk96Afc4JaBRp3hVO8W2T6BPiUhuR9gG7jP1g85mUdolea8PRMrwfsJdN7kZdYols2yOhWeNlZkSylTtFJ/sbkhjnwVABVGqbZkROAmRwKlgo4IdKxYROiA91tY2IHoPJxkfPcJ7mnSxF0r9AsBj+nsiIb5SQ9/VnemGarqWwv9q7Ri8EyfhQRQDC+jkIy8WGEKcJoi7XDIKYqgNoZLrXTHtE0ko6JwLOgRr+uRZ0zgoW0dl8/qwVDnP4sijHbSL9pGFjlEFXaIqqiOKHtAzekPvxqPxanwYn5PWnJHNbKM/Mr6+Acz/rDE=</latexit>

T : S ⇥A⇥ S ! R
• Markov decision process: states   , actions    , 

transition model 

rich soil

0.9 0.1

0.10.9

poor soil



2

Recall

rich soil

0.1 0.9

0.90.1

poor soil
plant:

rich soil

0.9 0.1

0.10.9

poor soil
fallow:

<latexit sha1_base64="cgziEgfdtrWHaEOm3chkmVzvJpo=">AAAB8nicbVBNS8NAFHypX7V+VT16WSyCp5KIoseiF48VrS2koWy223bpJht2X4QS+jO8eFDEq7/Gm//GTZuDtg4sDDPvsfMmTKQw6LrfTmlldW19o7xZ2dre2d2r7h88GpVqxltMSaU7ITVcipi3UKDknURzGoWSt8PxTe63n7g2QsUPOEl4ENFhLAaCUbSS340ojhiV2f20V625dXcGsky8gtSgQLNX/er2FUsjHiOT1BjfcxMMMqpRMMmnlW5qeELZmA65b2lMI26CbBZ5Sk6s0icDpe2LkczU3xsZjYyZRKGdzCOaRS8X//P8FAdXQSbiJEUes/lHg1QSVCS/n/SF5gzlxBLKtLBZCRtRTRnaliq2BG/x5GXyeFb3Luru3XmtcV3UUYYjOIZT8OASGnALTWgBAwXP8ApvDjovzrvzMR8tOcXOIfyB8/kDjPqRbQ==</latexit>

S
<latexit sha1_base64="SZdh5QT1NTY7zEHN0WSihpxhBNI=">AAAB8nicbVBNS8NAFHypX7V+VT16WSyCp5KIoseqF48VrC2koWy223bpZhN2X4QS+jO8eFDEq7/Gm//GTZuDtg4sDDPvsfMmTKQw6LrfTmlldW19o7xZ2dre2d2r7h88mjjVjLdYLGPdCanhUijeQoGSdxLNaRRK3g7Ht7nffuLaiFg94CThQUSHSgwEo2glvxtRHDEqs+tpr1pz6+4MZJl4BalBgWav+tXtxyyNuEImqTG+5yYYZFSjYJJPK93U8ISyMR1y31JFI26CbBZ5Sk6s0ieDWNunkMzU3xsZjYyZRKGdzCOaRS8X//P8FAdXQSZUkiJXbP7RIJUEY5LfT/pCc4ZyYgllWtishI2opgxtSxVbgrd48jJ5PKt7F3X3/rzWuCnqKMMRHMMpeHAJDbiDJrSAQQzP8ApvDjovzrvzMR8tOcXOIfyB8/kDcaCRWw==</latexit>

A
<latexit sha1_base64="YKZkFy0C+ZcYtDpDQ4t5Bf7Ys/U=">AAACNHicbZDLSsNAFIYn9VbrrerSzWARXJVEFMVV1Y3gpmpv0IQymU7aoZMLMydKCX0oNz6IGxFcKOLWZ3DSBtTWHwZ+vnMOc87vRoIrMM0XIzc3v7C4lF8urKyurW8UN7caKowlZXUailC2XKKY4AGrAwfBWpFkxHcFa7qDi7TevGNS8TCowTBijk96Afc4JaBRp3hVO8W2T6BPiUhuR9gG7jP1g85mUdolea8PRMrwfsJdN7kZdYols2yOhWeNlZkSylTtFJ/sbkhjnwVABVGqbZkROAmRwKlgo4IdKxYROiA91tY2IHoPJxkfPcJ7mnSxF0r9AsBj+nsiIb5SQ9/VnemGarqWwv9q7Ri8EyfhQRQDC+jkIy8WGEKcJoi7XDIKYqgNoZLrXTHtE0ko6JwLOgRr+uRZ0zgoW0dl8/qwVDnP4sijHbSL9pGFjlEFXaIqqiOKHtAzekPvxqPxanwYn5PWnJHNbKM/Mr6+Acz/rDE=</latexit>

T : S ⇥A⇥ S ! R
• Markov decision process: states   , actions    , 

transition model 



2

Recall

rich soil

0.1 0.9

0.90.1

poor soil
plant:

rich soil

0.9 0.1

0.10.9

poor soil
fallow:

<latexit sha1_base64="cgziEgfdtrWHaEOm3chkmVzvJpo=">AAAB8nicbVBNS8NAFHypX7V+VT16WSyCp5KIoseiF48VrS2koWy223bpJht2X4QS+jO8eFDEq7/Gm//GTZuDtg4sDDPvsfMmTKQw6LrfTmlldW19o7xZ2dre2d2r7h88GpVqxltMSaU7ITVcipi3UKDknURzGoWSt8PxTe63n7g2QsUPOEl4ENFhLAaCUbSS340ojhiV2f20V625dXcGsky8gtSgQLNX/er2FUsjHiOT1BjfcxMMMqpRMMmnlW5qeELZmA65b2lMI26CbBZ5Sk6s0icDpe2LkczU3xsZjYyZRKGdzCOaRS8X//P8FAdXQSbiJEUes/lHg1QSVCS/n/SF5gzlxBLKtLBZCRtRTRnaliq2BG/x5GXyeFb3Luru3XmtcV3UUYYjOIZT8OASGnALTWgBAwXP8ApvDjovzrvzMR8tOcXOIfyB8/kDjPqRbQ==</latexit>

S
<latexit sha1_base64="SZdh5QT1NTY7zEHN0WSihpxhBNI=">AAAB8nicbVBNS8NAFHypX7V+VT16WSyCp5KIoseqF48VrC2koWy223bpZhN2X4QS+jO8eFDEq7/Gm//GTZuDtg4sDDPvsfMmTKQw6LrfTmlldW19o7xZ2dre2d2r7h88mjjVjLdYLGPdCanhUijeQoGSdxLNaRRK3g7Ht7nffuLaiFg94CThQUSHSgwEo2glvxtRHDEqs+tpr1pz6+4MZJl4BalBgWav+tXtxyyNuEImqTG+5yYYZFSjYJJPK93U8ISyMR1y31JFI26CbBZ5Sk6s0ieDWNunkMzU3xsZjYyZRKGdzCOaRS8X//P8FAdXQSZUkiJXbP7RIJUEY5LfT/pCc4ZyYgllWtishI2opgxtSxVbgrd48jJ5PKt7F3X3/rzWuCnqKMMRHMMpeHAJDbiDJrSAQQzP8ApvDjovzrvzMR8tOcXOIfyB8/kDcaCRWw==</latexit>

A
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<latexit sha1_base64="YKZkFy0C+ZcYtDpDQ4t5Bf7Ys/U=">AAACNHicbZDLSsNAFIYn9VbrrerSzWARXJVEFMVV1Y3gpmpv0IQymU7aoZMLMydKCX0oNz6IGxFcKOLWZ3DSBtTWHwZ+vnMOc87vRoIrMM0XIzc3v7C4lF8urKyurW8UN7caKowlZXUailC2XKKY4AGrAwfBWpFkxHcFa7qDi7TevGNS8TCowTBijk96Afc4JaBRp3hVO8W2T6BPiUhuR9gG7jP1g85mUdolea8PRMrwfsJdN7kZdYols2yOhWeNlZkSylTtFJ/sbkhjnwVABVGqbZkROAmRwKlgo4IdKxYROiA91tY2IHoPJxkfPcJ7mnSxF0r9AsBj+nsiIb5SQ9/VnemGarqWwv9q7Ri8EyfhQRQDC+jkIy8WGEKcJoi7XDIKYqgNoZLrXTHtE0ko6JwLOgRr+uRZ0zgoW0dl8/qwVDnP4sijHbSL9pGFjlEFXaIqqiOKHtAzekPvxqPxanwYn5PWnJHNbKM/Mr6+Acz/rDE=</latexit>

T : S ⇥A⇥ S ! R
<latexit sha1_base64="ZFXehC9pN9LL9osaL03Tl2lQj4k=">AAACIXicbZDLSgMxFIYz9VbrbdSlm2ARXJUZUSyuqm5c1mov0JaSSdM2NJMZkjNKGfoqbnwVNy4U6U58GTPtgNr6Q+DnO+eQc34vFFyD43xamaXlldW17HpuY3Nre8fe3avpIFKUVWkgAtXwiGaCS1YFDoI1QsWI7wlW94bXSb3+wJTmgbyHUcjaPulL3uOUgEEdu1i5wC2fwIASEd+NcQu4z/QPujRI8f4AiFLB44x7XlwZd+y8U3CmwovGTU0epSp37EmrG9DIZxKoIFo3XSeEdkwUcCrYONeKNAsJHZI+axoridmjHU8vHOMjQ7q4FyjzJOAp/T0RE1/rke+ZzmRDPV9L4H+1ZgS9YjvmMoyASTr7qBcJDAFO4sJdrhgFMTKGUMXNrpgOiCIUTKg5E4I7f/KiqZ0U3LOCc3uaL12lcWTRATpEx8hF56iEblAZVRFFT+gFvaF369l6tT6syaw1Y6Uz++iPrK9vNUekMg==</latexit>

R : S ⇥A ! R

• Markov decision process: states   , actions    , 
transition model                                ,                     
reward function                         , discount factor <latexit sha1_base64="wgpImE/yctzE0fAVvgVvEgdieOU=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV1R9Bj04jGCeUCyhN7JbDJmZnaZmRVCyD948aCIV//Hm3/jJNmDJhY0FFXddHdFqeDG+v63t7K6tr6xWdgqbu/s7u2XDg4bJsk0ZXWaiES3IjRMcMXqllvBWqlmKCPBmtHwduo3n5g2PFEPdpSyUGJf8ZhTtE5qdPooJXZLZb/iz0CWSZCTMuSodUtfnV5CM8mUpQKNaQd+asMxasupYJNiJzMsRTrEPms7qlAyE45n107IqVN6JE60K2XJTP09MUZpzEhGrlOiHZhFbyr+57UzG1+HY67SzDJF54viTBCbkOnrpMc1o1aMHEGqubuV0AFqpNYFVHQhBIsvL5PGeSW4rPj3F+XqTR5HAY7hBM4ggCuowh3UoA4UHuEZXuHNS7wX7937mLeuePnMEfyB9/kDiD2PGQ==</latexit>�

• Policy                 : action to take in a state (nonstationary     ) 
<latexit sha1_base64="Ayteo4KEOr+dTwCWh8KGttz8ZDk=">AAACEXicbVDLSsNAFJ3UV62vqEs3g0XoqiSiKK6qblxWtA9oQplMp+3QyUyYmSgl5Bfc+CtuXCji1p07/8ZJG1BbD1w4nHMv994TRIwq7ThfVmFhcWl5pbhaWlvf2Nyyt3eaSsQSkwYWTMh2gBRhlJOGppqRdiQJCgNGWsHoMvNbd0QqKvitHkfED9GA0z7FSBupa1e8iJ5BL0R6iBFLblLoSToYaiSluP/Rz9OuXXaqzgRwnrg5KYMc9a796fUEjkPCNWZIqY7rRNpPkNQUM5KWvFiRCOERGpCOoRyFRPnJ5KMUHhilB/tCmuIaTtTfEwkKlRqHgenMTlSzXib+53Vi3T/1E8qjWBOOp4v6MYNawCwe2KOSYM3GhiAsqbkV4iGSCGsTYsmE4M6+PE+ah1X3uOpcH5VrF3kcRbAH9kEFuOAE1MAVqIMGwOABPIEX8Go9Ws/Wm/U+bS1Y+cwu+APr4xvLUJ2j</latexit>

⇡ : S ! A <latexit sha1_base64="BoA1h1+vEDeW3XsbaexDiikaHTE=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cKpi20oWy2k3bpZhN2N0IJ/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZemAqujet+O6W19Y3NrfJ2ZWd3b/+genjU0kmmGPosEYnqhFSj4BJ9w43ATqqQxqHAdji+m/ntJ1SaJ/LRTFIMYjqUPOKMGiv5vZT3R/1qza27c5BV4hWkBgWa/epXb5CwLEZpmKBadz03NUFOleFM4LTSyzSmlI3pELuWShqjDvL5sVNyZpUBiRJlSxoyV39P5DTWehKHtjOmZqSXvZn4n9fNTHQT5FymmUHJFouiTBCTkNnnZMAVMiMmllCmuL2VsBFVlBmbT8WG4C2/vEpaF3Xvqn75cFlr3BZxlOEETuEcPLiGBtxDE3xgwOEZXuHNkc6L8+58LFpLTjFzDH/gfP4AzPGOsQ==</latexit>⇡h
• horizon h (e.g. # 

planting seasons left) 



• Value of a policy    if we start in state s

2

Recall

rich soil

0.1 0.9

0.90.1

poor soil
plant:

rich soil

0.9 0.1

0.10.9

poor soil
fallow:

R(rich,plant)=100 
R(poor,plant)=10 
R(rich,fallow)=0 
R(poor,fallow)=0<latexit sha1_base64="cgziEgfdtrWHaEOm3chkmVzvJpo=">AAAB8nicbVBNS8NAFHypX7V+VT16WSyCp5KIoseiF48VrS2koWy223bpJht2X4QS+jO8eFDEq7/Gm//GTZuDtg4sDDPvsfMmTKQw6LrfTmlldW19o7xZ2dre2d2r7h88GpVqxltMSaU7ITVcipi3UKDknURzGoWSt8PxTe63n7g2QsUPOEl4ENFhLAaCUbSS340ojhiV2f20V625dXcGsky8gtSgQLNX/er2FUsjHiOT1BjfcxMMMqpRMMmnlW5qeELZmA65b2lMI26CbBZ5Sk6s0icDpe2LkczU3xsZjYyZRKGdzCOaRS8X//P8FAdXQSbiJEUes/lHg1QSVCS/n/SF5gzlxBLKtLBZCRtRTRnaliq2BG/x5GXyeFb3Luru3XmtcV3UUYYjOIZT8OASGnALTWgBAwXP8ApvDjovzrvzMR8tOcXOIfyB8/kDjPqRbQ==</latexit>

S
<latexit sha1_base64="SZdh5QT1NTY7zEHN0WSihpxhBNI=">AAAB8nicbVBNS8NAFHypX7V+VT16WSyCp5KIoseqF48VrC2koWy223bpZhN2X4QS+jO8eFDEq7/Gm//GTZuDtg4sDDPvsfMmTKQw6LrfTmlldW19o7xZ2dre2d2r7h88mjjVjLdYLGPdCanhUijeQoGSdxLNaRRK3g7Ht7nffuLaiFg94CThQUSHSgwEo2glvxtRHDEqs+tpr1pz6+4MZJl4BalBgWav+tXtxyyNuEImqTG+5yYYZFSjYJJPK93U8ISyMR1y31JFI26CbBZ5Sk6s0ieDWNunkMzU3xsZjYyZRKGdzCOaRS8X//P8FAdXQSZUkiJXbP7RIJUEY5LfT/pCc4ZyYgllWtishI2opgxtSxVbgrd48jJ5PKt7F3X3/rzWuCnqKMMRHMMpeHAJDbiDJrSAQQzP8ApvDjovzrvzMR8tOcXOIfyB8/kDcaCRWw==</latexit>

A
<latexit sha1_base64="YKZkFy0C+ZcYtDpDQ4t5Bf7Ys/U=">AAACNHicbZDLSsNAFIYn9VbrrerSzWARXJVEFMVV1Y3gpmpv0IQymU7aoZMLMydKCX0oNz6IGxFcKOLWZ3DSBtTWHwZ+vnMOc87vRoIrMM0XIzc3v7C4lF8urKyurW8UN7caKowlZXUailC2XKKY4AGrAwfBWpFkxHcFa7qDi7TevGNS8TCowTBijk96Afc4JaBRp3hVO8W2T6BPiUhuR9gG7jP1g85mUdolea8PRMrwfsJdN7kZdYols2yOhWeNlZkSylTtFJ/sbkhjnwVABVGqbZkROAmRwKlgo4IdKxYROiA91tY2IHoPJxkfPcJ7mnSxF0r9AsBj+nsiIb5SQ9/VnemGarqWwv9q7Ri8EyfhQRQDC+jkIy8WGEKcJoi7XDIKYqgNoZLrXTHtE0ko6JwLOgRr+uRZ0zgoW0dl8/qwVDnP4sijHbSL9pGFjlEFXaIqqiOKHtAzekPvxqPxanwYn5PWnJHNbKM/Mr6+Acz/rDE=</latexit>

T : S ⇥A⇥ S ! R
<latexit sha1_base64="ZFXehC9pN9LL9osaL03Tl2lQj4k=">AAACIXicbZDLSgMxFIYz9VbrbdSlm2ARXJUZUSyuqm5c1mov0JaSSdM2NJMZkjNKGfoqbnwVNy4U6U58GTPtgNr6Q+DnO+eQc34vFFyD43xamaXlldW17HpuY3Nre8fe3avpIFKUVWkgAtXwiGaCS1YFDoI1QsWI7wlW94bXSb3+wJTmgbyHUcjaPulL3uOUgEEdu1i5wC2fwIASEd+NcQu4z/QPujRI8f4AiFLB44x7XlwZd+y8U3CmwovGTU0epSp37EmrG9DIZxKoIFo3XSeEdkwUcCrYONeKNAsJHZI+axoridmjHU8vHOMjQ7q4FyjzJOAp/T0RE1/rke+ZzmRDPV9L4H+1ZgS9YjvmMoyASTr7qBcJDAFO4sJdrhgFMTKGUMXNrpgOiCIUTKg5E4I7f/KiqZ0U3LOCc3uaL12lcWTRATpEx8hF56iEblAZVRFFT+gFvaF369l6tT6syaw1Y6Uz++iPrK9vNUekMg==</latexit>

R : S ⇥A ! R

• Markov decision process: states   , actions    , 
transition model                                ,                     
reward function                         , discount factor <latexit sha1_base64="wgpImE/yctzE0fAVvgVvEgdieOU=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV1R9Bj04jGCeUCyhN7JbDJmZnaZmRVCyD948aCIV//Hm3/jJNmDJhY0FFXddHdFqeDG+v63t7K6tr6xWdgqbu/s7u2XDg4bJsk0ZXWaiES3IjRMcMXqllvBWqlmKCPBmtHwduo3n5g2PFEPdpSyUGJf8ZhTtE5qdPooJXZLZb/iz0CWSZCTMuSodUtfnV5CM8mUpQKNaQd+asMxasupYJNiJzMsRTrEPms7qlAyE45n107IqVN6JE60K2XJTP09MUZpzEhGrlOiHZhFbyr+57UzG1+HY67SzDJF54viTBCbkOnrpMc1o1aMHEGqubuV0AFqpNYFVHQhBIsvL5PGeSW4rPj3F+XqTR5HAY7hBM4ggCuowh3UoA4UHuEZXuHNS7wX7937mLeuePnMEfyB9/kDiD2PGQ==</latexit>�

• Policy                 : action to take in a state (nonstationary     ) 
<latexit sha1_base64="Ayteo4KEOr+dTwCWh8KGttz8ZDk=">AAACEXicbVDLSsNAFJ3UV62vqEs3g0XoqiSiKK6qblxWtA9oQplMp+3QyUyYmSgl5Bfc+CtuXCji1p07/8ZJG1BbD1w4nHMv994TRIwq7ThfVmFhcWl5pbhaWlvf2Nyyt3eaSsQSkwYWTMh2gBRhlJOGppqRdiQJCgNGWsHoMvNbd0QqKvitHkfED9GA0z7FSBupa1e8iJ5BL0R6iBFLblLoSToYaiSluP/Rz9OuXXaqzgRwnrg5KYMc9a796fUEjkPCNWZIqY7rRNpPkNQUM5KWvFiRCOERGpCOoRyFRPnJ5KMUHhilB/tCmuIaTtTfEwkKlRqHgenMTlSzXib+53Vi3T/1E8qjWBOOp4v6MYNawCwe2KOSYM3GhiAsqbkV4iGSCGsTYsmE4M6+PE+ah1X3uOpcH5VrF3kcRbAH9kEFuOAE1MAVqIMGwOABPIEX8Go9Ws/Wm/U+bS1Y+cwu+APr4xvLUJ2j</latexit>

⇡ : S ! A
<latexit sha1_base64="rCCI4DRh7z/4+S6cwkLqWEe4znA=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz00Et4v1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy+vktZF1bus1u5rlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwBSq43W</latexit>⇡

<latexit sha1_base64="BoA1h1+vEDeW3XsbaexDiikaHTE=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cKpi20oWy2k3bpZhN2N0IJ/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZemAqujet+O6W19Y3NrfJ2ZWd3b/+genjU0kmmGPosEYnqhFSj4BJ9w43ATqqQxqHAdji+m/ntJ1SaJ/LRTFIMYjqUPOKMGiv5vZT3R/1qza27c5BV4hWkBgWa/epXb5CwLEZpmKBadz03NUFOleFM4LTSyzSmlI3pELuWShqjDvL5sVNyZpUBiRJlSxoyV39P5DTWehKHtjOmZqSXvZn4n9fNTHQT5FymmUHJFouiTBCTkNnnZMAVMiMmllCmuL2VsBFVlBmbT8WG4C2/vEpaF3Xvqn75cFlr3BZxlOEETuEcPLiGBtxDE3xgwOEZXuHNkc6L8+58LFpLTjFzDH/gfP4AzPGOsQ==</latexit>⇡h
• horizon h (e.g. # 

planting seasons left) 



• Value of a policy    if we start in state s 
• Finite horizon

2

Recall

rich soil

0.1 0.9

0.90.1

poor soil
plant:

rich soil

0.9 0.1

0.10.9

poor soil
fallow:

R(rich,plant)=100 
R(poor,plant)=10 
R(rich,fallow)=0 
R(poor,fallow)=0<latexit sha1_base64="cgziEgfdtrWHaEOm3chkmVzvJpo=">AAAB8nicbVBNS8NAFHypX7V+VT16WSyCp5KIoseiF48VrS2koWy223bpJht2X4QS+jO8eFDEq7/Gm//GTZuDtg4sDDPvsfMmTKQw6LrfTmlldW19o7xZ2dre2d2r7h88GpVqxltMSaU7ITVcipi3UKDknURzGoWSt8PxTe63n7g2QsUPOEl4ENFhLAaCUbSS340ojhiV2f20V625dXcGsky8gtSgQLNX/er2FUsjHiOT1BjfcxMMMqpRMMmnlW5qeELZmA65b2lMI26CbBZ5Sk6s0icDpe2LkczU3xsZjYyZRKGdzCOaRS8X//P8FAdXQSbiJEUes/lHg1QSVCS/n/SF5gzlxBLKtLBZCRtRTRnaliq2BG/x5GXyeFb3Luru3XmtcV3UUYYjOIZT8OASGnALTWgBAwXP8ApvDjovzrvzMR8tOcXOIfyB8/kDjPqRbQ==</latexit>

S
<latexit sha1_base64="SZdh5QT1NTY7zEHN0WSihpxhBNI=">AAAB8nicbVBNS8NAFHypX7V+VT16WSyCp5KIoseqF48VrC2koWy223bpZhN2X4QS+jO8eFDEq7/Gm//GTZuDtg4sDDPvsfMmTKQw6LrfTmlldW19o7xZ2dre2d2r7h88mjjVjLdYLGPdCanhUijeQoGSdxLNaRRK3g7Ht7nffuLaiFg94CThQUSHSgwEo2glvxtRHDEqs+tpr1pz6+4MZJl4BalBgWav+tXtxyyNuEImqTG+5yYYZFSjYJJPK93U8ISyMR1y31JFI26CbBZ5Sk6s0ieDWNunkMzU3xsZjYyZRKGdzCOaRS8X//P8FAdXQSZUkiJXbP7RIJUEY5LfT/pCc4ZyYgllWtishI2opgxtSxVbgrd48jJ5PKt7F3X3/rzWuCnqKMMRHMMpeHAJDbiDJrSAQQzP8ApvDjovzrvzMR8tOcXOIfyB8/kDcaCRWw==</latexit>

A
<latexit sha1_base64="YKZkFy0C+ZcYtDpDQ4t5Bf7Ys/U=">AAACNHicbZDLSsNAFIYn9VbrrerSzWARXJVEFMVV1Y3gpmpv0IQymU7aoZMLMydKCX0oNz6IGxFcKOLWZ3DSBtTWHwZ+vnMOc87vRoIrMM0XIzc3v7C4lF8urKyurW8UN7caKowlZXUailC2XKKY4AGrAwfBWpFkxHcFa7qDi7TevGNS8TCowTBijk96Afc4JaBRp3hVO8W2T6BPiUhuR9gG7jP1g85mUdolea8PRMrwfsJdN7kZdYols2yOhWeNlZkSylTtFJ/sbkhjnwVABVGqbZkROAmRwKlgo4IdKxYROiA91tY2IHoPJxkfPcJ7mnSxF0r9AsBj+nsiIb5SQ9/VnemGarqWwv9q7Ri8EyfhQRQDC+jkIy8WGEKcJoi7XDIKYqgNoZLrXTHtE0ko6JwLOgRr+uRZ0zgoW0dl8/qwVDnP4sijHbSL9pGFjlEFXaIqqiOKHtAzekPvxqPxanwYn5PWnJHNbKM/Mr6+Acz/rDE=</latexit>

T : S ⇥A⇥ S ! R
<latexit sha1_base64="ZFXehC9pN9LL9osaL03Tl2lQj4k=">AAACIXicbZDLSgMxFIYz9VbrbdSlm2ARXJUZUSyuqm5c1mov0JaSSdM2NJMZkjNKGfoqbnwVNy4U6U58GTPtgNr6Q+DnO+eQc34vFFyD43xamaXlldW17HpuY3Nre8fe3avpIFKUVWkgAtXwiGaCS1YFDoI1QsWI7wlW94bXSb3+wJTmgbyHUcjaPulL3uOUgEEdu1i5wC2fwIASEd+NcQu4z/QPujRI8f4AiFLB44x7XlwZd+y8U3CmwovGTU0epSp37EmrG9DIZxKoIFo3XSeEdkwUcCrYONeKNAsJHZI+axoridmjHU8vHOMjQ7q4FyjzJOAp/T0RE1/rke+ZzmRDPV9L4H+1ZgS9YjvmMoyASTr7qBcJDAFO4sJdrhgFMTKGUMXNrpgOiCIUTKg5E4I7f/KiqZ0U3LOCc3uaL12lcWTRATpEx8hF56iEblAZVRFFT+gFvaF369l6tT6syaw1Y6Uz++iPrK9vNUekMg==</latexit>

R : S ⇥A ! R

• Markov decision process: states   , actions    , 
transition model                                ,                     
reward function                         , discount factor <latexit sha1_base64="wgpImE/yctzE0fAVvgVvEgdieOU=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV1R9Bj04jGCeUCyhN7JbDJmZnaZmRVCyD948aCIV//Hm3/jJNmDJhY0FFXddHdFqeDG+v63t7K6tr6xWdgqbu/s7u2XDg4bJsk0ZXWaiES3IjRMcMXqllvBWqlmKCPBmtHwduo3n5g2PFEPdpSyUGJf8ZhTtE5qdPooJXZLZb/iz0CWSZCTMuSodUtfnV5CM8mUpQKNaQd+asMxasupYJNiJzMsRTrEPms7qlAyE45n107IqVN6JE60K2XJTP09MUZpzEhGrlOiHZhFbyr+57UzG1+HY67SzDJF54viTBCbkOnrpMc1o1aMHEGqubuV0AFqpNYFVHQhBIsvL5PGeSW4rPj3F+XqTR5HAY7hBM4ggCuowh3UoA4UHuEZXuHNS7wX7937mLeuePnMEfyB9/kDiD2PGQ==</latexit>�

• Policy                 : action to take in a state (nonstationary     ) 
<latexit sha1_base64="Ayteo4KEOr+dTwCWh8KGttz8ZDk=">AAACEXicbVDLSsNAFJ3UV62vqEs3g0XoqiSiKK6qblxWtA9oQplMp+3QyUyYmSgl5Bfc+CtuXCji1p07/8ZJG1BbD1w4nHMv994TRIwq7ThfVmFhcWl5pbhaWlvf2Nyyt3eaSsQSkwYWTMh2gBRhlJOGppqRdiQJCgNGWsHoMvNbd0QqKvitHkfED9GA0z7FSBupa1e8iJ5BL0R6iBFLblLoSToYaiSluP/Rz9OuXXaqzgRwnrg5KYMc9a796fUEjkPCNWZIqY7rRNpPkNQUM5KWvFiRCOERGpCOoRyFRPnJ5KMUHhilB/tCmuIaTtTfEwkKlRqHgenMTlSzXib+53Vi3T/1E8qjWBOOp4v6MYNawCwe2KOSYM3GhiAsqbkV4iGSCGsTYsmE4M6+PE+ah1X3uOpcH5VrF3kcRbAH9kEFuOAE1MAVqIMGwOABPIEX8Go9Ws/Wm/U+bS1Y+cwu+APr4xvLUJ2j</latexit>

⇡ : S ! A
<latexit sha1_base64="rCCI4DRh7z/4+S6cwkLqWEe4znA=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz00Et4v1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy+vktZF1bus1u5rlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwBSq43W</latexit>⇡

<latexit sha1_base64="BoA1h1+vEDeW3XsbaexDiikaHTE=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cKpi20oWy2k3bpZhN2N0IJ/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZemAqujet+O6W19Y3NrfJ2ZWd3b/+genjU0kmmGPosEYnqhFSj4BJ9w43ATqqQxqHAdji+m/ntJ1SaJ/LRTFIMYjqUPOKMGiv5vZT3R/1qza27c5BV4hWkBgWa/epXb5CwLEZpmKBadz03NUFOleFM4LTSyzSmlI3pELuWShqjDvL5sVNyZpUBiRJlSxoyV39P5DTWehKHtjOmZqSXvZn4n9fNTHQT5FymmUHJFouiTBCTkNnnZMAVMiMmllCmuL2VsBFVlBmbT8WG4C2/vEpaF3Xvqn75cFlr3BZxlOEETuEcPLiGBtxDE3xgwOEZXuHNkc6L8+58LFpLTjFzDH/gfP4AzPGOsQ==</latexit>⇡h
• horizon h (e.g. # 

planting seasons left) 



• Value of a policy    if we start in state s 
• Finite horizon

2

Recall

rich soil

0.1 0.9

0.90.1

poor soil
plant:

rich soil

0.9 0.1

0.10.9

poor soil
fallow:

R(rich,plant)=100 
R(poor,plant)=10 
R(rich,fallow)=0 
R(poor,fallow)=0<latexit sha1_base64="cgziEgfdtrWHaEOm3chkmVzvJpo=">AAAB8nicbVBNS8NAFHypX7V+VT16WSyCp5KIoseiF48VrS2koWy223bpJht2X4QS+jO8eFDEq7/Gm//GTZuDtg4sDDPvsfMmTKQw6LrfTmlldW19o7xZ2dre2d2r7h88GpVqxltMSaU7ITVcipi3UKDknURzGoWSt8PxTe63n7g2QsUPOEl4ENFhLAaCUbSS340ojhiV2f20V625dXcGsky8gtSgQLNX/er2FUsjHiOT1BjfcxMMMqpRMMmnlW5qeELZmA65b2lMI26CbBZ5Sk6s0icDpe2LkczU3xsZjYyZRKGdzCOaRS8X//P8FAdXQSbiJEUes/lHg1QSVCS/n/SF5gzlxBLKtLBZCRtRTRnaliq2BG/x5GXyeFb3Luru3XmtcV3UUYYjOIZT8OASGnALTWgBAwXP8ApvDjovzrvzMR8tOcXOIfyB8/kDjPqRbQ==</latexit>

S
<latexit sha1_base64="SZdh5QT1NTY7zEHN0WSihpxhBNI=">AAAB8nicbVBNS8NAFHypX7V+VT16WSyCp5KIoseqF48VrC2koWy223bpZhN2X4QS+jO8eFDEq7/Gm//GTZuDtg4sDDPvsfMmTKQw6LrfTmlldW19o7xZ2dre2d2r7h88mjjVjLdYLGPdCanhUijeQoGSdxLNaRRK3g7Ht7nffuLaiFg94CThQUSHSgwEo2glvxtRHDEqs+tpr1pz6+4MZJl4BalBgWav+tXtxyyNuEImqTG+5yYYZFSjYJJPK93U8ISyMR1y31JFI26CbBZ5Sk6s0ieDWNunkMzU3xsZjYyZRKGdzCOaRS8X//P8FAdXQSZUkiJXbP7RIJUEY5LfT/pCc4ZyYgllWtishI2opgxtSxVbgrd48jJ5PKt7F3X3/rzWuCnqKMMRHMMpeHAJDbiDJrSAQQzP8ApvDjovzrvzMR8tOcXOIfyB8/kDcaCRWw==</latexit>

A
<latexit sha1_base64="YKZkFy0C+ZcYtDpDQ4t5Bf7Ys/U=">AAACNHicbZDLSsNAFIYn9VbrrerSzWARXJVEFMVV1Y3gpmpv0IQymU7aoZMLMydKCX0oNz6IGxFcKOLWZ3DSBtTWHwZ+vnMOc87vRoIrMM0XIzc3v7C4lF8urKyurW8UN7caKowlZXUailC2XKKY4AGrAwfBWpFkxHcFa7qDi7TevGNS8TCowTBijk96Afc4JaBRp3hVO8W2T6BPiUhuR9gG7jP1g85mUdolea8PRMrwfsJdN7kZdYols2yOhWeNlZkSylTtFJ/sbkhjnwVABVGqbZkROAmRwKlgo4IdKxYROiA91tY2IHoPJxkfPcJ7mnSxF0r9AsBj+nsiIb5SQ9/VnemGarqWwv9q7Ri8EyfhQRQDC+jkIy8WGEKcJoi7XDIKYqgNoZLrXTHtE0ko6JwLOgRr+uRZ0zgoW0dl8/qwVDnP4sijHbSL9pGFjlEFXaIqqiOKHtAzekPvxqPxanwYn5PWnJHNbKM/Mr6+Acz/rDE=</latexit>

T : S ⇥A⇥ S ! R
<latexit sha1_base64="ZFXehC9pN9LL9osaL03Tl2lQj4k=">AAACIXicbZDLSgMxFIYz9VbrbdSlm2ARXJUZUSyuqm5c1mov0JaSSdM2NJMZkjNKGfoqbnwVNy4U6U58GTPtgNr6Q+DnO+eQc34vFFyD43xamaXlldW17HpuY3Nre8fe3avpIFKUVWkgAtXwiGaCS1YFDoI1QsWI7wlW94bXSb3+wJTmgbyHUcjaPulL3uOUgEEdu1i5wC2fwIASEd+NcQu4z/QPujRI8f4AiFLB44x7XlwZd+y8U3CmwovGTU0epSp37EmrG9DIZxKoIFo3XSeEdkwUcCrYONeKNAsJHZI+axoridmjHU8vHOMjQ7q4FyjzJOAp/T0RE1/rke+ZzmRDPV9L4H+1ZgS9YjvmMoyASTr7qBcJDAFO4sJdrhgFMTKGUMXNrpgOiCIUTKg5E4I7f/KiqZ0U3LOCc3uaL12lcWTRATpEx8hF56iEblAZVRFFT+gFvaF369l6tT6syaw1Y6Uz++iPrK9vNUekMg==</latexit>

R : S ⇥A ! R

• Markov decision process: states   , actions    , 
transition model                                ,                     
reward function                         , discount factor <latexit sha1_base64="wgpImE/yctzE0fAVvgVvEgdieOU=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV1R9Bj04jGCeUCyhN7JbDJmZnaZmRVCyD948aCIV//Hm3/jJNmDJhY0FFXddHdFqeDG+v63t7K6tr6xWdgqbu/s7u2XDg4bJsk0ZXWaiES3IjRMcMXqllvBWqlmKCPBmtHwduo3n5g2PFEPdpSyUGJf8ZhTtE5qdPooJXZLZb/iz0CWSZCTMuSodUtfnV5CM8mUpQKNaQd+asMxasupYJNiJzMsRTrEPms7qlAyE45n107IqVN6JE60K2XJTP09MUZpzEhGrlOiHZhFbyr+57UzG1+HY67SzDJF54viTBCbkOnrpMc1o1aMHEGqubuV0AFqpNYFVHQhBIsvL5PGeSW4rPj3F+XqTR5HAY7hBM4ggCuowh3UoA4UHuEZXuHNS7wX7937mLeuePnMEfyB9/kDiD2PGQ==</latexit>�

• Policy                 : action to take in a state (nonstationary     ) 
<latexit sha1_base64="Ayteo4KEOr+dTwCWh8KGttz8ZDk=">AAACEXicbVDLSsNAFJ3UV62vqEs3g0XoqiSiKK6qblxWtA9oQplMp+3QyUyYmSgl5Bfc+CtuXCji1p07/8ZJG1BbD1w4nHMv994TRIwq7ThfVmFhcWl5pbhaWlvf2Nyyt3eaSsQSkwYWTMh2gBRhlJOGppqRdiQJCgNGWsHoMvNbd0QqKvitHkfED9GA0z7FSBupa1e8iJ5BL0R6iBFLblLoSToYaiSluP/Rz9OuXXaqzgRwnrg5KYMc9a796fUEjkPCNWZIqY7rRNpPkNQUM5KWvFiRCOERGpCOoRyFRPnJ5KMUHhilB/tCmuIaTtTfEwkKlRqHgenMTlSzXib+53Vi3T/1E8qjWBOOp4v6MYNawCwe2KOSYM3GhiAsqbkV4iGSCGsTYsmE4M6+PE+ah1X3uOpcH5VrF3kcRbAH9kEFuOAE1MAVqIMGwOABPIEX8Go9Ws/Wm/U+bS1Y+cwu+APr4xvLUJ2j</latexit>

⇡ : S ! A

<latexit sha1_base64="Sq+fNog9qqeBl8exXsOnVJujG9o="></latexit>

V 0
⇡ (s) = 0;V h

⇡ (s) = R(s,⇡(s)) + �
P

s0 T (s,⇡(s), s
0) · V h�1

⇡ (s0)

<latexit sha1_base64="rCCI4DRh7z/4+S6cwkLqWEe4znA=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz00Et4v1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy+vktZF1bus1u5rlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwBSq43W</latexit>⇡

<latexit sha1_base64="BoA1h1+vEDeW3XsbaexDiikaHTE=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cKpi20oWy2k3bpZhN2N0IJ/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZemAqujet+O6W19Y3NrfJ2ZWd3b/+genjU0kmmGPosEYnqhFSj4BJ9w43ATqqQxqHAdji+m/ntJ1SaJ/LRTFIMYjqUPOKMGiv5vZT3R/1qza27c5BV4hWkBgWa/epXb5CwLEZpmKBadz03NUFOleFM4LTSyzSmlI3pELuWShqjDvL5sVNyZpUBiRJlSxoyV39P5DTWehKHtjOmZqSXvZn4n9fNTHQT5FymmUHJFouiTBCTkNnnZMAVMiMmllCmuL2VsBFVlBmbT8WG4C2/vEpaF3Xvqn75cFlr3BZxlOEETuEcPLiGBtxDE3xgwOEZXuHNkc6L8+58LFpLTjFzDH/gfP4AzPGOsQ==</latexit>⇡h
• horizon h (e.g. # 

planting seasons left) 



• Value of a policy    if we start in state s 
• Finite horizon

2

Recall

rich soil

0.1 0.9

0.90.1

poor soil
plant:

rich soil

0.9 0.1

0.10.9

poor soil
fallow:

R(rich,plant)=100 
R(poor,plant)=10 
R(rich,fallow)=0 
R(poor,fallow)=0<latexit sha1_base64="cgziEgfdtrWHaEOm3chkmVzvJpo=">AAAB8nicbVBNS8NAFHypX7V+VT16WSyCp5KIoseiF48VrS2koWy223bpJht2X4QS+jO8eFDEq7/Gm//GTZuDtg4sDDPvsfMmTKQw6LrfTmlldW19o7xZ2dre2d2r7h88GpVqxltMSaU7ITVcipi3UKDknURzGoWSt8PxTe63n7g2QsUPOEl4ENFhLAaCUbSS340ojhiV2f20V625dXcGsky8gtSgQLNX/er2FUsjHiOT1BjfcxMMMqpRMMmnlW5qeELZmA65b2lMI26CbBZ5Sk6s0icDpe2LkczU3xsZjYyZRKGdzCOaRS8X//P8FAdXQSbiJEUes/lHg1QSVCS/n/SF5gzlxBLKtLBZCRtRTRnaliq2BG/x5GXyeFb3Luru3XmtcV3UUYYjOIZT8OASGnALTWgBAwXP8ApvDjovzrvzMR8tOcXOIfyB8/kDjPqRbQ==</latexit>

S
<latexit sha1_base64="SZdh5QT1NTY7zEHN0WSihpxhBNI=">AAAB8nicbVBNS8NAFHypX7V+VT16WSyCp5KIoseqF48VrC2koWy223bpZhN2X4QS+jO8eFDEq7/Gm//GTZuDtg4sDDPvsfMmTKQw6LrfTmlldW19o7xZ2dre2d2r7h88mjjVjLdYLGPdCanhUijeQoGSdxLNaRRK3g7Ht7nffuLaiFg94CThQUSHSgwEo2glvxtRHDEqs+tpr1pz6+4MZJl4BalBgWav+tXtxyyNuEImqTG+5yYYZFSjYJJPK93U8ISyMR1y31JFI26CbBZ5Sk6s0ieDWNunkMzU3xsZjYyZRKGdzCOaRS8X//P8FAdXQSZUkiJXbP7RIJUEY5LfT/pCc4ZyYgllWtishI2opgxtSxVbgrd48jJ5PKt7F3X3/rzWuCnqKMMRHMMpeHAJDbiDJrSAQQzP8ApvDjovzrvzMR8tOcXOIfyB8/kDcaCRWw==</latexit>

A
<latexit sha1_base64="YKZkFy0C+ZcYtDpDQ4t5Bf7Ys/U=">AAACNHicbZDLSsNAFIYn9VbrrerSzWARXJVEFMVV1Y3gpmpv0IQymU7aoZMLMydKCX0oNz6IGxFcKOLWZ3DSBtTWHwZ+vnMOc87vRoIrMM0XIzc3v7C4lF8urKyurW8UN7caKowlZXUailC2XKKY4AGrAwfBWpFkxHcFa7qDi7TevGNS8TCowTBijk96Afc4JaBRp3hVO8W2T6BPiUhuR9gG7jP1g85mUdolea8PRMrwfsJdN7kZdYols2yOhWeNlZkSylTtFJ/sbkhjnwVABVGqbZkROAmRwKlgo4IdKxYROiA91tY2IHoPJxkfPcJ7mnSxF0r9AsBj+nsiIb5SQ9/VnemGarqWwv9q7Ri8EyfhQRQDC+jkIy8WGEKcJoi7XDIKYqgNoZLrXTHtE0ko6JwLOgRr+uRZ0zgoW0dl8/qwVDnP4sijHbSL9pGFjlEFXaIqqiOKHtAzekPvxqPxanwYn5PWnJHNbKM/Mr6+Acz/rDE=</latexit>

T : S ⇥A⇥ S ! R
<latexit sha1_base64="ZFXehC9pN9LL9osaL03Tl2lQj4k=">AAACIXicbZDLSgMxFIYz9VbrbdSlm2ARXJUZUSyuqm5c1mov0JaSSdM2NJMZkjNKGfoqbnwVNy4U6U58GTPtgNr6Q+DnO+eQc34vFFyD43xamaXlldW17HpuY3Nre8fe3avpIFKUVWkgAtXwiGaCS1YFDoI1QsWI7wlW94bXSb3+wJTmgbyHUcjaPulL3uOUgEEdu1i5wC2fwIASEd+NcQu4z/QPujRI8f4AiFLB44x7XlwZd+y8U3CmwovGTU0epSp37EmrG9DIZxKoIFo3XSeEdkwUcCrYONeKNAsJHZI+axoridmjHU8vHOMjQ7q4FyjzJOAp/T0RE1/rke+ZzmRDPV9L4H+1ZgS9YjvmMoyASTr7qBcJDAFO4sJdrhgFMTKGUMXNrpgOiCIUTKg5E4I7f/KiqZ0U3LOCc3uaL12lcWTRATpEx8hF56iEblAZVRFFT+gFvaF369l6tT6syaw1Y6Uz++iPrK9vNUekMg==</latexit>

R : S ⇥A ! R

• Markov decision process: states   , actions    , 
transition model                                ,                     
reward function                         , discount factor <latexit sha1_base64="wgpImE/yctzE0fAVvgVvEgdieOU=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV1R9Bj04jGCeUCyhN7JbDJmZnaZmRVCyD948aCIV//Hm3/jJNmDJhY0FFXddHdFqeDG+v63t7K6tr6xWdgqbu/s7u2XDg4bJsk0ZXWaiES3IjRMcMXqllvBWqlmKCPBmtHwduo3n5g2PFEPdpSyUGJf8ZhTtE5qdPooJXZLZb/iz0CWSZCTMuSodUtfnV5CM8mUpQKNaQd+asMxasupYJNiJzMsRTrEPms7qlAyE45n107IqVN6JE60K2XJTP09MUZpzEhGrlOiHZhFbyr+57UzG1+HY67SzDJF54viTBCbkOnrpMc1o1aMHEGqubuV0AFqpNYFVHQhBIsvL5PGeSW4rPj3F+XqTR5HAY7hBM4ggCuowh3UoA4UHuEZXuHNS7wX7937mLeuePnMEfyB9/kDiD2PGQ==</latexit>�

• Policy                 : action to take in a state (nonstationary     ) 
<latexit sha1_base64="Ayteo4KEOr+dTwCWh8KGttz8ZDk=">AAACEXicbVDLSsNAFJ3UV62vqEs3g0XoqiSiKK6qblxWtA9oQplMp+3QyUyYmSgl5Bfc+CtuXCji1p07/8ZJG1BbD1w4nHMv994TRIwq7ThfVmFhcWl5pbhaWlvf2Nyyt3eaSsQSkwYWTMh2gBRhlJOGppqRdiQJCgNGWsHoMvNbd0QqKvitHkfED9GA0z7FSBupa1e8iJ5BL0R6iBFLblLoSToYaiSluP/Rz9OuXXaqzgRwnrg5KYMc9a796fUEjkPCNWZIqY7rRNpPkNQUM5KWvFiRCOERGpCOoRyFRPnJ5KMUHhilB/tCmuIaTtTfEwkKlRqHgenMTlSzXib+53Vi3T/1E8qjWBOOp4v6MYNawCwe2KOSYM3GhiAsqbkV4iGSCGsTYsmE4M6+PE+ah1X3uOpcH5VrF3kcRbAH9kEFuOAE1MAVqIMGwOABPIEX8Go9Ws/Wm/U+bS1Y+cwu+APr4xvLUJ2j</latexit>

⇡ : S ! A
<latexit sha1_base64="rCCI4DRh7z/4+S6cwkLqWEe4znA=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz00Et4v1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy+vktZF1bus1u5rlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwBSq43W</latexit>⇡

<latexit sha1_base64="sQzXOc8z92HQURO18zTrk+PQFhY="></latexit>

V 0
⇡ (s) = 0;V h

⇡ (s) = R(s,⇡(s)) + �
P

s0 T (s,⇡(s), s
0)V h�1

⇡ (s0)

<latexit sha1_base64="BoA1h1+vEDeW3XsbaexDiikaHTE=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cKpi20oWy2k3bpZhN2N0IJ/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZemAqujet+O6W19Y3NrfJ2ZWd3b/+genjU0kmmGPosEYnqhFSj4BJ9w43ATqqQxqHAdji+m/ntJ1SaJ/LRTFIMYjqUPOKMGiv5vZT3R/1qza27c5BV4hWkBgWa/epXb5CwLEZpmKBadz03NUFOleFM4LTSyzSmlI3pELuWShqjDvL5sVNyZpUBiRJlSxoyV39P5DTWehKHtjOmZqSXvZn4n9fNTHQT5FymmUHJFouiTBCTkNnnZMAVMiMmllCmuL2VsBFVlBmbT8WG4C2/vEpaF3Xvqn75cFlr3BZxlOEETuEcPLiGBtxDE3xgwOEZXuHNkc6L8+58LFpLTjFzDH/gfP4AzPGOsQ==</latexit>⇡h
• horizon h (e.g. # 

planting seasons left) 



• Value of a policy    if we start in state s 
• Finite horizon

2

Recall

rich soil

0.1 0.9

0.90.1

poor soil
plant:

rich soil

0.9 0.1

0.10.9

poor soil
fallow:

R(rich,plant)=100 
R(poor,plant)=10 
R(rich,fallow)=0 
R(poor,fallow)=0<latexit sha1_base64="cgziEgfdtrWHaEOm3chkmVzvJpo=">AAAB8nicbVBNS8NAFHypX7V+VT16WSyCp5KIoseiF48VrS2koWy223bpJht2X4QS+jO8eFDEq7/Gm//GTZuDtg4sDDPvsfMmTKQw6LrfTmlldW19o7xZ2dre2d2r7h88GpVqxltMSaU7ITVcipi3UKDknURzGoWSt8PxTe63n7g2QsUPOEl4ENFhLAaCUbSS340ojhiV2f20V625dXcGsky8gtSgQLNX/er2FUsjHiOT1BjfcxMMMqpRMMmnlW5qeELZmA65b2lMI26CbBZ5Sk6s0icDpe2LkczU3xsZjYyZRKGdzCOaRS8X//P8FAdXQSbiJEUes/lHg1QSVCS/n/SF5gzlxBLKtLBZCRtRTRnaliq2BG/x5GXyeFb3Luru3XmtcV3UUYYjOIZT8OASGnALTWgBAwXP8ApvDjovzrvzMR8tOcXOIfyB8/kDjPqRbQ==</latexit>

S
<latexit sha1_base64="SZdh5QT1NTY7zEHN0WSihpxhBNI=">AAAB8nicbVBNS8NAFHypX7V+VT16WSyCp5KIoseqF48VrC2koWy223bpZhN2X4QS+jO8eFDEq7/Gm//GTZuDtg4sDDPvsfMmTKQw6LrfTmlldW19o7xZ2dre2d2r7h88mjjVjLdYLGPdCanhUijeQoGSdxLNaRRK3g7Ht7nffuLaiFg94CThQUSHSgwEo2glvxtRHDEqs+tpr1pz6+4MZJl4BalBgWav+tXtxyyNuEImqTG+5yYYZFSjYJJPK93U8ISyMR1y31JFI26CbBZ5Sk6s0ieDWNunkMzU3xsZjYyZRKGdzCOaRS8X//P8FAdXQSZUkiJXbP7RIJUEY5LfT/pCc4ZyYgllWtishI2opgxtSxVbgrd48jJ5PKt7F3X3/rzWuCnqKMMRHMMpeHAJDbiDJrSAQQzP8ApvDjovzrvzMR8tOcXOIfyB8/kDcaCRWw==</latexit>

A
<latexit sha1_base64="YKZkFy0C+ZcYtDpDQ4t5Bf7Ys/U=">AAACNHicbZDLSsNAFIYn9VbrrerSzWARXJVEFMVV1Y3gpmpv0IQymU7aoZMLMydKCX0oNz6IGxFcKOLWZ3DSBtTWHwZ+vnMOc87vRoIrMM0XIzc3v7C4lF8urKyurW8UN7caKowlZXUailC2XKKY4AGrAwfBWpFkxHcFa7qDi7TevGNS8TCowTBijk96Afc4JaBRp3hVO8W2T6BPiUhuR9gG7jP1g85mUdolea8PRMrwfsJdN7kZdYols2yOhWeNlZkSylTtFJ/sbkhjnwVABVGqbZkROAmRwKlgo4IdKxYROiA91tY2IHoPJxkfPcJ7mnSxF0r9AsBj+nsiIb5SQ9/VnemGarqWwv9q7Ri8EyfhQRQDC+jkIy8WGEKcJoi7XDIKYqgNoZLrXTHtE0ko6JwLOgRr+uRZ0zgoW0dl8/qwVDnP4sijHbSL9pGFjlEFXaIqqiOKHtAzekPvxqPxanwYn5PWnJHNbKM/Mr6+Acz/rDE=</latexit>

T : S ⇥A⇥ S ! R
<latexit sha1_base64="ZFXehC9pN9LL9osaL03Tl2lQj4k=">AAACIXicbZDLSgMxFIYz9VbrbdSlm2ARXJUZUSyuqm5c1mov0JaSSdM2NJMZkjNKGfoqbnwVNy4U6U58GTPtgNr6Q+DnO+eQc34vFFyD43xamaXlldW17HpuY3Nre8fe3avpIFKUVWkgAtXwiGaCS1YFDoI1QsWI7wlW94bXSb3+wJTmgbyHUcjaPulL3uOUgEEdu1i5wC2fwIASEd+NcQu4z/QPujRI8f4AiFLB44x7XlwZd+y8U3CmwovGTU0epSp37EmrG9DIZxKoIFo3XSeEdkwUcCrYONeKNAsJHZI+axoridmjHU8vHOMjQ7q4FyjzJOAp/T0RE1/rke+ZzmRDPV9L4H+1ZgS9YjvmMoyASTr7qBcJDAFO4sJdrhgFMTKGUMXNrpgOiCIUTKg5E4I7f/KiqZ0U3LOCc3uaL12lcWTRATpEx8hF56iEblAZVRFFT+gFvaF369l6tT6syaw1Y6Uz++iPrK9vNUekMg==</latexit>

R : S ⇥A ! R

• Markov decision process: states   , actions    , 
transition model                                ,                     
reward function                         , discount factor <latexit sha1_base64="wgpImE/yctzE0fAVvgVvEgdieOU=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV1R9Bj04jGCeUCyhN7JbDJmZnaZmRVCyD948aCIV//Hm3/jJNmDJhY0FFXddHdFqeDG+v63t7K6tr6xWdgqbu/s7u2XDg4bJsk0ZXWaiES3IjRMcMXqllvBWqlmKCPBmtHwduo3n5g2PFEPdpSyUGJf8ZhTtE5qdPooJXZLZb/iz0CWSZCTMuSodUtfnV5CM8mUpQKNaQd+asMxasupYJNiJzMsRTrEPms7qlAyE45n107IqVN6JE60K2XJTP09MUZpzEhGrlOiHZhFbyr+57UzG1+HY67SzDJF54viTBCbkOnrpMc1o1aMHEGqubuV0AFqpNYFVHQhBIsvL5PGeSW4rPj3F+XqTR5HAY7hBM4ggCuowh3UoA4UHuEZXuHNS7wX7937mLeuePnMEfyB9/kDiD2PGQ==</latexit>�

• Policy                 : action to take in a state (nonstationary     ) 
<latexit sha1_base64="Ayteo4KEOr+dTwCWh8KGttz8ZDk=">AAACEXicbVDLSsNAFJ3UV62vqEs3g0XoqiSiKK6qblxWtA9oQplMp+3QyUyYmSgl5Bfc+CtuXCji1p07/8ZJG1BbD1w4nHMv994TRIwq7ThfVmFhcWl5pbhaWlvf2Nyyt3eaSsQSkwYWTMh2gBRhlJOGppqRdiQJCgNGWsHoMvNbd0QqKvitHkfED9GA0z7FSBupa1e8iJ5BL0R6iBFLblLoSToYaiSluP/Rz9OuXXaqzgRwnrg5KYMc9a796fUEjkPCNWZIqY7rRNpPkNQUM5KWvFiRCOERGpCOoRyFRPnJ5KMUHhilB/tCmuIaTtTfEwkKlRqHgenMTlSzXib+53Vi3T/1E8qjWBOOp4v6MYNawCwe2KOSYM3GhiAsqbkV4iGSCGsTYsmE4M6+PE+ah1X3uOpcH5VrF3kcRbAH9kEFuOAE1MAVqIMGwOABPIEX8Go9Ws/Wm/U+bS1Y+cwu+APr4xvLUJ2j</latexit>

⇡ : S ! A
<latexit sha1_base64="rCCI4DRh7z/4+S6cwkLqWEe4znA=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz00Et4v1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy+vktZF1bus1u5rlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwBSq43W</latexit>⇡

<latexit sha1_base64="sQzXOc8z92HQURO18zTrk+PQFhY="></latexit>

V 0
⇡ (s) = 0;V h

⇡ (s) = R(s,⇡(s)) + �
P

s0 T (s,⇡(s), s
0)V h�1

⇡ (s0)

<latexit sha1_base64="BoA1h1+vEDeW3XsbaexDiikaHTE=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cKpi20oWy2k3bpZhN2N0IJ/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZemAqujet+O6W19Y3NrfJ2ZWd3b/+genjU0kmmGPosEYnqhFSj4BJ9w43ATqqQxqHAdji+m/ntJ1SaJ/LRTFIMYjqUPOKMGiv5vZT3R/1qza27c5BV4hWkBgWa/epXb5CwLEZpmKBadz03NUFOleFM4LTSyzSmlI3pELuWShqjDvL5sVNyZpUBiRJlSxoyV39P5DTWehKHtjOmZqSXvZn4n9fNTHQT5FymmUHJFouiTBCTkNnnZMAVMiMmllCmuL2VsBFVlBmbT8WG4C2/vEpaF3Xvqn75cFlr3BZxlOEETuEcPLiGBtxDE3xgwOEZXuHNkc6L8+58LFpLTjFzDH/gfP4AzPGOsQ==</latexit>⇡h
• horizon h (e.g. # 

planting seasons left) 



• Value of a policy    if we start in state s 
• Finite horizon

2

Recall

rich soil

0.1 0.9

0.90.1

poor soil
plant:

rich soil

0.9 0.1

0.10.9

poor soil
fallow:

R(rich,plant)=100 
R(poor,plant)=10 
R(rich,fallow)=0 
R(poor,fallow)=0<latexit sha1_base64="cgziEgfdtrWHaEOm3chkmVzvJpo=">AAAB8nicbVBNS8NAFHypX7V+VT16WSyCp5KIoseiF48VrS2koWy223bpJht2X4QS+jO8eFDEq7/Gm//GTZuDtg4sDDPvsfMmTKQw6LrfTmlldW19o7xZ2dre2d2r7h88GpVqxltMSaU7ITVcipi3UKDknURzGoWSt8PxTe63n7g2QsUPOEl4ENFhLAaCUbSS340ojhiV2f20V625dXcGsky8gtSgQLNX/er2FUsjHiOT1BjfcxMMMqpRMMmnlW5qeELZmA65b2lMI26CbBZ5Sk6s0icDpe2LkczU3xsZjYyZRKGdzCOaRS8X//P8FAdXQSbiJEUes/lHg1QSVCS/n/SF5gzlxBLKtLBZCRtRTRnaliq2BG/x5GXyeFb3Luru3XmtcV3UUYYjOIZT8OASGnALTWgBAwXP8ApvDjovzrvzMR8tOcXOIfyB8/kDjPqRbQ==</latexit>

S
<latexit sha1_base64="SZdh5QT1NTY7zEHN0WSihpxhBNI=">AAAB8nicbVBNS8NAFHypX7V+VT16WSyCp5KIoseqF48VrC2koWy223bpZhN2X4QS+jO8eFDEq7/Gm//GTZuDtg4sDDPvsfMmTKQw6LrfTmlldW19o7xZ2dre2d2r7h88mjjVjLdYLGPdCanhUijeQoGSdxLNaRRK3g7Ht7nffuLaiFg94CThQUSHSgwEo2glvxtRHDEqs+tpr1pz6+4MZJl4BalBgWav+tXtxyyNuEImqTG+5yYYZFSjYJJPK93U8ISyMR1y31JFI26CbBZ5Sk6s0ieDWNunkMzU3xsZjYyZRKGdzCOaRS8X//P8FAdXQSZUkiJXbP7RIJUEY5LfT/pCc4ZyYgllWtishI2opgxtSxVbgrd48jJ5PKt7F3X3/rzWuCnqKMMRHMMpeHAJDbiDJrSAQQzP8ApvDjovzrvzMR8tOcXOIfyB8/kDcaCRWw==</latexit>

A
<latexit sha1_base64="YKZkFy0C+ZcYtDpDQ4t5Bf7Ys/U=">AAACNHicbZDLSsNAFIYn9VbrrerSzWARXJVEFMVV1Y3gpmpv0IQymU7aoZMLMydKCX0oNz6IGxFcKOLWZ3DSBtTWHwZ+vnMOc87vRoIrMM0XIzc3v7C4lF8urKyurW8UN7caKowlZXUailC2XKKY4AGrAwfBWpFkxHcFa7qDi7TevGNS8TCowTBijk96Afc4JaBRp3hVO8W2T6BPiUhuR9gG7jP1g85mUdolea8PRMrwfsJdN7kZdYols2yOhWeNlZkSylTtFJ/sbkhjnwVABVGqbZkROAmRwKlgo4IdKxYROiA91tY2IHoPJxkfPcJ7mnSxF0r9AsBj+nsiIb5SQ9/VnemGarqWwv9q7Ri8EyfhQRQDC+jkIy8WGEKcJoi7XDIKYqgNoZLrXTHtE0ko6JwLOgRr+uRZ0zgoW0dl8/qwVDnP4sijHbSL9pGFjlEFXaIqqiOKHtAzekPvxqPxanwYn5PWnJHNbKM/Mr6+Acz/rDE=</latexit>

T : S ⇥A⇥ S ! R
<latexit sha1_base64="ZFXehC9pN9LL9osaL03Tl2lQj4k=">AAACIXicbZDLSgMxFIYz9VbrbdSlm2ARXJUZUSyuqm5c1mov0JaSSdM2NJMZkjNKGfoqbnwVNy4U6U58GTPtgNr6Q+DnO+eQc34vFFyD43xamaXlldW17HpuY3Nre8fe3avpIFKUVWkgAtXwiGaCS1YFDoI1QsWI7wlW94bXSb3+wJTmgbyHUcjaPulL3uOUgEEdu1i5wC2fwIASEd+NcQu4z/QPujRI8f4AiFLB44x7XlwZd+y8U3CmwovGTU0epSp37EmrG9DIZxKoIFo3XSeEdkwUcCrYONeKNAsJHZI+axoridmjHU8vHOMjQ7q4FyjzJOAp/T0RE1/rke+ZzmRDPV9L4H+1ZgS9YjvmMoyASTr7qBcJDAFO4sJdrhgFMTKGUMXNrpgOiCIUTKg5E4I7f/KiqZ0U3LOCc3uaL12lcWTRATpEx8hF56iEblAZVRFFT+gFvaF369l6tT6syaw1Y6Uz++iPrK9vNUekMg==</latexit>

R : S ⇥A ! R

• Markov decision process: states   , actions    , 
transition model                                ,                     
reward function                         , discount factor <latexit sha1_base64="wgpImE/yctzE0fAVvgVvEgdieOU=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV1R9Bj04jGCeUCyhN7JbDJmZnaZmRVCyD948aCIV//Hm3/jJNmDJhY0FFXddHdFqeDG+v63t7K6tr6xWdgqbu/s7u2XDg4bJsk0ZXWaiES3IjRMcMXqllvBWqlmKCPBmtHwduo3n5g2PFEPdpSyUGJf8ZhTtE5qdPooJXZLZb/iz0CWSZCTMuSodUtfnV5CM8mUpQKNaQd+asMxasupYJNiJzMsRTrEPms7qlAyE45n107IqVN6JE60K2XJTP09MUZpzEhGrlOiHZhFbyr+57UzG1+HY67SzDJF54viTBCbkOnrpMc1o1aMHEGqubuV0AFqpNYFVHQhBIsvL5PGeSW4rPj3F+XqTR5HAY7hBM4ggCuowh3UoA4UHuEZXuHNS7wX7937mLeuePnMEfyB9/kDiD2PGQ==</latexit>�

• Policy                 : action to take in a state (nonstationary     ) 
<latexit sha1_base64="Ayteo4KEOr+dTwCWh8KGttz8ZDk=">AAACEXicbVDLSsNAFJ3UV62vqEs3g0XoqiSiKK6qblxWtA9oQplMp+3QyUyYmSgl5Bfc+CtuXCji1p07/8ZJG1BbD1w4nHMv994TRIwq7ThfVmFhcWl5pbhaWlvf2Nyyt3eaSsQSkwYWTMh2gBRhlJOGppqRdiQJCgNGWsHoMvNbd0QqKvitHkfED9GA0z7FSBupa1e8iJ5BL0R6iBFLblLoSToYaiSluP/Rz9OuXXaqzgRwnrg5KYMc9a796fUEjkPCNWZIqY7rRNpPkNQUM5KWvFiRCOERGpCOoRyFRPnJ5KMUHhilB/tCmuIaTtTfEwkKlRqHgenMTlSzXib+53Vi3T/1E8qjWBOOp4v6MYNawCwe2KOSYM3GhiAsqbkV4iGSCGsTYsmE4M6+PE+ah1X3uOpcH5VrF3kcRbAH9kEFuOAE1MAVqIMGwOABPIEX8Go9Ws/Wm/U+bS1Y+cwu+APr4xvLUJ2j</latexit>

⇡ : S ! A
<latexit sha1_base64="rCCI4DRh7z/4+S6cwkLqWEe4znA=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz00Et4v1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy+vktZF1bus1u5rlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwBSq43W</latexit>⇡

<latexit sha1_base64="sQzXOc8z92HQURO18zTrk+PQFhY="></latexit>

V 0
⇡ (s) = 0;V h

⇡ (s) = R(s,⇡(s)) + �
P

s0 T (s,⇡(s), s
0)V h�1

⇡ (s0)

<latexit sha1_base64="BoA1h1+vEDeW3XsbaexDiikaHTE=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cKpi20oWy2k3bpZhN2N0IJ/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZemAqujet+O6W19Y3NrfJ2ZWd3b/+genjU0kmmGPosEYnqhFSj4BJ9w43ATqqQxqHAdji+m/ntJ1SaJ/LRTFIMYjqUPOKMGiv5vZT3R/1qza27c5BV4hWkBgWa/epXb5CwLEZpmKBadz03NUFOleFM4LTSyzSmlI3pELuWShqjDvL5sVNyZpUBiRJlSxoyV39P5DTWehKHtjOmZqSXvZn4n9fNTHQT5FymmUHJFouiTBCTkNnnZMAVMiMmllCmuL2VsBFVlBmbT8WG4C2/vEpaF3Xvqn75cFlr3BZxlOEETuEcPLiGBtxDE3xgwOEZXuHNkc6L8+58LFpLTjFzDH/gfP4AzPGOsQ==</latexit>⇡h
• horizon h (e.g. # 

planting seasons left) 



• Value of a policy    if we start in state s 
• Finite horizon

2

Recall

rich soil

0.1 0.9

0.90.1

poor soil
plant:

rich soil

0.9 0.1

0.10.9

poor soil
fallow:

R(rich,plant)=100 
R(poor,plant)=10 
R(rich,fallow)=0 
R(poor,fallow)=0<latexit sha1_base64="cgziEgfdtrWHaEOm3chkmVzvJpo=">AAAB8nicbVBNS8NAFHypX7V+VT16WSyCp5KIoseiF48VrS2koWy223bpJht2X4QS+jO8eFDEq7/Gm//GTZuDtg4sDDPvsfMmTKQw6LrfTmlldW19o7xZ2dre2d2r7h88GpVqxltMSaU7ITVcipi3UKDknURzGoWSt8PxTe63n7g2QsUPOEl4ENFhLAaCUbSS340ojhiV2f20V625dXcGsky8gtSgQLNX/er2FUsjHiOT1BjfcxMMMqpRMMmnlW5qeELZmA65b2lMI26CbBZ5Sk6s0icDpe2LkczU3xsZjYyZRKGdzCOaRS8X//P8FAdXQSbiJEUes/lHg1QSVCS/n/SF5gzlxBLKtLBZCRtRTRnaliq2BG/x5GXyeFb3Luru3XmtcV3UUYYjOIZT8OASGnALTWgBAwXP8ApvDjovzrvzMR8tOcXOIfyB8/kDjPqRbQ==</latexit>

S
<latexit sha1_base64="SZdh5QT1NTY7zEHN0WSihpxhBNI=">AAAB8nicbVBNS8NAFHypX7V+VT16WSyCp5KIoseqF48VrC2koWy223bpZhN2X4QS+jO8eFDEq7/Gm//GTZuDtg4sDDPvsfMmTKQw6LrfTmlldW19o7xZ2dre2d2r7h88mjjVjLdYLGPdCanhUijeQoGSdxLNaRRK3g7Ht7nffuLaiFg94CThQUSHSgwEo2glvxtRHDEqs+tpr1pz6+4MZJl4BalBgWav+tXtxyyNuEImqTG+5yYYZFSjYJJPK93U8ISyMR1y31JFI26CbBZ5Sk6s0ieDWNunkMzU3xsZjYyZRKGdzCOaRS8X//P8FAdXQSZUkiJXbP7RIJUEY5LfT/pCc4ZyYgllWtishI2opgxtSxVbgrd48jJ5PKt7F3X3/rzWuCnqKMMRHMMpeHAJDbiDJrSAQQzP8ApvDjovzrvzMR8tOcXOIfyB8/kDcaCRWw==</latexit>

A
<latexit sha1_base64="YKZkFy0C+ZcYtDpDQ4t5Bf7Ys/U=">AAACNHicbZDLSsNAFIYn9VbrrerSzWARXJVEFMVV1Y3gpmpv0IQymU7aoZMLMydKCX0oNz6IGxFcKOLWZ3DSBtTWHwZ+vnMOc87vRoIrMM0XIzc3v7C4lF8urKyurW8UN7caKowlZXUailC2XKKY4AGrAwfBWpFkxHcFa7qDi7TevGNS8TCowTBijk96Afc4JaBRp3hVO8W2T6BPiUhuR9gG7jP1g85mUdolea8PRMrwfsJdN7kZdYols2yOhWeNlZkSylTtFJ/sbkhjnwVABVGqbZkROAmRwKlgo4IdKxYROiA91tY2IHoPJxkfPcJ7mnSxF0r9AsBj+nsiIb5SQ9/VnemGarqWwv9q7Ri8EyfhQRQDC+jkIy8WGEKcJoi7XDIKYqgNoZLrXTHtE0ko6JwLOgRr+uRZ0zgoW0dl8/qwVDnP4sijHbSL9pGFjlEFXaIqqiOKHtAzekPvxqPxanwYn5PWnJHNbKM/Mr6+Acz/rDE=</latexit>

T : S ⇥A⇥ S ! R
<latexit sha1_base64="ZFXehC9pN9LL9osaL03Tl2lQj4k=">AAACIXicbZDLSgMxFIYz9VbrbdSlm2ARXJUZUSyuqm5c1mov0JaSSdM2NJMZkjNKGfoqbnwVNy4U6U58GTPtgNr6Q+DnO+eQc34vFFyD43xamaXlldW17HpuY3Nre8fe3avpIFKUVWkgAtXwiGaCS1YFDoI1QsWI7wlW94bXSb3+wJTmgbyHUcjaPulL3uOUgEEdu1i5wC2fwIASEd+NcQu4z/QPujRI8f4AiFLB44x7XlwZd+y8U3CmwovGTU0epSp37EmrG9DIZxKoIFo3XSeEdkwUcCrYONeKNAsJHZI+axoridmjHU8vHOMjQ7q4FyjzJOAp/T0RE1/rke+ZzmRDPV9L4H+1ZgS9YjvmMoyASTr7qBcJDAFO4sJdrhgFMTKGUMXNrpgOiCIUTKg5E4I7f/KiqZ0U3LOCc3uaL12lcWTRATpEx8hF56iEblAZVRFFT+gFvaF369l6tT6syaw1Y6Uz++iPrK9vNUekMg==</latexit>

R : S ⇥A ! R

• Markov decision process: states   , actions    , 
transition model                                ,                     
reward function                         , discount factor <latexit sha1_base64="wgpImE/yctzE0fAVvgVvEgdieOU=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV1R9Bj04jGCeUCyhN7JbDJmZnaZmRVCyD948aCIV//Hm3/jJNmDJhY0FFXddHdFqeDG+v63t7K6tr6xWdgqbu/s7u2XDg4bJsk0ZXWaiES3IjRMcMXqllvBWqlmKCPBmtHwduo3n5g2PFEPdpSyUGJf8ZhTtE5qdPooJXZLZb/iz0CWSZCTMuSodUtfnV5CM8mUpQKNaQd+asMxasupYJNiJzMsRTrEPms7qlAyE45n107IqVN6JE60K2XJTP09MUZpzEhGrlOiHZhFbyr+57UzG1+HY67SzDJF54viTBCbkOnrpMc1o1aMHEGqubuV0AFqpNYFVHQhBIsvL5PGeSW4rPj3F+XqTR5HAY7hBM4ggCuowh3UoA4UHuEZXuHNS7wX7937mLeuePnMEfyB9/kDiD2PGQ==</latexit>�

• Policy                 : action to take in a state (nonstationary     ) 
<latexit sha1_base64="Ayteo4KEOr+dTwCWh8KGttz8ZDk=">AAACEXicbVDLSsNAFJ3UV62vqEs3g0XoqiSiKK6qblxWtA9oQplMp+3QyUyYmSgl5Bfc+CtuXCji1p07/8ZJG1BbD1w4nHMv994TRIwq7ThfVmFhcWl5pbhaWlvf2Nyyt3eaSsQSkwYWTMh2gBRhlJOGppqRdiQJCgNGWsHoMvNbd0QqKvitHkfED9GA0z7FSBupa1e8iJ5BL0R6iBFLblLoSToYaiSluP/Rz9OuXXaqzgRwnrg5KYMc9a796fUEjkPCNWZIqY7rRNpPkNQUM5KWvFiRCOERGpCOoRyFRPnJ5KMUHhilB/tCmuIaTtTfEwkKlRqHgenMTlSzXib+53Vi3T/1E8qjWBOOp4v6MYNawCwe2KOSYM3GhiAsqbkV4iGSCGsTYsmE4M6+PE+ah1X3uOpcH5VrF3kcRbAH9kEFuOAE1MAVqIMGwOABPIEX8Go9Ws/Wm/U+bS1Y+cwu+APr4xvLUJ2j</latexit>

⇡ : S ! A
<latexit sha1_base64="rCCI4DRh7z/4+S6cwkLqWEe4znA=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz00Et4v1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy+vktZF1bus1u5rlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwBSq43W</latexit>⇡

<latexit sha1_base64="sQzXOc8z92HQURO18zTrk+PQFhY="></latexit>
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• horizon h (e.g. # 

planting seasons left) 
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R(poor,plant)=10 
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R(poor,fallow)=0<latexit sha1_base64="cgziEgfdtrWHaEOm3chkmVzvJpo=">AAAB8nicbVBNS8NAFHypX7V+VT16WSyCp5KIoseiF48VrS2koWy223bpJht2X4QS+jO8eFDEq7/Gm//GTZuDtg4sDDPvsfMmTKQw6LrfTmlldW19o7xZ2dre2d2r7h88GpVqxltMSaU7ITVcipi3UKDknURzGoWSt8PxTe63n7g2QsUPOEl4ENFhLAaCUbSS340ojhiV2f20V625dXcGsky8gtSgQLNX/er2FUsjHiOT1BjfcxMMMqpRMMmnlW5qeELZmA65b2lMI26CbBZ5Sk6s0icDpe2LkczU3xsZjYyZRKGdzCOaRS8X//P8FAdXQSbiJEUes/lHg1QSVCS/n/SF5gzlxBLKtLBZCRtRTRnaliq2BG/x5GXyeFb3Luru3XmtcV3UUYYjOIZT8OASGnALTWgBAwXP8ApvDjovzrvzMR8tOcXOIfyB8/kDjPqRbQ==</latexit>

S
<latexit sha1_base64="SZdh5QT1NTY7zEHN0WSihpxhBNI=">AAAB8nicbVBNS8NAFHypX7V+VT16WSyCp5KIoseqF48VrC2koWy223bpZhN2X4QS+jO8eFDEq7/Gm//GTZuDtg4sDDPvsfMmTKQw6LrfTmlldW19o7xZ2dre2d2r7h88mjjVjLdYLGPdCanhUijeQoGSdxLNaRRK3g7Ht7nffuLaiFg94CThQUSHSgwEo2glvxtRHDEqs+tpr1pz6+4MZJl4BalBgWav+tXtxyyNuEImqTG+5yYYZFSjYJJPK93U8ISyMR1y31JFI26CbBZ5Sk6s0ieDWNunkMzU3xsZjYyZRKGdzCOaRS8X//P8FAdXQSZUkiJXbP7RIJUEY5LfT/pCc4ZyYgllWtishI2opgxtSxVbgrd48jJ5PKt7F3X3/rzWuCnqKMMRHMMpeHAJDbiDJrSAQQzP8ApvDjovzrvzMR8tOcXOIfyB8/kDcaCRWw==</latexit>

A
<latexit sha1_base64="YKZkFy0C+ZcYtDpDQ4t5Bf7Ys/U=">AAACNHicbZDLSsNAFIYn9VbrrerSzWARXJVEFMVV1Y3gpmpv0IQymU7aoZMLMydKCX0oNz6IGxFcKOLWZ3DSBtTWHwZ+vnMOc87vRoIrMM0XIzc3v7C4lF8urKyurW8UN7caKowlZXUailC2XKKY4AGrAwfBWpFkxHcFa7qDi7TevGNS8TCowTBijk96Afc4JaBRp3hVO8W2T6BPiUhuR9gG7jP1g85mUdolea8PRMrwfsJdN7kZdYols2yOhWeNlZkSylTtFJ/sbkhjnwVABVGqbZkROAmRwKlgo4IdKxYROiA91tY2IHoPJxkfPcJ7mnSxF0r9AsBj+nsiIb5SQ9/VnemGarqWwv9q7Ri8EyfhQRQDC+jkIy8WGEKcJoi7XDIKYqgNoZLrXTHtE0ko6JwLOgRr+uRZ0zgoW0dl8/qwVDnP4sijHbSL9pGFjlEFXaIqqiOKHtAzekPvxqPxanwYn5PWnJHNbKM/Mr6+Acz/rDE=</latexit>

T : S ⇥A⇥ S ! R
<latexit sha1_base64="ZFXehC9pN9LL9osaL03Tl2lQj4k=">AAACIXicbZDLSgMxFIYz9VbrbdSlm2ARXJUZUSyuqm5c1mov0JaSSdM2NJMZkjNKGfoqbnwVNy4U6U58GTPtgNr6Q+DnO+eQc34vFFyD43xamaXlldW17HpuY3Nre8fe3avpIFKUVWkgAtXwiGaCS1YFDoI1QsWI7wlW94bXSb3+wJTmgbyHUcjaPulL3uOUgEEdu1i5wC2fwIASEd+NcQu4z/QPujRI8f4AiFLB44x7XlwZd+y8U3CmwovGTU0epSp37EmrG9DIZxKoIFo3XSeEdkwUcCrYONeKNAsJHZI+axoridmjHU8vHOMjQ7q4FyjzJOAp/T0RE1/rke+ZzmRDPV9L4H+1ZgS9YjvmMoyASTr7qBcJDAFO4sJdrhgFMTKGUMXNrpgOiCIUTKg5E4I7f/KiqZ0U3LOCc3uaL12lcWTRATpEx8hF56iEblAZVRFFT+gFvaF369l6tT6syaw1Y6Uz++iPrK9vNUekMg==</latexit>

R : S ⇥A ! R

• Markov decision process: states   , actions    , 
transition model                                ,                     
reward function                         , discount factor <latexit sha1_base64="wgpImE/yctzE0fAVvgVvEgdieOU=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV1R9Bj04jGCeUCyhN7JbDJmZnaZmRVCyD948aCIV//Hm3/jJNmDJhY0FFXddHdFqeDG+v63t7K6tr6xWdgqbu/s7u2XDg4bJsk0ZXWaiES3IjRMcMXqllvBWqlmKCPBmtHwduo3n5g2PFEPdpSyUGJf8ZhTtE5qdPooJXZLZb/iz0CWSZCTMuSodUtfnV5CM8mUpQKNaQd+asMxasupYJNiJzMsRTrEPms7qlAyE45n107IqVN6JE60K2XJTP09MUZpzEhGrlOiHZhFbyr+57UzG1+HY67SzDJF54viTBCbkOnrpMc1o1aMHEGqubuV0AFqpNYFVHQhBIsvL5PGeSW4rPj3F+XqTR5HAY7hBM4ggCuowh3UoA4UHuEZXuHNS7wX7937mLeuePnMEfyB9/kDiD2PGQ==</latexit>�

• Policy                 : action to take in a state (nonstationary     ) 
<latexit sha1_base64="Ayteo4KEOr+dTwCWh8KGttz8ZDk=">AAACEXicbVDLSsNAFJ3UV62vqEs3g0XoqiSiKK6qblxWtA9oQplMp+3QyUyYmSgl5Bfc+CtuXCji1p07/8ZJG1BbD1w4nHMv994TRIwq7ThfVmFhcWl5pbhaWlvf2Nyyt3eaSsQSkwYWTMh2gBRhlJOGppqRdiQJCgNGWsHoMvNbd0QqKvitHkfED9GA0z7FSBupa1e8iJ5BL0R6iBFLblLoSToYaiSluP/Rz9OuXXaqzgRwnrg5KYMc9a796fUEjkPCNWZIqY7rRNpPkNQUM5KWvFiRCOERGpCOoRyFRPnJ5KMUHhilB/tCmuIaTtTfEwkKlRqHgenMTlSzXib+53Vi3T/1E8qjWBOOp4v6MYNawCwe2KOSYM3GhiAsqbkV4iGSCGsTYsmE4M6+PE+ah1X3uOpcH5VrF3kcRbAH9kEFuOAE1MAVqIMGwOABPIEX8Go9Ws/Wm/U+bS1Y+cwu+APr4xvLUJ2j</latexit>

⇡ : S ! A
<latexit sha1_base64="rCCI4DRh7z/4+S6cwkLqWEe4znA=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz00Et4v1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy+vktZF1bus1u5rlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwBSq43W</latexit>⇡

<latexit sha1_base64="sQzXOc8z92HQURO18zTrk+PQFhY="></latexit>
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<latexit sha1_base64="BoA1h1+vEDeW3XsbaexDiikaHTE=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cKpi20oWy2k3bpZhN2N0IJ/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZemAqujet+O6W19Y3NrfJ2ZWd3b/+genjU0kmmGPosEYnqhFSj4BJ9w43ATqqQxqHAdji+m/ntJ1SaJ/LRTFIMYjqUPOKMGiv5vZT3R/1qza27c5BV4hWkBgWa/epXb5CwLEZpmKBadz03NUFOleFM4LTSyzSmlI3pELuWShqjDvL5sVNyZpUBiRJlSxoyV39P5DTWehKHtjOmZqSXvZn4n9fNTHQT5FymmUHJFouiTBCTkNnnZMAVMiMmllCmuL2VsBFVlBmbT8WG4C2/vEpaF3Xvqn75cFlr3BZxlOEETuEcPLiGBtxDE3xgwOEZXuHNkc6L8+58LFpLTjFzDH/gfP4AzPGOsQ==</latexit>⇡h
• horizon h (e.g. # 

planting seasons left) 



• Value of a policy    if we start in state s 
• Finite horizon

2
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rich soil
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0.90.1

poor soil
plant:

rich soil
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poor soil
fallow:

R(rich,plant)=100 
R(poor,plant)=10 
R(rich,fallow)=0 
R(poor,fallow)=0<latexit sha1_base64="cgziEgfdtrWHaEOm3chkmVzvJpo=">AAAB8nicbVBNS8NAFHypX7V+VT16WSyCp5KIoseiF48VrS2koWy223bpJht2X4QS+jO8eFDEq7/Gm//GTZuDtg4sDDPvsfMmTKQw6LrfTmlldW19o7xZ2dre2d2r7h88GpVqxltMSaU7ITVcipi3UKDknURzGoWSt8PxTe63n7g2QsUPOEl4ENFhLAaCUbSS340ojhiV2f20V625dXcGsky8gtSgQLNX/er2FUsjHiOT1BjfcxMMMqpRMMmnlW5qeELZmA65b2lMI26CbBZ5Sk6s0icDpe2LkczU3xsZjYyZRKGdzCOaRS8X//P8FAdXQSbiJEUes/lHg1QSVCS/n/SF5gzlxBLKtLBZCRtRTRnaliq2BG/x5GXyeFb3Luru3XmtcV3UUYYjOIZT8OASGnALTWgBAwXP8ApvDjovzrvzMR8tOcXOIfyB8/kDjPqRbQ==</latexit>

S
<latexit sha1_base64="SZdh5QT1NTY7zEHN0WSihpxhBNI=">AAAB8nicbVBNS8NAFHypX7V+VT16WSyCp5KIoseqF48VrC2koWy223bpZhN2X4QS+jO8eFDEq7/Gm//GTZuDtg4sDDPvsfMmTKQw6LrfTmlldW19o7xZ2dre2d2r7h88mjjVjLdYLGPdCanhUijeQoGSdxLNaRRK3g7Ht7nffuLaiFg94CThQUSHSgwEo2glvxtRHDEqs+tpr1pz6+4MZJl4BalBgWav+tXtxyyNuEImqTG+5yYYZFSjYJJPK93U8ISyMR1y31JFI26CbBZ5Sk6s0ieDWNunkMzU3xsZjYyZRKGdzCOaRS8X//P8FAdXQSZUkiJXbP7RIJUEY5LfT/pCc4ZyYgllWtishI2opgxtSxVbgrd48jJ5PKt7F3X3/rzWuCnqKMMRHMMpeHAJDbiDJrSAQQzP8ApvDjovzrvzMR8tOcXOIfyB8/kDcaCRWw==</latexit>

A
<latexit sha1_base64="YKZkFy0C+ZcYtDpDQ4t5Bf7Ys/U=">AAACNHicbZDLSsNAFIYn9VbrrerSzWARXJVEFMVV1Y3gpmpv0IQymU7aoZMLMydKCX0oNz6IGxFcKOLWZ3DSBtTWHwZ+vnMOc87vRoIrMM0XIzc3v7C4lF8urKyurW8UN7caKowlZXUailC2XKKY4AGrAwfBWpFkxHcFa7qDi7TevGNS8TCowTBijk96Afc4JaBRp3hVO8W2T6BPiUhuR9gG7jP1g85mUdolea8PRMrwfsJdN7kZdYols2yOhWeNlZkSylTtFJ/sbkhjnwVABVGqbZkROAmRwKlgo4IdKxYROiA91tY2IHoPJxkfPcJ7mnSxF0r9AsBj+nsiIb5SQ9/VnemGarqWwv9q7Ri8EyfhQRQDC+jkIy8WGEKcJoi7XDIKYqgNoZLrXTHtE0ko6JwLOgRr+uRZ0zgoW0dl8/qwVDnP4sijHbSL9pGFjlEFXaIqqiOKHtAzekPvxqPxanwYn5PWnJHNbKM/Mr6+Acz/rDE=</latexit>

T : S ⇥A⇥ S ! R
<latexit sha1_base64="ZFXehC9pN9LL9osaL03Tl2lQj4k=">AAACIXicbZDLSgMxFIYz9VbrbdSlm2ARXJUZUSyuqm5c1mov0JaSSdM2NJMZkjNKGfoqbnwVNy4U6U58GTPtgNr6Q+DnO+eQc34vFFyD43xamaXlldW17HpuY3Nre8fe3avpIFKUVWkgAtXwiGaCS1YFDoI1QsWI7wlW94bXSb3+wJTmgbyHUcjaPulL3uOUgEEdu1i5wC2fwIASEd+NcQu4z/QPujRI8f4AiFLB44x7XlwZd+y8U3CmwovGTU0epSp37EmrG9DIZxKoIFo3XSeEdkwUcCrYONeKNAsJHZI+axoridmjHU8vHOMjQ7q4FyjzJOAp/T0RE1/rke+ZzmRDPV9L4H+1ZgS9YjvmMoyASTr7qBcJDAFO4sJdrhgFMTKGUMXNrpgOiCIUTKg5E4I7f/KiqZ0U3LOCc3uaL12lcWTRATpEx8hF56iEblAZVRFFT+gFvaF369l6tT6syaw1Y6Uz++iPrK9vNUekMg==</latexit>

R : S ⇥A ! R

• Markov decision process: states   , actions    , 
transition model                                ,                     
reward function                         , discount factor <latexit sha1_base64="wgpImE/yctzE0fAVvgVvEgdieOU=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV1R9Bj04jGCeUCyhN7JbDJmZnaZmRVCyD948aCIV//Hm3/jJNmDJhY0FFXddHdFqeDG+v63t7K6tr6xWdgqbu/s7u2XDg4bJsk0ZXWaiES3IjRMcMXqllvBWqlmKCPBmtHwduo3n5g2PFEPdpSyUGJf8ZhTtE5qdPooJXZLZb/iz0CWSZCTMuSodUtfnV5CM8mUpQKNaQd+asMxasupYJNiJzMsRTrEPms7qlAyE45n107IqVN6JE60K2XJTP09MUZpzEhGrlOiHZhFbyr+57UzG1+HY67SzDJF54viTBCbkOnrpMc1o1aMHEGqubuV0AFqpNYFVHQhBIsvL5PGeSW4rPj3F+XqTR5HAY7hBM4ggCuowh3UoA4UHuEZXuHNS7wX7937mLeuePnMEfyB9/kDiD2PGQ==</latexit>�

• Policy                 : action to take in a state (nonstationary     ) 
<latexit sha1_base64="Ayteo4KEOr+dTwCWh8KGttz8ZDk=">AAACEXicbVDLSsNAFJ3UV62vqEs3g0XoqiSiKK6qblxWtA9oQplMp+3QyUyYmSgl5Bfc+CtuXCji1p07/8ZJG1BbD1w4nHMv994TRIwq7ThfVmFhcWl5pbhaWlvf2Nyyt3eaSsQSkwYWTMh2gBRhlJOGppqRdiQJCgNGWsHoMvNbd0QqKvitHkfED9GA0z7FSBupa1e8iJ5BL0R6iBFLblLoSToYaiSluP/Rz9OuXXaqzgRwnrg5KYMc9a796fUEjkPCNWZIqY7rRNpPkNQUM5KWvFiRCOERGpCOoRyFRPnJ5KMUHhilB/tCmuIaTtTfEwkKlRqHgenMTlSzXib+53Vi3T/1E8qjWBOOp4v6MYNawCwe2KOSYM3GhiAsqbkV4iGSCGsTYsmE4M6+PE+ah1X3uOpcH5VrF3kcRbAH9kEFuOAE1MAVqIMGwOABPIEX8Go9Ws/Wm/U+bS1Y+cwu+APr4xvLUJ2j</latexit>

⇡ : S ! A
<latexit sha1_base64="rCCI4DRh7z/4+S6cwkLqWEe4znA=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz00Et4v1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy+vktZF1bus1u5rlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwBSq43W</latexit>⇡

<latexit sha1_base64="sQzXOc8z92HQURO18zTrk+PQFhY="></latexit>
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<latexit sha1_base64="BoA1h1+vEDeW3XsbaexDiikaHTE=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cKpi20oWy2k3bpZhN2N0IJ/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZemAqujet+O6W19Y3NrfJ2ZWd3b/+genjU0kmmGPosEYnqhFSj4BJ9w43ATqqQxqHAdji+m/ntJ1SaJ/LRTFIMYjqUPOKMGiv5vZT3R/1qza27c5BV4hWkBgWa/epXb5CwLEZpmKBadz03NUFOleFM4LTSyzSmlI3pELuWShqjDvL5sVNyZpUBiRJlSxoyV39P5DTWehKHtjOmZqSXvZn4n9fNTHQT5FymmUHJFouiTBCTkNnnZMAVMiMmllCmuL2VsBFVlBmbT8WG4C2/vEpaF3Xvqn75cFlr3BZxlOEETuEcPLiGBtxDE3xgwOEZXuHNkc6L8+58LFpLTjFzDH/gfP4AzPGOsQ==</latexit>⇡h
• horizon h (e.g. # 

planting seasons left) 



• Value of a policy    if we start in state s 
• Finite horizon

2

Recall

rich soil

0.1 0.9

0.90.1

poor soil
plant:

rich soil

0.9 0.1

0.10.9

poor soil
fallow:

R(rich,plant)=100 
R(poor,plant)=10 
R(rich,fallow)=0 
R(poor,fallow)=0<latexit sha1_base64="cgziEgfdtrWHaEOm3chkmVzvJpo=">AAAB8nicbVBNS8NAFHypX7V+VT16WSyCp5KIoseiF48VrS2koWy223bpJht2X4QS+jO8eFDEq7/Gm//GTZuDtg4sDDPvsfMmTKQw6LrfTmlldW19o7xZ2dre2d2r7h88GpVqxltMSaU7ITVcipi3UKDknURzGoWSt8PxTe63n7g2QsUPOEl4ENFhLAaCUbSS340ojhiV2f20V625dXcGsky8gtSgQLNX/er2FUsjHiOT1BjfcxMMMqpRMMmnlW5qeELZmA65b2lMI26CbBZ5Sk6s0icDpe2LkczU3xsZjYyZRKGdzCOaRS8X//P8FAdXQSbiJEUes/lHg1QSVCS/n/SF5gzlxBLKtLBZCRtRTRnaliq2BG/x5GXyeFb3Luru3XmtcV3UUYYjOIZT8OASGnALTWgBAwXP8ApvDjovzrvzMR8tOcXOIfyB8/kDjPqRbQ==</latexit>

S
<latexit sha1_base64="SZdh5QT1NTY7zEHN0WSihpxhBNI=">AAAB8nicbVBNS8NAFHypX7V+VT16WSyCp5KIoseqF48VrC2koWy223bpZhN2X4QS+jO8eFDEq7/Gm//GTZuDtg4sDDPvsfMmTKQw6LrfTmlldW19o7xZ2dre2d2r7h88mjjVjLdYLGPdCanhUijeQoGSdxLNaRRK3g7Ht7nffuLaiFg94CThQUSHSgwEo2glvxtRHDEqs+tpr1pz6+4MZJl4BalBgWav+tXtxyyNuEImqTG+5yYYZFSjYJJPK93U8ISyMR1y31JFI26CbBZ5Sk6s0ieDWNunkMzU3xsZjYyZRKGdzCOaRS8X//P8FAdXQSZUkiJXbP7RIJUEY5LfT/pCc4ZyYgllWtishI2opgxtSxVbgrd48jJ5PKt7F3X3/rzWuCnqKMMRHMMpeHAJDbiDJrSAQQzP8ApvDjovzrvzMR8tOcXOIfyB8/kDcaCRWw==</latexit>

A
<latexit sha1_base64="YKZkFy0C+ZcYtDpDQ4t5Bf7Ys/U=">AAACNHicbZDLSsNAFIYn9VbrrerSzWARXJVEFMVV1Y3gpmpv0IQymU7aoZMLMydKCX0oNz6IGxFcKOLWZ3DSBtTWHwZ+vnMOc87vRoIrMM0XIzc3v7C4lF8urKyurW8UN7caKowlZXUailC2XKKY4AGrAwfBWpFkxHcFa7qDi7TevGNS8TCowTBijk96Afc4JaBRp3hVO8W2T6BPiUhuR9gG7jP1g85mUdolea8PRMrwfsJdN7kZdYols2yOhWeNlZkSylTtFJ/sbkhjnwVABVGqbZkROAmRwKlgo4IdKxYROiA91tY2IHoPJxkfPcJ7mnSxF0r9AsBj+nsiIb5SQ9/VnemGarqWwv9q7Ri8EyfhQRQDC+jkIy8WGEKcJoi7XDIKYqgNoZLrXTHtE0ko6JwLOgRr+uRZ0zgoW0dl8/qwVDnP4sijHbSL9pGFjlEFXaIqqiOKHtAzekPvxqPxanwYn5PWnJHNbKM/Mr6+Acz/rDE=</latexit>

T : S ⇥A⇥ S ! R
<latexit sha1_base64="ZFXehC9pN9LL9osaL03Tl2lQj4k=">AAACIXicbZDLSgMxFIYz9VbrbdSlm2ARXJUZUSyuqm5c1mov0JaSSdM2NJMZkjNKGfoqbnwVNy4U6U58GTPtgNr6Q+DnO+eQc34vFFyD43xamaXlldW17HpuY3Nre8fe3avpIFKUVWkgAtXwiGaCS1YFDoI1QsWI7wlW94bXSb3+wJTmgbyHUcjaPulL3uOUgEEdu1i5wC2fwIASEd+NcQu4z/QPujRI8f4AiFLB44x7XlwZd+y8U3CmwovGTU0epSp37EmrG9DIZxKoIFo3XSeEdkwUcCrYONeKNAsJHZI+axoridmjHU8vHOMjQ7q4FyjzJOAp/T0RE1/rke+ZzmRDPV9L4H+1ZgS9YjvmMoyASTr7qBcJDAFO4sJdrhgFMTKGUMXNrpgOiCIUTKg5E4I7f/KiqZ0U3LOCc3uaL12lcWTRATpEx8hF56iEblAZVRFFT+gFvaF369l6tT6syaw1Y6Uz++iPrK9vNUekMg==</latexit>

R : S ⇥A ! R

• Markov decision process: states   , actions    , 
transition model                                ,                     
reward function                         , discount factor <latexit sha1_base64="wgpImE/yctzE0fAVvgVvEgdieOU=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV1R9Bj04jGCeUCyhN7JbDJmZnaZmRVCyD948aCIV//Hm3/jJNmDJhY0FFXddHdFqeDG+v63t7K6tr6xWdgqbu/s7u2XDg4bJsk0ZXWaiES3IjRMcMXqllvBWqlmKCPBmtHwduo3n5g2PFEPdpSyUGJf8ZhTtE5qdPooJXZLZb/iz0CWSZCTMuSodUtfnV5CM8mUpQKNaQd+asMxasupYJNiJzMsRTrEPms7qlAyE45n107IqVN6JE60K2XJTP09MUZpzEhGrlOiHZhFbyr+57UzG1+HY67SzDJF54viTBCbkOnrpMc1o1aMHEGqubuV0AFqpNYFVHQhBIsvL5PGeSW4rPj3F+XqTR5HAY7hBM4ggCuowh3UoA4UHuEZXuHNS7wX7937mLeuePnMEfyB9/kDiD2PGQ==</latexit>�

• Policy                 : action to take in a state (nonstationary     ) 
<latexit sha1_base64="Ayteo4KEOr+dTwCWh8KGttz8ZDk=">AAACEXicbVDLSsNAFJ3UV62vqEs3g0XoqiSiKK6qblxWtA9oQplMp+3QyUyYmSgl5Bfc+CtuXCji1p07/8ZJG1BbD1w4nHMv994TRIwq7ThfVmFhcWl5pbhaWlvf2Nyyt3eaSsQSkwYWTMh2gBRhlJOGppqRdiQJCgNGWsHoMvNbd0QqKvitHkfED9GA0z7FSBupa1e8iJ5BL0R6iBFLblLoSToYaiSluP/Rz9OuXXaqzgRwnrg5KYMc9a796fUEjkPCNWZIqY7rRNpPkNQUM5KWvFiRCOERGpCOoRyFRPnJ5KMUHhilB/tCmuIaTtTfEwkKlRqHgenMTlSzXib+53Vi3T/1E8qjWBOOp4v6MYNawCwe2KOSYM3GhiAsqbkV4iGSCGsTYsmE4M6+PE+ah1X3uOpcH5VrF3kcRbAH9kEFuOAE1MAVqIMGwOABPIEX8Go9Ws/Wm/U+bS1Y+cwu+APr4xvLUJ2j</latexit>

⇡ : S ! A
<latexit sha1_base64="rCCI4DRh7z/4+S6cwkLqWEe4znA=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz00Et4v1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy+vktZF1bus1u5rlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwBSq43W</latexit>⇡

<latexit sha1_base64="sQzXOc8z92HQURO18zTrk+PQFhY="></latexit>

V 0
⇡ (s) = 0;V h

⇡ (s) = R(s,⇡(s)) + �
P

s0 T (s,⇡(s), s
0)V h�1

⇡ (s0)

<latexit sha1_base64="BoA1h1+vEDeW3XsbaexDiikaHTE=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cKpi20oWy2k3bpZhN2N0IJ/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZemAqujet+O6W19Y3NrfJ2ZWd3b/+genjU0kmmGPosEYnqhFSj4BJ9w43ATqqQxqHAdji+m/ntJ1SaJ/LRTFIMYjqUPOKMGiv5vZT3R/1qza27c5BV4hWkBgWa/epXb5CwLEZpmKBadz03NUFOleFM4LTSyzSmlI3pELuWShqjDvL5sVNyZpUBiRJlSxoyV39P5DTWehKHtjOmZqSXvZn4n9fNTHQT5FymmUHJFouiTBCTkNnnZMAVMiMmllCmuL2VsBFVlBmbT8WG4C2/vEpaF3Xvqn75cFlr3BZxlOEETuEcPLiGBtxDE3xgwOEZXuHNkc6L8+58LFpLTjFzDH/gfP4AzPGOsQ==</latexit>⇡h
• horizon h (e.g. # 

planting seasons left) 



• Value of a policy    if we start in state s 
• Finite horizon (often assume discount factor    equals 1)

2

Recall

rich soil

0.1 0.9

0.90.1

poor soil
plant:

rich soil

0.9 0.1

0.10.9

poor soil
fallow:

R(rich,plant)=100 
R(poor,plant)=10 
R(rich,fallow)=0 
R(poor,fallow)=0<latexit sha1_base64="cgziEgfdtrWHaEOm3chkmVzvJpo=">AAAB8nicbVBNS8NAFHypX7V+VT16WSyCp5KIoseiF48VrS2koWy223bpJht2X4QS+jO8eFDEq7/Gm//GTZuDtg4sDDPvsfMmTKQw6LrfTmlldW19o7xZ2dre2d2r7h88GpVqxltMSaU7ITVcipi3UKDknURzGoWSt8PxTe63n7g2QsUPOEl4ENFhLAaCUbSS340ojhiV2f20V625dXcGsky8gtSgQLNX/er2FUsjHiOT1BjfcxMMMqpRMMmnlW5qeELZmA65b2lMI26CbBZ5Sk6s0icDpe2LkczU3xsZjYyZRKGdzCOaRS8X//P8FAdXQSbiJEUes/lHg1QSVCS/n/SF5gzlxBLKtLBZCRtRTRnaliq2BG/x5GXyeFb3Luru3XmtcV3UUYYjOIZT8OASGnALTWgBAwXP8ApvDjovzrvzMR8tOcXOIfyB8/kDjPqRbQ==</latexit>

S
<latexit sha1_base64="SZdh5QT1NTY7zEHN0WSihpxhBNI=">AAAB8nicbVBNS8NAFHypX7V+VT16WSyCp5KIoseqF48VrC2koWy223bpZhN2X4QS+jO8eFDEq7/Gm//GTZuDtg4sDDPvsfMmTKQw6LrfTmlldW19o7xZ2dre2d2r7h88mjjVjLdYLGPdCanhUijeQoGSdxLNaRRK3g7Ht7nffuLaiFg94CThQUSHSgwEo2glvxtRHDEqs+tpr1pz6+4MZJl4BalBgWav+tXtxyyNuEImqTG+5yYYZFSjYJJPK93U8ISyMR1y31JFI26CbBZ5Sk6s0ieDWNunkMzU3xsZjYyZRKGdzCOaRS8X//P8FAdXQSZUkiJXbP7RIJUEY5LfT/pCc4ZyYgllWtishI2opgxtSxVbgrd48jJ5PKt7F3X3/rzWuCnqKMMRHMMpeHAJDbiDJrSAQQzP8ApvDjovzrvzMR8tOcXOIfyB8/kDcaCRWw==</latexit>

A
<latexit sha1_base64="YKZkFy0C+ZcYtDpDQ4t5Bf7Ys/U=">AAACNHicbZDLSsNAFIYn9VbrrerSzWARXJVEFMVV1Y3gpmpv0IQymU7aoZMLMydKCX0oNz6IGxFcKOLWZ3DSBtTWHwZ+vnMOc87vRoIrMM0XIzc3v7C4lF8urKyurW8UN7caKowlZXUailC2XKKY4AGrAwfBWpFkxHcFa7qDi7TevGNS8TCowTBijk96Afc4JaBRp3hVO8W2T6BPiUhuR9gG7jP1g85mUdolea8PRMrwfsJdN7kZdYols2yOhWeNlZkSylTtFJ/sbkhjnwVABVGqbZkROAmRwKlgo4IdKxYROiA91tY2IHoPJxkfPcJ7mnSxF0r9AsBj+nsiIb5SQ9/VnemGarqWwv9q7Ri8EyfhQRQDC+jkIy8WGEKcJoi7XDIKYqgNoZLrXTHtE0ko6JwLOgRr+uRZ0zgoW0dl8/qwVDnP4sijHbSL9pGFjlEFXaIqqiOKHtAzekPvxqPxanwYn5PWnJHNbKM/Mr6+Acz/rDE=</latexit>

T : S ⇥A⇥ S ! R
<latexit sha1_base64="ZFXehC9pN9LL9osaL03Tl2lQj4k=">AAACIXicbZDLSgMxFIYz9VbrbdSlm2ARXJUZUSyuqm5c1mov0JaSSdM2NJMZkjNKGfoqbnwVNy4U6U58GTPtgNr6Q+DnO+eQc34vFFyD43xamaXlldW17HpuY3Nre8fe3avpIFKUVWkgAtXwiGaCS1YFDoI1QsWI7wlW94bXSb3+wJTmgbyHUcjaPulL3uOUgEEdu1i5wC2fwIASEd+NcQu4z/QPujRI8f4AiFLB44x7XlwZd+y8U3CmwovGTU0epSp37EmrG9DIZxKoIFo3XSeEdkwUcCrYONeKNAsJHZI+axoridmjHU8vHOMjQ7q4FyjzJOAp/T0RE1/rke+ZzmRDPV9L4H+1ZgS9YjvmMoyASTr7qBcJDAFO4sJdrhgFMTKGUMXNrpgOiCIUTKg5E4I7f/KiqZ0U3LOCc3uaL12lcWTRATpEx8hF56iEblAZVRFFT+gFvaF369l6tT6syaw1Y6Uz++iPrK9vNUekMg==</latexit>

R : S ⇥A ! R

• Markov decision process: states   , actions    , 
transition model                                ,                     
reward function                         , discount factor <latexit sha1_base64="wgpImE/yctzE0fAVvgVvEgdieOU=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV1R9Bj04jGCeUCyhN7JbDJmZnaZmRVCyD948aCIV//Hm3/jJNmDJhY0FFXddHdFqeDG+v63t7K6tr6xWdgqbu/s7u2XDg4bJsk0ZXWaiES3IjRMcMXqllvBWqlmKCPBmtHwduo3n5g2PFEPdpSyUGJf8ZhTtE5qdPooJXZLZb/iz0CWSZCTMuSodUtfnV5CM8mUpQKNaQd+asMxasupYJNiJzMsRTrEPms7qlAyE45n107IqVN6JE60K2XJTP09MUZpzEhGrlOiHZhFbyr+57UzG1+HY67SzDJF54viTBCbkOnrpMc1o1aMHEGqubuV0AFqpNYFVHQhBIsvL5PGeSW4rPj3F+XqTR5HAY7hBM4ggCuowh3UoA4UHuEZXuHNS7wX7937mLeuePnMEfyB9/kDiD2PGQ==</latexit>�

• Policy                 : action to take in a state (nonstationary     ) 
<latexit sha1_base64="Ayteo4KEOr+dTwCWh8KGttz8ZDk=">AAACEXicbVDLSsNAFJ3UV62vqEs3g0XoqiSiKK6qblxWtA9oQplMp+3QyUyYmSgl5Bfc+CtuXCji1p07/8ZJG1BbD1w4nHMv994TRIwq7ThfVmFhcWl5pbhaWlvf2Nyyt3eaSsQSkwYWTMh2gBRhlJOGppqRdiQJCgNGWsHoMvNbd0QqKvitHkfED9GA0z7FSBupa1e8iJ5BL0R6iBFLblLoSToYaiSluP/Rz9OuXXaqzgRwnrg5KYMc9a796fUEjkPCNWZIqY7rRNpPkNQUM5KWvFiRCOERGpCOoRyFRPnJ5KMUHhilB/tCmuIaTtTfEwkKlRqHgenMTlSzXib+53Vi3T/1E8qjWBOOp4v6MYNawCwe2KOSYM3GhiAsqbkV4iGSCGsTYsmE4M6+PE+ah1X3uOpcH5VrF3kcRbAH9kEFuOAE1MAVqIMGwOABPIEX8Go9Ws/Wm/U+bS1Y+cwu+APr4xvLUJ2j</latexit>

⇡ : S ! A

<latexit sha1_base64="wgpImE/yctzE0fAVvgVvEgdieOU=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV1R9Bj04jGCeUCyhN7JbDJmZnaZmRVCyD948aCIV//Hm3/jJNmDJhY0FFXddHdFqeDG+v63t7K6tr6xWdgqbu/s7u2XDg4bJsk0ZXWaiES3IjRMcMXqllvBWqlmKCPBmtHwduo3n5g2PFEPdpSyUGJf8ZhTtE5qdPooJXZLZb/iz0CWSZCTMuSodUtfnV5CM8mUpQKNaQd+asMxasupYJNiJzMsRTrEPms7qlAyE45n107IqVN6JE60K2XJTP09MUZpzEhGrlOiHZhFbyr+57UzG1+HY67SzDJF54viTBCbkOnrpMc1o1aMHEGqubuV0AFqpNYFVHQhBIsvL5PGeSW4rPj3F+XqTR5HAY7hBM4ggCuowh3UoA4UHuEZXuHNS7wX7937mLeuePnMEfyB9/kDiD2PGQ==</latexit>�

<latexit sha1_base64="rCCI4DRh7z/4+S6cwkLqWEe4znA=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz00Et4v1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy+vktZF1bus1u5rlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwBSq43W</latexit>⇡

<latexit sha1_base64="sQzXOc8z92HQURO18zTrk+PQFhY="></latexit>

V 0
⇡ (s) = 0;V h

⇡ (s) = R(s,⇡(s)) + �
P

s0 T (s,⇡(s), s
0)V h�1

⇡ (s0)

<latexit sha1_base64="BoA1h1+vEDeW3XsbaexDiikaHTE=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cKpi20oWy2k3bpZhN2N0IJ/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZemAqujet+O6W19Y3NrfJ2ZWd3b/+genjU0kmmGPosEYnqhFSj4BJ9w43ATqqQxqHAdji+m/ntJ1SaJ/LRTFIMYjqUPOKMGiv5vZT3R/1qza27c5BV4hWkBgWa/epXb5CwLEZpmKBadz03NUFOleFM4LTSyzSmlI3pELuWShqjDvL5sVNyZpUBiRJlSxoyV39P5DTWehKHtjOmZqSXvZn4n9fNTHQT5FymmUHJFouiTBCTkNnnZMAVMiMmllCmuL2VsBFVlBmbT8WG4C2/vEpaF3Xvqn75cFlr3BZxlOEETuEcPLiGBtxDE3xgwOEZXuHNkc6L8+58LFpLTjFzDH/gfP4AzPGOsQ==</latexit>⇡h
• horizon h (e.g. # 

planting seasons left) 



• Value of a policy    if we start in state s 
• Finite horizon (often assume discount factor    equals 1) 

• Infinite horizon

2

Recall

rich soil

0.1 0.9

0.90.1

poor soil
plant:

rich soil

0.9 0.1

0.10.9

poor soil
fallow:

R(rich,plant)=100 
R(poor,plant)=10 
R(rich,fallow)=0 
R(poor,fallow)=0<latexit sha1_base64="cgziEgfdtrWHaEOm3chkmVzvJpo=">AAAB8nicbVBNS8NAFHypX7V+VT16WSyCp5KIoseiF48VrS2koWy223bpJht2X4QS+jO8eFDEq7/Gm//GTZuDtg4sDDPvsfMmTKQw6LrfTmlldW19o7xZ2dre2d2r7h88GpVqxltMSaU7ITVcipi3UKDknURzGoWSt8PxTe63n7g2QsUPOEl4ENFhLAaCUbSS340ojhiV2f20V625dXcGsky8gtSgQLNX/er2FUsjHiOT1BjfcxMMMqpRMMmnlW5qeELZmA65b2lMI26CbBZ5Sk6s0icDpe2LkczU3xsZjYyZRKGdzCOaRS8X//P8FAdXQSbiJEUes/lHg1QSVCS/n/SF5gzlxBLKtLBZCRtRTRnaliq2BG/x5GXyeFb3Luru3XmtcV3UUYYjOIZT8OASGnALTWgBAwXP8ApvDjovzrvzMR8tOcXOIfyB8/kDjPqRbQ==</latexit>

S
<latexit sha1_base64="SZdh5QT1NTY7zEHN0WSihpxhBNI=">AAAB8nicbVBNS8NAFHypX7V+VT16WSyCp5KIoseqF48VrC2koWy223bpZhN2X4QS+jO8eFDEq7/Gm//GTZuDtg4sDDPvsfMmTKQw6LrfTmlldW19o7xZ2dre2d2r7h88mjjVjLdYLGPdCanhUijeQoGSdxLNaRRK3g7Ht7nffuLaiFg94CThQUSHSgwEo2glvxtRHDEqs+tpr1pz6+4MZJl4BalBgWav+tXtxyyNuEImqTG+5yYYZFSjYJJPK93U8ISyMR1y31JFI26CbBZ5Sk6s0ieDWNunkMzU3xsZjYyZRKGdzCOaRS8X//P8FAdXQSZUkiJXbP7RIJUEY5LfT/pCc4ZyYgllWtishI2opgxtSxVbgrd48jJ5PKt7F3X3/rzWuCnqKMMRHMMpeHAJDbiDJrSAQQzP8ApvDjovzrvzMR8tOcXOIfyB8/kDcaCRWw==</latexit>

A
<latexit sha1_base64="YKZkFy0C+ZcYtDpDQ4t5Bf7Ys/U=">AAACNHicbZDLSsNAFIYn9VbrrerSzWARXJVEFMVV1Y3gpmpv0IQymU7aoZMLMydKCX0oNz6IGxFcKOLWZ3DSBtTWHwZ+vnMOc87vRoIrMM0XIzc3v7C4lF8urKyurW8UN7caKowlZXUailC2XKKY4AGrAwfBWpFkxHcFa7qDi7TevGNS8TCowTBijk96Afc4JaBRp3hVO8W2T6BPiUhuR9gG7jP1g85mUdolea8PRMrwfsJdN7kZdYols2yOhWeNlZkSylTtFJ/sbkhjnwVABVGqbZkROAmRwKlgo4IdKxYROiA91tY2IHoPJxkfPcJ7mnSxF0r9AsBj+nsiIb5SQ9/VnemGarqWwv9q7Ri8EyfhQRQDC+jkIy8WGEKcJoi7XDIKYqgNoZLrXTHtE0ko6JwLOgRr+uRZ0zgoW0dl8/qwVDnP4sijHbSL9pGFjlEFXaIqqiOKHtAzekPvxqPxanwYn5PWnJHNbKM/Mr6+Acz/rDE=</latexit>

T : S ⇥A⇥ S ! R
<latexit sha1_base64="ZFXehC9pN9LL9osaL03Tl2lQj4k=">AAACIXicbZDLSgMxFIYz9VbrbdSlm2ARXJUZUSyuqm5c1mov0JaSSdM2NJMZkjNKGfoqbnwVNy4U6U58GTPtgNr6Q+DnO+eQc34vFFyD43xamaXlldW17HpuY3Nre8fe3avpIFKUVWkgAtXwiGaCS1YFDoI1QsWI7wlW94bXSb3+wJTmgbyHUcjaPulL3uOUgEEdu1i5wC2fwIASEd+NcQu4z/QPujRI8f4AiFLB44x7XlwZd+y8U3CmwovGTU0epSp37EmrG9DIZxKoIFo3XSeEdkwUcCrYONeKNAsJHZI+axoridmjHU8vHOMjQ7q4FyjzJOAp/T0RE1/rke+ZzmRDPV9L4H+1ZgS9YjvmMoyASTr7qBcJDAFO4sJdrhgFMTKGUMXNrpgOiCIUTKg5E4I7f/KiqZ0U3LOCc3uaL12lcWTRATpEx8hF56iEblAZVRFFT+gFvaF369l6tT6syaw1Y6Uz++iPrK9vNUekMg==</latexit>

R : S ⇥A ! R

• Markov decision process: states   , actions    , 
transition model                                ,                     
reward function                         , discount factor <latexit sha1_base64="wgpImE/yctzE0fAVvgVvEgdieOU=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV1R9Bj04jGCeUCyhN7JbDJmZnaZmRVCyD948aCIV//Hm3/jJNmDJhY0FFXddHdFqeDG+v63t7K6tr6xWdgqbu/s7u2XDg4bJsk0ZXWaiES3IjRMcMXqllvBWqlmKCPBmtHwduo3n5g2PFEPdpSyUGJf8ZhTtE5qdPooJXZLZb/iz0CWSZCTMuSodUtfnV5CM8mUpQKNaQd+asMxasupYJNiJzMsRTrEPms7qlAyE45n107IqVN6JE60K2XJTP09MUZpzEhGrlOiHZhFbyr+57UzG1+HY67SzDJF54viTBCbkOnrpMc1o1aMHEGqubuV0AFqpNYFVHQhBIsvL5PGeSW4rPj3F+XqTR5HAY7hBM4ggCuowh3UoA4UHuEZXuHNS7wX7937mLeuePnMEfyB9/kDiD2PGQ==</latexit>�

• Policy                 : action to take in a state (nonstationary     ) 
<latexit sha1_base64="Ayteo4KEOr+dTwCWh8KGttz8ZDk=">AAACEXicbVDLSsNAFJ3UV62vqEs3g0XoqiSiKK6qblxWtA9oQplMp+3QyUyYmSgl5Bfc+CtuXCji1p07/8ZJG1BbD1w4nHMv994TRIwq7ThfVmFhcWl5pbhaWlvf2Nyyt3eaSsQSkwYWTMh2gBRhlJOGppqRdiQJCgNGWsHoMvNbd0QqKvitHkfED9GA0z7FSBupa1e8iJ5BL0R6iBFLblLoSToYaiSluP/Rz9OuXXaqzgRwnrg5KYMc9a796fUEjkPCNWZIqY7rRNpPkNQUM5KWvFiRCOERGpCOoRyFRPnJ5KMUHhilB/tCmuIaTtTfEwkKlRqHgenMTlSzXib+53Vi3T/1E8qjWBOOp4v6MYNawCwe2KOSYM3GhiAsqbkV4iGSCGsTYsmE4M6+PE+ah1X3uOpcH5VrF3kcRbAH9kEFuOAE1MAVqIMGwOABPIEX8Go9Ws/Wm/U+bS1Y+cwu+APr4xvLUJ2j</latexit>

⇡ : S ! A

<latexit sha1_base64="wgpImE/yctzE0fAVvgVvEgdieOU=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV1R9Bj04jGCeUCyhN7JbDJmZnaZmRVCyD948aCIV//Hm3/jJNmDJhY0FFXddHdFqeDG+v63t7K6tr6xWdgqbu/s7u2XDg4bJsk0ZXWaiES3IjRMcMXqllvBWqlmKCPBmtHwduo3n5g2PFEPdpSyUGJf8ZhTtE5qdPooJXZLZb/iz0CWSZCTMuSodUtfnV5CM8mUpQKNaQd+asMxasupYJNiJzMsRTrEPms7qlAyE45n107IqVN6JE60K2XJTP09MUZpzEhGrlOiHZhFbyr+57UzG1+HY67SzDJF54viTBCbkOnrpMc1o1aMHEGqubuV0AFqpNYFVHQhBIsvL5PGeSW4rPj3F+XqTR5HAY7hBM4ggCuowh3UoA4UHuEZXuHNS7wX7937mLeuePnMEfyB9/kDiD2PGQ==</latexit>�

<latexit sha1_base64="rCCI4DRh7z/4+S6cwkLqWEe4znA=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz00Et4v1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy+vktZF1bus1u5rlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwBSq43W</latexit>⇡

<latexit sha1_base64="sQzXOc8z92HQURO18zTrk+PQFhY="></latexit>

V 0
⇡ (s) = 0;V h

⇡ (s) = R(s,⇡(s)) + �
P

s0 T (s,⇡(s), s
0)V h�1

⇡ (s0)

<latexit sha1_base64="BoA1h1+vEDeW3XsbaexDiikaHTE=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cKpi20oWy2k3bpZhN2N0IJ/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZemAqujet+O6W19Y3NrfJ2ZWd3b/+genjU0kmmGPosEYnqhFSj4BJ9w43ATqqQxqHAdji+m/ntJ1SaJ/LRTFIMYjqUPOKMGiv5vZT3R/1qza27c5BV4hWkBgWa/epXb5CwLEZpmKBadz03NUFOleFM4LTSyzSmlI3pELuWShqjDvL5sVNyZpUBiRJlSxoyV39P5DTWehKHtjOmZqSXvZn4n9fNTHQT5FymmUHJFouiTBCTkNnnZMAVMiMmllCmuL2VsBFVlBmbT8WG4C2/vEpaF3Xvqn75cFlr3BZxlOEETuEcPLiGBtxDE3xgwOEZXuHNkc6L8+58LFpLTjFzDH/gfP4AzPGOsQ==</latexit>⇡h
• horizon h (e.g. # 

planting seasons left) 



• Value of a policy    if we start in state s 
• Finite horizon (often assume discount factor    equals 1) 

• Infinite horizon

2

Recall

rich soil

0.1 0.9

0.90.1

poor soil
plant:

rich soil

0.9 0.1

0.10.9

poor soil
fallow:

R(rich,plant)=100 
R(poor,plant)=10 
R(rich,fallow)=0 
R(poor,fallow)=0<latexit sha1_base64="cgziEgfdtrWHaEOm3chkmVzvJpo=">AAAB8nicbVBNS8NAFHypX7V+VT16WSyCp5KIoseiF48VrS2koWy223bpJht2X4QS+jO8eFDEq7/Gm//GTZuDtg4sDDPvsfMmTKQw6LrfTmlldW19o7xZ2dre2d2r7h88GpVqxltMSaU7ITVcipi3UKDknURzGoWSt8PxTe63n7g2QsUPOEl4ENFhLAaCUbSS340ojhiV2f20V625dXcGsky8gtSgQLNX/er2FUsjHiOT1BjfcxMMMqpRMMmnlW5qeELZmA65b2lMI26CbBZ5Sk6s0icDpe2LkczU3xsZjYyZRKGdzCOaRS8X//P8FAdXQSbiJEUes/lHg1QSVCS/n/SF5gzlxBLKtLBZCRtRTRnaliq2BG/x5GXyeFb3Luru3XmtcV3UUYYjOIZT8OASGnALTWgBAwXP8ApvDjovzrvzMR8tOcXOIfyB8/kDjPqRbQ==</latexit>

S
<latexit sha1_base64="SZdh5QT1NTY7zEHN0WSihpxhBNI=">AAAB8nicbVBNS8NAFHypX7V+VT16WSyCp5KIoseqF48VrC2koWy223bpZhN2X4QS+jO8eFDEq7/Gm//GTZuDtg4sDDPvsfMmTKQw6LrfTmlldW19o7xZ2dre2d2r7h88mjjVjLdYLGPdCanhUijeQoGSdxLNaRRK3g7Ht7nffuLaiFg94CThQUSHSgwEo2glvxtRHDEqs+tpr1pz6+4MZJl4BalBgWav+tXtxyyNuEImqTG+5yYYZFSjYJJPK93U8ISyMR1y31JFI26CbBZ5Sk6s0ieDWNunkMzU3xsZjYyZRKGdzCOaRS8X//P8FAdXQSZUkiJXbP7RIJUEY5LfT/pCc4ZyYgllWtishI2opgxtSxVbgrd48jJ5PKt7F3X3/rzWuCnqKMMRHMMpeHAJDbiDJrSAQQzP8ApvDjovzrvzMR8tOcXOIfyB8/kDcaCRWw==</latexit>

A
<latexit sha1_base64="YKZkFy0C+ZcYtDpDQ4t5Bf7Ys/U=">AAACNHicbZDLSsNAFIYn9VbrrerSzWARXJVEFMVV1Y3gpmpv0IQymU7aoZMLMydKCX0oNz6IGxFcKOLWZ3DSBtTWHwZ+vnMOc87vRoIrMM0XIzc3v7C4lF8urKyurW8UN7caKowlZXUailC2XKKY4AGrAwfBWpFkxHcFa7qDi7TevGNS8TCowTBijk96Afc4JaBRp3hVO8W2T6BPiUhuR9gG7jP1g85mUdolea8PRMrwfsJdN7kZdYols2yOhWeNlZkSylTtFJ/sbkhjnwVABVGqbZkROAmRwKlgo4IdKxYROiA91tY2IHoPJxkfPcJ7mnSxF0r9AsBj+nsiIb5SQ9/VnemGarqWwv9q7Ri8EyfhQRQDC+jkIy8WGEKcJoi7XDIKYqgNoZLrXTHtE0ko6JwLOgRr+uRZ0zgoW0dl8/qwVDnP4sijHbSL9pGFjlEFXaIqqiOKHtAzekPvxqPxanwYn5PWnJHNbKM/Mr6+Acz/rDE=</latexit>

T : S ⇥A⇥ S ! R
<latexit sha1_base64="ZFXehC9pN9LL9osaL03Tl2lQj4k=">AAACIXicbZDLSgMxFIYz9VbrbdSlm2ARXJUZUSyuqm5c1mov0JaSSdM2NJMZkjNKGfoqbnwVNy4U6U58GTPtgNr6Q+DnO+eQc34vFFyD43xamaXlldW17HpuY3Nre8fe3avpIFKUVWkgAtXwiGaCS1YFDoI1QsWI7wlW94bXSb3+wJTmgbyHUcjaPulL3uOUgEEdu1i5wC2fwIASEd+NcQu4z/QPujRI8f4AiFLB44x7XlwZd+y8U3CmwovGTU0epSp37EmrG9DIZxKoIFo3XSeEdkwUcCrYONeKNAsJHZI+axoridmjHU8vHOMjQ7q4FyjzJOAp/T0RE1/rke+ZzmRDPV9L4H+1ZgS9YjvmMoyASTr7qBcJDAFO4sJdrhgFMTKGUMXNrpgOiCIUTKg5E4I7f/KiqZ0U3LOCc3uaL12lcWTRATpEx8hF56iEblAZVRFFT+gFvaF369l6tT6syaw1Y6Uz++iPrK9vNUekMg==</latexit>

R : S ⇥A ! R

<latexit sha1_base64="56iubsv7pztuXY8o1Bc2nCXRGsM="></latexit>

V⇡(s) = R(s,⇡(s)) + �
P

s0 T (s,⇡(s), s
0)V⇡(s0)

• Markov decision process: states   , actions    , 
transition model                                ,                     
reward function                         , discount factor <latexit sha1_base64="wgpImE/yctzE0fAVvgVvEgdieOU=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV1R9Bj04jGCeUCyhN7JbDJmZnaZmRVCyD948aCIV//Hm3/jJNmDJhY0FFXddHdFqeDG+v63t7K6tr6xWdgqbu/s7u2XDg4bJsk0ZXWaiES3IjRMcMXqllvBWqlmKCPBmtHwduo3n5g2PFEPdpSyUGJf8ZhTtE5qdPooJXZLZb/iz0CWSZCTMuSodUtfnV5CM8mUpQKNaQd+asMxasupYJNiJzMsRTrEPms7qlAyE45n107IqVN6JE60K2XJTP09MUZpzEhGrlOiHZhFbyr+57UzG1+HY67SzDJF54viTBCbkOnrpMc1o1aMHEGqubuV0AFqpNYFVHQhBIsvL5PGeSW4rPj3F+XqTR5HAY7hBM4ggCuowh3UoA4UHuEZXuHNS7wX7937mLeuePnMEfyB9/kDiD2PGQ==</latexit>�

• Policy                 : action to take in a state (nonstationary     ) 
<latexit sha1_base64="Ayteo4KEOr+dTwCWh8KGttz8ZDk=">AAACEXicbVDLSsNAFJ3UV62vqEs3g0XoqiSiKK6qblxWtA9oQplMp+3QyUyYmSgl5Bfc+CtuXCji1p07/8ZJG1BbD1w4nHMv994TRIwq7ThfVmFhcWl5pbhaWlvf2Nyyt3eaSsQSkwYWTMh2gBRhlJOGppqRdiQJCgNGWsHoMvNbd0QqKvitHkfED9GA0z7FSBupa1e8iJ5BL0R6iBFLblLoSToYaiSluP/Rz9OuXXaqzgRwnrg5KYMc9a796fUEjkPCNWZIqY7rRNpPkNQUM5KWvFiRCOERGpCOoRyFRPnJ5KMUHhilB/tCmuIaTtTfEwkKlRqHgenMTlSzXib+53Vi3T/1E8qjWBOOp4v6MYNawCwe2KOSYM3GhiAsqbkV4iGSCGsTYsmE4M6+PE+ah1X3uOpcH5VrF3kcRbAH9kEFuOAE1MAVqIMGwOABPIEX8Go9Ws/Wm/U+bS1Y+cwu+APr4xvLUJ2j</latexit>

⇡ : S ! A

<latexit sha1_base64="wgpImE/yctzE0fAVvgVvEgdieOU=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV1R9Bj04jGCeUCyhN7JbDJmZnaZmRVCyD948aCIV//Hm3/jJNmDJhY0FFXddHdFqeDG+v63t7K6tr6xWdgqbu/s7u2XDg4bJsk0ZXWaiES3IjRMcMXqllvBWqlmKCPBmtHwduo3n5g2PFEPdpSyUGJf8ZhTtE5qdPooJXZLZb/iz0CWSZCTMuSodUtfnV5CM8mUpQKNaQd+asMxasupYJNiJzMsRTrEPms7qlAyE45n107IqVN6JE60K2XJTP09MUZpzEhGrlOiHZhFbyr+57UzG1+HY67SzDJF54viTBCbkOnrpMc1o1aMHEGqubuV0AFqpNYFVHQhBIsvL5PGeSW4rPj3F+XqTR5HAY7hBM4ggCuowh3UoA4UHuEZXuHNS7wX7937mLeuePnMEfyB9/kDiD2PGQ==</latexit>�

<latexit sha1_base64="rCCI4DRh7z/4+S6cwkLqWEe4znA=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz00Et4v1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy+vktZF1bus1u5rlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwBSq43W</latexit>⇡

<latexit sha1_base64="sQzXOc8z92HQURO18zTrk+PQFhY="></latexit>

V 0
⇡ (s) = 0;V h

⇡ (s) = R(s,⇡(s)) + �
P

s0 T (s,⇡(s), s
0)V h�1

⇡ (s0)

<latexit sha1_base64="BoA1h1+vEDeW3XsbaexDiikaHTE=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cKpi20oWy2k3bpZhN2N0IJ/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZemAqujet+O6W19Y3NrfJ2ZWd3b/+genjU0kmmGPosEYnqhFSj4BJ9w43ATqqQxqHAdji+m/ntJ1SaJ/LRTFIMYjqUPOKMGiv5vZT3R/1qza27c5BV4hWkBgWa/epXb5CwLEZpmKBadz03NUFOleFM4LTSyzSmlI3pELuWShqjDvL5sVNyZpUBiRJlSxoyV39P5DTWehKHtjOmZqSXvZn4n9fNTHQT5FymmUHJFouiTBCTkNnnZMAVMiMmllCmuL2VsBFVlBmbT8WG4C2/vEpaF3Xvqn75cFlr3BZxlOEETuEcPLiGBtxDE3xgwOEZXuHNkc6L8+58LFpLTjFzDH/gfP4AzPGOsQ==</latexit>⇡h
• horizon h (e.g. # 

planting seasons left) 



• Value of a policy    if we start in state s 
• Finite horizon (often assume discount factor    equals 1) 

• Infinite horizon

2

Recall

rich soil

0.1 0.9

0.90.1

poor soil
plant:

rich soil

0.9 0.1

0.10.9

poor soil
fallow:

R(rich,plant)=100 
R(poor,plant)=10 
R(rich,fallow)=0 
R(poor,fallow)=0<latexit sha1_base64="cgziEgfdtrWHaEOm3chkmVzvJpo=">AAAB8nicbVBNS8NAFHypX7V+VT16WSyCp5KIoseiF48VrS2koWy223bpJht2X4QS+jO8eFDEq7/Gm//GTZuDtg4sDDPvsfMmTKQw6LrfTmlldW19o7xZ2dre2d2r7h88GpVqxltMSaU7ITVcipi3UKDknURzGoWSt8PxTe63n7g2QsUPOEl4ENFhLAaCUbSS340ojhiV2f20V625dXcGsky8gtSgQLNX/er2FUsjHiOT1BjfcxMMMqpRMMmnlW5qeELZmA65b2lMI26CbBZ5Sk6s0icDpe2LkczU3xsZjYyZRKGdzCOaRS8X//P8FAdXQSbiJEUes/lHg1QSVCS/n/SF5gzlxBLKtLBZCRtRTRnaliq2BG/x5GXyeFb3Luru3XmtcV3UUYYjOIZT8OASGnALTWgBAwXP8ApvDjovzrvzMR8tOcXOIfyB8/kDjPqRbQ==</latexit>

S
<latexit sha1_base64="SZdh5QT1NTY7zEHN0WSihpxhBNI=">AAAB8nicbVBNS8NAFHypX7V+VT16WSyCp5KIoseqF48VrC2koWy223bpZhN2X4QS+jO8eFDEq7/Gm//GTZuDtg4sDDPvsfMmTKQw6LrfTmlldW19o7xZ2dre2d2r7h88mjjVjLdYLGPdCanhUijeQoGSdxLNaRRK3g7Ht7nffuLaiFg94CThQUSHSgwEo2glvxtRHDEqs+tpr1pz6+4MZJl4BalBgWav+tXtxyyNuEImqTG+5yYYZFSjYJJPK93U8ISyMR1y31JFI26CbBZ5Sk6s0ieDWNunkMzU3xsZjYyZRKGdzCOaRS8X//P8FAdXQSZUkiJXbP7RIJUEY5LfT/pCc4ZyYgllWtishI2opgxtSxVbgrd48jJ5PKt7F3X3/rzWuCnqKMMRHMMpeHAJDbiDJrSAQQzP8ApvDjovzrvzMR8tOcXOIfyB8/kDcaCRWw==</latexit>

A
<latexit sha1_base64="YKZkFy0C+ZcYtDpDQ4t5Bf7Ys/U=">AAACNHicbZDLSsNAFIYn9VbrrerSzWARXJVEFMVV1Y3gpmpv0IQymU7aoZMLMydKCX0oNz6IGxFcKOLWZ3DSBtTWHwZ+vnMOc87vRoIrMM0XIzc3v7C4lF8urKyurW8UN7caKowlZXUailC2XKKY4AGrAwfBWpFkxHcFa7qDi7TevGNS8TCowTBijk96Afc4JaBRp3hVO8W2T6BPiUhuR9gG7jP1g85mUdolea8PRMrwfsJdN7kZdYols2yOhWeNlZkSylTtFJ/sbkhjnwVABVGqbZkROAmRwKlgo4IdKxYROiA91tY2IHoPJxkfPcJ7mnSxF0r9AsBj+nsiIb5SQ9/VnemGarqWwv9q7Ri8EyfhQRQDC+jkIy8WGEKcJoi7XDIKYqgNoZLrXTHtE0ko6JwLOgRr+uRZ0zgoW0dl8/qwVDnP4sijHbSL9pGFjlEFXaIqqiOKHtAzekPvxqPxanwYn5PWnJHNbKM/Mr6+Acz/rDE=</latexit>

T : S ⇥A⇥ S ! R
<latexit sha1_base64="ZFXehC9pN9LL9osaL03Tl2lQj4k=">AAACIXicbZDLSgMxFIYz9VbrbdSlm2ARXJUZUSyuqm5c1mov0JaSSdM2NJMZkjNKGfoqbnwVNy4U6U58GTPtgNr6Q+DnO+eQc34vFFyD43xamaXlldW17HpuY3Nre8fe3avpIFKUVWkgAtXwiGaCS1YFDoI1QsWI7wlW94bXSb3+wJTmgbyHUcjaPulL3uOUgEEdu1i5wC2fwIASEd+NcQu4z/QPujRI8f4AiFLB44x7XlwZd+y8U3CmwovGTU0epSp37EmrG9DIZxKoIFo3XSeEdkwUcCrYONeKNAsJHZI+axoridmjHU8vHOMjQ7q4FyjzJOAp/T0RE1/rke+ZzmRDPV9L4H+1ZgS9YjvmMoyASTr7qBcJDAFO4sJdrhgFMTKGUMXNrpgOiCIUTKg5E4I7f/KiqZ0U3LOCc3uaL12lcWTRATpEx8hF56iEblAZVRFFT+gFvaF369l6tT6syaw1Y6Uz++iPrK9vNUekMg==</latexit>

R : S ⇥A ! R

<latexit sha1_base64="56iubsv7pztuXY8o1Bc2nCXRGsM="></latexit>

V⇡(s) = R(s,⇡(s)) + �
P

s0 T (s,⇡(s), s
0)V⇡(s0)

• Markov decision process: states   , actions    , 
transition model                                ,                     
reward function                         , discount factor <latexit sha1_base64="wgpImE/yctzE0fAVvgVvEgdieOU=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV1R9Bj04jGCeUCyhN7JbDJmZnaZmRVCyD948aCIV//Hm3/jJNmDJhY0FFXddHdFqeDG+v63t7K6tr6xWdgqbu/s7u2XDg4bJsk0ZXWaiES3IjRMcMXqllvBWqlmKCPBmtHwduo3n5g2PFEPdpSyUGJf8ZhTtE5qdPooJXZLZb/iz0CWSZCTMuSodUtfnV5CM8mUpQKNaQd+asMxasupYJNiJzMsRTrEPms7qlAyE45n107IqVN6JE60K2XJTP09MUZpzEhGrlOiHZhFbyr+57UzG1+HY67SzDJF54viTBCbkOnrpMc1o1aMHEGqubuV0AFqpNYFVHQhBIsvL5PGeSW4rPj3F+XqTR5HAY7hBM4ggCuowh3UoA4UHuEZXuHNS7wX7937mLeuePnMEfyB9/kDiD2PGQ==</latexit>�

• Policy                 : action to take in a state (nonstationary     ) 
<latexit sha1_base64="Ayteo4KEOr+dTwCWh8KGttz8ZDk=">AAACEXicbVDLSsNAFJ3UV62vqEs3g0XoqiSiKK6qblxWtA9oQplMp+3QyUyYmSgl5Bfc+CtuXCji1p07/8ZJG1BbD1w4nHMv994TRIwq7ThfVmFhcWl5pbhaWlvf2Nyyt3eaSsQSkwYWTMh2gBRhlJOGppqRdiQJCgNGWsHoMvNbd0QqKvitHkfED9GA0z7FSBupa1e8iJ5BL0R6iBFLblLoSToYaiSluP/Rz9OuXXaqzgRwnrg5KYMc9a796fUEjkPCNWZIqY7rRNpPkNQUM5KWvFiRCOERGpCOoRyFRPnJ5KMUHhilB/tCmuIaTtTfEwkKlRqHgenMTlSzXib+53Vi3T/1E8qjWBOOp4v6MYNawCwe2KOSYM3GhiAsqbkV4iGSCGsTYsmE4M6+PE+ah1X3uOpcH5VrF3kcRbAH9kEFuOAE1MAVqIMGwOABPIEX8Go9Ws/Wm/U+bS1Y+cwu+APr4xvLUJ2j</latexit>

⇡ : S ! A

<latexit sha1_base64="wgpImE/yctzE0fAVvgVvEgdieOU=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV1R9Bj04jGCeUCyhN7JbDJmZnaZmRVCyD948aCIV//Hm3/jJNmDJhY0FFXddHdFqeDG+v63t7K6tr6xWdgqbu/s7u2XDg4bJsk0ZXWaiES3IjRMcMXqllvBWqlmKCPBmtHwduo3n5g2PFEPdpSyUGJf8ZhTtE5qdPooJXZLZb/iz0CWSZCTMuSodUtfnV5CM8mUpQKNaQd+asMxasupYJNiJzMsRTrEPms7qlAyE45n107IqVN6JE60K2XJTP09MUZpzEhGrlOiHZhFbyr+57UzG1+HY67SzDJF54viTBCbkOnrpMc1o1aMHEGqubuV0AFqpNYFVHQhBIsvL5PGeSW4rPj3F+XqTR5HAY7hBM4ggCuowh3UoA4UHuEZXuHNS7wX7937mLeuePnMEfyB9/kDiD2PGQ==</latexit>�

<latexit sha1_base64="rCCI4DRh7z/4+S6cwkLqWEe4znA=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz00Et4v1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy+vktZF1bus1u5rlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwBSq43W</latexit>⇡

<latexit sha1_base64="sQzXOc8z92HQURO18zTrk+PQFhY="></latexit>

V 0
⇡ (s) = 0;V h

⇡ (s) = R(s,⇡(s)) + �
P

s0 T (s,⇡(s), s
0)V h�1

⇡ (s0)

<latexit sha1_base64="BoA1h1+vEDeW3XsbaexDiikaHTE=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cKpi20oWy2k3bpZhN2N0IJ/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZemAqujet+O6W19Y3NrfJ2ZWd3b/+genjU0kmmGPosEYnqhFSj4BJ9w43ATqqQxqHAdji+m/ntJ1SaJ/LRTFIMYjqUPOKMGiv5vZT3R/1qza27c5BV4hWkBgWa/epXb5CwLEZpmKBadz03NUFOleFM4LTSyzSmlI3pELuWShqjDvL5sVNyZpUBiRJlSxoyV39P5DTWehKHtjOmZqSXvZn4n9fNTHQT5FymmUHJFouiTBCTkNnnZMAVMiMmllCmuL2VsBFVlBmbT8WG4C2/vEpaF3Xvqn75cFlr3BZxlOEETuEcPLiGBtxDE3xgwOEZXuHNkc6L8+58LFpLTjFzDH/gfP4AzPGOsQ==</latexit>⇡h
• horizon h (e.g. # 

planting seasons left) 



• Value of a policy    if we start in state s 
• Finite horizon (often assume discount factor    equals 1) 

• Infinite horizon

2

Recall

rich soil

0.1 0.9

0.90.1

poor soil
plant:

rich soil

0.9 0.1

0.10.9

poor soil
fallow:

R(rich,plant)=100 
R(poor,plant)=10 
R(rich,fallow)=0 
R(poor,fallow)=0<latexit sha1_base64="cgziEgfdtrWHaEOm3chkmVzvJpo=">AAAB8nicbVBNS8NAFHypX7V+VT16WSyCp5KIoseiF48VrS2koWy223bpJht2X4QS+jO8eFDEq7/Gm//GTZuDtg4sDDPvsfMmTKQw6LrfTmlldW19o7xZ2dre2d2r7h88GpVqxltMSaU7ITVcipi3UKDknURzGoWSt8PxTe63n7g2QsUPOEl4ENFhLAaCUbSS340ojhiV2f20V625dXcGsky8gtSgQLNX/er2FUsjHiOT1BjfcxMMMqpRMMmnlW5qeELZmA65b2lMI26CbBZ5Sk6s0icDpe2LkczU3xsZjYyZRKGdzCOaRS8X//P8FAdXQSbiJEUes/lHg1QSVCS/n/SF5gzlxBLKtLBZCRtRTRnaliq2BG/x5GXyeFb3Luru3XmtcV3UUYYjOIZT8OASGnALTWgBAwXP8ApvDjovzrvzMR8tOcXOIfyB8/kDjPqRbQ==</latexit>

S
<latexit sha1_base64="SZdh5QT1NTY7zEHN0WSihpxhBNI=">AAAB8nicbVBNS8NAFHypX7V+VT16WSyCp5KIoseqF48VrC2koWy223bpZhN2X4QS+jO8eFDEq7/Gm//GTZuDtg4sDDPvsfMmTKQw6LrfTmlldW19o7xZ2dre2d2r7h88mjjVjLdYLGPdCanhUijeQoGSdxLNaRRK3g7Ht7nffuLaiFg94CThQUSHSgwEo2glvxtRHDEqs+tpr1pz6+4MZJl4BalBgWav+tXtxyyNuEImqTG+5yYYZFSjYJJPK93U8ISyMR1y31JFI26CbBZ5Sk6s0ieDWNunkMzU3xsZjYyZRKGdzCOaRS8X//P8FAdXQSZUkiJXbP7RIJUEY5LfT/pCc4ZyYgllWtishI2opgxtSxVbgrd48jJ5PKt7F3X3/rzWuCnqKMMRHMMpeHAJDbiDJrSAQQzP8ApvDjovzrvzMR8tOcXOIfyB8/kDcaCRWw==</latexit>

A
<latexit sha1_base64="YKZkFy0C+ZcYtDpDQ4t5Bf7Ys/U=">AAACNHicbZDLSsNAFIYn9VbrrerSzWARXJVEFMVV1Y3gpmpv0IQymU7aoZMLMydKCX0oNz6IGxFcKOLWZ3DSBtTWHwZ+vnMOc87vRoIrMM0XIzc3v7C4lF8urKyurW8UN7caKowlZXUailC2XKKY4AGrAwfBWpFkxHcFa7qDi7TevGNS8TCowTBijk96Afc4JaBRp3hVO8W2T6BPiUhuR9gG7jP1g85mUdolea8PRMrwfsJdN7kZdYols2yOhWeNlZkSylTtFJ/sbkhjnwVABVGqbZkROAmRwKlgo4IdKxYROiA91tY2IHoPJxkfPcJ7mnSxF0r9AsBj+nsiIb5SQ9/VnemGarqWwv9q7Ri8EyfhQRQDC+jkIy8WGEKcJoi7XDIKYqgNoZLrXTHtE0ko6JwLOgRr+uRZ0zgoW0dl8/qwVDnP4sijHbSL9pGFjlEFXaIqqiOKHtAzekPvxqPxanwYn5PWnJHNbKM/Mr6+Acz/rDE=</latexit>

T : S ⇥A⇥ S ! R
<latexit sha1_base64="ZFXehC9pN9LL9osaL03Tl2lQj4k=">AAACIXicbZDLSgMxFIYz9VbrbdSlm2ARXJUZUSyuqm5c1mov0JaSSdM2NJMZkjNKGfoqbnwVNy4U6U58GTPtgNr6Q+DnO+eQc34vFFyD43xamaXlldW17HpuY3Nre8fe3avpIFKUVWkgAtXwiGaCS1YFDoI1QsWI7wlW94bXSb3+wJTmgbyHUcjaPulL3uOUgEEdu1i5wC2fwIASEd+NcQu4z/QPujRI8f4AiFLB44x7XlwZd+y8U3CmwovGTU0epSp37EmrG9DIZxKoIFo3XSeEdkwUcCrYONeKNAsJHZI+axoridmjHU8vHOMjQ7q4FyjzJOAp/T0RE1/rke+ZzmRDPV9L4H+1ZgS9YjvmMoyASTr7qBcJDAFO4sJdrhgFMTKGUMXNrpgOiCIUTKg5E4I7f/KiqZ0U3LOCc3uaL12lcWTRATpEx8hF56iEblAZVRFFT+gFvaF369l6tT6syaw1Y6Uz++iPrK9vNUekMg==</latexit>

R : S ⇥A ! R

<latexit sha1_base64="56iubsv7pztuXY8o1Bc2nCXRGsM="></latexit>

V⇡(s) = R(s,⇡(s)) + �
P

s0 T (s,⇡(s), s
0)V⇡(s0)

• Markov decision process: states   , actions    , 
transition model                                ,                     
reward function                         , discount factor <latexit sha1_base64="wgpImE/yctzE0fAVvgVvEgdieOU=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV1R9Bj04jGCeUCyhN7JbDJmZnaZmRVCyD948aCIV//Hm3/jJNmDJhY0FFXddHdFqeDG+v63t7K6tr6xWdgqbu/s7u2XDg4bJsk0ZXWaiES3IjRMcMXqllvBWqlmKCPBmtHwduo3n5g2PFEPdpSyUGJf8ZhTtE5qdPooJXZLZb/iz0CWSZCTMuSodUtfnV5CM8mUpQKNaQd+asMxasupYJNiJzMsRTrEPms7qlAyE45n107IqVN6JE60K2XJTP09MUZpzEhGrlOiHZhFbyr+57UzG1+HY67SzDJF54viTBCbkOnrpMc1o1aMHEGqubuV0AFqpNYFVHQhBIsvL5PGeSW4rPj3F+XqTR5HAY7hBM4ggCuowh3UoA4UHuEZXuHNS7wX7937mLeuePnMEfyB9/kDiD2PGQ==</latexit>�

• Policy                 : action to take in a state (nonstationary     ) 
<latexit sha1_base64="Ayteo4KEOr+dTwCWh8KGttz8ZDk=">AAACEXicbVDLSsNAFJ3UV62vqEs3g0XoqiSiKK6qblxWtA9oQplMp+3QyUyYmSgl5Bfc+CtuXCji1p07/8ZJG1BbD1w4nHMv994TRIwq7ThfVmFhcWl5pbhaWlvf2Nyyt3eaSsQSkwYWTMh2gBRhlJOGppqRdiQJCgNGWsHoMvNbd0QqKvitHkfED9GA0z7FSBupa1e8iJ5BL0R6iBFLblLoSToYaiSluP/Rz9OuXXaqzgRwnrg5KYMc9a796fUEjkPCNWZIqY7rRNpPkNQUM5KWvFiRCOERGpCOoRyFRPnJ5KMUHhilB/tCmuIaTtTfEwkKlRqHgenMTlSzXib+53Vi3T/1E8qjWBOOp4v6MYNawCwe2KOSYM3GhiAsqbkV4iGSCGsTYsmE4M6+PE+ah1X3uOpcH5VrF3kcRbAH9kEFuOAE1MAVqIMGwOABPIEX8Go9Ws/Wm/U+bS1Y+cwu+APr4xvLUJ2j</latexit>

⇡ : S ! A

<latexit sha1_base64="wgpImE/yctzE0fAVvgVvEgdieOU=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV1R9Bj04jGCeUCyhN7JbDJmZnaZmRVCyD948aCIV//Hm3/jJNmDJhY0FFXddHdFqeDG+v63t7K6tr6xWdgqbu/s7u2XDg4bJsk0ZXWaiES3IjRMcMXqllvBWqlmKCPBmtHwduo3n5g2PFEPdpSyUGJf8ZhTtE5qdPooJXZLZb/iz0CWSZCTMuSodUtfnV5CM8mUpQKNaQd+asMxasupYJNiJzMsRTrEPms7qlAyE45n107IqVN6JE60K2XJTP09MUZpzEhGrlOiHZhFbyr+57UzG1+HY67SzDJF54viTBCbkOnrpMc1o1aMHEGqubuV0AFqpNYFVHQhBIsvL5PGeSW4rPj3F+XqTR5HAY7hBM4ggCuowh3UoA4UHuEZXuHNS7wX7937mLeuePnMEfyB9/kDiD2PGQ==</latexit>�

<latexit sha1_base64="rCCI4DRh7z/4+S6cwkLqWEe4znA=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz00Et4v1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy+vktZF1bus1u5rlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwBSq43W</latexit>⇡

<latexit sha1_base64="sQzXOc8z92HQURO18zTrk+PQFhY="></latexit>

V 0
⇡ (s) = 0;V h

⇡ (s) = R(s,⇡(s)) + �
P

s0 T (s,⇡(s), s
0)V h�1

⇡ (s0)

<latexit sha1_base64="BoA1h1+vEDeW3XsbaexDiikaHTE=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cKpi20oWy2k3bpZhN2N0IJ/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZemAqujet+O6W19Y3NrfJ2ZWd3b/+genjU0kmmGPosEYnqhFSj4BJ9w43ATqqQxqHAdji+m/ntJ1SaJ/LRTFIMYjqUPOKMGiv5vZT3R/1qza27c5BV4hWkBgWa/epXb5CwLEZpmKBadz03NUFOleFM4LTSyzSmlI3pELuWShqjDvL5sVNyZpUBiRJlSxoyV39P5DTWehKHtjOmZqSXvZn4n9fNTHQT5FymmUHJFouiTBCTkNnnZMAVMiMmllCmuL2VsBFVlBmbT8WG4C2/vEpaF3Xvqn75cFlr3BZxlOEETuEcPLiGBtxDE3xgwOEZXuHNkc6L8+58LFpLTjFzDH/gfP4AzPGOsQ==</latexit>⇡h
• horizon h (e.g. # 

planting seasons left) 



• Value of a policy    if we start in state s 
• Finite horizon (often assume discount factor    equals 1) 

• Infinite horizon

2

Recall

rich soil

0.1 0.9

0.90.1

poor soil
plant:

rich soil

0.9 0.1

0.10.9

poor soil
fallow:

R(rich,plant)=100 
R(poor,plant)=10 
R(rich,fallow)=0 
R(poor,fallow)=0<latexit sha1_base64="cgziEgfdtrWHaEOm3chkmVzvJpo=">AAAB8nicbVBNS8NAFHypX7V+VT16WSyCp5KIoseiF48VrS2koWy223bpJht2X4QS+jO8eFDEq7/Gm//GTZuDtg4sDDPvsfMmTKQw6LrfTmlldW19o7xZ2dre2d2r7h88GpVqxltMSaU7ITVcipi3UKDknURzGoWSt8PxTe63n7g2QsUPOEl4ENFhLAaCUbSS340ojhiV2f20V625dXcGsky8gtSgQLNX/er2FUsjHiOT1BjfcxMMMqpRMMmnlW5qeELZmA65b2lMI26CbBZ5Sk6s0icDpe2LkczU3xsZjYyZRKGdzCOaRS8X//P8FAdXQSbiJEUes/lHg1QSVCS/n/SF5gzlxBLKtLBZCRtRTRnaliq2BG/x5GXyeFb3Luru3XmtcV3UUYYjOIZT8OASGnALTWgBAwXP8ApvDjovzrvzMR8tOcXOIfyB8/kDjPqRbQ==</latexit>

S
<latexit sha1_base64="SZdh5QT1NTY7zEHN0WSihpxhBNI=">AAAB8nicbVBNS8NAFHypX7V+VT16WSyCp5KIoseqF48VrC2koWy223bpZhN2X4QS+jO8eFDEq7/Gm//GTZuDtg4sDDPvsfMmTKQw6LrfTmlldW19o7xZ2dre2d2r7h88mjjVjLdYLGPdCanhUijeQoGSdxLNaRRK3g7Ht7nffuLaiFg94CThQUSHSgwEo2glvxtRHDEqs+tpr1pz6+4MZJl4BalBgWav+tXtxyyNuEImqTG+5yYYZFSjYJJPK93U8ISyMR1y31JFI26CbBZ5Sk6s0ieDWNunkMzU3xsZjYyZRKGdzCOaRS8X//P8FAdXQSZUkiJXbP7RIJUEY5LfT/pCc4ZyYgllWtishI2opgxtSxVbgrd48jJ5PKt7F3X3/rzWuCnqKMMRHMMpeHAJDbiDJrSAQQzP8ApvDjovzrvzMR8tOcXOIfyB8/kDcaCRWw==</latexit>

A
<latexit sha1_base64="YKZkFy0C+ZcYtDpDQ4t5Bf7Ys/U=">AAACNHicbZDLSsNAFIYn9VbrrerSzWARXJVEFMVV1Y3gpmpv0IQymU7aoZMLMydKCX0oNz6IGxFcKOLWZ3DSBtTWHwZ+vnMOc87vRoIrMM0XIzc3v7C4lF8urKyurW8UN7caKowlZXUailC2XKKY4AGrAwfBWpFkxHcFa7qDi7TevGNS8TCowTBijk96Afc4JaBRp3hVO8W2T6BPiUhuR9gG7jP1g85mUdolea8PRMrwfsJdN7kZdYols2yOhWeNlZkSylTtFJ/sbkhjnwVABVGqbZkROAmRwKlgo4IdKxYROiA91tY2IHoPJxkfPcJ7mnSxF0r9AsBj+nsiIb5SQ9/VnemGarqWwv9q7Ri8EyfhQRQDC+jkIy8WGEKcJoi7XDIKYqgNoZLrXTHtE0ko6JwLOgRr+uRZ0zgoW0dl8/qwVDnP4sijHbSL9pGFjlEFXaIqqiOKHtAzekPvxqPxanwYn5PWnJHNbKM/Mr6+Acz/rDE=</latexit>

T : S ⇥A⇥ S ! R
<latexit sha1_base64="ZFXehC9pN9LL9osaL03Tl2lQj4k=">AAACIXicbZDLSgMxFIYz9VbrbdSlm2ARXJUZUSyuqm5c1mov0JaSSdM2NJMZkjNKGfoqbnwVNy4U6U58GTPtgNr6Q+DnO+eQc34vFFyD43xamaXlldW17HpuY3Nre8fe3avpIFKUVWkgAtXwiGaCS1YFDoI1QsWI7wlW94bXSb3+wJTmgbyHUcjaPulL3uOUgEEdu1i5wC2fwIASEd+NcQu4z/QPujRI8f4AiFLB44x7XlwZd+y8U3CmwovGTU0epSp37EmrG9DIZxKoIFo3XSeEdkwUcCrYONeKNAsJHZI+axoridmjHU8vHOMjQ7q4FyjzJOAp/T0RE1/rke+ZzmRDPV9L4H+1ZgS9YjvmMoyASTr7qBcJDAFO4sJdrhgFMTKGUMXNrpgOiCIUTKg5E4I7f/KiqZ0U3LOCc3uaL12lcWTRATpEx8hF56iEblAZVRFFT+gFvaF369l6tT6syaw1Y6Uz++iPrK9vNUekMg==</latexit>

R : S ⇥A ! R

<latexit sha1_base64="56iubsv7pztuXY8o1Bc2nCXRGsM="></latexit>

V⇡(s) = R(s,⇡(s)) + �
P

s0 T (s,⇡(s), s
0)V⇡(s0)

• Markov decision process: states   , actions    , 
transition model                                ,                     
reward function                         , discount factor <latexit sha1_base64="wgpImE/yctzE0fAVvgVvEgdieOU=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV1R9Bj04jGCeUCyhN7JbDJmZnaZmRVCyD948aCIV//Hm3/jJNmDJhY0FFXddHdFqeDG+v63t7K6tr6xWdgqbu/s7u2XDg4bJsk0ZXWaiES3IjRMcMXqllvBWqlmKCPBmtHwduo3n5g2PFEPdpSyUGJf8ZhTtE5qdPooJXZLZb/iz0CWSZCTMuSodUtfnV5CM8mUpQKNaQd+asMxasupYJNiJzMsRTrEPms7qlAyE45n107IqVN6JE60K2XJTP09MUZpzEhGrlOiHZhFbyr+57UzG1+HY67SzDJF54viTBCbkOnrpMc1o1aMHEGqubuV0AFqpNYFVHQhBIsvL5PGeSW4rPj3F+XqTR5HAY7hBM4ggCuowh3UoA4UHuEZXuHNS7wX7937mLeuePnMEfyB9/kDiD2PGQ==</latexit>�

• Policy                 : action to take in a state (nonstationary     ) 
<latexit sha1_base64="Ayteo4KEOr+dTwCWh8KGttz8ZDk=">AAACEXicbVDLSsNAFJ3UV62vqEs3g0XoqiSiKK6qblxWtA9oQplMp+3QyUyYmSgl5Bfc+CtuXCji1p07/8ZJG1BbD1w4nHMv994TRIwq7ThfVmFhcWl5pbhaWlvf2Nyyt3eaSsQSkwYWTMh2gBRhlJOGppqRdiQJCgNGWsHoMvNbd0QqKvitHkfED9GA0z7FSBupa1e8iJ5BL0R6iBFLblLoSToYaiSluP/Rz9OuXXaqzgRwnrg5KYMc9a796fUEjkPCNWZIqY7rRNpPkNQUM5KWvFiRCOERGpCOoRyFRPnJ5KMUHhilB/tCmuIaTtTfEwkKlRqHgenMTlSzXib+53Vi3T/1E8qjWBOOp4v6MYNawCwe2KOSYM3GhiAsqbkV4iGSCGsTYsmE4M6+PE+ah1X3uOpcH5VrF3kcRbAH9kEFuOAE1MAVqIMGwOABPIEX8Go9Ws/Wm/U+bS1Y+cwu+APr4xvLUJ2j</latexit>

⇡ : S ! A

<latexit sha1_base64="wgpImE/yctzE0fAVvgVvEgdieOU=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV1R9Bj04jGCeUCyhN7JbDJmZnaZmRVCyD948aCIV//Hm3/jJNmDJhY0FFXddHdFqeDG+v63t7K6tr6xWdgqbu/s7u2XDg4bJsk0ZXWaiES3IjRMcMXqllvBWqlmKCPBmtHwduo3n5g2PFEPdpSyUGJf8ZhTtE5qdPooJXZLZb/iz0CWSZCTMuSodUtfnV5CM8mUpQKNaQd+asMxasupYJNiJzMsRTrEPms7qlAyE45n107IqVN6JE60K2XJTP09MUZpzEhGrlOiHZhFbyr+57UzG1+HY67SzDJF54viTBCbkOnrpMc1o1aMHEGqubuV0AFqpNYFVHQhBIsvL5PGeSW4rPj3F+XqTR5HAY7hBM4ggCuowh3UoA4UHuEZXuHNS7wX7937mLeuePnMEfyB9/kDiD2PGQ==</latexit>�

<latexit sha1_base64="rCCI4DRh7z/4+S6cwkLqWEe4znA=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz00Et4v1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy+vktZF1bus1u5rlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwBSq43W</latexit>⇡

<latexit sha1_base64="sQzXOc8z92HQURO18zTrk+PQFhY="></latexit>

V 0
⇡ (s) = 0;V h

⇡ (s) = R(s,⇡(s)) + �
P

s0 T (s,⇡(s), s
0)V h�1

⇡ (s0)

<latexit sha1_base64="BoA1h1+vEDeW3XsbaexDiikaHTE=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cKpi20oWy2k3bpZhN2N0IJ/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZemAqujet+O6W19Y3NrfJ2ZWd3b/+genjU0kmmGPosEYnqhFSj4BJ9w43ATqqQxqHAdji+m/ntJ1SaJ/LRTFIMYjqUPOKMGiv5vZT3R/1qza27c5BV4hWkBgWa/epXb5CwLEZpmKBadz03NUFOleFM4LTSyzSmlI3pELuWShqjDvL5sVNyZpUBiRJlSxoyV39P5DTWehKHtjOmZqSXvZn4n9fNTHQT5FymmUHJFouiTBCTkNnnZMAVMiMmllCmuL2VsBFVlBmbT8WG4C2/vEpaF3Xvqn75cFlr3BZxlOEETuEcPLiGBtxDE3xgwOEZXuHNkc6L8+58LFpLTjFzDH/gfP4AzPGOsQ==</latexit>⇡h
• horizon h (e.g. # 

planting seasons left) 



• Value of a policy    if we start in state s 
• Finite horizon (often assume discount factor    equals 1) 

• Infinite horizon

2

Recall

rich soil

0.1 0.9

0.90.1

poor soil
plant:

rich soil

0.9 0.1

0.10.9

poor soil
fallow:

R(rich,plant)=100 
R(poor,plant)=10 
R(rich,fallow)=0 
R(poor,fallow)=0<latexit sha1_base64="cgziEgfdtrWHaEOm3chkmVzvJpo=">AAAB8nicbVBNS8NAFHypX7V+VT16WSyCp5KIoseiF48VrS2koWy223bpJht2X4QS+jO8eFDEq7/Gm//GTZuDtg4sDDPvsfMmTKQw6LrfTmlldW19o7xZ2dre2d2r7h88GpVqxltMSaU7ITVcipi3UKDknURzGoWSt8PxTe63n7g2QsUPOEl4ENFhLAaCUbSS340ojhiV2f20V625dXcGsky8gtSgQLNX/er2FUsjHiOT1BjfcxMMMqpRMMmnlW5qeELZmA65b2lMI26CbBZ5Sk6s0icDpe2LkczU3xsZjYyZRKGdzCOaRS8X//P8FAdXQSbiJEUes/lHg1QSVCS/n/SF5gzlxBLKtLBZCRtRTRnaliq2BG/x5GXyeFb3Luru3XmtcV3UUYYjOIZT8OASGnALTWgBAwXP8ApvDjovzrvzMR8tOcXOIfyB8/kDjPqRbQ==</latexit>

S
<latexit sha1_base64="SZdh5QT1NTY7zEHN0WSihpxhBNI=">AAAB8nicbVBNS8NAFHypX7V+VT16WSyCp5KIoseqF48VrC2koWy223bpZhN2X4QS+jO8eFDEq7/Gm//GTZuDtg4sDDPvsfMmTKQw6LrfTmlldW19o7xZ2dre2d2r7h88mjjVjLdYLGPdCanhUijeQoGSdxLNaRRK3g7Ht7nffuLaiFg94CThQUSHSgwEo2glvxtRHDEqs+tpr1pz6+4MZJl4BalBgWav+tXtxyyNuEImqTG+5yYYZFSjYJJPK93U8ISyMR1y31JFI26CbBZ5Sk6s0ieDWNunkMzU3xsZjYyZRKGdzCOaRS8X//P8FAdXQSZUkiJXbP7RIJUEY5LfT/pCc4ZyYgllWtishI2opgxtSxVbgrd48jJ5PKt7F3X3/rzWuCnqKMMRHMMpeHAJDbiDJrSAQQzP8ApvDjovzrvzMR8tOcXOIfyB8/kDcaCRWw==</latexit>

A
<latexit sha1_base64="YKZkFy0C+ZcYtDpDQ4t5Bf7Ys/U=">AAACNHicbZDLSsNAFIYn9VbrrerSzWARXJVEFMVV1Y3gpmpv0IQymU7aoZMLMydKCX0oNz6IGxFcKOLWZ3DSBtTWHwZ+vnMOc87vRoIrMM0XIzc3v7C4lF8urKyurW8UN7caKowlZXUailC2XKKY4AGrAwfBWpFkxHcFa7qDi7TevGNS8TCowTBijk96Afc4JaBRp3hVO8W2T6BPiUhuR9gG7jP1g85mUdolea8PRMrwfsJdN7kZdYols2yOhWeNlZkSylTtFJ/sbkhjnwVABVGqbZkROAmRwKlgo4IdKxYROiA91tY2IHoPJxkfPcJ7mnSxF0r9AsBj+nsiIb5SQ9/VnemGarqWwv9q7Ri8EyfhQRQDC+jkIy8WGEKcJoi7XDIKYqgNoZLrXTHtE0ko6JwLOgRr+uRZ0zgoW0dl8/qwVDnP4sijHbSL9pGFjlEFXaIqqiOKHtAzekPvxqPxanwYn5PWnJHNbKM/Mr6+Acz/rDE=</latexit>

T : S ⇥A⇥ S ! R
<latexit sha1_base64="ZFXehC9pN9LL9osaL03Tl2lQj4k=">AAACIXicbZDLSgMxFIYz9VbrbdSlm2ARXJUZUSyuqm5c1mov0JaSSdM2NJMZkjNKGfoqbnwVNy4U6U58GTPtgNr6Q+DnO+eQc34vFFyD43xamaXlldW17HpuY3Nre8fe3avpIFKUVWkgAtXwiGaCS1YFDoI1QsWI7wlW94bXSb3+wJTmgbyHUcjaPulL3uOUgEEdu1i5wC2fwIASEd+NcQu4z/QPujRI8f4AiFLB44x7XlwZd+y8U3CmwovGTU0epSp37EmrG9DIZxKoIFo3XSeEdkwUcCrYONeKNAsJHZI+axoridmjHU8vHOMjQ7q4FyjzJOAp/T0RE1/rke+ZzmRDPV9L4H+1ZgS9YjvmMoyASTr7qBcJDAFO4sJdrhgFMTKGUMXNrpgOiCIUTKg5E4I7f/KiqZ0U3LOCc3uaL12lcWTRATpEx8hF56iEblAZVRFFT+gFvaF369l6tT6syaw1Y6Uz++iPrK9vNUekMg==</latexit>

R : S ⇥A ! R

<latexit sha1_base64="56iubsv7pztuXY8o1Bc2nCXRGsM="></latexit>

V⇡(s) = R(s,⇡(s)) + �
P

s0 T (s,⇡(s), s
0)V⇡(s0)

• Markov decision process: states   , actions    , 
transition model                                ,                     
reward function                         , discount factor <latexit sha1_base64="wgpImE/yctzE0fAVvgVvEgdieOU=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV1R9Bj04jGCeUCyhN7JbDJmZnaZmRVCyD948aCIV//Hm3/jJNmDJhY0FFXddHdFqeDG+v63t7K6tr6xWdgqbu/s7u2XDg4bJsk0ZXWaiES3IjRMcMXqllvBWqlmKCPBmtHwduo3n5g2PFEPdpSyUGJf8ZhTtE5qdPooJXZLZb/iz0CWSZCTMuSodUtfnV5CM8mUpQKNaQd+asMxasupYJNiJzMsRTrEPms7qlAyE45n107IqVN6JE60K2XJTP09MUZpzEhGrlOiHZhFbyr+57UzG1+HY67SzDJF54viTBCbkOnrpMc1o1aMHEGqubuV0AFqpNYFVHQhBIsvL5PGeSW4rPj3F+XqTR5HAY7hBM4ggCuowh3UoA4UHuEZXuHNS7wX7937mLeuePnMEfyB9/kDiD2PGQ==</latexit>�

• Policy                 : action to take in a state (nonstationary     ) 
<latexit sha1_base64="Ayteo4KEOr+dTwCWh8KGttz8ZDk=">AAACEXicbVDLSsNAFJ3UV62vqEs3g0XoqiSiKK6qblxWtA9oQplMp+3QyUyYmSgl5Bfc+CtuXCji1p07/8ZJG1BbD1w4nHMv994TRIwq7ThfVmFhcWl5pbhaWlvf2Nyyt3eaSsQSkwYWTMh2gBRhlJOGppqRdiQJCgNGWsHoMvNbd0QqKvitHkfED9GA0z7FSBupa1e8iJ5BL0R6iBFLblLoSToYaiSluP/Rz9OuXXaqzgRwnrg5KYMc9a796fUEjkPCNWZIqY7rRNpPkNQUM5KWvFiRCOERGpCOoRyFRPnJ5KMUHhilB/tCmuIaTtTfEwkKlRqHgenMTlSzXib+53Vi3T/1E8qjWBOOp4v6MYNawCwe2KOSYM3GhiAsqbkV4iGSCGsTYsmE4M6+PE+ah1X3uOpcH5VrF3kcRbAH9kEFuOAE1MAVqIMGwOABPIEX8Go9Ws/Wm/U+bS1Y+cwu+APr4xvLUJ2j</latexit>

⇡ : S ! A

<latexit sha1_base64="wgpImE/yctzE0fAVvgVvEgdieOU=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV1R9Bj04jGCeUCyhN7JbDJmZnaZmRVCyD948aCIV//Hm3/jJNmDJhY0FFXddHdFqeDG+v63t7K6tr6xWdgqbu/s7u2XDg4bJsk0ZXWaiES3IjRMcMXqllvBWqlmKCPBmtHwduo3n5g2PFEPdpSyUGJf8ZhTtE5qdPooJXZLZb/iz0CWSZCTMuSodUtfnV5CM8mUpQKNaQd+asMxasupYJNiJzMsRTrEPms7qlAyE45n107IqVN6JE60K2XJTP09MUZpzEhGrlOiHZhFbyr+57UzG1+HY67SzDJF54viTBCbkOnrpMc1o1aMHEGqubuV0AFqpNYFVHQhBIsvL5PGeSW4rPj3F+XqTR5HAY7hBM4ggCuowh3UoA4UHuEZXuHNS7wX7937mLeuePnMEfyB9/kDiD2PGQ==</latexit>�

<latexit sha1_base64="rCCI4DRh7z/4+S6cwkLqWEe4znA=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz00Et4v1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy+vktZF1bus1u5rlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwBSq43W</latexit>⇡

<latexit sha1_base64="sQzXOc8z92HQURO18zTrk+PQFhY="></latexit>

V 0
⇡ (s) = 0;V h

⇡ (s) = R(s,⇡(s)) + �
P

s0 T (s,⇡(s), s
0)V h�1

⇡ (s0)

<latexit sha1_base64="BoA1h1+vEDeW3XsbaexDiikaHTE=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cKpi20oWy2k3bpZhN2N0IJ/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZemAqujet+O6W19Y3NrfJ2ZWd3b/+genjU0kmmGPosEYnqhFSj4BJ9w43ATqqQxqHAdji+m/ntJ1SaJ/LRTFIMYjqUPOKMGiv5vZT3R/1qza27c5BV4hWkBgWa/epXb5CwLEZpmKBadz03NUFOleFM4LTSyzSmlI3pELuWShqjDvL5sVNyZpUBiRJlSxoyV39P5DTWehKHtjOmZqSXvZn4n9fNTHQT5FymmUHJFouiTBCTkNnnZMAVMiMmllCmuL2VsBFVlBmbT8WG4C2/vEpaF3Xvqn75cFlr3BZxlOEETuEcPLiGBtxDE3xgwOEZXuHNkc6L8+58LFpLTjFzDH/gfP4AzPGOsQ==</latexit>⇡h
• horizon h (e.g. # 

planting seasons left) 



• Value of a policy    if we start in state s 
• Finite horizon (often assume discount factor    equals 1) 

• Infinite horizon

2

Recall

rich soil

0.1 0.9

0.90.1

poor soil
plant:

rich soil

0.9 0.1

0.10.9

poor soil
fallow:

R(rich,plant)=100 
R(poor,plant)=10 
R(rich,fallow)=0 
R(poor,fallow)=0<latexit sha1_base64="cgziEgfdtrWHaEOm3chkmVzvJpo=">AAAB8nicbVBNS8NAFHypX7V+VT16WSyCp5KIoseiF48VrS2koWy223bpJht2X4QS+jO8eFDEq7/Gm//GTZuDtg4sDDPvsfMmTKQw6LrfTmlldW19o7xZ2dre2d2r7h88GpVqxltMSaU7ITVcipi3UKDknURzGoWSt8PxTe63n7g2QsUPOEl4ENFhLAaCUbSS340ojhiV2f20V625dXcGsky8gtSgQLNX/er2FUsjHiOT1BjfcxMMMqpRMMmnlW5qeELZmA65b2lMI26CbBZ5Sk6s0icDpe2LkczU3xsZjYyZRKGdzCOaRS8X//P8FAdXQSbiJEUes/lHg1QSVCS/n/SF5gzlxBLKtLBZCRtRTRnaliq2BG/x5GXyeFb3Luru3XmtcV3UUYYjOIZT8OASGnALTWgBAwXP8ApvDjovzrvzMR8tOcXOIfyB8/kDjPqRbQ==</latexit>

S
<latexit sha1_base64="SZdh5QT1NTY7zEHN0WSihpxhBNI=">AAAB8nicbVBNS8NAFHypX7V+VT16WSyCp5KIoseqF48VrC2koWy223bpZhN2X4QS+jO8eFDEq7/Gm//GTZuDtg4sDDPvsfMmTKQw6LrfTmlldW19o7xZ2dre2d2r7h88mjjVjLdYLGPdCanhUijeQoGSdxLNaRRK3g7Ht7nffuLaiFg94CThQUSHSgwEo2glvxtRHDEqs+tpr1pz6+4MZJl4BalBgWav+tXtxyyNuEImqTG+5yYYZFSjYJJPK93U8ISyMR1y31JFI26CbBZ5Sk6s0ieDWNunkMzU3xsZjYyZRKGdzCOaRS8X//P8FAdXQSZUkiJXbP7RIJUEY5LfT/pCc4ZyYgllWtishI2opgxtSxVbgrd48jJ5PKt7F3X3/rzWuCnqKMMRHMMpeHAJDbiDJrSAQQzP8ApvDjovzrvzMR8tOcXOIfyB8/kDcaCRWw==</latexit>

A
<latexit sha1_base64="YKZkFy0C+ZcYtDpDQ4t5Bf7Ys/U=">AAACNHicbZDLSsNAFIYn9VbrrerSzWARXJVEFMVV1Y3gpmpv0IQymU7aoZMLMydKCX0oNz6IGxFcKOLWZ3DSBtTWHwZ+vnMOc87vRoIrMM0XIzc3v7C4lF8urKyurW8UN7caKowlZXUailC2XKKY4AGrAwfBWpFkxHcFa7qDi7TevGNS8TCowTBijk96Afc4JaBRp3hVO8W2T6BPiUhuR9gG7jP1g85mUdolea8PRMrwfsJdN7kZdYols2yOhWeNlZkSylTtFJ/sbkhjnwVABVGqbZkROAmRwKlgo4IdKxYROiA91tY2IHoPJxkfPcJ7mnSxF0r9AsBj+nsiIb5SQ9/VnemGarqWwv9q7Ri8EyfhQRQDC+jkIy8WGEKcJoi7XDIKYqgNoZLrXTHtE0ko6JwLOgRr+uRZ0zgoW0dl8/qwVDnP4sijHbSL9pGFjlEFXaIqqiOKHtAzekPvxqPxanwYn5PWnJHNbKM/Mr6+Acz/rDE=</latexit>

T : S ⇥A⇥ S ! R
<latexit sha1_base64="ZFXehC9pN9LL9osaL03Tl2lQj4k=">AAACIXicbZDLSgMxFIYz9VbrbdSlm2ARXJUZUSyuqm5c1mov0JaSSdM2NJMZkjNKGfoqbnwVNy4U6U58GTPtgNr6Q+DnO+eQc34vFFyD43xamaXlldW17HpuY3Nre8fe3avpIFKUVWkgAtXwiGaCS1YFDoI1QsWI7wlW94bXSb3+wJTmgbyHUcjaPulL3uOUgEEdu1i5wC2fwIASEd+NcQu4z/QPujRI8f4AiFLB44x7XlwZd+y8U3CmwovGTU0epSp37EmrG9DIZxKoIFo3XSeEdkwUcCrYONeKNAsJHZI+axoridmjHU8vHOMjQ7q4FyjzJOAp/T0RE1/rke+ZzmRDPV9L4H+1ZgS9YjvmMoyASTr7qBcJDAFO4sJdrhgFMTKGUMXNrpgOiCIUTKg5E4I7f/KiqZ0U3LOCc3uaL12lcWTRATpEx8hF56iEblAZVRFFT+gFvaF369l6tT6syaw1Y6Uz++iPrK9vNUekMg==</latexit>

R : S ⇥A ! R

<latexit sha1_base64="56iubsv7pztuXY8o1Bc2nCXRGsM="></latexit>

V⇡(s) = R(s,⇡(s)) + �
P

s0 T (s,⇡(s), s
0)V⇡(s0)

• Markov decision process: states   , actions    , 
transition model                                ,                     
reward function                         , discount factor <latexit sha1_base64="wgpImE/yctzE0fAVvgVvEgdieOU=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV1R9Bj04jGCeUCyhN7JbDJmZnaZmRVCyD948aCIV//Hm3/jJNmDJhY0FFXddHdFqeDG+v63t7K6tr6xWdgqbu/s7u2XDg4bJsk0ZXWaiES3IjRMcMXqllvBWqlmKCPBmtHwduo3n5g2PFEPdpSyUGJf8ZhTtE5qdPooJXZLZb/iz0CWSZCTMuSodUtfnV5CM8mUpQKNaQd+asMxasupYJNiJzMsRTrEPms7qlAyE45n107IqVN6JE60K2XJTP09MUZpzEhGrlOiHZhFbyr+57UzG1+HY67SzDJF54viTBCbkOnrpMc1o1aMHEGqubuV0AFqpNYFVHQhBIsvL5PGeSW4rPj3F+XqTR5HAY7hBM4ggCuowh3UoA4UHuEZXuHNS7wX7937mLeuePnMEfyB9/kDiD2PGQ==</latexit>�

• Policy                 : action to take in a state (nonstationary     ) 
<latexit sha1_base64="Ayteo4KEOr+dTwCWh8KGttz8ZDk=">AAACEXicbVDLSsNAFJ3UV62vqEs3g0XoqiSiKK6qblxWtA9oQplMp+3QyUyYmSgl5Bfc+CtuXCji1p07/8ZJG1BbD1w4nHMv994TRIwq7ThfVmFhcWl5pbhaWlvf2Nyyt3eaSsQSkwYWTMh2gBRhlJOGppqRdiQJCgNGWsHoMvNbd0QqKvitHkfED9GA0z7FSBupa1e8iJ5BL0R6iBFLblLoSToYaiSluP/Rz9OuXXaqzgRwnrg5KYMc9a796fUEjkPCNWZIqY7rRNpPkNQUM5KWvFiRCOERGpCOoRyFRPnJ5KMUHhilB/tCmuIaTtTfEwkKlRqHgenMTlSzXib+53Vi3T/1E8qjWBOOp4v6MYNawCwe2KOSYM3GhiAsqbkV4iGSCGsTYsmE4M6+PE+ah1X3uOpcH5VrF3kcRbAH9kEFuOAE1MAVqIMGwOABPIEX8Go9Ws/Wm/U+bS1Y+cwu+APr4xvLUJ2j</latexit>

⇡ : S ! A

<latexit sha1_base64="wgpImE/yctzE0fAVvgVvEgdieOU=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV1R9Bj04jGCeUCyhN7JbDJmZnaZmRVCyD948aCIV//Hm3/jJNmDJhY0FFXddHdFqeDG+v63t7K6tr6xWdgqbu/s7u2XDg4bJsk0ZXWaiES3IjRMcMXqllvBWqlmKCPBmtHwduo3n5g2PFEPdpSyUGJf8ZhTtE5qdPooJXZLZb/iz0CWSZCTMuSodUtfnV5CM8mUpQKNaQd+asMxasupYJNiJzMsRTrEPms7qlAyE45n107IqVN6JE60K2XJTP09MUZpzEhGrlOiHZhFbyr+57UzG1+HY67SzDJF54viTBCbkOnrpMc1o1aMHEGqubuV0AFqpNYFVHQhBIsvL5PGeSW4rPj3F+XqTR5HAY7hBM4ggCuowh3UoA4UHuEZXuHNS7wX7937mLeuePnMEfyB9/kDiD2PGQ==</latexit>�

<latexit sha1_base64="rCCI4DRh7z/4+S6cwkLqWEe4znA=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz00Et4v1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy+vktZF1bus1u5rlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwBSq43W</latexit>⇡

<latexit sha1_base64="sQzXOc8z92HQURO18zTrk+PQFhY="></latexit>

V 0
⇡ (s) = 0;V h

⇡ (s) = R(s,⇡(s)) + �
P

s0 T (s,⇡(s), s
0)V h�1

⇡ (s0)

<latexit sha1_base64="BoA1h1+vEDeW3XsbaexDiikaHTE=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cKpi20oWy2k3bpZhN2N0IJ/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZemAqujet+O6W19Y3NrfJ2ZWd3b/+genjU0kmmGPosEYnqhFSj4BJ9w43ATqqQxqHAdji+m/ntJ1SaJ/LRTFIMYjqUPOKMGiv5vZT3R/1qza27c5BV4hWkBgWa/epXb5CwLEZpmKBadz03NUFOleFM4LTSyzSmlI3pELuWShqjDvL5sVNyZpUBiRJlSxoyV39P5DTWehKHtjOmZqSXvZn4n9fNTHQT5FymmUHJFouiTBCTkNnnZMAVMiMmllCmuL2VsBFVlBmbT8WG4C2/vEpaF3Xvqn75cFlr3BZxlOEETuEcPLiGBtxDE3xgwOEZXuHNkc6L8+58LFpLTjFzDH/gfP4AzPGOsQ==</latexit>⇡h
• horizon h (e.g. # 

planting seasons left) 



• Value of a policy    if we start in state s 
• Finite horizon (often assume discount factor    equals 1) 

• Infinite horizon

2

Recall

rich soil

0.1 0.9

0.90.1

poor soil
plant:

rich soil

0.9 0.1

0.10.9

poor soil
fallow:

R(rich,plant)=100 
R(poor,plant)=10 
R(rich,fallow)=0 
R(poor,fallow)=0<latexit sha1_base64="cgziEgfdtrWHaEOm3chkmVzvJpo=">AAAB8nicbVBNS8NAFHypX7V+VT16WSyCp5KIoseiF48VrS2koWy223bpJht2X4QS+jO8eFDEq7/Gm//GTZuDtg4sDDPvsfMmTKQw6LrfTmlldW19o7xZ2dre2d2r7h88GpVqxltMSaU7ITVcipi3UKDknURzGoWSt8PxTe63n7g2QsUPOEl4ENFhLAaCUbSS340ojhiV2f20V625dXcGsky8gtSgQLNX/er2FUsjHiOT1BjfcxMMMqpRMMmnlW5qeELZmA65b2lMI26CbBZ5Sk6s0icDpe2LkczU3xsZjYyZRKGdzCOaRS8X//P8FAdXQSbiJEUes/lHg1QSVCS/n/SF5gzlxBLKtLBZCRtRTRnaliq2BG/x5GXyeFb3Luru3XmtcV3UUYYjOIZT8OASGnALTWgBAwXP8ApvDjovzrvzMR8tOcXOIfyB8/kDjPqRbQ==</latexit>

S
<latexit sha1_base64="SZdh5QT1NTY7zEHN0WSihpxhBNI=">AAAB8nicbVBNS8NAFHypX7V+VT16WSyCp5KIoseqF48VrC2koWy223bpZhN2X4QS+jO8eFDEq7/Gm//GTZuDtg4sDDPvsfMmTKQw6LrfTmlldW19o7xZ2dre2d2r7h88mjjVjLdYLGPdCanhUijeQoGSdxLNaRRK3g7Ht7nffuLaiFg94CThQUSHSgwEo2glvxtRHDEqs+tpr1pz6+4MZJl4BalBgWav+tXtxyyNuEImqTG+5yYYZFSjYJJPK93U8ISyMR1y31JFI26CbBZ5Sk6s0ieDWNunkMzU3xsZjYyZRKGdzCOaRS8X//P8FAdXQSZUkiJXbP7RIJUEY5LfT/pCc4ZyYgllWtishI2opgxtSxVbgrd48jJ5PKt7F3X3/rzWuCnqKMMRHMMpeHAJDbiDJrSAQQzP8ApvDjovzrvzMR8tOcXOIfyB8/kDcaCRWw==</latexit>

A
<latexit sha1_base64="YKZkFy0C+ZcYtDpDQ4t5Bf7Ys/U=">AAACNHicbZDLSsNAFIYn9VbrrerSzWARXJVEFMVV1Y3gpmpv0IQymU7aoZMLMydKCX0oNz6IGxFcKOLWZ3DSBtTWHwZ+vnMOc87vRoIrMM0XIzc3v7C4lF8urKyurW8UN7caKowlZXUailC2XKKY4AGrAwfBWpFkxHcFa7qDi7TevGNS8TCowTBijk96Afc4JaBRp3hVO8W2T6BPiUhuR9gG7jP1g85mUdolea8PRMrwfsJdN7kZdYols2yOhWeNlZkSylTtFJ/sbkhjnwVABVGqbZkROAmRwKlgo4IdKxYROiA91tY2IHoPJxkfPcJ7mnSxF0r9AsBj+nsiIb5SQ9/VnemGarqWwv9q7Ri8EyfhQRQDC+jkIy8WGEKcJoi7XDIKYqgNoZLrXTHtE0ko6JwLOgRr+uRZ0zgoW0dl8/qwVDnP4sijHbSL9pGFjlEFXaIqqiOKHtAzekPvxqPxanwYn5PWnJHNbKM/Mr6+Acz/rDE=</latexit>

T : S ⇥A⇥ S ! R
<latexit sha1_base64="ZFXehC9pN9LL9osaL03Tl2lQj4k=">AAACIXicbZDLSgMxFIYz9VbrbdSlm2ARXJUZUSyuqm5c1mov0JaSSdM2NJMZkjNKGfoqbnwVNy4U6U58GTPtgNr6Q+DnO+eQc34vFFyD43xamaXlldW17HpuY3Nre8fe3avpIFKUVWkgAtXwiGaCS1YFDoI1QsWI7wlW94bXSb3+wJTmgbyHUcjaPulL3uOUgEEdu1i5wC2fwIASEd+NcQu4z/QPujRI8f4AiFLB44x7XlwZd+y8U3CmwovGTU0epSp37EmrG9DIZxKoIFo3XSeEdkwUcCrYONeKNAsJHZI+axoridmjHU8vHOMjQ7q4FyjzJOAp/T0RE1/rke+ZzmRDPV9L4H+1ZgS9YjvmMoyASTr7qBcJDAFO4sJdrhgFMTKGUMXNrpgOiCIUTKg5E4I7f/KiqZ0U3LOCc3uaL12lcWTRATpEx8hF56iEblAZVRFFT+gFvaF369l6tT6syaw1Y6Uz++iPrK9vNUekMg==</latexit>

R : S ⇥A ! R

<latexit sha1_base64="56iubsv7pztuXY8o1Bc2nCXRGsM="></latexit>

V⇡(s) = R(s,⇡(s)) + �
P

s0 T (s,⇡(s), s
0)V⇡(s0)

• Markov decision process: states   , actions    , 
transition model                                ,                     
reward function                         , discount factor <latexit sha1_base64="wgpImE/yctzE0fAVvgVvEgdieOU=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV1R9Bj04jGCeUCyhN7JbDJmZnaZmRVCyD948aCIV//Hm3/jJNmDJhY0FFXddHdFqeDG+v63t7K6tr6xWdgqbu/s7u2XDg4bJsk0ZXWaiES3IjRMcMXqllvBWqlmKCPBmtHwduo3n5g2PFEPdpSyUGJf8ZhTtE5qdPooJXZLZb/iz0CWSZCTMuSodUtfnV5CM8mUpQKNaQd+asMxasupYJNiJzMsRTrEPms7qlAyE45n107IqVN6JE60K2XJTP09MUZpzEhGrlOiHZhFbyr+57UzG1+HY67SzDJF54viTBCbkOnrpMc1o1aMHEGqubuV0AFqpNYFVHQhBIsvL5PGeSW4rPj3F+XqTR5HAY7hBM4ggCuowh3UoA4UHuEZXuHNS7wX7937mLeuePnMEfyB9/kDiD2PGQ==</latexit>�

• Policy                 : action to take in a state (nonstationary     ) 
<latexit sha1_base64="Ayteo4KEOr+dTwCWh8KGttz8ZDk=">AAACEXicbVDLSsNAFJ3UV62vqEs3g0XoqiSiKK6qblxWtA9oQplMp+3QyUyYmSgl5Bfc+CtuXCji1p07/8ZJG1BbD1w4nHMv994TRIwq7ThfVmFhcWl5pbhaWlvf2Nyyt3eaSsQSkwYWTMh2gBRhlJOGppqRdiQJCgNGWsHoMvNbd0QqKvitHkfED9GA0z7FSBupa1e8iJ5BL0R6iBFLblLoSToYaiSluP/Rz9OuXXaqzgRwnrg5KYMc9a796fUEjkPCNWZIqY7rRNpPkNQUM5KWvFiRCOERGpCOoRyFRPnJ5KMUHhilB/tCmuIaTtTfEwkKlRqHgenMTlSzXib+53Vi3T/1E8qjWBOOp4v6MYNawCwe2KOSYM3GhiAsqbkV4iGSCGsTYsmE4M6+PE+ah1X3uOpcH5VrF3kcRbAH9kEFuOAE1MAVqIMGwOABPIEX8Go9Ws/Wm/U+bS1Y+cwu+APr4xvLUJ2j</latexit>

⇡ : S ! A

<latexit sha1_base64="wgpImE/yctzE0fAVvgVvEgdieOU=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV1R9Bj04jGCeUCyhN7JbDJmZnaZmRVCyD948aCIV//Hm3/jJNmDJhY0FFXddHdFqeDG+v63t7K6tr6xWdgqbu/s7u2XDg4bJsk0ZXWaiES3IjRMcMXqllvBWqlmKCPBmtHwduo3n5g2PFEPdpSyUGJf8ZhTtE5qdPooJXZLZb/iz0CWSZCTMuSodUtfnV5CM8mUpQKNaQd+asMxasupYJNiJzMsRTrEPms7qlAyE45n107IqVN6JE60K2XJTP09MUZpzEhGrlOiHZhFbyr+57UzG1+HY67SzDJF54viTBCbkOnrpMc1o1aMHEGqubuV0AFqpNYFVHQhBIsvL5PGeSW4rPj3F+XqTR5HAY7hBM4ggCuowh3UoA4UHuEZXuHNS7wX7937mLeuePnMEfyB9/kDiD2PGQ==</latexit>�

<latexit sha1_base64="rCCI4DRh7z/4+S6cwkLqWEe4znA=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz00Et4v1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy+vktZF1bus1u5rlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwBSq43W</latexit>⇡

<latexit sha1_base64="sQzXOc8z92HQURO18zTrk+PQFhY="></latexit>

V 0
⇡ (s) = 0;V h

⇡ (s) = R(s,⇡(s)) + �
P

s0 T (s,⇡(s), s
0)V h�1

⇡ (s0)

<latexit sha1_base64="BoA1h1+vEDeW3XsbaexDiikaHTE=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cKpi20oWy2k3bpZhN2N0IJ/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZemAqujet+O6W19Y3NrfJ2ZWd3b/+genjU0kmmGPosEYnqhFSj4BJ9w43ATqqQxqHAdji+m/ntJ1SaJ/LRTFIMYjqUPOKMGiv5vZT3R/1qza27c5BV4hWkBgWa/epXb5CwLEZpmKBadz03NUFOleFM4LTSyzSmlI3pELuWShqjDvL5sVNyZpUBiRJlSxoyV39P5DTWehKHtjOmZqSXvZn4n9fNTHQT5FymmUHJFouiTBCTkNnnZMAVMiMmllCmuL2VsBFVlBmbT8WG4C2/vEpaF3Xvqn75cFlr3BZxlOEETuEcPLiGBtxDE3xgwOEZXuHNkc6L8+58LFpLTjFzDH/gfP4AzPGOsQ==</latexit>⇡h
• horizon h (e.g. # 

planting seasons left) 



• Value of a policy    if we start in state s 
• Finite horizon (often assume discount factor    equals 1) 

• Infinite horizon

2

Recall

rich soil

0.1 0.9

0.90.1

poor soil
plant:

rich soil

0.9 0.1

0.10.9

poor soil
fallow:

R(rich,plant)=100 
R(poor,plant)=10 
R(rich,fallow)=0 
R(poor,fallow)=0<latexit sha1_base64="cgziEgfdtrWHaEOm3chkmVzvJpo=">AAAB8nicbVBNS8NAFHypX7V+VT16WSyCp5KIoseiF48VrS2koWy223bpJht2X4QS+jO8eFDEq7/Gm//GTZuDtg4sDDPvsfMmTKQw6LrfTmlldW19o7xZ2dre2d2r7h88GpVqxltMSaU7ITVcipi3UKDknURzGoWSt8PxTe63n7g2QsUPOEl4ENFhLAaCUbSS340ojhiV2f20V625dXcGsky8gtSgQLNX/er2FUsjHiOT1BjfcxMMMqpRMMmnlW5qeELZmA65b2lMI26CbBZ5Sk6s0icDpe2LkczU3xsZjYyZRKGdzCOaRS8X//P8FAdXQSbiJEUes/lHg1QSVCS/n/SF5gzlxBLKtLBZCRtRTRnaliq2BG/x5GXyeFb3Luru3XmtcV3UUYYjOIZT8OASGnALTWgBAwXP8ApvDjovzrvzMR8tOcXOIfyB8/kDjPqRbQ==</latexit>

S
<latexit sha1_base64="SZdh5QT1NTY7zEHN0WSihpxhBNI=">AAAB8nicbVBNS8NAFHypX7V+VT16WSyCp5KIoseqF48VrC2koWy223bpZhN2X4QS+jO8eFDEq7/Gm//GTZuDtg4sDDPvsfMmTKQw6LrfTmlldW19o7xZ2dre2d2r7h88mjjVjLdYLGPdCanhUijeQoGSdxLNaRRK3g7Ht7nffuLaiFg94CThQUSHSgwEo2glvxtRHDEqs+tpr1pz6+4MZJl4BalBgWav+tXtxyyNuEImqTG+5yYYZFSjYJJPK93U8ISyMR1y31JFI26CbBZ5Sk6s0ieDWNunkMzU3xsZjYyZRKGdzCOaRS8X//P8FAdXQSZUkiJXbP7RIJUEY5LfT/pCc4ZyYgllWtishI2opgxtSxVbgrd48jJ5PKt7F3X3/rzWuCnqKMMRHMMpeHAJDbiDJrSAQQzP8ApvDjovzrvzMR8tOcXOIfyB8/kDcaCRWw==</latexit>

A
<latexit sha1_base64="YKZkFy0C+ZcYtDpDQ4t5Bf7Ys/U=">AAACNHicbZDLSsNAFIYn9VbrrerSzWARXJVEFMVV1Y3gpmpv0IQymU7aoZMLMydKCX0oNz6IGxFcKOLWZ3DSBtTWHwZ+vnMOc87vRoIrMM0XIzc3v7C4lF8urKyurW8UN7caKowlZXUailC2XKKY4AGrAwfBWpFkxHcFa7qDi7TevGNS8TCowTBijk96Afc4JaBRp3hVO8W2T6BPiUhuR9gG7jP1g85mUdolea8PRMrwfsJdN7kZdYols2yOhWeNlZkSylTtFJ/sbkhjnwVABVGqbZkROAmRwKlgo4IdKxYROiA91tY2IHoPJxkfPcJ7mnSxF0r9AsBj+nsiIb5SQ9/VnemGarqWwv9q7Ri8EyfhQRQDC+jkIy8WGEKcJoi7XDIKYqgNoZLrXTHtE0ko6JwLOgRr+uRZ0zgoW0dl8/qwVDnP4sijHbSL9pGFjlEFXaIqqiOKHtAzekPvxqPxanwYn5PWnJHNbKM/Mr6+Acz/rDE=</latexit>

T : S ⇥A⇥ S ! R
<latexit sha1_base64="ZFXehC9pN9LL9osaL03Tl2lQj4k=">AAACIXicbZDLSgMxFIYz9VbrbdSlm2ARXJUZUSyuqm5c1mov0JaSSdM2NJMZkjNKGfoqbnwVNy4U6U58GTPtgNr6Q+DnO+eQc34vFFyD43xamaXlldW17HpuY3Nre8fe3avpIFKUVWkgAtXwiGaCS1YFDoI1QsWI7wlW94bXSb3+wJTmgbyHUcjaPulL3uOUgEEdu1i5wC2fwIASEd+NcQu4z/QPujRI8f4AiFLB44x7XlwZd+y8U3CmwovGTU0epSp37EmrG9DIZxKoIFo3XSeEdkwUcCrYONeKNAsJHZI+axoridmjHU8vHOMjQ7q4FyjzJOAp/T0RE1/rke+ZzmRDPV9L4H+1ZgS9YjvmMoyASTr7qBcJDAFO4sJdrhgFMTKGUMXNrpgOiCIUTKg5E4I7f/KiqZ0U3LOCc3uaL12lcWTRATpEx8hF56iEblAZVRFFT+gFvaF369l6tT6syaw1Y6Uz++iPrK9vNUekMg==</latexit>

R : S ⇥A ! R

<latexit sha1_base64="56iubsv7pztuXY8o1Bc2nCXRGsM="></latexit>

V⇡(s) = R(s,⇡(s)) + �
P

s0 T (s,⇡(s), s
0)V⇡(s0)

• Markov decision process: states   , actions    , 
transition model                                ,                     
reward function                         , discount factor <latexit sha1_base64="wgpImE/yctzE0fAVvgVvEgdieOU=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV1R9Bj04jGCeUCyhN7JbDJmZnaZmRVCyD948aCIV//Hm3/jJNmDJhY0FFXddHdFqeDG+v63t7K6tr6xWdgqbu/s7u2XDg4bJsk0ZXWaiES3IjRMcMXqllvBWqlmKCPBmtHwduo3n5g2PFEPdpSyUGJf8ZhTtE5qdPooJXZLZb/iz0CWSZCTMuSodUtfnV5CM8mUpQKNaQd+asMxasupYJNiJzMsRTrEPms7qlAyE45n107IqVN6JE60K2XJTP09MUZpzEhGrlOiHZhFbyr+57UzG1+HY67SzDJF54viTBCbkOnrpMc1o1aMHEGqubuV0AFqpNYFVHQhBIsvL5PGeSW4rPj3F+XqTR5HAY7hBM4ggCuowh3UoA4UHuEZXuHNS7wX7937mLeuePnMEfyB9/kDiD2PGQ==</latexit>�

• Policy                 : action to take in a state (nonstationary     ) 
<latexit sha1_base64="Ayteo4KEOr+dTwCWh8KGttz8ZDk=">AAACEXicbVDLSsNAFJ3UV62vqEs3g0XoqiSiKK6qblxWtA9oQplMp+3QyUyYmSgl5Bfc+CtuXCji1p07/8ZJG1BbD1w4nHMv994TRIwq7ThfVmFhcWl5pbhaWlvf2Nyyt3eaSsQSkwYWTMh2gBRhlJOGppqRdiQJCgNGWsHoMvNbd0QqKvitHkfED9GA0z7FSBupa1e8iJ5BL0R6iBFLblLoSToYaiSluP/Rz9OuXXaqzgRwnrg5KYMc9a796fUEjkPCNWZIqY7rRNpPkNQUM5KWvFiRCOERGpCOoRyFRPnJ5KMUHhilB/tCmuIaTtTfEwkKlRqHgenMTlSzXib+53Vi3T/1E8qjWBOOp4v6MYNawCwe2KOSYM3GhiAsqbkV4iGSCGsTYsmE4M6+PE+ah1X3uOpcH5VrF3kcRbAH9kEFuOAE1MAVqIMGwOABPIEX8Go9Ws/Wm/U+bS1Y+cwu+APr4xvLUJ2j</latexit>

⇡ : S ! A

<latexit sha1_base64="wgpImE/yctzE0fAVvgVvEgdieOU=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV1R9Bj04jGCeUCyhN7JbDJmZnaZmRVCyD948aCIV//Hm3/jJNmDJhY0FFXddHdFqeDG+v63t7K6tr6xWdgqbu/s7u2XDg4bJsk0ZXWaiES3IjRMcMXqllvBWqlmKCPBmtHwduo3n5g2PFEPdpSyUGJf8ZhTtE5qdPooJXZLZb/iz0CWSZCTMuSodUtfnV5CM8mUpQKNaQd+asMxasupYJNiJzMsRTrEPms7qlAyE45n107IqVN6JE60K2XJTP09MUZpzEhGrlOiHZhFbyr+57UzG1+HY67SzDJF54viTBCbkOnrpMc1o1aMHEGqubuV0AFqpNYFVHQhBIsvL5PGeSW4rPj3F+XqTR5HAY7hBM4ggCuowh3UoA4UHuEZXuHNS7wX7937mLeuePnMEfyB9/kDiD2PGQ==</latexit>�

<latexit sha1_base64="rCCI4DRh7z/4+S6cwkLqWEe4znA=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz00Et4v1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy+vktZF1bus1u5rlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwBSq43W</latexit>⇡

<latexit sha1_base64="sQzXOc8z92HQURO18zTrk+PQFhY="></latexit>

V 0
⇡ (s) = 0;V h

⇡ (s) = R(s,⇡(s)) + �
P

s0 T (s,⇡(s), s
0)V h�1

⇡ (s0)

<latexit sha1_base64="BoA1h1+vEDeW3XsbaexDiikaHTE=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cKpi20oWy2k3bpZhN2N0IJ/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZemAqujet+O6W19Y3NrfJ2ZWd3b/+genjU0kmmGPosEYnqhFSj4BJ9w43ATqqQxqHAdji+m/ntJ1SaJ/LRTFIMYjqUPOKMGiv5vZT3R/1qza27c5BV4hWkBgWa/epXb5CwLEZpmKBadz03NUFOleFM4LTSyzSmlI3pELuWShqjDvL5sVNyZpUBiRJlSxoyV39P5DTWehKHtjOmZqSXvZn4n9fNTHQT5FymmUHJFouiTBCTkNnnZMAVMiMmllCmuL2VsBFVlBmbT8WG4C2/vEpaF3Xvqn75cFlr3BZxlOEETuEcPLiGBtxDE3xgwOEZXuHNkc6L8+58LFpLTjFzDH/gfP4AzPGOsQ==</latexit>⇡h
• horizon h (e.g. # 

planting seasons left) 



• Value of a policy    if we start in state s 
• Finite horizon (often assume discount factor    equals 1) 

• Infinite horizon

2

Recall

rich soil

0.1 0.9

0.90.1

poor soil
plant:

rich soil

0.9 0.1

0.10.9

poor soil
fallow:

R(rich,plant)=100 
R(poor,plant)=10 
R(rich,fallow)=0 
R(poor,fallow)=0<latexit sha1_base64="cgziEgfdtrWHaEOm3chkmVzvJpo=">AAAB8nicbVBNS8NAFHypX7V+VT16WSyCp5KIoseiF48VrS2koWy223bpJht2X4QS+jO8eFDEq7/Gm//GTZuDtg4sDDPvsfMmTKQw6LrfTmlldW19o7xZ2dre2d2r7h88GpVqxltMSaU7ITVcipi3UKDknURzGoWSt8PxTe63n7g2QsUPOEl4ENFhLAaCUbSS340ojhiV2f20V625dXcGsky8gtSgQLNX/er2FUsjHiOT1BjfcxMMMqpRMMmnlW5qeELZmA65b2lMI26CbBZ5Sk6s0icDpe2LkczU3xsZjYyZRKGdzCOaRS8X//P8FAdXQSbiJEUes/lHg1QSVCS/n/SF5gzlxBLKtLBZCRtRTRnaliq2BG/x5GXyeFb3Luru3XmtcV3UUYYjOIZT8OASGnALTWgBAwXP8ApvDjovzrvzMR8tOcXOIfyB8/kDjPqRbQ==</latexit>

S
<latexit sha1_base64="SZdh5QT1NTY7zEHN0WSihpxhBNI=">AAAB8nicbVBNS8NAFHypX7V+VT16WSyCp5KIoseqF48VrC2koWy223bpZhN2X4QS+jO8eFDEq7/Gm//GTZuDtg4sDDPvsfMmTKQw6LrfTmlldW19o7xZ2dre2d2r7h88mjjVjLdYLGPdCanhUijeQoGSdxLNaRRK3g7Ht7nffuLaiFg94CThQUSHSgwEo2glvxtRHDEqs+tpr1pz6+4MZJl4BalBgWav+tXtxyyNuEImqTG+5yYYZFSjYJJPK93U8ISyMR1y31JFI26CbBZ5Sk6s0ieDWNunkMzU3xsZjYyZRKGdzCOaRS8X//P8FAdXQSZUkiJXbP7RIJUEY5LfT/pCc4ZyYgllWtishI2opgxtSxVbgrd48jJ5PKt7F3X3/rzWuCnqKMMRHMMpeHAJDbiDJrSAQQzP8ApvDjovzrvzMR8tOcXOIfyB8/kDcaCRWw==</latexit>

A
<latexit sha1_base64="YKZkFy0C+ZcYtDpDQ4t5Bf7Ys/U=">AAACNHicbZDLSsNAFIYn9VbrrerSzWARXJVEFMVV1Y3gpmpv0IQymU7aoZMLMydKCX0oNz6IGxFcKOLWZ3DSBtTWHwZ+vnMOc87vRoIrMM0XIzc3v7C4lF8urKyurW8UN7caKowlZXUailC2XKKY4AGrAwfBWpFkxHcFa7qDi7TevGNS8TCowTBijk96Afc4JaBRp3hVO8W2T6BPiUhuR9gG7jP1g85mUdolea8PRMrwfsJdN7kZdYols2yOhWeNlZkSylTtFJ/sbkhjnwVABVGqbZkROAmRwKlgo4IdKxYROiA91tY2IHoPJxkfPcJ7mnSxF0r9AsBj+nsiIb5SQ9/VnemGarqWwv9q7Ri8EyfhQRQDC+jkIy8WGEKcJoi7XDIKYqgNoZLrXTHtE0ko6JwLOgRr+uRZ0zgoW0dl8/qwVDnP4sijHbSL9pGFjlEFXaIqqiOKHtAzekPvxqPxanwYn5PWnJHNbKM/Mr6+Acz/rDE=</latexit>

T : S ⇥A⇥ S ! R
<latexit sha1_base64="ZFXehC9pN9LL9osaL03Tl2lQj4k=">AAACIXicbZDLSgMxFIYz9VbrbdSlm2ARXJUZUSyuqm5c1mov0JaSSdM2NJMZkjNKGfoqbnwVNy4U6U58GTPtgNr6Q+DnO+eQc34vFFyD43xamaXlldW17HpuY3Nre8fe3avpIFKUVWkgAtXwiGaCS1YFDoI1QsWI7wlW94bXSb3+wJTmgbyHUcjaPulL3uOUgEEdu1i5wC2fwIASEd+NcQu4z/QPujRI8f4AiFLB44x7XlwZd+y8U3CmwovGTU0epSp37EmrG9DIZxKoIFo3XSeEdkwUcCrYONeKNAsJHZI+axoridmjHU8vHOMjQ7q4FyjzJOAp/T0RE1/rke+ZzmRDPV9L4H+1ZgS9YjvmMoyASTr7qBcJDAFO4sJdrhgFMTKGUMXNrpgOiCIUTKg5E4I7f/KiqZ0U3LOCc3uaL12lcWTRATpEx8hF56iEblAZVRFFT+gFvaF369l6tT6syaw1Y6Uz++iPrK9vNUekMg==</latexit>

R : S ⇥A ! R

<latexit sha1_base64="56iubsv7pztuXY8o1Bc2nCXRGsM="></latexit>

V⇡(s) = R(s,⇡(s)) + �
P

s0 T (s,⇡(s), s
0)V⇡(s0)

• Markov decision process: states   , actions    , 
transition model                                ,                     
reward function                         , discount factor <latexit sha1_base64="wgpImE/yctzE0fAVvgVvEgdieOU=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV1R9Bj04jGCeUCyhN7JbDJmZnaZmRVCyD948aCIV//Hm3/jJNmDJhY0FFXddHdFqeDG+v63t7K6tr6xWdgqbu/s7u2XDg4bJsk0ZXWaiES3IjRMcMXqllvBWqlmKCPBmtHwduo3n5g2PFEPdpSyUGJf8ZhTtE5qdPooJXZLZb/iz0CWSZCTMuSodUtfnV5CM8mUpQKNaQd+asMxasupYJNiJzMsRTrEPms7qlAyE45n107IqVN6JE60K2XJTP09MUZpzEhGrlOiHZhFbyr+57UzG1+HY67SzDJF54viTBCbkOnrpMc1o1aMHEGqubuV0AFqpNYFVHQhBIsvL5PGeSW4rPj3F+XqTR5HAY7hBM4ggCuowh3UoA4UHuEZXuHNS7wX7937mLeuePnMEfyB9/kDiD2PGQ==</latexit>�

• Policy                 : action to take in a state (nonstationary     ) 
<latexit sha1_base64="Ayteo4KEOr+dTwCWh8KGttz8ZDk=">AAACEXicbVDLSsNAFJ3UV62vqEs3g0XoqiSiKK6qblxWtA9oQplMp+3QyUyYmSgl5Bfc+CtuXCji1p07/8ZJG1BbD1w4nHMv994TRIwq7ThfVmFhcWl5pbhaWlvf2Nyyt3eaSsQSkwYWTMh2gBRhlJOGppqRdiQJCgNGWsHoMvNbd0QqKvitHkfED9GA0z7FSBupa1e8iJ5BL0R6iBFLblLoSToYaiSluP/Rz9OuXXaqzgRwnrg5KYMc9a796fUEjkPCNWZIqY7rRNpPkNQUM5KWvFiRCOERGpCOoRyFRPnJ5KMUHhilB/tCmuIaTtTfEwkKlRqHgenMTlSzXib+53Vi3T/1E8qjWBOOp4v6MYNawCwe2KOSYM3GhiAsqbkV4iGSCGsTYsmE4M6+PE+ah1X3uOpcH5VrF3kcRbAH9kEFuOAE1MAVqIMGwOABPIEX8Go9Ws/Wm/U+bS1Y+cwu+APr4xvLUJ2j</latexit>

⇡ : S ! A

<latexit sha1_base64="wgpImE/yctzE0fAVvgVvEgdieOU=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV1R9Bj04jGCeUCyhN7JbDJmZnaZmRVCyD948aCIV//Hm3/jJNmDJhY0FFXddHdFqeDG+v63t7K6tr6xWdgqbu/s7u2XDg4bJsk0ZXWaiES3IjRMcMXqllvBWqlmKCPBmtHwduo3n5g2PFEPdpSyUGJf8ZhTtE5qdPooJXZLZb/iz0CWSZCTMuSodUtfnV5CM8mUpQKNaQd+asMxasupYJNiJzMsRTrEPms7qlAyE45n107IqVN6JE60K2XJTP09MUZpzEhGrlOiHZhFbyr+57UzG1+HY67SzDJF54viTBCbkOnrpMc1o1aMHEGqubuV0AFqpNYFVHQhBIsvL5PGeSW4rPj3F+XqTR5HAY7hBM4ggCuowh3UoA4UHuEZXuHNS7wX7937mLeuePnMEfyB9/kDiD2PGQ==</latexit>�

<latexit sha1_base64="rCCI4DRh7z/4+S6cwkLqWEe4znA=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz00Et4v1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy+vktZF1bus1u5rlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwBSq43W</latexit>⇡

<latexit sha1_base64="sQzXOc8z92HQURO18zTrk+PQFhY="></latexit>

V 0
⇡ (s) = 0;V h

⇡ (s) = R(s,⇡(s)) + �
P

s0 T (s,⇡(s), s
0)V h�1

⇡ (s0)

<latexit sha1_base64="BoA1h1+vEDeW3XsbaexDiikaHTE=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cKpi20oWy2k3bpZhN2N0IJ/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZemAqujet+O6W19Y3NrfJ2ZWd3b/+genjU0kmmGPosEYnqhFSj4BJ9w43ATqqQxqHAdji+m/ntJ1SaJ/LRTFIMYjqUPOKMGiv5vZT3R/1qza27c5BV4hWkBgWa/epXb5CwLEZpmKBadz03NUFOleFM4LTSyzSmlI3pELuWShqjDvL5sVNyZpUBiRJlSxoyV39P5DTWehKHtjOmZqSXvZn4n9fNTHQT5FymmUHJFouiTBCTkNnnZMAVMiMmllCmuL2VsBFVlBmbT8WG4C2/vEpaF3Xvqn75cFlr3BZxlOEETuEcPLiGBtxDE3xgwOEZXuHNkc6L8+58LFpLTjFzDH/gfP4AzPGOsQ==</latexit>⇡h
• horizon h (e.g. # 

planting seasons left) 



• Value of a policy    if we start in state s 
• Finite horizon (often assume discount factor    equals 1) 

• Infinite horizon (typically need to assume                ) 

2

Recall

rich soil

0.1 0.9

0.90.1

poor soil
plant:

rich soil

0.9 0.1

0.10.9

poor soil
fallow:

R(rich,plant)=100 
R(poor,plant)=10 
R(rich,fallow)=0 
R(poor,fallow)=0<latexit sha1_base64="cgziEgfdtrWHaEOm3chkmVzvJpo=">AAAB8nicbVBNS8NAFHypX7V+VT16WSyCp5KIoseiF48VrS2koWy223bpJht2X4QS+jO8eFDEq7/Gm//GTZuDtg4sDDPvsfMmTKQw6LrfTmlldW19o7xZ2dre2d2r7h88GpVqxltMSaU7ITVcipi3UKDknURzGoWSt8PxTe63n7g2QsUPOEl4ENFhLAaCUbSS340ojhiV2f20V625dXcGsky8gtSgQLNX/er2FUsjHiOT1BjfcxMMMqpRMMmnlW5qeELZmA65b2lMI26CbBZ5Sk6s0icDpe2LkczU3xsZjYyZRKGdzCOaRS8X//P8FAdXQSbiJEUes/lHg1QSVCS/n/SF5gzlxBLKtLBZCRtRTRnaliq2BG/x5GXyeFb3Luru3XmtcV3UUYYjOIZT8OASGnALTWgBAwXP8ApvDjovzrvzMR8tOcXOIfyB8/kDjPqRbQ==</latexit>

S
<latexit sha1_base64="SZdh5QT1NTY7zEHN0WSihpxhBNI=">AAAB8nicbVBNS8NAFHypX7V+VT16WSyCp5KIoseqF48VrC2koWy223bpZhN2X4QS+jO8eFDEq7/Gm//GTZuDtg4sDDPvsfMmTKQw6LrfTmlldW19o7xZ2dre2d2r7h88mjjVjLdYLGPdCanhUijeQoGSdxLNaRRK3g7Ht7nffuLaiFg94CThQUSHSgwEo2glvxtRHDEqs+tpr1pz6+4MZJl4BalBgWav+tXtxyyNuEImqTG+5yYYZFSjYJJPK93U8ISyMR1y31JFI26CbBZ5Sk6s0ieDWNunkMzU3xsZjYyZRKGdzCOaRS8X//P8FAdXQSZUkiJXbP7RIJUEY5LfT/pCc4ZyYgllWtishI2opgxtSxVbgrd48jJ5PKt7F3X3/rzWuCnqKMMRHMMpeHAJDbiDJrSAQQzP8ApvDjovzrvzMR8tOcXOIfyB8/kDcaCRWw==</latexit>

A
<latexit sha1_base64="YKZkFy0C+ZcYtDpDQ4t5Bf7Ys/U=">AAACNHicbZDLSsNAFIYn9VbrrerSzWARXJVEFMVV1Y3gpmpv0IQymU7aoZMLMydKCX0oNz6IGxFcKOLWZ3DSBtTWHwZ+vnMOc87vRoIrMM0XIzc3v7C4lF8urKyurW8UN7caKowlZXUailC2XKKY4AGrAwfBWpFkxHcFa7qDi7TevGNS8TCowTBijk96Afc4JaBRp3hVO8W2T6BPiUhuR9gG7jP1g85mUdolea8PRMrwfsJdN7kZdYols2yOhWeNlZkSylTtFJ/sbkhjnwVABVGqbZkROAmRwKlgo4IdKxYROiA91tY2IHoPJxkfPcJ7mnSxF0r9AsBj+nsiIb5SQ9/VnemGarqWwv9q7Ri8EyfhQRQDC+jkIy8WGEKcJoi7XDIKYqgNoZLrXTHtE0ko6JwLOgRr+uRZ0zgoW0dl8/qwVDnP4sijHbSL9pGFjlEFXaIqqiOKHtAzekPvxqPxanwYn5PWnJHNbKM/Mr6+Acz/rDE=</latexit>

T : S ⇥A⇥ S ! R
<latexit sha1_base64="ZFXehC9pN9LL9osaL03Tl2lQj4k=">AAACIXicbZDLSgMxFIYz9VbrbdSlm2ARXJUZUSyuqm5c1mov0JaSSdM2NJMZkjNKGfoqbnwVNy4U6U58GTPtgNr6Q+DnO+eQc34vFFyD43xamaXlldW17HpuY3Nre8fe3avpIFKUVWkgAtXwiGaCS1YFDoI1QsWI7wlW94bXSb3+wJTmgbyHUcjaPulL3uOUgEEdu1i5wC2fwIASEd+NcQu4z/QPujRI8f4AiFLB44x7XlwZd+y8U3CmwovGTU0epSp37EmrG9DIZxKoIFo3XSeEdkwUcCrYONeKNAsJHZI+axoridmjHU8vHOMjQ7q4FyjzJOAp/T0RE1/rke+ZzmRDPV9L4H+1ZgS9YjvmMoyASTr7qBcJDAFO4sJdrhgFMTKGUMXNrpgOiCIUTKg5E4I7f/KiqZ0U3LOCc3uaL12lcWTRATpEx8hF56iEblAZVRFFT+gFvaF369l6tT6syaw1Y6Uz++iPrK9vNUekMg==</latexit>

R : S ⇥A ! R

<latexit sha1_base64="56iubsv7pztuXY8o1Bc2nCXRGsM="></latexit>

V⇡(s) = R(s,⇡(s)) + �
P

s0 T (s,⇡(s), s
0)V⇡(s0)

• Markov decision process: states   , actions    , 
transition model                                ,                     
reward function                         , discount factor <latexit sha1_base64="wgpImE/yctzE0fAVvgVvEgdieOU=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV1R9Bj04jGCeUCyhN7JbDJmZnaZmRVCyD948aCIV//Hm3/jJNmDJhY0FFXddHdFqeDG+v63t7K6tr6xWdgqbu/s7u2XDg4bJsk0ZXWaiES3IjRMcMXqllvBWqlmKCPBmtHwduo3n5g2PFEPdpSyUGJf8ZhTtE5qdPooJXZLZb/iz0CWSZCTMuSodUtfnV5CM8mUpQKNaQd+asMxasupYJNiJzMsRTrEPms7qlAyE45n107IqVN6JE60K2XJTP09MUZpzEhGrlOiHZhFbyr+57UzG1+HY67SzDJF54viTBCbkOnrpMc1o1aMHEGqubuV0AFqpNYFVHQhBIsvL5PGeSW4rPj3F+XqTR5HAY7hBM4ggCuowh3UoA4UHuEZXuHNS7wX7937mLeuePnMEfyB9/kDiD2PGQ==</latexit>�

• Policy                 : action to take in a state (nonstationary     ) 
<latexit sha1_base64="Ayteo4KEOr+dTwCWh8KGttz8ZDk=">AAACEXicbVDLSsNAFJ3UV62vqEs3g0XoqiSiKK6qblxWtA9oQplMp+3QyUyYmSgl5Bfc+CtuXCji1p07/8ZJG1BbD1w4nHMv994TRIwq7ThfVmFhcWl5pbhaWlvf2Nyyt3eaSsQSkwYWTMh2gBRhlJOGppqRdiQJCgNGWsHoMvNbd0QqKvitHkfED9GA0z7FSBupa1e8iJ5BL0R6iBFLblLoSToYaiSluP/Rz9OuXXaqzgRwnrg5KYMc9a796fUEjkPCNWZIqY7rRNpPkNQUM5KWvFiRCOERGpCOoRyFRPnJ5KMUHhilB/tCmuIaTtTfEwkKlRqHgenMTlSzXib+53Vi3T/1E8qjWBOOp4v6MYNawCwe2KOSYM3GhiAsqbkV4iGSCGsTYsmE4M6+PE+ah1X3uOpcH5VrF3kcRbAH9kEFuOAE1MAVqIMGwOABPIEX8Go9Ws/Wm/U+bS1Y+cwu+APr4xvLUJ2j</latexit>

⇡ : S ! A

<latexit sha1_base64="wgpImE/yctzE0fAVvgVvEgdieOU=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV1R9Bj04jGCeUCyhN7JbDJmZnaZmRVCyD948aCIV//Hm3/jJNmDJhY0FFXddHdFqeDG+v63t7K6tr6xWdgqbu/s7u2XDg4bJsk0ZXWaiES3IjRMcMXqllvBWqlmKCPBmtHwduo3n5g2PFEPdpSyUGJf8ZhTtE5qdPooJXZLZb/iz0CWSZCTMuSodUtfnV5CM8mUpQKNaQd+asMxasupYJNiJzMsRTrEPms7qlAyE45n107IqVN6JE60K2XJTP09MUZpzEhGrlOiHZhFbyr+57UzG1+HY67SzDJF54viTBCbkOnrpMc1o1aMHEGqubuV0AFqpNYFVHQhBIsvL5PGeSW4rPj3F+XqTR5HAY7hBM4ggCuowh3UoA4UHuEZXuHNS7wX7937mLeuePnMEfyB9/kDiD2PGQ==</latexit>�

<latexit sha1_base64="rCCI4DRh7z/4+S6cwkLqWEe4znA=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz00Et4v1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy+vktZF1bus1u5rlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwBSq43W</latexit>⇡

<latexit sha1_base64="nkb8b0+IiTjW9y2Z3KUXnPkS+ck=">AAAB9XicbZA9SwNBEIbn4leMX1FLm8UgWIU7CWphEbSxjGA+IDnD3GaTLNm9O3b3lHDkf9hYKGLrf7Hz37hJrtDEFxYe3plhZt8gFlwb1/12ciura+sb+c3C1vbO7l5x/6Cho0RRVqeRiFQrQM0ED1ndcCNYK1YMZSBYMxjdTOvNR6Y0j8J7M46ZL3EQ8j6naKz14JIr0hmglGjB6xZLbtmdiSyDl0EJMtW6xa9OL6KJZKGhArVue25s/BSV4VSwSaGTaBYjHeGAtS2GKJn209nVE3JinR7pR8q+0JCZ+3siRan1WAa2U6IZ6sXa1Pyv1k5M/9JPeRgnhoV0vqifCGIiMo2A9Lhi1IixBaSK21sJHaJCamxQBRuCt/jlZWiclb3zcuWuUqpeZ3Hk4QiO4RQ8uIAq3EIN6kBBwTO8wpvz5Lw4787HvDXnZDOH8EfO5w/OypDH</latexit>

0 < � < 1

<latexit sha1_base64="sQzXOc8z92HQURO18zTrk+PQFhY="></latexit>

V 0
⇡ (s) = 0;V h

⇡ (s) = R(s,⇡(s)) + �
P

s0 T (s,⇡(s), s
0)V h�1

⇡ (s0)

<latexit sha1_base64="BoA1h1+vEDeW3XsbaexDiikaHTE=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cKpi20oWy2k3bpZhN2N0IJ/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZemAqujet+O6W19Y3NrfJ2ZWd3b/+genjU0kmmGPosEYnqhFSj4BJ9w43ATqqQxqHAdji+m/ntJ1SaJ/LRTFIMYjqUPOKMGiv5vZT3R/1qza27c5BV4hWkBgWa/epXb5CwLEZpmKBadz03NUFOleFM4LTSyzSmlI3pELuWShqjDvL5sVNyZpUBiRJlSxoyV39P5DTWehKHtjOmZqSXvZn4n9fNTHQT5FymmUHJFouiTBCTkNnnZMAVMiMmllCmuL2VsBFVlBmbT8WG4C2/vEpaF3Xvqn75cFlr3BZxlOEETuEcPLiGBtxDE3xgwOEZXuHNkc6L8+58LFpLTjFzDH/gfP4AzPGOsQ==</latexit>⇡h
• horizon h (e.g. # 

planting seasons left) 



• Value of a policy    if we start in state s 
• Finite horizon (often assume discount factor    equals 1) 

• Infinite horizon (typically need to assume                ) 

2

Recall

rich soil

0.1 0.9

0.90.1

poor soil
plant:

rich soil

0.9 0.1

0.10.9

poor soil
fallow:

R(rich,plant)=100 
R(poor,plant)=10 
R(rich,fallow)=0 
R(poor,fallow)=0<latexit sha1_base64="cgziEgfdtrWHaEOm3chkmVzvJpo=">AAAB8nicbVBNS8NAFHypX7V+VT16WSyCp5KIoseiF48VrS2koWy223bpJht2X4QS+jO8eFDEq7/Gm//GTZuDtg4sDDPvsfMmTKQw6LrfTmlldW19o7xZ2dre2d2r7h88GpVqxltMSaU7ITVcipi3UKDknURzGoWSt8PxTe63n7g2QsUPOEl4ENFhLAaCUbSS340ojhiV2f20V625dXcGsky8gtSgQLNX/er2FUsjHiOT1BjfcxMMMqpRMMmnlW5qeELZmA65b2lMI26CbBZ5Sk6s0icDpe2LkczU3xsZjYyZRKGdzCOaRS8X//P8FAdXQSbiJEUes/lHg1QSVCS/n/SF5gzlxBLKtLBZCRtRTRnaliq2BG/x5GXyeFb3Luru3XmtcV3UUYYjOIZT8OASGnALTWgBAwXP8ApvDjovzrvzMR8tOcXOIfyB8/kDjPqRbQ==</latexit>

S
<latexit sha1_base64="SZdh5QT1NTY7zEHN0WSihpxhBNI=">AAAB8nicbVBNS8NAFHypX7V+VT16WSyCp5KIoseqF48VrC2koWy223bpZhN2X4QS+jO8eFDEq7/Gm//GTZuDtg4sDDPvsfMmTKQw6LrfTmlldW19o7xZ2dre2d2r7h88mjjVjLdYLGPdCanhUijeQoGSdxLNaRRK3g7Ht7nffuLaiFg94CThQUSHSgwEo2glvxtRHDEqs+tpr1pz6+4MZJl4BalBgWav+tXtxyyNuEImqTG+5yYYZFSjYJJPK93U8ISyMR1y31JFI26CbBZ5Sk6s0ieDWNunkMzU3xsZjYyZRKGdzCOaRS8X//P8FAdXQSZUkiJXbP7RIJUEY5LfT/pCc4ZyYgllWtishI2opgxtSxVbgrd48jJ5PKt7F3X3/rzWuCnqKMMRHMMpeHAJDbiDJrSAQQzP8ApvDjovzrvzMR8tOcXOIfyB8/kDcaCRWw==</latexit>

A
<latexit sha1_base64="YKZkFy0C+ZcYtDpDQ4t5Bf7Ys/U=">AAACNHicbZDLSsNAFIYn9VbrrerSzWARXJVEFMVV1Y3gpmpv0IQymU7aoZMLMydKCX0oNz6IGxFcKOLWZ3DSBtTWHwZ+vnMOc87vRoIrMM0XIzc3v7C4lF8urKyurW8UN7caKowlZXUailC2XKKY4AGrAwfBWpFkxHcFa7qDi7TevGNS8TCowTBijk96Afc4JaBRp3hVO8W2T6BPiUhuR9gG7jP1g85mUdolea8PRMrwfsJdN7kZdYols2yOhWeNlZkSylTtFJ/sbkhjnwVABVGqbZkROAmRwKlgo4IdKxYROiA91tY2IHoPJxkfPcJ7mnSxF0r9AsBj+nsiIb5SQ9/VnemGarqWwv9q7Ri8EyfhQRQDC+jkIy8WGEKcJoi7XDIKYqgNoZLrXTHtE0ko6JwLOgRr+uRZ0zgoW0dl8/qwVDnP4sijHbSL9pGFjlEFXaIqqiOKHtAzekPvxqPxanwYn5PWnJHNbKM/Mr6+Acz/rDE=</latexit>

T : S ⇥A⇥ S ! R
<latexit sha1_base64="ZFXehC9pN9LL9osaL03Tl2lQj4k=">AAACIXicbZDLSgMxFIYz9VbrbdSlm2ARXJUZUSyuqm5c1mov0JaSSdM2NJMZkjNKGfoqbnwVNy4U6U58GTPtgNr6Q+DnO+eQc34vFFyD43xamaXlldW17HpuY3Nre8fe3avpIFKUVWkgAtXwiGaCS1YFDoI1QsWI7wlW94bXSb3+wJTmgbyHUcjaPulL3uOUgEEdu1i5wC2fwIASEd+NcQu4z/QPujRI8f4AiFLB44x7XlwZd+y8U3CmwovGTU0epSp37EmrG9DIZxKoIFo3XSeEdkwUcCrYONeKNAsJHZI+axoridmjHU8vHOMjQ7q4FyjzJOAp/T0RE1/rke+ZzmRDPV9L4H+1ZgS9YjvmMoyASTr7qBcJDAFO4sJdrhgFMTKGUMXNrpgOiCIUTKg5E4I7f/KiqZ0U3LOCc3uaL12lcWTRATpEx8hF56iEblAZVRFFT+gFvaF369l6tT6syaw1Y6Uz++iPrK9vNUekMg==</latexit>

R : S ⇥A ! R

<latexit sha1_base64="56iubsv7pztuXY8o1Bc2nCXRGsM="></latexit>

V⇡(s) = R(s,⇡(s)) + �
P

s0 T (s,⇡(s), s
0)V⇡(s0)

• Markov decision process: states   , actions    , 
transition model                                ,                     
reward function                         , discount factor <latexit sha1_base64="wgpImE/yctzE0fAVvgVvEgdieOU=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV1R9Bj04jGCeUCyhN7JbDJmZnaZmRVCyD948aCIV//Hm3/jJNmDJhY0FFXddHdFqeDG+v63t7K6tr6xWdgqbu/s7u2XDg4bJsk0ZXWaiES3IjRMcMXqllvBWqlmKCPBmtHwduo3n5g2PFEPdpSyUGJf8ZhTtE5qdPooJXZLZb/iz0CWSZCTMuSodUtfnV5CM8mUpQKNaQd+asMxasupYJNiJzMsRTrEPms7qlAyE45n107IqVN6JE60K2XJTP09MUZpzEhGrlOiHZhFbyr+57UzG1+HY67SzDJF54viTBCbkOnrpMc1o1aMHEGqubuV0AFqpNYFVHQhBIsvL5PGeSW4rPj3F+XqTR5HAY7hBM4ggCuowh3UoA4UHuEZXuHNS7wX7937mLeuePnMEfyB9/kDiD2PGQ==</latexit>�

• Policy                 : action to take in a state (nonstationary     ) 
<latexit sha1_base64="Ayteo4KEOr+dTwCWh8KGttz8ZDk=">AAACEXicbVDLSsNAFJ3UV62vqEs3g0XoqiSiKK6qblxWtA9oQplMp+3QyUyYmSgl5Bfc+CtuXCji1p07/8ZJG1BbD1w4nHMv994TRIwq7ThfVmFhcWl5pbhaWlvf2Nyyt3eaSsQSkwYWTMh2gBRhlJOGppqRdiQJCgNGWsHoMvNbd0QqKvitHkfED9GA0z7FSBupa1e8iJ5BL0R6iBFLblLoSToYaiSluP/Rz9OuXXaqzgRwnrg5KYMc9a796fUEjkPCNWZIqY7rRNpPkNQUM5KWvFiRCOERGpCOoRyFRPnJ5KMUHhilB/tCmuIaTtTfEwkKlRqHgenMTlSzXib+53Vi3T/1E8qjWBOOp4v6MYNawCwe2KOSYM3GhiAsqbkV4iGSCGsTYsmE4M6+PE+ah1X3uOpcH5VrF3kcRbAH9kEFuOAE1MAVqIMGwOABPIEX8Go9Ws/Wm/U+bS1Y+cwu+APr4xvLUJ2j</latexit>

⇡ : S ! A

<latexit sha1_base64="wgpImE/yctzE0fAVvgVvEgdieOU=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV1R9Bj04jGCeUCyhN7JbDJmZnaZmRVCyD948aCIV//Hm3/jJNmDJhY0FFXddHdFqeDG+v63t7K6tr6xWdgqbu/s7u2XDg4bJsk0ZXWaiES3IjRMcMXqllvBWqlmKCPBmtHwduo3n5g2PFEPdpSyUGJf8ZhTtE5qdPooJXZLZb/iz0CWSZCTMuSodUtfnV5CM8mUpQKNaQd+asMxasupYJNiJzMsRTrEPms7qlAyE45n107IqVN6JE60K2XJTP09MUZpzEhGrlOiHZhFbyr+57UzG1+HY67SzDJF54viTBCbkOnrpMc1o1aMHEGqubuV0AFqpNYFVHQhBIsvL5PGeSW4rPj3F+XqTR5HAY7hBM4ggCuowh3UoA4UHuEZXuHNS7wX7937mLeuePnMEfyB9/kDiD2PGQ==</latexit>�

<latexit sha1_base64="rCCI4DRh7z/4+S6cwkLqWEe4znA=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz00Et4v1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy+vktZF1bus1u5rlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwBSq43W</latexit>⇡

<latexit sha1_base64="nkb8b0+IiTjW9y2Z3KUXnPkS+ck=">AAAB9XicbZA9SwNBEIbn4leMX1FLm8UgWIU7CWphEbSxjGA+IDnD3GaTLNm9O3b3lHDkf9hYKGLrf7Hz37hJrtDEFxYe3plhZt8gFlwb1/12ciura+sb+c3C1vbO7l5x/6Cho0RRVqeRiFQrQM0ED1ndcCNYK1YMZSBYMxjdTOvNR6Y0j8J7M46ZL3EQ8j6naKz14JIr0hmglGjB6xZLbtmdiSyDl0EJMtW6xa9OL6KJZKGhArVue25s/BSV4VSwSaGTaBYjHeGAtS2GKJn209nVE3JinR7pR8q+0JCZ+3siRan1WAa2U6IZ6sXa1Pyv1k5M/9JPeRgnhoV0vqifCGIiMo2A9Lhi1IixBaSK21sJHaJCamxQBRuCt/jlZWiclb3zcuWuUqpeZ3Hk4QiO4RQ8uIAq3EIN6kBBwTO8wpvz5Lw4787HvDXnZDOH8EfO5w/OypDH</latexit>

0 < � < 1

<latexit sha1_base64="sQzXOc8z92HQURO18zTrk+PQFhY="></latexit>

V 0
⇡ (s) = 0;V h

⇡ (s) = R(s,⇡(s)) + �
P

s0 T (s,⇡(s), s
0)V h�1

⇡ (s0)

<latexit sha1_base64="BoA1h1+vEDeW3XsbaexDiikaHTE=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cKpi20oWy2k3bpZhN2N0IJ/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZemAqujet+O6W19Y3NrfJ2ZWd3b/+genjU0kmmGPosEYnqhFSj4BJ9w43ATqqQxqHAdji+m/ntJ1SaJ/LRTFIMYjqUPOKMGiv5vZT3R/1qza27c5BV4hWkBgWa/epXb5CwLEZpmKBadz03NUFOleFM4LTSyzSmlI3pELuWShqjDvL5sVNyZpUBiRJlSxoyV39P5DTWehKHtjOmZqSXvZn4n9fNTHQT5FymmUHJFouiTBCTkNnnZMAVMiMmllCmuL2VsBFVlBmbT8WG4C2/vEpaF3Xvqn75cFlr3BZxlOEETuEcPLiGBtxDE3xgwOEZXuHNkc6L8+58LFpLTjFzDH/gfP4AzPGOsQ==</latexit>⇡h

Exercise: what 
changes about 

the finite-horizon 
value formula 
when policy is 
non-stationary?

• horizon h (e.g. # 
planting seasons left) 



• Value of a policy    if we start in state s 
• Finite horizon (often assume discount factor    equals 1) 

• Infinite horizon (typically need to assume                ) 

2

Recall

rich soil

0.1 0.9

0.90.1

poor soil
plant:

rich soil

0.9 0.1

0.10.9

poor soil
fallow:

R(rich,plant)=100 
R(poor,plant)=10 
R(rich,fallow)=0 
R(poor,fallow)=0<latexit sha1_base64="cgziEgfdtrWHaEOm3chkmVzvJpo=">AAAB8nicbVBNS8NAFHypX7V+VT16WSyCp5KIoseiF48VrS2koWy223bpJht2X4QS+jO8eFDEq7/Gm//GTZuDtg4sDDPvsfMmTKQw6LrfTmlldW19o7xZ2dre2d2r7h88GpVqxltMSaU7ITVcipi3UKDknURzGoWSt8PxTe63n7g2QsUPOEl4ENFhLAaCUbSS340ojhiV2f20V625dXcGsky8gtSgQLNX/er2FUsjHiOT1BjfcxMMMqpRMMmnlW5qeELZmA65b2lMI26CbBZ5Sk6s0icDpe2LkczU3xsZjYyZRKGdzCOaRS8X//P8FAdXQSbiJEUes/lHg1QSVCS/n/SF5gzlxBLKtLBZCRtRTRnaliq2BG/x5GXyeFb3Luru3XmtcV3UUYYjOIZT8OASGnALTWgBAwXP8ApvDjovzrvzMR8tOcXOIfyB8/kDjPqRbQ==</latexit>

S
<latexit sha1_base64="SZdh5QT1NTY7zEHN0WSihpxhBNI=">AAAB8nicbVBNS8NAFHypX7V+VT16WSyCp5KIoseqF48VrC2koWy223bpZhN2X4QS+jO8eFDEq7/Gm//GTZuDtg4sDDPvsfMmTKQw6LrfTmlldW19o7xZ2dre2d2r7h88mjjVjLdYLGPdCanhUijeQoGSdxLNaRRK3g7Ht7nffuLaiFg94CThQUSHSgwEo2glvxtRHDEqs+tpr1pz6+4MZJl4BalBgWav+tXtxyyNuEImqTG+5yYYZFSjYJJPK93U8ISyMR1y31JFI26CbBZ5Sk6s0ieDWNunkMzU3xsZjYyZRKGdzCOaRS8X//P8FAdXQSZUkiJXbP7RIJUEY5LfT/pCc4ZyYgllWtishI2opgxtSxVbgrd48jJ5PKt7F3X3/rzWuCnqKMMRHMMpeHAJDbiDJrSAQQzP8ApvDjovzrvzMR8tOcXOIfyB8/kDcaCRWw==</latexit>

A
<latexit sha1_base64="YKZkFy0C+ZcYtDpDQ4t5Bf7Ys/U=">AAACNHicbZDLSsNAFIYn9VbrrerSzWARXJVEFMVV1Y3gpmpv0IQymU7aoZMLMydKCX0oNz6IGxFcKOLWZ3DSBtTWHwZ+vnMOc87vRoIrMM0XIzc3v7C4lF8urKyurW8UN7caKowlZXUailC2XKKY4AGrAwfBWpFkxHcFa7qDi7TevGNS8TCowTBijk96Afc4JaBRp3hVO8W2T6BPiUhuR9gG7jP1g85mUdolea8PRMrwfsJdN7kZdYols2yOhWeNlZkSylTtFJ/sbkhjnwVABVGqbZkROAmRwKlgo4IdKxYROiA91tY2IHoPJxkfPcJ7mnSxF0r9AsBj+nsiIb5SQ9/VnemGarqWwv9q7Ri8EyfhQRQDC+jkIy8WGEKcJoi7XDIKYqgNoZLrXTHtE0ko6JwLOgRr+uRZ0zgoW0dl8/qwVDnP4sijHbSL9pGFjlEFXaIqqiOKHtAzekPvxqPxanwYn5PWnJHNbKM/Mr6+Acz/rDE=</latexit>

T : S ⇥A⇥ S ! R
<latexit sha1_base64="ZFXehC9pN9LL9osaL03Tl2lQj4k=">AAACIXicbZDLSgMxFIYz9VbrbdSlm2ARXJUZUSyuqm5c1mov0JaSSdM2NJMZkjNKGfoqbnwVNy4U6U58GTPtgNr6Q+DnO+eQc34vFFyD43xamaXlldW17HpuY3Nre8fe3avpIFKUVWkgAtXwiGaCS1YFDoI1QsWI7wlW94bXSb3+wJTmgbyHUcjaPulL3uOUgEEdu1i5wC2fwIASEd+NcQu4z/QPujRI8f4AiFLB44x7XlwZd+y8U3CmwovGTU0epSp37EmrG9DIZxKoIFo3XSeEdkwUcCrYONeKNAsJHZI+axoridmjHU8vHOMjQ7q4FyjzJOAp/T0RE1/rke+ZzmRDPV9L4H+1ZgS9YjvmMoyASTr7qBcJDAFO4sJdrhgFMTKGUMXNrpgOiCIUTKg5E4I7f/KiqZ0U3LOCc3uaL12lcWTRATpEx8hF56iEblAZVRFFT+gFvaF369l6tT6syaw1Y6Uz++iPrK9vNUekMg==</latexit>

R : S ⇥A ! R

<latexit sha1_base64="56iubsv7pztuXY8o1Bc2nCXRGsM="></latexit>

V⇡(s) = R(s,⇡(s)) + �
P

s0 T (s,⇡(s), s
0)V⇡(s0)

• Markov decision process: states   , actions    , 
transition model                                ,                     
reward function                         , discount factor <latexit sha1_base64="wgpImE/yctzE0fAVvgVvEgdieOU=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV1R9Bj04jGCeUCyhN7JbDJmZnaZmRVCyD948aCIV//Hm3/jJNmDJhY0FFXddHdFqeDG+v63t7K6tr6xWdgqbu/s7u2XDg4bJsk0ZXWaiES3IjRMcMXqllvBWqlmKCPBmtHwduo3n5g2PFEPdpSyUGJf8ZhTtE5qdPooJXZLZb/iz0CWSZCTMuSodUtfnV5CM8mUpQKNaQd+asMxasupYJNiJzMsRTrEPms7qlAyE45n107IqVN6JE60K2XJTP09MUZpzEhGrlOiHZhFbyr+57UzG1+HY67SzDJF54viTBCbkOnrpMc1o1aMHEGqubuV0AFqpNYFVHQhBIsvL5PGeSW4rPj3F+XqTR5HAY7hBM4ggCuowh3UoA4UHuEZXuHNS7wX7937mLeuePnMEfyB9/kDiD2PGQ==</latexit>�

• Policy                 : action to take in a state (nonstationary     ) 
<latexit sha1_base64="Ayteo4KEOr+dTwCWh8KGttz8ZDk=">AAACEXicbVDLSsNAFJ3UV62vqEs3g0XoqiSiKK6qblxWtA9oQplMp+3QyUyYmSgl5Bfc+CtuXCji1p07/8ZJG1BbD1w4nHMv994TRIwq7ThfVmFhcWl5pbhaWlvf2Nyyt3eaSsQSkwYWTMh2gBRhlJOGppqRdiQJCgNGWsHoMvNbd0QqKvitHkfED9GA0z7FSBupa1e8iJ5BL0R6iBFLblLoSToYaiSluP/Rz9OuXXaqzgRwnrg5KYMc9a796fUEjkPCNWZIqY7rRNpPkNQUM5KWvFiRCOERGpCOoRyFRPnJ5KMUHhilB/tCmuIaTtTfEwkKlRqHgenMTlSzXib+53Vi3T/1E8qjWBOOp4v6MYNawCwe2KOSYM3GhiAsqbkV4iGSCGsTYsmE4M6+PE+ah1X3uOpcH5VrF3kcRbAH9kEFuOAE1MAVqIMGwOABPIEX8Go9Ws/Wm/U+bS1Y+cwu+APr4xvLUJ2j</latexit>

⇡ : S ! A

<latexit sha1_base64="wgpImE/yctzE0fAVvgVvEgdieOU=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV1R9Bj04jGCeUCyhN7JbDJmZnaZmRVCyD948aCIV//Hm3/jJNmDJhY0FFXddHdFqeDG+v63t7K6tr6xWdgqbu/s7u2XDg4bJsk0ZXWaiES3IjRMcMXqllvBWqlmKCPBmtHwduo3n5g2PFEPdpSyUGJf8ZhTtE5qdPooJXZLZb/iz0CWSZCTMuSodUtfnV5CM8mUpQKNaQd+asMxasupYJNiJzMsRTrEPms7qlAyE45n107IqVN6JE60K2XJTP09MUZpzEhGrlOiHZhFbyr+57UzG1+HY67SzDJF54viTBCbkOnrpMc1o1aMHEGqubuV0AFqpNYFVHQhBIsvL5PGeSW4rPj3F+XqTR5HAY7hBM4ggCuowh3UoA4UHuEZXuHNS7wX7937mLeuePnMEfyB9/kDiD2PGQ==</latexit>�

<latexit sha1_base64="rCCI4DRh7z/4+S6cwkLqWEe4znA=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz00Et4v1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy+vktZF1bus1u5rlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwBSq43W</latexit>⇡

<latexit sha1_base64="nkb8b0+IiTjW9y2Z3KUXnPkS+ck=">AAAB9XicbZA9SwNBEIbn4leMX1FLm8UgWIU7CWphEbSxjGA+IDnD3GaTLNm9O3b3lHDkf9hYKGLrf7Hz37hJrtDEFxYe3plhZt8gFlwb1/12ciura+sb+c3C1vbO7l5x/6Cho0RRVqeRiFQrQM0ED1ndcCNYK1YMZSBYMxjdTOvNR6Y0j8J7M46ZL3EQ8j6naKz14JIr0hmglGjB6xZLbtmdiSyDl0EJMtW6xa9OL6KJZKGhArVue25s/BSV4VSwSaGTaBYjHeGAtS2GKJn209nVE3JinR7pR8q+0JCZ+3siRan1WAa2U6IZ6sXa1Pyv1k5M/9JPeRgnhoV0vqifCGIiMo2A9Lhi1IixBaSK21sJHaJCamxQBRuCt/jlZWiclb3zcuWuUqpeZ3Hk4QiO4RQ8uIAq3EIN6kBBwTO8wpvz5Lw4787HvDXnZDOH8EfO5w/OypDH</latexit>

0 < � < 1

<latexit sha1_base64="sQzXOc8z92HQURO18zTrk+PQFhY="></latexit>

V 0
⇡ (s) = 0;V h

⇡ (s) = R(s,⇡(s)) + �
P

s0 T (s,⇡(s), s
0)V h�1

⇡ (s0)

<latexit sha1_base64="BoA1h1+vEDeW3XsbaexDiikaHTE=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cKpi20oWy2k3bpZhN2N0IJ/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZemAqujet+O6W19Y3NrfJ2ZWd3b/+genjU0kmmGPosEYnqhFSj4BJ9w43ATqqQxqHAdji+m/ntJ1SaJ/LRTFIMYjqUPOKMGiv5vZT3R/1qza27c5BV4hWkBgWa/epXb5CwLEZpmKBadz03NUFOleFM4LTSyzSmlI3pELuWShqjDvL5sVNyZpUBiRJlSxoyV39P5DTWehKHtjOmZqSXvZn4n9fNTHQT5FymmUHJFouiTBCTkNnnZMAVMiMmllCmuL2VsBFVlBmbT8WG4C2/vEpaF3Xvqn75cFlr3BZxlOEETuEcPLiGBtxDE3xgwOEZXuHNkc6L8+58LFpLTjFzDH/gfP4AzPGOsQ==</latexit>⇡h

Exercise: what 
changes about 

the finite-horizon 
value formula 
when policy is 
non-stationary?

Exercise: why 
don’t we consider 

non-stationary 
policies in the 
infinite horizon 

case?

• horizon h (e.g. # 
planting seasons left) 



• Value of a policy    if we start in state s 
• Finite horizon (often assume discount factor    equals 1) 

• Infinite horizon (typically need to assume                ) 

• Next question: What’s the best policy?2

Recall

rich soil

0.1 0.9

0.90.1

poor soil
plant:

rich soil

0.9 0.1

0.10.9

poor soil
fallow:

R(rich,plant)=100 
R(poor,plant)=10 
R(rich,fallow)=0 
R(poor,fallow)=0<latexit sha1_base64="cgziEgfdtrWHaEOm3chkmVzvJpo=">AAAB8nicbVBNS8NAFHypX7V+VT16WSyCp5KIoseiF48VrS2koWy223bpJht2X4QS+jO8eFDEq7/Gm//GTZuDtg4sDDPvsfMmTKQw6LrfTmlldW19o7xZ2dre2d2r7h88GpVqxltMSaU7ITVcipi3UKDknURzGoWSt8PxTe63n7g2QsUPOEl4ENFhLAaCUbSS340ojhiV2f20V625dXcGsky8gtSgQLNX/er2FUsjHiOT1BjfcxMMMqpRMMmnlW5qeELZmA65b2lMI26CbBZ5Sk6s0icDpe2LkczU3xsZjYyZRKGdzCOaRS8X//P8FAdXQSbiJEUes/lHg1QSVCS/n/SF5gzlxBLKtLBZCRtRTRnaliq2BG/x5GXyeFb3Luru3XmtcV3UUYYjOIZT8OASGnALTWgBAwXP8ApvDjovzrvzMR8tOcXOIfyB8/kDjPqRbQ==</latexit>

S
<latexit sha1_base64="SZdh5QT1NTY7zEHN0WSihpxhBNI=">AAAB8nicbVBNS8NAFHypX7V+VT16WSyCp5KIoseqF48VrC2koWy223bpZhN2X4QS+jO8eFDEq7/Gm//GTZuDtg4sDDPvsfMmTKQw6LrfTmlldW19o7xZ2dre2d2r7h88mjjVjLdYLGPdCanhUijeQoGSdxLNaRRK3g7Ht7nffuLaiFg94CThQUSHSgwEo2glvxtRHDEqs+tpr1pz6+4MZJl4BalBgWav+tXtxyyNuEImqTG+5yYYZFSjYJJPK93U8ISyMR1y31JFI26CbBZ5Sk6s0ieDWNunkMzU3xsZjYyZRKGdzCOaRS8X//P8FAdXQSZUkiJXbP7RIJUEY5LfT/pCc4ZyYgllWtishI2opgxtSxVbgrd48jJ5PKt7F3X3/rzWuCnqKMMRHMMpeHAJDbiDJrSAQQzP8ApvDjovzrvzMR8tOcXOIfyB8/kDcaCRWw==</latexit>

A
<latexit sha1_base64="YKZkFy0C+ZcYtDpDQ4t5Bf7Ys/U=">AAACNHicbZDLSsNAFIYn9VbrrerSzWARXJVEFMVV1Y3gpmpv0IQymU7aoZMLMydKCX0oNz6IGxFcKOLWZ3DSBtTWHwZ+vnMOc87vRoIrMM0XIzc3v7C4lF8urKyurW8UN7caKowlZXUailC2XKKY4AGrAwfBWpFkxHcFa7qDi7TevGNS8TCowTBijk96Afc4JaBRp3hVO8W2T6BPiUhuR9gG7jP1g85mUdolea8PRMrwfsJdN7kZdYols2yOhWeNlZkSylTtFJ/sbkhjnwVABVGqbZkROAmRwKlgo4IdKxYROiA91tY2IHoPJxkfPcJ7mnSxF0r9AsBj+nsiIb5SQ9/VnemGarqWwv9q7Ri8EyfhQRQDC+jkIy8WGEKcJoi7XDIKYqgNoZLrXTHtE0ko6JwLOgRr+uRZ0zgoW0dl8/qwVDnP4sijHbSL9pGFjlEFXaIqqiOKHtAzekPvxqPxanwYn5PWnJHNbKM/Mr6+Acz/rDE=</latexit>

T : S ⇥A⇥ S ! R
<latexit sha1_base64="ZFXehC9pN9LL9osaL03Tl2lQj4k=">AAACIXicbZDLSgMxFIYz9VbrbdSlm2ARXJUZUSyuqm5c1mov0JaSSdM2NJMZkjNKGfoqbnwVNy4U6U58GTPtgNr6Q+DnO+eQc34vFFyD43xamaXlldW17HpuY3Nre8fe3avpIFKUVWkgAtXwiGaCS1YFDoI1QsWI7wlW94bXSb3+wJTmgbyHUcjaPulL3uOUgEEdu1i5wC2fwIASEd+NcQu4z/QPujRI8f4AiFLB44x7XlwZd+y8U3CmwovGTU0epSp37EmrG9DIZxKoIFo3XSeEdkwUcCrYONeKNAsJHZI+axoridmjHU8vHOMjQ7q4FyjzJOAp/T0RE1/rke+ZzmRDPV9L4H+1ZgS9YjvmMoyASTr7qBcJDAFO4sJdrhgFMTKGUMXNrpgOiCIUTKg5E4I7f/KiqZ0U3LOCc3uaL12lcWTRATpEx8hF56iEblAZVRFFT+gFvaF369l6tT6syaw1Y6Uz++iPrK9vNUekMg==</latexit>

R : S ⇥A ! R

<latexit sha1_base64="56iubsv7pztuXY8o1Bc2nCXRGsM="></latexit>

V⇡(s) = R(s,⇡(s)) + �
P

s0 T (s,⇡(s), s
0)V⇡(s0)

• Markov decision process: states   , actions    , 
transition model                                ,                     
reward function                         , discount factor <latexit sha1_base64="wgpImE/yctzE0fAVvgVvEgdieOU=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV1R9Bj04jGCeUCyhN7JbDJmZnaZmRVCyD948aCIV//Hm3/jJNmDJhY0FFXddHdFqeDG+v63t7K6tr6xWdgqbu/s7u2XDg4bJsk0ZXWaiES3IjRMcMXqllvBWqlmKCPBmtHwduo3n5g2PFEPdpSyUGJf8ZhTtE5qdPooJXZLZb/iz0CWSZCTMuSodUtfnV5CM8mUpQKNaQd+asMxasupYJNiJzMsRTrEPms7qlAyE45n107IqVN6JE60K2XJTP09MUZpzEhGrlOiHZhFbyr+57UzG1+HY67SzDJF54viTBCbkOnrpMc1o1aMHEGqubuV0AFqpNYFVHQhBIsvL5PGeSW4rPj3F+XqTR5HAY7hBM4ggCuowh3UoA4UHuEZXuHNS7wX7937mLeuePnMEfyB9/kDiD2PGQ==</latexit>�

• Policy                 : action to take in a state (nonstationary     ) 
<latexit sha1_base64="Ayteo4KEOr+dTwCWh8KGttz8ZDk=">AAACEXicbVDLSsNAFJ3UV62vqEs3g0XoqiSiKK6qblxWtA9oQplMp+3QyUyYmSgl5Bfc+CtuXCji1p07/8ZJG1BbD1w4nHMv994TRIwq7ThfVmFhcWl5pbhaWlvf2Nyyt3eaSsQSkwYWTMh2gBRhlJOGppqRdiQJCgNGWsHoMvNbd0QqKvitHkfED9GA0z7FSBupa1e8iJ5BL0R6iBFLblLoSToYaiSluP/Rz9OuXXaqzgRwnrg5KYMc9a796fUEjkPCNWZIqY7rRNpPkNQUM5KWvFiRCOERGpCOoRyFRPnJ5KMUHhilB/tCmuIaTtTfEwkKlRqHgenMTlSzXib+53Vi3T/1E8qjWBOOp4v6MYNawCwe2KOSYM3GhiAsqbkV4iGSCGsTYsmE4M6+PE+ah1X3uOpcH5VrF3kcRbAH9kEFuOAE1MAVqIMGwOABPIEX8Go9Ws/Wm/U+bS1Y+cwu+APr4xvLUJ2j</latexit>

⇡ : S ! A

<latexit sha1_base64="wgpImE/yctzE0fAVvgVvEgdieOU=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hV1R9Bj04jGCeUCyhN7JbDJmZnaZmRVCyD948aCIV//Hm3/jJNmDJhY0FFXddHdFqeDG+v63t7K6tr6xWdgqbu/s7u2XDg4bJsk0ZXWaiES3IjRMcMXqllvBWqlmKCPBmtHwduo3n5g2PFEPdpSyUGJf8ZhTtE5qdPooJXZLZb/iz0CWSZCTMuSodUtfnV5CM8mUpQKNaQd+asMxasupYJNiJzMsRTrEPms7qlAyE45n107IqVN6JE60K2XJTP09MUZpzEhGrlOiHZhFbyr+57UzG1+HY67SzDJF54viTBCbkOnrpMc1o1aMHEGqubuV0AFqpNYFVHQhBIsvL5PGeSW4rPj3F+XqTR5HAY7hBM4ggCuowh3UoA4UHuEZXuHNS7wX7937mLeuePnMEfyB9/kDiD2PGQ==</latexit>�

<latexit sha1_base64="rCCI4DRh7z/4+S6cwkLqWEe4znA=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz00Et4v1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy+vktZF1bus1u5rlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwBSq43W</latexit>⇡

<latexit sha1_base64="sQzXOc8z92HQURO18zTrk+PQFhY="></latexit>

V 0
⇡ (s) = 0;V h

⇡ (s) = R(s,⇡(s)) + �
P

s0 T (s,⇡(s), s
0)V h�1

⇡ (s0)
<latexit sha1_base64="nkb8b0+IiTjW9y2Z3KUXnPkS+ck=">AAAB9XicbZA9SwNBEIbn4leMX1FLm8UgWIU7CWphEbSxjGA+IDnD3GaTLNm9O3b3lHDkf9hYKGLrf7Hz37hJrtDEFxYe3plhZt8gFlwb1/12ciura+sb+c3C1vbO7l5x/6Cho0RRVqeRiFQrQM0ED1ndcCNYK1YMZSBYMxjdTOvNR6Y0j8J7M46ZL3EQ8j6naKz14JIr0hmglGjB6xZLbtmdiSyDl0EJMtW6xa9OL6KJZKGhArVue25s/BSV4VSwSaGTaBYjHeGAtS2GKJn209nVE3JinR7pR8q+0JCZ+3siRan1WAa2U6IZ6sXa1Pyv1k5M/9JPeRgnhoV0vqifCGIiMo2A9Lhi1IixBaSK21sJHaJCamxQBRuCt/jlZWiclb3zcuWuUqpeZ3Hk4QiO4RQ8uIAq3EIN6kBBwTO8wpvz5Lw4787HvDXnZDOH8EfO5w/OypDH</latexit>

0 < � < 1

<latexit sha1_base64="BoA1h1+vEDeW3XsbaexDiikaHTE=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cKpi20oWy2k3bpZhN2N0IJ/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZemAqujet+O6W19Y3NrfJ2ZWd3b/+genjU0kmmGPosEYnqhFSj4BJ9w43ATqqQxqHAdji+m/ntJ1SaJ/LRTFIMYjqUPOKMGiv5vZT3R/1qza27c5BV4hWkBgWa/epXb5CwLEZpmKBadz03NUFOleFM4LTSyzSmlI3pELuWShqjDvL5sVNyZpUBiRJlSxoyV39P5DTWehKHtjOmZqSXvZn4n9fNTHQT5FymmUHJFouiTBCTkNnnZMAVMiMmllCmuL2VsBFVlBmbT8WG4C2/vEpaF3Xvqn75cFlr3BZxlOEETuEcPLiGBtxDE3xgwOEZXuHNkc6L8+58LFpLTjFzDH/gfP4AzPGOsQ==</latexit>⇡h
• horizon h (e.g. # 

planting seasons left) 

Exercise: what 
changes about 

the finite-horizon 
value formula 
when policy is 
non-stationary?

Exercise: why 
don’t we consider 

non-stationary 
policies in the 
infinite horizon 

case?



3

What’s the best policy? Finite horizon



rich soil

0.1 0.9

0.90.1

poor soil
plant:

rich soil

0.9 0.1

0.10.9

poor soil
fallow:

R(rich,plant)=100 
R(poor,plant)=10 
R(rich,fallow)=0 
R(poor,fallow)=0

What’s the best policy? Finite horizon

3



rich soil

0.1 0.9

0.90.1

poor soil
plant:

rich soil

0.9 0.1

0.10.9

poor soil
fallow:

R(rich,plant)=100 
R(poor,plant)=10 
R(rich,fallow)=0 
R(poor,fallow)=0• h: horizon (e.g. how many planting seasons)

What’s the best policy? Finite horizon

3



rich soil

0.1 0.9

0.90.1

poor soil
plant:

rich soil

0.9 0.1

0.10.9

poor soil
fallow:

R(rich,plant)=100 
R(poor,plant)=10 
R(rich,fallow)=0 
R(poor,fallow)=0• h: horizon (e.g. how many planting seasons) 

•              : expected reward of starting at s, making action 
a, and then making the “best” action for the h-1 steps left

<latexit sha1_base64="t6c0os9KbvUXzTINIt7+TE8d20Q=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRahgpRdUfRY9OKxBfsB7VqyabYNzSZrkhXK0j/hxYMiXv073vw3pu0etPXBwOO9GWbmBTFn2rjut5NbWV1b38hvFra2d3b3ivsHTS0TRWiDSC5VO8CaciZowzDDaTtWFEcBp61gdDv1W09UaSbFvRnH1I/wQLCQEWys1K4/DMv6DJ/2iiW34s6AlomXkRJkqPWKX92+JElEhSEca93x3Nj4KVaGEU4nhW6iaYzJCA9ox1KBI6r9dHbvBJ1YpY9CqWwJg2bq74kUR1qPo8B2RtgM9aI3Ff/zOokJr/2UiTgxVJD5ojDhyEg0fR71maLE8LElmChmb0VkiBUmxkZUsCF4iy8vk+Z5xbusuPWLUvUmiyMPR3AMZfDgCqpwBzVoAAEOz/AKb86j8+K8Ox/z1pyTzRzCHzifP+MSjzY=</latexit>

Qh(s, a)

What’s the best policy? Finite horizon
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Qh(s, a)

<latexit sha1_base64="zwL5GdBzunAa4mW51QtdWu/WhEU=">AAACCHicbZDLSgMxFIYz9VbrbdSlC0OLUFHKjCAKIgy6cdmKvUA7LZk004ZmLiQZYRi6dOPat3DjQhG3PoK7vo3ptIK2/hD48p9zSM7vhIwKaRgjLbOwuLS8kl3Nra1vbG7p2zs1EUQckyoOWMAbDhKEUZ9UJZWMNEJOkOcwUncG1+N6/Z5wQQP/TsYhsT3U86lLMZLK6uj7lbZRFMfoEF5C4wJW2ubP7TaFjl4wSkYqOA/mFApWvnX0NLLickf/anUDHHnEl5ghIZqmEUo7QVxSzMgw14oECREeoB5pKvSRR4SdpIsM4YFyutANuDq+hKn7eyJBnhCx56hOD8m+mK2Nzf9qzUi653ZC/TCSxMeTh9yIQRnAcSqwSznBksUKEOZU/RXiPuIIS5VdToVgzq48D7WTknlaMipmwboCE2XBHsiDIjDBGbDADSiDKsDgATyDV/CmPWov2rv2MWnNaNOZXfBH2uc3+vGYeg==</latexit>

Q0(s, a) = 0;Q1(s, a) = R(s, a)
<latexit sha1_base64="YnKPoZbIZvU4ZMVC18BnPOq8QY8=">AAACOXicdVDNSgMxGMz6W+tf1aOXYBEUpGRFUShC0YvHClYLbS3ZNGtDs9kl+VYtS1/Li2/hTfDiQRGvvoDpuoJaHQhMZuYj+caLpDBAyIMzNj4xOTWdm8nPzs0vLBaWls9MGGvGayyUoa571HApFK+BAMnrkeY08CQ/93pHQ//8imsjQnUK/Yi3AnqphC8YBSu1C9WTC3ejCfwGdJBowbqDra9bJKmCwSY+wC4h5fz/QZ9KGV6nSVJuF4qkRFLgUeJmpIgyVNuF+2YnZHHAFTBJjWm4JIJWQjUIJvkg34wNjyjr0UvesFTRgJtWkm4+wOtW6WA/1PYowKn6fSKhgTH9wLPJgELX/PaG4l9eIwZ/v5UIFcXAFft8yI8lhhAPa8QdoTkD2beEMi3sXzHrUk0Z2LLztgT398qj5Gy75O6WyMlOsXKY1ZFDq2gNbSAX7aEKOkZVVEMM3aJH9IxenDvnyXl13j6jY042s4J+wHn/AE/OrJQ=</latexit>

Q1(rich, plant) = 100;Q1(rich, fallow) = 0;

<latexit sha1_base64="HJNCeyZB05B5XRXKWz2cW5MGl8g="></latexit>

⇡⇤
h(s) = argmaxa Qh(s, a)

What’s the best policy? Finite horizon

3



rich soil

0.1 0.9

0.90.1

poor soil
plant:

rich soil

0.9 0.1

0.10.9

poor soil
fallow:

R(rich,plant)=100 
R(poor,plant)=10 
R(rich,fallow)=0 
R(poor,fallow)=0• h: horizon (e.g. how many planting seasons) 

•              : expected reward of starting at s, making action 
a, and then making the “best” action for the h-1 steps left 

• With Q, can find an optimal policy: 

<latexit sha1_base64="t6c0os9KbvUXzTINIt7+TE8d20Q=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRahgpRdUfRY9OKxBfsB7VqyabYNzSZrkhXK0j/hxYMiXv073vw3pu0etPXBwOO9GWbmBTFn2rjut5NbWV1b38hvFra2d3b3ivsHTS0TRWiDSC5VO8CaciZowzDDaTtWFEcBp61gdDv1W09UaSbFvRnH1I/wQLCQEWys1K4/DMv6DJ/2iiW34s6AlomXkRJkqPWKX92+JElEhSEca93x3Nj4KVaGEU4nhW6iaYzJCA9ox1KBI6r9dHbvBJ1YpY9CqWwJg2bq74kUR1qPo8B2RtgM9aI3Ff/zOokJr/2UiTgxVJD5ojDhyEg0fR71maLE8LElmChmb0VkiBUmxkZUsCF4iy8vk+Z5xbusuPWLUvUmiyMPR3AMZfDgCqpwBzVoAAEOz/AKb86j8+K8Ox/z1pyTzRzCHzifP+MSjzY=</latexit>

Qh(s, a)

<latexit sha1_base64="zwL5GdBzunAa4mW51QtdWu/WhEU=">AAACCHicbZDLSgMxFIYz9VbrbdSlC0OLUFHKjCAKIgy6cdmKvUA7LZk004ZmLiQZYRi6dOPat3DjQhG3PoK7vo3ptIK2/hD48p9zSM7vhIwKaRgjLbOwuLS8kl3Nra1vbG7p2zs1EUQckyoOWMAbDhKEUZ9UJZWMNEJOkOcwUncG1+N6/Z5wQQP/TsYhsT3U86lLMZLK6uj7lbZRFMfoEF5C4wJW2ubP7TaFjl4wSkYqOA/mFApWvnX0NLLickf/anUDHHnEl5ghIZqmEUo7QVxSzMgw14oECREeoB5pKvSRR4SdpIsM4YFyutANuDq+hKn7eyJBnhCx56hOD8m+mK2Nzf9qzUi653ZC/TCSxMeTh9yIQRnAcSqwSznBksUKEOZU/RXiPuIIS5VdToVgzq48D7WTknlaMipmwboCE2XBHsiDIjDBGbDADSiDKsDgATyDV/CmPWov2rv2MWnNaNOZXfBH2uc3+vGYeg==</latexit>

Q0(s, a) = 0;Q1(s, a) = R(s, a)
<latexit sha1_base64="YnKPoZbIZvU4ZMVC18BnPOq8QY8=">AAACOXicdVDNSgMxGMz6W+tf1aOXYBEUpGRFUShC0YvHClYLbS3ZNGtDs9kl+VYtS1/Li2/hTfDiQRGvvoDpuoJaHQhMZuYj+caLpDBAyIMzNj4xOTWdm8nPzs0vLBaWls9MGGvGayyUoa571HApFK+BAMnrkeY08CQ/93pHQ//8imsjQnUK/Yi3AnqphC8YBSu1C9WTC3ejCfwGdJBowbqDra9bJKmCwSY+wC4h5fz/QZ9KGV6nSVJuF4qkRFLgUeJmpIgyVNuF+2YnZHHAFTBJjWm4JIJWQjUIJvkg34wNjyjr0UvesFTRgJtWkm4+wOtW6WA/1PYowKn6fSKhgTH9wLPJgELX/PaG4l9eIwZ/v5UIFcXAFft8yI8lhhAPa8QdoTkD2beEMi3sXzHrUk0Z2LLztgT398qj5Gy75O6WyMlOsXKY1ZFDq2gNbSAX7aEKOkZVVEMM3aJH9IxenDvnyXl13j6jY042s4J+wHn/AE/OrJQ=</latexit>

Q1(rich, plant) = 100;Q1(rich, fallow) = 0;
<latexit sha1_base64="bsdI9o3t9WeRpWvYm7b3NsxpdXA=">AAACOHicfVDLSgMxFM3Ud31VXboJFkFByowoCiKIbtxZwdpCW0smzdjQTDIkd9Qy9LPc+BnuxI0LRdz6BabTQXzhgcDJOeeS3ONHghtw3QcnNzI6Nj4xOZWfnpmdmy8sLJ4bFWvKKlQJpWs+MUxwySrAQbBapBkJfcGqfvdo4FevmDZcyTPoRawZkkvJA04JWKlVOMmfXnhrDWA3oMMkUkr3Nz5vgkjor+N97Ll7/+QCIoS6ToNuq1B0S24K/Jt4GSmiDOVW4b7RVjQOmQQqiDF1z42gmRANnArWzzdiwyJCu+SS1S2VJGSmmaSL9/GqVdo4UNoeCThVv04kJDSmF/o2GRLomJ/eQPzLq8cQ7DYTLqMYmKTDh4JYYFB40CJuc80oiJ4lhGpu/4pph2hCwXadtyV4P1f+Tc43S952yT3dKh4cZnVMomW0gtaQh3bQATpGZVRBFN2iR/SMXpw758l5dd6G0ZyTzSyhb3DePwC/qqxd</latexit>

Q1(poor, plant) = 10;Q1(poor, fallow) = 0

<latexit sha1_base64="HJNCeyZB05B5XRXKWz2cW5MGl8g="></latexit>

⇡⇤
h(s) = argmaxa Qh(s, a)

What’s the best policy? Finite horizon

3



rich soil

0.1 0.9

0.90.1

poor soil
plant:

rich soil

0.9 0.1

0.10.9

poor soil
fallow:

R(rich,plant)=100 
R(poor,plant)=10 
R(rich,fallow)=0 
R(poor,fallow)=0• h: horizon (e.g. how many planting seasons) 

•              : expected reward of starting at s, making action 
a, and then making the “best” action for the h-1 steps left 

• With Q, can find an optimal policy: 

<latexit sha1_base64="t6c0os9KbvUXzTINIt7+TE8d20Q=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRahgpRdUfRY9OKxBfsB7VqyabYNzSZrkhXK0j/hxYMiXv073vw3pu0etPXBwOO9GWbmBTFn2rjut5NbWV1b38hvFra2d3b3ivsHTS0TRWiDSC5VO8CaciZowzDDaTtWFEcBp61gdDv1W09UaSbFvRnH1I/wQLCQEWys1K4/DMv6DJ/2iiW34s6AlomXkRJkqPWKX92+JElEhSEca93x3Nj4KVaGEU4nhW6iaYzJCA9ox1KBI6r9dHbvBJ1YpY9CqWwJg2bq74kUR1qPo8B2RtgM9aI3Ff/zOokJr/2UiTgxVJD5ojDhyEg0fR71maLE8LElmChmb0VkiBUmxkZUsCF4iy8vk+Z5xbusuPWLUvUmiyMPR3AMZfDgCqpwBzVoAAEOz/AKb86j8+K8Ox/z1pyTzRzCHzifP+MSjzY=</latexit>

Qh(s, a)

<latexit sha1_base64="zwL5GdBzunAa4mW51QtdWu/WhEU=">AAACCHicbZDLSgMxFIYz9VbrbdSlC0OLUFHKjCAKIgy6cdmKvUA7LZk004ZmLiQZYRi6dOPat3DjQhG3PoK7vo3ptIK2/hD48p9zSM7vhIwKaRgjLbOwuLS8kl3Nra1vbG7p2zs1EUQckyoOWMAbDhKEUZ9UJZWMNEJOkOcwUncG1+N6/Z5wQQP/TsYhsT3U86lLMZLK6uj7lbZRFMfoEF5C4wJW2ubP7TaFjl4wSkYqOA/mFApWvnX0NLLickf/anUDHHnEl5ghIZqmEUo7QVxSzMgw14oECREeoB5pKvSRR4SdpIsM4YFyutANuDq+hKn7eyJBnhCx56hOD8m+mK2Nzf9qzUi653ZC/TCSxMeTh9yIQRnAcSqwSznBksUKEOZU/RXiPuIIS5VdToVgzq48D7WTknlaMipmwboCE2XBHsiDIjDBGbDADSiDKsDgATyDV/CmPWov2rv2MWnNaNOZXfBH2uc3+vGYeg==</latexit>

Q0(s, a) = 0;Q1(s, a) = R(s, a)
<latexit sha1_base64="YnKPoZbIZvU4ZMVC18BnPOq8QY8=">AAACOXicdVDNSgMxGMz6W+tf1aOXYBEUpGRFUShC0YvHClYLbS3ZNGtDs9kl+VYtS1/Li2/hTfDiQRGvvoDpuoJaHQhMZuYj+caLpDBAyIMzNj4xOTWdm8nPzs0vLBaWls9MGGvGayyUoa571HApFK+BAMnrkeY08CQ/93pHQ//8imsjQnUK/Yi3AnqphC8YBSu1C9WTC3ejCfwGdJBowbqDra9bJKmCwSY+wC4h5fz/QZ9KGV6nSVJuF4qkRFLgUeJmpIgyVNuF+2YnZHHAFTBJjWm4JIJWQjUIJvkg34wNjyjr0UvesFTRgJtWkm4+wOtW6WA/1PYowKn6fSKhgTH9wLPJgELX/PaG4l9eIwZ/v5UIFcXAFft8yI8lhhAPa8QdoTkD2beEMi3sXzHrUk0Z2LLztgT398qj5Gy75O6WyMlOsXKY1ZFDq2gNbSAX7aEKOkZVVEMM3aJH9IxenDvnyXl13j6jY042s4J+wHn/AE/OrJQ=</latexit>

Q1(rich, plant) = 100;Q1(rich, fallow) = 0;
<latexit sha1_base64="bsdI9o3t9WeRpWvYm7b3NsxpdXA=">AAACOHicfVDLSgMxFM3Ud31VXboJFkFByowoCiKIbtxZwdpCW0smzdjQTDIkd9Qy9LPc+BnuxI0LRdz6BabTQXzhgcDJOeeS3ONHghtw3QcnNzI6Nj4xOZWfnpmdmy8sLJ4bFWvKKlQJpWs+MUxwySrAQbBapBkJfcGqfvdo4FevmDZcyTPoRawZkkvJA04JWKlVOMmfXnhrDWA3oMMkUkr3Nz5vgkjor+N97Ll7/+QCIoS6ToNuq1B0S24K/Jt4GSmiDOVW4b7RVjQOmQQqiDF1z42gmRANnArWzzdiwyJCu+SS1S2VJGSmmaSL9/GqVdo4UNoeCThVv04kJDSmF/o2GRLomJ/eQPzLq8cQ7DYTLqMYmKTDh4JYYFB40CJuc80oiJ4lhGpu/4pph2hCwXadtyV4P1f+Tc43S952yT3dKh4cZnVMomW0gtaQh3bQATpGZVRBFN2iR/SMXpw758l5dd6G0ZyTzSyhb3DePwC/qqxd</latexit>

Q1(poor, plant) = 10;Q1(poor, fallow) = 0

What’s best?

<latexit sha1_base64="HJNCeyZB05B5XRXKWz2cW5MGl8g="></latexit>

⇡⇤
h(s) = argmaxa Qh(s, a)

What’s the best policy? Finite horizon



rich soil

0.1 0.9

0.90.1

poor soil
plant:

rich soil

0.9 0.1

0.10.9

poor soil
fallow:

R(rich,plant)=100 
R(poor,plant)=10 
R(rich,fallow)=0 
R(poor,fallow)=0• h: horizon (e.g. how many planting seasons) 

•              : expected reward of starting at s, making action 
a, and then making the “best” action for the h-1 steps left 

• With Q, can find an optimal policy: 

<latexit sha1_base64="t6c0os9KbvUXzTINIt7+TE8d20Q=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRahgpRdUfRY9OKxBfsB7VqyabYNzSZrkhXK0j/hxYMiXv073vw3pu0etPXBwOO9GWbmBTFn2rjut5NbWV1b38hvFra2d3b3ivsHTS0TRWiDSC5VO8CaciZowzDDaTtWFEcBp61gdDv1W09UaSbFvRnH1I/wQLCQEWys1K4/DMv6DJ/2iiW34s6AlomXkRJkqPWKX92+JElEhSEca93x3Nj4KVaGEU4nhW6iaYzJCA9ox1KBI6r9dHbvBJ1YpY9CqWwJg2bq74kUR1qPo8B2RtgM9aI3Ff/zOokJr/2UiTgxVJD5ojDhyEg0fR71maLE8LElmChmb0VkiBUmxkZUsCF4iy8vk+Z5xbusuPWLUvUmiyMPR3AMZfDgCqpwBzVoAAEOz/AKb86j8+K8Ox/z1pyTzRzCHzifP+MSjzY=</latexit>

Qh(s, a)

<latexit sha1_base64="zwL5GdBzunAa4mW51QtdWu/WhEU=">AAACCHicbZDLSgMxFIYz9VbrbdSlC0OLUFHKjCAKIgy6cdmKvUA7LZk004ZmLiQZYRi6dOPat3DjQhG3PoK7vo3ptIK2/hD48p9zSM7vhIwKaRgjLbOwuLS8kl3Nra1vbG7p2zs1EUQckyoOWMAbDhKEUZ9UJZWMNEJOkOcwUncG1+N6/Z5wQQP/TsYhsT3U86lLMZLK6uj7lbZRFMfoEF5C4wJW2ubP7TaFjl4wSkYqOA/mFApWvnX0NLLickf/anUDHHnEl5ghIZqmEUo7QVxSzMgw14oECREeoB5pKvSRR4SdpIsM4YFyutANuDq+hKn7eyJBnhCx56hOD8m+mK2Nzf9qzUi653ZC/TCSxMeTh9yIQRnAcSqwSznBksUKEOZU/RXiPuIIS5VdToVgzq48D7WTknlaMipmwboCE2XBHsiDIjDBGbDADSiDKsDgATyDV/CmPWov2rv2MWnNaNOZXfBH2uc3+vGYeg==</latexit>

Q0(s, a) = 0;Q1(s, a) = R(s, a)
<latexit sha1_base64="YnKPoZbIZvU4ZMVC18BnPOq8QY8=">AAACOXicdVDNSgMxGMz6W+tf1aOXYBEUpGRFUShC0YvHClYLbS3ZNGtDs9kl+VYtS1/Li2/hTfDiQRGvvoDpuoJaHQhMZuYj+caLpDBAyIMzNj4xOTWdm8nPzs0vLBaWls9MGGvGayyUoa571HApFK+BAMnrkeY08CQ/93pHQ//8imsjQnUK/Yi3AnqphC8YBSu1C9WTC3ejCfwGdJBowbqDra9bJKmCwSY+wC4h5fz/QZ9KGV6nSVJuF4qkRFLgUeJmpIgyVNuF+2YnZHHAFTBJjWm4JIJWQjUIJvkg34wNjyjr0UvesFTRgJtWkm4+wOtW6WA/1PYowKn6fSKhgTH9wLPJgELX/PaG4l9eIwZ/v5UIFcXAFft8yI8lhhAPa8QdoTkD2beEMi3sXzHrUk0Z2LLztgT398qj5Gy75O6WyMlOsXKY1ZFDq2gNbSAX7aEKOkZVVEMM3aJH9IxenDvnyXl13j6jY042s4J+wHn/AE/OrJQ=</latexit>

Q1(rich, plant) = 100;Q1(rich, fallow) = 0;
<latexit sha1_base64="bsdI9o3t9WeRpWvYm7b3NsxpdXA=">AAACOHicfVDLSgMxFM3Ud31VXboJFkFByowoCiKIbtxZwdpCW0smzdjQTDIkd9Qy9LPc+BnuxI0LRdz6BabTQXzhgcDJOeeS3ONHghtw3QcnNzI6Nj4xOZWfnpmdmy8sLJ4bFWvKKlQJpWs+MUxwySrAQbBapBkJfcGqfvdo4FevmDZcyTPoRawZkkvJA04JWKlVOMmfXnhrDWA3oMMkUkr3Nz5vgkjor+N97Ll7/+QCIoS6ToNuq1B0S24K/Jt4GSmiDOVW4b7RVjQOmQQqiDF1z42gmRANnArWzzdiwyJCu+SS1S2VJGSmmaSL9/GqVdo4UNoeCThVv04kJDSmF/o2GRLomJ/eQPzLq8cQ7DYTLqMYmKTDh4JYYFB40CJuc80oiJ4lhGpu/4pph2hCwXadtyV4P1f+Tc43S952yT3dKh4cZnVMomW0gtaQh3bQATpGZVRBFN2iR/SMXpw758l5dd6G0ZyTzSyhb3DePwC/qqxd</latexit>

Q1(poor, plant) = 10;Q1(poor, fallow) = 0

What’s best?
<latexit sha1_base64="ggNpImhP+fGulr+7QpjwK0AG3ig="></latexit>

⇡⇤
1(s) = plant;⇡⇤

2(rich) = plant,⇡⇤
2(poor) = fallow

<latexit sha1_base64="HJNCeyZB05B5XRXKWz2cW5MGl8g="></latexit>

⇡⇤
h(s) = argmaxa Qh(s, a)

What’s the best policy? Finite horizon



rich soil

0.1 0.9

0.90.1

poor soil
plant:

rich soil

0.9 0.1

0.10.9

poor soil
fallow:

R(rich,plant)=100 
R(poor,plant)=10 
R(rich,fallow)=0 
R(poor,fallow)=0• h: horizon (e.g. how many planting seasons) 

•              : expected reward of starting at s, making action 
a, and then making the “best” action for the h-1 steps left 

• With Q, can find an optimal policy: 

<latexit sha1_base64="t6c0os9KbvUXzTINIt7+TE8d20Q=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRahgpRdUfRY9OKxBfsB7VqyabYNzSZrkhXK0j/hxYMiXv073vw3pu0etPXBwOO9GWbmBTFn2rjut5NbWV1b38hvFra2d3b3ivsHTS0TRWiDSC5VO8CaciZowzDDaTtWFEcBp61gdDv1W09UaSbFvRnH1I/wQLCQEWys1K4/DMv6DJ/2iiW34s6AlomXkRJkqPWKX92+JElEhSEca93x3Nj4KVaGEU4nhW6iaYzJCA9ox1KBI6r9dHbvBJ1YpY9CqWwJg2bq74kUR1qPo8B2RtgM9aI3Ff/zOokJr/2UiTgxVJD5ojDhyEg0fR71maLE8LElmChmb0VkiBUmxkZUsCF4iy8vk+Z5xbusuPWLUvUmiyMPR3AMZfDgCqpwBzVoAAEOz/AKb86j8+K8Ox/z1pyTzRzCHzifP+MSjzY=</latexit>

Qh(s, a)

<latexit sha1_base64="zwL5GdBzunAa4mW51QtdWu/WhEU=">AAACCHicbZDLSgMxFIYz9VbrbdSlC0OLUFHKjCAKIgy6cdmKvUA7LZk004ZmLiQZYRi6dOPat3DjQhG3PoK7vo3ptIK2/hD48p9zSM7vhIwKaRgjLbOwuLS8kl3Nra1vbG7p2zs1EUQckyoOWMAbDhKEUZ9UJZWMNEJOkOcwUncG1+N6/Z5wQQP/TsYhsT3U86lLMZLK6uj7lbZRFMfoEF5C4wJW2ubP7TaFjl4wSkYqOA/mFApWvnX0NLLickf/anUDHHnEl5ghIZqmEUo7QVxSzMgw14oECREeoB5pKvSRR4SdpIsM4YFyutANuDq+hKn7eyJBnhCx56hOD8m+mK2Nzf9qzUi653ZC/TCSxMeTh9yIQRnAcSqwSznBksUKEOZU/RXiPuIIS5VdToVgzq48D7WTknlaMipmwboCE2XBHsiDIjDBGbDADSiDKsDgATyDV/CmPWov2rv2MWnNaNOZXfBH2uc3+vGYeg==</latexit>

Q0(s, a) = 0;Q1(s, a) = R(s, a)
<latexit sha1_base64="YnKPoZbIZvU4ZMVC18BnPOq8QY8=">AAACOXicdVDNSgMxGMz6W+tf1aOXYBEUpGRFUShC0YvHClYLbS3ZNGtDs9kl+VYtS1/Li2/hTfDiQRGvvoDpuoJaHQhMZuYj+caLpDBAyIMzNj4xOTWdm8nPzs0vLBaWls9MGGvGayyUoa571HApFK+BAMnrkeY08CQ/93pHQ//8imsjQnUK/Yi3AnqphC8YBSu1C9WTC3ejCfwGdJBowbqDra9bJKmCwSY+wC4h5fz/QZ9KGV6nSVJuF4qkRFLgUeJmpIgyVNuF+2YnZHHAFTBJjWm4JIJWQjUIJvkg34wNjyjr0UvesFTRgJtWkm4+wOtW6WA/1PYowKn6fSKhgTH9wLPJgELX/PaG4l9eIwZ/v5UIFcXAFft8yI8lhhAPa8QdoTkD2beEMi3sXzHrUk0Z2LLztgT398qj5Gy75O6WyMlOsXKY1ZFDq2gNbSAX7aEKOkZVVEMM3aJH9IxenDvnyXl13j6jY042s4J+wHn/AE/OrJQ=</latexit>

Q1(rich, plant) = 100;Q1(rich, fallow) = 0;
<latexit sha1_base64="bsdI9o3t9WeRpWvYm7b3NsxpdXA=">AAACOHicfVDLSgMxFM3Ud31VXboJFkFByowoCiKIbtxZwdpCW0smzdjQTDIkd9Qy9LPc+BnuxI0LRdz6BabTQXzhgcDJOeeS3ONHghtw3QcnNzI6Nj4xOZWfnpmdmy8sLJ4bFWvKKlQJpWs+MUxwySrAQbBapBkJfcGqfvdo4FevmDZcyTPoRawZkkvJA04JWKlVOMmfXnhrDWA3oMMkUkr3Nz5vgkjor+N97Ll7/+QCIoS6ToNuq1B0S24K/Jt4GSmiDOVW4b7RVjQOmQQqiDF1z42gmRANnArWzzdiwyJCu+SS1S2VJGSmmaSL9/GqVdo4UNoeCThVv04kJDSmF/o2GRLomJ/eQPzLq8cQ7DYTLqMYmKTDh4JYYFB40CJuc80oiJ4lhGpu/4pph2hCwXadtyV4P1f+Tc43S952yT3dKh4cZnVMomW0gtaQh3bQATpGZVRBFN2iR/SMXpw758l5dd6G0ZyTzSyhb3DePwC/qqxd</latexit>

Q1(poor, plant) = 10;Q1(poor, fallow) = 0

What’s best?
<latexit sha1_base64="ggNpImhP+fGulr+7QpjwK0AG3ig="></latexit>

⇡⇤
1(s) = plant;⇡⇤

2(rich) = plant,⇡⇤
2(poor) = fallowAny s,

<latexit sha1_base64="HJNCeyZB05B5XRXKWz2cW5MGl8g="></latexit>

⇡⇤
h(s) = argmaxa Qh(s, a)

What’s the best policy? Finite horizon



rich soil

0.1 0.9

0.90.1

poor soil
plant:

rich soil

0.9 0.1

0.10.9

poor soil
fallow:

R(rich,plant)=100 
R(poor,plant)=10 
R(rich,fallow)=0 
R(poor,fallow)=0• h: horizon (e.g. how many planting seasons) 

•              : expected reward of starting at s, making action 
a, and then making the “best” action for the h-1 steps left 

• With Q, can find an optimal policy: 

<latexit sha1_base64="t6c0os9KbvUXzTINIt7+TE8d20Q=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRahgpRdUfRY9OKxBfsB7VqyabYNzSZrkhXK0j/hxYMiXv073vw3pu0etPXBwOO9GWbmBTFn2rjut5NbWV1b38hvFra2d3b3ivsHTS0TRWiDSC5VO8CaciZowzDDaTtWFEcBp61gdDv1W09UaSbFvRnH1I/wQLCQEWys1K4/DMv6DJ/2iiW34s6AlomXkRJkqPWKX92+JElEhSEca93x3Nj4KVaGEU4nhW6iaYzJCA9ox1KBI6r9dHbvBJ1YpY9CqWwJg2bq74kUR1qPo8B2RtgM9aI3Ff/zOokJr/2UiTgxVJD5ojDhyEg0fR71maLE8LElmChmb0VkiBUmxkZUsCF4iy8vk+Z5xbusuPWLUvUmiyMPR3AMZfDgCqpwBzVoAAEOz/AKb86j8+K8Ox/z1pyTzRzCHzifP+MSjzY=</latexit>

Qh(s, a)

<latexit sha1_base64="zwL5GdBzunAa4mW51QtdWu/WhEU=">AAACCHicbZDLSgMxFIYz9VbrbdSlC0OLUFHKjCAKIgy6cdmKvUA7LZk004ZmLiQZYRi6dOPat3DjQhG3PoK7vo3ptIK2/hD48p9zSM7vhIwKaRgjLbOwuLS8kl3Nra1vbG7p2zs1EUQckyoOWMAbDhKEUZ9UJZWMNEJOkOcwUncG1+N6/Z5wQQP/TsYhsT3U86lLMZLK6uj7lbZRFMfoEF5C4wJW2ubP7TaFjl4wSkYqOA/mFApWvnX0NLLickf/anUDHHnEl5ghIZqmEUo7QVxSzMgw14oECREeoB5pKvSRR4SdpIsM4YFyutANuDq+hKn7eyJBnhCx56hOD8m+mK2Nzf9qzUi653ZC/TCSxMeTh9yIQRnAcSqwSznBksUKEOZU/RXiPuIIS5VdToVgzq48D7WTknlaMipmwboCE2XBHsiDIjDBGbDADSiDKsDgATyDV/CmPWov2rv2MWnNaNOZXfBH2uc3+vGYeg==</latexit>

Q0(s, a) = 0;Q1(s, a) = R(s, a)
<latexit sha1_base64="YnKPoZbIZvU4ZMVC18BnPOq8QY8=">AAACOXicdVDNSgMxGMz6W+tf1aOXYBEUpGRFUShC0YvHClYLbS3ZNGtDs9kl+VYtS1/Li2/hTfDiQRGvvoDpuoJaHQhMZuYj+caLpDBAyIMzNj4xOTWdm8nPzs0vLBaWls9MGGvGayyUoa571HApFK+BAMnrkeY08CQ/93pHQ//8imsjQnUK/Yi3AnqphC8YBSu1C9WTC3ejCfwGdJBowbqDra9bJKmCwSY+wC4h5fz/QZ9KGV6nSVJuF4qkRFLgUeJmpIgyVNuF+2YnZHHAFTBJjWm4JIJWQjUIJvkg34wNjyjr0UvesFTRgJtWkm4+wOtW6WA/1PYowKn6fSKhgTH9wLPJgELX/PaG4l9eIwZ/v5UIFcXAFft8yI8lhhAPa8QdoTkD2beEMi3sXzHrUk0Z2LLztgT398qj5Gy75O6WyMlOsXKY1ZFDq2gNbSAX7aEKOkZVVEMM3aJH9IxenDvnyXl13j6jY042s4J+wHn/AE/OrJQ=</latexit>

Q1(rich, plant) = 100;Q1(rich, fallow) = 0;
<latexit sha1_base64="bsdI9o3t9WeRpWvYm7b3NsxpdXA=">AAACOHicfVDLSgMxFM3Ud31VXboJFkFByowoCiKIbtxZwdpCW0smzdjQTDIkd9Qy9LPc+BnuxI0LRdz6BabTQXzhgcDJOeeS3ONHghtw3QcnNzI6Nj4xOZWfnpmdmy8sLJ4bFWvKKlQJpWs+MUxwySrAQbBapBkJfcGqfvdo4FevmDZcyTPoRawZkkvJA04JWKlVOMmfXnhrDWA3oMMkUkr3Nz5vgkjor+N97Ll7/+QCIoS6ToNuq1B0S24K/Jt4GSmiDOVW4b7RVjQOmQQqiDF1z42gmRANnArWzzdiwyJCu+SS1S2VJGSmmaSL9/GqVdo4UNoeCThVv04kJDSmF/o2GRLomJ/eQPzLq8cQ7DYTLqMYmKTDh4JYYFB40CJuc80oiJ4lhGpu/4pph2hCwXadtyV4P1f+Tc43S952yT3dKh4cZnVMomW0gtaQh3bQATpGZVRBFN2iR/SMXpw758l5dd6G0ZyTzSyhb3DePwC/qqxd</latexit>

Q1(poor, plant) = 10;Q1(poor, fallow) = 0

What’s best?
<latexit sha1_base64="ggNpImhP+fGulr+7QpjwK0AG3ig="></latexit>

⇡⇤
1(s) = plant;⇡⇤

2(rich) = plant,⇡⇤
2(poor) = fallowAny s,

<latexit sha1_base64="HJNCeyZB05B5XRXKWz2cW5MGl8g="></latexit>

⇡⇤
h(s) = argmaxa Qh(s, a)

What’s the best policy? Finite horizon



rich soil

0.1 0.9

0.90.1

poor soil
plant:

rich soil

0.9 0.1

0.10.9

poor soil
fallow:

R(rich,plant)=100 
R(poor,plant)=10 
R(rich,fallow)=0 
R(poor,fallow)=0• h: horizon (e.g. how many planting seasons) 

•              : expected reward of starting at s, making action 
a, and then making the “best” action for the h-1 steps left 

• With Q, can find an optimal policy: 

<latexit sha1_base64="t6c0os9KbvUXzTINIt7+TE8d20Q=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRahgpRdUfRY9OKxBfsB7VqyabYNzSZrkhXK0j/hxYMiXv073vw3pu0etPXBwOO9GWbmBTFn2rjut5NbWV1b38hvFra2d3b3ivsHTS0TRWiDSC5VO8CaciZowzDDaTtWFEcBp61gdDv1W09UaSbFvRnH1I/wQLCQEWys1K4/DMv6DJ/2iiW34s6AlomXkRJkqPWKX92+JElEhSEca93x3Nj4KVaGEU4nhW6iaYzJCA9ox1KBI6r9dHbvBJ1YpY9CqWwJg2bq74kUR1qPo8B2RtgM9aI3Ff/zOokJr/2UiTgxVJD5ojDhyEg0fR71maLE8LElmChmb0VkiBUmxkZUsCF4iy8vk+Z5xbusuPWLUvUmiyMPR3AMZfDgCqpwBzVoAAEOz/AKb86j8+K8Ox/z1pyTzRzCHzifP+MSjzY=</latexit>

Qh(s, a)

<latexit sha1_base64="zwL5GdBzunAa4mW51QtdWu/WhEU=">AAACCHicbZDLSgMxFIYz9VbrbdSlC0OLUFHKjCAKIgy6cdmKvUA7LZk004ZmLiQZYRi6dOPat3DjQhG3PoK7vo3ptIK2/hD48p9zSM7vhIwKaRgjLbOwuLS8kl3Nra1vbG7p2zs1EUQckyoOWMAbDhKEUZ9UJZWMNEJOkOcwUncG1+N6/Z5wQQP/TsYhsT3U86lLMZLK6uj7lbZRFMfoEF5C4wJW2ubP7TaFjl4wSkYqOA/mFApWvnX0NLLickf/anUDHHnEl5ghIZqmEUo7QVxSzMgw14oECREeoB5pKvSRR4SdpIsM4YFyutANuDq+hKn7eyJBnhCx56hOD8m+mK2Nzf9qzUi653ZC/TCSxMeTh9yIQRnAcSqwSznBksUKEOZU/RXiPuIIS5VdToVgzq48D7WTknlaMipmwboCE2XBHsiDIjDBGbDADSiDKsDgATyDV/CmPWov2rv2MWnNaNOZXfBH2uc3+vGYeg==</latexit>

Q0(s, a) = 0;Q1(s, a) = R(s, a)
<latexit sha1_base64="YnKPoZbIZvU4ZMVC18BnPOq8QY8=">AAACOXicdVDNSgMxGMz6W+tf1aOXYBEUpGRFUShC0YvHClYLbS3ZNGtDs9kl+VYtS1/Li2/hTfDiQRGvvoDpuoJaHQhMZuYj+caLpDBAyIMzNj4xOTWdm8nPzs0vLBaWls9MGGvGayyUoa571HApFK+BAMnrkeY08CQ/93pHQ//8imsjQnUK/Yi3AnqphC8YBSu1C9WTC3ejCfwGdJBowbqDra9bJKmCwSY+wC4h5fz/QZ9KGV6nSVJuF4qkRFLgUeJmpIgyVNuF+2YnZHHAFTBJjWm4JIJWQjUIJvkg34wNjyjr0UvesFTRgJtWkm4+wOtW6WA/1PYowKn6fSKhgTH9wLPJgELX/PaG4l9eIwZ/v5UIFcXAFft8yI8lhhAPa8QdoTkD2beEMi3sXzHrUk0Z2LLztgT398qj5Gy75O6WyMlOsXKY1ZFDq2gNbSAX7aEKOkZVVEMM3aJH9IxenDvnyXl13j6jY042s4J+wHn/AE/OrJQ=</latexit>

Q1(rich, plant) = 100;Q1(rich, fallow) = 0;
<latexit sha1_base64="bsdI9o3t9WeRpWvYm7b3NsxpdXA=">AAACOHicfVDLSgMxFM3Ud31VXboJFkFByowoCiKIbtxZwdpCW0smzdjQTDIkd9Qy9LPc+BnuxI0LRdz6BabTQXzhgcDJOeeS3ONHghtw3QcnNzI6Nj4xOZWfnpmdmy8sLJ4bFWvKKlQJpWs+MUxwySrAQbBapBkJfcGqfvdo4FevmDZcyTPoRawZkkvJA04JWKlVOMmfXnhrDWA3oMMkUkr3Nz5vgkjor+N97Ll7/+QCIoS6ToNuq1B0S24K/Jt4GSmiDOVW4b7RVjQOmQQqiDF1z42gmRANnArWzzdiwyJCu+SS1S2VJGSmmaSL9/GqVdo4UNoeCThVv04kJDSmF/o2GRLomJ/eQPzLq8cQ7DYTLqMYmKTDh4JYYFB40CJuc80oiJ4lhGpu/4pph2hCwXadtyV4P1f+Tc43S952yT3dKh4cZnVMomW0gtaQh3bQATpGZVRBFN2iR/SMXpw758l5dd6G0ZyTzSyhb3DePwC/qqxd</latexit>

Q1(poor, plant) = 10;Q1(poor, fallow) = 0

What’s best?
<latexit sha1_base64="ggNpImhP+fGulr+7QpjwK0AG3ig="></latexit>

⇡⇤
1(s) = plant;⇡⇤

2(rich) = plant,⇡⇤
2(poor) = fallowAny s,

<latexit sha1_base64="HJNCeyZB05B5XRXKWz2cW5MGl8g="></latexit>

⇡⇤
h(s) = argmaxa Qh(s, a)

What’s the best policy? Finite horizon



rich soil

0.1 0.9

0.90.1

poor soil
plant:

rich soil

0.9 0.1

0.10.9

poor soil
fallow:

R(rich,plant)=100 
R(poor,plant)=10 
R(rich,fallow)=0 
R(poor,fallow)=0• h: horizon (e.g. how many planting seasons) 

•              : expected reward of starting at s, making action 
a, and then making the “best” action for the h-1 steps left 

• With Q, can find an optimal policy: 

<latexit sha1_base64="t6c0os9KbvUXzTINIt7+TE8d20Q=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRahgpRdUfRY9OKxBfsB7VqyabYNzSZrkhXK0j/hxYMiXv073vw3pu0etPXBwOO9GWbmBTFn2rjut5NbWV1b38hvFra2d3b3ivsHTS0TRWiDSC5VO8CaciZowzDDaTtWFEcBp61gdDv1W09UaSbFvRnH1I/wQLCQEWys1K4/DMv6DJ/2iiW34s6AlomXkRJkqPWKX92+JElEhSEca93x3Nj4KVaGEU4nhW6iaYzJCA9ox1KBI6r9dHbvBJ1YpY9CqWwJg2bq74kUR1qPo8B2RtgM9aI3Ff/zOokJr/2UiTgxVJD5ojDhyEg0fR71maLE8LElmChmb0VkiBUmxkZUsCF4iy8vk+Z5xbusuPWLUvUmiyMPR3AMZfDgCqpwBzVoAAEOz/AKb86j8+K8Ox/z1pyTzRzCHzifP+MSjzY=</latexit>

Qh(s, a)

<latexit sha1_base64="zwL5GdBzunAa4mW51QtdWu/WhEU=">AAACCHicbZDLSgMxFIYz9VbrbdSlC0OLUFHKjCAKIgy6cdmKvUA7LZk004ZmLiQZYRi6dOPat3DjQhG3PoK7vo3ptIK2/hD48p9zSM7vhIwKaRgjLbOwuLS8kl3Nra1vbG7p2zs1EUQckyoOWMAbDhKEUZ9UJZWMNEJOkOcwUncG1+N6/Z5wQQP/TsYhsT3U86lLMZLK6uj7lbZRFMfoEF5C4wJW2ubP7TaFjl4wSkYqOA/mFApWvnX0NLLickf/anUDHHnEl5ghIZqmEUo7QVxSzMgw14oECREeoB5pKvSRR4SdpIsM4YFyutANuDq+hKn7eyJBnhCx56hOD8m+mK2Nzf9qzUi653ZC/TCSxMeTh9yIQRnAcSqwSznBksUKEOZU/RXiPuIIS5VdToVgzq48D7WTknlaMipmwboCE2XBHsiDIjDBGbDADSiDKsDgATyDV/CmPWov2rv2MWnNaNOZXfBH2uc3+vGYeg==</latexit>

Q0(s, a) = 0;Q1(s, a) = R(s, a)
<latexit sha1_base64="YnKPoZbIZvU4ZMVC18BnPOq8QY8=">AAACOXicdVDNSgMxGMz6W+tf1aOXYBEUpGRFUShC0YvHClYLbS3ZNGtDs9kl+VYtS1/Li2/hTfDiQRGvvoDpuoJaHQhMZuYj+caLpDBAyIMzNj4xOTWdm8nPzs0vLBaWls9MGGvGayyUoa571HApFK+BAMnrkeY08CQ/93pHQ//8imsjQnUK/Yi3AnqphC8YBSu1C9WTC3ejCfwGdJBowbqDra9bJKmCwSY+wC4h5fz/QZ9KGV6nSVJuF4qkRFLgUeJmpIgyVNuF+2YnZHHAFTBJjWm4JIJWQjUIJvkg34wNjyjr0UvesFTRgJtWkm4+wOtW6WA/1PYowKn6fSKhgTH9wLPJgELX/PaG4l9eIwZ/v5UIFcXAFft8yI8lhhAPa8QdoTkD2beEMi3sXzHrUk0Z2LLztgT398qj5Gy75O6WyMlOsXKY1ZFDq2gNbSAX7aEKOkZVVEMM3aJH9IxenDvnyXl13j6jY042s4J+wHn/AE/OrJQ=</latexit>

Q1(rich, plant) = 100;Q1(rich, fallow) = 0;
<latexit sha1_base64="bsdI9o3t9WeRpWvYm7b3NsxpdXA=">AAACOHicfVDLSgMxFM3Ud31VXboJFkFByowoCiKIbtxZwdpCW0smzdjQTDIkd9Qy9LPc+BnuxI0LRdz6BabTQXzhgcDJOeeS3ONHghtw3QcnNzI6Nj4xOZWfnpmdmy8sLJ4bFWvKKlQJpWs+MUxwySrAQbBapBkJfcGqfvdo4FevmDZcyTPoRawZkkvJA04JWKlVOMmfXnhrDWA3oMMkUkr3Nz5vgkjor+N97Ll7/+QCIoS6ToNuq1B0S24K/Jt4GSmiDOVW4b7RVjQOmQQqiDF1z42gmRANnArWzzdiwyJCu+SS1S2VJGSmmaSL9/GqVdo4UNoeCThVv04kJDSmF/o2GRLomJ/eQPzLq8cQ7DYTLqMYmKTDh4JYYFB40CJuc80oiJ4lhGpu/4pph2hCwXadtyV4P1f+Tc43S952yT3dKh4cZnVMomW0gtaQh3bQATpGZVRBFN2iR/SMXpw758l5dd6G0ZyTzSyhb3DePwC/qqxd</latexit>

Q1(poor, plant) = 10;Q1(poor, fallow) = 0

What’s best?
<latexit sha1_base64="ggNpImhP+fGulr+7QpjwK0AG3ig="></latexit>

⇡⇤
1(s) = plant;⇡⇤

2(rich) = plant,⇡⇤
2(poor) = fallowAny s,

<latexit sha1_base64="HJNCeyZB05B5XRXKWz2cW5MGl8g="></latexit>

⇡⇤
h(s) = argmaxa Qh(s, a)

What’s the best policy? Finite horizon



rich soil

0.1 0.9

0.90.1

poor soil
plant:

rich soil

0.9 0.1

0.10.9

poor soil
fallow:

R(rich,plant)=100 
R(poor,plant)=10 
R(rich,fallow)=0 
R(poor,fallow)=0• h: horizon (e.g. how many planting seasons) 

•              : expected reward of starting at s, making action 
a, and then making the “best” action for the h-1 steps left 

• With Q, can find an optimal policy: 

<latexit sha1_base64="t6c0os9KbvUXzTINIt7+TE8d20Q=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRahgpRdUfRY9OKxBfsB7VqyabYNzSZrkhXK0j/hxYMiXv073vw3pu0etPXBwOO9GWbmBTFn2rjut5NbWV1b38hvFra2d3b3ivsHTS0TRWiDSC5VO8CaciZowzDDaTtWFEcBp61gdDv1W09UaSbFvRnH1I/wQLCQEWys1K4/DMv6DJ/2iiW34s6AlomXkRJkqPWKX92+JElEhSEca93x3Nj4KVaGEU4nhW6iaYzJCA9ox1KBI6r9dHbvBJ1YpY9CqWwJg2bq74kUR1qPo8B2RtgM9aI3Ff/zOokJr/2UiTgxVJD5ojDhyEg0fR71maLE8LElmChmb0VkiBUmxkZUsCF4iy8vk+Z5xbusuPWLUvUmiyMPR3AMZfDgCqpwBzVoAAEOz/AKb86j8+K8Ox/z1pyTzRzCHzifP+MSjzY=</latexit>

Qh(s, a)

<latexit sha1_base64="YnKPoZbIZvU4ZMVC18BnPOq8QY8=">AAACOXicdVDNSgMxGMz6W+tf1aOXYBEUpGRFUShC0YvHClYLbS3ZNGtDs9kl+VYtS1/Li2/hTfDiQRGvvoDpuoJaHQhMZuYj+caLpDBAyIMzNj4xOTWdm8nPzs0vLBaWls9MGGvGayyUoa571HApFK+BAMnrkeY08CQ/93pHQ//8imsjQnUK/Yi3AnqphC8YBSu1C9WTC3ejCfwGdJBowbqDra9bJKmCwSY+wC4h5fz/QZ9KGV6nSVJuF4qkRFLgUeJmpIgyVNuF+2YnZHHAFTBJjWm4JIJWQjUIJvkg34wNjyjr0UvesFTRgJtWkm4+wOtW6WA/1PYowKn6fSKhgTH9wLPJgELX/PaG4l9eIwZ/v5UIFcXAFft8yI8lhhAPa8QdoTkD2beEMi3sXzHrUk0Z2LLztgT398qj5Gy75O6WyMlOsXKY1ZFDq2gNbSAX7aEKOkZVVEMM3aJH9IxenDvnyXl13j6jY042s4J+wHn/AE/OrJQ=</latexit>

Q1(rich, plant) = 100;Q1(rich, fallow) = 0;
<latexit sha1_base64="bsdI9o3t9WeRpWvYm7b3NsxpdXA=">AAACOHicfVDLSgMxFM3Ud31VXboJFkFByowoCiKIbtxZwdpCW0smzdjQTDIkd9Qy9LPc+BnuxI0LRdz6BabTQXzhgcDJOeeS3ONHghtw3QcnNzI6Nj4xOZWfnpmdmy8sLJ4bFWvKKlQJpWs+MUxwySrAQbBapBkJfcGqfvdo4FevmDZcyTPoRawZkkvJA04JWKlVOMmfXnhrDWA3oMMkUkr3Nz5vgkjor+N97Ll7/+QCIoS6ToNuq1B0S24K/Jt4GSmiDOVW4b7RVjQOmQQqiDF1z42gmRANnArWzzdiwyJCu+SS1S2VJGSmmaSL9/GqVdo4UNoeCThVv04kJDSmF/o2GRLomJ/eQPzLq8cQ7DYTLqMYmKTDh4JYYFB40CJuc80oiJ4lhGpu/4pph2hCwXadtyV4P1f+Tc43S952yT3dKh4cZnVMomW0gtaQh3bQATpGZVRBFN2iR/SMXpw758l5dd6G0ZyTzSyhb3DePwC/qqxd</latexit>

Q1(poor, plant) = 10;Q1(poor, fallow) = 0

What’s best?
<latexit sha1_base64="ggNpImhP+fGulr+7QpjwK0AG3ig="></latexit>

⇡⇤
1(s) = plant;⇡⇤

2(rich) = plant,⇡⇤
2(poor) = fallowAny s,

<latexit sha1_base64="P9AgmYRFNX0jmr8tJ29nBy0XpZk="></latexit>

Q0(s, a) = 0;Qh(s, a) = R(s, a) +
P

s0 T (s, a, s
0)maxa0 Qh�1(s0, a0)

<latexit sha1_base64="HJNCeyZB05B5XRXKWz2cW5MGl8g="></latexit>

⇡⇤
h(s) = argmaxa Qh(s, a)

What’s the best policy? Finite horizon



rich soil

0.1 0.9

0.90.1

poor soil
plant:

rich soil

0.9 0.1

0.10.9

poor soil
fallow:

R(rich,plant)=100 
R(poor,plant)=10 
R(rich,fallow)=0 
R(poor,fallow)=0• h: horizon (e.g. how many planting seasons) 

•              : expected reward of starting at s, making action 
a, and then making the “best” action for the h-1 steps left 

• With Q, can find an optimal policy: 

<latexit sha1_base64="t6c0os9KbvUXzTINIt7+TE8d20Q=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRahgpRdUfRY9OKxBfsB7VqyabYNzSZrkhXK0j/hxYMiXv073vw3pu0etPXBwOO9GWbmBTFn2rjut5NbWV1b38hvFra2d3b3ivsHTS0TRWiDSC5VO8CaciZowzDDaTtWFEcBp61gdDv1W09UaSbFvRnH1I/wQLCQEWys1K4/DMv6DJ/2iiW34s6AlomXkRJkqPWKX92+JElEhSEca93x3Nj4KVaGEU4nhW6iaYzJCA9ox1KBI6r9dHbvBJ1YpY9CqWwJg2bq74kUR1qPo8B2RtgM9aI3Ff/zOokJr/2UiTgxVJD5ojDhyEg0fR71maLE8LElmChmb0VkiBUmxkZUsCF4iy8vk+Z5xbusuPWLUvUmiyMPR3AMZfDgCqpwBzVoAAEOz/AKb86j8+K8Ox/z1pyTzRzCHzifP+MSjzY=</latexit>

Qh(s, a)

<latexit sha1_base64="YnKPoZbIZvU4ZMVC18BnPOq8QY8=">AAACOXicdVDNSgMxGMz6W+tf1aOXYBEUpGRFUShC0YvHClYLbS3ZNGtDs9kl+VYtS1/Li2/hTfDiQRGvvoDpuoJaHQhMZuYj+caLpDBAyIMzNj4xOTWdm8nPzs0vLBaWls9MGGvGayyUoa571HApFK+BAMnrkeY08CQ/93pHQ//8imsjQnUK/Yi3AnqphC8YBSu1C9WTC3ejCfwGdJBowbqDra9bJKmCwSY+wC4h5fz/QZ9KGV6nSVJuF4qkRFLgUeJmpIgyVNuF+2YnZHHAFTBJjWm4JIJWQjUIJvkg34wNjyjr0UvesFTRgJtWkm4+wOtW6WA/1PYowKn6fSKhgTH9wLPJgELX/PaG4l9eIwZ/v5UIFcXAFft8yI8lhhAPa8QdoTkD2beEMi3sXzHrUk0Z2LLztgT398qj5Gy75O6WyMlOsXKY1ZFDq2gNbSAX7aEKOkZVVEMM3aJH9IxenDvnyXl13j6jY042s4J+wHn/AE/OrJQ=</latexit>

Q1(rich, plant) = 100;Q1(rich, fallow) = 0;
<latexit sha1_base64="bsdI9o3t9WeRpWvYm7b3NsxpdXA=">AAACOHicfVDLSgMxFM3Ud31VXboJFkFByowoCiKIbtxZwdpCW0smzdjQTDIkd9Qy9LPc+BnuxI0LRdz6BabTQXzhgcDJOeeS3ONHghtw3QcnNzI6Nj4xOZWfnpmdmy8sLJ4bFWvKKlQJpWs+MUxwySrAQbBapBkJfcGqfvdo4FevmDZcyTPoRawZkkvJA04JWKlVOMmfXnhrDWA3oMMkUkr3Nz5vgkjor+N97Ll7/+QCIoS6ToNuq1B0S24K/Jt4GSmiDOVW4b7RVjQOmQQqiDF1z42gmRANnArWzzdiwyJCu+SS1S2VJGSmmaSL9/GqVdo4UNoeCThVv04kJDSmF/o2GRLomJ/eQPzLq8cQ7DYTLqMYmKTDh4JYYFB40CJuc80oiJ4lhGpu/4pph2hCwXadtyV4P1f+Tc43S952yT3dKh4cZnVMomW0gtaQh3bQATpGZVRBFN2iR/SMXpw758l5dd6G0ZyTzSyhb3DePwC/qqxd</latexit>

Q1(poor, plant) = 10;Q1(poor, fallow) = 0

What’s best?
<latexit sha1_base64="ggNpImhP+fGulr+7QpjwK0AG3ig="></latexit>

⇡⇤
1(s) = plant;⇡⇤

2(rich) = plant,⇡⇤
2(poor) = fallowAny s,

<latexit sha1_base64="P9AgmYRFNX0jmr8tJ29nBy0XpZk="></latexit>

Q0(s, a) = 0;Qh(s, a) = R(s, a) +
P

s0 T (s, a, s
0)maxa0 Qh�1(s0, a0)

<latexit sha1_base64="HJNCeyZB05B5XRXKWz2cW5MGl8g="></latexit>

⇡⇤
h(s) = argmaxa Qh(s, a)

What’s the best policy? Finite horizon



rich soil

0.1 0.9

0.90.1

poor soil
plant:

rich soil

0.9 0.1

0.10.9

poor soil
fallow:

R(rich,plant)=100 
R(poor,plant)=10 
R(rich,fallow)=0 
R(poor,fallow)=0• h: horizon (e.g. how many planting seasons) 

•              : expected reward of starting at s, making action 
a, and then making the “best” action for the h-1 steps left 

• With Q, can find an optimal policy: 

<latexit sha1_base64="t6c0os9KbvUXzTINIt7+TE8d20Q=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRahgpRdUfRY9OKxBfsB7VqyabYNzSZrkhXK0j/hxYMiXv073vw3pu0etPXBwOO9GWbmBTFn2rjut5NbWV1b38hvFra2d3b3ivsHTS0TRWiDSC5VO8CaciZowzDDaTtWFEcBp61gdDv1W09UaSbFvRnH1I/wQLCQEWys1K4/DMv6DJ/2iiW34s6AlomXkRJkqPWKX92+JElEhSEca93x3Nj4KVaGEU4nhW6iaYzJCA9ox1KBI6r9dHbvBJ1YpY9CqWwJg2bq74kUR1qPo8B2RtgM9aI3Ff/zOokJr/2UiTgxVJD5ojDhyEg0fR71maLE8LElmChmb0VkiBUmxkZUsCF4iy8vk+Z5xbusuPWLUvUmiyMPR3AMZfDgCqpwBzVoAAEOz/AKb86j8+K8Ox/z1pyTzRzCHzifP+MSjzY=</latexit>

Qh(s, a)

<latexit sha1_base64="YnKPoZbIZvU4ZMVC18BnPOq8QY8=">AAACOXicdVDNSgMxGMz6W+tf1aOXYBEUpGRFUShC0YvHClYLbS3ZNGtDs9kl+VYtS1/Li2/hTfDiQRGvvoDpuoJaHQhMZuYj+caLpDBAyIMzNj4xOTWdm8nPzs0vLBaWls9MGGvGayyUoa571HApFK+BAMnrkeY08CQ/93pHQ//8imsjQnUK/Yi3AnqphC8YBSu1C9WTC3ejCfwGdJBowbqDra9bJKmCwSY+wC4h5fz/QZ9KGV6nSVJuF4qkRFLgUeJmpIgyVNuF+2YnZHHAFTBJjWm4JIJWQjUIJvkg34wNjyjr0UvesFTRgJtWkm4+wOtW6WA/1PYowKn6fSKhgTH9wLPJgELX/PaG4l9eIwZ/v5UIFcXAFft8yI8lhhAPa8QdoTkD2beEMi3sXzHrUk0Z2LLztgT398qj5Gy75O6WyMlOsXKY1ZFDq2gNbSAX7aEKOkZVVEMM3aJH9IxenDvnyXl13j6jY042s4J+wHn/AE/OrJQ=</latexit>

Q1(rich, plant) = 100;Q1(rich, fallow) = 0;
<latexit sha1_base64="bsdI9o3t9WeRpWvYm7b3NsxpdXA=">AAACOHicfVDLSgMxFM3Ud31VXboJFkFByowoCiKIbtxZwdpCW0smzdjQTDIkd9Qy9LPc+BnuxI0LRdz6BabTQXzhgcDJOeeS3ONHghtw3QcnNzI6Nj4xOZWfnpmdmy8sLJ4bFWvKKlQJpWs+MUxwySrAQbBapBkJfcGqfvdo4FevmDZcyTPoRawZkkvJA04JWKlVOMmfXnhrDWA3oMMkUkr3Nz5vgkjor+N97Ll7/+QCIoS6ToNuq1B0S24K/Jt4GSmiDOVW4b7RVjQOmQQqiDF1z42gmRANnArWzzdiwyJCu+SS1S2VJGSmmaSL9/GqVdo4UNoeCThVv04kJDSmF/o2GRLomJ/eQPzLq8cQ7DYTLqMYmKTDh4JYYFB40CJuc80oiJ4lhGpu/4pph2hCwXadtyV4P1f+Tc43S952yT3dKh4cZnVMomW0gtaQh3bQATpGZVRBFN2iR/SMXpw758l5dd6G0ZyTzSyhb3DePwC/qqxd</latexit>

Q1(poor, plant) = 10;Q1(poor, fallow) = 0

What’s best?
<latexit sha1_base64="ggNpImhP+fGulr+7QpjwK0AG3ig="></latexit>

⇡⇤
1(s) = plant;⇡⇤

2(rich) = plant,⇡⇤
2(poor) = fallowAny s,

<latexit sha1_base64="P9AgmYRFNX0jmr8tJ29nBy0XpZk="></latexit>

Q0(s, a) = 0;Qh(s, a) = R(s, a) +
P

s0 T (s, a, s
0)maxa0 Qh�1(s0, a0)

<latexit sha1_base64="HJNCeyZB05B5XRXKWz2cW5MGl8g="></latexit>

⇡⇤
h(s) = argmaxa Qh(s, a)

What’s the best policy? Finite horizon



rich soil

0.1 0.9

0.90.1

poor soil
plant:

rich soil

0.9 0.1

0.10.9

poor soil
fallow:

R(rich,plant)=100 
R(poor,plant)=10 
R(rich,fallow)=0 
R(poor,fallow)=0• h: horizon (e.g. how many planting seasons) 

•              : expected reward of starting at s, making action 
a, and then making the “best” action for the h-1 steps left 

• With Q, can find an optimal policy: 

<latexit sha1_base64="t6c0os9KbvUXzTINIt7+TE8d20Q=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRahgpRdUfRY9OKxBfsB7VqyabYNzSZrkhXK0j/hxYMiXv073vw3pu0etPXBwOO9GWbmBTFn2rjut5NbWV1b38hvFra2d3b3ivsHTS0TRWiDSC5VO8CaciZowzDDaTtWFEcBp61gdDv1W09UaSbFvRnH1I/wQLCQEWys1K4/DMv6DJ/2iiW34s6AlomXkRJkqPWKX92+JElEhSEca93x3Nj4KVaGEU4nhW6iaYzJCA9ox1KBI6r9dHbvBJ1YpY9CqWwJg2bq74kUR1qPo8B2RtgM9aI3Ff/zOokJr/2UiTgxVJD5ojDhyEg0fR71maLE8LElmChmb0VkiBUmxkZUsCF4iy8vk+Z5xbusuPWLUvUmiyMPR3AMZfDgCqpwBzVoAAEOz/AKb86j8+K8Ox/z1pyTzRzCHzifP+MSjzY=</latexit>

Qh(s, a)

<latexit sha1_base64="YnKPoZbIZvU4ZMVC18BnPOq8QY8=">AAACOXicdVDNSgMxGMz6W+tf1aOXYBEUpGRFUShC0YvHClYLbS3ZNGtDs9kl+VYtS1/Li2/hTfDiQRGvvoDpuoJaHQhMZuYj+caLpDBAyIMzNj4xOTWdm8nPzs0vLBaWls9MGGvGayyUoa571HApFK+BAMnrkeY08CQ/93pHQ//8imsjQnUK/Yi3AnqphC8YBSu1C9WTC3ejCfwGdJBowbqDra9bJKmCwSY+wC4h5fz/QZ9KGV6nSVJuF4qkRFLgUeJmpIgyVNuF+2YnZHHAFTBJjWm4JIJWQjUIJvkg34wNjyjr0UvesFTRgJtWkm4+wOtW6WA/1PYowKn6fSKhgTH9wLPJgELX/PaG4l9eIwZ/v5UIFcXAFft8yI8lhhAPa8QdoTkD2beEMi3sXzHrUk0Z2LLztgT398qj5Gy75O6WyMlOsXKY1ZFDq2gNbSAX7aEKOkZVVEMM3aJH9IxenDvnyXl13j6jY042s4J+wHn/AE/OrJQ=</latexit>

Q1(rich, plant) = 100;Q1(rich, fallow) = 0;
<latexit sha1_base64="bsdI9o3t9WeRpWvYm7b3NsxpdXA=">AAACOHicfVDLSgMxFM3Ud31VXboJFkFByowoCiKIbtxZwdpCW0smzdjQTDIkd9Qy9LPc+BnuxI0LRdz6BabTQXzhgcDJOeeS3ONHghtw3QcnNzI6Nj4xOZWfnpmdmy8sLJ4bFWvKKlQJpWs+MUxwySrAQbBapBkJfcGqfvdo4FevmDZcyTPoRawZkkvJA04JWKlVOMmfXnhrDWA3oMMkUkr3Nz5vgkjor+N97Ll7/+QCIoS6ToNuq1B0S24K/Jt4GSmiDOVW4b7RVjQOmQQqiDF1z42gmRANnArWzzdiwyJCu+SS1S2VJGSmmaSL9/GqVdo4UNoeCThVv04kJDSmF/o2GRLomJ/eQPzLq8cQ7DYTLqMYmKTDh4JYYFB40CJuc80oiJ4lhGpu/4pph2hCwXadtyV4P1f+Tc43S952yT3dKh4cZnVMomW0gtaQh3bQATpGZVRBFN2iR/SMXpw758l5dd6G0ZyTzSyhb3DePwC/qqxd</latexit>

Q1(poor, plant) = 10;Q1(poor, fallow) = 0

What’s best?
<latexit sha1_base64="ggNpImhP+fGulr+7QpjwK0AG3ig="></latexit>

⇡⇤
1(s) = plant;⇡⇤

2(rich) = plant,⇡⇤
2(poor) = fallowAny s,

<latexit sha1_base64="P9AgmYRFNX0jmr8tJ29nBy0XpZk="></latexit>

Q0(s, a) = 0;Qh(s, a) = R(s, a) +
P

s0 T (s, a, s
0)maxa0 Qh�1(s0, a0)

<latexit sha1_base64="HJNCeyZB05B5XRXKWz2cW5MGl8g="></latexit>

⇡⇤
h(s) = argmaxa Qh(s, a)

What’s the best policy? Finite horizon



rich soil

0.1 0.9

0.90.1

poor soil
plant:

rich soil

0.9 0.1

0.10.9

poor soil
fallow:

R(rich,plant)=100 
R(poor,plant)=10 
R(rich,fallow)=0 
R(poor,fallow)=0• h: horizon (e.g. how many planting seasons) 

•              : expected reward of starting at s, making action 
a, and then making the “best” action for the h-1 steps left 

• With Q, can find an optimal policy: 

<latexit sha1_base64="t6c0os9KbvUXzTINIt7+TE8d20Q=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRahgpRdUfRY9OKxBfsB7VqyabYNzSZrkhXK0j/hxYMiXv073vw3pu0etPXBwOO9GWbmBTFn2rjut5NbWV1b38hvFra2d3b3ivsHTS0TRWiDSC5VO8CaciZowzDDaTtWFEcBp61gdDv1W09UaSbFvRnH1I/wQLCQEWys1K4/DMv6DJ/2iiW34s6AlomXkRJkqPWKX92+JElEhSEca93x3Nj4KVaGEU4nhW6iaYzJCA9ox1KBI6r9dHbvBJ1YpY9CqWwJg2bq74kUR1qPo8B2RtgM9aI3Ff/zOokJr/2UiTgxVJD5ojDhyEg0fR71maLE8LElmChmb0VkiBUmxkZUsCF4iy8vk+Z5xbusuPWLUvUmiyMPR3AMZfDgCqpwBzVoAAEOz/AKb86j8+K8Ox/z1pyTzRzCHzifP+MSjzY=</latexit>

Qh(s, a)

<latexit sha1_base64="YnKPoZbIZvU4ZMVC18BnPOq8QY8=">AAACOXicdVDNSgMxGMz6W+tf1aOXYBEUpGRFUShC0YvHClYLbS3ZNGtDs9kl+VYtS1/Li2/hTfDiQRGvvoDpuoJaHQhMZuYj+caLpDBAyIMzNj4xOTWdm8nPzs0vLBaWls9MGGvGayyUoa571HApFK+BAMnrkeY08CQ/93pHQ//8imsjQnUK/Yi3AnqphC8YBSu1C9WTC3ejCfwGdJBowbqDra9bJKmCwSY+wC4h5fz/QZ9KGV6nSVJuF4qkRFLgUeJmpIgyVNuF+2YnZHHAFTBJjWm4JIJWQjUIJvkg34wNjyjr0UvesFTRgJtWkm4+wOtW6WA/1PYowKn6fSKhgTH9wLPJgELX/PaG4l9eIwZ/v5UIFcXAFft8yI8lhhAPa8QdoTkD2beEMi3sXzHrUk0Z2LLztgT398qj5Gy75O6WyMlOsXKY1ZFDq2gNbSAX7aEKOkZVVEMM3aJH9IxenDvnyXl13j6jY042s4J+wHn/AE/OrJQ=</latexit>

Q1(rich, plant) = 100;Q1(rich, fallow) = 0;
<latexit sha1_base64="bsdI9o3t9WeRpWvYm7b3NsxpdXA=">AAACOHicfVDLSgMxFM3Ud31VXboJFkFByowoCiKIbtxZwdpCW0smzdjQTDIkd9Qy9LPc+BnuxI0LRdz6BabTQXzhgcDJOeeS3ONHghtw3QcnNzI6Nj4xOZWfnpmdmy8sLJ4bFWvKKlQJpWs+MUxwySrAQbBapBkJfcGqfvdo4FevmDZcyTPoRawZkkvJA04JWKlVOMmfXnhrDWA3oMMkUkr3Nz5vgkjor+N97Ll7/+QCIoS6ToNuq1B0S24K/Jt4GSmiDOVW4b7RVjQOmQQqiDF1z42gmRANnArWzzdiwyJCu+SS1S2VJGSmmaSL9/GqVdo4UNoeCThVv04kJDSmF/o2GRLomJ/eQPzLq8cQ7DYTLqMYmKTDh4JYYFB40CJuc80oiJ4lhGpu/4pph2hCwXadtyV4P1f+Tc43S952yT3dKh4cZnVMomW0gtaQh3bQATpGZVRBFN2iR/SMXpw758l5dd6G0ZyTzSyhb3DePwC/qqxd</latexit>

Q1(poor, plant) = 10;Q1(poor, fallow) = 0

What’s best?
<latexit sha1_base64="ggNpImhP+fGulr+7QpjwK0AG3ig="></latexit>

⇡⇤
1(s) = plant;⇡⇤

2(rich) = plant,⇡⇤
2(poor) = fallowAny s,

<latexit sha1_base64="P9AgmYRFNX0jmr8tJ29nBy0XpZk="></latexit>

Q0(s, a) = 0;Qh(s, a) = R(s, a) +
P

s0 T (s, a, s
0)maxa0 Qh�1(s0, a0)

<latexit sha1_base64="HJNCeyZB05B5XRXKWz2cW5MGl8g="></latexit>

⇡⇤
h(s) = argmaxa Qh(s, a)

What’s the best policy? Finite horizon



rich soil

0.1 0.9

0.90.1

poor soil
plant:

rich soil

0.9 0.1

0.10.9

poor soil
fallow:

R(rich,plant)=100 
R(poor,plant)=10 
R(rich,fallow)=0 
R(poor,fallow)=0• h: horizon (e.g. how many planting seasons) 

•              : expected reward of starting at s, making action 
a, and then making the “best” action for the h-1 steps left 

• With Q, can find an optimal policy: 

<latexit sha1_base64="t6c0os9KbvUXzTINIt7+TE8d20Q=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRahgpRdUfRY9OKxBfsB7VqyabYNzSZrkhXK0j/hxYMiXv073vw3pu0etPXBwOO9GWbmBTFn2rjut5NbWV1b38hvFra2d3b3ivsHTS0TRWiDSC5VO8CaciZowzDDaTtWFEcBp61gdDv1W09UaSbFvRnH1I/wQLCQEWys1K4/DMv6DJ/2iiW34s6AlomXkRJkqPWKX92+JElEhSEca93x3Nj4KVaGEU4nhW6iaYzJCA9ox1KBI6r9dHbvBJ1YpY9CqWwJg2bq74kUR1qPo8B2RtgM9aI3Ff/zOokJr/2UiTgxVJD5ojDhyEg0fR71maLE8LElmChmb0VkiBUmxkZUsCF4iy8vk+Z5xbusuPWLUvUmiyMPR3AMZfDgCqpwBzVoAAEOz/AKb86j8+K8Ox/z1pyTzRzCHzifP+MSjzY=</latexit>

Qh(s, a)

<latexit sha1_base64="YnKPoZbIZvU4ZMVC18BnPOq8QY8=">AAACOXicdVDNSgMxGMz6W+tf1aOXYBEUpGRFUShC0YvHClYLbS3ZNGtDs9kl+VYtS1/Li2/hTfDiQRGvvoDpuoJaHQhMZuYj+caLpDBAyIMzNj4xOTWdm8nPzs0vLBaWls9MGGvGayyUoa571HApFK+BAMnrkeY08CQ/93pHQ//8imsjQnUK/Yi3AnqphC8YBSu1C9WTC3ejCfwGdJBowbqDra9bJKmCwSY+wC4h5fz/QZ9KGV6nSVJuF4qkRFLgUeJmpIgyVNuF+2YnZHHAFTBJjWm4JIJWQjUIJvkg34wNjyjr0UvesFTRgJtWkm4+wOtW6WA/1PYowKn6fSKhgTH9wLPJgELX/PaG4l9eIwZ/v5UIFcXAFft8yI8lhhAPa8QdoTkD2beEMi3sXzHrUk0Z2LLztgT398qj5Gy75O6WyMlOsXKY1ZFDq2gNbSAX7aEKOkZVVEMM3aJH9IxenDvnyXl13j6jY042s4J+wHn/AE/OrJQ=</latexit>

Q1(rich, plant) = 100;Q1(rich, fallow) = 0;
<latexit sha1_base64="bsdI9o3t9WeRpWvYm7b3NsxpdXA=">AAACOHicfVDLSgMxFM3Ud31VXboJFkFByowoCiKIbtxZwdpCW0smzdjQTDIkd9Qy9LPc+BnuxI0LRdz6BabTQXzhgcDJOeeS3ONHghtw3QcnNzI6Nj4xOZWfnpmdmy8sLJ4bFWvKKlQJpWs+MUxwySrAQbBapBkJfcGqfvdo4FevmDZcyTPoRawZkkvJA04JWKlVOMmfXnhrDWA3oMMkUkr3Nz5vgkjor+N97Ll7/+QCIoS6ToNuq1B0S24K/Jt4GSmiDOVW4b7RVjQOmQQqiDF1z42gmRANnArWzzdiwyJCu+SS1S2VJGSmmaSL9/GqVdo4UNoeCThVv04kJDSmF/o2GRLomJ/eQPzLq8cQ7DYTLqMYmKTDh4JYYFB40CJuc80oiJ4lhGpu/4pph2hCwXadtyV4P1f+Tc43S952yT3dKh4cZnVMomW0gtaQh3bQATpGZVRBFN2iR/SMXpw758l5dd6G0ZyTzSyhb3DePwC/qqxd</latexit>

Q1(poor, plant) = 10;Q1(poor, fallow) = 0

What’s best?
<latexit sha1_base64="ggNpImhP+fGulr+7QpjwK0AG3ig="></latexit>

⇡⇤
1(s) = plant;⇡⇤

2(rich) = plant,⇡⇤
2(poor) = fallowAny s,

<latexit sha1_base64="P9AgmYRFNX0jmr8tJ29nBy0XpZk="></latexit>

Q0(s, a) = 0;Qh(s, a) = R(s, a) +
P

s0 T (s, a, s
0)maxa0 Qh�1(s0, a0)

<latexit sha1_base64="HJNCeyZB05B5XRXKWz2cW5MGl8g="></latexit>

⇡⇤
h(s) = argmaxa Qh(s, a)

What’s the best policy? Finite horizon



rich soil

0.1 0.9

0.90.1

poor soil
plant:

rich soil

0.9 0.1

0.10.9

poor soil
fallow:

R(rich,plant)=100 
R(poor,plant)=10 
R(rich,fallow)=0 
R(poor,fallow)=0• h: horizon (e.g. how many planting seasons) 

•              : expected reward of starting at s, making action 
a, and then making the “best” action for the h-1 steps left 

• With Q, can find an optimal policy: 

<latexit sha1_base64="t6c0os9KbvUXzTINIt7+TE8d20Q=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRahgpRdUfRY9OKxBfsB7VqyabYNzSZrkhXK0j/hxYMiXv073vw3pu0etPXBwOO9GWbmBTFn2rjut5NbWV1b38hvFra2d3b3ivsHTS0TRWiDSC5VO8CaciZowzDDaTtWFEcBp61gdDv1W09UaSbFvRnH1I/wQLCQEWys1K4/DMv6DJ/2iiW34s6AlomXkRJkqPWKX92+JElEhSEca93x3Nj4KVaGEU4nhW6iaYzJCA9ox1KBI6r9dHbvBJ1YpY9CqWwJg2bq74kUR1qPo8B2RtgM9aI3Ff/zOokJr/2UiTgxVJD5ojDhyEg0fR71maLE8LElmChmb0VkiBUmxkZUsCF4iy8vk+Z5xbusuPWLUvUmiyMPR3AMZfDgCqpwBzVoAAEOz/AKb86j8+K8Ox/z1pyTzRzCHzifP+MSjzY=</latexit>

Qh(s, a)

<latexit sha1_base64="YnKPoZbIZvU4ZMVC18BnPOq8QY8=">AAACOXicdVDNSgMxGMz6W+tf1aOXYBEUpGRFUShC0YvHClYLbS3ZNGtDs9kl+VYtS1/Li2/hTfDiQRGvvoDpuoJaHQhMZuYj+caLpDBAyIMzNj4xOTWdm8nPzs0vLBaWls9MGGvGayyUoa571HApFK+BAMnrkeY08CQ/93pHQ//8imsjQnUK/Yi3AnqphC8YBSu1C9WTC3ejCfwGdJBowbqDra9bJKmCwSY+wC4h5fz/QZ9KGV6nSVJuF4qkRFLgUeJmpIgyVNuF+2YnZHHAFTBJjWm4JIJWQjUIJvkg34wNjyjr0UvesFTRgJtWkm4+wOtW6WA/1PYowKn6fSKhgTH9wLPJgELX/PaG4l9eIwZ/v5UIFcXAFft8yI8lhhAPa8QdoTkD2beEMi3sXzHrUk0Z2LLztgT398qj5Gy75O6WyMlOsXKY1ZFDq2gNbSAX7aEKOkZVVEMM3aJH9IxenDvnyXl13j6jY042s4J+wHn/AE/OrJQ=</latexit>

Q1(rich, plant) = 100;Q1(rich, fallow) = 0;
<latexit sha1_base64="bsdI9o3t9WeRpWvYm7b3NsxpdXA=">AAACOHicfVDLSgMxFM3Ud31VXboJFkFByowoCiKIbtxZwdpCW0smzdjQTDIkd9Qy9LPc+BnuxI0LRdz6BabTQXzhgcDJOeeS3ONHghtw3QcnNzI6Nj4xOZWfnpmdmy8sLJ4bFWvKKlQJpWs+MUxwySrAQbBapBkJfcGqfvdo4FevmDZcyTPoRawZkkvJA04JWKlVOMmfXnhrDWA3oMMkUkr3Nz5vgkjor+N97Ll7/+QCIoS6ToNuq1B0S24K/Jt4GSmiDOVW4b7RVjQOmQQqiDF1z42gmRANnArWzzdiwyJCu+SS1S2VJGSmmaSL9/GqVdo4UNoeCThVv04kJDSmF/o2GRLomJ/eQPzLq8cQ7DYTLqMYmKTDh4JYYFB40CJuc80oiJ4lhGpu/4pph2hCwXadtyV4P1f+Tc43S952yT3dKh4cZnVMomW0gtaQh3bQATpGZVRBFN2iR/SMXpw758l5dd6G0ZyTzSyhb3DePwC/qqxd</latexit>

Q1(poor, plant) = 10;Q1(poor, fallow) = 0

What’s best?
<latexit sha1_base64="ggNpImhP+fGulr+7QpjwK0AG3ig="></latexit>

⇡⇤
1(s) = plant;⇡⇤

2(rich) = plant,⇡⇤
2(poor) = fallowAny s,

<latexit sha1_base64="P9AgmYRFNX0jmr8tJ29nBy0XpZk="></latexit>

Q0(s, a) = 0;Qh(s, a) = R(s, a) +
P

s0 T (s, a, s
0)maxa0 Qh�1(s0, a0)

<latexit sha1_base64="HJNCeyZB05B5XRXKWz2cW5MGl8g="></latexit>

⇡⇤
h(s) = argmaxa Qh(s, a)

What’s the best policy? Finite horizon

the discount 

factor goes here



rich soil

0.1 0.9

0.90.1

poor soil
plant:

rich soil

0.9 0.1

0.10.9

poor soil
fallow:

R(rich,plant)=100 
R(poor,plant)=10 
R(rich,fallow)=0 
R(poor,fallow)=0• h: horizon (e.g. how many planting seasons) 

•              : expected reward of starting at s, making action 
a, and then making the “best” action for the h-1 steps left 

• With Q, can find an optimal policy: 

<latexit sha1_base64="t6c0os9KbvUXzTINIt7+TE8d20Q=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRahgpRdUfRY9OKxBfsB7VqyabYNzSZrkhXK0j/hxYMiXv073vw3pu0etPXBwOO9GWbmBTFn2rjut5NbWV1b38hvFra2d3b3ivsHTS0TRWiDSC5VO8CaciZowzDDaTtWFEcBp61gdDv1W09UaSbFvRnH1I/wQLCQEWys1K4/DMv6DJ/2iiW34s6AlomXkRJkqPWKX92+JElEhSEca93x3Nj4KVaGEU4nhW6iaYzJCA9ox1KBI6r9dHbvBJ1YpY9CqWwJg2bq74kUR1qPo8B2RtgM9aI3Ff/zOokJr/2UiTgxVJD5ojDhyEg0fR71maLE8LElmChmb0VkiBUmxkZUsCF4iy8vk+Z5xbusuPWLUvUmiyMPR3AMZfDgCqpwBzVoAAEOz/AKb86j8+K8Ox/z1pyTzRzCHzifP+MSjzY=</latexit>

Qh(s, a)

<latexit sha1_base64="YnKPoZbIZvU4ZMVC18BnPOq8QY8=">AAACOXicdVDNSgMxGMz6W+tf1aOXYBEUpGRFUShC0YvHClYLbS3ZNGtDs9kl+VYtS1/Li2/hTfDiQRGvvoDpuoJaHQhMZuYj+caLpDBAyIMzNj4xOTWdm8nPzs0vLBaWls9MGGvGayyUoa571HApFK+BAMnrkeY08CQ/93pHQ//8imsjQnUK/Yi3AnqphC8YBSu1C9WTC3ejCfwGdJBowbqDra9bJKmCwSY+wC4h5fz/QZ9KGV6nSVJuF4qkRFLgUeJmpIgyVNuF+2YnZHHAFTBJjWm4JIJWQjUIJvkg34wNjyjr0UvesFTRgJtWkm4+wOtW6WA/1PYowKn6fSKhgTH9wLPJgELX/PaG4l9eIwZ/v5UIFcXAFft8yI8lhhAPa8QdoTkD2beEMi3sXzHrUk0Z2LLztgT398qj5Gy75O6WyMlOsXKY1ZFDq2gNbSAX7aEKOkZVVEMM3aJH9IxenDvnyXl13j6jY042s4J+wHn/AE/OrJQ=</latexit>

Q1(rich, plant) = 100;Q1(rich, fallow) = 0;
<latexit sha1_base64="bsdI9o3t9WeRpWvYm7b3NsxpdXA=">AAACOHicfVDLSgMxFM3Ud31VXboJFkFByowoCiKIbtxZwdpCW0smzdjQTDIkd9Qy9LPc+BnuxI0LRdz6BabTQXzhgcDJOeeS3ONHghtw3QcnNzI6Nj4xOZWfnpmdmy8sLJ4bFWvKKlQJpWs+MUxwySrAQbBapBkJfcGqfvdo4FevmDZcyTPoRawZkkvJA04JWKlVOMmfXnhrDWA3oMMkUkr3Nz5vgkjor+N97Ll7/+QCIoS6ToNuq1B0S24K/Jt4GSmiDOVW4b7RVjQOmQQqiDF1z42gmRANnArWzzdiwyJCu+SS1S2VJGSmmaSL9/GqVdo4UNoeCThVv04kJDSmF/o2GRLomJ/eQPzLq8cQ7DYTLqMYmKTDh4JYYFB40CJuc80oiJ4lhGpu/4pph2hCwXadtyV4P1f+Tc43S952yT3dKh4cZnVMomW0gtaQh3bQATpGZVRBFN2iR/SMXpw758l5dd6G0ZyTzSyhb3DePwC/qqxd</latexit>

Q1(poor, plant) = 10;Q1(poor, fallow) = 0

What’s best?
<latexit sha1_base64="ggNpImhP+fGulr+7QpjwK0AG3ig="></latexit>

⇡⇤
1(s) = plant;⇡⇤

2(rich) = plant,⇡⇤
2(poor) = fallowAny s,

<latexit sha1_base64="P9AgmYRFNX0jmr8tJ29nBy0XpZk="></latexit>

Q0(s, a) = 0;Qh(s, a) = R(s, a) +
P

s0 T (s, a, s
0)maxa0 Qh�1(s0, a0)

<latexit sha1_base64="HJNCeyZB05B5XRXKWz2cW5MGl8g="></latexit>

⇡⇤
h(s) = argmaxa Qh(s, a)

What’s the best policy? Finite horizon



rich soil

0.1 0.9

0.90.1

poor soil
plant:

rich soil

0.9 0.1

0.10.9

poor soil
fallow:

R(rich,plant)=100 
R(poor,plant)=10 
R(rich,fallow)=0 
R(poor,fallow)=0• h: horizon (e.g. how many planting seasons) 

•              : expected reward of starting at s, making action 
a, and then making the “best” action for the h-1 steps left 

• With Q, can find an optimal policy: 

<latexit sha1_base64="t6c0os9KbvUXzTINIt7+TE8d20Q=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRahgpRdUfRY9OKxBfsB7VqyabYNzSZrkhXK0j/hxYMiXv073vw3pu0etPXBwOO9GWbmBTFn2rjut5NbWV1b38hvFra2d3b3ivsHTS0TRWiDSC5VO8CaciZowzDDaTtWFEcBp61gdDv1W09UaSbFvRnH1I/wQLCQEWys1K4/DMv6DJ/2iiW34s6AlomXkRJkqPWKX92+JElEhSEca93x3Nj4KVaGEU4nhW6iaYzJCA9ox1KBI6r9dHbvBJ1YpY9CqWwJg2bq74kUR1qPo8B2RtgM9aI3Ff/zOokJr/2UiTgxVJD5ojDhyEg0fR71maLE8LElmChmb0VkiBUmxkZUsCF4iy8vk+Z5xbusuPWLUvUmiyMPR3AMZfDgCqpwBzVoAAEOz/AKb86j8+K8Ox/z1pyTzRzCHzifP+MSjzY=</latexit>

Qh(s, a)

<latexit sha1_base64="YnKPoZbIZvU4ZMVC18BnPOq8QY8=">AAACOXicdVDNSgMxGMz6W+tf1aOXYBEUpGRFUShC0YvHClYLbS3ZNGtDs9kl+VYtS1/Li2/hTfDiQRGvvoDpuoJaHQhMZuYj+caLpDBAyIMzNj4xOTWdm8nPzs0vLBaWls9MGGvGayyUoa571HApFK+BAMnrkeY08CQ/93pHQ//8imsjQnUK/Yi3AnqphC8YBSu1C9WTC3ejCfwGdJBowbqDra9bJKmCwSY+wC4h5fz/QZ9KGV6nSVJuF4qkRFLgUeJmpIgyVNuF+2YnZHHAFTBJjWm4JIJWQjUIJvkg34wNjyjr0UvesFTRgJtWkm4+wOtW6WA/1PYowKn6fSKhgTH9wLPJgELX/PaG4l9eIwZ/v5UIFcXAFft8yI8lhhAPa8QdoTkD2beEMi3sXzHrUk0Z2LLztgT398qj5Gy75O6WyMlOsXKY1ZFDq2gNbSAX7aEKOkZVVEMM3aJH9IxenDvnyXl13j6jY042s4J+wHn/AE/OrJQ=</latexit>

Q1(rich, plant) = 100;Q1(rich, fallow) = 0;
<latexit sha1_base64="bsdI9o3t9WeRpWvYm7b3NsxpdXA=">AAACOHicfVDLSgMxFM3Ud31VXboJFkFByowoCiKIbtxZwdpCW0smzdjQTDIkd9Qy9LPc+BnuxI0LRdz6BabTQXzhgcDJOeeS3ONHghtw3QcnNzI6Nj4xOZWfnpmdmy8sLJ4bFWvKKlQJpWs+MUxwySrAQbBapBkJfcGqfvdo4FevmDZcyTPoRawZkkvJA04JWKlVOMmfXnhrDWA3oMMkUkr3Nz5vgkjor+N97Ll7/+QCIoS6ToNuq1B0S24K/Jt4GSmiDOVW4b7RVjQOmQQqiDF1z42gmRANnArWzzdiwyJCu+SS1S2VJGSmmaSL9/GqVdo4UNoeCThVv04kJDSmF/o2GRLomJ/eQPzLq8cQ7DYTLqMYmKTDh4JYYFB40CJuc80oiJ4lhGpu/4pph2hCwXadtyV4P1f+Tc43S952yT3dKh4cZnVMomW0gtaQh3bQATpGZVRBFN2iR/SMXpw758l5dd6G0ZyTzSyhb3DePwC/qqxd</latexit>

Q1(poor, plant) = 10;Q1(poor, fallow) = 0

What’s best?
<latexit sha1_base64="ggNpImhP+fGulr+7QpjwK0AG3ig="></latexit>

⇡⇤
1(s) = plant;⇡⇤

2(rich) = plant,⇡⇤
2(poor) = fallowAny s,

<latexit sha1_base64="P9AgmYRFNX0jmr8tJ29nBy0XpZk="></latexit>

Q0(s, a) = 0;Qh(s, a) = R(s, a) +
P

s0 T (s, a, s
0)maxa0 Qh�1(s0, a0)

<latexit sha1_base64="HJNCeyZB05B5XRXKWz2cW5MGl8g="></latexit>

⇡⇤
h(s) = argmaxa Qh(s, a)

<latexit sha1_base64="TvhdeoO2sb1uaqElVaTVVTzG95I="></latexit>

Q2(rich, plant) = R(rich, plant) + T (rich, plant, rich)max
a0

Q1(rich, a0)

What’s the best policy? Finite horizon



rich soil

0.1 0.9

0.90.1

poor soil
plant:

rich soil

0.9 0.1

0.10.9

poor soil
fallow:

R(rich,plant)=100 
R(poor,plant)=10 
R(rich,fallow)=0 
R(poor,fallow)=0• h: horizon (e.g. how many planting seasons) 

•              : expected reward of starting at s, making action 
a, and then making the “best” action for the h-1 steps left 

• With Q, can find an optimal policy: 

<latexit sha1_base64="t6c0os9KbvUXzTINIt7+TE8d20Q=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRahgpRdUfRY9OKxBfsB7VqyabYNzSZrkhXK0j/hxYMiXv073vw3pu0etPXBwOO9GWbmBTFn2rjut5NbWV1b38hvFra2d3b3ivsHTS0TRWiDSC5VO8CaciZowzDDaTtWFEcBp61gdDv1W09UaSbFvRnH1I/wQLCQEWys1K4/DMv6DJ/2iiW34s6AlomXkRJkqPWKX92+JElEhSEca93x3Nj4KVaGEU4nhW6iaYzJCA9ox1KBI6r9dHbvBJ1YpY9CqWwJg2bq74kUR1qPo8B2RtgM9aI3Ff/zOokJr/2UiTgxVJD5ojDhyEg0fR71maLE8LElmChmb0VkiBUmxkZUsCF4iy8vk+Z5xbusuPWLUvUmiyMPR3AMZfDgCqpwBzVoAAEOz/AKb86j8+K8Ox/z1pyTzRzCHzifP+MSjzY=</latexit>

Qh(s, a)

<latexit sha1_base64="YnKPoZbIZvU4ZMVC18BnPOq8QY8=">AAACOXicdVDNSgMxGMz6W+tf1aOXYBEUpGRFUShC0YvHClYLbS3ZNGtDs9kl+VYtS1/Li2/hTfDiQRGvvoDpuoJaHQhMZuYj+caLpDBAyIMzNj4xOTWdm8nPzs0vLBaWls9MGGvGayyUoa571HApFK+BAMnrkeY08CQ/93pHQ//8imsjQnUK/Yi3AnqphC8YBSu1C9WTC3ejCfwGdJBowbqDra9bJKmCwSY+wC4h5fz/QZ9KGV6nSVJuF4qkRFLgUeJmpIgyVNuF+2YnZHHAFTBJjWm4JIJWQjUIJvkg34wNjyjr0UvesFTRgJtWkm4+wOtW6WA/1PYowKn6fSKhgTH9wLPJgELX/PaG4l9eIwZ/v5UIFcXAFft8yI8lhhAPa8QdoTkD2beEMi3sXzHrUk0Z2LLztgT398qj5Gy75O6WyMlOsXKY1ZFDq2gNbSAX7aEKOkZVVEMM3aJH9IxenDvnyXl13j6jY042s4J+wHn/AE/OrJQ=</latexit>

Q1(rich, plant) = 100;Q1(rich, fallow) = 0;
<latexit sha1_base64="bsdI9o3t9WeRpWvYm7b3NsxpdXA=">AAACOHicfVDLSgMxFM3Ud31VXboJFkFByowoCiKIbtxZwdpCW0smzdjQTDIkd9Qy9LPc+BnuxI0LRdz6BabTQXzhgcDJOeeS3ONHghtw3QcnNzI6Nj4xOZWfnpmdmy8sLJ4bFWvKKlQJpWs+MUxwySrAQbBapBkJfcGqfvdo4FevmDZcyTPoRawZkkvJA04JWKlVOMmfXnhrDWA3oMMkUkr3Nz5vgkjor+N97Ll7/+QCIoS6ToNuq1B0S24K/Jt4GSmiDOVW4b7RVjQOmQQqiDF1z42gmRANnArWzzdiwyJCu+SS1S2VJGSmmaSL9/GqVdo4UNoeCThVv04kJDSmF/o2GRLomJ/eQPzLq8cQ7DYTLqMYmKTDh4JYYFB40CJuc80oiJ4lhGpu/4pph2hCwXadtyV4P1f+Tc43S952yT3dKh4cZnVMomW0gtaQh3bQATpGZVRBFN2iR/SMXpw758l5dd6G0ZyTzSyhb3DePwC/qqxd</latexit>

Q1(poor, plant) = 10;Q1(poor, fallow) = 0

What’s best?
<latexit sha1_base64="ggNpImhP+fGulr+7QpjwK0AG3ig="></latexit>

⇡⇤
1(s) = plant;⇡⇤

2(rich) = plant,⇡⇤
2(poor) = fallowAny s,

<latexit sha1_base64="P9AgmYRFNX0jmr8tJ29nBy0XpZk="></latexit>

Q0(s, a) = 0;Qh(s, a) = R(s, a) +
P

s0 T (s, a, s
0)maxa0 Qh�1(s0, a0)

<latexit sha1_base64="HJNCeyZB05B5XRXKWz2cW5MGl8g="></latexit>

⇡⇤
h(s) = argmaxa Qh(s, a)

<latexit sha1_base64="TvhdeoO2sb1uaqElVaTVVTzG95I="></latexit>

Q2(rich, plant) = R(rich, plant) + T (rich, plant, rich)max
a0

Q1(rich, a0)

What’s the best policy? Finite horizon



rich soil

0.1 0.9

0.90.1

poor soil
plant:

rich soil

0.9 0.1

0.10.9

poor soil
fallow:

R(rich,plant)=100 
R(poor,plant)=10 
R(rich,fallow)=0 
R(poor,fallow)=0• h: horizon (e.g. how many planting seasons) 

•              : expected reward of starting at s, making action 
a, and then making the “best” action for the h-1 steps left 

• With Q, can find an optimal policy: 

<latexit sha1_base64="t6c0os9KbvUXzTINIt7+TE8d20Q=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRahgpRdUfRY9OKxBfsB7VqyabYNzSZrkhXK0j/hxYMiXv073vw3pu0etPXBwOO9GWbmBTFn2rjut5NbWV1b38hvFra2d3b3ivsHTS0TRWiDSC5VO8CaciZowzDDaTtWFEcBp61gdDv1W09UaSbFvRnH1I/wQLCQEWys1K4/DMv6DJ/2iiW34s6AlomXkRJkqPWKX92+JElEhSEca93x3Nj4KVaGEU4nhW6iaYzJCA9ox1KBI6r9dHbvBJ1YpY9CqWwJg2bq74kUR1qPo8B2RtgM9aI3Ff/zOokJr/2UiTgxVJD5ojDhyEg0fR71maLE8LElmChmb0VkiBUmxkZUsCF4iy8vk+Z5xbusuPWLUvUmiyMPR3AMZfDgCqpwBzVoAAEOz/AKb86j8+K8Ox/z1pyTzRzCHzifP+MSjzY=</latexit>

Qh(s, a)

<latexit sha1_base64="YnKPoZbIZvU4ZMVC18BnPOq8QY8=">AAACOXicdVDNSgMxGMz6W+tf1aOXYBEUpGRFUShC0YvHClYLbS3ZNGtDs9kl+VYtS1/Li2/hTfDiQRGvvoDpuoJaHQhMZuYj+caLpDBAyIMzNj4xOTWdm8nPzs0vLBaWls9MGGvGayyUoa571HApFK+BAMnrkeY08CQ/93pHQ//8imsjQnUK/Yi3AnqphC8YBSu1C9WTC3ejCfwGdJBowbqDra9bJKmCwSY+wC4h5fz/QZ9KGV6nSVJuF4qkRFLgUeJmpIgyVNuF+2YnZHHAFTBJjWm4JIJWQjUIJvkg34wNjyjr0UvesFTRgJtWkm4+wOtW6WA/1PYowKn6fSKhgTH9wLPJgELX/PaG4l9eIwZ/v5UIFcXAFft8yI8lhhAPa8QdoTkD2beEMi3sXzHrUk0Z2LLztgT398qj5Gy75O6WyMlOsXKY1ZFDq2gNbSAX7aEKOkZVVEMM3aJH9IxenDvnyXl13j6jY042s4J+wHn/AE/OrJQ=</latexit>

Q1(rich, plant) = 100;Q1(rich, fallow) = 0;
<latexit sha1_base64="bsdI9o3t9WeRpWvYm7b3NsxpdXA=">AAACOHicfVDLSgMxFM3Ud31VXboJFkFByowoCiKIbtxZwdpCW0smzdjQTDIkd9Qy9LPc+BnuxI0LRdz6BabTQXzhgcDJOeeS3ONHghtw3QcnNzI6Nj4xOZWfnpmdmy8sLJ4bFWvKKlQJpWs+MUxwySrAQbBapBkJfcGqfvdo4FevmDZcyTPoRawZkkvJA04JWKlVOMmfXnhrDWA3oMMkUkr3Nz5vgkjor+N97Ll7/+QCIoS6ToNuq1B0S24K/Jt4GSmiDOVW4b7RVjQOmQQqiDF1z42gmRANnArWzzdiwyJCu+SS1S2VJGSmmaSL9/GqVdo4UNoeCThVv04kJDSmF/o2GRLomJ/eQPzLq8cQ7DYTLqMYmKTDh4JYYFB40CJuc80oiJ4lhGpu/4pph2hCwXadtyV4P1f+Tc43S952yT3dKh4cZnVMomW0gtaQh3bQATpGZVRBFN2iR/SMXpw758l5dd6G0ZyTzSyhb3DePwC/qqxd</latexit>

Q1(poor, plant) = 10;Q1(poor, fallow) = 0

What’s best?
<latexit sha1_base64="ggNpImhP+fGulr+7QpjwK0AG3ig="></latexit>

⇡⇤
1(s) = plant;⇡⇤

2(rich) = plant,⇡⇤
2(poor) = fallowAny s,

<latexit sha1_base64="P9AgmYRFNX0jmr8tJ29nBy0XpZk="></latexit>

Q0(s, a) = 0;Qh(s, a) = R(s, a) +
P

s0 T (s, a, s
0)maxa0 Qh�1(s0, a0)

<latexit sha1_base64="HJNCeyZB05B5XRXKWz2cW5MGl8g="></latexit>

⇡⇤
h(s) = argmaxa Qh(s, a)

<latexit sha1_base64="TvhdeoO2sb1uaqElVaTVVTzG95I="></latexit>

Q2(rich, plant) = R(rich, plant) + T (rich, plant, rich)max
a0

Q1(rich, a0)
<latexit sha1_base64="SXUiGoGBiTAl8tFhRDKuLhUB9YA="></latexit>

+ T (rich, plant, poor)max
a0

Q1(poor, a0)

What’s the best policy? Finite horizon
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• With Q, can find an optimal policy: 
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<latexit sha1_base64="bsdI9o3t9WeRpWvYm7b3NsxpdXA=">AAACOHicfVDLSgMxFM3Ud31VXboJFkFByowoCiKIbtxZwdpCW0smzdjQTDIkd9Qy9LPc+BnuxI0LRdz6BabTQXzhgcDJOeeS3ONHghtw3QcnNzI6Nj4xOZWfnpmdmy8sLJ4bFWvKKlQJpWs+MUxwySrAQbBapBkJfcGqfvdo4FevmDZcyTPoRawZkkvJA04JWKlVOMmfXnhrDWA3oMMkUkr3Nz5vgkjor+N97Ll7/+QCIoS6ToNuq1B0S24K/Jt4GSmiDOVW4b7RVjQOmQQqiDF1z42gmRANnArWzzdiwyJCu+SS1S2VJGSmmaSL9/GqVdo4UNoeCThVv04kJDSmF/o2GRLomJ/eQPzLq8cQ7DYTLqMYmKTDh4JYYFB40CJuc80oiJ4lhGpu/4pph2hCwXadtyV4P1f+Tc43S952yT3dKh4cZnVMomW0gtaQh3bQATpGZVRBFN2iR/SMXpw758l5dd6G0ZyTzSyhb3DePwC/qqxd</latexit>

Q1(poor, plant) = 10;Q1(poor, fallow) = 0
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<latexit sha1_base64="ggNpImhP+fGulr+7QpjwK0AG3ig="></latexit>

⇡⇤
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• With Q, can find an optimal policy: 
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<latexit sha1_base64="YnKPoZbIZvU4ZMVC18BnPOq8QY8=">AAACOXicdVDNSgMxGMz6W+tf1aOXYBEUpGRFUShC0YvHClYLbS3ZNGtDs9kl+VYtS1/Li2/hTfDiQRGvvoDpuoJaHQhMZuYj+caLpDBAyIMzNj4xOTWdm8nPzs0vLBaWls9MGGvGayyUoa571HApFK+BAMnrkeY08CQ/93pHQ//8imsjQnUK/Yi3AnqphC8YBSu1C9WTC3ejCfwGdJBowbqDra9bJKmCwSY+wC4h5fz/QZ9KGV6nSVJuF4qkRFLgUeJmpIgyVNuF+2YnZHHAFTBJjWm4JIJWQjUIJvkg34wNjyjr0UvesFTRgJtWkm4+wOtW6WA/1PYowKn6fSKhgTH9wLPJgELX/PaG4l9eIwZ/v5UIFcXAFft8yI8lhhAPa8QdoTkD2beEMi3sXzHrUk0Z2LLztgT398qj5Gy75O6WyMlOsXKY1ZFDq2gNbSAX7aEKOkZVVEMM3aJH9IxenDvnyXl13j6jY042s4J+wHn/AE/OrJQ=</latexit>
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<latexit sha1_base64="bsdI9o3t9WeRpWvYm7b3NsxpdXA=">AAACOHicfVDLSgMxFM3Ud31VXboJFkFByowoCiKIbtxZwdpCW0smzdjQTDIkd9Qy9LPc+BnuxI0LRdz6BabTQXzhgcDJOeeS3ONHghtw3QcnNzI6Nj4xOZWfnpmdmy8sLJ4bFWvKKlQJpWs+MUxwySrAQbBapBkJfcGqfvdo4FevmDZcyTPoRawZkkvJA04JWKlVOMmfXnhrDWA3oMMkUkr3Nz5vgkjor+N97Ll7/+QCIoS6ToNuq1B0S24K/Jt4GSmiDOVW4b7RVjQOmQQqiDF1z42gmRANnArWzzdiwyJCu+SS1S2VJGSmmaSL9/GqVdo4UNoeCThVv04kJDSmF/o2GRLomJ/eQPzLq8cQ7DYTLqMYmKTDh4JYYFB40CJuc80oiJ4lhGpu/4pph2hCwXadtyV4P1f+Tc43S952yT3dKh4cZnVMomW0gtaQh3bQATpGZVRBFN2iR/SMXpw758l5dd6G0ZyTzSyhb3DePwC/qqxd</latexit>
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Qh(s, a)

<latexit sha1_base64="YnKPoZbIZvU4ZMVC18BnPOq8QY8=">AAACOXicdVDNSgMxGMz6W+tf1aOXYBEUpGRFUShC0YvHClYLbS3ZNGtDs9kl+VYtS1/Li2/hTfDiQRGvvoDpuoJaHQhMZuYj+caLpDBAyIMzNj4xOTWdm8nPzs0vLBaWls9MGGvGayyUoa571HApFK+BAMnrkeY08CQ/93pHQ//8imsjQnUK/Yi3AnqphC8YBSu1C9WTC3ejCfwGdJBowbqDra9bJKmCwSY+wC4h5fz/QZ9KGV6nSVJuF4qkRFLgUeJmpIgyVNuF+2YnZHHAFTBJjWm4JIJWQjUIJvkg34wNjyjr0UvesFTRgJtWkm4+wOtW6WA/1PYowKn6fSKhgTH9wLPJgELX/PaG4l9eIwZ/v5UIFcXAFft8yI8lhhAPa8QdoTkD2beEMi3sXzHrUk0Z2LLztgT398qj5Gy75O6WyMlOsXKY1ZFDq2gNbSAX7aEKOkZVVEMM3aJH9IxenDvnyXl13j6jY042s4J+wHn/AE/OrJQ=</latexit>
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<latexit sha1_base64="bsdI9o3t9WeRpWvYm7b3NsxpdXA=">AAACOHicfVDLSgMxFM3Ud31VXboJFkFByowoCiKIbtxZwdpCW0smzdjQTDIkd9Qy9LPc+BnuxI0LRdz6BabTQXzhgcDJOeeS3ONHghtw3QcnNzI6Nj4xOZWfnpmdmy8sLJ4bFWvKKlQJpWs+MUxwySrAQbBapBkJfcGqfvdo4FevmDZcyTPoRawZkkvJA04JWKlVOMmfXnhrDWA3oMMkUkr3Nz5vgkjor+N97Ll7/+QCIoS6ToNuq1B0S24K/Jt4GSmiDOVW4b7RVjQOmQQqiDF1z42gmRANnArWzzdiwyJCu+SS1S2VJGSmmaSL9/GqVdo4UNoeCThVv04kJDSmF/o2GRLomJ/eQPzLq8cQ7DYTLqMYmKTDh4JYYFB40CJuc80oiJ4lhGpu/4pph2hCwXadtyV4P1f+Tc43S952yT3dKh4cZnVMomW0gtaQh3bQATpGZVRBFN2iR/SMXpw758l5dd6G0ZyTzSyhb3DePwC/qqxd</latexit>

Q1(poor, plant) = 10;Q1(poor, fallow) = 0

What’s best?
<latexit sha1_base64="ggNpImhP+fGulr+7QpjwK0AG3ig="></latexit>

⇡⇤
1(s) = plant;⇡⇤

2(rich) = plant,⇡⇤
2(poor) = fallowAny s,

<latexit sha1_base64="P9AgmYRFNX0jmr8tJ29nBy0XpZk="></latexit>

Q0(s, a) = 0;Qh(s, a) = R(s, a) +
P

s0 T (s, a, s
0)maxa0 Qh�1(s0, a0)

<latexit sha1_base64="HJNCeyZB05B5XRXKWz2cW5MGl8g="></latexit>

⇡⇤
h(s) = argmaxa Qh(s, a)

<latexit sha1_base64="TvhdeoO2sb1uaqElVaTVVTzG95I="></latexit>

Q2(rich, plant) = R(rich, plant) + T (rich, plant, rich)max
a0

Q1(rich, a0)
<latexit sha1_base64="SXUiGoGBiTAl8tFhRDKuLhUB9YA="></latexit>

+ T (rich, plant, poor)max
a0

Q1(poor, a0)

What’s the best policy? Finite horizon



rich soil

0.1 0.9

0.90.1

poor soil
plant:

rich soil

0.9 0.1

0.10.9

poor soil
fallow:

R(rich,plant)=100 
R(poor,plant)=10 
R(rich,fallow)=0 
R(poor,fallow)=0• h: horizon (e.g. how many planting seasons) 

•              : expected reward of starting at s, making action 
a, and then making the “best” action for the h-1 steps left 

• With Q, can find an optimal policy: 

<latexit sha1_base64="t6c0os9KbvUXzTINIt7+TE8d20Q=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRahgpRdUfRY9OKxBfsB7VqyabYNzSZrkhXK0j/hxYMiXv073vw3pu0etPXBwOO9GWbmBTFn2rjut5NbWV1b38hvFra2d3b3ivsHTS0TRWiDSC5VO8CaciZowzDDaTtWFEcBp61gdDv1W09UaSbFvRnH1I/wQLCQEWys1K4/DMv6DJ/2iiW34s6AlomXkRJkqPWKX92+JElEhSEca93x3Nj4KVaGEU4nhW6iaYzJCA9ox1KBI6r9dHbvBJ1YpY9CqWwJg2bq74kUR1qPo8B2RtgM9aI3Ff/zOokJr/2UiTgxVJD5ojDhyEg0fR71maLE8LElmChmb0VkiBUmxkZUsCF4iy8vk+Z5xbusuPWLUvUmiyMPR3AMZfDgCqpwBzVoAAEOz/AKb86j8+K8Ox/z1pyTzRzCHzifP+MSjzY=</latexit>

Qh(s, a)

<latexit sha1_base64="YnKPoZbIZvU4ZMVC18BnPOq8QY8=">AAACOXicdVDNSgMxGMz6W+tf1aOXYBEUpGRFUShC0YvHClYLbS3ZNGtDs9kl+VYtS1/Li2/hTfDiQRGvvoDpuoJaHQhMZuYj+caLpDBAyIMzNj4xOTWdm8nPzs0vLBaWls9MGGvGayyUoa571HApFK+BAMnrkeY08CQ/93pHQ//8imsjQnUK/Yi3AnqphC8YBSu1C9WTC3ejCfwGdJBowbqDra9bJKmCwSY+wC4h5fz/QZ9KGV6nSVJuF4qkRFLgUeJmpIgyVNuF+2YnZHHAFTBJjWm4JIJWQjUIJvkg34wNjyjr0UvesFTRgJtWkm4+wOtW6WA/1PYowKn6fSKhgTH9wLPJgELX/PaG4l9eIwZ/v5UIFcXAFft8yI8lhhAPa8QdoTkD2beEMi3sXzHrUk0Z2LLztgT398qj5Gy75O6WyMlOsXKY1ZFDq2gNbSAX7aEKOkZVVEMM3aJH9IxenDvnyXl13j6jY042s4J+wHn/AE/OrJQ=</latexit>

Q1(rich, plant) = 100;Q1(rich, fallow) = 0;
<latexit sha1_base64="bsdI9o3t9WeRpWvYm7b3NsxpdXA=">AAACOHicfVDLSgMxFM3Ud31VXboJFkFByowoCiKIbtxZwdpCW0smzdjQTDIkd9Qy9LPc+BnuxI0LRdz6BabTQXzhgcDJOeeS3ONHghtw3QcnNzI6Nj4xOZWfnpmdmy8sLJ4bFWvKKlQJpWs+MUxwySrAQbBapBkJfcGqfvdo4FevmDZcyTPoRawZkkvJA04JWKlVOMmfXnhrDWA3oMMkUkr3Nz5vgkjor+N97Ll7/+QCIoS6ToNuq1B0S24K/Jt4GSmiDOVW4b7RVjQOmQQqiDF1z42gmRANnArWzzdiwyJCu+SS1S2VJGSmmaSL9/GqVdo4UNoeCThVv04kJDSmF/o2GRLomJ/eQPzLq8cQ7DYTLqMYmKTDh4JYYFB40CJuc80oiJ4lhGpu/4pph2hCwXadtyV4P1f+Tc43S952yT3dKh4cZnVMomW0gtaQh3bQATpGZVRBFN2iR/SMXpw758l5dd6G0ZyTzSyhb3DePwC/qqxd</latexit>

Q1(poor, plant) = 10;Q1(poor, fallow) = 0

What’s best?
<latexit sha1_base64="ggNpImhP+fGulr+7QpjwK0AG3ig="></latexit>

⇡⇤
1(s) = plant;⇡⇤

2(rich) = plant,⇡⇤
2(poor) = fallowAny s,

<latexit sha1_base64="P9AgmYRFNX0jmr8tJ29nBy0XpZk="></latexit>

Q0(s, a) = 0;Qh(s, a) = R(s, a) +
P

s0 T (s, a, s
0)maxa0 Qh�1(s0, a0)

<latexit sha1_base64="HJNCeyZB05B5XRXKWz2cW5MGl8g="></latexit>

⇡⇤
h(s) = argmaxa Qh(s, a)

<latexit sha1_base64="TvhdeoO2sb1uaqElVaTVVTzG95I="></latexit>

Q2(rich, plant) = R(rich, plant) + T (rich, plant, rich)max
a0

Q1(rich, a0)
<latexit sha1_base64="SXUiGoGBiTAl8tFhRDKuLhUB9YA="></latexit>

+ T (rich, plant, poor)max
a0

Q1(poor, a0)

What’s the best policy? Finite horizon



rich soil

0.1 0.9

0.90.1

poor soil
plant:

rich soil

0.9 0.1

0.10.9

poor soil
fallow:

• h: horizon (e.g. how many planting seasons) 
•              : expected reward of starting at s, making action 

a, and then making the “best” action for the h-1 steps left 
• With Q, can find an optimal policy: 

<latexit sha1_base64="t6c0os9KbvUXzTINIt7+TE8d20Q=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRahgpRdUfRY9OKxBfsB7VqyabYNzSZrkhXK0j/hxYMiXv073vw3pu0etPXBwOO9GWbmBTFn2rjut5NbWV1b38hvFra2d3b3ivsHTS0TRWiDSC5VO8CaciZowzDDaTtWFEcBp61gdDv1W09UaSbFvRnH1I/wQLCQEWys1K4/DMv6DJ/2iiW34s6AlomXkRJkqPWKX92+JElEhSEca93x3Nj4KVaGEU4nhW6iaYzJCA9ox1KBI6r9dHbvBJ1YpY9CqWwJg2bq74kUR1qPo8B2RtgM9aI3Ff/zOokJr/2UiTgxVJD5ojDhyEg0fR71maLE8LElmChmb0VkiBUmxkZUsCF4iy8vk+Z5xbusuPWLUvUmiyMPR3AMZfDgCqpwBzVoAAEOz/AKb86j8+K8Ox/z1pyTzRzCHzifP+MSjzY=</latexit>

Qh(s, a)

<latexit sha1_base64="YnKPoZbIZvU4ZMVC18BnPOq8QY8=">AAACOXicdVDNSgMxGMz6W+tf1aOXYBEUpGRFUShC0YvHClYLbS3ZNGtDs9kl+VYtS1/Li2/hTfDiQRGvvoDpuoJaHQhMZuYj+caLpDBAyIMzNj4xOTWdm8nPzs0vLBaWls9MGGvGayyUoa571HApFK+BAMnrkeY08CQ/93pHQ//8imsjQnUK/Yi3AnqphC8YBSu1C9WTC3ejCfwGdJBowbqDra9bJKmCwSY+wC4h5fz/QZ9KGV6nSVJuF4qkRFLgUeJmpIgyVNuF+2YnZHHAFTBJjWm4JIJWQjUIJvkg34wNjyjr0UvesFTRgJtWkm4+wOtW6WA/1PYowKn6fSKhgTH9wLPJgELX/PaG4l9eIwZ/v5UIFcXAFft8yI8lhhAPa8QdoTkD2beEMi3sXzHrUk0Z2LLztgT398qj5Gy75O6WyMlOsXKY1ZFDq2gNbSAX7aEKOkZVVEMM3aJH9IxenDvnyXl13j6jY042s4J+wHn/AE/OrJQ=</latexit>

Q1(rich, plant) = 100;Q1(rich, fallow) = 0;
<latexit sha1_base64="bsdI9o3t9WeRpWvYm7b3NsxpdXA=">AAACOHicfVDLSgMxFM3Ud31VXboJFkFByowoCiKIbtxZwdpCW0smzdjQTDIkd9Qy9LPc+BnuxI0LRdz6BabTQXzhgcDJOeeS3ONHghtw3QcnNzI6Nj4xOZWfnpmdmy8sLJ4bFWvKKlQJpWs+MUxwySrAQbBapBkJfcGqfvdo4FevmDZcyTPoRawZkkvJA04JWKlVOMmfXnhrDWA3oMMkUkr3Nz5vgkjor+N97Ll7/+QCIoS6ToNuq1B0S24K/Jt4GSmiDOVW4b7RVjQOmQQqiDF1z42gmRANnArWzzdiwyJCu+SS1S2VJGSmmaSL9/GqVdo4UNoeCThVv04kJDSmF/o2GRLomJ/eQPzLq8cQ7DYTLqMYmKTDh4JYYFB40CJuc80oiJ4lhGpu/4pph2hCwXadtyV4P1f+Tc43S952yT3dKh4cZnVMomW0gtaQh3bQATpGZVRBFN2iR/SMXpw758l5dd6G0ZyTzSyhb3DePwC/qqxd</latexit>

Q1(poor, plant) = 10;Q1(poor, fallow) = 0

What’s best?
<latexit sha1_base64="ggNpImhP+fGulr+7QpjwK0AG3ig="></latexit>

⇡⇤
1(s) = plant;⇡⇤

2(rich) = plant,⇡⇤
2(poor) = fallowAny s,

<latexit sha1_base64="P9AgmYRFNX0jmr8tJ29nBy0XpZk="></latexit>

Q0(s, a) = 0;Qh(s, a) = R(s, a) +
P

s0 T (s, a, s
0)maxa0 Qh�1(s0, a0)

<latexit sha1_base64="HJNCeyZB05B5XRXKWz2cW5MGl8g="></latexit>

⇡⇤
h(s) = argmaxa Qh(s, a)

<latexit sha1_base64="TvhdeoO2sb1uaqElVaTVVTzG95I="></latexit>

Q2(rich, plant) = R(rich, plant) + T (rich, plant, rich)max
a0

Q1(rich, a0)
<latexit sha1_base64="SXUiGoGBiTAl8tFhRDKuLhUB9YA="></latexit>

+ T (rich, plant, poor)max
a0

Q1(poor, a0)

What’s the best policy? Finite horizon

R(rich,plant)=100 
R(poor,plant)=10 
R(rich,fallow)=0 
R(poor,fallow)=0



rich soil

0.1 0.9

0.90.1

poor soil
plant:

rich soil

0.9 0.1

0.10.9

poor soil
fallow:

R(rich,plant)=100 
R(poor,plant)=10 
R(rich,fallow)=0 
R(poor,fallow)=0• h: horizon (e.g. how many planting seasons) 

•              : expected reward of starting at s, making action 
a, and then making the “best” action for the h-1 steps left 

• With Q, can find an optimal policy: 

<latexit sha1_base64="t6c0os9KbvUXzTINIt7+TE8d20Q=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRahgpRdUfRY9OKxBfsB7VqyabYNzSZrkhXK0j/hxYMiXv073vw3pu0etPXBwOO9GWbmBTFn2rjut5NbWV1b38hvFra2d3b3ivsHTS0TRWiDSC5VO8CaciZowzDDaTtWFEcBp61gdDv1W09UaSbFvRnH1I/wQLCQEWys1K4/DMv6DJ/2iiW34s6AlomXkRJkqPWKX92+JElEhSEca93x3Nj4KVaGEU4nhW6iaYzJCA9ox1KBI6r9dHbvBJ1YpY9CqWwJg2bq74kUR1qPo8B2RtgM9aI3Ff/zOokJr/2UiTgxVJD5ojDhyEg0fR71maLE8LElmChmb0VkiBUmxkZUsCF4iy8vk+Z5xbusuPWLUvUmiyMPR3AMZfDgCqpwBzVoAAEOz/AKb86j8+K8Ox/z1pyTzRzCHzifP+MSjzY=</latexit>

Qh(s, a)

<latexit sha1_base64="YnKPoZbIZvU4ZMVC18BnPOq8QY8=">AAACOXicdVDNSgMxGMz6W+tf1aOXYBEUpGRFUShC0YvHClYLbS3ZNGtDs9kl+VYtS1/Li2/hTfDiQRGvvoDpuoJaHQhMZuYj+caLpDBAyIMzNj4xOTWdm8nPzs0vLBaWls9MGGvGayyUoa571HApFK+BAMnrkeY08CQ/93pHQ//8imsjQnUK/Yi3AnqphC8YBSu1C9WTC3ejCfwGdJBowbqDra9bJKmCwSY+wC4h5fz/QZ9KGV6nSVJuF4qkRFLgUeJmpIgyVNuF+2YnZHHAFTBJjWm4JIJWQjUIJvkg34wNjyjr0UvesFTRgJtWkm4+wOtW6WA/1PYowKn6fSKhgTH9wLPJgELX/PaG4l9eIwZ/v5UIFcXAFft8yI8lhhAPa8QdoTkD2beEMi3sXzHrUk0Z2LLztgT398qj5Gy75O6WyMlOsXKY1ZFDq2gNbSAX7aEKOkZVVEMM3aJH9IxenDvnyXl13j6jY042s4J+wHn/AE/OrJQ=</latexit>

Q1(rich, plant) = 100;Q1(rich, fallow) = 0;
<latexit sha1_base64="bsdI9o3t9WeRpWvYm7b3NsxpdXA=">AAACOHicfVDLSgMxFM3Ud31VXboJFkFByowoCiKIbtxZwdpCW0smzdjQTDIkd9Qy9LPc+BnuxI0LRdz6BabTQXzhgcDJOeeS3ONHghtw3QcnNzI6Nj4xOZWfnpmdmy8sLJ4bFWvKKlQJpWs+MUxwySrAQbBapBkJfcGqfvdo4FevmDZcyTPoRawZkkvJA04JWKlVOMmfXnhrDWA3oMMkUkr3Nz5vgkjor+N97Ll7/+QCIoS6ToNuq1B0S24K/Jt4GSmiDOVW4b7RVjQOmQQqiDF1z42gmRANnArWzzdiwyJCu+SS1S2VJGSmmaSL9/GqVdo4UNoeCThVv04kJDSmF/o2GRLomJ/eQPzLq8cQ7DYTLqMYmKTDh4JYYFB40CJuc80oiJ4lhGpu/4pph2hCwXadtyV4P1f+Tc43S952yT3dKh4cZnVMomW0gtaQh3bQATpGZVRBFN2iR/SMXpw758l5dd6G0ZyTzSyhb3DePwC/qqxd</latexit>

Q1(poor, plant) = 10;Q1(poor, fallow) = 0

What’s best?
<latexit sha1_base64="ggNpImhP+fGulr+7QpjwK0AG3ig="></latexit>

⇡⇤
1(s) = plant;⇡⇤

2(rich) = plant,⇡⇤
2(poor) = fallowAny s,

<latexit sha1_base64="P9AgmYRFNX0jmr8tJ29nBy0XpZk="></latexit>

Q0(s, a) = 0;Qh(s, a) = R(s, a) +
P

s0 T (s, a, s
0)maxa0 Qh�1(s0, a0)

<latexit sha1_base64="HJNCeyZB05B5XRXKWz2cW5MGl8g="></latexit>

⇡⇤
h(s) = argmaxa Qh(s, a)

<latexit sha1_base64="SXUiGoGBiTAl8tFhRDKuLhUB9YA="></latexit>

+ T (rich, plant, poor)max
a0

Q1(poor, a0)

<latexit sha1_base64="zncL4DFk3t3pxy4HIjG6055LYec="></latexit>

Q2(rich, plant) = 100 + T (rich, plant, rich)max
a0

Q1(rich, a0)

What’s the best policy? Finite horizon



rich soil

0.1 0.9

0.90.1

poor soil
plant:

rich soil

0.9 0.1

0.10.9

poor soil
fallow:

R(rich,plant)=100 
R(poor,plant)=10 
R(rich,fallow)=0 
R(poor,fallow)=0• h: horizon (e.g. how many planting seasons) 

•              : expected reward of starting at s, making action 
a, and then making the “best” action for the h-1 steps left 

• With Q, can find an optimal policy: 

<latexit sha1_base64="t6c0os9KbvUXzTINIt7+TE8d20Q=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRahgpRdUfRY9OKxBfsB7VqyabYNzSZrkhXK0j/hxYMiXv073vw3pu0etPXBwOO9GWbmBTFn2rjut5NbWV1b38hvFra2d3b3ivsHTS0TRWiDSC5VO8CaciZowzDDaTtWFEcBp61gdDv1W09UaSbFvRnH1I/wQLCQEWys1K4/DMv6DJ/2iiW34s6AlomXkRJkqPWKX92+JElEhSEca93x3Nj4KVaGEU4nhW6iaYzJCA9ox1KBI6r9dHbvBJ1YpY9CqWwJg2bq74kUR1qPo8B2RtgM9aI3Ff/zOokJr/2UiTgxVJD5ojDhyEg0fR71maLE8LElmChmb0VkiBUmxkZUsCF4iy8vk+Z5xbusuPWLUvUmiyMPR3AMZfDgCqpwBzVoAAEOz/AKb86j8+K8Ox/z1pyTzRzCHzifP+MSjzY=</latexit>

Qh(s, a)

<latexit sha1_base64="YnKPoZbIZvU4ZMVC18BnPOq8QY8=">AAACOXicdVDNSgMxGMz6W+tf1aOXYBEUpGRFUShC0YvHClYLbS3ZNGtDs9kl+VYtS1/Li2/hTfDiQRGvvoDpuoJaHQhMZuYj+caLpDBAyIMzNj4xOTWdm8nPzs0vLBaWls9MGGvGayyUoa571HApFK+BAMnrkeY08CQ/93pHQ//8imsjQnUK/Yi3AnqphC8YBSu1C9WTC3ejCfwGdJBowbqDra9bJKmCwSY+wC4h5fz/QZ9KGV6nSVJuF4qkRFLgUeJmpIgyVNuF+2YnZHHAFTBJjWm4JIJWQjUIJvkg34wNjyjr0UvesFTRgJtWkm4+wOtW6WA/1PYowKn6fSKhgTH9wLPJgELX/PaG4l9eIwZ/v5UIFcXAFft8yI8lhhAPa8QdoTkD2beEMi3sXzHrUk0Z2LLztgT398qj5Gy75O6WyMlOsXKY1ZFDq2gNbSAX7aEKOkZVVEMM3aJH9IxenDvnyXl13j6jY042s4J+wHn/AE/OrJQ=</latexit>

Q1(rich, plant) = 100;Q1(rich, fallow) = 0;
<latexit sha1_base64="bsdI9o3t9WeRpWvYm7b3NsxpdXA=">AAACOHicfVDLSgMxFM3Ud31VXboJFkFByowoCiKIbtxZwdpCW0smzdjQTDIkd9Qy9LPc+BnuxI0LRdz6BabTQXzhgcDJOeeS3ONHghtw3QcnNzI6Nj4xOZWfnpmdmy8sLJ4bFWvKKlQJpWs+MUxwySrAQbBapBkJfcGqfvdo4FevmDZcyTPoRawZkkvJA04JWKlVOMmfXnhrDWA3oMMkUkr3Nz5vgkjor+N97Ll7/+QCIoS6ToNuq1B0S24K/Jt4GSmiDOVW4b7RVjQOmQQqiDF1z42gmRANnArWzzdiwyJCu+SS1S2VJGSmmaSL9/GqVdo4UNoeCThVv04kJDSmF/o2GRLomJ/eQPzLq8cQ7DYTLqMYmKTDh4JYYFB40CJuc80oiJ4lhGpu/4pph2hCwXadtyV4P1f+Tc43S952yT3dKh4cZnVMomW0gtaQh3bQATpGZVRBFN2iR/SMXpw758l5dd6G0ZyTzSyhb3DePwC/qqxd</latexit>

Q1(poor, plant) = 10;Q1(poor, fallow) = 0

What’s best?
<latexit sha1_base64="ggNpImhP+fGulr+7QpjwK0AG3ig="></latexit>

⇡⇤
1(s) = plant;⇡⇤

2(rich) = plant,⇡⇤
2(poor) = fallowAny s,

<latexit sha1_base64="P9AgmYRFNX0jmr8tJ29nBy0XpZk="></latexit>

Q0(s, a) = 0;Qh(s, a) = R(s, a) +
P

s0 T (s, a, s
0)maxa0 Qh�1(s0, a0)

<latexit sha1_base64="HJNCeyZB05B5XRXKWz2cW5MGl8g="></latexit>

⇡⇤
h(s) = argmaxa Qh(s, a)

<latexit sha1_base64="SXUiGoGBiTAl8tFhRDKuLhUB9YA="></latexit>

+ T (rich, plant, poor)max
a0

Q1(poor, a0)

<latexit sha1_base64="zncL4DFk3t3pxy4HIjG6055LYec="></latexit>

Q2(rich, plant) = 100 + T (rich, plant, rich)max
a0

Q1(rich, a0)

What’s the best policy? Finite horizon



rich soil

0.1 0.9

0.90.1

poor soil
plant:

rich soil

0.9 0.1

0.10.9

poor soil
fallow:

R(rich,plant)=100 
R(poor,plant)=10 
R(rich,fallow)=0 
R(poor,fallow)=0• h: horizon (e.g. how many planting seasons) 

•              : expected reward of starting at s, making action 
a, and then making the “best” action for the h-1 steps left 

• With Q, can find an optimal policy: 

<latexit sha1_base64="t6c0os9KbvUXzTINIt7+TE8d20Q=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRahgpRdUfRY9OKxBfsB7VqyabYNzSZrkhXK0j/hxYMiXv073vw3pu0etPXBwOO9GWbmBTFn2rjut5NbWV1b38hvFra2d3b3ivsHTS0TRWiDSC5VO8CaciZowzDDaTtWFEcBp61gdDv1W09UaSbFvRnH1I/wQLCQEWys1K4/DMv6DJ/2iiW34s6AlomXkRJkqPWKX92+JElEhSEca93x3Nj4KVaGEU4nhW6iaYzJCA9ox1KBI6r9dHbvBJ1YpY9CqWwJg2bq74kUR1qPo8B2RtgM9aI3Ff/zOokJr/2UiTgxVJD5ojDhyEg0fR71maLE8LElmChmb0VkiBUmxkZUsCF4iy8vk+Z5xbusuPWLUvUmiyMPR3AMZfDgCqpwBzVoAAEOz/AKb86j8+K8Ox/z1pyTzRzCHzifP+MSjzY=</latexit>

Qh(s, a)

<latexit sha1_base64="YnKPoZbIZvU4ZMVC18BnPOq8QY8=">AAACOXicdVDNSgMxGMz6W+tf1aOXYBEUpGRFUShC0YvHClYLbS3ZNGtDs9kl+VYtS1/Li2/hTfDiQRGvvoDpuoJaHQhMZuYj+caLpDBAyIMzNj4xOTWdm8nPzs0vLBaWls9MGGvGayyUoa571HApFK+BAMnrkeY08CQ/93pHQ//8imsjQnUK/Yi3AnqphC8YBSu1C9WTC3ejCfwGdJBowbqDra9bJKmCwSY+wC4h5fz/QZ9KGV6nSVJuF4qkRFLgUeJmpIgyVNuF+2YnZHHAFTBJjWm4JIJWQjUIJvkg34wNjyjr0UvesFTRgJtWkm4+wOtW6WA/1PYowKn6fSKhgTH9wLPJgELX/PaG4l9eIwZ/v5UIFcXAFft8yI8lhhAPa8QdoTkD2beEMi3sXzHrUk0Z2LLztgT398qj5Gy75O6WyMlOsXKY1ZFDq2gNbSAX7aEKOkZVVEMM3aJH9IxenDvnyXl13j6jY042s4J+wHn/AE/OrJQ=</latexit>

Q1(rich, plant) = 100;Q1(rich, fallow) = 0;
<latexit sha1_base64="bsdI9o3t9WeRpWvYm7b3NsxpdXA=">AAACOHicfVDLSgMxFM3Ud31VXboJFkFByowoCiKIbtxZwdpCW0smzdjQTDIkd9Qy9LPc+BnuxI0LRdz6BabTQXzhgcDJOeeS3ONHghtw3QcnNzI6Nj4xOZWfnpmdmy8sLJ4bFWvKKlQJpWs+MUxwySrAQbBapBkJfcGqfvdo4FevmDZcyTPoRawZkkvJA04JWKlVOMmfXnhrDWA3oMMkUkr3Nz5vgkjor+N97Ll7/+QCIoS6ToNuq1B0S24K/Jt4GSmiDOVW4b7RVjQOmQQqiDF1z42gmRANnArWzzdiwyJCu+SS1S2VJGSmmaSL9/GqVdo4UNoeCThVv04kJDSmF/o2GRLomJ/eQPzLq8cQ7DYTLqMYmKTDh4JYYFB40CJuc80oiJ4lhGpu/4pph2hCwXadtyV4P1f+Tc43S952yT3dKh4cZnVMomW0gtaQh3bQATpGZVRBFN2iR/SMXpw758l5dd6G0ZyTzSyhb3DePwC/qqxd</latexit>

Q1(poor, plant) = 10;Q1(poor, fallow) = 0

What’s best?
<latexit sha1_base64="ggNpImhP+fGulr+7QpjwK0AG3ig="></latexit>

⇡⇤
1(s) = plant;⇡⇤

2(rich) = plant,⇡⇤
2(poor) = fallowAny s,

<latexit sha1_base64="P9AgmYRFNX0jmr8tJ29nBy0XpZk="></latexit>

Q0(s, a) = 0;Qh(s, a) = R(s, a) +
P

s0 T (s, a, s
0)maxa0 Qh�1(s0, a0)

<latexit sha1_base64="HJNCeyZB05B5XRXKWz2cW5MGl8g="></latexit>

⇡⇤
h(s) = argmaxa Qh(s, a)

<latexit sha1_base64="SXUiGoGBiTAl8tFhRDKuLhUB9YA="></latexit>

+ T (rich, plant, poor)max
a0

Q1(poor, a0)

<latexit sha1_base64="zncL4DFk3t3pxy4HIjG6055LYec="></latexit>

Q2(rich, plant) = 100 + T (rich, plant, rich)max
a0

Q1(rich, a0)

What’s the best policy? Finite horizon



rich soil

0.1 0.9

0.90.1

poor soil
plant:

rich soil

0.9 0.1

0.10.9

poor soil
fallow:

R(rich,plant)=100 
R(poor,plant)=10 
R(rich,fallow)=0 
R(poor,fallow)=0• h: horizon (e.g. how many planting seasons) 

•              : expected reward of starting at s, making action 
a, and then making the “best” action for the h-1 steps left 

• With Q, can find an optimal policy: 

<latexit sha1_base64="t6c0os9KbvUXzTINIt7+TE8d20Q=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRahgpRdUfRY9OKxBfsB7VqyabYNzSZrkhXK0j/hxYMiXv073vw3pu0etPXBwOO9GWbmBTFn2rjut5NbWV1b38hvFra2d3b3ivsHTS0TRWiDSC5VO8CaciZowzDDaTtWFEcBp61gdDv1W09UaSbFvRnH1I/wQLCQEWys1K4/DMv6DJ/2iiW34s6AlomXkRJkqPWKX92+JElEhSEca93x3Nj4KVaGEU4nhW6iaYzJCA9ox1KBI6r9dHbvBJ1YpY9CqWwJg2bq74kUR1qPo8B2RtgM9aI3Ff/zOokJr/2UiTgxVJD5ojDhyEg0fR71maLE8LElmChmb0VkiBUmxkZUsCF4iy8vk+Z5xbusuPWLUvUmiyMPR3AMZfDgCqpwBzVoAAEOz/AKb86j8+K8Ox/z1pyTzRzCHzifP+MSjzY=</latexit>

Qh(s, a)

<latexit sha1_base64="YnKPoZbIZvU4ZMVC18BnPOq8QY8=">AAACOXicdVDNSgMxGMz6W+tf1aOXYBEUpGRFUShC0YvHClYLbS3ZNGtDs9kl+VYtS1/Li2/hTfDiQRGvvoDpuoJaHQhMZuYj+caLpDBAyIMzNj4xOTWdm8nPzs0vLBaWls9MGGvGayyUoa571HApFK+BAMnrkeY08CQ/93pHQ//8imsjQnUK/Yi3AnqphC8YBSu1C9WTC3ejCfwGdJBowbqDra9bJKmCwSY+wC4h5fz/QZ9KGV6nSVJuF4qkRFLgUeJmpIgyVNuF+2YnZHHAFTBJjWm4JIJWQjUIJvkg34wNjyjr0UvesFTRgJtWkm4+wOtW6WA/1PYowKn6fSKhgTH9wLPJgELX/PaG4l9eIwZ/v5UIFcXAFft8yI8lhhAPa8QdoTkD2beEMi3sXzHrUk0Z2LLztgT398qj5Gy75O6WyMlOsXKY1ZFDq2gNbSAX7aEKOkZVVEMM3aJH9IxenDvnyXl13j6jY042s4J+wHn/AE/OrJQ=</latexit>

Q1(rich, plant) = 100;Q1(rich, fallow) = 0;
<latexit sha1_base64="bsdI9o3t9WeRpWvYm7b3NsxpdXA=">AAACOHicfVDLSgMxFM3Ud31VXboJFkFByowoCiKIbtxZwdpCW0smzdjQTDIkd9Qy9LPc+BnuxI0LRdz6BabTQXzhgcDJOeeS3ONHghtw3QcnNzI6Nj4xOZWfnpmdmy8sLJ4bFWvKKlQJpWs+MUxwySrAQbBapBkJfcGqfvdo4FevmDZcyTPoRawZkkvJA04JWKlVOMmfXnhrDWA3oMMkUkr3Nz5vgkjor+N97Ll7/+QCIoS6ToNuq1B0S24K/Jt4GSmiDOVW4b7RVjQOmQQqiDF1z42gmRANnArWzzdiwyJCu+SS1S2VJGSmmaSL9/GqVdo4UNoeCThVv04kJDSmF/o2GRLomJ/eQPzLq8cQ7DYTLqMYmKTDh4JYYFB40CJuc80oiJ4lhGpu/4pph2hCwXadtyV4P1f+Tc43S952yT3dKh4cZnVMomW0gtaQh3bQATpGZVRBFN2iR/SMXpw758l5dd6G0ZyTzSyhb3DePwC/qqxd</latexit>

Q1(poor, plant) = 10;Q1(poor, fallow) = 0

What’s best?
<latexit sha1_base64="ggNpImhP+fGulr+7QpjwK0AG3ig="></latexit>

⇡⇤
1(s) = plant;⇡⇤

2(rich) = plant,⇡⇤
2(poor) = fallowAny s,

<latexit sha1_base64="P9AgmYRFNX0jmr8tJ29nBy0XpZk="></latexit>

Q0(s, a) = 0;Qh(s, a) = R(s, a) +
P

s0 T (s, a, s
0)maxa0 Qh�1(s0, a0)

<latexit sha1_base64="HJNCeyZB05B5XRXKWz2cW5MGl8g="></latexit>

⇡⇤
h(s) = argmaxa Qh(s, a)

<latexit sha1_base64="SXUiGoGBiTAl8tFhRDKuLhUB9YA="></latexit>

+ T (rich, plant, poor)max
a0

Q1(poor, a0)

<latexit sha1_base64="VfNbjOKwax09hY2Up+HMqkRhnG4="></latexit>

Q2(rich, plant) = 100 + (0.1)maxa0 Q1(rich, a0)

What’s the best policy? Finite horizon



rich soil

0.1 0.9

0.90.1

poor soil
plant:

rich soil

0.9 0.1

0.10.9

poor soil
fallow:

R(rich,plant)=100 
R(poor,plant)=10 
R(rich,fallow)=0 
R(poor,fallow)=0• h: horizon (e.g. how many planting seasons) 

•              : expected reward of starting at s, making action 
a, and then making the “best” action for the h-1 steps left 

• With Q, can find an optimal policy: 

<latexit sha1_base64="t6c0os9KbvUXzTINIt7+TE8d20Q=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRahgpRdUfRY9OKxBfsB7VqyabYNzSZrkhXK0j/hxYMiXv073vw3pu0etPXBwOO9GWbmBTFn2rjut5NbWV1b38hvFra2d3b3ivsHTS0TRWiDSC5VO8CaciZowzDDaTtWFEcBp61gdDv1W09UaSbFvRnH1I/wQLCQEWys1K4/DMv6DJ/2iiW34s6AlomXkRJkqPWKX92+JElEhSEca93x3Nj4KVaGEU4nhW6iaYzJCA9ox1KBI6r9dHbvBJ1YpY9CqWwJg2bq74kUR1qPo8B2RtgM9aI3Ff/zOokJr/2UiTgxVJD5ojDhyEg0fR71maLE8LElmChmb0VkiBUmxkZUsCF4iy8vk+Z5xbusuPWLUvUmiyMPR3AMZfDgCqpwBzVoAAEOz/AKb86j8+K8Ox/z1pyTzRzCHzifP+MSjzY=</latexit>

Qh(s, a)

<latexit sha1_base64="YnKPoZbIZvU4ZMVC18BnPOq8QY8=">AAACOXicdVDNSgMxGMz6W+tf1aOXYBEUpGRFUShC0YvHClYLbS3ZNGtDs9kl+VYtS1/Li2/hTfDiQRGvvoDpuoJaHQhMZuYj+caLpDBAyIMzNj4xOTWdm8nPzs0vLBaWls9MGGvGayyUoa571HApFK+BAMnrkeY08CQ/93pHQ//8imsjQnUK/Yi3AnqphC8YBSu1C9WTC3ejCfwGdJBowbqDra9bJKmCwSY+wC4h5fz/QZ9KGV6nSVJuF4qkRFLgUeJmpIgyVNuF+2YnZHHAFTBJjWm4JIJWQjUIJvkg34wNjyjr0UvesFTRgJtWkm4+wOtW6WA/1PYowKn6fSKhgTH9wLPJgELX/PaG4l9eIwZ/v5UIFcXAFft8yI8lhhAPa8QdoTkD2beEMi3sXzHrUk0Z2LLztgT398qj5Gy75O6WyMlOsXKY1ZFDq2gNbSAX7aEKOkZVVEMM3aJH9IxenDvnyXl13j6jY042s4J+wHn/AE/OrJQ=</latexit>

Q1(rich, plant) = 100;Q1(rich, fallow) = 0;
<latexit sha1_base64="bsdI9o3t9WeRpWvYm7b3NsxpdXA=">AAACOHicfVDLSgMxFM3Ud31VXboJFkFByowoCiKIbtxZwdpCW0smzdjQTDIkd9Qy9LPc+BnuxI0LRdz6BabTQXzhgcDJOeeS3ONHghtw3QcnNzI6Nj4xOZWfnpmdmy8sLJ4bFWvKKlQJpWs+MUxwySrAQbBapBkJfcGqfvdo4FevmDZcyTPoRawZkkvJA04JWKlVOMmfXnhrDWA3oMMkUkr3Nz5vgkjor+N97Ll7/+QCIoS6ToNuq1B0S24K/Jt4GSmiDOVW4b7RVjQOmQQqiDF1z42gmRANnArWzzdiwyJCu+SS1S2VJGSmmaSL9/GqVdo4UNoeCThVv04kJDSmF/o2GRLomJ/eQPzLq8cQ7DYTLqMYmKTDh4JYYFB40CJuc80oiJ4lhGpu/4pph2hCwXadtyV4P1f+Tc43S952yT3dKh4cZnVMomW0gtaQh3bQATpGZVRBFN2iR/SMXpw758l5dd6G0ZyTzSyhb3DePwC/qqxd</latexit>

Q1(poor, plant) = 10;Q1(poor, fallow) = 0

What’s best?
<latexit sha1_base64="ggNpImhP+fGulr+7QpjwK0AG3ig="></latexit>

⇡⇤
1(s) = plant;⇡⇤

2(rich) = plant,⇡⇤
2(poor) = fallowAny s,

<latexit sha1_base64="P9AgmYRFNX0jmr8tJ29nBy0XpZk="></latexit>

Q0(s, a) = 0;Qh(s, a) = R(s, a) +
P

s0 T (s, a, s
0)maxa0 Qh�1(s0, a0)

<latexit sha1_base64="HJNCeyZB05B5XRXKWz2cW5MGl8g="></latexit>

⇡⇤
h(s) = argmaxa Qh(s, a)

<latexit sha1_base64="SXUiGoGBiTAl8tFhRDKuLhUB9YA="></latexit>

+ T (rich, plant, poor)max
a0

Q1(poor, a0)

<latexit sha1_base64="VfNbjOKwax09hY2Up+HMqkRhnG4="></latexit>

Q2(rich, plant) = 100 + (0.1)maxa0 Q1(rich, a0)

What’s the best policy? Finite horizon



rich soil

0.1 0.9

0.90.1

poor soil
plant:

rich soil

0.9 0.1

0.10.9

poor soil
fallow:

R(rich,plant)=100 
R(poor,plant)=10 
R(rich,fallow)=0 
R(poor,fallow)=0• h: horizon (e.g. how many planting seasons) 

•              : expected reward of starting at s, making action 
a, and then making the “best” action for the h-1 steps left 

• With Q, can find an optimal policy: 

<latexit sha1_base64="t6c0os9KbvUXzTINIt7+TE8d20Q=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRahgpRdUfRY9OKxBfsB7VqyabYNzSZrkhXK0j/hxYMiXv073vw3pu0etPXBwOO9GWbmBTFn2rjut5NbWV1b38hvFra2d3b3ivsHTS0TRWiDSC5VO8CaciZowzDDaTtWFEcBp61gdDv1W09UaSbFvRnH1I/wQLCQEWys1K4/DMv6DJ/2iiW34s6AlomXkRJkqPWKX92+JElEhSEca93x3Nj4KVaGEU4nhW6iaYzJCA9ox1KBI6r9dHbvBJ1YpY9CqWwJg2bq74kUR1qPo8B2RtgM9aI3Ff/zOokJr/2UiTgxVJD5ojDhyEg0fR71maLE8LElmChmb0VkiBUmxkZUsCF4iy8vk+Z5xbusuPWLUvUmiyMPR3AMZfDgCqpwBzVoAAEOz/AKb86j8+K8Ox/z1pyTzRzCHzifP+MSjzY=</latexit>

Qh(s, a)

<latexit sha1_base64="YnKPoZbIZvU4ZMVC18BnPOq8QY8=">AAACOXicdVDNSgMxGMz6W+tf1aOXYBEUpGRFUShC0YvHClYLbS3ZNGtDs9kl+VYtS1/Li2/hTfDiQRGvvoDpuoJaHQhMZuYj+caLpDBAyIMzNj4xOTWdm8nPzs0vLBaWls9MGGvGayyUoa571HApFK+BAMnrkeY08CQ/93pHQ//8imsjQnUK/Yi3AnqphC8YBSu1C9WTC3ejCfwGdJBowbqDra9bJKmCwSY+wC4h5fz/QZ9KGV6nSVJuF4qkRFLgUeJmpIgyVNuF+2YnZHHAFTBJjWm4JIJWQjUIJvkg34wNjyjr0UvesFTRgJtWkm4+wOtW6WA/1PYowKn6fSKhgTH9wLPJgELX/PaG4l9eIwZ/v5UIFcXAFft8yI8lhhAPa8QdoTkD2beEMi3sXzHrUk0Z2LLztgT398qj5Gy75O6WyMlOsXKY1ZFDq2gNbSAX7aEKOkZVVEMM3aJH9IxenDvnyXl13j6jY042s4J+wHn/AE/OrJQ=</latexit>

Q1(rich, plant) = 100;Q1(rich, fallow) = 0;
<latexit sha1_base64="bsdI9o3t9WeRpWvYm7b3NsxpdXA=">AAACOHicfVDLSgMxFM3Ud31VXboJFkFByowoCiKIbtxZwdpCW0smzdjQTDIkd9Qy9LPc+BnuxI0LRdz6BabTQXzhgcDJOeeS3ONHghtw3QcnNzI6Nj4xOZWfnpmdmy8sLJ4bFWvKKlQJpWs+MUxwySrAQbBapBkJfcGqfvdo4FevmDZcyTPoRawZkkvJA04JWKlVOMmfXnhrDWA3oMMkUkr3Nz5vgkjor+N97Ll7/+QCIoS6ToNuq1B0S24K/Jt4GSmiDOVW4b7RVjQOmQQqiDF1z42gmRANnArWzzdiwyJCu+SS1S2VJGSmmaSL9/GqVdo4UNoeCThVv04kJDSmF/o2GRLomJ/eQPzLq8cQ7DYTLqMYmKTDh4JYYFB40CJuc80oiJ4lhGpu/4pph2hCwXadtyV4P1f+Tc43S952yT3dKh4cZnVMomW0gtaQh3bQATpGZVRBFN2iR/SMXpw758l5dd6G0ZyTzSyhb3DePwC/qqxd</latexit>

Q1(poor, plant) = 10;Q1(poor, fallow) = 0

What’s best?
<latexit sha1_base64="ggNpImhP+fGulr+7QpjwK0AG3ig="></latexit>

⇡⇤
1(s) = plant;⇡⇤

2(rich) = plant,⇡⇤
2(poor) = fallowAny s,

<latexit sha1_base64="P9AgmYRFNX0jmr8tJ29nBy0XpZk="></latexit>

Q0(s, a) = 0;Qh(s, a) = R(s, a) +
P

s0 T (s, a, s
0)maxa0 Qh�1(s0, a0)

<latexit sha1_base64="HJNCeyZB05B5XRXKWz2cW5MGl8g="></latexit>

⇡⇤
h(s) = argmaxa Qh(s, a)

<latexit sha1_base64="SXUiGoGBiTAl8tFhRDKuLhUB9YA="></latexit>

+ T (rich, plant, poor)max
a0

Q1(poor, a0)

<latexit sha1_base64="VfNbjOKwax09hY2Up+HMqkRhnG4="></latexit>

Q2(rich, plant) = 100 + (0.1)maxa0 Q1(rich, a0)

What’s the best policy? Finite horizon



rich soil

0.1 0.9

0.90.1

poor soil
plant:

rich soil

0.9 0.1

0.10.9

poor soil
fallow:

R(rich,plant)=100 
R(poor,plant)=10 
R(rich,fallow)=0 
R(poor,fallow)=0• h: horizon (e.g. how many planting seasons) 

•              : expected reward of starting at s, making action 
a, and then making the “best” action for the h-1 steps left 

• With Q, can find an optimal policy: 

<latexit sha1_base64="t6c0os9KbvUXzTINIt7+TE8d20Q=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRahgpRdUfRY9OKxBfsB7VqyabYNzSZrkhXK0j/hxYMiXv073vw3pu0etPXBwOO9GWbmBTFn2rjut5NbWV1b38hvFra2d3b3ivsHTS0TRWiDSC5VO8CaciZowzDDaTtWFEcBp61gdDv1W09UaSbFvRnH1I/wQLCQEWys1K4/DMv6DJ/2iiW34s6AlomXkRJkqPWKX92+JElEhSEca93x3Nj4KVaGEU4nhW6iaYzJCA9ox1KBI6r9dHbvBJ1YpY9CqWwJg2bq74kUR1qPo8B2RtgM9aI3Ff/zOokJr/2UiTgxVJD5ojDhyEg0fR71maLE8LElmChmb0VkiBUmxkZUsCF4iy8vk+Z5xbusuPWLUvUmiyMPR3AMZfDgCqpwBzVoAAEOz/AKb86j8+K8Ox/z1pyTzRzCHzifP+MSjzY=</latexit>

Qh(s, a)

<latexit sha1_base64="YnKPoZbIZvU4ZMVC18BnPOq8QY8=">AAACOXicdVDNSgMxGMz6W+tf1aOXYBEUpGRFUShC0YvHClYLbS3ZNGtDs9kl+VYtS1/Li2/hTfDiQRGvvoDpuoJaHQhMZuYj+caLpDBAyIMzNj4xOTWdm8nPzs0vLBaWls9MGGvGayyUoa571HApFK+BAMnrkeY08CQ/93pHQ//8imsjQnUK/Yi3AnqphC8YBSu1C9WTC3ejCfwGdJBowbqDra9bJKmCwSY+wC4h5fz/QZ9KGV6nSVJuF4qkRFLgUeJmpIgyVNuF+2YnZHHAFTBJjWm4JIJWQjUIJvkg34wNjyjr0UvesFTRgJtWkm4+wOtW6WA/1PYowKn6fSKhgTH9wLPJgELX/PaG4l9eIwZ/v5UIFcXAFft8yI8lhhAPa8QdoTkD2beEMi3sXzHrUk0Z2LLztgT398qj5Gy75O6WyMlOsXKY1ZFDq2gNbSAX7aEKOkZVVEMM3aJH9IxenDvnyXl13j6jY042s4J+wHn/AE/OrJQ=</latexit>

Q1(rich, plant) = 100;Q1(rich, fallow) = 0;
<latexit sha1_base64="bsdI9o3t9WeRpWvYm7b3NsxpdXA=">AAACOHicfVDLSgMxFM3Ud31VXboJFkFByowoCiKIbtxZwdpCW0smzdjQTDIkd9Qy9LPc+BnuxI0LRdz6BabTQXzhgcDJOeeS3ONHghtw3QcnNzI6Nj4xOZWfnpmdmy8sLJ4bFWvKKlQJpWs+MUxwySrAQbBapBkJfcGqfvdo4FevmDZcyTPoRawZkkvJA04JWKlVOMmfXnhrDWA3oMMkUkr3Nz5vgkjor+N97Ll7/+QCIoS6ToNuq1B0S24K/Jt4GSmiDOVW4b7RVjQOmQQqiDF1z42gmRANnArWzzdiwyJCu+SS1S2VJGSmmaSL9/GqVdo4UNoeCThVv04kJDSmF/o2GRLomJ/eQPzLq8cQ7DYTLqMYmKTDh4JYYFB40CJuc80oiJ4lhGpu/4pph2hCwXadtyV4P1f+Tc43S952yT3dKh4cZnVMomW0gtaQh3bQATpGZVRBFN2iR/SMXpw758l5dd6G0ZyTzSyhb3DePwC/qqxd</latexit>

Q1(poor, plant) = 10;Q1(poor, fallow) = 0

What’s best?
<latexit sha1_base64="ggNpImhP+fGulr+7QpjwK0AG3ig="></latexit>

⇡⇤
1(s) = plant;⇡⇤

2(rich) = plant,⇡⇤
2(poor) = fallowAny s,

<latexit sha1_base64="P9AgmYRFNX0jmr8tJ29nBy0XpZk="></latexit>

Q0(s, a) = 0;Qh(s, a) = R(s, a) +
P

s0 T (s, a, s
0)maxa0 Qh�1(s0, a0)

<latexit sha1_base64="HJNCeyZB05B5XRXKWz2cW5MGl8g="></latexit>

⇡⇤
h(s) = argmaxa Qh(s, a)

<latexit sha1_base64="SXUiGoGBiTAl8tFhRDKuLhUB9YA="></latexit>

+ T (rich, plant, poor)max
a0

Q1(poor, a0)

<latexit sha1_base64="BP25xhgish9dptiGI8G2VKVuxaQ="></latexit>

Q2(rich, plant) = 100 + (0.1)(100)

What’s the best policy? Finite horizon



rich soil

0.1 0.9

0.90.1

poor soil
plant:

rich soil

0.9 0.1

0.10.9

poor soil
fallow:

R(rich,plant)=100 
R(poor,plant)=10 
R(rich,fallow)=0 
R(poor,fallow)=0• h: horizon (e.g. how many planting seasons) 

•              : expected reward of starting at s, making action 
a, and then making the “best” action for the h-1 steps left 

• With Q, can find an optimal policy: 

<latexit sha1_base64="t6c0os9KbvUXzTINIt7+TE8d20Q=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRahgpRdUfRY9OKxBfsB7VqyabYNzSZrkhXK0j/hxYMiXv073vw3pu0etPXBwOO9GWbmBTFn2rjut5NbWV1b38hvFra2d3b3ivsHTS0TRWiDSC5VO8CaciZowzDDaTtWFEcBp61gdDv1W09UaSbFvRnH1I/wQLCQEWys1K4/DMv6DJ/2iiW34s6AlomXkRJkqPWKX92+JElEhSEca93x3Nj4KVaGEU4nhW6iaYzJCA9ox1KBI6r9dHbvBJ1YpY9CqWwJg2bq74kUR1qPo8B2RtgM9aI3Ff/zOokJr/2UiTgxVJD5ojDhyEg0fR71maLE8LElmChmb0VkiBUmxkZUsCF4iy8vk+Z5xbusuPWLUvUmiyMPR3AMZfDgCqpwBzVoAAEOz/AKb86j8+K8Ox/z1pyTzRzCHzifP+MSjzY=</latexit>

Qh(s, a)

<latexit sha1_base64="YnKPoZbIZvU4ZMVC18BnPOq8QY8=">AAACOXicdVDNSgMxGMz6W+tf1aOXYBEUpGRFUShC0YvHClYLbS3ZNGtDs9kl+VYtS1/Li2/hTfDiQRGvvoDpuoJaHQhMZuYj+caLpDBAyIMzNj4xOTWdm8nPzs0vLBaWls9MGGvGayyUoa571HApFK+BAMnrkeY08CQ/93pHQ//8imsjQnUK/Yi3AnqphC8YBSu1C9WTC3ejCfwGdJBowbqDra9bJKmCwSY+wC4h5fz/QZ9KGV6nSVJuF4qkRFLgUeJmpIgyVNuF+2YnZHHAFTBJjWm4JIJWQjUIJvkg34wNjyjr0UvesFTRgJtWkm4+wOtW6WA/1PYowKn6fSKhgTH9wLPJgELX/PaG4l9eIwZ/v5UIFcXAFft8yI8lhhAPa8QdoTkD2beEMi3sXzHrUk0Z2LLztgT398qj5Gy75O6WyMlOsXKY1ZFDq2gNbSAX7aEKOkZVVEMM3aJH9IxenDvnyXl13j6jY042s4J+wHn/AE/OrJQ=</latexit>

Q1(rich, plant) = 100;Q1(rich, fallow) = 0;
<latexit sha1_base64="bsdI9o3t9WeRpWvYm7b3NsxpdXA=">AAACOHicfVDLSgMxFM3Ud31VXboJFkFByowoCiKIbtxZwdpCW0smzdjQTDIkd9Qy9LPc+BnuxI0LRdz6BabTQXzhgcDJOeeS3ONHghtw3QcnNzI6Nj4xOZWfnpmdmy8sLJ4bFWvKKlQJpWs+MUxwySrAQbBapBkJfcGqfvdo4FevmDZcyTPoRawZkkvJA04JWKlVOMmfXnhrDWA3oMMkUkr3Nz5vgkjor+N97Ll7/+QCIoS6ToNuq1B0S24K/Jt4GSmiDOVW4b7RVjQOmQQqiDF1z42gmRANnArWzzdiwyJCu+SS1S2VJGSmmaSL9/GqVdo4UNoeCThVv04kJDSmF/o2GRLomJ/eQPzLq8cQ7DYTLqMYmKTDh4JYYFB40CJuc80oiJ4lhGpu/4pph2hCwXadtyV4P1f+Tc43S952yT3dKh4cZnVMomW0gtaQh3bQATpGZVRBFN2iR/SMXpw758l5dd6G0ZyTzSyhb3DePwC/qqxd</latexit>

Q1(poor, plant) = 10;Q1(poor, fallow) = 0

What’s best?
<latexit sha1_base64="ggNpImhP+fGulr+7QpjwK0AG3ig="></latexit>

⇡⇤
1(s) = plant;⇡⇤

2(rich) = plant,⇡⇤
2(poor) = fallowAny s,

<latexit sha1_base64="P9AgmYRFNX0jmr8tJ29nBy0XpZk="></latexit>

Q0(s, a) = 0;Qh(s, a) = R(s, a) +
P

s0 T (s, a, s
0)maxa0 Qh�1(s0, a0)

<latexit sha1_base64="HJNCeyZB05B5XRXKWz2cW5MGl8g="></latexit>

⇡⇤
h(s) = argmaxa Qh(s, a)

<latexit sha1_base64="SXUiGoGBiTAl8tFhRDKuLhUB9YA="></latexit>

+ T (rich, plant, poor)max
a0

Q1(poor, a0)

<latexit sha1_base64="BP25xhgish9dptiGI8G2VKVuxaQ="></latexit>

Q2(rich, plant) = 100 + (0.1)(100)

What’s the best policy? Finite horizon



rich soil

0.1 0.9

0.90.1

poor soil
plant:

rich soil

0.9 0.1

0.10.9

poor soil
fallow:

R(rich,plant)=100 
R(poor,plant)=10 
R(rich,fallow)=0 
R(poor,fallow)=0• h: horizon (e.g. how many planting seasons) 

•              : expected reward of starting at s, making action 
a, and then making the “best” action for the h-1 steps left 

• With Q, can find an optimal policy: 

<latexit sha1_base64="t6c0os9KbvUXzTINIt7+TE8d20Q=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRahgpRdUfRY9OKxBfsB7VqyabYNzSZrkhXK0j/hxYMiXv073vw3pu0etPXBwOO9GWbmBTFn2rjut5NbWV1b38hvFra2d3b3ivsHTS0TRWiDSC5VO8CaciZowzDDaTtWFEcBp61gdDv1W09UaSbFvRnH1I/wQLCQEWys1K4/DMv6DJ/2iiW34s6AlomXkRJkqPWKX92+JElEhSEca93x3Nj4KVaGEU4nhW6iaYzJCA9ox1KBI6r9dHbvBJ1YpY9CqWwJg2bq74kUR1qPo8B2RtgM9aI3Ff/zOokJr/2UiTgxVJD5ojDhyEg0fR71maLE8LElmChmb0VkiBUmxkZUsCF4iy8vk+Z5xbusuPWLUvUmiyMPR3AMZfDgCqpwBzVoAAEOz/AKb86j8+K8Ox/z1pyTzRzCHzifP+MSjzY=</latexit>

Qh(s, a)

<latexit sha1_base64="YnKPoZbIZvU4ZMVC18BnPOq8QY8=">AAACOXicdVDNSgMxGMz6W+tf1aOXYBEUpGRFUShC0YvHClYLbS3ZNGtDs9kl+VYtS1/Li2/hTfDiQRGvvoDpuoJaHQhMZuYj+caLpDBAyIMzNj4xOTWdm8nPzs0vLBaWls9MGGvGayyUoa571HApFK+BAMnrkeY08CQ/93pHQ//8imsjQnUK/Yi3AnqphC8YBSu1C9WTC3ejCfwGdJBowbqDra9bJKmCwSY+wC4h5fz/QZ9KGV6nSVJuF4qkRFLgUeJmpIgyVNuF+2YnZHHAFTBJjWm4JIJWQjUIJvkg34wNjyjr0UvesFTRgJtWkm4+wOtW6WA/1PYowKn6fSKhgTH9wLPJgELX/PaG4l9eIwZ/v5UIFcXAFft8yI8lhhAPa8QdoTkD2beEMi3sXzHrUk0Z2LLztgT398qj5Gy75O6WyMlOsXKY1ZFDq2gNbSAX7aEKOkZVVEMM3aJH9IxenDvnyXl13j6jY042s4J+wHn/AE/OrJQ=</latexit>

Q1(rich, plant) = 100;Q1(rich, fallow) = 0;
<latexit sha1_base64="bsdI9o3t9WeRpWvYm7b3NsxpdXA=">AAACOHicfVDLSgMxFM3Ud31VXboJFkFByowoCiKIbtxZwdpCW0smzdjQTDIkd9Qy9LPc+BnuxI0LRdz6BabTQXzhgcDJOeeS3ONHghtw3QcnNzI6Nj4xOZWfnpmdmy8sLJ4bFWvKKlQJpWs+MUxwySrAQbBapBkJfcGqfvdo4FevmDZcyTPoRawZkkvJA04JWKlVOMmfXnhrDWA3oMMkUkr3Nz5vgkjor+N97Ll7/+QCIoS6ToNuq1B0S24K/Jt4GSmiDOVW4b7RVjQOmQQqiDF1z42gmRANnArWzzdiwyJCu+SS1S2VJGSmmaSL9/GqVdo4UNoeCThVv04kJDSmF/o2GRLomJ/eQPzLq8cQ7DYTLqMYmKTDh4JYYFB40CJuc80oiJ4lhGpu/4pph2hCwXadtyV4P1f+Tc43S952yT3dKh4cZnVMomW0gtaQh3bQATpGZVRBFN2iR/SMXpw758l5dd6G0ZyTzSyhb3DePwC/qqxd</latexit>

Q1(poor, plant) = 10;Q1(poor, fallow) = 0

What’s best?
<latexit sha1_base64="ggNpImhP+fGulr+7QpjwK0AG3ig="></latexit>

⇡⇤
1(s) = plant;⇡⇤

2(rich) = plant,⇡⇤
2(poor) = fallowAny s,

<latexit sha1_base64="P9AgmYRFNX0jmr8tJ29nBy0XpZk="></latexit>

Q0(s, a) = 0;Qh(s, a) = R(s, a) +
P

s0 T (s, a, s
0)maxa0 Qh�1(s0, a0)

<latexit sha1_base64="HJNCeyZB05B5XRXKWz2cW5MGl8g="></latexit>

⇡⇤
h(s) = argmaxa Qh(s, a)

<latexit sha1_base64="SXUiGoGBiTAl8tFhRDKuLhUB9YA="></latexit>

+ T (rich, plant, poor)max
a0

Q1(poor, a0)

<latexit sha1_base64="BP25xhgish9dptiGI8G2VKVuxaQ="></latexit>

Q2(rich, plant) = 100 + (0.1)(100)

What’s the best policy? Finite horizon



rich soil

0.1 0.9

0.90.1

poor soil
plant:

rich soil

0.9 0.1

0.10.9

poor soil
fallow:

R(rich,plant)=100 
R(poor,plant)=10 
R(rich,fallow)=0 
R(poor,fallow)=0• h: horizon (e.g. how many planting seasons) 

•              : expected reward of starting at s, making action 
a, and then making the “best” action for the h-1 steps left 

• With Q, can find an optimal policy: 

<latexit sha1_base64="t6c0os9KbvUXzTINIt7+TE8d20Q=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRahgpRdUfRY9OKxBfsB7VqyabYNzSZrkhXK0j/hxYMiXv073vw3pu0etPXBwOO9GWbmBTFn2rjut5NbWV1b38hvFra2d3b3ivsHTS0TRWiDSC5VO8CaciZowzDDaTtWFEcBp61gdDv1W09UaSbFvRnH1I/wQLCQEWys1K4/DMv6DJ/2iiW34s6AlomXkRJkqPWKX92+JElEhSEca93x3Nj4KVaGEU4nhW6iaYzJCA9ox1KBI6r9dHbvBJ1YpY9CqWwJg2bq74kUR1qPo8B2RtgM9aI3Ff/zOokJr/2UiTgxVJD5ojDhyEg0fR71maLE8LElmChmb0VkiBUmxkZUsCF4iy8vk+Z5xbusuPWLUvUmiyMPR3AMZfDgCqpwBzVoAAEOz/AKb86j8+K8Ox/z1pyTzRzCHzifP+MSjzY=</latexit>

Qh(s, a)

<latexit sha1_base64="YnKPoZbIZvU4ZMVC18BnPOq8QY8=">AAACOXicdVDNSgMxGMz6W+tf1aOXYBEUpGRFUShC0YvHClYLbS3ZNGtDs9kl+VYtS1/Li2/hTfDiQRGvvoDpuoJaHQhMZuYj+caLpDBAyIMzNj4xOTWdm8nPzs0vLBaWls9MGGvGayyUoa571HApFK+BAMnrkeY08CQ/93pHQ//8imsjQnUK/Yi3AnqphC8YBSu1C9WTC3ejCfwGdJBowbqDra9bJKmCwSY+wC4h5fz/QZ9KGV6nSVJuF4qkRFLgUeJmpIgyVNuF+2YnZHHAFTBJjWm4JIJWQjUIJvkg34wNjyjr0UvesFTRgJtWkm4+wOtW6WA/1PYowKn6fSKhgTH9wLPJgELX/PaG4l9eIwZ/v5UIFcXAFft8yI8lhhAPa8QdoTkD2beEMi3sXzHrUk0Z2LLztgT398qj5Gy75O6WyMlOsXKY1ZFDq2gNbSAX7aEKOkZVVEMM3aJH9IxenDvnyXl13j6jY042s4J+wHn/AE/OrJQ=</latexit>

Q1(rich, plant) = 100;Q1(rich, fallow) = 0;
<latexit sha1_base64="bsdI9o3t9WeRpWvYm7b3NsxpdXA=">AAACOHicfVDLSgMxFM3Ud31VXboJFkFByowoCiKIbtxZwdpCW0smzdjQTDIkd9Qy9LPc+BnuxI0LRdz6BabTQXzhgcDJOeeS3ONHghtw3QcnNzI6Nj4xOZWfnpmdmy8sLJ4bFWvKKlQJpWs+MUxwySrAQbBapBkJfcGqfvdo4FevmDZcyTPoRawZkkvJA04JWKlVOMmfXnhrDWA3oMMkUkr3Nz5vgkjor+N97Ll7/+QCIoS6ToNuq1B0S24K/Jt4GSmiDOVW4b7RVjQOmQQqiDF1z42gmRANnArWzzdiwyJCu+SS1S2VJGSmmaSL9/GqVdo4UNoeCThVv04kJDSmF/o2GRLomJ/eQPzLq8cQ7DYTLqMYmKTDh4JYYFB40CJuc80oiJ4lhGpu/4pph2hCwXadtyV4P1f+Tc43S952yT3dKh4cZnVMomW0gtaQh3bQATpGZVRBFN2iR/SMXpw758l5dd6G0ZyTzSyhb3DePwC/qqxd</latexit>

Q1(poor, plant) = 10;Q1(poor, fallow) = 0

What’s best?
<latexit sha1_base64="ggNpImhP+fGulr+7QpjwK0AG3ig="></latexit>

⇡⇤
1(s) = plant;⇡⇤

2(rich) = plant,⇡⇤
2(poor) = fallowAny s,

<latexit sha1_base64="P9AgmYRFNX0jmr8tJ29nBy0XpZk="></latexit>

Q0(s, a) = 0;Qh(s, a) = R(s, a) +
P

s0 T (s, a, s
0)maxa0 Qh�1(s0, a0)

<latexit sha1_base64="HJNCeyZB05B5XRXKWz2cW5MGl8g="></latexit>

⇡⇤
h(s) = argmaxa Qh(s, a)

<latexit sha1_base64="BP25xhgish9dptiGI8G2VKVuxaQ="></latexit>

Q2(rich, plant) = 100 + (0.1)(100)
<latexit sha1_base64="OVBiisDJBCfd9DkGLh0W4i1v5VY=">AAACE3icbVDLSgNBEJz1bXxFPXoZDJL4IOyKot5ELx4NGBWSGHonEx2c2VlmesWw7D948Ve8eFDEqxdv/o2Tx0GjBQ1FVTfdXWEshUXf//JGRsfGJyanpnMzs3PzC/nFpXOrE8N4lWmpzWUIlksR8SoKlPwyNhxUKPlFeHvc9S/uuLFCR2fYiXlDwXUk2oIBOqmZ30gzuklLfvlgndYV3DdTKGa0chWU6sjv0ag01tpkW1Bcb+YLftnvgf4lwYAUyACnzfxnvaVZoniETIK1tcCPsZGCQcEkz3L1xPIY2C1c85qjEShuG2nvp4yuOaVF29q4ipD21J8TKShrOyp0nQrwxg57XfE/r5Zge7+RiihOkEesv6idSIqadgOiLWE4Q9lxBJgR7lbKbsAAQxdjzoUQDL/8l5xvl4Pdsl/ZKRweDeKYIitklZRIQPbIITkhp6RKGHkgT+SFvHqP3rP35r33W0e8wcwy+QXv4xtWW5v8</latexit>

+ (0.9)max
a0

Q1(poor, a0)

What’s the best policy? Finite horizon



rich soil

0.1 0.9

0.90.1

poor soil
plant:

rich soil

0.9 0.1

0.10.9

poor soil
fallow:

R(rich,plant)=100 
R(poor,plant)=10 
R(rich,fallow)=0 
R(poor,fallow)=0• h: horizon (e.g. how many planting seasons) 

•              : expected reward of starting at s, making action 
a, and then making the “best” action for the h-1 steps left 

• With Q, can find an optimal policy: 

<latexit sha1_base64="t6c0os9KbvUXzTINIt7+TE8d20Q=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRahgpRdUfRY9OKxBfsB7VqyabYNzSZrkhXK0j/hxYMiXv073vw3pu0etPXBwOO9GWbmBTFn2rjut5NbWV1b38hvFra2d3b3ivsHTS0TRWiDSC5VO8CaciZowzDDaTtWFEcBp61gdDv1W09UaSbFvRnH1I/wQLCQEWys1K4/DMv6DJ/2iiW34s6AlomXkRJkqPWKX92+JElEhSEca93x3Nj4KVaGEU4nhW6iaYzJCA9ox1KBI6r9dHbvBJ1YpY9CqWwJg2bq74kUR1qPo8B2RtgM9aI3Ff/zOokJr/2UiTgxVJD5ojDhyEg0fR71maLE8LElmChmb0VkiBUmxkZUsCF4iy8vk+Z5xbusuPWLUvUmiyMPR3AMZfDgCqpwBzVoAAEOz/AKb86j8+K8Ox/z1pyTzRzCHzifP+MSjzY=</latexit>

Qh(s, a)

<latexit sha1_base64="YnKPoZbIZvU4ZMVC18BnPOq8QY8=">AAACOXicdVDNSgMxGMz6W+tf1aOXYBEUpGRFUShC0YvHClYLbS3ZNGtDs9kl+VYtS1/Li2/hTfDiQRGvvoDpuoJaHQhMZuYj+caLpDBAyIMzNj4xOTWdm8nPzs0vLBaWls9MGGvGayyUoa571HApFK+BAMnrkeY08CQ/93pHQ//8imsjQnUK/Yi3AnqphC8YBSu1C9WTC3ejCfwGdJBowbqDra9bJKmCwSY+wC4h5fz/QZ9KGV6nSVJuF4qkRFLgUeJmpIgyVNuF+2YnZHHAFTBJjWm4JIJWQjUIJvkg34wNjyjr0UvesFTRgJtWkm4+wOtW6WA/1PYowKn6fSKhgTH9wLPJgELX/PaG4l9eIwZ/v5UIFcXAFft8yI8lhhAPa8QdoTkD2beEMi3sXzHrUk0Z2LLztgT398qj5Gy75O6WyMlOsXKY1ZFDq2gNbSAX7aEKOkZVVEMM3aJH9IxenDvnyXl13j6jY042s4J+wHn/AE/OrJQ=</latexit>

Q1(rich, plant) = 100;Q1(rich, fallow) = 0;
<latexit sha1_base64="bsdI9o3t9WeRpWvYm7b3NsxpdXA=">AAACOHicfVDLSgMxFM3Ud31VXboJFkFByowoCiKIbtxZwdpCW0smzdjQTDIkd9Qy9LPc+BnuxI0LRdz6BabTQXzhgcDJOeeS3ONHghtw3QcnNzI6Nj4xOZWfnpmdmy8sLJ4bFWvKKlQJpWs+MUxwySrAQbBapBkJfcGqfvdo4FevmDZcyTPoRawZkkvJA04JWKlVOMmfXnhrDWA3oMMkUkr3Nz5vgkjor+N97Ll7/+QCIoS6ToNuq1B0S24K/Jt4GSmiDOVW4b7RVjQOmQQqiDF1z42gmRANnArWzzdiwyJCu+SS1S2VJGSmmaSL9/GqVdo4UNoeCThVv04kJDSmF/o2GRLomJ/eQPzLq8cQ7DYTLqMYmKTDh4JYYFB40CJuc80oiJ4lhGpu/4pph2hCwXadtyV4P1f+Tc43S952yT3dKh4cZnVMomW0gtaQh3bQATpGZVRBFN2iR/SMXpw758l5dd6G0ZyTzSyhb3DePwC/qqxd</latexit>

Q1(poor, plant) = 10;Q1(poor, fallow) = 0

What’s best?
<latexit sha1_base64="ggNpImhP+fGulr+7QpjwK0AG3ig="></latexit>

⇡⇤
1(s) = plant;⇡⇤

2(rich) = plant,⇡⇤
2(poor) = fallowAny s,

<latexit sha1_base64="P9AgmYRFNX0jmr8tJ29nBy0XpZk="></latexit>

Q0(s, a) = 0;Qh(s, a) = R(s, a) +
P

s0 T (s, a, s
0)maxa0 Qh�1(s0, a0)

<latexit sha1_base64="HJNCeyZB05B5XRXKWz2cW5MGl8g="></latexit>

⇡⇤
h(s) = argmaxa Qh(s, a)

<latexit sha1_base64="BP25xhgish9dptiGI8G2VKVuxaQ="></latexit>

Q2(rich, plant) = 100 + (0.1)(100)
<latexit sha1_base64="OVBiisDJBCfd9DkGLh0W4i1v5VY=">AAACE3icbVDLSgNBEJz1bXxFPXoZDJL4IOyKot5ELx4NGBWSGHonEx2c2VlmesWw7D948Ve8eFDEqxdv/o2Tx0GjBQ1FVTfdXWEshUXf//JGRsfGJyanpnMzs3PzC/nFpXOrE8N4lWmpzWUIlksR8SoKlPwyNhxUKPlFeHvc9S/uuLFCR2fYiXlDwXUk2oIBOqmZ30gzuklLfvlgndYV3DdTKGa0chWU6sjv0ag01tpkW1Bcb+YLftnvgf4lwYAUyACnzfxnvaVZoniETIK1tcCPsZGCQcEkz3L1xPIY2C1c85qjEShuG2nvp4yuOaVF29q4ipD21J8TKShrOyp0nQrwxg57XfE/r5Zge7+RiihOkEesv6idSIqadgOiLWE4Q9lxBJgR7lbKbsAAQxdjzoUQDL/8l5xvl4Pdsl/ZKRweDeKYIitklZRIQPbIITkhp6RKGHkgT+SFvHqP3rP35r33W0e8wcwy+QXv4xtWW5v8</latexit>

+ (0.9)max
a0

Q1(poor, a0)

What’s the best policy? Finite horizon



rich soil

0.1 0.9

0.90.1

poor soil
plant:

rich soil

0.9 0.1

0.10.9

poor soil
fallow:

R(rich,plant)=100 
R(poor,plant)=10 
R(rich,fallow)=0 
R(poor,fallow)=0• h: horizon (e.g. how many planting seasons) 

•              : expected reward of starting at s, making action 
a, and then making the “best” action for the h-1 steps left 

• With Q, can find an optimal policy: 

<latexit sha1_base64="t6c0os9KbvUXzTINIt7+TE8d20Q=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRahgpRdUfRY9OKxBfsB7VqyabYNzSZrkhXK0j/hxYMiXv073vw3pu0etPXBwOO9GWbmBTFn2rjut5NbWV1b38hvFra2d3b3ivsHTS0TRWiDSC5VO8CaciZowzDDaTtWFEcBp61gdDv1W09UaSbFvRnH1I/wQLCQEWys1K4/DMv6DJ/2iiW34s6AlomXkRJkqPWKX92+JElEhSEca93x3Nj4KVaGEU4nhW6iaYzJCA9ox1KBI6r9dHbvBJ1YpY9CqWwJg2bq74kUR1qPo8B2RtgM9aI3Ff/zOokJr/2UiTgxVJD5ojDhyEg0fR71maLE8LElmChmb0VkiBUmxkZUsCF4iy8vk+Z5xbusuPWLUvUmiyMPR3AMZfDgCqpwBzVoAAEOz/AKb86j8+K8Ox/z1pyTzRzCHzifP+MSjzY=</latexit>

Qh(s, a)

<latexit sha1_base64="YnKPoZbIZvU4ZMVC18BnPOq8QY8=">AAACOXicdVDNSgMxGMz6W+tf1aOXYBEUpGRFUShC0YvHClYLbS3ZNGtDs9kl+VYtS1/Li2/hTfDiQRGvvoDpuoJaHQhMZuYj+caLpDBAyIMzNj4xOTWdm8nPzs0vLBaWls9MGGvGayyUoa571HApFK+BAMnrkeY08CQ/93pHQ//8imsjQnUK/Yi3AnqphC8YBSu1C9WTC3ejCfwGdJBowbqDra9bJKmCwSY+wC4h5fz/QZ9KGV6nSVJuF4qkRFLgUeJmpIgyVNuF+2YnZHHAFTBJjWm4JIJWQjUIJvkg34wNjyjr0UvesFTRgJtWkm4+wOtW6WA/1PYowKn6fSKhgTH9wLPJgELX/PaG4l9eIwZ/v5UIFcXAFft8yI8lhhAPa8QdoTkD2beEMi3sXzHrUk0Z2LLztgT398qj5Gy75O6WyMlOsXKY1ZFDq2gNbSAX7aEKOkZVVEMM3aJH9IxenDvnyXl13j6jY042s4J+wHn/AE/OrJQ=</latexit>

Q1(rich, plant) = 100;Q1(rich, fallow) = 0;
<latexit sha1_base64="bsdI9o3t9WeRpWvYm7b3NsxpdXA=">AAACOHicfVDLSgMxFM3Ud31VXboJFkFByowoCiKIbtxZwdpCW0smzdjQTDIkd9Qy9LPc+BnuxI0LRdz6BabTQXzhgcDJOeeS3ONHghtw3QcnNzI6Nj4xOZWfnpmdmy8sLJ4bFWvKKlQJpWs+MUxwySrAQbBapBkJfcGqfvdo4FevmDZcyTPoRawZkkvJA04JWKlVOMmfXnhrDWA3oMMkUkr3Nz5vgkjor+N97Ll7/+QCIoS6ToNuq1B0S24K/Jt4GSmiDOVW4b7RVjQOmQQqiDF1z42gmRANnArWzzdiwyJCu+SS1S2VJGSmmaSL9/GqVdo4UNoeCThVv04kJDSmF/o2GRLomJ/eQPzLq8cQ7DYTLqMYmKTDh4JYYFB40CJuc80oiJ4lhGpu/4pph2hCwXadtyV4P1f+Tc43S952yT3dKh4cZnVMomW0gtaQh3bQATpGZVRBFN2iR/SMXpw758l5dd6G0ZyTzSyhb3DePwC/qqxd</latexit>

Q1(poor, plant) = 10;Q1(poor, fallow) = 0

What’s best?
<latexit sha1_base64="ggNpImhP+fGulr+7QpjwK0AG3ig="></latexit>

⇡⇤
1(s) = plant;⇡⇤

2(rich) = plant,⇡⇤
2(poor) = fallowAny s,

<latexit sha1_base64="P9AgmYRFNX0jmr8tJ29nBy0XpZk="></latexit>

Q0(s, a) = 0;Qh(s, a) = R(s, a) +
P

s0 T (s, a, s
0)maxa0 Qh�1(s0, a0)

<latexit sha1_base64="HJNCeyZB05B5XRXKWz2cW5MGl8g="></latexit>

⇡⇤
h(s) = argmaxa Qh(s, a)

<latexit sha1_base64="BP25xhgish9dptiGI8G2VKVuxaQ="></latexit>

Q2(rich, plant) = 100 + (0.1)(100)
<latexit sha1_base64="OVBiisDJBCfd9DkGLh0W4i1v5VY=">AAACE3icbVDLSgNBEJz1bXxFPXoZDJL4IOyKot5ELx4NGBWSGHonEx2c2VlmesWw7D948Ve8eFDEqxdv/o2Tx0GjBQ1FVTfdXWEshUXf//JGRsfGJyanpnMzs3PzC/nFpXOrE8N4lWmpzWUIlksR8SoKlPwyNhxUKPlFeHvc9S/uuLFCR2fYiXlDwXUk2oIBOqmZ30gzuklLfvlgndYV3DdTKGa0chWU6sjv0ag01tpkW1Bcb+YLftnvgf4lwYAUyACnzfxnvaVZoniETIK1tcCPsZGCQcEkz3L1xPIY2C1c85qjEShuG2nvp4yuOaVF29q4ipD21J8TKShrOyp0nQrwxg57XfE/r5Zge7+RiihOkEesv6idSIqadgOiLWE4Q9lxBJgR7lbKbsAAQxdjzoUQDL/8l5xvl4Pdsl/ZKRweDeKYIitklZRIQPbIITkhp6RKGHkgT+SFvHqP3rP35r33W0e8wcwy+QXv4xtWW5v8</latexit>

+ (0.9)max
a0

Q1(poor, a0)

What’s the best policy? Finite horizon



rich soil

0.1 0.9

0.90.1

poor soil
plant:

rich soil

0.9 0.1

0.10.9

poor soil
fallow:

R(rich,plant)=100 
R(poor,plant)=10 
R(rich,fallow)=0 
R(poor,fallow)=0• h: horizon (e.g. how many planting seasons) 

•              : expected reward of starting at s, making action 
a, and then making the “best” action for the h-1 steps left 

• With Q, can find an optimal policy: 

<latexit sha1_base64="t6c0os9KbvUXzTINIt7+TE8d20Q=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRahgpRdUfRY9OKxBfsB7VqyabYNzSZrkhXK0j/hxYMiXv073vw3pu0etPXBwOO9GWbmBTFn2rjut5NbWV1b38hvFra2d3b3ivsHTS0TRWiDSC5VO8CaciZowzDDaTtWFEcBp61gdDv1W09UaSbFvRnH1I/wQLCQEWys1K4/DMv6DJ/2iiW34s6AlomXkRJkqPWKX92+JElEhSEca93x3Nj4KVaGEU4nhW6iaYzJCA9ox1KBI6r9dHbvBJ1YpY9CqWwJg2bq74kUR1qPo8B2RtgM9aI3Ff/zOokJr/2UiTgxVJD5ojDhyEg0fR71maLE8LElmChmb0VkiBUmxkZUsCF4iy8vk+Z5xbusuPWLUvUmiyMPR3AMZfDgCqpwBzVoAAEOz/AKb86j8+K8Ox/z1pyTzRzCHzifP+MSjzY=</latexit>

Qh(s, a)

<latexit sha1_base64="YnKPoZbIZvU4ZMVC18BnPOq8QY8=">AAACOXicdVDNSgMxGMz6W+tf1aOXYBEUpGRFUShC0YvHClYLbS3ZNGtDs9kl+VYtS1/Li2/hTfDiQRGvvoDpuoJaHQhMZuYj+caLpDBAyIMzNj4xOTWdm8nPzs0vLBaWls9MGGvGayyUoa571HApFK+BAMnrkeY08CQ/93pHQ//8imsjQnUK/Yi3AnqphC8YBSu1C9WTC3ejCfwGdJBowbqDra9bJKmCwSY+wC4h5fz/QZ9KGV6nSVJuF4qkRFLgUeJmpIgyVNuF+2YnZHHAFTBJjWm4JIJWQjUIJvkg34wNjyjr0UvesFTRgJtWkm4+wOtW6WA/1PYowKn6fSKhgTH9wLPJgELX/PaG4l9eIwZ/v5UIFcXAFft8yI8lhhAPa8QdoTkD2beEMi3sXzHrUk0Z2LLztgT398qj5Gy75O6WyMlOsXKY1ZFDq2gNbSAX7aEKOkZVVEMM3aJH9IxenDvnyXl13j6jY042s4J+wHn/AE/OrJQ=</latexit>

Q1(rich, plant) = 100;Q1(rich, fallow) = 0;
<latexit sha1_base64="bsdI9o3t9WeRpWvYm7b3NsxpdXA=">AAACOHicfVDLSgMxFM3Ud31VXboJFkFByowoCiKIbtxZwdpCW0smzdjQTDIkd9Qy9LPc+BnuxI0LRdz6BabTQXzhgcDJOeeS3ONHghtw3QcnNzI6Nj4xOZWfnpmdmy8sLJ4bFWvKKlQJpWs+MUxwySrAQbBapBkJfcGqfvdo4FevmDZcyTPoRawZkkvJA04JWKlVOMmfXnhrDWA3oMMkUkr3Nz5vgkjor+N97Ll7/+QCIoS6ToNuq1B0S24K/Jt4GSmiDOVW4b7RVjQOmQQqiDF1z42gmRANnArWzzdiwyJCu+SS1S2VJGSmmaSL9/GqVdo4UNoeCThVv04kJDSmF/o2GRLomJ/eQPzLq8cQ7DYTLqMYmKTDh4JYYFB40CJuc80oiJ4lhGpu/4pph2hCwXadtyV4P1f+Tc43S952yT3dKh4cZnVMomW0gtaQh3bQATpGZVRBFN2iR/SMXpw758l5dd6G0ZyTzSyhb3DePwC/qqxd</latexit>

Q1(poor, plant) = 10;Q1(poor, fallow) = 0

What’s best?
<latexit sha1_base64="ggNpImhP+fGulr+7QpjwK0AG3ig="></latexit>

⇡⇤
1(s) = plant;⇡⇤

2(rich) = plant,⇡⇤
2(poor) = fallowAny s,

<latexit sha1_base64="P9AgmYRFNX0jmr8tJ29nBy0XpZk="></latexit>

Q0(s, a) = 0;Qh(s, a) = R(s, a) +
P

s0 T (s, a, s
0)maxa0 Qh�1(s0, a0)

<latexit sha1_base64="HJNCeyZB05B5XRXKWz2cW5MGl8g="></latexit>

⇡⇤
h(s) = argmaxa Qh(s, a)

<latexit sha1_base64="BP25xhgish9dptiGI8G2VKVuxaQ="></latexit>

Q2(rich, plant) = 100 + (0.1)(100)
<latexit sha1_base64="OlIrukGuh/Q9jCwmu1YVuewNIMs=">AAAB+HicbVBNS8NAEJ34WetHox69LBahRQiJKOqt6MVjBfsBbSib7aZdutmE3Y1QQ3+JFw+KePWnePPfuG1z0NYHA4/3ZpiZFyScKe2639bK6tr6xmZhq7i9s7tXsvcPmipOJaENEvNYtgOsKGeCNjTTnLYTSXEUcNoKRrdTv/VIpWKxeNDjhPoRHggWMoK1kXp2KZugU1RxnesqqnhutWeXXcedAS0TLydlyFHv2V/dfkzSiApNOFaq47mJ9jMsNSOcTordVNEEkxEe0I6hAkdU+dns8Ak6MUofhbE0JTSaqb8nMhwpNY4C0xlhPVSL3lT8z+ukOrzyMyaSVFNB5ovClCMdo2kKqM8kJZqPDcFEMnMrIkMsMdEmq6IJwVt8eZk0zxzvwnHvz8u1mzyOAhzBMVTAg0uowR3UoQEEUniGV3iznqwX6936mLeuWPnMIfyB9fkDgG6QYg==</latexit>

+ (0.9)(10)

What’s the best policy? Finite horizon



rich soil

0.1 0.9

0.90.1

poor soil
plant:

rich soil

0.9 0.1

0.10.9

poor soil
fallow:

R(rich,plant)=100 
R(poor,plant)=10 
R(rich,fallow)=0 
R(poor,fallow)=0• h: horizon (e.g. how many planting seasons) 

•              : expected reward of starting at s, making action 
a, and then making the “best” action for the h-1 steps left 

• With Q, can find an optimal policy: 

<latexit sha1_base64="t6c0os9KbvUXzTINIt7+TE8d20Q=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRahgpRdUfRY9OKxBfsB7VqyabYNzSZrkhXK0j/hxYMiXv073vw3pu0etPXBwOO9GWbmBTFn2rjut5NbWV1b38hvFra2d3b3ivsHTS0TRWiDSC5VO8CaciZowzDDaTtWFEcBp61gdDv1W09UaSbFvRnH1I/wQLCQEWys1K4/DMv6DJ/2iiW34s6AlomXkRJkqPWKX92+JElEhSEca93x3Nj4KVaGEU4nhW6iaYzJCA9ox1KBI6r9dHbvBJ1YpY9CqWwJg2bq74kUR1qPo8B2RtgM9aI3Ff/zOokJr/2UiTgxVJD5ojDhyEg0fR71maLE8LElmChmb0VkiBUmxkZUsCF4iy8vk+Z5xbusuPWLUvUmiyMPR3AMZfDgCqpwBzVoAAEOz/AKb86j8+K8Ox/z1pyTzRzCHzifP+MSjzY=</latexit>

Qh(s, a)

<latexit sha1_base64="YnKPoZbIZvU4ZMVC18BnPOq8QY8=">AAACOXicdVDNSgMxGMz6W+tf1aOXYBEUpGRFUShC0YvHClYLbS3ZNGtDs9kl+VYtS1/Li2/hTfDiQRGvvoDpuoJaHQhMZuYj+caLpDBAyIMzNj4xOTWdm8nPzs0vLBaWls9MGGvGayyUoa571HApFK+BAMnrkeY08CQ/93pHQ//8imsjQnUK/Yi3AnqphC8YBSu1C9WTC3ejCfwGdJBowbqDra9bJKmCwSY+wC4h5fz/QZ9KGV6nSVJuF4qkRFLgUeJmpIgyVNuF+2YnZHHAFTBJjWm4JIJWQjUIJvkg34wNjyjr0UvesFTRgJtWkm4+wOtW6WA/1PYowKn6fSKhgTH9wLPJgELX/PaG4l9eIwZ/v5UIFcXAFft8yI8lhhAPa8QdoTkD2beEMi3sXzHrUk0Z2LLztgT398qj5Gy75O6WyMlOsXKY1ZFDq2gNbSAX7aEKOkZVVEMM3aJH9IxenDvnyXl13j6jY042s4J+wHn/AE/OrJQ=</latexit>

Q1(rich, plant) = 100;Q1(rich, fallow) = 0;
<latexit sha1_base64="bsdI9o3t9WeRpWvYm7b3NsxpdXA=">AAACOHicfVDLSgMxFM3Ud31VXboJFkFByowoCiKIbtxZwdpCW0smzdjQTDIkd9Qy9LPc+BnuxI0LRdz6BabTQXzhgcDJOeeS3ONHghtw3QcnNzI6Nj4xOZWfnpmdmy8sLJ4bFWvKKlQJpWs+MUxwySrAQbBapBkJfcGqfvdo4FevmDZcyTPoRawZkkvJA04JWKlVOMmfXnhrDWA3oMMkUkr3Nz5vgkjor+N97Ll7/+QCIoS6ToNuq1B0S24K/Jt4GSmiDOVW4b7RVjQOmQQqiDF1z42gmRANnArWzzdiwyJCu+SS1S2VJGSmmaSL9/GqVdo4UNoeCThVv04kJDSmF/o2GRLomJ/eQPzLq8cQ7DYTLqMYmKTDh4JYYFB40CJuc80oiJ4lhGpu/4pph2hCwXadtyV4P1f+Tc43S952yT3dKh4cZnVMomW0gtaQh3bQATpGZVRBFN2iR/SMXpw758l5dd6G0ZyTzSyhb3DePwC/qqxd</latexit>

Q1(poor, plant) = 10;Q1(poor, fallow) = 0

What’s best?
<latexit sha1_base64="ggNpImhP+fGulr+7QpjwK0AG3ig="></latexit>

⇡⇤
1(s) = plant;⇡⇤

2(rich) = plant,⇡⇤
2(poor) = fallowAny s,

<latexit sha1_base64="P9AgmYRFNX0jmr8tJ29nBy0XpZk="></latexit>

Q0(s, a) = 0;Qh(s, a) = R(s, a) +
P

s0 T (s, a, s
0)maxa0 Qh�1(s0, a0)

<latexit sha1_base64="HJNCeyZB05B5XRXKWz2cW5MGl8g="></latexit>

⇡⇤
h(s) = argmaxa Qh(s, a)

<latexit sha1_base64="BP25xhgish9dptiGI8G2VKVuxaQ="></latexit>

Q2(rich, plant) = 100 + (0.1)(100)
<latexit sha1_base64="x+dEH2hGF2S2Odz2TvvxAC5lL5w=">AAAB/nicbVDLSgMxFM34rPU1Kq7cBIvQIpREFO1CKLpxWcE+oB1KJs20oZnMkGSEMhT8FTcuFHHrd7jzb0zbWWjrgQuHc+7l3nv8WHBtEPp2lpZXVtfWcxv5za3tnV13b7+ho0RRVqeRiFTLJ5oJLlndcCNYK1aMhL5gTX94O/Gbj0xpHskHM4qZF5K+5AGnxFip6x6mY3gKi6hcKcEiRiV4DTGudN0CKqMp4CLBGSmADLWu+9XpRTQJmTRUEK3bGMXGS4kynAo2zncSzWJCh6TP2pZKEjLtpdPzx/DEKj0YRMqWNHCq/p5ISaj1KPRtZ0jMQM97E/E/r52Y4MpLuYwTwySdLQoSAU0EJ1nAHleMGjGyhFDF7a2QDogi1NjE8jYEPP/yImmclfFFGd2fF6o3WRw5cASOQRFgcAmq4A7UQB1QkIJn8ArenCfnxXl3PmatS042cwD+wPn8AR0IkbY=</latexit>

+ (0.9)(10) = 119

What’s the best policy? Finite horizon



rich soil

0.1 0.9

0.90.1

poor soil
plant:

rich soil

0.9 0.1

0.10.9

poor soil
fallow:

R(rich,plant)=100 
R(poor,plant)=10 
R(rich,fallow)=0 
R(poor,fallow)=0• h: horizon (e.g. how many planting seasons) 

•              : expected reward of starting at s, making action 
a, and then making the “best” action for the h-1 steps left 

• With Q, can find an optimal policy: 

<latexit sha1_base64="t6c0os9KbvUXzTINIt7+TE8d20Q=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRahgpRdUfRY9OKxBfsB7VqyabYNzSZrkhXK0j/hxYMiXv073vw3pu0etPXBwOO9GWbmBTFn2rjut5NbWV1b38hvFra2d3b3ivsHTS0TRWiDSC5VO8CaciZowzDDaTtWFEcBp61gdDv1W09UaSbFvRnH1I/wQLCQEWys1K4/DMv6DJ/2iiW34s6AlomXkRJkqPWKX92+JElEhSEca93x3Nj4KVaGEU4nhW6iaYzJCA9ox1KBI6r9dHbvBJ1YpY9CqWwJg2bq74kUR1qPo8B2RtgM9aI3Ff/zOokJr/2UiTgxVJD5ojDhyEg0fR71maLE8LElmChmb0VkiBUmxkZUsCF4iy8vk+Z5xbusuPWLUvUmiyMPR3AMZfDgCqpwBzVoAAEOz/AKb86j8+K8Ox/z1pyTzRzCHzifP+MSjzY=</latexit>

Qh(s, a)

<latexit sha1_base64="YnKPoZbIZvU4ZMVC18BnPOq8QY8=">AAACOXicdVDNSgMxGMz6W+tf1aOXYBEUpGRFUShC0YvHClYLbS3ZNGtDs9kl+VYtS1/Li2/hTfDiQRGvvoDpuoJaHQhMZuYj+caLpDBAyIMzNj4xOTWdm8nPzs0vLBaWls9MGGvGayyUoa571HApFK+BAMnrkeY08CQ/93pHQ//8imsjQnUK/Yi3AnqphC8YBSu1C9WTC3ejCfwGdJBowbqDra9bJKmCwSY+wC4h5fz/QZ9KGV6nSVJuF4qkRFLgUeJmpIgyVNuF+2YnZHHAFTBJjWm4JIJWQjUIJvkg34wNjyjr0UvesFTRgJtWkm4+wOtW6WA/1PYowKn6fSKhgTH9wLPJgELX/PaG4l9eIwZ/v5UIFcXAFft8yI8lhhAPa8QdoTkD2beEMi3sXzHrUk0Z2LLztgT398qj5Gy75O6WyMlOsXKY1ZFDq2gNbSAX7aEKOkZVVEMM3aJH9IxenDvnyXl13j6jY042s4J+wHn/AE/OrJQ=</latexit>

Q1(rich, plant) = 100;Q1(rich, fallow) = 0;
<latexit sha1_base64="bsdI9o3t9WeRpWvYm7b3NsxpdXA=">AAACOHicfVDLSgMxFM3Ud31VXboJFkFByowoCiKIbtxZwdpCW0smzdjQTDIkd9Qy9LPc+BnuxI0LRdz6BabTQXzhgcDJOeeS3ONHghtw3QcnNzI6Nj4xOZWfnpmdmy8sLJ4bFWvKKlQJpWs+MUxwySrAQbBapBkJfcGqfvdo4FevmDZcyTPoRawZkkvJA04JWKlVOMmfXnhrDWA3oMMkUkr3Nz5vgkjor+N97Ll7/+QCIoS6ToNuq1B0S24K/Jt4GSmiDOVW4b7RVjQOmQQqiDF1z42gmRANnArWzzdiwyJCu+SS1S2VJGSmmaSL9/GqVdo4UNoeCThVv04kJDSmF/o2GRLomJ/eQPzLq8cQ7DYTLqMYmKTDh4JYYFB40CJuc80oiJ4lhGpu/4pph2hCwXadtyV4P1f+Tc43S952yT3dKh4cZnVMomW0gtaQh3bQATpGZVRBFN2iR/SMXpw758l5dd6G0ZyTzSyhb3DePwC/qqxd</latexit>

Q1(poor, plant) = 10;Q1(poor, fallow) = 0

What’s best?
<latexit sha1_base64="ggNpImhP+fGulr+7QpjwK0AG3ig="></latexit>

⇡⇤
1(s) = plant;⇡⇤

2(rich) = plant,⇡⇤
2(poor) = fallowAny s,

<latexit sha1_base64="P9AgmYRFNX0jmr8tJ29nBy0XpZk="></latexit>

Q0(s, a) = 0;Qh(s, a) = R(s, a) +
P

s0 T (s, a, s
0)maxa0 Qh�1(s0, a0)

<latexit sha1_base64="HJNCeyZB05B5XRXKWz2cW5MGl8g="></latexit>

⇡⇤
h(s) = argmaxa Qh(s, a)

<latexit sha1_base64="gkd1WYniBmOfSOlhUBRAD+cFuR4="></latexit>

Q2(rich, plant) = 119;Q2(rich, fallow) = 91;

What’s the best policy? Finite horizon



What’s the best policy? Finite horizon

rich soil

0.1 0.9

0.90.1

poor soil
plant:

rich soil

0.9 0.1

0.10.9

poor soil
fallow:

R(rich,plant)=100 
R(poor,plant)=10 
R(rich,fallow)=0 
R(poor,fallow)=0• h: horizon (e.g. how many planting seasons) 

•              : expected reward of starting at s, making action 
a, and then making the “best” action for the h-1 steps left 

• With Q, can find an optimal policy: 

<latexit sha1_base64="t6c0os9KbvUXzTINIt7+TE8d20Q=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRahgpRdUfRY9OKxBfsB7VqyabYNzSZrkhXK0j/hxYMiXv073vw3pu0etPXBwOO9GWbmBTFn2rjut5NbWV1b38hvFra2d3b3ivsHTS0TRWiDSC5VO8CaciZowzDDaTtWFEcBp61gdDv1W09UaSbFvRnH1I/wQLCQEWys1K4/DMv6DJ/2iiW34s6AlomXkRJkqPWKX92+JElEhSEca93x3Nj4KVaGEU4nhW6iaYzJCA9ox1KBI6r9dHbvBJ1YpY9CqWwJg2bq74kUR1qPo8B2RtgM9aI3Ff/zOokJr/2UiTgxVJD5ojDhyEg0fR71maLE8LElmChmb0VkiBUmxkZUsCF4iy8vk+Z5xbusuPWLUvUmiyMPR3AMZfDgCqpwBzVoAAEOz/AKb86j8+K8Ox/z1pyTzRzCHzifP+MSjzY=</latexit>

Qh(s, a)

<latexit sha1_base64="YnKPoZbIZvU4ZMVC18BnPOq8QY8=">AAACOXicdVDNSgMxGMz6W+tf1aOXYBEUpGRFUShC0YvHClYLbS3ZNGtDs9kl+VYtS1/Li2/hTfDiQRGvvoDpuoJaHQhMZuYj+caLpDBAyIMzNj4xOTWdm8nPzs0vLBaWls9MGGvGayyUoa571HApFK+BAMnrkeY08CQ/93pHQ//8imsjQnUK/Yi3AnqphC8YBSu1C9WTC3ejCfwGdJBowbqDra9bJKmCwSY+wC4h5fz/QZ9KGV6nSVJuF4qkRFLgUeJmpIgyVNuF+2YnZHHAFTBJjWm4JIJWQjUIJvkg34wNjyjr0UvesFTRgJtWkm4+wOtW6WA/1PYowKn6fSKhgTH9wLPJgELX/PaG4l9eIwZ/v5UIFcXAFft8yI8lhhAPa8QdoTkD2beEMi3sXzHrUk0Z2LLztgT398qj5Gy75O6WyMlOsXKY1ZFDq2gNbSAX7aEKOkZVVEMM3aJH9IxenDvnyXl13j6jY042s4J+wHn/AE/OrJQ=</latexit>

Q1(rich, plant) = 100;Q1(rich, fallow) = 0;
<latexit sha1_base64="bsdI9o3t9WeRpWvYm7b3NsxpdXA=">AAACOHicfVDLSgMxFM3Ud31VXboJFkFByowoCiKIbtxZwdpCW0smzdjQTDIkd9Qy9LPc+BnuxI0LRdz6BabTQXzhgcDJOeeS3ONHghtw3QcnNzI6Nj4xOZWfnpmdmy8sLJ4bFWvKKlQJpWs+MUxwySrAQbBapBkJfcGqfvdo4FevmDZcyTPoRawZkkvJA04JWKlVOMmfXnhrDWA3oMMkUkr3Nz5vgkjor+N97Ll7/+QCIoS6ToNuq1B0S24K/Jt4GSmiDOVW4b7RVjQOmQQqiDF1z42gmRANnArWzzdiwyJCu+SS1S2VJGSmmaSL9/GqVdo4UNoeCThVv04kJDSmF/o2GRLomJ/eQPzLq8cQ7DYTLqMYmKTDh4JYYFB40CJuc80oiJ4lhGpu/4pph2hCwXadtyV4P1f+Tc43S952yT3dKh4cZnVMomW0gtaQh3bQATpGZVRBFN2iR/SMXpw758l5dd6G0ZyTzSyhb3DePwC/qqxd</latexit>

Q1(poor, plant) = 10;Q1(poor, fallow) = 0

What’s best?
<latexit sha1_base64="ggNpImhP+fGulr+7QpjwK0AG3ig="></latexit>

⇡⇤
1(s) = plant;⇡⇤

2(rich) = plant,⇡⇤
2(poor) = fallowAny s,

<latexit sha1_base64="P9AgmYRFNX0jmr8tJ29nBy0XpZk="></latexit>

Q0(s, a) = 0;Qh(s, a) = R(s, a) +
P

s0 T (s, a, s
0)maxa0 Qh�1(s0, a0)

<latexit sha1_base64="HJNCeyZB05B5XRXKWz2cW5MGl8g="></latexit>

⇡⇤
h(s) = argmaxa Qh(s, a)

<latexit sha1_base64="gkd1WYniBmOfSOlhUBRAD+cFuR4="></latexit>

Q2(rich, plant) = 119;Q2(rich, fallow) = 91;
<latexit sha1_base64="0J51HwMD9BUg+pa6xqy7ZGQCAOE=">AAACOHicdVDLSgMxFM34rPU16tJNsAgKUmaKoiJC0Y07W7C20NaSSTM2mEmG5I5ahn6WGz/DnbhxoYhbv8C0FvF5IHByzrkk9wSx4AY8794ZGR0bn5jMTGWnZ2bn5t2FxVOjEk1ZhSqhdC0ghgkuWQU4CFaLNSNRIFg1uDjs+9VLpg1X8gS6MWtG5FzykFMCVmq5x+WzwloD2DXoKI2V0r2Nz5sgEnrreB8Xdvey/+dCIoS6GgR3/Zab8/LeAPg38Yckh4Yotdy7RlvRJGISqCDG1H0vhmZKNHAqWC/bSAyLCb0g56xuqSQRM810sHgPr1qljUOl7ZGAB+rXiZRExnSjwCYjAh3z0+uLf3n1BMKdZsplnACT9OOhMBEYFO63iNtcMwqiawmhmtu/YtohmlCwXWdtCf7PlX+T00Le38p75c1c8WBYRwYtoxW0hny0jYroCJVQBVF0gx7QE3p2bp1H58V5/YiOOMOZJfQNzts7Nj+smQ==</latexit>

Q2(poor, plant) = 29;Q2(poor, fallow) = 91



rich soil

0.1 0.9

0.90.1

poor soil
plant:

rich soil

0.9 0.1

0.10.9

poor soil
fallow:

R(rich,plant)=100 
R(poor,plant)=10 
R(rich,fallow)=0 
R(poor,fallow)=0• h: horizon (e.g. how many planting seasons) 

•              : expected reward of starting at s, making action 
a, and then making the “best” action for the h-1 steps left 

• With Q, can find an optimal policy: 

<latexit sha1_base64="t6c0os9KbvUXzTINIt7+TE8d20Q=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRahgpRdUfRY9OKxBfsB7VqyabYNzSZrkhXK0j/hxYMiXv073vw3pu0etPXBwOO9GWbmBTFn2rjut5NbWV1b38hvFra2d3b3ivsHTS0TRWiDSC5VO8CaciZowzDDaTtWFEcBp61gdDv1W09UaSbFvRnH1I/wQLCQEWys1K4/DMv6DJ/2iiW34s6AlomXkRJkqPWKX92+JElEhSEca93x3Nj4KVaGEU4nhW6iaYzJCA9ox1KBI6r9dHbvBJ1YpY9CqWwJg2bq74kUR1qPo8B2RtgM9aI3Ff/zOokJr/2UiTgxVJD5ojDhyEg0fR71maLE8LElmChmb0VkiBUmxkZUsCF4iy8vk+Z5xbusuPWLUvUmiyMPR3AMZfDgCqpwBzVoAAEOz/AKb86j8+K8Ox/z1pyTzRzCHzifP+MSjzY=</latexit>

Qh(s, a)

<latexit sha1_base64="YnKPoZbIZvU4ZMVC18BnPOq8QY8=">AAACOXicdVDNSgMxGMz6W+tf1aOXYBEUpGRFUShC0YvHClYLbS3ZNGtDs9kl+VYtS1/Li2/hTfDiQRGvvoDpuoJaHQhMZuYj+caLpDBAyIMzNj4xOTWdm8nPzs0vLBaWls9MGGvGayyUoa571HApFK+BAMnrkeY08CQ/93pHQ//8imsjQnUK/Yi3AnqphC8YBSu1C9WTC3ejCfwGdJBowbqDra9bJKmCwSY+wC4h5fz/QZ9KGV6nSVJuF4qkRFLgUeJmpIgyVNuF+2YnZHHAFTBJjWm4JIJWQjUIJvkg34wNjyjr0UvesFTRgJtWkm4+wOtW6WA/1PYowKn6fSKhgTH9wLPJgELX/PaG4l9eIwZ/v5UIFcXAFft8yI8lhhAPa8QdoTkD2beEMi3sXzHrUk0Z2LLztgT398qj5Gy75O6WyMlOsXKY1ZFDq2gNbSAX7aEKOkZVVEMM3aJH9IxenDvnyXl13j6jY042s4J+wHn/AE/OrJQ=</latexit>

Q1(rich, plant) = 100;Q1(rich, fallow) = 0;
<latexit sha1_base64="bsdI9o3t9WeRpWvYm7b3NsxpdXA=">AAACOHicfVDLSgMxFM3Ud31VXboJFkFByowoCiKIbtxZwdpCW0smzdjQTDIkd9Qy9LPc+BnuxI0LRdz6BabTQXzhgcDJOeeS3ONHghtw3QcnNzI6Nj4xOZWfnpmdmy8sLJ4bFWvKKlQJpWs+MUxwySrAQbBapBkJfcGqfvdo4FevmDZcyTPoRawZkkvJA04JWKlVOMmfXnhrDWA3oMMkUkr3Nz5vgkjor+N97Ll7/+QCIoS6ToNuq1B0S24K/Jt4GSmiDOVW4b7RVjQOmQQqiDF1z42gmRANnArWzzdiwyJCu+SS1S2VJGSmmaSL9/GqVdo4UNoeCThVv04kJDSmF/o2GRLomJ/eQPzLq8cQ7DYTLqMYmKTDh4JYYFB40CJuc80oiJ4lhGpu/4pph2hCwXadtyV4P1f+Tc43S952yT3dKh4cZnVMomW0gtaQh3bQATpGZVRBFN2iR/SMXpw758l5dd6G0ZyTzSyhb3DePwC/qqxd</latexit>

Q1(poor, plant) = 10;Q1(poor, fallow) = 0

What’s best? Any s,

<latexit sha1_base64="P9AgmYRFNX0jmr8tJ29nBy0XpZk="></latexit>

Q0(s, a) = 0;Qh(s, a) = R(s, a) +
P

s0 T (s, a, s
0)maxa0 Qh�1(s0, a0)

<latexit sha1_base64="HJNCeyZB05B5XRXKWz2cW5MGl8g="></latexit>

⇡⇤
h(s) = argmaxa Qh(s, a)

<latexit sha1_base64="gkd1WYniBmOfSOlhUBRAD+cFuR4="></latexit>

Q2(rich, plant) = 119;Q2(rich, fallow) = 91;
<latexit sha1_base64="0J51HwMD9BUg+pa6xqy7ZGQCAOE=">AAACOHicdVDLSgMxFM34rPU16tJNsAgKUmaKoiJC0Y07W7C20NaSSTM2mEmG5I5ahn6WGz/DnbhxoYhbv8C0FvF5IHByzrkk9wSx4AY8794ZGR0bn5jMTGWnZ2bn5t2FxVOjEk1ZhSqhdC0ghgkuWQU4CFaLNSNRIFg1uDjs+9VLpg1X8gS6MWtG5FzykFMCVmq5x+WzwloD2DXoKI2V0r2Nz5sgEnrreB8Xdvey/+dCIoS6GgR3/Zab8/LeAPg38Yckh4Yotdy7RlvRJGISqCDG1H0vhmZKNHAqWC/bSAyLCb0g56xuqSQRM810sHgPr1qljUOl7ZGAB+rXiZRExnSjwCYjAh3z0+uLf3n1BMKdZsplnACT9OOhMBEYFO63iNtcMwqiawmhmtu/YtohmlCwXWdtCf7PlX+T00Le38p75c1c8WBYRwYtoxW0hny0jYroCJVQBVF0gx7QE3p2bp1H58V5/YiOOMOZJfQNzts7Nj+smQ==</latexit>

Q2(poor, plant) = 29;Q2(poor, fallow) = 91
<latexit sha1_base64="ggNpImhP+fGulr+7QpjwK0AG3ig="></latexit>

⇡⇤
1(s) = plant;⇡⇤

2(rich) = plant,⇡⇤
2(poor) = fallow

<latexit sha1_base64="ggNpImhP+fGulr+7QpjwK0AG3ig="></latexit>

⇡⇤
1(s) = plant;⇡⇤

2(rich) = plant,⇡⇤
2(poor) = fallow

What’s the best policy? Finite horizon



rich soil

0.1 0.9

0.90.1

poor soil
plant:

rich soil

0.9 0.1

0.10.9

poor soil
fallow:

R(rich,plant)=100 
R(poor,plant)=10 
R(rich,fallow)=0 
R(poor,fallow)=0• h: horizon (e.g. how many planting seasons) 

•              : expected reward of starting at s, making action 
a, and then making the “best” action for the h-1 steps left 

• With Q, can find an optimal policy: 

<latexit sha1_base64="t6c0os9KbvUXzTINIt7+TE8d20Q=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRahgpRdUfRY9OKxBfsB7VqyabYNzSZrkhXK0j/hxYMiXv073vw3pu0etPXBwOO9GWbmBTFn2rjut5NbWV1b38hvFra2d3b3ivsHTS0TRWiDSC5VO8CaciZowzDDaTtWFEcBp61gdDv1W09UaSbFvRnH1I/wQLCQEWys1K4/DMv6DJ/2iiW34s6AlomXkRJkqPWKX92+JElEhSEca93x3Nj4KVaGEU4nhW6iaYzJCA9ox1KBI6r9dHbvBJ1YpY9CqWwJg2bq74kUR1qPo8B2RtgM9aI3Ff/zOokJr/2UiTgxVJD5ojDhyEg0fR71maLE8LElmChmb0VkiBUmxkZUsCF4iy8vk+Z5xbusuPWLUvUmiyMPR3AMZfDgCqpwBzVoAAEOz/AKb86j8+K8Ox/z1pyTzRzCHzifP+MSjzY=</latexit>

Qh(s, a)

<latexit sha1_base64="YnKPoZbIZvU4ZMVC18BnPOq8QY8=">AAACOXicdVDNSgMxGMz6W+tf1aOXYBEUpGRFUShC0YvHClYLbS3ZNGtDs9kl+VYtS1/Li2/hTfDiQRGvvoDpuoJaHQhMZuYj+caLpDBAyIMzNj4xOTWdm8nPzs0vLBaWls9MGGvGayyUoa571HApFK+BAMnrkeY08CQ/93pHQ//8imsjQnUK/Yi3AnqphC8YBSu1C9WTC3ejCfwGdJBowbqDra9bJKmCwSY+wC4h5fz/QZ9KGV6nSVJuF4qkRFLgUeJmpIgyVNuF+2YnZHHAFTBJjWm4JIJWQjUIJvkg34wNjyjr0UvesFTRgJtWkm4+wOtW6WA/1PYowKn6fSKhgTH9wLPJgELX/PaG4l9eIwZ/v5UIFcXAFft8yI8lhhAPa8QdoTkD2beEMi3sXzHrUk0Z2LLztgT398qj5Gy75O6WyMlOsXKY1ZFDq2gNbSAX7aEKOkZVVEMM3aJH9IxenDvnyXl13j6jY042s4J+wHn/AE/OrJQ=</latexit>

Q1(rich, plant) = 100;Q1(rich, fallow) = 0;
<latexit sha1_base64="bsdI9o3t9WeRpWvYm7b3NsxpdXA=">AAACOHicfVDLSgMxFM3Ud31VXboJFkFByowoCiKIbtxZwdpCW0smzdjQTDIkd9Qy9LPc+BnuxI0LRdz6BabTQXzhgcDJOeeS3ONHghtw3QcnNzI6Nj4xOZWfnpmdmy8sLJ4bFWvKKlQJpWs+MUxwySrAQbBapBkJfcGqfvdo4FevmDZcyTPoRawZkkvJA04JWKlVOMmfXnhrDWA3oMMkUkr3Nz5vgkjor+N97Ll7/+QCIoS6ToNuq1B0S24K/Jt4GSmiDOVW4b7RVjQOmQQqiDF1z42gmRANnArWzzdiwyJCu+SS1S2VJGSmmaSL9/GqVdo4UNoeCThVv04kJDSmF/o2GRLomJ/eQPzLq8cQ7DYTLqMYmKTDh4JYYFB40CJuc80oiJ4lhGpu/4pph2hCwXadtyV4P1f+Tc43S952yT3dKh4cZnVMomW0gtaQh3bQATpGZVRBFN2iR/SMXpw758l5dd6G0ZyTzSyhb3DePwC/qqxd</latexit>

Q1(poor, plant) = 10;Q1(poor, fallow) = 0

What’s best? Any s,

<latexit sha1_base64="P9AgmYRFNX0jmr8tJ29nBy0XpZk="></latexit>

Q0(s, a) = 0;Qh(s, a) = R(s, a) +
P

s0 T (s, a, s
0)maxa0 Qh�1(s0, a0)

<latexit sha1_base64="HJNCeyZB05B5XRXKWz2cW5MGl8g="></latexit>

⇡⇤
h(s) = argmaxa Qh(s, a)

<latexit sha1_base64="gkd1WYniBmOfSOlhUBRAD+cFuR4="></latexit>

Q2(rich, plant) = 119;Q2(rich, fallow) = 91;
<latexit sha1_base64="0J51HwMD9BUg+pa6xqy7ZGQCAOE=">AAACOHicdVDLSgMxFM34rPU16tJNsAgKUmaKoiJC0Y07W7C20NaSSTM2mEmG5I5ahn6WGz/DnbhxoYhbv8C0FvF5IHByzrkk9wSx4AY8794ZGR0bn5jMTGWnZ2bn5t2FxVOjEk1ZhSqhdC0ghgkuWQU4CFaLNSNRIFg1uDjs+9VLpg1X8gS6MWtG5FzykFMCVmq5x+WzwloD2DXoKI2V0r2Nz5sgEnrreB8Xdvey/+dCIoS6GgR3/Zab8/LeAPg38Yckh4Yotdy7RlvRJGISqCDG1H0vhmZKNHAqWC/bSAyLCb0g56xuqSQRM810sHgPr1qljUOl7ZGAB+rXiZRExnSjwCYjAh3z0+uLf3n1BMKdZsplnACT9OOhMBEYFO63iNtcMwqiawmhmtu/YtohmlCwXWdtCf7PlX+T00Le38p75c1c8WBYRwYtoxW0hny0jYroCJVQBVF0gx7QE3p2bp1H58V5/YiOOMOZJfQNzts7Nj+smQ==</latexit>

Q2(poor, plant) = 29;Q2(poor, fallow) = 91
<latexit sha1_base64="ggNpImhP+fGulr+7QpjwK0AG3ig="></latexit>

⇡⇤
1(s) = plant;⇡⇤

2(rich) = plant,⇡⇤
2(poor) = fallow

<latexit sha1_base64="ggNpImhP+fGulr+7QpjwK0AG3ig="></latexit>

⇡⇤
1(s) = plant;⇡⇤

2(rich) = plant,⇡⇤
2(poor) = fallow

What’s the best policy? Finite horizon



rich soil

0.1 0.9

0.90.1

poor soil
plant:

rich soil

0.9 0.1

0.10.9

poor soil
fallow:

R(rich,plant)=100 
R(poor,plant)=10 
R(rich,fallow)=0 
R(poor,fallow)=0• h: horizon (e.g. how many planting seasons) 

•              : expected reward of starting at s, making action 
a, and then making the “best” action for the h-1 steps left 

• With Q, can find an optimal policy: 

<latexit sha1_base64="t6c0os9KbvUXzTINIt7+TE8d20Q=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRahgpRdUfRY9OKxBfsB7VqyabYNzSZrkhXK0j/hxYMiXv073vw3pu0etPXBwOO9GWbmBTFn2rjut5NbWV1b38hvFra2d3b3ivsHTS0TRWiDSC5VO8CaciZowzDDaTtWFEcBp61gdDv1W09UaSbFvRnH1I/wQLCQEWys1K4/DMv6DJ/2iiW34s6AlomXkRJkqPWKX92+JElEhSEca93x3Nj4KVaGEU4nhW6iaYzJCA9ox1KBI6r9dHbvBJ1YpY9CqWwJg2bq74kUR1qPo8B2RtgM9aI3Ff/zOokJr/2UiTgxVJD5ojDhyEg0fR71maLE8LElmChmb0VkiBUmxkZUsCF4iy8vk+Z5xbusuPWLUvUmiyMPR3AMZfDgCqpwBzVoAAEOz/AKb86j8+K8Ox/z1pyTzRzCHzifP+MSjzY=</latexit>

Qh(s, a)

<latexit sha1_base64="YnKPoZbIZvU4ZMVC18BnPOq8QY8=">AAACOXicdVDNSgMxGMz6W+tf1aOXYBEUpGRFUShC0YvHClYLbS3ZNGtDs9kl+VYtS1/Li2/hTfDiQRGvvoDpuoJaHQhMZuYj+caLpDBAyIMzNj4xOTWdm8nPzs0vLBaWls9MGGvGayyUoa571HApFK+BAMnrkeY08CQ/93pHQ//8imsjQnUK/Yi3AnqphC8YBSu1C9WTC3ejCfwGdJBowbqDra9bJKmCwSY+wC4h5fz/QZ9KGV6nSVJuF4qkRFLgUeJmpIgyVNuF+2YnZHHAFTBJjWm4JIJWQjUIJvkg34wNjyjr0UvesFTRgJtWkm4+wOtW6WA/1PYowKn6fSKhgTH9wLPJgELX/PaG4l9eIwZ/v5UIFcXAFft8yI8lhhAPa8QdoTkD2beEMi3sXzHrUk0Z2LLztgT398qj5Gy75O6WyMlOsXKY1ZFDq2gNbSAX7aEKOkZVVEMM3aJH9IxenDvnyXl13j6jY042s4J+wHn/AE/OrJQ=</latexit>

Q1(rich, plant) = 100;Q1(rich, fallow) = 0;
<latexit sha1_base64="bsdI9o3t9WeRpWvYm7b3NsxpdXA=">AAACOHicfVDLSgMxFM3Ud31VXboJFkFByowoCiKIbtxZwdpCW0smzdjQTDIkd9Qy9LPc+BnuxI0LRdz6BabTQXzhgcDJOeeS3ONHghtw3QcnNzI6Nj4xOZWfnpmdmy8sLJ4bFWvKKlQJpWs+MUxwySrAQbBapBkJfcGqfvdo4FevmDZcyTPoRawZkkvJA04JWKlVOMmfXnhrDWA3oMMkUkr3Nz5vgkjor+N97Ll7/+QCIoS6ToNuq1B0S24K/Jt4GSmiDOVW4b7RVjQOmQQqiDF1z42gmRANnArWzzdiwyJCu+SS1S2VJGSmmaSL9/GqVdo4UNoeCThVv04kJDSmF/o2GRLomJ/eQPzLq8cQ7DYTLqMYmKTDh4JYYFB40CJuc80oiJ4lhGpu/4pph2hCwXadtyV4P1f+Tc43S952yT3dKh4cZnVMomW0gtaQh3bQATpGZVRBFN2iR/SMXpw758l5dd6G0ZyTzSyhb3DePwC/qqxd</latexit>

Q1(poor, plant) = 10;Q1(poor, fallow) = 0

What’s best? Any s,

<latexit sha1_base64="P9AgmYRFNX0jmr8tJ29nBy0XpZk="></latexit>

Q0(s, a) = 0;Qh(s, a) = R(s, a) +
P

s0 T (s, a, s
0)maxa0 Qh�1(s0, a0)

<latexit sha1_base64="HJNCeyZB05B5XRXKWz2cW5MGl8g="></latexit>

⇡⇤
h(s) = argmaxa Qh(s, a)

<latexit sha1_base64="gkd1WYniBmOfSOlhUBRAD+cFuR4="></latexit>

Q2(rich, plant) = 119;Q2(rich, fallow) = 91;
<latexit sha1_base64="0J51HwMD9BUg+pa6xqy7ZGQCAOE=">AAACOHicdVDLSgMxFM34rPU16tJNsAgKUmaKoiJC0Y07W7C20NaSSTM2mEmG5I5ahn6WGz/DnbhxoYhbv8C0FvF5IHByzrkk9wSx4AY8794ZGR0bn5jMTGWnZ2bn5t2FxVOjEk1ZhSqhdC0ghgkuWQU4CFaLNSNRIFg1uDjs+9VLpg1X8gS6MWtG5FzykFMCVmq5x+WzwloD2DXoKI2V0r2Nz5sgEnrreB8Xdvey/+dCIoS6GgR3/Zab8/LeAPg38Yckh4Yotdy7RlvRJGISqCDG1H0vhmZKNHAqWC/bSAyLCb0g56xuqSQRM810sHgPr1qljUOl7ZGAB+rXiZRExnSjwCYjAh3z0+uLf3n1BMKdZsplnACT9OOhMBEYFO63iNtcMwqiawmhmtu/YtohmlCwXWdtCf7PlX+T00Le38p75c1c8WBYRwYtoxW0hny0jYroCJVQBVF0gx7QE3p2bp1H58V5/YiOOMOZJfQNzts7Nj+smQ==</latexit>

Q2(poor, plant) = 29;Q2(poor, fallow) = 91
<latexit sha1_base64="ggNpImhP+fGulr+7QpjwK0AG3ig="></latexit>

⇡⇤
1(s) = plant;⇡⇤

2(rich) = plant,⇡⇤
2(poor) = fallow

What’s the best policy? Finite horizon



rich soil

0.1 0.9

0.90.1

poor soil
plant:

rich soil

0.9 0.1

0.10.9

poor soil
fallow:

R(rich,plant)=100 
R(poor,plant)=10 
R(rich,fallow)=0 
R(poor,fallow)=0• h: horizon (e.g. how many planting seasons) 

•              : expected reward of starting at s, making action 
a, and then making the “best” action for the h-1 steps left 

• With Q, can find an optimal policy: 

<latexit sha1_base64="t6c0os9KbvUXzTINIt7+TE8d20Q=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRahgpRdUfRY9OKxBfsB7VqyabYNzSZrkhXK0j/hxYMiXv073vw3pu0etPXBwOO9GWbmBTFn2rjut5NbWV1b38hvFra2d3b3ivsHTS0TRWiDSC5VO8CaciZowzDDaTtWFEcBp61gdDv1W09UaSbFvRnH1I/wQLCQEWys1K4/DMv6DJ/2iiW34s6AlomXkRJkqPWKX92+JElEhSEca93x3Nj4KVaGEU4nhW6iaYzJCA9ox1KBI6r9dHbvBJ1YpY9CqWwJg2bq74kUR1qPo8B2RtgM9aI3Ff/zOokJr/2UiTgxVJD5ojDhyEg0fR71maLE8LElmChmb0VkiBUmxkZUsCF4iy8vk+Z5xbusuPWLUvUmiyMPR3AMZfDgCqpwBzVoAAEOz/AKb86j8+K8Ox/z1pyTzRzCHzifP+MSjzY=</latexit>

Qh(s, a)

<latexit sha1_base64="YnKPoZbIZvU4ZMVC18BnPOq8QY8=">AAACOXicdVDNSgMxGMz6W+tf1aOXYBEUpGRFUShC0YvHClYLbS3ZNGtDs9kl+VYtS1/Li2/hTfDiQRGvvoDpuoJaHQhMZuYj+caLpDBAyIMzNj4xOTWdm8nPzs0vLBaWls9MGGvGayyUoa571HApFK+BAMnrkeY08CQ/93pHQ//8imsjQnUK/Yi3AnqphC8YBSu1C9WTC3ejCfwGdJBowbqDra9bJKmCwSY+wC4h5fz/QZ9KGV6nSVJuF4qkRFLgUeJmpIgyVNuF+2YnZHHAFTBJjWm4JIJWQjUIJvkg34wNjyjr0UvesFTRgJtWkm4+wOtW6WA/1PYowKn6fSKhgTH9wLPJgELX/PaG4l9eIwZ/v5UIFcXAFft8yI8lhhAPa8QdoTkD2beEMi3sXzHrUk0Z2LLztgT398qj5Gy75O6WyMlOsXKY1ZFDq2gNbSAX7aEKOkZVVEMM3aJH9IxenDvnyXl13j6jY042s4J+wHn/AE/OrJQ=</latexit>

Q1(rich, plant) = 100;Q1(rich, fallow) = 0;
<latexit sha1_base64="bsdI9o3t9WeRpWvYm7b3NsxpdXA=">AAACOHicfVDLSgMxFM3Ud31VXboJFkFByowoCiKIbtxZwdpCW0smzdjQTDIkd9Qy9LPc+BnuxI0LRdz6BabTQXzhgcDJOeeS3ONHghtw3QcnNzI6Nj4xOZWfnpmdmy8sLJ4bFWvKKlQJpWs+MUxwySrAQbBapBkJfcGqfvdo4FevmDZcyTPoRawZkkvJA04JWKlVOMmfXnhrDWA3oMMkUkr3Nz5vgkjor+N97Ll7/+QCIoS6ToNuq1B0S24K/Jt4GSmiDOVW4b7RVjQOmQQqiDF1z42gmRANnArWzzdiwyJCu+SS1S2VJGSmmaSL9/GqVdo4UNoeCThVv04kJDSmF/o2GRLomJ/eQPzLq8cQ7DYTLqMYmKTDh4JYYFB40CJuc80oiJ4lhGpu/4pph2hCwXadtyV4P1f+Tc43S952yT3dKh4cZnVMomW0gtaQh3bQATpGZVRBFN2iR/SMXpw758l5dd6G0ZyTzSyhb3DePwC/qqxd</latexit>

Q1(poor, plant) = 10;Q1(poor, fallow) = 0

What’s best? Any s,

<latexit sha1_base64="P9AgmYRFNX0jmr8tJ29nBy0XpZk="></latexit>

Q0(s, a) = 0;Qh(s, a) = R(s, a) +
P

s0 T (s, a, s
0)maxa0 Qh�1(s0, a0)

<latexit sha1_base64="HJNCeyZB05B5XRXKWz2cW5MGl8g="></latexit>

⇡⇤
h(s) = argmaxa Qh(s, a)

<latexit sha1_base64="gkd1WYniBmOfSOlhUBRAD+cFuR4="></latexit>

Q2(rich, plant) = 119;Q2(rich, fallow) = 91;
<latexit sha1_base64="0J51HwMD9BUg+pa6xqy7ZGQCAOE=">AAACOHicdVDLSgMxFM34rPU16tJNsAgKUmaKoiJC0Y07W7C20NaSSTM2mEmG5I5ahn6WGz/DnbhxoYhbv8C0FvF5IHByzrkk9wSx4AY8794ZGR0bn5jMTGWnZ2bn5t2FxVOjEk1ZhSqhdC0ghgkuWQU4CFaLNSNRIFg1uDjs+9VLpg1X8gS6MWtG5FzykFMCVmq5x+WzwloD2DXoKI2V0r2Nz5sgEnrreB8Xdvey/+dCIoS6GgR3/Zab8/LeAPg38Yckh4Yotdy7RlvRJGISqCDG1H0vhmZKNHAqWC/bSAyLCb0g56xuqSQRM810sHgPr1qljUOl7ZGAB+rXiZRExnSjwCYjAh3z0+uLf3n1BMKdZsplnACT9OOhMBEYFO63iNtcMwqiawmhmtu/YtohmlCwXWdtCf7PlX+T00Le38p75c1c8WBYRwYtoxW0hny0jYroCJVQBVF0gx7QE3p2bp1H58V5/YiOOMOZJfQNzts7Nj+smQ==</latexit>

Q2(poor, plant) = 29;Q2(poor, fallow) = 91
<latexit sha1_base64="ggNpImhP+fGulr+7QpjwK0AG3ig="></latexit>

⇡⇤
1(s) = plant;⇡⇤

2(rich) = plant,⇡⇤
2(poor) = fallow

What’s the best policy? Finite horizon



rich soil

0.1 0.9

0.90.1

poor soil
plant:

rich soil

0.9 0.1

0.10.9

poor soil
fallow:

R(rich,plant)=100 
R(poor,plant)=10 
R(rich,fallow)=0 
R(poor,fallow)=0• h: horizon (e.g. how many planting seasons) 

•              : expected reward of starting at s, making action 
a, and then making the “best” action for the h-1 steps left 

• With Q, can find an optimal policy: 

<latexit sha1_base64="t6c0os9KbvUXzTINIt7+TE8d20Q=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRahgpRdUfRY9OKxBfsB7VqyabYNzSZrkhXK0j/hxYMiXv073vw3pu0etPXBwOO9GWbmBTFn2rjut5NbWV1b38hvFra2d3b3ivsHTS0TRWiDSC5VO8CaciZowzDDaTtWFEcBp61gdDv1W09UaSbFvRnH1I/wQLCQEWys1K4/DMv6DJ/2iiW34s6AlomXkRJkqPWKX92+JElEhSEca93x3Nj4KVaGEU4nhW6iaYzJCA9ox1KBI6r9dHbvBJ1YpY9CqWwJg2bq74kUR1qPo8B2RtgM9aI3Ff/zOokJr/2UiTgxVJD5ojDhyEg0fR71maLE8LElmChmb0VkiBUmxkZUsCF4iy8vk+Z5xbusuPWLUvUmiyMPR3AMZfDgCqpwBzVoAAEOz/AKb86j8+K8Ox/z1pyTzRzCHzifP+MSjzY=</latexit>

Qh(s, a)

<latexit sha1_base64="YnKPoZbIZvU4ZMVC18BnPOq8QY8=">AAACOXicdVDNSgMxGMz6W+tf1aOXYBEUpGRFUShC0YvHClYLbS3ZNGtDs9kl+VYtS1/Li2/hTfDiQRGvvoDpuoJaHQhMZuYj+caLpDBAyIMzNj4xOTWdm8nPzs0vLBaWls9MGGvGayyUoa571HApFK+BAMnrkeY08CQ/93pHQ//8imsjQnUK/Yi3AnqphC8YBSu1C9WTC3ejCfwGdJBowbqDra9bJKmCwSY+wC4h5fz/QZ9KGV6nSVJuF4qkRFLgUeJmpIgyVNuF+2YnZHHAFTBJjWm4JIJWQjUIJvkg34wNjyjr0UvesFTRgJtWkm4+wOtW6WA/1PYowKn6fSKhgTH9wLPJgELX/PaG4l9eIwZ/v5UIFcXAFft8yI8lhhAPa8QdoTkD2beEMi3sXzHrUk0Z2LLztgT398qj5Gy75O6WyMlOsXKY1ZFDq2gNbSAX7aEKOkZVVEMM3aJH9IxenDvnyXl13j6jY042s4J+wHn/AE/OrJQ=</latexit>

Q1(rich, plant) = 100;Q1(rich, fallow) = 0;
<latexit sha1_base64="bsdI9o3t9WeRpWvYm7b3NsxpdXA=">AAACOHicfVDLSgMxFM3Ud31VXboJFkFByowoCiKIbtxZwdpCW0smzdjQTDIkd9Qy9LPc+BnuxI0LRdz6BabTQXzhgcDJOeeS3ONHghtw3QcnNzI6Nj4xOZWfnpmdmy8sLJ4bFWvKKlQJpWs+MUxwySrAQbBapBkJfcGqfvdo4FevmDZcyTPoRawZkkvJA04JWKlVOMmfXnhrDWA3oMMkUkr3Nz5vgkjor+N97Ll7/+QCIoS6ToNuq1B0S24K/Jt4GSmiDOVW4b7RVjQOmQQqiDF1z42gmRANnArWzzdiwyJCu+SS1S2VJGSmmaSL9/GqVdo4UNoeCThVv04kJDSmF/o2GRLomJ/eQPzLq8cQ7DYTLqMYmKTDh4JYYFB40CJuc80oiJ4lhGpu/4pph2hCwXadtyV4P1f+Tc43S952yT3dKh4cZnVMomW0gtaQh3bQATpGZVRBFN2iR/SMXpw758l5dd6G0ZyTzSyhb3DePwC/qqxd</latexit>

Q1(poor, plant) = 10;Q1(poor, fallow) = 0

What’s best? Any s,

<latexit sha1_base64="P9AgmYRFNX0jmr8tJ29nBy0XpZk="></latexit>

Q0(s, a) = 0;Qh(s, a) = R(s, a) +
P

s0 T (s, a, s
0)maxa0 Qh�1(s0, a0)

<latexit sha1_base64="HJNCeyZB05B5XRXKWz2cW5MGl8g="></latexit>

⇡⇤
h(s) = argmaxa Qh(s, a)

<latexit sha1_base64="gkd1WYniBmOfSOlhUBRAD+cFuR4="></latexit>

Q2(rich, plant) = 119;Q2(rich, fallow) = 91;
<latexit sha1_base64="0J51HwMD9BUg+pa6xqy7ZGQCAOE=">AAACOHicdVDLSgMxFM34rPU16tJNsAgKUmaKoiJC0Y07W7C20NaSSTM2mEmG5I5ahn6WGz/DnbhxoYhbv8C0FvF5IHByzrkk9wSx4AY8794ZGR0bn5jMTGWnZ2bn5t2FxVOjEk1ZhSqhdC0ghgkuWQU4CFaLNSNRIFg1uDjs+9VLpg1X8gS6MWtG5FzykFMCVmq5x+WzwloD2DXoKI2V0r2Nz5sgEnrreB8Xdvey/+dCIoS6GgR3/Zab8/LeAPg38Yckh4Yotdy7RlvRJGISqCDG1H0vhmZKNHAqWC/bSAyLCb0g56xuqSQRM810sHgPr1qljUOl7ZGAB+rXiZRExnSjwCYjAh3z0+uLf3n1BMKdZsplnACT9OOhMBEYFO63iNtcMwqiawmhmtu/YtohmlCwXWdtCf7PlX+T00Le38p75c1c8WBYRwYtoxW0hny0jYroCJVQBVF0gx7QE3p2bp1H58V5/YiOOMOZJfQNzts7Nj+smQ==</latexit>

Q2(poor, plant) = 29;Q2(poor, fallow) = 91
<latexit sha1_base64="ggNpImhP+fGulr+7QpjwK0AG3ig="></latexit>

⇡⇤
1(s) = plant;⇡⇤

2(rich) = plant,⇡⇤
2(poor) = fallow

“finite-horizon 
value iteration”

What’s the best policy? Finite horizon



rich soil

0.1 0.9

0.90.1

poor soil
plant:

rich soil

0.9 0.1

0.10.9

poor soil
fallow:

R(rich,plant)=100 
R(poor,plant)=10 
R(rich,fallow)=0 
R(poor,fallow)=0• h: horizon (e.g. how many planting seasons) 

•              : expected reward of starting at s, making action 
a, and then making the “best” action for the h-1 steps left 

• With Q, can find an optimal policy: 

<latexit sha1_base64="t6c0os9KbvUXzTINIt7+TE8d20Q=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRahgpRdUfRY9OKxBfsB7VqyabYNzSZrkhXK0j/hxYMiXv073vw3pu0etPXBwOO9GWbmBTFn2rjut5NbWV1b38hvFra2d3b3ivsHTS0TRWiDSC5VO8CaciZowzDDaTtWFEcBp61gdDv1W09UaSbFvRnH1I/wQLCQEWys1K4/DMv6DJ/2iiW34s6AlomXkRJkqPWKX92+JElEhSEca93x3Nj4KVaGEU4nhW6iaYzJCA9ox1KBI6r9dHbvBJ1YpY9CqWwJg2bq74kUR1qPo8B2RtgM9aI3Ff/zOokJr/2UiTgxVJD5ojDhyEg0fR71maLE8LElmChmb0VkiBUmxkZUsCF4iy8vk+Z5xbusuPWLUvUmiyMPR3AMZfDgCqpwBzVoAAEOz/AKb86j8+K8Ox/z1pyTzRzCHzifP+MSjzY=</latexit>

Qh(s, a)

<latexit sha1_base64="YnKPoZbIZvU4ZMVC18BnPOq8QY8=">AAACOXicdVDNSgMxGMz6W+tf1aOXYBEUpGRFUShC0YvHClYLbS3ZNGtDs9kl+VYtS1/Li2/hTfDiQRGvvoDpuoJaHQhMZuYj+caLpDBAyIMzNj4xOTWdm8nPzs0vLBaWls9MGGvGayyUoa571HApFK+BAMnrkeY08CQ/93pHQ//8imsjQnUK/Yi3AnqphC8YBSu1C9WTC3ejCfwGdJBowbqDra9bJKmCwSY+wC4h5fz/QZ9KGV6nSVJuF4qkRFLgUeJmpIgyVNuF+2YnZHHAFTBJjWm4JIJWQjUIJvkg34wNjyjr0UvesFTRgJtWkm4+wOtW6WA/1PYowKn6fSKhgTH9wLPJgELX/PaG4l9eIwZ/v5UIFcXAFft8yI8lhhAPa8QdoTkD2beEMi3sXzHrUk0Z2LLztgT398qj5Gy75O6WyMlOsXKY1ZFDq2gNbSAX7aEKOkZVVEMM3aJH9IxenDvnyXl13j6jY042s4J+wHn/AE/OrJQ=</latexit>

Q1(rich, plant) = 100;Q1(rich, fallow) = 0;
<latexit sha1_base64="bsdI9o3t9WeRpWvYm7b3NsxpdXA=">AAACOHicfVDLSgMxFM3Ud31VXboJFkFByowoCiKIbtxZwdpCW0smzdjQTDIkd9Qy9LPc+BnuxI0LRdz6BabTQXzhgcDJOeeS3ONHghtw3QcnNzI6Nj4xOZWfnpmdmy8sLJ4bFWvKKlQJpWs+MUxwySrAQbBapBkJfcGqfvdo4FevmDZcyTPoRawZkkvJA04JWKlVOMmfXnhrDWA3oMMkUkr3Nz5vgkjor+N97Ll7/+QCIoS6ToNuq1B0S24K/Jt4GSmiDOVW4b7RVjQOmQQqiDF1z42gmRANnArWzzdiwyJCu+SS1S2VJGSmmaSL9/GqVdo4UNoeCThVv04kJDSmF/o2GRLomJ/eQPzLq8cQ7DYTLqMYmKTDh4JYYFB40CJuc80oiJ4lhGpu/4pph2hCwXadtyV4P1f+Tc43S952yT3dKh4cZnVMomW0gtaQh3bQATpGZVRBFN2iR/SMXpw758l5dd6G0ZyTzSyhb3DePwC/qqxd</latexit>

Q1(poor, plant) = 10;Q1(poor, fallow) = 0

What’s best? Any s,

<latexit sha1_base64="P9AgmYRFNX0jmr8tJ29nBy0XpZk="></latexit>

Q0(s, a) = 0;Qh(s, a) = R(s, a) +
P

s0 T (s, a, s
0)maxa0 Qh�1(s0, a0)

<latexit sha1_base64="HJNCeyZB05B5XRXKWz2cW5MGl8g="></latexit>

⇡⇤
h(s) = argmaxa Qh(s, a)

<latexit sha1_base64="gkd1WYniBmOfSOlhUBRAD+cFuR4="></latexit>

Q2(rich, plant) = 119;Q2(rich, fallow) = 91;
<latexit sha1_base64="0J51HwMD9BUg+pa6xqy7ZGQCAOE=">AAACOHicdVDLSgMxFM34rPU16tJNsAgKUmaKoiJC0Y07W7C20NaSSTM2mEmG5I5ahn6WGz/DnbhxoYhbv8C0FvF5IHByzrkk9wSx4AY8794ZGR0bn5jMTGWnZ2bn5t2FxVOjEk1ZhSqhdC0ghgkuWQU4CFaLNSNRIFg1uDjs+9VLpg1X8gS6MWtG5FzykFMCVmq5x+WzwloD2DXoKI2V0r2Nz5sgEnrreB8Xdvey/+dCIoS6GgR3/Zab8/LeAPg38Yckh4Yotdy7RlvRJGISqCDG1H0vhmZKNHAqWC/bSAyLCb0g56xuqSQRM810sHgPr1qljUOl7ZGAB+rXiZRExnSjwCYjAh3z0+uLf3n1BMKdZsplnACT9OOhMBEYFO63iNtcMwqiawmhmtu/YtohmlCwXWdtCf7PlX+T00Le38p75c1c8WBYRwYtoxW0hny0jYroCJVQBVF0gx7QE3p2bp1H58V5/YiOOMOZJfQNzts7Nj+smQ==</latexit>

Q2(poor, plant) = 29;Q2(poor, fallow) = 91
<latexit sha1_base64="ggNpImhP+fGulr+7QpjwK0AG3ig="></latexit>

⇡⇤
1(s) = plant;⇡⇤

2(rich) = plant,⇡⇤
2(poor) = fallow

“finite-horizon 
value iteration”

The optimal 
policy can be 
non-stationary.

What’s the best policy? Finite horizon



What’s the best policy? Finite horizon

rich soil

0.1 0.9

0.90.1

poor soil
plant:

rich soil

0.9 0.1

0.10.9

poor soil
fallow:

R(rich,plant)=100 
R(poor,plant)=10 
R(rich,fallow)=0 
R(poor,fallow)=0• h: horizon (e.g. how many planting seasons) 

•              : expected reward of starting at s, making action 
a, and then making the “best” action for the h-1 steps left 

• With Q, can find an optimal policy: 

<latexit sha1_base64="t6c0os9KbvUXzTINIt7+TE8d20Q=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRahgpRdUfRY9OKxBfsB7VqyabYNzSZrkhXK0j/hxYMiXv073vw3pu0etPXBwOO9GWbmBTFn2rjut5NbWV1b38hvFra2d3b3ivsHTS0TRWiDSC5VO8CaciZowzDDaTtWFEcBp61gdDv1W09UaSbFvRnH1I/wQLCQEWys1K4/DMv6DJ/2iiW34s6AlomXkRJkqPWKX92+JElEhSEca93x3Nj4KVaGEU4nhW6iaYzJCA9ox1KBI6r9dHbvBJ1YpY9CqWwJg2bq74kUR1qPo8B2RtgM9aI3Ff/zOokJr/2UiTgxVJD5ojDhyEg0fR71maLE8LElmChmb0VkiBUmxkZUsCF4iy8vk+Z5xbusuPWLUvUmiyMPR3AMZfDgCqpwBzVoAAEOz/AKb86j8+K8Ox/z1pyTzRzCHzifP+MSjzY=</latexit>

Qh(s, a)

<latexit sha1_base64="YnKPoZbIZvU4ZMVC18BnPOq8QY8=">AAACOXicdVDNSgMxGMz6W+tf1aOXYBEUpGRFUShC0YvHClYLbS3ZNGtDs9kl+VYtS1/Li2/hTfDiQRGvvoDpuoJaHQhMZuYj+caLpDBAyIMzNj4xOTWdm8nPzs0vLBaWls9MGGvGayyUoa571HApFK+BAMnrkeY08CQ/93pHQ//8imsjQnUK/Yi3AnqphC8YBSu1C9WTC3ejCfwGdJBowbqDra9bJKmCwSY+wC4h5fz/QZ9KGV6nSVJuF4qkRFLgUeJmpIgyVNuF+2YnZHHAFTBJjWm4JIJWQjUIJvkg34wNjyjr0UvesFTRgJtWkm4+wOtW6WA/1PYowKn6fSKhgTH9wLPJgELX/PaG4l9eIwZ/v5UIFcXAFft8yI8lhhAPa8QdoTkD2beEMi3sXzHrUk0Z2LLztgT398qj5Gy75O6WyMlOsXKY1ZFDq2gNbSAX7aEKOkZVVEMM3aJH9IxenDvnyXl13j6jY042s4J+wHn/AE/OrJQ=</latexit>

Q1(rich, plant) = 100;Q1(rich, fallow) = 0;
<latexit sha1_base64="bsdI9o3t9WeRpWvYm7b3NsxpdXA=">AAACOHicfVDLSgMxFM3Ud31VXboJFkFByowoCiKIbtxZwdpCW0smzdjQTDIkd9Qy9LPc+BnuxI0LRdz6BabTQXzhgcDJOeeS3ONHghtw3QcnNzI6Nj4xOZWfnpmdmy8sLJ4bFWvKKlQJpWs+MUxwySrAQbBapBkJfcGqfvdo4FevmDZcyTPoRawZkkvJA04JWKlVOMmfXnhrDWA3oMMkUkr3Nz5vgkjor+N97Ll7/+QCIoS6ToNuq1B0S24K/Jt4GSmiDOVW4b7RVjQOmQQqiDF1z42gmRANnArWzzdiwyJCu+SS1S2VJGSmmaSL9/GqVdo4UNoeCThVv04kJDSmF/o2GRLomJ/eQPzLq8cQ7DYTLqMYmKTDh4JYYFB40CJuc80oiJ4lhGpu/4pph2hCwXadtyV4P1f+Tc43S952yT3dKh4cZnVMomW0gtaQh3bQATpGZVRBFN2iR/SMXpw758l5dd6G0ZyTzSyhb3DePwC/qqxd</latexit>

Q1(poor, plant) = 10;Q1(poor, fallow) = 0

What’s best? Any s,

<latexit sha1_base64="P9AgmYRFNX0jmr8tJ29nBy0XpZk="></latexit>

Q0(s, a) = 0;Qh(s, a) = R(s, a) +
P

s0 T (s, a, s
0)maxa0 Qh�1(s0, a0)

<latexit sha1_base64="HJNCeyZB05B5XRXKWz2cW5MGl8g="></latexit>

⇡⇤
h(s) = argmaxa Qh(s, a)

<latexit sha1_base64="gkd1WYniBmOfSOlhUBRAD+cFuR4="></latexit>

Q2(rich, plant) = 119;Q2(rich, fallow) = 91;
<latexit sha1_base64="0J51HwMD9BUg+pa6xqy7ZGQCAOE=">AAACOHicdVDLSgMxFM34rPU16tJNsAgKUmaKoiJC0Y07W7C20NaSSTM2mEmG5I5ahn6WGz/DnbhxoYhbv8C0FvF5IHByzrkk9wSx4AY8794ZGR0bn5jMTGWnZ2bn5t2FxVOjEk1ZhSqhdC0ghgkuWQU4CFaLNSNRIFg1uDjs+9VLpg1X8gS6MWtG5FzykFMCVmq5x+WzwloD2DXoKI2V0r2Nz5sgEnrreB8Xdvey/+dCIoS6GgR3/Zab8/LeAPg38Yckh4Yotdy7RlvRJGISqCDG1H0vhmZKNHAqWC/bSAyLCb0g56xuqSQRM810sHgPr1qljUOl7ZGAB+rXiZRExnSjwCYjAh3z0+uLf3n1BMKdZsplnACT9OOhMBEYFO63iNtcMwqiawmhmtu/YtohmlCwXWdtCf7PlX+T00Le38p75c1c8WBYRwYtoxW0hny0jYroCJVQBVF0gx7QE3p2bp1H58V5/YiOOMOZJfQNzts7Nj+smQ==</latexit>

Q2(poor, plant) = 29;Q2(poor, fallow) = 91
<latexit sha1_base64="ggNpImhP+fGulr+7QpjwK0AG3ig="></latexit>

⇡⇤
1(s) = plant;⇡⇤

2(rich) = plant,⇡⇤
2(poor) = fallow

“finite-horizon 
value iteration”

Compare………..          
to………. How are 
they different? In 

what special cases 
will they return the 

same number?

<latexit sha1_base64="t6c0os9KbvUXzTINIt7+TE8d20Q=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRahgpRdUfRY9OKxBfsB7VqyabYNzSZrkhXK0j/hxYMiXv073vw3pu0etPXBwOO9GWbmBTFn2rjut5NbWV1b38hvFra2d3b3ivsHTS0TRWiDSC5VO8CaciZowzDDaTtWFEcBp61gdDv1W09UaSbFvRnH1I/wQLCQEWys1K4/DMv6DJ/2iiW34s6AlomXkRJkqPWKX92+JElEhSEca93x3Nj4KVaGEU4nhW6iaYzJCA9ox1KBI6r9dHbvBJ1YpY9CqWwJg2bq74kUR1qPo8B2RtgM9aI3Ff/zOokJr/2UiTgxVJD5ojDhyEg0fR71maLE8LElmChmb0VkiBUmxkZUsCF4iy8vk+Z5xbusuPWLUvUmiyMPR3AMZfDgCqpwBzVoAAEOz/AKb86j8+K8Ox/z1pyTzRzCHzifP+MSjzY=</latexit>

Qh(s, a)
<latexit sha1_base64="wkWSuKNCZtfz7lBdDAbphJ+zxEo=">AAAB9XicbVDLSsNAFL3xWeur6tJNaBEqQklE1GXQjcsK9gFNWibTSTt0MgkzEyWE/IULNy4Uceu/uOvfOH0stPXAhcM593LvPX7MqFSWNTZWVtfWNzYLW8Xtnd29/dLBYVNGicCkgSMWibaPJGGUk4aiipF2LAgKfUZa/uh24rceiZA04g8qjYkXogGnAcVIaanb7GbDvJe5Mc2r8rRXqlg1awpzmdhzUnHK7tnz2EnrvdK3249wEhKuMENSdmwrVl6GhKKYkbzoJpLECI/QgHQ05Sgk0sumV+fmiVb6ZhAJXVyZU/X3RIZCKdPQ150hUkO56E3E/7xOooJrL6M8ThTheLYoSJipInMSgdmngmDFUk0QFlTfauIhEggrHVRRh2AvvrxMmuc1+7J2cW9XnBuYoQDHUIYq2HAFDtxBHRqAQcALvMG78WS8Gh/G56x1xZjPHMEfGF8/f6WVfw==</latexit>

V h
⇡ (s)The optimal 

policy can be 
non-stationary.



rich soil

0.1 0.9

0.90.1

poor soil
plant:

rich soil

0.9 0.1

0.10.9

poor soil
fallow:

R(rich,plant)=100 
R(poor,plant)=10 
R(rich,fallow)=0 
R(poor,fallow)=0• h: horizon (e.g. how many planting seasons) 

•              : expected reward of starting at s, making action 
a, and then making the “best” action for the h-1 steps left 

• With Q, can find an optimal policy: 

<latexit sha1_base64="t6c0os9KbvUXzTINIt7+TE8d20Q=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRahgpRdUfRY9OKxBfsB7VqyabYNzSZrkhXK0j/hxYMiXv073vw3pu0etPXBwOO9GWbmBTFn2rjut5NbWV1b38hvFra2d3b3ivsHTS0TRWiDSC5VO8CaciZowzDDaTtWFEcBp61gdDv1W09UaSbFvRnH1I/wQLCQEWys1K4/DMv6DJ/2iiW34s6AlomXkRJkqPWKX92+JElEhSEca93x3Nj4KVaGEU4nhW6iaYzJCA9ox1KBI6r9dHbvBJ1YpY9CqWwJg2bq74kUR1qPo8B2RtgM9aI3Ff/zOokJr/2UiTgxVJD5ojDhyEg0fR71maLE8LElmChmb0VkiBUmxkZUsCF4iy8vk+Z5xbusuPWLUvUmiyMPR3AMZfDgCqpwBzVoAAEOz/AKb86j8+K8Ox/z1pyTzRzCHzifP+MSjzY=</latexit>

Qh(s, a)

<latexit sha1_base64="YnKPoZbIZvU4ZMVC18BnPOq8QY8=">AAACOXicdVDNSgMxGMz6W+tf1aOXYBEUpGRFUShC0YvHClYLbS3ZNGtDs9kl+VYtS1/Li2/hTfDiQRGvvoDpuoJaHQhMZuYj+caLpDBAyIMzNj4xOTWdm8nPzs0vLBaWls9MGGvGayyUoa571HApFK+BAMnrkeY08CQ/93pHQ//8imsjQnUK/Yi3AnqphC8YBSu1C9WTC3ejCfwGdJBowbqDra9bJKmCwSY+wC4h5fz/QZ9KGV6nSVJuF4qkRFLgUeJmpIgyVNuF+2YnZHHAFTBJjWm4JIJWQjUIJvkg34wNjyjr0UvesFTRgJtWkm4+wOtW6WA/1PYowKn6fSKhgTH9wLPJgELX/PaG4l9eIwZ/v5UIFcXAFft8yI8lhhAPa8QdoTkD2beEMi3sXzHrUk0Z2LLztgT398qj5Gy75O6WyMlOsXKY1ZFDq2gNbSAX7aEKOkZVVEMM3aJH9IxenDvnyXl13j6jY042s4J+wHn/AE/OrJQ=</latexit>

Q1(rich, plant) = 100;Q1(rich, fallow) = 0;
<latexit sha1_base64="bsdI9o3t9WeRpWvYm7b3NsxpdXA=">AAACOHicfVDLSgMxFM3Ud31VXboJFkFByowoCiKIbtxZwdpCW0smzdjQTDIkd9Qy9LPc+BnuxI0LRdz6BabTQXzhgcDJOeeS3ONHghtw3QcnNzI6Nj4xOZWfnpmdmy8sLJ4bFWvKKlQJpWs+MUxwySrAQbBapBkJfcGqfvdo4FevmDZcyTPoRawZkkvJA04JWKlVOMmfXnhrDWA3oMMkUkr3Nz5vgkjor+N97Ll7/+QCIoS6ToNuq1B0S24K/Jt4GSmiDOVW4b7RVjQOmQQqiDF1z42gmRANnArWzzdiwyJCu+SS1S2VJGSmmaSL9/GqVdo4UNoeCThVv04kJDSmF/o2GRLomJ/eQPzLq8cQ7DYTLqMYmKTDh4JYYFB40CJuc80oiJ4lhGpu/4pph2hCwXadtyV4P1f+Tc43S952yT3dKh4cZnVMomW0gtaQh3bQATpGZVRBFN2iR/SMXpw758l5dd6G0ZyTzSyhb3DePwC/qqxd</latexit>

Q1(poor, plant) = 10;Q1(poor, fallow) = 0

What’s best? Any s,

<latexit sha1_base64="P9AgmYRFNX0jmr8tJ29nBy0XpZk="></latexit>

Q0(s, a) = 0;Qh(s, a) = R(s, a) +
P

s0 T (s, a, s
0)maxa0 Qh�1(s0, a0)

<latexit sha1_base64="HJNCeyZB05B5XRXKWz2cW5MGl8g="></latexit>

⇡⇤
h(s) = argmaxa Qh(s, a)

<latexit sha1_base64="gkd1WYniBmOfSOlhUBRAD+cFuR4="></latexit>

Q2(rich, plant) = 119;Q2(rich, fallow) = 91;
<latexit sha1_base64="0J51HwMD9BUg+pa6xqy7ZGQCAOE=">AAACOHicdVDLSgMxFM34rPU16tJNsAgKUmaKoiJC0Y07W7C20NaSSTM2mEmG5I5ahn6WGz/DnbhxoYhbv8C0FvF5IHByzrkk9wSx4AY8794ZGR0bn5jMTGWnZ2bn5t2FxVOjEk1ZhSqhdC0ghgkuWQU4CFaLNSNRIFg1uDjs+9VLpg1X8gS6MWtG5FzykFMCVmq5x+WzwloD2DXoKI2V0r2Nz5sgEnrreB8Xdvey/+dCIoS6GgR3/Zab8/LeAPg38Yckh4Yotdy7RlvRJGISqCDG1H0vhmZKNHAqWC/bSAyLCb0g56xuqSQRM810sHgPr1qljUOl7ZGAB+rXiZRExnSjwCYjAh3z0+uLf3n1BMKdZsplnACT9OOhMBEYFO63iNtcMwqiawmhmtu/YtohmlCwXWdtCf7PlX+T00Le38p75c1c8WBYRwYtoxW0hny0jYroCJVQBVF0gx7QE3p2bp1H58V5/YiOOMOZJfQNzts7Nj+smQ==</latexit>

Q2(poor, plant) = 29;Q2(poor, fallow) = 91
<latexit sha1_base64="ggNpImhP+fGulr+7QpjwK0AG3ig="></latexit>

⇡⇤
1(s) = plant;⇡⇤

2(rich) = plant,⇡⇤
2(poor) = fallow

“finite-horizon 
value iteration”

There can be more 
than one optimal 

policy. Exercise: give 
a concrete example.

The optimal 
policy can be 
non-stationary.

What’s the best policy? Finite horizon
Compare………..          
to………. How are 
they different? In 

what special cases 
will they return the 

same number?

<latexit sha1_base64="t6c0os9KbvUXzTINIt7+TE8d20Q=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRahgpRdUfRY9OKxBfsB7VqyabYNzSZrkhXK0j/hxYMiXv073vw3pu0etPXBwOO9GWbmBTFn2rjut5NbWV1b38hvFra2d3b3ivsHTS0TRWiDSC5VO8CaciZowzDDaTtWFEcBp61gdDv1W09UaSbFvRnH1I/wQLCQEWys1K4/DMv6DJ/2iiW34s6AlomXkRJkqPWKX92+JElEhSEca93x3Nj4KVaGEU4nhW6iaYzJCA9ox1KBI6r9dHbvBJ1YpY9CqWwJg2bq74kUR1qPo8B2RtgM9aI3Ff/zOokJr/2UiTgxVJD5ojDhyEg0fR71maLE8LElmChmb0VkiBUmxkZUsCF4iy8vk+Z5xbusuPWLUvUmiyMPR3AMZfDgCqpwBzVoAAEOz/AKb86j8+K8Ox/z1pyTzRzCHzifP+MSjzY=</latexit>

Qh(s, a)
<latexit sha1_base64="wkWSuKNCZtfz7lBdDAbphJ+zxEo=">AAAB9XicbVDLSsNAFL3xWeur6tJNaBEqQklE1GXQjcsK9gFNWibTSTt0MgkzEyWE/IULNy4Uceu/uOvfOH0stPXAhcM593LvPX7MqFSWNTZWVtfWNzYLW8Xtnd29/dLBYVNGicCkgSMWibaPJGGUk4aiipF2LAgKfUZa/uh24rceiZA04g8qjYkXogGnAcVIaanb7GbDvJe5Mc2r8rRXqlg1awpzmdhzUnHK7tnz2EnrvdK3249wEhKuMENSdmwrVl6GhKKYkbzoJpLECI/QgHQ05Sgk0sumV+fmiVb6ZhAJXVyZU/X3RIZCKdPQ150hUkO56E3E/7xOooJrL6M8ThTheLYoSJipInMSgdmngmDFUk0QFlTfauIhEggrHVRRh2AvvrxMmuc1+7J2cW9XnBuYoQDHUIYq2HAFDtxBHRqAQcALvMG78WS8Gh/G56x1xZjPHMEfGF8/f6WVfw==</latexit>

V h
⇡ (s)



What’s the best policy? Infinite horizon

rich soil

0.1 0.9

0.90.1

poor soil
plant:

rich soil

0.9 0.1

0.10.9

poor soil
fallow:

R(rich,plant)=100 
R(poor,plant)=10 
R(rich,fallow)=0 
R(poor,fallow)=0

4



What’s the best policy? Infinite horizon

• What if I don’t stop farming? Is there any optimal policy?

rich soil

0.1 0.9

0.90.1

poor soil
plant:

rich soil

0.9 0.1

0.10.9

poor soil
fallow:

R(rich,plant)=100 
R(poor,plant)=10 
R(rich,fallow)=0 
R(poor,fallow)=0

4



What’s the best policy? Infinite horizon

• What if I don’t stop farming? Is there any optimal policy?

rich soil

0.1 0.9

0.90.1

poor soil
plant:

rich soil

0.9 0.1

0.10.9

poor soil
fallow:

R(rich,plant)=100 
R(poor,plant)=10 
R(rich,fallow)=0 
R(poor,fallow)=0

4

Recall farmer A and 
farmer B from last time



What’s the best policy? Infinite horizon

• What if I don’t stop farming? Is there any optimal policy? 
• Theorem. There exists a (stationary) optimal policy    . I.e., 

for every policy    and for every state          ,

<latexit sha1_base64="vKui/acWKbSZM4+cOOXcaV74TIU=">AAAB7HicbZDLSgMxFIbP1Fsdb1WXboJFEBdlRhDdiEU3Lis4baEdSybNtKGZTEgyQil9BjcuFHEl+Cru3YhvY3pZaOsPgY//P4eccyLJmTae9+3kFhaXllfyq+7a+sbmVmF7p6rTTBEakJSnqh5hTTkTNDDMcFqXiuIk4rQW9a5Gee2eKs1ScWv6koYJ7ggWM4KNtYKmZHdHrULRK3ljoXnwp1C8+HDP5duXW2kVPpvtlGQJFYZwrHXD96QJB1gZRjgdus1MU4lJD3dow6LACdXhYDzsEB1Yp43iVNknDBq7vzsGONG6n0S2MsGmq2ezkflf1shMfBYOmJCZoYJMPoozjkyKRpujNlOUGN63gIlidlZEulhhYux9XHsEf3bleagel/yTknfjF8uXMFEe9mAfDsGHUyjDNVQgAAIMHuAJnh3hPDovzuukNOdMe3bhj5z3H8uvkas=</latexit>

⇡⇤
<latexit sha1_base64="oMKigNas0rdcm1+IyPhQih1LZMA=">AAAB6nicbZDLSgMxFIbP1Fsdb1WXboJFcFVmBKkbsejGZUV7gXYomTTThmYyIckIZegjuHGhiEt9F/duxLcxvSy09YfAx/+fQ845oeRMG8/7dnJLyyura/l1d2Nza3unsLtX10mqCK2RhCeqGWJNORO0ZpjhtCkVxXHIaSMcXI3zxj1VmiXizgwlDWLcEyxiBBtr3bYl6xSKXsmbCC2CP4PixYd7Lt++3Gqn8NnuJiSNqTCEY61bvidNkGFlGOF05LZTTSUmA9yjLYsCx1QH2WTUETqyThdFibJPGDRxf3dkONZ6GIe2Msamr+ezsflf1kpNdBZkTMjUUEGmH0UpRyZB471RlylKDB9awEQxOysifawwMfY6rj2CP7/yItRPSv5pybvxi5VLmCoPB3AIx+BDGSpwDVWoAYEePMATPDvceXRenNdpac6Z9ezDHznvP7DmkQ8=</latexit>⇡

<latexit sha1_base64="CO5QR38HRCsNtIkVegBJk5WmxE4=">AAAB+nicbVDLSsNAFL3xWesr1aWbwSK4KokgurPoxmVF+4AmlMl00g6dTMLMRCmxn+LGhSJu/RJ3foo7J2kX2npg4HDOvdwzJ0g4U9pxvqyl5ZXVtfXSRnlza3tn167stVScSkKbJOax7ARYUc4EbWqmOe0kkuIo4LQdjK5yv31PpWKxuNPjhPoRHggWMoK1kXp2RSGPCeRFWA8J5tntpGdXnZpTAC0Sd0aqF99hgUbP/vT6MUkjKjThWKmu6yTaz7DUjHA6KXupogkmIzygXUMFjqjysyL6BB0ZpY/CWJonNCrU3xsZjpQaR4GZzCOqeS8X//O6qQ7P/YyJJNVUkOmhMOVIxyjvAfWZpETzsSGYSGayIjLEEhNt2iqbEtz5Ly+S1knNPa05N261fglTlOAADuEYXDiDOlxDA5pA4AGe4AVerUfr2Xqz3qejS9ZsZx/+wPr4AblUl1k=</latexit>

s 2 S
<latexit sha1_base64="Icc5PeyngjYh0VncZIdYuf84KPk=">AAACAnicbVDLSsNAFJ3UV62vqCtxM7QIVaEkgugy6MZlBZsWmhgm02k7dDIJMxMhhOLGT/AX3LhQxK1f4a5/4/Sx0NYDA+eecy937gkTRqWyrJFRWFpeWV0rrpc2Nre2d8zdPVfGqcCkgWMWi1aIJGGUk4aiipFWIgiKQkaa4eB67DcfiJA05ncqS4gfoR6nXYqR0lJgHrhB7iX0/mRYlcfQ6xHoBrrWRWBWrJo1AVwk9oxUnLJ3+jxysnpgfnudGKcR4QozJGXbthLl50goihkZlrxUkgThAeqRtqYcRUT6+eSEITzSSgd2Y6EfV3Ci/p7IUSRlFoW6M0KqL+e9sfif105V99LPKU9SRTieLuqmDKoYjvOAHSoIVizTBGFB9V8h7iOBsNKplXQI9vzJi8Q9q9nnNevWrjhXYIoiOARlUAU2uAAOuAF10AAYPIIX8AbejSfj1fgwPqetBWM2sw/+wPj6ASx6mPk=</latexit>

V⇡⇤(s) � V⇡(s)

rich soil

0.1 0.9

0.90.1

poor soil
plant:

rich soil

0.9 0.1

0.10.9

poor soil
fallow:

R(rich,plant)=100 
R(poor,plant)=10 
R(rich,fallow)=0 
R(poor,fallow)=0

4



What’s the best policy? Infinite horizon

• What if I don’t stop farming? Is there any optimal policy? 
• Theorem. There exists a (stationary) optimal policy    . I.e., 

for every policy    and for every state          ,

<latexit sha1_base64="vKui/acWKbSZM4+cOOXcaV74TIU=">AAAB7HicbZDLSgMxFIbP1Fsdb1WXboJFEBdlRhDdiEU3Lis4baEdSybNtKGZTEgyQil9BjcuFHEl+Cru3YhvY3pZaOsPgY//P4eccyLJmTae9+3kFhaXllfyq+7a+sbmVmF7p6rTTBEakJSnqh5hTTkTNDDMcFqXiuIk4rQW9a5Gee2eKs1ScWv6koYJ7ggWM4KNtYKmZHdHrULRK3ljoXnwp1C8+HDP5duXW2kVPpvtlGQJFYZwrHXD96QJB1gZRjgdus1MU4lJD3dow6LACdXhYDzsEB1Yp43iVNknDBq7vzsGONG6n0S2MsGmq2ezkflf1shMfBYOmJCZoYJMPoozjkyKRpujNlOUGN63gIlidlZEulhhYux9XHsEf3bleagel/yTknfjF8uXMFEe9mAfDsGHUyjDNVQgAAIMHuAJnh3hPDovzuukNOdMe3bhj5z3H8uvkas=</latexit>

⇡⇤
<latexit sha1_base64="oMKigNas0rdcm1+IyPhQih1LZMA=">AAAB6nicbZDLSgMxFIbP1Fsdb1WXboJFcFVmBKkbsejGZUV7gXYomTTThmYyIckIZegjuHGhiEt9F/duxLcxvSy09YfAx/+fQ845oeRMG8/7dnJLyyura/l1d2Nza3unsLtX10mqCK2RhCeqGWJNORO0ZpjhtCkVxXHIaSMcXI3zxj1VmiXizgwlDWLcEyxiBBtr3bYl6xSKXsmbCC2CP4PixYd7Lt++3Gqn8NnuJiSNqTCEY61bvidNkGFlGOF05LZTTSUmA9yjLYsCx1QH2WTUETqyThdFibJPGDRxf3dkONZ6GIe2Msamr+ezsflf1kpNdBZkTMjUUEGmH0UpRyZB471RlylKDB9awEQxOysifawwMfY6rj2CP7/yItRPSv5pybvxi5VLmCoPB3AIx+BDGSpwDVWoAYEePMATPDvceXRenNdpac6Z9ezDHznvP7DmkQ8=</latexit>⇡

<latexit sha1_base64="CO5QR38HRCsNtIkVegBJk5WmxE4=">AAAB+nicbVDLSsNAFL3xWesr1aWbwSK4KokgurPoxmVF+4AmlMl00g6dTMLMRCmxn+LGhSJu/RJ3foo7J2kX2npg4HDOvdwzJ0g4U9pxvqyl5ZXVtfXSRnlza3tn167stVScSkKbJOax7ARYUc4EbWqmOe0kkuIo4LQdjK5yv31PpWKxuNPjhPoRHggWMoK1kXp2RSGPCeRFWA8J5tntpGdXnZpTAC0Sd0aqF99hgUbP/vT6MUkjKjThWKmu6yTaz7DUjHA6KXupogkmIzygXUMFjqjysyL6BB0ZpY/CWJonNCrU3xsZjpQaR4GZzCOqeS8X//O6qQ7P/YyJJNVUkOmhMOVIxyjvAfWZpETzsSGYSGayIjLEEhNt2iqbEtz5Ly+S1knNPa05N261fglTlOAADuEYXDiDOlxDA5pA4AGe4AVerUfr2Xqz3qejS9ZsZx/+wPr4AblUl1k=</latexit>

s 2 S
<latexit sha1_base64="Icc5PeyngjYh0VncZIdYuf84KPk=">AAACAnicbVDLSsNAFJ3UV62vqCtxM7QIVaEkgugy6MZlBZsWmhgm02k7dDIJMxMhhOLGT/AX3LhQxK1f4a5/4/Sx0NYDA+eecy937gkTRqWyrJFRWFpeWV0rrpc2Nre2d8zdPVfGqcCkgWMWi1aIJGGUk4aiipFWIgiKQkaa4eB67DcfiJA05ncqS4gfoR6nXYqR0lJgHrhB7iX0/mRYlcfQ6xHoBrrWRWBWrJo1AVwk9oxUnLJ3+jxysnpgfnudGKcR4QozJGXbthLl50goihkZlrxUkgThAeqRtqYcRUT6+eSEITzSSgd2Y6EfV3Ci/p7IUSRlFoW6M0KqL+e9sfif105V99LPKU9SRTieLuqmDKoYjvOAHSoIVizTBGFB9V8h7iOBsNKplXQI9vzJi8Q9q9nnNevWrjhXYIoiOARlUAU2uAAOuAF10AAYPIIX8AbejSfj1fgwPqetBWM2sw/+wPj6ASx6mPk=</latexit>

V⇡⇤(s) � V⇡(s)

rich soil

0.1 0.9

0.90.1

poor soil
plant:

rich soil

0.9 0.1

0.10.9

poor soil
fallow:

R(rich,plant)=100 
R(poor,plant)=10 
R(rich,fallow)=0 
R(poor,fallow)=0

4

Two (or more) policies 
can have the same (best) 
value for all states and all 

be optimal



What’s the best policy? Infinite horizon

• What if I don’t stop farming? Is there any optimal policy? 
• Theorem. There exists a (stationary) optimal policy    . I.e., 

for every policy    and for every state          , 
•              : expected reward if we make best actions in future

<latexit sha1_base64="wQ+UfB7Bnx86e48rz8/CPe7bqv8=">AAAB73icbZDLSgMxFIbP1Futt6pLN6FFqBfKjCC6HHTjsgV7gXYsmTTThmYyY5IRhtKXEMGFIm59HXd9G9PLQlt/CHz8/znknOPHnClt22Mrs7K6tr6R3cxtbe/s7uX3D+oqSiShNRLxSDZ9rChngtY005w2Y0lx6HPa8Ae3k7zxRKVikbjXaUy9EPcECxjB2ljN6sNpSZ3jk06+aJftqdAyOHMouoX22cvYTSud/He7G5EkpEITjpVqOXasvSGWmhFOR7l2omiMyQD3aMugwCFV3nA67wgdG6eLgkiaJzSaur87hjhUKg19Uxli3VeL2cT8L2slOrj2hkzEiaaCzD4KEo50hCbLoy6TlGieGsBEMjMrIn0sMdHmRDlzBGdx5WWoX5Sdy7JddYruDcyUhSMoQAkcuAIX7qACNSDA4Rne4N16tF6tD+tzVpqx5j2H8EfW1w+e3ZIE</latexit>

Q⇤(s, a)

rich soil

0.1 0.9

0.90.1

poor soil
plant:

rich soil

0.9 0.1

0.10.9

poor soil
fallow:

R(rich,plant)=100 
R(poor,plant)=10 
R(rich,fallow)=0 
R(poor,fallow)=0

4

<latexit sha1_base64="vKui/acWKbSZM4+cOOXcaV74TIU=">AAAB7HicbZDLSgMxFIbP1Fsdb1WXboJFEBdlRhDdiEU3Lis4baEdSybNtKGZTEgyQil9BjcuFHEl+Cru3YhvY3pZaOsPgY//P4eccyLJmTae9+3kFhaXllfyq+7a+sbmVmF7p6rTTBEakJSnqh5hTTkTNDDMcFqXiuIk4rQW9a5Gee2eKs1ScWv6koYJ7ggWM4KNtYKmZHdHrULRK3ljoXnwp1C8+HDP5duXW2kVPpvtlGQJFYZwrHXD96QJB1gZRjgdus1MU4lJD3dow6LACdXhYDzsEB1Yp43iVNknDBq7vzsGONG6n0S2MsGmq2ezkflf1shMfBYOmJCZoYJMPoozjkyKRpujNlOUGN63gIlidlZEulhhYux9XHsEf3bleagel/yTknfjF8uXMFEe9mAfDsGHUyjDNVQgAAIMHuAJnh3hPDovzuukNOdMe3bhj5z3H8uvkas=</latexit>

⇡⇤
<latexit sha1_base64="oMKigNas0rdcm1+IyPhQih1LZMA=">AAAB6nicbZDLSgMxFIbP1Fsdb1WXboJFcFVmBKkbsejGZUV7gXYomTTThmYyIckIZegjuHGhiEt9F/duxLcxvSy09YfAx/+fQ845oeRMG8/7dnJLyyura/l1d2Nza3unsLtX10mqCK2RhCeqGWJNORO0ZpjhtCkVxXHIaSMcXI3zxj1VmiXizgwlDWLcEyxiBBtr3bYl6xSKXsmbCC2CP4PixYd7Lt++3Gqn8NnuJiSNqTCEY61bvidNkGFlGOF05LZTTSUmA9yjLYsCx1QH2WTUETqyThdFibJPGDRxf3dkONZ6GIe2Msamr+ezsflf1kpNdBZkTMjUUEGmH0UpRyZB471RlylKDB9awEQxOysifawwMfY6rj2CP7/yItRPSv5pybvxi5VLmCoPB3AIx+BDGSpwDVWoAYEePMATPDvceXRenNdpac6Z9ezDHznvP7DmkQ8=</latexit>⇡

<latexit sha1_base64="CO5QR38HRCsNtIkVegBJk5WmxE4=">AAAB+nicbVDLSsNAFL3xWesr1aWbwSK4KokgurPoxmVF+4AmlMl00g6dTMLMRCmxn+LGhSJu/RJ3foo7J2kX2npg4HDOvdwzJ0g4U9pxvqyl5ZXVtfXSRnlza3tn167stVScSkKbJOax7ARYUc4EbWqmOe0kkuIo4LQdjK5yv31PpWKxuNPjhPoRHggWMoK1kXp2RSGPCeRFWA8J5tntpGdXnZpTAC0Sd0aqF99hgUbP/vT6MUkjKjThWKmu6yTaz7DUjHA6KXupogkmIzygXUMFjqjysyL6BB0ZpY/CWJonNCrU3xsZjpQaR4GZzCOqeS8X//O6qQ7P/YyJJNVUkOmhMOVIxyjvAfWZpETzsSGYSGayIjLEEhNt2iqbEtz5Ly+S1knNPa05N261fglTlOAADuEYXDiDOlxDA5pA4AGe4AVerUfr2Xqz3qejS9ZsZx/+wPr4AblUl1k=</latexit>

s 2 S
<latexit sha1_base64="Icc5PeyngjYh0VncZIdYuf84KPk=">AAACAnicbVDLSsNAFJ3UV62vqCtxM7QIVaEkgugy6MZlBZsWmhgm02k7dDIJMxMhhOLGT/AX3LhQxK1f4a5/4/Sx0NYDA+eecy937gkTRqWyrJFRWFpeWV0rrpc2Nre2d8zdPVfGqcCkgWMWi1aIJGGUk4aiipFWIgiKQkaa4eB67DcfiJA05ncqS4gfoR6nXYqR0lJgHrhB7iX0/mRYlcfQ6xHoBrrWRWBWrJo1AVwk9oxUnLJ3+jxysnpgfnudGKcR4QozJGXbthLl50goihkZlrxUkgThAeqRtqYcRUT6+eSEITzSSgd2Y6EfV3Ci/p7IUSRlFoW6M0KqL+e9sfif105V99LPKU9SRTieLuqmDKoYjvOAHSoIVizTBGFB9V8h7iOBsNKplXQI9vzJi8Q9q9nnNevWrjhXYIoiOARlUAU2uAAOuAF10AAYPIIX8AbejSfj1fgwPqetBWM2sw/+wPj6ASx6mPk=</latexit>

V⇡⇤(s) � V⇡(s)



What’s the best policy? Infinite horizon

• What if I don’t stop farming? Is there any optimal policy? 
• Theorem. There exists a (stationary) optimal policy    . I.e., 

for every policy    and for every state          , 
•              : expected reward if we make best actions in future 

• If we knew              , then:

<latexit sha1_base64="wQ+UfB7Bnx86e48rz8/CPe7bqv8=">AAAB73icbZDLSgMxFIbP1Futt6pLN6FFqBfKjCC6HHTjsgV7gXYsmTTThmYyY5IRhtKXEMGFIm59HXd9G9PLQlt/CHz8/znknOPHnClt22Mrs7K6tr6R3cxtbe/s7uX3D+oqSiShNRLxSDZ9rChngtY005w2Y0lx6HPa8Ae3k7zxRKVikbjXaUy9EPcECxjB2ljN6sNpSZ3jk06+aJftqdAyOHMouoX22cvYTSud/He7G5EkpEITjpVqOXasvSGWmhFOR7l2omiMyQD3aMugwCFV3nA67wgdG6eLgkiaJzSaur87hjhUKg19Uxli3VeL2cT8L2slOrj2hkzEiaaCzD4KEo50hCbLoy6TlGieGsBEMjMrIn0sMdHmRDlzBGdx5WWoX5Sdy7JddYruDcyUhSMoQAkcuAIX7qACNSDA4Rne4N16tF6tD+tzVpqx5j2H8EfW1w+e3ZIE</latexit>

Q⇤(s, a)
<latexit sha1_base64="wQ+UfB7Bnx86e48rz8/CPe7bqv8=">AAAB73icbZDLSgMxFIbP1Futt6pLN6FFqBfKjCC6HHTjsgV7gXYsmTTThmYyY5IRhtKXEMGFIm59HXd9G9PLQlt/CHz8/znknOPHnClt22Mrs7K6tr6R3cxtbe/s7uX3D+oqSiShNRLxSDZ9rChngtY005w2Y0lx6HPa8Ae3k7zxRKVikbjXaUy9EPcECxjB2ljN6sNpSZ3jk06+aJftqdAyOHMouoX22cvYTSud/He7G5EkpEITjpVqOXasvSGWmhFOR7l2omiMyQD3aMugwCFV3nA67wgdG6eLgkiaJzSaur87hjhUKg19Uxli3VeL2cT8L2slOrj2hkzEiaaCzD4KEo50hCbLoy6TlGieGsBEMjMrIn0sMdHmRDlzBGdx5WWoX5Sdy7JddYruDcyUhSMoQAkcuAIX7qACNSDA4Rne4N16tF6tD+tzVpqx5j2H8EfW1w+e3ZIE</latexit>

Q⇤(s, a)
<latexit sha1_base64="HYZMT8ctihBSj2PpXgUL5PsnarY=">AAACCHicbVC7SgNBFJ31GeNr1dLCIUFIVMKuINoIizaWCZgHZGO4O5kkQ2YfzMyKIaS0sfYvbCwUsfUT7PI3ziYpNPHAhcM593LvPV7EmVSWNTIWFpeWV1ZTa+n1jc2tbXNntyLDWBBaJiEPRc0DSTkLaFkxxWktEhR8j9Oq17tO/Oo9FZKFwa3qR7ThQydgbUZAaalpHrgRuzvKyTy+xC6IDnZ9eGgCLiXiCeSbZtYqWGPgeWJPSdbJuMfPI6dfbJrfbisksU8DRThIWbetSDUGIBQjnA7TbixpBKQHHVrXNACfysZg/MgQH2qlhduh0BUoPFZ/TwzAl7Lve7rTB9WVs14i/ufVY9W+aAxYEMWKBmSyqB1zrEKcpIJbTFCieF8TIILpWzHpggCidHZpHYI9+/I8qZwW7LOCVbKzzhWaIIX2UQblkI3OkYNuUBGVEUGP6AW9oXfjyXg1PozPSeuCMZ3ZQ39gfP0A4qGaUQ==</latexit>

⇡⇤(s) = argmaxa Q⇤(s, a)

rich soil

0.1 0.9

0.90.1

poor soil
plant:

rich soil

0.9 0.1

0.10.9

poor soil
fallow:

R(rich,plant)=100 
R(poor,plant)=10 
R(rich,fallow)=0 
R(poor,fallow)=0

4

<latexit sha1_base64="vKui/acWKbSZM4+cOOXcaV74TIU=">AAAB7HicbZDLSgMxFIbP1Fsdb1WXboJFEBdlRhDdiEU3Lis4baEdSybNtKGZTEgyQil9BjcuFHEl+Cru3YhvY3pZaOsPgY//P4eccyLJmTae9+3kFhaXllfyq+7a+sbmVmF7p6rTTBEakJSnqh5hTTkTNDDMcFqXiuIk4rQW9a5Gee2eKs1ScWv6koYJ7ggWM4KNtYKmZHdHrULRK3ljoXnwp1C8+HDP5duXW2kVPpvtlGQJFYZwrHXD96QJB1gZRjgdus1MU4lJD3dow6LACdXhYDzsEB1Yp43iVNknDBq7vzsGONG6n0S2MsGmq2ezkflf1shMfBYOmJCZoYJMPoozjkyKRpujNlOUGN63gIlidlZEulhhYux9XHsEf3bleagel/yTknfjF8uXMFEe9mAfDsGHUyjDNVQgAAIMHuAJnh3hPDovzuukNOdMe3bhj5z3H8uvkas=</latexit>

⇡⇤
<latexit sha1_base64="oMKigNas0rdcm1+IyPhQih1LZMA=">AAAB6nicbZDLSgMxFIbP1Fsdb1WXboJFcFVmBKkbsejGZUV7gXYomTTThmYyIckIZegjuHGhiEt9F/duxLcxvSy09YfAx/+fQ845oeRMG8/7dnJLyyura/l1d2Nza3unsLtX10mqCK2RhCeqGWJNORO0ZpjhtCkVxXHIaSMcXI3zxj1VmiXizgwlDWLcEyxiBBtr3bYl6xSKXsmbCC2CP4PixYd7Lt++3Gqn8NnuJiSNqTCEY61bvidNkGFlGOF05LZTTSUmA9yjLYsCx1QH2WTUETqyThdFibJPGDRxf3dkONZ6GIe2Msamr+ezsflf1kpNdBZkTMjUUEGmH0UpRyZB471RlylKDB9awEQxOysifawwMfY6rj2CP7/yItRPSv5pybvxi5VLmCoPB3AIx+BDGSpwDVWoAYEePMATPDvceXRenNdpac6Z9ezDHznvP7DmkQ8=</latexit>⇡

<latexit sha1_base64="CO5QR38HRCsNtIkVegBJk5WmxE4=">AAAB+nicbVDLSsNAFL3xWesr1aWbwSK4KokgurPoxmVF+4AmlMl00g6dTMLMRCmxn+LGhSJu/RJ3foo7J2kX2npg4HDOvdwzJ0g4U9pxvqyl5ZXVtfXSRnlza3tn167stVScSkKbJOax7ARYUc4EbWqmOe0kkuIo4LQdjK5yv31PpWKxuNPjhPoRHggWMoK1kXp2RSGPCeRFWA8J5tntpGdXnZpTAC0Sd0aqF99hgUbP/vT6MUkjKjThWKmu6yTaz7DUjHA6KXupogkmIzygXUMFjqjysyL6BB0ZpY/CWJonNCrU3xsZjpQaR4GZzCOqeS8X//O6qQ7P/YyJJNVUkOmhMOVIxyjvAfWZpETzsSGYSGayIjLEEhNt2iqbEtz5Ly+S1knNPa05N261fglTlOAADuEYXDiDOlxDA5pA4AGe4AVerUfr2Xqz3qejS9ZsZx/+wPr4AblUl1k=</latexit>

s 2 S
<latexit sha1_base64="Icc5PeyngjYh0VncZIdYuf84KPk=">AAACAnicbVDLSsNAFJ3UV62vqCtxM7QIVaEkgugy6MZlBZsWmhgm02k7dDIJMxMhhOLGT/AX3LhQxK1f4a5/4/Sx0NYDA+eecy937gkTRqWyrJFRWFpeWV0rrpc2Nre2d8zdPVfGqcCkgWMWi1aIJGGUk4aiipFWIgiKQkaa4eB67DcfiJA05ncqS4gfoR6nXYqR0lJgHrhB7iX0/mRYlcfQ6xHoBrrWRWBWrJo1AVwk9oxUnLJ3+jxysnpgfnudGKcR4QozJGXbthLl50goihkZlrxUkgThAeqRtqYcRUT6+eSEITzSSgd2Y6EfV3Ci/p7IUSRlFoW6M0KqL+e9sfif105V99LPKU9SRTieLuqmDKoYjvOAHSoIVizTBGFB9V8h7iOBsNKplXQI9vzJi8Q9q9nnNevWrjhXYIoiOARlUAU2uAAOuAF10AAYPIIX8AbejSfj1fgwPqetBWM2sw/+wPj6ASx6mPk=</latexit>

V⇡⇤(s) � V⇡(s)



What’s the best policy? Infinite horizon

• What if I don’t stop farming? Is there any optimal policy? 
• Theorem. There exists a (stationary) optimal policy    . I.e., 

for every policy    and for every state          , 
•              : expected reward if we make best actions in future 

• If we knew              , then: 
• Note:

<latexit sha1_base64="wQ+UfB7Bnx86e48rz8/CPe7bqv8=">AAAB73icbZDLSgMxFIbP1Futt6pLN6FFqBfKjCC6HHTjsgV7gXYsmTTThmYyY5IRhtKXEMGFIm59HXd9G9PLQlt/CHz8/znknOPHnClt22Mrs7K6tr6R3cxtbe/s7uX3D+oqSiShNRLxSDZ9rChngtY005w2Y0lx6HPa8Ae3k7zxRKVikbjXaUy9EPcECxjB2ljN6sNpSZ3jk06+aJftqdAyOHMouoX22cvYTSud/He7G5EkpEITjpVqOXasvSGWmhFOR7l2omiMyQD3aMugwCFV3nA67wgdG6eLgkiaJzSaur87hjhUKg19Uxli3VeL2cT8L2slOrj2hkzEiaaCzD4KEo50hCbLoy6TlGieGsBEMjMrIn0sMdHmRDlzBGdx5WWoX5Sdy7JddYruDcyUhSMoQAkcuAIX7qACNSDA4Rne4N16tF6tD+tzVpqx5j2H8EfW1w+e3ZIE</latexit>

Q⇤(s, a)

<latexit sha1_base64="PynpMBMypcBkJ9ndcifsRvIIcNk="></latexit>

Q⇤(s, a) = R(s, a) + �
P

s0 T (s, a, s
0)maxa0 Q⇤(s0, a0)

<latexit sha1_base64="wQ+UfB7Bnx86e48rz8/CPe7bqv8=">AAAB73icbZDLSgMxFIbP1Futt6pLN6FFqBfKjCC6HHTjsgV7gXYsmTTThmYyY5IRhtKXEMGFIm59HXd9G9PLQlt/CHz8/znknOPHnClt22Mrs7K6tr6R3cxtbe/s7uX3D+oqSiShNRLxSDZ9rChngtY005w2Y0lx6HPa8Ae3k7zxRKVikbjXaUy9EPcECxjB2ljN6sNpSZ3jk06+aJftqdAyOHMouoX22cvYTSud/He7G5EkpEITjpVqOXasvSGWmhFOR7l2omiMyQD3aMugwCFV3nA67wgdG6eLgkiaJzSaur87hjhUKg19Uxli3VeL2cT8L2slOrj2hkzEiaaCzD4KEo50hCbLoy6TlGieGsBEMjMrIn0sMdHmRDlzBGdx5WWoX5Sdy7JddYruDcyUhSMoQAkcuAIX7qACNSDA4Rne4N16tF6tD+tzVpqx5j2H8EfW1w+e3ZIE</latexit>

Q⇤(s, a)
<latexit sha1_base64="HYZMT8ctihBSj2PpXgUL5PsnarY=">AAACCHicbVC7SgNBFJ31GeNr1dLCIUFIVMKuINoIizaWCZgHZGO4O5kkQ2YfzMyKIaS0sfYvbCwUsfUT7PI3ziYpNPHAhcM593LvPV7EmVSWNTIWFpeWV1ZTa+n1jc2tbXNntyLDWBBaJiEPRc0DSTkLaFkxxWktEhR8j9Oq17tO/Oo9FZKFwa3qR7ThQydgbUZAaalpHrgRuzvKyTy+xC6IDnZ9eGgCLiXiCeSbZtYqWGPgeWJPSdbJuMfPI6dfbJrfbisksU8DRThIWbetSDUGIBQjnA7TbixpBKQHHVrXNACfysZg/MgQH2qlhduh0BUoPFZ/TwzAl7Lve7rTB9WVs14i/ufVY9W+aAxYEMWKBmSyqB1zrEKcpIJbTFCieF8TIILpWzHpggCidHZpHYI9+/I8qZwW7LOCVbKzzhWaIIX2UQblkI3OkYNuUBGVEUGP6AW9oXfjyXg1PozPSeuCMZ3ZQ39gfP0A4qGaUQ==</latexit>

⇡⇤(s) = argmaxa Q⇤(s, a)

rich soil

0.1 0.9

0.90.1

poor soil
plant:

rich soil

0.9 0.1

0.10.9

poor soil
fallow:

R(rich,plant)=100 
R(poor,plant)=10 
R(rich,fallow)=0 
R(poor,fallow)=0

4

<latexit sha1_base64="vKui/acWKbSZM4+cOOXcaV74TIU=">AAAB7HicbZDLSgMxFIbP1Fsdb1WXboJFEBdlRhDdiEU3Lis4baEdSybNtKGZTEgyQil9BjcuFHEl+Cru3YhvY3pZaOsPgY//P4eccyLJmTae9+3kFhaXllfyq+7a+sbmVmF7p6rTTBEakJSnqh5hTTkTNDDMcFqXiuIk4rQW9a5Gee2eKs1ScWv6koYJ7ggWM4KNtYKmZHdHrULRK3ljoXnwp1C8+HDP5duXW2kVPpvtlGQJFYZwrHXD96QJB1gZRjgdus1MU4lJD3dow6LACdXhYDzsEB1Yp43iVNknDBq7vzsGONG6n0S2MsGmq2ezkflf1shMfBYOmJCZoYJMPoozjkyKRpujNlOUGN63gIlidlZEulhhYux9XHsEf3bleagel/yTknfjF8uXMFEe9mAfDsGHUyjDNVQgAAIMHuAJnh3hPDovzuukNOdMe3bhj5z3H8uvkas=</latexit>

⇡⇤
<latexit sha1_base64="oMKigNas0rdcm1+IyPhQih1LZMA=">AAAB6nicbZDLSgMxFIbP1Fsdb1WXboJFcFVmBKkbsejGZUV7gXYomTTThmYyIckIZegjuHGhiEt9F/duxLcxvSy09YfAx/+fQ845oeRMG8/7dnJLyyura/l1d2Nza3unsLtX10mqCK2RhCeqGWJNORO0ZpjhtCkVxXHIaSMcXI3zxj1VmiXizgwlDWLcEyxiBBtr3bYl6xSKXsmbCC2CP4PixYd7Lt++3Gqn8NnuJiSNqTCEY61bvidNkGFlGOF05LZTTSUmA9yjLYsCx1QH2WTUETqyThdFibJPGDRxf3dkONZ6GIe2Msamr+ezsflf1kpNdBZkTMjUUEGmH0UpRyZB471RlylKDB9awEQxOysifawwMfY6rj2CP7/yItRPSv5pybvxi5VLmCoPB3AIx+BDGSpwDVWoAYEePMATPDvceXRenNdpac6Z9ezDHznvP7DmkQ8=</latexit>⇡

<latexit sha1_base64="CO5QR38HRCsNtIkVegBJk5WmxE4=">AAAB+nicbVDLSsNAFL3xWesr1aWbwSK4KokgurPoxmVF+4AmlMl00g6dTMLMRCmxn+LGhSJu/RJ3foo7J2kX2npg4HDOvdwzJ0g4U9pxvqyl5ZXVtfXSRnlza3tn167stVScSkKbJOax7ARYUc4EbWqmOe0kkuIo4LQdjK5yv31PpWKxuNPjhPoRHggWMoK1kXp2RSGPCeRFWA8J5tntpGdXnZpTAC0Sd0aqF99hgUbP/vT6MUkjKjThWKmu6yTaz7DUjHA6KXupogkmIzygXUMFjqjysyL6BB0ZpY/CWJonNCrU3xsZjpQaR4GZzCOqeS8X//O6qQ7P/YyJJNVUkOmhMOVIxyjvAfWZpETzsSGYSGayIjLEEhNt2iqbEtz5Ly+S1knNPa05N261fglTlOAADuEYXDiDOlxDA5pA4AGe4AVerUfr2Xqz3qejS9ZsZx/+wPr4AblUl1k=</latexit>

s 2 S
<latexit sha1_base64="Icc5PeyngjYh0VncZIdYuf84KPk=">AAACAnicbVDLSsNAFJ3UV62vqCtxM7QIVaEkgugy6MZlBZsWmhgm02k7dDIJMxMhhOLGT/AX3LhQxK1f4a5/4/Sx0NYDA+eecy937gkTRqWyrJFRWFpeWV0rrpc2Nre2d8zdPVfGqcCkgWMWi1aIJGGUk4aiipFWIgiKQkaa4eB67DcfiJA05ncqS4gfoR6nXYqR0lJgHrhB7iX0/mRYlcfQ6xHoBrrWRWBWrJo1AVwk9oxUnLJ3+jxysnpgfnudGKcR4QozJGXbthLl50goihkZlrxUkgThAeqRtqYcRUT6+eSEITzSSgd2Y6EfV3Ci/p7IUSRlFoW6M0KqL+e9sfif105V99LPKU9SRTieLuqmDKoYjvOAHSoIVizTBGFB9V8h7iOBsNKplXQI9vzJi8Q9q9nnNevWrjhXYIoiOARlUAU2uAAOuAF10AAYPIIX8AbejSfj1fgwPqetBWM2sw/+wPj6ASx6mPk=</latexit>

V⇡⇤(s) � V⇡(s)



What’s the best policy? Infinite horizon

• What if I don’t stop farming? Is there any optimal policy? 
• Theorem. There exists a (stationary) optimal policy    . I.e., 

for every policy    and for every state          , 
•              : expected reward if we make best actions in future 

• If we knew              , then: 
• Note:

<latexit sha1_base64="wQ+UfB7Bnx86e48rz8/CPe7bqv8=">AAAB73icbZDLSgMxFIbP1Futt6pLN6FFqBfKjCC6HHTjsgV7gXYsmTTThmYyY5IRhtKXEMGFIm59HXd9G9PLQlt/CHz8/znknOPHnClt22Mrs7K6tr6R3cxtbe/s7uX3D+oqSiShNRLxSDZ9rChngtY005w2Y0lx6HPa8Ae3k7zxRKVikbjXaUy9EPcECxjB2ljN6sNpSZ3jk06+aJftqdAyOHMouoX22cvYTSud/He7G5EkpEITjpVqOXasvSGWmhFOR7l2omiMyQD3aMugwCFV3nA67wgdG6eLgkiaJzSaur87hjhUKg19Uxli3VeL2cT8L2slOrj2hkzEiaaCzD4KEo50hCbLoy6TlGieGsBEMjMrIn0sMdHmRDlzBGdx5WWoX5Sdy7JddYruDcyUhSMoQAkcuAIX7qACNSDA4Rne4N16tF6tD+tzVpqx5j2H8EfW1w+e3ZIE</latexit>

Q⇤(s, a)

<latexit sha1_base64="PynpMBMypcBkJ9ndcifsRvIIcNk="></latexit>

Q⇤(s, a) = R(s, a) + �
P

s0 T (s, a, s
0)maxa0 Q⇤(s0, a0)

<latexit sha1_base64="wQ+UfB7Bnx86e48rz8/CPe7bqv8=">AAAB73icbZDLSgMxFIbP1Futt6pLN6FFqBfKjCC6HHTjsgV7gXYsmTTThmYyY5IRhtKXEMGFIm59HXd9G9PLQlt/CHz8/znknOPHnClt22Mrs7K6tr6R3cxtbe/s7uX3D+oqSiShNRLxSDZ9rChngtY005w2Y0lx6HPa8Ae3k7zxRKVikbjXaUy9EPcECxjB2ljN6sNpSZ3jk06+aJftqdAyOHMouoX22cvYTSud/He7G5EkpEITjpVqOXasvSGWmhFOR7l2omiMyQD3aMugwCFV3nA67wgdG6eLgkiaJzSaur87hjhUKg19Uxli3VeL2cT8L2slOrj2hkzEiaaCzD4KEo50hCbLoy6TlGieGsBEMjMrIn0sMdHmRDlzBGdx5WWoX5Sdy7JddYruDcyUhSMoQAkcuAIX7qACNSDA4Rne4N16tF6tD+tzVpqx5j2H8EfW1w+e3ZIE</latexit>

Q⇤(s, a)
<latexit sha1_base64="HYZMT8ctihBSj2PpXgUL5PsnarY=">AAACCHicbVC7SgNBFJ31GeNr1dLCIUFIVMKuINoIizaWCZgHZGO4O5kkQ2YfzMyKIaS0sfYvbCwUsfUT7PI3ziYpNPHAhcM593LvPV7EmVSWNTIWFpeWV1ZTa+n1jc2tbXNntyLDWBBaJiEPRc0DSTkLaFkxxWktEhR8j9Oq17tO/Oo9FZKFwa3qR7ThQydgbUZAaalpHrgRuzvKyTy+xC6IDnZ9eGgCLiXiCeSbZtYqWGPgeWJPSdbJuMfPI6dfbJrfbisksU8DRThIWbetSDUGIBQjnA7TbixpBKQHHVrXNACfysZg/MgQH2qlhduh0BUoPFZ/TwzAl7Lve7rTB9WVs14i/ufVY9W+aAxYEMWKBmSyqB1zrEKcpIJbTFCieF8TIILpWzHpggCidHZpHYI9+/I8qZwW7LOCVbKzzhWaIIX2UQblkI3OkYNuUBGVEUGP6AW9oXfjyXg1PozPSeuCMZ3ZQ39gfP0A4qGaUQ==</latexit>

⇡⇤(s) = argmaxa Q⇤(s, a)

rich soil

0.1 0.9

0.90.1

poor soil
plant:

rich soil

0.9 0.1

0.10.9

poor soil
fallow:

R(rich,plant)=100 
R(poor,plant)=10 
R(rich,fallow)=0 
R(poor,fallow)=0

4

<latexit sha1_base64="vKui/acWKbSZM4+cOOXcaV74TIU=">AAAB7HicbZDLSgMxFIbP1Fsdb1WXboJFEBdlRhDdiEU3Lis4baEdSybNtKGZTEgyQil9BjcuFHEl+Cru3YhvY3pZaOsPgY//P4eccyLJmTae9+3kFhaXllfyq+7a+sbmVmF7p6rTTBEakJSnqh5hTTkTNDDMcFqXiuIk4rQW9a5Gee2eKs1ScWv6koYJ7ggWM4KNtYKmZHdHrULRK3ljoXnwp1C8+HDP5duXW2kVPpvtlGQJFYZwrHXD96QJB1gZRjgdus1MU4lJD3dow6LACdXhYDzsEB1Yp43iVNknDBq7vzsGONG6n0S2MsGmq2ezkflf1shMfBYOmJCZoYJMPoozjkyKRpujNlOUGN63gIlidlZEulhhYux9XHsEf3bleagel/yTknfjF8uXMFEe9mAfDsGHUyjDNVQgAAIMHuAJnh3hPDovzuukNOdMe3bhj5z3H8uvkas=</latexit>

⇡⇤
<latexit sha1_base64="oMKigNas0rdcm1+IyPhQih1LZMA=">AAAB6nicbZDLSgMxFIbP1Fsdb1WXboJFcFVmBKkbsejGZUV7gXYomTTThmYyIckIZegjuHGhiEt9F/duxLcxvSy09YfAx/+fQ845oeRMG8/7dnJLyyura/l1d2Nza3unsLtX10mqCK2RhCeqGWJNORO0ZpjhtCkVxXHIaSMcXI3zxj1VmiXizgwlDWLcEyxiBBtr3bYl6xSKXsmbCC2CP4PixYd7Lt++3Gqn8NnuJiSNqTCEY61bvidNkGFlGOF05LZTTSUmA9yjLYsCx1QH2WTUETqyThdFibJPGDRxf3dkONZ6GIe2Msamr+ezsflf1kpNdBZkTMjUUEGmH0UpRyZB471RlylKDB9awEQxOysifawwMfY6rj2CP7/yItRPSv5pybvxi5VLmCoPB3AIx+BDGSpwDVWoAYEePMATPDvceXRenNdpac6Z9ezDHznvP7DmkQ8=</latexit>⇡

<latexit sha1_base64="CO5QR38HRCsNtIkVegBJk5WmxE4=">AAAB+nicbVDLSsNAFL3xWesr1aWbwSK4KokgurPoxmVF+4AmlMl00g6dTMLMRCmxn+LGhSJu/RJ3foo7J2kX2npg4HDOvdwzJ0g4U9pxvqyl5ZXVtfXSRnlza3tn167stVScSkKbJOax7ARYUc4EbWqmOe0kkuIo4LQdjK5yv31PpWKxuNPjhPoRHggWMoK1kXp2RSGPCeRFWA8J5tntpGdXnZpTAC0Sd0aqF99hgUbP/vT6MUkjKjThWKmu6yTaz7DUjHA6KXupogkmIzygXUMFjqjysyL6BB0ZpY/CWJonNCrU3xsZjpQaR4GZzCOqeS8X//O6qQ7P/YyJJNVUkOmhMOVIxyjvAfWZpETzsSGYSGayIjLEEhNt2iqbEtz5Ly+S1knNPa05N261fglTlOAADuEYXDiDOlxDA5pA4AGe4AVerUfr2Xqz3qejS9ZsZx/+wPr4AblUl1k=</latexit>

s 2 S
<latexit sha1_base64="Icc5PeyngjYh0VncZIdYuf84KPk=">AAACAnicbVDLSsNAFJ3UV62vqCtxM7QIVaEkgugy6MZlBZsWmhgm02k7dDIJMxMhhOLGT/AX3LhQxK1f4a5/4/Sx0NYDA+eecy937gkTRqWyrJFRWFpeWV0rrpc2Nre2d8zdPVfGqcCkgWMWi1aIJGGUk4aiipFWIgiKQkaa4eB67DcfiJA05ncqS4gfoR6nXYqR0lJgHrhB7iX0/mRYlcfQ6xHoBrrWRWBWrJo1AVwk9oxUnLJ3+jxysnpgfnudGKcR4QozJGXbthLl50goihkZlrxUkgThAeqRtqYcRUT6+eSEITzSSgd2Y6EfV3Ci/p7IUSRlFoW6M0KqL+e9sfif105V99LPKU9SRTieLuqmDKoYjvOAHSoIVizTBGFB9V8h7iOBsNKplXQI9vzJi8Q9q9nnNevWrjhXYIoiOARlUAU2uAAOuAF10AAYPIIX8AbejSfj1fgwPqetBWM2sw/+wPj6ASx6mPk=</latexit>

V⇡⇤(s) � V⇡(s)



What’s the best policy? Infinite horizon

• What if I don’t stop farming? Is there any optimal policy? 
• Theorem. There exists a (stationary) optimal policy    . I.e., 

for every policy    and for every state          , 
•              : expected reward if we make best actions in future 

• If we knew              , then: 
• Note:

<latexit sha1_base64="wQ+UfB7Bnx86e48rz8/CPe7bqv8=">AAAB73icbZDLSgMxFIbP1Futt6pLN6FFqBfKjCC6HHTjsgV7gXYsmTTThmYyY5IRhtKXEMGFIm59HXd9G9PLQlt/CHz8/znknOPHnClt22Mrs7K6tr6R3cxtbe/s7uX3D+oqSiShNRLxSDZ9rChngtY005w2Y0lx6HPa8Ae3k7zxRKVikbjXaUy9EPcECxjB2ljN6sNpSZ3jk06+aJftqdAyOHMouoX22cvYTSud/He7G5EkpEITjpVqOXasvSGWmhFOR7l2omiMyQD3aMugwCFV3nA67wgdG6eLgkiaJzSaur87hjhUKg19Uxli3VeL2cT8L2slOrj2hkzEiaaCzD4KEo50hCbLoy6TlGieGsBEMjMrIn0sMdHmRDlzBGdx5WWoX5Sdy7JddYruDcyUhSMoQAkcuAIX7qACNSDA4Rne4N16tF6tD+tzVpqx5j2H8EfW1w+e3ZIE</latexit>

Q⇤(s, a)

<latexit sha1_base64="PynpMBMypcBkJ9ndcifsRvIIcNk="></latexit>

Q⇤(s, a) = R(s, a) + �
P

s0 T (s, a, s
0)maxa0 Q⇤(s0, a0)

<latexit sha1_base64="wQ+UfB7Bnx86e48rz8/CPe7bqv8=">AAAB73icbZDLSgMxFIbP1Futt6pLN6FFqBfKjCC6HHTjsgV7gXYsmTTThmYyY5IRhtKXEMGFIm59HXd9G9PLQlt/CHz8/znknOPHnClt22Mrs7K6tr6R3cxtbe/s7uX3D+oqSiShNRLxSDZ9rChngtY005w2Y0lx6HPa8Ae3k7zxRKVikbjXaUy9EPcECxjB2ljN6sNpSZ3jk06+aJftqdAyOHMouoX22cvYTSud/He7G5EkpEITjpVqOXasvSGWmhFOR7l2omiMyQD3aMugwCFV3nA67wgdG6eLgkiaJzSaur87hjhUKg19Uxli3VeL2cT8L2slOrj2hkzEiaaCzD4KEo50hCbLoy6TlGieGsBEMjMrIn0sMdHmRDlzBGdx5WWoX5Sdy7JddYruDcyUhSMoQAkcuAIX7qACNSDA4Rne4N16tF6tD+tzVpqx5j2H8EfW1w+e3ZIE</latexit>

Q⇤(s, a)
<latexit sha1_base64="HYZMT8ctihBSj2PpXgUL5PsnarY=">AAACCHicbVC7SgNBFJ31GeNr1dLCIUFIVMKuINoIizaWCZgHZGO4O5kkQ2YfzMyKIaS0sfYvbCwUsfUT7PI3ziYpNPHAhcM593LvPV7EmVSWNTIWFpeWV1ZTa+n1jc2tbXNntyLDWBBaJiEPRc0DSTkLaFkxxWktEhR8j9Oq17tO/Oo9FZKFwa3qR7ThQydgbUZAaalpHrgRuzvKyTy+xC6IDnZ9eGgCLiXiCeSbZtYqWGPgeWJPSdbJuMfPI6dfbJrfbisksU8DRThIWbetSDUGIBQjnA7TbixpBKQHHVrXNACfysZg/MgQH2qlhduh0BUoPFZ/TwzAl7Lve7rTB9WVs14i/ufVY9W+aAxYEMWKBmSyqB1zrEKcpIJbTFCieF8TIILpWzHpggCidHZpHYI9+/I8qZwW7LOCVbKzzhWaIIX2UQblkI3OkYNuUBGVEUGP6AW9oXfjyXg1PozPSeuCMZ3ZQ39gfP0A4qGaUQ==</latexit>

⇡⇤(s) = argmaxa Q⇤(s, a)

rich soil

0.1 0.9

0.90.1

poor soil
plant:

rich soil

0.9 0.1

0.10.9

poor soil
fallow:

R(rich,plant)=100 
R(poor,plant)=10 
R(rich,fallow)=0 
R(poor,fallow)=0

4

<latexit sha1_base64="vKui/acWKbSZM4+cOOXcaV74TIU=">AAAB7HicbZDLSgMxFIbP1Fsdb1WXboJFEBdlRhDdiEU3Lis4baEdSybNtKGZTEgyQil9BjcuFHEl+Cru3YhvY3pZaOsPgY//P4eccyLJmTae9+3kFhaXllfyq+7a+sbmVmF7p6rTTBEakJSnqh5hTTkTNDDMcFqXiuIk4rQW9a5Gee2eKs1ScWv6koYJ7ggWM4KNtYKmZHdHrULRK3ljoXnwp1C8+HDP5duXW2kVPpvtlGQJFYZwrHXD96QJB1gZRjgdus1MU4lJD3dow6LACdXhYDzsEB1Yp43iVNknDBq7vzsGONG6n0S2MsGmq2ezkflf1shMfBYOmJCZoYJMPoozjkyKRpujNlOUGN63gIlidlZEulhhYux9XHsEf3bleagel/yTknfjF8uXMFEe9mAfDsGHUyjDNVQgAAIMHuAJnh3hPDovzuukNOdMe3bhj5z3H8uvkas=</latexit>

⇡⇤
<latexit sha1_base64="oMKigNas0rdcm1+IyPhQih1LZMA=">AAAB6nicbZDLSgMxFIbP1Fsdb1WXboJFcFVmBKkbsejGZUV7gXYomTTThmYyIckIZegjuHGhiEt9F/duxLcxvSy09YfAx/+fQ845oeRMG8/7dnJLyyura/l1d2Nza3unsLtX10mqCK2RhCeqGWJNORO0ZpjhtCkVxXHIaSMcXI3zxj1VmiXizgwlDWLcEyxiBBtr3bYl6xSKXsmbCC2CP4PixYd7Lt++3Gqn8NnuJiSNqTCEY61bvidNkGFlGOF05LZTTSUmA9yjLYsCx1QH2WTUETqyThdFibJPGDRxf3dkONZ6GIe2Msamr+ezsflf1kpNdBZkTMjUUEGmH0UpRyZB471RlylKDB9awEQxOysifawwMfY6rj2CP7/yItRPSv5pybvxi5VLmCoPB3AIx+BDGSpwDVWoAYEePMATPDvceXRenNdpac6Z9ezDHznvP7DmkQ8=</latexit>⇡

<latexit sha1_base64="CO5QR38HRCsNtIkVegBJk5WmxE4=">AAAB+nicbVDLSsNAFL3xWesr1aWbwSK4KokgurPoxmVF+4AmlMl00g6dTMLMRCmxn+LGhSJu/RJ3foo7J2kX2npg4HDOvdwzJ0g4U9pxvqyl5ZXVtfXSRnlza3tn167stVScSkKbJOax7ARYUc4EbWqmOe0kkuIo4LQdjK5yv31PpWKxuNPjhPoRHggWMoK1kXp2RSGPCeRFWA8J5tntpGdXnZpTAC0Sd0aqF99hgUbP/vT6MUkjKjThWKmu6yTaz7DUjHA6KXupogkmIzygXUMFjqjysyL6BB0ZpY/CWJonNCrU3xsZjpQaR4GZzCOqeS8X//O6qQ7P/YyJJNVUkOmhMOVIxyjvAfWZpETzsSGYSGayIjLEEhNt2iqbEtz5Ly+S1knNPa05N261fglTlOAADuEYXDiDOlxDA5pA4AGe4AVerUfr2Xqz3qejS9ZsZx/+wPr4AblUl1k=</latexit>

s 2 S
<latexit sha1_base64="Icc5PeyngjYh0VncZIdYuf84KPk=">AAACAnicbVDLSsNAFJ3UV62vqCtxM7QIVaEkgugy6MZlBZsWmhgm02k7dDIJMxMhhOLGT/AX3LhQxK1f4a5/4/Sx0NYDA+eecy937gkTRqWyrJFRWFpeWV0rrpc2Nre2d8zdPVfGqcCkgWMWi1aIJGGUk4aiipFWIgiKQkaa4eB67DcfiJA05ncqS4gfoR6nXYqR0lJgHrhB7iX0/mRYlcfQ6xHoBrrWRWBWrJo1AVwk9oxUnLJ3+jxysnpgfnudGKcR4QozJGXbthLl50goihkZlrxUkgThAeqRtqYcRUT6+eSEITzSSgd2Y6EfV3Ci/p7IUSRlFoW6M0KqL+e9sfif105V99LPKU9SRTieLuqmDKoYjvOAHSoIVizTBGFB9V8h7iOBsNKplXQI9vzJi8Q9q9nnNevWrjhXYIoiOARlUAU2uAAOuAF10AAYPIIX8AbejSfj1fgwPqetBWM2sw/+wPj6ASx6mPk=</latexit>

V⇡⇤(s) � V⇡(s)



What’s the best policy? Infinite horizon

• What if I don’t stop farming? Is there any optimal policy? 
• Theorem. There exists a (stationary) optimal policy    . I.e., 

for every policy    and for every state          , 
•              : expected reward if we make best actions in future 

• If we knew              , then: 
• Note:

<latexit sha1_base64="wQ+UfB7Bnx86e48rz8/CPe7bqv8=">AAAB73icbZDLSgMxFIbP1Futt6pLN6FFqBfKjCC6HHTjsgV7gXYsmTTThmYyY5IRhtKXEMGFIm59HXd9G9PLQlt/CHz8/znknOPHnClt22Mrs7K6tr6R3cxtbe/s7uX3D+oqSiShNRLxSDZ9rChngtY005w2Y0lx6HPa8Ae3k7zxRKVikbjXaUy9EPcECxjB2ljN6sNpSZ3jk06+aJftqdAyOHMouoX22cvYTSud/He7G5EkpEITjpVqOXasvSGWmhFOR7l2omiMyQD3aMugwCFV3nA67wgdG6eLgkiaJzSaur87hjhUKg19Uxli3VeL2cT8L2slOrj2hkzEiaaCzD4KEo50hCbLoy6TlGieGsBEMjMrIn0sMdHmRDlzBGdx5WWoX5Sdy7JddYruDcyUhSMoQAkcuAIX7qACNSDA4Rne4N16tF6tD+tzVpqx5j2H8EfW1w+e3ZIE</latexit>

Q⇤(s, a)

<latexit sha1_base64="PynpMBMypcBkJ9ndcifsRvIIcNk="></latexit>

Q⇤(s, a) = R(s, a) + �
P

s0 T (s, a, s
0)maxa0 Q⇤(s0, a0)

<latexit sha1_base64="wQ+UfB7Bnx86e48rz8/CPe7bqv8=">AAAB73icbZDLSgMxFIbP1Futt6pLN6FFqBfKjCC6HHTjsgV7gXYsmTTThmYyY5IRhtKXEMGFIm59HXd9G9PLQlt/CHz8/znknOPHnClt22Mrs7K6tr6R3cxtbe/s7uX3D+oqSiShNRLxSDZ9rChngtY005w2Y0lx6HPa8Ae3k7zxRKVikbjXaUy9EPcECxjB2ljN6sNpSZ3jk06+aJftqdAyOHMouoX22cvYTSud/He7G5EkpEITjpVqOXasvSGWmhFOR7l2omiMyQD3aMugwCFV3nA67wgdG6eLgkiaJzSaur87hjhUKg19Uxli3VeL2cT8L2slOrj2hkzEiaaCzD4KEo50hCbLoy6TlGieGsBEMjMrIn0sMdHmRDlzBGdx5WWoX5Sdy7JddYruDcyUhSMoQAkcuAIX7qACNSDA4Rne4N16tF6tD+tzVpqx5j2H8EfW1w+e3ZIE</latexit>

Q⇤(s, a)
<latexit sha1_base64="HYZMT8ctihBSj2PpXgUL5PsnarY=">AAACCHicbVC7SgNBFJ31GeNr1dLCIUFIVMKuINoIizaWCZgHZGO4O5kkQ2YfzMyKIaS0sfYvbCwUsfUT7PI3ziYpNPHAhcM593LvPV7EmVSWNTIWFpeWV1ZTa+n1jc2tbXNntyLDWBBaJiEPRc0DSTkLaFkxxWktEhR8j9Oq17tO/Oo9FZKFwa3qR7ThQydgbUZAaalpHrgRuzvKyTy+xC6IDnZ9eGgCLiXiCeSbZtYqWGPgeWJPSdbJuMfPI6dfbJrfbisksU8DRThIWbetSDUGIBQjnA7TbixpBKQHHVrXNACfysZg/MgQH2qlhduh0BUoPFZ/TwzAl7Lve7rTB9WVs14i/ufVY9W+aAxYEMWKBmSyqB1zrEKcpIJbTFCieF8TIILpWzHpggCidHZpHYI9+/I8qZwW7LOCVbKzzhWaIIX2UQblkI3OkYNuUBGVEUGP6AW9oXfjyXg1PozPSeuCMZ3ZQ39gfP0A4qGaUQ==</latexit>

⇡⇤(s) = argmaxa Q⇤(s, a)

rich soil

0.1 0.9

0.90.1

poor soil
plant:

rich soil

0.9 0.1

0.10.9

poor soil
fallow:

R(rich,plant)=100 
R(poor,plant)=10 
R(rich,fallow)=0 
R(poor,fallow)=0

4

<latexit sha1_base64="vKui/acWKbSZM4+cOOXcaV74TIU=">AAAB7HicbZDLSgMxFIbP1Fsdb1WXboJFEBdlRhDdiEU3Lis4baEdSybNtKGZTEgyQil9BjcuFHEl+Cru3YhvY3pZaOsPgY//P4eccyLJmTae9+3kFhaXllfyq+7a+sbmVmF7p6rTTBEakJSnqh5hTTkTNDDMcFqXiuIk4rQW9a5Gee2eKs1ScWv6koYJ7ggWM4KNtYKmZHdHrULRK3ljoXnwp1C8+HDP5duXW2kVPpvtlGQJFYZwrHXD96QJB1gZRjgdus1MU4lJD3dow6LACdXhYDzsEB1Yp43iVNknDBq7vzsGONG6n0S2MsGmq2ezkflf1shMfBYOmJCZoYJMPoozjkyKRpujNlOUGN63gIlidlZEulhhYux9XHsEf3bleagel/yTknfjF8uXMFEe9mAfDsGHUyjDNVQgAAIMHuAJnh3hPDovzuukNOdMe3bhj5z3H8uvkas=</latexit>

⇡⇤
<latexit sha1_base64="oMKigNas0rdcm1+IyPhQih1LZMA=">AAAB6nicbZDLSgMxFIbP1Fsdb1WXboJFcFVmBKkbsejGZUV7gXYomTTThmYyIckIZegjuHGhiEt9F/duxLcxvSy09YfAx/+fQ845oeRMG8/7dnJLyyura/l1d2Nza3unsLtX10mqCK2RhCeqGWJNORO0ZpjhtCkVxXHIaSMcXI3zxj1VmiXizgwlDWLcEyxiBBtr3bYl6xSKXsmbCC2CP4PixYd7Lt++3Gqn8NnuJiSNqTCEY61bvidNkGFlGOF05LZTTSUmA9yjLYsCx1QH2WTUETqyThdFibJPGDRxf3dkONZ6GIe2Msamr+ezsflf1kpNdBZkTMjUUEGmH0UpRyZB471RlylKDB9awEQxOysifawwMfY6rj2CP7/yItRPSv5pybvxi5VLmCoPB3AIx+BDGSpwDVWoAYEePMATPDvceXRenNdpac6Z9ezDHznvP7DmkQ8=</latexit>⇡

<latexit sha1_base64="CO5QR38HRCsNtIkVegBJk5WmxE4=">AAAB+nicbVDLSsNAFL3xWesr1aWbwSK4KokgurPoxmVF+4AmlMl00g6dTMLMRCmxn+LGhSJu/RJ3foo7J2kX2npg4HDOvdwzJ0g4U9pxvqyl5ZXVtfXSRnlza3tn167stVScSkKbJOax7ARYUc4EbWqmOe0kkuIo4LQdjK5yv31PpWKxuNPjhPoRHggWMoK1kXp2RSGPCeRFWA8J5tntpGdXnZpTAC0Sd0aqF99hgUbP/vT6MUkjKjThWKmu6yTaz7DUjHA6KXupogkmIzygXUMFjqjysyL6BB0ZpY/CWJonNCrU3xsZjpQaR4GZzCOqeS8X//O6qQ7P/YyJJNVUkOmhMOVIxyjvAfWZpETzsSGYSGayIjLEEhNt2iqbEtz5Ly+S1knNPa05N261fglTlOAADuEYXDiDOlxDA5pA4AGe4AVerUfr2Xqz3qejS9ZsZx/+wPr4AblUl1k=</latexit>

s 2 S
<latexit sha1_base64="Icc5PeyngjYh0VncZIdYuf84KPk=">AAACAnicbVDLSsNAFJ3UV62vqCtxM7QIVaEkgugy6MZlBZsWmhgm02k7dDIJMxMhhOLGT/AX3LhQxK1f4a5/4/Sx0NYDA+eecy937gkTRqWyrJFRWFpeWV0rrpc2Nre2d8zdPVfGqcCkgWMWi1aIJGGUk4aiipFWIgiKQkaa4eB67DcfiJA05ncqS4gfoR6nXYqR0lJgHrhB7iX0/mRYlcfQ6xHoBrrWRWBWrJo1AVwk9oxUnLJ3+jxysnpgfnudGKcR4QozJGXbthLl50goihkZlrxUkgThAeqRtqYcRUT6+eSEITzSSgd2Y6EfV3Ci/p7IUSRlFoW6M0KqL+e9sfif105V99LPKU9SRTieLuqmDKoYjvOAHSoIVizTBGFB9V8h7iOBsNKplXQI9vzJi8Q9q9nnNevWrjhXYIoiOARlUAU2uAAOuAF10AAYPIIX8AbejSfj1fgwPqetBWM2sw/+wPj6ASx6mPk=</latexit>

V⇡⇤(s) � V⇡(s)



What’s the best policy? Infinite horizon

• What if I don’t stop farming? Is there any optimal policy? 
• Theorem. There exists a (stationary) optimal policy    . I.e., 

for every policy    and for every state          , 
•              : expected reward if we make best actions in future 

• If we knew              , then: 
• Note:

<latexit sha1_base64="wQ+UfB7Bnx86e48rz8/CPe7bqv8=">AAAB73icbZDLSgMxFIbP1Futt6pLN6FFqBfKjCC6HHTjsgV7gXYsmTTThmYyY5IRhtKXEMGFIm59HXd9G9PLQlt/CHz8/znknOPHnClt22Mrs7K6tr6R3cxtbe/s7uX3D+oqSiShNRLxSDZ9rChngtY005w2Y0lx6HPa8Ae3k7zxRKVikbjXaUy9EPcECxjB2ljN6sNpSZ3jk06+aJftqdAyOHMouoX22cvYTSud/He7G5EkpEITjpVqOXasvSGWmhFOR7l2omiMyQD3aMugwCFV3nA67wgdG6eLgkiaJzSaur87hjhUKg19Uxli3VeL2cT8L2slOrj2hkzEiaaCzD4KEo50hCbLoy6TlGieGsBEMjMrIn0sMdHmRDlzBGdx5WWoX5Sdy7JddYruDcyUhSMoQAkcuAIX7qACNSDA4Rne4N16tF6tD+tzVpqx5j2H8EfW1w+e3ZIE</latexit>

Q⇤(s, a)

<latexit sha1_base64="PynpMBMypcBkJ9ndcifsRvIIcNk="></latexit>

Q⇤(s, a) = R(s, a) + �
P

s0 T (s, a, s
0)maxa0 Q⇤(s0, a0)

<latexit sha1_base64="wQ+UfB7Bnx86e48rz8/CPe7bqv8=">AAAB73icbZDLSgMxFIbP1Futt6pLN6FFqBfKjCC6HHTjsgV7gXYsmTTThmYyY5IRhtKXEMGFIm59HXd9G9PLQlt/CHz8/znknOPHnClt22Mrs7K6tr6R3cxtbe/s7uX3D+oqSiShNRLxSDZ9rChngtY005w2Y0lx6HPa8Ae3k7zxRKVikbjXaUy9EPcECxjB2ljN6sNpSZ3jk06+aJftqdAyOHMouoX22cvYTSud/He7G5EkpEITjpVqOXasvSGWmhFOR7l2omiMyQD3aMugwCFV3nA67wgdG6eLgkiaJzSaur87hjhUKg19Uxli3VeL2cT8L2slOrj2hkzEiaaCzD4KEo50hCbLoy6TlGieGsBEMjMrIn0sMdHmRDlzBGdx5WWoX5Sdy7JddYruDcyUhSMoQAkcuAIX7qACNSDA4Rne4N16tF6tD+tzVpqx5j2H8EfW1w+e3ZIE</latexit>

Q⇤(s, a)
<latexit sha1_base64="HYZMT8ctihBSj2PpXgUL5PsnarY=">AAACCHicbVC7SgNBFJ31GeNr1dLCIUFIVMKuINoIizaWCZgHZGO4O5kkQ2YfzMyKIaS0sfYvbCwUsfUT7PI3ziYpNPHAhcM593LvPV7EmVSWNTIWFpeWV1ZTa+n1jc2tbXNntyLDWBBaJiEPRc0DSTkLaFkxxWktEhR8j9Oq17tO/Oo9FZKFwa3qR7ThQydgbUZAaalpHrgRuzvKyTy+xC6IDnZ9eGgCLiXiCeSbZtYqWGPgeWJPSdbJuMfPI6dfbJrfbisksU8DRThIWbetSDUGIBQjnA7TbixpBKQHHVrXNACfysZg/MgQH2qlhduh0BUoPFZ/TwzAl7Lve7rTB9WVs14i/ufVY9W+aAxYEMWKBmSyqB1zrEKcpIJbTFCieF8TIILpWzHpggCidHZpHYI9+/I8qZwW7LOCVbKzzhWaIIX2UQblkI3OkYNuUBGVEUGP6AW9oXfjyXg1PozPSeuCMZ3ZQ39gfP0A4qGaUQ==</latexit>

⇡⇤(s) = argmaxa Q⇤(s, a)

rich soil

0.1 0.9

0.90.1

poor soil
plant:

rich soil

0.9 0.1

0.10.9

poor soil
fallow:

R(rich,plant)=100 
R(poor,plant)=10 
R(rich,fallow)=0 
R(poor,fallow)=0

4

<latexit sha1_base64="vKui/acWKbSZM4+cOOXcaV74TIU=">AAAB7HicbZDLSgMxFIbP1Fsdb1WXboJFEBdlRhDdiEU3Lis4baEdSybNtKGZTEgyQil9BjcuFHEl+Cru3YhvY3pZaOsPgY//P4eccyLJmTae9+3kFhaXllfyq+7a+sbmVmF7p6rTTBEakJSnqh5hTTkTNDDMcFqXiuIk4rQW9a5Gee2eKs1ScWv6koYJ7ggWM4KNtYKmZHdHrULRK3ljoXnwp1C8+HDP5duXW2kVPpvtlGQJFYZwrHXD96QJB1gZRjgdus1MU4lJD3dow6LACdXhYDzsEB1Yp43iVNknDBq7vzsGONG6n0S2MsGmq2ezkflf1shMfBYOmJCZoYJMPoozjkyKRpujNlOUGN63gIlidlZEulhhYux9XHsEf3bleagel/yTknfjF8uXMFEe9mAfDsGHUyjDNVQgAAIMHuAJnh3hPDovzuukNOdMe3bhj5z3H8uvkas=</latexit>

⇡⇤
<latexit sha1_base64="oMKigNas0rdcm1+IyPhQih1LZMA=">AAAB6nicbZDLSgMxFIbP1Fsdb1WXboJFcFVmBKkbsejGZUV7gXYomTTThmYyIckIZegjuHGhiEt9F/duxLcxvSy09YfAx/+fQ845oeRMG8/7dnJLyyura/l1d2Nza3unsLtX10mqCK2RhCeqGWJNORO0ZpjhtCkVxXHIaSMcXI3zxj1VmiXizgwlDWLcEyxiBBtr3bYl6xSKXsmbCC2CP4PixYd7Lt++3Gqn8NnuJiSNqTCEY61bvidNkGFlGOF05LZTTSUmA9yjLYsCx1QH2WTUETqyThdFibJPGDRxf3dkONZ6GIe2Msamr+ezsflf1kpNdBZkTMjUUEGmH0UpRyZB471RlylKDB9awEQxOysifawwMfY6rj2CP7/yItRPSv5pybvxi5VLmCoPB3AIx+BDGSpwDVWoAYEePMATPDvceXRenNdpac6Z9ezDHznvP7DmkQ8=</latexit>⇡

<latexit sha1_base64="CO5QR38HRCsNtIkVegBJk5WmxE4=">AAAB+nicbVDLSsNAFL3xWesr1aWbwSK4KokgurPoxmVF+4AmlMl00g6dTMLMRCmxn+LGhSJu/RJ3foo7J2kX2npg4HDOvdwzJ0g4U9pxvqyl5ZXVtfXSRnlza3tn167stVScSkKbJOax7ARYUc4EbWqmOe0kkuIo4LQdjK5yv31PpWKxuNPjhPoRHggWMoK1kXp2RSGPCeRFWA8J5tntpGdXnZpTAC0Sd0aqF99hgUbP/vT6MUkjKjThWKmu6yTaz7DUjHA6KXupogkmIzygXUMFjqjysyL6BB0ZpY/CWJonNCrU3xsZjpQaR4GZzCOqeS8X//O6qQ7P/YyJJNVUkOmhMOVIxyjvAfWZpETzsSGYSGayIjLEEhNt2iqbEtz5Ly+S1knNPa05N261fglTlOAADuEYXDiDOlxDA5pA4AGe4AVerUfr2Xqz3qejS9ZsZx/+wPr4AblUl1k=</latexit>

s 2 S
<latexit sha1_base64="Icc5PeyngjYh0VncZIdYuf84KPk=">AAACAnicbVDLSsNAFJ3UV62vqCtxM7QIVaEkgugy6MZlBZsWmhgm02k7dDIJMxMhhOLGT/AX3LhQxK1f4a5/4/Sx0NYDA+eecy937gkTRqWyrJFRWFpeWV0rrpc2Nre2d8zdPVfGqcCkgWMWi1aIJGGUk4aiipFWIgiKQkaa4eB67DcfiJA05ncqS4gfoR6nXYqR0lJgHrhB7iX0/mRYlcfQ6xHoBrrWRWBWrJo1AVwk9oxUnLJ3+jxysnpgfnudGKcR4QozJGXbthLl50goihkZlrxUkgThAeqRtqYcRUT6+eSEITzSSgd2Y6EfV3Ci/p7IUSRlFoW6M0KqL+e9sfif105V99LPKU9SRTieLuqmDKoYjvOAHSoIVizTBGFB9V8h7iOBsNKplXQI9vzJi8Q9q9nnNevWrjhXYIoiOARlUAU2uAAOuAF10AAYPIIX8AbejSfj1fgwPqetBWM2sw/+wPj6ASx6mPk=</latexit>

V⇡⇤(s) � V⇡(s)



What’s the best policy? Infinite horizon

• What if I don’t stop farming? Is there any optimal policy? 
• Theorem. There exists a (stationary) optimal policy    . I.e., 

for every policy    and for every state          , 
•              : expected reward if we make best actions in future 

• If we knew              , then: 
• Note:

<latexit sha1_base64="wQ+UfB7Bnx86e48rz8/CPe7bqv8=">AAAB73icbZDLSgMxFIbP1Futt6pLN6FFqBfKjCC6HHTjsgV7gXYsmTTThmYyY5IRhtKXEMGFIm59HXd9G9PLQlt/CHz8/znknOPHnClt22Mrs7K6tr6R3cxtbe/s7uX3D+oqSiShNRLxSDZ9rChngtY005w2Y0lx6HPa8Ae3k7zxRKVikbjXaUy9EPcECxjB2ljN6sNpSZ3jk06+aJftqdAyOHMouoX22cvYTSud/He7G5EkpEITjpVqOXasvSGWmhFOR7l2omiMyQD3aMugwCFV3nA67wgdG6eLgkiaJzSaur87hjhUKg19Uxli3VeL2cT8L2slOrj2hkzEiaaCzD4KEo50hCbLoy6TlGieGsBEMjMrIn0sMdHmRDlzBGdx5WWoX5Sdy7JddYruDcyUhSMoQAkcuAIX7qACNSDA4Rne4N16tF6tD+tzVpqx5j2H8EfW1w+e3ZIE</latexit>

Q⇤(s, a)

<latexit sha1_base64="PynpMBMypcBkJ9ndcifsRvIIcNk="></latexit>

Q⇤(s, a) = R(s, a) + �
P

s0 T (s, a, s
0)maxa0 Q⇤(s0, a0)

<latexit sha1_base64="wQ+UfB7Bnx86e48rz8/CPe7bqv8=">AAAB73icbZDLSgMxFIbP1Futt6pLN6FFqBfKjCC6HHTjsgV7gXYsmTTThmYyY5IRhtKXEMGFIm59HXd9G9PLQlt/CHz8/znknOPHnClt22Mrs7K6tr6R3cxtbe/s7uX3D+oqSiShNRLxSDZ9rChngtY005w2Y0lx6HPa8Ae3k7zxRKVikbjXaUy9EPcECxjB2ljN6sNpSZ3jk06+aJftqdAyOHMouoX22cvYTSud/He7G5EkpEITjpVqOXasvSGWmhFOR7l2omiMyQD3aMugwCFV3nA67wgdG6eLgkiaJzSaur87hjhUKg19Uxli3VeL2cT8L2slOrj2hkzEiaaCzD4KEo50hCbLoy6TlGieGsBEMjMrIn0sMdHmRDlzBGdx5WWoX5Sdy7JddYruDcyUhSMoQAkcuAIX7qACNSDA4Rne4N16tF6tD+tzVpqx5j2H8EfW1w+e3ZIE</latexit>

Q⇤(s, a)
<latexit sha1_base64="HYZMT8ctihBSj2PpXgUL5PsnarY=">AAACCHicbVC7SgNBFJ31GeNr1dLCIUFIVMKuINoIizaWCZgHZGO4O5kkQ2YfzMyKIaS0sfYvbCwUsfUT7PI3ziYpNPHAhcM593LvPV7EmVSWNTIWFpeWV1ZTa+n1jc2tbXNntyLDWBBaJiEPRc0DSTkLaFkxxWktEhR8j9Oq17tO/Oo9FZKFwa3qR7ThQydgbUZAaalpHrgRuzvKyTy+xC6IDnZ9eGgCLiXiCeSbZtYqWGPgeWJPSdbJuMfPI6dfbJrfbisksU8DRThIWbetSDUGIBQjnA7TbixpBKQHHVrXNACfysZg/MgQH2qlhduh0BUoPFZ/TwzAl7Lve7rTB9WVs14i/ufVY9W+aAxYEMWKBmSyqB1zrEKcpIJbTFCieF8TIILpWzHpggCidHZpHYI9+/I8qZwW7LOCVbKzzhWaIIX2UQblkI3OkYNuUBGVEUGP6AW9oXfjyXg1PozPSeuCMZ3ZQ39gfP0A4qGaUQ==</latexit>

⇡⇤(s) = argmaxa Q⇤(s, a)

rich soil

0.1 0.9

0.90.1

poor soil
plant:

rich soil

0.9 0.1

0.10.9

poor soil
fallow:

R(rich,plant)=100 
R(poor,plant)=10 
R(rich,fallow)=0 
R(poor,fallow)=0

4

<latexit sha1_base64="vKui/acWKbSZM4+cOOXcaV74TIU=">AAAB7HicbZDLSgMxFIbP1Fsdb1WXboJFEBdlRhDdiEU3Lis4baEdSybNtKGZTEgyQil9BjcuFHEl+Cru3YhvY3pZaOsPgY//P4eccyLJmTae9+3kFhaXllfyq+7a+sbmVmF7p6rTTBEakJSnqh5hTTkTNDDMcFqXiuIk4rQW9a5Gee2eKs1ScWv6koYJ7ggWM4KNtYKmZHdHrULRK3ljoXnwp1C8+HDP5duXW2kVPpvtlGQJFYZwrHXD96QJB1gZRjgdus1MU4lJD3dow6LACdXhYDzsEB1Yp43iVNknDBq7vzsGONG6n0S2MsGmq2ezkflf1shMfBYOmJCZoYJMPoozjkyKRpujNlOUGN63gIlidlZEulhhYux9XHsEf3bleagel/yTknfjF8uXMFEe9mAfDsGHUyjDNVQgAAIMHuAJnh3hPDovzuukNOdMe3bhj5z3H8uvkas=</latexit>

⇡⇤
<latexit sha1_base64="oMKigNas0rdcm1+IyPhQih1LZMA=">AAAB6nicbZDLSgMxFIbP1Fsdb1WXboJFcFVmBKkbsejGZUV7gXYomTTThmYyIckIZegjuHGhiEt9F/duxLcxvSy09YfAx/+fQ845oeRMG8/7dnJLyyura/l1d2Nza3unsLtX10mqCK2RhCeqGWJNORO0ZpjhtCkVxXHIaSMcXI3zxj1VmiXizgwlDWLcEyxiBBtr3bYl6xSKXsmbCC2CP4PixYd7Lt++3Gqn8NnuJiSNqTCEY61bvidNkGFlGOF05LZTTSUmA9yjLYsCx1QH2WTUETqyThdFibJPGDRxf3dkONZ6GIe2Msamr+ezsflf1kpNdBZkTMjUUEGmH0UpRyZB471RlylKDB9awEQxOysifawwMfY6rj2CP7/yItRPSv5pybvxi5VLmCoPB3AIx+BDGSpwDVWoAYEePMATPDvceXRenNdpac6Z9ezDHznvP7DmkQ8=</latexit>⇡

<latexit sha1_base64="CO5QR38HRCsNtIkVegBJk5WmxE4=">AAAB+nicbVDLSsNAFL3xWesr1aWbwSK4KokgurPoxmVF+4AmlMl00g6dTMLMRCmxn+LGhSJu/RJ3foo7J2kX2npg4HDOvdwzJ0g4U9pxvqyl5ZXVtfXSRnlza3tn167stVScSkKbJOax7ARYUc4EbWqmOe0kkuIo4LQdjK5yv31PpWKxuNPjhPoRHggWMoK1kXp2RSGPCeRFWA8J5tntpGdXnZpTAC0Sd0aqF99hgUbP/vT6MUkjKjThWKmu6yTaz7DUjHA6KXupogkmIzygXUMFjqjysyL6BB0ZpY/CWJonNCrU3xsZjpQaR4GZzCOqeS8X//O6qQ7P/YyJJNVUkOmhMOVIxyjvAfWZpETzsSGYSGayIjLEEhNt2iqbEtz5Ly+S1knNPa05N261fglTlOAADuEYXDiDOlxDA5pA4AGe4AVerUfr2Xqz3qejS9ZsZx/+wPr4AblUl1k=</latexit>

s 2 S
<latexit sha1_base64="Icc5PeyngjYh0VncZIdYuf84KPk=">AAACAnicbVDLSsNAFJ3UV62vqCtxM7QIVaEkgugy6MZlBZsWmhgm02k7dDIJMxMhhOLGT/AX3LhQxK1f4a5/4/Sx0NYDA+eecy937gkTRqWyrJFRWFpeWV0rrpc2Nre2d8zdPVfGqcCkgWMWi1aIJGGUk4aiipFWIgiKQkaa4eB67DcfiJA05ncqS4gfoR6nXYqR0lJgHrhB7iX0/mRYlcfQ6xHoBrrWRWBWrJo1AVwk9oxUnLJ3+jxysnpgfnudGKcR4QozJGXbthLl50goihkZlrxUkgThAeqRtqYcRUT6+eSEITzSSgd2Y6EfV3Ci/p7IUSRlFoW6M0KqL+e9sfif105V99LPKU9SRTieLuqmDKoYjvOAHSoIVizTBGFB9V8h7iOBsNKplXQI9vzJi8Q9q9nnNevWrjhXYIoiOARlUAU2uAAOuAF10AAYPIIX8AbejSfj1fgwPqetBWM2sw/+wPj6ASx6mPk=</latexit>

V⇡⇤(s) � V⇡(s)



What’s the best policy? Infinite horizon

• What if I don’t stop farming? Is there any optimal policy? 
• Theorem. There exists a (stationary) optimal policy    . I.e., 

for every policy    and for every state          , 
•              : expected reward if we make best actions in future 

• If we knew              , then: 
• Note:

<latexit sha1_base64="wQ+UfB7Bnx86e48rz8/CPe7bqv8=">AAAB73icbZDLSgMxFIbP1Futt6pLN6FFqBfKjCC6HHTjsgV7gXYsmTTThmYyY5IRhtKXEMGFIm59HXd9G9PLQlt/CHz8/znknOPHnClt22Mrs7K6tr6R3cxtbe/s7uX3D+oqSiShNRLxSDZ9rChngtY005w2Y0lx6HPa8Ae3k7zxRKVikbjXaUy9EPcECxjB2ljN6sNpSZ3jk06+aJftqdAyOHMouoX22cvYTSud/He7G5EkpEITjpVqOXasvSGWmhFOR7l2omiMyQD3aMugwCFV3nA67wgdG6eLgkiaJzSaur87hjhUKg19Uxli3VeL2cT8L2slOrj2hkzEiaaCzD4KEo50hCbLoy6TlGieGsBEMjMrIn0sMdHmRDlzBGdx5WWoX5Sdy7JddYruDcyUhSMoQAkcuAIX7qACNSDA4Rne4N16tF6tD+tzVpqx5j2H8EfW1w+e3ZIE</latexit>

Q⇤(s, a)

<latexit sha1_base64="PynpMBMypcBkJ9ndcifsRvIIcNk="></latexit>

Q⇤(s, a) = R(s, a) + �
P

s0 T (s, a, s
0)maxa0 Q⇤(s0, a0)

<latexit sha1_base64="wQ+UfB7Bnx86e48rz8/CPe7bqv8=">AAAB73icbZDLSgMxFIbP1Futt6pLN6FFqBfKjCC6HHTjsgV7gXYsmTTThmYyY5IRhtKXEMGFIm59HXd9G9PLQlt/CHz8/znknOPHnClt22Mrs7K6tr6R3cxtbe/s7uX3D+oqSiShNRLxSDZ9rChngtY005w2Y0lx6HPa8Ae3k7zxRKVikbjXaUy9EPcECxjB2ljN6sNpSZ3jk06+aJftqdAyOHMouoX22cvYTSud/He7G5EkpEITjpVqOXasvSGWmhFOR7l2omiMyQD3aMugwCFV3nA67wgdG6eLgkiaJzSaur87hjhUKg19Uxli3VeL2cT8L2slOrj2hkzEiaaCzD4KEo50hCbLoy6TlGieGsBEMjMrIn0sMdHmRDlzBGdx5WWoX5Sdy7JddYruDcyUhSMoQAkcuAIX7qACNSDA4Rne4N16tF6tD+tzVpqx5j2H8EfW1w+e3ZIE</latexit>

Q⇤(s, a)
<latexit sha1_base64="HYZMT8ctihBSj2PpXgUL5PsnarY=">AAACCHicbVC7SgNBFJ31GeNr1dLCIUFIVMKuINoIizaWCZgHZGO4O5kkQ2YfzMyKIaS0sfYvbCwUsfUT7PI3ziYpNPHAhcM593LvPV7EmVSWNTIWFpeWV1ZTa+n1jc2tbXNntyLDWBBaJiEPRc0DSTkLaFkxxWktEhR8j9Oq17tO/Oo9FZKFwa3qR7ThQydgbUZAaalpHrgRuzvKyTy+xC6IDnZ9eGgCLiXiCeSbZtYqWGPgeWJPSdbJuMfPI6dfbJrfbisksU8DRThIWbetSDUGIBQjnA7TbixpBKQHHVrXNACfysZg/MgQH2qlhduh0BUoPFZ/TwzAl7Lve7rTB9WVs14i/ufVY9W+aAxYEMWKBmSyqB1zrEKcpIJbTFCieF8TIILpWzHpggCidHZpHYI9+/I8qZwW7LOCVbKzzhWaIIX2UQblkI3OkYNuUBGVEUGP6AW9oXfjyXg1PozPSeuCMZ3ZQ39gfP0A4qGaUQ==</latexit>

⇡⇤(s) = argmaxa Q⇤(s, a)

rich soil

0.1 0.9

0.90.1

poor soil
plant:

rich soil

0.9 0.1

0.10.9

poor soil
fallow:

R(rich,plant)=100 
R(poor,plant)=10 
R(rich,fallow)=0 
R(poor,fallow)=0

4

<latexit sha1_base64="vKui/acWKbSZM4+cOOXcaV74TIU=">AAAB7HicbZDLSgMxFIbP1Fsdb1WXboJFEBdlRhDdiEU3Lis4baEdSybNtKGZTEgyQil9BjcuFHEl+Cru3YhvY3pZaOsPgY//P4eccyLJmTae9+3kFhaXllfyq+7a+sbmVmF7p6rTTBEakJSnqh5hTTkTNDDMcFqXiuIk4rQW9a5Gee2eKs1ScWv6koYJ7ggWM4KNtYKmZHdHrULRK3ljoXnwp1C8+HDP5duXW2kVPpvtlGQJFYZwrHXD96QJB1gZRjgdus1MU4lJD3dow6LACdXhYDzsEB1Yp43iVNknDBq7vzsGONG6n0S2MsGmq2ezkflf1shMfBYOmJCZoYJMPoozjkyKRpujNlOUGN63gIlidlZEulhhYux9XHsEf3bleagel/yTknfjF8uXMFEe9mAfDsGHUyjDNVQgAAIMHuAJnh3hPDovzuukNOdMe3bhj5z3H8uvkas=</latexit>

⇡⇤
<latexit sha1_base64="oMKigNas0rdcm1+IyPhQih1LZMA=">AAAB6nicbZDLSgMxFIbP1Fsdb1WXboJFcFVmBKkbsejGZUV7gXYomTTThmYyIckIZegjuHGhiEt9F/duxLcxvSy09YfAx/+fQ845oeRMG8/7dnJLyyura/l1d2Nza3unsLtX10mqCK2RhCeqGWJNORO0ZpjhtCkVxXHIaSMcXI3zxj1VmiXizgwlDWLcEyxiBBtr3bYl6xSKXsmbCC2CP4PixYd7Lt++3Gqn8NnuJiSNqTCEY61bvidNkGFlGOF05LZTTSUmA9yjLYsCx1QH2WTUETqyThdFibJPGDRxf3dkONZ6GIe2Msamr+ezsflf1kpNdBZkTMjUUEGmH0UpRyZB471RlylKDB9awEQxOysifawwMfY6rj2CP7/yItRPSv5pybvxi5VLmCoPB3AIx+BDGSpwDVWoAYEePMATPDvceXRenNdpac6Z9ezDHznvP7DmkQ8=</latexit>⇡

<latexit sha1_base64="CO5QR38HRCsNtIkVegBJk5WmxE4=">AAAB+nicbVDLSsNAFL3xWesr1aWbwSK4KokgurPoxmVF+4AmlMl00g6dTMLMRCmxn+LGhSJu/RJ3foo7J2kX2npg4HDOvdwzJ0g4U9pxvqyl5ZXVtfXSRnlza3tn167stVScSkKbJOax7ARYUc4EbWqmOe0kkuIo4LQdjK5yv31PpWKxuNPjhPoRHggWMoK1kXp2RSGPCeRFWA8J5tntpGdXnZpTAC0Sd0aqF99hgUbP/vT6MUkjKjThWKmu6yTaz7DUjHA6KXupogkmIzygXUMFjqjysyL6BB0ZpY/CWJonNCrU3xsZjpQaR4GZzCOqeS8X//O6qQ7P/YyJJNVUkOmhMOVIxyjvAfWZpETzsSGYSGayIjLEEhNt2iqbEtz5Ly+S1knNPa05N261fglTlOAADuEYXDiDOlxDA5pA4AGe4AVerUfr2Xqz3qejS9ZsZx/+wPr4AblUl1k=</latexit>

s 2 S
<latexit sha1_base64="Icc5PeyngjYh0VncZIdYuf84KPk=">AAACAnicbVDLSsNAFJ3UV62vqCtxM7QIVaEkgugy6MZlBZsWmhgm02k7dDIJMxMhhOLGT/AX3LhQxK1f4a5/4/Sx0NYDA+eecy937gkTRqWyrJFRWFpeWV0rrpc2Nre2d8zdPVfGqcCkgWMWi1aIJGGUk4aiipFWIgiKQkaa4eB67DcfiJA05ncqS4gfoR6nXYqR0lJgHrhB7iX0/mRYlcfQ6xHoBrrWRWBWrJo1AVwk9oxUnLJ3+jxysnpgfnudGKcR4QozJGXbthLl50goihkZlrxUkgThAeqRtqYcRUT6+eSEITzSSgd2Y6EfV3Ci/p7IUSRlFoW6M0KqL+e9sfif105V99LPKU9SRTieLuqmDKoYjvOAHSoIVizTBGFB9V8h7iOBsNKplXQI9vzJi8Q9q9nnNevWrjhXYIoiOARlUAU2uAAOuAF10AAYPIIX8AbejSfj1fgwPqetBWM2sw/+wPj6ASx6mPk=</latexit>

V⇡⇤(s) � V⇡(s)



What’s the best policy? Infinite horizon

• What if I don’t stop farming? Is there any optimal policy? 
• Theorem. There exists a (stationary) optimal policy    . I.e., 

for every policy    and for every state          , 
•              : expected reward if we make best actions in future 

• If we knew              , then: 
• Note: 

• Not linear in              , so not as easy to solve as 

<latexit sha1_base64="wQ+UfB7Bnx86e48rz8/CPe7bqv8=">AAAB73icbZDLSgMxFIbP1Futt6pLN6FFqBfKjCC6HHTjsgV7gXYsmTTThmYyY5IRhtKXEMGFIm59HXd9G9PLQlt/CHz8/znknOPHnClt22Mrs7K6tr6R3cxtbe/s7uX3D+oqSiShNRLxSDZ9rChngtY005w2Y0lx6HPa8Ae3k7zxRKVikbjXaUy9EPcECxjB2ljN6sNpSZ3jk06+aJftqdAyOHMouoX22cvYTSud/He7G5EkpEITjpVqOXasvSGWmhFOR7l2omiMyQD3aMugwCFV3nA67wgdG6eLgkiaJzSaur87hjhUKg19Uxli3VeL2cT8L2slOrj2hkzEiaaCzD4KEo50hCbLoy6TlGieGsBEMjMrIn0sMdHmRDlzBGdx5WWoX5Sdy7JddYruDcyUhSMoQAkcuAIX7qACNSDA4Rne4N16tF6tD+tzVpqx5j2H8EfW1w+e3ZIE</latexit>

Q⇤(s, a)

<latexit sha1_base64="PynpMBMypcBkJ9ndcifsRvIIcNk="></latexit>

Q⇤(s, a) = R(s, a) + �
P

s0 T (s, a, s
0)maxa0 Q⇤(s0, a0)

<latexit sha1_base64="wQ+UfB7Bnx86e48rz8/CPe7bqv8=">AAAB73icbZDLSgMxFIbP1Futt6pLN6FFqBfKjCC6HHTjsgV7gXYsmTTThmYyY5IRhtKXEMGFIm59HXd9G9PLQlt/CHz8/znknOPHnClt22Mrs7K6tr6R3cxtbe/s7uX3D+oqSiShNRLxSDZ9rChngtY005w2Y0lx6HPa8Ae3k7zxRKVikbjXaUy9EPcECxjB2ljN6sNpSZ3jk06+aJftqdAyOHMouoX22cvYTSud/He7G5EkpEITjpVqOXasvSGWmhFOR7l2omiMyQD3aMugwCFV3nA67wgdG6eLgkiaJzSaur87hjhUKg19Uxli3VeL2cT8L2slOrj2hkzEiaaCzD4KEo50hCbLoy6TlGieGsBEMjMrIn0sMdHmRDlzBGdx5WWoX5Sdy7JddYruDcyUhSMoQAkcuAIX7qACNSDA4Rne4N16tF6tD+tzVpqx5j2H8EfW1w+e3ZIE</latexit>

Q⇤(s, a)
<latexit sha1_base64="HYZMT8ctihBSj2PpXgUL5PsnarY=">AAACCHicbVC7SgNBFJ31GeNr1dLCIUFIVMKuINoIizaWCZgHZGO4O5kkQ2YfzMyKIaS0sfYvbCwUsfUT7PI3ziYpNPHAhcM593LvPV7EmVSWNTIWFpeWV1ZTa+n1jc2tbXNntyLDWBBaJiEPRc0DSTkLaFkxxWktEhR8j9Oq17tO/Oo9FZKFwa3qR7ThQydgbUZAaalpHrgRuzvKyTy+xC6IDnZ9eGgCLiXiCeSbZtYqWGPgeWJPSdbJuMfPI6dfbJrfbisksU8DRThIWbetSDUGIBQjnA7TbixpBKQHHVrXNACfysZg/MgQH2qlhduh0BUoPFZ/TwzAl7Lve7rTB9WVs14i/ufVY9W+aAxYEMWKBmSyqB1zrEKcpIJbTFCieF8TIILpWzHpggCidHZpHYI9+/I8qZwW7LOCVbKzzhWaIIX2UQblkI3OkYNuUBGVEUGP6AW9oXfjyXg1PozPSeuCMZ3ZQ39gfP0A4qGaUQ==</latexit>

⇡⇤(s) = argmaxa Q⇤(s, a)

<latexit sha1_base64="wQ+UfB7Bnx86e48rz8/CPe7bqv8=">AAAB73icbZDLSgMxFIbP1Futt6pLN6FFqBfKjCC6HHTjsgV7gXYsmTTThmYyY5IRhtKXEMGFIm59HXd9G9PLQlt/CHz8/znknOPHnClt22Mrs7K6tr6R3cxtbe/s7uX3D+oqSiShNRLxSDZ9rChngtY005w2Y0lx6HPa8Ae3k7zxRKVikbjXaUy9EPcECxjB2ljN6sNpSZ3jk06+aJftqdAyOHMouoX22cvYTSud/He7G5EkpEITjpVqOXasvSGWmhFOR7l2omiMyQD3aMugwCFV3nA67wgdG6eLgkiaJzSaur87hjhUKg19Uxli3VeL2cT8L2slOrj2hkzEiaaCzD4KEo50hCbLoy6TlGieGsBEMjMrIn0sMdHmRDlzBGdx5WWoX5Sdy7JddYruDcyUhSMoQAkcuAIX7qACNSDA4Rne4N16tF6tD+tzVpqx5j2H8EfW1w+e3ZIE</latexit>

Q⇤(s, a)
<latexit sha1_base64="kkkxo9ecjVhSSENXWqgPqhuik+Y=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSLUS0lE0WPRi8cK9gPbUDbbTbt0swm7E6GE/gsvHhTx6r/x5r9x2+agrQ8GHu/NMDMvSKQw6Lrfzsrq2vrGZmGruL2zu7dfOjhsmjjVjDdYLGPdDqjhUijeQIGStxPNaRRI3gpGt1O/9cS1EbF6wHHC/YgOlAgFo2ilx2Yv6yZiUjFnvVLZrbozkGXi5aQMOeq90le3H7M04gqZpMZ0PDdBP6MaBZN8UuymhieUjeiAdyxVNOLGz2YXT8ipVfokjLUthWSm/p7IaGTMOApsZ0RxaBa9qfif10kxvPYzoZIUuWLzRWEqCcZk+j7pC80ZyrEllGlhbyVsSDVlaEMq2hC8xZeXSfO86l1W3fuLcu0mj6MAx3ACFfDgCmpwB3VoAAMFz/AKb45xXpx352PeuuLkM0fwB87nDxeJkIg=</latexit>

V⇡(s)

rich soil

0.1 0.9

0.90.1

poor soil
plant:

rich soil

0.9 0.1

0.10.9

poor soil
fallow:

R(rich,plant)=100 
R(poor,plant)=10 
R(rich,fallow)=0 
R(poor,fallow)=0

4

<latexit sha1_base64="vKui/acWKbSZM4+cOOXcaV74TIU=">AAAB7HicbZDLSgMxFIbP1Fsdb1WXboJFEBdlRhDdiEU3Lis4baEdSybNtKGZTEgyQil9BjcuFHEl+Cru3YhvY3pZaOsPgY//P4eccyLJmTae9+3kFhaXllfyq+7a+sbmVmF7p6rTTBEakJSnqh5hTTkTNDDMcFqXiuIk4rQW9a5Gee2eKs1ScWv6koYJ7ggWM4KNtYKmZHdHrULRK3ljoXnwp1C8+HDP5duXW2kVPpvtlGQJFYZwrHXD96QJB1gZRjgdus1MU4lJD3dow6LACdXhYDzsEB1Yp43iVNknDBq7vzsGONG6n0S2MsGmq2ezkflf1shMfBYOmJCZoYJMPoozjkyKRpujNlOUGN63gIlidlZEulhhYux9XHsEf3bleagel/yTknfjF8uXMFEe9mAfDsGHUyjDNVQgAAIMHuAJnh3hPDovzuukNOdMe3bhj5z3H8uvkas=</latexit>

⇡⇤
<latexit sha1_base64="oMKigNas0rdcm1+IyPhQih1LZMA=">AAAB6nicbZDLSgMxFIbP1Fsdb1WXboJFcFVmBKkbsejGZUV7gXYomTTThmYyIckIZegjuHGhiEt9F/duxLcxvSy09YfAx/+fQ845oeRMG8/7dnJLyyura/l1d2Nza3unsLtX10mqCK2RhCeqGWJNORO0ZpjhtCkVxXHIaSMcXI3zxj1VmiXizgwlDWLcEyxiBBtr3bYl6xSKXsmbCC2CP4PixYd7Lt++3Gqn8NnuJiSNqTCEY61bvidNkGFlGOF05LZTTSUmA9yjLYsCx1QH2WTUETqyThdFibJPGDRxf3dkONZ6GIe2Msamr+ezsflf1kpNdBZkTMjUUEGmH0UpRyZB471RlylKDB9awEQxOysifawwMfY6rj2CP7/yItRPSv5pybvxi5VLmCoPB3AIx+BDGSpwDVWoAYEePMATPDvceXRenNdpac6Z9ezDHznvP7DmkQ8=</latexit>⇡

<latexit sha1_base64="CO5QR38HRCsNtIkVegBJk5WmxE4=">AAAB+nicbVDLSsNAFL3xWesr1aWbwSK4KokgurPoxmVF+4AmlMl00g6dTMLMRCmxn+LGhSJu/RJ3foo7J2kX2npg4HDOvdwzJ0g4U9pxvqyl5ZXVtfXSRnlza3tn167stVScSkKbJOax7ARYUc4EbWqmOe0kkuIo4LQdjK5yv31PpWKxuNPjhPoRHggWMoK1kXp2RSGPCeRFWA8J5tntpGdXnZpTAC0Sd0aqF99hgUbP/vT6MUkjKjThWKmu6yTaz7DUjHA6KXupogkmIzygXUMFjqjysyL6BB0ZpY/CWJonNCrU3xsZjpQaR4GZzCOqeS8X//O6qQ7P/YyJJNVUkOmhMOVIxyjvAfWZpETzsSGYSGayIjLEEhNt2iqbEtz5Ly+S1knNPa05N261fglTlOAADuEYXDiDOlxDA5pA4AGe4AVerUfr2Xqz3qejS9ZsZx/+wPr4AblUl1k=</latexit>

s 2 S
<latexit sha1_base64="Icc5PeyngjYh0VncZIdYuf84KPk=">AAACAnicbVDLSsNAFJ3UV62vqCtxM7QIVaEkgugy6MZlBZsWmhgm02k7dDIJMxMhhOLGT/AX3LhQxK1f4a5/4/Sx0NYDA+eecy937gkTRqWyrJFRWFpeWV0rrpc2Nre2d8zdPVfGqcCkgWMWi1aIJGGUk4aiipFWIgiKQkaa4eB67DcfiJA05ncqS4gfoR6nXYqR0lJgHrhB7iX0/mRYlcfQ6xHoBrrWRWBWrJo1AVwk9oxUnLJ3+jxysnpgfnudGKcR4QozJGXbthLl50goihkZlrxUkgThAeqRtqYcRUT6+eSEITzSSgd2Y6EfV3Ci/p7IUSRlFoW6M0KqL+e9sfif105V99LPKU9SRTieLuqmDKoYjvOAHSoIVizTBGFB9V8h7iOBsNKplXQI9vzJi8Q9q9nnNevWrjhXYIoiOARlUAU2uAAOuAF10AAYPIIX8AbejSfj1fgwPqetBWM2sw/+wPj6ASx6mPk=</latexit>

V⇡⇤(s) � V⇡(s)



What’s the best policy? Infinite horizon

• What if I don’t stop farming? Is there any optimal policy? 
• Theorem. There exists a (stationary) optimal policy    . I.e., 

for every policy    and for every state          , 
•              : expected reward if we make best actions in future 

• If we knew              , then: 
• Note: 

• Not linear in              , so not as easy to solve as 

<latexit sha1_base64="wQ+UfB7Bnx86e48rz8/CPe7bqv8=">AAAB73icbZDLSgMxFIbP1Futt6pLN6FFqBfKjCC6HHTjsgV7gXYsmTTThmYyY5IRhtKXEMGFIm59HXd9G9PLQlt/CHz8/znknOPHnClt22Mrs7K6tr6R3cxtbe/s7uX3D+oqSiShNRLxSDZ9rChngtY005w2Y0lx6HPa8Ae3k7zxRKVikbjXaUy9EPcECxjB2ljN6sNpSZ3jk06+aJftqdAyOHMouoX22cvYTSud/He7G5EkpEITjpVqOXasvSGWmhFOR7l2omiMyQD3aMugwCFV3nA67wgdG6eLgkiaJzSaur87hjhUKg19Uxli3VeL2cT8L2slOrj2hkzEiaaCzD4KEo50hCbLoy6TlGieGsBEMjMrIn0sMdHmRDlzBGdx5WWoX5Sdy7JddYruDcyUhSMoQAkcuAIX7qACNSDA4Rne4N16tF6tD+tzVpqx5j2H8EfW1w+e3ZIE</latexit>

Q⇤(s, a)

<latexit sha1_base64="PynpMBMypcBkJ9ndcifsRvIIcNk="></latexit>

Q⇤(s, a) = R(s, a) + �
P

s0 T (s, a, s
0)maxa0 Q⇤(s0, a0)

<latexit sha1_base64="wQ+UfB7Bnx86e48rz8/CPe7bqv8=">AAAB73icbZDLSgMxFIbP1Futt6pLN6FFqBfKjCC6HHTjsgV7gXYsmTTThmYyY5IRhtKXEMGFIm59HXd9G9PLQlt/CHz8/znknOPHnClt22Mrs7K6tr6R3cxtbe/s7uX3D+oqSiShNRLxSDZ9rChngtY005w2Y0lx6HPa8Ae3k7zxRKVikbjXaUy9EPcECxjB2ljN6sNpSZ3jk06+aJftqdAyOHMouoX22cvYTSud/He7G5EkpEITjpVqOXasvSGWmhFOR7l2omiMyQD3aMugwCFV3nA67wgdG6eLgkiaJzSaur87hjhUKg19Uxli3VeL2cT8L2slOrj2hkzEiaaCzD4KEo50hCbLoy6TlGieGsBEMjMrIn0sMdHmRDlzBGdx5WWoX5Sdy7JddYruDcyUhSMoQAkcuAIX7qACNSDA4Rne4N16tF6tD+tzVpqx5j2H8EfW1w+e3ZIE</latexit>

Q⇤(s, a)
<latexit sha1_base64="HYZMT8ctihBSj2PpXgUL5PsnarY=">AAACCHicbVC7SgNBFJ31GeNr1dLCIUFIVMKuINoIizaWCZgHZGO4O5kkQ2YfzMyKIaS0sfYvbCwUsfUT7PI3ziYpNPHAhcM593LvPV7EmVSWNTIWFpeWV1ZTa+n1jc2tbXNntyLDWBBaJiEPRc0DSTkLaFkxxWktEhR8j9Oq17tO/Oo9FZKFwa3qR7ThQydgbUZAaalpHrgRuzvKyTy+xC6IDnZ9eGgCLiXiCeSbZtYqWGPgeWJPSdbJuMfPI6dfbJrfbisksU8DRThIWbetSDUGIBQjnA7TbixpBKQHHVrXNACfysZg/MgQH2qlhduh0BUoPFZ/TwzAl7Lve7rTB9WVs14i/ufVY9W+aAxYEMWKBmSyqB1zrEKcpIJbTFCieF8TIILpWzHpggCidHZpHYI9+/I8qZwW7LOCVbKzzhWaIIX2UQblkI3OkYNuUBGVEUGP6AW9oXfjyXg1PozPSeuCMZ3ZQ39gfP0A4qGaUQ==</latexit>

⇡⇤(s) = argmaxa Q⇤(s, a)

<latexit sha1_base64="wQ+UfB7Bnx86e48rz8/CPe7bqv8=">AAAB73icbZDLSgMxFIbP1Futt6pLN6FFqBfKjCC6HHTjsgV7gXYsmTTThmYyY5IRhtKXEMGFIm59HXd9G9PLQlt/CHz8/znknOPHnClt22Mrs7K6tr6R3cxtbe/s7uX3D+oqSiShNRLxSDZ9rChngtY005w2Y0lx6HPa8Ae3k7zxRKVikbjXaUy9EPcECxjB2ljN6sNpSZ3jk06+aJftqdAyOHMouoX22cvYTSud/He7G5EkpEITjpVqOXasvSGWmhFOR7l2omiMyQD3aMugwCFV3nA67wgdG6eLgkiaJzSaur87hjhUKg19Uxli3VeL2cT8L2slOrj2hkzEiaaCzD4KEo50hCbLoy6TlGieGsBEMjMrIn0sMdHmRDlzBGdx5WWoX5Sdy7JddYruDcyUhSMoQAkcuAIX7qACNSDA4Rne4N16tF6tD+tzVpqx5j2H8EfW1w+e3ZIE</latexit>

Q⇤(s, a)
<latexit sha1_base64="kkkxo9ecjVhSSENXWqgPqhuik+Y=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSLUS0lE0WPRi8cK9gPbUDbbTbt0swm7E6GE/gsvHhTx6r/x5r9x2+agrQ8GHu/NMDMvSKQw6Lrfzsrq2vrGZmGruL2zu7dfOjhsmjjVjDdYLGPdDqjhUijeQIGStxPNaRRI3gpGt1O/9cS1EbF6wHHC/YgOlAgFo2ilx2Yv6yZiUjFnvVLZrbozkGXi5aQMOeq90le3H7M04gqZpMZ0PDdBP6MaBZN8UuymhieUjeiAdyxVNOLGz2YXT8ipVfokjLUthWSm/p7IaGTMOApsZ0RxaBa9qfif10kxvPYzoZIUuWLzRWEqCcZk+j7pC80ZyrEllGlhbyVsSDVlaEMq2hC8xZeXSfO86l1W3fuLcu0mj6MAx3ACFfDgCmpwB3VoAAMFz/AKb45xXpx352PeuuLkM0fwB87nDxeJkIg=</latexit>

V⇡(s)

rich soil

0.1 0.9

0.90.1

poor soil
plant:

rich soil

0.9 0.1

0.10.9

poor soil
fallow:

R(rich,plant)=100 
R(poor,plant)=10 
R(rich,fallow)=0 
R(poor,fallow)=0

There can be more than one optimal policy. 
Exercise: give an infinite-horizon example.4

<latexit sha1_base64="vKui/acWKbSZM4+cOOXcaV74TIU=">AAAB7HicbZDLSgMxFIbP1Fsdb1WXboJFEBdlRhDdiEU3Lis4baEdSybNtKGZTEgyQil9BjcuFHEl+Cru3YhvY3pZaOsPgY//P4eccyLJmTae9+3kFhaXllfyq+7a+sbmVmF7p6rTTBEakJSnqh5hTTkTNDDMcFqXiuIk4rQW9a5Gee2eKs1ScWv6koYJ7ggWM4KNtYKmZHdHrULRK3ljoXnwp1C8+HDP5duXW2kVPpvtlGQJFYZwrHXD96QJB1gZRjgdus1MU4lJD3dow6LACdXhYDzsEB1Yp43iVNknDBq7vzsGONG6n0S2MsGmq2ezkflf1shMfBYOmJCZoYJMPoozjkyKRpujNlOUGN63gIlidlZEulhhYux9XHsEf3bleagel/yTknfjF8uXMFEe9mAfDsGHUyjDNVQgAAIMHuAJnh3hPDovzuukNOdMe3bhj5z3H8uvkas=</latexit>

⇡⇤
<latexit sha1_base64="oMKigNas0rdcm1+IyPhQih1LZMA=">AAAB6nicbZDLSgMxFIbP1Fsdb1WXboJFcFVmBKkbsejGZUV7gXYomTTThmYyIckIZegjuHGhiEt9F/duxLcxvSy09YfAx/+fQ845oeRMG8/7dnJLyyura/l1d2Nza3unsLtX10mqCK2RhCeqGWJNORO0ZpjhtCkVxXHIaSMcXI3zxj1VmiXizgwlDWLcEyxiBBtr3bYl6xSKXsmbCC2CP4PixYd7Lt++3Gqn8NnuJiSNqTCEY61bvidNkGFlGOF05LZTTSUmA9yjLYsCx1QH2WTUETqyThdFibJPGDRxf3dkONZ6GIe2Msamr+ezsflf1kpNdBZkTMjUUEGmH0UpRyZB471RlylKDB9awEQxOysifawwMfY6rj2CP7/yItRPSv5pybvxi5VLmCoPB3AIx+BDGSpwDVWoAYEePMATPDvceXRenNdpac6Z9ezDHznvP7DmkQ8=</latexit>⇡

<latexit sha1_base64="CO5QR38HRCsNtIkVegBJk5WmxE4=">AAAB+nicbVDLSsNAFL3xWesr1aWbwSK4KokgurPoxmVF+4AmlMl00g6dTMLMRCmxn+LGhSJu/RJ3foo7J2kX2npg4HDOvdwzJ0g4U9pxvqyl5ZXVtfXSRnlza3tn167stVScSkKbJOax7ARYUc4EbWqmOe0kkuIo4LQdjK5yv31PpWKxuNPjhPoRHggWMoK1kXp2RSGPCeRFWA8J5tntpGdXnZpTAC0Sd0aqF99hgUbP/vT6MUkjKjThWKmu6yTaz7DUjHA6KXupogkmIzygXUMFjqjysyL6BB0ZpY/CWJonNCrU3xsZjpQaR4GZzCOqeS8X//O6qQ7P/YyJJNVUkOmhMOVIxyjvAfWZpETzsSGYSGayIjLEEhNt2iqbEtz5Ly+S1knNPa05N261fglTlOAADuEYXDiDOlxDA5pA4AGe4AVerUfr2Xqz3qejS9ZsZx/+wPr4AblUl1k=</latexit>

s 2 S
<latexit sha1_base64="Icc5PeyngjYh0VncZIdYuf84KPk=">AAACAnicbVDLSsNAFJ3UV62vqCtxM7QIVaEkgugy6MZlBZsWmhgm02k7dDIJMxMhhOLGT/AX3LhQxK1f4a5/4/Sx0NYDA+eecy937gkTRqWyrJFRWFpeWV0rrpc2Nre2d8zdPVfGqcCkgWMWi1aIJGGUk4aiipFWIgiKQkaa4eB67DcfiJA05ncqS4gfoR6nXYqR0lJgHrhB7iX0/mRYlcfQ6xHoBrrWRWBWrJo1AVwk9oxUnLJ3+jxysnpgfnudGKcR4QozJGXbthLl50goihkZlrxUkgThAeqRtqYcRUT6+eSEITzSSgd2Y6EfV3Ci/p7IUSRlFoW6M0KqL+e9sfif105V99LPKU9SRTieLuqmDKoYjvOAHSoIVizTBGFB9V8h7iOBsNKplXQI9vzJi8Q9q9nnNevWrjhXYIoiOARlUAU2uAAOuAF10AAYPIIX8AbejSfj1fgwPqetBWM2sw/+wPj6ASx6mPk=</latexit>

V⇡⇤(s) � V⇡(s)



Infinite-Horizon Value Iteration
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Infinite-Horizon Value Iteration
• Recall the finite-horizon case:

5



Infinite-Horizon Value Iteration
• Recall the finite-horizon case:

<latexit sha1_base64="CWgwnEz06NPXNmSaX0Ykp/5FhDM=">AAAB83icbVDLSgNBEOyNrxhfUY9ehgQhooRZQfQiLHrxmIB5QHYNs5PZZMjsg5lZISz5C/HiQRGv/oy3/I2TxIMmFjQUVd10d/mJ4EpjPLFyK6tr6xv5zcLW9s7uXnH/oKniVFLWoLGIZdsnigkesYbmWrB2IhkJfcFa/vB26rcemVQ8ju71KGFeSPoRDzgl2khu/QFX1Bk5QdcId4tlXMUzoGVi/5CyU3JPnybOqNYtfrm9mKYhizQVRKmOjRPtZURqTgUbF9xUsYTQIemzjqERCZnystnNY3RslB4KYmkq0mim/p7ISKjUKPRNZ0j0QC16U/E/r5Pq4MrLeJSkmkV0vihIBdIxmgaAelwyqsXIEEIlN7ciOiCSUG1iKpgQ7MWXl0nzvGpfVHHdLjs3MEcejqAEFbDhEhy4gxo0gEICz/AKb1ZqvVjv1se8NWf9zBzCH1if30vzkt8=</latexit>

Q0(s, a) = 0
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Infinite-Horizon Value Iteration
• Recall the finite-horizon case:

<latexit sha1_base64="xRQ7owhtbXbwONxDs6ML9ZDEwXE=">AAAB+nicbZDLSsNAFIYn9VbrLdWlm6FFqCglEUQ3QtCNy1bsBdpYJtNJO3QyCTMTJcS+hVs3LhRx65O469s4TbvQ6g8DH/85h3Pm9yJGpbKsiZFbWl5ZXcuvFzY2t7Z3zOJuU4axwKSBQxaKtockYZSThqKKkXYkCAo8Rlre6Gpab90TIWnIb1USETdAA059ipHSVs8s1u/sijxGh/AC3mTQM8tW1coE/4I9h7JT6h49TZyk1jO/uv0QxwHhCjMkZce2IuWmSCiKGRkXurEkEcIjNCAdjRwFRLppdvoYHminD/1Q6McVzNyfEykKpEwCT3cGSA3lYm1q/lfrxMo/d1PKo1gRjmeL/JhBFcJpDrBPBcGKJRoQFlTfCvEQCYSVTqugQ7AXv/wXmidV+7Rq1e2ycwlmyoN9UAIVYIMz4IBrUAMNgMEDeAav4M14NF6Md+Nj1poz5jN74JeMz2/ClJS2</latexit>

Q1(s, a) = R(s, a)

<latexit sha1_base64="CWgwnEz06NPXNmSaX0Ykp/5FhDM=">AAAB83icbVDLSgNBEOyNrxhfUY9ehgQhooRZQfQiLHrxmIB5QHYNs5PZZMjsg5lZISz5C/HiQRGv/oy3/I2TxIMmFjQUVd10d/mJ4EpjPLFyK6tr6xv5zcLW9s7uXnH/oKniVFLWoLGIZdsnigkesYbmWrB2IhkJfcFa/vB26rcemVQ8ju71KGFeSPoRDzgl2khu/QFX1Bk5QdcId4tlXMUzoGVi/5CyU3JPnybOqNYtfrm9mKYhizQVRKmOjRPtZURqTgUbF9xUsYTQIemzjqERCZnystnNY3RslB4KYmkq0mim/p7ISKjUKPRNZ0j0QC16U/E/r5Pq4MrLeJSkmkV0vihIBdIxmgaAelwyqsXIEEIlN7ciOiCSUG1iKpgQ7MWXl0nzvGpfVHHdLjs3MEcejqAEFbDhEhy4gxo0gEICz/AKb1ZqvVjv1se8NWf9zBzCH1if30vzkt8=</latexit>

Q0(s, a) = 0

5



Infinite-Horizon Value Iteration
• Recall the finite-horizon case:

<latexit sha1_base64="6i0abvikUutnlHEgoKC/8UbBjHI="></latexit>

Qh(s, a) = R(s, a) +
P

s0 T (s, a, s
0)maxa0 Qh�1(s0, a0)

<latexit sha1_base64="xRQ7owhtbXbwONxDs6ML9ZDEwXE=">AAAB+nicbZDLSsNAFIYn9VbrLdWlm6FFqCglEUQ3QtCNy1bsBdpYJtNJO3QyCTMTJcS+hVs3LhRx65O469s4TbvQ6g8DH/85h3Pm9yJGpbKsiZFbWl5ZXcuvFzY2t7Z3zOJuU4axwKSBQxaKtockYZSThqKKkXYkCAo8Rlre6Gpab90TIWnIb1USETdAA059ipHSVs8s1u/sijxGh/AC3mTQM8tW1coE/4I9h7JT6h49TZyk1jO/uv0QxwHhCjMkZce2IuWmSCiKGRkXurEkEcIjNCAdjRwFRLppdvoYHminD/1Q6McVzNyfEykKpEwCT3cGSA3lYm1q/lfrxMo/d1PKo1gRjmeL/JhBFcJpDrBPBcGKJRoQFlTfCvEQCYSVTqugQ7AXv/wXmidV+7Rq1e2ycwlmyoN9UAIVYIMz4IBrUAMNgMEDeAav4M14NF6Md+Nj1poz5jN74JeMz2/ClJS2</latexit>

Q1(s, a) = R(s, a)

<latexit sha1_base64="CWgwnEz06NPXNmSaX0Ykp/5FhDM=">AAAB83icbVDLSgNBEOyNrxhfUY9ehgQhooRZQfQiLHrxmIB5QHYNs5PZZMjsg5lZISz5C/HiQRGv/oy3/I2TxIMmFjQUVd10d/mJ4EpjPLFyK6tr6xv5zcLW9s7uXnH/oKniVFLWoLGIZdsnigkesYbmWrB2IhkJfcFa/vB26rcemVQ8ju71KGFeSPoRDzgl2khu/QFX1Bk5QdcId4tlXMUzoGVi/5CyU3JPnybOqNYtfrm9mKYhizQVRKmOjRPtZURqTgUbF9xUsYTQIemzjqERCZnystnNY3RslB4KYmkq0mim/p7ISKjUKPRNZ0j0QC16U/E/r5Pq4MrLeJSkmkV0vihIBdIxmgaAelwyqsXIEEIlN7ciOiCSUG1iKpgQ7MWXl0nzvGpfVHHdLjs3MEcejqAEFbDhEhy4gxo0gEICz/AKb1ZqvVjv1se8NWf9zBzCH1if30vzkt8=</latexit>

Q0(s, a) = 0
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Infinite-Horizon Value Iteration
• Recall the finite-horizon case:

<latexit sha1_base64="xRQ7owhtbXbwONxDs6ML9ZDEwXE=">AAAB+nicbZDLSsNAFIYn9VbrLdWlm6FFqCglEUQ3QtCNy1bsBdpYJtNJO3QyCTMTJcS+hVs3LhRx65O469s4TbvQ6g8DH/85h3Pm9yJGpbKsiZFbWl5ZXcuvFzY2t7Z3zOJuU4axwKSBQxaKtockYZSThqKKkXYkCAo8Rlre6Gpab90TIWnIb1USETdAA059ipHSVs8s1u/sijxGh/AC3mTQM8tW1coE/4I9h7JT6h49TZyk1jO/uv0QxwHhCjMkZce2IuWmSCiKGRkXurEkEcIjNCAdjRwFRLppdvoYHminD/1Q6McVzNyfEykKpEwCT3cGSA3lYm1q/lfrxMo/d1PKo1gRjmeL/JhBFcJpDrBPBcGKJRoQFlTfCvEQCYSVTqugQ7AXv/wXmidV+7Rq1e2ycwlmyoN9UAIVYIMz4IBrUAMNgMEDeAav4M14NF6Md+Nj1poz5jN74JeMz2/ClJS2</latexit>

Q1(s, a) = R(s, a)

<latexit sha1_base64="CWgwnEz06NPXNmSaX0Ykp/5FhDM=">AAAB83icbVDLSgNBEOyNrxhfUY9ehgQhooRZQfQiLHrxmIB5QHYNs5PZZMjsg5lZISz5C/HiQRGv/oy3/I2TxIMmFjQUVd10d/mJ4EpjPLFyK6tr6xv5zcLW9s7uXnH/oKniVFLWoLGIZdsnigkesYbmWrB2IhkJfcFa/vB26rcemVQ8ju71KGFeSPoRDzgl2khu/QFX1Bk5QdcId4tlXMUzoGVi/5CyU3JPnybOqNYtfrm9mKYhizQVRKmOjRPtZURqTgUbF9xUsYTQIemzjqERCZnystnNY3RslB4KYmkq0mim/p7ISKjUKPRNZ0j0QC16U/E/r5Pq4MrLeJSkmkV0vihIBdIxmgaAelwyqsXIEEIlN7ciOiCSUG1iKpgQ7MWXl0nzvGpfVHHdLjs3MEcejqAEFbDhEhy4gxo0gEICz/AKb1ZqvVjv1se8NWf9zBzCH1if30vzkt8=</latexit>

Q0(s, a) = 0

5

<latexit sha1_base64="6Hl5qppA41CIPXFfAtVYGpkQjQQ="></latexit>

Qh(s, a) = R(s, a) + �
P

s0 T (s, a, s
0)maxa0 Qh�1(s0, a0)



Infinite-Horizon Value Iteration
• Recall the finite-horizon case:

<latexit sha1_base64="xRQ7owhtbXbwONxDs6ML9ZDEwXE=">AAAB+nicbZDLSsNAFIYn9VbrLdWlm6FFqCglEUQ3QtCNy1bsBdpYJtNJO3QyCTMTJcS+hVs3LhRx65O469s4TbvQ6g8DH/85h3Pm9yJGpbKsiZFbWl5ZXcuvFzY2t7Z3zOJuU4axwKSBQxaKtockYZSThqKKkXYkCAo8Rlre6Gpab90TIWnIb1USETdAA059ipHSVs8s1u/sijxGh/AC3mTQM8tW1coE/4I9h7JT6h49TZyk1jO/uv0QxwHhCjMkZce2IuWmSCiKGRkXurEkEcIjNCAdjRwFRLppdvoYHminD/1Q6McVzNyfEykKpEwCT3cGSA3lYm1q/lfrxMo/d1PKo1gRjmeL/JhBFcJpDrBPBcGKJRoQFlTfCvEQCYSVTqugQ7AXv/wXmidV+7Rq1e2ycwlmyoN9UAIVYIMz4IBrUAMNgMEDeAav4M14NF6Md+Nj1poz5jN74JeMz2/ClJS2</latexit>

Q1(s, a) = R(s, a)

<latexit sha1_base64="CWgwnEz06NPXNmSaX0Ykp/5FhDM=">AAAB83icbVDLSgNBEOyNrxhfUY9ehgQhooRZQfQiLHrxmIB5QHYNs5PZZMjsg5lZISz5C/HiQRGv/oy3/I2TxIMmFjQUVd10d/mJ4EpjPLFyK6tr6xv5zcLW9s7uXnH/oKniVFLWoLGIZdsnigkesYbmWrB2IhkJfcFa/vB26rcemVQ8ju71KGFeSPoRDzgl2khu/QFX1Bk5QdcId4tlXMUzoGVi/5CyU3JPnybOqNYtfrm9mKYhizQVRKmOjRPtZURqTgUbF9xUsYTQIemzjqERCZnystnNY3RslB4KYmkq0mim/p7ISKjUKPRNZ0j0QC16U/E/r5Pq4MrLeJSkmkV0vihIBdIxmgaAelwyqsXIEEIlN7ciOiCSUG1iKpgQ7MWXl0nzvGpfVHHdLjs3MEcejqAEFbDhEhy4gxo0gEICz/AKb1ZqvVjv1se8NWf9zBzCH1if30vzkt8=</latexit>

Q0(s, a) = 0

• A similar flavor for the infinite-horizon case:

5

<latexit sha1_base64="6Hl5qppA41CIPXFfAtVYGpkQjQQ="></latexit>

Qh(s, a) = R(s, a) + �
P

s0 T (s, a, s
0)maxa0 Qh�1(s0, a0)



Infinite-Horizon Value Iteration
• Recall the finite-horizon case:

<latexit sha1_base64="xRQ7owhtbXbwONxDs6ML9ZDEwXE=">AAAB+nicbZDLSsNAFIYn9VbrLdWlm6FFqCglEUQ3QtCNy1bsBdpYJtNJO3QyCTMTJcS+hVs3LhRx65O469s4TbvQ6g8DH/85h3Pm9yJGpbKsiZFbWl5ZXcuvFzY2t7Z3zOJuU4axwKSBQxaKtockYZSThqKKkXYkCAo8Rlre6Gpab90TIWnIb1USETdAA059ipHSVs8s1u/sijxGh/AC3mTQM8tW1coE/4I9h7JT6h49TZyk1jO/uv0QxwHhCjMkZce2IuWmSCiKGRkXurEkEcIjNCAdjRwFRLppdvoYHminD/1Q6McVzNyfEykKpEwCT3cGSA3lYm1q/lfrxMo/d1PKo1gRjmeL/JhBFcJpDrBPBcGKJRoQFlTfCvEQCYSVTqugQ7AXv/wXmidV+7Rq1e2ycwlmyoN9UAIVYIMz4IBrUAMNgMEDeAav4M14NF6Md+Nj1poz5jN74JeMz2/ClJS2</latexit>

Q1(s, a) = R(s, a)

<latexit sha1_base64="CWgwnEz06NPXNmSaX0Ykp/5FhDM=">AAAB83icbVDLSgNBEOyNrxhfUY9ehgQhooRZQfQiLHrxmIB5QHYNs5PZZMjsg5lZISz5C/HiQRGv/oy3/I2TxIMmFjQUVd10d/mJ4EpjPLFyK6tr6xv5zcLW9s7uXnH/oKniVFLWoLGIZdsnigkesYbmWrB2IhkJfcFa/vB26rcemVQ8ju71KGFeSPoRDzgl2khu/QFX1Bk5QdcId4tlXMUzoGVi/5CyU3JPnybOqNYtfrm9mKYhizQVRKmOjRPtZURqTgUbF9xUsYTQIemzjqERCZnystnNY3RslB4KYmkq0mim/p7ISKjUKPRNZ0j0QC16U/E/r5Pq4MrLeJSkmkV0vihIBdIxmgaAelwyqsXIEEIlN7ciOiCSUG1iKpgQ7MWXl0nzvGpfVHHdLjs3MEcejqAEFbDhEhy4gxo0gEICz/AKb1ZqvVjv1se8NWf9zBzCH1if30vzkt8=</latexit>

Q0(s, a) = 0

• A similar flavor for the infinite-horizon case:
Infinite-Horizon-Value-Iteration(          )

<latexit sha1_base64="U+3YkbplyqTs4iSrIGuxwUk6Cx8=">AAACGXicbVBNSwMxEM36WetX1aMiwSJ4KGVXED1WvXhstV/QljKbpm1osrskWaEsPfoXvPhHevDiQRGPevI3+CfMtkW0dSDkzZt5zMxzA86Utu1Pa25+YXFpObGSXF1b39hMbW2XlR9KQkvE576suqAoZx4taaY5rQaSgnA5rbi9y7heuaVSMd8r6n5AGwI6HmszAtpQzZRdF6C7BHh0M8jgn+TcJMUMvjZUB4QA89NAMR5L0nbWHgWeBc4EpHN7w8LX3f4w30y911s+CQX1NOGgVM2xA92IQGpGOB0k66GiAZAedGjNQA8EVY1odNkAHxqmhdu+NM/TeMT+VkQglOoL13TGq6vpWkz+V6uFun3WiJgXhJp6ZDyoHXKsfRzbhFtMUqJ53wAgkpldMemCBKKNmUljgjN98iwoH2edk6xdcNK5CzSOBNpFB+gIOegU5dAVyqMSIugePaJn9GI9WE/Wq/U2bp2zJpod9Cesj29pz6L+</latexit>

S,A, T, R, �, ✏

5

<latexit sha1_base64="6Hl5qppA41CIPXFfAtVYGpkQjQQ="></latexit>

Qh(s, a) = R(s, a) + �
P

s0 T (s, a, s
0)maxa0 Qh�1(s0, a0)



Infinite-Horizon Value Iteration
• Recall the finite-horizon case:

<latexit sha1_base64="xRQ7owhtbXbwONxDs6ML9ZDEwXE=">AAAB+nicbZDLSsNAFIYn9VbrLdWlm6FFqCglEUQ3QtCNy1bsBdpYJtNJO3QyCTMTJcS+hVs3LhRx65O469s4TbvQ6g8DH/85h3Pm9yJGpbKsiZFbWl5ZXcuvFzY2t7Z3zOJuU4axwKSBQxaKtockYZSThqKKkXYkCAo8Rlre6Gpab90TIWnIb1USETdAA059ipHSVs8s1u/sijxGh/AC3mTQM8tW1coE/4I9h7JT6h49TZyk1jO/uv0QxwHhCjMkZce2IuWmSCiKGRkXurEkEcIjNCAdjRwFRLppdvoYHminD/1Q6McVzNyfEykKpEwCT3cGSA3lYm1q/lfrxMo/d1PKo1gRjmeL/JhBFcJpDrBPBcGKJRoQFlTfCvEQCYSVTqugQ7AXv/wXmidV+7Rq1e2ycwlmyoN9UAIVYIMz4IBrUAMNgMEDeAav4M14NF6Md+Nj1poz5jN74JeMz2/ClJS2</latexit>

Q1(s, a) = R(s, a)

<latexit sha1_base64="CWgwnEz06NPXNmSaX0Ykp/5FhDM=">AAAB83icbVDLSgNBEOyNrxhfUY9ehgQhooRZQfQiLHrxmIB5QHYNs5PZZMjsg5lZISz5C/HiQRGv/oy3/I2TxIMmFjQUVd10d/mJ4EpjPLFyK6tr6xv5zcLW9s7uXnH/oKniVFLWoLGIZdsnigkesYbmWrB2IhkJfcFa/vB26rcemVQ8ju71KGFeSPoRDzgl2khu/QFX1Bk5QdcId4tlXMUzoGVi/5CyU3JPnybOqNYtfrm9mKYhizQVRKmOjRPtZURqTgUbF9xUsYTQIemzjqERCZnystnNY3RslB4KYmkq0mim/p7ISKjUKPRNZ0j0QC16U/E/r5Pq4MrLeJSkmkV0vihIBdIxmgaAelwyqsXIEEIlN7ciOiCSUG1iKpgQ7MWXl0nzvGpfVHHdLjs3MEcejqAEFbDhEhy4gxo0gEICz/AKb1ZqvVjv1se8NWf9zBzCH1if30vzkt8=</latexit>

Q0(s, a) = 0

• A similar flavor for the infinite-horizon case:
Infinite-Horizon-Value-Iteration(          )

<latexit sha1_base64="U+3YkbplyqTs4iSrIGuxwUk6Cx8=">AAACGXicbVBNSwMxEM36WetX1aMiwSJ4KGVXED1WvXhstV/QljKbpm1osrskWaEsPfoXvPhHevDiQRGPevI3+CfMtkW0dSDkzZt5zMxzA86Utu1Pa25+YXFpObGSXF1b39hMbW2XlR9KQkvE576suqAoZx4taaY5rQaSgnA5rbi9y7heuaVSMd8r6n5AGwI6HmszAtpQzZRdF6C7BHh0M8jgn+TcJMUMvjZUB4QA89NAMR5L0nbWHgWeBc4EpHN7w8LX3f4w30y911s+CQX1NOGgVM2xA92IQGpGOB0k66GiAZAedGjNQA8EVY1odNkAHxqmhdu+NM/TeMT+VkQglOoL13TGq6vpWkz+V6uFun3WiJgXhJp6ZDyoHXKsfRzbhFtMUqJ53wAgkpldMemCBKKNmUljgjN98iwoH2edk6xdcNK5CzSOBNpFB+gIOegU5dAVyqMSIugePaJn9GI9WE/Wq/U2bp2zJpod9Cesj29pz6L+</latexit>

S,A, T, R, �, ✏

5

<latexit sha1_base64="6Hl5qppA41CIPXFfAtVYGpkQjQQ="></latexit>

Qh(s, a) = R(s, a) + �
P

s0 T (s, a, s
0)maxa0 Qh�1(s0, a0)



Infinite-Horizon Value Iteration
• Recall the finite-horizon case:

<latexit sha1_base64="xRQ7owhtbXbwONxDs6ML9ZDEwXE=">AAAB+nicbZDLSsNAFIYn9VbrLdWlm6FFqCglEUQ3QtCNy1bsBdpYJtNJO3QyCTMTJcS+hVs3LhRx65O469s4TbvQ6g8DH/85h3Pm9yJGpbKsiZFbWl5ZXcuvFzY2t7Z3zOJuU4axwKSBQxaKtockYZSThqKKkXYkCAo8Rlre6Gpab90TIWnIb1USETdAA059ipHSVs8s1u/sijxGh/AC3mTQM8tW1coE/4I9h7JT6h49TZyk1jO/uv0QxwHhCjMkZce2IuWmSCiKGRkXurEkEcIjNCAdjRwFRLppdvoYHminD/1Q6McVzNyfEykKpEwCT3cGSA3lYm1q/lfrxMo/d1PKo1gRjmeL/JhBFcJpDrBPBcGKJRoQFlTfCvEQCYSVTqugQ7AXv/wXmidV+7Rq1e2ycwlmyoN9UAIVYIMz4IBrUAMNgMEDeAav4M14NF6Md+Nj1poz5jN74JeMz2/ClJS2</latexit>

Q1(s, a) = R(s, a)

<latexit sha1_base64="CWgwnEz06NPXNmSaX0Ykp/5FhDM=">AAAB83icbVDLSgNBEOyNrxhfUY9ehgQhooRZQfQiLHrxmIB5QHYNs5PZZMjsg5lZISz5C/HiQRGv/oy3/I2TxIMmFjQUVd10d/mJ4EpjPLFyK6tr6xv5zcLW9s7uXnH/oKniVFLWoLGIZdsnigkesYbmWrB2IhkJfcFa/vB26rcemVQ8ju71KGFeSPoRDzgl2khu/QFX1Bk5QdcId4tlXMUzoGVi/5CyU3JPnybOqNYtfrm9mKYhizQVRKmOjRPtZURqTgUbF9xUsYTQIemzjqERCZnystnNY3RslB4KYmkq0mim/p7ISKjUKPRNZ0j0QC16U/E/r5Pq4MrLeJSkmkV0vihIBdIxmgaAelwyqsXIEEIlN7ciOiCSUG1iKpgQ7MWXl0nzvGpfVHHdLjs3MEcejqAEFbDhEhy4gxo0gEICz/AKb1ZqvVjv1se8NWf9zBzCH1if30vzkt8=</latexit>

Q0(s, a) = 0

• A similar flavor for the infinite-horizon case:
Infinite-Horizon-Value-Iteration(          )

<latexit sha1_base64="U+3YkbplyqTs4iSrIGuxwUk6Cx8=">AAACGXicbVBNSwMxEM36WetX1aMiwSJ4KGVXED1WvXhstV/QljKbpm1osrskWaEsPfoXvPhHevDiQRGPevI3+CfMtkW0dSDkzZt5zMxzA86Utu1Pa25+YXFpObGSXF1b39hMbW2XlR9KQkvE576suqAoZx4taaY5rQaSgnA5rbi9y7heuaVSMd8r6n5AGwI6HmszAtpQzZRdF6C7BHh0M8jgn+TcJMUMvjZUB4QA89NAMR5L0nbWHgWeBc4EpHN7w8LX3f4w30y911s+CQX1NOGgVM2xA92IQGpGOB0k66GiAZAedGjNQA8EVY1odNkAHxqmhdu+NM/TeMT+VkQglOoL13TGq6vpWkz+V6uFun3WiJgXhJp6ZDyoHXKsfRzbhFtMUqJ53wAgkpldMemCBKKNmUljgjN98iwoH2edk6xdcNK5CzSOBNpFB+gIOegU5dAVyqMSIugePaJn9GI9WE/Wq/U2bp2zJpod9Cesj29pz6L+</latexit>

S,A, T, R, �, ✏

5

<latexit sha1_base64="6Hl5qppA41CIPXFfAtVYGpkQjQQ="></latexit>

Qh(s, a) = R(s, a) + �
P

s0 T (s, a, s
0)maxa0 Qh�1(s0, a0)



Infinite-Horizon Value Iteration
• Recall the finite-horizon case:

<latexit sha1_base64="xRQ7owhtbXbwONxDs6ML9ZDEwXE=">AAAB+nicbZDLSsNAFIYn9VbrLdWlm6FFqCglEUQ3QtCNy1bsBdpYJtNJO3QyCTMTJcS+hVs3LhRx65O469s4TbvQ6g8DH/85h3Pm9yJGpbKsiZFbWl5ZXcuvFzY2t7Z3zOJuU4axwKSBQxaKtockYZSThqKKkXYkCAo8Rlre6Gpab90TIWnIb1USETdAA059ipHSVs8s1u/sijxGh/AC3mTQM8tW1coE/4I9h7JT6h49TZyk1jO/uv0QxwHhCjMkZce2IuWmSCiKGRkXurEkEcIjNCAdjRwFRLppdvoYHminD/1Q6McVzNyfEykKpEwCT3cGSA3lYm1q/lfrxMo/d1PKo1gRjmeL/JhBFcJpDrBPBcGKJRoQFlTfCvEQCYSVTqugQ7AXv/wXmidV+7Rq1e2ycwlmyoN9UAIVYIMz4IBrUAMNgMEDeAav4M14NF6Md+Nj1poz5jN74JeMz2/ClJS2</latexit>

Q1(s, a) = R(s, a)

<latexit sha1_base64="CWgwnEz06NPXNmSaX0Ykp/5FhDM=">AAAB83icbVDLSgNBEOyNrxhfUY9ehgQhooRZQfQiLHrxmIB5QHYNs5PZZMjsg5lZISz5C/HiQRGv/oy3/I2TxIMmFjQUVd10d/mJ4EpjPLFyK6tr6xv5zcLW9s7uXnH/oKniVFLWoLGIZdsnigkesYbmWrB2IhkJfcFa/vB26rcemVQ8ju71KGFeSPoRDzgl2khu/QFX1Bk5QdcId4tlXMUzoGVi/5CyU3JPnybOqNYtfrm9mKYhizQVRKmOjRPtZURqTgUbF9xUsYTQIemzjqERCZnystnNY3RslB4KYmkq0mim/p7ISKjUKPRNZ0j0QC16U/E/r5Pq4MrLeJSkmkV0vihIBdIxmgaAelwyqsXIEEIlN7ciOiCSUG1iKpgQ7MWXl0nzvGpfVHHdLjs3MEcejqAEFbDhEhy4gxo0gEICz/AKb1ZqvVjv1se8NWf9zBzCH1if30vzkt8=</latexit>

Q0(s, a) = 0

• A similar flavor for the infinite-horizon case:
Infinite-Horizon-Value-Iteration(          )

<latexit sha1_base64="U+3YkbplyqTs4iSrIGuxwUk6Cx8=">AAACGXicbVBNSwMxEM36WetX1aMiwSJ4KGVXED1WvXhstV/QljKbpm1osrskWaEsPfoXvPhHevDiQRGPevI3+CfMtkW0dSDkzZt5zMxzA86Utu1Pa25+YXFpObGSXF1b39hMbW2XlR9KQkvE576suqAoZx4taaY5rQaSgnA5rbi9y7heuaVSMd8r6n5AGwI6HmszAtpQzZRdF6C7BHh0M8jgn+TcJMUMvjZUB4QA89NAMR5L0nbWHgWeBc4EpHN7w8LX3f4w30y911s+CQX1NOGgVM2xA92IQGpGOB0k66GiAZAedGjNQA8EVY1odNkAHxqmhdu+NM/TeMT+VkQglOoL13TGq6vpWkz+V6uFun3WiJgXhJp6ZDyoHXKsfRzbhFtMUqJ53wAgkpldMemCBKKNmUljgjN98iwoH2edk6xdcNK5CzSOBNpFB+gIOegU5dAVyqMSIugePaJn9GI9WE/Wq/U2bp2zJpod9Cesj29pz6L+</latexit>

S,A, T, R, �, ✏

5

<latexit sha1_base64="6Hl5qppA41CIPXFfAtVYGpkQjQQ="></latexit>

Qh(s, a) = R(s, a) + �
P

s0 T (s, a, s
0)maxa0 Qh�1(s0, a0)



Infinite-Horizon Value Iteration
• Recall the finite-horizon case:

<latexit sha1_base64="xRQ7owhtbXbwONxDs6ML9ZDEwXE=">AAAB+nicbZDLSsNAFIYn9VbrLdWlm6FFqCglEUQ3QtCNy1bsBdpYJtNJO3QyCTMTJcS+hVs3LhRx65O469s4TbvQ6g8DH/85h3Pm9yJGpbKsiZFbWl5ZXcuvFzY2t7Z3zOJuU4axwKSBQxaKtockYZSThqKKkXYkCAo8Rlre6Gpab90TIWnIb1USETdAA059ipHSVs8s1u/sijxGh/AC3mTQM8tW1coE/4I9h7JT6h49TZyk1jO/uv0QxwHhCjMkZce2IuWmSCiKGRkXurEkEcIjNCAdjRwFRLppdvoYHminD/1Q6McVzNyfEykKpEwCT3cGSA3lYm1q/lfrxMo/d1PKo1gRjmeL/JhBFcJpDrBPBcGKJRoQFlTfCvEQCYSVTqugQ7AXv/wXmidV+7Rq1e2ycwlmyoN9UAIVYIMz4IBrUAMNgMEDeAav4M14NF6Md+Nj1poz5jN74JeMz2/ClJS2</latexit>

Q1(s, a) = R(s, a)

<latexit sha1_base64="CWgwnEz06NPXNmSaX0Ykp/5FhDM=">AAAB83icbVDLSgNBEOyNrxhfUY9ehgQhooRZQfQiLHrxmIB5QHYNs5PZZMjsg5lZISz5C/HiQRGv/oy3/I2TxIMmFjQUVd10d/mJ4EpjPLFyK6tr6xv5zcLW9s7uXnH/oKniVFLWoLGIZdsnigkesYbmWrB2IhkJfcFa/vB26rcemVQ8ju71KGFeSPoRDzgl2khu/QFX1Bk5QdcId4tlXMUzoGVi/5CyU3JPnybOqNYtfrm9mKYhizQVRKmOjRPtZURqTgUbF9xUsYTQIemzjqERCZnystnNY3RslB4KYmkq0mim/p7ISKjUKPRNZ0j0QC16U/E/r5Pq4MrLeJSkmkV0vihIBdIxmgaAelwyqsXIEEIlN7ciOiCSUG1iKpgQ7MWXl0nzvGpfVHHdLjs3MEcejqAEFbDhEhy4gxo0gEICz/AKb1ZqvVjv1se8NWf9zBzCH1if30vzkt8=</latexit>

Q0(s, a) = 0

• A similar flavor for the infinite-horizon case:
Infinite-Horizon-Value-Iteration(          ) 
for each state      and each action   
Initialize

<latexit sha1_base64="U+3YkbplyqTs4iSrIGuxwUk6Cx8=">AAACGXicbVBNSwMxEM36WetX1aMiwSJ4KGVXED1WvXhstV/QljKbpm1osrskWaEsPfoXvPhHevDiQRGPevI3+CfMtkW0dSDkzZt5zMxzA86Utu1Pa25+YXFpObGSXF1b39hMbW2XlR9KQkvE576suqAoZx4taaY5rQaSgnA5rbi9y7heuaVSMd8r6n5AGwI6HmszAtpQzZRdF6C7BHh0M8jgn+TcJMUMvjZUB4QA89NAMR5L0nbWHgWeBc4EpHN7w8LX3f4w30y911s+CQX1NOGgVM2xA92IQGpGOB0k66GiAZAedGjNQA8EVY1odNkAHxqmhdu+NM/TeMT+VkQglOoL13TGq6vpWkz+V6uFun3WiJgXhJp6ZDyoHXKsfRzbhFtMUqJ53wAgkpldMemCBKKNmUljgjN98iwoH2edk6xdcNK5CzSOBNpFB+gIOegU5dAVyqMSIugePaJn9GI9WE/Wq/U2bp2zJpod9Cesj29pz6L+</latexit>

S,A, T, R, �, ✏
<latexit sha1_base64="CO5QR38HRCsNtIkVegBJk5WmxE4=">AAAB+nicbVDLSsNAFL3xWesr1aWbwSK4KokgurPoxmVF+4AmlMl00g6dTMLMRCmxn+LGhSJu/RJ3foo7J2kX2npg4HDOvdwzJ0g4U9pxvqyl5ZXVtfXSRnlza3tn167stVScSkKbJOax7ARYUc4EbWqmOe0kkuIo4LQdjK5yv31PpWKxuNPjhPoRHggWMoK1kXp2RSGPCeRFWA8J5tntpGdXnZpTAC0Sd0aqF99hgUbP/vT6MUkjKjThWKmu6yTaz7DUjHA6KXupogkmIzygXUMFjqjysyL6BB0ZpY/CWJonNCrU3xsZjpQaR4GZzCOqeS8X//O6qQ7P/YyJJNVUkOmhMOVIxyjvAfWZpETzsSGYSGayIjLEEhNt2iqbEtz5Ly+S1knNPa05N261fglTlOAADuEYXDiDOlxDA5pA4AGe4AVerUfr2Xqz3qejS9ZsZx/+wPr4AblUl1k=</latexit>

s 2 S
<latexit sha1_base64="vwimHWdLv/YskPNH3iIGDUl5eiY=">AAAB+nicbVDLSsNAFL3xWesr1aWbwSK4KokgurPqxmUF+4AmlMl00g6dTMLMRCmxn+LGhSJu/RJ3foo7J2kX2npg4HDOvdwzJ0g4U9pxvqyl5ZXVtfXSRnlza3tn167stVScSkKbJOax7ARYUc4EbWqmOe0kkuIo4LQdjK5zv31PpWKxuNPjhPoRHggWMoK1kXp2BSOPCeRFWA8J5tnlpGdXnZpTAC0Sd0aqF99hgUbP/vT6MUkjKjThWKmu6yTaz7DUjHA6KXupogkmIzygXUMFjqjysyL6BB0ZpY/CWJonNCrU3xsZjpQaR4GZzCOqeS8X//O6qQ7P/YyJJNVUkOmhMOVIxyjvAfWZpETzsSGYSGayIjLEEhNt2iqbEtz5Ly+S1knNPa05t261fgVTlOAADuEYXDiDOtxAA5pA4AGe4AVerUfr2Xqz3qejS9ZsZx/+wPr4AYGSlzU=</latexit>

a 2 A
<latexit sha1_base64="55IHMfrsYJ+w591pW4DDTb/akOE=">AAACAnicbVDJSgNBEO1xjXEb9SReGoOQgIQZQfQiBL14TMAskITQ06kkTXoWumvEMAQv3v0KLx4U8erVH/Dm39hZDpr4oODxXhVV9bxICo2O820tLC4tr6ym1tLrG5tb2/bObkWHseJQ5qEMVc1jGqQIoIwCJdQiBcz3JFS9/tXIr96C0iIMbnAQQdNn3UB0BGdopJa9X2olDYQ7VH4SyvZwmNXHLEcvqNOyM07eGYPOE3dKMoXcI5Q/87rYsr8a7ZDHPgTIJdO67joRNhOmUHAJw3Qj1hAx3mddqBsaMB90Mxm/MKRHRmnTTqhMBUjH6u+JhPlaD3zPdPoMe3rWG4n/efUYO+fNRARRjBDwyaJOLCmGdJQHbQsFHOXAEMaVMLdS3mOKcTSppU0I7uzL86RykndP807JzRQuyQQpckAOSZa45IwUyDUpkjLh5J48kRfyaj1Yz9ab9T5pXbCmM3vkD6yPHzKVmZs=</latexit>

Qold(s, a) = 0

5

<latexit sha1_base64="6Hl5qppA41CIPXFfAtVYGpkQjQQ="></latexit>

Qh(s, a) = R(s, a) + �
P

s0 T (s, a, s
0)maxa0 Qh�1(s0, a0)



Infinite-Horizon Value Iteration
• Recall the finite-horizon case:

<latexit sha1_base64="xRQ7owhtbXbwONxDs6ML9ZDEwXE=">AAAB+nicbZDLSsNAFIYn9VbrLdWlm6FFqCglEUQ3QtCNy1bsBdpYJtNJO3QyCTMTJcS+hVs3LhRx65O469s4TbvQ6g8DH/85h3Pm9yJGpbKsiZFbWl5ZXcuvFzY2t7Z3zOJuU4axwKSBQxaKtockYZSThqKKkXYkCAo8Rlre6Gpab90TIWnIb1USETdAA059ipHSVs8s1u/sijxGh/AC3mTQM8tW1coE/4I9h7JT6h49TZyk1jO/uv0QxwHhCjMkZce2IuWmSCiKGRkXurEkEcIjNCAdjRwFRLppdvoYHminD/1Q6McVzNyfEykKpEwCT3cGSA3lYm1q/lfrxMo/d1PKo1gRjmeL/JhBFcJpDrBPBcGKJRoQFlTfCvEQCYSVTqugQ7AXv/wXmidV+7Rq1e2ycwlmyoN9UAIVYIMz4IBrUAMNgMEDeAav4M14NF6Md+Nj1poz5jN74JeMz2/ClJS2</latexit>

Q1(s, a) = R(s, a)

<latexit sha1_base64="CWgwnEz06NPXNmSaX0Ykp/5FhDM=">AAAB83icbVDLSgNBEOyNrxhfUY9ehgQhooRZQfQiLHrxmIB5QHYNs5PZZMjsg5lZISz5C/HiQRGv/oy3/I2TxIMmFjQUVd10d/mJ4EpjPLFyK6tr6xv5zcLW9s7uXnH/oKniVFLWoLGIZdsnigkesYbmWrB2IhkJfcFa/vB26rcemVQ8ju71KGFeSPoRDzgl2khu/QFX1Bk5QdcId4tlXMUzoGVi/5CyU3JPnybOqNYtfrm9mKYhizQVRKmOjRPtZURqTgUbF9xUsYTQIemzjqERCZnystnNY3RslB4KYmkq0mim/p7ISKjUKPRNZ0j0QC16U/E/r5Pq4MrLeJSkmkV0vihIBdIxmgaAelwyqsXIEEIlN7ciOiCSUG1iKpgQ7MWXl0nzvGpfVHHdLjs3MEcejqAEFbDhEhy4gxo0gEICz/AKb1ZqvVjv1se8NWf9zBzCH1if30vzkt8=</latexit>

Q0(s, a) = 0

• A similar flavor for the infinite-horizon case:
Infinite-Horizon-Value-Iteration(          ) 
for each state      and each action   
Initialize  

 while True

<latexit sha1_base64="U+3YkbplyqTs4iSrIGuxwUk6Cx8=">AAACGXicbVBNSwMxEM36WetX1aMiwSJ4KGVXED1WvXhstV/QljKbpm1osrskWaEsPfoXvPhHevDiQRGPevI3+CfMtkW0dSDkzZt5zMxzA86Utu1Pa25+YXFpObGSXF1b39hMbW2XlR9KQkvE576suqAoZx4taaY5rQaSgnA5rbi9y7heuaVSMd8r6n5AGwI6HmszAtpQzZRdF6C7BHh0M8jgn+TcJMUMvjZUB4QA89NAMR5L0nbWHgWeBc4EpHN7w8LX3f4w30y911s+CQX1NOGgVM2xA92IQGpGOB0k66GiAZAedGjNQA8EVY1odNkAHxqmhdu+NM/TeMT+VkQglOoL13TGq6vpWkz+V6uFun3WiJgXhJp6ZDyoHXKsfRzbhFtMUqJ53wAgkpldMemCBKKNmUljgjN98iwoH2edk6xdcNK5CzSOBNpFB+gIOegU5dAVyqMSIugePaJn9GI9WE/Wq/U2bp2zJpod9Cesj29pz6L+</latexit>

S,A, T, R, �, ✏
<latexit sha1_base64="CO5QR38HRCsNtIkVegBJk5WmxE4=">AAAB+nicbVDLSsNAFL3xWesr1aWbwSK4KokgurPoxmVF+4AmlMl00g6dTMLMRCmxn+LGhSJu/RJ3foo7J2kX2npg4HDOvdwzJ0g4U9pxvqyl5ZXVtfXSRnlza3tn167stVScSkKbJOax7ARYUc4EbWqmOe0kkuIo4LQdjK5yv31PpWKxuNPjhPoRHggWMoK1kXp2RSGPCeRFWA8J5tntpGdXnZpTAC0Sd0aqF99hgUbP/vT6MUkjKjThWKmu6yTaz7DUjHA6KXupogkmIzygXUMFjqjysyL6BB0ZpY/CWJonNCrU3xsZjpQaR4GZzCOqeS8X//O6qQ7P/YyJJNVUkOmhMOVIxyjvAfWZpETzsSGYSGayIjLEEhNt2iqbEtz5Ly+S1knNPa05N261fglTlOAADuEYXDiDOlxDA5pA4AGe4AVerUfr2Xqz3qejS9ZsZx/+wPr4AblUl1k=</latexit>

s 2 S
<latexit sha1_base64="vwimHWdLv/YskPNH3iIGDUl5eiY=">AAAB+nicbVDLSsNAFL3xWesr1aWbwSK4KokgurPqxmUF+4AmlMl00g6dTMLMRCmxn+LGhSJu/RJ3foo7J2kX2npg4HDOvdwzJ0g4U9pxvqyl5ZXVtfXSRnlza3tn167stVScSkKbJOax7ARYUc4EbWqmOe0kkuIo4LQdjK5zv31PpWKxuNPjhPoRHggWMoK1kXp2BSOPCeRFWA8J5tnlpGdXnZpTAC0Sd0aqF99hgUbP/vT6MUkjKjThWKmu6yTaz7DUjHA6KXupogkmIzygXUMFjqjysyL6BB0ZpY/CWJonNCrU3xsZjpQaR4GZzCOqeS8X//O6qQ7P/YyJJNVUkOmhMOVIxyjvAfWZpETzsSGYSGayIjLEEhNt2iqbEtz5Ly+S1knNPa05t261fgVTlOAADuEYXDiDOtxAA5pA4AGe4AVerUfr2Xqz3qejS9ZsZx/+wPr4AYGSlzU=</latexit>

a 2 A
<latexit sha1_base64="55IHMfrsYJ+w591pW4DDTb/akOE=">AAACAnicbVDJSgNBEO1xjXEb9SReGoOQgIQZQfQiBL14TMAskITQ06kkTXoWumvEMAQv3v0KLx4U8erVH/Dm39hZDpr4oODxXhVV9bxICo2O820tLC4tr6ym1tLrG5tb2/bObkWHseJQ5qEMVc1jGqQIoIwCJdQiBcz3JFS9/tXIr96C0iIMbnAQQdNn3UB0BGdopJa9X2olDYQ7VH4SyvZwmNXHLEcvqNOyM07eGYPOE3dKMoXcI5Q/87rYsr8a7ZDHPgTIJdO67joRNhOmUHAJw3Qj1hAx3mddqBsaMB90Mxm/MKRHRmnTTqhMBUjH6u+JhPlaD3zPdPoMe3rWG4n/efUYO+fNRARRjBDwyaJOLCmGdJQHbQsFHOXAEMaVMLdS3mOKcTSppU0I7uzL86RykndP807JzRQuyQQpckAOSZa45IwUyDUpkjLh5J48kRfyaj1Yz9ab9T5pXbCmM3vkD6yPHzKVmZs=</latexit>

Qold(s, a) = 0

5

<latexit sha1_base64="6Hl5qppA41CIPXFfAtVYGpkQjQQ="></latexit>

Qh(s, a) = R(s, a) + �
P

s0 T (s, a, s
0)maxa0 Qh�1(s0, a0)



Infinite-Horizon Value Iteration
• Recall the finite-horizon case:

<latexit sha1_base64="xRQ7owhtbXbwONxDs6ML9ZDEwXE=">AAAB+nicbZDLSsNAFIYn9VbrLdWlm6FFqCglEUQ3QtCNy1bsBdpYJtNJO3QyCTMTJcS+hVs3LhRx65O469s4TbvQ6g8DH/85h3Pm9yJGpbKsiZFbWl5ZXcuvFzY2t7Z3zOJuU4axwKSBQxaKtockYZSThqKKkXYkCAo8Rlre6Gpab90TIWnIb1USETdAA059ipHSVs8s1u/sijxGh/AC3mTQM8tW1coE/4I9h7JT6h49TZyk1jO/uv0QxwHhCjMkZce2IuWmSCiKGRkXurEkEcIjNCAdjRwFRLppdvoYHminD/1Q6McVzNyfEykKpEwCT3cGSA3lYm1q/lfrxMo/d1PKo1gRjmeL/JhBFcJpDrBPBcGKJRoQFlTfCvEQCYSVTqugQ7AXv/wXmidV+7Rq1e2ycwlmyoN9UAIVYIMz4IBrUAMNgMEDeAav4M14NF6Md+Nj1poz5jN74JeMz2/ClJS2</latexit>

Q1(s, a) = R(s, a)

<latexit sha1_base64="CWgwnEz06NPXNmSaX0Ykp/5FhDM=">AAAB83icbVDLSgNBEOyNrxhfUY9ehgQhooRZQfQiLHrxmIB5QHYNs5PZZMjsg5lZISz5C/HiQRGv/oy3/I2TxIMmFjQUVd10d/mJ4EpjPLFyK6tr6xv5zcLW9s7uXnH/oKniVFLWoLGIZdsnigkesYbmWrB2IhkJfcFa/vB26rcemVQ8ju71KGFeSPoRDzgl2khu/QFX1Bk5QdcId4tlXMUzoGVi/5CyU3JPnybOqNYtfrm9mKYhizQVRKmOjRPtZURqTgUbF9xUsYTQIemzjqERCZnystnNY3RslB4KYmkq0mim/p7ISKjUKPRNZ0j0QC16U/E/r5Pq4MrLeJSkmkV0vihIBdIxmgaAelwyqsXIEEIlN7ciOiCSUG1iKpgQ7MWXl0nzvGpfVHHdLjs3MEcejqAEFbDhEhy4gxo0gEICz/AKb1ZqvVjv1se8NWf9zBzCH1if30vzkt8=</latexit>

Q0(s, a) = 0

• A similar flavor for the infinite-horizon case:
Infinite-Horizon-Value-Iteration(          ) 
for each state      and each action   
Initialize  

 while True 
for each state      and each action 

<latexit sha1_base64="U+3YkbplyqTs4iSrIGuxwUk6Cx8=">AAACGXicbVBNSwMxEM36WetX1aMiwSJ4KGVXED1WvXhstV/QljKbpm1osrskWaEsPfoXvPhHevDiQRGPevI3+CfMtkW0dSDkzZt5zMxzA86Utu1Pa25+YXFpObGSXF1b39hMbW2XlR9KQkvE576suqAoZx4taaY5rQaSgnA5rbi9y7heuaVSMd8r6n5AGwI6HmszAtpQzZRdF6C7BHh0M8jgn+TcJMUMvjZUB4QA89NAMR5L0nbWHgWeBc4EpHN7w8LX3f4w30y911s+CQX1NOGgVM2xA92IQGpGOB0k66GiAZAedGjNQA8EVY1odNkAHxqmhdu+NM/TeMT+VkQglOoL13TGq6vpWkz+V6uFun3WiJgXhJp6ZDyoHXKsfRzbhFtMUqJ53wAgkpldMemCBKKNmUljgjN98iwoH2edk6xdcNK5CzSOBNpFB+gIOegU5dAVyqMSIugePaJn9GI9WE/Wq/U2bp2zJpod9Cesj29pz6L+</latexit>

S,A, T, R, �, ✏
<latexit sha1_base64="CO5QR38HRCsNtIkVegBJk5WmxE4=">AAAB+nicbVDLSsNAFL3xWesr1aWbwSK4KokgurPoxmVF+4AmlMl00g6dTMLMRCmxn+LGhSJu/RJ3foo7J2kX2npg4HDOvdwzJ0g4U9pxvqyl5ZXVtfXSRnlza3tn167stVScSkKbJOax7ARYUc4EbWqmOe0kkuIo4LQdjK5yv31PpWKxuNPjhPoRHggWMoK1kXp2RSGPCeRFWA8J5tntpGdXnZpTAC0Sd0aqF99hgUbP/vT6MUkjKjThWKmu6yTaz7DUjHA6KXupogkmIzygXUMFjqjysyL6BB0ZpY/CWJonNCrU3xsZjpQaR4GZzCOqeS8X//O6qQ7P/YyJJNVUkOmhMOVIxyjvAfWZpETzsSGYSGayIjLEEhNt2iqbEtz5Ly+S1knNPa05N261fglTlOAADuEYXDiDOlxDA5pA4AGe4AVerUfr2Xqz3qejS9ZsZx/+wPr4AblUl1k=</latexit>

s 2 S
<latexit sha1_base64="vwimHWdLv/YskPNH3iIGDUl5eiY=">AAAB+nicbVDLSsNAFL3xWesr1aWbwSK4KokgurPqxmUF+4AmlMl00g6dTMLMRCmxn+LGhSJu/RJ3foo7J2kX2npg4HDOvdwzJ0g4U9pxvqyl5ZXVtfXSRnlza3tn167stVScSkKbJOax7ARYUc4EbWqmOe0kkuIo4LQdjK5zv31PpWKxuNPjhPoRHggWMoK1kXp2BSOPCeRFWA8J5tnlpGdXnZpTAC0Sd0aqF99hgUbP/vT6MUkjKjThWKmu6yTaz7DUjHA6KXupogkmIzygXUMFjqjysyL6BB0ZpY/CWJonNCrU3xsZjpQaR4GZzCOqeS8X//O6qQ7P/YyJJNVUkOmhMOVIxyjvAfWZpETzsSGYSGayIjLEEhNt2iqbEtz5Ly+S1knNPa05t261fgVTlOAADuEYXDiDOtxAA5pA4AGe4AVerUfr2Xqz3qejS9ZsZx/+wPr4AYGSlzU=</latexit>

a 2 A
<latexit sha1_base64="55IHMfrsYJ+w591pW4DDTb/akOE=">AAACAnicbVDJSgNBEO1xjXEb9SReGoOQgIQZQfQiBL14TMAskITQ06kkTXoWumvEMAQv3v0KLx4U8erVH/Dm39hZDpr4oODxXhVV9bxICo2O820tLC4tr6ym1tLrG5tb2/bObkWHseJQ5qEMVc1jGqQIoIwCJdQiBcz3JFS9/tXIr96C0iIMbnAQQdNn3UB0BGdopJa9X2olDYQ7VH4SyvZwmNXHLEcvqNOyM07eGYPOE3dKMoXcI5Q/87rYsr8a7ZDHPgTIJdO67joRNhOmUHAJw3Qj1hAx3mddqBsaMB90Mxm/MKRHRmnTTqhMBUjH6u+JhPlaD3zPdPoMe3rWG4n/efUYO+fNRARRjBDwyaJOLCmGdJQHbQsFHOXAEMaVMLdS3mOKcTSppU0I7uzL86RykndP807JzRQuyQQpckAOSZa45IwUyDUpkjLh5J48kRfyaj1Yz9ab9T5pXbCmM3vkD6yPHzKVmZs=</latexit>

Qold(s, a) = 0

<latexit sha1_base64="CO5QR38HRCsNtIkVegBJk5WmxE4=">AAAB+nicbVDLSsNAFL3xWesr1aWbwSK4KokgurPoxmVF+4AmlMl00g6dTMLMRCmxn+LGhSJu/RJ3foo7J2kX2npg4HDOvdwzJ0g4U9pxvqyl5ZXVtfXSRnlza3tn167stVScSkKbJOax7ARYUc4EbWqmOe0kkuIo4LQdjK5yv31PpWKxuNPjhPoRHggWMoK1kXp2RSGPCeRFWA8J5tntpGdXnZpTAC0Sd0aqF99hgUbP/vT6MUkjKjThWKmu6yTaz7DUjHA6KXupogkmIzygXUMFjqjysyL6BB0ZpY/CWJonNCrU3xsZjpQaR4GZzCOqeS8X//O6qQ7P/YyJJNVUkOmhMOVIxyjvAfWZpETzsSGYSGayIjLEEhNt2iqbEtz5Ly+S1knNPa05N261fglTlOAADuEYXDiDOlxDA5pA4AGe4AVerUfr2Xqz3qejS9ZsZx/+wPr4AblUl1k=</latexit>

s 2 S
<latexit sha1_base64="vwimHWdLv/YskPNH3iIGDUl5eiY=">AAAB+nicbVDLSsNAFL3xWesr1aWbwSK4KokgurPqxmUF+4AmlMl00g6dTMLMRCmxn+LGhSJu/RJ3foo7J2kX2npg4HDOvdwzJ0g4U9pxvqyl5ZXVtfXSRnlza3tn167stVScSkKbJOax7ARYUc4EbWqmOe0kkuIo4LQdjK5zv31PpWKxuNPjhPoRHggWMoK1kXp2BSOPCeRFWA8J5tnlpGdXnZpTAC0Sd0aqF99hgUbP/vT6MUkjKjThWKmu6yTaz7DUjHA6KXupogkmIzygXUMFjqjysyL6BB0ZpY/CWJonNCrU3xsZjpQaR4GZzCOqeS8X//O6qQ7P/YyJJNVUkOmhMOVIxyjvAfWZpETzsSGYSGayIjLEEhNt2iqbEtz5Ly+S1knNPa05t261fgVTlOAADuEYXDiDOtxAA5pA4AGe4AVerUfr2Xqz3qejS9ZsZx/+wPr4AYGSlzU=</latexit>

a 2 A

5

<latexit sha1_base64="6Hl5qppA41CIPXFfAtVYGpkQjQQ="></latexit>

Qh(s, a) = R(s, a) + �
P

s0 T (s, a, s
0)maxa0 Qh�1(s0, a0)



Infinite-Horizon Value Iteration
• Recall the finite-horizon case:

<latexit sha1_base64="xRQ7owhtbXbwONxDs6ML9ZDEwXE=">AAAB+nicbZDLSsNAFIYn9VbrLdWlm6FFqCglEUQ3QtCNy1bsBdpYJtNJO3QyCTMTJcS+hVs3LhRx65O469s4TbvQ6g8DH/85h3Pm9yJGpbKsiZFbWl5ZXcuvFzY2t7Z3zOJuU4axwKSBQxaKtockYZSThqKKkXYkCAo8Rlre6Gpab90TIWnIb1USETdAA059ipHSVs8s1u/sijxGh/AC3mTQM8tW1coE/4I9h7JT6h49TZyk1jO/uv0QxwHhCjMkZce2IuWmSCiKGRkXurEkEcIjNCAdjRwFRLppdvoYHminD/1Q6McVzNyfEykKpEwCT3cGSA3lYm1q/lfrxMo/d1PKo1gRjmeL/JhBFcJpDrBPBcGKJRoQFlTfCvEQCYSVTqugQ7AXv/wXmidV+7Rq1e2ycwlmyoN9UAIVYIMz4IBrUAMNgMEDeAav4M14NF6Md+Nj1poz5jN74JeMz2/ClJS2</latexit>

Q1(s, a) = R(s, a)

<latexit sha1_base64="CWgwnEz06NPXNmSaX0Ykp/5FhDM=">AAAB83icbVDLSgNBEOyNrxhfUY9ehgQhooRZQfQiLHrxmIB5QHYNs5PZZMjsg5lZISz5C/HiQRGv/oy3/I2TxIMmFjQUVd10d/mJ4EpjPLFyK6tr6xv5zcLW9s7uXnH/oKniVFLWoLGIZdsnigkesYbmWrB2IhkJfcFa/vB26rcemVQ8ju71KGFeSPoRDzgl2khu/QFX1Bk5QdcId4tlXMUzoGVi/5CyU3JPnybOqNYtfrm9mKYhizQVRKmOjRPtZURqTgUbF9xUsYTQIemzjqERCZnystnNY3RslB4KYmkq0mim/p7ISKjUKPRNZ0j0QC16U/E/r5Pq4MrLeJSkmkV0vihIBdIxmgaAelwyqsXIEEIlN7ciOiCSUG1iKpgQ7MWXl0nzvGpfVHHdLjs3MEcejqAEFbDhEhy4gxo0gEICz/AKb1ZqvVjv1se8NWf9zBzCH1if30vzkt8=</latexit>

Q0(s, a) = 0

• A similar flavor for the infinite-horizon case:
Infinite-Horizon-Value-Iteration(          ) 
for each state      and each action   
Initialize  

 while True 
for each state      and each action 

<latexit sha1_base64="U+3YkbplyqTs4iSrIGuxwUk6Cx8=">AAACGXicbVBNSwMxEM36WetX1aMiwSJ4KGVXED1WvXhstV/QljKbpm1osrskWaEsPfoXvPhHevDiQRGPevI3+CfMtkW0dSDkzZt5zMxzA86Utu1Pa25+YXFpObGSXF1b39hMbW2XlR9KQkvE576suqAoZx4taaY5rQaSgnA5rbi9y7heuaVSMd8r6n5AGwI6HmszAtpQzZRdF6C7BHh0M8jgn+TcJMUMvjZUB4QA89NAMR5L0nbWHgWeBc4EpHN7w8LX3f4w30y911s+CQX1NOGgVM2xA92IQGpGOB0k66GiAZAedGjNQA8EVY1odNkAHxqmhdu+NM/TeMT+VkQglOoL13TGq6vpWkz+V6uFun3WiJgXhJp6ZDyoHXKsfRzbhFtMUqJ53wAgkpldMemCBKKNmUljgjN98iwoH2edk6xdcNK5CzSOBNpFB+gIOegU5dAVyqMSIugePaJn9GI9WE/Wq/U2bp2zJpod9Cesj29pz6L+</latexit>

S,A, T, R, �, ✏
<latexit sha1_base64="CO5QR38HRCsNtIkVegBJk5WmxE4=">AAAB+nicbVDLSsNAFL3xWesr1aWbwSK4KokgurPoxmVF+4AmlMl00g6dTMLMRCmxn+LGhSJu/RJ3foo7J2kX2npg4HDOvdwzJ0g4U9pxvqyl5ZXVtfXSRnlza3tn167stVScSkKbJOax7ARYUc4EbWqmOe0kkuIo4LQdjK5yv31PpWKxuNPjhPoRHggWMoK1kXp2RSGPCeRFWA8J5tntpGdXnZpTAC0Sd0aqF99hgUbP/vT6MUkjKjThWKmu6yTaz7DUjHA6KXupogkmIzygXUMFjqjysyL6BB0ZpY/CWJonNCrU3xsZjpQaR4GZzCOqeS8X//O6qQ7P/YyJJNVUkOmhMOVIxyjvAfWZpETzsSGYSGayIjLEEhNt2iqbEtz5Ly+S1knNPa05N261fglTlOAADuEYXDiDOlxDA5pA4AGe4AVerUfr2Xqz3qejS9ZsZx/+wPr4AblUl1k=</latexit>

s 2 S
<latexit sha1_base64="vwimHWdLv/YskPNH3iIGDUl5eiY=">AAAB+nicbVDLSsNAFL3xWesr1aWbwSK4KokgurPqxmUF+4AmlMl00g6dTMLMRCmxn+LGhSJu/RJ3foo7J2kX2npg4HDOvdwzJ0g4U9pxvqyl5ZXVtfXSRnlza3tn167stVScSkKbJOax7ARYUc4EbWqmOe0kkuIo4LQdjK5zv31PpWKxuNPjhPoRHggWMoK1kXp2BSOPCeRFWA8J5tnlpGdXnZpTAC0Sd0aqF99hgUbP/vT6MUkjKjThWKmu6yTaz7DUjHA6KXupogkmIzygXUMFjqjysyL6BB0ZpY/CWJonNCrU3xsZjpQaR4GZzCOqeS8X//O6qQ7P/YyJJNVUkOmhMOVIxyjvAfWZpETzsSGYSGayIjLEEhNt2iqbEtz5Ly+S1knNPa05t261fgVTlOAADuEYXDiDOtxAA5pA4AGe4AVerUfr2Xqz3qejS9ZsZx/+wPr4AYGSlzU=</latexit>

a 2 A
<latexit sha1_base64="55IHMfrsYJ+w591pW4DDTb/akOE=">AAACAnicbVDJSgNBEO1xjXEb9SReGoOQgIQZQfQiBL14TMAskITQ06kkTXoWumvEMAQv3v0KLx4U8erVH/Dm39hZDpr4oODxXhVV9bxICo2O820tLC4tr6ym1tLrG5tb2/bObkWHseJQ5qEMVc1jGqQIoIwCJdQiBcz3JFS9/tXIr96C0iIMbnAQQdNn3UB0BGdopJa9X2olDYQ7VH4SyvZwmNXHLEcvqNOyM07eGYPOE3dKMoXcI5Q/87rYsr8a7ZDHPgTIJdO67joRNhOmUHAJw3Qj1hAx3mddqBsaMB90Mxm/MKRHRmnTTqhMBUjH6u+JhPlaD3zPdPoMe3rWG4n/efUYO+fNRARRjBDwyaJOLCmGdJQHbQsFHOXAEMaVMLdS3mOKcTSppU0I7uzL86RykndP807JzRQuyQQpckAOSZa45IwUyDUpkjLh5J48kRfyaj1Yz9ab9T5pXbCmM3vkD6yPHzKVmZs=</latexit>

Qold(s, a) = 0

<latexit sha1_base64="CO5QR38HRCsNtIkVegBJk5WmxE4=">AAAB+nicbVDLSsNAFL3xWesr1aWbwSK4KokgurPoxmVF+4AmlMl00g6dTMLMRCmxn+LGhSJu/RJ3foo7J2kX2npg4HDOvdwzJ0g4U9pxvqyl5ZXVtfXSRnlza3tn167stVScSkKbJOax7ARYUc4EbWqmOe0kkuIo4LQdjK5yv31PpWKxuNPjhPoRHggWMoK1kXp2RSGPCeRFWA8J5tntpGdXnZpTAC0Sd0aqF99hgUbP/vT6MUkjKjThWKmu6yTaz7DUjHA6KXupogkmIzygXUMFjqjysyL6BB0ZpY/CWJonNCrU3xsZjpQaR4GZzCOqeS8X//O6qQ7P/YyJJNVUkOmhMOVIxyjvAfWZpETzsSGYSGayIjLEEhNt2iqbEtz5Ly+S1knNPa05N261fglTlOAADuEYXDiDOlxDA5pA4AGe4AVerUfr2Xqz3qejS9ZsZx/+wPr4AblUl1k=</latexit>

s 2 S
<latexit sha1_base64="vwimHWdLv/YskPNH3iIGDUl5eiY=">AAAB+nicbVDLSsNAFL3xWesr1aWbwSK4KokgurPqxmUF+4AmlMl00g6dTMLMRCmxn+LGhSJu/RJ3foo7J2kX2npg4HDOvdwzJ0g4U9pxvqyl5ZXVtfXSRnlza3tn167stVScSkKbJOax7ARYUc4EbWqmOe0kkuIo4LQdjK5zv31PpWKxuNPjhPoRHggWMoK1kXp2BSOPCeRFWA8J5tnlpGdXnZpTAC0Sd0aqF99hgUbP/vT6MUkjKjThWKmu6yTaz7DUjHA6KXupogkmIzygXUMFjqjysyL6BB0ZpY/CWJonNCrU3xsZjpQaR4GZzCOqeS8X//O6qQ7P/YyJJNVUkOmhMOVIxyjvAfWZpETzsSGYSGayIjLEEhNt2iqbEtz5Ly+S1knNPa05t261fgVTlOAADuEYXDiDOtxAA5pA4AGe4AVerUfr2Xqz3qejS9ZsZx/+wPr4AYGSlzU=</latexit>

a 2 A
<latexit sha1_base64="QaXwd/rh4o5cAs1aXzPjfNITdFc="></latexit>

Qnew(s, a) = R(s, a) + �
P

s0 T (s, a, s
0)maxa0 Qold(s0, a0)

5

<latexit sha1_base64="6Hl5qppA41CIPXFfAtVYGpkQjQQ="></latexit>

Qh(s, a) = R(s, a) + �
P

s0 T (s, a, s
0)maxa0 Qh�1(s0, a0)



Infinite-Horizon Value Iteration
• Recall the finite-horizon case:

<latexit sha1_base64="xRQ7owhtbXbwONxDs6ML9ZDEwXE=">AAAB+nicbZDLSsNAFIYn9VbrLdWlm6FFqCglEUQ3QtCNy1bsBdpYJtNJO3QyCTMTJcS+hVs3LhRx65O469s4TbvQ6g8DH/85h3Pm9yJGpbKsiZFbWl5ZXcuvFzY2t7Z3zOJuU4axwKSBQxaKtockYZSThqKKkXYkCAo8Rlre6Gpab90TIWnIb1USETdAA059ipHSVs8s1u/sijxGh/AC3mTQM8tW1coE/4I9h7JT6h49TZyk1jO/uv0QxwHhCjMkZce2IuWmSCiKGRkXurEkEcIjNCAdjRwFRLppdvoYHminD/1Q6McVzNyfEykKpEwCT3cGSA3lYm1q/lfrxMo/d1PKo1gRjmeL/JhBFcJpDrBPBcGKJRoQFlTfCvEQCYSVTqugQ7AXv/wXmidV+7Rq1e2ycwlmyoN9UAIVYIMz4IBrUAMNgMEDeAav4M14NF6Md+Nj1poz5jN74JeMz2/ClJS2</latexit>

Q1(s, a) = R(s, a)

<latexit sha1_base64="CWgwnEz06NPXNmSaX0Ykp/5FhDM=">AAAB83icbVDLSgNBEOyNrxhfUY9ehgQhooRZQfQiLHrxmIB5QHYNs5PZZMjsg5lZISz5C/HiQRGv/oy3/I2TxIMmFjQUVd10d/mJ4EpjPLFyK6tr6xv5zcLW9s7uXnH/oKniVFLWoLGIZdsnigkesYbmWrB2IhkJfcFa/vB26rcemVQ8ju71KGFeSPoRDzgl2khu/QFX1Bk5QdcId4tlXMUzoGVi/5CyU3JPnybOqNYtfrm9mKYhizQVRKmOjRPtZURqTgUbF9xUsYTQIemzjqERCZnystnNY3RslB4KYmkq0mim/p7ISKjUKPRNZ0j0QC16U/E/r5Pq4MrLeJSkmkV0vihIBdIxmgaAelwyqsXIEEIlN7ciOiCSUG1iKpgQ7MWXl0nzvGpfVHHdLjs3MEcejqAEFbDhEhy4gxo0gEICz/AKb1ZqvVjv1se8NWf9zBzCH1if30vzkt8=</latexit>

Q0(s, a) = 0

• A similar flavor for the infinite-horizon case:
Infinite-Horizon-Value-Iteration(          ) 
for each state      and each action   
Initialize  

 while True 
for each state      and each action 

if 
return 

<latexit sha1_base64="U+3YkbplyqTs4iSrIGuxwUk6Cx8=">AAACGXicbVBNSwMxEM36WetX1aMiwSJ4KGVXED1WvXhstV/QljKbpm1osrskWaEsPfoXvPhHevDiQRGPevI3+CfMtkW0dSDkzZt5zMxzA86Utu1Pa25+YXFpObGSXF1b39hMbW2XlR9KQkvE576suqAoZx4taaY5rQaSgnA5rbi9y7heuaVSMd8r6n5AGwI6HmszAtpQzZRdF6C7BHh0M8jgn+TcJMUMvjZUB4QA89NAMR5L0nbWHgWeBc4EpHN7w8LX3f4w30y911s+CQX1NOGgVM2xA92IQGpGOB0k66GiAZAedGjNQA8EVY1odNkAHxqmhdu+NM/TeMT+VkQglOoL13TGq6vpWkz+V6uFun3WiJgXhJp6ZDyoHXKsfRzbhFtMUqJ53wAgkpldMemCBKKNmUljgjN98iwoH2edk6xdcNK5CzSOBNpFB+gIOegU5dAVyqMSIugePaJn9GI9WE/Wq/U2bp2zJpod9Cesj29pz6L+</latexit>

S,A, T, R, �, ✏
<latexit sha1_base64="CO5QR38HRCsNtIkVegBJk5WmxE4=">AAAB+nicbVDLSsNAFL3xWesr1aWbwSK4KokgurPoxmVF+4AmlMl00g6dTMLMRCmxn+LGhSJu/RJ3foo7J2kX2npg4HDOvdwzJ0g4U9pxvqyl5ZXVtfXSRnlza3tn167stVScSkKbJOax7ARYUc4EbWqmOe0kkuIo4LQdjK5yv31PpWKxuNPjhPoRHggWMoK1kXp2RSGPCeRFWA8J5tntpGdXnZpTAC0Sd0aqF99hgUbP/vT6MUkjKjThWKmu6yTaz7DUjHA6KXupogkmIzygXUMFjqjysyL6BB0ZpY/CWJonNCrU3xsZjpQaR4GZzCOqeS8X//O6qQ7P/YyJJNVUkOmhMOVIxyjvAfWZpETzsSGYSGayIjLEEhNt2iqbEtz5Ly+S1knNPa05N261fglTlOAADuEYXDiDOlxDA5pA4AGe4AVerUfr2Xqz3qejS9ZsZx/+wPr4AblUl1k=</latexit>

s 2 S
<latexit sha1_base64="vwimHWdLv/YskPNH3iIGDUl5eiY=">AAAB+nicbVDLSsNAFL3xWesr1aWbwSK4KokgurPqxmUF+4AmlMl00g6dTMLMRCmxn+LGhSJu/RJ3foo7J2kX2npg4HDOvdwzJ0g4U9pxvqyl5ZXVtfXSRnlza3tn167stVScSkKbJOax7ARYUc4EbWqmOe0kkuIo4LQdjK5zv31PpWKxuNPjhPoRHggWMoK1kXp2BSOPCeRFWA8J5tnlpGdXnZpTAC0Sd0aqF99hgUbP/vT6MUkjKjThWKmu6yTaz7DUjHA6KXupogkmIzygXUMFjqjysyL6BB0ZpY/CWJonNCrU3xsZjpQaR4GZzCOqeS8X//O6qQ7P/YyJJNVUkOmhMOVIxyjvAfWZpETzsSGYSGayIjLEEhNt2iqbEtz5Ly+S1knNPa05t261fgVTlOAADuEYXDiDOtxAA5pA4AGe4AVerUfr2Xqz3qejS9ZsZx/+wPr4AYGSlzU=</latexit>

a 2 A
<latexit sha1_base64="55IHMfrsYJ+w591pW4DDTb/akOE=">AAACAnicbVDJSgNBEO1xjXEb9SReGoOQgIQZQfQiBL14TMAskITQ06kkTXoWumvEMAQv3v0KLx4U8erVH/Dm39hZDpr4oODxXhVV9bxICo2O820tLC4tr6ym1tLrG5tb2/bObkWHseJQ5qEMVc1jGqQIoIwCJdQiBcz3JFS9/tXIr96C0iIMbnAQQdNn3UB0BGdopJa9X2olDYQ7VH4SyvZwmNXHLEcvqNOyM07eGYPOE3dKMoXcI5Q/87rYsr8a7ZDHPgTIJdO67joRNhOmUHAJw3Qj1hAx3mddqBsaMB90Mxm/MKRHRmnTTqhMBUjH6u+JhPlaD3zPdPoMe3rWG4n/efUYO+fNRARRjBDwyaJOLCmGdJQHbQsFHOXAEMaVMLdS3mOKcTSppU0I7uzL86RykndP807JzRQuyQQpckAOSZa45IwUyDUpkjLh5J48kRfyaj1Yz9ab9T5pXbCmM3vkD6yPHzKVmZs=</latexit>

Qold(s, a) = 0

<latexit sha1_base64="CO5QR38HRCsNtIkVegBJk5WmxE4=">AAAB+nicbVDLSsNAFL3xWesr1aWbwSK4KokgurPoxmVF+4AmlMl00g6dTMLMRCmxn+LGhSJu/RJ3foo7J2kX2npg4HDOvdwzJ0g4U9pxvqyl5ZXVtfXSRnlza3tn167stVScSkKbJOax7ARYUc4EbWqmOe0kkuIo4LQdjK5yv31PpWKxuNPjhPoRHggWMoK1kXp2RSGPCeRFWA8J5tntpGdXnZpTAC0Sd0aqF99hgUbP/vT6MUkjKjThWKmu6yTaz7DUjHA6KXupogkmIzygXUMFjqjysyL6BB0ZpY/CWJonNCrU3xsZjpQaR4GZzCOqeS8X//O6qQ7P/YyJJNVUkOmhMOVIxyjvAfWZpETzsSGYSGayIjLEEhNt2iqbEtz5Ly+S1knNPa05N261fglTlOAADuEYXDiDOlxDA5pA4AGe4AVerUfr2Xqz3qejS9ZsZx/+wPr4AblUl1k=</latexit>

s 2 S
<latexit sha1_base64="vwimHWdLv/YskPNH3iIGDUl5eiY=">AAAB+nicbVDLSsNAFL3xWesr1aWbwSK4KokgurPqxmUF+4AmlMl00g6dTMLMRCmxn+LGhSJu/RJ3foo7J2kX2npg4HDOvdwzJ0g4U9pxvqyl5ZXVtfXSRnlza3tn167stVScSkKbJOax7ARYUc4EbWqmOe0kkuIo4LQdjK5zv31PpWKxuNPjhPoRHggWMoK1kXp2BSOPCeRFWA8J5tnlpGdXnZpTAC0Sd0aqF99hgUbP/vT6MUkjKjThWKmu6yTaz7DUjHA6KXupogkmIzygXUMFjqjysyL6BB0ZpY/CWJonNCrU3xsZjpQaR4GZzCOqeS8X//O6qQ7P/YyJJNVUkOmhMOVIxyjvAfWZpETzsSGYSGayIjLEEhNt2iqbEtz5Ly+S1knNPa05t261fgVTlOAADuEYXDiDOtxAA5pA4AGe4AVerUfr2Xqz3qejS9ZsZx/+wPr4AYGSlzU=</latexit>

a 2 A
<latexit sha1_base64="QaXwd/rh4o5cAs1aXzPjfNITdFc="></latexit>

Qnew(s, a) = R(s, a) + �
P

s0 T (s, a, s
0)maxa0 Qold(s0, a0)

<latexit sha1_base64="QT+xbi89Lwt903HazBUKVoo0BZw="></latexit>

maxs,a |Qold(s, a)�Qnew(s, a)| < ✏
<latexit sha1_base64="J1PPICVLpoEXd/KO4XZOoRhh4pk=">AAAB+XicbVDLSgNBEJz1GeNr1aMii0HwFHYF0WPQi8cEzAOSJcxOOsmQ2dllpjcalhz9Cy8eFPHqJd/hzW/wJ5w8DppY0FBUddPdFcSCa3TdL2tpeWV1bT2zkd3c2t7Ztff2KzpKFIMyi0SkagHVILiEMnIUUIsV0DAQUA16N2O/2geleSTvcBCDH9KO5G3OKBqpadulZtpAeEAVphLuh8OmnXPz7gTOIvFmJFc4GpW+H49Hxab92WhFLAlBIhNU67rnxuinVCFnAobZRqIhpqxHO1A3VNIQtJ9OLh86p0ZpOe1ImZLoTNTfEykNtR6EgekMKXb1vDcW//PqCbav/JTLOEGQbLqonQgHI2ccg9PiChiKgSGUKW5udViXKsrQhJU1IXjzLy+Synneu8i7JS9XuCZTZMghOSFnxCOXpEBuSZGUCSN98kReyKuVWs/Wm/U+bV2yZjMH5A+sjx9uEpfh</latexit>

Qnew

5

<latexit sha1_base64="6Hl5qppA41CIPXFfAtVYGpkQjQQ="></latexit>

Qh(s, a) = R(s, a) + �
P

s0 T (s, a, s
0)maxa0 Qh�1(s0, a0)



Infinite-Horizon Value Iteration
• Recall the finite-horizon case:

<latexit sha1_base64="xRQ7owhtbXbwONxDs6ML9ZDEwXE=">AAAB+nicbZDLSsNAFIYn9VbrLdWlm6FFqCglEUQ3QtCNy1bsBdpYJtNJO3QyCTMTJcS+hVs3LhRx65O469s4TbvQ6g8DH/85h3Pm9yJGpbKsiZFbWl5ZXcuvFzY2t7Z3zOJuU4axwKSBQxaKtockYZSThqKKkXYkCAo8Rlre6Gpab90TIWnIb1USETdAA059ipHSVs8s1u/sijxGh/AC3mTQM8tW1coE/4I9h7JT6h49TZyk1jO/uv0QxwHhCjMkZce2IuWmSCiKGRkXurEkEcIjNCAdjRwFRLppdvoYHminD/1Q6McVzNyfEykKpEwCT3cGSA3lYm1q/lfrxMo/d1PKo1gRjmeL/JhBFcJpDrBPBcGKJRoQFlTfCvEQCYSVTqugQ7AXv/wXmidV+7Rq1e2ycwlmyoN9UAIVYIMz4IBrUAMNgMEDeAav4M14NF6Md+Nj1poz5jN74JeMz2/ClJS2</latexit>

Q1(s, a) = R(s, a)

<latexit sha1_base64="CWgwnEz06NPXNmSaX0Ykp/5FhDM=">AAAB83icbVDLSgNBEOyNrxhfUY9ehgQhooRZQfQiLHrxmIB5QHYNs5PZZMjsg5lZISz5C/HiQRGv/oy3/I2TxIMmFjQUVd10d/mJ4EpjPLFyK6tr6xv5zcLW9s7uXnH/oKniVFLWoLGIZdsnigkesYbmWrB2IhkJfcFa/vB26rcemVQ8ju71KGFeSPoRDzgl2khu/QFX1Bk5QdcId4tlXMUzoGVi/5CyU3JPnybOqNYtfrm9mKYhizQVRKmOjRPtZURqTgUbF9xUsYTQIemzjqERCZnystnNY3RslB4KYmkq0mim/p7ISKjUKPRNZ0j0QC16U/E/r5Pq4MrLeJSkmkV0vihIBdIxmgaAelwyqsXIEEIlN7ciOiCSUG1iKpgQ7MWXl0nzvGpfVHHdLjs3MEcejqAEFbDhEhy4gxo0gEICz/AKb1ZqvVjv1se8NWf9zBzCH1if30vzkt8=</latexit>

Q0(s, a) = 0

• A similar flavor for the infinite-horizon case:
Infinite-Horizon-Value-Iteration(          ) 
for each state      and each action   
Initialize  

 while True 
for each state      and each action 

if 
return 

<latexit sha1_base64="U+3YkbplyqTs4iSrIGuxwUk6Cx8=">AAACGXicbVBNSwMxEM36WetX1aMiwSJ4KGVXED1WvXhstV/QljKbpm1osrskWaEsPfoXvPhHevDiQRGPevI3+CfMtkW0dSDkzZt5zMxzA86Utu1Pa25+YXFpObGSXF1b39hMbW2XlR9KQkvE576suqAoZx4taaY5rQaSgnA5rbi9y7heuaVSMd8r6n5AGwI6HmszAtpQzZRdF6C7BHh0M8jgn+TcJMUMvjZUB4QA89NAMR5L0nbWHgWeBc4EpHN7w8LX3f4w30y911s+CQX1NOGgVM2xA92IQGpGOB0k66GiAZAedGjNQA8EVY1odNkAHxqmhdu+NM/TeMT+VkQglOoL13TGq6vpWkz+V6uFun3WiJgXhJp6ZDyoHXKsfRzbhFtMUqJ53wAgkpldMemCBKKNmUljgjN98iwoH2edk6xdcNK5CzSOBNpFB+gIOegU5dAVyqMSIugePaJn9GI9WE/Wq/U2bp2zJpod9Cesj29pz6L+</latexit>

S,A, T, R, �, ✏
<latexit sha1_base64="CO5QR38HRCsNtIkVegBJk5WmxE4=">AAAB+nicbVDLSsNAFL3xWesr1aWbwSK4KokgurPoxmVF+4AmlMl00g6dTMLMRCmxn+LGhSJu/RJ3foo7J2kX2npg4HDOvdwzJ0g4U9pxvqyl5ZXVtfXSRnlza3tn167stVScSkKbJOax7ARYUc4EbWqmOe0kkuIo4LQdjK5yv31PpWKxuNPjhPoRHggWMoK1kXp2RSGPCeRFWA8J5tntpGdXnZpTAC0Sd0aqF99hgUbP/vT6MUkjKjThWKmu6yTaz7DUjHA6KXupogkmIzygXUMFjqjysyL6BB0ZpY/CWJonNCrU3xsZjpQaR4GZzCOqeS8X//O6qQ7P/YyJJNVUkOmhMOVIxyjvAfWZpETzsSGYSGayIjLEEhNt2iqbEtz5Ly+S1knNPa05N261fglTlOAADuEYXDiDOlxDA5pA4AGe4AVerUfr2Xqz3qejS9ZsZx/+wPr4AblUl1k=</latexit>

s 2 S
<latexit sha1_base64="vwimHWdLv/YskPNH3iIGDUl5eiY=">AAAB+nicbVDLSsNAFL3xWesr1aWbwSK4KokgurPqxmUF+4AmlMl00g6dTMLMRCmxn+LGhSJu/RJ3foo7J2kX2npg4HDOvdwzJ0g4U9pxvqyl5ZXVtfXSRnlza3tn167stVScSkKbJOax7ARYUc4EbWqmOe0kkuIo4LQdjK5zv31PpWKxuNPjhPoRHggWMoK1kXp2BSOPCeRFWA8J5tnlpGdXnZpTAC0Sd0aqF99hgUbP/vT6MUkjKjThWKmu6yTaz7DUjHA6KXupogkmIzygXUMFjqjysyL6BB0ZpY/CWJonNCrU3xsZjpQaR4GZzCOqeS8X//O6qQ7P/YyJJNVUkOmhMOVIxyjvAfWZpETzsSGYSGayIjLEEhNt2iqbEtz5Ly+S1knNPa05t261fgVTlOAADuEYXDiDOtxAA5pA4AGe4AVerUfr2Xqz3qejS9ZsZx/+wPr4AYGSlzU=</latexit>

a 2 A
<latexit sha1_base64="55IHMfrsYJ+w591pW4DDTb/akOE=">AAACAnicbVDJSgNBEO1xjXEb9SReGoOQgIQZQfQiBL14TMAskITQ06kkTXoWumvEMAQv3v0KLx4U8erVH/Dm39hZDpr4oODxXhVV9bxICo2O820tLC4tr6ym1tLrG5tb2/bObkWHseJQ5qEMVc1jGqQIoIwCJdQiBcz3JFS9/tXIr96C0iIMbnAQQdNn3UB0BGdopJa9X2olDYQ7VH4SyvZwmNXHLEcvqNOyM07eGYPOE3dKMoXcI5Q/87rYsr8a7ZDHPgTIJdO67joRNhOmUHAJw3Qj1hAx3mddqBsaMB90Mxm/MKRHRmnTTqhMBUjH6u+JhPlaD3zPdPoMe3rWG4n/efUYO+fNRARRjBDwyaJOLCmGdJQHbQsFHOXAEMaVMLdS3mOKcTSppU0I7uzL86RykndP807JzRQuyQQpckAOSZa45IwUyDUpkjLh5J48kRfyaj1Yz9ab9T5pXbCmM3vkD6yPHzKVmZs=</latexit>

Qold(s, a) = 0

<latexit sha1_base64="CO5QR38HRCsNtIkVegBJk5WmxE4=">AAAB+nicbVDLSsNAFL3xWesr1aWbwSK4KokgurPoxmVF+4AmlMl00g6dTMLMRCmxn+LGhSJu/RJ3foo7J2kX2npg4HDOvdwzJ0g4U9pxvqyl5ZXVtfXSRnlza3tn167stVScSkKbJOax7ARYUc4EbWqmOe0kkuIo4LQdjK5yv31PpWKxuNPjhPoRHggWMoK1kXp2RSGPCeRFWA8J5tntpGdXnZpTAC0Sd0aqF99hgUbP/vT6MUkjKjThWKmu6yTaz7DUjHA6KXupogkmIzygXUMFjqjysyL6BB0ZpY/CWJonNCrU3xsZjpQaR4GZzCOqeS8X//O6qQ7P/YyJJNVUkOmhMOVIxyjvAfWZpETzsSGYSGayIjLEEhNt2iqbEtz5Ly+S1knNPa05N261fglTlOAADuEYXDiDOlxDA5pA4AGe4AVerUfr2Xqz3qejS9ZsZx/+wPr4AblUl1k=</latexit>

s 2 S
<latexit sha1_base64="vwimHWdLv/YskPNH3iIGDUl5eiY=">AAAB+nicbVDLSsNAFL3xWesr1aWbwSK4KokgurPqxmUF+4AmlMl00g6dTMLMRCmxn+LGhSJu/RJ3foo7J2kX2npg4HDOvdwzJ0g4U9pxvqyl5ZXVtfXSRnlza3tn167stVScSkKbJOax7ARYUc4EbWqmOe0kkuIo4LQdjK5zv31PpWKxuNPjhPoRHggWMoK1kXp2BSOPCeRFWA8J5tnlpGdXnZpTAC0Sd0aqF99hgUbP/vT6MUkjKjThWKmu6yTaz7DUjHA6KXupogkmIzygXUMFjqjysyL6BB0ZpY/CWJonNCrU3xsZjpQaR4GZzCOqeS8X//O6qQ7P/YyJJNVUkOmhMOVIxyjvAfWZpETzsSGYSGayIjLEEhNt2iqbEtz5Ly+S1knNPa05t261fgVTlOAADuEYXDiDOtxAA5pA4AGe4AVerUfr2Xqz3qejS9ZsZx/+wPr4AYGSlzU=</latexit>

a 2 A
<latexit sha1_base64="QaXwd/rh4o5cAs1aXzPjfNITdFc="></latexit>

Qnew(s, a) = R(s, a) + �
P

s0 T (s, a, s
0)maxa0 Qold(s0, a0)

<latexit sha1_base64="QT+xbi89Lwt903HazBUKVoo0BZw="></latexit>

maxs,a |Qold(s, a)�Qnew(s, a)| < ✏
<latexit sha1_base64="J1PPICVLpoEXd/KO4XZOoRhh4pk=">AAAB+XicbVDLSgNBEJz1GeNr1aMii0HwFHYF0WPQi8cEzAOSJcxOOsmQ2dllpjcalhz9Cy8eFPHqJd/hzW/wJ5w8DppY0FBUddPdFcSCa3TdL2tpeWV1bT2zkd3c2t7Ztff2KzpKFIMyi0SkagHVILiEMnIUUIsV0DAQUA16N2O/2geleSTvcBCDH9KO5G3OKBqpadulZtpAeEAVphLuh8OmnXPz7gTOIvFmJFc4GpW+H49Hxab92WhFLAlBIhNU67rnxuinVCFnAobZRqIhpqxHO1A3VNIQtJ9OLh86p0ZpOe1ImZLoTNTfEykNtR6EgekMKXb1vDcW//PqCbav/JTLOEGQbLqonQgHI2ccg9PiChiKgSGUKW5udViXKsrQhJU1IXjzLy+Synneu8i7JS9XuCZTZMghOSFnxCOXpEBuSZGUCSN98kReyKuVWs/Wm/U+bV2yZjMH5A+sjx9uEpfh</latexit>

Qnew
<latexit sha1_base64="bdHQMzQ+lvZwR3uVC8qDDpVqZMs=">AAACDHicbVDLSsNAFJ34rPVVdelmsAi6CYkguhGKblwqGC20oUymt3boZBJmbtQS8gFu9FPcuFDEpX6AO//G6WPh68DA4ZxzuXNPlEph0PM+nYnJqemZ2dJceX5hcWm5srJ6bpJMcwh4IhNdj5gBKRQEKFBCPdXA4kjCRdQ7GvgXV6CNSNQZ9lMIY3apREdwhlZqVaqnrbyJcIM6zhPZLgp6QL9JCq6LwqY81xuC/iX+mFRr2/cQvLnmpFX5aLYTnsWgkEtmTMP3UgxzplFwCUW5mRlIGe+xS2hYqlgMJsyHxxR00ypt2km0fQrpUP0+kbPYmH4c2WTMsGt+ewPxP6+RYWc/zIVKMwTFR4s6maSY0EEztC00cJR9SxjXwv6V8i7TjKPtr2xL8H+f/Jec77j+ruud+tXaIRmhRNbJBtkiPtkjNXJMTkhAOLklD+SJPDt3zqPz4ryOohPOeGaN/IDz/gVQZZ9o</latexit>

Qold = Qnew
5

<latexit sha1_base64="6Hl5qppA41CIPXFfAtVYGpkQjQQ="></latexit>

Qh(s, a) = R(s, a) + �
P

s0 T (s, a, s
0)maxa0 Qh�1(s0, a0)



Infinite-Horizon Value Iteration
• Recall the finite-horizon case:

<latexit sha1_base64="xRQ7owhtbXbwONxDs6ML9ZDEwXE=">AAAB+nicbZDLSsNAFIYn9VbrLdWlm6FFqCglEUQ3QtCNy1bsBdpYJtNJO3QyCTMTJcS+hVs3LhRx65O469s4TbvQ6g8DH/85h3Pm9yJGpbKsiZFbWl5ZXcuvFzY2t7Z3zOJuU4axwKSBQxaKtockYZSThqKKkXYkCAo8Rlre6Gpab90TIWnIb1USETdAA059ipHSVs8s1u/sijxGh/AC3mTQM8tW1coE/4I9h7JT6h49TZyk1jO/uv0QxwHhCjMkZce2IuWmSCiKGRkXurEkEcIjNCAdjRwFRLppdvoYHminD/1Q6McVzNyfEykKpEwCT3cGSA3lYm1q/lfrxMo/d1PKo1gRjmeL/JhBFcJpDrBPBcGKJRoQFlTfCvEQCYSVTqugQ7AXv/wXmidV+7Rq1e2ycwlmyoN9UAIVYIMz4IBrUAMNgMEDeAav4M14NF6Md+Nj1poz5jN74JeMz2/ClJS2</latexit>

Q1(s, a) = R(s, a)

<latexit sha1_base64="CWgwnEz06NPXNmSaX0Ykp/5FhDM=">AAAB83icbVDLSgNBEOyNrxhfUY9ehgQhooRZQfQiLHrxmIB5QHYNs5PZZMjsg5lZISz5C/HiQRGv/oy3/I2TxIMmFjQUVd10d/mJ4EpjPLFyK6tr6xv5zcLW9s7uXnH/oKniVFLWoLGIZdsnigkesYbmWrB2IhkJfcFa/vB26rcemVQ8ju71KGFeSPoRDzgl2khu/QFX1Bk5QdcId4tlXMUzoGVi/5CyU3JPnybOqNYtfrm9mKYhizQVRKmOjRPtZURqTgUbF9xUsYTQIemzjqERCZnystnNY3RslB4KYmkq0mim/p7ISKjUKPRNZ0j0QC16U/E/r5Pq4MrLeJSkmkV0vihIBdIxmgaAelwyqsXIEEIlN7ciOiCSUG1iKpgQ7MWXl0nzvGpfVHHdLjs3MEcejqAEFbDhEhy4gxo0gEICz/AKb1ZqvVjv1se8NWf9zBzCH1if30vzkt8=</latexit>

Q0(s, a) = 0

• A similar flavor for the infinite-horizon case:
Infinite-Horizon-Value-Iteration(          ) 
for each state      and each action   
Initialize  

 while True 
for each state      and each action 

if 
return 

<latexit sha1_base64="U+3YkbplyqTs4iSrIGuxwUk6Cx8=">AAACGXicbVBNSwMxEM36WetX1aMiwSJ4KGVXED1WvXhstV/QljKbpm1osrskWaEsPfoXvPhHevDiQRGPevI3+CfMtkW0dSDkzZt5zMxzA86Utu1Pa25+YXFpObGSXF1b39hMbW2XlR9KQkvE576suqAoZx4taaY5rQaSgnA5rbi9y7heuaVSMd8r6n5AGwI6HmszAtpQzZRdF6C7BHh0M8jgn+TcJMUMvjZUB4QA89NAMR5L0nbWHgWeBc4EpHN7w8LX3f4w30y911s+CQX1NOGgVM2xA92IQGpGOB0k66GiAZAedGjNQA8EVY1odNkAHxqmhdu+NM/TeMT+VkQglOoL13TGq6vpWkz+V6uFun3WiJgXhJp6ZDyoHXKsfRzbhFtMUqJ53wAgkpldMemCBKKNmUljgjN98iwoH2edk6xdcNK5CzSOBNpFB+gIOegU5dAVyqMSIugePaJn9GI9WE/Wq/U2bp2zJpod9Cesj29pz6L+</latexit>

S,A, T, R, �, ✏
<latexit sha1_base64="CO5QR38HRCsNtIkVegBJk5WmxE4=">AAAB+nicbVDLSsNAFL3xWesr1aWbwSK4KokgurPoxmVF+4AmlMl00g6dTMLMRCmxn+LGhSJu/RJ3foo7J2kX2npg4HDOvdwzJ0g4U9pxvqyl5ZXVtfXSRnlza3tn167stVScSkKbJOax7ARYUc4EbWqmOe0kkuIo4LQdjK5yv31PpWKxuNPjhPoRHggWMoK1kXp2RSGPCeRFWA8J5tntpGdXnZpTAC0Sd0aqF99hgUbP/vT6MUkjKjThWKmu6yTaz7DUjHA6KXupogkmIzygXUMFjqjysyL6BB0ZpY/CWJonNCrU3xsZjpQaR4GZzCOqeS8X//O6qQ7P/YyJJNVUkOmhMOVIxyjvAfWZpETzsSGYSGayIjLEEhNt2iqbEtz5Ly+S1knNPa05N261fglTlOAADuEYXDiDOlxDA5pA4AGe4AVerUfr2Xqz3qejS9ZsZx/+wPr4AblUl1k=</latexit>

s 2 S
<latexit sha1_base64="vwimHWdLv/YskPNH3iIGDUl5eiY=">AAAB+nicbVDLSsNAFL3xWesr1aWbwSK4KokgurPqxmUF+4AmlMl00g6dTMLMRCmxn+LGhSJu/RJ3foo7J2kX2npg4HDOvdwzJ0g4U9pxvqyl5ZXVtfXSRnlza3tn167stVScSkKbJOax7ARYUc4EbWqmOe0kkuIo4LQdjK5zv31PpWKxuNPjhPoRHggWMoK1kXp2BSOPCeRFWA8J5tnlpGdXnZpTAC0Sd0aqF99hgUbP/vT6MUkjKjThWKmu6yTaz7DUjHA6KXupogkmIzygXUMFjqjysyL6BB0ZpY/CWJonNCrU3xsZjpQaR4GZzCOqeS8X//O6qQ7P/YyJJNVUkOmhMOVIxyjvAfWZpETzsSGYSGayIjLEEhNt2iqbEtz5Ly+S1knNPa05t261fgVTlOAADuEYXDiDOtxAA5pA4AGe4AVerUfr2Xqz3qejS9ZsZx/+wPr4AYGSlzU=</latexit>

a 2 A
<latexit sha1_base64="55IHMfrsYJ+w591pW4DDTb/akOE=">AAACAnicbVDJSgNBEO1xjXEb9SReGoOQgIQZQfQiBL14TMAskITQ06kkTXoWumvEMAQv3v0KLx4U8erVH/Dm39hZDpr4oODxXhVV9bxICo2O820tLC4tr6ym1tLrG5tb2/bObkWHseJQ5qEMVc1jGqQIoIwCJdQiBcz3JFS9/tXIr96C0iIMbnAQQdNn3UB0BGdopJa9X2olDYQ7VH4SyvZwmNXHLEcvqNOyM07eGYPOE3dKMoXcI5Q/87rYsr8a7ZDHPgTIJdO67joRNhOmUHAJw3Qj1hAx3mddqBsaMB90Mxm/MKRHRmnTTqhMBUjH6u+JhPlaD3zPdPoMe3rWG4n/efUYO+fNRARRjBDwyaJOLCmGdJQHbQsFHOXAEMaVMLdS3mOKcTSppU0I7uzL86RykndP807JzRQuyQQpckAOSZa45IwUyDUpkjLh5J48kRfyaj1Yz9ab9T5pXbCmM3vkD6yPHzKVmZs=</latexit>

Qold(s, a) = 0

<latexit sha1_base64="CO5QR38HRCsNtIkVegBJk5WmxE4=">AAAB+nicbVDLSsNAFL3xWesr1aWbwSK4KokgurPoxmVF+4AmlMl00g6dTMLMRCmxn+LGhSJu/RJ3foo7J2kX2npg4HDOvdwzJ0g4U9pxvqyl5ZXVtfXSRnlza3tn167stVScSkKbJOax7ARYUc4EbWqmOe0kkuIo4LQdjK5yv31PpWKxuNPjhPoRHggWMoK1kXp2RSGPCeRFWA8J5tntpGdXnZpTAC0Sd0aqF99hgUbP/vT6MUkjKjThWKmu6yTaz7DUjHA6KXupogkmIzygXUMFjqjysyL6BB0ZpY/CWJonNCrU3xsZjpQaR4GZzCOqeS8X//O6qQ7P/YyJJNVUkOmhMOVIxyjvAfWZpETzsSGYSGayIjLEEhNt2iqbEtz5Ly+S1knNPa05N261fglTlOAADuEYXDiDOlxDA5pA4AGe4AVerUfr2Xqz3qejS9ZsZx/+wPr4AblUl1k=</latexit>

s 2 S
<latexit sha1_base64="vwimHWdLv/YskPNH3iIGDUl5eiY=">AAAB+nicbVDLSsNAFL3xWesr1aWbwSK4KokgurPqxmUF+4AmlMl00g6dTMLMRCmxn+LGhSJu/RJ3foo7J2kX2npg4HDOvdwzJ0g4U9pxvqyl5ZXVtfXSRnlza3tn167stVScSkKbJOax7ARYUc4EbWqmOe0kkuIo4LQdjK5zv31PpWKxuNPjhPoRHggWMoK1kXp2BSOPCeRFWA8J5tnlpGdXnZpTAC0Sd0aqF99hgUbP/vT6MUkjKjThWKmu6yTaz7DUjHA6KXupogkmIzygXUMFjqjysyL6BB0ZpY/CWJonNCrU3xsZjpQaR4GZzCOqeS8X//O6qQ7P/YyJJNVUkOmhMOVIxyjvAfWZpETzsSGYSGayIjLEEhNt2iqbEtz5Ly+S1knNPa05t261fgVTlOAADuEYXDiDOtxAA5pA4AGe4AVerUfr2Xqz3qejS9ZsZx/+wPr4AYGSlzU=</latexit>

a 2 A
<latexit sha1_base64="QaXwd/rh4o5cAs1aXzPjfNITdFc="></latexit>

Qnew(s, a) = R(s, a) + �
P

s0 T (s, a, s
0)maxa0 Qold(s0, a0)

<latexit sha1_base64="QT+xbi89Lwt903HazBUKVoo0BZw="></latexit>

maxs,a |Qold(s, a)�Qnew(s, a)| < ✏
<latexit sha1_base64="J1PPICVLpoEXd/KO4XZOoRhh4pk=">AAAB+XicbVDLSgNBEJz1GeNr1aMii0HwFHYF0WPQi8cEzAOSJcxOOsmQ2dllpjcalhz9Cy8eFPHqJd/hzW/wJ5w8DppY0FBUddPdFcSCa3TdL2tpeWV1bT2zkd3c2t7Ztff2KzpKFIMyi0SkagHVILiEMnIUUIsV0DAQUA16N2O/2geleSTvcBCDH9KO5G3OKBqpadulZtpAeEAVphLuh8OmnXPz7gTOIvFmJFc4GpW+H49Hxab92WhFLAlBIhNU67rnxuinVCFnAobZRqIhpqxHO1A3VNIQtJ9OLh86p0ZpOe1ImZLoTNTfEykNtR6EgekMKXb1vDcW//PqCbav/JTLOEGQbLqonQgHI2ccg9PiChiKgSGUKW5udViXKsrQhJU1IXjzLy+Synneu8i7JS9XuCZTZMghOSFnxCOXpEBuSZGUCSN98kReyKuVWs/Wm/U+bV2yZjMH5A+sjx9uEpfh</latexit>

Qnew
<latexit sha1_base64="bdHQMzQ+lvZwR3uVC8qDDpVqZMs=">AAACDHicbVDLSsNAFJ34rPVVdelmsAi6CYkguhGKblwqGC20oUymt3boZBJmbtQS8gFu9FPcuFDEpX6AO//G6WPh68DA4ZxzuXNPlEph0PM+nYnJqemZ2dJceX5hcWm5srJ6bpJMcwh4IhNdj5gBKRQEKFBCPdXA4kjCRdQ7GvgXV6CNSNQZ9lMIY3apREdwhlZqVaqnrbyJcIM6zhPZLgp6QL9JCq6LwqY81xuC/iX+mFRr2/cQvLnmpFX5aLYTnsWgkEtmTMP3UgxzplFwCUW5mRlIGe+xS2hYqlgMJsyHxxR00ypt2km0fQrpUP0+kbPYmH4c2WTMsGt+ewPxP6+RYWc/zIVKMwTFR4s6maSY0EEztC00cJR9SxjXwv6V8i7TjKPtr2xL8H+f/Jec77j+ruud+tXaIRmhRNbJBtkiPtkjNXJMTkhAOLklD+SJPDt3zqPz4ryOohPOeGaN/IDz/gVQZZ9o</latexit>

Qold = Qnew
5

<latexit sha1_base64="6Hl5qppA41CIPXFfAtVYGpkQjQQ="></latexit>

Qh(s, a) = R(s, a) + �
P

s0 T (s, a, s
0)maxa0 Qh�1(s0, a0)

In real code, always cap the # of iterations



But what do we know at the start?

6

rich soil

0.1 0.9

0.90.1

poor soil
plant:

rich soil

0.9 0.1

0.10.9

poor soil
fallow:

R(rich,plant)=100 
R(poor,plant)=10 
R(rich,fallow)=0 
R(poor,fallow)=0



But what do we know at the start?

• General goal: Make actions to maximize expected reward.
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But what do we know at the start?

• General goal: Make actions to maximize expected reward. 
• Up to this point: Assume we know full Markov decision 
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But what do we know at the start?

• General goal: Make actions to maximize expected reward. 
• Up to this point: Assume we know full Markov decision 

process (MDP). 
• We figure out best policy and use it from the start.
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But what do we know at the start?

• General goal: Make actions to maximize expected reward. 
• Up to this point: Assume we know full Markov decision 

process (MDP). 
• We figure out best policy and use it from the start. 

• But we often don’t know the transition model T or reward 
function R before we start.
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But what do we know at the start?

• General goal: Make actions to maximize expected reward. 
• Up to this point: Assume we know full Markov decision 

process (MDP). 
• We figure out best policy and use it from the start. 

• But we often don’t know the transition model T or reward 
function R before we start.
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But what do we know at the start?

• General goal: Make actions to maximize expected reward. 
• Up to this point: Assume we know full Markov decision 

process (MDP). 
• We figure out best policy and use it from the start. 

• But we often don’t know the transition model T or reward 
function R before we start. 

• Next: Assume we do know the states, actions, and discount. 
But we don’t know T or R.
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But what do we know at the start?

• General goal: Make actions to maximize expected reward. 
• Up to this point: Assume we know full Markov decision 

process (MDP). 
• We figure out best policy and use it from the start. 

• But we often don’t know the transition model T or reward 
function R before we start. 

• Next: Assume we do know the states, actions, and discount. 
But we don’t know T or R. 
• Find a sequence of actions to maximize expected reward.6

rich soil

? ?

??

poor soil
plant:

rich soil

? ?

??

poor soil
fallow:

R(rich,plant)=? 
R(poor,plant)=? 
R(rich,fallow)=? 
R(poor,fallow)=?


