
Shen Shen



rich soil

0.1 0.9

0.90.1

poor soil rich soil

0.9 0.1

0.10.9

poor soil

7

Some possible strategies

• Strategy A: always try actions uniformly at random 
• E.g. <latexit sha1_base64="pee2TjkvwmdYA/BUL/8uLcWfoQ0=">AAAB+nicbVDLSgNBEJyNrxhfGz0qMhgET2FXRL0IQS8eEzAPSJYwO5kkQ2Z3lpleNaw5+hlePCji1UO+w5vf4E84eRw0saChqOqmu8uPBNfgOF9WamFxaXklvZpZW9/Y3LKz2xUtY0VZmUohVc0nmgkesjJwEKwWKUYCX7Cq37sa+dVbpjSX4Q30I+YFpBPyNqcEjNS0sxpf4Aawe1BBEkmpBk075+SdMfA8cackV9gblr4f94fFpv3ZaEkaBywEKojWddeJwEuIAk4FG2QasWYRoT3SYXVDQxIw7SXj0wf40Cgt3JbKVAh4rP6eSEigdT/wTWdAoKtnvZH4n1ePoX3uJTyMYmAhnSxqxwKDxKMccIsrRkH0DSFUcXMrpl2iCAWTVsaE4M6+PE8qx3n3NH9ScnOFSzRBGu2iA3SEXHSGCugaFVEZUXSHntALerUerGfrzXqftKas6cwO+gPr4wcuqJeu</latexit>s = poor

<latexit sha1_base64="08fV+xKB/smtwv5yn/G9XjhsNo0=">AAACF3icbZDLSgMxFIYz9VbrbdSlIsEiuJAyI6JuhKIbly3YC7RDyaSZNjRzITmjlqFL38CNb1LcuFDEre58Bl/C9CJo6w+Bn++cw8n53UhwBZb1aaRmZufmF9KLmaXlldU1c32jrMJYUlaioQhl1SWKCR6wEnAQrBpJRnxXsIrbuRjUK9dMKh4GV9CNmOOTVsA9Tglo1DBzBJ9hXAd2C9JPPCJEeNM7wErTHyg5bWskNbIaZtbKWUPhaWOPTTa/3S9+3e30Cw3zo94MaeyzAKggStVsKwInIRI4FayXqceKRYR2SIvVtA2Iz5STDO/q4T1NmtgLpX4B4CH9PZEQX6mu7+pOn0BbTdYG8L9aLQbv1El4EMXAAjpa5MUCQ4gHIeEml4yC6GpDqOT6r5i2iSQUdJQZHYI9efK0KR/m7OPcUdHO5s/RSGm0hXbRPrLRCcqjS1RAJUTRPXpEz+jFeDCejFfjbdSaMsYzm+iPjPdvakOh6A==</latexit>

a = fallow, s = rich, r = 0
<latexit sha1_base64="EyACKGLc9XhhiyzL9tlGGlm3BFc=">AAACF3icbZDNSgMxFIUz/tb6V3WpSLAILqTMiFg3QtGNSwVrC+1QMmmmDc0kQ3JHLEOXvoEb36S4caGIW935DL6EaSui1QOBw3fv5eaeIBbcgOu+OxOTU9Mzs5m57PzC4tJybmX10qhEU1amSihdDYhhgktWBg6CVWPNSBQIVgk6J4N65Yppw5W8gG7M/Ii0JA85JWBRI1cg+AjjOrBr0FEaCyKht4uNhd9MKW2RtqjoNnJ5t+AOhf8a78vkSxv984+bzf5ZI/dWbyqaREwCFcSYmufG4KdEA6eC9bL1xLCY0A5psZq1kkTM+Onwrh7etqSJQ6Xtk4CH9OdESiJjulFgOyMCbTNeG8D/arUEwkM/5TJOgEk6WhQmAoPCg5Bwk2tGQXStIVRz+1dM20QTCjbKrA3BGz/5r7ncK3gHhf1zL186RiNl0DraQjvIQ0VUQqfoDJURRbfoHj2iJ+fOeXCenZdR64TzNbOGfsl5/QRJuKHT</latexit>

a = plant, s = poor, r = 70
• Strategy B: after a few moves, choose a policy (e.g. 

whatever seems best so far) and commit to it 
• E.g. from here: if rich, plant & if poor, fallow 

• What could go wrong with each strategy?

plant: fallow:

Example (ii)

R(rich,plant)=70 
R(poor,plant)=10 
R(rich,fallow)=0 
R(poor,fallow)=0
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Some possible strategies

• Strategy A: always try actions uniformly at random 
• E.g. <latexit sha1_base64="pee2TjkvwmdYA/BUL/8uLcWfoQ0=">AAAB+nicbVDLSgNBEJyNrxhfGz0qMhgET2FXRL0IQS8eEzAPSJYwO5kkQ2Z3lpleNaw5+hlePCji1UO+w5vf4E84eRw0saChqOqmu8uPBNfgOF9WamFxaXklvZpZW9/Y3LKz2xUtY0VZmUohVc0nmgkesjJwEKwWKUYCX7Cq37sa+dVbpjSX4Q30I+YFpBPyNqcEjNS0sxpf4Aawe1BBEkmpBk075+SdMfA8cackV9gblr4f94fFpv3ZaEkaBywEKojWddeJwEuIAk4FG2QasWYRoT3SYXVDQxIw7SXj0wf40Cgt3JbKVAh4rP6eSEigdT/wTWdAoKtnvZH4n1ePoX3uJTyMYmAhnSxqxwKDxKMccIsrRkH0DSFUcXMrpl2iCAWTVsaE4M6+PE8qx3n3NH9ScnOFSzRBGu2iA3SEXHSGCugaFVEZUXSHntALerUerGfrzXqftKas6cwO+gPr4wcuqJeu</latexit>s = poor

<latexit sha1_base64="08fV+xKB/smtwv5yn/G9XjhsNo0=">AAACF3icbZDLSgMxFIYz9VbrbdSlIsEiuJAyI6JuhKIbly3YC7RDyaSZNjRzITmjlqFL38CNb1LcuFDEre58Bl/C9CJo6w+Bn++cw8n53UhwBZb1aaRmZufmF9KLmaXlldU1c32jrMJYUlaioQhl1SWKCR6wEnAQrBpJRnxXsIrbuRjUK9dMKh4GV9CNmOOTVsA9Tglo1DBzBJ9hXAd2C9JPPCJEeNM7wErTHyg5bWskNbIaZtbKWUPhaWOPTTa/3S9+3e30Cw3zo94MaeyzAKggStVsKwInIRI4FayXqceKRYR2SIvVtA2Iz5STDO/q4T1NmtgLpX4B4CH9PZEQX6mu7+pOn0BbTdYG8L9aLQbv1El4EMXAAjpa5MUCQ4gHIeEml4yC6GpDqOT6r5i2iSQUdJQZHYI9efK0KR/m7OPcUdHO5s/RSGm0hXbRPrLRCcqjS1RAJUTRPXpEz+jFeDCejFfjbdSaMsYzm+iPjPdvakOh6A==</latexit>

a = fallow, s = rich, r = 0
<latexit sha1_base64="EyACKGLc9XhhiyzL9tlGGlm3BFc=">AAACF3icbZDNSgMxFIUz/tb6V3WpSLAILqTMiFg3QtGNSwVrC+1QMmmmDc0kQ3JHLEOXvoEb36S4caGIW935DL6EaSui1QOBw3fv5eaeIBbcgOu+OxOTU9Mzs5m57PzC4tJybmX10qhEU1amSihdDYhhgktWBg6CVWPNSBQIVgk6J4N65Yppw5W8gG7M/Ii0JA85JWBRI1cg+AjjOrBr0FEaCyKht4uNhd9MKW2RtqjoNnJ5t+AOhf8a78vkSxv984+bzf5ZI/dWbyqaREwCFcSYmufG4KdEA6eC9bL1xLCY0A5psZq1kkTM+Onwrh7etqSJQ6Xtk4CH9OdESiJjulFgOyMCbTNeG8D/arUEwkM/5TJOgEk6WhQmAoPCg5Bwk2tGQXStIVRz+1dM20QTCjbKrA3BGz/5r7ncK3gHhf1zL186RiNl0DraQjvIQ0VUQqfoDJURRbfoHj2iJ+fOeXCenZdR64TzNbOGfsl5/QRJuKHT</latexit>

a = plant, s = poor, r = 70
• Strategy B: after a few moves, choose a policy (e.g. 

whatever seems best so far) and commit to it 
• E.g. from here: if rich, plant & if poor, fallow 

• What could go wrong with each strategy?

rich soil

0 1

10

poor soil
plant:

rich soil

0.0001
0.9999

0.99990.0001

poor soil
fallow:

R(rich,plant)=70 
R(poor,plant)=10 
R(rich,fallow)=0 
R(poor,fallow)=0

Example (iii)
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Some possible strategies

• Strategy A: always try actions uniformly at random 
• E.g. <latexit sha1_base64="pee2TjkvwmdYA/BUL/8uLcWfoQ0=">AAAB+nicbVDLSgNBEJyNrxhfGz0qMhgET2FXRL0IQS8eEzAPSJYwO5kkQ2Z3lpleNaw5+hlePCji1UO+w5vf4E84eRw0saChqOqmu8uPBNfgOF9WamFxaXklvZpZW9/Y3LKz2xUtY0VZmUohVc0nmgkesjJwEKwWKUYCX7Cq37sa+dVbpjSX4Q30I+YFpBPyNqcEjNS0sxpf4Aawe1BBEkmpBk075+SdMfA8cackV9gblr4f94fFpv3ZaEkaBywEKojWddeJwEuIAk4FG2QasWYRoT3SYXVDQxIw7SXj0wf40Cgt3JbKVAh4rP6eSEigdT/wTWdAoKtnvZH4n1ePoX3uJTyMYmAhnSxqxwKDxKMccIsrRkH0DSFUcXMrpl2iCAWTVsaE4M6+PE8qx3n3NH9ScnOFSzRBGu2iA3SEXHSGCugaFVEZUXSHntALerUerGfrzXqftKas6cwO+gPr4wcuqJeu</latexit>s = poor

<latexit sha1_base64="08fV+xKB/smtwv5yn/G9XjhsNo0=">AAACF3icbZDLSgMxFIYz9VbrbdSlIsEiuJAyI6JuhKIbly3YC7RDyaSZNjRzITmjlqFL38CNb1LcuFDEre58Bl/C9CJo6w+Bn++cw8n53UhwBZb1aaRmZufmF9KLmaXlldU1c32jrMJYUlaioQhl1SWKCR6wEnAQrBpJRnxXsIrbuRjUK9dMKh4GV9CNmOOTVsA9Tglo1DBzBJ9hXAd2C9JPPCJEeNM7wErTHyg5bWskNbIaZtbKWUPhaWOPTTa/3S9+3e30Cw3zo94MaeyzAKggStVsKwInIRI4FayXqceKRYR2SIvVtA2Iz5STDO/q4T1NmtgLpX4B4CH9PZEQX6mu7+pOn0BbTdYG8L9aLQbv1El4EMXAAjpa5MUCQ4gHIeEml4yC6GpDqOT6r5i2iSQUdJQZHYI9efK0KR/m7OPcUdHO5s/RSGm0hXbRPrLRCcqjS1RAJUTRPXpEz+jFeDCejFfjbdSaMsYzm+iPjPdvakOh6A==</latexit>

a = fallow, s = rich, r = 0
<latexit sha1_base64="EyACKGLc9XhhiyzL9tlGGlm3BFc=">AAACF3icbZDNSgMxFIUz/tb6V3WpSLAILqTMiFg3QtGNSwVrC+1QMmmmDc0kQ3JHLEOXvoEb36S4caGIW935DL6EaSui1QOBw3fv5eaeIBbcgOu+OxOTU9Mzs5m57PzC4tJybmX10qhEU1amSihdDYhhgktWBg6CVWPNSBQIVgk6J4N65Yppw5W8gG7M/Ii0JA85JWBRI1cg+AjjOrBr0FEaCyKht4uNhd9MKW2RtqjoNnJ5t+AOhf8a78vkSxv984+bzf5ZI/dWbyqaREwCFcSYmufG4KdEA6eC9bL1xLCY0A5psZq1kkTM+Onwrh7etqSJQ6Xtk4CH9OdESiJjulFgOyMCbTNeG8D/arUEwkM/5TJOgEk6WhQmAoPCg5Bwk2tGQXStIVRz+1dM20QTCjbKrA3BGz/5r7ncK3gHhf1zL186RiNl0DraQjvIQ0VUQqfoDJURRbfoHj2iJ+fOeXCenZdR64TzNbOGfsl5/QRJuKHT</latexit>

a = plant, s = poor, r = 70
• Strategy B: after a few moves, choose a policy (e.g. 

whatever seems best so far) and commit to it 
• E.g. from here: if rich, plant & if poor, fallow 

• What could go wrong with each strategy? 
• What are the benefits of each strategy?

rich soil

? ?

??

poor soil
plant:

rich soil

? ?

??

poor soil
fallow:

R(rich,plant)=70 
R(poor,plant)=? 
R(rich,fallow)=? 
R(poor,fallow)=0
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Some possible strategies

• Strategy A: always try actions uniformly at random 
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<latexit sha1_base64="08fV+xKB/smtwv5yn/G9XjhsNo0=">AAACF3icbZDLSgMxFIYz9VbrbdSlIsEiuJAyI6JuhKIbly3YC7RDyaSZNjRzITmjlqFL38CNb1LcuFDEre58Bl/C9CJo6w+Bn++cw8n53UhwBZb1aaRmZufmF9KLmaXlldU1c32jrMJYUlaioQhl1SWKCR6wEnAQrBpJRnxXsIrbuRjUK9dMKh4GV9CNmOOTVsA9Tglo1DBzBJ9hXAd2C9JPPCJEeNM7wErTHyg5bWskNbIaZtbKWUPhaWOPTTa/3S9+3e30Cw3zo94MaeyzAKggStVsKwInIRI4FayXqceKRYR2SIvVtA2Iz5STDO/q4T1NmtgLpX4B4CH9PZEQX6mu7+pOn0BbTdYG8L9aLQbv1El4EMXAAjpa5MUCQ4gHIeEml4yC6GpDqOT6r5i2iSQUdJQZHYI9efK0KR/m7OPcUdHO5s/RSGm0hXbRPrLRCcqjS1RAJUTRPXpEz+jFeDCejFfjbdSaMsYzm+iPjPdvakOh6A==</latexit>

a = fallow, s = rich, r = 0
<latexit sha1_base64="EyACKGLc9XhhiyzL9tlGGlm3BFc=">AAACF3icbZDNSgMxFIUz/tb6V3WpSLAILqTMiFg3QtGNSwVrC+1QMmmmDc0kQ3JHLEOXvoEb36S4caGIW935DL6EaSui1QOBw3fv5eaeIBbcgOu+OxOTU9Mzs5m57PzC4tJybmX10qhEU1amSihdDYhhgktWBg6CVWPNSBQIVgk6J4N65Yppw5W8gG7M/Ii0JA85JWBRI1cg+AjjOrBr0FEaCyKht4uNhd9MKW2RtqjoNnJ5t+AOhf8a78vkSxv984+bzf5ZI/dWbyqaREwCFcSYmufG4KdEA6eC9bL1xLCY0A5psZq1kkTM+Onwrh7etqSJQ6Xtk4CH9OdESiJjulFgOyMCbTNeG8D/arUEwkM/5TJOgEk6WhQmAoPCg5Bwk2tGQXStIVRz+1dM20QTCjbKrA3BGz/5r7ncK3gHhf1zL186RiNl0DraQjvIQ0VUQqfoDJURRbfoHj2iJ+fOeXCenZdR64TzNbOGfsl5/QRJuKHT</latexit>

a = plant, s = poor, r = 70
• Strategy B: after a few moves, choose a policy (e.g. 

whatever seems best so far) and commit to it 
• E.g. from here: if rich, plant & if poor, fallow 

• What could go wrong with each strategy? 
• What are the benefits of each strategy?

Focused on 
exploring

rich soil

? ?

??

poor soil
plant:

rich soil

? ?

??

poor soil
fallow:

R(rich,plant)=70 
R(poor,plant)=? 
R(rich,fallow)=? 
R(poor,fallow)=0
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Some possible strategies

• Strategy A: always try actions uniformly at random 
• E.g. <latexit sha1_base64="pee2TjkvwmdYA/BUL/8uLcWfoQ0=">AAAB+nicbVDLSgNBEJyNrxhfGz0qMhgET2FXRL0IQS8eEzAPSJYwO5kkQ2Z3lpleNaw5+hlePCji1UO+w5vf4E84eRw0saChqOqmu8uPBNfgOF9WamFxaXklvZpZW9/Y3LKz2xUtY0VZmUohVc0nmgkesjJwEKwWKUYCX7Cq37sa+dVbpjSX4Q30I+YFpBPyNqcEjNS0sxpf4Aawe1BBEkmpBk075+SdMfA8cackV9gblr4f94fFpv3ZaEkaBywEKojWddeJwEuIAk4FG2QasWYRoT3SYXVDQxIw7SXj0wf40Cgt3JbKVAh4rP6eSEigdT/wTWdAoKtnvZH4n1ePoX3uJTyMYmAhnSxqxwKDxKMccIsrRkH0DSFUcXMrpl2iCAWTVsaE4M6+PE8qx3n3NH9ScnOFSzRBGu2iA3SEXHSGCugaFVEZUXSHntALerUerGfrzXqftKas6cwO+gPr4wcuqJeu</latexit>s = poor

<latexit sha1_base64="08fV+xKB/smtwv5yn/G9XjhsNo0=">AAACF3icbZDLSgMxFIYz9VbrbdSlIsEiuJAyI6JuhKIbly3YC7RDyaSZNjRzITmjlqFL38CNb1LcuFDEre58Bl/C9CJo6w+Bn++cw8n53UhwBZb1aaRmZufmF9KLmaXlldU1c32jrMJYUlaioQhl1SWKCR6wEnAQrBpJRnxXsIrbuRjUK9dMKh4GV9CNmOOTVsA9Tglo1DBzBJ9hXAd2C9JPPCJEeNM7wErTHyg5bWskNbIaZtbKWUPhaWOPTTa/3S9+3e30Cw3zo94MaeyzAKggStVsKwInIRI4FayXqceKRYR2SIvVtA2Iz5STDO/q4T1NmtgLpX4B4CH9PZEQX6mu7+pOn0BbTdYG8L9aLQbv1El4EMXAAjpa5MUCQ4gHIeEml4yC6GpDqOT6r5i2iSQUdJQZHYI9efK0KR/m7OPcUdHO5s/RSGm0hXbRPrLRCcqjS1RAJUTRPXpEz+jFeDCejFfjbdSaMsYzm+iPjPdvakOh6A==</latexit>

a = fallow, s = rich, r = 0
<latexit sha1_base64="EyACKGLc9XhhiyzL9tlGGlm3BFc=">AAACF3icbZDNSgMxFIUz/tb6V3WpSLAILqTMiFg3QtGNSwVrC+1QMmmmDc0kQ3JHLEOXvoEb36S4caGIW935DL6EaSui1QOBw3fv5eaeIBbcgOu+OxOTU9Mzs5m57PzC4tJybmX10qhEU1amSihdDYhhgktWBg6CVWPNSBQIVgk6J4N65Yppw5W8gG7M/Ii0JA85JWBRI1cg+AjjOrBr0FEaCyKht4uNhd9MKW2RtqjoNnJ5t+AOhf8a78vkSxv984+bzf5ZI/dWbyqaREwCFcSYmufG4KdEA6eC9bL1xLCY0A5psZq1kkTM+Onwrh7etqSJQ6Xtk4CH9OdESiJjulFgOyMCbTNeG8D/arUEwkM/5TJOgEk6WhQmAoPCg5Bwk2tGQXStIVRz+1dM20QTCjbKrA3BGz/5r7ncK3gHhf1zL186RiNl0DraQjvIQ0VUQqfoDJURRbfoHj2iJ+fOeXCenZdR64TzNbOGfsl5/QRJuKHT</latexit>

a = plant, s = poor, r = 70
• Strategy B: after a few moves, choose a policy (e.g. 

whatever seems best so far) and commit to it 
• E.g. from here: if rich, plant & if poor, fallow 

• What could go wrong with each strategy? 
• What are the benefits of each strategy?

Focused on 
exploring

Focused on 
exploiting

rich soil

? ?

??

poor soil
plant:

rich soil

? ?

??

poor soil
fallow:

R(rich,plant)=70 
R(poor,plant)=? 
R(rich,fallow)=? 
R(poor,fallow)=0



Exploration vs. exploitation

• Trade-off 
• Exploration: the more we explore, the better we 

understand the world (e.g. T and R) 
• Exploitation: based on what we know about the world, 

we can take actions with the aim to get highest reward
• One option (not the only one!): 𝜖-greedy strategy 

• With probability 1-𝜖 , exploit 
• With probability 𝜖 , choose an action uniformly at random

rich soil

? ?

??

poor soil
plant:

rich soil

? ?

??

poor soil
fallow:

R(rich,plant)=? 
R(poor,plant)=? 
R(rich,fallow)=? 
R(poor,fallow)=?
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Exploration vs. exploitation

• Trade-off 
• Exploration: the more we explore, the better we 

understand the world (e.g. T and R) 
• Exploitation: based on what we know about the world, 

we can take actions with the aim to get highest reward
• One option (not the only one!): 𝜖-greedy strategy 

• With probability 1-𝜖 , exploit 
• With probability 𝜖 , choose an action uniformly at random

rich soil

? ?

??

poor soil
plant:

rich soil

? ?

??

poor soil
fallow:

R(rich,plant)=? 
R(poor,plant)=? 
R(rich,fallow)=? 
R(poor,fallow)=?

Need to specify how!
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• Consider infinite horizon. If we had Q*, we could exploit. 
• Idea: estimate Q* from the observations (“data”) so far.



• Option 1: Estimate transition model T and 
reward function R

rich soil

? ?

??

poor soil
plant:

rich soil

? ?

??

poor soil
fallow:

R(rich,plant)=? 
R(poor,plant)=? 
R(rich,fallow)=? 
R(poor,fallow)=?

Initialize        
Initialize: any     :  
for t = 1, 2, 3, …  
   = select_action(     ) E.g. 𝜖-greedy

<latexit sha1_base64="71bkUSUoX9aewOzmKummtNRGTio=">AAAB9HicbVDLSgNBEOyNrxhfUcGLl8EgxEvYDYhehBAvHhMwD0jWMDuZTYbMzq4zs4Gw5Du8eFDEo36FX+DNi9/i5HHQxIKGoqqb7i4v4kxp2/6yUiura+sb6c3M1vbO7l52/6CuwlgSWiMhD2XTw4pyJmhNM81pM5IUBx6nDW9wPfEbQyoVC8WtHkXUDXBPMJ8RrI3kqrsk75yN0RVSHbuTzdkFewq0TJw5yZWOqt/srfxR6WQ/292QxAEVmnCsVMuxI+0mWGpGOB1n2rGiESYD3KMtQwUOqHKT6dFjdGqULvJDaUpoNFV/TyQ4UGoUeKYzwLqvFr2J+J/XirV/6SZMRLGmgswW+TFHOkSTBFCXSUo0HxmCiWTmVkT6WGKiTU4ZE4Kz+PIyqRcLznnBrjq5UhlmSMMxnEAeHLiAEtxABWpA4B4e4AmeraH1aL1Yr7PWlDWfOYQ/sN5/AKLalGg=</latexit>

s(1) = s0
<latexit sha1_base64="Xmv6ffGAoTPYK/KLlBcyy5XqAWM=">AAAB7XicbZDLSgMxFIbP1Futt6pLRYJFdFHKjCC6LLpx2YK9QDuUTJppYzPJkGSEUrp078aFIm59hT6HO5/BlzC9LLT1h8DH/59DzjlBzJk2rvvlpJaWV1bX0uuZjc2t7Z3s7l5Vy0QRWiGSS1UPsKacCVoxzHBajxXFUcBpLejdjPPaA1WaSXFn+jH1I9wRLGQEG2tVdR7n9Wkrm3ML7kRoEbwZ5IqHo/L349Go1Mp+NtuSJBEVhnCsdcNzY+MPsDKMcDrMNBNNY0x6uEMbFgWOqPYHk2mH6MQ6bRRKZZ8waOL+7hjgSOt+FNjKCJuuns/G5n9ZIzHhlT9gIk4MFWT6UZhwZCQar47aTFFieN8CJorZWRHpYoWJsQfK2CN48ysvQvW84F0U3LKXK17DVGk4gGM4Aw8uoQi3UIIKELiHJ3iBV0c6z86b8z4tTTmznn34I+fjB4ykkig=</latexit>

s, a, s0

<latexit sha1_base64="VgagKfCjIhPc1NAyHbKMTRVTHbU=">AAAB7nicbZDLSgMxFIbPeK3jrerSTbAIdVNmBNGNWHTjsoK9QDuWTJppQzOZkGSEMvQh3LhQxIUb38S9G/FtTC8Lbf0h8PH/55BzTig508bzvp2FxaXlldXcmru+sbm1nd/ZrekkVYRWScIT1QixppwJWjXMcNqQiuI45LQe9q9Gef2eKs0ScWsGkgYx7goWMYKNter4Liuao2E7X/BK3lhoHvwpFC4+3HP59uVW2vnPVichaUyFIRxr3fQ9aYIMK8MIp0O3lWoqMenjLm1aFDimOsjG4w7RoXU6KEqUfcKgsfu7I8Ox1oM4tJUxNj09m43M/7JmaqKzIGNCpoYKMvkoSjkyCRrtjjpMUWL4wAImitlZEelhhYmxF3LtEfzZleehdlzyT0rejV8oX8JEOdiHAyiCD6dQhmuoQBUI9OEBnuDZkc6j8+K8TkoXnGnPHvyR8/4DOsSSfg==</latexit>

a(t)

Data at step t:
<latexit sha1_base64="RA37KY5MqJJI8Q3Xl8q15UzURDg=">AAACDXicbZDLSgMxFIYz9VbrbdSlIsEqtChlRhBdFt24bMFeoB1LJk3b0ExmSDJCGWbpxo2v4kaoIm7du/MZfAnTqQVt/SHw8f/ncHKOGzAqlWV9Gqm5+YXFpfRyZmV1bX3D3NyqSj8UmFSwz3xRd5EkjHJSUVQxUg8EQZ7LSM3tX47y2i0Rkvr8Wg0C4nioy2mHYqS01TIP5E2UU/n4GKIJiAkk0ZGdj1tm1ipYieAs2D+QLe4Oy193e8NSy/xotn0ceoQrzJCUDdsKlBMhoShmJM40Q0kChPuoSxoaOfKIdKJkmxgeaqcNO77QjyuYuL87IuRJOfBcXekh1ZPT2cj8L2uEqnPuRJQHoSIcjwd1QgaVD0engW0qCFZsoAFhQfVfIe4hgbDSB8zoI9jTK89C9aRgnxassp0tXoCx0mAH7IMcsMEZKIIrUAIVgME9eATP4MV4MJ6MV+NtXJoyfnq2wR8Z79+8D50k</latexit>

s(t), a(t), r(t), s(t+1)
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Can we approximate Q*?



• Option 1: Estimate transition model T and 
reward function R

rich soil

? ?

??

poor soil
plant:

rich soil

? ?

??

poor soil
fallow:

R(rich,plant)=? 
R(poor,plant)=? 
R(rich,fallow)=? 
R(poor,fallow)=?

Initialize        
Initialize: any     :  
for t = 1, 2, 3, …  
   = select_action(     ) 
        = execute(   ) 

Each s,a,s’:

E.g. 𝜖-greedy

<latexit sha1_base64="71bkUSUoX9aewOzmKummtNRGTio=">AAAB9HicbVDLSgNBEOyNrxhfUcGLl8EgxEvYDYhehBAvHhMwD0jWMDuZTYbMzq4zs4Gw5Du8eFDEo36FX+DNi9/i5HHQxIKGoqqb7i4v4kxp2/6yUiura+sb6c3M1vbO7l52/6CuwlgSWiMhD2XTw4pyJmhNM81pM5IUBx6nDW9wPfEbQyoVC8WtHkXUDXBPMJ8RrI3kqrsk75yN0RVSHbuTzdkFewq0TJw5yZWOqt/srfxR6WQ/292QxAEVmnCsVMuxI+0mWGpGOB1n2rGiESYD3KMtQwUOqHKT6dFjdGqULvJDaUpoNFV/TyQ4UGoUeKYzwLqvFr2J+J/XirV/6SZMRLGmgswW+TFHOkSTBFCXSUo0HxmCiWTmVkT6WGKiTU4ZE4Kz+PIyqRcLznnBrjq5UhlmSMMxnEAeHLiAEtxABWpA4B4e4AmeraH1aL1Yr7PWlDWfOYQ/sN5/AKLalGg=</latexit>

s(1) = s0
<latexit sha1_base64="Xmv6ffGAoTPYK/KLlBcyy5XqAWM=">AAAB7XicbZDLSgMxFIbP1Futt6pLRYJFdFHKjCC6LLpx2YK9QDuUTJppYzPJkGSEUrp078aFIm59hT6HO5/BlzC9LLT1h8DH/59DzjlBzJk2rvvlpJaWV1bX0uuZjc2t7Z3s7l5Vy0QRWiGSS1UPsKacCVoxzHBajxXFUcBpLejdjPPaA1WaSXFn+jH1I9wRLGQEG2tVdR7n9Wkrm3ML7kRoEbwZ5IqHo/L349Go1Mp+NtuSJBEVhnCsdcNzY+MPsDKMcDrMNBNNY0x6uEMbFgWOqPYHk2mH6MQ6bRRKZZ8waOL+7hjgSOt+FNjKCJuuns/G5n9ZIzHhlT9gIk4MFWT6UZhwZCQar47aTFFieN8CJorZWRHpYoWJsQfK2CN48ysvQvW84F0U3LKXK17DVGk4gGM4Aw8uoQi3UIIKELiHJ3iBV0c6z86b8z4tTTmznn34I+fjB4ykkig=</latexit>

s, a, s0

<latexit sha1_base64="VgagKfCjIhPc1NAyHbKMTRVTHbU=">AAAB7nicbZDLSgMxFIbPeK3jrerSTbAIdVNmBNGNWHTjsoK9QDuWTJppQzOZkGSEMvQh3LhQxIUb38S9G/FtTC8Lbf0h8PH/55BzTig508bzvp2FxaXlldXcmru+sbm1nd/ZrekkVYRWScIT1QixppwJWjXMcNqQiuI45LQe9q9Gef2eKs0ScWsGkgYx7goWMYKNter4Liuao2E7X/BK3lhoHvwpFC4+3HP59uVW2vnPVichaUyFIRxr3fQ9aYIMK8MIp0O3lWoqMenjLm1aFDimOsjG4w7RoXU6KEqUfcKgsfu7I8Ox1oM4tJUxNj09m43M/7JmaqKzIGNCpoYKMvkoSjkyCRrtjjpMUWL4wAImitlZEelhhYmxF3LtEfzZleehdlzyT0rejV8oX8JEOdiHAyiCD6dQhmuoQBUI9OEBnuDZkc6j8+K8TkoXnGnPHvyR8/4DOsSSfg==</latexit>

a(t)
<latexit sha1_base64="FD1WCxT+oFc01QykMknn+QJVrcY=">AAAB+3icbZDLSsNAFIYn9VbrLdalIoNFaFFKIogui25ctmAv0MYymU7aoZNJmJmIJWTpa7hxoYhboc/hzmfwJZy0XWjrDwMf/zmHc+Z3Q0alsqwvI7O0vLK6ll3PbWxube+Yu/mGDCKBSR0HLBAtF0nCKCd1RRUjrVAQ5LuMNN3hdVpv3hMhacBv1Sgkjo/6nHoUI6WtrpkXd3FRlZJTKFM4sUtJ1yxYZWsiuAj2DAqVg3Ht+/FwXO2an51egCOfcIUZkrJtW6FyYiQUxYwkuU4kSYjwEPVJWyNHPpFOPLk9gcfa6UEvEPpxBSfu74kY+VKOfFd3+kgN5HwtNf+rtSPlXTox5WGkCMfTRV7EoApgGgTsUUGwYiMNCAuqb4V4gATCSseV0yHY819ehMZZ2T4vWzW7ULkCU2XBPjgCRWCDC1ABN6AK6gCDB/AEXsCrkRjPxpvxPm3NGLOZPfBHxscP+v+Wzg==</latexit>

r(t), s(t+1)
<latexit sha1_base64="VgagKfCjIhPc1NAyHbKMTRVTHbU=">AAAB7nicbZDLSgMxFIbPeK3jrerSTbAIdVNmBNGNWHTjsoK9QDuWTJppQzOZkGSEMvQh3LhQxIUb38S9G/FtTC8Lbf0h8PH/55BzTig508bzvp2FxaXlldXcmru+sbm1nd/ZrekkVYRWScIT1QixppwJWjXMcNqQiuI45LQe9q9Gef2eKs0ScWsGkgYx7goWMYKNter4Liuao2E7X/BK3lhoHvwpFC4+3HP59uVW2vnPVichaUyFIRxr3fQ9aYIMK8MIp0O3lWoqMenjLm1aFDimOsjG4w7RoXU6KEqUfcKgsfu7I8Ox1oM4tJUxNj09m43M/7JmaqKzIGNCpoYKMvkoSjkyCRrtjjpMUWL4wAImitlZEelhhYmxF3LtEfzZleehdlzyT0rejV8oX8JEOdiHAyiCD6dQhmuoQBUI9OEBnuDZkc6j8+K8TkoXnGnPHvyR8/4DOsSSfg==</latexit>

a(t)
<latexit sha1_base64="YM6GSal2bOntpzVYAf0q/0NoD0I=">AAACDHicbZC7SgNBFIZn4y3GW9TSZkgQEpSwK4g2wqKNZRRzgWwMs5NJMmT2wsxZYVnyADZWvoeNhSK2PoBd3sZJNoUmHhj4+P//cOYcNxRcgWmOjczS8srqWnY9t7G5tb2T392rqyCSlNVoIALZdIligvusBhwEa4aSEc8VrOEOryZ+44FJxQP/DuKQtT3S93mPUwJa6uSLzoBAcjsqqfukBOXRMSYplPEFlinqlFkxp4UXwZpB0S44R89jO6528t9ON6CRx3yggijVsswQ2gmRwKlgo5wTKRYSOiR91tLoE4+pdjJdZoQPtdLFvUDq5wOeqr87EuIpFXuuTnoEBmrem4j/ea0IeufthPthBMyn6aBeJDAEeHIZ3OWSURCxBkIl13/FdEAkoaDvl9NHsOZXXoT6ScU6rZg3VtG+RGll0QEqoBKy0Bmy0TWqohqi6BG9oDf0bjwZr8aH8ZlGM8asZx/9KePrBw2CnK0=</latexit>

R̂(s(t), a(t)) = r(t)<latexit sha1_base64="O3499YU5nd1tEM5GpfWVwFfaFtY="></latexit>

T̂ (s, a, s0) =
1+

Pt
i=1 1{s(i)=s,a(i)=a,s(i+1)=s0}

|S|+
Pt

i=1 1{s(i)=s,a(i)=a}

Data at step t:
<latexit sha1_base64="RA37KY5MqJJI8Q3Xl8q15UzURDg=">AAACDXicbZDLSgMxFIYz9VbrbdSlIsEqtChlRhBdFt24bMFeoB1LJk3b0ExmSDJCGWbpxo2v4kaoIm7du/MZfAnTqQVt/SHw8f/ncHKOGzAqlWV9Gqm5+YXFpfRyZmV1bX3D3NyqSj8UmFSwz3xRd5EkjHJSUVQxUg8EQZ7LSM3tX47y2i0Rkvr8Wg0C4nioy2mHYqS01TIP5E2UU/n4GKIJiAkk0ZGdj1tm1ipYieAs2D+QLe4Oy193e8NSy/xotn0ceoQrzJCUDdsKlBMhoShmJM40Q0kChPuoSxoaOfKIdKJkmxgeaqcNO77QjyuYuL87IuRJOfBcXekh1ZPT2cj8L2uEqnPuRJQHoSIcjwd1QgaVD0engW0qCFZsoAFhQfVfIe4hgbDSB8zoI9jTK89C9aRgnxassp0tXoCx0mAH7IMcsMEZKIIrUAIVgME9eATP4MV4MJ6MV+NtXJoyfnq2wR8Z79+8D50k</latexit>

s(t), a(t), r(t), s(t+1)
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Can we approximate Q*?



• Option 1: Estimate transition model T and 
reward function R

rich soil

? ?

??

poor soil
plant:

rich soil

? ?

??

poor soil
fallow:

R(rich,plant)=? 
R(poor,plant)=? 
R(rich,fallow)=? 
R(poor,fallow)=?

Initialize        
Initialize: any     :  
for t = 1, 2, 3, …  
   = select_action(     ) 
        = execute(   ) 

Each s,a,s’:

E.g. 𝜖-greedy

<latexit sha1_base64="71bkUSUoX9aewOzmKummtNRGTio=">AAAB9HicbVDLSgNBEOyNrxhfUcGLl8EgxEvYDYhehBAvHhMwD0jWMDuZTYbMzq4zs4Gw5Du8eFDEo36FX+DNi9/i5HHQxIKGoqqb7i4v4kxp2/6yUiura+sb6c3M1vbO7l52/6CuwlgSWiMhD2XTw4pyJmhNM81pM5IUBx6nDW9wPfEbQyoVC8WtHkXUDXBPMJ8RrI3kqrsk75yN0RVSHbuTzdkFewq0TJw5yZWOqt/srfxR6WQ/292QxAEVmnCsVMuxI+0mWGpGOB1n2rGiESYD3KMtQwUOqHKT6dFjdGqULvJDaUpoNFV/TyQ4UGoUeKYzwLqvFr2J+J/XirV/6SZMRLGmgswW+TFHOkSTBFCXSUo0HxmCiWTmVkT6WGKiTU4ZE4Kz+PIyqRcLznnBrjq5UhlmSMMxnEAeHLiAEtxABWpA4B4e4AmeraH1aL1Yr7PWlDWfOYQ/sN5/AKLalGg=</latexit>

s(1) = s0
<latexit sha1_base64="Xmv6ffGAoTPYK/KLlBcyy5XqAWM=">AAAB7XicbZDLSgMxFIbP1Futt6pLRYJFdFHKjCC6LLpx2YK9QDuUTJppYzPJkGSEUrp078aFIm59hT6HO5/BlzC9LLT1h8DH/59DzjlBzJk2rvvlpJaWV1bX0uuZjc2t7Z3s7l5Vy0QRWiGSS1UPsKacCVoxzHBajxXFUcBpLejdjPPaA1WaSXFn+jH1I9wRLGQEG2tVdR7n9Wkrm3ML7kRoEbwZ5IqHo/L349Go1Mp+NtuSJBEVhnCsdcNzY+MPsDKMcDrMNBNNY0x6uEMbFgWOqPYHk2mH6MQ6bRRKZZ8waOL+7hjgSOt+FNjKCJuuns/G5n9ZIzHhlT9gIk4MFWT6UZhwZCQar47aTFFieN8CJorZWRHpYoWJsQfK2CN48ysvQvW84F0U3LKXK17DVGk4gGM4Aw8uoQi3UIIKELiHJ3iBV0c6z86b8z4tTTmznn34I+fjB4ykkig=</latexit>

s, a, s0

<latexit sha1_base64="VgagKfCjIhPc1NAyHbKMTRVTHbU=">AAAB7nicbZDLSgMxFIbPeK3jrerSTbAIdVNmBNGNWHTjsoK9QDuWTJppQzOZkGSEMvQh3LhQxIUb38S9G/FtTC8Lbf0h8PH/55BzTig508bzvp2FxaXlldXcmru+sbm1nd/ZrekkVYRWScIT1QixppwJWjXMcNqQiuI45LQe9q9Gef2eKs0ScWsGkgYx7goWMYKNter4Liuao2E7X/BK3lhoHvwpFC4+3HP59uVW2vnPVichaUyFIRxr3fQ9aYIMK8MIp0O3lWoqMenjLm1aFDimOsjG4w7RoXU6KEqUfcKgsfu7I8Ox1oM4tJUxNj09m43M/7JmaqKzIGNCpoYKMvkoSjkyCRrtjjpMUWL4wAImitlZEelhhYmxF3LtEfzZleehdlzyT0rejV8oX8JEOdiHAyiCD6dQhmuoQBUI9OEBnuDZkc6j8+K8TkoXnGnPHvyR8/4DOsSSfg==</latexit>

a(t)
<latexit sha1_base64="FD1WCxT+oFc01QykMknn+QJVrcY=">AAAB+3icbZDLSsNAFIYn9VbrLdalIoNFaFFKIogui25ctmAv0MYymU7aoZNJmJmIJWTpa7hxoYhboc/hzmfwJZy0XWjrDwMf/zmHc+Z3Q0alsqwvI7O0vLK6ll3PbWxube+Yu/mGDCKBSR0HLBAtF0nCKCd1RRUjrVAQ5LuMNN3hdVpv3hMhacBv1Sgkjo/6nHoUI6WtrpkXd3FRlZJTKFM4sUtJ1yxYZWsiuAj2DAqVg3Ht+/FwXO2an51egCOfcIUZkrJtW6FyYiQUxYwkuU4kSYjwEPVJWyNHPpFOPLk9gcfa6UEvEPpxBSfu74kY+VKOfFd3+kgN5HwtNf+rtSPlXTox5WGkCMfTRV7EoApgGgTsUUGwYiMNCAuqb4V4gATCSseV0yHY819ehMZZ2T4vWzW7ULkCU2XBPjgCRWCDC1ABN6AK6gCDB/AEXsCrkRjPxpvxPm3NGLOZPfBHxscP+v+Wzg==</latexit>

r(t), s(t+1)
<latexit sha1_base64="VgagKfCjIhPc1NAyHbKMTRVTHbU=">AAAB7nicbZDLSgMxFIbPeK3jrerSTbAIdVNmBNGNWHTjsoK9QDuWTJppQzOZkGSEMvQh3LhQxIUb38S9G/FtTC8Lbf0h8PH/55BzTig508bzvp2FxaXlldXcmru+sbm1nd/ZrekkVYRWScIT1QixppwJWjXMcNqQiuI45LQe9q9Gef2eKs0ScWsGkgYx7goWMYKNter4Liuao2E7X/BK3lhoHvwpFC4+3HP59uVW2vnPVichaUyFIRxr3fQ9aYIMK8MIp0O3lWoqMenjLm1aFDimOsjG4w7RoXU6KEqUfcKgsfu7I8Ox1oM4tJUxNj09m43M/7JmaqKzIGNCpoYKMvkoSjkyCRrtjjpMUWL4wAImitlZEelhhYmxF3LtEfzZleehdlzyT0rejV8oX8JEOdiHAyiCD6dQhmuoQBUI9OEBnuDZkc6j8+K8TkoXnGnPHvyR8/4DOsSSfg==</latexit>

a(t)
<latexit sha1_base64="YM6GSal2bOntpzVYAf0q/0NoD0I=">AAACDHicbZC7SgNBFIZn4y3GW9TSZkgQEpSwK4g2wqKNZRRzgWwMs5NJMmT2wsxZYVnyADZWvoeNhSK2PoBd3sZJNoUmHhj4+P//cOYcNxRcgWmOjczS8srqWnY9t7G5tb2T392rqyCSlNVoIALZdIligvusBhwEa4aSEc8VrOEOryZ+44FJxQP/DuKQtT3S93mPUwJa6uSLzoBAcjsqqfukBOXRMSYplPEFlinqlFkxp4UXwZpB0S44R89jO6528t9ON6CRx3yggijVsswQ2gmRwKlgo5wTKRYSOiR91tLoE4+pdjJdZoQPtdLFvUDq5wOeqr87EuIpFXuuTnoEBmrem4j/ea0IeufthPthBMyn6aBeJDAEeHIZ3OWSURCxBkIl13/FdEAkoaDvl9NHsOZXXoT6ScU6rZg3VtG+RGll0QEqoBKy0Bmy0TWqohqi6BG9oDf0bjwZr8aH8ZlGM8asZx/9KePrBw2CnK0=</latexit>

R̂(s(t), a(t)) = r(t)<latexit sha1_base64="O3499YU5nd1tEM5GpfWVwFfaFtY="></latexit>

T̂ (s, a, s0) =
1+

Pt
i=1 1{s(i)=s,a(i)=a,s(i+1)=s0}

|S|+
Pt

i=1 1{s(i)=s,a(i)=a}

Data at step t:
<latexit sha1_base64="RA37KY5MqJJI8Q3Xl8q15UzURDg=">AAACDXicbZDLSgMxFIYz9VbrbdSlIsEqtChlRhBdFt24bMFeoB1LJk3b0ExmSDJCGWbpxo2v4kaoIm7du/MZfAnTqQVt/SHw8f/ncHKOGzAqlWV9Gqm5+YXFpfRyZmV1bX3D3NyqSj8UmFSwz3xRd5EkjHJSUVQxUg8EQZ7LSM3tX47y2i0Rkvr8Wg0C4nioy2mHYqS01TIP5E2UU/n4GKIJiAkk0ZGdj1tm1ipYieAs2D+QLe4Oy193e8NSy/xotn0ceoQrzJCUDdsKlBMhoShmJM40Q0kChPuoSxoaOfKIdKJkmxgeaqcNO77QjyuYuL87IuRJOfBcXekh1ZPT2cj8L2uEqnPuRJQHoSIcjwd1QgaVD0engW0qCFZsoAFhQfVfIe4hgbDSB8zoI9jTK89C9aRgnxassp0tXoCx0mAH7IMcsMEZKIIrUAIVgME9eATP4MV4MJ6MV+NtXJoyfnq2wR8Z79+8D50k</latexit>

s(t), a(t), r(t), s(t+1)
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Can we approximate Q*?



• Option 1: Estimate transition model T and 
reward function R

rich soil

? ?

??

poor soil
plant:

rich soil

? ?

??

poor soil
fallow:

R(rich,plant)=? 
R(poor,plant)=? 
R(rich,fallow)=? 
R(poor,fallow)=?

Initialize        
Initialize: any     :  
for t = 1, 2, 3, …  
   = select_action(     ) 
        = execute(   ) 

Each s,a,s’: 
  = infinite-horizon—value-iteration(   )

E.g. 𝜖-greedy

<latexit sha1_base64="71bkUSUoX9aewOzmKummtNRGTio=">AAAB9HicbVDLSgNBEOyNrxhfUcGLl8EgxEvYDYhehBAvHhMwD0jWMDuZTYbMzq4zs4Gw5Du8eFDEo36FX+DNi9/i5HHQxIKGoqqb7i4v4kxp2/6yUiura+sb6c3M1vbO7l52/6CuwlgSWiMhD2XTw4pyJmhNM81pM5IUBx6nDW9wPfEbQyoVC8WtHkXUDXBPMJ8RrI3kqrsk75yN0RVSHbuTzdkFewq0TJw5yZWOqt/srfxR6WQ/292QxAEVmnCsVMuxI+0mWGpGOB1n2rGiESYD3KMtQwUOqHKT6dFjdGqULvJDaUpoNFV/TyQ4UGoUeKYzwLqvFr2J+J/XirV/6SZMRLGmgswW+TFHOkSTBFCXSUo0HxmCiWTmVkT6WGKiTU4ZE4Kz+PIyqRcLznnBrjq5UhlmSMMxnEAeHLiAEtxABWpA4B4e4AmeraH1aL1Yr7PWlDWfOYQ/sN5/AKLalGg=</latexit>

s(1) = s0
<latexit sha1_base64="Xmv6ffGAoTPYK/KLlBcyy5XqAWM=">AAAB7XicbZDLSgMxFIbP1Futt6pLRYJFdFHKjCC6LLpx2YK9QDuUTJppYzPJkGSEUrp078aFIm59hT6HO5/BlzC9LLT1h8DH/59DzjlBzJk2rvvlpJaWV1bX0uuZjc2t7Z3s7l5Vy0QRWiGSS1UPsKacCVoxzHBajxXFUcBpLejdjPPaA1WaSXFn+jH1I9wRLGQEG2tVdR7n9Wkrm3ML7kRoEbwZ5IqHo/L349Go1Mp+NtuSJBEVhnCsdcNzY+MPsDKMcDrMNBNNY0x6uEMbFgWOqPYHk2mH6MQ6bRRKZZ8waOL+7hjgSOt+FNjKCJuuns/G5n9ZIzHhlT9gIk4MFWT6UZhwZCQar47aTFFieN8CJorZWRHpYoWJsQfK2CN48ysvQvW84F0U3LKXK17DVGk4gGM4Aw8uoQi3UIIKELiHJ3iBV0c6z86b8z4tTTmznn34I+fjB4ykkig=</latexit>

s, a, s0

<latexit sha1_base64="VgagKfCjIhPc1NAyHbKMTRVTHbU=">AAAB7nicbZDLSgMxFIbPeK3jrerSTbAIdVNmBNGNWHTjsoK9QDuWTJppQzOZkGSEMvQh3LhQxIUb38S9G/FtTC8Lbf0h8PH/55BzTig508bzvp2FxaXlldXcmru+sbm1nd/ZrekkVYRWScIT1QixppwJWjXMcNqQiuI45LQe9q9Gef2eKs0ScWsGkgYx7goWMYKNter4Liuao2E7X/BK3lhoHvwpFC4+3HP59uVW2vnPVichaUyFIRxr3fQ9aYIMK8MIp0O3lWoqMenjLm1aFDimOsjG4w7RoXU6KEqUfcKgsfu7I8Ox1oM4tJUxNj09m43M/7JmaqKzIGNCpoYKMvkoSjkyCRrtjjpMUWL4wAImitlZEelhhYmxF3LtEfzZleehdlzyT0rejV8oX8JEOdiHAyiCD6dQhmuoQBUI9OEBnuDZkc6j8+K8TkoXnGnPHvyR8/4DOsSSfg==</latexit>

a(t)
<latexit sha1_base64="FD1WCxT+oFc01QykMknn+QJVrcY=">AAAB+3icbZDLSsNAFIYn9VbrLdalIoNFaFFKIogui25ctmAv0MYymU7aoZNJmJmIJWTpa7hxoYhboc/hzmfwJZy0XWjrDwMf/zmHc+Z3Q0alsqwvI7O0vLK6ll3PbWxube+Yu/mGDCKBSR0HLBAtF0nCKCd1RRUjrVAQ5LuMNN3hdVpv3hMhacBv1Sgkjo/6nHoUI6WtrpkXd3FRlZJTKFM4sUtJ1yxYZWsiuAj2DAqVg3Ht+/FwXO2an51egCOfcIUZkrJtW6FyYiQUxYwkuU4kSYjwEPVJWyNHPpFOPLk9gcfa6UEvEPpxBSfu74kY+VKOfFd3+kgN5HwtNf+rtSPlXTox5WGkCMfTRV7EoApgGgTsUUGwYiMNCAuqb4V4gATCSseV0yHY819ehMZZ2T4vWzW7ULkCU2XBPjgCRWCDC1ABN6AK6gCDB/AEXsCrkRjPxpvxPm3NGLOZPfBHxscP+v+Wzg==</latexit>

r(t), s(t+1)
<latexit sha1_base64="VgagKfCjIhPc1NAyHbKMTRVTHbU=">AAAB7nicbZDLSgMxFIbPeK3jrerSTbAIdVNmBNGNWHTjsoK9QDuWTJppQzOZkGSEMvQh3LhQxIUb38S9G/FtTC8Lbf0h8PH/55BzTig508bzvp2FxaXlldXcmru+sbm1nd/ZrekkVYRWScIT1QixppwJWjXMcNqQiuI45LQe9q9Gef2eKs0ScWsGkgYx7goWMYKNter4Liuao2E7X/BK3lhoHvwpFC4+3HP59uVW2vnPVichaUyFIRxr3fQ9aYIMK8MIp0O3lWoqMenjLm1aFDimOsjG4w7RoXU6KEqUfcKgsfu7I8Ox1oM4tJUxNj09m43M/7JmaqKzIGNCpoYKMvkoSjkyCRrtjjpMUWL4wAImitlZEelhhYmxF3LtEfzZleehdlzyT0rejV8oX8JEOdiHAyiCD6dQhmuoQBUI9OEBnuDZkc6j8+K8TkoXnGnPHvyR8/4DOsSSfg==</latexit>

a(t)
<latexit sha1_base64="YM6GSal2bOntpzVYAf0q/0NoD0I=">AAACDHicbZC7SgNBFIZn4y3GW9TSZkgQEpSwK4g2wqKNZRRzgWwMs5NJMmT2wsxZYVnyADZWvoeNhSK2PoBd3sZJNoUmHhj4+P//cOYcNxRcgWmOjczS8srqWnY9t7G5tb2T392rqyCSlNVoIALZdIligvusBhwEa4aSEc8VrOEOryZ+44FJxQP/DuKQtT3S93mPUwJa6uSLzoBAcjsqqfukBOXRMSYplPEFlinqlFkxp4UXwZpB0S44R89jO6528t9ON6CRx3yggijVsswQ2gmRwKlgo5wTKRYSOiR91tLoE4+pdjJdZoQPtdLFvUDq5wOeqr87EuIpFXuuTnoEBmrem4j/ea0IeufthPthBMyn6aBeJDAEeHIZ3OWSURCxBkIl13/FdEAkoaDvl9NHsOZXXoT6ScU6rZg3VtG+RGll0QEqoBKy0Bmy0TWqohqi6BG9oDf0bjwZr8aH8ZlGM8asZx/9KePrBw2CnK0=</latexit>

R̂(s(t), a(t)) = r(t)<latexit sha1_base64="O3499YU5nd1tEM5GpfWVwFfaFtY="></latexit>

T̂ (s, a, s0) =
1+

Pt
i=1 1{s(i)=s,a(i)=a,s(i+1)=s0}

|S|+
Pt

i=1 1{s(i)=s,a(i)=a}
<latexit sha1_base64="axJAy9NEHJR6vAhgh3MwYIRbTPk=">AAAB+XicbZC7SgNBFIZn4y3G26qlIoNBsJCwK4iWQRvLRHKDZAmzk9lkyOyFmbOBsGzpW9hYKGJrk+ew8xl8CSebFJr4w8DHf87hnPndSHAFlvVl5FZW19Y38puFre2d3T1z/6ChwlhSVqehCGXLJYoJHrA6cBCsFUlGfFewpju8m9abIyYVD4MajCPm+KQfcI9TAtrqmmZnQCB5SC9wBrW0axatkpUJL4M9h2L5eFL9fjyZVLrmZ6cX0thnAVBBlGrbVgROQiRwKlha6MSKRYQOSZ+1NQbEZ8pJsstTfKadHvZCqV8AOHN/TyTEV2rsu7rTJzBQi7Wp+V+tHYN34yQ8iGJgAZ0t8mKBIcTTGHCPS0ZBjDUQKrm+FdMBkYSCDqugQ7AXv7wMjcuSfVWyqnaxfItmyqMjdIrOkY2uURndowqqI4pG6Am9oFcjMZ6NN+N91poz5jOH6I+Mjx8k7ZcL</latexit>

R̂, T̂

Data at step t:
<latexit sha1_base64="RA37KY5MqJJI8Q3Xl8q15UzURDg=">AAACDXicbZDLSgMxFIYz9VbrbdSlIsEqtChlRhBdFt24bMFeoB1LJk3b0ExmSDJCGWbpxo2v4kaoIm7du/MZfAnTqQVt/SHw8f/ncHKOGzAqlWV9Gqm5+YXFpfRyZmV1bX3D3NyqSj8UmFSwz3xRd5EkjHJSUVQxUg8EQZ7LSM3tX47y2i0Rkvr8Wg0C4nioy2mHYqS01TIP5E2UU/n4GKIJiAkk0ZGdj1tm1ipYieAs2D+QLe4Oy193e8NSy/xotn0ceoQrzJCUDdsKlBMhoShmJM40Q0kChPuoSxoaOfKIdKJkmxgeaqcNO77QjyuYuL87IuRJOfBcXekh1ZPT2cj8L2uEqnPuRJQHoSIcjwd1QgaVD0engW0qCFZsoAFhQfVfIe4hgbDSB8zoI9jTK89C9aRgnxassp0tXoCx0mAH7IMcsMEZKIIrUAIVgME9eATP4MV4MJ6MV+NtXJoyfnq2wR8Z79+8D50k</latexit>

s(t), a(t), r(t), s(t+1)
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Can we approximate Q*?



But what do we know at the start?

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

• General goal: Find a policy 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


