
Machine Learning - Part 1

Apr. 8, 2025



Is the strategy 0.4a_1 + 0.6a_2 for player A and b_2 for 
player B a Nash equilibrium or would either player want 
to change their strategy? 

                         

                     

Recap question:
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Player B
<latexit sha1_base64="IJ/7g5irBGaWPROPGU+xGRknrm8="></latexit>

(2,1) (1,0)
(1,0) (-3,1)

<latexit sha1_base64="wVNPTidnOFb00HtjN39OOcpPzBY=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi8eI5gHJEmYns8mQ2dllplcISz7BiwdFvPpF3vwbJ8keNLGgoajqprsrSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWj26nfeuLaiFg94jjhfkQHSoSCUbTSA+15vXLFrbozkGXi5aQCOeq98le3H7M04gqZpMZ0PDdBP6MaBZN8UuqmhieUjeiAdyxVNOLGz2anTsiJVfokjLUthWSm/p7IaGTMOApsZ0RxaBa9qfif10kxvPYzoZIUuWLzRWEqCcZk+jfpC80ZyrEllGlhbyVsSDVlaNMp2RC8xZeXSfOs6l1WL+7PK7WbPI4iHMExnIIHV1CDO6hDAxgM4Ble4c2Rzovz7nzMWwtOPnMIf+B8/gDr142T</latexit>a1
<latexit sha1_base64="q9AISI9UburW4eeMTsXbP+uc7zA=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBA8hd3g6xj04jGieUCyhNlJbzJkdnaZmRXCkk/w4kERr36RN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nfqtJ1Sax/LRjBP0IzqQPOSMGis90F61Vyq7FXcGsky8nJQhR71X+ur2Y5ZGKA0TVOuO5ybGz6gynAmcFLupxoSyER1gx1JJI9R+Njt1Qk6t0idhrGxJQ2bq74mMRlqPo8B2RtQM9aI3Ff/zOqkJr/2MyyQ1KNl8UZgKYmIy/Zv0uUJmxNgSyhS3txI2pIoyY9Mp2hC8xZeXSbNa8S4rF/fn5dpNHkcBjuEEzsCDK6jBHdShAQwG8Ayv8OYI58V5dz7mrStOPnMEf+B8/gDtW42U</latexit>a2

<latexit sha1_base64="kcbgaAWcEjd8uSVGLY0RVeTWR6I=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi8eI5gHJEmYns8mQ2dllplcISz7BiwdFvPpF3vwbJ8keNLGgoajqprsrSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWj26nfeuLaiFg94jjhfkQHSoSCUbTSQ9DzeuWKW3VnIMvEy0kFctR75a9uP2ZpxBUySY3peG6CfkY1Cib5pNRNDU8oG9EB71iqaMSNn81OnZATq/RJGGtbCslM/T2R0ciYcRTYzoji0Cx6U/E/r5NieO1nQiUpcsXmi8JUEozJ9G/SF5ozlGNLKNPC3krYkGrK0KZTsiF4iy8vk+ZZ1busXtyfV2o3eRxFOIJjOAUPrqAGd1CHBjAYwDO8wpsjnRfn3fmYtxacfOYQ/sD5/AHtXY2U</latexit>

b1
<latexit sha1_base64="XRzZH9rwwjcJuvh8Jlj0gmHE4JU=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBA8hd3g6xj04jGieUCyhNlJbzJkdnaZmRXCkk/w4kERr36RN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nfqtJ1Sax/LRjBP0IzqQPOSMGis9BL1qr1R2K+4MZJl4OSlDjnqv9NXtxyyNUBomqNYdz02Mn1FlOBM4KXZTjQllIzrAjqWSRqj9bHbqhJxapU/CWNmShszU3xMZjbQeR4HtjKgZ6kVvKv7ndVITXvsZl0lqULL5ojAVxMRk+jfpc4XMiLEllClubyVsSBVlxqZTtCF4iy8vk2a14l1WLu7Py7WbPI4CHMMJnIEHV1CDO6hDAxgM4Ble4c0Rzovz7nzMW1ecfOYI/sD5/AHu4Y2V</latexit>

b2

<latexit sha1_base64="xxZ9qPdvZMDTQeiG347BGVzA0VQ=">AAAB+HicbVBNS8NAEN34WetHox69LBZBEEJSavVY9OKxgv2ANoTJdtMu3WzC7kaopb/EiwdFvPpTvPlv3LY5aOuDgcd7M8zMC1POlHbdb2ttfWNza7uwU9zd2z8o2YdHLZVkktAmSXgiOyEoypmgTc00p51UUohDTtvh6Hbmtx+pVCwRD3qcUj+GgWARI6CNFNgl16lC4OEL7Do1CCqBXXYddw68SryclFGORmB/9foJyWIqNOGgVNdzU+1PQGpGOJ0We5miKZARDGjXUAExVf5kfvgUnxmlj6NEmhIaz9XfExOIlRrHoemMQQ/VsjcT//O6mY6u/QkTaaapIItFUcaxTvAsBdxnkhLNx4YAkczciskQJBBtsiqaELzll1dJq+J4Nefyvlqu3+RxFNAJOkXnyENXqI7uUAM1EUEZekav6M16sl6sd+tj0bpm5TPH6A+szx8EHJC/</latexit>

0.4a1 + 0.6a2
<latexit sha1_base64="kcbgaAWcEjd8uSVGLY0RVeTWR6I=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi8eI5gHJEmYns8mQ2dllplcISz7BiwdFvPpF3vwbJ8keNLGgoajqprsrSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWj26nfeuLaiFg94jjhfkQHSoSCUbTSQ9DzeuWKW3VnIMvEy0kFctR75a9uP2ZpxBUySY3peG6CfkY1Cib5pNRNDU8oG9EB71iqaMSNn81OnZATq/RJGGtbCslM/T2R0ciYcRTYzoji0Cx6U/E/r5NieO1nQiUpcsXmi8JUEozJ9G/SF5ozlGNLKNPC3krYkGrK0KZTsiF4iy8vk+ZZ1busXtyfV2o3eRxFOIJjOAUPrqAGd1CHBjAYwDO8wpsjnRfn3fmYtxacfOYQ/sD5/AHtXY2U</latexit>

b1



Recap question:
The reward for player A is 

so player A would want to change their strategy to    
It is therefore not a Nash equilibrium. 

<latexit sha1_base64="T7Kss2gpeyprdyJBCTDf8bbiQwk=">AAACB3icbVDLSgMxFM34rPU16lKQYBEEYZgptboRim5cVrAPaIeSSdM2NJMZkjtCGbpz46+4caGIW3/BnX9j2s5CWw8Ezj3nXm7uCWLBNbjut7W0vLK6tp7byG9ube/s2nv7dR0lirIajUSkmgHRTHDJasBBsGasGAkDwRrB8GbiNx6Y0jyS9zCKmR+SvuQ9TgkYqWMfuU6pDTxkGhfxGXadclZ5V9hzSh274DruFHiReBkpoAzVjv3V7kY0CZkEKojWLc+NwU+JAk4FG+fbiWYxoUPSZy1DJTG7/HR6xxifGKWLe5EyTwKeqr8nUhJqPQoD0xkSGOh5byL+57US6F36KZdxAkzS2aJeIjBEeBIK7nLFKIiRIYQqbv6K6YAoQsFElzchePMnL5J60fHKzvldqVC5zuLIoUN0jE6Rhy5QBd2iKqohih7RM3pFb9aT9WK9Wx+z1iUrmzlAf2B9/gCqgpYB</latexit>

0.4⇥ 2 + 0.6⇥ 1 = 1.4

<latexit sha1_base64="wVNPTidnOFb00HtjN39OOcpPzBY=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi8eI5gHJEmYns8mQ2dllplcISz7BiwdFvPpF3vwbJ8keNLGgoajqprsrSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWj26nfeuLaiFg94jjhfkQHSoSCUbTSA+15vXLFrbozkGXi5aQCOeq98le3H7M04gqZpMZ0PDdBP6MaBZN8UuqmhieUjeiAdyxVNOLGz2anTsiJVfokjLUthWSm/p7IaGTMOApsZ0RxaBa9qfif10kxvPYzoZIUuWLzRWEqCcZk+jfpC80ZyrEllGlhbyVsSDVlaNMp2RC8xZeXSfOs6l1WL+7PK7WbPI4iHMExnIIHV1CDO6hDAxgM4Ble4c2Rzovz7nzMWwtOPnMIf+B8/gDr142T</latexit>a1
Pl

ay
er

 A

Player B
<latexit sha1_base64="IJ/7g5irBGaWPROPGU+xGRknrm8="></latexit>

(2,1) (1,0)
(1,0) (-3,1)

<latexit sha1_base64="wVNPTidnOFb00HtjN39OOcpPzBY=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi8eI5gHJEmYns8mQ2dllplcISz7BiwdFvPpF3vwbJ8keNLGgoajqprsrSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWj26nfeuLaiFg94jjhfkQHSoSCUbTSA+15vXLFrbozkGXi5aQCOeq98le3H7M04gqZpMZ0PDdBP6MaBZN8UuqmhieUjeiAdyxVNOLGz2anTsiJVfokjLUthWSm/p7IaGTMOApsZ0RxaBa9qfif10kxvPYzoZIUuWLzRWEqCcZk+jfpC80ZyrEllGlhbyVsSDVlaNMp2RC8xZeXSfOs6l1WL+7PK7WbPI4iHMExnIIHV1CDO6hDAxgM4Ble4c2Rzovz7nzMWwtOPnMIf+B8/gDr142T</latexit>a1
<latexit sha1_base64="q9AISI9UburW4eeMTsXbP+uc7zA=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBA8hd3g6xj04jGieUCyhNlJbzJkdnaZmRXCkk/w4kERr36RN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nfqtJ1Sax/LRjBP0IzqQPOSMGis90F61Vyq7FXcGsky8nJQhR71X+ur2Y5ZGKA0TVOuO5ybGz6gynAmcFLupxoSyER1gx1JJI9R+Njt1Qk6t0idhrGxJQ2bq74mMRlqPo8B2RtQM9aI3Ff/zOqkJr/2MyyQ1KNl8UZgKYmIy/Zv0uUJmxNgSyhS3txI2pIoyY9Mp2hC8xZeXSbNa8S4rF/fn5dpNHkcBjuEEzsCDK6jBHdShAQwG8Ayv8OYI58V5dz7mrStOPnMEf+B8/gDtW42U</latexit>a2

<latexit sha1_base64="kcbgaAWcEjd8uSVGLY0RVeTWR6I=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi8eI5gHJEmYns8mQ2dllplcISz7BiwdFvPpF3vwbJ8keNLGgoajqprsrSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWj26nfeuLaiFg94jjhfkQHSoSCUbTSQ9DzeuWKW3VnIMvEy0kFctR75a9uP2ZpxBUySY3peG6CfkY1Cib5pNRNDU8oG9EB71iqaMSNn81OnZATq/RJGGtbCslM/T2R0ciYcRTYzoji0Cx6U/E/r5NieO1nQiUpcsXmi8JUEozJ9G/SF5ozlGNLKNPC3krYkGrK0KZTsiF4iy8vk+ZZ1busXtyfV2o3eRxFOIJjOAUPrqAGd1CHBjAYwDO8wpsjnRfn3fmYtxacfOYQ/sD5/AHtXY2U</latexit>

b1
<latexit sha1_base64="XRzZH9rwwjcJuvh8Jlj0gmHE4JU=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBA8hd3g6xj04jGieUCyhNlJbzJkdnaZmRXCkk/w4kERr36RN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nfqtJ1Sax/LRjBP0IzqQPOSMGis9BL1qr1R2K+4MZJl4OSlDjnqv9NXtxyyNUBomqNYdz02Mn1FlOBM4KXZTjQllIzrAjqWSRqj9bHbqhJxapU/CWNmShszU3xMZjbQeR4HtjKgZ6kVvKv7ndVITXvsZl0lqULL5ojAVxMRk+jfpc4XMiLEllClubyVsSBVlxqZTtCF4iy8vk2a14l1WLu7Py7WbPI4CHMMJnIEHV1CDO6hDAxgM4Ble4c0Rzovz7nzMW1ecfOYI/sD5/AHu4Y2V</latexit>

b2

<latexit sha1_base64="BVen8O319z765XY0p1OLP98hCxE=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8Lbvi6xj04jEB84BkCbOT3mTM7OwyMyuEkC/w4kERr36SN//GSbIHTSxoKKq66e4KU8G18bxvZ2V1bX1js7BV3N7Z3dsvHRw2dJIphnWWiES1QqpRcIl1w43AVqqQxqHAZji8m/rNJ1SaJ/LBjFIMYtqXPOKMGivV3G6p7LneDGSZ+DkpQ45qt/TV6SUsi1EaJqjWbd9LTTCmynAmcFLsZBpTyoa0j21LJY1RB+PZoRNyapUeiRJlSxoyU39PjGms9SgObWdMzUAvelPxP6+dmegmGHOZZgYlmy+KMkFMQqZfkx5XyIwYWUKZ4vZWwgZUUWZsNkUbgr/48jJpnLv+lXtZuyhXbvM4CnAMJ3AGPlxDBe6hCnVggPAMr/DmPDovzrvzMW9dcfKZI/gD5/MHeVGMvA==</latexit>.



How to find Mixed-strategy Nash equilibrium ? 

When there are two players: 

• Step 1: Player 1 needs to identify the mixed 
strategy that will make player 2’s strategies 
have equal payoff. 

• Step 2: Player 2 needs to identify the mixed 
strategy that will make player 1’s strategies 
have equal payoff. 



We find the mixed-strategy Nash equilibrium

Step 1: We find the strategy for player 1. 
Assume that player 1 plays strategy a1 with 
probability p and a2 with probability      1.pWe 
compute the reward of player 2 if she uses 
strategy b1and the reward of player 2 if she 
uses strategy      . 

<latexit sha1_base64="wVNPTidnOFb00HtjN39OOcpPzBY=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi8eI5gHJEmYns8mQ2dllplcISz7BiwdFvPpF3vwbJ8keNLGgoajqprsrSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWj26nfeuLaiFg94jjhfkQHSoSCUbTSA+15vXLFrbozkGXi5aQCOeq98le3H7M04gqZpMZ0PDdBP6MaBZN8UuqmhieUjeiAdyxVNOLGz2anTsiJVfokjLUthWSm/p7IaGTMOApsZ0RxaBa9qfif10kxvPYzoZIUuWLzRWEqCcZk+jfpC80ZyrEllGlhbyVsSDVlaNMp2RC8xZeXSfOs6l1WL+7PK7WbPI4iHMExnIIHV1CDO6hDAxgM4Ble4c2Rzovz7nzMWwtOPnMIf+B8/gDr142T</latexit>a1
<latexit sha1_base64="EKyDMDivAzzhvNxUw26QI8xg23o=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVk16p7FbcGcgy8XJShhy1Xumr249ZGqE0TFCtO56bGD+jynAmcFLsphoTykZ0gB1LJY1Q+9ns0Ak5tUqfhLGyJQ2Zqb8nMhppPY4C2xlRM9SL3lT8z+ukJrzxMy6T1KBk80VhKoiJyfRr0ucKmRFjSyhT3N5K2JAqyozNpmhD8BZfXibN84p3VbmsX5Srt3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kD3VmM/g==</latexit>p <latexit sha1_base64="q9AISI9UburW4eeMTsXbP+uc7zA=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBA8hd3g6xj04jGieUCyhNlJbzJkdnaZmRXCkk/w4kERr36RN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nfqtJ1Sax/LRjBP0IzqQPOSMGis90F61Vyq7FXcGsky8nJQhR71X+ur2Y5ZGKA0TVOuO5ybGz6gynAmcFLupxoSyER1gx1JJI9R+Njt1Qk6t0idhrGxJQ2bq74mMRlqPo8B2RtQM9aI3Ff/zOqkJr/2MyyQ1KNl8UZgKYmIy/Zv0uUJmxNgSyhS3txI2pIoyY9Mp2hC8xZeXSbNa8S4rF/fn5dpNHkcBjuEEzsCDK6jBHdShAQwG8Ayv8OYI58V5dz7mrStOPnMEf+B8/gDtW42U</latexit>a2

<latexit sha1_base64="4zEycSpsPFIgizm9PHCTYlbgTCs=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBC8GHbF1zHoxWNE84BkCbOT3mTI7OwyMyuEJZ/gxYMiXv0ib/6Nk2QPmljQUFR1090VJIJr47rfztLyyuraemGjuLm1vbNb2ttv6DhVDOssFrFqBVSj4BLrhhuBrUQhjQKBzWB4O/GbT6g0j+WjGSXoR7QvecgZNVZ68E6TbqnsVtwpyCLxclKGHLVu6avTi1kaoTRMUK3bnpsYP6PKcCZwXOykGhPKhrSPbUsljVD72fTUMTm2So+EsbIlDZmqvycyGmk9igLbGVEz0PPeRPzPa6cmvPYzLpPUoGSzRWEqiInJ5G/S4wqZESNLKFPc3krYgCrKjE2naEPw5l9eJI2zindZubg/L1dv8jgKcAhHcAIeXEEV7qAGdWDQh2d4hTdHOC/Ou/Mxa11y8pkD+APn8we2OY1w</latexit>

1� p

<latexit sha1_base64="kcbgaAWcEjd8uSVGLY0RVeTWR6I=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi8eI5gHJEmYns8mQ2dllplcISz7BiwdFvPpF3vwbJ8keNLGgoajqprsrSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWj26nfeuLaiFg94jjhfkQHSoSCUbTSQ9DzeuWKW3VnIMvEy0kFctR75a9uP2ZpxBUySY3peG6CfkY1Cib5pNRNDU8oG9EB71iqaMSNn81OnZATq/RJGGtbCslM/T2R0ciYcRTYzoji0Cx6U/E/r5NieO1nQiUpcsXmi8JUEozJ9G/SF5ozlGNLKNPC3krYkGrK0KZTsiF4iy8vk+ZZ1busXtyfV2o3eRxFOIJjOAUPrqAGd1CHBjAYwDO8wpsjnRfn3fmYtxacfOYQ/sD5/AHtXY2U</latexit>

b1
<latexit sha1_base64="XRzZH9rwwjcJuvh8Jlj0gmHE4JU=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBA8hd3g6xj04jGieUCyhNlJbzJkdnaZmRXCkk/w4kERr36RN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nfqtJ1Sax/LRjBP0IzqQPOSMGis9BL1qr1R2K+4MZJl4OSlDjnqv9NXtxyyNUBomqNYdz02Mn1FlOBM4KXZTjQllIzrAjqWSRqj9bHbqhJxapU/CWNmShszU3xMZjbQeR4HtjKgZ6kVvKv7ndVITXvsZl0lqULL5ojAVxMRk+jfpc4XMiLEllClubyVsSBVlxqZTtCF4iy8vk2a14l1WLu7Py7WbPI4CHMMJnIEHV1CDO6hDAxgM4Ble4c0Rzovz7nzMW1ecfOYI/sD5/AHu4Y2V</latexit>

b2



We find the mixed-strategy Nash equilibrium

If player 2 plays     , reward is
<latexit sha1_base64="kcbgaAWcEjd8uSVGLY0RVeTWR6I=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi8eI5gHJEmYns8mQ2dllplcISz7BiwdFvPpF3vwbJ8keNLGgoajqprsrSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWj26nfeuLaiFg94jjhfkQHSoSCUbTSQ9DzeuWKW3VnIMvEy0kFctR75a9uP2ZpxBUySY3peG6CfkY1Cib5pNRNDU8oG9EB71iqaMSNn81OnZATq/RJGGtbCslM/T2R0ciYcRTYzoji0Cx6U/E/r5NieO1nQiUpcsXmi8JUEozJ9G/SF5ozlGNLKNPC3krYkGrK0KZTsiF4iy8vk+ZZ1busXtyfV2o3eRxFOIJjOAUPrqAGd1CHBjAYwDO8wpsjnRfn3fmYtxacfOYQ/sD5/AHtXY2U</latexit>

b1

If player 2 plays     , reward is
<latexit sha1_base64="XRzZH9rwwjcJuvh8Jlj0gmHE4JU=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBA8hd3g6xj04jGieUCyhNlJbzJkdnaZmRXCkk/w4kERr36RN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nfqtJ1Sax/LRjBP0IzqQPOSMGis9BL1qr1R2K+4MZJl4OSlDjnqv9NXtxyyNUBomqNYdz02Mn1FlOBM4KXZTjQllIzrAjqWSRqj9bHbqhJxapU/CWNmShszU3xMZjbQeR4HtjKgZ6kVvKv7ndVITXvsZl0lqULL5ojAVxMRk+jfpc4XMiLEllClubyVsSBVlxqZTtCF4iy8vk2a14l1WLu7Py7WbPI4CHMMJnIEHV1CDO6hDAxgM4Ble4c0Rzovz7nzMW1ecfOYI/sD5/AHu4Y2V</latexit>

b2



We now equate the two rewards and solve for   .<latexit sha1_base64="EKyDMDivAzzhvNxUw26QI8xg23o=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVk16p7FbcGcgy8XJShhy1Xumr249ZGqE0TFCtO56bGD+jynAmcFLsphoTykZ0gB1LJY1Q+9ns0Ak5tUqfhLGyJQ2Zqb8nMhppPY4C2xlRM9SL3lT8z+ukJrzxMy6T1KBk80VhKoiJyfRr0ucKmRFjSyhT3N5K2JAqyozNpmhD8BZfXibN84p3VbmsX5Srt3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kD3VmM/g==</latexit>p

We find the mixed-strategy Nash equilibrium



We now equate the two rewards and solve for   .<latexit sha1_base64="EKyDMDivAzzhvNxUw26QI8xg23o=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNlJbzJmdnaZmRXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6m/qtJ1Sax/LBjBP0IzqQPOSMGivVk16p7FbcGcgy8XJShhy1Xumr249ZGqE0TFCtO56bGD+jynAmcFLsphoTykZ0gB1LJY1Q+9ns0Ak5tUqfhLGyJQ2Zqb8nMhppPY4C2xlRM9SL3lT8z+ukJrzxMy6T1KBk80VhKoiJyfRr0ucKmRFjSyhT3N5K2JAqyozNpmhD8BZfXibN84p3VbmsX5Srt3kcBTiGEzgDD66hCvdQgwYwQHiGV3hzHp0X5935mLeuOPnMEfyB8/kD3VmM/g==</latexit>p

If the two rewards are equal:

We find the mixed-strategy Nash equilibrium

This means that the strategy for player 1 in the Nash 
equilibrium is                      

<latexit sha1_base64="3DSjoz+oCayuqqE+KB0iPuhNQSg=">AAACDHicbVDLSgMxFM3UV62vqks3wSJUxGGmWHUjFN24rGAf0A5DJs20oZlMSDJCGfoBbvwVNy4UcesHuPNvTKddaOuBwOGcc7m5JxCMKu0431ZuaXlldS2/XtjY3NreKe7uNVWcSEwaOGaxbAdIEUY5aWiqGWkLSVAUMNIKhjcTv/VApKIxv9cjQbwI9TkNKUbaSH6xJJDvwhNYdk/FMfIr8Ao6dnWqZaQCbZNybCcDXCTujJTADHW/+NXtxTiJCNeYIaU6riO0lyKpKWZkXOgmigiEh6hPOoZyFBHlpdkxY3hklB4MY2ke1zBTf0+kKFJqFAUmGSE9UPPeRPzP6yQ6vPRSykWiCcfTRWHCoI7hpBnYo5JgzUaGICyp+SvEAyQR1qa/ginBnT95kTQrtntuV+/OSrXrWR15cAAOQRm44ALUwC2ogwbA4BE8g1fwZj1ZL9a79TGN5qzZzD74A+vzB3Qzli8=</latexit>

pa1 + (1� p)a2 = 0.5a1 + 0.5a2.



We find the mixed-strategy Nash equilibrium

Step 2: We find the strategy for player 2. 
Assume that player 2 plays strategy a1 with 
probability p and a2 with probability      1.pWe 
compute the reward of player 1 if he uses 
strategy b1and the reward of player 1 if he uses 
strategy      . 

<latexit sha1_base64="wVNPTidnOFb00HtjN39OOcpPzBY=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi8eI5gHJEmYns8mQ2dllplcISz7BiwdFvPpF3vwbJ8keNLGgoajqprsrSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWj26nfeuLaiFg94jjhfkQHSoSCUbTSA+15vXLFrbozkGXi5aQCOeq98le3H7M04gqZpMZ0PDdBP6MaBZN8UuqmhieUjeiAdyxVNOLGz2anTsiJVfokjLUthWSm/p7IaGTMOApsZ0RxaBa9qfif10kxvPYzoZIUuWLzRWEqCcZk+jfpC80ZyrEllGlhbyVsSDVlaNMp2RC8xZeXSfOs6l1WL+7PK7WbPI4iHMExnIIHV1CDO6hDAxgM4Ble4c2Rzovz7nzMWwtOPnMIf+B8/gDr142T</latexit>a1
<latexit sha1_base64="q9AISI9UburW4eeMTsXbP+uc7zA=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBA8hd3g6xj04jGieUCyhNlJbzJkdnaZmRXCkk/w4kERr36RN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nfqtJ1Sax/LRjBP0IzqQPOSMGis90F61Vyq7FXcGsky8nJQhR71X+ur2Y5ZGKA0TVOuO5ybGz6gynAmcFLupxoSyER1gx1JJI9R+Njt1Qk6t0idhrGxJQ2bq74mMRlqPo8B2RtQM9aI3Ff/zOqkJr/2MyyQ1KNl8UZgKYmIy/Zv0uUJmxNgSyhS3txI2pIoyY9Mp2hC8xZeXSbNa8S4rF/fn5dpNHkcBjuEEzsCDK6jBHdShAQwG8Ayv8OYI58V5dz7mrStOPnMEf+B8/gDtW42U</latexit>a2

<latexit sha1_base64="kcbgaAWcEjd8uSVGLY0RVeTWR6I=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi8eI5gHJEmYns8mQ2dllplcISz7BiwdFvPpF3vwbJ8keNLGgoajqprsrSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWj26nfeuLaiFg94jjhfkQHSoSCUbTSQ9DzeuWKW3VnIMvEy0kFctR75a9uP2ZpxBUySY3peG6CfkY1Cib5pNRNDU8oG9EB71iqaMSNn81OnZATq/RJGGtbCslM/T2R0ciYcRTYzoji0Cx6U/E/r5NieO1nQiUpcsXmi8JUEozJ9G/SF5ozlGNLKNPC3krYkGrK0KZTsiF4iy8vk+ZZ1busXtyfV2o3eRxFOIJjOAUPrqAGd1CHBjAYwDO8wpsjnRfn3fmYtxacfOYQ/sD5/AHtXY2U</latexit>

b1
<latexit sha1_base64="XRzZH9rwwjcJuvh8Jlj0gmHE4JU=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBA8hd3g6xj04jGieUCyhNlJbzJkdnaZmRXCkk/w4kERr36RN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nfqtJ1Sax/LRjBP0IzqQPOSMGis9BL1qr1R2K+4MZJl4OSlDjnqv9NXtxyyNUBomqNYdz02Mn1FlOBM4KXZTjQllIzrAjqWSRqj9bHbqhJxapU/CWNmShszU3xMZjbQeR4HtjKgZ6kVvKv7ndVITXvsZl0lqULL5ojAVxMRk+jfpc4XMiLEllClubyVsSBVlxqZTtCF4iy8vk2a14l1WLu7Py7WbPI4CHMMJnIEHV1CDO6hDAxgM4Ble4c0Rzovz7nzMW1ecfOYI/sD5/AHu4Y2V</latexit>

b2
<latexit sha1_base64="iVGWJjUY9T0HmMOpn/tMDZu36y8=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNryPRi0dI5JHAhswODYzMzq4zsyZkwxd48aAxXv0kb/6NA+xBwUo6qVR1p7sriAXXxnW/ndzK6tr6Rn6zsLW9s7tX3D9o6ChRDOssEpFqBVSj4BLrhhuBrVghDQOBzWB0O/WbT6g0j+S9Gcfoh3QgeZ8zaqxUe+wWS27ZnYEsEy8jJchQ7Ra/Or2IJSFKwwTVuu25sfFTqgxnAieFTqIxpmxEB9i2VNIQtZ/ODp2QE6v0SD9StqQhM/X3REpDrcdhYDtDaoZ60ZuK/3ntxPSv/ZTLODEo2XxRPxHERGT6NelxhcyIsSWUKW5vJWxIFWXGZlOwIXiLLy+TxlnZuyxf1M5LlZssjjwcwTGcggdXUIE7qEIdGCA8wyu8OQ/Oi/PufMxbc042cwh/4Hz+AN7djP8=</latexit>q

<latexit sha1_base64="zb9xxwv7U0qr8SlQ0uip+yiOk9M=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgxbArvo5BLx4jmgckS5iddJIhs7PrzKwQlnyCFw+KePWLvPk3TpI9aGJBQ1HVTXdXEAuujet+O7ml5ZXVtfx6YWNza3unuLtX11GiGNZYJCLVDKhGwSXWDDcCm7FCGgYCG8HwZuI3nlBpHskHM4rRD2lf8h5n1Fjp3jt57BRLbtmdgiwSLyMlyFDtFL/a3YglIUrDBNW65bmx8VOqDGcCx4V2ojGmbEj72LJU0hC1n05PHZMjq3RJL1K2pCFT9fdESkOtR2FgO0NqBnrem4j/ea3E9K78lMs4MSjZbFEvEcREZPI36XKFzIiRJZQpbm8lbEAVZcamU7AhePMvL5L6adm7KJ/fnZUq11kceTiAQzgGDy6hArdQhRow6MMzvMKbI5wX5935mLXmnGxmH/7A+fwBt72NcQ==</latexit>

1� q



We find the mixed-strategy Nash equilibrium

If player 1 plays     , reward is
If player 1 plays     , reward is

<latexit sha1_base64="wVNPTidnOFb00HtjN39OOcpPzBY=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi8eI5gHJEmYns8mQ2dllplcISz7BiwdFvPpF3vwbJ8keNLGgoajqprsrSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWj26nfeuLaiFg94jjhfkQHSoSCUbTSA+15vXLFrbozkGXi5aQCOeq98le3H7M04gqZpMZ0PDdBP6MaBZN8UuqmhieUjeiAdyxVNOLGz2anTsiJVfokjLUthWSm/p7IaGTMOApsZ0RxaBa9qfif10kxvPYzoZIUuWLzRWEqCcZk+jfpC80ZyrEllGlhbyVsSDVlaNMp2RC8xZeXSfOs6l1WL+7PK7WbPI4iHMExnIIHV1CDO6hDAxgM4Ble4c2Rzovz7nzMWwtOPnMIf+B8/gDr142T</latexit>a1
<latexit sha1_base64="q9AISI9UburW4eeMTsXbP+uc7zA=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBA8hd3g6xj04jGieUCyhNlJbzJkdnaZmRXCkk/w4kERr36RN//GSbIHTSxoKKq66e4KEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nfqtJ1Sax/LRjBP0IzqQPOSMGis90F61Vyq7FXcGsky8nJQhR71X+ur2Y5ZGKA0TVOuO5ybGz6gynAmcFLupxoSyER1gx1JJI9R+Njt1Qk6t0idhrGxJQ2bq74mMRlqPo8B2RtQM9aI3Ff/zOqkJr/2MyyQ1KNl8UZgKYmIy/Zv0uUJmxNgSyhS3txI2pIoyY9Mp2hC8xZeXSbNa8S4rF/fn5dpNHkcBjuEEzsCDK6jBHdShAQwG8Ayv8OYI58V5dz7mrStOPnMEf+B8/gDtW42U</latexit>a2



We now equate the two rewards and solve for   .

If the two rewards are equal:

We find the mixed-strategy Nash equilibrium

This means that the strategy for player 2 in the Nash 
equilibrium is                      

<latexit sha1_base64="iVGWJjUY9T0HmMOpn/tMDZu36y8=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHaNryPRi0dI5JHAhswODYzMzq4zsyZkwxd48aAxXv0kb/6NA+xBwUo6qVR1p7sriAXXxnW/ndzK6tr6Rn6zsLW9s7tX3D9o6ChRDOssEpFqBVSj4BLrhhuBrVghDQOBzWB0O/WbT6g0j+S9Gcfoh3QgeZ8zaqxUe+wWS27ZnYEsEy8jJchQ7Ra/Or2IJSFKwwTVuu25sfFTqgxnAieFTqIxpmxEB9i2VNIQtZ/ODp2QE6v0SD9StqQhM/X3REpDrcdhYDtDaoZ60ZuK/3ntxPSv/ZTLODEo2XxRPxHERGT6NelxhcyIsSWUKW5vJWxIFWXGZlOwIXiLLy+TxlnZuyxf1M5LlZssjjwcwTGcggdXUIE7qEIdGCA8wyu8OQ/Oi/PufMxbc042cwh/4Hz+AN7djP8=</latexit>q

<latexit sha1_base64="amfLAT4bRqqxSLSHEWGuMYI33b4=">AAACG3icbZDLSsNAFIYn9VbrLerSzWARKmJJ4nUjFN24rGAv0IYwmU7aoZNLZyZCCXkPN76KGxeKuBJc+DZOmyy09cDAz/efw5nzuxGjQhrGt1ZYWFxaXimultbWNza39O2dpghjjkkDhyzkbRcJwmhAGpJKRtoRJ8h3GWm5w5uJ33ogXNAwuJfjiNg+6gfUoxhJhRzdGrmOCY9gxTweHbqOBa9g1+MIJ2aanKSZlwErA1bV0ctG1ZgWnBdmLsogr7qjf3Z7IY59EkjMkBAd04iknSAuKWYkLXVjQSKEh6hPOkoGyCfCTqa3pfBAkR70Qq5eIOGU/p5IkC/E2HdVp4/kQMx6E/if14mld2knNIhiSQKcLfJiBmUIJ0HBHuUESzZWAmFO1V8hHiCVhFRxllQI5uzJ86JpVc3z6tndabl2ncdRBHtgH1SACS5ADdyCOmgADB7BM3gFb9qT9qK9ax9Za0HLZ3bBn9K+fgCc054e</latexit>

qb1 + (1� q)b2 =
1

3
b1 +

2

3
b2.



Nash equilibrium



Machine Learning - Part 1

April 8, 2025

By the end of this lecture, you will be able to: 

1. Explain binary classification 
2. Explain regression 
3. Define supervised and unsupervised 

learning



Machine learning (ML) is the study of computer 
algorithms that can improve automatically through 
experience and by the use of data



We will discuss: 
1. Classification 
2. Facial recognition 
3. Natural language processing 
4. Generative Adversarial Networks

Coins vs cats
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We will discuss: 
1. Classification 
2. Facial recognition 
3. Natural language processing 
4. Generative Adversarial Networks



How does your phone distinguish between two faces 
(or two objects)?

Classification

Coins vs cats



The coin looks gray and the cat not as gray, so we 
could look at the average pixel color and try to classify 
based on this one number.

Classification



(0.6, coin)   (0.1, coin)   (3.8, cat)   (2.4, cat)   (0.8, cat)  

Classification

Assume that we have 5 pictures that we know are either 
cats or coins and we compute their average pixel colors

The coin looks gray and the cat not as gray, so we 
could look at the average pixel color and try to classify 
based on this one number.



(0.6, coin)   (0.1, coin)   (3.8, cat)   (2.4, cat)   (0.8, cat)  

Classification

Assume that we have 5 pictures that we know are either 
cats or coins and we compute their average pixel colors

We then take a picture of a new object and the phone 
computes its average pixel color to 1.3. Should we call 
this a cat or a coin? 

The coin looks gray and the cat not as gray, so we 
could look at the average pixel color and try to classify 
based on this one number.



0
** ++

1 2 3

?+

(0.6, coin)   (0.1, coin)   (3.8, cat)   (2.4, cat)   (0.8, cat)   

(1.3, ?) 

* = coin 
+ = cat

Less gray
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Decision boundary: curve separating the cats from the 
coins. Everything to the left is classified as a coin, 
everything to the right is classified as a cat.

Less gray
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Decision boundary: curve separating the cats from the 
coins. Everything to the left is classified as a coin, 
everything to the right is classified as a cat.

Less gray



0
** ++

1 2 3

++

This is an example of binary classification: 
classifying into two categories.

1-D case: from a single value, predict the 
binary label (* or +)

Less gray



There are gray cats…

How can this fail?

To improve the classification algorithm, let’s assume the 
phone also measures how round the object is. The grayer 
and rounder, the more likely it is to be a coin.



There are gray cats and they would be misclassified as 
coins.
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How can this fail?

To improve the classification algorithm, let’s assume the 
phone also measures how round the object is. The grayer 
and rounder, the more likely it is to be a coin.

There are gray cats and they would be misclassified as 
coins.



Binary classification in 2D

?

More gray

Less round



?

Binary classification in 2D Decision boundary
More gray

Less round



Binary classification in 2D Decision boundary
More gray

Less round



How can this fail?

A gray cat curled up into a ball would be misclassified 
as a coin.



How can this fail?

A gray cat curled up into a ball would be misclassified 
as a coin.



How can this fail?

To improve the classification algorithm, let’s assume the 
phone also (somehow) measures how hairy the object is. 
The grayer and rounder and less hairy, the more likely it is 
to be a coin.

A gray cat curled up into a ball would be misclassified 
as a coin.



?

More gray

Less round

More hair

Binary classification in 3D



?

Decision boundary 
(a plane)More gray

Less round

More hair

Binary classification in 3D



Decision boundary 
(a plane)More gray

Less round

More hair

Binary classification in 3D



Learn from data to find the decision boundary



Learn from data to find the decision boundary

We could continue in the same way to improve the 
classification algorithm by: 
1. Adding more and more distinguishing features 

of cats vs coins  
2. Coming up with decision boundaries



Observation 1: the choice of decision boundary is 
important!

Can you find any straight line to separate red from 
blue?
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Observation 1: the choice of decision boundary is 
important!
Can you find a decision boundary to separate red from 
blue?



Observation 2: data is important!

Assume that we look at some more pictures and see 
the following average pixel colors:  

(1.5, coin)   (4, coin)   (0.4, cat)     (1.0, cat)

How do we classify (1.3, ?) now?

(0.6, coin)   (0.1, coin)   (3.8, cat)   (2.4, cat)   (0.8, cat)   

0
** ++

1 2 3

?+ *+ *+
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Observation 2: data is important!
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Less gray
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Assume that we look at some more pictures and see 
the following average pixel colors:  

(1.5, coin)   (4, coin)   (0.4, cat)     (1.0, cat)

How do we classify (1.3, ?) now?

(0.6, coin)   (0.1, coin)   (3.8, cat)   (2.4, cat)   (0.8, cat)   

0
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Observation 2: data is important!

Less gray



Applications of Classification

1. Facial recognition 
2. Fraud detection 
3. Spam email filter 
4. Sentiment analysis



Applications of Classification

1. Facial recognition 
2. Fraud detection 
3. Spam email filter 
4. Sentiment analysis

Example: Is “You should see their decadent 
dessert menu” a positive or negative statement?



Regression

We want to investigate the effect of the number of hours math 
majors study (during the entire term) on their grade

We sample five math majors and get the following data: 
Student 1: 0 hours, 0 points on the final (out of 100) 
Student 2: 2 hours, 1 points 
Student 3: 20 hours, 11 points 
Student 4: 40 hours, 19 points 
Student 5: 100 hours, 53 points 

From this data, how many points would we expect for a 
student studying 60 hours?
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Regression

We sample five math majors and get the following data: 
Student 1: 0 hours, 0 points on the final (out of 100) 
Student 2: 2 hours, 1 points 
Student 3: 20 hours, 11 points 
Student 4: 40 hours, 19 points 
Student 5: 100 hours, 53 points 

From this data, how many points would we expect for a 
student studying 60 hours?

We want to investigate the effect of the number of hours math 
majors study (during the entire term) on their grade



Regression

Hours 
studying

Points on final

60
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Regression

The response variables are what we are 
interested in and are unknown  

The independent variables (factors/
covariates) are the known variables 

Regression: estimating response 
variable(s) from the independent variable(s). 

Linear regression: regression using linear 
functions (= straight lines)  



What about 2-D? Estimate Z from X and Y

X

Y

Z



Non-linear Regression:

Hours 
studying

Points on final 



Non-linear Regression:

x

y



60

Non-linear Regression:

x

y



60

Non-linear Regression:

Linear regression gives out-of-place answer

x

y



60

Non-linear Regression:

x

y



60

The procedure of finding a relationship between x 
and y is called model-fitting

x

y



60

The data used for model-fitting (training) is called 
training data

x

y



60

Training data makes our model more accurate, so 
the computer learns

x

y



60

Then… new data (x, no y) come in, and we use our 
trained model to predict their values of y

x

y



60

This is called testing. The new data is called 
testing data

x

y



Examples of Regression

1. Zestimate 
2. Recommendation systems that suggest what 

movies or television shows to watch next 
based on user preferences  



Two categories of ML algorithms

1. Supervised learning: algorithms are trained 
based on example inputs that are labeled 
with their desired outputs by humans. 
  

2. Unsupervised learning: the input data is not 
labeled and algorithms are expected to find 
structure within the input data by itself.

Coins vs cats



Two categories of ML algorithms

1. Supervised learning: algorithms are trained 
based on example inputs that are labeled 
with their desired outputs by humans. 
  

2. Unsupervised learning: the input data is not 
labeled and algorithms are expected to find 
structure within the input data by itself.



Supervised learning

Example 1: Recovery of the missing arithmetic 
symbols.



Example 2: Image classification



Example 3: Real estate pricing



Example 4: AlphaFold 2



Example 4: AlphaFold 2

https://www.deepmind.com/blog/alphafold-a-solution-to-a-50-
year-old-grand-challenge-in-biology

https://www.deepmind.com/blog/alphafold-a-solution-to-a-50-year-old-grand-challenge-in-biology
https://www.deepmind.com/blog/alphafold-a-solution-to-a-50-year-old-grand-challenge-in-biology


Example 5: Autonomous Driving

https://www.youtube.com/watch?v=O8TSA-X9UlU


Unsupervised learning

Example 1: Clustering



Example 2: Medical image segmentation



Example 3: Image Matting



Example : AlphaZero / AlphaGo

Extra: Reinforcement Learning


