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1.regression
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MSEtrain
<latexit sha1_base64="bLIc5rGQSmvmgq0D0AoXIysdzso=">AAAB/nicbZDLSsNAFIYn9VbrLSqu3AwWwVVJqqDLoghuhIr2Am0Ik+mkHTozCTMToYSAr+LGhSJufQ53vo3TNAtt/WHg4z/ncM78Qcyo0o7zbZWWlldW18rrlY3Nre0de3evraJEYtLCEYtkN0CKMCpIS1PNSDeWBPGAkU4wvprWO49EKhqJBz2JicfRUNCQYqSN5dsHaV9yeHt/nfk5aYmoyHy76tScXHAR3AKqoFDTt7/6gwgnnAiNGVKq5zqx9lIkNcWMZJV+okiM8BgNSc+gQJwoL83Pz+CxcQYwjKR5QsPc/T2RIq7UhAemkyM9UvO1qflfrZfo8MJLqYgTTQSeLQoTBnUEp1nAAZUEazYxgLCk5laIR0girE1iFROCO//lRWjXa+5prX53Vm1cFnGUwSE4AifABeegAW5AE7QABil4Bq/gzXqyXqx362PWWrKKmX3wR9bnDwhmlYk=</latexit>

MSEtest
<latexit sha1_base64="bnjMEZxz/IY+pt1vfqgSuMnnuks=">AAAB/XicbZDLSsNAFIYn9VbrLV52bgaL4KokVdBlUQQ3QkXbCm0Ik+mkHTq5MHMi1BB8FTcuFHHre7jzbZymWWjrDwMf/zmHc+b3YsEVWNa3UVpYXFpeKa9W1tY3NrfM7Z22ihJJWYtGIpL3HlFM8JC1gINg97FkJPAE63iji0m988Ck4lF4B+OYOQEZhNznlIC2XHMv7ckAX99eZm5OwBRkrlm1alYuPA92AVVUqOmaX71+RJOAhUAFUaprWzE4KZHAqWBZpZcoFhM6IgPW1RiSgCknza/P8KF2+tiPpH4h4Nz9PZGSQKlx4OnOgMBQzdYm5n+1bgL+mZPyME6AhXS6yE8EhghPosB9LhkFMdZAqOT6VkyHRBIKOrCKDsGe/fI8tOs1+7hWvzmpNs6LOMpoHx2gI2SjU9RAV6iJWoiiR/SMXtGb8WS8GO/Gx7S1ZBQzu+iPjM8fTTOVIQ==</latexit>



2.validation

!3

model complexity
!3



3.regularization
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test MSE
<latexit sha1_base64="Ah5EKURToUD74zbDd+jAc9AU8xw=">AAAB73icbVDLSgNBEJyNrxhfUY9eBoPgKezGgx6DIngRIpoHJEuYnXSSIbOz60yvEJb8hBcPinj1d7z5N06SPWhiQUNR1U13VxBLYdB1v53cyura+kZ+s7C1vbO7V9w/aJgo0RzqPJKRbgXMgBQK6ihQQivWwMJAQjMYXU395hNoIyL1gOMY/JANlOgLztBKLQSD9Pb+ulssuWV3BrpMvIyUSIZat/jV6UU8CUEhl8yYtufG6KdMo+ASJoVOYiBmfMQG0LZUsRCMn87undATq/RoP9K2FNKZ+nsiZaEx4zCwnSHDoVn0puJ/XjvB/oWfChUnCIrPF/UTSTGi0+dpT2jgKMeWMK6FvZXyIdOMo42oYEPwFl9eJo1K2TsrV+4qpeplFkeeHJFjcko8ck6q5IbUSJ1wIskzeSVvzqPz4rw7H/PWnJPNHJI/cD5/AHEyj5E=</latexit>

training MSE
<latexit sha1_base64="lf01m9336ECx70CC9KiAIx78lsA=">AAAB83icbVBNS8NAEJ34WetX1aOXxSJ4Kkk96LEoghehov2ANpTNdtMu3WzC7kQooX/DiwdFvPpnvPlv3LY5aOuDgcd7M8zMCxIpDLrut7Oyura+sVnYKm7v7O7tlw4OmyZONeMNFstYtwNquBSKN1Cg5O1EcxoFkreC0fXUbz1xbUSsHnGccD+iAyVCwShaqYuaCiXUgNw93PRKZbfizkCWiZeTMuSo90pf3X7M0ogrZJIa0/HcBP2MahRM8kmxmxqeUDaiA96xVNGIGz+b3Twhp1bpkzDWthSSmfp7IqORMeMosJ0RxaFZ9Kbif14nxfDSz4RKUuSKzReFqSQYk2kApC80ZyjHllCmhb2VsCHVlKGNqWhD8BZfXibNasU7r1Tvq+XaVR5HAY7hBM7AgwuowS3UoQEMEniGV3hzUufFeXc+5q0rTj5zBH/gfP4AhWWRVQ==</latexit>



4.non-quadratic regularization
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Lasso
<latexit sha1_base64="x5rmH76jfujit8o7JEFyH8ukvX8=">AAAB7HicbVBNTwIxEJ36ifiFevTSSEw8kV086JHoxYMHTFwggQ3pli40dNtN2zUhG36DFw8a49Uf5M1/Y4E9KPiSJi/vzUxnXpQKbqznfaO19Y3Nre3STnl3b//gsHJ03DIq05QFVAmlOxExTHDJAsutYJ1UM5JEgrWj8e3Mbz8xbbiSj3aSsjAhQ8ljTol1UnBPjFH9StWreXPgVeIXpAoFmv3KV2+gaJYwaalwE7q+l9owJ9pyKti03MsMSwkdkyHrOipJwkyYz5ed4nOnDHCstHvS4rn6uyMniTGTJHKVCbEjs+zNxP+8bmbj6zDnMs0sk3TxUZwJbBWeXY4HXDNqxcQRQjV3u2I6IppQ6/IpuxD85ZNXSate8y9r9Yd6tXFTxFGCUziDC/DhChpwB00IgAKHZ3iFNyTRC3pHH4vSNVT0nMAfoM8f04SOsA==</latexit>

Ridge
<latexit sha1_base64="+V1YAMjoCX3A13NfWnxfp1rPX0M=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4Kkk96LHoxWMV+wFtKJvNpF262YTdjVBCf4MXD4p49Qd589+4bXPQ1gcDj/dmmJkXpIJr47rfztr6xubWdmmnvLu3f3BYOTpu6yRTDFssEYnqBlSj4BJbhhuB3VQhjQOBnWB8O/M7T6g0T+SjmaTox3QoecQZNVZqPfBwiINK1a25c5BV4hWkCgWag8pXP0xYFqM0TFCte56bGj+nynAmcFruZxpTysZ0iD1LJY1R+/n82Ck5t0pIokTZkobM1d8TOY21nsSB7YypGellbyb+5/UyE137OZdpZlCyxaIoE8QkZPY5CblCZsTEEsoUt7cSNqKKMmPzKdsQvOWXV0m7XvMua/X7erVxU8RRglM4gwvw4AoacAdNaAEDDs/wCm+OdF6cd+dj0brmFDMn8AfO5w+wro6Z</latexit>

wi’s
<latexit sha1_base64="xhDj4cmB5p1VaVOBU9OfgOgnTaA=">AAAB7nicbVA9TwJBEJ3DL8Qv1NJmIxityB0WWhJtLDGRjwQuZG/Zgw17e5fdOQ0h/AgbC42x9ffY+W9c4AoFXzLJy3szmZkXJFIYdN1vJ7e2vrG5ld8u7Ozu7R8UD4+aJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LR7cxvPXJtRKwecJxwP6IDJULBKFqpVX7qifK56RVLbsWdg6wSLyMlyFDvFb+6/ZilEVfIJDWm47kJ+hOqUTDJp4VuanhC2YgOeMdSRSNu/Mn83Ck5s0qfhLG2pZDM1d8TExoZM44C2xlRHJplbyb+53VSDK/9iVBJilyxxaIwlQRjMvud9IXmDOXYEsq0sLcSNqSaMrQJFWwI3vLLq6RZrXiXlep9tVS7yeLIwwmcwgV4cAU1uIM6NIDBCJ7hFd6cxHlx3p2PRWvOyWaO4Q+czx9PDo7j</latexit>

error
<latexit sha1_base64="3srcD6Q8A6U49q6u0/IMHrACHCg=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69BIvgqST1oMeiF48VTFtoQ9lsJ+3SzW7Y3Qgl9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5UcqZNp737ZQ2Nre2d8q7lb39g8Oj6vFJW8tMUQyo5FJ1I6KRM4GBYYZjN1VIkohjJ5rczf3OEyrNpHg00xTDhIwEixklxkoBKiXVoFrz6t4C7jrxC1KDAq1B9as/lDRLUBjKidY930tNmBNlGOU4q/QzjSmhEzLCnqWCJKjDfHHszL2wytCNpbIljLtQf0/kJNF6mkS2MyFmrFe9ufif18tMfBPmTKSZQUGXi+KMu0a688/dIVNIDZ9aQqhi9laXjoki1Nh8KjYEf/XlddJu1P2reuOhUWveFnGU4QzO4RJ8uIYm3EMLAqDA4Ble4c0Rzovz7nwsW0tOMXMKf+B8/gAQxI7Y</latexit>
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� = 10�8
<latexit sha1_base64="GR6TMKQjJrXOJg5PrJWciCuXFGE=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgxpJUwW6EohuXFewD2lgmk0k7dDIJM5NCCf0TNy4UceufuPNvnLZZaOuBgcM553LvHD/hTGnH+bYKa+sbm1vF7dLO7t7+gX141FJxKgltkpjHsuNjRTkTtKmZ5rSTSIojn9O2P7qb+e0xlYrF4lFPEupFeCBYyAjWRurbdo+bcIBvkOs8ZRe1ad8uOxVnDrRK3JyUIUejb3/1gpikERWacKxU13US7WVYakY4nZZ6qaIJJiM8oF1DBY6o8rL55VN0ZpQAhbE0T2g0V39PZDhSahL5JhlhPVTL3kz8z+umOqx5GRNJqqkgi0VhypGO0awGFDBJieYTQzCRzNyKyBBLTLQpq2RKcJe/vEpa1Yp7Wak+XJXrt3kdRTiBUzgHF66hDvfQgCYQGMMzvMKblVkv1rv1sYgWrHzmGP7A+vwB40yShQ==</latexit>

� = 10�4
<latexit sha1_base64="awMTbVU0ksiJhoe0tjNl3qQmP3c=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgxpLUgm6EohuXFewD2lgmk0k7dDIJM5NCCf0TNy4UceufuPNvnLZZaOuBgcM553LvHD/hTGnH+bYKa+sbm1vF7dLO7t7+gX141FJxKgltkpjHsuNjRTkTtKmZ5rSTSIojn9O2P7qb+e0xlYrF4lFPEupFeCBYyAjWRurbdo+bcIBvkOs8ZRe1ad8uOxVnDrRK3JyUIUejb3/1gpikERWacKxU13US7WVYakY4nZZ6qaIJJiM8oF1DBY6o8rL55VN0ZpQAhbE0T2g0V39PZDhSahL5JhlhPVTL3kz8z+umOrz2MiaSVFNBFovClCMdo1kNKGCSEs0nhmAimbkVkSGWmGhTVsmU4C5/eZW0qhX3slJ9qJXrt3kdRTiBUzgHF66gDvfQgCYQGMMzvMKblVkv1rv1sYgWrHzmGP7A+vwB3TiSgQ==</latexit>

� = 2⇥ 10�4
<latexit sha1_base64="/RH6KMhlFJGJ3NwSP2Al7e+moKk=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWAR3FiSWtCNUHTjsoJ9QBPLZDJph04ezNwIJdSNv+LGhSJu/Qt3/o3TNgttPTBwOOdc7tzjJYIrsKxvo7C0vLK6VlwvbWxube+Yu3stFaeSsiaNRSw7HlFM8Ig1gYNgnUQyEnqCtb3h9cRvPzCpeBzdwShhbkj6EQ84JaClnnngCB32ySWuOsBDprBt3WentXHPLFsVawq8SOyclFGORs/8cvyYpiGLgAqiVNe2EnAzIoFTwcYlJ1UsIXRI+qyraUT0MjebXjDGx1rxcRBL/SLAU/X3REZCpUahp5MhgYGa9ybif143heDCzXiUpMAiOlsUpAJDjCd1YJ9LRkGMNCFUcv1XTAdEEgq6tJIuwZ4/eZG0qhX7rFK9rZXrV3kdRXSIjtAJstE5qqMb1EBNRNEjekav6M14Ml6Md+NjFi0Y+cw++gPj8weAhJWh</latexit>

� = 0
<latexit sha1_base64="cC5c9OizxYlg4VXj7jJqlLITW5w=">AAAB8XicbVDLSgMxFL3js9ZX1aWbYBFclZkq6EYounFZwT6wHUomc6cNzWSGJCOU0r9w40IRt/6NO//GtJ2Fth4IHM45l9x7glRwbVz321lZXVvf2CxsFbd3dvf2SweHTZ1kimGDJSJR7YBqFFxiw3AjsJ0qpHEgsBUMb6d+6wmV5ol8MKMU/Zj2JY84o8ZKj11hoyG9Jm6vVHYr7gxkmXg5KUOOeq/01Q0TlsUoDRNU647npsYfU2U4EzgpdjONKWVD2seOpZLGqP3xbOMJObVKSKJE2ScNmam/J8Y01noUBzYZUzPQi95U/M/rZCa68sdcpplByeYfRZkgJiHT80nIFTIjRpZQprjdlbABVZQZW1LRluAtnrxMmtWKd16p3l+Uazd5HQU4hhM4Aw8uoQZ3UIcGMJDwDK/w5mjnxXl3PubRFSefOYI/cD5/AIt9kCw=</latexit>

but only use selected features
<latexit sha1_base64="3hivhK+oV0gF0onoY/mKskG+f10=">AAACCHicbVC7SgNBFJ31GeNr1dLCwSBYhd1YaBm0sYxgHpAsYXb2bjJkdnaZhxCWlDb+io2FIrZ+gp1/4yTZQhMvDBzOuY85J8w4U9rzvp2V1bX1jc3SVnl7Z3dv3z04bKnUSApNmvJUdkKigDMBTc00h04mgSQhh3Y4upnq7QeQiqXiXo8zCBIyECxmlGhL9d2T0GicCj7GRgHGdhFQDRGOgWgjQfXdilf1ZoWXgV+ACiqq0Xe/elFKTQJCU06U6vpepoOcSM0oh0m5Z+9khI7IALoWCpKACvKZkQk+s4y9nUr7hMYz9vdEThKlxkloOxOih2pRm5L/aV2j46sgZyIzGgSdH4oNxzrF01RwxKT1bVOIGKGS2b9iOiSS2CykKtsQ/EXLy6BVq/oX1dpdrVK/LuIooWN0is6Rjy5RHd2iBmoiih7RM3pFb86T8+K8Ox/z1hWnmDlCf8r5/AFObpmF</latexit>



5. Non-quadratic loss
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6.classifiers

!8

`(ŷ,�1) =

⇢
1 ŷ � 0
0 ŷ < 0

<latexit sha1_base64="8QPOdB82BDXSWgR+KBYhuZPyChk="></latexit>

`(ŷ, 1) =

⇢
0 ŷ � 0
 ŷ < 0

<latexit sha1_base64="hMmVfrBG7lbOCNtqL4/7/qS+7qo="></latexit>

true 
false false 

true 

true y
<latexit sha1_base64="aHb1GRETLaJvPZKLjXa2qiOPoRo=">AAAB73icbVA9SwNBEJ3zM8avqKXNYiJYhbtYaBm0sYxgPiA5wt5mkizZ2zt394TjyJ+wsVDE1r9j579xk1yhiQ8GHu/NMDMviAXXxnW/nbX1jc2t7cJOcXdv/+CwdHTc0lGiGDZZJCLVCahGwSU2DTcCO7FCGgYC28Hkdua3n1BpHskHk8boh3Qk+ZAzaqzUMSpBUkkr/VLZrbpzkFXi5aQMORr90ldvELEkRGmYoFp3PTc2fkaV4UzgtNhLNMaUTegIu5ZKGqL2s/m9U3JulQEZRsqWNGSu/p7IaKh1Gga2M6RmrJe9mfif103M8NrPuIwTg5ItFg0TQUxEZs+TAVfIjEgtoUxxeythY6ooMzaiog3BW355lbRqVe+yWruvles3eRwFOIUzuAAPrqAOd9CAJjAQ8Ayv8OY8Oi/Ou/OxaF1z8pkT+APn8wc6ko9t</latexit>

true y
<latexit sha1_base64="aHb1GRETLaJvPZKLjXa2qiOPoRo=">AAAB73icbVA9SwNBEJ3zM8avqKXNYiJYhbtYaBm0sYxgPiA5wt5mkizZ2zt394TjyJ+wsVDE1r9j579xk1yhiQ8GHu/NMDMviAXXxnW/nbX1jc2t7cJOcXdv/+CwdHTc0lGiGDZZJCLVCahGwSU2DTcCO7FCGgYC28Hkdua3n1BpHskHk8boh3Qk+ZAzaqzUMSpBUkkr/VLZrbpzkFXi5aQMORr90ldvELEkRGmYoFp3PTc2fkaV4UzgtNhLNMaUTegIu5ZKGqL2s/m9U3JulQEZRsqWNGSu/p7IaKh1Gga2M6RmrJe9mfif103M8NrPuIwTg5ItFg0TQUxEZs+TAVfIjEgtoUxxeythY6ooMzaiog3BW355lbRqVe+yWruvles3eRwFOIUzuAAPrqAOd9CAJjAQ8Ayv8OY8Oi/Ou/OxaF1z8pkT+APn8wc6ko9t</latexit>

prediction ŷ
<latexit sha1_base64="uJpWFMYdANdmk99ktBejslaed3k=">AAAB/XicbVC7TsMwFL3hWcorPDYWixaJqUrKAGMFC2OR6ENqo8px3Naq40S2gxSiil9hYQAhVv6Djb/BaTNAy5EsHZ9zrnx9/JgzpR3n21pZXVvf2Cxtlbd3dvf27YPDtooSSWiLRDySXR8rypmgLc00p91YUhz6nHb8yU3udx6oVCwS9zqNqRfikWBDRrA20sA+NumAkfyCqv0x1lk6rQ7silNzZkDLxC1IBQo0B/ZXP4hIElKhCcdK9Vwn1l6GpWaE02m5nygaYzLBI9ozVOCQKi+bbT9FZ0YJ0DCS5giNZurviQyHSqWhb5Ih1mO16OXif14v0cMrL2MiTjQVZP7QMOFIRyivAgVMUqJ5aggmkpldERljiYk2hZVNCe7il5dJu15zL2r1u3qlcV3UUYITOIVzcOESGnALTWgBgUd4hld4s56sF+vd+phHV6xi5gj+wPr8AUYKlRg=</latexit>

prediction ŷ
<latexit sha1_base64="uJpWFMYdANdmk99ktBejslaed3k=">AAAB/XicbVC7TsMwFL3hWcorPDYWixaJqUrKAGMFC2OR6ENqo8px3Naq40S2gxSiil9hYQAhVv6Djb/BaTNAy5EsHZ9zrnx9/JgzpR3n21pZXVvf2Cxtlbd3dvf27YPDtooSSWiLRDySXR8rypmgLc00p91YUhz6nHb8yU3udx6oVCwS9zqNqRfikWBDRrA20sA+NumAkfyCqv0x1lk6rQ7silNzZkDLxC1IBQo0B/ZXP4hIElKhCcdK9Vwn1l6GpWaE02m5nygaYzLBI9ozVOCQKi+bbT9FZ0YJ0DCS5giNZurviQyHSqWhb5Ih1mO16OXif14v0cMrL2MiTjQVZP7QMOFIRyivAgVMUqJ5aggmkpldERljiYk2hZVNCe7il5dJu15zL2r1u3qlcV3UUYITOIVzcOESGnALTWgBgUd4hld4s56sF+vd+phHV6xi5gj+wPr8AUYKlRg=</latexit>

loss `(ŷ, y)
<latexit sha1_base64="eC27OZU9G9z9xvfIQngAZDW+P+k=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWArVJCS1IUui25cVrAPaEKZTCft0MlMmJkIIXbhr7hxoYhbf8Odf+O0zUJbD1w4nHMv994TxIwq7TjfVmFldW19o7hZ2tre2d2z9w/aSiQSkxYWTMhugBRhlJOWppqRbiwJigJGOsH4Zup3HohUVPB7ncbEj9CQ05BipI3Ut4+YUApWPMJY1RshnaWT8/Ss0rfLTs2ZAS4TNydlkKPZt7+8gcBJRLjGDCnVc51Y+xmSmmJGJiUvUSRGeIyGpGcoRxFRfja7fwJPjTKAoZCmuIYz9fdEhiKl0igwnRHSI7XoTcX/vF6iwys/ozxONOF4vihMGNQCTsOAAyoJ1iw1BGFJza0Qj5BEWJvISiYEd/HlZdKu19yLWv2uXm5c53EUwTE4AVXggkvQALegCVoAg0fwDF7Bm/VkvVjv1se8tWDlM4fgD6zPH8jRlUs=</latexit>

loss `(ŷ, y)
<latexit sha1_base64="eC27OZU9G9z9xvfIQngAZDW+P+k=">AAAB/3icbVDLSsNAFJ3UV62vqODGzWArVJCS1IUui25cVrAPaEKZTCft0MlMmJkIIXbhr7hxoYhbf8Odf+O0zUJbD1w4nHMv994TxIwq7TjfVmFldW19o7hZ2tre2d2z9w/aSiQSkxYWTMhugBRhlJOWppqRbiwJigJGOsH4Zup3HohUVPB7ncbEj9CQ05BipI3Ut4+YUApWPMJY1RshnaWT8/Ss0rfLTs2ZAS4TNydlkKPZt7+8gcBJRLjGDCnVc51Y+xmSmmJGJiUvUSRGeIyGpGcoRxFRfja7fwJPjTKAoZCmuIYz9fdEhiKl0igwnRHSI7XoTcX/vF6iwys/ozxONOF4vihMGNQCTsOAAyoJ1iw1BGFJza0Qj5BEWJvISiYEd/HlZdKu19yLWv2uXm5c53EUwTE4AVXggkvQALegCVoAg0fwDF7Bm/VkvVjv1se8tWDlM4fgD6zPH8jRlUs=</latexit>



7.overconfident predictions
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8. Decision trees
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Age

Income

0 10 20 30 40 …
$0K

$40K

$80K

…

Step 2

root 
9  8

Age

Income

age<38 
5  3

risky

age>=38 
4  5

income<48k 
4  0

income>=48k 
0  5

Root
22 18

excellent
9 0 Fair

9 4

poor
4 14

Loan status:
Safe Risky

Credit?

Safe

5 years
9 0

3 years
0 4

Term?

Risky Safe

low
0 9

high
4 5

Income?

5 years
4 3

3 years
0 2

Term?

Risky Safe

Risky



9.boosting
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=
f1(x) f2(x)

0.61

ŵ1

+ 0.53

ŵ2



10.precision-recall
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True 
Positive

False 
Positive 
(FP)

False 
Negative 
(FN)

True 
NegativeTr

ue
 la

be
l

Predicted label

True 
Positive

False 
Negative 

False 
Positive 

True 
Negative

ŷi=+1 ŷi=-1

yi=+1

yi=-1

Cfn
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

Cfp
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

Ctp
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

Ctn
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

precision = Ctp

Ctp+Cfp
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

recall = Ctp

Ctp+Cfn
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

1

1
+

e�
w

>
h
(x

)

w>h(x)

pessimistic threshold

optimistic threshold

Standard threshold precision

recall 1.0

1.0

0.5
0.0



11. Nearest neighbor
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12. Nearest neighbor methods
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13.clustering
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Step 0Input data Step 1 Step 2 Step 1

µ1
<latexit sha1_base64="N9KV2+WVehLhSnhsGsArIxrCbwM=">AAAB7HicbVDLSgNBEOz1GeMr6tHLYBA8hd0o6DHoxWMENwkkS5idzCZDZmaXeQhhyTd48aCIVz/Im3/jJNmDJhY0FFXddHfFGWfa+P63t7a+sbm1Xdop7+7tHxxWjo5bOrWK0JCkPFWdGGvKmaShYYbTTqYoFjGn7Xh8N/PbT1RplspHM8loJPBQsoQRbJwU9oTtB/1K1a/5c6BVEhSkCgWa/cpXb5ASK6g0hGOtu4GfmSjHyjDC6bTcs5pmmIzxkHYdlVhQHeXzY6fo3CkDlKTKlTRorv6eyLHQeiJi1ymwGellbyb+53WtSW6inMnMGirJYlFiOTIpmn2OBkxRYvjEEUwUc7ciMsIKE+PyKbsQguWXV0mrXgsua/WHq2rjtoijBKdwBhcQwDU04B6aEAIBBs/wCm+e9F68d+9j0brmFTMn8Afe5w+FqI5+</latexit>

µ2
<latexit sha1_base64="DEdwbDVeJLDefMIhkKTmGT9m6Fs=">AAAB7HicbVDLSgNBEOz1GeMr6tHLYBA8hd0o6DHoxWMENwkkS5idzCZDZmaXeQhhyTd48aCIVz/Im3/jJNmDJhY0FFXddHfFGWfa+P63t7a+sbm1Xdop7+7tHxxWjo5bOrWK0JCkPFWdGGvKmaShYYbTTqYoFjGn7Xh8N/PbT1RplspHM8loJPBQsoQRbJwU9oTt1/uVql/z50CrJChIFQo0+5Wv3iAlVlBpCMdadwM/M1GOlWGE02m5ZzXNMBnjIe06KrGgOsrnx07RuVMGKEmVK2nQXP09kWOh9UTErlNgM9LL3kz8z+tak9xEOZOZNVSSxaLEcmRSNPscDZiixPCJI5go5m5FZIQVJsblU3YhBMsvr5JWvRZc1uoPV9XGbRFHCU7hDC4ggGtowD00IQQCDJ7hFd486b14797HonXNK2ZO4A+8zx+HLI5/</latexit>

µ3
<latexit sha1_base64="6UEyFA3hZ2MDLcT8viRMSNUg3HI=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0laQY9FLx4rmLbQhrLZbtqlu5uwuxFK6G/w4kERr/4gb/4bN20O2vpg4PHeDDPzwoQzbVz32yltbG5t75R3K3v7B4dH1eOTjo5TRahPYh6rXog15UxS3zDDaS9RFIuQ0244vcv97hNVmsXy0cwSGgg8lixiBBsr+QORDpvDas2tuwugdeIVpAYF2sPq12AUk1RQaQjHWvc9NzFBhpVhhNN5ZZBqmmAyxWPat1RiQXWQLY6dowurjFAUK1vSoIX6eyLDQuuZCG2nwGaiV71c/M/rpya6CTImk9RQSZaLopQjE6P8czRiihLDZ5Zgopi9FZEJVpgYm0/FhuCtvrxOOo2616w3Hq5qrdsijjKcwTlcggfX0IJ7aIMPBBg8wyu8OdJ5cd6dj2VrySlmTuEPnM8fiLCOgA==</latexit>Clusters of clusters

Just like our picture for divisive clustering…



14. Dimensionality reduction
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15.recommendation systems
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≈
Xij known for black cells

Xij unknown for white cells
Rows index movies

Columns index users
X =Rating

m

n
k

k


