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Good references by Alexandre Kowalczyk

Support Vector Machine

https://www.svm-tutorial.com/

https://www.syncfusion.com/ebooks/support_vector_machines_succinctly

https://www.svm-tutorial.com/
https://www.svm-tutorial.com/
https://www.syncfusion.com/ebooks/support_vector_machines_succinctly
https://www.syncfusion.com/ebooks/support_vector_machines_succinctly


Support Vector Machine

A data point: p-dimensional vector (p=2)

Can be separated by (p-1)-dimensional hyperplane

 Hyperplane with maximal margin (largest separation between classes)

Hyperplane in R^2 is a line Hyperplane in R^3 is a plane



Support Vector Machine

Optimisation problem with constraints:

Linearly separable training set

Geometric margin

The optimal separating hyperplane is the hyperplane 
<latexit sha1_base64="KQEU+WjGawll4wIf5505rustW4U=">AAAB+nicbVBNS8NAEN34WetX1KOXYBEqSEmkoMeiF48VrC00oWy2k3bpfoTdTaGE/hMvHhTEq7/Em//GbZuDtj4YeLw3w8y8OGVUG9//dtbWNza3tks75d29/YND9+j4SctMEWgRyaTqxFgDowJahhoGnVQB5jGDdjy6m/ntMShNpXg0kxQijgeCJpRgY6We61bDMZA8lBwGeHoZX/Tcil/z5/BWSVCQCirQ7LlfYV+SjIMwhGGtu4GfmijHylDCYFoOMw0pJiM8gK6lAnPQUT6/fOqdW6XvJVLZEsabq78ncsy1nvDYdnJshnrZm4n/ed3MJDdRTkWaGRBksSjJmGekN4vB61MFxLCJJZgoam/1yBArTIwNq2xDCJZfXiXtq1pQrwXBQ73SuC3yKKFTdIaqKEDXqIHuURO1EEFj9Ixe0ZuTOy/Ou/OxaF1zipkT9AfO5w9z8pNa</latexit>

(~!, b) whose margin           is the largest 
<latexit sha1_base64="3P+1pT/z/hrfnISQbaU4LtEqtmo=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeiFy9CC9YW2lA220m7drMJuxuhhP4CLx4UxKv/yJv/xm2bg7Y+GHi8N8PMvCARXBvX/XYKa+sbm1vF7dLO7t7+Qfnw6EHHqWLYYrGIVSegGgWX2DLcCOwkCmkUCGwH45uZ335CpXks780kQT+iQ8lDzqixUvOuX664VXcOskq8nFQgR6Nf/uoNYpZGKA0TVOuu5ybGz6gynAmclnqpxoSyMR1i11JJI9R+Nj90Ss6sMiBhrGxJQ+bq74mMRlpPosB2RtSM9LI3E//zuqkJr/yMyyQ1KNliUZgKYmIy+5oMuEJmxMQSyhS3txI2oooyY7Mp2RC85ZdXSfui6tWqntesVerXeR5FOIFTOAcPLqEOt9CAFjBAeIZXeHMenRfn3flYtBacfOYY/sD5/AE7Ao0K</latexit>

M

<latexit sha1_base64="V6NUTqIF4o2oRUzLNbv7lsFyZM0="></latexit>

M = min
i=1,2,··· ,m

|yi(~! · ~xi + b)|
||~!||

<latexit sha1_base64="Qq9P9iAbFxGPTg6eLemiLa5v6Js=">AAACCnicbVDLSsNAFJ34rPVVdelmtAiCUBJRdCMU3bisYB/QhDCZ3LRDJ5kwMymW0LUbf8WNC0Xc+gXu/Bunj4W2HrhwOOde7r0nSDlT2ra/rYXFpeWV1cJacX1jc2u7tLPbUCKTFOpUcCFbAVHAWQJ1zTSHViqBxAGHZtC7GfnNPkjFRHKvByl4MekkLGKUaCP5pQO3DzR3RQwdMnRpKPRYeBj6DJ8E+ArbfqlsV+wx8DxxpqSMpqj5pS83FDSLIdGUE6Xajp1qLydSM8phWHQzBSmhPdKBtqEJiUF5+fiVIT4ySogjIU0lGo/V3xM5iZUaxIHpjInuqllvJP7ntTMdXXo5S9JMQ0Ini6KMYy3wKBccMglU84EhhEpmbsW0SySh2qRXNCE4sy/Pk8ZpxTmv2Hdn5er1NI4C2keH6Bg56AJV0S2qoTqi6BE9o1f0Zj1ZL9a79TFpXbCmM3voD6zPH5DPmiI=</latexit>

~! · ~xi + b = 0
<latexit sha1_base64="7y1/sjL9tpaIvKlF0L2yplrjlCE=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM1gEVyURRTdC0Y3LCn1BE8tkMmmHTjJh5kYsoeCvuHGhiFu/w51/4/Sx0NYDFw7n3Mu99wSp4Boc59sqLC2vrK4V10sbm1vbO/buXlPLTFHWoFJI1Q6IZoInrAEcBGunipE4EKwVDG7GfuuBKc1lUodhyvyY9BIecUrASF37wIM+A3Kf10ceDSXgR3yFna5ddirOBHiRuDNSRjPUuvaXF0qaxSwBKojWHddJwc+JAk4FG5W8TLOU0AHpsY6hCYmZ9vPJ+SN8bJQQR1KZSgBP1N8TOYm1HsaB6YwJ9PW8Nxb/8zoZRJd+zpM0A5bQ6aIoExgkHmeBQ64YBTE0hFDFza2Y9okiFExiJROCO//yImmeVtzzinN3Vq5ez+IookN0hE6Qiy5QFd2iGmoginL0jF7Rm/VkvVjv1se0tWDNZvbRH1ifPxlDlOg=</latexit>

✓T · x = 0



Some high-school Geometry



Support Vector Machine

Geometric margin M: distance/2 between two hyperplane

Support Vector Machine

Maximize the geometric margin means minimize 
<latexit sha1_base64="gMsRD4fvC3rrlS4DNkF2y1K4INU=">AAAB+nicbVBNS8NAEN3Ur1q/oh69LBbBU0mkoMeiF48VrC00oWy203bp7ibsbgol6T/x4kFBvPpLvPlv3LY5aOuDgcd7M8zMixLOtPG8b6e0sbm1vVPereztHxweuccnTzpOFYUWjXmsOhHRwJmElmGGQydRQETEoR2N7+Z+ewJKs1g+mmkCoSBDyQaMEmOlnuvmeTABmgWxgCGZ5XnPrXo1bwG8TvyCVFGBZs/9CvoxTQVIQznRuut7iQkzogyjHGaVINWQEDomQ+haKokAHWaLy2f4wip9PIiVLWnwQv09kRGh9VREtlMQM9Kr3lz8z+umZnATZkwmqQFJl4sGKccmxvMYcJ8poIZPLSFUMXsrpiOiCDU2rIoNwV99eZ20r2p+veb7D/Vq47bIo4zO0Dm6RD66Rg10j5qohSiaoGf0it6czHlx3p2PZWvJKWZO0R84nz8ZZJRr</latexit>

||~!||

Constraints: at the same time, prevent data points 
from falling into the margin

How to find the optimal hyperplane for a dataset among all possible hyperplanes

To find            such that
<latexit sha1_base64="KQEU+WjGawll4wIf5505rustW4U=">AAAB+nicbVBNS8NAEN34WetX1KOXYBEqSEmkoMeiF48VrC00oWy2k3bpfoTdTaGE/hMvHhTEq7/Em//GbZuDtj4YeLw3w8y8OGVUG9//dtbWNza3tks75d29/YND9+j4SctMEWgRyaTqxFgDowJahhoGnVQB5jGDdjy6m/ntMShNpXg0kxQijgeCJpRgY6We61bDMZA8lBwGeHoZX/Tcil/z5/BWSVCQCirQ7LlfYV+SjIMwhGGtu4GfmijHylDCYFoOMw0pJiM8gK6lAnPQUT6/fOqdW6XvJVLZEsabq78ncsy1nvDYdnJshnrZm4n/ed3MJDdRTkWaGRBksSjJmGekN4vB61MFxLCJJZgoam/1yBArTIwNq2xDCJZfXiXtq1pQrwXBQ73SuC3yKKFTdIaqKEDXqIHuURO1EEFj9Ixe0ZuTOy/Ou/OxaF1zipkT9AfO5w9z8pNa</latexit>

(~!, b)

<latexit sha1_base64="gUohh2XLd5/N0sNIkT7psUlxA7Y=">AAACA3icbVBNS8NAEN3Ur1q/op7Ey2IRKkhJpKDHohcvQgVrC00pm+20XbqbhN1NsYTgxb/ixYOCePVPePPfuG1z0NYHA4/3ZpiZ50ecKe0431ZuaXlldS2/XtjY3NresXf37lUYSwp1GvJQNn2igLMA6pppDs1IAhE+h4Y/vJr4jRFIxcLgTo8jaAvSD1iPUaKN1LEPPEEeOknJGwFNvFBAn6Sn/kmKbzp20Sk7U+BF4makiDLUOvaX1w1pLCDQlBOlWq4T6XZCpGaUQ1rwYgURoUPSh5ahARGg2sn0hRQfG6WLe6E0FWg8VX9PJEQoNRa+6RRED9S8NxH/81qx7l20ExZEsYaAzhb1Yo51iCd54C6TQDUfG0KoZOZWTAdEEqpNagUTgjv/8iJpnJXdStl1byvF6mWWRx4doiNUQi46R1V0jWqojih6RM/oFb1ZT9aL9W59zFpzVjazj/7A+vwBNJWXGg==</latexit>

max
(~!,b)

M

<latexit sha1_base64="ZQRELpivo2FbgyUY9Hbc/rU/bBY="></latexit>

subject to
|yi(~! · ~xi + b)|

||~!|| � M, i = 1, 2, · · · ,m

Constrained optimization problem

M =
1

| | ⃗ω | |



Support Vector Machine
To find            such that

<latexit sha1_base64="KQEU+WjGawll4wIf5505rustW4U=">AAAB+nicbVBNS8NAEN34WetX1KOXYBEqSEmkoMeiF48VrC00oWy2k3bpfoTdTaGE/hMvHhTEq7/Em//GbZuDtj4YeLw3w8y8OGVUG9//dtbWNza3tks75d29/YND9+j4SctMEWgRyaTqxFgDowJahhoGnVQB5jGDdjy6m/ntMShNpXg0kxQijgeCJpRgY6We61bDMZA8lBwGeHoZX/Tcil/z5/BWSVCQCirQ7LlfYV+SjIMwhGGtu4GfmijHylDCYFoOMw0pJiM8gK6lAnPQUT6/fOqdW6XvJVLZEsabq78ncsy1nvDYdnJshnrZm4n/ed3MJDdRTkWaGRBksSjJmGekN4vB61MFxLCJJZgoam/1yBArTIwNq2xDCJZfXiXtq1pQrwXBQ73SuC3yKKFTdIaqKEDXqIHuURO1EEFj9Ixe0ZuTOy/Ou/OxaF1zipkT9AfO5w9z8pNa</latexit>

(~!, b)

<latexit sha1_base64="gUohh2XLd5/N0sNIkT7psUlxA7Y=">AAACA3icbVBNS8NAEN3Ur1q/op7Ey2IRKkhJpKDHohcvQgVrC00pm+20XbqbhN1NsYTgxb/ixYOCePVPePPfuG1z0NYHA4/3ZpiZ50ecKe0431ZuaXlldS2/XtjY3NresXf37lUYSwp1GvJQNn2igLMA6pppDs1IAhE+h4Y/vJr4jRFIxcLgTo8jaAvSD1iPUaKN1LEPPEEeOknJGwFNvFBAn6Sn/kmKbzp20Sk7U+BF4makiDLUOvaX1w1pLCDQlBOlWq4T6XZCpGaUQ1rwYgURoUPSh5ahARGg2sn0hRQfG6WLe6E0FWg8VX9PJEQoNRa+6RRED9S8NxH/81qx7l20ExZEsYaAzhb1Yo51iCd54C6TQDUfG0KoZOZWTAdEEqpNagUTgjv/8iJpnJXdStl1byvF6mWWRx4doiNUQi46R1V0jWqojih6RM/oFb1ZT9aL9W59zFpzVjazj/7A+vwBNJWXGg==</latexit>

max
(~!,b)

M

<latexit sha1_base64="ZQRELpivo2FbgyUY9Hbc/rU/bBY="></latexit>

subject to
|yi(~! · ~xi + b)|

||~!|| � M, i = 1, 2, · · · ,m

Is equivalent to the minimisation problem with constraints, remember

<latexit sha1_base64="/mLBo46Xk5kuunTWX7LnIRJLfsw=">AAACEnicbVA9SwNBEN2LXzF+nVraLAYhgoQ7CWgZtLGMYEwgF8LeZpIs2d07dvcC4ZK/YONfsbFQEFsrO/+Nm48iJj4YeLw3w8y8MOZMG8/7cTJr6xubW9nt3M7u3v6Be3j0qKNEUajSiEeqHhINnEmoGmY41GMFRIQcamH/duLXBqA0i+SDGcbQFKQrWYdRYqzUcguBYLKVFoIB0DSIBHTJ+CI8H+PRaFEajVpu3it6U+BV4s9JHs1RabnfQTuiiQBpKCdaN3wvNs2UKMMoh3EuSDTEhPZJFxqWSiJAN9PpR2N8ZpU27kTKljR4qi5OpERoPRSh7RTE9PSyNxH/8xqJ6Vw3UybjxICks0WdhGMT4Uk8uM0UUMOHlhCqmL0V0x5RhBobYs6G4C+/vEpql0W/VPT9+1K+fDPPI4tO0CkqIB9doTK6QxVURRQ9oRf0ht6dZ+fV+XA+Z60ZZz5zjP7A+foFIlyeSA==</latexit>

min
(~!,b)

||~!||

<latexit sha1_base64="YvCqs3HjfKo1JHQ4o1HMO0AdnXg="></latexit>

subject to yi(~! · ~xi + b) � 1, i = 1, 2, · · · ,m

<latexit sha1_base64="YvCqs3HjfKo1JHQ4o1HMO0AdnXg="></latexit>

subject to yi(~! · ~xi + b) � 1, i = 1, 2, · · · ,m

<latexit sha1_base64="/7wBQyt7fIci5gKJinHsHXK7r1Q=">AAACHnicbVBNS8NAEN3Ur1q/qh69BItQQUpSCnosevFYwdpCU8tmO2mX7m7C7qZQ0vwRL/4VLx4URPCk/8btx6G2Phh4vDfDzDw/YlRpx/mxMmvrG5tb2e3czu7e/kH+8OhBhbEkUCchC2XTxwoYFVDXVDNoRhIw9xk0/MHNxG8MQSoains9iqDNcU/QgBKsjdTJVzxORScpekMgiRdy6OH0wj9PvUBikrhpUk7H40VzPH4sd/IFp+RMYa8Sd04KaI5aJ//ldUMScxCaMKxUy3Ui3U6w1JQwSHNerCDCZIB70DJUYA6qnUy/S+0zo3TtIJSmhLan6uJEgrlSI+6bTo51Xy17E/E/rxXr4KqdUBHFGgSZLQpiZuvQnkRld6kEotnIEEwkNbfapI9NLtoEmjMhuMsvr5JGueRWSq57VylUr+d5ZNEJOkVF5KJLVEW3qIbqiKAn9ILe0Lv1bL1aH9bnrDVjzWeO0R9Y37/r9aN7</latexit>

min
(~!,b)

1

2
||~!||2

Is equivalent to 

Lagrange multipliers and duality

Convex quadratic optimisation problem

<latexit sha1_base64="HtoxGsNCRopCDbqh2MCnA5Kvj+E=">AAACCHicbVBNS8NAEN34WetX1KMgi0XwVBIp6EUoevEiVLC20ISy2U7apZsPdjeFkuTmxb/ixYOCePUnePPfuG1z0NYHA4/3ZpiZ58WcSWVZ38bS8srq2nppo7y5tb2za+7tP8goERSaNOKRaHtEAmchNBVTHNqxABJ4HFre8Hrit0YgJIvCezWOwQ1IP2Q+o0RpqWse3eJL7PiC0NTO0yxzRkBTJwqgT/Isy7tmxapaU+BFYhekggo0uuaX04toEkCoKCdSdmwrVm5KhGKUQ152EgkxoUPSh46mIQlAuun0jxyfaKWH/UjoChWeqr8nUhJIOQ483RkQNZDz3kT8z+skyr9wUxbGiYKQzhb5CccqwpNQcI8JoIqPNSFUMH0rpgOiQ1E6urIOwZ5/eZG0zqp2rWrbd7VK/arIo4QO0TE6RTY6R3V0gxqoiSh6RM/oFb0ZT8aL8W58zFqXjGLmAP2B8fkD966Z2g==</latexit>

M =
1

||~!||



Joseph-Louis Lagrange (1736-1813)

Lagrange multipliers and duality

<latexit sha1_base64="Gqby/v+r4PlmlFpqmR0YTPDvGrc=">AAAB+HicbVBNS8NAEJ3Ur1o/GvXoZbEInkpSFL0Uil48VrAf0Iay2W7apZtN2N2INeSXePGgiFd/ijf/jds2B219MPB4b4aZeX7MmdKO820V1tY3NreK26Wd3b39sn1w2FZRIgltkYhHsutjRTkTtKWZ5rQbS4pDn9OOP7mZ+Z0HKhWLxL2extQL8UiwgBGsjTSwy4/1ab0fSExSN0tr2cCuOFVnDrRK3JxU IEdzYH/1hxFJQio04VipnuvE2kux1IxwmpX6iaIxJhM8oj1DBQ6p8tL54Rk6NcoQBZE0JTSaq78nUhwqNQ190xliPVbL3kz8z+slOrjyUibiRFNBFouChCMdoVkKaMgkJZpPDcFEMnMrImNsUtAmq5IJwV1+eZW0a1X3ourcnVca13kcRTiGEzgDFy6hAbfQhBYQSOAZXuHNerJerHfrY9FasPKZI/gD6/MHfoCS+w==</latexit>

x = y =
1

2

<latexit sha1_base64="chbqHorueQf9ilPK5G9eH9R7vcA=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0YtQ9OKxgv2ANpTJdtMu3Wzi7kYooX/CiwdFvPp3vPlv3LY5aOuDgcd7M8zMCxLBtXHdb6ewsrq2vlHcLG1t7+zulfcPmjpOFWUNGotYtQPUTHDJGoYbwdqJYhgFgrWC0e3Ubz0xpXksH8w4YX6EA8lDTtFYqd1FkQzx2uuVK27VnYEsEy8nFchR75W/uv2YphGThgrUuuO5ifEzVIZTwSalbqpZgnSEA9axVGLEtJ/N7p2QE6v0SRgrW9KQmfp7IsNI63EU2M4IzVAvelPxP6+TmvDKz7hMUsMknS8KU0FMTKbPkz5XjBoxtgSp4vZWQoeokBobUcmG4C2+vEyaZ1Xvouren1dqN3kcRTiCYzgFDy6hBndQhwZQEPAMr/DmPDovzrvzMW8tOPnMIfyB8/kDgnmPng==</latexit>

↵ = 1

<latexit sha1_base64="QHCQIkm/AdbTerWTM8KidGQ69Xk=">AAAB+3icbVDLSgNBEOyNrxhfazx6GQxCRA27QdFLIOjFYwTzgGQTZieTOGT2wcysZFnyK148KOLVH/Hm3zhJ9qCJBQ1FVTfdXW7ImVSW9W1kVlbX1jeym7mt7Z3dPXM/35BBJAitk4AHouViSTnzaV0xxWkrFBR7LqdNd3Q79ZtPVEgW+A8qDqnj4aHPBoxgpaWemR8Wx2fxSWXcLZ/G3fK5XbF6ZsEqWTOgZWKnpAApaj3zq9MPSORRXxGOpWzbVqicBAvFCKeTXCeSNMRkhIe0ramPPSqdZHb7BB1rpY8GgdDlKzRTf08k2JMy9lzd6WH1KBe9qfif147U4NpJmB9GivpkvmgQcaQCNA0C9ZmgRPFYE0wE07ci8ogFJkrHldMh2IsvL5NGuWRflqz7i0L1Jo0jC4dwBEWw4QqqcAc1qAOBMTzDK7wZE+PFeDc+5q0ZI505gD8wPn8AB0aSfA==</latexit>

g(x, y) = x2 + y2 � 1 = 0

g(x, y) = x + y − 1 = 0

find the local 
maxima and minima



Joseph-Louis Lagrange (1736-1813)

Lagrange multipliers and duality

Euler-Lagrange equation



Lagrange multipliers and duality

<latexit sha1_base64="YvCqs3HjfKo1JHQ4o1HMO0AdnXg="></latexit>

subject to yi(~! · ~xi + b) � 1, i = 1, 2, · · · ,m

<latexit sha1_base64="/7wBQyt7fIci5gKJinHsHXK7r1Q=">AAACHnicbVBNS8NAEN3Ur1q/qh69BItQQUpSCnosevFYwdpCU8tmO2mX7m7C7qZQ0vwRL/4VLx4URPCk/8btx6G2Phh4vDfDzDw/YlRpx/mxMmvrG5tb2e3czu7e/kH+8OhBhbEkUCchC2XTxwoYFVDXVDNoRhIw9xk0/MHNxG8MQSoains9iqDNcU/QgBKsjdTJVzxORScpekMgiRdy6OH0wj9PvUBikrhpUk7H40VzPH4sd/IFp+RMYa8Sd04KaI5aJ//ldUMScxCaMKxUy3Ui3U6w1JQwSHNerCDCZIB70DJUYA6qnUy/S+0zo3TtIJSmhLan6uJEgrlSI+6bTo51Xy17E/E/rxXr4KqdUBHFGgSZLQpiZuvQnkRld6kEotnIEEwkNbfapI9NLtoEmjMhuMsvr5JGueRWSq57VylUr+d5ZNEJOkVF5KJLVEW3qIbqiKAn9ILe0Lv1bL1aH9bnrDVjzWeO0R9Y37/r9aN7</latexit>

min
(~!,b)

1

2
||~!||2

<latexit sha1_base64="tlwLHp0KOx9QOtqGWYLhP/5oUgk=">AAACL3icbVBNS8NAEN34bf2qevQSLIKClEQUPYqCePBQwarQlDDZTtvF3U3Y3RRLyD/y4l/pRUQRr/4LN20PWn2w8PbNG2bmRQln2njeqzM1PTM7N7+wWFpaXlldK69v3Oo4VRTrNOaxuo9AI2cS64YZjveJQhARx7vo4byo3/VQaRbLG9NPsCmgI1mbUTBWCssXgWAyzHaDHtIsiAV2IN+P9vJAwGOYBcCTLhQf06XAs6t8wrg/cuyF5YpX9YZw/xJ/TCpkjFpYHgStmKYCpaEctG74XmKaGSjDKMe8FKQaE6AP0MGGpRIE6mY2vDd3d6zSctuxsk8ad6j+7MhAaN0XkXUWm+vJWiH+V2ukpn3SzJhMUoOSjga1U+6a2C3Cc1tMITW8bwlQxeyuLu2CAmpsxCUbgj958l9ye1D1j6re9WHl9GwcxwLZIttkl/jkmJySS1IjdULJExmQN/LuPDsvzofzObJOOeOeTfILztc3XV6qcQ==</latexit>

min
(~!,b)

max
↵

L(~!, b,↵)

<latexit sha1_base64="24UKRl8bMTb7YcjfZ3LPApsM3ss=">AAACH3icbZDJSgNBEIZ73I1b1KOXxiB4CGFG3C5C0ItHBROFTAg1PZWktWexu0YMQ97Ei6/ixYMi4i1vYyfm4PZDw89fVVTXF6RKGnLdgTMxOTU9Mzs3X1hYXFpeKa6u1U2SaYE1kahEXwVgUMkYayRJ4VWqEaJA4WVwczKsX96hNjKJL6iXYjOCTizbUgDZqFXc9wnvKTdZcI2COCV97t9mEHIfVNqFluR+B7lb5vLIK++UfREmZMpRq1hyK+5I/K/xxqbExjprFT/8MBFZhDEJBcY0PDelZg6apFDYL/iZwRTEDXSwYW0MEZpmPrqvz7dsEvJ2ou2LiY/S7xM5RMb0osB2RkBd87s2DP+rNTJqHzZzGacZYSy+FrUzZTHwISweSm2pqJ41ILS0f+WiCxoEWaQFC8H7ffJfU9+peHsV93y3VD0e45hjG2yTbTOPHbAqO2VnrMYEe2BP7IW9Oo/Os/PmvH+1TjjjmXX2Q87gE/1+oZ8=</latexit>

subject to ↵i � 0, i = 1, 2, · · · ,m

<latexit sha1_base64="j1BdFhWJSlfyrvpivtrU/eyZm9Y=">AAACHXicbVDLSsNAFJ3UV62vqEs3wSJUKCWRii6LunDhooJ9QFPCzXTaDp08mJmUhpAfceOvuHGhiAs34t84abvQ1gMDZ865l3vvcUNGhTTNby23srq2vpHfLGxt7+zu6fsHTRFEHJMGDljA2y4IwqhPGpJKRtohJ+C5jLTc0XXmt8aECxr4DzIOSdeDgU/7FINUkqNXbQ8mTmIDC4eQqo8cYmDJXeokN2lpJpftMcHJREk0LccOPXX0olkxpzCWiTUnRTRH3dE/7V6AI4/4EjMQomOZoewmwCXFjKQFOxIkBDyCAeko6oNHRDeZXpcaJ0rpGf2Aq+dLY6r+7kjAEyL2XFWZrS8WvUz8z+tEsn/ZTagfRpL4eDaoHzFDBkYWldGjnGDJYkUAc6p2NfAQOGCpAi2oEKzFk5dJ86xinVfM+2qxdjWPI4+O0DEqIQtdoBq6RXXUQBg9omf0it60J+1Fe9c+ZqU5bd5ziP5A+/oBQp2jPQ==</latexit>

max
↵

LD(↵, ~xi, yi)

<latexit sha1_base64="24UKRl8bMTb7YcjfZ3LPApsM3ss=">AAACH3icbZDJSgNBEIZ73I1b1KOXxiB4CGFG3C5C0ItHBROFTAg1PZWktWexu0YMQ97Ei6/ixYMi4i1vYyfm4PZDw89fVVTXF6RKGnLdgTMxOTU9Mzs3X1hYXFpeKa6u1U2SaYE1kahEXwVgUMkYayRJ4VWqEaJA4WVwczKsX96hNjKJL6iXYjOCTizbUgDZqFXc9wnvKTdZcI2COCV97t9mEHIfVNqFluR+B7lb5vLIK++UfREmZMpRq1hyK+5I/K/xxqbExjprFT/8MBFZhDEJBcY0PDelZg6apFDYL/iZwRTEDXSwYW0MEZpmPrqvz7dsEvJ2ou2LiY/S7xM5RMb0osB2RkBd87s2DP+rNTJqHzZzGacZYSy+FrUzZTHwISweSm2pqJ41ILS0f+WiCxoEWaQFC8H7ffJfU9+peHsV93y3VD0e45hjG2yTbTOPHbAqO2VnrMYEe2BP7IW9Oo/Os/PmvH+1TjjjmXX2Q87gE/1+oZ8=</latexit>

subject to ↵i � 0, i = 1, 2, · · · ,m
<latexit sha1_base64="4RdWBwRRs8YGMD5mupv3mi8QmHE=">AAACB3icbVDLSsNAFJ3UV62vqEtBBovgqiSi6KZQdOOygn1AE8NkOmmHzkzCzEQIITs3/oobF4q49Rfc+TdOHwttPXDhcM693HtPmDCqtON8W6Wl5ZXVtfJ6ZWNza3vH3t1rqziVmLRwzGLZDZEijArS0lQz0k0kQTxkpBOOrsd+54FIRWNxp7OE+BwNBI0oRtpIgX3oqZQHOa27xX3OCw+xZIgCCjNTdegEdtWpORPAReLOSBXM0AzsL68f45QToTFDSvVcJ9F+jqSmmJGi4qWKJAiP0ID0DBWIE+Xnkz8KeGyUPoxiaUpoOFF/T+SIK5Xx0HRypIdq3huL/3m9VEeXfk5Fkmoi8HRRlDKoYzgOBfapJFizzBCEJTW3QjxEEmFtoquYENz5lxdJ+7Tmntec27Nq42oWRxkcgCNwAlxwARrgBjRBC2DwCJ7BK3iznqwX6936mLaWrNnMPvgD6/MH+q2YtQ==</latexit> mX

i=1

↵iyi = 0

gradient, not the -gradient

ℒ( ⃗ω , b, α) =
1
2

| | ⃗ω | |2 −
m

∑
i=1

αi[yi( ⃗ω ⋅ ⃗x i + b) − 1]



Karush-Kuhn-Tucker (KKT) conditions

• Stationarity condition:

• Primal feasibility condition:
<latexit sha1_base64="xCKqqG+Yj1KjmKpAIc2fgZ91ZuE="></latexit>

yi(~! · ~xi + b)� 1 � 0 for all i = 1, 2, · · · ,m

• Dual feasibility condition:
<latexit sha1_base64="BjoK1tyaYrXuSZ8GjrDRyabILJY=">AAACHHicbVDLSgNBEJz1bXxFPXoZDIKHEHZ9oCCC6MWjglEhG0LvbG8yOLuzzvSKYcmHePFXvHhQxIsHwb9xE3PwVaeiqpuuriBV0pLrfjgjo2PjE5NT06WZ2bn5hfLi0rnVmRFYF1ppcxmARSUTrJMkhZepQYgDhRfB1VHfv7hBY6VOzqibYjOGdiIjKYAKqVXe9EGlHWhJv43c5f51BiH3CW8pj7ThoFTP3+Ny36tuVH0RarLVuFWuuDV3AP6XeENSYUOctMpvfqhFFmNCQoG1Dc9NqZmDISkU9kp+ZjEFcQVtbBQ0gRhtMx881+NrhRLyfphIJ8QH6veNHGJru3FQTMZAHfvb64v/eY2Mot1mLpM0I0zE16EoU5w07zfFQ2lQkOoWBISRRVYuOmBAUNFnqSjB+/3yX3K+UfO2a+7pVuXgcFjHFFthq2ydeWyHHbBjdsLqTLA79sCe2LNz7zw6L87r1+iIM9xZZj/gvH8CruigeQ==</latexit>

↵i � 0 for all i = 1, 2, · · · ,m

• Complementary slackness condition:
<latexit sha1_base64="FbPnxz6+vFLEfN0Vg3crpB5uW+I="></latexit>

↵i[yi(~! · ~xi + b)� 1] = 0 for all i = 1, 2, · · · ,m

Support vectors are examples having a positive Lagrange multiplier. 

They are the ones the constraint is active. 

<latexit sha1_base64="X7nVHsxEz0PwN6FK1bNkDMrmOys=">AAACGnicbVDLSsNAFJ34rPVVdelmsAiuSiKKboSiG5cVbBWaGG6mt+3gTBJmJmII+Q43/oobF4q4Ezf+jdPaha8DFw7nnMvMPVEquDau++FMTc/Mzs1XFqqLS8srq7W19Y5OMsWwzRKRqMsINAoeY9twI/AyVQgyEngRXZ+M/IsbVJon8bnJUwwkDGLe5wyMlcKa598gK/xE4gDKI19nMiz4kVdeFbL0QaRDCDnN7Yxzt2XIw1rdbbhj0L/Em5A6maAV1t78XsIyibFhArTuem5qggKU4UxgWfUzjSmwaxhg19IYJOqgGJ9W0m2r9Gg/UXZiQ8fq940CpNa5jGxSghnq395I/M/rZqZ/GBQ8TjODMft6qJ8JahI66on2uEJmRG4JMMXtXykbggJmbJtVW4L3++S/pLPb8PYb7tlevXk8qaNCNskW2SEeOSBNckpapE0YuSMP5Ik8O/fOo/PivH5Fp5zJzgb5Aef9E79zoew=</latexit>

~! =
mX

i=1

↵iyi~xi

<latexit sha1_base64="9l4bhOTYX3tlSiZOsjNs38/ydQM="></latexit>

b =
1

S

SX

i=1

(yi � ~! · ~xi)

Once have the multipliers and support vectors

<latexit sha1_base64="rzfuNN+5OhDm8pAsIWAV+Ox/1TE=">AAACE3icbVC7SgNBFJ31GeNr1dJmMAhiEXZF0TJoYxnRqJCEMDu5awZnZ5aZu8Gw5B9s/BUbC0Vsbez8GyfJFr4ODBzOuZc750SpFBaD4NObmp6ZnZsvLZQXl5ZXVv219UurM8OhwbXU5jpiFqRQ0ECBEq5TAyyJJFxFtycj/6oPxgqtLnCQQjthN0rEgjN0UsffPacthDvMqbAUe0BVlkRgqI6pzdJUG6R94KiNHXb8SlANxqB/SViQCilQ7/gfra7mWQIKuWTWNsMgxXbODAouYVhuZRZSxm/ZDTQdVSwB287HmYZ02yldGmvjnkI6Vr9v5CyxdpBEbjJh2LO/vZH4n9fMMD5q50KlGYLik0NxJilqOiqIdoVxgeXAEcaNcH+lvMcM4+hqLLsSwt+R/5LLvWp4UA3O9iu146KOEtkkW2SHhOSQ1MgpqZMG4eSePJJn8uI9eE/eq/c2GZ3yip0N8gPe+xf1AZ49</latexit>

S is the number of support vectors



Support Vector Machine: Hinge Loss

Gradient Descent
<latexit sha1_base64="4IJPRW4IRffBcIgQDU0Jq5v2oQ0=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0YtQ9OKxgrGFNpTNdtMu3WzC7kQIpb/BiwdFvPqDvPlv3LY5aOuDgcd7M8zMC1MpDLrut1NaWV1b3yhvVra2d3b3qvsHjybJNOM+S2Si2yE1XArFfRQoeTvVnMah5K1wdDv1W09cG5GoB8xTHsR0oEQkGEUr+XlPXHu9as2tuzOQZeIVpAYFmr3qV7efsCzmCpmkxnQ8N8VgTDUKJvmk0s0MTykb0QHvWKpozE0wnh07ISdW6ZMo0bYUkpn6e2JMY2PyOLSdMcWhWfSm4n9eJ8PoKhgLlWbIFZsvijJJMCHTz0lfaM5Q5pZQpoW9lbAh1ZShzadiQ/AWX14mj2d176Lu3p/XGjdFHGU4gmM4BQ8uoQF30AQfGAh4hld4c5Tz4rw7H/PWklPMHMIfOJ8/VsCOXw==</latexit>

yi = 1
<latexit sha1_base64="RJZi8rHHKH8E4KKT1v2kt6/JyGA=">AAACCXicbVBNS8NAEN3Ur1q/oh69LBZBEEoiip6k6MVjBfsBTSmbzaRdusmG3U2xhF69+Fe8eFDEq//Am//GbdqDtj4YeLw3w8w8P+FMacf5tgpLyyura8X10sbm1vaOvbvXUCKVFOpUcCFbPlHAWQx1zTSHViKBRD6Hpj+4mfjNIUjFRHyvRwl0ItKLWcgo0Ubq2tgbAs08EUGPjD0aCJ0LD+MuO/HxFXa7dtmpODnwInFnpIxmqHXtLy8QNI0g1pQTpdquk+hORqRmlMO45KUKEkIHpAdtQ2MSgepk+SdjfGSUAIdCmoo1ztXfExmJlBpFvumMiO6reW8i/ue1Ux1edjIWJ6mGmE4XhSnHWuBJLDhgEqjmI0MIlczcimmfSEK1Ca9kQnDnX14kjdOKe15x7s7K1etZHEV0gA7RMXLRBaqiW1RDdUTRI3pGr+jNerJerHfrY9pasGYz++gPrM8fMomZ+g==</latexit>

~! · ~xi + b > 1

<latexit sha1_base64="FyyChD+zJ99YmmbtH2kYQLMWvyQ=">AAACCHicbVDLSsNAFJ34rPVVdenCwSIIQklE0YWLohuXFewDmhAmk5t26CQTZibFErp046+4caGIWz/BnX/j9LHQ1gMXDufcy733BClnStv2t7WwuLS8slpYK65vbG5tl3Z2G0pkkkKdCi5kKyAKOEugrpnm0EolkDjg0Ax6NyO/2QepmEju9SAFLyadhEWMEm0kv3Tg9oHmroihQ4YuDYUeCw9Dn50E+MrxS2W7Yo+B54kzJWU0Rc0vfbmhoFkMiaacKNV27FR7OZGaUQ7DopspSAntkQ60DU1IDMrLx48M8ZFRQhwJaSrReKz+nshJrNQgDkxnTHRXzXoj8T+vneno0stZkmYaEjpZFGUca4FHqeCQSaCaDwwhVDJzK6ZdIgnVJruiCcGZfXmeNE4rznnFvjsrV6+ncRTQPjpEx8hBF6iKblEN1RFFj+gZvaI368l6sd6tj0nrgjWd2UN/YH3+AM3Xmc4=</latexit>

~! · ~xi + b < 1

<latexit sha1_base64="O3eNzsgXvuIh/0sq4WMXfTOhPEI=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBi2VXKnoRil48VrAf0C4lm2bb2GyyJFlhWfofvHhQxKv/x5v/xrTdg7Y+GHi8N8PMvCDmTBvX/XYKK6tr6xvFzdLW9s7uXnn/oKVloghtEsml6gRYU84EbRpmOO3EiuIo4LQdjG+nfvuJKs2keDBpTP0IDwULGcHGSq20z67PvH654lbdGdAy8XJSgRyNfvmrN5AkiagwhGOtu54bGz/DyjDC6aTUSzSNMRnjIe1aKnBEtZ/Nrp2gE6sMUCiVLWHQTP09keFI6zQKbGeEzUgvelPxP6+bmPDKz5iIE0MFmS8KE46MRNPX0YApSgxPLcFEMXsrIiOsMDE2oJINwVt8eZm0zqveRdW9r1XqN3kcRTiCYzgFDy6hDnfQgCYQeIRneIU3RzovzrvzMW8tOPnMIfyB8/kDwYuOlg==</latexit>

yi = �1
<latexit sha1_base64="W7e7y7D8Art2Ogg6YkaH+jLK678=">AAACCHicbVA9SwNBEN2LXzF+RS0tPAyCIIY7UbSwCNpYRjAfkAvH3maSLNnbPXb3guG40sa/YmOhiK0/wc5/4ya5QhMfDDzem2FmXhAxqrTjfFu5hcWl5ZX8amFtfWNzq7i9U1cilgRqRDAhmwFWwCiHmqaaQTOSgMOAQSMY3Iz9xhCkooLf61EE7RD3OO1SgrWR/OK+NwSSeCKEHk490hF6IjykPj0Ork5cv1hyys4E9jxxM1JCGap+8cvrCBKHwDVhWKmW60S6nWCpKWGQFrxYQYTJAPegZSjHIah2MnkktQ+N0rG7Qpri2p6ovycSHCo1CgPTGWLdV7PeWPzPa8W6e9lOKI9iDZxMF3VjZmthj1OxO1QC0WxkCCaSmltt0scSE22yK5gQ3NmX50n9tOyel527s1LlOosjj/bQATpCLrpAFXSLqqiGCHpEz+gVvVlP1ov1bn1MW3NWNrOL/sD6/AHhtJnb</latexit>

~! · ~xi + b < �1

<latexit sha1_base64="vRjFGnmmGqiXx2jggy1OKgy/S3A=">AAACCHicbVBNS8NAEN3Ur1q/qh49GCyCIJZEFD1J0YvHCvYDmhI222m7dLMbdjfFEnL04l/x4kERr/4Eb/4bt20O2vpg4PHeDDPzgohRpR3n28otLC4tr+RXC2vrG5tbxe2duhKxJFAjggnZDLACRjnUNNUMmpEEHAYMGsHgZuw3hiAVFfxejyJoh7jHaZcSrI3kF/e9IZDEEyH0cOqRjtAT4SH16XFwdeL6xZJTdiaw54mbkRLKUPWLX15HkDgErgnDSrVcJ9LtBEtNCYO04MUKIkwGuActQzkOQbWTySOpfWiUjt0V0hTX9kT9PZHgUKlRGJjOEOu+mvXG4n9eK9bdy3ZCeRRr4GS6qBszWwt7nIrdoRKIZiNDMJHU3GqTPpaYaJNdwYTgzr48T+qnZfe87NydlSrXWRx5tIcO0BFy0QWqoFtURTVE0CN6Rq/ozXqyXqx362PamrOymV30B9bnD+TAmd0=</latexit>

~! · ~xi + b > �1

<latexit sha1_base64="3ka29AOKp8rj83tbBd1f9F7FEDQ=">AAACInicbVBNSwMxEM36WetX1aOXYBG8WHZFUQ9C0Yt4qmBtobuU2XTaBrPZJckWytLf4sW/4sWDop4Ef4xpuwe/Hgy8vDdDZl6YCK6N6344M7Nz8wuLhaXi8srq2nppY/NWx6liWGexiFUzBI2CS6wbbgQ2E4UQhQIb4d3F2G8MUGkeyxszTDCIoCd5lzMwVmqXTv0BssyPI+zBiJ79eO1TH0TSB19CKKCdfTdHV+1S2a24E9C/xMtJmeSotUtvfidmaYTSMAFatzw3MUEGynAmcFT0U40JsDvoYctSCRHqIJucOKK7VunQbqxsSUMn6veJDCKth1FoOyMwff3bG4v/ea3UdE+CjMskNSjZ9KNuKqiJ6Tgv2uEKmRFDS4ApbnelrA8KmLGpFm0I3u+T/5Lbg4p3VHGvD8vV8zyOAtkmO2SPeOSYVMklqZE6YeSePJJn8uI8OE/Oq/M+bZ1x8pkt8gPO5xeb6KT1</latexit>

~! = ~! � ↵r~!J

<latexit sha1_base64="Ey4xFr0glsCtEAeigpldv3myIDs=">AAACAnicbVA9SwNBEN2LXzF+nVqJzWIQbAx3omgjBG3EKoL5gFwIs5tNsmRv79jdE8IRbPwrNhaK2Por7Pw3bpIrNPHBwOO9GWbmkVhwbTzv28ktLC4tr+RXC2vrG5tb7vZOTUeJoqxKIxGpBgHNBJesargRrBErBiERrE4G12O//sCU5pG8N8OYtULoSd7lFIyV2u4ewZeY4GMcgIj7EEggAtopGd223aJX8ibA88TPSBFlqLTdr6AT0SRk0lABWjd9LzatFJThVLBRIUg0i4EOoMealkoImW6lkxdG+NAqHdyNlC1p8ET9PZFCqPUwJLYzBNPXs95Y/M9rJqZ70Uq5jBPDJJ0u6iYCmwiP88Adrhg1YmgJUMXtrZj2QQE1NrWCDcGffXme1E5K/lnJuzstlq+yOPJoHx2gI+Sjc1RGN6iCqoiiR/SMXtGb8+S8OO/Ox7Q152Qzu+gPnM8fQWqWFg==</latexit>

b = b� ↵rbJ

J( ⃗ω , b) =
1

2m
| | ⃗ω | |2 +

1
m

m

∑
i=1

max(0,1 − yi( ⃗ω ⋅ ⃗x i + b))
1

2mReplace with 
λ

2m
for regularisation 

∇ ⃗ω J =
1
m

⃗ω

∇ ⃗ω J =
1
m

⃗ω − yi ⃗x i

∇bJ = − yi

∇ ⃗ω J =
1
m

⃗ω

∇ ⃗ω J =
1
m

⃗ω − yi ⃗x i

∇bJ = − yi

ℒ( ⃗ω , b, α) =
1
2

| | ⃗ω | |2 −
m

∑
i=1

αi[yi( ⃗ω ⋅ ⃗x i + b) − 1]



Support Vector Machine: Hinge Loss

<latexit sha1_base64="4IJPRW4IRffBcIgQDU0Jq5v2oQ0=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0YtQ9OKxgrGFNpTNdtMu3WzC7kQIpb/BiwdFvPqDvPlv3LY5aOuDgcd7M8zMC1MpDLrut1NaWV1b3yhvVra2d3b3qvsHjybJNOM+S2Si2yE1XArFfRQoeTvVnMah5K1wdDv1W09cG5GoB8xTHsR0oEQkGEUr+XlPXHu9as2tuzOQZeIVpAYFmr3qV7efsCzmCpmkxnQ8N8VgTDUKJvmk0s0MTykb0QHvWKpozE0wnh07ISdW6ZMo0bYUkpn6e2JMY2PyOLSdMcWhWfSm4n9eJ8PoKhgLlWbIFZsvijJJMCHTz0lfaM5Q5pZQpoW9lbAh1ZShzadiQ/AWX14mj2d176Lu3p/XGjdFHGU4gmM4BQ8uoQF30AQfGAh4hld4c5Tz4rw7H/PWklPMHMIfOJ8/VsCOXw==</latexit>

yi = 1

<latexit sha1_base64="O3eNzsgXvuIh/0sq4WMXfTOhPEI=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBi2VXKnoRil48VrAf0C4lm2bb2GyyJFlhWfofvHhQxKv/x5v/xrTdg7Y+GHi8N8PMvCDmTBvX/XYKK6tr6xvFzdLW9s7uXnn/oKVloghtEsml6gRYU84EbRpmOO3EiuIo4LQdjG+nfvuJKs2keDBpTP0IDwULGcHGSq20z67PvH654lbdGdAy8XJSgRyNfvmrN5AkiagwhGOtu54bGz/DyjDC6aTUSzSNMRnjIe1aKnBEtZ/Nrp2gE6sMUCiVLWHQTP09keFI6zQKbGeEzUgvelPxP6+bmPDKz5iIE0MFmS8KE46MRNPX0YApSgxPLcFEMXsrIiOsMDE2oJINwVt8eZm0zqveRdW9r1XqN3kcRTiCYzgFDy6hDnfQgCYQeIRneIU3RzovzrvzMW8tOPnMIfyB8/kDwYuOlg==</latexit>

yi = �1
<latexit sha1_base64="ry4z1i5tNMUGF2+9hZuB7xBdOTQ=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0YtQ9OKxgv2ANpTNdtOu3eyG3Y0QQv+DFw+KePX/ePPfuE1z0NYHA4/3ZpiZF8ScaeO6305pZXVtfaO8Wdna3tndq+4ftLVMFKEtIrlU3QBrypmgLcMMp91YURwFnHaCye3M7zxRpZkUDyaNqR/hkWAhI9hYqZ0O2LWLBtWaW3dzoGXiFaQGBZqD6ld/KEkSUWEIx1r3PDc2foaVYYTTaaWfaBpjMsEj2rNU4IhqP8uvnaITqwxRKJUtYVCu/p7IcKR1GgW2M8JmrBe9mfif10tMeOVnTMSJoYLMF4UJR0ai2etoyBQlhqeWYKKYvRWRMVaYGBtQxYbgLb68TNpnde+i7t6f1xo3RRxlOIJjOAUPLqEBd9CEFhB4hGd4hTdHOi/Ou/Mxby05xcwh/IHz+QOsVo6I</latexit>

yi = 0 (logistic)

yi = 1 (logistic)



Support Vector Machine: hard margin and soft margin

Linearly separable Outliers

Soft margin to rescue

10,000-Hour Rule

slack variables
Modify the objective function with regularization



Lagrange multipliers and duality

Karush-Kuhn-Tucker (KKT) conditions

<latexit sha1_base64="j1BdFhWJSlfyrvpivtrU/eyZm9Y=">AAACHXicbVDLSsNAFJ3UV62vqEs3wSJUKCWRii6LunDhooJ9QFPCzXTaDp08mJmUhpAfceOvuHGhiAs34t84abvQ1gMDZ865l3vvcUNGhTTNby23srq2vpHfLGxt7+zu6fsHTRFEHJMGDljA2y4IwqhPGpJKRtohJ+C5jLTc0XXmt8aECxr4DzIOSdeDgU/7FINUkqNXbQ8mTmIDC4eQqo8cYmDJXeokN2lpJpftMcHJREk0LccOPXX0olkxpzCWiTUnRTRH3dE/7V6AI4/4EjMQomOZoewmwCXFjKQFOxIkBDyCAeko6oNHRDeZXpcaJ0rpGf2Aq+dLY6r+7kjAEyL2XFWZrS8WvUz8z+tEsn/ZTagfRpL4eDaoHzFDBkYWldGjnGDJYkUAc6p2NfAQOGCpAi2oEKzFk5dJ86xinVfM+2qxdjWPI4+O0DEqIQtdoBq6RXXUQBg9omf0it60J+1Fe9c+ZqU5bd5ziP5A+/oBQp2jPQ==</latexit>

max
↵

LD(↵, ~xi, yi)
<latexit sha1_base64="6c+MhOIXKbdTd6yTtuGaJTLnjR8="></latexit>

subject to 0  ↵i  C, i = 1, 2, · · · ,m
<latexit sha1_base64="4RdWBwRRs8YGMD5mupv3mi8QmHE=">AAACB3icbVDLSsNAFJ3UV62vqEtBBovgqiSi6KZQdOOygn1AE8NkOmmHzkzCzEQIITs3/oobF4q49Rfc+TdOHwttPXDhcM693HtPmDCqtON8W6Wl5ZXVtfJ6ZWNza3vH3t1rqziVmLRwzGLZDZEijArS0lQz0k0kQTxkpBOOrsd+54FIRWNxp7OE+BwNBI0oRtpIgX3oqZQHOa27xX3OCw+xZIgCCjNTdegEdtWpORPAReLOSBXM0AzsL68f45QToTFDSvVcJ9F+jqSmmJGi4qWKJAiP0ID0DBWIE+Xnkz8KeGyUPoxiaUpoOFF/T+SIK5Xx0HRypIdq3huL/3m9VEeXfk5Fkmoi8HRRlDKoYzgOBfapJFizzBCEJTW3QjxEEmFtoquYENz5lxdJ+7Tmntec27Nq42oWRxkcgCNwAlxwARrgBjRBC2DwCJ7BK3iznqwX6936mLaWrNnMPvgD6/MH+q2YtQ==</latexit> mX

i=1

↵iyi = 0



Not linearly separable in two dimensions

Polynomial mapping

Kernel machine: Dimensionality reduction strike

x1

x2



Kernel machine: Dimensionality reduction strike


