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Supervised Learning
Data comes in different formats:

n
(x(1), y(1)), ..., (x(N), y(N))

o

<latexit sha1_base64="ElDDsEvhB7XvQQHDYS9SbquiCHY=">AAACH3icbVDLSsNAFJ3UV62vqEs3wSK0UEIioi6LblxJBfuAJpbJdNIOnTyYuRFD6J+48VfcuFBE3PVvnLZZaOuB4R7OuZc793gxZxIsa6IVVlbX1jeKm6Wt7Z3dPX3/oCWjRBDaJBGPRMfDknIW0iYw4LQTC4oDj9O2N7qe+u1HKiSLwntIY+oGeBAynxEMSurp5w6nPjhZ5ekhq9jVcS2d12rNNM3aTL3NVVWrjmCDITjjnl62TGsGY5nYOSmjHI2e/u30I5IENATCsZRd24rBzbAARjgdl5xE0hiTER7QrqIhDqh0s9l9Y+NEKX3Dj4R6IRgz9fdEhgMp08BTnQGGoVz0puJ/XjcB/9LNWBgnQEMyX+Qn3IDImIZl9JmgBHiqCCaCqb8aZIgFJqAiLakQ7MWTl0nr1LQVvzsr16/yOIroCB2jCrLRBaqjG9RATUTQM3pF7+hDe9HetE/ta95a0PKZQ/QH2uQHvPigUA==</latexit><latexit sha1_base64="ElDDsEvhB7XvQQHDYS9SbquiCHY=">AAACH3icbVDLSsNAFJ3UV62vqEs3wSK0UEIioi6LblxJBfuAJpbJdNIOnTyYuRFD6J+48VfcuFBE3PVvnLZZaOuB4R7OuZc793gxZxIsa6IVVlbX1jeKm6Wt7Z3dPX3/oCWjRBDaJBGPRMfDknIW0iYw4LQTC4oDj9O2N7qe+u1HKiSLwntIY+oGeBAynxEMSurp5w6nPjhZ5ekhq9jVcS2d12rNNM3aTL3NVVWrjmCDITjjnl62TGsGY5nYOSmjHI2e/u30I5IENATCsZRd24rBzbAARjgdl5xE0hiTER7QrqIhDqh0s9l9Y+NEKX3Dj4R6IRgz9fdEhgMp08BTnQGGoVz0puJ/XjcB/9LNWBgnQEMyX+Qn3IDImIZl9JmgBHiqCCaCqb8aZIgFJqAiLakQ7MWTl0nr1LQVvzsr16/yOIroCB2jCrLRBaqjG9RATUTQM3pF7+hDe9HetE/ta95a0PKZQ/QH2uQHvPigUA==</latexit><latexit sha1_base64="ElDDsEvhB7XvQQHDYS9SbquiCHY=">AAACH3icbVDLSsNAFJ3UV62vqEs3wSK0UEIioi6LblxJBfuAJpbJdNIOnTyYuRFD6J+48VfcuFBE3PVvnLZZaOuB4R7OuZc793gxZxIsa6IVVlbX1jeKm6Wt7Z3dPX3/oCWjRBDaJBGPRMfDknIW0iYw4LQTC4oDj9O2N7qe+u1HKiSLwntIY+oGeBAynxEMSurp5w6nPjhZ5ekhq9jVcS2d12rNNM3aTL3NVVWrjmCDITjjnl62TGsGY5nYOSmjHI2e/u30I5IENATCsZRd24rBzbAARjgdl5xE0hiTER7QrqIhDqh0s9l9Y+NEKX3Dj4R6IRgz9fdEhgMp08BTnQGGoVz0puJ/XjcB/9LNWBgnQEMyX+Qn3IDImIZl9JmgBHiqCCaCqb8aZIgFJqAiLakQ7MWTl0nr1LQVvzsr16/yOIroCB2jCrLRBaqjG9RATUTQM3pF7+hDe9HetE/ta95a0PKZQ/QH2uQHvPigUA==</latexit><latexit sha1_base64="ElDDsEvhB7XvQQHDYS9SbquiCHY=">AAACH3icbVDLSsNAFJ3UV62vqEs3wSK0UEIioi6LblxJBfuAJpbJdNIOnTyYuRFD6J+48VfcuFBE3PVvnLZZaOuB4R7OuZc793gxZxIsa6IVVlbX1jeKm6Wt7Z3dPX3/oCWjRBDaJBGPRMfDknIW0iYw4LQTC4oDj9O2N7qe+u1HKiSLwntIY+oGeBAynxEMSurp5w6nPjhZ5ekhq9jVcS2d12rNNM3aTL3NVVWrjmCDITjjnl62TGsGY5nYOSmjHI2e/u30I5IENATCsZRd24rBzbAARjgdl5xE0hiTER7QrqIhDqh0s9l9Y+NEKX3Dj4R6IRgz9fdEhgMp08BTnQGGoVz0puJ/XjcB/9LNWBgnQEMyX+Qn3IDImIZl9JmgBHiqCCaCqb8aZIgFJqAiLakQ7MWTl0nr1LQVvzsr16/yOIroCB2jCrLRBaqjG9RATUTQM3pF7+hDe9HetE/ta95a0PKZQ/QH2uQHvPigUA==</latexit>

features target/label 
variable

Training 
set

Goal: predict the label/target using features 

Supervised Learning



Unsupervised Learning
Data comes in different formats:

features

Training 
set

Goal: find “interesting” patterns in data

Unsupervised Learning

n
x(1), x(1), ..., x(N)

o

<latexit sha1_base64="m4YlrZvo9SMomJ5NpSiBSIuXrzc=">AAACFHicbZDLSsNAFIYn9VbrrerSTbAILUpIRNBl0Y0rqWAv0MQymU7aoZMLMydiCXkIN76KGxeKuHXhzrdxmkbQ1gPDfPz/Ocyc3404k2CaX1phYXFpeaW4Wlpb39jcKm/vtGQYC0KbJOSh6LhYUs4C2gQGnHYiQbHvctp2RxcTv31HhWRhcAPjiDo+HgTMYwSDknrlQ5tTD+zk/japWrX06Oc2DCPjq1pqCzYYgp2WeuWKaZhZ6fNg5VBBeTV65U+7H5LYpwEQjqXsWmYEToIFMMJpWrJjSSNMRnhAuwoD7FPpJNlSqX6glL7uhUKdAPRM/T2RYF/Kse+qTh/DUM56E/E/rxuDd+YkLIhioAGZPuTFXIdQnySk95mgBPhYASaCqb/qZIgFJqBynIRgza48D61jw1J8fVKpn+dxFNEe2kdVZKFTVEeXqIGaiKAH9IRe0Kv2qD1rb9r7tLWg5TO76E9pH9+u8Zyv</latexit><latexit sha1_base64="m4YlrZvo9SMomJ5NpSiBSIuXrzc=">AAACFHicbZDLSsNAFIYn9VbrrerSTbAILUpIRNBl0Y0rqWAv0MQymU7aoZMLMydiCXkIN76KGxeKuHXhzrdxmkbQ1gPDfPz/Ocyc3404k2CaX1phYXFpeaW4Wlpb39jcKm/vtGQYC0KbJOSh6LhYUs4C2gQGnHYiQbHvctp2RxcTv31HhWRhcAPjiDo+HgTMYwSDknrlQ5tTD+zk/japWrX06Oc2DCPjq1pqCzYYgp2WeuWKaZhZ6fNg5VBBeTV65U+7H5LYpwEQjqXsWmYEToIFMMJpWrJjSSNMRnhAuwoD7FPpJNlSqX6glL7uhUKdAPRM/T2RYF/Kse+qTh/DUM56E/E/rxuDd+YkLIhioAGZPuTFXIdQnySk95mgBPhYASaCqb/qZIgFJqBynIRgza48D61jw1J8fVKpn+dxFNEe2kdVZKFTVEeXqIGaiKAH9IRe0Kv2qD1rb9r7tLWg5TO76E9pH9+u8Zyv</latexit><latexit sha1_base64="m4YlrZvo9SMomJ5NpSiBSIuXrzc=">AAACFHicbZDLSsNAFIYn9VbrrerSTbAILUpIRNBl0Y0rqWAv0MQymU7aoZMLMydiCXkIN76KGxeKuHXhzrdxmkbQ1gPDfPz/Ocyc3404k2CaX1phYXFpeaW4Wlpb39jcKm/vtGQYC0KbJOSh6LhYUs4C2gQGnHYiQbHvctp2RxcTv31HhWRhcAPjiDo+HgTMYwSDknrlQ5tTD+zk/japWrX06Oc2DCPjq1pqCzYYgp2WeuWKaZhZ6fNg5VBBeTV65U+7H5LYpwEQjqXsWmYEToIFMMJpWrJjSSNMRnhAuwoD7FPpJNlSqX6glL7uhUKdAPRM/T2RYF/Kse+qTh/DUM56E/E/rxuDd+YkLIhioAGZPuTFXIdQnySk95mgBPhYASaCqb/qZIgFJqBynIRgza48D61jw1J8fVKpn+dxFNEe2kdVZKFTVEeXqIGaiKAH9IRe0Kv2qD1rb9r7tLWg5TO76E9pH9+u8Zyv</latexit><latexit sha1_base64="ck8pdC+ekZH4nUmSP+ZG7r8lEyk=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odOn4MoA7ncAFXEMIN3MEDdKALAhJ4hXdv4r15H6uuat66tDP4I+/zBzjGijg=</latexit><latexit sha1_base64="FungZqaoaOasjk2sf9TX7MJBXa4=">AAACCXicbZDLSgMxGIX/qbdaq1a3bgaL0KIMM250KbhxJRXsBTq1ZNJMG5q5kPwjlmEewo2v4saFIr6AO9/GdFpBWw+EfJyTkPzHiwVXaNtfRmFldW19o7hZ2ipv7+xW9sotFSWSsiaNRCQ7HlFM8JA1kaNgnVgyEniCtb3x5TRv3zOpeBTe4iRmvYAMQ+5zSlBb/cqxK5iPbvpwl9acenbys1uWlfN1PXMlH47QzUr9StW27FzmMjhzqMJcjX7l0x1ENAlYiFQQpbqOHWMvJRI5FSwruYliMaFjMmRdjSEJmOql+VCZeaSdgelHUq8Qzdz9fSMlgVKTwNMnA4IjtZhNzf+yboL+eS/lYZwgC+nsIT8RJkbmtCFzwCWjKCYaCJVc/9WkIyIJRd3jtARnceRlaJ1ajuYbG4pwAIdQAwfO4AKuoAFNoPAIz/AKb8aT8WK8z+oqGPPe9uGPjI9v9XObMA==</latexit><latexit sha1_base64="FungZqaoaOasjk2sf9TX7MJBXa4=">AAACCXicbZDLSgMxGIX/qbdaq1a3bgaL0KIMM250KbhxJRXsBTq1ZNJMG5q5kPwjlmEewo2v4saFIr6AO9/GdFpBWw+EfJyTkPzHiwVXaNtfRmFldW19o7hZ2ipv7+xW9sotFSWSsiaNRCQ7HlFM8JA1kaNgnVgyEniCtb3x5TRv3zOpeBTe4iRmvYAMQ+5zSlBb/cqxK5iPbvpwl9acenbys1uWlfN1PXMlH47QzUr9StW27FzmMjhzqMJcjX7l0x1ENAlYiFQQpbqOHWMvJRI5FSwruYliMaFjMmRdjSEJmOql+VCZeaSdgelHUq8Qzdz9fSMlgVKTwNMnA4IjtZhNzf+yboL+eS/lYZwgC+nsIT8RJkbmtCFzwCWjKCYaCJVc/9WkIyIJRd3jtARnceRlaJ1ajuYbG4pwAIdQAwfO4AKuoAFNoPAIz/AKb8aT8WK8z+oqGPPe9uGPjI9v9XObMA==</latexit><latexit sha1_base64="z3x9G/uIEkvoaIXcaW7v7InytqI=">AAACFHicbZDLSsNAFIYnXmu9RV26CRahRQmJG10W3biSCvYCTS2T6aQdOrkwcyKWkIdw46u4caGIWxfufBsnaQRtPTDMx/+fw8z53YgzCZb1pS0sLi2vrJbWyusbm1vb+s5uS4axILRJQh6Kjosl5SygTWDAaScSFPsup213fJH57TsqJAuDG5hEtOfjYcA8RjAoqa8fOZx64CT3t0nVrqXHP7dpmjlf1VJHsOEInLTc1yuWaeVlzINdQAUV1ejrn84gJLFPAyAcS9m1rQh6CRbACKdp2YkljTAZ4yHtKgywT2UvyZdKjUOlDAwvFOoEYOTq74kE+1JOfFd1+hhGctbLxP+8bgzeWS9hQRQDDcj0IS/mBoRGlpAxYIIS4BMFmAim/mqQERaYgMoxC8GeXXkeWiemrfjaqtTPizhKaB8doCqy0Smqo0vUQE1E0AN6Qi/oVXvUnrU37X3auqAVM3voT2kf362xnKs=</latexit><latexit sha1_base64="m4YlrZvo9SMomJ5NpSiBSIuXrzc=">AAACFHicbZDLSsNAFIYn9VbrrerSTbAILUpIRNBl0Y0rqWAv0MQymU7aoZMLMydiCXkIN76KGxeKuHXhzrdxmkbQ1gPDfPz/Ocyc3404k2CaX1phYXFpeaW4Wlpb39jcKm/vtGQYC0KbJOSh6LhYUs4C2gQGnHYiQbHvctp2RxcTv31HhWRhcAPjiDo+HgTMYwSDknrlQ5tTD+zk/japWrX06Oc2DCPjq1pqCzYYgp2WeuWKaZhZ6fNg5VBBeTV65U+7H5LYpwEQjqXsWmYEToIFMMJpWrJjSSNMRnhAuwoD7FPpJNlSqX6glL7uhUKdAPRM/T2RYF/Kse+qTh/DUM56E/E/rxuDd+YkLIhioAGZPuTFXIdQnySk95mgBPhYASaCqb/qZIgFJqBynIRgza48D61jw1J8fVKpn+dxFNEe2kdVZKFTVEeXqIGaiKAH9IRe0Kv2qD1rb9r7tLWg5TO76E9pH9+u8Zyv</latexit><latexit sha1_base64="m4YlrZvo9SMomJ5NpSiBSIuXrzc=">AAACFHicbZDLSsNAFIYn9VbrrerSTbAILUpIRNBl0Y0rqWAv0MQymU7aoZMLMydiCXkIN76KGxeKuHXhzrdxmkbQ1gPDfPz/Ocyc3404k2CaX1phYXFpeaW4Wlpb39jcKm/vtGQYC0KbJOSh6LhYUs4C2gQGnHYiQbHvctp2RxcTv31HhWRhcAPjiDo+HgTMYwSDknrlQ5tTD+zk/japWrX06Oc2DCPjq1pqCzYYgp2WeuWKaZhZ6fNg5VBBeTV65U+7H5LYpwEQjqXsWmYEToIFMMJpWrJjSSNMRnhAuwoD7FPpJNlSqX6glL7uhUKdAPRM/T2RYF/Kse+qTh/DUM56E/E/rxuDd+YkLIhioAGZPuTFXIdQnySk95mgBPhYASaCqb/qZIgFJqBynIRgza48D61jw1J8fVKpn+dxFNEe2kdVZKFTVEeXqIGaiKAH9IRe0Kv2qD1rb9r7tLWg5TO76E9pH9+u8Zyv</latexit><latexit sha1_base64="m4YlrZvo9SMomJ5NpSiBSIuXrzc=">AAACFHicbZDLSsNAFIYn9VbrrerSTbAILUpIRNBl0Y0rqWAv0MQymU7aoZMLMydiCXkIN76KGxeKuHXhzrdxmkbQ1gPDfPz/Ocyc3404k2CaX1phYXFpeaW4Wlpb39jcKm/vtGQYC0KbJOSh6LhYUs4C2gQGnHYiQbHvctp2RxcTv31HhWRhcAPjiDo+HgTMYwSDknrlQ5tTD+zk/japWrX06Oc2DCPjq1pqCzYYgp2WeuWKaZhZ6fNg5VBBeTV65U+7H5LYpwEQjqXsWmYEToIFMMJpWrJjSSNMRnhAuwoD7FPpJNlSqX6glL7uhUKdAPRM/T2RYF/Kse+qTh/DUM56E/E/rxuDd+YkLIhioAGZPuTFXIdQnySk95mgBPhYASaCqb/qZIgFJqBynIRgza48D61jw1J8fVKpn+dxFNEe2kdVZKFTVEeXqIGaiKAH9IRe0Kv2qD1rb9r7tLWg5TO76E9pH9+u8Zyv</latexit><latexit sha1_base64="m4YlrZvo9SMomJ5NpSiBSIuXrzc=">AAACFHicbZDLSsNAFIYn9VbrrerSTbAILUpIRNBl0Y0rqWAv0MQymU7aoZMLMydiCXkIN76KGxeKuHXhzrdxmkbQ1gPDfPz/Ocyc3404k2CaX1phYXFpeaW4Wlpb39jcKm/vtGQYC0KbJOSh6LhYUs4C2gQGnHYiQbHvctp2RxcTv31HhWRhcAPjiDo+HgTMYwSDknrlQ5tTD+zk/japWrX06Oc2DCPjq1pqCzYYgp2WeuWKaZhZ6fNg5VBBeTV65U+7H5LYpwEQjqXsWmYEToIFMMJpWrJjSSNMRnhAuwoD7FPpJNlSqX6glL7uhUKdAPRM/T2RYF/Kse+qTh/DUM56E/E/rxuDd+YkLIhioAGZPuTFXIdQnySk95mgBPhYASaCqb/qZIgFJqBynIRgza48D61jw1J8fVKpn+dxFNEe2kdVZKFTVEeXqIGaiKAH9IRe0Kv2qD1rb9r7tLWg5TO76E9pH9+u8Zyv</latexit><latexit sha1_base64="m4YlrZvo9SMomJ5NpSiBSIuXrzc=">AAACFHicbZDLSsNAFIYn9VbrrerSTbAILUpIRNBl0Y0rqWAv0MQymU7aoZMLMydiCXkIN76KGxeKuHXhzrdxmkbQ1gPDfPz/Ocyc3404k2CaX1phYXFpeaW4Wlpb39jcKm/vtGQYC0KbJOSh6LhYUs4C2gQGnHYiQbHvctp2RxcTv31HhWRhcAPjiDo+HgTMYwSDknrlQ5tTD+zk/japWrX06Oc2DCPjq1pqCzYYgp2WeuWKaZhZ6fNg5VBBeTV65U+7H5LYpwEQjqXsWmYEToIFMMJpWrJjSSNMRnhAuwoD7FPpJNlSqX6glL7uhUKdAPRM/T2RYF/Kse+qTh/DUM56E/E/rxuDd+YkLIhioAGZPuTFXIdQnySk95mgBPhYASaCqb/qZIgFJqBynIRgza48D61jw1J8fVKpn+dxFNEe2kdVZKFTVEeXqIGaiKAH9IRe0Kv2qD1rb9r7tLWg5TO76E9pH9+u8Zyv</latexit><latexit sha1_base64="ck8pdC+ekZH4nUmSP+ZG7r8lEyk=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odOn4MoA7ncAFXEMIN3MEDdKALAhJ4hXdv4r15H6uuat66tDP4I+/zBzjGijg=</latexit><latexit sha1_base64="FungZqaoaOasjk2sf9TX7MJBXa4=">AAACCXicbZDLSgMxGIX/qbdaq1a3bgaL0KIMM250KbhxJRXsBTq1ZNJMG5q5kPwjlmEewo2v4saFIr6AO9/GdFpBWw+EfJyTkPzHiwVXaNtfRmFldW19o7hZ2ipv7+xW9sotFSWSsiaNRCQ7HlFM8JA1kaNgnVgyEniCtb3x5TRv3zOpeBTe4iRmvYAMQ+5zSlBb/cqxK5iPbvpwl9acenbys1uWlfN1PXMlH47QzUr9StW27FzmMjhzqMJcjX7l0x1ENAlYiFQQpbqOHWMvJRI5FSwruYliMaFjMmRdjSEJmOql+VCZeaSdgelHUq8Qzdz9fSMlgVKTwNMnA4IjtZhNzf+yboL+eS/lYZwgC+nsIT8RJkbmtCFzwCWjKCYaCJVc/9WkIyIJRd3jtARnceRlaJ1ajuYbG4pwAIdQAwfO4AKuoAFNoPAIz/AKb8aT8WK8z+oqGPPe9uGPjI9v9XObMA==</latexit><latexit sha1_base64="FungZqaoaOasjk2sf9TX7MJBXa4=">AAACCXicbZDLSgMxGIX/qbdaq1a3bgaL0KIMM250KbhxJRXsBTq1ZNJMG5q5kPwjlmEewo2v4saFIr6AO9/GdFpBWw+EfJyTkPzHiwVXaNtfRmFldW19o7hZ2ipv7+xW9sotFSWSsiaNRCQ7HlFM8JA1kaNgnVgyEniCtb3x5TRv3zOpeBTe4iRmvYAMQ+5zSlBb/cqxK5iPbvpwl9acenbys1uWlfN1PXMlH47QzUr9StW27FzmMjhzqMJcjX7l0x1ENAlYiFQQpbqOHWMvJRI5FSwruYliMaFjMmRdjSEJmOql+VCZeaSdgelHUq8Qzdz9fSMlgVKTwNMnA4IjtZhNzf+yboL+eS/lYZwgC+nsIT8RJkbmtCFzwCWjKCYaCJVc/9WkIyIJRd3jtARnceRlaJ1ajuYbG4pwAIdQAwfO4AKuoAFNoPAIz/AKb8aT8WK8z+oqGPPe9uGPjI9v9XObMA==</latexit><latexit sha1_base64="z3x9G/uIEkvoaIXcaW7v7InytqI=">AAACFHicbZDLSsNAFIYnXmu9RV26CRahRQmJG10W3biSCvYCTS2T6aQdOrkwcyKWkIdw46u4caGIWxfufBsnaQRtPTDMx/+fw8z53YgzCZb1pS0sLi2vrJbWyusbm1vb+s5uS4axILRJQh6Kjosl5SygTWDAaScSFPsup213fJH57TsqJAuDG5hEtOfjYcA8RjAoqa8fOZx64CT3t0nVrqXHP7dpmjlf1VJHsOEInLTc1yuWaeVlzINdQAUV1ejrn84gJLFPAyAcS9m1rQh6CRbACKdp2YkljTAZ4yHtKgywT2UvyZdKjUOlDAwvFOoEYOTq74kE+1JOfFd1+hhGctbLxP+8bgzeWS9hQRQDDcj0IS/mBoRGlpAxYIIS4BMFmAim/mqQERaYgMoxC8GeXXkeWiemrfjaqtTPizhKaB8doCqy0Smqo0vUQE1E0AN6Qi/oVXvUnrU37X3auqAVM3voT2kf362xnKs=</latexit><latexit sha1_base64="m4YlrZvo9SMomJ5NpSiBSIuXrzc=">AAACFHicbZDLSsNAFIYn9VbrrerSTbAILUpIRNBl0Y0rqWAv0MQymU7aoZMLMydiCXkIN76KGxeKuHXhzrdxmkbQ1gPDfPz/Ocyc3404k2CaX1phYXFpeaW4Wlpb39jcKm/vtGQYC0KbJOSh6LhYUs4C2gQGnHYiQbHvctp2RxcTv31HhWRhcAPjiDo+HgTMYwSDknrlQ5tTD+zk/japWrX06Oc2DCPjq1pqCzYYgp2WeuWKaZhZ6fNg5VBBeTV65U+7H5LYpwEQjqXsWmYEToIFMMJpWrJjSSNMRnhAuwoD7FPpJNlSqX6glL7uhUKdAPRM/T2RYF/Kse+qTh/DUM56E/E/rxuDd+YkLIhioAGZPuTFXIdQnySk95mgBPhYASaCqb/qZIgFJqBynIRgza48D61jw1J8fVKpn+dxFNEe2kdVZKFTVEeXqIGaiKAH9IRe0Kv2qD1rb9r7tLWg5TO76E9pH9+u8Zyv</latexit><latexit sha1_base64="m4YlrZvo9SMomJ5NpSiBSIuXrzc=">AAACFHicbZDLSsNAFIYn9VbrrerSTbAILUpIRNBl0Y0rqWAv0MQymU7aoZMLMydiCXkIN76KGxeKuHXhzrdxmkbQ1gPDfPz/Ocyc3404k2CaX1phYXFpeaW4Wlpb39jcKm/vtGQYC0KbJOSh6LhYUs4C2gQGnHYiQbHvctp2RxcTv31HhWRhcAPjiDo+HgTMYwSDknrlQ5tTD+zk/japWrX06Oc2DCPjq1pqCzYYgp2WeuWKaZhZ6fNg5VBBeTV65U+7H5LYpwEQjqXsWmYEToIFMMJpWrJjSSNMRnhAuwoD7FPpJNlSqX6glL7uhUKdAPRM/T2RYF/Kse+qTh/DUM56E/E/rxuDd+YkLIhioAGZPuTFXIdQnySk95mgBPhYASaCqb/qZIgFJqBynIRgza48D61jw1J8fVKpn+dxFNEe2kdVZKFTVEeXqIGaiKAH9IRe0Kv2qD1rb9r7tLWg5TO76E9pH9+u8Zyv</latexit><latexit sha1_base64="m4YlrZvo9SMomJ5NpSiBSIuXrzc=">AAACFHicbZDLSsNAFIYn9VbrrerSTbAILUpIRNBl0Y0rqWAv0MQymU7aoZMLMydiCXkIN76KGxeKuHXhzrdxmkbQ1gPDfPz/Ocyc3404k2CaX1phYXFpeaW4Wlpb39jcKm/vtGQYC0KbJOSh6LhYUs4C2gQGnHYiQbHvctp2RxcTv31HhWRhcAPjiDo+HgTMYwSDknrlQ5tTD+zk/japWrX06Oc2DCPjq1pqCzYYgp2WeuWKaZhZ6fNg5VBBeTV65U+7H5LYpwEQjqXsWmYEToIFMMJpWrJjSSNMRnhAuwoD7FPpJNlSqX6glL7uhUKdAPRM/T2RYF/Kse+qTh/DUM56E/E/rxuDd+YkLIhioAGZPuTFXIdQnySk95mgBPhYASaCqb/qZIgFJqBynIRgza48D61jw1J8fVKpn+dxFNEe2kdVZKFTVEeXqIGaiKAH9IRe0Kv2qD1rb9r7tLWg5TO76E9pH9+u8Zyv</latexit><latexit sha1_base64="m4YlrZvo9SMomJ5NpSiBSIuXrzc=">AAACFHicbZDLSsNAFIYn9VbrrerSTbAILUpIRNBl0Y0rqWAv0MQymU7aoZMLMydiCXkIN76KGxeKuHXhzrdxmkbQ1gPDfPz/Ocyc3404k2CaX1phYXFpeaW4Wlpb39jcKm/vtGQYC0KbJOSh6LhYUs4C2gQGnHYiQbHvctp2RxcTv31HhWRhcAPjiDo+HgTMYwSDknrlQ5tTD+zk/japWrX06Oc2DCPjq1pqCzYYgp2WeuWKaZhZ6fNg5VBBeTV65U+7H5LYpwEQjqXsWmYEToIFMMJpWrJjSSNMRnhAuwoD7FPpJNlSqX6glL7uhUKdAPRM/T2RYF/Kse+qTh/DUM56E/E/rxuDd+YkLIhioAGZPuTFXIdQnySk95mgBPhYASaCqb/qZIgFJqBynIRgza48D61jw1J8fVKpn+dxFNEe2kdVZKFTVEeXqIGaiKAH9IRe0Kv2qD1rb9r7tLWg5TO76E9pH9+u8Zyv</latexit><latexit sha1_base64="m4YlrZvo9SMomJ5NpSiBSIuXrzc=">AAACFHicbZDLSsNAFIYn9VbrrerSTbAILUpIRNBl0Y0rqWAv0MQymU7aoZMLMydiCXkIN76KGxeKuHXhzrdxmkbQ1gPDfPz/Ocyc3404k2CaX1phYXFpeaW4Wlpb39jcKm/vtGQYC0KbJOSh6LhYUs4C2gQGnHYiQbHvctp2RxcTv31HhWRhcAPjiDo+HgTMYwSDknrlQ5tTD+zk/japWrX06Oc2DCPjq1pqCzYYgp2WeuWKaZhZ6fNg5VBBeTV65U+7H5LYpwEQjqXsWmYEToIFMMJpWrJjSSNMRnhAuwoD7FPpJNlSqX6glL7uhUKdAPRM/T2RYF/Kse+qTh/DUM56E/E/rxuDd+YkLIhioAGZPuTFXIdQnySk95mgBPhYASaCqb/qZIgFJqBynIRgza48D61jw1J8fVKpn+dxFNEe2kdVZKFTVEeXqIGaiKAH9IRe0Kv2qD1rb9r7tLWg5TO76E9pH9+u8Zyv</latexit><latexit sha1_base64="m4YlrZvo9SMomJ5NpSiBSIuXrzc=">AAACFHicbZDLSsNAFIYn9VbrrerSTbAILUpIRNBl0Y0rqWAv0MQymU7aoZMLMydiCXkIN76KGxeKuHXhzrdxmkbQ1gPDfPz/Ocyc3404k2CaX1phYXFpeaW4Wlpb39jcKm/vtGQYC0KbJOSh6LhYUs4C2gQGnHYiQbHvctp2RxcTv31HhWRhcAPjiDo+HgTMYwSDknrlQ5tTD+zk/japWrX06Oc2DCPjq1pqCzYYgp2WeuWKaZhZ6fNg5VBBeTV65U+7H5LYpwEQjqXsWmYEToIFMMJpWrJjSSNMRnhAuwoD7FPpJNlSqX6glL7uhUKdAPRM/T2RYF/Kse+qTh/DUM56E/E/rxuDd+YkLIhioAGZPuTFXIdQnySk95mgBPhYASaCqb/qZIgFJqBynIRgza48D61jw1J8fVKpn+dxFNEe2kdVZKFTVEeXqIGaiKAH9IRe0Kv2qD1rb9r7tLWg5TO76E9pH9+u8Zyv</latexit>



Example

Clustering 
Problem



Today’s Topics

• A new algorithm
– K-Means Clustering

• Fundamental Machine Learning Concepts
– Unsupervised vs. supervised learning



Supervised Machine Learning 
as Function Approximation

Problem setting
• Set of possible instances !
• Unknown target function ": ! → %
• Set of function hypotheses & = ℎ ℎ: ! → %}

Input
• Training examples { + , , . , , … + 0 , . 0 } of unknown target 

function "

Output
• Hypothesis ℎ ∈ & that best approximates target function "



Supervised 
vs. unsupervised learning

• Clustering is an example of unsupervised 
learning

• We are not given examples of classes y
• Instead we have to discover classes in data



Clustering

• Goal: automatically partition examples into 
groups of similar examples

• Why? It is useful for
– Automatically organizing data
– Understanding hidden structure in data
– Preprocessing for further analysis



What can we cluster in practice?

• news articles or web pages by topic
• protein sequences by function, or genes 

according to expression profile
• users of social networks by interest
• customers according to purchase history
• …



Clustering

• Input

– a set S= {x1,x2,…,xn} of n points in feature space

– a distance measure specifying distance d(xi,xj) 

between pairs (xi,xj)

• Output

– A partition {S1,S2,…,Sk} of S

– Also represented as {z1,…,zn} where zi is the index 

of the partition to which xi belongs.



Illustration of Algorithm

Visualization from: http://stanford.edu/class/ee103/visualizations/kmeans/kmeans.html

Steps of Algorithm
- Gather data
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The K-Means Algorithm
Training Data

K: number of 
clusters to 
discover



The K-Means Optimization

• Assignment objective: For each i,

• Mean update objective:

• Overall objective:

where μi is the mean of the points in Si.



K-Means properties
• Time complexity: O(KNL) where

– K is the number of clusters
– N is number of examples
– L is the number of iterations

• K is a hyperparameter
– Needs to be set in advance (or learned on dev set)

• Different initializations yield different results!
– Doesn’t necessarily converge to best partition

• “Global” view of data: revisits all examples at every iteration



Questions for you…

• For what types of data can we not use k-
means?

• Are we sure it will find an optimal clustering?
• Does the initialization of the random means 

impact the result?
• Are there clusters that cannot be discovered 

using k-means?
• Do you know any other clustering algorithms?



What you should know

• New Algorithms
– K-NN classification
– K-means clustering

• Fundamental ML concepts
– How to draw decision boundaries
– What decision boundaries tells us about the 

underlying classifiers
– The difference between supervised and 

unsupervised learning


