
Lecture: starts Tuesdays 9:35am (Boston time zone) 
Course website: introml.odl.mit.edu 
Who’s talking? Prof. Tamara Broderick 
Questions? discourse.odl.mit.edu (“Lecture 13” category) 
Materials: Will all be available at course website

6.036/6.862: Introduction to 
Machine Learning
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Last Time(s)
I. Supervised Learning 

• Classification 
• Regression

Today’s Plan
I. Unsupervised learning 
II. Clustering 
III. k-means clustering
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<latexit sha1_base64="XnYwJp1FpdaFNvdWnkiIjOe1mVI=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK9gPaUDbbTbt0swm7E6GE/gUvHhTx6h/y5r9x0+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wSTu9zvPHFtRKwecZpwP6IjJULBKOZSH2k6qNbcujsHWSVeQWpQoDmofvWHMUsjrpBJakzPcxP0M6pRMMlnlX5qeELZhI54z1JFI278bH7rjJxZZUjCWNtSSObq74mMRsZMo8B2RhTHZtnLxf+8XorhjZ8JlaTIFVssClNJMCb542QoNGcop5ZQpoW9lbAx1ZShjadiQ/CWX14l7Yu6d1V3Hy5rjdsijjKcwCmcgwfX0IB7aEILGIzhGV7hzYmcF+fd+Vi0lpxi5hj+wPn8ASJ/jkw=</latexit>⌧



k-means algorithm

4

k-means(k, ) 
Init 
for t = 1 to 

for i = 1 to n

<latexit sha1_base64="XnYwJp1FpdaFNvdWnkiIjOe1mVI=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK9gPaUDbbTbt0swm7E6GE/gUvHhTx6h/y5r9x0+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wSTu9zvPHFtRKwecZpwP6IjJULBKOZSH2k6qNbcujsHWSVeQWpQoDmofvWHMUsjrpBJakzPcxP0M6pRMMlnlX5qeELZhI54z1JFI278bH7rjJxZZUjCWNtSSObq74mMRsZMo8B2RhTHZtnLxf+8XorhjZ8JlaTIFVssClNJMCb542QoNGcop5ZQpoW9lbAx1ZShjadiQ/CWX14l7Yu6d1V3Hy5rjdsijjKcwCmcgwfX0IB7aEILGIzhGV7hzYmcF+fd+Vi0lpxi5hj+wPn8ASJ/jkw=</latexit>⌧

x1: longitude

x 2
: l

at
itu

de

<latexit sha1_base64="XnYwJp1FpdaFNvdWnkiIjOe1mVI=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK9gPaUDbbTbt0swm7E6GE/gUvHhTx6h/y5r9x0+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wSTu9zvPHFtRKwecZpwP6IjJULBKOZSH2k6qNbcujsHWSVeQWpQoDmofvWHMUsjrpBJakzPcxP0M6pRMMlnlX5qeELZhI54z1JFI278bH7rjJxZZUjCWNtSSObq74mMRsZMo8B2RhTHZtnLxf+8XorhjZ8JlaTIFVssClNJMCb542QoNGcop5ZQpoW9lbAx1ZShjadiQ/CWX14l7Yu6d1V3Hy5rjdsijjKcwCmcgwfX0IB7aEILGIzhGV7hzYmcF+fd+Vi0lpxi5hj+wPn8ASJ/jkw=</latexit>⌧

<latexit sha1_base64="wNuQrY/jeeIQ1a9ZD5CouJcnTMM=">AAAB8XicbVBNSwMxEJ31s9avqkcvwSLUS9kVRS9C0YvHCvYD27Vk02wbmk2WJCssS/+FFw+KePXfePPfmLZ70NYHA4/3ZpiZF8ScaeO6387S8srq2npho7i5tb2zW9rbb2qZKEIbRHKp2gHWlDNBG4YZTtuxojgKOG0Fo5uJ33qiSjMp7k0aUz/CA8FCRrCx0kP6mFXYyRhdoV6p7FbdKdAi8XJShhz1Xumr25ckiagwhGOtO54bGz/DyjDC6bjYTTSNMRnhAe1YKnBEtZ9NLx6jY6v0USiVLWHQVP09keFI6zQKbGeEzVDPexPxP6+TmPDSz5iIE0MFmS0KE46MRJP3UZ8pSgxPLcFEMXsrIkOsMDE2pKINwZt/eZE0T6veedW9OyvXrvM4CnAIR1ABDy6gBrdQhwYQEPAMr/DmaOfFeXc+Zq1LTj5zAH/gfP4AI4yP6A==</latexit>

y(i) =



k-means algorithm

4

k-means(k, ) 
Init 
for t = 1 to 

for i = 1 to n

<latexit sha1_base64="XnYwJp1FpdaFNvdWnkiIjOe1mVI=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK9gPaUDbbTbt0swm7E6GE/gUvHhTx6h/y5r9x0+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wSTu9zvPHFtRKwecZpwP6IjJULBKOZSH2k6qNbcujsHWSVeQWpQoDmofvWHMUsjrpBJakzPcxP0M6pRMMlnlX5qeELZhI54z1JFI278bH7rjJxZZUjCWNtSSObq74mMRsZMo8B2RhTHZtnLxf+8XorhjZ8JlaTIFVssClNJMCb542QoNGcop5ZQpoW9lbAx1ZShjadiQ/CWX14l7Yu6d1V3Hy5rjdsijjKcwCmcgwfX0IB7aEILGIzhGV7hzYmcF+fd+Vi0lpxi5hj+wPn8ASJ/jkw=</latexit>⌧

x1: longitude

x 2
: l

at
itu

de

<latexit sha1_base64="XnYwJp1FpdaFNvdWnkiIjOe1mVI=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK9gPaUDbbTbt0swm7E6GE/gUvHhTx6h/y5r9x0+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wSTu9zvPHFtRKwecZpwP6IjJULBKOZSH2k6qNbcujsHWSVeQWpQoDmofvWHMUsjrpBJakzPcxP0M6pRMMlnlX5qeELZhI54z1JFI278bH7rjJxZZUjCWNtSSObq74mMRsZMo8B2RhTHZtnLxf+8XorhjZ8JlaTIFVssClNJMCb542QoNGcop5ZQpoW9lbAx1ZShjadiQ/CWX14l7Yu6d1V3Hy5rjdsijjKcwCmcgwfX0IB7aEILGIzhGV7hzYmcF+fd+Vi0lpxi5hj+wPn8ASJ/jkw=</latexit>⌧

<latexit sha1_base64="wNuQrY/jeeIQ1a9ZD5CouJcnTMM=">AAAB8XicbVBNSwMxEJ31s9avqkcvwSLUS9kVRS9C0YvHCvYD27Vk02wbmk2WJCssS/+FFw+KePXfePPfmLZ70NYHA4/3ZpiZF8ScaeO6387S8srq2npho7i5tb2zW9rbb2qZKEIbRHKp2gHWlDNBG4YZTtuxojgKOG0Fo5uJ33qiSjMp7k0aUz/CA8FCRrCx0kP6mFXYyRhdoV6p7FbdKdAi8XJShhz1Xumr25ckiagwhGOtO54bGz/DyjDC6bjYTTSNMRnhAe1YKnBEtZ9NLx6jY6v0USiVLWHQVP09keFI6zQKbGeEzVDPexPxP6+TmPDSz5iIE0MFmS0KE46MRJP3UZ8pSgxPLcFEMXsrIkOsMDE2pKINwZt/eZE0T6veedW9OyvXrvM4CnAIR1ABDy6gBrdQhwYQEPAMr/DmaOfFeXc+Zq1LTj5zAH/gfP4AI4yP6A==</latexit>

y(i) =



k-means algorithm

4

k-means(k, ) 
Init 
for t = 1 to 

for i = 1 to n

<latexit sha1_base64="XnYwJp1FpdaFNvdWnkiIjOe1mVI=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK9gPaUDbbTbt0swm7E6GE/gUvHhTx6h/y5r9x0+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wSTu9zvPHFtRKwecZpwP6IjJULBKOZSH2k6qNbcujsHWSVeQWpQoDmofvWHMUsjrpBJakzPcxP0M6pRMMlnlX5qeELZhI54z1JFI278bH7rjJxZZUjCWNtSSObq74mMRsZMo8B2RhTHZtnLxf+8XorhjZ8JlaTIFVssClNJMCb542QoNGcop5ZQpoW9lbAx1ZShjadiQ/CWX14l7Yu6d1V3Hy5rjdsijjKcwCmcgwfX0IB7aEILGIzhGV7hzYmcF+fd+Vi0lpxi5hj+wPn8ASJ/jkw=</latexit>⌧

x1: longitude

x 2
: l

at
itu

de

<latexit sha1_base64="XnYwJp1FpdaFNvdWnkiIjOe1mVI=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK9gPaUDbbTbt0swm7E6GE/gUvHhTx6h/y5r9x0+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wSTu9zvPHFtRKwecZpwP6IjJULBKOZSH2k6qNbcujsHWSVeQWpQoDmofvWHMUsjrpBJakzPcxP0M6pRMMlnlX5qeELZhI54z1JFI278bH7rjJxZZUjCWNtSSObq74mMRsZMo8B2RhTHZtnLxf+8XorhjZ8JlaTIFVssClNJMCb542QoNGcop5ZQpoW9lbAx1ZShjadiQ/CWX14l7Yu6d1V3Hy5rjdsijjKcwCmcgwfX0IB7aEILGIzhGV7hzYmcF+fd+Vi0lpxi5hj+wPn8ASJ/jkw=</latexit>⌧

<latexit sha1_base64="wNuQrY/jeeIQ1a9ZD5CouJcnTMM=">AAAB8XicbVBNSwMxEJ31s9avqkcvwSLUS9kVRS9C0YvHCvYD27Vk02wbmk2WJCssS/+FFw+KePXfePPfmLZ70NYHA4/3ZpiZF8ScaeO6387S8srq2npho7i5tb2zW9rbb2qZKEIbRHKp2gHWlDNBG4YZTtuxojgKOG0Fo5uJ33qiSjMp7k0aUz/CA8FCRrCx0kP6mFXYyRhdoV6p7FbdKdAi8XJShhz1Xumr25ckiagwhGOtO54bGz/DyjDC6bjYTTSNMRnhAe1YKnBEtZ9NLx6jY6v0USiVLWHQVP09keFI6zQKbGeEzVDPexPxP6+TmPDSz5iIE0MFmS0KE46MRJP3UZ8pSgxPLcFEMXsrIkOsMDE2pKINwZt/eZE0T6veedW9OyvXrvM4CnAIR1ABDy6gBrdQhwYQEPAMr/DmaOfFeXc+Zq1LTj5zAH/gfP4AI4yP6A==</latexit>

y(i) =



k-means algorithm

4

k-means(k, ) 
Init 
for t = 1 to 

for i = 1 to n

<latexit sha1_base64="XnYwJp1FpdaFNvdWnkiIjOe1mVI=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK9gPaUDbbTbt0swm7E6GE/gUvHhTx6h/y5r9x0+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wSTu9zvPHFtRKwecZpwP6IjJULBKOZSH2k6qNbcujsHWSVeQWpQoDmofvWHMUsjrpBJakzPcxP0M6pRMMlnlX5qeELZhI54z1JFI278bH7rjJxZZUjCWNtSSObq74mMRsZMo8B2RhTHZtnLxf+8XorhjZ8JlaTIFVssClNJMCb542QoNGcop5ZQpoW9lbAx1ZShjadiQ/CWX14l7Yu6d1V3Hy5rjdsijjKcwCmcgwfX0IB7aEILGIzhGV7hzYmcF+fd+Vi0lpxi5hj+wPn8ASJ/jkw=</latexit>⌧

x1: longitude

x 2
: l

at
itu

de

<latexit sha1_base64="XnYwJp1FpdaFNvdWnkiIjOe1mVI=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK9gPaUDbbTbt0swm7E6GE/gUvHhTx6h/y5r9x0+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wSTu9zvPHFtRKwecZpwP6IjJULBKOZSH2k6qNbcujsHWSVeQWpQoDmofvWHMUsjrpBJakzPcxP0M6pRMMlnlX5qeELZhI54z1JFI278bH7rjJxZZUjCWNtSSObq74mMRsZMo8B2RhTHZtnLxf+8XorhjZ8JlaTIFVssClNJMCb542QoNGcop5ZQpoW9lbAx1ZShjadiQ/CWX14l7Yu6d1V3Hy5rjdsijjKcwCmcgwfX0IB7aEILGIzhGV7hzYmcF+fd+Vi0lpxi5hj+wPn8ASJ/jkw=</latexit>⌧

<latexit sha1_base64="wNuQrY/jeeIQ1a9ZD5CouJcnTMM=">AAAB8XicbVBNSwMxEJ31s9avqkcvwSLUS9kVRS9C0YvHCvYD27Vk02wbmk2WJCssS/+FFw+KePXfePPfmLZ70NYHA4/3ZpiZF8ScaeO6387S8srq2npho7i5tb2zW9rbb2qZKEIbRHKp2gHWlDNBG4YZTtuxojgKOG0Fo5uJ33qiSjMp7k0aUz/CA8FCRrCx0kP6mFXYyRhdoV6p7FbdKdAi8XJShhz1Xumr25ckiagwhGOtO54bGz/DyjDC6bjYTTSNMRnhAe1YKnBEtZ9NLx6jY6v0USiVLWHQVP09keFI6zQKbGeEzVDPexPxP6+TmPDSz5iIE0MFmS0KE46MRJP3UZ8pSgxPLcFEMXsrIkOsMDE2pKINwZt/eZE0T6veedW9OyvXrvM4CnAIR1ABDy6gBrdQhwYQEPAMr/DmaOfFeXc+Zq1LTj5zAH/gfP4AI4yP6A==</latexit>

y(i) =



k-means algorithm

4

k-means(k, ) 
Init 
for t = 1 to 

for i = 1 to n 

for j = 1 to k

<latexit sha1_base64="XnYwJp1FpdaFNvdWnkiIjOe1mVI=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK9gPaUDbbTbt0swm7E6GE/gUvHhTx6h/y5r9x0+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wSTu9zvPHFtRKwecZpwP6IjJULBKOZSH2k6qNbcujsHWSVeQWpQoDmofvWHMUsjrpBJakzPcxP0M6pRMMlnlX5qeELZhI54z1JFI278bH7rjJxZZUjCWNtSSObq74mMRsZMo8B2RhTHZtnLxf+8XorhjZ8JlaTIFVssClNJMCb542QoNGcop5ZQpoW9lbAx1ZShjadiQ/CWX14l7Yu6d1V3Hy5rjdsijjKcwCmcgwfX0IB7aEILGIzhGV7hzYmcF+fd+Vi0lpxi5hj+wPn8ASJ/jkw=</latexit>⌧

x1: longitude

x 2
: l

at
itu

de

<latexit sha1_base64="XnYwJp1FpdaFNvdWnkiIjOe1mVI=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK9gPaUDbbTbt0swm7E6GE/gUvHhTx6h/y5r9x0+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wSTu9zvPHFtRKwecZpwP6IjJULBKOZSH2k6qNbcujsHWSVeQWpQoDmofvWHMUsjrpBJakzPcxP0M6pRMMlnlX5qeELZhI54z1JFI278bH7rjJxZZUjCWNtSSObq74mMRsZMo8B2RhTHZtnLxf+8XorhjZ8JlaTIFVssClNJMCb542QoNGcop5ZQpoW9lbAx1ZShjadiQ/CWX14l7Yu6d1V3Hy5rjdsijjKcwCmcgwfX0IB7aEILGIzhGV7hzYmcF+fd+Vi0lpxi5hj+wPn8ASJ/jkw=</latexit>⌧

<latexit sha1_base64="wNuQrY/jeeIQ1a9ZD5CouJcnTMM=">AAAB8XicbVBNSwMxEJ31s9avqkcvwSLUS9kVRS9C0YvHCvYD27Vk02wbmk2WJCssS/+FFw+KePXfePPfmLZ70NYHA4/3ZpiZF8ScaeO6387S8srq2npho7i5tb2zW9rbb2qZKEIbRHKp2gHWlDNBG4YZTtuxojgKOG0Fo5uJ33qiSjMp7k0aUz/CA8FCRrCx0kP6mFXYyRhdoV6p7FbdKdAi8XJShhz1Xumr25ckiagwhGOtO54bGz/DyjDC6bjYTTSNMRnhAe1YKnBEtZ9NLx6jY6v0USiVLWHQVP09keFI6zQKbGeEzVDPexPxP6+TmPDSz5iIE0MFmS0KE46MRJP3UZ8pSgxPLcFEMXsrIkOsMDE2pKINwZt/eZE0T6veedW9OyvXrvM4CnAIR1ABDy6gBrdQhwYQEPAMr/DmaOfFeXc+Zq1LTj5zAH/gfP4AI4yP6A==</latexit>

y(i) =



k-means algorithm

4

k-means(k, ) 
Init 
for t = 1 to 

for i = 1 to n 

for j = 1 to k

<latexit sha1_base64="XnYwJp1FpdaFNvdWnkiIjOe1mVI=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK9gPaUDbbTbt0swm7E6GE/gUvHhTx6h/y5r9x0+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wSTu9zvPHFtRKwecZpwP6IjJULBKOZSH2k6qNbcujsHWSVeQWpQoDmofvWHMUsjrpBJakzPcxP0M6pRMMlnlX5qeELZhI54z1JFI278bH7rjJxZZUjCWNtSSObq74mMRsZMo8B2RhTHZtnLxf+8XorhjZ8JlaTIFVssClNJMCb542QoNGcop5ZQpoW9lbAx1ZShjadiQ/CWX14l7Yu6d1V3Hy5rjdsijjKcwCmcgwfX0IB7aEILGIzhGV7hzYmcF+fd+Vi0lpxi5hj+wPn8ASJ/jkw=</latexit>⌧

x1: longitude

x 2
: l

at
itu

de

<latexit sha1_base64="XnYwJp1FpdaFNvdWnkiIjOe1mVI=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK9gPaUDbbTbt0swm7E6GE/gUvHhTx6h/y5r9x0+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wSTu9zvPHFtRKwecZpwP6IjJULBKOZSH2k6qNbcujsHWSVeQWpQoDmofvWHMUsjrpBJakzPcxP0M6pRMMlnlX5qeELZhI54z1JFI278bH7rjJxZZUjCWNtSSObq74mMRsZMo8B2RhTHZtnLxf+8XorhjZ8JlaTIFVssClNJMCb542QoNGcop5ZQpoW9lbAx1ZShjadiQ/CWX14l7Yu6d1V3Hy5rjdsijjKcwCmcgwfX0IB7aEILGIzhGV7hzYmcF+fd+Vi0lpxi5hj+wPn8ASJ/jkw=</latexit>⌧

<latexit sha1_base64="wNuQrY/jeeIQ1a9ZD5CouJcnTMM=">AAAB8XicbVBNSwMxEJ31s9avqkcvwSLUS9kVRS9C0YvHCvYD27Vk02wbmk2WJCssS/+FFw+KePXfePPfmLZ70NYHA4/3ZpiZF8ScaeO6387S8srq2npho7i5tb2zW9rbb2qZKEIbRHKp2gHWlDNBG4YZTtuxojgKOG0Fo5uJ33qiSjMp7k0aUz/CA8FCRrCx0kP6mFXYyRhdoV6p7FbdKdAi8XJShhz1Xumr25ckiagwhGOtO54bGz/DyjDC6bjYTTSNMRnhAe1YKnBEtZ9NLx6jY6v0USiVLWHQVP09keFI6zQKbGeEzVDPexPxP6+TmPDSz5iIE0MFmS0KE46MRJP3UZ8pSgxPLcFEMXsrIkOsMDE2pKINwZt/eZE0T6veedW9OyvXrvM4CnAIR1ABDy6gBrdQhwYQEPAMr/DmaOfFeXc+Zq1LTj5zAH/gfP4AI4yP6A==</latexit>

y(i) =



k-means algorithm

4

k-means(k, ) 
Init 
for t = 1 to 

for i = 1 to n 

for j = 1 to k

<latexit sha1_base64="XnYwJp1FpdaFNvdWnkiIjOe1mVI=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK9gPaUDbbTbt0swm7E6GE/gUvHhTx6h/y5r9x0+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wSTu9zvPHFtRKwecZpwP6IjJULBKOZSH2k6qNbcujsHWSVeQWpQoDmofvWHMUsjrpBJakzPcxP0M6pRMMlnlX5qeELZhI54z1JFI278bH7rjJxZZUjCWNtSSObq74mMRsZMo8B2RhTHZtnLxf+8XorhjZ8JlaTIFVssClNJMCb542QoNGcop5ZQpoW9lbAx1ZShjadiQ/CWX14l7Yu6d1V3Hy5rjdsijjKcwCmcgwfX0IB7aEILGIzhGV7hzYmcF+fd+Vi0lpxi5hj+wPn8ASJ/jkw=</latexit>⌧

x1: longitude

x 2
: l

at
itu

de
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<latexit sha1_base64="wNuQrY/jeeIQ1a9ZD5CouJcnTMM=">AAAB8XicbVBNSwMxEJ31s9avqkcvwSLUS9kVRS9C0YvHCvYD27Vk02wbmk2WJCssS/+FFw+KePXfePPfmLZ70NYHA4/3ZpiZF8ScaeO6387S8srq2npho7i5tb2zW9rbb2qZKEIbRHKp2gHWlDNBG4YZTtuxojgKOG0Fo5uJ33qiSjMp7k0aUz/CA8FCRrCx0kP6mFXYyRhdoV6p7FbdKdAi8XJShhz1Xumr25ckiagwhGOtO54bGz/DyjDC6bjYTTSNMRnhAe1YKnBEtZ9NLx6jY6v0USiVLWHQVP09keFI6zQKbGeEzVDPexPxP6+TmPDSz5iIE0MFmS0KE46MRJP3UZ8pSgxPLcFEMXsrIkOsMDE2pKINwZt/eZE0T6veedW9OyvXrvM4CnAIR1ABDy6gBrdQhwYQEPAMr/DmaOfFeXc+Zq1LTj5zAH/gfP4AI4yP6A==</latexit>

y(i) =



k-means algorithm

4

k-means(k, ) 
Init 
for t = 1 to 

for i = 1 to n 

for j = 1 to k

<latexit sha1_base64="XnYwJp1FpdaFNvdWnkiIjOe1mVI=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK9gPaUDbbTbt0swm7E6GE/gUvHhTx6h/y5r9x0+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wSTu9zvPHFtRKwecZpwP6IjJULBKOZSH2k6qNbcujsHWSVeQWpQoDmofvWHMUsjrpBJakzPcxP0M6pRMMlnlX5qeELZhI54z1JFI278bH7rjJxZZUjCWNtSSObq74mMRsZMo8B2RhTHZtnLxf+8XorhjZ8JlaTIFVssClNJMCb542QoNGcop5ZQpoW9lbAx1ZShjadiQ/CWX14l7Yu6d1V3Hy5rjdsijjKcwCmcgwfX0IB7aEILGIzhGV7hzYmcF+fd+Vi0lpxi5hj+wPn8ASJ/jkw=</latexit>⌧

x1: longitude

x 2
: l

at
itu

de

<latexit sha1_base64="XnYwJp1FpdaFNvdWnkiIjOe1mVI=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK9gPaUDbbTbt0swm7E6GE/gUvHhTx6h/y5r9x0+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wSTu9zvPHFtRKwecZpwP6IjJULBKOZSH2k6qNbcujsHWSVeQWpQoDmofvWHMUsjrpBJakzPcxP0M6pRMMlnlX5qeELZhI54z1JFI278bH7rjJxZZUjCWNtSSObq74mMRsZMo8B2RhTHZtnLxf+8XorhjZ8JlaTIFVssClNJMCb542QoNGcop5ZQpoW9lbAx1ZShjadiQ/CWX14l7Yu6d1V3Hy5rjdsijjKcwCmcgwfX0IB7aEILGIzhGV7hzYmcF+fd+Vi0lpxi5hj+wPn8ASJ/jkw=</latexit>⌧

<latexit sha1_base64="wNuQrY/jeeIQ1a9ZD5CouJcnTMM=">AAAB8XicbVBNSwMxEJ31s9avqkcvwSLUS9kVRS9C0YvHCvYD27Vk02wbmk2WJCssS/+FFw+KePXfePPfmLZ70NYHA4/3ZpiZF8ScaeO6387S8srq2npho7i5tb2zW9rbb2qZKEIbRHKp2gHWlDNBG4YZTtuxojgKOG0Fo5uJ33qiSjMp7k0aUz/CA8FCRrCx0kP6mFXYyRhdoV6p7FbdKdAi8XJShhz1Xumr25ckiagwhGOtO54bGz/DyjDC6bjYTTSNMRnhAe1YKnBEtZ9NLx6jY6v0USiVLWHQVP09keFI6zQKbGeEzVDPexPxP6+TmPDSz5iIE0MFmS0KE46MRJP3UZ8pSgxPLcFEMXsrIkOsMDE2pKINwZt/eZE0T6veedW9OyvXrvM4CnAIR1ABDy6gBrdQhwYQEPAMr/DmaOfFeXc+Zq1LTj5zAH/gfP4AI4yP6A==</latexit>

y(i) =



k-means algorithm

4

k-means(k, ) 
Init 
for t = 1 to 

for i = 1 to n 

for j = 1 to k

<latexit sha1_base64="XnYwJp1FpdaFNvdWnkiIjOe1mVI=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK9gPaUDbbTbt0swm7E6GE/gUvHhTx6h/y5r9x0+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wSTu9zvPHFtRKwecZpwP6IjJULBKOZSH2k6qNbcujsHWSVeQWpQoDmofvWHMUsjrpBJakzPcxP0M6pRMMlnlX5qeELZhI54z1JFI278bH7rjJxZZUjCWNtSSObq74mMRsZMo8B2RhTHZtnLxf+8XorhjZ8JlaTIFVssClNJMCb542QoNGcop5ZQpoW9lbAx1ZShjadiQ/CWX14l7Yu6d1V3Hy5rjdsijjKcwCmcgwfX0IB7aEILGIzhGV7hzYmcF+fd+Vi0lpxi5hj+wPn8ASJ/jkw=</latexit>⌧

x1: longitude

x 2
: l

at
itu

de

<latexit sha1_base64="XnYwJp1FpdaFNvdWnkiIjOe1mVI=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK9gPaUDbbTbt0swm7E6GE/gUvHhTx6h/y5r9x0+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wSTu9zvPHFtRKwecZpwP6IjJULBKOZSH2k6qNbcujsHWSVeQWpQoDmofvWHMUsjrpBJakzPcxP0M6pRMMlnlX5qeELZhI54z1JFI278bH7rjJxZZUjCWNtSSObq74mMRsZMo8B2RhTHZtnLxf+8XorhjZ8JlaTIFVssClNJMCb542QoNGcop5ZQpoW9lbAx1ZShjadiQ/CWX14l7Yu6d1V3Hy5rjdsijjKcwCmcgwfX0IB7aEILGIzhGV7hzYmcF+fd+Vi0lpxi5hj+wPn8ASJ/jkw=</latexit>⌧

<latexit sha1_base64="wNuQrY/jeeIQ1a9ZD5CouJcnTMM=">AAAB8XicbVBNSwMxEJ31s9avqkcvwSLUS9kVRS9C0YvHCvYD27Vk02wbmk2WJCssS/+FFw+KePXfePPfmLZ70NYHA4/3ZpiZF8ScaeO6387S8srq2npho7i5tb2zW9rbb2qZKEIbRHKp2gHWlDNBG4YZTtuxojgKOG0Fo5uJ33qiSjMp7k0aUz/CA8FCRrCx0kP6mFXYyRhdoV6p7FbdKdAi8XJShhz1Xumr25ckiagwhGOtO54bGz/DyjDC6bjYTTSNMRnhAe1YKnBEtZ9NLx6jY6v0USiVLWHQVP09keFI6zQKbGeEzVDPexPxP6+TmPDSz5iIE0MFmS0KE46MRJP3UZ8pSgxPLcFEMXsrIkOsMDE2pKINwZt/eZE0T6veedW9OyvXrvM4CnAIR1ABDy6gBrdQhwYQEPAMr/DmaOfFeXc+Zq1LTj5zAH/gfP4AI4yP6A==</latexit>

y(i) =



k-means algorithm

4

k-means(k, ) 
Init 
for t = 1 to 

for i = 1 to n 

for j = 1 to k

<latexit sha1_base64="XnYwJp1FpdaFNvdWnkiIjOe1mVI=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK9gPaUDbbTbt0swm7E6GE/gUvHhTx6h/y5r9x0+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wSTu9zvPHFtRKwecZpwP6IjJULBKOZSH2k6qNbcujsHWSVeQWpQoDmofvWHMUsjrpBJakzPcxP0M6pRMMlnlX5qeELZhI54z1JFI278bH7rjJxZZUjCWNtSSObq74mMRsZMo8B2RhTHZtnLxf+8XorhjZ8JlaTIFVssClNJMCb542QoNGcop5ZQpoW9lbAx1ZShjadiQ/CWX14l7Yu6d1V3Hy5rjdsijjKcwCmcgwfX0IB7aEILGIzhGV7hzYmcF+fd+Vi0lpxi5hj+wPn8ASJ/jkw=</latexit>⌧

x1: longitude

x 2
: l

at
itu

de

<latexit sha1_base64="XnYwJp1FpdaFNvdWnkiIjOe1mVI=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK9gPaUDbbTbt0swm7E6GE/gUvHhTx6h/y5r9x0+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wSTu9zvPHFtRKwecZpwP6IjJULBKOZSH2k6qNbcujsHWSVeQWpQoDmofvWHMUsjrpBJakzPcxP0M6pRMMlnlX5qeELZhI54z1JFI278bH7rjJxZZUjCWNtSSObq74mMRsZMo8B2RhTHZtnLxf+8XorhjZ8JlaTIFVssClNJMCb542QoNGcop5ZQpoW9lbAx1ZShjadiQ/CWX14l7Yu6d1V3Hy5rjdsijjKcwCmcgwfX0IB7aEILGIzhGV7hzYmcF+fd+Vi0lpxi5hj+wPn8ASJ/jkw=</latexit>⌧

<latexit sha1_base64="wNuQrY/jeeIQ1a9ZD5CouJcnTMM=">AAAB8XicbVBNSwMxEJ31s9avqkcvwSLUS9kVRS9C0YvHCvYD27Vk02wbmk2WJCssS/+FFw+KePXfePPfmLZ70NYHA4/3ZpiZF8ScaeO6387S8srq2npho7i5tb2zW9rbb2qZKEIbRHKp2gHWlDNBG4YZTtuxojgKOG0Fo5uJ33qiSjMp7k0aUz/CA8FCRrCx0kP6mFXYyRhdoV6p7FbdKdAi8XJShhz1Xumr25ckiagwhGOtO54bGz/DyjDC6bjYTTSNMRnhAe1YKnBEtZ9NLx6jY6v0USiVLWHQVP09keFI6zQKbGeEzVDPexPxP6+TmPDSz5iIE0MFmS0KE46MRJP3UZ8pSgxPLcFEMXsrIkOsMDE2pKINwZt/eZE0T6veedW9OyvXrvM4CnAIR1ABDy6gBrdQhwYQEPAMr/DmaOfFeXc+Zq1LTj5zAH/gfP4AI4yP6A==</latexit>

y(i) =



k-means algorithm

4

k-means(k, ) 
Init 
for t = 1 to 

for i = 1 to n 

for j = 1 to k

<latexit sha1_base64="XnYwJp1FpdaFNvdWnkiIjOe1mVI=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK9gPaUDbbTbt0swm7E6GE/gUvHhTx6h/y5r9x0+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wSTu9zvPHFtRKwecZpwP6IjJULBKOZSH2k6qNbcujsHWSVeQWpQoDmofvWHMUsjrpBJakzPcxP0M6pRMMlnlX5qeELZhI54z1JFI278bH7rjJxZZUjCWNtSSObq74mMRsZMo8B2RhTHZtnLxf+8XorhjZ8JlaTIFVssClNJMCb542QoNGcop5ZQpoW9lbAx1ZShjadiQ/CWX14l7Yu6d1V3Hy5rjdsijjKcwCmcgwfX0IB7aEILGIzhGV7hzYmcF+fd+Vi0lpxi5hj+wPn8ASJ/jkw=</latexit>⌧

x1: longitude

x 2
: l

at
itu

de

<latexit sha1_base64="XnYwJp1FpdaFNvdWnkiIjOe1mVI=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK9gPaUDbbTbt0swm7E6GE/gUvHhTx6h/y5r9x0+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wSTu9zvPHFtRKwecZpwP6IjJULBKOZSH2k6qNbcujsHWSVeQWpQoDmofvWHMUsjrpBJakzPcxP0M6pRMMlnlX5qeELZhI54z1JFI278bH7rjJxZZUjCWNtSSObq74mMRsZMo8B2RhTHZtnLxf+8XorhjZ8JlaTIFVssClNJMCb542QoNGcop5ZQpoW9lbAx1ZShjadiQ/CWX14l7Yu6d1V3Hy5rjdsijjKcwCmcgwfX0IB7aEILGIzhGV7hzYmcF+fd+Vi0lpxi5hj+wPn8ASJ/jkw=</latexit>⌧

<latexit sha1_base64="wNuQrY/jeeIQ1a9ZD5CouJcnTMM=">AAAB8XicbVBNSwMxEJ31s9avqkcvwSLUS9kVRS9C0YvHCvYD27Vk02wbmk2WJCssS/+FFw+KePXfePPfmLZ70NYHA4/3ZpiZF8ScaeO6387S8srq2npho7i5tb2zW9rbb2qZKEIbRHKp2gHWlDNBG4YZTtuxojgKOG0Fo5uJ33qiSjMp7k0aUz/CA8FCRrCx0kP6mFXYyRhdoV6p7FbdKdAi8XJShhz1Xumr25ckiagwhGOtO54bGz/DyjDC6bjYTTSNMRnhAe1YKnBEtZ9NLx6jY6v0USiVLWHQVP09keFI6zQKbGeEzVDPexPxP6+TmPDSz5iIE0MFmS0KE46MRJP3UZ8pSgxPLcFEMXsrIkOsMDE2pKINwZt/eZE0T6veedW9OyvXrvM4CnAIR1ABDy6gBrdQhwYQEPAMr/DmaOfFeXc+Zq1LTj5zAH/gfP4AI4yP6A==</latexit>

y(i) =

No more changes 

from here



k-means algorithm

4

k-means(k, ) 
Init 
for t = 1 to 

for i = 1 to n 

for j = 1 to k

<latexit sha1_base64="XnYwJp1FpdaFNvdWnkiIjOe1mVI=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK9gPaUDbbTbt0swm7E6GE/gUvHhTx6h/y5r9x0+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wSTu9zvPHFtRKwecZpwP6IjJULBKOZSH2k6qNbcujsHWSVeQWpQoDmofvWHMUsjrpBJakzPcxP0M6pRMMlnlX5qeELZhI54z1JFI278bH7rjJxZZUjCWNtSSObq74mMRsZMo8B2RhTHZtnLxf+8XorhjZ8JlaTIFVssClNJMCb542QoNGcop5ZQpoW9lbAx1ZShjadiQ/CWX14l7Yu6d1V3Hy5rjdsijjKcwCmcgwfX0IB7aEILGIzhGV7hzYmcF+fd+Vi0lpxi5hj+wPn8ASJ/jkw=</latexit>⌧

x1: longitude

x 2
: l

at
itu

de

<latexit sha1_base64="XnYwJp1FpdaFNvdWnkiIjOe1mVI=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK9gPaUDbbTbt0swm7E6GE/gUvHhTx6h/y5r9x0+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wSTu9zvPHFtRKwecZpwP6IjJULBKOZSH2k6qNbcujsHWSVeQWpQoDmofvWHMUsjrpBJakzPcxP0M6pRMMlnlX5qeELZhI54z1JFI278bH7rjJxZZUjCWNtSSObq74mMRsZMo8B2RhTHZtnLxf+8XorhjZ8JlaTIFVssClNJMCb542QoNGcop5ZQpoW9lbAx1ZShjadiQ/CWX14l7Yu6d1V3Hy5rjdsijjKcwCmcgwfX0IB7aEILGIzhGV7hzYmcF+fd+Vi0lpxi5hj+wPn8ASJ/jkw=</latexit>⌧

<latexit sha1_base64="wNuQrY/jeeIQ1a9ZD5CouJcnTMM=">AAAB8XicbVBNSwMxEJ31s9avqkcvwSLUS9kVRS9C0YvHCvYD27Vk02wbmk2WJCssS/+FFw+KePXfePPfmLZ70NYHA4/3ZpiZF8ScaeO6387S8srq2npho7i5tb2zW9rbb2qZKEIbRHKp2gHWlDNBG4YZTtuxojgKOG0Fo5uJ33qiSjMp7k0aUz/CA8FCRrCx0kP6mFXYyRhdoV6p7FbdKdAi8XJShhz1Xumr25ckiagwhGOtO54bGz/DyjDC6bjYTTSNMRnhAe1YKnBEtZ9NLx6jY6v0USiVLWHQVP09keFI6zQKbGeEzVDPexPxP6+TmPDSz5iIE0MFmS0KE46MRJP3UZ8pSgxPLcFEMXsrIkOsMDE2pKINwZt/eZE0T6veedW9OyvXrvM4CnAIR1ABDy6gBrdQhwYQEPAMr/DmaOfFeXc+Zq1LTj5zAH/gfP4AI4yP6A==</latexit>

y(i) =

No more changes 

from here How can I be so 

sure?



k-means algorithm

4

k-means(k, ) 
Init 
for t = 1 to 

for i = 1 to n 

for j = 1 to k

<latexit sha1_base64="XnYwJp1FpdaFNvdWnkiIjOe1mVI=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK9gPaUDbbTbt0swm7E6GE/gUvHhTx6h/y5r9x0+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wSTu9zvPHFtRKwecZpwP6IjJULBKOZSH2k6qNbcujsHWSVeQWpQoDmofvWHMUsjrpBJakzPcxP0M6pRMMlnlX5qeELZhI54z1JFI278bH7rjJxZZUjCWNtSSObq74mMRsZMo8B2RhTHZtnLxf+8XorhjZ8JlaTIFVssClNJMCb542QoNGcop5ZQpoW9lbAx1ZShjadiQ/CWX14l7Yu6d1V3Hy5rjdsijjKcwCmcgwfX0IB7aEILGIzhGV7hzYmcF+fd+Vi0lpxi5hj+wPn8ASJ/jkw=</latexit>⌧

x1: longitude

x 2
: l

at
itu

de

<latexit sha1_base64="XnYwJp1FpdaFNvdWnkiIjOe1mVI=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8cK9gPaUDbbTbt0swm7E6GE/gUvHhTx6h/y5r9x0+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wSTu9zvPHFtRKwecZpwP6IjJULBKOZSH2k6qNbcujsHWSVeQWpQoDmofvWHMUsjrpBJakzPcxP0M6pRMMlnlX5qeELZhI54z1JFI278bH7rjJxZZUjCWNtSSObq74mMRsZMo8B2RhTHZtnLxf+8XorhjZ8JlaTIFVssClNJMCb542QoNGcop5ZQpoW9lbAx1ZShjadiQ/CWX14l7Yu6d1V3Hy5rjdsijjKcwCmcgwfX0IB7aEILGIzhGV7hzYmcF+fd+Vi0lpxi5hj+wPn8ASJ/jkw=</latexit>⌧

<latexit sha1_base64="wNuQrY/jeeIQ1a9ZD5CouJcnTMM=">AAAB8XicbVBNSwMxEJ31s9avqkcvwSLUS9kVRS9C0YvHCvYD27Vk02wbmk2WJCssS/+FFw+KePXfePPfmLZ70NYHA4/3ZpiZF8ScaeO6387S8srq2npho7i5tb2zW9rbb2qZKEIbRHKp2gHWlDNBG4YZTtuxojgKOG0Fo5uJ33qiSjMp7k0aUz/CA8FCRrCx0kP6mFXYyRhdoV6p7FbdKdAi8XJShhz1Xumr25ckiagwhGOtO54bGz/DyjDC6bjYTTSNMRnhAe1YKnBEtZ9NLx6jY6v0USiVLWHQVP09keFI6zQKbGeEzVDPexPxP6+TmPDSz5iIE0MFmS0KE46MRJP3UZ8pSgxPLcFEMXsrIkOsMDE2pKINwZt/eZE0T6veedW9OyvXrvM4CnAIR1ABDy6gBrdQhwYQEPAMr/DmaOfFeXc+Zq1LTj5zAH/gfP4AI4yP6A==</latexit>

y(i) =

No more changes 

from here

<latexit sha1_base64="eLlHpkLH1cVezJLUiuVRmE2W+r0=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0VwVRJRdCMU3bisYB/QhjCZTNqhkwczN2IMwV9x40IRt/6HO//GaZuFth64cDjnXu69x0sEV2BZ38bC4tLyymplrbq+sbm1be7stlWcSspaNBax7HpEMcEj1gIOgnUTyUjoCdbxRtdjv3PPpOJxdAdZwpyQDCIecEpAS665n7l5H9gDyDCPhV8U+BJnrlmz6tYEeJ7YJamhEk3X/Or7MU1DFgEVRKmebSXg5EQCp4IV1X6qWELoiAxYT9OIhEw5+eT6Ah9pxcdBLHVFgCfq74mchEploac7QwJDNeuNxf+8XgrBhZPzKEmBRXS6KEgFhhiPo8A+l4yCyDQhVHJ9K6ZDIgkFHVhVh2DPvjxP2id1+6xu3Z7WGldlHBV0gA7RMbLROWqgG9RELUTRI3pGr+jNeDJejHfjY9q6YJQze+gPjM8f1Z6VdA==</latexit>yold = y



k-means algorithm

4

k-means(k, ) 
Init 
for t = 1 to 

for i = 1 to n 

for j = 1 to k 

if  
break
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• Theorem. If run for 
enough outer iterations, 
the k-means algorithm 
will converge to a local 
minimum of the k-
means objective 

• That local minimum 
could be bad! 

• The initialization can 
make a big difference 

• Some options: random 
restarts, k-means++

Suppose I run k-

means with 3 random 

restarts. What do I 

return?



k-means algorithm: effect of k

9 [https://stanford.edu/class/engr108/visualizations/kmeans/kmeans.html]



k-means algorithm: effect of k

9 [https://stanford.edu/class/engr108/visualizations/kmeans/kmeans.html]



k-means algorithm: effect of k

9 [https://stanford.edu/class/engr108/visualizations/kmeans/kmeans.html]

• Different k will give us different results



k-means algorithm: effect of k

9 [https://stanford.edu/class/engr108/visualizations/kmeans/kmeans.html]

• Different k will give us different results



k-means algorithm: effect of k

9 [https://stanford.edu/class/engr108/visualizations/kmeans/kmeans.html]

• Different k will give us different results 
• Larger k gets trucks closer to people



k-means algorithm: effect of k

9 [https://stanford.edu/class/engr108/visualizations/kmeans/kmeans.html]

• Different k will give us different results 
• Larger k gets trucks closer to people

What is the optimal 

clustering if k = n?
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• Sometimes we know k

• Sometimes we’d like to choose/learn k 
• Can’t just minimize the k-means objective over k too

Why not?
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10

• Sometimes we know k

• Sometimes we’d like to choose/learn k 
• Can’t just minimize the k-means objective over k too

• How to choose k depends on what you’d like to do 
• E.g. cost-benefit trade-off 
• Often no single “right answer” 
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• What is ML? A set of methods for making decisions 
from data. (See the rest of the course!)  

• Why study ML? To apply; to understand; to evaluate 
• Notes: ML is not magic. ML is built on math.


