
Lecture 3

COMP 414/514:

Optimization - Algorithms, Complexity


and Approximations



Overview

- In the last lecture, we:

- Introduced some notions on smooth optimization

- Introduced gradient descent and what we can say about its 

   convergence rate

- In this lecture, we will:

- Discuss briefly smooth continuous optimization

- Introduce the important class of convex optimization
- Discuss about convergence rates and some lower bounds on such rates



“What does convexity bring onto the table?”



Convex functions

- General definition:

f(↵x+ (1� ↵)y)  ↵f(x) + (1� ↵)f(y), 8a 2 [0, 1]
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x
<latexit sha1_base64="f2yzimwbR/Dgjzp6tZ360fHRqNI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN2N2IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3H1FpHst7M0nQj+hQ8pAzaqzUeOqXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB5jmM/A==</latexit><latexit sha1_base64="f2yzimwbR/Dgjzp6tZ360fHRqNI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN2N2IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3H1FpHst7M0nQj+hQ8pAzaqzUeOqXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB5jmM/A==</latexit><latexit sha1_base64="f2yzimwbR/Dgjzp6tZ360fHRqNI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN2N2IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3H1FpHst7M0nQj+hQ8pAzaqzUeOqXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB5jmM/A==</latexit><latexit sha1_base64="f2yzimwbR/Dgjzp6tZ360fHRqNI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN2N2IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3H1FpHst7M0nQj+hQ8pAzaqzUeOqXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB5jmM/A==</latexit>

y
<latexit sha1_base64="l29WxoUb9DEbvmhLG7jHtZ0OU24=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diC/YA2lM120q7dbMLuRgihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5m/mdJ1Sax/LBZAn6ER1JHnJGjZWa2aBSdWvuHGSVeAWpQoHGoPLVH8YsjVAaJqjWPc9NjJ9TZTgTOC33U40JZRM6wp6lkkao/Xx+6JScW2VIwljZkobM1d8TOY20zqLAdkbUjPWyNxP/83qpCW/8nMskNSjZYlGYCmJiMvuaDLlCZkRmCWWK21sJG1NFmbHZlG0I3vLLq6R9WfPcmte8qtZvizhKcApncAEeXEMd7qEBLWCA8Ayv8OY8Oi/Ou/OxaF1zipkT+APn8wfnvYz9</latexit><latexit sha1_base64="l29WxoUb9DEbvmhLG7jHtZ0OU24=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diC/YA2lM120q7dbMLuRgihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5m/mdJ1Sax/LBZAn6ER1JHnJGjZWa2aBSdWvuHGSVeAWpQoHGoPLVH8YsjVAaJqjWPc9NjJ9TZTgTOC33U40JZRM6wp6lkkao/Xx+6JScW2VIwljZkobM1d8TOY20zqLAdkbUjPWyNxP/83qpCW/8nMskNSjZYlGYCmJiMvuaDLlCZkRmCWWK21sJG1NFmbHZlG0I3vLLq6R9WfPcmte8qtZvizhKcApncAEeXEMd7qEBLWCA8Ayv8OY8Oi/Ou/OxaF1zipkT+APn8wfnvYz9</latexit><latexit sha1_base64="l29WxoUb9DEbvmhLG7jHtZ0OU24=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diC/YA2lM120q7dbMLuRgihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5m/mdJ1Sax/LBZAn6ER1JHnJGjZWa2aBSdWvuHGSVeAWpQoHGoPLVH8YsjVAaJqjWPc9NjJ9TZTgTOC33U40JZRM6wp6lkkao/Xx+6JScW2VIwljZkobM1d8TOY20zqLAdkbUjPWyNxP/83qpCW/8nMskNSjZYlGYCmJiMvuaDLlCZkRmCWWK21sJG1NFmbHZlG0I3vLLq6R9WfPcmte8qtZvizhKcApncAEeXEMd7qEBLWCA8Ayv8OY8Oi/Ou/OxaF1zipkT+APn8wfnvYz9</latexit><latexit sha1_base64="l29WxoUb9DEbvmhLG7jHtZ0OU24=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diC/YA2lM120q7dbMLuRgihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5m/mdJ1Sax/LBZAn6ER1JHnJGjZWa2aBSdWvuHGSVeAWpQoHGoPLVH8YsjVAaJqjWPc9NjJ9TZTgTOC33U40JZRM6wp6lkkao/Xx+6JScW2VIwljZkobM1d8TOY20zqLAdkbUjPWyNxP/83qpCW/8nMskNSjZYlGYCmJiMvuaDLlCZkRmCWWK21sJG1NFmbHZlG0I3vLLq6R9WfPcmte8qtZvizhKcApncAEeXEMd7qEBLWCA8Ayv8OY8Oi/Ou/OxaF1zipkT+APn8wfnvYz9</latexit>



Convex functions

- General definition:

f(↵x+ (1� ↵)y)  ↵f(x) + (1� ↵)f(y), 8a 2 [0, 1]
<latexit sha1_base64="yuf41hRDxfGYptB0Gkd/QW81NzQ="></latexit><latexit sha1_base64="yuf41hRDxfGYptB0Gkd/QW81NzQ="></latexit><latexit sha1_base64="yuf41hRDxfGYptB0Gkd/QW81NzQ="></latexit><latexit sha1_base64="yuf41hRDxfGYptB0Gkd/QW81NzQ="></latexit>

x
<latexit sha1_base64="f2yzimwbR/Dgjzp6tZ360fHRqNI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN2N2IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3H1FpHst7M0nQj+hQ8pAzaqzUeOqXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB5jmM/A==</latexit><latexit sha1_base64="f2yzimwbR/Dgjzp6tZ360fHRqNI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN2N2IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3H1FpHst7M0nQj+hQ8pAzaqzUeOqXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB5jmM/A==</latexit><latexit sha1_base64="f2yzimwbR/Dgjzp6tZ360fHRqNI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN2N2IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3H1FpHst7M0nQj+hQ8pAzaqzUeOqXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB5jmM/A==</latexit><latexit sha1_base64="f2yzimwbR/Dgjzp6tZ360fHRqNI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN2N2IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3H1FpHst7M0nQj+hQ8pAzaqzUeOqXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB5jmM/A==</latexit>

y
<latexit sha1_base64="l29WxoUb9DEbvmhLG7jHtZ0OU24=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diC/YA2lM120q7dbMLuRgihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5m/mdJ1Sax/LBZAn6ER1JHnJGjZWa2aBSdWvuHGSVeAWpQoHGoPLVH8YsjVAaJqjWPc9NjJ9TZTgTOC33U40JZRM6wp6lkkao/Xx+6JScW2VIwljZkobM1d8TOY20zqLAdkbUjPWyNxP/83qpCW/8nMskNSjZYlGYCmJiMvuaDLlCZkRmCWWK21sJG1NFmbHZlG0I3vLLq6R9WfPcmte8qtZvizhKcApncAEeXEMd7qEBLWCA8Ayv8OY8Oi/Ou/OxaF1zipkT+APn8wfnvYz9</latexit><latexit sha1_base64="l29WxoUb9DEbvmhLG7jHtZ0OU24=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diC/YA2lM120q7dbMLuRgihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5m/mdJ1Sax/LBZAn6ER1JHnJGjZWa2aBSdWvuHGSVeAWpQoHGoPLVH8YsjVAaJqjWPc9NjJ9TZTgTOC33U40JZRM6wp6lkkao/Xx+6JScW2VIwljZkobM1d8TOY20zqLAdkbUjPWyNxP/83qpCW/8nMskNSjZYlGYCmJiMvuaDLlCZkRmCWWK21sJG1NFmbHZlG0I3vLLq6R9WfPcmte8qtZvizhKcApncAEeXEMd7qEBLWCA8Ayv8OY8Oi/Ou/OxaF1zipkT+APn8wfnvYz9</latexit><latexit sha1_base64="l29WxoUb9DEbvmhLG7jHtZ0OU24=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diC/YA2lM120q7dbMLuRgihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5m/mdJ1Sax/LBZAn6ER1JHnJGjZWa2aBSdWvuHGSVeAWpQoHGoPLVH8YsjVAaJqjWPc9NjJ9TZTgTOC33U40JZRM6wp6lkkao/Xx+6JScW2VIwljZkobM1d8TOY20zqLAdkbUjPWyNxP/83qpCW/8nMskNSjZYlGYCmJiMvuaDLlCZkRmCWWK21sJG1NFmbHZlG0I3vLLq6R9WfPcmte8qtZvizhKcApncAEeXEMd7qEBLWCA8Ayv8OY8Oi/Ou/OxaF1zipkT+APn8wfnvYz9</latexit><latexit sha1_base64="l29WxoUb9DEbvmhLG7jHtZ0OU24=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diC/YA2lM120q7dbMLuRgihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5m/mdJ1Sax/LBZAn6ER1JHnJGjZWa2aBSdWvuHGSVeAWpQoHGoPLVH8YsjVAaJqjWPc9NjJ9TZTgTOC33U40JZRM6wp6lkkao/Xx+6JScW2VIwljZkobM1d8TOY20zqLAdkbUjPWyNxP/83qpCW/8nMskNSjZYlGYCmJiMvuaDLlCZkRmCWWK21sJG1NFmbHZlG0I3vLLq6R9WfPcmte8qtZvizhKcApncAEeXEMd7qEBLWCA8Ayv8OY8Oi/Ou/OxaF1zipkT+APn8wfnvYz9</latexit>

f(x) = |x|
<latexit sha1_base64="otJsdsMvunjHSumwvdyidGlE2wY=">AAAB8XicbVBNSwMxEJ34WetX1aOXYBHqpeyKoBeh6MVjBfuB7VKyabYNzWaXJCst2/4LLx4U8eq/8ea/MW33oK0PBh7vzTAzz48F18ZxvtHK6tr6xmZuK7+9s7u3Xzg4rOsoUZTVaCQi1fSJZoJLVjPcCNaMFSOhL1jDH9xO/cYTU5pH8sGMYuaFpCd5wCkxVnoMSsMzfI3Hw3GnUHTKzgx4mbgZKUKGaqfw1e5GNAmZNFQQrVuuExsvJcpwKtgk3040iwkdkB5rWSpJyLSXzi6e4FOrdHEQKVvS4Jn6eyIlodaj0LedITF9vehNxf+8VmKCKy/lMk4Mk3S+KEgENhGevo+7XDFqxMgSQhW3t2LaJ4pQY0PK2xDcxZeXSf287Dpl9/6iWLnJ4sjBMZxACVy4hArcQRVqQEHCM7zCG9LoBb2jj3nrCspmjuAP0OcPP+eP+g==</latexit><latexit sha1_base64="otJsdsMvunjHSumwvdyidGlE2wY=">AAAB8XicbVBNSwMxEJ34WetX1aOXYBHqpeyKoBeh6MVjBfuB7VKyabYNzWaXJCst2/4LLx4U8eq/8ea/MW33oK0PBh7vzTAzz48F18ZxvtHK6tr6xmZuK7+9s7u3Xzg4rOsoUZTVaCQi1fSJZoJLVjPcCNaMFSOhL1jDH9xO/cYTU5pH8sGMYuaFpCd5wCkxVnoMSsMzfI3Hw3GnUHTKzgx4mbgZKUKGaqfw1e5GNAmZNFQQrVuuExsvJcpwKtgk3040iwkdkB5rWSpJyLSXzi6e4FOrdHEQKVvS4Jn6eyIlodaj0LedITF9vehNxf+8VmKCKy/lMk4Mk3S+KEgENhGevo+7XDFqxMgSQhW3t2LaJ4pQY0PK2xDcxZeXSf287Dpl9/6iWLnJ4sjBMZxACVy4hArcQRVqQEHCM7zCG9LoBb2jj3nrCspmjuAP0OcPP+eP+g==</latexit><latexit sha1_base64="otJsdsMvunjHSumwvdyidGlE2wY=">AAAB8XicbVBNSwMxEJ34WetX1aOXYBHqpeyKoBeh6MVjBfuB7VKyabYNzWaXJCst2/4LLx4U8eq/8ea/MW33oK0PBh7vzTAzz48F18ZxvtHK6tr6xmZuK7+9s7u3Xzg4rOsoUZTVaCQi1fSJZoJLVjPcCNaMFSOhL1jDH9xO/cYTU5pH8sGMYuaFpCd5wCkxVnoMSsMzfI3Hw3GnUHTKzgx4mbgZKUKGaqfw1e5GNAmZNFQQrVuuExsvJcpwKtgk3040iwkdkB5rWSpJyLSXzi6e4FOrdHEQKVvS4Jn6eyIlodaj0LedITF9vehNxf+8VmKCKy/lMk4Mk3S+KEgENhGevo+7XDFqxMgSQhW3t2LaJ4pQY0PK2xDcxZeXSf287Dpl9/6iWLnJ4sjBMZxACVy4hArcQRVqQEHCM7zCG9LoBb2jj3nrCspmjuAP0OcPP+eP+g==</latexit><latexit sha1_base64="otJsdsMvunjHSumwvdyidGlE2wY=">AAAB8XicbVBNSwMxEJ34WetX1aOXYBHqpeyKoBeh6MVjBfuB7VKyabYNzWaXJCst2/4LLx4U8eq/8ea/MW33oK0PBh7vzTAzz48F18ZxvtHK6tr6xmZuK7+9s7u3Xzg4rOsoUZTVaCQi1fSJZoJLVjPcCNaMFSOhL1jDH9xO/cYTU5pH8sGMYuaFpCd5wCkxVnoMSsMzfI3Hw3GnUHTKzgx4mbgZKUKGaqfw1e5GNAmZNFQQrVuuExsvJcpwKtgk3040iwkdkB5rWSpJyLSXzi6e4FOrdHEQKVvS4Jn6eyIlodaj0LedITF9vehNxf+8VmKCKy/lMk4Mk3S+KEgENhGevo+7XDFqxMgSQhW3t2LaJ4pQY0PK2xDcxZeXSf287Dpl9/6iWLnJ4sjBMZxACVy4hArcQRVqQEHCM7zCG9LoBb2jj3nrCspmjuAP0OcPP+eP+g==</latexit>



Convex functions

- Examples:



Convex functions
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f(x) � f(y) + hrf(y), x� yi , 8x, y
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<latexit sha1_base64="Appt6dOASLoU0puF9XJna1LvMt4=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBahXkoigh6LXjxWMG2hDWWz3bRLdzdhdyOW0L/gxYMiXv1D3vw3btoctPXBwOO9GWbmhQln2rjut1NaW9/Y3CpvV3Z29/YPqodHbR2nilCfxDxW3RBrypmkvmGG026iKBYhp51wcpv7nUeqNIvlg5kmNBB4JFnECDa5FNWfzgfVmttw50CrxCtIDQq0BtWv/jAmqaDSEI617nluYoIMK8MIp7NKP9U0wWSCR7RnqcSC6iCb3zpDZ1YZoihWtqRBc/X3RIaF1lMR2k6BzVgve7n4n9dLTXQdZEwmqaGSLBZFKUcmRvnjaMgUJYZPLcFEMXsrImOsMDE2nooNwVt+eZW0Lxqe2/DuL2vNmyKOMpzAKdTBgytowh20wAcCY3iGV3hzhPPivDsfi9aSU8wcwx84nz9sX43R</latexit><latexit sha1_base64="Appt6dOASLoU0puF9XJna1LvMt4=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBahXkoigh6LXjxWMG2hDWWz3bRLdzdhdyOW0L/gxYMiXv1D3vw3btoctPXBwOO9GWbmhQln2rjut1NaW9/Y3CpvV3Z29/YPqodHbR2nilCfxDxW3RBrypmkvmGG026iKBYhp51wcpv7nUeqNIvlg5kmNBB4JFnECDa5FNWfzgfVmttw50CrxCtIDQq0BtWv/jAmqaDSEI617nluYoIMK8MIp7NKP9U0wWSCR7RnqcSC6iCb3zpDZ1YZoihWtqRBc/X3RIaF1lMR2k6BzVgve7n4n9dLTXQdZEwmqaGSLBZFKUcmRvnjaMgUJYZPLcFEMXsrImOsMDE2nooNwVt+eZW0Lxqe2/DuL2vNmyKOMpzAKdTBgytowh20wAcCY3iGV3hzhPPivDsfi9aSU8wcwx84nz9sX43R</latexit><latexit sha1_base64="Appt6dOASLoU0puF9XJna1LvMt4=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBahXkoigh6LXjxWMG2hDWWz3bRLdzdhdyOW0L/gxYMiXv1D3vw3btoctPXBwOO9GWbmhQln2rjut1NaW9/Y3CpvV3Z29/YPqodHbR2nilCfxDxW3RBrypmkvmGG026iKBYhp51wcpv7nUeqNIvlg5kmNBB4JFnECDa5FNWfzgfVmttw50CrxCtIDQq0BtWv/jAmqaDSEI617nluYoIMK8MIp7NKP9U0wWSCR7RnqcSC6iCb3zpDZ1YZoihWtqRBc/X3RIaF1lMR2k6BzVgve7n4n9dLTXQdZEwmqaGSLBZFKUcmRvnjaMgUJYZPLcFEMXsrImOsMDE2nooNwVt+eZW0Lxqe2/DuL2vNmyKOMpzAKdTBgytowh20wAcCY3iGV3hzhPPivDsfi9aSU8wcwx84nz9sX43R</latexit><latexit sha1_base64="Appt6dOASLoU0puF9XJna1LvMt4=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBahXkoigh6LXjxWMG2hDWWz3bRLdzdhdyOW0L/gxYMiXv1D3vw3btoctPXBwOO9GWbmhQln2rjut1NaW9/Y3CpvV3Z29/YPqodHbR2nilCfxDxW3RBrypmkvmGG026iKBYhp51wcpv7nUeqNIvlg5kmNBB4JFnECDa5FNWfzgfVmttw50CrxCtIDQq0BtWv/jAmqaDSEI617nluYoIMK8MIp7NKP9U0wWSCR7RnqcSC6iCb3zpDZ1YZoihWtqRBc/X3RIaF1lMR2k6BzVgve7n4n9dLTXQdZEwmqaGSLBZFKUcmRvnjaMgUJYZPLcFEMXsrImOsMDE2nooNwVt+eZW0Lxqe2/DuL2vNmyKOMpzAKdTBgytowh20wAcCY3iGV3hzhPPivDsfi9aSU8wcwx84nz9sX43R</latexit>

y
<latexit sha1_base64="l29WxoUb9DEbvmhLG7jHtZ0OU24=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diC/YA2lM120q7dbMLuRgihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5m/mdJ1Sax/LBZAn6ER1JHnJGjZWa2aBSdWvuHGSVeAWpQoHGoPLVH8YsjVAaJqjWPc9NjJ9TZTgTOC33U40JZRM6wp6lkkao/Xx+6JScW2VIwljZkobM1d8TOY20zqLAdkbUjPWyNxP/83qpCW/8nMskNSjZYlGYCmJiMvuaDLlCZkRmCWWK21sJG1NFmbHZlG0I3vLLq6R9WfPcmte8qtZvizhKcApncAEeXEMd7qEBLWCA8Ayv8OY8Oi/Ou/OxaF1zipkT+APn8wfnvYz9</latexit><latexit sha1_base64="l29WxoUb9DEbvmhLG7jHtZ0OU24=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diC/YA2lM120q7dbMLuRgihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5m/mdJ1Sax/LBZAn6ER1JHnJGjZWa2aBSdWvuHGSVeAWpQoHGoPLVH8YsjVAaJqjWPc9NjJ9TZTgTOC33U40JZRM6wp6lkkao/Xx+6JScW2VIwljZkobM1d8TOY20zqLAdkbUjPWyNxP/83qpCW/8nMskNSjZYlGYCmJiMvuaDLlCZkRmCWWK21sJG1NFmbHZlG0I3vLLq6R9WfPcmte8qtZvizhKcApncAEeXEMd7qEBLWCA8Ayv8OY8Oi/Ou/OxaF1zipkT+APn8wfnvYz9</latexit><latexit sha1_base64="l29WxoUb9DEbvmhLG7jHtZ0OU24=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diC/YA2lM120q7dbMLuRgihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5m/mdJ1Sax/LBZAn6ER1JHnJGjZWa2aBSdWvuHGSVeAWpQoHGoPLVH8YsjVAaJqjWPc9NjJ9TZTgTOC33U40JZRM6wp6lkkao/Xx+6JScW2VIwljZkobM1d8TOY20zqLAdkbUjPWyNxP/83qpCW/8nMskNSjZYlGYCmJiMvuaDLlCZkRmCWWK21sJG1NFmbHZlG0I3vLLq6R9WfPcmte8qtZvizhKcApncAEeXEMd7qEBLWCA8Ayv8OY8Oi/Ou/OxaF1zipkT+APn8wfnvYz9</latexit><latexit sha1_base64="l29WxoUb9DEbvmhLG7jHtZ0OU24=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diC/YA2lM120q7dbMLuRgihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5m/mdJ1Sax/LBZAn6ER1JHnJGjZWa2aBSdWvuHGSVeAWpQoHGoPLVH8YsjVAaJqjWPc9NjJ9TZTgTOC33U40JZRM6wp6lkkao/Xx+6JScW2VIwljZkobM1d8TOY20zqLAdkbUjPWyNxP/83qpCW/8nMskNSjZYlGYCmJiMvuaDLlCZkRmCWWK21sJG1NFmbHZlG0I3vLLq6R9WfPcmte8qtZvizhKcApncAEeXEMd7qEBLWCA8Ayv8OY8Oi/Ou/OxaF1zipkT+APn8wfnvYz9</latexit>
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<latexit sha1_base64="Appt6dOASLoU0puF9XJna1LvMt4=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBahXkoigh6LXjxWMG2hDWWz3bRLdzdhdyOW0L/gxYMiXv1D3vw3btoctPXBwOO9GWbmhQln2rjut1NaW9/Y3CpvV3Z29/YPqodHbR2nilCfxDxW3RBrypmkvmGG026iKBYhp51wcpv7nUeqNIvlg5kmNBB4JFnECDa5FNWfzgfVmttw50CrxCtIDQq0BtWv/jAmqaDSEI617nluYoIMK8MIp7NKP9U0wWSCR7RnqcSC6iCb3zpDZ1YZoihWtqRBc/X3RIaF1lMR2k6BzVgve7n4n9dLTXQdZEwmqaGSLBZFKUcmRvnjaMgUJYZPLcFEMXsrImOsMDE2nooNwVt+eZW0Lxqe2/DuL2vNmyKOMpzAKdTBgytowh20wAcCY3iGV3hzhPPivDsfi9aSU8wcwx84nz9sX43R</latexit><latexit sha1_base64="Appt6dOASLoU0puF9XJna1LvMt4=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBahXkoigh6LXjxWMG2hDWWz3bRLdzdhdyOW0L/gxYMiXv1D3vw3btoctPXBwOO9GWbmhQln2rjut1NaW9/Y3CpvV3Z29/YPqodHbR2nilCfxDxW3RBrypmkvmGG026iKBYhp51wcpv7nUeqNIvlg5kmNBB4JFnECDa5FNWfzgfVmttw50CrxCtIDQq0BtWv/jAmqaDSEI617nluYoIMK8MIp7NKP9U0wWSCR7RnqcSC6iCb3zpDZ1YZoihWtqRBc/X3RIaF1lMR2k6BzVgve7n4n9dLTXQdZEwmqaGSLBZFKUcmRvnjaMgUJYZPLcFEMXsrImOsMDE2nooNwVt+eZW0Lxqe2/DuL2vNmyKOMpzAKdTBgytowh20wAcCY3iGV3hzhPPivDsfi9aSU8wcwx84nz9sX43R</latexit><latexit sha1_base64="Appt6dOASLoU0puF9XJna1LvMt4=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBahXkoigh6LXjxWMG2hDWWz3bRLdzdhdyOW0L/gxYMiXv1D3vw3btoctPXBwOO9GWbmhQln2rjut1NaW9/Y3CpvV3Z29/YPqodHbR2nilCfxDxW3RBrypmkvmGG026iKBYhp51wcpv7nUeqNIvlg5kmNBB4JFnECDa5FNWfzgfVmttw50CrxCtIDQq0BtWv/jAmqaDSEI617nluYoIMK8MIp7NKP9U0wWSCR7RnqcSC6iCb3zpDZ1YZoihWtqRBc/X3RIaF1lMR2k6BzVgve7n4n9dLTXQdZEwmqaGSLBZFKUcmRvnjaMgUJYZPLcFEMXsrImOsMDE2nooNwVt+eZW0Lxqe2/DuL2vNmyKOMpzAKdTBgytowh20wAcCY3iGV3hzhPPivDsfi9aSU8wcwx84nz9sX43R</latexit><latexit sha1_base64="Appt6dOASLoU0puF9XJna1LvMt4=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBahXkoigh6LXjxWMG2hDWWz3bRLdzdhdyOW0L/gxYMiXv1D3vw3btoctPXBwOO9GWbmhQln2rjut1NaW9/Y3CpvV3Z29/YPqodHbR2nilCfxDxW3RBrypmkvmGG026iKBYhp51wcpv7nUeqNIvlg5kmNBB4JFnECDa5FNWfzgfVmttw50CrxCtIDQq0BtWv/jAmqaDSEI617nluYoIMK8MIp7NKP9U0wWSCR7RnqcSC6iCb3zpDZ1YZoihWtqRBc/X3RIaF1lMR2k6BzVgve7n4n9dLTXQdZEwmqaGSLBZFKUcmRvnjaMgUJYZPLcFEMXsrImOsMDE2nooNwVt+eZW0Lxqe2/DuL2vNmyKOMpzAKdTBgytowh20wAcCY3iGV3hzhPPivDsfi9aSU8wcwx84nz9sX43R</latexit>

f(x) � f(y) + hrf(y), x� yi
<latexit sha1_base64="KiTpmfSzKrExGZ2YYbV/SeUxMvs="></latexit><latexit sha1_base64="KiTpmfSzKrExGZ2YYbV/SeUxMvs="></latexit><latexit sha1_base64="KiTpmfSzKrExGZ2YYbV/SeUxMvs="></latexit><latexit sha1_base64="KiTpmfSzKrExGZ2YYbV/SeUxMvs="></latexit>

y
<latexit sha1_base64="l29WxoUb9DEbvmhLG7jHtZ0OU24=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diC/YA2lM120q7dbMLuRgihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5m/mdJ1Sax/LBZAn6ER1JHnJGjZWa2aBSdWvuHGSVeAWpQoHGoPLVH8YsjVAaJqjWPc9NjJ9TZTgTOC33U40JZRM6wp6lkkao/Xx+6JScW2VIwljZkobM1d8TOY20zqLAdkbUjPWyNxP/83qpCW/8nMskNSjZYlGYCmJiMvuaDLlCZkRmCWWK21sJG1NFmbHZlG0I3vLLq6R9WfPcmte8qtZvizhKcApncAEeXEMd7qEBLWCA8Ayv8OY8Oi/Ou/OxaF1zipkT+APn8wfnvYz9</latexit><latexit sha1_base64="l29WxoUb9DEbvmhLG7jHtZ0OU24=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diC/YA2lM120q7dbMLuRgihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5m/mdJ1Sax/LBZAn6ER1JHnJGjZWa2aBSdWvuHGSVeAWpQoHGoPLVH8YsjVAaJqjWPc9NjJ9TZTgTOC33U40JZRM6wp6lkkao/Xx+6JScW2VIwljZkobM1d8TOY20zqLAdkbUjPWyNxP/83qpCW/8nMskNSjZYlGYCmJiMvuaDLlCZkRmCWWK21sJG1NFmbHZlG0I3vLLq6R9WfPcmte8qtZvizhKcApncAEeXEMd7qEBLWCA8Ayv8OY8Oi/Ou/OxaF1zipkT+APn8wfnvYz9</latexit><latexit sha1_base64="l29WxoUb9DEbvmhLG7jHtZ0OU24=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diC/YA2lM120q7dbMLuRgihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5m/mdJ1Sax/LBZAn6ER1JHnJGjZWa2aBSdWvuHGSVeAWpQoHGoPLVH8YsjVAaJqjWPc9NjJ9TZTgTOC33U40JZRM6wp6lkkao/Xx+6JScW2VIwljZkobM1d8TOY20zqLAdkbUjPWyNxP/83qpCW/8nMskNSjZYlGYCmJiMvuaDLlCZkRmCWWK21sJG1NFmbHZlG0I3vLLq6R9WfPcmte8qtZvizhKcApncAEeXEMd7qEBLWCA8Ayv8OY8Oi/Ou/OxaF1zipkT+APn8wfnvYz9</latexit><latexit sha1_base64="l29WxoUb9DEbvmhLG7jHtZ0OU24=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diC/YA2lM120q7dbMLuRgihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5m/mdJ1Sax/LBZAn6ER1JHnJGjZWa2aBSdWvuHGSVeAWpQoHGoPLVH8YsjVAaJqjWPc9NjJ9TZTgTOC33U40JZRM6wp6lkkao/Xx+6JScW2VIwljZkobM1d8TOY20zqLAdkbUjPWyNxP/83qpCW/8nMskNSjZYlGYCmJiMvuaDLlCZkRmCWWK21sJG1NFmbHZlG0I3vLLq6R9WfPcmte8qtZvizhKcApncAEeXEMd7qEBLWCA8Ayv8OY8Oi/Ou/OxaF1zipkT+APn8wfnvYz9</latexit>
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(Assuming the function is twice differentiable)
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(Assuming the function is twice differentiable)

Any interpretations?
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- Key consequences of convexity

“Any stationary point is a global minimum”

Proof: 



Convex functions

- Key consequences of convexity

“Any stationary point is a global minimum”

Proof: Assume a stationary point      . This implies x?
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- Key consequences of convexity

“Any stationary point is a global minimum”
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<latexit sha1_base64="XTNfeCKAj4+IEnIdhQNtv/5qINU=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Ae0sWy2m3bpZhN2J2IJ/RFePCji1d/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//ci1EbG6x0nC/YgOlQgFo2il9tNDzyDV/XLFrbpzkFXi5aQCORr98ldvELM04gqZpMZ0PTdBP6MaBZN8WuqlhieUjemQdy1VNOLGz+bnTsmZVQYkjLUthWSu/p7IaGTMJApsZ0RxZJa9mfif100xvPIzoZIUuWKLRWEqCcZk9jsZCM0ZyokllGlhbyVsRDVlaBMq2RC85ZdXSeui6rlV7+6yUr/O4yjCCZzCOXhQgzrcQgOawGAMz/AKb07ivDjvzseiteDkM8fwB87nD4SCj6w=</latexit><latexit sha1_base64="XTNfeCKAj4+IEnIdhQNtv/5qINU=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Ae0sWy2m3bpZhN2J2IJ/RFePCji1d/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//ci1EbG6x0nC/YgOlQgFo2il9tNDzyDV/XLFrbpzkFXi5aQCORr98ldvELM04gqZpMZ0PTdBP6MaBZN8WuqlhieUjemQdy1VNOLGz+bnTsmZVQYkjLUthWSu/p7IaGTMJApsZ0RxZJa9mfif100xvPIzoZIUuWKLRWEqCcZk9jsZCM0ZyokllGlhbyVsRDVlaBMq2RC85ZdXSeui6rlV7+6yUr/O4yjCCZzCOXhQgzrcQgOawGAMz/AKb07ivDjvzseiteDkM8fwB87nD4SCj6w=</latexit><latexit sha1_base64="XTNfeCKAj4+IEnIdhQNtv/5qINU=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Ae0sWy2m3bpZhN2J2IJ/RFePCji1d/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//ci1EbG6x0nC/YgOlQgFo2il9tNDzyDV/XLFrbpzkFXi5aQCORr98ldvELM04gqZpMZ0PTdBP6MaBZN8WuqlhieUjemQdy1VNOLGz+bnTsmZVQYkjLUthWSu/p7IaGTMJApsZ0RxZJa9mfif100xvPIzoZIUuWKLRWEqCcZk9jsZCM0ZyokllGlhbyVsRDVlaBMq2RC85ZdXSeui6rlV7+6yUr/O4yjCCZzCOXhQgzrcQgOawGAMz/AKb07ivDjvzseiteDkM8fwB87nD4SCj6w=</latexit><latexit sha1_base64="XTNfeCKAj4+IEnIdhQNtv/5qINU=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Ae0sWy2m3bpZhN2J2IJ/RFePCji1d/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//ci1EbG6x0nC/YgOlQgFo2il9tNDzyDV/XLFrbpzkFXi5aQCORr98ldvELM04gqZpMZ0PTdBP6MaBZN8WuqlhieUjemQdy1VNOLGz+bnTsmZVQYkjLUthWSu/p7IaGTMJApsZ0RxZJa9mfif100xvPIzoZIUuWKLRWEqCcZk9jsZCM0ZyokllGlhbyVsRDVlaBMq2RC85ZdXSeui6rlV7+6yUr/O4yjCCZzCOXhQgzrcQgOawGAMz/AKb07ivDjvzseiteDkM8fwB87nD4SCj6w=</latexit>

rf(x?) = 0
<latexit sha1_base64="586hpMRAG/J81EcbovINY4+VhhM=">AAAB/nicbVBNS8NAEN3Ur1q/ouLJy2IR6qUkIuhFKHrxWMF+QBPLZLtpl242YXcjllDwr3jxoIhXf4c3/43bNgdtfTDweG+GmXlBwpnSjvNtFZaWV1bXiuuljc2t7R17d6+p4lQS2iAxj2U7AEU5E7Shmea0nUgKUcBpKxheT/zWA5WKxeJOjxLqR9AXLGQEtJG69oEnIOCAw8rjvac0yBN8iZ2uXXaqzhR4kbg5KaMc9a795fVikkZUaMJBqY7rJNrPQGpGOB2XvFTRBMgQ+rRjqICIKj+bnj/Gx0bp4TCWpoTGU/X3RAaRUqMoMJ0R6IGa9ybif14n1eGFnzGRpJoKMlsUphzrGE+ywD0mKdF8ZAgQycytmAxAAtEmsZIJwZ1/eZE0T6uuU3Vvz8q1qzyOIjpER6iCXHSOaugG1VEDEZShZ/SK3qwn68V6tz5mrQUrn9lHf2B9/gAh65RH</latexit><latexit sha1_base64="586hpMRAG/J81EcbovINY4+VhhM=">AAAB/nicbVBNS8NAEN3Ur1q/ouLJy2IR6qUkIuhFKHrxWMF+QBPLZLtpl242YXcjllDwr3jxoIhXf4c3/43bNgdtfTDweG+GmXlBwpnSjvNtFZaWV1bXiuuljc2t7R17d6+p4lQS2iAxj2U7AEU5E7Shmea0nUgKUcBpKxheT/zWA5WKxeJOjxLqR9AXLGQEtJG69oEnIOCAw8rjvac0yBN8iZ2uXXaqzhR4kbg5KaMc9a795fVikkZUaMJBqY7rJNrPQGpGOB2XvFTRBMgQ+rRjqICIKj+bnj/Gx0bp4TCWpoTGU/X3RAaRUqMoMJ0R6IGa9ybif14n1eGFnzGRpJoKMlsUphzrGE+ywD0mKdF8ZAgQycytmAxAAtEmsZIJwZ1/eZE0T6uuU3Vvz8q1qzyOIjpER6iCXHSOaugG1VEDEZShZ/SK3qwn68V6tz5mrQUrn9lHf2B9/gAh65RH</latexit><latexit sha1_base64="586hpMRAG/J81EcbovINY4+VhhM=">AAAB/nicbVBNS8NAEN3Ur1q/ouLJy2IR6qUkIuhFKHrxWMF+QBPLZLtpl242YXcjllDwr3jxoIhXf4c3/43bNgdtfTDweG+GmXlBwpnSjvNtFZaWV1bXiuuljc2t7R17d6+p4lQS2iAxj2U7AEU5E7Shmea0nUgKUcBpKxheT/zWA5WKxeJOjxLqR9AXLGQEtJG69oEnIOCAw8rjvac0yBN8iZ2uXXaqzhR4kbg5KaMc9a795fVikkZUaMJBqY7rJNrPQGpGOB2XvFTRBMgQ+rRjqICIKj+bnj/Gx0bp4TCWpoTGU/X3RAaRUqMoMJ0R6IGa9ybif14n1eGFnzGRpJoKMlsUphzrGE+ywD0mKdF8ZAgQycytmAxAAtEmsZIJwZ1/eZE0T6uuU3Vvz8q1qzyOIjpER6iCXHSOaugG1VEDEZShZ/SK3qwn68V6tz5mrQUrn9lHf2B9/gAh65RH</latexit><latexit sha1_base64="586hpMRAG/J81EcbovINY4+VhhM=">AAAB/nicbVBNS8NAEN3Ur1q/ouLJy2IR6qUkIuhFKHrxWMF+QBPLZLtpl242YXcjllDwr3jxoIhXf4c3/43bNgdtfTDweG+GmXlBwpnSjvNtFZaWV1bXiuuljc2t7R17d6+p4lQS2iAxj2U7AEU5E7Shmea0nUgKUcBpKxheT/zWA5WKxeJOjxLqR9AXLGQEtJG69oEnIOCAw8rjvac0yBN8iZ2uXXaqzhR4kbg5KaMc9a795fVikkZUaMJBqY7rJNrPQGpGOB2XvFTRBMgQ+rRjqICIKj+bnj/Gx0bp4TCWpoTGU/X3RAaRUqMoMJ0R6IGa9ybif14n1eGFnzGRpJoKMlsUphzrGE+ywD0mKdF8ZAgQycytmAxAAtEmsZIJwZ1/eZE0T6uuU3Vvz8q1qzyOIjpER6iCXHSOaugG1VEDEZShZ/SK3qwn68V6tz5mrQUrn9lHf2B9/gAh65RH</latexit>

f(x) � f(x?) + hrf(x?), x� x?i = f(x?), 8x
<latexit sha1_base64="x1TweC95gvGpRct73gOcMnsZuik="></latexit><latexit sha1_base64="x1TweC95gvGpRct73gOcMnsZuik="></latexit><latexit sha1_base64="x1TweC95gvGpRct73gOcMnsZuik="></latexit><latexit sha1_base64="x1TweC95gvGpRct73gOcMnsZuik="></latexit>

By convexity:

- This is what makes convex optimization preferable.

(Any local solution is actually global - 

this does not mean that convex optimization is necessarily tractable!)



Does convexity improve guarantees?

Whiteboard



Convergence rates 101 (Source: Wikipedia)

O(log 1/")
<latexit sha1_base64="TBEp0GhGrxN9ECjxf1iv7qHHM4I=">AAAB/nicbVBNSwMxEM3Wr1q/VsWTl2AR6qXuiqDHohdvVrAf0C0lm07b0GyyJNlCWQr+FS8eFPHq7/DmvzFt96CtDwYe780wMy+MOdPG876d3Mrq2vpGfrOwtb2zu+fuH9S1TBSFGpVcqmZINHAmoGaY4dCMFZAo5NAIh7dTvzECpZkUj2YcQzsifcF6jBJjpY57dF8KuOxj/zwYEQWxZlyKs45b9MreDHiZ+BkpogzVjvsVdCVNIhCGcqJ1y/di006JMoxymBSCRENM6JD0oWWpIBHodjo7f4JPrdLFPalsCYNn6u+JlERaj6PQdkbEDPSiNxX/81qJ6V23UybixICg80W9hGMj8TQL3GUKqOFjSwhVzN6K6YAoQo1NrGBD8BdfXib1i7Lvlf2Hy2LlJosjj47RCSohH12hCrpDVVRDFKXoGb2iN+fJeXHenY95a87JZg7RHzifP/trlNo=</latexit><latexit sha1_base64="TBEp0GhGrxN9ECjxf1iv7qHHM4I=">AAAB/nicbVBNSwMxEM3Wr1q/VsWTl2AR6qXuiqDHohdvVrAf0C0lm07b0GyyJNlCWQr+FS8eFPHq7/DmvzFt96CtDwYe780wMy+MOdPG876d3Mrq2vpGfrOwtb2zu+fuH9S1TBSFGpVcqmZINHAmoGaY4dCMFZAo5NAIh7dTvzECpZkUj2YcQzsifcF6jBJjpY57dF8KuOxj/zwYEQWxZlyKs45b9MreDHiZ+BkpogzVjvsVdCVNIhCGcqJ1y/di006JMoxymBSCRENM6JD0oWWpIBHodjo7f4JPrdLFPalsCYNn6u+JlERaj6PQdkbEDPSiNxX/81qJ6V23UybixICg80W9hGMj8TQL3GUKqOFjSwhVzN6K6YAoQo1NrGBD8BdfXib1i7Lvlf2Hy2LlJosjj47RCSohH12hCrpDVVRDFKXoGb2iN+fJeXHenY95a87JZg7RHzifP/trlNo=</latexit><latexit sha1_base64="TBEp0GhGrxN9ECjxf1iv7qHHM4I=">AAAB/nicbVBNSwMxEM3Wr1q/VsWTl2AR6qXuiqDHohdvVrAf0C0lm07b0GyyJNlCWQr+FS8eFPHq7/DmvzFt96CtDwYe780wMy+MOdPG876d3Mrq2vpGfrOwtb2zu+fuH9S1TBSFGpVcqmZINHAmoGaY4dCMFZAo5NAIh7dTvzECpZkUj2YcQzsifcF6jBJjpY57dF8KuOxj/zwYEQWxZlyKs45b9MreDHiZ+BkpogzVjvsVdCVNIhCGcqJ1y/di006JMoxymBSCRENM6JD0oWWpIBHodjo7f4JPrdLFPalsCYNn6u+JlERaj6PQdkbEDPSiNxX/81qJ6V23UybixICg80W9hGMj8TQL3GUKqOFjSwhVzN6K6YAoQo1NrGBD8BdfXib1i7Lvlf2Hy2LlJosjj47RCSohH12hCrpDVVRDFKXoGb2iN+fJeXHenY95a87JZg7RHzifP/trlNo=</latexit><latexit sha1_base64="TBEp0GhGrxN9ECjxf1iv7qHHM4I=">AAAB/nicbVBNSwMxEM3Wr1q/VsWTl2AR6qXuiqDHohdvVrAf0C0lm07b0GyyJNlCWQr+FS8eFPHq7/DmvzFt96CtDwYe780wMy+MOdPG876d3Mrq2vpGfrOwtb2zu+fuH9S1TBSFGpVcqmZINHAmoGaY4dCMFZAo5NAIh7dTvzECpZkUj2YcQzsifcF6jBJjpY57dF8KuOxj/zwYEQWxZlyKs45b9MreDHiZ+BkpogzVjvsVdCVNIhCGcqJ1y/di006JMoxymBSCRENM6JD0oWWpIBHodjo7f4JPrdLFPalsCYNn6u+JlERaj6PQdkbEDPSiNxX/81qJ6V23UybixICg80W9hGMj8TQL3GUKqOFjSwhVzN6K6YAoQo1NrGBD8BdfXib1i7Lvlf2Hy2LlJosjj47RCSohH12hCrpDVVRDFKXoGb2iN+fJeXHenY95a87JZg7RHzifP/trlNo=</latexit>

qk, q 2 (0, 1)
<latexit sha1_base64="RhWl/rUOhfSRwLlkcyUoogGd2lc=">AAAB+3icbVBNS8NAEJ34WetXrEcvi0WoUEoigh6LXjxWsB/QxrLZbtqlm026uxFLqD/FiwdFvPpHvPlv3LY5aOuDgcd7M8zM82POlHacb2tldW19YzO3ld/e2d3btw8KDRUlktA6iXgkWz5WlDNB65ppTluxpDj0OW36w+up33ygUrFI3OlxTL0Q9wULGMHaSF27MLofltHTCHWYQCWnjNzTrl10Ks4MaJm4GSlChlrX/ur0IpKEVGjCsVJt14m1l2KpGeF0ku8kisaYDHGftg0VOKTKS2e3T9CJUXooiKQpodFM/T2R4lCpceibzhDrgVr0puJ/XjvRwaWXMhEnmgoyXxQkHOkITYNAPSYp0XxsCCaSmVsRGWCJiTZx5U0I7uLLy6RxVnGdint7XqxeZXHk4AiOoQQuXEAVbqAGdSDwCM/wCm/WxHqx3q2PeeuKlc0cwh9Ynz+6QZJF</latexit><latexit sha1_base64="RhWl/rUOhfSRwLlkcyUoogGd2lc=">AAAB+3icbVBNS8NAEJ34WetXrEcvi0WoUEoigh6LXjxWsB/QxrLZbtqlm026uxFLqD/FiwdFvPpHvPlv3LY5aOuDgcd7M8zM82POlHacb2tldW19YzO3ld/e2d3btw8KDRUlktA6iXgkWz5WlDNB65ppTluxpDj0OW36w+up33ygUrFI3OlxTL0Q9wULGMHaSF27MLofltHTCHWYQCWnjNzTrl10Ks4MaJm4GSlChlrX/ur0IpKEVGjCsVJt14m1l2KpGeF0ku8kisaYDHGftg0VOKTKS2e3T9CJUXooiKQpodFM/T2R4lCpceibzhDrgVr0puJ/XjvRwaWXMhEnmgoyXxQkHOkITYNAPSYp0XxsCCaSmVsRGWCJiTZx5U0I7uLLy6RxVnGdint7XqxeZXHk4AiOoQQuXEAVbqAGdSDwCM/wCm/WxHqx3q2PeeuKlc0cwh9Ynz+6QZJF</latexit><latexit sha1_base64="RhWl/rUOhfSRwLlkcyUoogGd2lc=">AAAB+3icbVBNS8NAEJ34WetXrEcvi0WoUEoigh6LXjxWsB/QxrLZbtqlm026uxFLqD/FiwdFvPpHvPlv3LY5aOuDgcd7M8zM82POlHacb2tldW19YzO3ld/e2d3btw8KDRUlktA6iXgkWz5WlDNB65ppTluxpDj0OW36w+up33ygUrFI3OlxTL0Q9wULGMHaSF27MLofltHTCHWYQCWnjNzTrl10Ks4MaJm4GSlChlrX/ur0IpKEVGjCsVJt14m1l2KpGeF0ku8kisaYDHGftg0VOKTKS2e3T9CJUXooiKQpodFM/T2R4lCpceibzhDrgVr0puJ/XjvRwaWXMhEnmgoyXxQkHOkITYNAPSYp0XxsCCaSmVsRGWCJiTZx5U0I7uLLy6RxVnGdint7XqxeZXHk4AiOoQQuXEAVbqAGdSDwCM/wCm/WxHqx3q2PeeuKlc0cwh9Ynz+6QZJF</latexit><latexit sha1_base64="RhWl/rUOhfSRwLlkcyUoogGd2lc=">AAAB+3icbVBNS8NAEJ34WetXrEcvi0WoUEoigh6LXjxWsB/QxrLZbtqlm026uxFLqD/FiwdFvPpHvPlv3LY5aOuDgcd7M8zM82POlHacb2tldW19YzO3ld/e2d3btw8KDRUlktA6iXgkWz5WlDNB65ppTluxpDj0OW36w+up33ygUrFI3OlxTL0Q9wULGMHaSF27MLofltHTCHWYQCWnjNzTrl10Ks4MaJm4GSlChlrX/ur0IpKEVGjCsVJt14m1l2KpGeF0ku8kisaYDHGftg0VOKTKS2e3T9CJUXooiKQpodFM/T2R4lCpceibzhDrgVr0puJ/XjvRwaWXMhEnmgoyXxQkHOkITYNAPSYp0XxsCCaSmVsRGWCJiTZx5U0I7uLLy6RxVnGdint7XqxeZXHk4AiOoQQuXEAVbqAGdSDwCM/wCm/WxHqx3q2PeeuKlc0cwh9Ynz+6QZJF</latexit>

O (log log(1/"))
<latexit sha1_base64="ZxTvabiKGAmBLtZ+6w9RMpXFtaE=">AAACEHicbVC7SgNBFJ31GeNr1dJmMIixibsiaBm0sTOCUSEbwuzkbjI4O7PM3A2EkE+w8VdsLBSxtbTzb5w8Cl8H7uVwzr3M3BNnUlgMgk9vZnZufmGxsFRcXlldW/c3Nq+tzg2HOtdSm9uYWZBCQR0FSrjNDLA0lnAT352N/JseGCu0usJ+Bs2UdZRIBGfopJa/dxFJSLAcSd2h41YOD6IeM5BZIbXaj4zodHG/5ZeCSjAG/UvCKSmRKWot/yNqa56noJBLZm0jDDJsDphBwSUMi1FuIWP8jnWg4ahiKdjmYHzQkO46pU0TbVwppGP1+8aApdb209hNpgy79rc3Ev/zGjkmJ82BUFmOoPjkoSSXFDUdpUPbwgBH2XeEcSPcXynvMsM4ugyLLoTw98l/yfVhJQwq4eVRqXo6jaNAtskOKZOQHJMqOSc1Uiec3JNH8kxevAfvyXv13iajM950Z4v8gPf+BUvonB4=</latexit><latexit sha1_base64="ZxTvabiKGAmBLtZ+6w9RMpXFtaE=">AAACEHicbVC7SgNBFJ31GeNr1dJmMIixibsiaBm0sTOCUSEbwuzkbjI4O7PM3A2EkE+w8VdsLBSxtbTzb5w8Cl8H7uVwzr3M3BNnUlgMgk9vZnZufmGxsFRcXlldW/c3Nq+tzg2HOtdSm9uYWZBCQR0FSrjNDLA0lnAT352N/JseGCu0usJ+Bs2UdZRIBGfopJa/dxFJSLAcSd2h41YOD6IeM5BZIbXaj4zodHG/5ZeCSjAG/UvCKSmRKWot/yNqa56noJBLZm0jDDJsDphBwSUMi1FuIWP8jnWg4ahiKdjmYHzQkO46pU0TbVwppGP1+8aApdb209hNpgy79rc3Ev/zGjkmJ82BUFmOoPjkoSSXFDUdpUPbwgBH2XeEcSPcXynvMsM4ugyLLoTw98l/yfVhJQwq4eVRqXo6jaNAtskOKZOQHJMqOSc1Uiec3JNH8kxevAfvyXv13iajM950Z4v8gPf+BUvonB4=</latexit><latexit sha1_base64="ZxTvabiKGAmBLtZ+6w9RMpXFtaE=">AAACEHicbVC7SgNBFJ31GeNr1dJmMIixibsiaBm0sTOCUSEbwuzkbjI4O7PM3A2EkE+w8VdsLBSxtbTzb5w8Cl8H7uVwzr3M3BNnUlgMgk9vZnZufmGxsFRcXlldW/c3Nq+tzg2HOtdSm9uYWZBCQR0FSrjNDLA0lnAT352N/JseGCu0usJ+Bs2UdZRIBGfopJa/dxFJSLAcSd2h41YOD6IeM5BZIbXaj4zodHG/5ZeCSjAG/UvCKSmRKWot/yNqa56noJBLZm0jDDJsDphBwSUMi1FuIWP8jnWg4ahiKdjmYHzQkO46pU0TbVwppGP1+8aApdb209hNpgy79rc3Ev/zGjkmJ82BUFmOoPjkoSSXFDUdpUPbwgBH2XeEcSPcXynvMsM4ugyLLoTw98l/yfVhJQwq4eVRqXo6jaNAtskOKZOQHJMqOSc1Uiec3JNH8kxevAfvyXv13iajM950Z4v8gPf+BUvonB4=</latexit><latexit sha1_base64="ZxTvabiKGAmBLtZ+6w9RMpXFtaE=">AAACEHicbVC7SgNBFJ31GeNr1dJmMIixibsiaBm0sTOCUSEbwuzkbjI4O7PM3A2EkE+w8VdsLBSxtbTzb5w8Cl8H7uVwzr3M3BNnUlgMgk9vZnZufmGxsFRcXlldW/c3Nq+tzg2HOtdSm9uYWZBCQR0FSrjNDLA0lnAT352N/JseGCu0usJ+Bs2UdZRIBGfopJa/dxFJSLAcSd2h41YOD6IeM5BZIbXaj4zodHG/5ZeCSjAG/UvCKSmRKWot/yNqa56noJBLZm0jDDJsDphBwSUMi1FuIWP8jnWg4ahiKdjmYHzQkO46pU0TbVwppGP1+8aApdb209hNpgy79rc3Ev/zGjkmJ82BUFmOoPjkoSSXFDUdpUPbwgBH2XeEcSPcXynvMsM4ugyLLoTw98l/yfVhJQwq4eVRqXo6jaNAtskOKZOQHJMqOSc1Uiec3JNH8kxevAfvyXv13iajM950Z4v8gPf+BUvonB4=</latexit>

O(1/"2), O(1/"), O(1/
p
")

<latexit sha1_base64="AvR0nvy1FbObLsOAKl9HDetAjsg=">AAACJ3icbZDLSgMxFIYz9VbrbdSlm2ARWih1pgi6kqIbd1awF2jHkknTGppJxiRTKEN9Gje+ihtBRXTpm5i2s6itBwI/338OJ+f3Q0aVdpxvK7W0vLK6ll7PbGxube/Yu3s1JSKJSRULJmTDR4owyklVU81II5QEBT4jdb9/OfbrAyIVFfxWD0PiBajHaZdipA1q2+fXOfe4NUCShIoywe9K+cLjHMsX4BSpB6njGWOUb9tZp+hMCi4KNxFZkFSlbb+1OgJHAeEaM6RU03VC7cVIaooZGWVakSIhwn3UI00jOQqI8uLJnSN4ZEgHdoU0j2s4obMTMQqUGga+6QyQvlfz3hj+5zUj3T3zYsrDSBOOp4u6EYNawHFosEMlwZoNjUBYUvNXiO+RRFibaDMmBHf+5EVRKxVdp+jenGTLF0kcaXAADkEOuOAUlMEVqIAqwOAJvIB38GE9W6/Wp/U1bU1Zycw++FPWzy9kUKUW</latexit><latexit sha1_base64="AvR0nvy1FbObLsOAKl9HDetAjsg=">AAACJ3icbZDLSgMxFIYz9VbrbdSlm2ARWih1pgi6kqIbd1awF2jHkknTGppJxiRTKEN9Gje+ihtBRXTpm5i2s6itBwI/338OJ+f3Q0aVdpxvK7W0vLK6ll7PbGxube/Yu3s1JSKJSRULJmTDR4owyklVU81II5QEBT4jdb9/OfbrAyIVFfxWD0PiBajHaZdipA1q2+fXOfe4NUCShIoywe9K+cLjHMsX4BSpB6njGWOUb9tZp+hMCi4KNxFZkFSlbb+1OgJHAeEaM6RU03VC7cVIaooZGWVakSIhwn3UI00jOQqI8uLJnSN4ZEgHdoU0j2s4obMTMQqUGga+6QyQvlfz3hj+5zUj3T3zYsrDSBOOp4u6EYNawHFosEMlwZoNjUBYUvNXiO+RRFibaDMmBHf+5EVRKxVdp+jenGTLF0kcaXAADkEOuOAUlMEVqIAqwOAJvIB38GE9W6/Wp/U1bU1Zycw++FPWzy9kUKUW</latexit><latexit sha1_base64="AvR0nvy1FbObLsOAKl9HDetAjsg=">AAACJ3icbZDLSgMxFIYz9VbrbdSlm2ARWih1pgi6kqIbd1awF2jHkknTGppJxiRTKEN9Gje+ihtBRXTpm5i2s6itBwI/338OJ+f3Q0aVdpxvK7W0vLK6ll7PbGxube/Yu3s1JSKJSRULJmTDR4owyklVU81II5QEBT4jdb9/OfbrAyIVFfxWD0PiBajHaZdipA1q2+fXOfe4NUCShIoywe9K+cLjHMsX4BSpB6njGWOUb9tZp+hMCi4KNxFZkFSlbb+1OgJHAeEaM6RU03VC7cVIaooZGWVakSIhwn3UI00jOQqI8uLJnSN4ZEgHdoU0j2s4obMTMQqUGga+6QyQvlfz3hj+5zUj3T3zYsrDSBOOp4u6EYNawHFosEMlwZoNjUBYUvNXiO+RRFibaDMmBHf+5EVRKxVdp+jenGTLF0kcaXAADkEOuOAUlMEVqIAqwOAJvIB38GE9W6/Wp/U1bU1Zycw++FPWzy9kUKUW</latexit><latexit sha1_base64="AvR0nvy1FbObLsOAKl9HDetAjsg=">AAACJ3icbZDLSgMxFIYz9VbrbdSlm2ARWih1pgi6kqIbd1awF2jHkknTGppJxiRTKEN9Gje+ihtBRXTpm5i2s6itBwI/338OJ+f3Q0aVdpxvK7W0vLK6ll7PbGxube/Yu3s1JSKJSRULJmTDR4owyklVU81II5QEBT4jdb9/OfbrAyIVFfxWD0PiBajHaZdipA1q2+fXOfe4NUCShIoywe9K+cLjHMsX4BSpB6njGWOUb9tZp+hMCi4KNxFZkFSlbb+1OgJHAeEaM6RU03VC7cVIaooZGWVakSIhwn3UI00jOQqI8uLJnSN4ZEgHdoU0j2s4obMTMQqUGga+6QyQvlfz3hj+5zUj3T3zYsrDSBOOp4u6EYNawHFosEMlwZoNjUBYUvNXiO+RRFibaDMmBHf+5EVRKxVdp+jenGTLF0kcaXAADkEOuOAUlMEVqIAqwOAJvIB38GE9W6/Wp/U1bU1Zycw++FPWzy9kUKUW</latexit>

O(1/k2), O(1/k), O(
p

(k))
<latexit sha1_base64="162YUYT9Wi+cK/75cfsly9UX/oo=">AAACBnicbZDLSgMxFIYz9VbrbdSlCMEitCB1pgi6LLpxZwV7gXYsmTTThslcTM4IpXTlxldx40IRtz6DO9/GdDoLrR4I+fj/c0jO78aCK7CsLyO3sLi0vJJfLaytb2xumds7TRUlkrIGjUQk2y5RTPCQNYCDYO1YMhK4grVc/2Lqt+6ZVDwKb2AUMycgg5B7nBLQUs/cvyrZx/5ttXyEU0rvrrqTUPLL5Z5ZtCpWWvgv2BkUUVb1nvnZ7Uc0CVgIVBClOrYVgzMmEjgVbFLoJorFhPpkwDoaQxIw5YzTNSb4UCt97EVSnxBwqv6cGJNAqVHg6s6AwFDNe1PxP6+TgHfmjHkYJ8BCOnvISwSGCE8zwX0uGQUx0kCo5PqvmA6JJBR0cgUdgj2/8l9oViu2VbGvT4q18yyOPNpDB6iEbHSKaugS1VEDUfSAntALejUejWfjzXifteaMbGYX/Srj4xt3BJVN</latexit><latexit sha1_base64="162YUYT9Wi+cK/75cfsly9UX/oo=">AAACBnicbZDLSgMxFIYz9VbrbdSlCMEitCB1pgi6LLpxZwV7gXYsmTTThslcTM4IpXTlxldx40IRtz6DO9/GdDoLrR4I+fj/c0jO78aCK7CsLyO3sLi0vJJfLaytb2xumds7TRUlkrIGjUQk2y5RTPCQNYCDYO1YMhK4grVc/2Lqt+6ZVDwKb2AUMycgg5B7nBLQUs/cvyrZx/5ttXyEU0rvrrqTUPLL5Z5ZtCpWWvgv2BkUUVb1nvnZ7Uc0CVgIVBClOrYVgzMmEjgVbFLoJorFhPpkwDoaQxIw5YzTNSb4UCt97EVSnxBwqv6cGJNAqVHg6s6AwFDNe1PxP6+TgHfmjHkYJ8BCOnvISwSGCE8zwX0uGQUx0kCo5PqvmA6JJBR0cgUdgj2/8l9oViu2VbGvT4q18yyOPNpDB6iEbHSKaugS1VEDUfSAntALejUejWfjzXifteaMbGYX/Srj4xt3BJVN</latexit><latexit sha1_base64="162YUYT9Wi+cK/75cfsly9UX/oo=">AAACBnicbZDLSgMxFIYz9VbrbdSlCMEitCB1pgi6LLpxZwV7gXYsmTTThslcTM4IpXTlxldx40IRtz6DO9/GdDoLrR4I+fj/c0jO78aCK7CsLyO3sLi0vJJfLaytb2xumds7TRUlkrIGjUQk2y5RTPCQNYCDYO1YMhK4grVc/2Lqt+6ZVDwKb2AUMycgg5B7nBLQUs/cvyrZx/5ttXyEU0rvrrqTUPLL5Z5ZtCpWWvgv2BkUUVb1nvnZ7Uc0CVgIVBClOrYVgzMmEjgVbFLoJorFhPpkwDoaQxIw5YzTNSb4UCt97EVSnxBwqv6cGJNAqVHg6s6AwFDNe1PxP6+TgHfmjHkYJ8BCOnvISwSGCE8zwX0uGQUx0kCo5PqvmA6JJBR0cgUdgj2/8l9oViu2VbGvT4q18yyOPNpDB6iEbHSKaugS1VEDUfSAntALejUejWfjzXifteaMbGYX/Srj4xt3BJVN</latexit><latexit sha1_base64="162YUYT9Wi+cK/75cfsly9UX/oo=">AAACBnicbZDLSgMxFIYz9VbrbdSlCMEitCB1pgi6LLpxZwV7gXYsmTTThslcTM4IpXTlxldx40IRtz6DO9/GdDoLrR4I+fj/c0jO78aCK7CsLyO3sLi0vJJfLaytb2xumds7TRUlkrIGjUQk2y5RTPCQNYCDYO1YMhK4grVc/2Lqt+6ZVDwKb2AUMycgg5B7nBLQUs/cvyrZx/5ttXyEU0rvrrqTUPLL5Z5ZtCpWWvgv2BkUUVb1nvnZ7Uc0CVgIVBClOrYVgzMmEjgVbFLoJorFhPpkwDoaQxIw5YzTNSb4UCt97EVSnxBwqv6cGJNAqVHg6s6AwFDNe1PxP6+TgHfmjHkYJ8BCOnvISwSGCE8zwX0uGQUx0kCo5PqvmA6JJBR0cgUdgj2/8l9oViu2VbGvT4q18yyOPNpDB6iEbHSKaugS1VEDUfSAntALejUejWfjzXifteaMbGYX/Srj4xt3BJVN</latexit>



Can we achieve a better performance?

- Strong convexity:

- Strong convexity parameter: 

“Strong convexity implies that       should be steep enough to make progress”f
<latexit sha1_base64="b4HLEbhr7TEtaehBb4ygFYyuiV8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipGQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AyvGM6g==</latexit><latexit sha1_base64="b4HLEbhr7TEtaehBb4ygFYyuiV8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipGQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AyvGM6g==</latexit><latexit sha1_base64="b4HLEbhr7TEtaehBb4ygFYyuiV8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipGQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AyvGM6g==</latexit><latexit sha1_base64="b4HLEbhr7TEtaehBb4ygFYyuiV8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipGQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AyvGM6g==</latexit>

f(y) � f(x) + hrf(x), y � xi+ µ
2 kx� yk22, 8x, y

<latexit sha1_base64="X5XjVTweP7d53Z3mMzIom1dv1vs="></latexit><latexit sha1_base64="X5XjVTweP7d53Z3mMzIom1dv1vs="></latexit><latexit sha1_base64="X5XjVTweP7d53Z3mMzIom1dv1vs="></latexit><latexit sha1_base64="X5XjVTweP7d53Z3mMzIom1dv1vs="></latexit>

µ > 0
<latexit sha1_base64="3UJRR+gRG1MS2b4YaLZfxkfDKdA=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoCcJevEYwTwgWcLsZDYZMjO7zPQKIeQjvHhQxKvf482/cZLsQRMLGoqqbrq7olQKi77/7RXW1jc2t4rbpZ3dvf2D8uFR0yaZYbzBEpmYdkQtl0LzBgqUvJ0aTlUkeSsa3c381hM3ViT6EccpDxUdaBELRtFJra7KyA3xe+WKX/XnIKskyEkFctR75a9uP2GZ4hqZpNZ2Aj/FcEINCib5tNTNLE8pG9EB7ziqqeI2nMzPnZIzp/RJnBhXGslc/T0xocrasYpcp6I4tMveTPzP62QYX4cTodMMuWaLRXEmCSZk9jvpC8MZyrEjlBnhbiVsSA1l6BIquRCC5ZdXSfOiGvjV4OGyUrvN4yjCCZzCOQRwBTW4hzo0gMEInuEV3rzUe/HevY9Fa8HLZ47hD7zPH/7Fjqw=</latexit><latexit sha1_base64="3UJRR+gRG1MS2b4YaLZfxkfDKdA=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoCcJevEYwTwgWcLsZDYZMjO7zPQKIeQjvHhQxKvf482/cZLsQRMLGoqqbrq7olQKi77/7RXW1jc2t4rbpZ3dvf2D8uFR0yaZYbzBEpmYdkQtl0LzBgqUvJ0aTlUkeSsa3c381hM3ViT6EccpDxUdaBELRtFJra7KyA3xe+WKX/XnIKskyEkFctR75a9uP2GZ4hqZpNZ2Aj/FcEINCib5tNTNLE8pG9EB7ziqqeI2nMzPnZIzp/RJnBhXGslc/T0xocrasYpcp6I4tMveTPzP62QYX4cTodMMuWaLRXEmCSZk9jvpC8MZyrEjlBnhbiVsSA1l6BIquRCC5ZdXSfOiGvjV4OGyUrvN4yjCCZzCOQRwBTW4hzo0gMEInuEV3rzUe/HevY9Fa8HLZ47hD7zPH/7Fjqw=</latexit><latexit sha1_base64="3UJRR+gRG1MS2b4YaLZfxkfDKdA=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoCcJevEYwTwgWcLsZDYZMjO7zPQKIeQjvHhQxKvf482/cZLsQRMLGoqqbrq7olQKi77/7RXW1jc2t4rbpZ3dvf2D8uFR0yaZYbzBEpmYdkQtl0LzBgqUvJ0aTlUkeSsa3c381hM3ViT6EccpDxUdaBELRtFJra7KyA3xe+WKX/XnIKskyEkFctR75a9uP2GZ4hqZpNZ2Aj/FcEINCib5tNTNLE8pG9EB7ziqqeI2nMzPnZIzp/RJnBhXGslc/T0xocrasYpcp6I4tMveTPzP62QYX4cTodMMuWaLRXEmCSZk9jvpC8MZyrEjlBnhbiVsSA1l6BIquRCC5ZdXSfOiGvjV4OGyUrvN4yjCCZzCOQRwBTW4hzo0gMEInuEV3rzUe/HevY9Fa8HLZ47hD7zPH/7Fjqw=</latexit><latexit sha1_base64="3UJRR+gRG1MS2b4YaLZfxkfDKdA=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoCcJevEYwTwgWcLsZDYZMjO7zPQKIeQjvHhQxKvf482/cZLsQRMLGoqqbrq7olQKi77/7RXW1jc2t4rbpZ3dvf2D8uFR0yaZYbzBEpmYdkQtl0LzBgqUvJ0aTlUkeSsa3c381hM3ViT6EccpDxUdaBELRtFJra7KyA3xe+WKX/XnIKskyEkFctR75a9uP2GZ4hqZpNZ2Aj/FcEINCib5tNTNLE8pG9EB7ziqqeI2nMzPnZIzp/RJnBhXGslc/T0xocrasYpcp6I4tMveTPzP62QYX4cTodMMuWaLRXEmCSZk9jvpC8MZyrEjlBnhbiVsSA1l6BIquRCC5ZdXSfOiGvjV4OGyUrvN4yjCCZzCOQRwBTW4hzo0gMEInuEV3rzUe/HevY9Fa8HLZ47hD7zPH/7Fjqw=</latexit>

f(y)
<latexit sha1_base64="IFm8tnd3NsJIziOO9UsxaYjyWIk=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBahXkoiBT0WvXisYD+gDWWz3bRLdzdhdyOE0L/gxYMiXv1D3vw3btoctPXBwOO9GWbmBTFn2rjut1Pa2Nza3invVvb2Dw6PqscnXR0litAOiXik+gHWlDNJO4YZTvuxolgEnPaC2V3u956o0iySjyaNqS/wRLKQEWxyKaynl6NqzW24C6B14hWkBgXao+rXcByRRFBpCMdaDzw3Nn6GlWGE03llmGgaYzLDEzqwVGJBtZ8tbp2jC6uMURgpW9Kghfp7IsNC61QEtlNgM9WrXi7+5w0SE974GZNxYqgky0VhwpGJUP44GjNFieGpJZgoZm9FZIoVJsbGU7EheKsvr5PuVcNzG95Ds9a6LeIowxmcQx08uIYW3EMbOkBgCs/wCm+OcF6cd+dj2VpyiplT+APn8wdt5I3S</latexit><latexit sha1_base64="IFm8tnd3NsJIziOO9UsxaYjyWIk=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBahXkoiBT0WvXisYD+gDWWz3bRLdzdhdyOE0L/gxYMiXv1D3vw3btoctPXBwOO9GWbmBTFn2rjut1Pa2Nza3invVvb2Dw6PqscnXR0litAOiXik+gHWlDNJO4YZTvuxolgEnPaC2V3u956o0iySjyaNqS/wRLKQEWxyKaynl6NqzW24C6B14hWkBgXao+rXcByRRFBpCMdaDzw3Nn6GlWGE03llmGgaYzLDEzqwVGJBtZ8tbp2jC6uMURgpW9Kghfp7IsNC61QEtlNgM9WrXi7+5w0SE974GZNxYqgky0VhwpGJUP44GjNFieGpJZgoZm9FZIoVJsbGU7EheKsvr5PuVcNzG95Ds9a6LeIowxmcQx08uIYW3EMbOkBgCs/wCm+OcF6cd+dj2VpyiplT+APn8wdt5I3S</latexit><latexit sha1_base64="IFm8tnd3NsJIziOO9UsxaYjyWIk=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBahXkoiBT0WvXisYD+gDWWz3bRLdzdhdyOE0L/gxYMiXv1D3vw3btoctPXBwOO9GWbmBTFn2rjut1Pa2Nza3invVvb2Dw6PqscnXR0litAOiXik+gHWlDNJO4YZTvuxolgEnPaC2V3u956o0iySjyaNqS/wRLKQEWxyKaynl6NqzW24C6B14hWkBgXao+rXcByRRFBpCMdaDzw3Nn6GlWGE03llmGgaYzLDEzqwVGJBtZ8tbp2jC6uMURgpW9Kghfp7IsNC61QEtlNgM9WrXi7+5w0SE974GZNxYqgky0VhwpGJUP44GjNFieGpJZgoZm9FZIoVJsbGU7EheKsvr5PuVcNzG95Ds9a6LeIowxmcQx08uIYW3EMbOkBgCs/wCm+OcF6cd+dj2VpyiplT+APn8wdt5I3S</latexit><latexit sha1_base64="IFm8tnd3NsJIziOO9UsxaYjyWIk=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBahXkoiBT0WvXisYD+gDWWz3bRLdzdhdyOE0L/gxYMiXv1D3vw3btoctPXBwOO9GWbmBTFn2rjut1Pa2Nza3invVvb2Dw6PqscnXR0litAOiXik+gHWlDNJO4YZTvuxolgEnPaC2V3u956o0iySjyaNqS/wRLKQEWxyKaynl6NqzW24C6B14hWkBgXao+rXcByRRFBpCMdaDzw3Nn6GlWGE03llmGgaYzLDEzqwVGJBtZ8tbp2jC6uMURgpW9Kghfp7IsNC61QEtlNgM9WrXi7+5w0SE974GZNxYqgky0VhwpGJUP44GjNFieGpJZgoZm9FZIoVJsbGU7EheKsvr5PuVcNzG95Ds9a6LeIowxmcQx08uIYW3EMbOkBgCs/wCm+OcF6cd+dj2VpyiplT+APn8wdt5I3S</latexit>

y
<latexit sha1_base64="l29WxoUb9DEbvmhLG7jHtZ0OU24=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diC/YA2lM120q7dbMLuRgihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5m/mdJ1Sax/LBZAn6ER1JHnJGjZWa2aBSdWvuHGSVeAWpQoHGoPLVH8YsjVAaJqjWPc9NjJ9TZTgTOC33U40JZRM6wp6lkkao/Xx+6JScW2VIwljZkobM1d8TOY20zqLAdkbUjPWyNxP/83qpCW/8nMskNSjZYlGYCmJiMvuaDLlCZkRmCWWK21sJG1NFmbHZlG0I3vLLq6R9WfPcmte8qtZvizhKcApncAEeXEMd7qEBLWCA8Ayv8OY8Oi/Ou/OxaF1zipkT+APn8wfnvYz9</latexit><latexit sha1_base64="l29WxoUb9DEbvmhLG7jHtZ0OU24=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diC/YA2lM120q7dbMLuRgihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5m/mdJ1Sax/LBZAn6ER1JHnJGjZWa2aBSdWvuHGSVeAWpQoHGoPLVH8YsjVAaJqjWPc9NjJ9TZTgTOC33U40JZRM6wp6lkkao/Xx+6JScW2VIwljZkobM1d8TOY20zqLAdkbUjPWyNxP/83qpCW/8nMskNSjZYlGYCmJiMvuaDLlCZkRmCWWK21sJG1NFmbHZlG0I3vLLq6R9WfPcmte8qtZvizhKcApncAEeXEMd7qEBLWCA8Ayv8OY8Oi/Ou/OxaF1zipkT+APn8wfnvYz9</latexit><latexit sha1_base64="l29WxoUb9DEbvmhLG7jHtZ0OU24=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diC/YA2lM120q7dbMLuRgihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5m/mdJ1Sax/LBZAn6ER1JHnJGjZWa2aBSdWvuHGSVeAWpQoHGoPLVH8YsjVAaJqjWPc9NjJ9TZTgTOC33U40JZRM6wp6lkkao/Xx+6JScW2VIwljZkobM1d8TOY20zqLAdkbUjPWyNxP/83qpCW/8nMskNSjZYlGYCmJiMvuaDLlCZkRmCWWK21sJG1NFmbHZlG0I3vLLq6R9WfPcmte8qtZvizhKcApncAEeXEMd7qEBLWCA8Ayv8OY8Oi/Ou/OxaF1zipkT+APn8wfnvYz9</latexit><latexit sha1_base64="l29WxoUb9DEbvmhLG7jHtZ0OU24=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diC/YA2lM120q7dbMLuRgihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5m/mdJ1Sax/LBZAn6ER1JHnJGjZWa2aBSdWvuHGSVeAWpQoHGoPLVH8YsjVAaJqjWPc9NjJ9TZTgTOC33U40JZRM6wp6lkkao/Xx+6JScW2VIwljZkobM1d8TOY20zqLAdkbUjPWyNxP/83qpCW/8nMskNSjZYlGYCmJiMvuaDLlCZkRmCWWK21sJG1NFmbHZlG0I3vLLq6R9WfPcmte8qtZvizhKcApncAEeXEMd7qEBLWCA8Ayv8OY8Oi/Ou/OxaF1zipkT+APn8wfnvYz9</latexit>

↵
<latexit sha1_base64="JtDqaCSYHdUsArJlViGZOYtHm8o=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJfROJsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqyhpUCaXbERomuGQNy61g7UQzjCPBWtH4dua3npg2XMkHO0lYGONQ8gGnaJ3U7KJIRtgrV/yqPwdZJUFOKpCj3it/dfuKpjGTlgo0phP4iQ0z1JZTwaalbmpYgnSMQ9ZxVGLMTJjNr52SM6f0yUBpV9KSufp7IsPYmEkcuc4Y7cgsezPxP6+T2sF1mHGZpJZJulg0SAWxisxeJ32uGbVi4ghSzd2thI5QI7UuoJILIVh+eZU0L6qBXw3uLyu1mzyOIpzAKZxDAFdQgzuoQwMoPMIzvMKbp7wX7937WLQWvHzmGP7A+/wBi4GPGA==</latexit><latexit sha1_base64="JtDqaCSYHdUsArJlViGZOYtHm8o=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJfROJsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqyhpUCaXbERomuGQNy61g7UQzjCPBWtH4dua3npg2XMkHO0lYGONQ8gGnaJ3U7KJIRtgrV/yqPwdZJUFOKpCj3it/dfuKpjGTlgo0phP4iQ0z1JZTwaalbmpYgnSMQ9ZxVGLMTJjNr52SM6f0yUBpV9KSufp7IsPYmEkcuc4Y7cgsezPxP6+T2sF1mHGZpJZJulg0SAWxisxeJ32uGbVi4ghSzd2thI5QI7UuoJILIVh+eZU0L6qBXw3uLyu1mzyOIpzAKZxDAFdQgzuoQwMoPMIzvMKbp7wX7937WLQWvHzmGP7A+/wBi4GPGA==</latexit><latexit sha1_base64="JtDqaCSYHdUsArJlViGZOYtHm8o=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJfROJsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqyhpUCaXbERomuGQNy61g7UQzjCPBWtH4dua3npg2XMkHO0lYGONQ8gGnaJ3U7KJIRtgrV/yqPwdZJUFOKpCj3it/dfuKpjGTlgo0phP4iQ0z1JZTwaalbmpYgnSMQ9ZxVGLMTJjNr52SM6f0yUBpV9KSufp7IsPYmEkcuc4Y7cgsezPxP6+T2sF1mHGZpJZJulg0SAWxisxeJ32uGbVi4ghSzd2thI5QI7UuoJILIVh+eZU0L6qBXw3uLyu1mzyOIpzAKZxDAFdQgzuoQwMoPMIzvMKbp7wX7937WLQWvHzmGP7A+/wBi4GPGA==</latexit><latexit sha1_base64="JtDqaCSYHdUsArJlViGZOYtHm8o=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJfROJsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqyhpUCaXbERomuGQNy61g7UQzjCPBWtH4dua3npg2XMkHO0lYGONQ8gGnaJ3U7KJIRtgrV/yqPwdZJUFOKpCj3it/dfuKpjGTlgo0phP4iQ0z1JZTwaalbmpYgnSMQ9ZxVGLMTJjNr52SM6f0yUBpV9KSufp7IsPYmEkcuc4Y7cgsezPxP6+T2sF1mHGZpJZJulg0SAWxisxeJ32uGbVi4ghSzd2thI5QI7UuoJILIVh+eZU0L6qBXw3uLyu1mzyOIpzAKZxDAFdQgzuoQwMoPMIzvMKbp7wX7937WLQWvHzmGP7A+/wBi4GPGA==</latexit>

f(↵) + f 0(↵)(x� ↵)
<latexit sha1_base64="bqMQaoYETTSiROIZcYPMy0f9P2I=">AAACC3icbZDLSgMxFIYz9VbrbdSlm9AiVsQyI4Iui25cVrAXaIdyJs20wUxmSDJiGbp346u4caGIW1/AnW9j2o6grT8EvvznHJLz+zFnSjvOl5VbWFxaXsmvFtbWNza37O2dhooSSWidRDySLR8U5UzQumaa01YsKYQ+p03/9nJcb95RqVgkbvQwpl4IfcECRkAbq2sXg3IHeDyAQ3yEg4OfS/keH+OMu3bJqTgT4XlwMyihTLWu/dnpRSQJqdCEg1Jt14m1l4LUjHA6KnQSRWMgt9CnbYMCQqq8dLLLCO8bp4eDSJojNJ64vydSCJUahr7pDEEP1GxtbP5Xayc6OPdSJuJEU0GmDwUJxzrC42Bwj0lKNB8aACKZ+SsmA5BAtImvYEJwZ1eeh8ZJxXUq7vVpqXqRxZFHe6iIyshFZ6iKrlAN1RFBD+gJvaBX69F6tt6s92lrzspmdtEfWR/fz1CYWw==</latexit><latexit sha1_base64="bqMQaoYETTSiROIZcYPMy0f9P2I=">AAACC3icbZDLSgMxFIYz9VbrbdSlm9AiVsQyI4Iui25cVrAXaIdyJs20wUxmSDJiGbp346u4caGIW1/AnW9j2o6grT8EvvznHJLz+zFnSjvOl5VbWFxaXsmvFtbWNza37O2dhooSSWidRDySLR8U5UzQumaa01YsKYQ+p03/9nJcb95RqVgkbvQwpl4IfcECRkAbq2sXg3IHeDyAQ3yEg4OfS/keH+OMu3bJqTgT4XlwMyihTLWu/dnpRSQJqdCEg1Jt14m1l4LUjHA6KnQSRWMgt9CnbYMCQqq8dLLLCO8bp4eDSJojNJ64vydSCJUahr7pDEEP1GxtbP5Xayc6OPdSJuJEU0GmDwUJxzrC42Bwj0lKNB8aACKZ+SsmA5BAtImvYEJwZ1eeh8ZJxXUq7vVpqXqRxZFHe6iIyshFZ6iKrlAN1RFBD+gJvaBX69F6tt6s92lrzspmdtEfWR/fz1CYWw==</latexit><latexit sha1_base64="bqMQaoYETTSiROIZcYPMy0f9P2I=">AAACC3icbZDLSgMxFIYz9VbrbdSlm9AiVsQyI4Iui25cVrAXaIdyJs20wUxmSDJiGbp346u4caGIW1/AnW9j2o6grT8EvvznHJLz+zFnSjvOl5VbWFxaXsmvFtbWNza37O2dhooSSWidRDySLR8U5UzQumaa01YsKYQ+p03/9nJcb95RqVgkbvQwpl4IfcECRkAbq2sXg3IHeDyAQ3yEg4OfS/keH+OMu3bJqTgT4XlwMyihTLWu/dnpRSQJqdCEg1Jt14m1l4LUjHA6KnQSRWMgt9CnbYMCQqq8dLLLCO8bp4eDSJojNJ64vydSCJUahr7pDEEP1GxtbP5Xayc6OPdSJuJEU0GmDwUJxzrC42Bwj0lKNB8aACKZ+SsmA5BAtImvYEJwZ1eeh8ZJxXUq7vVpqXqRxZFHe6iIyshFZ6iKrlAN1RFBD+gJvaBX69F6tt6s92lrzspmdtEfWR/fz1CYWw==</latexit><latexit sha1_base64="bqMQaoYETTSiROIZcYPMy0f9P2I=">AAACC3icbZDLSgMxFIYz9VbrbdSlm9AiVsQyI4Iui25cVrAXaIdyJs20wUxmSDJiGbp346u4caGIW1/AnW9j2o6grT8EvvznHJLz+zFnSjvOl5VbWFxaXsmvFtbWNza37O2dhooSSWidRDySLR8U5UzQumaa01YsKYQ+p03/9nJcb95RqVgkbvQwpl4IfcECRkAbq2sXg3IHeDyAQ3yEg4OfS/keH+OMu3bJqTgT4XlwMyihTLWu/dnpRSQJqdCEg1Jt14m1l4LUjHA6KnQSRWMgt9CnbYMCQqq8dLLLCO8bp4eDSJojNJ64vydSCJUahr7pDEEP1GxtbP5Xayc6OPdSJuJEU0GmDwUJxzrC42Bwj0lKNB8aACKZ+SsmA5BAtImvYEJwZ1eeh8ZJxXUq7vVpqXqRxZFHe6iIyshFZ6iKrlAN1RFBD+gJvaBX69F6tt6s92lrzspmdtEfWR/fz1CYWw==</latexit>

f(y)  f(↵) + f 0(↵)(y � ↵) + L
2 (y � ↵)2

<latexit sha1_base64="Kt7sgUERX1G00aY2sdHLELgGqag="></latexit><latexit sha1_base64="Kt7sgUERX1G00aY2sdHLELgGqag="></latexit><latexit sha1_base64="Kt7sgUERX1G00aY2sdHLELgGqag="></latexit><latexit sha1_base64="Kt7sgUERX1G00aY2sdHLELgGqag="></latexit>



Can we achieve a better performance?

- Strong convexity:

- Strong convexity parameter: 

“Strong convexity implies that       should be steep enough to make progress”f
<latexit sha1_base64="b4HLEbhr7TEtaehBb4ygFYyuiV8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipGQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AyvGM6g==</latexit><latexit sha1_base64="b4HLEbhr7TEtaehBb4ygFYyuiV8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipGQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AyvGM6g==</latexit><latexit sha1_base64="b4HLEbhr7TEtaehBb4ygFYyuiV8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipGQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AyvGM6g==</latexit><latexit sha1_base64="b4HLEbhr7TEtaehBb4ygFYyuiV8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipGQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AyvGM6g==</latexit>

f(y) � f(x) + hrf(x), y � xi+ µ
2 kx� yk22, 8x, y

<latexit sha1_base64="X5XjVTweP7d53Z3mMzIom1dv1vs="></latexit><latexit sha1_base64="X5XjVTweP7d53Z3mMzIom1dv1vs="></latexit><latexit sha1_base64="X5XjVTweP7d53Z3mMzIom1dv1vs="></latexit><latexit sha1_base64="X5XjVTweP7d53Z3mMzIom1dv1vs="></latexit>

µ > 0
<latexit sha1_base64="3UJRR+gRG1MS2b4YaLZfxkfDKdA=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoCcJevEYwTwgWcLsZDYZMjO7zPQKIeQjvHhQxKvf482/cZLsQRMLGoqqbrq7olQKi77/7RXW1jc2t4rbpZ3dvf2D8uFR0yaZYbzBEpmYdkQtl0LzBgqUvJ0aTlUkeSsa3c381hM3ViT6EccpDxUdaBELRtFJra7KyA3xe+WKX/XnIKskyEkFctR75a9uP2GZ4hqZpNZ2Aj/FcEINCib5tNTNLE8pG9EB7ziqqeI2nMzPnZIzp/RJnBhXGslc/T0xocrasYpcp6I4tMveTPzP62QYX4cTodMMuWaLRXEmCSZk9jvpC8MZyrEjlBnhbiVsSA1l6BIquRCC5ZdXSfOiGvjV4OGyUrvN4yjCCZzCOQRwBTW4hzo0gMEInuEV3rzUe/HevY9Fa8HLZ47hD7zPH/7Fjqw=</latexit><latexit sha1_base64="3UJRR+gRG1MS2b4YaLZfxkfDKdA=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoCcJevEYwTwgWcLsZDYZMjO7zPQKIeQjvHhQxKvf482/cZLsQRMLGoqqbrq7olQKi77/7RXW1jc2t4rbpZ3dvf2D8uFR0yaZYbzBEpmYdkQtl0LzBgqUvJ0aTlUkeSsa3c381hM3ViT6EccpDxUdaBELRtFJra7KyA3xe+WKX/XnIKskyEkFctR75a9uP2GZ4hqZpNZ2Aj/FcEINCib5tNTNLE8pG9EB7ziqqeI2nMzPnZIzp/RJnBhXGslc/T0xocrasYpcp6I4tMveTPzP62QYX4cTodMMuWaLRXEmCSZk9jvpC8MZyrEjlBnhbiVsSA1l6BIquRCC5ZdXSfOiGvjV4OGyUrvN4yjCCZzCOQRwBTW4hzo0gMEInuEV3rzUe/HevY9Fa8HLZ47hD7zPH/7Fjqw=</latexit><latexit sha1_base64="3UJRR+gRG1MS2b4YaLZfxkfDKdA=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoCcJevEYwTwgWcLsZDYZMjO7zPQKIeQjvHhQxKvf482/cZLsQRMLGoqqbrq7olQKi77/7RXW1jc2t4rbpZ3dvf2D8uFR0yaZYbzBEpmYdkQtl0LzBgqUvJ0aTlUkeSsa3c381hM3ViT6EccpDxUdaBELRtFJra7KyA3xe+WKX/XnIKskyEkFctR75a9uP2GZ4hqZpNZ2Aj/FcEINCib5tNTNLE8pG9EB7ziqqeI2nMzPnZIzp/RJnBhXGslc/T0xocrasYpcp6I4tMveTPzP62QYX4cTodMMuWaLRXEmCSZk9jvpC8MZyrEjlBnhbiVsSA1l6BIquRCC5ZdXSfOiGvjV4OGyUrvN4yjCCZzCOQRwBTW4hzo0gMEInuEV3rzUe/HevY9Fa8HLZ47hD7zPH/7Fjqw=</latexit><latexit sha1_base64="3UJRR+gRG1MS2b4YaLZfxkfDKdA=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoCcJevEYwTwgWcLsZDYZMjO7zPQKIeQjvHhQxKvf482/cZLsQRMLGoqqbrq7olQKi77/7RXW1jc2t4rbpZ3dvf2D8uFR0yaZYbzBEpmYdkQtl0LzBgqUvJ0aTlUkeSsa3c381hM3ViT6EccpDxUdaBELRtFJra7KyA3xe+WKX/XnIKskyEkFctR75a9uP2GZ4hqZpNZ2Aj/FcEINCib5tNTNLE8pG9EB7ziqqeI2nMzPnZIzp/RJnBhXGslc/T0xocrasYpcp6I4tMveTPzP62QYX4cTodMMuWaLRXEmCSZk9jvpC8MZyrEjlBnhbiVsSA1l6BIquRCC5ZdXSfOiGvjV4OGyUrvN4yjCCZzCOQRwBTW4hzo0gMEInuEV3rzUe/HevY9Fa8HLZ47hD7zPH/7Fjqw=</latexit>

f(y)
<latexit sha1_base64="IFm8tnd3NsJIziOO9UsxaYjyWIk=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBahXkoiBT0WvXisYD+gDWWz3bRLdzdhdyOE0L/gxYMiXv1D3vw3btoctPXBwOO9GWbmBTFn2rjut1Pa2Nza3invVvb2Dw6PqscnXR0litAOiXik+gHWlDNJO4YZTvuxolgEnPaC2V3u956o0iySjyaNqS/wRLKQEWxyKaynl6NqzW24C6B14hWkBgXao+rXcByRRFBpCMdaDzw3Nn6GlWGE03llmGgaYzLDEzqwVGJBtZ8tbp2jC6uMURgpW9Kghfp7IsNC61QEtlNgM9WrXi7+5w0SE974GZNxYqgky0VhwpGJUP44GjNFieGpJZgoZm9FZIoVJsbGU7EheKsvr5PuVcNzG95Ds9a6LeIowxmcQx08uIYW3EMbOkBgCs/wCm+OcF6cd+dj2VpyiplT+APn8wdt5I3S</latexit><latexit sha1_base64="IFm8tnd3NsJIziOO9UsxaYjyWIk=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBahXkoiBT0WvXisYD+gDWWz3bRLdzdhdyOE0L/gxYMiXv1D3vw3btoctPXBwOO9GWbmBTFn2rjut1Pa2Nza3invVvb2Dw6PqscnXR0litAOiXik+gHWlDNJO4YZTvuxolgEnPaC2V3u956o0iySjyaNqS/wRLKQEWxyKaynl6NqzW24C6B14hWkBgXao+rXcByRRFBpCMdaDzw3Nn6GlWGE03llmGgaYzLDEzqwVGJBtZ8tbp2jC6uMURgpW9Kghfp7IsNC61QEtlNgM9WrXi7+5w0SE974GZNxYqgky0VhwpGJUP44GjNFieGpJZgoZm9FZIoVJsbGU7EheKsvr5PuVcNzG95Ds9a6LeIowxmcQx08uIYW3EMbOkBgCs/wCm+OcF6cd+dj2VpyiplT+APn8wdt5I3S</latexit><latexit sha1_base64="IFm8tnd3NsJIziOO9UsxaYjyWIk=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBahXkoiBT0WvXisYD+gDWWz3bRLdzdhdyOE0L/gxYMiXv1D3vw3btoctPXBwOO9GWbmBTFn2rjut1Pa2Nza3invVvb2Dw6PqscnXR0litAOiXik+gHWlDNJO4YZTvuxolgEnPaC2V3u956o0iySjyaNqS/wRLKQEWxyKaynl6NqzW24C6B14hWkBgXao+rXcByRRFBpCMdaDzw3Nn6GlWGE03llmGgaYzLDEzqwVGJBtZ8tbp2jC6uMURgpW9Kghfp7IsNC61QEtlNgM9WrXi7+5w0SE974GZNxYqgky0VhwpGJUP44GjNFieGpJZgoZm9FZIoVJsbGU7EheKsvr5PuVcNzG95Ds9a6LeIowxmcQx08uIYW3EMbOkBgCs/wCm+OcF6cd+dj2VpyiplT+APn8wdt5I3S</latexit><latexit sha1_base64="IFm8tnd3NsJIziOO9UsxaYjyWIk=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBahXkoiBT0WvXisYD+gDWWz3bRLdzdhdyOE0L/gxYMiXv1D3vw3btoctPXBwOO9GWbmBTFn2rjut1Pa2Nza3invVvb2Dw6PqscnXR0litAOiXik+gHWlDNJO4YZTvuxolgEnPaC2V3u956o0iySjyaNqS/wRLKQEWxyKaynl6NqzW24C6B14hWkBgXao+rXcByRRFBpCMdaDzw3Nn6GlWGE03llmGgaYzLDEzqwVGJBtZ8tbp2jC6uMURgpW9Kghfp7IsNC61QEtlNgM9WrXi7+5w0SE974GZNxYqgky0VhwpGJUP44GjNFieGpJZgoZm9FZIoVJsbGU7EheKsvr5PuVcNzG95Ds9a6LeIowxmcQx08uIYW3EMbOkBgCs/wCm+OcF6cd+dj2VpyiplT+APn8wdt5I3S</latexit>

y
<latexit sha1_base64="l29WxoUb9DEbvmhLG7jHtZ0OU24=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diC/YA2lM120q7dbMLuRgihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5m/mdJ1Sax/LBZAn6ER1JHnJGjZWa2aBSdWvuHGSVeAWpQoHGoPLVH8YsjVAaJqjWPc9NjJ9TZTgTOC33U40JZRM6wp6lkkao/Xx+6JScW2VIwljZkobM1d8TOY20zqLAdkbUjPWyNxP/83qpCW/8nMskNSjZYlGYCmJiMvuaDLlCZkRmCWWK21sJG1NFmbHZlG0I3vLLq6R9WfPcmte8qtZvizhKcApncAEeXEMd7qEBLWCA8Ayv8OY8Oi/Ou/OxaF1zipkT+APn8wfnvYz9</latexit><latexit sha1_base64="l29WxoUb9DEbvmhLG7jHtZ0OU24=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diC/YA2lM120q7dbMLuRgihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5m/mdJ1Sax/LBZAn6ER1JHnJGjZWa2aBSdWvuHGSVeAWpQoHGoPLVH8YsjVAaJqjWPc9NjJ9TZTgTOC33U40JZRM6wp6lkkao/Xx+6JScW2VIwljZkobM1d8TOY20zqLAdkbUjPWyNxP/83qpCW/8nMskNSjZYlGYCmJiMvuaDLlCZkRmCWWK21sJG1NFmbHZlG0I3vLLq6R9WfPcmte8qtZvizhKcApncAEeXEMd7qEBLWCA8Ayv8OY8Oi/Ou/OxaF1zipkT+APn8wfnvYz9</latexit><latexit sha1_base64="l29WxoUb9DEbvmhLG7jHtZ0OU24=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diC/YA2lM120q7dbMLuRgihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5m/mdJ1Sax/LBZAn6ER1JHnJGjZWa2aBSdWvuHGSVeAWpQoHGoPLVH8YsjVAaJqjWPc9NjJ9TZTgTOC33U40JZRM6wp6lkkao/Xx+6JScW2VIwljZkobM1d8TOY20zqLAdkbUjPWyNxP/83qpCW/8nMskNSjZYlGYCmJiMvuaDLlCZkRmCWWK21sJG1NFmbHZlG0I3vLLq6R9WfPcmte8qtZvizhKcApncAEeXEMd7qEBLWCA8Ayv8OY8Oi/Ou/OxaF1zipkT+APn8wfnvYz9</latexit><latexit sha1_base64="l29WxoUb9DEbvmhLG7jHtZ0OU24=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diC/YA2lM120q7dbMLuRgihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5m/mdJ1Sax/LBZAn6ER1JHnJGjZWa2aBSdWvuHGSVeAWpQoHGoPLVH8YsjVAaJqjWPc9NjJ9TZTgTOC33U40JZRM6wp6lkkao/Xx+6JScW2VIwljZkobM1d8TOY20zqLAdkbUjPWyNxP/83qpCW/8nMskNSjZYlGYCmJiMvuaDLlCZkRmCWWK21sJG1NFmbHZlG0I3vLLq6R9WfPcmte8qtZvizhKcApncAEeXEMd7qEBLWCA8Ayv8OY8Oi/Ou/OxaF1zipkT+APn8wfnvYz9</latexit>

↵
<latexit sha1_base64="JtDqaCSYHdUsArJlViGZOYtHm8o=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJfROJsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqyhpUCaXbERomuGQNy61g7UQzjCPBWtH4dua3npg2XMkHO0lYGONQ8gGnaJ3U7KJIRtgrV/yqPwdZJUFOKpCj3it/dfuKpjGTlgo0phP4iQ0z1JZTwaalbmpYgnSMQ9ZxVGLMTJjNr52SM6f0yUBpV9KSufp7IsPYmEkcuc4Y7cgsezPxP6+T2sF1mHGZpJZJulg0SAWxisxeJ32uGbVi4ghSzd2thI5QI7UuoJILIVh+eZU0L6qBXw3uLyu1mzyOIpzAKZxDAFdQgzuoQwMoPMIzvMKbp7wX7937WLQWvHzmGP7A+/wBi4GPGA==</latexit><latexit sha1_base64="JtDqaCSYHdUsArJlViGZOYtHm8o=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJfROJsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqyhpUCaXbERomuGQNy61g7UQzjCPBWtH4dua3npg2XMkHO0lYGONQ8gGnaJ3U7KJIRtgrV/yqPwdZJUFOKpCj3it/dfuKpjGTlgo0phP4iQ0z1JZTwaalbmpYgnSMQ9ZxVGLMTJjNr52SM6f0yUBpV9KSufp7IsPYmEkcuc4Y7cgsezPxP6+T2sF1mHGZpJZJulg0SAWxisxeJ32uGbVi4ghSzd2thI5QI7UuoJILIVh+eZU0L6qBXw3uLyu1mzyOIpzAKZxDAFdQgzuoQwMoPMIzvMKbp7wX7937WLQWvHzmGP7A+/wBi4GPGA==</latexit><latexit sha1_base64="JtDqaCSYHdUsArJlViGZOYtHm8o=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJfROJsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqyhpUCaXbERomuGQNy61g7UQzjCPBWtH4dua3npg2XMkHO0lYGONQ8gGnaJ3U7KJIRtgrV/yqPwdZJUFOKpCj3it/dfuKpjGTlgo0phP4iQ0z1JZTwaalbmpYgnSMQ9ZxVGLMTJjNr52SM6f0yUBpV9KSufp7IsPYmEkcuc4Y7cgsezPxP6+T2sF1mHGZpJZJulg0SAWxisxeJ32uGbVi4ghSzd2thI5QI7UuoJILIVh+eZU0L6qBXw3uLyu1mzyOIpzAKZxDAFdQgzuoQwMoPMIzvMKbp7wX7937WLQWvHzmGP7A+/wBi4GPGA==</latexit><latexit sha1_base64="JtDqaCSYHdUsArJlViGZOYtHm8o=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJfROJsmY2ZllZlYIS/7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgQ31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVqyhpUCaXbERomuGQNy61g7UQzjCPBWtH4dua3npg2XMkHO0lYGONQ8gGnaJ3U7KJIRtgrV/yqPwdZJUFOKpCj3it/dfuKpjGTlgo0phP4iQ0z1JZTwaalbmpYgnSMQ9ZxVGLMTJjNr52SM6f0yUBpV9KSufp7IsPYmEkcuc4Y7cgsezPxP6+T2sF1mHGZpJZJulg0SAWxisxeJ32uGbVi4ghSzd2thI5QI7UuoJILIVh+eZU0L6qBXw3uLyu1mzyOIpzAKZxDAFdQgzuoQwMoPMIzvMKbp7wX7937WLQWvHzmGP7A+/wBi4GPGA==</latexit>

f(↵) + f 0(↵)(x� ↵)
<latexit sha1_base64="bqMQaoYETTSiROIZcYPMy0f9P2I=">AAACC3icbZDLSgMxFIYz9VbrbdSlm9AiVsQyI4Iui25cVrAXaIdyJs20wUxmSDJiGbp346u4caGIW1/AnW9j2o6grT8EvvznHJLz+zFnSjvOl5VbWFxaXsmvFtbWNza37O2dhooSSWidRDySLR8U5UzQumaa01YsKYQ+p03/9nJcb95RqVgkbvQwpl4IfcECRkAbq2sXg3IHeDyAQ3yEg4OfS/keH+OMu3bJqTgT4XlwMyihTLWu/dnpRSQJqdCEg1Jt14m1l4LUjHA6KnQSRWMgt9CnbYMCQqq8dLLLCO8bp4eDSJojNJ64vydSCJUahr7pDEEP1GxtbP5Xayc6OPdSJuJEU0GmDwUJxzrC42Bwj0lKNB8aACKZ+SsmA5BAtImvYEJwZ1eeh8ZJxXUq7vVpqXqRxZFHe6iIyshFZ6iKrlAN1RFBD+gJvaBX69F6tt6s92lrzspmdtEfWR/fz1CYWw==</latexit><latexit sha1_base64="bqMQaoYETTSiROIZcYPMy0f9P2I=">AAACC3icbZDLSgMxFIYz9VbrbdSlm9AiVsQyI4Iui25cVrAXaIdyJs20wUxmSDJiGbp346u4caGIW1/AnW9j2o6grT8EvvznHJLz+zFnSjvOl5VbWFxaXsmvFtbWNza37O2dhooSSWidRDySLR8U5UzQumaa01YsKYQ+p03/9nJcb95RqVgkbvQwpl4IfcECRkAbq2sXg3IHeDyAQ3yEg4OfS/keH+OMu3bJqTgT4XlwMyihTLWu/dnpRSQJqdCEg1Jt14m1l4LUjHA6KnQSRWMgt9CnbYMCQqq8dLLLCO8bp4eDSJojNJ64vydSCJUahr7pDEEP1GxtbP5Xayc6OPdSJuJEU0GmDwUJxzrC42Bwj0lKNB8aACKZ+SsmA5BAtImvYEJwZ1eeh8ZJxXUq7vVpqXqRxZFHe6iIyshFZ6iKrlAN1RFBD+gJvaBX69F6tt6s92lrzspmdtEfWR/fz1CYWw==</latexit><latexit sha1_base64="bqMQaoYETTSiROIZcYPMy0f9P2I=">AAACC3icbZDLSgMxFIYz9VbrbdSlm9AiVsQyI4Iui25cVrAXaIdyJs20wUxmSDJiGbp346u4caGIW1/AnW9j2o6grT8EvvznHJLz+zFnSjvOl5VbWFxaXsmvFtbWNza37O2dhooSSWidRDySLR8U5UzQumaa01YsKYQ+p03/9nJcb95RqVgkbvQwpl4IfcECRkAbq2sXg3IHeDyAQ3yEg4OfS/keH+OMu3bJqTgT4XlwMyihTLWu/dnpRSQJqdCEg1Jt14m1l4LUjHA6KnQSRWMgt9CnbYMCQqq8dLLLCO8bp4eDSJojNJ64vydSCJUahr7pDEEP1GxtbP5Xayc6OPdSJuJEU0GmDwUJxzrC42Bwj0lKNB8aACKZ+SsmA5BAtImvYEJwZ1eeh8ZJxXUq7vVpqXqRxZFHe6iIyshFZ6iKrlAN1RFBD+gJvaBX69F6tt6s92lrzspmdtEfWR/fz1CYWw==</latexit><latexit sha1_base64="bqMQaoYETTSiROIZcYPMy0f9P2I=">AAACC3icbZDLSgMxFIYz9VbrbdSlm9AiVsQyI4Iui25cVrAXaIdyJs20wUxmSDJiGbp346u4caGIW1/AnW9j2o6grT8EvvznHJLz+zFnSjvOl5VbWFxaXsmvFtbWNza37O2dhooSSWidRDySLR8U5UzQumaa01YsKYQ+p03/9nJcb95RqVgkbvQwpl4IfcECRkAbq2sXg3IHeDyAQ3yEg4OfS/keH+OMu3bJqTgT4XlwMyihTLWu/dnpRSQJqdCEg1Jt14m1l4LUjHA6KnQSRWMgt9CnbYMCQqq8dLLLCO8bp4eDSJojNJ64vydSCJUahr7pDEEP1GxtbP5Xayc6OPdSJuJEU0GmDwUJxzrC42Bwj0lKNB8aACKZ+SsmA5BAtImvYEJwZ1eeh8ZJxXUq7vVpqXqRxZFHe6iIyshFZ6iKrlAN1RFBD+gJvaBX69F6tt6s92lrzspmdtEfWR/fz1CYWw==</latexit>

f(y)  f(↵) + f 0(↵)(y � ↵) + L
2 (y � ↵)2

<latexit sha1_base64="Kt7sgUERX1G00aY2sdHLELgGqag="></latexit><latexit sha1_base64="Kt7sgUERX1G00aY2sdHLELgGqag="></latexit><latexit sha1_base64="Kt7sgUERX1G00aY2sdHLELgGqag="></latexit><latexit sha1_base64="Kt7sgUERX1G00aY2sdHLELgGqag="></latexit>

f(y) � f(↵) + f 0(↵)(y � ↵) + µ
2 (y � ↵)2

<latexit sha1_base64="AYJtRKaZbVyj9boFGR15Mn8ncpI="></latexit><latexit sha1_base64="AYJtRKaZbVyj9boFGR15Mn8ncpI="></latexit><latexit sha1_base64="AYJtRKaZbVyj9boFGR15Mn8ncpI="></latexit><latexit sha1_base64="AYJtRKaZbVyj9boFGR15Mn8ncpI="></latexit>



Strong convexity
- Equivalent characterizations: f(y) � f(x) + hrf(x), y � xi+ µ

2 kx� yk22, 8x, y
<latexit sha1_base64="X5XjVTweP7d53Z3mMzIom1dv1vs="></latexit><latexit sha1_base64="X5XjVTweP7d53Z3mMzIom1dv1vs="></latexit><latexit sha1_base64="X5XjVTweP7d53Z3mMzIom1dv1vs="></latexit><latexit sha1_base64="X5XjVTweP7d53Z3mMzIom1dv1vs="></latexit>

hrf(x)�rf(y), x� yi � µkx� yk22
f(y)  f(x) + hrf(x), y � xi+ 1

2µkrf(x)�rf(y)k22
hrf(x)�rf(y), x� yi  1

µkrf(x)�rf(y)k22
...

...
<latexit sha1_base64="g+KGIXhklKdJcX9lYCWfv2o0efc="></latexit><latexit sha1_base64="g+KGIXhklKdJcX9lYCWfv2o0efc="></latexit><latexit sha1_base64="g+KGIXhklKdJcX9lYCWfv2o0efc="></latexit><latexit sha1_base64="g+KGIXhklKdJcX9lYCWfv2o0efc="></latexit>



Strong convexity
- Equivalent characterizations: f(y) � f(x) + hrf(x), y � xi+ µ

2 kx� yk22, 8x, y
<latexit sha1_base64="X5XjVTweP7d53Z3mMzIom1dv1vs="></latexit><latexit sha1_base64="X5XjVTweP7d53Z3mMzIom1dv1vs="></latexit><latexit sha1_base64="X5XjVTweP7d53Z3mMzIom1dv1vs="></latexit><latexit sha1_base64="X5XjVTweP7d53Z3mMzIom1dv1vs="></latexit>

hrf(x)�rf(y), x� yi � µkx� yk22
f(y)  f(x) + hrf(x), y � xi+ 1

2µkrf(x)�rf(y)k22
hrf(x)�rf(y), x� yi  1

µkrf(x)�rf(y)k22
...

...
<latexit sha1_base64="g+KGIXhklKdJcX9lYCWfv2o0efc="></latexit><latexit sha1_base64="g+KGIXhklKdJcX9lYCWfv2o0efc="></latexit><latexit sha1_base64="g+KGIXhklKdJcX9lYCWfv2o0efc="></latexit><latexit sha1_base64="g+KGIXhklKdJcX9lYCWfv2o0efc="></latexit>

- Another important one:- Another important one: Interpretation?

r2f(x) ⌫ µI
<latexit sha1_base64="R4FyruoZJVnRFhVg/0VlsgpKE9E=">AAACBHicbVC7SgNBFJ31GeNr1TLNYBBiE3aDoGXQRrsI5gHZGGYns8mQmdl1HmJYUtj4KzYWitj6EXb+jZNkC008cOFwzr3ce0+YMKq05307S8srq2vruY385tb2zq67t99QsZGY1HHMYtkKkSKMClLXVDPSSiRBPGSkGQ4vJn7znkhFY3GjRwnpcNQXNKIYaSt13UIgUMjQbQVGpYdjGCiDMbmDATfwqusWvbI3BVwkfkaKIEOt634FvRgbToTGDCnV9r1Ed1IkNcWMjPOBUSRBeIj6pG2pQJyoTjp9YgyPrNKDUSxtCQ2n6u+JFHGlRjy0nRzpgZr3JuJ/Xtvo6KyTUpEYTQSeLYoMgzqGk0Rgj0qCNRtZgrCk9laIB0girG1ueRuCP//yImlUyr5X9q9PitXzLI4cKIBDUAI+OAVVcAlqoA4weATP4BW8OU/Oi/PufMxal5xs5gD8gfP5A4cllrk=</latexit><latexit sha1_base64="R4FyruoZJVnRFhVg/0VlsgpKE9E=">AAACBHicbVC7SgNBFJ31GeNr1TLNYBBiE3aDoGXQRrsI5gHZGGYns8mQmdl1HmJYUtj4KzYWitj6EXb+jZNkC008cOFwzr3ce0+YMKq05307S8srq2vruY385tb2zq67t99QsZGY1HHMYtkKkSKMClLXVDPSSiRBPGSkGQ4vJn7znkhFY3GjRwnpcNQXNKIYaSt13UIgUMjQbQVGpYdjGCiDMbmDATfwqusWvbI3BVwkfkaKIEOt634FvRgbToTGDCnV9r1Ed1IkNcWMjPOBUSRBeIj6pG2pQJyoTjp9YgyPrNKDUSxtCQ2n6u+JFHGlRjy0nRzpgZr3JuJ/Xtvo6KyTUpEYTQSeLYoMgzqGk0Rgj0qCNRtZgrCk9laIB0girG1ueRuCP//yImlUyr5X9q9PitXzLI4cKIBDUAI+OAVVcAlqoA4weATP4BW8OU/Oi/PufMxal5xs5gD8gfP5A4cllrk=</latexit><latexit sha1_base64="R4FyruoZJVnRFhVg/0VlsgpKE9E=">AAACBHicbVC7SgNBFJ31GeNr1TLNYBBiE3aDoGXQRrsI5gHZGGYns8mQmdl1HmJYUtj4KzYWitj6EXb+jZNkC008cOFwzr3ce0+YMKq05307S8srq2vruY385tb2zq67t99QsZGY1HHMYtkKkSKMClLXVDPSSiRBPGSkGQ4vJn7znkhFY3GjRwnpcNQXNKIYaSt13UIgUMjQbQVGpYdjGCiDMbmDATfwqusWvbI3BVwkfkaKIEOt634FvRgbToTGDCnV9r1Ed1IkNcWMjPOBUSRBeIj6pG2pQJyoTjp9YgyPrNKDUSxtCQ2n6u+JFHGlRjy0nRzpgZr3JuJ/Xtvo6KyTUpEYTQSeLYoMgzqGk0Rgj0qCNRtZgrCk9laIB0girG1ueRuCP//yImlUyr5X9q9PitXzLI4cKIBDUAI+OAVVcAlqoA4weATP4BW8OU/Oi/PufMxal5xs5gD8gfP5A4cllrk=</latexit><latexit sha1_base64="R4FyruoZJVnRFhVg/0VlsgpKE9E=">AAACBHicbVC7SgNBFJ31GeNr1TLNYBBiE3aDoGXQRrsI5gHZGGYns8mQmdl1HmJYUtj4KzYWitj6EXb+jZNkC008cOFwzr3ce0+YMKq05307S8srq2vruY385tb2zq67t99QsZGY1HHMYtkKkSKMClLXVDPSSiRBPGSkGQ4vJn7znkhFY3GjRwnpcNQXNKIYaSt13UIgUMjQbQVGpYdjGCiDMbmDATfwqusWvbI3BVwkfkaKIEOt634FvRgbToTGDCnV9r1Ed1IkNcWMjPOBUSRBeIj6pG2pQJyoTjp9YgyPrNKDUSxtCQ2n6u+JFHGlRjy0nRzpgZr3JuJ/Xtvo6KyTUpEYTQSeLYoMgzqGk0Rgj0qCNRtZgrCk9laIB0girG1ueRuCP//yImlUyr5X9q9PitXzLI4cKIBDUAI+OAVVcAlqoA4weATP4BW8OU/Oi/PufMxal5xs5gD8gfP5A4cllrk=</latexit>



Strong convexity
- Equivalent characterizations: f(y) � f(x) + hrf(x), y � xi+ µ

2 kx� yk22, 8x, y
<latexit sha1_base64="X5XjVTweP7d53Z3mMzIom1dv1vs="></latexit><latexit sha1_base64="X5XjVTweP7d53Z3mMzIom1dv1vs="></latexit><latexit sha1_base64="X5XjVTweP7d53Z3mMzIom1dv1vs="></latexit><latexit sha1_base64="X5XjVTweP7d53Z3mMzIom1dv1vs="></latexit>

hrf(x)�rf(y), x� yi � µkx� yk22
f(y)  f(x) + hrf(x), y � xi+ 1

2µkrf(x)�rf(y)k22
hrf(x)�rf(y), x� yi  1

µkrf(x)�rf(y)k22
...

...
<latexit sha1_base64="g+KGIXhklKdJcX9lYCWfv2o0efc="></latexit><latexit sha1_base64="g+KGIXhklKdJcX9lYCWfv2o0efc="></latexit><latexit sha1_base64="g+KGIXhklKdJcX9lYCWfv2o0efc="></latexit><latexit sha1_base64="g+KGIXhklKdJcX9lYCWfv2o0efc="></latexit>

- Another important one:- Another important one: Interpretation?

r2f(x) ⌫ µI
<latexit sha1_base64="R4FyruoZJVnRFhVg/0VlsgpKE9E=">AAACBHicbVC7SgNBFJ31GeNr1TLNYBBiE3aDoGXQRrsI5gHZGGYns8mQmdl1HmJYUtj4KzYWitj6EXb+jZNkC008cOFwzr3ce0+YMKq05307S8srq2vruY385tb2zq67t99QsZGY1HHMYtkKkSKMClLXVDPSSiRBPGSkGQ4vJn7znkhFY3GjRwnpcNQXNKIYaSt13UIgUMjQbQVGpYdjGCiDMbmDATfwqusWvbI3BVwkfkaKIEOt634FvRgbToTGDCnV9r1Ed1IkNcWMjPOBUSRBeIj6pG2pQJyoTjp9YgyPrNKDUSxtCQ2n6u+JFHGlRjy0nRzpgZr3JuJ/Xtvo6KyTUpEYTQSeLYoMgzqGk0Rgj0qCNRtZgrCk9laIB0girG1ueRuCP//yImlUyr5X9q9PitXzLI4cKIBDUAI+OAVVcAlqoA4weATP4BW8OU/Oi/PufMxal5xs5gD8gfP5A4cllrk=</latexit><latexit sha1_base64="R4FyruoZJVnRFhVg/0VlsgpKE9E=">AAACBHicbVC7SgNBFJ31GeNr1TLNYBBiE3aDoGXQRrsI5gHZGGYns8mQmdl1HmJYUtj4KzYWitj6EXb+jZNkC008cOFwzr3ce0+YMKq05307S8srq2vruY385tb2zq67t99QsZGY1HHMYtkKkSKMClLXVDPSSiRBPGSkGQ4vJn7znkhFY3GjRwnpcNQXNKIYaSt13UIgUMjQbQVGpYdjGCiDMbmDATfwqusWvbI3BVwkfkaKIEOt634FvRgbToTGDCnV9r1Ed1IkNcWMjPOBUSRBeIj6pG2pQJyoTjp9YgyPrNKDUSxtCQ2n6u+JFHGlRjy0nRzpgZr3JuJ/Xtvo6KyTUpEYTQSeLYoMgzqGk0Rgj0qCNRtZgrCk9laIB0girG1ueRuCP//yImlUyr5X9q9PitXzLI4cKIBDUAI+OAVVcAlqoA4weATP4BW8OU/Oi/PufMxal5xs5gD8gfP5A4cllrk=</latexit><latexit sha1_base64="R4FyruoZJVnRFhVg/0VlsgpKE9E=">AAACBHicbVC7SgNBFJ31GeNr1TLNYBBiE3aDoGXQRrsI5gHZGGYns8mQmdl1HmJYUtj4KzYWitj6EXb+jZNkC008cOFwzr3ce0+YMKq05307S8srq2vruY385tb2zq67t99QsZGY1HHMYtkKkSKMClLXVDPSSiRBPGSkGQ4vJn7znkhFY3GjRwnpcNQXNKIYaSt13UIgUMjQbQVGpYdjGCiDMbmDATfwqusWvbI3BVwkfkaKIEOt634FvRgbToTGDCnV9r1Ed1IkNcWMjPOBUSRBeIj6pG2pQJyoTjp9YgyPrNKDUSxtCQ2n6u+JFHGlRjy0nRzpgZr3JuJ/Xtvo6KyTUpEYTQSeLYoMgzqGk0Rgj0qCNRtZgrCk9laIB0girG1ueRuCP//yImlUyr5X9q9PitXzLI4cKIBDUAI+OAVVcAlqoA4weATP4BW8OU/Oi/PufMxal5xs5gD8gfP5A4cllrk=</latexit><latexit sha1_base64="R4FyruoZJVnRFhVg/0VlsgpKE9E=">AAACBHicbVC7SgNBFJ31GeNr1TLNYBBiE3aDoGXQRrsI5gHZGGYns8mQmdl1HmJYUtj4KzYWitj6EXb+jZNkC008cOFwzr3ce0+YMKq05307S8srq2vruY385tb2zq67t99QsZGY1HHMYtkKkSKMClLXVDPSSiRBPGSkGQ4vJn7znkhFY3GjRwnpcNQXNKIYaSt13UIgUMjQbQVGpYdjGCiDMbmDATfwqusWvbI3BVwkfkaKIEOt634FvRgbToTGDCnV9r1Ed1IkNcWMjPOBUSRBeIj6pG2pQJyoTjp9YgyPrNKDUSxtCQ2n6u+JFHGlRjy0nRzpgZr3JuJ/Xtvo6KyTUpEYTQSeLYoMgzqGk0Rgj0qCNRtZgrCk9laIB0girG1ueRuCP//yImlUyr5X9q9PitXzLI4cKIBDUAI+OAVVcAlqoA4weATP4BW8OU/Oi/PufMxal5xs5gD8gfP5A4cllrk=</latexit>

- What if we also have Lipschitz continuous gradients?

hrf(x)�rf(y), x� yi � µL
µ+Lkx� yk22 + 1

µ+Lkrf(x)�rf(y)k22
<latexit sha1_base64="uJ5X1LaP2sYIAS+lg397DIGlgYY="></latexit><latexit sha1_base64="uJ5X1LaP2sYIAS+lg397DIGlgYY="></latexit><latexit sha1_base64="uJ5X1LaP2sYIAS+lg397DIGlgYY="></latexit><latexit sha1_base64="uJ5X1LaP2sYIAS+lg397DIGlgYY="></latexit>



Lipschitz conditions
- Equivalent characterizations: krf(x)�rf(y)k2  Lkx� yk2, 8x, y

<latexit sha1_base64="7HuCki1VW7mfyWueFZ/sI2l4nNM="></latexit><latexit sha1_base64="7HuCki1VW7mfyWueFZ/sI2l4nNM="></latexit><latexit sha1_base64="7HuCki1VW7mfyWueFZ/sI2l4nNM="></latexit><latexit sha1_base64="7HuCki1VW7mfyWueFZ/sI2l4nNM="></latexit>

f(y)  f(x) + hrf(x), y � xi+ L
2 kx� yk22

f(y) � f(x) + hrf(x), y � xi+ 1
2Lkrf(x)�rf(y)k22

hrf(x)�rf(y), x� yi  Lkx� yk22
...

...
<latexit sha1_base64="fA4/enGGILGUvzKeJVSZSmefmtA="></latexit><latexit sha1_base64="fA4/enGGILGUvzKeJVSZSmefmtA="></latexit><latexit sha1_base64="fA4/enGGILGUvzKeJVSZSmefmtA="></latexit><latexit sha1_base64="fA4/enGGILGUvzKeJVSZSmefmtA="></latexit>

- Another important one:

r2f(x) � LI
<latexit sha1_base64="OxOYCXJCAJSqVCLuMTBGzHDLHyQ=">AAACAnicbVDLSsNAFL2pr1pfUVfiZrAIdVOSIuiy6EbBRQX7gCaWyXTSDp1MYmYillDc+CtuXCji1q9w5984bbPQ1gMDh3Pu4c49XsSZVJb1beQWFpeWV/KrhbX1jc0tc3unIcMkJrROQh7GLQ9LypmgdcUUp60opjjwOG16g/Ox37ynsWShuFHDiLoB7gnmM4KVljrmniOwx/FtBfmlhyPk6DChd+gKXXbMolW2JkDzxM5IETLUOuaX0w1JElChCMdStm0rUm6KY8UIp6OCk0gaYTLAPdrWVOCASjednDBCh1rpIj+M9RMKTdTfiRQHUg4DT08GWPXlrDcW//PaifJP3ZSJKFFUkOkiP+FIhWjcB+oyfbHiQ00wiZn+KyJ9HGOidGsFXYI9e/I8aVTKtlW2r4+L1bOsjjzswwGUwIYTqMIF1KAOBB7hGV7hzXgyXox342M6mjOyzC78gfH5A7Xnla8=</latexit><latexit sha1_base64="OxOYCXJCAJSqVCLuMTBGzHDLHyQ=">AAACAnicbVDLSsNAFL2pr1pfUVfiZrAIdVOSIuiy6EbBRQX7gCaWyXTSDp1MYmYillDc+CtuXCji1q9w5984bbPQ1gMDh3Pu4c49XsSZVJb1beQWFpeWV/KrhbX1jc0tc3unIcMkJrROQh7GLQ9LypmgdcUUp60opjjwOG16g/Ox37ynsWShuFHDiLoB7gnmM4KVljrmniOwx/FtBfmlhyPk6DChd+gKXXbMolW2JkDzxM5IETLUOuaX0w1JElChCMdStm0rUm6KY8UIp6OCk0gaYTLAPdrWVOCASjednDBCh1rpIj+M9RMKTdTfiRQHUg4DT08GWPXlrDcW//PaifJP3ZSJKFFUkOkiP+FIhWjcB+oyfbHiQ00wiZn+KyJ9HGOidGsFXYI9e/I8aVTKtlW2r4+L1bOsjjzswwGUwIYTqMIF1KAOBB7hGV7hzXgyXox342M6mjOyzC78gfH5A7Xnla8=</latexit><latexit sha1_base64="OxOYCXJCAJSqVCLuMTBGzHDLHyQ=">AAACAnicbVDLSsNAFL2pr1pfUVfiZrAIdVOSIuiy6EbBRQX7gCaWyXTSDp1MYmYillDc+CtuXCji1q9w5984bbPQ1gMDh3Pu4c49XsSZVJb1beQWFpeWV/KrhbX1jc0tc3unIcMkJrROQh7GLQ9LypmgdcUUp60opjjwOG16g/Ox37ynsWShuFHDiLoB7gnmM4KVljrmniOwx/FtBfmlhyPk6DChd+gKXXbMolW2JkDzxM5IETLUOuaX0w1JElChCMdStm0rUm6KY8UIp6OCk0gaYTLAPdrWVOCASjednDBCh1rpIj+M9RMKTdTfiRQHUg4DT08GWPXlrDcW//PaifJP3ZSJKFFUkOkiP+FIhWjcB+oyfbHiQ00wiZn+KyJ9HGOidGsFXYI9e/I8aVTKtlW2r4+L1bOsjjzswwGUwIYTqMIF1KAOBB7hGV7hzXgyXox342M6mjOyzC78gfH5A7Xnla8=</latexit><latexit sha1_base64="OxOYCXJCAJSqVCLuMTBGzHDLHyQ=">AAACAnicbVDLSsNAFL2pr1pfUVfiZrAIdVOSIuiy6EbBRQX7gCaWyXTSDp1MYmYillDc+CtuXCji1q9w5984bbPQ1gMDh3Pu4c49XsSZVJb1beQWFpeWV/KrhbX1jc0tc3unIcMkJrROQh7GLQ9LypmgdcUUp60opjjwOG16g/Ox37ynsWShuFHDiLoB7gnmM4KVljrmniOwx/FtBfmlhyPk6DChd+gKXXbMolW2JkDzxM5IETLUOuaX0w1JElChCMdStm0rUm6KY8UIp6OCk0gaYTLAPdrWVOCASjednDBCh1rpIj+M9RMKTdTfiRQHUg4DT08GWPXlrDcW//PaifJP3ZSJKFFUkOkiP+FIhWjcB+oyfbHiQ00wiZn+KyJ9HGOidGsFXYI9e/I8aVTKtlW2r4+L1bOsjjzswwGUwIYTqMIF1KAOBB7hGV7hzXgyXox342M6mjOyzC78gfH5A7Xnla8=</latexit>

Interpretation?

(some require convexity - to be defined later)



Strong convexity
- Equivalent characterizations: f(y) � f(x) + hrf(x), y � xi+ µ

2 kx� yk22, 8x, y
<latexit sha1_base64="X5XjVTweP7d53Z3mMzIom1dv1vs="></latexit><latexit sha1_base64="X5XjVTweP7d53Z3mMzIom1dv1vs="></latexit><latexit sha1_base64="X5XjVTweP7d53Z3mMzIom1dv1vs="></latexit><latexit sha1_base64="X5XjVTweP7d53Z3mMzIom1dv1vs="></latexit>

hrf(x)�rf(y), x� yi � µkx� yk22
f(y)  f(x) + hrf(x), y � xi+ 1

2µkrf(x)�rf(y)k22
hrf(x)�rf(y), x� yi  1

µkrf(x)�rf(y)k22
...

...
<latexit sha1_base64="g+KGIXhklKdJcX9lYCWfv2o0efc="></latexit><latexit sha1_base64="g+KGIXhklKdJcX9lYCWfv2o0efc="></latexit><latexit sha1_base64="g+KGIXhklKdJcX9lYCWfv2o0efc="></latexit><latexit sha1_base64="g+KGIXhklKdJcX9lYCWfv2o0efc="></latexit>

- Another important one:- Another important one:

r2f(x) ⌫ µI
<latexit sha1_base64="R4FyruoZJVnRFhVg/0VlsgpKE9E=">AAACBHicbVC7SgNBFJ31GeNr1TLNYBBiE3aDoGXQRrsI5gHZGGYns8mQmdl1HmJYUtj4KzYWitj6EXb+jZNkC008cOFwzr3ce0+YMKq05307S8srq2vruY385tb2zq67t99QsZGY1HHMYtkKkSKMClLXVDPSSiRBPGSkGQ4vJn7znkhFY3GjRwnpcNQXNKIYaSt13UIgUMjQbQVGpYdjGCiDMbmDATfwqusWvbI3BVwkfkaKIEOt634FvRgbToTGDCnV9r1Ed1IkNcWMjPOBUSRBeIj6pG2pQJyoTjp9YgyPrNKDUSxtCQ2n6u+JFHGlRjy0nRzpgZr3JuJ/Xtvo6KyTUpEYTQSeLYoMgzqGk0Rgj0qCNRtZgrCk9laIB0girG1ueRuCP//yImlUyr5X9q9PitXzLI4cKIBDUAI+OAVVcAlqoA4weATP4BW8OU/Oi/PufMxal5xs5gD8gfP5A4cllrk=</latexit><latexit sha1_base64="R4FyruoZJVnRFhVg/0VlsgpKE9E=">AAACBHicbVC7SgNBFJ31GeNr1TLNYBBiE3aDoGXQRrsI5gHZGGYns8mQmdl1HmJYUtj4KzYWitj6EXb+jZNkC008cOFwzr3ce0+YMKq05307S8srq2vruY385tb2zq67t99QsZGY1HHMYtkKkSKMClLXVDPSSiRBPGSkGQ4vJn7znkhFY3GjRwnpcNQXNKIYaSt13UIgUMjQbQVGpYdjGCiDMbmDATfwqusWvbI3BVwkfkaKIEOt634FvRgbToTGDCnV9r1Ed1IkNcWMjPOBUSRBeIj6pG2pQJyoTjp9YgyPrNKDUSxtCQ2n6u+JFHGlRjy0nRzpgZr3JuJ/Xtvo6KyTUpEYTQSeLYoMgzqGk0Rgj0qCNRtZgrCk9laIB0girG1ueRuCP//yImlUyr5X9q9PitXzLI4cKIBDUAI+OAVVcAlqoA4weATP4BW8OU/Oi/PufMxal5xs5gD8gfP5A4cllrk=</latexit><latexit sha1_base64="R4FyruoZJVnRFhVg/0VlsgpKE9E=">AAACBHicbVC7SgNBFJ31GeNr1TLNYBBiE3aDoGXQRrsI5gHZGGYns8mQmdl1HmJYUtj4KzYWitj6EXb+jZNkC008cOFwzr3ce0+YMKq05307S8srq2vruY385tb2zq67t99QsZGY1HHMYtkKkSKMClLXVDPSSiRBPGSkGQ4vJn7znkhFY3GjRwnpcNQXNKIYaSt13UIgUMjQbQVGpYdjGCiDMbmDATfwqusWvbI3BVwkfkaKIEOt634FvRgbToTGDCnV9r1Ed1IkNcWMjPOBUSRBeIj6pG2pQJyoTjp9YgyPrNKDUSxtCQ2n6u+JFHGlRjy0nRzpgZr3JuJ/Xtvo6KyTUpEYTQSeLYoMgzqGk0Rgj0qCNRtZgrCk9laIB0girG1ueRuCP//yImlUyr5X9q9PitXzLI4cKIBDUAI+OAVVcAlqoA4weATP4BW8OU/Oi/PufMxal5xs5gD8gfP5A4cllrk=</latexit><latexit sha1_base64="R4FyruoZJVnRFhVg/0VlsgpKE9E=">AAACBHicbVC7SgNBFJ31GeNr1TLNYBBiE3aDoGXQRrsI5gHZGGYns8mQmdl1HmJYUtj4KzYWitj6EXb+jZNkC008cOFwzr3ce0+YMKq05307S8srq2vruY385tb2zq67t99QsZGY1HHMYtkKkSKMClLXVDPSSiRBPGSkGQ4vJn7znkhFY3GjRwnpcNQXNKIYaSt13UIgUMjQbQVGpYdjGCiDMbmDATfwqusWvbI3BVwkfkaKIEOt634FvRgbToTGDCnV9r1Ed1IkNcWMjPOBUSRBeIj6pG2pQJyoTjp9YgyPrNKDUSxtCQ2n6u+JFHGlRjy0nRzpgZr3JuJ/Xtvo6KyTUpEYTQSeLYoMgzqGk0Rgj0qCNRtZgrCk9laIB0girG1ueRuCP//yImlUyr5X9q9PitXzLI4cKIBDUAI+OAVVcAlqoA4weATP4BW8OU/Oi/PufMxal5xs5gD8gfP5A4cllrk=</latexit>

- What if we also have Lipschitz continuous gradients?

hrf(x)�rf(y), x� yi � µL
µ+Lkx� yk22 + 1

µ+Lkrf(x)�rf(y)k22
<latexit sha1_base64="uJ5X1LaP2sYIAS+lg397DIGlgYY="></latexit><latexit sha1_base64="uJ5X1LaP2sYIAS+lg397DIGlgYY="></latexit><latexit sha1_base64="uJ5X1LaP2sYIAS+lg397DIGlgYY="></latexit><latexit sha1_base64="uJ5X1LaP2sYIAS+lg397DIGlgYY="></latexit>



What is the gain?

Whiteboard



Convergence rates 101 (Source: Wikipedia)

O(log 1/")
<latexit sha1_base64="TBEp0GhGrxN9ECjxf1iv7qHHM4I=">AAAB/nicbVBNSwMxEM3Wr1q/VsWTl2AR6qXuiqDHohdvVrAf0C0lm07b0GyyJNlCWQr+FS8eFPHq7/DmvzFt96CtDwYe780wMy+MOdPG876d3Mrq2vpGfrOwtb2zu+fuH9S1TBSFGpVcqmZINHAmoGaY4dCMFZAo5NAIh7dTvzECpZkUj2YcQzsifcF6jBJjpY57dF8KuOxj/zwYEQWxZlyKs45b9MreDHiZ+BkpogzVjvsVdCVNIhCGcqJ1y/di006JMoxymBSCRENM6JD0oWWpIBHodjo7f4JPrdLFPalsCYNn6u+JlERaj6PQdkbEDPSiNxX/81qJ6V23UybixICg80W9hGMj8TQL3GUKqOFjSwhVzN6K6YAoQo1NrGBD8BdfXib1i7Lvlf2Hy2LlJosjj47RCSohH12hCrpDVVRDFKXoGb2iN+fJeXHenY95a87JZg7RHzifP/trlNo=</latexit><latexit sha1_base64="TBEp0GhGrxN9ECjxf1iv7qHHM4I=">AAAB/nicbVBNSwMxEM3Wr1q/VsWTl2AR6qXuiqDHohdvVrAf0C0lm07b0GyyJNlCWQr+FS8eFPHq7/DmvzFt96CtDwYe780wMy+MOdPG876d3Mrq2vpGfrOwtb2zu+fuH9S1TBSFGpVcqmZINHAmoGaY4dCMFZAo5NAIh7dTvzECpZkUj2YcQzsifcF6jBJjpY57dF8KuOxj/zwYEQWxZlyKs45b9MreDHiZ+BkpogzVjvsVdCVNIhCGcqJ1y/di006JMoxymBSCRENM6JD0oWWpIBHodjo7f4JPrdLFPalsCYNn6u+JlERaj6PQdkbEDPSiNxX/81qJ6V23UybixICg80W9hGMj8TQL3GUKqOFjSwhVzN6K6YAoQo1NrGBD8BdfXib1i7Lvlf2Hy2LlJosjj47RCSohH12hCrpDVVRDFKXoGb2iN+fJeXHenY95a87JZg7RHzifP/trlNo=</latexit><latexit sha1_base64="TBEp0GhGrxN9ECjxf1iv7qHHM4I=">AAAB/nicbVBNSwMxEM3Wr1q/VsWTl2AR6qXuiqDHohdvVrAf0C0lm07b0GyyJNlCWQr+FS8eFPHq7/DmvzFt96CtDwYe780wMy+MOdPG876d3Mrq2vpGfrOwtb2zu+fuH9S1TBSFGpVcqmZINHAmoGaY4dCMFZAo5NAIh7dTvzECpZkUj2YcQzsifcF6jBJjpY57dF8KuOxj/zwYEQWxZlyKs45b9MreDHiZ+BkpogzVjvsVdCVNIhCGcqJ1y/di006JMoxymBSCRENM6JD0oWWpIBHodjo7f4JPrdLFPalsCYNn6u+JlERaj6PQdkbEDPSiNxX/81qJ6V23UybixICg80W9hGMj8TQL3GUKqOFjSwhVzN6K6YAoQo1NrGBD8BdfXib1i7Lvlf2Hy2LlJosjj47RCSohH12hCrpDVVRDFKXoGb2iN+fJeXHenY95a87JZg7RHzifP/trlNo=</latexit><latexit sha1_base64="TBEp0GhGrxN9ECjxf1iv7qHHM4I=">AAAB/nicbVBNSwMxEM3Wr1q/VsWTl2AR6qXuiqDHohdvVrAf0C0lm07b0GyyJNlCWQr+FS8eFPHq7/DmvzFt96CtDwYe780wMy+MOdPG876d3Mrq2vpGfrOwtb2zu+fuH9S1TBSFGpVcqmZINHAmoGaY4dCMFZAo5NAIh7dTvzECpZkUj2YcQzsifcF6jBJjpY57dF8KuOxj/zwYEQWxZlyKs45b9MreDHiZ+BkpogzVjvsVdCVNIhCGcqJ1y/di006JMoxymBSCRENM6JD0oWWpIBHodjo7f4JPrdLFPalsCYNn6u+JlERaj6PQdkbEDPSiNxX/81qJ6V23UybixICg80W9hGMj8TQL3GUKqOFjSwhVzN6K6YAoQo1NrGBD8BdfXib1i7Lvlf2Hy2LlJosjj47RCSohH12hCrpDVVRDFKXoGb2iN+fJeXHenY95a87JZg7RHzifP/trlNo=</latexit>

qk, q 2 (0, 1)
<latexit sha1_base64="RhWl/rUOhfSRwLlkcyUoogGd2lc=">AAAB+3icbVBNS8NAEJ34WetXrEcvi0WoUEoigh6LXjxWsB/QxrLZbtqlm026uxFLqD/FiwdFvPpHvPlv3LY5aOuDgcd7M8zM82POlHacb2tldW19YzO3ld/e2d3btw8KDRUlktA6iXgkWz5WlDNB65ppTluxpDj0OW36w+up33ygUrFI3OlxTL0Q9wULGMHaSF27MLofltHTCHWYQCWnjNzTrl10Ks4MaJm4GSlChlrX/ur0IpKEVGjCsVJt14m1l2KpGeF0ku8kisaYDHGftg0VOKTKS2e3T9CJUXooiKQpodFM/T2R4lCpceibzhDrgVr0puJ/XjvRwaWXMhEnmgoyXxQkHOkITYNAPSYp0XxsCCaSmVsRGWCJiTZx5U0I7uLLy6RxVnGdint7XqxeZXHk4AiOoQQuXEAVbqAGdSDwCM/wCm/WxHqx3q2PeeuKlc0cwh9Ynz+6QZJF</latexit><latexit sha1_base64="RhWl/rUOhfSRwLlkcyUoogGd2lc=">AAAB+3icbVBNS8NAEJ34WetXrEcvi0WoUEoigh6LXjxWsB/QxrLZbtqlm026uxFLqD/FiwdFvPpHvPlv3LY5aOuDgcd7M8zM82POlHacb2tldW19YzO3ld/e2d3btw8KDRUlktA6iXgkWz5WlDNB65ppTluxpDj0OW36w+up33ygUrFI3OlxTL0Q9wULGMHaSF27MLofltHTCHWYQCWnjNzTrl10Ks4MaJm4GSlChlrX/ur0IpKEVGjCsVJt14m1l2KpGeF0ku8kisaYDHGftg0VOKTKS2e3T9CJUXooiKQpodFM/T2R4lCpceibzhDrgVr0puJ/XjvRwaWXMhEnmgoyXxQkHOkITYNAPSYp0XxsCCaSmVsRGWCJiTZx5U0I7uLLy6RxVnGdint7XqxeZXHk4AiOoQQuXEAVbqAGdSDwCM/wCm/WxHqx3q2PeeuKlc0cwh9Ynz+6QZJF</latexit><latexit sha1_base64="RhWl/rUOhfSRwLlkcyUoogGd2lc=">AAAB+3icbVBNS8NAEJ34WetXrEcvi0WoUEoigh6LXjxWsB/QxrLZbtqlm026uxFLqD/FiwdFvPpHvPlv3LY5aOuDgcd7M8zM82POlHacb2tldW19YzO3ld/e2d3btw8KDRUlktA6iXgkWz5WlDNB65ppTluxpDj0OW36w+up33ygUrFI3OlxTL0Q9wULGMHaSF27MLofltHTCHWYQCWnjNzTrl10Ks4MaJm4GSlChlrX/ur0IpKEVGjCsVJt14m1l2KpGeF0ku8kisaYDHGftg0VOKTKS2e3T9CJUXooiKQpodFM/T2R4lCpceibzhDrgVr0puJ/XjvRwaWXMhEnmgoyXxQkHOkITYNAPSYp0XxsCCaSmVsRGWCJiTZx5U0I7uLLy6RxVnGdint7XqxeZXHk4AiOoQQuXEAVbqAGdSDwCM/wCm/WxHqx3q2PeeuKlc0cwh9Ynz+6QZJF</latexit><latexit sha1_base64="RhWl/rUOhfSRwLlkcyUoogGd2lc=">AAAB+3icbVBNS8NAEJ34WetXrEcvi0WoUEoigh6LXjxWsB/QxrLZbtqlm026uxFLqD/FiwdFvPpHvPlv3LY5aOuDgcd7M8zM82POlHacb2tldW19YzO3ld/e2d3btw8KDRUlktA6iXgkWz5WlDNB65ppTluxpDj0OW36w+up33ygUrFI3OlxTL0Q9wULGMHaSF27MLofltHTCHWYQCWnjNzTrl10Ks4MaJm4GSlChlrX/ur0IpKEVGjCsVJt14m1l2KpGeF0ku8kisaYDHGftg0VOKTKS2e3T9CJUXooiKQpodFM/T2R4lCpceibzhDrgVr0puJ/XjvRwaWXMhEnmgoyXxQkHOkITYNAPSYp0XxsCCaSmVsRGWCJiTZx5U0I7uLLy6RxVnGdint7XqxeZXHk4AiOoQQuXEAVbqAGdSDwCM/wCm/WxHqx3q2PeeuKlc0cwh9Ynz+6QZJF</latexit>

O (log log(1/"))
<latexit sha1_base64="ZxTvabiKGAmBLtZ+6w9RMpXFtaE=">AAACEHicbVC7SgNBFJ31GeNr1dJmMIixibsiaBm0sTOCUSEbwuzkbjI4O7PM3A2EkE+w8VdsLBSxtbTzb5w8Cl8H7uVwzr3M3BNnUlgMgk9vZnZufmGxsFRcXlldW/c3Nq+tzg2HOtdSm9uYWZBCQR0FSrjNDLA0lnAT352N/JseGCu0usJ+Bs2UdZRIBGfopJa/dxFJSLAcSd2h41YOD6IeM5BZIbXaj4zodHG/5ZeCSjAG/UvCKSmRKWot/yNqa56noJBLZm0jDDJsDphBwSUMi1FuIWP8jnWg4ahiKdjmYHzQkO46pU0TbVwppGP1+8aApdb209hNpgy79rc3Ev/zGjkmJ82BUFmOoPjkoSSXFDUdpUPbwgBH2XeEcSPcXynvMsM4ugyLLoTw98l/yfVhJQwq4eVRqXo6jaNAtskOKZOQHJMqOSc1Uiec3JNH8kxevAfvyXv13iajM950Z4v8gPf+BUvonB4=</latexit><latexit sha1_base64="ZxTvabiKGAmBLtZ+6w9RMpXFtaE=">AAACEHicbVC7SgNBFJ31GeNr1dJmMIixibsiaBm0sTOCUSEbwuzkbjI4O7PM3A2EkE+w8VdsLBSxtbTzb5w8Cl8H7uVwzr3M3BNnUlgMgk9vZnZufmGxsFRcXlldW/c3Nq+tzg2HOtdSm9uYWZBCQR0FSrjNDLA0lnAT352N/JseGCu0usJ+Bs2UdZRIBGfopJa/dxFJSLAcSd2h41YOD6IeM5BZIbXaj4zodHG/5ZeCSjAG/UvCKSmRKWot/yNqa56noJBLZm0jDDJsDphBwSUMi1FuIWP8jnWg4ahiKdjmYHzQkO46pU0TbVwppGP1+8aApdb209hNpgy79rc3Ev/zGjkmJ82BUFmOoPjkoSSXFDUdpUPbwgBH2XeEcSPcXynvMsM4ugyLLoTw98l/yfVhJQwq4eVRqXo6jaNAtskOKZOQHJMqOSc1Uiec3JNH8kxevAfvyXv13iajM950Z4v8gPf+BUvonB4=</latexit><latexit sha1_base64="ZxTvabiKGAmBLtZ+6w9RMpXFtaE=">AAACEHicbVC7SgNBFJ31GeNr1dJmMIixibsiaBm0sTOCUSEbwuzkbjI4O7PM3A2EkE+w8VdsLBSxtbTzb5w8Cl8H7uVwzr3M3BNnUlgMgk9vZnZufmGxsFRcXlldW/c3Nq+tzg2HOtdSm9uYWZBCQR0FSrjNDLA0lnAT352N/JseGCu0usJ+Bs2UdZRIBGfopJa/dxFJSLAcSd2h41YOD6IeM5BZIbXaj4zodHG/5ZeCSjAG/UvCKSmRKWot/yNqa56noJBLZm0jDDJsDphBwSUMi1FuIWP8jnWg4ahiKdjmYHzQkO46pU0TbVwppGP1+8aApdb209hNpgy79rc3Ev/zGjkmJ82BUFmOoPjkoSSXFDUdpUPbwgBH2XeEcSPcXynvMsM4ugyLLoTw98l/yfVhJQwq4eVRqXo6jaNAtskOKZOQHJMqOSc1Uiec3JNH8kxevAfvyXv13iajM950Z4v8gPf+BUvonB4=</latexit><latexit sha1_base64="ZxTvabiKGAmBLtZ+6w9RMpXFtaE=">AAACEHicbVC7SgNBFJ31GeNr1dJmMIixibsiaBm0sTOCUSEbwuzkbjI4O7PM3A2EkE+w8VdsLBSxtbTzb5w8Cl8H7uVwzr3M3BNnUlgMgk9vZnZufmGxsFRcXlldW/c3Nq+tzg2HOtdSm9uYWZBCQR0FSrjNDLA0lnAT352N/JseGCu0usJ+Bs2UdZRIBGfopJa/dxFJSLAcSd2h41YOD6IeM5BZIbXaj4zodHG/5ZeCSjAG/UvCKSmRKWot/yNqa56noJBLZm0jDDJsDphBwSUMi1FuIWP8jnWg4ahiKdjmYHzQkO46pU0TbVwppGP1+8aApdb209hNpgy79rc3Ev/zGjkmJ82BUFmOoPjkoSSXFDUdpUPbwgBH2XeEcSPcXynvMsM4ugyLLoTw98l/yfVhJQwq4eVRqXo6jaNAtskOKZOQHJMqOSc1Uiec3JNH8kxevAfvyXv13iajM950Z4v8gPf+BUvonB4=</latexit>

O(1/"2), O(1/"), O(1/
p
")

<latexit sha1_base64="AvR0nvy1FbObLsOAKl9HDetAjsg=">AAACJ3icbZDLSgMxFIYz9VbrbdSlm2ARWih1pgi6kqIbd1awF2jHkknTGppJxiRTKEN9Gje+ihtBRXTpm5i2s6itBwI/338OJ+f3Q0aVdpxvK7W0vLK6ll7PbGxube/Yu3s1JSKJSRULJmTDR4owyklVU81II5QEBT4jdb9/OfbrAyIVFfxWD0PiBajHaZdipA1q2+fXOfe4NUCShIoywe9K+cLjHMsX4BSpB6njGWOUb9tZp+hMCi4KNxFZkFSlbb+1OgJHAeEaM6RU03VC7cVIaooZGWVakSIhwn3UI00jOQqI8uLJnSN4ZEgHdoU0j2s4obMTMQqUGga+6QyQvlfz3hj+5zUj3T3zYsrDSBOOp4u6EYNawHFosEMlwZoNjUBYUvNXiO+RRFibaDMmBHf+5EVRKxVdp+jenGTLF0kcaXAADkEOuOAUlMEVqIAqwOAJvIB38GE9W6/Wp/U1bU1Zycw++FPWzy9kUKUW</latexit><latexit sha1_base64="AvR0nvy1FbObLsOAKl9HDetAjsg=">AAACJ3icbZDLSgMxFIYz9VbrbdSlm2ARWih1pgi6kqIbd1awF2jHkknTGppJxiRTKEN9Gje+ihtBRXTpm5i2s6itBwI/338OJ+f3Q0aVdpxvK7W0vLK6ll7PbGxube/Yu3s1JSKJSRULJmTDR4owyklVU81II5QEBT4jdb9/OfbrAyIVFfxWD0PiBajHaZdipA1q2+fXOfe4NUCShIoywe9K+cLjHMsX4BSpB6njGWOUb9tZp+hMCi4KNxFZkFSlbb+1OgJHAeEaM6RU03VC7cVIaooZGWVakSIhwn3UI00jOQqI8uLJnSN4ZEgHdoU0j2s4obMTMQqUGga+6QyQvlfz3hj+5zUj3T3zYsrDSBOOp4u6EYNawHFosEMlwZoNjUBYUvNXiO+RRFibaDMmBHf+5EVRKxVdp+jenGTLF0kcaXAADkEOuOAUlMEVqIAqwOAJvIB38GE9W6/Wp/U1bU1Zycw++FPWzy9kUKUW</latexit><latexit sha1_base64="AvR0nvy1FbObLsOAKl9HDetAjsg=">AAACJ3icbZDLSgMxFIYz9VbrbdSlm2ARWih1pgi6kqIbd1awF2jHkknTGppJxiRTKEN9Gje+ihtBRXTpm5i2s6itBwI/338OJ+f3Q0aVdpxvK7W0vLK6ll7PbGxube/Yu3s1JSKJSRULJmTDR4owyklVU81II5QEBT4jdb9/OfbrAyIVFfxWD0PiBajHaZdipA1q2+fXOfe4NUCShIoywe9K+cLjHMsX4BSpB6njGWOUb9tZp+hMCi4KNxFZkFSlbb+1OgJHAeEaM6RU03VC7cVIaooZGWVakSIhwn3UI00jOQqI8uLJnSN4ZEgHdoU0j2s4obMTMQqUGga+6QyQvlfz3hj+5zUj3T3zYsrDSBOOp4u6EYNawHFosEMlwZoNjUBYUvNXiO+RRFibaDMmBHf+5EVRKxVdp+jenGTLF0kcaXAADkEOuOAUlMEVqIAqwOAJvIB38GE9W6/Wp/U1bU1Zycw++FPWzy9kUKUW</latexit><latexit sha1_base64="AvR0nvy1FbObLsOAKl9HDetAjsg=">AAACJ3icbZDLSgMxFIYz9VbrbdSlm2ARWih1pgi6kqIbd1awF2jHkknTGppJxiRTKEN9Gje+ihtBRXTpm5i2s6itBwI/338OJ+f3Q0aVdpxvK7W0vLK6ll7PbGxube/Yu3s1JSKJSRULJmTDR4owyklVU81II5QEBT4jdb9/OfbrAyIVFfxWD0PiBajHaZdipA1q2+fXOfe4NUCShIoywe9K+cLjHMsX4BSpB6njGWOUb9tZp+hMCi4KNxFZkFSlbb+1OgJHAeEaM6RU03VC7cVIaooZGWVakSIhwn3UI00jOQqI8uLJnSN4ZEgHdoU0j2s4obMTMQqUGga+6QyQvlfz3hj+5zUj3T3zYsrDSBOOp4u6EYNawHFosEMlwZoNjUBYUvNXiO+RRFibaDMmBHf+5EVRKxVdp+jenGTLF0kcaXAADkEOuOAUlMEVqIAqwOAJvIB38GE9W6/Wp/U1bU1Zycw++FPWzy9kUKUW</latexit>

O(1/k2), O(1/k), O(
p

(k))
<latexit sha1_base64="162YUYT9Wi+cK/75cfsly9UX/oo=">AAACBnicbZDLSgMxFIYz9VbrbdSlCMEitCB1pgi6LLpxZwV7gXYsmTTThslcTM4IpXTlxldx40IRtz6DO9/GdDoLrR4I+fj/c0jO78aCK7CsLyO3sLi0vJJfLaytb2xumds7TRUlkrIGjUQk2y5RTPCQNYCDYO1YMhK4grVc/2Lqt+6ZVDwKb2AUMycgg5B7nBLQUs/cvyrZx/5ttXyEU0rvrrqTUPLL5Z5ZtCpWWvgv2BkUUVb1nvnZ7Uc0CVgIVBClOrYVgzMmEjgVbFLoJorFhPpkwDoaQxIw5YzTNSb4UCt97EVSnxBwqv6cGJNAqVHg6s6AwFDNe1PxP6+TgHfmjHkYJ8BCOnvISwSGCE8zwX0uGQUx0kCo5PqvmA6JJBR0cgUdgj2/8l9oViu2VbGvT4q18yyOPNpDB6iEbHSKaugS1VEDUfSAntALejUejWfjzXifteaMbGYX/Srj4xt3BJVN</latexit><latexit sha1_base64="162YUYT9Wi+cK/75cfsly9UX/oo=">AAACBnicbZDLSgMxFIYz9VbrbdSlCMEitCB1pgi6LLpxZwV7gXYsmTTThslcTM4IpXTlxldx40IRtz6DO9/GdDoLrR4I+fj/c0jO78aCK7CsLyO3sLi0vJJfLaytb2xumds7TRUlkrIGjUQk2y5RTPCQNYCDYO1YMhK4grVc/2Lqt+6ZVDwKb2AUMycgg5B7nBLQUs/cvyrZx/5ttXyEU0rvrrqTUPLL5Z5ZtCpWWvgv2BkUUVb1nvnZ7Uc0CVgIVBClOrYVgzMmEjgVbFLoJorFhPpkwDoaQxIw5YzTNSb4UCt97EVSnxBwqv6cGJNAqVHg6s6AwFDNe1PxP6+TgHfmjHkYJ8BCOnvISwSGCE8zwX0uGQUx0kCo5PqvmA6JJBR0cgUdgj2/8l9oViu2VbGvT4q18yyOPNpDB6iEbHSKaugS1VEDUfSAntALejUejWfjzXifteaMbGYX/Srj4xt3BJVN</latexit><latexit sha1_base64="162YUYT9Wi+cK/75cfsly9UX/oo=">AAACBnicbZDLSgMxFIYz9VbrbdSlCMEitCB1pgi6LLpxZwV7gXYsmTTThslcTM4IpXTlxldx40IRtz6DO9/GdDoLrR4I+fj/c0jO78aCK7CsLyO3sLi0vJJfLaytb2xumds7TRUlkrIGjUQk2y5RTPCQNYCDYO1YMhK4grVc/2Lqt+6ZVDwKb2AUMycgg5B7nBLQUs/cvyrZx/5ttXyEU0rvrrqTUPLL5Z5ZtCpWWvgv2BkUUVb1nvnZ7Uc0CVgIVBClOrYVgzMmEjgVbFLoJorFhPpkwDoaQxIw5YzTNSb4UCt97EVSnxBwqv6cGJNAqVHg6s6AwFDNe1PxP6+TgHfmjHkYJ8BCOnvISwSGCE8zwX0uGQUx0kCo5PqvmA6JJBR0cgUdgj2/8l9oViu2VbGvT4q18yyOPNpDB6iEbHSKaugS1VEDUfSAntALejUejWfjzXifteaMbGYX/Srj4xt3BJVN</latexit><latexit sha1_base64="162YUYT9Wi+cK/75cfsly9UX/oo=">AAACBnicbZDLSgMxFIYz9VbrbdSlCMEitCB1pgi6LLpxZwV7gXYsmTTThslcTM4IpXTlxldx40IRtz6DO9/GdDoLrR4I+fj/c0jO78aCK7CsLyO3sLi0vJJfLaytb2xumds7TRUlkrIGjUQk2y5RTPCQNYCDYO1YMhK4grVc/2Lqt+6ZVDwKb2AUMycgg5B7nBLQUs/cvyrZx/5ttXyEU0rvrrqTUPLL5Z5ZtCpWWvgv2BkUUVb1nvnZ7Uc0CVgIVBClOrYVgzMmEjgVbFLoJorFhPpkwDoaQxIw5YzTNSb4UCt97EVSnxBwqv6cGJNAqVHg6s6AwFDNe1PxP6+TgHfmjHkYJ8BCOnvISwSGCE8zwX0uGQUx0kCo5PqvmA6JJBR0cgUdgj2/8l9oViu2VbGvT4q18yyOPNpDB6iEbHSKaugS1VEDUfSAntALejUejWfjzXifteaMbGYX/Srj4xt3BJVN</latexit>



What should be our expectations: Lower bounds

- For objectives with Lipschitz continuous gradients:

f(xt)� f(x?) � 3Lkx0 � x?k22
32(t+ 1)2

<latexit sha1_base64="/qVMcgkMlBs8WaHzwsCGMfztnmo="></latexit><latexit sha1_base64="/qVMcgkMlBs8WaHzwsCGMfztnmo="></latexit><latexit sha1_base64="/qVMcgkMlBs8WaHzwsCGMfztnmo="></latexit><latexit sha1_base64="/qVMcgkMlBs8WaHzwsCGMfztnmo="></latexit>

(Under these assumptions, and using only gradients, we cannot achieve better than            )O

✓
1

t2

◆

<latexit sha1_base64="VyGZIfytmzdqPycIvzNHnxuBFGc=">AAACBHicbVBNS8NAEN34WetX1GMvi0Wol5IUQY9FL96sYD+giWWz3bRLN5uwOxFK6MGLf8WLB0W8+iO8+W/ctjlo64OBx3szzMwLEsE1OM63tbK6tr6xWdgqbu/s7u3bB4ctHaeKsiaNRaw6AdFMcMmawEGwTqIYiQLB2sHoauq3H5jSPJZ3ME6YH5GB5CGnBIzUs0s3nmAhVLxQEZq5kwzuaxNP8cEQTnt22ak6M+Bl4uakjHI0evaX149pGjEJVBCtu66TgJ8RBZwKNil6qWYJoSMyYF1DJYmY9rPZExN8YpQ+DmNlSgKeqb8nMhJpPY4C0xkRGOpFbyr+53VTCC/8jMskBSbpfFGYCgwxniaC+1wxCmJsCKGKm1sxHRITB5jciiYEd/HlZdKqVV2n6t6eleuXeRwFVELHqIJcdI7q6Bo1UBNR9Iie0St6s56sF+vd+pi3rlj5zBH6A+vzB3cQl/c=</latexit><latexit sha1_base64="VyGZIfytmzdqPycIvzNHnxuBFGc=">AAACBHicbVBNS8NAEN34WetX1GMvi0Wol5IUQY9FL96sYD+giWWz3bRLN5uwOxFK6MGLf8WLB0W8+iO8+W/ctjlo64OBx3szzMwLEsE1OM63tbK6tr6xWdgqbu/s7u3bB4ctHaeKsiaNRaw6AdFMcMmawEGwTqIYiQLB2sHoauq3H5jSPJZ3ME6YH5GB5CGnBIzUs0s3nmAhVLxQEZq5kwzuaxNP8cEQTnt22ak6M+Bl4uakjHI0evaX149pGjEJVBCtu66TgJ8RBZwKNil6qWYJoSMyYF1DJYmY9rPZExN8YpQ+DmNlSgKeqb8nMhJpPY4C0xkRGOpFbyr+53VTCC/8jMskBSbpfFGYCgwxniaC+1wxCmJsCKGKm1sxHRITB5jciiYEd/HlZdKqVV2n6t6eleuXeRwFVELHqIJcdI7q6Bo1UBNR9Iie0St6s56sF+vd+pi3rlj5zBH6A+vzB3cQl/c=</latexit><latexit sha1_base64="VyGZIfytmzdqPycIvzNHnxuBFGc=">AAACBHicbVBNS8NAEN34WetX1GMvi0Wol5IUQY9FL96sYD+giWWz3bRLN5uwOxFK6MGLf8WLB0W8+iO8+W/ctjlo64OBx3szzMwLEsE1OM63tbK6tr6xWdgqbu/s7u3bB4ctHaeKsiaNRaw6AdFMcMmawEGwTqIYiQLB2sHoauq3H5jSPJZ3ME6YH5GB5CGnBIzUs0s3nmAhVLxQEZq5kwzuaxNP8cEQTnt22ak6M+Bl4uakjHI0evaX149pGjEJVBCtu66TgJ8RBZwKNil6qWYJoSMyYF1DJYmY9rPZExN8YpQ+DmNlSgKeqb8nMhJpPY4C0xkRGOpFbyr+53VTCC/8jMskBSbpfFGYCgwxniaC+1wxCmJsCKGKm1sxHRITB5jciiYEd/HlZdKqVV2n6t6eleuXeRwFVELHqIJcdI7q6Bo1UBNR9Iie0St6s56sF+vd+pi3rlj5zBH6A+vzB3cQl/c=</latexit><latexit sha1_base64="VyGZIfytmzdqPycIvzNHnxuBFGc=">AAACBHicbVBNS8NAEN34WetX1GMvi0Wol5IUQY9FL96sYD+giWWz3bRLN5uwOxFK6MGLf8WLB0W8+iO8+W/ctjlo64OBx3szzMwLEsE1OM63tbK6tr6xWdgqbu/s7u3bB4ctHaeKsiaNRaw6AdFMcMmawEGwTqIYiQLB2sHoauq3H5jSPJZ3ME6YH5GB5CGnBIzUs0s3nmAhVLxQEZq5kwzuaxNP8cEQTnt22ak6M+Bl4uakjHI0evaX149pGjEJVBCtu66TgJ8RBZwKNil6qWYJoSMyYF1DJYmY9rPZExN8YpQ+DmNlSgKeqb8nMhJpPY4C0xkRGOpFbyr+53VTCC/8jMskBSbpfFGYCgwxniaC+1wxCmJsCKGKm1sxHRITB5jciiYEd/HlZdKqVV2n6t6eleuXeRwFVELHqIJcdI7q6Bo1UBNR9Iie0St6s56sF+vd+pi3rlj5zBH6A+vzB3cQl/c=</latexit>



What should be our expectations: Lower bounds

- For objectives with Lipschitz continuous gradients:

f(xt)� f(x?) � 3Lkx0 � x?k22
32(t+ 1)2

<latexit sha1_base64="/qVMcgkMlBs8WaHzwsCGMfztnmo="></latexit><latexit sha1_base64="/qVMcgkMlBs8WaHzwsCGMfztnmo="></latexit><latexit sha1_base64="/qVMcgkMlBs8WaHzwsCGMfztnmo="></latexit><latexit sha1_base64="/qVMcgkMlBs8WaHzwsCGMfztnmo="></latexit>

(Under these assumptions, and using only gradients, we cannot achieve better than            )O

✓
1

t2

◆
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(The case we described has near optimal exponent, but does not involve the square root of κ)



What should be our expectations: Lower bounds

- For objectives with Lipschitz continuous gradients:
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(The case we described has near optimal exponent, but does not involve the square root of κ)

- In future lectures: acceleration techniques that achieves these rates



Convex optimization

Demo



Are there other, more powerful, global assumptions?
- Remember, our analysis is based on: krf(x)�rf(y)k2  Lkx� yk2, 8x, y
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(and on                                                           when we talk about convex functions)f(y) � f(x) + hrf(x), y � xi+ µ
2 kx� yk22
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- Polyak-Lojasiewicz (PL) inequality

(Any thoughts about what this implies?)

1
2krf(x)k22 � ⇠(f(x)� f(x?)), 8x, for some ⇠ > 0
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- Polyak-Lojasiewicz (PL) inequality

(Any thoughts about what this implies?)

1
2krf(x)k22 � ⇠(f(x)� f(x?)), 8x, for some ⇠ > 0
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- Using PL inequality + Lipschitz gradient continuity:

f(xt)� f(x?) 
⇣
1� ⇠

L

⌘t
(f(x0)� f(x?))
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Are there other, more powerful, global assumptions?
- Remember, our analysis is based on: krf(x)�rf(y)k2  Lkx� yk2, 8x, y
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(and on                                                           when we talk about convex functions)f(y) � f(x) + hrf(x), y � xi+ µ
2 kx� yk22
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- Polyak-Lojasiewicz (PL) inequality

(Any thoughts about what this implies?)

1
2krf(x)k22 � ⇠(f(x)� f(x?)), 8x, for some ⇠ > 0
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- Does not use convexity: holds for invex functions (stationary = global)

- Using PL inequality + Lipschitz gradient continuity:

f(xt)� f(x?) 
⇣
1� ⇠

L

⌘t
(f(x0)� f(x?))
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Convex optimization is not only about the objective

- Back to the first slide:

min
x

f(x)

s.t. x 2 C
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(We will worry about this in the 

lectures to follow!)



Convex sets

C ✓ Rp is convex if 8x1, x2 2 C, it holds 8↵ 2 [0, 1] : ↵x1 + (1� ↵)x2 2 C
<latexit sha1_base64="4uAgeA9hGFvorwUE+Bdw4vNVWsc="></latexit><latexit sha1_base64="4uAgeA9hGFvorwUE+Bdw4vNVWsc="></latexit><latexit sha1_base64="4uAgeA9hGFvorwUE+Bdw4vNVWsc="></latexit><latexit sha1_base64="4uAgeA9hGFvorwUE+Bdw4vNVWsc="></latexit>



Convex sets

C ✓ Rp is convex if 8x1, x2 2 C, it holds 8↵ 2 [0, 1] : ↵x1 + (1� ↵)x2 2 C
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Convex sets

C ✓ Rp is convex if 8x1, x2 2 C, it holds 8↵ 2 [0, 1] : ↵x1 + (1� ↵)x2 2 C
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- Convex hull of points: conv(V) =

8
<

:

|V|X

i=1

↵ixi :

|V|X

i=1

↵i = 1, ↵i � 0, xi 2 V

9
=

;
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Convex sets

C ✓ Rp is convex if 8x1, x2 2 C, it holds 8↵ 2 [0, 1] : ↵x1 + (1� ↵)x2 2 C
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- Convex hull of points: conv(V) =

8
<

:

|V|X

i=1

↵ixi :

|V|X

i=1

↵i = 1, ↵i � 0, xi 2 V

9
=

;
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Projections onto convex sets

⇧C(x) = argmin
y2C

kx� yk22
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(The use of Euclidean norm is arbitrary 
and often depends on the application)

⇧C(x) = argmin
y2C

kx� yk1
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Projections onto convex sets

⇧C(x) = argmin
y2C

kx� yk22
<latexit sha1_base64="UB4AJpkwFTnxH5sc2IvRc7/BBi4="></latexit><latexit sha1_base64="UB4AJpkwFTnxH5sc2IvRc7/BBi4="></latexit><latexit sha1_base64="UB4AJpkwFTnxH5sc2IvRc7/BBi4="></latexit><latexit sha1_base64="UB4AJpkwFTnxH5sc2IvRc7/BBi4="></latexit>

(The use of Euclidean norm is arbitrary 
and often depends on the application)

⇧C(x) = argmin
y2C

kx� yk1
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- Key properties of convex sets

kx�⇧C(x)k22  kx� yk22, 8y 2 C, 8x
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Projections onto convex sets

⇧C(x) = argmin
y2C

kx� yk22
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(The use of Euclidean norm is arbitrary 
and often depends on the application)

⇧C(x) = argmin
y2C

kx� yk1
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- Key properties of convex sets

kx�⇧C(x)k22  kx� yk22, 8y 2 C, 8x
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Projections onto convex sets

⇧C(x) = argmin
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(The use of Euclidean norm is arbitrary 
and often depends on the application)

⇧C(x) = argmin
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<latexit sha1_base64="f2yzimwbR/Dgjzp6tZ360fHRqNI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN2N2IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3H1FpHst7M0nQj+hQ8pAzaqzUeOqXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB5jmM/A==</latexit><latexit sha1_base64="f2yzimwbR/Dgjzp6tZ360fHRqNI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN2N2IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3H1FpHst7M0nQj+hQ8pAzaqzUeOqXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB5jmM/A==</latexit><latexit sha1_base64="f2yzimwbR/Dgjzp6tZ360fHRqNI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN2N2IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3H1FpHst7M0nQj+hQ8pAzaqzUeOqXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB5jmM/A==</latexit><latexit sha1_base64="f2yzimwbR/Dgjzp6tZ360fHRqNI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN2N2IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3H1FpHst7M0nQj+hQ8pAzaqzUeOqXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB5jmM/A==</latexit>



Projections onto convex sets

⇧C(x) = argmin
y2C

kx� yk22
<latexit sha1_base64="UB4AJpkwFTnxH5sc2IvRc7/BBi4="></latexit><latexit sha1_base64="UB4AJpkwFTnxH5sc2IvRc7/BBi4="></latexit><latexit sha1_base64="UB4AJpkwFTnxH5sc2IvRc7/BBi4="></latexit><latexit sha1_base64="UB4AJpkwFTnxH5sc2IvRc7/BBi4="></latexit>

(The use of Euclidean norm is arbitrary 
and often depends on the application)

⇧C(x) = argmin
y2C

kx� yk1
<latexit sha1_base64="uowZEw1a0AXhMTVSV0UmRY3sMGE="></latexit><latexit sha1_base64="uowZEw1a0AXhMTVSV0UmRY3sMGE="></latexit><latexit sha1_base64="uowZEw1a0AXhMTVSV0UmRY3sMGE="></latexit><latexit sha1_base64="uowZEw1a0AXhMTVSV0UmRY3sMGE="></latexit>

C
<latexit sha1_base64="qiWfywEOv852mNhz9ip1eNwP+qM=">AAAB8nicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLYjcsK9gFtKJPppB06mYSZG6GEfoYbF4q49Wvc+TdO2iy09cDA4Zx7mXNPkEhh0HW/ndLG5tb2Tnm3srd/cHhUPT7pmDjVjLdZLGPdC6jhUijeRoGS9xLNaRRI3g2mzdzvPnFtRKwecZZwP6JjJULBKFqpP4goThiVWXM+rNbcursAWSdeQWpQoDWsfg1GMUsjrpBJakzfcxP0M6pRMMnnlUFqeELZlI5531JFI278bBF5Ti6sMiJhrO1TSBbq742MRsbMosBO5hHNqpeL/3n9FMNbPxMqSZErtvwoTCXBmOT3k5HQnKGcWUKZFjYrYROqKUPbUsWW4K2evE46V3XPrXsP17XGXVFHGc7gHC7BgxtowD20oA0MYniGV3hz0Hlx3p2P5WjJKXZO4Q+czx9zWJFZ</latexit><latexit sha1_base64="qiWfywEOv852mNhz9ip1eNwP+qM=">AAAB8nicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLYjcsK9gFtKJPppB06mYSZG6GEfoYbF4q49Wvc+TdO2iy09cDA4Zx7mXNPkEhh0HW/ndLG5tb2Tnm3srd/cHhUPT7pmDjVjLdZLGPdC6jhUijeRoGS9xLNaRRI3g2mzdzvPnFtRKwecZZwP6JjJULBKFqpP4goThiVWXM+rNbcursAWSdeQWpQoDWsfg1GMUsjrpBJakzfcxP0M6pRMMnnlUFqeELZlI5531JFI278bBF5Ti6sMiJhrO1TSBbq742MRsbMosBO5hHNqpeL/3n9FMNbPxMqSZErtvwoTCXBmOT3k5HQnKGcWUKZFjYrYROqKUPbUsWW4K2evE46V3XPrXsP17XGXVFHGc7gHC7BgxtowD20oA0MYniGV3hz0Hlx3p2P5WjJKXZO4Q+czx9zWJFZ</latexit><latexit sha1_base64="qiWfywEOv852mNhz9ip1eNwP+qM=">AAAB8nicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLYjcsK9gFtKJPppB06mYSZG6GEfoYbF4q49Wvc+TdO2iy09cDA4Zx7mXNPkEhh0HW/ndLG5tb2Tnm3srd/cHhUPT7pmDjVjLdZLGPdC6jhUijeRoGS9xLNaRRI3g2mzdzvPnFtRKwecZZwP6JjJULBKFqpP4goThiVWXM+rNbcursAWSdeQWpQoDWsfg1GMUsjrpBJakzfcxP0M6pRMMnnlUFqeELZlI5531JFI278bBF5Ti6sMiJhrO1TSBbq742MRsbMosBO5hHNqpeL/3n9FMNbPxMqSZErtvwoTCXBmOT3k5HQnKGcWUKZFjYrYROqKUPbUsWW4K2evE46V3XPrXsP17XGXVFHGc7gHC7BgxtowD20oA0MYniGV3hz0Hlx3p2P5WjJKXZO4Q+czx9zWJFZ</latexit><latexit sha1_base64="qiWfywEOv852mNhz9ip1eNwP+qM=">AAAB8nicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLYjcsK9gFtKJPppB06mYSZG6GEfoYbF4q49Wvc+TdO2iy09cDA4Zx7mXNPkEhh0HW/ndLG5tb2Tnm3srd/cHhUPT7pmDjVjLdZLGPdC6jhUijeRoGS9xLNaRRI3g2mzdzvPnFtRKwecZZwP6JjJULBKFqpP4goThiVWXM+rNbcursAWSdeQWpQoDWsfg1GMUsjrpBJakzfcxP0M6pRMMnnlUFqeELZlI5531JFI278bBF5Ti6sMiJhrO1TSBbq742MRsbMosBO5hHNqpeL/3n9FMNbPxMqSZErtvwoTCXBmOT3k5HQnKGcWUKZFjYrYROqKUPbUsWW4K2evE46V3XPrXsP17XGXVFHGc7gHC7BgxtowD20oA0MYniGV3hz0Hlx3p2P5WjJKXZO4Q+czx9zWJFZ</latexit>

- Key properties of convex sets

kx�⇧C(x)k22  kx� yk22, 8y 2 C, 8x
<latexit sha1_base64="G+OVUS2JrWLuOg/8+ETDs12Q+qI="></latexit><latexit sha1_base64="G+OVUS2JrWLuOg/8+ETDs12Q+qI="></latexit><latexit sha1_base64="G+OVUS2JrWLuOg/8+ETDs12Q+qI="></latexit><latexit sha1_base64="G+OVUS2JrWLuOg/8+ETDs12Q+qI="></latexit>

x
<latexit sha1_base64="f2yzimwbR/Dgjzp6tZ360fHRqNI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN2N2IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3H1FpHst7M0nQj+hQ8pAzaqzUeOqXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB5jmM/A==</latexit><latexit sha1_base64="f2yzimwbR/Dgjzp6tZ360fHRqNI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN2N2IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3H1FpHst7M0nQj+hQ8pAzaqzUeOqXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB5jmM/A==</latexit><latexit sha1_base64="f2yzimwbR/Dgjzp6tZ360fHRqNI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN2N2IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3H1FpHst7M0nQj+hQ8pAzaqzUeOqXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB5jmM/A==</latexit><latexit sha1_base64="f2yzimwbR/Dgjzp6tZ360fHRqNI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN2N2IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3H1FpHst7M0nQj+hQ8pAzaqzUeOqXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB5jmM/A==</latexit>

⇧C(x)
<latexit sha1_base64="Gh1kwexlRWEd91XcgcbEqFiFrgs=">AAAB/XicbVDLSsNAFL2pr1pf8bFzM1iEuimJCLosduOygn1AG8JkOmmHTh7MTMQagr/ixoUibv0Pd/6NkzYLbT0wcDjnXu6Z48WcSWVZ30ZpZXVtfaO8Wdna3tndM/cPOjJKBKFtEvFI9DwsKWchbSumOO3FguLA47TrTZq5372nQrIovFPTmDoBHoXMZwQrLbnm0aDF3HQQYDUmmKfNLKs9nLlm1apbM6BlYhekCgVarvk1GEYkCWioCMdS9m0rVk6KhWKE06wySCSNMZngEe1rGuKASiedpc/QqVaGyI+EfqFCM/X3RooDKaeBpyfzmHLRy8X/vH6i/CsnZWGcKBqS+SE/4UhFKK8CDZmgRPGpJpgIprMiMsYCE6ULq+gS7MUvL5POed226vbtRbVxXdRRhmM4gRrYcAkNuIEWtIHAIzzDK7wZT8aL8W58zEdLRrFzCH9gfP4ASfqVGQ==</latexit><latexit sha1_base64="Gh1kwexlRWEd91XcgcbEqFiFrgs=">AAAB/XicbVDLSsNAFL2pr1pf8bFzM1iEuimJCLosduOygn1AG8JkOmmHTh7MTMQagr/ixoUibv0Pd/6NkzYLbT0wcDjnXu6Z48WcSWVZ30ZpZXVtfaO8Wdna3tndM/cPOjJKBKFtEvFI9DwsKWchbSumOO3FguLA47TrTZq5372nQrIovFPTmDoBHoXMZwQrLbnm0aDF3HQQYDUmmKfNLKs9nLlm1apbM6BlYhekCgVarvk1GEYkCWioCMdS9m0rVk6KhWKE06wySCSNMZngEe1rGuKASiedpc/QqVaGyI+EfqFCM/X3RooDKaeBpyfzmHLRy8X/vH6i/CsnZWGcKBqS+SE/4UhFKK8CDZmgRPGpJpgIprMiMsYCE6ULq+gS7MUvL5POed226vbtRbVxXdRRhmM4gRrYcAkNuIEWtIHAIzzDK7wZT8aL8W58zEdLRrFzCH9gfP4ASfqVGQ==</latexit><latexit sha1_base64="Gh1kwexlRWEd91XcgcbEqFiFrgs=">AAAB/XicbVDLSsNAFL2pr1pf8bFzM1iEuimJCLosduOygn1AG8JkOmmHTh7MTMQagr/ixoUibv0Pd/6NkzYLbT0wcDjnXu6Z48WcSWVZ30ZpZXVtfaO8Wdna3tndM/cPOjJKBKFtEvFI9DwsKWchbSumOO3FguLA47TrTZq5372nQrIovFPTmDoBHoXMZwQrLbnm0aDF3HQQYDUmmKfNLKs9nLlm1apbM6BlYhekCgVarvk1GEYkCWioCMdS9m0rVk6KhWKE06wySCSNMZngEe1rGuKASiedpc/QqVaGyI+EfqFCM/X3RooDKaeBpyfzmHLRy8X/vH6i/CsnZWGcKBqS+SE/4UhFKK8CDZmgRPGpJpgIprMiMsYCE6ULq+gS7MUvL5POed226vbtRbVxXdRRhmM4gRrYcAkNuIEWtIHAIzzDK7wZT8aL8W58zEdLRrFzCH9gfP4ASfqVGQ==</latexit><latexit sha1_base64="Gh1kwexlRWEd91XcgcbEqFiFrgs=">AAAB/XicbVDLSsNAFL2pr1pf8bFzM1iEuimJCLosduOygn1AG8JkOmmHTh7MTMQagr/ixoUibv0Pd/6NkzYLbT0wcDjnXu6Z48WcSWVZ30ZpZXVtfaO8Wdna3tndM/cPOjJKBKFtEvFI9DwsKWchbSumOO3FguLA47TrTZq5372nQrIovFPTmDoBHoXMZwQrLbnm0aDF3HQQYDUmmKfNLKs9nLlm1apbM6BlYhekCgVarvk1GEYkCWioCMdS9m0rVk6KhWKE06wySCSNMZngEe1rGuKASiedpc/QqVaGyI+EfqFCM/X3RooDKaeBpyfzmHLRy8X/vH6i/CsnZWGcKBqS+SE/4UhFKK8CDZmgRPGpJpgIprMiMsYCE6ULq+gS7MUvL5POed226vbtRbVxXdRRhmM4gRrYcAkNuIEWtIHAIzzDK7wZT8aL8W58zEdLRrFzCH9gfP4ASfqVGQ==</latexit>



Projections onto convex sets

⇧C(x) = argmin
y2C

kx� yk22
<latexit sha1_base64="UB4AJpkwFTnxH5sc2IvRc7/BBi4="></latexit><latexit sha1_base64="UB4AJpkwFTnxH5sc2IvRc7/BBi4="></latexit><latexit sha1_base64="UB4AJpkwFTnxH5sc2IvRc7/BBi4="></latexit><latexit sha1_base64="UB4AJpkwFTnxH5sc2IvRc7/BBi4="></latexit>

(The use of Euclidean norm is arbitrary 
and often depends on the application)

⇧C(x) = argmin
y2C

kx� yk1
<latexit sha1_base64="uowZEw1a0AXhMTVSV0UmRY3sMGE="></latexit><latexit sha1_base64="uowZEw1a0AXhMTVSV0UmRY3sMGE="></latexit><latexit sha1_base64="uowZEw1a0AXhMTVSV0UmRY3sMGE="></latexit><latexit sha1_base64="uowZEw1a0AXhMTVSV0UmRY3sMGE="></latexit>

C
<latexit sha1_base64="qiWfywEOv852mNhz9ip1eNwP+qM=">AAAB8nicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLYjcsK9gFtKJPppB06mYSZG6GEfoYbF4q49Wvc+TdO2iy09cDA4Zx7mXNPkEhh0HW/ndLG5tb2Tnm3srd/cHhUPT7pmDjVjLdZLGPdC6jhUijeRoGS9xLNaRRI3g2mzdzvPnFtRKwecZZwP6JjJULBKFqpP4goThiVWXM+rNbcursAWSdeQWpQoDWsfg1GMUsjrpBJakzfcxP0M6pRMMnnlUFqeELZlI5531JFI278bBF5Ti6sMiJhrO1TSBbq742MRsbMosBO5hHNqpeL/3n9FMNbPxMqSZErtvwoTCXBmOT3k5HQnKGcWUKZFjYrYROqKUPbUsWW4K2evE46V3XPrXsP17XGXVFHGc7gHC7BgxtowD20oA0MYniGV3hz0Hlx3p2P5WjJKXZO4Q+czx9zWJFZ</latexit><latexit sha1_base64="qiWfywEOv852mNhz9ip1eNwP+qM=">AAAB8nicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLYjcsK9gFtKJPppB06mYSZG6GEfoYbF4q49Wvc+TdO2iy09cDA4Zx7mXNPkEhh0HW/ndLG5tb2Tnm3srd/cHhUPT7pmDjVjLdZLGPdC6jhUijeRoGS9xLNaRRI3g2mzdzvPnFtRKwecZZwP6JjJULBKFqpP4goThiVWXM+rNbcursAWSdeQWpQoDWsfg1GMUsjrpBJakzfcxP0M6pRMMnnlUFqeELZlI5531JFI278bBF5Ti6sMiJhrO1TSBbq742MRsbMosBO5hHNqpeL/3n9FMNbPxMqSZErtvwoTCXBmOT3k5HQnKGcWUKZFjYrYROqKUPbUsWW4K2evE46V3XPrXsP17XGXVFHGc7gHC7BgxtowD20oA0MYniGV3hz0Hlx3p2P5WjJKXZO4Q+czx9zWJFZ</latexit><latexit sha1_base64="qiWfywEOv852mNhz9ip1eNwP+qM=">AAAB8nicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLYjcsK9gFtKJPppB06mYSZG6GEfoYbF4q49Wvc+TdO2iy09cDA4Zx7mXNPkEhh0HW/ndLG5tb2Tnm3srd/cHhUPT7pmDjVjLdZLGPdC6jhUijeRoGS9xLNaRRI3g2mzdzvPnFtRKwecZZwP6JjJULBKFqpP4goThiVWXM+rNbcursAWSdeQWpQoDWsfg1GMUsjrpBJakzfcxP0M6pRMMnnlUFqeELZlI5531JFI278bBF5Ti6sMiJhrO1TSBbq742MRsbMosBO5hHNqpeL/3n9FMNbPxMqSZErtvwoTCXBmOT3k5HQnKGcWUKZFjYrYROqKUPbUsWW4K2evE46V3XPrXsP17XGXVFHGc7gHC7BgxtowD20oA0MYniGV3hz0Hlx3p2P5WjJKXZO4Q+czx9zWJFZ</latexit><latexit sha1_base64="qiWfywEOv852mNhz9ip1eNwP+qM=">AAAB8nicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLYjcsK9gFtKJPppB06mYSZG6GEfoYbF4q49Wvc+TdO2iy09cDA4Zx7mXNPkEhh0HW/ndLG5tb2Tnm3srd/cHhUPT7pmDjVjLdZLGPdC6jhUijeRoGS9xLNaRRI3g2mzdzvPnFtRKwecZZwP6JjJULBKFqpP4goThiVWXM+rNbcursAWSdeQWpQoDWsfg1GMUsjrpBJakzfcxP0M6pRMMnnlUFqeELZlI5531JFI278bBF5Ti6sMiJhrO1TSBbq742MRsbMosBO5hHNqpeL/3n9FMNbPxMqSZErtvwoTCXBmOT3k5HQnKGcWUKZFjYrYROqKUPbUsWW4K2evE46V3XPrXsP17XGXVFHGc7gHC7BgxtowD20oA0MYniGV3hz0Hlx3p2P5WjJKXZO4Q+czx9zWJFZ</latexit>

- Key properties of convex sets

kx�⇧C(x)k22  kx� yk22, 8y 2 C, 8x
<latexit sha1_base64="G+OVUS2JrWLuOg/8+ETDs12Q+qI="></latexit><latexit sha1_base64="G+OVUS2JrWLuOg/8+ETDs12Q+qI="></latexit><latexit sha1_base64="G+OVUS2JrWLuOg/8+ETDs12Q+qI="></latexit><latexit sha1_base64="G+OVUS2JrWLuOg/8+ETDs12Q+qI="></latexit>

x
<latexit sha1_base64="f2yzimwbR/Dgjzp6tZ360fHRqNI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN2N2IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3H1FpHst7M0nQj+hQ8pAzaqzUeOqXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB5jmM/A==</latexit><latexit sha1_base64="f2yzimwbR/Dgjzp6tZ360fHRqNI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN2N2IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3H1FpHst7M0nQj+hQ8pAzaqzUeOqXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB5jmM/A==</latexit><latexit sha1_base64="f2yzimwbR/Dgjzp6tZ360fHRqNI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN2N2IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3H1FpHst7M0nQj+hQ8pAzaqzUeOqXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB5jmM/A==</latexit><latexit sha1_base64="f2yzimwbR/Dgjzp6tZ360fHRqNI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN2N2IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3H1FpHst7M0nQj+hQ8pAzaqzUeOqXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB5jmM/A==</latexit>

⇧C(x)
<latexit sha1_base64="Gh1kwexlRWEd91XcgcbEqFiFrgs=">AAAB/XicbVDLSsNAFL2pr1pf8bFzM1iEuimJCLosduOygn1AG8JkOmmHTh7MTMQagr/ixoUibv0Pd/6NkzYLbT0wcDjnXu6Z48WcSWVZ30ZpZXVtfaO8Wdna3tndM/cPOjJKBKFtEvFI9DwsKWchbSumOO3FguLA47TrTZq5372nQrIovFPTmDoBHoXMZwQrLbnm0aDF3HQQYDUmmKfNLKs9nLlm1apbM6BlYhekCgVarvk1GEYkCWioCMdS9m0rVk6KhWKE06wySCSNMZngEe1rGuKASiedpc/QqVaGyI+EfqFCM/X3RooDKaeBpyfzmHLRy8X/vH6i/CsnZWGcKBqS+SE/4UhFKK8CDZmgRPGpJpgIprMiMsYCE6ULq+gS7MUvL5POed226vbtRbVxXdRRhmM4gRrYcAkNuIEWtIHAIzzDK7wZT8aL8W58zEdLRrFzCH9gfP4ASfqVGQ==</latexit><latexit sha1_base64="Gh1kwexlRWEd91XcgcbEqFiFrgs=">AAAB/XicbVDLSsNAFL2pr1pf8bFzM1iEuimJCLosduOygn1AG8JkOmmHTh7MTMQagr/ixoUibv0Pd/6NkzYLbT0wcDjnXu6Z48WcSWVZ30ZpZXVtfaO8Wdna3tndM/cPOjJKBKFtEvFI9DwsKWchbSumOO3FguLA47TrTZq5372nQrIovFPTmDoBHoXMZwQrLbnm0aDF3HQQYDUmmKfNLKs9nLlm1apbM6BlYhekCgVarvk1GEYkCWioCMdS9m0rVk6KhWKE06wySCSNMZngEe1rGuKASiedpc/QqVaGyI+EfqFCM/X3RooDKaeBpyfzmHLRy8X/vH6i/CsnZWGcKBqS+SE/4UhFKK8CDZmgRPGpJpgIprMiMsYCE6ULq+gS7MUvL5POed226vbtRbVxXdRRhmM4gRrYcAkNuIEWtIHAIzzDK7wZT8aL8W58zEdLRrFzCH9gfP4ASfqVGQ==</latexit><latexit sha1_base64="Gh1kwexlRWEd91XcgcbEqFiFrgs=">AAAB/XicbVDLSsNAFL2pr1pf8bFzM1iEuimJCLosduOygn1AG8JkOmmHTh7MTMQagr/ixoUibv0Pd/6NkzYLbT0wcDjnXu6Z48WcSWVZ30ZpZXVtfaO8Wdna3tndM/cPOjJKBKFtEvFI9DwsKWchbSumOO3FguLA47TrTZq5372nQrIovFPTmDoBHoXMZwQrLbnm0aDF3HQQYDUmmKfNLKs9nLlm1apbM6BlYhekCgVarvk1GEYkCWioCMdS9m0rVk6KhWKE06wySCSNMZngEe1rGuKASiedpc/QqVaGyI+EfqFCM/X3RooDKaeBpyfzmHLRy8X/vH6i/CsnZWGcKBqS+SE/4UhFKK8CDZmgRPGpJpgIprMiMsYCE6ULq+gS7MUvL5POed226vbtRbVxXdRRhmM4gRrYcAkNuIEWtIHAIzzDK7wZT8aL8W58zEdLRrFzCH9gfP4ASfqVGQ==</latexit><latexit sha1_base64="Gh1kwexlRWEd91XcgcbEqFiFrgs=">AAAB/XicbVDLSsNAFL2pr1pf8bFzM1iEuimJCLosduOygn1AG8JkOmmHTh7MTMQagr/ixoUibv0Pd/6NkzYLbT0wcDjnXu6Z48WcSWVZ30ZpZXVtfaO8Wdna3tndM/cPOjJKBKFtEvFI9DwsKWchbSumOO3FguLA47TrTZq5372nQrIovFPTmDoBHoXMZwQrLbnm0aDF3HQQYDUmmKfNLKs9nLlm1apbM6BlYhekCgVarvk1GEYkCWioCMdS9m0rVk6KhWKE06wySCSNMZngEe1rGuKASiedpc/QqVaGyI+EfqFCM/X3RooDKaeBpyfzmHLRy8X/vH6i/CsnZWGcKBqS+SE/4UhFKK8CDZmgRPGpJpgIprMiMsYCE6ULq+gS7MUvL5POed226vbtRbVxXdRRhmM4gRrYcAkNuIEWtIHAIzzDK7wZT8aL8W58zEdLRrFzCH9gfP4ASfqVGQ==</latexit>

y
<latexit sha1_base64="l29WxoUb9DEbvmhLG7jHtZ0OU24=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diC/YA2lM120q7dbMLuRgihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5m/mdJ1Sax/LBZAn6ER1JHnJGjZWa2aBSdWvuHGSVeAWpQoHGoPLVH8YsjVAaJqjWPc9NjJ9TZTgTOC33U40JZRM6wp6lkkao/Xx+6JScW2VIwljZkobM1d8TOY20zqLAdkbUjPWyNxP/83qpCW/8nMskNSjZYlGYCmJiMvuaDLlCZkRmCWWK21sJG1NFmbHZlG0I3vLLq6R9WfPcmte8qtZvizhKcApncAEeXEMd7qEBLWCA8Ayv8OY8Oi/Ou/OxaF1zipkT+APn8wfnvYz9</latexit><latexit sha1_base64="l29WxoUb9DEbvmhLG7jHtZ0OU24=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diC/YA2lM120q7dbMLuRgihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5m/mdJ1Sax/LBZAn6ER1JHnJGjZWa2aBSdWvuHGSVeAWpQoHGoPLVH8YsjVAaJqjWPc9NjJ9TZTgTOC33U40JZRM6wp6lkkao/Xx+6JScW2VIwljZkobM1d8TOY20zqLAdkbUjPWyNxP/83qpCW/8nMskNSjZYlGYCmJiMvuaDLlCZkRmCWWK21sJG1NFmbHZlG0I3vLLq6R9WfPcmte8qtZvizhKcApncAEeXEMd7qEBLWCA8Ayv8OY8Oi/Ou/OxaF1zipkT+APn8wfnvYz9</latexit><latexit sha1_base64="l29WxoUb9DEbvmhLG7jHtZ0OU24=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diC/YA2lM120q7dbMLuRgihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5m/mdJ1Sax/LBZAn6ER1JHnJGjZWa2aBSdWvuHGSVeAWpQoHGoPLVH8YsjVAaJqjWPc9NjJ9TZTgTOC33U40JZRM6wp6lkkao/Xx+6JScW2VIwljZkobM1d8TOY20zqLAdkbUjPWyNxP/83qpCW/8nMskNSjZYlGYCmJiMvuaDLlCZkRmCWWK21sJG1NFmbHZlG0I3vLLq6R9WfPcmte8qtZvizhKcApncAEeXEMd7qEBLWCA8Ayv8OY8Oi/Ou/OxaF1zipkT+APn8wfnvYz9</latexit><latexit sha1_base64="l29WxoUb9DEbvmhLG7jHtZ0OU24=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diC/YA2lM120q7dbMLuRgihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5m/mdJ1Sax/LBZAn6ER1JHnJGjZWa2aBSdWvuHGSVeAWpQoHGoPLVH8YsjVAaJqjWPc9NjJ9TZTgTOC33U40JZRM6wp6lkkao/Xx+6JScW2VIwljZkobM1d8TOY20zqLAdkbUjPWyNxP/83qpCW/8nMskNSjZYlGYCmJiMvuaDLlCZkRmCWWK21sJG1NFmbHZlG0I3vLLq6R9WfPcmte8qtZvizhKcApncAEeXEMd7qEBLWCA8Ayv8OY8Oi/Ou/OxaF1zipkT+APn8wfnvYz9</latexit>



Projections onto convex sets

⇧C(x) = argmin
y2C

kx� yk22
<latexit sha1_base64="UB4AJpkwFTnxH5sc2IvRc7/BBi4="></latexit><latexit sha1_base64="UB4AJpkwFTnxH5sc2IvRc7/BBi4="></latexit><latexit sha1_base64="UB4AJpkwFTnxH5sc2IvRc7/BBi4="></latexit><latexit sha1_base64="UB4AJpkwFTnxH5sc2IvRc7/BBi4="></latexit>

(The use of Euclidean norm is arbitrary 
and often depends on the application)

⇧C(x) = argmin
y2C

kx� yk1
<latexit sha1_base64="uowZEw1a0AXhMTVSV0UmRY3sMGE="></latexit><latexit sha1_base64="uowZEw1a0AXhMTVSV0UmRY3sMGE="></latexit><latexit sha1_base64="uowZEw1a0AXhMTVSV0UmRY3sMGE="></latexit><latexit sha1_base64="uowZEw1a0AXhMTVSV0UmRY3sMGE="></latexit>

- Key properties of convex sets

kx�⇧C(x)k22  kx� yk22, 8y 2 C, 8x
<latexit sha1_base64="G+OVUS2JrWLuOg/8+ETDs12Q+qI="></latexit><latexit sha1_base64="G+OVUS2JrWLuOg/8+ETDs12Q+qI="></latexit><latexit sha1_base64="G+OVUS2JrWLuOg/8+ETDs12Q+qI="></latexit><latexit sha1_base64="G+OVUS2JrWLuOg/8+ETDs12Q+qI="></latexit>

h⇧C(x)� y,⇧C(x)� xi  0, 8y 2 C, 8x
<latexit sha1_base64="4C8svxfjTruk3hNzmpMofNkiA74="></latexit><latexit sha1_base64="4C8svxfjTruk3hNzmpMofNkiA74="></latexit><latexit sha1_base64="4C8svxfjTruk3hNzmpMofNkiA74="></latexit><latexit sha1_base64="4C8svxfjTruk3hNzmpMofNkiA74="></latexit>



Projections onto convex sets

⇧C(x) = argmin
y2C

kx� yk22
<latexit sha1_base64="UB4AJpkwFTnxH5sc2IvRc7/BBi4="></latexit><latexit sha1_base64="UB4AJpkwFTnxH5sc2IvRc7/BBi4="></latexit><latexit sha1_base64="UB4AJpkwFTnxH5sc2IvRc7/BBi4="></latexit><latexit sha1_base64="UB4AJpkwFTnxH5sc2IvRc7/BBi4="></latexit>

(The use of Euclidean norm is arbitrary 
and often depends on the application)

⇧C(x) = argmin
y2C

kx� yk1
<latexit sha1_base64="uowZEw1a0AXhMTVSV0UmRY3sMGE="></latexit><latexit sha1_base64="uowZEw1a0AXhMTVSV0UmRY3sMGE="></latexit><latexit sha1_base64="uowZEw1a0AXhMTVSV0UmRY3sMGE="></latexit><latexit sha1_base64="uowZEw1a0AXhMTVSV0UmRY3sMGE="></latexit>

C
<latexit sha1_base64="qiWfywEOv852mNhz9ip1eNwP+qM=">AAAB8nicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLYjcsK9gFtKJPppB06mYSZG6GEfoYbF4q49Wvc+TdO2iy09cDA4Zx7mXNPkEhh0HW/ndLG5tb2Tnm3srd/cHhUPT7pmDjVjLdZLGPdC6jhUijeRoGS9xLNaRRI3g2mzdzvPnFtRKwecZZwP6JjJULBKFqpP4goThiVWXM+rNbcursAWSdeQWpQoDWsfg1GMUsjrpBJakzfcxP0M6pRMMnnlUFqeELZlI5531JFI278bBF5Ti6sMiJhrO1TSBbq742MRsbMosBO5hHNqpeL/3n9FMNbPxMqSZErtvwoTCXBmOT3k5HQnKGcWUKZFjYrYROqKUPbUsWW4K2evE46V3XPrXsP17XGXVFHGc7gHC7BgxtowD20oA0MYniGV3hz0Hlx3p2P5WjJKXZO4Q+czx9zWJFZ</latexit><latexit sha1_base64="qiWfywEOv852mNhz9ip1eNwP+qM=">AAAB8nicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLYjcsK9gFtKJPppB06mYSZG6GEfoYbF4q49Wvc+TdO2iy09cDA4Zx7mXNPkEhh0HW/ndLG5tb2Tnm3srd/cHhUPT7pmDjVjLdZLGPdC6jhUijeRoGS9xLNaRRI3g2mzdzvPnFtRKwecZZwP6JjJULBKFqpP4goThiVWXM+rNbcursAWSdeQWpQoDWsfg1GMUsjrpBJakzfcxP0M6pRMMnnlUFqeELZlI5531JFI278bBF5Ti6sMiJhrO1TSBbq742MRsbMosBO5hHNqpeL/3n9FMNbPxMqSZErtvwoTCXBmOT3k5HQnKGcWUKZFjYrYROqKUPbUsWW4K2evE46V3XPrXsP17XGXVFHGc7gHC7BgxtowD20oA0MYniGV3hz0Hlx3p2P5WjJKXZO4Q+czx9zWJFZ</latexit><latexit sha1_base64="qiWfywEOv852mNhz9ip1eNwP+qM=">AAAB8nicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLYjcsK9gFtKJPppB06mYSZG6GEfoYbF4q49Wvc+TdO2iy09cDA4Zx7mXNPkEhh0HW/ndLG5tb2Tnm3srd/cHhUPT7pmDjVjLdZLGPdC6jhUijeRoGS9xLNaRRI3g2mzdzvPnFtRKwecZZwP6JjJULBKFqpP4goThiVWXM+rNbcursAWSdeQWpQoDWsfg1GMUsjrpBJakzfcxP0M6pRMMnnlUFqeELZlI5531JFI278bBF5Ti6sMiJhrO1TSBbq742MRsbMosBO5hHNqpeL/3n9FMNbPxMqSZErtvwoTCXBmOT3k5HQnKGcWUKZFjYrYROqKUPbUsWW4K2evE46V3XPrXsP17XGXVFHGc7gHC7BgxtowD20oA0MYniGV3hz0Hlx3p2P5WjJKXZO4Q+czx9zWJFZ</latexit><latexit sha1_base64="qiWfywEOv852mNhz9ip1eNwP+qM=">AAAB8nicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLYjcsK9gFtKJPppB06mYSZG6GEfoYbF4q49Wvc+TdO2iy09cDA4Zx7mXNPkEhh0HW/ndLG5tb2Tnm3srd/cHhUPT7pmDjVjLdZLGPdC6jhUijeRoGS9xLNaRRI3g2mzdzvPnFtRKwecZZwP6JjJULBKFqpP4goThiVWXM+rNbcursAWSdeQWpQoDWsfg1GMUsjrpBJakzfcxP0M6pRMMnnlUFqeELZlI5531JFI278bBF5Ti6sMiJhrO1TSBbq742MRsbMosBO5hHNqpeL/3n9FMNbPxMqSZErtvwoTCXBmOT3k5HQnKGcWUKZFjYrYROqKUPbUsWW4K2evE46V3XPrXsP17XGXVFHGc7gHC7BgxtowD20oA0MYniGV3hz0Hlx3p2P5WjJKXZO4Q+czx9zWJFZ</latexit>

- Key properties of convex sets

kx�⇧C(x)k22  kx� yk22, 8y 2 C, 8x
<latexit sha1_base64="G+OVUS2JrWLuOg/8+ETDs12Q+qI="></latexit><latexit sha1_base64="G+OVUS2JrWLuOg/8+ETDs12Q+qI="></latexit><latexit sha1_base64="G+OVUS2JrWLuOg/8+ETDs12Q+qI="></latexit><latexit sha1_base64="G+OVUS2JrWLuOg/8+ETDs12Q+qI="></latexit>

h⇧C(x)� y,⇧C(x)� xi  0, 8y 2 C, 8x
<latexit sha1_base64="4C8svxfjTruk3hNzmpMofNkiA74="></latexit><latexit sha1_base64="4C8svxfjTruk3hNzmpMofNkiA74="></latexit><latexit sha1_base64="4C8svxfjTruk3hNzmpMofNkiA74="></latexit><latexit sha1_base64="4C8svxfjTruk3hNzmpMofNkiA74="></latexit>



Projections onto convex sets

⇧C(x) = argmin
y2C

kx� yk22
<latexit sha1_base64="UB4AJpkwFTnxH5sc2IvRc7/BBi4="></latexit><latexit sha1_base64="UB4AJpkwFTnxH5sc2IvRc7/BBi4="></latexit><latexit sha1_base64="UB4AJpkwFTnxH5sc2IvRc7/BBi4="></latexit><latexit sha1_base64="UB4AJpkwFTnxH5sc2IvRc7/BBi4="></latexit>

(The use of Euclidean norm is arbitrary 
and often depends on the application)

⇧C(x) = argmin
y2C

kx� yk1
<latexit sha1_base64="uowZEw1a0AXhMTVSV0UmRY3sMGE="></latexit><latexit sha1_base64="uowZEw1a0AXhMTVSV0UmRY3sMGE="></latexit><latexit sha1_base64="uowZEw1a0AXhMTVSV0UmRY3sMGE="></latexit><latexit sha1_base64="uowZEw1a0AXhMTVSV0UmRY3sMGE="></latexit>

C
<latexit sha1_base64="qiWfywEOv852mNhz9ip1eNwP+qM=">AAAB8nicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLYjcsK9gFtKJPppB06mYSZG6GEfoYbF4q49Wvc+TdO2iy09cDA4Zx7mXNPkEhh0HW/ndLG5tb2Tnm3srd/cHhUPT7pmDjVjLdZLGPdC6jhUijeRoGS9xLNaRRI3g2mzdzvPnFtRKwecZZwP6JjJULBKFqpP4goThiVWXM+rNbcursAWSdeQWpQoDWsfg1GMUsjrpBJakzfcxP0M6pRMMnnlUFqeELZlI5531JFI278bBF5Ti6sMiJhrO1TSBbq742MRsbMosBO5hHNqpeL/3n9FMNbPxMqSZErtvwoTCXBmOT3k5HQnKGcWUKZFjYrYROqKUPbUsWW4K2evE46V3XPrXsP17XGXVFHGc7gHC7BgxtowD20oA0MYniGV3hz0Hlx3p2P5WjJKXZO4Q+czx9zWJFZ</latexit><latexit sha1_base64="qiWfywEOv852mNhz9ip1eNwP+qM=">AAAB8nicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLYjcsK9gFtKJPppB06mYSZG6GEfoYbF4q49Wvc+TdO2iy09cDA4Zx7mXNPkEhh0HW/ndLG5tb2Tnm3srd/cHhUPT7pmDjVjLdZLGPdC6jhUijeRoGS9xLNaRRI3g2mzdzvPnFtRKwecZZwP6JjJULBKFqpP4goThiVWXM+rNbcursAWSdeQWpQoDWsfg1GMUsjrpBJakzfcxP0M6pRMMnnlUFqeELZlI5531JFI278bBF5Ti6sMiJhrO1TSBbq742MRsbMosBO5hHNqpeL/3n9FMNbPxMqSZErtvwoTCXBmOT3k5HQnKGcWUKZFjYrYROqKUPbUsWW4K2evE46V3XPrXsP17XGXVFHGc7gHC7BgxtowD20oA0MYniGV3hz0Hlx3p2P5WjJKXZO4Q+czx9zWJFZ</latexit><latexit sha1_base64="qiWfywEOv852mNhz9ip1eNwP+qM=">AAAB8nicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLYjcsK9gFtKJPppB06mYSZG6GEfoYbF4q49Wvc+TdO2iy09cDA4Zx7mXNPkEhh0HW/ndLG5tb2Tnm3srd/cHhUPT7pmDjVjLdZLGPdC6jhUijeRoGS9xLNaRRI3g2mzdzvPnFtRKwecZZwP6JjJULBKFqpP4goThiVWXM+rNbcursAWSdeQWpQoDWsfg1GMUsjrpBJakzfcxP0M6pRMMnnlUFqeELZlI5531JFI278bBF5Ti6sMiJhrO1TSBbq742MRsbMosBO5hHNqpeL/3n9FMNbPxMqSZErtvwoTCXBmOT3k5HQnKGcWUKZFjYrYROqKUPbUsWW4K2evE46V3XPrXsP17XGXVFHGc7gHC7BgxtowD20oA0MYniGV3hz0Hlx3p2P5WjJKXZO4Q+czx9zWJFZ</latexit><latexit sha1_base64="qiWfywEOv852mNhz9ip1eNwP+qM=">AAAB8nicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLYjcsK9gFtKJPppB06mYSZG6GEfoYbF4q49Wvc+TdO2iy09cDA4Zx7mXNPkEhh0HW/ndLG5tb2Tnm3srd/cHhUPT7pmDjVjLdZLGPdC6jhUijeRoGS9xLNaRRI3g2mzdzvPnFtRKwecZZwP6JjJULBKFqpP4goThiVWXM+rNbcursAWSdeQWpQoDWsfg1GMUsjrpBJakzfcxP0M6pRMMnnlUFqeELZlI5531JFI278bBF5Ti6sMiJhrO1TSBbq742MRsbMosBO5hHNqpeL/3n9FMNbPxMqSZErtvwoTCXBmOT3k5HQnKGcWUKZFjYrYROqKUPbUsWW4K2evE46V3XPrXsP17XGXVFHGc7gHC7BgxtowD20oA0MYniGV3hz0Hlx3p2P5WjJKXZO4Q+czx9zWJFZ</latexit>

- Key properties of convex sets

kx�⇧C(x)k22  kx� yk22, 8y 2 C, 8x
<latexit sha1_base64="G+OVUS2JrWLuOg/8+ETDs12Q+qI="></latexit><latexit sha1_base64="G+OVUS2JrWLuOg/8+ETDs12Q+qI="></latexit><latexit sha1_base64="G+OVUS2JrWLuOg/8+ETDs12Q+qI="></latexit><latexit sha1_base64="G+OVUS2JrWLuOg/8+ETDs12Q+qI="></latexit>

x
<latexit sha1_base64="f2yzimwbR/Dgjzp6tZ360fHRqNI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN2N2IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3H1FpHst7M0nQj+hQ8pAzaqzUeOqXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB5jmM/A==</latexit><latexit sha1_base64="f2yzimwbR/Dgjzp6tZ360fHRqNI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN2N2IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3H1FpHst7M0nQj+hQ8pAzaqzUeOqXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB5jmM/A==</latexit><latexit sha1_base64="f2yzimwbR/Dgjzp6tZ360fHRqNI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN2N2IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3H1FpHst7M0nQj+hQ8pAzaqzUeOqXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB5jmM/A==</latexit><latexit sha1_base64="f2yzimwbR/Dgjzp6tZ360fHRqNI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN2N2IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3H1FpHst7M0nQj+hQ8pAzaqzUeOqXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB5jmM/A==</latexit>

h⇧C(x)� y,⇧C(x)� xi  0, 8y 2 C, 8x
<latexit sha1_base64="4C8svxfjTruk3hNzmpMofNkiA74="></latexit><latexit sha1_base64="4C8svxfjTruk3hNzmpMofNkiA74="></latexit><latexit sha1_base64="4C8svxfjTruk3hNzmpMofNkiA74="></latexit><latexit sha1_base64="4C8svxfjTruk3hNzmpMofNkiA74="></latexit>



Projections onto convex sets

⇧C(x) = argmin
y2C

kx� yk22
<latexit sha1_base64="UB4AJpkwFTnxH5sc2IvRc7/BBi4="></latexit><latexit sha1_base64="UB4AJpkwFTnxH5sc2IvRc7/BBi4="></latexit><latexit sha1_base64="UB4AJpkwFTnxH5sc2IvRc7/BBi4="></latexit><latexit sha1_base64="UB4AJpkwFTnxH5sc2IvRc7/BBi4="></latexit>

(The use of Euclidean norm is arbitrary 
and often depends on the application)

⇧C(x) = argmin
y2C

kx� yk1
<latexit sha1_base64="uowZEw1a0AXhMTVSV0UmRY3sMGE="></latexit><latexit sha1_base64="uowZEw1a0AXhMTVSV0UmRY3sMGE="></latexit><latexit sha1_base64="uowZEw1a0AXhMTVSV0UmRY3sMGE="></latexit><latexit sha1_base64="uowZEw1a0AXhMTVSV0UmRY3sMGE="></latexit>

C
<latexit sha1_base64="qiWfywEOv852mNhz9ip1eNwP+qM=">AAAB8nicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLYjcsK9gFtKJPppB06mYSZG6GEfoYbF4q49Wvc+TdO2iy09cDA4Zx7mXNPkEhh0HW/ndLG5tb2Tnm3srd/cHhUPT7pmDjVjLdZLGPdC6jhUijeRoGS9xLNaRRI3g2mzdzvPnFtRKwecZZwP6JjJULBKFqpP4goThiVWXM+rNbcursAWSdeQWpQoDWsfg1GMUsjrpBJakzfcxP0M6pRMMnnlUFqeELZlI5531JFI278bBF5Ti6sMiJhrO1TSBbq742MRsbMosBO5hHNqpeL/3n9FMNbPxMqSZErtvwoTCXBmOT3k5HQnKGcWUKZFjYrYROqKUPbUsWW4K2evE46V3XPrXsP17XGXVFHGc7gHC7BgxtowD20oA0MYniGV3hz0Hlx3p2P5WjJKXZO4Q+czx9zWJFZ</latexit><latexit sha1_base64="qiWfywEOv852mNhz9ip1eNwP+qM=">AAAB8nicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLYjcsK9gFtKJPppB06mYSZG6GEfoYbF4q49Wvc+TdO2iy09cDA4Zx7mXNPkEhh0HW/ndLG5tb2Tnm3srd/cHhUPT7pmDjVjLdZLGPdC6jhUijeRoGS9xLNaRRI3g2mzdzvPnFtRKwecZZwP6JjJULBKFqpP4goThiVWXM+rNbcursAWSdeQWpQoDWsfg1GMUsjrpBJakzfcxP0M6pRMMnnlUFqeELZlI5531JFI278bBF5Ti6sMiJhrO1TSBbq742MRsbMosBO5hHNqpeL/3n9FMNbPxMqSZErtvwoTCXBmOT3k5HQnKGcWUKZFjYrYROqKUPbUsWW4K2evE46V3XPrXsP17XGXVFHGc7gHC7BgxtowD20oA0MYniGV3hz0Hlx3p2P5WjJKXZO4Q+czx9zWJFZ</latexit><latexit sha1_base64="qiWfywEOv852mNhz9ip1eNwP+qM=">AAAB8nicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLYjcsK9gFtKJPppB06mYSZG6GEfoYbF4q49Wvc+TdO2iy09cDA4Zx7mXNPkEhh0HW/ndLG5tb2Tnm3srd/cHhUPT7pmDjVjLdZLGPdC6jhUijeRoGS9xLNaRRI3g2mzdzvPnFtRKwecZZwP6JjJULBKFqpP4goThiVWXM+rNbcursAWSdeQWpQoDWsfg1GMUsjrpBJakzfcxP0M6pRMMnnlUFqeELZlI5531JFI278bBF5Ti6sMiJhrO1TSBbq742MRsbMosBO5hHNqpeL/3n9FMNbPxMqSZErtvwoTCXBmOT3k5HQnKGcWUKZFjYrYROqKUPbUsWW4K2evE46V3XPrXsP17XGXVFHGc7gHC7BgxtowD20oA0MYniGV3hz0Hlx3p2P5WjJKXZO4Q+czx9zWJFZ</latexit><latexit sha1_base64="qiWfywEOv852mNhz9ip1eNwP+qM=">AAAB8nicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLYjcsK9gFtKJPppB06mYSZG6GEfoYbF4q49Wvc+TdO2iy09cDA4Zx7mXNPkEhh0HW/ndLG5tb2Tnm3srd/cHhUPT7pmDjVjLdZLGPdC6jhUijeRoGS9xLNaRRI3g2mzdzvPnFtRKwecZZwP6JjJULBKFqpP4goThiVWXM+rNbcursAWSdeQWpQoDWsfg1GMUsjrpBJakzfcxP0M6pRMMnnlUFqeELZlI5531JFI278bBF5Ti6sMiJhrO1TSBbq742MRsbMosBO5hHNqpeL/3n9FMNbPxMqSZErtvwoTCXBmOT3k5HQnKGcWUKZFjYrYROqKUPbUsWW4K2evE46V3XPrXsP17XGXVFHGc7gHC7BgxtowD20oA0MYniGV3hz0Hlx3p2P5WjJKXZO4Q+czx9zWJFZ</latexit>

- Key properties of convex sets

kx�⇧C(x)k22  kx� yk22, 8y 2 C, 8x
<latexit sha1_base64="G+OVUS2JrWLuOg/8+ETDs12Q+qI="></latexit><latexit sha1_base64="G+OVUS2JrWLuOg/8+ETDs12Q+qI="></latexit><latexit sha1_base64="G+OVUS2JrWLuOg/8+ETDs12Q+qI="></latexit><latexit sha1_base64="G+OVUS2JrWLuOg/8+ETDs12Q+qI="></latexit>

x
<latexit sha1_base64="f2yzimwbR/Dgjzp6tZ360fHRqNI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN2N2IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3H1FpHst7M0nQj+hQ8pAzaqzUeOqXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB5jmM/A==</latexit><latexit sha1_base64="f2yzimwbR/Dgjzp6tZ360fHRqNI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN2N2IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3H1FpHst7M0nQj+hQ8pAzaqzUeOqXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB5jmM/A==</latexit><latexit sha1_base64="f2yzimwbR/Dgjzp6tZ360fHRqNI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN2N2IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3H1FpHst7M0nQj+hQ8pAzaqzUeOqXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB5jmM/A==</latexit><latexit sha1_base64="f2yzimwbR/Dgjzp6tZ360fHRqNI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN2N2IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3H1FpHst7M0nQj+hQ8pAzaqzUeOqXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB5jmM/A==</latexit>

⇧C(x)
<latexit sha1_base64="Gh1kwexlRWEd91XcgcbEqFiFrgs=">AAAB/XicbVDLSsNAFL2pr1pf8bFzM1iEuimJCLosduOygn1AG8JkOmmHTh7MTMQagr/ixoUibv0Pd/6NkzYLbT0wcDjnXu6Z48WcSWVZ30ZpZXVtfaO8Wdna3tndM/cPOjJKBKFtEvFI9DwsKWchbSumOO3FguLA47TrTZq5372nQrIovFPTmDoBHoXMZwQrLbnm0aDF3HQQYDUmmKfNLKs9nLlm1apbM6BlYhekCgVarvk1GEYkCWioCMdS9m0rVk6KhWKE06wySCSNMZngEe1rGuKASiedpc/QqVaGyI+EfqFCM/X3RooDKaeBpyfzmHLRy8X/vH6i/CsnZWGcKBqS+SE/4UhFKK8CDZmgRPGpJpgIprMiMsYCE6ULq+gS7MUvL5POed226vbtRbVxXdRRhmM4gRrYcAkNuIEWtIHAIzzDK7wZT8aL8W58zEdLRrFzCH9gfP4ASfqVGQ==</latexit><latexit sha1_base64="Gh1kwexlRWEd91XcgcbEqFiFrgs=">AAAB/XicbVDLSsNAFL2pr1pf8bFzM1iEuimJCLosduOygn1AG8JkOmmHTh7MTMQagr/ixoUibv0Pd/6NkzYLbT0wcDjnXu6Z48WcSWVZ30ZpZXVtfaO8Wdna3tndM/cPOjJKBKFtEvFI9DwsKWchbSumOO3FguLA47TrTZq5372nQrIovFPTmDoBHoXMZwQrLbnm0aDF3HQQYDUmmKfNLKs9nLlm1apbM6BlYhekCgVarvk1GEYkCWioCMdS9m0rVk6KhWKE06wySCSNMZngEe1rGuKASiedpc/QqVaGyI+EfqFCM/X3RooDKaeBpyfzmHLRy8X/vH6i/CsnZWGcKBqS+SE/4UhFKK8CDZmgRPGpJpgIprMiMsYCE6ULq+gS7MUvL5POed226vbtRbVxXdRRhmM4gRrYcAkNuIEWtIHAIzzDK7wZT8aL8W58zEdLRrFzCH9gfP4ASfqVGQ==</latexit><latexit sha1_base64="Gh1kwexlRWEd91XcgcbEqFiFrgs=">AAAB/XicbVDLSsNAFL2pr1pf8bFzM1iEuimJCLosduOygn1AG8JkOmmHTh7MTMQagr/ixoUibv0Pd/6NkzYLbT0wcDjnXu6Z48WcSWVZ30ZpZXVtfaO8Wdna3tndM/cPOjJKBKFtEvFI9DwsKWchbSumOO3FguLA47TrTZq5372nQrIovFPTmDoBHoXMZwQrLbnm0aDF3HQQYDUmmKfNLKs9nLlm1apbM6BlYhekCgVarvk1GEYkCWioCMdS9m0rVk6KhWKE06wySCSNMZngEe1rGuKASiedpc/QqVaGyI+EfqFCM/X3RooDKaeBpyfzmHLRy8X/vH6i/CsnZWGcKBqS+SE/4UhFKK8CDZmgRPGpJpgIprMiMsYCE6ULq+gS7MUvL5POed226vbtRbVxXdRRhmM4gRrYcAkNuIEWtIHAIzzDK7wZT8aL8W58zEdLRrFzCH9gfP4ASfqVGQ==</latexit><latexit sha1_base64="Gh1kwexlRWEd91XcgcbEqFiFrgs=">AAAB/XicbVDLSsNAFL2pr1pf8bFzM1iEuimJCLosduOygn1AG8JkOmmHTh7MTMQagr/ixoUibv0Pd/6NkzYLbT0wcDjnXu6Z48WcSWVZ30ZpZXVtfaO8Wdna3tndM/cPOjJKBKFtEvFI9DwsKWchbSumOO3FguLA47TrTZq5372nQrIovFPTmDoBHoXMZwQrLbnm0aDF3HQQYDUmmKfNLKs9nLlm1apbM6BlYhekCgVarvk1GEYkCWioCMdS9m0rVk6KhWKE06wySCSNMZngEe1rGuKASiedpc/QqVaGyI+EfqFCM/X3RooDKaeBpyfzmHLRy8X/vH6i/CsnZWGcKBqS+SE/4UhFKK8CDZmgRPGpJpgIprMiMsYCE6ULq+gS7MUvL5POed226vbtRbVxXdRRhmM4gRrYcAkNuIEWtIHAIzzDK7wZT8aL8W58zEdLRrFzCH9gfP4ASfqVGQ==</latexit>

h⇧C(x)� y,⇧C(x)� xi  0, 8y 2 C, 8x
<latexit sha1_base64="4C8svxfjTruk3hNzmpMofNkiA74="></latexit><latexit sha1_base64="4C8svxfjTruk3hNzmpMofNkiA74="></latexit><latexit sha1_base64="4C8svxfjTruk3hNzmpMofNkiA74="></latexit><latexit sha1_base64="4C8svxfjTruk3hNzmpMofNkiA74="></latexit>



Projections onto convex sets

⇧C(x) = argmin
y2C

kx� yk22
<latexit sha1_base64="UB4AJpkwFTnxH5sc2IvRc7/BBi4="></latexit><latexit sha1_base64="UB4AJpkwFTnxH5sc2IvRc7/BBi4="></latexit><latexit sha1_base64="UB4AJpkwFTnxH5sc2IvRc7/BBi4="></latexit><latexit sha1_base64="UB4AJpkwFTnxH5sc2IvRc7/BBi4="></latexit>

(The use of Euclidean norm is arbitrary 
and often depends on the application)

⇧C(x) = argmin
y2C

kx� yk1
<latexit sha1_base64="uowZEw1a0AXhMTVSV0UmRY3sMGE="></latexit><latexit sha1_base64="uowZEw1a0AXhMTVSV0UmRY3sMGE="></latexit><latexit sha1_base64="uowZEw1a0AXhMTVSV0UmRY3sMGE="></latexit><latexit sha1_base64="uowZEw1a0AXhMTVSV0UmRY3sMGE="></latexit>

C
<latexit sha1_base64="qiWfywEOv852mNhz9ip1eNwP+qM=">AAAB8nicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLYjcsK9gFtKJPppB06mYSZG6GEfoYbF4q49Wvc+TdO2iy09cDA4Zx7mXNPkEhh0HW/ndLG5tb2Tnm3srd/cHhUPT7pmDjVjLdZLGPdC6jhUijeRoGS9xLNaRRI3g2mzdzvPnFtRKwecZZwP6JjJULBKFqpP4goThiVWXM+rNbcursAWSdeQWpQoDWsfg1GMUsjrpBJakzfcxP0M6pRMMnnlUFqeELZlI5531JFI278bBF5Ti6sMiJhrO1TSBbq742MRsbMosBO5hHNqpeL/3n9FMNbPxMqSZErtvwoTCXBmOT3k5HQnKGcWUKZFjYrYROqKUPbUsWW4K2evE46V3XPrXsP17XGXVFHGc7gHC7BgxtowD20oA0MYniGV3hz0Hlx3p2P5WjJKXZO4Q+czx9zWJFZ</latexit><latexit sha1_base64="qiWfywEOv852mNhz9ip1eNwP+qM=">AAAB8nicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLYjcsK9gFtKJPppB06mYSZG6GEfoYbF4q49Wvc+TdO2iy09cDA4Zx7mXNPkEhh0HW/ndLG5tb2Tnm3srd/cHhUPT7pmDjVjLdZLGPdC6jhUijeRoGS9xLNaRRI3g2mzdzvPnFtRKwecZZwP6JjJULBKFqpP4goThiVWXM+rNbcursAWSdeQWpQoDWsfg1GMUsjrpBJakzfcxP0M6pRMMnnlUFqeELZlI5531JFI278bBF5Ti6sMiJhrO1TSBbq742MRsbMosBO5hHNqpeL/3n9FMNbPxMqSZErtvwoTCXBmOT3k5HQnKGcWUKZFjYrYROqKUPbUsWW4K2evE46V3XPrXsP17XGXVFHGc7gHC7BgxtowD20oA0MYniGV3hz0Hlx3p2P5WjJKXZO4Q+czx9zWJFZ</latexit><latexit sha1_base64="qiWfywEOv852mNhz9ip1eNwP+qM=">AAAB8nicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLYjcsK9gFtKJPppB06mYSZG6GEfoYbF4q49Wvc+TdO2iy09cDA4Zx7mXNPkEhh0HW/ndLG5tb2Tnm3srd/cHhUPT7pmDjVjLdZLGPdC6jhUijeRoGS9xLNaRRI3g2mzdzvPnFtRKwecZZwP6JjJULBKFqpP4goThiVWXM+rNbcursAWSdeQWpQoDWsfg1GMUsjrpBJakzfcxP0M6pRMMnnlUFqeELZlI5531JFI278bBF5Ti6sMiJhrO1TSBbq742MRsbMosBO5hHNqpeL/3n9FMNbPxMqSZErtvwoTCXBmOT3k5HQnKGcWUKZFjYrYROqKUPbUsWW4K2evE46V3XPrXsP17XGXVFHGc7gHC7BgxtowD20oA0MYniGV3hz0Hlx3p2P5WjJKXZO4Q+czx9zWJFZ</latexit><latexit sha1_base64="qiWfywEOv852mNhz9ip1eNwP+qM=">AAAB8nicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLYjcsK9gFtKJPppB06mYSZG6GEfoYbF4q49Wvc+TdO2iy09cDA4Zx7mXNPkEhh0HW/ndLG5tb2Tnm3srd/cHhUPT7pmDjVjLdZLGPdC6jhUijeRoGS9xLNaRRI3g2mzdzvPnFtRKwecZZwP6JjJULBKFqpP4goThiVWXM+rNbcursAWSdeQWpQoDWsfg1GMUsjrpBJakzfcxP0M6pRMMnnlUFqeELZlI5531JFI278bBF5Ti6sMiJhrO1TSBbq742MRsbMosBO5hHNqpeL/3n9FMNbPxMqSZErtvwoTCXBmOT3k5HQnKGcWUKZFjYrYROqKUPbUsWW4K2evE46V3XPrXsP17XGXVFHGc7gHC7BgxtowD20oA0MYniGV3hz0Hlx3p2P5WjJKXZO4Q+czx9zWJFZ</latexit>

- Key properties of convex sets

kx�⇧C(x)k22  kx� yk22, 8y 2 C, 8x
<latexit sha1_base64="G+OVUS2JrWLuOg/8+ETDs12Q+qI="></latexit><latexit sha1_base64="G+OVUS2JrWLuOg/8+ETDs12Q+qI="></latexit><latexit sha1_base64="G+OVUS2JrWLuOg/8+ETDs12Q+qI="></latexit><latexit sha1_base64="G+OVUS2JrWLuOg/8+ETDs12Q+qI="></latexit>

x
<latexit sha1_base64="f2yzimwbR/Dgjzp6tZ360fHRqNI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN2N2IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3H1FpHst7M0nQj+hQ8pAzaqzUeOqXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB5jmM/A==</latexit><latexit sha1_base64="f2yzimwbR/Dgjzp6tZ360fHRqNI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN2N2IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3H1FpHst7M0nQj+hQ8pAzaqzUeOqXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB5jmM/A==</latexit><latexit sha1_base64="f2yzimwbR/Dgjzp6tZ360fHRqNI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN2N2IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3H1FpHst7M0nQj+hQ8pAzaqzUeOqXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB5jmM/A==</latexit><latexit sha1_base64="f2yzimwbR/Dgjzp6tZ360fHRqNI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN2N2IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3H1FpHst7M0nQj+hQ8pAzaqzUeOqXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB5jmM/A==</latexit>

⇧C(x)
<latexit sha1_base64="Gh1kwexlRWEd91XcgcbEqFiFrgs=">AAAB/XicbVDLSsNAFL2pr1pf8bFzM1iEuimJCLosduOygn1AG8JkOmmHTh7MTMQagr/ixoUibv0Pd/6NkzYLbT0wcDjnXu6Z48WcSWVZ30ZpZXVtfaO8Wdna3tndM/cPOjJKBKFtEvFI9DwsKWchbSumOO3FguLA47TrTZq5372nQrIovFPTmDoBHoXMZwQrLbnm0aDF3HQQYDUmmKfNLKs9nLlm1apbM6BlYhekCgVarvk1GEYkCWioCMdS9m0rVk6KhWKE06wySCSNMZngEe1rGuKASiedpc/QqVaGyI+EfqFCM/X3RooDKaeBpyfzmHLRy8X/vH6i/CsnZWGcKBqS+SE/4UhFKK8CDZmgRPGpJpgIprMiMsYCE6ULq+gS7MUvL5POed226vbtRbVxXdRRhmM4gRrYcAkNuIEWtIHAIzzDK7wZT8aL8W58zEdLRrFzCH9gfP4ASfqVGQ==</latexit><latexit sha1_base64="Gh1kwexlRWEd91XcgcbEqFiFrgs=">AAAB/XicbVDLSsNAFL2pr1pf8bFzM1iEuimJCLosduOygn1AG8JkOmmHTh7MTMQagr/ixoUibv0Pd/6NkzYLbT0wcDjnXu6Z48WcSWVZ30ZpZXVtfaO8Wdna3tndM/cPOjJKBKFtEvFI9DwsKWchbSumOO3FguLA47TrTZq5372nQrIovFPTmDoBHoXMZwQrLbnm0aDF3HQQYDUmmKfNLKs9nLlm1apbM6BlYhekCgVarvk1GEYkCWioCMdS9m0rVk6KhWKE06wySCSNMZngEe1rGuKASiedpc/QqVaGyI+EfqFCM/X3RooDKaeBpyfzmHLRy8X/vH6i/CsnZWGcKBqS+SE/4UhFKK8CDZmgRPGpJpgIprMiMsYCE6ULq+gS7MUvL5POed226vbtRbVxXdRRhmM4gRrYcAkNuIEWtIHAIzzDK7wZT8aL8W58zEdLRrFzCH9gfP4ASfqVGQ==</latexit><latexit sha1_base64="Gh1kwexlRWEd91XcgcbEqFiFrgs=">AAAB/XicbVDLSsNAFL2pr1pf8bFzM1iEuimJCLosduOygn1AG8JkOmmHTh7MTMQagr/ixoUibv0Pd/6NkzYLbT0wcDjnXu6Z48WcSWVZ30ZpZXVtfaO8Wdna3tndM/cPOjJKBKFtEvFI9DwsKWchbSumOO3FguLA47TrTZq5372nQrIovFPTmDoBHoXMZwQrLbnm0aDF3HQQYDUmmKfNLKs9nLlm1apbM6BlYhekCgVarvk1GEYkCWioCMdS9m0rVk6KhWKE06wySCSNMZngEe1rGuKASiedpc/QqVaGyI+EfqFCM/X3RooDKaeBpyfzmHLRy8X/vH6i/CsnZWGcKBqS+SE/4UhFKK8CDZmgRPGpJpgIprMiMsYCE6ULq+gS7MUvL5POed226vbtRbVxXdRRhmM4gRrYcAkNuIEWtIHAIzzDK7wZT8aL8W58zEdLRrFzCH9gfP4ASfqVGQ==</latexit><latexit sha1_base64="Gh1kwexlRWEd91XcgcbEqFiFrgs=">AAAB/XicbVDLSsNAFL2pr1pf8bFzM1iEuimJCLosduOygn1AG8JkOmmHTh7MTMQagr/ixoUibv0Pd/6NkzYLbT0wcDjnXu6Z48WcSWVZ30ZpZXVtfaO8Wdna3tndM/cPOjJKBKFtEvFI9DwsKWchbSumOO3FguLA47TrTZq5372nQrIovFPTmDoBHoXMZwQrLbnm0aDF3HQQYDUmmKfNLKs9nLlm1apbM6BlYhekCgVarvk1GEYkCWioCMdS9m0rVk6KhWKE06wySCSNMZngEe1rGuKASiedpc/QqVaGyI+EfqFCM/X3RooDKaeBpyfzmHLRy8X/vH6i/CsnZWGcKBqS+SE/4UhFKK8CDZmgRPGpJpgIprMiMsYCE6ULq+gS7MUvL5POed226vbtRbVxXdRRhmM4gRrYcAkNuIEWtIHAIzzDK7wZT8aL8W58zEdLRrFzCH9gfP4ASfqVGQ==</latexit>

h⇧C(x)� y,⇧C(x)� xi  0, 8y 2 C, 8x
<latexit sha1_base64="4C8svxfjTruk3hNzmpMofNkiA74="></latexit><latexit sha1_base64="4C8svxfjTruk3hNzmpMofNkiA74="></latexit><latexit sha1_base64="4C8svxfjTruk3hNzmpMofNkiA74="></latexit><latexit sha1_base64="4C8svxfjTruk3hNzmpMofNkiA74="></latexit>



Projections onto convex sets

⇧C(x) = argmin
y2C

kx� yk22
<latexit sha1_base64="UB4AJpkwFTnxH5sc2IvRc7/BBi4="></latexit><latexit sha1_base64="UB4AJpkwFTnxH5sc2IvRc7/BBi4="></latexit><latexit sha1_base64="UB4AJpkwFTnxH5sc2IvRc7/BBi4="></latexit><latexit sha1_base64="UB4AJpkwFTnxH5sc2IvRc7/BBi4="></latexit>

(The use of Euclidean norm is arbitrary 
and often depends on the application)

⇧C(x) = argmin
y2C

kx� yk1
<latexit sha1_base64="uowZEw1a0AXhMTVSV0UmRY3sMGE="></latexit><latexit sha1_base64="uowZEw1a0AXhMTVSV0UmRY3sMGE="></latexit><latexit sha1_base64="uowZEw1a0AXhMTVSV0UmRY3sMGE="></latexit><latexit sha1_base64="uowZEw1a0AXhMTVSV0UmRY3sMGE="></latexit>

C
<latexit sha1_base64="qiWfywEOv852mNhz9ip1eNwP+qM=">AAAB8nicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLYjcsK9gFtKJPppB06mYSZG6GEfoYbF4q49Wvc+TdO2iy09cDA4Zx7mXNPkEhh0HW/ndLG5tb2Tnm3srd/cHhUPT7pmDjVjLdZLGPdC6jhUijeRoGS9xLNaRRI3g2mzdzvPnFtRKwecZZwP6JjJULBKFqpP4goThiVWXM+rNbcursAWSdeQWpQoDWsfg1GMUsjrpBJakzfcxP0M6pRMMnnlUFqeELZlI5531JFI278bBF5Ti6sMiJhrO1TSBbq742MRsbMosBO5hHNqpeL/3n9FMNbPxMqSZErtvwoTCXBmOT3k5HQnKGcWUKZFjYrYROqKUPbUsWW4K2evE46V3XPrXsP17XGXVFHGc7gHC7BgxtowD20oA0MYniGV3hz0Hlx3p2P5WjJKXZO4Q+czx9zWJFZ</latexit><latexit sha1_base64="qiWfywEOv852mNhz9ip1eNwP+qM=">AAAB8nicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLYjcsK9gFtKJPppB06mYSZG6GEfoYbF4q49Wvc+TdO2iy09cDA4Zx7mXNPkEhh0HW/ndLG5tb2Tnm3srd/cHhUPT7pmDjVjLdZLGPdC6jhUijeRoGS9xLNaRRI3g2mzdzvPnFtRKwecZZwP6JjJULBKFqpP4goThiVWXM+rNbcursAWSdeQWpQoDWsfg1GMUsjrpBJakzfcxP0M6pRMMnnlUFqeELZlI5531JFI278bBF5Ti6sMiJhrO1TSBbq742MRsbMosBO5hHNqpeL/3n9FMNbPxMqSZErtvwoTCXBmOT3k5HQnKGcWUKZFjYrYROqKUPbUsWW4K2evE46V3XPrXsP17XGXVFHGc7gHC7BgxtowD20oA0MYniGV3hz0Hlx3p2P5WjJKXZO4Q+czx9zWJFZ</latexit><latexit sha1_base64="qiWfywEOv852mNhz9ip1eNwP+qM=">AAAB8nicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLYjcsK9gFtKJPppB06mYSZG6GEfoYbF4q49Wvc+TdO2iy09cDA4Zx7mXNPkEhh0HW/ndLG5tb2Tnm3srd/cHhUPT7pmDjVjLdZLGPdC6jhUijeRoGS9xLNaRRI3g2mzdzvPnFtRKwecZZwP6JjJULBKFqpP4goThiVWXM+rNbcursAWSdeQWpQoDWsfg1GMUsjrpBJakzfcxP0M6pRMMnnlUFqeELZlI5531JFI278bBF5Ti6sMiJhrO1TSBbq742MRsbMosBO5hHNqpeL/3n9FMNbPxMqSZErtvwoTCXBmOT3k5HQnKGcWUKZFjYrYROqKUPbUsWW4K2evE46V3XPrXsP17XGXVFHGc7gHC7BgxtowD20oA0MYniGV3hz0Hlx3p2P5WjJKXZO4Q+czx9zWJFZ</latexit><latexit sha1_base64="qiWfywEOv852mNhz9ip1eNwP+qM=">AAAB8nicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLYjcsK9gFtKJPppB06mYSZG6GEfoYbF4q49Wvc+TdO2iy09cDA4Zx7mXNPkEhh0HW/ndLG5tb2Tnm3srd/cHhUPT7pmDjVjLdZLGPdC6jhUijeRoGS9xLNaRRI3g2mzdzvPnFtRKwecZZwP6JjJULBKFqpP4goThiVWXM+rNbcursAWSdeQWpQoDWsfg1GMUsjrpBJakzfcxP0M6pRMMnnlUFqeELZlI5531JFI278bBF5Ti6sMiJhrO1TSBbq742MRsbMosBO5hHNqpeL/3n9FMNbPxMqSZErtvwoTCXBmOT3k5HQnKGcWUKZFjYrYROqKUPbUsWW4K2evE46V3XPrXsP17XGXVFHGc7gHC7BgxtowD20oA0MYniGV3hz0Hlx3p2P5WjJKXZO4Q+czx9zWJFZ</latexit>

- Key properties of convex sets

kx�⇧C(x)k22  kx� yk22, 8y 2 C, 8x
<latexit sha1_base64="G+OVUS2JrWLuOg/8+ETDs12Q+qI="></latexit><latexit sha1_base64="G+OVUS2JrWLuOg/8+ETDs12Q+qI="></latexit><latexit sha1_base64="G+OVUS2JrWLuOg/8+ETDs12Q+qI="></latexit><latexit sha1_base64="G+OVUS2JrWLuOg/8+ETDs12Q+qI="></latexit>

x
<latexit sha1_base64="f2yzimwbR/Dgjzp6tZ360fHRqNI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN2N2IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3H1FpHst7M0nQj+hQ8pAzaqzUeOqXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB5jmM/A==</latexit><latexit sha1_base64="f2yzimwbR/Dgjzp6tZ360fHRqNI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN2N2IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3H1FpHst7M0nQj+hQ8pAzaqzUeOqXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB5jmM/A==</latexit><latexit sha1_base64="f2yzimwbR/Dgjzp6tZ360fHRqNI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN2N2IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3H1FpHst7M0nQj+hQ8pAzaqzUeOqXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB5jmM/A==</latexit><latexit sha1_base64="f2yzimwbR/Dgjzp6tZ360fHRqNI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN2N2IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3H1FpHst7M0nQj+hQ8pAzaqzUeOqXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB5jmM/A==</latexit>

⇧C(x)
<latexit sha1_base64="Gh1kwexlRWEd91XcgcbEqFiFrgs=">AAAB/XicbVDLSsNAFL2pr1pf8bFzM1iEuimJCLosduOygn1AG8JkOmmHTh7MTMQagr/ixoUibv0Pd/6NkzYLbT0wcDjnXu6Z48WcSWVZ30ZpZXVtfaO8Wdna3tndM/cPOjJKBKFtEvFI9DwsKWchbSumOO3FguLA47TrTZq5372nQrIovFPTmDoBHoXMZwQrLbnm0aDF3HQQYDUmmKfNLKs9nLlm1apbM6BlYhekCgVarvk1GEYkCWioCMdS9m0rVk6KhWKE06wySCSNMZngEe1rGuKASiedpc/QqVaGyI+EfqFCM/X3RooDKaeBpyfzmHLRy8X/vH6i/CsnZWGcKBqS+SE/4UhFKK8CDZmgRPGpJpgIprMiMsYCE6ULq+gS7MUvL5POed226vbtRbVxXdRRhmM4gRrYcAkNuIEWtIHAIzzDK7wZT8aL8W58zEdLRrFzCH9gfP4ASfqVGQ==</latexit><latexit sha1_base64="Gh1kwexlRWEd91XcgcbEqFiFrgs=">AAAB/XicbVDLSsNAFL2pr1pf8bFzM1iEuimJCLosduOygn1AG8JkOmmHTh7MTMQagr/ixoUibv0Pd/6NkzYLbT0wcDjnXu6Z48WcSWVZ30ZpZXVtfaO8Wdna3tndM/cPOjJKBKFtEvFI9DwsKWchbSumOO3FguLA47TrTZq5372nQrIovFPTmDoBHoXMZwQrLbnm0aDF3HQQYDUmmKfNLKs9nLlm1apbM6BlYhekCgVarvk1GEYkCWioCMdS9m0rVk6KhWKE06wySCSNMZngEe1rGuKASiedpc/QqVaGyI+EfqFCM/X3RooDKaeBpyfzmHLRy8X/vH6i/CsnZWGcKBqS+SE/4UhFKK8CDZmgRPGpJpgIprMiMsYCE6ULq+gS7MUvL5POed226vbtRbVxXdRRhmM4gRrYcAkNuIEWtIHAIzzDK7wZT8aL8W58zEdLRrFzCH9gfP4ASfqVGQ==</latexit><latexit sha1_base64="Gh1kwexlRWEd91XcgcbEqFiFrgs=">AAAB/XicbVDLSsNAFL2pr1pf8bFzM1iEuimJCLosduOygn1AG8JkOmmHTh7MTMQagr/ixoUibv0Pd/6NkzYLbT0wcDjnXu6Z48WcSWVZ30ZpZXVtfaO8Wdna3tndM/cPOjJKBKFtEvFI9DwsKWchbSumOO3FguLA47TrTZq5372nQrIovFPTmDoBHoXMZwQrLbnm0aDF3HQQYDUmmKfNLKs9nLlm1apbM6BlYhekCgVarvk1GEYkCWioCMdS9m0rVk6KhWKE06wySCSNMZngEe1rGuKASiedpc/QqVaGyI+EfqFCM/X3RooDKaeBpyfzmHLRy8X/vH6i/CsnZWGcKBqS+SE/4UhFKK8CDZmgRPGpJpgIprMiMsYCE6ULq+gS7MUvL5POed226vbtRbVxXdRRhmM4gRrYcAkNuIEWtIHAIzzDK7wZT8aL8W58zEdLRrFzCH9gfP4ASfqVGQ==</latexit><latexit sha1_base64="Gh1kwexlRWEd91XcgcbEqFiFrgs=">AAAB/XicbVDLSsNAFL2pr1pf8bFzM1iEuimJCLosduOygn1AG8JkOmmHTh7MTMQagr/ixoUibv0Pd/6NkzYLbT0wcDjnXu6Z48WcSWVZ30ZpZXVtfaO8Wdna3tndM/cPOjJKBKFtEvFI9DwsKWchbSumOO3FguLA47TrTZq5372nQrIovFPTmDoBHoXMZwQrLbnm0aDF3HQQYDUmmKfNLKs9nLlm1apbM6BlYhekCgVarvk1GEYkCWioCMdS9m0rVk6KhWKE06wySCSNMZngEe1rGuKASiedpc/QqVaGyI+EfqFCM/X3RooDKaeBpyfzmHLRy8X/vH6i/CsnZWGcKBqS+SE/4UhFKK8CDZmgRPGpJpgIprMiMsYCE6ULq+gS7MUvL5POed226vbtRbVxXdRRhmM4gRrYcAkNuIEWtIHAIzzDK7wZT8aL8W58zEdLRrFzCH9gfP4ASfqVGQ==</latexit>

y
<latexit sha1_base64="l29WxoUb9DEbvmhLG7jHtZ0OU24=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diC/YA2lM120q7dbMLuRgihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5m/mdJ1Sax/LBZAn6ER1JHnJGjZWa2aBSdWvuHGSVeAWpQoHGoPLVH8YsjVAaJqjWPc9NjJ9TZTgTOC33U40JZRM6wp6lkkao/Xx+6JScW2VIwljZkobM1d8TOY20zqLAdkbUjPWyNxP/83qpCW/8nMskNSjZYlGYCmJiMvuaDLlCZkRmCWWK21sJG1NFmbHZlG0I3vLLq6R9WfPcmte8qtZvizhKcApncAEeXEMd7qEBLWCA8Ayv8OY8Oi/Ou/OxaF1zipkT+APn8wfnvYz9</latexit><latexit sha1_base64="l29WxoUb9DEbvmhLG7jHtZ0OU24=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diC/YA2lM120q7dbMLuRgihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5m/mdJ1Sax/LBZAn6ER1JHnJGjZWa2aBSdWvuHGSVeAWpQoHGoPLVH8YsjVAaJqjWPc9NjJ9TZTgTOC33U40JZRM6wp6lkkao/Xx+6JScW2VIwljZkobM1d8TOY20zqLAdkbUjPWyNxP/83qpCW/8nMskNSjZYlGYCmJiMvuaDLlCZkRmCWWK21sJG1NFmbHZlG0I3vLLq6R9WfPcmte8qtZvizhKcApncAEeXEMd7qEBLWCA8Ayv8OY8Oi/Ou/OxaF1zipkT+APn8wfnvYz9</latexit><latexit sha1_base64="l29WxoUb9DEbvmhLG7jHtZ0OU24=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diC/YA2lM120q7dbMLuRgihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5m/mdJ1Sax/LBZAn6ER1JHnJGjZWa2aBSdWvuHGSVeAWpQoHGoPLVH8YsjVAaJqjWPc9NjJ9TZTgTOC33U40JZRM6wp6lkkao/Xx+6JScW2VIwljZkobM1d8TOY20zqLAdkbUjPWyNxP/83qpCW/8nMskNSjZYlGYCmJiMvuaDLlCZkRmCWWK21sJG1NFmbHZlG0I3vLLq6R9WfPcmte8qtZvizhKcApncAEeXEMd7qEBLWCA8Ayv8OY8Oi/Ou/OxaF1zipkT+APn8wfnvYz9</latexit><latexit sha1_base64="l29WxoUb9DEbvmhLG7jHtZ0OU24=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diC/YA2lM120q7dbMLuRgihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5m/mdJ1Sax/LBZAn6ER1JHnJGjZWa2aBSdWvuHGSVeAWpQoHGoPLVH8YsjVAaJqjWPc9NjJ9TZTgTOC33U40JZRM6wp6lkkao/Xx+6JScW2VIwljZkobM1d8TOY20zqLAdkbUjPWyNxP/83qpCW/8nMskNSjZYlGYCmJiMvuaDLlCZkRmCWWK21sJG1NFmbHZlG0I3vLLq6R9WfPcmte8qtZvizhKcApncAEeXEMd7qEBLWCA8Ayv8OY8Oi/Ou/OxaF1zipkT+APn8wfnvYz9</latexit>

h⇧C(x)� y,⇧C(x)� xi  0, 8y 2 C, 8x
<latexit sha1_base64="4C8svxfjTruk3hNzmpMofNkiA74="></latexit><latexit sha1_base64="4C8svxfjTruk3hNzmpMofNkiA74="></latexit><latexit sha1_base64="4C8svxfjTruk3hNzmpMofNkiA74="></latexit><latexit sha1_base64="4C8svxfjTruk3hNzmpMofNkiA74="></latexit>



Projections onto convex sets

⇧C(x) = argmin
y2C

kx� yk22
<latexit sha1_base64="UB4AJpkwFTnxH5sc2IvRc7/BBi4="></latexit><latexit sha1_base64="UB4AJpkwFTnxH5sc2IvRc7/BBi4="></latexit><latexit sha1_base64="UB4AJpkwFTnxH5sc2IvRc7/BBi4="></latexit><latexit sha1_base64="UB4AJpkwFTnxH5sc2IvRc7/BBi4="></latexit>

(The use of Euclidean norm is arbitrary 
and often depends on the application)

⇧C(x) = argmin
y2C

kx� yk1
<latexit sha1_base64="uowZEw1a0AXhMTVSV0UmRY3sMGE="></latexit><latexit sha1_base64="uowZEw1a0AXhMTVSV0UmRY3sMGE="></latexit><latexit sha1_base64="uowZEw1a0AXhMTVSV0UmRY3sMGE="></latexit><latexit sha1_base64="uowZEw1a0AXhMTVSV0UmRY3sMGE="></latexit>

- Key properties of convex sets

kx�⇧C(x)k22  kx� yk22, 8y 2 C, 8x
<latexit sha1_base64="G+OVUS2JrWLuOg/8+ETDs12Q+qI="></latexit><latexit sha1_base64="G+OVUS2JrWLuOg/8+ETDs12Q+qI="></latexit><latexit sha1_base64="G+OVUS2JrWLuOg/8+ETDs12Q+qI="></latexit><latexit sha1_base64="G+OVUS2JrWLuOg/8+ETDs12Q+qI="></latexit>

C
<latexit sha1_base64="qiWfywEOv852mNhz9ip1eNwP+qM=">AAAB8nicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLYjcsK9gFtKJPppB06mYSZG6GEfoYbF4q49Wvc+TdO2iy09cDA4Zx7mXNPkEhh0HW/ndLG5tb2Tnm3srd/cHhUPT7pmDjVjLdZLGPdC6jhUijeRoGS9xLNaRRI3g2mzdzvPnFtRKwecZZwP6JjJULBKFqpP4goThiVWXM+rNbcursAWSdeQWpQoDWsfg1GMUsjrpBJakzfcxP0M6pRMMnnlUFqeELZlI5531JFI278bBF5Ti6sMiJhrO1TSBbq742MRsbMosBO5hHNqpeL/3n9FMNbPxMqSZErtvwoTCXBmOT3k5HQnKGcWUKZFjYrYROqKUPbUsWW4K2evE46V3XPrXsP17XGXVFHGc7gHC7BgxtowD20oA0MYniGV3hz0Hlx3p2P5WjJKXZO4Q+czx9zWJFZ</latexit><latexit sha1_base64="qiWfywEOv852mNhz9ip1eNwP+qM=">AAAB8nicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLYjcsK9gFtKJPppB06mYSZG6GEfoYbF4q49Wvc+TdO2iy09cDA4Zx7mXNPkEhh0HW/ndLG5tb2Tnm3srd/cHhUPT7pmDjVjLdZLGPdC6jhUijeRoGS9xLNaRRI3g2mzdzvPnFtRKwecZZwP6JjJULBKFqpP4goThiVWXM+rNbcursAWSdeQWpQoDWsfg1GMUsjrpBJakzfcxP0M6pRMMnnlUFqeELZlI5531JFI278bBF5Ti6sMiJhrO1TSBbq742MRsbMosBO5hHNqpeL/3n9FMNbPxMqSZErtvwoTCXBmOT3k5HQnKGcWUKZFjYrYROqKUPbUsWW4K2evE46V3XPrXsP17XGXVFHGc7gHC7BgxtowD20oA0MYniGV3hz0Hlx3p2P5WjJKXZO4Q+czx9zWJFZ</latexit><latexit sha1_base64="qiWfywEOv852mNhz9ip1eNwP+qM=">AAAB8nicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLYjcsK9gFtKJPppB06mYSZG6GEfoYbF4q49Wvc+TdO2iy09cDA4Zx7mXNPkEhh0HW/ndLG5tb2Tnm3srd/cHhUPT7pmDjVjLdZLGPdC6jhUijeRoGS9xLNaRRI3g2mzdzvPnFtRKwecZZwP6JjJULBKFqpP4goThiVWXM+rNbcursAWSdeQWpQoDWsfg1GMUsjrpBJakzfcxP0M6pRMMnnlUFqeELZlI5531JFI278bBF5Ti6sMiJhrO1TSBbq742MRsbMosBO5hHNqpeL/3n9FMNbPxMqSZErtvwoTCXBmOT3k5HQnKGcWUKZFjYrYROqKUPbUsWW4K2evE46V3XPrXsP17XGXVFHGc7gHC7BgxtowD20oA0MYniGV3hz0Hlx3p2P5WjJKXZO4Q+czx9zWJFZ</latexit><latexit sha1_base64="qiWfywEOv852mNhz9ip1eNwP+qM=">AAAB8nicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLYjcsK9gFtKJPppB06mYSZG6GEfoYbF4q49Wvc+TdO2iy09cDA4Zx7mXNPkEhh0HW/ndLG5tb2Tnm3srd/cHhUPT7pmDjVjLdZLGPdC6jhUijeRoGS9xLNaRRI3g2mzdzvPnFtRKwecZZwP6JjJULBKFqpP4goThiVWXM+rNbcursAWSdeQWpQoDWsfg1GMUsjrpBJakzfcxP0M6pRMMnnlUFqeELZlI5531JFI278bBF5Ti6sMiJhrO1TSBbq742MRsbMosBO5hHNqpeL/3n9FMNbPxMqSZErtvwoTCXBmOT3k5HQnKGcWUKZFjYrYROqKUPbUsWW4K2evE46V3XPrXsP17XGXVFHGc7gHC7BgxtowD20oA0MYniGV3hz0Hlx3p2P5WjJKXZO4Q+czx9zWJFZ</latexit>

h⇧C(x)� y,⇧C(x)� xi  0, 8y 2 C, 8x
<latexit sha1_base64="4C8svxfjTruk3hNzmpMofNkiA74="></latexit><latexit sha1_base64="4C8svxfjTruk3hNzmpMofNkiA74="></latexit><latexit sha1_base64="4C8svxfjTruk3hNzmpMofNkiA74="></latexit><latexit sha1_base64="4C8svxfjTruk3hNzmpMofNkiA74="></latexit>



Projections onto convex sets

⇧C(x) = argmin
y2C

kx� yk22
<latexit sha1_base64="UB4AJpkwFTnxH5sc2IvRc7/BBi4="></latexit><latexit sha1_base64="UB4AJpkwFTnxH5sc2IvRc7/BBi4="></latexit><latexit sha1_base64="UB4AJpkwFTnxH5sc2IvRc7/BBi4="></latexit><latexit sha1_base64="UB4AJpkwFTnxH5sc2IvRc7/BBi4="></latexit>

(The use of Euclidean norm is arbitrary 
and often depends on the application)

⇧C(x) = argmin
y2C

kx� yk1
<latexit sha1_base64="uowZEw1a0AXhMTVSV0UmRY3sMGE="></latexit><latexit sha1_base64="uowZEw1a0AXhMTVSV0UmRY3sMGE="></latexit><latexit sha1_base64="uowZEw1a0AXhMTVSV0UmRY3sMGE="></latexit><latexit sha1_base64="uowZEw1a0AXhMTVSV0UmRY3sMGE="></latexit>

- Key properties of convex sets

kx�⇧C(x)k22  kx� yk22, 8y 2 C, 8x
<latexit sha1_base64="G+OVUS2JrWLuOg/8+ETDs12Q+qI="></latexit><latexit sha1_base64="G+OVUS2JrWLuOg/8+ETDs12Q+qI="></latexit><latexit sha1_base64="G+OVUS2JrWLuOg/8+ETDs12Q+qI="></latexit><latexit sha1_base64="G+OVUS2JrWLuOg/8+ETDs12Q+qI="></latexit>

C
<latexit sha1_base64="qiWfywEOv852mNhz9ip1eNwP+qM=">AAAB8nicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLYjcsK9gFtKJPppB06mYSZG6GEfoYbF4q49Wvc+TdO2iy09cDA4Zx7mXNPkEhh0HW/ndLG5tb2Tnm3srd/cHhUPT7pmDjVjLdZLGPdC6jhUijeRoGS9xLNaRRI3g2mzdzvPnFtRKwecZZwP6JjJULBKFqpP4goThiVWXM+rNbcursAWSdeQWpQoDWsfg1GMUsjrpBJakzfcxP0M6pRMMnnlUFqeELZlI5531JFI278bBF5Ti6sMiJhrO1TSBbq742MRsbMosBO5hHNqpeL/3n9FMNbPxMqSZErtvwoTCXBmOT3k5HQnKGcWUKZFjYrYROqKUPbUsWW4K2evE46V3XPrXsP17XGXVFHGc7gHC7BgxtowD20oA0MYniGV3hz0Hlx3p2P5WjJKXZO4Q+czx9zWJFZ</latexit><latexit sha1_base64="qiWfywEOv852mNhz9ip1eNwP+qM=">AAAB8nicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLYjcsK9gFtKJPppB06mYSZG6GEfoYbF4q49Wvc+TdO2iy09cDA4Zx7mXNPkEhh0HW/ndLG5tb2Tnm3srd/cHhUPT7pmDjVjLdZLGPdC6jhUijeRoGS9xLNaRRI3g2mzdzvPnFtRKwecZZwP6JjJULBKFqpP4goThiVWXM+rNbcursAWSdeQWpQoDWsfg1GMUsjrpBJakzfcxP0M6pRMMnnlUFqeELZlI5531JFI278bBF5Ti6sMiJhrO1TSBbq742MRsbMosBO5hHNqpeL/3n9FMNbPxMqSZErtvwoTCXBmOT3k5HQnKGcWUKZFjYrYROqKUPbUsWW4K2evE46V3XPrXsP17XGXVFHGc7gHC7BgxtowD20oA0MYniGV3hz0Hlx3p2P5WjJKXZO4Q+czx9zWJFZ</latexit><latexit sha1_base64="qiWfywEOv852mNhz9ip1eNwP+qM=">AAAB8nicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLYjcsK9gFtKJPppB06mYSZG6GEfoYbF4q49Wvc+TdO2iy09cDA4Zx7mXNPkEhh0HW/ndLG5tb2Tnm3srd/cHhUPT7pmDjVjLdZLGPdC6jhUijeRoGS9xLNaRRI3g2mzdzvPnFtRKwecZZwP6JjJULBKFqpP4goThiVWXM+rNbcursAWSdeQWpQoDWsfg1GMUsjrpBJakzfcxP0M6pRMMnnlUFqeELZlI5531JFI278bBF5Ti6sMiJhrO1TSBbq742MRsbMosBO5hHNqpeL/3n9FMNbPxMqSZErtvwoTCXBmOT3k5HQnKGcWUKZFjYrYROqKUPbUsWW4K2evE46V3XPrXsP17XGXVFHGc7gHC7BgxtowD20oA0MYniGV3hz0Hlx3p2P5WjJKXZO4Q+czx9zWJFZ</latexit><latexit sha1_base64="qiWfywEOv852mNhz9ip1eNwP+qM=">AAAB8nicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLYjcsK9gFtKJPppB06mYSZG6GEfoYbF4q49Wvc+TdO2iy09cDA4Zx7mXNPkEhh0HW/ndLG5tb2Tnm3srd/cHhUPT7pmDjVjLdZLGPdC6jhUijeRoGS9xLNaRRI3g2mzdzvPnFtRKwecZZwP6JjJULBKFqpP4goThiVWXM+rNbcursAWSdeQWpQoDWsfg1GMUsjrpBJakzfcxP0M6pRMMnnlUFqeELZlI5531JFI278bBF5Ti6sMiJhrO1TSBbq742MRsbMosBO5hHNqpeL/3n9FMNbPxMqSZErtvwoTCXBmOT3k5HQnKGcWUKZFjYrYROqKUPbUsWW4K2evE46V3XPrXsP17XGXVFHGc7gHC7BgxtowD20oA0MYniGV3hz0Hlx3p2P5WjJKXZO4Q+czx9zWJFZ</latexit>

h⇧C(x)� y,⇧C(x)� xi  0, 8y 2 C, 8x
<latexit sha1_base64="4C8svxfjTruk3hNzmpMofNkiA74="></latexit><latexit sha1_base64="4C8svxfjTruk3hNzmpMofNkiA74="></latexit><latexit sha1_base64="4C8svxfjTruk3hNzmpMofNkiA74="></latexit><latexit sha1_base64="4C8svxfjTruk3hNzmpMofNkiA74="></latexit>

x
<latexit sha1_base64="f2yzimwbR/Dgjzp6tZ360fHRqNI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN2N2IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3H1FpHst7M0nQj+hQ8pAzaqzUeOqXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB5jmM/A==</latexit><latexit sha1_base64="f2yzimwbR/Dgjzp6tZ360fHRqNI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN2N2IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3H1FpHst7M0nQj+hQ8pAzaqzUeOqXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB5jmM/A==</latexit><latexit sha1_base64="f2yzimwbR/Dgjzp6tZ360fHRqNI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN2N2IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3H1FpHst7M0nQj+hQ8pAzaqzUeOqXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB5jmM/A==</latexit><latexit sha1_base64="f2yzimwbR/Dgjzp6tZ360fHRqNI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN2N2IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3H1FpHst7M0nQj+hQ8pAzaqzUeOqXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB5jmM/A==</latexit>

⇧C(x)
<latexit sha1_base64="Gh1kwexlRWEd91XcgcbEqFiFrgs=">AAAB/XicbVDLSsNAFL2pr1pf8bFzM1iEuimJCLosduOygn1AG8JkOmmHTh7MTMQagr/ixoUibv0Pd/6NkzYLbT0wcDjnXu6Z48WcSWVZ30ZpZXVtfaO8Wdna3tndM/cPOjJKBKFtEvFI9DwsKWchbSumOO3FguLA47TrTZq5372nQrIovFPTmDoBHoXMZwQrLbnm0aDF3HQQYDUmmKfNLKs9nLlm1apbM6BlYhekCgVarvk1GEYkCWioCMdS9m0rVk6KhWKE06wySCSNMZngEe1rGuKASiedpc/QqVaGyI+EfqFCM/X3RooDKaeBpyfzmHLRy8X/vH6i/CsnZWGcKBqS+SE/4UhFKK8CDZmgRPGpJpgIprMiMsYCE6ULq+gS7MUvL5POed226vbtRbVxXdRRhmM4gRrYcAkNuIEWtIHAIzzDK7wZT8aL8W58zEdLRrFzCH9gfP4ASfqVGQ==</latexit><latexit sha1_base64="Gh1kwexlRWEd91XcgcbEqFiFrgs=">AAAB/XicbVDLSsNAFL2pr1pf8bFzM1iEuimJCLosduOygn1AG8JkOmmHTh7MTMQagr/ixoUibv0Pd/6NkzYLbT0wcDjnXu6Z48WcSWVZ30ZpZXVtfaO8Wdna3tndM/cPOjJKBKFtEvFI9DwsKWchbSumOO3FguLA47TrTZq5372nQrIovFPTmDoBHoXMZwQrLbnm0aDF3HQQYDUmmKfNLKs9nLlm1apbM6BlYhekCgVarvk1GEYkCWioCMdS9m0rVk6KhWKE06wySCSNMZngEe1rGuKASiedpc/QqVaGyI+EfqFCM/X3RooDKaeBpyfzmHLRy8X/vH6i/CsnZWGcKBqS+SE/4UhFKK8CDZmgRPGpJpgIprMiMsYCE6ULq+gS7MUvL5POed226vbtRbVxXdRRhmM4gRrYcAkNuIEWtIHAIzzDK7wZT8aL8W58zEdLRrFzCH9gfP4ASfqVGQ==</latexit><latexit sha1_base64="Gh1kwexlRWEd91XcgcbEqFiFrgs=">AAAB/XicbVDLSsNAFL2pr1pf8bFzM1iEuimJCLosduOygn1AG8JkOmmHTh7MTMQagr/ixoUibv0Pd/6NkzYLbT0wcDjnXu6Z48WcSWVZ30ZpZXVtfaO8Wdna3tndM/cPOjJKBKFtEvFI9DwsKWchbSumOO3FguLA47TrTZq5372nQrIovFPTmDoBHoXMZwQrLbnm0aDF3HQQYDUmmKfNLKs9nLlm1apbM6BlYhekCgVarvk1GEYkCWioCMdS9m0rVk6KhWKE06wySCSNMZngEe1rGuKASiedpc/QqVaGyI+EfqFCM/X3RooDKaeBpyfzmHLRy8X/vH6i/CsnZWGcKBqS+SE/4UhFKK8CDZmgRPGpJpgIprMiMsYCE6ULq+gS7MUvL5POed226vbtRbVxXdRRhmM4gRrYcAkNuIEWtIHAIzzDK7wZT8aL8W58zEdLRrFzCH9gfP4ASfqVGQ==</latexit><latexit sha1_base64="Gh1kwexlRWEd91XcgcbEqFiFrgs=">AAAB/XicbVDLSsNAFL2pr1pf8bFzM1iEuimJCLosduOygn1AG8JkOmmHTh7MTMQagr/ixoUibv0Pd/6NkzYLbT0wcDjnXu6Z48WcSWVZ30ZpZXVtfaO8Wdna3tndM/cPOjJKBKFtEvFI9DwsKWchbSumOO3FguLA47TrTZq5372nQrIovFPTmDoBHoXMZwQrLbnm0aDF3HQQYDUmmKfNLKs9nLlm1apbM6BlYhekCgVarvk1GEYkCWioCMdS9m0rVk6KhWKE06wySCSNMZngEe1rGuKASiedpc/QqVaGyI+EfqFCM/X3RooDKaeBpyfzmHLRy8X/vH6i/CsnZWGcKBqS+SE/4UhFKK8CDZmgRPGpJpgIprMiMsYCE6ULq+gS7MUvL5POed226vbtRbVxXdRRhmM4gRrYcAkNuIEWtIHAIzzDK7wZT8aL8W58zEdLRrFzCH9gfP4ASfqVGQ==</latexit>



Projections onto convex sets

⇧C(x) = argmin
y2C

kx� yk22
<latexit sha1_base64="UB4AJpkwFTnxH5sc2IvRc7/BBi4="></latexit><latexit sha1_base64="UB4AJpkwFTnxH5sc2IvRc7/BBi4="></latexit><latexit sha1_base64="UB4AJpkwFTnxH5sc2IvRc7/BBi4="></latexit><latexit sha1_base64="UB4AJpkwFTnxH5sc2IvRc7/BBi4="></latexit>

(The use of Euclidean norm is arbitrary 
and often depends on the application)

⇧C(x) = argmin
y2C

kx� yk1
<latexit sha1_base64="uowZEw1a0AXhMTVSV0UmRY3sMGE="></latexit><latexit sha1_base64="uowZEw1a0AXhMTVSV0UmRY3sMGE="></latexit><latexit sha1_base64="uowZEw1a0AXhMTVSV0UmRY3sMGE="></latexit><latexit sha1_base64="uowZEw1a0AXhMTVSV0UmRY3sMGE="></latexit>

- Key properties of convex sets

kx�⇧C(x)k22  kx� yk22, 8y 2 C, 8x
<latexit sha1_base64="G+OVUS2JrWLuOg/8+ETDs12Q+qI="></latexit><latexit sha1_base64="G+OVUS2JrWLuOg/8+ETDs12Q+qI="></latexit><latexit sha1_base64="G+OVUS2JrWLuOg/8+ETDs12Q+qI="></latexit><latexit sha1_base64="G+OVUS2JrWLuOg/8+ETDs12Q+qI="></latexit>

C
<latexit sha1_base64="qiWfywEOv852mNhz9ip1eNwP+qM=">AAAB8nicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLYjcsK9gFtKJPppB06mYSZG6GEfoYbF4q49Wvc+TdO2iy09cDA4Zx7mXNPkEhh0HW/ndLG5tb2Tnm3srd/cHhUPT7pmDjVjLdZLGPdC6jhUijeRoGS9xLNaRRI3g2mzdzvPnFtRKwecZZwP6JjJULBKFqpP4goThiVWXM+rNbcursAWSdeQWpQoDWsfg1GMUsjrpBJakzfcxP0M6pRMMnnlUFqeELZlI5531JFI278bBF5Ti6sMiJhrO1TSBbq742MRsbMosBO5hHNqpeL/3n9FMNbPxMqSZErtvwoTCXBmOT3k5HQnKGcWUKZFjYrYROqKUPbUsWW4K2evE46V3XPrXsP17XGXVFHGc7gHC7BgxtowD20oA0MYniGV3hz0Hlx3p2P5WjJKXZO4Q+czx9zWJFZ</latexit><latexit sha1_base64="qiWfywEOv852mNhz9ip1eNwP+qM=">AAAB8nicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLYjcsK9gFtKJPppB06mYSZG6GEfoYbF4q49Wvc+TdO2iy09cDA4Zx7mXNPkEhh0HW/ndLG5tb2Tnm3srd/cHhUPT7pmDjVjLdZLGPdC6jhUijeRoGS9xLNaRRI3g2mzdzvPnFtRKwecZZwP6JjJULBKFqpP4goThiVWXM+rNbcursAWSdeQWpQoDWsfg1GMUsjrpBJakzfcxP0M6pRMMnnlUFqeELZlI5531JFI278bBF5Ti6sMiJhrO1TSBbq742MRsbMosBO5hHNqpeL/3n9FMNbPxMqSZErtvwoTCXBmOT3k5HQnKGcWUKZFjYrYROqKUPbUsWW4K2evE46V3XPrXsP17XGXVFHGc7gHC7BgxtowD20oA0MYniGV3hz0Hlx3p2P5WjJKXZO4Q+czx9zWJFZ</latexit><latexit sha1_base64="qiWfywEOv852mNhz9ip1eNwP+qM=">AAAB8nicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLYjcsK9gFtKJPppB06mYSZG6GEfoYbF4q49Wvc+TdO2iy09cDA4Zx7mXNPkEhh0HW/ndLG5tb2Tnm3srd/cHhUPT7pmDjVjLdZLGPdC6jhUijeRoGS9xLNaRRI3g2mzdzvPnFtRKwecZZwP6JjJULBKFqpP4goThiVWXM+rNbcursAWSdeQWpQoDWsfg1GMUsjrpBJakzfcxP0M6pRMMnnlUFqeELZlI5531JFI278bBF5Ti6sMiJhrO1TSBbq742MRsbMosBO5hHNqpeL/3n9FMNbPxMqSZErtvwoTCXBmOT3k5HQnKGcWUKZFjYrYROqKUPbUsWW4K2evE46V3XPrXsP17XGXVFHGc7gHC7BgxtowD20oA0MYniGV3hz0Hlx3p2P5WjJKXZO4Q+czx9zWJFZ</latexit><latexit sha1_base64="qiWfywEOv852mNhz9ip1eNwP+qM=">AAAB8nicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLYjcsK9gFtKJPppB06mYSZG6GEfoYbF4q49Wvc+TdO2iy09cDA4Zx7mXNPkEhh0HW/ndLG5tb2Tnm3srd/cHhUPT7pmDjVjLdZLGPdC6jhUijeRoGS9xLNaRRI3g2mzdzvPnFtRKwecZZwP6JjJULBKFqpP4goThiVWXM+rNbcursAWSdeQWpQoDWsfg1GMUsjrpBJakzfcxP0M6pRMMnnlUFqeELZlI5531JFI278bBF5Ti6sMiJhrO1TSBbq742MRsbMosBO5hHNqpeL/3n9FMNbPxMqSZErtvwoTCXBmOT3k5HQnKGcWUKZFjYrYROqKUPbUsWW4K2evE46V3XPrXsP17XGXVFHGc7gHC7BgxtowD20oA0MYniGV3hz0Hlx3p2P5WjJKXZO4Q+czx9zWJFZ</latexit>

h⇧C(x)� y,⇧C(x)� xi  0, 8y 2 C, 8x
<latexit sha1_base64="4C8svxfjTruk3hNzmpMofNkiA74="></latexit><latexit sha1_base64="4C8svxfjTruk3hNzmpMofNkiA74="></latexit><latexit sha1_base64="4C8svxfjTruk3hNzmpMofNkiA74="></latexit><latexit sha1_base64="4C8svxfjTruk3hNzmpMofNkiA74="></latexit>

x
<latexit sha1_base64="f2yzimwbR/Dgjzp6tZ360fHRqNI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN2N2IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3H1FpHst7M0nQj+hQ8pAzaqzUeOqXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB5jmM/A==</latexit><latexit sha1_base64="f2yzimwbR/Dgjzp6tZ360fHRqNI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN2N2IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3H1FpHst7M0nQj+hQ8pAzaqzUeOqXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB5jmM/A==</latexit><latexit sha1_base64="f2yzimwbR/Dgjzp6tZ360fHRqNI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN2N2IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3H1FpHst7M0nQj+hQ8pAzaqzUeOqXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB5jmM/A==</latexit><latexit sha1_base64="f2yzimwbR/Dgjzp6tZ360fHRqNI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN2N2IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3H1FpHst7M0nQj+hQ8pAzaqzUeOqXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB5jmM/A==</latexit>

⇧C(x)
<latexit sha1_base64="Gh1kwexlRWEd91XcgcbEqFiFrgs=">AAAB/XicbVDLSsNAFL2pr1pf8bFzM1iEuimJCLosduOygn1AG8JkOmmHTh7MTMQagr/ixoUibv0Pd/6NkzYLbT0wcDjnXu6Z48WcSWVZ30ZpZXVtfaO8Wdna3tndM/cPOjJKBKFtEvFI9DwsKWchbSumOO3FguLA47TrTZq5372nQrIovFPTmDoBHoXMZwQrLbnm0aDF3HQQYDUmmKfNLKs9nLlm1apbM6BlYhekCgVarvk1GEYkCWioCMdS9m0rVk6KhWKE06wySCSNMZngEe1rGuKASiedpc/QqVaGyI+EfqFCM/X3RooDKaeBpyfzmHLRy8X/vH6i/CsnZWGcKBqS+SE/4UhFKK8CDZmgRPGpJpgIprMiMsYCE6ULq+gS7MUvL5POed226vbtRbVxXdRRhmM4gRrYcAkNuIEWtIHAIzzDK7wZT8aL8W58zEdLRrFzCH9gfP4ASfqVGQ==</latexit><latexit sha1_base64="Gh1kwexlRWEd91XcgcbEqFiFrgs=">AAAB/XicbVDLSsNAFL2pr1pf8bFzM1iEuimJCLosduOygn1AG8JkOmmHTh7MTMQagr/ixoUibv0Pd/6NkzYLbT0wcDjnXu6Z48WcSWVZ30ZpZXVtfaO8Wdna3tndM/cPOjJKBKFtEvFI9DwsKWchbSumOO3FguLA47TrTZq5372nQrIovFPTmDoBHoXMZwQrLbnm0aDF3HQQYDUmmKfNLKs9nLlm1apbM6BlYhekCgVarvk1GEYkCWioCMdS9m0rVk6KhWKE06wySCSNMZngEe1rGuKASiedpc/QqVaGyI+EfqFCM/X3RooDKaeBpyfzmHLRy8X/vH6i/CsnZWGcKBqS+SE/4UhFKK8CDZmgRPGpJpgIprMiMsYCE6ULq+gS7MUvL5POed226vbtRbVxXdRRhmM4gRrYcAkNuIEWtIHAIzzDK7wZT8aL8W58zEdLRrFzCH9gfP4ASfqVGQ==</latexit><latexit sha1_base64="Gh1kwexlRWEd91XcgcbEqFiFrgs=">AAAB/XicbVDLSsNAFL2pr1pf8bFzM1iEuimJCLosduOygn1AG8JkOmmHTh7MTMQagr/ixoUibv0Pd/6NkzYLbT0wcDjnXu6Z48WcSWVZ30ZpZXVtfaO8Wdna3tndM/cPOjJKBKFtEvFI9DwsKWchbSumOO3FguLA47TrTZq5372nQrIovFPTmDoBHoXMZwQrLbnm0aDF3HQQYDUmmKfNLKs9nLlm1apbM6BlYhekCgVarvk1GEYkCWioCMdS9m0rVk6KhWKE06wySCSNMZngEe1rGuKASiedpc/QqVaGyI+EfqFCM/X3RooDKaeBpyfzmHLRy8X/vH6i/CsnZWGcKBqS+SE/4UhFKK8CDZmgRPGpJpgIprMiMsYCE6ULq+gS7MUvL5POed226vbtRbVxXdRRhmM4gRrYcAkNuIEWtIHAIzzDK7wZT8aL8W58zEdLRrFzCH9gfP4ASfqVGQ==</latexit><latexit sha1_base64="Gh1kwexlRWEd91XcgcbEqFiFrgs=">AAAB/XicbVDLSsNAFL2pr1pf8bFzM1iEuimJCLosduOygn1AG8JkOmmHTh7MTMQagr/ixoUibv0Pd/6NkzYLbT0wcDjnXu6Z48WcSWVZ30ZpZXVtfaO8Wdna3tndM/cPOjJKBKFtEvFI9DwsKWchbSumOO3FguLA47TrTZq5372nQrIovFPTmDoBHoXMZwQrLbnm0aDF3HQQYDUmmKfNLKs9nLlm1apbM6BlYhekCgVarvk1GEYkCWioCMdS9m0rVk6KhWKE06wySCSNMZngEe1rGuKASiedpc/QqVaGyI+EfqFCM/X3RooDKaeBpyfzmHLRy8X/vH6i/CsnZWGcKBqS+SE/4UhFKK8CDZmgRPGpJpgIprMiMsYCE6ULq+gS7MUvL5POed226vbtRbVxXdRRhmM4gRrYcAkNuIEWtIHAIzzDK7wZT8aL8W58zEdLRrFzCH9gfP4ASfqVGQ==</latexit>



Projections onto convex sets

⇧C(x) = argmin
y2C

kx� yk22
<latexit sha1_base64="UB4AJpkwFTnxH5sc2IvRc7/BBi4="></latexit><latexit sha1_base64="UB4AJpkwFTnxH5sc2IvRc7/BBi4="></latexit><latexit sha1_base64="UB4AJpkwFTnxH5sc2IvRc7/BBi4="></latexit><latexit sha1_base64="UB4AJpkwFTnxH5sc2IvRc7/BBi4="></latexit>

(The use of Euclidean norm is arbitrary 
and often depends on the application)

⇧C(x) = argmin
y2C

kx� yk1
<latexit sha1_base64="uowZEw1a0AXhMTVSV0UmRY3sMGE="></latexit><latexit sha1_base64="uowZEw1a0AXhMTVSV0UmRY3sMGE="></latexit><latexit sha1_base64="uowZEw1a0AXhMTVSV0UmRY3sMGE="></latexit><latexit sha1_base64="uowZEw1a0AXhMTVSV0UmRY3sMGE="></latexit>

- Key properties of convex sets

kx�⇧C(x)k22  kx� yk22, 8y 2 C, 8x
<latexit sha1_base64="G+OVUS2JrWLuOg/8+ETDs12Q+qI="></latexit><latexit sha1_base64="G+OVUS2JrWLuOg/8+ETDs12Q+qI="></latexit><latexit sha1_base64="G+OVUS2JrWLuOg/8+ETDs12Q+qI="></latexit><latexit sha1_base64="G+OVUS2JrWLuOg/8+ETDs12Q+qI="></latexit>

C
<latexit sha1_base64="qiWfywEOv852mNhz9ip1eNwP+qM=">AAAB8nicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLYjcsK9gFtKJPppB06mYSZG6GEfoYbF4q49Wvc+TdO2iy09cDA4Zx7mXNPkEhh0HW/ndLG5tb2Tnm3srd/cHhUPT7pmDjVjLdZLGPdC6jhUijeRoGS9xLNaRRI3g2mzdzvPnFtRKwecZZwP6JjJULBKFqpP4goThiVWXM+rNbcursAWSdeQWpQoDWsfg1GMUsjrpBJakzfcxP0M6pRMMnnlUFqeELZlI5531JFI278bBF5Ti6sMiJhrO1TSBbq742MRsbMosBO5hHNqpeL/3n9FMNbPxMqSZErtvwoTCXBmOT3k5HQnKGcWUKZFjYrYROqKUPbUsWW4K2evE46V3XPrXsP17XGXVFHGc7gHC7BgxtowD20oA0MYniGV3hz0Hlx3p2P5WjJKXZO4Q+czx9zWJFZ</latexit><latexit sha1_base64="qiWfywEOv852mNhz9ip1eNwP+qM=">AAAB8nicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLYjcsK9gFtKJPppB06mYSZG6GEfoYbF4q49Wvc+TdO2iy09cDA4Zx7mXNPkEhh0HW/ndLG5tb2Tnm3srd/cHhUPT7pmDjVjLdZLGPdC6jhUijeRoGS9xLNaRRI3g2mzdzvPnFtRKwecZZwP6JjJULBKFqpP4goThiVWXM+rNbcursAWSdeQWpQoDWsfg1GMUsjrpBJakzfcxP0M6pRMMnnlUFqeELZlI5531JFI278bBF5Ti6sMiJhrO1TSBbq742MRsbMosBO5hHNqpeL/3n9FMNbPxMqSZErtvwoTCXBmOT3k5HQnKGcWUKZFjYrYROqKUPbUsWW4K2evE46V3XPrXsP17XGXVFHGc7gHC7BgxtowD20oA0MYniGV3hz0Hlx3p2P5WjJKXZO4Q+czx9zWJFZ</latexit><latexit sha1_base64="qiWfywEOv852mNhz9ip1eNwP+qM=">AAAB8nicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLYjcsK9gFtKJPppB06mYSZG6GEfoYbF4q49Wvc+TdO2iy09cDA4Zx7mXNPkEhh0HW/ndLG5tb2Tnm3srd/cHhUPT7pmDjVjLdZLGPdC6jhUijeRoGS9xLNaRRI3g2mzdzvPnFtRKwecZZwP6JjJULBKFqpP4goThiVWXM+rNbcursAWSdeQWpQoDWsfg1GMUsjrpBJakzfcxP0M6pRMMnnlUFqeELZlI5531JFI278bBF5Ti6sMiJhrO1TSBbq742MRsbMosBO5hHNqpeL/3n9FMNbPxMqSZErtvwoTCXBmOT3k5HQnKGcWUKZFjYrYROqKUPbUsWW4K2evE46V3XPrXsP17XGXVFHGc7gHC7BgxtowD20oA0MYniGV3hz0Hlx3p2P5WjJKXZO4Q+czx9zWJFZ</latexit><latexit sha1_base64="qiWfywEOv852mNhz9ip1eNwP+qM=">AAAB8nicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLYjcsK9gFtKJPppB06mYSZG6GEfoYbF4q49Wvc+TdO2iy09cDA4Zx7mXNPkEhh0HW/ndLG5tb2Tnm3srd/cHhUPT7pmDjVjLdZLGPdC6jhUijeRoGS9xLNaRRI3g2mzdzvPnFtRKwecZZwP6JjJULBKFqpP4goThiVWXM+rNbcursAWSdeQWpQoDWsfg1GMUsjrpBJakzfcxP0M6pRMMnnlUFqeELZlI5531JFI278bBF5Ti6sMiJhrO1TSBbq742MRsbMosBO5hHNqpeL/3n9FMNbPxMqSZErtvwoTCXBmOT3k5HQnKGcWUKZFjYrYROqKUPbUsWW4K2evE46V3XPrXsP17XGXVFHGc7gHC7BgxtowD20oA0MYniGV3hz0Hlx3p2P5WjJKXZO4Q+czx9zWJFZ</latexit>

h⇧C(x)� y,⇧C(x)� xi  0, 8y 2 C, 8x
<latexit sha1_base64="4C8svxfjTruk3hNzmpMofNkiA74="></latexit><latexit sha1_base64="4C8svxfjTruk3hNzmpMofNkiA74="></latexit><latexit sha1_base64="4C8svxfjTruk3hNzmpMofNkiA74="></latexit><latexit sha1_base64="4C8svxfjTruk3hNzmpMofNkiA74="></latexit>

y
<latexit sha1_base64="l29WxoUb9DEbvmhLG7jHtZ0OU24=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diC/YA2lM120q7dbMLuRgihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5m/mdJ1Sax/LBZAn6ER1JHnJGjZWa2aBSdWvuHGSVeAWpQoHGoPLVH8YsjVAaJqjWPc9NjJ9TZTgTOC33U40JZRM6wp6lkkao/Xx+6JScW2VIwljZkobM1d8TOY20zqLAdkbUjPWyNxP/83qpCW/8nMskNSjZYlGYCmJiMvuaDLlCZkRmCWWK21sJG1NFmbHZlG0I3vLLq6R9WfPcmte8qtZvizhKcApncAEeXEMd7qEBLWCA8Ayv8OY8Oi/Ou/OxaF1zipkT+APn8wfnvYz9</latexit><latexit sha1_base64="l29WxoUb9DEbvmhLG7jHtZ0OU24=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diC/YA2lM120q7dbMLuRgihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5m/mdJ1Sax/LBZAn6ER1JHnJGjZWa2aBSdWvuHGSVeAWpQoHGoPLVH8YsjVAaJqjWPc9NjJ9TZTgTOC33U40JZRM6wp6lkkao/Xx+6JScW2VIwljZkobM1d8TOY20zqLAdkbUjPWyNxP/83qpCW/8nMskNSjZYlGYCmJiMvuaDLlCZkRmCWWK21sJG1NFmbHZlG0I3vLLq6R9WfPcmte8qtZvizhKcApncAEeXEMd7qEBLWCA8Ayv8OY8Oi/Ou/OxaF1zipkT+APn8wfnvYz9</latexit><latexit sha1_base64="l29WxoUb9DEbvmhLG7jHtZ0OU24=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diC/YA2lM120q7dbMLuRgihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5m/mdJ1Sax/LBZAn6ER1JHnJGjZWa2aBSdWvuHGSVeAWpQoHGoPLVH8YsjVAaJqjWPc9NjJ9TZTgTOC33U40JZRM6wp6lkkao/Xx+6JScW2VIwljZkobM1d8TOY20zqLAdkbUjPWyNxP/83qpCW/8nMskNSjZYlGYCmJiMvuaDLlCZkRmCWWK21sJG1NFmbHZlG0I3vLLq6R9WfPcmte8qtZvizhKcApncAEeXEMd7qEBLWCA8Ayv8OY8Oi/Ou/OxaF1zipkT+APn8wfnvYz9</latexit><latexit sha1_base64="l29WxoUb9DEbvmhLG7jHtZ0OU24=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diC/YA2lM120q7dbMLuRgihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5m/mdJ1Sax/LBZAn6ER1JHnJGjZWa2aBSdWvuHGSVeAWpQoHGoPLVH8YsjVAaJqjWPc9NjJ9TZTgTOC33U40JZRM6wp6lkkao/Xx+6JScW2VIwljZkobM1d8TOY20zqLAdkbUjPWyNxP/83qpCW/8nMskNSjZYlGYCmJiMvuaDLlCZkRmCWWK21sJG1NFmbHZlG0I3vLLq6R9WfPcmte8qtZvizhKcApncAEeXEMd7qEBLWCA8Ayv8OY8Oi/Ou/OxaF1zipkT+APn8wfnvYz9</latexit>

x
<latexit sha1_base64="f2yzimwbR/Dgjzp6tZ360fHRqNI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN2N2IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3H1FpHst7M0nQj+hQ8pAzaqzUeOqXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB5jmM/A==</latexit><latexit sha1_base64="f2yzimwbR/Dgjzp6tZ360fHRqNI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN2N2IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3H1FpHst7M0nQj+hQ8pAzaqzUeOqXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB5jmM/A==</latexit><latexit sha1_base64="f2yzimwbR/Dgjzp6tZ360fHRqNI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN2N2IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3H1FpHst7M0nQj+hQ8pAzaqzUeOqXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB5jmM/A==</latexit><latexit sha1_base64="f2yzimwbR/Dgjzp6tZ360fHRqNI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN2N2IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3H1FpHst7M0nQj+hQ8pAzaqzUeOqXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB5jmM/A==</latexit>

⇧C(x)
<latexit sha1_base64="Gh1kwexlRWEd91XcgcbEqFiFrgs=">AAAB/XicbVDLSsNAFL2pr1pf8bFzM1iEuimJCLosduOygn1AG8JkOmmHTh7MTMQagr/ixoUibv0Pd/6NkzYLbT0wcDjnXu6Z48WcSWVZ30ZpZXVtfaO8Wdna3tndM/cPOjJKBKFtEvFI9DwsKWchbSumOO3FguLA47TrTZq5372nQrIovFPTmDoBHoXMZwQrLbnm0aDF3HQQYDUmmKfNLKs9nLlm1apbM6BlYhekCgVarvk1GEYkCWioCMdS9m0rVk6KhWKE06wySCSNMZngEe1rGuKASiedpc/QqVaGyI+EfqFCM/X3RooDKaeBpyfzmHLRy8X/vH6i/CsnZWGcKBqS+SE/4UhFKK8CDZmgRPGpJpgIprMiMsYCE6ULq+gS7MUvL5POed226vbtRbVxXdRRhmM4gRrYcAkNuIEWtIHAIzzDK7wZT8aL8W58zEdLRrFzCH9gfP4ASfqVGQ==</latexit><latexit sha1_base64="Gh1kwexlRWEd91XcgcbEqFiFrgs=">AAAB/XicbVDLSsNAFL2pr1pf8bFzM1iEuimJCLosduOygn1AG8JkOmmHTh7MTMQagr/ixoUibv0Pd/6NkzYLbT0wcDjnXu6Z48WcSWVZ30ZpZXVtfaO8Wdna3tndM/cPOjJKBKFtEvFI9DwsKWchbSumOO3FguLA47TrTZq5372nQrIovFPTmDoBHoXMZwQrLbnm0aDF3HQQYDUmmKfNLKs9nLlm1apbM6BlYhekCgVarvk1GEYkCWioCMdS9m0rVk6KhWKE06wySCSNMZngEe1rGuKASiedpc/QqVaGyI+EfqFCM/X3RooDKaeBpyfzmHLRy8X/vH6i/CsnZWGcKBqS+SE/4UhFKK8CDZmgRPGpJpgIprMiMsYCE6ULq+gS7MUvL5POed226vbtRbVxXdRRhmM4gRrYcAkNuIEWtIHAIzzDK7wZT8aL8W58zEdLRrFzCH9gfP4ASfqVGQ==</latexit><latexit sha1_base64="Gh1kwexlRWEd91XcgcbEqFiFrgs=">AAAB/XicbVDLSsNAFL2pr1pf8bFzM1iEuimJCLosduOygn1AG8JkOmmHTh7MTMQagr/ixoUibv0Pd/6NkzYLbT0wcDjnXu6Z48WcSWVZ30ZpZXVtfaO8Wdna3tndM/cPOjJKBKFtEvFI9DwsKWchbSumOO3FguLA47TrTZq5372nQrIovFPTmDoBHoXMZwQrLbnm0aDF3HQQYDUmmKfNLKs9nLlm1apbM6BlYhekCgVarvk1GEYkCWioCMdS9m0rVk6KhWKE06wySCSNMZngEe1rGuKASiedpc/QqVaGyI+EfqFCM/X3RooDKaeBpyfzmHLRy8X/vH6i/CsnZWGcKBqS+SE/4UhFKK8CDZmgRPGpJpgIprMiMsYCE6ULq+gS7MUvL5POed226vbtRbVxXdRRhmM4gRrYcAkNuIEWtIHAIzzDK7wZT8aL8W58zEdLRrFzCH9gfP4ASfqVGQ==</latexit><latexit sha1_base64="Gh1kwexlRWEd91XcgcbEqFiFrgs=">AAAB/XicbVDLSsNAFL2pr1pf8bFzM1iEuimJCLosduOygn1AG8JkOmmHTh7MTMQagr/ixoUibv0Pd/6NkzYLbT0wcDjnXu6Z48WcSWVZ30ZpZXVtfaO8Wdna3tndM/cPOjJKBKFtEvFI9DwsKWchbSumOO3FguLA47TrTZq5372nQrIovFPTmDoBHoXMZwQrLbnm0aDF3HQQYDUmmKfNLKs9nLlm1apbM6BlYhekCgVarvk1GEYkCWioCMdS9m0rVk6KhWKE06wySCSNMZngEe1rGuKASiedpc/QqVaGyI+EfqFCM/X3RooDKaeBpyfzmHLRy8X/vH6i/CsnZWGcKBqS+SE/4UhFKK8CDZmgRPGpJpgIprMiMsYCE6ULq+gS7MUvL5POed226vbtRbVxXdRRhmM4gRrYcAkNuIEWtIHAIzzDK7wZT8aL8W58zEdLRrFzCH9gfP4ASfqVGQ==</latexit>



Projections onto convex sets

⇧C(x) = argmin
y2C

kx� yk22
<latexit sha1_base64="UB4AJpkwFTnxH5sc2IvRc7/BBi4="></latexit><latexit sha1_base64="UB4AJpkwFTnxH5sc2IvRc7/BBi4="></latexit><latexit sha1_base64="UB4AJpkwFTnxH5sc2IvRc7/BBi4="></latexit><latexit sha1_base64="UB4AJpkwFTnxH5sc2IvRc7/BBi4="></latexit>

(The use of Euclidean norm is arbitrary 
and often depends on the application)

⇧C(x) = argmin
y2C

kx� yk1
<latexit sha1_base64="uowZEw1a0AXhMTVSV0UmRY3sMGE="></latexit><latexit sha1_base64="uowZEw1a0AXhMTVSV0UmRY3sMGE="></latexit><latexit sha1_base64="uowZEw1a0AXhMTVSV0UmRY3sMGE="></latexit><latexit sha1_base64="uowZEw1a0AXhMTVSV0UmRY3sMGE="></latexit>

- Key properties of convex sets

kx�⇧C(x)k22  kx� yk22, 8y 2 C, 8x
<latexit sha1_base64="G+OVUS2JrWLuOg/8+ETDs12Q+qI="></latexit><latexit sha1_base64="G+OVUS2JrWLuOg/8+ETDs12Q+qI="></latexit><latexit sha1_base64="G+OVUS2JrWLuOg/8+ETDs12Q+qI="></latexit><latexit sha1_base64="G+OVUS2JrWLuOg/8+ETDs12Q+qI="></latexit>

h⇧C(x)� y,⇧C(x)� xi  0, 8y 2 C, 8x
<latexit sha1_base64="4C8svxfjTruk3hNzmpMofNkiA74="></latexit><latexit sha1_base64="4C8svxfjTruk3hNzmpMofNkiA74="></latexit><latexit sha1_base64="4C8svxfjTruk3hNzmpMofNkiA74="></latexit><latexit sha1_base64="4C8svxfjTruk3hNzmpMofNkiA74="></latexit>

k⇧C(x)�⇧C(y)k2  kx� yk2, 8x, y
<latexit sha1_base64="wtCILuBDSBUE6hYeaPfbcXMgkW8="></latexit><latexit sha1_base64="wtCILuBDSBUE6hYeaPfbcXMgkW8="></latexit><latexit sha1_base64="wtCILuBDSBUE6hYeaPfbcXMgkW8="></latexit><latexit sha1_base64="wtCILuBDSBUE6hYeaPfbcXMgkW8="></latexit>

C
<latexit sha1_base64="qiWfywEOv852mNhz9ip1eNwP+qM=">AAAB8nicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLYjcsK9gFtKJPppB06mYSZG6GEfoYbF4q49Wvc+TdO2iy09cDA4Zx7mXNPkEhh0HW/ndLG5tb2Tnm3srd/cHhUPT7pmDjVjLdZLGPdC6jhUijeRoGS9xLNaRRI3g2mzdzvPnFtRKwecZZwP6JjJULBKFqpP4goThiVWXM+rNbcursAWSdeQWpQoDWsfg1GMUsjrpBJakzfcxP0M6pRMMnnlUFqeELZlI5531JFI278bBF5Ti6sMiJhrO1TSBbq742MRsbMosBO5hHNqpeL/3n9FMNbPxMqSZErtvwoTCXBmOT3k5HQnKGcWUKZFjYrYROqKUPbUsWW4K2evE46V3XPrXsP17XGXVFHGc7gHC7BgxtowD20oA0MYniGV3hz0Hlx3p2P5WjJKXZO4Q+czx9zWJFZ</latexit><latexit sha1_base64="qiWfywEOv852mNhz9ip1eNwP+qM=">AAAB8nicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLYjcsK9gFtKJPppB06mYSZG6GEfoYbF4q49Wvc+TdO2iy09cDA4Zx7mXNPkEhh0HW/ndLG5tb2Tnm3srd/cHhUPT7pmDjVjLdZLGPdC6jhUijeRoGS9xLNaRRI3g2mzdzvPnFtRKwecZZwP6JjJULBKFqpP4goThiVWXM+rNbcursAWSdeQWpQoDWsfg1GMUsjrpBJakzfcxP0M6pRMMnnlUFqeELZlI5531JFI278bBF5Ti6sMiJhrO1TSBbq742MRsbMosBO5hHNqpeL/3n9FMNbPxMqSZErtvwoTCXBmOT3k5HQnKGcWUKZFjYrYROqKUPbUsWW4K2evE46V3XPrXsP17XGXVFHGc7gHC7BgxtowD20oA0MYniGV3hz0Hlx3p2P5WjJKXZO4Q+czx9zWJFZ</latexit><latexit sha1_base64="qiWfywEOv852mNhz9ip1eNwP+qM=">AAAB8nicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLYjcsK9gFtKJPppB06mYSZG6GEfoYbF4q49Wvc+TdO2iy09cDA4Zx7mXNPkEhh0HW/ndLG5tb2Tnm3srd/cHhUPT7pmDjVjLdZLGPdC6jhUijeRoGS9xLNaRRI3g2mzdzvPnFtRKwecZZwP6JjJULBKFqpP4goThiVWXM+rNbcursAWSdeQWpQoDWsfg1GMUsjrpBJakzfcxP0M6pRMMnnlUFqeELZlI5531JFI278bBF5Ti6sMiJhrO1TSBbq742MRsbMosBO5hHNqpeL/3n9FMNbPxMqSZErtvwoTCXBmOT3k5HQnKGcWUKZFjYrYROqKUPbUsWW4K2evE46V3XPrXsP17XGXVFHGc7gHC7BgxtowD20oA0MYniGV3hz0Hlx3p2P5WjJKXZO4Q+czx9zWJFZ</latexit><latexit sha1_base64="qiWfywEOv852mNhz9ip1eNwP+qM=">AAAB8nicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLYjcsK9gFtKJPppB06mYSZG6GEfoYbF4q49Wvc+TdO2iy09cDA4Zx7mXNPkEhh0HW/ndLG5tb2Tnm3srd/cHhUPT7pmDjVjLdZLGPdC6jhUijeRoGS9xLNaRRI3g2mzdzvPnFtRKwecZZwP6JjJULBKFqpP4goThiVWXM+rNbcursAWSdeQWpQoDWsfg1GMUsjrpBJakzfcxP0M6pRMMnnlUFqeELZlI5531JFI278bBF5Ti6sMiJhrO1TSBbq742MRsbMosBO5hHNqpeL/3n9FMNbPxMqSZErtvwoTCXBmOT3k5HQnKGcWUKZFjYrYROqKUPbUsWW4K2evE46V3XPrXsP17XGXVFHGc7gHC7BgxtowD20oA0MYniGV3hz0Hlx3p2P5WjJKXZO4Q+czx9zWJFZ</latexit>



Projections onto convex sets

⇧C(x) = argmin
y2C

kx� yk22
<latexit sha1_base64="UB4AJpkwFTnxH5sc2IvRc7/BBi4="></latexit><latexit sha1_base64="UB4AJpkwFTnxH5sc2IvRc7/BBi4="></latexit><latexit sha1_base64="UB4AJpkwFTnxH5sc2IvRc7/BBi4="></latexit><latexit sha1_base64="UB4AJpkwFTnxH5sc2IvRc7/BBi4="></latexit>

(The use of Euclidean norm is arbitrary 
and often depends on the application)

⇧C(x) = argmin
y2C

kx� yk1
<latexit sha1_base64="uowZEw1a0AXhMTVSV0UmRY3sMGE="></latexit><latexit sha1_base64="uowZEw1a0AXhMTVSV0UmRY3sMGE="></latexit><latexit sha1_base64="uowZEw1a0AXhMTVSV0UmRY3sMGE="></latexit><latexit sha1_base64="uowZEw1a0AXhMTVSV0UmRY3sMGE="></latexit>

- Key properties of convex sets

kx�⇧C(x)k22  kx� yk22, 8y 2 C, 8x
<latexit sha1_base64="G+OVUS2JrWLuOg/8+ETDs12Q+qI="></latexit><latexit sha1_base64="G+OVUS2JrWLuOg/8+ETDs12Q+qI="></latexit><latexit sha1_base64="G+OVUS2JrWLuOg/8+ETDs12Q+qI="></latexit><latexit sha1_base64="G+OVUS2JrWLuOg/8+ETDs12Q+qI="></latexit>

h⇧C(x)� y,⇧C(x)� xi  0, 8y 2 C, 8x
<latexit sha1_base64="4C8svxfjTruk3hNzmpMofNkiA74="></latexit><latexit sha1_base64="4C8svxfjTruk3hNzmpMofNkiA74="></latexit><latexit sha1_base64="4C8svxfjTruk3hNzmpMofNkiA74="></latexit><latexit sha1_base64="4C8svxfjTruk3hNzmpMofNkiA74="></latexit>

k⇧C(x)�⇧C(y)k2  kx� yk2, 8x, y
<latexit sha1_base64="wtCILuBDSBUE6hYeaPfbcXMgkW8="></latexit><latexit sha1_base64="wtCILuBDSBUE6hYeaPfbcXMgkW8="></latexit><latexit sha1_base64="wtCILuBDSBUE6hYeaPfbcXMgkW8="></latexit><latexit sha1_base64="wtCILuBDSBUE6hYeaPfbcXMgkW8="></latexit>

C
<latexit sha1_base64="qiWfywEOv852mNhz9ip1eNwP+qM=">AAAB8nicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLYjcsK9gFtKJPppB06mYSZG6GEfoYbF4q49Wvc+TdO2iy09cDA4Zx7mXNPkEhh0HW/ndLG5tb2Tnm3srd/cHhUPT7pmDjVjLdZLGPdC6jhUijeRoGS9xLNaRRI3g2mzdzvPnFtRKwecZZwP6JjJULBKFqpP4goThiVWXM+rNbcursAWSdeQWpQoDWsfg1GMUsjrpBJakzfcxP0M6pRMMnnlUFqeELZlI5531JFI278bBF5Ti6sMiJhrO1TSBbq742MRsbMosBO5hHNqpeL/3n9FMNbPxMqSZErtvwoTCXBmOT3k5HQnKGcWUKZFjYrYROqKUPbUsWW4K2evE46V3XPrXsP17XGXVFHGc7gHC7BgxtowD20oA0MYniGV3hz0Hlx3p2P5WjJKXZO4Q+czx9zWJFZ</latexit><latexit sha1_base64="qiWfywEOv852mNhz9ip1eNwP+qM=">AAAB8nicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLYjcsK9gFtKJPppB06mYSZG6GEfoYbF4q49Wvc+TdO2iy09cDA4Zx7mXNPkEhh0HW/ndLG5tb2Tnm3srd/cHhUPT7pmDjVjLdZLGPdC6jhUijeRoGS9xLNaRRI3g2mzdzvPnFtRKwecZZwP6JjJULBKFqpP4goThiVWXM+rNbcursAWSdeQWpQoDWsfg1GMUsjrpBJakzfcxP0M6pRMMnnlUFqeELZlI5531JFI278bBF5Ti6sMiJhrO1TSBbq742MRsbMosBO5hHNqpeL/3n9FMNbPxMqSZErtvwoTCXBmOT3k5HQnKGcWUKZFjYrYROqKUPbUsWW4K2evE46V3XPrXsP17XGXVFHGc7gHC7BgxtowD20oA0MYniGV3hz0Hlx3p2P5WjJKXZO4Q+czx9zWJFZ</latexit><latexit sha1_base64="qiWfywEOv852mNhz9ip1eNwP+qM=">AAAB8nicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLYjcsK9gFtKJPppB06mYSZG6GEfoYbF4q49Wvc+TdO2iy09cDA4Zx7mXNPkEhh0HW/ndLG5tb2Tnm3srd/cHhUPT7pmDjVjLdZLGPdC6jhUijeRoGS9xLNaRRI3g2mzdzvPnFtRKwecZZwP6JjJULBKFqpP4goThiVWXM+rNbcursAWSdeQWpQoDWsfg1GMUsjrpBJakzfcxP0M6pRMMnnlUFqeELZlI5531JFI278bBF5Ti6sMiJhrO1TSBbq742MRsbMosBO5hHNqpeL/3n9FMNbPxMqSZErtvwoTCXBmOT3k5HQnKGcWUKZFjYrYROqKUPbUsWW4K2evE46V3XPrXsP17XGXVFHGc7gHC7BgxtowD20oA0MYniGV3hz0Hlx3p2P5WjJKXZO4Q+czx9zWJFZ</latexit><latexit sha1_base64="qiWfywEOv852mNhz9ip1eNwP+qM=">AAAB8nicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLYjcsK9gFtKJPppB06mYSZG6GEfoYbF4q49Wvc+TdO2iy09cDA4Zx7mXNPkEhh0HW/ndLG5tb2Tnm3srd/cHhUPT7pmDjVjLdZLGPdC6jhUijeRoGS9xLNaRRI3g2mzdzvPnFtRKwecZZwP6JjJULBKFqpP4goThiVWXM+rNbcursAWSdeQWpQoDWsfg1GMUsjrpBJakzfcxP0M6pRMMnnlUFqeELZlI5531JFI278bBF5Ti6sMiJhrO1TSBbq742MRsbMosBO5hHNqpeL/3n9FMNbPxMqSZErtvwoTCXBmOT3k5HQnKGcWUKZFjYrYROqKUPbUsWW4K2evE46V3XPrXsP17XGXVFHGc7gHC7BgxtowD20oA0MYniGV3hz0Hlx3p2P5WjJKXZO4Q+czx9zWJFZ</latexit>

x
<latexit sha1_base64="f2yzimwbR/Dgjzp6tZ360fHRqNI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN2N2IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3H1FpHst7M0nQj+hQ8pAzaqzUeOqXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB5jmM/A==</latexit><latexit sha1_base64="f2yzimwbR/Dgjzp6tZ360fHRqNI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN2N2IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3H1FpHst7M0nQj+hQ8pAzaqzUeOqXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB5jmM/A==</latexit><latexit sha1_base64="f2yzimwbR/Dgjzp6tZ360fHRqNI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN2N2IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3H1FpHst7M0nQj+hQ8pAzaqzUeOqXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB5jmM/A==</latexit><latexit sha1_base64="f2yzimwbR/Dgjzp6tZ360fHRqNI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN2N2IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3H1FpHst7M0nQj+hQ8pAzaqzUeOqXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB5jmM/A==</latexit>

y
<latexit sha1_base64="l29WxoUb9DEbvmhLG7jHtZ0OU24=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diC/YA2lM120q7dbMLuRgihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5m/mdJ1Sax/LBZAn6ER1JHnJGjZWa2aBSdWvuHGSVeAWpQoHGoPLVH8YsjVAaJqjWPc9NjJ9TZTgTOC33U40JZRM6wp6lkkao/Xx+6JScW2VIwljZkobM1d8TOY20zqLAdkbUjPWyNxP/83qpCW/8nMskNSjZYlGYCmJiMvuaDLlCZkRmCWWK21sJG1NFmbHZlG0I3vLLq6R9WfPcmte8qtZvizhKcApncAEeXEMd7qEBLWCA8Ayv8OY8Oi/Ou/OxaF1zipkT+APn8wfnvYz9</latexit><latexit sha1_base64="l29WxoUb9DEbvmhLG7jHtZ0OU24=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diC/YA2lM120q7dbMLuRgihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5m/mdJ1Sax/LBZAn6ER1JHnJGjZWa2aBSdWvuHGSVeAWpQoHGoPLVH8YsjVAaJqjWPc9NjJ9TZTgTOC33U40JZRM6wp6lkkao/Xx+6JScW2VIwljZkobM1d8TOY20zqLAdkbUjPWyNxP/83qpCW/8nMskNSjZYlGYCmJiMvuaDLlCZkRmCWWK21sJG1NFmbHZlG0I3vLLq6R9WfPcmte8qtZvizhKcApncAEeXEMd7qEBLWCA8Ayv8OY8Oi/Ou/OxaF1zipkT+APn8wfnvYz9</latexit><latexit sha1_base64="l29WxoUb9DEbvmhLG7jHtZ0OU24=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diC/YA2lM120q7dbMLuRgihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5m/mdJ1Sax/LBZAn6ER1JHnJGjZWa2aBSdWvuHGSVeAWpQoHGoPLVH8YsjVAaJqjWPc9NjJ9TZTgTOC33U40JZRM6wp6lkkao/Xx+6JScW2VIwljZkobM1d8TOY20zqLAdkbUjPWyNxP/83qpCW/8nMskNSjZYlGYCmJiMvuaDLlCZkRmCWWK21sJG1NFmbHZlG0I3vLLq6R9WfPcmte8qtZvizhKcApncAEeXEMd7qEBLWCA8Ayv8OY8Oi/Ou/OxaF1zipkT+APn8wfnvYz9</latexit><latexit sha1_base64="l29WxoUb9DEbvmhLG7jHtZ0OU24=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diC/YA2lM120q7dbMLuRgihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5m/mdJ1Sax/LBZAn6ER1JHnJGjZWa2aBSdWvuHGSVeAWpQoHGoPLVH8YsjVAaJqjWPc9NjJ9TZTgTOC33U40JZRM6wp6lkkao/Xx+6JScW2VIwljZkobM1d8TOY20zqLAdkbUjPWyNxP/83qpCW/8nMskNSjZYlGYCmJiMvuaDLlCZkRmCWWK21sJG1NFmbHZlG0I3vLLq6R9WfPcmte8qtZvizhKcApncAEeXEMd7qEBLWCA8Ayv8OY8Oi/Ou/OxaF1zipkT+APn8wfnvYz9</latexit>



Projections onto convex sets

⇧C(x) = argmin
y2C

kx� yk22
<latexit sha1_base64="UB4AJpkwFTnxH5sc2IvRc7/BBi4="></latexit><latexit sha1_base64="UB4AJpkwFTnxH5sc2IvRc7/BBi4="></latexit><latexit sha1_base64="UB4AJpkwFTnxH5sc2IvRc7/BBi4="></latexit><latexit sha1_base64="UB4AJpkwFTnxH5sc2IvRc7/BBi4="></latexit>

(The use of Euclidean norm is arbitrary 
and often depends on the application)

⇧C(x) = argmin
y2C

kx� yk1
<latexit sha1_base64="uowZEw1a0AXhMTVSV0UmRY3sMGE="></latexit><latexit sha1_base64="uowZEw1a0AXhMTVSV0UmRY3sMGE="></latexit><latexit sha1_base64="uowZEw1a0AXhMTVSV0UmRY3sMGE="></latexit><latexit sha1_base64="uowZEw1a0AXhMTVSV0UmRY3sMGE="></latexit>

- Key properties of convex sets

kx�⇧C(x)k22  kx� yk22, 8y 2 C, 8x
<latexit sha1_base64="G+OVUS2JrWLuOg/8+ETDs12Q+qI="></latexit><latexit sha1_base64="G+OVUS2JrWLuOg/8+ETDs12Q+qI="></latexit><latexit sha1_base64="G+OVUS2JrWLuOg/8+ETDs12Q+qI="></latexit><latexit sha1_base64="G+OVUS2JrWLuOg/8+ETDs12Q+qI="></latexit>

h⇧C(x)� y,⇧C(x)� xi  0, 8y 2 C, 8x
<latexit sha1_base64="4C8svxfjTruk3hNzmpMofNkiA74="></latexit><latexit sha1_base64="4C8svxfjTruk3hNzmpMofNkiA74="></latexit><latexit sha1_base64="4C8svxfjTruk3hNzmpMofNkiA74="></latexit><latexit sha1_base64="4C8svxfjTruk3hNzmpMofNkiA74="></latexit>

k⇧C(x)�⇧C(y)k2  kx� yk2, 8x, y
<latexit sha1_base64="wtCILuBDSBUE6hYeaPfbcXMgkW8="></latexit><latexit sha1_base64="wtCILuBDSBUE6hYeaPfbcXMgkW8="></latexit><latexit sha1_base64="wtCILuBDSBUE6hYeaPfbcXMgkW8="></latexit><latexit sha1_base64="wtCILuBDSBUE6hYeaPfbcXMgkW8="></latexit>

C
<latexit sha1_base64="qiWfywEOv852mNhz9ip1eNwP+qM=">AAAB8nicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLYjcsK9gFtKJPppB06mYSZG6GEfoYbF4q49Wvc+TdO2iy09cDA4Zx7mXNPkEhh0HW/ndLG5tb2Tnm3srd/cHhUPT7pmDjVjLdZLGPdC6jhUijeRoGS9xLNaRRI3g2mzdzvPnFtRKwecZZwP6JjJULBKFqpP4goThiVWXM+rNbcursAWSdeQWpQoDWsfg1GMUsjrpBJakzfcxP0M6pRMMnnlUFqeELZlI5531JFI278bBF5Ti6sMiJhrO1TSBbq742MRsbMosBO5hHNqpeL/3n9FMNbPxMqSZErtvwoTCXBmOT3k5HQnKGcWUKZFjYrYROqKUPbUsWW4K2evE46V3XPrXsP17XGXVFHGc7gHC7BgxtowD20oA0MYniGV3hz0Hlx3p2P5WjJKXZO4Q+czx9zWJFZ</latexit><latexit sha1_base64="qiWfywEOv852mNhz9ip1eNwP+qM=">AAAB8nicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLYjcsK9gFtKJPppB06mYSZG6GEfoYbF4q49Wvc+TdO2iy09cDA4Zx7mXNPkEhh0HW/ndLG5tb2Tnm3srd/cHhUPT7pmDjVjLdZLGPdC6jhUijeRoGS9xLNaRRI3g2mzdzvPnFtRKwecZZwP6JjJULBKFqpP4goThiVWXM+rNbcursAWSdeQWpQoDWsfg1GMUsjrpBJakzfcxP0M6pRMMnnlUFqeELZlI5531JFI278bBF5Ti6sMiJhrO1TSBbq742MRsbMosBO5hHNqpeL/3n9FMNbPxMqSZErtvwoTCXBmOT3k5HQnKGcWUKZFjYrYROqKUPbUsWW4K2evE46V3XPrXsP17XGXVFHGc7gHC7BgxtowD20oA0MYniGV3hz0Hlx3p2P5WjJKXZO4Q+czx9zWJFZ</latexit><latexit sha1_base64="qiWfywEOv852mNhz9ip1eNwP+qM=">AAAB8nicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLYjcsK9gFtKJPppB06mYSZG6GEfoYbF4q49Wvc+TdO2iy09cDA4Zx7mXNPkEhh0HW/ndLG5tb2Tnm3srd/cHhUPT7pmDjVjLdZLGPdC6jhUijeRoGS9xLNaRRI3g2mzdzvPnFtRKwecZZwP6JjJULBKFqpP4goThiVWXM+rNbcursAWSdeQWpQoDWsfg1GMUsjrpBJakzfcxP0M6pRMMnnlUFqeELZlI5531JFI278bBF5Ti6sMiJhrO1TSBbq742MRsbMosBO5hHNqpeL/3n9FMNbPxMqSZErtvwoTCXBmOT3k5HQnKGcWUKZFjYrYROqKUPbUsWW4K2evE46V3XPrXsP17XGXVFHGc7gHC7BgxtowD20oA0MYniGV3hz0Hlx3p2P5WjJKXZO4Q+czx9zWJFZ</latexit><latexit sha1_base64="qiWfywEOv852mNhz9ip1eNwP+qM=">AAAB8nicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLYjcsK9gFtKJPppB06mYSZG6GEfoYbF4q49Wvc+TdO2iy09cDA4Zx7mXNPkEhh0HW/ndLG5tb2Tnm3srd/cHhUPT7pmDjVjLdZLGPdC6jhUijeRoGS9xLNaRRI3g2mzdzvPnFtRKwecZZwP6JjJULBKFqpP4goThiVWXM+rNbcursAWSdeQWpQoDWsfg1GMUsjrpBJakzfcxP0M6pRMMnnlUFqeELZlI5531JFI278bBF5Ti6sMiJhrO1TSBbq742MRsbMosBO5hHNqpeL/3n9FMNbPxMqSZErtvwoTCXBmOT3k5HQnKGcWUKZFjYrYROqKUPbUsWW4K2evE46V3XPrXsP17XGXVFHGc7gHC7BgxtowD20oA0MYniGV3hz0Hlx3p2P5WjJKXZO4Q+czx9zWJFZ</latexit>

x
<latexit sha1_base64="f2yzimwbR/Dgjzp6tZ360fHRqNI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN2N2IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3H1FpHst7M0nQj+hQ8pAzaqzUeOqXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB5jmM/A==</latexit><latexit sha1_base64="f2yzimwbR/Dgjzp6tZ360fHRqNI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN2N2IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3H1FpHst7M0nQj+hQ8pAzaqzUeOqXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB5jmM/A==</latexit><latexit sha1_base64="f2yzimwbR/Dgjzp6tZ360fHRqNI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN2N2IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3H1FpHst7M0nQj+hQ8pAzaqzUeOqXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB5jmM/A==</latexit><latexit sha1_base64="f2yzimwbR/Dgjzp6tZ360fHRqNI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN2N2IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3H1FpHst7M0nQj+hQ8pAzaqzUeOqXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB5jmM/A==</latexit>

⇧C(x)
<latexit sha1_base64="Gh1kwexlRWEd91XcgcbEqFiFrgs=">AAAB/XicbVDLSsNAFL2pr1pf8bFzM1iEuimJCLosduOygn1AG8JkOmmHTh7MTMQagr/ixoUibv0Pd/6NkzYLbT0wcDjnXu6Z48WcSWVZ30ZpZXVtfaO8Wdna3tndM/cPOjJKBKFtEvFI9DwsKWchbSumOO3FguLA47TrTZq5372nQrIovFPTmDoBHoXMZwQrLbnm0aDF3HQQYDUmmKfNLKs9nLlm1apbM6BlYhekCgVarvk1GEYkCWioCMdS9m0rVk6KhWKE06wySCSNMZngEe1rGuKASiedpc/QqVaGyI+EfqFCM/X3RooDKaeBpyfzmHLRy8X/vH6i/CsnZWGcKBqS+SE/4UhFKK8CDZmgRPGpJpgIprMiMsYCE6ULq+gS7MUvL5POed226vbtRbVxXdRRhmM4gRrYcAkNuIEWtIHAIzzDK7wZT8aL8W58zEdLRrFzCH9gfP4ASfqVGQ==</latexit><latexit sha1_base64="Gh1kwexlRWEd91XcgcbEqFiFrgs=">AAAB/XicbVDLSsNAFL2pr1pf8bFzM1iEuimJCLosduOygn1AG8JkOmmHTh7MTMQagr/ixoUibv0Pd/6NkzYLbT0wcDjnXu6Z48WcSWVZ30ZpZXVtfaO8Wdna3tndM/cPOjJKBKFtEvFI9DwsKWchbSumOO3FguLA47TrTZq5372nQrIovFPTmDoBHoXMZwQrLbnm0aDF3HQQYDUmmKfNLKs9nLlm1apbM6BlYhekCgVarvk1GEYkCWioCMdS9m0rVk6KhWKE06wySCSNMZngEe1rGuKASiedpc/QqVaGyI+EfqFCM/X3RooDKaeBpyfzmHLRy8X/vH6i/CsnZWGcKBqS+SE/4UhFKK8CDZmgRPGpJpgIprMiMsYCE6ULq+gS7MUvL5POed226vbtRbVxXdRRhmM4gRrYcAkNuIEWtIHAIzzDK7wZT8aL8W58zEdLRrFzCH9gfP4ASfqVGQ==</latexit><latexit sha1_base64="Gh1kwexlRWEd91XcgcbEqFiFrgs=">AAAB/XicbVDLSsNAFL2pr1pf8bFzM1iEuimJCLosduOygn1AG8JkOmmHTh7MTMQagr/ixoUibv0Pd/6NkzYLbT0wcDjnXu6Z48WcSWVZ30ZpZXVtfaO8Wdna3tndM/cPOjJKBKFtEvFI9DwsKWchbSumOO3FguLA47TrTZq5372nQrIovFPTmDoBHoXMZwQrLbnm0aDF3HQQYDUmmKfNLKs9nLlm1apbM6BlYhekCgVarvk1GEYkCWioCMdS9m0rVk6KhWKE06wySCSNMZngEe1rGuKASiedpc/QqVaGyI+EfqFCM/X3RooDKaeBpyfzmHLRy8X/vH6i/CsnZWGcKBqS+SE/4UhFKK8CDZmgRPGpJpgIprMiMsYCE6ULq+gS7MUvL5POed226vbtRbVxXdRRhmM4gRrYcAkNuIEWtIHAIzzDK7wZT8aL8W58zEdLRrFzCH9gfP4ASfqVGQ==</latexit><latexit sha1_base64="Gh1kwexlRWEd91XcgcbEqFiFrgs=">AAAB/XicbVDLSsNAFL2pr1pf8bFzM1iEuimJCLosduOygn1AG8JkOmmHTh7MTMQagr/ixoUibv0Pd/6NkzYLbT0wcDjnXu6Z48WcSWVZ30ZpZXVtfaO8Wdna3tndM/cPOjJKBKFtEvFI9DwsKWchbSumOO3FguLA47TrTZq5372nQrIovFPTmDoBHoXMZwQrLbnm0aDF3HQQYDUmmKfNLKs9nLlm1apbM6BlYhekCgVarvk1GEYkCWioCMdS9m0rVk6KhWKE06wySCSNMZngEe1rGuKASiedpc/QqVaGyI+EfqFCM/X3RooDKaeBpyfzmHLRy8X/vH6i/CsnZWGcKBqS+SE/4UhFKK8CDZmgRPGpJpgIprMiMsYCE6ULq+gS7MUvL5POed226vbtRbVxXdRRhmM4gRrYcAkNuIEWtIHAIzzDK7wZT8aL8W58zEdLRrFzCH9gfP4ASfqVGQ==</latexit>

y
<latexit sha1_base64="l29WxoUb9DEbvmhLG7jHtZ0OU24=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diC/YA2lM120q7dbMLuRgihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5m/mdJ1Sax/LBZAn6ER1JHnJGjZWa2aBSdWvuHGSVeAWpQoHGoPLVH8YsjVAaJqjWPc9NjJ9TZTgTOC33U40JZRM6wp6lkkao/Xx+6JScW2VIwljZkobM1d8TOY20zqLAdkbUjPWyNxP/83qpCW/8nMskNSjZYlGYCmJiMvuaDLlCZkRmCWWK21sJG1NFmbHZlG0I3vLLq6R9WfPcmte8qtZvizhKcApncAEeXEMd7qEBLWCA8Ayv8OY8Oi/Ou/OxaF1zipkT+APn8wfnvYz9</latexit><latexit sha1_base64="l29WxoUb9DEbvmhLG7jHtZ0OU24=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diC/YA2lM120q7dbMLuRgihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5m/mdJ1Sax/LBZAn6ER1JHnJGjZWa2aBSdWvuHGSVeAWpQoHGoPLVH8YsjVAaJqjWPc9NjJ9TZTgTOC33U40JZRM6wp6lkkao/Xx+6JScW2VIwljZkobM1d8TOY20zqLAdkbUjPWyNxP/83qpCW/8nMskNSjZYlGYCmJiMvuaDLlCZkRmCWWK21sJG1NFmbHZlG0I3vLLq6R9WfPcmte8qtZvizhKcApncAEeXEMd7qEBLWCA8Ayv8OY8Oi/Ou/OxaF1zipkT+APn8wfnvYz9</latexit><latexit sha1_base64="l29WxoUb9DEbvmhLG7jHtZ0OU24=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diC/YA2lM120q7dbMLuRgihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5m/mdJ1Sax/LBZAn6ER1JHnJGjZWa2aBSdWvuHGSVeAWpQoHGoPLVH8YsjVAaJqjWPc9NjJ9TZTgTOC33U40JZRM6wp6lkkao/Xx+6JScW2VIwljZkobM1d8TOY20zqLAdkbUjPWyNxP/83qpCW/8nMskNSjZYlGYCmJiMvuaDLlCZkRmCWWK21sJG1NFmbHZlG0I3vLLq6R9WfPcmte8qtZvizhKcApncAEeXEMd7qEBLWCA8Ayv8OY8Oi/Ou/OxaF1zipkT+APn8wfnvYz9</latexit><latexit sha1_base64="l29WxoUb9DEbvmhLG7jHtZ0OU24=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diC/YA2lM120q7dbMLuRgihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5m/mdJ1Sax/LBZAn6ER1JHnJGjZWa2aBSdWvuHGSVeAWpQoHGoPLVH8YsjVAaJqjWPc9NjJ9TZTgTOC33U40JZRM6wp6lkkao/Xx+6JScW2VIwljZkobM1d8TOY20zqLAdkbUjPWyNxP/83qpCW/8nMskNSjZYlGYCmJiMvuaDLlCZkRmCWWK21sJG1NFmbHZlG0I3vLLq6R9WfPcmte8qtZvizhKcApncAEeXEMd7qEBLWCA8Ayv8OY8Oi/Ou/OxaF1zipkT+APn8wfnvYz9</latexit>

⇧C(y)
<latexit sha1_base64="C8CEuqduqhWo36FkEZJbH3AwH6o=">AAAB/XicbVDLSsNAFL3xWesrPnZugkWom5KIoMtiNy4r2Ac0IUymk3boZBJmJkIMxV9x40IRt/6HO//GSZuFth4YOJxzL/fMCRJGpbLtb2NldW19Y7OyVd3e2d3bNw8OuzJOBSYdHLNY9AMkCaOcdBRVjPQTQVAUMNILJq3C7z0QIWnM71WWEC9CI05DipHSkm8eu23q526E1Bgjlrem03p27ps1u2HPYC0TpyQ1KNH2zS93GOM0IlxhhqQcOHaivBwJRTEj06qbSpIgPEEjMtCUo4hIL5+ln1pnWhlaYSz048qaqb83chRJmUWBnixiykWvEP/zBqkKr72c8iRVhOP5oTBlloqtogprSAXBimWaICyozmrhMRIIK11YVZfgLH55mXQvGo7dcO4ua82bso4KnMAp1MGBK2jCLbShAxge4Rle4c14Ml6Md+NjPrpilDtH8AfG5w9Lf5Ua</latexit><latexit sha1_base64="C8CEuqduqhWo36FkEZJbH3AwH6o=">AAAB/XicbVDLSsNAFL3xWesrPnZugkWom5KIoMtiNy4r2Ac0IUymk3boZBJmJkIMxV9x40IRt/6HO//GSZuFth4YOJxzL/fMCRJGpbLtb2NldW19Y7OyVd3e2d3bNw8OuzJOBSYdHLNY9AMkCaOcdBRVjPQTQVAUMNILJq3C7z0QIWnM71WWEC9CI05DipHSkm8eu23q526E1Bgjlrem03p27ps1u2HPYC0TpyQ1KNH2zS93GOM0IlxhhqQcOHaivBwJRTEj06qbSpIgPEEjMtCUo4hIL5+ln1pnWhlaYSz048qaqb83chRJmUWBnixiykWvEP/zBqkKr72c8iRVhOP5oTBlloqtogprSAXBimWaICyozmrhMRIIK11YVZfgLH55mXQvGo7dcO4ua82bso4KnMAp1MGBK2jCLbShAxge4Rle4c14Ml6Md+NjPrpilDtH8AfG5w9Lf5Ua</latexit><latexit sha1_base64="C8CEuqduqhWo36FkEZJbH3AwH6o=">AAAB/XicbVDLSsNAFL3xWesrPnZugkWom5KIoMtiNy4r2Ac0IUymk3boZBJmJkIMxV9x40IRt/6HO//GSZuFth4YOJxzL/fMCRJGpbLtb2NldW19Y7OyVd3e2d3bNw8OuzJOBSYdHLNY9AMkCaOcdBRVjPQTQVAUMNILJq3C7z0QIWnM71WWEC9CI05DipHSkm8eu23q526E1Bgjlrem03p27ps1u2HPYC0TpyQ1KNH2zS93GOM0IlxhhqQcOHaivBwJRTEj06qbSpIgPEEjMtCUo4hIL5+ln1pnWhlaYSz048qaqb83chRJmUWBnixiykWvEP/zBqkKr72c8iRVhOP5oTBlloqtogprSAXBimWaICyozmrhMRIIK11YVZfgLH55mXQvGo7dcO4ua82bso4KnMAp1MGBK2jCLbShAxge4Rle4c14Ml6Md+NjPrpilDtH8AfG5w9Lf5Ua</latexit><latexit sha1_base64="C8CEuqduqhWo36FkEZJbH3AwH6o=">AAAB/XicbVDLSsNAFL3xWesrPnZugkWom5KIoMtiNy4r2Ac0IUymk3boZBJmJkIMxV9x40IRt/6HO//GSZuFth4YOJxzL/fMCRJGpbLtb2NldW19Y7OyVd3e2d3bNw8OuzJOBSYdHLNY9AMkCaOcdBRVjPQTQVAUMNILJq3C7z0QIWnM71WWEC9CI05DipHSkm8eu23q526E1Bgjlrem03p27ps1u2HPYC0TpyQ1KNH2zS93GOM0IlxhhqQcOHaivBwJRTEj06qbSpIgPEEjMtCUo4hIL5+ln1pnWhlaYSz048qaqb83chRJmUWBnixiykWvEP/zBqkKr72c8iRVhOP5oTBlloqtogprSAXBimWaICyozmrhMRIIK11YVZfgLH55mXQvGo7dcO4ua82bso4KnMAp1MGBK2jCLbShAxge4Rle4c14Ml6Md+NjPrpilDtH8AfG5w9Lf5Ua</latexit>



Projections onto convex sets

⇧C(x) = argmin
y2C

kx� yk22
<latexit sha1_base64="UB4AJpkwFTnxH5sc2IvRc7/BBi4="></latexit><latexit sha1_base64="UB4AJpkwFTnxH5sc2IvRc7/BBi4="></latexit><latexit sha1_base64="UB4AJpkwFTnxH5sc2IvRc7/BBi4="></latexit><latexit sha1_base64="UB4AJpkwFTnxH5sc2IvRc7/BBi4="></latexit>

(The use of Euclidean norm is arbitrary 
and often depends on the application)

⇧C(x) = argmin
y2C

kx� yk1
<latexit sha1_base64="uowZEw1a0AXhMTVSV0UmRY3sMGE="></latexit><latexit sha1_base64="uowZEw1a0AXhMTVSV0UmRY3sMGE="></latexit><latexit sha1_base64="uowZEw1a0AXhMTVSV0UmRY3sMGE="></latexit><latexit sha1_base64="uowZEw1a0AXhMTVSV0UmRY3sMGE="></latexit>

- Key properties of convex sets

kx�⇧C(x)k22  kx� yk22, 8y 2 C, 8x
<latexit sha1_base64="G+OVUS2JrWLuOg/8+ETDs12Q+qI="></latexit><latexit sha1_base64="G+OVUS2JrWLuOg/8+ETDs12Q+qI="></latexit><latexit sha1_base64="G+OVUS2JrWLuOg/8+ETDs12Q+qI="></latexit><latexit sha1_base64="G+OVUS2JrWLuOg/8+ETDs12Q+qI="></latexit>

h⇧C(x)� y,⇧C(x)� xi  0, 8y 2 C, 8x
<latexit sha1_base64="4C8svxfjTruk3hNzmpMofNkiA74="></latexit><latexit sha1_base64="4C8svxfjTruk3hNzmpMofNkiA74="></latexit><latexit sha1_base64="4C8svxfjTruk3hNzmpMofNkiA74="></latexit><latexit sha1_base64="4C8svxfjTruk3hNzmpMofNkiA74="></latexit>

k⇧C(x)�⇧C(y)k2  kx� yk2, 8x, y
<latexit sha1_base64="wtCILuBDSBUE6hYeaPfbcXMgkW8="></latexit><latexit sha1_base64="wtCILuBDSBUE6hYeaPfbcXMgkW8="></latexit><latexit sha1_base64="wtCILuBDSBUE6hYeaPfbcXMgkW8="></latexit><latexit sha1_base64="wtCILuBDSBUE6hYeaPfbcXMgkW8="></latexit>

C
<latexit sha1_base64="qiWfywEOv852mNhz9ip1eNwP+qM=">AAAB8nicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLYjcsK9gFtKJPppB06mYSZG6GEfoYbF4q49Wvc+TdO2iy09cDA4Zx7mXNPkEhh0HW/ndLG5tb2Tnm3srd/cHhUPT7pmDjVjLdZLGPdC6jhUijeRoGS9xLNaRRI3g2mzdzvPnFtRKwecZZwP6JjJULBKFqpP4goThiVWXM+rNbcursAWSdeQWpQoDWsfg1GMUsjrpBJakzfcxP0M6pRMMnnlUFqeELZlI5531JFI278bBF5Ti6sMiJhrO1TSBbq742MRsbMosBO5hHNqpeL/3n9FMNbPxMqSZErtvwoTCXBmOT3k5HQnKGcWUKZFjYrYROqKUPbUsWW4K2evE46V3XPrXsP17XGXVFHGc7gHC7BgxtowD20oA0MYniGV3hz0Hlx3p2P5WjJKXZO4Q+czx9zWJFZ</latexit><latexit sha1_base64="qiWfywEOv852mNhz9ip1eNwP+qM=">AAAB8nicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLYjcsK9gFtKJPppB06mYSZG6GEfoYbF4q49Wvc+TdO2iy09cDA4Zx7mXNPkEhh0HW/ndLG5tb2Tnm3srd/cHhUPT7pmDjVjLdZLGPdC6jhUijeRoGS9xLNaRRI3g2mzdzvPnFtRKwecZZwP6JjJULBKFqpP4goThiVWXM+rNbcursAWSdeQWpQoDWsfg1GMUsjrpBJakzfcxP0M6pRMMnnlUFqeELZlI5531JFI278bBF5Ti6sMiJhrO1TSBbq742MRsbMosBO5hHNqpeL/3n9FMNbPxMqSZErtvwoTCXBmOT3k5HQnKGcWUKZFjYrYROqKUPbUsWW4K2evE46V3XPrXsP17XGXVFHGc7gHC7BgxtowD20oA0MYniGV3hz0Hlx3p2P5WjJKXZO4Q+czx9zWJFZ</latexit><latexit sha1_base64="qiWfywEOv852mNhz9ip1eNwP+qM=">AAAB8nicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLYjcsK9gFtKJPppB06mYSZG6GEfoYbF4q49Wvc+TdO2iy09cDA4Zx7mXNPkEhh0HW/ndLG5tb2Tnm3srd/cHhUPT7pmDjVjLdZLGPdC6jhUijeRoGS9xLNaRRI3g2mzdzvPnFtRKwecZZwP6JjJULBKFqpP4goThiVWXM+rNbcursAWSdeQWpQoDWsfg1GMUsjrpBJakzfcxP0M6pRMMnnlUFqeELZlI5531JFI278bBF5Ti6sMiJhrO1TSBbq742MRsbMosBO5hHNqpeL/3n9FMNbPxMqSZErtvwoTCXBmOT3k5HQnKGcWUKZFjYrYROqKUPbUsWW4K2evE46V3XPrXsP17XGXVFHGc7gHC7BgxtowD20oA0MYniGV3hz0Hlx3p2P5WjJKXZO4Q+czx9zWJFZ</latexit><latexit sha1_base64="qiWfywEOv852mNhz9ip1eNwP+qM=">AAAB8nicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLYjcsK9gFtKJPppB06mYSZG6GEfoYbF4q49Wvc+TdO2iy09cDA4Zx7mXNPkEhh0HW/ndLG5tb2Tnm3srd/cHhUPT7pmDjVjLdZLGPdC6jhUijeRoGS9xLNaRRI3g2mzdzvPnFtRKwecZZwP6JjJULBKFqpP4goThiVWXM+rNbcursAWSdeQWpQoDWsfg1GMUsjrpBJakzfcxP0M6pRMMnnlUFqeELZlI5531JFI278bBF5Ti6sMiJhrO1TSBbq742MRsbMosBO5hHNqpeL/3n9FMNbPxMqSZErtvwoTCXBmOT3k5HQnKGcWUKZFjYrYROqKUPbUsWW4K2evE46V3XPrXsP17XGXVFHGc7gHC7BgxtowD20oA0MYniGV3hz0Hlx3p2P5WjJKXZO4Q+czx9zWJFZ</latexit>

x
<latexit sha1_base64="f2yzimwbR/Dgjzp6tZ360fHRqNI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN2N2IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3H1FpHst7M0nQj+hQ8pAzaqzUeOqXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB5jmM/A==</latexit><latexit sha1_base64="f2yzimwbR/Dgjzp6tZ360fHRqNI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN2N2IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3H1FpHst7M0nQj+hQ8pAzaqzUeOqXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB5jmM/A==</latexit><latexit sha1_base64="f2yzimwbR/Dgjzp6tZ360fHRqNI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN2N2IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3H1FpHst7M0nQj+hQ8pAzaqzUeOqXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB5jmM/A==</latexit><latexit sha1_base64="f2yzimwbR/Dgjzp6tZ360fHRqNI=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN2N2IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3H1FpHst7M0nQj+hQ8pAzaqzUeOqXK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHpwX5935WLQWnHzmGP7A+fwB5jmM/A==</latexit>

⇧C(x)
<latexit sha1_base64="Gh1kwexlRWEd91XcgcbEqFiFrgs=">AAAB/XicbVDLSsNAFL2pr1pf8bFzM1iEuimJCLosduOygn1AG8JkOmmHTh7MTMQagr/ixoUibv0Pd/6NkzYLbT0wcDjnXu6Z48WcSWVZ30ZpZXVtfaO8Wdna3tndM/cPOjJKBKFtEvFI9DwsKWchbSumOO3FguLA47TrTZq5372nQrIovFPTmDoBHoXMZwQrLbnm0aDF3HQQYDUmmKfNLKs9nLlm1apbM6BlYhekCgVarvk1GEYkCWioCMdS9m0rVk6KhWKE06wySCSNMZngEe1rGuKASiedpc/QqVaGyI+EfqFCM/X3RooDKaeBpyfzmHLRy8X/vH6i/CsnZWGcKBqS+SE/4UhFKK8CDZmgRPGpJpgIprMiMsYCE6ULq+gS7MUvL5POed226vbtRbVxXdRRhmM4gRrYcAkNuIEWtIHAIzzDK7wZT8aL8W58zEdLRrFzCH9gfP4ASfqVGQ==</latexit><latexit sha1_base64="Gh1kwexlRWEd91XcgcbEqFiFrgs=">AAAB/XicbVDLSsNAFL2pr1pf8bFzM1iEuimJCLosduOygn1AG8JkOmmHTh7MTMQagr/ixoUibv0Pd/6NkzYLbT0wcDjnXu6Z48WcSWVZ30ZpZXVtfaO8Wdna3tndM/cPOjJKBKFtEvFI9DwsKWchbSumOO3FguLA47TrTZq5372nQrIovFPTmDoBHoXMZwQrLbnm0aDF3HQQYDUmmKfNLKs9nLlm1apbM6BlYhekCgVarvk1GEYkCWioCMdS9m0rVk6KhWKE06wySCSNMZngEe1rGuKASiedpc/QqVaGyI+EfqFCM/X3RooDKaeBpyfzmHLRy8X/vH6i/CsnZWGcKBqS+SE/4UhFKK8CDZmgRPGpJpgIprMiMsYCE6ULq+gS7MUvL5POed226vbtRbVxXdRRhmM4gRrYcAkNuIEWtIHAIzzDK7wZT8aL8W58zEdLRrFzCH9gfP4ASfqVGQ==</latexit><latexit sha1_base64="Gh1kwexlRWEd91XcgcbEqFiFrgs=">AAAB/XicbVDLSsNAFL2pr1pf8bFzM1iEuimJCLosduOygn1AG8JkOmmHTh7MTMQagr/ixoUibv0Pd/6NkzYLbT0wcDjnXu6Z48WcSWVZ30ZpZXVtfaO8Wdna3tndM/cPOjJKBKFtEvFI9DwsKWchbSumOO3FguLA47TrTZq5372nQrIovFPTmDoBHoXMZwQrLbnm0aDF3HQQYDUmmKfNLKs9nLlm1apbM6BlYhekCgVarvk1GEYkCWioCMdS9m0rVk6KhWKE06wySCSNMZngEe1rGuKASiedpc/QqVaGyI+EfqFCM/X3RooDKaeBpyfzmHLRy8X/vH6i/CsnZWGcKBqS+SE/4UhFKK8CDZmgRPGpJpgIprMiMsYCE6ULq+gS7MUvL5POed226vbtRbVxXdRRhmM4gRrYcAkNuIEWtIHAIzzDK7wZT8aL8W58zEdLRrFzCH9gfP4ASfqVGQ==</latexit><latexit sha1_base64="Gh1kwexlRWEd91XcgcbEqFiFrgs=">AAAB/XicbVDLSsNAFL2pr1pf8bFzM1iEuimJCLosduOygn1AG8JkOmmHTh7MTMQagr/ixoUibv0Pd/6NkzYLbT0wcDjnXu6Z48WcSWVZ30ZpZXVtfaO8Wdna3tndM/cPOjJKBKFtEvFI9DwsKWchbSumOO3FguLA47TrTZq5372nQrIovFPTmDoBHoXMZwQrLbnm0aDF3HQQYDUmmKfNLKs9nLlm1apbM6BlYhekCgVarvk1GEYkCWioCMdS9m0rVk6KhWKE06wySCSNMZngEe1rGuKASiedpc/QqVaGyI+EfqFCM/X3RooDKaeBpyfzmHLRy8X/vH6i/CsnZWGcKBqS+SE/4UhFKK8CDZmgRPGpJpgIprMiMsYCE6ULq+gS7MUvL5POed226vbtRbVxXdRRhmM4gRrYcAkNuIEWtIHAIzzDK7wZT8aL8W58zEdLRrFzCH9gfP4ASfqVGQ==</latexit>

y
<latexit sha1_base64="l29WxoUb9DEbvmhLG7jHtZ0OU24=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diC/YA2lM120q7dbMLuRgihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5m/mdJ1Sax/LBZAn6ER1JHnJGjZWa2aBSdWvuHGSVeAWpQoHGoPLVH8YsjVAaJqjWPc9NjJ9TZTgTOC33U40JZRM6wp6lkkao/Xx+6JScW2VIwljZkobM1d8TOY20zqLAdkbUjPWyNxP/83qpCW/8nMskNSjZYlGYCmJiMvuaDLlCZkRmCWWK21sJG1NFmbHZlG0I3vLLq6R9WfPcmte8qtZvizhKcApncAEeXEMd7qEBLWCA8Ayv8OY8Oi/Ou/OxaF1zipkT+APn8wfnvYz9</latexit><latexit sha1_base64="l29WxoUb9DEbvmhLG7jHtZ0OU24=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diC/YA2lM120q7dbMLuRgihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5m/mdJ1Sax/LBZAn6ER1JHnJGjZWa2aBSdWvuHGSVeAWpQoHGoPLVH8YsjVAaJqjWPc9NjJ9TZTgTOC33U40JZRM6wp6lkkao/Xx+6JScW2VIwljZkobM1d8TOY20zqLAdkbUjPWyNxP/83qpCW/8nMskNSjZYlGYCmJiMvuaDLlCZkRmCWWK21sJG1NFmbHZlG0I3vLLq6R9WfPcmte8qtZvizhKcApncAEeXEMd7qEBLWCA8Ayv8OY8Oi/Ou/OxaF1zipkT+APn8wfnvYz9</latexit><latexit sha1_base64="l29WxoUb9DEbvmhLG7jHtZ0OU24=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diC/YA2lM120q7dbMLuRgihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5m/mdJ1Sax/LBZAn6ER1JHnJGjZWa2aBSdWvuHGSVeAWpQoHGoPLVH8YsjVAaJqjWPc9NjJ9TZTgTOC33U40JZRM6wp6lkkao/Xx+6JScW2VIwljZkobM1d8TOY20zqLAdkbUjPWyNxP/83qpCW/8nMskNSjZYlGYCmJiMvuaDLlCZkRmCWWK21sJG1NFmbHZlG0I3vLLq6R9WfPcmte8qtZvizhKcApncAEeXEMd7qEBLWCA8Ayv8OY8Oi/Ou/OxaF1zipkT+APn8wfnvYz9</latexit><latexit sha1_base64="l29WxoUb9DEbvmhLG7jHtZ0OU24=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diC/YA2lM120q7dbMLuRgihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5m/mdJ1Sax/LBZAn6ER1JHnJGjZWa2aBSdWvuHGSVeAWpQoHGoPLVH8YsjVAaJqjWPc9NjJ9TZTgTOC33U40JZRM6wp6lkkao/Xx+6JScW2VIwljZkobM1d8TOY20zqLAdkbUjPWyNxP/83qpCW/8nMskNSjZYlGYCmJiMvuaDLlCZkRmCWWK21sJG1NFmbHZlG0I3vLLq6R9WfPcmte8qtZvizhKcApncAEeXEMd7qEBLWCA8Ayv8OY8Oi/Ou/OxaF1zipkT+APn8wfnvYz9</latexit>

⇧C(y)
<latexit sha1_base64="C8CEuqduqhWo36FkEZJbH3AwH6o=">AAAB/XicbVDLSsNAFL3xWesrPnZugkWom5KIoMtiNy4r2Ac0IUymk3boZBJmJkIMxV9x40IRt/6HO//GSZuFth4YOJxzL/fMCRJGpbLtb2NldW19Y7OyVd3e2d3bNw8OuzJOBSYdHLNY9AMkCaOcdBRVjPQTQVAUMNILJq3C7z0QIWnM71WWEC9CI05DipHSkm8eu23q526E1Bgjlrem03p27ps1u2HPYC0TpyQ1KNH2zS93GOM0IlxhhqQcOHaivBwJRTEj06qbSpIgPEEjMtCUo4hIL5+ln1pnWhlaYSz048qaqb83chRJmUWBnixiykWvEP/zBqkKr72c8iRVhOP5oTBlloqtogprSAXBimWaICyozmrhMRIIK11YVZfgLH55mXQvGo7dcO4ua82bso4KnMAp1MGBK2jCLbShAxge4Rle4c14Ml6Md+NjPrpilDtH8AfG5w9Lf5Ua</latexit><latexit sha1_base64="C8CEuqduqhWo36FkEZJbH3AwH6o=">AAAB/XicbVDLSsNAFL3xWesrPnZugkWom5KIoMtiNy4r2Ac0IUymk3boZBJmJkIMxV9x40IRt/6HO//GSZuFth4YOJxzL/fMCRJGpbLtb2NldW19Y7OyVd3e2d3bNw8OuzJOBSYdHLNY9AMkCaOcdBRVjPQTQVAUMNILJq3C7z0QIWnM71WWEC9CI05DipHSkm8eu23q526E1Bgjlrem03p27ps1u2HPYC0TpyQ1KNH2zS93GOM0IlxhhqQcOHaivBwJRTEj06qbSpIgPEEjMtCUo4hIL5+ln1pnWhlaYSz048qaqb83chRJmUWBnixiykWvEP/zBqkKr72c8iRVhOP5oTBlloqtogprSAXBimWaICyozmrhMRIIK11YVZfgLH55mXQvGo7dcO4ua82bso4KnMAp1MGBK2jCLbShAxge4Rle4c14Ml6Md+NjPrpilDtH8AfG5w9Lf5Ua</latexit><latexit sha1_base64="C8CEuqduqhWo36FkEZJbH3AwH6o=">AAAB/XicbVDLSsNAFL3xWesrPnZugkWom5KIoMtiNy4r2Ac0IUymk3boZBJmJkIMxV9x40IRt/6HO//GSZuFth4YOJxzL/fMCRJGpbLtb2NldW19Y7OyVd3e2d3bNw8OuzJOBSYdHLNY9AMkCaOcdBRVjPQTQVAUMNILJq3C7z0QIWnM71WWEC9CI05DipHSkm8eu23q526E1Bgjlrem03p27ps1u2HPYC0TpyQ1KNH2zS93GOM0IlxhhqQcOHaivBwJRTEj06qbSpIgPEEjMtCUo4hIL5+ln1pnWhlaYSz048qaqb83chRJmUWBnixiykWvEP/zBqkKr72c8iRVhOP5oTBlloqtogprSAXBimWaICyozmrhMRIIK11YVZfgLH55mXQvGo7dcO4ua82bso4KnMAp1MGBK2jCLbShAxge4Rle4c14Ml6Md+NjPrpilDtH8AfG5w9Lf5Ua</latexit><latexit sha1_base64="C8CEuqduqhWo36FkEZJbH3AwH6o=">AAAB/XicbVDLSsNAFL3xWesrPnZugkWom5KIoMtiNy4r2Ac0IUymk3boZBJmJkIMxV9x40IRt/6HO//GSZuFth4YOJxzL/fMCRJGpbLtb2NldW19Y7OyVd3e2d3bNw8OuzJOBSYdHLNY9AMkCaOcdBRVjPQTQVAUMNILJq3C7z0QIWnM71WWEC9CI05DipHSkm8eu23q526E1Bgjlrem03p27ps1u2HPYC0TpyQ1KNH2zS93GOM0IlxhhqQcOHaivBwJRTEj06qbSpIgPEEjMtCUo4hIL5+ln1pnWhlaYSz048qaqb83chRJmUWBnixiykWvEP/zBqkKr72c8iRVhOP5oTBlloqtogprSAXBimWaICyozmrhMRIIK11YVZfgLH55mXQvGo7dcO4ua82bso4KnMAp1MGBK2jCLbShAxge4Rle4c14Ml6Md+NjPrpilDtH8AfG5w9Lf5Ua</latexit>



Projected gradient descent

xt+1 = ⇧C (xt � ⌘rf(xt))
<latexit sha1_base64="d4xvNG0OvDfUEiqq+FHgEbUreKs="></latexit><latexit sha1_base64="d4xvNG0OvDfUEiqq+FHgEbUreKs="></latexit><latexit sha1_base64="d4xvNG0OvDfUEiqq+FHgEbUreKs="></latexit><latexit sha1_base64="d4xvNG0OvDfUEiqq+FHgEbUreKs="></latexit>



Projected gradient descent

xt+1 = ⇧C (xt � ⌘rf(xt))
<latexit sha1_base64="d4xvNG0OvDfUEiqq+FHgEbUreKs="></latexit><latexit sha1_base64="d4xvNG0OvDfUEiqq+FHgEbUreKs="></latexit><latexit sha1_base64="d4xvNG0OvDfUEiqq+FHgEbUreKs="></latexit><latexit sha1_base64="d4xvNG0OvDfUEiqq+FHgEbUreKs="></latexit>

- A two-step procedure: 1. ex = xt � ⌘rf(xt)
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But wait; didn’t we consider proj. GD before?

xt+1 = ⇧C (xt � ⌘rf(xt))
<latexit sha1_base64="d4xvNG0OvDfUEiqq+FHgEbUreKs="></latexit><latexit sha1_base64="d4xvNG0OvDfUEiqq+FHgEbUreKs="></latexit><latexit sha1_base64="d4xvNG0OvDfUEiqq+FHgEbUreKs="></latexit><latexit sha1_base64="d4xvNG0OvDfUEiqq+FHgEbUreKs="></latexit>



But wait; didn’t we consider proj. GD before?

xt+1 = ⇧C (xt � ⌘rf(xt))
<latexit sha1_base64="d4xvNG0OvDfUEiqq+FHgEbUreKs="></latexit><latexit sha1_base64="d4xvNG0OvDfUEiqq+FHgEbUreKs="></latexit><latexit sha1_base64="d4xvNG0OvDfUEiqq+FHgEbUreKs="></latexit><latexit sha1_base64="d4xvNG0OvDfUEiqq+FHgEbUreKs="></latexit>

- Yes, in the case of exact sparse linear regression:

C = {x 2 Rp : kxk0  k}
<latexit sha1_base64="sMk7XfHuDjXk89zdjAY0fP1F4ok="></latexit><latexit sha1_base64="sMk7XfHuDjXk89zdjAY0fP1F4ok="></latexit><latexit sha1_base64="sMk7XfHuDjXk89zdjAY0fP1F4ok="></latexit><latexit sha1_base64="sMk7XfHuDjXk89zdjAY0fP1F4ok="></latexit>

Is this set convex? If no or yes, why?



But wait; didn’t we consider proj. GD before?

xt+1 = ⇧C (xt � ⌘rf(xt))
<latexit sha1_base64="d4xvNG0OvDfUEiqq+FHgEbUreKs="></latexit><latexit sha1_base64="d4xvNG0OvDfUEiqq+FHgEbUreKs="></latexit><latexit sha1_base64="d4xvNG0OvDfUEiqq+FHgEbUreKs="></latexit><latexit sha1_base64="d4xvNG0OvDfUEiqq+FHgEbUreKs="></latexit>

- Yes, in the case of exact sparse linear regression:

C = {x 2 Rp : kxk0  k}
<latexit sha1_base64="sMk7XfHuDjXk89zdjAY0fP1F4ok="></latexit><latexit sha1_base64="sMk7XfHuDjXk89zdjAY0fP1F4ok="></latexit><latexit sha1_base64="sMk7XfHuDjXk89zdjAY0fP1F4ok="></latexit><latexit sha1_base64="sMk7XfHuDjXk89zdjAY0fP1F4ok="></latexit>

Is this set convex? If no or yes, why?

- But we observed that, despite non-convexity, it works just fine..

(Thus, a different analysis is needed, depending on the problem at hand)
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Operations Research is an area where multiple, difficult constraints appear
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- Prof. Richard Tapia is teaching a course on constrained convex opt.

- There are constrained problems where we need exponentially many bits

even to describe the solution..

- We considered cases where the constraints are simple: 

Operations Research is an area where multiple, difficult constraints appear
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Convex optimization: Is it a technology?
- Yes, we know about it more than most other areas of optimization

- Yes, there are off-the-shelf solvers available online

CVXOPT - https://cvxopt.org
CVXPy - http://www.cvxpy.org/
CVX - http://cvxr.com/cvx/
JuliaOpt - https://www.juliaopt.org/

Many optimizers in NN training can 
be applied to convex problems
TensorFlow - https://www.tensorflow.org/
PyTorch -  https://pytorch.org/

- Why should we still care about convex optimization?

Several practical problems are actually convex
Many practical problems can be approximated by convex ones
If one doesn’t understand convex opt., why even try understanding non-convex opt.?



Conclusion

- We have introduced the notion of convexity

- We studied some of the merits of convex optimization



Conclusion

- We have introduced the notion of convexity

Next lecture
- We will consider an important variant for convex optimization 

    for large-scale computing: Frank-Wolfe (conditional gradient) algorithm

- We studied some of the merits of convex optimization


