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Plan

1.Problem structure 



Structure

min
x

f(x) +
mX

j=1

gj(x)

<latexit sha1_base64="jY18u6ntfW7pwdXkvihEPQQ2ieo=">AAACCnicbVDLSgMxFM34rPVVdekmWoSKUGaqoBuh6MZlBfuAzjhk0kybNskMSUZahq7d+CtuXCji1i9w59+YPhbaeuDC4Zx7ufeeIGZUadv+thYWl5ZXVjNr2fWNza3t3M5uTUWJxKSKIxbJRoAUYVSQqqaakUYsCeIBI/Wgdz3y6w9EKhqJOz2IicdRW9CQYqSN5OcOXE6F34dhoX8MT6CrEu6n3UtneM9h2+8a1c/l7aI9BpwnzpTkwRQVP/fltiKccCI0ZkippmPH2kuR1BQzMsy6iSIxwj3UJk1DBeJEeen4lSE8MkoLhpE0JTQcq78nUsSVGvDAdHKkO2rWG4n/ec1EhxdeSkWcaCLwZFGYMKgjOMoFtqgkWLOBIQhLam6FuIMkwtqklzUhOLMvz5NaqeicFku3Z/ny1TSODNgHh6AAHHAOyuAGVEAVYPAInsEreLOerBfr3fqYtC5Y05k98AfW5w+aAJju</latexit>

Convex



Structure

min
x

f(x) +
mX

j=1

gj(x)

<latexit sha1_base64="jY18u6ntfW7pwdXkvihEPQQ2ieo=">AAACCnicbVDLSgMxFM34rPVVdekmWoSKUGaqoBuh6MZlBfuAzjhk0kybNskMSUZahq7d+CtuXCji1i9w59+YPhbaeuDC4Zx7ufeeIGZUadv+thYWl5ZXVjNr2fWNza3t3M5uTUWJxKSKIxbJRoAUYVSQqqaakUYsCeIBI/Wgdz3y6w9EKhqJOz2IicdRW9CQYqSN5OcOXE6F34dhoX8MT6CrEu6n3UtneM9h2+8a1c/l7aI9BpwnzpTkwRQVP/fltiKccCI0ZkippmPH2kuR1BQzMsy6iSIxwj3UJk1DBeJEeen4lSE8MkoLhpE0JTQcq78nUsSVGvDAdHKkO2rWG4n/ec1EhxdeSkWcaCLwZFGYMKgjOMoFtqgkWLOBIQhLam6FuIMkwtqklzUhOLMvz5NaqeicFku3Z/ny1TSODNgHh6AAHHAOyuAGVEAVYPAInsEreLOerBfr3fqYtC5Y05k98AfW5w+aAJju</latexit>

Differentiable  
and smooth



Structure

min
x

f(x) +
mX

j=1

gj(x)

<latexit sha1_base64="jY18u6ntfW7pwdXkvihEPQQ2ieo=">AAACCnicbVDLSgMxFM34rPVVdekmWoSKUGaqoBuh6MZlBfuAzjhk0kybNskMSUZahq7d+CtuXCji1i9w59+YPhbaeuDC4Zx7ufeeIGZUadv+thYWl5ZXVjNr2fWNza3t3M5uTUWJxKSKIxbJRoAUYVSQqqaakUYsCeIBI/Wgdz3y6w9EKhqJOz2IicdRW9CQYqSN5OcOXE6F34dhoX8MT6CrEu6n3UtneM9h2+8a1c/l7aI9BpwnzpTkwRQVP/fltiKccCI0ZkippmPH2kuR1BQzMsy6iSIxwj3UJk1DBeJEeen4lSE8MkoLhpE0JTQcq78nUsSVGvDAdHKkO2rWG4n/ec1EhxdeSkWcaCLwZFGYMKgjOMoFtqgkWLOBIQhLam6FuIMkwtqklzUhOLMvz5NaqeicFku3Z/ny1TSODNgHh6AAHHAOyuAGVEAVYPAInsEreLOerBfr3fqYtC5Y05k98AfW5w+aAJju</latexit>

Proximable

prox⌘g(x)
def
= argmin

u

⇢
g(u) +

1

2⌘
ku� xk2

�

<latexit sha1_base64="9JJ71PNFJWzY7MyEBAYoRcWe748="></latexit>



Structure

Proximable

gj =

(
ax, x < 0,

bx, x � 0
<latexit sha1_base64="AK2ExUnpB8wZ6/XUdl37ynQvJFA=">AAACH3icbVDLSgMxFM34rPVVdekmWAQXpcxUURcKRTcuK9gHdErJpLfT2ExmSDLSMvRP3PgrblwoIu76N6btLLT1QOBwzrlJ7vEizpS27bG1tLyyurae2chubm3v7Ob29msqjCWFKg15KBseUcCZgKpmmkMjkkACj0Pd699O/PoTSMVC8aCHEbQC4gvWZZRoI7Vz5377EV9j1wOfiYSam9SIDAouHlzZBdfF3pS7PmAbuyA6aaSdy9tFewq8SJyU5FGKSjv37XZCGgcgNOVEqaZjR7qVEKkZ5TDKurGCiNA+8aFpqCABqFYy3W+Ej43Swd1QmiM0nqq/JxISKDUMPJMMiO6peW8i/uc1Y929bCVMRLEGQWcPdWOOdYgnZeEOk0A1HxpCqGTmr5j2iCRUm0qzpgRnfuVFUisVndNi6f4sX75J68igQ3SETpCDLlAZ3aEKqiKKntErekcf1ov1Zn1aX7PokpXOHKA/sMY/kJKhdQ==</latexit>

prox⌘gj (x) =

8
><

>:

x� ⌘a, x < ⌘a

0, ⌘a  x  ⌘b

x� ⌘b, otherwise
<latexit sha1_base64="t0ma37YpJqueZawMgd5E17i6x7A="></latexit>

⌘a
<latexit sha1_base64="2MEAQZc2pDp/0VZDn1eqYPe4kAs=">AAAB7XicbVBNS8NAEN3Ur1q/qh69LBbBU0mqoMeiF48V7Ae0oWy2k3btZhN2J0IJ/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVHJo8lrHuBMyAFAqaKFBCJ9HAokBCOxjfzvz2E2gjYvWAkwT8iA2VCAVnaKVWD5BR1i9X3Ko7B10lXk4qJEejX/7qDWKeRqCQS2ZM13MT9DOmUXAJ01IvNZAwPmZD6FqqWATGz+bXTumZVQY0jLUthXSu/p7IWGTMJApsZ8RwZJa9mfif100xvPYzoZIUQfHFojCVFGM6e50OhAaOcmIJ41rYWykfMc042oBKNgRv+eVV0qpVvYtq7f6yUr/J4yiSE3JKzolHrkid3JEGaRJOHskzeSVvTuy8OO/Ox6K14OQzx+QPnM8fGuWO0Q==</latexit>

⌘b
<latexit sha1_base64="jEsV2jwIbj01a+wTLaYwtTUl+SM=">AAAB7XicbVBNS8NAEN3Ur1q/qh69LBbBU0mqoMeiF48V7Ae0oWy2k3btZhN2J0IJ/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVHJo8lrHuBMyAFAqaKFBCJ9HAokBCOxjfzvz2E2gjYvWAkwT8iA2VCAVnaKVWD5DRoF+uuFV3DrpKvJxUSI5Gv/zVG8Q8jUAhl8yYrucm6GdMo+ASpqVeaiBhfMyG0LVUsQiMn82vndIzqwxoGGtbCulc/T2RsciYSRTYzojhyCx7M/E/r5tieO1nQiUpguKLRWEqKcZ09jodCA0c5cQSxrWwt1I+YppxtAGVbAje8surpFWrehfV2v1lpX6Tx1EkJ+SUnBOPXJE6uSMN0iScPJJn8krenNh5cd6dj0VrwclnjskfOJ8/HGmO0g==</latexit>

0
<latexit sha1_base64="rsPGDo38dCUrLsAt/ftnosrChUA=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlptsvV9yqOwdZJV5OKpCj0S9/9QYxSyOUhgmqdddzE+NnVBnOBE5LvVRjQtmYDrFrqaQRaj+bHzolZ1YZkDBWtqQhc/X3REYjrSdRYDsjakZ62ZuJ/3nd1ITXfsZlkhqUbLEoTAUxMZl9TQZcITNiYgllittbCRtRRZmx2ZRsCN7yy6ukXat6F9Va87JSv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPemeMuA==</latexit>
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2. Examples



Examples

min
x

f(x) +
mX

j=1

gj(x)

<latexit sha1_base64="jY18u6ntfW7pwdXkvihEPQQ2ieo=">AAACCnicbVDLSgMxFM34rPVVdekmWoSKUGaqoBuh6MZlBfuAzjhk0kybNskMSUZahq7d+CtuXCji1i9w59+YPhbaeuDC4Zx7ufeeIGZUadv+thYWl5ZXVjNr2fWNza3t3M5uTUWJxKSKIxbJRoAUYVSQqqaakUYsCeIBI/Wgdz3y6w9EKhqJOz2IicdRW9CQYqSN5OcOXE6F34dhoX8MT6CrEu6n3UtneM9h2+8a1c/l7aI9BpwnzpTkwRQVP/fltiKccCI0ZkippmPH2kuR1BQzMsy6iSIxwj3UJk1DBeJEeen4lSE8MkoLhpE0JTQcq78nUsSVGvDAdHKkO2rWG4n/ec1EhxdeSkWcaCLwZFGYMKgjOMoFtqgkWLOBIQhLam6FuIMkwtqklzUhOLMvz5NaqeicFku3Z/ny1TSODNgHh6AAHHAOyuAGVEAVYPAInsEreLOerBfr3fqYtC5Y05k98AfW5w+aAJju</latexit>

min
x

1

2
kx� x0k2 +

mX

j=1

�{z:a>
j z=bj}(x)

<latexit sha1_base64="x1vooSNUkLhCoTuuYDnui3G/PuE="></latexit>



Examples

min
x

f(x) +
mX

j=1

gj(x)

<latexit sha1_base64="jY18u6ntfW7pwdXkvihEPQQ2ieo=">AAACCnicbVDLSgMxFM34rPVVdekmWoSKUGaqoBuh6MZlBfuAzjhk0kybNskMSUZahq7d+CtuXCji1i9w59+YPhbaeuDC4Zx7ufeeIGZUadv+thYWl5ZXVjNr2fWNza3t3M5uTUWJxKSKIxbJRoAUYVSQqqaakUYsCeIBI/Wgdz3y6w9EKhqJOz2IicdRW9CQYqSN5OcOXE6F34dhoX8MT6CrEu6n3UtneM9h2+8a1c/l7aI9BpwnzpTkwRQVP/fltiKccCI0ZkippmPH2kuR1BQzMsy6iSIxwj3UJk1DBeJEeen4lSE8MkoLhpE0JTQcq78nUsSVGvDAdHKkO2rWG4n/ec1EhxdeSkWcaCLwZFGYMKgjOMoFtqgkWLOBIQhLam6FuIMkwtqklzUhOLMvz5NaqeicFku3Z/ny1TSODNgHh6AAHHAOyuAGVEAVYPAInsEreLOerBfr3fqYtC5Y05k98AfW5w+aAJju</latexit>

min
x

1

2
kx� x0k2 +

mX

j=1

�{z:a>
j z=bj}(x)

<latexit sha1_base64="x1vooSNUkLhCoTuuYDnui3G/PuE="></latexit>

�C(x) =

(
0, x 2 C,

+1, x 62 C
<latexit sha1_base64="1eaO8Msf7QI/Wk7ie1oulJ5fpaE="></latexit>



Examples

min
x

�
kx� x0k | Ax = b

 
<latexit sha1_base64="ls1yKcZ0OHy8oX8iFLXc7BH2W4M=">AAACHHicbVBNSwMxEM36WevXqkcvwSJ4sexaQS9C1YtHBatCU0s2zbah2eySzErLtj/Ei3/FiwdFvHgQ/Ddmaw9afZDweG+GmXlBIoUBz/t0pqZnZufmCwvFxaXllVV3bf3KxKlmvMZiGeubgBouheI1ECD5TaI5jQLJr4Puae5f33FtRKwuoZ/wRkTbSoSCUbBS062QSKhmDxPJQyAZGfR2e7ceGWCrt+xHoROE2fGwdxRgokW7A2TYdEte2RsB/yX+mJTQGOdN9520YpZGXAGT1Ji67yXQyKgGwSQfFklqeEJZl7Z53VJFI24a2ei4Id62SguHsbZPAR6pPzsyGhnTjwJbmW9rJr1c/M+rpxAeNjKhkhS4Yt+DwlRiiHGeFG4JzRnIviWUaWF3xaxDNWVg8yzaEPzJk/+Sq72yXynvXeyXqifjOApoE22hHeSjA1RFZ+gc1RBD9+gRPaMX58F5cl6dt+/SKWfcs4F+wfn4AuxeoeQ=</latexit>

xk+1 = ⇧j(x
k)

<latexit sha1_base64="7akn0RrkhlKXUGEc/ukIJm30qLc=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0WoCCWpgm6EohuXFewD2jRMptN2zGQSZibSGoK/4saFIm79D3f+jdM2C209cOFwzr3ce48XMSqVZX0bC4tLyyurubX8+sbm1ra5s1uXYSwwqeGQhaLpIUkY5aSmqGKkGQmCAo+Rhudfj/3GAxGShvxOjSLiBKjPaY9ipLTkmvvDTuKf2Ollu0rd5D4tDjv+sWsWrJI1AZwndkYKIEPVNb/a3RDHAeEKMyRly7Yi5SRIKIoZSfPtWJIIYR/1SUtTjgIinWRyfQqPtNKFvVDo4gpO1N8TCQqkHAWe7gyQGshZbyz+57Vi1btwEsqjWBGOp4t6MYMqhOMoYJcKghUbaYKwoPpWiAdIIKx0YHkdgj378jypl0v2aal8e1aoXGVx5MABOARFYINzUAE3oApqAINH8AxewZvxZLwY78bHtHXByGb2wB8Ynz+i8JSx</latexit>

Kaczmarz Algorithm, 1937

j ⇠ U(1, . . . , n)
<latexit sha1_base64="2r7WEUz1B4DIPNpUAxEGcnrSfCQ=">AAAB/XicbVDLSgMxFM3UV62v8bFzEyxChVJmqqDLohuXFZy20A4lk2ba2ExmSO4ItRR/xY0LRdz6H+78G9N2Flo9EDiccw/35gSJ4Boc58vKLS2vrK7l1wsbm1vbO/buXkPHqaLMo7GIVSsgmgkumQccBGslipEoEKwZDK+mfvOeKc1jeQujhPkR6UseckrASF374K6jeYS9klvu9GLQtIzlSdcuOhVnBvyXuBkpogz1rv1pwjSNmAQqiNZt10nAHxMFnAo2KXRSzRJCh6TP2oZKEjHtj2fXT/CxUXo4jJV5EvBM/ZkYk0jrURSYyYjAQC96U/E/r51CeOGPuUxSYJLOF4WpwBDjaRW4xxWjIEaGEKq4uRXTAVGEgimsYEpwF7/8lzSqFfe0Ur05K9Yuszry6BAdoRJy0TmqoWtURx6i6AE9oRf0aj1az9ab9T4fzVlZZh/9gvXxDVnak9w=</latexit>



Examples

min
x

�
kx� x0k | Ax = b

 
<latexit sha1_base64="ls1yKcZ0OHy8oX8iFLXc7BH2W4M=">AAACHHicbVBNSwMxEM36WevXqkcvwSJ4sexaQS9C1YtHBatCU0s2zbah2eySzErLtj/Ei3/FiwdFvHgQ/Ddmaw9afZDweG+GmXlBIoUBz/t0pqZnZufmCwvFxaXllVV3bf3KxKlmvMZiGeubgBouheI1ECD5TaI5jQLJr4Puae5f33FtRKwuoZ/wRkTbSoSCUbBS062QSKhmDxPJQyAZGfR2e7ceGWCrt+xHoROE2fGwdxRgokW7A2TYdEte2RsB/yX+mJTQGOdN9520YpZGXAGT1Ji67yXQyKgGwSQfFklqeEJZl7Z53VJFI24a2ei4Id62SguHsbZPAR6pPzsyGhnTjwJbmW9rJr1c/M+rpxAeNjKhkhS4Yt+DwlRiiHGeFG4JzRnIviWUaWF3xaxDNWVg8yzaEPzJk/+Sq72yXynvXeyXqifjOApoE22hHeSjA1RFZ+gc1RBD9+gRPaMX58F5cl6dt+/SKWfcs4F+wfn4AuxeoeQ=</latexit>

xk+1 = ⇧j(x
k)

<latexit sha1_base64="7akn0RrkhlKXUGEc/ukIJm30qLc=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0WoCCWpgm6EohuXFewD2jRMptN2zGQSZibSGoK/4saFIm79D3f+jdM2C209cOFwzr3ce48XMSqVZX0bC4tLyyurubX8+sbm1ra5s1uXYSwwqeGQhaLpIUkY5aSmqGKkGQmCAo+Rhudfj/3GAxGShvxOjSLiBKjPaY9ipLTkmvvDTuKf2Ollu0rd5D4tDjv+sWsWrJI1AZwndkYKIEPVNb/a3RDHAeEKMyRly7Yi5SRIKIoZSfPtWJIIYR/1SUtTjgIinWRyfQqPtNKFvVDo4gpO1N8TCQqkHAWe7gyQGshZbyz+57Vi1btwEsqjWBGOp4t6MYMqhOMoYJcKghUbaYKwoPpWiAdIIKx0YHkdgj378jypl0v2aal8e1aoXGVx5MABOARFYINzUAE3oApqAINH8AxewZvxZLwY78bHtHXByGb2wB8Ynz+i8JSx</latexit>

Kaczmarz Algorithm, 1937

j ⇠ U(1, . . . , n)
<latexit sha1_base64="2r7WEUz1B4DIPNpUAxEGcnrSfCQ=">AAAB/XicbVDLSgMxFM3UV62v8bFzEyxChVJmqqDLohuXFZy20A4lk2ba2ExmSO4ItRR/xY0LRdz6H+78G9N2Flo9EDiccw/35gSJ4Boc58vKLS2vrK7l1wsbm1vbO/buXkPHqaLMo7GIVSsgmgkumQccBGslipEoEKwZDK+mfvOeKc1jeQujhPkR6UseckrASF374K6jeYS9klvu9GLQtIzlSdcuOhVnBvyXuBkpogz1rv1pwjSNmAQqiNZt10nAHxMFnAo2KXRSzRJCh6TP2oZKEjHtj2fXT/CxUXo4jJV5EvBM/ZkYk0jrURSYyYjAQC96U/E/r51CeOGPuUxSYJLOF4WpwBDjaRW4xxWjIEaGEKq4uRXTAVGEgimsYEpwF7/8lzSqFfe0Ur05K9Yuszry6BAdoRJy0TmqoWtURx6i6AE9oRf0aj1az9ab9T4fzVlZZh/9gvXxDVnak9w=</latexit>



Examples

min
x

�
kx� x0k | Ax = b

 
<latexit sha1_base64="ls1yKcZ0OHy8oX8iFLXc7BH2W4M=">AAACHHicbVBNSwMxEM36WevXqkcvwSJ4sexaQS9C1YtHBatCU0s2zbah2eySzErLtj/Ei3/FiwdFvHgQ/Ddmaw9afZDweG+GmXlBIoUBz/t0pqZnZufmCwvFxaXllVV3bf3KxKlmvMZiGeubgBouheI1ECD5TaI5jQLJr4Puae5f33FtRKwuoZ/wRkTbSoSCUbBS062QSKhmDxPJQyAZGfR2e7ceGWCrt+xHoROE2fGwdxRgokW7A2TYdEte2RsB/yX+mJTQGOdN9520YpZGXAGT1Ji67yXQyKgGwSQfFklqeEJZl7Z53VJFI24a2ei4Id62SguHsbZPAR6pPzsyGhnTjwJbmW9rJr1c/M+rpxAeNjKhkhS4Yt+DwlRiiHGeFG4JzRnIviWUaWF3xaxDNWVg8yzaEPzJk/+Sq72yXynvXeyXqifjOApoE22hHeSjA1RFZ+gc1RBD9+gRPaMX58F5cl6dt+/SKWfcs4F+wfn4AuxeoeQ=</latexit>

xk+1 = ⇧j(x
k)

<latexit sha1_base64="7akn0RrkhlKXUGEc/ukIJm30qLc=">AAAB/XicbVDLSsNAFJ34rPUVHzs3g0WoCCWpgm6EohuXFewD2jRMptN2zGQSZibSGoK/4saFIm79D3f+jdM2C209cOFwzr3ce48XMSqVZX0bC4tLyyurubX8+sbm1ra5s1uXYSwwqeGQhaLpIUkY5aSmqGKkGQmCAo+Rhudfj/3GAxGShvxOjSLiBKjPaY9ipLTkmvvDTuKf2Ollu0rd5D4tDjv+sWsWrJI1AZwndkYKIEPVNb/a3RDHAeEKMyRly7Yi5SRIKIoZSfPtWJIIYR/1SUtTjgIinWRyfQqPtNKFvVDo4gpO1N8TCQqkHAWe7gyQGshZbyz+57Vi1btwEsqjWBGOp4t6MYMqhOMoYJcKghUbaYKwoPpWiAdIIKx0YHkdgj378jypl0v2aal8e1aoXGVx5MABOARFYINzUAE3oApqAINH8AxewZvxZLwY78bHtHXByGb2wB8Ynz+i8JSx</latexit>

Kaczmarz Algorithm, 1937

j ⇠ U(1, . . . , n)
<latexit sha1_base64="2r7WEUz1B4DIPNpUAxEGcnrSfCQ=">AAAB/XicbVDLSgMxFM3UV62v8bFzEyxChVJmqqDLohuXFZy20A4lk2ba2ExmSO4ItRR/xY0LRdz6H+78G9N2Flo9EDiccw/35gSJ4Boc58vKLS2vrK7l1wsbm1vbO/buXkPHqaLMo7GIVSsgmgkumQccBGslipEoEKwZDK+mfvOeKc1jeQujhPkR6UseckrASF374K6jeYS9klvu9GLQtIzlSdcuOhVnBvyXuBkpogz1rv1pwjSNmAQqiNZt10nAHxMFnAo2KXRSzRJCh6TP2oZKEjHtj2fXT/CxUXo4jJV5EvBM/ZkYk0jrURSYyYjAQC96U/E/r51CeOGPuUxSYJLOF4WpwBDjaRW4xxWjIEaGEKq4uRXTAVGEgimsYEpwF7/8lzSqFfe0Ur05K9Yuszry6BAdoRJy0TmqoWtURx6i6AE9oRf0aj1az9ab9T4fzVlZZh/9gvXxDVnak9w=</latexit>

… revisited in 2009



Examples

min
x

f(x) +
mX

j=1

gj(x)

<latexit sha1_base64="jY18u6ntfW7pwdXkvihEPQQ2ieo=">AAACCnicbVDLSgMxFM34rPVVdekmWoSKUGaqoBuh6MZlBfuAzjhk0kybNskMSUZahq7d+CtuXCji1i9w59+YPhbaeuDC4Zx7ufeeIGZUadv+thYWl5ZXVjNr2fWNza3t3M5uTUWJxKSKIxbJRoAUYVSQqqaakUYsCeIBI/Wgdz3y6w9EKhqJOz2IicdRW9CQYqSN5OcOXE6F34dhoX8MT6CrEu6n3UtneM9h2+8a1c/l7aI9BpwnzpTkwRQVP/fltiKccCI0ZkippmPH2kuR1BQzMsy6iSIxwj3UJk1DBeJEeen4lSE8MkoLhpE0JTQcq78nUsSVGvDAdHKkO2rWG4n/ec1EhxdeSkWcaCLwZFGYMKgjOMoFtqgkWLOBIQhLam6FuIMkwtqklzUhOLMvz5NaqeicFku3Z/ny1TSODNgHh6AAHHAOyuAGVEAVYPAInsEreLOerBfr3fqYtC5Y05k98AfW5w+aAJju</latexit>

min
x

{f(x) | Cx = d}
<latexit sha1_base64="AIpkCANLooJaLfYMlhM0L2+w3IE=">AAACFnicbVDLSgMxFM3UV62vqks3wSLUhWWmCroRit24rGAf0Cklk2ba0ExmSO5Iy9CvcOOvuHGhiFtx59+YabvQ1gOBk3Pu5d57vEhwDbb9bWVWVtfWN7Kbua3tnd29/P5BQ4exoqxOQxGqlkc0E1yyOnAQrBUpRgJPsKY3rKZ+84EpzUN5D+OIdQLSl9znlICRuvkzN+CyO8KuYD64iV8cnRqlh92AwMDzk+pkdG1+ivcH4E66+YJdsqfAy8SZkwKao9bNf7m9kMYBk0AF0brt2BF0EqKAU8EmOTfWLCJ0SPqsbagkAdOdZHrWBJ8YpYf9UJknAU/V3x0JCbQeB56pTLfVi14q/ue1Y/CvOgmXUQxM0tkgPxYYQpxmhHtcMQpibAihiptdMR0QRSiYJHMmBGfx5GXSKJec81L57qJQuZnHkUVH6BgVkYMuUQXdohqqI4oe0TN6RW/Wk/VivVsfs9KMNe85RH9gff4AKSCfYA==</latexit>

min
x

(
1

n

nX

i=1

fi(xi) | x1 = x2 = · · · = xn

)

<latexit sha1_base64="9dm784ra7IxTewh9P283wodLkas="></latexit>



Examples

min
x

f(x) +
mX

j=1

gj(x)

<latexit sha1_base64="jY18u6ntfW7pwdXkvihEPQQ2ieo=">AAACCnicbVDLSgMxFM34rPVVdekmWoSKUGaqoBuh6MZlBfuAzjhk0kybNskMSUZahq7d+CtuXCji1i9w59+YPhbaeuDC4Zx7ufeeIGZUadv+thYWl5ZXVjNr2fWNza3t3M5uTUWJxKSKIxbJRoAUYVSQqqaakUYsCeIBI/Wgdz3y6w9EKhqJOz2IicdRW9CQYqSN5OcOXE6F34dhoX8MT6CrEu6n3UtneM9h2+8a1c/l7aI9BpwnzpTkwRQVP/fltiKccCI0ZkippmPH2kuR1BQzMsy6iSIxwj3UJk1DBeJEeen4lSE8MkoLhpE0JTQcq78nUsSVGvDAdHKkO2rWG4n/ec1EhxdeSkWcaCLwZFGYMKgjOMoFtqgkWLOBIQhLam6FuIMkwtqklzUhOLMvz5NaqeicFku3Z/ny1TSODNgHh6AAHHAOyuAGVEAVYPAInsEreLOerBfr3fqYtC5Y05k98AfW5w+aAJju</latexit>

min
x

f(x) + kBxk1
<latexit sha1_base64="Bh0lET154vo+L7vrRASyDedw2aI=">AAACCHicbVDLSsNAFJ3UV62vqEsXDhahIpSkCrosdeOygn1AE8JkOmmHTiZhZiItaZdu/BU3LhRx6ye482+ctF1o64ELh3Pu5d57/JhRqSzr28itrK6tb+Q3C1vbO7t75v5BU0aJwKSBIxaJto8kYZSThqKKkXYsCAp9Rlr+4CbzWw9ESBrxezWKiRuiHqcBxUhpyTOPnZBybwiD0vAMnkNn7IRI9f0grU2GztizPbNola0p4DKx56QI5qh75pfTjXASEq4wQ1J2bCtWboqEopiRScFJJIkRHqAe6WjKUUikm04fmcBTrXRhEAldXMGp+nsiRaGUo9DXndmZctHLxP+8TqKCazelPE4U4Xi2KEgYVBHMUoFdKghWbKQJwoLqWyHuI4Gw0tkVdAj24svLpFkp2xflyt1lsVqbx5EHR+AElIANrkAV3II6aAAMHsEzeAVvxpPxYrwbH7PWnDGfOQR/YHz+ADctmNY=</latexit>



Examples

min
x

f(x) +
mX

j=1

gj(x)

<latexit sha1_base64="jY18u6ntfW7pwdXkvihEPQQ2ieo=">AAACCnicbVDLSgMxFM34rPVVdekmWoSKUGaqoBuh6MZlBfuAzjhk0kybNskMSUZahq7d+CtuXCji1i9w59+YPhbaeuDC4Zx7ufeeIGZUadv+thYWl5ZXVjNr2fWNza3t3M5uTUWJxKSKIxbJRoAUYVSQqqaakUYsCeIBI/Wgdz3y6w9EKhqJOz2IicdRW9CQYqSN5OcOXE6F34dhoX8MT6CrEu6n3UtneM9h2+8a1c/l7aI9BpwnzpTkwRQVP/fltiKccCI0ZkippmPH2kuR1BQzMsy6iSIxwj3UJk1DBeJEeen4lSE8MkoLhpE0JTQcq78nUsSVGvDAdHKkO2rWG4n/ec1EhxdeSkWcaCLwZFGYMKgjOMoFtqgkWLOBIQhLam6FuIMkwtqklzUhOLMvz5NaqeicFku3Z/ny1TSODNgHh6AAHHAOyuAGVEAVYPAInsEreLOerBfr3fqYtC5Y05k98AfW5w+aAJju</latexit>

min
x

f(x) + kBxk1
<latexit sha1_base64="Bh0lET154vo+L7vrRASyDedw2aI=">AAACCHicbVDLSsNAFJ3UV62vqEsXDhahIpSkCrosdeOygn1AE8JkOmmHTiZhZiItaZdu/BU3LhRx6ye482+ctF1o64ELh3Pu5d57/JhRqSzr28itrK6tb+Q3C1vbO7t75v5BU0aJwKSBIxaJto8kYZSThqKKkXYsCAp9Rlr+4CbzWw9ESBrxezWKiRuiHqcBxUhpyTOPnZBybwiD0vAMnkNn7IRI9f0grU2GztizPbNola0p4DKx56QI5qh75pfTjXASEq4wQ1J2bCtWboqEopiRScFJJIkRHqAe6WjKUUikm04fmcBTrXRhEAldXMGp+nsiRaGUo9DXndmZctHLxP+8TqKCazelPE4U4Xi2KEgYVBHMUoFdKghWbKQJwoLqWyHuI4Gw0tkVdAj24svLpFkp2xflyt1lsVqbx5EHR+AElIANrkAV3II6aAAMHsEzeAVvxpPxYrwbH7PWnDGfOQR/YHz+ADctmNY=</latexit>

For instance, Fused LASSO 
(Tibshirani et al., 2005) 

bj = (0, 0, . . . , 1,�1| {z }
j,j+1

, 0, . . . , 0)

<latexit sha1_base64="RUUHQhk86y1Jre+8EkTjbkAEV18=">AAACKHicbVDLSgMxFM3UV62vqks3wSJUrGWmCroRi25cVrAPaMuQSW/btJnMkGSEMvRz3PgrbkQU6dYvMX0sbOsl4R7OPYfkHi/kTGnbHlmJldW19Y3kZmpre2d3L71/UFFBJCmUacADWfOIAs4ElDXTHGqhBOJ7HKpe/348rz6DVCwQT3oQQtMnHcHajBJtKDd967k9fIOzdg6b02gFWlHTI9EC6UlCIXZy+NwZunEvh3tnznBOZ5+66YydtyeFl4EzAxk0q5Kb/jBmGvkgNOVEqbpjh7oZE6kZ5TBMNSIFIaF90oG6gYL4oJrxZNEhPjFMC7cDaa7QeML+dcTEV2rge0bpE91Vi7Mx+d+sHun2dTNmIow0CDp9qB1xrAM8Tg23mASq+cAAQiUzf8W0S0w+2mSbMiE4iysvg0oh71zkC4+XmeLdLI4kOkLHKIscdIWK6AGVUBlR9ILe0Cf6sl6td+vbGk2lCWvmOURzZf38AhMxobU=</latexit>



Examples

min
x

f(x) +
mX

j=1

gj(x)

<latexit sha1_base64="jY18u6ntfW7pwdXkvihEPQQ2ieo=">AAACCnicbVDLSgMxFM34rPVVdekmWoSKUGaqoBuh6MZlBfuAzjhk0kybNskMSUZahq7d+CtuXCji1i9w59+YPhbaeuDC4Zx7ufeeIGZUadv+thYWl5ZXVjNr2fWNza3t3M5uTUWJxKSKIxbJRoAUYVSQqqaakUYsCeIBI/Wgdz3y6w9EKhqJOz2IicdRW9CQYqSN5OcOXE6F34dhoX8MT6CrEu6n3UtneM9h2+8a1c/l7aI9BpwnzpTkwRQVP/fltiKccCI0ZkippmPH2kuR1BQzMsy6iSIxwj3UJk1DBeJEeen4lSE8MkoLhpE0JTQcq78nUsSVGvDAdHKkO2rWG4n/ec1EhxdeSkWcaCLwZFGYMKgjOMoFtqgkWLOBIQhLam6FuIMkwtqklzUhOLMvz5NaqeicFku3Z/ny1TSODNgHh6AAHHAOyuAGVEAVYPAInsEreLOerBfr3fqYtC5Y05k98AfW5w+aAJju</latexit>

min
x

f(x) s.t. x 2
m\

j=1

Cj

<latexit sha1_base64="WsMws1o8BR03clXxwYDhmmVQimA=">AAACG3icbVDLSgNBEJz1bXxFPXoZDIJelt0o6EUIevEYwTwgG5fZyWwcnZldZnolYcl/ePFXvHhQxJPgwb9x8jiosaChqOqmuytKBTfgeV/OzOzc/MLi0nJhZXVtfaO4uVU3SaYpq9FEJLoZEcMEV6wGHARrppoRGQnWiO7Oh37jnmnDE3UF/ZS1JekqHnNKwEphsRxIrsIejvd7BzgA1oMcGxdcPMC9gCscRLxLSRrmt6f+4Fri8/A2LJY81xsBTxN/QkpogmpY/Ag6Cc0kU0AFMableym0c6KBU8EGhSAzLCX0jnRZy1JFJDPtfPTbAO9ZpYPjRNtSgEfqz4mcSGP6MrKdksCN+esNxf+8VgbxSTvnKs2AKTpeFGcCQ4KHQeEO14yC6FtCqOb2VkxviCYUbJwFG4L/9+VpUi+7/qFbvjwqVc4mcSyhHbSL9pGPjlEFXaAqqiGKHtATekGvzqPz7Lw57+PWGWcys41+wfn8BrVBn/g=</latexit>



Examples

min
x

f(x) +
mX

j=1

gj(x)

<latexit sha1_base64="jY18u6ntfW7pwdXkvihEPQQ2ieo=">AAACCnicbVDLSgMxFM34rPVVdekmWoSKUGaqoBuh6MZlBfuAzjhk0kybNskMSUZahq7d+CtuXCji1i9w59+YPhbaeuDC4Zx7ufeeIGZUadv+thYWl5ZXVjNr2fWNza3t3M5uTUWJxKSKIxbJRoAUYVSQqqaakUYsCeIBI/Wgdz3y6w9EKhqJOz2IicdRW9CQYqSN5OcOXE6F34dhoX8MT6CrEu6n3UtneM9h2+8a1c/l7aI9BpwnzpTkwRQVP/fltiKccCI0ZkippmPH2kuR1BQzMsy6iSIxwj3UJk1DBeJEeen4lSE8MkoLhpE0JTQcq78nUsSVGvDAdHKkO2rWG4n/ec1EhxdeSkWcaCLwZFGYMKgjOMoFtqgkWLOBIQhLam6FuIMkwtqklzUhOLMvz5NaqeicFku3Z/ny1TSODNgHh6AAHHAOyuAGVEAVYPAInsEreLOerBfr3fqYtC5Y05k98AfW5w+aAJju</latexit>

min
x

1

n

nX

i=1

fi(x) +
mX

j=1

kxkGj

<latexit sha1_base64="HuGTmMi7b4uwAeAFZzSJB3PQNUQ="></latexit>

2 Rd
<latexit sha1_base64="6lSBGPRDw061Q+5h663UaKgLbeY=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgqiRV0GXRjcsq9gFNLJPJtB06mYSZSaGE/okbF4q49U/c+TdO2iy09cDA4Zx7uWdOkHCmtON8W6W19Y3NrfJ2ZWd3b//APjxqqziVhLZIzGPZDbCinAna0kxz2k0kxVHAaScY3+Z+Z0KlYrF41NOE+hEeCjZgBGsj9W3bYwJ5EdajIMgeZk9h3646NWcOtErcglShQLNvf3lhTNKICk04VqrnOon2Myw1I5zOKl6qaILJGA9pz1CBI6r8bJ58hs6MEqJBLM0TGs3V3xsZjpSaRoGZzDOqZS8X//N6qR5c+xkTSaqpIItDg5QjHaO8BhQySYnmU0MwkcxkRWSEJSbalFUxJbjLX14l7XrNvajV7y+rjZuijjKcwCmcgwtX0IA7aEILCEzgGV7hzcqsF+vd+liMlqxi5xj+wPr8AVdAk3g=</latexit>

G1
<latexit sha1_base64="SvP+ZoWN7PFEXZJSOlAu6vZdLfY=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkkV9Fj0oMeK9gPaUDbbSbt0swm7G6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8HoZuq3nlBpHstHM07Qj+hA8pAzaqz0cNvzeqWyW3FnIMvEy0kZctR7pa9uP2ZphNIwQbXueG5i/Iwqw5nASbGbakwoG9EBdiyVNELtZ7NTJ+TUKn0SxsqWNGSm/p7IaKT1OApsZ0TNUC96U/E/r5Oa8MrPuExSg5LNF4WpICYm079JnytkRowtoUxxeythQ6ooMzadog3BW3x5mTSrFe+8Ur2/KNeu8zgKcAwncAYeXEIN7qAODWAwgGd4hTdHOC/Ou/Mxb11x8pkj+APn8wfCSY1z</latexit>

G2
<latexit sha1_base64="go9JyZ8aQNe9uMvI/Mo7MmhpN3k=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkkV9Fj0oMeK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSKQw6Lrfzsrq2vrGZmGruL2zu7dfOjhsmjjVjDdYLGPdDqjhUijeQIGStxPNaRRI3gpGN1O/9cS1EbF6xHHC/YgOlAgFo2ilh9tetVcquxV3BrJMvJyUIUe9V/rq9mOWRlwhk9SYjucm6GdUo2CST4rd1PCEshEd8I6likbc+Nns1Ak5tUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophld+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06RRuCt/jyMmlWK955pXp/Ua5d53EU4BhO4Aw8uIQa3EEdGsBgAM/wCm+OdF6cd+dj3rri5DNH8AfO5w/DzY10</latexit>

G3
<latexit sha1_base64="l2eavxHeTA5wzfayZyQiwlFXPjA=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKewmgh6DHvQY0TwgWcLsZDYZMju7zPQKIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkQKg6777eTW1jc2t/LbhZ3dvf2D4uFR08SpZrzBYhnrdkANl0LxBgqUvJ1oTqNA8lYwupn5rSeujYjVI44T7kd0oEQoGEUrPdz2qr1iyS27c5BV4mWkBBnqveJXtx+zNOIKmaTGdDw3QX9CNQom+bTQTQ1PKBvRAe9YqmjEjT+ZnzolZ1bpkzDWthSSufp7YkIjY8ZRYDsjikOz7M3E/7xOiuGVPxEqSZErtlgUppJgTGZ/k77QnKEcW0KZFvZWwoZUU4Y2nYINwVt+eZU0K2WvWq7cX5Rq11kceTiBUzgHDy6hBndQhwYwGMAzvMKbI50X5935WLTmnGzmGP7A+fwBxVGNdQ==</latexit>

G4
<latexit sha1_base64="M+2LUv/bmpjUp9J9N/xXJjv8jk0=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKezGgB6DHvQY0TwgWcLspDcZMju7zMwKIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YRK81g+mnGCfkQHkoecUWOlh9tetVcsuWV3DrJKvIyUIEO9V/zq9mOWRigNE1Trjucmxp9QZTgTOC10U40JZSM6wI6lkkao/cn81Ck5s0qfhLGyJQ2Zq78nJjTSehwFtjOiZqiXvZn4n9dJTXjlT7hMUoOSLRaFqSAmJrO/SZ8rZEaMLaFMcXsrYUOqKDM2nYINwVt+eZU0K2Xvoly5r5Zq11kceTiBUzgHDy6hBndQhwYwGMAzvMKbI5wX5935WLTmnGzmGP7A+fwBxtWNdg==</latexit>



min
x

1

2
x>Ax+ b>x

<latexit sha1_base64="096lklHCHkUMtkLzczjcr5Ywb54=">AAACGHicbVDLSsNAFJ34rPVVdelmsAiCUJMq6LLqxmUF+4Cmlsl00g6dTMLMjaSEfIYbf8WNC0XcduffOH0stPXAhcM593LvPV4kuAbb/raWlldW19ZzG/nNre2d3cLefl2HsaKsRkMRqqZHNBNcshpwEKwZKUYCT7CGN7gd+40npjQP5QMMI9YOSE9yn1MCRuoUztyAy06CsesrQlMnS8tZ8uhCGLnAEvD89DpL8Cn2JhpOOoWiXbInwIvEmZEimqHaKYzcbkjjgEmggmjdcuwI2ilRwKlgWd6NNYsIHZAeaxkqScB0O508luFjo3SxHypTEvBE/T2RkkDrYeCZzoBAX897Y/E/rxWDf9VOuYxiYJJOF/mxwBDicUq4yxWjIIaGEKq4uRXTPjEJgckyb0Jw5l9eJPVyyTkvle8vipWbWRw5dIiO0Aly0CWqoDtURTVE0TN6Re/ow3qx3qxP62vaumTNZg7QH1ijH5NYoBg=</latexit>

Examples

min
x

1

n

nX

i=1

log
�
1 + exp(�bia

>
i x)

�

<latexit sha1_base64="fb0aRkdg9bOooDMVHvdl0w3WGEg="></latexit>

min
x

1

n

nX

i=1

l (bi,�(x, ai))
<latexit sha1_base64="mWCNs1Ck2cvjH61W2VF4c2Px6ko="></latexit>

ai 2 Rd1 , bi 2 R
<latexit sha1_base64="Y895MzRJ3e1OO0JcxZ5tsXcanJY=">AAACEnicbVDLSsNAFJ34rPUVdelmsAgKUpIq6LLoxmUV+4Amhslk0g6dTMLMRCgh3+DGX3HjQhG3rtz5N07aLLT1wIXDOfdy7z1+wqhUlvVtLCwuLa+sVtaq6xubW9vmzm5HxqnApI1jFouejyRhlJO2ooqRXiIIinxGuv7oqvC7D0RIGvM7NU6IG6EBpyHFSGnJM4+RRx3KnQipoe9nt/l9Fnh2fgKhP2N4Zs2qWxPAeWKXpAZKtDzzywlinEaEK8yQlH3bSpSbIaEoZiSvOqkkCcIjNCB9TTmKiHSzyUs5PNRKAMNY6OIKTtTfExmKpBxHvu4sLpSzXiH+5/VTFV64GeVJqgjH00VhyqCKYZEPDKggWLGxJggLqm+FeIgEwkqnWNUh2LMvz5NOo26f1hs3Z7XmZRlHBeyDA3AEbHAOmuAatEAbYPAInsEreDOejBfj3fiYti4Y5cwe+APj8wdRJZ3g</latexit>

f(x) =
1

n

nX

i=1

fi(x)
<latexit sha1_base64="DehxWrgbqIPPEE6V3gox5lxg1a4=">AAACDnicbVDLSsNAFJ3UV62vqEs3g6VQNyWpgm4KRTcuK9gHNDFMppN26GQSZiZiCfkCN/6KGxeKuHXtzr9x2mahrQcGDuecy517/JhRqSzr2yisrK6tbxQ3S1vbO7t75v5BR0aJwKSNIxaJno8kYZSTtqKKkV4sCAp9Rrr++Grqd++JkDTit2oSEzdEQ04DipHSkmdWgurDCWxAJxAIp3aW8syRSeiltGFndxwGHtUBzyxbNWsGuEzsnJRBjpZnfjmDCCch4QozJGXftmLlpkgoihnJSk4iSYzwGA1JX1OOQiLddHZOBitaGcAgEvpxBWfq74kUhVJOQl8nQ6RGctGbiv95/UQFF25KeZwowvF8UZAwqCI47QYOqCBYsYkmCAuq/wrxCOlilG6wpEuwF09eJp16zT6t1W/Oys3LvI4iOALHoApscA6a4Bq0QBtg8AiewSt4M56MF+Pd+JhHC0Y+cwj+wPj8AWsSmxY=</latexit>



Examples

min
x

f(x) +
mX

j=1

gj(x)

<latexit sha1_base64="jY18u6ntfW7pwdXkvihEPQQ2ieo=">AAACCnicbVDLSgMxFM34rPVVdekmWoSKUGaqoBuh6MZlBfuAzjhk0kybNskMSUZahq7d+CtuXCji1i9w59+YPhbaeuDC4Zx7ufeeIGZUadv+thYWl5ZXVjNr2fWNza3t3M5uTUWJxKSKIxbJRoAUYVSQqqaakUYsCeIBI/Wgdz3y6w9EKhqJOz2IicdRW9CQYqSN5OcOXE6F34dhoX8MT6CrEu6n3UtneM9h2+8a1c/l7aI9BpwnzpTkwRQVP/fltiKccCI0ZkippmPH2kuR1BQzMsy6iSIxwj3UJk1DBeJEeen4lSE8MkoLhpE0JTQcq78nUsSVGvDAdHKkO2rWG4n/ec1EhxdeSkWcaCLwZFGYMKgjOMoFtqgkWLOBIQhLam6FuIMkwtqklzUhOLMvz5NaqeicFku3Z/ny1TSODNgHh6AAHHAOyuAGVEAVYPAInsEreLOerBfr3fqYtC5Y05k98AfW5w+aAJju</latexit>

“We have not experimented with this yet, 
as the computation seems challenging due 

to the presence of      norms.” 
(Tay, Friedman, Tibshirani, PCA-Lasso 2018)

`2
<latexit sha1_base64="K5liZQWh8pqCmK5MS6PBkZdgT44=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeiF48V7Ae0oWy2k3btZhN2N0IJ/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHssHM0nQj+hQ8pAzaqzU6qEQ/Vq/XHGr7hxklXg5qUCORr/81RvELI1QGiao1l3PTYyfUWU4Ezgt9VKNCWVjOsSupZJGqP1sfu2UnFllQMJY2ZKGzNXfExmNtJ5Ege2MqBnpZW8m/ud1UxNe+xmXSWpQssWiMBXExGT2OhlwhcyIiSWUKW5vJWxEFWXGBlSyIXjLL6+SVq3qXVRr95eV+k0eRxFO4BTOwYMrqMMdNKAJDB7hGV7hzYmdF+fd+Vi0Fpx85hj+wPn8ATfujuQ=</latexit>

1

2
ky �Axk22 + �kxk1 + �1

mX

j=1

kRjxk2
<latexit sha1_base64="uRjtWhdVuy44oOrnJRElZirkxTI="></latexit>



Plan

3. Proposed method 



Gradient  descent

xt+1 = xt � ⌘rf(xt), t = 0, 1 . . . , T
<latexit sha1_base64="a+6yL0omQ/KZTlRiUdVkpZkU8X4="></latexit>



Proximal gradient  descent
xt+1 = prox⌘g(x

t � ⌘rf(xt))
<latexit sha1_base64="+hHqh2Rqn5sTldnbXkTv3nsWQp4="></latexit>



Proximal gradient  descent
xt+1 = prox⌘g(x

t � ⌘rf(xt))
<latexit sha1_base64="+hHqh2Rqn5sTldnbXkTv3nsWQp4="></latexit>

prox⌘g(x)
def
= argmin

u

⇢
g(u) +

1

2⌘
ku� xk2

�

<latexit sha1_base64="9JJ71PNFJWzY7MyEBAYoRcWe748="></latexit>



Gradient  descent

f(xt)�min
x

f(x) = O

✓⇣
1�

µ

L

⌘t
◆

<latexit sha1_base64="pcm0EshEbZQhXVg4uwAiXoKGgbs="></latexit>

Linear rate

xt+1 = prox⌘g(x
t � ⌘rf(xt))

<latexit sha1_base64="+hHqh2Rqn5sTldnbXkTv3nsWQp4="></latexit>



Stochastic decoupling

zt = xt � ⌘rf(xt)� ⌘yt
<latexit sha1_base64="xNdj6lEsUQewyIY3N28JbJIInF8=">AAACEXicbZDLSgMxFIYzXmu9jbp0EyxCXVhmqqAbQXTjsoK9QFvLmTSjwUxmSM6IY/EV3Pgqblwo4tadO9/GtJ2FtwMJP99/Dsn5g0QKg5736UxMTk3PzBbmivMLi0vL7spqw8SpZrzOYhnrVgCGS6F4HQVK3ko0hyiQvBlcHQ/95jXXRsTqDLOEdyO4UCIUDNCinlu+PUd6QG/svU07HKGjIJBAw7JFWzmj2Tn23JJX8UZF/wo/FyWSV63nfnT6MUsjrpBJMKbtewl2B6BRMMnvip3U8ATYFVzwtpUKIm66g9FGd3TTkj4NY22PQjqi3ycGEBmTRYHtjAAvzW9vCP/z2imG+92BUEmKXLHxQ2EqKcZ0GA/tC80ZyswKYFrYv1J2CRoY2hCLNgT/98p/RaNa8Xcq1dPd0uFRHkeBrJMNUiY+2SOH5ITUSJ0wck8eyTN5cR6cJ+fVeRu3Tjj5zBr5Uc77FwEZmz4=</latexit>

yt =
1

m

mX

j=1

ytj
<latexit sha1_base64="Mgkdf38b5skdjj9doJMi+LM4oSs=">AAACDHicbVDLSgMxFM34rPVVdekmWARXZaYKuikU3bisYB/QF5k006ZNZobkjjAM8wFu/BU3LhRx6we4829M21lo64HA4ZxzubnHDQXXYNvf1srq2vrGZm4rv72zu7dfODhs6CBSlNVpIALVcolmgvusDhwEa4WKEekK1nQnN1O/+cCU5oF/D3HIupIMfe5xSsBI/UIx7gGu4I6nCE2cNJFpR0eyn4wrTtqTOO6Pe2BSdsmeAS8TJyNFlKHWL3x1BgGNJPOBCqJ127FD6CZEAaeCpflOpFlI6IQMWdtQn0imu8nsmBSfGmWAvUCZ5wOeqb8nEiK1jqVrkpLASC96U/E/rx2Bd9VNuB9GwHw6X+RFAkOAp83gAVeMgogNIVRx81dMR8T0Aqa/vCnBWTx5mTTKJee8VL67KFavszpy6BidoDPkoEtURbeohuqIokf0jF7Rm/VkvVjv1sc8umJlM0foD6zPH2vimzo=</latexit>



Stochastic decoupling

zt = xt � ⌘rf(xt)� ⌘yt
<latexit sha1_base64="xNdj6lEsUQewyIY3N28JbJIInF8=">AAACEXicbZDLSgMxFIYzXmu9jbp0EyxCXVhmqqAbQXTjsoK9QFvLmTSjwUxmSM6IY/EV3Pgqblwo4tadO9/GtJ2FtwMJP99/Dsn5g0QKg5736UxMTk3PzBbmivMLi0vL7spqw8SpZrzOYhnrVgCGS6F4HQVK3ko0hyiQvBlcHQ/95jXXRsTqDLOEdyO4UCIUDNCinlu+PUd6QG/svU07HKGjIJBAw7JFWzmj2Tn23JJX8UZF/wo/FyWSV63nfnT6MUsjrpBJMKbtewl2B6BRMMnvip3U8ATYFVzwtpUKIm66g9FGd3TTkj4NY22PQjqi3ycGEBmTRYHtjAAvzW9vCP/z2imG+92BUEmKXLHxQ2EqKcZ0GA/tC80ZyswKYFrYv1J2CRoY2hCLNgT/98p/RaNa8Xcq1dPd0uFRHkeBrJMNUiY+2SOH5ITUSJ0wck8eyTN5cR6cJ+fVeRu3Tjj5zBr5Uc77FwEZmz4=</latexit>

yt =
1

m

mX

j=1

ytj
<latexit sha1_base64="Mgkdf38b5skdjj9doJMi+LM4oSs=">AAACDHicbVDLSgMxFM34rPVVdekmWARXZaYKuikU3bisYB/QF5k006ZNZobkjjAM8wFu/BU3LhRx6we4829M21lo64HA4ZxzubnHDQXXYNvf1srq2vrGZm4rv72zu7dfODhs6CBSlNVpIALVcolmgvusDhwEa4WKEekK1nQnN1O/+cCU5oF/D3HIupIMfe5xSsBI/UIx7gGu4I6nCE2cNJFpR0eyn4wrTtqTOO6Pe2BSdsmeAS8TJyNFlKHWL3x1BgGNJPOBCqJ127FD6CZEAaeCpflOpFlI6IQMWdtQn0imu8nsmBSfGmWAvUCZ5wOeqb8nEiK1jqVrkpLASC96U/E/rx2Bd9VNuB9GwHw6X+RFAkOAp83gAVeMgogNIVRx81dMR8T0Aqa/vCnBWTx5mTTKJee8VL67KFavszpy6BidoDPkoEtURbeohuqIokf0jF7Rm/VkvVjv1sc8umJlM0foD6zPH2vimzo=</latexit>

ytj ⇡ @gj(x
t), yt ⇡ @g(xt)

<latexit sha1_base64="MjQaMyo/zdPyrmp2lyYtDUOeyb4=">AAACK3icbVDLSgMxFM34tr6qLt0Ei6AgZaYKuiy6calgVei0w500rdHMTEzuSIfi/7jxV1zowgdu/Q/TOgtteyBwOOfcJPeESgqDrvvhTExOTc/Mzs0XFhaXlleKq2sXJkk14zWWyERfhWC4FDGvoUDJr5TmEIWSX4a3x33/8p5rI5L4HDPFGxF0YtEWDNBKQfEoC26aSH1QSidd6ivQKEDSTnCz3W3izi7171Jo0WxsaBAJiiW37A5AR4mXkxLJcRoUX/xWwtKIx8gkGFP3XIWNXv9SJvlDwU8NV8BuocPrlsYQcdPoDXZ9oFtWadF2ou2JkQ7UvxM9iIzJotAmI8BrM+z1xXFePcX2YaMnYpUij9nvQ+1UUkxovzjaEpozlJklwLSwf6XsGjQwtPUWbAne8Mqj5KJS9vbKlbP9UvUor2OObJBNsk08ckCq5ISckhph5JE8kzfy7jw5r86n8/UbnXDymXXyD873D16jpyA=</latexit>

zt ⇡ prox⌘g(x
t � ⌘rf(xt))

<latexit sha1_base64="amJJCD6hvVbbd8h0zyNvQgBzAFw="></latexit>



Stochastic decoupling

zt = xt � ⌘rf(xt)� ⌘yt
<latexit sha1_base64="xNdj6lEsUQewyIY3N28JbJIInF8=">AAACEXicbZDLSgMxFIYzXmu9jbp0EyxCXVhmqqAbQXTjsoK9QFvLmTSjwUxmSM6IY/EV3Pgqblwo4tadO9/GtJ2FtwMJP99/Dsn5g0QKg5736UxMTk3PzBbmivMLi0vL7spqw8SpZrzOYhnrVgCGS6F4HQVK3ko0hyiQvBlcHQ/95jXXRsTqDLOEdyO4UCIUDNCinlu+PUd6QG/svU07HKGjIJBAw7JFWzmj2Tn23JJX8UZF/wo/FyWSV63nfnT6MUsjrpBJMKbtewl2B6BRMMnvip3U8ATYFVzwtpUKIm66g9FGd3TTkj4NY22PQjqi3ycGEBmTRYHtjAAvzW9vCP/z2imG+92BUEmKXLHxQ2EqKcZ0GA/tC80ZyswKYFrYv1J2CRoY2hCLNgT/98p/RaNa8Xcq1dPd0uFRHkeBrJMNUiY+2SOH5ITUSJ0wck8eyTN5cR6cJ+fVeRu3Tjj5zBr5Uc77FwEZmz4=</latexit>

yt =
1

m

mX

j=1

ytj
<latexit sha1_base64="Mgkdf38b5skdjj9doJMi+LM4oSs=">AAACDHicbVDLSgMxFM34rPVVdekmWARXZaYKuikU3bisYB/QF5k006ZNZobkjjAM8wFu/BU3LhRx6we4829M21lo64HA4ZxzubnHDQXXYNvf1srq2vrGZm4rv72zu7dfODhs6CBSlNVpIALVcolmgvusDhwEa4WKEekK1nQnN1O/+cCU5oF/D3HIupIMfe5xSsBI/UIx7gGu4I6nCE2cNJFpR0eyn4wrTtqTOO6Pe2BSdsmeAS8TJyNFlKHWL3x1BgGNJPOBCqJ127FD6CZEAaeCpflOpFlI6IQMWdtQn0imu8nsmBSfGmWAvUCZ5wOeqb8nEiK1jqVrkpLASC96U/E/rx2Bd9VNuB9GwHw6X+RFAkOAp83gAVeMgogNIVRx81dMR8T0Aqa/vCnBWTx5mTTKJee8VL67KFavszpy6BidoDPkoEtURbeohuqIokf0jF7Rm/VkvVjv1sc8umJlM0foD6zPH2vimzo=</latexit>

ytj ⇡ @gj(x
t), yt ⇡ @g(xt)

<latexit sha1_base64="MjQaMyo/zdPyrmp2lyYtDUOeyb4=">AAACK3icbVDLSgMxFM34tr6qLt0Ei6AgZaYKuiy6calgVei0w500rdHMTEzuSIfi/7jxV1zowgdu/Q/TOgtteyBwOOfcJPeESgqDrvvhTExOTc/Mzs0XFhaXlleKq2sXJkk14zWWyERfhWC4FDGvoUDJr5TmEIWSX4a3x33/8p5rI5L4HDPFGxF0YtEWDNBKQfEoC26aSH1QSidd6ivQKEDSTnCz3W3izi7171Jo0WxsaBAJiiW37A5AR4mXkxLJcRoUX/xWwtKIx8gkGFP3XIWNXv9SJvlDwU8NV8BuocPrlsYQcdPoDXZ9oFtWadF2ou2JkQ7UvxM9iIzJotAmI8BrM+z1xXFePcX2YaMnYpUij9nvQ+1UUkxovzjaEpozlJklwLSwf6XsGjQwtPUWbAne8Mqj5KJS9vbKlbP9UvUor2OObJBNsk08ckCq5ISckhph5JE8kzfy7jw5r86n8/UbnXDymXXyD873D16jpyA=</latexit>

zt ⇡ prox⌘g(x
t � ⌘rf(xt))

<latexit sha1_base64="amJJCD6hvVbbd8h0zyNvQgBzAFw="></latexit>

xt+1 = prox⌘gj (z
t + ⌘ytj)

<latexit sha1_base64="i0EAbXJSW3yNTjTZ6fYxQ2rL9/w=">AAACG3icbVDJSgNBEO1xjXGLevTSGARFCDNR0IsQ9OIxgolClqGnU0k66VnorpHEYf7Di7/ixYMingQP/o2d5eD2oOD1e1V01fMiKTTa9qc1Mzs3v7CYWcour6yurec2Nqs6jBWHCg9lqG48pkGKACooUMJNpID5noRrr38+8q9vQWkRBlc4jKDhs04g2oIzNJKbKw6aCR44KT2ldYQBJpEKB6mb1AEZ7bi9dO+uifSAjt9Dt9fEfTeXtwv2GPQvcaYkT6You7n3eivksQ8Bcsm0rjl2hI2EKRRcQpqtxxoixvusAzVDA+aDbiTj21K6a5QWbYfKVIB0rH6fSJiv9dD3TKfPsKt/eyPxP68WY/ukkYggihECPvmoHUuKIR0FRVtCAUc5NIRxJcyulHeZYhxNnFkTgvP75L+kWiw4h4Xi5VG+dDaNI0O2yQ7ZIw45JiVyQcqkQji5J4/kmbxYD9aT9Wq9TVpnrOnMFvkB6+ML5gegrw==</latexit>

yt+1
j = ytj +

1

⌘
(zt � xt+1) 2 @gj(x

t+1)
<latexit sha1_base64="xLtA88/AOjaBaN+mZTcHZzBh8/U="></latexit>



Plan

4. Convergence rates 



Convex

Convergence

O(1/")
<latexit sha1_base64="xpbLGfyfR6bjqfgRRNuK+OXZ1Wk=">AAACBXicbVDLSsNAFJ3UV62vqEtdDBahbmpSBV0W3bizgn1AE8pkOmmHTmbCzKRQQjdu/BU3LhRx6z+482+ctFlo9cCFwzn3cu89Qcyo0o7zZRWWlldW14rrpY3Nre0de3evpUQiMWliwYTsBEgRRjlpaqoZ6cSSoChgpB2MrjO/PSZSUcHv9SQmfoQGnIYUI22knn3oRUgPMWLp7bTiwlPojZEksaJM8JOeXXaqzgzwL3FzUgY5Gj370+sLnESEa8yQUl3XibWfIqkpZmRa8hJFYoRHaEC6hnIUEeWnsy+m8NgofRgKaYprOFN/TqQoUmoSBaYzu1ktepn4n9dNdHjpp5THiSYczxeFCYNawCwS2KeSYM0mhiAsqbkV4iGSCGsTXMmE4C6+/Je0alX3rFq7Oy/Xr/I4iuAAHIEKcMEFqIMb0ABNgMEDeAIv4NV6tJ6tN+t93lqw8pl98AvWxzdXVJfU</latexit>



Convex

Convergence

f is µ-strongly convex
<latexit sha1_base64="upofMYSH1OBAs8HkNnHTynP6yqI=">AAACEXicbVDLSgMxFM34tr6qLt0Ei9CNZUYFXRbduFSwWmhLyaR32tBMMiR3SsvQX3Djr7hxoYhbd+78G9PHQlsPBE7OuZfknDCRwqLvf3sLi0vLK6tr67mNza3tnfzu3r3VqeFQ4VpqUw2ZBSkUVFCghGpigMWhhIewezXyH3pgrNDqDgcJNGLWViISnKGTmvliROsIfcyosHRI63E6uR5bNFq15YByrXrQHzbzBb/kj0HnSTAlBTLFTTP/VW9pnsagkEtmbS3wE2xkzKDgEoa5emohYbzL2lBzVLEYbCMbJxrSI6e0aKSNOwrpWP29kbHY2kEcusmYYcfOeiPxP6+WYnTRyIRKUgTFJw9FqaSo6age2hIGOLrYLcG4Ee6vlHeYYRxdiTlXQjAbeZ7cn5SC09LJ7VmhfDmtY40ckENSJAE5J2VyTW5IhXDySJ7JK3nznrwX7937mIwueNOdffIH3ucPE1md0w==</latexit>

O(1/")
<latexit sha1_base64="xpbLGfyfR6bjqfgRRNuK+OXZ1Wk=">AAACBXicbVDLSsNAFJ3UV62vqEtdDBahbmpSBV0W3bizgn1AE8pkOmmHTmbCzKRQQjdu/BU3LhRx6z+482+ctFlo9cCFwzn3cu89Qcyo0o7zZRWWlldW14rrpY3Nre0de3evpUQiMWliwYTsBEgRRjlpaqoZ6cSSoChgpB2MrjO/PSZSUcHv9SQmfoQGnIYUI22knn3oRUgPMWLp7bTiwlPojZEksaJM8JOeXXaqzgzwL3FzUgY5Gj370+sLnESEa8yQUl3XibWfIqkpZmRa8hJFYoRHaEC6hnIUEeWnsy+m8NgofRgKaYprOFN/TqQoUmoSBaYzu1ktepn4n9dNdHjpp5THiSYczxeFCYNawCwS2KeSYM0mhiAsqbkV4iGSCGsTXMmE4C6+/Je0alX3rFq7Oy/Xr/I4iuAAHIEKcMEFqIMb0ABNgMEDeAIv4NV6tJ6tN+t93lqw8pl98AvWxzdXVJfU</latexit>

O(1/
p
")

<latexit sha1_base64="a4DwfOR2UocJMwILAaKQNRis0Hg=">AAACDHicbVC7TsMwFHV4lvIqMLJYVEhlKUlBgrGChY0i0YfURJXjOq1Vxw62U6mK8gEs/AoLAwix8gFs/A1OmwFajmTp6Jxz5XuPHzGqtG1/W0vLK6tr64WN4ubW9s5uaW+/pUQsMWliwYTs+EgRRjlpaqoZ6USSoNBnpO2PrjO/PSZSUcHv9SQiXogGnAYUI22kXqnshkgPMWLJbVpx4Cl01YPUiTtGkkSKMsHTE5Oyq/YUcJE4OSmDHI1e6cvtCxyHhGvMkFJdx460lyCpKWYkLbqxIhHCIzQgXUM5ConykukxKTw2Sh8GQprHNZyqvycSFCo1CX2TzFZX814m/ud1Yx1cegnlUawJx7OPgphBLWDWDOxTSbBmE0MQltTsCvEQSYS16a9oSnDmT14krVrVOavW7s7L9au8jgI4BEegAhxwAergBjRAE2DwCJ7BK3iznqwX6936mEWXrHzmAPyB9fkDaE6bOA==</latexit>



Convex

Convergence

f is µ-strongly convex
<latexit sha1_base64="upofMYSH1OBAs8HkNnHTynP6yqI=">AAACEXicbVDLSgMxFM34tr6qLt0Ei9CNZUYFXRbduFSwWmhLyaR32tBMMiR3SsvQX3Djr7hxoYhbd+78G9PHQlsPBE7OuZfknDCRwqLvf3sLi0vLK6tr67mNza3tnfzu3r3VqeFQ4VpqUw2ZBSkUVFCghGpigMWhhIewezXyH3pgrNDqDgcJNGLWViISnKGTmvliROsIfcyosHRI63E6uR5bNFq15YByrXrQHzbzBb/kj0HnSTAlBTLFTTP/VW9pnsagkEtmbS3wE2xkzKDgEoa5emohYbzL2lBzVLEYbCMbJxrSI6e0aKSNOwrpWP29kbHY2kEcusmYYcfOeiPxP6+WYnTRyIRKUgTFJw9FqaSo6age2hIGOLrYLcG4Ee6vlHeYYRxdiTlXQjAbeZ7cn5SC09LJ7VmhfDmtY40ckENSJAE5J2VyTW5IhXDySJ7JK3nznrwX7937mIwueNOdffIH3ucPE1md0w==</latexit>

O(1/")
<latexit sha1_base64="xpbLGfyfR6bjqfgRRNuK+OXZ1Wk=">AAACBXicbVDLSsNAFJ3UV62vqEtdDBahbmpSBV0W3bizgn1AE8pkOmmHTmbCzKRQQjdu/BU3LhRx6z+482+ctFlo9cCFwzn3cu89Qcyo0o7zZRWWlldW14rrpY3Nre0de3evpUQiMWliwYTsBEgRRjlpaqoZ6cSSoChgpB2MrjO/PSZSUcHv9SQmfoQGnIYUI22knn3oRUgPMWLp7bTiwlPojZEksaJM8JOeXXaqzgzwL3FzUgY5Gj370+sLnESEa8yQUl3XibWfIqkpZmRa8hJFYoRHaEC6hnIUEeWnsy+m8NgofRgKaYprOFN/TqQoUmoSBaYzu1ktepn4n9dNdHjpp5THiSYczxeFCYNawCwS2KeSYM0mhiAsqbkV4iGSCGsTXMmE4C6+/Je0alX3rFq7Oy/Xr/I4iuAAHIEKcMEFqIMb0ABNgMEDeAIv4NV6tJ6tN+t93lqw8pl98AvWxzdXVJfU</latexit>

O(1/
p
")

<latexit sha1_base64="a4DwfOR2UocJMwILAaKQNRis0Hg=">AAACDHicbVC7TsMwFHV4lvIqMLJYVEhlKUlBgrGChY0i0YfURJXjOq1Vxw62U6mK8gEs/AoLAwix8gFs/A1OmwFajmTp6Jxz5XuPHzGqtG1/W0vLK6tr64WN4ubW9s5uaW+/pUQsMWliwYTs+EgRRjlpaqoZ6USSoNBnpO2PrjO/PSZSUcHv9SQiXogGnAYUI22kXqnshkgPMWLJbVpx4Cl01YPUiTtGkkSKMsHTE5Oyq/YUcJE4OSmDHI1e6cvtCxyHhGvMkFJdx460lyCpKWYkLbqxIhHCIzQgXUM5ConykukxKTw2Sh8GQprHNZyqvycSFCo1CX2TzFZX814m/ud1Yx1cegnlUawJx7OPgphBLWDWDOxTSbBmE0MQltTsCvEQSYS16a9oSnDmT14krVrVOavW7s7L9au8jgI4BEegAhxwAergBjRAE2DwCJ7BK3iznqwX6936mEWXrHzmAPyB9fkDaE6bOA==</latexit>

O(log
1

"
)

<latexit sha1_base64="sAKozFCZ5oeYjOFzfOCo1GjC9xM=">AAACEHicbVDLSsNAFJ3UV62vqEs3g0Wsm5JUQZdFN+6sYB/QlDKZTtqhk5kwMymUkE9w46+4caGIW5fu/BsnbRbaeuDC4Zx7ufceP2JUacf5tgorq2vrG8XN0tb2zu6evX/QUiKWmDSxYEJ2fKQIo5w0NdWMdCJJUOgz0vbHN5nfnhCpqOAPehqRXoiGnAYUI22kvn3qhUiPMGLJXVrxmBhCL5AIJ26aeBMkSaQoEzw969tlp+rMAJeJm5MyyNHo21/eQOA4JFxjhpTquk6kewmSmmJG0pIXKxIhPEZD0jWUo5CoXjJ7KIUnRhnAQEhTXMOZ+nsiQaFS09A3ndn5atHLxP+8bqyDq15CeRRrwvF8URAzqAXM0oEDKgnWbGoIwpKaWyEeIROINhmWTAju4svLpFWruufV2v1FuX6dx1EER+AYVIALLkEd3IIGaAIMHsEzeAVv1pP1Yr1bH/PWgpXPHII/sD5/AHAonXk=</latexit>

gj(x) = �j(a
>
j x)

<latexit sha1_base64="SrTdldHmsxhSo6hmcq5N7AiN/JQ=">AAACAnicbZDLSsNAFIYnXmu9RV2Jm8EitJuSVEE3QtGNywr2Ak0Mk+mknXaSDDMTaQnFja/ixoUibn0Kd76N0zYLbf1h4OM/53Dm/D5nVCrL+jaWlldW19ZzG/nNre2dXXNvvyHjRGBSxzGLRctHkjAakbqiipEWFwSFPiNNf3A9qTcfiJA0ju7UiBM3RN2IBhQjpS3PPOx6/eKwdOnwHtWEvP69o2IOhyXPLFhlayq4CHYGBZCp5plfTifGSUgihRmSsm1bXLkpEopiRsZ5J5GEIzxAXdLWGKGQSDednjCGJ9rpwCAW+kUKTt3fEykKpRyFvu4MkerJ+drE/K/WTlRw4aY04okiEZ4tChIGVQwnecAOFQQrNtKAsKD6rxD3kEBY6dTyOgR7/uRFaFTK9mm5cntWqF5lceTAETgGRWCDc1AFN6AG6gCDR/AMXsGb8WS8GO/Gx6x1ychmDsAfGZ8/yPuWZQ==</latexit>

A>A � 0
<latexit sha1_base64="zi88/Is4tu/xR1EBadFE8+gyFfI=">AAACCnicbVDLSsNAFJ34rPUVdelmtAiuSlIFXVbduKxgH9DUMplO2qGTTJi5EUro2o2/4saFIm79Anf+jZM2oLYeGDhzzr3ce48fC67Bcb6shcWl5ZXVwlpxfWNza9ve2W1omSjK6lQKqVo+0UzwiNWBg2CtWDES+oI1/eFV5jfvmdJcRrcwilknJP2IB5wSMFLXPvBCAgM/SC/Gdx7IGP/8PZ1Qip2uXXLKzgR4nrg5KaEcta796fUkTUIWARVE67brxNBJiQJOBRsXvUSzmNAh6bO2oREJme6kk1PG+MgoPRxIZV4EeKL+7khJqPUo9E1ltqie9TLxP6+dQHDeSXkUJ8AiOh0UJAKDxFkuuMcVoyBGhhCquNkV0wFRhIJJr2hCcGdPnieNStk9KVduTkvVyzyOAtpHh+gYuegMVdE1qqE6ougBPaEX9Go9Ws/Wm/U+LV2w8p499AfWxzcvNpqO</latexit>



Was only possible for f =
1

2
kx� x0k2

<latexit sha1_base64="MaPzFR/XhQ3BV6Bx6SBl7VqwFBM=">AAACA3icbVDLSsNAFJ3UV62vqDvdDBbBjSWJgm6EohuXFewDmrRMppN26GQSZibSkgbc+CtuXCji1p9w5984fSy09cCFwzn3cu89fsyoVJb1beSWlldW1/LrhY3Nre0dc3evJqNEYFLFEYtEw0eSMMpJVVHFSCMWBIU+I3W/fzP26w9ESBrxezWMiReiLqcBxUhpqW0eBFduIBBO7Sx1Mnc0gKdw0LLcUctpm0WrZE0AF4k9I0UwQ6VtfrmdCCch4QozJGXTtmLlpUgoihnJCm4iSYxwH3VJU1OOQiK9dPJDBo+10oFBJHRxBSfq74kUhVIOQ193hkj15Lw3Fv/zmokKLr2U8jhRhOPpoiBhUEVwHAjsUEGwYkNNEBZU3wpxD+lIlI6toEOw519eJDWnZJ+VnLvzYvl6FkceHIIjcAJscAHK4BZUQBVg8AiewSt4M56MF+Pd+Ji25ozZzD74A+PzB4jJlsw=</latexit>

before our work

Convex

Convergence

f is µ-strongly convex
<latexit sha1_base64="upofMYSH1OBAs8HkNnHTynP6yqI=">AAACEXicbVDLSgMxFM34tr6qLt0Ei9CNZUYFXRbduFSwWmhLyaR32tBMMiR3SsvQX3Djr7hxoYhbd+78G9PHQlsPBE7OuZfknDCRwqLvf3sLi0vLK6tr67mNza3tnfzu3r3VqeFQ4VpqUw2ZBSkUVFCghGpigMWhhIewezXyH3pgrNDqDgcJNGLWViISnKGTmvliROsIfcyosHRI63E6uR5bNFq15YByrXrQHzbzBb/kj0HnSTAlBTLFTTP/VW9pnsagkEtmbS3wE2xkzKDgEoa5emohYbzL2lBzVLEYbCMbJxrSI6e0aKSNOwrpWP29kbHY2kEcusmYYcfOeiPxP6+WYnTRyIRKUgTFJw9FqaSo6age2hIGOLrYLcG4Ee6vlHeYYRxdiTlXQjAbeZ7cn5SC09LJ7VmhfDmtY40ckENSJAE5J2VyTW5IhXDySJ7JK3nznrwX7937mIwueNOdffIH3ucPE1md0w==</latexit>

O(1/")
<latexit sha1_base64="xpbLGfyfR6bjqfgRRNuK+OXZ1Wk=">AAACBXicbVDLSsNAFJ3UV62vqEtdDBahbmpSBV0W3bizgn1AE8pkOmmHTmbCzKRQQjdu/BU3LhRx6z+482+ctFlo9cCFwzn3cu89Qcyo0o7zZRWWlldW14rrpY3Nre0de3evpUQiMWliwYTsBEgRRjlpaqoZ6cSSoChgpB2MrjO/PSZSUcHv9SQmfoQGnIYUI22knn3oRUgPMWLp7bTiwlPojZEksaJM8JOeXXaqzgzwL3FzUgY5Gj370+sLnESEa8yQUl3XibWfIqkpZmRa8hJFYoRHaEC6hnIUEeWnsy+m8NgofRgKaYprOFN/TqQoUmoSBaYzu1ktepn4n9dNdHjpp5THiSYczxeFCYNawCwS2KeSYM0mhiAsqbkV4iGSCGsTXMmE4C6+/Je0alX3rFq7Oy/Xr/I4iuAAHIEKcMEFqIMb0ABNgMEDeAIv4NV6tJ6tN+t93lqw8pl98AvWxzdXVJfU</latexit>

O(1/
p
")

<latexit sha1_base64="a4DwfOR2UocJMwILAaKQNRis0Hg=">AAACDHicbVC7TsMwFHV4lvIqMLJYVEhlKUlBgrGChY0i0YfURJXjOq1Vxw62U6mK8gEs/AoLAwix8gFs/A1OmwFajmTp6Jxz5XuPHzGqtG1/W0vLK6tr64WN4ubW9s5uaW+/pUQsMWliwYTs+EgRRjlpaqoZ6USSoNBnpO2PrjO/PSZSUcHv9SQiXogGnAYUI22kXqnshkgPMWLJbVpx4Cl01YPUiTtGkkSKMsHTE5Oyq/YUcJE4OSmDHI1e6cvtCxyHhGvMkFJdx460lyCpKWYkLbqxIhHCIzQgXUM5ConykukxKTw2Sh8GQprHNZyqvycSFCo1CX2TzFZX814m/ud1Yx1cegnlUawJx7OPgphBLWDWDOxTSbBmE0MQltTsCvEQSYS16a9oSnDmT14krVrVOavW7s7L9au8jgI4BEegAhxwAergBjRAE2DwCJ7BK3iznqwX6936mEWXrHzmAPyB9fkDaE6bOA==</latexit>

O(log
1

"
)

<latexit sha1_base64="sAKozFCZ5oeYjOFzfOCo1GjC9xM=">AAACEHicbVDLSsNAFJ3UV62vqEs3g0Wsm5JUQZdFN+6sYB/QlDKZTtqhk5kwMymUkE9w46+4caGIW5fu/BsnbRbaeuDC4Zx7ufceP2JUacf5tgorq2vrG8XN0tb2zu6evX/QUiKWmDSxYEJ2fKQIo5w0NdWMdCJJUOgz0vbHN5nfnhCpqOAPehqRXoiGnAYUI22kvn3qhUiPMGLJXVrxmBhCL5AIJ26aeBMkSaQoEzw969tlp+rMAJeJm5MyyNHo21/eQOA4JFxjhpTquk6kewmSmmJG0pIXKxIhPEZD0jWUo5CoXjJ7KIUnRhnAQEhTXMOZ+nsiQaFS09A3ndn5atHLxP+8bqyDq15CeRRrwvF8URAzqAXM0oEDKgnWbGoIwpKaWyEeIROINhmWTAju4svLpFWruufV2v1FuX6dx1EER+AYVIALLkEd3IIGaAIMHsEzeAVv1pP1Yr1bH/PWgpXPHII/sD5/AHAonXk=</latexit>

gj(x) = �j(a
>
j x)

<latexit sha1_base64="SrTdldHmsxhSo6hmcq5N7AiN/JQ=">AAACAnicbZDLSsNAFIYnXmu9RV2Jm8EitJuSVEE3QtGNywr2Ak0Mk+mknXaSDDMTaQnFja/ixoUibn0Kd76N0zYLbf1h4OM/53Dm/D5nVCrL+jaWlldW19ZzG/nNre2dXXNvvyHjRGBSxzGLRctHkjAakbqiipEWFwSFPiNNf3A9qTcfiJA0ju7UiBM3RN2IBhQjpS3PPOx6/eKwdOnwHtWEvP69o2IOhyXPLFhlayq4CHYGBZCp5plfTifGSUgihRmSsm1bXLkpEopiRsZ5J5GEIzxAXdLWGKGQSDednjCGJ9rpwCAW+kUKTt3fEykKpRyFvu4MkerJ+drE/K/WTlRw4aY04okiEZ4tChIGVQwnecAOFQQrNtKAsKD6rxD3kEBY6dTyOgR7/uRFaFTK9mm5cntWqF5lceTAETgGRWCDc1AFN6AG6gCDR/AMXsGb8WS8GO/Gx6x1ychmDsAfGZ8/yPuWZQ==</latexit>

A>A � 0
<latexit sha1_base64="zi88/Is4tu/xR1EBadFE8+gyFfI=">AAACCnicbVDLSsNAFJ34rPUVdelmtAiuSlIFXVbduKxgH9DUMplO2qGTTJi5EUro2o2/4saFIm79Anf+jZM2oLYeGDhzzr3ce48fC67Bcb6shcWl5ZXVwlpxfWNza9ve2W1omSjK6lQKqVo+0UzwiNWBg2CtWDES+oI1/eFV5jfvmdJcRrcwilknJP2IB5wSMFLXPvBCAgM/SC/Gdx7IGP/8PZ1Qip2uXXLKzgR4nrg5KaEcta796fUkTUIWARVE67brxNBJiQJOBRsXvUSzmNAh6bO2oREJme6kk1PG+MgoPRxIZV4EeKL+7khJqPUo9E1ltqie9TLxP6+dQHDeSXkUJ8AiOh0UJAKDxFkuuMcVoyBGhhCquNkV0wFRhIJJr2hCcGdPnieNStk9KVduTkvVyzyOAtpHh+gYuegMVdE1qqE6ougBPaEX9Go9Ws/Wm/U+LV2w8p499AfWxzcvNpqO</latexit>
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Experiments

min
x

{kx� x0k | Wx = b}
<latexit sha1_base64="jFHbx3mwTb3hf5ZXU3CpZi6DPHs=">AAACE3icbVDLSsNAFJ34rPUVdelmsAgiWJIq6EYounFZwT6giWUynbRDJ5MwM5GWNP/gxl9x40IRt27c+TdO2iy09cAMh3Pu5d57vIhRqSzr21hYXFpeWS2sFdc3Nre2zZ3dhgxjgUkdhywULQ9JwigndUUVI61IEBR4jDS9wXXmNx+IkDTkd2oUETdAPU59ipHSUsc8dgLKO0PoJM54CE/g8N5yxlCLXf0h1ff8pJkOLz3opB2zZJWtCeA8sXNSAjlqHfPL6YY4DghXmCEp27YVKTdBQlHMSFp0YkkihAeoR9qachQQ6SaTm1J4qJUu9EOhH1dwov7uSFAg5SjwdGW2p5z1MvE/rx0r/8JNKI9iRTieDvJjBlUIs4BglwqCFRtpgrCgeleI+0ggrHSMRR2CPXvyPGlUyvZpuXJ7Vqpe5XEUwD44AEfABuegCm5ADdQBBo/gGbyCN+PJeDHejY9p6YKR9+yBPzA+fwCdqZ1f</latexit>



Experiments

min
x

⇢
1

2
x>Ax+ b>x | Cx = d

�

<latexit sha1_base64="lNZ++eWeM4K5b0Uauqsf+dtUA8A="></latexit>
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