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Variational inequality

min
x2Rd

f(x)

<latexit sha1_base64="xlRm7mPJz3gb+4evqR93v3zp+Jo=">AAACBXicbVC7TsMwFHXKq5RXgBEGiwqpLFWCKgFbBQtjQfQhNSFyXKe1ajuR7aBWURcWfoWFAYRY+Qc2/gb3MUDLka50dM69uveeMGFUacf5tnJLyyura/n1wsbm1vaOvbvXUHEqManjmMWyFSJFGBWkrqlmpJVIgnjISDPsX4395gORisbiTg8T4nPUFTSiGGkjBfahx6kIsoFHhceR7oVhdju674xgVBqcBHbRKTsTwEXizkgRzFAL7C+vE+OUE6ExQ0q1XSfRfoakppiRUcFLFUkQ7qMuaRsqECfKzyZfjOCxUTowiqUpoeFE/T2RIa7UkIemc3ypmvfG4n9eO9XRuZ9RkaSaCDxdFKUM6hiOI4EdKgnWbGgIwpKaWyHuIYmwNsEVTAju/MuLpHFadivli5tKsXo5iyMPDsARKAEXnIEquAY1UAcYPIJn8ArerCfrxXq3PqatOWs2sw/+wPr8AYSZmJY=</latexit>



Variational inequality

min
x2Rd

f(x)

<latexit sha1_base64="xlRm7mPJz3gb+4evqR93v3zp+Jo=">AAACBXicbVC7TsMwFHXKq5RXgBEGiwqpLFWCKgFbBQtjQfQhNSFyXKe1ajuR7aBWURcWfoWFAYRY+Qc2/gb3MUDLka50dM69uveeMGFUacf5tnJLyyura/n1wsbm1vaOvbvXUHEqManjmMWyFSJFGBWkrqlmpJVIgnjISDPsX4395gORisbiTg8T4nPUFTSiGGkjBfahx6kIsoFHhceR7oVhdju674xgVBqcBHbRKTsTwEXizkgRzFAL7C+vE+OUE6ExQ0q1XSfRfoakppiRUcFLFUkQ7qMuaRsqECfKzyZfjOCxUTowiqUpoeFE/T2RIa7UkIemc3ypmvfG4n9eO9XRuZ9RkaSaCDxdFKUM6hiOI4EdKgnWbGgIwpKaWyHuIYmwNsEVTAju/MuLpHFadivli5tKsXo5iyMPDsARKAEXnIEquAY1UAcYPIJn8ArerCfrxXq3PqatOWs2sw/+wPr8AYSZmJY=</latexit>

Find x⇤: F (x) = 0, where F (x) = rf(x)

<latexit sha1_base64="eqJDy0GQgssV6JdfULH68cB9qQs=">AAACF3icbZDLSgMxFIYzXmu9VV26CXYEFSkzRfACgiiIywq2FdqxZDJn2tBMZkgyaim+hRtfxY0LRdzqzrcxbWfh7YfAl/+cQ3J+P+FMacf5tMbGJyanpnMz+dm5+YXFwtJyTcWppFClMY/lpU8UcCagqpnmcJlIIJHPoe53Twb1+jVIxWJxoXsJeBFpCxYySrSxWoXSKRMBtm+vtuwDbJ9u3G4eOvY2vumAhOzeFMTnBIeG7Vah6JScofBfcDMookyVVuGjGcQ0jUBoyolSDddJtNcnUjPK4S7fTBUkhHZJGxoGBYlAef3hXnd43TgBDmNpjtB46H6f6JNIqV7km86I6I76XRuY/9UaqQ73vD4TSapB0NFDYcqxjvEgJBwwCVTzngFCJTN/xbRDJKHaRJk3Ibi/V/4LtXLJ3Sntn5eLR8dZHDm0itbQBnLRLjpCZ6iCqoiie/SIntGL9WA9Wa/W26h1zMpmVtAPWe9fsjObTA==</latexit>



Variational inequality

min
x2Rd

f(x)

<latexit sha1_base64="xlRm7mPJz3gb+4evqR93v3zp+Jo=">AAACBXicbVC7TsMwFHXKq5RXgBEGiwqpLFWCKgFbBQtjQfQhNSFyXKe1ajuR7aBWURcWfoWFAYRY+Qc2/gb3MUDLka50dM69uveeMGFUacf5tnJLyyura/n1wsbm1vaOvbvXUHEqManjmMWyFSJFGBWkrqlmpJVIgnjISDPsX4395gORisbiTg8T4nPUFTSiGGkjBfahx6kIsoFHhceR7oVhdju674xgVBqcBHbRKTsTwEXizkgRzFAL7C+vE+OUE6ExQ0q1XSfRfoakppiRUcFLFUkQ7qMuaRsqECfKzyZfjOCxUTowiqUpoeFE/T2RIa7UkIemc3ypmvfG4n9eO9XRuZ9RkaSaCDxdFKUM6hiOI4EdKgnWbGgIwpKaWyHuIYmwNsEVTAju/MuLpHFadivli5tKsXo5iyMPDsARKAEXnIEquAY1UAcYPIJn8ArerCfrxXq3PqatOWs2sw/+wPr8AYSZmJY=</latexit>

Find x⇤: F (x) = 0, where F (x) = rf(x)

<latexit sha1_base64="eqJDy0GQgssV6JdfULH68cB9qQs=">AAACF3icbZDLSgMxFIYzXmu9VV26CXYEFSkzRfACgiiIywq2FdqxZDJn2tBMZkgyaim+hRtfxY0LRdzqzrcxbWfh7YfAl/+cQ3J+P+FMacf5tMbGJyanpnMz+dm5+YXFwtJyTcWppFClMY/lpU8UcCagqpnmcJlIIJHPoe53Twb1+jVIxWJxoXsJeBFpCxYySrSxWoXSKRMBtm+vtuwDbJ9u3G4eOvY2vumAhOzeFMTnBIeG7Vah6JScofBfcDMookyVVuGjGcQ0jUBoyolSDddJtNcnUjPK4S7fTBUkhHZJGxoGBYlAef3hXnd43TgBDmNpjtB46H6f6JNIqV7km86I6I76XRuY/9UaqQ73vD4TSapB0NFDYcqxjvEgJBwwCVTzngFCJTN/xbRDJKHaRJk3Ibi/V/4LtXLJ3Sntn5eLR8dZHDm0itbQBnLRLjpCZ6iCqoiie/SIntGL9WA9Wa/W26h1zMpmVtAPWe9fsjObTA==</latexit>

hF (x)� F (y), x� yi � 0, for all x, y 2 Rd

<latexit sha1_base64="WASwkXd7vsM+XTjPp4Z4cHSNoQA="></latexit>



Variational inequality
min
x2Rd

f(x) + g(x)

<latexit sha1_base64="h7pxsOc5p5YW4fXvL4EiyhKURCk=">AAACC3icbVDLSgMxFM34rPU16tJNaBEqQpmRgrorunFZxT6gU4dMJtOGJpkhyUjL0L0bf8WNC0Xc+gPu/BvTx0JbDyQczrmXe+8JEkaVdpxva2l5ZXVtPbeR39za3tm19/YbKk4lJnUcs1i2AqQIo4LUNdWMtBJJEA8YaQb9q7HffCBS0Vjc6WFCOhx1BY0oRtpIvl3wOBV+NvCogB5HuhcE2e3oPhzBqDQ4Pumaz7eLTtmZAC4Sd0aKYIaab395YYxTToTGDCnVdp1EdzIkNcWMjPJeqkiCcB91SdtQgThRnWxyywgeGSWEUSzNExpO1N8dGeJKDXlgKsfrqnlvLP7ntVMdnXcyKpJUE4Gng6KUQR3DcTAwpJJgzYaGICyp2RXiHpIIaxNf3oTgzp+8SBqnZbdSvripFKuXszhy4BAUQAm44AxUwTWogTrA4BE8g1fwZj1ZL9a79TEtXbJmPQfgD6zPH+I3mk0=</latexit>



Variational inequality
min
x2Rd

f(x) + g(x)

<latexit sha1_base64="h7pxsOc5p5YW4fXvL4EiyhKURCk=">AAACC3icbVDLSgMxFM34rPU16tJNaBEqQpmRgrorunFZxT6gU4dMJtOGJpkhyUjL0L0bf8WNC0Xc+gPu/BvTx0JbDyQczrmXe+8JEkaVdpxva2l5ZXVtPbeR39za3tm19/YbKk4lJnUcs1i2AqQIo4LUNdWMtBJJEA8YaQb9q7HffCBS0Vjc6WFCOhx1BY0oRtpIvl3wOBV+NvCogB5HuhcE2e3oPhzBqDQ4Pumaz7eLTtmZAC4Sd0aKYIaab395YYxTToTGDCnVdp1EdzIkNcWMjPJeqkiCcB91SdtQgThRnWxyywgeGSWEUSzNExpO1N8dGeJKDXlgKsfrqnlvLP7ntVMdnXcyKpJUE4Gng6KUQR3DcTAwpJJgzYaGICyp2RXiHpIIaxNf3oTgzp+8SBqnZbdSvripFKuXszhy4BAUQAm44AxUwTWogTrA4BE8g1fwZj1ZL9a79TEtXbJmPQfgD6zPH+I3mk0=</latexit>

g(x)� g(x⇤) + hrf(x), x� x⇤i � 0, for all x 2 Rd

<latexit sha1_base64="4yOr2hoY1F6oQPyfI9WzFE43qT4="></latexit>



Variational inequality

g(x)� g (x⇤) + hF (x⇤) , x� x⇤i � 0, for all x 2 Rd

<latexit sha1_base64="uWWoiDv44FzHUtkoNvd0Qb3tn1o="></latexit>

Find x⇤

<latexit sha1_base64="uSeBXw9v1nPGDb9LsgXkxXiwDco=">AAAB+XicbVDLSsNAFJ3UV62vqEs3g0UQFyWRgrorCuKygn1AG8tkMmmHTiZh5qa0hPolblwo4tY/ceffOH0stPXAhcM593LvPX4iuAbH+bZyK6tr6xv5zcLW9s7unr1/UNdxqiir0VjEqukTzQSXrAYcBGsmipHIF6zh928mfmPAlOaxfIBRwryIdCUPOSVgpI5tt4ENIbvlMhg/4eHjWccuOiVnCrxM3DkpojmqHfurHcQ0jZgEKojWLddJwMuIAk4FGxfaqWYJoX3SZS1DJYmY9rLp5WN8YpQAh7EyJQFP1d8TGYm0HkW+6YwI9PSiNxH/81ophJdexmWSApN0tihMBYYYT2LAAVeMghgZQqji5lZMe0QRCiasggnBXXx5mdTPS265dHVfLlau53Hk0RE6RqfIRReogu5QFdUQRQP0jF7Rm5VZL9a79TFrzVnzmUP0B9bnD3VFk48=</latexit>

min
x2Rd

f(x) + g(x)

<latexit sha1_base64="h7pxsOc5p5YW4fXvL4EiyhKURCk=">AAACC3icbVDLSgMxFM34rPU16tJNaBEqQpmRgrorunFZxT6gU4dMJtOGJpkhyUjL0L0bf8WNC0Xc+gPu/BvTx0JbDyQczrmXe+8JEkaVdpxva2l5ZXVtPbeR39za3tm19/YbKk4lJnUcs1i2AqQIo4LUNdWMtBJJEA8YaQb9q7HffCBS0Vjc6WFCOhx1BY0oRtpIvl3wOBV+NvCogB5HuhcE2e3oPhzBqDQ4Pumaz7eLTtmZAC4Sd0aKYIaab395YYxTToTGDCnVdp1EdzIkNcWMjPJeqkiCcB91SdtQgThRnWxyywgeGSWEUSzNExpO1N8dGeJKDXlgKsfrqnlvLP7ntVMdnXcyKpJUE4Gng6KUQR3DcTAwpJJgzYaGICyp2RXiHpIIaxNf3oTgzp+8SBqnZbdSvripFKuXszhy4BAUQAm44AxUwTWogTrA4BE8g1fwZj1ZL9a79TEtXbJmPQfgD6zPH+I3mk0=</latexit>

g(x)� g(x⇤) + hrf(x), x� x⇤i � 0, for all x 2 Rd

<latexit sha1_base64="4yOr2hoY1F6oQPyfI9WzFE43qT4="></latexit>



Minmax problem

min
↵2A

max
�2B

�(↵,�)

<latexit sha1_base64="wcKgeF0X3T4zJo1PjZqnJgf5i1k="></latexit>



Minmax problem

min
↵2A

max
�2B

�(↵,�)

<latexit sha1_base64="wcKgeF0X3T4zJo1PjZqnJgf5i1k="></latexit>

(
↵k+1 = ↵k � �↵r↵�(↵k,�k),

�k+1 = �k + ��r��(↵k,�k)

<latexit sha1_base64="5o8DkkjTxfLDS6DF4gcpLvf/BLQ="></latexit>



Minmax problem

min
↵2A

max
�2B

�(↵,�)

<latexit sha1_base64="wcKgeF0X3T4zJo1PjZqnJgf5i1k="></latexit>

min
↵2Rm

max
�2Rn

↵>C�, C 2 Rm⇥n

<latexit sha1_base64="rsw7BuonfkkyksWp0EWSidQJ2zE="></latexit>

(
↵k+1 = ↵k � �↵r↵�(↵k,�k),

�k+1 = �k + ��r��(↵k,�k)

<latexit sha1_base64="5o8DkkjTxfLDS6DF4gcpLvf/BLQ="></latexit>



(
↵k+1 = ↵k � �↵r↵�(↵k,�k),

�k+1 = �k + ��r��(↵k,�k)

<latexit sha1_base64="5o8DkkjTxfLDS6DF4gcpLvf/BLQ="></latexit>

Minmax problem

min
↵2A

max
�2B

�(↵,�)

<latexit sha1_base64="wcKgeF0X3T4zJo1PjZqnJgf5i1k="></latexit>

min
↵2Rm

max
�2Rn

↵>C�, C 2 Rm⇥n

<latexit sha1_base64="rsw7BuonfkkyksWp0EWSidQJ2zE="></latexit>

DIVERGES



Extagradient/mirror-prox
solve F (x) = 0

<latexit sha1_base64="4ZeNB99BloyT/ltydwGRp9M6+gs=">AAACAXicbVDJSgNBEO2JW4xb1IvgpTEI8RJmoqAXISiIxwhmgSSEnk4ladKz2F0TEoZ48Ve8eFDEq3/hzb+xsxw08UHB470qquq5oRQabfvbSiwtr6yuJddTG5tb2zvp3b2yDiLFocQDGaiqyzRI4UMJBUqohgqY50qouL3rsV/pg9Ii8O9xGELDYx1ftAVnaKRm+qCOMMBYB7IPo/pDxFr0Jjs4ubSb6Yydsyegi8SZkQyZodhMf9VbAY888JFLpnXNsUNsxEyh4BJGqXqkIWS8xzpQM9RnHuhGPPlgRI+N0qLtQJnykU7U3xMx87Qeeq7p9Bh29bw3Fv/zahG2Lxqx8MMIwefTRe1IUgzoOA7aEgo4yqEhjCthbqW8yxTjaEJLmRCc+ZcXSTmfc05z+buzTOFqFkeSHJIjkiUOOScFckuKpEQ4eSTP5JW8WU/Wi/VufUxbE9ZsZp/8gfX5A+tvloQ=</latexit>

kF (x)� F (y)k  Lkx� yk
<latexit sha1_base64="N57G44F6n8T+C8Vl8/z+u8nOEbI=">AAACBHicbVDLSsNAFJ3UV62vqMtuBovQLlqSKuiyKBQXLirYBzShTKbTdujkwcxEGpIu3Pgrblwo4taPcOffOG2z0NYDFw7n3Mu99zgBo0IaxreWWVvf2NzKbud2dvf2D/TDo5bwQ45JE/vM5x0HCcKoR5qSSkY6ASfIdRhpO+Prmd9+IFxQ37uXUUBsFw09OqAYSSX19LyV1IuTEizDejEqWYnFCLy1kkk5spKeXjAqxhxwlZgpKYAUjZ7+ZfV9HLrEk5ghIbqmEUg7RlxSzMg0Z4WCBAiP0ZB0FfWQS4Qdz5+YwlOl9OHA56o8Cefq74kYuUJErqM6XSRHYtmbif953VAOLu2YekEoiYcXiwYhg9KHs0Rgn3KCJYsUQZhTdSvEI8QRliq3nArBXH55lbSqFfOsUr07L9Su0jiyIA9OQBGY4ALUwA1ogCbA4BE8g1fwpj1pL9q79rFozWjpzDH4A+3zB+v6lmA=</latexit>



Extagradient/mirror-prox

yk = xk � ⌘F (xk)

xk+1 = xk � ⌘F (yk).
<latexit sha1_base64="38Oc0Z3UeC0dx7cLqneK8lHXfsQ=">AAACInicbVDLSgMxFM3UV62vqks3waK0iMNMFdSFUBTEZQX7gM60ZNJMGybzIMlIh6Hf4sZfceNCUVeCH2P6WGjrhZCTc+7h5h4nYlRIw/jSMguLS8sr2dXc2vrG5lZ+e6cuwphjUsMhC3nTQYIwGpCapJKRZsQJ8h1GGo53PdIbD4QLGgb3MomI7aNeQF2KkVRUJ3+RtD14eAkH6jqGFpEI3hTVo2RZuUE79Y7M4ZysLCU918kXDN0YF5wH5hQUwLSqnfyH1Q1x7JNAYoaEaJlGJO0UcUkxI8OcFQsSIeyhHmkpGCCfCDsdrziEB4rpQjfk6gQSjtnfjhT5QiS+ozp9JPtiVhuR/2mtWLrndkqDKJYkwJNBbsygDOEoL9ilnGDJEgUQ5lT9FeI+4ghLleooBHN25XlQL+vmiV6+Oy1UrqZxZMEe2AdFYIIzUAG3oApqAINH8AxewZv2pL1o79rnpDWjTT274E9p3z/D+p95</latexit>

solve F (x) = 0
<latexit sha1_base64="4ZeNB99BloyT/ltydwGRp9M6+gs=">AAACAXicbVDJSgNBEO2JW4xb1IvgpTEI8RJmoqAXISiIxwhmgSSEnk4ladKz2F0TEoZ48Ve8eFDEq3/hzb+xsxw08UHB470qquq5oRQabfvbSiwtr6yuJddTG5tb2zvp3b2yDiLFocQDGaiqyzRI4UMJBUqohgqY50qouL3rsV/pg9Ii8O9xGELDYx1ftAVnaKRm+qCOMMBYB7IPo/pDxFr0Jjs4ubSb6Yydsyegi8SZkQyZodhMf9VbAY888JFLpnXNsUNsxEyh4BJGqXqkIWS8xzpQM9RnHuhGPPlgRI+N0qLtQJnykU7U3xMx87Qeeq7p9Bh29bw3Fv/zahG2Lxqx8MMIwefTRe1IUgzoOA7aEgo4yqEhjCthbqW8yxTjaEJLmRCc+ZcXSTmfc05z+buzTOFqFkeSHJIjkiUOOScFckuKpEQ4eSTP5JW8WU/Wi/VufUxbE9ZsZp/8gfX5A+tvloQ=</latexit>

kF (x)� F (y)k  Lkx� yk
<latexit sha1_base64="N57G44F6n8T+C8Vl8/z+u8nOEbI=">AAACBHicbVDLSsNAFJ3UV62vqMtuBovQLlqSKuiyKBQXLirYBzShTKbTdujkwcxEGpIu3Pgrblwo4taPcOffOG2z0NYDFw7n3Mu99zgBo0IaxreWWVvf2NzKbud2dvf2D/TDo5bwQ45JE/vM5x0HCcKoR5qSSkY6ASfIdRhpO+Prmd9+IFxQ37uXUUBsFw09OqAYSSX19LyV1IuTEizDejEqWYnFCLy1kkk5spKeXjAqxhxwlZgpKYAUjZ7+ZfV9HLrEk5ghIbqmEUg7RlxSzMg0Z4WCBAiP0ZB0FfWQS4Qdz5+YwlOl9OHA56o8Cefq74kYuUJErqM6XSRHYtmbif953VAOLu2YekEoiYcXiwYhg9KHs0Rgn3KCJYsUQZhTdSvEI8QRliq3nArBXH55lbSqFfOsUr07L9Su0jiyIA9OQBGY4ALUwA1ogCbA4BE8g1fwpj1pL9q79rFozWjpzDH4A+3zB+v6lmA=</latexit>



Extagradient/mirror-prox

yk = xk � ⌘F (xk)

xk+1 = xk � ⌘F (yk).
<latexit sha1_base64="38Oc0Z3UeC0dx7cLqneK8lHXfsQ=">AAACInicbVDLSgMxFM3UV62vqks3waK0iMNMFdSFUBTEZQX7gM60ZNJMGybzIMlIh6Hf4sZfceNCUVeCH2P6WGjrhZCTc+7h5h4nYlRIw/jSMguLS8sr2dXc2vrG5lZ+e6cuwphjUsMhC3nTQYIwGpCapJKRZsQJ8h1GGo53PdIbD4QLGgb3MomI7aNeQF2KkVRUJ3+RtD14eAkH6jqGFpEI3hTVo2RZuUE79Y7M4ZysLCU918kXDN0YF5wH5hQUwLSqnfyH1Q1x7JNAYoaEaJlGJO0UcUkxI8OcFQsSIeyhHmkpGCCfCDsdrziEB4rpQjfk6gQSjtnfjhT5QiS+ozp9JPtiVhuR/2mtWLrndkqDKJYkwJNBbsygDOEoL9ilnGDJEgUQ5lT9FeI+4ghLleooBHN25XlQL+vmiV6+Oy1UrqZxZMEe2AdFYIIzUAG3oApqAINH8AxewZv2pL1o79rnpDWjTT274E9p3z/D+p95</latexit>

solve F (x) = 0
<latexit sha1_base64="4ZeNB99BloyT/ltydwGRp9M6+gs=">AAACAXicbVDJSgNBEO2JW4xb1IvgpTEI8RJmoqAXISiIxwhmgSSEnk4ladKz2F0TEoZ48Ve8eFDEq3/hzb+xsxw08UHB470qquq5oRQabfvbSiwtr6yuJddTG5tb2zvp3b2yDiLFocQDGaiqyzRI4UMJBUqohgqY50qouL3rsV/pg9Ii8O9xGELDYx1ftAVnaKRm+qCOMMBYB7IPo/pDxFr0Jjs4ubSb6Yydsyegi8SZkQyZodhMf9VbAY888JFLpnXNsUNsxEyh4BJGqXqkIWS8xzpQM9RnHuhGPPlgRI+N0qLtQJnykU7U3xMx87Qeeq7p9Bh29bw3Fv/zahG2Lxqx8MMIwefTRe1IUgzoOA7aEgo4yqEhjCthbqW8yxTjaEJLmRCc+ZcXSTmfc05z+buzTOFqFkeSHJIjkiUOOScFckuKpEQ4eSTP5JW8WU/Wi/VufUxbE9ZsZp/8gfX5A+tvloQ=</latexit>

kF (x)� F (y)k  Lkx� yk
<latexit sha1_base64="N57G44F6n8T+C8Vl8/z+u8nOEbI=">AAACBHicbVDLSsNAFJ3UV62vqMtuBovQLlqSKuiyKBQXLirYBzShTKbTdujkwcxEGpIu3Pgrblwo4taPcOffOG2z0NYDFw7n3Mu99zgBo0IaxreWWVvf2NzKbud2dvf2D/TDo5bwQ45JE/vM5x0HCcKoR5qSSkY6ASfIdRhpO+Prmd9+IFxQ37uXUUBsFw09OqAYSSX19LyV1IuTEizDejEqWYnFCLy1kkk5spKeXjAqxhxwlZgpKYAUjZ7+ZfV9HLrEk5ghIbqmEUg7RlxSzMg0Z4WCBAiP0ZB0FfWQS4Qdz5+YwlOl9OHA56o8Cefq74kYuUJErqM6XSRHYtmbif953VAOLu2YekEoiYcXiwYhg9KHs0Rgn3KCJYsUQZhTdSvEI8QRliq3nArBXH55lbSqFfOsUr07L9Su0jiyIA9OQBGY4ALUwA1ogCbA4BE8g1fwpj1pL9q79rFozWjpzDH4A+3zB+v6lmA=</latexit>

xk+1 ⇡ xk � ⌘F (xk+1)

<latexit sha1_base64="G70PGSdaJfQhcib9cDVB3mi2wUA=">AAACDXicbVDLSsNAFJ3UV62vqEs3g1WoiCWRgrorCuKygn1Ak5bJdFKHTJJhZiItoT/gxl9x40IRt+7d+TdO2yy09cCFwzn3cu89HmdUKsv6NnILi0vLK/nVwtr6xuaWub3TkHEiMKnjmMWi5SFJGI1IXVHFSIsLgkKPkaYXXI395gMRksbRnRpy4oaoH1GfYqS01DUPBp00OLZHDuJcxAM46ATwBDpEIXhdyryjrlm0ytYEcJ7YGSmCDLWu+eX0YpyEJFKYISnbtsWVmyKhKGZkVHASSTjCAeqTtqYRCol008k3I3iolR70Y6ErUnCi/p5IUSjlMPR0Z4jUvZz1xuJ/XjtR/rmb0ognikR4ushPGFQxHEcDe1QQrNhQE4QF1bdCfI8EwkoHWNAh2LMvz5PGadmulC9uK8XqZRZHHuyBfVACNjgDVXADaqAOMHgEz+AVvBlPxovxbnxMW3NGNrML/sD4/AEq9ppa</latexit>



Extagradient/mirror-prox

yk = xk � ⌘F (xk)

xk+1 = xk � ⌘F (yk).
<latexit sha1_base64="38Oc0Z3UeC0dx7cLqneK8lHXfsQ=">AAACInicbVDLSgMxFM3UV62vqks3waK0iMNMFdSFUBTEZQX7gM60ZNJMGybzIMlIh6Hf4sZfceNCUVeCH2P6WGjrhZCTc+7h5h4nYlRIw/jSMguLS8sr2dXc2vrG5lZ+e6cuwphjUsMhC3nTQYIwGpCapJKRZsQJ8h1GGo53PdIbD4QLGgb3MomI7aNeQF2KkVRUJ3+RtD14eAkH6jqGFpEI3hTVo2RZuUE79Y7M4ZysLCU918kXDN0YF5wH5hQUwLSqnfyH1Q1x7JNAYoaEaJlGJO0UcUkxI8OcFQsSIeyhHmkpGCCfCDsdrziEB4rpQjfk6gQSjtnfjhT5QiS+ozp9JPtiVhuR/2mtWLrndkqDKJYkwJNBbsygDOEoL9ilnGDJEgUQ5lT9FeI+4ghLleooBHN25XlQL+vmiV6+Oy1UrqZxZMEe2AdFYIIzUAG3oApqAINH8AxewZv2pL1o79rnpDWjTT274E9p3z/D+p95</latexit>

solve F (x) = 0
<latexit sha1_base64="4ZeNB99BloyT/ltydwGRp9M6+gs=">AAACAXicbVDJSgNBEO2JW4xb1IvgpTEI8RJmoqAXISiIxwhmgSSEnk4ladKz2F0TEoZ48Ve8eFDEq3/hzb+xsxw08UHB470qquq5oRQabfvbSiwtr6yuJddTG5tb2zvp3b2yDiLFocQDGaiqyzRI4UMJBUqohgqY50qouL3rsV/pg9Ii8O9xGELDYx1ftAVnaKRm+qCOMMBYB7IPo/pDxFr0Jjs4ubSb6Yydsyegi8SZkQyZodhMf9VbAY888JFLpnXNsUNsxEyh4BJGqXqkIWS8xzpQM9RnHuhGPPlgRI+N0qLtQJnykU7U3xMx87Qeeq7p9Bh29bw3Fv/zahG2Lxqx8MMIwefTRe1IUgzoOA7aEgo4yqEhjCthbqW8yxTjaEJLmRCc+ZcXSTmfc05z+buzTOFqFkeSHJIjkiUOOScFckuKpEQ4eSTP5JW8WU/Wi/VufUxbE9ZsZp/8gfX5A+tvloQ=</latexit>

kF (x)� F (y)k  Lkx� yk
<latexit sha1_base64="N57G44F6n8T+C8Vl8/z+u8nOEbI=">AAACBHicbVDLSsNAFJ3UV62vqMtuBovQLlqSKuiyKBQXLirYBzShTKbTdujkwcxEGpIu3Pgrblwo4taPcOffOG2z0NYDFw7n3Mu99zgBo0IaxreWWVvf2NzKbud2dvf2D/TDo5bwQ45JE/vM5x0HCcKoR5qSSkY6ASfIdRhpO+Prmd9+IFxQ37uXUUBsFw09OqAYSSX19LyV1IuTEizDejEqWYnFCLy1kkk5spKeXjAqxhxwlZgpKYAUjZ7+ZfV9HLrEk5ghIbqmEUg7RlxSzMg0Z4WCBAiP0ZB0FfWQS4Qdz5+YwlOl9OHA56o8Cefq74kYuUJErqM6XSRHYtmbif953VAOLu2YekEoiYcXiwYhg9KHs0Rgn3KCJYsUQZhTdSvEI8QRliq3nArBXH55lbSqFfOsUr07L9Su0jiyIA9OQBGY4ALUwA1ogCbA4BE8g1fwpj1pL9q79rFozWjpzDH4A+3zB+v6lmA=</latexit>

Works pretty well!



Stochastic variational inequality

Find x⇤ : E⇠[F (x; ⇠)] = 0

<latexit sha1_base64="jy/DvR3Gs9xcI1IBqV1K1kZiv2U=">AAACFnicbVDLSgMxFM3UV62vqks3wSKoYJmRgi+EolhcVrCt0BlLJk01NJMZkjvSMvQr3Pgrblwo4lbc+Temj4W2Hgg5nHMv997jR4JrsO1vKzU1PTM7l57PLCwuLa9kV9eqOowVZRUailDd+EQzwSWrAAfBbiLFSOALVvPb532/9sCU5qG8hm7EvIDcSd7ilICRGtk9F1gHkhKXTdzDndvdYxe7AYF7308ueg23w+ul7c6J+Xe8U7uRzdl5ewA8SZwRyaERyo3sl9sMaRwwCVQQreuOHYGXEAWcCtbLuLFmEaFtcsfqhkoSMO0lg7N6eMsoTdwKlXkS8ED93ZGQQOtu4JvK/sZ63OuL/3n1GFqHXsJlFAOTdDioFQsMIe5nhJtcMQqiawihiptdMb0nilAwSWZMCM74yZOkup93Cvmjq0KueDaKI4020CbaRg46QEV0icqogih6RM/oFb1ZT9aL9W59DEtT1qhnHf2B9fkDh6CeWA==</latexit>



Stochastic variational inequality

Find x⇤ : E⇠[F (x; ⇠)] = 0

<latexit sha1_base64="jy/DvR3Gs9xcI1IBqV1K1kZiv2U=">AAACFnicbVDLSgMxFM3UV62vqks3wSKoYJmRgi+EolhcVrCt0BlLJk01NJMZkjvSMvQr3Pgrblwo4lbc+Temj4W2Hgg5nHMv997jR4JrsO1vKzU1PTM7l57PLCwuLa9kV9eqOowVZRUailDd+EQzwSWrAAfBbiLFSOALVvPb532/9sCU5qG8hm7EvIDcSd7ilICRGtk9F1gHkhKXTdzDndvdYxe7AYF7308ueg23w+ul7c6J+Xe8U7uRzdl5ewA8SZwRyaERyo3sl9sMaRwwCVQQreuOHYGXEAWcCtbLuLFmEaFtcsfqhkoSMO0lg7N6eMsoTdwKlXkS8ED93ZGQQOtu4JvK/sZ63OuL/3n1GFqHXsJlFAOTdDioFQsMIe5nhJtcMQqiawihiptdMb0nilAwSWZMCM74yZOkup93Cvmjq0KueDaKI4020CbaRg46QEV0icqogih6RM/oFb1ZT9aL9W59DEtT1qhnHf2B9fkDh6CeWA==</latexit>

min
↵

max
�

E⇠[�(↵,�; ⇠)]

<latexit sha1_base64="KMA6yVomU86N7vNRrlNpyi570Cg="></latexit>



Stochastic variational inequality

Find x⇤ : E⇠[F (x; ⇠)] = 0

<latexit sha1_base64="jy/DvR3Gs9xcI1IBqV1K1kZiv2U=">AAACFnicbVDLSgMxFM3UV62vqks3wSKoYJmRgi+EolhcVrCt0BlLJk01NJMZkjvSMvQr3Pgrblwo4lbc+Temj4W2Hgg5nHMv997jR4JrsO1vKzU1PTM7l57PLCwuLa9kV9eqOowVZRUailDd+EQzwSWrAAfBbiLFSOALVvPb532/9sCU5qG8hm7EvIDcSd7ilICRGtk9F1gHkhKXTdzDndvdYxe7AYF7308ueg23w+ul7c6J+Xe8U7uRzdl5ewA8SZwRyaERyo3sl9sMaRwwCVQQreuOHYGXEAWcCtbLuLFmEaFtcsfqhkoSMO0lg7N6eMsoTdwKlXkS8ED93ZGQQOtu4JvK/sZ63OuL/3n1GFqHXsJlFAOTdDioFQsMIe5nhJtcMQqiawihiptdMb0nilAwSWZMCM74yZOkup93Cvmjq0KueDaKI4020CbaRg46QEV0icqogih6RM/oFb1ZT9aL9W59DEtT1qhnHf2B9fkDh6CeWA==</latexit>

yk = xk � ⌘F (xk; ⇠k)

xk+1 = xk � ⌘F (yk; k).
<latexit sha1_base64="iJFNNT1hpo005zwtMx8odlZhotM="></latexit>

Existing:



Stochastic variational inequality

Find x⇤ : E⇠[F (x; ⇠)] = 0

<latexit sha1_base64="jy/DvR3Gs9xcI1IBqV1K1kZiv2U=">AAACFnicbVDLSgMxFM3UV62vqks3wSKoYJmRgi+EolhcVrCt0BlLJk01NJMZkjvSMvQr3Pgrblwo4lbc+Temj4W2Hgg5nHMv997jR4JrsO1vKzU1PTM7l57PLCwuLa9kV9eqOowVZRUailDd+EQzwSWrAAfBbiLFSOALVvPb532/9sCU5qG8hm7EvIDcSd7ilICRGtk9F1gHkhKXTdzDndvdYxe7AYF7308ueg23w+ul7c6J+Xe8U7uRzdl5ewA8SZwRyaERyo3sl9sMaRwwCVQQreuOHYGXEAWcCtbLuLFmEaFtcsfqhkoSMO0lg7N6eMsoTdwKlXkS8ED93ZGQQOtu4JvK/sZ63OuL/3n1GFqHXsJlFAOTdDioFQsMIe5nhJtcMQqiawihiptdMb0nilAwSWZMCM74yZOkup93Cvmjq0KueDaKI4020CbaRg46QEV0icqogih6RM/oFb1ZT9aL9W59DEtT1qhnHf2B9fkDh6CeWA==</latexit>

yk = xk � ⌘F (xk; ⇠k)

xk+1 = xk � ⌘F (yk; k).
<latexit sha1_base64="iJFNNT1hpo005zwtMx8odlZhotM="></latexit>

Existing: DIVERGES



Stochastic variational inequality

Find x⇤ : E⇠[F (x; ⇠)] = 0

<latexit sha1_base64="jy/DvR3Gs9xcI1IBqV1K1kZiv2U=">AAACFnicbVDLSgMxFM3UV62vqks3wSKoYJmRgi+EolhcVrCt0BlLJk01NJMZkjvSMvQr3Pgrblwo4lbc+Temj4W2Hgg5nHMv997jR4JrsO1vKzU1PTM7l57PLCwuLa9kV9eqOowVZRUailDd+EQzwSWrAAfBbiLFSOALVvPb532/9sCU5qG8hm7EvIDcSd7ilICRGtk9F1gHkhKXTdzDndvdYxe7AYF7308ueg23w+ul7c6J+Xe8U7uRzdl5ewA8SZwRyaERyo3sl9sMaRwwCVQQreuOHYGXEAWcCtbLuLFmEaFtcsfqhkoSMO0lg7N6eMsoTdwKlXkS8ED93ZGQQOtu4JvK/sZ63OuL/3n1GFqHXsJlFAOTdDioFQsMIe5nhJtcMQqiawihiptdMb0nilAwSWZMCM74yZOkup93Cvmjq0KueDaKI4020CbaRg46QEV0icqogih6RM/oFb1ZT9aL9W59DEtT1qhnHf2B9fkDh6CeWA==</latexit>

yk = xk � ⌘F (xk; ⇠k)

xk+1 = xk � ⌘F (yk; k).
<latexit sha1_base64="iJFNNT1hpo005zwtMx8odlZhotM="></latexit>

yk = xk � ⌘F (xk; ⇠k)

xk+1 = xk � ⌘F (yk; ⇠k).
<latexit sha1_base64="nNK09Oe9l3SORK0iNlzeG8mZOQ8="></latexit>

Existing:

Proposed:

Works pretty well!



Stochastic variational inequality

Find x⇤ : E⇠[F (x; ⇠)] = 0

<latexit sha1_base64="jy/DvR3Gs9xcI1IBqV1K1kZiv2U=">AAACFnicbVDLSgMxFM3UV62vqks3wSKoYJmRgi+EolhcVrCt0BlLJk01NJMZkjvSMvQr3Pgrblwo4lbc+Temj4W2Hgg5nHMv997jR4JrsO1vKzU1PTM7l57PLCwuLa9kV9eqOowVZRUailDd+EQzwSWrAAfBbiLFSOALVvPb532/9sCU5qG8hm7EvIDcSd7ilICRGtk9F1gHkhKXTdzDndvdYxe7AYF7308ueg23w+ul7c6J+Xe8U7uRzdl5ewA8SZwRyaERyo3sl9sMaRwwCVQQreuOHYGXEAWcCtbLuLFmEaFtcsfqhkoSMO0lg7N6eMsoTdwKlXkS8ED93ZGQQOtu4JvK/sZ63OuL/3n1GFqHXsJlFAOTdDioFQsMIe5nhJtcMQqiawihiptdMb0nilAwSWZMCM74yZOkup93Cvmjq0KueDaKI4020CbaRg46QEV0icqogih6RM/oFb1ZT9aL9W59DEtT1qhnHf2B9fkDh6CeWA==</latexit>

yk = xk � ⌘F (xk; ⇠k)

xk+1 = xk � ⌘F (yk; ⇠k).
<latexit sha1_base64="nNK09Oe9l3SORK0iNlzeG8mZOQ8="></latexit>

Proposed:

xk+1 ⇡ xk � ⌘F (xk+1; ⇠k)

<latexit sha1_base64="B5Vmr9J6tk/QZAzZsDkRuj1TuvQ=">AAACFHicbVDLSsNAFJ3UV62vqEs3g0WoFEsiBRU3RUFcVrAPaNIymU7aIZMHMxNJCf0IN/6KGxeKuHXhzr9x2mahrQcuHM65l3vvcSJGhTSMby23tLyyupZfL2xsbm3v6Lt7TRHGHJMGDlnI2w4ShNGANCSVjLQjTpDvMNJyvOuJ33ogXNAwuJejiNg+GgTUpRhJJfX0ctJNvbI5tlAU8TCBSdeDJ9AiEsGbUuZdQiuhXe+4pxeNijEFXCRmRoogQ72nf1n9EMc+CSRmSIiOaUTSThGXFDMyLlixIBHCHhqQjqIB8omw0+lTY3iklD50Q64qkHCq/p5IkS/EyHdUp4/kUMx7E/E/rxNL99xOaRDFkgR4tsiNGZQhnCQE+5QTLNlIEYQ5VbdCPEQcYalyLKgQzPmXF0nztGJWKxd31WLtKosjDw7AISgBE5yBGrgFddAAGDyCZ/AK3rQn7UV71z5mrTktm9kHf6B9/gAoV50B</latexit>



Convergence
Let F (·; ⇠) be almost surely monotone and L-Lipschitz,

its variance at the optimum x⇤ be finite,

E kF (x⇤; ⇠)� F (x⇤)k2  �2

and the problem be strongly convex. Then for any ⌘  1
2L

E
��xt � x⇤��2  (1� 2⌘µ/3)t

��x0 � x⇤��2 + 3⌘�2/µ.

<latexit sha1_base64="StmQpbq9Qq/cziErGh7IjavNCL4="></latexit>



Experiments
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