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Problem Formulation
Cloud Server
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Client 1 Client 2 Client M

Federated Learning (FL) Objective:

is the number of clients,                                                           
is the local client objective.

•    FedAvg [1] remains the most popular FL algorithm 
due to its simplicity and ease of implementation.

<latexit sha1_base64="MReMx4x4zZfoFIrPRdEoy3kyIf0="></latexit>
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<latexit sha1_base64="lF2YWhU97v8l8QpJbApVGcH4nPk=">AAAB6XicbVDLSgNBEOz1GddX1KOXwSB4CrvB1zHgxYsQxTwgWcLsZDYZMju7zPQKIeQPvHhQxKt/5M2/cZLsQRMLGoqqbrq7wlQKg5737aysrq1vbBa23O2d3b394sFhwySZZrzOEpnoVkgNl0LxOgqUvJVqTuNQ8mY4vJn6zSeujUjUI45SHsS0r0QkGEUrPbh33WLJK3szkGXi56QEOWrd4lenl7As5gqZpMa0fS/FYEw1Cib5xO1khqeUDWmfty1VNOYmGM8unZBTq/RIlGhbCslM/T0xprExozi0nTHFgVn0puJ/XjvD6DoYC5VmyBWbL4oySTAh07dJT2jOUI4soUwLeythA6opQxuOa0PwF19eJo1K2b8sX9yfl6qVPI4CHMMJnIEPV1CFW6hBHRhE8Ayv8OYMnRfn3fmYt644+cwR/IHz+QPXk4zf</latexit>
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<latexit sha1_base64="ved5mW/t+D3PQgEbHDf8AghtRzc="></latexit>
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<latexit sha1_base64="fgxfLFpqSnOuWpG8AYhdBc2qXps=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsyUoi4LunBZwT6gHUomzbShmWRMMoUy9DvcuFDErR/jzr8x085CWw8EDufcyz05QcyZNq777RQ2Nre2d4q7pb39g8Oj8vFJW8tEEdoikkvVDbCmnAnaMsxw2o0VxVHAaSeY3GZ+Z0qVZlI8mllM/QiPBAsZwcZKfj/CZkwwT+/mA29QrrhVdwG0TrycVCBHc1D+6g8lSSIqDOFY657nxsZPsTKMcDov9RNNY0wmeER7lgocUe2ni9BzdGGVIQqlsk8YtFB/b6Q40noWBXYyC6lXvUz8z+slJrzxUybixFBBlofChCMjUdYAGjJFieEzSzBRzGZFZIwVJsb2VLIleKtfXiftWtW7qtYf6pVGLa+jCGdwDpfgwTU04B6a0AICT/AMr/DmTJ0X5935WI4WnHznFP7A+fwBoH+R9w==</latexit>
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<latexit sha1_base64="U7mof18eLFXLQBSYJ+glB4WK3II=">AAAB9HicbVDLSgMxFL1TX7W+qi7dBIvgqsyUoi4LunBZwT6gHUomzbShSWZMMoUy9DvcuFDErR/jzr8x085CWw8EDufcyz05QcyZNq777RQ2Nre2d4q7pb39g8Oj8vFJW0eJIrRFIh6pboA15UzSlmGG026sKBYBp51gcpv5nSlVmkXy0cxi6gs8kixkBBsr+X2BzZhgnt7NB7VBueJW3QXQOvFyUoEczUH5qz+MSCKoNIRjrXueGxs/xcowwum81E80jTGZ4BHtWSqxoNpPF6Hn6MIqQxRGyj5p0EL9vZFiofVMBHYyC6lXvUz8z+slJrzxUybjxFBJlofChCMToawBNGSKEsNnlmCimM2KyBgrTIztqWRL8Fa/vE7atap3Va0/1CuNWl5HEc7gHC7Bg2towD00oQUEnuAZXuHNmTovzrvzsRwtOPnOKfyB8/kDogOR+A==</latexit>

D2
<latexit sha1_base64="zxhrpeh8J3El+3GmUHzc7vlbzN8=">AAAB9HicbVBNSwMxFHxbv2r9qnr0EiyCp7Jbinos6MGLUMHWQruUbJptQ5PsmmQLZenv8OJBEa/+GG/+G7PtHrR1IDDMvMebTBBzpo3rfjuFtfWNza3idmlnd2//oHx41NZRoghtkYhHqhNgTTmTtGWY4bQTK4pFwOljML7O/McJVZpF8sFMY+oLPJQsZAQbK/k9gc2IYJ7ezPp3/XLFrbpzoFXi5aQCOZr98ldvEJFEUGkIx1p3PTc2foqVYYTTWamXaBpjMsZD2rVUYkG1n85Dz9CZVQYojJR90qC5+nsjxULrqQjsZBZSL3uZ+J/XTUx45adMxomhkiwOhQlHJkJZA2jAFCWGTy3BRDGbFZERVpgY21PJluAtf3mVtGtV76Jav69XGrW8jiKcwCmcgweX0IBbaEILCDzBM7zCmzNxXpx352MxWnDynWP4A+fzB8rvkhM=</latexit>
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[1] McMahan, Brendan, et al. "Communication-efficient learning of deep networks from decentralized data." AISTATS, 2017.
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<latexit sha1_base64="YDLYxt2FFThynFnVZMFdaDYSMag=">AAAB+XicbVDLSsNAFL3xWesr6tLNYBHqpiRF1GXBjcsK9gFtLJPppB06mYSZSaWE/IkbF4q49U/c+TdO2iy09cDA4Zx7uWeOH3OmtON8W2vrG5tb26Wd8u7e/sGhfXTcVlEiCW2RiEey62NFORO0pZnmtBtLikOf044/uc39zpRKxSLxoGcx9UI8EixgBGsjDWy7H2I99oP0KXtMq/oiG9gVp+bMgVaJW5AKFGgO7K/+MCJJSIUmHCvVc51YeymWmhFOs3I/UTTGZIJHtGeowCFVXjpPnqFzowxREEnzhEZz9fdGikOlZqFvJvOcatnLxf+8XqKDGy9lIk40FWRxKEg40hHKa0BDJinRfGYIJpKZrIiMscREm7LKpgR3+curpF2vuVc19/6y0qgXdZTgFM6gCi5cQwPuoAktIDCFZ3iFNyu1Xqx362MxumYVOyfwB9bnD56Ck5k=</latexit>

w(t)

<latexit sha1_base64="LxT7pK79ss7zZEn4TKooxybH0mU=">AAACAHicbVBNS8NAEN3Ur1q/oh48eAkWoYKUpIh6LHjxWMF+QBPDZrtpl242YXeilJCLf8WLB0W8+jO8+W/ctD1o9cHA470ZZuYFCWcKbPvLKC0tr6yuldcrG5tb2zvm7l5HxakktE1iHstegBXlTNA2MOC0l0iKo4DTbjC+KvzuPZWKxeIWJgn1IjwULGQEg5Z888CNMIyCMHvIfecuq8GpCzg9yX2zatftKay/xJmTKpqj5Zuf7iAmaUQFEI6V6jt2Al6GJTDCaV5xU0UTTMZ4SPuaChxR5WXTB3LrWCsDK4ylLgHWVP05keFIqUkU6M7iXLXoFeJ/Xj+F8NLLmEhSoILMFoUptyC2ijSsAZOUAJ9ogolk+laLjLDEBHRmFR2Cs/jyX9Jp1J3zunNzVm025nGU0SE6QjXkoAvURNeohdqIoBw9oRf0ajwaz8ab8T5rLRnzmX30C8bHN3GalkE=</latexit>

w(t,⌧)
1

<latexit sha1_base64="lnZ2M04S2BpauRbFZKlf8Nm1G24=">AAACAHicbVDLSsNAFJ3UV62vqAsXboJFqCAlKUVdFty4rGAf0MQwmU7aoZMHMzdKCdn4K25cKOLWz3Dn3zhps9DWAxcO59zLvfd4MWcSTPNbK62srq1vlDcrW9s7u3v6/kFXRokgtEMiHom+hyXlLKQdYMBpPxYUBx6nPW9ynfu9Byoki8I7mMbUCfAoZD4jGJTk6kd2gGHs+elj5jbu0xqc24CTs8zVq2bdnMFYJlZBqqhA29W/7GFEkoCGQDiWcmCZMTgpFsAIp1nFTiSNMZngER0oGuKASiedPZAZp0oZGn4kVIVgzNTfEykOpJwGnurMz5WLXi7+5w0S8K+clIVxAjQk80V+wg2IjDwNY8gEJcCnimAimLrVIGMsMAGVWUWFYC2+vEy6jbp1UW/eNqutRhFHGR2jE1RDFrpELXSD2qiDCMrQM3pFb9qT9qK9ax/z1pJWzByiP9A+fwB0H5ZF</latexit>

w(t,⌧)
2

3

Client 1 Client 2 Client M

<latexit sha1_base64="eIbDybyhDc32lOj15eL+qNBDOC8=">AAACAHicbVDLSsNAFJ3UV62vqAsXboJFqCAlKb6WBTduhAr2AU0Mk+mkHTp5MHOjlJCNv+LGhSJu/Qx3/o2TNgutHrhwOOde7r3HizmTYJpfWmlhcWl5pbxaWVvf2NzSt3c6MkoEoW0S8Uj0PCwpZyFtAwNOe7GgOPA47Xrjy9zv3lMhWRTewiSmToCHIfMZwaAkV9+zAwwjz08fMvf6Lq3BsQ04OcpcvWrWzSmMv8QqSBUVaLn6pz2ISBLQEAjHUvYtMwYnxQIY4TSr2ImkMSZjPKR9RUMcUOmk0wcy41ApA8OPhKoQjKn6cyLFgZSTwFOd+bly3svF/7x+Av6Fk7IwToCGZLbIT7gBkZGnYQyYoAT4RBFMBFO3GmSEBSagMquoEKz5l/+STqNundVPb06qzUYRRxntowNUQxY6R010hVqojQjK0BN6Qa/ao/asvWnvs9aSVszsol/QPr4BnoaWYQ==</latexit>

w(t,⌧)
M

<latexit sha1_base64="5TDWmRi/w9EjD+21vB64cC12lV8=">AAAB9XicbVDJSgNBEO1xjXGLevTSGIR4CTPB7RjQg8cIZoFkEno6NUmTnoXuGiUM+Q8vHhTx6r9482/sJHPQxAcFj/eqqKrnxVJotO1va2V1bX1jM7eV397Z3dsvHBw2dJQoDnUeyUi1PKZBihDqKFBCK1bAAk9C0xvdTP3mIygtovABxzG4ARuEwhecoZG6nVuQyHqim5bwbNIrFO2yPQNdJk5GiiRDrVf46vQjngQQIpdM67Zjx+imTKHgEib5TqIhZnzEBtA2NGQBaDedXT2hp0bpUz9SpkKkM/X3RMoCrceBZzoDhkO96E3F/7x2gv61m4owThBCPl/kJ5JiRKcR0L5QwFGODWFcCXMr5UOmGEcTVN6E4Cy+vEwalbJzWb64Py9WK1kcOXJMTkiJOOSKVMkdqZE64USRZ/JK3qwn68V6tz7mrStWNnNE/sD6/AEDlJIp</latexit>

�(t)
i

1. Server sends 
current global 
model           to      
clients.

<latexit sha1_base64="x2eL3Gw/wEo4Ct1FstMdqkMvV8o=">AAAB+XicbVDLSsNAFL2pr1pfUZduBotQNyUpvpYFNy4r2Ae0tUymk3boZBJmJpUS8iduXCji1j9x5984abPQ1gMDh3Pu5Z45XsSZ0o7zbRXW1jc2t4rbpZ3dvf0D+/CopcJYEtokIQ9lx8OKciZoUzPNaSeSFAcep21vcpv57SmVioXiQc8i2g/wSDCfEayNNLDtXoD12POTp/QxqejzdGCXnaozB1olbk7KkKMxsL96w5DEARWacKxU13Ui3U+w1IxwmpZ6saIRJhM8ol1DBQ6o6ifz5Ck6M8oQ+aE0T2g0V39vJDhQahZ4ZjLLqZa9TPzP68bav+knTESxpoIsDvkxRzpEWQ1oyCQlms8MwUQykxWRMZaYaFNWyZTgLn95lbRqVfeqenl/Ua7X8jqKcAKnUAEXrqEOd9CAJhCYwjO8wpuVWC/Wu/WxGC1Y+c4x/IH1+QOfypOd</latexit>

w(t)

2.  Clients perform     steps of local training to get local model <latexit sha1_base64="SK+QfCL2Uco7eFPIArhp1I9Ww/E=">AAAB63icbVBNS8NAEJ34WetX1aOXxSJ4Kknx61jw4rGC/YA2lM120y7d3YTdiVBC/4IXD4p49Q9589+YtDlo64OBx3szzMwLYiksuu63s7a+sbm1Xdop7+7tHxxWjo7bNkoM4y0Wych0A2q5FJq3UKDk3dhwqgLJO8HkLvc7T9xYEelHnMbcV3SkRSgYxVzqI00Glapbc+cgq8QrSBUKNAeVr/4wYoniGpmk1vY8N0Y/pQYFk3xW7ieWx5RN6Ij3Mqqp4tZP57fOyHmmDEkYmaw0krn6eyKlytqpCrJORXFsl71c/M/rJRje+qnQcYJcs8WiMJEEI5I/TobCcIZymhHKjMhuJWxMDWWYxVPOQvCWX14l7XrNu65dPVxWG/UijhKcwhlcgAc30IB7aEILGIzhGV7hzVHOi/PufCxa15xi5gT+wPn8AR+djkI=</latexit>⌧
<latexit sha1_base64="dHfgNyTUlKRrSDY3AadCpSMT2kI=">AAACAHicbVDLSsNAFJ3UV62vqAsXboJFqCAlKb6WBTcuK9gHNDFMppN26OTBzI1SQjb+ihsXirj1M9z5N07aLLT1wIXDOfdy7z1ezJkE0/zWSkvLK6tr5fXKxubW9o6+u9eRUSIIbZOIR6LnYUk5C2kbGHDaiwXFgcdp1xtf5373gQrJovAOJjF1AjwMmc8IBiW5+oEdYBh5fvqYuew+rcGpDTg5yVy9atbNKYxFYhWkigq0XP3LHkQkCWgIhGMp+5YZg5NiAYxwmlXsRNIYkzEe0r6iIQ6odNLpA5lxrJSB4UdCVQjGVP09keJAykngqc78XDnv5eJ/Xj8B/8pJWRgnQEMyW+Qn3IDIyNMwBkxQAnyiCCaCqVsNMsICE1CZVVQI1vzLi6TTqFsX9fPbs2qzUcRRRofoCNWQhS5RE92gFmojgjL0jF7Rm/akvWjv2sestaQVM/voD7TPH8oqln0=</latexit>

w(t,⌧)
i

3. Clients send back 
updates 

<latexit sha1_base64="Mj+f6Yn8Ik9CHWGkgErzYaegC/8=">AAACK3icdVDJSgNBEO1xjXGLevTSGIQIGmaC20UI6sFjBLNAZgw9nZ6kSc9Cd40ShvyPF3/Fgx5c8Op/2JPkoIk+KHi8V0VVPTcSXIFpvhszs3PzC4uZpezyyuraem5js6bCWFJWpaEIZcMligkesCpwEKwRSUZ8V7C627tI/fodk4qHwQ30I+b4pBNwj1MCWmrlzu1LJoC0+G1SgL0BPsO2T6Dresn9YCTu20Bi7Rz857RyebNoDoGniTUmeTRGpZV7ttshjX0WABVEqaZlRuAkRAKngg2ydqxYRGiPdFhT04D4TDnJ8NcB3tVKG3uh1BUAHqo/JxLiK9X3Xd2ZnqsmvVT8y2vG4J06CQ+iGFhAR4u8WGAIcRocbnPJKIi+JoRKrm/FtEskoaDjzeoQrMmXp0mtVLSOi0fXh/lyaRxHBm2jHVRAFjpBZXSFKqiKKHpAT+gVvRmPxovxYXyOWmeM8cwW+gXj6xt0g6cw</latexit>

�(t)
i = w(t,⌧)

i �w(t,⌧)
i

4. FedAvg global update:
<latexit sha1_base64="ABFHM8Aq9M0tE6gZry6OxNRZNGM="></latexit>

w(t+1) = w(t) � 1
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i
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<latexit sha1_base64="YDLYxt2FFThynFnVZMFdaDYSMag=">AAAB+XicbVDLSsNAFL3xWesr6tLNYBHqpiRF1GXBjcsK9gFtLJPppB06mYSZSaWE/IkbF4q49U/c+TdO2iy09cDA4Zx7uWeOH3OmtON8W2vrG5tb26Wd8u7e/sGhfXTcVlEiCW2RiEey62NFORO0pZnmtBtLikOf044/uc39zpRKxSLxoGcx9UI8EixgBGsjDWy7H2I99oP0KXtMq/oiG9gVp+bMgVaJW5AKFGgO7K/+MCJJSIUmHCvVc51YeymWmhFOs3I/UTTGZIJHtGeowCFVXjpPnqFzowxREEnzhEZz9fdGikOlZqFvJvOcatnLxf+8XqKDGy9lIk40FWRxKEg40hHKa0BDJinRfGYIJpKZrIiMscREm7LKpgR3+curpF2vuVc19/6y0qgXdZTgFM6gCi5cQwPuoAktIDCFZ3iFNyu1Xqx362MxumYVOyfwB9bnD56Ck5k=</latexit>

w(t)

<latexit sha1_base64="LxT7pK79ss7zZEn4TKooxybH0mU=">AAACAHicbVBNS8NAEN3Ur1q/oh48eAkWoYKUpIh6LHjxWMF+QBPDZrtpl242YXeilJCLf8WLB0W8+jO8+W/ctD1o9cHA470ZZuYFCWcKbPvLKC0tr6yuldcrG5tb2zvm7l5HxakktE1iHstegBXlTNA2MOC0l0iKo4DTbjC+KvzuPZWKxeIWJgn1IjwULGQEg5Z888CNMIyCMHvIfecuq8GpCzg9yX2zatftKay/xJmTKpqj5Zuf7iAmaUQFEI6V6jt2Al6GJTDCaV5xU0UTTMZ4SPuaChxR5WXTB3LrWCsDK4ylLgHWVP05keFIqUkU6M7iXLXoFeJ/Xj+F8NLLmEhSoILMFoUptyC2ijSsAZOUAJ9ogolk+laLjLDEBHRmFR2Cs/jyX9Jp1J3zunNzVm025nGU0SE6QjXkoAvURNeohdqIoBw9oRf0ajwaz8ab8T5rLRnzmX30C8bHN3GalkE=</latexit>

w(t,⌧)
1

<latexit sha1_base64="lnZ2M04S2BpauRbFZKlf8Nm1G24=">AAACAHicbVDLSsNAFJ3UV62vqAsXboJFqCAlKUVdFty4rGAf0MQwmU7aoZMHMzdKCdn4K25cKOLWz3Dn3zhps9DWAxcO59zLvfd4MWcSTPNbK62srq1vlDcrW9s7u3v6/kFXRokgtEMiHom+hyXlLKQdYMBpPxYUBx6nPW9ynfu9Byoki8I7mMbUCfAoZD4jGJTk6kd2gGHs+elj5jbu0xqc24CTs8zVq2bdnMFYJlZBqqhA29W/7GFEkoCGQDiWcmCZMTgpFsAIp1nFTiSNMZngER0oGuKASiedPZAZp0oZGn4kVIVgzNTfEykOpJwGnurMz5WLXi7+5w0S8K+clIVxAjQk80V+wg2IjDwNY8gEJcCnimAimLrVIGMsMAGVWUWFYC2+vEy6jbp1UW/eNqutRhFHGR2jE1RDFrpELXSD2qiDCMrQM3pFb9qT9qK9ax/z1pJWzByiP9A+fwB0H5ZF</latexit>

w(t,⌧)
2

4

Client 1 Client 2 Client M

<latexit sha1_base64="eIbDybyhDc32lOj15eL+qNBDOC8=">AAACAHicbVDLSsNAFJ3UV62vqAsXboJFqCAlKb6WBTduhAr2AU0Mk+mkHTp5MHOjlJCNv+LGhSJu/Qx3/o2TNgutHrhwOOde7r3HizmTYJpfWmlhcWl5pbxaWVvf2NzSt3c6MkoEoW0S8Uj0PCwpZyFtAwNOe7GgOPA47Xrjy9zv3lMhWRTewiSmToCHIfMZwaAkV9+zAwwjz08fMvf6Lq3BsQ04OcpcvWrWzSmMv8QqSBUVaLn6pz2ISBLQEAjHUvYtMwYnxQIY4TSr2ImkMSZjPKR9RUMcUOmk0wcy41ApA8OPhKoQjKn6cyLFgZSTwFOd+bly3svF/7x+Av6Fk7IwToCGZLbIT7gBkZGnYQyYoAT4RBFMBFO3GmSEBSagMquoEKz5l/+STqNundVPb06qzUYRRxntowNUQxY6R010hVqojQjK0BN6Qa/ao/asvWnvs9aSVszsol/QPr4BnoaWYQ==</latexit>

w(t,⌧)
M

Q. Can we do better than vanilla averaging?

<latexit sha1_base64="5TDWmRi/w9EjD+21vB64cC12lV8=">AAAB9XicbVDJSgNBEO1xjXGLevTSGIR4CTPB7RjQg8cIZoFkEno6NUmTnoXuGiUM+Q8vHhTx6r9482/sJHPQxAcFj/eqqKrnxVJotO1va2V1bX1jM7eV397Z3dsvHBw2dJQoDnUeyUi1PKZBihDqKFBCK1bAAk9C0xvdTP3mIygtovABxzG4ARuEwhecoZG6nVuQyHqim5bwbNIrFO2yPQNdJk5GiiRDrVf46vQjngQQIpdM67Zjx+imTKHgEib5TqIhZnzEBtA2NGQBaDedXT2hp0bpUz9SpkKkM/X3RMoCrceBZzoDhkO96E3F/7x2gv61m4owThBCPl/kJ5JiRKcR0L5QwFGODWFcCXMr5UOmGEcTVN6E4Cy+vEwalbJzWb64Py9WK1kcOXJMTkiJOOSKVMkdqZE64USRZ/JK3qwn68V6tz7mrStWNnNE/sD6/AEDlJIp</latexit>

�(t)
i

4. FedAvg global update:
<latexit sha1_base64="ABFHM8Aq9M0tE6gZry6OxNRZNGM="></latexit>

w(t+1) = w(t) � 1

M

MX

i=1

�(t)
i

<latexit sha1_base64="5TDWmRi/w9EjD+21vB64cC12lV8=">AAAB9XicbVDJSgNBEO1xjXGLevTSGIR4CTPB7RjQg8cIZoFkEno6NUmTnoXuGiUM+Q8vHhTx6r9482/sJHPQxAcFj/eqqKrnxVJotO1va2V1bX1jM7eV397Z3dsvHBw2dJQoDnUeyUi1PKZBihDqKFBCK1bAAk9C0xvdTP3mIygtovABxzG4ARuEwhecoZG6nVuQyHqim5bwbNIrFO2yPQNdJk5GiiRDrVf46vQjngQQIpdM67Zjx+imTKHgEib5TqIhZnzEBtA2NGQBaDedXT2hp0bpUz9SpkKkM/X3RMoCrceBZzoDhkO96E3F/7x2gv61m4owThBCPl/kJ5JiRKcR0L5QwFGODWFcCXMr5UOmGEcTVN6E4Cy+vEwalbJzWb64Py9WK1kcOXJMTkiJOOSKVMkdqZE64USRZ/JK3qwn68V6tz7mrStWNnNE/sD6/AEDlJIp</latexit>

�(t)
iKey Idea: Treat client updates           as 

“pseudo-gradients”  → server aggregation is a 
gradient descent step → multiply with a 
server step size      [2] .<latexit sha1_base64="SbozuGzg2khVL1XbmgxOCiccLnQ=">AAAB7nicbVBNS8NAEN34WeNX1aOXxSJ4Kknx61jw4rGC/YA2lM120i7dbMLuRCihP8KLB0W8+nu8+W/ctjlo64OBx3szzMwLUykMet63s7a+sbm1Xdpxd/f2Dw7LR8ctk2SaQ5MnMtGdkBmQQkETBUropBpYHEpoh+O7md9+Am1Eoh5xkkIQs6ESkeAMrdR2e4CsP+yXK17Vm4OuEr8gFVKg0S9/9QYJz2JQyCUzput7KQY50yi4hKnbywykjI/ZELqWKhaDCfL5uVN6bpUBjRJtSyGdq78nchYbM4lD2xkzHJllbyb+53UzjG6DXKg0Q1B8sSjKJMWEzn6nA6GBo5xYwrgW9lbKR0wzjjYh14bgL7+8Slq1qn9dvXq4rNRrRRwlckrOyAXxyQ2pk3vSIE3CyZg8k1fy5qTOi/PufCxa15xi5oT8gfP5A7UsjyA=</latexit>⌘g

[2] Reddi, S., et al. ”Adaptive federated optimization.” ICLR, 2021



Our Focus
Cloud Server

<latexit sha1_base64="YDLYxt2FFThynFnVZMFdaDYSMag=">AAAB+XicbVDLSsNAFL3xWesr6tLNYBHqpiRF1GXBjcsK9gFtLJPppB06mYSZSaWE/IkbF4q49U/c+TdO2iy09cDA4Zx7uWeOH3OmtON8W2vrG5tb26Wd8u7e/sGhfXTcVlEiCW2RiEey62NFORO0pZnmtBtLikOf044/uc39zpRKxSLxoGcx9UI8EixgBGsjDWy7H2I99oP0KXtMq/oiG9gVp+bMgVaJW5AKFGgO7K/+MCJJSIUmHCvVc51YeymWmhFOs3I/UTTGZIJHtGeowCFVXjpPnqFzowxREEnzhEZz9fdGikOlZqFvJvOcatnLxf+8XqKDGy9lIk40FWRxKEg40hHKa0BDJinRfGYIJpKZrIiMscREm7LKpgR3+curpF2vuVc19/6y0qgXdZTgFM6gCi5cQwPuoAktIDCFZ3iFNyu1Xqx362MxumYVOyfwB9bnD56Ck5k=</latexit>

w(t)

<latexit sha1_base64="LxT7pK79ss7zZEn4TKooxybH0mU=">AAACAHicbVBNS8NAEN3Ur1q/oh48eAkWoYKUpIh6LHjxWMF+QBPDZrtpl242YXeilJCLf8WLB0W8+jO8+W/ctD1o9cHA470ZZuYFCWcKbPvLKC0tr6yuldcrG5tb2zvm7l5HxakktE1iHstegBXlTNA2MOC0l0iKo4DTbjC+KvzuPZWKxeIWJgn1IjwULGQEg5Z888CNMIyCMHvIfecuq8GpCzg9yX2zatftKay/xJmTKpqj5Zuf7iAmaUQFEI6V6jt2Al6GJTDCaV5xU0UTTMZ4SPuaChxR5WXTB3LrWCsDK4ylLgHWVP05keFIqUkU6M7iXLXoFeJ/Xj+F8NLLmEhSoILMFoUptyC2ijSsAZOUAJ9ogolk+laLjLDEBHRmFR2Cs/jyX9Jp1J3zunNzVm025nGU0SE6QjXkoAvURNeohdqIoBw9oRf0ajwaz8ab8T5rLRnzmX30C8bHN3GalkE=</latexit>

w(t,⌧)
1

<latexit sha1_base64="lnZ2M04S2BpauRbFZKlf8Nm1G24=">AAACAHicbVDLSsNAFJ3UV62vqAsXboJFqCAlKUVdFty4rGAf0MQwmU7aoZMHMzdKCdn4K25cKOLWz3Dn3zhps9DWAxcO59zLvfd4MWcSTPNbK62srq1vlDcrW9s7u3v6/kFXRokgtEMiHom+hyXlLKQdYMBpPxYUBx6nPW9ynfu9Byoki8I7mMbUCfAoZD4jGJTk6kd2gGHs+elj5jbu0xqc24CTs8zVq2bdnMFYJlZBqqhA29W/7GFEkoCGQDiWcmCZMTgpFsAIp1nFTiSNMZngER0oGuKASiedPZAZp0oZGn4kVIVgzNTfEykOpJwGnurMz5WLXi7+5w0S8K+clIVxAjQk80V+wg2IjDwNY8gEJcCnimAimLrVIGMsMAGVWUWFYC2+vEy6jbp1UW/eNqutRhFHGR2jE1RDFrpELXSD2qiDCMrQM3pFb9qT9qK9ax/z1pJWzByiP9A+fwB0H5ZF</latexit>

w(t,⌧)
2

5

Client 1 Client 2 Client M

<latexit sha1_base64="eIbDybyhDc32lOj15eL+qNBDOC8=">AAACAHicbVDLSsNAFJ3UV62vqAsXboJFqCAlKb6WBTduhAr2AU0Mk+mkHTp5MHOjlJCNv+LGhSJu/Qx3/o2TNgutHrhwOOde7r3HizmTYJpfWmlhcWl5pbxaWVvf2NzSt3c6MkoEoW0S8Uj0PCwpZyFtAwNOe7GgOPA47Xrjy9zv3lMhWRTewiSmToCHIfMZwaAkV9+zAwwjz08fMvf6Lq3BsQ04OcpcvWrWzSmMv8QqSBUVaLn6pz2ISBLQEAjHUvYtMwYnxQIY4TSr2ImkMSZjPKR9RUMcUOmk0wcy41ApA8OPhKoQjKn6cyLFgZSTwFOd+bly3svF/7x+Av6Fk7IwToCGZLbIT7gBkZGnYQyYoAT4RBFMBFO3GmSEBSagMquoEKz5l/+STqNundVPb06qzUYRRxntowNUQxY6R010hVqojQjK0BN6Qa/ao/asvWnvs9aSVszsol/QPr4BnoaWYQ==</latexit>

w(t,⌧)
M

<latexit sha1_base64="5TDWmRi/w9EjD+21vB64cC12lV8=">AAAB9XicbVDJSgNBEO1xjXGLevTSGIR4CTPB7RjQg8cIZoFkEno6NUmTnoXuGiUM+Q8vHhTx6r9482/sJHPQxAcFj/eqqKrnxVJotO1va2V1bX1jM7eV397Z3dsvHBw2dJQoDnUeyUi1PKZBihDqKFBCK1bAAk9C0xvdTP3mIygtovABxzG4ARuEwhecoZG6nVuQyHqim5bwbNIrFO2yPQNdJk5GiiRDrVf46vQjngQQIpdM67Zjx+imTKHgEib5TqIhZnzEBtA2NGQBaDedXT2hp0bpUz9SpkKkM/X3RMoCrceBZzoDhkO96E3F/7x2gv61m4owThBCPl/kJ5JiRKcR0L5QwFGODWFcCXMr5UOmGEcTVN6E4Cy+vEwalbJzWb64Py9WK1kcOXJMTkiJOOSKVMkdqZE64USRZ/JK3qwn68V6tz7mrStWNnNE/sD6/AEDlJIp</latexit>

�(t)
i

4. Generalized FedAvg global update:

Q. Can we do better than vanilla averaging?

Key Idea: Treat client updates           as 
“pseudo-gradients”  → server aggregation is a 
gradient descent step → multiply with a 
server step size      .

Q. How to set server step size for 
faster convergence?

<latexit sha1_base64="SbozuGzg2khVL1XbmgxOCiccLnQ=">AAAB7nicbVBNS8NAEN34WeNX1aOXxSJ4Kknx61jw4rGC/YA2lM120i7dbMLuRCihP8KLB0W8+nu8+W/ctjlo64OBx3szzMwLUykMet63s7a+sbm1Xdpxd/f2Dw7LR8ctk2SaQ5MnMtGdkBmQQkETBUropBpYHEpoh+O7md9+Am1Eoh5xkkIQs6ESkeAMrdR2e4CsP+yXK17Vm4OuEr8gFVKg0S9/9QYJz2JQyCUzput7KQY50yi4hKnbywykjI/ZELqWKhaDCfL5uVN6bpUBjRJtSyGdq78nchYbM4lD2xkzHJllbyb+53UzjG6DXKg0Q1B8sSjKJMWEzn6nA6GBo5xYwrgW9lbKR0wzjjYh14bgL7+8Slq1qn9dvXq4rNRrRRwlckrOyAXxyQ2pk3vSIE3CyZg8k1fy5qTOi/PufCxa15xi5oT8gfP5A7UsjyA=</latexit>⌘g

<latexit sha1_base64="EXhKYaruimnyfVlWOJIu9bPAwE8="></latexit>

w(t+1) = w(t) � ⌘g
1

M

MX

i=1

�(t)
i

<latexit sha1_base64="5TDWmRi/w9EjD+21vB64cC12lV8=">AAAB9XicbVDJSgNBEO1xjXGLevTSGIR4CTPB7RjQg8cIZoFkEno6NUmTnoXuGiUM+Q8vHhTx6r9482/sJHPQxAcFj/eqqKrnxVJotO1va2V1bX1jM7eV397Z3dsvHBw2dJQoDnUeyUi1PKZBihDqKFBCK1bAAk9C0xvdTP3mIygtovABxzG4ARuEwhecoZG6nVuQyHqim5bwbNIrFO2yPQNdJk5GiiRDrVf46vQjngQQIpdM67Zjx+imTKHgEib5TqIhZnzEBtA2NGQBaDedXT2hp0bpUz9SpkKkM/X3RMoCrceBZzoDhkO96E3F/7x2gv61m4owThBCPl/kJ5JiRKcR0L5QwFGODWFcCXMr5UOmGEcTVN6E4Cy+vEwalbJzWb64Py9WK1kcOXJMTkiJOOSKVMkdqZE64USRZ/JK3qwn68V6tz7mrStWNnNE/sD6/AEDlJIp</latexit>

�(t)
i



Proposed Algorithm Sketch

Key Idea: Adapt the server step size at every round based on 
heterogeneity of client updates in that round. 

where

Motivation:  To understand the motivation behind FedExP, we 
first consider the overparameterized regime and highlight:

• Connection between FedAvg and Projection on Convex Sets 
(POCS) algorithm. 

• Check out paper for intuition for non-convex case and 
convergence guarantees!

<latexit sha1_base64="j4Kw7kfL5fZhJzy5B27Jr+fRyYI="></latexit>

⌘(t)g /
PM

i=1 k�
(t)
i k2

Mk�̄(t)k2

<latexit sha1_base64="d2FK6uEORwX5koWNKfO0Zpz823k="></latexit>

�̄(t) =

 
MX

i=1

�(t)
i

!
/M

FedExP server step size

6
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Overparameterized Convex Regime in FL
Overparameterized Convex Regime:

Assume is convex for all                   and have a common 
minimizer          (overparameterization). 

• is  a convex set.

• Furthermore, intersection of         is non-empty since                                       
.

• FL objective can alternately be thought of as trying to find a 
point in the intersection of convex sets.

7

<latexit sha1_base64="sH91X3vVJnC8gFlZ95zLsOHaBSs=">AAAB+HicbVBNS8NAFHypX7V+NOrRy2IR6qUkpajHgiAeK9hWaEPYbDft0s0m7G6UGvpLvHhQxKs/xZv/xm2bg7YOLAwz7/FmJ0g4U9pxvq3C2vrG5lZxu7Szu7dftg8OOypOJaFtEvNY3gdYUc4EbWumOb1PJMVRwGk3GF/N/O4DlYrF4k5PEupFeChYyAjWRvLt8rXPqv0I61EQZo/TM9+uODVnDrRK3JxUIEfLt7/6g5ikERWacKxUz3US7WVYakY4nZb6qaIJJmM8pD1DBY6o8rJ58Ck6NcoAhbE0T2g0V39vZDhSahIFZnIWUS17M/E/r5fq8NLLmEhSTQVZHApTjnSMZi2gAZOUaD4xBBPJTFZERlhiok1XJVOCu/zlVdKp19zzWuO2UWnW8zqKcAwnUAUXLqAJN9CCNhBI4Rle4c16sl6sd+tjMVqw8p0j+APr8wdSKZLW</latexit>

Fi(w)
<latexit sha1_base64="MquW4hZtE0oYDzRFBa4S/df0cRE=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRbBU9ktpXosePEiVLAfsl1KNs22oUl2SbJCWforvHhQxKs/x5v/xrTdg7Y+GHi8N8PMvDDhTBvX/XYKG5tb2zvF3dLe/sHhUfn4pKPjVBHaJjGPVS/EmnImadsww2kvURSLkNNuOLmZ+90nqjSL5YOZJjQQeCRZxAg2VnpkqM8k8u+CQbniVt0F0DrxclKBHK1B+as/jEkqqDSEY619z01MkGFlGOF0VuqnmiaYTPCI+pZKLKgOssXBM3RhlSGKYmVLGrRQf09kWGg9FaHtFNiM9ao3F//z/NRE10HGZJIaKslyUZRyZGI0/x4NmaLE8KklmChmb0VkjBUmxmZUsiF4qy+vk06t6jWq9ft6pVnL4yjCGZzDJXhwBU24hRa0gYCAZ3iFN0c5L86787FsLTj5zCn8gfP5A76Wj64=</latexit>

i 2 [M ]

<latexit sha1_base64="zRKbnLE0uqM9mJ+gl1/64UIsbeY="></latexit>

S⇤
i =

⇢
argmin

w
Fi(w)

�

<latexit sha1_base64="Ow8EYemdHYSa3vrKmrP8eWbmI7A=">AAACHHicbVDLSsNAFJ3UV62vqEs3g0UQFyWpRQU3BTduhIr2AU0sk+mkHTqZhJmJUkI/xI2/4saFIm5cCP6NkzQLbT0wcDjnXubc40WMSmVZ30ZhYXFpeaW4Wlpb39jcMrd3WjKMBSZNHLJQdDwkCaOcNBVVjHQiQVDgMdL2Rhep374nQtKQ36pxRNwADTj1KUZKSz3z2AmQGnp+8jC5O4IO5TATMGLJTaacQ8cPBWIM0szuXrk9s2xVrAxwntg5KYMcjZ756fRDHAeEK8yQlF3bipSbIKEoZmRScmJJIoRHaEC6mnIUEOkm2XETeKCVPtQZ9OMKZurvjQQFUo4DT0+myeWsl4r/ed1Y+WduQnkUK8Lx9CM/ZlCFMG0K9qkgWLGxJggLqrNCPEQCYaX7LOkS7NmT50mrWrFPKrXrWrlezesogj2wDw6BDU5BHVyCBmgCDB7BM3gFb8aT8WK8Gx/T0YKR7+yCPzC+fgD1l6CX</latexit>

w⇤ 2 S⇤ 8i 2 [M ]Find a point in this 
region

<latexit sha1_base64="72cL8hL55Y5h8LFbFyj1WYCcWSs="></latexit>

min
w

F (w) () Find w s.t. w 2 S⇤
1 \ S⇤

2 · · · \ S⇤
M

Client solution sets intersect

<latexit sha1_base64="58CkoFXM3CfcA1SU2iNc06tkBOU=">AAAB9HicbVDLSsNAFL2prxpfVZduBosgLkpSfC0LblxWsA9oY5lMJ+3QySTOTCol9DvcuFDErR/jzr9x0mahrQcGDufcyz1z/JgzpR3n2yqsrK6tbxQ37a3tnd290v5BU0WJJLRBIh7Jto8V5UzQhmaa03YsKQ59Tlv+6CbzW2MqFYvEvZ7E1AvxQLCAEayN5NndEOuhH6RP04ezXqnsVJwZ0DJxc1KGHPVe6avbj0gSUqEJx0p1XCfWXoqlZoTTqd1NFI0xGeEB7RgqcEiVl85CT9GJUfooiKR5QqOZ+nsjxaFSk9A3k1lGtehl4n9eJ9HBtZcyESeaCjI/FCQc6QhlDaA+k5RoPjEEE8lMVkSGWGKiTU+2KcFd/PIyaVYr7mXl4u68XKvmdRThCI7hFFy4ghrcQh0aQOARnuEV3qyx9WK9Wx/z0YKV7xzCH1ifP0/CkcU=</latexit>

w⇤

<latexit sha1_base64="D/kqYhEAUPokSTGMw+KIrdRf/YQ=">AAAB+XicbVDLSsNAFL3xWesr6tLNYBHERUmKr2XBjcuK9gFtDJPppB06mYSZSaGE/okbF4q49U/c+TdO2iy09cDA4Zx7uWdOkHCmtON8Wyura+sbm6Wt8vbO7t6+fXDYUnEqCW2SmMeyE2BFORO0qZnmtJNIiqOA03Ywus399phKxWLxqCcJ9SI8ECxkBGsj+bZd7kVYDwnm2cPUZ0/nvl1xqs4MaJm4BalAgYZvf/X6MUkjKjThWKmu6yTay7DUjHA6LfdSRRNMRnhAu4YKHFHlZbPkU3RqlD4KY2me0Gim/t7IcKTUJArMZB5TLXq5+J/XTXV442VMJKmmgswPhSlHOkZ5DajPJCWaTwzBRDKTFZEhlphoU1bZlOAufnmZtGpV96p6eX9RqdeKOkpwDCdwBi5cQx3uoAFNIDCGZ3iFNyuzXqx362M+umIVO0fwB9bnD9xUkyA=</latexit>

S⇤
i

<latexit sha1_base64="pB59Qqq2l2b4GfYzBCdmB+48Kc4=">AAAB+HicbVDLSsNAFL2pr1ofjbp0M1gEcVGSUtRlwY3LivYBbQyT6bQdOpmEmYlQQ7/EjQtF3Pop7vwbJ20W2npg4HDOvdwzJ4g5U9pxvq3C2vrG5lZxu7Szu7dftg8O2ypKJKEtEvFIdgOsKGeCtjTTnHZjSXEYcNoJJteZ33mkUrFI3OtpTL0QjwQbMoK1kXy73A+xHhPM07uZ7z6c+3bFqTpzoFXi5qQCOZq+/dUfRCQJqdCEY6V6rhNrL8VSM8LprNRPFI0xmeAR7RkqcEiVl86Dz9CpUQZoGEnzhEZz9fdGikOlpmFgJrOYatnLxP+8XqKHV17KRJxoKsji0DDhSEcoawENmKRE86khmEhmsiIyxhITbboqmRLc5S+vknat6l5U67f1SqOW11GEYziBM3DhEhpwA01oAYEEnuEV3qwn68V6tz4WowUr3zmCP7A+fwBR1ZLT</latexit>

S⇤
1

<latexit sha1_base64="czsj66BsI/W0vfbYKegi7dIEZuM=">AAAB+HicbVDLSsNAFL2pr1ofjbp0M1gEcVGSUtRlwY3LivYBbQyT6bQdOpmEmYlQQ7/EjQtF3Pop7vwbJ20W2npg4HDOvdwzJ4g5U9pxvq3C2vrG5lZxu7Szu7dftg8O2ypKJKEtEvFIdgOsKGeCtjTTnHZjSXEYcNoJJteZ33mkUrFI3OtpTL0QjwQbMoK1kXy73A+xHhPM07uZX3s49+2KU3XmQKvEzUkFcjR9+6s/iEgSUqEJx0r1XCfWXoqlZoTTWamfKBpjMsEj2jNU4JAqL50Hn6FTowzQMJLmCY3m6u+NFIdKTcPATGYx1bKXif95vUQPr7yUiTjRVJDFoWHCkY5Q1gIaMEmJ5lNDMJHMZEVkjCUm2nRVMiW4y19eJe1a1b2o1m/rlUYtr6MIx3ACZ+DCJTTgBprQAgIJPMMrvFlP1ov1bn0sRgtWvnMEf2B9/gBTW5LU</latexit>

S⇤
2



Projection on Convex Sets (POCS) Algorithm
Projection on Convex Sets Algorithm [3]:

Goal: Find a point that lies in the intersection of convex sets

Algorithm:

1. Compute                                                                      , projection of  
on the set       

2. Update 

Here       is known as the relaxation co-efficient.

<latexit sha1_base64="8TWWD3fZ5TDye593E/qLzQ26YIc="></latexit>

w(t+1) = w(t) � �
1

M

MX

i=1

⇣
w(t) � Pi(w

(t))
⌘

<latexit sha1_base64="ZUyPjfJtS/Ycf/4PNCgiHJNgfhE="></latexit>

Pi(w
(t)) = argmin

w2S⇤
i

kw �w(t)k2
<latexit sha1_base64="VQjqvsIXG8+K43pXP3EAv3rrAkA=">AAAB+XicbVDLSsNAFL2pr1pfUZduBotQNyUpRV0W3LisYB/QxjKZTtqhk0mYmVRK6J+4caGIW//EnX/jpM1CWw8MHM65l3vm+DFnSjvOt1XY2Nza3inulvb2Dw6P7OOTtooSSWiLRDySXR8rypmgLc00p91YUhz6nHb8yW3md6ZUKhaJBz2LqRfikWABI1gbaWDb/RDrsR+kT/PHtKIv5wO77FSdBdA6cXNShhzNgf3VH0YkCanQhGOleq4Tay/FUjPC6bzUTxSNMZngEe0ZKnBIlZcuks/RhVGGKIikeUKjhfp7I8WhUrPQN5NZTrXqZeJ/Xi/RwY2XMhEnmgqyPBQkHOkIZTWgIZOUaD4zBBPJTFZExlhiok1ZJVOCu/rlddKuVd2rav2+Xm7U8jqKcAbnUAEXrqEBd9CEFhCYwjO8wpuVWi/Wu/WxHC1Y+c4p/IH1+QOfeJOc</latexit>

w(t)
<latexit sha1_base64="9tPN5kzEQF25wPVkn6qPHhSjCH4=">AAAB+nicbVDLSsNAFL3xWesr1aWbwSKIi5KUoi4LblxWtA9oY5hMJ+3QyYOZiVJiPsWNC0Xc+iXu/BsnbRbaemDgcM693DPHizmTyrK+jZXVtfWNzdJWeXtnd2/frBx0ZJQIQtsk4pHoeVhSzkLaVkxx2osFxYHHadebXOV+94EKyaLwTk1j6gR4FDKfEay05JqVQYDVmGCe3mYuu0/PMtesWjVrBrRM7IJUoUDLNb8Gw4gkAQ0V4VjKvm3FykmxUIxwmpUHiaQxJhM8on1NQxxQ6aSz6Bk60coQ+ZHQL1Ropv7eSHEg5TTw9GQeVC56ufif10+Uf+mkLIwTRUMyP+QnHKkI5T2gIROUKD7VBBPBdFZExlhgonRbZV2CvfjlZdKp1+zzWuOmUW3WizpKcATHcAo2XEATrqEFbSDwCM/wCm/Gk/FivBsf89EVo9g5hD8wPn8AddGUFw==</latexit>

S⇤
i

<latexit sha1_base64="N0qIVYsUSA7CQR16gzBfMklO9LA=">AAACInicbZDLSsNAFIYnXmu9RV26GSyCFClJKV52BTduhIr2Am0aJtNpO3QyCTMToYQ8ixtfxY0LRV0JPoyTNotePDDw853LnPN7IaNSWdaPsbK6tr6xmdvKb+/s7u2bB4cNGUQCkzoOWCBaHpKEUU7qiipGWqEgyPcYaXqjmzTffCJC0oA/qnFIHB8NOO1TjJRGrnnd8ZEaYsTih8S1u3ExOYezqNwtatALlJzDd92iaxaskjUJuCzsTBRAFjXX/NJzcOQTrjBDUrZtK1ROjISimJEk34kkCREeoQFpa8mRT6QTT05M4KkmPdgPhH5cwQmd7YiRL+XY93RluqZczKXwv1w7Uv0rJ6Y8jBThePpRP2JQBTD1C/aoIFixsRYIC6p3hXiIBMJKu5rXJtiLJy+LRrlkX5Qq95VCtZzZkQPH4AScARtcgiq4BTVQBxg8g1fwDj6MF+PN+DS+p6UrRtZzBObC+P0Dbe6jjA==</latexit>

S⇤
1 ,S⇤

2 , . . .S⇤
M

<latexit sha1_base64="4+1uTzrrJyWfTMO++nzgBgL4ugo=">AAAB7nicbVBNS8NAFHypX7V+VT16WSyCp5KUoh4LXjxWsK3QhvKy2bRLN5uwuxFK6I/w4kERr/4eb/4bt20O2jqwMMzMY9+bIBVcG9f9dkobm1vbO+Xdyt7+weFR9fikq5NMUdahiUjUY4CaCS5Zx3Aj2GOqGMaBYL1gcjv3e09MaZ7IBzNNmR/jSPKIUzRW6g2EjYY4rNbcursAWSdeQWpQoD2sfg3ChGYxk4YK1Lrvuanxc1SGU8FmlUGmWYp0giPWt1RizLSfL9adkQurhCRKlH3SkIX6eyLHWOtpHNhkjGasV725+J/Xz0x04+dcpplhki4/ijJBTELmt5OQK0aNmFqCVHG7K6FjVEiNbahiS/BWT14n3Ubdu6o375u1VqOoowxncA6X4ME1tOAO2tABChN4hld4c1LnxXl3PpbRklPMnMIfOJ8/OuOPdg==</latexit>

�

<latexit sha1_base64="pB59Qqq2l2b4GfYzBCdmB+48Kc4=">AAAB+HicbVDLSsNAFL2pr1ofjbp0M1gEcVGSUtRlwY3LivYBbQyT6bQdOpmEmYlQQ7/EjQtF3Pop7vwbJ20W2npg4HDOvdwzJ4g5U9pxvq3C2vrG5lZxu7Szu7dftg8O2ypKJKEtEvFIdgOsKGeCtjTTnHZjSXEYcNoJJteZ33mkUrFI3OtpTL0QjwQbMoK1kXy73A+xHhPM07uZ7z6c+3bFqTpzoFXi5qQCOZq+/dUfRCQJqdCEY6V6rhNrL8VSM8LprNRPFI0xmeAR7RkqcEiVl86Dz9CpUQZoGEnzhEZz9fdGikOlpmFgJrOYatnLxP+8XqKHV17KRJxoKsji0DDhSEcoawENmKRE86khmEhmsiIyxhITbboqmRLc5S+vknat6l5U67f1SqOW11GEYziBM3DhEhpwA01oAYEEnuEV3qwn68V6tz4WowUr3zmCP7A+fwBR1ZLT</latexit>

S⇤
1

<latexit sha1_base64="czsj66BsI/W0vfbYKegi7dIEZuM=">AAAB+HicbVDLSsNAFL2pr1ofjbp0M1gEcVGSUtRlwY3LivYBbQyT6bQdOpmEmYlQQ7/EjQtF3Pop7vwbJ20W2npg4HDOvdwzJ4g5U9pxvq3C2vrG5lZxu7Szu7dftg8O2ypKJKEtEvFIdgOsKGeCtjTTnHZjSXEYcNoJJteZ33mkUrFI3OtpTL0QjwQbMoK1kXy73A+xHhPM07uZX3s49+2KU3XmQKvEzUkFcjR9+6s/iEgSUqEJx0r1XCfWXoqlZoTTWamfKBpjMsEj2jNU4JAqL50Hn6FTowzQMJLmCY3m6u+NFIdKTcPATGYx1bKXif95vUQPr7yUiTjRVJDFoWHCkY5Q1gIaMEmJ5lNDMJHMZEVkjCUm2nRVMiW4y19eJe1a1b2o1m/rlUYtr6MIx3ACZ+DCJTTgBprQAgIJPMMrvFlP1ov1bn0sRgtWvnMEf2B9/gBTW5LU</latexit>

S⇤
2

<latexit sha1_base64="VQjqvsIXG8+K43pXP3EAv3rrAkA=">AAAB+XicbVDLSsNAFL2pr1pfUZduBotQNyUpRV0W3LisYB/QxjKZTtqhk0mYmVRK6J+4caGIW//EnX/jpM1CWw8MHM65l3vm+DFnSjvOt1XY2Nza3inulvb2Dw6P7OOTtooSSWiLRDySXR8rypmgLc00p91YUhz6nHb8yW3md6ZUKhaJBz2LqRfikWABI1gbaWDb/RDrsR+kT/PHtKIv5wO77FSdBdA6cXNShhzNgf3VH0YkCanQhGOleq4Tay/FUjPC6bzUTxSNMZngEe0ZKnBIlZcuks/RhVGGKIikeUKjhfp7I8WhUrPQN5NZTrXqZeJ/Xi/RwY2XMhEnmgqyPBQkHOkIZTWgIZOUaD4zBBPJTFZExlhiok1ZJVOCu/rlddKuVd2rav2+Xm7U8jqKcAbnUAEXrqEBd9CEFhCYwjO8wpuVWi/Wu/WxHC1Y+c4p/IH1+QOfeJOc</latexit>

w(t)

<latexit sha1_base64="jcNCNmzVdOW7TrjeonqCXQ75dH0=">AAAB+3icbVDLSsNAFJ3UV62vWJdugkWoCCUpRV0W3LisYB/QxjKZTtqhk0mYuVFLyK+4caGIW3/EnX/jpM1CWw8MHM65l3vmeBFnCmz72yisrW9sbhW3Szu7e/sH5mG5o8JYEtomIQ9lz8OKciZoGxhw2oskxYHHadebXmd+94FKxUJxB7OIugEeC+YzgkFLQ7M8CDBMPD95TO+TKpw7Z+nQrNg1ew5rlTg5qaAcraH5NRiFJA6oAMKxUn3HjsBNsARGOE1Lg1jRCJMpHtO+pgIHVLnJPHtqnWplZPmh1E+ANVd/byQ4UGoWeHoyS6qWvUz8z+vH4F+5CRNRDFSQxSE/5haEVlaENWKSEuAzTTCRTGe1yARLTEDXVdIlOMtfXiWdes25qDVuG5VmPa+jiI7RCaoiB12iJrpBLdRGBD2hZ/SK3ozUeDHejY/FaMHId47QHxifP4GClAw=</latexit>

w(t+1)

[3] Combettes, Patrick L. "Convex set theoretic image recovery by extrapolated iterations of parallel subgradient projections.” IEEE Transactions on Image Processing 6, no. 4 (1997) 8

Find a point in this 
region

<latexit sha1_base64="+JIdcKhyHJhdgM5gq4eBiUse3Os=">AAACCHicbVC7TsMwFHV4lvIKMDJgUSG1S5VUFTBWYmEsEn1IbYgc12mtOk5kO6AqysjCr7AwgBArn8DG3+CkGaDlSJaOz7lX997jRYxKZVnfxsrq2vrGZmmrvL2zu7dvHhx2ZRgLTDo4ZKHoe0gSRjnpKKoY6UeCoMBjpOdNrzK/d0+EpCG/VbOIOAEac+pTjJSWXPNkGCA1wYgl7dS1q/nP85OH9C6pqlpac82KVbdywGViF6QCCrRd82s4CnEcEK4wQ1IObCtSToKEopiRtDyMJYkQnqIxGWjKUUCkk+SHpPBMKyPoh0I/rmCu/u5IUCDlLPB0ZbaoXPQy8T9vECv/0kkoj2JFOJ4P8mMGVQizVOCICoIVm2mCsKB6V4gnSCCsdHZlHYK9ePIy6Tbq9nm9edOstBpFHCVwDE5BFdjgArTANWiDDsDgETyDV/BmPBkvxrvxMS9dMYqeI/AHxucPdT+ZkQ==</latexit>

P1(w
(t))

<latexit sha1_base64="pkc9W1cKvHWSeq3wAyHz4ukU3po=">AAACCHicbVC7TsMwFHV4lvIKMDJgUSG1S5VUFTBWYmEsEn1IbYgc12mtOk5kO6AqysjCr7AwgBArn8DG3+CkGaDlSJaOz7lX997jRYxKZVnfxsrq2vrGZmmrvL2zu7dvHhx2ZRgLTDo4ZKHoe0gSRjnpKKoY6UeCoMBjpOdNrzK/d0+EpCG/VbOIOAEac+pTjJSWXPNkGCA1wYgl7dRtVPOf5ycP6V1SVbW05poVq27lgMvELkgFFGi75tdwFOI4IFxhhqQc2FaknAQJRTEjaXkYSxIhPEVjMtCUo4BIJ8kPSeGZVkbQD4V+XMFc/d2RoEDKWeDpymxRuehl4n/eIFb+pZNQHsWKcDwf5McMqhBmqcARFQQrNtMEYUH1rhBPkEBY6ezKOgR78eRl0m3U7fN686ZZaTWKOErgGJyCKrDBBWiBa9AGHYDBI3gGr+DNeDJejHfjY166YhQ9R+APjM8fdtWZkg==</latexit>

P2(w
(t))



Extrapolated Parallel Projection Method (EPPM)
Extrapolated Parallel Projection Method [4]:

1. Projection step is same as POCS.

2. Adapt at every iteration.

where

Known as “extrapolation” since we have                           by 
Jensen’s inequality.

Key property:

<latexit sha1_base64="VQjqvsIXG8+K43pXP3EAv3rrAkA=">AAAB+XicbVDLSsNAFL2pr1pfUZduBotQNyUpRV0W3LisYB/QxjKZTtqhk0mYmVRK6J+4caGIW//EnX/jpM1CWw8MHM65l3vm+DFnSjvOt1XY2Nza3inulvb2Dw6P7OOTtooSSWiLRDySXR8rypmgLc00p91YUhz6nHb8yW3md6ZUKhaJBz2LqRfikWABI1gbaWDb/RDrsR+kT/PHtKIv5wO77FSdBdA6cXNShhzNgf3VH0YkCanQhGOleq4Tay/FUjPC6bzUTxSNMZngEe0ZKnBIlZcuks/RhVGGKIikeUKjhfp7I8WhUrPQN5NZTrXqZeJ/Xi/RwY2XMhEnmgqyPBQkHOkIZTWgIZOUaD4zBBPJTFZExlhiok1ZJVOCu/rlddKuVd2rav2+Xm7U8jqKcAbnUAEXrqEBd9CEFhCYwjO8wpuVWi/Wu/WxHC1Y+c4p/IH1+QOfeJOc</latexit>

w(t)

<latexit sha1_base64="GY4W2A1e5GeZ1kDX43PFXtqYfqQ=">AAACCXicbVDLSgNBEJz1GeMr6tHLYBAiQtgNQT0GRPAiRDAPSNYwO5lNhsw+mOlVw7JXL/6KFw+KePUPvPk3ziZ70MSChqKqm+4uJxRcgWl+GwuLS8srq7m1/PrG5tZ2YWe3qYJIUtaggQhk2yGKCe6zBnAQrB1KRjxHsJYzOk/91h2Tigf+DYxDZntk4HOXUwJa6hVw1yMwdNz4PrmNS3BsHSW9uAvsAeKLev0qSXqFolk2J8DzxMpIEWWo9wpf3X5AI4/5QAVRqmOZIdgxkcCpYEm+GykWEjoiA9bR1CceU3Y8+STBh1rpYzeQunzAE/X3REw8pcaeozvTu9Wsl4r/eZ0I3DM75n4YAfPpdJEbCQwBTmPBfS4ZBTHWhFDJ9a2YDokkFHR4eR2CNfvyPGlWytZJuXpdLdYqWRw5tI8OUAlZ6BTV0CWqowai6BE9o1f0ZjwZL8a78TFtXTCymT30B8bnD5dRmjo=</latexit>

w(t+1)
EPPM

<latexit sha1_base64="Da9ceWsK0TAPZgyC9RD51qrAYSY="></latexit>

w(t+1) = w(t) � �(t) 1

M

MX

i=1

⇣
w(t) � Pi(w

(t))
⌘

<latexit sha1_base64="4+1uTzrrJyWfTMO++nzgBgL4ugo=">AAAB7nicbVBNS8NAFHypX7V+VT16WSyCp5KUoh4LXjxWsK3QhvKy2bRLN5uwuxFK6I/w4kERr/4eb/4bt20O2jqwMMzMY9+bIBVcG9f9dkobm1vbO+Xdyt7+weFR9fikq5NMUdahiUjUY4CaCS5Zx3Aj2GOqGMaBYL1gcjv3e09MaZ7IBzNNmR/jSPKIUzRW6g2EjYY4rNbcursAWSdeQWpQoD2sfg3ChGYxk4YK1Lrvuanxc1SGU8FmlUGmWYp0giPWt1RizLSfL9adkQurhCRKlH3SkIX6eyLHWOtpHNhkjGasV725+J/Xz0x04+dcpplhki4/ijJBTELmt5OQK0aNmFqCVHG7K6FjVEiNbahiS/BWT14n3Ubdu6o375u1VqOoowxncA6X4ME1tOAO2tABChN4hld4c1LnxXl3PpbRklPMnMIfOJ8/OuOPdg==</latexit>

�

<latexit sha1_base64="KUovoyPr5nDTELQM7UnzEyLTS3U=">AAACCnicbVC7SgNBFJ31GeNr1dJmNAixCbshqGATsLGMYB6QXcPd2dlkyOzDmVkhLKlt/BUbC0Vs/QI7/8ZJsoUmHhg4nHMvd87xEs6ksqxvY2l5ZXVtvbBR3Nza3tk19/ZbMk4FoU0S81h0PJCUs4g2FVOcdhJBIfQ4bXvDq4nffqBCsji6VaOEuiH0IxYwAkpLPfPI4XrYh7usrE7H2OnTe2xj5xI7QSyAc6x6ZsmqWFPgRWLnpIRyNHrml+PHJA1ppAgHKbu2lSg3A6EY4XRcdFJJEyBD6NOuphGEVLrZNMoYn2jFx/q2fpHCU/X3RgahlKPQ05MhqIGc9ybif143VcGFm7EoSRWNyOxQkOp8MZ70gn0mKFF8pAkQwfRfMRmAAKJ0e0Vdgj0feZG0qhX7rFK7qZXq1byOAjpEx6iMbHSO6ugaNVATEfSIntErejOejBfj3fiYjS4Z+c4B+gPj8wfq85kX</latexit>

�(t) � 1 8t

<latexit sha1_base64="malczzA/xZ2XBfSNrE642cSZk7s="></latexit>

�(t) =

PM
i=1 kw(t) � Pi(w(t))k2

Mk 1
M

PM
i=1(w

(t) � Pi(w(t)))k2

9[4] Pierra, G. (1984). “Decomposition through formalization in a product space.” Mathematical Programming, 28(1), 96-115.

<latexit sha1_base64="ta7b8VmTgDcpFJo/nphWgDG/ILM="></latexit>

kw(t+1)
EPPM �w⇤k2  kw(t) �w⇤k2

Find a point in this 
region

<latexit sha1_base64="pB59Qqq2l2b4GfYzBCdmB+48Kc4=">AAAB+HicbVDLSsNAFL2pr1ofjbp0M1gEcVGSUtRlwY3LivYBbQyT6bQdOpmEmYlQQ7/EjQtF3Pop7vwbJ20W2npg4HDOvdwzJ4g5U9pxvq3C2vrG5lZxu7Szu7dftg8O2ypKJKEtEvFIdgOsKGeCtjTTnHZjSXEYcNoJJteZ33mkUrFI3OtpTL0QjwQbMoK1kXy73A+xHhPM07uZ7z6c+3bFqTpzoFXi5qQCOZq+/dUfRCQJqdCEY6V6rhNrL8VSM8LprNRPFI0xmeAR7RkqcEiVl86Dz9CpUQZoGEnzhEZz9fdGikOlpmFgJrOYatnLxP+8XqKHV17KRJxoKsji0DDhSEcoawENmKRE86khmEhmsiIyxhITbboqmRLc5S+vknat6l5U67f1SqOW11GEYziBM3DhEhpwA01oAYEEnuEV3qwn68V6tz4WowUr3zmCP7A+fwBR1ZLT</latexit>

S⇤
1

<latexit sha1_base64="czsj66BsI/W0vfbYKegi7dIEZuM=">AAAB+HicbVDLSsNAFL2pr1ofjbp0M1gEcVGSUtRlwY3LivYBbQyT6bQdOpmEmYlQQ7/EjQtF3Pop7vwbJ20W2npg4HDOvdwzJ4g5U9pxvq3C2vrG5lZxu7Szu7dftg8O2ypKJKEtEvFIdgOsKGeCtjTTnHZjSXEYcNoJJteZ33mkUrFI3OtpTL0QjwQbMoK1kXy73A+xHhPM07uZX3s49+2KU3XmQKvEzUkFcjR9+6s/iEgSUqEJx0r1XCfWXoqlZoTTWamfKBpjMsEj2jNU4JAqL50Hn6FTowzQMJLmCY3m6u+NFIdKTcPATGYx1bKXif95vUQPr7yUiTjRVJDFoWHCkY5Q1gIaMEmJ5lNDMJHMZEVkjCUm2nRVMiW4y19eJe1a1b2o1m/rlUYtr6MIx3ACZ+DCJTTgBprQAgIJPMMrvFlP1ov1bn0sRgtWvnMEf2B9/gBTW5LU</latexit>

S⇤
2

<latexit sha1_base64="+JIdcKhyHJhdgM5gq4eBiUse3Os=">AAACCHicbVC7TsMwFHV4lvIKMDJgUSG1S5VUFTBWYmEsEn1IbYgc12mtOk5kO6AqysjCr7AwgBArn8DG3+CkGaDlSJaOz7lX997jRYxKZVnfxsrq2vrGZmmrvL2zu7dvHhx2ZRgLTDo4ZKHoe0gSRjnpKKoY6UeCoMBjpOdNrzK/d0+EpCG/VbOIOAEac+pTjJSWXPNkGCA1wYgl7dS1q/nP85OH9C6pqlpac82KVbdywGViF6QCCrRd82s4CnEcEK4wQ1IObCtSToKEopiRtDyMJYkQnqIxGWjKUUCkk+SHpPBMKyPoh0I/rmCu/u5IUCDlLPB0ZbaoXPQy8T9vECv/0kkoj2JFOJ4P8mMGVQizVOCICoIVm2mCsKB6V4gnSCCsdHZlHYK9ePIy6Tbq9nm9edOstBpFHCVwDE5BFdjgArTANWiDDsDgETyDV/BmPBkvxrvxMS9dMYqeI/AHxucPdT+ZkQ==</latexit>

P1(w
(t))

<latexit sha1_base64="pkc9W1cKvHWSeq3wAyHz4ukU3po=">AAACCHicbVC7TsMwFHV4lvIKMDJgUSG1S5VUFTBWYmEsEn1IbYgc12mtOk5kO6AqysjCr7AwgBArn8DG3+CkGaDlSJaOz7lX997jRYxKZVnfxsrq2vrGZmmrvL2zu7dvHhx2ZRgLTDo4ZKHoe0gSRjnpKKoY6UeCoMBjpOdNrzK/d0+EpCG/VbOIOAEac+pTjJSWXPNkGCA1wYgl7dRtVPOf5ycP6V1SVbW05poVq27lgMvELkgFFGi75tdwFOI4IFxhhqQc2FaknAQJRTEjaXkYSxIhPEVjMtCUo4BIJ8kPSeGZVkbQD4V+XMFc/d2RoEDKWeDpymxRuehl4n/eIFb+pZNQHsWKcDwf5McMqhBmqcARFQQrNtMEYUH1rhBPkEBY6ezKOgR78eRl0m3U7fN686ZZaTWKOErgGJyCKrDBBWiBa9AGHYDBI3gGr+DNeDJejHfjY166YhQ9R+APjM8fdtWZkg==</latexit>

P2(w
(t))



Extending extrapolation to FL
POCS update:

Generalized FedAvg update:

Local models                can be thought of as approximate 
projections . 

→ plays same role as    . Can apply extrapolation idea to 
tune  . 

<latexit sha1_base64="VQjqvsIXG8+K43pXP3EAv3rrAkA=">AAAB+XicbVDLSsNAFL2pr1pfUZduBotQNyUpRV0W3LisYB/QxjKZTtqhk0mYmVRK6J+4caGIW//EnX/jpM1CWw8MHM65l3vm+DFnSjvOt1XY2Nza3inulvb2Dw6P7OOTtooSSWiLRDySXR8rypmgLc00p91YUhz6nHb8yW3md6ZUKhaJBz2LqRfikWABI1gbaWDb/RDrsR+kT/PHtKIv5wO77FSdBdA6cXNShhzNgf3VH0YkCanQhGOleq4Tay/FUjPC6bzUTxSNMZngEe0ZKnBIlZcuks/RhVGGKIikeUKjhfp7I8WhUrPQN5NZTrXqZeJ/Xi/RwY2XMhEnmgqyPBQkHOkIZTWgIZOUaD4zBBPJTFZExlhiok1ZJVOCu/rlddKuVd2rav2+Xm7U8jqKcAbnUAEXrqEBd9CEFhCYwjO8wpuVWi/Wu/WxHC1Y+c4p/IH1+QOfeJOc</latexit>

w(t)

FedAvg with “approximate” projections

10

<latexit sha1_base64="8TWWD3fZ5TDye593E/qLzQ26YIc="></latexit>

w(t+1) = w(t) � �
1

M

MX

i=1

⇣
w(t) � Pi(w

(t))
⌘

<latexit sha1_base64="6mveiXiqQ9W57MyhqMMGWMe6V4Y="></latexit>

w(t+1) = w(t) � ⌘g
1

M

MX

i=1

⇣
w(t) �w(t,⌧)

i

⌘

<latexit sha1_base64="kezC9DobtonDdUiYv9cyWeYbFPw=">AAACAnicbVBNS8NAEN34WeNX1JN4CRahgpSkFPVY8OKxgv2AJobNdtMu3WzC7kQpoXjxr3jxoIhXf4U3/41Jm4O2Phh4vDfDzDw/5kyBZX1rS8srq2vrpQ19c2t7Z9fY22+rKJGEtkjEI9n1saKcCdoCBpx2Y0lx6HPa8UdXud+5p1KxSNzCOKZuiAeCBYxgyCTPOHRCDEM/SB8mHrtLK3DmAE5OJ7ruGWWrak1hLhK7IGVUoOkZX04/IklIBRCOlerZVgxuiiUwwulEdxJFY0xGeEB7GRU4pMpNpy9MzJNM6ZtBJLMSYE7V3xMpDpUah37WmR+s5r1c/M/rJRBcuikTcQJUkNmiIOEmRGaeh9lnkhLg44xgIll2q0mGWGICWWp5CPb8y4ukXava59X6Tb3cqBVxlNAROkYVZKML1EDXqIlaiKBH9Ixe0Zv2pL1o79rHrHVJK2YO0B9onz9EhZak</latexit>

w(t,⌧)
i

<latexit sha1_base64="NXDKsZDPUG05SeI+ft0og5qxAWU=">AAACEnicbVC7TsMwFHV4lvAKMLJYVEjtUiVVBYyVWBiLRB9SEyLHdVqrjhPZDlBF+QYWfoWFAYRYmdj4G5I0A7QcydLxOffq3nu8iFGpTPNbW1ldW9/YrGzp2zu7e/vGwWFPhrHApItDFoqBhyRhlJOuooqRQSQICjxG+t70Mvf7d0RIGvIbNYuIE6Axpz7FSGWSa9RtFEUifIB2gNQEI5Z0UpfWip/nJ/fpbVJT9bSu665RNRtmAbhMrJJUQYmOa3zZoxDHAeEKMyTl0DIj5SRIKIoZSXU7liRCeIrGZJhRjgIinaQ4KYWnmTKCfiiyxxUs1N8dCQqknAVeVpmvKhe9XPzPG8bKv3ASyqNYEY7ng/yYQRXCPB84ooJgxWYZQVjQbFeIJ0ggrLIU8xCsxZOXSa/ZsM4aretWtd0s46iAY3ACasAC56ANrkAHdAEGj+AZvII37Ul70d61j3npilb2HIE/0D5/AJgUnVc=</latexit>

⇡ Pi(w
(t))

<latexit sha1_base64="knc7En0qincXE0nzNfNZu6noo8U=">AAAB73icbVDLSgNBEOyNr7i+oh69DAbBU9gNQT0GvHiMYB6QLGF20psMmX04MyuEJT/hxYMiXv0db/6Ns8keNLGgoajqprvLTwRX2nG+rdLG5tb2TnnX3ts/ODyqHJ90VJxKhm0Wi1j2fKpQ8AjbmmuBvUQiDX2BXX96m/vdJ5SKx9GDniXohXQc8YAzqo3UG6Cmw7FtDytVp+YsQNaJW5AqFGgNK1+DUczSECPNBFWq7zqJ9jIqNWcC5/YgVZhQNqVj7Bsa0RCVly3unZMLo4xIEEtTkSYL9fdERkOlZqFvOkOqJ2rVy8X/vH6qgxsv41GSaozYclGQCqJjkj9PRlwi02JmCGWSm1sJm1BJmTYR5SG4qy+vk0695l7VGveNarNexFGGMziHS3DhGppwBy1oAwMBz/AKb9aj9WK9Wx/L1pJVzJzCH1ifP+14jzM=</latexit>⌘g
<latexit sha1_base64="gjXuDOVj2X0vj1E4DtJZGcSHq5s=">AAAB8HicbVDLSgMxFL1TX7W+qi7dBIvgqsyUoi4LblxWsA9ph5LJZNrQJDMkGaEM/Qo3LhRx6+e482/MtLPQ1gOBwznnkntPkHCmjet+O6WNza3tnfJuZW//4PCoenzS1XGqCO2QmMeqH2BNOZO0Y5jhtJ8oikXAaS+Y3uZ+74kqzWL5YGYJ9QUeSxYxgo2VHofcRkNcqYyqNbfuLoDWiVeQGhRoj6pfwzAmqaDSEI61HnhuYvwMK8MIp/PKMNU0wWSKx3RgqcSCaj9bLDxHF1YJURQr+6RBC/X3RIaF1jMR2KTAZqJXvVz8zxukJrrxMyaT1FBJlh9FKUcmRvn1KGSKEsNnlmCimN0VkQlWmBjbUV6Ct3ryOuk26t5VvXnfrLUaRR1lOINzuAQPrqEFd9CGDhAQ8Ayv8OYo58V5dz6W0ZJTzJzCHzifP6iZj54=</latexit>

�

<latexit sha1_base64="26ATaX/EBtK99XM1SvkSUX0BIDk=">AAACAHicbVDLSsNAFJ3UV62vqAsXboJFqCAlKUVdFty4rGAf0MQwmU7aoZMHMzdKCdn4K25cKOLWz3Dn3zhps9DWAxcO59zLvfd4MWcSTPNbK62srq1vlDcrW9s7u3v6/kFXRokgtEMiHom+hyXlLKQdYMBpPxYUBx6nPW9ynfu9Byoki8I7mMbUCfAoZD4jGJTk6kd2gGHs+elj5lr3aQ3ObcDJWebqVbNuzmAsE6sgVVSg7epf9jAiSUBDIBxLObDMGJwUC2CE06xiJ5LGmEzwiA4UDXFApZPOHsiMU6UMDT8SqkIwZurviRQHUk4DT3Xm58pFLxf/8wYJ+FdOysI4ARqS+SI/4QZERp6GMWSCEuBTRTARTN1qkDEWmIDKrKJCsBZfXibdRt26qDdvm9VWo4ijjI7RCaohC12iFrpBbdRBBGXoGb2iN+1Je9HetY95a0krZg7RH2ifP3KQlkQ=</latexit>

w(t,⌧)
1

<latexit sha1_base64="lnZ2M04S2BpauRbFZKlf8Nm1G24=">AAACAHicbVDLSsNAFJ3UV62vqAsXboJFqCAlKUVdFty4rGAf0MQwmU7aoZMHMzdKCdn4K25cKOLWz3Dn3zhps9DWAxcO59zLvfd4MWcSTPNbK62srq1vlDcrW9s7u3v6/kFXRokgtEMiHom+hyXlLKQdYMBpPxYUBx6nPW9ynfu9Byoki8I7mMbUCfAoZD4jGJTk6kd2gGHs+elj5jbu0xqc24CTs8zVq2bdnMFYJlZBqqhA29W/7GFEkoCGQDiWcmCZMTgpFsAIp1nFTiSNMZngER0oGuKASiedPZAZp0oZGn4kVIVgzNTfEykOpJwGnurMz5WLXi7+5w0S8K+clIVxAjQk80V+wg2IjDwNY8gEJcCnimAimLrVIGMsMAGVWUWFYC2+vEy6jbp1UW/eNqutRhFHGR2jE1RDFrpELXSD2qiDCMrQM3pFb9qT9qK9ax/z1pJWzByiP9A+fwB0H5ZF</latexit>

w(t,⌧)
2

Find a point in this 
region

<latexit sha1_base64="knc7En0qincXE0nzNfNZu6noo8U=">AAAB73icbVDLSgNBEOyNr7i+oh69DAbBU9gNQT0GvHiMYB6QLGF20psMmX04MyuEJT/hxYMiXv0db/6Ns8keNLGgoajqprvLTwRX2nG+rdLG5tb2TnnX3ts/ODyqHJ90VJxKhm0Wi1j2fKpQ8AjbmmuBvUQiDX2BXX96m/vdJ5SKx9GDniXohXQc8YAzqo3UG6Cmw7FtDytVp+YsQNaJW5AqFGgNK1+DUczSECPNBFWq7zqJ9jIqNWcC5/YgVZhQNqVj7Bsa0RCVly3unZMLo4xIEEtTkSYL9fdERkOlZqFvOkOqJ2rVy8X/vH6qgxsv41GSaozYclGQCqJjkj9PRlwi02JmCGWSm1sJm1BJmTYR5SG4qy+vk0695l7VGveNarNexFGGMziHS3DhGppwBy1oAwMBz/AKb9aj9WK9Wx/L1pJVzJzCH1ifP+14jzM=</latexit>⌘g

<latexit sha1_base64="pB59Qqq2l2b4GfYzBCdmB+48Kc4=">AAAB+HicbVDLSsNAFL2pr1ofjbp0M1gEcVGSUtRlwY3LivYBbQyT6bQdOpmEmYlQQ7/EjQtF3Pop7vwbJ20W2npg4HDOvdwzJ4g5U9pxvq3C2vrG5lZxu7Szu7dftg8O2ypKJKEtEvFIdgOsKGeCtjTTnHZjSXEYcNoJJteZ33mkUrFI3OtpTL0QjwQbMoK1kXy73A+xHhPM07uZ7z6c+3bFqTpzoFXi5qQCOZq+/dUfRCQJqdCEY6V6rhNrL8VSM8LprNRPFI0xmeAR7RkqcEiVl86Dz9CpUQZoGEnzhEZz9fdGikOlpmFgJrOYatnLxP+8XqKHV17KRJxoKsji0DDhSEcoawENmKRE86khmEhmsiIyxhITbboqmRLc5S+vknat6l5U67f1SqOW11GEYziBM3DhEhpwA01oAYEEnuEV3qwn68V6tz4WowUr3zmCP7A+fwBR1ZLT</latexit>

S⇤
1

<latexit sha1_base64="czsj66BsI/W0vfbYKegi7dIEZuM=">AAAB+HicbVDLSsNAFL2pr1ofjbp0M1gEcVGSUtRlwY3LivYBbQyT6bQdOpmEmYlQQ7/EjQtF3Pop7vwbJ20W2npg4HDOvdwzJ4g5U9pxvq3C2vrG5lZxu7Szu7dftg8O2ypKJKEtEvFIdgOsKGeCtjTTnHZjSXEYcNoJJteZ33mkUrFI3OtpTL0QjwQbMoK1kXy73A+xHhPM07uZX3s49+2KU3XmQKvEzUkFcjR9+6s/iEgSUqEJx0r1XCfWXoqlZoTTWamfKBpjMsEj2jNU4JAqL50Hn6FTowzQMJLmCY3m6u+NFIdKTcPATGYx1bKXif95vUQPr7yUiTjRVJDFoWHCkY5Q1gIaMEmJ5lNDMJHMZEVkjCUm2nRVMiW4y19eJe1a1b2o1m/rlUYtr6MIx3ACZ+DCJTTgBprQAgIJPMMrvFlP1ov1bn0sRgtWvnMEf2B9/gBTW5LU</latexit>

S⇤
2

<latexit sha1_base64="VQjqvsIXG8+K43pXP3EAv3rrAkA=">AAAB+XicbVDLSsNAFL2pr1pfUZduBotQNyUpRV0W3LisYB/QxjKZTtqhk0mYmVRK6J+4caGIW//EnX/jpM1CWw8MHM65l3vm+DFnSjvOt1XY2Nza3inulvb2Dw6P7OOTtooSSWiLRDySXR8rypmgLc00p91YUhz6nHb8yW3md6ZUKhaJBz2LqRfikWABI1gbaWDb/RDrsR+kT/PHtKIv5wO77FSdBdA6cXNShhzNgf3VH0YkCanQhGOleq4Tay/FUjPC6bzUTxSNMZngEe0ZKnBIlZcuks/RhVGGKIikeUKjhfp7I8WhUrPQN5NZTrXqZeJ/Xi/RwY2XMhEnmgqyPBQkHOkIZTWgIZOUaD4zBBPJTFZExlhiok1ZJVOCu/rlddKuVd2rav2+Xm7U8jqKcAbnUAEXrqEBd9CEFhCYwjO8wpuVWi/Wu/WxHC1Y+c4p/IH1+QOfeJOc</latexit>

w(t)

<latexit sha1_base64="+JIdcKhyHJhdgM5gq4eBiUse3Os=">AAACCHicbVC7TsMwFHV4lvIKMDJgUSG1S5VUFTBWYmEsEn1IbYgc12mtOk5kO6AqysjCr7AwgBArn8DG3+CkGaDlSJaOz7lX997jRYxKZVnfxsrq2vrGZmmrvL2zu7dvHhx2ZRgLTDo4ZKHoe0gSRjnpKKoY6UeCoMBjpOdNrzK/d0+EpCG/VbOIOAEac+pTjJSWXPNkGCA1wYgl7dS1q/nP85OH9C6pqlpac82KVbdywGViF6QCCrRd82s4CnEcEK4wQ1IObCtSToKEopiRtDyMJYkQnqIxGWjKUUCkk+SHpPBMKyPoh0I/rmCu/u5IUCDlLPB0ZbaoXPQy8T9vECv/0kkoj2JFOJ4P8mMGVQizVOCICoIVm2mCsKB6V4gnSCCsdHZlHYK9ePIy6Tbq9nm9edOstBpFHCVwDE5BFdjgArTANWiDDsDgETyDV/BmPBkvxrvxMS9dMYqeI/AHxucPdT+ZkQ==</latexit>

P1(w
(t))

<latexit sha1_base64="pkc9W1cKvHWSeq3wAyHz4ukU3po=">AAACCHicbVC7TsMwFHV4lvIKMDJgUSG1S5VUFTBWYmEsEn1IbYgc12mtOk5kO6AqysjCr7AwgBArn8DG3+CkGaDlSJaOz7lX997jRYxKZVnfxsrq2vrGZmmrvL2zu7dvHhx2ZRgLTDo4ZKHoe0gSRjnpKKoY6UeCoMBjpOdNrzK/d0+EpCG/VbOIOAEac+pTjJSWXPNkGCA1wYgl7dRtVPOf5ycP6V1SVbW05poVq27lgMvELkgFFGi75tdwFOI4IFxhhqQc2FaknAQJRTEjaXkYSxIhPEVjMtCUo4BIJ8kPSeGZVkbQD4V+XMFc/d2RoEDKWeDpymxRuehl4n/eIFb+pZNQHsWKcDwf5McMqhBmqcARFQQrNtMEYUH1rhBPkEBY6ezKOgR78eRl0m3U7fN686ZZaTWKOErgGJyCKrDBBWiBa9AGHYDBI3gGr+DNeDJejHfjY166YhQ9R+APjM8fdtWZkg==</latexit>

P2(w
(t))



Proposed Algorithm: FedExP

11

Propose Federated Extrapolated Averaging or FedExP for FL settings, where at every round the server step size is set 
as follows:

where .

• Virtually no additional communication at clients (just one scalar), no extra computation (just norm 
computation), no extra storage at clients or server.

• Can be integrated with secure aggregation and partial client participation.  Thus, applicable for both cross-
device and cross-silo FL.

<latexit sha1_base64="URoOrMEYsGbYzQVtqawWKsS3Tn8="></latexit>

⌘(t)g = max

8
>><

>>:
1,

PM
i=1

����(t)
i

���
2

2M

✓��� 1
M

PM
i=1 �

(t)
i

���
2
+ ✏

◆

9
>>=

>>;
<latexit sha1_base64="QlQC2Gj7sNvGC58dQeIEenJ/fAI=">AAACJHicbVDLSsNAFJ34tr6iLt0MFqEFLYmICiIIunBZwT6giWUynejQyYOZG6WEfIwbf8WNCx+4cOO3OGmzqNUDA4dzzmXuPV4suALL+jKmpmdm5+YXFktLyyura+b6RlNFiaSsQSMRybZHFBM8ZA3gIFg7lowEnmAtr3+e+617JhWPwmsYxMwNyG3IfU4JaKlrnjgXTADp8pu0AtUMn2InIHDn+elDVkh7Y9Iot+sASapZ1yxbNWsI/JfYBSmjAvWu+e70IpoELAQqiFId24rBTYkETgXLSk6iWExon9yyjqYhCZhy0+GRGd7RSg/7kdQvBDxUxydSEig1CDydzNdVk14u/ud1EvCP3ZSHcQIspKOP/ERgiHDeGO5xySiIgSaESq53xfSOSEJB91rSJdiTJ/8lzf2afVg7uDoon+0XdSygLbSNKshGR+gMXaI6aiCKHtEzekVvxpPxYnwYn6PolFHMbKJfML5/ANw6pE8=</latexit>

�(t)
i = w(t) �w(t,⌧)

i

Ease of implementation



Results on Federated Neural Network Training
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Dataset Target Acc. FedExP FedAvg SCAFFOLD FedAdagrad

EMNIST 84% 𝟏𝟖𝟔 328 (1.76 ×) 232 (1.24 ×) 277 (1.48 ×)
CIFAR-10 72% 𝟐𝟔𝟕 434 (1.62 ×) 429 (1.61 ×) 419 (1.56 ×)
CIFAR-100 40% 𝟐𝟒𝟐 500 (2.06 ×) > 500 (2.06 ×) 494 (2.04 ×)
CINIC-10 58% 𝟑𝟏𝟖 450 (1.42 ×) 470 (1.48 ×) 444 (444 ×)



Key Takeaways

• Propose to adapt server step size in each round motivated by connection between FedAvg and POCS.

• Motivation for extrapolation as reducing distance to optimum by viewing local models as approximate 
projections.

• Proposed FedExP consistently outperforms baselines while adding no virtually no additional computation, 
communication, storage at clients or server.  Also provide theoretical guarantees for convergence of FedExP 
for both convex and non-convex problems.
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