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Abstract

Over the past few years, various randomized gradient compression techniques (e.g.,
quantization, sparsification, sketching) have been proposed for reducing communication in
distributed training of very large machine learning models.

However, despite high level of research activity in this area, surprisingly little is known about
how such compression techniques should properly interact with first order optimization
algorithms. For instance, randomized compression increases the variance of the stochastic

gradient estimator, and this has an adverse effect on convergence speed. While a number of
variance-reduction techniques exists for taming the variance of stochastic gradients arising
from sub-sampling in finite-sum optimization problems, no variance reduction techniques
exist for taming the variance introduced by gradient compression. Further, gradient

compression techniques are invariably applied to unconstrained problems, and it is not
known whether and how they could be applied to solve constrained or proximal problems.

In this talk I will give positive resolutions to both of these problems. In particular, I will show
how one can design fast variance-reduced proximal stochastic gradient descent methods in
settings where stochasticity comes from gradient compression.
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Distributing the Data
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<latexit sha1_base64="7TGPJYTmwSdgRajlFIbRPsudkqk=">AAAB7HicbVBNT8JAEJ3iF+IX6tHLRjDx1LRc9EjixSMmFkigku2yhQ3b3WZ3ayQNv8GLB43x6g/y5r9xgR4UfMkkL+/NZGZelHKmjed9O6WNza3tnfJuZW//4PCoenzS1jJThAZEcqm6EdaUM0EDwwyn3VRRnEScdqLJzdzvPFKlmRT3ZprSMMEjwWJGsLFSUH96mNQH1ZrnegugdeIXpAYFWoPqV38oSZZQYQjHWvd8LzVhjpVhhNNZpZ9pmmIywSPas1TghOowXxw7QxdWGaJYKlvCoIX6eyLHidbTJLKdCTZjverNxf+8Xmbi6zBnIs0MFWS5KM44MhLNP0dDpigxfGoJJorZWxEZY4WJsflUbAj+6svrpN1wfc/17xq1plvEUYYzOIdL8OEKmnALLQiAAINneIU3RzgvzrvzsWwtOcXMKfyB8/kDFEGOHw==</latexit><latexit sha1_base64="7TGPJYTmwSdgRajlFIbRPsudkqk=">AAAB7HicbVBNT8JAEJ3iF+IX6tHLRjDx1LRc9EjixSMmFkigku2yhQ3b3WZ3ayQNv8GLB43x6g/y5r9xgR4UfMkkL+/NZGZelHKmjed9O6WNza3tnfJuZW//4PCoenzS1jJThAZEcqm6EdaUM0EDwwyn3VRRnEScdqLJzdzvPFKlmRT3ZprSMMEjwWJGsLFSUH96mNQH1ZrnegugdeIXpAYFWoPqV38oSZZQYQjHWvd8LzVhjpVhhNNZpZ9pmmIywSPas1TghOowXxw7QxdWGaJYKlvCoIX6eyLHidbTJLKdCTZjverNxf+8Xmbi6zBnIs0MFWS5KM44MhLNP0dDpigxfGoJJorZWxEZY4WJsflUbAj+6svrpN1wfc/17xq1plvEUYYzOIdL8OEKmnALLQiAAINneIU3RzgvzrvzsWwtOcXMKfyB8/kDFEGOHw==</latexit><latexit sha1_base64="7TGPJYTmwSdgRajlFIbRPsudkqk=">AAAB7HicbVBNT8JAEJ3iF+IX6tHLRjDx1LRc9EjixSMmFkigku2yhQ3b3WZ3ayQNv8GLB43x6g/y5r9xgR4UfMkkL+/NZGZelHKmjed9O6WNza3tnfJuZW//4PCoenzS1jJThAZEcqm6EdaUM0EDwwyn3VRRnEScdqLJzdzvPFKlmRT3ZprSMMEjwWJGsLFSUH96mNQH1ZrnegugdeIXpAYFWoPqV38oSZZQYQjHWvd8LzVhjpVhhNNZpZ9pmmIywSPas1TghOowXxw7QxdWGaJYKlvCoIX6eyLHidbTJLKdCTZjverNxf+8Xmbi6zBnIs0MFWS5KM44MhLNP0dDpigxfGoJJorZWxEZY4WJsflUbAj+6svrpN1wfc/17xq1plvEUYYzOIdL8OEKmnALLQiAAINneIU3RzgvzrvzsWwtOcXMKfyB8/kDFEGOHw==</latexit><latexit sha1_base64="7TGPJYTmwSdgRajlFIbRPsudkqk=">AAAB7HicbVBNT8JAEJ3iF+IX6tHLRjDx1LRc9EjixSMmFkigku2yhQ3b3WZ3ayQNv8GLB43x6g/y5r9xgR4UfMkkL+/NZGZelHKmjed9O6WNza3tnfJuZW//4PCoenzS1jJThAZEcqm6EdaUM0EDwwyn3VRRnEScdqLJzdzvPFKlmRT3ZprSMMEjwWJGsLFSUH96mNQH1ZrnegugdeIXpAYFWoPqV38oSZZQYQjHWvd8LzVhjpVhhNNZpZ9pmmIywSPas1TghOowXxw7QxdWGaJYKlvCoIX6eyLHidbTJLKdCTZjverNxf+8Xmbi6zBnIs0MFWS5KM44MhLNP0dDpigxfGoJJorZWxEZY4WJsflUbAj+6svrpN1wfc/17xq1plvEUYYzOIdL8OEKmnALLQiAAINneIU3RzgvzrvzsWwtOcXMKfyB8/kDFEGOHw==</latexit>

Example: n = 3



Distributed Gradient Descent

Parameter server
min
x2Rd

1

3

3X

i=1

fi(x) +R(x)
<latexit sha1_base64="I4Dp3o21JNc3t024IZDTFB5eEVQ="></latexit><latexit sha1_base64="I4Dp3o21JNc3t024IZDTFB5eEVQ="></latexit><latexit sha1_base64="I4Dp3o21JNc3t024IZDTFB5eEVQ="></latexit><latexit sha1_base64="I4Dp3o21JNc3t024IZDTFB5eEVQ="></latexit>

rf1(xk)
<latexit sha1_base64="jwBf3LJ8EQYt3nZ/EgHiIJnHjq4=">AAAB+nicbVBNT8JAEN3iF+JX0aOXjWCCF9JyUW8kXjxiIh8JYDNdtrBhu212tyqp/BQvHjTGq7/Em//GBXpQ8CWTvLw3k5l5fsyZ0o7zbeXW1jc2t/LbhZ3dvf0Du3jYUlEiCW2SiEey44OinAna1Exz2oklhdDntO2Pr2Z++55KxSJxqycx7YcwFCxgBLSRPLtY7gnwOeDAcyuPd+OzsmeXnKozB14lbkZKKEPDs796g4gkIRWacFCq6zqx7qcgNSOcTgu9RNEYyBiGtGuogJCqfjo/fYpPjTLAQSRNCY3n6u+JFEKlJqFvOkPQI7XszcT/vG6ig4t+ykScaCrIYlGQcKwjPMsBD5ikRPOJIUAkM7diMgIJRJu0CiYEd/nlVdKqVV2n6t7USvXLLI48OkYnqIJcdI7q6Bo1UBMR9ICe0St6s56sF+vd+li05qxs5gj9gfX5AyVfkpQ=</latexit><latexit sha1_base64="jwBf3LJ8EQYt3nZ/EgHiIJnHjq4=">AAAB+nicbVBNT8JAEN3iF+JX0aOXjWCCF9JyUW8kXjxiIh8JYDNdtrBhu212tyqp/BQvHjTGq7/Em//GBXpQ8CWTvLw3k5l5fsyZ0o7zbeXW1jc2t/LbhZ3dvf0Du3jYUlEiCW2SiEey44OinAna1Exz2oklhdDntO2Pr2Z++55KxSJxqycx7YcwFCxgBLSRPLtY7gnwOeDAcyuPd+OzsmeXnKozB14lbkZKKEPDs796g4gkIRWacFCq6zqx7qcgNSOcTgu9RNEYyBiGtGuogJCqfjo/fYpPjTLAQSRNCY3n6u+JFEKlJqFvOkPQI7XszcT/vG6ig4t+ykScaCrIYlGQcKwjPMsBD5ikRPOJIUAkM7diMgIJRJu0CiYEd/nlVdKqVV2n6t7USvXLLI48OkYnqIJcdI7q6Bo1UBMR9ICe0St6s56sF+vd+li05qxs5gj9gfX5AyVfkpQ=</latexit><latexit sha1_base64="jwBf3LJ8EQYt3nZ/EgHiIJnHjq4=">AAAB+nicbVBNT8JAEN3iF+JX0aOXjWCCF9JyUW8kXjxiIh8JYDNdtrBhu212tyqp/BQvHjTGq7/Em//GBXpQ8CWTvLw3k5l5fsyZ0o7zbeXW1jc2t/LbhZ3dvf0Du3jYUlEiCW2SiEey44OinAna1Exz2oklhdDntO2Pr2Z++55KxSJxqycx7YcwFCxgBLSRPLtY7gnwOeDAcyuPd+OzsmeXnKozB14lbkZKKEPDs796g4gkIRWacFCq6zqx7qcgNSOcTgu9RNEYyBiGtGuogJCqfjo/fYpPjTLAQSRNCY3n6u+JFEKlJqFvOkPQI7XszcT/vG6ig4t+ykScaCrIYlGQcKwjPMsBD5ikRPOJIUAkM7diMgIJRJu0CiYEd/nlVdKqVV2n6t7USvXLLI48OkYnqIJcdI7q6Bo1UBMR9ICe0St6s56sF+vd+li05qxs5gj9gfX5AyVfkpQ=</latexit><latexit sha1_base64="jwBf3LJ8EQYt3nZ/EgHiIJnHjq4=">AAAB+nicbVBNT8JAEN3iF+JX0aOXjWCCF9JyUW8kXjxiIh8JYDNdtrBhu212tyqp/BQvHjTGq7/Em//GBXpQ8CWTvLw3k5l5fsyZ0o7zbeXW1jc2t/LbhZ3dvf0Du3jYUlEiCW2SiEey44OinAna1Exz2oklhdDntO2Pr2Z++55KxSJxqycx7YcwFCxgBLSRPLtY7gnwOeDAcyuPd+OzsmeXnKozB14lbkZKKEPDs796g4gkIRWacFCq6zqx7qcgNSOcTgu9RNEYyBiGtGuogJCqfjo/fYpPjTLAQSRNCY3n6u+JFEKlJqFvOkPQI7XszcT/vG6ig4t+ykScaCrIYlGQcKwjPMsBD5ikRPOJIUAkM7diMgIJRJu0CiYEd/nlVdKqVV2n6t7USvXLLI48OkYnqIJcdI7q6Bo1UBMR9ICe0St6s56sF+vd+li05qxs5gj9gfX5AyVfkpQ=</latexit>

rf2(xk)
<latexit sha1_base64="o/F/7lNLt/0vAlgDkerQW7dwM0s=">AAAB+nicbVBNT8JAEJ3iF+JX0aOXjWCCF9JyUW8kXjxiIh8JYLNdtrBhu212tyqp/BQvHjTGq7/Em//GBXpQ8CWTvLw3k5l5fsyZ0o7zbeXW1jc2t/LbhZ3dvf0Du3jYUlEiCW2SiEey42NFORO0qZnmtBNLikOf07Y/vpr57XsqFYvErZ7EtB/ioWABI1gbybOL5Z7APsco8GqVx7vxWdmzS07VmQOtEjcjJcjQ8Oyv3iAiSUiFJhwr1XWdWPdTLDUjnE4LvUTRGJMxHtKuoQKHVPXT+elTdGqUAQoiaUpoNFd/T6Q4VGoS+qYzxHqklr2Z+J/XTXRw0U+ZiBNNBVksChKOdIRmOaABk5RoPjEEE8nMrYiMsMREm7QKJgR3+eVV0qpVXafq3tRK9cssjjwcwwlUwIVzqMM1NKAJBB7gGV7hzXqyXqx362PRmrOymSP4A+vzBybpkpU=</latexit><latexit sha1_base64="o/F/7lNLt/0vAlgDkerQW7dwM0s=">AAAB+nicbVBNT8JAEJ3iF+JX0aOXjWCCF9JyUW8kXjxiIh8JYLNdtrBhu212tyqp/BQvHjTGq7/Em//GBXpQ8CWTvLw3k5l5fsyZ0o7zbeXW1jc2t/LbhZ3dvf0Du3jYUlEiCW2SiEey42NFORO0qZnmtBNLikOf07Y/vpr57XsqFYvErZ7EtB/ioWABI1gbybOL5Z7APsco8GqVx7vxWdmzS07VmQOtEjcjJcjQ8Oyv3iAiSUiFJhwr1XWdWPdTLDUjnE4LvUTRGJMxHtKuoQKHVPXT+elTdGqUAQoiaUpoNFd/T6Q4VGoS+qYzxHqklr2Z+J/XTXRw0U+ZiBNNBVksChKOdIRmOaABk5RoPjEEE8nMrYiMsMREm7QKJgR3+eVV0qpVXafq3tRK9cssjjwcwwlUwIVzqMM1NKAJBB7gGV7hzXqyXqx362PRmrOymSP4A+vzBybpkpU=</latexit><latexit sha1_base64="o/F/7lNLt/0vAlgDkerQW7dwM0s=">AAAB+nicbVBNT8JAEJ3iF+JX0aOXjWCCF9JyUW8kXjxiIh8JYLNdtrBhu212tyqp/BQvHjTGq7/Em//GBXpQ8CWTvLw3k5l5fsyZ0o7zbeXW1jc2t/LbhZ3dvf0Du3jYUlEiCW2SiEey42NFORO0qZnmtBNLikOf07Y/vpr57XsqFYvErZ7EtB/ioWABI1gbybOL5Z7APsco8GqVx7vxWdmzS07VmQOtEjcjJcjQ8Oyv3iAiSUiFJhwr1XWdWPdTLDUjnE4LvUTRGJMxHtKuoQKHVPXT+elTdGqUAQoiaUpoNFd/T6Q4VGoS+qYzxHqklr2Z+J/XTXRw0U+ZiBNNBVksChKOdIRmOaABk5RoPjEEE8nMrYiMsMREm7QKJgR3+eVV0qpVXafq3tRK9cssjjwcwwlUwIVzqMM1NKAJBB7gGV7hzXqyXqx362PRmrOymSP4A+vzBybpkpU=</latexit><latexit sha1_base64="o/F/7lNLt/0vAlgDkerQW7dwM0s=">AAAB+nicbVBNT8JAEJ3iF+JX0aOXjWCCF9JyUW8kXjxiIh8JYLNdtrBhu212tyqp/BQvHjTGq7/Em//GBXpQ8CWTvLw3k5l5fsyZ0o7zbeXW1jc2t/LbhZ3dvf0Du3jYUlEiCW2SiEey42NFORO0qZnmtBNLikOf07Y/vpr57XsqFYvErZ7EtB/ioWABI1gbybOL5Z7APsco8GqVx7vxWdmzS07VmQOtEjcjJcjQ8Oyv3iAiSUiFJhwr1XWdWPdTLDUjnE4LvUTRGJMxHtKuoQKHVPXT+elTdGqUAQoiaUpoNFd/T6Q4VGoS+qYzxHqklr2Z+J/XTXRw0U+ZiBNNBVksChKOdIRmOaABk5RoPjEEE8nMrYiMsMREm7QKJgR3+eVV0qpVXafq3tRK9cssjjwcwwlUwIVzqMM1NKAJBB7gGV7hzXqyXqx362PRmrOymSP4A+vzBybpkpU=</latexit>

rf3(xk)
<latexit sha1_base64="KiLtS+9e4hFzKd5blugPvjh9iQw=">AAAB+nicbVBNT8JAEJ36ifhV9OhlI5jghbR4UG8kXjxiIh8JVLJdtrBhu212tyqp/BQvHjTGq7/Em//GBXpQ8CWTvLw3k5l5fsyZ0o7zba2srq1vbOa28ts7u3v7duGgqaJEEtogEY9k28eKciZoQzPNaTuWFIc+py1/dDX1W/dUKhaJWz2OqRfigWABI1gbqWcXSl2BfY5R0DsrP96NTks9u+hUnBnQMnEzUoQM9Z791e1HJAmp0IRjpTquE2svxVIzwukk300UjTEZ4QHtGCpwSJWXzk6foBOj9FEQSVNCo5n6eyLFoVLj0DedIdZDtehNxf+8TqKDCy9lIk40FWS+KEg40hGa5oD6TFKi+dgQTCQztyIyxBITbdLKmxDcxZeXSbNacZ2Ke1Mt1i6zOHJwBMdQBhfOoQbXUIcGEHiAZ3iFN+vJerHerY9564qVzRzCH1ifPyhzkpY=</latexit><latexit sha1_base64="KiLtS+9e4hFzKd5blugPvjh9iQw=">AAAB+nicbVBNT8JAEJ36ifhV9OhlI5jghbR4UG8kXjxiIh8JVLJdtrBhu212tyqp/BQvHjTGq7/Em//GBXpQ8CWTvLw3k5l5fsyZ0o7zba2srq1vbOa28ts7u3v7duGgqaJEEtogEY9k28eKciZoQzPNaTuWFIc+py1/dDX1W/dUKhaJWz2OqRfigWABI1gbqWcXSl2BfY5R0DsrP96NTks9u+hUnBnQMnEzUoQM9Z791e1HJAmp0IRjpTquE2svxVIzwukk300UjTEZ4QHtGCpwSJWXzk6foBOj9FEQSVNCo5n6eyLFoVLj0DedIdZDtehNxf+8TqKDCy9lIk40FWS+KEg40hGa5oD6TFKi+dgQTCQztyIyxBITbdLKmxDcxZeXSbNacZ2Ke1Mt1i6zOHJwBMdQBhfOoQbXUIcGEHiAZ3iFN+vJerHerY9564qVzRzCH1ifPyhzkpY=</latexit><latexit sha1_base64="KiLtS+9e4hFzKd5blugPvjh9iQw=">AAAB+nicbVBNT8JAEJ36ifhV9OhlI5jghbR4UG8kXjxiIh8JVLJdtrBhu212tyqp/BQvHjTGq7/Em//GBXpQ8CWTvLw3k5l5fsyZ0o7zba2srq1vbOa28ts7u3v7duGgqaJEEtogEY9k28eKciZoQzPNaTuWFIc+py1/dDX1W/dUKhaJWz2OqRfigWABI1gbqWcXSl2BfY5R0DsrP96NTks9u+hUnBnQMnEzUoQM9Z791e1HJAmp0IRjpTquE2svxVIzwukk300UjTEZ4QHtGCpwSJWXzk6foBOj9FEQSVNCo5n6eyLFoVLj0DedIdZDtehNxf+8TqKDCy9lIk40FWS+KEg40hGa5oD6TFKi+dgQTCQztyIyxBITbdLKmxDcxZeXSbNacZ2Ke1Mt1i6zOHJwBMdQBhfOoQbXUIcGEHiAZ3iFN+vJerHerY9564qVzRzCH1ifPyhzkpY=</latexit><latexit sha1_base64="KiLtS+9e4hFzKd5blugPvjh9iQw=">AAAB+nicbVBNT8JAEJ36ifhV9OhlI5jghbR4UG8kXjxiIh8JVLJdtrBhu212tyqp/BQvHjTGq7/Em//GBXpQ8CWTvLw3k5l5fsyZ0o7zba2srq1vbOa28ts7u3v7duGgqaJEEtogEY9k28eKciZoQzPNaTuWFIc+py1/dDX1W/dUKhaJWz2OqRfigWABI1gbqWcXSl2BfY5R0DsrP96NTks9u+hUnBnQMnEzUoQM9Z791e1HJAmp0IRjpTquE2svxVIzwukk300UjTEZ4QHtGCpwSJWXzk6foBOj9FEQSVNCo5n6eyLFoVLj0DedIdZDtehNxf+8TqKDCy9lIk40FWS+KEg40hGa5oD6TFKi+dgQTCQztyIyxBITbdLKmxDcxZeXSbNacZ2Ke1Mt1i6zOHJwBMdQBhfOoQbXUIcGEHiAZ3iFN+vJerHerY9564qVzRzCH1ifPyhzkpY=</latexit>

+ +

3
<latexit sha1_base64="VoHUTaxgxWrmk/Cbcmn8uEafLVQ=">AAAB6nicbVA9TwJBEJ3DL8Qv1NJmI5hYkTss1I7ExhKjIAlcyN4yBxv29i67eybkwk+wsdAYW3+Rnf/GBa5Q8CWTvLw3k5l5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRW8epYthisYhVJ6AaBZfYMtwI7CQKaRQIfAzGNzP/8QmV5rF8MJME/YgOJQ85o8ZK99WLar9ccWvuHGSVeDmpQI5mv/zVG8QsjVAaJqjWXc9NjJ9RZTgTOC31Uo0JZWM6xK6lkkao/Wx+6pScWWVAwljZkobM1d8TGY20nkSB7YyoGellbyb+53VTE175GZdJalCyxaIwFcTEZPY3GXCFzIiJJZQpbm8lbEQVZcamU7IheMsvr5J2vea5Ne+uXmlc53EU4QRO4Rw8uIQG3EITWsBgCM/wCm+OcF6cd+dj0Vpw8plj+APn8wcxxI0I</latexit><latexit sha1_base64="VoHUTaxgxWrmk/Cbcmn8uEafLVQ=">AAAB6nicbVA9TwJBEJ3DL8Qv1NJmI5hYkTss1I7ExhKjIAlcyN4yBxv29i67eybkwk+wsdAYW3+Rnf/GBa5Q8CWTvLw3k5l5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRW8epYthisYhVJ6AaBZfYMtwI7CQKaRQIfAzGNzP/8QmV5rF8MJME/YgOJQ85o8ZK99WLar9ccWvuHGSVeDmpQI5mv/zVG8QsjVAaJqjWXc9NjJ9RZTgTOC31Uo0JZWM6xK6lkkao/Wx+6pScWWVAwljZkobM1d8TGY20nkSB7YyoGellbyb+53VTE175GZdJalCyxaIwFcTEZPY3GXCFzIiJJZQpbm8lbEQVZcamU7IheMsvr5J2vea5Ne+uXmlc53EU4QRO4Rw8uIQG3EITWsBgCM/wCm+OcF6cd+dj0Vpw8plj+APn8wcxxI0I</latexit><latexit sha1_base64="VoHUTaxgxWrmk/Cbcmn8uEafLVQ=">AAAB6nicbVA9TwJBEJ3DL8Qv1NJmI5hYkTss1I7ExhKjIAlcyN4yBxv29i67eybkwk+wsdAYW3+Rnf/GBa5Q8CWTvLw3k5l5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRW8epYthisYhVJ6AaBZfYMtwI7CQKaRQIfAzGNzP/8QmV5rF8MJME/YgOJQ85o8ZK99WLar9ccWvuHGSVeDmpQI5mv/zVG8QsjVAaJqjWXc9NjJ9RZTgTOC31Uo0JZWM6xK6lkkao/Wx+6pScWWVAwljZkobM1d8TGY20nkSB7YyoGellbyb+53VTE175GZdJalCyxaIwFcTEZPY3GXCFzIiJJZQpbm8lbEQVZcamU7IheMsvr5J2vea5Ne+uXmlc53EU4QRO4Rw8uIQG3EITWsBgCM/wCm+OcF6cd+dj0Vpw8plj+APn8wcxxI0I</latexit><latexit sha1_base64="VoHUTaxgxWrmk/Cbcmn8uEafLVQ=">AAAB6nicbVA9TwJBEJ3DL8Qv1NJmI5hYkTss1I7ExhKjIAlcyN4yBxv29i67eybkwk+wsdAYW3+Rnf/GBa5Q8CWTvLw3k5l5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRW8epYthisYhVJ6AaBZfYMtwI7CQKaRQIfAzGNzP/8QmV5rF8MJME/YgOJQ85o8ZK99WLar9ccWvuHGSVeDmpQI5mv/zVG8QsjVAaJqjWXc9NjJ9RZTgTOC31Uo0JZWM6xK6lkkao/Wx+6pScWWVAwljZkobM1d8TGY20nkSB7YyoGellbyb+53VTE175GZdJalCyxaIwFcTEZPY3GXCFzIiJJZQpbm8lbEQVZcamU7IheMsvr5J2vea5Ne+uXmlc53EU4QRO4Rw8uIQG3EITWsBgCM/wCm+OcF6cd+dj0Vpw8plj+APn8wcxxI0I</latexit>

gk =
<latexit sha1_base64="KYVA/vhXgz4IhmP7jong3ZQZbfc=">AAAB73icbVA9SwNBEJ2LXzF+RS1tFhPBKtylUQshYGMZwXxAcoa9zVyyZG/v3N0TQsifsLFQxNa/Y+e/cZNcoYkPBh7vzTAzL0gE18Z1v53c2vrG5lZ+u7Czu7d/UDw8auo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdDPzW0+oNI/lvRkn6Ed0IHnIGTVWapcHDyNyTcq9YsmtuHOQVeJlpAQZ6r3iV7cfszRCaZigWnc8NzH+hCrDmcBpoZtqTCgb0QF2LJU0Qu1P5vdOyZlV+iSMlS1pyFz9PTGhkdbjKLCdETVDvezNxP+8TmrCS3/CZZIalGyxKEwFMTGZPU/6XCEzYmwJZYrbWwkbUkWZsREVbAje8surpFmteG7Fu6uWaldZHHk4gVM4Bw8uoAa3UIcGMBDwDK/w5jw6L86787FozTnZzDH8gfP5Ay7cjrQ=</latexit><latexit sha1_base64="KYVA/vhXgz4IhmP7jong3ZQZbfc=">AAAB73icbVA9SwNBEJ2LXzF+RS1tFhPBKtylUQshYGMZwXxAcoa9zVyyZG/v3N0TQsifsLFQxNa/Y+e/cZNcoYkPBh7vzTAzL0gE18Z1v53c2vrG5lZ+u7Czu7d/UDw8auo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdDPzW0+oNI/lvRkn6Ed0IHnIGTVWapcHDyNyTcq9YsmtuHOQVeJlpAQZ6r3iV7cfszRCaZigWnc8NzH+hCrDmcBpoZtqTCgb0QF2LJU0Qu1P5vdOyZlV+iSMlS1pyFz9PTGhkdbjKLCdETVDvezNxP+8TmrCS3/CZZIalGyxKEwFMTGZPU/6XCEzYmwJZYrbWwkbUkWZsREVbAje8surpFmteG7Fu6uWaldZHHk4gVM4Bw8uoAa3UIcGMBDwDK/w5jw6L86787FozTnZzDH8gfP5Ay7cjrQ=</latexit><latexit sha1_base64="KYVA/vhXgz4IhmP7jong3ZQZbfc=">AAAB73icbVA9SwNBEJ2LXzF+RS1tFhPBKtylUQshYGMZwXxAcoa9zVyyZG/v3N0TQsifsLFQxNa/Y+e/cZNcoYkPBh7vzTAzL0gE18Z1v53c2vrG5lZ+u7Czu7d/UDw8auo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdDPzW0+oNI/lvRkn6Ed0IHnIGTVWapcHDyNyTcq9YsmtuHOQVeJlpAQZ6r3iV7cfszRCaZigWnc8NzH+hCrDmcBpoZtqTCgb0QF2LJU0Qu1P5vdOyZlV+iSMlS1pyFz9PTGhkdbjKLCdETVDvezNxP+8TmrCS3/CZZIalGyxKEwFMTGZPU/6XCEzYmwJZYrbWwkbUkWZsREVbAje8surpFmteG7Fu6uWaldZHHk4gVM4Bw8uoAa3UIcGMBDwDK/w5jw6L86787FozTnZzDH8gfP5Ay7cjrQ=</latexit><latexit sha1_base64="KYVA/vhXgz4IhmP7jong3ZQZbfc=">AAAB73icbVA9SwNBEJ2LXzF+RS1tFhPBKtylUQshYGMZwXxAcoa9zVyyZG/v3N0TQsifsLFQxNa/Y+e/cZNcoYkPBh7vzTAzL0gE18Z1v53c2vrG5lZ+u7Czu7d/UDw8auo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdDPzW0+oNI/lvRkn6Ed0IHnIGTVWapcHDyNyTcq9YsmtuHOQVeJlpAQZ6r3iV7cfszRCaZigWnc8NzH+hCrDmcBpoZtqTCgb0QF2LJU0Qu1P5vdOyZlV+iSMlS1pyFz9PTGhkdbjKLCdETVDvezNxP+8TmrCS3/CZZIalGyxKEwFMTGZPU/6XCEzYmwJZYrbWwkbUkWZsREVbAje8surpFmteG7Fu6uWaldZHHk4gVM4Bw8uoAa3UIcGMBDwDK/w5jw6L86787FozTnZzDH8gfP5Ay7cjrQ=</latexit>

f1 R
<latexit sha1_base64="K0Y6GY3r2MNzeInwffneSpx9jbg=">AAAB8HicbVA9T8MwEL2Ur1K+CowsFg0SU5R0gbESC2NB9AO1UeW4TmvVdiLbQaqi/goWBhBi5eew8W9w2wzQ8qSTnt670929KOVMG9//dkobm1vbO+Xdyt7+weFR9fikrZNMEdoiCU9UN8KaciZpyzDDaTdVFIuI0040uZn7nSeqNEvkg5mmNBR4JFnMCDZWenTjQeAi994dVGu+5y+A1klQkBoUaA6qX/1hQjJBpSEca90L/NSEOVaGEU5nlX6maYrJBI9oz1KJBdVhvjh4hi6sMkRxomxJgxbq74kcC62nIrKdApuxXvXm4n9eLzPxdZgzmWaGSrJcFGccmQTNv0dDpigxfGoJJorZWxEZY4WJsRlVbAjB6svrpF33At8L7uq1hlfEUYYzOIdLCOAKGnALTWgBAQHP8ApvjnJenHfnY9lacoqZU/gD5/MHVcyOtg==</latexit><latexit sha1_base64="K0Y6GY3r2MNzeInwffneSpx9jbg=">AAAB8HicbVA9T8MwEL2Ur1K+CowsFg0SU5R0gbESC2NB9AO1UeW4TmvVdiLbQaqi/goWBhBi5eew8W9w2wzQ8qSTnt670929KOVMG9//dkobm1vbO+Xdyt7+weFR9fikrZNMEdoiCU9UN8KaciZpyzDDaTdVFIuI0040uZn7nSeqNEvkg5mmNBR4JFnMCDZWenTjQeAi994dVGu+5y+A1klQkBoUaA6qX/1hQjJBpSEca90L/NSEOVaGEU5nlX6maYrJBI9oz1KJBdVhvjh4hi6sMkRxomxJgxbq74kcC62nIrKdApuxXvXm4n9eLzPxdZgzmWaGSrJcFGccmQTNv0dDpigxfGoJJorZWxEZY4WJsRlVbAjB6svrpF33At8L7uq1hlfEUYYzOIdLCOAKGnALTWgBAQHP8ApvjnJenHfnY9lacoqZU/gD5/MHVcyOtg==</latexit><latexit sha1_base64="K0Y6GY3r2MNzeInwffneSpx9jbg=">AAAB8HicbVA9T8MwEL2Ur1K+CowsFg0SU5R0gbESC2NB9AO1UeW4TmvVdiLbQaqi/goWBhBi5eew8W9w2wzQ8qSTnt670929KOVMG9//dkobm1vbO+Xdyt7+weFR9fikrZNMEdoiCU9UN8KaciZpyzDDaTdVFIuI0040uZn7nSeqNEvkg5mmNBR4JFnMCDZWenTjQeAi994dVGu+5y+A1klQkBoUaA6qX/1hQjJBpSEca90L/NSEOVaGEU5nlX6maYrJBI9oz1KJBdVhvjh4hi6sMkRxomxJgxbq74kcC62nIrKdApuxXvXm4n9eLzPxdZgzmWaGSrJcFGccmQTNv0dDpigxfGoJJorZWxEZY4WJsRlVbAjB6svrpF33At8L7uq1hlfEUYYzOIdLCOAKGnALTWgBAQHP8ApvjnJenHfnY9lacoqZU/gD5/MHVcyOtg==</latexit><latexit sha1_base64="K0Y6GY3r2MNzeInwffneSpx9jbg=">AAAB8HicbVA9T8MwEL2Ur1K+CowsFg0SU5R0gbESC2NB9AO1UeW4TmvVdiLbQaqi/goWBhBi5eew8W9w2wzQ8qSTnt670929KOVMG9//dkobm1vbO+Xdyt7+weFR9fikrZNMEdoiCU9UN8KaciZpyzDDaTdVFIuI0040uZn7nSeqNEvkg5mmNBR4JFnMCDZWenTjQeAi994dVGu+5y+A1klQkBoUaA6qX/1hQjJBpSEca90L/NSEOVaGEU5nlX6maYrJBI9oz1KJBdVhvjh4hi6sMkRxomxJgxbq74kcC62nIrKdApuxXvXm4n9eLzPxdZgzmWaGSrJcFGccmQTNv0dDpigxfGoJJorZWxEZY4WJsRlVbAjB6svrpF33At8L7uq1hlfEUYYzOIdLCOAKGnALTWgBAQHP8ApvjnJenHfnY9lacoqZU/gD5/MHVcyOtg==</latexit>

f2 R
<latexit sha1_base64="nxjTHUMUbUCVGUA0EbDuEYmkaVU=">AAAB8HicbVA9T8MwEL2Ur1K+CowsFg0SU5R0gbESC2NB9AO1UeW4TmvVdiLbQaqi/goWBhBi5eew8W9w2wzQ8qSTnt670929KOVMG9//dkobm1vbO+Xdyt7+weFR9fikrZNMEdoiCU9UN8KaciZpyzDDaTdVFIuI0040uZn7nSeqNEvkg5mmNBR4JFnMCDZWenTjQd1F7r07qNZ8z18ArZOgIDUo0BxUv/rDhGSCSkM41roX+KkJc6wMI5zOKv1M0xSTCR7RnqUSC6rDfHHwDF1YZYjiRNmSBi3U3xM5FlpPRWQ7BTZjverNxf+8Xmbi6zBnMs0MlWS5KM44Mgmaf4+GTFFi+NQSTBSztyIyxgoTYzOq2BCC1ZfXSbvuBb4X3NVrDa+IowxncA6XEMAVNOAWmtACAgKe4RXeHOW8OO/Ox7K15BQzp/AHzucPV1WOtw==</latexit><latexit sha1_base64="nxjTHUMUbUCVGUA0EbDuEYmkaVU=">AAAB8HicbVA9T8MwEL2Ur1K+CowsFg0SU5R0gbESC2NB9AO1UeW4TmvVdiLbQaqi/goWBhBi5eew8W9w2wzQ8qSTnt670929KOVMG9//dkobm1vbO+Xdyt7+weFR9fikrZNMEdoiCU9UN8KaciZpyzDDaTdVFIuI0040uZn7nSeqNEvkg5mmNBR4JFnMCDZWenTjQd1F7r07qNZ8z18ArZOgIDUo0BxUv/rDhGSCSkM41roX+KkJc6wMI5zOKv1M0xSTCR7RnqUSC6rDfHHwDF1YZYjiRNmSBi3U3xM5FlpPRWQ7BTZjverNxf+8Xmbi6zBnMs0MlWS5KM44Mgmaf4+GTFFi+NQSTBSztyIyxgoTYzOq2BCC1ZfXSbvuBb4X3NVrDa+IowxncA6XEMAVNOAWmtACAgKe4RXeHOW8OO/Ox7K15BQzp/AHzucPV1WOtw==</latexit><latexit sha1_base64="nxjTHUMUbUCVGUA0EbDuEYmkaVU=">AAAB8HicbVA9T8MwEL2Ur1K+CowsFg0SU5R0gbESC2NB9AO1UeW4TmvVdiLbQaqi/goWBhBi5eew8W9w2wzQ8qSTnt670929KOVMG9//dkobm1vbO+Xdyt7+weFR9fikrZNMEdoiCU9UN8KaciZpyzDDaTdVFIuI0040uZn7nSeqNEvkg5mmNBR4JFnMCDZWenTjQd1F7r07qNZ8z18ArZOgIDUo0BxUv/rDhGSCSkM41roX+KkJc6wMI5zOKv1M0xSTCR7RnqUSC6rDfHHwDF1YZYjiRNmSBi3U3xM5FlpPRWQ7BTZjverNxf+8Xmbi6zBnMs0MlWS5KM44Mgmaf4+GTFFi+NQSTBSztyIyxgoTYzOq2BCC1ZfXSbvuBb4X3NVrDa+IowxncA6XEMAVNOAWmtACAgKe4RXeHOW8OO/Ox7K15BQzp/AHzucPV1WOtw==</latexit><latexit sha1_base64="nxjTHUMUbUCVGUA0EbDuEYmkaVU=">AAAB8HicbVA9T8MwEL2Ur1K+CowsFg0SU5R0gbESC2NB9AO1UeW4TmvVdiLbQaqi/goWBhBi5eew8W9w2wzQ8qSTnt670929KOVMG9//dkobm1vbO+Xdyt7+weFR9fikrZNMEdoiCU9UN8KaciZpyzDDaTdVFIuI0040uZn7nSeqNEvkg5mmNBR4JFnMCDZWenTjQd1F7r07qNZ8z18ArZOgIDUo0BxUv/rDhGSCSkM41roX+KkJc6wMI5zOKv1M0xSTCR7RnqUSC6rDfHHwDF1YZYjiRNmSBi3U3xM5FlpPRWQ7BTZjverNxf+8Xmbi6zBnMs0MlWS5KM44Mgmaf4+GTFFi+NQSTBSztyIyxgoTYzOq2BCC1ZfXSbvuBb4X3NVrDa+IowxncA6XEMAVNOAWmtACAgKe4RXeHOW8OO/Ox7K15BQzp/AHzucPV1WOtw==</latexit>

f3 R
<latexit sha1_base64="rhUrDKoeYtgCeh8MGa77WWC5iZY=">AAAB8HicbVBNT8JAEJ3iF+IX6tHLRmriqWnxoEcSLx7RCGigIdtlCxt2t83u1oQ0/AovHjTGqz/Hm//GBXpQ8CWTvLw3k5l5UcqZNr7/7ZTW1jc2t8rblZ3dvf2D6uFRWyeZIrRFEp6ohwhrypmkLcMMpw+polhEnHai8fXM7zxRpVki780kpaHAQ8liRrCx0qMb9y9c5N65/WrN9/w50CoJClKDAs1+9as3SEgmqDSEY627gZ+aMMfKMMLptNLLNE0xGeMh7VoqsaA6zOcHT9GZVQYoTpQtadBc/T2RY6H1RES2U2Az0sveTPzP62YmvgpzJtPMUEkWi+KMI5Og2fdowBQlhk8swUQxeysiI6wwMTajig0hWH55lbTrXuB7wW291vCKOMpwAqdwDgFcQgNuoAktICDgGV7hzVHOi/PufCxaS04xcwx/4Hz+AFjejrg=</latexit><latexit sha1_base64="rhUrDKoeYtgCeh8MGa77WWC5iZY=">AAAB8HicbVBNT8JAEJ3iF+IX6tHLRmriqWnxoEcSLx7RCGigIdtlCxt2t83u1oQ0/AovHjTGqz/Hm//GBXpQ8CWTvLw3k5l5UcqZNr7/7ZTW1jc2t8rblZ3dvf2D6uFRWyeZIrRFEp6ohwhrypmkLcMMpw+polhEnHai8fXM7zxRpVki780kpaHAQ8liRrCx0qMb9y9c5N65/WrN9/w50CoJClKDAs1+9as3SEgmqDSEY627gZ+aMMfKMMLptNLLNE0xGeMh7VoqsaA6zOcHT9GZVQYoTpQtadBc/T2RY6H1RES2U2Az0sveTPzP62YmvgpzJtPMUEkWi+KMI5Og2fdowBQlhk8swUQxeysiI6wwMTajig0hWH55lbTrXuB7wW291vCKOMpwAqdwDgFcQgNuoAktICDgGV7hzVHOi/PufCxaS04xcwx/4Hz+AFjejrg=</latexit><latexit sha1_base64="rhUrDKoeYtgCeh8MGa77WWC5iZY=">AAAB8HicbVBNT8JAEJ3iF+IX6tHLRmriqWnxoEcSLx7RCGigIdtlCxt2t83u1oQ0/AovHjTGqz/Hm//GBXpQ8CWTvLw3k5l5UcqZNr7/7ZTW1jc2t8rblZ3dvf2D6uFRWyeZIrRFEp6ohwhrypmkLcMMpw+polhEnHai8fXM7zxRpVki780kpaHAQ8liRrCx0qMb9y9c5N65/WrN9/w50CoJClKDAs1+9as3SEgmqDSEY627gZ+aMMfKMMLptNLLNE0xGeMh7VoqsaA6zOcHT9GZVQYoTpQtadBc/T2RY6H1RES2U2Az0sveTPzP62YmvgpzJtPMUEkWi+KMI5Og2fdowBQlhk8swUQxeysiI6wwMTajig0hWH55lbTrXuB7wW291vCKOMpwAqdwDgFcQgNuoAktICDgGV7hzVHOi/PufCxaS04xcwx/4Hz+AFjejrg=</latexit><latexit sha1_base64="rhUrDKoeYtgCeh8MGa77WWC5iZY=">AAAB8HicbVBNT8JAEJ3iF+IX6tHLRmriqWnxoEcSLx7RCGigIdtlCxt2t83u1oQ0/AovHjTGqz/Hm//GBXpQ8CWTvLw3k5l5UcqZNr7/7ZTW1jc2t8rblZ3dvf2D6uFRWyeZIrRFEp6ohwhrypmkLcMMpw+polhEnHai8fXM7zxRpVki780kpaHAQ8liRrCx0qMb9y9c5N65/WrN9/w50CoJClKDAs1+9as3SEgmqDSEY627gZ+aMMfKMMLptNLLNE0xGeMh7VoqsaA6zOcHT9GZVQYoTpQtadBc/T2RY6H1RES2U2Az0sveTPzP62YmvgpzJtPMUEkWi+KMI5Og2fdowBQlhk8swUQxeysiI6wwMTajig0hWH55lbTrXuB7wW291vCKOMpwAqdwDgFcQgNuoAktICDgGV7hzVHOi/PufCxaS04xcwx/4Hz+AFjejrg=</latexit>

xk
<latexit sha1_base64="7TGPJYTmwSdgRajlFIbRPsudkqk=">AAAB7HicbVBNT8JAEJ3iF+IX6tHLRjDx1LRc9EjixSMmFkigku2yhQ3b3WZ3ayQNv8GLB43x6g/y5r9xgR4UfMkkL+/NZGZelHKmjed9O6WNza3tnfJuZW//4PCoenzS1jJThAZEcqm6EdaUM0EDwwyn3VRRnEScdqLJzdzvPFKlmRT3ZprSMMEjwWJGsLFSUH96mNQH1ZrnegugdeIXpAYFWoPqV38oSZZQYQjHWvd8LzVhjpVhhNNZpZ9pmmIywSPas1TghOowXxw7QxdWGaJYKlvCoIX6eyLHidbTJLKdCTZjverNxf+8Xmbi6zBnIs0MFWS5KM44MhLNP0dDpigxfGoJJorZWxEZY4WJsflUbAj+6svrpN1wfc/17xq1plvEUYYzOIdL8OEKmnALLQiAAINneIU3RzgvzrvzsWwtOcXMKfyB8/kDFEGOHw==</latexit><latexit sha1_base64="7TGPJYTmwSdgRajlFIbRPsudkqk=">AAAB7HicbVBNT8JAEJ3iF+IX6tHLRjDx1LRc9EjixSMmFkigku2yhQ3b3WZ3ayQNv8GLB43x6g/y5r9xgR4UfMkkL+/NZGZelHKmjed9O6WNza3tnfJuZW//4PCoenzS1jJThAZEcqm6EdaUM0EDwwyn3VRRnEScdqLJzdzvPFKlmRT3ZprSMMEjwWJGsLFSUH96mNQH1ZrnegugdeIXpAYFWoPqV38oSZZQYQjHWvd8LzVhjpVhhNNZpZ9pmmIywSPas1TghOowXxw7QxdWGaJYKlvCoIX6eyLHidbTJLKdCTZjverNxf+8Xmbi6zBnIs0MFWS5KM44MhLNP0dDpigxfGoJJorZWxEZY4WJsflUbAj+6svrpN1wfc/17xq1plvEUYYzOIdL8OEKmnALLQiAAINneIU3RzgvzrvzsWwtOcXMKfyB8/kDFEGOHw==</latexit><latexit sha1_base64="7TGPJYTmwSdgRajlFIbRPsudkqk=">AAAB7HicbVBNT8JAEJ3iF+IX6tHLRjDx1LRc9EjixSMmFkigku2yhQ3b3WZ3ayQNv8GLB43x6g/y5r9xgR4UfMkkL+/NZGZelHKmjed9O6WNza3tnfJuZW//4PCoenzS1jJThAZEcqm6EdaUM0EDwwyn3VRRnEScdqLJzdzvPFKlmRT3ZprSMMEjwWJGsLFSUH96mNQH1ZrnegugdeIXpAYFWoPqV38oSZZQYQjHWvd8LzVhjpVhhNNZpZ9pmmIywSPas1TghOowXxw7QxdWGaJYKlvCoIX6eyLHidbTJLKdCTZjverNxf+8Xmbi6zBnIs0MFWS5KM44MhLNP0dDpigxfGoJJorZWxEZY4WJsflUbAj+6svrpN1wfc/17xq1plvEUYYzOIdL8OEKmnALLQiAAINneIU3RzgvzrvzsWwtOcXMKfyB8/kDFEGOHw==</latexit><latexit sha1_base64="7TGPJYTmwSdgRajlFIbRPsudkqk=">AAAB7HicbVBNT8JAEJ3iF+IX6tHLRjDx1LRc9EjixSMmFkigku2yhQ3b3WZ3ayQNv8GLB43x6g/y5r9xgR4UfMkkL+/NZGZelHKmjed9O6WNza3tnfJuZW//4PCoenzS1jJThAZEcqm6EdaUM0EDwwyn3VRRnEScdqLJzdzvPFKlmRT3ZprSMMEjwWJGsLFSUH96mNQH1ZrnegugdeIXpAYFWoPqV38oSZZQYQjHWvd8LzVhjpVhhNNZpZ9pmmIywSPas1TghOowXxw7QxdWGaJYKlvCoIX6eyLHidbTJLKdCTZjverNxf+8Xmbi6zBnIs0MFWS5KM44MhLNP0dDpigxfGoJJorZWxEZY4WJsflUbAj+6svrpN1wfc/17xq1plvEUYYzOIdL8OEKmnALLQiAAINneIU3RzgvzrvzsWwtOcXMKfyB8/kDFEGOHw==</latexit>

xk
<latexit sha1_base64="7TGPJYTmwSdgRajlFIbRPsudkqk=">AAAB7HicbVBNT8JAEJ3iF+IX6tHLRjDx1LRc9EjixSMmFkigku2yhQ3b3WZ3ayQNv8GLB43x6g/y5r9xgR4UfMkkL+/NZGZelHKmjed9O6WNza3tnfJuZW//4PCoenzS1jJThAZEcqm6EdaUM0EDwwyn3VRRnEScdqLJzdzvPFKlmRT3ZprSMMEjwWJGsLFSUH96mNQH1ZrnegugdeIXpAYFWoPqV38oSZZQYQjHWvd8LzVhjpVhhNNZpZ9pmmIywSPas1TghOowXxw7QxdWGaJYKlvCoIX6eyLHidbTJLKdCTZjverNxf+8Xmbi6zBnIs0MFWS5KM44MhLNP0dDpigxfGoJJorZWxEZY4WJsflUbAj+6svrpN1wfc/17xq1plvEUYYzOIdL8OEKmnALLQiAAINneIU3RzgvzrvzsWwtOcXMKfyB8/kDFEGOHw==</latexit><latexit sha1_base64="7TGPJYTmwSdgRajlFIbRPsudkqk=">AAAB7HicbVBNT8JAEJ3iF+IX6tHLRjDx1LRc9EjixSMmFkigku2yhQ3b3WZ3ayQNv8GLB43x6g/y5r9xgR4UfMkkL+/NZGZelHKmjed9O6WNza3tnfJuZW//4PCoenzS1jJThAZEcqm6EdaUM0EDwwyn3VRRnEScdqLJzdzvPFKlmRT3ZprSMMEjwWJGsLFSUH96mNQH1ZrnegugdeIXpAYFWoPqV38oSZZQYQjHWvd8LzVhjpVhhNNZpZ9pmmIywSPas1TghOowXxw7QxdWGaJYKlvCoIX6eyLHidbTJLKdCTZjverNxf+8Xmbi6zBnIs0MFWS5KM44MhLNP0dDpigxfGoJJorZWxEZY4WJsflUbAj+6svrpN1wfc/17xq1plvEUYYzOIdL8OEKmnALLQiAAINneIU3RzgvzrvzsWwtOcXMKfyB8/kDFEGOHw==</latexit><latexit sha1_base64="7TGPJYTmwSdgRajlFIbRPsudkqk=">AAAB7HicbVBNT8JAEJ3iF+IX6tHLRjDx1LRc9EjixSMmFkigku2yhQ3b3WZ3ayQNv8GLB43x6g/y5r9xgR4UfMkkL+/NZGZelHKmjed9O6WNza3tnfJuZW//4PCoenzS1jJThAZEcqm6EdaUM0EDwwyn3VRRnEScdqLJzdzvPFKlmRT3ZprSMMEjwWJGsLFSUH96mNQH1ZrnegugdeIXpAYFWoPqV38oSZZQYQjHWvd8LzVhjpVhhNNZpZ9pmmIywSPas1TghOowXxw7QxdWGaJYKlvCoIX6eyLHidbTJLKdCTZjverNxf+8Xmbi6zBnIs0MFWS5KM44MhLNP0dDpigxfGoJJorZWxEZY4WJsflUbAj+6svrpN1wfc/17xq1plvEUYYzOIdL8OEKmnALLQiAAINneIU3RzgvzrvzsWwtOcXMKfyB8/kDFEGOHw==</latexit><latexit sha1_base64="7TGPJYTmwSdgRajlFIbRPsudkqk=">AAAB7HicbVBNT8JAEJ3iF+IX6tHLRjDx1LRc9EjixSMmFkigku2yhQ3b3WZ3ayQNv8GLB43x6g/y5r9xgR4UfMkkL+/NZGZelHKmjed9O6WNza3tnfJuZW//4PCoenzS1jJThAZEcqm6EdaUM0EDwwyn3VRRnEScdqLJzdzvPFKlmRT3ZprSMMEjwWJGsLFSUH96mNQH1ZrnegugdeIXpAYFWoPqV38oSZZQYQjHWvd8LzVhjpVhhNNZpZ9pmmIywSPas1TghOowXxw7QxdWGaJYKlvCoIX6eyLHidbTJLKdCTZjverNxf+8Xmbi6zBnIs0MFWS5KM44MhLNP0dDpigxfGoJJorZWxEZY4WJsflUbAj+6svrpN1wfc/17xq1plvEUYYzOIdL8OEKmnALLQiAAINneIU3RzgvzrvzsWwtOcXMKfyB8/kDFEGOHw==</latexit> xk

<latexit sha1_base64="7TGPJYTmwSdgRajlFIbRPsudkqk=">AAAB7HicbVBNT8JAEJ3iF+IX6tHLRjDx1LRc9EjixSMmFkigku2yhQ3b3WZ3ayQNv8GLB43x6g/y5r9xgR4UfMkkL+/NZGZelHKmjed9O6WNza3tnfJuZW//4PCoenzS1jJThAZEcqm6EdaUM0EDwwyn3VRRnEScdqLJzdzvPFKlmRT3ZprSMMEjwWJGsLFSUH96mNQH1ZrnegugdeIXpAYFWoPqV38oSZZQYQjHWvd8LzVhjpVhhNNZpZ9pmmIywSPas1TghOowXxw7QxdWGaJYKlvCoIX6eyLHidbTJLKdCTZjverNxf+8Xmbi6zBnIs0MFWS5KM44MhLNP0dDpigxfGoJJorZWxEZY4WJsflUbAj+6svrpN1wfc/17xq1plvEUYYzOIdL8OEKmnALLQiAAINneIU3RzgvzrvzsWwtOcXMKfyB8/kDFEGOHw==</latexit><latexit sha1_base64="7TGPJYTmwSdgRajlFIbRPsudkqk=">AAAB7HicbVBNT8JAEJ3iF+IX6tHLRjDx1LRc9EjixSMmFkigku2yhQ3b3WZ3ayQNv8GLB43x6g/y5r9xgR4UfMkkL+/NZGZelHKmjed9O6WNza3tnfJuZW//4PCoenzS1jJThAZEcqm6EdaUM0EDwwyn3VRRnEScdqLJzdzvPFKlmRT3ZprSMMEjwWJGsLFSUH96mNQH1ZrnegugdeIXpAYFWoPqV38oSZZQYQjHWvd8LzVhjpVhhNNZpZ9pmmIywSPas1TghOowXxw7QxdWGaJYKlvCoIX6eyLHidbTJLKdCTZjverNxf+8Xmbi6zBnIs0MFWS5KM44MhLNP0dDpigxfGoJJorZWxEZY4WJsflUbAj+6svrpN1wfc/17xq1plvEUYYzOIdL8OEKmnALLQiAAINneIU3RzgvzrvzsWwtOcXMKfyB8/kDFEGOHw==</latexit><latexit sha1_base64="7TGPJYTmwSdgRajlFIbRPsudkqk=">AAAB7HicbVBNT8JAEJ3iF+IX6tHLRjDx1LRc9EjixSMmFkigku2yhQ3b3WZ3ayQNv8GLB43x6g/y5r9xgR4UfMkkL+/NZGZelHKmjed9O6WNza3tnfJuZW//4PCoenzS1jJThAZEcqm6EdaUM0EDwwyn3VRRnEScdqLJzdzvPFKlmRT3ZprSMMEjwWJGsLFSUH96mNQH1ZrnegugdeIXpAYFWoPqV38oSZZQYQjHWvd8LzVhjpVhhNNZpZ9pmmIywSPas1TghOowXxw7QxdWGaJYKlvCoIX6eyLHidbTJLKdCTZjverNxf+8Xmbi6zBnIs0MFWS5KM44MhLNP0dDpigxfGoJJorZWxEZY4WJsflUbAj+6svrpN1wfc/17xq1plvEUYYzOIdL8OEKmnALLQiAAINneIU3RzgvzrvzsWwtOcXMKfyB8/kDFEGOHw==</latexit><latexit sha1_base64="7TGPJYTmwSdgRajlFIbRPsudkqk=">AAAB7HicbVBNT8JAEJ3iF+IX6tHLRjDx1LRc9EjixSMmFkigku2yhQ3b3WZ3ayQNv8GLB43x6g/y5r9xgR4UfMkkL+/NZGZelHKmjed9O6WNza3tnfJuZW//4PCoenzS1jJThAZEcqm6EdaUM0EDwwyn3VRRnEScdqLJzdzvPFKlmRT3ZprSMMEjwWJGsLFSUH96mNQH1ZrnegugdeIXpAYFWoPqV38oSZZQYQjHWvd8LzVhjpVhhNNZpZ9pmmIywSPas1TghOowXxw7QxdWGaJYKlvCoIX6eyLHidbTJLKdCTZjverNxf+8Xmbi6zBnIs0MFWS5KM44MhLNP0dDpigxfGoJJorZWxEZY4WJsflUbAj+6svrpN1wfc/17xq1plvEUYYzOIdL8OEKmnALLQiAAINneIU3RzgvzrvzsWwtOcXMKfyB8/kDFEGOHw==</latexit>

rf1(xk)
<latexit sha1_base64="jwBf3LJ8EQYt3nZ/EgHiIJnHjq4=">AAAB+nicbVBNT8JAEN3iF+JX0aOXjWCCF9JyUW8kXjxiIh8JYDNdtrBhu212tyqp/BQvHjTGq7/Em//GBXpQ8CWTvLw3k5l5fsyZ0o7zbeXW1jc2t/LbhZ3dvf0Du3jYUlEiCW2SiEey44OinAna1Exz2oklhdDntO2Pr2Z++55KxSJxqycx7YcwFCxgBLSRPLtY7gnwOeDAcyuPd+OzsmeXnKozB14lbkZKKEPDs796g4gkIRWacFCq6zqx7qcgNSOcTgu9RNEYyBiGtGuogJCqfjo/fYpPjTLAQSRNCY3n6u+JFEKlJqFvOkPQI7XszcT/vG6ig4t+ykScaCrIYlGQcKwjPMsBD5ikRPOJIUAkM7diMgIJRJu0CiYEd/nlVdKqVV2n6t7USvXLLI48OkYnqIJcdI7q6Bo1UBMR9ICe0St6s56sF+vd+li05qxs5gj9gfX5AyVfkpQ=</latexit><latexit sha1_base64="jwBf3LJ8EQYt3nZ/EgHiIJnHjq4=">AAAB+nicbVBNT8JAEN3iF+JX0aOXjWCCF9JyUW8kXjxiIh8JYDNdtrBhu212tyqp/BQvHjTGq7/Em//GBXpQ8CWTvLw3k5l5fsyZ0o7zbeXW1jc2t/LbhZ3dvf0Du3jYUlEiCW2SiEey44OinAna1Exz2oklhdDntO2Pr2Z++55KxSJxqycx7YcwFCxgBLSRPLtY7gnwOeDAcyuPd+OzsmeXnKozB14lbkZKKEPDs796g4gkIRWacFCq6zqx7qcgNSOcTgu9RNEYyBiGtGuogJCqfjo/fYpPjTLAQSRNCY3n6u+JFEKlJqFvOkPQI7XszcT/vG6ig4t+ykScaCrIYlGQcKwjPMsBD5ikRPOJIUAkM7diMgIJRJu0CiYEd/nlVdKqVV2n6t7USvXLLI48OkYnqIJcdI7q6Bo1UBMR9ICe0St6s56sF+vd+li05qxs5gj9gfX5AyVfkpQ=</latexit><latexit sha1_base64="jwBf3LJ8EQYt3nZ/EgHiIJnHjq4=">AAAB+nicbVBNT8JAEN3iF+JX0aOXjWCCF9JyUW8kXjxiIh8JYDNdtrBhu212tyqp/BQvHjTGq7/Em//GBXpQ8CWTvLw3k5l5fsyZ0o7zbeXW1jc2t/LbhZ3dvf0Du3jYUlEiCW2SiEey44OinAna1Exz2oklhdDntO2Pr2Z++55KxSJxqycx7YcwFCxgBLSRPLtY7gnwOeDAcyuPd+OzsmeXnKozB14lbkZKKEPDs796g4gkIRWacFCq6zqx7qcgNSOcTgu9RNEYyBiGtGuogJCqfjo/fYpPjTLAQSRNCY3n6u+JFEKlJqFvOkPQI7XszcT/vG6ig4t+ykScaCrIYlGQcKwjPMsBD5ikRPOJIUAkM7diMgIJRJu0CiYEd/nlVdKqVV2n6t7USvXLLI48OkYnqIJcdI7q6Bo1UBMR9ICe0St6s56sF+vd+li05qxs5gj9gfX5AyVfkpQ=</latexit><latexit sha1_base64="jwBf3LJ8EQYt3nZ/EgHiIJnHjq4=">AAAB+nicbVBNT8JAEN3iF+JX0aOXjWCCF9JyUW8kXjxiIh8JYDNdtrBhu212tyqp/BQvHjTGq7/Em//GBXpQ8CWTvLw3k5l5fsyZ0o7zbeXW1jc2t/LbhZ3dvf0Du3jYUlEiCW2SiEey44OinAna1Exz2oklhdDntO2Pr2Z++55KxSJxqycx7YcwFCxgBLSRPLtY7gnwOeDAcyuPd+OzsmeXnKozB14lbkZKKEPDs796g4gkIRWacFCq6zqx7qcgNSOcTgu9RNEYyBiGtGuogJCqfjo/fYpPjTLAQSRNCY3n6u+JFEKlJqFvOkPQI7XszcT/vG6ig4t+ykScaCrIYlGQcKwjPMsBD5ikRPOJIUAkM7diMgIJRJu0CiYEd/nlVdKqVV2n6t7USvXLLI48OkYnqIJcdI7q6Bo1UBMR9ICe0St6s56sF+vd+li05qxs5gj9gfX5AyVfkpQ=</latexit>

rf2(xk)
<latexit sha1_base64="o/F/7lNLt/0vAlgDkerQW7dwM0s=">AAAB+nicbVBNT8JAEJ3iF+JX0aOXjWCCF9JyUW8kXjxiIh8JYLNdtrBhu212tyqp/BQvHjTGq7/Em//GBXpQ8CWTvLw3k5l5fsyZ0o7zbeXW1jc2t/LbhZ3dvf0Du3jYUlEiCW2SiEey42NFORO0qZnmtBNLikOf07Y/vpr57XsqFYvErZ7EtB/ioWABI1gbybOL5Z7APsco8GqVx7vxWdmzS07VmQOtEjcjJcjQ8Oyv3iAiSUiFJhwr1XWdWPdTLDUjnE4LvUTRGJMxHtKuoQKHVPXT+elTdGqUAQoiaUpoNFd/T6Q4VGoS+qYzxHqklr2Z+J/XTXRw0U+ZiBNNBVksChKOdIRmOaABk5RoPjEEE8nMrYiMsMREm7QKJgR3+eVV0qpVXafq3tRK9cssjjwcwwlUwIVzqMM1NKAJBB7gGV7hzXqyXqx362PRmrOymSP4A+vzBybpkpU=</latexit><latexit sha1_base64="o/F/7lNLt/0vAlgDkerQW7dwM0s=">AAAB+nicbVBNT8JAEJ3iF+JX0aOXjWCCF9JyUW8kXjxiIh8JYLNdtrBhu212tyqp/BQvHjTGq7/Em//GBXpQ8CWTvLw3k5l5fsyZ0o7zbeXW1jc2t/LbhZ3dvf0Du3jYUlEiCW2SiEey42NFORO0qZnmtBNLikOf07Y/vpr57XsqFYvErZ7EtB/ioWABI1gbybOL5Z7APsco8GqVx7vxWdmzS07VmQOtEjcjJcjQ8Oyv3iAiSUiFJhwr1XWdWPdTLDUjnE4LvUTRGJMxHtKuoQKHVPXT+elTdGqUAQoiaUpoNFd/T6Q4VGoS+qYzxHqklr2Z+J/XTXRw0U+ZiBNNBVksChKOdIRmOaABk5RoPjEEE8nMrYiMsMREm7QKJgR3+eVV0qpVXafq3tRK9cssjjwcwwlUwIVzqMM1NKAJBB7gGV7hzXqyXqx362PRmrOymSP4A+vzBybpkpU=</latexit><latexit sha1_base64="o/F/7lNLt/0vAlgDkerQW7dwM0s=">AAAB+nicbVBNT8JAEJ3iF+JX0aOXjWCCF9JyUW8kXjxiIh8JYLNdtrBhu212tyqp/BQvHjTGq7/Em//GBXpQ8CWTvLw3k5l5fsyZ0o7zbeXW1jc2t/LbhZ3dvf0Du3jYUlEiCW2SiEey42NFORO0qZnmtBNLikOf07Y/vpr57XsqFYvErZ7EtB/ioWABI1gbybOL5Z7APsco8GqVx7vxWdmzS07VmQOtEjcjJcjQ8Oyv3iAiSUiFJhwr1XWdWPdTLDUjnE4LvUTRGJMxHtKuoQKHVPXT+elTdGqUAQoiaUpoNFd/T6Q4VGoS+qYzxHqklr2Z+J/XTXRw0U+ZiBNNBVksChKOdIRmOaABk5RoPjEEE8nMrYiMsMREm7QKJgR3+eVV0qpVXafq3tRK9cssjjwcwwlUwIVzqMM1NKAJBB7gGV7hzXqyXqx362PRmrOymSP4A+vzBybpkpU=</latexit><latexit sha1_base64="o/F/7lNLt/0vAlgDkerQW7dwM0s=">AAAB+nicbVBNT8JAEJ3iF+JX0aOXjWCCF9JyUW8kXjxiIh8JYLNdtrBhu212tyqp/BQvHjTGq7/Em//GBXpQ8CWTvLw3k5l5fsyZ0o7zbeXW1jc2t/LbhZ3dvf0Du3jYUlEiCW2SiEey42NFORO0qZnmtBNLikOf07Y/vpr57XsqFYvErZ7EtB/ioWABI1gbybOL5Z7APsco8GqVx7vxWdmzS07VmQOtEjcjJcjQ8Oyv3iAiSUiFJhwr1XWdWPdTLDUjnE4LvUTRGJMxHtKuoQKHVPXT+elTdGqUAQoiaUpoNFd/T6Q4VGoS+qYzxHqklr2Z+J/XTXRw0U+ZiBNNBVksChKOdIRmOaABk5RoPjEEE8nMrYiMsMREm7QKJgR3+eVV0qpVXafq3tRK9cssjjwcwwlUwIVzqMM1NKAJBB7gGV7hzXqyXqx362PRmrOymSP4A+vzBybpkpU=</latexit>

rf3(xk)
<latexit sha1_base64="KiLtS+9e4hFzKd5blugPvjh9iQw=">AAAB+nicbVBNT8JAEJ36ifhV9OhlI5jghbR4UG8kXjxiIh8JVLJdtrBhu212tyqp/BQvHjTGq7/Em//GBXpQ8CWTvLw3k5l5fsyZ0o7zba2srq1vbOa28ts7u3v7duGgqaJEEtogEY9k28eKciZoQzPNaTuWFIc+py1/dDX1W/dUKhaJWz2OqRfigWABI1gbqWcXSl2BfY5R0DsrP96NTks9u+hUnBnQMnEzUoQM9Z791e1HJAmp0IRjpTquE2svxVIzwukk300UjTEZ4QHtGCpwSJWXzk6foBOj9FEQSVNCo5n6eyLFoVLj0DedIdZDtehNxf+8TqKDCy9lIk40FWS+KEg40hGa5oD6TFKi+dgQTCQztyIyxBITbdLKmxDcxZeXSbNacZ2Ke1Mt1i6zOHJwBMdQBhfOoQbXUIcGEHiAZ3iFN+vJerHerY9564qVzRzCH1ifPyhzkpY=</latexit><latexit sha1_base64="KiLtS+9e4hFzKd5blugPvjh9iQw=">AAAB+nicbVBNT8JAEJ36ifhV9OhlI5jghbR4UG8kXjxiIh8JVLJdtrBhu212tyqp/BQvHjTGq7/Em//GBXpQ8CWTvLw3k5l5fsyZ0o7zba2srq1vbOa28ts7u3v7duGgqaJEEtogEY9k28eKciZoQzPNaTuWFIc+py1/dDX1W/dUKhaJWz2OqRfigWABI1gbqWcXSl2BfY5R0DsrP96NTks9u+hUnBnQMnEzUoQM9Z791e1HJAmp0IRjpTquE2svxVIzwukk300UjTEZ4QHtGCpwSJWXzk6foBOj9FEQSVNCo5n6eyLFoVLj0DedIdZDtehNxf+8TqKDCy9lIk40FWS+KEg40hGa5oD6TFKi+dgQTCQztyIyxBITbdLKmxDcxZeXSbNacZ2Ke1Mt1i6zOHJwBMdQBhfOoQbXUIcGEHiAZ3iFN+vJerHerY9564qVzRzCH1ifPyhzkpY=</latexit><latexit sha1_base64="KiLtS+9e4hFzKd5blugPvjh9iQw=">AAAB+nicbVBNT8JAEJ36ifhV9OhlI5jghbR4UG8kXjxiIh8JVLJdtrBhu212tyqp/BQvHjTGq7/Em//GBXpQ8CWTvLw3k5l5fsyZ0o7zba2srq1vbOa28ts7u3v7duGgqaJEEtogEY9k28eKciZoQzPNaTuWFIc+py1/dDX1W/dUKhaJWz2OqRfigWABI1gbqWcXSl2BfY5R0DsrP96NTks9u+hUnBnQMnEzUoQM9Z791e1HJAmp0IRjpTquE2svxVIzwukk300UjTEZ4QHtGCpwSJWXzk6foBOj9FEQSVNCo5n6eyLFoVLj0DedIdZDtehNxf+8TqKDCy9lIk40FWS+KEg40hGa5oD6TFKi+dgQTCQztyIyxBITbdLKmxDcxZeXSbNacZ2Ke1Mt1i6zOHJwBMdQBhfOoQbXUIcGEHiAZ3iFN+vJerHerY9564qVzRzCH1ifPyhzkpY=</latexit><latexit sha1_base64="KiLtS+9e4hFzKd5blugPvjh9iQw=">AAAB+nicbVBNT8JAEJ36ifhV9OhlI5jghbR4UG8kXjxiIh8JVLJdtrBhu212tyqp/BQvHjTGq7/Em//GBXpQ8CWTvLw3k5l5fsyZ0o7zba2srq1vbOa28ts7u3v7duGgqaJEEtogEY9k28eKciZoQzPNaTuWFIc+py1/dDX1W/dUKhaJWz2OqRfigWABI1gbqWcXSl2BfY5R0DsrP96NTks9u+hUnBnQMnEzUoQM9Z791e1HJAmp0IRjpTquE2svxVIzwukk300UjTEZ4QHtGCpwSJWXzk6foBOj9FEQSVNCo5n6eyLFoVLj0DedIdZDtehNxf+8TqKDCy9lIk40FWS+KEg40hGa5oD6TFKi+dgQTCQztyIyxBITbdLKmxDcxZeXSbNacZ2Ke1Mt1i6zOHJwBMdQBhfOoQbXUIcGEHiAZ3iFN+vJerHerY9564qVzRzCH1ifPyhzkpY=</latexit>

gk
<latexit sha1_base64="qfQVGsE/JnBvw7BuVmuU9HUbBiQ=">AAAB7HicbVA9SwNBEJ2LXzF+RS1tFhPBKtylUbuAjWUE8wHJGfY2e8mSvb1jd04IR36DjYUitv4gO/+Nm+QKTXww8Hhvhpl5QSKFQdf9dgobm1vbO8Xd0t7+weFR+fikbeJUM95isYx1N6CGS6F4CwVK3k00p1EgeSeY3M79zhPXRsTqAacJ9yM6UiIUjKKVWtXR46Q6KFfcmrsAWSdeTiqQozkof/WHMUsjrpBJakzPcxP0M6pRMMlnpX5qeELZhI54z1JFI278bHHsjFxYZUjCWNtSSBbq74mMRsZMo8B2RhTHZtWbi/95vRTDaz8TKkmRK7ZcFKaSYEzmn5Oh0JyhnFpCmRb2VsLGVFOGNp+SDcFbfXmdtOs1z6159/VK4yaPowhncA6X4MEVNOAOmtACBgKe4RXeHOW8OO/Ox7K14OQzp/AHzucP/YqOGQ==</latexit><latexit sha1_base64="qfQVGsE/JnBvw7BuVmuU9HUbBiQ=">AAAB7HicbVA9SwNBEJ2LXzF+RS1tFhPBKtylUbuAjWUE8wHJGfY2e8mSvb1jd04IR36DjYUitv4gO/+Nm+QKTXww8Hhvhpl5QSKFQdf9dgobm1vbO8Xd0t7+weFR+fikbeJUM95isYx1N6CGS6F4CwVK3k00p1EgeSeY3M79zhPXRsTqAacJ9yM6UiIUjKKVWtXR46Q6KFfcmrsAWSdeTiqQozkof/WHMUsjrpBJakzPcxP0M6pRMMlnpX5qeELZhI54z1JFI278bHHsjFxYZUjCWNtSSBbq74mMRsZMo8B2RhTHZtWbi/95vRTDaz8TKkmRK7ZcFKaSYEzmn5Oh0JyhnFpCmRb2VsLGVFOGNp+SDcFbfXmdtOs1z6159/VK4yaPowhncA6X4MEVNOAOmtACBgKe4RXeHOW8OO/Ox7K14OQzp/AHzucP/YqOGQ==</latexit><latexit sha1_base64="qfQVGsE/JnBvw7BuVmuU9HUbBiQ=">AAAB7HicbVA9SwNBEJ2LXzF+RS1tFhPBKtylUbuAjWUE8wHJGfY2e8mSvb1jd04IR36DjYUitv4gO/+Nm+QKTXww8Hhvhpl5QSKFQdf9dgobm1vbO8Xd0t7+weFR+fikbeJUM95isYx1N6CGS6F4CwVK3k00p1EgeSeY3M79zhPXRsTqAacJ9yM6UiIUjKKVWtXR46Q6KFfcmrsAWSdeTiqQozkof/WHMUsjrpBJakzPcxP0M6pRMMlnpX5qeELZhI54z1JFI278bHHsjFxYZUjCWNtSSBbq74mMRsZMo8B2RhTHZtWbi/95vRTDaz8TKkmRK7ZcFKaSYEzmn5Oh0JyhnFpCmRb2VsLGVFOGNp+SDcFbfXmdtOs1z6159/VK4yaPowhncA6X4MEVNOAOmtACBgKe4RXeHOW8OO/Ox7K14OQzp/AHzucP/YqOGQ==</latexit><latexit sha1_base64="qfQVGsE/JnBvw7BuVmuU9HUbBiQ=">AAAB7HicbVA9SwNBEJ2LXzF+RS1tFhPBKtylUbuAjWUE8wHJGfY2e8mSvb1jd04IR36DjYUitv4gO/+Nm+QKTXww8Hhvhpl5QSKFQdf9dgobm1vbO8Xd0t7+weFR+fikbeJUM95isYx1N6CGS6F4CwVK3k00p1EgeSeY3M79zhPXRsTqAacJ9yM6UiIUjKKVWtXR46Q6KFfcmrsAWSdeTiqQozkof/WHMUsjrpBJakzPcxP0M6pRMMlnpX5qeELZhI54z1JFI278bHHsjFxYZUjCWNtSSBbq74mMRsZMo8B2RhTHZtWbi/95vRTDaz8TKkmRK7ZcFKaSYEzmn5Oh0JyhnFpCmRb2VsLGVFOGNp+SDcFbfXmdtOs1z6159/VK4yaPowhncA6X4MEVNOAOmtACBgKe4RXeHOW8OO/Ox7K14OQzp/AHzucP/YqOGQ==</latexit>

gk
<latexit sha1_base64="qfQVGsE/JnBvw7BuVmuU9HUbBiQ=">AAAB7HicbVA9SwNBEJ2LXzF+RS1tFhPBKtylUbuAjWUE8wHJGfY2e8mSvb1jd04IR36DjYUitv4gO/+Nm+QKTXww8Hhvhpl5QSKFQdf9dgobm1vbO8Xd0t7+weFR+fikbeJUM95isYx1N6CGS6F4CwVK3k00p1EgeSeY3M79zhPXRsTqAacJ9yM6UiIUjKKVWtXR46Q6KFfcmrsAWSdeTiqQozkof/WHMUsjrpBJakzPcxP0M6pRMMlnpX5qeELZhI54z1JFI278bHHsjFxYZUjCWNtSSBbq74mMRsZMo8B2RhTHZtWbi/95vRTDaz8TKkmRK7ZcFKaSYEzmn5Oh0JyhnFpCmRb2VsLGVFOGNp+SDcFbfXmdtOs1z6159/VK4yaPowhncA6X4MEVNOAOmtACBgKe4RXeHOW8OO/Ox7K14OQzp/AHzucP/YqOGQ==</latexit><latexit sha1_base64="qfQVGsE/JnBvw7BuVmuU9HUbBiQ=">AAAB7HicbVA9SwNBEJ2LXzF+RS1tFhPBKtylUbuAjWUE8wHJGfY2e8mSvb1jd04IR36DjYUitv4gO/+Nm+QKTXww8Hhvhpl5QSKFQdf9dgobm1vbO8Xd0t7+weFR+fikbeJUM95isYx1N6CGS6F4CwVK3k00p1EgeSeY3M79zhPXRsTqAacJ9yM6UiIUjKKVWtXR46Q6KFfcmrsAWSdeTiqQozkof/WHMUsjrpBJakzPcxP0M6pRMMlnpX5qeELZhI54z1JFI278bHHsjFxYZUjCWNtSSBbq74mMRsZMo8B2RhTHZtWbi/95vRTDaz8TKkmRK7ZcFKaSYEzmn5Oh0JyhnFpCmRb2VsLGVFOGNp+SDcFbfXmdtOs1z6159/VK4yaPowhncA6X4MEVNOAOmtACBgKe4RXeHOW8OO/Ox7K14OQzp/AHzucP/YqOGQ==</latexit><latexit sha1_base64="qfQVGsE/JnBvw7BuVmuU9HUbBiQ=">AAAB7HicbVA9SwNBEJ2LXzF+RS1tFhPBKtylUbuAjWUE8wHJGfY2e8mSvb1jd04IR36DjYUitv4gO/+Nm+QKTXww8Hhvhpl5QSKFQdf9dgobm1vbO8Xd0t7+weFR+fikbeJUM95isYx1N6CGS6F4CwVK3k00p1EgeSeY3M79zhPXRsTqAacJ9yM6UiIUjKKVWtXR46Q6KFfcmrsAWSdeTiqQozkof/WHMUsjrpBJakzPcxP0M6pRMMlnpX5qeELZhI54z1JFI278bHHsjFxYZUjCWNtSSBbq74mMRsZMo8B2RhTHZtWbi/95vRTDaz8TKkmRK7ZcFKaSYEzmn5Oh0JyhnFpCmRb2VsLGVFOGNp+SDcFbfXmdtOs1z6159/VK4yaPowhncA6X4MEVNOAOmtACBgKe4RXeHOW8OO/Ox7K14OQzp/AHzucP/YqOGQ==</latexit><latexit sha1_base64="qfQVGsE/JnBvw7BuVmuU9HUbBiQ=">AAAB7HicbVA9SwNBEJ2LXzF+RS1tFhPBKtylUbuAjWUE8wHJGfY2e8mSvb1jd04IR36DjYUitv4gO/+Nm+QKTXww8Hhvhpl5QSKFQdf9dgobm1vbO8Xd0t7+weFR+fikbeJUM95isYx1N6CGS6F4CwVK3k00p1EgeSeY3M79zhPXRsTqAacJ9yM6UiIUjKKVWtXR46Q6KFfcmrsAWSdeTiqQozkof/WHMUsjrpBJakzPcxP0M6pRMMlnpX5qeELZhI54z1JFI278bHHsjFxYZUjCWNtSSBbq74mMRsZMo8B2RhTHZtWbi/95vRTDaz8TKkmRK7ZcFKaSYEzmn5Oh0JyhnFpCmRb2VsLGVFOGNp+SDcFbfXmdtOs1z6159/VK4yaPowhncA6X4MEVNOAOmtACBgKe4RXeHOW8OO/Ox7K14OQzp/AHzucP/YqOGQ==</latexit>

Distributed Gradient Descent

Parameter server
min
x2Rd

1

3

3X

i=1

fi(x) +R(x)
<latexit sha1_base64="I4Dp3o21JNc3t024IZDTFB5eEVQ="></latexit><latexit sha1_base64="I4Dp3o21JNc3t024IZDTFB5eEVQ="></latexit><latexit sha1_base64="I4Dp3o21JNc3t024IZDTFB5eEVQ="></latexit><latexit sha1_base64="I4Dp3o21JNc3t024IZDTFB5eEVQ="></latexit>

gk
<latexit sha1_base64="qfQVGsE/JnBvw7BuVmuU9HUbBiQ=">AAAB7HicbVA9SwNBEJ2LXzF+RS1tFhPBKtylUbuAjWUE8wHJGfY2e8mSvb1jd04IR36DjYUitv4gO/+Nm+QKTXww8Hhvhpl5QSKFQdf9dgobm1vbO8Xd0t7+weFR+fikbeJUM95isYx1N6CGS6F4CwVK3k00p1EgeSeY3M79zhPXRsTqAacJ9yM6UiIUjKKVWtXR46Q6KFfcmrsAWSdeTiqQozkof/WHMUsjrpBJakzPcxP0M6pRMMlnpX5qeELZhI54z1JFI278bHHsjFxYZUjCWNtSSBbq74mMRsZMo8B2RhTHZtWbi/95vRTDaz8TKkmRK7ZcFKaSYEzmn5Oh0JyhnFpCmRb2VsLGVFOGNp+SDcFbfXmdtOs1z6159/VK4yaPowhncA6X4MEVNOAOmtACBgKe4RXeHOW8OO/Ox7K14OQzp/AHzucP/YqOGQ==</latexit><latexit sha1_base64="qfQVGsE/JnBvw7BuVmuU9HUbBiQ=">AAAB7HicbVA9SwNBEJ2LXzF+RS1tFhPBKtylUbuAjWUE8wHJGfY2e8mSvb1jd04IR36DjYUitv4gO/+Nm+QKTXww8Hhvhpl5QSKFQdf9dgobm1vbO8Xd0t7+weFR+fikbeJUM95isYx1N6CGS6F4CwVK3k00p1EgeSeY3M79zhPXRsTqAacJ9yM6UiIUjKKVWtXR46Q6KFfcmrsAWSdeTiqQozkof/WHMUsjrpBJakzPcxP0M6pRMMlnpX5qeELZhI54z1JFI278bHHsjFxYZUjCWNtSSBbq74mMRsZMo8B2RhTHZtWbi/95vRTDaz8TKkmRK7ZcFKaSYEzmn5Oh0JyhnFpCmRb2VsLGVFOGNp+SDcFbfXmdtOs1z6159/VK4yaPowhncA6X4MEVNOAOmtACBgKe4RXeHOW8OO/Ox7K14OQzp/AHzucP/YqOGQ==</latexit><latexit sha1_base64="qfQVGsE/JnBvw7BuVmuU9HUbBiQ=">AAAB7HicbVA9SwNBEJ2LXzF+RS1tFhPBKtylUbuAjWUE8wHJGfY2e8mSvb1jd04IR36DjYUitv4gO/+Nm+QKTXww8Hhvhpl5QSKFQdf9dgobm1vbO8Xd0t7+weFR+fikbeJUM95isYx1N6CGS6F4CwVK3k00p1EgeSeY3M79zhPXRsTqAacJ9yM6UiIUjKKVWtXR46Q6KFfcmrsAWSdeTiqQozkof/WHMUsjrpBJakzPcxP0M6pRMMlnpX5qeELZhI54z1JFI278bHHsjFxYZUjCWNtSSBbq74mMRsZMo8B2RhTHZtWbi/95vRTDaz8TKkmRK7ZcFKaSYEzmn5Oh0JyhnFpCmRb2VsLGVFOGNp+SDcFbfXmdtOs1z6159/VK4yaPowhncA6X4MEVNOAOmtACBgKe4RXeHOW8OO/Ox7K14OQzp/AHzucP/YqOGQ==</latexit><latexit sha1_base64="qfQVGsE/JnBvw7BuVmuU9HUbBiQ=">AAAB7HicbVA9SwNBEJ2LXzF+RS1tFhPBKtylUbuAjWUE8wHJGfY2e8mSvb1jd04IR36DjYUitv4gO/+Nm+QKTXww8Hhvhpl5QSKFQdf9dgobm1vbO8Xd0t7+weFR+fikbeJUM95isYx1N6CGS6F4CwVK3k00p1EgeSeY3M79zhPXRsTqAacJ9yM6UiIUjKKVWtXR46Q6KFfcmrsAWSdeTiqQozkof/WHMUsjrpBJakzPcxP0M6pRMMlnpX5qeELZhI54z1JFI278bHHsjFxYZUjCWNtSSBbq74mMRsZMo8B2RhTHZtWbi/95vRTDaz8TKkmRK7ZcFKaSYEzmn5Oh0JyhnFpCmRb2VsLGVFOGNp+SDcFbfXmdtOs1z6159/VK4yaPowhncA6X4MEVNOAOmtACBgKe4RXeHOW8OO/Ox7K14OQzp/AHzucP/YqOGQ==</latexit>

xk+1 = prox�R
�
xk � �gk

�
<latexit sha1_base64="vW05sWWiRXGWYgnWuywSQxjuuIg="></latexit><latexit sha1_base64="vW05sWWiRXGWYgnWuywSQxjuuIg="></latexit><latexit sha1_base64="vW05sWWiRXGWYgnWuywSQxjuuIg="></latexit><latexit sha1_base64="vW05sWWiRXGWYgnWuywSQxjuuIg="></latexit>

xk+1 = prox�R
�
xk � �gk

�
<latexit sha1_base64="vW05sWWiRXGWYgnWuywSQxjuuIg="></latexit><latexit sha1_base64="vW05sWWiRXGWYgnWuywSQxjuuIg="></latexit><latexit sha1_base64="vW05sWWiRXGWYgnWuywSQxjuuIg="></latexit><latexit sha1_base64="vW05sWWiRXGWYgnWuywSQxjuuIg="></latexit>

xk+1 = prox�R
�
xk � �gk

�
<latexit sha1_base64="vW05sWWiRXGWYgnWuywSQxjuuIg="></latexit><latexit sha1_base64="vW05sWWiRXGWYgnWuywSQxjuuIg="></latexit><latexit sha1_base64="vW05sWWiRXGWYgnWuywSQxjuuIg="></latexit><latexit sha1_base64="vW05sWWiRXGWYgnWuywSQxjuuIg="></latexit>

f1 R
<latexit sha1_base64="K0Y6GY3r2MNzeInwffneSpx9jbg=">AAAB8HicbVA9T8MwEL2Ur1K+CowsFg0SU5R0gbESC2NB9AO1UeW4TmvVdiLbQaqi/goWBhBi5eew8W9w2wzQ8qSTnt670929KOVMG9//dkobm1vbO+Xdyt7+weFR9fikrZNMEdoiCU9UN8KaciZpyzDDaTdVFIuI0040uZn7nSeqNEvkg5mmNBR4JFnMCDZWenTjQeAi994dVGu+5y+A1klQkBoUaA6qX/1hQjJBpSEca90L/NSEOVaGEU5nlX6maYrJBI9oz1KJBdVhvjh4hi6sMkRxomxJgxbq74kcC62nIrKdApuxXvXm4n9eLzPxdZgzmWaGSrJcFGccmQTNv0dDpigxfGoJJorZWxEZY4WJsRlVbAjB6svrpF33At8L7uq1hlfEUYYzOIdLCOAKGnALTWgBAQHP8ApvjnJenHfnY9lacoqZU/gD5/MHVcyOtg==</latexit><latexit sha1_base64="K0Y6GY3r2MNzeInwffneSpx9jbg=">AAAB8HicbVA9T8MwEL2Ur1K+CowsFg0SU5R0gbESC2NB9AO1UeW4TmvVdiLbQaqi/goWBhBi5eew8W9w2wzQ8qSTnt670929KOVMG9//dkobm1vbO+Xdyt7+weFR9fikrZNMEdoiCU9UN8KaciZpyzDDaTdVFIuI0040uZn7nSeqNEvkg5mmNBR4JFnMCDZWenTjQeAi994dVGu+5y+A1klQkBoUaA6qX/1hQjJBpSEca90L/NSEOVaGEU5nlX6maYrJBI9oz1KJBdVhvjh4hi6sMkRxomxJgxbq74kcC62nIrKdApuxXvXm4n9eLzPxdZgzmWaGSrJcFGccmQTNv0dDpigxfGoJJorZWxEZY4WJsRlVbAjB6svrpF33At8L7uq1hlfEUYYzOIdLCOAKGnALTWgBAQHP8ApvjnJenHfnY9lacoqZU/gD5/MHVcyOtg==</latexit><latexit sha1_base64="K0Y6GY3r2MNzeInwffneSpx9jbg=">AAAB8HicbVA9T8MwEL2Ur1K+CowsFg0SU5R0gbESC2NB9AO1UeW4TmvVdiLbQaqi/goWBhBi5eew8W9w2wzQ8qSTnt670929KOVMG9//dkobm1vbO+Xdyt7+weFR9fikrZNMEdoiCU9UN8KaciZpyzDDaTdVFIuI0040uZn7nSeqNEvkg5mmNBR4JFnMCDZWenTjQeAi994dVGu+5y+A1klQkBoUaA6qX/1hQjJBpSEca90L/NSEOVaGEU5nlX6maYrJBI9oz1KJBdVhvjh4hi6sMkRxomxJgxbq74kcC62nIrKdApuxXvXm4n9eLzPxdZgzmWaGSrJcFGccmQTNv0dDpigxfGoJJorZWxEZY4WJsRlVbAjB6svrpF33At8L7uq1hlfEUYYzOIdLCOAKGnALTWgBAQHP8ApvjnJenHfnY9lacoqZU/gD5/MHVcyOtg==</latexit><latexit sha1_base64="K0Y6GY3r2MNzeInwffneSpx9jbg=">AAAB8HicbVA9T8MwEL2Ur1K+CowsFg0SU5R0gbESC2NB9AO1UeW4TmvVdiLbQaqi/goWBhBi5eew8W9w2wzQ8qSTnt670929KOVMG9//dkobm1vbO+Xdyt7+weFR9fikrZNMEdoiCU9UN8KaciZpyzDDaTdVFIuI0040uZn7nSeqNEvkg5mmNBR4JFnMCDZWenTjQeAi994dVGu+5y+A1klQkBoUaA6qX/1hQjJBpSEca90L/NSEOVaGEU5nlX6maYrJBI9oz1KJBdVhvjh4hi6sMkRxomxJgxbq74kcC62nIrKdApuxXvXm4n9eLzPxdZgzmWaGSrJcFGccmQTNv0dDpigxfGoJJorZWxEZY4WJsRlVbAjB6svrpF33At8L7uq1hlfEUYYzOIdLCOAKGnALTWgBAQHP8ApvjnJenHfnY9lacoqZU/gD5/MHVcyOtg==</latexit>

f2 R
<latexit sha1_base64="nxjTHUMUbUCVGUA0EbDuEYmkaVU=">AAAB8HicbVA9T8MwEL2Ur1K+CowsFg0SU5R0gbESC2NB9AO1UeW4TmvVdiLbQaqi/goWBhBi5eew8W9w2wzQ8qSTnt670929KOVMG9//dkobm1vbO+Xdyt7+weFR9fikrZNMEdoiCU9UN8KaciZpyzDDaTdVFIuI0040uZn7nSeqNEvkg5mmNBR4JFnMCDZWenTjQd1F7r07qNZ8z18ArZOgIDUo0BxUv/rDhGSCSkM41roX+KkJc6wMI5zOKv1M0xSTCR7RnqUSC6rDfHHwDF1YZYjiRNmSBi3U3xM5FlpPRWQ7BTZjverNxf+8Xmbi6zBnMs0MlWS5KM44Mgmaf4+GTFFi+NQSTBSztyIyxgoTYzOq2BCC1ZfXSbvuBb4X3NVrDa+IowxncA6XEMAVNOAWmtACAgKe4RXeHOW8OO/Ox7K15BQzp/AHzucPV1WOtw==</latexit><latexit sha1_base64="nxjTHUMUbUCVGUA0EbDuEYmkaVU=">AAAB8HicbVA9T8MwEL2Ur1K+CowsFg0SU5R0gbESC2NB9AO1UeW4TmvVdiLbQaqi/goWBhBi5eew8W9w2wzQ8qSTnt670929KOVMG9//dkobm1vbO+Xdyt7+weFR9fikrZNMEdoiCU9UN8KaciZpyzDDaTdVFIuI0040uZn7nSeqNEvkg5mmNBR4JFnMCDZWenTjQd1F7r07qNZ8z18ArZOgIDUo0BxUv/rDhGSCSkM41roX+KkJc6wMI5zOKv1M0xSTCR7RnqUSC6rDfHHwDF1YZYjiRNmSBi3U3xM5FlpPRWQ7BTZjverNxf+8Xmbi6zBnMs0MlWS5KM44Mgmaf4+GTFFi+NQSTBSztyIyxgoTYzOq2BCC1ZfXSbvuBb4X3NVrDa+IowxncA6XEMAVNOAWmtACAgKe4RXeHOW8OO/Ox7K15BQzp/AHzucPV1WOtw==</latexit><latexit sha1_base64="nxjTHUMUbUCVGUA0EbDuEYmkaVU=">AAAB8HicbVA9T8MwEL2Ur1K+CowsFg0SU5R0gbESC2NB9AO1UeW4TmvVdiLbQaqi/goWBhBi5eew8W9w2wzQ8qSTnt670929KOVMG9//dkobm1vbO+Xdyt7+weFR9fikrZNMEdoiCU9UN8KaciZpyzDDaTdVFIuI0040uZn7nSeqNEvkg5mmNBR4JFnMCDZWenTjQd1F7r07qNZ8z18ArZOgIDUo0BxUv/rDhGSCSkM41roX+KkJc6wMI5zOKv1M0xSTCR7RnqUSC6rDfHHwDF1YZYjiRNmSBi3U3xM5FlpPRWQ7BTZjverNxf+8Xmbi6zBnMs0MlWS5KM44Mgmaf4+GTFFi+NQSTBSztyIyxgoTYzOq2BCC1ZfXSbvuBb4X3NVrDa+IowxncA6XEMAVNOAWmtACAgKe4RXeHOW8OO/Ox7K15BQzp/AHzucPV1WOtw==</latexit><latexit sha1_base64="nxjTHUMUbUCVGUA0EbDuEYmkaVU=">AAAB8HicbVA9T8MwEL2Ur1K+CowsFg0SU5R0gbESC2NB9AO1UeW4TmvVdiLbQaqi/goWBhBi5eew8W9w2wzQ8qSTnt670929KOVMG9//dkobm1vbO+Xdyt7+weFR9fikrZNMEdoiCU9UN8KaciZpyzDDaTdVFIuI0040uZn7nSeqNEvkg5mmNBR4JFnMCDZWenTjQd1F7r07qNZ8z18ArZOgIDUo0BxUv/rDhGSCSkM41roX+KkJc6wMI5zOKv1M0xSTCR7RnqUSC6rDfHHwDF1YZYjiRNmSBi3U3xM5FlpPRWQ7BTZjverNxf+8Xmbi6zBnMs0MlWS5KM44Mgmaf4+GTFFi+NQSTBSztyIyxgoTYzOq2BCC1ZfXSbvuBb4X3NVrDa+IowxncA6XEMAVNOAWmtACAgKe4RXeHOW8OO/Ox7K15BQzp/AHzucPV1WOtw==</latexit>

f3 R
<latexit sha1_base64="rhUrDKoeYtgCeh8MGa77WWC5iZY=">AAAB8HicbVBNT8JAEJ3iF+IX6tHLRmriqWnxoEcSLx7RCGigIdtlCxt2t83u1oQ0/AovHjTGqz/Hm//GBXpQ8CWTvLw3k5l5UcqZNr7/7ZTW1jc2t8rblZ3dvf2D6uFRWyeZIrRFEp6ohwhrypmkLcMMpw+polhEnHai8fXM7zxRpVki780kpaHAQ8liRrCx0qMb9y9c5N65/WrN9/w50CoJClKDAs1+9as3SEgmqDSEY627gZ+aMMfKMMLptNLLNE0xGeMh7VoqsaA6zOcHT9GZVQYoTpQtadBc/T2RY6H1RES2U2Az0sveTPzP62YmvgpzJtPMUEkWi+KMI5Og2fdowBQlhk8swUQxeysiI6wwMTajig0hWH55lbTrXuB7wW291vCKOMpwAqdwDgFcQgNuoAktICDgGV7hzVHOi/PufCxaS04xcwx/4Hz+AFjejrg=</latexit><latexit sha1_base64="rhUrDKoeYtgCeh8MGa77WWC5iZY=">AAAB8HicbVBNT8JAEJ3iF+IX6tHLRmriqWnxoEcSLx7RCGigIdtlCxt2t83u1oQ0/AovHjTGqz/Hm//GBXpQ8CWTvLw3k5l5UcqZNr7/7ZTW1jc2t8rblZ3dvf2D6uFRWyeZIrRFEp6ohwhrypmkLcMMpw+polhEnHai8fXM7zxRpVki780kpaHAQ8liRrCx0qMb9y9c5N65/WrN9/w50CoJClKDAs1+9as3SEgmqDSEY627gZ+aMMfKMMLptNLLNE0xGeMh7VoqsaA6zOcHT9GZVQYoTpQtadBc/T2RY6H1RES2U2Az0sveTPzP62YmvgpzJtPMUEkWi+KMI5Og2fdowBQlhk8swUQxeysiI6wwMTajig0hWH55lbTrXuB7wW291vCKOMpwAqdwDgFcQgNuoAktICDgGV7hzVHOi/PufCxaS04xcwx/4Hz+AFjejrg=</latexit><latexit sha1_base64="rhUrDKoeYtgCeh8MGa77WWC5iZY=">AAAB8HicbVBNT8JAEJ3iF+IX6tHLRmriqWnxoEcSLx7RCGigIdtlCxt2t83u1oQ0/AovHjTGqz/Hm//GBXpQ8CWTvLw3k5l5UcqZNr7/7ZTW1jc2t8rblZ3dvf2D6uFRWyeZIrRFEp6ohwhrypmkLcMMpw+polhEnHai8fXM7zxRpVki780kpaHAQ8liRrCx0qMb9y9c5N65/WrN9/w50CoJClKDAs1+9as3SEgmqDSEY627gZ+aMMfKMMLptNLLNE0xGeMh7VoqsaA6zOcHT9GZVQYoTpQtadBc/T2RY6H1RES2U2Az0sveTPzP62YmvgpzJtPMUEkWi+KMI5Og2fdowBQlhk8swUQxeysiI6wwMTajig0hWH55lbTrXuB7wW291vCKOMpwAqdwDgFcQgNuoAktICDgGV7hzVHOi/PufCxaS04xcwx/4Hz+AFjejrg=</latexit><latexit sha1_base64="rhUrDKoeYtgCeh8MGa77WWC5iZY=">AAAB8HicbVBNT8JAEJ3iF+IX6tHLRmriqWnxoEcSLx7RCGigIdtlCxt2t83u1oQ0/AovHjTGqz/Hm//GBXpQ8CWTvLw3k5l5UcqZNr7/7ZTW1jc2t8rblZ3dvf2D6uFRWyeZIrRFEp6ohwhrypmkLcMMpw+polhEnHai8fXM7zxRpVki780kpaHAQ8liRrCx0qMb9y9c5N65/WrN9/w50CoJClKDAs1+9as3SEgmqDSEY627gZ+aMMfKMMLptNLLNE0xGeMh7VoqsaA6zOcHT9GZVQYoTpQtadBc/T2RY6H1RES2U2Az0sveTPzP62YmvgpzJtPMUEkWi+KMI5Og2fdowBQlhk8swUQxeysiI6wwMTajig0hWH55lbTrXuB7wW291vCKOMpwAqdwDgFcQgNuoAktICDgGV7hzVHOi/PufCxaS04xcwx/4Hz+AFjejrg=</latexit>

xk
<latexit sha1_base64="7TGPJYTmwSdgRajlFIbRPsudkqk=">AAAB7HicbVBNT8JAEJ3iF+IX6tHLRjDx1LRc9EjixSMmFkigku2yhQ3b3WZ3ayQNv8GLB43x6g/y5r9xgR4UfMkkL+/NZGZelHKmjed9O6WNza3tnfJuZW//4PCoenzS1jJThAZEcqm6EdaUM0EDwwyn3VRRnEScdqLJzdzvPFKlmRT3ZprSMMEjwWJGsLFSUH96mNQH1ZrnegugdeIXpAYFWoPqV38oSZZQYQjHWvd8LzVhjpVhhNNZpZ9pmmIywSPas1TghOowXxw7QxdWGaJYKlvCoIX6eyLHidbTJLKdCTZjverNxf+8Xmbi6zBnIs0MFWS5KM44MhLNP0dDpigxfGoJJorZWxEZY4WJsflUbAj+6svrpN1wfc/17xq1plvEUYYzOIdL8OEKmnALLQiAAINneIU3RzgvzrvzsWwtOcXMKfyB8/kDFEGOHw==</latexit><latexit sha1_base64="7TGPJYTmwSdgRajlFIbRPsudkqk=">AAAB7HicbVBNT8JAEJ3iF+IX6tHLRjDx1LRc9EjixSMmFkigku2yhQ3b3WZ3ayQNv8GLB43x6g/y5r9xgR4UfMkkL+/NZGZelHKmjed9O6WNza3tnfJuZW//4PCoenzS1jJThAZEcqm6EdaUM0EDwwyn3VRRnEScdqLJzdzvPFKlmRT3ZprSMMEjwWJGsLFSUH96mNQH1ZrnegugdeIXpAYFWoPqV38oSZZQYQjHWvd8LzVhjpVhhNNZpZ9pmmIywSPas1TghOowXxw7QxdWGaJYKlvCoIX6eyLHidbTJLKdCTZjverNxf+8Xmbi6zBnIs0MFWS5KM44MhLNP0dDpigxfGoJJorZWxEZY4WJsflUbAj+6svrpN1wfc/17xq1plvEUYYzOIdL8OEKmnALLQiAAINneIU3RzgvzrvzsWwtOcXMKfyB8/kDFEGOHw==</latexit><latexit sha1_base64="7TGPJYTmwSdgRajlFIbRPsudkqk=">AAAB7HicbVBNT8JAEJ3iF+IX6tHLRjDx1LRc9EjixSMmFkigku2yhQ3b3WZ3ayQNv8GLB43x6g/y5r9xgR4UfMkkL+/NZGZelHKmjed9O6WNza3tnfJuZW//4PCoenzS1jJThAZEcqm6EdaUM0EDwwyn3VRRnEScdqLJzdzvPFKlmRT3ZprSMMEjwWJGsLFSUH96mNQH1ZrnegugdeIXpAYFWoPqV38oSZZQYQjHWvd8LzVhjpVhhNNZpZ9pmmIywSPas1TghOowXxw7QxdWGaJYKlvCoIX6eyLHidbTJLKdCTZjverNxf+8Xmbi6zBnIs0MFWS5KM44MhLNP0dDpigxfGoJJorZWxEZY4WJsflUbAj+6svrpN1wfc/17xq1plvEUYYzOIdL8OEKmnALLQiAAINneIU3RzgvzrvzsWwtOcXMKfyB8/kDFEGOHw==</latexit><latexit sha1_base64="7TGPJYTmwSdgRajlFIbRPsudkqk=">AAAB7HicbVBNT8JAEJ3iF+IX6tHLRjDx1LRc9EjixSMmFkigku2yhQ3b3WZ3ayQNv8GLB43x6g/y5r9xgR4UfMkkL+/NZGZelHKmjed9O6WNza3tnfJuZW//4PCoenzS1jJThAZEcqm6EdaUM0EDwwyn3VRRnEScdqLJzdzvPFKlmRT3ZprSMMEjwWJGsLFSUH96mNQH1ZrnegugdeIXpAYFWoPqV38oSZZQYQjHWvd8LzVhjpVhhNNZpZ9pmmIywSPas1TghOowXxw7QxdWGaJYKlvCoIX6eyLHidbTJLKdCTZjverNxf+8Xmbi6zBnIs0MFWS5KM44MhLNP0dDpigxfGoJJorZWxEZY4WJsflUbAj+6svrpN1wfc/17xq1plvEUYYzOIdL8OEKmnALLQiAAINneIU3RzgvzrvzsWwtOcXMKfyB8/kDFEGOHw==</latexit>

xk
<latexit sha1_base64="7TGPJYTmwSdgRajlFIbRPsudkqk=">AAAB7HicbVBNT8JAEJ3iF+IX6tHLRjDx1LRc9EjixSMmFkigku2yhQ3b3WZ3ayQNv8GLB43x6g/y5r9xgR4UfMkkL+/NZGZelHKmjed9O6WNza3tnfJuZW//4PCoenzS1jJThAZEcqm6EdaUM0EDwwyn3VRRnEScdqLJzdzvPFKlmRT3ZprSMMEjwWJGsLFSUH96mNQH1ZrnegugdeIXpAYFWoPqV38oSZZQYQjHWvd8LzVhjpVhhNNZpZ9pmmIywSPas1TghOowXxw7QxdWGaJYKlvCoIX6eyLHidbTJLKdCTZjverNxf+8Xmbi6zBnIs0MFWS5KM44MhLNP0dDpigxfGoJJorZWxEZY4WJsflUbAj+6svrpN1wfc/17xq1plvEUYYzOIdL8OEKmnALLQiAAINneIU3RzgvzrvzsWwtOcXMKfyB8/kDFEGOHw==</latexit><latexit sha1_base64="7TGPJYTmwSdgRajlFIbRPsudkqk=">AAAB7HicbVBNT8JAEJ3iF+IX6tHLRjDx1LRc9EjixSMmFkigku2yhQ3b3WZ3ayQNv8GLB43x6g/y5r9xgR4UfMkkL+/NZGZelHKmjed9O6WNza3tnfJuZW//4PCoenzS1jJThAZEcqm6EdaUM0EDwwyn3VRRnEScdqLJzdzvPFKlmRT3ZprSMMEjwWJGsLFSUH96mNQH1ZrnegugdeIXpAYFWoPqV38oSZZQYQjHWvd8LzVhjpVhhNNZpZ9pmmIywSPas1TghOowXxw7QxdWGaJYKlvCoIX6eyLHidbTJLKdCTZjverNxf+8Xmbi6zBnIs0MFWS5KM44MhLNP0dDpigxfGoJJorZWxEZY4WJsflUbAj+6svrpN1wfc/17xq1plvEUYYzOIdL8OEKmnALLQiAAINneIU3RzgvzrvzsWwtOcXMKfyB8/kDFEGOHw==</latexit><latexit sha1_base64="7TGPJYTmwSdgRajlFIbRPsudkqk=">AAAB7HicbVBNT8JAEJ3iF+IX6tHLRjDx1LRc9EjixSMmFkigku2yhQ3b3WZ3ayQNv8GLB43x6g/y5r9xgR4UfMkkL+/NZGZelHKmjed9O6WNza3tnfJuZW//4PCoenzS1jJThAZEcqm6EdaUM0EDwwyn3VRRnEScdqLJzdzvPFKlmRT3ZprSMMEjwWJGsLFSUH96mNQH1ZrnegugdeIXpAYFWoPqV38oSZZQYQjHWvd8LzVhjpVhhNNZpZ9pmmIywSPas1TghOowXxw7QxdWGaJYKlvCoIX6eyLHidbTJLKdCTZjverNxf+8Xmbi6zBnIs0MFWS5KM44MhLNP0dDpigxfGoJJorZWxEZY4WJsflUbAj+6svrpN1wfc/17xq1plvEUYYzOIdL8OEKmnALLQiAAINneIU3RzgvzrvzsWwtOcXMKfyB8/kDFEGOHw==</latexit><latexit sha1_base64="7TGPJYTmwSdgRajlFIbRPsudkqk=">AAAB7HicbVBNT8JAEJ3iF+IX6tHLRjDx1LRc9EjixSMmFkigku2yhQ3b3WZ3ayQNv8GLB43x6g/y5r9xgR4UfMkkL+/NZGZelHKmjed9O6WNza3tnfJuZW//4PCoenzS1jJThAZEcqm6EdaUM0EDwwyn3VRRnEScdqLJzdzvPFKlmRT3ZprSMMEjwWJGsLFSUH96mNQH1ZrnegugdeIXpAYFWoPqV38oSZZQYQjHWvd8LzVhjpVhhNNZpZ9pmmIywSPas1TghOowXxw7QxdWGaJYKlvCoIX6eyLHidbTJLKdCTZjverNxf+8Xmbi6zBnIs0MFWS5KM44MhLNP0dDpigxfGoJJorZWxEZY4WJsflUbAj+6svrpN1wfc/17xq1plvEUYYzOIdL8OEKmnALLQiAAINneIU3RzgvzrvzsWwtOcXMKfyB8/kDFEGOHw==</latexit> xk

<latexit sha1_base64="7TGPJYTmwSdgRajlFIbRPsudkqk=">AAAB7HicbVBNT8JAEJ3iF+IX6tHLRjDx1LRc9EjixSMmFkigku2yhQ3b3WZ3ayQNv8GLB43x6g/y5r9xgR4UfMkkL+/NZGZelHKmjed9O6WNza3tnfJuZW//4PCoenzS1jJThAZEcqm6EdaUM0EDwwyn3VRRnEScdqLJzdzvPFKlmRT3ZprSMMEjwWJGsLFSUH96mNQH1ZrnegugdeIXpAYFWoPqV38oSZZQYQjHWvd8LzVhjpVhhNNZpZ9pmmIywSPas1TghOowXxw7QxdWGaJYKlvCoIX6eyLHidbTJLKdCTZjverNxf+8Xmbi6zBnIs0MFWS5KM44MhLNP0dDpigxfGoJJorZWxEZY4WJsflUbAj+6svrpN1wfc/17xq1plvEUYYzOIdL8OEKmnALLQiAAINneIU3RzgvzrvzsWwtOcXMKfyB8/kDFEGOHw==</latexit><latexit sha1_base64="7TGPJYTmwSdgRajlFIbRPsudkqk=">AAAB7HicbVBNT8JAEJ3iF+IX6tHLRjDx1LRc9EjixSMmFkigku2yhQ3b3WZ3ayQNv8GLB43x6g/y5r9xgR4UfMkkL+/NZGZelHKmjed9O6WNza3tnfJuZW//4PCoenzS1jJThAZEcqm6EdaUM0EDwwyn3VRRnEScdqLJzdzvPFKlmRT3ZprSMMEjwWJGsLFSUH96mNQH1ZrnegugdeIXpAYFWoPqV38oSZZQYQjHWvd8LzVhjpVhhNNZpZ9pmmIywSPas1TghOowXxw7QxdWGaJYKlvCoIX6eyLHidbTJLKdCTZjverNxf+8Xmbi6zBnIs0MFWS5KM44MhLNP0dDpigxfGoJJorZWxEZY4WJsflUbAj+6svrpN1wfc/17xq1plvEUYYzOIdL8OEKmnALLQiAAINneIU3RzgvzrvzsWwtOcXMKfyB8/kDFEGOHw==</latexit><latexit sha1_base64="7TGPJYTmwSdgRajlFIbRPsudkqk=">AAAB7HicbVBNT8JAEJ3iF+IX6tHLRjDx1LRc9EjixSMmFkigku2yhQ3b3WZ3ayQNv8GLB43x6g/y5r9xgR4UfMkkL+/NZGZelHKmjed9O6WNza3tnfJuZW//4PCoenzS1jJThAZEcqm6EdaUM0EDwwyn3VRRnEScdqLJzdzvPFKlmRT3ZprSMMEjwWJGsLFSUH96mNQH1ZrnegugdeIXpAYFWoPqV38oSZZQYQjHWvd8LzVhjpVhhNNZpZ9pmmIywSPas1TghOowXxw7QxdWGaJYKlvCoIX6eyLHidbTJLKdCTZjverNxf+8Xmbi6zBnIs0MFWS5KM44MhLNP0dDpigxfGoJJorZWxEZY4WJsflUbAj+6svrpN1wfc/17xq1plvEUYYzOIdL8OEKmnALLQiAAINneIU3RzgvzrvzsWwtOcXMKfyB8/kDFEGOHw==</latexit><latexit sha1_base64="7TGPJYTmwSdgRajlFIbRPsudkqk=">AAAB7HicbVBNT8JAEJ3iF+IX6tHLRjDx1LRc9EjixSMmFkigku2yhQ3b3WZ3ayQNv8GLB43x6g/y5r9xgR4UfMkkL+/NZGZelHKmjed9O6WNza3tnfJuZW//4PCoenzS1jJThAZEcqm6EdaUM0EDwwyn3VRRnEScdqLJzdzvPFKlmRT3ZprSMMEjwWJGsLFSUH96mNQH1ZrnegugdeIXpAYFWoPqV38oSZZQYQjHWvd8LzVhjpVhhNNZpZ9pmmIywSPas1TghOowXxw7QxdWGaJYKlvCoIX6eyLHidbTJLKdCTZjverNxf+8Xmbi6zBnIs0MFWS5KM44MhLNP0dDpigxfGoJJorZWxEZY4WJsflUbAj+6svrpN1wfc/17xq1plvEUYYzOIdL8OEKmnALLQiAAINneIU3RzgvzrvzsWwtOcXMKfyB8/kDFEGOHw==</latexit>



Distributed Gradient Descent

Parameter server
min
x2Rd
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i=1

fi(x) +R(x)
<latexit sha1_base64="I4Dp3o21JNc3t024IZDTFB5eEVQ="></latexit><latexit sha1_base64="I4Dp3o21JNc3t024IZDTFB5eEVQ="></latexit><latexit sha1_base64="I4Dp3o21JNc3t024IZDTFB5eEVQ="></latexit><latexit sha1_base64="I4Dp3o21JNc3t024IZDTFB5eEVQ="></latexit>

f1 R
<latexit sha1_base64="K0Y6GY3r2MNzeInwffneSpx9jbg=">AAAB8HicbVA9T8MwEL2Ur1K+CowsFg0SU5R0gbESC2NB9AO1UeW4TmvVdiLbQaqi/goWBhBi5eew8W9w2wzQ8qSTnt670929KOVMG9//dkobm1vbO+Xdyt7+weFR9fikrZNMEdoiCU9UN8KaciZpyzDDaTdVFIuI0040uZn7nSeqNEvkg5mmNBR4JFnMCDZWenTjQeAi994dVGu+5y+A1klQkBoUaA6qX/1hQjJBpSEca90L/NSEOVaGEU5nlX6maYrJBI9oz1KJBdVhvjh4hi6sMkRxomxJgxbq74kcC62nIrKdApuxXvXm4n9eLzPxdZgzmWaGSrJcFGccmQTNv0dDpigxfGoJJorZWxEZY4WJsRlVbAjB6svrpF33At8L7uq1hlfEUYYzOIdLCOAKGnALTWgBAQHP8ApvjnJenHfnY9lacoqZU/gD5/MHVcyOtg==</latexit><latexit sha1_base64="K0Y6GY3r2MNzeInwffneSpx9jbg=">AAAB8HicbVA9T8MwEL2Ur1K+CowsFg0SU5R0gbESC2NB9AO1UeW4TmvVdiLbQaqi/goWBhBi5eew8W9w2wzQ8qSTnt670929KOVMG9//dkobm1vbO+Xdyt7+weFR9fikrZNMEdoiCU9UN8KaciZpyzDDaTdVFIuI0040uZn7nSeqNEvkg5mmNBR4JFnMCDZWenTjQeAi994dVGu+5y+A1klQkBoUaA6qX/1hQjJBpSEca90L/NSEOVaGEU5nlX6maYrJBI9oz1KJBdVhvjh4hi6sMkRxomxJgxbq74kcC62nIrKdApuxXvXm4n9eLzPxdZgzmWaGSrJcFGccmQTNv0dDpigxfGoJJorZWxEZY4WJsRlVbAjB6svrpF33At8L7uq1hlfEUYYzOIdLCOAKGnALTWgBAQHP8ApvjnJenHfnY9lacoqZU/gD5/MHVcyOtg==</latexit><latexit sha1_base64="K0Y6GY3r2MNzeInwffneSpx9jbg=">AAAB8HicbVA9T8MwEL2Ur1K+CowsFg0SU5R0gbESC2NB9AO1UeW4TmvVdiLbQaqi/goWBhBi5eew8W9w2wzQ8qSTnt670929KOVMG9//dkobm1vbO+Xdyt7+weFR9fikrZNMEdoiCU9UN8KaciZpyzDDaTdVFIuI0040uZn7nSeqNEvkg5mmNBR4JFnMCDZWenTjQeAi994dVGu+5y+A1klQkBoUaA6qX/1hQjJBpSEca90L/NSEOVaGEU5nlX6maYrJBI9oz1KJBdVhvjh4hi6sMkRxomxJgxbq74kcC62nIrKdApuxXvXm4n9eLzPxdZgzmWaGSrJcFGccmQTNv0dDpigxfGoJJorZWxEZY4WJsRlVbAjB6svrpF33At8L7uq1hlfEUYYzOIdLCOAKGnALTWgBAQHP8ApvjnJenHfnY9lacoqZU/gD5/MHVcyOtg==</latexit><latexit sha1_base64="K0Y6GY3r2MNzeInwffneSpx9jbg=">AAAB8HicbVA9T8MwEL2Ur1K+CowsFg0SU5R0gbESC2NB9AO1UeW4TmvVdiLbQaqi/goWBhBi5eew8W9w2wzQ8qSTnt670929KOVMG9//dkobm1vbO+Xdyt7+weFR9fikrZNMEdoiCU9UN8KaciZpyzDDaTdVFIuI0040uZn7nSeqNEvkg5mmNBR4JFnMCDZWenTjQeAi994dVGu+5y+A1klQkBoUaA6qX/1hQjJBpSEca90L/NSEOVaGEU5nlX6maYrJBI9oz1KJBdVhvjh4hi6sMkRxomxJgxbq74kcC62nIrKdApuxXvXm4n9eLzPxdZgzmWaGSrJcFGccmQTNv0dDpigxfGoJJorZWxEZY4WJsRlVbAjB6svrpF33At8L7uq1hlfEUYYzOIdLCOAKGnALTWgBAQHP8ApvjnJenHfnY9lacoqZU/gD5/MHVcyOtg==</latexit>

f2 R
<latexit sha1_base64="nxjTHUMUbUCVGUA0EbDuEYmkaVU=">AAAB8HicbVA9T8MwEL2Ur1K+CowsFg0SU5R0gbESC2NB9AO1UeW4TmvVdiLbQaqi/goWBhBi5eew8W9w2wzQ8qSTnt670929KOVMG9//dkobm1vbO+Xdyt7+weFR9fikrZNMEdoiCU9UN8KaciZpyzDDaTdVFIuI0040uZn7nSeqNEvkg5mmNBR4JFnMCDZWenTjQd1F7r07qNZ8z18ArZOgIDUo0BxUv/rDhGSCSkM41roX+KkJc6wMI5zOKv1M0xSTCR7RnqUSC6rDfHHwDF1YZYjiRNmSBi3U3xM5FlpPRWQ7BTZjverNxf+8Xmbi6zBnMs0MlWS5KM44Mgmaf4+GTFFi+NQSTBSztyIyxgoTYzOq2BCC1ZfXSbvuBb4X3NVrDa+IowxncA6XEMAVNOAWmtACAgKe4RXeHOW8OO/Ox7K15BQzp/AHzucPV1WOtw==</latexit><latexit sha1_base64="nxjTHUMUbUCVGUA0EbDuEYmkaVU=">AAAB8HicbVA9T8MwEL2Ur1K+CowsFg0SU5R0gbESC2NB9AO1UeW4TmvVdiLbQaqi/goWBhBi5eew8W9w2wzQ8qSTnt670929KOVMG9//dkobm1vbO+Xdyt7+weFR9fikrZNMEdoiCU9UN8KaciZpyzDDaTdVFIuI0040uZn7nSeqNEvkg5mmNBR4JFnMCDZWenTjQd1F7r07qNZ8z18ArZOgIDUo0BxUv/rDhGSCSkM41roX+KkJc6wMI5zOKv1M0xSTCR7RnqUSC6rDfHHwDF1YZYjiRNmSBi3U3xM5FlpPRWQ7BTZjverNxf+8Xmbi6zBnMs0MlWS5KM44Mgmaf4+GTFFi+NQSTBSztyIyxgoTYzOq2BCC1ZfXSbvuBb4X3NVrDa+IowxncA6XEMAVNOAWmtACAgKe4RXeHOW8OO/Ox7K15BQzp/AHzucPV1WOtw==</latexit><latexit sha1_base64="nxjTHUMUbUCVGUA0EbDuEYmkaVU=">AAAB8HicbVA9T8MwEL2Ur1K+CowsFg0SU5R0gbESC2NB9AO1UeW4TmvVdiLbQaqi/goWBhBi5eew8W9w2wzQ8qSTnt670929KOVMG9//dkobm1vbO+Xdyt7+weFR9fikrZNMEdoiCU9UN8KaciZpyzDDaTdVFIuI0040uZn7nSeqNEvkg5mmNBR4JFnMCDZWenTjQd1F7r07qNZ8z18ArZOgIDUo0BxUv/rDhGSCSkM41roX+KkJc6wMI5zOKv1M0xSTCR7RnqUSC6rDfHHwDF1YZYjiRNmSBi3U3xM5FlpPRWQ7BTZjverNxf+8Xmbi6zBnMs0MlWS5KM44Mgmaf4+GTFFi+NQSTBSztyIyxgoTYzOq2BCC1ZfXSbvuBb4X3NVrDa+IowxncA6XEMAVNOAWmtACAgKe4RXeHOW8OO/Ox7K15BQzp/AHzucPV1WOtw==</latexit><latexit sha1_base64="nxjTHUMUbUCVGUA0EbDuEYmkaVU=">AAAB8HicbVA9T8MwEL2Ur1K+CowsFg0SU5R0gbESC2NB9AO1UeW4TmvVdiLbQaqi/goWBhBi5eew8W9w2wzQ8qSTnt670929KOVMG9//dkobm1vbO+Xdyt7+weFR9fikrZNMEdoiCU9UN8KaciZpyzDDaTdVFIuI0040uZn7nSeqNEvkg5mmNBR4JFnMCDZWenTjQd1F7r07qNZ8z18ArZOgIDUo0BxUv/rDhGSCSkM41roX+KkJc6wMI5zOKv1M0xSTCR7RnqUSC6rDfHHwDF1YZYjiRNmSBi3U3xM5FlpPRWQ7BTZjverNxf+8Xmbi6zBnMs0MlWS5KM44Mgmaf4+GTFFi+NQSTBSztyIyxgoTYzOq2BCC1ZfXSbvuBb4X3NVrDa+IowxncA6XEMAVNOAWmtACAgKe4RXeHOW8OO/Ox7K15BQzp/AHzucPV1WOtw==</latexit>

f3 R
<latexit sha1_base64="rhUrDKoeYtgCeh8MGa77WWC5iZY=">AAAB8HicbVBNT8JAEJ3iF+IX6tHLRmriqWnxoEcSLx7RCGigIdtlCxt2t83u1oQ0/AovHjTGqz/Hm//GBXpQ8CWTvLw3k5l5UcqZNr7/7ZTW1jc2t8rblZ3dvf2D6uFRWyeZIrRFEp6ohwhrypmkLcMMpw+polhEnHai8fXM7zxRpVki780kpaHAQ8liRrCx0qMb9y9c5N65/WrN9/w50CoJClKDAs1+9as3SEgmqDSEY627gZ+aMMfKMMLptNLLNE0xGeMh7VoqsaA6zOcHT9GZVQYoTpQtadBc/T2RY6H1RES2U2Az0sveTPzP62YmvgpzJtPMUEkWi+KMI5Og2fdowBQlhk8swUQxeysiI6wwMTajig0hWH55lbTrXuB7wW291vCKOMpwAqdwDgFcQgNuoAktICDgGV7hzVHOi/PufCxaS04xcwx/4Hz+AFjejrg=</latexit><latexit sha1_base64="rhUrDKoeYtgCeh8MGa77WWC5iZY=">AAAB8HicbVBNT8JAEJ3iF+IX6tHLRmriqWnxoEcSLx7RCGigIdtlCxt2t83u1oQ0/AovHjTGqz/Hm//GBXpQ8CWTvLw3k5l5UcqZNr7/7ZTW1jc2t8rblZ3dvf2D6uFRWyeZIrRFEp6ohwhrypmkLcMMpw+polhEnHai8fXM7zxRpVki780kpaHAQ8liRrCx0qMb9y9c5N65/WrN9/w50CoJClKDAs1+9as3SEgmqDSEY627gZ+aMMfKMMLptNLLNE0xGeMh7VoqsaA6zOcHT9GZVQYoTpQtadBc/T2RY6H1RES2U2Az0sveTPzP62YmvgpzJtPMUEkWi+KMI5Og2fdowBQlhk8swUQxeysiI6wwMTajig0hWH55lbTrXuB7wW291vCKOMpwAqdwDgFcQgNuoAktICDgGV7hzVHOi/PufCxaS04xcwx/4Hz+AFjejrg=</latexit><latexit sha1_base64="rhUrDKoeYtgCeh8MGa77WWC5iZY=">AAAB8HicbVBNT8JAEJ3iF+IX6tHLRmriqWnxoEcSLx7RCGigIdtlCxt2t83u1oQ0/AovHjTGqz/Hm//GBXpQ8CWTvLw3k5l5UcqZNr7/7ZTW1jc2t8rblZ3dvf2D6uFRWyeZIrRFEp6ohwhrypmkLcMMpw+polhEnHai8fXM7zxRpVki780kpaHAQ8liRrCx0qMb9y9c5N65/WrN9/w50CoJClKDAs1+9as3SEgmqDSEY627gZ+aMMfKMMLptNLLNE0xGeMh7VoqsaA6zOcHT9GZVQYoTpQtadBc/T2RY6H1RES2U2Az0sveTPzP62YmvgpzJtPMUEkWi+KMI5Og2fdowBQlhk8swUQxeysiI6wwMTajig0hWH55lbTrXuB7wW291vCKOMpwAqdwDgFcQgNuoAktICDgGV7hzVHOi/PufCxaS04xcwx/4Hz+AFjejrg=</latexit><latexit sha1_base64="rhUrDKoeYtgCeh8MGa77WWC5iZY=">AAAB8HicbVBNT8JAEJ3iF+IX6tHLRmriqWnxoEcSLx7RCGigIdtlCxt2t83u1oQ0/AovHjTGqz/Hm//GBXpQ8CWTvLw3k5l5UcqZNr7/7ZTW1jc2t8rblZ3dvf2D6uFRWyeZIrRFEp6ohwhrypmkLcMMpw+polhEnHai8fXM7zxRpVki780kpaHAQ8liRrCx0qMb9y9c5N65/WrN9/w50CoJClKDAs1+9as3SEgmqDSEY627gZ+aMMfKMMLptNLLNE0xGeMh7VoqsaA6zOcHT9GZVQYoTpQtadBc/T2RY6H1RES2U2Az0sveTPzP62YmvgpzJtPMUEkWi+KMI5Og2fdowBQlhk8swUQxeysiI6wwMTajig0hWH55lbTrXuB7wW291vCKOMpwAqdwDgFcQgNuoAktICDgGV7hzVHOi/PufCxaS04xcwx/4Hz+AFjejrg=</latexit>

xk+1
<latexit sha1_base64="+NqUXLiwKGq+BpusMHTMbqOet5M=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CbaCICy7veix4MVjBfsh7VqyabYNTbJLkhXL0l/hxYMiXv053vw3pu0etPXBwOO9GWbmhQln2njet1NYW9/Y3Cpul3Z29/YPyodHLR2nitAmiXmsOiHWlDNJm4YZTjuJoliEnLbD8fXMbz9SpVks78wkoYHAQ8kiRrCx0n316SEbX/jTar9c8VxvDrRK/JxUIEejX/7qDWKSCioN4Vjrru8lJsiwMoxwOi31Uk0TTMZ4SLuWSiyoDrL5wVN0ZpUBimJlSxo0V39PZFhoPRGh7RTYjPSyNxP/87qpia6CjMkkNVSSxaIo5cjEaPY9GjBFieETSzBRzN6KyAgrTIzNqGRD8JdfXiWtmut7rn9bq9TdPI4inMApnIMPl1CHG2hAEwgIeIZXeHOU8+K8Ox+L1oKTzxzDHzifP7Rbj5s=</latexit><latexit sha1_base64="+NqUXLiwKGq+BpusMHTMbqOet5M=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CbaCICy7veix4MVjBfsh7VqyabYNTbJLkhXL0l/hxYMiXv053vw3pu0etPXBwOO9GWbmhQln2njet1NYW9/Y3Cpul3Z29/YPyodHLR2nitAmiXmsOiHWlDNJm4YZTjuJoliEnLbD8fXMbz9SpVks78wkoYHAQ8kiRrCx0n316SEbX/jTar9c8VxvDrRK/JxUIEejX/7qDWKSCioN4Vjrru8lJsiwMoxwOi31Uk0TTMZ4SLuWSiyoDrL5wVN0ZpUBimJlSxo0V39PZFhoPRGh7RTYjPSyNxP/87qpia6CjMkkNVSSxaIo5cjEaPY9GjBFieETSzBRzN6KyAgrTIzNqGRD8JdfXiWtmut7rn9bq9TdPI4inMApnIMPl1CHG2hAEwgIeIZXeHOU8+K8Ox+L1oKTzxzDHzifP7Rbj5s=</latexit><latexit sha1_base64="+NqUXLiwKGq+BpusMHTMbqOet5M=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CbaCICy7veix4MVjBfsh7VqyabYNTbJLkhXL0l/hxYMiXv053vw3pu0etPXBwOO9GWbmhQln2njet1NYW9/Y3Cpul3Z29/YPyodHLR2nitAmiXmsOiHWlDNJm4YZTjuJoliEnLbD8fXMbz9SpVks78wkoYHAQ8kiRrCx0n316SEbX/jTar9c8VxvDrRK/JxUIEejX/7qDWKSCioN4Vjrru8lJsiwMoxwOi31Uk0TTMZ4SLuWSiyoDrL5wVN0ZpUBimJlSxo0V39PZFhoPRGh7RTYjPSyNxP/87qpia6CjMkkNVSSxaIo5cjEaPY9GjBFieETSzBRzN6KyAgrTIzNqGRD8JdfXiWtmut7rn9bq9TdPI4inMApnIMPl1CHG2hAEwgIeIZXeHOU8+K8Ox+L1oKTzxzDHzifP7Rbj5s=</latexit><latexit sha1_base64="+NqUXLiwKGq+BpusMHTMbqOet5M=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CbaCICy7veix4MVjBfsh7VqyabYNTbJLkhXL0l/hxYMiXv053vw3pu0etPXBwOO9GWbmhQln2njet1NYW9/Y3Cpul3Z29/YPyodHLR2nitAmiXmsOiHWlDNJm4YZTjuJoliEnLbD8fXMbz9SpVks78wkoYHAQ8kiRrCx0n316SEbX/jTar9c8VxvDrRK/JxUIEejX/7qDWKSCioN4Vjrru8lJsiwMoxwOi31Uk0TTMZ4SLuWSiyoDrL5wVN0ZpUBimJlSxo0V39PZFhoPRGh7RTYjPSyNxP/87qpia6CjMkkNVSSxaIo5cjEaPY9GjBFieETSzBRzN6KyAgrTIzNqGRD8JdfXiWtmut7rn9bq9TdPI4inMApnIMPl1CHG2hAEwgIeIZXeHOU8+K8Ox+L1oKTzxzDHzifP7Rbj5s=</latexit>

xk+1
<latexit sha1_base64="+NqUXLiwKGq+BpusMHTMbqOet5M=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CbaCICy7veix4MVjBfsh7VqyabYNTbJLkhXL0l/hxYMiXv053vw3pu0etPXBwOO9GWbmhQln2njet1NYW9/Y3Cpul3Z29/YPyodHLR2nitAmiXmsOiHWlDNJm4YZTjuJoliEnLbD8fXMbz9SpVks78wkoYHAQ8kiRrCx0n316SEbX/jTar9c8VxvDrRK/JxUIEejX/7qDWKSCioN4Vjrru8lJsiwMoxwOi31Uk0TTMZ4SLuWSiyoDrL5wVN0ZpUBimJlSxo0V39PZFhoPRGh7RTYjPSyNxP/87qpia6CjMkkNVSSxaIo5cjEaPY9GjBFieETSzBRzN6KyAgrTIzNqGRD8JdfXiWtmut7rn9bq9TdPI4inMApnIMPl1CHG2hAEwgIeIZXeHOU8+K8Ox+L1oKTzxzDHzifP7Rbj5s=</latexit><latexit sha1_base64="+NqUXLiwKGq+BpusMHTMbqOet5M=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CbaCICy7veix4MVjBfsh7VqyabYNTbJLkhXL0l/hxYMiXv053vw3pu0etPXBwOO9GWbmhQln2njet1NYW9/Y3Cpul3Z29/YPyodHLR2nitAmiXmsOiHWlDNJm4YZTjuJoliEnLbD8fXMbz9SpVks78wkoYHAQ8kiRrCx0n316SEbX/jTar9c8VxvDrRK/JxUIEejX/7qDWKSCioN4Vjrru8lJsiwMoxwOi31Uk0TTMZ4SLuWSiyoDrL5wVN0ZpUBimJlSxo0V39PZFhoPRGh7RTYjPSyNxP/87qpia6CjMkkNVSSxaIo5cjEaPY9GjBFieETSzBRzN6KyAgrTIzNqGRD8JdfXiWtmut7rn9bq9TdPI4inMApnIMPl1CHG2hAEwgIeIZXeHOU8+K8Ox+L1oKTzxzDHzifP7Rbj5s=</latexit><latexit sha1_base64="+NqUXLiwKGq+BpusMHTMbqOet5M=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CbaCICy7veix4MVjBfsh7VqyabYNTbJLkhXL0l/hxYMiXv053vw3pu0etPXBwOO9GWbmhQln2njet1NYW9/Y3Cpul3Z29/YPyodHLR2nitAmiXmsOiHWlDNJm4YZTjuJoliEnLbD8fXMbz9SpVks78wkoYHAQ8kiRrCx0n316SEbX/jTar9c8VxvDrRK/JxUIEejX/7qDWKSCioN4Vjrru8lJsiwMoxwOi31Uk0TTMZ4SLuWSiyoDrL5wVN0ZpUBimJlSxo0V39PZFhoPRGh7RTYjPSyNxP/87qpia6CjMkkNVSSxaIo5cjEaPY9GjBFieETSzBRzN6KyAgrTIzNqGRD8JdfXiWtmut7rn9bq9TdPI4inMApnIMPl1CHG2hAEwgIeIZXeHOU8+K8Ox+L1oKTzxzDHzifP7Rbj5s=</latexit><latexit sha1_base64="+NqUXLiwKGq+BpusMHTMbqOet5M=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CbaCICy7veix4MVjBfsh7VqyabYNTbJLkhXL0l/hxYMiXv053vw3pu0etPXBwOO9GWbmhQln2njet1NYW9/Y3Cpul3Z29/YPyodHLR2nitAmiXmsOiHWlDNJm4YZTjuJoliEnLbD8fXMbz9SpVks78wkoYHAQ8kiRrCx0n316SEbX/jTar9c8VxvDrRK/JxUIEejX/7qDWKSCioN4Vjrru8lJsiwMoxwOi31Uk0TTMZ4SLuWSiyoDrL5wVN0ZpUBimJlSxo0V39PZFhoPRGh7RTYjPSyNxP/87qpia6CjMkkNVSSxaIo5cjEaPY9GjBFieETSzBRzN6KyAgrTIzNqGRD8JdfXiWtmut7rn9bq9TdPI4inMApnIMPl1CHG2hAEwgIeIZXeHOU8+K8Ox+L1oKTzxzDHzifP7Rbj5s=</latexit>

xk+1
<latexit sha1_base64="+NqUXLiwKGq+BpusMHTMbqOet5M=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CbaCICy7veix4MVjBfsh7VqyabYNTbJLkhXL0l/hxYMiXv053vw3pu0etPXBwOO9GWbmhQln2njet1NYW9/Y3Cpul3Z29/YPyodHLR2nitAmiXmsOiHWlDNJm4YZTjuJoliEnLbD8fXMbz9SpVks78wkoYHAQ8kiRrCx0n316SEbX/jTar9c8VxvDrRK/JxUIEejX/7qDWKSCioN4Vjrru8lJsiwMoxwOi31Uk0TTMZ4SLuWSiyoDrL5wVN0ZpUBimJlSxo0V39PZFhoPRGh7RTYjPSyNxP/87qpia6CjMkkNVSSxaIo5cjEaPY9GjBFieETSzBRzN6KyAgrTIzNqGRD8JdfXiWtmut7rn9bq9TdPI4inMApnIMPl1CHG2hAEwgIeIZXeHOU8+K8Ox+L1oKTzxzDHzifP7Rbj5s=</latexit><latexit sha1_base64="+NqUXLiwKGq+BpusMHTMbqOet5M=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CbaCICy7veix4MVjBfsh7VqyabYNTbJLkhXL0l/hxYMiXv053vw3pu0etPXBwOO9GWbmhQln2njet1NYW9/Y3Cpul3Z29/YPyodHLR2nitAmiXmsOiHWlDNJm4YZTjuJoliEnLbD8fXMbz9SpVks78wkoYHAQ8kiRrCx0n316SEbX/jTar9c8VxvDrRK/JxUIEejX/7qDWKSCioN4Vjrru8lJsiwMoxwOi31Uk0TTMZ4SLuWSiyoDrL5wVN0ZpUBimJlSxo0V39PZFhoPRGh7RTYjPSyNxP/87qpia6CjMkkNVSSxaIo5cjEaPY9GjBFieETSzBRzN6KyAgrTIzNqGRD8JdfXiWtmut7rn9bq9TdPI4inMApnIMPl1CHG2hAEwgIeIZXeHOU8+K8Ox+L1oKTzxzDHzifP7Rbj5s=</latexit><latexit sha1_base64="+NqUXLiwKGq+BpusMHTMbqOet5M=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CbaCICy7veix4MVjBfsh7VqyabYNTbJLkhXL0l/hxYMiXv053vw3pu0etPXBwOO9GWbmhQln2njet1NYW9/Y3Cpul3Z29/YPyodHLR2nitAmiXmsOiHWlDNJm4YZTjuJoliEnLbD8fXMbz9SpVks78wkoYHAQ8kiRrCx0n316SEbX/jTar9c8VxvDrRK/JxUIEejX/7qDWKSCioN4Vjrru8lJsiwMoxwOi31Uk0TTMZ4SLuWSiyoDrL5wVN0ZpUBimJlSxo0V39PZFhoPRGh7RTYjPSyNxP/87qpia6CjMkkNVSSxaIo5cjEaPY9GjBFieETSzBRzN6KyAgrTIzNqGRD8JdfXiWtmut7rn9bq9TdPI4inMApnIMPl1CHG2hAEwgIeIZXeHOU8+K8Ox+L1oKTzxzDHzifP7Rbj5s=</latexit><latexit sha1_base64="+NqUXLiwKGq+BpusMHTMbqOet5M=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CbaCICy7veix4MVjBfsh7VqyabYNTbJLkhXL0l/hxYMiXv053vw3pu0etPXBwOO9GWbmhQln2njet1NYW9/Y3Cpul3Z29/YPyodHLR2nitAmiXmsOiHWlDNJm4YZTjuJoliEnLbD8fXMbz9SpVks78wkoYHAQ8kiRrCx0n316SEbX/jTar9c8VxvDrRK/JxUIEejX/7qDWKSCioN4Vjrru8lJsiwMoxwOi31Uk0TTMZ4SLuWSiyoDrL5wVN0ZpUBimJlSxo0V39PZFhoPRGh7RTYjPSyNxP/87qpia6CjMkkNVSSxaIo5cjEaPY9GjBFieETSzBRzN6KyAgrTIzNqGRD8JdfXiWtmut7rn9bq9TdPI4inMApnIMPl1CHG2hAEwgIeIZXeHOU8+K8Ox+L1oKTzxzDHzifP7Rbj5s=</latexit>

Gradient Compression



Key Issue: Communication is Expensive

• Strategies to deal with this:

– Do more computation on each node before 
communication

• CoCoA, CoCoA+ [Ma et al 2017]

• Local GD, Local SGD, Federated Averaging [Khaled 
2019a, Khaled 2019b]

– Do less communication by compressing
communicated messages (e.g., gradients)

Ma, Konečný, Jaggi, Smith, Jordan, R and Takáč

Distributed optimization with arbitrary local solvers
Optimization Methods and Software 32(4):813-848, 2017

OMS Most Read Paper, 2017

Random operator 
(e.g., sparsification, dithering, 

quantization, sketching)

Compression Operators

EC [C(x)] = x
<latexit sha1_base64="BqWkSeaizEVDLzY+KLZ3n6kN+Ts=">AAACMHicbVDLSgNBEJz1bXxFPXoZjEK8hN1c1IMQENGjgnlAdgmzk95kcPbBTK8kLPtJXvwUvSgo4tWvcBJzUJOChqKqe6a7/EQKjbb9as3NLywuLa+sFtbWNza3its7DR2nikOdxzJWLZ9pkCKCOgqU0EoUsNCX0PTvzkd+8x6UFnF0i8MEvJD1IhEIztBIneLlQeaqkF7kncwdv5Yp6OYuZ5Ke59SVEGB7llMeHFFXiV4fPXpGBwedYsmu2GPQaeJMSIlMcN0pPrndmKchRMgl07rt2Al6GVMouIS84KYaEsbvWA/ahkYsBO1l40VyemiULg1iZSpCOlZ/T2Qs1HoY+qYzZNjX/72ROMtrpxiceJmIkhQh4j8fBamkGNNRerQrFHCUQ0MYV8LsSnmfKcbRZFwwITj/T54mjWrFsSvOTbVUO53EsUL2yD4pE4cckxq5ItekTjh5IM/kjbxbj9aL9WF9/rTOWZOZXfIH1tc3iW2pJg==</latexit><latexit sha1_base64="BqWkSeaizEVDLzY+KLZ3n6kN+Ts=">AAACMHicbVDLSgNBEJz1bXxFPXoZjEK8hN1c1IMQENGjgnlAdgmzk95kcPbBTK8kLPtJXvwUvSgo4tWvcBJzUJOChqKqe6a7/EQKjbb9as3NLywuLa+sFtbWNza3its7DR2nikOdxzJWLZ9pkCKCOgqU0EoUsNCX0PTvzkd+8x6UFnF0i8MEvJD1IhEIztBIneLlQeaqkF7kncwdv5Yp6OYuZ5Ke59SVEGB7llMeHFFXiV4fPXpGBwedYsmu2GPQaeJMSIlMcN0pPrndmKchRMgl07rt2Al6GVMouIS84KYaEsbvWA/ahkYsBO1l40VyemiULg1iZSpCOlZ/T2Qs1HoY+qYzZNjX/72ROMtrpxiceJmIkhQh4j8fBamkGNNRerQrFHCUQ0MYV8LsSnmfKcbRZFwwITj/T54mjWrFsSvOTbVUO53EsUL2yD4pE4cckxq5ItekTjh5IM/kjbxbj9aL9WF9/rTOWZOZXfIH1tc3iW2pJg==</latexit><latexit sha1_base64="BqWkSeaizEVDLzY+KLZ3n6kN+Ts=">AAACMHicbVDLSgNBEJz1bXxFPXoZjEK8hN1c1IMQENGjgnlAdgmzk95kcPbBTK8kLPtJXvwUvSgo4tWvcBJzUJOChqKqe6a7/EQKjbb9as3NLywuLa+sFtbWNza3its7DR2nikOdxzJWLZ9pkCKCOgqU0EoUsNCX0PTvzkd+8x6UFnF0i8MEvJD1IhEIztBIneLlQeaqkF7kncwdv5Yp6OYuZ5Ke59SVEGB7llMeHFFXiV4fPXpGBwedYsmu2GPQaeJMSIlMcN0pPrndmKchRMgl07rt2Al6GVMouIS84KYaEsbvWA/ahkYsBO1l40VyemiULg1iZSpCOlZ/T2Qs1HoY+qYzZNjX/72ROMtrpxiceJmIkhQh4j8fBamkGNNRerQrFHCUQ0MYV8LsSnmfKcbRZFwwITj/T54mjWrFsSvOTbVUO53EsUL2yD4pE4cckxq5ItekTjh5IM/kjbxbj9aL9WF9/rTOWZOZXfIH1tc3iW2pJg==</latexit><latexit sha1_base64="BqWkSeaizEVDLzY+KLZ3n6kN+Ts=">AAACMHicbVDLSgNBEJz1bXxFPXoZjEK8hN1c1IMQENGjgnlAdgmzk95kcPbBTK8kLPtJXvwUvSgo4tWvcBJzUJOChqKqe6a7/EQKjbb9as3NLywuLa+sFtbWNza3its7DR2nikOdxzJWLZ9pkCKCOgqU0EoUsNCX0PTvzkd+8x6UFnF0i8MEvJD1IhEIztBIneLlQeaqkF7kncwdv5Yp6OYuZ5Ke59SVEGB7llMeHFFXiV4fPXpGBwedYsmu2GPQaeJMSIlMcN0pPrndmKchRMgl07rt2Al6GVMouIS84KYaEsbvWA/ahkYsBO1l40VyemiULg1iZSpCOlZ/T2Qs1HoY+qYzZNjX/72ROMtrpxiceJmIkhQh4j8fBamkGNNRerQrFHCUQ0MYV8LsSnmfKcbRZFwwITj/T54mjWrFsSvOTbVUO53EsUL2yD4pE4cckxq5ItekTjh5IM/kjbxbj9aL9WF9/rTOWZOZXfIH1tc3iW2pJg==</latexit>

EC
⇥
kC(x)� xk2

⇤
 !kxk2

<latexit sha1_base64="/a9Na9nuYlE0yJrhNXF/e0YL1sQ="></latexit><latexit sha1_base64="/a9Na9nuYlE0yJrhNXF/e0YL1sQ="></latexit><latexit sha1_base64="/a9Na9nuYlE0yJrhNXF/e0YL1sQ="></latexit><latexit sha1_base64="/a9Na9nuYlE0yJrhNXF/e0YL1sQ="></latexit>

C : Rd ! Rd
<latexit sha1_base64="SSGV5TvV4z6i1F3LeKJa+tVY1Mw=">AAACHnicbVDLSsNAFJ34rPUVdelmsBVclaQgPlaFblxWsQ9oYplMpu3QySTMTIQS8iVu/BU3LhQRXOnfOEmzsK0HBg7nPubc40WMSmVZP8bK6tr6xmZpq7y9s7u3bx4cdmQYC0zaOGSh6HlIEkY5aSuqGOlFgqDAY6TrTZpZvftIhKQhv1fTiLgBGnE6pBgpLQ3M82ri5FsSQfzUwYjBZnoNnQCpsecld+mDDx0VzglVODArVs3KAZeJXZAKKNAamF+OH+I4IFxhhqTs21ak3AQJRTEjadmJJYkQnqAR6WvKUUCkm+TGUniqFR8OQ6EfVzBX/04kKJByGni6M3MpF2uZ+F+tH6vhpZtQHsWKcDz7aBgzqO/NsoI+FQQrNtUEYUG1V4jHSCCsdKJlHYK9ePIy6dRrtlWzb+uVxlURRwkcgxNwBmxwARrgBrRAG2DwBF7AG3g3no1X48P4nLWuGMXMEZiD8f0LzB+iNA==</latexit><latexit sha1_base64="SSGV5TvV4z6i1F3LeKJa+tVY1Mw=">AAACHnicbVDLSsNAFJ34rPUVdelmsBVclaQgPlaFblxWsQ9oYplMpu3QySTMTIQS8iVu/BU3LhQRXOnfOEmzsK0HBg7nPubc40WMSmVZP8bK6tr6xmZpq7y9s7u3bx4cdmQYC0zaOGSh6HlIEkY5aSuqGOlFgqDAY6TrTZpZvftIhKQhv1fTiLgBGnE6pBgpLQ3M82ri5FsSQfzUwYjBZnoNnQCpsecld+mDDx0VzglVODArVs3KAZeJXZAKKNAamF+OH+I4IFxhhqTs21ak3AQJRTEjadmJJYkQnqAR6WvKUUCkm+TGUniqFR8OQ6EfVzBX/04kKJByGni6M3MpF2uZ+F+tH6vhpZtQHsWKcDz7aBgzqO/NsoI+FQQrNtUEYUG1V4jHSCCsdKJlHYK9ePIy6dRrtlWzb+uVxlURRwkcgxNwBmxwARrgBrRAG2DwBF7AG3g3no1X48P4nLWuGMXMEZiD8f0LzB+iNA==</latexit><latexit sha1_base64="SSGV5TvV4z6i1F3LeKJa+tVY1Mw=">AAACHnicbVDLSsNAFJ34rPUVdelmsBVclaQgPlaFblxWsQ9oYplMpu3QySTMTIQS8iVu/BU3LhQRXOnfOEmzsK0HBg7nPubc40WMSmVZP8bK6tr6xmZpq7y9s7u3bx4cdmQYC0zaOGSh6HlIEkY5aSuqGOlFgqDAY6TrTZpZvftIhKQhv1fTiLgBGnE6pBgpLQ3M82ri5FsSQfzUwYjBZnoNnQCpsecld+mDDx0VzglVODArVs3KAZeJXZAKKNAamF+OH+I4IFxhhqTs21ak3AQJRTEjadmJJYkQnqAR6WvKUUCkm+TGUniqFR8OQ6EfVzBX/04kKJByGni6M3MpF2uZ+F+tH6vhpZtQHsWKcDz7aBgzqO/NsoI+FQQrNtUEYUG1V4jHSCCsdKJlHYK9ePIy6dRrtlWzb+uVxlURRwkcgxNwBmxwARrgBrRAG2DwBF7AG3g3no1X48P4nLWuGMXMEZiD8f0LzB+iNA==</latexit><latexit sha1_base64="SSGV5TvV4z6i1F3LeKJa+tVY1Mw=">AAACHnicbVDLSsNAFJ34rPUVdelmsBVclaQgPlaFblxWsQ9oYplMpu3QySTMTIQS8iVu/BU3LhQRXOnfOEmzsK0HBg7nPubc40WMSmVZP8bK6tr6xmZpq7y9s7u3bx4cdmQYC0zaOGSh6HlIEkY5aSuqGOlFgqDAY6TrTZpZvftIhKQhv1fTiLgBGnE6pBgpLQ3M82ri5FsSQfzUwYjBZnoNnQCpsecld+mDDx0VzglVODArVs3KAZeJXZAKKNAamF+OH+I4IFxhhqTs21ak3AQJRTEjadmJJYkQnqAR6WvKUUCkm+TGUniqFR8OQ6EfVzBX/04kKJByGni6M3MpF2uZ+F+tH6vhpZtQHsWKcDz7aBgzqO/NsoI+FQQrNtUEYUG1V4jHSCCsdKJlHYK9ePIy6dRrtlWzb+uVxlURRwkcgxNwBmxwARrgBrRAG2DwBF7AG3g3no1X48P4nLWuGMXMEZiD8f0LzB+iNA==</latexit>

Unbiasedness

Bounded 
variance

“Good” Properties:

1

2

3

C is “easy to communicate”
<latexit sha1_base64="Scqz84QnvniqKOzXhieHdEPN3XM=">AAACGXicbVDLTgIxFO3gC/GFunTTCAZXZIaNuiNh4xITeSRAoFMu0NB2Jm3HhEz4DTf+ihsXGuNSV/6NnYGFgidpcnLuPbf3Hj/kTBvX/XYyG5tb2zvZ3dze/sHhUf74pKmDSFFo0IAHqu0TDZxJaBhmOLRDBUT4HFr+tJbUWw+gNAvkvZmF0BNkLNmIUWKs1M+7xbibTokVDOddSjiuzYuYaTwYANEzbAJMAyEimVigVOrnC27ZTYHXibckBbREvZ//7A4DGgmQhnKidcdzQ9OLiTKMcpjnupGGkNApGUPHUkkE6F6c7jTHF1YZ4lGg7JMGp+pvR0yE1jPh205BzESv1hLxv1onMqPrXsxkGBmQdPHRKOLJuUlMeMgUUMNnlhCqmN0V0wlRhBobZs6G4K2evE6albLnlr27SqF6s4wji87QObpEHrpCVXSL6qiBKHpEz+gVvTlPzovz7nwsWjPO0nOK/sD5+gGJ9Z/x</latexit><latexit sha1_base64="Scqz84QnvniqKOzXhieHdEPN3XM=">AAACGXicbVDLTgIxFO3gC/GFunTTCAZXZIaNuiNh4xITeSRAoFMu0NB2Jm3HhEz4DTf+ihsXGuNSV/6NnYGFgidpcnLuPbf3Hj/kTBvX/XYyG5tb2zvZ3dze/sHhUf74pKmDSFFo0IAHqu0TDZxJaBhmOLRDBUT4HFr+tJbUWw+gNAvkvZmF0BNkLNmIUWKs1M+7xbibTokVDOddSjiuzYuYaTwYANEzbAJMAyEimVigVOrnC27ZTYHXibckBbREvZ//7A4DGgmQhnKidcdzQ9OLiTKMcpjnupGGkNApGUPHUkkE6F6c7jTHF1YZ4lGg7JMGp+pvR0yE1jPh205BzESv1hLxv1onMqPrXsxkGBmQdPHRKOLJuUlMeMgUUMNnlhCqmN0V0wlRhBobZs6G4K2evE6albLnlr27SqF6s4wji87QObpEHrpCVXSL6qiBKHpEz+gVvTlPzovz7nwsWjPO0nOK/sD5+gGJ9Z/x</latexit><latexit sha1_base64="Scqz84QnvniqKOzXhieHdEPN3XM=">AAACGXicbVDLTgIxFO3gC/GFunTTCAZXZIaNuiNh4xITeSRAoFMu0NB2Jm3HhEz4DTf+ihsXGuNSV/6NnYGFgidpcnLuPbf3Hj/kTBvX/XYyG5tb2zvZ3dze/sHhUf74pKmDSFFo0IAHqu0TDZxJaBhmOLRDBUT4HFr+tJbUWw+gNAvkvZmF0BNkLNmIUWKs1M+7xbibTokVDOddSjiuzYuYaTwYANEzbAJMAyEimVigVOrnC27ZTYHXibckBbREvZ//7A4DGgmQhnKidcdzQ9OLiTKMcpjnupGGkNApGUPHUkkE6F6c7jTHF1YZ4lGg7JMGp+pvR0yE1jPh205BzESv1hLxv1onMqPrXsxkGBmQdPHRKOLJuUlMeMgUUMNnlhCqmN0V0wlRhBobZs6G4K2evE6albLnlr27SqF6s4wji87QObpEHrpCVXSL6qiBKHpEz+gVvTlPzovz7nwsWjPO0nOK/sD5+gGJ9Z/x</latexit><latexit sha1_base64="Scqz84QnvniqKOzXhieHdEPN3XM=">AAACGXicbVDLTgIxFO3gC/GFunTTCAZXZIaNuiNh4xITeSRAoFMu0NB2Jm3HhEz4DTf+ihsXGuNSV/6NnYGFgidpcnLuPbf3Hj/kTBvX/XYyG5tb2zvZ3dze/sHhUf74pKmDSFFo0IAHqu0TDZxJaBhmOLRDBUT4HFr+tJbUWw+gNAvkvZmF0BNkLNmIUWKs1M+7xbibTokVDOddSjiuzYuYaTwYANEzbAJMAyEimVigVOrnC27ZTYHXibckBbREvZ//7A4DGgmQhnKidcdzQ9OLiTKMcpjnupGGkNApGUPHUkkE6F6c7jTHF1YZ4lGg7JMGp+pvR0yE1jPh205BzESv1hLxv1onMqPrXsxkGBmQdPHRKOLJuUlMeMgUUMNnlhCqmN0V0wlRhBobZs6G4K2evE6albLnlr27SqF6s4wji87QObpEHrpCVXSL6qiBKHpEz+gVvTlPzovz7nwsWjPO0nOK/sD5+gGJ9Z/x</latexit>



GD with Compressed Gradients

Parameter server
min
x2Rd

1

3

3X

i=1

fi(x) +R(x)
<latexit sha1_base64="I4Dp3o21JNc3t024IZDTFB5eEVQ="></latexit><latexit sha1_base64="I4Dp3o21JNc3t024IZDTFB5eEVQ="></latexit><latexit sha1_base64="I4Dp3o21JNc3t024IZDTFB5eEVQ="></latexit><latexit sha1_base64="I4Dp3o21JNc3t024IZDTFB5eEVQ="></latexit>

rf1(xk)
<latexit sha1_base64="jwBf3LJ8EQYt3nZ/EgHiIJnHjq4=">AAAB+nicbVBNT8JAEN3iF+JX0aOXjWCCF9JyUW8kXjxiIh8JYDNdtrBhu212tyqp/BQvHjTGq7/Em//GBXpQ8CWTvLw3k5l5fsyZ0o7zbeXW1jc2t/LbhZ3dvf0Du3jYUlEiCW2SiEey44OinAna1Exz2oklhdDntO2Pr2Z++55KxSJxqycx7YcwFCxgBLSRPLtY7gnwOeDAcyuPd+OzsmeXnKozB14lbkZKKEPDs796g4gkIRWacFCq6zqx7qcgNSOcTgu9RNEYyBiGtGuogJCqfjo/fYpPjTLAQSRNCY3n6u+JFEKlJqFvOkPQI7XszcT/vG6ig4t+ykScaCrIYlGQcKwjPMsBD5ikRPOJIUAkM7diMgIJRJu0CiYEd/nlVdKqVV2n6t7USvXLLI48OkYnqIJcdI7q6Bo1UBMR9ICe0St6s56sF+vd+li05qxs5gj9gfX5AyVfkpQ=</latexit><latexit sha1_base64="jwBf3LJ8EQYt3nZ/EgHiIJnHjq4=">AAAB+nicbVBNT8JAEN3iF+JX0aOXjWCCF9JyUW8kXjxiIh8JYDNdtrBhu212tyqp/BQvHjTGq7/Em//GBXpQ8CWTvLw3k5l5fsyZ0o7zbeXW1jc2t/LbhZ3dvf0Du3jYUlEiCW2SiEey44OinAna1Exz2oklhdDntO2Pr2Z++55KxSJxqycx7YcwFCxgBLSRPLtY7gnwOeDAcyuPd+OzsmeXnKozB14lbkZKKEPDs796g4gkIRWacFCq6zqx7qcgNSOcTgu9RNEYyBiGtGuogJCqfjo/fYpPjTLAQSRNCY3n6u+JFEKlJqFvOkPQI7XszcT/vG6ig4t+ykScaCrIYlGQcKwjPMsBD5ikRPOJIUAkM7diMgIJRJu0CiYEd/nlVdKqVV2n6t7USvXLLI48OkYnqIJcdI7q6Bo1UBMR9ICe0St6s56sF+vd+li05qxs5gj9gfX5AyVfkpQ=</latexit><latexit sha1_base64="jwBf3LJ8EQYt3nZ/EgHiIJnHjq4=">AAAB+nicbVBNT8JAEN3iF+JX0aOXjWCCF9JyUW8kXjxiIh8JYDNdtrBhu212tyqp/BQvHjTGq7/Em//GBXpQ8CWTvLw3k5l5fsyZ0o7zbeXW1jc2t/LbhZ3dvf0Du3jYUlEiCW2SiEey44OinAna1Exz2oklhdDntO2Pr2Z++55KxSJxqycx7YcwFCxgBLSRPLtY7gnwOeDAcyuPd+OzsmeXnKozB14lbkZKKEPDs796g4gkIRWacFCq6zqx7qcgNSOcTgu9RNEYyBiGtGuogJCqfjo/fYpPjTLAQSRNCY3n6u+JFEKlJqFvOkPQI7XszcT/vG6ig4t+ykScaCrIYlGQcKwjPMsBD5ikRPOJIUAkM7diMgIJRJu0CiYEd/nlVdKqVV2n6t7USvXLLI48OkYnqIJcdI7q6Bo1UBMR9ICe0St6s56sF+vd+li05qxs5gj9gfX5AyVfkpQ=</latexit><latexit sha1_base64="jwBf3LJ8EQYt3nZ/EgHiIJnHjq4=">AAAB+nicbVBNT8JAEN3iF+JX0aOXjWCCF9JyUW8kXjxiIh8JYDNdtrBhu212tyqp/BQvHjTGq7/Em//GBXpQ8CWTvLw3k5l5fsyZ0o7zbeXW1jc2t/LbhZ3dvf0Du3jYUlEiCW2SiEey44OinAna1Exz2oklhdDntO2Pr2Z++55KxSJxqycx7YcwFCxgBLSRPLtY7gnwOeDAcyuPd+OzsmeXnKozB14lbkZKKEPDs796g4gkIRWacFCq6zqx7qcgNSOcTgu9RNEYyBiGtGuogJCqfjo/fYpPjTLAQSRNCY3n6u+JFEKlJqFvOkPQI7XszcT/vG6ig4t+ykScaCrIYlGQcKwjPMsBD5ikRPOJIUAkM7diMgIJRJu0CiYEd/nlVdKqVV2n6t7USvXLLI48OkYnqIJcdI7q6Bo1UBMR9ICe0St6s56sF+vd+li05qxs5gj9gfX5AyVfkpQ=</latexit>

rf2(xk)
<latexit sha1_base64="o/F/7lNLt/0vAlgDkerQW7dwM0s=">AAAB+nicbVBNT8JAEJ3iF+JX0aOXjWCCF9JyUW8kXjxiIh8JYLNdtrBhu212tyqp/BQvHjTGq7/Em//GBXpQ8CWTvLw3k5l5fsyZ0o7zbeXW1jc2t/LbhZ3dvf0Du3jYUlEiCW2SiEey42NFORO0qZnmtBNLikOf07Y/vpr57XsqFYvErZ7EtB/ioWABI1gbybOL5Z7APsco8GqVx7vxWdmzS07VmQOtEjcjJcjQ8Oyv3iAiSUiFJhwr1XWdWPdTLDUjnE4LvUTRGJMxHtKuoQKHVPXT+elTdGqUAQoiaUpoNFd/T6Q4VGoS+qYzxHqklr2Z+J/XTXRw0U+ZiBNNBVksChKOdIRmOaABk5RoPjEEE8nMrYiMsMREm7QKJgR3+eVV0qpVXafq3tRK9cssjjwcwwlUwIVzqMM1NKAJBB7gGV7hzXqyXqx362PRmrOymSP4A+vzBybpkpU=</latexit><latexit sha1_base64="o/F/7lNLt/0vAlgDkerQW7dwM0s=">AAAB+nicbVBNT8JAEJ3iF+JX0aOXjWCCF9JyUW8kXjxiIh8JYLNdtrBhu212tyqp/BQvHjTGq7/Em//GBXpQ8CWTvLw3k5l5fsyZ0o7zbeXW1jc2t/LbhZ3dvf0Du3jYUlEiCW2SiEey42NFORO0qZnmtBNLikOf07Y/vpr57XsqFYvErZ7EtB/ioWABI1gbybOL5Z7APsco8GqVx7vxWdmzS07VmQOtEjcjJcjQ8Oyv3iAiSUiFJhwr1XWdWPdTLDUjnE4LvUTRGJMxHtKuoQKHVPXT+elTdGqUAQoiaUpoNFd/T6Q4VGoS+qYzxHqklr2Z+J/XTXRw0U+ZiBNNBVksChKOdIRmOaABk5RoPjEEE8nMrYiMsMREm7QKJgR3+eVV0qpVXafq3tRK9cssjjwcwwlUwIVzqMM1NKAJBB7gGV7hzXqyXqx362PRmrOymSP4A+vzBybpkpU=</latexit><latexit sha1_base64="o/F/7lNLt/0vAlgDkerQW7dwM0s=">AAAB+nicbVBNT8JAEJ3iF+JX0aOXjWCCF9JyUW8kXjxiIh8JYLNdtrBhu212tyqp/BQvHjTGq7/Em//GBXpQ8CWTvLw3k5l5fsyZ0o7zbeXW1jc2t/LbhZ3dvf0Du3jYUlEiCW2SiEey42NFORO0qZnmtBNLikOf07Y/vpr57XsqFYvErZ7EtB/ioWABI1gbybOL5Z7APsco8GqVx7vxWdmzS07VmQOtEjcjJcjQ8Oyv3iAiSUiFJhwr1XWdWPdTLDUjnE4LvUTRGJMxHtKuoQKHVPXT+elTdGqUAQoiaUpoNFd/T6Q4VGoS+qYzxHqklr2Z+J/XTXRw0U+ZiBNNBVksChKOdIRmOaABk5RoPjEEE8nMrYiMsMREm7QKJgR3+eVV0qpVXafq3tRK9cssjjwcwwlUwIVzqMM1NKAJBB7gGV7hzXqyXqx362PRmrOymSP4A+vzBybpkpU=</latexit><latexit sha1_base64="o/F/7lNLt/0vAlgDkerQW7dwM0s=">AAAB+nicbVBNT8JAEJ3iF+JX0aOXjWCCF9JyUW8kXjxiIh8JYLNdtrBhu212tyqp/BQvHjTGq7/Em//GBXpQ8CWTvLw3k5l5fsyZ0o7zbeXW1jc2t/LbhZ3dvf0Du3jYUlEiCW2SiEey42NFORO0qZnmtBNLikOf07Y/vpr57XsqFYvErZ7EtB/ioWABI1gbybOL5Z7APsco8GqVx7vxWdmzS07VmQOtEjcjJcjQ8Oyv3iAiSUiFJhwr1XWdWPdTLDUjnE4LvUTRGJMxHtKuoQKHVPXT+elTdGqUAQoiaUpoNFd/T6Q4VGoS+qYzxHqklr2Z+J/XTXRw0U+ZiBNNBVksChKOdIRmOaABk5RoPjEEE8nMrYiMsMREm7QKJgR3+eVV0qpVXafq3tRK9cssjjwcwwlUwIVzqMM1NKAJBB7gGV7hzXqyXqx362PRmrOymSP4A+vzBybpkpU=</latexit>

rf3(xk)
<latexit sha1_base64="KiLtS+9e4hFzKd5blugPvjh9iQw=">AAAB+nicbVBNT8JAEJ36ifhV9OhlI5jghbR4UG8kXjxiIh8JVLJdtrBhu212tyqp/BQvHjTGq7/Em//GBXpQ8CWTvLw3k5l5fsyZ0o7zba2srq1vbOa28ts7u3v7duGgqaJEEtogEY9k28eKciZoQzPNaTuWFIc+py1/dDX1W/dUKhaJWz2OqRfigWABI1gbqWcXSl2BfY5R0DsrP96NTks9u+hUnBnQMnEzUoQM9Z791e1HJAmp0IRjpTquE2svxVIzwukk300UjTEZ4QHtGCpwSJWXzk6foBOj9FEQSVNCo5n6eyLFoVLj0DedIdZDtehNxf+8TqKDCy9lIk40FWS+KEg40hGa5oD6TFKi+dgQTCQztyIyxBITbdLKmxDcxZeXSbNacZ2Ke1Mt1i6zOHJwBMdQBhfOoQbXUIcGEHiAZ3iFN+vJerHerY9564qVzRzCH1ifPyhzkpY=</latexit><latexit sha1_base64="KiLtS+9e4hFzKd5blugPvjh9iQw=">AAAB+nicbVBNT8JAEJ36ifhV9OhlI5jghbR4UG8kXjxiIh8JVLJdtrBhu212tyqp/BQvHjTGq7/Em//GBXpQ8CWTvLw3k5l5fsyZ0o7zba2srq1vbOa28ts7u3v7duGgqaJEEtogEY9k28eKciZoQzPNaTuWFIc+py1/dDX1W/dUKhaJWz2OqRfigWABI1gbqWcXSl2BfY5R0DsrP96NTks9u+hUnBnQMnEzUoQM9Z791e1HJAmp0IRjpTquE2svxVIzwukk300UjTEZ4QHtGCpwSJWXzk6foBOj9FEQSVNCo5n6eyLFoVLj0DedIdZDtehNxf+8TqKDCy9lIk40FWS+KEg40hGa5oD6TFKi+dgQTCQztyIyxBITbdLKmxDcxZeXSbNacZ2Ke1Mt1i6zOHJwBMdQBhfOoQbXUIcGEHiAZ3iFN+vJerHerY9564qVzRzCH1ifPyhzkpY=</latexit><latexit sha1_base64="KiLtS+9e4hFzKd5blugPvjh9iQw=">AAAB+nicbVBNT8JAEJ36ifhV9OhlI5jghbR4UG8kXjxiIh8JVLJdtrBhu212tyqp/BQvHjTGq7/Em//GBXpQ8CWTvLw3k5l5fsyZ0o7zba2srq1vbOa28ts7u3v7duGgqaJEEtogEY9k28eKciZoQzPNaTuWFIc+py1/dDX1W/dUKhaJWz2OqRfigWABI1gbqWcXSl2BfY5R0DsrP96NTks9u+hUnBnQMnEzUoQM9Z791e1HJAmp0IRjpTquE2svxVIzwukk300UjTEZ4QHtGCpwSJWXzk6foBOj9FEQSVNCo5n6eyLFoVLj0DedIdZDtehNxf+8TqKDCy9lIk40FWS+KEg40hGa5oD6TFKi+dgQTCQztyIyxBITbdLKmxDcxZeXSbNacZ2Ke1Mt1i6zOHJwBMdQBhfOoQbXUIcGEHiAZ3iFN+vJerHerY9564qVzRzCH1ifPyhzkpY=</latexit><latexit sha1_base64="KiLtS+9e4hFzKd5blugPvjh9iQw=">AAAB+nicbVBNT8JAEJ36ifhV9OhlI5jghbR4UG8kXjxiIh8JVLJdtrBhu212tyqp/BQvHjTGq7/Em//GBXpQ8CWTvLw3k5l5fsyZ0o7zba2srq1vbOa28ts7u3v7duGgqaJEEtogEY9k28eKciZoQzPNaTuWFIc+py1/dDX1W/dUKhaJWz2OqRfigWABI1gbqWcXSl2BfY5R0DsrP96NTks9u+hUnBnQMnEzUoQM9Z791e1HJAmp0IRjpTquE2svxVIzwukk300UjTEZ4QHtGCpwSJWXzk6foBOj9FEQSVNCo5n6eyLFoVLj0DedIdZDtehNxf+8TqKDCy9lIk40FWS+KEg40hGa5oD6TFKi+dgQTCQztyIyxBITbdLKmxDcxZeXSbNacZ2Ke1Mt1i6zOHJwBMdQBhfOoQbXUIcGEHiAZ3iFN+vJerHerY9564qVzRzCH1ifPyhzkpY=</latexit>

+ +

3
<latexit sha1_base64="VoHUTaxgxWrmk/Cbcmn8uEafLVQ=">AAAB6nicbVA9TwJBEJ3DL8Qv1NJmI5hYkTss1I7ExhKjIAlcyN4yBxv29i67eybkwk+wsdAYW3+Rnf/GBa5Q8CWTvLw3k5l5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRW8epYthisYhVJ6AaBZfYMtwI7CQKaRQIfAzGNzP/8QmV5rF8MJME/YgOJQ85o8ZK99WLar9ccWvuHGSVeDmpQI5mv/zVG8QsjVAaJqjWXc9NjJ9RZTgTOC31Uo0JZWM6xK6lkkao/Wx+6pScWWVAwljZkobM1d8TGY20nkSB7YyoGellbyb+53VTE175GZdJalCyxaIwFcTEZPY3GXCFzIiJJZQpbm8lbEQVZcamU7IheMsvr5J2vea5Ne+uXmlc53EU4QRO4Rw8uIQG3EITWsBgCM/wCm+OcF6cd+dj0Vpw8plj+APn8wcxxI0I</latexit><latexit sha1_base64="VoHUTaxgxWrmk/Cbcmn8uEafLVQ=">AAAB6nicbVA9TwJBEJ3DL8Qv1NJmI5hYkTss1I7ExhKjIAlcyN4yBxv29i67eybkwk+wsdAYW3+Rnf/GBa5Q8CWTvLw3k5l5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRW8epYthisYhVJ6AaBZfYMtwI7CQKaRQIfAzGNzP/8QmV5rF8MJME/YgOJQ85o8ZK99WLar9ccWvuHGSVeDmpQI5mv/zVG8QsjVAaJqjWXc9NjJ9RZTgTOC31Uo0JZWM6xK6lkkao/Wx+6pScWWVAwljZkobM1d8TGY20nkSB7YyoGellbyb+53VTE175GZdJalCyxaIwFcTEZPY3GXCFzIiJJZQpbm8lbEQVZcamU7IheMsvr5J2vea5Ne+uXmlc53EU4QRO4Rw8uIQG3EITWsBgCM/wCm+OcF6cd+dj0Vpw8plj+APn8wcxxI0I</latexit><latexit sha1_base64="VoHUTaxgxWrmk/Cbcmn8uEafLVQ=">AAAB6nicbVA9TwJBEJ3DL8Qv1NJmI5hYkTss1I7ExhKjIAlcyN4yBxv29i67eybkwk+wsdAYW3+Rnf/GBa5Q8CWTvLw3k5l5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRW8epYthisYhVJ6AaBZfYMtwI7CQKaRQIfAzGNzP/8QmV5rF8MJME/YgOJQ85o8ZK99WLar9ccWvuHGSVeDmpQI5mv/zVG8QsjVAaJqjWXc9NjJ9RZTgTOC31Uo0JZWM6xK6lkkao/Wx+6pScWWVAwljZkobM1d8TGY20nkSB7YyoGellbyb+53VTE175GZdJalCyxaIwFcTEZPY3GXCFzIiJJZQpbm8lbEQVZcamU7IheMsvr5J2vea5Ne+uXmlc53EU4QRO4Rw8uIQG3EITWsBgCM/wCm+OcF6cd+dj0Vpw8plj+APn8wcxxI0I</latexit><latexit sha1_base64="VoHUTaxgxWrmk/Cbcmn8uEafLVQ=">AAAB6nicbVA9TwJBEJ3DL8Qv1NJmI5hYkTss1I7ExhKjIAlcyN4yBxv29i67eybkwk+wsdAYW3+Rnf/GBa5Q8CWTvLw3k5l5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRW8epYthisYhVJ6AaBZfYMtwI7CQKaRQIfAzGNzP/8QmV5rF8MJME/YgOJQ85o8ZK99WLar9ccWvuHGSVeDmpQI5mv/zVG8QsjVAaJqjWXc9NjJ9RZTgTOC31Uo0JZWM6xK6lkkao/Wx+6pScWWVAwljZkobM1d8TGY20nkSB7YyoGellbyb+53VTE175GZdJalCyxaIwFcTEZPY3GXCFzIiJJZQpbm8lbEQVZcamU7IheMsvr5J2vea5Ne+uXmlc53EU4QRO4Rw8uIQG3EITWsBgCM/wCm+OcF6cd+dj0Vpw8plj+APn8wcxxI0I</latexit>

gk =
<latexit sha1_base64="KYVA/vhXgz4IhmP7jong3ZQZbfc=">AAAB73icbVA9SwNBEJ2LXzF+RS1tFhPBKtylUQshYGMZwXxAcoa9zVyyZG/v3N0TQsifsLFQxNa/Y+e/cZNcoYkPBh7vzTAzL0gE18Z1v53c2vrG5lZ+u7Czu7d/UDw8auo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdDPzW0+oNI/lvRkn6Ed0IHnIGTVWapcHDyNyTcq9YsmtuHOQVeJlpAQZ6r3iV7cfszRCaZigWnc8NzH+hCrDmcBpoZtqTCgb0QF2LJU0Qu1P5vdOyZlV+iSMlS1pyFz9PTGhkdbjKLCdETVDvezNxP+8TmrCS3/CZZIalGyxKEwFMTGZPU/6XCEzYmwJZYrbWwkbUkWZsREVbAje8surpFmteG7Fu6uWaldZHHk4gVM4Bw8uoAa3UIcGMBDwDK/w5jw6L86787FozTnZzDH8gfP5Ay7cjrQ=</latexit><latexit sha1_base64="KYVA/vhXgz4IhmP7jong3ZQZbfc=">AAAB73icbVA9SwNBEJ2LXzF+RS1tFhPBKtylUQshYGMZwXxAcoa9zVyyZG/v3N0TQsifsLFQxNa/Y+e/cZNcoYkPBh7vzTAzL0gE18Z1v53c2vrG5lZ+u7Czu7d/UDw8auo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdDPzW0+oNI/lvRkn6Ed0IHnIGTVWapcHDyNyTcq9YsmtuHOQVeJlpAQZ6r3iV7cfszRCaZigWnc8NzH+hCrDmcBpoZtqTCgb0QF2LJU0Qu1P5vdOyZlV+iSMlS1pyFz9PTGhkdbjKLCdETVDvezNxP+8TmrCS3/CZZIalGyxKEwFMTGZPU/6XCEzYmwJZYrbWwkbUkWZsREVbAje8surpFmteG7Fu6uWaldZHHk4gVM4Bw8uoAa3UIcGMBDwDK/w5jw6L86787FozTnZzDH8gfP5Ay7cjrQ=</latexit><latexit sha1_base64="KYVA/vhXgz4IhmP7jong3ZQZbfc=">AAAB73icbVA9SwNBEJ2LXzF+RS1tFhPBKtylUQshYGMZwXxAcoa9zVyyZG/v3N0TQsifsLFQxNa/Y+e/cZNcoYkPBh7vzTAzL0gE18Z1v53c2vrG5lZ+u7Czu7d/UDw8auo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdDPzW0+oNI/lvRkn6Ed0IHnIGTVWapcHDyNyTcq9YsmtuHOQVeJlpAQZ6r3iV7cfszRCaZigWnc8NzH+hCrDmcBpoZtqTCgb0QF2LJU0Qu1P5vdOyZlV+iSMlS1pyFz9PTGhkdbjKLCdETVDvezNxP+8TmrCS3/CZZIalGyxKEwFMTGZPU/6XCEzYmwJZYrbWwkbUkWZsREVbAje8surpFmteG7Fu6uWaldZHHk4gVM4Bw8uoAa3UIcGMBDwDK/w5jw6L86787FozTnZzDH8gfP5Ay7cjrQ=</latexit><latexit sha1_base64="KYVA/vhXgz4IhmP7jong3ZQZbfc=">AAAB73icbVA9SwNBEJ2LXzF+RS1tFhPBKtylUQshYGMZwXxAcoa9zVyyZG/v3N0TQsifsLFQxNa/Y+e/cZNcoYkPBh7vzTAzL0gE18Z1v53c2vrG5lZ+u7Czu7d/UDw8auo4VQwbLBaxagdUo+ASG4Ybge1EIY0Cga1gdDPzW0+oNI/lvRkn6Ed0IHnIGTVWapcHDyNyTcq9YsmtuHOQVeJlpAQZ6r3iV7cfszRCaZigWnc8NzH+hCrDmcBpoZtqTCgb0QF2LJU0Qu1P5vdOyZlV+iSMlS1pyFz9PTGhkdbjKLCdETVDvezNxP+8TmrCS3/CZZIalGyxKEwFMTGZPU/6XCEzYmwJZYrbWwkbUkWZsREVbAje8surpFmteG7Fu6uWaldZHHk4gVM4Bw8uoAa3UIcGMBDwDK/w5jw6L86787FozTnZzDH8gfP5Ay7cjrQ=</latexit>

f1 R
<latexit sha1_base64="K0Y6GY3r2MNzeInwffneSpx9jbg=">AAAB8HicbVA9T8MwEL2Ur1K+CowsFg0SU5R0gbESC2NB9AO1UeW4TmvVdiLbQaqi/goWBhBi5eew8W9w2wzQ8qSTnt670929KOVMG9//dkobm1vbO+Xdyt7+weFR9fikrZNMEdoiCU9UN8KaciZpyzDDaTdVFIuI0040uZn7nSeqNEvkg5mmNBR4JFnMCDZWenTjQeAi994dVGu+5y+A1klQkBoUaA6qX/1hQjJBpSEca90L/NSEOVaGEU5nlX6maYrJBI9oz1KJBdVhvjh4hi6sMkRxomxJgxbq74kcC62nIrKdApuxXvXm4n9eLzPxdZgzmWaGSrJcFGccmQTNv0dDpigxfGoJJorZWxEZY4WJsRlVbAjB6svrpF33At8L7uq1hlfEUYYzOIdLCOAKGnALTWgBAQHP8ApvjnJenHfnY9lacoqZU/gD5/MHVcyOtg==</latexit><latexit sha1_base64="K0Y6GY3r2MNzeInwffneSpx9jbg=">AAAB8HicbVA9T8MwEL2Ur1K+CowsFg0SU5R0gbESC2NB9AO1UeW4TmvVdiLbQaqi/goWBhBi5eew8W9w2wzQ8qSTnt670929KOVMG9//dkobm1vbO+Xdyt7+weFR9fikrZNMEdoiCU9UN8KaciZpyzDDaTdVFIuI0040uZn7nSeqNEvkg5mmNBR4JFnMCDZWenTjQeAi994dVGu+5y+A1klQkBoUaA6qX/1hQjJBpSEca90L/NSEOVaGEU5nlX6maYrJBI9oz1KJBdVhvjh4hi6sMkRxomxJgxbq74kcC62nIrKdApuxXvXm4n9eLzPxdZgzmWaGSrJcFGccmQTNv0dDpigxfGoJJorZWxEZY4WJsRlVbAjB6svrpF33At8L7uq1hlfEUYYzOIdLCOAKGnALTWgBAQHP8ApvjnJenHfnY9lacoqZU/gD5/MHVcyOtg==</latexit><latexit sha1_base64="K0Y6GY3r2MNzeInwffneSpx9jbg=">AAAB8HicbVA9T8MwEL2Ur1K+CowsFg0SU5R0gbESC2NB9AO1UeW4TmvVdiLbQaqi/goWBhBi5eew8W9w2wzQ8qSTnt670929KOVMG9//dkobm1vbO+Xdyt7+weFR9fikrZNMEdoiCU9UN8KaciZpyzDDaTdVFIuI0040uZn7nSeqNEvkg5mmNBR4JFnMCDZWenTjQeAi994dVGu+5y+A1klQkBoUaA6qX/1hQjJBpSEca90L/NSEOVaGEU5nlX6maYrJBI9oz1KJBdVhvjh4hi6sMkRxomxJgxbq74kcC62nIrKdApuxXvXm4n9eLzPxdZgzmWaGSrJcFGccmQTNv0dDpigxfGoJJorZWxEZY4WJsRlVbAjB6svrpF33At8L7uq1hlfEUYYzOIdLCOAKGnALTWgBAQHP8ApvjnJenHfnY9lacoqZU/gD5/MHVcyOtg==</latexit><latexit sha1_base64="K0Y6GY3r2MNzeInwffneSpx9jbg=">AAAB8HicbVA9T8MwEL2Ur1K+CowsFg0SU5R0gbESC2NB9AO1UeW4TmvVdiLbQaqi/goWBhBi5eew8W9w2wzQ8qSTnt670929KOVMG9//dkobm1vbO+Xdyt7+weFR9fikrZNMEdoiCU9UN8KaciZpyzDDaTdVFIuI0040uZn7nSeqNEvkg5mmNBR4JFnMCDZWenTjQeAi994dVGu+5y+A1klQkBoUaA6qX/1hQjJBpSEca90L/NSEOVaGEU5nlX6maYrJBI9oz1KJBdVhvjh4hi6sMkRxomxJgxbq74kcC62nIrKdApuxXvXm4n9eLzPxdZgzmWaGSrJcFGccmQTNv0dDpigxfGoJJorZWxEZY4WJsRlVbAjB6svrpF33At8L7uq1hlfEUYYzOIdLCOAKGnALTWgBAQHP8ApvjnJenHfnY9lacoqZU/gD5/MHVcyOtg==</latexit>

f2 R
<latexit sha1_base64="nxjTHUMUbUCVGUA0EbDuEYmkaVU=">AAAB8HicbVA9T8MwEL2Ur1K+CowsFg0SU5R0gbESC2NB9AO1UeW4TmvVdiLbQaqi/goWBhBi5eew8W9w2wzQ8qSTnt670929KOVMG9//dkobm1vbO+Xdyt7+weFR9fikrZNMEdoiCU9UN8KaciZpyzDDaTdVFIuI0040uZn7nSeqNEvkg5mmNBR4JFnMCDZWenTjQd1F7r07qNZ8z18ArZOgIDUo0BxUv/rDhGSCSkM41roX+KkJc6wMI5zOKv1M0xSTCR7RnqUSC6rDfHHwDF1YZYjiRNmSBi3U3xM5FlpPRWQ7BTZjverNxf+8Xmbi6zBnMs0MlWS5KM44Mgmaf4+GTFFi+NQSTBSztyIyxgoTYzOq2BCC1ZfXSbvuBb4X3NVrDa+IowxncA6XEMAVNOAWmtACAgKe4RXeHOW8OO/Ox7K15BQzp/AHzucPV1WOtw==</latexit><latexit sha1_base64="nxjTHUMUbUCVGUA0EbDuEYmkaVU=">AAAB8HicbVA9T8MwEL2Ur1K+CowsFg0SU5R0gbESC2NB9AO1UeW4TmvVdiLbQaqi/goWBhBi5eew8W9w2wzQ8qSTnt670929KOVMG9//dkobm1vbO+Xdyt7+weFR9fikrZNMEdoiCU9UN8KaciZpyzDDaTdVFIuI0040uZn7nSeqNEvkg5mmNBR4JFnMCDZWenTjQd1F7r07qNZ8z18ArZOgIDUo0BxUv/rDhGSCSkM41roX+KkJc6wMI5zOKv1M0xSTCR7RnqUSC6rDfHHwDF1YZYjiRNmSBi3U3xM5FlpPRWQ7BTZjverNxf+8Xmbi6zBnMs0MlWS5KM44Mgmaf4+GTFFi+NQSTBSztyIyxgoTYzOq2BCC1ZfXSbvuBb4X3NVrDa+IowxncA6XEMAVNOAWmtACAgKe4RXeHOW8OO/Ox7K15BQzp/AHzucPV1WOtw==</latexit><latexit sha1_base64="nxjTHUMUbUCVGUA0EbDuEYmkaVU=">AAAB8HicbVA9T8MwEL2Ur1K+CowsFg0SU5R0gbESC2NB9AO1UeW4TmvVdiLbQaqi/goWBhBi5eew8W9w2wzQ8qSTnt670929KOVMG9//dkobm1vbO+Xdyt7+weFR9fikrZNMEdoiCU9UN8KaciZpyzDDaTdVFIuI0040uZn7nSeqNEvkg5mmNBR4JFnMCDZWenTjQd1F7r07qNZ8z18ArZOgIDUo0BxUv/rDhGSCSkM41roX+KkJc6wMI5zOKv1M0xSTCR7RnqUSC6rDfHHwDF1YZYjiRNmSBi3U3xM5FlpPRWQ7BTZjverNxf+8Xmbi6zBnMs0MlWS5KM44Mgmaf4+GTFFi+NQSTBSztyIyxgoTYzOq2BCC1ZfXSbvuBb4X3NVrDa+IowxncA6XEMAVNOAWmtACAgKe4RXeHOW8OO/Ox7K15BQzp/AHzucPV1WOtw==</latexit><latexit sha1_base64="nxjTHUMUbUCVGUA0EbDuEYmkaVU=">AAAB8HicbVA9T8MwEL2Ur1K+CowsFg0SU5R0gbESC2NB9AO1UeW4TmvVdiLbQaqi/goWBhBi5eew8W9w2wzQ8qSTnt670929KOVMG9//dkobm1vbO+Xdyt7+weFR9fikrZNMEdoiCU9UN8KaciZpyzDDaTdVFIuI0040uZn7nSeqNEvkg5mmNBR4JFnMCDZWenTjQd1F7r07qNZ8z18ArZOgIDUo0BxUv/rDhGSCSkM41roX+KkJc6wMI5zOKv1M0xSTCR7RnqUSC6rDfHHwDF1YZYjiRNmSBi3U3xM5FlpPRWQ7BTZjverNxf+8Xmbi6zBnMs0MlWS5KM44Mgmaf4+GTFFi+NQSTBSztyIyxgoTYzOq2BCC1ZfXSbvuBb4X3NVrDa+IowxncA6XEMAVNOAWmtACAgKe4RXeHOW8OO/Ox7K15BQzp/AHzucPV1WOtw==</latexit>

f3 R
<latexit sha1_base64="rhUrDKoeYtgCeh8MGa77WWC5iZY=">AAAB8HicbVBNT8JAEJ3iF+IX6tHLRmriqWnxoEcSLx7RCGigIdtlCxt2t83u1oQ0/AovHjTGqz/Hm//GBXpQ8CWTvLw3k5l5UcqZNr7/7ZTW1jc2t8rblZ3dvf2D6uFRWyeZIrRFEp6ohwhrypmkLcMMpw+polhEnHai8fXM7zxRpVki780kpaHAQ8liRrCx0qMb9y9c5N65/WrN9/w50CoJClKDAs1+9as3SEgmqDSEY627gZ+aMMfKMMLptNLLNE0xGeMh7VoqsaA6zOcHT9GZVQYoTpQtadBc/T2RY6H1RES2U2Az0sveTPzP62YmvgpzJtPMUEkWi+KMI5Og2fdowBQlhk8swUQxeysiI6wwMTajig0hWH55lbTrXuB7wW291vCKOMpwAqdwDgFcQgNuoAktICDgGV7hzVHOi/PufCxaS04xcwx/4Hz+AFjejrg=</latexit><latexit sha1_base64="rhUrDKoeYtgCeh8MGa77WWC5iZY=">AAAB8HicbVBNT8JAEJ3iF+IX6tHLRmriqWnxoEcSLx7RCGigIdtlCxt2t83u1oQ0/AovHjTGqz/Hm//GBXpQ8CWTvLw3k5l5UcqZNr7/7ZTW1jc2t8rblZ3dvf2D6uFRWyeZIrRFEp6ohwhrypmkLcMMpw+polhEnHai8fXM7zxRpVki780kpaHAQ8liRrCx0qMb9y9c5N65/WrN9/w50CoJClKDAs1+9as3SEgmqDSEY627gZ+aMMfKMMLptNLLNE0xGeMh7VoqsaA6zOcHT9GZVQYoTpQtadBc/T2RY6H1RES2U2Az0sveTPzP62YmvgpzJtPMUEkWi+KMI5Og2fdowBQlhk8swUQxeysiI6wwMTajig0hWH55lbTrXuB7wW291vCKOMpwAqdwDgFcQgNuoAktICDgGV7hzVHOi/PufCxaS04xcwx/4Hz+AFjejrg=</latexit><latexit sha1_base64="rhUrDKoeYtgCeh8MGa77WWC5iZY=">AAAB8HicbVBNT8JAEJ3iF+IX6tHLRmriqWnxoEcSLx7RCGigIdtlCxt2t83u1oQ0/AovHjTGqz/Hm//GBXpQ8CWTvLw3k5l5UcqZNr7/7ZTW1jc2t8rblZ3dvf2D6uFRWyeZIrRFEp6ohwhrypmkLcMMpw+polhEnHai8fXM7zxRpVki780kpaHAQ8liRrCx0qMb9y9c5N65/WrN9/w50CoJClKDAs1+9as3SEgmqDSEY627gZ+aMMfKMMLptNLLNE0xGeMh7VoqsaA6zOcHT9GZVQYoTpQtadBc/T2RY6H1RES2U2Az0sveTPzP62YmvgpzJtPMUEkWi+KMI5Og2fdowBQlhk8swUQxeysiI6wwMTajig0hWH55lbTrXuB7wW291vCKOMpwAqdwDgFcQgNuoAktICDgGV7hzVHOi/PufCxaS04xcwx/4Hz+AFjejrg=</latexit><latexit sha1_base64="rhUrDKoeYtgCeh8MGa77WWC5iZY=">AAAB8HicbVBNT8JAEJ3iF+IX6tHLRmriqWnxoEcSLx7RCGigIdtlCxt2t83u1oQ0/AovHjTGqz/Hm//GBXpQ8CWTvLw3k5l5UcqZNr7/7ZTW1jc2t8rblZ3dvf2D6uFRWyeZIrRFEp6ohwhrypmkLcMMpw+polhEnHai8fXM7zxRpVki780kpaHAQ8liRrCx0qMb9y9c5N65/WrN9/w50CoJClKDAs1+9as3SEgmqDSEY627gZ+aMMfKMMLptNLLNE0xGeMh7VoqsaA6zOcHT9GZVQYoTpQtadBc/T2RY6H1RES2U2Az0sveTPzP62YmvgpzJtPMUEkWi+KMI5Og2fdowBQlhk8swUQxeysiI6wwMTajig0hWH55lbTrXuB7wW291vCKOMpwAqdwDgFcQgNuoAktICDgGV7hzVHOi/PufCxaS04xcwx/4Hz+AFjejrg=</latexit>

xk
<latexit sha1_base64="7TGPJYTmwSdgRajlFIbRPsudkqk=">AAAB7HicbVBNT8JAEJ3iF+IX6tHLRjDx1LRc9EjixSMmFkigku2yhQ3b3WZ3ayQNv8GLB43x6g/y5r9xgR4UfMkkL+/NZGZelHKmjed9O6WNza3tnfJuZW//4PCoenzS1jJThAZEcqm6EdaUM0EDwwyn3VRRnEScdqLJzdzvPFKlmRT3ZprSMMEjwWJGsLFSUH96mNQH1ZrnegugdeIXpAYFWoPqV38oSZZQYQjHWvd8LzVhjpVhhNNZpZ9pmmIywSPas1TghOowXxw7QxdWGaJYKlvCoIX6eyLHidbTJLKdCTZjverNxf+8Xmbi6zBnIs0MFWS5KM44MhLNP0dDpigxfGoJJorZWxEZY4WJsflUbAj+6svrpN1wfc/17xq1plvEUYYzOIdL8OEKmnALLQiAAINneIU3RzgvzrvzsWwtOcXMKfyB8/kDFEGOHw==</latexit><latexit sha1_base64="7TGPJYTmwSdgRajlFIbRPsudkqk=">AAAB7HicbVBNT8JAEJ3iF+IX6tHLRjDx1LRc9EjixSMmFkigku2yhQ3b3WZ3ayQNv8GLB43x6g/y5r9xgR4UfMkkL+/NZGZelHKmjed9O6WNza3tnfJuZW//4PCoenzS1jJThAZEcqm6EdaUM0EDwwyn3VRRnEScdqLJzdzvPFKlmRT3ZprSMMEjwWJGsLFSUH96mNQH1ZrnegugdeIXpAYFWoPqV38oSZZQYQjHWvd8LzVhjpVhhNNZpZ9pmmIywSPas1TghOowXxw7QxdWGaJYKlvCoIX6eyLHidbTJLKdCTZjverNxf+8Xmbi6zBnIs0MFWS5KM44MhLNP0dDpigxfGoJJorZWxEZY4WJsflUbAj+6svrpN1wfc/17xq1plvEUYYzOIdL8OEKmnALLQiAAINneIU3RzgvzrvzsWwtOcXMKfyB8/kDFEGOHw==</latexit><latexit sha1_base64="7TGPJYTmwSdgRajlFIbRPsudkqk=">AAAB7HicbVBNT8JAEJ3iF+IX6tHLRjDx1LRc9EjixSMmFkigku2yhQ3b3WZ3ayQNv8GLB43x6g/y5r9xgR4UfMkkL+/NZGZelHKmjed9O6WNza3tnfJuZW//4PCoenzS1jJThAZEcqm6EdaUM0EDwwyn3VRRnEScdqLJzdzvPFKlmRT3ZprSMMEjwWJGsLFSUH96mNQH1ZrnegugdeIXpAYFWoPqV38oSZZQYQjHWvd8LzVhjpVhhNNZpZ9pmmIywSPas1TghOowXxw7QxdWGaJYKlvCoIX6eyLHidbTJLKdCTZjverNxf+8Xmbi6zBnIs0MFWS5KM44MhLNP0dDpigxfGoJJorZWxEZY4WJsflUbAj+6svrpN1wfc/17xq1plvEUYYzOIdL8OEKmnALLQiAAINneIU3RzgvzrvzsWwtOcXMKfyB8/kDFEGOHw==</latexit><latexit sha1_base64="7TGPJYTmwSdgRajlFIbRPsudkqk=">AAAB7HicbVBNT8JAEJ3iF+IX6tHLRjDx1LRc9EjixSMmFkigku2yhQ3b3WZ3ayQNv8GLB43x6g/y5r9xgR4UfMkkL+/NZGZelHKmjed9O6WNza3tnfJuZW//4PCoenzS1jJThAZEcqm6EdaUM0EDwwyn3VRRnEScdqLJzdzvPFKlmRT3ZprSMMEjwWJGsLFSUH96mNQH1ZrnegugdeIXpAYFWoPqV38oSZZQYQjHWvd8LzVhjpVhhNNZpZ9pmmIywSPas1TghOowXxw7QxdWGaJYKlvCoIX6eyLHidbTJLKdCTZjverNxf+8Xmbi6zBnIs0MFWS5KM44MhLNP0dDpigxfGoJJorZWxEZY4WJsflUbAj+6svrpN1wfc/17xq1plvEUYYzOIdL8OEKmnALLQiAAINneIU3RzgvzrvzsWwtOcXMKfyB8/kDFEGOHw==</latexit>

xk
<latexit sha1_base64="7TGPJYTmwSdgRajlFIbRPsudkqk=">AAAB7HicbVBNT8JAEJ3iF+IX6tHLRjDx1LRc9EjixSMmFkigku2yhQ3b3WZ3ayQNv8GLB43x6g/y5r9xgR4UfMkkL+/NZGZelHKmjed9O6WNza3tnfJuZW//4PCoenzS1jJThAZEcqm6EdaUM0EDwwyn3VRRnEScdqLJzdzvPFKlmRT3ZprSMMEjwWJGsLFSUH96mNQH1ZrnegugdeIXpAYFWoPqV38oSZZQYQjHWvd8LzVhjpVhhNNZpZ9pmmIywSPas1TghOowXxw7QxdWGaJYKlvCoIX6eyLHidbTJLKdCTZjverNxf+8Xmbi6zBnIs0MFWS5KM44MhLNP0dDpigxfGoJJorZWxEZY4WJsflUbAj+6svrpN1wfc/17xq1plvEUYYzOIdL8OEKmnALLQiAAINneIU3RzgvzrvzsWwtOcXMKfyB8/kDFEGOHw==</latexit><latexit sha1_base64="7TGPJYTmwSdgRajlFIbRPsudkqk=">AAAB7HicbVBNT8JAEJ3iF+IX6tHLRjDx1LRc9EjixSMmFkigku2yhQ3b3WZ3ayQNv8GLB43x6g/y5r9xgR4UfMkkL+/NZGZelHKmjed9O6WNza3tnfJuZW//4PCoenzS1jJThAZEcqm6EdaUM0EDwwyn3VRRnEScdqLJzdzvPFKlmRT3ZprSMMEjwWJGsLFSUH96mNQH1ZrnegugdeIXpAYFWoPqV38oSZZQYQjHWvd8LzVhjpVhhNNZpZ9pmmIywSPas1TghOowXxw7QxdWGaJYKlvCoIX6eyLHidbTJLKdCTZjverNxf+8Xmbi6zBnIs0MFWS5KM44MhLNP0dDpigxfGoJJorZWxEZY4WJsflUbAj+6svrpN1wfc/17xq1plvEUYYzOIdL8OEKmnALLQiAAINneIU3RzgvzrvzsWwtOcXMKfyB8/kDFEGOHw==</latexit><latexit sha1_base64="7TGPJYTmwSdgRajlFIbRPsudkqk=">AAAB7HicbVBNT8JAEJ3iF+IX6tHLRjDx1LRc9EjixSMmFkigku2yhQ3b3WZ3ayQNv8GLB43x6g/y5r9xgR4UfMkkL+/NZGZelHKmjed9O6WNza3tnfJuZW//4PCoenzS1jJThAZEcqm6EdaUM0EDwwyn3VRRnEScdqLJzdzvPFKlmRT3ZprSMMEjwWJGsLFSUH96mNQH1ZrnegugdeIXpAYFWoPqV38oSZZQYQjHWvd8LzVhjpVhhNNZpZ9pmmIywSPas1TghOowXxw7QxdWGaJYKlvCoIX6eyLHidbTJLKdCTZjverNxf+8Xmbi6zBnIs0MFWS5KM44MhLNP0dDpigxfGoJJorZWxEZY4WJsflUbAj+6svrpN1wfc/17xq1plvEUYYzOIdL8OEKmnALLQiAAINneIU3RzgvzrvzsWwtOcXMKfyB8/kDFEGOHw==</latexit><latexit sha1_base64="7TGPJYTmwSdgRajlFIbRPsudkqk=">AAAB7HicbVBNT8JAEJ3iF+IX6tHLRjDx1LRc9EjixSMmFkigku2yhQ3b3WZ3ayQNv8GLB43x6g/y5r9xgR4UfMkkL+/NZGZelHKmjed9O6WNza3tnfJuZW//4PCoenzS1jJThAZEcqm6EdaUM0EDwwyn3VRRnEScdqLJzdzvPFKlmRT3ZprSMMEjwWJGsLFSUH96mNQH1ZrnegugdeIXpAYFWoPqV38oSZZQYQjHWvd8LzVhjpVhhNNZpZ9pmmIywSPas1TghOowXxw7QxdWGaJYKlvCoIX6eyLHidbTJLKdCTZjverNxf+8Xmbi6zBnIs0MFWS5KM44MhLNP0dDpigxfGoJJorZWxEZY4WJsflUbAj+6svrpN1wfc/17xq1plvEUYYzOIdL8OEKmnALLQiAAINneIU3RzgvzrvzsWwtOcXMKfyB8/kDFEGOHw==</latexit> xk

<latexit sha1_base64="7TGPJYTmwSdgRajlFIbRPsudkqk=">AAAB7HicbVBNT8JAEJ3iF+IX6tHLRjDx1LRc9EjixSMmFkigku2yhQ3b3WZ3ayQNv8GLB43x6g/y5r9xgR4UfMkkL+/NZGZelHKmjed9O6WNza3tnfJuZW//4PCoenzS1jJThAZEcqm6EdaUM0EDwwyn3VRRnEScdqLJzdzvPFKlmRT3ZprSMMEjwWJGsLFSUH96mNQH1ZrnegugdeIXpAYFWoPqV38oSZZQYQjHWvd8LzVhjpVhhNNZpZ9pmmIywSPas1TghOowXxw7QxdWGaJYKlvCoIX6eyLHidbTJLKdCTZjverNxf+8Xmbi6zBnIs0MFWS5KM44MhLNP0dDpigxfGoJJorZWxEZY4WJsflUbAj+6svrpN1wfc/17xq1plvEUYYzOIdL8OEKmnALLQiAAINneIU3RzgvzrvzsWwtOcXMKfyB8/kDFEGOHw==</latexit><latexit sha1_base64="7TGPJYTmwSdgRajlFIbRPsudkqk=">AAAB7HicbVBNT8JAEJ3iF+IX6tHLRjDx1LRc9EjixSMmFkigku2yhQ3b3WZ3ayQNv8GLB43x6g/y5r9xgR4UfMkkL+/NZGZelHKmjed9O6WNza3tnfJuZW//4PCoenzS1jJThAZEcqm6EdaUM0EDwwyn3VRRnEScdqLJzdzvPFKlmRT3ZprSMMEjwWJGsLFSUH96mNQH1ZrnegugdeIXpAYFWoPqV38oSZZQYQjHWvd8LzVhjpVhhNNZpZ9pmmIywSPas1TghOowXxw7QxdWGaJYKlvCoIX6eyLHidbTJLKdCTZjverNxf+8Xmbi6zBnIs0MFWS5KM44MhLNP0dDpigxfGoJJorZWxEZY4WJsflUbAj+6svrpN1wfc/17xq1plvEUYYzOIdL8OEKmnALLQiAAINneIU3RzgvzrvzsWwtOcXMKfyB8/kDFEGOHw==</latexit><latexit sha1_base64="7TGPJYTmwSdgRajlFIbRPsudkqk=">AAAB7HicbVBNT8JAEJ3iF+IX6tHLRjDx1LRc9EjixSMmFkigku2yhQ3b3WZ3ayQNv8GLB43x6g/y5r9xgR4UfMkkL+/NZGZelHKmjed9O6WNza3tnfJuZW//4PCoenzS1jJThAZEcqm6EdaUM0EDwwyn3VRRnEScdqLJzdzvPFKlmRT3ZprSMMEjwWJGsLFSUH96mNQH1ZrnegugdeIXpAYFWoPqV38oSZZQYQjHWvd8LzVhjpVhhNNZpZ9pmmIywSPas1TghOowXxw7QxdWGaJYKlvCoIX6eyLHidbTJLKdCTZjverNxf+8Xmbi6zBnIs0MFWS5KM44MhLNP0dDpigxfGoJJorZWxEZY4WJsflUbAj+6svrpN1wfc/17xq1plvEUYYzOIdL8OEKmnALLQiAAINneIU3RzgvzrvzsWwtOcXMKfyB8/kDFEGOHw==</latexit><latexit sha1_base64="7TGPJYTmwSdgRajlFIbRPsudkqk=">AAAB7HicbVBNT8JAEJ3iF+IX6tHLRjDx1LRc9EjixSMmFkigku2yhQ3b3WZ3ayQNv8GLB43x6g/y5r9xgR4UfMkkL+/NZGZelHKmjed9O6WNza3tnfJuZW//4PCoenzS1jJThAZEcqm6EdaUM0EDwwyn3VRRnEScdqLJzdzvPFKlmRT3ZprSMMEjwWJGsLFSUH96mNQH1ZrnegugdeIXpAYFWoPqV38oSZZQYQjHWvd8LzVhjpVhhNNZpZ9pmmIywSPas1TghOowXxw7QxdWGaJYKlvCoIX6eyLHidbTJLKdCTZjverNxf+8Xmbi6zBnIs0MFWS5KM44MhLNP0dDpigxfGoJJorZWxEZY4WJsflUbAj+6svrpN1wfc/17xq1plvEUYYzOIdL8OEKmnALLQiAAINneIU3RzgvzrvzsWwtOcXMKfyB8/kDFEGOHw==</latexit>

C(rf1(xk))
<latexit sha1_base64="WeD4kZsf4GhVPAnGrlqfsA44bNQ=">AAACEHicbVC7TgJBFJ3FF+ILtbSZCEZoyC6N2pHQWGIij4RFcneYhQmzs5uZWSPZ8Ak2/oqNhcbYWtr5Nw4LhYInucnJOffO3Hu8iDOlbfvbyqytb2xuZbdzO7t7+wf5w6OWCmNJaJOEPJQdDxTlTNCmZprTTiQpBB6nbW9cn/nteyoVC8WtnkS0F8BQMJ8R0Ebq58+LiZu+kkg6mLoEOK5PcckV4HHAft8pPdyNy+ViP1+wK3YKvEqcBSmgBRr9/Jc7CEkcUKEJB6W6jh3pXgJSM8LpNOfGikZAxjCkXUMFBFT1knSVKT4zygD7oTQlNE7V3xMJBEpNAs90BqBHatmbif953Vj7l72EiSjWVJD5R37MsQ7xLB08YJISzSeGAJHM7IrJCCQQbTLMmRCc5ZNXSataceyKc1Mt1K4WcWTRCTpFJeSgC1RD16iBmoigR/SMXtGb9WS9WO/Wx7w1Yy1mjtEfWJ8/Zv6bdg==</latexit><latexit sha1_base64="WeD4kZsf4GhVPAnGrlqfsA44bNQ=">AAACEHicbVC7TgJBFJ3FF+ILtbSZCEZoyC6N2pHQWGIij4RFcneYhQmzs5uZWSPZ8Ak2/oqNhcbYWtr5Nw4LhYInucnJOffO3Hu8iDOlbfvbyqytb2xuZbdzO7t7+wf5w6OWCmNJaJOEPJQdDxTlTNCmZprTTiQpBB6nbW9cn/nteyoVC8WtnkS0F8BQMJ8R0Ebq58+LiZu+kkg6mLoEOK5PcckV4HHAft8pPdyNy+ViP1+wK3YKvEqcBSmgBRr9/Jc7CEkcUKEJB6W6jh3pXgJSM8LpNOfGikZAxjCkXUMFBFT1knSVKT4zygD7oTQlNE7V3xMJBEpNAs90BqBHatmbif953Vj7l72EiSjWVJD5R37MsQ7xLB08YJISzSeGAJHM7IrJCCQQbTLMmRCc5ZNXSataceyKc1Mt1K4WcWTRCTpFJeSgC1RD16iBmoigR/SMXtGb9WS9WO/Wx7w1Yy1mjtEfWJ8/Zv6bdg==</latexit><latexit sha1_base64="WeD4kZsf4GhVPAnGrlqfsA44bNQ=">AAACEHicbVC7TgJBFJ3FF+ILtbSZCEZoyC6N2pHQWGIij4RFcneYhQmzs5uZWSPZ8Ak2/oqNhcbYWtr5Nw4LhYInucnJOffO3Hu8iDOlbfvbyqytb2xuZbdzO7t7+wf5w6OWCmNJaJOEPJQdDxTlTNCmZprTTiQpBB6nbW9cn/nteyoVC8WtnkS0F8BQMJ8R0Ebq58+LiZu+kkg6mLoEOK5PcckV4HHAft8pPdyNy+ViP1+wK3YKvEqcBSmgBRr9/Jc7CEkcUKEJB6W6jh3pXgJSM8LpNOfGikZAxjCkXUMFBFT1knSVKT4zygD7oTQlNE7V3xMJBEpNAs90BqBHatmbif953Vj7l72EiSjWVJD5R37MsQ7xLB08YJISzSeGAJHM7IrJCCQQbTLMmRCc5ZNXSataceyKc1Mt1K4WcWTRCTpFJeSgC1RD16iBmoigR/SMXtGb9WS9WO/Wx7w1Yy1mjtEfWJ8/Zv6bdg==</latexit><latexit sha1_base64="WeD4kZsf4GhVPAnGrlqfsA44bNQ=">AAACEHicbVC7TgJBFJ3FF+ILtbSZCEZoyC6N2pHQWGIij4RFcneYhQmzs5uZWSPZ8Ak2/oqNhcbYWtr5Nw4LhYInucnJOffO3Hu8iDOlbfvbyqytb2xuZbdzO7t7+wf5w6OWCmNJaJOEPJQdDxTlTNCmZprTTiQpBB6nbW9cn/nteyoVC8WtnkS0F8BQMJ8R0Ebq58+LiZu+kkg6mLoEOK5PcckV4HHAft8pPdyNy+ViP1+wK3YKvEqcBSmgBRr9/Jc7CEkcUKEJB6W6jh3pXgJSM8LpNOfGikZAxjCkXUMFBFT1knSVKT4zygD7oTQlNE7V3xMJBEpNAs90BqBHatmbif953Vj7l72EiSjWVJD5R37MsQ7xLB08YJISzSeGAJHM7IrJCCQQbTLMmRCc5ZNXSataceyKc1Mt1K4WcWTRCTpFJeSgC1RD16iBmoigR/SMXtGb9WS9WO/Wx7w1Yy1mjtEfWJ8/Zv6bdg==</latexit>

C(rf2(xk))
<latexit sha1_base64="0CV1tKn3S+LqdRWJxHGA26SYM8c=">AAACEHicbVC7TgJBFJ3FF+ILtbSZCEZoyC6N2pHQWGIij4RFcneYhQmzs5uZWSPZ8Ak2/oqNhcbYWtr5Nw4LhYInucnJOffO3Hu8iDOlbfvbyqytb2xuZbdzO7t7+wf5w6OWCmNJaJOEPJQdDxTlTNCmZprTTiQpBB6nbW9cn/nteyoVC8WtnkS0F8BQMJ8R0Ebq58+LiZu+kkg6mLoEOK5PcckV4HHAfr9aergbl8vFfr5gV+wUeJU4C1JACzT6+S93EJI4oEITDkp1HTvSvQSkZoTTac6NFY2AjGFIu4YKCKjqJekqU3xmlAH2Q2lKaJyqvycSCJSaBJ7pDECP1LI3E//zurH2L3sJE1GsqSDzj/yYYx3iWTp4wCQlmk8MASKZ2RWTEUgg2mSYMyE4yyevkla14tgV56ZaqF0t4siiE3SKSshBF6iGrlEDNRFBj+gZvaI368l6sd6tj3lrxlrMHKM/sD5/AGiJm3c=</latexit><latexit sha1_base64="0CV1tKn3S+LqdRWJxHGA26SYM8c=">AAACEHicbVC7TgJBFJ3FF+ILtbSZCEZoyC6N2pHQWGIij4RFcneYhQmzs5uZWSPZ8Ak2/oqNhcbYWtr5Nw4LhYInucnJOffO3Hu8iDOlbfvbyqytb2xuZbdzO7t7+wf5w6OWCmNJaJOEPJQdDxTlTNCmZprTTiQpBB6nbW9cn/nteyoVC8WtnkS0F8BQMJ8R0Ebq58+LiZu+kkg6mLoEOK5PcckV4HHAfr9aergbl8vFfr5gV+wUeJU4C1JACzT6+S93EJI4oEITDkp1HTvSvQSkZoTTac6NFY2AjGFIu4YKCKjqJekqU3xmlAH2Q2lKaJyqvycSCJSaBJ7pDECP1LI3E//zurH2L3sJE1GsqSDzj/yYYx3iWTp4wCQlmk8MASKZ2RWTEUgg2mSYMyE4yyevkla14tgV56ZaqF0t4siiE3SKSshBF6iGrlEDNRFBj+gZvaI368l6sd6tj3lrxlrMHKM/sD5/AGiJm3c=</latexit><latexit sha1_base64="0CV1tKn3S+LqdRWJxHGA26SYM8c=">AAACEHicbVC7TgJBFJ3FF+ILtbSZCEZoyC6N2pHQWGIij4RFcneYhQmzs5uZWSPZ8Ak2/oqNhcbYWtr5Nw4LhYInucnJOffO3Hu8iDOlbfvbyqytb2xuZbdzO7t7+wf5w6OWCmNJaJOEPJQdDxTlTNCmZprTTiQpBB6nbW9cn/nteyoVC8WtnkS0F8BQMJ8R0Ebq58+LiZu+kkg6mLoEOK5PcckV4HHAfr9aergbl8vFfr5gV+wUeJU4C1JACzT6+S93EJI4oEITDkp1HTvSvQSkZoTTac6NFY2AjGFIu4YKCKjqJekqU3xmlAH2Q2lKaJyqvycSCJSaBJ7pDECP1LI3E//zurH2L3sJE1GsqSDzj/yYYx3iWTp4wCQlmk8MASKZ2RWTEUgg2mSYMyE4yyevkla14tgV56ZaqF0t4siiE3SKSshBF6iGrlEDNRFBj+gZvaI368l6sd6tj3lrxlrMHKM/sD5/AGiJm3c=</latexit><latexit sha1_base64="0CV1tKn3S+LqdRWJxHGA26SYM8c=">AAACEHicbVC7TgJBFJ3FF+ILtbSZCEZoyC6N2pHQWGIij4RFcneYhQmzs5uZWSPZ8Ak2/oqNhcbYWtr5Nw4LhYInucnJOffO3Hu8iDOlbfvbyqytb2xuZbdzO7t7+wf5w6OWCmNJaJOEPJQdDxTlTNCmZprTTiQpBB6nbW9cn/nteyoVC8WtnkS0F8BQMJ8R0Ebq58+LiZu+kkg6mLoEOK5PcckV4HHAfr9aergbl8vFfr5gV+wUeJU4C1JACzT6+S93EJI4oEITDkp1HTvSvQSkZoTTac6NFY2AjGFIu4YKCKjqJekqU3xmlAH2Q2lKaJyqvycSCJSaBJ7pDECP1LI3E//zurH2L3sJE1GsqSDzj/yYYx3iWTp4wCQlmk8MASKZ2RWTEUgg2mSYMyE4yyevkla14tgV56ZaqF0t4siiE3SKSshBF6iGrlEDNRFBj+gZvaI368l6sd6tj3lrxlrMHKM/sD5/AGiJm3c=</latexit>

C(rf3(xk))
<latexit sha1_base64="IigPdvdnJAHbdmajzLWVPIXPbyo=">AAACEHicbVC7TgJBFJ31ifhCLW0mghEasouF2pHQWGIij4RFcneYhQmzs5uZWSPZ8Ak2/oqNhcbYWtr5Nw4LhYInucnJOffO3Hu8iDOlbfvbWlldW9/YzGxlt3d29/ZzB4dNFcaS0AYJeSjbHijKmaANzTSn7UhSCDxOW96oNvVb91QqFopbPY5oN4CBYD4joI3Uy50VEjd9JZG0P3EJcFyb4KIrwOOA/d558eFuVCoVerm8XbZT4GXizEkezVHv5b7cfkjigApNOCjVcexIdxOQmhFOJ1k3VjQCMoIB7RgqIKCqm6SrTPCpUfrYD6UpoXGq/p5IIFBqHHimMwA9VIveVPzP68Tav+wmTESxpoLMPvJjjnWIp+ngPpOUaD42BIhkZldMhiCBaJNh1oTgLJ68TJqVsmOXnZtKvno1jyODjtEJKiIHXaAqukZ11EAEPaJn9IrerCfrxXq3PmatK9Z85gj9gfX5A2oUm3g=</latexit><latexit sha1_base64="IigPdvdnJAHbdmajzLWVPIXPbyo=">AAACEHicbVC7TgJBFJ31ifhCLW0mghEasouF2pHQWGIij4RFcneYhQmzs5uZWSPZ8Ak2/oqNhcbYWtr5Nw4LhYInucnJOffO3Hu8iDOlbfvbWlldW9/YzGxlt3d29/ZzB4dNFcaS0AYJeSjbHijKmaANzTSn7UhSCDxOW96oNvVb91QqFopbPY5oN4CBYD4joI3Uy50VEjd9JZG0P3EJcFyb4KIrwOOA/d558eFuVCoVerm8XbZT4GXizEkezVHv5b7cfkjigApNOCjVcexIdxOQmhFOJ1k3VjQCMoIB7RgqIKCqm6SrTPCpUfrYD6UpoXGq/p5IIFBqHHimMwA9VIveVPzP68Tav+wmTESxpoLMPvJjjnWIp+ngPpOUaD42BIhkZldMhiCBaJNh1oTgLJ68TJqVsmOXnZtKvno1jyODjtEJKiIHXaAqukZ11EAEPaJn9IrerCfrxXq3PmatK9Z85gj9gfX5A2oUm3g=</latexit><latexit sha1_base64="IigPdvdnJAHbdmajzLWVPIXPbyo=">AAACEHicbVC7TgJBFJ31ifhCLW0mghEasouF2pHQWGIij4RFcneYhQmzs5uZWSPZ8Ak2/oqNhcbYWtr5Nw4LhYInucnJOffO3Hu8iDOlbfvbWlldW9/YzGxlt3d29/ZzB4dNFcaS0AYJeSjbHijKmaANzTSn7UhSCDxOW96oNvVb91QqFopbPY5oN4CBYD4joI3Uy50VEjd9JZG0P3EJcFyb4KIrwOOA/d558eFuVCoVerm8XbZT4GXizEkezVHv5b7cfkjigApNOCjVcexIdxOQmhFOJ1k3VjQCMoIB7RgqIKCqm6SrTPCpUfrYD6UpoXGq/p5IIFBqHHimMwA9VIveVPzP68Tav+wmTESxpoLMPvJjjnWIp+ngPpOUaD42BIhkZldMhiCBaJNh1oTgLJ68TJqVsmOXnZtKvno1jyODjtEJKiIHXaAqukZ11EAEPaJn9IrerCfrxXq3PmatK9Z85gj9gfX5A2oUm3g=</latexit><latexit sha1_base64="IigPdvdnJAHbdmajzLWVPIXPbyo=">AAACEHicbVC7TgJBFJ31ifhCLW0mghEasouF2pHQWGIij4RFcneYhQmzs5uZWSPZ8Ak2/oqNhcbYWtr5Nw4LhYInucnJOffO3Hu8iDOlbfvbWlldW9/YzGxlt3d29/ZzB4dNFcaS0AYJeSjbHijKmaANzTSn7UhSCDxOW96oNvVb91QqFopbPY5oN4CBYD4joI3Uy50VEjd9JZG0P3EJcFyb4KIrwOOA/d558eFuVCoVerm8XbZT4GXizEkezVHv5b7cfkjigApNOCjVcexIdxOQmhFOJ1k3VjQCMoIB7RgqIKCqm6SrTPCpUfrYD6UpoXGq/p5IIFBqHHimMwA9VIveVPzP68Tav+wmTESxpoLMPvJjjnWIp+ngPpOUaD42BIhkZldMhiCBaJNh1oTgLJ68TJqVsmOXnZtKvno1jyODjtEJKiIHXaAqukZ11EAEPaJn9IrerCfrxXq3PmatK9Z85gj9gfX5A2oUm3g=</latexit>

[Alistarh et al, 2017]

C(rf1(xk))
<latexit sha1_base64="WeD4kZsf4GhVPAnGrlqfsA44bNQ=">AAACEHicbVC7TgJBFJ3FF+ILtbSZCEZoyC6N2pHQWGIij4RFcneYhQmzs5uZWSPZ8Ak2/oqNhcbYWtr5Nw4LhYInucnJOffO3Hu8iDOlbfvbyqytb2xuZbdzO7t7+wf5w6OWCmNJaJOEPJQdDxTlTNCmZprTTiQpBB6nbW9cn/nteyoVC8WtnkS0F8BQMJ8R0Ebq58+LiZu+kkg6mLoEOK5PcckV4HHAft8pPdyNy+ViP1+wK3YKvEqcBSmgBRr9/Jc7CEkcUKEJB6W6jh3pXgJSM8LpNOfGikZAxjCkXUMFBFT1knSVKT4zygD7oTQlNE7V3xMJBEpNAs90BqBHatmbif953Vj7l72EiSjWVJD5R37MsQ7xLB08YJISzSeGAJHM7IrJCCQQbTLMmRCc5ZNXSataceyKc1Mt1K4WcWTRCTpFJeSgC1RD16iBmoigR/SMXtGb9WS9WO/Wx7w1Yy1mjtEfWJ8/Zv6bdg==</latexit><latexit sha1_base64="WeD4kZsf4GhVPAnGrlqfsA44bNQ=">AAACEHicbVC7TgJBFJ3FF+ILtbSZCEZoyC6N2pHQWGIij4RFcneYhQmzs5uZWSPZ8Ak2/oqNhcbYWtr5Nw4LhYInucnJOffO3Hu8iDOlbfvbyqytb2xuZbdzO7t7+wf5w6OWCmNJaJOEPJQdDxTlTNCmZprTTiQpBB6nbW9cn/nteyoVC8WtnkS0F8BQMJ8R0Ebq58+LiZu+kkg6mLoEOK5PcckV4HHAft8pPdyNy+ViP1+wK3YKvEqcBSmgBRr9/Jc7CEkcUKEJB6W6jh3pXgJSM8LpNOfGikZAxjCkXUMFBFT1knSVKT4zygD7oTQlNE7V3xMJBEpNAs90BqBHatmbif953Vj7l72EiSjWVJD5R37MsQ7xLB08YJISzSeGAJHM7IrJCCQQbTLMmRCc5ZNXSataceyKc1Mt1K4WcWTRCTpFJeSgC1RD16iBmoigR/SMXtGb9WS9WO/Wx7w1Yy1mjtEfWJ8/Zv6bdg==</latexit><latexit sha1_base64="WeD4kZsf4GhVPAnGrlqfsA44bNQ=">AAACEHicbVC7TgJBFJ3FF+ILtbSZCEZoyC6N2pHQWGIij4RFcneYhQmzs5uZWSPZ8Ak2/oqNhcbYWtr5Nw4LhYInucnJOffO3Hu8iDOlbfvbyqytb2xuZbdzO7t7+wf5w6OWCmNJaJOEPJQdDxTlTNCmZprTTiQpBB6nbW9cn/nteyoVC8WtnkS0F8BQMJ8R0Ebq58+LiZu+kkg6mLoEOK5PcckV4HHAft8pPdyNy+ViP1+wK3YKvEqcBSmgBRr9/Jc7CEkcUKEJB6W6jh3pXgJSM8LpNOfGikZAxjCkXUMFBFT1knSVKT4zygD7oTQlNE7V3xMJBEpNAs90BqBHatmbif953Vj7l72EiSjWVJD5R37MsQ7xLB08YJISzSeGAJHM7IrJCCQQbTLMmRCc5ZNXSataceyKc1Mt1K4WcWTRCTpFJeSgC1RD16iBmoigR/SMXtGb9WS9WO/Wx7w1Yy1mjtEfWJ8/Zv6bdg==</latexit><latexit sha1_base64="WeD4kZsf4GhVPAnGrlqfsA44bNQ=">AAACEHicbVC7TgJBFJ3FF+ILtbSZCEZoyC6N2pHQWGIij4RFcneYhQmzs5uZWSPZ8Ak2/oqNhcbYWtr5Nw4LhYInucnJOffO3Hu8iDOlbfvbyqytb2xuZbdzO7t7+wf5w6OWCmNJaJOEPJQdDxTlTNCmZprTTiQpBB6nbW9cn/nteyoVC8WtnkS0F8BQMJ8R0Ebq58+LiZu+kkg6mLoEOK5PcckV4HHAft8pPdyNy+ViP1+wK3YKvEqcBSmgBRr9/Jc7CEkcUKEJB6W6jh3pXgJSM8LpNOfGikZAxjCkXUMFBFT1knSVKT4zygD7oTQlNE7V3xMJBEpNAs90BqBHatmbif953Vj7l72EiSjWVJD5R37MsQ7xLB08YJISzSeGAJHM7IrJCCQQbTLMmRCc5ZNXSataceyKc1Mt1K4WcWTRCTpFJeSgC1RD16iBmoigR/SMXtGb9WS9WO/Wx7w1Yy1mjtEfWJ8/Zv6bdg==</latexit>

C(rf2(xk))
<latexit sha1_base64="0CV1tKn3S+LqdRWJxHGA26SYM8c=">AAACEHicbVC7TgJBFJ3FF+ILtbSZCEZoyC6N2pHQWGIij4RFcneYhQmzs5uZWSPZ8Ak2/oqNhcbYWtr5Nw4LhYInucnJOffO3Hu8iDOlbfvbyqytb2xuZbdzO7t7+wf5w6OWCmNJaJOEPJQdDxTlTNCmZprTTiQpBB6nbW9cn/nteyoVC8WtnkS0F8BQMJ8R0Ebq58+LiZu+kkg6mLoEOK5PcckV4HHAfr9aergbl8vFfr5gV+wUeJU4C1JACzT6+S93EJI4oEITDkp1HTvSvQSkZoTTac6NFY2AjGFIu4YKCKjqJekqU3xmlAH2Q2lKaJyqvycSCJSaBJ7pDECP1LI3E//zurH2L3sJE1GsqSDzj/yYYx3iWTp4wCQlmk8MASKZ2RWTEUgg2mSYMyE4yyevkla14tgV56ZaqF0t4siiE3SKSshBF6iGrlEDNRFBj+gZvaI368l6sd6tj3lrxlrMHKM/sD5/AGiJm3c=</latexit><latexit sha1_base64="0CV1tKn3S+LqdRWJxHGA26SYM8c=">AAACEHicbVC7TgJBFJ3FF+ILtbSZCEZoyC6N2pHQWGIij4RFcneYhQmzs5uZWSPZ8Ak2/oqNhcbYWtr5Nw4LhYInucnJOffO3Hu8iDOlbfvbyqytb2xuZbdzO7t7+wf5w6OWCmNJaJOEPJQdDxTlTNCmZprTTiQpBB6nbW9cn/nteyoVC8WtnkS0F8BQMJ8R0Ebq58+LiZu+kkg6mLoEOK5PcckV4HHAfr9aergbl8vFfr5gV+wUeJU4C1JACzT6+S93EJI4oEITDkp1HTvSvQSkZoTTac6NFY2AjGFIu4YKCKjqJekqU3xmlAH2Q2lKaJyqvycSCJSaBJ7pDECP1LI3E//zurH2L3sJE1GsqSDzj/yYYx3iWTp4wCQlmk8MASKZ2RWTEUgg2mSYMyE4yyevkla14tgV56ZaqF0t4siiE3SKSshBF6iGrlEDNRFBj+gZvaI368l6sd6tj3lrxlrMHKM/sD5/AGiJm3c=</latexit><latexit sha1_base64="0CV1tKn3S+LqdRWJxHGA26SYM8c=">AAACEHicbVC7TgJBFJ3FF+ILtbSZCEZoyC6N2pHQWGIij4RFcneYhQmzs5uZWSPZ8Ak2/oqNhcbYWtr5Nw4LhYInucnJOffO3Hu8iDOlbfvbyqytb2xuZbdzO7t7+wf5w6OWCmNJaJOEPJQdDxTlTNCmZprTTiQpBB6nbW9cn/nteyoVC8WtnkS0F8BQMJ8R0Ebq58+LiZu+kkg6mLoEOK5PcckV4HHAfr9aergbl8vFfr5gV+wUeJU4C1JACzT6+S93EJI4oEITDkp1HTvSvQSkZoTTac6NFY2AjGFIu4YKCKjqJekqU3xmlAH2Q2lKaJyqvycSCJSaBJ7pDECP1LI3E//zurH2L3sJE1GsqSDzj/yYYx3iWTp4wCQlmk8MASKZ2RWTEUgg2mSYMyE4yyevkla14tgV56ZaqF0t4siiE3SKSshBF6iGrlEDNRFBj+gZvaI368l6sd6tj3lrxlrMHKM/sD5/AGiJm3c=</latexit><latexit sha1_base64="0CV1tKn3S+LqdRWJxHGA26SYM8c=">AAACEHicbVC7TgJBFJ3FF+ILtbSZCEZoyC6N2pHQWGIij4RFcneYhQmzs5uZWSPZ8Ak2/oqNhcbYWtr5Nw4LhYInucnJOffO3Hu8iDOlbfvbyqytb2xuZbdzO7t7+wf5w6OWCmNJaJOEPJQdDxTlTNCmZprTTiQpBB6nbW9cn/nteyoVC8WtnkS0F8BQMJ8R0Ebq58+LiZu+kkg6mLoEOK5PcckV4HHAfr9aergbl8vFfr5gV+wUeJU4C1JACzT6+S93EJI4oEITDkp1HTvSvQSkZoTTac6NFY2AjGFIu4YKCKjqJekqU3xmlAH2Q2lKaJyqvycSCJSaBJ7pDECP1LI3E//zurH2L3sJE1GsqSDzj/yYYx3iWTp4wCQlmk8MASKZ2RWTEUgg2mSYMyE4yyevkla14tgV56ZaqF0t4siiE3SKSshBF6iGrlEDNRFBj+gZvaI368l6sd6tj3lrxlrMHKM/sD5/AGiJm3c=</latexit>

C(rf3(xk))
<latexit sha1_base64="IigPdvdnJAHbdmajzLWVPIXPbyo=">AAACEHicbVC7TgJBFJ31ifhCLW0mghEasouF2pHQWGIij4RFcneYhQmzs5uZWSPZ8Ak2/oqNhcbYWtr5Nw4LhYInucnJOffO3Hu8iDOlbfvbWlldW9/YzGxlt3d29/ZzB4dNFcaS0AYJeSjbHijKmaANzTSn7UhSCDxOW96oNvVb91QqFopbPY5oN4CBYD4joI3Uy50VEjd9JZG0P3EJcFyb4KIrwOOA/d558eFuVCoVerm8XbZT4GXizEkezVHv5b7cfkjigApNOCjVcexIdxOQmhFOJ1k3VjQCMoIB7RgqIKCqm6SrTPCpUfrYD6UpoXGq/p5IIFBqHHimMwA9VIveVPzP68Tav+wmTESxpoLMPvJjjnWIp+ngPpOUaD42BIhkZldMhiCBaJNh1oTgLJ68TJqVsmOXnZtKvno1jyODjtEJKiIHXaAqukZ11EAEPaJn9IrerCfrxXq3PmatK9Z85gj9gfX5A2oUm3g=</latexit><latexit sha1_base64="IigPdvdnJAHbdmajzLWVPIXPbyo=">AAACEHicbVC7TgJBFJ31ifhCLW0mghEasouF2pHQWGIij4RFcneYhQmzs5uZWSPZ8Ak2/oqNhcbYWtr5Nw4LhYInucnJOffO3Hu8iDOlbfvbWlldW9/YzGxlt3d29/ZzB4dNFcaS0AYJeSjbHijKmaANzTSn7UhSCDxOW96oNvVb91QqFopbPY5oN4CBYD4joI3Uy50VEjd9JZG0P3EJcFyb4KIrwOOA/d558eFuVCoVerm8XbZT4GXizEkezVHv5b7cfkjigApNOCjVcexIdxOQmhFOJ1k3VjQCMoIB7RgqIKCqm6SrTPCpUfrYD6UpoXGq/p5IIFBqHHimMwA9VIveVPzP68Tav+wmTESxpoLMPvJjjnWIp+ngPpOUaD42BIhkZldMhiCBaJNh1oTgLJ68TJqVsmOXnZtKvno1jyODjtEJKiIHXaAqukZ11EAEPaJn9IrerCfrxXq3PmatK9Z85gj9gfX5A2oUm3g=</latexit><latexit sha1_base64="IigPdvdnJAHbdmajzLWVPIXPbyo=">AAACEHicbVC7TgJBFJ31ifhCLW0mghEasouF2pHQWGIij4RFcneYhQmzs5uZWSPZ8Ak2/oqNhcbYWtr5Nw4LhYInucnJOffO3Hu8iDOlbfvbWlldW9/YzGxlt3d29/ZzB4dNFcaS0AYJeSjbHijKmaANzTSn7UhSCDxOW96oNvVb91QqFopbPY5oN4CBYD4joI3Uy50VEjd9JZG0P3EJcFyb4KIrwOOA/d558eFuVCoVerm8XbZT4GXizEkezVHv5b7cfkjigApNOCjVcexIdxOQmhFOJ1k3VjQCMoIB7RgqIKCqm6SrTPCpUfrYD6UpoXGq/p5IIFBqHHimMwA9VIveVPzP68Tav+wmTESxpoLMPvJjjnWIp+ngPpOUaD42BIhkZldMhiCBaJNh1oTgLJ68TJqVsmOXnZtKvno1jyODjtEJKiIHXaAqukZ11EAEPaJn9IrerCfrxXq3PmatK9Z85gj9gfX5A2oUm3g=</latexit><latexit sha1_base64="IigPdvdnJAHbdmajzLWVPIXPbyo=">AAACEHicbVC7TgJBFJ31ifhCLW0mghEasouF2pHQWGIij4RFcneYhQmzs5uZWSPZ8Ak2/oqNhcbYWtr5Nw4LhYInucnJOffO3Hu8iDOlbfvbWlldW9/YzGxlt3d29/ZzB4dNFcaS0AYJeSjbHijKmaANzTSn7UhSCDxOW96oNvVb91QqFopbPY5oN4CBYD4joI3Uy50VEjd9JZG0P3EJcFyb4KIrwOOA/d558eFuVCoVerm8XbZT4GXizEkezVHv5b7cfkjigApNOCjVcexIdxOQmhFOJ1k3VjQCMoIB7RgqIKCqm6SrTPCpUfrYD6UpoXGq/p5IIFBqHHimMwA9VIveVPzP68Tav+wmTESxpoLMPvJjjnWIp+ngPpOUaD42BIhkZldMhiCBaJNh1oTgLJ68TJqVsmOXnZtKvno1jyODjtEJKiIHXaAqukZ11EAEPaJn9IrerCfrxXq3PmatK9Z85gj9gfX5A2oUm3g=</latexit>

gk
<latexit sha1_base64="qfQVGsE/JnBvw7BuVmuU9HUbBiQ=">AAAB7HicbVA9SwNBEJ2LXzF+RS1tFhPBKtylUbuAjWUE8wHJGfY2e8mSvb1jd04IR36DjYUitv4gO/+Nm+QKTXww8Hhvhpl5QSKFQdf9dgobm1vbO8Xd0t7+weFR+fikbeJUM95isYx1N6CGS6F4CwVK3k00p1EgeSeY3M79zhPXRsTqAacJ9yM6UiIUjKKVWtXR46Q6KFfcmrsAWSdeTiqQozkof/WHMUsjrpBJakzPcxP0M6pRMMlnpX5qeELZhI54z1JFI278bHHsjFxYZUjCWNtSSBbq74mMRsZMo8B2RhTHZtWbi/95vRTDaz8TKkmRK7ZcFKaSYEzmn5Oh0JyhnFpCmRb2VsLGVFOGNp+SDcFbfXmdtOs1z6159/VK4yaPowhncA6X4MEVNOAOmtACBgKe4RXeHOW8OO/Ox7K14OQzp/AHzucP/YqOGQ==</latexit><latexit sha1_base64="qfQVGsE/JnBvw7BuVmuU9HUbBiQ=">AAAB7HicbVA9SwNBEJ2LXzF+RS1tFhPBKtylUbuAjWUE8wHJGfY2e8mSvb1jd04IR36DjYUitv4gO/+Nm+QKTXww8Hhvhpl5QSKFQdf9dgobm1vbO8Xd0t7+weFR+fikbeJUM95isYx1N6CGS6F4CwVK3k00p1EgeSeY3M79zhPXRsTqAacJ9yM6UiIUjKKVWtXR46Q6KFfcmrsAWSdeTiqQozkof/WHMUsjrpBJakzPcxP0M6pRMMlnpX5qeELZhI54z1JFI278bHHsjFxYZUjCWNtSSBbq74mMRsZMo8B2RhTHZtWbi/95vRTDaz8TKkmRK7ZcFKaSYEzmn5Oh0JyhnFpCmRb2VsLGVFOGNp+SDcFbfXmdtOs1z6159/VK4yaPowhncA6X4MEVNOAOmtACBgKe4RXeHOW8OO/Ox7K14OQzp/AHzucP/YqOGQ==</latexit><latexit sha1_base64="qfQVGsE/JnBvw7BuVmuU9HUbBiQ=">AAAB7HicbVA9SwNBEJ2LXzF+RS1tFhPBKtylUbuAjWUE8wHJGfY2e8mSvb1jd04IR36DjYUitv4gO/+Nm+QKTXww8Hhvhpl5QSKFQdf9dgobm1vbO8Xd0t7+weFR+fikbeJUM95isYx1N6CGS6F4CwVK3k00p1EgeSeY3M79zhPXRsTqAacJ9yM6UiIUjKKVWtXR46Q6KFfcmrsAWSdeTiqQozkof/WHMUsjrpBJakzPcxP0M6pRMMlnpX5qeELZhI54z1JFI278bHHsjFxYZUjCWNtSSBbq74mMRsZMo8B2RhTHZtWbi/95vRTDaz8TKkmRK7ZcFKaSYEzmn5Oh0JyhnFpCmRb2VsLGVFOGNp+SDcFbfXmdtOs1z6159/VK4yaPowhncA6X4MEVNOAOmtACBgKe4RXeHOW8OO/Ox7K14OQzp/AHzucP/YqOGQ==</latexit><latexit sha1_base64="qfQVGsE/JnBvw7BuVmuU9HUbBiQ=">AAAB7HicbVA9SwNBEJ2LXzF+RS1tFhPBKtylUbuAjWUE8wHJGfY2e8mSvb1jd04IR36DjYUitv4gO/+Nm+QKTXww8Hhvhpl5QSKFQdf9dgobm1vbO8Xd0t7+weFR+fikbeJUM95isYx1N6CGS6F4CwVK3k00p1EgeSeY3M79zhPXRsTqAacJ9yM6UiIUjKKVWtXR46Q6KFfcmrsAWSdeTiqQozkof/WHMUsjrpBJakzPcxP0M6pRMMlnpX5qeELZhI54z1JFI278bHHsjFxYZUjCWNtSSBbq74mMRsZMo8B2RhTHZtWbi/95vRTDaz8TKkmRK7ZcFKaSYEzmn5Oh0JyhnFpCmRb2VsLGVFOGNp+SDcFbfXmdtOs1z6159/VK4yaPowhncA6X4MEVNOAOmtACBgKe4RXeHOW8OO/Ox7K14OQzp/AHzucP/YqOGQ==</latexit>

gk
<latexit sha1_base64="qfQVGsE/JnBvw7BuVmuU9HUbBiQ=">AAAB7HicbVA9SwNBEJ2LXzF+RS1tFhPBKtylUbuAjWUE8wHJGfY2e8mSvb1jd04IR36DjYUitv4gO/+Nm+QKTXww8Hhvhpl5QSKFQdf9dgobm1vbO8Xd0t7+weFR+fikbeJUM95isYx1N6CGS6F4CwVK3k00p1EgeSeY3M79zhPXRsTqAacJ9yM6UiIUjKKVWtXR46Q6KFfcmrsAWSdeTiqQozkof/WHMUsjrpBJakzPcxP0M6pRMMlnpX5qeELZhI54z1JFI278bHHsjFxYZUjCWNtSSBbq74mMRsZMo8B2RhTHZtWbi/95vRTDaz8TKkmRK7ZcFKaSYEzmn5Oh0JyhnFpCmRb2VsLGVFOGNp+SDcFbfXmdtOs1z6159/VK4yaPowhncA6X4MEVNOAOmtACBgKe4RXeHOW8OO/Ox7K14OQzp/AHzucP/YqOGQ==</latexit><latexit sha1_base64="qfQVGsE/JnBvw7BuVmuU9HUbBiQ=">AAAB7HicbVA9SwNBEJ2LXzF+RS1tFhPBKtylUbuAjWUE8wHJGfY2e8mSvb1jd04IR36DjYUitv4gO/+Nm+QKTXww8Hhvhpl5QSKFQdf9dgobm1vbO8Xd0t7+weFR+fikbeJUM95isYx1N6CGS6F4CwVK3k00p1EgeSeY3M79zhPXRsTqAacJ9yM6UiIUjKKVWtXR46Q6KFfcmrsAWSdeTiqQozkof/WHMUsjrpBJakzPcxP0M6pRMMlnpX5qeELZhI54z1JFI278bHHsjFxYZUjCWNtSSBbq74mMRsZMo8B2RhTHZtWbi/95vRTDaz8TKkmRK7ZcFKaSYEzmn5Oh0JyhnFpCmRb2VsLGVFOGNp+SDcFbfXmdtOs1z6159/VK4yaPowhncA6X4MEVNOAOmtACBgKe4RXeHOW8OO/Ox7K14OQzp/AHzucP/YqOGQ==</latexit><latexit sha1_base64="qfQVGsE/JnBvw7BuVmuU9HUbBiQ=">AAAB7HicbVA9SwNBEJ2LXzF+RS1tFhPBKtylUbuAjWUE8wHJGfY2e8mSvb1jd04IR36DjYUitv4gO/+Nm+QKTXww8Hhvhpl5QSKFQdf9dgobm1vbO8Xd0t7+weFR+fikbeJUM95isYx1N6CGS6F4CwVK3k00p1EgeSeY3M79zhPXRsTqAacJ9yM6UiIUjKKVWtXR46Q6KFfcmrsAWSdeTiqQozkof/WHMUsjrpBJakzPcxP0M6pRMMlnpX5qeELZhI54z1JFI278bHHsjFxYZUjCWNtSSBbq74mMRsZMo8B2RhTHZtWbi/95vRTDaz8TKkmRK7ZcFKaSYEzmn5Oh0JyhnFpCmRb2VsLGVFOGNp+SDcFbfXmdtOs1z6159/VK4yaPowhncA6X4MEVNOAOmtACBgKe4RXeHOW8OO/Ox7K14OQzp/AHzucP/YqOGQ==</latexit><latexit sha1_base64="qfQVGsE/JnBvw7BuVmuU9HUbBiQ=">AAAB7HicbVA9SwNBEJ2LXzF+RS1tFhPBKtylUbuAjWUE8wHJGfY2e8mSvb1jd04IR36DjYUitv4gO/+Nm+QKTXww8Hhvhpl5QSKFQdf9dgobm1vbO8Xd0t7+weFR+fikbeJUM95isYx1N6CGS6F4CwVK3k00p1EgeSeY3M79zhPXRsTqAacJ9yM6UiIUjKKVWtXR46Q6KFfcmrsAWSdeTiqQozkof/WHMUsjrpBJakzPcxP0M6pRMMlnpX5qeELZhI54z1JFI278bHHsjFxYZUjCWNtSSBbq74mMRsZMo8B2RhTHZtWbi/95vRTDaz8TKkmRK7ZcFKaSYEzmn5Oh0JyhnFpCmRb2VsLGVFOGNp+SDcFbfXmdtOs1z6159/VK4yaPowhncA6X4MEVNOAOmtACBgKe4RXeHOW8OO/Ox7K14OQzp/AHzucP/YqOGQ==</latexit>

GD with Compressed Gradients

Parameter server
min
x2Rd

1

3

3X

i=1

fi(x) +R(x)
<latexit sha1_base64="I4Dp3o21JNc3t024IZDTFB5eEVQ="></latexit><latexit sha1_base64="I4Dp3o21JNc3t024IZDTFB5eEVQ="></latexit><latexit sha1_base64="I4Dp3o21JNc3t024IZDTFB5eEVQ="></latexit><latexit sha1_base64="I4Dp3o21JNc3t024IZDTFB5eEVQ="></latexit>

gk
<latexit sha1_base64="qfQVGsE/JnBvw7BuVmuU9HUbBiQ=">AAAB7HicbVA9SwNBEJ2LXzF+RS1tFhPBKtylUbuAjWUE8wHJGfY2e8mSvb1jd04IR36DjYUitv4gO/+Nm+QKTXww8Hhvhpl5QSKFQdf9dgobm1vbO8Xd0t7+weFR+fikbeJUM95isYx1N6CGS6F4CwVK3k00p1EgeSeY3M79zhPXRsTqAacJ9yM6UiIUjKKVWtXR46Q6KFfcmrsAWSdeTiqQozkof/WHMUsjrpBJakzPcxP0M6pRMMlnpX5qeELZhI54z1JFI278bHHsjFxYZUjCWNtSSBbq74mMRsZMo8B2RhTHZtWbi/95vRTDaz8TKkmRK7ZcFKaSYEzmn5Oh0JyhnFpCmRb2VsLGVFOGNp+SDcFbfXmdtOs1z6159/VK4yaPowhncA6X4MEVNOAOmtACBgKe4RXeHOW8OO/Ox7K14OQzp/AHzucP/YqOGQ==</latexit><latexit sha1_base64="qfQVGsE/JnBvw7BuVmuU9HUbBiQ=">AAAB7HicbVA9SwNBEJ2LXzF+RS1tFhPBKtylUbuAjWUE8wHJGfY2e8mSvb1jd04IR36DjYUitv4gO/+Nm+QKTXww8Hhvhpl5QSKFQdf9dgobm1vbO8Xd0t7+weFR+fikbeJUM95isYx1N6CGS6F4CwVK3k00p1EgeSeY3M79zhPXRsTqAacJ9yM6UiIUjKKVWtXR46Q6KFfcmrsAWSdeTiqQozkof/WHMUsjrpBJakzPcxP0M6pRMMlnpX5qeELZhI54z1JFI278bHHsjFxYZUjCWNtSSBbq74mMRsZMo8B2RhTHZtWbi/95vRTDaz8TKkmRK7ZcFKaSYEzmn5Oh0JyhnFpCmRb2VsLGVFOGNp+SDcFbfXmdtOs1z6159/VK4yaPowhncA6X4MEVNOAOmtACBgKe4RXeHOW8OO/Ox7K14OQzp/AHzucP/YqOGQ==</latexit><latexit sha1_base64="qfQVGsE/JnBvw7BuVmuU9HUbBiQ=">AAAB7HicbVA9SwNBEJ2LXzF+RS1tFhPBKtylUbuAjWUE8wHJGfY2e8mSvb1jd04IR36DjYUitv4gO/+Nm+QKTXww8Hhvhpl5QSKFQdf9dgobm1vbO8Xd0t7+weFR+fikbeJUM95isYx1N6CGS6F4CwVK3k00p1EgeSeY3M79zhPXRsTqAacJ9yM6UiIUjKKVWtXR46Q6KFfcmrsAWSdeTiqQozkof/WHMUsjrpBJakzPcxP0M6pRMMlnpX5qeELZhI54z1JFI278bHHsjFxYZUjCWNtSSBbq74mMRsZMo8B2RhTHZtWbi/95vRTDaz8TKkmRK7ZcFKaSYEzmn5Oh0JyhnFpCmRb2VsLGVFOGNp+SDcFbfXmdtOs1z6159/VK4yaPowhncA6X4MEVNOAOmtACBgKe4RXeHOW8OO/Ox7K14OQzp/AHzucP/YqOGQ==</latexit><latexit sha1_base64="qfQVGsE/JnBvw7BuVmuU9HUbBiQ=">AAAB7HicbVA9SwNBEJ2LXzF+RS1tFhPBKtylUbuAjWUE8wHJGfY2e8mSvb1jd04IR36DjYUitv4gO/+Nm+QKTXww8Hhvhpl5QSKFQdf9dgobm1vbO8Xd0t7+weFR+fikbeJUM95isYx1N6CGS6F4CwVK3k00p1EgeSeY3M79zhPXRsTqAacJ9yM6UiIUjKKVWtXR46Q6KFfcmrsAWSdeTiqQozkof/WHMUsjrpBJakzPcxP0M6pRMMlnpX5qeELZhI54z1JFI278bHHsjFxYZUjCWNtSSBbq74mMRsZMo8B2RhTHZtWbi/95vRTDaz8TKkmRK7ZcFKaSYEzmn5Oh0JyhnFpCmRb2VsLGVFOGNp+SDcFbfXmdtOs1z6159/VK4yaPowhncA6X4MEVNOAOmtACBgKe4RXeHOW8OO/Ox7K14OQzp/AHzucP/YqOGQ==</latexit>

xk+1 = prox�R
�
xk � �gk

�
<latexit sha1_base64="vW05sWWiRXGWYgnWuywSQxjuuIg="></latexit><latexit sha1_base64="vW05sWWiRXGWYgnWuywSQxjuuIg="></latexit><latexit sha1_base64="vW05sWWiRXGWYgnWuywSQxjuuIg="></latexit><latexit sha1_base64="vW05sWWiRXGWYgnWuywSQxjuuIg="></latexit>

xk+1 = prox�R
�
xk � �gk

�
<latexit sha1_base64="vW05sWWiRXGWYgnWuywSQxjuuIg="></latexit><latexit sha1_base64="vW05sWWiRXGWYgnWuywSQxjuuIg="></latexit><latexit sha1_base64="vW05sWWiRXGWYgnWuywSQxjuuIg="></latexit><latexit sha1_base64="vW05sWWiRXGWYgnWuywSQxjuuIg="></latexit>

xk+1 = prox�R
�
xk � �gk

�
<latexit sha1_base64="vW05sWWiRXGWYgnWuywSQxjuuIg="></latexit><latexit sha1_base64="vW05sWWiRXGWYgnWuywSQxjuuIg="></latexit><latexit sha1_base64="vW05sWWiRXGWYgnWuywSQxjuuIg="></latexit><latexit sha1_base64="vW05sWWiRXGWYgnWuywSQxjuuIg="></latexit>

f1 R
<latexit sha1_base64="K0Y6GY3r2MNzeInwffneSpx9jbg=">AAAB8HicbVA9T8MwEL2Ur1K+CowsFg0SU5R0gbESC2NB9AO1UeW4TmvVdiLbQaqi/goWBhBi5eew8W9w2wzQ8qSTnt670929KOVMG9//dkobm1vbO+Xdyt7+weFR9fikrZNMEdoiCU9UN8KaciZpyzDDaTdVFIuI0040uZn7nSeqNEvkg5mmNBR4JFnMCDZWenTjQeAi994dVGu+5y+A1klQkBoUaA6qX/1hQjJBpSEca90L/NSEOVaGEU5nlX6maYrJBI9oz1KJBdVhvjh4hi6sMkRxomxJgxbq74kcC62nIrKdApuxXvXm4n9eLzPxdZgzmWaGSrJcFGccmQTNv0dDpigxfGoJJorZWxEZY4WJsRlVbAjB6svrpF33At8L7uq1hlfEUYYzOIdLCOAKGnALTWgBAQHP8ApvjnJenHfnY9lacoqZU/gD5/MHVcyOtg==</latexit><latexit sha1_base64="K0Y6GY3r2MNzeInwffneSpx9jbg=">AAAB8HicbVA9T8MwEL2Ur1K+CowsFg0SU5R0gbESC2NB9AO1UeW4TmvVdiLbQaqi/goWBhBi5eew8W9w2wzQ8qSTnt670929KOVMG9//dkobm1vbO+Xdyt7+weFR9fikrZNMEdoiCU9UN8KaciZpyzDDaTdVFIuI0040uZn7nSeqNEvkg5mmNBR4JFnMCDZWenTjQeAi994dVGu+5y+A1klQkBoUaA6qX/1hQjJBpSEca90L/NSEOVaGEU5nlX6maYrJBI9oz1KJBdVhvjh4hi6sMkRxomxJgxbq74kcC62nIrKdApuxXvXm4n9eLzPxdZgzmWaGSrJcFGccmQTNv0dDpigxfGoJJorZWxEZY4WJsRlVbAjB6svrpF33At8L7uq1hlfEUYYzOIdLCOAKGnALTWgBAQHP8ApvjnJenHfnY9lacoqZU/gD5/MHVcyOtg==</latexit><latexit sha1_base64="K0Y6GY3r2MNzeInwffneSpx9jbg=">AAAB8HicbVA9T8MwEL2Ur1K+CowsFg0SU5R0gbESC2NB9AO1UeW4TmvVdiLbQaqi/goWBhBi5eew8W9w2wzQ8qSTnt670929KOVMG9//dkobm1vbO+Xdyt7+weFR9fikrZNMEdoiCU9UN8KaciZpyzDDaTdVFIuI0040uZn7nSeqNEvkg5mmNBR4JFnMCDZWenTjQeAi994dVGu+5y+A1klQkBoUaA6qX/1hQjJBpSEca90L/NSEOVaGEU5nlX6maYrJBI9oz1KJBdVhvjh4hi6sMkRxomxJgxbq74kcC62nIrKdApuxXvXm4n9eLzPxdZgzmWaGSrJcFGccmQTNv0dDpigxfGoJJorZWxEZY4WJsRlVbAjB6svrpF33At8L7uq1hlfEUYYzOIdLCOAKGnALTWgBAQHP8ApvjnJenHfnY9lacoqZU/gD5/MHVcyOtg==</latexit><latexit sha1_base64="K0Y6GY3r2MNzeInwffneSpx9jbg=">AAAB8HicbVA9T8MwEL2Ur1K+CowsFg0SU5R0gbESC2NB9AO1UeW4TmvVdiLbQaqi/goWBhBi5eew8W9w2wzQ8qSTnt670929KOVMG9//dkobm1vbO+Xdyt7+weFR9fikrZNMEdoiCU9UN8KaciZpyzDDaTdVFIuI0040uZn7nSeqNEvkg5mmNBR4JFnMCDZWenTjQeAi994dVGu+5y+A1klQkBoUaA6qX/1hQjJBpSEca90L/NSEOVaGEU5nlX6maYrJBI9oz1KJBdVhvjh4hi6sMkRxomxJgxbq74kcC62nIrKdApuxXvXm4n9eLzPxdZgzmWaGSrJcFGccmQTNv0dDpigxfGoJJorZWxEZY4WJsRlVbAjB6svrpF33At8L7uq1hlfEUYYzOIdLCOAKGnALTWgBAQHP8ApvjnJenHfnY9lacoqZU/gD5/MHVcyOtg==</latexit>

f2 R
<latexit sha1_base64="nxjTHUMUbUCVGUA0EbDuEYmkaVU=">AAAB8HicbVA9T8MwEL2Ur1K+CowsFg0SU5R0gbESC2NB9AO1UeW4TmvVdiLbQaqi/goWBhBi5eew8W9w2wzQ8qSTnt670929KOVMG9//dkobm1vbO+Xdyt7+weFR9fikrZNMEdoiCU9UN8KaciZpyzDDaTdVFIuI0040uZn7nSeqNEvkg5mmNBR4JFnMCDZWenTjQd1F7r07qNZ8z18ArZOgIDUo0BxUv/rDhGSCSkM41roX+KkJc6wMI5zOKv1M0xSTCR7RnqUSC6rDfHHwDF1YZYjiRNmSBi3U3xM5FlpPRWQ7BTZjverNxf+8Xmbi6zBnMs0MlWS5KM44Mgmaf4+GTFFi+NQSTBSztyIyxgoTYzOq2BCC1ZfXSbvuBb4X3NVrDa+IowxncA6XEMAVNOAWmtACAgKe4RXeHOW8OO/Ox7K15BQzp/AHzucPV1WOtw==</latexit><latexit sha1_base64="nxjTHUMUbUCVGUA0EbDuEYmkaVU=">AAAB8HicbVA9T8MwEL2Ur1K+CowsFg0SU5R0gbESC2NB9AO1UeW4TmvVdiLbQaqi/goWBhBi5eew8W9w2wzQ8qSTnt670929KOVMG9//dkobm1vbO+Xdyt7+weFR9fikrZNMEdoiCU9UN8KaciZpyzDDaTdVFIuI0040uZn7nSeqNEvkg5mmNBR4JFnMCDZWenTjQd1F7r07qNZ8z18ArZOgIDUo0BxUv/rDhGSCSkM41roX+KkJc6wMI5zOKv1M0xSTCR7RnqUSC6rDfHHwDF1YZYjiRNmSBi3U3xM5FlpPRWQ7BTZjverNxf+8Xmbi6zBnMs0MlWS5KM44Mgmaf4+GTFFi+NQSTBSztyIyxgoTYzOq2BCC1ZfXSbvuBb4X3NVrDa+IowxncA6XEMAVNOAWmtACAgKe4RXeHOW8OO/Ox7K15BQzp/AHzucPV1WOtw==</latexit><latexit sha1_base64="nxjTHUMUbUCVGUA0EbDuEYmkaVU=">AAAB8HicbVA9T8MwEL2Ur1K+CowsFg0SU5R0gbESC2NB9AO1UeW4TmvVdiLbQaqi/goWBhBi5eew8W9w2wzQ8qSTnt670929KOVMG9//dkobm1vbO+Xdyt7+weFR9fikrZNMEdoiCU9UN8KaciZpyzDDaTdVFIuI0040uZn7nSeqNEvkg5mmNBR4JFnMCDZWenTjQd1F7r07qNZ8z18ArZOgIDUo0BxUv/rDhGSCSkM41roX+KkJc6wMI5zOKv1M0xSTCR7RnqUSC6rDfHHwDF1YZYjiRNmSBi3U3xM5FlpPRWQ7BTZjverNxf+8Xmbi6zBnMs0MlWS5KM44Mgmaf4+GTFFi+NQSTBSztyIyxgoTYzOq2BCC1ZfXSbvuBb4X3NVrDa+IowxncA6XEMAVNOAWmtACAgKe4RXeHOW8OO/Ox7K15BQzp/AHzucPV1WOtw==</latexit><latexit sha1_base64="nxjTHUMUbUCVGUA0EbDuEYmkaVU=">AAAB8HicbVA9T8MwEL2Ur1K+CowsFg0SU5R0gbESC2NB9AO1UeW4TmvVdiLbQaqi/goWBhBi5eew8W9w2wzQ8qSTnt670929KOVMG9//dkobm1vbO+Xdyt7+weFR9fikrZNMEdoiCU9UN8KaciZpyzDDaTdVFIuI0040uZn7nSeqNEvkg5mmNBR4JFnMCDZWenTjQd1F7r07qNZ8z18ArZOgIDUo0BxUv/rDhGSCSkM41roX+KkJc6wMI5zOKv1M0xSTCR7RnqUSC6rDfHHwDF1YZYjiRNmSBi3U3xM5FlpPRWQ7BTZjverNxf+8Xmbi6zBnMs0MlWS5KM44Mgmaf4+GTFFi+NQSTBSztyIyxgoTYzOq2BCC1ZfXSbvuBb4X3NVrDa+IowxncA6XEMAVNOAWmtACAgKe4RXeHOW8OO/Ox7K15BQzp/AHzucPV1WOtw==</latexit>

f3 R
<latexit sha1_base64="rhUrDKoeYtgCeh8MGa77WWC5iZY=">AAAB8HicbVBNT8JAEJ3iF+IX6tHLRmriqWnxoEcSLx7RCGigIdtlCxt2t83u1oQ0/AovHjTGqz/Hm//GBXpQ8CWTvLw3k5l5UcqZNr7/7ZTW1jc2t8rblZ3dvf2D6uFRWyeZIrRFEp6ohwhrypmkLcMMpw+polhEnHai8fXM7zxRpVki780kpaHAQ8liRrCx0qMb9y9c5N65/WrN9/w50CoJClKDAs1+9as3SEgmqDSEY627gZ+aMMfKMMLptNLLNE0xGeMh7VoqsaA6zOcHT9GZVQYoTpQtadBc/T2RY6H1RES2U2Az0sveTPzP62YmvgpzJtPMUEkWi+KMI5Og2fdowBQlhk8swUQxeysiI6wwMTajig0hWH55lbTrXuB7wW291vCKOMpwAqdwDgFcQgNuoAktICDgGV7hzVHOi/PufCxaS04xcwx/4Hz+AFjejrg=</latexit><latexit sha1_base64="rhUrDKoeYtgCeh8MGa77WWC5iZY=">AAAB8HicbVBNT8JAEJ3iF+IX6tHLRmriqWnxoEcSLx7RCGigIdtlCxt2t83u1oQ0/AovHjTGqz/Hm//GBXpQ8CWTvLw3k5l5UcqZNr7/7ZTW1jc2t8rblZ3dvf2D6uFRWyeZIrRFEp6ohwhrypmkLcMMpw+polhEnHai8fXM7zxRpVki780kpaHAQ8liRrCx0qMb9y9c5N65/WrN9/w50CoJClKDAs1+9as3SEgmqDSEY627gZ+aMMfKMMLptNLLNE0xGeMh7VoqsaA6zOcHT9GZVQYoTpQtadBc/T2RY6H1RES2U2Az0sveTPzP62YmvgpzJtPMUEkWi+KMI5Og2fdowBQlhk8swUQxeysiI6wwMTajig0hWH55lbTrXuB7wW291vCKOMpwAqdwDgFcQgNuoAktICDgGV7hzVHOi/PufCxaS04xcwx/4Hz+AFjejrg=</latexit><latexit sha1_base64="rhUrDKoeYtgCeh8MGa77WWC5iZY=">AAAB8HicbVBNT8JAEJ3iF+IX6tHLRmriqWnxoEcSLx7RCGigIdtlCxt2t83u1oQ0/AovHjTGqz/Hm//GBXpQ8CWTvLw3k5l5UcqZNr7/7ZTW1jc2t8rblZ3dvf2D6uFRWyeZIrRFEp6ohwhrypmkLcMMpw+polhEnHai8fXM7zxRpVki780kpaHAQ8liRrCx0qMb9y9c5N65/WrN9/w50CoJClKDAs1+9as3SEgmqDSEY627gZ+aMMfKMMLptNLLNE0xGeMh7VoqsaA6zOcHT9GZVQYoTpQtadBc/T2RY6H1RES2U2Az0sveTPzP62YmvgpzJtPMUEkWi+KMI5Og2fdowBQlhk8swUQxeysiI6wwMTajig0hWH55lbTrXuB7wW291vCKOMpwAqdwDgFcQgNuoAktICDgGV7hzVHOi/PufCxaS04xcwx/4Hz+AFjejrg=</latexit><latexit sha1_base64="rhUrDKoeYtgCeh8MGa77WWC5iZY=">AAAB8HicbVBNT8JAEJ3iF+IX6tHLRmriqWnxoEcSLx7RCGigIdtlCxt2t83u1oQ0/AovHjTGqz/Hm//GBXpQ8CWTvLw3k5l5UcqZNr7/7ZTW1jc2t8rblZ3dvf2D6uFRWyeZIrRFEp6ohwhrypmkLcMMpw+polhEnHai8fXM7zxRpVki780kpaHAQ8liRrCx0qMb9y9c5N65/WrN9/w50CoJClKDAs1+9as3SEgmqDSEY627gZ+aMMfKMMLptNLLNE0xGeMh7VoqsaA6zOcHT9GZVQYoTpQtadBc/T2RY6H1RES2U2Az0sveTPzP62YmvgpzJtPMUEkWi+KMI5Og2fdowBQlhk8swUQxeysiI6wwMTajig0hWH55lbTrXuB7wW291vCKOMpwAqdwDgFcQgNuoAktICDgGV7hzVHOi/PufCxaS04xcwx/4Hz+AFjejrg=</latexit>

xk
<latexit sha1_base64="7TGPJYTmwSdgRajlFIbRPsudkqk=">AAAB7HicbVBNT8JAEJ3iF+IX6tHLRjDx1LRc9EjixSMmFkigku2yhQ3b3WZ3ayQNv8GLB43x6g/y5r9xgR4UfMkkL+/NZGZelHKmjed9O6WNza3tnfJuZW//4PCoenzS1jJThAZEcqm6EdaUM0EDwwyn3VRRnEScdqLJzdzvPFKlmRT3ZprSMMEjwWJGsLFSUH96mNQH1ZrnegugdeIXpAYFWoPqV38oSZZQYQjHWvd8LzVhjpVhhNNZpZ9pmmIywSPas1TghOowXxw7QxdWGaJYKlvCoIX6eyLHidbTJLKdCTZjverNxf+8Xmbi6zBnIs0MFWS5KM44MhLNP0dDpigxfGoJJorZWxEZY4WJsflUbAj+6svrpN1wfc/17xq1plvEUYYzOIdL8OEKmnALLQiAAINneIU3RzgvzrvzsWwtOcXMKfyB8/kDFEGOHw==</latexit><latexit sha1_base64="7TGPJYTmwSdgRajlFIbRPsudkqk=">AAAB7HicbVBNT8JAEJ3iF+IX6tHLRjDx1LRc9EjixSMmFkigku2yhQ3b3WZ3ayQNv8GLB43x6g/y5r9xgR4UfMkkL+/NZGZelHKmjed9O6WNza3tnfJuZW//4PCoenzS1jJThAZEcqm6EdaUM0EDwwyn3VRRnEScdqLJzdzvPFKlmRT3ZprSMMEjwWJGsLFSUH96mNQH1ZrnegugdeIXpAYFWoPqV38oSZZQYQjHWvd8LzVhjpVhhNNZpZ9pmmIywSPas1TghOowXxw7QxdWGaJYKlvCoIX6eyLHidbTJLKdCTZjverNxf+8Xmbi6zBnIs0MFWS5KM44MhLNP0dDpigxfGoJJorZWxEZY4WJsflUbAj+6svrpN1wfc/17xq1plvEUYYzOIdL8OEKmnALLQiAAINneIU3RzgvzrvzsWwtOcXMKfyB8/kDFEGOHw==</latexit><latexit sha1_base64="7TGPJYTmwSdgRajlFIbRPsudkqk=">AAAB7HicbVBNT8JAEJ3iF+IX6tHLRjDx1LRc9EjixSMmFkigku2yhQ3b3WZ3ayQNv8GLB43x6g/y5r9xgR4UfMkkL+/NZGZelHKmjed9O6WNza3tnfJuZW//4PCoenzS1jJThAZEcqm6EdaUM0EDwwyn3VRRnEScdqLJzdzvPFKlmRT3ZprSMMEjwWJGsLFSUH96mNQH1ZrnegugdeIXpAYFWoPqV38oSZZQYQjHWvd8LzVhjpVhhNNZpZ9pmmIywSPas1TghOowXxw7QxdWGaJYKlvCoIX6eyLHidbTJLKdCTZjverNxf+8Xmbi6zBnIs0MFWS5KM44MhLNP0dDpigxfGoJJorZWxEZY4WJsflUbAj+6svrpN1wfc/17xq1plvEUYYzOIdL8OEKmnALLQiAAINneIU3RzgvzrvzsWwtOcXMKfyB8/kDFEGOHw==</latexit><latexit sha1_base64="7TGPJYTmwSdgRajlFIbRPsudkqk=">AAAB7HicbVBNT8JAEJ3iF+IX6tHLRjDx1LRc9EjixSMmFkigku2yhQ3b3WZ3ayQNv8GLB43x6g/y5r9xgR4UfMkkL+/NZGZelHKmjed9O6WNza3tnfJuZW//4PCoenzS1jJThAZEcqm6EdaUM0EDwwyn3VRRnEScdqLJzdzvPFKlmRT3ZprSMMEjwWJGsLFSUH96mNQH1ZrnegugdeIXpAYFWoPqV38oSZZQYQjHWvd8LzVhjpVhhNNZpZ9pmmIywSPas1TghOowXxw7QxdWGaJYKlvCoIX6eyLHidbTJLKdCTZjverNxf+8Xmbi6zBnIs0MFWS5KM44MhLNP0dDpigxfGoJJorZWxEZY4WJsflUbAj+6svrpN1wfc/17xq1plvEUYYzOIdL8OEKmnALLQiAAINneIU3RzgvzrvzsWwtOcXMKfyB8/kDFEGOHw==</latexit>

xk
<latexit sha1_base64="7TGPJYTmwSdgRajlFIbRPsudkqk=">AAAB7HicbVBNT8JAEJ3iF+IX6tHLRjDx1LRc9EjixSMmFkigku2yhQ3b3WZ3ayQNv8GLB43x6g/y5r9xgR4UfMkkL+/NZGZelHKmjed9O6WNza3tnfJuZW//4PCoenzS1jJThAZEcqm6EdaUM0EDwwyn3VRRnEScdqLJzdzvPFKlmRT3ZprSMMEjwWJGsLFSUH96mNQH1ZrnegugdeIXpAYFWoPqV38oSZZQYQjHWvd8LzVhjpVhhNNZpZ9pmmIywSPas1TghOowXxw7QxdWGaJYKlvCoIX6eyLHidbTJLKdCTZjverNxf+8Xmbi6zBnIs0MFWS5KM44MhLNP0dDpigxfGoJJorZWxEZY4WJsflUbAj+6svrpN1wfc/17xq1plvEUYYzOIdL8OEKmnALLQiAAINneIU3RzgvzrvzsWwtOcXMKfyB8/kDFEGOHw==</latexit><latexit sha1_base64="7TGPJYTmwSdgRajlFIbRPsudkqk=">AAAB7HicbVBNT8JAEJ3iF+IX6tHLRjDx1LRc9EjixSMmFkigku2yhQ3b3WZ3ayQNv8GLB43x6g/y5r9xgR4UfMkkL+/NZGZelHKmjed9O6WNza3tnfJuZW//4PCoenzS1jJThAZEcqm6EdaUM0EDwwyn3VRRnEScdqLJzdzvPFKlmRT3ZprSMMEjwWJGsLFSUH96mNQH1ZrnegugdeIXpAYFWoPqV38oSZZQYQjHWvd8LzVhjpVhhNNZpZ9pmmIywSPas1TghOowXxw7QxdWGaJYKlvCoIX6eyLHidbTJLKdCTZjverNxf+8Xmbi6zBnIs0MFWS5KM44MhLNP0dDpigxfGoJJorZWxEZY4WJsflUbAj+6svrpN1wfc/17xq1plvEUYYzOIdL8OEKmnALLQiAAINneIU3RzgvzrvzsWwtOcXMKfyB8/kDFEGOHw==</latexit><latexit sha1_base64="7TGPJYTmwSdgRajlFIbRPsudkqk=">AAAB7HicbVBNT8JAEJ3iF+IX6tHLRjDx1LRc9EjixSMmFkigku2yhQ3b3WZ3ayQNv8GLB43x6g/y5r9xgR4UfMkkL+/NZGZelHKmjed9O6WNza3tnfJuZW//4PCoenzS1jJThAZEcqm6EdaUM0EDwwyn3VRRnEScdqLJzdzvPFKlmRT3ZprSMMEjwWJGsLFSUH96mNQH1ZrnegugdeIXpAYFWoPqV38oSZZQYQjHWvd8LzVhjpVhhNNZpZ9pmmIywSPas1TghOowXxw7QxdWGaJYKlvCoIX6eyLHidbTJLKdCTZjverNxf+8Xmbi6zBnIs0MFWS5KM44MhLNP0dDpigxfGoJJorZWxEZY4WJsflUbAj+6svrpN1wfc/17xq1plvEUYYzOIdL8OEKmnALLQiAAINneIU3RzgvzrvzsWwtOcXMKfyB8/kDFEGOHw==</latexit><latexit sha1_base64="7TGPJYTmwSdgRajlFIbRPsudkqk=">AAAB7HicbVBNT8JAEJ3iF+IX6tHLRjDx1LRc9EjixSMmFkigku2yhQ3b3WZ3ayQNv8GLB43x6g/y5r9xgR4UfMkkL+/NZGZelHKmjed9O6WNza3tnfJuZW//4PCoenzS1jJThAZEcqm6EdaUM0EDwwyn3VRRnEScdqLJzdzvPFKlmRT3ZprSMMEjwWJGsLFSUH96mNQH1ZrnegugdeIXpAYFWoPqV38oSZZQYQjHWvd8LzVhjpVhhNNZpZ9pmmIywSPas1TghOowXxw7QxdWGaJYKlvCoIX6eyLHidbTJLKdCTZjverNxf+8Xmbi6zBnIs0MFWS5KM44MhLNP0dDpigxfGoJJorZWxEZY4WJsflUbAj+6svrpN1wfc/17xq1plvEUYYzOIdL8OEKmnALLQiAAINneIU3RzgvzrvzsWwtOcXMKfyB8/kDFEGOHw==</latexit> xk

<latexit sha1_base64="7TGPJYTmwSdgRajlFIbRPsudkqk=">AAAB7HicbVBNT8JAEJ3iF+IX6tHLRjDx1LRc9EjixSMmFkigku2yhQ3b3WZ3ayQNv8GLB43x6g/y5r9xgR4UfMkkL+/NZGZelHKmjed9O6WNza3tnfJuZW//4PCoenzS1jJThAZEcqm6EdaUM0EDwwyn3VRRnEScdqLJzdzvPFKlmRT3ZprSMMEjwWJGsLFSUH96mNQH1ZrnegugdeIXpAYFWoPqV38oSZZQYQjHWvd8LzVhjpVhhNNZpZ9pmmIywSPas1TghOowXxw7QxdWGaJYKlvCoIX6eyLHidbTJLKdCTZjverNxf+8Xmbi6zBnIs0MFWS5KM44MhLNP0dDpigxfGoJJorZWxEZY4WJsflUbAj+6svrpN1wfc/17xq1plvEUYYzOIdL8OEKmnALLQiAAINneIU3RzgvzrvzsWwtOcXMKfyB8/kDFEGOHw==</latexit><latexit sha1_base64="7TGPJYTmwSdgRajlFIbRPsudkqk=">AAAB7HicbVBNT8JAEJ3iF+IX6tHLRjDx1LRc9EjixSMmFkigku2yhQ3b3WZ3ayQNv8GLB43x6g/y5r9xgR4UfMkkL+/NZGZelHKmjed9O6WNza3tnfJuZW//4PCoenzS1jJThAZEcqm6EdaUM0EDwwyn3VRRnEScdqLJzdzvPFKlmRT3ZprSMMEjwWJGsLFSUH96mNQH1ZrnegugdeIXpAYFWoPqV38oSZZQYQjHWvd8LzVhjpVhhNNZpZ9pmmIywSPas1TghOowXxw7QxdWGaJYKlvCoIX6eyLHidbTJLKdCTZjverNxf+8Xmbi6zBnIs0MFWS5KM44MhLNP0dDpigxfGoJJorZWxEZY4WJsflUbAj+6svrpN1wfc/17xq1plvEUYYzOIdL8OEKmnALLQiAAINneIU3RzgvzrvzsWwtOcXMKfyB8/kDFEGOHw==</latexit><latexit sha1_base64="7TGPJYTmwSdgRajlFIbRPsudkqk=">AAAB7HicbVBNT8JAEJ3iF+IX6tHLRjDx1LRc9EjixSMmFkigku2yhQ3b3WZ3ayQNv8GLB43x6g/y5r9xgR4UfMkkL+/NZGZelHKmjed9O6WNza3tnfJuZW//4PCoenzS1jJThAZEcqm6EdaUM0EDwwyn3VRRnEScdqLJzdzvPFKlmRT3ZprSMMEjwWJGsLFSUH96mNQH1ZrnegugdeIXpAYFWoPqV38oSZZQYQjHWvd8LzVhjpVhhNNZpZ9pmmIywSPas1TghOowXxw7QxdWGaJYKlvCoIX6eyLHidbTJLKdCTZjverNxf+8Xmbi6zBnIs0MFWS5KM44MhLNP0dDpigxfGoJJorZWxEZY4WJsflUbAj+6svrpN1wfc/17xq1plvEUYYzOIdL8OEKmnALLQiAAINneIU3RzgvzrvzsWwtOcXMKfyB8/kDFEGOHw==</latexit><latexit sha1_base64="7TGPJYTmwSdgRajlFIbRPsudkqk=">AAAB7HicbVBNT8JAEJ3iF+IX6tHLRjDx1LRc9EjixSMmFkigku2yhQ3b3WZ3ayQNv8GLB43x6g/y5r9xgR4UfMkkL+/NZGZelHKmjed9O6WNza3tnfJuZW//4PCoenzS1jJThAZEcqm6EdaUM0EDwwyn3VRRnEScdqLJzdzvPFKlmRT3ZprSMMEjwWJGsLFSUH96mNQH1ZrnegugdeIXpAYFWoPqV38oSZZQYQjHWvd8LzVhjpVhhNNZpZ9pmmIywSPas1TghOowXxw7QxdWGaJYKlvCoIX6eyLHidbTJLKdCTZjverNxf+8Xmbi6zBnIs0MFWS5KM44MhLNP0dDpigxfGoJJorZWxEZY4WJsflUbAj+6svrpN1wfc/17xq1plvEUYYzOIdL8OEKmnALLQiAAINneIU3RzgvzrvzsWwtOcXMKfyB8/kDFEGOHw==</latexit>

[Alistarh et al, 2017]



GD with Compressed Gradients

Parameter server
min
x2Rd

1

3

3X

i=1

fi(x) +R(x)
<latexit sha1_base64="I4Dp3o21JNc3t024IZDTFB5eEVQ="></latexit><latexit sha1_base64="I4Dp3o21JNc3t024IZDTFB5eEVQ="></latexit><latexit sha1_base64="I4Dp3o21JNc3t024IZDTFB5eEVQ="></latexit><latexit sha1_base64="I4Dp3o21JNc3t024IZDTFB5eEVQ="></latexit>

f1 R
<latexit sha1_base64="K0Y6GY3r2MNzeInwffneSpx9jbg=">AAAB8HicbVA9T8MwEL2Ur1K+CowsFg0SU5R0gbESC2NB9AO1UeW4TmvVdiLbQaqi/goWBhBi5eew8W9w2wzQ8qSTnt670929KOVMG9//dkobm1vbO+Xdyt7+weFR9fikrZNMEdoiCU9UN8KaciZpyzDDaTdVFIuI0040uZn7nSeqNEvkg5mmNBR4JFnMCDZWenTjQeAi994dVGu+5y+A1klQkBoUaA6qX/1hQjJBpSEca90L/NSEOVaGEU5nlX6maYrJBI9oz1KJBdVhvjh4hi6sMkRxomxJgxbq74kcC62nIrKdApuxXvXm4n9eLzPxdZgzmWaGSrJcFGccmQTNv0dDpigxfGoJJorZWxEZY4WJsRlVbAjB6svrpF33At8L7uq1hlfEUYYzOIdLCOAKGnALTWgBAQHP8ApvjnJenHfnY9lacoqZU/gD5/MHVcyOtg==</latexit><latexit sha1_base64="K0Y6GY3r2MNzeInwffneSpx9jbg=">AAAB8HicbVA9T8MwEL2Ur1K+CowsFg0SU5R0gbESC2NB9AO1UeW4TmvVdiLbQaqi/goWBhBi5eew8W9w2wzQ8qSTnt670929KOVMG9//dkobm1vbO+Xdyt7+weFR9fikrZNMEdoiCU9UN8KaciZpyzDDaTdVFIuI0040uZn7nSeqNEvkg5mmNBR4JFnMCDZWenTjQeAi994dVGu+5y+A1klQkBoUaA6qX/1hQjJBpSEca90L/NSEOVaGEU5nlX6maYrJBI9oz1KJBdVhvjh4hi6sMkRxomxJgxbq74kcC62nIrKdApuxXvXm4n9eLzPxdZgzmWaGSrJcFGccmQTNv0dDpigxfGoJJorZWxEZY4WJsRlVbAjB6svrpF33At8L7uq1hlfEUYYzOIdLCOAKGnALTWgBAQHP8ApvjnJenHfnY9lacoqZU/gD5/MHVcyOtg==</latexit><latexit sha1_base64="K0Y6GY3r2MNzeInwffneSpx9jbg=">AAAB8HicbVA9T8MwEL2Ur1K+CowsFg0SU5R0gbESC2NB9AO1UeW4TmvVdiLbQaqi/goWBhBi5eew8W9w2wzQ8qSTnt670929KOVMG9//dkobm1vbO+Xdyt7+weFR9fikrZNMEdoiCU9UN8KaciZpyzDDaTdVFIuI0040uZn7nSeqNEvkg5mmNBR4JFnMCDZWenTjQeAi994dVGu+5y+A1klQkBoUaA6qX/1hQjJBpSEca90L/NSEOVaGEU5nlX6maYrJBI9oz1KJBdVhvjh4hi6sMkRxomxJgxbq74kcC62nIrKdApuxXvXm4n9eLzPxdZgzmWaGSrJcFGccmQTNv0dDpigxfGoJJorZWxEZY4WJsRlVbAjB6svrpF33At8L7uq1hlfEUYYzOIdLCOAKGnALTWgBAQHP8ApvjnJenHfnY9lacoqZU/gD5/MHVcyOtg==</latexit><latexit sha1_base64="K0Y6GY3r2MNzeInwffneSpx9jbg=">AAAB8HicbVA9T8MwEL2Ur1K+CowsFg0SU5R0gbESC2NB9AO1UeW4TmvVdiLbQaqi/goWBhBi5eew8W9w2wzQ8qSTnt670929KOVMG9//dkobm1vbO+Xdyt7+weFR9fikrZNMEdoiCU9UN8KaciZpyzDDaTdVFIuI0040uZn7nSeqNEvkg5mmNBR4JFnMCDZWenTjQeAi994dVGu+5y+A1klQkBoUaA6qX/1hQjJBpSEca90L/NSEOVaGEU5nlX6maYrJBI9oz1KJBdVhvjh4hi6sMkRxomxJgxbq74kcC62nIrKdApuxXvXm4n9eLzPxdZgzmWaGSrJcFGccmQTNv0dDpigxfGoJJorZWxEZY4WJsRlVbAjB6svrpF33At8L7uq1hlfEUYYzOIdLCOAKGnALTWgBAQHP8ApvjnJenHfnY9lacoqZU/gD5/MHVcyOtg==</latexit>

f2 R
<latexit sha1_base64="nxjTHUMUbUCVGUA0EbDuEYmkaVU=">AAAB8HicbVA9T8MwEL2Ur1K+CowsFg0SU5R0gbESC2NB9AO1UeW4TmvVdiLbQaqi/goWBhBi5eew8W9w2wzQ8qSTnt670929KOVMG9//dkobm1vbO+Xdyt7+weFR9fikrZNMEdoiCU9UN8KaciZpyzDDaTdVFIuI0040uZn7nSeqNEvkg5mmNBR4JFnMCDZWenTjQd1F7r07qNZ8z18ArZOgIDUo0BxUv/rDhGSCSkM41roX+KkJc6wMI5zOKv1M0xSTCR7RnqUSC6rDfHHwDF1YZYjiRNmSBi3U3xM5FlpPRWQ7BTZjverNxf+8Xmbi6zBnMs0MlWS5KM44Mgmaf4+GTFFi+NQSTBSztyIyxgoTYzOq2BCC1ZfXSbvuBb4X3NVrDa+IowxncA6XEMAVNOAWmtACAgKe4RXeHOW8OO/Ox7K15BQzp/AHzucPV1WOtw==</latexit><latexit sha1_base64="nxjTHUMUbUCVGUA0EbDuEYmkaVU=">AAAB8HicbVA9T8MwEL2Ur1K+CowsFg0SU5R0gbESC2NB9AO1UeW4TmvVdiLbQaqi/goWBhBi5eew8W9w2wzQ8qSTnt670929KOVMG9//dkobm1vbO+Xdyt7+weFR9fikrZNMEdoiCU9UN8KaciZpyzDDaTdVFIuI0040uZn7nSeqNEvkg5mmNBR4JFnMCDZWenTjQd1F7r07qNZ8z18ArZOgIDUo0BxUv/rDhGSCSkM41roX+KkJc6wMI5zOKv1M0xSTCR7RnqUSC6rDfHHwDF1YZYjiRNmSBi3U3xM5FlpPRWQ7BTZjverNxf+8Xmbi6zBnMs0MlWS5KM44Mgmaf4+GTFFi+NQSTBSztyIyxgoTYzOq2BCC1ZfXSbvuBb4X3NVrDa+IowxncA6XEMAVNOAWmtACAgKe4RXeHOW8OO/Ox7K15BQzp/AHzucPV1WOtw==</latexit><latexit sha1_base64="nxjTHUMUbUCVGUA0EbDuEYmkaVU=">AAAB8HicbVA9T8MwEL2Ur1K+CowsFg0SU5R0gbESC2NB9AO1UeW4TmvVdiLbQaqi/goWBhBi5eew8W9w2wzQ8qSTnt670929KOVMG9//dkobm1vbO+Xdyt7+weFR9fikrZNMEdoiCU9UN8KaciZpyzDDaTdVFIuI0040uZn7nSeqNEvkg5mmNBR4JFnMCDZWenTjQd1F7r07qNZ8z18ArZOgIDUo0BxUv/rDhGSCSkM41roX+KkJc6wMI5zOKv1M0xSTCR7RnqUSC6rDfHHwDF1YZYjiRNmSBi3U3xM5FlpPRWQ7BTZjverNxf+8Xmbi6zBnMs0MlWS5KM44Mgmaf4+GTFFi+NQSTBSztyIyxgoTYzOq2BCC1ZfXSbvuBb4X3NVrDa+IowxncA6XEMAVNOAWmtACAgKe4RXeHOW8OO/Ox7K15BQzp/AHzucPV1WOtw==</latexit><latexit sha1_base64="nxjTHUMUbUCVGUA0EbDuEYmkaVU=">AAAB8HicbVA9T8MwEL2Ur1K+CowsFg0SU5R0gbESC2NB9AO1UeW4TmvVdiLbQaqi/goWBhBi5eew8W9w2wzQ8qSTnt670929KOVMG9//dkobm1vbO+Xdyt7+weFR9fikrZNMEdoiCU9UN8KaciZpyzDDaTdVFIuI0040uZn7nSeqNEvkg5mmNBR4JFnMCDZWenTjQd1F7r07qNZ8z18ArZOgIDUo0BxUv/rDhGSCSkM41roX+KkJc6wMI5zOKv1M0xSTCR7RnqUSC6rDfHHwDF1YZYjiRNmSBi3U3xM5FlpPRWQ7BTZjverNxf+8Xmbi6zBnMs0MlWS5KM44Mgmaf4+GTFFi+NQSTBSztyIyxgoTYzOq2BCC1ZfXSbvuBb4X3NVrDa+IowxncA6XEMAVNOAWmtACAgKe4RXeHOW8OO/Ox7K15BQzp/AHzucPV1WOtw==</latexit>

f3 R
<latexit sha1_base64="rhUrDKoeYtgCeh8MGa77WWC5iZY=">AAAB8HicbVBNT8JAEJ3iF+IX6tHLRmriqWnxoEcSLx7RCGigIdtlCxt2t83u1oQ0/AovHjTGqz/Hm//GBXpQ8CWTvLw3k5l5UcqZNr7/7ZTW1jc2t8rblZ3dvf2D6uFRWyeZIrRFEp6ohwhrypmkLcMMpw+polhEnHai8fXM7zxRpVki780kpaHAQ8liRrCx0qMb9y9c5N65/WrN9/w50CoJClKDAs1+9as3SEgmqDSEY627gZ+aMMfKMMLptNLLNE0xGeMh7VoqsaA6zOcHT9GZVQYoTpQtadBc/T2RY6H1RES2U2Az0sveTPzP62YmvgpzJtPMUEkWi+KMI5Og2fdowBQlhk8swUQxeysiI6wwMTajig0hWH55lbTrXuB7wW291vCKOMpwAqdwDgFcQgNuoAktICDgGV7hzVHOi/PufCxaS04xcwx/4Hz+AFjejrg=</latexit><latexit sha1_base64="rhUrDKoeYtgCeh8MGa77WWC5iZY=">AAAB8HicbVBNT8JAEJ3iF+IX6tHLRmriqWnxoEcSLx7RCGigIdtlCxt2t83u1oQ0/AovHjTGqz/Hm//GBXpQ8CWTvLw3k5l5UcqZNr7/7ZTW1jc2t8rblZ3dvf2D6uFRWyeZIrRFEp6ohwhrypmkLcMMpw+polhEnHai8fXM7zxRpVki780kpaHAQ8liRrCx0qMb9y9c5N65/WrN9/w50CoJClKDAs1+9as3SEgmqDSEY627gZ+aMMfKMMLptNLLNE0xGeMh7VoqsaA6zOcHT9GZVQYoTpQtadBc/T2RY6H1RES2U2Az0sveTPzP62YmvgpzJtPMUEkWi+KMI5Og2fdowBQlhk8swUQxeysiI6wwMTajig0hWH55lbTrXuB7wW291vCKOMpwAqdwDgFcQgNuoAktICDgGV7hzVHOi/PufCxaS04xcwx/4Hz+AFjejrg=</latexit><latexit sha1_base64="rhUrDKoeYtgCeh8MGa77WWC5iZY=">AAAB8HicbVBNT8JAEJ3iF+IX6tHLRmriqWnxoEcSLx7RCGigIdtlCxt2t83u1oQ0/AovHjTGqz/Hm//GBXpQ8CWTvLw3k5l5UcqZNr7/7ZTW1jc2t8rblZ3dvf2D6uFRWyeZIrRFEp6ohwhrypmkLcMMpw+polhEnHai8fXM7zxRpVki780kpaHAQ8liRrCx0qMb9y9c5N65/WrN9/w50CoJClKDAs1+9as3SEgmqDSEY627gZ+aMMfKMMLptNLLNE0xGeMh7VoqsaA6zOcHT9GZVQYoTpQtadBc/T2RY6H1RES2U2Az0sveTPzP62YmvgpzJtPMUEkWi+KMI5Og2fdowBQlhk8swUQxeysiI6wwMTajig0hWH55lbTrXuB7wW291vCKOMpwAqdwDgFcQgNuoAktICDgGV7hzVHOi/PufCxaS04xcwx/4Hz+AFjejrg=</latexit><latexit sha1_base64="rhUrDKoeYtgCeh8MGa77WWC5iZY=">AAAB8HicbVBNT8JAEJ3iF+IX6tHLRmriqWnxoEcSLx7RCGigIdtlCxt2t83u1oQ0/AovHjTGqz/Hm//GBXpQ8CWTvLw3k5l5UcqZNr7/7ZTW1jc2t8rblZ3dvf2D6uFRWyeZIrRFEp6ohwhrypmkLcMMpw+polhEnHai8fXM7zxRpVki780kpaHAQ8liRrCx0qMb9y9c5N65/WrN9/w50CoJClKDAs1+9as3SEgmqDSEY627gZ+aMMfKMMLptNLLNE0xGeMh7VoqsaA6zOcHT9GZVQYoTpQtadBc/T2RY6H1RES2U2Az0sveTPzP62YmvgpzJtPMUEkWi+KMI5Og2fdowBQlhk8swUQxeysiI6wwMTajig0hWH55lbTrXuB7wW291vCKOMpwAqdwDgFcQgNuoAktICDgGV7hzVHOi/PufCxaS04xcwx/4Hz+AFjejrg=</latexit>

xk+1
<latexit sha1_base64="+NqUXLiwKGq+BpusMHTMbqOet5M=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CbaCICy7veix4MVjBfsh7VqyabYNTbJLkhXL0l/hxYMiXv053vw3pu0etPXBwOO9GWbmhQln2njet1NYW9/Y3Cpul3Z29/YPyodHLR2nitAmiXmsOiHWlDNJm4YZTjuJoliEnLbD8fXMbz9SpVks78wkoYHAQ8kiRrCx0n316SEbX/jTar9c8VxvDrRK/JxUIEejX/7qDWKSCioN4Vjrru8lJsiwMoxwOi31Uk0TTMZ4SLuWSiyoDrL5wVN0ZpUBimJlSxo0V39PZFhoPRGh7RTYjPSyNxP/87qpia6CjMkkNVSSxaIo5cjEaPY9GjBFieETSzBRzN6KyAgrTIzNqGRD8JdfXiWtmut7rn9bq9TdPI4inMApnIMPl1CHG2hAEwgIeIZXeHOU8+K8Ox+L1oKTzxzDHzifP7Rbj5s=</latexit><latexit sha1_base64="+NqUXLiwKGq+BpusMHTMbqOet5M=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CbaCICy7veix4MVjBfsh7VqyabYNTbJLkhXL0l/hxYMiXv053vw3pu0etPXBwOO9GWbmhQln2njet1NYW9/Y3Cpul3Z29/YPyodHLR2nitAmiXmsOiHWlDNJm4YZTjuJoliEnLbD8fXMbz9SpVks78wkoYHAQ8kiRrCx0n316SEbX/jTar9c8VxvDrRK/JxUIEejX/7qDWKSCioN4Vjrru8lJsiwMoxwOi31Uk0TTMZ4SLuWSiyoDrL5wVN0ZpUBimJlSxo0V39PZFhoPRGh7RTYjPSyNxP/87qpia6CjMkkNVSSxaIo5cjEaPY9GjBFieETSzBRzN6KyAgrTIzNqGRD8JdfXiWtmut7rn9bq9TdPI4inMApnIMPl1CHG2hAEwgIeIZXeHOU8+K8Ox+L1oKTzxzDHzifP7Rbj5s=</latexit><latexit sha1_base64="+NqUXLiwKGq+BpusMHTMbqOet5M=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CbaCICy7veix4MVjBfsh7VqyabYNTbJLkhXL0l/hxYMiXv053vw3pu0etPXBwOO9GWbmhQln2njet1NYW9/Y3Cpul3Z29/YPyodHLR2nitAmiXmsOiHWlDNJm4YZTjuJoliEnLbD8fXMbz9SpVks78wkoYHAQ8kiRrCx0n316SEbX/jTar9c8VxvDrRK/JxUIEejX/7qDWKSCioN4Vjrru8lJsiwMoxwOi31Uk0TTMZ4SLuWSiyoDrL5wVN0ZpUBimJlSxo0V39PZFhoPRGh7RTYjPSyNxP/87qpia6CjMkkNVSSxaIo5cjEaPY9GjBFieETSzBRzN6KyAgrTIzNqGRD8JdfXiWtmut7rn9bq9TdPI4inMApnIMPl1CHG2hAEwgIeIZXeHOU8+K8Ox+L1oKTzxzDHzifP7Rbj5s=</latexit><latexit sha1_base64="+NqUXLiwKGq+BpusMHTMbqOet5M=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CbaCICy7veix4MVjBfsh7VqyabYNTbJLkhXL0l/hxYMiXv053vw3pu0etPXBwOO9GWbmhQln2njet1NYW9/Y3Cpul3Z29/YPyodHLR2nitAmiXmsOiHWlDNJm4YZTjuJoliEnLbD8fXMbz9SpVks78wkoYHAQ8kiRrCx0n316SEbX/jTar9c8VxvDrRK/JxUIEejX/7qDWKSCioN4Vjrru8lJsiwMoxwOi31Uk0TTMZ4SLuWSiyoDrL5wVN0ZpUBimJlSxo0V39PZFhoPRGh7RTYjPSyNxP/87qpia6CjMkkNVSSxaIo5cjEaPY9GjBFieETSzBRzN6KyAgrTIzNqGRD8JdfXiWtmut7rn9bq9TdPI4inMApnIMPl1CHG2hAEwgIeIZXeHOU8+K8Ox+L1oKTzxzDHzifP7Rbj5s=</latexit>

xk+1
<latexit sha1_base64="+NqUXLiwKGq+BpusMHTMbqOet5M=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CbaCICy7veix4MVjBfsh7VqyabYNTbJLkhXL0l/hxYMiXv053vw3pu0etPXBwOO9GWbmhQln2njet1NYW9/Y3Cpul3Z29/YPyodHLR2nitAmiXmsOiHWlDNJm4YZTjuJoliEnLbD8fXMbz9SpVks78wkoYHAQ8kiRrCx0n316SEbX/jTar9c8VxvDrRK/JxUIEejX/7qDWKSCioN4Vjrru8lJsiwMoxwOi31Uk0TTMZ4SLuWSiyoDrL5wVN0ZpUBimJlSxo0V39PZFhoPRGh7RTYjPSyNxP/87qpia6CjMkkNVSSxaIo5cjEaPY9GjBFieETSzBRzN6KyAgrTIzNqGRD8JdfXiWtmut7rn9bq9TdPI4inMApnIMPl1CHG2hAEwgIeIZXeHOU8+K8Ox+L1oKTzxzDHzifP7Rbj5s=</latexit><latexit sha1_base64="+NqUXLiwKGq+BpusMHTMbqOet5M=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CbaCICy7veix4MVjBfsh7VqyabYNTbJLkhXL0l/hxYMiXv053vw3pu0etPXBwOO9GWbmhQln2njet1NYW9/Y3Cpul3Z29/YPyodHLR2nitAmiXmsOiHWlDNJm4YZTjuJoliEnLbD8fXMbz9SpVks78wkoYHAQ8kiRrCx0n316SEbX/jTar9c8VxvDrRK/JxUIEejX/7qDWKSCioN4Vjrru8lJsiwMoxwOi31Uk0TTMZ4SLuWSiyoDrL5wVN0ZpUBimJlSxo0V39PZFhoPRGh7RTYjPSyNxP/87qpia6CjMkkNVSSxaIo5cjEaPY9GjBFieETSzBRzN6KyAgrTIzNqGRD8JdfXiWtmut7rn9bq9TdPI4inMApnIMPl1CHG2hAEwgIeIZXeHOU8+K8Ox+L1oKTzxzDHzifP7Rbj5s=</latexit><latexit sha1_base64="+NqUXLiwKGq+BpusMHTMbqOet5M=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CbaCICy7veix4MVjBfsh7VqyabYNTbJLkhXL0l/hxYMiXv053vw3pu0etPXBwOO9GWbmhQln2njet1NYW9/Y3Cpul3Z29/YPyodHLR2nitAmiXmsOiHWlDNJm4YZTjuJoliEnLbD8fXMbz9SpVks78wkoYHAQ8kiRrCx0n316SEbX/jTar9c8VxvDrRK/JxUIEejX/7qDWKSCioN4Vjrru8lJsiwMoxwOi31Uk0TTMZ4SLuWSiyoDrL5wVN0ZpUBimJlSxo0V39PZFhoPRGh7RTYjPSyNxP/87qpia6CjMkkNVSSxaIo5cjEaPY9GjBFieETSzBRzN6KyAgrTIzNqGRD8JdfXiWtmut7rn9bq9TdPI4inMApnIMPl1CHG2hAEwgIeIZXeHOU8+K8Ox+L1oKTzxzDHzifP7Rbj5s=</latexit><latexit sha1_base64="+NqUXLiwKGq+BpusMHTMbqOet5M=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CbaCICy7veix4MVjBfsh7VqyabYNTbJLkhXL0l/hxYMiXv053vw3pu0etPXBwOO9GWbmhQln2njet1NYW9/Y3Cpul3Z29/YPyodHLR2nitAmiXmsOiHWlDNJm4YZTjuJoliEnLbD8fXMbz9SpVks78wkoYHAQ8kiRrCx0n316SEbX/jTar9c8VxvDrRK/JxUIEejX/7qDWKSCioN4Vjrru8lJsiwMoxwOi31Uk0TTMZ4SLuWSiyoDrL5wVN0ZpUBimJlSxo0V39PZFhoPRGh7RTYjPSyNxP/87qpia6CjMkkNVSSxaIo5cjEaPY9GjBFieETSzBRzN6KyAgrTIzNqGRD8JdfXiWtmut7rn9bq9TdPI4inMApnIMPl1CHG2hAEwgIeIZXeHOU8+K8Ox+L1oKTzxzDHzifP7Rbj5s=</latexit>

xk+1
<latexit sha1_base64="+NqUXLiwKGq+BpusMHTMbqOet5M=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CbaCICy7veix4MVjBfsh7VqyabYNTbJLkhXL0l/hxYMiXv053vw3pu0etPXBwOO9GWbmhQln2njet1NYW9/Y3Cpul3Z29/YPyodHLR2nitAmiXmsOiHWlDNJm4YZTjuJoliEnLbD8fXMbz9SpVks78wkoYHAQ8kiRrCx0n316SEbX/jTar9c8VxvDrRK/JxUIEejX/7qDWKSCioN4Vjrru8lJsiwMoxwOi31Uk0TTMZ4SLuWSiyoDrL5wVN0ZpUBimJlSxo0V39PZFhoPRGh7RTYjPSyNxP/87qpia6CjMkkNVSSxaIo5cjEaPY9GjBFieETSzBRzN6KyAgrTIzNqGRD8JdfXiWtmut7rn9bq9TdPI4inMApnIMPl1CHG2hAEwgIeIZXeHOU8+K8Ox+L1oKTzxzDHzifP7Rbj5s=</latexit><latexit sha1_base64="+NqUXLiwKGq+BpusMHTMbqOet5M=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CbaCICy7veix4MVjBfsh7VqyabYNTbJLkhXL0l/hxYMiXv053vw3pu0etPXBwOO9GWbmhQln2njet1NYW9/Y3Cpul3Z29/YPyodHLR2nitAmiXmsOiHWlDNJm4YZTjuJoliEnLbD8fXMbz9SpVks78wkoYHAQ8kiRrCx0n316SEbX/jTar9c8VxvDrRK/JxUIEejX/7qDWKSCioN4Vjrru8lJsiwMoxwOi31Uk0TTMZ4SLuWSiyoDrL5wVN0ZpUBimJlSxo0V39PZFhoPRGh7RTYjPSyNxP/87qpia6CjMkkNVSSxaIo5cjEaPY9GjBFieETSzBRzN6KyAgrTIzNqGRD8JdfXiWtmut7rn9bq9TdPI4inMApnIMPl1CHG2hAEwgIeIZXeHOU8+K8Ox+L1oKTzxzDHzifP7Rbj5s=</latexit><latexit sha1_base64="+NqUXLiwKGq+BpusMHTMbqOet5M=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CbaCICy7veix4MVjBfsh7VqyabYNTbJLkhXL0l/hxYMiXv053vw3pu0etPXBwOO9GWbmhQln2njet1NYW9/Y3Cpul3Z29/YPyodHLR2nitAmiXmsOiHWlDNJm4YZTjuJoliEnLbD8fXMbz9SpVks78wkoYHAQ8kiRrCx0n316SEbX/jTar9c8VxvDrRK/JxUIEejX/7qDWKSCioN4Vjrru8lJsiwMoxwOi31Uk0TTMZ4SLuWSiyoDrL5wVN0ZpUBimJlSxo0V39PZFhoPRGh7RTYjPSyNxP/87qpia6CjMkkNVSSxaIo5cjEaPY9GjBFieETSzBRzN6KyAgrTIzNqGRD8JdfXiWtmut7rn9bq9TdPI4inMApnIMPl1CHG2hAEwgIeIZXeHOU8+K8Ox+L1oKTzxzDHzifP7Rbj5s=</latexit><latexit sha1_base64="+NqUXLiwKGq+BpusMHTMbqOet5M=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CbaCICy7veix4MVjBfsh7VqyabYNTbJLkhXL0l/hxYMiXv053vw3pu0etPXBwOO9GWbmhQln2njet1NYW9/Y3Cpul3Z29/YPyodHLR2nitAmiXmsOiHWlDNJm4YZTjuJoliEnLbD8fXMbz9SpVks78wkoYHAQ8kiRrCx0n316SEbX/jTar9c8VxvDrRK/JxUIEejX/7qDWKSCioN4Vjrru8lJsiwMoxwOi31Uk0TTMZ4SLuWSiyoDrL5wVN0ZpUBimJlSxo0V39PZFhoPRGh7RTYjPSyNxP/87qpia6CjMkkNVSSxaIo5cjEaPY9GjBFieETSzBRzN6KyAgrTIzNqGRD8JdfXiWtmut7rn9bq9TdPI4inMApnIMPl1CHG2hAEwgIeIZXeHOU8+K8Ox+L1oKTzxzDHzifP7Rbj5s=</latexit>

[Alistarh et al, 2017]

min
x2Rd

1

n

nX

i=1

fi(x) +R(x)
<latexit sha1_base64="tlkyEM1mG27aFtdSexNQzd5K5zQ="></latexit><latexit sha1_base64="tlkyEM1mG27aFtdSexNQzd5K5zQ="></latexit><latexit sha1_base64="tlkyEM1mG27aFtdSexNQzd5K5zQ="></latexit><latexit sha1_base64="tlkyEM1mG27aFtdSexNQzd5K5zQ="></latexit>

[QSGD: Alistarh et al, 2017]
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<latexit sha1_base64="xZyQUxH0vqyEcLi9U8Orky+tk5Y="></latexit><latexit sha1_base64="xZyQUxH0vqyEcLi9U8Orky+tk5Y="></latexit><latexit sha1_base64="xZyQUxH0vqyEcLi9U8Orky+tk5Y="></latexit><latexit sha1_base64="xZyQUxH0vqyEcLi9U8Orky+tk5Y="></latexit>

gk
<latexit sha1_base64="s9v1dNK3hOfM+PFfC5w5mg7zaqs=">AAAB7HicbVA9TwJBEJ3DL8Qv1NJmI5hYkTsaLYk2lph4QAIn2VsW2LC3d9mdMyEXfoONhcbY+oPs/DcucIWCL5nk5b2ZzMwLEykMuu63U9jY3NreKe6W9vYPDo/KxyctE6eacZ/FMtadkBouheI+CpS8k2hOo1Dydji5nfvtJ66NiNUDThMeRHSkxFAwilbyq6PHSbVfrrg1dwGyTrycVCBHs1/+6g1ilkZcIZPUmK7nJhhkVKNgks9KvdTwhLIJHfGupYpG3ATZ4tgZubDKgAxjbUshWai/JzIaGTONQtsZURybVW8u/ud1UxxeB5lQSYpcseWiYSoJxmT+ORkIzRnKqSWUaWFvJWxMNWVo8ynZELzVl9dJq17z3Jp3X680bvI4inAG53AJHlxBA+6gCT4wEPAMr/DmKOfFeXc+lq0FJ585hT9wPn8AAE6OIg==</latexit><latexit sha1_base64="s9v1dNK3hOfM+PFfC5w5mg7zaqs=">AAAB7HicbVA9TwJBEJ3DL8Qv1NJmI5hYkTsaLYk2lph4QAIn2VsW2LC3d9mdMyEXfoONhcbY+oPs/DcucIWCL5nk5b2ZzMwLEykMuu63U9jY3NreKe6W9vYPDo/KxyctE6eacZ/FMtadkBouheI+CpS8k2hOo1Dydji5nfvtJ66NiNUDThMeRHSkxFAwilbyq6PHSbVfrrg1dwGyTrycVCBHs1/+6g1ilkZcIZPUmK7nJhhkVKNgks9KvdTwhLIJHfGupYpG3ATZ4tgZubDKgAxjbUshWai/JzIaGTONQtsZURybVW8u/ud1UxxeB5lQSYpcseWiYSoJxmT+ORkIzRnKqSWUaWFvJWxMNWVo8ynZELzVl9dJq17z3Jp3X680bvI4inAG53AJHlxBA+6gCT4wEPAMr/DmKOfFeXc+lq0FJ585hT9wPn8AAE6OIg==</latexit><latexit sha1_base64="s9v1dNK3hOfM+PFfC5w5mg7zaqs=">AAAB7HicbVA9TwJBEJ3DL8Qv1NJmI5hYkTsaLYk2lph4QAIn2VsW2LC3d9mdMyEXfoONhcbY+oPs/DcucIWCL5nk5b2ZzMwLEykMuu63U9jY3NreKe6W9vYPDo/KxyctE6eacZ/FMtadkBouheI+CpS8k2hOo1Dydji5nfvtJ66NiNUDThMeRHSkxFAwilbyq6PHSbVfrrg1dwGyTrycVCBHs1/+6g1ilkZcIZPUmK7nJhhkVKNgks9KvdTwhLIJHfGupYpG3ATZ4tgZubDKgAxjbUshWai/JzIaGTONQtsZURybVW8u/ud1UxxeB5lQSYpcseWiYSoJxmT+ORkIzRnKqSWUaWFvJWxMNWVo8ynZELzVl9dJq17z3Jp3X680bvI4inAG53AJHlxBA+6gCT4wEPAMr/DmKOfFeXc+lq0FJ585hT9wPn8AAE6OIg==</latexit><latexit sha1_base64="s9v1dNK3hOfM+PFfC5w5mg7zaqs=">AAAB7HicbVA9TwJBEJ3DL8Qv1NJmI5hYkTsaLYk2lph4QAIn2VsW2LC3d9mdMyEXfoONhcbY+oPs/DcucIWCL5nk5b2ZzMwLEykMuu63U9jY3NreKe6W9vYPDo/KxyctE6eacZ/FMtadkBouheI+CpS8k2hOo1Dydji5nfvtJ66NiNUDThMeRHSkxFAwilbyq6PHSbVfrrg1dwGyTrycVCBHs1/+6g1ilkZcIZPUmK7nJhhkVKNgks9KvdTwhLIJHfGupYpG3ATZ4tgZubDKgAxjbUshWai/JzIaGTONQtsZURybVW8u/ud1UxxeB5lQSYpcseWiYSoJxmT+ORkIzRnKqSWUaWFvJWxMNWVo8ynZELzVl9dJq17z3Jp3X680bvI4inAG53AJHlxBA+6gCT4wEPAMr/DmKOfFeXc+lq0FJ585hT9wPn8AAE6OIg==</latexit>

The Good: unbiasedness

The Bad: introduction of variance!
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<latexit sha1_base64="SXJtLSTIBH41vj1zha1gHd1PebY="></latexit><latexit sha1_base64="SXJtLSTIBH41vj1zha1gHd1PebY="></latexit><latexit sha1_base64="SXJtLSTIBH41vj1zha1gHd1PebY="></latexit><latexit sha1_base64="SXJtLSTIBH41vj1zha1gHd1PebY="></latexit>

EC [C(x)] = x
<latexit sha1_base64="BqWkSeaizEVDLzY+KLZ3n6kN+Ts=">AAACMHicbVDLSgNBEJz1bXxFPXoZjEK8hN1c1IMQENGjgnlAdgmzk95kcPbBTK8kLPtJXvwUvSgo4tWvcBJzUJOChqKqe6a7/EQKjbb9as3NLywuLa+sFtbWNza3its7DR2nikOdxzJWLZ9pkCKCOgqU0EoUsNCX0PTvzkd+8x6UFnF0i8MEvJD1IhEIztBIneLlQeaqkF7kncwdv5Yp6OYuZ5Ke59SVEGB7llMeHFFXiV4fPXpGBwedYsmu2GPQaeJMSIlMcN0pPrndmKchRMgl07rt2Al6GVMouIS84KYaEsbvWA/ahkYsBO1l40VyemiULg1iZSpCOlZ/T2Qs1HoY+qYzZNjX/72ROMtrpxiceJmIkhQh4j8fBamkGNNRerQrFHCUQ0MYV8LsSnmfKcbRZFwwITj/T54mjWrFsSvOTbVUO53EsUL2yD4pE4cckxq5ItekTjh5IM/kjbxbj9aL9WF9/rTOWZOZXfIH1tc3iW2pJg==</latexit><latexit sha1_base64="BqWkSeaizEVDLzY+KLZ3n6kN+Ts=">AAACMHicbVDLSgNBEJz1bXxFPXoZjEK8hN1c1IMQENGjgnlAdgmzk95kcPbBTK8kLPtJXvwUvSgo4tWvcBJzUJOChqKqe6a7/EQKjbb9as3NLywuLa+sFtbWNza3its7DR2nikOdxzJWLZ9pkCKCOgqU0EoUsNCX0PTvzkd+8x6UFnF0i8MEvJD1IhEIztBIneLlQeaqkF7kncwdv5Yp6OYuZ5Ke59SVEGB7llMeHFFXiV4fPXpGBwedYsmu2GPQaeJMSIlMcN0pPrndmKchRMgl07rt2Al6GVMouIS84KYaEsbvWA/ahkYsBO1l40VyemiULg1iZSpCOlZ/T2Qs1HoY+qYzZNjX/72ROMtrpxiceJmIkhQh4j8fBamkGNNRerQrFHCUQ0MYV8LsSnmfKcbRZFwwITj/T54mjWrFsSvOTbVUO53EsUL2yD4pE4cckxq5ItekTjh5IM/kjbxbj9aL9WF9/rTOWZOZXfIH1tc3iW2pJg==</latexit><latexit sha1_base64="BqWkSeaizEVDLzY+KLZ3n6kN+Ts=">AAACMHicbVDLSgNBEJz1bXxFPXoZjEK8hN1c1IMQENGjgnlAdgmzk95kcPbBTK8kLPtJXvwUvSgo4tWvcBJzUJOChqKqe6a7/EQKjbb9as3NLywuLa+sFtbWNza3its7DR2nikOdxzJWLZ9pkCKCOgqU0EoUsNCX0PTvzkd+8x6UFnF0i8MEvJD1IhEIztBIneLlQeaqkF7kncwdv5Yp6OYuZ5Ke59SVEGB7llMeHFFXiV4fPXpGBwedYsmu2GPQaeJMSIlMcN0pPrndmKchRMgl07rt2Al6GVMouIS84KYaEsbvWA/ahkYsBO1l40VyemiULg1iZSpCOlZ/T2Qs1HoY+qYzZNjX/72ROMtrpxiceJmIkhQh4j8fBamkGNNRerQrFHCUQ0MYV8LsSnmfKcbRZFwwITj/T54mjWrFsSvOTbVUO53EsUL2yD4pE4cckxq5ItekTjh5IM/kjbxbj9aL9WF9/rTOWZOZXfIH1tc3iW2pJg==</latexit><latexit sha1_base64="BqWkSeaizEVDLzY+KLZ3n6kN+Ts=">AAACMHicbVDLSgNBEJz1bXxFPXoZjEK8hN1c1IMQENGjgnlAdgmzk95kcPbBTK8kLPtJXvwUvSgo4tWvcBJzUJOChqKqe6a7/EQKjbb9as3NLywuLa+sFtbWNza3its7DR2nikOdxzJWLZ9pkCKCOgqU0EoUsNCX0PTvzkd+8x6UFnF0i8MEvJD1IhEIztBIneLlQeaqkF7kncwdv5Yp6OYuZ5Ke59SVEGB7llMeHFFXiV4fPXpGBwedYsmu2GPQaeJMSIlMcN0pPrndmKchRMgl07rt2Al6GVMouIS84KYaEsbvWA/ahkYsBO1l40VyemiULg1iZSpCOlZ/T2Qs1HoY+qYzZNjX/72ROMtrpxiceJmIkhQh4j8fBamkGNNRerQrFHCUQ0MYV8LsSnmfKcbRZFwwITj/T54mjWrFsSvOTbVUO53EsUL2yD4pE4cckxq5ItekTjh5IM/kjbxbj9aL9WF9/rTOWZOZXfIH1tc3iW2pJg==</latexit>

• Does not converge linearly to the solution even if f is smooth & strongly convex
• Does not work for regularized problems!

GD with Compressed Gradients

R ⌘ 0
<latexit sha1_base64="l+g3YYPLG+seO9m6lLZQ2ZRtBRk="></latexit><latexit sha1_base64="l+g3YYPLG+seO9m6lLZQ2ZRtBRk="></latexit><latexit sha1_base64="l+g3YYPLG+seO9m6lLZQ2ZRtBRk="></latexit><latexit sha1_base64="l+g3YYPLG+seO9m6lLZQ2ZRtBRk="></latexit>

special C
<latexit sha1_base64="wJsGRZN+UZu8jptAhXh5ks9hNXo="></latexit><latexit sha1_base64="wJsGRZN+UZu8jptAhXh5ks9hNXo="></latexit><latexit sha1_base64="wJsGRZN+UZu8jptAhXh5ks9hNXo="></latexit><latexit sha1_base64="wJsGRZN+UZu8jptAhXh5ks9hNXo="></latexit>



Variance Reduction for
Gradient Compression

Paper Problem Compression

Solution: VR for Gradient Compression

gk =
1

n

nX

i=1

C(rfi(x
k)� hk

i ) + hk
i

<latexit sha1_base64="HjE3NrdurFAHaIiEXV2HgnX5bBU="></latexit><latexit sha1_base64="HjE3NrdurFAHaIiEXV2HgnX5bBU="></latexit><latexit sha1_base64="HjE3NrdurFAHaIiEXV2HgnX5bBU="></latexit><latexit sha1_base64="HjE3NrdurFAHaIiEXV2HgnX5bBU="></latexit>

C
<latexit sha1_base64="uRr2M3x4UnBOJXNHXcCZzqwDgmk=">AAACE3icbVC7SgNBFJ2Nr7i+Vi1tBpOAiITdNGoRCKSxjGAekIQwO3s3GTI7u8zMCmHJP9j4KzYWitja2Pk3Th6FRg9cOJxz78y9x084U9p1v6zc2vrG5lZ+297Z3ds/cA6PWipOJYUmjXksOz5RwJmApmaaQyeRQCKfQ9sf12d++x6kYrG405ME+hEZChYySrSRBs55qSiqXvEC27iY9ebvZRKCaY8SjuvTol3CVazGoOlo4BTcsjsH/ku8JSmgJRoD57MXxDSNQGjKiVJdz010PyNSM8phavdSBQmhYzKErqGCRKD62XyHKS4ZJcBhLE0Jjefqz4mMREpNIt90RkSP1Ko3E//zuqkOr/oZE0mqQdDFR2HKsY7xLCAcMAlU84khhEpmdsV0RCSh2sRomxC81ZP/klal7Lll77ZSqF0v48ijE3SKzpCHLlEN3aAGaiKKHtATekGv1qP1bL1Z74vWnLWcOUa/YH18A++amw4=</latexit><latexit sha1_base64="uRr2M3x4UnBOJXNHXcCZzqwDgmk=">AAACE3icbVC7SgNBFJ2Nr7i+Vi1tBpOAiITdNGoRCKSxjGAekIQwO3s3GTI7u8zMCmHJP9j4KzYWitja2Pk3Th6FRg9cOJxz78y9x084U9p1v6zc2vrG5lZ+297Z3ds/cA6PWipOJYUmjXksOz5RwJmApmaaQyeRQCKfQ9sf12d++x6kYrG405ME+hEZChYySrSRBs55qSiqXvEC27iY9ebvZRKCaY8SjuvTol3CVazGoOlo4BTcsjsH/ku8JSmgJRoD57MXxDSNQGjKiVJdz010PyNSM8phavdSBQmhYzKErqGCRKD62XyHKS4ZJcBhLE0Jjefqz4mMREpNIt90RkSP1Ko3E//zuqkOr/oZE0mqQdDFR2HKsY7xLCAcMAlU84khhEpmdsV0RCSh2sRomxC81ZP/klal7Lll77ZSqF0v48ijE3SKzpCHLlEN3aAGaiKKHtATekGv1qP1bL1Z74vWnLWcOUa/YH18A++amw4=</latexit><latexit sha1_base64="uRr2M3x4UnBOJXNHXcCZzqwDgmk=">AAACE3icbVC7SgNBFJ2Nr7i+Vi1tBpOAiITdNGoRCKSxjGAekIQwO3s3GTI7u8zMCmHJP9j4KzYWitja2Pk3Th6FRg9cOJxz78y9x084U9p1v6zc2vrG5lZ+297Z3ds/cA6PWipOJYUmjXksOz5RwJmApmaaQyeRQCKfQ9sf12d++x6kYrG405ME+hEZChYySrSRBs55qSiqXvEC27iY9ebvZRKCaY8SjuvTol3CVazGoOlo4BTcsjsH/ku8JSmgJRoD57MXxDSNQGjKiVJdz010PyNSM8phavdSBQmhYzKErqGCRKD62XyHKS4ZJcBhLE0Jjefqz4mMREpNIt90RkSP1Ko3E//zuqkOr/oZE0mqQdDFR2HKsY7xLCAcMAlU84khhEpmdsV0RCSh2sRomxC81ZP/klal7Lll77ZSqF0v48ijE3SKzpCHLlEN3aAGaiKKHtATekGv1qP1bL1Z74vWnLWcOUa/YH18A++amw4=</latexit><latexit sha1_base64="uRr2M3x4UnBOJXNHXcCZzqwDgmk=">AAACE3icbVC7SgNBFJ2Nr7i+Vi1tBpOAiITdNGoRCKSxjGAekIQwO3s3GTI7u8zMCmHJP9j4KzYWitja2Pk3Th6FRg9cOJxz78y9x084U9p1v6zc2vrG5lZ+297Z3ds/cA6PWipOJYUmjXksOz5RwJmApmaaQyeRQCKfQ9sf12d++x6kYrG405ME+hEZChYySrSRBs55qSiqXvEC27iY9ebvZRKCaY8SjuvTol3CVazGoOlo4BTcsjsH/ku8JSmgJRoD57MXxDSNQGjKiVJdz010PyNSM8phavdSBQmhYzKErqGCRKD62XyHKS4ZJcBhLE0Jjefqz4mMREpNIt90RkSP1Ko3E//zuqkOr/oZE0mqQdDFR2HKsY7xLCAcMAlU84khhEpmdsV0RCSh2sRomxC81ZP/klal7Lll77ZSqF0v48ijE3SKzpCHLlEN3aAGaiKKHtATekGv1qP1bL1Z74vWnLWcOUa/YH18A++amw4=</latexit>

1

n

nX

i=1

fi(x)
<latexit sha1_base64="RCgvPWwoMmJVodiBnSw6ctIWnPI=">AAACC3icbVC7TsMwFHXKq5RXgJHFaoNUlirpAgtSJRbGItGH1ITIcZ3WquNEtoOoouws/AoLAwix8gNs/A1umwFajnSlo3Pu1b33BAmjUtn2t1FaW9/Y3CpvV3Z29/YPzMOjroxTgUkHxywW/QBJwignHUUVI/1EEBQFjPSCydXM790TIWnMb9U0IV6ERpyGFCOlJd+sWpYbCoQzJ8947so08jN66eR3HIY+rT+cWZZv1uyGPQdcJU5BaqBA2ze/3GGM04hwhRmScuDYifIyJBTFjOQVN5UkQXiCRmSgKUcRkV42/yWHp1oZwjAWuriCc/X3RIYiKadRoDsjpMZy2ZuJ/3mDVIUXXkZ5kirC8WJRmDKoYjgLBg6pIFixqSYIC6pvhXiMdDRKx1fRITjLL6+SbrPh2A3npllr2UUcZXACqqAOHHAOWuAatEEHYPAInsEreDOejBfj3fhYtJaMYuYY/IHx+QMtBZnE</latexit><latexit sha1_base64="RCgvPWwoMmJVodiBnSw6ctIWnPI=">AAACC3icbVC7TsMwFHXKq5RXgJHFaoNUlirpAgtSJRbGItGH1ITIcZ3WquNEtoOoouws/AoLAwix8gNs/A1umwFajnSlo3Pu1b33BAmjUtn2t1FaW9/Y3CpvV3Z29/YPzMOjroxTgUkHxywW/QBJwignHUUVI/1EEBQFjPSCydXM790TIWnMb9U0IV6ERpyGFCOlJd+sWpYbCoQzJ8947so08jN66eR3HIY+rT+cWZZv1uyGPQdcJU5BaqBA2ze/3GGM04hwhRmScuDYifIyJBTFjOQVN5UkQXiCRmSgKUcRkV42/yWHp1oZwjAWuriCc/X3RIYiKadRoDsjpMZy2ZuJ/3mDVIUXXkZ5kirC8WJRmDKoYjgLBg6pIFixqSYIC6pvhXiMdDRKx1fRITjLL6+SbrPh2A3npllr2UUcZXACqqAOHHAOWuAatEEHYPAInsEreDOejBfj3fhYtJaMYuYY/IHx+QMtBZnE</latexit><latexit sha1_base64="RCgvPWwoMmJVodiBnSw6ctIWnPI=">AAACC3icbVC7TsMwFHXKq5RXgJHFaoNUlirpAgtSJRbGItGH1ITIcZ3WquNEtoOoouws/AoLAwix8gNs/A1umwFajnSlo3Pu1b33BAmjUtn2t1FaW9/Y3CpvV3Z29/YPzMOjroxTgUkHxywW/QBJwignHUUVI/1EEBQFjPSCydXM790TIWnMb9U0IV6ERpyGFCOlJd+sWpYbCoQzJ8947so08jN66eR3HIY+rT+cWZZv1uyGPQdcJU5BaqBA2ze/3GGM04hwhRmScuDYifIyJBTFjOQVN5UkQXiCRmSgKUcRkV42/yWHp1oZwjAWuriCc/X3RIYiKadRoDsjpMZy2ZuJ/3mDVIUXXkZ5kirC8WJRmDKoYjgLBg6pIFixqSYIC6pvhXiMdDRKx1fRITjLL6+SbrPh2A3npllr2UUcZXACqqAOHHAOWuAatEEHYPAInsEreDOejBfj3fhYtJaMYuYY/IHx+QMtBZnE</latexit><latexit sha1_base64="RCgvPWwoMmJVodiBnSw6ctIWnPI=">AAACC3icbVC7TsMwFHXKq5RXgJHFaoNUlirpAgtSJRbGItGH1ITIcZ3WquNEtoOoouws/AoLAwix8gNs/A1umwFajnSlo3Pu1b33BAmjUtn2t1FaW9/Y3CpvV3Z29/YPzMOjroxTgUkHxywW/QBJwignHUUVI/1EEBQFjPSCydXM790TIWnMb9U0IV6ERpyGFCOlJd+sWpYbCoQzJ8947so08jN66eR3HIY+rT+cWZZv1uyGPQdcJU5BaqBA2ze/3GGM04hwhRmScuDYifIyJBTFjOQVN5UkQXiCRmSgKUcRkV42/yWHp1oZwjAWuriCc/X3RIYiKadRoDsjpMZy2ZuJ/3mDVIUXXkZ5kirC8WJRmDKoYjgLBg6pIFixqSYIC6pvhXiMdDRKx1fRITjLL6+SbrPh2A3npllr2UUcZXACqqAOHHAOWuAatEEHYPAInsEreDOejBfj3fhYtJaMYuYY/IHx+QMtBZnE</latexit>

1

n

nX

i=1

fi(x)
<latexit sha1_base64="RCgvPWwoMmJVodiBnSw6ctIWnPI=">AAACC3icbVC7TsMwFHXKq5RXgJHFaoNUlirpAgtSJRbGItGH1ITIcZ3WquNEtoOoouws/AoLAwix8gNs/A1umwFajnSlo3Pu1b33BAmjUtn2t1FaW9/Y3CpvV3Z29/YPzMOjroxTgUkHxywW/QBJwignHUUVI/1EEBQFjPSCydXM790TIWnMb9U0IV6ERpyGFCOlJd+sWpYbCoQzJ8947so08jN66eR3HIY+rT+cWZZv1uyGPQdcJU5BaqBA2ze/3GGM04hwhRmScuDYifIyJBTFjOQVN5UkQXiCRmSgKUcRkV42/yWHp1oZwjAWuriCc/X3RIYiKadRoDsjpMZy2ZuJ/3mDVIUXXkZ5kirC8WJRmDKoYjgLBg6pIFixqSYIC6pvhXiMdDRKx1fRITjLL6+SbrPh2A3npllr2UUcZXACqqAOHHAOWuAatEEHYPAInsEreDOejBfj3fhYtJaMYuYY/IHx+QMtBZnE</latexit><latexit sha1_base64="RCgvPWwoMmJVodiBnSw6ctIWnPI=">AAACC3icbVC7TsMwFHXKq5RXgJHFaoNUlirpAgtSJRbGItGH1ITIcZ3WquNEtoOoouws/AoLAwix8gNs/A1umwFajnSlo3Pu1b33BAmjUtn2t1FaW9/Y3CpvV3Z29/YPzMOjroxTgUkHxywW/QBJwignHUUVI/1EEBQFjPSCydXM790TIWnMb9U0IV6ERpyGFCOlJd+sWpYbCoQzJ8947so08jN66eR3HIY+rT+cWZZv1uyGPQdcJU5BaqBA2ze/3GGM04hwhRmScuDYifIyJBTFjOQVN5UkQXiCRmSgKUcRkV42/yWHp1oZwjAWuriCc/X3RIYiKadRoDsjpMZy2ZuJ/3mDVIUXXkZ5kirC8WJRmDKoYjgLBg6pIFixqSYIC6pvhXiMdDRKx1fRITjLL6+SbrPh2A3npllr2UUcZXACqqAOHHAOWuAatEEHYPAInsEreDOejBfj3fhYtJaMYuYY/IHx+QMtBZnE</latexit><latexit sha1_base64="RCgvPWwoMmJVodiBnSw6ctIWnPI=">AAACC3icbVC7TsMwFHXKq5RXgJHFaoNUlirpAgtSJRbGItGH1ITIcZ3WquNEtoOoouws/AoLAwix8gNs/A1umwFajnSlo3Pu1b33BAmjUtn2t1FaW9/Y3CpvV3Z29/YPzMOjroxTgUkHxywW/QBJwignHUUVI/1EEBQFjPSCydXM790TIWnMb9U0IV6ERpyGFCOlJd+sWpYbCoQzJ8947so08jN66eR3HIY+rT+cWZZv1uyGPQdcJU5BaqBA2ze/3GGM04hwhRmScuDYifIyJBTFjOQVN5UkQXiCRmSgKUcRkV42/yWHp1oZwjAWuriCc/X3RIYiKadRoDsjpMZy2ZuJ/3mDVIUXXkZ5kirC8WJRmDKoYjgLBg6pIFixqSYIC6pvhXiMdDRKx1fRITjLL6+SbrPh2A3npllr2UUcZXACqqAOHHAOWuAatEEHYPAInsEreDOejBfj3fhYtJaMYuYY/IHx+QMtBZnE</latexit><latexit sha1_base64="RCgvPWwoMmJVodiBnSw6ctIWnPI=">AAACC3icbVC7TsMwFHXKq5RXgJHFaoNUlirpAgtSJRbGItGH1ITIcZ3WquNEtoOoouws/AoLAwix8gNs/A1umwFajnSlo3Pu1b33BAmjUtn2t1FaW9/Y3CpvV3Z29/YPzMOjroxTgUkHxywW/QBJwignHUUVI/1EEBQFjPSCydXM790TIWnMb9U0IV6ERpyGFCOlJd+sWpYbCoQzJ8947so08jN66eR3HIY+rT+cWZZv1uyGPQdcJU5BaqBA2ze/3GGM04hwhRmScuDYifIyJBTFjOQVN5UkQXiCRmSgKUcRkV42/yWHp1oZwjAWuriCc/X3RIYiKadRoDsjpMZy2ZuJ/3mDVIUXXkZ5kirC8WJRmDKoYjgLBg6pIFixqSYIC6pvhXiMdDRKx1fRITjLL6+SbrPh2A3npllr2UUcZXACqqAOHHAOWuAatEEHYPAInsEreDOejBfj3fhYtJaMYuYY/IHx+QMtBZnE</latexit>

1

n

nX

i=1

0

@ 1

m

mX

j=1

fij(x)

1

A

<latexit sha1_base64="6I/ACRcxSKVbLgHDsR/BP+d7Jbo="></latexit><latexit sha1_base64="6I/ACRcxSKVbLgHDsR/BP+d7Jbo="></latexit><latexit sha1_base64="6I/ACRcxSKVbLgHDsR/BP+d7Jbo="></latexit><latexit sha1_base64="6I/ACRcxSKVbLgHDsR/BP+d7Jbo="></latexit>

f(x)
<latexit sha1_base64="bcQrrVhiMXmAvWZxz4NhTE0iG2c=">AAAB7XicbVA9TwJBEJ3DL8Qv1NJmI5hgQ+5otCSxscREDhK4kL1lD1b2di+7e0Zy4T/YWGiMrf/Hzn/jAlco+JJJXt6bycy8MOFMG9f9dgobm1vbO8Xd0t7+weFR+fjE1zJVhLaJ5FJ1Q6wpZ4K2DTOcdhNFcRxy2gknN3O/80iVZlLcm2lCgxiPBIsYwcZKfjWqPV1WB+WKW3cXQOvEy0kFcrQG5a/+UJI0psIQjrXueW5iggwrwwins1I/1TTBZIJHtGepwDHVQba4doYurDJEkVS2hEEL9fdEhmOtp3FoO2NsxnrVm4v/eb3URNdBxkSSGirIclGUcmQkmr+OhkxRYvjUEkwUs7ciMsYKE2MDKtkQvNWX14nfqHtu3btrVJpuHkcRzuAcauDBFTThFlrQBgIP8Ayv8OZI58V5dz6WrQUnnzmFP3A+fwAfPY4Z</latexit><latexit sha1_base64="bcQrrVhiMXmAvWZxz4NhTE0iG2c=">AAAB7XicbVA9TwJBEJ3DL8Qv1NJmI5hgQ+5otCSxscREDhK4kL1lD1b2di+7e0Zy4T/YWGiMrf/Hzn/jAlco+JJJXt6bycy8MOFMG9f9dgobm1vbO8Xd0t7+weFR+fjE1zJVhLaJ5FJ1Q6wpZ4K2DTOcdhNFcRxy2gknN3O/80iVZlLcm2lCgxiPBIsYwcZKfjWqPV1WB+WKW3cXQOvEy0kFcrQG5a/+UJI0psIQjrXueW5iggwrwwins1I/1TTBZIJHtGepwDHVQba4doYurDJEkVS2hEEL9fdEhmOtp3FoO2NsxnrVm4v/eb3URNdBxkSSGirIclGUcmQkmr+OhkxRYvjUEkwUs7ciMsYKE2MDKtkQvNWX14nfqHtu3btrVJpuHkcRzuAcauDBFTThFlrQBgIP8Ayv8OZI58V5dz6WrQUnnzmFP3A+fwAfPY4Z</latexit><latexit sha1_base64="bcQrrVhiMXmAvWZxz4NhTE0iG2c=">AAAB7XicbVA9TwJBEJ3DL8Qv1NJmI5hgQ+5otCSxscREDhK4kL1lD1b2di+7e0Zy4T/YWGiMrf/Hzn/jAlco+JJJXt6bycy8MOFMG9f9dgobm1vbO8Xd0t7+weFR+fjE1zJVhLaJ5FJ1Q6wpZ4K2DTOcdhNFcRxy2gknN3O/80iVZlLcm2lCgxiPBIsYwcZKfjWqPV1WB+WKW3cXQOvEy0kFcrQG5a/+UJI0psIQjrXueW5iggwrwwins1I/1TTBZIJHtGepwDHVQba4doYurDJEkVS2hEEL9fdEhmOtp3FoO2NsxnrVm4v/eb3URNdBxkSSGirIclGUcmQkmr+OhkxRYvjUEkwUs7ciMsYKE2MDKtkQvNWX14nfqHtu3btrVJpuHkcRzuAcauDBFTThFlrQBgIP8Ayv8OZI58V5dz6WrQUnnzmFP3A+fwAfPY4Z</latexit><latexit sha1_base64="bcQrrVhiMXmAvWZxz4NhTE0iG2c=">AAAB7XicbVA9TwJBEJ3DL8Qv1NJmI5hgQ+5otCSxscREDhK4kL1lD1b2di+7e0Zy4T/YWGiMrf/Hzn/jAlco+JJJXt6bycy8MOFMG9f9dgobm1vbO8Xd0t7+weFR+fjE1zJVhLaJ5FJ1Q6wpZ4K2DTOcdhNFcRxy2gknN3O/80iVZlLcm2lCgxiPBIsYwcZKfjWqPV1WB+WKW3cXQOvEy0kFcrQG5a/+UJI0psIQjrXueW5iggwrwwins1I/1TTBZIJHtGepwDHVQba4doYurDJEkVS2hEEL9fdEhmOtp3FoO2NsxnrVm4v/eb3URNdBxkSSGirIclGUcmQkmr+OhkxRYvjUEkwUs7ciMsYKE2MDKtkQvNWX14nfqHtu3btrVJpuHkcRzuAcauDBFTThFlrQBgIP8Ayv8OZI58V5dz6WrQUnnzmFP3A+fwAfPY4Z</latexit>

EC [C(x)] = x
<latexit sha1_base64="BqWkSeaizEVDLzY+KLZ3n6kN+Ts=">AAACMHicbVDLSgNBEJz1bXxFPXoZjEK8hN1c1IMQENGjgnlAdgmzk95kcPbBTK8kLPtJXvwUvSgo4tWvcBJzUJOChqKqe6a7/EQKjbb9as3NLywuLa+sFtbWNza3its7DR2nikOdxzJWLZ9pkCKCOgqU0EoUsNCX0PTvzkd+8x6UFnF0i8MEvJD1IhEIztBIneLlQeaqkF7kncwdv5Yp6OYuZ5Ke59SVEGB7llMeHFFXiV4fPXpGBwedYsmu2GPQaeJMSIlMcN0pPrndmKchRMgl07rt2Al6GVMouIS84KYaEsbvWA/ahkYsBO1l40VyemiULg1iZSpCOlZ/T2Qs1HoY+qYzZNjX/72ROMtrpxiceJmIkhQh4j8fBamkGNNRerQrFHCUQ0MYV8LsSnmfKcbRZFwwITj/T54mjWrFsSvOTbVUO53EsUL2yD4pE4cckxq5ItekTjh5IM/kjbxbj9aL9WF9/rTOWZOZXfIH1tc3iW2pJg==</latexit><latexit sha1_base64="BqWkSeaizEVDLzY+KLZ3n6kN+Ts=">AAACMHicbVDLSgNBEJz1bXxFPXoZjEK8hN1c1IMQENGjgnlAdgmzk95kcPbBTK8kLPtJXvwUvSgo4tWvcBJzUJOChqKqe6a7/EQKjbb9as3NLywuLa+sFtbWNza3its7DR2nikOdxzJWLZ9pkCKCOgqU0EoUsNCX0PTvzkd+8x6UFnF0i8MEvJD1IhEIztBIneLlQeaqkF7kncwdv5Yp6OYuZ5Ke59SVEGB7llMeHFFXiV4fPXpGBwedYsmu2GPQaeJMSIlMcN0pPrndmKchRMgl07rt2Al6GVMouIS84KYaEsbvWA/ahkYsBO1l40VyemiULg1iZSpCOlZ/T2Qs1HoY+qYzZNjX/72ROMtrpxiceJmIkhQh4j8fBamkGNNRerQrFHCUQ0MYV8LsSnmfKcbRZFwwITj/T54mjWrFsSvOTbVUO53EsUL2yD4pE4cckxq5ItekTjh5IM/kjbxbj9aL9WF9/rTOWZOZXfIH1tc3iW2pJg==</latexit><latexit sha1_base64="BqWkSeaizEVDLzY+KLZ3n6kN+Ts=">AAACMHicbVDLSgNBEJz1bXxFPXoZjEK8hN1c1IMQENGjgnlAdgmzk95kcPbBTK8kLPtJXvwUvSgo4tWvcBJzUJOChqKqe6a7/EQKjbb9as3NLywuLa+sFtbWNza3its7DR2nikOdxzJWLZ9pkCKCOgqU0EoUsNCX0PTvzkd+8x6UFnF0i8MEvJD1IhEIztBIneLlQeaqkF7kncwdv5Yp6OYuZ5Ke59SVEGB7llMeHFFXiV4fPXpGBwedYsmu2GPQaeJMSIlMcN0pPrndmKchRMgl07rt2Al6GVMouIS84KYaEsbvWA/ahkYsBO1l40VyemiULg1iZSpCOlZ/T2Qs1HoY+qYzZNjX/72ROMtrpxiceJmIkhQh4j8fBamkGNNRerQrFHCUQ0MYV8LsSnmfKcbRZFwwITj/T54mjWrFsSvOTbVUO53EsUL2yD4pE4cckxq5ItekTjh5IM/kjbxbj9aL9WF9/rTOWZOZXfIH1tc3iW2pJg==</latexit><latexit sha1_base64="BqWkSeaizEVDLzY+KLZ3n6kN+Ts=">AAACMHicbVDLSgNBEJz1bXxFPXoZjEK8hN1c1IMQENGjgnlAdgmzk95kcPbBTK8kLPtJXvwUvSgo4tWvcBJzUJOChqKqe6a7/EQKjbb9as3NLywuLa+sFtbWNza3its7DR2nikOdxzJWLZ9pkCKCOgqU0EoUsNCX0PTvzkd+8x6UFnF0i8MEvJD1IhEIztBIneLlQeaqkF7kncwdv5Yp6OYuZ5Ke59SVEGB7llMeHFFXiV4fPXpGBwedYsmu2GPQaeJMSIlMcN0pPrndmKchRMgl07rt2Al6GVMouIS84KYaEsbvWA/ahkYsBO1l40VyemiULg1iZSpCOlZ/T2Qs1HoY+qYzZNjX/72ROMtrpxiceJmIkhQh4j8fBamkGNNRerQrFHCUQ0MYV8LsSnmfKcbRZFwwITj/T54mjWrFsSvOTbVUO53EsUL2yD4pE4cckxq5ItekTjh5IM/kjbxbj9aL9WF9/rTOWZOZXfIH1tc3iW2pJg==</latexit>

EC
⇥
kC(x)� xk2

⇤
 !kxk2

<latexit sha1_base64="/a9Na9nuYlE0yJrhNXF/e0YL1sQ="></latexit><latexit sha1_base64="/a9Na9nuYlE0yJrhNXF/e0YL1sQ="></latexit><latexit sha1_base64="/a9Na9nuYlE0yJrhNXF/e0YL1sQ="></latexit><latexit sha1_base64="/a9Na9nuYlE0yJrhNXF/e0YL1sQ="></latexit>

C(x) = MS(S>S)†S>x
<latexit sha1_base64="Eyd1JfYOs8u4MTONVXQ6Ibqjzq4="></latexit><latexit sha1_base64="Eyd1JfYOs8u4MTONVXQ6Ibqjzq4="></latexit><latexit sha1_base64="Eyd1JfYOs8u4MTONVXQ6Ibqjzq4="></latexit><latexit sha1_base64="Eyd1JfYOs8u4MTONVXQ6Ibqjzq4="></latexit>

sketching

M =
�
E
⇥
S(S>S)†S>⇤��1

<latexit sha1_base64="AeXoD1IRmEE0GZNxm4pHDKx07mE="></latexit><latexit sha1_base64="AeXoD1IRmEE0GZNxm4pHDKx07mE="></latexit><latexit sha1_base64="AeXoD1IRmEE0GZNxm4pHDKx07mE="></latexit><latexit sha1_base64="AeXoD1IRmEE0GZNxm4pHDKx07mE="></latexit>

general

hk
i ! rfi(x⇤)

<latexit sha1_base64="1FZahvmfu3JZCsNHsC4gu44WalE=">AAACBXicbVC7TsMwFHXKq4RXgBEGixapMFRJF2CrxMJYJPqQmjRyXKe16jiR7SCqqAsLv8LCAEKs/AMbf4PbZoCWI1k6OudeXZ8TJIxKZdvfRmFldW19o7hpbm3v7O5Z+wctGacCkyaOWSw6AZKEUU6aiipGOokgKAoYaQej66nfvidC0pjfqXFCvAgNOA0pRkpLvnVcHvq0N4Kmq2LochQwBEOfVh5652dl3yrZVXsGuEycnJRAjoZvfbn9GKcR4QozJGXXsRPlZUgoihmZmG4qSYLwCA1IV1OOIiK9bJZiAk+10odhLPTjCs7U3xsZiqQcR4GejJAaykVvKv7ndVMVXnoZ5UmqCMfzQ2HKoE48rQT2qSBYsbEmCAuq/wrxEAmElS7O1CU4i5GXSatWdeyqc1sr1a/yOorgCJyACnDABaiDG9AATYDBI3gGr+DNeDJejHfjYz5aMPKdQ/AHxucPT4uWew==</latexit><latexit sha1_base64="1FZahvmfu3JZCsNHsC4gu44WalE=">AAACBXicbVC7TsMwFHXKq4RXgBEGixapMFRJF2CrxMJYJPqQmjRyXKe16jiR7SCqqAsLv8LCAEKs/AMbf4PbZoCWI1k6OudeXZ8TJIxKZdvfRmFldW19o7hpbm3v7O5Z+wctGacCkyaOWSw6AZKEUU6aiipGOokgKAoYaQej66nfvidC0pjfqXFCvAgNOA0pRkpLvnVcHvq0N4Kmq2LochQwBEOfVh5652dl3yrZVXsGuEycnJRAjoZvfbn9GKcR4QozJGXXsRPlZUgoihmZmG4qSYLwCA1IV1OOIiK9bJZiAk+10odhLPTjCs7U3xsZiqQcR4GejJAaykVvKv7ndVMVXnoZ5UmqCMfzQ2HKoE48rQT2qSBYsbEmCAuq/wrxEAmElS7O1CU4i5GXSatWdeyqc1sr1a/yOorgCJyACnDABaiDG9AATYDBI3gGr+DNeDJejHfjYz5aMPKdQ/AHxucPT4uWew==</latexit><latexit sha1_base64="1FZahvmfu3JZCsNHsC4gu44WalE=">AAACBXicbVC7TsMwFHXKq4RXgBEGixapMFRJF2CrxMJYJPqQmjRyXKe16jiR7SCqqAsLv8LCAEKs/AMbf4PbZoCWI1k6OudeXZ8TJIxKZdvfRmFldW19o7hpbm3v7O5Z+wctGacCkyaOWSw6AZKEUU6aiipGOokgKAoYaQej66nfvidC0pjfqXFCvAgNOA0pRkpLvnVcHvq0N4Kmq2LochQwBEOfVh5652dl3yrZVXsGuEycnJRAjoZvfbn9GKcR4QozJGXXsRPlZUgoihmZmG4qSYLwCA1IV1OOIiK9bJZiAk+10odhLPTjCs7U3xsZiqQcR4GejJAaykVvKv7ndVMVXnoZ5UmqCMfzQ2HKoE48rQT2qSBYsbEmCAuq/wrxEAmElS7O1CU4i5GXSatWdeyqc1sr1a/yOorgCJyACnDABaiDG9AATYDBI3gGr+DNeDJejHfjYz5aMPKdQ/AHxucPT4uWew==</latexit><latexit sha1_base64="1FZahvmfu3JZCsNHsC4gu44WalE=">AAACBXicbVC7TsMwFHXKq4RXgBEGixapMFRJF2CrxMJYJPqQmjRyXKe16jiR7SCqqAsLv8LCAEKs/AMbf4PbZoCWI1k6OudeXZ8TJIxKZdvfRmFldW19o7hpbm3v7O5Z+wctGacCkyaOWSw6AZKEUU6aiipGOokgKAoYaQej66nfvidC0pjfqXFCvAgNOA0pRkpLvnVcHvq0N4Kmq2LochQwBEOfVh5652dl3yrZVXsGuEycnJRAjoZvfbn9GKcR4QozJGXXsRPlZUgoihmZmG4qSYLwCA1IV1OOIiK9bJZiAk+10odhLPTjCs7U3xsZiqQcR4GejJAaykVvKv7ndVMVXnoZ5UmqCMfzQ2HKoE48rQT2qSBYsbEmCAuq/wrxEAmElS7O1CU4i5GXSatWdeyqc1sr1a/yOorgCJyACnDABaiDG9AATYDBI3gGr+DNeDJejHfjYz5aMPKdQ/AHxucPT4uWew==</latexit>

Learning the gradients at the optimum:

First VR method 
for gradient 
compression

First VR method 
for gradient 
compression
in n > 1 case

First VR method 
for general

gradient 
compression 

SEGA
[Hanzely, Mishchenko, R, NeurIPS 2018]

DIANA
[Mishchenko, Gorbunov, Takáč, R, 2019]

ternary quantization

99%
[Mishchenko, Hanzely, R, 2019]

sparsification / 
coordinate sketching

DIANA
[Horváth, Kovalev, Mishchenko, R, Stich 2019]
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Composite Minimization

\[\min_{x 

convex & closed
(and not necessarily separable)

Dimension d:
very large

Smoothness:
\[f(x+h

Strong convexity: \[f(x)+f(x) + hrf(x), hi+ 1
2 hµIh, hi  f(x+ h)

<latexit sha1_base64="6v3pE28o7nZrFNgM18V73rWDvdY="></latexit><latexit sha1_base64="6v3pE28o7nZrFNgM18V73rWDvdY="></latexit><latexit sha1_base64="6v3pE28o7nZrFNgM18V73rWDvdY="></latexit><latexit sha1_base64="6v3pE28o7nZrFNgM18V73rWDvdY="></latexit>

f(x+ h)  f(x) + hrf(x), hi+ 1
2 hLh, hi

<latexit sha1_base64="ymYADZyKZONg/K8URfDIUDbFtjA="></latexit><latexit sha1_base64="ymYADZyKZONg/K8URfDIUDbFtjA="></latexit><latexit sha1_base64="ymYADZyKZONg/K8URfDIUDbFtjA="></latexit><latexit sha1_base64="ymYADZyKZONg/K8URfDIUDbFtjA="></latexit>

min
x2Rd

F (x)
def
= f(x) +R(x)

<latexit sha1_base64="8IV5d/grfbWL9vfnFVFPPIdsbvg="></latexit><latexit sha1_base64="8IV5d/grfbWL9vfnFVFPPIdsbvg="></latexit><latexit sha1_base64="8IV5d/grfbWL9vfnFVFPPIdsbvg="></latexit><latexit sha1_base64="8IV5d/grfbWL9vfnFVFPPIdsbvg="></latexit>

Gradient Sketch



New Stochastic First Order Oracle

SkEtched GrAdient (SEGA) Oracle

Access to a random linear transformation (i.e., “sketch”) of the gradient:

S>rf(x)
<latexit sha1_base64="Dah22x30L1UtMFvb/JsG+g6B6ME=">AAACFHicbVC7TsMwFHV4lvIKMLJYVEhFSFXSBcYKFsYi6ENKQuW4TmvVcSLbQVRRPoKFX2FhACFWBjb+BifNAC1HutLROffa9x4/ZlQqy/o2lpZXVtfWKxvVza3tnV1zb78ro0Rg0sERi0TfR5IwyklHUcVIPxYEhT4jPX9ymfu9eyIkjfitmsbEC9GI04BipLQ0ME9dJ3WLZ1JBhlnq+gG8ye5cFcUZdDnyGYJB/eEEul51YNashlUALhK7JDVQoj0wv9xhhJOQcIUZktKxrVh5KRKKYkayqptIEiM8QSPiaMpRSKSXFttk8FgrQxhEQhdXsFB/T6QolHIa+rozRGos571c/M9zEhWceynlcaIIx7OPgoRBFcE8ITikgmDFppogLKjeFeIxEggrnWMegj1/8iLpNhu21bCvm7XWRRlHBRyCI1AHNjgDLXAF2qADMHgEz+AVvBlPxovxbnzMWpeMcuYA/IHx+QPbFp38</latexit><latexit sha1_base64="Dah22x30L1UtMFvb/JsG+g6B6ME=">AAACFHicbVC7TsMwFHV4lvIKMLJYVEhFSFXSBcYKFsYi6ENKQuW4TmvVcSLbQVRRPoKFX2FhACFWBjb+BifNAC1HutLROffa9x4/ZlQqy/o2lpZXVtfWKxvVza3tnV1zb78ro0Rg0sERi0TfR5IwyklHUcVIPxYEhT4jPX9ymfu9eyIkjfitmsbEC9GI04BipLQ0ME9dJ3WLZ1JBhlnq+gG8ye5cFcUZdDnyGYJB/eEEul51YNashlUALhK7JDVQoj0wv9xhhJOQcIUZktKxrVh5KRKKYkayqptIEiM8QSPiaMpRSKSXFttk8FgrQxhEQhdXsFB/T6QolHIa+rozRGos571c/M9zEhWceynlcaIIx7OPgoRBFcE8ITikgmDFppogLKjeFeIxEggrnWMegj1/8iLpNhu21bCvm7XWRRlHBRyCI1AHNjgDLXAF2qADMHgEz+AVvBlPxovxbnzMWpeMcuYA/IHx+QPbFp38</latexit><latexit sha1_base64="Dah22x30L1UtMFvb/JsG+g6B6ME=">AAACFHicbVC7TsMwFHV4lvIKMLJYVEhFSFXSBcYKFsYi6ENKQuW4TmvVcSLbQVRRPoKFX2FhACFWBjb+BifNAC1HutLROffa9x4/ZlQqy/o2lpZXVtfWKxvVza3tnV1zb78ro0Rg0sERi0TfR5IwyklHUcVIPxYEhT4jPX9ymfu9eyIkjfitmsbEC9GI04BipLQ0ME9dJ3WLZ1JBhlnq+gG8ye5cFcUZdDnyGYJB/eEEul51YNashlUALhK7JDVQoj0wv9xhhJOQcIUZktKxrVh5KRKKYkayqptIEiM8QSPiaMpRSKSXFttk8FgrQxhEQhdXsFB/T6QolHIa+rozRGos571c/M9zEhWceynlcaIIx7OPgoRBFcE8ITikgmDFppogLKjeFeIxEggrnWMegj1/8iLpNhu21bCvm7XWRRlHBRyCI1AHNjgDLXAF2qADMHgEz+AVvBlPxovxbnzMWpeMcuYA/IHx+QPbFp38</latexit><latexit sha1_base64="Dah22x30L1UtMFvb/JsG+g6B6ME=">AAACFHicbVC7TsMwFHV4lvIKMLJYVEhFSFXSBcYKFsYi6ENKQuW4TmvVcSLbQVRRPoKFX2FhACFWBjb+BifNAC1HutLROffa9x4/ZlQqy/o2lpZXVtfWKxvVza3tnV1zb78ro0Rg0sERi0TfR5IwyklHUcVIPxYEhT4jPX9ymfu9eyIkjfitmsbEC9GI04BipLQ0ME9dJ3WLZ1JBhlnq+gG8ye5cFcUZdDnyGYJB/eEEul51YNashlUALhK7JDVQoj0wv9xhhJOQcIUZktKxrVh5KRKKYkayqptIEiM8QSPiaMpRSKSXFttk8FgrQxhEQhdXsFB/T6QolHIa+rozRGos571c/M9zEhWceynlcaIIx7OPgoRBFcE8ITikgmDFppogLKjeFeIxEggrnWMegj1/8iLpNhu21bCvm7XWRRlHBRyCI1AHNjgDLXAF2qADMHgEz+AVvBlPxovxbnzMWpeMcuYA/IHx+QPbFp38</latexit>

\[{

S ⇠ D
<latexit sha1_base64="Tkz7RyOWRRBOyQ0qht3dHKOyqjc=">AAACDnicbVC7TsMwFHXKq5RXgJHFoqrEVCVdYKyAgbEI+pCSqHIcp7VqJ5HtIFVRvoCFX2FhACFWZjb+BifNAC1HutLROffa9x4/YVQqy/o2amvrG5tb9e3Gzu7e/oF5eDSQcSow6eOYxWLkI0kYjUhfUcXIKBEEcZ+RoT+7KvzhAxGSxtG9mifE42gS0ZBipLQ0Nluu45avZIIEeZa5fgjv8hy6knLoYsTgtes1xmbTalsl4CqxK9IEFXpj88sNYpxyEinMkJSObSXKy5BQFDOSN9xUkgThGZoQR9MIcSK9rFwkhy2tBDCMha5IwVL9PZEhLuWc+7qTIzWVy14h/uc5qQovvIxGSapIhBcfhSmDKoZFNjCggmDF5pogLKjeFeIpEggrnWARgr188ioZdNq21bZvO83uZRVHHZyAU3AGbHAOuuAG9EAfYPAInsEreDOejBfj3fhYtNaMauYY/IHx+QNihZuf</latexit><latexit sha1_base64="Tkz7RyOWRRBOyQ0qht3dHKOyqjc=">AAACDnicbVC7TsMwFHXKq5RXgJHFoqrEVCVdYKyAgbEI+pCSqHIcp7VqJ5HtIFVRvoCFX2FhACFWZjb+BifNAC1HutLROffa9x4/YVQqy/o2amvrG5tb9e3Gzu7e/oF5eDSQcSow6eOYxWLkI0kYjUhfUcXIKBEEcZ+RoT+7KvzhAxGSxtG9mifE42gS0ZBipLQ0Nluu45avZIIEeZa5fgjv8hy6knLoYsTgtes1xmbTalsl4CqxK9IEFXpj88sNYpxyEinMkJSObSXKy5BQFDOSN9xUkgThGZoQR9MIcSK9rFwkhy2tBDCMha5IwVL9PZEhLuWc+7qTIzWVy14h/uc5qQovvIxGSapIhBcfhSmDKoZFNjCggmDF5pogLKjeFeIpEggrnWARgr188ioZdNq21bZvO83uZRVHHZyAU3AGbHAOuuAG9EAfYPAInsEreDOejBfj3fhYtNaMauYY/IHx+QNihZuf</latexit><latexit sha1_base64="Tkz7RyOWRRBOyQ0qht3dHKOyqjc=">AAACDnicbVC7TsMwFHXKq5RXgJHFoqrEVCVdYKyAgbEI+pCSqHIcp7VqJ5HtIFVRvoCFX2FhACFWZjb+BifNAC1HutLROffa9x4/YVQqy/o2amvrG5tb9e3Gzu7e/oF5eDSQcSow6eOYxWLkI0kYjUhfUcXIKBEEcZ+RoT+7KvzhAxGSxtG9mifE42gS0ZBipLQ0Nluu45avZIIEeZa5fgjv8hy6knLoYsTgtes1xmbTalsl4CqxK9IEFXpj88sNYpxyEinMkJSObSXKy5BQFDOSN9xUkgThGZoQR9MIcSK9rFwkhy2tBDCMha5IwVL9PZEhLuWc+7qTIzWVy14h/uc5qQovvIxGSapIhBcfhSmDKoZFNjCggmDF5pogLKjeFeIpEggrnWARgr188ioZdNq21bZvO83uZRVHHZyAU3AGbHAOuuAG9EAfYPAInsEreDOejBfj3fhYtNaMauYY/IHx+QNihZuf</latexit><latexit sha1_base64="Tkz7RyOWRRBOyQ0qht3dHKOyqjc=">AAACDnicbVC7TsMwFHXKq5RXgJHFoqrEVCVdYKyAgbEI+pCSqHIcp7VqJ5HtIFVRvoCFX2FhACFWZjb+BifNAC1HutLROffa9x4/YVQqy/o2amvrG5tb9e3Gzu7e/oF5eDSQcSow6eOYxWLkI0kYjUhfUcXIKBEEcZ+RoT+7KvzhAxGSxtG9mifE42gS0ZBipLQ0Nluu45avZIIEeZa5fgjv8hy6knLoYsTgtes1xmbTalsl4CqxK9IEFXpj88sNYpxyEinMkJSObSXKy5BQFDOSN9xUkgThGZoQR9MIcSK9rFwkhy2tBDCMha5IwVL9PZEhLuWc+7qTIzWVy14h/uc5qQovvIxGSapIhBcfhSmDKoZFNjCggmDF5pogLKjeFeIpEggrnWARgr188ioZdNq21bZvO83uZRVHHZyAU3AGbHAOuuAG9EAfYPAInsEreDOejBfj3fhYtNaMauYY/IHx+QNihZuf</latexit> S>rf(x) =

0

BBB@

hrf(x), s1i
hrf(x), s2i

...
hrf(x), sbi

1

CCCA
2 Rb

<latexit sha1_base64="Ztz2NLY058GS3eIj+Gl847QVmkI="></latexit><latexit sha1_base64="Ztz2NLY058GS3eIj+Gl847QVmkI="></latexit><latexit sha1_base64="Ztz2NLY058GS3eIj+Gl847QVmkI="></latexit><latexit sha1_base64="Ztz2NLY058GS3eIj+Gl847QVmkI="></latexit>

S = [s1, s2, . . . , sb] 2 Rd⇥b
<latexit sha1_base64="Bbaf+ODdXEWqXblgBs6ig6bydh0="></latexit><latexit sha1_base64="Bbaf+ODdXEWqXblgBs6ig6bydh0="></latexit><latexit sha1_base64="Bbaf+ODdXEWqXblgBs6ig6bydh0="></latexit><latexit sha1_base64="Bbaf+ODdXEWqXblgBs6ig6bydh0="></latexit>

Examples

2 Coordinate sketch

1 Gaussian sketch

${\color{red} 

\[{\color{red} 

\[{\color{red} {

\[{\

S>rf(x) = hrf(x), si = lim
t!0

f(x+ ts)� f(x)

t
<latexit sha1_base64="kBpEvfyn8wYJMO0UiCFpFbvS6vk="></latexit><latexit sha1_base64="kBpEvfyn8wYJMO0UiCFpFbvS6vk="></latexit><latexit sha1_base64="kBpEvfyn8wYJMO0UiCFpFbvS6vk="></latexit><latexit sha1_base64="kBpEvfyn8wYJMO0UiCFpFbvS6vk="></latexit>

S = ei with probability pi > 0
<latexit sha1_base64="Dmm5XdhkFfdOVC1u9CFRfHXNEJk="></latexit><latexit sha1_base64="Dmm5XdhkFfdOVC1u9CFRfHXNEJk="></latexit><latexit sha1_base64="Dmm5XdhkFfdOVC1u9CFRfHXNEJk="></latexit><latexit sha1_base64="Dmm5XdhkFfdOVC1u9CFRfHXNEJk="></latexit>

S = s ⇠ N (0,⌦)
<latexit sha1_base64="PTpYodYlU3NMbt4PF80tut+EeI4="></latexit><latexit sha1_base64="PTpYodYlU3NMbt4PF80tut+EeI4="></latexit><latexit sha1_base64="PTpYodYlU3NMbt4PF80tut+EeI4="></latexit><latexit sha1_base64="PTpYodYlU3NMbt4PF80tut+EeI4="></latexit>

S>rf(x) = hrf(x), eii = (rf(x))i
<latexit sha1_base64="v/t99UFz8Q19JtUouhTF5YFKEf8="></latexit><latexit sha1_base64="v/t99UFz8Q19JtUouhTF5YFKEf8="></latexit><latexit sha1_base64="v/t99UFz8Q19JtUouhTF5YFKEf8="></latexit><latexit sha1_base64="v/t99UFz8Q19JtUouhTF5YFKEf8="></latexit>



Why Bother?

• Useful for understanding gradient 
compression in distributed training

– the first variance reduction strategy in this setup

• Optimization under a new oracle

– worthy of study on its own

• Extending coordinate descent (subspace 
descent) methods to non-separable R
– we get the same theory as state-of-the-art RCD 

methods in special case

Proximal Stochastic Gradient Descent

“Good” estimator 
of the gradient

stepsize

Key question:  
How to construct a “good” estimator
using the SkEtched GrAdient (SEGA) 
oracle?

\

prox�R(x)
def
= arg min

y2Rd

✓
�R(y) +

1

2
ky � xk2

◆

<latexit sha1_base64="MEtVO9J3LbOpH6Gt9ohcpeGaEhs="></latexit><latexit sha1_base64="MEtVO9J3LbOpH6Gt9ohcpeGaEhs="></latexit><latexit sha1_base64="MEtVO9J3LbOpH6Gt9ohcpeGaEhs="></latexit><latexit sha1_base64="MEtVO9J3LbOpH6Gt9ohcpeGaEhs="></latexit>

xk+1 = prox�R
�
xk � �gk

�
<latexit sha1_base64="vUnbVJJc62StY+3m1XexFkn4Sgg="></latexit><latexit sha1_base64="vUnbVJJc62StY+3m1XexFkn4Sgg="></latexit><latexit sha1_base64="vUnbVJJc62StY+3m1XexFkn4Sgg="></latexit><latexit sha1_base64="vUnbVJJc62StY+3m1XexFkn4Sgg="></latexit>



3. SEGA: The Estimator

What Do We Want?



What is a “Good” Estimator?

1. Implementable given the information 
provided by the gradient sketch oracle

2. Unbiased

3. Diminishing variance

ESk⇠D
⇥
gk | xk

⇤
= rf(xk)
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\

\E
⇥
kgk �rf(xk)k2

⇤
! 0
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Sketch & Project



Sketch & Project

Sketched Gradient

Previous estimator of the gradientNew estimator of the gradient

\begin{
h^{k+1} &=& 
&& \text{subject to} 
\end{eqnarray

\[\|h\|_{

Closed-form solution:
\[h^{k+1} = 

Zk
def
= Sk

�
S>
k Sk

�†
S>
k
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\[{

hk+1 = hk + Zk(rf(xk)� hk)
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hk+1 = arg min
h2Rd

kh� hkk2

subject to S>
k h = S>

k rf(xk)
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Sketch & Project: Visualization
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Accelerated stochastic matrix inversion

Robert Mansel Gower, Filip Hanzely, P.R. and Sebastian Stich 

Accelerated Stochastic Matrix Inversion: General Theory and Speeding up BFGS Rules for Faster Second-Order Optimization 
NeurIPS 2018

SAGD: a “strange” special case of JacSketch

Extension to 
Convex 

Feasibility

Acceleration



Unbiasedness: SEGA for 
Coordinate Sketches

2D Example

S =

8
>>>><

>>>>:

e1 =

 
1

0

!
with probability p1 2 (0, 1)

e2 =

 
0

1

!
with probability p2 = 1� p1

<latexit sha1_base64="2Me5yTm6TFyx8lmYyEl7znvGK/I="></latexit><latexit sha1_base64="2Me5yTm6TFyx8lmYyEl7znvGK/I="></latexit><latexit sha1_base64="2Me5yTm6TFyx8lmYyEl7znvGK/I="></latexit><latexit sha1_base64="2Me5yTm6TFyx8lmYyEl7znvGK/I="></latexit>

Sk = e1 =

✓
1

0

◆
=) Lk = {h 2 R2 | h1 = (rf(xk))1}

<latexit sha1_base64="mfAvLoCv9rKfTH8EjdUEeyeIGMg="></latexit><latexit sha1_base64="mfAvLoCv9rKfTH8EjdUEeyeIGMg="></latexit><latexit sha1_base64="mfAvLoCv9rKfTH8EjdUEeyeIGMg="></latexit><latexit sha1_base64="mfAvLoCv9rKfTH8EjdUEeyeIGMg="></latexit>

Sk = e2 =

✓
0

1

◆
=) Lk = {h 2 R2 | h2 = (rf(xk))2}

<latexit sha1_base64="Yz/6VtOxy/pietIGg4owWOEorJc="></latexit><latexit sha1_base64="Yz/6VtOxy/pietIGg4owWOEorJc="></latexit><latexit sha1_base64="Yz/6VtOxy/pietIGg4owWOEorJc="></latexit><latexit sha1_base64="Yz/6VtOxy/pietIGg4owWOEorJc="></latexit>

d = 2
<latexit sha1_base64="Jw/SCBSE3Rn03Ign31XSddT5/+w=">AAAB7nicbVBNS8NAEJ3Urxq/qh69LLaCp5L0oh6EghePFewHtKFsNpt26WYTdjdCCf0RXjwo4tXf481/4ybNQVsfDDzem2Fmnp9wprTjfFuVjc2t7Z3qrr23f3B4VDs+6ak4lYR2ScxjOfCxopwJ2tVMczpIJMWRz2nfn93lfv+JSsVi8ajnCfUiPBEsZARrI/UbwW2rYdvjWt1pOgXQOnFLUocSnXHtaxTEJI2o0IRjpYauk2gvw1IzwunCHqWKJpjM8IQODRU4osrLinMX6MIoAQpjaUpoVKi/JzIcKTWPfNMZYT1Vq14u/ucNUx1eexkTSaqpIMtFYcqRjlH+OwqYpETzuSGYSGZuRWSKJSbaJJSH4K6+vE56rabrNN2HVr19U8ZRhTM4h0tw4QracA8d6AKBGTzDK7xZifVivVsfy9aKVc6cwh9Ynz/afI3k</latexit><latexit sha1_base64="Jw/SCBSE3Rn03Ign31XSddT5/+w=">AAAB7nicbVBNS8NAEJ3Urxq/qh69LLaCp5L0oh6EghePFewHtKFsNpt26WYTdjdCCf0RXjwo4tXf481/4ybNQVsfDDzem2Fmnp9wprTjfFuVjc2t7Z3qrr23f3B4VDs+6ak4lYR2ScxjOfCxopwJ2tVMczpIJMWRz2nfn93lfv+JSsVi8ajnCfUiPBEsZARrI/UbwW2rYdvjWt1pOgXQOnFLUocSnXHtaxTEJI2o0IRjpYauk2gvw1IzwunCHqWKJpjM8IQODRU4osrLinMX6MIoAQpjaUpoVKi/JzIcKTWPfNMZYT1Vq14u/ucNUx1eexkTSaqpIMtFYcqRjlH+OwqYpETzuSGYSGZuRWSKJSbaJJSH4K6+vE56rabrNN2HVr19U8ZRhTM4h0tw4QracA8d6AKBGTzDK7xZifVivVsfy9aKVc6cwh9Ynz/afI3k</latexit><latexit sha1_base64="Jw/SCBSE3Rn03Ign31XSddT5/+w=">AAAB7nicbVBNS8NAEJ3Urxq/qh69LLaCp5L0oh6EghePFewHtKFsNpt26WYTdjdCCf0RXjwo4tXf481/4ybNQVsfDDzem2Fmnp9wprTjfFuVjc2t7Z3qrr23f3B4VDs+6ak4lYR2ScxjOfCxopwJ2tVMczpIJMWRz2nfn93lfv+JSsVi8ajnCfUiPBEsZARrI/UbwW2rYdvjWt1pOgXQOnFLUocSnXHtaxTEJI2o0IRjpYauk2gvw1IzwunCHqWKJpjM8IQODRU4osrLinMX6MIoAQpjaUpoVKi/JzIcKTWPfNMZYT1Vq14u/ucNUx1eexkTSaqpIMtFYcqRjlH+OwqYpETzuSGYSGZuRWSKJSbaJJSH4K6+vE56rabrNN2HVr19U8ZRhTM4h0tw4QracA8d6AKBGTzDK7xZifVivVsfy9aKVc6cwh9Ynz/afI3k</latexit><latexit sha1_base64="Jw/SCBSE3Rn03Ign31XSddT5/+w=">AAAB7nicbVBNS8NAEJ3Urxq/qh69LLaCp5L0oh6EghePFewHtKFsNpt26WYTdjdCCf0RXjwo4tXf481/4ybNQVsfDDzem2Fmnp9wprTjfFuVjc2t7Z3qrr23f3B4VDs+6ak4lYR2ScxjOfCxopwJ2tVMczpIJMWRz2nfn93lfv+JSsVi8ajnCfUiPBEsZARrI/UbwW2rYdvjWt1pOgXQOnFLUocSnXHtaxTEJI2o0IRjpYauk2gvw1IzwunCHqWKJpjM8IQODRU4osrLinMX6MIoAQpjaUpoVKi/JzIcKTWPfNMZYT1Vq14u/ucNUx1eexkTSaqpIMtFYcqRjlH+OwqYpETzuSGYSGZuRWSKJSbaJJSH4K6+vE56rabrNN2HVr19U8ZRhTM4h0tw4QracA8d6AKBGTzDK7xZifVivVsfy9aKVc6cwh9Ynz/afI3k</latexit>



Case 1

p1 =
1

2
p2 =

1

2
<latexit sha1_base64="NMx63SnWkwTnaYT/oQNjk2OW7fc=">AAACGXicbVDLSsNAFJ3UV42vqEs3g0VwVZIg6EYouHFZwT4gCWEymbRDJw9nJkIJ+Q03/oobF4q41JV/46TNwrYeuHA4517uvSfIGBXSNH+0xtr6xuZWc1vf2d3bPzAOj/oizTkmPZyylA8DJAijCelJKhkZZpygOGBkEExuKn/wSLigaXIvpxnxYjRKaEQxkkryDVN3ncy34DV0I45wYZWFXUL3IUchzHx7UXc9XfeNltk2Z4CrxKpJC9To+saXG6Y4j0kiMUNCOJaZSa9AXFLMSKm7uSAZwhM0Io6iCYqJ8IrZZyU8U0oIo5SrSiScqX8nChQLMY0D1RkjORbLXiX+5zm5jK68giZZLkmC54uinEGZwiomGFJOsGRTRRDmVN0K8RipJKQKswrBWn55lfTttmW2rTu71bmo42iCE3AKzoEFLkEH3IIu6AEMnsALeAPv2rP2qn1on/PWhlbPHIMFaN+/NySd4Q==</latexit><latexit sha1_base64="NMx63SnWkwTnaYT/oQNjk2OW7fc=">AAACGXicbVDLSsNAFJ3UV42vqEs3g0VwVZIg6EYouHFZwT4gCWEymbRDJw9nJkIJ+Q03/oobF4q41JV/46TNwrYeuHA4517uvSfIGBXSNH+0xtr6xuZWc1vf2d3bPzAOj/oizTkmPZyylA8DJAijCelJKhkZZpygOGBkEExuKn/wSLigaXIvpxnxYjRKaEQxkkryDVN3ncy34DV0I45wYZWFXUL3IUchzHx7UXc9XfeNltk2Z4CrxKpJC9To+saXG6Y4j0kiMUNCOJaZSa9AXFLMSKm7uSAZwhM0Io6iCYqJ8IrZZyU8U0oIo5SrSiScqX8nChQLMY0D1RkjORbLXiX+5zm5jK68giZZLkmC54uinEGZwiomGFJOsGRTRRDmVN0K8RipJKQKswrBWn55lfTttmW2rTu71bmo42iCE3AKzoEFLkEH3IIu6AEMnsALeAPv2rP2qn1on/PWhlbPHIMFaN+/NySd4Q==</latexit><latexit sha1_base64="NMx63SnWkwTnaYT/oQNjk2OW7fc=">AAACGXicbVDLSsNAFJ3UV42vqEs3g0VwVZIg6EYouHFZwT4gCWEymbRDJw9nJkIJ+Q03/oobF4q41JV/46TNwrYeuHA4517uvSfIGBXSNH+0xtr6xuZWc1vf2d3bPzAOj/oizTkmPZyylA8DJAijCelJKhkZZpygOGBkEExuKn/wSLigaXIvpxnxYjRKaEQxkkryDVN3ncy34DV0I45wYZWFXUL3IUchzHx7UXc9XfeNltk2Z4CrxKpJC9To+saXG6Y4j0kiMUNCOJaZSa9AXFLMSKm7uSAZwhM0Io6iCYqJ8IrZZyU8U0oIo5SrSiScqX8nChQLMY0D1RkjORbLXiX+5zm5jK68giZZLkmC54uinEGZwiomGFJOsGRTRRDmVN0K8RipJKQKswrBWn55lfTttmW2rTu71bmo42iCE3AKzoEFLkEH3IIu6AEMnsALeAPv2rP2qn1on/PWhlbPHIMFaN+/NySd4Q==</latexit><latexit sha1_base64="NMx63SnWkwTnaYT/oQNjk2OW7fc=">AAACGXicbVDLSsNAFJ3UV42vqEs3g0VwVZIg6EYouHFZwT4gCWEymbRDJw9nJkIJ+Q03/oobF4q41JV/46TNwrYeuHA4517uvSfIGBXSNH+0xtr6xuZWc1vf2d3bPzAOj/oizTkmPZyylA8DJAijCelJKhkZZpygOGBkEExuKn/wSLigaXIvpxnxYjRKaEQxkkryDVN3ncy34DV0I45wYZWFXUL3IUchzHx7UXc9XfeNltk2Z4CrxKpJC9To+saXG6Y4j0kiMUNCOJaZSa9AXFLMSKm7uSAZwhM0Io6iCYqJ8IrZZyU8U0oIo5SrSiScqX8nChQLMY0D1RkjORbLXiX+5zm5jK68giZZLkmC54uinEGZwiomGFJOsGRTRRDmVN0K8RipJKQKswrBWn55lfTttmW2rTu71bmo42iCE3AKzoEFLkEH3IIu6AEMnsALeAPv2rP2qn1on/PWhlbPHIMFaN+/NySd4Q==</latexit>

SEGA Estimator

rf(xk)
<latexit sha1_base64="Kkkx3R3bpiDhqAAIUlDsf9qahIs=">AAAB+3icbVBNS8NAEJ34WeNXrEcvi61QLyUpgh4LXjxWsB/QxrLZbtqlm03Y3UhL6F/x4kERr/4Rb/4bt20O2vpg4PHeDDPzgoQzpV3329rY3Nre2S3s2fsHh0fHzkmxpeJUEtokMY9lJ8CKciZoUzPNaSeRFEcBp+1gfDv3209UKhaLBz1NqB/hoWAhI1gbqe8Uyz2BA45RWJk8ji/Ltm33nZJbdRdA68TLSQlyNPrOV28QkzSiQhOOlep6bqL9DEvNCKczu5cqmmAyxkPaNVTgiCo/W9w+QxdGGaAwlqaERgv190SGI6WmUWA6I6xHatWbi/953VSHN37GRJJqKshyUZhypGM0DwINmKRE86khmEhmbkVkhCUm2sQ1D8FbfXmdtGpVz61697VS/SqPowBncA4V8OAa6nAHDWgCgQk8wyu8WTPrxXq3PpatG1Y+cwp/YH3+AKCvkic=</latexit><latexit sha1_base64="Kkkx3R3bpiDhqAAIUlDsf9qahIs=">AAAB+3icbVBNS8NAEJ34WeNXrEcvi61QLyUpgh4LXjxWsB/QxrLZbtqlm03Y3UhL6F/x4kERr/4Rb/4bt20O2vpg4PHeDDPzgoQzpV3329rY3Nre2S3s2fsHh0fHzkmxpeJUEtokMY9lJ8CKciZoUzPNaSeRFEcBp+1gfDv3209UKhaLBz1NqB/hoWAhI1gbqe8Uyz2BA45RWJk8ji/Ltm33nZJbdRdA68TLSQlyNPrOV28QkzSiQhOOlep6bqL9DEvNCKczu5cqmmAyxkPaNVTgiCo/W9w+QxdGGaAwlqaERgv190SGI6WmUWA6I6xHatWbi/953VSHN37GRJJqKshyUZhypGM0DwINmKRE86khmEhmbkVkhCUm2sQ1D8FbfXmdtGpVz61697VS/SqPowBncA4V8OAa6nAHDWgCgQk8wyu8WTPrxXq3PpatG1Y+cwp/YH3+AKCvkic=</latexit><latexit sha1_base64="Kkkx3R3bpiDhqAAIUlDsf9qahIs=">AAAB+3icbVBNS8NAEJ34WeNXrEcvi61QLyUpgh4LXjxWsB/QxrLZbtqlm03Y3UhL6F/x4kERr/4Rb/4bt20O2vpg4PHeDDPzgoQzpV3329rY3Nre2S3s2fsHh0fHzkmxpeJUEtokMY9lJ8CKciZoUzPNaSeRFEcBp+1gfDv3209UKhaLBz1NqB/hoWAhI1gbqe8Uyz2BA45RWJk8ji/Ltm33nZJbdRdA68TLSQlyNPrOV28QkzSiQhOOlep6bqL9DEvNCKczu5cqmmAyxkPaNVTgiCo/W9w+QxdGGaAwlqaERgv190SGI6WmUWA6I6xHatWbi/953VSHN37GRJJqKshyUZhypGM0DwINmKRE86khmEhmbkVkhCUm2sQ1D8FbfXmdtGpVz61697VS/SqPowBncA4V8OAa6nAHDWgCgQk8wyu8WTPrxXq3PpatG1Y+cwp/YH3+AKCvkic=</latexit><latexit sha1_base64="Kkkx3R3bpiDhqAAIUlDsf9qahIs=">AAAB+3icbVBNS8NAEJ34WeNXrEcvi61QLyUpgh4LXjxWsB/QxrLZbtqlm03Y3UhL6F/x4kERr/4Rb/4bt20O2vpg4PHeDDPzgoQzpV3329rY3Nre2S3s2fsHh0fHzkmxpeJUEtokMY9lJ8CKciZoUzPNaSeRFEcBp+1gfDv3209UKhaLBz1NqB/hoWAhI1gbqe8Uyz2BA45RWJk8ji/Ltm33nZJbdRdA68TLSQlyNPrOV28QkzSiQhOOlep6bqL9DEvNCKczu5cqmmAyxkPaNVTgiCo/W9w+QxdGGaAwlqaERgv190SGI6WmUWA6I6xHatWbi/953VSHN37GRJJqKshyUZhypGM0DwINmKRE86khmEhmbkVkhCUm2sQ1D8FbfXmdtGpVz61697VS/SqPowBncA4V8OAa6nAHDWgCgQk8wyu8WTPrxXq3PpatG1Y+cwp/YH3+AKCvkic=</latexit>

hk
<latexit sha1_base64="ZvDfcacqDDOSyn4jjes7dvGg4Gc=">AAAB73icbVBNS8NAEJ34WeNX1aOXxVbwVJIi6LHgxWMF+wFtLJvtpl26u4m7G6GE/gkvHhTx6t/x5r9x0+agrQ8GHu/NMDMvTDjTxvO+nbX1jc2t7dKOu7u3f3BYPjpu6zhVhLZIzGPVDbGmnEnaMsxw2k0UxSLktBNObnK/80SVZrG8N9OEBgKPJIsYwcZK3er4YVJ1XXdQrng1bw60SvyCVKBAc1D+6g9jkgoqDeFY657vJSbIsDKMcDpz+6mmCSYTPKI9SyUWVAfZ/N4ZOrfKEEWxsiUNmqu/JzIstJ6K0HYKbMZ62cvF/7xeaqLrIGMySQ2VZLEoSjkyMcqfR0OmKDF8agkmitlbERljhYmxEeUh+Msvr5J2veZ7Nf+uXmlcFnGU4BTO4AJ8uIIG3EITWkCAwzO8wpvz6Lw4787HonXNKWZO4A+czx+eao5R</latexit><latexit sha1_base64="ZvDfcacqDDOSyn4jjes7dvGg4Gc=">AAAB73icbVBNS8NAEJ34WeNX1aOXxVbwVJIi6LHgxWMF+wFtLJvtpl26u4m7G6GE/gkvHhTx6t/x5r9x0+agrQ8GHu/NMDMvTDjTxvO+nbX1jc2t7dKOu7u3f3BYPjpu6zhVhLZIzGPVDbGmnEnaMsxw2k0UxSLktBNObnK/80SVZrG8N9OEBgKPJIsYwcZK3er4YVJ1XXdQrng1bw60SvyCVKBAc1D+6g9jkgoqDeFY657vJSbIsDKMcDpz+6mmCSYTPKI9SyUWVAfZ/N4ZOrfKEEWxsiUNmqu/JzIstJ6K0HYKbMZ62cvF/7xeaqLrIGMySQ2VZLEoSjkyMcqfR0OmKDF8agkmitlbERljhYmxEeUh+Msvr5J2veZ7Nf+uXmlcFnGU4BTO4AJ8uIIG3EITWkCAwzO8wpvz6Lw4787HonXNKWZO4A+czx+eao5R</latexit><latexit sha1_base64="ZvDfcacqDDOSyn4jjes7dvGg4Gc=">AAAB73icbVBNS8NAEJ34WeNX1aOXxVbwVJIi6LHgxWMF+wFtLJvtpl26u4m7G6GE/gkvHhTx6t/x5r9x0+agrQ8GHu/NMDMvTDjTxvO+nbX1jc2t7dKOu7u3f3BYPjpu6zhVhLZIzGPVDbGmnEnaMsxw2k0UxSLktBNObnK/80SVZrG8N9OEBgKPJIsYwcZK3er4YVJ1XXdQrng1bw60SvyCVKBAc1D+6g9jkgoqDeFY657vJSbIsDKMcDpz+6mmCSYTPKI9SyUWVAfZ/N4ZOrfKEEWxsiUNmqu/JzIstJ6K0HYKbMZ62cvF/7xeaqLrIGMySQ2VZLEoSjkyMcqfR0OmKDF8agkmitlbERljhYmxEeUh+Msvr5J2veZ7Nf+uXmlcFnGU4BTO4AJ8uIIG3EITWkCAwzO8wpvz6Lw4787HonXNKWZO4A+czx+eao5R</latexit><latexit sha1_base64="ZvDfcacqDDOSyn4jjes7dvGg4Gc=">AAAB73icbVBNS8NAEJ34WeNX1aOXxVbwVJIi6LHgxWMF+wFtLJvtpl26u4m7G6GE/gkvHhTx6t/x5r9x0+agrQ8GHu/NMDMvTDjTxvO+nbX1jc2t7dKOu7u3f3BYPjpu6zhVhLZIzGPVDbGmnEnaMsxw2k0UxSLktBNObnK/80SVZrG8N9OEBgKPJIsYwcZK3er4YVJ1XXdQrng1bw60SvyCVKBAc1D+6g9jkgoqDeFY657vJSbIsDKMcDpz+6mmCSYTPKI9SyUWVAfZ/N4ZOrfKEEWxsiUNmqu/JzIstJ6K0HYKbMZ62cvF/7xeaqLrIGMySQ2VZLEoSjkyMcqfR0OmKDF8agkmitlbERljhYmxEeUh+Msvr5J2veZ7Nf+uXmlcFnGU4BTO4AJ8uIIG3EITWkCAwzO8wpvz6Lw4787HonXNKWZO4A+czx+eao5R</latexit>

hk+1
<latexit sha1_base64="6iQr1zx0Tcf4VFo4KoQQaoMersM=">AAAB83icbVBNS8NAEJ3Urxq/qh69LLaCIJSkCHosePFYwdZCG8tmu2mX7m7C7kYooX/DiwdFvPpnvPlv3LQ5aOuDgcd7M8zMCxPOtPG8b6e0tr6xuVXednd29/YPKodHHR2nitA2iXmsuiHWlDNJ24YZTruJoliEnD6Ek5vcf3iiSrNY3ptpQgOBR5JFjGBjpX5t/JhNLvxZzXXdQaXq1b050CrxC1KFAq1B5as/jEkqqDSEY617vpeYIMPKMMLpzO2nmiaYTPCI9iyVWFAdZPObZ+jMKkMUxcqWNGiu/p7IsNB6KkLbKbAZ62UvF//zeqmJroOMySQ1VJLFoijlyMQoDwANmaLE8KklmChmb0VkjBUmxsaUh+Avv7xKOo2679X9u0a1eVnEUYYTOIVz8OEKmnALLWgDgQSe4RXenNR5cd6dj0VrySlmjuEPnM8fQmePzQ==</latexit><latexit sha1_base64="6iQr1zx0Tcf4VFo4KoQQaoMersM=">AAAB83icbVBNS8NAEJ3Urxq/qh69LLaCIJSkCHosePFYwdZCG8tmu2mX7m7C7kYooX/DiwdFvPpnvPlv3LQ5aOuDgcd7M8zMCxPOtPG8b6e0tr6xuVXednd29/YPKodHHR2nitA2iXmsuiHWlDNJ24YZTruJoliEnD6Ek5vcf3iiSrNY3ptpQgOBR5JFjGBjpX5t/JhNLvxZzXXdQaXq1b050CrxC1KFAq1B5as/jEkqqDSEY617vpeYIMPKMMLpzO2nmiaYTPCI9iyVWFAdZPObZ+jMKkMUxcqWNGiu/p7IsNB6KkLbKbAZ62UvF//zeqmJroOMySQ1VJLFoijlyMQoDwANmaLE8KklmChmb0VkjBUmxsaUh+Avv7xKOo2679X9u0a1eVnEUYYTOIVz8OEKmnALLWgDgQSe4RXenNR5cd6dj0VrySlmjuEPnM8fQmePzQ==</latexit><latexit sha1_base64="6iQr1zx0Tcf4VFo4KoQQaoMersM=">AAAB83icbVBNS8NAEJ3Urxq/qh69LLaCIJSkCHosePFYwdZCG8tmu2mX7m7C7kYooX/DiwdFvPpnvPlv3LQ5aOuDgcd7M8zMCxPOtPG8b6e0tr6xuVXednd29/YPKodHHR2nitA2iXmsuiHWlDNJ24YZTruJoliEnD6Ek5vcf3iiSrNY3ptpQgOBR5JFjGBjpX5t/JhNLvxZzXXdQaXq1b050CrxC1KFAq1B5as/jEkqqDSEY617vpeYIMPKMMLpzO2nmiaYTPCI9iyVWFAdZPObZ+jMKkMUxcqWNGiu/p7IsNB6KkLbKbAZ62UvF//zeqmJroOMySQ1VJLFoijlyMQoDwANmaLE8KklmChmb0VkjBUmxsaUh+Avv7xKOo2679X9u0a1eVnEUYYTOIVz8OEKmnALLWgDgQSe4RXenNR5cd6dj0VrySlmjuEPnM8fQmePzQ==</latexit><latexit sha1_base64="6iQr1zx0Tcf4VFo4KoQQaoMersM=">AAAB83icbVBNS8NAEJ3Urxq/qh69LLaCIJSkCHosePFYwdZCG8tmu2mX7m7C7kYooX/DiwdFvPpnvPlv3LQ5aOuDgcd7M8zMCxPOtPG8b6e0tr6xuVXednd29/YPKodHHR2nitA2iXmsuiHWlDNJ24YZTruJoliEnD6Ek5vcf3iiSrNY3ptpQgOBR5JFjGBjpX5t/JhNLvxZzXXdQaXq1b050CrxC1KFAq1B5as/jEkqqDSEY617vpeYIMPKMMLpzO2nmiaYTPCI9iyVWFAdZPObZ+jMKkMUxcqWNGiu/p7IsNB6KkLbKbAZ62UvF//zeqmJroOMySQ1VJLFoijlyMQoDwANmaLE8KklmChmb0VkjBUmxsaUh+Avv7xKOo2679X9u0a1eVnEUYYTOIVz8OEKmnALLWgDgQSe4RXenNR5cd6dj0VrySlmjuEPnM8fQmePzQ==</latexit>

hk+1
<latexit sha1_base64="6iQr1zx0Tcf4VFo4KoQQaoMersM=">AAAB83icbVBNS8NAEJ3Urxq/qh69LLaCIJSkCHosePFYwdZCG8tmu2mX7m7C7kYooX/DiwdFvPpnvPlv3LQ5aOuDgcd7M8zMCxPOtPG8b6e0tr6xuVXednd29/YPKodHHR2nitA2iXmsuiHWlDNJ24YZTruJoliEnD6Ek5vcf3iiSrNY3ptpQgOBR5JFjGBjpX5t/JhNLvxZzXXdQaXq1b050CrxC1KFAq1B5as/jEkqqDSEY617vpeYIMPKMMLpzO2nmiaYTPCI9iyVWFAdZPObZ+jMKkMUxcqWNGiu/p7IsNB6KkLbKbAZ62UvF//zeqmJroOMySQ1VJLFoijlyMQoDwANmaLE8KklmChmb0VkjBUmxsaUh+Avv7xKOo2679X9u0a1eVnEUYYTOIVz8OEKmnALLWgDgQSe4RXenNR5cd6dj0VrySlmjuEPnM8fQmePzQ==</latexit><latexit sha1_base64="6iQr1zx0Tcf4VFo4KoQQaoMersM=">AAAB83icbVBNS8NAEJ3Urxq/qh69LLaCIJSkCHosePFYwdZCG8tmu2mX7m7C7kYooX/DiwdFvPpnvPlv3LQ5aOuDgcd7M8zMCxPOtPG8b6e0tr6xuVXednd29/YPKodHHR2nitA2iXmsuiHWlDNJ24YZTruJoliEnD6Ek5vcf3iiSrNY3ptpQgOBR5JFjGBjpX5t/JhNLvxZzXXdQaXq1b050CrxC1KFAq1B5as/jEkqqDSEY617vpeYIMPKMMLpzO2nmiaYTPCI9iyVWFAdZPObZ+jMKkMUxcqWNGiu/p7IsNB6KkLbKbAZ62UvF//zeqmJroOMySQ1VJLFoijlyMQoDwANmaLE8KklmChmb0VkjBUmxsaUh+Avv7xKOo2679X9u0a1eVnEUYYTOIVz8OEKmnALLWgDgQSe4RXenNR5cd6dj0VrySlmjuEPnM8fQmePzQ==</latexit><latexit sha1_base64="6iQr1zx0Tcf4VFo4KoQQaoMersM=">AAAB83icbVBNS8NAEJ3Urxq/qh69LLaCIJSkCHosePFYwdZCG8tmu2mX7m7C7kYooX/DiwdFvPpnvPlv3LQ5aOuDgcd7M8zMCxPOtPG8b6e0tr6xuVXednd29/YPKodHHR2nitA2iXmsuiHWlDNJ24YZTruJoliEnD6Ek5vcf3iiSrNY3ptpQgOBR5JFjGBjpX5t/JhNLvxZzXXdQaXq1b050CrxC1KFAq1B5as/jEkqqDSEY617vpeYIMPKMMLpzO2nmiaYTPCI9iyVWFAdZPObZ+jMKkMUxcqWNGiu/p7IsNB6KkLbKbAZ62UvF//zeqmJroOMySQ1VJLFoijlyMQoDwANmaLE8KklmChmb0VkjBUmxsaUh+Avv7xKOo2679X9u0a1eVnEUYYTOIVz8OEKmnALLWgDgQSe4RXenNR5cd6dj0VrySlmjuEPnM8fQmePzQ==</latexit><latexit sha1_base64="6iQr1zx0Tcf4VFo4KoQQaoMersM=">AAAB83icbVBNS8NAEJ3Urxq/qh69LLaCIJSkCHosePFYwdZCG8tmu2mX7m7C7kYooX/DiwdFvPpnvPlv3LQ5aOuDgcd7M8zMCxPOtPG8b6e0tr6xuVXednd29/YPKodHHR2nitA2iXmsuiHWlDNJ24YZTruJoliEnD6Ek5vcf3iiSrNY3ptpQgOBR5JFjGBjpX5t/JhNLvxZzXXdQaXq1b050CrxC1KFAq1B5as/jEkqqDSEY617vpeYIMPKMMLpzO2nmiaYTPCI9iyVWFAdZPObZ+jMKkMUxcqWNGiu/p7IsNB6KkLbKbAZ62UvF//zeqmJroOMySQ1VJLFoijlyMQoDwANmaLE8KklmChmb0VkjBUmxsaUh+Avv7xKOo2679X9u0a1eVnEUYYTOIVz8OEKmnALLWgDgQSe4RXenNR5cd6dj0VrySlmjuEPnM8fQmePzQ==</latexit>

\[{

gk = hk + 2(hk+1 � hk)
<latexit sha1_base64="gK4mlg7udbMB2GFtRdMezChrhhU=">AAACCXicbVDLSsNAFJ34rPEVdelmsAiVYkmKoBuh4MZlBfuAJC2T6aQZMnkwMxFK6NaNv+LGhSJu/QN3/o2TNgttPTDDmXPu5c49XsqokKb5ra2srq1vbFa29O2d3b194+CwK5KMY9LBCUt430OCMBqTjqSSkX7KCYo8RnpeeFP4vQfCBU3iezlJiRuhcUx9ipFU0tCAjj0ehPAaBuquw2YtGORh3Zqeq/eZ4+r60KiaDXMGuEysklRBifbQ+HJGCc4iEkvMkBC2ZabSzRGXFDMy1Z1MkBThEI2JrWiMIiLcfLbJFJ4qZQT9hKsTSzhTf3fkKBJiEnmqMkIyEIteIf7n2Zn0r9ycxmkmSYzng/yMQZnAIhY4opxgySaKIMyp+ivEAeIISxVeEYK1uPIy6TYbltmw7prV1kUZRwUcgxNQAxa4BC1wC9qgAzB4BM/gFbxpT9qL9q59zEtXtLLnCPyB9vkDp9GXDg==</latexit><latexit sha1_base64="gK4mlg7udbMB2GFtRdMezChrhhU=">AAACCXicbVDLSsNAFJ34rPEVdelmsAiVYkmKoBuh4MZlBfuAJC2T6aQZMnkwMxFK6NaNv+LGhSJu/QN3/o2TNgttPTDDmXPu5c49XsqokKb5ra2srq1vbFa29O2d3b194+CwK5KMY9LBCUt430OCMBqTjqSSkX7KCYo8RnpeeFP4vQfCBU3iezlJiRuhcUx9ipFU0tCAjj0ehPAaBuquw2YtGORh3Zqeq/eZ4+r60KiaDXMGuEysklRBifbQ+HJGCc4iEkvMkBC2ZabSzRGXFDMy1Z1MkBThEI2JrWiMIiLcfLbJFJ4qZQT9hKsTSzhTf3fkKBJiEnmqMkIyEIteIf7n2Zn0r9ycxmkmSYzng/yMQZnAIhY4opxgySaKIMyp+ivEAeIISxVeEYK1uPIy6TYbltmw7prV1kUZRwUcgxNQAxa4BC1wC9qgAzB4BM/gFbxpT9qL9q59zEtXtLLnCPyB9vkDp9GXDg==</latexit><latexit sha1_base64="gK4mlg7udbMB2GFtRdMezChrhhU=">AAACCXicbVDLSsNAFJ34rPEVdelmsAiVYkmKoBuh4MZlBfuAJC2T6aQZMnkwMxFK6NaNv+LGhSJu/QN3/o2TNgttPTDDmXPu5c49XsqokKb5ra2srq1vbFa29O2d3b194+CwK5KMY9LBCUt430OCMBqTjqSSkX7KCYo8RnpeeFP4vQfCBU3iezlJiRuhcUx9ipFU0tCAjj0ehPAaBuquw2YtGORh3Zqeq/eZ4+r60KiaDXMGuEysklRBifbQ+HJGCc4iEkvMkBC2ZabSzRGXFDMy1Z1MkBThEI2JrWiMIiLcfLbJFJ4qZQT9hKsTSzhTf3fkKBJiEnmqMkIyEIteIf7n2Zn0r9ycxmkmSYzng/yMQZnAIhY4opxgySaKIMyp+ivEAeIISxVeEYK1uPIy6TYbltmw7prV1kUZRwUcgxNQAxa4BC1wC9qgAzB4BM/gFbxpT9qL9q59zEtXtLLnCPyB9vkDp9GXDg==</latexit><latexit sha1_base64="gK4mlg7udbMB2GFtRdMezChrhhU=">AAACCXicbVDLSsNAFJ34rPEVdelmsAiVYkmKoBuh4MZlBfuAJC2T6aQZMnkwMxFK6NaNv+LGhSJu/QN3/o2TNgttPTDDmXPu5c49XsqokKb5ra2srq1vbFa29O2d3b194+CwK5KMY9LBCUt430OCMBqTjqSSkX7KCYo8RnpeeFP4vQfCBU3iezlJiRuhcUx9ipFU0tCAjj0ehPAaBuquw2YtGORh3Zqeq/eZ4+r60KiaDXMGuEysklRBifbQ+HJGCc4iEkvMkBC2ZabSzRGXFDMy1Z1MkBThEI2JrWiMIiLcfLbJFJ4qZQT9hKsTSzhTf3fkKBJiEnmqMkIyEIteIf7n2Zn0r9ycxmkmSYzng/yMQZnAIhY4opxgySaKIMyp+ivEAeIISxVeEYK1uPIy6TYbltmw7prV1kUZRwUcgxNQAxa4BC1wC9qgAzB4BM/gFbxpT9qL9q59zEtXtLLnCPyB9vkDp9GXDg==</latexit>

gk = hk + 2(hk+1 � hk)
<latexit sha1_base64="gK4mlg7udbMB2GFtRdMezChrhhU=">AAACCXicbVDLSsNAFJ34rPEVdelmsAiVYkmKoBuh4MZlBfuAJC2T6aQZMnkwMxFK6NaNv+LGhSJu/QN3/o2TNgttPTDDmXPu5c49XsqokKb5ra2srq1vbFa29O2d3b194+CwK5KMY9LBCUt430OCMBqTjqSSkX7KCYo8RnpeeFP4vQfCBU3iezlJiRuhcUx9ipFU0tCAjj0ehPAaBuquw2YtGORh3Zqeq/eZ4+r60KiaDXMGuEysklRBifbQ+HJGCc4iEkvMkBC2ZabSzRGXFDMy1Z1MkBThEI2JrWiMIiLcfLbJFJ4qZQT9hKsTSzhTf3fkKBJiEnmqMkIyEIteIf7n2Zn0r9ycxmkmSYzng/yMQZnAIhY4opxgySaKIMyp+ivEAeIISxVeEYK1uPIy6TYbltmw7prV1kUZRwUcgxNQAxa4BC1wC9qgAzB4BM/gFbxpT9qL9q59zEtXtLLnCPyB9vkDp9GXDg==</latexit><latexit sha1_base64="gK4mlg7udbMB2GFtRdMezChrhhU=">AAACCXicbVDLSsNAFJ34rPEVdelmsAiVYkmKoBuh4MZlBfuAJC2T6aQZMnkwMxFK6NaNv+LGhSJu/QN3/o2TNgttPTDDmXPu5c49XsqokKb5ra2srq1vbFa29O2d3b194+CwK5KMY9LBCUt430OCMBqTjqSSkX7KCYo8RnpeeFP4vQfCBU3iezlJiRuhcUx9ipFU0tCAjj0ehPAaBuquw2YtGORh3Zqeq/eZ4+r60KiaDXMGuEysklRBifbQ+HJGCc4iEkvMkBC2ZabSzRGXFDMy1Z1MkBThEI2JrWiMIiLcfLbJFJ4qZQT9hKsTSzhTf3fkKBJiEnmqMkIyEIteIf7n2Zn0r9ycxmkmSYzng/yMQZnAIhY4opxgySaKIMyp+ivEAeIISxVeEYK1uPIy6TYbltmw7prV1kUZRwUcgxNQAxa4BC1wC9qgAzB4BM/gFbxpT9qL9q59zEtXtLLnCPyB9vkDp9GXDg==</latexit><latexit sha1_base64="gK4mlg7udbMB2GFtRdMezChrhhU=">AAACCXicbVDLSsNAFJ34rPEVdelmsAiVYkmKoBuh4MZlBfuAJC2T6aQZMnkwMxFK6NaNv+LGhSJu/QN3/o2TNgttPTDDmXPu5c49XsqokKb5ra2srq1vbFa29O2d3b194+CwK5KMY9LBCUt430OCMBqTjqSSkX7KCYo8RnpeeFP4vQfCBU3iezlJiRuhcUx9ipFU0tCAjj0ehPAaBuquw2YtGORh3Zqeq/eZ4+r60KiaDXMGuEysklRBifbQ+HJGCc4iEkvMkBC2ZabSzRGXFDMy1Z1MkBThEI2JrWiMIiLcfLbJFJ4qZQT9hKsTSzhTf3fkKBJiEnmqMkIyEIteIf7n2Zn0r9ycxmkmSYzng/yMQZnAIhY4opxgySaKIMyp+ivEAeIISxVeEYK1uPIy6TYbltmw7prV1kUZRwUcgxNQAxa4BC1wC9qgAzB4BM/gFbxpT9qL9q59zEtXtLLnCPyB9vkDp9GXDg==</latexit><latexit sha1_base64="gK4mlg7udbMB2GFtRdMezChrhhU=">AAACCXicbVDLSsNAFJ34rPEVdelmsAiVYkmKoBuh4MZlBfuAJC2T6aQZMnkwMxFK6NaNv+LGhSJu/QN3/o2TNgttPTDDmXPu5c49XsqokKb5ra2srq1vbFa29O2d3b194+CwK5KMY9LBCUt430OCMBqTjqSSkX7KCYo8RnpeeFP4vQfCBU3iezlJiRuhcUx9ipFU0tCAjj0ehPAaBuquw2YtGORh3Zqeq/eZ4+r60KiaDXMGuEysklRBifbQ+HJGCc4iEkvMkBC2ZabSzRGXFDMy1Z1MkBThEI2JrWiMIiLcfLbJFJ4qZQT9hKsTSzhTf3fkKBJiEnmqMkIyEIteIf7n2Zn0r9ycxmkmSYzng/yMQZnAIhY4opxgySaKIMyp+ivEAeIISxVeEYK1uPIy6TYbltmw7prV1kUZRwUcgxNQAxa4BC1wC9qgAzB4BM/gFbxpT9qL9q59zEtXtLLnCPyB9vkDp9GXDg==</latexit>

Lk = {h 2 R2 | h2 = (rf(xk))2}
<latexit sha1_base64="GVJBVuUqi3ss9Vyw3k9IGVJsoXQ="></latexit><latexit sha1_base64="GVJBVuUqi3ss9Vyw3k9IGVJsoXQ="></latexit><latexit sha1_base64="GVJBVuUqi3ss9Vyw3k9IGVJsoXQ="></latexit><latexit sha1_base64="GVJBVuUqi3ss9Vyw3k9IGVJsoXQ="></latexit>

Lk = {h 2 R2 | h1 = (rf(xk))1}
<latexit sha1_base64="COYEAPOBOmP2OFYPsXlgY4O+UGQ="></latexit><latexit sha1_base64="COYEAPOBOmP2OFYPsXlgY4O+UGQ="></latexit><latexit sha1_base64="COYEAPOBOmP2OFYPsXlgY4O+UGQ="></latexit><latexit sha1_base64="COYEAPOBOmP2OFYPsXlgY4O+UGQ="></latexit>

p1 =
1

2
p2 =

1

2
<latexit sha1_base64="NMx63SnWkwTnaYT/oQNjk2OW7fc=">AAACGXicbVDLSsNAFJ3UV42vqEs3g0VwVZIg6EYouHFZwT4gCWEymbRDJw9nJkIJ+Q03/oobF4q41JV/46TNwrYeuHA4517uvSfIGBXSNH+0xtr6xuZWc1vf2d3bPzAOj/oizTkmPZyylA8DJAijCelJKhkZZpygOGBkEExuKn/wSLigaXIvpxnxYjRKaEQxkkryDVN3ncy34DV0I45wYZWFXUL3IUchzHx7UXc9XfeNltk2Z4CrxKpJC9To+saXG6Y4j0kiMUNCOJaZSa9AXFLMSKm7uSAZwhM0Io6iCYqJ8IrZZyU8U0oIo5SrSiScqX8nChQLMY0D1RkjORbLXiX+5zm5jK68giZZLkmC54uinEGZwiomGFJOsGRTRRDmVN0K8RipJKQKswrBWn55lfTttmW2rTu71bmo42iCE3AKzoEFLkEH3IIu6AEMnsALeAPv2rP2qn1on/PWhlbPHIMFaN+/NySd4Q==</latexit><latexit sha1_base64="NMx63SnWkwTnaYT/oQNjk2OW7fc=">AAACGXicbVDLSsNAFJ3UV42vqEs3g0VwVZIg6EYouHFZwT4gCWEymbRDJw9nJkIJ+Q03/oobF4q41JV/46TNwrYeuHA4517uvSfIGBXSNH+0xtr6xuZWc1vf2d3bPzAOj/oizTkmPZyylA8DJAijCelJKhkZZpygOGBkEExuKn/wSLigaXIvpxnxYjRKaEQxkkryDVN3ncy34DV0I45wYZWFXUL3IUchzHx7UXc9XfeNltk2Z4CrxKpJC9To+saXG6Y4j0kiMUNCOJaZSa9AXFLMSKm7uSAZwhM0Io6iCYqJ8IrZZyU8U0oIo5SrSiScqX8nChQLMY0D1RkjORbLXiX+5zm5jK68giZZLkmC54uinEGZwiomGFJOsGRTRRDmVN0K8RipJKQKswrBWn55lfTttmW2rTu71bmo42iCE3AKzoEFLkEH3IIu6AEMnsALeAPv2rP2qn1on/PWhlbPHIMFaN+/NySd4Q==</latexit><latexit sha1_base64="NMx63SnWkwTnaYT/oQNjk2OW7fc=">AAACGXicbVDLSsNAFJ3UV42vqEs3g0VwVZIg6EYouHFZwT4gCWEymbRDJw9nJkIJ+Q03/oobF4q41JV/46TNwrYeuHA4517uvSfIGBXSNH+0xtr6xuZWc1vf2d3bPzAOj/oizTkmPZyylA8DJAijCelJKhkZZpygOGBkEExuKn/wSLigaXIvpxnxYjRKaEQxkkryDVN3ncy34DV0I45wYZWFXUL3IUchzHx7UXc9XfeNltk2Z4CrxKpJC9To+saXG6Y4j0kiMUNCOJaZSa9AXFLMSKm7uSAZwhM0Io6iCYqJ8IrZZyU8U0oIo5SrSiScqX8nChQLMY0D1RkjORbLXiX+5zm5jK68giZZLkmC54uinEGZwiomGFJOsGRTRRDmVN0K8RipJKQKswrBWn55lfTttmW2rTu71bmo42iCE3AKzoEFLkEH3IIu6AEMnsALeAPv2rP2qn1on/PWhlbPHIMFaN+/NySd4Q==</latexit><latexit sha1_base64="NMx63SnWkwTnaYT/oQNjk2OW7fc=">AAACGXicbVDLSsNAFJ3UV42vqEs3g0VwVZIg6EYouHFZwT4gCWEymbRDJw9nJkIJ+Q03/oobF4q41JV/46TNwrYeuHA4517uvSfIGBXSNH+0xtr6xuZWc1vf2d3bPzAOj/oizTkmPZyylA8DJAijCelJKhkZZpygOGBkEExuKn/wSLigaXIvpxnxYjRKaEQxkkryDVN3ncy34DV0I45wYZWFXUL3IUchzHx7UXc9XfeNltk2Z4CrxKpJC9To+saXG6Y4j0kiMUNCOJaZSa9AXFLMSKm7uSAZwhM0Io6iCYqJ8IrZZyU8U0oIo5SrSiScqX8nChQLMY0D1RkjORbLXiX+5zm5jK68giZZLkmC54uinEGZwiomGFJOsGRTRRDmVN0K8RipJKQKswrBWn55lfTttmW2rTu71bmo42iCE3AKzoEFLkEH3IIu6AEMnsALeAPv2rP2qn1on/PWhlbPHIMFaN+/NySd4Q==</latexit>

d = 2
<latexit sha1_base64="Jw/SCBSE3Rn03Ign31XSddT5/+w=">AAAB7nicbVBNS8NAEJ3Urxq/qh69LLaCp5L0oh6EghePFewHtKFsNpt26WYTdjdCCf0RXjwo4tXf481/4ybNQVsfDDzem2Fmnp9wprTjfFuVjc2t7Z3qrr23f3B4VDs+6ak4lYR2ScxjOfCxopwJ2tVMczpIJMWRz2nfn93lfv+JSsVi8ajnCfUiPBEsZARrI/UbwW2rYdvjWt1pOgXQOnFLUocSnXHtaxTEJI2o0IRjpYauk2gvw1IzwunCHqWKJpjM8IQODRU4osrLinMX6MIoAQpjaUpoVKi/JzIcKTWPfNMZYT1Vq14u/ucNUx1eexkTSaqpIMtFYcqRjlH+OwqYpETzuSGYSGZuRWSKJSbaJJSH4K6+vE56rabrNN2HVr19U8ZRhTM4h0tw4QracA8d6AKBGTzDK7xZifVivVsfy9aKVc6cwh9Ynz/afI3k</latexit><latexit sha1_base64="Jw/SCBSE3Rn03Ign31XSddT5/+w=">AAAB7nicbVBNS8NAEJ3Urxq/qh69LLaCp5L0oh6EghePFewHtKFsNpt26WYTdjdCCf0RXjwo4tXf481/4ybNQVsfDDzem2Fmnp9wprTjfFuVjc2t7Z3qrr23f3B4VDs+6ak4lYR2ScxjOfCxopwJ2tVMczpIJMWRz2nfn93lfv+JSsVi8ajnCfUiPBEsZARrI/UbwW2rYdvjWt1pOgXQOnFLUocSnXHtaxTEJI2o0IRjpYauk2gvw1IzwunCHqWKJpjM8IQODRU4osrLinMX6MIoAQpjaUpoVKi/JzIcKTWPfNMZYT1Vq14u/ucNUx1eexkTSaqpIMtFYcqRjlH+OwqYpETzuSGYSGZuRWSKJSbaJJSH4K6+vE56rabrNN2HVr19U8ZRhTM4h0tw4QracA8d6AKBGTzDK7xZifVivVsfy9aKVc6cwh9Ynz/afI3k</latexit><latexit sha1_base64="Jw/SCBSE3Rn03Ign31XSddT5/+w=">AAAB7nicbVBNS8NAEJ3Urxq/qh69LLaCp5L0oh6EghePFewHtKFsNpt26WYTdjdCCf0RXjwo4tXf481/4ybNQVsfDDzem2Fmnp9wprTjfFuVjc2t7Z3qrr23f3B4VDs+6ak4lYR2ScxjOfCxopwJ2tVMczpIJMWRz2nfn93lfv+JSsVi8ajnCfUiPBEsZARrI/UbwW2rYdvjWt1pOgXQOnFLUocSnXHtaxTEJI2o0IRjpYauk2gvw1IzwunCHqWKJpjM8IQODRU4osrLinMX6MIoAQpjaUpoVKi/JzIcKTWPfNMZYT1Vq14u/ucNUx1eexkTSaqpIMtFYcqRjlH+OwqYpETzuSGYSGZuRWSKJSbaJJSH4K6+vE56rabrNN2HVr19U8ZRhTM4h0tw4QracA8d6AKBGTzDK7xZifVivVsfy9aKVc6cwh9Ynz/afI3k</latexit><latexit sha1_base64="Jw/SCBSE3Rn03Ign31XSddT5/+w=">AAAB7nicbVBNS8NAEJ3Urxq/qh69LLaCp5L0oh6EghePFewHtKFsNpt26WYTdjdCCf0RXjwo4tXf481/4ybNQVsfDDzem2Fmnp9wprTjfFuVjc2t7Z3qrr23f3B4VDs+6ak4lYR2ScxjOfCxopwJ2tVMczpIJMWRz2nfn93lfv+JSsVi8ajnCfUiPBEsZARrI/UbwW2rYdvjWt1pOgXQOnFLUocSnXHtaxTEJI2o0IRjpYauk2gvw1IzwunCHqWKJpjM8IQODRU4osrLinMX6MIoAQpjaUpoVKi/JzIcKTWPfNMZYT1Vq14u/ucNUx1eexkTSaqpIMtFYcqRjlH+OwqYpETzuSGYSGZuRWSKJSbaJJSH4K6+vE56rabrNN2HVr19U8ZRhTM4h0tw4QracA8d6AKBGTzDK7xZifVivVsfy9aKVc6cwh9Ynz/afI3k</latexit>



p1 =
2

3
p2 =

1

3
<latexit sha1_base64="v6nupLtFlZxnYTecEjsIrGdvGHw=">AAACJHicbZDLSsNAFIYnXmu9RV26GSyCq5JEQUGEghuXFewFkhAmk0k7dHJxZiKUkIdx46u4ceEFF258FidtENv6w8DPd87hzPn9lFEhDeNLW1peWV1br23UN7e2d3b1vf2uSDKOSQcnLOF9HwnCaEw6kkpG+iknKPIZ6fmj67LeeyBc0CS+k+OUuBEaxDSkGEmFPP3SsVPPhFfQCTnCuVXkpwV07jMUwNSzfrlZcsetz8jTG0bTmAguGrMyDVCp7envTpDgLCKxxAwJYZtGKt0ccUkxI0XdyQRJER6hAbGVjVFEhJtPjizgsSIBDBOuXizhhP6dyFEkxDjyVWeE5FDM10r4X83OZHjh5jROM0liPF0UZgzKBJaJwYBygiUbK4Mwp+qvEA+RSkWqXMsQzPmTF03XappG07y1Gq2zKo4aOARH4ASY4By0wA1ogw7A4BE8g1fwpj1pL9qH9jltXdKqmQMwI+37BzeinsA=</latexit><latexit sha1_base64="v6nupLtFlZxnYTecEjsIrGdvGHw=">AAACJHicbZDLSsNAFIYnXmu9RV26GSyCq5JEQUGEghuXFewFkhAmk0k7dHJxZiKUkIdx46u4ceEFF258FidtENv6w8DPd87hzPn9lFEhDeNLW1peWV1br23UN7e2d3b1vf2uSDKOSQcnLOF9HwnCaEw6kkpG+iknKPIZ6fmj67LeeyBc0CS+k+OUuBEaxDSkGEmFPP3SsVPPhFfQCTnCuVXkpwV07jMUwNSzfrlZcsetz8jTG0bTmAguGrMyDVCp7envTpDgLCKxxAwJYZtGKt0ccUkxI0XdyQRJER6hAbGVjVFEhJtPjizgsSIBDBOuXizhhP6dyFEkxDjyVWeE5FDM10r4X83OZHjh5jROM0liPF0UZgzKBJaJwYBygiUbK4Mwp+qvEA+RSkWqXMsQzPmTF03XappG07y1Gq2zKo4aOARH4ASY4By0wA1ogw7A4BE8g1fwpj1pL9qH9jltXdKqmQMwI+37BzeinsA=</latexit><latexit sha1_base64="v6nupLtFlZxnYTecEjsIrGdvGHw=">AAACJHicbZDLSsNAFIYnXmu9RV26GSyCq5JEQUGEghuXFewFkhAmk0k7dHJxZiKUkIdx46u4ceEFF258FidtENv6w8DPd87hzPn9lFEhDeNLW1peWV1br23UN7e2d3b1vf2uSDKOSQcnLOF9HwnCaEw6kkpG+iknKPIZ6fmj67LeeyBc0CS+k+OUuBEaxDSkGEmFPP3SsVPPhFfQCTnCuVXkpwV07jMUwNSzfrlZcsetz8jTG0bTmAguGrMyDVCp7envTpDgLCKxxAwJYZtGKt0ccUkxI0XdyQRJER6hAbGVjVFEhJtPjizgsSIBDBOuXizhhP6dyFEkxDjyVWeE5FDM10r4X83OZHjh5jROM0liPF0UZgzKBJaJwYBygiUbK4Mwp+qvEA+RSkWqXMsQzPmTF03XappG07y1Gq2zKo4aOARH4ASY4By0wA1ogw7A4BE8g1fwpj1pL9qH9jltXdKqmQMwI+37BzeinsA=</latexit><latexit sha1_base64="v6nupLtFlZxnYTecEjsIrGdvGHw=">AAACJHicbZDLSsNAFIYnXmu9RV26GSyCq5JEQUGEghuXFewFkhAmk0k7dHJxZiKUkIdx46u4ceEFF258FidtENv6w8DPd87hzPn9lFEhDeNLW1peWV1br23UN7e2d3b1vf2uSDKOSQcnLOF9HwnCaEw6kkpG+iknKPIZ6fmj67LeeyBc0CS+k+OUuBEaxDSkGEmFPP3SsVPPhFfQCTnCuVXkpwV07jMUwNSzfrlZcsetz8jTG0bTmAguGrMyDVCp7envTpDgLCKxxAwJYZtGKt0ccUkxI0XdyQRJER6hAbGVjVFEhJtPjizgsSIBDBOuXizhhP6dyFEkxDjyVWeE5FDM10r4X83OZHjh5jROM0liPF0UZgzKBJaJwYBygiUbK4Mwp+qvEA+RSkWqXMsQzPmTF03XappG07y1Gq2zKo4aOARH4ASY4By0wA1ogw7A4BE8g1fwpj1pL9qH9jltXdKqmQMwI+37BzeinsA=</latexit>

Case 2

p1 =
2

3
p2 =

1

3
<latexit sha1_base64="v6nupLtFlZxnYTecEjsIrGdvGHw=">AAACJHicbZDLSsNAFIYnXmu9RV26GSyCq5JEQUGEghuXFewFkhAmk0k7dHJxZiKUkIdx46u4ceEFF258FidtENv6w8DPd87hzPn9lFEhDeNLW1peWV1br23UN7e2d3b1vf2uSDKOSQcnLOF9HwnCaEw6kkpG+iknKPIZ6fmj67LeeyBc0CS+k+OUuBEaxDSkGEmFPP3SsVPPhFfQCTnCuVXkpwV07jMUwNSzfrlZcsetz8jTG0bTmAguGrMyDVCp7envTpDgLCKxxAwJYZtGKt0ccUkxI0XdyQRJER6hAbGVjVFEhJtPjizgsSIBDBOuXizhhP6dyFEkxDjyVWeE5FDM10r4X83OZHjh5jROM0liPF0UZgzKBJaJwYBygiUbK4Mwp+qvEA+RSkWqXMsQzPmTF03XappG07y1Gq2zKo4aOARH4ASY4By0wA1ogw7A4BE8g1fwpj1pL9qH9jltXdKqmQMwI+37BzeinsA=</latexit><latexit sha1_base64="v6nupLtFlZxnYTecEjsIrGdvGHw=">AAACJHicbZDLSsNAFIYnXmu9RV26GSyCq5JEQUGEghuXFewFkhAmk0k7dHJxZiKUkIdx46u4ceEFF258FidtENv6w8DPd87hzPn9lFEhDeNLW1peWV1br23UN7e2d3b1vf2uSDKOSQcnLOF9HwnCaEw6kkpG+iknKPIZ6fmj67LeeyBc0CS+k+OUuBEaxDSkGEmFPP3SsVPPhFfQCTnCuVXkpwV07jMUwNSzfrlZcsetz8jTG0bTmAguGrMyDVCp7envTpDgLCKxxAwJYZtGKt0ccUkxI0XdyQRJER6hAbGVjVFEhJtPjizgsSIBDBOuXizhhP6dyFEkxDjyVWeE5FDM10r4X83OZHjh5jROM0liPF0UZgzKBJaJwYBygiUbK4Mwp+qvEA+RSkWqXMsQzPmTF03XappG07y1Gq2zKo4aOARH4ASY4By0wA1ogw7A4BE8g1fwpj1pL9qH9jltXdKqmQMwI+37BzeinsA=</latexit><latexit sha1_base64="v6nupLtFlZxnYTecEjsIrGdvGHw=">AAACJHicbZDLSsNAFIYnXmu9RV26GSyCq5JEQUGEghuXFewFkhAmk0k7dHJxZiKUkIdx46u4ceEFF258FidtENv6w8DPd87hzPn9lFEhDeNLW1peWV1br23UN7e2d3b1vf2uSDKOSQcnLOF9HwnCaEw6kkpG+iknKPIZ6fmj67LeeyBc0CS+k+OUuBEaxDSkGEmFPP3SsVPPhFfQCTnCuVXkpwV07jMUwNSzfrlZcsetz8jTG0bTmAguGrMyDVCp7envTpDgLCKxxAwJYZtGKt0ccUkxI0XdyQRJER6hAbGVjVFEhJtPjizgsSIBDBOuXizhhP6dyFEkxDjyVWeE5FDM10r4X83OZHjh5jROM0liPF0UZgzKBJaJwYBygiUbK4Mwp+qvEA+RSkWqXMsQzPmTF03XappG07y1Gq2zKo4aOARH4ASY4By0wA1ogw7A4BE8g1fwpj1pL9qH9jltXdKqmQMwI+37BzeinsA=</latexit><latexit sha1_base64="v6nupLtFlZxnYTecEjsIrGdvGHw=">AAACJHicbZDLSsNAFIYnXmu9RV26GSyCq5JEQUGEghuXFewFkhAmk0k7dHJxZiKUkIdx46u4ceEFF258FidtENv6w8DPd87hzPn9lFEhDeNLW1peWV1br23UN7e2d3b1vf2uSDKOSQcnLOF9HwnCaEw6kkpG+iknKPIZ6fmj67LeeyBc0CS+k+OUuBEaxDSkGEmFPP3SsVPPhFfQCTnCuVXkpwV07jMUwNSzfrlZcsetz8jTG0bTmAguGrMyDVCp7envTpDgLCKxxAwJYZtGKt0ccUkxI0XdyQRJER6hAbGVjVFEhJtPjizgsSIBDBOuXizhhP6dyFEkxDjyVWeE5FDM10r4X83OZHjh5jROM0liPF0UZgzKBJaJwYBygiUbK4Mwp+qvEA+RSkWqXMsQzPmTF03XappG07y1Gq2zKo4aOARH4ASY4By0wA1ogw7A4BE8g1fwpj1pL9qH9jltXdKqmQMwI+37BzeinsA=</latexit>

SEGA Estimator

rf(xk)
<latexit sha1_base64="Kkkx3R3bpiDhqAAIUlDsf9qahIs=">AAAB+3icbVBNS8NAEJ34WeNXrEcvi61QLyUpgh4LXjxWsB/QxrLZbtqlm03Y3UhL6F/x4kERr/4Rb/4bt20O2vpg4PHeDDPzgoQzpV3329rY3Nre2S3s2fsHh0fHzkmxpeJUEtokMY9lJ8CKciZoUzPNaSeRFEcBp+1gfDv3209UKhaLBz1NqB/hoWAhI1gbqe8Uyz2BA45RWJk8ji/Ltm33nZJbdRdA68TLSQlyNPrOV28QkzSiQhOOlep6bqL9DEvNCKczu5cqmmAyxkPaNVTgiCo/W9w+QxdGGaAwlqaERgv190SGI6WmUWA6I6xHatWbi/953VSHN37GRJJqKshyUZhypGM0DwINmKRE86khmEhmbkVkhCUm2sQ1D8FbfXmdtGpVz61697VS/SqPowBncA4V8OAa6nAHDWgCgQk8wyu8WTPrxXq3PpatG1Y+cwp/YH3+AKCvkic=</latexit><latexit sha1_base64="Kkkx3R3bpiDhqAAIUlDsf9qahIs=">AAAB+3icbVBNS8NAEJ34WeNXrEcvi61QLyUpgh4LXjxWsB/QxrLZbtqlm03Y3UhL6F/x4kERr/4Rb/4bt20O2vpg4PHeDDPzgoQzpV3329rY3Nre2S3s2fsHh0fHzkmxpeJUEtokMY9lJ8CKciZoUzPNaSeRFEcBp+1gfDv3209UKhaLBz1NqB/hoWAhI1gbqe8Uyz2BA45RWJk8ji/Ltm33nZJbdRdA68TLSQlyNPrOV28QkzSiQhOOlep6bqL9DEvNCKczu5cqmmAyxkPaNVTgiCo/W9w+QxdGGaAwlqaERgv190SGI6WmUWA6I6xHatWbi/953VSHN37GRJJqKshyUZhypGM0DwINmKRE86khmEhmbkVkhCUm2sQ1D8FbfXmdtGpVz61697VS/SqPowBncA4V8OAa6nAHDWgCgQk8wyu8WTPrxXq3PpatG1Y+cwp/YH3+AKCvkic=</latexit><latexit sha1_base64="Kkkx3R3bpiDhqAAIUlDsf9qahIs=">AAAB+3icbVBNS8NAEJ34WeNXrEcvi61QLyUpgh4LXjxWsB/QxrLZbtqlm03Y3UhL6F/x4kERr/4Rb/4bt20O2vpg4PHeDDPzgoQzpV3329rY3Nre2S3s2fsHh0fHzkmxpeJUEtokMY9lJ8CKciZoUzPNaSeRFEcBp+1gfDv3209UKhaLBz1NqB/hoWAhI1gbqe8Uyz2BA45RWJk8ji/Ltm33nZJbdRdA68TLSQlyNPrOV28QkzSiQhOOlep6bqL9DEvNCKczu5cqmmAyxkPaNVTgiCo/W9w+QxdGGaAwlqaERgv190SGI6WmUWA6I6xHatWbi/953VSHN37GRJJqKshyUZhypGM0DwINmKRE86khmEhmbkVkhCUm2sQ1D8FbfXmdtGpVz61697VS/SqPowBncA4V8OAa6nAHDWgCgQk8wyu8WTPrxXq3PpatG1Y+cwp/YH3+AKCvkic=</latexit><latexit sha1_base64="Kkkx3R3bpiDhqAAIUlDsf9qahIs=">AAAB+3icbVBNS8NAEJ34WeNXrEcvi61QLyUpgh4LXjxWsB/QxrLZbtqlm03Y3UhL6F/x4kERr/4Rb/4bt20O2vpg4PHeDDPzgoQzpV3329rY3Nre2S3s2fsHh0fHzkmxpeJUEtokMY9lJ8CKciZoUzPNaSeRFEcBp+1gfDv3209UKhaLBz1NqB/hoWAhI1gbqe8Uyz2BA45RWJk8ji/Ltm33nZJbdRdA68TLSQlyNPrOV28QkzSiQhOOlep6bqL9DEvNCKczu5cqmmAyxkPaNVTgiCo/W9w+QxdGGaAwlqaERgv190SGI6WmUWA6I6xHatWbi/953VSHN37GRJJqKshyUZhypGM0DwINmKRE86khmEhmbkVkhCUm2sQ1D8FbfXmdtGpVz61697VS/SqPowBncA4V8OAa6nAHDWgCgQk8wyu8WTPrxXq3PpatG1Y+cwp/YH3+AKCvkic=</latexit>

hk
<latexit sha1_base64="ZvDfcacqDDOSyn4jjes7dvGg4Gc=">AAAB73icbVBNS8NAEJ34WeNX1aOXxVbwVJIi6LHgxWMF+wFtLJvtpl26u4m7G6GE/gkvHhTx6t/x5r9x0+agrQ8GHu/NMDMvTDjTxvO+nbX1jc2t7dKOu7u3f3BYPjpu6zhVhLZIzGPVDbGmnEnaMsxw2k0UxSLktBNObnK/80SVZrG8N9OEBgKPJIsYwcZK3er4YVJ1XXdQrng1bw60SvyCVKBAc1D+6g9jkgoqDeFY657vJSbIsDKMcDpz+6mmCSYTPKI9SyUWVAfZ/N4ZOrfKEEWxsiUNmqu/JzIstJ6K0HYKbMZ62cvF/7xeaqLrIGMySQ2VZLEoSjkyMcqfR0OmKDF8agkmitlbERljhYmxEeUh+Msvr5J2veZ7Nf+uXmlcFnGU4BTO4AJ8uIIG3EITWkCAwzO8wpvz6Lw4787HonXNKWZO4A+czx+eao5R</latexit><latexit sha1_base64="ZvDfcacqDDOSyn4jjes7dvGg4Gc=">AAAB73icbVBNS8NAEJ34WeNX1aOXxVbwVJIi6LHgxWMF+wFtLJvtpl26u4m7G6GE/gkvHhTx6t/x5r9x0+agrQ8GHu/NMDMvTDjTxvO+nbX1jc2t7dKOu7u3f3BYPjpu6zhVhLZIzGPVDbGmnEnaMsxw2k0UxSLktBNObnK/80SVZrG8N9OEBgKPJIsYwcZK3er4YVJ1XXdQrng1bw60SvyCVKBAc1D+6g9jkgoqDeFY657vJSbIsDKMcDpz+6mmCSYTPKI9SyUWVAfZ/N4ZOrfKEEWxsiUNmqu/JzIstJ6K0HYKbMZ62cvF/7xeaqLrIGMySQ2VZLEoSjkyMcqfR0OmKDF8agkmitlbERljhYmxEeUh+Msvr5J2veZ7Nf+uXmlcFnGU4BTO4AJ8uIIG3EITWkCAwzO8wpvz6Lw4787HonXNKWZO4A+czx+eao5R</latexit><latexit sha1_base64="ZvDfcacqDDOSyn4jjes7dvGg4Gc=">AAAB73icbVBNS8NAEJ34WeNX1aOXxVbwVJIi6LHgxWMF+wFtLJvtpl26u4m7G6GE/gkvHhTx6t/x5r9x0+agrQ8GHu/NMDMvTDjTxvO+nbX1jc2t7dKOu7u3f3BYPjpu6zhVhLZIzGPVDbGmnEnaMsxw2k0UxSLktBNObnK/80SVZrG8N9OEBgKPJIsYwcZK3er4YVJ1XXdQrng1bw60SvyCVKBAc1D+6g9jkgoqDeFY657vJSbIsDKMcDpz+6mmCSYTPKI9SyUWVAfZ/N4ZOrfKEEWxsiUNmqu/JzIstJ6K0HYKbMZ62cvF/7xeaqLrIGMySQ2VZLEoSjkyMcqfR0OmKDF8agkmitlbERljhYmxEeUh+Msvr5J2veZ7Nf+uXmlcFnGU4BTO4AJ8uIIG3EITWkCAwzO8wpvz6Lw4787HonXNKWZO4A+czx+eao5R</latexit><latexit sha1_base64="ZvDfcacqDDOSyn4jjes7dvGg4Gc=">AAAB73icbVBNS8NAEJ34WeNX1aOXxVbwVJIi6LHgxWMF+wFtLJvtpl26u4m7G6GE/gkvHhTx6t/x5r9x0+agrQ8GHu/NMDMvTDjTxvO+nbX1jc2t7dKOu7u3f3BYPjpu6zhVhLZIzGPVDbGmnEnaMsxw2k0UxSLktBNObnK/80SVZrG8N9OEBgKPJIsYwcZK3er4YVJ1XXdQrng1bw60SvyCVKBAc1D+6g9jkgoqDeFY657vJSbIsDKMcDpz+6mmCSYTPKI9SyUWVAfZ/N4ZOrfKEEWxsiUNmqu/JzIstJ6K0HYKbMZ62cvF/7xeaqLrIGMySQ2VZLEoSjkyMcqfR0OmKDF8agkmitlbERljhYmxEeUh+Msvr5J2veZ7Nf+uXmlcFnGU4BTO4AJ8uIIG3EITWkCAwzO8wpvz6Lw4787HonXNKWZO4A+czx+eao5R</latexit>

hk+1
<latexit sha1_base64="6iQr1zx0Tcf4VFo4KoQQaoMersM=">AAAB83icbVBNS8NAEJ3Urxq/qh69LLaCIJSkCHosePFYwdZCG8tmu2mX7m7C7kYooX/DiwdFvPpnvPlv3LQ5aOuDgcd7M8zMCxPOtPG8b6e0tr6xuVXednd29/YPKodHHR2nitA2iXmsuiHWlDNJ24YZTruJoliEnD6Ek5vcf3iiSrNY3ptpQgOBR5JFjGBjpX5t/JhNLvxZzXXdQaXq1b050CrxC1KFAq1B5as/jEkqqDSEY617vpeYIMPKMMLpzO2nmiaYTPCI9iyVWFAdZPObZ+jMKkMUxcqWNGiu/p7IsNB6KkLbKbAZ62UvF//zeqmJroOMySQ1VJLFoijlyMQoDwANmaLE8KklmChmb0VkjBUmxsaUh+Avv7xKOo2679X9u0a1eVnEUYYTOIVz8OEKmnALLWgDgQSe4RXenNR5cd6dj0VrySlmjuEPnM8fQmePzQ==</latexit><latexit sha1_base64="6iQr1zx0Tcf4VFo4KoQQaoMersM=">AAAB83icbVBNS8NAEJ3Urxq/qh69LLaCIJSkCHosePFYwdZCG8tmu2mX7m7C7kYooX/DiwdFvPpnvPlv3LQ5aOuDgcd7M8zMCxPOtPG8b6e0tr6xuVXednd29/YPKodHHR2nitA2iXmsuiHWlDNJ24YZTruJoliEnD6Ek5vcf3iiSrNY3ptpQgOBR5JFjGBjpX5t/JhNLvxZzXXdQaXq1b050CrxC1KFAq1B5as/jEkqqDSEY617vpeYIMPKMMLpzO2nmiaYTPCI9iyVWFAdZPObZ+jMKkMUxcqWNGiu/p7IsNB6KkLbKbAZ62UvF//zeqmJroOMySQ1VJLFoijlyMQoDwANmaLE8KklmChmb0VkjBUmxsaUh+Avv7xKOo2679X9u0a1eVnEUYYTOIVz8OEKmnALLWgDgQSe4RXenNR5cd6dj0VrySlmjuEPnM8fQmePzQ==</latexit><latexit sha1_base64="6iQr1zx0Tcf4VFo4KoQQaoMersM=">AAAB83icbVBNS8NAEJ3Urxq/qh69LLaCIJSkCHosePFYwdZCG8tmu2mX7m7C7kYooX/DiwdFvPpnvPlv3LQ5aOuDgcd7M8zMCxPOtPG8b6e0tr6xuVXednd29/YPKodHHR2nitA2iXmsuiHWlDNJ24YZTruJoliEnD6Ek5vcf3iiSrNY3ptpQgOBR5JFjGBjpX5t/JhNLvxZzXXdQaXq1b050CrxC1KFAq1B5as/jEkqqDSEY617vpeYIMPKMMLpzO2nmiaYTPCI9iyVWFAdZPObZ+jMKkMUxcqWNGiu/p7IsNB6KkLbKbAZ62UvF//zeqmJroOMySQ1VJLFoijlyMQoDwANmaLE8KklmChmb0VkjBUmxsaUh+Avv7xKOo2679X9u0a1eVnEUYYTOIVz8OEKmnALLWgDgQSe4RXenNR5cd6dj0VrySlmjuEPnM8fQmePzQ==</latexit><latexit sha1_base64="6iQr1zx0Tcf4VFo4KoQQaoMersM=">AAAB83icbVBNS8NAEJ3Urxq/qh69LLaCIJSkCHosePFYwdZCG8tmu2mX7m7C7kYooX/DiwdFvPpnvPlv3LQ5aOuDgcd7M8zMCxPOtPG8b6e0tr6xuVXednd29/YPKodHHR2nitA2iXmsuiHWlDNJ24YZTruJoliEnD6Ek5vcf3iiSrNY3ptpQgOBR5JFjGBjpX5t/JhNLvxZzXXdQaXq1b050CrxC1KFAq1B5as/jEkqqDSEY617vpeYIMPKMMLpzO2nmiaYTPCI9iyVWFAdZPObZ+jMKkMUxcqWNGiu/p7IsNB6KkLbKbAZ62UvF//zeqmJroOMySQ1VJLFoijlyMQoDwANmaLE8KklmChmb0VkjBUmxsaUh+Avv7xKOo2679X9u0a1eVnEUYYTOIVz8OEKmnALLWgDgQSe4RXenNR5cd6dj0VrySlmjuEPnM8fQmePzQ==</latexit>

hk+1
<latexit sha1_base64="6iQr1zx0Tcf4VFo4KoQQaoMersM=">AAAB83icbVBNS8NAEJ3Urxq/qh69LLaCIJSkCHosePFYwdZCG8tmu2mX7m7C7kYooX/DiwdFvPpnvPlv3LQ5aOuDgcd7M8zMCxPOtPG8b6e0tr6xuVXednd29/YPKodHHR2nitA2iXmsuiHWlDNJ24YZTruJoliEnD6Ek5vcf3iiSrNY3ptpQgOBR5JFjGBjpX5t/JhNLvxZzXXdQaXq1b050CrxC1KFAq1B5as/jEkqqDSEY617vpeYIMPKMMLpzO2nmiaYTPCI9iyVWFAdZPObZ+jMKkMUxcqWNGiu/p7IsNB6KkLbKbAZ62UvF//zeqmJroOMySQ1VJLFoijlyMQoDwANmaLE8KklmChmb0VkjBUmxsaUh+Avv7xKOo2679X9u0a1eVnEUYYTOIVz8OEKmnALLWgDgQSe4RXenNR5cd6dj0VrySlmjuEPnM8fQmePzQ==</latexit><latexit sha1_base64="6iQr1zx0Tcf4VFo4KoQQaoMersM=">AAAB83icbVBNS8NAEJ3Urxq/qh69LLaCIJSkCHosePFYwdZCG8tmu2mX7m7C7kYooX/DiwdFvPpnvPlv3LQ5aOuDgcd7M8zMCxPOtPG8b6e0tr6xuVXednd29/YPKodHHR2nitA2iXmsuiHWlDNJ24YZTruJoliEnD6Ek5vcf3iiSrNY3ptpQgOBR5JFjGBjpX5t/JhNLvxZzXXdQaXq1b050CrxC1KFAq1B5as/jEkqqDSEY617vpeYIMPKMMLpzO2nmiaYTPCI9iyVWFAdZPObZ+jMKkMUxcqWNGiu/p7IsNB6KkLbKbAZ62UvF//zeqmJroOMySQ1VJLFoijlyMQoDwANmaLE8KklmChmb0VkjBUmxsaUh+Avv7xKOo2679X9u0a1eVnEUYYTOIVz8OEKmnALLWgDgQSe4RXenNR5cd6dj0VrySlmjuEPnM8fQmePzQ==</latexit><latexit sha1_base64="6iQr1zx0Tcf4VFo4KoQQaoMersM=">AAAB83icbVBNS8NAEJ3Urxq/qh69LLaCIJSkCHosePFYwdZCG8tmu2mX7m7C7kYooX/DiwdFvPpnvPlv3LQ5aOuDgcd7M8zMCxPOtPG8b6e0tr6xuVXednd29/YPKodHHR2nitA2iXmsuiHWlDNJ24YZTruJoliEnD6Ek5vcf3iiSrNY3ptpQgOBR5JFjGBjpX5t/JhNLvxZzXXdQaXq1b050CrxC1KFAq1B5as/jEkqqDSEY617vpeYIMPKMMLpzO2nmiaYTPCI9iyVWFAdZPObZ+jMKkMUxcqWNGiu/p7IsNB6KkLbKbAZ62UvF//zeqmJroOMySQ1VJLFoijlyMQoDwANmaLE8KklmChmb0VkjBUmxsaUh+Avv7xKOo2679X9u0a1eVnEUYYTOIVz8OEKmnALLWgDgQSe4RXenNR5cd6dj0VrySlmjuEPnM8fQmePzQ==</latexit><latexit sha1_base64="6iQr1zx0Tcf4VFo4KoQQaoMersM=">AAAB83icbVBNS8NAEJ3Urxq/qh69LLaCIJSkCHosePFYwdZCG8tmu2mX7m7C7kYooX/DiwdFvPpnvPlv3LQ5aOuDgcd7M8zMCxPOtPG8b6e0tr6xuVXednd29/YPKodHHR2nitA2iXmsuiHWlDNJ24YZTruJoliEnD6Ek5vcf3iiSrNY3ptpQgOBR5JFjGBjpX5t/JhNLvxZzXXdQaXq1b050CrxC1KFAq1B5as/jEkqqDSEY617vpeYIMPKMMLpzO2nmiaYTPCI9iyVWFAdZPObZ+jMKkMUxcqWNGiu/p7IsNB6KkLbKbAZ62UvF//zeqmJroOMySQ1VJLFoijlyMQoDwANmaLE8KklmChmb0VkjBUmxsaUh+Avv7xKOo2679X9u0a1eVnEUYYTOIVz8OEKmnALLWgDgQSe4RXenNR5cd6dj0VrySlmjuEPnM8fQmePzQ==</latexit>

\[{

\[g^k
Lk = {h 2 R2 | h2 = (rf(xk))2}

<latexit sha1_base64="GVJBVuUqi3ss9Vyw3k9IGVJsoXQ="></latexit><latexit sha1_base64="GVJBVuUqi3ss9Vyw3k9IGVJsoXQ="></latexit><latexit sha1_base64="GVJBVuUqi3ss9Vyw3k9IGVJsoXQ="></latexit><latexit sha1_base64="GVJBVuUqi3ss9Vyw3k9IGVJsoXQ="></latexit>

Lk = {h 2 R2 | h1 = (rf(xk))1}
<latexit sha1_base64="COYEAPOBOmP2OFYPsXlgY4O+UGQ="></latexit><latexit sha1_base64="COYEAPOBOmP2OFYPsXlgY4O+UGQ="></latexit><latexit sha1_base64="COYEAPOBOmP2OFYPsXlgY4O+UGQ="></latexit><latexit sha1_base64="COYEAPOBOmP2OFYPsXlgY4O+UGQ="></latexit>

gk = hk + 3(hk+1 � hk)
<latexit sha1_base64="zzfnZZQxLXUa6H0nFYKdfLPMC0k=">AAACE3icbVDLSgMxFM3UV62vUZdugkWoFstMFXQjFNy4rGAfMDMtmTTTCZN5kGSEMvQf3Pgrblwo4taNO//GTNtFbT2QcHLOvdzc4yaMCmkYP1phZXVtfaO4Wdra3tnd0/cP2iJOOSYtHLOYd10kCKMRaUkqGekmnKDQZaTjBre533kkXNA4epCjhDghGkbUoxhJJfX1M9sa9gJ4A311V+FFxe9lQdUcn6v3qe2U5tDXy0bNmAAuE3NGymCGZl//tgcxTkMSScyQEJZpJNLJEJcUMzIu2akgCcIBGhJL0QiFRDjZZKcxPFHKAHoxVyeScKLOd2QoFGIUuqoyRNIXi14u/udZqfSunYxGSSpJhKeDvJRBGcM8IDignGDJRoogzKn6K8Q+4ghLFWMegrm48jJp12umUTPv6+XG5SyOIjgCx6ACTHAFGuAONEELYPAEXsAbeNeetVftQ/uclha0Wc8h+APt6xcT0ZfX</latexit><latexit sha1_base64="zzfnZZQxLXUa6H0nFYKdfLPMC0k=">AAACE3icbVDLSgMxFM3UV62vUZdugkWoFstMFXQjFNy4rGAfMDMtmTTTCZN5kGSEMvQf3Pgrblwo4taNO//GTNtFbT2QcHLOvdzc4yaMCmkYP1phZXVtfaO4Wdra3tnd0/cP2iJOOSYtHLOYd10kCKMRaUkqGekmnKDQZaTjBre533kkXNA4epCjhDghGkbUoxhJJfX1M9sa9gJ4A311V+FFxe9lQdUcn6v3qe2U5tDXy0bNmAAuE3NGymCGZl//tgcxTkMSScyQEJZpJNLJEJcUMzIu2akgCcIBGhJL0QiFRDjZZKcxPFHKAHoxVyeScKLOd2QoFGIUuqoyRNIXi14u/udZqfSunYxGSSpJhKeDvJRBGcM8IDignGDJRoogzKn6K8Q+4ghLFWMegrm48jJp12umUTPv6+XG5SyOIjgCx6ACTHAFGuAONEELYPAEXsAbeNeetVftQ/uclha0Wc8h+APt6xcT0ZfX</latexit><latexit sha1_base64="zzfnZZQxLXUa6H0nFYKdfLPMC0k=">AAACE3icbVDLSgMxFM3UV62vUZdugkWoFstMFXQjFNy4rGAfMDMtmTTTCZN5kGSEMvQf3Pgrblwo4taNO//GTNtFbT2QcHLOvdzc4yaMCmkYP1phZXVtfaO4Wdra3tnd0/cP2iJOOSYtHLOYd10kCKMRaUkqGekmnKDQZaTjBre533kkXNA4epCjhDghGkbUoxhJJfX1M9sa9gJ4A311V+FFxe9lQdUcn6v3qe2U5tDXy0bNmAAuE3NGymCGZl//tgcxTkMSScyQEJZpJNLJEJcUMzIu2akgCcIBGhJL0QiFRDjZZKcxPFHKAHoxVyeScKLOd2QoFGIUuqoyRNIXi14u/udZqfSunYxGSSpJhKeDvJRBGcM8IDignGDJRoogzKn6K8Q+4ghLFWMegrm48jJp12umUTPv6+XG5SyOIjgCx6ACTHAFGuAONEELYPAEXsAbeNeetVftQ/uclha0Wc8h+APt6xcT0ZfX</latexit><latexit sha1_base64="zzfnZZQxLXUa6H0nFYKdfLPMC0k=">AAACE3icbVDLSgMxFM3UV62vUZdugkWoFstMFXQjFNy4rGAfMDMtmTTTCZN5kGSEMvQf3Pgrblwo4taNO//GTNtFbT2QcHLOvdzc4yaMCmkYP1phZXVtfaO4Wdra3tnd0/cP2iJOOSYtHLOYd10kCKMRaUkqGekmnKDQZaTjBre533kkXNA4epCjhDghGkbUoxhJJfX1M9sa9gJ4A311V+FFxe9lQdUcn6v3qe2U5tDXy0bNmAAuE3NGymCGZl//tgcxTkMSScyQEJZpJNLJEJcUMzIu2akgCcIBGhJL0QiFRDjZZKcxPFHKAHoxVyeScKLOd2QoFGIUuqoyRNIXi14u/udZqfSunYxGSSpJhKeDvJRBGcM8IDignGDJRoogzKn6K8Q+4ghLFWMegrm48jJp12umUTPv6+XG5SyOIjgCx6ACTHAFGuAONEELYPAEXsAbeNeetVftQ/uclha0Wc8h+APt6xcT0ZfX</latexit>

gk = hk +
3

2
(hk+1 � hk)

<latexit sha1_base64="P3jdXsfhiKcDjaLQULHf1L1TLaM=">AAACHXicbVDLSsNAFJ3UV62vqEs3g0WoFEtSC7oRCm5cVrAPSNIymU7aoZMHMxOhhPyIG3/FjQtFXLgR/8ZJm0VtPXAvh3PuZeYeN2JUSMP40Qpr6xubW8Xt0s7u3v6BfnjUEWHMMWnjkIW85yJBGA1IW1LJSC/iBPkuI113cpv53UfCBQ2DBzmNiOOjUUA9ipFU0kBv2NaoP4E3cKx6FdoeRzi5TJN6Whn3k0nVTC+Uc247pQUM9LJRM2aAq8TMSRnkaA30L3sY4tgngcQMCWGZRiSdBHFJMSNpyY4FiRCeoBGxFA2QT4STzK5L4ZlShtALuapAwpm6uJEgX4ip76pJH8mxWPYy8T/PiqV37SQ0iGJJAjx/yIsZlCHMooJDygmWbKoIwpyqv0I8RiogqQLNQjCXT14lnXrNNGrmfb3cbORxFMEJOAUVYIIr0AR3oAXaAIMn8ALewLv2rL1qH9rnfLSg5TvH4A+0719tpJxV</latexit><latexit sha1_base64="P3jdXsfhiKcDjaLQULHf1L1TLaM=">AAACHXicbVDLSsNAFJ3UV62vqEs3g0WoFEtSC7oRCm5cVrAPSNIymU7aoZMHMxOhhPyIG3/FjQtFXLgR/8ZJm0VtPXAvh3PuZeYeN2JUSMP40Qpr6xubW8Xt0s7u3v6BfnjUEWHMMWnjkIW85yJBGA1IW1LJSC/iBPkuI113cpv53UfCBQ2DBzmNiOOjUUA9ipFU0kBv2NaoP4E3cKx6FdoeRzi5TJN6Whn3k0nVTC+Uc247pQUM9LJRM2aAq8TMSRnkaA30L3sY4tgngcQMCWGZRiSdBHFJMSNpyY4FiRCeoBGxFA2QT4STzK5L4ZlShtALuapAwpm6uJEgX4ip76pJH8mxWPYy8T/PiqV37SQ0iGJJAjx/yIsZlCHMooJDygmWbKoIwpyqv0I8RiogqQLNQjCXT14lnXrNNGrmfb3cbORxFMEJOAUVYIIr0AR3oAXaAIMn8ALewLv2rL1qH9rnfLSg5TvH4A+0719tpJxV</latexit><latexit sha1_base64="P3jdXsfhiKcDjaLQULHf1L1TLaM=">AAACHXicbVDLSsNAFJ3UV62vqEs3g0WoFEtSC7oRCm5cVrAPSNIymU7aoZMHMxOhhPyIG3/FjQtFXLgR/8ZJm0VtPXAvh3PuZeYeN2JUSMP40Qpr6xubW8Xt0s7u3v6BfnjUEWHMMWnjkIW85yJBGA1IW1LJSC/iBPkuI113cpv53UfCBQ2DBzmNiOOjUUA9ipFU0kBv2NaoP4E3cKx6FdoeRzi5TJN6Whn3k0nVTC+Uc247pQUM9LJRM2aAq8TMSRnkaA30L3sY4tgngcQMCWGZRiSdBHFJMSNpyY4FiRCeoBGxFA2QT4STzK5L4ZlShtALuapAwpm6uJEgX4ip76pJH8mxWPYy8T/PiqV37SQ0iGJJAjx/yIsZlCHMooJDygmWbKoIwpyqv0I8RiogqQLNQjCXT14lnXrNNGrmfb3cbORxFMEJOAUVYIIr0AR3oAXaAIMn8ALewLv2rL1qH9rnfLSg5TvH4A+0719tpJxV</latexit><latexit sha1_base64="P3jdXsfhiKcDjaLQULHf1L1TLaM=">AAACHXicbVDLSsNAFJ3UV62vqEs3g0WoFEtSC7oRCm5cVrAPSNIymU7aoZMHMxOhhPyIG3/FjQtFXLgR/8ZJm0VtPXAvh3PuZeYeN2JUSMP40Qpr6xubW8Xt0s7u3v6BfnjUEWHMMWnjkIW85yJBGA1IW1LJSC/iBPkuI113cpv53UfCBQ2DBzmNiOOjUUA9ipFU0kBv2NaoP4E3cKx6FdoeRzi5TJN6Whn3k0nVTC+Uc247pQUM9LJRM2aAq8TMSRnkaA30L3sY4tgngcQMCWGZRiSdBHFJMSNpyY4FiRCeoBGxFA2QT4STzK5L4ZlShtALuapAwpm6uJEgX4ip76pJH8mxWPYy8T/PiqV37SQ0iGJJAjx/yIsZlCHMooJDygmWbKoIwpyqv0I8RiogqQLNQjCXT14lnXrNNGrmfb3cbORxFMEJOAUVYIIr0AR3oAXaAIMn8ALewLv2rL1qH9rnfLSg5TvH4A+0719tpJxV</latexit>

\[g^k

d = 2
<latexit sha1_base64="Jw/SCBSE3Rn03Ign31XSddT5/+w=">AAAB7nicbVBNS8NAEJ3Urxq/qh69LLaCp5L0oh6EghePFewHtKFsNpt26WYTdjdCCf0RXjwo4tXf481/4ybNQVsfDDzem2Fmnp9wprTjfFuVjc2t7Z3qrr23f3B4VDs+6ak4lYR2ScxjOfCxopwJ2tVMczpIJMWRz2nfn93lfv+JSsVi8ajnCfUiPBEsZARrI/UbwW2rYdvjWt1pOgXQOnFLUocSnXHtaxTEJI2o0IRjpYauk2gvw1IzwunCHqWKJpjM8IQODRU4osrLinMX6MIoAQpjaUpoVKi/JzIcKTWPfNMZYT1Vq14u/ucNUx1eexkTSaqpIMtFYcqRjlH+OwqYpETzuSGYSGZuRWSKJSbaJJSH4K6+vE56rabrNN2HVr19U8ZRhTM4h0tw4QracA8d6AKBGTzDK7xZifVivVsfy9aKVc6cwh9Ynz/afI3k</latexit><latexit sha1_base64="Jw/SCBSE3Rn03Ign31XSddT5/+w=">AAAB7nicbVBNS8NAEJ3Urxq/qh69LLaCp5L0oh6EghePFewHtKFsNpt26WYTdjdCCf0RXjwo4tXf481/4ybNQVsfDDzem2Fmnp9wprTjfFuVjc2t7Z3qrr23f3B4VDs+6ak4lYR2ScxjOfCxopwJ2tVMczpIJMWRz2nfn93lfv+JSsVi8ajnCfUiPBEsZARrI/UbwW2rYdvjWt1pOgXQOnFLUocSnXHtaxTEJI2o0IRjpYauk2gvw1IzwunCHqWKJpjM8IQODRU4osrLinMX6MIoAQpjaUpoVKi/JzIcKTWPfNMZYT1Vq14u/ucNUx1eexkTSaqpIMtFYcqRjlH+OwqYpETzuSGYSGZuRWSKJSbaJJSH4K6+vE56rabrNN2HVr19U8ZRhTM4h0tw4QracA8d6AKBGTzDK7xZifVivVsfy9aKVc6cwh9Ynz/afI3k</latexit><latexit sha1_base64="Jw/SCBSE3Rn03Ign31XSddT5/+w=">AAAB7nicbVBNS8NAEJ3Urxq/qh69LLaCp5L0oh6EghePFewHtKFsNpt26WYTdjdCCf0RXjwo4tXf481/4ybNQVsfDDzem2Fmnp9wprTjfFuVjc2t7Z3qrr23f3B4VDs+6ak4lYR2ScxjOfCxopwJ2tVMczpIJMWRz2nfn93lfv+JSsVi8ajnCfUiPBEsZARrI/UbwW2rYdvjWt1pOgXQOnFLUocSnXHtaxTEJI2o0IRjpYauk2gvw1IzwunCHqWKJpjM8IQODRU4osrLinMX6MIoAQpjaUpoVKi/JzIcKTWPfNMZYT1Vq14u/ucNUx1eexkTSaqpIMtFYcqRjlH+OwqYpETzuSGYSGZuRWSKJSbaJJSH4K6+vE56rabrNN2HVr19U8ZRhTM4h0tw4QracA8d6AKBGTzDK7xZifVivVsfy9aKVc6cwh9Ynz/afI3k</latexit><latexit sha1_base64="Jw/SCBSE3Rn03Ign31XSddT5/+w=">AAAB7nicbVBNS8NAEJ3Urxq/qh69LLaCp5L0oh6EghePFewHtKFsNpt26WYTdjdCCf0RXjwo4tXf481/4ybNQVsfDDzem2Fmnp9wprTjfFuVjc2t7Z3qrr23f3B4VDs+6ak4lYR2ScxjOfCxopwJ2tVMczpIJMWRz2nfn93lfv+JSsVi8ajnCfUiPBEsZARrI/UbwW2rYdvjWt1pOgXQOnFLUocSnXHtaxTEJI2o0IRjpYauk2gvw1IzwunCHqWKJpjM8IQODRU4osrLinMX6MIoAQpjaUpoVKi/JzIcKTWPfNMZYT1Vq14u/ucNUx1eexkTSaqpIMtFYcqRjlH+OwqYpETzuSGYSGZuRWSKJSbaJJSH4K6+vE56rabrNN2HVr19U8ZRhTM4h0tw4QracA8d6AKBGTzDK7xZifVivVsfy9aKVc6cwh9Ynz/afI3k</latexit>



SEGA for 
General Sketches

SEGA Estimator

SEGA estimator

ED
⇥
gk

⇤
= rf(xk)

<latexit sha1_base64="G1ioUS6C7G60Bgrl/rpJXP3rQVc="></latexit><latexit sha1_base64="G1ioUS6C7G60Bgrl/rpJXP3rQVc="></latexit><latexit sha1_base64="G1ioUS6C7G60Bgrl/rpJXP3rQVc="></latexit><latexit sha1_base64="G1ioUS6C7G60Bgrl/rpJXP3rQVc="></latexit>

\[

gk
def
= hk + ✓k(h

k+1 � hk)

= hk + ✓kZk(rf(xk)� hk)
<latexit sha1_base64="jsOmsTCpyvaZZHBJ0Lh0P1ejSC8="></latexit><latexit sha1_base64="jsOmsTCpyvaZZHBJ0Lh0P1ejSC8="></latexit><latexit sha1_base64="jsOmsTCpyvaZZHBJ0Lh0P1ejSC8="></latexit><latexit sha1_base64="jsOmsTCpyvaZZHBJ0Lh0P1ejSC8="></latexit>

Bias correcting random variable

E [✓kZk] = I
<latexit sha1_base64="17AvR9lCyqGYEPfYZCnf8qYYdxs="></latexit><latexit sha1_base64="17AvR9lCyqGYEPfYZCnf8qYYdxs="></latexit><latexit sha1_base64="17AvR9lCyqGYEPfYZCnf8qYYdxs="></latexit><latexit sha1_base64="17AvR9lCyqGYEPfYZCnf8qYYdxs="></latexit>



4. SEGA: The Algorithm

The Algorithm



The SEGA Algorithm

3

1

0 Choose x0, h0 2 domF
<latexit sha1_base64="cG1qyUdUBAZxOKZf08toUag/Mew=">AAACIHicbVDLSsNAFJ3UV42vqEs3g63gQkrSTXVXKIjLCvYBfTGZTNqh8wgzE7GEfoobf8WNC0V0p19j2mahrQcu93DOvczc40eMauO6X1ZubX1jcyu/be/s7u0fOIdHTS1jhUkDSyZV20eaMCpIw1DDSDtSBHGfkZY/rs381j1RmkpxZyYR6XE0FDSkGJlUGjgV27ZrIyk1gcWHvnsx6ruwSwVMuorDQPIpvC7avwCzPnAKbsmdA64SLyMFkKE+cD67gcQxJ8JghrTueG5keglShmJGpnY31iRCeIyGpJNSgTjRvWR+4BSepUoAQ6nSEgbO1d8bCeJaT7ifTnJkRnrZm4n/eZ3YhJe9hIooNkTgxUNhzKCRcJYWDKgi2LBJShBWNP0rxCOkEDZpprMQvOWTV0mzXPLckndbLlSvsjjy4AScgnPggQqoghtQBw2AwSN4Bq/gzXqyXqx362MxmrOynWPwB9b3DzIOmh8=</latexit><latexit sha1_base64="cG1qyUdUBAZxOKZf08toUag/Mew=">AAACIHicbVDLSsNAFJ3UV42vqEs3g63gQkrSTXVXKIjLCvYBfTGZTNqh8wgzE7GEfoobf8WNC0V0p19j2mahrQcu93DOvczc40eMauO6X1ZubX1jcyu/be/s7u0fOIdHTS1jhUkDSyZV20eaMCpIw1DDSDtSBHGfkZY/rs381j1RmkpxZyYR6XE0FDSkGJlUGjgV27ZrIyk1gcWHvnsx6ruwSwVMuorDQPIpvC7avwCzPnAKbsmdA64SLyMFkKE+cD67gcQxJ8JghrTueG5keglShmJGpnY31iRCeIyGpJNSgTjRvWR+4BSepUoAQ6nSEgbO1d8bCeJaT7ifTnJkRnrZm4n/eZ3YhJe9hIooNkTgxUNhzKCRcJYWDKgi2LBJShBWNP0rxCOkEDZpprMQvOWTV0mzXPLckndbLlSvsjjy4AScgnPggQqoghtQBw2AwSN4Bq/gzXqyXqx362MxmrOynWPwB9b3DzIOmh8=</latexit><latexit sha1_base64="cG1qyUdUBAZxOKZf08toUag/Mew=">AAACIHicbVDLSsNAFJ3UV42vqEs3g63gQkrSTXVXKIjLCvYBfTGZTNqh8wgzE7GEfoobf8WNC0V0p19j2mahrQcu93DOvczc40eMauO6X1ZubX1jcyu/be/s7u0fOIdHTS1jhUkDSyZV20eaMCpIw1DDSDtSBHGfkZY/rs381j1RmkpxZyYR6XE0FDSkGJlUGjgV27ZrIyk1gcWHvnsx6ruwSwVMuorDQPIpvC7avwCzPnAKbsmdA64SLyMFkKE+cD67gcQxJ8JghrTueG5keglShmJGpnY31iRCeIyGpJNSgTjRvWR+4BSepUoAQ6nSEgbO1d8bCeJaT7ifTnJkRnrZm4n/eZ3YhJe9hIooNkTgxUNhzKCRcJYWDKgi2LBJShBWNP0rxCOkEDZpprMQvOWTV0mzXPLckndbLlSvsjjy4AScgnPggQqoghtQBw2AwSN4Bq/gzXqyXqx362MxmrOynWPwB9b3DzIOmh8=</latexit><latexit sha1_base64="cG1qyUdUBAZxOKZf08toUag/Mew=">AAACIHicbVDLSsNAFJ3UV42vqEs3g63gQkrSTXVXKIjLCvYBfTGZTNqh8wgzE7GEfoobf8WNC0V0p19j2mahrQcu93DOvczc40eMauO6X1ZubX1jcyu/be/s7u0fOIdHTS1jhUkDSyZV20eaMCpIw1DDSDtSBHGfkZY/rs381j1RmkpxZyYR6XE0FDSkGJlUGjgV27ZrIyk1gcWHvnsx6ruwSwVMuorDQPIpvC7avwCzPnAKbsmdA64SLyMFkKE+cD67gcQxJ8JghrTueG5keglShmJGpnY31iRCeIyGpJNSgTjRvWR+4BSepUoAQ6nSEgbO1d8bCeJaT7ifTnJkRnrZm4n/eZ3YhJe9hIooNkTgxUNhzKCRcJYWDKgi2LBJShBWNP0rxCOkEDZpprMQvOWTV0mzXPLckndbLlSvsjjy4AScgnPggQqoghtQBw2AwSN4Bq/gzXqyXqx362MxmrOynWPwB9b3DzIOmh8=</latexit>

Sketched 
Gradient

Ask {

Perform Sketch & Project
<latexit sha1_base64="7UL6fEqvxSslGoDsHyovtvzYHms=">AAACHHicbVC7TsMwFHXKq4RXgJHFogIxVUkZgK0SC2MQ9CE1UeW4N62p85DtIFVVP4SFX2FhACEWBiT+BqfNUFqOZPnonHt17z1ByplUtv1jlFZW19Y3ypvm1vbO7p61f9CUSSYoNGjCE9EOiATOYmgopji0UwEkCji0guF17rceQUiWxPdqlIIfkX7MQkaJ0lLXOjddEGEiIuwFIb4bgqID7J1iVyQPQJU5D1z8XatiV+0p8DJxClJBBdyu9eX1EppFECvKiZQdx06VPyZCMcphYnqZhJTQIelDR9OYRCD98fS4CT7RSg/rFfWLFZ6q8x1jEkk5igJdGRE1kIteLv7ndTIVXvpjFqeZgpjOBoUZxyrBeVK4x4ROgI80IVQwvSumAyIIVTrPPARn8eRl0qxVHbvq3NYq9asijjI6QsfoDDnoAtXRDXJRA1H0hF7QG3o3no1X48P4nJWWjKLnEP2B8f0LSQiZyg==</latexit><latexit sha1_base64="7UL6fEqvxSslGoDsHyovtvzYHms=">AAACHHicbVC7TsMwFHXKq4RXgJHFogIxVUkZgK0SC2MQ9CE1UeW4N62p85DtIFVVP4SFX2FhACEWBiT+BqfNUFqOZPnonHt17z1ByplUtv1jlFZW19Y3ypvm1vbO7p61f9CUSSYoNGjCE9EOiATOYmgopji0UwEkCji0guF17rceQUiWxPdqlIIfkX7MQkaJ0lLXOjddEGEiIuwFIb4bgqID7J1iVyQPQJU5D1z8XatiV+0p8DJxClJBBdyu9eX1EppFECvKiZQdx06VPyZCMcphYnqZhJTQIelDR9OYRCD98fS4CT7RSg/rFfWLFZ6q8x1jEkk5igJdGRE1kIteLv7ndTIVXvpjFqeZgpjOBoUZxyrBeVK4x4ROgI80IVQwvSumAyIIVTrPPARn8eRl0qxVHbvq3NYq9asijjI6QsfoDDnoAtXRDXJRA1H0hF7QG3o3no1X48P4nJWWjKLnEP2B8f0LSQiZyg==</latexit><latexit sha1_base64="7UL6fEqvxSslGoDsHyovtvzYHms=">AAACHHicbVC7TsMwFHXKq4RXgJHFogIxVUkZgK0SC2MQ9CE1UeW4N62p85DtIFVVP4SFX2FhACEWBiT+BqfNUFqOZPnonHt17z1ByplUtv1jlFZW19Y3ypvm1vbO7p61f9CUSSYoNGjCE9EOiATOYmgopji0UwEkCji0guF17rceQUiWxPdqlIIfkX7MQkaJ0lLXOjddEGEiIuwFIb4bgqID7J1iVyQPQJU5D1z8XatiV+0p8DJxClJBBdyu9eX1EppFECvKiZQdx06VPyZCMcphYnqZhJTQIelDR9OYRCD98fS4CT7RSg/rFfWLFZ6q8x1jEkk5igJdGRE1kIteLv7ndTIVXvpjFqeZgpjOBoUZxyrBeVK4x4ROgI80IVQwvSumAyIIVTrPPARn8eRl0qxVHbvq3NYq9asijjI6QsfoDDnoAtXRDXJRA1H0hF7QG3o3no1X48P4nJWWjKLnEP2B8f0LSQiZyg==</latexit><latexit sha1_base64="7UL6fEqvxSslGoDsHyovtvzYHms=">AAACHHicbVC7TsMwFHXKq4RXgJHFogIxVUkZgK0SC2MQ9CE1UeW4N62p85DtIFVVP4SFX2FhACEWBiT+BqfNUFqOZPnonHt17z1ByplUtv1jlFZW19Y3ypvm1vbO7p61f9CUSSYoNGjCE9EOiATOYmgopji0UwEkCji0guF17rceQUiWxPdqlIIfkX7MQkaJ0lLXOjddEGEiIuwFIb4bgqID7J1iVyQPQJU5D1z8XatiV+0p8DJxClJBBdyu9eX1EppFECvKiZQdx06VPyZCMcphYnqZhJTQIelDR9OYRCD98fS4CT7RSg/rFfWLFZ6q8x1jEkk5igJdGRE1kIteLv7ndTIVXvpjFqeZgpjOBoUZxyrBeVK4x4ROgI80IVQwvSumAyIIVTrPPARn8eRl0qxVHbvq3NYq9asijjI6QsfoDDnoAtXRDXJRA1H0hF7QG3o3no1X48P4nJWWjKLnEP2B8f0LSQiZyg==</latexit>

2

For k � 0 REPEAT
<latexit sha1_base64="AjWaWMsSrKk/2doPTNe/TZUopwo=">AAACF3icbVC7TsMwFHV4lvAKMLJYtEhMVdIF2IpQEWNBfUlNVDmu01p17GA7SFXUv2DhV1gYQIgVNv6GpM1QWs5yj865V/fe40eMKm3bP8bK6tr6xmZhy9ze2d3btw4OW0rEEpMmFkzIjo8UYZSTpqaakU4kCQp9Rtr+6Drz249EKip4Q48j4oVowGlAMdKp1LPK5o2QsDRyB+QB2iXo+gG8r9VrVw1zHjCvPatol+0p4DJxclIEOeo969vtCxyHhGvMkFJdx460lyCpKWZkYrqxIhHCIzQg3ZRyFBLlJdO/JvA0VfowSA8MBNdwqs5PJChUahz6aWeI9FAtepn4n9eNdXDhJZRHsSYczxYFMYNawCwk2KeSYM3GKUFY0vRWiIdIIqzTKLMQnMWXl0mrUnbssnNXKVYv8zgK4BicgDPggHNQBbegDpoAgyfwAt7Au/FsvBofxuesdcXIZ47AHxhfvzYGlmY=</latexit><latexit sha1_base64="AjWaWMsSrKk/2doPTNe/TZUopwo=">AAACF3icbVC7TsMwFHV4lvAKMLJYtEhMVdIF2IpQEWNBfUlNVDmu01p17GA7SFXUv2DhV1gYQIgVNv6GpM1QWs5yj865V/fe40eMKm3bP8bK6tr6xmZhy9ze2d3btw4OW0rEEpMmFkzIjo8UYZSTpqaakU4kCQp9Rtr+6Drz249EKip4Q48j4oVowGlAMdKp1LPK5o2QsDRyB+QB2iXo+gG8r9VrVw1zHjCvPatol+0p4DJxclIEOeo969vtCxyHhGvMkFJdx460lyCpKWZkYrqxIhHCIzQg3ZRyFBLlJdO/JvA0VfowSA8MBNdwqs5PJChUahz6aWeI9FAtepn4n9eNdXDhJZRHsSYczxYFMYNawCwk2KeSYM3GKUFY0vRWiIdIIqzTKLMQnMWXl0mrUnbssnNXKVYv8zgK4BicgDPggHNQBbegDpoAgyfwAt7Au/FsvBofxuesdcXIZ47AHxhfvzYGlmY=</latexit><latexit sha1_base64="AjWaWMsSrKk/2doPTNe/TZUopwo=">AAACF3icbVC7TsMwFHV4lvAKMLJYtEhMVdIF2IpQEWNBfUlNVDmu01p17GA7SFXUv2DhV1gYQIgVNv6GpM1QWs5yj865V/fe40eMKm3bP8bK6tr6xmZhy9ze2d3btw4OW0rEEpMmFkzIjo8UYZSTpqaakU4kCQp9Rtr+6Drz249EKip4Q48j4oVowGlAMdKp1LPK5o2QsDRyB+QB2iXo+gG8r9VrVw1zHjCvPatol+0p4DJxclIEOeo969vtCxyHhGvMkFJdx460lyCpKWZkYrqxIhHCIzQg3ZRyFBLlJdO/JvA0VfowSA8MBNdwqs5PJChUahz6aWeI9FAtepn4n9eNdXDhJZRHsSYczxYFMYNawCwk2KeSYM3GKUFY0vRWiIdIIqzTKLMQnMWXl0mrUnbssnNXKVYv8zgK4BicgDPggHNQBbegDpoAgyfwAt7Au/FsvBofxuesdcXIZ47AHxhfvzYGlmY=</latexit><latexit sha1_base64="AjWaWMsSrKk/2doPTNe/TZUopwo=">AAACF3icbVC7TsMwFHV4lvAKMLJYtEhMVdIF2IpQEWNBfUlNVDmu01p17GA7SFXUv2DhV1gYQIgVNv6GpM1QWs5yj865V/fe40eMKm3bP8bK6tr6xmZhy9ze2d3btw4OW0rEEpMmFkzIjo8UYZSTpqaakU4kCQp9Rtr+6Drz249EKip4Q48j4oVowGlAMdKp1LPK5o2QsDRyB+QB2iXo+gG8r9VrVw1zHjCvPatol+0p4DJxclIEOeo969vtCxyHhGvMkFJdx460lyCpKWZkYrqxIhHCIzQg3ZRyFBLlJdO/JvA0VfowSA8MBNdwqs5PJChUahz6aWeI9FAtepn4n9eNdXDhJZRHsSYczxYFMYNawCwk2KeSYM3GKUFY0vRWiIdIIqzTKLMQnMWXl0mrUnbssnNXKVYv8zgK4BicgDPggHNQBbegDpoAgyfwAt7Au/FsvBofxuesdcXIZ47AHxhfvzYGlmY=</latexit>

For $k

Compute the SEGA Estimator
<latexit sha1_base64="PHwA1EzblXwXlHdY2ke6pUxX5E4=">AAACHXicbVDLSgMxFM3UV62vUZdugkVwVWaKoO4qpeiyon1AW0omzbShmcmQ3BHK0B9x46+4caGICzfi35hpZ6GtB0IO59zLvfd4keAaHOfbyq2srq1v5DcLW9s7u3v2/kFTy1hR1qBSSNX2iGaCh6wBHARrR4qRwBOs5Y2rqd96YEpzGd7DJGK9gAxD7nNKwEh9+6xQlUEUA8MwYrjr+fiudn2Faxp4QECqwm/g7O/bRafkzICXiZuRIspQ79uf3YGkccBCoIJo3XGdCHoJUcCpYNNCN9YsInRMhqxjaEgCpnvJ7LopPjHKAPtSmRcCnqm/OxISaD0JPFNpVh7pRS8V//M6MfgXvYSH6fkhnQ/yY4FB4jQqPOCKURATQwhV3OyK6YgoQsEEmobgLp68TJrlkuuU3NtysXKZxZFHR+gYnSIXnaMKukF11EAUPaJn9IrerCfrxXq3PualOSvrOUR/YH39ABBGmjQ=</latexit><latexit sha1_base64="PHwA1EzblXwXlHdY2ke6pUxX5E4=">AAACHXicbVDLSgMxFM3UV62vUZdugkVwVWaKoO4qpeiyon1AW0omzbShmcmQ3BHK0B9x46+4caGICzfi35hpZ6GtB0IO59zLvfd4keAaHOfbyq2srq1v5DcLW9s7u3v2/kFTy1hR1qBSSNX2iGaCh6wBHARrR4qRwBOs5Y2rqd96YEpzGd7DJGK9gAxD7nNKwEh9+6xQlUEUA8MwYrjr+fiudn2Faxp4QECqwm/g7O/bRafkzICXiZuRIspQ79uf3YGkccBCoIJo3XGdCHoJUcCpYNNCN9YsInRMhqxjaEgCpnvJ7LopPjHKAPtSmRcCnqm/OxISaD0JPFNpVh7pRS8V//M6MfgXvYSH6fkhnQ/yY4FB4jQqPOCKURATQwhV3OyK6YgoQsEEmobgLp68TJrlkuuU3NtysXKZxZFHR+gYnSIXnaMKukF11EAUPaJn9IrerCfrxXq3PualOSvrOUR/YH39ABBGmjQ=</latexit><latexit sha1_base64="PHwA1EzblXwXlHdY2ke6pUxX5E4=">AAACHXicbVDLSgMxFM3UV62vUZdugkVwVWaKoO4qpeiyon1AW0omzbShmcmQ3BHK0B9x46+4caGICzfi35hpZ6GtB0IO59zLvfd4keAaHOfbyq2srq1v5DcLW9s7u3v2/kFTy1hR1qBSSNX2iGaCh6wBHARrR4qRwBOs5Y2rqd96YEpzGd7DJGK9gAxD7nNKwEh9+6xQlUEUA8MwYrjr+fiudn2Faxp4QECqwm/g7O/bRafkzICXiZuRIspQ79uf3YGkccBCoIJo3XGdCHoJUcCpYNNCN9YsInRMhqxjaEgCpnvJ7LopPjHKAPtSmRcCnqm/OxISaD0JPFNpVh7pRS8V//M6MfgXvYSH6fkhnQ/yY4FB4jQqPOCKURATQwhV3OyK6YgoQsEEmobgLp68TJrlkuuU3NtysXKZxZFHR+gYnSIXnaMKukF11EAUPaJn9IrerCfrxXq3PualOSvrOUR/YH39ABBGmjQ=</latexit><latexit sha1_base64="PHwA1EzblXwXlHdY2ke6pUxX5E4=">AAACHXicbVDLSgMxFM3UV62vUZdugkVwVWaKoO4qpeiyon1AW0omzbShmcmQ3BHK0B9x46+4caGICzfi35hpZ6GtB0IO59zLvfd4keAaHOfbyq2srq1v5DcLW9s7u3v2/kFTy1hR1qBSSNX2iGaCh6wBHARrR4qRwBOs5Y2rqd96YEpzGd7DJGK9gAxD7nNKwEh9+6xQlUEUA8MwYrjr+fiudn2Faxp4QECqwm/g7O/bRafkzICXiZuRIspQ79uf3YGkccBCoIJo3XGdCHoJUcCpYNNCN9YsInRMhqxjaEgCpnvJ7LopPjHKAPtSmRcCnqm/OxISaD0JPFNpVh7pRS8V//M6MfgXvYSH6fkhnQ/yY4FB4jQqPOCKURATQwhV3OyK6YgoQsEEmobgLp68TJrlkuuU3NtysXKZxZFHR+gYnSIXnaMKukF11EAUPaJn9IrerCfrxXq3PualOSvrOUR/YH39ABBGmjQ=</latexit>

Compute the 
gk = hk + ✓k(h

k+1 � hk)
<latexit sha1_base64="3lvuAp7+vuy1Wz3N4luBuTsN41w="></latexit><latexit sha1_base64="3lvuAp7+vuy1Wz3N4luBuTsN41w="></latexit><latexit sha1_base64="3lvuAp7+vuy1Wz3N4luBuTsN41w="></latexit><latexit sha1_base64="3lvuAp7+vuy1Wz3N4luBuTsN41w="></latexit>

Perform Proximal SGD step

Ask SEGA Oracle for S>
k rf(xk)

<latexit sha1_base64="zycF3GUpPQJTS1S2CsVEKlXZWHE="></latexit><latexit sha1_base64="zycF3GUpPQJTS1S2CsVEKlXZWHE="></latexit><latexit sha1_base64="zycF3GUpPQJTS1S2CsVEKlXZWHE="></latexit><latexit sha1_base64="zycF3GUpPQJTS1S2CsVEKlXZWHE="></latexit>

Perform Proximal SGD step
<latexit sha1_base64="PYSiWc1K5cBGmsRfyD8q6isCIQM=">AAACI3icbVDLSsNAFJ3UV62vqEs3g0VwVZJufKwKCrqsaGuhDWUyvWmHziRhZiKW0H9x46+4caEUNy78FydtQG09MMzhnHu59x4/5kxpx/m0CkvLK6trxfXSxubW9o69u9dUUSIpNGjEI9nyiQLOQmhopjm0YglE+Bzu/eFF5t8/gFQsCu/0KAZPkH7IAkaJNlLXPi/lqIMMIilw2vEDXJfRIxOE49uryzFWGuLSD3D+d+2yU3GmwIvEzUkZ5ah37UmnF9FEQKgpJ0q1XSfWXkqkZpTDuNRJFMSEDkkf2oaGRIDy0umNY3xklB42K5oXajxVf3ekRCg1Er6pFEQP1LyXif957UQHp17KwjjRENLZoCDhWEc4Cwz3mASq+cgQQiUzu2I6IJJQbWLNQnDnT14kzWrFdSruTbVcO8vjKKIDdIiOkYtOUA1dozpqIIqe0At6Q+/Ws/VqTayPWWnBynv20R9YX99+mJtl</latexit><latexit sha1_base64="PYSiWc1K5cBGmsRfyD8q6isCIQM=">AAACI3icbVDLSsNAFJ3UV62vqEs3g0VwVZJufKwKCrqsaGuhDWUyvWmHziRhZiKW0H9x46+4caEUNy78FydtQG09MMzhnHu59x4/5kxpx/m0CkvLK6trxfXSxubW9o69u9dUUSIpNGjEI9nyiQLOQmhopjm0YglE+Bzu/eFF5t8/gFQsCu/0KAZPkH7IAkaJNlLXPi/lqIMMIilw2vEDXJfRIxOE49uryzFWGuLSD3D+d+2yU3GmwIvEzUkZ5ah37UmnF9FEQKgpJ0q1XSfWXkqkZpTDuNRJFMSEDkkf2oaGRIDy0umNY3xklB42K5oXajxVf3ekRCg1Er6pFEQP1LyXif957UQHp17KwjjRENLZoCDhWEc4Cwz3mASq+cgQQiUzu2I6IJJQbWLNQnDnT14kzWrFdSruTbVcO8vjKKIDdIiOkYtOUA1dozpqIIqe0At6Q+/Ws/VqTayPWWnBynv20R9YX99+mJtl</latexit><latexit sha1_base64="PYSiWc1K5cBGmsRfyD8q6isCIQM=">AAACI3icbVDLSsNAFJ3UV62vqEs3g0VwVZJufKwKCrqsaGuhDWUyvWmHziRhZiKW0H9x46+4caEUNy78FydtQG09MMzhnHu59x4/5kxpx/m0CkvLK6trxfXSxubW9o69u9dUUSIpNGjEI9nyiQLOQmhopjm0YglE+Bzu/eFF5t8/gFQsCu/0KAZPkH7IAkaJNlLXPi/lqIMMIilw2vEDXJfRIxOE49uryzFWGuLSD3D+d+2yU3GmwIvEzUkZ5ah37UmnF9FEQKgpJ0q1XSfWXkqkZpTDuNRJFMSEDkkf2oaGRIDy0umNY3xklB42K5oXajxVf3ekRCg1Er6pFEQP1LyXif957UQHp17KwjjRENLZoCDhWEc4Cwz3mASq+cgQQiUzu2I6IJJQbWLNQnDnT14kzWrFdSruTbVcO8vjKKIDdIiOkYtOUA1dozpqIIqe0At6Q+/Ws/VqTayPWWnBynv20R9YX99+mJtl</latexit><latexit sha1_base64="PYSiWc1K5cBGmsRfyD8q6isCIQM=">AAACI3icbVDLSsNAFJ3UV62vqEs3g0VwVZJufKwKCrqsaGuhDWUyvWmHziRhZiKW0H9x46+4caEUNy78FydtQG09MMzhnHu59x4/5kxpx/m0CkvLK6trxfXSxubW9o69u9dUUSIpNGjEI9nyiQLOQmhopjm0YglE+Bzu/eFF5t8/gFQsCu/0KAZPkH7IAkaJNlLXPi/lqIMMIilw2vEDXJfRIxOE49uryzFWGuLSD3D+d+2yU3GmwIvEzUkZ5ah37UmnF9FEQKgpJ0q1XSfWXkqkZpTDuNRJFMSEDkkf2oaGRIDy0umNY3xklB42K5oXajxVf3ekRCg1Er6pFEQP1LyXif957UQHp17KwjjRENLZoCDhWEc4Cwz3mASq+cgQQiUzu2I6IJJQbWLNQnDnT14kzWrFdSruTbVcO8vjKKIDdIiOkYtOUA1dozpqIIqe0At6Q+/Ws/VqTayPWWnBynv20R9YX99+mJtl</latexit>

hk+1 = arg min
h2Rd

kh� hkk2

subject to S>
k h = S>

k rf(xk)
<latexit sha1_base64="g1KCgBPevYd7zys9gqThVqFqc00="></latexit><latexit sha1_base64="g1KCgBPevYd7zys9gqThVqFqc00="></latexit><latexit sha1_base64="g1KCgBPevYd7zys9gqThVqFqc00="></latexit><latexit sha1_base64="g1KCgBPevYd7zys9gqThVqFqc00="></latexit>

min
x2Rd

F (x)
def
= f(x) +R(x)

<latexit sha1_base64="8IV5d/grfbWL9vfnFVFPPIdsbvg="></latexit><latexit sha1_base64="8IV5d/grfbWL9vfnFVFPPIdsbvg="></latexit><latexit sha1_base64="8IV5d/grfbWL9vfnFVFPPIdsbvg="></latexit><latexit sha1_base64="8IV5d/grfbWL9vfnFVFPPIdsbvg="></latexit>

xk+1 = prox�R
�
xk � �gk

�
<latexit sha1_base64="vUnbVJJc62StY+3m1XexFkn4Sgg="></latexit><latexit sha1_base64="vUnbVJJc62StY+3m1XexFkn4Sgg="></latexit><latexit sha1_base64="vUnbVJJc62StY+3m1XexFkn4Sgg="></latexit><latexit sha1_base64="vUnbVJJc62StY+3m1XexFkn4Sgg="></latexit>

Variants of SEGA

1. SEGA

2. Biased SEGA

3. Subspace SEGA

4. Accelerated SEGA

gk = hk + ✓k(h
k+1 � hk)

<latexit sha1_base64="pEaM5NU1Rs+ReWLhUSVLkL/YwH4=">AAACGnicbVDLSsNAFJ34rPFVdelmsAiVYkm60Y1QdOOygn1Ak5bJdNoMmTyYuRFK6He48VfcuFDEnbjxb5y0XWjrgXs5nHMvM/d4ieAKLOvbWFldW9/YLGyZ2zu7e/vFg8OWilNJWZPGIpYdjygmeMSawEGwTiIZCT3B2l5wk/vtByYVj6N7GCfMDcko4kNOCWipX7RNpzvqBfgK+7pXsAM+A9IPcNnvZUHFnuDz3DlzXNPEZo5+sWRVrSnwMrHnpITmaPSLn84gpmnIIqCCKNW1rQTcjEjgVLCJ6aSKJYQGZMS6mkYkZMrNpqdN8KlWBngYS10R4Kn6eyMjoVLj0NOTIQFfLXq5+J/XTWF46WY8SlJgEZ09NEwFhhjnOeEBl4yCGGtCqOT6r5j6RBIKOs08BHvx5GXSqlVtq2rf1Ur163kcBXSMTlAZ2egC1dEtaqAmougRPaNX9GY8GS/Gu/ExG10x5jtH6A+Mrx+oc5uM</latexit><latexit sha1_base64="pEaM5NU1Rs+ReWLhUSVLkL/YwH4=">AAACGnicbVDLSsNAFJ34rPFVdelmsAiVYkm60Y1QdOOygn1Ak5bJdNoMmTyYuRFK6He48VfcuFDEnbjxb5y0XWjrgXs5nHMvM/d4ieAKLOvbWFldW9/YLGyZ2zu7e/vFg8OWilNJWZPGIpYdjygmeMSawEGwTiIZCT3B2l5wk/vtByYVj6N7GCfMDcko4kNOCWipX7RNpzvqBfgK+7pXsAM+A9IPcNnvZUHFnuDz3DlzXNPEZo5+sWRVrSnwMrHnpITmaPSLn84gpmnIIqCCKNW1rQTcjEjgVLCJ6aSKJYQGZMS6mkYkZMrNpqdN8KlWBngYS10R4Kn6eyMjoVLj0NOTIQFfLXq5+J/XTWF46WY8SlJgEZ09NEwFhhjnOeEBl4yCGGtCqOT6r5j6RBIKOs08BHvx5GXSqlVtq2rf1Ur163kcBXSMTlAZ2egC1dEtaqAmougRPaNX9GY8GS/Gu/ExG10x5jtH6A+Mrx+oc5uM</latexit><latexit sha1_base64="pEaM5NU1Rs+ReWLhUSVLkL/YwH4=">AAACGnicbVDLSsNAFJ34rPFVdelmsAiVYkm60Y1QdOOygn1Ak5bJdNoMmTyYuRFK6He48VfcuFDEnbjxb5y0XWjrgXs5nHMvM/d4ieAKLOvbWFldW9/YLGyZ2zu7e/vFg8OWilNJWZPGIpYdjygmeMSawEGwTiIZCT3B2l5wk/vtByYVj6N7GCfMDcko4kNOCWipX7RNpzvqBfgK+7pXsAM+A9IPcNnvZUHFnuDz3DlzXNPEZo5+sWRVrSnwMrHnpITmaPSLn84gpmnIIqCCKNW1rQTcjEjgVLCJ6aSKJYQGZMS6mkYkZMrNpqdN8KlWBngYS10R4Kn6eyMjoVLj0NOTIQFfLXq5+J/XTWF46WY8SlJgEZ09NEwFhhjnOeEBl4yCGGtCqOT6r5j6RBIKOs08BHvx5GXSqlVtq2rf1Ur163kcBXSMTlAZ2egC1dEtaqAmougRPaNX9GY8GS/Gu/ExG10x5jtH6A+Mrx+oc5uM</latexit><latexit sha1_base64="pEaM5NU1Rs+ReWLhUSVLkL/YwH4=">AAACGnicbVDLSsNAFJ34rPFVdelmsAiVYkm60Y1QdOOygn1Ak5bJdNoMmTyYuRFK6He48VfcuFDEnbjxb5y0XWjrgXs5nHMvM/d4ieAKLOvbWFldW9/YLGyZ2zu7e/vFg8OWilNJWZPGIpYdjygmeMSawEGwTiIZCT3B2l5wk/vtByYVj6N7GCfMDcko4kNOCWipX7RNpzvqBfgK+7pXsAM+A9IPcNnvZUHFnuDz3DlzXNPEZo5+sWRVrSnwMrHnpITmaPSLn84gpmnIIqCCKNW1rQTcjEjgVLCJ6aSKJYQGZMS6mkYkZMrNpqdN8KlWBngYS10R4Kn6eyMjoVLj0NOTIQFfLXq5+J/XTWF46WY8SlJgEZ09NEwFhhjnOeEBl4yCGGtCqOT6r5j6RBIKOs08BHvx5GXSqlVtq2rf1Ur163kcBXSMTlAZ2egC1dEtaqAmougRPaNX9GY8GS/Gu/ExG10x5jtH6A+Mrx+oc5uM</latexit>

Use ✓k ⌘ 1
<latexit sha1_base64="pePdpXa8qe1g+A3RRTwGfBGk0G8=">AAACCXicbVA9TwJBEN3zE8+vU0ubjWBiRe5otCTaWGLiAQlcyN4ywIa9vXN3joQQWhv/io2Fxtj6D+z8N94BhYIvmeTlvZnMzAsTKQy67re1tr6xubVd2LF39/YPDp2j47qJU83B57GMdTNkBqRQ4KNACc1EA4tCCY1weJP7jRFoI2J1j+MEgoj1legJzjCTOg61fQO01MYBIOsMaRseUjGiXsm2qZ2j4xTdsjsDXSXeghTJArWO89XuxjyNQCGXzJiW5yYYTJhGwSVM7XZqIGF8yPrQyqhiEZhgMvtkSs8zpUt7sc5KIZ2pvycmLDJmHIVZZ8RwYJa9XPzPa6XYuwomQiUpguLzRb1UUoxpHgvtCg0c5TgjjGuR3Ur5gGnGMQsvD8FbfnmV1Ctlzy17d5Vi9XoRR4GckjNyQTxySarkltSITzh5JM/klbxZT9aL9W59zFvXrMXMCfkD6/MHNASWIQ==</latexit><latexit sha1_base64="pePdpXa8qe1g+A3RRTwGfBGk0G8=">AAACCXicbVA9TwJBEN3zE8+vU0ubjWBiRe5otCTaWGLiAQlcyN4ywIa9vXN3joQQWhv/io2Fxtj6D+z8N94BhYIvmeTlvZnMzAsTKQy67re1tr6xubVd2LF39/YPDp2j47qJU83B57GMdTNkBqRQ4KNACc1EA4tCCY1weJP7jRFoI2J1j+MEgoj1legJzjCTOg61fQO01MYBIOsMaRseUjGiXsm2qZ2j4xTdsjsDXSXeghTJArWO89XuxjyNQCGXzJiW5yYYTJhGwSVM7XZqIGF8yPrQyqhiEZhgMvtkSs8zpUt7sc5KIZ2pvycmLDJmHIVZZ8RwYJa9XPzPa6XYuwomQiUpguLzRb1UUoxpHgvtCg0c5TgjjGuR3Ur5gGnGMQsvD8FbfnmV1Ctlzy17d5Vi9XoRR4GckjNyQTxySarkltSITzh5JM/klbxZT9aL9W59zFvXrMXMCfkD6/MHNASWIQ==</latexit><latexit sha1_base64="pePdpXa8qe1g+A3RRTwGfBGk0G8=">AAACCXicbVA9TwJBEN3zE8+vU0ubjWBiRe5otCTaWGLiAQlcyN4ywIa9vXN3joQQWhv/io2Fxtj6D+z8N94BhYIvmeTlvZnMzAsTKQy67re1tr6xubVd2LF39/YPDp2j47qJU83B57GMdTNkBqRQ4KNACc1EA4tCCY1weJP7jRFoI2J1j+MEgoj1legJzjCTOg61fQO01MYBIOsMaRseUjGiXsm2qZ2j4xTdsjsDXSXeghTJArWO89XuxjyNQCGXzJiW5yYYTJhGwSVM7XZqIGF8yPrQyqhiEZhgMvtkSs8zpUt7sc5KIZ2pvycmLDJmHIVZZ8RwYJa9XPzPa6XYuwomQiUpguLzRb1UUoxpHgvtCg0c5TgjjGuR3Ur5gGnGMQsvD8FbfnmV1Ctlzy17d5Vi9XoRR4GckjNyQTxySarkltSITzh5JM/klbxZT9aL9W59zFvXrMXMCfkD6/MHNASWIQ==</latexit><latexit sha1_base64="pePdpXa8qe1g+A3RRTwGfBGk0G8=">AAACCXicbVA9TwJBEN3zE8+vU0ubjWBiRe5otCTaWGLiAQlcyN4ywIa9vXN3joQQWhv/io2Fxtj6D+z8N94BhYIvmeTlvZnMzAsTKQy67re1tr6xubVd2LF39/YPDp2j47qJU83B57GMdTNkBqRQ4KNACc1EA4tCCY1weJP7jRFoI2J1j+MEgoj1legJzjCTOg61fQO01MYBIOsMaRseUjGiXsm2qZ2j4xTdsjsDXSXeghTJArWO89XuxjyNQCGXzJiW5yYYTJhGwSVM7XZqIGF8yPrQyqhiEZhgMvtkSs8zpUt7sc5KIZ2pvycmLDJmHIVZZ8RwYJa9XPzPa6XYuwomQiUpguLzRb1UUoxpHgvtCg0c5TgjjGuR3Ur5gGnGMQsvD8FbfnmV1Ctlzy17d5Vi9XoRR4GckjNyQTxySarkltSITzh5JM/klbxZT9aL9W59zFvXrMXMCfkD6/MHNASWIQ==</latexit>

f(x) = �(Ax)
<latexit sha1_base64="0JrymgKt8LN67SEs6V19XbOxp/A=">AAACBXicbVC7TsMwFHV4lvAKMMJgUSG1S5V0gQWpwMJYJPqQkqhyXKe16jiR7aBWURcWfoWFAYRY+Qc2/ganzQAtR7rS0Tn36t57goRRqWz721hZXVvf2Cxtmds7u3v71sFhW8apwKSFYxaLboAkYZSTlqKKkW4iCIoCRjrB6Cb3Ow9ESBrzezVJiB+hAachxUhpqWedmJ4bVsZVeAm9ZEgrV+Oq55smNHP0rLJds2eAy8QpSBkUaPasL68f4zQiXGGGpHQdO1F+hoSimJGp6aWSJAiP0IC4mnIUEelnsy+m8EwrfRjGQhdXcKb+nshQJOUkCnRnhNRQLnq5+J/npiq88DPKk1QRjueLwpRBFcM8EtingmDFJpogLKi+FeIhEggrHVwegrP48jJp12uOXXPu6uXGdRFHCRyDU1ABDjgHDXALmqAFMHgEz+AVvBlPxovxbnzMW1eMYuYI/IHx+QNZwJP0</latexit><latexit sha1_base64="0JrymgKt8LN67SEs6V19XbOxp/A=">AAACBXicbVC7TsMwFHV4lvAKMMJgUSG1S5V0gQWpwMJYJPqQkqhyXKe16jiR7aBWURcWfoWFAYRY+Qc2/ganzQAtR7rS0Tn36t57goRRqWz721hZXVvf2Cxtmds7u3v71sFhW8apwKSFYxaLboAkYZSTlqKKkW4iCIoCRjrB6Cb3Ow9ESBrzezVJiB+hAachxUhpqWedmJ4bVsZVeAm9ZEgrV+Oq55smNHP0rLJds2eAy8QpSBkUaPasL68f4zQiXGGGpHQdO1F+hoSimJGp6aWSJAiP0IC4mnIUEelnsy+m8EwrfRjGQhdXcKb+nshQJOUkCnRnhNRQLnq5+J/npiq88DPKk1QRjueLwpRBFcM8EtingmDFJpogLKi+FeIhEggrHVwegrP48jJp12uOXXPu6uXGdRFHCRyDU1ABDjgHDXALmqAFMHgEz+AVvBlPxovxbnzMW1eMYuYI/IHx+QNZwJP0</latexit><latexit sha1_base64="0JrymgKt8LN67SEs6V19XbOxp/A=">AAACBXicbVC7TsMwFHV4lvAKMMJgUSG1S5V0gQWpwMJYJPqQkqhyXKe16jiR7aBWURcWfoWFAYRY+Qc2/ganzQAtR7rS0Tn36t57goRRqWz721hZXVvf2Cxtmds7u3v71sFhW8apwKSFYxaLboAkYZSTlqKKkW4iCIoCRjrB6Cb3Ow9ESBrzezVJiB+hAachxUhpqWedmJ4bVsZVeAm9ZEgrV+Oq55smNHP0rLJds2eAy8QpSBkUaPasL68f4zQiXGGGpHQdO1F+hoSimJGp6aWSJAiP0IC4mnIUEelnsy+m8EwrfRjGQhdXcKb+nshQJOUkCnRnhNRQLnq5+J/npiq88DPKk1QRjueLwpRBFcM8EtingmDFJpogLKi+FeIhEggrHVwegrP48jJp12uOXXPu6uXGdRFHCRyDU1ABDjgHDXALmqAFMHgEz+AVvBlPxovxbnzMW1eMYuYI/IHx+QNZwJP0</latexit><latexit sha1_base64="0JrymgKt8LN67SEs6V19XbOxp/A=">AAACBXicbVC7TsMwFHV4lvAKMMJgUSG1S5V0gQWpwMJYJPqQkqhyXKe16jiR7aBWURcWfoWFAYRY+Qc2/ganzQAtR7rS0Tn36t57goRRqWz721hZXVvf2Cxtmds7u3v71sFhW8apwKSFYxaLboAkYZSTlqKKkW4iCIoCRjrB6Cb3Ow9ESBrzezVJiB+hAachxUhpqWedmJ4bVsZVeAm9ZEgrV+Oq55smNHP0rLJds2eAy8QpSBkUaPasL68f4zQiXGGGpHQdO1F+hoSimJGp6aWSJAiP0IC4mnIUEelnsy+m8EwrfRjGQhdXcKb+nshQJOUkCnRnhNRQLnq5+J/npiq88DPKk1QRjueLwpRBFcM8EtingmDFJpogLKi+FeIhEggrHVwegrP48jJp12uOXXPu6uXGdRFHCRyDU1ABDjgHDXALmqAFMHgEz+AVvBlPxovxbnzMW1eMYuYI/IHx+QNZwJP0</latexit>

gk = hk+1
<latexit sha1_base64="+pqgXZfjdH7a0Rw9Of65D4m8378=">AAACA3icbVDLSsNAFJ3UV42vqDvdDBZBEErSjW6EohuXFewDkrRMppN2yGQSZiZCCQU3/oobF4q49Sfc+TdO2iy09cCFwzn3cu89QcqoVLb9bVRWVtfWN6qb5tb2zu6etX/QkUkmMGnjhCWiFyBJGOWkrahipJcKguKAkW4Q3RR+94EISRN+ryYp8WM04jSkGCktDawj03NH/QhewXE/j86dqeebJjQLDKyaXbdngMvEKUkNlGgNrC9vmOAsJlxhhqR0HTtVfo6EopiRqellkqQIR2hEXE05ion089kPU3iqlSEME6GLKzhTf0/kKJZyEge6M0ZqLBe9QvzPczMVXvo55WmmCMfzRWHGoEpgEQgcUkGwYhNNEBZU3wrxGAmElY6tCMFZfHmZdBp1x647d41a87qMowqOwQk4Aw64AE1wC1qgDTB4BM/gFbwZT8aL8W58zFsrRjlzCP7A+PwB1b2Tvw==</latexit><latexit sha1_base64="+pqgXZfjdH7a0Rw9Of65D4m8378=">AAACA3icbVDLSsNAFJ3UV42vqDvdDBZBEErSjW6EohuXFewDkrRMppN2yGQSZiZCCQU3/oobF4q49Sfc+TdO2iy09cCFwzn3cu89QcqoVLb9bVRWVtfWN6qb5tb2zu6etX/QkUkmMGnjhCWiFyBJGOWkrahipJcKguKAkW4Q3RR+94EISRN+ryYp8WM04jSkGCktDawj03NH/QhewXE/j86dqeebJjQLDKyaXbdngMvEKUkNlGgNrC9vmOAsJlxhhqR0HTtVfo6EopiRqellkqQIR2hEXE05ion089kPU3iqlSEME6GLKzhTf0/kKJZyEge6M0ZqLBe9QvzPczMVXvo55WmmCMfzRWHGoEpgEQgcUkGwYhNNEBZU3wrxGAmElY6tCMFZfHmZdBp1x647d41a87qMowqOwQk4Aw64AE1wC1qgDTB4BM/gFbwZT8aL8W58zFsrRjlzCP7A+PwB1b2Tvw==</latexit><latexit sha1_base64="+pqgXZfjdH7a0Rw9Of65D4m8378=">AAACA3icbVDLSsNAFJ3UV42vqDvdDBZBEErSjW6EohuXFewDkrRMppN2yGQSZiZCCQU3/oobF4q49Sfc+TdO2iy09cCFwzn3cu89QcqoVLb9bVRWVtfWN6qb5tb2zu6etX/QkUkmMGnjhCWiFyBJGOWkrahipJcKguKAkW4Q3RR+94EISRN+ryYp8WM04jSkGCktDawj03NH/QhewXE/j86dqeebJjQLDKyaXbdngMvEKUkNlGgNrC9vmOAsJlxhhqR0HTtVfo6EopiRqellkqQIR2hEXE05ion089kPU3iqlSEME6GLKzhTf0/kKJZyEge6M0ZqLBe9QvzPczMVXvo55WmmCMfzRWHGoEpgEQgcUkGwYhNNEBZU3wrxGAmElY6tCMFZfHmZdBp1x647d41a87qMowqOwQk4Aw64AE1wC1qgDTB4BM/gFbwZT8aL8W58zFsrRjlzCP7A+PwB1b2Tvw==</latexit><latexit sha1_base64="+pqgXZfjdH7a0Rw9Of65D4m8378=">AAACA3icbVDLSsNAFJ3UV42vqDvdDBZBEErSjW6EohuXFewDkrRMppN2yGQSZiZCCQU3/oobF4q49Sfc+TdO2iy09cCFwzn3cu89QcqoVLb9bVRWVtfWN6qb5tb2zu6etX/QkUkmMGnjhCWiFyBJGOWkrahipJcKguKAkW4Q3RR+94EISRN+ryYp8WM04jSkGCktDawj03NH/QhewXE/j86dqeebJjQLDKyaXbdngMvEKUkNlGgNrC9vmOAsJlxhhqR0HTtVfo6EopiRqellkqQIR2hEXE05ion089kPU3iqlSEME6GLKzhTf0/kKJZyEge6M0ZqLBe9QvzPczMVXvo55WmmCMfzRWHGoEpgEQgcUkGwYhNNEBZU3wrxGAmElY6tCMFZfHmZdBp1x647d41a87qMowqOwQk4Aw64AE1wC1qgDTB4BM/gFbwZT8aL8W58zFsrRjlzCP7A+PwB1b2Tvw==</latexit>

rf(x) 2 Range(A>)
<latexit sha1_base64="rpp1zKtciyI9fXMRXkYa+g7K8v0=">AAACGXicbVC7TsNAEDyHVzCvACXNiQgpaSI7DZQBGsqAyEOKTbS+nJNTzmfr7oyIrPwGDb9CQwFClFDxN9iJC0gYaaXRzK52d7yIM6Ut69sorKyurW8UN82t7Z3dvdL+QVuFsSS0RUIeyq4HinImaEszzWk3khQCj9OON77M/M49lYqF4lZPIuoGMBTMZwR0KvVLlun0HAEeB+xXHqrYYQInjgzwDYghnVbO7xwdRlXHNU1sZuiXylbNmgEvEzsnZZSj2S99OoOQxAEVmnBQqmdbkXYTkJoRTqemEysaARnDkPZSKiCgyk1mn03xSaoMsB/KtITGM/X3RAKBUpPASzsD0CO16GXif14v1v6ZmzARxZoKMl/kxxzrEGcx4QGTlGg+SQkQydJbMRmBBKLTMLMQ7MWXl0m7XrOtmn1dLzcu8jiK6Agdowqy0SlqoCvURC1E0CN6Rq/ozXgyXox342PeWjDymUP0B8bXD+b1nGQ=</latexit><latexit sha1_base64="rpp1zKtciyI9fXMRXkYa+g7K8v0=">AAACGXicbVC7TsNAEDyHVzCvACXNiQgpaSI7DZQBGsqAyEOKTbS+nJNTzmfr7oyIrPwGDb9CQwFClFDxN9iJC0gYaaXRzK52d7yIM6Ut69sorKyurW8UN82t7Z3dvdL+QVuFsSS0RUIeyq4HinImaEszzWk3khQCj9OON77M/M49lYqF4lZPIuoGMBTMZwR0KvVLlun0HAEeB+xXHqrYYQInjgzwDYghnVbO7xwdRlXHNU1sZuiXylbNmgEvEzsnZZSj2S99OoOQxAEVmnBQqmdbkXYTkJoRTqemEysaARnDkPZSKiCgyk1mn03xSaoMsB/KtITGM/X3RAKBUpPASzsD0CO16GXif14v1v6ZmzARxZoKMl/kxxzrEGcx4QGTlGg+SQkQydJbMRmBBKLTMLMQ7MWXl0m7XrOtmn1dLzcu8jiK6Agdowqy0SlqoCvURC1E0CN6Rq/ozXgyXox342PeWjDymUP0B8bXD+b1nGQ=</latexit><latexit sha1_base64="rpp1zKtciyI9fXMRXkYa+g7K8v0=">AAACGXicbVC7TsNAEDyHVzCvACXNiQgpaSI7DZQBGsqAyEOKTbS+nJNTzmfr7oyIrPwGDb9CQwFClFDxN9iJC0gYaaXRzK52d7yIM6Ut69sorKyurW8UN82t7Z3dvdL+QVuFsSS0RUIeyq4HinImaEszzWk3khQCj9OON77M/M49lYqF4lZPIuoGMBTMZwR0KvVLlun0HAEeB+xXHqrYYQInjgzwDYghnVbO7xwdRlXHNU1sZuiXylbNmgEvEzsnZZSj2S99OoOQxAEVmnBQqmdbkXYTkJoRTqemEysaARnDkPZSKiCgyk1mn03xSaoMsB/KtITGM/X3RAKBUpPASzsD0CO16GXif14v1v6ZmzARxZoKMl/kxxzrEGcx4QGTlGg+SQkQydJbMRmBBKLTMLMQ7MWXl0m7XrOtmn1dLzcu8jiK6Agdowqy0SlqoCvURC1E0CN6Rq/ozXgyXox342PeWjDymUP0B8bXD+b1nGQ=</latexit><latexit sha1_base64="rpp1zKtciyI9fXMRXkYa+g7K8v0=">AAACGXicbVC7TsNAEDyHVzCvACXNiQgpaSI7DZQBGsqAyEOKTbS+nJNTzmfr7oyIrPwGDb9CQwFClFDxN9iJC0gYaaXRzK52d7yIM6Ut69sorKyurW8UN82t7Z3dvdL+QVuFsSS0RUIeyq4HinImaEszzWk3khQCj9OON77M/M49lYqF4lZPIuoGMBTMZwR0KvVLlun0HAEeB+xXHqrYYQInjgzwDYghnVbO7xwdRlXHNU1sZuiXylbNmgEvEzsnZZSj2S99OoOQxAEVmnBQqmdbkXYTkJoRTqemEysaARnDkPZSKiCgyk1mn03xSaoMsB/KtITGM/X3RAKBUpPASzsD0CO16GXif14v1v6ZmzARxZoKMl/kxxzrEGcx4QGTlGg+SQkQydJbMRmBBKLTMLMQ7MWXl0m7XrOtmn1dLzcu8jiK6Agdowqy0SlqoCvURC1E0CN6Rq/ozXgyXox342PeWjDymUP0B8bXD+b1nGQ=</latexit>

ED [✓kZk] = I
<latexit sha1_base64="WRw8Q3/lThsIEFs3/eUf3XJRylo="></latexit><latexit sha1_base64="WRw8Q3/lThsIEFs3/eUf3XJRylo="></latexit><latexit sha1_base64="WRw8Q3/lThsIEFs3/eUf3XJRylo="></latexit><latexit sha1_base64="WRw8Q3/lThsIEFs3/eUf3XJRylo="></latexit>

xk+1 = prox�R
�
xk � �gk

�
<latexit sha1_base64="vUnbVJJc62StY+3m1XexFkn4Sgg="></latexit><latexit sha1_base64="vUnbVJJc62StY+3m1XexFkn4Sgg="></latexit><latexit sha1_base64="vUnbVJJc62StY+3m1XexFkn4Sgg="></latexit><latexit sha1_base64="vUnbVJJc62StY+3m1XexFkn4Sgg="></latexit>

hk+1 = arg min
h2Rd

kh� hkk2

subject to S>
k h = S>

k rf(xk)

h 2 Range(A>)
<latexit sha1_base64="MM7p3DKHxHitN0gxKzptJ0P+WAA="></latexit><latexit sha1_base64="MM7p3DKHxHitN0gxKzptJ0P+WAA="></latexit><latexit sha1_base64="MM7p3DKHxHitN0gxKzptJ0P+WAA="></latexit><latexit sha1_base64="MM7p3DKHxHitN0gxKzptJ0P+WAA="></latexit>



Complexity: 
General Sketch

Complexity for General Sketches

Theorem
\[\mathbb

x0, h0 2 domF
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Strong convexity:

Stepsize can’t be too large:

\[{\color{red}

\[2 {\

C
def
= ES⇠D

⇥
✓2Z

⇤
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Lyapunov function:

\[{\bf C} 

f(x) + hrf(x), hi+ µ

2
khk2  f(x+ h)
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\[f(x)+

E
⇥
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⇤
 (1� �µ)k�0
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�(2(C� I) + �µI)  �ES⇠D [Z]
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= kxk � x⇤k2 + ��khk �rf(x⇤)k2
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Complexity: 
Coordinate Sketch

• S = I:C (random column submatrix of the identity matrix)

• Probability vector p 2 Rd
: pi

def
= Prob(i 2 C)

• Probability matrix P 2 Rd⇥d
: Pij

def
= Prob(i 2 C & j 2 C)

• ESO vector v 2 Rd
(for mini-batching) defined by:
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Coordinate Sketch: 
Arbitrary Sampling Setup

P •M � Diag(p • v)
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Hadamard product

Random subset of {1, … , d}

\
{
\



Complexity Results

Up to the constant factors 8.55 and 9.5, these rates are exactly the same as the rates 
of CD [R. & Takáč ‘16] and accelerated CD [Allen-Zhu et al ‘16, Hanzely & R. ‘19].

f(x) + hrf(x), hi+ 1
2 hµIh, hi  f(x+ h)
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f(x+ h)  f(x) + hrf(x), hi+ 1
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Method Complexity

SEGA
importance sampling

8.55 · Tr(L)
µ log 1

✏

SEGA
arbitrary sampling

8.55 ·
⇣
maxi

vi
piµ

⌘
log 1

✏

ASEGA
importance sampling

9.8 ·
P

i

p
Liip
µ log 1

✏

ASEGA
arbitrary sampling

9.8 ·
q

maxi
vi
p2
iµ

log 1
✏
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5. Experiments

Illustration in 2D





SEGA vs 
Projected Gradient 

Descent



Gaussian Sketch, Ball Constraint

d = 500

S = Gaussian vector
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${

R(x) = 1B(0,1)(x)
<latexit sha1_base64="huAcGDzC3sKQRtPbGWfiq47vEp0=">AAACDnicbVDLSsNAFJ3UV62vqEs3g6XQgpSkG90IpW5cVrEPSEKYTCft0MmDmYlYQr/Ajb/ixoUibl2782+cpFlo64ELh3Pu5d57vJhRIQ3jWyutrW9sbpW3Kzu7e/sH+uFRX0QJx6SHIxbxoYcEYTQkPUklI8OYExR4jAy86VXmD+4JFzQK7+QsJk6AxiH1KUZSSa5es63b+kMDXkLTTVMbIwY787pxZjbmSradSg5XrxpNIwdcJWZBqqBA19W/7FGEk4CEEjMkhGUasXRSxCXFjMwrdiJIjPAUjYmlaIgCIpw0f2cOa0oZQT/iqkIJc/X3RIoCIWaBpzoDJCdi2cvE/zwrkf6Fk9IwTiQJ8WKRnzAoI5hlA0eUEyzZTBGEOVW3QjxBHGGpEsxCMJdfXiX9VtM0muZNq9ruFHGUwQk4BXVggnPQBtegC3oAg0fwDF7Bm/akvWjv2seitaQVM8fgD7TPH8thl3Q=</latexit><latexit sha1_base64="huAcGDzC3sKQRtPbGWfiq47vEp0=">AAACDnicbVDLSsNAFJ3UV62vqEs3g6XQgpSkG90IpW5cVrEPSEKYTCft0MmDmYlYQr/Ajb/ixoUibl2782+cpFlo64ELh3Pu5d57vJhRIQ3jWyutrW9sbpW3Kzu7e/sH+uFRX0QJx6SHIxbxoYcEYTQkPUklI8OYExR4jAy86VXmD+4JFzQK7+QsJk6AxiH1KUZSSa5es63b+kMDXkLTTVMbIwY787pxZjbmSradSg5XrxpNIwdcJWZBqqBA19W/7FGEk4CEEjMkhGUasXRSxCXFjMwrdiJIjPAUjYmlaIgCIpw0f2cOa0oZQT/iqkIJc/X3RIoCIWaBpzoDJCdi2cvE/zwrkf6Fk9IwTiQJ8WKRnzAoI5hlA0eUEyzZTBGEOVW3QjxBHGGpEsxCMJdfXiX9VtM0muZNq9ruFHGUwQk4BXVggnPQBtegC3oAg0fwDF7Bm/akvWjv2seitaQVM8fgD7TPH8thl3Q=</latexit><latexit sha1_base64="huAcGDzC3sKQRtPbGWfiq47vEp0=">AAACDnicbVDLSsNAFJ3UV62vqEs3g6XQgpSkG90IpW5cVrEPSEKYTCft0MmDmYlYQr/Ajb/ixoUibl2782+cpFlo64ELh3Pu5d57vJhRIQ3jWyutrW9sbpW3Kzu7e/sH+uFRX0QJx6SHIxbxoYcEYTQkPUklI8OYExR4jAy86VXmD+4JFzQK7+QsJk6AxiH1KUZSSa5es63b+kMDXkLTTVMbIwY787pxZjbmSradSg5XrxpNIwdcJWZBqqBA19W/7FGEk4CEEjMkhGUasXRSxCXFjMwrdiJIjPAUjYmlaIgCIpw0f2cOa0oZQT/iqkIJc/X3RIoCIWaBpzoDJCdi2cvE/zwrkf6Fk9IwTiQJ8WKRnzAoI5hlA0eUEyzZTBGEOVW3QjxBHGGpEsxCMJdfXiX9VtM0muZNq9ruFHGUwQk4BXVggnPQBtegC3oAg0fwDF7Bm/akvWjv2seitaQVM8fgD7TPH8thl3Q=</latexit><latexit sha1_base64="huAcGDzC3sKQRtPbGWfiq47vEp0=">AAACDnicbVDLSsNAFJ3UV62vqEs3g6XQgpSkG90IpW5cVrEPSEKYTCft0MmDmYlYQr/Ajb/ixoUibl2782+cpFlo64ELh3Pu5d57vJhRIQ3jWyutrW9sbpW3Kzu7e/sH+uFRX0QJx6SHIxbxoYcEYTQkPUklI8OYExR4jAy86VXmD+4JFzQK7+QsJk6AxiH1KUZSSa5es63b+kMDXkLTTVMbIwY787pxZjbmSradSg5XrxpNIwdcJWZBqqBA19W/7FGEk4CEEjMkhGUasXRSxCXFjMwrdiJIjPAUjYmlaIgCIpw0f2cOa0oZQT/iqkIJc/X3RIoCIWaBpzoDJCdi2cvE/zwrkf6Fk9IwTiQJ8WKRnzAoI5hlA0eUEyzZTBGEOVW3QjxBHGGpEsxCMJdfXiX9VtM0muZNq9ruFHGUwQk4BXVggnPQBtegC3oAg0fwDF7Bm/akvWjv2seitaQVM8fgD7TPH8thl3Q=</latexit>

SEGA vs 
Subspace SEGA



SEGA vs Subspace SEGA

f(x) = kAx� bk2
<latexit sha1_base64="ALTX8LD1jIOIqgIxn422JlAkwhE=">AAACCXicbVC7TsNAEDzzDOZloKQ5ESOFgshOAxRIQTSUQSIPKTbR+XJOTjmfrbszSuSkpeFXaChAiJY/oONvsBMXkDDSSqOZXe3ueBGjUlnWt7a0vLK6tl7Y0De3tnd2jb39hgxjgUkdhywULQ9JwigndUUVI61IEBR4jDS9wXXmNx+IkDTkd2oUETdAPU59ipFKpY4BTdMvDU/gJXTGieP58GoyhKfQc8b3FdPUdb1jFK2yNQVcJHZOiiBHrWN8Od0QxwHhCjMkZdu2IuUmSCiKGZnoTixJhPAA9Ug7pRwFRLrJ9JMJPE6VLvRDkRZXcKr+nkhQIOUo8NLOAKm+nPcy8T+vHSv/3E0oj2JFOJ4t8mMGVQizWGCXCoIVG6UEYUHTWyHuI4GwSsPLQrDnX14kjUrZtsr2baVYvcjjKIBDcARKwAZnoApuQA3UAQaP4Bm8gjftSXvR3rWPWeuSls8cgD/QPn8AXDCWPg==</latexit><latexit sha1_base64="ALTX8LD1jIOIqgIxn422JlAkwhE=">AAACCXicbVC7TsNAEDzzDOZloKQ5ESOFgshOAxRIQTSUQSIPKTbR+XJOTjmfrbszSuSkpeFXaChAiJY/oONvsBMXkDDSSqOZXe3ueBGjUlnWt7a0vLK6tl7Y0De3tnd2jb39hgxjgUkdhywULQ9JwigndUUVI61IEBR4jDS9wXXmNx+IkDTkd2oUETdAPU59ipFKpY4BTdMvDU/gJXTGieP58GoyhKfQc8b3FdPUdb1jFK2yNQVcJHZOiiBHrWN8Od0QxwHhCjMkZdu2IuUmSCiKGZnoTixJhPAA9Ug7pRwFRLrJ9JMJPE6VLvRDkRZXcKr+nkhQIOUo8NLOAKm+nPcy8T+vHSv/3E0oj2JFOJ4t8mMGVQizWGCXCoIVG6UEYUHTWyHuI4GwSsPLQrDnX14kjUrZtsr2baVYvcjjKIBDcARKwAZnoApuQA3UAQaP4Bm8gjftSXvR3rWPWeuSls8cgD/QPn8AXDCWPg==</latexit><latexit sha1_base64="ALTX8LD1jIOIqgIxn422JlAkwhE=">AAACCXicbVC7TsNAEDzzDOZloKQ5ESOFgshOAxRIQTSUQSIPKTbR+XJOTjmfrbszSuSkpeFXaChAiJY/oONvsBMXkDDSSqOZXe3ueBGjUlnWt7a0vLK6tl7Y0De3tnd2jb39hgxjgUkdhywULQ9JwigndUUVI61IEBR4jDS9wXXmNx+IkDTkd2oUETdAPU59ipFKpY4BTdMvDU/gJXTGieP58GoyhKfQc8b3FdPUdb1jFK2yNQVcJHZOiiBHrWN8Od0QxwHhCjMkZdu2IuUmSCiKGZnoTixJhPAA9Ug7pRwFRLrJ9JMJPE6VLvRDkRZXcKr+nkhQIOUo8NLOAKm+nPcy8T+vHSv/3E0oj2JFOJ4t8mMGVQizWGCXCoIVG6UEYUHTWyHuI4GwSsPLQrDnX14kjUrZtsr2baVYvcjjKIBDcARKwAZnoApuQA3UAQaP4Bm8gjftSXvR3rWPWeuSls8cgD/QPn8AXDCWPg==</latexit><latexit sha1_base64="ALTX8LD1jIOIqgIxn422JlAkwhE=">AAACCXicbVC7TsNAEDzzDOZloKQ5ESOFgshOAxRIQTSUQSIPKTbR+XJOTjmfrbszSuSkpeFXaChAiJY/oONvsBMXkDDSSqOZXe3ueBGjUlnWt7a0vLK6tl7Y0De3tnd2jb39hgxjgUkdhywULQ9JwigndUUVI61IEBR4jDS9wXXmNx+IkDTkd2oUETdAPU59ipFKpY4BTdMvDU/gJXTGieP58GoyhKfQc8b3FdPUdb1jFK2yNQVcJHZOiiBHrWN8Od0QxwHhCjMkZdu2IuUmSCiKGZnoTixJhPAA9Ug7pRwFRLrJ9JMJPE6VLvRDkRZXcKr+nkhQIOUo8NLOAKm+nPcy8T+vHSv/3E0oj2JFOJ4t8mMGVQizWGCXCoIVG6UEYUHTWyHuI4GwSsPLQrDnX14kjUrZtsr2baVYvcjjKIBDcARKwAZnoApuQA3UAQaP4Bm8gjftSXvR3rWPWeuSls8cgD/QPn8AXDCWPg==</latexit>

A 2 Rn⇥d
<latexit sha1_base64="JW5TP7hvkjZebHeDfixtOVAElEs=">AAACEnicbVC7TsMwFHV4lvAKMLJYNEiwVEkXYCtiYSyIPqQmVI7rtFYdJ7IdpCrKN7DwKywMIMTKxMbf4LQZoOVIVzo6517de0+QMCqV43wbS8srq2vrlQ1zc2t7Z9fa22/LOBWYtHDMYtENkCSMctJSVDHSTQRBUcBIJxhfFX7ngQhJY36nJgnxIzTkNKQYKS31rVPbzrwghJc59CiHXoTUKAiy2/w+456iEZFwkNu2aZp9q+rUnCngInFLUgUlmn3ryxvEOI0IV5ghKXuukyg/Q0JRzEhueqkkCcJjNCQ9TTnSy/xs+lIOj7UygGEsdHEFp+rviQxFUk6iQHcWJ8t5rxD/83qpCs/9jPIkVYTj2aIwZVDFsMgHDqggWLGJJggLqm+FeIQEwkqnWITgzr+8SNr1muvU3Jt6tXFRxlEBh+AInAAXnIEGuAZN0AIYPIJn8ArejCfjxXg3PmatS0Y5cwD+wPj8AfTdm7I=</latexit><latexit sha1_base64="JW5TP7hvkjZebHeDfixtOVAElEs=">AAACEnicbVC7TsMwFHV4lvAKMLJYNEiwVEkXYCtiYSyIPqQmVI7rtFYdJ7IdpCrKN7DwKywMIMTKxMbf4LQZoOVIVzo6517de0+QMCqV43wbS8srq2vrlQ1zc2t7Z9fa22/LOBWYtHDMYtENkCSMctJSVDHSTQRBUcBIJxhfFX7ngQhJY36nJgnxIzTkNKQYKS31rVPbzrwghJc59CiHXoTUKAiy2/w+456iEZFwkNu2aZp9q+rUnCngInFLUgUlmn3ryxvEOI0IV5ghKXuukyg/Q0JRzEhueqkkCcJjNCQ9TTnSy/xs+lIOj7UygGEsdHEFp+rviQxFUk6iQHcWJ8t5rxD/83qpCs/9jPIkVYTj2aIwZVDFsMgHDqggWLGJJggLqm+FeIQEwkqnWITgzr+8SNr1muvU3Jt6tXFRxlEBh+AInAAXnIEGuAZN0AIYPIJn8ArejCfjxXg3PmatS0Y5cwD+wPj8AfTdm7I=</latexit><latexit sha1_base64="JW5TP7hvkjZebHeDfixtOVAElEs=">AAACEnicbVC7TsMwFHV4lvAKMLJYNEiwVEkXYCtiYSyIPqQmVI7rtFYdJ7IdpCrKN7DwKywMIMTKxMbf4LQZoOVIVzo6517de0+QMCqV43wbS8srq2vrlQ1zc2t7Z9fa22/LOBWYtHDMYtENkCSMctJSVDHSTQRBUcBIJxhfFX7ngQhJY36nJgnxIzTkNKQYKS31rVPbzrwghJc59CiHXoTUKAiy2/w+456iEZFwkNu2aZp9q+rUnCngInFLUgUlmn3ryxvEOI0IV5ghKXuukyg/Q0JRzEhueqkkCcJjNCQ9TTnSy/xs+lIOj7UygGEsdHEFp+rviQxFUk6iQHcWJ8t5rxD/83qpCs/9jPIkVYTj2aIwZVDFsMgHDqggWLGJJggLqm+FeIQEwkqnWITgzr+8SNr1muvU3Jt6tXFRxlEBh+AInAAXnIEGuAZN0AIYPIJn8ArejCfjxXg3PmatS0Y5cwD+wPj8AfTdm7I=</latexit><latexit sha1_base64="JW5TP7hvkjZebHeDfixtOVAElEs=">AAACEnicbVC7TsMwFHV4lvAKMLJYNEiwVEkXYCtiYSyIPqQmVI7rtFYdJ7IdpCrKN7DwKywMIMTKxMbf4LQZoOVIVzo6517de0+QMCqV43wbS8srq2vrlQ1zc2t7Z9fa22/LOBWYtHDMYtENkCSMctJSVDHSTQRBUcBIJxhfFX7ngQhJY36nJgnxIzTkNKQYKS31rVPbzrwghJc59CiHXoTUKAiy2/w+456iEZFwkNu2aZp9q+rUnCngInFLUgUlmn3ryxvEOI0IV5ghKXuukyg/Q0JRzEhueqkkCcJjNCQ9TTnSy/xs+lIOj7UygGEsdHEFp+rviQxFUk6iQHcWJ8t5rxD/83qpCs/9jPIkVYTj2aIwZVDFsMgHDqggWLGJJggLqm+FeIQEwkqnWITgzr+8SNr1muvU3Jt6tXFRxlEBh+AInAAXnIEGuAZN0AIYPIJn8ArejCfjxXg3PmatS0Y5cwD+wPj8AfTdm7I=</latexit>

d/n = 2
<latexit sha1_base64="vKHHb8raGgbuivlsAcsnEBFmuFs=">AAAB83icbVBNS8NAEJ3Urxq/qh69LLaCp5r0Uj0IBS8eK9gPaEPZbDbt0s0m7G6EEvo3vHhQxKt/xpv/xk2bg7Y+GHi8N8PMPD/hTGnH+bZKG5tb2zvlXXtv/+DwqHJ80lVxKgntkJjHsu9jRTkTtKOZ5rSfSIojn9OeP73L/d4TlYrF4lHPEupFeCxYyAjWRhrWgiuBblGjZtv2qFJ16s4CaJ24BalCgfao8jUMYpJGVGjCsVID10m0l2GpGeF0bg9TRRNMpnhMB4YKHFHlZYub5+jCKAEKY2lKaLRQf09kOFJqFvmmM8J6ola9XPzPG6Q6vPYyJpJUU0GWi8KUIx2jPAAUMEmJ5jNDMJHM3IrIBEtMtIkpD8FdfXmddBt116m7D41q66aIowxncA6X4EITWnAPbegAgQSe4RXerNR6sd6tj2VrySpmTuEPrM8f+52O/Q==</latexit><latexit sha1_base64="vKHHb8raGgbuivlsAcsnEBFmuFs=">AAAB83icbVBNS8NAEJ3Urxq/qh69LLaCp5r0Uj0IBS8eK9gPaEPZbDbt0s0m7G6EEvo3vHhQxKt/xpv/xk2bg7Y+GHi8N8PMPD/hTGnH+bZKG5tb2zvlXXtv/+DwqHJ80lVxKgntkJjHsu9jRTkTtKOZ5rSfSIojn9OeP73L/d4TlYrF4lHPEupFeCxYyAjWRhrWgiuBblGjZtv2qFJ16s4CaJ24BalCgfao8jUMYpJGVGjCsVID10m0l2GpGeF0bg9TRRNMpnhMB4YKHFHlZYub5+jCKAEKY2lKaLRQf09kOFJqFvmmM8J6ola9XPzPG6Q6vPYyJpJUU0GWi8KUIx2jPAAUMEmJ5jNDMJHM3IrIBEtMtIkpD8FdfXmddBt116m7D41q66aIowxncA6X4EITWnAPbegAgQSe4RXerNR6sd6tj2VrySpmTuEPrM8f+52O/Q==</latexit><latexit sha1_base64="vKHHb8raGgbuivlsAcsnEBFmuFs=">AAAB83icbVBNS8NAEJ3Urxq/qh69LLaCp5r0Uj0IBS8eK9gPaEPZbDbt0s0m7G6EEvo3vHhQxKt/xpv/xk2bg7Y+GHi8N8PMPD/hTGnH+bZKG5tb2zvlXXtv/+DwqHJ80lVxKgntkJjHsu9jRTkTtKOZ5rSfSIojn9OeP73L/d4TlYrF4lHPEupFeCxYyAjWRhrWgiuBblGjZtv2qFJ16s4CaJ24BalCgfao8jUMYpJGVGjCsVID10m0l2GpGeF0bg9TRRNMpnhMB4YKHFHlZYub5+jCKAEKY2lKaLRQf09kOFJqFvmmM8J6ola9XPzPG6Q6vPYyJpJUU0GWi8KUIx2jPAAUMEmJ5jNDMJHM3IrIBEtMtIkpD8FdfXmddBt116m7D41q66aIowxncA6X4EITWnAPbegAgQSe4RXerNR6sd6tj2VrySpmTuEPrM8f+52O/Q==</latexit><latexit sha1_base64="vKHHb8raGgbuivlsAcsnEBFmuFs=">AAAB83icbVBNS8NAEJ3Urxq/qh69LLaCp5r0Uj0IBS8eK9gPaEPZbDbt0s0m7G6EEvo3vHhQxKt/xpv/xk2bg7Y+GHi8N8PMPD/hTGnH+bZKG5tb2zvlXXtv/+DwqHJ80lVxKgntkJjHsu9jRTkTtKOZ5rSfSIojn9OeP73L/d4TlYrF4lHPEupFeCxYyAjWRhrWgiuBblGjZtv2qFJ16s4CaJ24BalCgfao8jUMYpJGVGjCsVID10m0l2GpGeF0bg9TRRNMpnhMB4YKHFHlZYub5+jCKAEKY2lKaLRQf09kOFJqFvmmM8J6ola9XPzPG6Q6vPYyJpJUU0GWi8KUIx2jPAAUMEmJ5jNDMJHM3IrIBEtMtIkpD8FdfXmddBt116m7D41q66aIowxncA6X4EITWnAPbegAgQSe4RXerNR6sd6tj2VrySpmTuEPrM8f+52O/Q==</latexit>

d/n = 100
<latexit sha1_base64="O05EELpsaAJ4YMbUAaYSR74ftDc=">AAAB9XicbVBNS8NAEJ34WeNX1aOXxVbwVJNe1INQ8OKxgv2ANpbNZtMu3WzC7kYpof/DiwdFvPpfvPlv3LQ5aOuDgcd7M8zM8xPOlHacb2tldW19Y7O0ZW/v7O7tlw8O2ypOJaEtEvNYdn2sKGeCtjTTnHYTSXHkc9rxxze533mkUrFY3OtJQr0IDwULGcHaSA/V4Fyga+Q6TtW27UG54tScGdAycQtSgQLNQfmrH8QkjajQhGOleq6TaC/DUjPC6dTup4ommIzxkPYMFTiiystmV0/RqVECFMbSlNBopv6eyHCk1CTyTWeE9Ugtern4n9dLdXjpZUwkqaaCzBeFKUc6RnkEKGCSEs0nhmAimbkVkRGWmGgTVB6Cu/jyMmnXa65Tc+/qlcZVEUcJjuEEzsCFC2jALTShBQQkPMMrvFlP1ov1bn3MW1esYuYI/sD6/AHa8I9w</latexit><latexit sha1_base64="O05EELpsaAJ4YMbUAaYSR74ftDc=">AAAB9XicbVBNS8NAEJ34WeNX1aOXxVbwVJNe1INQ8OKxgv2ANpbNZtMu3WzC7kYpof/DiwdFvPpfvPlv3LQ5aOuDgcd7M8zM8xPOlHacb2tldW19Y7O0ZW/v7O7tlw8O2ypOJaEtEvNYdn2sKGeCtjTTnHYTSXHkc9rxxze533mkUrFY3OtJQr0IDwULGcHaSA/V4Fyga+Q6TtW27UG54tScGdAycQtSgQLNQfmrH8QkjajQhGOleq6TaC/DUjPC6dTup4ommIzxkPYMFTiiystmV0/RqVECFMbSlNBopv6eyHCk1CTyTWeE9Ugtern4n9dLdXjpZUwkqaaCzBeFKUc6RnkEKGCSEs0nhmAimbkVkRGWmGgTVB6Cu/jyMmnXa65Tc+/qlcZVEUcJjuEEzsCFC2jALTShBQQkPMMrvFlP1ov1bn3MW1esYuYI/sD6/AHa8I9w</latexit><latexit sha1_base64="O05EELpsaAJ4YMbUAaYSR74ftDc=">AAAB9XicbVBNS8NAEJ34WeNX1aOXxVbwVJNe1INQ8OKxgv2ANpbNZtMu3WzC7kYpof/DiwdFvPpfvPlv3LQ5aOuDgcd7M8zM8xPOlHacb2tldW19Y7O0ZW/v7O7tlw8O2ypOJaEtEvNYdn2sKGeCtjTTnHYTSXHkc9rxxze533mkUrFY3OtJQr0IDwULGcHaSA/V4Fyga+Q6TtW27UG54tScGdAycQtSgQLNQfmrH8QkjajQhGOleq6TaC/DUjPC6dTup4ommIzxkPYMFTiiystmV0/RqVECFMbSlNBopv6eyHCk1CTyTWeE9Ugtern4n9dLdXjpZUwkqaaCzBeFKUc6RnkEKGCSEs0nhmAimbkVkRGWmGgTVB6Cu/jyMmnXa65Tc+/qlcZVEUcJjuEEzsCFC2jALTShBQQkPMMrvFlP1ov1bn3MW1esYuYI/sD6/AHa8I9w</latexit><latexit sha1_base64="O05EELpsaAJ4YMbUAaYSR74ftDc=">AAAB9XicbVBNS8NAEJ34WeNX1aOXxVbwVJNe1INQ8OKxgv2ANpbNZtMu3WzC7kYpof/DiwdFvPpfvPlv3LQ5aOuDgcd7M8zM8xPOlHacb2tldW19Y7O0ZW/v7O7tlw8O2ypOJaEtEvNYdn2sKGeCtjTTnHYTSXHkc9rxxze533mkUrFY3OtJQr0IDwULGcHaSA/V4Fyga+Q6TtW27UG54tScGdAycQtSgQLNQfmrH8QkjajQhGOleq6TaC/DUjPC6dTup4ommIzxkPYMFTiiystmV0/RqVECFMbSlNBopv6eyHCk1CTyTWeE9Ugtern4n9dLdXjpZUwkqaaCzBeFKUc6RnkEKGCSEs0nhmAimbkVkRGWmGgTVB6Cu/jyMmnXa65Tc+/qlcZVEUcJjuEEzsCFC2jALTShBQQkPMMrvFlP1ov1bn3MW1esYuYI/sD6/AHa8I9w</latexit>

rf(x) 2 Range
⇣
A>

⌘

<latexit sha1_base64="gV8x++7wPQGaxkPhKiE1uxCDvyg="></latexit><latexit sha1_base64="gV8x++7wPQGaxkPhKiE1uxCDvyg="></latexit><latexit sha1_base64="gV8x++7wPQGaxkPhKiE1uxCDvyg="></latexit><latexit sha1_base64="gV8x++7wPQGaxkPhKiE1uxCDvyg="></latexit>

dim Range
⇣
A>

⌘
 n ⌧ d

<latexit sha1_base64="VwbRmLstr726+JJn+9nWciMZluc="></latexit><latexit sha1_base64="VwbRmLstr726+JJn+9nWciMZluc="></latexit><latexit sha1_base64="VwbRmLstr726+JJn+9nWciMZluc="></latexit><latexit sha1_base64="VwbRmLstr726+JJn+9nWciMZluc="></latexit>

⇡ 2⇥ speedup
<latexit sha1_base64="uCWZ3+y7IuAb5sK/u8JW269NUmk=">AAACBHicbVA9T8MwEHX4LOWrwNjFokViqpIuMFawMBaJfkhtVDnOtbXqOJbtIKqoAwt/hYUBhFj5EWz8G5w2A7Q86aSn9+50dy+QnGnjut/O2vrG5tZ2Yae4u7d/cFg6Om7rOFEUWjTmseoGRANnAlqGGQ5dqYBEAYdOMLnO/M49KM1icWemEvyIjAQbMkqMlQalcrVPpFTxA673DYtAV7GWAGEii8VBqeLW3DnwKvFyUkE5moPSVz+MaRKBMJQTrXueK42fEmUY5TAr9hMNktAJGUHPUkHsPj+dPzHDZ1YJ8TBWtoTBc/X3REoiradRYDsjYsZ62cvE/7xeYoaXfsqETAwIulg0TDg2Mc4SwSFTQA2fWkKoYvZWTMdEEWpsblkI3vLLq6Rdr3luzbutVxpXeRwFVEan6Bx56AI10A1qohai6BE9o1f05jw5L86787FoXXPymRP0B87nD+FOlu8=</latexit><latexit sha1_base64="uCWZ3+y7IuAb5sK/u8JW269NUmk=">AAACBHicbVA9T8MwEHX4LOWrwNjFokViqpIuMFawMBaJfkhtVDnOtbXqOJbtIKqoAwt/hYUBhFj5EWz8G5w2A7Q86aSn9+50dy+QnGnjut/O2vrG5tZ2Yae4u7d/cFg6Om7rOFEUWjTmseoGRANnAlqGGQ5dqYBEAYdOMLnO/M49KM1icWemEvyIjAQbMkqMlQalcrVPpFTxA673DYtAV7GWAGEii8VBqeLW3DnwKvFyUkE5moPSVz+MaRKBMJQTrXueK42fEmUY5TAr9hMNktAJGUHPUkHsPj+dPzHDZ1YJ8TBWtoTBc/X3REoiradRYDsjYsZ62cvE/7xeYoaXfsqETAwIulg0TDg2Mc4SwSFTQA2fWkKoYvZWTMdEEWpsblkI3vLLq6Rdr3luzbutVxpXeRwFVEan6Bx56AI10A1qohai6BE9o1f05jw5L86787FoXXPymRP0B87nD+FOlu8=</latexit><latexit sha1_base64="uCWZ3+y7IuAb5sK/u8JW269NUmk=">AAACBHicbVA9T8MwEHX4LOWrwNjFokViqpIuMFawMBaJfkhtVDnOtbXqOJbtIKqoAwt/hYUBhFj5EWz8G5w2A7Q86aSn9+50dy+QnGnjut/O2vrG5tZ2Yae4u7d/cFg6Om7rOFEUWjTmseoGRANnAlqGGQ5dqYBEAYdOMLnO/M49KM1icWemEvyIjAQbMkqMlQalcrVPpFTxA673DYtAV7GWAGEii8VBqeLW3DnwKvFyUkE5moPSVz+MaRKBMJQTrXueK42fEmUY5TAr9hMNktAJGUHPUkHsPj+dPzHDZ1YJ8TBWtoTBc/X3REoiradRYDsjYsZ62cvE/7xeYoaXfsqETAwIulg0TDg2Mc4SwSFTQA2fWkKoYvZWTMdEEWpsblkI3vLLq6Rdr3luzbutVxpXeRwFVEan6Bx56AI10A1qohai6BE9o1f05jw5L86787FoXXPymRP0B87nD+FOlu8=</latexit><latexit sha1_base64="uCWZ3+y7IuAb5sK/u8JW269NUmk=">AAACBHicbVA9T8MwEHX4LOWrwNjFokViqpIuMFawMBaJfkhtVDnOtbXqOJbtIKqoAwt/hYUBhFj5EWz8G5w2A7Q86aSn9+50dy+QnGnjut/O2vrG5tZ2Yae4u7d/cFg6Om7rOFEUWjTmseoGRANnAlqGGQ5dqYBEAYdOMLnO/M49KM1icWemEvyIjAQbMkqMlQalcrVPpFTxA673DYtAV7GWAGEii8VBqeLW3DnwKvFyUkE5moPSVz+MaRKBMJQTrXueK42fEmUY5TAr9hMNktAJGUHPUkHsPj+dPzHDZ1YJ8TBWtoTBc/X3REoiradRYDsjYsZ62cvE/7xeYoaXfsqETAwIulg0TDg2Mc4SwSFTQA2fWkKoYvZWTMdEEWpsblkI3vLLq6Rdr3luzbutVxpXeRwFVEan6Bx56AI10A1qohai6BE9o1f05jw5L86787FoXXPymRP0B87nD+FOlu8=</latexit>

⇡ 100⇥ speedup
<latexit sha1_base64="xrB1lSCS2k8JYs1gZj+QwMLETaI=">AAACBnicbVBNS8NAEN34WeNX1KMIi63gqSS96LHoxWMF+wFNKJvNtF26SZbdjVhKT178K148KOLV3+DNf+OmzUFbHww83pthZl4oOFPadb+tldW19Y3N0pa9vbO7t+8cHLZUmkkKTZryVHZCooCzBJqaaQ4dIYHEIYd2OLrO/fY9SMXS5E6PBQQxGSSszyjRRuo5JxWfCCHTB+y5rq9ZDKqClQCIMmHbPafsVt0Z8DLxClJGBRo958uPUprFkGjKiVJdzxU6mBCpGeUwtf1MgSB0RAbQNTQhZl8wmb0xxWdGiXA/laYSjWfq74kJiZUax6HpjIkeqkUvF//zupnuXwYTlohMQ0Lni/oZxzrFeSY4YhKo5mNDCJXM3IrpkEhCtUkuD8FbfHmZtGpVz616t7Vy/aqIo4SO0Sk6Rx66QHV0gxqoiSh6RM/oFb1ZT9aL9W59zFtXrGLmCP2B9fkDyR6XYg==</latexit><latexit sha1_base64="xrB1lSCS2k8JYs1gZj+QwMLETaI=">AAACBnicbVBNS8NAEN34WeNX1KMIi63gqSS96LHoxWMF+wFNKJvNtF26SZbdjVhKT178K148KOLV3+DNf+OmzUFbHww83pthZl4oOFPadb+tldW19Y3N0pa9vbO7t+8cHLZUmkkKTZryVHZCooCzBJqaaQ4dIYHEIYd2OLrO/fY9SMXS5E6PBQQxGSSszyjRRuo5JxWfCCHTB+y5rq9ZDKqClQCIMmHbPafsVt0Z8DLxClJGBRo958uPUprFkGjKiVJdzxU6mBCpGeUwtf1MgSB0RAbQNTQhZl8wmb0xxWdGiXA/laYSjWfq74kJiZUax6HpjIkeqkUvF//zupnuXwYTlohMQ0Lni/oZxzrFeSY4YhKo5mNDCJXM3IrpkEhCtUkuD8FbfHmZtGpVz616t7Vy/aqIo4SO0Sk6Rx66QHV0gxqoiSh6RM/oFb1ZT9aL9W59zFtXrGLmCP2B9fkDyR6XYg==</latexit><latexit sha1_base64="xrB1lSCS2k8JYs1gZj+QwMLETaI=">AAACBnicbVBNS8NAEN34WeNX1KMIi63gqSS96LHoxWMF+wFNKJvNtF26SZbdjVhKT178K148KOLV3+DNf+OmzUFbHww83pthZl4oOFPadb+tldW19Y3N0pa9vbO7t+8cHLZUmkkKTZryVHZCooCzBJqaaQ4dIYHEIYd2OLrO/fY9SMXS5E6PBQQxGSSszyjRRuo5JxWfCCHTB+y5rq9ZDKqClQCIMmHbPafsVt0Z8DLxClJGBRo958uPUprFkGjKiVJdzxU6mBCpGeUwtf1MgSB0RAbQNTQhZl8wmb0xxWdGiXA/laYSjWfq74kJiZUax6HpjIkeqkUvF//zupnuXwYTlohMQ0Lni/oZxzrFeSY4YhKo5mNDCJXM3IrpkEhCtUkuD8FbfHmZtGpVz616t7Vy/aqIo4SO0Sk6Rx66QHV0gxqoiSh6RM/oFb1ZT9aL9W59zFtXrGLmCP2B9fkDyR6XYg==</latexit><latexit sha1_base64="xrB1lSCS2k8JYs1gZj+QwMLETaI=">AAACBnicbVBNS8NAEN34WeNX1KMIi63gqSS96LHoxWMF+wFNKJvNtF26SZbdjVhKT178K148KOLV3+DNf+OmzUFbHww83pthZl4oOFPadb+tldW19Y3N0pa9vbO7t+8cHLZUmkkKTZryVHZCooCzBJqaaQ4dIYHEIYd2OLrO/fY9SMXS5E6PBQQxGSSszyjRRuo5JxWfCCHTB+y5rq9ZDKqClQCIMmHbPafsVt0Z8DLxClJGBRo958uPUprFkGjKiVJdzxU6mBCpGeUwtf1MgSB0RAbQNTQhZl8wmb0xxWdGiXA/laYSjWfq74kJiZUax6HpjIkeqkUvF//zupnuXwYTlohMQ0Lni/oZxzrFeSY4YhKo5mNDCJXM3IrpkEhCtUkuD8FbfHmZtGpVz616t7Vy/aqIo4SO0Sk6Rx66QHV0gxqoiSh6RM/oFb1ZT9aL9W59zFtXrGLmCP2B9fkDyR6XYg==</latexit>

SEGA vs Random Direct Search

El Houcine Bergou, Eduard Gorbunov and P.R.
Stochastic three points method for unconstrained smooth minimization
arXiv:1902.03591, 2019



SEGA vs 
Coordinate Descent

SEGA vs CD

SEGA

CD



Accelerated SEGA vs Accelerated CD

ASEGA

ACD

6. Summary



Summary

• New Stochastic First-Order Oracle: 
SkEtched GrAdient (SEGA)

• New Stochastic Proximal SGD method. 
Comes in several variants:
– SEGA (based on the SEGA Estimator)
– Biased SEGA
– Subspace SEGA
– Accelerated SEGA

• Coordinate sketches: 
– Same complexity as state-of-the art CD 

methods
– Can handle non-separable regularizer R

The End



EXTRA MATERIAL:
DIANA

Local function f2
<latexit sha1_base64="z2toGuPwz67R+a7A1kAJCrVPz2Q=">AAACIXicjVBNS8NAEJ3Ur1q/oh69LLaCp5L0Yo8FLx48VLAf0Iaw2W7apZtN2N0IJfSvePGvePGgSG/in3HT5qDWgw8GHu/NMDMvSDhT2nE+rNLG5tb2Tnm3srd/cHhkH590VZxKQjsk5rHsB1hRzgTtaKY57SeS4ijgtBdMr3O/90ClYrG417OEehEeCxYygrWRfLt5GxPMUZgKkguoFvqNWuUf8O2qU3eWQOvELUgVCrR9ezEcxSSNqNCEY6UGrpNoL8NSM8LpvDJMFU0wmeIxHRgqcESVly0/nKMLo4xQGEtTQqOl+n0iw5FSsygwnRHWE/Xby8W/vEGqw6aXMZGkmgqyWhSmHOkY5XGhEZOUaD4zBBPJzK2ITLDERJtQ8xDc3y+vk26j7jp1965RbTlFHGU4g3O4BBeuoAU30IYOEHiEZ3iFN+vJerHercWqtWQVM6fwA9bnF2lNlv8=</latexit><latexit sha1_base64="z2toGuPwz67R+a7A1kAJCrVPz2Q=">AAACIXicjVBNS8NAEJ3Ur1q/oh69LLaCp5L0Yo8FLx48VLAf0Iaw2W7apZtN2N0IJfSvePGvePGgSG/in3HT5qDWgw8GHu/NMDMvSDhT2nE+rNLG5tb2Tnm3srd/cHhkH590VZxKQjsk5rHsB1hRzgTtaKY57SeS4ijgtBdMr3O/90ClYrG417OEehEeCxYygrWRfLt5GxPMUZgKkguoFvqNWuUf8O2qU3eWQOvELUgVCrR9ezEcxSSNqNCEY6UGrpNoL8NSM8LpvDJMFU0wmeIxHRgqcESVly0/nKMLo4xQGEtTQqOl+n0iw5FSsygwnRHWE/Xby8W/vEGqw6aXMZGkmgqyWhSmHOkY5XGhEZOUaD4zBBPJzK2ITLDERJtQ8xDc3y+vk26j7jp1965RbTlFHGU4g3O4BBeuoAU30IYOEHiEZ3iFN+vJerHercWqtWQVM6fwA9bnF2lNlv8=</latexit><latexit sha1_base64="z2toGuPwz67R+a7A1kAJCrVPz2Q=">AAACIXicjVBNS8NAEJ3Ur1q/oh69LLaCp5L0Yo8FLx48VLAf0Iaw2W7apZtN2N0IJfSvePGvePGgSG/in3HT5qDWgw8GHu/NMDMvSDhT2nE+rNLG5tb2Tnm3srd/cHhkH590VZxKQjsk5rHsB1hRzgTtaKY57SeS4ijgtBdMr3O/90ClYrG417OEehEeCxYygrWRfLt5GxPMUZgKkguoFvqNWuUf8O2qU3eWQOvELUgVCrR9ezEcxSSNqNCEY6UGrpNoL8NSM8LpvDJMFU0wmeIxHRgqcESVly0/nKMLo4xQGEtTQqOl+n0iw5FSsygwnRHWE/Xby8W/vEGqw6aXMZGkmgqyWhSmHOkY5XGhEZOUaD4zBBPJzK2ITLDERJtQ8xDc3y+vk26j7jp1965RbTlFHGU4g3O4BBeuoAU30IYOEHiEZ3iFN+vJerHercWqtWQVM6fwA9bnF2lNlv8=</latexit><latexit sha1_base64="z2toGuPwz67R+a7A1kAJCrVPz2Q=">AAACIXicjVBNS8NAEJ3Ur1q/oh69LLaCp5L0Yo8FLx48VLAf0Iaw2W7apZtN2N0IJfSvePGvePGgSG/in3HT5qDWgw8GHu/NMDMvSDhT2nE+rNLG5tb2Tnm3srd/cHhkH590VZxKQjsk5rHsB1hRzgTtaKY57SeS4ijgtBdMr3O/90ClYrG417OEehEeCxYygrWRfLt5GxPMUZgKkguoFvqNWuUf8O2qU3eWQOvELUgVCrR9ezEcxSSNqNCEY6UGrpNoL8NSM8LpvDJMFU0wmeIxHRgqcESVly0/nKMLo4xQGEtTQqOl+n0iw5FSsygwnRHWE/Xby8W/vEGqw6aXMZGkmgqyWhSmHOkY5XGhEZOUaD4zBBPJzK2ITLDERJtQ8xDc3y+vk26j7jp1965RbTlFHGU4g3O4BBeuoAU30IYOEHiEZ3iFN+vJerHercWqtWQVM6fwA9bnF2lNlv8=</latexit>

Gradient estimate h0
2 ⇡ rf2(x0) 2 Rd

<latexit sha1_base64="VodTvPUaGShYKBmMMU5DrqSfONo="></latexit><latexit sha1_base64="VodTvPUaGShYKBmMMU5DrqSfONo="></latexit><latexit sha1_base64="VodTvPUaGShYKBmMMU5DrqSfONo="></latexit><latexit sha1_base64="VodTvPUaGShYKBmMMU5DrqSfONo="></latexit>

hk+1
2 = hk

2 + ↵�k
2

<latexit sha1_base64="rbW56bPU2MfZrMiIWCHnctjSftQ=">AAACPXichVA9SwNBEN3zM8avqKXNYiIIgXCXRhshoIVlhHxBLoa5zSRZsvfB7p4QjvtjNv4HOzsbC0Vsbb1LrtBE8MHA470ZZuY5geBKm+azsbK6tr6xmdvKb+/s7u0XDg5byg8lwybzhS87DigU3MOm5lpgJ5AIriOw7UyuUr99j1Jx32voaYA9F0YeH3IGOpH6hUZp3K/eRZOyFdNLmvIJLVMbRDAGGtmzBZHEQWxfo9CQ+nEp/w/6haJZMWegy8TKSJFkqPcLT/bAZ6GLnmYClOpaZqB7EUjNmcA4b4cKA2ATGGE3oR64qHrR7LiYnibKgA59mZSn6Uz9ORGBq9TUdZJOF/RYLXqp+JfXDfXwohdxLwg1emy+aBgKqn2aRkkHXCLTYpoQYJInt1I2BglMJ4GnIViLLy+TVrVimRXrtlqsmVkcOXJMTsgZscg5qZEbUidNwsgDeSFv5N14NF6ND+Nz3rpiZDNH5BeMr2+bF6Lv</latexit><latexit sha1_base64="rbW56bPU2MfZrMiIWCHnctjSftQ=">AAACPXichVA9SwNBEN3zM8avqKXNYiIIgXCXRhshoIVlhHxBLoa5zSRZsvfB7p4QjvtjNv4HOzsbC0Vsbb1LrtBE8MHA470ZZuY5geBKm+azsbK6tr6xmdvKb+/s7u0XDg5byg8lwybzhS87DigU3MOm5lpgJ5AIriOw7UyuUr99j1Jx32voaYA9F0YeH3IGOpH6hUZp3K/eRZOyFdNLmvIJLVMbRDAGGtmzBZHEQWxfo9CQ+nEp/w/6haJZMWegy8TKSJFkqPcLT/bAZ6GLnmYClOpaZqB7EUjNmcA4b4cKA2ATGGE3oR64qHrR7LiYnibKgA59mZSn6Uz9ORGBq9TUdZJOF/RYLXqp+JfXDfXwohdxLwg1emy+aBgKqn2aRkkHXCLTYpoQYJInt1I2BglMJ4GnIViLLy+TVrVimRXrtlqsmVkcOXJMTsgZscg5qZEbUidNwsgDeSFv5N14NF6ND+Nz3rpiZDNH5BeMr2+bF6Lv</latexit><latexit sha1_base64="rbW56bPU2MfZrMiIWCHnctjSftQ=">AAACPXichVA9SwNBEN3zM8avqKXNYiIIgXCXRhshoIVlhHxBLoa5zSRZsvfB7p4QjvtjNv4HOzsbC0Vsbb1LrtBE8MHA470ZZuY5geBKm+azsbK6tr6xmdvKb+/s7u0XDg5byg8lwybzhS87DigU3MOm5lpgJ5AIriOw7UyuUr99j1Jx32voaYA9F0YeH3IGOpH6hUZp3K/eRZOyFdNLmvIJLVMbRDAGGtmzBZHEQWxfo9CQ+nEp/w/6haJZMWegy8TKSJFkqPcLT/bAZ6GLnmYClOpaZqB7EUjNmcA4b4cKA2ATGGE3oR64qHrR7LiYnibKgA59mZSn6Uz9ORGBq9TUdZJOF/RYLXqp+JfXDfXwohdxLwg1emy+aBgKqn2aRkkHXCLTYpoQYJInt1I2BglMJ4GnIViLLy+TVrVimRXrtlqsmVkcOXJMTsgZscg5qZEbUidNwsgDeSFv5N14NF6ND+Nz3rpiZDNH5BeMr2+bF6Lv</latexit><latexit sha1_base64="rbW56bPU2MfZrMiIWCHnctjSftQ=">AAACPXichVA9SwNBEN3zM8avqKXNYiIIgXCXRhshoIVlhHxBLoa5zSRZsvfB7p4QjvtjNv4HOzsbC0Vsbb1LrtBE8MHA470ZZuY5geBKm+azsbK6tr6xmdvKb+/s7u0XDg5byg8lwybzhS87DigU3MOm5lpgJ5AIriOw7UyuUr99j1Jx32voaYA9F0YeH3IGOpH6hUZp3K/eRZOyFdNLmvIJLVMbRDAGGtmzBZHEQWxfo9CQ+nEp/w/6haJZMWegy8TKSJFkqPcLT/bAZ6GLnmYClOpaZqB7EUjNmcA4b4cKA2ATGGE3oR64qHrR7LiYnibKgA59mZSn6Uz9ORGBq9TUdZJOF/RYLXqp+JfXDfXwohdxLwg1emy+aBgKqn2aRkkHXCLTYpoQYJInt1I2BglMJ4GnIViLLy+TVrVimRXrtlqsmVkcOXJMTsgZscg5qZEbUidNwsgDeSFv5N14NF6ND+Nz3rpiZDNH5BeMr2+bF6Lv</latexit>

�k
2 = C(gk2 � hk

2)
<latexit sha1_base64="aWQo5gJb4286c/OfW55Y4WO7b6s=">AAACO3icfVC7TsMwFHV4lvIKMLJYtEhloEq6wIJUqQyMBdGH1JbKcW9bq85DtoNURfkvFn6CjYWFAYRY2XHSDNAijmT56Jx7r6+PE3AmlWU9G0vLK6tr67mN/ObW9s6uubfflH4oKDSoz33RdogEzjxoKKY4tAMBxHU4tJxJLfFb9yAk871bNQ2g55KRx4aMEqWlvnlTjLrplEjAIO5eAlekX7mbxPgCa4dwXItLo0TBp3ic3CfF/P/omwWrbKXAi8TOSAFlqPfNp+7Ap6ELnqKcSNmxrUD1IiIUoxzifDeUEBA6ISPoaOoRF2QvSreO8bFWBnjoC308hVP1Z0dEXCmnrqMrXaLGct5LxL+8TqiG572IeUGowKOzh4Yhx8rHSZB4wARQxaeaECqY3hXTMRGEKh13EoI9/+VF0qyUbatsX1cKVSuLI4cO0REqIRudoSq6QnXUQBQ9oBf0ht6NR+PV+DA+Z6VLRtZzgH7B+PoGUiCiNA==</latexit><latexit sha1_base64="aWQo5gJb4286c/OfW55Y4WO7b6s=">AAACO3icfVC7TsMwFHV4lvIKMLJYtEhloEq6wIJUqQyMBdGH1JbKcW9bq85DtoNURfkvFn6CjYWFAYRY2XHSDNAijmT56Jx7r6+PE3AmlWU9G0vLK6tr67mN/ObW9s6uubfflH4oKDSoz33RdogEzjxoKKY4tAMBxHU4tJxJLfFb9yAk871bNQ2g55KRx4aMEqWlvnlTjLrplEjAIO5eAlekX7mbxPgCa4dwXItLo0TBp3ic3CfF/P/omwWrbKXAi8TOSAFlqPfNp+7Ap6ELnqKcSNmxrUD1IiIUoxzifDeUEBA6ISPoaOoRF2QvSreO8bFWBnjoC308hVP1Z0dEXCmnrqMrXaLGct5LxL+8TqiG572IeUGowKOzh4Yhx8rHSZB4wARQxaeaECqY3hXTMRGEKh13EoI9/+VF0qyUbatsX1cKVSuLI4cO0REqIRudoSq6QnXUQBQ9oBf0ht6NR+PV+DA+Z6VLRtZzgH7B+PoGUiCiNA==</latexit><latexit sha1_base64="aWQo5gJb4286c/OfW55Y4WO7b6s=">AAACO3icfVC7TsMwFHV4lvIKMLJYtEhloEq6wIJUqQyMBdGH1JbKcW9bq85DtoNURfkvFn6CjYWFAYRY2XHSDNAijmT56Jx7r6+PE3AmlWU9G0vLK6tr67mN/ObW9s6uubfflH4oKDSoz33RdogEzjxoKKY4tAMBxHU4tJxJLfFb9yAk871bNQ2g55KRx4aMEqWlvnlTjLrplEjAIO5eAlekX7mbxPgCa4dwXItLo0TBp3ic3CfF/P/omwWrbKXAi8TOSAFlqPfNp+7Ap6ELnqKcSNmxrUD1IiIUoxzifDeUEBA6ISPoaOoRF2QvSreO8bFWBnjoC308hVP1Z0dEXCmnrqMrXaLGct5LxL+8TqiG572IeUGowKOzh4Yhx8rHSZB4wARQxaeaECqY3hXTMRGEKh13EoI9/+VF0qyUbatsX1cKVSuLI4cO0REqIRudoSq6QnXUQBQ9oBf0ht6NR+PV+DA+Z6VLRtZzgH7B+PoGUiCiNA==</latexit><latexit sha1_base64="aWQo5gJb4286c/OfW55Y4WO7b6s=">AAACO3icfVC7TsMwFHV4lvIKMLJYtEhloEq6wIJUqQyMBdGH1JbKcW9bq85DtoNURfkvFn6CjYWFAYRY2XHSDNAijmT56Jx7r6+PE3AmlWU9G0vLK6tr67mN/ObW9s6uubfflH4oKDSoz33RdogEzjxoKKY4tAMBxHU4tJxJLfFb9yAk871bNQ2g55KRx4aMEqWlvnlTjLrplEjAIO5eAlekX7mbxPgCa4dwXItLo0TBp3ic3CfF/P/omwWrbKXAi8TOSAFlqPfNp+7Ap6ELnqKcSNmxrUD1IiIUoxzifDeUEBA6ISPoaOoRF2QvSreO8bFWBnjoC308hVP1Z0dEXCmnrqMrXaLGct5LxL+8TqiG572IeUGowKOzh4Yhx8rHSZB4wARQxaeaECqY3hXTMRGEKh13EoI9/+VF0qyUbatsX1cKVSuLI4cO0REqIRudoSq6QnXUQBQ9oBf0ht6NR+PV+DA+Z6VLRtZzgH7B+PoGUiCiNA==</latexit>

Compute local stochastic gradient gk2<latexit sha1_base64="lk3KCp6IJZr/K02ZCDY6Fbhwe28=">AAACMXicfZC7TsMwFIadcivlFmBksWiRmKqkC4yVunQsEr1IbYkcx0mt2nFkO0hV1Fdi4U0QSwcQYuUlcNoM0CJ+ydKv/5yj4/P5CaNKO87CKm1t7+zulfcrB4dHxyf26VlPiVRi0sWCCTnwkSKMxqSrqWZkkEiCuM9I35+28nr/kUhFRXyvZwkZcxTFNKQYaRN5drsleJJqApnAiEGlBZ4gpSmGkUQBJbGGtchrPExrsPKvPLvq1J2l4KZxC1MFhTqe/TIKBE65WYEZUmroOokeZ0ia5YzMK6NUkQThKYrI0NgYcaLG2fLiObwySQBDIc0zX1ymPycyxJWacd90cqQnar2Wh3/VhqkOb8cZjXMmMV4tClMGtYA5PhhQSbBmM2MQljQHZYBJhLWBnENw10/eNL1G3XXq7l2j2nQKHGVwAS7BNXDBDWiCNuiALsDgCbyCN/BuPVsL68P6XLWWrGLmHPyS9fUNtvCfpw==</latexit><latexit sha1_base64="lk3KCp6IJZr/K02ZCDY6Fbhwe28=">AAACMXicfZC7TsMwFIadcivlFmBksWiRmKqkC4yVunQsEr1IbYkcx0mt2nFkO0hV1Fdi4U0QSwcQYuUlcNoM0CJ+ydKv/5yj4/P5CaNKO87CKm1t7+zulfcrB4dHxyf26VlPiVRi0sWCCTnwkSKMxqSrqWZkkEiCuM9I35+28nr/kUhFRXyvZwkZcxTFNKQYaRN5drsleJJqApnAiEGlBZ4gpSmGkUQBJbGGtchrPExrsPKvPLvq1J2l4KZxC1MFhTqe/TIKBE65WYEZUmroOokeZ0ia5YzMK6NUkQThKYrI0NgYcaLG2fLiObwySQBDIc0zX1ymPycyxJWacd90cqQnar2Wh3/VhqkOb8cZjXMmMV4tClMGtYA5PhhQSbBmM2MQljQHZYBJhLWBnENw10/eNL1G3XXq7l2j2nQKHGVwAS7BNXDBDWiCNuiALsDgCbyCN/BuPVsL68P6XLWWrGLmHPyS9fUNtvCfpw==</latexit><latexit sha1_base64="lk3KCp6IJZr/K02ZCDY6Fbhwe28=">AAACMXicfZC7TsMwFIadcivlFmBksWiRmKqkC4yVunQsEr1IbYkcx0mt2nFkO0hV1Fdi4U0QSwcQYuUlcNoM0CJ+ydKv/5yj4/P5CaNKO87CKm1t7+zulfcrB4dHxyf26VlPiVRi0sWCCTnwkSKMxqSrqWZkkEiCuM9I35+28nr/kUhFRXyvZwkZcxTFNKQYaRN5drsleJJqApnAiEGlBZ4gpSmGkUQBJbGGtchrPExrsPKvPLvq1J2l4KZxC1MFhTqe/TIKBE65WYEZUmroOokeZ0ia5YzMK6NUkQThKYrI0NgYcaLG2fLiObwySQBDIc0zX1ymPycyxJWacd90cqQnar2Wh3/VhqkOb8cZjXMmMV4tClMGtYA5PhhQSbBmM2MQljQHZYBJhLWBnENw10/eNL1G3XXq7l2j2nQKHGVwAS7BNXDBDWiCNuiALsDgCbyCN/BuPVsL68P6XLWWrGLmHPyS9fUNtvCfpw==</latexit><latexit sha1_base64="lk3KCp6IJZr/K02ZCDY6Fbhwe28=">AAACMXicfZC7TsMwFIadcivlFmBksWiRmKqkC4yVunQsEr1IbYkcx0mt2nFkO0hV1Fdi4U0QSwcQYuUlcNoM0CJ+ydKv/5yj4/P5CaNKO87CKm1t7+zulfcrB4dHxyf26VlPiVRi0sWCCTnwkSKMxqSrqWZkkEiCuM9I35+28nr/kUhFRXyvZwkZcxTFNKQYaRN5drsleJJqApnAiEGlBZ4gpSmGkUQBJbGGtchrPExrsPKvPLvq1J2l4KZxC1MFhTqe/TIKBE65WYEZUmroOokeZ0ia5YzMK6NUkQThKYrI0NgYcaLG2fLiObwySQBDIc0zX1ymPycyxJWacd90cqQnar2Wh3/VhqkOb8cZjXMmMV4tClMGtYA5PhhQSbBmM2MQljQHZYBJhLWBnENw10/eNL1G3XXq7l2j2nQKHGVwAS7BNXDBDWiCNuiALsDgCbyCN/BuPVsL68P6XLWWrGLmHPyS9fUNtvCfpw==</latexit>

Data: Stepsizes

Iterate for k = 0,1, …

1 Compute local stochastic gradient gk1<latexit sha1_base64="LjdPFcSLc+q7sPu29hS6km72G4c=">AAACE3icbVC7TsMwFHV4lvIKMLJYtEiIoUq6wFipC2OR6ENqQ+Q4TmrVjiPbQaqi/gMLv8LCAEKsLGz8DU6bAVqOZOnonPvwPUHKqNKO822trW9sbm1Xdqq7e/sHh/bRcU+JTGLSxYIJOQiQIowmpKupZmSQSoJ4wEg/mLQLv/9ApKIiudPTlHgcxQmNKEbaSL592RY8zTSBTGDEoNICj5HSFMNYopCSRMN67Lv3kzr07ZrTcOaAq8QtSQ2U6Pj21ygUOONmCGZIqaHrpNrLkTTjGZlVR5kiKcITFJOhoQniRHn5/KYZPDdKCCMhzTOfmKu/O3LElZrywFRypMdq2SvE/7xhpqNrL6dJcXWCF4uijEEtYBEQDKkkWLOpIQhLWkRhIpEIaxNj1YTgLp+8SnrNhus03NtmreWUcVTAKTgDF8AFV6AFbkAHdAEGj+AZvII368l6sd6tj0XpmlX2nIA/sD5/ALWOnU4=</latexit><latexit sha1_base64="LjdPFcSLc+q7sPu29hS6km72G4c=">AAACE3icbVC7TsMwFHV4lvIKMLJYtEiIoUq6wFipC2OR6ENqQ+Q4TmrVjiPbQaqi/gMLv8LCAEKsLGz8DU6bAVqOZOnonPvwPUHKqNKO822trW9sbm1Xdqq7e/sHh/bRcU+JTGLSxYIJOQiQIowmpKupZmSQSoJ4wEg/mLQLv/9ApKIiudPTlHgcxQmNKEbaSL592RY8zTSBTGDEoNICj5HSFMNYopCSRMN67Lv3kzr07ZrTcOaAq8QtSQ2U6Pj21ygUOONmCGZIqaHrpNrLkTTjGZlVR5kiKcITFJOhoQniRHn5/KYZPDdKCCMhzTOfmKu/O3LElZrywFRypMdq2SvE/7xhpqNrL6dJcXWCF4uijEEtYBEQDKkkWLOpIQhLWkRhIpEIaxNj1YTgLp+8SnrNhus03NtmreWUcVTAKTgDF8AFV6AFbkAHdAEGj+AZvII368l6sd6tj0XpmlX2nIA/sD5/ALWOnU4=</latexit><latexit sha1_base64="LjdPFcSLc+q7sPu29hS6km72G4c=">AAACE3icbVC7TsMwFHV4lvIKMLJYtEiIoUq6wFipC2OR6ENqQ+Q4TmrVjiPbQaqi/gMLv8LCAEKsLGz8DU6bAVqOZOnonPvwPUHKqNKO822trW9sbm1Xdqq7e/sHh/bRcU+JTGLSxYIJOQiQIowmpKupZmSQSoJ4wEg/mLQLv/9ApKIiudPTlHgcxQmNKEbaSL592RY8zTSBTGDEoNICj5HSFMNYopCSRMN67Lv3kzr07ZrTcOaAq8QtSQ2U6Pj21ygUOONmCGZIqaHrpNrLkTTjGZlVR5kiKcITFJOhoQniRHn5/KYZPDdKCCMhzTOfmKu/O3LElZrywFRypMdq2SvE/7xhpqNrL6dJcXWCF4uijEEtYBEQDKkkWLOpIQhLWkRhIpEIaxNj1YTgLp+8SnrNhus03NtmreWUcVTAKTgDF8AFV6AFbkAHdAEGj+AZvII368l6sd6tj0XpmlX2nIA/sD5/ALWOnU4=</latexit><latexit sha1_base64="LjdPFcSLc+q7sPu29hS6km72G4c=">AAACE3icbVC7TsMwFHV4lvIKMLJYtEiIoUq6wFipC2OR6ENqQ+Q4TmrVjiPbQaqi/gMLv8LCAEKsLGz8DU6bAVqOZOnonPvwPUHKqNKO822trW9sbm1Xdqq7e/sHh/bRcU+JTGLSxYIJOQiQIowmpKupZmSQSoJ4wEg/mLQLv/9ApKIiudPTlHgcxQmNKEbaSL592RY8zTSBTGDEoNICj5HSFMNYopCSRMN67Lv3kzr07ZrTcOaAq8QtSQ2U6Pj21ygUOONmCGZIqaHrpNrLkTTjGZlVR5kiKcITFJOhoQniRHn5/KYZPDdKCCMhzTOfmKu/O3LElZrywFRypMdq2SvE/7xhpqNrL6dJcXWCF4uijEEtYBEQDKkkWLOpIQhLWkRhIpEIaxNj1YTgLp+8SnrNhus03NtmreWUcVTAKTgDF8AFV6AFbkAHdAEGj+AZvII368l6sd6tj0XpmlX2nIA/sD5/ALWOnU4=</latexit>

Compute local stochastic gradient $g_1^k$

E[gk1 ] = rf1(xk)
<latexit sha1_base64="enwZ0DgytlL+wLHU4KBTjzkxsQs=">AAACDnicbVDLSsNAFJ3UV62vqEs3g22hbkrSjW6EggguK9gHpGmYTCft0MkkzEzEEvoFbvwVNy4UcevanX/jpM1CWw9cOJxzL/fe48eMSmVZ30ZhbX1jc6u4XdrZ3ds/MA+POjJKBCZtHLFI9HwkCaOctBVVjPRiQVDoM9L1J1eZ370nQtKI36lpTNwQjTgNKEZKS55ZrfRDpMa+n17PnJFnDyYuvIR9jnyGYODZtYfB5KzimWWrbs0BV4mdkzLI0fLMr/4wwklIuMIMSenYVqzcFAlFMSOzUj+RJEZ4gkbE0ZSjkEg3nb8zg1WtDGEQCV1cwbn6eyJFoZTT0Ned2e1y2cvE/zwnUcGFm1IeJ4pwvFgUJAyqCGbZwCEVBCs21QRhQfWtEI+RQFjpBEs6BHv55VXSadRtq27fNspNK4+jCE7AKagBG5yDJrgBLdAGGDyCZ/AK3own48V4Nz4WrQUjnzkGf2B8/gBdrppP</latexit><latexit sha1_base64="enwZ0DgytlL+wLHU4KBTjzkxsQs=">AAACDnicbVDLSsNAFJ3UV62vqEs3g22hbkrSjW6EggguK9gHpGmYTCft0MkkzEzEEvoFbvwVNy4UcevanX/jpM1CWw9cOJxzL/fe48eMSmVZ30ZhbX1jc6u4XdrZ3ds/MA+POjJKBCZtHLFI9HwkCaOctBVVjPRiQVDoM9L1J1eZ370nQtKI36lpTNwQjTgNKEZKS55ZrfRDpMa+n17PnJFnDyYuvIR9jnyGYODZtYfB5KzimWWrbs0BV4mdkzLI0fLMr/4wwklIuMIMSenYVqzcFAlFMSOzUj+RJEZ4gkbE0ZSjkEg3nb8zg1WtDGEQCV1cwbn6eyJFoZTT0Ned2e1y2cvE/zwnUcGFm1IeJ4pwvFgUJAyqCGbZwCEVBCs21QRhQfWtEI+RQFjpBEs6BHv55VXSadRtq27fNspNK4+jCE7AKagBG5yDJrgBLdAGGDyCZ/AK3own48V4Nz4WrQUjnzkGf2B8/gBdrppP</latexit><latexit sha1_base64="enwZ0DgytlL+wLHU4KBTjzkxsQs=">AAACDnicbVDLSsNAFJ3UV62vqEs3g22hbkrSjW6EggguK9gHpGmYTCft0MkkzEzEEvoFbvwVNy4UcevanX/jpM1CWw9cOJxzL/fe48eMSmVZ30ZhbX1jc6u4XdrZ3ds/MA+POjJKBCZtHLFI9HwkCaOctBVVjPRiQVDoM9L1J1eZ370nQtKI36lpTNwQjTgNKEZKS55ZrfRDpMa+n17PnJFnDyYuvIR9jnyGYODZtYfB5KzimWWrbs0BV4mdkzLI0fLMr/4wwklIuMIMSenYVqzcFAlFMSOzUj+RJEZ4gkbE0ZSjkEg3nb8zg1WtDGEQCV1cwbn6eyJFoZTT0Ned2e1y2cvE/zwnUcGFm1IeJ4pwvFgUJAyqCGbZwCEVBCs21QRhQfWtEI+RQFjpBEs6BHv55VXSadRtq27fNspNK4+jCE7AKagBG5yDJrgBLdAGGDyCZ/AK3own48V4Nz4WrQUjnzkGf2B8/gBdrppP</latexit><latexit sha1_base64="enwZ0DgytlL+wLHU4KBTjzkxsQs=">AAACDnicbVDLSsNAFJ3UV62vqEs3g22hbkrSjW6EggguK9gHpGmYTCft0MkkzEzEEvoFbvwVNy4UcevanX/jpM1CWw9cOJxzL/fe48eMSmVZ30ZhbX1jc6u4XdrZ3ds/MA+POjJKBCZtHLFI9HwkCaOctBVVjPRiQVDoM9L1J1eZ370nQtKI36lpTNwQjTgNKEZKS55ZrfRDpMa+n17PnJFnDyYuvIR9jnyGYODZtYfB5KzimWWrbs0BV4mdkzLI0fLMr/4wwklIuMIMSenYVqzcFAlFMSOzUj+RJEZ4gkbE0ZSjkEg3nb8zg1WtDGEQCV1cwbn6eyJFoZTT0Ned2e1y2cvE/zwnUcGFm1IeJ4pwvFgUJAyqCGbZwCEVBCs21QRhQfWtEI+RQFjpBEs6BHv55VXSadRtq27fNspNK4+jCE7AKagBG5yDJrgBLdAGGDyCZ/AK3own48V4Nz4WrQUjnzkGf2B8/gBdrppP</latexit>
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Compress gradient di↵erence
<latexit sha1_base64="nx0bOAVwJ3Um4OXXRwlcRLhW4gc=">AAACBnicbVDLSgMxFM3UV62vUZciBIvgqsx0o8tCNy4r2Ae0Q8lk7rShyWRIMkIZunLjr7hxoYhbv8Gdf2PazkJbDwQO5z5yzwlTzrTxvG+ntLG5tb1T3q3s7R8cHrnHJx0tM0WhTSWXqhcSDZwl0DbMcOilCogIOXTDSXNe7z6A0kwm92aaQiDIKGExo8RYaeieN6WwA1rjkSIRg8TgiMUxKEgo4KFb9WreAnid+AWpogKtofs1iCTNhN1DOdG673upCXKiDKMcZpVBpiEldEJG0Lc0IQJ0kC9szPClVSIcS2WfvWOh/p7IidB6KkLbKYgZ69XaXPyv1s9MfBPkLEkzY20tP4ozjo3E80ysYwXU8KklhCpmb8V0TBShxiZXsSH4q5bXSade872af1evNrwijjI6QxfoCvnoGjXQLWqhNqLoET2jV/TmPDkvzrvzsWwtOcXMKfoD5/MHAbiYvg==</latexit><latexit sha1_base64="nx0bOAVwJ3Um4OXXRwlcRLhW4gc=">AAACBnicbVDLSgMxFM3UV62vUZciBIvgqsx0o8tCNy4r2Ae0Q8lk7rShyWRIMkIZunLjr7hxoYhbv8Gdf2PazkJbDwQO5z5yzwlTzrTxvG+ntLG5tb1T3q3s7R8cHrnHJx0tM0WhTSWXqhcSDZwl0DbMcOilCogIOXTDSXNe7z6A0kwm92aaQiDIKGExo8RYaeieN6WwA1rjkSIRg8TgiMUxKEgo4KFb9WreAnid+AWpogKtofs1iCTNhN1DOdG673upCXKiDKMcZpVBpiEldEJG0Lc0IQJ0kC9szPClVSIcS2WfvWOh/p7IidB6KkLbKYgZ69XaXPyv1s9MfBPkLEkzY20tP4ozjo3E80ysYwXU8KklhCpmb8V0TBShxiZXsSH4q5bXSade872af1evNrwijjI6QxfoCvnoGjXQLWqhNqLoET2jV/TmPDkvzrvzsWwtOcXMKfoD5/MHAbiYvg==</latexit><latexit sha1_base64="nx0bOAVwJ3Um4OXXRwlcRLhW4gc=">AAACBnicbVDLSgMxFM3UV62vUZciBIvgqsx0o8tCNy4r2Ae0Q8lk7rShyWRIMkIZunLjr7hxoYhbv8Gdf2PazkJbDwQO5z5yzwlTzrTxvG+ntLG5tb1T3q3s7R8cHrnHJx0tM0WhTSWXqhcSDZwl0DbMcOilCogIOXTDSXNe7z6A0kwm92aaQiDIKGExo8RYaeieN6WwA1rjkSIRg8TgiMUxKEgo4KFb9WreAnid+AWpogKtofs1iCTNhN1DOdG673upCXKiDKMcZpVBpiEldEJG0Lc0IQJ0kC9szPClVSIcS2WfvWOh/p7IidB6KkLbKYgZ69XaXPyv1s9MfBPkLEkzY20tP4ozjo3E80ysYwXU8KklhCpmb8V0TBShxiZXsSH4q5bXSade872af1evNrwijjI6QxfoCvnoGjXQLWqhNqLoET2jV/TmPDkvzrvzsWwtOcXMKfoD5/MHAbiYvg==</latexit><latexit sha1_base64="nx0bOAVwJ3Um4OXXRwlcRLhW4gc=">AAACBnicbVDLSgMxFM3UV62vUZciBIvgqsx0o8tCNy4r2Ae0Q8lk7rShyWRIMkIZunLjr7hxoYhbv8Gdf2PazkJbDwQO5z5yzwlTzrTxvG+ntLG5tb1T3q3s7R8cHrnHJx0tM0WhTSWXqhcSDZwl0DbMcOilCogIOXTDSXNe7z6A0kwm92aaQiDIKGExo8RYaeieN6WwA1rjkSIRg8TgiMUxKEgo4KFb9WreAnid+AWpogKtofs1iCTNhN1DOdG673upCXKiDKMcZpVBpiEldEJG0Lc0IQJ0kC9szPClVSIcS2WfvWOh/p7IidB6KkLbKYgZ69XaXPyv1s9MfBPkLEkzY20tP4ozjo3E80ysYwXU8KklhCpmb8V0TBShxiZXsSH4q5bXSade872af1evNrwijjI6QxfoCvnoGjXQLWqhNqLoET2jV/TmPDkvzrvzsWwtOcXMKfoD5/MHAbiYvg==</latexit>

Compress gradient difference
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Update local gradient estimate
<latexit sha1_base64="HkpGzkHnPFdxMox69rhzVfaIZJc=">AAACCXicbVC7TsMwFHXKq4RXgJHFokJiqpIuMFZiYSwSaSu1UeU4N61VJ45sB6mKurLwKywMIMTKH7DxNzhtBmg5kqWjcx8+94QZZ0q77rdV29jc2t6p79p7+weHR87xSVeJXFLwqeBC9kOigLMUfM00h34mgSQhh144vSnrvQeQion0Xs8yCBIyTlnMKNFGGjnYzyKiAXNBCcdjSSIGqcagNEuMbtsjp+E23QXwOvEq0kAVOiPnaxgJmidmDeVEqYHnZjooiNSMcpjbw1xBRuiUjGFgaEoSUEGxuGSOL4wS4VhI84yNhfp7oiCJUrMkNJ3G3kSt1krxv9og1/F1ULA0yzWkdPlRnHOsBS5jwRGTQDWfGUKoZMYrphMiCdUmvDIEb/XkddJtNT236d21Gm23iqOOztA5ukQeukJtdIs6yEcUPaJn9IrerCfrxXq3PpatNauaOUV/YH3+AFrOmWM=</latexit><latexit sha1_base64="HkpGzkHnPFdxMox69rhzVfaIZJc=">AAACCXicbVC7TsMwFHXKq4RXgJHFokJiqpIuMFZiYSwSaSu1UeU4N61VJ45sB6mKurLwKywMIMTKH7DxNzhtBmg5kqWjcx8+94QZZ0q77rdV29jc2t6p79p7+weHR87xSVeJXFLwqeBC9kOigLMUfM00h34mgSQhh144vSnrvQeQion0Xs8yCBIyTlnMKNFGGjnYzyKiAXNBCcdjSSIGqcagNEuMbtsjp+E23QXwOvEq0kAVOiPnaxgJmidmDeVEqYHnZjooiNSMcpjbw1xBRuiUjGFgaEoSUEGxuGSOL4wS4VhI84yNhfp7oiCJUrMkNJ3G3kSt1krxv9og1/F1ULA0yzWkdPlRnHOsBS5jwRGTQDWfGUKoZMYrphMiCdUmvDIEb/XkddJtNT236d21Gm23iqOOztA5ukQeukJtdIs6yEcUPaJn9IrerCfrxXq3PpatNauaOUV/YH3+AFrOmWM=</latexit><latexit sha1_base64="HkpGzkHnPFdxMox69rhzVfaIZJc=">AAACCXicbVC7TsMwFHXKq4RXgJHFokJiqpIuMFZiYSwSaSu1UeU4N61VJ45sB6mKurLwKywMIMTKH7DxNzhtBmg5kqWjcx8+94QZZ0q77rdV29jc2t6p79p7+weHR87xSVeJXFLwqeBC9kOigLMUfM00h34mgSQhh144vSnrvQeQion0Xs8yCBIyTlnMKNFGGjnYzyKiAXNBCcdjSSIGqcagNEuMbtsjp+E23QXwOvEq0kAVOiPnaxgJmidmDeVEqYHnZjooiNSMcpjbw1xBRuiUjGFgaEoSUEGxuGSOL4wS4VhI84yNhfp7oiCJUrMkNJ3G3kSt1krxv9og1/F1ULA0yzWkdPlRnHOsBS5jwRGTQDWfGUKoZMYrphMiCdUmvDIEb/XkddJtNT236d21Gm23iqOOztA5ukQeukJtdIs6yEcUPaJn9IrerCfrxXq3PpatNauaOUV/YH3+AFrOmWM=</latexit><latexit sha1_base64="HkpGzkHnPFdxMox69rhzVfaIZJc=">AAACCXicbVC7TsMwFHXKq4RXgJHFokJiqpIuMFZiYSwSaSu1UeU4N61VJ45sB6mKurLwKywMIMTKH7DxNzhtBmg5kqWjcx8+94QZZ0q77rdV29jc2t6p79p7+weHR87xSVeJXFLwqeBC9kOigLMUfM00h34mgSQhh144vSnrvQeQion0Xs8yCBIyTlnMKNFGGjnYzyKiAXNBCcdjSSIGqcagNEuMbtsjp+E23QXwOvEq0kAVOiPnaxgJmidmDeVEqYHnZjooiNSMcpjbw1xBRuiUjGFgaEoSUEGxuGSOL4wS4VhI84yNhfp7oiCJUrMkNJ3G3kSt1krxv9og1/F1ULA0yzWkdPlRnHOsBS5jwRGTQDWfGUKoZMYrphMiCdUmvDIEb/XkddJtNT236d21Gm23iqOOztA5ukQeukJtdIs6yEcUPaJn9IrerCfrxXq3PpatNauaOUV/YH3+AFrOmWM=</latexit>

Update local gradient estimate

$h_1^{k+1} = h_1^k + 

Init:
Compression operator C

<latexit sha1_base64="19jjPQe7Oqqkok6An4IbwPkn+kA=">AAACCnicbVC7TgJBFL2LL8TXqqXNKJhYkV0aLUloLDGRRwKEzA6zMGFmZzMza0I21Db+io2Fxtj6BXb+jbOwhYKnOjnn3Nx7TxBzpo3nfTuFjc2t7Z3ibmlv/+DwyD0+aWuZKEJbRHKpugHWlLOItgwznHZjRbEIOO0E00bmdx6o0kxG92YW04HA44iFjGBjpaF73pDCDugsgGRMFTZSoUqfYI4alZLF0C17VW8BtE78nJQhR3PofvVHkiSCRoZwrHXP92IzSLEyjHA6L/UTTWNMpnhMe5ZGWFA9SBevzNGlVUYotDeEMjJoof6eSLHQeiYCmxTYTPSql4n/eb3EhDeDlEVxYmhElovChCMjUdYLGjFFieEzSzBRzN6KyAQrTIxtLyvBX315nbRrVd+r+ne1ct3L6yjCGVzAFfhwDXW4hSa0gMAjPMMrvDlPzovz7nwsowUnnzmFP3A+fwAkWph+</latexit><latexit sha1_base64="19jjPQe7Oqqkok6An4IbwPkn+kA=">AAACCnicbVC7TgJBFL2LL8TXqqXNKJhYkV0aLUloLDGRRwKEzA6zMGFmZzMza0I21Db+io2Fxtj6BXb+jbOwhYKnOjnn3Nx7TxBzpo3nfTuFjc2t7Z3ibmlv/+DwyD0+aWuZKEJbRHKpugHWlLOItgwznHZjRbEIOO0E00bmdx6o0kxG92YW04HA44iFjGBjpaF73pDCDugsgGRMFTZSoUqfYI4alZLF0C17VW8BtE78nJQhR3PofvVHkiSCRoZwrHXP92IzSLEyjHA6L/UTTWNMpnhMe5ZGWFA9SBevzNGlVUYotDeEMjJoof6eSLHQeiYCmxTYTPSql4n/eb3EhDeDlEVxYmhElovChCMjUdYLGjFFieEzSzBRzN6KyAQrTIxtLyvBX315nbRrVd+r+ne1ct3L6yjCGVzAFfhwDXW4hSa0gMAjPMMrvDlPzovz7nwsowUnnzmFP3A+fwAkWph+</latexit><latexit sha1_base64="19jjPQe7Oqqkok6An4IbwPkn+kA=">AAACCnicbVC7TgJBFL2LL8TXqqXNKJhYkV0aLUloLDGRRwKEzA6zMGFmZzMza0I21Db+io2Fxtj6BXb+jbOwhYKnOjnn3Nx7TxBzpo3nfTuFjc2t7Z3ibmlv/+DwyD0+aWuZKEJbRHKpugHWlLOItgwznHZjRbEIOO0E00bmdx6o0kxG92YW04HA44iFjGBjpaF73pDCDugsgGRMFTZSoUqfYI4alZLF0C17VW8BtE78nJQhR3PofvVHkiSCRoZwrHXP92IzSLEyjHA6L/UTTWNMpnhMe5ZGWFA9SBevzNGlVUYotDeEMjJoof6eSLHQeiYCmxTYTPSql4n/eb3EhDeDlEVxYmhElovChCMjUdYLGjFFieEzSzBRzN6KyAQrTIxtLyvBX315nbRrVd+r+ne1ct3L6yjCGVzAFfhwDXW4hSa0gMAjPMMrvDlPzovz7nwsowUnnzmFP3A+fwAkWph+</latexit><latexit sha1_base64="19jjPQe7Oqqkok6An4IbwPkn+kA=">AAACCnicbVC7TgJBFL2LL8TXqqXNKJhYkV0aLUloLDGRRwKEzA6zMGFmZzMza0I21Db+io2Fxtj6BXb+jbOwhYKnOjnn3Nx7TxBzpo3nfTuFjc2t7Z3ibmlv/+DwyD0+aWuZKEJbRHKpugHWlLOItgwznHZjRbEIOO0E00bmdx6o0kxG92YW04HA44iFjGBjpaF73pDCDugsgGRMFTZSoUqfYI4alZLF0C17VW8BtE78nJQhR3PofvVHkiSCRoZwrHXP92IzSLEyjHA6L/UTTWNMpnhMe5ZGWFA9SBevzNGlVUYotDeEMjJoof6eSLHQeiYCmxTYTPSql4n/eb3EhDeDlEVxYmhElovChCMjUdYLGjFFieEzSzBRzN6KyAQrTIxtLyvBX315nbRrVd+r+ne1ct3L6yjCGVzAFfhwDXW4hSa0gMAjPMMrvDlPzovz7nwsowUnnzmFP3A+fwAkWph+</latexit>

Compression operator $

Model x0 2 Rd
<latexit sha1_base64="kq7N+idNWD1A5msJ7+oosFnippg=">AAACCHicbVC7TsMwFHXKq5RXgJEBixaJqXK6wFiJhQWpIPqQ2rRyHKe16jiR7SCqqCMLv8LCAEKsfAIbf4PTZoCWI13p6Jx7de89XsyZ0gh9W4WV1bX1jeJmaWt7Z3fP3j9oqSiRhDZJxCPZ8bCinAna1Exz2oklxaHHadsbX2Z++55KxSJxpycxdUM8FCxgBGsjDezj68inHFYe+qjHBOyFWI88L72d9v1KyWBgl1EVzQCXiZOTMsjRGNhfPT8iSUiFJhwr1XVQrN0US80Ip9NSL1E0xmSMh7RrqMAhVW46e2QKT43iwyCSpoSGM/X3RIpDpSahZzqzQ9Wil4n/ed1EBxduykScaCrIfFGQcKgjmKUCfSYp0XxiCCaSmVshGWGJiTbZZSE4iy8vk1at6qCqc1Mr11EeRxEcgRNwBhxwDurgCjRAExDwCJ7BK3iznqwX6936mLcWrHzmEPyB9fkDScqXfQ==</latexit><latexit sha1_base64="kq7N+idNWD1A5msJ7+oosFnippg=">AAACCHicbVC7TsMwFHXKq5RXgJEBixaJqXK6wFiJhQWpIPqQ2rRyHKe16jiR7SCqqCMLv8LCAEKsfAIbf4PTZoCWI13p6Jx7de89XsyZ0gh9W4WV1bX1jeJmaWt7Z3fP3j9oqSiRhDZJxCPZ8bCinAna1Exz2oklxaHHadsbX2Z++55KxSJxpycxdUM8FCxgBGsjDezj68inHFYe+qjHBOyFWI88L72d9v1KyWBgl1EVzQCXiZOTMsjRGNhfPT8iSUiFJhwr1XVQrN0US80Ip9NSL1E0xmSMh7RrqMAhVW46e2QKT43iwyCSpoSGM/X3RIpDpSahZzqzQ9Wil4n/ed1EBxduykScaCrIfFGQcKgjmKUCfSYp0XxiCCaSmVshGWGJiTbZZSE4iy8vk1at6qCqc1Mr11EeRxEcgRNwBhxwDurgCjRAExDwCJ7BK3iznqwX6936mLcWrHzmEPyB9fkDScqXfQ==</latexit><latexit sha1_base64="kq7N+idNWD1A5msJ7+oosFnippg=">AAACCHicbVC7TsMwFHXKq5RXgJEBixaJqXK6wFiJhQWpIPqQ2rRyHKe16jiR7SCqqCMLv8LCAEKsfAIbf4PTZoCWI13p6Jx7de89XsyZ0gh9W4WV1bX1jeJmaWt7Z3fP3j9oqSiRhDZJxCPZ8bCinAna1Exz2oklxaHHadsbX2Z++55KxSJxpycxdUM8FCxgBGsjDezj68inHFYe+qjHBOyFWI88L72d9v1KyWBgl1EVzQCXiZOTMsjRGNhfPT8iSUiFJhwr1XVQrN0US80Ip9NSL1E0xmSMh7RrqMAhVW46e2QKT43iwyCSpoSGM/X3RIpDpSahZzqzQ9Wil4n/ed1EBxduykScaCrIfFGQcKgjmKUCfSYp0XxiCCaSmVshGWGJiTbZZSE4iy8vk1at6qCqc1Mr11EeRxEcgRNwBhxwDurgCjRAExDwCJ7BK3iznqwX6936mLcWrHzmEPyB9fkDScqXfQ==</latexit><latexit sha1_base64="kq7N+idNWD1A5msJ7+oosFnippg=">AAACCHicbVC7TsMwFHXKq5RXgJEBixaJqXK6wFiJhQWpIPqQ2rRyHKe16jiR7SCqqCMLv8LCAEKsfAIbf4PTZoCWI13p6Jx7de89XsyZ0gh9W4WV1bX1jeJmaWt7Z3fP3j9oqSiRhDZJxCPZ8bCinAna1Exz2oklxaHHadsbX2Z++55KxSJxpycxdUM8FCxgBGsjDezj68inHFYe+qjHBOyFWI88L72d9v1KyWBgl1EVzQCXiZOTMsjRGNhfPT8iSUiFJhwr1XVQrN0US80Ip9NSL1E0xmSMh7RrqMAhVW46e2QKT43iwyCSpoSGM/X3RIpDpSahZzqzQ9Wil4n/ed1EBxduykScaCrIfFGQcKgjmKUCfSYp0XxiCCaSmVshGWGJiTbZZSE4iy8vk1at6qCqc1Mr11EeRxEcgRNwBhxwDurgCjRAExDwCJ7BK3iznqwX6936mLcWrHzmEPyB9fkDScqXfQ==</latexit>

Model $x^0

Gradient 

Stepsizes �,↵ > 0
<latexit sha1_base64="GndmNZNdKazQ/7Oop/8pRCskqg8=">AAACDHicbVC7TgJBFJ3FF64v1NJmIphYGLJLo5UhsbHEKI8ECLk7XGDCzO5mZtYECR9g46/YWGiMrR9g5984CxQKnmSSk3POzZ17glhwbTzv28msrK6tb2Q33a3tnd293P5BTUeJYlhlkYhUIwCNgodYNdwIbMQKQQYC68HwKvXr96g0j8I7M4qxLaEf8h5nYKzUyeVd99ZgrPkDalpo9UFKOKMtEPEALr2Cm8KmvKI3BV0m/pzkyRyVTu6r1Y1YIjE0TIDWTd+LTXsMynAmcOK2Eo0xsCH0sWlpCBJ1ezw9ZkJPrNKlvUjZFxo6VX9PjEFqPZKBTUowA73opeJ/XjMxvYv2mIdxYjBks0W9RFAT0bQZ2uUKmREjS4Apbv9K2QAUMGP7S0vwF09eJrVS0feK/k0pX/bmdWTJETkmp8Qn56RMrkmFVAkjj+SZvJI358l5cd6dj1k048xnDskfOJ8/Y8WX6A==</latexit><latexit sha1_base64="GndmNZNdKazQ/7Oop/8pRCskqg8=">AAACDHicbVC7TgJBFJ3FF64v1NJmIphYGLJLo5UhsbHEKI8ECLk7XGDCzO5mZtYECR9g46/YWGiMrR9g5984CxQKnmSSk3POzZ17glhwbTzv28msrK6tb2Q33a3tnd293P5BTUeJYlhlkYhUIwCNgodYNdwIbMQKQQYC68HwKvXr96g0j8I7M4qxLaEf8h5nYKzUyeVd99ZgrPkDalpo9UFKOKMtEPEALr2Cm8KmvKI3BV0m/pzkyRyVTu6r1Y1YIjE0TIDWTd+LTXsMynAmcOK2Eo0xsCH0sWlpCBJ1ezw9ZkJPrNKlvUjZFxo6VX9PjEFqPZKBTUowA73opeJ/XjMxvYv2mIdxYjBks0W9RFAT0bQZ2uUKmREjS4Apbv9K2QAUMGP7S0vwF09eJrVS0feK/k0pX/bmdWTJETkmp8Qn56RMrkmFVAkjj+SZvJI358l5cd6dj1k048xnDskfOJ8/Y8WX6A==</latexit><latexit sha1_base64="GndmNZNdKazQ/7Oop/8pRCskqg8=">AAACDHicbVC7TgJBFJ3FF64v1NJmIphYGLJLo5UhsbHEKI8ECLk7XGDCzO5mZtYECR9g46/YWGiMrR9g5984CxQKnmSSk3POzZ17glhwbTzv28msrK6tb2Q33a3tnd293P5BTUeJYlhlkYhUIwCNgodYNdwIbMQKQQYC68HwKvXr96g0j8I7M4qxLaEf8h5nYKzUyeVd99ZgrPkDalpo9UFKOKMtEPEALr2Cm8KmvKI3BV0m/pzkyRyVTu6r1Y1YIjE0TIDWTd+LTXsMynAmcOK2Eo0xsCH0sWlpCBJ1ezw9ZkJPrNKlvUjZFxo6VX9PjEFqPZKBTUowA73opeJ/XjMxvYv2mIdxYjBks0W9RFAT0bQZ2uUKmREjS4Apbv9K2QAUMGP7S0vwF09eJrVS0feK/k0pX/bmdWTJETkmp8Qn56RMrkmFVAkjj+SZvJI358l5cd6dj1k048xnDskfOJ8/Y8WX6A==</latexit><latexit sha1_base64="GndmNZNdKazQ/7Oop/8pRCskqg8=">AAACDHicbVC7TgJBFJ3FF64v1NJmIphYGLJLo5UhsbHEKI8ECLk7XGDCzO5mZtYECR9g46/YWGiMrR9g5984CxQKnmSSk3POzZ17glhwbTzv28msrK6tb2Q33a3tnd293P5BTUeJYlhlkYhUIwCNgodYNdwIbMQKQQYC68HwKvXr96g0j8I7M4qxLaEf8h5nYKzUyeVd99ZgrPkDalpo9UFKOKMtEPEALr2Cm8KmvKI3BV0m/pzkyRyVTu6r1Y1YIjE0TIDWTd+LTXsMynAmcOK2Eo0xsCH0sWlpCBJ1ezw9ZkJPrNKlvUjZFxo6VX9PjEFqPZKBTUowA73opeJ/XjMxvYv2mIdxYjBks0W9RFAT0bQZ2uUKmREjS4Apbv9K2QAUMGP7S0vwF09eJrVS0feK/k0pX/bmdWTJETkmp8Qn56RMrkmFVAkjj+SZvJI358l5cd6dj1k048xnDskfOJ8/Y8WX6A==</latexit>

Worker 1
Local function f1

<latexit sha1_base64="mofIuKa5aYu5juY11UlS+ia4Rpc=">AAACBHicbVC7TsNAEFyHVwgvA2WaEwkSVWSngTISDQVFkMhDSizrfDknp5zvrLszUmSloOFXaChAiJaPoONvsBMXkDDSSqOZXe3uBDFn2jjOt1Xa2Nza3invVvb2Dw6P7OOTrpaJIrRDJJeqH2BNORO0Y5jhtB8riqOA014wvc793gNVmklxb2Yx9SI8FixkBJtM8u3qrSSYozARJBdQPfTdemUJ3645DWcBtE7cgtSgQNu3v4YjSZKICkM41nrgOrHxUqwMI5zOK8NE0xiTKR7TQUYFjqj20sUTc3SeKSMUSpWVMGih/p5IcaT1LAqyzgibiV71cvE/b5CY8MpLmYgTQwVZLgoTjoxEeSJoxBQlhs8ygoli2a2ITLDCxGS55SG4qy+vk26z4ToN965ZazlFHGWowhlcgAuX0IIbaEMHCDzCM7zCm/VkvVjv1seytWQVM6fwB9bnD5gPlLo=</latexit><latexit sha1_base64="mofIuKa5aYu5juY11UlS+ia4Rpc=">AAACBHicbVC7TsNAEFyHVwgvA2WaEwkSVWSngTISDQVFkMhDSizrfDknp5zvrLszUmSloOFXaChAiJaPoONvsBMXkDDSSqOZXe3uBDFn2jjOt1Xa2Nza3invVvb2Dw6P7OOTrpaJIrRDJJeqH2BNORO0Y5jhtB8riqOA014wvc793gNVmklxb2Yx9SI8FixkBJtM8u3qrSSYozARJBdQPfTdemUJ3645DWcBtE7cgtSgQNu3v4YjSZKICkM41nrgOrHxUqwMI5zOK8NE0xiTKR7TQUYFjqj20sUTc3SeKSMUSpWVMGih/p5IcaT1LAqyzgibiV71cvE/b5CY8MpLmYgTQwVZLgoTjoxEeSJoxBQlhs8ygoli2a2ITLDCxGS55SG4qy+vk26z4ToN965ZazlFHGWowhlcgAuX0IIbaEMHCDzCM7zCm/VkvVjv1seytWQVM6fwB9bnD5gPlLo=</latexit><latexit sha1_base64="mofIuKa5aYu5juY11UlS+ia4Rpc=">AAACBHicbVC7TsNAEFyHVwgvA2WaEwkSVWSngTISDQVFkMhDSizrfDknp5zvrLszUmSloOFXaChAiJaPoONvsBMXkDDSSqOZXe3uBDFn2jjOt1Xa2Nza3invVvb2Dw6P7OOTrpaJIrRDJJeqH2BNORO0Y5jhtB8riqOA014wvc793gNVmklxb2Yx9SI8FixkBJtM8u3qrSSYozARJBdQPfTdemUJ3645DWcBtE7cgtSgQNu3v4YjSZKICkM41nrgOrHxUqwMI5zOK8NE0xiTKR7TQUYFjqj20sUTc3SeKSMUSpWVMGih/p5IcaT1LAqyzgibiV71cvE/b5CY8MpLmYgTQwVZLgoTjoxEeSJoxBQlhs8ygoli2a2ITLDCxGS55SG4qy+vk26z4ToN965ZazlFHGWowhlcgAuX0IIbaEMHCDzCM7zCm/VkvVjv1seytWQVM6fwB9bnD5gPlLo=</latexit><latexit sha1_base64="mofIuKa5aYu5juY11UlS+ia4Rpc=">AAACBHicbVC7TsNAEFyHVwgvA2WaEwkSVWSngTISDQVFkMhDSizrfDknp5zvrLszUmSloOFXaChAiJaPoONvsBMXkDDSSqOZXe3uBDFn2jjOt1Xa2Nza3invVvb2Dw6P7OOTrpaJIrRDJJeqH2BNORO0Y5jhtB8riqOA014wvc793gNVmklxb2Yx9SI8FixkBJtM8u3qrSSYozARJBdQPfTdemUJ3645DWcBtE7cgtSgQNu3v4YjSZKICkM41nrgOrHxUqwMI5zOK8NE0xiTKR7TQUYFjqj20sUTc3SeKSMUSpWVMGih/p5IcaT1LAqyzgibiV71cvE/b5CY8MpLmYgTQwVZLgoTjoxEeSJoxBQlhs8ygoli2a2ITLDCxGS55SG4qy+vk26z4ToN965ZazlFHGWowhlcgAuX0IIbaEMHCDzCM7zCm/VkvVjv1seytWQVM6fwB9bnD5gPlLo=</latexit>

Regularizer R
<latexit sha1_base64="+73LlgatLBDg7+5VJhQYi14rcxg=">AAAB/3icbVBNS8NAEN3Ur1q/ooIXL4ut4Kkkveix4MVjLfYD2lA220m7dLMJuxuhxh78K148KOLVv+HNf+OmzUFbHww83pthZp4fc6a043xbhbX1jc2t4nZpZ3dv/8A+PGqrKJEUWjTikez6RAFnAlqaaQ7dWAIJfQ4df3Kd+Z17kIpF4k5PY/BCMhIsYJRoIw3skyaMEk4kewCJK81KaYGBXXaqzhx4lbg5KaMcjYH91R9GNAlBaMqJUj3XibWXEqkZ5TAr9RMFMaETMoKeoYKEoLx0fv8MnxtliINImhIaz9XfEykJlZqGvukMiR6rZS8T//N6iQ6uvJSJONEg6GJRkHCsI5yFgYdMAtV8agihkplbMR0TSag2kWUhuMsvr5J2reo6Vfe2Vq47eRxFdIrO0AVy0SWqoxvUQC1E0SN6Rq/ozXqyXqx362PRWrDymWP0B9bnD2L0kv8=</latexit><latexit sha1_base64="+73LlgatLBDg7+5VJhQYi14rcxg=">AAAB/3icbVBNS8NAEN3Ur1q/ooIXL4ut4Kkkveix4MVjLfYD2lA220m7dLMJuxuhxh78K148KOLVv+HNf+OmzUFbHww83pthZp4fc6a043xbhbX1jc2t4nZpZ3dv/8A+PGqrKJEUWjTikez6RAFnAlqaaQ7dWAIJfQ4df3Kd+Z17kIpF4k5PY/BCMhIsYJRoIw3skyaMEk4kewCJK81KaYGBXXaqzhx4lbg5KaMcjYH91R9GNAlBaMqJUj3XibWXEqkZ5TAr9RMFMaETMoKeoYKEoLx0fv8MnxtliINImhIaz9XfEykJlZqGvukMiR6rZS8T//N6iQ6uvJSJONEg6GJRkHCsI5yFgYdMAtV8agihkplbMR0TSag2kWUhuMsvr5J2reo6Vfe2Vq47eRxFdIrO0AVy0SWqoxvUQC1E0SN6Rq/ozXqyXqx362PRWrDymWP0B9bnD2L0kv8=</latexit><latexit sha1_base64="+73LlgatLBDg7+5VJhQYi14rcxg=">AAAB/3icbVBNS8NAEN3Ur1q/ooIXL4ut4Kkkveix4MVjLfYD2lA220m7dLMJuxuhxh78K148KOLVv+HNf+OmzUFbHww83pthZp4fc6a043xbhbX1jc2t4nZpZ3dv/8A+PGqrKJEUWjTikez6RAFnAlqaaQ7dWAIJfQ4df3Kd+Z17kIpF4k5PY/BCMhIsYJRoIw3skyaMEk4kewCJK81KaYGBXXaqzhx4lbg5KaMcjYH91R9GNAlBaMqJUj3XibWXEqkZ5TAr9RMFMaETMoKeoYKEoLx0fv8MnxtliINImhIaz9XfEykJlZqGvukMiR6rZS8T//N6iQ6uvJSJONEg6GJRkHCsI5yFgYdMAtV8agihkplbMR0TSag2kWUhuMsvr5J2reo6Vfe2Vq47eRxFdIrO0AVy0SWqoxvUQC1E0SN6Rq/ozXqyXqx362PRWrDymWP0B9bnD2L0kv8=</latexit><latexit sha1_base64="+73LlgatLBDg7+5VJhQYi14rcxg=">AAAB/3icbVBNS8NAEN3Ur1q/ooIXL4ut4Kkkveix4MVjLfYD2lA220m7dLMJuxuhxh78K148KOLVv+HNf+OmzUFbHww83pthZp4fc6a043xbhbX1jc2t4nZpZ3dv/8A+PGqrKJEUWjTikez6RAFnAlqaaQ7dWAIJfQ4df3Kd+Z17kIpF4k5PY/BCMhIsYJRoIw3skyaMEk4kewCJK81KaYGBXXaqzhx4lbg5KaMcjYH91R9GNAlBaMqJUj3XibWXEqkZ5TAr9RMFMaETMoKeoYKEoLx0fv8MnxtliINImhIaz9XfEykJlZqGvukMiR6rZS8T//N6iQ6uvJSJONEg6GJRkHCsI5yFgYdMAtV8agihkplbMR0TSag2kWUhuMsvr5J2reo6Vfe2Vq47eRxFdIrO0AVy0SWqoxvUQC1E0SN6Rq/ozXqyXqx362PRWrDymWP0B9bnD2L0kv8=</latexit>

Parameters:

Stepsize ↵ > 0
<latexit sha1_base64="/Sh/WPpgBqaa7lVME6yViycxHV0=">AAACDnicbVC7TsNAEDyHVzAvAyXNiSQSVXROAxWKREMZBHlIiRWdL+vklPPZujsjhShfQMOv0FCAEC01HX+DnbiAhJFWGs3sanfHjwXXhpBvq7C2vrG5Vdy2d3b39g+cw6OWjhLFoMkiEamOTzUILqFpuBHQiRXQ0BfQ9sdXmd++B6V5JO/MJAYvpEPJA86oSaW+U7FvDcSaPwAu96iIR/SSlO1l9J0SqZI58Cpxc1JCORp956s3iFgSgjRMUK27LomNN6XKcCZgZvcSDTFlYzqEbkolDUF70/k7M1xJlQEOIpWWNHiu/p6Y0lDrSeinnSE1I73sZeJ/XjcxwYU35TJODEi2WBQkApsIZ9ngAVfAjJikhDLF01sxG1FFmUkTzEJwl19eJa1a1SVV96ZWqpM8jiI6QafoDLnoHNXRNWqgJmLoET2jV/RmPVkv1rv1sWgtWPnMMfoD6/MHkraVTA==</latexit><latexit sha1_base64="/Sh/WPpgBqaa7lVME6yViycxHV0=">AAACDnicbVC7TsNAEDyHVzAvAyXNiSQSVXROAxWKREMZBHlIiRWdL+vklPPZujsjhShfQMOv0FCAEC01HX+DnbiAhJFWGs3sanfHjwXXhpBvq7C2vrG5Vdy2d3b39g+cw6OWjhLFoMkiEamOTzUILqFpuBHQiRXQ0BfQ9sdXmd++B6V5JO/MJAYvpEPJA86oSaW+U7FvDcSaPwAu96iIR/SSlO1l9J0SqZI58Cpxc1JCORp956s3iFgSgjRMUK27LomNN6XKcCZgZvcSDTFlYzqEbkolDUF70/k7M1xJlQEOIpWWNHiu/p6Y0lDrSeinnSE1I73sZeJ/XjcxwYU35TJODEi2WBQkApsIZ9ngAVfAjJikhDLF01sxG1FFmUkTzEJwl19eJa1a1SVV96ZWqpM8jiI6QafoDLnoHNXRNWqgJmLoET2jV/RmPVkv1rv1sWgtWPnMMfoD6/MHkraVTA==</latexit><latexit sha1_base64="/Sh/WPpgBqaa7lVME6yViycxHV0=">AAACDnicbVC7TsNAEDyHVzAvAyXNiSQSVXROAxWKREMZBHlIiRWdL+vklPPZujsjhShfQMOv0FCAEC01HX+DnbiAhJFWGs3sanfHjwXXhpBvq7C2vrG5Vdy2d3b39g+cw6OWjhLFoMkiEamOTzUILqFpuBHQiRXQ0BfQ9sdXmd++B6V5JO/MJAYvpEPJA86oSaW+U7FvDcSaPwAu96iIR/SSlO1l9J0SqZI58Cpxc1JCORp956s3iFgSgjRMUK27LomNN6XKcCZgZvcSDTFlYzqEbkolDUF70/k7M1xJlQEOIpWWNHiu/p6Y0lDrSeinnSE1I73sZeJ/XjcxwYU35TJODEi2WBQkApsIZ9ngAVfAjJikhDLF01sxG1FFmUkTzEJwl19eJa1a1SVV96ZWqpM8jiI6QafoDLnoHNXRNWqgJmLoET2jV/RmPVkv1rv1sWgtWPnMMfoD6/MHkraVTA==</latexit><latexit sha1_base64="/Sh/WPpgBqaa7lVME6yViycxHV0=">AAACDnicbVC7TsNAEDyHVzAvAyXNiSQSVXROAxWKREMZBHlIiRWdL+vklPPZujsjhShfQMOv0FCAEC01HX+DnbiAhJFWGs3sanfHjwXXhpBvq7C2vrG5Vdy2d3b39g+cw6OWjhLFoMkiEamOTzUILqFpuBHQiRXQ0BfQ9sdXmd++B6V5JO/MJAYvpEPJA86oSaW+U7FvDcSaPwAu96iIR/SSlO1l9J0SqZI58Cpxc1JCORp956s3iFgSgjRMUK27LomNN6XKcCZgZvcSDTFlYzqEbkolDUF70/k7M1xJlQEOIpWWNHiu/p6Y0lDrSeinnSE1I73sZeJ/XjcxwYU35TJODEi2WBQkApsIZ9ngAVfAjJikhDLF01sxG1FFmUkTzEJwl19eJa1a1SVV96ZWqpM8jiI6QafoDLnoHNXRNWqgJmLoET2jV/RmPVkv1rv1sWgtWPnMMfoD6/MHkraVTA==</latexit>

Gradient estimates h0
1, h

0
2 2 Rd

<latexit sha1_base64="412XsbUhYQrHnXE3i8G2bOaQpIQ=">AAACLXicbVDJSgNBEO2JW4zbqEcvjYngQUJPLnoMKOgxilkgy9DTU0ma9Cx09whhyA958VdE8BARr/6GPUkOmvig4PFeFVX1vFhwpQmZWrm19Y3Nrfx2YWd3b//APjxqqCiRDOosEpFseVSB4CHUNdcCWrEEGngCmt7oOvObTyAVj8JHPY6hG9BByPucUW0k1765ldTnEGoMSvOAalC4NHSdHrnAQ7fSI7jDQ9wxxtDz0odJzy8VVuDaRVImM+BV4ixIES1Qc+23jh+xJDB7maBKtR0S625KpeZMwKTQSRTElI3oANqGhjQA1U1n307wmVF83I+kKXP3TP09kdJAqXHgmc7sbLXsZeJ/XjvR/atuysM40RCy+aJ+IrCOcBYd9rkEpsXYEMokN7diNqSSMm0CzkJwll9eJY1K2SFl575SrJJFHHl0gk7ROXLQJaqiO1RDdcTQM3pFU/RhvVjv1qf1NW/NWYuZY/QH1vcPWVShGg==</latexit><latexit sha1_base64="412XsbUhYQrHnXE3i8G2bOaQpIQ=">AAACLXicbVDJSgNBEO2JW4zbqEcvjYngQUJPLnoMKOgxilkgy9DTU0ma9Cx09whhyA958VdE8BARr/6GPUkOmvig4PFeFVX1vFhwpQmZWrm19Y3Nrfx2YWd3b//APjxqqCiRDOosEpFseVSB4CHUNdcCWrEEGngCmt7oOvObTyAVj8JHPY6hG9BByPucUW0k1765ldTnEGoMSvOAalC4NHSdHrnAQ7fSI7jDQ9wxxtDz0odJzy8VVuDaRVImM+BV4ixIES1Qc+23jh+xJDB7maBKtR0S625KpeZMwKTQSRTElI3oANqGhjQA1U1n307wmVF83I+kKXP3TP09kdJAqXHgmc7sbLXsZeJ/XjvR/atuysM40RCy+aJ+IrCOcBYd9rkEpsXYEMokN7diNqSSMm0CzkJwll9eJY1K2SFl575SrJJFHHl0gk7ROXLQJaqiO1RDdcTQM3pFU/RhvVjv1qf1NW/NWYuZY/QH1vcPWVShGg==</latexit><latexit sha1_base64="412XsbUhYQrHnXE3i8G2bOaQpIQ=">AAACLXicbVDJSgNBEO2JW4zbqEcvjYngQUJPLnoMKOgxilkgy9DTU0ma9Cx09whhyA958VdE8BARr/6GPUkOmvig4PFeFVX1vFhwpQmZWrm19Y3Nrfx2YWd3b//APjxqqCiRDOosEpFseVSB4CHUNdcCWrEEGngCmt7oOvObTyAVj8JHPY6hG9BByPucUW0k1765ldTnEGoMSvOAalC4NHSdHrnAQ7fSI7jDQ9wxxtDz0odJzy8VVuDaRVImM+BV4ixIES1Qc+23jh+xJDB7maBKtR0S625KpeZMwKTQSRTElI3oANqGhjQA1U1n307wmVF83I+kKXP3TP09kdJAqXHgmc7sbLXsZeJ/XjvR/atuysM40RCy+aJ+IrCOcBYd9rkEpsXYEMokN7diNqSSMm0CzkJwll9eJY1K2SFl575SrJJFHHl0gk7ROXLQJaqiO1RDdcTQM3pFU/RhvVjv1qf1NW/NWYuZY/QH1vcPWVShGg==</latexit><latexit sha1_base64="412XsbUhYQrHnXE3i8G2bOaQpIQ=">AAACLXicbVDJSgNBEO2JW4zbqEcvjYngQUJPLnoMKOgxilkgy9DTU0ma9Cx09whhyA958VdE8BARr/6GPUkOmvig4PFeFVX1vFhwpQmZWrm19Y3Nrfx2YWd3b//APjxqqCiRDOosEpFseVSB4CHUNdcCWrEEGngCmt7oOvObTyAVj8JHPY6hG9BByPucUW0k1765ldTnEGoMSvOAalC4NHSdHrnAQ7fSI7jDQ9wxxtDz0odJzy8VVuDaRVImM+BV4ixIES1Qc+23jh+xJDB7maBKtR0S625KpeZMwKTQSRTElI3oANqGhjQA1U1n307wmVF83I+kKXP3TP09kdJAqXHgmc7sbLXsZeJ/XjvR/atuysM40RCy+aJ+IrCOcBYd9rkEpsXYEMokN7diNqSSMm0CzkJwll9eJY1K2SFl575SrJJFHHl0gk7ROXLQJaqiO1RDdcTQM3pFU/RhvVjv1qf1NW/NWYuZY/QH1vcPWVShGg==</latexit>

Gradient estimate h0
1 ⇡ rf1(x0) 2 Rd

<latexit sha1_base64="qxcjPp41MNCHj+cUBn5fVBkDvTI="></latexit><latexit sha1_base64="qxcjPp41MNCHj+cUBn5fVBkDvTI="></latexit><latexit sha1_base64="qxcjPp41MNCHj+cUBn5fVBkDvTI="></latexit><latexit sha1_base64="qxcjPp41MNCHj+cUBn5fVBkDvTI="></latexit>

3

Update master's copies of local gradient estimates

5 Take a prox-gradient step
<latexit sha1_base64="V8upR1FNNyrxqpvCJzav+DkBxoE=">AAACF3icbVA9TwJBEN3DL8Qv1NJmIzGx8XJHoyWJjSUmfCVAyNwyBxv2bi+7e0ZC+Bc2/hUbC42x1c5/4wJXKPCSTV7em5mdeUEiuDae9+PkNja3tnfyu4W9/YPDo+LxSUPLVDGsMymkagWgUfAY64Ybga1EIUSBwGYwup35zQdUmsu4ZsYJdiMYxDzkDIyVekW3BiOkQBMlH68GCvocY0O1waSwDr1iyXO9Oegq8TNSIhmqveJ3py9ZGtmpTIDWbd9LTHcCynAmcFropBoTYCMYYNvSGCLU3cn8rim9sEqfhlLZZ7eaq387JhBpPY4CWxmBGeplbyau89qpCW+6Ex4nqcGYLT4KU0GNpLOQaJ8rZEaMLQGmuN2VsiEoYMZGOQvBXz55lTTKru+5/n25VPGyOPLkjJyTS+KTa1Ihd6RK6oSRJ/JC3si78+y8Oh/O56I052Q9p+QfnK9frUCYew==</latexit><latexit sha1_base64="V8upR1FNNyrxqpvCJzav+DkBxoE=">AAACF3icbVA9TwJBEN3DL8Qv1NJmIzGx8XJHoyWJjSUmfCVAyNwyBxv2bi+7e0ZC+Bc2/hUbC42x1c5/4wJXKPCSTV7em5mdeUEiuDae9+PkNja3tnfyu4W9/YPDo+LxSUPLVDGsMymkagWgUfAY64Ybga1EIUSBwGYwup35zQdUmsu4ZsYJdiMYxDzkDIyVekW3BiOkQBMlH68GCvocY0O1waSwDr1iyXO9Oegq8TNSIhmqveJ3py9ZGtmpTIDWbd9LTHcCynAmcFropBoTYCMYYNvSGCLU3cn8rim9sEqfhlLZZ7eaq387JhBpPY4CWxmBGeplbyau89qpCW+6Ex4nqcGYLT4KU0GNpLOQaJ8rZEaMLQGmuN2VsiEoYMZGOQvBXz55lTTKru+5/n25VPGyOPLkjJyTS+KTa1Ihd6RK6oSRJ/JC3si78+y8Oh/O56I052Q9p+QfnK9frUCYew==</latexit><latexit sha1_base64="V8upR1FNNyrxqpvCJzav+DkBxoE=">AAACF3icbVA9TwJBEN3DL8Qv1NJmIzGx8XJHoyWJjSUmfCVAyNwyBxv2bi+7e0ZC+Bc2/hUbC42x1c5/4wJXKPCSTV7em5mdeUEiuDae9+PkNja3tnfyu4W9/YPDo+LxSUPLVDGsMymkagWgUfAY64Ybga1EIUSBwGYwup35zQdUmsu4ZsYJdiMYxDzkDIyVekW3BiOkQBMlH68GCvocY0O1waSwDr1iyXO9Oegq8TNSIhmqveJ3py9ZGtmpTIDWbd9LTHcCynAmcFropBoTYCMYYNvSGCLU3cn8rim9sEqfhlLZZ7eaq387JhBpPY4CWxmBGeplbyau89qpCW+6Ex4nqcGYLT4KU0GNpLOQaJ8rZEaMLQGmuN2VsiEoYMZGOQvBXz55lTTKru+5/n25VPGyOPLkjJyTS+KTa1Ihd6RK6oSRJ/JC3si78+y8Oh/O56I052Q9p+QfnK9frUCYew==</latexit><latexit sha1_base64="V8upR1FNNyrxqpvCJzav+DkBxoE=">AAACF3icbVA9TwJBEN3DL8Qv1NJmIzGx8XJHoyWJjSUmfCVAyNwyBxv2bi+7e0ZC+Bc2/hUbC42x1c5/4wJXKPCSTV7em5mdeUEiuDae9+PkNja3tnfyu4W9/YPDo+LxSUPLVDGsMymkagWgUfAY64Ybga1EIUSBwGYwup35zQdUmsu4ZsYJdiMYxDzkDIyVekW3BiOkQBMlH68GCvocY0O1waSwDr1iyXO9Oegq8TNSIhmqveJ3py9ZGtmpTIDWbd9LTHcCynAmcFropBoTYCMYYNvSGCLU3cn8rim9sEqfhlLZZ7eaq387JhBpPY4CWxmBGeplbyau89qpCW+6Ex4nqcGYLT4KU0GNpLOQaJ8rZEaMLQGmuN2VsiEoYMZGOQvBXz55lTTKru+5/n25VPGyOPLkjJyTS+KTa1Ihd6RK6oSRJ/JC3si78+y8Oh/O56I052Q9p+QfnK9frUCYew==</latexit>

xk+1 = prox�R(x
k � �gk)

<latexit sha1_base64="EF6gsumIlJ8AB7/aaiwjVvfBrZ0="></latexit><latexit sha1_base64="EF6gsumIlJ8AB7/aaiwjVvfBrZ0="></latexit><latexit sha1_base64="EF6gsumIlJ8AB7/aaiwjVvfBrZ0="></latexit><latexit sha1_base64="EF6gsumIlJ8AB7/aaiwjVvfBrZ0="></latexit>

send to 
master�k

1 = C(gk1 � hk
1)

<latexit sha1_base64="Jvqg/7dMlQfcxrkmBnM411vc6ik=">AAACMnicbVDLSgMxFM3UV62vUZdugq1QF5aZbnQjFOpCdxXsAzq1ZNLbNjTzIMkIZZhvcuOXCC50oYhbP8JMOwutPRByOOfem5vjhpxJZVmvRm5ldW19I79Z2Nre2d0z9w9aMogEhSYNeCA6LpHAmQ9NxRSHTiiAeC6Htjupp377AYRkgX+npiH0PDLy2ZBRorTUN29KsTObEgsYJM4VcEX69v0kwZdYO4TjelIepQo+w+P0Pi0VlqJvFq2KNQP+T+yMFFGGRt98dgYBjTzwFeVEyq5thaoXE6EY5ZAUnEhCSOiEjKCrqU88kL14tmyCT7QywMNA6OMrPFN/d8TEk3LqubrSI2osF71UXOZ1IzW86MXMDyMFPp0/NIw4VgFO88MDJoAqPtWEUMH0rpiOiSBU6ZTTEOzFL/8nrWrFtir2bbVYs7I48ugIHaMystE5qqFr1EBNRNEjekHv6MN4Mt6MT+NrXpozsp5D9AfG9w/OLaF9</latexit><latexit sha1_base64="Jvqg/7dMlQfcxrkmBnM411vc6ik=">AAACMnicbVDLSgMxFM3UV62vUZdugq1QF5aZbnQjFOpCdxXsAzq1ZNLbNjTzIMkIZZhvcuOXCC50oYhbP8JMOwutPRByOOfem5vjhpxJZVmvRm5ldW19I79Z2Nre2d0z9w9aMogEhSYNeCA6LpHAmQ9NxRSHTiiAeC6Htjupp377AYRkgX+npiH0PDLy2ZBRorTUN29KsTObEgsYJM4VcEX69v0kwZdYO4TjelIepQo+w+P0Pi0VlqJvFq2KNQP+T+yMFFGGRt98dgYBjTzwFeVEyq5thaoXE6EY5ZAUnEhCSOiEjKCrqU88kL14tmyCT7QywMNA6OMrPFN/d8TEk3LqubrSI2osF71UXOZ1IzW86MXMDyMFPp0/NIw4VgFO88MDJoAqPtWEUMH0rpiOiSBU6ZTTEOzFL/8nrWrFtir2bbVYs7I48ugIHaMystE5qqFr1EBNRNEjekHv6MN4Mt6MT+NrXpozsp5D9AfG9w/OLaF9</latexit><latexit sha1_base64="Jvqg/7dMlQfcxrkmBnM411vc6ik=">AAACMnicbVDLSgMxFM3UV62vUZdugq1QF5aZbnQjFOpCdxXsAzq1ZNLbNjTzIMkIZZhvcuOXCC50oYhbP8JMOwutPRByOOfem5vjhpxJZVmvRm5ldW19I79Z2Nre2d0z9w9aMogEhSYNeCA6LpHAmQ9NxRSHTiiAeC6Htjupp377AYRkgX+npiH0PDLy2ZBRorTUN29KsTObEgsYJM4VcEX69v0kwZdYO4TjelIepQo+w+P0Pi0VlqJvFq2KNQP+T+yMFFGGRt98dgYBjTzwFeVEyq5thaoXE6EY5ZAUnEhCSOiEjKCrqU88kL14tmyCT7QywMNA6OMrPFN/d8TEk3LqubrSI2osF71UXOZ1IzW86MXMDyMFPp0/NIw4VgFO88MDJoAqPtWEUMH0rpiOiSBU6ZTTEOzFL/8nrWrFtir2bbVYs7I48ugIHaMystE5qqFr1EBNRNEjekHv6MN4Mt6MT+NrXpozsp5D9AfG9w/OLaF9</latexit><latexit sha1_base64="Jvqg/7dMlQfcxrkmBnM411vc6ik=">AAACMnicbVDLSgMxFM3UV62vUZdugq1QF5aZbnQjFOpCdxXsAzq1ZNLbNjTzIMkIZZhvcuOXCC50oYhbP8JMOwutPRByOOfem5vjhpxJZVmvRm5ldW19I79Z2Nre2d0z9w9aMogEhSYNeCA6LpHAmQ9NxRSHTiiAeC6Htjupp377AYRkgX+npiH0PDLy2ZBRorTUN29KsTObEgsYJM4VcEX69v0kwZdYO4TjelIepQo+w+P0Pi0VlqJvFq2KNQP+T+yMFFGGRt98dgYBjTzwFeVEyq5thaoXE6EY5ZAUnEhCSOiEjKCrqU88kL14tmyCT7QywMNA6OMrPFN/d8TEk3LqubrSI2osF71UXOZ1IzW86MXMDyMFPp0/NIw4VgFO88MDJoAqPtWEUMH0rpiOiSBU6ZTTEOzFL/8nrWrFtir2bbVYs7I48ugIHaMystE5qqFr1EBNRNEjekHv6MN4Mt6MT+NrXpozsp5D9AfG9w/OLaF9</latexit>

hk+1
1 = hk

1 + ↵�k
1

<latexit sha1_base64="JRRUmTu3i3B4hmCcC6fI86Hwtts=">AAACNnicdVDLSgNBEJz1GeMr6tHLYCIIgbCbi16EgB68CBHMA7Ix9E46yZDZBzOzQlj2q7z4Hd5y8aCIVz/B3U0OmmhBQ1HVTXeXEwiutGlOjZXVtfWNzdxWfntnd2+/cHDYVH4oGTaYL3zZdkCh4B42NNcC24FEcB2BLWd8lfqtR5SK+969ngTYdWHo8QFnoBOpV7gtjXrWQzQuWzG9pCkf0zK1QQQjoJGdLYgk9mP7GoWG1I9L+f/QKxTNipmBLhNrTopkjnqv8GL3fRa66GkmQKmOZQa6G4HUnAmM83aoMAA2hiF2EuqBi6obZVfF9DRR+nTgy6Q8TTP150QErlIT10k6XdAjteil4l9eJ9SDi27EvSDU6LHZokEoqPZpmiHtc4lMi0lCgEme3ErZCCQwnSSdhmAtvrxMmtWKZVasu2qxZs7jyJFjckLOiEXOSY3ckDppEEaeyJS8kXfj2Xg1PozPWeuKMZ85Ir9gfH0Dn/OiYA==</latexit><latexit sha1_base64="JRRUmTu3i3B4hmCcC6fI86Hwtts=">AAACNnicdVDLSgNBEJz1GeMr6tHLYCIIgbCbi16EgB68CBHMA7Ix9E46yZDZBzOzQlj2q7z4Hd5y8aCIVz/B3U0OmmhBQ1HVTXeXEwiutGlOjZXVtfWNzdxWfntnd2+/cHDYVH4oGTaYL3zZdkCh4B42NNcC24FEcB2BLWd8lfqtR5SK+969ngTYdWHo8QFnoBOpV7gtjXrWQzQuWzG9pCkf0zK1QQQjoJGdLYgk9mP7GoWG1I9L+f/QKxTNipmBLhNrTopkjnqv8GL3fRa66GkmQKmOZQa6G4HUnAmM83aoMAA2hiF2EuqBi6obZVfF9DRR+nTgy6Q8TTP150QErlIT10k6XdAjteil4l9eJ9SDi27EvSDU6LHZokEoqPZpmiHtc4lMi0lCgEme3ErZCCQwnSSdhmAtvrxMmtWKZVasu2qxZs7jyJFjckLOiEXOSY3ckDppEEaeyJS8kXfj2Xg1PozPWeuKMZ85Ir9gfH0Dn/OiYA==</latexit><latexit sha1_base64="JRRUmTu3i3B4hmCcC6fI86Hwtts=">AAACNnicdVDLSgNBEJz1GeMr6tHLYCIIgbCbi16EgB68CBHMA7Ix9E46yZDZBzOzQlj2q7z4Hd5y8aCIVz/B3U0OmmhBQ1HVTXeXEwiutGlOjZXVtfWNzdxWfntnd2+/cHDYVH4oGTaYL3zZdkCh4B42NNcC24FEcB2BLWd8lfqtR5SK+969ngTYdWHo8QFnoBOpV7gtjXrWQzQuWzG9pCkf0zK1QQQjoJGdLYgk9mP7GoWG1I9L+f/QKxTNipmBLhNrTopkjnqv8GL3fRa66GkmQKmOZQa6G4HUnAmM83aoMAA2hiF2EuqBi6obZVfF9DRR+nTgy6Q8TTP150QErlIT10k6XdAjteil4l9eJ9SDi27EvSDU6LHZokEoqPZpmiHtc4lMi0lCgEme3ErZCCQwnSSdhmAtvrxMmtWKZVasu2qxZs7jyJFjckLOiEXOSY3ckDppEEaeyJS8kXfj2Xg1PozPWeuKMZ85Ir9gfH0Dn/OiYA==</latexit><latexit sha1_base64="JRRUmTu3i3B4hmCcC6fI86Hwtts=">AAACNnicdVDLSgNBEJz1GeMr6tHLYCIIgbCbi16EgB68CBHMA7Ix9E46yZDZBzOzQlj2q7z4Hd5y8aCIVz/B3U0OmmhBQ1HVTXeXEwiutGlOjZXVtfWNzdxWfntnd2+/cHDYVH4oGTaYL3zZdkCh4B42NNcC24FEcB2BLWd8lfqtR5SK+969ngTYdWHo8QFnoBOpV7gtjXrWQzQuWzG9pCkf0zK1QQQjoJGdLYgk9mP7GoWG1I9L+f/QKxTNipmBLhNrTopkjnqv8GL3fRa66GkmQKmOZQa6G4HUnAmM83aoMAA2hiF2EuqBi6obZVfF9DRR+nTgy6Q8TTP150QErlIT10k6XdAjteil4l9eJ9SDi27EvSDU6LHZokEoqPZpmiHtc4lMi0lCgEme3ErZCCQwnSSdhmAtvrxMmtWKZVasu2qxZs7jyJFjckLOiEXOSY3ckDppEEaeyJS8kXfj2Xg1PozPWeuKMZ85Ir9gfH0Dn/OiYA==</latexit>

Init:
Parameter:

Data:

Iterate for k = 0, 1, …

1

2
Compress gradient di↵erence

<latexit sha1_base64="nx0bOAVwJ3Um4OXXRwlcRLhW4gc=">AAACBnicbVDLSgMxFM3UV62vUZciBIvgqsx0o8tCNy4r2Ae0Q8lk7rShyWRIMkIZunLjr7hxoYhbv8Gdf2PazkJbDwQO5z5yzwlTzrTxvG+ntLG5tb1T3q3s7R8cHrnHJx0tM0WhTSWXqhcSDZwl0DbMcOilCogIOXTDSXNe7z6A0kwm92aaQiDIKGExo8RYaeieN6WwA1rjkSIRg8TgiMUxKEgo4KFb9WreAnid+AWpogKtofs1iCTNhN1DOdG673upCXKiDKMcZpVBpiEldEJG0Lc0IQJ0kC9szPClVSIcS2WfvWOh/p7IidB6KkLbKYgZ69XaXPyv1s9MfBPkLEkzY20tP4ozjo3E80ysYwXU8KklhCpmb8V0TBShxiZXsSH4q5bXSade872af1evNrwijjI6QxfoCvnoGjXQLWqhNqLoET2jV/TmPDkvzrvzsWwtOcXMKfoD5/MHAbiYvg==</latexit><latexit sha1_base64="nx0bOAVwJ3Um4OXXRwlcRLhW4gc=">AAACBnicbVDLSgMxFM3UV62vUZciBIvgqsx0o8tCNy4r2Ae0Q8lk7rShyWRIMkIZunLjr7hxoYhbv8Gdf2PazkJbDwQO5z5yzwlTzrTxvG+ntLG5tb1T3q3s7R8cHrnHJx0tM0WhTSWXqhcSDZwl0DbMcOilCogIOXTDSXNe7z6A0kwm92aaQiDIKGExo8RYaeieN6WwA1rjkSIRg8TgiMUxKEgo4KFb9WreAnid+AWpogKtofs1iCTNhN1DOdG673upCXKiDKMcZpVBpiEldEJG0Lc0IQJ0kC9szPClVSIcS2WfvWOh/p7IidB6KkLbKYgZ69XaXPyv1s9MfBPkLEkzY20tP4ozjo3E80ysYwXU8KklhCpmb8V0TBShxiZXsSH4q5bXSade872af1evNrwijjI6QxfoCvnoGjXQLWqhNqLoET2jV/TmPDkvzrvzsWwtOcXMKfoD5/MHAbiYvg==</latexit><latexit sha1_base64="nx0bOAVwJ3Um4OXXRwlcRLhW4gc=">AAACBnicbVDLSgMxFM3UV62vUZciBIvgqsx0o8tCNy4r2Ae0Q8lk7rShyWRIMkIZunLjr7hxoYhbv8Gdf2PazkJbDwQO5z5yzwlTzrTxvG+ntLG5tb1T3q3s7R8cHrnHJx0tM0WhTSWXqhcSDZwl0DbMcOilCogIOXTDSXNe7z6A0kwm92aaQiDIKGExo8RYaeieN6WwA1rjkSIRg8TgiMUxKEgo4KFb9WreAnid+AWpogKtofs1iCTNhN1DOdG673upCXKiDKMcZpVBpiEldEJG0Lc0IQJ0kC9szPClVSIcS2WfvWOh/p7IidB6KkLbKYgZ69XaXPyv1s9MfBPkLEkzY20tP4ozjo3E80ysYwXU8KklhCpmb8V0TBShxiZXsSH4q5bXSade872af1evNrwijjI6QxfoCvnoGjXQLWqhNqLoET2jV/TmPDkvzrvzsWwtOcXMKfoD5/MHAbiYvg==</latexit><latexit sha1_base64="nx0bOAVwJ3Um4OXXRwlcRLhW4gc=">AAACBnicbVDLSgMxFM3UV62vUZciBIvgqsx0o8tCNy4r2Ae0Q8lk7rShyWRIMkIZunLjr7hxoYhbv8Gdf2PazkJbDwQO5z5yzwlTzrTxvG+ntLG5tb1T3q3s7R8cHrnHJx0tM0WhTSWXqhcSDZwl0DbMcOilCogIOXTDSXNe7z6A0kwm92aaQiDIKGExo8RYaeieN6WwA1rjkSIRg8TgiMUxKEgo4KFb9WreAnid+AWpogKtofs1iCTNhN1DOdG673upCXKiDKMcZpVBpiEldEJG0Lc0IQJ0kC9szPClVSIcS2WfvWOh/p7IidB6KkLbKYgZ69XaXPyv1s9MfBPkLEkzY20tP4ozjo3E80ysYwXU8KklhCpmb8V0TBShxiZXsSH4q5bXSade872af1evNrwijjI6QxfoCvnoGjXQLWqhNqLoET2jV/TmPDkvzrvzsWwtOcXMKfoD5/MHAbiYvg==</latexit>

3 Update local gradient estimate
<latexit sha1_base64="HkpGzkHnPFdxMox69rhzVfaIZJc=">AAACCXicbVC7TsMwFHXKq4RXgJHFokJiqpIuMFZiYSwSaSu1UeU4N61VJ45sB6mKurLwKywMIMTKH7DxNzhtBmg5kqWjcx8+94QZZ0q77rdV29jc2t6p79p7+weHR87xSVeJXFLwqeBC9kOigLMUfM00h34mgSQhh144vSnrvQeQion0Xs8yCBIyTlnMKNFGGjnYzyKiAXNBCcdjSSIGqcagNEuMbtsjp+E23QXwOvEq0kAVOiPnaxgJmidmDeVEqYHnZjooiNSMcpjbw1xBRuiUjGFgaEoSUEGxuGSOL4wS4VhI84yNhfp7oiCJUrMkNJ3G3kSt1krxv9og1/F1ULA0yzWkdPlRnHOsBS5jwRGTQDWfGUKoZMYrphMiCdUmvDIEb/XkddJtNT236d21Gm23iqOOztA5ukQeukJtdIs6yEcUPaJn9IrerCfrxXq3PpatNauaOUV/YH3+AFrOmWM=</latexit><latexit sha1_base64="HkpGzkHnPFdxMox69rhzVfaIZJc=">AAACCXicbVC7TsMwFHXKq4RXgJHFokJiqpIuMFZiYSwSaSu1UeU4N61VJ45sB6mKurLwKywMIMTKH7DxNzhtBmg5kqWjcx8+94QZZ0q77rdV29jc2t6p79p7+weHR87xSVeJXFLwqeBC9kOigLMUfM00h34mgSQhh144vSnrvQeQion0Xs8yCBIyTlnMKNFGGjnYzyKiAXNBCcdjSSIGqcagNEuMbtsjp+E23QXwOvEq0kAVOiPnaxgJmidmDeVEqYHnZjooiNSMcpjbw1xBRuiUjGFgaEoSUEGxuGSOL4wS4VhI84yNhfp7oiCJUrMkNJ3G3kSt1krxv9og1/F1ULA0yzWkdPlRnHOsBS5jwRGTQDWfGUKoZMYrphMiCdUmvDIEb/XkddJtNT236d21Gm23iqOOztA5ukQeukJtdIs6yEcUPaJn9IrerCfrxXq3PpatNauaOUV/YH3+AFrOmWM=</latexit><latexit sha1_base64="HkpGzkHnPFdxMox69rhzVfaIZJc=">AAACCXicbVC7TsMwFHXKq4RXgJHFokJiqpIuMFZiYSwSaSu1UeU4N61VJ45sB6mKurLwKywMIMTKH7DxNzhtBmg5kqWjcx8+94QZZ0q77rdV29jc2t6p79p7+weHR87xSVeJXFLwqeBC9kOigLMUfM00h34mgSQhh144vSnrvQeQion0Xs8yCBIyTlnMKNFGGjnYzyKiAXNBCcdjSSIGqcagNEuMbtsjp+E23QXwOvEq0kAVOiPnaxgJmidmDeVEqYHnZjooiNSMcpjbw1xBRuiUjGFgaEoSUEGxuGSOL4wS4VhI84yNhfp7oiCJUrMkNJ3G3kSt1krxv9og1/F1ULA0yzWkdPlRnHOsBS5jwRGTQDWfGUKoZMYrphMiCdUmvDIEb/XkddJtNT236d21Gm23iqOOztA5ukQeukJtdIs6yEcUPaJn9IrerCfrxXq3PpatNauaOUV/YH3+AFrOmWM=</latexit><latexit sha1_base64="HkpGzkHnPFdxMox69rhzVfaIZJc=">AAACCXicbVC7TsMwFHXKq4RXgJHFokJiqpIuMFZiYSwSaSu1UeU4N61VJ45sB6mKurLwKywMIMTKH7DxNzhtBmg5kqWjcx8+94QZZ0q77rdV29jc2t6p79p7+weHR87xSVeJXFLwqeBC9kOigLMUfM00h34mgSQhh144vSnrvQeQion0Xs8yCBIyTlnMKNFGGjnYzyKiAXNBCcdjSSIGqcagNEuMbtsjp+E23QXwOvEq0kAVOiPnaxgJmidmDeVEqYHnZjooiNSMcpjbw1xBRuiUjGFgaEoSUEGxuGSOL4wS4VhI84yNhfp7oiCJUrMkNJ3G3kSt1krxv9og1/F1ULA0yzWkdPlRnHOsBS5jwRGTQDWfGUKoZMYrphMiCdUmvDIEb/XkddJtNT236d21Gm23iqOOztA5ukQeukJtdIs6yEcUPaJn9IrerCfrxXq3PpatNauaOUV/YH3+AFrOmWM=</latexit>

Init:
Compression operator C

<latexit sha1_base64="19jjPQe7Oqqkok6An4IbwPkn+kA=">AAACCnicbVC7TgJBFL2LL8TXqqXNKJhYkV0aLUloLDGRRwKEzA6zMGFmZzMza0I21Db+io2Fxtj6BXb+jbOwhYKnOjnn3Nx7TxBzpo3nfTuFjc2t7Z3ibmlv/+DwyD0+aWuZKEJbRHKpugHWlLOItgwznHZjRbEIOO0E00bmdx6o0kxG92YW04HA44iFjGBjpaF73pDCDugsgGRMFTZSoUqfYI4alZLF0C17VW8BtE78nJQhR3PofvVHkiSCRoZwrHXP92IzSLEyjHA6L/UTTWNMpnhMe5ZGWFA9SBevzNGlVUYotDeEMjJoof6eSLHQeiYCmxTYTPSql4n/eb3EhDeDlEVxYmhElovChCMjUdYLGjFFieEzSzBRzN6KyAQrTIxtLyvBX315nbRrVd+r+ne1ct3L6yjCGVzAFfhwDXW4hSa0gMAjPMMrvDlPzovz7nwsowUnnzmFP3A+fwAkWph+</latexit><latexit sha1_base64="19jjPQe7Oqqkok6An4IbwPkn+kA=">AAACCnicbVC7TgJBFL2LL8TXqqXNKJhYkV0aLUloLDGRRwKEzA6zMGFmZzMza0I21Db+io2Fxtj6BXb+jbOwhYKnOjnn3Nx7TxBzpo3nfTuFjc2t7Z3ibmlv/+DwyD0+aWuZKEJbRHKpugHWlLOItgwznHZjRbEIOO0E00bmdx6o0kxG92YW04HA44iFjGBjpaF73pDCDugsgGRMFTZSoUqfYI4alZLF0C17VW8BtE78nJQhR3PofvVHkiSCRoZwrHXP92IzSLEyjHA6L/UTTWNMpnhMe5ZGWFA9SBevzNGlVUYotDeEMjJoof6eSLHQeiYCmxTYTPSql4n/eb3EhDeDlEVxYmhElovChCMjUdYLGjFFieEzSzBRzN6KyAQrTIxtLyvBX315nbRrVd+r+ne1ct3L6yjCGVzAFfhwDXW4hSa0gMAjPMMrvDlPzovz7nwsowUnnzmFP3A+fwAkWph+</latexit><latexit sha1_base64="19jjPQe7Oqqkok6An4IbwPkn+kA=">AAACCnicbVC7TgJBFL2LL8TXqqXNKJhYkV0aLUloLDGRRwKEzA6zMGFmZzMza0I21Db+io2Fxtj6BXb+jbOwhYKnOjnn3Nx7TxBzpo3nfTuFjc2t7Z3ibmlv/+DwyD0+aWuZKEJbRHKpugHWlLOItgwznHZjRbEIOO0E00bmdx6o0kxG92YW04HA44iFjGBjpaF73pDCDugsgGRMFTZSoUqfYI4alZLF0C17VW8BtE78nJQhR3PofvVHkiSCRoZwrHXP92IzSLEyjHA6L/UTTWNMpnhMe5ZGWFA9SBevzNGlVUYotDeEMjJoof6eSLHQeiYCmxTYTPSql4n/eb3EhDeDlEVxYmhElovChCMjUdYLGjFFieEzSzBRzN6KyAQrTIxtLyvBX315nbRrVd+r+ne1ct3L6yjCGVzAFfhwDXW4hSa0gMAjPMMrvDlPzovz7nwsowUnnzmFP3A+fwAkWph+</latexit><latexit sha1_base64="19jjPQe7Oqqkok6An4IbwPkn+kA=">AAACCnicbVC7TgJBFL2LL8TXqqXNKJhYkV0aLUloLDGRRwKEzA6zMGFmZzMza0I21Db+io2Fxtj6BXb+jbOwhYKnOjnn3Nx7TxBzpo3nfTuFjc2t7Z3ibmlv/+DwyD0+aWuZKEJbRHKpugHWlLOItgwznHZjRbEIOO0E00bmdx6o0kxG92YW04HA44iFjGBjpaF73pDCDugsgGRMFTZSoUqfYI4alZLF0C17VW8BtE78nJQhR3PofvVHkiSCRoZwrHXP92IzSLEyjHA6L/UTTWNMpnhMe5ZGWFA9SBevzNGlVUYotDeEMjJoof6eSLHQeiYCmxTYTPSql4n/eb3EhDeDlEVxYmhElovChCMjUdYLGjFFieEzSzBRzN6KyAQrTIxtLyvBX315nbRrVd+r+ne1ct3L6yjCGVzAFfhwDXW4hSa0gMAjPMMrvDlPzovz7nwsowUnnzmFP3A+fwAkWph+</latexit>

Model x0 2 Rd
<latexit sha1_base64="kq7N+idNWD1A5msJ7+oosFnippg=">AAACCHicbVC7TsMwFHXKq5RXgJEBixaJqXK6wFiJhQWpIPqQ2rRyHKe16jiR7SCqqCMLv8LCAEKsfAIbf4PTZoCWI13p6Jx7de89XsyZ0gh9W4WV1bX1jeJmaWt7Z3fP3j9oqSiRhDZJxCPZ8bCinAna1Exz2oklxaHHadsbX2Z++55KxSJxpycxdUM8FCxgBGsjDezj68inHFYe+qjHBOyFWI88L72d9v1KyWBgl1EVzQCXiZOTMsjRGNhfPT8iSUiFJhwr1XVQrN0US80Ip9NSL1E0xmSMh7RrqMAhVW46e2QKT43iwyCSpoSGM/X3RIpDpSahZzqzQ9Wil4n/ed1EBxduykScaCrIfFGQcKgjmKUCfSYp0XxiCCaSmVshGWGJiTbZZSE4iy8vk1at6qCqc1Mr11EeRxEcgRNwBhxwDurgCjRAExDwCJ7BK3iznqwX6936mLcWrHzmEPyB9fkDScqXfQ==</latexit><latexit sha1_base64="kq7N+idNWD1A5msJ7+oosFnippg=">AAACCHicbVC7TsMwFHXKq5RXgJEBixaJqXK6wFiJhQWpIPqQ2rRyHKe16jiR7SCqqCMLv8LCAEKsfAIbf4PTZoCWI13p6Jx7de89XsyZ0gh9W4WV1bX1jeJmaWt7Z3fP3j9oqSiRhDZJxCPZ8bCinAna1Exz2oklxaHHadsbX2Z++55KxSJxpycxdUM8FCxgBGsjDezj68inHFYe+qjHBOyFWI88L72d9v1KyWBgl1EVzQCXiZOTMsjRGNhfPT8iSUiFJhwr1XVQrN0US80Ip9NSL1E0xmSMh7RrqMAhVW46e2QKT43iwyCSpoSGM/X3RIpDpSahZzqzQ9Wil4n/ed1EBxduykScaCrIfFGQcKgjmKUCfSYp0XxiCCaSmVshGWGJiTbZZSE4iy8vk1at6qCqc1Mr11EeRxEcgRNwBhxwDurgCjRAExDwCJ7BK3iznqwX6936mLcWrHzmEPyB9fkDScqXfQ==</latexit><latexit sha1_base64="kq7N+idNWD1A5msJ7+oosFnippg=">AAACCHicbVC7TsMwFHXKq5RXgJEBixaJqXK6wFiJhQWpIPqQ2rRyHKe16jiR7SCqqCMLv8LCAEKsfAIbf4PTZoCWI13p6Jx7de89XsyZ0gh9W4WV1bX1jeJmaWt7Z3fP3j9oqSiRhDZJxCPZ8bCinAna1Exz2oklxaHHadsbX2Z++55KxSJxpycxdUM8FCxgBGsjDezj68inHFYe+qjHBOyFWI88L72d9v1KyWBgl1EVzQCXiZOTMsjRGNhfPT8iSUiFJhwr1XVQrN0US80Ip9NSL1E0xmSMh7RrqMAhVW46e2QKT43iwyCSpoSGM/X3RIpDpSahZzqzQ9Wil4n/ed1EBxduykScaCrIfFGQcKgjmKUCfSYp0XxiCCaSmVshGWGJiTbZZSE4iy8vk1at6qCqc1Mr11EeRxEcgRNwBhxwDurgCjRAExDwCJ7BK3iznqwX6936mLcWrHzmEPyB9fkDScqXfQ==</latexit><latexit sha1_base64="kq7N+idNWD1A5msJ7+oosFnippg=">AAACCHicbVC7TsMwFHXKq5RXgJEBixaJqXK6wFiJhQWpIPqQ2rRyHKe16jiR7SCqqCMLv8LCAEKsfAIbf4PTZoCWI13p6Jx7de89XsyZ0gh9W4WV1bX1jeJmaWt7Z3fP3j9oqSiRhDZJxCPZ8bCinAna1Exz2oklxaHHadsbX2Z++55KxSJxpycxdUM8FCxgBGsjDezj68inHFYe+qjHBOyFWI88L72d9v1KyWBgl1EVzQCXiZOTMsjRGNhfPT8iSUiFJhwr1XVQrN0US80Ip9NSL1E0xmSMh7RrqMAhVW46e2QKT43iwyCSpoSGM/X3RIpDpSahZzqzQ9Wil4n/ed1EBxduykScaCrIfFGQcKgjmKUCfSYp0XxiCCaSmVshGWGJiTbZZSE4iy8vk1at6qCqc1Mr11EeRxEcgRNwBhxwDurgCjRAExDwCJ7BK3iznqwX6936mLcWrHzmEPyB9fkDScqXfQ==</latexit>

Stepsizes �,↵ > 0
<latexit sha1_base64="GndmNZNdKazQ/7Oop/8pRCskqg8=">AAACDHicbVC7TgJBFJ3FF64v1NJmIphYGLJLo5UhsbHEKI8ECLk7XGDCzO5mZtYECR9g46/YWGiMrR9g5984CxQKnmSSk3POzZ17glhwbTzv28msrK6tb2Q33a3tnd293P5BTUeJYlhlkYhUIwCNgodYNdwIbMQKQQYC68HwKvXr96g0j8I7M4qxLaEf8h5nYKzUyeVd99ZgrPkDalpo9UFKOKMtEPEALr2Cm8KmvKI3BV0m/pzkyRyVTu6r1Y1YIjE0TIDWTd+LTXsMynAmcOK2Eo0xsCH0sWlpCBJ1ezw9ZkJPrNKlvUjZFxo6VX9PjEFqPZKBTUowA73opeJ/XjMxvYv2mIdxYjBks0W9RFAT0bQZ2uUKmREjS4Apbv9K2QAUMGP7S0vwF09eJrVS0feK/k0pX/bmdWTJETkmp8Qn56RMrkmFVAkjj+SZvJI358l5cd6dj1k048xnDskfOJ8/Y8WX6A==</latexit><latexit sha1_base64="GndmNZNdKazQ/7Oop/8pRCskqg8=">AAACDHicbVC7TgJBFJ3FF64v1NJmIphYGLJLo5UhsbHEKI8ECLk7XGDCzO5mZtYECR9g46/YWGiMrR9g5984CxQKnmSSk3POzZ17glhwbTzv28msrK6tb2Q33a3tnd293P5BTUeJYlhlkYhUIwCNgodYNdwIbMQKQQYC68HwKvXr96g0j8I7M4qxLaEf8h5nYKzUyeVd99ZgrPkDalpo9UFKOKMtEPEALr2Cm8KmvKI3BV0m/pzkyRyVTu6r1Y1YIjE0TIDWTd+LTXsMynAmcOK2Eo0xsCH0sWlpCBJ1ezw9ZkJPrNKlvUjZFxo6VX9PjEFqPZKBTUowA73opeJ/XjMxvYv2mIdxYjBks0W9RFAT0bQZ2uUKmREjS4Apbv9K2QAUMGP7S0vwF09eJrVS0feK/k0pX/bmdWTJETkmp8Qn56RMrkmFVAkjj+SZvJI358l5cd6dj1k048xnDskfOJ8/Y8WX6A==</latexit><latexit sha1_base64="GndmNZNdKazQ/7Oop/8pRCskqg8=">AAACDHicbVC7TgJBFJ3FF64v1NJmIphYGLJLo5UhsbHEKI8ECLk7XGDCzO5mZtYECR9g46/YWGiMrR9g5984CxQKnmSSk3POzZ17glhwbTzv28msrK6tb2Q33a3tnd293P5BTUeJYlhlkYhUIwCNgodYNdwIbMQKQQYC68HwKvXr96g0j8I7M4qxLaEf8h5nYKzUyeVd99ZgrPkDalpo9UFKOKMtEPEALr2Cm8KmvKI3BV0m/pzkyRyVTu6r1Y1YIjE0TIDWTd+LTXsMynAmcOK2Eo0xsCH0sWlpCBJ1ezw9ZkJPrNKlvUjZFxo6VX9PjEFqPZKBTUowA73opeJ/XjMxvYv2mIdxYjBks0W9RFAT0bQZ2uUKmREjS4Apbv9K2QAUMGP7S0vwF09eJrVS0feK/k0pX/bmdWTJETkmp8Qn56RMrkmFVAkjj+SZvJI358l5cd6dj1k048xnDskfOJ8/Y8WX6A==</latexit><latexit sha1_base64="GndmNZNdKazQ/7Oop/8pRCskqg8=">AAACDHicbVC7TgJBFJ3FF64v1NJmIphYGLJLo5UhsbHEKI8ECLk7XGDCzO5mZtYECR9g46/YWGiMrR9g5984CxQKnmSSk3POzZ17glhwbTzv28msrK6tb2Q33a3tnd293P5BTUeJYlhlkYhUIwCNgodYNdwIbMQKQQYC68HwKvXr96g0j8I7M4qxLaEf8h5nYKzUyeVd99ZgrPkDalpo9UFKOKMtEPEALr2Cm8KmvKI3BV0m/pzkyRyVTu6r1Y1YIjE0TIDWTd+LTXsMynAmcOK2Eo0xsCH0sWlpCBJ1ezw9ZkJPrNKlvUjZFxo6VX9PjEFqPZKBTUowA73opeJ/XjMxvYv2mIdxYjBks0W9RFAT0bQZ2uUKmREjS4Apbv9K2QAUMGP7S0vwF09eJrVS0feK/k0pX/bmdWTJETkmp8Qn56RMrkmFVAkjj+SZvJI358l5cd6dj1k048xnDskfOJ8/Y8WX6A==</latexit>

Worker 2

Regularizer R
<latexit sha1_base64="+73LlgatLBDg7+5VJhQYi14rcxg=">AAAB/3icbVBNS8NAEN3Ur1q/ooIXL4ut4Kkkveix4MVjLfYD2lA220m7dLMJuxuhxh78K148KOLVv+HNf+OmzUFbHww83pthZp4fc6a043xbhbX1jc2t4nZpZ3dv/8A+PGqrKJEUWjTikez6RAFnAlqaaQ7dWAIJfQ4df3Kd+Z17kIpF4k5PY/BCMhIsYJRoIw3skyaMEk4kewCJK81KaYGBXXaqzhx4lbg5KaMcjYH91R9GNAlBaMqJUj3XibWXEqkZ5TAr9RMFMaETMoKeoYKEoLx0fv8MnxtliINImhIaz9XfEykJlZqGvukMiR6rZS8T//N6iQ6uvJSJONEg6GJRkHCsI5yFgYdMAtV8agihkplbMR0TSag2kWUhuMsvr5J2reo6Vfe2Vq47eRxFdIrO0AVy0SWqoxvUQC1E0SN6Rq/ozXqyXqx362PRWrDymWP0B9bnD2L0kv8=</latexit><latexit sha1_base64="+73LlgatLBDg7+5VJhQYi14rcxg=">AAAB/3icbVBNS8NAEN3Ur1q/ooIXL4ut4Kkkveix4MVjLfYD2lA220m7dLMJuxuhxh78K148KOLVv+HNf+OmzUFbHww83pthZp4fc6a043xbhbX1jc2t4nZpZ3dv/8A+PGqrKJEUWjTikez6RAFnAlqaaQ7dWAIJfQ4df3Kd+Z17kIpF4k5PY/BCMhIsYJRoIw3skyaMEk4kewCJK81KaYGBXXaqzhx4lbg5KaMcjYH91R9GNAlBaMqJUj3XibWXEqkZ5TAr9RMFMaETMoKeoYKEoLx0fv8MnxtliINImhIaz9XfEykJlZqGvukMiR6rZS8T//N6iQ6uvJSJONEg6GJRkHCsI5yFgYdMAtV8agihkplbMR0TSag2kWUhuMsvr5J2reo6Vfe2Vq47eRxFdIrO0AVy0SWqoxvUQC1E0SN6Rq/ozXqyXqx362PRWrDymWP0B9bnD2L0kv8=</latexit><latexit sha1_base64="+73LlgatLBDg7+5VJhQYi14rcxg=">AAAB/3icbVBNS8NAEN3Ur1q/ooIXL4ut4Kkkveix4MVjLfYD2lA220m7dLMJuxuhxh78K148KOLVv+HNf+OmzUFbHww83pthZp4fc6a043xbhbX1jc2t4nZpZ3dv/8A+PGqrKJEUWjTikez6RAFnAlqaaQ7dWAIJfQ4df3Kd+Z17kIpF4k5PY/BCMhIsYJRoIw3skyaMEk4kewCJK81KaYGBXXaqzhx4lbg5KaMcjYH91R9GNAlBaMqJUj3XibWXEqkZ5TAr9RMFMaETMoKeoYKEoLx0fv8MnxtliINImhIaz9XfEykJlZqGvukMiR6rZS8T//N6iQ6uvJSJONEg6GJRkHCsI5yFgYdMAtV8agihkplbMR0TSag2kWUhuMsvr5J2reo6Vfe2Vq47eRxFdIrO0AVy0SWqoxvUQC1E0SN6Rq/ozXqyXqx362PRWrDymWP0B9bnD2L0kv8=</latexit><latexit sha1_base64="+73LlgatLBDg7+5VJhQYi14rcxg=">AAAB/3icbVBNS8NAEN3Ur1q/ooIXL4ut4Kkkveix4MVjLfYD2lA220m7dLMJuxuhxh78K148KOLVv+HNf+OmzUFbHww83pthZp4fc6a043xbhbX1jc2t4nZpZ3dv/8A+PGqrKJEUWjTikez6RAFnAlqaaQ7dWAIJfQ4df3Kd+Z17kIpF4k5PY/BCMhIsYJRoIw3skyaMEk4kewCJK81KaYGBXXaqzhx4lbg5KaMcjYH91R9GNAlBaMqJUj3XibWXEqkZ5TAr9RMFMaETMoKeoYKEoLx0fv8MnxtliINImhIaz9XfEykJlZqGvukMiR6rZS8T//N6iQ6uvJSJONEg6GJRkHCsI5yFgYdMAtV8agihkplbMR0TSag2kWUhuMsvr5J2reo6Vfe2Vq47eRxFdIrO0AVy0SWqoxvUQC1E0SN6Rq/ozXqyXqx362PRWrDymWP0B9bnD2L0kv8=</latexit>

Parameters:

5 Take a prox-gradient step
<latexit sha1_base64="V8upR1FNNyrxqpvCJzav+DkBxoE=">AAACF3icbVA9TwJBEN3DL8Qv1NJmIzGx8XJHoyWJjSUmfCVAyNwyBxv2bi+7e0ZC+Bc2/hUbC42x1c5/4wJXKPCSTV7em5mdeUEiuDae9+PkNja3tnfyu4W9/YPDo+LxSUPLVDGsMymkagWgUfAY64Ybga1EIUSBwGYwup35zQdUmsu4ZsYJdiMYxDzkDIyVekW3BiOkQBMlH68GCvocY0O1waSwDr1iyXO9Oegq8TNSIhmqveJ3py9ZGtmpTIDWbd9LTHcCynAmcFropBoTYCMYYNvSGCLU3cn8rim9sEqfhlLZZ7eaq387JhBpPY4CWxmBGeplbyau89qpCW+6Ex4nqcGYLT4KU0GNpLOQaJ8rZEaMLQGmuN2VsiEoYMZGOQvBXz55lTTKru+5/n25VPGyOPLkjJyTS+KTa1Ihd6RK6oSRJ/JC3si78+y8Oh/O56I052Q9p+QfnK9frUCYew==</latexit><latexit sha1_base64="V8upR1FNNyrxqpvCJzav+DkBxoE=">AAACF3icbVA9TwJBEN3DL8Qv1NJmIzGx8XJHoyWJjSUmfCVAyNwyBxv2bi+7e0ZC+Bc2/hUbC42x1c5/4wJXKPCSTV7em5mdeUEiuDae9+PkNja3tnfyu4W9/YPDo+LxSUPLVDGsMymkagWgUfAY64Ybga1EIUSBwGYwup35zQdUmsu4ZsYJdiMYxDzkDIyVekW3BiOkQBMlH68GCvocY0O1waSwDr1iyXO9Oegq8TNSIhmqveJ3py9ZGtmpTIDWbd9LTHcCynAmcFropBoTYCMYYNvSGCLU3cn8rim9sEqfhlLZZ7eaq387JhBpPY4CWxmBGeplbyau89qpCW+6Ex4nqcGYLT4KU0GNpLOQaJ8rZEaMLQGmuN2VsiEoYMZGOQvBXz55lTTKru+5/n25VPGyOPLkjJyTS+KTa1Ihd6RK6oSRJ/JC3si78+y8Oh/O56I052Q9p+QfnK9frUCYew==</latexit><latexit sha1_base64="V8upR1FNNyrxqpvCJzav+DkBxoE=">AAACF3icbVA9TwJBEN3DL8Qv1NJmIzGx8XJHoyWJjSUmfCVAyNwyBxv2bi+7e0ZC+Bc2/hUbC42x1c5/4wJXKPCSTV7em5mdeUEiuDae9+PkNja3tnfyu4W9/YPDo+LxSUPLVDGsMymkagWgUfAY64Ybga1EIUSBwGYwup35zQdUmsu4ZsYJdiMYxDzkDIyVekW3BiOkQBMlH68GCvocY0O1waSwDr1iyXO9Oegq8TNSIhmqveJ3py9ZGtmpTIDWbd9LTHcCynAmcFropBoTYCMYYNvSGCLU3cn8rim9sEqfhlLZZ7eaq387JhBpPY4CWxmBGeplbyau89qpCW+6Ex4nqcGYLT4KU0GNpLOQaJ8rZEaMLQGmuN2VsiEoYMZGOQvBXz55lTTKru+5/n25VPGyOPLkjJyTS+KTa1Ihd6RK6oSRJ/JC3si78+y8Oh/O56I052Q9p+QfnK9frUCYew==</latexit><latexit sha1_base64="V8upR1FNNyrxqpvCJzav+DkBxoE=">AAACF3icbVA9TwJBEN3DL8Qv1NJmIzGx8XJHoyWJjSUmfCVAyNwyBxv2bi+7e0ZC+Bc2/hUbC42x1c5/4wJXKPCSTV7em5mdeUEiuDae9+PkNja3tnfyu4W9/YPDo+LxSUPLVDGsMymkagWgUfAY64Ybga1EIUSBwGYwup35zQdUmsu4ZsYJdiMYxDzkDIyVekW3BiOkQBMlH68GCvocY0O1waSwDr1iyXO9Oegq8TNSIhmqveJ3py9ZGtmpTIDWbd9LTHcCynAmcFropBoTYCMYYNvSGCLU3cn8rim9sEqfhlLZZ7eaq387JhBpPY4CWxmBGeplbyau89qpCW+6Ex4nqcGYLT4KU0GNpLOQaJ8rZEaMLQGmuN2VsiEoYMZGOQvBXz55lTTKru+5/n25VPGyOPLkjJyTS+KTa1Ihd6RK6oSRJ/JC3si78+y8Oh/O56I052Q9p+QfnK9frUCYew==</latexit>

xk+1 = prox�R(x
k � �gk)

<latexit sha1_base64="EF6gsumIlJ8AB7/aaiwjVvfBrZ0="></latexit><latexit sha1_base64="EF6gsumIlJ8AB7/aaiwjVvfBrZ0="></latexit><latexit sha1_base64="EF6gsumIlJ8AB7/aaiwjVvfBrZ0="></latexit><latexit sha1_base64="EF6gsumIlJ8AB7/aaiwjVvfBrZ0="></latexit>

send to 
master

hk+1
2 = hk

2 + ↵�k
2

<latexit sha1_base64="sunS2K+l/+l/b5GsqxKlqu61Udc=">AAACNHicbVDLSgNBEJz1GeNr1aOXwUQQAmE3F70IAT0IXiKYB2Rj6J10kiGzD2ZmhbDsR3nxQ7yI4EERr36Du0kOmqSgoajqprvLDQVX2rLejJXVtfWNzdxWfntnd2/fPDhsqCCSDOssEIFsuaBQcB/rmmuBrVAieK7Apju6yvzmI0rFA/9ej0PseDDweZ8z0KnUNW+Lw27lIR6V7IRe0oyPaIk6IMIh0NiZLIgl9hLnGoWGzE+K+eXomgWrbE1AF4k9IwUyQ61rvji9gEUe+poJUKptW6HuxCA1ZwKTvBMpDIGNYIDtlPrgoerEk5sSepoqPdoPZFq+phP170QMnlJjz007PdBDNe9l4jKvHen+RSfmfhhp9Nl0UT8SVAc0S5D2uESmxTglwCRPb6VsCBKYTnPOQrDnX14kjUrZtsr2XaVQtWZx5MgxOSFnxCbnpEpuSI3UCSNP5JV8kE/j2Xg3vozvaeuKMZs5Iv9g/PwCFiyiOw==</latexit><latexit sha1_base64="sunS2K+l/+l/b5GsqxKlqu61Udc=">AAACNHicbVDLSgNBEJz1GeNr1aOXwUQQAmE3F70IAT0IXiKYB2Rj6J10kiGzD2ZmhbDsR3nxQ7yI4EERr36Du0kOmqSgoajqprvLDQVX2rLejJXVtfWNzdxWfntnd2/fPDhsqCCSDOssEIFsuaBQcB/rmmuBrVAieK7Apju6yvzmI0rFA/9ej0PseDDweZ8z0KnUNW+Lw27lIR6V7IRe0oyPaIk6IMIh0NiZLIgl9hLnGoWGzE+K+eXomgWrbE1AF4k9IwUyQ61rvji9gEUe+poJUKptW6HuxCA1ZwKTvBMpDIGNYIDtlPrgoerEk5sSepoqPdoPZFq+phP170QMnlJjz007PdBDNe9l4jKvHen+RSfmfhhp9Nl0UT8SVAc0S5D2uESmxTglwCRPb6VsCBKYTnPOQrDnX14kjUrZtsr2XaVQtWZx5MgxOSFnxCbnpEpuSI3UCSNP5JV8kE/j2Xg3vozvaeuKMZs5Iv9g/PwCFiyiOw==</latexit><latexit sha1_base64="sunS2K+l/+l/b5GsqxKlqu61Udc=">AAACNHicbVDLSgNBEJz1GeNr1aOXwUQQAmE3F70IAT0IXiKYB2Rj6J10kiGzD2ZmhbDsR3nxQ7yI4EERr36Du0kOmqSgoajqprvLDQVX2rLejJXVtfWNzdxWfntnd2/fPDhsqCCSDOssEIFsuaBQcB/rmmuBrVAieK7Apju6yvzmI0rFA/9ej0PseDDweZ8z0KnUNW+Lw27lIR6V7IRe0oyPaIk6IMIh0NiZLIgl9hLnGoWGzE+K+eXomgWrbE1AF4k9IwUyQ61rvji9gEUe+poJUKptW6HuxCA1ZwKTvBMpDIGNYIDtlPrgoerEk5sSepoqPdoPZFq+phP170QMnlJjz007PdBDNe9l4jKvHen+RSfmfhhp9Nl0UT8SVAc0S5D2uESmxTglwCRPb6VsCBKYTnPOQrDnX14kjUrZtsr2XaVQtWZx5MgxOSFnxCbnpEpuSI3UCSNP5JV8kE/j2Xg3vozvaeuKMZs5Iv9g/PwCFiyiOw==</latexit><latexit sha1_base64="sunS2K+l/+l/b5GsqxKlqu61Udc=">AAACNHicbVDLSgNBEJz1GeNr1aOXwUQQAmE3F70IAT0IXiKYB2Rj6J10kiGzD2ZmhbDsR3nxQ7yI4EERr36Du0kOmqSgoajqprvLDQVX2rLejJXVtfWNzdxWfntnd2/fPDhsqCCSDOssEIFsuaBQcB/rmmuBrVAieK7Apju6yvzmI0rFA/9ej0PseDDweZ8z0KnUNW+Lw27lIR6V7IRe0oyPaIk6IMIh0NiZLIgl9hLnGoWGzE+K+eXomgWrbE1AF4k9IwUyQ61rvji9gEUe+poJUKptW6HuxCA1ZwKTvBMpDIGNYIDtlPrgoerEk5sSepoqPdoPZFq+phP170QMnlJjz007PdBDNe9l4jKvHen+RSfmfhhp9Nl0UT8SVAc0S5D2uESmxTglwCRPb6VsCBKYTnPOQrDnX14kjUrZtsr2XaVQtWZx5MgxOSFnxCbnpEpuSI3UCSNP5JV8kE/j2Xg3vozvaeuKMZs5Iv9g/PwCFiyiOw==</latexit>

Update master’s copies of local gradient estimates
<latexit sha1_base64="lKQI5roG80QSyPuUdhSLtL/tiMM=">AAACMHicbVC7SgNBFJ31GeMramkzGESrsGujZcBCSwXzgCSEu7N3k8HZnWXurBCCn2Tjp2ijoIitX+HkUWiSAwOHcx9z7gkzJcn6/ru3tLyyurZe2Chubm3v7Jb29uukcyOwJrTSphkCoZIp1qy0CpuZQUhChY3w/nJUbzygIanTOzvIsJNAL5WxFGCd1C1dFWtZBBZ5AmTRnBAXOpNIXMdcaQGK9wxEElPLkaxMXCsVF6BbKvsVfww+T4IpKbMpbrqll3akRZ64zUIBUSvwM9sZgrFSKHwstnPCDMQ99LDlaAoJUmc4PviRHzsl4rE27jlnY/XvxBASokESuk7nuE+ztZG4qNbKbXzRGco0yy2mYvJRnCtuNR+lxyNpUFg1cASEkc4rF30wIFx2NAohmD15ntTPKoFfCW7PylV/GkeBHbIjdsoCds6q7JrdsBoT7Im9sg/26T17b96X9z1pXfKmMwfsH7yfX9GYovg=</latexit><latexit sha1_base64="lKQI5roG80QSyPuUdhSLtL/tiMM=">AAACMHicbVC7SgNBFJ31GeMramkzGESrsGujZcBCSwXzgCSEu7N3k8HZnWXurBCCn2Tjp2ijoIitX+HkUWiSAwOHcx9z7gkzJcn6/ru3tLyyurZe2Chubm3v7Jb29uukcyOwJrTSphkCoZIp1qy0CpuZQUhChY3w/nJUbzygIanTOzvIsJNAL5WxFGCd1C1dFWtZBBZ5AmTRnBAXOpNIXMdcaQGK9wxEElPLkaxMXCsVF6BbKvsVfww+T4IpKbMpbrqll3akRZ64zUIBUSvwM9sZgrFSKHwstnPCDMQ99LDlaAoJUmc4PviRHzsl4rE27jlnY/XvxBASokESuk7nuE+ztZG4qNbKbXzRGco0yy2mYvJRnCtuNR+lxyNpUFg1cASEkc4rF30wIFx2NAohmD15ntTPKoFfCW7PylV/GkeBHbIjdsoCds6q7JrdsBoT7Im9sg/26T17b96X9z1pXfKmMwfsH7yfX9GYovg=</latexit><latexit sha1_base64="lKQI5roG80QSyPuUdhSLtL/tiMM=">AAACMHicbVC7SgNBFJ31GeMramkzGESrsGujZcBCSwXzgCSEu7N3k8HZnWXurBCCn2Tjp2ijoIitX+HkUWiSAwOHcx9z7gkzJcn6/ru3tLyyurZe2Chubm3v7Jb29uukcyOwJrTSphkCoZIp1qy0CpuZQUhChY3w/nJUbzygIanTOzvIsJNAL5WxFGCd1C1dFWtZBBZ5AmTRnBAXOpNIXMdcaQGK9wxEElPLkaxMXCsVF6BbKvsVfww+T4IpKbMpbrqll3akRZ64zUIBUSvwM9sZgrFSKHwstnPCDMQ99LDlaAoJUmc4PviRHzsl4rE27jlnY/XvxBASokESuk7nuE+ztZG4qNbKbXzRGco0yy2mYvJRnCtuNR+lxyNpUFg1cASEkc4rF30wIFx2NAohmD15ntTPKoFfCW7PylV/GkeBHbIjdsoCds6q7JrdsBoT7Im9sg/26T17b96X9z1pXfKmMwfsH7yfX9GYovg=</latexit><latexit sha1_base64="lKQI5roG80QSyPuUdhSLtL/tiMM=">AAACMHicbVC7SgNBFJ31GeMramkzGESrsGujZcBCSwXzgCSEu7N3k8HZnWXurBCCn2Tjp2ijoIitX+HkUWiSAwOHcx9z7gkzJcn6/ru3tLyyurZe2Chubm3v7Jb29uukcyOwJrTSphkCoZIp1qy0CpuZQUhChY3w/nJUbzygIanTOzvIsJNAL5WxFGCd1C1dFWtZBBZ5AmTRnBAXOpNIXMdcaQGK9wxEElPLkaxMXCsVF6BbKvsVfww+T4IpKbMpbrqll3akRZ64zUIBUSvwM9sZgrFSKHwstnPCDMQ99LDlaAoJUmc4PviRHzsl4rE27jlnY/XvxBASokESuk7nuE+ztZG4qNbKbXzRGco0yy2mYvJRnCtuNR+lxyNpUFg1cASEkc4rF30wIFx2NAohmD15ntTPKoFfCW7PylV/GkeBHbIjdsoCds6q7JrdsBoT7Im9sg/26T17b96X9z1pXfKmMwfsH7yfX9GYovg=</latexit>

Build aggregate gradient estimator
<latexit sha1_base64="e4RjFmRK9ifzpKTigzByvOj4nHs=">AAACIHicbVC7SgNBFJ31GeNr1dJmMAhWYTdNLIM2lhHMA5IQ7s7ebIbMPpiZFcKST7HxV2wsFNFOv8bZZAtNcmDgcO5jzj1eIrjSjvNtbWxube/slvbK+weHR8f2yWlbxalk2GKxiGXXA4WCR9jSXAvsJhIh9AR2vMltXu88olQ8jh70NMFBCEHER5yBNtLQrt+kXPgUgkBiABppIMHnGGmKSvMQdCzL6zC0K07VmYOuErcgFVKgObS/+n7M0tCsZgKU6rlOogcZSM2ZwFm5nypMgE0gwJ6hEYSoBtn8wBm9NIpPR7E0z1ibq38nMgiVmoae6TSWx2q5lovrar1Uj64HGY+SVGPEFh+NUkF1TPO0qM8lMi2mhgCT3HilbAwSmDaZ5iG4yyevknat6jpV975WaThFHCVyTi7IFXFJnTTIHWmSFmHkibyQN/JuPVuv1of1uWjdsIqZM/IP1s8viAucrA==</latexit><latexit sha1_base64="e4RjFmRK9ifzpKTigzByvOj4nHs=">AAACIHicbVC7SgNBFJ31GeNr1dJmMAhWYTdNLIM2lhHMA5IQ7s7ebIbMPpiZFcKST7HxV2wsFNFOv8bZZAtNcmDgcO5jzj1eIrjSjvNtbWxube/slvbK+weHR8f2yWlbxalk2GKxiGXXA4WCR9jSXAvsJhIh9AR2vMltXu88olQ8jh70NMFBCEHER5yBNtLQrt+kXPgUgkBiABppIMHnGGmKSvMQdCzL6zC0K07VmYOuErcgFVKgObS/+n7M0tCsZgKU6rlOogcZSM2ZwFm5nypMgE0gwJ6hEYSoBtn8wBm9NIpPR7E0z1ibq38nMgiVmoae6TSWx2q5lovrar1Uj64HGY+SVGPEFh+NUkF1TPO0qM8lMi2mhgCT3HilbAwSmDaZ5iG4yyevknat6jpV975WaThFHCVyTi7IFXFJnTTIHWmSFmHkibyQN/JuPVuv1of1uWjdsIqZM/IP1s8viAucrA==</latexit><latexit sha1_base64="e4RjFmRK9ifzpKTigzByvOj4nHs=">AAACIHicbVC7SgNBFJ31GeNr1dJmMAhWYTdNLIM2lhHMA5IQ7s7ebIbMPpiZFcKST7HxV2wsFNFOv8bZZAtNcmDgcO5jzj1eIrjSjvNtbWxube/slvbK+weHR8f2yWlbxalk2GKxiGXXA4WCR9jSXAvsJhIh9AR2vMltXu88olQ8jh70NMFBCEHER5yBNtLQrt+kXPgUgkBiABppIMHnGGmKSvMQdCzL6zC0K07VmYOuErcgFVKgObS/+n7M0tCsZgKU6rlOogcZSM2ZwFm5nypMgE0gwJ6hEYSoBtn8wBm9NIpPR7E0z1ibq38nMgiVmoae6TSWx2q5lovrar1Uj64HGY+SVGPEFh+NUkF1TPO0qM8lMi2mhgCT3HilbAwSmDaZ5iG4yyevknat6jpV975WaThFHCVyTi7IFXFJnTTIHWmSFmHkibyQN/JuPVuv1of1uWjdsIqZM/IP1s8viAucrA==</latexit><latexit sha1_base64="e4RjFmRK9ifzpKTigzByvOj4nHs=">AAACIHicbVC7SgNBFJ31GeNr1dJmMAhWYTdNLIM2lhHMA5IQ7s7ebIbMPpiZFcKST7HxV2wsFNFOv8bZZAtNcmDgcO5jzj1eIrjSjvNtbWxube/slvbK+weHR8f2yWlbxalk2GKxiGXXA4WCR9jSXAvsJhIh9AR2vMltXu88olQ8jh70NMFBCEHER5yBNtLQrt+kXPgUgkBiABppIMHnGGmKSvMQdCzL6zC0K07VmYOuErcgFVKgObS/+n7M0tCsZgKU6rlOogcZSM2ZwFm5nypMgE0gwJ6hEYSoBtn8wBm9NIpPR7E0z1ibq38nMgiVmoae6TSWx2q5lovrar1Uj64HGY+SVGPEFh+NUkF1TPO0qM8lMi2mhgCT3HilbAwSmDaZ5iG4yyevknat6jpV975WaThFHCVyTi7IFXFJnTTIHWmSFmHkibyQN/JuPVuv1of1uWjdsIqZM/IP1s8viAucrA==</latexit>

hk+1
1 = hk

1 + ↵�k
1

<latexit sha1_base64="Er64d9fIJZkqrw0a6uk4ZupGYoI=">AAACNHicbVDLSgNBEJz1GeNr1aOXwUQQAmE3F70IAT0IXiKYB2Rj6J10kiGzD2ZmhbDsR3nxQ7yI4EERr36Du0kOmqSgoajqprvLDQVX2rLejJXVtfWNzdxWfntnd2/fPDhsqCCSDOssEIFsuaBQcB/rmmuBrVAieK7Apju6yvzmI0rFA/9ej0PseDDweZ8z0KnUNW+Lw679EI9KdkIvacZHtEQdEOEQaOxMFsQSe4lzjUJD5ifF/HJ0zYJVtiagi8SekQKZodY1X5xewCIPfc0EKNW2rVB3YpCaM4FJ3okUhsBGMMB2Sn3wUHXiyU0JPU2VHu0HMi1f04n6dyIGT6mx56adHuihmvcycZnXjnT/ohNzP4w0+my6qB8JqgOaJUh7XCLTYpwSYJKnt1I2BAlMpzlnIdjzLy+SRqVsW2X7rlKoWrM4cuSYnJAzYpNzUiU3pEbqhJEn8ko+yKfxbLwbX8b3tHXFmM0ckX8wfn4BEQOiOA==</latexit><latexit sha1_base64="Er64d9fIJZkqrw0a6uk4ZupGYoI=">AAACNHicbVDLSgNBEJz1GeNr1aOXwUQQAmE3F70IAT0IXiKYB2Rj6J10kiGzD2ZmhbDsR3nxQ7yI4EERr36Du0kOmqSgoajqprvLDQVX2rLejJXVtfWNzdxWfntnd2/fPDhsqCCSDOssEIFsuaBQcB/rmmuBrVAieK7Apju6yvzmI0rFA/9ej0PseDDweZ8z0KnUNW+Lw679EI9KdkIvacZHtEQdEOEQaOxMFsQSe4lzjUJD5ifF/HJ0zYJVtiagi8SekQKZodY1X5xewCIPfc0EKNW2rVB3YpCaM4FJ3okUhsBGMMB2Sn3wUHXiyU0JPU2VHu0HMi1f04n6dyIGT6mx56adHuihmvcycZnXjnT/ohNzP4w0+my6qB8JqgOaJUh7XCLTYpwSYJKnt1I2BAlMpzlnIdjzLy+SRqVsW2X7rlKoWrM4cuSYnJAzYpNzUiU3pEbqhJEn8ko+yKfxbLwbX8b3tHXFmM0ckX8wfn4BEQOiOA==</latexit><latexit sha1_base64="Er64d9fIJZkqrw0a6uk4ZupGYoI=">AAACNHicbVDLSgNBEJz1GeNr1aOXwUQQAmE3F70IAT0IXiKYB2Rj6J10kiGzD2ZmhbDsR3nxQ7yI4EERr36Du0kOmqSgoajqprvLDQVX2rLejJXVtfWNzdxWfntnd2/fPDhsqCCSDOssEIFsuaBQcB/rmmuBrVAieK7Apju6yvzmI0rFA/9ej0PseDDweZ8z0KnUNW+Lw679EI9KdkIvacZHtEQdEOEQaOxMFsQSe4lzjUJD5ifF/HJ0zYJVtiagi8SekQKZodY1X5xewCIPfc0EKNW2rVB3YpCaM4FJ3okUhsBGMMB2Sn3wUHXiyU0JPU2VHu0HMi1f04n6dyIGT6mx56adHuihmvcycZnXjnT/ohNzP4w0+my6qB8JqgOaJUh7XCLTYpwSYJKnt1I2BAlMpzlnIdjzLy+SRqVsW2X7rlKoWrM4cuSYnJAzYpNzUiU3pEbqhJEn8ko+yKfxbLwbX8b3tHXFmM0ckX8wfn4BEQOiOA==</latexit><latexit sha1_base64="Er64d9fIJZkqrw0a6uk4ZupGYoI=">AAACNHicbVDLSgNBEJz1GeNr1aOXwUQQAmE3F70IAT0IXiKYB2Rj6J10kiGzD2ZmhbDsR3nxQ7yI4EERr36Du0kOmqSgoajqprvLDQVX2rLejJXVtfWNzdxWfntnd2/fPDhsqCCSDOssEIFsuaBQcB/rmmuBrVAieK7Apju6yvzmI0rFA/9ej0PseDDweZ8z0KnUNW+Lw679EI9KdkIvacZHtEQdEOEQaOxMFsQSe4lzjUJD5ifF/HJ0zYJVtiagi8SekQKZodY1X5xewCIPfc0EKNW2rVB3YpCaM4FJ3okUhsBGMMB2Sn3wUHXiyU0JPU2VHu0HMi1f04n6dyIGT6mx56adHuihmvcycZnXjnT/ohNzP4w0+my6qB8JqgOaJUh7XCLTYpwSYJKnt1I2BAlMpzlnIdjzLy+SRqVsW2X7rlKoWrM4cuSYnJAzYpNzUiU3pEbqhJEn8ko+yKfxbLwbX8b3tHXFmM0ckX8wfn4BEQOiOA==</latexit>

gk = 1
2 (h

k
1 + hk

2) +
1
2 (�

k
1 +�k

2)
<latexit sha1_base64="K8lSFUDi4VwWrdOeWhthePTPWfw="></latexit><latexit sha1_base64="K8lSFUDi4VwWrdOeWhthePTPWfw="></latexit><latexit sha1_base64="K8lSFUDi4VwWrdOeWhthePTPWfw="></latexit><latexit sha1_base64="K8lSFUDi4VwWrdOeWhthePTPWfw="></latexit>

Master

4

E[gk2 ] = rf2(xk)
<latexit sha1_base64="wZ53h3Iv86wOWaDMSf+ut2l8bYQ=">AAACKnicfVDLSsNAFJ34rPUVdelmsBXqpiTZ6EaoiOCygn1AkobJdNIOnUzCzEQsod/jxl9x04VS3PohJm0W2ooHBg7n3Mudc/yYUakMY6atrW9sbm2Xdsq7e/sHh/rRcVtGicCkhSMWia6PJGGUk5aiipFuLAgKfUY6/ug29ztPREga8Uc1jokbogGnAcVIZZKn31SdEKmh76d3E3vgWb2RC6+hw5HPEAw8q/bcG11Uy//A0ytG3ZgDrhKzIBVQoOnpU6cf4SQkXGGGpLRNI1ZuioSimJFJ2UkkiREeoQGxM8pRSKSbzqNO4Hmm9GEQiexxBefqz40UhVKOQz+bzHPJZS8X//LsRAVXbkp5nCjC8eJQkDCoIpj3BvtUEKzYOCMIC5r9FeIhEgirrN28BHM58ippW3XTqJsPVqVhFHWUwCk4AzVggkvQAPegCVoAgxfwBt7Bh/aqTbWZ9rkYXdOKnRPwC9rXN4dnnIE=</latexit><latexit sha1_base64="wZ53h3Iv86wOWaDMSf+ut2l8bYQ=">AAACKnicfVDLSsNAFJ34rPUVdelmsBXqpiTZ6EaoiOCygn1AkobJdNIOnUzCzEQsod/jxl9x04VS3PohJm0W2ooHBg7n3Mudc/yYUakMY6atrW9sbm2Xdsq7e/sHh/rRcVtGicCkhSMWia6PJGGUk5aiipFuLAgKfUY6/ug29ztPREga8Uc1jokbogGnAcVIZZKn31SdEKmh76d3E3vgWb2RC6+hw5HPEAw8q/bcG11Uy//A0ytG3ZgDrhKzIBVQoOnpU6cf4SQkXGGGpLRNI1ZuioSimJFJ2UkkiREeoQGxM8pRSKSbzqNO4Hmm9GEQiexxBefqz40UhVKOQz+bzHPJZS8X//LsRAVXbkp5nCjC8eJQkDCoIpj3BvtUEKzYOCMIC5r9FeIhEgirrN28BHM58ippW3XTqJsPVqVhFHWUwCk4AzVggkvQAPegCVoAgxfwBt7Bh/aqTbWZ9rkYXdOKnRPwC9rXN4dnnIE=</latexit><latexit sha1_base64="wZ53h3Iv86wOWaDMSf+ut2l8bYQ=">AAACKnicfVDLSsNAFJ34rPUVdelmsBXqpiTZ6EaoiOCygn1AkobJdNIOnUzCzEQsod/jxl9x04VS3PohJm0W2ooHBg7n3Mudc/yYUakMY6atrW9sbm2Xdsq7e/sHh/rRcVtGicCkhSMWia6PJGGUk5aiipFuLAgKfUY6/ug29ztPREga8Uc1jokbogGnAcVIZZKn31SdEKmh76d3E3vgWb2RC6+hw5HPEAw8q/bcG11Uy//A0ytG3ZgDrhKzIBVQoOnpU6cf4SQkXGGGpLRNI1ZuioSimJFJ2UkkiREeoQGxM8pRSKSbzqNO4Hmm9GEQiexxBefqz40UhVKOQz+bzHPJZS8X//LsRAVXbkp5nCjC8eJQkDCoIpj3BvtUEKzYOCMIC5r9FeIhEgirrN28BHM58ippW3XTqJsPVqVhFHWUwCk4AzVggkvQAPegCVoAgxfwBt7Bh/aqTbWZ9rkYXdOKnRPwC9rXN4dnnIE=</latexit><latexit sha1_base64="wZ53h3Iv86wOWaDMSf+ut2l8bYQ=">AAACKnicfVDLSsNAFJ34rPUVdelmsBXqpiTZ6EaoiOCygn1AkobJdNIOnUzCzEQsod/jxl9x04VS3PohJm0W2ooHBg7n3Mudc/yYUakMY6atrW9sbm2Xdsq7e/sHh/rRcVtGicCkhSMWia6PJGGUk5aiipFuLAgKfUY6/ug29ztPREga8Uc1jokbogGnAcVIZZKn31SdEKmh76d3E3vgWb2RC6+hw5HPEAw8q/bcG11Uy//A0ytG3ZgDrhKzIBVQoOnpU6cf4SQkXGGGpLRNI1ZuioSimJFJ2UkkiREeoQGxM8pRSKSbzqNO4Hmm9GEQiexxBefqz40UhVKOQz+bzHPJZS8X//LsRAVXbkp5nCjC8eJQkDCoIpj3BvtUEKzYOCMIC5r9FeIhEgirrN28BHM58ippW3XTqJsPVqVhFHWUwCk4AzVggkvQAPegCVoAgxfwBt7Bh/aqTbWZ9rkYXdOKnRPwC9rXN4dnnIE=</latexit>

send to 
workers
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Theory  k def

= kxk � x?k2 + c�2
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nX

i=1

khk
i �rfi(x

?)k2
<latexit sha1_base64="xZzGcl3iNR7eLXNC00T5udt7ypM="></latexit><latexit sha1_base64="xZzGcl3iNR7eLXNC00T5udt7ypM="></latexit><latexit sha1_base64="xZzGcl3iNR7eLXNC00T5udt7ypM="></latexit><latexit sha1_base64="xZzGcl3iNR7eLXNC00T5udt7ypM="></latexit>

Lyapunov function

\[
\Psi^k

\]

Local 
gradient 
estimate

Optimal 
model

Theorem (2018)

\[k \

E[ k]  ✏+
2

µ(µ+ L)
�2

<latexit sha1_base64="2m7NAmrnpRPQOBlx8gdeNMs5xAk="></latexit><latexit sha1_base64="2m7NAmrnpRPQOBlx8gdeNMs5xAk="></latexit><latexit sha1_base64="2m7NAmrnpRPQOBlx8gdeNMs5xAk="></latexit><latexit sha1_base64="2m7NAmrnpRPQOBlx8gdeNMs5xAk="></latexit>
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Local gradient 
at the 

optimum

\[
\mathbb
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µ

✓
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2!

n

◆
+ 2(! + 1)

�
log

 0

✏
<latexit sha1_base64="p4ubH1J52fTLrwI+LsfiZA+ASMc="></latexit><latexit sha1_base64="p4ubH1J52fTLrwI+LsfiZA+ASMc="></latexit><latexit sha1_base64="p4ubH1J52fTLrwI+LsfiZA+ASMc="></latexit><latexit sha1_base64="p4ubH1J52fTLrwI+LsfiZA+ASMc="></latexit>

f(x+ h)  f(x) + (rf(x))>h+ L
2 khk

2
<latexit sha1_base64="+pNikC62ZZsM8gvu/weGzpvthQ8="></latexit><latexit sha1_base64="+pNikC62ZZsM8gvu/weGzpvthQ8="></latexit><latexit sha1_base64="+pNikC62ZZsM8gvu/weGzpvthQ8="></latexit><latexit sha1_base64="+pNikC62ZZsM8gvu/weGzpvthQ8="></latexit>

\[f(

L-smoothness:
<latexit sha1_base64="POCc8JOYoCnYr4jQN+DWRuUcC8E=">AAACJHiclVC7SgNBFJ31GeNr1dJmMBFsDLtpFG0CNhYWEcwDkiXMTmaTIfNYZmaFsORjbPwVGwsfWNj4Lc4mW2hi44ELh3Pu5d57wphRbTzv01laXlldWy9sFDe3tnd23b39ppaJwqSBJZOqHSJNGBWkYahhpB0rgnjISCscXWV+654oTaW4M+OYBBwNBI0oRsZKPfeyfFM+1VxKMxRE64viP9BzS17FmwIuEj8nJZCj3nPfun2JE06EwQxp3fG92AQpUoZiRibFbqJJjPAIDUjHUoE40UE6fXICj63Sh5FUtoSBU/XnRIq41mMe2k6OzFDPe5n4l9dJTHQepFTEiSECzxZFCYNGwiwx2KeKYMPGliCsqL0V4iFSCBubaxaCP//yImlWK75X8W+rpVo1j6MADsEROAE+OAM1cA3qoAEweABP4AW8Oo/Os/PufMxal5x85gD8gvP1DeZrle0=</latexit><latexit sha1_base64="POCc8JOYoCnYr4jQN+DWRuUcC8E=">AAACJHiclVC7SgNBFJ31GeNr1dJmMBFsDLtpFG0CNhYWEcwDkiXMTmaTIfNYZmaFsORjbPwVGwsfWNj4Lc4mW2hi44ELh3Pu5d57wphRbTzv01laXlldWy9sFDe3tnd23b39ppaJwqSBJZOqHSJNGBWkYahhpB0rgnjISCscXWV+654oTaW4M+OYBBwNBI0oRsZKPfeyfFM+1VxKMxRE64viP9BzS17FmwIuEj8nJZCj3nPfun2JE06EwQxp3fG92AQpUoZiRibFbqJJjPAIDUjHUoE40UE6fXICj63Sh5FUtoSBU/XnRIq41mMe2k6OzFDPe5n4l9dJTHQepFTEiSECzxZFCYNGwiwx2KeKYMPGliCsqL0V4iFSCBubaxaCP//yImlWK75X8W+rpVo1j6MADsEROAE+OAM1cA3qoAEweABP4AW8Oo/Os/PufMxal5x85gD8gvP1DeZrle0=</latexit><latexit sha1_base64="POCc8JOYoCnYr4jQN+DWRuUcC8E=">AAACJHiclVC7SgNBFJ31GeNr1dJmMBFsDLtpFG0CNhYWEcwDkiXMTmaTIfNYZmaFsORjbPwVGwsfWNj4Lc4mW2hi44ELh3Pu5d57wphRbTzv01laXlldWy9sFDe3tnd23b39ppaJwqSBJZOqHSJNGBWkYahhpB0rgnjISCscXWV+654oTaW4M+OYBBwNBI0oRsZKPfeyfFM+1VxKMxRE64viP9BzS17FmwIuEj8nJZCj3nPfun2JE06EwQxp3fG92AQpUoZiRibFbqJJjPAIDUjHUoE40UE6fXICj63Sh5FUtoSBU/XnRIq41mMe2k6OzFDPe5n4l9dJTHQepFTEiSECzxZFCYNGwiwx2KeKYMPGliCsqL0V4iFSCBubaxaCP//yImlWK75X8W+rpVo1j6MADsEROAE+OAM1cA3qoAEweABP4AW8Oo/Os/PufMxal5x85gD8gvP1DeZrle0=</latexit><latexit sha1_base64="POCc8JOYoCnYr4jQN+DWRuUcC8E=">AAACJHiclVC7SgNBFJ31GeNr1dJmMBFsDLtpFG0CNhYWEcwDkiXMTmaTIfNYZmaFsORjbPwVGwsfWNj4Lc4mW2hi44ELh3Pu5d57wphRbTzv01laXlldWy9sFDe3tnd23b39ppaJwqSBJZOqHSJNGBWkYahhpB0rgnjISCscXWV+654oTaW4M+OYBBwNBI0oRsZKPfeyfFM+1VxKMxRE64viP9BzS17FmwIuEj8nJZCj3nPfun2JE06EwQxp3fG92AQpUoZiRibFbqJJjPAIDUjHUoE40UE6fXICj63Sh5FUtoSBU/XnRIq41mMe2k6OzFDPe5n4l9dJTHQepFTEiSECzxZFCYNGwiwx2KeKYMPGliCsqL0V4iFSCBubaxaCP//yImlWK75X8W+rpVo1j6MADsEROAE+OAM1cA3qoAEweABP4AW8Oo/Os/PufMxal5x85gD8gvP1DeZrle0=</latexit>

µ-strong convexity:
<latexit sha1_base64="He5EsPeoGm6D42wXGIHFEDADvQc=">AAACLHiclVBNSwJRFH1jX2ZfVss2jzRok8y4KVoJbloa5AfoIG+eb/Th+xjeuyOJ+IPa9FeCaJFE235HM+qitE0HLhzOuZd77wkiwS247szJbGxube9kd3N7+weHR/njk4bVsaGsTrXQphUQywRXrA4cBGtFhhEZCNYMhtXUb46YsVyrBxhHzJekr3jIKYFE6uarxY6Mi1cWjFZ9TLUasUcO49vcP9DNF9ySOwdeJ96SFNAStW7+tdPTNJZMARXE2rbnRuBPiAFOBZvmOrFlEaFD0mfthCoimfUn82en+CJRejjUJikFeK7+nJgQae1YBkmnJDCwq14q/uW1Ywhv/AlXUQxM0cWiMBYYNE6Twz1uGAUxTgihhie3YjoghlBI8k1D8FZfXieNcslzS959uVApL+PIojN0ji6Rh65RBd2hGqojip7QC3pHM+fZeXM+nM9Fa8ZZzpyiX3C+vgHPJ5mC</latexit><latexit sha1_base64="He5EsPeoGm6D42wXGIHFEDADvQc=">AAACLHiclVBNSwJRFH1jX2ZfVss2jzRok8y4KVoJbloa5AfoIG+eb/Th+xjeuyOJ+IPa9FeCaJFE235HM+qitE0HLhzOuZd77wkiwS247szJbGxube9kd3N7+weHR/njk4bVsaGsTrXQphUQywRXrA4cBGtFhhEZCNYMhtXUb46YsVyrBxhHzJekr3jIKYFE6uarxY6Mi1cWjFZ9TLUasUcO49vcP9DNF9ySOwdeJ96SFNAStW7+tdPTNJZMARXE2rbnRuBPiAFOBZvmOrFlEaFD0mfthCoimfUn82en+CJRejjUJikFeK7+nJgQae1YBkmnJDCwq14q/uW1Ywhv/AlXUQxM0cWiMBYYNE6Twz1uGAUxTgihhie3YjoghlBI8k1D8FZfXieNcslzS959uVApL+PIojN0ji6Rh65RBd2hGqojip7QC3pHM+fZeXM+nM9Fa8ZZzpyiX3C+vgHPJ5mC</latexit><latexit sha1_base64="He5EsPeoGm6D42wXGIHFEDADvQc=">AAACLHiclVBNSwJRFH1jX2ZfVss2jzRok8y4KVoJbloa5AfoIG+eb/Th+xjeuyOJ+IPa9FeCaJFE235HM+qitE0HLhzOuZd77wkiwS247szJbGxube9kd3N7+weHR/njk4bVsaGsTrXQphUQywRXrA4cBGtFhhEZCNYMhtXUb46YsVyrBxhHzJekr3jIKYFE6uarxY6Mi1cWjFZ9TLUasUcO49vcP9DNF9ySOwdeJ96SFNAStW7+tdPTNJZMARXE2rbnRuBPiAFOBZvmOrFlEaFD0mfthCoimfUn82en+CJRejjUJikFeK7+nJgQae1YBkmnJDCwq14q/uW1Ywhv/AlXUQxM0cWiMBYYNE6Twz1uGAUxTgihhie3YjoghlBI8k1D8FZfXieNcslzS959uVApL+PIojN0ji6Rh65RBd2hGqojip7QC3pHM+fZeXM+nM9Fa8ZZzpyiX3C+vgHPJ5mC</latexit><latexit sha1_base64="He5EsPeoGm6D42wXGIHFEDADvQc=">AAACLHiclVBNSwJRFH1jX2ZfVss2jzRok8y4KVoJbloa5AfoIG+eb/Th+xjeuyOJ+IPa9FeCaJFE235HM+qitE0HLhzOuZd77wkiwS247szJbGxube9kd3N7+weHR/njk4bVsaGsTrXQphUQywRXrA4cBGtFhhEZCNYMhtXUb46YsVyrBxhHzJekr3jIKYFE6uarxY6Mi1cWjFZ9TLUasUcO49vcP9DNF9ySOwdeJ96SFNAStW7+tdPTNJZMARXE2rbnRuBPiAFOBZvmOrFlEaFD0mfthCoimfUn82en+CJRejjUJikFeK7+nJgQae1YBkmnJDCwq14q/uW1Ywhv/AlXUQxM0cWiMBYYNE6Twz1uGAUxTgihhie3YjoghlBI8k1D8FZfXieNcslzS959uVApL+PIojN0ji6Rh65RBd2hGqojip7QC3pHM+fZeXM+nM9Fa8ZZzpyiX3C+vgHPJ5mC</latexit>

$\mu$

f(x) + (rf(x))>h+ µ
2 khk

2  f(x+ h)
<latexit sha1_base64="STkA3EKgMkjTbjnHw7XCMZzB94o="></latexit><latexit sha1_base64="STkA3EKgMkjTbjnHw7XCMZzB94o="></latexit><latexit sha1_base64="STkA3EKgMkjTbjnHw7XCMZzB94o="></latexit><latexit sha1_base64="STkA3EKgMkjTbjnHw7XCMZzB94o="></latexit>

\[f(x)+ (

\[\mathbb

\[\mathbb

EC [C(x)] = x
<latexit sha1_base64="sfUPV1huVUaxF0S+72v6o0IWBDU=">AAACSniclVBNS8NAEN3UqrV+VT16WSxCvZSkF70IhSJ4rGA/IAlhs920i5sPdifSEvL7vHjy5o/w4kERLyZtBG29+GDg7Xsz7MxzI8EV6PqzVlorr29sVraq2zu7e/u1g8O+CmNJWY+GIpRDlygmeMB6wEGwYSQZ8V3BBu5dJ/cH90wqHga3MIuY7ZNxwD1OCWSSUyOWafkEJq6bXKVOYlEicCe1BPPA/H41pmfYknw8ARtf4qllV/8Dp1bXm/oceJUYBamjAl2n9mSNQhr7LAAqiFKmoUdgJ0QCp4KlVStWLCL0joyZmdGA+EzZyTyKFJ9mygh7ocwqADxXf04kxFdq5rtZZ362WvZy8S/PjMG7sBMeRDGwgC4+8mKBIcR5rnjEJaMgZhkhVPJsV0wnRBIKWfp5CMbyyauk32oaetO4adXbrSKOCjpGJ6iBDHSO2ugadVEPUfSAXtAbetcetVftQ/tctJa0YuYI/UKp/AUYw6Ph</latexit><latexit sha1_base64="sfUPV1huVUaxF0S+72v6o0IWBDU=">AAACSniclVBNS8NAEN3UqrV+VT16WSxCvZSkF70IhSJ4rGA/IAlhs920i5sPdifSEvL7vHjy5o/w4kERLyZtBG29+GDg7Xsz7MxzI8EV6PqzVlorr29sVraq2zu7e/u1g8O+CmNJWY+GIpRDlygmeMB6wEGwYSQZ8V3BBu5dJ/cH90wqHga3MIuY7ZNxwD1OCWSSUyOWafkEJq6bXKVOYlEicCe1BPPA/H41pmfYknw8ARtf4qllV/8Dp1bXm/oceJUYBamjAl2n9mSNQhr7LAAqiFKmoUdgJ0QCp4KlVStWLCL0joyZmdGA+EzZyTyKFJ9mygh7ocwqADxXf04kxFdq5rtZZ362WvZy8S/PjMG7sBMeRDGwgC4+8mKBIcR5rnjEJaMgZhkhVPJsV0wnRBIKWfp5CMbyyauk32oaetO4adXbrSKOCjpGJ6iBDHSO2ugadVEPUfSAXtAbetcetVftQ/tctJa0YuYI/UKp/AUYw6Ph</latexit><latexit sha1_base64="sfUPV1huVUaxF0S+72v6o0IWBDU=">AAACSniclVBNS8NAEN3UqrV+VT16WSxCvZSkF70IhSJ4rGA/IAlhs920i5sPdifSEvL7vHjy5o/w4kERLyZtBG29+GDg7Xsz7MxzI8EV6PqzVlorr29sVraq2zu7e/u1g8O+CmNJWY+GIpRDlygmeMB6wEGwYSQZ8V3BBu5dJ/cH90wqHga3MIuY7ZNxwD1OCWSSUyOWafkEJq6bXKVOYlEicCe1BPPA/H41pmfYknw8ARtf4qllV/8Dp1bXm/oceJUYBamjAl2n9mSNQhr7LAAqiFKmoUdgJ0QCp4KlVStWLCL0joyZmdGA+EzZyTyKFJ9mygh7ocwqADxXf04kxFdq5rtZZ362WvZy8S/PjMG7sBMeRDGwgC4+8mKBIcR5rnjEJaMgZhkhVPJsV0wnRBIKWfp5CMbyyauk32oaetO4adXbrSKOCjpGJ6iBDHSO2ugadVEPUfSAXtAbetcetVftQ/tctJa0YuYI/UKp/AUYw6Ph</latexit><latexit sha1_base64="sfUPV1huVUaxF0S+72v6o0IWBDU=">AAACSniclVBNS8NAEN3UqrV+VT16WSxCvZSkF70IhSJ4rGA/IAlhs920i5sPdifSEvL7vHjy5o/w4kERLyZtBG29+GDg7Xsz7MxzI8EV6PqzVlorr29sVraq2zu7e/u1g8O+CmNJWY+GIpRDlygmeMB6wEGwYSQZ8V3BBu5dJ/cH90wqHga3MIuY7ZNxwD1OCWSSUyOWafkEJq6bXKVOYlEicCe1BPPA/H41pmfYknw8ARtf4qllV/8Dp1bXm/oceJUYBamjAl2n9mSNQhr7LAAqiFKmoUdgJ0QCp4KlVStWLCL0joyZmdGA+EzZyTyKFJ9mygh7ocwqADxXf04kxFdq5rtZZ362WvZy8S/PjMG7sBMeRDGwgC4+8mKBIcR5rnjEJaMgZhkhVPJsV0wnRBIKWfp5CMbyyauk32oaetO4adXbrSKOCjpGJ6iBDHSO2ugadVEPUfSAXtAbetcetVftQ/tctJa0YuYI/UKp/AUYw6Ph</latexit>

EC
⇥
kC(x)k2

⇤
 (1 + !)kxk2

<latexit sha1_base64="paMFKNEixbnLhWuuGWgE5Z9x8no="></latexit><latexit sha1_base64="paMFKNEixbnLhWuuGWgE5Z9x8no="></latexit><latexit sha1_base64="paMFKNEixbnLhWuuGWgE5Z9x8no="></latexit><latexit sha1_base64="paMFKNEixbnLhWuuGWgE5Z9x8no="></latexit>

Random compression:

↵ = 1
1+!

<latexit sha1_base64="epJdQbgSqodML+Nt+H4Aqpby3dM=">AAACQHicjVC7SgNBFJ31GeNr1dJmMBEEIeym0UYI2FhGMA/IhnB3cjcZMvtgZlYIy36ajZ9gZ21joYitlZNHoYmFBy4czrl35t7jJ4Ir7TjP1srq2vrGZmGruL2zu7dvHxw2VZxKhg0Wi1i2fVAoeIQNzbXAdiIRQl9gyx9dT/zWPUrF4+hOjxPshjCIeMAZaCP17Fax7IFIhkCvqBdIYJmbZy49p9707UxiP6deHOIA8nLx/+jZJafiTEGXiTsnJTJHvWc/ef2YpSFGmglQquM6ie5mIDVnAvOilypMgI1ggB1DIwhRdbPpkjk9NUqfBrE0FWk6VX9OZBAqNQ590xmCHqpFbyL+5XVSHVx2Mx4lqcaIzT4KUkF1TCdp0j6XyLQYGwJMcrMrZUMwMWqT+SQEd/HkZdKsVlyn4t5WS7XqPI4COSYn5Iy45ILUyA2pkwZh5IG8kDfybj1ar9aH9TlrXbHmM0fkF6yvb3vooMY=</latexit><latexit sha1_base64="epJdQbgSqodML+Nt+H4Aqpby3dM=">AAACQHicjVC7SgNBFJ31GeNr1dJmMBEEIeym0UYI2FhGMA/IhnB3cjcZMvtgZlYIy36ajZ9gZ21joYitlZNHoYmFBy4czrl35t7jJ4Ir7TjP1srq2vrGZmGruL2zu7dvHxw2VZxKhg0Wi1i2fVAoeIQNzbXAdiIRQl9gyx9dT/zWPUrF4+hOjxPshjCIeMAZaCP17Fax7IFIhkCvqBdIYJmbZy49p9707UxiP6deHOIA8nLx/+jZJafiTEGXiTsnJTJHvWc/ef2YpSFGmglQquM6ie5mIDVnAvOilypMgI1ggB1DIwhRdbPpkjk9NUqfBrE0FWk6VX9OZBAqNQ590xmCHqpFbyL+5XVSHVx2Mx4lqcaIzT4KUkF1TCdp0j6XyLQYGwJMcrMrZUMwMWqT+SQEd/HkZdKsVlyn4t5WS7XqPI4COSYn5Iy45ILUyA2pkwZh5IG8kDfybj1ar9aH9TlrXbHmM0fkF6yvb3vooMY=</latexit><latexit sha1_base64="epJdQbgSqodML+Nt+H4Aqpby3dM=">AAACQHicjVC7SgNBFJ31GeNr1dJmMBEEIeym0UYI2FhGMA/IhnB3cjcZMvtgZlYIy36ajZ9gZ21joYitlZNHoYmFBy4czrl35t7jJ4Ir7TjP1srq2vrGZmGruL2zu7dvHxw2VZxKhg0Wi1i2fVAoeIQNzbXAdiIRQl9gyx9dT/zWPUrF4+hOjxPshjCIeMAZaCP17Fax7IFIhkCvqBdIYJmbZy49p9707UxiP6deHOIA8nLx/+jZJafiTEGXiTsnJTJHvWc/ef2YpSFGmglQquM6ie5mIDVnAvOilypMgI1ggB1DIwhRdbPpkjk9NUqfBrE0FWk6VX9OZBAqNQ590xmCHqpFbyL+5XVSHVx2Mx4lqcaIzT4KUkF1TCdp0j6XyLQYGwJMcrMrZUMwMWqT+SQEd/HkZdKsVlyn4t5WS7XqPI4COSYn5Iy45ILUyA2pkwZh5IG8kDfybj1ar9aH9TlrXbHmM0fkF6yvb3vooMY=</latexit><latexit sha1_base64="epJdQbgSqodML+Nt+H4Aqpby3dM=">AAACQHicjVC7SgNBFJ31GeNr1dJmMBEEIeym0UYI2FhGMA/IhnB3cjcZMvtgZlYIy36ajZ9gZ21joYitlZNHoYmFBy4czrl35t7jJ4Ir7TjP1srq2vrGZmGruL2zu7dvHxw2VZxKhg0Wi1i2fVAoeIQNzbXAdiIRQl9gyx9dT/zWPUrF4+hOjxPshjCIeMAZaCP17Fax7IFIhkCvqBdIYJmbZy49p9707UxiP6deHOIA8nLx/+jZJafiTEGXiTsnJTJHvWc/ef2YpSFGmglQquM6ie5mIDVnAvOilypMgI1ggB1DIwhRdbPpkjk9NUqfBrE0FWk6VX9OZBAqNQ590xmCHqpFbyL+5XVSHVx2Mx4lqcaIzT4KUkF1TCdp0j6XyLQYGwJMcrMrZUMwMWqT+SQEd/HkZdKsVlyn4t5WS7XqPI4COSYn5Iy45ILUyA2pkwZh5IG8kDfybj1ar9aH9TlrXbHmM0fkF6yvb3vooMY=</latexit>

c = 4!(1+!)
n

<latexit sha1_base64="YsVPUMQWQ+g48KGM0szDGnyL8T8=">AAACUnicjVLPS8MwGM3mrzmnVj16CW7CRBjtEPQiDLx4nOB+wFpGmn3dwtK0JKkwSv9GQbz4h3jxoKbbDrp58EHg8d73JV9e4secKW3bb4XixubW9k5pt7xX2T84tI6OuypKJIUOjXgk+z5RwJmAjmaaQz+WQEKfQ8+f3uV+7wmkYpF41LMYvJCMBQsYJdpIQ4uVaxTfYjeQhKZXOHXnW6YSRpkbhTAmGa47l3/IF1kqslr5/xhaVbthz4HXibMkVbREe2i9uKOIJiEITTlRauDYsfZSIjWjHLKymyiICZ2SMQwMFSQE5aXzQTN8bpQRDiJpltB4rv7sSEmo1Cz0TWVI9EStern4lzdIdHDjpUzEiQZBFwcFCcc6wnm+eMQkUM1nhhAqmZkV0wkx6WrzCnkIzuqV10m32XDshvPQrLaayzhK6BSdoTpy0DVqoXvURh1E0TN6R5/oq/Ba+CiaX7IoLRaWPSfoF4qVbxwapiM=</latexit><latexit sha1_base64="YsVPUMQWQ+g48KGM0szDGnyL8T8=">AAACUnicjVLPS8MwGM3mrzmnVj16CW7CRBjtEPQiDLx4nOB+wFpGmn3dwtK0JKkwSv9GQbz4h3jxoKbbDrp58EHg8d73JV9e4secKW3bb4XixubW9k5pt7xX2T84tI6OuypKJIUOjXgk+z5RwJmAjmaaQz+WQEKfQ8+f3uV+7wmkYpF41LMYvJCMBQsYJdpIQ4uVaxTfYjeQhKZXOHXnW6YSRpkbhTAmGa47l3/IF1kqslr5/xhaVbthz4HXibMkVbREe2i9uKOIJiEITTlRauDYsfZSIjWjHLKymyiICZ2SMQwMFSQE5aXzQTN8bpQRDiJpltB4rv7sSEmo1Cz0TWVI9EStern4lzdIdHDjpUzEiQZBFwcFCcc6wnm+eMQkUM1nhhAqmZkV0wkx6WrzCnkIzuqV10m32XDshvPQrLaayzhK6BSdoTpy0DVqoXvURh1E0TN6R5/oq/Ba+CiaX7IoLRaWPSfoF4qVbxwapiM=</latexit><latexit sha1_base64="YsVPUMQWQ+g48KGM0szDGnyL8T8=">AAACUnicjVLPS8MwGM3mrzmnVj16CW7CRBjtEPQiDLx4nOB+wFpGmn3dwtK0JKkwSv9GQbz4h3jxoKbbDrp58EHg8d73JV9e4secKW3bb4XixubW9k5pt7xX2T84tI6OuypKJIUOjXgk+z5RwJmAjmaaQz+WQEKfQ8+f3uV+7wmkYpF41LMYvJCMBQsYJdpIQ4uVaxTfYjeQhKZXOHXnW6YSRpkbhTAmGa47l3/IF1kqslr5/xhaVbthz4HXibMkVbREe2i9uKOIJiEITTlRauDYsfZSIjWjHLKymyiICZ2SMQwMFSQE5aXzQTN8bpQRDiJpltB4rv7sSEmo1Cz0TWVI9EStern4lzdIdHDjpUzEiQZBFwcFCcc6wnm+eMQkUM1nhhAqmZkV0wkx6WrzCnkIzuqV10m32XDshvPQrLaayzhK6BSdoTpy0DVqoXvURh1E0TN6R5/oq/Ba+CiaX7IoLRaWPSfoF4qVbxwapiM=</latexit><latexit sha1_base64="YsVPUMQWQ+g48KGM0szDGnyL8T8=">AAACUnicjVLPS8MwGM3mrzmnVj16CW7CRBjtEPQiDLx4nOB+wFpGmn3dwtK0JKkwSv9GQbz4h3jxoKbbDrp58EHg8d73JV9e4secKW3bb4XixubW9k5pt7xX2T84tI6OuypKJIUOjXgk+z5RwJmAjmaaQz+WQEKfQ8+f3uV+7wmkYpF41LMYvJCMBQsYJdpIQ4uVaxTfYjeQhKZXOHXnW6YSRpkbhTAmGa47l3/IF1kqslr5/xhaVbthz4HXibMkVbREe2i9uKOIJiEITTlRauDYsfZSIjWjHLKymyiICZ2SMQwMFSQE5aXzQTN8bpQRDiJpltB4rv7sSEmo1Cz0TWVI9EStern4lzdIdHDjpUzEiQZBFwcFCcc6wnm+eMQkUM1nhhAqmZkV0wkx6WrzCnkIzuqV10m32XDshvPQrLaayzhK6BSdoTpy0DVqoXvURh1E0TN6R5/oq/Ba+CiaX7IoLRaWPSfoF4qVbxwapiM=</latexit>

� = min
n

2
(µ+L)(1+ 6!

n )
, 1
2µ(!+1)

o

<latexit sha1_base64="RGHeSRltp26K0+hCIPdigPibpww="></latexit><latexit sha1_base64="RGHeSRltp26K0+hCIPdigPibpww="></latexit><latexit sha1_base64="RGHeSRltp26K0+hCIPdigPibpww="></latexit><latexit sha1_base64="RGHeSRltp26K0+hCIPdigPibpww="></latexit>

E
⇥
kgki �rfi(x

k)k2 | xk
⇤
 �2

i
<latexit sha1_base64="x0RauOJJTCu95kiTcRNbSl//+ss="></latexit><latexit sha1_base64="x0RauOJJTCu95kiTcRNbSl//+ss="></latexit><latexit sha1_base64="x0RauOJJTCu95kiTcRNbSl//+ss="></latexit><latexit sha1_base64="x0RauOJJTCu95kiTcRNbSl//+ss="></latexit>

Stochastic gradient noise:

�2 def
= 1

n

Pn
i=1 �

2
i

<latexit sha1_base64="Mokt+xpPFPleCGR0LP1DDLLHkXs="></latexit><latexit sha1_base64="Mokt+xpPFPleCGR0LP1DDLLHkXs="></latexit><latexit sha1_base64="Mokt+xpPFPleCGR0LP1DDLLHkXs="></latexit><latexit sha1_base64="Mokt+xpPFPleCGR0LP1DDLLHkXs="></latexit>

Further Results

Can get rid of �2 if fi =
1
m

Pm
j=1 fij and gki = rfij(xk) for random j

<latexit sha1_base64="nXPX6aCqYxkCNjIhRTDRLI/P6o4="></latexit><latexit sha1_base64="nXPX6aCqYxkCNjIhRTDRLI/P6o4="></latexit><latexit sha1_base64="nXPX6aCqYxkCNjIhRTDRLI/P6o4="></latexit><latexit sha1_base64="nXPX6aCqYxkCNjIhRTDRLI/P6o4="></latexit>

Can get rid of $

Compression of gradient differences first proposed and analyzed here
Results for convex and nonconvex f

<latexit sha1_base64="5+11mIGCtQzQm65/glwiUZDEtGk=">AAACOXiclVC7TsNAEDyHVwgvAyXNiQSJKrLTQBmJhjIg8pASKzqf18kp5zvr7hwRWfktGv6CDomGAoRo+QGcxAUkNEw1O7Or3R0/5kwbx3m2CmvrG5tbxe3Szu7e/oF9eNTSMlEUmlRyqTo+0cCZgKZhhkMnVkAin0PbH13N/PYYlGZS3JlJDF5EBoKFjBKTSX27cQs64UbjUCpMpRjDPSYiwEKKvKqEldI/0LfLTtWZA68SNydllKPRt596gaRJBMJQTrTuuk5svJQowyiHaamXaIgJHZEBdDMqSATaS+efT/FZpgTz20MpDJ6rPydSEmk9ifysMyJmqJe9mfiX101MeOmlTMSJAUEXi8KEYyPxLEYcMAXU8ElGCFUsuxXTIVGEmizsWQju8surpFWruk7VvamV67U8jiI6QafoHLnoAtXRNWqgJqLoAb2gN/RuPVqv1of1uWgtWPnMMfoF6+sbDyienA==</latexit><latexit sha1_base64="5+11mIGCtQzQm65/glwiUZDEtGk=">AAACOXiclVC7TsNAEDyHVwgvAyXNiQSJKrLTQBmJhjIg8pASKzqf18kp5zvr7hwRWfktGv6CDomGAoRo+QGcxAUkNEw1O7Or3R0/5kwbx3m2CmvrG5tbxe3Szu7e/oF9eNTSMlEUmlRyqTo+0cCZgKZhhkMnVkAin0PbH13N/PYYlGZS3JlJDF5EBoKFjBKTSX27cQs64UbjUCpMpRjDPSYiwEKKvKqEldI/0LfLTtWZA68SNydllKPRt596gaRJBMJQTrTuuk5svJQowyiHaamXaIgJHZEBdDMqSATaS+efT/FZpgTz20MpDJ6rPydSEmk9ifysMyJmqJe9mfiX101MeOmlTMSJAUEXi8KEYyPxLEYcMAXU8ElGCFUsuxXTIVGEmizsWQju8surpFWruk7VvamV67U8jiI6QafoHLnoAtXRNWqgJqLoAb2gN/RuPVqv1of1uWgtWPnMMfoF6+sbDyienA==</latexit><latexit sha1_base64="5+11mIGCtQzQm65/glwiUZDEtGk=">AAACOXiclVC7TsNAEDyHVwgvAyXNiQSJKrLTQBmJhjIg8pASKzqf18kp5zvr7hwRWfktGv6CDomGAoRo+QGcxAUkNEw1O7Or3R0/5kwbx3m2CmvrG5tbxe3Szu7e/oF9eNTSMlEUmlRyqTo+0cCZgKZhhkMnVkAin0PbH13N/PYYlGZS3JlJDF5EBoKFjBKTSX27cQs64UbjUCpMpRjDPSYiwEKKvKqEldI/0LfLTtWZA68SNydllKPRt596gaRJBMJQTrTuuk5svJQowyiHaamXaIgJHZEBdDMqSATaS+efT/FZpgTz20MpDJ6rPydSEmk9ifysMyJmqJe9mfiX101MeOmlTMSJAUEXi8KEYyPxLEYcMAXU8ElGCFUsuxXTIVGEmizsWQju8surpFWruk7VvamV67U8jiI6QafoHLnoAtXRNWqgJqLoAb2gN/RuPVqv1of1uWgtWPnMMfoF6+sbDyienA==</latexit><latexit sha1_base64="5+11mIGCtQzQm65/glwiUZDEtGk=">AAACOXiclVC7TsNAEDyHVwgvAyXNiQSJKrLTQBmJhjIg8pASKzqf18kp5zvr7hwRWfktGv6CDomGAoRo+QGcxAUkNEw1O7Or3R0/5kwbx3m2CmvrG5tbxe3Szu7e/oF9eNTSMlEUmlRyqTo+0cCZgKZhhkMnVkAin0PbH13N/PYYlGZS3JlJDF5EBoKFjBKTSX27cQs64UbjUCpMpRjDPSYiwEKKvKqEldI/0LfLTtWZA68SNydllKPRt596gaRJBMJQTrTuuk5svJQowyiHaamXaIgJHZEBdDMqSATaS+efT/FZpgTz20MpDJ6rPydSEmk9ifysMyJmqJe9mfiX101MeOmlTMSJAUEXi8KEYyPxLEYcMAXU8ElGCFUsuxXTIVGEmizsWQju8surpFWruk7VvamV67U8jiI6QafoHLnoAtXRNWqgJqLoAb2gN/RuPVqv1of1uWgtWPnMMfoF6+sbDyienA==</latexit>

1

2

3 Momentum, ↵ = 0 case: TernGrad [Wen et al NIPS 2017], . . .
<latexit sha1_base64="A/IFnw9EZKoxlPpyI0PSFK+mn6o="></latexit><latexit sha1_base64="A/IFnw9EZKoxlPpyI0PSFK+mn6o="></latexit><latexit sha1_base64="A/IFnw9EZKoxlPpyI0PSFK+mn6o="></latexit><latexit sha1_base64="A/IFnw9EZKoxlPpyI0PSFK+mn6o="></latexit>



Experiment

L2 regularized logistic regression; LIBSVM dataset
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More Experiments

L2 regularized logistic regression; LIBSVM dataset


