
COMP 545: Advanced topics in optimization 
From simple to complex ML systems

Lecture 2
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And, always having in mind applications in machine learning,  
AI and signal processing

-Different objective classes 
-Different strategies within each problem 
-Different approaches based on  
    computational capabilities 
-  Different approaches based on constraints
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Unconstrained

:= 1
n

nX

i=1

fi(x)
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Huge!

Convex

- There is a lot of work on such settings (mostly in the convex domain)
(Early stage of modern ML, but out of scope of this course)

- We focused though on complex ways to deal with such problems: asynchrony
(We proved convergence under standard conditions and staleness conditions)
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Overview

- In this lecture, we will:

- Go back to the initial discussion of non-convex optimization

- We will provide generic convergence results for stochastic methods
(More general case than whatever non-convex problem we considered so far)

- Inspired by modern ML (neural networks), we will describe alternatives 
   to SGD:

- Accelerated SGD

- AdaGrad

- RMSProp

- Adam

- Bonus discussion: The marginal value of adaptive methods
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Non-convex!
- Why SGD is preferable over full-batch GD?

- Full-batch GD performs redundant computations for large datasets
- SGD’s fluctuations enables it to jump to potentially better local minima

- However, SGD’s proof for non-convex settings is more complicated + weaker
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- Key observations:

- For convergence, this theory assumes a small step size O
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- Step size can be bad at the beginning - other step sizes used in practice

- Nevertheless, in practice SGD performs favorably compared to 
   full-batch GD. 

- Assuming more structure (e.g., PL condition), one can achieve better 
   rates with constant step sizes (independent on the number of iterations)
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Nevertheless, this does not prevent us from using acceleration  
in non-convex scenarios
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Recall: Momentum acceleration



- Heavy ball method

xt+1 = xt � ⌘rf(xt) + �(xt � xt�1)
<latexit sha1_base64="MAcEX+EpC5ObqUAmttcrLWmqW8k=">AAACI3icbVDLSsNAFJ34tr6qLt0MFqFSWhIRFEEQ3bhUsK3QlHAznejgZBJmbqQl9F/c+CtuXCjixoX/4qTtwteBgcM553LnnjCVwqDrfjhT0zOzc/MLi6Wl5ZXVtfL6RsskmWa8yRKZ6OsQDJdC8SYKlPw61RziUPJ2eHdW+O17ro1I1BUOUt6N4UaJSDBAKwXlo36QY80b0mPaD5DWqc8RqK8glECjqtV2aY36YaFWx4liou4Nd4NyxW24I9C/xJuQCpngIii/+b2EZTFXyCQY0/HcFLs5aBRM8mHJzwxPgd3BDe9YqiDmppuPbhzSHav0aJRo+xTSkfp9IofYmEEc2mQMeGt+e4X4n9fJMDrs5kKlGXLFxouiTFJMaFEY7QnNGcqBJcC0sH+l7BY0MLS1lmwJ3u+T/5LWXsNzG97lfuXkdFLHAtki26RKPHJATsg5uSBNwsgDeSIv5NV5dJ6dN+d9HJ1yJjOb5Aeczy+WE6Ei</latexit><latexit sha1_base64="MAcEX+EpC5ObqUAmttcrLWmqW8k=">AAACI3icbVDLSsNAFJ34tr6qLt0MFqFSWhIRFEEQ3bhUsK3QlHAznejgZBJmbqQl9F/c+CtuXCjixoX/4qTtwteBgcM553LnnjCVwqDrfjhT0zOzc/MLi6Wl5ZXVtfL6RsskmWa8yRKZ6OsQDJdC8SYKlPw61RziUPJ2eHdW+O17ro1I1BUOUt6N4UaJSDBAKwXlo36QY80b0mPaD5DWqc8RqK8glECjqtV2aY36YaFWx4liou4Nd4NyxW24I9C/xJuQCpngIii/+b2EZTFXyCQY0/HcFLs5aBRM8mHJzwxPgd3BDe9YqiDmppuPbhzSHav0aJRo+xTSkfp9IofYmEEc2mQMeGt+e4X4n9fJMDrs5kKlGXLFxouiTFJMaFEY7QnNGcqBJcC0sH+l7BY0MLS1lmwJ3u+T/5LWXsNzG97lfuXkdFLHAtki26RKPHJATsg5uSBNwsgDeSIv5NV5dJ6dN+d9HJ1yJjOb5Aeczy+WE6Ei</latexit><latexit sha1_base64="MAcEX+EpC5ObqUAmttcrLWmqW8k=">AAACI3icbVDLSsNAFJ34tr6qLt0MFqFSWhIRFEEQ3bhUsK3QlHAznejgZBJmbqQl9F/c+CtuXCjixoX/4qTtwteBgcM553LnnjCVwqDrfjhT0zOzc/MLi6Wl5ZXVtfL6RsskmWa8yRKZ6OsQDJdC8SYKlPw61RziUPJ2eHdW+O17ro1I1BUOUt6N4UaJSDBAKwXlo36QY80b0mPaD5DWqc8RqK8glECjqtV2aY36YaFWx4liou4Nd4NyxW24I9C/xJuQCpngIii/+b2EZTFXyCQY0/HcFLs5aBRM8mHJzwxPgd3BDe9YqiDmppuPbhzSHav0aJRo+xTSkfp9IofYmEEc2mQMeGt+e4X4n9fJMDrs5kKlGXLFxouiTFJMaFEY7QnNGcqBJcC0sH+l7BY0MLS1lmwJ3u+T/5LWXsNzG97lfuXkdFLHAtki26RKPHJATsg5uSBNwsgDeSIv5NV5dJ6dN+d9HJ1yJjOb5Aeczy+WE6Ei</latexit><latexit sha1_base64="MAcEX+EpC5ObqUAmttcrLWmqW8k=">AAACI3icbVDLSsNAFJ34tr6qLt0MFqFSWhIRFEEQ3bhUsK3QlHAznejgZBJmbqQl9F/c+CtuXCjixoX/4qTtwteBgcM553LnnjCVwqDrfjhT0zOzc/MLi6Wl5ZXVtfL6RsskmWa8yRKZ6OsQDJdC8SYKlPw61RziUPJ2eHdW+O17ro1I1BUOUt6N4UaJSDBAKwXlo36QY80b0mPaD5DWqc8RqK8glECjqtV2aY36YaFWx4liou4Nd4NyxW24I9C/xJuQCpngIii/+b2EZTFXyCQY0/HcFLs5aBRM8mHJzwxPgd3BDe9YqiDmppuPbhzSHav0aJRo+xTSkfp9IofYmEEc2mQMeGt+e4X4n9fJMDrs5kKlGXLFxouiTFJMaFEY7QnNGcqBJcC0sH+l7BY0MLS1lmwJ3u+T/5LWXsNzG97lfuXkdFLHAtki26RKPHJATsg5uSBNwsgDeSIv5NV5dJ6dN+d9HJ1yJjOb5Aeczy+WE6Ei</latexit>

Standard gradient step Momentum step

xt�1
<latexit sha1_base64="W4iOffL12GzGQsKevXgE651OLzk=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBiyWRgh6LXjxWsB/QhrLZbtqlm03YnYgl9Ed48aCIV3+PN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38789iPXRsTqAScJ9yM6VCIUjKKV2k/9DC+8ab9ccavuHGSVeDmpQI5Gv/zVG8QsjbhCJqkxXc9N0M+oRsEkn5Z6qeEJZWM65F1LFY248bP5uVNyZpUBCWNtSyGZq78nMhoZM4kC2xlRHJllbyb+53VTDK/9TKgkRa7YYlGYSoIxmf1OBkJzhnJiCWVa2FsJG1FNGdqESjYEb/nlVdK6rHpu1buvVeo3eRxFOIFTOAcPrqAOd9CAJjAYwzO8wpuTOC/Ou/OxaC04+cwx/IHz+QMSnI9h</latexit><latexit sha1_base64="W4iOffL12GzGQsKevXgE651OLzk=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBiyWRgh6LXjxWsB/QhrLZbtqlm03YnYgl9Ed48aCIV3+PN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38789iPXRsTqAScJ9yM6VCIUjKKV2k/9DC+8ab9ccavuHGSVeDmpQI5Gv/zVG8QsjbhCJqkxXc9N0M+oRsEkn5Z6qeEJZWM65F1LFY248bP5uVNyZpUBCWNtSyGZq78nMhoZM4kC2xlRHJllbyb+53VTDK/9TKgkRa7YYlGYSoIxmf1OBkJzhnJiCWVa2FsJG1FNGdqESjYEb/nlVdK6rHpu1buvVeo3eRxFOIFTOAcPrqAOd9CAJjAYwzO8wpuTOC/Ou/OxaC04+cwx/IHz+QMSnI9h</latexit><latexit sha1_base64="W4iOffL12GzGQsKevXgE651OLzk=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBiyWRgh6LXjxWsB/QhrLZbtqlm03YnYgl9Ed48aCIV3+PN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38789iPXRsTqAScJ9yM6VCIUjKKV2k/9DC+8ab9ccavuHGSVeDmpQI5Gv/zVG8QsjbhCJqkxXc9N0M+oRsEkn5Z6qeEJZWM65F1LFY248bP5uVNyZpUBCWNtSyGZq78nMhoZM4kC2xlRHJllbyb+53VTDK/9TKgkRa7YYlGYSoIxmf1OBkJzhnJiCWVa2FsJG1FNGdqESjYEb/nlVdK6rHpu1buvVeo3eRxFOIFTOAcPrqAOd9CAJjAYwzO8wpuTOC/Ou/OxaC04+cwx/IHz+QMSnI9h</latexit><latexit sha1_base64="W4iOffL12GzGQsKevXgE651OLzk=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBiyWRgh6LXjxWsB/QhrLZbtqlm03YnYgl9Ed48aCIV3+PN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38789iPXRsTqAScJ9yM6VCIUjKKV2k/9DC+8ab9ccavuHGSVeDmpQI5Gv/zVG8QsjbhCJqkxXc9N0M+oRsEkn5Z6qeEJZWM65F1LFY248bP5uVNyZpUBCWNtSyGZq78nMhoZM4kC2xlRHJllbyb+53VTDK/9TKgkRa7YYlGYSoIxmf1OBkJzhnJiCWVa2FsJG1FNGdqESjYEb/nlVdK6rHpu1buvVeo3eRxFOIFTOAcPrqAOd9CAJjAYwzO8wpuTOC/Ou/OxaC04+cwx/IHz+QMSnI9h</latexit>

Recall: Momentum acceleration



- Heavy ball method

xt+1 = xt � ⌘rf(xt) + �(xt � xt�1)
<latexit sha1_base64="MAcEX+EpC5ObqUAmttcrLWmqW8k=">AAACI3icbVDLSsNAFJ34tr6qLt0MFqFSWhIRFEEQ3bhUsK3QlHAznejgZBJmbqQl9F/c+CtuXCjixoX/4qTtwteBgcM553LnnjCVwqDrfjhT0zOzc/MLi6Wl5ZXVtfL6RsskmWa8yRKZ6OsQDJdC8SYKlPw61RziUPJ2eHdW+O17ro1I1BUOUt6N4UaJSDBAKwXlo36QY80b0mPaD5DWqc8RqK8glECjqtV2aY36YaFWx4liou4Nd4NyxW24I9C/xJuQCpngIii/+b2EZTFXyCQY0/HcFLs5aBRM8mHJzwxPgd3BDe9YqiDmppuPbhzSHav0aJRo+xTSkfp9IofYmEEc2mQMeGt+e4X4n9fJMDrs5kKlGXLFxouiTFJMaFEY7QnNGcqBJcC0sH+l7BY0MLS1lmwJ3u+T/5LWXsNzG97lfuXkdFLHAtki26RKPHJATsg5uSBNwsgDeSIv5NV5dJ6dN+d9HJ1yJjOb5Aeczy+WE6Ei</latexit><latexit sha1_base64="MAcEX+EpC5ObqUAmttcrLWmqW8k=">AAACI3icbVDLSsNAFJ34tr6qLt0MFqFSWhIRFEEQ3bhUsK3QlHAznejgZBJmbqQl9F/c+CtuXCjixoX/4qTtwteBgcM553LnnjCVwqDrfjhT0zOzc/MLi6Wl5ZXVtfL6RsskmWa8yRKZ6OsQDJdC8SYKlPw61RziUPJ2eHdW+O17ro1I1BUOUt6N4UaJSDBAKwXlo36QY80b0mPaD5DWqc8RqK8glECjqtV2aY36YaFWx4liou4Nd4NyxW24I9C/xJuQCpngIii/+b2EZTFXyCQY0/HcFLs5aBRM8mHJzwxPgd3BDe9YqiDmppuPbhzSHav0aJRo+xTSkfp9IofYmEEc2mQMeGt+e4X4n9fJMDrs5kKlGXLFxouiTFJMaFEY7QnNGcqBJcC0sH+l7BY0MLS1lmwJ3u+T/5LWXsNzG97lfuXkdFLHAtki26RKPHJATsg5uSBNwsgDeSIv5NV5dJ6dN+d9HJ1yJjOb5Aeczy+WE6Ei</latexit><latexit sha1_base64="MAcEX+EpC5ObqUAmttcrLWmqW8k=">AAACI3icbVDLSsNAFJ34tr6qLt0MFqFSWhIRFEEQ3bhUsK3QlHAznejgZBJmbqQl9F/c+CtuXCjixoX/4qTtwteBgcM553LnnjCVwqDrfjhT0zOzc/MLi6Wl5ZXVtfL6RsskmWa8yRKZ6OsQDJdC8SYKlPw61RziUPJ2eHdW+O17ro1I1BUOUt6N4UaJSDBAKwXlo36QY80b0mPaD5DWqc8RqK8glECjqtV2aY36YaFWx4liou4Nd4NyxW24I9C/xJuQCpngIii/+b2EZTFXyCQY0/HcFLs5aBRM8mHJzwxPgd3BDe9YqiDmppuPbhzSHav0aJRo+xTSkfp9IofYmEEc2mQMeGt+e4X4n9fJMDrs5kKlGXLFxouiTFJMaFEY7QnNGcqBJcC0sH+l7BY0MLS1lmwJ3u+T/5LWXsNzG97lfuXkdFLHAtki26RKPHJATsg5uSBNwsgDeSIv5NV5dJ6dN+d9HJ1yJjOb5Aeczy+WE6Ei</latexit><latexit sha1_base64="MAcEX+EpC5ObqUAmttcrLWmqW8k=">AAACI3icbVDLSsNAFJ34tr6qLt0MFqFSWhIRFEEQ3bhUsK3QlHAznejgZBJmbqQl9F/c+CtuXCjixoX/4qTtwteBgcM553LnnjCVwqDrfjhT0zOzc/MLi6Wl5ZXVtfL6RsskmWa8yRKZ6OsQDJdC8SYKlPw61RziUPJ2eHdW+O17ro1I1BUOUt6N4UaJSDBAKwXlo36QY80b0mPaD5DWqc8RqK8glECjqtV2aY36YaFWx4liou4Nd4NyxW24I9C/xJuQCpngIii/+b2EZTFXyCQY0/HcFLs5aBRM8mHJzwxPgd3BDe9YqiDmppuPbhzSHav0aJRo+xTSkfp9IofYmEEc2mQMeGt+e4X4n9fJMDrs5kKlGXLFxouiTFJMaFEY7QnNGcqBJcC0sH+l7BY0MLS1lmwJ3u+T/5LWXsNzG97lfuXkdFLHAtki26RKPHJATsg5uSBNwsgDeSIv5NV5dJ6dN+d9HJ1yJjOb5Aeczy+WE6Ei</latexit>

Standard gradient step Momentum step

xt�1
<latexit sha1_base64="W4iOffL12GzGQsKevXgE651OLzk=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBiyWRgh6LXjxWsB/QhrLZbtqlm03YnYgl9Ed48aCIV3+PN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38789iPXRsTqAScJ9yM6VCIUjKKV2k/9DC+8ab9ccavuHGSVeDmpQI5Gv/zVG8QsjbhCJqkxXc9N0M+oRsEkn5Z6qeEJZWM65F1LFY248bP5uVNyZpUBCWNtSyGZq78nMhoZM4kC2xlRHJllbyb+53VTDK/9TKgkRa7YYlGYSoIxmf1OBkJzhnJiCWVa2FsJG1FNGdqESjYEb/nlVdK6rHpu1buvVeo3eRxFOIFTOAcPrqAOd9CAJjAYwzO8wpuTOC/Ou/OxaC04+cwx/IHz+QMSnI9h</latexit><latexit sha1_base64="W4iOffL12GzGQsKevXgE651OLzk=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBiyWRgh6LXjxWsB/QhrLZbtqlm03YnYgl9Ed48aCIV3+PN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38789iPXRsTqAScJ9yM6VCIUjKKV2k/9DC+8ab9ccavuHGSVeDmpQI5Gv/zVG8QsjbhCJqkxXc9N0M+oRsEkn5Z6qeEJZWM65F1LFY248bP5uVNyZpUBCWNtSyGZq78nMhoZM4kC2xlRHJllbyb+53VTDK/9TKgkRa7YYlGYSoIxmf1OBkJzhnJiCWVa2FsJG1FNGdqESjYEb/nlVdK6rHpu1buvVeo3eRxFOIFTOAcPrqAOd9CAJjAYwzO8wpuTOC/Ou/OxaC04+cwx/IHz+QMSnI9h</latexit><latexit sha1_base64="W4iOffL12GzGQsKevXgE651OLzk=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBiyWRgh6LXjxWsB/QhrLZbtqlm03YnYgl9Ed48aCIV3+PN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38789iPXRsTqAScJ9yM6VCIUjKKV2k/9DC+8ab9ccavuHGSVeDmpQI5Gv/zVG8QsjbhCJqkxXc9N0M+oRsEkn5Z6qeEJZWM65F1LFY248bP5uVNyZpUBCWNtSyGZq78nMhoZM4kC2xlRHJllbyb+53VTDK/9TKgkRa7YYlGYSoIxmf1OBkJzhnJiCWVa2FsJG1FNGdqESjYEb/nlVdK6rHpu1buvVeo3eRxFOIFTOAcPrqAOd9CAJjAYwzO8wpuTOC/Ou/OxaC04+cwx/IHz+QMSnI9h</latexit><latexit sha1_base64="W4iOffL12GzGQsKevXgE651OLzk=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBiyWRgh6LXjxWsB/QhrLZbtqlm03YnYgl9Ed48aCIV3+PN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38789iPXRsTqAScJ9yM6VCIUjKKV2k/9DC+8ab9ccavuHGSVeDmpQI5Gv/zVG8QsjbhCJqkxXc9N0M+oRsEkn5Z6qeEJZWM65F1LFY248bP5uVNyZpUBCWNtSyGZq78nMhoZM4kC2xlRHJllbyb+53VTDK/9TKgkRa7YYlGYSoIxmf1OBkJzhnJiCWVa2FsJG1FNGdqESjYEb/nlVdK6rHpu1buvVeo3eRxFOIFTOAcPrqAOd9CAJjAYwzO8wpuTOC/Ou/OxaC04+cwx/IHz+QMSnI9h</latexit>

xt
<latexit sha1_base64="NHiqf4cvCuRDOUL/QX8cKwAbK3c=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Qe0oWy2m3bpZhN2J2IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//ci1EbF6wEnC/YgOlQgFo2il+6c+9ssVt+rOQVaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5ufOiVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfF8MrPhEpS5IotFoWpJBiT2d9kIDRnKCeWUKaFvZWwEdWUoU2nZEPwll9eJa2LqudWvbvLSv06j6MIJ3AK5+BBDepwCw1oAoMhPMMrvDnSeXHenY9Fa8HJZ47hD5zPH3E8jeM=</latexit><latexit sha1_base64="NHiqf4cvCuRDOUL/QX8cKwAbK3c=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Qe0oWy2m3bpZhN2J2IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//ci1EbF6wEnC/YgOlQgFo2il+6c+9ssVt+rOQVaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5ufOiVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfF8MrPhEpS5IotFoWpJBiT2d9kIDRnKCeWUKaFvZWwEdWUoU2nZEPwll9eJa2LqudWvbvLSv06j6MIJ3AK5+BBDepwCw1oAoMhPMMrvDnSeXHenY9Fa8HJZ47hD5zPH3E8jeM=</latexit><latexit sha1_base64="NHiqf4cvCuRDOUL/QX8cKwAbK3c=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Qe0oWy2m3bpZhN2J2IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//ci1EbF6wEnC/YgOlQgFo2il+6c+9ssVt+rOQVaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5ufOiVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfF8MrPhEpS5IotFoWpJBiT2d9kIDRnKCeWUKaFvZWwEdWUoU2nZEPwll9eJa2LqudWvbvLSv06j6MIJ3AK5+BBDepwCw1oAoMhPMMrvDnSeXHenY9Fa8HJZ47hD5zPH3E8jeM=</latexit><latexit sha1_base64="NHiqf4cvCuRDOUL/QX8cKwAbK3c=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Qe0oWy2m3bpZhN2J2IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//ci1EbF6wEnC/YgOlQgFo2il+6c+9ssVt+rOQVaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5ufOiVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfF8MrPhEpS5IotFoWpJBiT2d9kIDRnKCeWUKaFvZWwEdWUoU2nZEPwll9eJa2LqudWvbvLSv06j6MIJ3AK5+BBDepwCw1oAoMhPMMrvDnSeXHenY9Fa8HJZ47hD5zPH3E8jeM=</latexit>

Recall: Momentum acceleration



- Heavy ball method

xt+1 = xt � ⌘rf(xt) + �(xt � xt�1)
<latexit sha1_base64="MAcEX+EpC5ObqUAmttcrLWmqW8k=">AAACI3icbVDLSsNAFJ34tr6qLt0MFqFSWhIRFEEQ3bhUsK3QlHAznejgZBJmbqQl9F/c+CtuXCjixoX/4qTtwteBgcM553LnnjCVwqDrfjhT0zOzc/MLi6Wl5ZXVtfL6RsskmWa8yRKZ6OsQDJdC8SYKlPw61RziUPJ2eHdW+O17ro1I1BUOUt6N4UaJSDBAKwXlo36QY80b0mPaD5DWqc8RqK8glECjqtV2aY36YaFWx4liou4Nd4NyxW24I9C/xJuQCpngIii/+b2EZTFXyCQY0/HcFLs5aBRM8mHJzwxPgd3BDe9YqiDmppuPbhzSHav0aJRo+xTSkfp9IofYmEEc2mQMeGt+e4X4n9fJMDrs5kKlGXLFxouiTFJMaFEY7QnNGcqBJcC0sH+l7BY0MLS1lmwJ3u+T/5LWXsNzG97lfuXkdFLHAtki26RKPHJATsg5uSBNwsgDeSIv5NV5dJ6dN+d9HJ1yJjOb5Aeczy+WE6Ei</latexit><latexit sha1_base64="MAcEX+EpC5ObqUAmttcrLWmqW8k=">AAACI3icbVDLSsNAFJ34tr6qLt0MFqFSWhIRFEEQ3bhUsK3QlHAznejgZBJmbqQl9F/c+CtuXCjixoX/4qTtwteBgcM553LnnjCVwqDrfjhT0zOzc/MLi6Wl5ZXVtfL6RsskmWa8yRKZ6OsQDJdC8SYKlPw61RziUPJ2eHdW+O17ro1I1BUOUt6N4UaJSDBAKwXlo36QY80b0mPaD5DWqc8RqK8glECjqtV2aY36YaFWx4liou4Nd4NyxW24I9C/xJuQCpngIii/+b2EZTFXyCQY0/HcFLs5aBRM8mHJzwxPgd3BDe9YqiDmppuPbhzSHav0aJRo+xTSkfp9IofYmEEc2mQMeGt+e4X4n9fJMDrs5kKlGXLFxouiTFJMaFEY7QnNGcqBJcC0sH+l7BY0MLS1lmwJ3u+T/5LWXsNzG97lfuXkdFLHAtki26RKPHJATsg5uSBNwsgDeSIv5NV5dJ6dN+d9HJ1yJjOb5Aeczy+WE6Ei</latexit><latexit sha1_base64="MAcEX+EpC5ObqUAmttcrLWmqW8k=">AAACI3icbVDLSsNAFJ34tr6qLt0MFqFSWhIRFEEQ3bhUsK3QlHAznejgZBJmbqQl9F/c+CtuXCjixoX/4qTtwteBgcM553LnnjCVwqDrfjhT0zOzc/MLi6Wl5ZXVtfL6RsskmWa8yRKZ6OsQDJdC8SYKlPw61RziUPJ2eHdW+O17ro1I1BUOUt6N4UaJSDBAKwXlo36QY80b0mPaD5DWqc8RqK8glECjqtV2aY36YaFWx4liou4Nd4NyxW24I9C/xJuQCpngIii/+b2EZTFXyCQY0/HcFLs5aBRM8mHJzwxPgd3BDe9YqiDmppuPbhzSHav0aJRo+xTSkfp9IofYmEEc2mQMeGt+e4X4n9fJMDrs5kKlGXLFxouiTFJMaFEY7QnNGcqBJcC0sH+l7BY0MLS1lmwJ3u+T/5LWXsNzG97lfuXkdFLHAtki26RKPHJATsg5uSBNwsgDeSIv5NV5dJ6dN+d9HJ1yJjOb5Aeczy+WE6Ei</latexit><latexit sha1_base64="MAcEX+EpC5ObqUAmttcrLWmqW8k=">AAACI3icbVDLSsNAFJ34tr6qLt0MFqFSWhIRFEEQ3bhUsK3QlHAznejgZBJmbqQl9F/c+CtuXCjixoX/4qTtwteBgcM553LnnjCVwqDrfjhT0zOzc/MLi6Wl5ZXVtfL6RsskmWa8yRKZ6OsQDJdC8SYKlPw61RziUPJ2eHdW+O17ro1I1BUOUt6N4UaJSDBAKwXlo36QY80b0mPaD5DWqc8RqK8glECjqtV2aY36YaFWx4liou4Nd4NyxW24I9C/xJuQCpngIii/+b2EZTFXyCQY0/HcFLs5aBRM8mHJzwxPgd3BDe9YqiDmppuPbhzSHav0aJRo+xTSkfp9IofYmEEc2mQMeGt+e4X4n9fJMDrs5kKlGXLFxouiTFJMaFEY7QnNGcqBJcC0sH+l7BY0MLS1lmwJ3u+T/5LWXsNzG97lfuXkdFLHAtki26RKPHJATsg5uSBNwsgDeSIv5NV5dJ6dN+d9HJ1yJjOb5Aeczy+WE6Ei</latexit>

Standard gradient step Momentum step

xt�1
<latexit sha1_base64="W4iOffL12GzGQsKevXgE651OLzk=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBiyWRgh6LXjxWsB/QhrLZbtqlm03YnYgl9Ed48aCIV3+PN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38789iPXRsTqAScJ9yM6VCIUjKKV2k/9DC+8ab9ccavuHGSVeDmpQI5Gv/zVG8QsjbhCJqkxXc9N0M+oRsEkn5Z6qeEJZWM65F1LFY248bP5uVNyZpUBCWNtSyGZq78nMhoZM4kC2xlRHJllbyb+53VTDK/9TKgkRa7YYlGYSoIxmf1OBkJzhnJiCWVa2FsJG1FNGdqESjYEb/nlVdK6rHpu1buvVeo3eRxFOIFTOAcPrqAOd9CAJjAYwzO8wpuTOC/Ou/OxaC04+cwx/IHz+QMSnI9h</latexit><latexit sha1_base64="W4iOffL12GzGQsKevXgE651OLzk=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBiyWRgh6LXjxWsB/QhrLZbtqlm03YnYgl9Ed48aCIV3+PN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38789iPXRsTqAScJ9yM6VCIUjKKV2k/9DC+8ab9ccavuHGSVeDmpQI5Gv/zVG8QsjbhCJqkxXc9N0M+oRsEkn5Z6qeEJZWM65F1LFY248bP5uVNyZpUBCWNtSyGZq78nMhoZM4kC2xlRHJllbyb+53VTDK/9TKgkRa7YYlGYSoIxmf1OBkJzhnJiCWVa2FsJG1FNGdqESjYEb/nlVdK6rHpu1buvVeo3eRxFOIFTOAcPrqAOd9CAJjAYwzO8wpuTOC/Ou/OxaC04+cwx/IHz+QMSnI9h</latexit><latexit sha1_base64="W4iOffL12GzGQsKevXgE651OLzk=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBiyWRgh6LXjxWsB/QhrLZbtqlm03YnYgl9Ed48aCIV3+PN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38789iPXRsTqAScJ9yM6VCIUjKKV2k/9DC+8ab9ccavuHGSVeDmpQI5Gv/zVG8QsjbhCJqkxXc9N0M+oRsEkn5Z6qeEJZWM65F1LFY248bP5uVNyZpUBCWNtSyGZq78nMhoZM4kC2xlRHJllbyb+53VTDK/9TKgkRa7YYlGYSoIxmf1OBkJzhnJiCWVa2FsJG1FNGdqESjYEb/nlVdK6rHpu1buvVeo3eRxFOIFTOAcPrqAOd9CAJjAYwzO8wpuTOC/Ou/OxaC04+cwx/IHz+QMSnI9h</latexit><latexit sha1_base64="W4iOffL12GzGQsKevXgE651OLzk=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBiyWRgh6LXjxWsB/QhrLZbtqlm03YnYgl9Ed48aCIV3+PN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38789iPXRsTqAScJ9yM6VCIUjKKV2k/9DC+8ab9ccavuHGSVeDmpQI5Gv/zVG8QsjbhCJqkxXc9N0M+oRsEkn5Z6qeEJZWM65F1LFY248bP5uVNyZpUBCWNtSyGZq78nMhoZM4kC2xlRHJllbyb+53VTDK/9TKgkRa7YYlGYSoIxmf1OBkJzhnJiCWVa2FsJG1FNGdqESjYEb/nlVdK6rHpu1buvVeo3eRxFOIFTOAcPrqAOd9CAJjAYwzO8wpuTOC/Ou/OxaC04+cwx/IHz+QMSnI9h</latexit>

xt
<latexit sha1_base64="NHiqf4cvCuRDOUL/QX8cKwAbK3c=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Qe0oWy2m3bpZhN2J2IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//ci1EbF6wEnC/YgOlQgFo2il+6c+9ssVt+rOQVaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5ufOiVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfF8MrPhEpS5IotFoWpJBiT2d9kIDRnKCeWUKaFvZWwEdWUoU2nZEPwll9eJa2LqudWvbvLSv06j6MIJ3AK5+BBDepwCw1oAoMhPMMrvDnSeXHenY9Fa8HJZ47hD5zPH3E8jeM=</latexit><latexit sha1_base64="NHiqf4cvCuRDOUL/QX8cKwAbK3c=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Qe0oWy2m3bpZhN2J2IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//ci1EbF6wEnC/YgOlQgFo2il+6c+9ssVt+rOQVaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5ufOiVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfF8MrPhEpS5IotFoWpJBiT2d9kIDRnKCeWUKaFvZWwEdWUoU2nZEPwll9eJa2LqudWvbvLSv06j6MIJ3AK5+BBDepwCw1oAoMhPMMrvDnSeXHenY9Fa8HJZ47hD5zPH3E8jeM=</latexit><latexit sha1_base64="NHiqf4cvCuRDOUL/QX8cKwAbK3c=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Qe0oWy2m3bpZhN2J2IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//ci1EbF6wEnC/YgOlQgFo2il+6c+9ssVt+rOQVaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5ufOiVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfF8MrPhEpS5IotFoWpJBiT2d9kIDRnKCeWUKaFvZWwEdWUoU2nZEPwll9eJa2LqudWvbvLSv06j6MIJ3AK5+BBDepwCw1oAoMhPMMrvDnSeXHenY9Fa8HJZ47hD5zPH3E8jeM=</latexit><latexit sha1_base64="NHiqf4cvCuRDOUL/QX8cKwAbK3c=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Qe0oWy2m3bpZhN2J2IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//ci1EbF6wEnC/YgOlQgFo2il+6c+9ssVt+rOQVaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5ufOiVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfF8MrPhEpS5IotFoWpJBiT2d9kIDRnKCeWUKaFvZWwEdWUoU2nZEPwll9eJa2LqudWvbvLSv06j6MIJ3AK5+BBDepwCw1oAoMhPMMrvDnSeXHenY9Fa8HJZ47hD5zPH3E8jeM=</latexit>

rf(xt)
<latexit sha1_base64="KQry8HsESornu/ppnt/zPx1zt+s=">AAAB9HicbVDLSgNBEOyNrxhfUY9eBoMQL2FXBD0GvXiMYB6QLGF2MpsMmZ1dZ3qDYcl3ePGgiFc/xpt/4+Rx0MSChqKqm+6uIJHCoOt+O7m19Y3Nrfx2YWd3b/+geHjUMHGqGa+zWMa6FVDDpVC8jgIlbyWa0yiQvBkMb6d+c8S1EbF6wHHC/Yj2lQgFo2glv6NoICkJy09dPO8WS27FnYGsEm9BSrBArVv86vRilkZcIZPUmLbnJuhnVKNgkk8KndTwhLIh7fO2pYpG3PjZ7OgJObNKj4SxtqWQzNTfExmNjBlHge2MKA7MsjcV//PaKYbXfiZUkiJXbL4oTCXBmEwTID2hOUM5toQyLeythA2opgxtTgUbgrf88ippXFQ8t+LdX5aqN4s48nACp1AGD66gCndQgzoweIRneIU3Z+S8OO/Ox7w15yxmjuEPnM8f1DqReA==</latexit><latexit sha1_base64="KQry8HsESornu/ppnt/zPx1zt+s=">AAAB9HicbVDLSgNBEOyNrxhfUY9eBoMQL2FXBD0GvXiMYB6QLGF2MpsMmZ1dZ3qDYcl3ePGgiFc/xpt/4+Rx0MSChqKqm+6uIJHCoOt+O7m19Y3Nrfx2YWd3b/+geHjUMHGqGa+zWMa6FVDDpVC8jgIlbyWa0yiQvBkMb6d+c8S1EbF6wHHC/Yj2lQgFo2glv6NoICkJy09dPO8WS27FnYGsEm9BSrBArVv86vRilkZcIZPUmLbnJuhnVKNgkk8KndTwhLIh7fO2pYpG3PjZ7OgJObNKj4SxtqWQzNTfExmNjBlHge2MKA7MsjcV//PaKYbXfiZUkiJXbL4oTCXBmEwTID2hOUM5toQyLeythA2opgxtTgUbgrf88ippXFQ8t+LdX5aqN4s48nACp1AGD66gCndQgzoweIRneIU3Z+S8OO/Ox7w15yxmjuEPnM8f1DqReA==</latexit><latexit sha1_base64="KQry8HsESornu/ppnt/zPx1zt+s=">AAAB9HicbVDLSgNBEOyNrxhfUY9eBoMQL2FXBD0GvXiMYB6QLGF2MpsMmZ1dZ3qDYcl3ePGgiFc/xpt/4+Rx0MSChqKqm+6uIJHCoOt+O7m19Y3Nrfx2YWd3b/+geHjUMHGqGa+zWMa6FVDDpVC8jgIlbyWa0yiQvBkMb6d+c8S1EbF6wHHC/Yj2lQgFo2glv6NoICkJy09dPO8WS27FnYGsEm9BSrBArVv86vRilkZcIZPUmLbnJuhnVKNgkk8KndTwhLIh7fO2pYpG3PjZ7OgJObNKj4SxtqWQzNTfExmNjBlHge2MKA7MsjcV//PaKYbXfiZUkiJXbL4oTCXBmEwTID2hOUM5toQyLeythA2opgxtTgUbgrf88ippXFQ8t+LdX5aqN4s48nACp1AGD66gCndQgzoweIRneIU3Z+S8OO/Ox7w15yxmjuEPnM8f1DqReA==</latexit><latexit sha1_base64="KQry8HsESornu/ppnt/zPx1zt+s=">AAAB9HicbVDLSgNBEOyNrxhfUY9eBoMQL2FXBD0GvXiMYB6QLGF2MpsMmZ1dZ3qDYcl3ePGgiFc/xpt/4+Rx0MSChqKqm+6uIJHCoOt+O7m19Y3Nrfx2YWd3b/+geHjUMHGqGa+zWMa6FVDDpVC8jgIlbyWa0yiQvBkMb6d+c8S1EbF6wHHC/Yj2lQgFo2glv6NoICkJy09dPO8WS27FnYGsEm9BSrBArVv86vRilkZcIZPUmLbnJuhnVKNgkk8KndTwhLIh7fO2pYpG3PjZ7OgJObNKj4SxtqWQzNTfExmNjBlHge2MKA7MsjcV//PaKYbXfiZUkiJXbL4oTCXBmEwTID2hOUM5toQyLeythA2opgxtTgUbgrf88ippXFQ8t+LdX5aqN4s48nACp1AGD66gCndQgzoweIRneIU3Z+S8OO/Ox7w15yxmjuEPnM8f1DqReA==</latexit>

Recall: Momentum acceleration



- Heavy ball method

xt+1 = xt � ⌘rf(xt) + �(xt � xt�1)
<latexit sha1_base64="MAcEX+EpC5ObqUAmttcrLWmqW8k=">AAACI3icbVDLSsNAFJ34tr6qLt0MFqFSWhIRFEEQ3bhUsK3QlHAznejgZBJmbqQl9F/c+CtuXCjixoX/4qTtwteBgcM553LnnjCVwqDrfjhT0zOzc/MLi6Wl5ZXVtfL6RsskmWa8yRKZ6OsQDJdC8SYKlPw61RziUPJ2eHdW+O17ro1I1BUOUt6N4UaJSDBAKwXlo36QY80b0mPaD5DWqc8RqK8glECjqtV2aY36YaFWx4liou4Nd4NyxW24I9C/xJuQCpngIii/+b2EZTFXyCQY0/HcFLs5aBRM8mHJzwxPgd3BDe9YqiDmppuPbhzSHav0aJRo+xTSkfp9IofYmEEc2mQMeGt+e4X4n9fJMDrs5kKlGXLFxouiTFJMaFEY7QnNGcqBJcC0sH+l7BY0MLS1lmwJ3u+T/5LWXsNzG97lfuXkdFLHAtki26RKPHJATsg5uSBNwsgDeSIv5NV5dJ6dN+d9HJ1yJjOb5Aeczy+WE6Ei</latexit><latexit sha1_base64="MAcEX+EpC5ObqUAmttcrLWmqW8k=">AAACI3icbVDLSsNAFJ34tr6qLt0MFqFSWhIRFEEQ3bhUsK3QlHAznejgZBJmbqQl9F/c+CtuXCjixoX/4qTtwteBgcM553LnnjCVwqDrfjhT0zOzc/MLi6Wl5ZXVtfL6RsskmWa8yRKZ6OsQDJdC8SYKlPw61RziUPJ2eHdW+O17ro1I1BUOUt6N4UaJSDBAKwXlo36QY80b0mPaD5DWqc8RqK8glECjqtV2aY36YaFWx4liou4Nd4NyxW24I9C/xJuQCpngIii/+b2EZTFXyCQY0/HcFLs5aBRM8mHJzwxPgd3BDe9YqiDmppuPbhzSHav0aJRo+xTSkfp9IofYmEEc2mQMeGt+e4X4n9fJMDrs5kKlGXLFxouiTFJMaFEY7QnNGcqBJcC0sH+l7BY0MLS1lmwJ3u+T/5LWXsNzG97lfuXkdFLHAtki26RKPHJATsg5uSBNwsgDeSIv5NV5dJ6dN+d9HJ1yJjOb5Aeczy+WE6Ei</latexit><latexit sha1_base64="MAcEX+EpC5ObqUAmttcrLWmqW8k=">AAACI3icbVDLSsNAFJ34tr6qLt0MFqFSWhIRFEEQ3bhUsK3QlHAznejgZBJmbqQl9F/c+CtuXCjixoX/4qTtwteBgcM553LnnjCVwqDrfjhT0zOzc/MLi6Wl5ZXVtfL6RsskmWa8yRKZ6OsQDJdC8SYKlPw61RziUPJ2eHdW+O17ro1I1BUOUt6N4UaJSDBAKwXlo36QY80b0mPaD5DWqc8RqK8glECjqtV2aY36YaFWx4liou4Nd4NyxW24I9C/xJuQCpngIii/+b2EZTFXyCQY0/HcFLs5aBRM8mHJzwxPgd3BDe9YqiDmppuPbhzSHav0aJRo+xTSkfp9IofYmEEc2mQMeGt+e4X4n9fJMDrs5kKlGXLFxouiTFJMaFEY7QnNGcqBJcC0sH+l7BY0MLS1lmwJ3u+T/5LWXsNzG97lfuXkdFLHAtki26RKPHJATsg5uSBNwsgDeSIv5NV5dJ6dN+d9HJ1yJjOb5Aeczy+WE6Ei</latexit><latexit sha1_base64="MAcEX+EpC5ObqUAmttcrLWmqW8k=">AAACI3icbVDLSsNAFJ34tr6qLt0MFqFSWhIRFEEQ3bhUsK3QlHAznejgZBJmbqQl9F/c+CtuXCjixoX/4qTtwteBgcM553LnnjCVwqDrfjhT0zOzc/MLi6Wl5ZXVtfL6RsskmWa8yRKZ6OsQDJdC8SYKlPw61RziUPJ2eHdW+O17ro1I1BUOUt6N4UaJSDBAKwXlo36QY80b0mPaD5DWqc8RqK8glECjqtV2aY36YaFWx4liou4Nd4NyxW24I9C/xJuQCpngIii/+b2EZTFXyCQY0/HcFLs5aBRM8mHJzwxPgd3BDe9YqiDmppuPbhzSHav0aJRo+xTSkfp9IofYmEEc2mQMeGt+e4X4n9fJMDrs5kKlGXLFxouiTFJMaFEY7QnNGcqBJcC0sH+l7BY0MLS1lmwJ3u+T/5LWXsNzG97lfuXkdFLHAtki26RKPHJATsg5uSBNwsgDeSIv5NV5dJ6dN+d9HJ1yJjOb5Aeczy+WE6Ei</latexit>

Standard gradient step Momentum step

xt�1
<latexit sha1_base64="W4iOffL12GzGQsKevXgE651OLzk=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBiyWRgh6LXjxWsB/QhrLZbtqlm03YnYgl9Ed48aCIV3+PN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38789iPXRsTqAScJ9yM6VCIUjKKV2k/9DC+8ab9ccavuHGSVeDmpQI5Gv/zVG8QsjbhCJqkxXc9N0M+oRsEkn5Z6qeEJZWM65F1LFY248bP5uVNyZpUBCWNtSyGZq78nMhoZM4kC2xlRHJllbyb+53VTDK/9TKgkRa7YYlGYSoIxmf1OBkJzhnJiCWVa2FsJG1FNGdqESjYEb/nlVdK6rHpu1buvVeo3eRxFOIFTOAcPrqAOd9CAJjAYwzO8wpuTOC/Ou/OxaC04+cwx/IHz+QMSnI9h</latexit><latexit sha1_base64="W4iOffL12GzGQsKevXgE651OLzk=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBiyWRgh6LXjxWsB/QhrLZbtqlm03YnYgl9Ed48aCIV3+PN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38789iPXRsTqAScJ9yM6VCIUjKKV2k/9DC+8ab9ccavuHGSVeDmpQI5Gv/zVG8QsjbhCJqkxXc9N0M+oRsEkn5Z6qeEJZWM65F1LFY248bP5uVNyZpUBCWNtSyGZq78nMhoZM4kC2xlRHJllbyb+53VTDK/9TKgkRa7YYlGYSoIxmf1OBkJzhnJiCWVa2FsJG1FNGdqESjYEb/nlVdK6rHpu1buvVeo3eRxFOIFTOAcPrqAOd9CAJjAYwzO8wpuTOC/Ou/OxaC04+cwx/IHz+QMSnI9h</latexit><latexit sha1_base64="W4iOffL12GzGQsKevXgE651OLzk=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBiyWRgh6LXjxWsB/QhrLZbtqlm03YnYgl9Ed48aCIV3+PN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38789iPXRsTqAScJ9yM6VCIUjKKV2k/9DC+8ab9ccavuHGSVeDmpQI5Gv/zVG8QsjbhCJqkxXc9N0M+oRsEkn5Z6qeEJZWM65F1LFY248bP5uVNyZpUBCWNtSyGZq78nMhoZM4kC2xlRHJllbyb+53VTDK/9TKgkRa7YYlGYSoIxmf1OBkJzhnJiCWVa2FsJG1FNGdqESjYEb/nlVdK6rHpu1buvVeo3eRxFOIFTOAcPrqAOd9CAJjAYwzO8wpuTOC/Ou/OxaC04+cwx/IHz+QMSnI9h</latexit><latexit sha1_base64="W4iOffL12GzGQsKevXgE651OLzk=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBiyWRgh6LXjxWsB/QhrLZbtqlm03YnYgl9Ed48aCIV3+PN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38789iPXRsTqAScJ9yM6VCIUjKKV2k/9DC+8ab9ccavuHGSVeDmpQI5Gv/zVG8QsjbhCJqkxXc9N0M+oRsEkn5Z6qeEJZWM65F1LFY248bP5uVNyZpUBCWNtSyGZq78nMhoZM4kC2xlRHJllbyb+53VTDK/9TKgkRa7YYlGYSoIxmf1OBkJzhnJiCWVa2FsJG1FNGdqESjYEb/nlVdK6rHpu1buvVeo3eRxFOIFTOAcPrqAOd9CAJjAYwzO8wpuTOC/Ou/OxaC04+cwx/IHz+QMSnI9h</latexit>

xt
<latexit sha1_base64="NHiqf4cvCuRDOUL/QX8cKwAbK3c=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Qe0oWy2m3bpZhN2J2IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//ci1EbF6wEnC/YgOlQgFo2il+6c+9ssVt+rOQVaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5ufOiVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfF8MrPhEpS5IotFoWpJBiT2d9kIDRnKCeWUKaFvZWwEdWUoU2nZEPwll9eJa2LqudWvbvLSv06j6MIJ3AK5+BBDepwCw1oAoMhPMMrvDnSeXHenY9Fa8HJZ47hD5zPH3E8jeM=</latexit><latexit sha1_base64="NHiqf4cvCuRDOUL/QX8cKwAbK3c=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Qe0oWy2m3bpZhN2J2IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//ci1EbF6wEnC/YgOlQgFo2il+6c+9ssVt+rOQVaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5ufOiVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfF8MrPhEpS5IotFoWpJBiT2d9kIDRnKCeWUKaFvZWwEdWUoU2nZEPwll9eJa2LqudWvbvLSv06j6MIJ3AK5+BBDepwCw1oAoMhPMMrvDnSeXHenY9Fa8HJZ47hD5zPH3E8jeM=</latexit><latexit sha1_base64="NHiqf4cvCuRDOUL/QX8cKwAbK3c=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Qe0oWy2m3bpZhN2J2IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//ci1EbF6wEnC/YgOlQgFo2il+6c+9ssVt+rOQVaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5ufOiVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfF8MrPhEpS5IotFoWpJBiT2d9kIDRnKCeWUKaFvZWwEdWUoU2nZEPwll9eJa2LqudWvbvLSv06j6MIJ3AK5+BBDepwCw1oAoMhPMMrvDnSeXHenY9Fa8HJZ47hD5zPH3E8jeM=</latexit><latexit sha1_base64="NHiqf4cvCuRDOUL/QX8cKwAbK3c=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Qe0oWy2m3bpZhN2J2IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//ci1EbF6wEnC/YgOlQgFo2il+6c+9ssVt+rOQVaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5ufOiVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfF8MrPhEpS5IotFoWpJBiT2d9kIDRnKCeWUKaFvZWwEdWUoU2nZEPwll9eJa2LqudWvbvLSv06j6MIJ3AK5+BBDepwCw1oAoMhPMMrvDnSeXHenY9Fa8HJZ47hD5zPH3E8jeM=</latexit>

rf(xt)
<latexit sha1_base64="KQry8HsESornu/ppnt/zPx1zt+s=">AAAB9HicbVDLSgNBEOyNrxhfUY9eBoMQL2FXBD0GvXiMYB6QLGF2MpsMmZ1dZ3qDYcl3ePGgiFc/xpt/4+Rx0MSChqKqm+6uIJHCoOt+O7m19Y3Nrfx2YWd3b/+geHjUMHGqGa+zWMa6FVDDpVC8jgIlbyWa0yiQvBkMb6d+c8S1EbF6wHHC/Yj2lQgFo2glv6NoICkJy09dPO8WS27FnYGsEm9BSrBArVv86vRilkZcIZPUmLbnJuhnVKNgkk8KndTwhLIh7fO2pYpG3PjZ7OgJObNKj4SxtqWQzNTfExmNjBlHge2MKA7MsjcV//PaKYbXfiZUkiJXbL4oTCXBmEwTID2hOUM5toQyLeythA2opgxtTgUbgrf88ippXFQ8t+LdX5aqN4s48nACp1AGD66gCndQgzoweIRneIU3Z+S8OO/Ox7w15yxmjuEPnM8f1DqReA==</latexit><latexit sha1_base64="KQry8HsESornu/ppnt/zPx1zt+s=">AAAB9HicbVDLSgNBEOyNrxhfUY9eBoMQL2FXBD0GvXiMYB6QLGF2MpsMmZ1dZ3qDYcl3ePGgiFc/xpt/4+Rx0MSChqKqm+6uIJHCoOt+O7m19Y3Nrfx2YWd3b/+geHjUMHGqGa+zWMa6FVDDpVC8jgIlbyWa0yiQvBkMb6d+c8S1EbF6wHHC/Yj2lQgFo2glv6NoICkJy09dPO8WS27FnYGsEm9BSrBArVv86vRilkZcIZPUmLbnJuhnVKNgkk8KndTwhLIh7fO2pYpG3PjZ7OgJObNKj4SxtqWQzNTfExmNjBlHge2MKA7MsjcV//PaKYbXfiZUkiJXbL4oTCXBmEwTID2hOUM5toQyLeythA2opgxtTgUbgrf88ippXFQ8t+LdX5aqN4s48nACp1AGD66gCndQgzoweIRneIU3Z+S8OO/Ox7w15yxmjuEPnM8f1DqReA==</latexit><latexit sha1_base64="KQry8HsESornu/ppnt/zPx1zt+s=">AAAB9HicbVDLSgNBEOyNrxhfUY9eBoMQL2FXBD0GvXiMYB6QLGF2MpsMmZ1dZ3qDYcl3ePGgiFc/xpt/4+Rx0MSChqKqm+6uIJHCoOt+O7m19Y3Nrfx2YWd3b/+geHjUMHGqGa+zWMa6FVDDpVC8jgIlbyWa0yiQvBkMb6d+c8S1EbF6wHHC/Yj2lQgFo2glv6NoICkJy09dPO8WS27FnYGsEm9BSrBArVv86vRilkZcIZPUmLbnJuhnVKNgkk8KndTwhLIh7fO2pYpG3PjZ7OgJObNKj4SxtqWQzNTfExmNjBlHge2MKA7MsjcV//PaKYbXfiZUkiJXbL4oTCXBmEwTID2hOUM5toQyLeythA2opgxtTgUbgrf88ippXFQ8t+LdX5aqN4s48nACp1AGD66gCndQgzoweIRneIU3Z+S8OO/Ox7w15yxmjuEPnM8f1DqReA==</latexit><latexit sha1_base64="KQry8HsESornu/ppnt/zPx1zt+s=">AAAB9HicbVDLSgNBEOyNrxhfUY9eBoMQL2FXBD0GvXiMYB6QLGF2MpsMmZ1dZ3qDYcl3ePGgiFc/xpt/4+Rx0MSChqKqm+6uIJHCoOt+O7m19Y3Nrfx2YWd3b/+geHjUMHGqGa+zWMa6FVDDpVC8jgIlbyWa0yiQvBkMb6d+c8S1EbF6wHHC/Yj2lQgFo2glv6NoICkJy09dPO8WS27FnYGsEm9BSrBArVv86vRilkZcIZPUmLbnJuhnVKNgkk8KndTwhLIh7fO2pYpG3PjZ7OgJObNKj4SxtqWQzNTfExmNjBlHge2MKA7MsjcV//PaKYbXfiZUkiJXbL4oTCXBmEwTID2hOUM5toQyLeythA2opgxtTgUbgrf88ippXFQ8t+LdX5aqN4s48nACp1AGD66gCndQgzoweIRneIU3Z+S8OO/Ox7w15yxmjuEPnM8f1DqReA==</latexit>

xt � ⌘rf(xt)
<latexit sha1_base64="qMigAO6MZcPbcEWeTaCxyjDMIk0=">AAACAXicbVA9SwNBEN2LXzF+RW0Em8UgxMJwJ4KWQRvLCOYDkhDmNnvJkr29Y3dODCE2/hUbC0Vs/Rd2/hs3yRWa+GDg8d4MM/P8WAqDrvvtZJaWV1bXsuu5jc2t7Z387l7NRIlmvMoiGemGD4ZLoXgVBUreiDWH0Je87g+uJ379nmsjInWHw5i3Q+gpEQgGaKVO/uChg/SUtjgCbSnwJdCgaLWTTr7gltwp6CLxUlIgKSqd/FerG7Ek5AqZBGOanhtjewQaBZN8nGslhsfABtDjTUsVhNy0R9MPxvTYKl0aRNqWQjpVf0+MIDRmGPq2MwTsm3lvIv7nNRMMLtsjoeIEuWKzRUEiKUZ0EgftCs0ZyqElwLSwt1LWBw0MbWg5G4I3//IiqZ2VPLfk3Z4XyldpHFlySI5IkXjkgpTJDamQKmHkkTyTV/LmPDkvzrvzMWvNOOnMPvkD5/MHViuVhQ==</latexit><latexit sha1_base64="qMigAO6MZcPbcEWeTaCxyjDMIk0=">AAACAXicbVA9SwNBEN2LXzF+RW0Em8UgxMJwJ4KWQRvLCOYDkhDmNnvJkr29Y3dODCE2/hUbC0Vs/Rd2/hs3yRWa+GDg8d4MM/P8WAqDrvvtZJaWV1bXsuu5jc2t7Z387l7NRIlmvMoiGemGD4ZLoXgVBUreiDWH0Je87g+uJ379nmsjInWHw5i3Q+gpEQgGaKVO/uChg/SUtjgCbSnwJdCgaLWTTr7gltwp6CLxUlIgKSqd/FerG7Ek5AqZBGOanhtjewQaBZN8nGslhsfABtDjTUsVhNy0R9MPxvTYKl0aRNqWQjpVf0+MIDRmGPq2MwTsm3lvIv7nNRMMLtsjoeIEuWKzRUEiKUZ0EgftCs0ZyqElwLSwt1LWBw0MbWg5G4I3//IiqZ2VPLfk3Z4XyldpHFlySI5IkXjkgpTJDamQKmHkkTyTV/LmPDkvzrvzMWvNOOnMPvkD5/MHViuVhQ==</latexit><latexit sha1_base64="qMigAO6MZcPbcEWeTaCxyjDMIk0=">AAACAXicbVA9SwNBEN2LXzF+RW0Em8UgxMJwJ4KWQRvLCOYDkhDmNnvJkr29Y3dODCE2/hUbC0Vs/Rd2/hs3yRWa+GDg8d4MM/P8WAqDrvvtZJaWV1bXsuu5jc2t7Z387l7NRIlmvMoiGemGD4ZLoXgVBUreiDWH0Je87g+uJ379nmsjInWHw5i3Q+gpEQgGaKVO/uChg/SUtjgCbSnwJdCgaLWTTr7gltwp6CLxUlIgKSqd/FerG7Ek5AqZBGOanhtjewQaBZN8nGslhsfABtDjTUsVhNy0R9MPxvTYKl0aRNqWQjpVf0+MIDRmGPq2MwTsm3lvIv7nNRMMLtsjoeIEuWKzRUEiKUZ0EgftCs0ZyqElwLSwt1LWBw0MbWg5G4I3//IiqZ2VPLfk3Z4XyldpHFlySI5IkXjkgpTJDamQKmHkkTyTV/LmPDkvzrvzMWvNOOnMPvkD5/MHViuVhQ==</latexit><latexit sha1_base64="qMigAO6MZcPbcEWeTaCxyjDMIk0=">AAACAXicbVA9SwNBEN2LXzF+RW0Em8UgxMJwJ4KWQRvLCOYDkhDmNnvJkr29Y3dODCE2/hUbC0Vs/Rd2/hs3yRWa+GDg8d4MM/P8WAqDrvvtZJaWV1bXsuu5jc2t7Z387l7NRIlmvMoiGemGD4ZLoXgVBUreiDWH0Je87g+uJ379nmsjInWHw5i3Q+gpEQgGaKVO/uChg/SUtjgCbSnwJdCgaLWTTr7gltwp6CLxUlIgKSqd/FerG7Ek5AqZBGOanhtjewQaBZN8nGslhsfABtDjTUsVhNy0R9MPxvTYKl0aRNqWQjpVf0+MIDRmGPq2MwTsm3lvIv7nNRMMLtsjoeIEuWKzRUEiKUZ0EgftCs0ZyqElwLSwt1LWBw0MbWg5G4I3//IiqZ2VPLfk3Z4XyldpHFlySI5IkXjkgpTJDamQKmHkkTyTV/LmPDkvzrvzMWvNOOnMPvkD5/MHViuVhQ==</latexit>

Recall: Momentum acceleration



- Heavy ball method

xt+1 = xt � ⌘rf(xt) + �(xt � xt�1)
<latexit sha1_base64="MAcEX+EpC5ObqUAmttcrLWmqW8k=">AAACI3icbVDLSsNAFJ34tr6qLt0MFqFSWhIRFEEQ3bhUsK3QlHAznejgZBJmbqQl9F/c+CtuXCjixoX/4qTtwteBgcM553LnnjCVwqDrfjhT0zOzc/MLi6Wl5ZXVtfL6RsskmWa8yRKZ6OsQDJdC8SYKlPw61RziUPJ2eHdW+O17ro1I1BUOUt6N4UaJSDBAKwXlo36QY80b0mPaD5DWqc8RqK8glECjqtV2aY36YaFWx4liou4Nd4NyxW24I9C/xJuQCpngIii/+b2EZTFXyCQY0/HcFLs5aBRM8mHJzwxPgd3BDe9YqiDmppuPbhzSHav0aJRo+xTSkfp9IofYmEEc2mQMeGt+e4X4n9fJMDrs5kKlGXLFxouiTFJMaFEY7QnNGcqBJcC0sH+l7BY0MLS1lmwJ3u+T/5LWXsNzG97lfuXkdFLHAtki26RKPHJATsg5uSBNwsgDeSIv5NV5dJ6dN+d9HJ1yJjOb5Aeczy+WE6Ei</latexit><latexit sha1_base64="MAcEX+EpC5ObqUAmttcrLWmqW8k=">AAACI3icbVDLSsNAFJ34tr6qLt0MFqFSWhIRFEEQ3bhUsK3QlHAznejgZBJmbqQl9F/c+CtuXCjixoX/4qTtwteBgcM553LnnjCVwqDrfjhT0zOzc/MLi6Wl5ZXVtfL6RsskmWa8yRKZ6OsQDJdC8SYKlPw61RziUPJ2eHdW+O17ro1I1BUOUt6N4UaJSDBAKwXlo36QY80b0mPaD5DWqc8RqK8glECjqtV2aY36YaFWx4liou4Nd4NyxW24I9C/xJuQCpngIii/+b2EZTFXyCQY0/HcFLs5aBRM8mHJzwxPgd3BDe9YqiDmppuPbhzSHav0aJRo+xTSkfp9IofYmEEc2mQMeGt+e4X4n9fJMDrs5kKlGXLFxouiTFJMaFEY7QnNGcqBJcC0sH+l7BY0MLS1lmwJ3u+T/5LWXsNzG97lfuXkdFLHAtki26RKPHJATsg5uSBNwsgDeSIv5NV5dJ6dN+d9HJ1yJjOb5Aeczy+WE6Ei</latexit><latexit sha1_base64="MAcEX+EpC5ObqUAmttcrLWmqW8k=">AAACI3icbVDLSsNAFJ34tr6qLt0MFqFSWhIRFEEQ3bhUsK3QlHAznejgZBJmbqQl9F/c+CtuXCjixoX/4qTtwteBgcM553LnnjCVwqDrfjhT0zOzc/MLi6Wl5ZXVtfL6RsskmWa8yRKZ6OsQDJdC8SYKlPw61RziUPJ2eHdW+O17ro1I1BUOUt6N4UaJSDBAKwXlo36QY80b0mPaD5DWqc8RqK8glECjqtV2aY36YaFWx4liou4Nd4NyxW24I9C/xJuQCpngIii/+b2EZTFXyCQY0/HcFLs5aBRM8mHJzwxPgd3BDe9YqiDmppuPbhzSHav0aJRo+xTSkfp9IofYmEEc2mQMeGt+e4X4n9fJMDrs5kKlGXLFxouiTFJMaFEY7QnNGcqBJcC0sH+l7BY0MLS1lmwJ3u+T/5LWXsNzG97lfuXkdFLHAtki26RKPHJATsg5uSBNwsgDeSIv5NV5dJ6dN+d9HJ1yJjOb5Aeczy+WE6Ei</latexit><latexit sha1_base64="MAcEX+EpC5ObqUAmttcrLWmqW8k=">AAACI3icbVDLSsNAFJ34tr6qLt0MFqFSWhIRFEEQ3bhUsK3QlHAznejgZBJmbqQl9F/c+CtuXCjixoX/4qTtwteBgcM553LnnjCVwqDrfjhT0zOzc/MLi6Wl5ZXVtfL6RsskmWa8yRKZ6OsQDJdC8SYKlPw61RziUPJ2eHdW+O17ro1I1BUOUt6N4UaJSDBAKwXlo36QY80b0mPaD5DWqc8RqK8glECjqtV2aY36YaFWx4liou4Nd4NyxW24I9C/xJuQCpngIii/+b2EZTFXyCQY0/HcFLs5aBRM8mHJzwxPgd3BDe9YqiDmppuPbhzSHav0aJRo+xTSkfp9IofYmEEc2mQMeGt+e4X4n9fJMDrs5kKlGXLFxouiTFJMaFEY7QnNGcqBJcC0sH+l7BY0MLS1lmwJ3u+T/5LWXsNzG97lfuXkdFLHAtki26RKPHJATsg5uSBNwsgDeSIv5NV5dJ6dN+d9HJ1yJjOb5Aeczy+WE6Ei</latexit>

Standard gradient step Momentum step

xt�1
<latexit sha1_base64="W4iOffL12GzGQsKevXgE651OLzk=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBiyWRgh6LXjxWsB/QhrLZbtqlm03YnYgl9Ed48aCIV3+PN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38789iPXRsTqAScJ9yM6VCIUjKKV2k/9DC+8ab9ccavuHGSVeDmpQI5Gv/zVG8QsjbhCJqkxXc9N0M+oRsEkn5Z6qeEJZWM65F1LFY248bP5uVNyZpUBCWNtSyGZq78nMhoZM4kC2xlRHJllbyb+53VTDK/9TKgkRa7YYlGYSoIxmf1OBkJzhnJiCWVa2FsJG1FNGdqESjYEb/nlVdK6rHpu1buvVeo3eRxFOIFTOAcPrqAOd9CAJjAYwzO8wpuTOC/Ou/OxaC04+cwx/IHz+QMSnI9h</latexit><latexit sha1_base64="W4iOffL12GzGQsKevXgE651OLzk=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBiyWRgh6LXjxWsB/QhrLZbtqlm03YnYgl9Ed48aCIV3+PN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38789iPXRsTqAScJ9yM6VCIUjKKV2k/9DC+8ab9ccavuHGSVeDmpQI5Gv/zVG8QsjbhCJqkxXc9N0M+oRsEkn5Z6qeEJZWM65F1LFY248bP5uVNyZpUBCWNtSyGZq78nMhoZM4kC2xlRHJllbyb+53VTDK/9TKgkRa7YYlGYSoIxmf1OBkJzhnJiCWVa2FsJG1FNGdqESjYEb/nlVdK6rHpu1buvVeo3eRxFOIFTOAcPrqAOd9CAJjAYwzO8wpuTOC/Ou/OxaC04+cwx/IHz+QMSnI9h</latexit><latexit sha1_base64="W4iOffL12GzGQsKevXgE651OLzk=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBiyWRgh6LXjxWsB/QhrLZbtqlm03YnYgl9Ed48aCIV3+PN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38789iPXRsTqAScJ9yM6VCIUjKKV2k/9DC+8ab9ccavuHGSVeDmpQI5Gv/zVG8QsjbhCJqkxXc9N0M+oRsEkn5Z6qeEJZWM65F1LFY248bP5uVNyZpUBCWNtSyGZq78nMhoZM4kC2xlRHJllbyb+53VTDK/9TKgkRa7YYlGYSoIxmf1OBkJzhnJiCWVa2FsJG1FNGdqESjYEb/nlVdK6rHpu1buvVeo3eRxFOIFTOAcPrqAOd9CAJjAYwzO8wpuTOC/Ou/OxaC04+cwx/IHz+QMSnI9h</latexit><latexit sha1_base64="W4iOffL12GzGQsKevXgE651OLzk=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBiyWRgh6LXjxWsB/QhrLZbtqlm03YnYgl9Ed48aCIV3+PN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38789iPXRsTqAScJ9yM6VCIUjKKV2k/9DC+8ab9ccavuHGSVeDmpQI5Gv/zVG8QsjbhCJqkxXc9N0M+oRsEkn5Z6qeEJZWM65F1LFY248bP5uVNyZpUBCWNtSyGZq78nMhoZM4kC2xlRHJllbyb+53VTDK/9TKgkRa7YYlGYSoIxmf1OBkJzhnJiCWVa2FsJG1FNGdqESjYEb/nlVdK6rHpu1buvVeo3eRxFOIFTOAcPrqAOd9CAJjAYwzO8wpuTOC/Ou/OxaC04+cwx/IHz+QMSnI9h</latexit>

xt
<latexit sha1_base64="NHiqf4cvCuRDOUL/QX8cKwAbK3c=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Qe0oWy2m3bpZhN2J2IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//ci1EbF6wEnC/YgOlQgFo2il+6c+9ssVt+rOQVaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5ufOiVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfF8MrPhEpS5IotFoWpJBiT2d9kIDRnKCeWUKaFvZWwEdWUoU2nZEPwll9eJa2LqudWvbvLSv06j6MIJ3AK5+BBDepwCw1oAoMhPMMrvDnSeXHenY9Fa8HJZ47hD5zPH3E8jeM=</latexit><latexit sha1_base64="NHiqf4cvCuRDOUL/QX8cKwAbK3c=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Qe0oWy2m3bpZhN2J2IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//ci1EbF6wEnC/YgOlQgFo2il+6c+9ssVt+rOQVaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5ufOiVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfF8MrPhEpS5IotFoWpJBiT2d9kIDRnKCeWUKaFvZWwEdWUoU2nZEPwll9eJa2LqudWvbvLSv06j6MIJ3AK5+BBDepwCw1oAoMhPMMrvDnSeXHenY9Fa8HJZ47hD5zPH3E8jeM=</latexit><latexit sha1_base64="NHiqf4cvCuRDOUL/QX8cKwAbK3c=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Qe0oWy2m3bpZhN2J2IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//ci1EbF6wEnC/YgOlQgFo2il+6c+9ssVt+rOQVaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5ufOiVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfF8MrPhEpS5IotFoWpJBiT2d9kIDRnKCeWUKaFvZWwEdWUoU2nZEPwll9eJa2LqudWvbvLSv06j6MIJ3AK5+BBDepwCw1oAoMhPMMrvDnSeXHenY9Fa8HJZ47hD5zPH3E8jeM=</latexit><latexit sha1_base64="NHiqf4cvCuRDOUL/QX8cKwAbK3c=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Qe0oWy2m3bpZhN2J2IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//ci1EbF6wEnC/YgOlQgFo2il+6c+9ssVt+rOQVaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5ufOiVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfF8MrPhEpS5IotFoWpJBiT2d9kIDRnKCeWUKaFvZWwEdWUoU2nZEPwll9eJa2LqudWvbvLSv06j6MIJ3AK5+BBDepwCw1oAoMhPMMrvDnSeXHenY9Fa8HJZ47hD5zPH3E8jeM=</latexit>

rf(xt)
<latexit sha1_base64="KQry8HsESornu/ppnt/zPx1zt+s=">AAAB9HicbVDLSgNBEOyNrxhfUY9eBoMQL2FXBD0GvXiMYB6QLGF2MpsMmZ1dZ3qDYcl3ePGgiFc/xpt/4+Rx0MSChqKqm+6uIJHCoOt+O7m19Y3Nrfx2YWd3b/+geHjUMHGqGa+zWMa6FVDDpVC8jgIlbyWa0yiQvBkMb6d+c8S1EbF6wHHC/Yj2lQgFo2glv6NoICkJy09dPO8WS27FnYGsEm9BSrBArVv86vRilkZcIZPUmLbnJuhnVKNgkk8KndTwhLIh7fO2pYpG3PjZ7OgJObNKj4SxtqWQzNTfExmNjBlHge2MKA7MsjcV//PaKYbXfiZUkiJXbL4oTCXBmEwTID2hOUM5toQyLeythA2opgxtTgUbgrf88ippXFQ8t+LdX5aqN4s48nACp1AGD66gCndQgzoweIRneIU3Z+S8OO/Ox7w15yxmjuEPnM8f1DqReA==</latexit><latexit sha1_base64="KQry8HsESornu/ppnt/zPx1zt+s=">AAAB9HicbVDLSgNBEOyNrxhfUY9eBoMQL2FXBD0GvXiMYB6QLGF2MpsMmZ1dZ3qDYcl3ePGgiFc/xpt/4+Rx0MSChqKqm+6uIJHCoOt+O7m19Y3Nrfx2YWd3b/+geHjUMHGqGa+zWMa6FVDDpVC8jgIlbyWa0yiQvBkMb6d+c8S1EbF6wHHC/Yj2lQgFo2glv6NoICkJy09dPO8WS27FnYGsEm9BSrBArVv86vRilkZcIZPUmLbnJuhnVKNgkk8KndTwhLIh7fO2pYpG3PjZ7OgJObNKj4SxtqWQzNTfExmNjBlHge2MKA7MsjcV//PaKYbXfiZUkiJXbL4oTCXBmEwTID2hOUM5toQyLeythA2opgxtTgUbgrf88ippXFQ8t+LdX5aqN4s48nACp1AGD66gCndQgzoweIRneIU3Z+S8OO/Ox7w15yxmjuEPnM8f1DqReA==</latexit><latexit sha1_base64="KQry8HsESornu/ppnt/zPx1zt+s=">AAAB9HicbVDLSgNBEOyNrxhfUY9eBoMQL2FXBD0GvXiMYB6QLGF2MpsMmZ1dZ3qDYcl3ePGgiFc/xpt/4+Rx0MSChqKqm+6uIJHCoOt+O7m19Y3Nrfx2YWd3b/+geHjUMHGqGa+zWMa6FVDDpVC8jgIlbyWa0yiQvBkMb6d+c8S1EbF6wHHC/Yj2lQgFo2glv6NoICkJy09dPO8WS27FnYGsEm9BSrBArVv86vRilkZcIZPUmLbnJuhnVKNgkk8KndTwhLIh7fO2pYpG3PjZ7OgJObNKj4SxtqWQzNTfExmNjBlHge2MKA7MsjcV//PaKYbXfiZUkiJXbL4oTCXBmEwTID2hOUM5toQyLeythA2opgxtTgUbgrf88ippXFQ8t+LdX5aqN4s48nACp1AGD66gCndQgzoweIRneIU3Z+S8OO/Ox7w15yxmjuEPnM8f1DqReA==</latexit><latexit sha1_base64="KQry8HsESornu/ppnt/zPx1zt+s=">AAAB9HicbVDLSgNBEOyNrxhfUY9eBoMQL2FXBD0GvXiMYB6QLGF2MpsMmZ1dZ3qDYcl3ePGgiFc/xpt/4+Rx0MSChqKqm+6uIJHCoOt+O7m19Y3Nrfx2YWd3b/+geHjUMHGqGa+zWMa6FVDDpVC8jgIlbyWa0yiQvBkMb6d+c8S1EbF6wHHC/Yj2lQgFo2glv6NoICkJy09dPO8WS27FnYGsEm9BSrBArVv86vRilkZcIZPUmLbnJuhnVKNgkk8KndTwhLIh7fO2pYpG3PjZ7OgJObNKj4SxtqWQzNTfExmNjBlHge2MKA7MsjcV//PaKYbXfiZUkiJXbL4oTCXBmEwTID2hOUM5toQyLeythA2opgxtTgUbgrf88ippXFQ8t+LdX5aqN4s48nACp1AGD66gCndQgzoweIRneIU3Z+S8OO/Ox7w15yxmjuEPnM8f1DqReA==</latexit>

(xt � xt�1)
<latexit sha1_base64="6NGxSfDy+GEb4V4UQtN2M0NOTic=">AAAB+HicbVBNT8JAEN3iF+IHVY9eNhITPEBaY6JHohePmAiYQNNsly1s2G6b3akBG36JFw8a49Wf4s1/4wI9KPiSSV7em8nMvCARXIPjfFuFtfWNza3idmlnd2+/bB8ctnWcKspaNBaxegiIZoJL1gIOgj0kipEoEKwTjG5mfueRKc1jeQ+ThHkRGUgeckrASL5dro59wDU89jOoudMz3644dWcOvErcnFRQjqZvf/X6MU0jJoEKonXXdRLwMqKAU8GmpV6qWULoiAxY11BJIqa9bH74FJ8apY/DWJmSgOfq74mMRFpPosB0RgSGetmbif953RTCKy/jMkmBSbpYFKYCQ4xnKeA+V4yCmBhCqOLmVkyHRBEKJquSCcFdfnmVtM/rrlN37y4qjes8jiI6Rieoilx0iRroFjVRC1GUomf0it6sJ+vFerc+Fq0FK585Qn9gff4A4BeR6w==</latexit><latexit sha1_base64="6NGxSfDy+GEb4V4UQtN2M0NOTic=">AAAB+HicbVBNT8JAEN3iF+IHVY9eNhITPEBaY6JHohePmAiYQNNsly1s2G6b3akBG36JFw8a49Wf4s1/4wI9KPiSSV7em8nMvCARXIPjfFuFtfWNza3idmlnd2+/bB8ctnWcKspaNBaxegiIZoJL1gIOgj0kipEoEKwTjG5mfueRKc1jeQ+ThHkRGUgeckrASL5dro59wDU89jOoudMz3644dWcOvErcnFRQjqZvf/X6MU0jJoEKonXXdRLwMqKAU8GmpV6qWULoiAxY11BJIqa9bH74FJ8apY/DWJmSgOfq74mMRFpPosB0RgSGetmbif953RTCKy/jMkmBSbpYFKYCQ4xnKeA+V4yCmBhCqOLmVkyHRBEKJquSCcFdfnmVtM/rrlN37y4qjes8jiI6Rieoilx0iRroFjVRC1GUomf0it6sJ+vFerc+Fq0FK585Qn9gff4A4BeR6w==</latexit><latexit sha1_base64="6NGxSfDy+GEb4V4UQtN2M0NOTic=">AAAB+HicbVBNT8JAEN3iF+IHVY9eNhITPEBaY6JHohePmAiYQNNsly1s2G6b3akBG36JFw8a49Wf4s1/4wI9KPiSSV7em8nMvCARXIPjfFuFtfWNza3idmlnd2+/bB8ctnWcKspaNBaxegiIZoJL1gIOgj0kipEoEKwTjG5mfueRKc1jeQ+ThHkRGUgeckrASL5dro59wDU89jOoudMz3644dWcOvErcnFRQjqZvf/X6MU0jJoEKonXXdRLwMqKAU8GmpV6qWULoiAxY11BJIqa9bH74FJ8apY/DWJmSgOfq74mMRFpPosB0RgSGetmbif953RTCKy/jMkmBSbpYFKYCQ4xnKeA+V4yCmBhCqOLmVkyHRBEKJquSCcFdfnmVtM/rrlN37y4qjes8jiI6Rieoilx0iRroFjVRC1GUomf0it6sJ+vFerc+Fq0FK585Qn9gff4A4BeR6w==</latexit><latexit sha1_base64="6NGxSfDy+GEb4V4UQtN2M0NOTic=">AAAB+HicbVBNT8JAEN3iF+IHVY9eNhITPEBaY6JHohePmAiYQNNsly1s2G6b3akBG36JFw8a49Wf4s1/4wI9KPiSSV7em8nMvCARXIPjfFuFtfWNza3idmlnd2+/bB8ctnWcKspaNBaxegiIZoJL1gIOgj0kipEoEKwTjG5mfueRKc1jeQ+ThHkRGUgeckrASL5dro59wDU89jOoudMz3644dWcOvErcnFRQjqZvf/X6MU0jJoEKonXXdRLwMqKAU8GmpV6qWULoiAxY11BJIqa9bH74FJ8apY/DWJmSgOfq74mMRFpPosB0RgSGetmbif953RTCKy/jMkmBSbpYFKYCQ4xnKeA+V4yCmBhCqOLmVkyHRBEKJquSCcFdfnmVtM/rrlN37y4qjes8jiI6Rieoilx0iRroFjVRC1GUomf0it6sJ+vFerc+Fq0FK585Qn9gff4A4BeR6w==</latexit>

xt � ⌘rf(xt)
<latexit sha1_base64="qMigAO6MZcPbcEWeTaCxyjDMIk0=">AAACAXicbVA9SwNBEN2LXzF+RW0Em8UgxMJwJ4KWQRvLCOYDkhDmNnvJkr29Y3dODCE2/hUbC0Vs/Rd2/hs3yRWa+GDg8d4MM/P8WAqDrvvtZJaWV1bXsuu5jc2t7Z387l7NRIlmvMoiGemGD4ZLoXgVBUreiDWH0Je87g+uJ379nmsjInWHw5i3Q+gpEQgGaKVO/uChg/SUtjgCbSnwJdCgaLWTTr7gltwp6CLxUlIgKSqd/FerG7Ek5AqZBGOanhtjewQaBZN8nGslhsfABtDjTUsVhNy0R9MPxvTYKl0aRNqWQjpVf0+MIDRmGPq2MwTsm3lvIv7nNRMMLtsjoeIEuWKzRUEiKUZ0EgftCs0ZyqElwLSwt1LWBw0MbWg5G4I3//IiqZ2VPLfk3Z4XyldpHFlySI5IkXjkgpTJDamQKmHkkTyTV/LmPDkvzrvzMWvNOOnMPvkD5/MHViuVhQ==</latexit><latexit sha1_base64="qMigAO6MZcPbcEWeTaCxyjDMIk0=">AAACAXicbVA9SwNBEN2LXzF+RW0Em8UgxMJwJ4KWQRvLCOYDkhDmNnvJkr29Y3dODCE2/hUbC0Vs/Rd2/hs3yRWa+GDg8d4MM/P8WAqDrvvtZJaWV1bXsuu5jc2t7Z387l7NRIlmvMoiGemGD4ZLoXgVBUreiDWH0Je87g+uJ379nmsjInWHw5i3Q+gpEQgGaKVO/uChg/SUtjgCbSnwJdCgaLWTTr7gltwp6CLxUlIgKSqd/FerG7Ek5AqZBGOanhtjewQaBZN8nGslhsfABtDjTUsVhNy0R9MPxvTYKl0aRNqWQjpVf0+MIDRmGPq2MwTsm3lvIv7nNRMMLtsjoeIEuWKzRUEiKUZ0EgftCs0ZyqElwLSwt1LWBw0MbWg5G4I3//IiqZ2VPLfk3Z4XyldpHFlySI5IkXjkgpTJDamQKmHkkTyTV/LmPDkvzrvzMWvNOOnMPvkD5/MHViuVhQ==</latexit><latexit sha1_base64="qMigAO6MZcPbcEWeTaCxyjDMIk0=">AAACAXicbVA9SwNBEN2LXzF+RW0Em8UgxMJwJ4KWQRvLCOYDkhDmNnvJkr29Y3dODCE2/hUbC0Vs/Rd2/hs3yRWa+GDg8d4MM/P8WAqDrvvtZJaWV1bXsuu5jc2t7Z387l7NRIlmvMoiGemGD4ZLoXgVBUreiDWH0Je87g+uJ379nmsjInWHw5i3Q+gpEQgGaKVO/uChg/SUtjgCbSnwJdCgaLWTTr7gltwp6CLxUlIgKSqd/FerG7Ek5AqZBGOanhtjewQaBZN8nGslhsfABtDjTUsVhNy0R9MPxvTYKl0aRNqWQjpVf0+MIDRmGPq2MwTsm3lvIv7nNRMMLtsjoeIEuWKzRUEiKUZ0EgftCs0ZyqElwLSwt1LWBw0MbWg5G4I3//IiqZ2VPLfk3Z4XyldpHFlySI5IkXjkgpTJDamQKmHkkTyTV/LmPDkvzrvzMWvNOOnMPvkD5/MHViuVhQ==</latexit><latexit sha1_base64="qMigAO6MZcPbcEWeTaCxyjDMIk0=">AAACAXicbVA9SwNBEN2LXzF+RW0Em8UgxMJwJ4KWQRvLCOYDkhDmNnvJkr29Y3dODCE2/hUbC0Vs/Rd2/hs3yRWa+GDg8d4MM/P8WAqDrvvtZJaWV1bXsuu5jc2t7Z387l7NRIlmvMoiGemGD4ZLoXgVBUreiDWH0Je87g+uJ379nmsjInWHw5i3Q+gpEQgGaKVO/uChg/SUtjgCbSnwJdCgaLWTTr7gltwp6CLxUlIgKSqd/FerG7Ek5AqZBGOanhtjewQaBZN8nGslhsfABtDjTUsVhNy0R9MPxvTYKl0aRNqWQjpVf0+MIDRmGPq2MwTsm3lvIv7nNRMMLtsjoeIEuWKzRUEiKUZ0EgftCs0ZyqElwLSwt1LWBw0MbWg5G4I3//IiqZ2VPLfk3Z4XyldpHFlySI5IkXjkgpTJDamQKmHkkTyTV/LmPDkvzrvzMWvNOOnMPvkD5/MHViuVhQ==</latexit>

Recall: Momentum acceleration



- Heavy ball method

xt+1 = xt � ⌘rf(xt) + �(xt � xt�1)
<latexit sha1_base64="MAcEX+EpC5ObqUAmttcrLWmqW8k=">AAACI3icbVDLSsNAFJ34tr6qLt0MFqFSWhIRFEEQ3bhUsK3QlHAznejgZBJmbqQl9F/c+CtuXCjixoX/4qTtwteBgcM553LnnjCVwqDrfjhT0zOzc/MLi6Wl5ZXVtfL6RsskmWa8yRKZ6OsQDJdC8SYKlPw61RziUPJ2eHdW+O17ro1I1BUOUt6N4UaJSDBAKwXlo36QY80b0mPaD5DWqc8RqK8glECjqtV2aY36YaFWx4liou4Nd4NyxW24I9C/xJuQCpngIii/+b2EZTFXyCQY0/HcFLs5aBRM8mHJzwxPgd3BDe9YqiDmppuPbhzSHav0aJRo+xTSkfp9IofYmEEc2mQMeGt+e4X4n9fJMDrs5kKlGXLFxouiTFJMaFEY7QnNGcqBJcC0sH+l7BY0MLS1lmwJ3u+T/5LWXsNzG97lfuXkdFLHAtki26RKPHJATsg5uSBNwsgDeSIv5NV5dJ6dN+d9HJ1yJjOb5Aeczy+WE6Ei</latexit><latexit sha1_base64="MAcEX+EpC5ObqUAmttcrLWmqW8k=">AAACI3icbVDLSsNAFJ34tr6qLt0MFqFSWhIRFEEQ3bhUsK3QlHAznejgZBJmbqQl9F/c+CtuXCjixoX/4qTtwteBgcM553LnnjCVwqDrfjhT0zOzc/MLi6Wl5ZXVtfL6RsskmWa8yRKZ6OsQDJdC8SYKlPw61RziUPJ2eHdW+O17ro1I1BUOUt6N4UaJSDBAKwXlo36QY80b0mPaD5DWqc8RqK8glECjqtV2aY36YaFWx4liou4Nd4NyxW24I9C/xJuQCpngIii/+b2EZTFXyCQY0/HcFLs5aBRM8mHJzwxPgd3BDe9YqiDmppuPbhzSHav0aJRo+xTSkfp9IofYmEEc2mQMeGt+e4X4n9fJMDrs5kKlGXLFxouiTFJMaFEY7QnNGcqBJcC0sH+l7BY0MLS1lmwJ3u+T/5LWXsNzG97lfuXkdFLHAtki26RKPHJATsg5uSBNwsgDeSIv5NV5dJ6dN+d9HJ1yJjOb5Aeczy+WE6Ei</latexit><latexit sha1_base64="MAcEX+EpC5ObqUAmttcrLWmqW8k=">AAACI3icbVDLSsNAFJ34tr6qLt0MFqFSWhIRFEEQ3bhUsK3QlHAznejgZBJmbqQl9F/c+CtuXCjixoX/4qTtwteBgcM553LnnjCVwqDrfjhT0zOzc/MLi6Wl5ZXVtfL6RsskmWa8yRKZ6OsQDJdC8SYKlPw61RziUPJ2eHdW+O17ro1I1BUOUt6N4UaJSDBAKwXlo36QY80b0mPaD5DWqc8RqK8glECjqtV2aY36YaFWx4liou4Nd4NyxW24I9C/xJuQCpngIii/+b2EZTFXyCQY0/HcFLs5aBRM8mHJzwxPgd3BDe9YqiDmppuPbhzSHav0aJRo+xTSkfp9IofYmEEc2mQMeGt+e4X4n9fJMDrs5kKlGXLFxouiTFJMaFEY7QnNGcqBJcC0sH+l7BY0MLS1lmwJ3u+T/5LWXsNzG97lfuXkdFLHAtki26RKPHJATsg5uSBNwsgDeSIv5NV5dJ6dN+d9HJ1yJjOb5Aeczy+WE6Ei</latexit><latexit sha1_base64="MAcEX+EpC5ObqUAmttcrLWmqW8k=">AAACI3icbVDLSsNAFJ34tr6qLt0MFqFSWhIRFEEQ3bhUsK3QlHAznejgZBJmbqQl9F/c+CtuXCjixoX/4qTtwteBgcM553LnnjCVwqDrfjhT0zOzc/MLi6Wl5ZXVtfL6RsskmWa8yRKZ6OsQDJdC8SYKlPw61RziUPJ2eHdW+O17ro1I1BUOUt6N4UaJSDBAKwXlo36QY80b0mPaD5DWqc8RqK8glECjqtV2aY36YaFWx4liou4Nd4NyxW24I9C/xJuQCpngIii/+b2EZTFXyCQY0/HcFLs5aBRM8mHJzwxPgd3BDe9YqiDmppuPbhzSHav0aJRo+xTSkfp9IofYmEEc2mQMeGt+e4X4n9fJMDrs5kKlGXLFxouiTFJMaFEY7QnNGcqBJcC0sH+l7BY0MLS1lmwJ3u+T/5LWXsNzG97lfuXkdFLHAtki26RKPHJATsg5uSBNwsgDeSIv5NV5dJ6dN+d9HJ1yJjOb5Aeczy+WE6Ei</latexit>

Standard gradient step Momentum step

xt�1
<latexit sha1_base64="W4iOffL12GzGQsKevXgE651OLzk=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBiyWRgh6LXjxWsB/QhrLZbtqlm03YnYgl9Ed48aCIV3+PN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38789iPXRsTqAScJ9yM6VCIUjKKV2k/9DC+8ab9ccavuHGSVeDmpQI5Gv/zVG8QsjbhCJqkxXc9N0M+oRsEkn5Z6qeEJZWM65F1LFY248bP5uVNyZpUBCWNtSyGZq78nMhoZM4kC2xlRHJllbyb+53VTDK/9TKgkRa7YYlGYSoIxmf1OBkJzhnJiCWVa2FsJG1FNGdqESjYEb/nlVdK6rHpu1buvVeo3eRxFOIFTOAcPrqAOd9CAJjAYwzO8wpuTOC/Ou/OxaC04+cwx/IHz+QMSnI9h</latexit><latexit sha1_base64="W4iOffL12GzGQsKevXgE651OLzk=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBiyWRgh6LXjxWsB/QhrLZbtqlm03YnYgl9Ed48aCIV3+PN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38789iPXRsTqAScJ9yM6VCIUjKKV2k/9DC+8ab9ccavuHGSVeDmpQI5Gv/zVG8QsjbhCJqkxXc9N0M+oRsEkn5Z6qeEJZWM65F1LFY248bP5uVNyZpUBCWNtSyGZq78nMhoZM4kC2xlRHJllbyb+53VTDK/9TKgkRa7YYlGYSoIxmf1OBkJzhnJiCWVa2FsJG1FNGdqESjYEb/nlVdK6rHpu1buvVeo3eRxFOIFTOAcPrqAOd9CAJjAYwzO8wpuTOC/Ou/OxaC04+cwx/IHz+QMSnI9h</latexit><latexit sha1_base64="W4iOffL12GzGQsKevXgE651OLzk=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBiyWRgh6LXjxWsB/QhrLZbtqlm03YnYgl9Ed48aCIV3+PN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38789iPXRsTqAScJ9yM6VCIUjKKV2k/9DC+8ab9ccavuHGSVeDmpQI5Gv/zVG8QsjbhCJqkxXc9N0M+oRsEkn5Z6qeEJZWM65F1LFY248bP5uVNyZpUBCWNtSyGZq78nMhoZM4kC2xlRHJllbyb+53VTDK/9TKgkRa7YYlGYSoIxmf1OBkJzhnJiCWVa2FsJG1FNGdqESjYEb/nlVdK6rHpu1buvVeo3eRxFOIFTOAcPrqAOd9CAJjAYwzO8wpuTOC/Ou/OxaC04+cwx/IHz+QMSnI9h</latexit><latexit sha1_base64="W4iOffL12GzGQsKevXgE651OLzk=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBiyWRgh6LXjxWsB/QhrLZbtqlm03YnYgl9Ed48aCIV3+PN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38789iPXRsTqAScJ9yM6VCIUjKKV2k/9DC+8ab9ccavuHGSVeDmpQI5Gv/zVG8QsjbhCJqkxXc9N0M+oRsEkn5Z6qeEJZWM65F1LFY248bP5uVNyZpUBCWNtSyGZq78nMhoZM4kC2xlRHJllbyb+53VTDK/9TKgkRa7YYlGYSoIxmf1OBkJzhnJiCWVa2FsJG1FNGdqESjYEb/nlVdK6rHpu1buvVeo3eRxFOIFTOAcPrqAOd9CAJjAYwzO8wpuTOC/Ou/OxaC04+cwx/IHz+QMSnI9h</latexit>

xt
<latexit sha1_base64="NHiqf4cvCuRDOUL/QX8cKwAbK3c=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Qe0oWy2m3bpZhN2J2IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//ci1EbF6wEnC/YgOlQgFo2il+6c+9ssVt+rOQVaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5ufOiVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfF8MrPhEpS5IotFoWpJBiT2d9kIDRnKCeWUKaFvZWwEdWUoU2nZEPwll9eJa2LqudWvbvLSv06j6MIJ3AK5+BBDepwCw1oAoMhPMMrvDnSeXHenY9Fa8HJZ47hD5zPH3E8jeM=</latexit><latexit sha1_base64="NHiqf4cvCuRDOUL/QX8cKwAbK3c=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Qe0oWy2m3bpZhN2J2IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//ci1EbF6wEnC/YgOlQgFo2il+6c+9ssVt+rOQVaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5ufOiVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfF8MrPhEpS5IotFoWpJBiT2d9kIDRnKCeWUKaFvZWwEdWUoU2nZEPwll9eJa2LqudWvbvLSv06j6MIJ3AK5+BBDepwCw1oAoMhPMMrvDnSeXHenY9Fa8HJZ47hD5zPH3E8jeM=</latexit><latexit sha1_base64="NHiqf4cvCuRDOUL/QX8cKwAbK3c=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Qe0oWy2m3bpZhN2J2IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//ci1EbF6wEnC/YgOlQgFo2il+6c+9ssVt+rOQVaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5ufOiVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfF8MrPhEpS5IotFoWpJBiT2d9kIDRnKCeWUKaFvZWwEdWUoU2nZEPwll9eJa2LqudWvbvLSv06j6MIJ3AK5+BBDepwCw1oAoMhPMMrvDnSeXHenY9Fa8HJZ47hD5zPH3E8jeM=</latexit><latexit sha1_base64="NHiqf4cvCuRDOUL/QX8cKwAbK3c=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Qe0oWy2m3bpZhN2J2IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//ci1EbF6wEnC/YgOlQgFo2il+6c+9ssVt+rOQVaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5ufOiVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfF8MrPhEpS5IotFoWpJBiT2d9kIDRnKCeWUKaFvZWwEdWUoU2nZEPwll9eJa2LqudWvbvLSv06j6MIJ3AK5+BBDepwCw1oAoMhPMMrvDnSeXHenY9Fa8HJZ47hD5zPH3E8jeM=</latexit>

rf(xt)
<latexit sha1_base64="KQry8HsESornu/ppnt/zPx1zt+s=">AAAB9HicbVDLSgNBEOyNrxhfUY9eBoMQL2FXBD0GvXiMYB6QLGF2MpsMmZ1dZ3qDYcl3ePGgiFc/xpt/4+Rx0MSChqKqm+6uIJHCoOt+O7m19Y3Nrfx2YWd3b/+geHjUMHGqGa+zWMa6FVDDpVC8jgIlbyWa0yiQvBkMb6d+c8S1EbF6wHHC/Yj2lQgFo2glv6NoICkJy09dPO8WS27FnYGsEm9BSrBArVv86vRilkZcIZPUmLbnJuhnVKNgkk8KndTwhLIh7fO2pYpG3PjZ7OgJObNKj4SxtqWQzNTfExmNjBlHge2MKA7MsjcV//PaKYbXfiZUkiJXbL4oTCXBmEwTID2hOUM5toQyLeythA2opgxtTgUbgrf88ippXFQ8t+LdX5aqN4s48nACp1AGD66gCndQgzoweIRneIU3Z+S8OO/Ox7w15yxmjuEPnM8f1DqReA==</latexit><latexit sha1_base64="KQry8HsESornu/ppnt/zPx1zt+s=">AAAB9HicbVDLSgNBEOyNrxhfUY9eBoMQL2FXBD0GvXiMYB6QLGF2MpsMmZ1dZ3qDYcl3ePGgiFc/xpt/4+Rx0MSChqKqm+6uIJHCoOt+O7m19Y3Nrfx2YWd3b/+geHjUMHGqGa+zWMa6FVDDpVC8jgIlbyWa0yiQvBkMb6d+c8S1EbF6wHHC/Yj2lQgFo2glv6NoICkJy09dPO8WS27FnYGsEm9BSrBArVv86vRilkZcIZPUmLbnJuhnVKNgkk8KndTwhLIh7fO2pYpG3PjZ7OgJObNKj4SxtqWQzNTfExmNjBlHge2MKA7MsjcV//PaKYbXfiZUkiJXbL4oTCXBmEwTID2hOUM5toQyLeythA2opgxtTgUbgrf88ippXFQ8t+LdX5aqN4s48nACp1AGD66gCndQgzoweIRneIU3Z+S8OO/Ox7w15yxmjuEPnM8f1DqReA==</latexit><latexit sha1_base64="KQry8HsESornu/ppnt/zPx1zt+s=">AAAB9HicbVDLSgNBEOyNrxhfUY9eBoMQL2FXBD0GvXiMYB6QLGF2MpsMmZ1dZ3qDYcl3ePGgiFc/xpt/4+Rx0MSChqKqm+6uIJHCoOt+O7m19Y3Nrfx2YWd3b/+geHjUMHGqGa+zWMa6FVDDpVC8jgIlbyWa0yiQvBkMb6d+c8S1EbF6wHHC/Yj2lQgFo2glv6NoICkJy09dPO8WS27FnYGsEm9BSrBArVv86vRilkZcIZPUmLbnJuhnVKNgkk8KndTwhLIh7fO2pYpG3PjZ7OgJObNKj4SxtqWQzNTfExmNjBlHge2MKA7MsjcV//PaKYbXfiZUkiJXbL4oTCXBmEwTID2hOUM5toQyLeythA2opgxtTgUbgrf88ippXFQ8t+LdX5aqN4s48nACp1AGD66gCndQgzoweIRneIU3Z+S8OO/Ox7w15yxmjuEPnM8f1DqReA==</latexit><latexit sha1_base64="KQry8HsESornu/ppnt/zPx1zt+s=">AAAB9HicbVDLSgNBEOyNrxhfUY9eBoMQL2FXBD0GvXiMYB6QLGF2MpsMmZ1dZ3qDYcl3ePGgiFc/xpt/4+Rx0MSChqKqm+6uIJHCoOt+O7m19Y3Nrfx2YWd3b/+geHjUMHGqGa+zWMa6FVDDpVC8jgIlbyWa0yiQvBkMb6d+c8S1EbF6wHHC/Yj2lQgFo2glv6NoICkJy09dPO8WS27FnYGsEm9BSrBArVv86vRilkZcIZPUmLbnJuhnVKNgkk8KndTwhLIh7fO2pYpG3PjZ7OgJObNKj4SxtqWQzNTfExmNjBlHge2MKA7MsjcV//PaKYbXfiZUkiJXbL4oTCXBmEwTID2hOUM5toQyLeythA2opgxtTgUbgrf88ippXFQ8t+LdX5aqN4s48nACp1AGD66gCndQgzoweIRneIU3Z+S8OO/Ox7w15yxmjuEPnM8f1DqReA==</latexit>

�(xt � xt�1)
<latexit sha1_base64="HIobVrQVV5CdDFfhIdH1Gk7OoFA=">AAAB/nicbVBNS8NAEN34WetXVDx5WSxCPbQkIuix6MVjBfsBbQib7aZdutmE3Ym0hIJ/xYsHRbz6O7z5b9y2OWjrg4HHezPMzAsSwTU4zre1srq2vrFZ2Cpu7+zu7dsHh00dp4qyBo1FrNoB0UxwyRrAQbB2ohiJAsFawfB26rcemdI8lg8wTpgXkb7kIacEjOTbx92AAcHlkQ+4gkd+BhV3cu7bJafqzICXiZuTEspR9+2vbi+macQkUEG07rhOAl5GFHAq2KTYTTVLCB2SPusYKknEtJfNzp/gM6P0cBgrUxLwTP09kZFI63EUmM6IwEAvelPxP6+TQnjtZVwmKTBJ54vCVGCI8TQL3OOKURBjQwhV3NyK6YAoQsEkVjQhuIsvL5PmRdV1qu79Zal2k8dRQCfoFJWRi65QDd2hOmogijL0jF7Rm/VkvVjv1se8dcXKZ47QH1ifPxDOlD8=</latexit><latexit sha1_base64="HIobVrQVV5CdDFfhIdH1Gk7OoFA=">AAAB/nicbVBNS8NAEN34WetXVDx5WSxCPbQkIuix6MVjBfsBbQib7aZdutmE3Ym0hIJ/xYsHRbz6O7z5b9y2OWjrg4HHezPMzAsSwTU4zre1srq2vrFZ2Cpu7+zu7dsHh00dp4qyBo1FrNoB0UxwyRrAQbB2ohiJAsFawfB26rcemdI8lg8wTpgXkb7kIacEjOTbx92AAcHlkQ+4gkd+BhV3cu7bJafqzICXiZuTEspR9+2vbi+macQkUEG07rhOAl5GFHAq2KTYTTVLCB2SPusYKknEtJfNzp/gM6P0cBgrUxLwTP09kZFI63EUmM6IwEAvelPxP6+TQnjtZVwmKTBJ54vCVGCI8TQL3OOKURBjQwhV3NyK6YAoQsEkVjQhuIsvL5PmRdV1qu79Zal2k8dRQCfoFJWRi65QDd2hOmogijL0jF7Rm/VkvVjv1se8dcXKZ47QH1ifPxDOlD8=</latexit><latexit sha1_base64="HIobVrQVV5CdDFfhIdH1Gk7OoFA=">AAAB/nicbVBNS8NAEN34WetXVDx5WSxCPbQkIuix6MVjBfsBbQib7aZdutmE3Ym0hIJ/xYsHRbz6O7z5b9y2OWjrg4HHezPMzAsSwTU4zre1srq2vrFZ2Cpu7+zu7dsHh00dp4qyBo1FrNoB0UxwyRrAQbB2ohiJAsFawfB26rcemdI8lg8wTpgXkb7kIacEjOTbx92AAcHlkQ+4gkd+BhV3cu7bJafqzICXiZuTEspR9+2vbi+macQkUEG07rhOAl5GFHAq2KTYTTVLCB2SPusYKknEtJfNzp/gM6P0cBgrUxLwTP09kZFI63EUmM6IwEAvelPxP6+TQnjtZVwmKTBJ54vCVGCI8TQL3OOKURBjQwhV3NyK6YAoQsEkVjQhuIsvL5PmRdV1qu79Zal2k8dRQCfoFJWRi65QDd2hOmogijL0jF7Rm/VkvVjv1se8dcXKZ47QH1ifPxDOlD8=</latexit><latexit sha1_base64="HIobVrQVV5CdDFfhIdH1Gk7OoFA=">AAAB/nicbVBNS8NAEN34WetXVDx5WSxCPbQkIuix6MVjBfsBbQib7aZdutmE3Ym0hIJ/xYsHRbz6O7z5b9y2OWjrg4HHezPMzAsSwTU4zre1srq2vrFZ2Cpu7+zu7dsHh00dp4qyBo1FrNoB0UxwyRrAQbB2ohiJAsFawfB26rcemdI8lg8wTpgXkb7kIacEjOTbx92AAcHlkQ+4gkd+BhV3cu7bJafqzICXiZuTEspR9+2vbi+macQkUEG07rhOAl5GFHAq2KTYTTVLCB2SPusYKknEtJfNzp/gM6P0cBgrUxLwTP09kZFI63EUmM6IwEAvelPxP6+TQnjtZVwmKTBJ54vCVGCI8TQL3OOKURBjQwhV3NyK6YAoQsEkVjQhuIsvL5PmRdV1qu79Zal2k8dRQCfoFJWRi65QDd2hOmogijL0jF7Rm/VkvVjv1se8dcXKZ47QH1ifPxDOlD8=</latexit>

xt � ⌘rf(xt)
<latexit sha1_base64="qMigAO6MZcPbcEWeTaCxyjDMIk0=">AAACAXicbVA9SwNBEN2LXzF+RW0Em8UgxMJwJ4KWQRvLCOYDkhDmNnvJkr29Y3dODCE2/hUbC0Vs/Rd2/hs3yRWa+GDg8d4MM/P8WAqDrvvtZJaWV1bXsuu5jc2t7Z387l7NRIlmvMoiGemGD4ZLoXgVBUreiDWH0Je87g+uJ379nmsjInWHw5i3Q+gpEQgGaKVO/uChg/SUtjgCbSnwJdCgaLWTTr7gltwp6CLxUlIgKSqd/FerG7Ek5AqZBGOanhtjewQaBZN8nGslhsfABtDjTUsVhNy0R9MPxvTYKl0aRNqWQjpVf0+MIDRmGPq2MwTsm3lvIv7nNRMMLtsjoeIEuWKzRUEiKUZ0EgftCs0ZyqElwLSwt1LWBw0MbWg5G4I3//IiqZ2VPLfk3Z4XyldpHFlySI5IkXjkgpTJDamQKmHkkTyTV/LmPDkvzrvzMWvNOOnMPvkD5/MHViuVhQ==</latexit><latexit sha1_base64="qMigAO6MZcPbcEWeTaCxyjDMIk0=">AAACAXicbVA9SwNBEN2LXzF+RW0Em8UgxMJwJ4KWQRvLCOYDkhDmNnvJkr29Y3dODCE2/hUbC0Vs/Rd2/hs3yRWa+GDg8d4MM/P8WAqDrvvtZJaWV1bXsuu5jc2t7Z387l7NRIlmvMoiGemGD4ZLoXgVBUreiDWH0Je87g+uJ379nmsjInWHw5i3Q+gpEQgGaKVO/uChg/SUtjgCbSnwJdCgaLWTTr7gltwp6CLxUlIgKSqd/FerG7Ek5AqZBGOanhtjewQaBZN8nGslhsfABtDjTUsVhNy0R9MPxvTYKl0aRNqWQjpVf0+MIDRmGPq2MwTsm3lvIv7nNRMMLtsjoeIEuWKzRUEiKUZ0EgftCs0ZyqElwLSwt1LWBw0MbWg5G4I3//IiqZ2VPLfk3Z4XyldpHFlySI5IkXjkgpTJDamQKmHkkTyTV/LmPDkvzrvzMWvNOOnMPvkD5/MHViuVhQ==</latexit><latexit sha1_base64="qMigAO6MZcPbcEWeTaCxyjDMIk0=">AAACAXicbVA9SwNBEN2LXzF+RW0Em8UgxMJwJ4KWQRvLCOYDkhDmNnvJkr29Y3dODCE2/hUbC0Vs/Rd2/hs3yRWa+GDg8d4MM/P8WAqDrvvtZJaWV1bXsuu5jc2t7Z387l7NRIlmvMoiGemGD4ZLoXgVBUreiDWH0Je87g+uJ379nmsjInWHw5i3Q+gpEQgGaKVO/uChg/SUtjgCbSnwJdCgaLWTTr7gltwp6CLxUlIgKSqd/FerG7Ek5AqZBGOanhtjewQaBZN8nGslhsfABtDjTUsVhNy0R9MPxvTYKl0aRNqWQjpVf0+MIDRmGPq2MwTsm3lvIv7nNRMMLtsjoeIEuWKzRUEiKUZ0EgftCs0ZyqElwLSwt1LWBw0MbWg5G4I3//IiqZ2VPLfk3Z4XyldpHFlySI5IkXjkgpTJDamQKmHkkTyTV/LmPDkvzrvzMWvNOOnMPvkD5/MHViuVhQ==</latexit><latexit sha1_base64="qMigAO6MZcPbcEWeTaCxyjDMIk0=">AAACAXicbVA9SwNBEN2LXzF+RW0Em8UgxMJwJ4KWQRvLCOYDkhDmNnvJkr29Y3dODCE2/hUbC0Vs/Rd2/hs3yRWa+GDg8d4MM/P8WAqDrvvtZJaWV1bXsuu5jc2t7Z387l7NRIlmvMoiGemGD4ZLoXgVBUreiDWH0Je87g+uJ379nmsjInWHw5i3Q+gpEQgGaKVO/uChg/SUtjgCbSnwJdCgaLWTTr7gltwp6CLxUlIgKSqd/FerG7Ek5AqZBGOanhtjewQaBZN8nGslhsfABtDjTUsVhNy0R9MPxvTYKl0aRNqWQjpVf0+MIDRmGPq2MwTsm3lvIv7nNRMMLtsjoeIEuWKzRUEiKUZ0EgftCs0ZyqElwLSwt1LWBw0MbWg5G4I3//IiqZ2VPLfk3Z4XyldpHFlySI5IkXjkgpTJDamQKmHkkTyTV/LmPDkvzrvzMWvNOOnMPvkD5/MHViuVhQ==</latexit>

Recall: Momentum acceleration



- Heavy ball method

xt+1 = xt � ⌘rf(xt) + �(xt � xt�1)
<latexit sha1_base64="MAcEX+EpC5ObqUAmttcrLWmqW8k=">AAACI3icbVDLSsNAFJ34tr6qLt0MFqFSWhIRFEEQ3bhUsK3QlHAznejgZBJmbqQl9F/c+CtuXCjixoX/4qTtwteBgcM553LnnjCVwqDrfjhT0zOzc/MLi6Wl5ZXVtfL6RsskmWa8yRKZ6OsQDJdC8SYKlPw61RziUPJ2eHdW+O17ro1I1BUOUt6N4UaJSDBAKwXlo36QY80b0mPaD5DWqc8RqK8glECjqtV2aY36YaFWx4liou4Nd4NyxW24I9C/xJuQCpngIii/+b2EZTFXyCQY0/HcFLs5aBRM8mHJzwxPgd3BDe9YqiDmppuPbhzSHav0aJRo+xTSkfp9IofYmEEc2mQMeGt+e4X4n9fJMDrs5kKlGXLFxouiTFJMaFEY7QnNGcqBJcC0sH+l7BY0MLS1lmwJ3u+T/5LWXsNzG97lfuXkdFLHAtki26RKPHJATsg5uSBNwsgDeSIv5NV5dJ6dN+d9HJ1yJjOb5Aeczy+WE6Ei</latexit><latexit sha1_base64="MAcEX+EpC5ObqUAmttcrLWmqW8k=">AAACI3icbVDLSsNAFJ34tr6qLt0MFqFSWhIRFEEQ3bhUsK3QlHAznejgZBJmbqQl9F/c+CtuXCjixoX/4qTtwteBgcM553LnnjCVwqDrfjhT0zOzc/MLi6Wl5ZXVtfL6RsskmWa8yRKZ6OsQDJdC8SYKlPw61RziUPJ2eHdW+O17ro1I1BUOUt6N4UaJSDBAKwXlo36QY80b0mPaD5DWqc8RqK8glECjqtV2aY36YaFWx4liou4Nd4NyxW24I9C/xJuQCpngIii/+b2EZTFXyCQY0/HcFLs5aBRM8mHJzwxPgd3BDe9YqiDmppuPbhzSHav0aJRo+xTSkfp9IofYmEEc2mQMeGt+e4X4n9fJMDrs5kKlGXLFxouiTFJMaFEY7QnNGcqBJcC0sH+l7BY0MLS1lmwJ3u+T/5LWXsNzG97lfuXkdFLHAtki26RKPHJATsg5uSBNwsgDeSIv5NV5dJ6dN+d9HJ1yJjOb5Aeczy+WE6Ei</latexit><latexit sha1_base64="MAcEX+EpC5ObqUAmttcrLWmqW8k=">AAACI3icbVDLSsNAFJ34tr6qLt0MFqFSWhIRFEEQ3bhUsK3QlHAznejgZBJmbqQl9F/c+CtuXCjixoX/4qTtwteBgcM553LnnjCVwqDrfjhT0zOzc/MLi6Wl5ZXVtfL6RsskmWa8yRKZ6OsQDJdC8SYKlPw61RziUPJ2eHdW+O17ro1I1BUOUt6N4UaJSDBAKwXlo36QY80b0mPaD5DWqc8RqK8glECjqtV2aY36YaFWx4liou4Nd4NyxW24I9C/xJuQCpngIii/+b2EZTFXyCQY0/HcFLs5aBRM8mHJzwxPgd3BDe9YqiDmppuPbhzSHav0aJRo+xTSkfp9IofYmEEc2mQMeGt+e4X4n9fJMDrs5kKlGXLFxouiTFJMaFEY7QnNGcqBJcC0sH+l7BY0MLS1lmwJ3u+T/5LWXsNzG97lfuXkdFLHAtki26RKPHJATsg5uSBNwsgDeSIv5NV5dJ6dN+d9HJ1yJjOb5Aeczy+WE6Ei</latexit><latexit sha1_base64="MAcEX+EpC5ObqUAmttcrLWmqW8k=">AAACI3icbVDLSsNAFJ34tr6qLt0MFqFSWhIRFEEQ3bhUsK3QlHAznejgZBJmbqQl9F/c+CtuXCjixoX/4qTtwteBgcM553LnnjCVwqDrfjhT0zOzc/MLi6Wl5ZXVtfL6RsskmWa8yRKZ6OsQDJdC8SYKlPw61RziUPJ2eHdW+O17ro1I1BUOUt6N4UaJSDBAKwXlo36QY80b0mPaD5DWqc8RqK8glECjqtV2aY36YaFWx4liou4Nd4NyxW24I9C/xJuQCpngIii/+b2EZTFXyCQY0/HcFLs5aBRM8mHJzwxPgd3BDe9YqiDmppuPbhzSHav0aJRo+xTSkfp9IofYmEEc2mQMeGt+e4X4n9fJMDrs5kKlGXLFxouiTFJMaFEY7QnNGcqBJcC0sH+l7BY0MLS1lmwJ3u+T/5LWXsNzG97lfuXkdFLHAtki26RKPHJATsg5uSBNwsgDeSIv5NV5dJ6dN+d9HJ1yJjOb5Aeczy+WE6Ei</latexit>

Standard gradient step Momentum step

xt�1
<latexit sha1_base64="W4iOffL12GzGQsKevXgE651OLzk=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBiyWRgh6LXjxWsB/QhrLZbtqlm03YnYgl9Ed48aCIV3+PN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38789iPXRsTqAScJ9yM6VCIUjKKV2k/9DC+8ab9ccavuHGSVeDmpQI5Gv/zVG8QsjbhCJqkxXc9N0M+oRsEkn5Z6qeEJZWM65F1LFY248bP5uVNyZpUBCWNtSyGZq78nMhoZM4kC2xlRHJllbyb+53VTDK/9TKgkRa7YYlGYSoIxmf1OBkJzhnJiCWVa2FsJG1FNGdqESjYEb/nlVdK6rHpu1buvVeo3eRxFOIFTOAcPrqAOd9CAJjAYwzO8wpuTOC/Ou/OxaC04+cwx/IHz+QMSnI9h</latexit><latexit sha1_base64="W4iOffL12GzGQsKevXgE651OLzk=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBiyWRgh6LXjxWsB/QhrLZbtqlm03YnYgl9Ed48aCIV3+PN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38789iPXRsTqAScJ9yM6VCIUjKKV2k/9DC+8ab9ccavuHGSVeDmpQI5Gv/zVG8QsjbhCJqkxXc9N0M+oRsEkn5Z6qeEJZWM65F1LFY248bP5uVNyZpUBCWNtSyGZq78nMhoZM4kC2xlRHJllbyb+53VTDK/9TKgkRa7YYlGYSoIxmf1OBkJzhnJiCWVa2FsJG1FNGdqESjYEb/nlVdK6rHpu1buvVeo3eRxFOIFTOAcPrqAOd9CAJjAYwzO8wpuTOC/Ou/OxaC04+cwx/IHz+QMSnI9h</latexit><latexit sha1_base64="W4iOffL12GzGQsKevXgE651OLzk=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBiyWRgh6LXjxWsB/QhrLZbtqlm03YnYgl9Ed48aCIV3+PN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38789iPXRsTqAScJ9yM6VCIUjKKV2k/9DC+8ab9ccavuHGSVeDmpQI5Gv/zVG8QsjbhCJqkxXc9N0M+oRsEkn5Z6qeEJZWM65F1LFY248bP5uVNyZpUBCWNtSyGZq78nMhoZM4kC2xlRHJllbyb+53VTDK/9TKgkRa7YYlGYSoIxmf1OBkJzhnJiCWVa2FsJG1FNGdqESjYEb/nlVdK6rHpu1buvVeo3eRxFOIFTOAcPrqAOd9CAJjAYwzO8wpuTOC/Ou/OxaC04+cwx/IHz+QMSnI9h</latexit><latexit sha1_base64="W4iOffL12GzGQsKevXgE651OLzk=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBiyWRgh6LXjxWsB/QhrLZbtqlm03YnYgl9Ed48aCIV3+PN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38789iPXRsTqAScJ9yM6VCIUjKKV2k/9DC+8ab9ccavuHGSVeDmpQI5Gv/zVG8QsjbhCJqkxXc9N0M+oRsEkn5Z6qeEJZWM65F1LFY248bP5uVNyZpUBCWNtSyGZq78nMhoZM4kC2xlRHJllbyb+53VTDK/9TKgkRa7YYlGYSoIxmf1OBkJzhnJiCWVa2FsJG1FNGdqESjYEb/nlVdK6rHpu1buvVeo3eRxFOIFTOAcPrqAOd9CAJjAYwzO8wpuTOC/Ou/OxaC04+cwx/IHz+QMSnI9h</latexit>

xt
<latexit sha1_base64="NHiqf4cvCuRDOUL/QX8cKwAbK3c=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Qe0oWy2m3bpZhN2J2IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//ci1EbF6wEnC/YgOlQgFo2il+6c+9ssVt+rOQVaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5ufOiVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfF8MrPhEpS5IotFoWpJBiT2d9kIDRnKCeWUKaFvZWwEdWUoU2nZEPwll9eJa2LqudWvbvLSv06j6MIJ3AK5+BBDepwCw1oAoMhPMMrvDnSeXHenY9Fa8HJZ47hD5zPH3E8jeM=</latexit><latexit sha1_base64="NHiqf4cvCuRDOUL/QX8cKwAbK3c=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Qe0oWy2m3bpZhN2J2IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//ci1EbF6wEnC/YgOlQgFo2il+6c+9ssVt+rOQVaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5ufOiVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfF8MrPhEpS5IotFoWpJBiT2d9kIDRnKCeWUKaFvZWwEdWUoU2nZEPwll9eJa2LqudWvbvLSv06j6MIJ3AK5+BBDepwCw1oAoMhPMMrvDnSeXHenY9Fa8HJZ47hD5zPH3E8jeM=</latexit><latexit sha1_base64="NHiqf4cvCuRDOUL/QX8cKwAbK3c=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Qe0oWy2m3bpZhN2J2IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//ci1EbF6wEnC/YgOlQgFo2il+6c+9ssVt+rOQVaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5ufOiVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfF8MrPhEpS5IotFoWpJBiT2d9kIDRnKCeWUKaFvZWwEdWUoU2nZEPwll9eJa2LqudWvbvLSv06j6MIJ3AK5+BBDepwCw1oAoMhPMMrvDnSeXHenY9Fa8HJZ47hD5zPH3E8jeM=</latexit><latexit sha1_base64="NHiqf4cvCuRDOUL/QX8cKwAbK3c=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Qe0oWy2m3bpZhN2J2IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//ci1EbF6wEnC/YgOlQgFo2il+6c+9ssVt+rOQVaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5ufOiVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfF8MrPhEpS5IotFoWpJBiT2d9kIDRnKCeWUKaFvZWwEdWUoU2nZEPwll9eJa2LqudWvbvLSv06j6MIJ3AK5+BBDepwCw1oAoMhPMMrvDnSeXHenY9Fa8HJZ47hD5zPH3E8jeM=</latexit>

rf(xt)
<latexit sha1_base64="KQry8HsESornu/ppnt/zPx1zt+s=">AAAB9HicbVDLSgNBEOyNrxhfUY9eBoMQL2FXBD0GvXiMYB6QLGF2MpsMmZ1dZ3qDYcl3ePGgiFc/xpt/4+Rx0MSChqKqm+6uIJHCoOt+O7m19Y3Nrfx2YWd3b/+geHjUMHGqGa+zWMa6FVDDpVC8jgIlbyWa0yiQvBkMb6d+c8S1EbF6wHHC/Yj2lQgFo2glv6NoICkJy09dPO8WS27FnYGsEm9BSrBArVv86vRilkZcIZPUmLbnJuhnVKNgkk8KndTwhLIh7fO2pYpG3PjZ7OgJObNKj4SxtqWQzNTfExmNjBlHge2MKA7MsjcV//PaKYbXfiZUkiJXbL4oTCXBmEwTID2hOUM5toQyLeythA2opgxtTgUbgrf88ippXFQ8t+LdX5aqN4s48nACp1AGD66gCndQgzoweIRneIU3Z+S8OO/Ox7w15yxmjuEPnM8f1DqReA==</latexit><latexit sha1_base64="KQry8HsESornu/ppnt/zPx1zt+s=">AAAB9HicbVDLSgNBEOyNrxhfUY9eBoMQL2FXBD0GvXiMYB6QLGF2MpsMmZ1dZ3qDYcl3ePGgiFc/xpt/4+Rx0MSChqKqm+6uIJHCoOt+O7m19Y3Nrfx2YWd3b/+geHjUMHGqGa+zWMa6FVDDpVC8jgIlbyWa0yiQvBkMb6d+c8S1EbF6wHHC/Yj2lQgFo2glv6NoICkJy09dPO8WS27FnYGsEm9BSrBArVv86vRilkZcIZPUmLbnJuhnVKNgkk8KndTwhLIh7fO2pYpG3PjZ7OgJObNKj4SxtqWQzNTfExmNjBlHge2MKA7MsjcV//PaKYbXfiZUkiJXbL4oTCXBmEwTID2hOUM5toQyLeythA2opgxtTgUbgrf88ippXFQ8t+LdX5aqN4s48nACp1AGD66gCndQgzoweIRneIU3Z+S8OO/Ox7w15yxmjuEPnM8f1DqReA==</latexit><latexit sha1_base64="KQry8HsESornu/ppnt/zPx1zt+s=">AAAB9HicbVDLSgNBEOyNrxhfUY9eBoMQL2FXBD0GvXiMYB6QLGF2MpsMmZ1dZ3qDYcl3ePGgiFc/xpt/4+Rx0MSChqKqm+6uIJHCoOt+O7m19Y3Nrfx2YWd3b/+geHjUMHGqGa+zWMa6FVDDpVC8jgIlbyWa0yiQvBkMb6d+c8S1EbF6wHHC/Yj2lQgFo2glv6NoICkJy09dPO8WS27FnYGsEm9BSrBArVv86vRilkZcIZPUmLbnJuhnVKNgkk8KndTwhLIh7fO2pYpG3PjZ7OgJObNKj4SxtqWQzNTfExmNjBlHge2MKA7MsjcV//PaKYbXfiZUkiJXbL4oTCXBmEwTID2hOUM5toQyLeythA2opgxtTgUbgrf88ippXFQ8t+LdX5aqN4s48nACp1AGD66gCndQgzoweIRneIU3Z+S8OO/Ox7w15yxmjuEPnM8f1DqReA==</latexit><latexit sha1_base64="KQry8HsESornu/ppnt/zPx1zt+s=">AAAB9HicbVDLSgNBEOyNrxhfUY9eBoMQL2FXBD0GvXiMYB6QLGF2MpsMmZ1dZ3qDYcl3ePGgiFc/xpt/4+Rx0MSChqKqm+6uIJHCoOt+O7m19Y3Nrfx2YWd3b/+geHjUMHGqGa+zWMa6FVDDpVC8jgIlbyWa0yiQvBkMb6d+c8S1EbF6wHHC/Yj2lQgFo2glv6NoICkJy09dPO8WS27FnYGsEm9BSrBArVv86vRilkZcIZPUmLbnJuhnVKNgkk8KndTwhLIh7fO2pYpG3PjZ7OgJObNKj4SxtqWQzNTfExmNjBlHge2MKA7MsjcV//PaKYbXfiZUkiJXbL4oTCXBmEwTID2hOUM5toQyLeythA2opgxtTgUbgrf88ippXFQ8t+LdX5aqN4s48nACp1AGD66gCndQgzoweIRneIU3Z+S8OO/Ox7w15yxmjuEPnM8f1DqReA==</latexit>

�(xt � xt�1)
<latexit sha1_base64="HIobVrQVV5CdDFfhIdH1Gk7OoFA=">AAAB/nicbVBNS8NAEN34WetXVDx5WSxCPbQkIuix6MVjBfsBbQib7aZdutmE3Ym0hIJ/xYsHRbz6O7z5b9y2OWjrg4HHezPMzAsSwTU4zre1srq2vrFZ2Cpu7+zu7dsHh00dp4qyBo1FrNoB0UxwyRrAQbB2ohiJAsFawfB26rcemdI8lg8wTpgXkb7kIacEjOTbx92AAcHlkQ+4gkd+BhV3cu7bJafqzICXiZuTEspR9+2vbi+macQkUEG07rhOAl5GFHAq2KTYTTVLCB2SPusYKknEtJfNzp/gM6P0cBgrUxLwTP09kZFI63EUmM6IwEAvelPxP6+TQnjtZVwmKTBJ54vCVGCI8TQL3OOKURBjQwhV3NyK6YAoQsEkVjQhuIsvL5PmRdV1qu79Zal2k8dRQCfoFJWRi65QDd2hOmogijL0jF7Rm/VkvVjv1se8dcXKZ47QH1ifPxDOlD8=</latexit><latexit sha1_base64="HIobVrQVV5CdDFfhIdH1Gk7OoFA=">AAAB/nicbVBNS8NAEN34WetXVDx5WSxCPbQkIuix6MVjBfsBbQib7aZdutmE3Ym0hIJ/xYsHRbz6O7z5b9y2OWjrg4HHezPMzAsSwTU4zre1srq2vrFZ2Cpu7+zu7dsHh00dp4qyBo1FrNoB0UxwyRrAQbB2ohiJAsFawfB26rcemdI8lg8wTpgXkb7kIacEjOTbx92AAcHlkQ+4gkd+BhV3cu7bJafqzICXiZuTEspR9+2vbi+macQkUEG07rhOAl5GFHAq2KTYTTVLCB2SPusYKknEtJfNzp/gM6P0cBgrUxLwTP09kZFI63EUmM6IwEAvelPxP6+TQnjtZVwmKTBJ54vCVGCI8TQL3OOKURBjQwhV3NyK6YAoQsEkVjQhuIsvL5PmRdV1qu79Zal2k8dRQCfoFJWRi65QDd2hOmogijL0jF7Rm/VkvVjv1se8dcXKZ47QH1ifPxDOlD8=</latexit><latexit sha1_base64="HIobVrQVV5CdDFfhIdH1Gk7OoFA=">AAAB/nicbVBNS8NAEN34WetXVDx5WSxCPbQkIuix6MVjBfsBbQib7aZdutmE3Ym0hIJ/xYsHRbz6O7z5b9y2OWjrg4HHezPMzAsSwTU4zre1srq2vrFZ2Cpu7+zu7dsHh00dp4qyBo1FrNoB0UxwyRrAQbB2ohiJAsFawfB26rcemdI8lg8wTpgXkb7kIacEjOTbx92AAcHlkQ+4gkd+BhV3cu7bJafqzICXiZuTEspR9+2vbi+macQkUEG07rhOAl5GFHAq2KTYTTVLCB2SPusYKknEtJfNzp/gM6P0cBgrUxLwTP09kZFI63EUmM6IwEAvelPxP6+TQnjtZVwmKTBJ54vCVGCI8TQL3OOKURBjQwhV3NyK6YAoQsEkVjQhuIsvL5PmRdV1qu79Zal2k8dRQCfoFJWRi65QDd2hOmogijL0jF7Rm/VkvVjv1se8dcXKZ47QH1ifPxDOlD8=</latexit><latexit sha1_base64="HIobVrQVV5CdDFfhIdH1Gk7OoFA=">AAAB/nicbVBNS8NAEN34WetXVDx5WSxCPbQkIuix6MVjBfsBbQib7aZdutmE3Ym0hIJ/xYsHRbz6O7z5b9y2OWjrg4HHezPMzAsSwTU4zre1srq2vrFZ2Cpu7+zu7dsHh00dp4qyBo1FrNoB0UxwyRrAQbB2ohiJAsFawfB26rcemdI8lg8wTpgXkb7kIacEjOTbx92AAcHlkQ+4gkd+BhV3cu7bJafqzICXiZuTEspR9+2vbi+macQkUEG07rhOAl5GFHAq2KTYTTVLCB2SPusYKknEtJfNzp/gM6P0cBgrUxLwTP09kZFI63EUmM6IwEAvelPxP6+TQnjtZVwmKTBJ54vCVGCI8TQL3OOKURBjQwhV3NyK6YAoQsEkVjQhuIsvL5PmRdV1qu79Zal2k8dRQCfoFJWRi65QDd2hOmogijL0jF7Rm/VkvVjv1se8dcXKZ47QH1ifPxDOlD8=</latexit>

xt � ⌘rf(xt)
<latexit sha1_base64="qMigAO6MZcPbcEWeTaCxyjDMIk0=">AAACAXicbVA9SwNBEN2LXzF+RW0Em8UgxMJwJ4KWQRvLCOYDkhDmNnvJkr29Y3dODCE2/hUbC0Vs/Rd2/hs3yRWa+GDg8d4MM/P8WAqDrvvtZJaWV1bXsuu5jc2t7Z387l7NRIlmvMoiGemGD4ZLoXgVBUreiDWH0Je87g+uJ379nmsjInWHw5i3Q+gpEQgGaKVO/uChg/SUtjgCbSnwJdCgaLWTTr7gltwp6CLxUlIgKSqd/FerG7Ek5AqZBGOanhtjewQaBZN8nGslhsfABtDjTUsVhNy0R9MPxvTYKl0aRNqWQjpVf0+MIDRmGPq2MwTsm3lvIv7nNRMMLtsjoeIEuWKzRUEiKUZ0EgftCs0ZyqElwLSwt1LWBw0MbWg5G4I3//IiqZ2VPLfk3Z4XyldpHFlySI5IkXjkgpTJDamQKmHkkTyTV/LmPDkvzrvzMWvNOOnMPvkD5/MHViuVhQ==</latexit><latexit sha1_base64="qMigAO6MZcPbcEWeTaCxyjDMIk0=">AAACAXicbVA9SwNBEN2LXzF+RW0Em8UgxMJwJ4KWQRvLCOYDkhDmNnvJkr29Y3dODCE2/hUbC0Vs/Rd2/hs3yRWa+GDg8d4MM/P8WAqDrvvtZJaWV1bXsuu5jc2t7Z387l7NRIlmvMoiGemGD4ZLoXgVBUreiDWH0Je87g+uJ379nmsjInWHw5i3Q+gpEQgGaKVO/uChg/SUtjgCbSnwJdCgaLWTTr7gltwp6CLxUlIgKSqd/FerG7Ek5AqZBGOanhtjewQaBZN8nGslhsfABtDjTUsVhNy0R9MPxvTYKl0aRNqWQjpVf0+MIDRmGPq2MwTsm3lvIv7nNRMMLtsjoeIEuWKzRUEiKUZ0EgftCs0ZyqElwLSwt1LWBw0MbWg5G4I3//IiqZ2VPLfk3Z4XyldpHFlySI5IkXjkgpTJDamQKmHkkTyTV/LmPDkvzrvzMWvNOOnMPvkD5/MHViuVhQ==</latexit><latexit sha1_base64="qMigAO6MZcPbcEWeTaCxyjDMIk0=">AAACAXicbVA9SwNBEN2LXzF+RW0Em8UgxMJwJ4KWQRvLCOYDkhDmNnvJkr29Y3dODCE2/hUbC0Vs/Rd2/hs3yRWa+GDg8d4MM/P8WAqDrvvtZJaWV1bXsuu5jc2t7Z387l7NRIlmvMoiGemGD4ZLoXgVBUreiDWH0Je87g+uJ379nmsjInWHw5i3Q+gpEQgGaKVO/uChg/SUtjgCbSnwJdCgaLWTTr7gltwp6CLxUlIgKSqd/FerG7Ek5AqZBGOanhtjewQaBZN8nGslhsfABtDjTUsVhNy0R9MPxvTYKl0aRNqWQjpVf0+MIDRmGPq2MwTsm3lvIv7nNRMMLtsjoeIEuWKzRUEiKUZ0EgftCs0ZyqElwLSwt1LWBw0MbWg5G4I3//IiqZ2VPLfk3Z4XyldpHFlySI5IkXjkgpTJDamQKmHkkTyTV/LmPDkvzrvzMWvNOOnMPvkD5/MHViuVhQ==</latexit><latexit sha1_base64="qMigAO6MZcPbcEWeTaCxyjDMIk0=">AAACAXicbVA9SwNBEN2LXzF+RW0Em8UgxMJwJ4KWQRvLCOYDkhDmNnvJkr29Y3dODCE2/hUbC0Vs/Rd2/hs3yRWa+GDg8d4MM/P8WAqDrvvtZJaWV1bXsuu5jc2t7Z387l7NRIlmvMoiGemGD4ZLoXgVBUreiDWH0Je87g+uJ379nmsjInWHw5i3Q+gpEQgGaKVO/uChg/SUtjgCbSnwJdCgaLWTTr7gltwp6CLxUlIgKSqd/FerG7Ek5AqZBGOanhtjewQaBZN8nGslhsfABtDjTUsVhNy0R9MPxvTYKl0aRNqWQjpVf0+MIDRmGPq2MwTsm3lvIv7nNRMMLtsjoeIEuWKzRUEiKUZ0EgftCs0ZyqElwLSwt1LWBw0MbWg5G4I3//IiqZ2VPLfk3Z4XyldpHFlySI5IkXjkgpTJDamQKmHkkTyTV/LmPDkvzrvzMWvNOOnMPvkD5/MHViuVhQ==</latexit>

xt+1
<latexit sha1_base64="s+F16lmV6yKpk66c/hHEdsj+1gI=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBZBEEoiBT0WvXisYD+gDWWz3bRLN5uwOxFL6I/w4kERr/4eb/4bt20O2vpg4PHeDDPzgkQKg6777RTW1jc2t4rbpZ3dvf2D8uFRy8SpZrzJYhnrTkANl0LxJgqUvJNoTqNA8nYwvp357UeujYjVA04S7kd0qEQoGEUrtZ/6GV5403654lbdOcgq8XJSgRyNfvmrN4hZGnGFTFJjup6boJ9RjYJJPi31UsMTysZ0yLuWKhpx42fzc6fkzCoDEsbalkIyV39PZDQyZhIFtjOiODLL3kz8z+umGF77mVBJilyxxaIwlQRjMvudDITmDOXEEsq0sLcSNqKaMrQJlWwI3vLLq6R1WfXcqndfq9Rv8jiKcAKncA4eXEEd7qABTWAwhmd4hTcncV6cd+dj0Vpw8plj+APn8wcPkI9f</latexit><latexit sha1_base64="s+F16lmV6yKpk66c/hHEdsj+1gI=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBZBEEoiBT0WvXisYD+gDWWz3bRLN5uwOxFL6I/w4kERr/4eb/4bt20O2vpg4PHeDDPzgkQKg6777RTW1jc2t4rbpZ3dvf2D8uFRy8SpZrzJYhnrTkANl0LxJgqUvJNoTqNA8nYwvp357UeujYjVA04S7kd0qEQoGEUrtZ/6GV5403654lbdOcgq8XJSgRyNfvmrN4hZGnGFTFJjup6boJ9RjYJJPi31UsMTysZ0yLuWKhpx42fzc6fkzCoDEsbalkIyV39PZDQyZhIFtjOiODLL3kz8z+umGF77mVBJilyxxaIwlQRjMvudDITmDOXEEsq0sLcSNqKaMrQJlWwI3vLLq6R1WfXcqndfq9Rv8jiKcAKncA4eXEEd7qABTWAwhmd4hTcncV6cd+dj0Vpw8plj+APn8wcPkI9f</latexit><latexit sha1_base64="s+F16lmV6yKpk66c/hHEdsj+1gI=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBZBEEoiBT0WvXisYD+gDWWz3bRLN5uwOxFL6I/w4kERr/4eb/4bt20O2vpg4PHeDDPzgkQKg6777RTW1jc2t4rbpZ3dvf2D8uFRy8SpZrzJYhnrTkANl0LxJgqUvJNoTqNA8nYwvp357UeujYjVA04S7kd0qEQoGEUrtZ/6GV5403654lbdOcgq8XJSgRyNfvmrN4hZGnGFTFJjup6boJ9RjYJJPi31UsMTysZ0yLuWKhpx42fzc6fkzCoDEsbalkIyV39PZDQyZhIFtjOiODLL3kz8z+umGF77mVBJilyxxaIwlQRjMvudDITmDOXEEsq0sLcSNqKaMrQJlWwI3vLLq6R1WfXcqndfq9Rv8jiKcAKncA4eXEEd7qABTWAwhmd4hTcncV6cd+dj0Vpw8plj+APn8wcPkI9f</latexit><latexit sha1_base64="s+F16lmV6yKpk66c/hHEdsj+1gI=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBZBEEoiBT0WvXisYD+gDWWz3bRLN5uwOxFL6I/w4kERr/4eb/4bt20O2vpg4PHeDDPzgkQKg6777RTW1jc2t4rbpZ3dvf2D8uFRy8SpZrzJYhnrTkANl0LxJgqUvJNoTqNA8nYwvp357UeujYjVA04S7kd0qEQoGEUrtZ/6GV5403654lbdOcgq8XJSgRyNfvmrN4hZGnGFTFJjup6boJ9RjYJJPi31UsMTysZ0yLuWKhpx42fzc6fkzCoDEsbalkIyV39PZDQyZhIFtjOiODLL3kz8z+umGF77mVBJilyxxaIwlQRjMvudDITmDOXEEsq0sLcSNqKaMrQJlWwI3vLLq6R1WfXcqndfq9Rv8jiKcAKncA4eXEEd7qABTWAwhmd4hTcncV6cd+dj0Vpw8plj+APn8wcPkI9f</latexit>

Recall: Momentum acceleration



- Heavy ball method

xt+1 = xt � ⌘rf(xt) + �(xt � xt�1)
<latexit sha1_base64="MAcEX+EpC5ObqUAmttcrLWmqW8k=">AAACI3icbVDLSsNAFJ34tr6qLt0MFqFSWhIRFEEQ3bhUsK3QlHAznejgZBJmbqQl9F/c+CtuXCjixoX/4qTtwteBgcM553LnnjCVwqDrfjhT0zOzc/MLi6Wl5ZXVtfL6RsskmWa8yRKZ6OsQDJdC8SYKlPw61RziUPJ2eHdW+O17ro1I1BUOUt6N4UaJSDBAKwXlo36QY80b0mPaD5DWqc8RqK8glECjqtV2aY36YaFWx4liou4Nd4NyxW24I9C/xJuQCpngIii/+b2EZTFXyCQY0/HcFLs5aBRM8mHJzwxPgd3BDe9YqiDmppuPbhzSHav0aJRo+xTSkfp9IofYmEEc2mQMeGt+e4X4n9fJMDrs5kKlGXLFxouiTFJMaFEY7QnNGcqBJcC0sH+l7BY0MLS1lmwJ3u+T/5LWXsNzG97lfuXkdFLHAtki26RKPHJATsg5uSBNwsgDeSIv5NV5dJ6dN+d9HJ1yJjOb5Aeczy+WE6Ei</latexit><latexit sha1_base64="MAcEX+EpC5ObqUAmttcrLWmqW8k=">AAACI3icbVDLSsNAFJ34tr6qLt0MFqFSWhIRFEEQ3bhUsK3QlHAznejgZBJmbqQl9F/c+CtuXCjixoX/4qTtwteBgcM553LnnjCVwqDrfjhT0zOzc/MLi6Wl5ZXVtfL6RsskmWa8yRKZ6OsQDJdC8SYKlPw61RziUPJ2eHdW+O17ro1I1BUOUt6N4UaJSDBAKwXlo36QY80b0mPaD5DWqc8RqK8glECjqtV2aY36YaFWx4liou4Nd4NyxW24I9C/xJuQCpngIii/+b2EZTFXyCQY0/HcFLs5aBRM8mHJzwxPgd3BDe9YqiDmppuPbhzSHav0aJRo+xTSkfp9IofYmEEc2mQMeGt+e4X4n9fJMDrs5kKlGXLFxouiTFJMaFEY7QnNGcqBJcC0sH+l7BY0MLS1lmwJ3u+T/5LWXsNzG97lfuXkdFLHAtki26RKPHJATsg5uSBNwsgDeSIv5NV5dJ6dN+d9HJ1yJjOb5Aeczy+WE6Ei</latexit><latexit sha1_base64="MAcEX+EpC5ObqUAmttcrLWmqW8k=">AAACI3icbVDLSsNAFJ34tr6qLt0MFqFSWhIRFEEQ3bhUsK3QlHAznejgZBJmbqQl9F/c+CtuXCjixoX/4qTtwteBgcM553LnnjCVwqDrfjhT0zOzc/MLi6Wl5ZXVtfL6RsskmWa8yRKZ6OsQDJdC8SYKlPw61RziUPJ2eHdW+O17ro1I1BUOUt6N4UaJSDBAKwXlo36QY80b0mPaD5DWqc8RqK8glECjqtV2aY36YaFWx4liou4Nd4NyxW24I9C/xJuQCpngIii/+b2EZTFXyCQY0/HcFLs5aBRM8mHJzwxPgd3BDe9YqiDmppuPbhzSHav0aJRo+xTSkfp9IofYmEEc2mQMeGt+e4X4n9fJMDrs5kKlGXLFxouiTFJMaFEY7QnNGcqBJcC0sH+l7BY0MLS1lmwJ3u+T/5LWXsNzG97lfuXkdFLHAtki26RKPHJATsg5uSBNwsgDeSIv5NV5dJ6dN+d9HJ1yJjOb5Aeczy+WE6Ei</latexit><latexit sha1_base64="MAcEX+EpC5ObqUAmttcrLWmqW8k=">AAACI3icbVDLSsNAFJ34tr6qLt0MFqFSWhIRFEEQ3bhUsK3QlHAznejgZBJmbqQl9F/c+CtuXCjixoX/4qTtwteBgcM553LnnjCVwqDrfjhT0zOzc/MLi6Wl5ZXVtfL6RsskmWa8yRKZ6OsQDJdC8SYKlPw61RziUPJ2eHdW+O17ro1I1BUOUt6N4UaJSDBAKwXlo36QY80b0mPaD5DWqc8RqK8glECjqtV2aY36YaFWx4liou4Nd4NyxW24I9C/xJuQCpngIii/+b2EZTFXyCQY0/HcFLs5aBRM8mHJzwxPgd3BDe9YqiDmppuPbhzSHav0aJRo+xTSkfp9IofYmEEc2mQMeGt+e4X4n9fJMDrs5kKlGXLFxouiTFJMaFEY7QnNGcqBJcC0sH+l7BY0MLS1lmwJ3u+T/5LWXsNzG97lfuXkdFLHAtki26RKPHJATsg5uSBNwsgDeSIv5NV5dJ6dN+d9HJ1yJjOb5Aeczy+WE6Ei</latexit>

Standard gradient step Momentum step

xt�1
<latexit sha1_base64="W4iOffL12GzGQsKevXgE651OLzk=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBiyWRgh6LXjxWsB/QhrLZbtqlm03YnYgl9Ed48aCIV3+PN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38789iPXRsTqAScJ9yM6VCIUjKKV2k/9DC+8ab9ccavuHGSVeDmpQI5Gv/zVG8QsjbhCJqkxXc9N0M+oRsEkn5Z6qeEJZWM65F1LFY248bP5uVNyZpUBCWNtSyGZq78nMhoZM4kC2xlRHJllbyb+53VTDK/9TKgkRa7YYlGYSoIxmf1OBkJzhnJiCWVa2FsJG1FNGdqESjYEb/nlVdK6rHpu1buvVeo3eRxFOIFTOAcPrqAOd9CAJjAYwzO8wpuTOC/Ou/OxaC04+cwx/IHz+QMSnI9h</latexit><latexit sha1_base64="W4iOffL12GzGQsKevXgE651OLzk=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBiyWRgh6LXjxWsB/QhrLZbtqlm03YnYgl9Ed48aCIV3+PN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38789iPXRsTqAScJ9yM6VCIUjKKV2k/9DC+8ab9ccavuHGSVeDmpQI5Gv/zVG8QsjbhCJqkxXc9N0M+oRsEkn5Z6qeEJZWM65F1LFY248bP5uVNyZpUBCWNtSyGZq78nMhoZM4kC2xlRHJllbyb+53VTDK/9TKgkRa7YYlGYSoIxmf1OBkJzhnJiCWVa2FsJG1FNGdqESjYEb/nlVdK6rHpu1buvVeo3eRxFOIFTOAcPrqAOd9CAJjAYwzO8wpuTOC/Ou/OxaC04+cwx/IHz+QMSnI9h</latexit><latexit sha1_base64="W4iOffL12GzGQsKevXgE651OLzk=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBiyWRgh6LXjxWsB/QhrLZbtqlm03YnYgl9Ed48aCIV3+PN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38789iPXRsTqAScJ9yM6VCIUjKKV2k/9DC+8ab9ccavuHGSVeDmpQI5Gv/zVG8QsjbhCJqkxXc9N0M+oRsEkn5Z6qeEJZWM65F1LFY248bP5uVNyZpUBCWNtSyGZq78nMhoZM4kC2xlRHJllbyb+53VTDK/9TKgkRa7YYlGYSoIxmf1OBkJzhnJiCWVa2FsJG1FNGdqESjYEb/nlVdK6rHpu1buvVeo3eRxFOIFTOAcPrqAOd9CAJjAYwzO8wpuTOC/Ou/OxaC04+cwx/IHz+QMSnI9h</latexit><latexit sha1_base64="W4iOffL12GzGQsKevXgE651OLzk=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBiyWRgh6LXjxWsB/QhrLZbtqlm03YnYgl9Ed48aCIV3+PN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38789iPXRsTqAScJ9yM6VCIUjKKV2k/9DC+8ab9ccavuHGSVeDmpQI5Gv/zVG8QsjbhCJqkxXc9N0M+oRsEkn5Z6qeEJZWM65F1LFY248bP5uVNyZpUBCWNtSyGZq78nMhoZM4kC2xlRHJllbyb+53VTDK/9TKgkRa7YYlGYSoIxmf1OBkJzhnJiCWVa2FsJG1FNGdqESjYEb/nlVdK6rHpu1buvVeo3eRxFOIFTOAcPrqAOd9CAJjAYwzO8wpuTOC/Ou/OxaC04+cwx/IHz+QMSnI9h</latexit>

xt
<latexit sha1_base64="NHiqf4cvCuRDOUL/QX8cKwAbK3c=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Qe0oWy2m3bpZhN2J2IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//ci1EbF6wEnC/YgOlQgFo2il+6c+9ssVt+rOQVaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5ufOiVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfF8MrPhEpS5IotFoWpJBiT2d9kIDRnKCeWUKaFvZWwEdWUoU2nZEPwll9eJa2LqudWvbvLSv06j6MIJ3AK5+BBDepwCw1oAoMhPMMrvDnSeXHenY9Fa8HJZ47hD5zPH3E8jeM=</latexit><latexit sha1_base64="NHiqf4cvCuRDOUL/QX8cKwAbK3c=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Qe0oWy2m3bpZhN2J2IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//ci1EbF6wEnC/YgOlQgFo2il+6c+9ssVt+rOQVaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5ufOiVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfF8MrPhEpS5IotFoWpJBiT2d9kIDRnKCeWUKaFvZWwEdWUoU2nZEPwll9eJa2LqudWvbvLSv06j6MIJ3AK5+BBDepwCw1oAoMhPMMrvDnSeXHenY9Fa8HJZ47hD5zPH3E8jeM=</latexit><latexit sha1_base64="NHiqf4cvCuRDOUL/QX8cKwAbK3c=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Qe0oWy2m3bpZhN2J2IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//ci1EbF6wEnC/YgOlQgFo2il+6c+9ssVt+rOQVaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5ufOiVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfF8MrPhEpS5IotFoWpJBiT2d9kIDRnKCeWUKaFvZWwEdWUoU2nZEPwll9eJa2LqudWvbvLSv06j6MIJ3AK5+BBDepwCw1oAoMhPMMrvDnSeXHenY9Fa8HJZ47hD5zPH3E8jeM=</latexit><latexit sha1_base64="NHiqf4cvCuRDOUL/QX8cKwAbK3c=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Qe0oWy2m3bpZhN2J2IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//ci1EbF6wEnC/YgOlQgFo2il+6c+9ssVt+rOQVaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5ufOiVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfF8MrPhEpS5IotFoWpJBiT2d9kIDRnKCeWUKaFvZWwEdWUoU2nZEPwll9eJa2LqudWvbvLSv06j6MIJ3AK5+BBDepwCw1oAoMhPMMrvDnSeXHenY9Fa8HJZ47hD5zPH3E8jeM=</latexit>

rf(xt)
<latexit sha1_base64="KQry8HsESornu/ppnt/zPx1zt+s=">AAAB9HicbVDLSgNBEOyNrxhfUY9eBoMQL2FXBD0GvXiMYB6QLGF2MpsMmZ1dZ3qDYcl3ePGgiFc/xpt/4+Rx0MSChqKqm+6uIJHCoOt+O7m19Y3Nrfx2YWd3b/+geHjUMHGqGa+zWMa6FVDDpVC8jgIlbyWa0yiQvBkMb6d+c8S1EbF6wHHC/Yj2lQgFo2glv6NoICkJy09dPO8WS27FnYGsEm9BSrBArVv86vRilkZcIZPUmLbnJuhnVKNgkk8KndTwhLIh7fO2pYpG3PjZ7OgJObNKj4SxtqWQzNTfExmNjBlHge2MKA7MsjcV//PaKYbXfiZUkiJXbL4oTCXBmEwTID2hOUM5toQyLeythA2opgxtTgUbgrf88ippXFQ8t+LdX5aqN4s48nACp1AGD66gCndQgzoweIRneIU3Z+S8OO/Ox7w15yxmjuEPnM8f1DqReA==</latexit><latexit sha1_base64="KQry8HsESornu/ppnt/zPx1zt+s=">AAAB9HicbVDLSgNBEOyNrxhfUY9eBoMQL2FXBD0GvXiMYB6QLGF2MpsMmZ1dZ3qDYcl3ePGgiFc/xpt/4+Rx0MSChqKqm+6uIJHCoOt+O7m19Y3Nrfx2YWd3b/+geHjUMHGqGa+zWMa6FVDDpVC8jgIlbyWa0yiQvBkMb6d+c8S1EbF6wHHC/Yj2lQgFo2glv6NoICkJy09dPO8WS27FnYGsEm9BSrBArVv86vRilkZcIZPUmLbnJuhnVKNgkk8KndTwhLIh7fO2pYpG3PjZ7OgJObNKj4SxtqWQzNTfExmNjBlHge2MKA7MsjcV//PaKYbXfiZUkiJXbL4oTCXBmEwTID2hOUM5toQyLeythA2opgxtTgUbgrf88ippXFQ8t+LdX5aqN4s48nACp1AGD66gCndQgzoweIRneIU3Z+S8OO/Ox7w15yxmjuEPnM8f1DqReA==</latexit><latexit sha1_base64="KQry8HsESornu/ppnt/zPx1zt+s=">AAAB9HicbVDLSgNBEOyNrxhfUY9eBoMQL2FXBD0GvXiMYB6QLGF2MpsMmZ1dZ3qDYcl3ePGgiFc/xpt/4+Rx0MSChqKqm+6uIJHCoOt+O7m19Y3Nrfx2YWd3b/+geHjUMHGqGa+zWMa6FVDDpVC8jgIlbyWa0yiQvBkMb6d+c8S1EbF6wHHC/Yj2lQgFo2glv6NoICkJy09dPO8WS27FnYGsEm9BSrBArVv86vRilkZcIZPUmLbnJuhnVKNgkk8KndTwhLIh7fO2pYpG3PjZ7OgJObNKj4SxtqWQzNTfExmNjBlHge2MKA7MsjcV//PaKYbXfiZUkiJXbL4oTCXBmEwTID2hOUM5toQyLeythA2opgxtTgUbgrf88ippXFQ8t+LdX5aqN4s48nACp1AGD66gCndQgzoweIRneIU3Z+S8OO/Ox7w15yxmjuEPnM8f1DqReA==</latexit><latexit sha1_base64="KQry8HsESornu/ppnt/zPx1zt+s=">AAAB9HicbVDLSgNBEOyNrxhfUY9eBoMQL2FXBD0GvXiMYB6QLGF2MpsMmZ1dZ3qDYcl3ePGgiFc/xpt/4+Rx0MSChqKqm+6uIJHCoOt+O7m19Y3Nrfx2YWd3b/+geHjUMHGqGa+zWMa6FVDDpVC8jgIlbyWa0yiQvBkMb6d+c8S1EbF6wHHC/Yj2lQgFo2glv6NoICkJy09dPO8WS27FnYGsEm9BSrBArVv86vRilkZcIZPUmLbnJuhnVKNgkk8KndTwhLIh7fO2pYpG3PjZ7OgJObNKj4SxtqWQzNTfExmNjBlHge2MKA7MsjcV//PaKYbXfiZUkiJXbL4oTCXBmEwTID2hOUM5toQyLeythA2opgxtTgUbgrf88ippXFQ8t+LdX5aqN4s48nACp1AGD66gCndQgzoweIRneIU3Z+S8OO/Ox7w15yxmjuEPnM8f1DqReA==</latexit>

�(xt � xt�1)
<latexit sha1_base64="HIobVrQVV5CdDFfhIdH1Gk7OoFA=">AAAB/nicbVBNS8NAEN34WetXVDx5WSxCPbQkIuix6MVjBfsBbQib7aZdutmE3Ym0hIJ/xYsHRbz6O7z5b9y2OWjrg4HHezPMzAsSwTU4zre1srq2vrFZ2Cpu7+zu7dsHh00dp4qyBo1FrNoB0UxwyRrAQbB2ohiJAsFawfB26rcemdI8lg8wTpgXkb7kIacEjOTbx92AAcHlkQ+4gkd+BhV3cu7bJafqzICXiZuTEspR9+2vbi+macQkUEG07rhOAl5GFHAq2KTYTTVLCB2SPusYKknEtJfNzp/gM6P0cBgrUxLwTP09kZFI63EUmM6IwEAvelPxP6+TQnjtZVwmKTBJ54vCVGCI8TQL3OOKURBjQwhV3NyK6YAoQsEkVjQhuIsvL5PmRdV1qu79Zal2k8dRQCfoFJWRi65QDd2hOmogijL0jF7Rm/VkvVjv1se8dcXKZ47QH1ifPxDOlD8=</latexit><latexit sha1_base64="HIobVrQVV5CdDFfhIdH1Gk7OoFA=">AAAB/nicbVBNS8NAEN34WetXVDx5WSxCPbQkIuix6MVjBfsBbQib7aZdutmE3Ym0hIJ/xYsHRbz6O7z5b9y2OWjrg4HHezPMzAsSwTU4zre1srq2vrFZ2Cpu7+zu7dsHh00dp4qyBo1FrNoB0UxwyRrAQbB2ohiJAsFawfB26rcemdI8lg8wTpgXkb7kIacEjOTbx92AAcHlkQ+4gkd+BhV3cu7bJafqzICXiZuTEspR9+2vbi+macQkUEG07rhOAl5GFHAq2KTYTTVLCB2SPusYKknEtJfNzp/gM6P0cBgrUxLwTP09kZFI63EUmM6IwEAvelPxP6+TQnjtZVwmKTBJ54vCVGCI8TQL3OOKURBjQwhV3NyK6YAoQsEkVjQhuIsvL5PmRdV1qu79Zal2k8dRQCfoFJWRi65QDd2hOmogijL0jF7Rm/VkvVjv1se8dcXKZ47QH1ifPxDOlD8=</latexit><latexit sha1_base64="HIobVrQVV5CdDFfhIdH1Gk7OoFA=">AAAB/nicbVBNS8NAEN34WetXVDx5WSxCPbQkIuix6MVjBfsBbQib7aZdutmE3Ym0hIJ/xYsHRbz6O7z5b9y2OWjrg4HHezPMzAsSwTU4zre1srq2vrFZ2Cpu7+zu7dsHh00dp4qyBo1FrNoB0UxwyRrAQbB2ohiJAsFawfB26rcemdI8lg8wTpgXkb7kIacEjOTbx92AAcHlkQ+4gkd+BhV3cu7bJafqzICXiZuTEspR9+2vbi+macQkUEG07rhOAl5GFHAq2KTYTTVLCB2SPusYKknEtJfNzp/gM6P0cBgrUxLwTP09kZFI63EUmM6IwEAvelPxP6+TQnjtZVwmKTBJ54vCVGCI8TQL3OOKURBjQwhV3NyK6YAoQsEkVjQhuIsvL5PmRdV1qu79Zal2k8dRQCfoFJWRi65QDd2hOmogijL0jF7Rm/VkvVjv1se8dcXKZ47QH1ifPxDOlD8=</latexit><latexit sha1_base64="HIobVrQVV5CdDFfhIdH1Gk7OoFA=">AAAB/nicbVBNS8NAEN34WetXVDx5WSxCPbQkIuix6MVjBfsBbQib7aZdutmE3Ym0hIJ/xYsHRbz6O7z5b9y2OWjrg4HHezPMzAsSwTU4zre1srq2vrFZ2Cpu7+zu7dsHh00dp4qyBo1FrNoB0UxwyRrAQbB2ohiJAsFawfB26rcemdI8lg8wTpgXkb7kIacEjOTbx92AAcHlkQ+4gkd+BhV3cu7bJafqzICXiZuTEspR9+2vbi+macQkUEG07rhOAl5GFHAq2KTYTTVLCB2SPusYKknEtJfNzp/gM6P0cBgrUxLwTP09kZFI63EUmM6IwEAvelPxP6+TQnjtZVwmKTBJ54vCVGCI8TQL3OOKURBjQwhV3NyK6YAoQsEkVjQhuIsvL5PmRdV1qu79Zal2k8dRQCfoFJWRi65QDd2hOmogijL0jF7Rm/VkvVjv1se8dcXKZ47QH1ifPxDOlD8=</latexit>

xt � ⌘rf(xt)
<latexit sha1_base64="qMigAO6MZcPbcEWeTaCxyjDMIk0=">AAACAXicbVA9SwNBEN2LXzF+RW0Em8UgxMJwJ4KWQRvLCOYDkhDmNnvJkr29Y3dODCE2/hUbC0Vs/Rd2/hs3yRWa+GDg8d4MM/P8WAqDrvvtZJaWV1bXsuu5jc2t7Z387l7NRIlmvMoiGemGD4ZLoXgVBUreiDWH0Je87g+uJ379nmsjInWHw5i3Q+gpEQgGaKVO/uChg/SUtjgCbSnwJdCgaLWTTr7gltwp6CLxUlIgKSqd/FerG7Ek5AqZBGOanhtjewQaBZN8nGslhsfABtDjTUsVhNy0R9MPxvTYKl0aRNqWQjpVf0+MIDRmGPq2MwTsm3lvIv7nNRMMLtsjoeIEuWKzRUEiKUZ0EgftCs0ZyqElwLSwt1LWBw0MbWg5G4I3//IiqZ2VPLfk3Z4XyldpHFlySI5IkXjkgpTJDamQKmHkkTyTV/LmPDkvzrvzMWvNOOnMPvkD5/MHViuVhQ==</latexit><latexit sha1_base64="qMigAO6MZcPbcEWeTaCxyjDMIk0=">AAACAXicbVA9SwNBEN2LXzF+RW0Em8UgxMJwJ4KWQRvLCOYDkhDmNnvJkr29Y3dODCE2/hUbC0Vs/Rd2/hs3yRWa+GDg8d4MM/P8WAqDrvvtZJaWV1bXsuu5jc2t7Z387l7NRIlmvMoiGemGD4ZLoXgVBUreiDWH0Je87g+uJ379nmsjInWHw5i3Q+gpEQgGaKVO/uChg/SUtjgCbSnwJdCgaLWTTr7gltwp6CLxUlIgKSqd/FerG7Ek5AqZBGOanhtjewQaBZN8nGslhsfABtDjTUsVhNy0R9MPxvTYKl0aRNqWQjpVf0+MIDRmGPq2MwTsm3lvIv7nNRMMLtsjoeIEuWKzRUEiKUZ0EgftCs0ZyqElwLSwt1LWBw0MbWg5G4I3//IiqZ2VPLfk3Z4XyldpHFlySI5IkXjkgpTJDamQKmHkkTyTV/LmPDkvzrvzMWvNOOnMPvkD5/MHViuVhQ==</latexit><latexit sha1_base64="qMigAO6MZcPbcEWeTaCxyjDMIk0=">AAACAXicbVA9SwNBEN2LXzF+RW0Em8UgxMJwJ4KWQRvLCOYDkhDmNnvJkr29Y3dODCE2/hUbC0Vs/Rd2/hs3yRWa+GDg8d4MM/P8WAqDrvvtZJaWV1bXsuu5jc2t7Z387l7NRIlmvMoiGemGD4ZLoXgVBUreiDWH0Je87g+uJ379nmsjInWHw5i3Q+gpEQgGaKVO/uChg/SUtjgCbSnwJdCgaLWTTr7gltwp6CLxUlIgKSqd/FerG7Ek5AqZBGOanhtjewQaBZN8nGslhsfABtDjTUsVhNy0R9MPxvTYKl0aRNqWQjpVf0+MIDRmGPq2MwTsm3lvIv7nNRMMLtsjoeIEuWKzRUEiKUZ0EgftCs0ZyqElwLSwt1LWBw0MbWg5G4I3//IiqZ2VPLfk3Z4XyldpHFlySI5IkXjkgpTJDamQKmHkkTyTV/LmPDkvzrvzMWvNOOnMPvkD5/MHViuVhQ==</latexit><latexit sha1_base64="qMigAO6MZcPbcEWeTaCxyjDMIk0=">AAACAXicbVA9SwNBEN2LXzF+RW0Em8UgxMJwJ4KWQRvLCOYDkhDmNnvJkr29Y3dODCE2/hUbC0Vs/Rd2/hs3yRWa+GDg8d4MM/P8WAqDrvvtZJaWV1bXsuu5jc2t7Z387l7NRIlmvMoiGemGD4ZLoXgVBUreiDWH0Je87g+uJ379nmsjInWHw5i3Q+gpEQgGaKVO/uChg/SUtjgCbSnwJdCgaLWTTr7gltwp6CLxUlIgKSqd/FerG7Ek5AqZBGOanhtjewQaBZN8nGslhsfABtDjTUsVhNy0R9MPxvTYKl0aRNqWQjpVf0+MIDRmGPq2MwTsm3lvIv7nNRMMLtsjoeIEuWKzRUEiKUZ0EgftCs0ZyqElwLSwt1LWBw0MbWg5G4I3//IiqZ2VPLfk3Z4XyldpHFlySI5IkXjkgpTJDamQKmHkkTyTV/LmPDkvzrvzMWvNOOnMPvkD5/MHViuVhQ==</latexit>

xt+1
<latexit sha1_base64="s+F16lmV6yKpk66c/hHEdsj+1gI=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBZBEEoiBT0WvXisYD+gDWWz3bRLN5uwOxFL6I/w4kERr/4eb/4bt20O2vpg4PHeDDPzgkQKg6777RTW1jc2t4rbpZ3dvf2D8uFRy8SpZrzJYhnrTkANl0LxJgqUvJNoTqNA8nYwvp357UeujYjVA04S7kd0qEQoGEUrtZ/6GV5403654lbdOcgq8XJSgRyNfvmrN4hZGnGFTFJjup6boJ9RjYJJPi31UsMTysZ0yLuWKhpx42fzc6fkzCoDEsbalkIyV39PZDQyZhIFtjOiODLL3kz8z+umGF77mVBJilyxxaIwlQRjMvudDITmDOXEEsq0sLcSNqKaMrQJlWwI3vLLq6R1WfXcqndfq9Rv8jiKcAKncA4eXEEd7qABTWAwhmd4hTcncV6cd+dj0Vpw8plj+APn8wcPkI9f</latexit><latexit sha1_base64="s+F16lmV6yKpk66c/hHEdsj+1gI=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBZBEEoiBT0WvXisYD+gDWWz3bRLN5uwOxFL6I/w4kERr/4eb/4bt20O2vpg4PHeDDPzgkQKg6777RTW1jc2t4rbpZ3dvf2D8uFRy8SpZrzJYhnrTkANl0LxJgqUvJNoTqNA8nYwvp357UeujYjVA04S7kd0qEQoGEUrtZ/6GV5403654lbdOcgq8XJSgRyNfvmrN4hZGnGFTFJjup6boJ9RjYJJPi31UsMTysZ0yLuWKhpx42fzc6fkzCoDEsbalkIyV39PZDQyZhIFtjOiODLL3kz8z+umGF77mVBJilyxxaIwlQRjMvudDITmDOXEEsq0sLcSNqKaMrQJlWwI3vLLq6R1WfXcqndfq9Rv8jiKcAKncA4eXEEd7qABTWAwhmd4hTcncV6cd+dj0Vpw8plj+APn8wcPkI9f</latexit><latexit sha1_base64="s+F16lmV6yKpk66c/hHEdsj+1gI=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBZBEEoiBT0WvXisYD+gDWWz3bRLN5uwOxFL6I/w4kERr/4eb/4bt20O2vpg4PHeDDPzgkQKg6777RTW1jc2t4rbpZ3dvf2D8uFRy8SpZrzJYhnrTkANl0LxJgqUvJNoTqNA8nYwvp357UeujYjVA04S7kd0qEQoGEUrtZ/6GV5403654lbdOcgq8XJSgRyNfvmrN4hZGnGFTFJjup6boJ9RjYJJPi31UsMTysZ0yLuWKhpx42fzc6fkzCoDEsbalkIyV39PZDQyZhIFtjOiODLL3kz8z+umGF77mVBJilyxxaIwlQRjMvudDITmDOXEEsq0sLcSNqKaMrQJlWwI3vLLq6R1WfXcqndfq9Rv8jiKcAKncA4eXEEd7qABTWAwhmd4hTcncV6cd+dj0Vpw8plj+APn8wcPkI9f</latexit><latexit sha1_base64="s+F16lmV6yKpk66c/hHEdsj+1gI=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBZBEEoiBT0WvXisYD+gDWWz3bRLN5uwOxFL6I/w4kERr/4eb/4bt20O2vpg4PHeDDPzgkQKg6777RTW1jc2t4rbpZ3dvf2D8uFRy8SpZrzJYhnrTkANl0LxJgqUvJNoTqNA8nYwvp357UeujYjVA04S7kd0qEQoGEUrtZ/6GV5403654lbdOcgq8XJSgRyNfvmrN4hZGnGFTFJjup6boJ9RjYJJPi31UsMTysZ0yLuWKhpx42fzc6fkzCoDEsbalkIyV39PZDQyZhIFtjOiODLL3kz8z+umGF77mVBJilyxxaIwlQRjMvudDITmDOXEEsq0sLcSNqKaMrQJlWwI3vLLq6R1WfXcqndfq9Rv8jiKcAKncA4eXEEd7qABTWAwhmd4hTcncV6cd+dj0Vpw8plj+APn8wcPkI9f</latexit>

Any analogy in the 
physical world? 

- If current gradient step is in  
same direction as previous step,  
then move a little further in that  
direction

Recall: Momentum acceleration



Guarantees of Heavy Ball method

min
x2Rp

f(x)
<latexit sha1_base64="U71Fnz3bCu9/oA3TaEpvezMJJOc=">AAACB3icbVDLSsNAFJ3UV62vqEtBBotQNyURQZdFNy6r2Ac0MUymk3boZBJmJtISsnPjr7hxoYhbf8Gdf+OkzUJbD1w4nHMv997jx4xKZVnfRmlpeWV1rbxe2djc2t4xd/faMkoEJi0csUh0fSQJo5y0FFWMdGNBUOgz0vFHV7nfeSBC0ojfqUlM3BANOA0oRkpLnnnohJR76Rg6lEMnRGro++ltdh9nMKiNTzyzatWtKeAisQtSBQWanvnl9COchIQrzJCUPduKlZsioShmJKs4iSQxwiM0ID1NOQqJdNPpHxk81kofBpHQxRWcqr8nUhRKOQl93ZlfKue9XPzP6yUquHBTyuNEEY5ni4KEQRXBPBTYp4JgxSaaICyovhXiIRIIKx1dRYdgz7+8SNqndduq2zdn1cZlEUcZHIAjUAM2OAcNcA2aoAUweATP4BW8GU/Gi/FufMxaS0Yxsw/+wPj8AUrLmOo=</latexit><latexit sha1_base64="U71Fnz3bCu9/oA3TaEpvezMJJOc=">AAACB3icbVDLSsNAFJ3UV62vqEtBBotQNyURQZdFNy6r2Ac0MUymk3boZBJmJtISsnPjr7hxoYhbf8Gdf+OkzUJbD1w4nHMv997jx4xKZVnfRmlpeWV1rbxe2djc2t4xd/faMkoEJi0csUh0fSQJo5y0FFWMdGNBUOgz0vFHV7nfeSBC0ojfqUlM3BANOA0oRkpLnnnohJR76Rg6lEMnRGro++ltdh9nMKiNTzyzatWtKeAisQtSBQWanvnl9COchIQrzJCUPduKlZsioShmJKs4iSQxwiM0ID1NOQqJdNPpHxk81kofBpHQxRWcqr8nUhRKOQl93ZlfKue9XPzP6yUquHBTyuNEEY5ni4KEQRXBPBTYp4JgxSaaICyovhXiIRIIKx1dRYdgz7+8SNqndduq2zdn1cZlEUcZHIAjUAM2OAcNcA2aoAUweATP4BW8GU/Gi/FufMxaS0Yxsw/+wPj8AUrLmOo=</latexit><latexit sha1_base64="U71Fnz3bCu9/oA3TaEpvezMJJOc=">AAACB3icbVDLSsNAFJ3UV62vqEtBBotQNyURQZdFNy6r2Ac0MUymk3boZBJmJtISsnPjr7hxoYhbf8Gdf+OkzUJbD1w4nHMv997jx4xKZVnfRmlpeWV1rbxe2djc2t4xd/faMkoEJi0csUh0fSQJo5y0FFWMdGNBUOgz0vFHV7nfeSBC0ojfqUlM3BANOA0oRkpLnnnohJR76Rg6lEMnRGro++ltdh9nMKiNTzyzatWtKeAisQtSBQWanvnl9COchIQrzJCUPduKlZsioShmJKs4iSQxwiM0ID1NOQqJdNPpHxk81kofBpHQxRWcqr8nUhRKOQl93ZlfKue9XPzP6yUquHBTyuNEEY5ni4KEQRXBPBTYp4JgxSaaICyovhXiIRIIKx1dRYdgz7+8SNqndduq2zdn1cZlEUcZHIAjUAM2OAcNcA2aoAUweATP4BW8GU/Gi/FufMxaS0Yxsw/+wPj8AUrLmOo=</latexit><latexit sha1_base64="U71Fnz3bCu9/oA3TaEpvezMJJOc=">AAACB3icbVDLSsNAFJ3UV62vqEtBBotQNyURQZdFNy6r2Ac0MUymk3boZBJmJtISsnPjr7hxoYhbf8Gdf+OkzUJbD1w4nHMv997jx4xKZVnfRmlpeWV1rbxe2djc2t4xd/faMkoEJi0csUh0fSQJo5y0FFWMdGNBUOgz0vFHV7nfeSBC0ojfqUlM3BANOA0oRkpLnnnohJR76Rg6lEMnRGro++ltdh9nMKiNTzyzatWtKeAisQtSBQWanvnl9COchIQrzJCUPduKlZsioShmJKs4iSQxwiM0ID1NOQqJdNPpHxk81kofBpHQxRWcqr8nUhRKOQl93ZlfKue9XPzP6yUquHBTyuNEEY5ni4KEQRXBPBTYp4JgxSaaICyovhXiIRIIKx1dRYdgz7+8SNqndduq2zdn1cZlEUcZHIAjUAM2OAcNcA2aoAUweATP4BW8GU/Gi/FufMxaS0Yxsw/+wPj8AUrLmOo=</latexit>

“Assume the objective is has Lipschitz continuous gradients, and 
 it is strongly convex. Then:

converges linearly according to:

“

xt+1 = xt � ⌘rf(xt) + �(xt � xt�1)
<latexit sha1_base64="MAcEX+EpC5ObqUAmttcrLWmqW8k=">AAACI3icbVDLSsNAFJ34tr6qLt0MFqFSWhIRFEEQ3bhUsK3QlHAznejgZBJmbqQl9F/c+CtuXCjixoX/4qTtwteBgcM553LnnjCVwqDrfjhT0zOzc/MLi6Wl5ZXVtfL6RsskmWa8yRKZ6OsQDJdC8SYKlPw61RziUPJ2eHdW+O17ro1I1BUOUt6N4UaJSDBAKwXlo36QY80b0mPaD5DWqc8RqK8glECjqtV2aY36YaFWx4liou4Nd4NyxW24I9C/xJuQCpngIii/+b2EZTFXyCQY0/HcFLs5aBRM8mHJzwxPgd3BDe9YqiDmppuPbhzSHav0aJRo+xTSkfp9IofYmEEc2mQMeGt+e4X4n9fJMDrs5kKlGXLFxouiTFJMaFEY7QnNGcqBJcC0sH+l7BY0MLS1lmwJ3u+T/5LWXsNzG97lfuXkdFLHAtki26RKPHJATsg5uSBNwsgDeSIv5NV5dJ6dN+d9HJ1yJjOb5Aeczy+WE6Ei</latexit><latexit sha1_base64="MAcEX+EpC5ObqUAmttcrLWmqW8k=">AAACI3icbVDLSsNAFJ34tr6qLt0MFqFSWhIRFEEQ3bhUsK3QlHAznejgZBJmbqQl9F/c+CtuXCjixoX/4qTtwteBgcM553LnnjCVwqDrfjhT0zOzc/MLi6Wl5ZXVtfL6RsskmWa8yRKZ6OsQDJdC8SYKlPw61RziUPJ2eHdW+O17ro1I1BUOUt6N4UaJSDBAKwXlo36QY80b0mPaD5DWqc8RqK8glECjqtV2aY36YaFWx4liou4Nd4NyxW24I9C/xJuQCpngIii/+b2EZTFXyCQY0/HcFLs5aBRM8mHJzwxPgd3BDe9YqiDmppuPbhzSHav0aJRo+xTSkfp9IofYmEEc2mQMeGt+e4X4n9fJMDrs5kKlGXLFxouiTFJMaFEY7QnNGcqBJcC0sH+l7BY0MLS1lmwJ3u+T/5LWXsNzG97lfuXkdFLHAtki26RKPHJATsg5uSBNwsgDeSIv5NV5dJ6dN+d9HJ1yJjOb5Aeczy+WE6Ei</latexit><latexit sha1_base64="MAcEX+EpC5ObqUAmttcrLWmqW8k=">AAACI3icbVDLSsNAFJ34tr6qLt0MFqFSWhIRFEEQ3bhUsK3QlHAznejgZBJmbqQl9F/c+CtuXCjixoX/4qTtwteBgcM553LnnjCVwqDrfjhT0zOzc/MLi6Wl5ZXVtfL6RsskmWa8yRKZ6OsQDJdC8SYKlPw61RziUPJ2eHdW+O17ro1I1BUOUt6N4UaJSDBAKwXlo36QY80b0mPaD5DWqc8RqK8glECjqtV2aY36YaFWx4liou4Nd4NyxW24I9C/xJuQCpngIii/+b2EZTFXyCQY0/HcFLs5aBRM8mHJzwxPgd3BDe9YqiDmppuPbhzSHav0aJRo+xTSkfp9IofYmEEc2mQMeGt+e4X4n9fJMDrs5kKlGXLFxouiTFJMaFEY7QnNGcqBJcC0sH+l7BY0MLS1lmwJ3u+T/5LWXsNzG97lfuXkdFLHAtki26RKPHJATsg5uSBNwsgDeSIv5NV5dJ6dN+d9HJ1yJjOb5Aeczy+WE6Ei</latexit><latexit sha1_base64="MAcEX+EpC5ObqUAmttcrLWmqW8k=">AAACI3icbVDLSsNAFJ34tr6qLt0MFqFSWhIRFEEQ3bhUsK3QlHAznejgZBJmbqQl9F/c+CtuXCjixoX/4qTtwteBgcM553LnnjCVwqDrfjhT0zOzc/MLi6Wl5ZXVtfL6RsskmWa8yRKZ6OsQDJdC8SYKlPw61RziUPJ2eHdW+O17ro1I1BUOUt6N4UaJSDBAKwXlo36QY80b0mPaD5DWqc8RqK8glECjqtV2aY36YaFWx4liou4Nd4NyxW24I9C/xJuQCpngIii/+b2EZTFXyCQY0/HcFLs5aBRM8mHJzwxPgd3BDe9YqiDmppuPbhzSHav0aJRo+xTSkfp9IofYmEEc2mQMeGt+e4X4n9fJMDrs5kKlGXLFxouiTFJMaFEY7QnNGcqBJcC0sH+l7BY0MLS1lmwJ3u+T/5LWXsNzG97lfuXkdFLHAtki26RKPHJATsg5uSBNwsgDeSIv5NV5dJ6dN+d9HJ1yJjOb5Aeczy+WE6Ei</latexit>

for ⌘ =
4p

L+
p
µ

<latexit sha1_base64="VFrp9ojOrHsn51bhz55wU6ymbKc=">AAACD3icbZDLSsNAFIYnXmu9RV26GSyKIJRECroRim5cuKhgL9CUMplO2qEzSZw5EUrIG7jxVdy4UMStW3e+jdM2C239YeDjP+dw5vx+LLgGx/m2FhaXlldWC2vF9Y3NrW17Z7eho0RRVqeRiFTLJ5oJHrI6cBCsFStGpC9Y0x9ejevNB6Y0j8I7GMWsI0k/5AGnBIzVtY88BgRfYC9QhKaVLPX0vYL0JsMneIqeTLKsa5ecsjMRngc3hxLKVevaX14voolkIVBBtG67TgydlCjgVLCs6CWaxYQOSZ+1DYZEMt1JJ/dk+NA4PRxEyrwQ8MT9PZESqfVI+qZTEhjo2drY/K/WTiA476Q8jBNgIZ0uChKBIcLjcHCPK0ZBjAwQqrj5K6YDYpIBE2HRhODOnjwPjdOy65Td20qpepnHUUD76AAdIxedoSq6RjVURxQ9omf0it6sJ+vFerc+pq0LVj6zh/7I+vwBze+chw==</latexit><latexit sha1_base64="VFrp9ojOrHsn51bhz55wU6ymbKc=">AAACD3icbZDLSsNAFIYnXmu9RV26GSyKIJRECroRim5cuKhgL9CUMplO2qEzSZw5EUrIG7jxVdy4UMStW3e+jdM2C239YeDjP+dw5vx+LLgGx/m2FhaXlldWC2vF9Y3NrW17Z7eho0RRVqeRiFTLJ5oJHrI6cBCsFStGpC9Y0x9ejevNB6Y0j8I7GMWsI0k/5AGnBIzVtY88BgRfYC9QhKaVLPX0vYL0JsMneIqeTLKsa5ecsjMRngc3hxLKVevaX14voolkIVBBtG67TgydlCjgVLCs6CWaxYQOSZ+1DYZEMt1JJ/dk+NA4PRxEyrwQ8MT9PZESqfVI+qZTEhjo2drY/K/WTiA476Q8jBNgIZ0uChKBIcLjcHCPK0ZBjAwQqrj5K6YDYpIBE2HRhODOnjwPjdOy65Td20qpepnHUUD76AAdIxedoSq6RjVURxQ9omf0it6sJ+vFerc+pq0LVj6zh/7I+vwBze+chw==</latexit><latexit sha1_base64="VFrp9ojOrHsn51bhz55wU6ymbKc=">AAACD3icbZDLSsNAFIYnXmu9RV26GSyKIJRECroRim5cuKhgL9CUMplO2qEzSZw5EUrIG7jxVdy4UMStW3e+jdM2C239YeDjP+dw5vx+LLgGx/m2FhaXlldWC2vF9Y3NrW17Z7eho0RRVqeRiFTLJ5oJHrI6cBCsFStGpC9Y0x9ejevNB6Y0j8I7GMWsI0k/5AGnBIzVtY88BgRfYC9QhKaVLPX0vYL0JsMneIqeTLKsa5ecsjMRngc3hxLKVevaX14voolkIVBBtG67TgydlCjgVLCs6CWaxYQOSZ+1DYZEMt1JJ/dk+NA4PRxEyrwQ8MT9PZESqfVI+qZTEhjo2drY/K/WTiA476Q8jBNgIZ0uChKBIcLjcHCPK0ZBjAwQqrj5K6YDYpIBE2HRhODOnjwPjdOy65Td20qpepnHUUD76AAdIxedoSq6RjVURxQ9omf0it6sJ+vFerc+pq0LVj6zh/7I+vwBze+chw==</latexit><latexit sha1_base64="VFrp9ojOrHsn51bhz55wU6ymbKc=">AAACD3icbZDLSsNAFIYnXmu9RV26GSyKIJRECroRim5cuKhgL9CUMplO2qEzSZw5EUrIG7jxVdy4UMStW3e+jdM2C239YeDjP+dw5vx+LLgGx/m2FhaXlldWC2vF9Y3NrW17Z7eho0RRVqeRiFTLJ5oJHrI6cBCsFStGpC9Y0x9ejevNB6Y0j8I7GMWsI0k/5AGnBIzVtY88BgRfYC9QhKaVLPX0vYL0JsMneIqeTLKsa5ecsjMRngc3hxLKVevaX14voolkIVBBtG67TgydlCjgVLCs6CWaxYQOSZ+1DYZEMt1JJ/dk+NA4PRxEyrwQ8MT9PZESqfVI+qZTEhjo2drY/K/WTiA476Q8jBNgIZ0uChKBIcLjcHCPK0ZBjAwQqrj5K6YDYpIBE2HRhODOnjwPjdOy65Td20qpepnHUUD76AAdIxedoSq6RjVURxQ9omf0it6sJ+vFerc+pq0LVj6zh/7I+vwBze+chw==</latexit>

and � = max{|1�p
⌘µ|, |1�

p
⌘L|}2

<latexit sha1_base64="Y2fFyw5SfxJXchXWVTsYcgEAQBM=">AAACJXicbZDNSgMxFIUz/tb6N+rSTbAILrTMiKALBdGNCxcVbBWasWTSVEOTmTG5I5bp+DBufBU3LiwiuPJVTGsXWj0QOHz3Xm7uCRMpDHjehzM2PjE5NV2YKc7OzS8sukvLNROnmvEqi2WsL0NquBQRr4IAyS8TzakKJb8I28f9+sUd10bE0Tl0Eh4oeh2JlmAULGq4+yTkQPEBJorek6zr4y1MzK2GjPQ5UWne3XwYxad5l+RX2w235JW9gfBf4w9NCQ1Vabg90oxZqngETFJj6r6XQJBRDYJJnhdJanhCWZte87q1EVXcBNngyhyvW9LErVjbFwEe0J8TGVXGdFRoOxWFGzNa68P/avUUWntBJqIkBR6x70WtVGKIcT8y3BSaM5AdayjTwv4VsxuqKQMbbNGG4I+e/NfUtsu+V/bPdkqHR8M4CmgVraEN5KNddIhOUAVVEUOP6Bm9op7z5Lw4b877d+uYM5xZQb/kfH4BDTqkYg==</latexit><latexit sha1_base64="Y2fFyw5SfxJXchXWVTsYcgEAQBM=">AAACJXicbZDNSgMxFIUz/tb6N+rSTbAILrTMiKALBdGNCxcVbBWasWTSVEOTmTG5I5bp+DBufBU3LiwiuPJVTGsXWj0QOHz3Xm7uCRMpDHjehzM2PjE5NV2YKc7OzS8sukvLNROnmvEqi2WsL0NquBQRr4IAyS8TzakKJb8I28f9+sUd10bE0Tl0Eh4oeh2JlmAULGq4+yTkQPEBJorek6zr4y1MzK2GjPQ5UWne3XwYxad5l+RX2w235JW9gfBf4w9NCQ1Vabg90oxZqngETFJj6r6XQJBRDYJJnhdJanhCWZte87q1EVXcBNngyhyvW9LErVjbFwEe0J8TGVXGdFRoOxWFGzNa68P/avUUWntBJqIkBR6x70WtVGKIcT8y3BSaM5AdayjTwv4VsxuqKQMbbNGG4I+e/NfUtsu+V/bPdkqHR8M4CmgVraEN5KNddIhOUAVVEUOP6Bm9op7z5Lw4b877d+uYM5xZQb/kfH4BDTqkYg==</latexit><latexit sha1_base64="Y2fFyw5SfxJXchXWVTsYcgEAQBM=">AAACJXicbZDNSgMxFIUz/tb6N+rSTbAILrTMiKALBdGNCxcVbBWasWTSVEOTmTG5I5bp+DBufBU3LiwiuPJVTGsXWj0QOHz3Xm7uCRMpDHjehzM2PjE5NV2YKc7OzS8sukvLNROnmvEqi2WsL0NquBQRr4IAyS8TzakKJb8I28f9+sUd10bE0Tl0Eh4oeh2JlmAULGq4+yTkQPEBJorek6zr4y1MzK2GjPQ5UWne3XwYxad5l+RX2w235JW9gfBf4w9NCQ1Vabg90oxZqngETFJj6r6XQJBRDYJJnhdJanhCWZte87q1EVXcBNngyhyvW9LErVjbFwEe0J8TGVXGdFRoOxWFGzNa68P/avUUWntBJqIkBR6x70WtVGKIcT8y3BSaM5AdayjTwv4VsxuqKQMbbNGG4I+e/NfUtsu+V/bPdkqHR8M4CmgVraEN5KNddIhOUAVVEUOP6Bm9op7z5Lw4b877d+uYM5xZQb/kfH4BDTqkYg==</latexit><latexit sha1_base64="Y2fFyw5SfxJXchXWVTsYcgEAQBM=">AAACJXicbZDNSgMxFIUz/tb6N+rSTbAILrTMiKALBdGNCxcVbBWasWTSVEOTmTG5I5bp+DBufBU3LiwiuPJVTGsXWj0QOHz3Xm7uCRMpDHjehzM2PjE5NV2YKc7OzS8sukvLNROnmvEqi2WsL0NquBQRr4IAyS8TzakKJb8I28f9+sUd10bE0Tl0Eh4oeh2JlmAULGq4+yTkQPEBJorek6zr4y1MzK2GjPQ5UWne3XwYxad5l+RX2w235JW9gfBf4w9NCQ1Vabg90oxZqngETFJj6r6XQJBRDYJJnhdJanhCWZte87q1EVXcBNngyhyvW9LErVjbFwEe0J8TGVXGdFRoOxWFGzNa68P/avUUWntBJqIkBR6x70WtVGKIcT8y3BSaM5AdayjTwv4VsxuqKQMbbNGG4I+e/NfUtsu+V/bPdkqHR8M4CmgVraEN5KNddIhOUAVVEUOP6Bm9op7z5Lw4b877d+uYM5xZQb/kfH4BDTqkYg==</latexit>

kxt+1 � x?k2 
✓p

� 1p
+ 1

◆t

kx0 � x?k2
<latexit sha1_base64="6Zk66Q1L86u80dAeFJFoOehwUF0="></latexit><latexit sha1_base64="6Zk66Q1L86u80dAeFJFoOehwUF0="></latexit><latexit sha1_base64="6Zk66Q1L86u80dAeFJFoOehwUF0="></latexit><latexit sha1_base64="6Zk66Q1L86u80dAeFJFoOehwUF0="></latexit>



Guarantees of Heavy Ball method

min
x2Rp

f(x)
<latexit sha1_base64="U71Fnz3bCu9/oA3TaEpvezMJJOc=">AAACB3icbVDLSsNAFJ3UV62vqEtBBotQNyURQZdFNy6r2Ac0MUymk3boZBJmJtISsnPjr7hxoYhbf8Gdf+OkzUJbD1w4nHMv997jx4xKZVnfRmlpeWV1rbxe2djc2t4xd/faMkoEJi0csUh0fSQJo5y0FFWMdGNBUOgz0vFHV7nfeSBC0ojfqUlM3BANOA0oRkpLnnnohJR76Rg6lEMnRGro++ltdh9nMKiNTzyzatWtKeAisQtSBQWanvnl9COchIQrzJCUPduKlZsioShmJKs4iSQxwiM0ID1NOQqJdNPpHxk81kofBpHQxRWcqr8nUhRKOQl93ZlfKue9XPzP6yUquHBTyuNEEY5ni4KEQRXBPBTYp4JgxSaaICyovhXiIRIIKx1dRYdgz7+8SNqndduq2zdn1cZlEUcZHIAjUAM2OAcNcA2aoAUweATP4BW8GU/Gi/FufMxaS0Yxsw/+wPj8AUrLmOo=</latexit><latexit sha1_base64="U71Fnz3bCu9/oA3TaEpvezMJJOc=">AAACB3icbVDLSsNAFJ3UV62vqEtBBotQNyURQZdFNy6r2Ac0MUymk3boZBJmJtISsnPjr7hxoYhbf8Gdf+OkzUJbD1w4nHMv997jx4xKZVnfRmlpeWV1rbxe2djc2t4xd/faMkoEJi0csUh0fSQJo5y0FFWMdGNBUOgz0vFHV7nfeSBC0ojfqUlM3BANOA0oRkpLnnnohJR76Rg6lEMnRGro++ltdh9nMKiNTzyzatWtKeAisQtSBQWanvnl9COchIQrzJCUPduKlZsioShmJKs4iSQxwiM0ID1NOQqJdNPpHxk81kofBpHQxRWcqr8nUhRKOQl93ZlfKue9XPzP6yUquHBTyuNEEY5ni4KEQRXBPBTYp4JgxSaaICyovhXiIRIIKx1dRYdgz7+8SNqndduq2zdn1cZlEUcZHIAjUAM2OAcNcA2aoAUweATP4BW8GU/Gi/FufMxaS0Yxsw/+wPj8AUrLmOo=</latexit><latexit sha1_base64="U71Fnz3bCu9/oA3TaEpvezMJJOc=">AAACB3icbVDLSsNAFJ3UV62vqEtBBotQNyURQZdFNy6r2Ac0MUymk3boZBJmJtISsnPjr7hxoYhbf8Gdf+OkzUJbD1w4nHMv997jx4xKZVnfRmlpeWV1rbxe2djc2t4xd/faMkoEJi0csUh0fSQJo5y0FFWMdGNBUOgz0vFHV7nfeSBC0ojfqUlM3BANOA0oRkpLnnnohJR76Rg6lEMnRGro++ltdh9nMKiNTzyzatWtKeAisQtSBQWanvnl9COchIQrzJCUPduKlZsioShmJKs4iSQxwiM0ID1NOQqJdNPpHxk81kofBpHQxRWcqr8nUhRKOQl93ZlfKue9XPzP6yUquHBTyuNEEY5ni4KEQRXBPBTYp4JgxSaaICyovhXiIRIIKx1dRYdgz7+8SNqndduq2zdn1cZlEUcZHIAjUAM2OAcNcA2aoAUweATP4BW8GU/Gi/FufMxaS0Yxsw/+wPj8AUrLmOo=</latexit><latexit sha1_base64="U71Fnz3bCu9/oA3TaEpvezMJJOc=">AAACB3icbVDLSsNAFJ3UV62vqEtBBotQNyURQZdFNy6r2Ac0MUymk3boZBJmJtISsnPjr7hxoYhbf8Gdf+OkzUJbD1w4nHMv997jx4xKZVnfRmlpeWV1rbxe2djc2t4xd/faMkoEJi0csUh0fSQJo5y0FFWMdGNBUOgz0vFHV7nfeSBC0ojfqUlM3BANOA0oRkpLnnnohJR76Rg6lEMnRGro++ltdh9nMKiNTzyzatWtKeAisQtSBQWanvnl9COchIQrzJCUPduKlZsioShmJKs4iSQxwiM0ID1NOQqJdNPpHxk81kofBpHQxRWcqr8nUhRKOQl93ZlfKue9XPzP6yUquHBTyuNEEY5ni4KEQRXBPBTYp4JgxSaaICyovhXiIRIIKx1dRYdgz7+8SNqndduq2zdn1cZlEUcZHIAjUAM2OAcNcA2aoAUweATP4BW8GU/Gi/FufMxaS0Yxsw/+wPj8AUrLmOo=</latexit>

“Assume the objective is has Lipschitz continuous gradients, and 
 it is strongly convex. Then:

converges linearly according to:

“

xt+1 = xt � ⌘rf(xt) + �(xt � xt�1)
<latexit sha1_base64="MAcEX+EpC5ObqUAmttcrLWmqW8k=">AAACI3icbVDLSsNAFJ34tr6qLt0MFqFSWhIRFEEQ3bhUsK3QlHAznejgZBJmbqQl9F/c+CtuXCjixoX/4qTtwteBgcM553LnnjCVwqDrfjhT0zOzc/MLi6Wl5ZXVtfL6RsskmWa8yRKZ6OsQDJdC8SYKlPw61RziUPJ2eHdW+O17ro1I1BUOUt6N4UaJSDBAKwXlo36QY80b0mPaD5DWqc8RqK8glECjqtV2aY36YaFWx4liou4Nd4NyxW24I9C/xJuQCpngIii/+b2EZTFXyCQY0/HcFLs5aBRM8mHJzwxPgd3BDe9YqiDmppuPbhzSHav0aJRo+xTSkfp9IofYmEEc2mQMeGt+e4X4n9fJMDrs5kKlGXLFxouiTFJMaFEY7QnNGcqBJcC0sH+l7BY0MLS1lmwJ3u+T/5LWXsNzG97lfuXkdFLHAtki26RKPHJATsg5uSBNwsgDeSIv5NV5dJ6dN+d9HJ1yJjOb5Aeczy+WE6Ei</latexit><latexit sha1_base64="MAcEX+EpC5ObqUAmttcrLWmqW8k=">AAACI3icbVDLSsNAFJ34tr6qLt0MFqFSWhIRFEEQ3bhUsK3QlHAznejgZBJmbqQl9F/c+CtuXCjixoX/4qTtwteBgcM553LnnjCVwqDrfjhT0zOzc/MLi6Wl5ZXVtfL6RsskmWa8yRKZ6OsQDJdC8SYKlPw61RziUPJ2eHdW+O17ro1I1BUOUt6N4UaJSDBAKwXlo36QY80b0mPaD5DWqc8RqK8glECjqtV2aY36YaFWx4liou4Nd4NyxW24I9C/xJuQCpngIii/+b2EZTFXyCQY0/HcFLs5aBRM8mHJzwxPgd3BDe9YqiDmppuPbhzSHav0aJRo+xTSkfp9IofYmEEc2mQMeGt+e4X4n9fJMDrs5kKlGXLFxouiTFJMaFEY7QnNGcqBJcC0sH+l7BY0MLS1lmwJ3u+T/5LWXsNzG97lfuXkdFLHAtki26RKPHJATsg5uSBNwsgDeSIv5NV5dJ6dN+d9HJ1yJjOb5Aeczy+WE6Ei</latexit><latexit sha1_base64="MAcEX+EpC5ObqUAmttcrLWmqW8k=">AAACI3icbVDLSsNAFJ34tr6qLt0MFqFSWhIRFEEQ3bhUsK3QlHAznejgZBJmbqQl9F/c+CtuXCjixoX/4qTtwteBgcM553LnnjCVwqDrfjhT0zOzc/MLi6Wl5ZXVtfL6RsskmWa8yRKZ6OsQDJdC8SYKlPw61RziUPJ2eHdW+O17ro1I1BUOUt6N4UaJSDBAKwXlo36QY80b0mPaD5DWqc8RqK8glECjqtV2aY36YaFWx4liou4Nd4NyxW24I9C/xJuQCpngIii/+b2EZTFXyCQY0/HcFLs5aBRM8mHJzwxPgd3BDe9YqiDmppuPbhzSHav0aJRo+xTSkfp9IofYmEEc2mQMeGt+e4X4n9fJMDrs5kKlGXLFxouiTFJMaFEY7QnNGcqBJcC0sH+l7BY0MLS1lmwJ3u+T/5LWXsNzG97lfuXkdFLHAtki26RKPHJATsg5uSBNwsgDeSIv5NV5dJ6dN+d9HJ1yJjOb5Aeczy+WE6Ei</latexit><latexit sha1_base64="MAcEX+EpC5ObqUAmttcrLWmqW8k=">AAACI3icbVDLSsNAFJ34tr6qLt0MFqFSWhIRFEEQ3bhUsK3QlHAznejgZBJmbqQl9F/c+CtuXCjixoX/4qTtwteBgcM553LnnjCVwqDrfjhT0zOzc/MLi6Wl5ZXVtfL6RsskmWa8yRKZ6OsQDJdC8SYKlPw61RziUPJ2eHdW+O17ro1I1BUOUt6N4UaJSDBAKwXlo36QY80b0mPaD5DWqc8RqK8glECjqtV2aY36YaFWx4liou4Nd4NyxW24I9C/xJuQCpngIii/+b2EZTFXyCQY0/HcFLs5aBRM8mHJzwxPgd3BDe9YqiDmppuPbhzSHav0aJRo+xTSkfp9IofYmEEc2mQMeGt+e4X4n9fJMDrs5kKlGXLFxouiTFJMaFEY7QnNGcqBJcC0sH+l7BY0MLS1lmwJ3u+T/5LWXsNzG97lfuXkdFLHAtki26RKPHJATsg5uSBNwsgDeSIv5NV5dJ6dN+d9HJ1yJjOb5Aeczy+WE6Ei</latexit>

for ⌘ =
4p

L+
p
µ

<latexit sha1_base64="VFrp9ojOrHsn51bhz55wU6ymbKc=">AAACD3icbZDLSsNAFIYnXmu9RV26GSyKIJRECroRim5cuKhgL9CUMplO2qEzSZw5EUrIG7jxVdy4UMStW3e+jdM2C239YeDjP+dw5vx+LLgGx/m2FhaXlldWC2vF9Y3NrW17Z7eho0RRVqeRiFTLJ5oJHrI6cBCsFStGpC9Y0x9ejevNB6Y0j8I7GMWsI0k/5AGnBIzVtY88BgRfYC9QhKaVLPX0vYL0JsMneIqeTLKsa5ecsjMRngc3hxLKVevaX14voolkIVBBtG67TgydlCjgVLCs6CWaxYQOSZ+1DYZEMt1JJ/dk+NA4PRxEyrwQ8MT9PZESqfVI+qZTEhjo2drY/K/WTiA476Q8jBNgIZ0uChKBIcLjcHCPK0ZBjAwQqrj5K6YDYpIBE2HRhODOnjwPjdOy65Td20qpepnHUUD76AAdIxedoSq6RjVURxQ9omf0it6sJ+vFerc+pq0LVj6zh/7I+vwBze+chw==</latexit><latexit sha1_base64="VFrp9ojOrHsn51bhz55wU6ymbKc=">AAACD3icbZDLSsNAFIYnXmu9RV26GSyKIJRECroRim5cuKhgL9CUMplO2qEzSZw5EUrIG7jxVdy4UMStW3e+jdM2C239YeDjP+dw5vx+LLgGx/m2FhaXlldWC2vF9Y3NrW17Z7eho0RRVqeRiFTLJ5oJHrI6cBCsFStGpC9Y0x9ejevNB6Y0j8I7GMWsI0k/5AGnBIzVtY88BgRfYC9QhKaVLPX0vYL0JsMneIqeTLKsa5ecsjMRngc3hxLKVevaX14voolkIVBBtG67TgydlCjgVLCs6CWaxYQOSZ+1DYZEMt1JJ/dk+NA4PRxEyrwQ8MT9PZESqfVI+qZTEhjo2drY/K/WTiA476Q8jBNgIZ0uChKBIcLjcHCPK0ZBjAwQqrj5K6YDYpIBE2HRhODOnjwPjdOy65Td20qpepnHUUD76AAdIxedoSq6RjVURxQ9omf0it6sJ+vFerc+pq0LVj6zh/7I+vwBze+chw==</latexit><latexit sha1_base64="VFrp9ojOrHsn51bhz55wU6ymbKc=">AAACD3icbZDLSsNAFIYnXmu9RV26GSyKIJRECroRim5cuKhgL9CUMplO2qEzSZw5EUrIG7jxVdy4UMStW3e+jdM2C239YeDjP+dw5vx+LLgGx/m2FhaXlldWC2vF9Y3NrW17Z7eho0RRVqeRiFTLJ5oJHrI6cBCsFStGpC9Y0x9ejevNB6Y0j8I7GMWsI0k/5AGnBIzVtY88BgRfYC9QhKaVLPX0vYL0JsMneIqeTLKsa5ecsjMRngc3hxLKVevaX14voolkIVBBtG67TgydlCjgVLCs6CWaxYQOSZ+1DYZEMt1JJ/dk+NA4PRxEyrwQ8MT9PZESqfVI+qZTEhjo2drY/K/WTiA476Q8jBNgIZ0uChKBIcLjcHCPK0ZBjAwQqrj5K6YDYpIBE2HRhODOnjwPjdOy65Td20qpepnHUUD76AAdIxedoSq6RjVURxQ9omf0it6sJ+vFerc+pq0LVj6zh/7I+vwBze+chw==</latexit><latexit sha1_base64="VFrp9ojOrHsn51bhz55wU6ymbKc=">AAACD3icbZDLSsNAFIYnXmu9RV26GSyKIJRECroRim5cuKhgL9CUMplO2qEzSZw5EUrIG7jxVdy4UMStW3e+jdM2C239YeDjP+dw5vx+LLgGx/m2FhaXlldWC2vF9Y3NrW17Z7eho0RRVqeRiFTLJ5oJHrI6cBCsFStGpC9Y0x9ejevNB6Y0j8I7GMWsI0k/5AGnBIzVtY88BgRfYC9QhKaVLPX0vYL0JsMneIqeTLKsa5ecsjMRngc3hxLKVevaX14voolkIVBBtG67TgydlCjgVLCs6CWaxYQOSZ+1DYZEMt1JJ/dk+NA4PRxEyrwQ8MT9PZESqfVI+qZTEhjo2drY/K/WTiA476Q8jBNgIZ0uChKBIcLjcHCPK0ZBjAwQqrj5K6YDYpIBE2HRhODOnjwPjdOy65Td20qpepnHUUD76AAdIxedoSq6RjVURxQ9omf0it6sJ+vFerc+pq0LVj6zh/7I+vwBze+chw==</latexit>

and � = max{|1�p
⌘µ|, |1�

p
⌘L|}2

<latexit sha1_base64="Y2fFyw5SfxJXchXWVTsYcgEAQBM=">AAACJXicbZDNSgMxFIUz/tb6N+rSTbAILrTMiKALBdGNCxcVbBWasWTSVEOTmTG5I5bp+DBufBU3LiwiuPJVTGsXWj0QOHz3Xm7uCRMpDHjehzM2PjE5NV2YKc7OzS8sukvLNROnmvEqi2WsL0NquBQRr4IAyS8TzakKJb8I28f9+sUd10bE0Tl0Eh4oeh2JlmAULGq4+yTkQPEBJorek6zr4y1MzK2GjPQ5UWne3XwYxad5l+RX2w235JW9gfBf4w9NCQ1Vabg90oxZqngETFJj6r6XQJBRDYJJnhdJanhCWZte87q1EVXcBNngyhyvW9LErVjbFwEe0J8TGVXGdFRoOxWFGzNa68P/avUUWntBJqIkBR6x70WtVGKIcT8y3BSaM5AdayjTwv4VsxuqKQMbbNGG4I+e/NfUtsu+V/bPdkqHR8M4CmgVraEN5KNddIhOUAVVEUOP6Bm9op7z5Lw4b877d+uYM5xZQb/kfH4BDTqkYg==</latexit><latexit sha1_base64="Y2fFyw5SfxJXchXWVTsYcgEAQBM=">AAACJXicbZDNSgMxFIUz/tb6N+rSTbAILrTMiKALBdGNCxcVbBWasWTSVEOTmTG5I5bp+DBufBU3LiwiuPJVTGsXWj0QOHz3Xm7uCRMpDHjehzM2PjE5NV2YKc7OzS8sukvLNROnmvEqi2WsL0NquBQRr4IAyS8TzakKJb8I28f9+sUd10bE0Tl0Eh4oeh2JlmAULGq4+yTkQPEBJorek6zr4y1MzK2GjPQ5UWne3XwYxad5l+RX2w235JW9gfBf4w9NCQ1Vabg90oxZqngETFJj6r6XQJBRDYJJnhdJanhCWZte87q1EVXcBNngyhyvW9LErVjbFwEe0J8TGVXGdFRoOxWFGzNa68P/avUUWntBJqIkBR6x70WtVGKIcT8y3BSaM5AdayjTwv4VsxuqKQMbbNGG4I+e/NfUtsu+V/bPdkqHR8M4CmgVraEN5KNddIhOUAVVEUOP6Bm9op7z5Lw4b877d+uYM5xZQb/kfH4BDTqkYg==</latexit><latexit sha1_base64="Y2fFyw5SfxJXchXWVTsYcgEAQBM=">AAACJXicbZDNSgMxFIUz/tb6N+rSTbAILrTMiKALBdGNCxcVbBWasWTSVEOTmTG5I5bp+DBufBU3LiwiuPJVTGsXWj0QOHz3Xm7uCRMpDHjehzM2PjE5NV2YKc7OzS8sukvLNROnmvEqi2WsL0NquBQRr4IAyS8TzakKJb8I28f9+sUd10bE0Tl0Eh4oeh2JlmAULGq4+yTkQPEBJorek6zr4y1MzK2GjPQ5UWne3XwYxad5l+RX2w235JW9gfBf4w9NCQ1Vabg90oxZqngETFJj6r6XQJBRDYJJnhdJanhCWZte87q1EVXcBNngyhyvW9LErVjbFwEe0J8TGVXGdFRoOxWFGzNa68P/avUUWntBJqIkBR6x70WtVGKIcT8y3BSaM5AdayjTwv4VsxuqKQMbbNGG4I+e/NfUtsu+V/bPdkqHR8M4CmgVraEN5KNddIhOUAVVEUOP6Bm9op7z5Lw4b877d+uYM5xZQb/kfH4BDTqkYg==</latexit><latexit sha1_base64="Y2fFyw5SfxJXchXWVTsYcgEAQBM=">AAACJXicbZDNSgMxFIUz/tb6N+rSTbAILrTMiKALBdGNCxcVbBWasWTSVEOTmTG5I5bp+DBufBU3LiwiuPJVTGsXWj0QOHz3Xm7uCRMpDHjehzM2PjE5NV2YKc7OzS8sukvLNROnmvEqi2WsL0NquBQRr4IAyS8TzakKJb8I28f9+sUd10bE0Tl0Eh4oeh2JlmAULGq4+yTkQPEBJorek6zr4y1MzK2GjPQ5UWne3XwYxad5l+RX2w235JW9gfBf4w9NCQ1Vabg90oxZqngETFJj6r6XQJBRDYJJnhdJanhCWZte87q1EVXcBNngyhyvW9LErVjbFwEe0J8TGVXGdFRoOxWFGzNa68P/avUUWntBJqIkBR6x70WtVGKIcT8y3BSaM5AdayjTwv4VsxuqKQMbbNGG4I+e/NfUtsu+V/bPdkqHR8M4CmgVraEN5KNddIhOUAVVEUOP6Bm9op7z5Lw4b877d+uYM5xZQb/kfH4BDTqkYg==</latexit>

kxt+1 � x?k2 
✓p

� 1p
+ 1

◆t

kx0 � x?k2
<latexit sha1_base64="6Zk66Q1L86u80dAeFJFoOehwUF0="></latexit><latexit sha1_base64="6Zk66Q1L86u80dAeFJFoOehwUF0="></latexit><latexit sha1_base64="6Zk66Q1L86u80dAeFJFoOehwUF0="></latexit><latexit sha1_base64="6Zk66Q1L86u80dAeFJFoOehwUF0="></latexit>

Non-convex!



- Nesterov’s work: a collection of acceleration methods

xt+1 = xt � ⌘rf(xt) + �(xt � xt�1)
<latexit sha1_base64="MAcEX+EpC5ObqUAmttcrLWmqW8k=">AAACI3icbVDLSsNAFJ34tr6qLt0MFqFSWhIRFEEQ3bhUsK3QlHAznejgZBJmbqQl9F/c+CtuXCjixoX/4qTtwteBgcM553LnnjCVwqDrfjhT0zOzc/MLi6Wl5ZXVtfL6RsskmWa8yRKZ6OsQDJdC8SYKlPw61RziUPJ2eHdW+O17ro1I1BUOUt6N4UaJSDBAKwXlo36QY80b0mPaD5DWqc8RqK8glECjqtV2aY36YaFWx4liou4Nd4NyxW24I9C/xJuQCpngIii/+b2EZTFXyCQY0/HcFLs5aBRM8mHJzwxPgd3BDe9YqiDmppuPbhzSHav0aJRo+xTSkfp9IofYmEEc2mQMeGt+e4X4n9fJMDrs5kKlGXLFxouiTFJMaFEY7QnNGcqBJcC0sH+l7BY0MLS1lmwJ3u+T/5LWXsNzG97lfuXkdFLHAtki26RKPHJATsg5uSBNwsgDeSIv5NV5dJ6dN+d9HJ1yJjOb5Aeczy+WE6Ei</latexit><latexit sha1_base64="MAcEX+EpC5ObqUAmttcrLWmqW8k=">AAACI3icbVDLSsNAFJ34tr6qLt0MFqFSWhIRFEEQ3bhUsK3QlHAznejgZBJmbqQl9F/c+CtuXCjixoX/4qTtwteBgcM553LnnjCVwqDrfjhT0zOzc/MLi6Wl5ZXVtfL6RsskmWa8yRKZ6OsQDJdC8SYKlPw61RziUPJ2eHdW+O17ro1I1BUOUt6N4UaJSDBAKwXlo36QY80b0mPaD5DWqc8RqK8glECjqtV2aY36YaFWx4liou4Nd4NyxW24I9C/xJuQCpngIii/+b2EZTFXyCQY0/HcFLs5aBRM8mHJzwxPgd3BDe9YqiDmppuPbhzSHav0aJRo+xTSkfp9IofYmEEc2mQMeGt+e4X4n9fJMDrs5kKlGXLFxouiTFJMaFEY7QnNGcqBJcC0sH+l7BY0MLS1lmwJ3u+T/5LWXsNzG97lfuXkdFLHAtki26RKPHJATsg5uSBNwsgDeSIv5NV5dJ6dN+d9HJ1yJjOb5Aeczy+WE6Ei</latexit><latexit sha1_base64="MAcEX+EpC5ObqUAmttcrLWmqW8k=">AAACI3icbVDLSsNAFJ34tr6qLt0MFqFSWhIRFEEQ3bhUsK3QlHAznejgZBJmbqQl9F/c+CtuXCjixoX/4qTtwteBgcM553LnnjCVwqDrfjhT0zOzc/MLi6Wl5ZXVtfL6RsskmWa8yRKZ6OsQDJdC8SYKlPw61RziUPJ2eHdW+O17ro1I1BUOUt6N4UaJSDBAKwXlo36QY80b0mPaD5DWqc8RqK8glECjqtV2aY36YaFWx4liou4Nd4NyxW24I9C/xJuQCpngIii/+b2EZTFXyCQY0/HcFLs5aBRM8mHJzwxPgd3BDe9YqiDmppuPbhzSHav0aJRo+xTSkfp9IofYmEEc2mQMeGt+e4X4n9fJMDrs5kKlGXLFxouiTFJMaFEY7QnNGcqBJcC0sH+l7BY0MLS1lmwJ3u+T/5LWXsNzG97lfuXkdFLHAtki26RKPHJATsg5uSBNwsgDeSIv5NV5dJ6dN+d9HJ1yJjOb5Aeczy+WE6Ei</latexit><latexit sha1_base64="MAcEX+EpC5ObqUAmttcrLWmqW8k=">AAACI3icbVDLSsNAFJ34tr6qLt0MFqFSWhIRFEEQ3bhUsK3QlHAznejgZBJmbqQl9F/c+CtuXCjixoX/4qTtwteBgcM553LnnjCVwqDrfjhT0zOzc/MLi6Wl5ZXVtfL6RsskmWa8yRKZ6OsQDJdC8SYKlPw61RziUPJ2eHdW+O17ro1I1BUOUt6N4UaJSDBAKwXlo36QY80b0mPaD5DWqc8RqK8glECjqtV2aY36YaFWx4liou4Nd4NyxW24I9C/xJuQCpngIii/+b2EZTFXyCQY0/HcFLs5aBRM8mHJzwxPgd3BDe9YqiDmppuPbhzSHav0aJRo+xTSkfp9IofYmEEc2mQMeGt+e4X4n9fJMDrs5kKlGXLFxouiTFJMaFEY7QnNGcqBJcC0sH+l7BY0MLS1lmwJ3u+T/5LWXsNzG97lfuXkdFLHAtki26RKPHJATsg5uSBNwsgDeSIv5NV5dJ6dN+d9HJ1yJjOb5Aeczy+WE6Ei</latexit>

Recall: Momentum acceleration



- Nesterov’s work: a collection of acceleration methods

xt+1 = xt � ⌘rf(xt) + �(xt � xt�1)
<latexit sha1_base64="MAcEX+EpC5ObqUAmttcrLWmqW8k=">AAACI3icbVDLSsNAFJ34tr6qLt0MFqFSWhIRFEEQ3bhUsK3QlHAznejgZBJmbqQl9F/c+CtuXCjixoX/4qTtwteBgcM553LnnjCVwqDrfjhT0zOzc/MLi6Wl5ZXVtfL6RsskmWa8yRKZ6OsQDJdC8SYKlPw61RziUPJ2eHdW+O17ro1I1BUOUt6N4UaJSDBAKwXlo36QY80b0mPaD5DWqc8RqK8glECjqtV2aY36YaFWx4liou4Nd4NyxW24I9C/xJuQCpngIii/+b2EZTFXyCQY0/HcFLs5aBRM8mHJzwxPgd3BDe9YqiDmppuPbhzSHav0aJRo+xTSkfp9IofYmEEc2mQMeGt+e4X4n9fJMDrs5kKlGXLFxouiTFJMaFEY7QnNGcqBJcC0sH+l7BY0MLS1lmwJ3u+T/5LWXsNzG97lfuXkdFLHAtki26RKPHJATsg5uSBNwsgDeSIv5NV5dJ6dN+d9HJ1yJjOb5Aeczy+WE6Ei</latexit><latexit sha1_base64="MAcEX+EpC5ObqUAmttcrLWmqW8k=">AAACI3icbVDLSsNAFJ34tr6qLt0MFqFSWhIRFEEQ3bhUsK3QlHAznejgZBJmbqQl9F/c+CtuXCjixoX/4qTtwteBgcM553LnnjCVwqDrfjhT0zOzc/MLi6Wl5ZXVtfL6RsskmWa8yRKZ6OsQDJdC8SYKlPw61RziUPJ2eHdW+O17ro1I1BUOUt6N4UaJSDBAKwXlo36QY80b0mPaD5DWqc8RqK8glECjqtV2aY36YaFWx4liou4Nd4NyxW24I9C/xJuQCpngIii/+b2EZTFXyCQY0/HcFLs5aBRM8mHJzwxPgd3BDe9YqiDmppuPbhzSHav0aJRo+xTSkfp9IofYmEEc2mQMeGt+e4X4n9fJMDrs5kKlGXLFxouiTFJMaFEY7QnNGcqBJcC0sH+l7BY0MLS1lmwJ3u+T/5LWXsNzG97lfuXkdFLHAtki26RKPHJATsg5uSBNwsgDeSIv5NV5dJ6dN+d9HJ1yJjOb5Aeczy+WE6Ei</latexit><latexit sha1_base64="MAcEX+EpC5ObqUAmttcrLWmqW8k=">AAACI3icbVDLSsNAFJ34tr6qLt0MFqFSWhIRFEEQ3bhUsK3QlHAznejgZBJmbqQl9F/c+CtuXCjixoX/4qTtwteBgcM553LnnjCVwqDrfjhT0zOzc/MLi6Wl5ZXVtfL6RsskmWa8yRKZ6OsQDJdC8SYKlPw61RziUPJ2eHdW+O17ro1I1BUOUt6N4UaJSDBAKwXlo36QY80b0mPaD5DWqc8RqK8glECjqtV2aY36YaFWx4liou4Nd4NyxW24I9C/xJuQCpngIii/+b2EZTFXyCQY0/HcFLs5aBRM8mHJzwxPgd3BDe9YqiDmppuPbhzSHav0aJRo+xTSkfp9IofYmEEc2mQMeGt+e4X4n9fJMDrs5kKlGXLFxouiTFJMaFEY7QnNGcqBJcC0sH+l7BY0MLS1lmwJ3u+T/5LWXsNzG97lfuXkdFLHAtki26RKPHJATsg5uSBNwsgDeSIv5NV5dJ6dN+d9HJ1yJjOb5Aeczy+WE6Ei</latexit><latexit sha1_base64="MAcEX+EpC5ObqUAmttcrLWmqW8k=">AAACI3icbVDLSsNAFJ34tr6qLt0MFqFSWhIRFEEQ3bhUsK3QlHAznejgZBJmbqQl9F/c+CtuXCjixoX/4qTtwteBgcM553LnnjCVwqDrfjhT0zOzc/MLi6Wl5ZXVtfL6RsskmWa8yRKZ6OsQDJdC8SYKlPw61RziUPJ2eHdW+O17ro1I1BUOUt6N4UaJSDBAKwXlo36QY80b0mPaD5DWqc8RqK8glECjqtV2aY36YaFWx4liou4Nd4NyxW24I9C/xJuQCpngIii/+b2EZTFXyCQY0/HcFLs5aBRM8mHJzwxPgd3BDe9YqiDmppuPbhzSHav0aJRo+xTSkfp9IofYmEEc2mQMeGt+e4X4n9fJMDrs5kKlGXLFxouiTFJMaFEY7QnNGcqBJcC0sH+l7BY0MLS1lmwJ3u+T/5LWXsNzG97lfuXkdFLHAtki26RKPHJATsg5uSBNwsgDeSIv5NV5dJ6dN+d9HJ1yJjOb5Aeczy+WE6Ei</latexit>

ex = xt � ⌘rf(xt)

xt+1 = ex+ �(xt � xt�1)
<latexit sha1_base64="qVtTZQ30wzEpqVZ3M15dw4kPvjQ="></latexit><latexit sha1_base64="qVtTZQ30wzEpqVZ3M15dw4kPvjQ="></latexit><latexit sha1_base64="qVtTZQ30wzEpqVZ3M15dw4kPvjQ="></latexit><latexit sha1_base64="qVtTZQ30wzEpqVZ3M15dw4kPvjQ="></latexit>

Recall: Momentum acceleration



- Nesterov’s work: a collection of acceleration methods

xt+1 = xt � ⌘rf(xt) + �(xt � xt�1)
<latexit sha1_base64="MAcEX+EpC5ObqUAmttcrLWmqW8k=">AAACI3icbVDLSsNAFJ34tr6qLt0MFqFSWhIRFEEQ3bhUsK3QlHAznejgZBJmbqQl9F/c+CtuXCjixoX/4qTtwteBgcM553LnnjCVwqDrfjhT0zOzc/MLi6Wl5ZXVtfL6RsskmWa8yRKZ6OsQDJdC8SYKlPw61RziUPJ2eHdW+O17ro1I1BUOUt6N4UaJSDBAKwXlo36QY80b0mPaD5DWqc8RqK8glECjqtV2aY36YaFWx4liou4Nd4NyxW24I9C/xJuQCpngIii/+b2EZTFXyCQY0/HcFLs5aBRM8mHJzwxPgd3BDe9YqiDmppuPbhzSHav0aJRo+xTSkfp9IofYmEEc2mQMeGt+e4X4n9fJMDrs5kKlGXLFxouiTFJMaFEY7QnNGcqBJcC0sH+l7BY0MLS1lmwJ3u+T/5LWXsNzG97lfuXkdFLHAtki26RKPHJATsg5uSBNwsgDeSIv5NV5dJ6dN+d9HJ1yJjOb5Aeczy+WE6Ei</latexit><latexit sha1_base64="MAcEX+EpC5ObqUAmttcrLWmqW8k=">AAACI3icbVDLSsNAFJ34tr6qLt0MFqFSWhIRFEEQ3bhUsK3QlHAznejgZBJmbqQl9F/c+CtuXCjixoX/4qTtwteBgcM553LnnjCVwqDrfjhT0zOzc/MLi6Wl5ZXVtfL6RsskmWa8yRKZ6OsQDJdC8SYKlPw61RziUPJ2eHdW+O17ro1I1BUOUt6N4UaJSDBAKwXlo36QY80b0mPaD5DWqc8RqK8glECjqtV2aY36YaFWx4liou4Nd4NyxW24I9C/xJuQCpngIii/+b2EZTFXyCQY0/HcFLs5aBRM8mHJzwxPgd3BDe9YqiDmppuPbhzSHav0aJRo+xTSkfp9IofYmEEc2mQMeGt+e4X4n9fJMDrs5kKlGXLFxouiTFJMaFEY7QnNGcqBJcC0sH+l7BY0MLS1lmwJ3u+T/5LWXsNzG97lfuXkdFLHAtki26RKPHJATsg5uSBNwsgDeSIv5NV5dJ6dN+d9HJ1yJjOb5Aeczy+WE6Ei</latexit><latexit sha1_base64="MAcEX+EpC5ObqUAmttcrLWmqW8k=">AAACI3icbVDLSsNAFJ34tr6qLt0MFqFSWhIRFEEQ3bhUsK3QlHAznejgZBJmbqQl9F/c+CtuXCjixoX/4qTtwteBgcM553LnnjCVwqDrfjhT0zOzc/MLi6Wl5ZXVtfL6RsskmWa8yRKZ6OsQDJdC8SYKlPw61RziUPJ2eHdW+O17ro1I1BUOUt6N4UaJSDBAKwXlo36QY80b0mPaD5DWqc8RqK8glECjqtV2aY36YaFWx4liou4Nd4NyxW24I9C/xJuQCpngIii/+b2EZTFXyCQY0/HcFLs5aBRM8mHJzwxPgd3BDe9YqiDmppuPbhzSHav0aJRo+xTSkfp9IofYmEEc2mQMeGt+e4X4n9fJMDrs5kKlGXLFxouiTFJMaFEY7QnNGcqBJcC0sH+l7BY0MLS1lmwJ3u+T/5LWXsNzG97lfuXkdFLHAtki26RKPHJATsg5uSBNwsgDeSIv5NV5dJ6dN+d9HJ1yJjOb5Aeczy+WE6Ei</latexit><latexit sha1_base64="MAcEX+EpC5ObqUAmttcrLWmqW8k=">AAACI3icbVDLSsNAFJ34tr6qLt0MFqFSWhIRFEEQ3bhUsK3QlHAznejgZBJmbqQl9F/c+CtuXCjixoX/4qTtwteBgcM553LnnjCVwqDrfjhT0zOzc/MLi6Wl5ZXVtfL6RsskmWa8yRKZ6OsQDJdC8SYKlPw61RziUPJ2eHdW+O17ro1I1BUOUt6N4UaJSDBAKwXlo36QY80b0mPaD5DWqc8RqK8glECjqtV2aY36YaFWx4liou4Nd4NyxW24I9C/xJuQCpngIii/+b2EZTFXyCQY0/HcFLs5aBRM8mHJzwxPgd3BDe9YqiDmppuPbhzSHav0aJRo+xTSkfp9IofYmEEc2mQMeGt+e4X4n9fJMDrs5kKlGXLFxouiTFJMaFEY7QnNGcqBJcC0sH+l7BY0MLS1lmwJ3u+T/5LWXsNzG97lfuXkdFLHAtki26RKPHJATsg5uSBNwsgDeSIv5NV5dJ6dN+d9HJ1yJjOb5Aeczy+WE6Ei</latexit>

ex = xt � ⌘rf(xt)

xt+1 = ex+ �(xt � xt�1)
<latexit sha1_base64="qVtTZQ30wzEpqVZ3M15dw4kPvjQ="></latexit><latexit sha1_base64="qVtTZQ30wzEpqVZ3M15dw4kPvjQ="></latexit><latexit sha1_base64="qVtTZQ30wzEpqVZ3M15dw4kPvjQ="></latexit><latexit sha1_base64="qVtTZQ30wzEpqVZ3M15dw4kPvjQ="></latexit>

Evaluate gradient at 
current point

Recall: Momentum acceleration



- Nesterov’s work: a collection of acceleration methods

xt+1 = xt � ⌘rf(xt) + �(xt � xt�1)
<latexit sha1_base64="MAcEX+EpC5ObqUAmttcrLWmqW8k=">AAACI3icbVDLSsNAFJ34tr6qLt0MFqFSWhIRFEEQ3bhUsK3QlHAznejgZBJmbqQl9F/c+CtuXCjixoX/4qTtwteBgcM553LnnjCVwqDrfjhT0zOzc/MLi6Wl5ZXVtfL6RsskmWa8yRKZ6OsQDJdC8SYKlPw61RziUPJ2eHdW+O17ro1I1BUOUt6N4UaJSDBAKwXlo36QY80b0mPaD5DWqc8RqK8glECjqtV2aY36YaFWx4liou4Nd4NyxW24I9C/xJuQCpngIii/+b2EZTFXyCQY0/HcFLs5aBRM8mHJzwxPgd3BDe9YqiDmppuPbhzSHav0aJRo+xTSkfp9IofYmEEc2mQMeGt+e4X4n9fJMDrs5kKlGXLFxouiTFJMaFEY7QnNGcqBJcC0sH+l7BY0MLS1lmwJ3u+T/5LWXsNzG97lfuXkdFLHAtki26RKPHJATsg5uSBNwsgDeSIv5NV5dJ6dN+d9HJ1yJjOb5Aeczy+WE6Ei</latexit><latexit sha1_base64="MAcEX+EpC5ObqUAmttcrLWmqW8k=">AAACI3icbVDLSsNAFJ34tr6qLt0MFqFSWhIRFEEQ3bhUsK3QlHAznejgZBJmbqQl9F/c+CtuXCjixoX/4qTtwteBgcM553LnnjCVwqDrfjhT0zOzc/MLi6Wl5ZXVtfL6RsskmWa8yRKZ6OsQDJdC8SYKlPw61RziUPJ2eHdW+O17ro1I1BUOUt6N4UaJSDBAKwXlo36QY80b0mPaD5DWqc8RqK8glECjqtV2aY36YaFWx4liou4Nd4NyxW24I9C/xJuQCpngIii/+b2EZTFXyCQY0/HcFLs5aBRM8mHJzwxPgd3BDe9YqiDmppuPbhzSHav0aJRo+xTSkfp9IofYmEEc2mQMeGt+e4X4n9fJMDrs5kKlGXLFxouiTFJMaFEY7QnNGcqBJcC0sH+l7BY0MLS1lmwJ3u+T/5LWXsNzG97lfuXkdFLHAtki26RKPHJATsg5uSBNwsgDeSIv5NV5dJ6dN+d9HJ1yJjOb5Aeczy+WE6Ei</latexit><latexit sha1_base64="MAcEX+EpC5ObqUAmttcrLWmqW8k=">AAACI3icbVDLSsNAFJ34tr6qLt0MFqFSWhIRFEEQ3bhUsK3QlHAznejgZBJmbqQl9F/c+CtuXCjixoX/4qTtwteBgcM553LnnjCVwqDrfjhT0zOzc/MLi6Wl5ZXVtfL6RsskmWa8yRKZ6OsQDJdC8SYKlPw61RziUPJ2eHdW+O17ro1I1BUOUt6N4UaJSDBAKwXlo36QY80b0mPaD5DWqc8RqK8glECjqtV2aY36YaFWx4liou4Nd4NyxW24I9C/xJuQCpngIii/+b2EZTFXyCQY0/HcFLs5aBRM8mHJzwxPgd3BDe9YqiDmppuPbhzSHav0aJRo+xTSkfp9IofYmEEc2mQMeGt+e4X4n9fJMDrs5kKlGXLFxouiTFJMaFEY7QnNGcqBJcC0sH+l7BY0MLS1lmwJ3u+T/5LWXsNzG97lfuXkdFLHAtki26RKPHJATsg5uSBNwsgDeSIv5NV5dJ6dN+d9HJ1yJjOb5Aeczy+WE6Ei</latexit><latexit sha1_base64="MAcEX+EpC5ObqUAmttcrLWmqW8k=">AAACI3icbVDLSsNAFJ34tr6qLt0MFqFSWhIRFEEQ3bhUsK3QlHAznejgZBJmbqQl9F/c+CtuXCjixoX/4qTtwteBgcM553LnnjCVwqDrfjhT0zOzc/MLi6Wl5ZXVtfL6RsskmWa8yRKZ6OsQDJdC8SYKlPw61RziUPJ2eHdW+O17ro1I1BUOUt6N4UaJSDBAKwXlo36QY80b0mPaD5DWqc8RqK8glECjqtV2aY36YaFWx4liou4Nd4NyxW24I9C/xJuQCpngIii/+b2EZTFXyCQY0/HcFLs5aBRM8mHJzwxPgd3BDe9YqiDmppuPbhzSHav0aJRo+xTSkfp9IofYmEEc2mQMeGt+e4X4n9fJMDrs5kKlGXLFxouiTFJMaFEY7QnNGcqBJcC0sH+l7BY0MLS1lmwJ3u+T/5LWXsNzG97lfuXkdFLHAtki26RKPHJATsg5uSBNwsgDeSIv5NV5dJ6dN+d9HJ1yJjOb5Aeczy+WE6Ei</latexit>

ex = xt � ⌘rf(xt)

xt+1 = ex+ �(xt � xt�1)
<latexit sha1_base64="qVtTZQ30wzEpqVZ3M15dw4kPvjQ="></latexit><latexit sha1_base64="qVtTZQ30wzEpqVZ3M15dw4kPvjQ="></latexit><latexit sha1_base64="qVtTZQ30wzEpqVZ3M15dw4kPvjQ="></latexit><latexit sha1_base64="qVtTZQ30wzEpqVZ3M15dw4kPvjQ="></latexit>

Evaluate gradient at 
current point

What if we evaluate the 
gradient at the point we 

end up?
ex = xt � ⌘rf(xt + �(xt � xt�1))

xt+1 = ex+ �(xt � xt�1)
<latexit sha1_base64="llJwEQjLoMaxKJbG6AZP9QPtQN8="></latexit><latexit sha1_base64="llJwEQjLoMaxKJbG6AZP9QPtQN8="></latexit><latexit sha1_base64="llJwEQjLoMaxKJbG6AZP9QPtQN8="></latexit><latexit sha1_base64="llJwEQjLoMaxKJbG6AZP9QPtQN8="></latexit>

Recall: Momentum acceleration



- Nesterov’s work: a collection of acceleration methods

xt+1 = xt � ⌘rf(xt) + �(xt � xt�1)
<latexit sha1_base64="MAcEX+EpC5ObqUAmttcrLWmqW8k=">AAACI3icbVDLSsNAFJ34tr6qLt0MFqFSWhIRFEEQ3bhUsK3QlHAznejgZBJmbqQl9F/c+CtuXCjixoX/4qTtwteBgcM553LnnjCVwqDrfjhT0zOzc/MLi6Wl5ZXVtfL6RsskmWa8yRKZ6OsQDJdC8SYKlPw61RziUPJ2eHdW+O17ro1I1BUOUt6N4UaJSDBAKwXlo36QY80b0mPaD5DWqc8RqK8glECjqtV2aY36YaFWx4liou4Nd4NyxW24I9C/xJuQCpngIii/+b2EZTFXyCQY0/HcFLs5aBRM8mHJzwxPgd3BDe9YqiDmppuPbhzSHav0aJRo+xTSkfp9IofYmEEc2mQMeGt+e4X4n9fJMDrs5kKlGXLFxouiTFJMaFEY7QnNGcqBJcC0sH+l7BY0MLS1lmwJ3u+T/5LWXsNzG97lfuXkdFLHAtki26RKPHJATsg5uSBNwsgDeSIv5NV5dJ6dN+d9HJ1yJjOb5Aeczy+WE6Ei</latexit><latexit sha1_base64="MAcEX+EpC5ObqUAmttcrLWmqW8k=">AAACI3icbVDLSsNAFJ34tr6qLt0MFqFSWhIRFEEQ3bhUsK3QlHAznejgZBJmbqQl9F/c+CtuXCjixoX/4qTtwteBgcM553LnnjCVwqDrfjhT0zOzc/MLi6Wl5ZXVtfL6RsskmWa8yRKZ6OsQDJdC8SYKlPw61RziUPJ2eHdW+O17ro1I1BUOUt6N4UaJSDBAKwXlo36QY80b0mPaD5DWqc8RqK8glECjqtV2aY36YaFWx4liou4Nd4NyxW24I9C/xJuQCpngIii/+b2EZTFXyCQY0/HcFLs5aBRM8mHJzwxPgd3BDe9YqiDmppuPbhzSHav0aJRo+xTSkfp9IofYmEEc2mQMeGt+e4X4n9fJMDrs5kKlGXLFxouiTFJMaFEY7QnNGcqBJcC0sH+l7BY0MLS1lmwJ3u+T/5LWXsNzG97lfuXkdFLHAtki26RKPHJATsg5uSBNwsgDeSIv5NV5dJ6dN+d9HJ1yJjOb5Aeczy+WE6Ei</latexit><latexit sha1_base64="MAcEX+EpC5ObqUAmttcrLWmqW8k=">AAACI3icbVDLSsNAFJ34tr6qLt0MFqFSWhIRFEEQ3bhUsK3QlHAznejgZBJmbqQl9F/c+CtuXCjixoX/4qTtwteBgcM553LnnjCVwqDrfjhT0zOzc/MLi6Wl5ZXVtfL6RsskmWa8yRKZ6OsQDJdC8SYKlPw61RziUPJ2eHdW+O17ro1I1BUOUt6N4UaJSDBAKwXlo36QY80b0mPaD5DWqc8RqK8glECjqtV2aY36YaFWx4liou4Nd4NyxW24I9C/xJuQCpngIii/+b2EZTFXyCQY0/HcFLs5aBRM8mHJzwxPgd3BDe9YqiDmppuPbhzSHav0aJRo+xTSkfp9IofYmEEc2mQMeGt+e4X4n9fJMDrs5kKlGXLFxouiTFJMaFEY7QnNGcqBJcC0sH+l7BY0MLS1lmwJ3u+T/5LWXsNzG97lfuXkdFLHAtki26RKPHJATsg5uSBNwsgDeSIv5NV5dJ6dN+d9HJ1yJjOb5Aeczy+WE6Ei</latexit><latexit sha1_base64="MAcEX+EpC5ObqUAmttcrLWmqW8k=">AAACI3icbVDLSsNAFJ34tr6qLt0MFqFSWhIRFEEQ3bhUsK3QlHAznejgZBJmbqQl9F/c+CtuXCjixoX/4qTtwteBgcM553LnnjCVwqDrfjhT0zOzc/MLi6Wl5ZXVtfL6RsskmWa8yRKZ6OsQDJdC8SYKlPw61RziUPJ2eHdW+O17ro1I1BUOUt6N4UaJSDBAKwXlo36QY80b0mPaD5DWqc8RqK8glECjqtV2aY36YaFWx4liou4Nd4NyxW24I9C/xJuQCpngIii/+b2EZTFXyCQY0/HcFLs5aBRM8mHJzwxPgd3BDe9YqiDmppuPbhzSHav0aJRo+xTSkfp9IofYmEEc2mQMeGt+e4X4n9fJMDrs5kKlGXLFxouiTFJMaFEY7QnNGcqBJcC0sH+l7BY0MLS1lmwJ3u+T/5LWXsNzG97lfuXkdFLHAtki26RKPHJATsg5uSBNwsgDeSIv5NV5dJ6dN+d9HJ1yJjOb5Aeczy+WE6Ei</latexit>

ex = xt � ⌘rf(xt)

xt+1 = ex+ �(xt � xt�1)
<latexit sha1_base64="qVtTZQ30wzEpqVZ3M15dw4kPvjQ="></latexit><latexit sha1_base64="qVtTZQ30wzEpqVZ3M15dw4kPvjQ="></latexit><latexit sha1_base64="qVtTZQ30wzEpqVZ3M15dw4kPvjQ="></latexit><latexit sha1_base64="qVtTZQ30wzEpqVZ3M15dw4kPvjQ="></latexit>

Evaluate gradient at 
current point

What if we evaluate the 
gradient at the point we 

end up?
ex = xt � ⌘rf(xt + �(xt � xt�1))

xt+1 = ex+ �(xt � xt�1)
<latexit sha1_base64="llJwEQjLoMaxKJbG6AZP9QPtQN8="></latexit><latexit sha1_base64="llJwEQjLoMaxKJbG6AZP9QPtQN8="></latexit><latexit sha1_base64="llJwEQjLoMaxKJbG6AZP9QPtQN8="></latexit><latexit sha1_base64="llJwEQjLoMaxKJbG6AZP9QPtQN8="></latexit>

Nesterov’s acceleration (1/2)

Recall: Momentum acceleration



- Nesterov’s work: most famous version

xt+1 = yt � ⌘rf(yt)

yt+1 = xt+1 + �(xt+1 � xt)
<latexit sha1_base64="VA1KyTYytueQ2ll1EVbRG1yaGXg="></latexit><latexit sha1_base64="VA1KyTYytueQ2ll1EVbRG1yaGXg="></latexit><latexit sha1_base64="VA1KyTYytueQ2ll1EVbRG1yaGXg="></latexit><latexit sha1_base64="VA1KyTYytueQ2ll1EVbRG1yaGXg="></latexit>

Recall: Momentum acceleration



- Nesterov’s work: most famous version

xt+1 = yt � ⌘rf(yt)

yt+1 = xt+1 + �(xt+1 � xt)
<latexit sha1_base64="VA1KyTYytueQ2ll1EVbRG1yaGXg="></latexit><latexit sha1_base64="VA1KyTYytueQ2ll1EVbRG1yaGXg="></latexit><latexit sha1_base64="VA1KyTYytueQ2ll1EVbRG1yaGXg="></latexit><latexit sha1_base64="VA1KyTYytueQ2ll1EVbRG1yaGXg="></latexit>

xt�1
<latexit sha1_base64="W4iOffL12GzGQsKevXgE651OLzk=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBiyWRgh6LXjxWsB/QhrLZbtqlm03YnYgl9Ed48aCIV3+PN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38789iPXRsTqAScJ9yM6VCIUjKKV2k/9DC+8ab9ccavuHGSVeDmpQI5Gv/zVG8QsjbhCJqkxXc9N0M+oRsEkn5Z6qeEJZWM65F1LFY248bP5uVNyZpUBCWNtSyGZq78nMhoZM4kC2xlRHJllbyb+53VTDK/9TKgkRa7YYlGYSoIxmf1OBkJzhnJiCWVa2FsJG1FNGdqESjYEb/nlVdK6rHpu1buvVeo3eRxFOIFTOAcPrqAOd9CAJjAYwzO8wpuTOC/Ou/OxaC04+cwx/IHz+QMSnI9h</latexit><latexit sha1_base64="W4iOffL12GzGQsKevXgE651OLzk=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBiyWRgh6LXjxWsB/QhrLZbtqlm03YnYgl9Ed48aCIV3+PN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38789iPXRsTqAScJ9yM6VCIUjKKV2k/9DC+8ab9ccavuHGSVeDmpQI5Gv/zVG8QsjbhCJqkxXc9N0M+oRsEkn5Z6qeEJZWM65F1LFY248bP5uVNyZpUBCWNtSyGZq78nMhoZM4kC2xlRHJllbyb+53VTDK/9TKgkRa7YYlGYSoIxmf1OBkJzhnJiCWVa2FsJG1FNGdqESjYEb/nlVdK6rHpu1buvVeo3eRxFOIFTOAcPrqAOd9CAJjAYwzO8wpuTOC/Ou/OxaC04+cwx/IHz+QMSnI9h</latexit><latexit sha1_base64="W4iOffL12GzGQsKevXgE651OLzk=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBiyWRgh6LXjxWsB/QhrLZbtqlm03YnYgl9Ed48aCIV3+PN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38789iPXRsTqAScJ9yM6VCIUjKKV2k/9DC+8ab9ccavuHGSVeDmpQI5Gv/zVG8QsjbhCJqkxXc9N0M+oRsEkn5Z6qeEJZWM65F1LFY248bP5uVNyZpUBCWNtSyGZq78nMhoZM4kC2xlRHJllbyb+53VTDK/9TKgkRa7YYlGYSoIxmf1OBkJzhnJiCWVa2FsJG1FNGdqESjYEb/nlVdK6rHpu1buvVeo3eRxFOIFTOAcPrqAOd9CAJjAYwzO8wpuTOC/Ou/OxaC04+cwx/IHz+QMSnI9h</latexit><latexit sha1_base64="W4iOffL12GzGQsKevXgE651OLzk=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBiyWRgh6LXjxWsB/QhrLZbtqlm03YnYgl9Ed48aCIV3+PN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38789iPXRsTqAScJ9yM6VCIUjKKV2k/9DC+8ab9ccavuHGSVeDmpQI5Gv/zVG8QsjbhCJqkxXc9N0M+oRsEkn5Z6qeEJZWM65F1LFY248bP5uVNyZpUBCWNtSyGZq78nMhoZM4kC2xlRHJllbyb+53VTDK/9TKgkRa7YYlGYSoIxmf1OBkJzhnJiCWVa2FsJG1FNGdqESjYEb/nlVdK6rHpu1buvVeo3eRxFOIFTOAcPrqAOd9CAJjAYwzO8wpuTOC/Ou/OxaC04+cwx/IHz+QMSnI9h</latexit>

Recall: Momentum acceleration



- Nesterov’s work: most famous version

xt+1 = yt � ⌘rf(yt)

yt+1 = xt+1 + �(xt+1 � xt)
<latexit sha1_base64="VA1KyTYytueQ2ll1EVbRG1yaGXg="></latexit><latexit sha1_base64="VA1KyTYytueQ2ll1EVbRG1yaGXg="></latexit><latexit sha1_base64="VA1KyTYytueQ2ll1EVbRG1yaGXg="></latexit><latexit sha1_base64="VA1KyTYytueQ2ll1EVbRG1yaGXg="></latexit>

xt�1
<latexit sha1_base64="W4iOffL12GzGQsKevXgE651OLzk=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBiyWRgh6LXjxWsB/QhrLZbtqlm03YnYgl9Ed48aCIV3+PN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38789iPXRsTqAScJ9yM6VCIUjKKV2k/9DC+8ab9ccavuHGSVeDmpQI5Gv/zVG8QsjbhCJqkxXc9N0M+oRsEkn5Z6qeEJZWM65F1LFY248bP5uVNyZpUBCWNtSyGZq78nMhoZM4kC2xlRHJllbyb+53VTDK/9TKgkRa7YYlGYSoIxmf1OBkJzhnJiCWVa2FsJG1FNGdqESjYEb/nlVdK6rHpu1buvVeo3eRxFOIFTOAcPrqAOd9CAJjAYwzO8wpuTOC/Ou/OxaC04+cwx/IHz+QMSnI9h</latexit><latexit sha1_base64="W4iOffL12GzGQsKevXgE651OLzk=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBiyWRgh6LXjxWsB/QhrLZbtqlm03YnYgl9Ed48aCIV3+PN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38789iPXRsTqAScJ9yM6VCIUjKKV2k/9DC+8ab9ccavuHGSVeDmpQI5Gv/zVG8QsjbhCJqkxXc9N0M+oRsEkn5Z6qeEJZWM65F1LFY248bP5uVNyZpUBCWNtSyGZq78nMhoZM4kC2xlRHJllbyb+53VTDK/9TKgkRa7YYlGYSoIxmf1OBkJzhnJiCWVa2FsJG1FNGdqESjYEb/nlVdK6rHpu1buvVeo3eRxFOIFTOAcPrqAOd9CAJjAYwzO8wpuTOC/Ou/OxaC04+cwx/IHz+QMSnI9h</latexit><latexit sha1_base64="W4iOffL12GzGQsKevXgE651OLzk=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBiyWRgh6LXjxWsB/QhrLZbtqlm03YnYgl9Ed48aCIV3+PN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38789iPXRsTqAScJ9yM6VCIUjKKV2k/9DC+8ab9ccavuHGSVeDmpQI5Gv/zVG8QsjbhCJqkxXc9N0M+oRsEkn5Z6qeEJZWM65F1LFY248bP5uVNyZpUBCWNtSyGZq78nMhoZM4kC2xlRHJllbyb+53VTDK/9TKgkRa7YYlGYSoIxmf1OBkJzhnJiCWVa2FsJG1FNGdqESjYEb/nlVdK6rHpu1buvVeo3eRxFOIFTOAcPrqAOd9CAJjAYwzO8wpuTOC/Ou/OxaC04+cwx/IHz+QMSnI9h</latexit><latexit sha1_base64="W4iOffL12GzGQsKevXgE651OLzk=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBiyWRgh6LXjxWsB/QhrLZbtqlm03YnYgl9Ed48aCIV3+PN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38789iPXRsTqAScJ9yM6VCIUjKKV2k/9DC+8ab9ccavuHGSVeDmpQI5Gv/zVG8QsjbhCJqkxXc9N0M+oRsEkn5Z6qeEJZWM65F1LFY248bP5uVNyZpUBCWNtSyGZq78nMhoZM4kC2xlRHJllbyb+53VTDK/9TKgkRa7YYlGYSoIxmf1OBkJzhnJiCWVa2FsJG1FNGdqESjYEb/nlVdK6rHpu1buvVeo3eRxFOIFTOAcPrqAOd9CAJjAYwzO8wpuTOC/Ou/OxaC04+cwx/IHz+QMSnI9h</latexit>

xt
<latexit sha1_base64="NHiqf4cvCuRDOUL/QX8cKwAbK3c=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Qe0oWy2m3bpZhN2J2IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//ci1EbF6wEnC/YgOlQgFo2il+6c+9ssVt+rOQVaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5ufOiVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfF8MrPhEpS5IotFoWpJBiT2d9kIDRnKCeWUKaFvZWwEdWUoU2nZEPwll9eJa2LqudWvbvLSv06j6MIJ3AK5+BBDepwCw1oAoMhPMMrvDnSeXHenY9Fa8HJZ47hD5zPH3E8jeM=</latexit><latexit sha1_base64="NHiqf4cvCuRDOUL/QX8cKwAbK3c=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Qe0oWy2m3bpZhN2J2IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//ci1EbF6wEnC/YgOlQgFo2il+6c+9ssVt+rOQVaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5ufOiVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfF8MrPhEpS5IotFoWpJBiT2d9kIDRnKCeWUKaFvZWwEdWUoU2nZEPwll9eJa2LqudWvbvLSv06j6MIJ3AK5+BBDepwCw1oAoMhPMMrvDnSeXHenY9Fa8HJZ47hD5zPH3E8jeM=</latexit><latexit sha1_base64="NHiqf4cvCuRDOUL/QX8cKwAbK3c=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Qe0oWy2m3bpZhN2J2IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//ci1EbF6wEnC/YgOlQgFo2il+6c+9ssVt+rOQVaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5ufOiVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfF8MrPhEpS5IotFoWpJBiT2d9kIDRnKCeWUKaFvZWwEdWUoU2nZEPwll9eJa2LqudWvbvLSv06j6MIJ3AK5+BBDepwCw1oAoMhPMMrvDnSeXHenY9Fa8HJZ47hD5zPH3E8jeM=</latexit><latexit sha1_base64="NHiqf4cvCuRDOUL/QX8cKwAbK3c=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Qe0oWy2m3bpZhN2J2IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//ci1EbF6wEnC/YgOlQgFo2il+6c+9ssVt+rOQVaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5ufOiVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfF8MrPhEpS5IotFoWpJBiT2d9kIDRnKCeWUKaFvZWwEdWUoU2nZEPwll9eJa2LqudWvbvLSv06j6MIJ3AK5+BBDepwCw1oAoMhPMMrvDnSeXHenY9Fa8HJZ47hD5zPH3E8jeM=</latexit>

Recall: Momentum acceleration



- Nesterov’s work: most famous version

xt+1 = yt � ⌘rf(yt)

yt+1 = xt+1 + �(xt+1 � xt)
<latexit sha1_base64="VA1KyTYytueQ2ll1EVbRG1yaGXg="></latexit><latexit sha1_base64="VA1KyTYytueQ2ll1EVbRG1yaGXg="></latexit><latexit sha1_base64="VA1KyTYytueQ2ll1EVbRG1yaGXg="></latexit><latexit sha1_base64="VA1KyTYytueQ2ll1EVbRG1yaGXg="></latexit>

xt�1
<latexit sha1_base64="W4iOffL12GzGQsKevXgE651OLzk=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBiyWRgh6LXjxWsB/QhrLZbtqlm03YnYgl9Ed48aCIV3+PN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38789iPXRsTqAScJ9yM6VCIUjKKV2k/9DC+8ab9ccavuHGSVeDmpQI5Gv/zVG8QsjbhCJqkxXc9N0M+oRsEkn5Z6qeEJZWM65F1LFY248bP5uVNyZpUBCWNtSyGZq78nMhoZM4kC2xlRHJllbyb+53VTDK/9TKgkRa7YYlGYSoIxmf1OBkJzhnJiCWVa2FsJG1FNGdqESjYEb/nlVdK6rHpu1buvVeo3eRxFOIFTOAcPrqAOd9CAJjAYwzO8wpuTOC/Ou/OxaC04+cwx/IHz+QMSnI9h</latexit><latexit sha1_base64="W4iOffL12GzGQsKevXgE651OLzk=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBiyWRgh6LXjxWsB/QhrLZbtqlm03YnYgl9Ed48aCIV3+PN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38789iPXRsTqAScJ9yM6VCIUjKKV2k/9DC+8ab9ccavuHGSVeDmpQI5Gv/zVG8QsjbhCJqkxXc9N0M+oRsEkn5Z6qeEJZWM65F1LFY248bP5uVNyZpUBCWNtSyGZq78nMhoZM4kC2xlRHJllbyb+53VTDK/9TKgkRa7YYlGYSoIxmf1OBkJzhnJiCWVa2FsJG1FNGdqESjYEb/nlVdK6rHpu1buvVeo3eRxFOIFTOAcPrqAOd9CAJjAYwzO8wpuTOC/Ou/OxaC04+cwx/IHz+QMSnI9h</latexit><latexit sha1_base64="W4iOffL12GzGQsKevXgE651OLzk=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBiyWRgh6LXjxWsB/QhrLZbtqlm03YnYgl9Ed48aCIV3+PN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38789iPXRsTqAScJ9yM6VCIUjKKV2k/9DC+8ab9ccavuHGSVeDmpQI5Gv/zVG8QsjbhCJqkxXc9N0M+oRsEkn5Z6qeEJZWM65F1LFY248bP5uVNyZpUBCWNtSyGZq78nMhoZM4kC2xlRHJllbyb+53VTDK/9TKgkRa7YYlGYSoIxmf1OBkJzhnJiCWVa2FsJG1FNGdqESjYEb/nlVdK6rHpu1buvVeo3eRxFOIFTOAcPrqAOd9CAJjAYwzO8wpuTOC/Ou/OxaC04+cwx/IHz+QMSnI9h</latexit><latexit sha1_base64="W4iOffL12GzGQsKevXgE651OLzk=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBiyWRgh6LXjxWsB/QhrLZbtqlm03YnYgl9Ed48aCIV3+PN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38789iPXRsTqAScJ9yM6VCIUjKKV2k/9DC+8ab9ccavuHGSVeDmpQI5Gv/zVG8QsjbhCJqkxXc9N0M+oRsEkn5Z6qeEJZWM65F1LFY248bP5uVNyZpUBCWNtSyGZq78nMhoZM4kC2xlRHJllbyb+53VTDK/9TKgkRa7YYlGYSoIxmf1OBkJzhnJiCWVa2FsJG1FNGdqESjYEb/nlVdK6rHpu1buvVeo3eRxFOIFTOAcPrqAOd9CAJjAYwzO8wpuTOC/Ou/OxaC04+cwx/IHz+QMSnI9h</latexit>

xt
<latexit sha1_base64="NHiqf4cvCuRDOUL/QX8cKwAbK3c=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Qe0oWy2m3bpZhN2J2IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//ci1EbF6wEnC/YgOlQgFo2il+6c+9ssVt+rOQVaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5ufOiVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfF8MrPhEpS5IotFoWpJBiT2d9kIDRnKCeWUKaFvZWwEdWUoU2nZEPwll9eJa2LqudWvbvLSv06j6MIJ3AK5+BBDepwCw1oAoMhPMMrvDnSeXHenY9Fa8HJZ47hD5zPH3E8jeM=</latexit><latexit sha1_base64="NHiqf4cvCuRDOUL/QX8cKwAbK3c=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Qe0oWy2m3bpZhN2J2IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//ci1EbF6wEnC/YgOlQgFo2il+6c+9ssVt+rOQVaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5ufOiVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfF8MrPhEpS5IotFoWpJBiT2d9kIDRnKCeWUKaFvZWwEdWUoU2nZEPwll9eJa2LqudWvbvLSv06j6MIJ3AK5+BBDepwCw1oAoMhPMMrvDnSeXHenY9Fa8HJZ47hD5zPH3E8jeM=</latexit><latexit sha1_base64="NHiqf4cvCuRDOUL/QX8cKwAbK3c=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Qe0oWy2m3bpZhN2J2IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//ci1EbF6wEnC/YgOlQgFo2il+6c+9ssVt+rOQVaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5ufOiVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfF8MrPhEpS5IotFoWpJBiT2d9kIDRnKCeWUKaFvZWwEdWUoU2nZEPwll9eJa2LqudWvbvLSv06j6MIJ3AK5+BBDepwCw1oAoMhPMMrvDnSeXHenY9Fa8HJZ47hD5zPH3E8jeM=</latexit><latexit sha1_base64="NHiqf4cvCuRDOUL/QX8cKwAbK3c=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Qe0oWy2m3bpZhN2J2IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//ci1EbF6wEnC/YgOlQgFo2il+6c+9ssVt+rOQVaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5ufOiVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfF8MrPhEpS5IotFoWpJBiT2d9kIDRnKCeWUKaFvZWwEdWUoU2nZEPwll9eJa2LqudWvbvLSv06j6MIJ3AK5+BBDepwCw1oAoMhPMMrvDnSeXHenY9Fa8HJZ47hD5zPH3E8jeM=</latexit>

rf(xt)
<latexit sha1_base64="KQry8HsESornu/ppnt/zPx1zt+s=">AAAB9HicbVDLSgNBEOyNrxhfUY9eBoMQL2FXBD0GvXiMYB6QLGF2MpsMmZ1dZ3qDYcl3ePGgiFc/xpt/4+Rx0MSChqKqm+6uIJHCoOt+O7m19Y3Nrfx2YWd3b/+geHjUMHGqGa+zWMa6FVDDpVC8jgIlbyWa0yiQvBkMb6d+c8S1EbF6wHHC/Yj2lQgFo2glv6NoICkJy09dPO8WS27FnYGsEm9BSrBArVv86vRilkZcIZPUmLbnJuhnVKNgkk8KndTwhLIh7fO2pYpG3PjZ7OgJObNKj4SxtqWQzNTfExmNjBlHge2MKA7MsjcV//PaKYbXfiZUkiJXbL4oTCXBmEwTID2hOUM5toQyLeythA2opgxtTgUbgrf88ippXFQ8t+LdX5aqN4s48nACp1AGD66gCndQgzoweIRneIU3Z+S8OO/Ox7w15yxmjuEPnM8f1DqReA==</latexit><latexit sha1_base64="KQry8HsESornu/ppnt/zPx1zt+s=">AAAB9HicbVDLSgNBEOyNrxhfUY9eBoMQL2FXBD0GvXiMYB6QLGF2MpsMmZ1dZ3qDYcl3ePGgiFc/xpt/4+Rx0MSChqKqm+6uIJHCoOt+O7m19Y3Nrfx2YWd3b/+geHjUMHGqGa+zWMa6FVDDpVC8jgIlbyWa0yiQvBkMb6d+c8S1EbF6wHHC/Yj2lQgFo2glv6NoICkJy09dPO8WS27FnYGsEm9BSrBArVv86vRilkZcIZPUmLbnJuhnVKNgkk8KndTwhLIh7fO2pYpG3PjZ7OgJObNKj4SxtqWQzNTfExmNjBlHge2MKA7MsjcV//PaKYbXfiZUkiJXbL4oTCXBmEwTID2hOUM5toQyLeythA2opgxtTgUbgrf88ippXFQ8t+LdX5aqN4s48nACp1AGD66gCndQgzoweIRneIU3Z+S8OO/Ox7w15yxmjuEPnM8f1DqReA==</latexit><latexit sha1_base64="KQry8HsESornu/ppnt/zPx1zt+s=">AAAB9HicbVDLSgNBEOyNrxhfUY9eBoMQL2FXBD0GvXiMYB6QLGF2MpsMmZ1dZ3qDYcl3ePGgiFc/xpt/4+Rx0MSChqKqm+6uIJHCoOt+O7m19Y3Nrfx2YWd3b/+geHjUMHGqGa+zWMa6FVDDpVC8jgIlbyWa0yiQvBkMb6d+c8S1EbF6wHHC/Yj2lQgFo2glv6NoICkJy09dPO8WS27FnYGsEm9BSrBArVv86vRilkZcIZPUmLbnJuhnVKNgkk8KndTwhLIh7fO2pYpG3PjZ7OgJObNKj4SxtqWQzNTfExmNjBlHge2MKA7MsjcV//PaKYbXfiZUkiJXbL4oTCXBmEwTID2hOUM5toQyLeythA2opgxtTgUbgrf88ippXFQ8t+LdX5aqN4s48nACp1AGD66gCndQgzoweIRneIU3Z+S8OO/Ox7w15yxmjuEPnM8f1DqReA==</latexit><latexit sha1_base64="KQry8HsESornu/ppnt/zPx1zt+s=">AAAB9HicbVDLSgNBEOyNrxhfUY9eBoMQL2FXBD0GvXiMYB6QLGF2MpsMmZ1dZ3qDYcl3ePGgiFc/xpt/4+Rx0MSChqKqm+6uIJHCoOt+O7m19Y3Nrfx2YWd3b/+geHjUMHGqGa+zWMa6FVDDpVC8jgIlbyWa0yiQvBkMb6d+c8S1EbF6wHHC/Yj2lQgFo2glv6NoICkJy09dPO8WS27FnYGsEm9BSrBArVv86vRilkZcIZPUmLbnJuhnVKNgkk8KndTwhLIh7fO2pYpG3PjZ7OgJObNKj4SxtqWQzNTfExmNjBlHge2MKA7MsjcV//PaKYbXfiZUkiJXbL4oTCXBmEwTID2hOUM5toQyLeythA2opgxtTgUbgrf88ippXFQ8t+LdX5aqN4s48nACp1AGD66gCndQgzoweIRneIU3Z+S8OO/Ox7w15yxmjuEPnM8f1DqReA==</latexit>

Recall: Momentum acceleration



- Nesterov’s work: most famous version

xt+1 = yt � ⌘rf(yt)

yt+1 = xt+1 + �(xt+1 � xt)
<latexit sha1_base64="VA1KyTYytueQ2ll1EVbRG1yaGXg="></latexit><latexit sha1_base64="VA1KyTYytueQ2ll1EVbRG1yaGXg="></latexit><latexit sha1_base64="VA1KyTYytueQ2ll1EVbRG1yaGXg="></latexit><latexit sha1_base64="VA1KyTYytueQ2ll1EVbRG1yaGXg="></latexit>

xt�1
<latexit sha1_base64="W4iOffL12GzGQsKevXgE651OLzk=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBiyWRgh6LXjxWsB/QhrLZbtqlm03YnYgl9Ed48aCIV3+PN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38789iPXRsTqAScJ9yM6VCIUjKKV2k/9DC+8ab9ccavuHGSVeDmpQI5Gv/zVG8QsjbhCJqkxXc9N0M+oRsEkn5Z6qeEJZWM65F1LFY248bP5uVNyZpUBCWNtSyGZq78nMhoZM4kC2xlRHJllbyb+53VTDK/9TKgkRa7YYlGYSoIxmf1OBkJzhnJiCWVa2FsJG1FNGdqESjYEb/nlVdK6rHpu1buvVeo3eRxFOIFTOAcPrqAOd9CAJjAYwzO8wpuTOC/Ou/OxaC04+cwx/IHz+QMSnI9h</latexit><latexit sha1_base64="W4iOffL12GzGQsKevXgE651OLzk=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBiyWRgh6LXjxWsB/QhrLZbtqlm03YnYgl9Ed48aCIV3+PN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38789iPXRsTqAScJ9yM6VCIUjKKV2k/9DC+8ab9ccavuHGSVeDmpQI5Gv/zVG8QsjbhCJqkxXc9N0M+oRsEkn5Z6qeEJZWM65F1LFY248bP5uVNyZpUBCWNtSyGZq78nMhoZM4kC2xlRHJllbyb+53VTDK/9TKgkRa7YYlGYSoIxmf1OBkJzhnJiCWVa2FsJG1FNGdqESjYEb/nlVdK6rHpu1buvVeo3eRxFOIFTOAcPrqAOd9CAJjAYwzO8wpuTOC/Ou/OxaC04+cwx/IHz+QMSnI9h</latexit><latexit sha1_base64="W4iOffL12GzGQsKevXgE651OLzk=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBiyWRgh6LXjxWsB/QhrLZbtqlm03YnYgl9Ed48aCIV3+PN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38789iPXRsTqAScJ9yM6VCIUjKKV2k/9DC+8ab9ccavuHGSVeDmpQI5Gv/zVG8QsjbhCJqkxXc9N0M+oRsEkn5Z6qeEJZWM65F1LFY248bP5uVNyZpUBCWNtSyGZq78nMhoZM4kC2xlRHJllbyb+53VTDK/9TKgkRa7YYlGYSoIxmf1OBkJzhnJiCWVa2FsJG1FNGdqESjYEb/nlVdK6rHpu1buvVeo3eRxFOIFTOAcPrqAOd9CAJjAYwzO8wpuTOC/Ou/OxaC04+cwx/IHz+QMSnI9h</latexit><latexit sha1_base64="W4iOffL12GzGQsKevXgE651OLzk=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBiyWRgh6LXjxWsB/QhrLZbtqlm03YnYgl9Ed48aCIV3+PN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38789iPXRsTqAScJ9yM6VCIUjKKV2k/9DC+8ab9ccavuHGSVeDmpQI5Gv/zVG8QsjbhCJqkxXc9N0M+oRsEkn5Z6qeEJZWM65F1LFY248bP5uVNyZpUBCWNtSyGZq78nMhoZM4kC2xlRHJllbyb+53VTDK/9TKgkRa7YYlGYSoIxmf1OBkJzhnJiCWVa2FsJG1FNGdqESjYEb/nlVdK6rHpu1buvVeo3eRxFOIFTOAcPrqAOd9CAJjAYwzO8wpuTOC/Ou/OxaC04+cwx/IHz+QMSnI9h</latexit>

xt
<latexit sha1_base64="NHiqf4cvCuRDOUL/QX8cKwAbK3c=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Qe0oWy2m3bpZhN2J2IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//ci1EbF6wEnC/YgOlQgFo2il+6c+9ssVt+rOQVaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5ufOiVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfF8MrPhEpS5IotFoWpJBiT2d9kIDRnKCeWUKaFvZWwEdWUoU2nZEPwll9eJa2LqudWvbvLSv06j6MIJ3AK5+BBDepwCw1oAoMhPMMrvDnSeXHenY9Fa8HJZ47hD5zPH3E8jeM=</latexit><latexit sha1_base64="NHiqf4cvCuRDOUL/QX8cKwAbK3c=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Qe0oWy2m3bpZhN2J2IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//ci1EbF6wEnC/YgOlQgFo2il+6c+9ssVt+rOQVaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5ufOiVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfF8MrPhEpS5IotFoWpJBiT2d9kIDRnKCeWUKaFvZWwEdWUoU2nZEPwll9eJa2LqudWvbvLSv06j6MIJ3AK5+BBDepwCw1oAoMhPMMrvDnSeXHenY9Fa8HJZ47hD5zPH3E8jeM=</latexit><latexit sha1_base64="NHiqf4cvCuRDOUL/QX8cKwAbK3c=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Qe0oWy2m3bpZhN2J2IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//ci1EbF6wEnC/YgOlQgFo2il+6c+9ssVt+rOQVaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5ufOiVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfF8MrPhEpS5IotFoWpJBiT2d9kIDRnKCeWUKaFvZWwEdWUoU2nZEPwll9eJa2LqudWvbvLSv06j6MIJ3AK5+BBDepwCw1oAoMhPMMrvDnSeXHenY9Fa8HJZ47hD5zPH3E8jeM=</latexit><latexit sha1_base64="NHiqf4cvCuRDOUL/QX8cKwAbK3c=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Qe0oWy2m3bpZhN2J2IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//ci1EbF6wEnC/YgOlQgFo2il+6c+9ssVt+rOQVaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5ufOiVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfF8MrPhEpS5IotFoWpJBiT2d9kIDRnKCeWUKaFvZWwEdWUoU2nZEPwll9eJa2LqudWvbvLSv06j6MIJ3AK5+BBDepwCw1oAoMhPMMrvDnSeXHenY9Fa8HJZ47hD5zPH3E8jeM=</latexit>

xt � ⌘rf(xt)
<latexit sha1_base64="qMigAO6MZcPbcEWeTaCxyjDMIk0=">AAACAXicbVA9SwNBEN2LXzF+RW0Em8UgxMJwJ4KWQRvLCOYDkhDmNnvJkr29Y3dODCE2/hUbC0Vs/Rd2/hs3yRWa+GDg8d4MM/P8WAqDrvvtZJaWV1bXsuu5jc2t7Z387l7NRIlmvMoiGemGD4ZLoXgVBUreiDWH0Je87g+uJ379nmsjInWHw5i3Q+gpEQgGaKVO/uChg/SUtjgCbSnwJdCgaLWTTr7gltwp6CLxUlIgKSqd/FerG7Ek5AqZBGOanhtjewQaBZN8nGslhsfABtDjTUsVhNy0R9MPxvTYKl0aRNqWQjpVf0+MIDRmGPq2MwTsm3lvIv7nNRMMLtsjoeIEuWKzRUEiKUZ0EgftCs0ZyqElwLSwt1LWBw0MbWg5G4I3//IiqZ2VPLfk3Z4XyldpHFlySI5IkXjkgpTJDamQKmHkkTyTV/LmPDkvzrvzMWvNOOnMPvkD5/MHViuVhQ==</latexit><latexit sha1_base64="qMigAO6MZcPbcEWeTaCxyjDMIk0=">AAACAXicbVA9SwNBEN2LXzF+RW0Em8UgxMJwJ4KWQRvLCOYDkhDmNnvJkr29Y3dODCE2/hUbC0Vs/Rd2/hs3yRWa+GDg8d4MM/P8WAqDrvvtZJaWV1bXsuu5jc2t7Z387l7NRIlmvMoiGemGD4ZLoXgVBUreiDWH0Je87g+uJ379nmsjInWHw5i3Q+gpEQgGaKVO/uChg/SUtjgCbSnwJdCgaLWTTr7gltwp6CLxUlIgKSqd/FerG7Ek5AqZBGOanhtjewQaBZN8nGslhsfABtDjTUsVhNy0R9MPxvTYKl0aRNqWQjpVf0+MIDRmGPq2MwTsm3lvIv7nNRMMLtsjoeIEuWKzRUEiKUZ0EgftCs0ZyqElwLSwt1LWBw0MbWg5G4I3//IiqZ2VPLfk3Z4XyldpHFlySI5IkXjkgpTJDamQKmHkkTyTV/LmPDkvzrvzMWvNOOnMPvkD5/MHViuVhQ==</latexit><latexit sha1_base64="qMigAO6MZcPbcEWeTaCxyjDMIk0=">AAACAXicbVA9SwNBEN2LXzF+RW0Em8UgxMJwJ4KWQRvLCOYDkhDmNnvJkr29Y3dODCE2/hUbC0Vs/Rd2/hs3yRWa+GDg8d4MM/P8WAqDrvvtZJaWV1bXsuu5jc2t7Z387l7NRIlmvMoiGemGD4ZLoXgVBUreiDWH0Je87g+uJ379nmsjInWHw5i3Q+gpEQgGaKVO/uChg/SUtjgCbSnwJdCgaLWTTr7gltwp6CLxUlIgKSqd/FerG7Ek5AqZBGOanhtjewQaBZN8nGslhsfABtDjTUsVhNy0R9MPxvTYKl0aRNqWQjpVf0+MIDRmGPq2MwTsm3lvIv7nNRMMLtsjoeIEuWKzRUEiKUZ0EgftCs0ZyqElwLSwt1LWBw0MbWg5G4I3//IiqZ2VPLfk3Z4XyldpHFlySI5IkXjkgpTJDamQKmHkkTyTV/LmPDkvzrvzMWvNOOnMPvkD5/MHViuVhQ==</latexit><latexit sha1_base64="qMigAO6MZcPbcEWeTaCxyjDMIk0=">AAACAXicbVA9SwNBEN2LXzF+RW0Em8UgxMJwJ4KWQRvLCOYDkhDmNnvJkr29Y3dODCE2/hUbC0Vs/Rd2/hs3yRWa+GDg8d4MM/P8WAqDrvvtZJaWV1bXsuu5jc2t7Z387l7NRIlmvMoiGemGD4ZLoXgVBUreiDWH0Je87g+uJ379nmsjInWHw5i3Q+gpEQgGaKVO/uChg/SUtjgCbSnwJdCgaLWTTr7gltwp6CLxUlIgKSqd/FerG7Ek5AqZBGOanhtjewQaBZN8nGslhsfABtDjTUsVhNy0R9MPxvTYKl0aRNqWQjpVf0+MIDRmGPq2MwTsm3lvIv7nNRMMLtsjoeIEuWKzRUEiKUZ0EgftCs0ZyqElwLSwt1LWBw0MbWg5G4I3//IiqZ2VPLfk3Z4XyldpHFlySI5IkXjkgpTJDamQKmHkkTyTV/LmPDkvzrvzMWvNOOnMPvkD5/MHViuVhQ==</latexit>

rf(xt)
<latexit sha1_base64="KQry8HsESornu/ppnt/zPx1zt+s=">AAAB9HicbVDLSgNBEOyNrxhfUY9eBoMQL2FXBD0GvXiMYB6QLGF2MpsMmZ1dZ3qDYcl3ePGgiFc/xpt/4+Rx0MSChqKqm+6uIJHCoOt+O7m19Y3Nrfx2YWd3b/+geHjUMHGqGa+zWMa6FVDDpVC8jgIlbyWa0yiQvBkMb6d+c8S1EbF6wHHC/Yj2lQgFo2glv6NoICkJy09dPO8WS27FnYGsEm9BSrBArVv86vRilkZcIZPUmLbnJuhnVKNgkk8KndTwhLIh7fO2pYpG3PjZ7OgJObNKj4SxtqWQzNTfExmNjBlHge2MKA7MsjcV//PaKYbXfiZUkiJXbL4oTCXBmEwTID2hOUM5toQyLeythA2opgxtTgUbgrf88ippXFQ8t+LdX5aqN4s48nACp1AGD66gCndQgzoweIRneIU3Z+S8OO/Ox7w15yxmjuEPnM8f1DqReA==</latexit><latexit sha1_base64="KQry8HsESornu/ppnt/zPx1zt+s=">AAAB9HicbVDLSgNBEOyNrxhfUY9eBoMQL2FXBD0GvXiMYB6QLGF2MpsMmZ1dZ3qDYcl3ePGgiFc/xpt/4+Rx0MSChqKqm+6uIJHCoOt+O7m19Y3Nrfx2YWd3b/+geHjUMHGqGa+zWMa6FVDDpVC8jgIlbyWa0yiQvBkMb6d+c8S1EbF6wHHC/Yj2lQgFo2glv6NoICkJy09dPO8WS27FnYGsEm9BSrBArVv86vRilkZcIZPUmLbnJuhnVKNgkk8KndTwhLIh7fO2pYpG3PjZ7OgJObNKj4SxtqWQzNTfExmNjBlHge2MKA7MsjcV//PaKYbXfiZUkiJXbL4oTCXBmEwTID2hOUM5toQyLeythA2opgxtTgUbgrf88ippXFQ8t+LdX5aqN4s48nACp1AGD66gCndQgzoweIRneIU3Z+S8OO/Ox7w15yxmjuEPnM8f1DqReA==</latexit><latexit sha1_base64="KQry8HsESornu/ppnt/zPx1zt+s=">AAAB9HicbVDLSgNBEOyNrxhfUY9eBoMQL2FXBD0GvXiMYB6QLGF2MpsMmZ1dZ3qDYcl3ePGgiFc/xpt/4+Rx0MSChqKqm+6uIJHCoOt+O7m19Y3Nrfx2YWd3b/+geHjUMHGqGa+zWMa6FVDDpVC8jgIlbyWa0yiQvBkMb6d+c8S1EbF6wHHC/Yj2lQgFo2glv6NoICkJy09dPO8WS27FnYGsEm9BSrBArVv86vRilkZcIZPUmLbnJuhnVKNgkk8KndTwhLIh7fO2pYpG3PjZ7OgJObNKj4SxtqWQzNTfExmNjBlHge2MKA7MsjcV//PaKYbXfiZUkiJXbL4oTCXBmEwTID2hOUM5toQyLeythA2opgxtTgUbgrf88ippXFQ8t+LdX5aqN4s48nACp1AGD66gCndQgzoweIRneIU3Z+S8OO/Ox7w15yxmjuEPnM8f1DqReA==</latexit><latexit sha1_base64="KQry8HsESornu/ppnt/zPx1zt+s=">AAAB9HicbVDLSgNBEOyNrxhfUY9eBoMQL2FXBD0GvXiMYB6QLGF2MpsMmZ1dZ3qDYcl3ePGgiFc/xpt/4+Rx0MSChqKqm+6uIJHCoOt+O7m19Y3Nrfx2YWd3b/+geHjUMHGqGa+zWMa6FVDDpVC8jgIlbyWa0yiQvBkMb6d+c8S1EbF6wHHC/Yj2lQgFo2glv6NoICkJy09dPO8WS27FnYGsEm9BSrBArVv86vRilkZcIZPUmLbnJuhnVKNgkk8KndTwhLIh7fO2pYpG3PjZ7OgJObNKj4SxtqWQzNTfExmNjBlHge2MKA7MsjcV//PaKYbXfiZUkiJXbL4oTCXBmEwTID2hOUM5toQyLeythA2opgxtTgUbgrf88ippXFQ8t+LdX5aqN4s48nACp1AGD66gCndQgzoweIRneIU3Z+S8OO/Ox7w15yxmjuEPnM8f1DqReA==</latexit>

Recall: Momentum acceleration



- Nesterov’s work: most famous version

xt+1 = yt � ⌘rf(yt)

yt+1 = xt+1 + �(xt+1 � xt)
<latexit sha1_base64="VA1KyTYytueQ2ll1EVbRG1yaGXg="></latexit><latexit sha1_base64="VA1KyTYytueQ2ll1EVbRG1yaGXg="></latexit><latexit sha1_base64="VA1KyTYytueQ2ll1EVbRG1yaGXg="></latexit><latexit sha1_base64="VA1KyTYytueQ2ll1EVbRG1yaGXg="></latexit>

xt�1
<latexit sha1_base64="W4iOffL12GzGQsKevXgE651OLzk=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBiyWRgh6LXjxWsB/QhrLZbtqlm03YnYgl9Ed48aCIV3+PN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38789iPXRsTqAScJ9yM6VCIUjKKV2k/9DC+8ab9ccavuHGSVeDmpQI5Gv/zVG8QsjbhCJqkxXc9N0M+oRsEkn5Z6qeEJZWM65F1LFY248bP5uVNyZpUBCWNtSyGZq78nMhoZM4kC2xlRHJllbyb+53VTDK/9TKgkRa7YYlGYSoIxmf1OBkJzhnJiCWVa2FsJG1FNGdqESjYEb/nlVdK6rHpu1buvVeo3eRxFOIFTOAcPrqAOd9CAJjAYwzO8wpuTOC/Ou/OxaC04+cwx/IHz+QMSnI9h</latexit><latexit sha1_base64="W4iOffL12GzGQsKevXgE651OLzk=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBiyWRgh6LXjxWsB/QhrLZbtqlm03YnYgl9Ed48aCIV3+PN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38789iPXRsTqAScJ9yM6VCIUjKKV2k/9DC+8ab9ccavuHGSVeDmpQI5Gv/zVG8QsjbhCJqkxXc9N0M+oRsEkn5Z6qeEJZWM65F1LFY248bP5uVNyZpUBCWNtSyGZq78nMhoZM4kC2xlRHJllbyb+53VTDK/9TKgkRa7YYlGYSoIxmf1OBkJzhnJiCWVa2FsJG1FNGdqESjYEb/nlVdK6rHpu1buvVeo3eRxFOIFTOAcPrqAOd9CAJjAYwzO8wpuTOC/Ou/OxaC04+cwx/IHz+QMSnI9h</latexit><latexit sha1_base64="W4iOffL12GzGQsKevXgE651OLzk=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBiyWRgh6LXjxWsB/QhrLZbtqlm03YnYgl9Ed48aCIV3+PN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38789iPXRsTqAScJ9yM6VCIUjKKV2k/9DC+8ab9ccavuHGSVeDmpQI5Gv/zVG8QsjbhCJqkxXc9N0M+oRsEkn5Z6qeEJZWM65F1LFY248bP5uVNyZpUBCWNtSyGZq78nMhoZM4kC2xlRHJllbyb+53VTDK/9TKgkRa7YYlGYSoIxmf1OBkJzhnJiCWVa2FsJG1FNGdqESjYEb/nlVdK6rHpu1buvVeo3eRxFOIFTOAcPrqAOd9CAJjAYwzO8wpuTOC/Ou/OxaC04+cwx/IHz+QMSnI9h</latexit><latexit sha1_base64="W4iOffL12GzGQsKevXgE651OLzk=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBiyWRgh6LXjxWsB/QhrLZbtqlm03YnYgl9Ed48aCIV3+PN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38789iPXRsTqAScJ9yM6VCIUjKKV2k/9DC+8ab9ccavuHGSVeDmpQI5Gv/zVG8QsjbhCJqkxXc9N0M+oRsEkn5Z6qeEJZWM65F1LFY248bP5uVNyZpUBCWNtSyGZq78nMhoZM4kC2xlRHJllbyb+53VTDK/9TKgkRa7YYlGYSoIxmf1OBkJzhnJiCWVa2FsJG1FNGdqESjYEb/nlVdK6rHpu1buvVeo3eRxFOIFTOAcPrqAOd9CAJjAYwzO8wpuTOC/Ou/OxaC04+cwx/IHz+QMSnI9h</latexit>

xt
<latexit sha1_base64="NHiqf4cvCuRDOUL/QX8cKwAbK3c=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Qe0oWy2m3bpZhN2J2IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//ci1EbF6wEnC/YgOlQgFo2il+6c+9ssVt+rOQVaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5ufOiVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfF8MrPhEpS5IotFoWpJBiT2d9kIDRnKCeWUKaFvZWwEdWUoU2nZEPwll9eJa2LqudWvbvLSv06j6MIJ3AK5+BBDepwCw1oAoMhPMMrvDnSeXHenY9Fa8HJZ47hD5zPH3E8jeM=</latexit><latexit sha1_base64="NHiqf4cvCuRDOUL/QX8cKwAbK3c=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Qe0oWy2m3bpZhN2J2IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//ci1EbF6wEnC/YgOlQgFo2il+6c+9ssVt+rOQVaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5ufOiVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfF8MrPhEpS5IotFoWpJBiT2d9kIDRnKCeWUKaFvZWwEdWUoU2nZEPwll9eJa2LqudWvbvLSv06j6MIJ3AK5+BBDepwCw1oAoMhPMMrvDnSeXHenY9Fa8HJZ47hD5zPH3E8jeM=</latexit><latexit sha1_base64="NHiqf4cvCuRDOUL/QX8cKwAbK3c=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Qe0oWy2m3bpZhN2J2IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//ci1EbF6wEnC/YgOlQgFo2il+6c+9ssVt+rOQVaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5ufOiVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfF8MrPhEpS5IotFoWpJBiT2d9kIDRnKCeWUKaFvZWwEdWUoU2nZEPwll9eJa2LqudWvbvLSv06j6MIJ3AK5+BBDepwCw1oAoMhPMMrvDnSeXHenY9Fa8HJZ47hD5zPH3E8jeM=</latexit><latexit sha1_base64="NHiqf4cvCuRDOUL/QX8cKwAbK3c=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Qe0oWy2m3bpZhN2J2IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//ci1EbF6wEnC/YgOlQgFo2il+6c+9ssVt+rOQVaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5ufOiVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfF8MrPhEpS5IotFoWpJBiT2d9kIDRnKCeWUKaFvZWwEdWUoU2nZEPwll9eJa2LqudWvbvLSv06j6MIJ3AK5+BBDepwCw1oAoMhPMMrvDnSeXHenY9Fa8HJZ47hD5zPH3E8jeM=</latexit>

(xt � xt�1)
<latexit sha1_base64="6NGxSfDy+GEb4V4UQtN2M0NOTic=">AAAB+HicbVBNT8JAEN3iF+IHVY9eNhITPEBaY6JHohePmAiYQNNsly1s2G6b3akBG36JFw8a49Wf4s1/4wI9KPiSSV7em8nMvCARXIPjfFuFtfWNza3idmlnd2+/bB8ctnWcKspaNBaxegiIZoJL1gIOgj0kipEoEKwTjG5mfueRKc1jeQ+ThHkRGUgeckrASL5dro59wDU89jOoudMz3644dWcOvErcnFRQjqZvf/X6MU0jJoEKonXXdRLwMqKAU8GmpV6qWULoiAxY11BJIqa9bH74FJ8apY/DWJmSgOfq74mMRFpPosB0RgSGetmbif953RTCKy/jMkmBSbpYFKYCQ4xnKeA+V4yCmBhCqOLmVkyHRBEKJquSCcFdfnmVtM/rrlN37y4qjes8jiI6Rieoilx0iRroFjVRC1GUomf0it6sJ+vFerc+Fq0FK585Qn9gff4A4BeR6w==</latexit><latexit sha1_base64="6NGxSfDy+GEb4V4UQtN2M0NOTic=">AAAB+HicbVBNT8JAEN3iF+IHVY9eNhITPEBaY6JHohePmAiYQNNsly1s2G6b3akBG36JFw8a49Wf4s1/4wI9KPiSSV7em8nMvCARXIPjfFuFtfWNza3idmlnd2+/bB8ctnWcKspaNBaxegiIZoJL1gIOgj0kipEoEKwTjG5mfueRKc1jeQ+ThHkRGUgeckrASL5dro59wDU89jOoudMz3644dWcOvErcnFRQjqZvf/X6MU0jJoEKonXXdRLwMqKAU8GmpV6qWULoiAxY11BJIqa9bH74FJ8apY/DWJmSgOfq74mMRFpPosB0RgSGetmbif953RTCKy/jMkmBSbpYFKYCQ4xnKeA+V4yCmBhCqOLmVkyHRBEKJquSCcFdfnmVtM/rrlN37y4qjes8jiI6Rieoilx0iRroFjVRC1GUomf0it6sJ+vFerc+Fq0FK585Qn9gff4A4BeR6w==</latexit><latexit sha1_base64="6NGxSfDy+GEb4V4UQtN2M0NOTic=">AAAB+HicbVBNT8JAEN3iF+IHVY9eNhITPEBaY6JHohePmAiYQNNsly1s2G6b3akBG36JFw8a49Wf4s1/4wI9KPiSSV7em8nMvCARXIPjfFuFtfWNza3idmlnd2+/bB8ctnWcKspaNBaxegiIZoJL1gIOgj0kipEoEKwTjG5mfueRKc1jeQ+ThHkRGUgeckrASL5dro59wDU89jOoudMz3644dWcOvErcnFRQjqZvf/X6MU0jJoEKonXXdRLwMqKAU8GmpV6qWULoiAxY11BJIqa9bH74FJ8apY/DWJmSgOfq74mMRFpPosB0RgSGetmbif953RTCKy/jMkmBSbpYFKYCQ4xnKeA+V4yCmBhCqOLmVkyHRBEKJquSCcFdfnmVtM/rrlN37y4qjes8jiI6Rieoilx0iRroFjVRC1GUomf0it6sJ+vFerc+Fq0FK585Qn9gff4A4BeR6w==</latexit><latexit sha1_base64="6NGxSfDy+GEb4V4UQtN2M0NOTic=">AAAB+HicbVBNT8JAEN3iF+IHVY9eNhITPEBaY6JHohePmAiYQNNsly1s2G6b3akBG36JFw8a49Wf4s1/4wI9KPiSSV7em8nMvCARXIPjfFuFtfWNza3idmlnd2+/bB8ctnWcKspaNBaxegiIZoJL1gIOgj0kipEoEKwTjG5mfueRKc1jeQ+ThHkRGUgeckrASL5dro59wDU89jOoudMz3644dWcOvErcnFRQjqZvf/X6MU0jJoEKonXXdRLwMqKAU8GmpV6qWULoiAxY11BJIqa9bH74FJ8apY/DWJmSgOfq74mMRFpPosB0RgSGetmbif953RTCKy/jMkmBSbpYFKYCQ4xnKeA+V4yCmBhCqOLmVkyHRBEKJquSCcFdfnmVtM/rrlN37y4qjes8jiI6Rieoilx0iRroFjVRC1GUomf0it6sJ+vFerc+Fq0FK585Qn9gff4A4BeR6w==</latexit>

xt � ⌘rf(xt)
<latexit sha1_base64="qMigAO6MZcPbcEWeTaCxyjDMIk0=">AAACAXicbVA9SwNBEN2LXzF+RW0Em8UgxMJwJ4KWQRvLCOYDkhDmNnvJkr29Y3dODCE2/hUbC0Vs/Rd2/hs3yRWa+GDg8d4MM/P8WAqDrvvtZJaWV1bXsuu5jc2t7Z387l7NRIlmvMoiGemGD4ZLoXgVBUreiDWH0Je87g+uJ379nmsjInWHw5i3Q+gpEQgGaKVO/uChg/SUtjgCbSnwJdCgaLWTTr7gltwp6CLxUlIgKSqd/FerG7Ek5AqZBGOanhtjewQaBZN8nGslhsfABtDjTUsVhNy0R9MPxvTYKl0aRNqWQjpVf0+MIDRmGPq2MwTsm3lvIv7nNRMMLtsjoeIEuWKzRUEiKUZ0EgftCs0ZyqElwLSwt1LWBw0MbWg5G4I3//IiqZ2VPLfk3Z4XyldpHFlySI5IkXjkgpTJDamQKmHkkTyTV/LmPDkvzrvzMWvNOOnMPvkD5/MHViuVhQ==</latexit><latexit sha1_base64="qMigAO6MZcPbcEWeTaCxyjDMIk0=">AAACAXicbVA9SwNBEN2LXzF+RW0Em8UgxMJwJ4KWQRvLCOYDkhDmNnvJkr29Y3dODCE2/hUbC0Vs/Rd2/hs3yRWa+GDg8d4MM/P8WAqDrvvtZJaWV1bXsuu5jc2t7Z387l7NRIlmvMoiGemGD4ZLoXgVBUreiDWH0Je87g+uJ379nmsjInWHw5i3Q+gpEQgGaKVO/uChg/SUtjgCbSnwJdCgaLWTTr7gltwp6CLxUlIgKSqd/FerG7Ek5AqZBGOanhtjewQaBZN8nGslhsfABtDjTUsVhNy0R9MPxvTYKl0aRNqWQjpVf0+MIDRmGPq2MwTsm3lvIv7nNRMMLtsjoeIEuWKzRUEiKUZ0EgftCs0ZyqElwLSwt1LWBw0MbWg5G4I3//IiqZ2VPLfk3Z4XyldpHFlySI5IkXjkgpTJDamQKmHkkTyTV/LmPDkvzrvzMWvNOOnMPvkD5/MHViuVhQ==</latexit><latexit sha1_base64="qMigAO6MZcPbcEWeTaCxyjDMIk0=">AAACAXicbVA9SwNBEN2LXzF+RW0Em8UgxMJwJ4KWQRvLCOYDkhDmNnvJkr29Y3dODCE2/hUbC0Vs/Rd2/hs3yRWa+GDg8d4MM/P8WAqDrvvtZJaWV1bXsuu5jc2t7Z387l7NRIlmvMoiGemGD4ZLoXgVBUreiDWH0Je87g+uJ379nmsjInWHw5i3Q+gpEQgGaKVO/uChg/SUtjgCbSnwJdCgaLWTTr7gltwp6CLxUlIgKSqd/FerG7Ek5AqZBGOanhtjewQaBZN8nGslhsfABtDjTUsVhNy0R9MPxvTYKl0aRNqWQjpVf0+MIDRmGPq2MwTsm3lvIv7nNRMMLtsjoeIEuWKzRUEiKUZ0EgftCs0ZyqElwLSwt1LWBw0MbWg5G4I3//IiqZ2VPLfk3Z4XyldpHFlySI5IkXjkgpTJDamQKmHkkTyTV/LmPDkvzrvzMWvNOOnMPvkD5/MHViuVhQ==</latexit><latexit sha1_base64="qMigAO6MZcPbcEWeTaCxyjDMIk0=">AAACAXicbVA9SwNBEN2LXzF+RW0Em8UgxMJwJ4KWQRvLCOYDkhDmNnvJkr29Y3dODCE2/hUbC0Vs/Rd2/hs3yRWa+GDg8d4MM/P8WAqDrvvtZJaWV1bXsuu5jc2t7Z387l7NRIlmvMoiGemGD4ZLoXgVBUreiDWH0Je87g+uJ379nmsjInWHw5i3Q+gpEQgGaKVO/uChg/SUtjgCbSnwJdCgaLWTTr7gltwp6CLxUlIgKSqd/FerG7Ek5AqZBGOanhtjewQaBZN8nGslhsfABtDjTUsVhNy0R9MPxvTYKl0aRNqWQjpVf0+MIDRmGPq2MwTsm3lvIv7nNRMMLtsjoeIEuWKzRUEiKUZ0EgftCs0ZyqElwLSwt1LWBw0MbWg5G4I3//IiqZ2VPLfk3Z4XyldpHFlySI5IkXjkgpTJDamQKmHkkTyTV/LmPDkvzrvzMWvNOOnMPvkD5/MHViuVhQ==</latexit>

rf(xt)
<latexit sha1_base64="KQry8HsESornu/ppnt/zPx1zt+s=">AAAB9HicbVDLSgNBEOyNrxhfUY9eBoMQL2FXBD0GvXiMYB6QLGF2MpsMmZ1dZ3qDYcl3ePGgiFc/xpt/4+Rx0MSChqKqm+6uIJHCoOt+O7m19Y3Nrfx2YWd3b/+geHjUMHGqGa+zWMa6FVDDpVC8jgIlbyWa0yiQvBkMb6d+c8S1EbF6wHHC/Yj2lQgFo2glv6NoICkJy09dPO8WS27FnYGsEm9BSrBArVv86vRilkZcIZPUmLbnJuhnVKNgkk8KndTwhLIh7fO2pYpG3PjZ7OgJObNKj4SxtqWQzNTfExmNjBlHge2MKA7MsjcV//PaKYbXfiZUkiJXbL4oTCXBmEwTID2hOUM5toQyLeythA2opgxtTgUbgrf88ippXFQ8t+LdX5aqN4s48nACp1AGD66gCndQgzoweIRneIU3Z+S8OO/Ox7w15yxmjuEPnM8f1DqReA==</latexit><latexit sha1_base64="KQry8HsESornu/ppnt/zPx1zt+s=">AAAB9HicbVDLSgNBEOyNrxhfUY9eBoMQL2FXBD0GvXiMYB6QLGF2MpsMmZ1dZ3qDYcl3ePGgiFc/xpt/4+Rx0MSChqKqm+6uIJHCoOt+O7m19Y3Nrfx2YWd3b/+geHjUMHGqGa+zWMa6FVDDpVC8jgIlbyWa0yiQvBkMb6d+c8S1EbF6wHHC/Yj2lQgFo2glv6NoICkJy09dPO8WS27FnYGsEm9BSrBArVv86vRilkZcIZPUmLbnJuhnVKNgkk8KndTwhLIh7fO2pYpG3PjZ7OgJObNKj4SxtqWQzNTfExmNjBlHge2MKA7MsjcV//PaKYbXfiZUkiJXbL4oTCXBmEwTID2hOUM5toQyLeythA2opgxtTgUbgrf88ippXFQ8t+LdX5aqN4s48nACp1AGD66gCndQgzoweIRneIU3Z+S8OO/Ox7w15yxmjuEPnM8f1DqReA==</latexit><latexit sha1_base64="KQry8HsESornu/ppnt/zPx1zt+s=">AAAB9HicbVDLSgNBEOyNrxhfUY9eBoMQL2FXBD0GvXiMYB6QLGF2MpsMmZ1dZ3qDYcl3ePGgiFc/xpt/4+Rx0MSChqKqm+6uIJHCoOt+O7m19Y3Nrfx2YWd3b/+geHjUMHGqGa+zWMa6FVDDpVC8jgIlbyWa0yiQvBkMb6d+c8S1EbF6wHHC/Yj2lQgFo2glv6NoICkJy09dPO8WS27FnYGsEm9BSrBArVv86vRilkZcIZPUmLbnJuhnVKNgkk8KndTwhLIh7fO2pYpG3PjZ7OgJObNKj4SxtqWQzNTfExmNjBlHge2MKA7MsjcV//PaKYbXfiZUkiJXbL4oTCXBmEwTID2hOUM5toQyLeythA2opgxtTgUbgrf88ippXFQ8t+LdX5aqN4s48nACp1AGD66gCndQgzoweIRneIU3Z+S8OO/Ox7w15yxmjuEPnM8f1DqReA==</latexit><latexit sha1_base64="KQry8HsESornu/ppnt/zPx1zt+s=">AAAB9HicbVDLSgNBEOyNrxhfUY9eBoMQL2FXBD0GvXiMYB6QLGF2MpsMmZ1dZ3qDYcl3ePGgiFc/xpt/4+Rx0MSChqKqm+6uIJHCoOt+O7m19Y3Nrfx2YWd3b/+geHjUMHGqGa+zWMa6FVDDpVC8jgIlbyWa0yiQvBkMb6d+c8S1EbF6wHHC/Yj2lQgFo2glv6NoICkJy09dPO8WS27FnYGsEm9BSrBArVv86vRilkZcIZPUmLbnJuhnVKNgkk8KndTwhLIh7fO2pYpG3PjZ7OgJObNKj4SxtqWQzNTfExmNjBlHge2MKA7MsjcV//PaKYbXfiZUkiJXbL4oTCXBmEwTID2hOUM5toQyLeythA2opgxtTgUbgrf88ippXFQ8t+LdX5aqN4s48nACp1AGD66gCndQgzoweIRneIU3Z+S8OO/Ox7w15yxmjuEPnM8f1DqReA==</latexit>

Recall: Momentum acceleration



- Nesterov’s work: most famous version

xt+1 = yt � ⌘rf(yt)

yt+1 = xt+1 + �(xt+1 � xt)
<latexit sha1_base64="VA1KyTYytueQ2ll1EVbRG1yaGXg="></latexit><latexit sha1_base64="VA1KyTYytueQ2ll1EVbRG1yaGXg="></latexit><latexit sha1_base64="VA1KyTYytueQ2ll1EVbRG1yaGXg="></latexit><latexit sha1_base64="VA1KyTYytueQ2ll1EVbRG1yaGXg="></latexit>

xt�1
<latexit sha1_base64="W4iOffL12GzGQsKevXgE651OLzk=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBiyWRgh6LXjxWsB/QhrLZbtqlm03YnYgl9Ed48aCIV3+PN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38789iPXRsTqAScJ9yM6VCIUjKKV2k/9DC+8ab9ccavuHGSVeDmpQI5Gv/zVG8QsjbhCJqkxXc9N0M+oRsEkn5Z6qeEJZWM65F1LFY248bP5uVNyZpUBCWNtSyGZq78nMhoZM4kC2xlRHJllbyb+53VTDK/9TKgkRa7YYlGYSoIxmf1OBkJzhnJiCWVa2FsJG1FNGdqESjYEb/nlVdK6rHpu1buvVeo3eRxFOIFTOAcPrqAOd9CAJjAYwzO8wpuTOC/Ou/OxaC04+cwx/IHz+QMSnI9h</latexit><latexit sha1_base64="W4iOffL12GzGQsKevXgE651OLzk=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBiyWRgh6LXjxWsB/QhrLZbtqlm03YnYgl9Ed48aCIV3+PN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38789iPXRsTqAScJ9yM6VCIUjKKV2k/9DC+8ab9ccavuHGSVeDmpQI5Gv/zVG8QsjbhCJqkxXc9N0M+oRsEkn5Z6qeEJZWM65F1LFY248bP5uVNyZpUBCWNtSyGZq78nMhoZM4kC2xlRHJllbyb+53VTDK/9TKgkRa7YYlGYSoIxmf1OBkJzhnJiCWVa2FsJG1FNGdqESjYEb/nlVdK6rHpu1buvVeo3eRxFOIFTOAcPrqAOd9CAJjAYwzO8wpuTOC/Ou/OxaC04+cwx/IHz+QMSnI9h</latexit><latexit sha1_base64="W4iOffL12GzGQsKevXgE651OLzk=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBiyWRgh6LXjxWsB/QhrLZbtqlm03YnYgl9Ed48aCIV3+PN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38789iPXRsTqAScJ9yM6VCIUjKKV2k/9DC+8ab9ccavuHGSVeDmpQI5Gv/zVG8QsjbhCJqkxXc9N0M+oRsEkn5Z6qeEJZWM65F1LFY248bP5uVNyZpUBCWNtSyGZq78nMhoZM4kC2xlRHJllbyb+53VTDK/9TKgkRa7YYlGYSoIxmf1OBkJzhnJiCWVa2FsJG1FNGdqESjYEb/nlVdK6rHpu1buvVeo3eRxFOIFTOAcPrqAOd9CAJjAYwzO8wpuTOC/Ou/OxaC04+cwx/IHz+QMSnI9h</latexit><latexit sha1_base64="W4iOffL12GzGQsKevXgE651OLzk=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBiyWRgh6LXjxWsB/QhrLZbtqlm03YnYgl9Ed48aCIV3+PN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38789iPXRsTqAScJ9yM6VCIUjKKV2k/9DC+8ab9ccavuHGSVeDmpQI5Gv/zVG8QsjbhCJqkxXc9N0M+oRsEkn5Z6qeEJZWM65F1LFY248bP5uVNyZpUBCWNtSyGZq78nMhoZM4kC2xlRHJllbyb+53VTDK/9TKgkRa7YYlGYSoIxmf1OBkJzhnJiCWVa2FsJG1FNGdqESjYEb/nlVdK6rHpu1buvVeo3eRxFOIFTOAcPrqAOd9CAJjAYwzO8wpuTOC/Ou/OxaC04+cwx/IHz+QMSnI9h</latexit>

xt
<latexit sha1_base64="NHiqf4cvCuRDOUL/QX8cKwAbK3c=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Qe0oWy2m3bpZhN2J2IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//ci1EbF6wEnC/YgOlQgFo2il+6c+9ssVt+rOQVaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5ufOiVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfF8MrPhEpS5IotFoWpJBiT2d9kIDRnKCeWUKaFvZWwEdWUoU2nZEPwll9eJa2LqudWvbvLSv06j6MIJ3AK5+BBDepwCw1oAoMhPMMrvDnSeXHenY9Fa8HJZ47hD5zPH3E8jeM=</latexit><latexit sha1_base64="NHiqf4cvCuRDOUL/QX8cKwAbK3c=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Qe0oWy2m3bpZhN2J2IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//ci1EbF6wEnC/YgOlQgFo2il+6c+9ssVt+rOQVaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5ufOiVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfF8MrPhEpS5IotFoWpJBiT2d9kIDRnKCeWUKaFvZWwEdWUoU2nZEPwll9eJa2LqudWvbvLSv06j6MIJ3AK5+BBDepwCw1oAoMhPMMrvDnSeXHenY9Fa8HJZ47hD5zPH3E8jeM=</latexit><latexit sha1_base64="NHiqf4cvCuRDOUL/QX8cKwAbK3c=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Qe0oWy2m3bpZhN2J2IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//ci1EbF6wEnC/YgOlQgFo2il+6c+9ssVt+rOQVaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5ufOiVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfF8MrPhEpS5IotFoWpJBiT2d9kIDRnKCeWUKaFvZWwEdWUoU2nZEPwll9eJa2LqudWvbvLSv06j6MIJ3AK5+BBDepwCw1oAoMhPMMrvDnSeXHenY9Fa8HJZ47hD5zPH3E8jeM=</latexit><latexit sha1_base64="NHiqf4cvCuRDOUL/QX8cKwAbK3c=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Qe0oWy2m3bpZhN2J2IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//ci1EbF6wEnC/YgOlQgFo2il+6c+9ssVt+rOQVaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5ufOiVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfF8MrPhEpS5IotFoWpJBiT2d9kIDRnKCeWUKaFvZWwEdWUoU2nZEPwll9eJa2LqudWvbvLSv06j6MIJ3AK5+BBDepwCw1oAoMhPMMrvDnSeXHenY9Fa8HJZ47hD5zPH3E8jeM=</latexit>

xt � ⌘rf(xt)
<latexit sha1_base64="qMigAO6MZcPbcEWeTaCxyjDMIk0=">AAACAXicbVA9SwNBEN2LXzF+RW0Em8UgxMJwJ4KWQRvLCOYDkhDmNnvJkr29Y3dODCE2/hUbC0Vs/Rd2/hs3yRWa+GDg8d4MM/P8WAqDrvvtZJaWV1bXsuu5jc2t7Z387l7NRIlmvMoiGemGD4ZLoXgVBUreiDWH0Je87g+uJ379nmsjInWHw5i3Q+gpEQgGaKVO/uChg/SUtjgCbSnwJdCgaLWTTr7gltwp6CLxUlIgKSqd/FerG7Ek5AqZBGOanhtjewQaBZN8nGslhsfABtDjTUsVhNy0R9MPxvTYKl0aRNqWQjpVf0+MIDRmGPq2MwTsm3lvIv7nNRMMLtsjoeIEuWKzRUEiKUZ0EgftCs0ZyqElwLSwt1LWBw0MbWg5G4I3//IiqZ2VPLfk3Z4XyldpHFlySI5IkXjkgpTJDamQKmHkkTyTV/LmPDkvzrvzMWvNOOnMPvkD5/MHViuVhQ==</latexit><latexit sha1_base64="qMigAO6MZcPbcEWeTaCxyjDMIk0=">AAACAXicbVA9SwNBEN2LXzF+RW0Em8UgxMJwJ4KWQRvLCOYDkhDmNnvJkr29Y3dODCE2/hUbC0Vs/Rd2/hs3yRWa+GDg8d4MM/P8WAqDrvvtZJaWV1bXsuu5jc2t7Z387l7NRIlmvMoiGemGD4ZLoXgVBUreiDWH0Je87g+uJ379nmsjInWHw5i3Q+gpEQgGaKVO/uChg/SUtjgCbSnwJdCgaLWTTr7gltwp6CLxUlIgKSqd/FerG7Ek5AqZBGOanhtjewQaBZN8nGslhsfABtDjTUsVhNy0R9MPxvTYKl0aRNqWQjpVf0+MIDRmGPq2MwTsm3lvIv7nNRMMLtsjoeIEuWKzRUEiKUZ0EgftCs0ZyqElwLSwt1LWBw0MbWg5G4I3//IiqZ2VPLfk3Z4XyldpHFlySI5IkXjkgpTJDamQKmHkkTyTV/LmPDkvzrvzMWvNOOnMPvkD5/MHViuVhQ==</latexit><latexit sha1_base64="qMigAO6MZcPbcEWeTaCxyjDMIk0=">AAACAXicbVA9SwNBEN2LXzF+RW0Em8UgxMJwJ4KWQRvLCOYDkhDmNnvJkr29Y3dODCE2/hUbC0Vs/Rd2/hs3yRWa+GDg8d4MM/P8WAqDrvvtZJaWV1bXsuu5jc2t7Z387l7NRIlmvMoiGemGD4ZLoXgVBUreiDWH0Je87g+uJ379nmsjInWHw5i3Q+gpEQgGaKVO/uChg/SUtjgCbSnwJdCgaLWTTr7gltwp6CLxUlIgKSqd/FerG7Ek5AqZBGOanhtjewQaBZN8nGslhsfABtDjTUsVhNy0R9MPxvTYKl0aRNqWQjpVf0+MIDRmGPq2MwTsm3lvIv7nNRMMLtsjoeIEuWKzRUEiKUZ0EgftCs0ZyqElwLSwt1LWBw0MbWg5G4I3//IiqZ2VPLfk3Z4XyldpHFlySI5IkXjkgpTJDamQKmHkkTyTV/LmPDkvzrvzMWvNOOnMPvkD5/MHViuVhQ==</latexit><latexit sha1_base64="qMigAO6MZcPbcEWeTaCxyjDMIk0=">AAACAXicbVA9SwNBEN2LXzF+RW0Em8UgxMJwJ4KWQRvLCOYDkhDmNnvJkr29Y3dODCE2/hUbC0Vs/Rd2/hs3yRWa+GDg8d4MM/P8WAqDrvvtZJaWV1bXsuu5jc2t7Z387l7NRIlmvMoiGemGD4ZLoXgVBUreiDWH0Je87g+uJ379nmsjInWHw5i3Q+gpEQgGaKVO/uChg/SUtjgCbSnwJdCgaLWTTr7gltwp6CLxUlIgKSqd/FerG7Ek5AqZBGOanhtjewQaBZN8nGslhsfABtDjTUsVhNy0R9MPxvTYKl0aRNqWQjpVf0+MIDRmGPq2MwTsm3lvIv7nNRMMLtsjoeIEuWKzRUEiKUZ0EgftCs0ZyqElwLSwt1LWBw0MbWg5G4I3//IiqZ2VPLfk3Z4XyldpHFlySI5IkXjkgpTJDamQKmHkkTyTV/LmPDkvzrvzMWvNOOnMPvkD5/MHViuVhQ==</latexit>

rf(xt)
<latexit sha1_base64="KQry8HsESornu/ppnt/zPx1zt+s=">AAAB9HicbVDLSgNBEOyNrxhfUY9eBoMQL2FXBD0GvXiMYB6QLGF2MpsMmZ1dZ3qDYcl3ePGgiFc/xpt/4+Rx0MSChqKqm+6uIJHCoOt+O7m19Y3Nrfx2YWd3b/+geHjUMHGqGa+zWMa6FVDDpVC8jgIlbyWa0yiQvBkMb6d+c8S1EbF6wHHC/Yj2lQgFo2glv6NoICkJy09dPO8WS27FnYGsEm9BSrBArVv86vRilkZcIZPUmLbnJuhnVKNgkk8KndTwhLIh7fO2pYpG3PjZ7OgJObNKj4SxtqWQzNTfExmNjBlHge2MKA7MsjcV//PaKYbXfiZUkiJXbL4oTCXBmEwTID2hOUM5toQyLeythA2opgxtTgUbgrf88ippXFQ8t+LdX5aqN4s48nACp1AGD66gCndQgzoweIRneIU3Z+S8OO/Ox7w15yxmjuEPnM8f1DqReA==</latexit><latexit sha1_base64="KQry8HsESornu/ppnt/zPx1zt+s=">AAAB9HicbVDLSgNBEOyNrxhfUY9eBoMQL2FXBD0GvXiMYB6QLGF2MpsMmZ1dZ3qDYcl3ePGgiFc/xpt/4+Rx0MSChqKqm+6uIJHCoOt+O7m19Y3Nrfx2YWd3b/+geHjUMHGqGa+zWMa6FVDDpVC8jgIlbyWa0yiQvBkMb6d+c8S1EbF6wHHC/Yj2lQgFo2glv6NoICkJy09dPO8WS27FnYGsEm9BSrBArVv86vRilkZcIZPUmLbnJuhnVKNgkk8KndTwhLIh7fO2pYpG3PjZ7OgJObNKj4SxtqWQzNTfExmNjBlHge2MKA7MsjcV//PaKYbXfiZUkiJXbL4oTCXBmEwTID2hOUM5toQyLeythA2opgxtTgUbgrf88ippXFQ8t+LdX5aqN4s48nACp1AGD66gCndQgzoweIRneIU3Z+S8OO/Ox7w15yxmjuEPnM8f1DqReA==</latexit><latexit sha1_base64="KQry8HsESornu/ppnt/zPx1zt+s=">AAAB9HicbVDLSgNBEOyNrxhfUY9eBoMQL2FXBD0GvXiMYB6QLGF2MpsMmZ1dZ3qDYcl3ePGgiFc/xpt/4+Rx0MSChqKqm+6uIJHCoOt+O7m19Y3Nrfx2YWd3b/+geHjUMHGqGa+zWMa6FVDDpVC8jgIlbyWa0yiQvBkMb6d+c8S1EbF6wHHC/Yj2lQgFo2glv6NoICkJy09dPO8WS27FnYGsEm9BSrBArVv86vRilkZcIZPUmLbnJuhnVKNgkk8KndTwhLIh7fO2pYpG3PjZ7OgJObNKj4SxtqWQzNTfExmNjBlHge2MKA7MsjcV//PaKYbXfiZUkiJXbL4oTCXBmEwTID2hOUM5toQyLeythA2opgxtTgUbgrf88ippXFQ8t+LdX5aqN4s48nACp1AGD66gCndQgzoweIRneIU3Z+S8OO/Ox7w15yxmjuEPnM8f1DqReA==</latexit><latexit sha1_base64="KQry8HsESornu/ppnt/zPx1zt+s=">AAAB9HicbVDLSgNBEOyNrxhfUY9eBoMQL2FXBD0GvXiMYB6QLGF2MpsMmZ1dZ3qDYcl3ePGgiFc/xpt/4+Rx0MSChqKqm+6uIJHCoOt+O7m19Y3Nrfx2YWd3b/+geHjUMHGqGa+zWMa6FVDDpVC8jgIlbyWa0yiQvBkMb6d+c8S1EbF6wHHC/Yj2lQgFo2glv6NoICkJy09dPO8WS27FnYGsEm9BSrBArVv86vRilkZcIZPUmLbnJuhnVKNgkk8KndTwhLIh7fO2pYpG3PjZ7OgJObNKj4SxtqWQzNTfExmNjBlHge2MKA7MsjcV//PaKYbXfiZUkiJXbL4oTCXBmEwTID2hOUM5toQyLeythA2opgxtTgUbgrf88ippXFQ8t+LdX5aqN4s48nACp1AGD66gCndQgzoweIRneIU3Z+S8OO/Ox7w15yxmjuEPnM8f1DqReA==</latexit>

xt + �(xt � xt�1)
<latexit sha1_base64="GtZZsH+phvbObU9DQ1Hn9/kiORw=">AAACBHicbVDLSsNAFJ34rPUVddnNYBEq0pKIoMuiG5cV7APaECbTSTt08mDmRlpCF278FTcuFHHrR7jzb5y0WWjrgQtnzrmXufd4seAKLOvbWFldW9/YLGwVt3d29/bNg8OWihJJWZNGIpIdjygmeMiawEGwTiwZCTzB2t7oJvPbD0wqHoX3MImZE5BByH1OCWjJNUtjF/AZ7nkMCK5kjyoeuylU7empa5atmjUDXiZ2TsooR8M1v3r9iCYBC4EKolTXtmJwUiKBU8GmxV6iWEzoiAxYV9OQBEw56eyIKT7RSh/7kdQVAp6pvydSEig1CTzdGRAYqkUvE//zugn4V07KwzgBFtL5R34iMEQ4SwT3uWQUxEQTQiXXu2I6JJJQ0LkVdQj24snLpHVes62afXdRrl/ncRRQCR2jCrLRJaqjW9RATUTRI3pGr+jNeDJejHfjY966YuQzR+gPjM8fsXyWMQ==</latexit><latexit sha1_base64="GtZZsH+phvbObU9DQ1Hn9/kiORw=">AAACBHicbVDLSsNAFJ34rPUVddnNYBEq0pKIoMuiG5cV7APaECbTSTt08mDmRlpCF278FTcuFHHrR7jzb5y0WWjrgQtnzrmXufd4seAKLOvbWFldW9/YLGwVt3d29/bNg8OWihJJWZNGIpIdjygmeMiawEGwTiwZCTzB2t7oJvPbD0wqHoX3MImZE5BByH1OCWjJNUtjF/AZ7nkMCK5kjyoeuylU7empa5atmjUDXiZ2TsooR8M1v3r9iCYBC4EKolTXtmJwUiKBU8GmxV6iWEzoiAxYV9OQBEw56eyIKT7RSh/7kdQVAp6pvydSEig1CTzdGRAYqkUvE//zugn4V07KwzgBFtL5R34iMEQ4SwT3uWQUxEQTQiXXu2I6JJJQ0LkVdQj24snLpHVes62afXdRrl/ncRRQCR2jCrLRJaqjW9RATUTRI3pGr+jNeDJejHfjY966YuQzR+gPjM8fsXyWMQ==</latexit><latexit sha1_base64="GtZZsH+phvbObU9DQ1Hn9/kiORw=">AAACBHicbVDLSsNAFJ34rPUVddnNYBEq0pKIoMuiG5cV7APaECbTSTt08mDmRlpCF278FTcuFHHrR7jzb5y0WWjrgQtnzrmXufd4seAKLOvbWFldW9/YLGwVt3d29/bNg8OWihJJWZNGIpIdjygmeMiawEGwTiwZCTzB2t7oJvPbD0wqHoX3MImZE5BByH1OCWjJNUtjF/AZ7nkMCK5kjyoeuylU7empa5atmjUDXiZ2TsooR8M1v3r9iCYBC4EKolTXtmJwUiKBU8GmxV6iWEzoiAxYV9OQBEw56eyIKT7RSh/7kdQVAp6pvydSEig1CTzdGRAYqkUvE//zugn4V07KwzgBFtL5R34iMEQ4SwT3uWQUxEQTQiXXu2I6JJJQ0LkVdQj24snLpHVes62afXdRrl/ncRRQCR2jCrLRJaqjW9RATUTRI3pGr+jNeDJejHfjY966YuQzR+gPjM8fsXyWMQ==</latexit><latexit sha1_base64="GtZZsH+phvbObU9DQ1Hn9/kiORw=">AAACBHicbVDLSsNAFJ34rPUVddnNYBEq0pKIoMuiG5cV7APaECbTSTt08mDmRlpCF278FTcuFHHrR7jzb5y0WWjrgQtnzrmXufd4seAKLOvbWFldW9/YLGwVt3d29/bNg8OWihJJWZNGIpIdjygmeMiawEGwTiwZCTzB2t7oJvPbD0wqHoX3MImZE5BByH1OCWjJNUtjF/AZ7nkMCK5kjyoeuylU7empa5atmjUDXiZ2TsooR8M1v3r9iCYBC4EKolTXtmJwUiKBU8GmxV6iWEzoiAxYV9OQBEw56eyIKT7RSh/7kdQVAp6pvydSEig1CTzdGRAYqkUvE//zugn4V07KwzgBFtL5R34iMEQ4SwT3uWQUxEQTQiXXu2I6JJJQ0LkVdQj24snLpHVes62afXdRrl/ncRRQCR2jCrLRJaqjW9RATUTRI3pGr+jNeDJejHfjY966YuQzR+gPjM8fsXyWMQ==</latexit>

Recall: Momentum acceleration



- Nesterov’s work: most famous version

xt+1 = yt � ⌘rf(yt)

yt+1 = xt+1 + �(xt+1 � xt)
<latexit sha1_base64="VA1KyTYytueQ2ll1EVbRG1yaGXg="></latexit><latexit sha1_base64="VA1KyTYytueQ2ll1EVbRG1yaGXg="></latexit><latexit sha1_base64="VA1KyTYytueQ2ll1EVbRG1yaGXg="></latexit><latexit sha1_base64="VA1KyTYytueQ2ll1EVbRG1yaGXg="></latexit>

xt�1
<latexit sha1_base64="W4iOffL12GzGQsKevXgE651OLzk=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBiyWRgh6LXjxWsB/QhrLZbtqlm03YnYgl9Ed48aCIV3+PN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38789iPXRsTqAScJ9yM6VCIUjKKV2k/9DC+8ab9ccavuHGSVeDmpQI5Gv/zVG8QsjbhCJqkxXc9N0M+oRsEkn5Z6qeEJZWM65F1LFY248bP5uVNyZpUBCWNtSyGZq78nMhoZM4kC2xlRHJllbyb+53VTDK/9TKgkRa7YYlGYSoIxmf1OBkJzhnJiCWVa2FsJG1FNGdqESjYEb/nlVdK6rHpu1buvVeo3eRxFOIFTOAcPrqAOd9CAJjAYwzO8wpuTOC/Ou/OxaC04+cwx/IHz+QMSnI9h</latexit><latexit sha1_base64="W4iOffL12GzGQsKevXgE651OLzk=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBiyWRgh6LXjxWsB/QhrLZbtqlm03YnYgl9Ed48aCIV3+PN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38789iPXRsTqAScJ9yM6VCIUjKKV2k/9DC+8ab9ccavuHGSVeDmpQI5Gv/zVG8QsjbhCJqkxXc9N0M+oRsEkn5Z6qeEJZWM65F1LFY248bP5uVNyZpUBCWNtSyGZq78nMhoZM4kC2xlRHJllbyb+53VTDK/9TKgkRa7YYlGYSoIxmf1OBkJzhnJiCWVa2FsJG1FNGdqESjYEb/nlVdK6rHpu1buvVeo3eRxFOIFTOAcPrqAOd9CAJjAYwzO8wpuTOC/Ou/OxaC04+cwx/IHz+QMSnI9h</latexit><latexit sha1_base64="W4iOffL12GzGQsKevXgE651OLzk=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBiyWRgh6LXjxWsB/QhrLZbtqlm03YnYgl9Ed48aCIV3+PN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38789iPXRsTqAScJ9yM6VCIUjKKV2k/9DC+8ab9ccavuHGSVeDmpQI5Gv/zVG8QsjbhCJqkxXc9N0M+oRsEkn5Z6qeEJZWM65F1LFY248bP5uVNyZpUBCWNtSyGZq78nMhoZM4kC2xlRHJllbyb+53VTDK/9TKgkRa7YYlGYSoIxmf1OBkJzhnJiCWVa2FsJG1FNGdqESjYEb/nlVdK6rHpu1buvVeo3eRxFOIFTOAcPrqAOd9CAJjAYwzO8wpuTOC/Ou/OxaC04+cwx/IHz+QMSnI9h</latexit><latexit sha1_base64="W4iOffL12GzGQsKevXgE651OLzk=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBiyWRgh6LXjxWsB/QhrLZbtqlm03YnYgl9Ed48aCIV3+PN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38789iPXRsTqAScJ9yM6VCIUjKKV2k/9DC+8ab9ccavuHGSVeDmpQI5Gv/zVG8QsjbhCJqkxXc9N0M+oRsEkn5Z6qeEJZWM65F1LFY248bP5uVNyZpUBCWNtSyGZq78nMhoZM4kC2xlRHJllbyb+53VTDK/9TKgkRa7YYlGYSoIxmf1OBkJzhnJiCWVa2FsJG1FNGdqESjYEb/nlVdK6rHpu1buvVeo3eRxFOIFTOAcPrqAOd9CAJjAYwzO8wpuTOC/Ou/OxaC04+cwx/IHz+QMSnI9h</latexit>

xt
<latexit sha1_base64="NHiqf4cvCuRDOUL/QX8cKwAbK3c=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Qe0oWy2m3bpZhN2J2IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//ci1EbF6wEnC/YgOlQgFo2il+6c+9ssVt+rOQVaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5ufOiVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfF8MrPhEpS5IotFoWpJBiT2d9kIDRnKCeWUKaFvZWwEdWUoU2nZEPwll9eJa2LqudWvbvLSv06j6MIJ3AK5+BBDepwCw1oAoMhPMMrvDnSeXHenY9Fa8HJZ47hD5zPH3E8jeM=</latexit><latexit sha1_base64="NHiqf4cvCuRDOUL/QX8cKwAbK3c=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Qe0oWy2m3bpZhN2J2IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//ci1EbF6wEnC/YgOlQgFo2il+6c+9ssVt+rOQVaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5ufOiVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfF8MrPhEpS5IotFoWpJBiT2d9kIDRnKCeWUKaFvZWwEdWUoU2nZEPwll9eJa2LqudWvbvLSv06j6MIJ3AK5+BBDepwCw1oAoMhPMMrvDnSeXHenY9Fa8HJZ47hD5zPH3E8jeM=</latexit><latexit sha1_base64="NHiqf4cvCuRDOUL/QX8cKwAbK3c=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Qe0oWy2m3bpZhN2J2IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//ci1EbF6wEnC/YgOlQgFo2il+6c+9ssVt+rOQVaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5ufOiVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfF8MrPhEpS5IotFoWpJBiT2d9kIDRnKCeWUKaFvZWwEdWUoU2nZEPwll9eJa2LqudWvbvLSv06j6MIJ3AK5+BBDepwCw1oAoMhPMMrvDnSeXHenY9Fa8HJZ47hD5zPH3E8jeM=</latexit><latexit sha1_base64="NHiqf4cvCuRDOUL/QX8cKwAbK3c=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Qe0oWy2m3bpZhN2J2IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//ci1EbF6wEnC/YgOlQgFo2il+6c+9ssVt+rOQVaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5ufOiVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfF8MrPhEpS5IotFoWpJBiT2d9kIDRnKCeWUKaFvZWwEdWUoU2nZEPwll9eJa2LqudWvbvLSv06j6MIJ3AK5+BBDepwCw1oAoMhPMMrvDnSeXHenY9Fa8HJZ47hD5zPH3E8jeM=</latexit>

xt � ⌘rf(xt)
<latexit sha1_base64="qMigAO6MZcPbcEWeTaCxyjDMIk0=">AAACAXicbVA9SwNBEN2LXzF+RW0Em8UgxMJwJ4KWQRvLCOYDkhDmNnvJkr29Y3dODCE2/hUbC0Vs/Rd2/hs3yRWa+GDg8d4MM/P8WAqDrvvtZJaWV1bXsuu5jc2t7Z387l7NRIlmvMoiGemGD4ZLoXgVBUreiDWH0Je87g+uJ379nmsjInWHw5i3Q+gpEQgGaKVO/uChg/SUtjgCbSnwJdCgaLWTTr7gltwp6CLxUlIgKSqd/FerG7Ek5AqZBGOanhtjewQaBZN8nGslhsfABtDjTUsVhNy0R9MPxvTYKl0aRNqWQjpVf0+MIDRmGPq2MwTsm3lvIv7nNRMMLtsjoeIEuWKzRUEiKUZ0EgftCs0ZyqElwLSwt1LWBw0MbWg5G4I3//IiqZ2VPLfk3Z4XyldpHFlySI5IkXjkgpTJDamQKmHkkTyTV/LmPDkvzrvzMWvNOOnMPvkD5/MHViuVhQ==</latexit><latexit sha1_base64="qMigAO6MZcPbcEWeTaCxyjDMIk0=">AAACAXicbVA9SwNBEN2LXzF+RW0Em8UgxMJwJ4KWQRvLCOYDkhDmNnvJkr29Y3dODCE2/hUbC0Vs/Rd2/hs3yRWa+GDg8d4MM/P8WAqDrvvtZJaWV1bXsuu5jc2t7Z387l7NRIlmvMoiGemGD4ZLoXgVBUreiDWH0Je87g+uJ379nmsjInWHw5i3Q+gpEQgGaKVO/uChg/SUtjgCbSnwJdCgaLWTTr7gltwp6CLxUlIgKSqd/FerG7Ek5AqZBGOanhtjewQaBZN8nGslhsfABtDjTUsVhNy0R9MPxvTYKl0aRNqWQjpVf0+MIDRmGPq2MwTsm3lvIv7nNRMMLtsjoeIEuWKzRUEiKUZ0EgftCs0ZyqElwLSwt1LWBw0MbWg5G4I3//IiqZ2VPLfk3Z4XyldpHFlySI5IkXjkgpTJDamQKmHkkTyTV/LmPDkvzrvzMWvNOOnMPvkD5/MHViuVhQ==</latexit><latexit sha1_base64="qMigAO6MZcPbcEWeTaCxyjDMIk0=">AAACAXicbVA9SwNBEN2LXzF+RW0Em8UgxMJwJ4KWQRvLCOYDkhDmNnvJkr29Y3dODCE2/hUbC0Vs/Rd2/hs3yRWa+GDg8d4MM/P8WAqDrvvtZJaWV1bXsuu5jc2t7Z387l7NRIlmvMoiGemGD4ZLoXgVBUreiDWH0Je87g+uJ379nmsjInWHw5i3Q+gpEQgGaKVO/uChg/SUtjgCbSnwJdCgaLWTTr7gltwp6CLxUlIgKSqd/FerG7Ek5AqZBGOanhtjewQaBZN8nGslhsfABtDjTUsVhNy0R9MPxvTYKl0aRNqWQjpVf0+MIDRmGPq2MwTsm3lvIv7nNRMMLtsjoeIEuWKzRUEiKUZ0EgftCs0ZyqElwLSwt1LWBw0MbWg5G4I3//IiqZ2VPLfk3Z4XyldpHFlySI5IkXjkgpTJDamQKmHkkTyTV/LmPDkvzrvzMWvNOOnMPvkD5/MHViuVhQ==</latexit><latexit sha1_base64="qMigAO6MZcPbcEWeTaCxyjDMIk0=">AAACAXicbVA9SwNBEN2LXzF+RW0Em8UgxMJwJ4KWQRvLCOYDkhDmNnvJkr29Y3dODCE2/hUbC0Vs/Rd2/hs3yRWa+GDg8d4MM/P8WAqDrvvtZJaWV1bXsuu5jc2t7Z387l7NRIlmvMoiGemGD4ZLoXgVBUreiDWH0Je87g+uJ379nmsjInWHw5i3Q+gpEQgGaKVO/uChg/SUtjgCbSnwJdCgaLWTTr7gltwp6CLxUlIgKSqd/FerG7Ek5AqZBGOanhtjewQaBZN8nGslhsfABtDjTUsVhNy0R9MPxvTYKl0aRNqWQjpVf0+MIDRmGPq2MwTsm3lvIv7nNRMMLtsjoeIEuWKzRUEiKUZ0EgftCs0ZyqElwLSwt1LWBw0MbWg5G4I3//IiqZ2VPLfk3Z4XyldpHFlySI5IkXjkgpTJDamQKmHkkTyTV/LmPDkvzrvzMWvNOOnMPvkD5/MHViuVhQ==</latexit>

rf(xt)
<latexit sha1_base64="KQry8HsESornu/ppnt/zPx1zt+s=">AAAB9HicbVDLSgNBEOyNrxhfUY9eBoMQL2FXBD0GvXiMYB6QLGF2MpsMmZ1dZ3qDYcl3ePGgiFc/xpt/4+Rx0MSChqKqm+6uIJHCoOt+O7m19Y3Nrfx2YWd3b/+geHjUMHGqGa+zWMa6FVDDpVC8jgIlbyWa0yiQvBkMb6d+c8S1EbF6wHHC/Yj2lQgFo2glv6NoICkJy09dPO8WS27FnYGsEm9BSrBArVv86vRilkZcIZPUmLbnJuhnVKNgkk8KndTwhLIh7fO2pYpG3PjZ7OgJObNKj4SxtqWQzNTfExmNjBlHge2MKA7MsjcV//PaKYbXfiZUkiJXbL4oTCXBmEwTID2hOUM5toQyLeythA2opgxtTgUbgrf88ippXFQ8t+LdX5aqN4s48nACp1AGD66gCndQgzoweIRneIU3Z+S8OO/Ox7w15yxmjuEPnM8f1DqReA==</latexit><latexit sha1_base64="KQry8HsESornu/ppnt/zPx1zt+s=">AAAB9HicbVDLSgNBEOyNrxhfUY9eBoMQL2FXBD0GvXiMYB6QLGF2MpsMmZ1dZ3qDYcl3ePGgiFc/xpt/4+Rx0MSChqKqm+6uIJHCoOt+O7m19Y3Nrfx2YWd3b/+geHjUMHGqGa+zWMa6FVDDpVC8jgIlbyWa0yiQvBkMb6d+c8S1EbF6wHHC/Yj2lQgFo2glv6NoICkJy09dPO8WS27FnYGsEm9BSrBArVv86vRilkZcIZPUmLbnJuhnVKNgkk8KndTwhLIh7fO2pYpG3PjZ7OgJObNKj4SxtqWQzNTfExmNjBlHge2MKA7MsjcV//PaKYbXfiZUkiJXbL4oTCXBmEwTID2hOUM5toQyLeythA2opgxtTgUbgrf88ippXFQ8t+LdX5aqN4s48nACp1AGD66gCndQgzoweIRneIU3Z+S8OO/Ox7w15yxmjuEPnM8f1DqReA==</latexit><latexit sha1_base64="KQry8HsESornu/ppnt/zPx1zt+s=">AAAB9HicbVDLSgNBEOyNrxhfUY9eBoMQL2FXBD0GvXiMYB6QLGF2MpsMmZ1dZ3qDYcl3ePGgiFc/xpt/4+Rx0MSChqKqm+6uIJHCoOt+O7m19Y3Nrfx2YWd3b/+geHjUMHGqGa+zWMa6FVDDpVC8jgIlbyWa0yiQvBkMb6d+c8S1EbF6wHHC/Yj2lQgFo2glv6NoICkJy09dPO8WS27FnYGsEm9BSrBArVv86vRilkZcIZPUmLbnJuhnVKNgkk8KndTwhLIh7fO2pYpG3PjZ7OgJObNKj4SxtqWQzNTfExmNjBlHge2MKA7MsjcV//PaKYbXfiZUkiJXbL4oTCXBmEwTID2hOUM5toQyLeythA2opgxtTgUbgrf88ippXFQ8t+LdX5aqN4s48nACp1AGD66gCndQgzoweIRneIU3Z+S8OO/Ox7w15yxmjuEPnM8f1DqReA==</latexit><latexit sha1_base64="KQry8HsESornu/ppnt/zPx1zt+s=">AAAB9HicbVDLSgNBEOyNrxhfUY9eBoMQL2FXBD0GvXiMYB6QLGF2MpsMmZ1dZ3qDYcl3ePGgiFc/xpt/4+Rx0MSChqKqm+6uIJHCoOt+O7m19Y3Nrfx2YWd3b/+geHjUMHGqGa+zWMa6FVDDpVC8jgIlbyWa0yiQvBkMb6d+c8S1EbF6wHHC/Yj2lQgFo2glv6NoICkJy09dPO8WS27FnYGsEm9BSrBArVv86vRilkZcIZPUmLbnJuhnVKNgkk8KndTwhLIh7fO2pYpG3PjZ7OgJObNKj4SxtqWQzNTfExmNjBlHge2MKA7MsjcV//PaKYbXfiZUkiJXbL4oTCXBmEwTID2hOUM5toQyLeythA2opgxtTgUbgrf88ippXFQ8t+LdX5aqN4s48nACp1AGD66gCndQgzoweIRneIU3Z+S8OO/Ox7w15yxmjuEPnM8f1DqReA==</latexit>

xt + �(xt � xt�1)
<latexit sha1_base64="GtZZsH+phvbObU9DQ1Hn9/kiORw=">AAACBHicbVDLSsNAFJ34rPUVddnNYBEq0pKIoMuiG5cV7APaECbTSTt08mDmRlpCF278FTcuFHHrR7jzb5y0WWjrgQtnzrmXufd4seAKLOvbWFldW9/YLGwVt3d29/bNg8OWihJJWZNGIpIdjygmeMiawEGwTiwZCTzB2t7oJvPbD0wqHoX3MImZE5BByH1OCWjJNUtjF/AZ7nkMCK5kjyoeuylU7empa5atmjUDXiZ2TsooR8M1v3r9iCYBC4EKolTXtmJwUiKBU8GmxV6iWEzoiAxYV9OQBEw56eyIKT7RSh/7kdQVAp6pvydSEig1CTzdGRAYqkUvE//zugn4V07KwzgBFtL5R34iMEQ4SwT3uWQUxEQTQiXXu2I6JJJQ0LkVdQj24snLpHVes62afXdRrl/ncRRQCR2jCrLRJaqjW9RATUTRI3pGr+jNeDJejHfjY966YuQzR+gPjM8fsXyWMQ==</latexit><latexit sha1_base64="GtZZsH+phvbObU9DQ1Hn9/kiORw=">AAACBHicbVDLSsNAFJ34rPUVddnNYBEq0pKIoMuiG5cV7APaECbTSTt08mDmRlpCF278FTcuFHHrR7jzb5y0WWjrgQtnzrmXufd4seAKLOvbWFldW9/YLGwVt3d29/bNg8OWihJJWZNGIpIdjygmeMiawEGwTiwZCTzB2t7oJvPbD0wqHoX3MImZE5BByH1OCWjJNUtjF/AZ7nkMCK5kjyoeuylU7empa5atmjUDXiZ2TsooR8M1v3r9iCYBC4EKolTXtmJwUiKBU8GmxV6iWEzoiAxYV9OQBEw56eyIKT7RSh/7kdQVAp6pvydSEig1CTzdGRAYqkUvE//zugn4V07KwzgBFtL5R34iMEQ4SwT3uWQUxEQTQiXXu2I6JJJQ0LkVdQj24snLpHVes62afXdRrl/ncRRQCR2jCrLRJaqjW9RATUTRI3pGr+jNeDJejHfjY966YuQzR+gPjM8fsXyWMQ==</latexit><latexit sha1_base64="GtZZsH+phvbObU9DQ1Hn9/kiORw=">AAACBHicbVDLSsNAFJ34rPUVddnNYBEq0pKIoMuiG5cV7APaECbTSTt08mDmRlpCF278FTcuFHHrR7jzb5y0WWjrgQtnzrmXufd4seAKLOvbWFldW9/YLGwVt3d29/bNg8OWihJJWZNGIpIdjygmeMiawEGwTiwZCTzB2t7oJvPbD0wqHoX3MImZE5BByH1OCWjJNUtjF/AZ7nkMCK5kjyoeuylU7empa5atmjUDXiZ2TsooR8M1v3r9iCYBC4EKolTXtmJwUiKBU8GmxV6iWEzoiAxYV9OQBEw56eyIKT7RSh/7kdQVAp6pvydSEig1CTzdGRAYqkUvE//zugn4V07KwzgBFtL5R34iMEQ4SwT3uWQUxEQTQiXXu2I6JJJQ0LkVdQj24snLpHVes62afXdRrl/ncRRQCR2jCrLRJaqjW9RATUTRI3pGr+jNeDJejHfjY966YuQzR+gPjM8fsXyWMQ==</latexit><latexit sha1_base64="GtZZsH+phvbObU9DQ1Hn9/kiORw=">AAACBHicbVDLSsNAFJ34rPUVddnNYBEq0pKIoMuiG5cV7APaECbTSTt08mDmRlpCF278FTcuFHHrR7jzb5y0WWjrgQtnzrmXufd4seAKLOvbWFldW9/YLGwVt3d29/bNg8OWihJJWZNGIpIdjygmeMiawEGwTiwZCTzB2t7oJvPbD0wqHoX3MImZE5BByH1OCWjJNUtjF/AZ7nkMCK5kjyoeuylU7empa5atmjUDXiZ2TsooR8M1v3r9iCYBC4EKolTXtmJwUiKBU8GmxV6iWEzoiAxYV9OQBEw56eyIKT7RSh/7kdQVAp6pvydSEig1CTzdGRAYqkUvE//zugn4V07KwzgBFtL5R34iMEQ4SwT3uWQUxEQTQiXXu2I6JJJQ0LkVdQj24snLpHVes62afXdRrl/ncRRQCR2jCrLRJaqjW9RATUTRI3pGr+jNeDJejHfjY966YuQzR+gPjM8fsXyWMQ==</latexit>

rf(xt + �(xt � xt�1))
<latexit sha1_base64="qiStVDPfzhHNm4n44kYNZAftXek=">AAACDnicbVDLSgNBEJyNrxhfUY9eBoOQIAm7IuhR9OIxgnlAEpbeyawOmZ1dZnrFsOQLvPgrXjwo4tWzN//GyeOg0YKGmqpupruCRAqDrvvl5BYWl5ZX8quFtfWNza3i9k7TxKlmvMFiGet2AIZLoXgDBUreTjSHKJC8FQwuxn7rjmsjYnWNw4T3IrhRIhQM0Ep+8aCrIJBAw/K9j/SQdgOOQCePKr33M6x6o0rFL5bcmjsB/Uu8GSmRGep+8bPbj1kacYVMgjEdz02wl4FGwSQfFbqp4QmwAdzwjqUKIm562eScET2wSp+GsbalkE7UnxMZRMYMo8B2RoC3Zt4bi/95nRTD014mVJIiV2z6UZhKijEdZ0P7QnOGcmgJMC3srpTdggaGNsGCDcGbP/kvaR7VPLfmXR2Xzs5nceTJHtknZeKRE3JGLkmdNAgjD+SJvJBX59F5dt6c92lrzpnN7JJfcD6+AWeMmcY=</latexit><latexit sha1_base64="qiStVDPfzhHNm4n44kYNZAftXek=">AAACDnicbVDLSgNBEJyNrxhfUY9eBoOQIAm7IuhR9OIxgnlAEpbeyawOmZ1dZnrFsOQLvPgrXjwo4tWzN//GyeOg0YKGmqpupruCRAqDrvvl5BYWl5ZX8quFtfWNza3i9k7TxKlmvMFiGet2AIZLoXgDBUreTjSHKJC8FQwuxn7rjmsjYnWNw4T3IrhRIhQM0Ep+8aCrIJBAw/K9j/SQdgOOQCePKr33M6x6o0rFL5bcmjsB/Uu8GSmRGep+8bPbj1kacYVMgjEdz02wl4FGwSQfFbqp4QmwAdzwjqUKIm562eScET2wSp+GsbalkE7UnxMZRMYMo8B2RoC3Zt4bi/95nRTD014mVJIiV2z6UZhKijEdZ0P7QnOGcmgJMC3srpTdggaGNsGCDcGbP/kvaR7VPLfmXR2Xzs5nceTJHtknZeKRE3JGLkmdNAgjD+SJvJBX59F5dt6c92lrzpnN7JJfcD6+AWeMmcY=</latexit><latexit sha1_base64="qiStVDPfzhHNm4n44kYNZAftXek=">AAACDnicbVDLSgNBEJyNrxhfUY9eBoOQIAm7IuhR9OIxgnlAEpbeyawOmZ1dZnrFsOQLvPgrXjwo4tWzN//GyeOg0YKGmqpupruCRAqDrvvl5BYWl5ZX8quFtfWNza3i9k7TxKlmvMFiGet2AIZLoXgDBUreTjSHKJC8FQwuxn7rjmsjYnWNw4T3IrhRIhQM0Ep+8aCrIJBAw/K9j/SQdgOOQCePKr33M6x6o0rFL5bcmjsB/Uu8GSmRGep+8bPbj1kacYVMgjEdz02wl4FGwSQfFbqp4QmwAdzwjqUKIm562eScET2wSp+GsbalkE7UnxMZRMYMo8B2RoC3Zt4bi/95nRTD014mVJIiV2z6UZhKijEdZ0P7QnOGcmgJMC3srpTdggaGNsGCDcGbP/kvaR7VPLfmXR2Xzs5nceTJHtknZeKRE3JGLkmdNAgjD+SJvJBX59F5dt6c92lrzpnN7JJfcD6+AWeMmcY=</latexit><latexit sha1_base64="qiStVDPfzhHNm4n44kYNZAftXek=">AAACDnicbVDLSgNBEJyNrxhfUY9eBoOQIAm7IuhR9OIxgnlAEpbeyawOmZ1dZnrFsOQLvPgrXjwo4tWzN//GyeOg0YKGmqpupruCRAqDrvvl5BYWl5ZX8quFtfWNza3i9k7TxKlmvMFiGet2AIZLoXgDBUreTjSHKJC8FQwuxn7rjmsjYnWNw4T3IrhRIhQM0Ep+8aCrIJBAw/K9j/SQdgOOQCePKr33M6x6o0rFL5bcmjsB/Uu8GSmRGep+8bPbj1kacYVMgjEdz02wl4FGwSQfFbqp4QmwAdzwjqUKIm562eScET2wSp+GsbalkE7UnxMZRMYMo8B2RoC3Zt4bi/95nRTD014mVJIiV2z6UZhKijEdZ0P7QnOGcmgJMC3srpTdggaGNsGCDcGbP/kvaR7VPLfmXR2Xzs5nceTJHtknZeKRE3JGLkmdNAgjD+SJvJBX59F5dt6c92lrzpnN7JJfcD6+AWeMmcY=</latexit>

Recall: Momentum acceleration



- Nesterov’s work: most famous version

xt+1 = yt � ⌘rf(yt)

yt+1 = xt+1 + �(xt+1 � xt)
<latexit sha1_base64="VA1KyTYytueQ2ll1EVbRG1yaGXg="></latexit><latexit sha1_base64="VA1KyTYytueQ2ll1EVbRG1yaGXg="></latexit><latexit sha1_base64="VA1KyTYytueQ2ll1EVbRG1yaGXg="></latexit><latexit sha1_base64="VA1KyTYytueQ2ll1EVbRG1yaGXg="></latexit>

xt�1
<latexit sha1_base64="W4iOffL12GzGQsKevXgE651OLzk=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBiyWRgh6LXjxWsB/QhrLZbtqlm03YnYgl9Ed48aCIV3+PN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38789iPXRsTqAScJ9yM6VCIUjKKV2k/9DC+8ab9ccavuHGSVeDmpQI5Gv/zVG8QsjbhCJqkxXc9N0M+oRsEkn5Z6qeEJZWM65F1LFY248bP5uVNyZpUBCWNtSyGZq78nMhoZM4kC2xlRHJllbyb+53VTDK/9TKgkRa7YYlGYSoIxmf1OBkJzhnJiCWVa2FsJG1FNGdqESjYEb/nlVdK6rHpu1buvVeo3eRxFOIFTOAcPrqAOd9CAJjAYwzO8wpuTOC/Ou/OxaC04+cwx/IHz+QMSnI9h</latexit><latexit sha1_base64="W4iOffL12GzGQsKevXgE651OLzk=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBiyWRgh6LXjxWsB/QhrLZbtqlm03YnYgl9Ed48aCIV3+PN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38789iPXRsTqAScJ9yM6VCIUjKKV2k/9DC+8ab9ccavuHGSVeDmpQI5Gv/zVG8QsjbhCJqkxXc9N0M+oRsEkn5Z6qeEJZWM65F1LFY248bP5uVNyZpUBCWNtSyGZq78nMhoZM4kC2xlRHJllbyb+53VTDK/9TKgkRa7YYlGYSoIxmf1OBkJzhnJiCWVa2FsJG1FNGdqESjYEb/nlVdK6rHpu1buvVeo3eRxFOIFTOAcPrqAOd9CAJjAYwzO8wpuTOC/Ou/OxaC04+cwx/IHz+QMSnI9h</latexit><latexit sha1_base64="W4iOffL12GzGQsKevXgE651OLzk=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBiyWRgh6LXjxWsB/QhrLZbtqlm03YnYgl9Ed48aCIV3+PN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38789iPXRsTqAScJ9yM6VCIUjKKV2k/9DC+8ab9ccavuHGSVeDmpQI5Gv/zVG8QsjbhCJqkxXc9N0M+oRsEkn5Z6qeEJZWM65F1LFY248bP5uVNyZpUBCWNtSyGZq78nMhoZM4kC2xlRHJllbyb+53VTDK/9TKgkRa7YYlGYSoIxmf1OBkJzhnJiCWVa2FsJG1FNGdqESjYEb/nlVdK6rHpu1buvVeo3eRxFOIFTOAcPrqAOd9CAJjAYwzO8wpuTOC/Ou/OxaC04+cwx/IHz+QMSnI9h</latexit><latexit sha1_base64="W4iOffL12GzGQsKevXgE651OLzk=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBiyWRgh6LXjxWsB/QhrLZbtqlm03YnYgl9Ed48aCIV3+PN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38789iPXRsTqAScJ9yM6VCIUjKKV2k/9DC+8ab9ccavuHGSVeDmpQI5Gv/zVG8QsjbhCJqkxXc9N0M+oRsEkn5Z6qeEJZWM65F1LFY248bP5uVNyZpUBCWNtSyGZq78nMhoZM4kC2xlRHJllbyb+53VTDK/9TKgkRa7YYlGYSoIxmf1OBkJzhnJiCWVa2FsJG1FNGdqESjYEb/nlVdK6rHpu1buvVeo3eRxFOIFTOAcPrqAOd9CAJjAYwzO8wpuTOC/Ou/OxaC04+cwx/IHz+QMSnI9h</latexit>

xt
<latexit sha1_base64="NHiqf4cvCuRDOUL/QX8cKwAbK3c=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Qe0oWy2m3bpZhN2J2IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//ci1EbF6wEnC/YgOlQgFo2il+6c+9ssVt+rOQVaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5ufOiVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfF8MrPhEpS5IotFoWpJBiT2d9kIDRnKCeWUKaFvZWwEdWUoU2nZEPwll9eJa2LqudWvbvLSv06j6MIJ3AK5+BBDepwCw1oAoMhPMMrvDnSeXHenY9Fa8HJZ47hD5zPH3E8jeM=</latexit><latexit sha1_base64="NHiqf4cvCuRDOUL/QX8cKwAbK3c=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Qe0oWy2m3bpZhN2J2IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//ci1EbF6wEnC/YgOlQgFo2il+6c+9ssVt+rOQVaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5ufOiVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfF8MrPhEpS5IotFoWpJBiT2d9kIDRnKCeWUKaFvZWwEdWUoU2nZEPwll9eJa2LqudWvbvLSv06j6MIJ3AK5+BBDepwCw1oAoMhPMMrvDnSeXHenY9Fa8HJZ47hD5zPH3E8jeM=</latexit><latexit sha1_base64="NHiqf4cvCuRDOUL/QX8cKwAbK3c=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Qe0oWy2m3bpZhN2J2IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//ci1EbF6wEnC/YgOlQgFo2il+6c+9ssVt+rOQVaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5ufOiVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfF8MrPhEpS5IotFoWpJBiT2d9kIDRnKCeWUKaFvZWwEdWUoU2nZEPwll9eJa2LqudWvbvLSv06j6MIJ3AK5+BBDepwCw1oAoMhPMMrvDnSeXHenY9Fa8HJZ47hD5zPH3E8jeM=</latexit><latexit sha1_base64="NHiqf4cvCuRDOUL/QX8cKwAbK3c=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Qe0oWy2m3bpZhN2J2IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//ci1EbF6wEnC/YgOlQgFo2il+6c+9ssVt+rOQVaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5ufOiVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfF8MrPhEpS5IotFoWpJBiT2d9kIDRnKCeWUKaFvZWwEdWUoU2nZEPwll9eJa2LqudWvbvLSv06j6MIJ3AK5+BBDepwCw1oAoMhPMMrvDnSeXHenY9Fa8HJZ47hD5zPH3E8jeM=</latexit>

xt � ⌘rf(xt)
<latexit sha1_base64="qMigAO6MZcPbcEWeTaCxyjDMIk0=">AAACAXicbVA9SwNBEN2LXzF+RW0Em8UgxMJwJ4KWQRvLCOYDkhDmNnvJkr29Y3dODCE2/hUbC0Vs/Rd2/hs3yRWa+GDg8d4MM/P8WAqDrvvtZJaWV1bXsuu5jc2t7Z387l7NRIlmvMoiGemGD4ZLoXgVBUreiDWH0Je87g+uJ379nmsjInWHw5i3Q+gpEQgGaKVO/uChg/SUtjgCbSnwJdCgaLWTTr7gltwp6CLxUlIgKSqd/FerG7Ek5AqZBGOanhtjewQaBZN8nGslhsfABtDjTUsVhNy0R9MPxvTYKl0aRNqWQjpVf0+MIDRmGPq2MwTsm3lvIv7nNRMMLtsjoeIEuWKzRUEiKUZ0EgftCs0ZyqElwLSwt1LWBw0MbWg5G4I3//IiqZ2VPLfk3Z4XyldpHFlySI5IkXjkgpTJDamQKmHkkTyTV/LmPDkvzrvzMWvNOOnMPvkD5/MHViuVhQ==</latexit><latexit sha1_base64="qMigAO6MZcPbcEWeTaCxyjDMIk0=">AAACAXicbVA9SwNBEN2LXzF+RW0Em8UgxMJwJ4KWQRvLCOYDkhDmNnvJkr29Y3dODCE2/hUbC0Vs/Rd2/hs3yRWa+GDg8d4MM/P8WAqDrvvtZJaWV1bXsuu5jc2t7Z387l7NRIlmvMoiGemGD4ZLoXgVBUreiDWH0Je87g+uJ379nmsjInWHw5i3Q+gpEQgGaKVO/uChg/SUtjgCbSnwJdCgaLWTTr7gltwp6CLxUlIgKSqd/FerG7Ek5AqZBGOanhtjewQaBZN8nGslhsfABtDjTUsVhNy0R9MPxvTYKl0aRNqWQjpVf0+MIDRmGPq2MwTsm3lvIv7nNRMMLtsjoeIEuWKzRUEiKUZ0EgftCs0ZyqElwLSwt1LWBw0MbWg5G4I3//IiqZ2VPLfk3Z4XyldpHFlySI5IkXjkgpTJDamQKmHkkTyTV/LmPDkvzrvzMWvNOOnMPvkD5/MHViuVhQ==</latexit><latexit sha1_base64="qMigAO6MZcPbcEWeTaCxyjDMIk0=">AAACAXicbVA9SwNBEN2LXzF+RW0Em8UgxMJwJ4KWQRvLCOYDkhDmNnvJkr29Y3dODCE2/hUbC0Vs/Rd2/hs3yRWa+GDg8d4MM/P8WAqDrvvtZJaWV1bXsuu5jc2t7Z387l7NRIlmvMoiGemGD4ZLoXgVBUreiDWH0Je87g+uJ379nmsjInWHw5i3Q+gpEQgGaKVO/uChg/SUtjgCbSnwJdCgaLWTTr7gltwp6CLxUlIgKSqd/FerG7Ek5AqZBGOanhtjewQaBZN8nGslhsfABtDjTUsVhNy0R9MPxvTYKl0aRNqWQjpVf0+MIDRmGPq2MwTsm3lvIv7nNRMMLtsjoeIEuWKzRUEiKUZ0EgftCs0ZyqElwLSwt1LWBw0MbWg5G4I3//IiqZ2VPLfk3Z4XyldpHFlySI5IkXjkgpTJDamQKmHkkTyTV/LmPDkvzrvzMWvNOOnMPvkD5/MHViuVhQ==</latexit><latexit sha1_base64="qMigAO6MZcPbcEWeTaCxyjDMIk0=">AAACAXicbVA9SwNBEN2LXzF+RW0Em8UgxMJwJ4KWQRvLCOYDkhDmNnvJkr29Y3dODCE2/hUbC0Vs/Rd2/hs3yRWa+GDg8d4MM/P8WAqDrvvtZJaWV1bXsuu5jc2t7Z387l7NRIlmvMoiGemGD4ZLoXgVBUreiDWH0Je87g+uJ379nmsjInWHw5i3Q+gpEQgGaKVO/uChg/SUtjgCbSnwJdCgaLWTTr7gltwp6CLxUlIgKSqd/FerG7Ek5AqZBGOanhtjewQaBZN8nGslhsfABtDjTUsVhNy0R9MPxvTYKl0aRNqWQjpVf0+MIDRmGPq2MwTsm3lvIv7nNRMMLtsjoeIEuWKzRUEiKUZ0EgftCs0ZyqElwLSwt1LWBw0MbWg5G4I3//IiqZ2VPLfk3Z4XyldpHFlySI5IkXjkgpTJDamQKmHkkTyTV/LmPDkvzrvzMWvNOOnMPvkD5/MHViuVhQ==</latexit>

xt+1
<latexit sha1_base64="s+F16lmV6yKpk66c/hHEdsj+1gI=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBZBEEoiBT0WvXisYD+gDWWz3bRLN5uwOxFL6I/w4kERr/4eb/4bt20O2vpg4PHeDDPzgkQKg6777RTW1jc2t4rbpZ3dvf2D8uFRy8SpZrzJYhnrTkANl0LxJgqUvJNoTqNA8nYwvp357UeujYjVA04S7kd0qEQoGEUrtZ/6GV5403654lbdOcgq8XJSgRyNfvmrN4hZGnGFTFJjup6boJ9RjYJJPi31UsMTysZ0yLuWKhpx42fzc6fkzCoDEsbalkIyV39PZDQyZhIFtjOiODLL3kz8z+umGF77mVBJilyxxaIwlQRjMvudDITmDOXEEsq0sLcSNqKaMrQJlWwI3vLLq6R1WfXcqndfq9Rv8jiKcAKncA4eXEEd7qABTWAwhmd4hTcncV6cd+dj0Vpw8plj+APn8wcPkI9f</latexit><latexit sha1_base64="s+F16lmV6yKpk66c/hHEdsj+1gI=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBZBEEoiBT0WvXisYD+gDWWz3bRLN5uwOxFL6I/w4kERr/4eb/4bt20O2vpg4PHeDDPzgkQKg6777RTW1jc2t4rbpZ3dvf2D8uFRy8SpZrzJYhnrTkANl0LxJgqUvJNoTqNA8nYwvp357UeujYjVA04S7kd0qEQoGEUrtZ/6GV5403654lbdOcgq8XJSgRyNfvmrN4hZGnGFTFJjup6boJ9RjYJJPi31UsMTysZ0yLuWKhpx42fzc6fkzCoDEsbalkIyV39PZDQyZhIFtjOiODLL3kz8z+umGF77mVBJilyxxaIwlQRjMvudDITmDOXEEsq0sLcSNqKaMrQJlWwI3vLLq6R1WfXcqndfq9Rv8jiKcAKncA4eXEEd7qABTWAwhmd4hTcncV6cd+dj0Vpw8plj+APn8wcPkI9f</latexit><latexit sha1_base64="s+F16lmV6yKpk66c/hHEdsj+1gI=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBZBEEoiBT0WvXisYD+gDWWz3bRLN5uwOxFL6I/w4kERr/4eb/4bt20O2vpg4PHeDDPzgkQKg6777RTW1jc2t4rbpZ3dvf2D8uFRy8SpZrzJYhnrTkANl0LxJgqUvJNoTqNA8nYwvp357UeujYjVA04S7kd0qEQoGEUrtZ/6GV5403654lbdOcgq8XJSgRyNfvmrN4hZGnGFTFJjup6boJ9RjYJJPi31UsMTysZ0yLuWKhpx42fzc6fkzCoDEsbalkIyV39PZDQyZhIFtjOiODLL3kz8z+umGF77mVBJilyxxaIwlQRjMvudDITmDOXEEsq0sLcSNqKaMrQJlWwI3vLLq6R1WfXcqndfq9Rv8jiKcAKncA4eXEEd7qABTWAwhmd4hTcncV6cd+dj0Vpw8plj+APn8wcPkI9f</latexit><latexit sha1_base64="s+F16lmV6yKpk66c/hHEdsj+1gI=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBZBEEoiBT0WvXisYD+gDWWz3bRLN5uwOxFL6I/w4kERr/4eb/4bt20O2vpg4PHeDDPzgkQKg6777RTW1jc2t4rbpZ3dvf2D8uFRy8SpZrzJYhnrTkANl0LxJgqUvJNoTqNA8nYwvp357UeujYjVA04S7kd0qEQoGEUrtZ/6GV5403654lbdOcgq8XJSgRyNfvmrN4hZGnGFTFJjup6boJ9RjYJJPi31UsMTysZ0yLuWKhpx42fzc6fkzCoDEsbalkIyV39PZDQyZhIFtjOiODLL3kz8z+umGF77mVBJilyxxaIwlQRjMvudDITmDOXEEsq0sLcSNqKaMrQJlWwI3vLLq6R1WfXcqndfq9Rv8jiKcAKncA4eXEEd7qABTWAwhmd4hTcncV6cd+dj0Vpw8plj+APn8wcPkI9f</latexit>

rf(xt)
<latexit sha1_base64="KQry8HsESornu/ppnt/zPx1zt+s=">AAAB9HicbVDLSgNBEOyNrxhfUY9eBoMQL2FXBD0GvXiMYB6QLGF2MpsMmZ1dZ3qDYcl3ePGgiFc/xpt/4+Rx0MSChqKqm+6uIJHCoOt+O7m19Y3Nrfx2YWd3b/+geHjUMHGqGa+zWMa6FVDDpVC8jgIlbyWa0yiQvBkMb6d+c8S1EbF6wHHC/Yj2lQgFo2glv6NoICkJy09dPO8WS27FnYGsEm9BSrBArVv86vRilkZcIZPUmLbnJuhnVKNgkk8KndTwhLIh7fO2pYpG3PjZ7OgJObNKj4SxtqWQzNTfExmNjBlHge2MKA7MsjcV//PaKYbXfiZUkiJXbL4oTCXBmEwTID2hOUM5toQyLeythA2opgxtTgUbgrf88ippXFQ8t+LdX5aqN4s48nACp1AGD66gCndQgzoweIRneIU3Z+S8OO/Ox7w15yxmjuEPnM8f1DqReA==</latexit><latexit sha1_base64="KQry8HsESornu/ppnt/zPx1zt+s=">AAAB9HicbVDLSgNBEOyNrxhfUY9eBoMQL2FXBD0GvXiMYB6QLGF2MpsMmZ1dZ3qDYcl3ePGgiFc/xpt/4+Rx0MSChqKqm+6uIJHCoOt+O7m19Y3Nrfx2YWd3b/+geHjUMHGqGa+zWMa6FVDDpVC8jgIlbyWa0yiQvBkMb6d+c8S1EbF6wHHC/Yj2lQgFo2glv6NoICkJy09dPO8WS27FnYGsEm9BSrBArVv86vRilkZcIZPUmLbnJuhnVKNgkk8KndTwhLIh7fO2pYpG3PjZ7OgJObNKj4SxtqWQzNTfExmNjBlHge2MKA7MsjcV//PaKYbXfiZUkiJXbL4oTCXBmEwTID2hOUM5toQyLeythA2opgxtTgUbgrf88ippXFQ8t+LdX5aqN4s48nACp1AGD66gCndQgzoweIRneIU3Z+S8OO/Ox7w15yxmjuEPnM8f1DqReA==</latexit><latexit sha1_base64="KQry8HsESornu/ppnt/zPx1zt+s=">AAAB9HicbVDLSgNBEOyNrxhfUY9eBoMQL2FXBD0GvXiMYB6QLGF2MpsMmZ1dZ3qDYcl3ePGgiFc/xpt/4+Rx0MSChqKqm+6uIJHCoOt+O7m19Y3Nrfx2YWd3b/+geHjUMHGqGa+zWMa6FVDDpVC8jgIlbyWa0yiQvBkMb6d+c8S1EbF6wHHC/Yj2lQgFo2glv6NoICkJy09dPO8WS27FnYGsEm9BSrBArVv86vRilkZcIZPUmLbnJuhnVKNgkk8KndTwhLIh7fO2pYpG3PjZ7OgJObNKj4SxtqWQzNTfExmNjBlHge2MKA7MsjcV//PaKYbXfiZUkiJXbL4oTCXBmEwTID2hOUM5toQyLeythA2opgxtTgUbgrf88ippXFQ8t+LdX5aqN4s48nACp1AGD66gCndQgzoweIRneIU3Z+S8OO/Ox7w15yxmjuEPnM8f1DqReA==</latexit><latexit sha1_base64="KQry8HsESornu/ppnt/zPx1zt+s=">AAAB9HicbVDLSgNBEOyNrxhfUY9eBoMQL2FXBD0GvXiMYB6QLGF2MpsMmZ1dZ3qDYcl3ePGgiFc/xpt/4+Rx0MSChqKqm+6uIJHCoOt+O7m19Y3Nrfx2YWd3b/+geHjUMHGqGa+zWMa6FVDDpVC8jgIlbyWa0yiQvBkMb6d+c8S1EbF6wHHC/Yj2lQgFo2glv6NoICkJy09dPO8WS27FnYGsEm9BSrBArVv86vRilkZcIZPUmLbnJuhnVKNgkk8KndTwhLIh7fO2pYpG3PjZ7OgJObNKj4SxtqWQzNTfExmNjBlHge2MKA7MsjcV//PaKYbXfiZUkiJXbL4oTCXBmEwTID2hOUM5toQyLeythA2opgxtTgUbgrf88ippXFQ8t+LdX5aqN4s48nACp1AGD66gCndQgzoweIRneIU3Z+S8OO/Ox7w15yxmjuEPnM8f1DqReA==</latexit>

xt + �(xt � xt�1)
<latexit sha1_base64="GtZZsH+phvbObU9DQ1Hn9/kiORw=">AAACBHicbVDLSsNAFJ34rPUVddnNYBEq0pKIoMuiG5cV7APaECbTSTt08mDmRlpCF278FTcuFHHrR7jzb5y0WWjrgQtnzrmXufd4seAKLOvbWFldW9/YLGwVt3d29/bNg8OWihJJWZNGIpIdjygmeMiawEGwTiwZCTzB2t7oJvPbD0wqHoX3MImZE5BByH1OCWjJNUtjF/AZ7nkMCK5kjyoeuylU7empa5atmjUDXiZ2TsooR8M1v3r9iCYBC4EKolTXtmJwUiKBU8GmxV6iWEzoiAxYV9OQBEw56eyIKT7RSh/7kdQVAp6pvydSEig1CTzdGRAYqkUvE//zugn4V07KwzgBFtL5R34iMEQ4SwT3uWQUxEQTQiXXu2I6JJJQ0LkVdQj24snLpHVes62afXdRrl/ncRRQCR2jCrLRJaqjW9RATUTRI3pGr+jNeDJejHfjY966YuQzR+gPjM8fsXyWMQ==</latexit><latexit sha1_base64="GtZZsH+phvbObU9DQ1Hn9/kiORw=">AAACBHicbVDLSsNAFJ34rPUVddnNYBEq0pKIoMuiG5cV7APaECbTSTt08mDmRlpCF278FTcuFHHrR7jzb5y0WWjrgQtnzrmXufd4seAKLOvbWFldW9/YLGwVt3d29/bNg8OWihJJWZNGIpIdjygmeMiawEGwTiwZCTzB2t7oJvPbD0wqHoX3MImZE5BByH1OCWjJNUtjF/AZ7nkMCK5kjyoeuylU7empa5atmjUDXiZ2TsooR8M1v3r9iCYBC4EKolTXtmJwUiKBU8GmxV6iWEzoiAxYV9OQBEw56eyIKT7RSh/7kdQVAp6pvydSEig1CTzdGRAYqkUvE//zugn4V07KwzgBFtL5R34iMEQ4SwT3uWQUxEQTQiXXu2I6JJJQ0LkVdQj24snLpHVes62afXdRrl/ncRRQCR2jCrLRJaqjW9RATUTRI3pGr+jNeDJejHfjY966YuQzR+gPjM8fsXyWMQ==</latexit><latexit sha1_base64="GtZZsH+phvbObU9DQ1Hn9/kiORw=">AAACBHicbVDLSsNAFJ34rPUVddnNYBEq0pKIoMuiG5cV7APaECbTSTt08mDmRlpCF278FTcuFHHrR7jzb5y0WWjrgQtnzrmXufd4seAKLOvbWFldW9/YLGwVt3d29/bNg8OWihJJWZNGIpIdjygmeMiawEGwTiwZCTzB2t7oJvPbD0wqHoX3MImZE5BByH1OCWjJNUtjF/AZ7nkMCK5kjyoeuylU7empa5atmjUDXiZ2TsooR8M1v3r9iCYBC4EKolTXtmJwUiKBU8GmxV6iWEzoiAxYV9OQBEw56eyIKT7RSh/7kdQVAp6pvydSEig1CTzdGRAYqkUvE//zugn4V07KwzgBFtL5R34iMEQ4SwT3uWQUxEQTQiXXu2I6JJJQ0LkVdQj24snLpHVes62afXdRrl/ncRRQCR2jCrLRJaqjW9RATUTRI3pGr+jNeDJejHfjY966YuQzR+gPjM8fsXyWMQ==</latexit><latexit sha1_base64="GtZZsH+phvbObU9DQ1Hn9/kiORw=">AAACBHicbVDLSsNAFJ34rPUVddnNYBEq0pKIoMuiG5cV7APaECbTSTt08mDmRlpCF278FTcuFHHrR7jzb5y0WWjrgQtnzrmXufd4seAKLOvbWFldW9/YLGwVt3d29/bNg8OWihJJWZNGIpIdjygmeMiawEGwTiwZCTzB2t7oJvPbD0wqHoX3MImZE5BByH1OCWjJNUtjF/AZ7nkMCK5kjyoeuylU7empa5atmjUDXiZ2TsooR8M1v3r9iCYBC4EKolTXtmJwUiKBU8GmxV6iWEzoiAxYV9OQBEw56eyIKT7RSh/7kdQVAp6pvydSEig1CTzdGRAYqkUvE//zugn4V07KwzgBFtL5R34iMEQ4SwT3uWQUxEQTQiXXu2I6JJJQ0LkVdQj24snLpHVes62afXdRrl/ncRRQCR2jCrLRJaqjW9RATUTRI3pGr+jNeDJejHfjY966YuQzR+gPjM8fsXyWMQ==</latexit>

rf(xt + �(xt � xt�1))
<latexit sha1_base64="qiStVDPfzhHNm4n44kYNZAftXek=">AAACDnicbVDLSgNBEJyNrxhfUY9eBoOQIAm7IuhR9OIxgnlAEpbeyawOmZ1dZnrFsOQLvPgrXjwo4tWzN//GyeOg0YKGmqpupruCRAqDrvvl5BYWl5ZX8quFtfWNza3i9k7TxKlmvMFiGet2AIZLoXgDBUreTjSHKJC8FQwuxn7rjmsjYnWNw4T3IrhRIhQM0Ep+8aCrIJBAw/K9j/SQdgOOQCePKr33M6x6o0rFL5bcmjsB/Uu8GSmRGep+8bPbj1kacYVMgjEdz02wl4FGwSQfFbqp4QmwAdzwjqUKIm562eScET2wSp+GsbalkE7UnxMZRMYMo8B2RoC3Zt4bi/95nRTD014mVJIiV2z6UZhKijEdZ0P7QnOGcmgJMC3srpTdggaGNsGCDcGbP/kvaR7VPLfmXR2Xzs5nceTJHtknZeKRE3JGLkmdNAgjD+SJvJBX59F5dt6c92lrzpnN7JJfcD6+AWeMmcY=</latexit><latexit sha1_base64="qiStVDPfzhHNm4n44kYNZAftXek=">AAACDnicbVDLSgNBEJyNrxhfUY9eBoOQIAm7IuhR9OIxgnlAEpbeyawOmZ1dZnrFsOQLvPgrXjwo4tWzN//GyeOg0YKGmqpupruCRAqDrvvl5BYWl5ZX8quFtfWNza3i9k7TxKlmvMFiGet2AIZLoXgDBUreTjSHKJC8FQwuxn7rjmsjYnWNw4T3IrhRIhQM0Ep+8aCrIJBAw/K9j/SQdgOOQCePKr33M6x6o0rFL5bcmjsB/Uu8GSmRGep+8bPbj1kacYVMgjEdz02wl4FGwSQfFbqp4QmwAdzwjqUKIm562eScET2wSp+GsbalkE7UnxMZRMYMo8B2RoC3Zt4bi/95nRTD014mVJIiV2z6UZhKijEdZ0P7QnOGcmgJMC3srpTdggaGNsGCDcGbP/kvaR7VPLfmXR2Xzs5nceTJHtknZeKRE3JGLkmdNAgjD+SJvJBX59F5dt6c92lrzpnN7JJfcD6+AWeMmcY=</latexit><latexit sha1_base64="qiStVDPfzhHNm4n44kYNZAftXek=">AAACDnicbVDLSgNBEJyNrxhfUY9eBoOQIAm7IuhR9OIxgnlAEpbeyawOmZ1dZnrFsOQLvPgrXjwo4tWzN//GyeOg0YKGmqpupruCRAqDrvvl5BYWl5ZX8quFtfWNza3i9k7TxKlmvMFiGet2AIZLoXgDBUreTjSHKJC8FQwuxn7rjmsjYnWNw4T3IrhRIhQM0Ep+8aCrIJBAw/K9j/SQdgOOQCePKr33M6x6o0rFL5bcmjsB/Uu8GSmRGep+8bPbj1kacYVMgjEdz02wl4FGwSQfFbqp4QmwAdzwjqUKIm562eScET2wSp+GsbalkE7UnxMZRMYMo8B2RoC3Zt4bi/95nRTD014mVJIiV2z6UZhKijEdZ0P7QnOGcmgJMC3srpTdggaGNsGCDcGbP/kvaR7VPLfmXR2Xzs5nceTJHtknZeKRE3JGLkmdNAgjD+SJvJBX59F5dt6c92lrzpnN7JJfcD6+AWeMmcY=</latexit><latexit sha1_base64="qiStVDPfzhHNm4n44kYNZAftXek=">AAACDnicbVDLSgNBEJyNrxhfUY9eBoOQIAm7IuhR9OIxgnlAEpbeyawOmZ1dZnrFsOQLvPgrXjwo4tWzN//GyeOg0YKGmqpupruCRAqDrvvl5BYWl5ZX8quFtfWNza3i9k7TxKlmvMFiGet2AIZLoXgDBUreTjSHKJC8FQwuxn7rjmsjYnWNw4T3IrhRIhQM0Ep+8aCrIJBAw/K9j/SQdgOOQCePKr33M6x6o0rFL5bcmjsB/Uu8GSmRGep+8bPbj1kacYVMgjEdz02wl4FGwSQfFbqp4QmwAdzwjqUKIm562eScET2wSp+GsbalkE7UnxMZRMYMo8B2RoC3Zt4bi/95nRTD014mVJIiV2z6UZhKijEdZ0P7QnOGcmgJMC3srpTdggaGNsGCDcGbP/kvaR7VPLfmXR2Xzs5nceTJHtknZeKRE3JGLkmdNAgjD+SJvJBX59F5dt6c92lrzpnN7JJfcD6+AWeMmcY=</latexit>

Recall: Momentum acceleration



- Nesterov’s work: most famous version

xt+1 = yt � ⌘rf(yt)

yt+1 = xt+1 + �(xt+1 � xt)
<latexit sha1_base64="VA1KyTYytueQ2ll1EVbRG1yaGXg="></latexit><latexit sha1_base64="VA1KyTYytueQ2ll1EVbRG1yaGXg="></latexit><latexit sha1_base64="VA1KyTYytueQ2ll1EVbRG1yaGXg="></latexit><latexit sha1_base64="VA1KyTYytueQ2ll1EVbRG1yaGXg="></latexit>

xt�1
<latexit sha1_base64="W4iOffL12GzGQsKevXgE651OLzk=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBiyWRgh6LXjxWsB/QhrLZbtqlm03YnYgl9Ed48aCIV3+PN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38789iPXRsTqAScJ9yM6VCIUjKKV2k/9DC+8ab9ccavuHGSVeDmpQI5Gv/zVG8QsjbhCJqkxXc9N0M+oRsEkn5Z6qeEJZWM65F1LFY248bP5uVNyZpUBCWNtSyGZq78nMhoZM4kC2xlRHJllbyb+53VTDK/9TKgkRa7YYlGYSoIxmf1OBkJzhnJiCWVa2FsJG1FNGdqESjYEb/nlVdK6rHpu1buvVeo3eRxFOIFTOAcPrqAOd9CAJjAYwzO8wpuTOC/Ou/OxaC04+cwx/IHz+QMSnI9h</latexit><latexit sha1_base64="W4iOffL12GzGQsKevXgE651OLzk=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBiyWRgh6LXjxWsB/QhrLZbtqlm03YnYgl9Ed48aCIV3+PN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38789iPXRsTqAScJ9yM6VCIUjKKV2k/9DC+8ab9ccavuHGSVeDmpQI5Gv/zVG8QsjbhCJqkxXc9N0M+oRsEkn5Z6qeEJZWM65F1LFY248bP5uVNyZpUBCWNtSyGZq78nMhoZM4kC2xlRHJllbyb+53VTDK/9TKgkRa7YYlGYSoIxmf1OBkJzhnJiCWVa2FsJG1FNGdqESjYEb/nlVdK6rHpu1buvVeo3eRxFOIFTOAcPrqAOd9CAJjAYwzO8wpuTOC/Ou/OxaC04+cwx/IHz+QMSnI9h</latexit><latexit sha1_base64="W4iOffL12GzGQsKevXgE651OLzk=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBiyWRgh6LXjxWsB/QhrLZbtqlm03YnYgl9Ed48aCIV3+PN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38789iPXRsTqAScJ9yM6VCIUjKKV2k/9DC+8ab9ccavuHGSVeDmpQI5Gv/zVG8QsjbhCJqkxXc9N0M+oRsEkn5Z6qeEJZWM65F1LFY248bP5uVNyZpUBCWNtSyGZq78nMhoZM4kC2xlRHJllbyb+53VTDK/9TKgkRa7YYlGYSoIxmf1OBkJzhnJiCWVa2FsJG1FNGdqESjYEb/nlVdK6rHpu1buvVeo3eRxFOIFTOAcPrqAOd9CAJjAYwzO8wpuTOC/Ou/OxaC04+cwx/IHz+QMSnI9h</latexit><latexit sha1_base64="W4iOffL12GzGQsKevXgE651OLzk=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBiyWRgh6LXjxWsB/QhrLZbtqlm03YnYgl9Ed48aCIV3+PN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38789iPXRsTqAScJ9yM6VCIUjKKV2k/9DC+8ab9ccavuHGSVeDmpQI5Gv/zVG8QsjbhCJqkxXc9N0M+oRsEkn5Z6qeEJZWM65F1LFY248bP5uVNyZpUBCWNtSyGZq78nMhoZM4kC2xlRHJllbyb+53VTDK/9TKgkRa7YYlGYSoIxmf1OBkJzhnJiCWVa2FsJG1FNGdqESjYEb/nlVdK6rHpu1buvVeo3eRxFOIFTOAcPrqAOd9CAJjAYwzO8wpuTOC/Ou/OxaC04+cwx/IHz+QMSnI9h</latexit>

xt
<latexit sha1_base64="NHiqf4cvCuRDOUL/QX8cKwAbK3c=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Qe0oWy2m3bpZhN2J2IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//ci1EbF6wEnC/YgOlQgFo2il+6c+9ssVt+rOQVaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5ufOiVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfF8MrPhEpS5IotFoWpJBiT2d9kIDRnKCeWUKaFvZWwEdWUoU2nZEPwll9eJa2LqudWvbvLSv06j6MIJ3AK5+BBDepwCw1oAoMhPMMrvDnSeXHenY9Fa8HJZ47hD5zPH3E8jeM=</latexit><latexit sha1_base64="NHiqf4cvCuRDOUL/QX8cKwAbK3c=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Qe0oWy2m3bpZhN2J2IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//ci1EbF6wEnC/YgOlQgFo2il+6c+9ssVt+rOQVaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5ufOiVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfF8MrPhEpS5IotFoWpJBiT2d9kIDRnKCeWUKaFvZWwEdWUoU2nZEPwll9eJa2LqudWvbvLSv06j6MIJ3AK5+BBDepwCw1oAoMhPMMrvDnSeXHenY9Fa8HJZ47hD5zPH3E8jeM=</latexit><latexit sha1_base64="NHiqf4cvCuRDOUL/QX8cKwAbK3c=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Qe0oWy2m3bpZhN2J2IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//ci1EbF6wEnC/YgOlQgFo2il+6c+9ssVt+rOQVaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5ufOiVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfF8MrPhEpS5IotFoWpJBiT2d9kIDRnKCeWUKaFvZWwEdWUoU2nZEPwll9eJa2LqudWvbvLSv06j6MIJ3AK5+BBDepwCw1oAoMhPMMrvDnSeXHenY9Fa8HJZ47hD5zPH3E8jeM=</latexit><latexit sha1_base64="NHiqf4cvCuRDOUL/QX8cKwAbK3c=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Qe0oWy2m3bpZhN2J2IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//ci1EbF6wEnC/YgOlQgFo2il+6c+9ssVt+rOQVaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5ufOiVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfF8MrPhEpS5IotFoWpJBiT2d9kIDRnKCeWUKaFvZWwEdWUoU2nZEPwll9eJa2LqudWvbvLSv06j6MIJ3AK5+BBDepwCw1oAoMhPMMrvDnSeXHenY9Fa8HJZ47hD5zPH3E8jeM=</latexit>

xt � ⌘rf(xt)
<latexit sha1_base64="qMigAO6MZcPbcEWeTaCxyjDMIk0=">AAACAXicbVA9SwNBEN2LXzF+RW0Em8UgxMJwJ4KWQRvLCOYDkhDmNnvJkr29Y3dODCE2/hUbC0Vs/Rd2/hs3yRWa+GDg8d4MM/P8WAqDrvvtZJaWV1bXsuu5jc2t7Z387l7NRIlmvMoiGemGD4ZLoXgVBUreiDWH0Je87g+uJ379nmsjInWHw5i3Q+gpEQgGaKVO/uChg/SUtjgCbSnwJdCgaLWTTr7gltwp6CLxUlIgKSqd/FerG7Ek5AqZBGOanhtjewQaBZN8nGslhsfABtDjTUsVhNy0R9MPxvTYKl0aRNqWQjpVf0+MIDRmGPq2MwTsm3lvIv7nNRMMLtsjoeIEuWKzRUEiKUZ0EgftCs0ZyqElwLSwt1LWBw0MbWg5G4I3//IiqZ2VPLfk3Z4XyldpHFlySI5IkXjkgpTJDamQKmHkkTyTV/LmPDkvzrvzMWvNOOnMPvkD5/MHViuVhQ==</latexit><latexit sha1_base64="qMigAO6MZcPbcEWeTaCxyjDMIk0=">AAACAXicbVA9SwNBEN2LXzF+RW0Em8UgxMJwJ4KWQRvLCOYDkhDmNnvJkr29Y3dODCE2/hUbC0Vs/Rd2/hs3yRWa+GDg8d4MM/P8WAqDrvvtZJaWV1bXsuu5jc2t7Z387l7NRIlmvMoiGemGD4ZLoXgVBUreiDWH0Je87g+uJ379nmsjInWHw5i3Q+gpEQgGaKVO/uChg/SUtjgCbSnwJdCgaLWTTr7gltwp6CLxUlIgKSqd/FerG7Ek5AqZBGOanhtjewQaBZN8nGslhsfABtDjTUsVhNy0R9MPxvTYKl0aRNqWQjpVf0+MIDRmGPq2MwTsm3lvIv7nNRMMLtsjoeIEuWKzRUEiKUZ0EgftCs0ZyqElwLSwt1LWBw0MbWg5G4I3//IiqZ2VPLfk3Z4XyldpHFlySI5IkXjkgpTJDamQKmHkkTyTV/LmPDkvzrvzMWvNOOnMPvkD5/MHViuVhQ==</latexit><latexit sha1_base64="qMigAO6MZcPbcEWeTaCxyjDMIk0=">AAACAXicbVA9SwNBEN2LXzF+RW0Em8UgxMJwJ4KWQRvLCOYDkhDmNnvJkr29Y3dODCE2/hUbC0Vs/Rd2/hs3yRWa+GDg8d4MM/P8WAqDrvvtZJaWV1bXsuu5jc2t7Z387l7NRIlmvMoiGemGD4ZLoXgVBUreiDWH0Je87g+uJ379nmsjInWHw5i3Q+gpEQgGaKVO/uChg/SUtjgCbSnwJdCgaLWTTr7gltwp6CLxUlIgKSqd/FerG7Ek5AqZBGOanhtjewQaBZN8nGslhsfABtDjTUsVhNy0R9MPxvTYKl0aRNqWQjpVf0+MIDRmGPq2MwTsm3lvIv7nNRMMLtsjoeIEuWKzRUEiKUZ0EgftCs0ZyqElwLSwt1LWBw0MbWg5G4I3//IiqZ2VPLfk3Z4XyldpHFlySI5IkXjkgpTJDamQKmHkkTyTV/LmPDkvzrvzMWvNOOnMPvkD5/MHViuVhQ==</latexit><latexit sha1_base64="qMigAO6MZcPbcEWeTaCxyjDMIk0=">AAACAXicbVA9SwNBEN2LXzF+RW0Em8UgxMJwJ4KWQRvLCOYDkhDmNnvJkr29Y3dODCE2/hUbC0Vs/Rd2/hs3yRWa+GDg8d4MM/P8WAqDrvvtZJaWV1bXsuu5jc2t7Z387l7NRIlmvMoiGemGD4ZLoXgVBUreiDWH0Je87g+uJ379nmsjInWHw5i3Q+gpEQgGaKVO/uChg/SUtjgCbSnwJdCgaLWTTr7gltwp6CLxUlIgKSqd/FerG7Ek5AqZBGOanhtjewQaBZN8nGslhsfABtDjTUsVhNy0R9MPxvTYKl0aRNqWQjpVf0+MIDRmGPq2MwTsm3lvIv7nNRMMLtsjoeIEuWKzRUEiKUZ0EgftCs0ZyqElwLSwt1LWBw0MbWg5G4I3//IiqZ2VPLfk3Z4XyldpHFlySI5IkXjkgpTJDamQKmHkkTyTV/LmPDkvzrvzMWvNOOnMPvkD5/MHViuVhQ==</latexit>

xt+1
<latexit sha1_base64="s+F16lmV6yKpk66c/hHEdsj+1gI=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBZBEEoiBT0WvXisYD+gDWWz3bRLN5uwOxFL6I/w4kERr/4eb/4bt20O2vpg4PHeDDPzgkQKg6777RTW1jc2t4rbpZ3dvf2D8uFRy8SpZrzJYhnrTkANl0LxJgqUvJNoTqNA8nYwvp357UeujYjVA04S7kd0qEQoGEUrtZ/6GV5403654lbdOcgq8XJSgRyNfvmrN4hZGnGFTFJjup6boJ9RjYJJPi31UsMTysZ0yLuWKhpx42fzc6fkzCoDEsbalkIyV39PZDQyZhIFtjOiODLL3kz8z+umGF77mVBJilyxxaIwlQRjMvudDITmDOXEEsq0sLcSNqKaMrQJlWwI3vLLq6R1WfXcqndfq9Rv8jiKcAKncA4eXEEd7qABTWAwhmd4hTcncV6cd+dj0Vpw8plj+APn8wcPkI9f</latexit><latexit sha1_base64="s+F16lmV6yKpk66c/hHEdsj+1gI=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBZBEEoiBT0WvXisYD+gDWWz3bRLN5uwOxFL6I/w4kERr/4eb/4bt20O2vpg4PHeDDPzgkQKg6777RTW1jc2t4rbpZ3dvf2D8uFRy8SpZrzJYhnrTkANl0LxJgqUvJNoTqNA8nYwvp357UeujYjVA04S7kd0qEQoGEUrtZ/6GV5403654lbdOcgq8XJSgRyNfvmrN4hZGnGFTFJjup6boJ9RjYJJPi31UsMTysZ0yLuWKhpx42fzc6fkzCoDEsbalkIyV39PZDQyZhIFtjOiODLL3kz8z+umGF77mVBJilyxxaIwlQRjMvudDITmDOXEEsq0sLcSNqKaMrQJlWwI3vLLq6R1WfXcqndfq9Rv8jiKcAKncA4eXEEd7qABTWAwhmd4hTcncV6cd+dj0Vpw8plj+APn8wcPkI9f</latexit><latexit sha1_base64="s+F16lmV6yKpk66c/hHEdsj+1gI=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBZBEEoiBT0WvXisYD+gDWWz3bRLN5uwOxFL6I/w4kERr/4eb/4bt20O2vpg4PHeDDPzgkQKg6777RTW1jc2t4rbpZ3dvf2D8uFRy8SpZrzJYhnrTkANl0LxJgqUvJNoTqNA8nYwvp357UeujYjVA04S7kd0qEQoGEUrtZ/6GV5403654lbdOcgq8XJSgRyNfvmrN4hZGnGFTFJjup6boJ9RjYJJPi31UsMTysZ0yLuWKhpx42fzc6fkzCoDEsbalkIyV39PZDQyZhIFtjOiODLL3kz8z+umGF77mVBJilyxxaIwlQRjMvudDITmDOXEEsq0sLcSNqKaMrQJlWwI3vLLq6R1WfXcqndfq9Rv8jiKcAKncA4eXEEd7qABTWAwhmd4hTcncV6cd+dj0Vpw8plj+APn8wcPkI9f</latexit><latexit sha1_base64="s+F16lmV6yKpk66c/hHEdsj+1gI=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBZBEEoiBT0WvXisYD+gDWWz3bRLN5uwOxFL6I/w4kERr/4eb/4bt20O2vpg4PHeDDPzgkQKg6777RTW1jc2t4rbpZ3dvf2D8uFRy8SpZrzJYhnrTkANl0LxJgqUvJNoTqNA8nYwvp357UeujYjVA04S7kd0qEQoGEUrtZ/6GV5403654lbdOcgq8XJSgRyNfvmrN4hZGnGFTFJjup6boJ9RjYJJPi31UsMTysZ0yLuWKhpx42fzc6fkzCoDEsbalkIyV39PZDQyZhIFtjOiODLL3kz8z+umGF77mVBJilyxxaIwlQRjMvudDITmDOXEEsq0sLcSNqKaMrQJlWwI3vLLq6R1WfXcqndfq9Rv8jiKcAKncA4eXEEd7qABTWAwhmd4hTcncV6cd+dj0Vpw8plj+APn8wcPkI9f</latexit>

- Main difference: the point that  
we are calculating the gradient at.

rf(xt)
<latexit sha1_base64="KQry8HsESornu/ppnt/zPx1zt+s=">AAAB9HicbVDLSgNBEOyNrxhfUY9eBoMQL2FXBD0GvXiMYB6QLGF2MpsMmZ1dZ3qDYcl3ePGgiFc/xpt/4+Rx0MSChqKqm+6uIJHCoOt+O7m19Y3Nrfx2YWd3b/+geHjUMHGqGa+zWMa6FVDDpVC8jgIlbyWa0yiQvBkMb6d+c8S1EbF6wHHC/Yj2lQgFo2glv6NoICkJy09dPO8WS27FnYGsEm9BSrBArVv86vRilkZcIZPUmLbnJuhnVKNgkk8KndTwhLIh7fO2pYpG3PjZ7OgJObNKj4SxtqWQzNTfExmNjBlHge2MKA7MsjcV//PaKYbXfiZUkiJXbL4oTCXBmEwTID2hOUM5toQyLeythA2opgxtTgUbgrf88ippXFQ8t+LdX5aqN4s48nACp1AGD66gCndQgzoweIRneIU3Z+S8OO/Ox7w15yxmjuEPnM8f1DqReA==</latexit><latexit sha1_base64="KQry8HsESornu/ppnt/zPx1zt+s=">AAAB9HicbVDLSgNBEOyNrxhfUY9eBoMQL2FXBD0GvXiMYB6QLGF2MpsMmZ1dZ3qDYcl3ePGgiFc/xpt/4+Rx0MSChqKqm+6uIJHCoOt+O7m19Y3Nrfx2YWd3b/+geHjUMHGqGa+zWMa6FVDDpVC8jgIlbyWa0yiQvBkMb6d+c8S1EbF6wHHC/Yj2lQgFo2glv6NoICkJy09dPO8WS27FnYGsEm9BSrBArVv86vRilkZcIZPUmLbnJuhnVKNgkk8KndTwhLIh7fO2pYpG3PjZ7OgJObNKj4SxtqWQzNTfExmNjBlHge2MKA7MsjcV//PaKYbXfiZUkiJXbL4oTCXBmEwTID2hOUM5toQyLeythA2opgxtTgUbgrf88ippXFQ8t+LdX5aqN4s48nACp1AGD66gCndQgzoweIRneIU3Z+S8OO/Ox7w15yxmjuEPnM8f1DqReA==</latexit><latexit sha1_base64="KQry8HsESornu/ppnt/zPx1zt+s=">AAAB9HicbVDLSgNBEOyNrxhfUY9eBoMQL2FXBD0GvXiMYB6QLGF2MpsMmZ1dZ3qDYcl3ePGgiFc/xpt/4+Rx0MSChqKqm+6uIJHCoOt+O7m19Y3Nrfx2YWd3b/+geHjUMHGqGa+zWMa6FVDDpVC8jgIlbyWa0yiQvBkMb6d+c8S1EbF6wHHC/Yj2lQgFo2glv6NoICkJy09dPO8WS27FnYGsEm9BSrBArVv86vRilkZcIZPUmLbnJuhnVKNgkk8KndTwhLIh7fO2pYpG3PjZ7OgJObNKj4SxtqWQzNTfExmNjBlHge2MKA7MsjcV//PaKYbXfiZUkiJXbL4oTCXBmEwTID2hOUM5toQyLeythA2opgxtTgUbgrf88ippXFQ8t+LdX5aqN4s48nACp1AGD66gCndQgzoweIRneIU3Z+S8OO/Ox7w15yxmjuEPnM8f1DqReA==</latexit><latexit sha1_base64="KQry8HsESornu/ppnt/zPx1zt+s=">AAAB9HicbVDLSgNBEOyNrxhfUY9eBoMQL2FXBD0GvXiMYB6QLGF2MpsMmZ1dZ3qDYcl3ePGgiFc/xpt/4+Rx0MSChqKqm+6uIJHCoOt+O7m19Y3Nrfx2YWd3b/+geHjUMHGqGa+zWMa6FVDDpVC8jgIlbyWa0yiQvBkMb6d+c8S1EbF6wHHC/Yj2lQgFo2glv6NoICkJy09dPO8WS27FnYGsEm9BSrBArVv86vRilkZcIZPUmLbnJuhnVKNgkk8KndTwhLIh7fO2pYpG3PjZ7OgJObNKj4SxtqWQzNTfExmNjBlHge2MKA7MsjcV//PaKYbXfiZUkiJXbL4oTCXBmEwTID2hOUM5toQyLeythA2opgxtTgUbgrf88ippXFQ8t+LdX5aqN4s48nACp1AGD66gCndQgzoweIRneIU3Z+S8OO/Ox7w15yxmjuEPnM8f1DqReA==</latexit>

xt + �(xt � xt�1)
<latexit sha1_base64="GtZZsH+phvbObU9DQ1Hn9/kiORw=">AAACBHicbVDLSsNAFJ34rPUVddnNYBEq0pKIoMuiG5cV7APaECbTSTt08mDmRlpCF278FTcuFHHrR7jzb5y0WWjrgQtnzrmXufd4seAKLOvbWFldW9/YLGwVt3d29/bNg8OWihJJWZNGIpIdjygmeMiawEGwTiwZCTzB2t7oJvPbD0wqHoX3MImZE5BByH1OCWjJNUtjF/AZ7nkMCK5kjyoeuylU7empa5atmjUDXiZ2TsooR8M1v3r9iCYBC4EKolTXtmJwUiKBU8GmxV6iWEzoiAxYV9OQBEw56eyIKT7RSh/7kdQVAp6pvydSEig1CTzdGRAYqkUvE//zugn4V07KwzgBFtL5R34iMEQ4SwT3uWQUxEQTQiXXu2I6JJJQ0LkVdQj24snLpHVes62afXdRrl/ncRRQCR2jCrLRJaqjW9RATUTRI3pGr+jNeDJejHfjY966YuQzR+gPjM8fsXyWMQ==</latexit><latexit sha1_base64="GtZZsH+phvbObU9DQ1Hn9/kiORw=">AAACBHicbVDLSsNAFJ34rPUVddnNYBEq0pKIoMuiG5cV7APaECbTSTt08mDmRlpCF278FTcuFHHrR7jzb5y0WWjrgQtnzrmXufd4seAKLOvbWFldW9/YLGwVt3d29/bNg8OWihJJWZNGIpIdjygmeMiawEGwTiwZCTzB2t7oJvPbD0wqHoX3MImZE5BByH1OCWjJNUtjF/AZ7nkMCK5kjyoeuylU7empa5atmjUDXiZ2TsooR8M1v3r9iCYBC4EKolTXtmJwUiKBU8GmxV6iWEzoiAxYV9OQBEw56eyIKT7RSh/7kdQVAp6pvydSEig1CTzdGRAYqkUvE//zugn4V07KwzgBFtL5R34iMEQ4SwT3uWQUxEQTQiXXu2I6JJJQ0LkVdQj24snLpHVes62afXdRrl/ncRRQCR2jCrLRJaqjW9RATUTRI3pGr+jNeDJejHfjY966YuQzR+gPjM8fsXyWMQ==</latexit><latexit sha1_base64="GtZZsH+phvbObU9DQ1Hn9/kiORw=">AAACBHicbVDLSsNAFJ34rPUVddnNYBEq0pKIoMuiG5cV7APaECbTSTt08mDmRlpCF278FTcuFHHrR7jzb5y0WWjrgQtnzrmXufd4seAKLOvbWFldW9/YLGwVt3d29/bNg8OWihJJWZNGIpIdjygmeMiawEGwTiwZCTzB2t7oJvPbD0wqHoX3MImZE5BByH1OCWjJNUtjF/AZ7nkMCK5kjyoeuylU7empa5atmjUDXiZ2TsooR8M1v3r9iCYBC4EKolTXtmJwUiKBU8GmxV6iWEzoiAxYV9OQBEw56eyIKT7RSh/7kdQVAp6pvydSEig1CTzdGRAYqkUvE//zugn4V07KwzgBFtL5R34iMEQ4SwT3uWQUxEQTQiXXu2I6JJJQ0LkVdQj24snLpHVes62afXdRrl/ncRRQCR2jCrLRJaqjW9RATUTRI3pGr+jNeDJejHfjY966YuQzR+gPjM8fsXyWMQ==</latexit><latexit sha1_base64="GtZZsH+phvbObU9DQ1Hn9/kiORw=">AAACBHicbVDLSsNAFJ34rPUVddnNYBEq0pKIoMuiG5cV7APaECbTSTt08mDmRlpCF278FTcuFHHrR7jzb5y0WWjrgQtnzrmXufd4seAKLOvbWFldW9/YLGwVt3d29/bNg8OWihJJWZNGIpIdjygmeMiawEGwTiwZCTzB2t7oJvPbD0wqHoX3MImZE5BByH1OCWjJNUtjF/AZ7nkMCK5kjyoeuylU7empa5atmjUDXiZ2TsooR8M1v3r9iCYBC4EKolTXtmJwUiKBU8GmxV6iWEzoiAxYV9OQBEw56eyIKT7RSh/7kdQVAp6pvydSEig1CTzdGRAYqkUvE//zugn4V07KwzgBFtL5R34iMEQ4SwT3uWQUxEQTQiXXu2I6JJJQ0LkVdQj24snLpHVes62afXdRrl/ncRRQCR2jCrLRJaqjW9RATUTRI3pGr+jNeDJejHfjY966YuQzR+gPjM8fsXyWMQ==</latexit>

rf(xt + �(xt � xt�1))
<latexit sha1_base64="qiStVDPfzhHNm4n44kYNZAftXek=">AAACDnicbVDLSgNBEJyNrxhfUY9eBoOQIAm7IuhR9OIxgnlAEpbeyawOmZ1dZnrFsOQLvPgrXjwo4tWzN//GyeOg0YKGmqpupruCRAqDrvvl5BYWl5ZX8quFtfWNza3i9k7TxKlmvMFiGet2AIZLoXgDBUreTjSHKJC8FQwuxn7rjmsjYnWNw4T3IrhRIhQM0Ep+8aCrIJBAw/K9j/SQdgOOQCePKr33M6x6o0rFL5bcmjsB/Uu8GSmRGep+8bPbj1kacYVMgjEdz02wl4FGwSQfFbqp4QmwAdzwjqUKIm562eScET2wSp+GsbalkE7UnxMZRMYMo8B2RoC3Zt4bi/95nRTD014mVJIiV2z6UZhKijEdZ0P7QnOGcmgJMC3srpTdggaGNsGCDcGbP/kvaR7VPLfmXR2Xzs5nceTJHtknZeKRE3JGLkmdNAgjD+SJvJBX59F5dt6c92lrzpnN7JJfcD6+AWeMmcY=</latexit><latexit sha1_base64="qiStVDPfzhHNm4n44kYNZAftXek=">AAACDnicbVDLSgNBEJyNrxhfUY9eBoOQIAm7IuhR9OIxgnlAEpbeyawOmZ1dZnrFsOQLvPgrXjwo4tWzN//GyeOg0YKGmqpupruCRAqDrvvl5BYWl5ZX8quFtfWNza3i9k7TxKlmvMFiGet2AIZLoXgDBUreTjSHKJC8FQwuxn7rjmsjYnWNw4T3IrhRIhQM0Ep+8aCrIJBAw/K9j/SQdgOOQCePKr33M6x6o0rFL5bcmjsB/Uu8GSmRGep+8bPbj1kacYVMgjEdz02wl4FGwSQfFbqp4QmwAdzwjqUKIm562eScET2wSp+GsbalkE7UnxMZRMYMo8B2RoC3Zt4bi/95nRTD014mVJIiV2z6UZhKijEdZ0P7QnOGcmgJMC3srpTdggaGNsGCDcGbP/kvaR7VPLfmXR2Xzs5nceTJHtknZeKRE3JGLkmdNAgjD+SJvJBX59F5dt6c92lrzpnN7JJfcD6+AWeMmcY=</latexit><latexit sha1_base64="qiStVDPfzhHNm4n44kYNZAftXek=">AAACDnicbVDLSgNBEJyNrxhfUY9eBoOQIAm7IuhR9OIxgnlAEpbeyawOmZ1dZnrFsOQLvPgrXjwo4tWzN//GyeOg0YKGmqpupruCRAqDrvvl5BYWl5ZX8quFtfWNza3i9k7TxKlmvMFiGet2AIZLoXgDBUreTjSHKJC8FQwuxn7rjmsjYnWNw4T3IrhRIhQM0Ep+8aCrIJBAw/K9j/SQdgOOQCePKr33M6x6o0rFL5bcmjsB/Uu8GSmRGep+8bPbj1kacYVMgjEdz02wl4FGwSQfFbqp4QmwAdzwjqUKIm562eScET2wSp+GsbalkE7UnxMZRMYMo8B2RoC3Zt4bi/95nRTD014mVJIiV2z6UZhKijEdZ0P7QnOGcmgJMC3srpTdggaGNsGCDcGbP/kvaR7VPLfmXR2Xzs5nceTJHtknZeKRE3JGLkmdNAgjD+SJvJBX59F5dt6c92lrzpnN7JJfcD6+AWeMmcY=</latexit><latexit sha1_base64="qiStVDPfzhHNm4n44kYNZAftXek=">AAACDnicbVDLSgNBEJyNrxhfUY9eBoOQIAm7IuhR9OIxgnlAEpbeyawOmZ1dZnrFsOQLvPgrXjwo4tWzN//GyeOg0YKGmqpupruCRAqDrvvl5BYWl5ZX8quFtfWNza3i9k7TxKlmvMFiGet2AIZLoXgDBUreTjSHKJC8FQwuxn7rjmsjYnWNw4T3IrhRIhQM0Ep+8aCrIJBAw/K9j/SQdgOOQCePKr33M6x6o0rFL5bcmjsB/Uu8GSmRGep+8bPbj1kacYVMgjEdz02wl4FGwSQfFbqp4QmwAdzwjqUKIm562eScET2wSp+GsbalkE7UnxMZRMYMo8B2RoC3Zt4bi/95nRTD014mVJIiV2z6UZhKijEdZ0P7QnOGcmgJMC3srpTdggaGNsGCDcGbP/kvaR7VPLfmXR2Xzs5nceTJHtknZeKRE3JGLkmdNAgjD+SJvJBX59F5dt6c92lrzpnN7JJfcD6+AWeMmcY=</latexit>

Recall: Momentum acceleration



- Nesterov’s work: most famous version

xt+1 = yt � ⌘rf(yt)

yt+1 = xt+1 + �(xt+1 � xt)
<latexit sha1_base64="VA1KyTYytueQ2ll1EVbRG1yaGXg="></latexit><latexit sha1_base64="VA1KyTYytueQ2ll1EVbRG1yaGXg="></latexit><latexit sha1_base64="VA1KyTYytueQ2ll1EVbRG1yaGXg="></latexit><latexit sha1_base64="VA1KyTYytueQ2ll1EVbRG1yaGXg="></latexit>

xt�1
<latexit sha1_base64="W4iOffL12GzGQsKevXgE651OLzk=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBiyWRgh6LXjxWsB/QhrLZbtqlm03YnYgl9Ed48aCIV3+PN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38789iPXRsTqAScJ9yM6VCIUjKKV2k/9DC+8ab9ccavuHGSVeDmpQI5Gv/zVG8QsjbhCJqkxXc9N0M+oRsEkn5Z6qeEJZWM65F1LFY248bP5uVNyZpUBCWNtSyGZq78nMhoZM4kC2xlRHJllbyb+53VTDK/9TKgkRa7YYlGYSoIxmf1OBkJzhnJiCWVa2FsJG1FNGdqESjYEb/nlVdK6rHpu1buvVeo3eRxFOIFTOAcPrqAOd9CAJjAYwzO8wpuTOC/Ou/OxaC04+cwx/IHz+QMSnI9h</latexit><latexit sha1_base64="W4iOffL12GzGQsKevXgE651OLzk=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBiyWRgh6LXjxWsB/QhrLZbtqlm03YnYgl9Ed48aCIV3+PN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38789iPXRsTqAScJ9yM6VCIUjKKV2k/9DC+8ab9ccavuHGSVeDmpQI5Gv/zVG8QsjbhCJqkxXc9N0M+oRsEkn5Z6qeEJZWM65F1LFY248bP5uVNyZpUBCWNtSyGZq78nMhoZM4kC2xlRHJllbyb+53VTDK/9TKgkRa7YYlGYSoIxmf1OBkJzhnJiCWVa2FsJG1FNGdqESjYEb/nlVdK6rHpu1buvVeo3eRxFOIFTOAcPrqAOd9CAJjAYwzO8wpuTOC/Ou/OxaC04+cwx/IHz+QMSnI9h</latexit><latexit sha1_base64="W4iOffL12GzGQsKevXgE651OLzk=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBiyWRgh6LXjxWsB/QhrLZbtqlm03YnYgl9Ed48aCIV3+PN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38789iPXRsTqAScJ9yM6VCIUjKKV2k/9DC+8ab9ccavuHGSVeDmpQI5Gv/zVG8QsjbhCJqkxXc9N0M+oRsEkn5Z6qeEJZWM65F1LFY248bP5uVNyZpUBCWNtSyGZq78nMhoZM4kC2xlRHJllbyb+53VTDK/9TKgkRa7YYlGYSoIxmf1OBkJzhnJiCWVa2FsJG1FNGdqESjYEb/nlVdK6rHpu1buvVeo3eRxFOIFTOAcPrqAOd9CAJjAYwzO8wpuTOC/Ou/OxaC04+cwx/IHz+QMSnI9h</latexit><latexit sha1_base64="W4iOffL12GzGQsKevXgE651OLzk=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBiyWRgh6LXjxWsB/QhrLZbtqlm03YnYgl9Ed48aCIV3+PN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCoZeJUM95ksYx1J6CGS6F4EwVK3kk0p1EgeTsY38789iPXRsTqAScJ9yM6VCIUjKKV2k/9DC+8ab9ccavuHGSVeDmpQI5Gv/zVG8QsjbhCJqkxXc9N0M+oRsEkn5Z6qeEJZWM65F1LFY248bP5uVNyZpUBCWNtSyGZq78nMhoZM4kC2xlRHJllbyb+53VTDK/9TKgkRa7YYlGYSoIxmf1OBkJzhnJiCWVa2FsJG1FNGdqESjYEb/nlVdK6rHpu1buvVeo3eRxFOIFTOAcPrqAOd9CAJjAYwzO8wpuTOC/Ou/OxaC04+cwx/IHz+QMSnI9h</latexit>

xt
<latexit sha1_base64="NHiqf4cvCuRDOUL/QX8cKwAbK3c=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Qe0oWy2m3bpZhN2J2IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//ci1EbF6wEnC/YgOlQgFo2il+6c+9ssVt+rOQVaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5ufOiVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfF8MrPhEpS5IotFoWpJBiT2d9kIDRnKCeWUKaFvZWwEdWUoU2nZEPwll9eJa2LqudWvbvLSv06j6MIJ3AK5+BBDepwCw1oAoMhPMMrvDnSeXHenY9Fa8HJZ47hD5zPH3E8jeM=</latexit><latexit sha1_base64="NHiqf4cvCuRDOUL/QX8cKwAbK3c=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Qe0oWy2m3bpZhN2J2IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//ci1EbF6wEnC/YgOlQgFo2il+6c+9ssVt+rOQVaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5ufOiVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfF8MrPhEpS5IotFoWpJBiT2d9kIDRnKCeWUKaFvZWwEdWUoU2nZEPwll9eJa2LqudWvbvLSv06j6MIJ3AK5+BBDepwCw1oAoMhPMMrvDnSeXHenY9Fa8HJZ47hD5zPH3E8jeM=</latexit><latexit sha1_base64="NHiqf4cvCuRDOUL/QX8cKwAbK3c=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Qe0oWy2m3bpZhN2J2IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//ci1EbF6wEnC/YgOlQgFo2il+6c+9ssVt+rOQVaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5ufOiVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfF8MrPhEpS5IotFoWpJBiT2d9kIDRnKCeWUKaFvZWwEdWUoU2nZEPwll9eJa2LqudWvbvLSv06j6MIJ3AK5+BBDepwCw1oAoMhPMMrvDnSeXHenY9Fa8HJZ47hD5zPH3E8jeM=</latexit><latexit sha1_base64="NHiqf4cvCuRDOUL/QX8cKwAbK3c=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Qe0oWy2m3bpZhN2J2IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//ci1EbF6wEnC/YgOlQgFo2il+6c+9ssVt+rOQVaJl5MK5Gj0y1+9QczSiCtkkhrT9dwE/YxqFEzyaamXGp5QNqZD3rVU0YgbP5ufOiVnVhmQMNa2FJK5+nsio5ExkyiwnRHFkVn2ZuJ/XjfF8MrPhEpS5IotFoWpJBiT2d9kIDRnKCeWUKaFvZWwEdWUoU2nZEPwll9eJa2LqudWvbvLSv06j6MIJ3AK5+BBDepwCw1oAoMhPMMrvDnSeXHenY9Fa8HJZ47hD5zPH3E8jeM=</latexit>

xt � ⌘rf(xt)
<latexit sha1_base64="qMigAO6MZcPbcEWeTaCxyjDMIk0=">AAACAXicbVA9SwNBEN2LXzF+RW0Em8UgxMJwJ4KWQRvLCOYDkhDmNnvJkr29Y3dODCE2/hUbC0Vs/Rd2/hs3yRWa+GDg8d4MM/P8WAqDrvvtZJaWV1bXsuu5jc2t7Z387l7NRIlmvMoiGemGD4ZLoXgVBUreiDWH0Je87g+uJ379nmsjInWHw5i3Q+gpEQgGaKVO/uChg/SUtjgCbSnwJdCgaLWTTr7gltwp6CLxUlIgKSqd/FerG7Ek5AqZBGOanhtjewQaBZN8nGslhsfABtDjTUsVhNy0R9MPxvTYKl0aRNqWQjpVf0+MIDRmGPq2MwTsm3lvIv7nNRMMLtsjoeIEuWKzRUEiKUZ0EgftCs0ZyqElwLSwt1LWBw0MbWg5G4I3//IiqZ2VPLfk3Z4XyldpHFlySI5IkXjkgpTJDamQKmHkkTyTV/LmPDkvzrvzMWvNOOnMPvkD5/MHViuVhQ==</latexit><latexit sha1_base64="qMigAO6MZcPbcEWeTaCxyjDMIk0=">AAACAXicbVA9SwNBEN2LXzF+RW0Em8UgxMJwJ4KWQRvLCOYDkhDmNnvJkr29Y3dODCE2/hUbC0Vs/Rd2/hs3yRWa+GDg8d4MM/P8WAqDrvvtZJaWV1bXsuu5jc2t7Z387l7NRIlmvMoiGemGD4ZLoXgVBUreiDWH0Je87g+uJ379nmsjInWHw5i3Q+gpEQgGaKVO/uChg/SUtjgCbSnwJdCgaLWTTr7gltwp6CLxUlIgKSqd/FerG7Ek5AqZBGOanhtjewQaBZN8nGslhsfABtDjTUsVhNy0R9MPxvTYKl0aRNqWQjpVf0+MIDRmGPq2MwTsm3lvIv7nNRMMLtsjoeIEuWKzRUEiKUZ0EgftCs0ZyqElwLSwt1LWBw0MbWg5G4I3//IiqZ2VPLfk3Z4XyldpHFlySI5IkXjkgpTJDamQKmHkkTyTV/LmPDkvzrvzMWvNOOnMPvkD5/MHViuVhQ==</latexit><latexit sha1_base64="qMigAO6MZcPbcEWeTaCxyjDMIk0=">AAACAXicbVA9SwNBEN2LXzF+RW0Em8UgxMJwJ4KWQRvLCOYDkhDmNnvJkr29Y3dODCE2/hUbC0Vs/Rd2/hs3yRWa+GDg8d4MM/P8WAqDrvvtZJaWV1bXsuu5jc2t7Z387l7NRIlmvMoiGemGD4ZLoXgVBUreiDWH0Je87g+uJ379nmsjInWHw5i3Q+gpEQgGaKVO/uChg/SUtjgCbSnwJdCgaLWTTr7gltwp6CLxUlIgKSqd/FerG7Ek5AqZBGOanhtjewQaBZN8nGslhsfABtDjTUsVhNy0R9MPxvTYKl0aRNqWQjpVf0+MIDRmGPq2MwTsm3lvIv7nNRMMLtsjoeIEuWKzRUEiKUZ0EgftCs0ZyqElwLSwt1LWBw0MbWg5G4I3//IiqZ2VPLfk3Z4XyldpHFlySI5IkXjkgpTJDamQKmHkkTyTV/LmPDkvzrvzMWvNOOnMPvkD5/MHViuVhQ==</latexit><latexit sha1_base64="qMigAO6MZcPbcEWeTaCxyjDMIk0=">AAACAXicbVA9SwNBEN2LXzF+RW0Em8UgxMJwJ4KWQRvLCOYDkhDmNnvJkr29Y3dODCE2/hUbC0Vs/Rd2/hs3yRWa+GDg8d4MM/P8WAqDrvvtZJaWV1bXsuu5jc2t7Z387l7NRIlmvMoiGemGD4ZLoXgVBUreiDWH0Je87g+uJ379nmsjInWHw5i3Q+gpEQgGaKVO/uChg/SUtjgCbSnwJdCgaLWTTr7gltwp6CLxUlIgKSqd/FerG7Ek5AqZBGOanhtjewQaBZN8nGslhsfABtDjTUsVhNy0R9MPxvTYKl0aRNqWQjpVf0+MIDRmGPq2MwTsm3lvIv7nNRMMLtsjoeIEuWKzRUEiKUZ0EgftCs0ZyqElwLSwt1LWBw0MbWg5G4I3//IiqZ2VPLfk3Z4XyldpHFlySI5IkXjkgpTJDamQKmHkkTyTV/LmPDkvzrvzMWvNOOnMPvkD5/MHViuVhQ==</latexit>

xt+1
<latexit sha1_base64="s+F16lmV6yKpk66c/hHEdsj+1gI=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBZBEEoiBT0WvXisYD+gDWWz3bRLN5uwOxFL6I/w4kERr/4eb/4bt20O2vpg4PHeDDPzgkQKg6777RTW1jc2t4rbpZ3dvf2D8uFRy8SpZrzJYhnrTkANl0LxJgqUvJNoTqNA8nYwvp357UeujYjVA04S7kd0qEQoGEUrtZ/6GV5403654lbdOcgq8XJSgRyNfvmrN4hZGnGFTFJjup6boJ9RjYJJPi31UsMTysZ0yLuWKhpx42fzc6fkzCoDEsbalkIyV39PZDQyZhIFtjOiODLL3kz8z+umGF77mVBJilyxxaIwlQRjMvudDITmDOXEEsq0sLcSNqKaMrQJlWwI3vLLq6R1WfXcqndfq9Rv8jiKcAKncA4eXEEd7qABTWAwhmd4hTcncV6cd+dj0Vpw8plj+APn8wcPkI9f</latexit><latexit sha1_base64="s+F16lmV6yKpk66c/hHEdsj+1gI=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBZBEEoiBT0WvXisYD+gDWWz3bRLN5uwOxFL6I/w4kERr/4eb/4bt20O2vpg4PHeDDPzgkQKg6777RTW1jc2t4rbpZ3dvf2D8uFRy8SpZrzJYhnrTkANl0LxJgqUvJNoTqNA8nYwvp357UeujYjVA04S7kd0qEQoGEUrtZ/6GV5403654lbdOcgq8XJSgRyNfvmrN4hZGnGFTFJjup6boJ9RjYJJPi31UsMTysZ0yLuWKhpx42fzc6fkzCoDEsbalkIyV39PZDQyZhIFtjOiODLL3kz8z+umGF77mVBJilyxxaIwlQRjMvudDITmDOXEEsq0sLcSNqKaMrQJlWwI3vLLq6R1WfXcqndfq9Rv8jiKcAKncA4eXEEd7qABTWAwhmd4hTcncV6cd+dj0Vpw8plj+APn8wcPkI9f</latexit><latexit sha1_base64="s+F16lmV6yKpk66c/hHEdsj+1gI=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBZBEEoiBT0WvXisYD+gDWWz3bRLN5uwOxFL6I/w4kERr/4eb/4bt20O2vpg4PHeDDPzgkQKg6777RTW1jc2t4rbpZ3dvf2D8uFRy8SpZrzJYhnrTkANl0LxJgqUvJNoTqNA8nYwvp357UeujYjVA04S7kd0qEQoGEUrtZ/6GV5403654lbdOcgq8XJSgRyNfvmrN4hZGnGFTFJjup6boJ9RjYJJPi31UsMTysZ0yLuWKhpx42fzc6fkzCoDEsbalkIyV39PZDQyZhIFtjOiODLL3kz8z+umGF77mVBJilyxxaIwlQRjMvudDITmDOXEEsq0sLcSNqKaMrQJlWwI3vLLq6R1WfXcqndfq9Rv8jiKcAKncA4eXEEd7qABTWAwhmd4hTcncV6cd+dj0Vpw8plj+APn8wcPkI9f</latexit><latexit sha1_base64="s+F16lmV6yKpk66c/hHEdsj+1gI=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBZBEEoiBT0WvXisYD+gDWWz3bRLN5uwOxFL6I/w4kERr/4eb/4bt20O2vpg4PHeDDPzgkQKg6777RTW1jc2t4rbpZ3dvf2D8uFRy8SpZrzJYhnrTkANl0LxJgqUvJNoTqNA8nYwvp357UeujYjVA04S7kd0qEQoGEUrtZ/6GV5403654lbdOcgq8XJSgRyNfvmrN4hZGnGFTFJjup6boJ9RjYJJPi31UsMTysZ0yLuWKhpx42fzc6fkzCoDEsbalkIyV39PZDQyZhIFtjOiODLL3kz8z+umGF77mVBJilyxxaIwlQRjMvudDITmDOXEEsq0sLcSNqKaMrQJlWwI3vLLq6R1WfXcqndfq9Rv8jiKcAKncA4eXEEd7qABTWAwhmd4hTcncV6cd+dj0Vpw8plj+APn8wcPkI9f</latexit>

- Main difference: the point that  
we are calculating the gradient at.

rf(xt)
<latexit sha1_base64="KQry8HsESornu/ppnt/zPx1zt+s=">AAAB9HicbVDLSgNBEOyNrxhfUY9eBoMQL2FXBD0GvXiMYB6QLGF2MpsMmZ1dZ3qDYcl3ePGgiFc/xpt/4+Rx0MSChqKqm+6uIJHCoOt+O7m19Y3Nrfx2YWd3b/+geHjUMHGqGa+zWMa6FVDDpVC8jgIlbyWa0yiQvBkMb6d+c8S1EbF6wHHC/Yj2lQgFo2glv6NoICkJy09dPO8WS27FnYGsEm9BSrBArVv86vRilkZcIZPUmLbnJuhnVKNgkk8KndTwhLIh7fO2pYpG3PjZ7OgJObNKj4SxtqWQzNTfExmNjBlHge2MKA7MsjcV//PaKYbXfiZUkiJXbL4oTCXBmEwTID2hOUM5toQyLeythA2opgxtTgUbgrf88ippXFQ8t+LdX5aqN4s48nACp1AGD66gCndQgzoweIRneIU3Z+S8OO/Ox7w15yxmjuEPnM8f1DqReA==</latexit><latexit sha1_base64="KQry8HsESornu/ppnt/zPx1zt+s=">AAAB9HicbVDLSgNBEOyNrxhfUY9eBoMQL2FXBD0GvXiMYB6QLGF2MpsMmZ1dZ3qDYcl3ePGgiFc/xpt/4+Rx0MSChqKqm+6uIJHCoOt+O7m19Y3Nrfx2YWd3b/+geHjUMHGqGa+zWMa6FVDDpVC8jgIlbyWa0yiQvBkMb6d+c8S1EbF6wHHC/Yj2lQgFo2glv6NoICkJy09dPO8WS27FnYGsEm9BSrBArVv86vRilkZcIZPUmLbnJuhnVKNgkk8KndTwhLIh7fO2pYpG3PjZ7OgJObNKj4SxtqWQzNTfExmNjBlHge2MKA7MsjcV//PaKYbXfiZUkiJXbL4oTCXBmEwTID2hOUM5toQyLeythA2opgxtTgUbgrf88ippXFQ8t+LdX5aqN4s48nACp1AGD66gCndQgzoweIRneIU3Z+S8OO/Ox7w15yxmjuEPnM8f1DqReA==</latexit><latexit sha1_base64="KQry8HsESornu/ppnt/zPx1zt+s=">AAAB9HicbVDLSgNBEOyNrxhfUY9eBoMQL2FXBD0GvXiMYB6QLGF2MpsMmZ1dZ3qDYcl3ePGgiFc/xpt/4+Rx0MSChqKqm+6uIJHCoOt+O7m19Y3Nrfx2YWd3b/+geHjUMHGqGa+zWMa6FVDDpVC8jgIlbyWa0yiQvBkMb6d+c8S1EbF6wHHC/Yj2lQgFo2glv6NoICkJy09dPO8WS27FnYGsEm9BSrBArVv86vRilkZcIZPUmLbnJuhnVKNgkk8KndTwhLIh7fO2pYpG3PjZ7OgJObNKj4SxtqWQzNTfExmNjBlHge2MKA7MsjcV//PaKYbXfiZUkiJXbL4oTCXBmEwTID2hOUM5toQyLeythA2opgxtTgUbgrf88ippXFQ8t+LdX5aqN4s48nACp1AGD66gCndQgzoweIRneIU3Z+S8OO/Ox7w15yxmjuEPnM8f1DqReA==</latexit><latexit sha1_base64="KQry8HsESornu/ppnt/zPx1zt+s=">AAAB9HicbVDLSgNBEOyNrxhfUY9eBoMQL2FXBD0GvXiMYB6QLGF2MpsMmZ1dZ3qDYcl3ePGgiFc/xpt/4+Rx0MSChqKqm+6uIJHCoOt+O7m19Y3Nrfx2YWd3b/+geHjUMHGqGa+zWMa6FVDDpVC8jgIlbyWa0yiQvBkMb6d+c8S1EbF6wHHC/Yj2lQgFo2glv6NoICkJy09dPO8WS27FnYGsEm9BSrBArVv86vRilkZcIZPUmLbnJuhnVKNgkk8KndTwhLIh7fO2pYpG3PjZ7OgJObNKj4SxtqWQzNTfExmNjBlHge2MKA7MsjcV//PaKYbXfiZUkiJXbL4oTCXBmEwTID2hOUM5toQyLeythA2opgxtTgUbgrf88ippXFQ8t+LdX5aqN4s48nACp1AGD66gCndQgzoweIRneIU3Z+S8OO/Ox7w15yxmjuEPnM8f1DqReA==</latexit>

xt + �(xt � xt�1)
<latexit sha1_base64="GtZZsH+phvbObU9DQ1Hn9/kiORw=">AAACBHicbVDLSsNAFJ34rPUVddnNYBEq0pKIoMuiG5cV7APaECbTSTt08mDmRlpCF278FTcuFHHrR7jzb5y0WWjrgQtnzrmXufd4seAKLOvbWFldW9/YLGwVt3d29/bNg8OWihJJWZNGIpIdjygmeMiawEGwTiwZCTzB2t7oJvPbD0wqHoX3MImZE5BByH1OCWjJNUtjF/AZ7nkMCK5kjyoeuylU7empa5atmjUDXiZ2TsooR8M1v3r9iCYBC4EKolTXtmJwUiKBU8GmxV6iWEzoiAxYV9OQBEw56eyIKT7RSh/7kdQVAp6pvydSEig1CTzdGRAYqkUvE//zugn4V07KwzgBFtL5R34iMEQ4SwT3uWQUxEQTQiXXu2I6JJJQ0LkVdQj24snLpHVes62afXdRrl/ncRRQCR2jCrLRJaqjW9RATUTRI3pGr+jNeDJejHfjY966YuQzR+gPjM8fsXyWMQ==</latexit><latexit sha1_base64="GtZZsH+phvbObU9DQ1Hn9/kiORw=">AAACBHicbVDLSsNAFJ34rPUVddnNYBEq0pKIoMuiG5cV7APaECbTSTt08mDmRlpCF278FTcuFHHrR7jzb5y0WWjrgQtnzrmXufd4seAKLOvbWFldW9/YLGwVt3d29/bNg8OWihJJWZNGIpIdjygmeMiawEGwTiwZCTzB2t7oJvPbD0wqHoX3MImZE5BByH1OCWjJNUtjF/AZ7nkMCK5kjyoeuylU7empa5atmjUDXiZ2TsooR8M1v3r9iCYBC4EKolTXtmJwUiKBU8GmxV6iWEzoiAxYV9OQBEw56eyIKT7RSh/7kdQVAp6pvydSEig1CTzdGRAYqkUvE//zugn4V07KwzgBFtL5R34iMEQ4SwT3uWQUxEQTQiXXu2I6JJJQ0LkVdQj24snLpHVes62afXdRrl/ncRRQCR2jCrLRJaqjW9RATUTRI3pGr+jNeDJejHfjY966YuQzR+gPjM8fsXyWMQ==</latexit><latexit sha1_base64="GtZZsH+phvbObU9DQ1Hn9/kiORw=">AAACBHicbVDLSsNAFJ34rPUVddnNYBEq0pKIoMuiG5cV7APaECbTSTt08mDmRlpCF278FTcuFHHrR7jzb5y0WWjrgQtnzrmXufd4seAKLOvbWFldW9/YLGwVt3d29/bNg8OWihJJWZNGIpIdjygmeMiawEGwTiwZCTzB2t7oJvPbD0wqHoX3MImZE5BByH1OCWjJNUtjF/AZ7nkMCK5kjyoeuylU7empa5atmjUDXiZ2TsooR8M1v3r9iCYBC4EKolTXtmJwUiKBU8GmxV6iWEzoiAxYV9OQBEw56eyIKT7RSh/7kdQVAp6pvydSEig1CTzdGRAYqkUvE//zugn4V07KwzgBFtL5R34iMEQ4SwT3uWQUxEQTQiXXu2I6JJJQ0LkVdQj24snLpHVes62afXdRrl/ncRRQCR2jCrLRJaqjW9RATUTRI3pGr+jNeDJejHfjY966YuQzR+gPjM8fsXyWMQ==</latexit><latexit sha1_base64="GtZZsH+phvbObU9DQ1Hn9/kiORw=">AAACBHicbVDLSsNAFJ34rPUVddnNYBEq0pKIoMuiG5cV7APaECbTSTt08mDmRlpCF278FTcuFHHrR7jzb5y0WWjrgQtnzrmXufd4seAKLOvbWFldW9/YLGwVt3d29/bNg8OWihJJWZNGIpIdjygmeMiawEGwTiwZCTzB2t7oJvPbD0wqHoX3MImZE5BByH1OCWjJNUtjF/AZ7nkMCK5kjyoeuylU7empa5atmjUDXiZ2TsooR8M1v3r9iCYBC4EKolTXtmJwUiKBU8GmxV6iWEzoiAxYV9OQBEw56eyIKT7RSh/7kdQVAp6pvydSEig1CTzdGRAYqkUvE//zugn4V07KwzgBFtL5R34iMEQ4SwT3uWQUxEQTQiXXu2I6JJJQ0LkVdQj24snLpHVes62afXdRrl/ncRRQCR2jCrLRJaqjW9RATUTRI3pGr+jNeDJejHfjY966YuQzR+gPjM8fsXyWMQ==</latexit>

rf(xt + �(xt � xt�1))
<latexit sha1_base64="qiStVDPfzhHNm4n44kYNZAftXek=">AAACDnicbVDLSgNBEJyNrxhfUY9eBoOQIAm7IuhR9OIxgnlAEpbeyawOmZ1dZnrFsOQLvPgrXjwo4tWzN//GyeOg0YKGmqpupruCRAqDrvvl5BYWl5ZX8quFtfWNza3i9k7TxKlmvMFiGet2AIZLoXgDBUreTjSHKJC8FQwuxn7rjmsjYnWNw4T3IrhRIhQM0Ep+8aCrIJBAw/K9j/SQdgOOQCePKr33M6x6o0rFL5bcmjsB/Uu8GSmRGep+8bPbj1kacYVMgjEdz02wl4FGwSQfFbqp4QmwAdzwjqUKIm562eScET2wSp+GsbalkE7UnxMZRMYMo8B2RoC3Zt4bi/95nRTD014mVJIiV2z6UZhKijEdZ0P7QnOGcmgJMC3srpTdggaGNsGCDcGbP/kvaR7VPLfmXR2Xzs5nceTJHtknZeKRE3JGLkmdNAgjD+SJvJBX59F5dt6c92lrzpnN7JJfcD6+AWeMmcY=</latexit><latexit sha1_base64="qiStVDPfzhHNm4n44kYNZAftXek=">AAACDnicbVDLSgNBEJyNrxhfUY9eBoOQIAm7IuhR9OIxgnlAEpbeyawOmZ1dZnrFsOQLvPgrXjwo4tWzN//GyeOg0YKGmqpupruCRAqDrvvl5BYWl5ZX8quFtfWNza3i9k7TxKlmvMFiGet2AIZLoXgDBUreTjSHKJC8FQwuxn7rjmsjYnWNw4T3IrhRIhQM0Ep+8aCrIJBAw/K9j/SQdgOOQCePKr33M6x6o0rFL5bcmjsB/Uu8GSmRGep+8bPbj1kacYVMgjEdz02wl4FGwSQfFbqp4QmwAdzwjqUKIm562eScET2wSp+GsbalkE7UnxMZRMYMo8B2RoC3Zt4bi/95nRTD014mVJIiV2z6UZhKijEdZ0P7QnOGcmgJMC3srpTdggaGNsGCDcGbP/kvaR7VPLfmXR2Xzs5nceTJHtknZeKRE3JGLkmdNAgjD+SJvJBX59F5dt6c92lrzpnN7JJfcD6+AWeMmcY=</latexit><latexit sha1_base64="qiStVDPfzhHNm4n44kYNZAftXek=">AAACDnicbVDLSgNBEJyNrxhfUY9eBoOQIAm7IuhR9OIxgnlAEpbeyawOmZ1dZnrFsOQLvPgrXjwo4tWzN//GyeOg0YKGmqpupruCRAqDrvvl5BYWl5ZX8quFtfWNza3i9k7TxKlmvMFiGet2AIZLoXgDBUreTjSHKJC8FQwuxn7rjmsjYnWNw4T3IrhRIhQM0Ep+8aCrIJBAw/K9j/SQdgOOQCePKr33M6x6o0rFL5bcmjsB/Uu8GSmRGep+8bPbj1kacYVMgjEdz02wl4FGwSQfFbqp4QmwAdzwjqUKIm562eScET2wSp+GsbalkE7UnxMZRMYMo8B2RoC3Zt4bi/95nRTD014mVJIiV2z6UZhKijEdZ0P7QnOGcmgJMC3srpTdggaGNsGCDcGbP/kvaR7VPLfmXR2Xzs5nceTJHtknZeKRE3JGLkmdNAgjD+SJvJBX59F5dt6c92lrzpnN7JJfcD6+AWeMmcY=</latexit><latexit sha1_base64="qiStVDPfzhHNm4n44kYNZAftXek=">AAACDnicbVDLSgNBEJyNrxhfUY9eBoOQIAm7IuhR9OIxgnlAEpbeyawOmZ1dZnrFsOQLvPgrXjwo4tWzN//GyeOg0YKGmqpupruCRAqDrvvl5BYWl5ZX8quFtfWNza3i9k7TxKlmvMFiGet2AIZLoXgDBUreTjSHKJC8FQwuxn7rjmsjYnWNw4T3IrhRIhQM0Ep+8aCrIJBAw/K9j/SQdgOOQCePKr33M6x6o0rFL5bcmjsB/Uu8GSmRGep+8bPbj1kacYVMgjEdz02wl4FGwSQfFbqp4QmwAdzwjqUKIm562eScET2wSp+GsbalkE7UnxMZRMYMo8B2RoC3Zt4bi/95nRTD014mVJIiV2z6UZhKijEdZ0P7QnOGcmgJMC3srpTdggaGNsGCDcGbP/kvaR7VPLfmXR2Xzs5nceTJHtknZeKRE3JGLkmdNAgjD+SJvJBX59F5dt6c92lrzpnN7JJfcD6+AWeMmcY=</latexit>

- Heavy ball can fail converging 
in cases where Nesterov’s scheme 
still succeeds

Recall: Momentum acceleration



- Nesterov’s work: how do we set up the momentum parameter?

xt+1 = yt � ⌘rf(yt)

yt+1 = xt+1 + �(xt+1 � xt)
<latexit sha1_base64="VA1KyTYytueQ2ll1EVbRG1yaGXg="></latexit><latexit sha1_base64="VA1KyTYytueQ2ll1EVbRG1yaGXg="></latexit><latexit sha1_base64="VA1KyTYytueQ2ll1EVbRG1yaGXg="></latexit><latexit sha1_base64="VA1KyTYytueQ2ll1EVbRG1yaGXg="></latexit>

Recall: Momentum acceleration



- Nesterov’s work: how do we set up the momentum parameter?

xt+1 = yt � ⌘rf(yt)

yt+1 = xt+1 + �(xt+1 � xt)
<latexit sha1_base64="VA1KyTYytueQ2ll1EVbRG1yaGXg="></latexit><latexit sha1_base64="VA1KyTYytueQ2ll1EVbRG1yaGXg="></latexit><latexit sha1_base64="VA1KyTYytueQ2ll1EVbRG1yaGXg="></latexit><latexit sha1_base64="VA1KyTYytueQ2ll1EVbRG1yaGXg="></latexit>

� =
✓t � 1

✓t+1
<latexit sha1_base64="TtlZO93sFGMtDQsx40ykTU6AjtQ=">AAACE3icbVDLSsNAFJ3UV62vqEs3g0UQxZKIoBuh6MZlBfuAJoTJdNIOnTyYuRFKyD+48VfcuFDErRt3/o3TNoK2Hhg495x7uXOPnwiuwLK+jNLC4tLySnm1sra+sbllbu+0VJxKypo0FrHs+EQxwSPWBA6CdRLJSOgL1vaH12O/fc+k4nF0B6OEuSHpRzzglICWPPPI8RkQfImdQBKaOTDQpQf4BNv5T5XBsZ3n2DOrVs2aAM8TuyBVVKDhmZ9OL6ZpyCKggijVta0E3IxI4FSwvOKkiiWEDkmfdTWNSMiUm01uyvGBVno4iKV+EeCJ+nsiI6FSo9DXnSGBgZr1xuJ/XjeF4MLNeJSkwCI6XRSkAkOMxwHhHpeMghhpQqjk+q+YDogOB3SMFR2CPXvyPGmd1myrZt+eVetXRRxltIf20SGy0TmqoxvUQE1E0QN6Qi/o1Xg0no03433aWjKKmV30B8bHN38ynUg=</latexit><latexit sha1_base64="TtlZO93sFGMtDQsx40ykTU6AjtQ=">AAACE3icbVDLSsNAFJ3UV62vqEs3g0UQxZKIoBuh6MZlBfuAJoTJdNIOnTyYuRFKyD+48VfcuFDErRt3/o3TNoK2Hhg495x7uXOPnwiuwLK+jNLC4tLySnm1sra+sbllbu+0VJxKypo0FrHs+EQxwSPWBA6CdRLJSOgL1vaH12O/fc+k4nF0B6OEuSHpRzzglICWPPPI8RkQfImdQBKaOTDQpQf4BNv5T5XBsZ3n2DOrVs2aAM8TuyBVVKDhmZ9OL6ZpyCKggijVta0E3IxI4FSwvOKkiiWEDkmfdTWNSMiUm01uyvGBVno4iKV+EeCJ+nsiI6FSo9DXnSGBgZr1xuJ/XjeF4MLNeJSkwCI6XRSkAkOMxwHhHpeMghhpQqjk+q+YDogOB3SMFR2CPXvyPGmd1myrZt+eVetXRRxltIf20SGy0TmqoxvUQE1E0QN6Qi/o1Xg0no03433aWjKKmV30B8bHN38ynUg=</latexit><latexit sha1_base64="TtlZO93sFGMtDQsx40ykTU6AjtQ=">AAACE3icbVDLSsNAFJ3UV62vqEs3g0UQxZKIoBuh6MZlBfuAJoTJdNIOnTyYuRFKyD+48VfcuFDErRt3/o3TNoK2Hhg495x7uXOPnwiuwLK+jNLC4tLySnm1sra+sbllbu+0VJxKypo0FrHs+EQxwSPWBA6CdRLJSOgL1vaH12O/fc+k4nF0B6OEuSHpRzzglICWPPPI8RkQfImdQBKaOTDQpQf4BNv5T5XBsZ3n2DOrVs2aAM8TuyBVVKDhmZ9OL6ZpyCKggijVta0E3IxI4FSwvOKkiiWEDkmfdTWNSMiUm01uyvGBVno4iKV+EeCJ+nsiI6FSo9DXnSGBgZr1xuJ/XjeF4MLNeJSkwCI6XRSkAkOMxwHhHpeMghhpQqjk+q+YDogOB3SMFR2CPXvyPGmd1myrZt+eVetXRRxltIf20SGy0TmqoxvUQE1E0QN6Qi/o1Xg0no03433aWjKKmV30B8bHN38ynUg=</latexit><latexit sha1_base64="TtlZO93sFGMtDQsx40ykTU6AjtQ=">AAACE3icbVDLSsNAFJ3UV62vqEs3g0UQxZKIoBuh6MZlBfuAJoTJdNIOnTyYuRFKyD+48VfcuFDErRt3/o3TNoK2Hhg495x7uXOPnwiuwLK+jNLC4tLySnm1sra+sbllbu+0VJxKypo0FrHs+EQxwSPWBA6CdRLJSOgL1vaH12O/fc+k4nF0B6OEuSHpRzzglICWPPPI8RkQfImdQBKaOTDQpQf4BNv5T5XBsZ3n2DOrVs2aAM8TuyBVVKDhmZ9OL6ZpyCKggijVta0E3IxI4FSwvOKkiiWEDkmfdTWNSMiUm01uyvGBVno4iKV+EeCJ+nsiI6FSo9DXnSGBgZr1xuJ/XjeF4MLNeJSkwCI6XRSkAkOMxwHhHpeMghhpQqjk+q+YDogOB3SMFR2CPXvyPGmd1myrZt+eVetXRRxltIf20SGy0TmqoxvUQE1E0QN6Qi/o1Xg0no03433aWjKKmV30B8bHN38ynUg=</latexit>

1.                   where ✓0 = 1, ✓t+1 =
1 +

p
1 + 4✓2t
2

<latexit sha1_base64="G+dmKsN3PjpyqFoMqdc7dlhD/kQ=">AAACLHicbVDLSgMxFM34tr6qLt0EiyAoZVIKuhFENy4r2Ad0xiGTZmww8zC5I5Rh/B83/oogLizi1u8wbWehrQcCJ+ecS3KPn0ihwbaH1tz8wuLS8spqaW19Y3OrvL3T0nGqGG+yWMaq41PNpYh4EwRI3kkUp6Evedu/vxz57UeutIijGxgk3A3pXSQCwSgYyStfOtDnQD0bn2FyjJ+einsGRyQ3mhMoyjKCj7CjHxSMWb3IwG0tz7Na7pUrdtUeA88SUpAKKtDwym9OL2ZpyCNgkmrdJXYCbkYVCCZ5XnJSzRPK7ukd7xoa0ZBrNxsvm+MDo/RwECtzIsBj9fdERkOtB6FvkiGFvp72RuJ/XjeF4NTNRJSkwCM2eShIJYYYj5rDPaE4AzkwhDIlzF8x61NTD5h+S6YEMr3yLGnVqsSukut65fyiqGMF7aF9dIgIOkHn6Ao1UBMx9Ixe0QcaWi/Wu/VpfU2ic1Yxs4v+wPr+AT/Upc8=</latexit><latexit sha1_base64="G+dmKsN3PjpyqFoMqdc7dlhD/kQ=">AAACLHicbVDLSgMxFM34tr6qLt0EiyAoZVIKuhFENy4r2Ad0xiGTZmww8zC5I5Rh/B83/oogLizi1u8wbWehrQcCJ+ecS3KPn0ihwbaH1tz8wuLS8spqaW19Y3OrvL3T0nGqGG+yWMaq41PNpYh4EwRI3kkUp6Evedu/vxz57UeutIijGxgk3A3pXSQCwSgYyStfOtDnQD0bn2FyjJ+einsGRyQ3mhMoyjKCj7CjHxSMWb3IwG0tz7Na7pUrdtUeA88SUpAKKtDwym9OL2ZpyCNgkmrdJXYCbkYVCCZ5XnJSzRPK7ukd7xoa0ZBrNxsvm+MDo/RwECtzIsBj9fdERkOtB6FvkiGFvp72RuJ/XjeF4NTNRJSkwCM2eShIJYYYj5rDPaE4AzkwhDIlzF8x61NTD5h+S6YEMr3yLGnVqsSukut65fyiqGMF7aF9dIgIOkHn6Ao1UBMx9Ixe0QcaWi/Wu/VpfU2ic1Yxs4v+wPr+AT/Upc8=</latexit><latexit sha1_base64="G+dmKsN3PjpyqFoMqdc7dlhD/kQ=">AAACLHicbVDLSgMxFM34tr6qLt0EiyAoZVIKuhFENy4r2Ad0xiGTZmww8zC5I5Rh/B83/oogLizi1u8wbWehrQcCJ+ecS3KPn0ihwbaH1tz8wuLS8spqaW19Y3OrvL3T0nGqGG+yWMaq41PNpYh4EwRI3kkUp6Evedu/vxz57UeutIijGxgk3A3pXSQCwSgYyStfOtDnQD0bn2FyjJ+einsGRyQ3mhMoyjKCj7CjHxSMWb3IwG0tz7Na7pUrdtUeA88SUpAKKtDwym9OL2ZpyCNgkmrdJXYCbkYVCCZ5XnJSzRPK7ukd7xoa0ZBrNxsvm+MDo/RwECtzIsBj9fdERkOtB6FvkiGFvp72RuJ/XjeF4NTNRJSkwCM2eShIJYYYj5rDPaE4AzkwhDIlzF8x61NTD5h+S6YEMr3yLGnVqsSukut65fyiqGMF7aF9dIgIOkHn6Ao1UBMx9Ixe0QcaWi/Wu/VpfU2ic1Yxs4v+wPr+AT/Upc8=</latexit><latexit sha1_base64="G+dmKsN3PjpyqFoMqdc7dlhD/kQ=">AAACLHicbVDLSgMxFM34tr6qLt0EiyAoZVIKuhFENy4r2Ad0xiGTZmww8zC5I5Rh/B83/oogLizi1u8wbWehrQcCJ+ecS3KPn0ihwbaH1tz8wuLS8spqaW19Y3OrvL3T0nGqGG+yWMaq41PNpYh4EwRI3kkUp6Evedu/vxz57UeutIijGxgk3A3pXSQCwSgYyStfOtDnQD0bn2FyjJ+einsGRyQ3mhMoyjKCj7CjHxSMWb3IwG0tz7Na7pUrdtUeA88SUpAKKtDwym9OL2ZpyCNgkmrdJXYCbkYVCCZ5XnJSzRPK7ukd7xoa0ZBrNxsvm+MDo/RwECtzIsBj9fdERkOtB6FvkiGFvp72RuJ/XjeF4NTNRJSkwCM2eShIJYYYj5rDPaE4AzkwhDIlzF8x61NTD5h+S6YEMr3yLGnVqsSukut65fyiqGMF7aF9dIgIOkHn6Ao1UBMx9Ixe0QcaWi/Wu/VpfU2ic1Yxs4v+wPr+AT/Upc8=</latexit>

Recall: Momentum acceleration



- Nesterov’s work: how do we set up the momentum parameter?

xt+1 = yt � ⌘rf(yt)

yt+1 = xt+1 + �(xt+1 � xt)
<latexit sha1_base64="VA1KyTYytueQ2ll1EVbRG1yaGXg="></latexit><latexit sha1_base64="VA1KyTYytueQ2ll1EVbRG1yaGXg="></latexit><latexit sha1_base64="VA1KyTYytueQ2ll1EVbRG1yaGXg="></latexit><latexit sha1_base64="VA1KyTYytueQ2ll1EVbRG1yaGXg="></latexit>

� =
✓t � 1

✓t+1
<latexit sha1_base64="TtlZO93sFGMtDQsx40ykTU6AjtQ=">AAACE3icbVDLSsNAFJ3UV62vqEs3g0UQxZKIoBuh6MZlBfuAJoTJdNIOnTyYuRFKyD+48VfcuFDErRt3/o3TNoK2Hhg495x7uXOPnwiuwLK+jNLC4tLySnm1sra+sbllbu+0VJxKypo0FrHs+EQxwSPWBA6CdRLJSOgL1vaH12O/fc+k4nF0B6OEuSHpRzzglICWPPPI8RkQfImdQBKaOTDQpQf4BNv5T5XBsZ3n2DOrVs2aAM8TuyBVVKDhmZ9OL6ZpyCKggijVta0E3IxI4FSwvOKkiiWEDkmfdTWNSMiUm01uyvGBVno4iKV+EeCJ+nsiI6FSo9DXnSGBgZr1xuJ/XjeF4MLNeJSkwCI6XRSkAkOMxwHhHpeMghhpQqjk+q+YDogOB3SMFR2CPXvyPGmd1myrZt+eVetXRRxltIf20SGy0TmqoxvUQE1E0QN6Qi/o1Xg0no03433aWjKKmV30B8bHN38ynUg=</latexit><latexit sha1_base64="TtlZO93sFGMtDQsx40ykTU6AjtQ=">AAACE3icbVDLSsNAFJ3UV62vqEs3g0UQxZKIoBuh6MZlBfuAJoTJdNIOnTyYuRFKyD+48VfcuFDErRt3/o3TNoK2Hhg495x7uXOPnwiuwLK+jNLC4tLySnm1sra+sbllbu+0VJxKypo0FrHs+EQxwSPWBA6CdRLJSOgL1vaH12O/fc+k4nF0B6OEuSHpRzzglICWPPPI8RkQfImdQBKaOTDQpQf4BNv5T5XBsZ3n2DOrVs2aAM8TuyBVVKDhmZ9OL6ZpyCKggijVta0E3IxI4FSwvOKkiiWEDkmfdTWNSMiUm01uyvGBVno4iKV+EeCJ+nsiI6FSo9DXnSGBgZr1xuJ/XjeF4MLNeJSkwCI6XRSkAkOMxwHhHpeMghhpQqjk+q+YDogOB3SMFR2CPXvyPGmd1myrZt+eVetXRRxltIf20SGy0TmqoxvUQE1E0QN6Qi/o1Xg0no03433aWjKKmV30B8bHN38ynUg=</latexit><latexit sha1_base64="TtlZO93sFGMtDQsx40ykTU6AjtQ=">AAACE3icbVDLSsNAFJ3UV62vqEs3g0UQxZKIoBuh6MZlBfuAJoTJdNIOnTyYuRFKyD+48VfcuFDErRt3/o3TNoK2Hhg495x7uXOPnwiuwLK+jNLC4tLySnm1sra+sbllbu+0VJxKypo0FrHs+EQxwSPWBA6CdRLJSOgL1vaH12O/fc+k4nF0B6OEuSHpRzzglICWPPPI8RkQfImdQBKaOTDQpQf4BNv5T5XBsZ3n2DOrVs2aAM8TuyBVVKDhmZ9OL6ZpyCKggijVta0E3IxI4FSwvOKkiiWEDkmfdTWNSMiUm01uyvGBVno4iKV+EeCJ+nsiI6FSo9DXnSGBgZr1xuJ/XjeF4MLNeJSkwCI6XRSkAkOMxwHhHpeMghhpQqjk+q+YDogOB3SMFR2CPXvyPGmd1myrZt+eVetXRRxltIf20SGy0TmqoxvUQE1E0QN6Qi/o1Xg0no03433aWjKKmV30B8bHN38ynUg=</latexit><latexit sha1_base64="TtlZO93sFGMtDQsx40ykTU6AjtQ=">AAACE3icbVDLSsNAFJ3UV62vqEs3g0UQxZKIoBuh6MZlBfuAJoTJdNIOnTyYuRFKyD+48VfcuFDErRt3/o3TNoK2Hhg495x7uXOPnwiuwLK+jNLC4tLySnm1sra+sbllbu+0VJxKypo0FrHs+EQxwSPWBA6CdRLJSOgL1vaH12O/fc+k4nF0B6OEuSHpRzzglICWPPPI8RkQfImdQBKaOTDQpQf4BNv5T5XBsZ3n2DOrVs2aAM8TuyBVVKDhmZ9OL6ZpyCKggijVta0E3IxI4FSwvOKkiiWEDkmfdTWNSMiUm01uyvGBVno4iKV+EeCJ+nsiI6FSo9DXnSGBgZr1xuJ/XjeF4MLNeJSkwCI6XRSkAkOMxwHhHpeMghhpQqjk+q+YDogOB3SMFR2CPXvyPGmd1myrZt+eVetXRRxltIf20SGy0TmqoxvUQE1E0QN6Qi/o1Xg0no03433aWjKKmV30B8bHN38ynUg=</latexit>

1.                   where ✓0 = 1, ✓t+1 =
1 +

p
1 + 4✓2t
2

<latexit sha1_base64="G+dmKsN3PjpyqFoMqdc7dlhD/kQ=">AAACLHicbVDLSgMxFM34tr6qLt0EiyAoZVIKuhFENy4r2Ad0xiGTZmww8zC5I5Rh/B83/oogLizi1u8wbWehrQcCJ+ecS3KPn0ihwbaH1tz8wuLS8spqaW19Y3OrvL3T0nGqGG+yWMaq41PNpYh4EwRI3kkUp6Evedu/vxz57UeutIijGxgk3A3pXSQCwSgYyStfOtDnQD0bn2FyjJ+einsGRyQ3mhMoyjKCj7CjHxSMWb3IwG0tz7Na7pUrdtUeA88SUpAKKtDwym9OL2ZpyCNgkmrdJXYCbkYVCCZ5XnJSzRPK7ukd7xoa0ZBrNxsvm+MDo/RwECtzIsBj9fdERkOtB6FvkiGFvp72RuJ/XjeF4NTNRJSkwCM2eShIJYYYj5rDPaE4AzkwhDIlzF8x61NTD5h+S6YEMr3yLGnVqsSukut65fyiqGMF7aF9dIgIOkHn6Ao1UBMx9Ixe0QcaWi/Wu/VpfU2ic1Yxs4v+wPr+AT/Upc8=</latexit><latexit sha1_base64="G+dmKsN3PjpyqFoMqdc7dlhD/kQ=">AAACLHicbVDLSgMxFM34tr6qLt0EiyAoZVIKuhFENy4r2Ad0xiGTZmww8zC5I5Rh/B83/oogLizi1u8wbWehrQcCJ+ecS3KPn0ihwbaH1tz8wuLS8spqaW19Y3OrvL3T0nGqGG+yWMaq41PNpYh4EwRI3kkUp6Evedu/vxz57UeutIijGxgk3A3pXSQCwSgYyStfOtDnQD0bn2FyjJ+einsGRyQ3mhMoyjKCj7CjHxSMWb3IwG0tz7Na7pUrdtUeA88SUpAKKtDwym9OL2ZpyCNgkmrdJXYCbkYVCCZ5XnJSzRPK7ukd7xoa0ZBrNxsvm+MDo/RwECtzIsBj9fdERkOtB6FvkiGFvp72RuJ/XjeF4NTNRJSkwCM2eShIJYYYj5rDPaE4AzkwhDIlzF8x61NTD5h+S6YEMr3yLGnVqsSukut65fyiqGMF7aF9dIgIOkHn6Ao1UBMx9Ixe0QcaWi/Wu/VpfU2ic1Yxs4v+wPr+AT/Upc8=</latexit><latexit sha1_base64="G+dmKsN3PjpyqFoMqdc7dlhD/kQ=">AAACLHicbVDLSgMxFM34tr6qLt0EiyAoZVIKuhFENy4r2Ad0xiGTZmww8zC5I5Rh/B83/oogLizi1u8wbWehrQcCJ+ecS3KPn0ihwbaH1tz8wuLS8spqaW19Y3OrvL3T0nGqGG+yWMaq41PNpYh4EwRI3kkUp6Evedu/vxz57UeutIijGxgk3A3pXSQCwSgYyStfOtDnQD0bn2FyjJ+einsGRyQ3mhMoyjKCj7CjHxSMWb3IwG0tz7Na7pUrdtUeA88SUpAKKtDwym9OL2ZpyCNgkmrdJXYCbkYVCCZ5XnJSzRPK7ukd7xoa0ZBrNxsvm+MDo/RwECtzIsBj9fdERkOtB6FvkiGFvp72RuJ/XjeF4NTNRJSkwCM2eShIJYYYj5rDPaE4AzkwhDIlzF8x61NTD5h+S6YEMr3yLGnVqsSukut65fyiqGMF7aF9dIgIOkHn6Ao1UBMx9Ixe0QcaWi/Wu/VpfU2ic1Yxs4v+wPr+AT/Upc8=</latexit><latexit sha1_base64="G+dmKsN3PjpyqFoMqdc7dlhD/kQ=">AAACLHicbVDLSgMxFM34tr6qLt0EiyAoZVIKuhFENy4r2Ad0xiGTZmww8zC5I5Rh/B83/oogLizi1u8wbWehrQcCJ+ecS3KPn0ihwbaH1tz8wuLS8spqaW19Y3OrvL3T0nGqGG+yWMaq41PNpYh4EwRI3kkUp6Evedu/vxz57UeutIijGxgk3A3pXSQCwSgYyStfOtDnQD0bn2FyjJ+einsGRyQ3mhMoyjKCj7CjHxSMWb3IwG0tz7Na7pUrdtUeA88SUpAKKtDwym9OL2ZpyCNgkmrdJXYCbkYVCCZ5XnJSzRPK7ukd7xoa0ZBrNxsvm+MDo/RwECtzIsBj9fdERkOtB6FvkiGFvp72RuJ/XjeF4NTNRJSkwCM2eShIJYYYj5rDPaE4AzkwhDIlzF8x61NTD5h+S6YEMr3yLGnVqsSukut65fyiqGMF7aF9dIgIOkHn6Ao1UBMx9Ixe0QcaWi/Wu/VpfU2ic1Yxs4v+wPr+AT/Upc8=</latexit>

2. � =
t

t+ 3
<latexit sha1_base64="KUpwS+yyMKp5lkenkFYdS4t2MN0=">AAAB/nicbVBNS8NAEN3Ur1q/ouLJy2IRBKEkKuhFKHrxWMF+QBPKZrtpl242YXcilBDwr3jxoIhXf4c3/43bNgdtfTDweG+GmXlBIrgGx/m2SkvLK6tr5fXKxubW9o69u9fScaooa9JYxKoTEM0El6wJHATrJIqRKBCsHYxuJ377kSnNY/kA44T5ERlIHnJKwEg9+8ALGBB8jb1QEZpBnsHped6zq07NmQIvErcgVVSg0bO/vH5M04hJoIJo3XWdBPyMKOBUsLzipZolhI7IgHUNlSRi2s+m5+f42Ch9HMbKlAQ8VX9PZCTSehwFpjMiMNTz3kT8z+umEF75GZdJCkzS2aIwFRhiPMkC97liFMTYEEIVN7diOiQmBzCJVUwI7vzLi6R1VnOdmnt/Ua3fFHGU0SE6QifIRZeoju5QAzURRRl6Rq/ozXqyXqx362PWWrKKmX30B9bnD2oplSA=</latexit><latexit sha1_base64="KUpwS+yyMKp5lkenkFYdS4t2MN0=">AAAB/nicbVBNS8NAEN3Ur1q/ouLJy2IRBKEkKuhFKHrxWMF+QBPKZrtpl242YXcilBDwr3jxoIhXf4c3/43bNgdtfTDweG+GmXlBIrgGx/m2SkvLK6tr5fXKxubW9o69u9fScaooa9JYxKoTEM0El6wJHATrJIqRKBCsHYxuJ377kSnNY/kA44T5ERlIHnJKwEg9+8ALGBB8jb1QEZpBnsHped6zq07NmQIvErcgVVSg0bO/vH5M04hJoIJo3XWdBPyMKOBUsLzipZolhI7IgHUNlSRi2s+m5+f42Ch9HMbKlAQ8VX9PZCTSehwFpjMiMNTz3kT8z+umEF75GZdJCkzS2aIwFRhiPMkC97liFMTYEEIVN7diOiQmBzCJVUwI7vzLi6R1VnOdmnt/Ua3fFHGU0SE6QifIRZeoju5QAzURRRl6Rq/ozXqyXqx362PWWrKKmX30B9bnD2oplSA=</latexit><latexit sha1_base64="KUpwS+yyMKp5lkenkFYdS4t2MN0=">AAAB/nicbVBNS8NAEN3Ur1q/ouLJy2IRBKEkKuhFKHrxWMF+QBPKZrtpl242YXcilBDwr3jxoIhXf4c3/43bNgdtfTDweG+GmXlBIrgGx/m2SkvLK6tr5fXKxubW9o69u9fScaooa9JYxKoTEM0El6wJHATrJIqRKBCsHYxuJ377kSnNY/kA44T5ERlIHnJKwEg9+8ALGBB8jb1QEZpBnsHped6zq07NmQIvErcgVVSg0bO/vH5M04hJoIJo3XWdBPyMKOBUsLzipZolhI7IgHUNlSRi2s+m5+f42Ch9HMbKlAQ8VX9PZCTSehwFpjMiMNTz3kT8z+umEF75GZdJCkzS2aIwFRhiPMkC97liFMTYEEIVN7diOiQmBzCJVUwI7vzLi6R1VnOdmnt/Ua3fFHGU0SE6QifIRZeoju5QAzURRRl6Rq/ozXqyXqx362PWWrKKmX30B9bnD2oplSA=</latexit><latexit sha1_base64="KUpwS+yyMKp5lkenkFYdS4t2MN0=">AAAB/nicbVBNS8NAEN3Ur1q/ouLJy2IRBKEkKuhFKHrxWMF+QBPKZrtpl242YXcilBDwr3jxoIhXf4c3/43bNgdtfTDweG+GmXlBIrgGx/m2SkvLK6tr5fXKxubW9o69u9fScaooa9JYxKoTEM0El6wJHATrJIqRKBCsHYxuJ377kSnNY/kA44T5ERlIHnJKwEg9+8ALGBB8jb1QEZpBnsHped6zq07NmQIvErcgVVSg0bO/vH5M04hJoIJo3XWdBPyMKOBUsLzipZolhI7IgHUNlSRi2s+m5+f42Ch9HMbKlAQ8VX9PZCTSehwFpjMiMNTz3kT8z+umEF75GZdJCkzS2aIwFRhiPMkC97liFMTYEEIVN7diOiQmBzCJVUwI7vzLi6R1VnOdmnt/Ua3fFHGU0SE6QifIRZeoju5QAzURRRl6Rq/ozXqyXqx362PWWrKKmX30B9bnD2oplSA=</latexit>

Recall: Momentum acceleration



- Nesterov’s work: how do we set up the momentum parameter?

xt+1 = yt � ⌘rf(yt)

yt+1 = xt+1 + �(xt+1 � xt)
<latexit sha1_base64="VA1KyTYytueQ2ll1EVbRG1yaGXg="></latexit><latexit sha1_base64="VA1KyTYytueQ2ll1EVbRG1yaGXg="></latexit><latexit sha1_base64="VA1KyTYytueQ2ll1EVbRG1yaGXg="></latexit><latexit sha1_base64="VA1KyTYytueQ2ll1EVbRG1yaGXg="></latexit>

� =
✓t � 1

✓t+1
<latexit sha1_base64="TtlZO93sFGMtDQsx40ykTU6AjtQ=">AAACE3icbVDLSsNAFJ3UV62vqEs3g0UQxZKIoBuh6MZlBfuAJoTJdNIOnTyYuRFKyD+48VfcuFDErRt3/o3TNoK2Hhg495x7uXOPnwiuwLK+jNLC4tLySnm1sra+sbllbu+0VJxKypo0FrHs+EQxwSPWBA6CdRLJSOgL1vaH12O/fc+k4nF0B6OEuSHpRzzglICWPPPI8RkQfImdQBKaOTDQpQf4BNv5T5XBsZ3n2DOrVs2aAM8TuyBVVKDhmZ9OL6ZpyCKggijVta0E3IxI4FSwvOKkiiWEDkmfdTWNSMiUm01uyvGBVno4iKV+EeCJ+nsiI6FSo9DXnSGBgZr1xuJ/XjeF4MLNeJSkwCI6XRSkAkOMxwHhHpeMghhpQqjk+q+YDogOB3SMFR2CPXvyPGmd1myrZt+eVetXRRxltIf20SGy0TmqoxvUQE1E0QN6Qi/o1Xg0no03433aWjKKmV30B8bHN38ynUg=</latexit><latexit sha1_base64="TtlZO93sFGMtDQsx40ykTU6AjtQ=">AAACE3icbVDLSsNAFJ3UV62vqEs3g0UQxZKIoBuh6MZlBfuAJoTJdNIOnTyYuRFKyD+48VfcuFDErRt3/o3TNoK2Hhg495x7uXOPnwiuwLK+jNLC4tLySnm1sra+sbllbu+0VJxKypo0FrHs+EQxwSPWBA6CdRLJSOgL1vaH12O/fc+k4nF0B6OEuSHpRzzglICWPPPI8RkQfImdQBKaOTDQpQf4BNv5T5XBsZ3n2DOrVs2aAM8TuyBVVKDhmZ9OL6ZpyCKggijVta0E3IxI4FSwvOKkiiWEDkmfdTWNSMiUm01uyvGBVno4iKV+EeCJ+nsiI6FSo9DXnSGBgZr1xuJ/XjeF4MLNeJSkwCI6XRSkAkOMxwHhHpeMghhpQqjk+q+YDogOB3SMFR2CPXvyPGmd1myrZt+eVetXRRxltIf20SGy0TmqoxvUQE1E0QN6Qi/o1Xg0no03433aWjKKmV30B8bHN38ynUg=</latexit><latexit sha1_base64="TtlZO93sFGMtDQsx40ykTU6AjtQ=">AAACE3icbVDLSsNAFJ3UV62vqEs3g0UQxZKIoBuh6MZlBfuAJoTJdNIOnTyYuRFKyD+48VfcuFDErRt3/o3TNoK2Hhg495x7uXOPnwiuwLK+jNLC4tLySnm1sra+sbllbu+0VJxKypo0FrHs+EQxwSPWBA6CdRLJSOgL1vaH12O/fc+k4nF0B6OEuSHpRzzglICWPPPI8RkQfImdQBKaOTDQpQf4BNv5T5XBsZ3n2DOrVs2aAM8TuyBVVKDhmZ9OL6ZpyCKggijVta0E3IxI4FSwvOKkiiWEDkmfdTWNSMiUm01uyvGBVno4iKV+EeCJ+nsiI6FSo9DXnSGBgZr1xuJ/XjeF4MLNeJSkwCI6XRSkAkOMxwHhHpeMghhpQqjk+q+YDogOB3SMFR2CPXvyPGmd1myrZt+eVetXRRxltIf20SGy0TmqoxvUQE1E0QN6Qi/o1Xg0no03433aWjKKmV30B8bHN38ynUg=</latexit><latexit sha1_base64="TtlZO93sFGMtDQsx40ykTU6AjtQ=">AAACE3icbVDLSsNAFJ3UV62vqEs3g0UQxZKIoBuh6MZlBfuAJoTJdNIOnTyYuRFKyD+48VfcuFDErRt3/o3TNoK2Hhg495x7uXOPnwiuwLK+jNLC4tLySnm1sra+sbllbu+0VJxKypo0FrHs+EQxwSPWBA6CdRLJSOgL1vaH12O/fc+k4nF0B6OEuSHpRzzglICWPPPI8RkQfImdQBKaOTDQpQf4BNv5T5XBsZ3n2DOrVs2aAM8TuyBVVKDhmZ9OL6ZpyCKggijVta0E3IxI4FSwvOKkiiWEDkmfdTWNSMiUm01uyvGBVno4iKV+EeCJ+nsiI6FSo9DXnSGBgZr1xuJ/XjeF4MLNeJSkwCI6XRSkAkOMxwHhHpeMghhpQqjk+q+YDogOB3SMFR2CPXvyPGmd1myrZt+eVetXRRxltIf20SGy0TmqoxvUQE1E0QN6Qi/o1Xg0no03433aWjKKmV30B8bHN38ynUg=</latexit>

1.                   where ✓0 = 1, ✓t+1 =
1 +

p
1 + 4✓2t
2

<latexit sha1_base64="G+dmKsN3PjpyqFoMqdc7dlhD/kQ=">AAACLHicbVDLSgMxFM34tr6qLt0EiyAoZVIKuhFENy4r2Ad0xiGTZmww8zC5I5Rh/B83/oogLizi1u8wbWehrQcCJ+ecS3KPn0ihwbaH1tz8wuLS8spqaW19Y3OrvL3T0nGqGG+yWMaq41PNpYh4EwRI3kkUp6Evedu/vxz57UeutIijGxgk3A3pXSQCwSgYyStfOtDnQD0bn2FyjJ+einsGRyQ3mhMoyjKCj7CjHxSMWb3IwG0tz7Na7pUrdtUeA88SUpAKKtDwym9OL2ZpyCNgkmrdJXYCbkYVCCZ5XnJSzRPK7ukd7xoa0ZBrNxsvm+MDo/RwECtzIsBj9fdERkOtB6FvkiGFvp72RuJ/XjeF4NTNRJSkwCM2eShIJYYYj5rDPaE4AzkwhDIlzF8x61NTD5h+S6YEMr3yLGnVqsSukut65fyiqGMF7aF9dIgIOkHn6Ao1UBMx9Ixe0QcaWi/Wu/VpfU2ic1Yxs4v+wPr+AT/Upc8=</latexit><latexit sha1_base64="G+dmKsN3PjpyqFoMqdc7dlhD/kQ=">AAACLHicbVDLSgMxFM34tr6qLt0EiyAoZVIKuhFENy4r2Ad0xiGTZmww8zC5I5Rh/B83/oogLizi1u8wbWehrQcCJ+ecS3KPn0ihwbaH1tz8wuLS8spqaW19Y3OrvL3T0nGqGG+yWMaq41PNpYh4EwRI3kkUp6Evedu/vxz57UeutIijGxgk3A3pXSQCwSgYyStfOtDnQD0bn2FyjJ+einsGRyQ3mhMoyjKCj7CjHxSMWb3IwG0tz7Na7pUrdtUeA88SUpAKKtDwym9OL2ZpyCNgkmrdJXYCbkYVCCZ5XnJSzRPK7ukd7xoa0ZBrNxsvm+MDo/RwECtzIsBj9fdERkOtB6FvkiGFvp72RuJ/XjeF4NTNRJSkwCM2eShIJYYYj5rDPaE4AzkwhDIlzF8x61NTD5h+S6YEMr3yLGnVqsSukut65fyiqGMF7aF9dIgIOkHn6Ao1UBMx9Ixe0QcaWi/Wu/VpfU2ic1Yxs4v+wPr+AT/Upc8=</latexit><latexit sha1_base64="G+dmKsN3PjpyqFoMqdc7dlhD/kQ=">AAACLHicbVDLSgMxFM34tr6qLt0EiyAoZVIKuhFENy4r2Ad0xiGTZmww8zC5I5Rh/B83/oogLizi1u8wbWehrQcCJ+ecS3KPn0ihwbaH1tz8wuLS8spqaW19Y3OrvL3T0nGqGG+yWMaq41PNpYh4EwRI3kkUp6Evedu/vxz57UeutIijGxgk3A3pXSQCwSgYyStfOtDnQD0bn2FyjJ+einsGRyQ3mhMoyjKCj7CjHxSMWb3IwG0tz7Na7pUrdtUeA88SUpAKKtDwym9OL2ZpyCNgkmrdJXYCbkYVCCZ5XnJSzRPK7ukd7xoa0ZBrNxsvm+MDo/RwECtzIsBj9fdERkOtB6FvkiGFvp72RuJ/XjeF4NTNRJSkwCM2eShIJYYYj5rDPaE4AzkwhDIlzF8x61NTD5h+S6YEMr3yLGnVqsSukut65fyiqGMF7aF9dIgIOkHn6Ao1UBMx9Ixe0QcaWi/Wu/VpfU2ic1Yxs4v+wPr+AT/Upc8=</latexit><latexit sha1_base64="G+dmKsN3PjpyqFoMqdc7dlhD/kQ=">AAACLHicbVDLSgMxFM34tr6qLt0EiyAoZVIKuhFENy4r2Ad0xiGTZmww8zC5I5Rh/B83/oogLizi1u8wbWehrQcCJ+ecS3KPn0ihwbaH1tz8wuLS8spqaW19Y3OrvL3T0nGqGG+yWMaq41PNpYh4EwRI3kkUp6Evedu/vxz57UeutIijGxgk3A3pXSQCwSgYyStfOtDnQD0bn2FyjJ+einsGRyQ3mhMoyjKCj7CjHxSMWb3IwG0tz7Na7pUrdtUeA88SUpAKKtDwym9OL2ZpyCNgkmrdJXYCbkYVCCZ5XnJSzRPK7ukd7xoa0ZBrNxsvm+MDo/RwECtzIsBj9fdERkOtB6FvkiGFvp72RuJ/XjeF4NTNRJSkwCM2eShIJYYYj5rDPaE4AzkwhDIlzF8x61NTD5h+S6YEMr3yLGnVqsSukut65fyiqGMF7aF9dIgIOkHn6Ao1UBMx9Ixe0QcaWi/Wu/VpfU2ic1Yxs4v+wPr+AT/Upc8=</latexit>

2. � =
t

t+ 3
<latexit sha1_base64="KUpwS+yyMKp5lkenkFYdS4t2MN0=">AAAB/nicbVBNS8NAEN3Ur1q/ouLJy2IRBKEkKuhFKHrxWMF+QBPKZrtpl242YXcilBDwr3jxoIhXf4c3/43bNgdtfTDweG+GmXlBIrgGx/m2SkvLK6tr5fXKxubW9o69u9fScaooa9JYxKoTEM0El6wJHATrJIqRKBCsHYxuJ377kSnNY/kA44T5ERlIHnJKwEg9+8ALGBB8jb1QEZpBnsHped6zq07NmQIvErcgVVSg0bO/vH5M04hJoIJo3XWdBPyMKOBUsLzipZolhI7IgHUNlSRi2s+m5+f42Ch9HMbKlAQ8VX9PZCTSehwFpjMiMNTz3kT8z+umEF75GZdJCkzS2aIwFRhiPMkC97liFMTYEEIVN7diOiQmBzCJVUwI7vzLi6R1VnOdmnt/Ua3fFHGU0SE6QifIRZeoju5QAzURRRl6Rq/ozXqyXqx362PWWrKKmX30B9bnD2oplSA=</latexit><latexit sha1_base64="KUpwS+yyMKp5lkenkFYdS4t2MN0=">AAAB/nicbVBNS8NAEN3Ur1q/ouLJy2IRBKEkKuhFKHrxWMF+QBPKZrtpl242YXcilBDwr3jxoIhXf4c3/43bNgdtfTDweG+GmXlBIrgGx/m2SkvLK6tr5fXKxubW9o69u9fScaooa9JYxKoTEM0El6wJHATrJIqRKBCsHYxuJ377kSnNY/kA44T5ERlIHnJKwEg9+8ALGBB8jb1QEZpBnsHped6zq07NmQIvErcgVVSg0bO/vH5M04hJoIJo3XWdBPyMKOBUsLzipZolhI7IgHUNlSRi2s+m5+f42Ch9HMbKlAQ8VX9PZCTSehwFpjMiMNTz3kT8z+umEF75GZdJCkzS2aIwFRhiPMkC97liFMTYEEIVN7diOiQmBzCJVUwI7vzLi6R1VnOdmnt/Ua3fFHGU0SE6QifIRZeoju5QAzURRRl6Rq/ozXqyXqx362PWWrKKmX30B9bnD2oplSA=</latexit><latexit sha1_base64="KUpwS+yyMKp5lkenkFYdS4t2MN0=">AAAB/nicbVBNS8NAEN3Ur1q/ouLJy2IRBKEkKuhFKHrxWMF+QBPKZrtpl242YXcilBDwr3jxoIhXf4c3/43bNgdtfTDweG+GmXlBIrgGx/m2SkvLK6tr5fXKxubW9o69u9fScaooa9JYxKoTEM0El6wJHATrJIqRKBCsHYxuJ377kSnNY/kA44T5ERlIHnJKwEg9+8ALGBB8jb1QEZpBnsHped6zq07NmQIvErcgVVSg0bO/vH5M04hJoIJo3XWdBPyMKOBUsLzipZolhI7IgHUNlSRi2s+m5+f42Ch9HMbKlAQ8VX9PZCTSehwFpjMiMNTz3kT8z+umEF75GZdJCkzS2aIwFRhiPMkC97liFMTYEEIVN7diOiQmBzCJVUwI7vzLi6R1VnOdmnt/Ua3fFHGU0SE6QifIRZeoju5QAzURRRl6Rq/ozXqyXqx362PWWrKKmX30B9bnD2oplSA=</latexit><latexit sha1_base64="KUpwS+yyMKp5lkenkFYdS4t2MN0=">AAAB/nicbVBNS8NAEN3Ur1q/ouLJy2IRBKEkKuhFKHrxWMF+QBPKZrtpl242YXcilBDwr3jxoIhXf4c3/43bNgdtfTDweG+GmXlBIrgGx/m2SkvLK6tr5fXKxubW9o69u9fScaooa9JYxKoTEM0El6wJHATrJIqRKBCsHYxuJ377kSnNY/kA44T5ERlIHnJKwEg9+8ALGBB8jb1QEZpBnsHped6zq07NmQIvErcgVVSg0bO/vH5M04hJoIJo3XWdBPyMKOBUsLzipZolhI7IgHUNlSRi2s+m5+f42Ch9HMbKlAQ8VX9PZCTSehwFpjMiMNTz3kT8z+umEF75GZdJCkzS2aIwFRhiPMkC97liFMTYEEIVN7diOiQmBzCJVUwI7vzLi6R1VnOdmnt/Ua3fFHGU0SE6QifIRZeoju5QAzURRRl6Rq/ozXqyXqx362PWWrKKmX30B9bnD2oplSA=</latexit>

3. � = 0.9
<latexit sha1_base64="Oer1lL17+XqjXbyDgynjlQlX5Aw=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0hEUA9C0YvHCtYW0lA22027dLMJuxOhlP4MLx4U8eqv8ea/cdvmoK0PBh7vzTAzL8qkMOh5305pZXVtfaO8Wdna3tndq+4fPJo014w3WSpT3Y6o4VIo3kSBkrczzWkSSd6KhrdTv/XEtRGpesBRxsOE9pWIBaNopaATcaTkmnjuVbda81xvBrJM/ILUoECjW/3q9FKWJ1whk9SYwPcyDMdUo2CSTyqd3PCMsiHt88BSRRNuwvHs5Ak5sUqPxKm2pZDM1N8TY5oYM0oi25lQHJhFbyr+5wU5xpfhWKgsR67YfFGcS4Ipmf5PekJzhnJkCWVa2FsJG1BNGdqUKjYEf/HlZfJ45vqe69+f1+o3RRxlOIJjOAUfLqAOd9CAJjBI4Rle4c1B58V5dz7mrSWnmDmEP3A+fwBSS4/0</latexit><latexit sha1_base64="Oer1lL17+XqjXbyDgynjlQlX5Aw=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0hEUA9C0YvHCtYW0lA22027dLMJuxOhlP4MLx4U8eqv8ea/cdvmoK0PBh7vzTAzL8qkMOh5305pZXVtfaO8Wdna3tndq+4fPJo014w3WSpT3Y6o4VIo3kSBkrczzWkSSd6KhrdTv/XEtRGpesBRxsOE9pWIBaNopaATcaTkmnjuVbda81xvBrJM/ILUoECjW/3q9FKWJ1whk9SYwPcyDMdUo2CSTyqd3PCMsiHt88BSRRNuwvHs5Ak5sUqPxKm2pZDM1N8TY5oYM0oi25lQHJhFbyr+5wU5xpfhWKgsR67YfFGcS4Ipmf5PekJzhnJkCWVa2FsJG1BNGdqUKjYEf/HlZfJ45vqe69+f1+o3RRxlOIJjOAUfLqAOd9CAJjBI4Rle4c1B58V5dz7mrSWnmDmEP3A+fwBSS4/0</latexit><latexit sha1_base64="Oer1lL17+XqjXbyDgynjlQlX5Aw=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0hEUA9C0YvHCtYW0lA22027dLMJuxOhlP4MLx4U8eqv8ea/cdvmoK0PBh7vzTAzL8qkMOh5305pZXVtfaO8Wdna3tndq+4fPJo014w3WSpT3Y6o4VIo3kSBkrczzWkSSd6KhrdTv/XEtRGpesBRxsOE9pWIBaNopaATcaTkmnjuVbda81xvBrJM/ILUoECjW/3q9FKWJ1whk9SYwPcyDMdUo2CSTyqd3PCMsiHt88BSRRNuwvHs5Ak5sUqPxKm2pZDM1N8TY5oYM0oi25lQHJhFbyr+5wU5xpfhWKgsR67YfFGcS4Ipmf5PekJzhnJkCWVa2FsJG1BNGdqUKjYEf/HlZfJ45vqe69+f1+o3RRxlOIJjOAUfLqAOd9CAJjBI4Rle4c1B58V5dz7mrSWnmDmEP3A+fwBSS4/0</latexit><latexit sha1_base64="Oer1lL17+XqjXbyDgynjlQlX5Aw=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBbBU0hEUA9C0YvHCtYW0lA22027dLMJuxOhlP4MLx4U8eqv8ea/cdvmoK0PBh7vzTAzL8qkMOh5305pZXVtfaO8Wdna3tndq+4fPJo014w3WSpT3Y6o4VIo3kSBkrczzWkSSd6KhrdTv/XEtRGpesBRxsOE9pWIBaNopaATcaTkmnjuVbda81xvBrJM/ILUoECjW/3q9FKWJ1whk9SYwPcyDMdUo2CSTyqd3PCMsiHt88BSRRNuwvHs5Ak5sUqPxKm2pZDM1N8TY5oYM0oi25lQHJhFbyr+5wU5xpfhWKgsR67YfFGcS4Ipmf5PekJzhnJkCWVa2FsJG1BNGdqUKjYEf/HlZfJ45vqe69+f1+o3RRxlOIJjOAUfLqAOd9CAJjBI4Rle4c1B58V5dz7mrSWnmDmEP3A+fwBSS4/0</latexit>

Recall: Momentum acceleration



- Nesterov’s work: how do we set up the momentum parameter?

xt+1 = yt � ⌘rf(yt)

yt+1 = xt+1 + �(xt+1 � xt)
<latexit sha1_base64="VA1KyTYytueQ2ll1EVbRG1yaGXg="></latexit><latexit sha1_base64="VA1KyTYytueQ2ll1EVbRG1yaGXg="></latexit><latexit sha1_base64="VA1KyTYytueQ2ll1EVbRG1yaGXg="></latexit><latexit sha1_base64="VA1KyTYytueQ2ll1EVbRG1yaGXg="></latexit>

� =
✓t � 1

✓t+1
<latexit sha1_base64="TtlZO93sFGMtDQsx40ykTU6AjtQ=">AAACE3icbVDLSsNAFJ3UV62vqEs3g0UQxZKIoBuh6MZlBfuAJoTJdNIOnTyYuRFKyD+48VfcuFDErRt3/o3TNoK2Hhg495x7uXOPnwiuwLK+jNLC4tLySnm1sra+sbllbu+0VJxKypo0FrHs+EQxwSPWBA6CdRLJSOgL1vaH12O/fc+k4nF0B6OEuSHpRzzglICWPPPI8RkQfImdQBKaOTDQpQf4BNv5T5XBsZ3n2DOrVs2aAM8TuyBVVKDhmZ9OL6ZpyCKggijVta0E3IxI4FSwvOKkiiWEDkmfdTWNSMiUm01uyvGBVno4iKV+EeCJ+nsiI6FSo9DXnSGBgZr1xuJ/XjeF4MLNeJSkwCI6XRSkAkOMxwHhHpeMghhpQqjk+q+YDogOB3SMFR2CPXvyPGmd1myrZt+eVetXRRxltIf20SGy0TmqoxvUQE1E0QN6Qi/o1Xg0no03433aWjKKmV30B8bHN38ynUg=</latexit><latexit sha1_base64="TtlZO93sFGMtDQsx40ykTU6AjtQ=">AAACE3icbVDLSsNAFJ3UV62vqEs3g0UQxZKIoBuh6MZlBfuAJoTJdNIOnTyYuRFKyD+48VfcuFDErRt3/o3TNoK2Hhg495x7uXOPnwiuwLK+jNLC4tLySnm1sra+sbllbu+0VJxKypo0FrHs+EQxwSPWBA6CdRLJSOgL1vaH12O/fc+k4nF0B6OEuSHpRzzglICWPPPI8RkQfImdQBKaOTDQpQf4BNv5T5XBsZ3n2DOrVs2aAM8TuyBVVKDhmZ9OL6ZpyCKggijVta0E3IxI4FSwvOKkiiWEDkmfdTWNSMiUm01uyvGBVno4iKV+EeCJ+nsiI6FSo9DXnSGBgZr1xuJ/XjeF4MLNeJSkwCI6XRSkAkOMxwHhHpeMghhpQqjk+q+YDogOB3SMFR2CPXvyPGmd1myrZt+eVetXRRxltIf20SGy0TmqoxvUQE1E0QN6Qi/o1Xg0no03433aWjKKmV30B8bHN38ynUg=</latexit><latexit sha1_base64="TtlZO93sFGMtDQsx40ykTU6AjtQ=">AAACE3icbVDLSsNAFJ3UV62vqEs3g0UQxZKIoBuh6MZlBfuAJoTJdNIOnTyYuRFKyD+48VfcuFDErRt3/o3TNoK2Hhg495x7uXOPnwiuwLK+jNLC4tLySnm1sra+sbllbu+0VJxKypo0FrHs+EQxwSPWBA6CdRLJSOgL1vaH12O/fc+k4nF0B6OEuSHpRzzglICWPPPI8RkQfImdQBKaOTDQpQf4BNv5T5XBsZ3n2DOrVs2aAM8TuyBVVKDhmZ9OL6ZpyCKggijVta0E3IxI4FSwvOKkiiWEDkmfdTWNSMiUm01uyvGBVno4iKV+EeCJ+nsiI6FSo9DXnSGBgZr1xuJ/XjeF4MLNeJSkwCI6XRSkAkOMxwHhHpeMghhpQqjk+q+YDogOB3SMFR2CPXvyPGmd1myrZt+eVetXRRxltIf20SGy0TmqoxvUQE1E0QN6Qi/o1Xg0no03433aWjKKmV30B8bHN38ynUg=</latexit><latexit sha1_base64="TtlZO93sFGMtDQsx40ykTU6AjtQ=">AAACE3icbVDLSsNAFJ3UV62vqEs3g0UQxZKIoBuh6MZlBfuAJoTJdNIOnTyYuRFKyD+48VfcuFDErRt3/o3TNoK2Hhg495x7uXOPnwiuwLK+jNLC4tLySnm1sra+sbllbu+0VJxKypo0FrHs+EQxwSPWBA6CdRLJSOgL1vaH12O/fc+k4nF0B6OEuSHpRzzglICWPPPI8RkQfImdQBKaOTDQpQf4BNv5T5XBsZ3n2DOrVs2aAM8TuyBVVKDhmZ9OL6ZpyCKggijVta0E3IxI4FSwvOKkiiWEDkmfdTWNSMiUm01uyvGBVno4iKV+EeCJ+nsiI6FSo9DXnSGBgZr1xuJ/XjeF4MLNeJSkwCI6XRSkAkOMxwHhHpeMghhpQqjk+q+YDogOB3SMFR2CPXvyPGmd1myrZt+eVetXRRxltIf20SGy0TmqoxvUQE1E0QN6Qi/o1Xg0no03433aWjKKmV30B8bHN38ynUg=</latexit>

1.                   where ✓0 = 1, ✓t+1 =
1 +

p
1 + 4✓2t
2
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One of the mysteries of 
optimization..

Recall: Momentum acceleration



AdaGrad algorithm

- Algorithms so far assume a common (and often fixed) step size for  
   all components of xt

<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

(A Google algorithm that found application to 
``Large-scale distributed deep networks`` paper)



AdaGrad algorithm

- Algorithms so far assume a common (and often fixed) step size for  
   all components of xt

<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

- AdaGrad adapts the initial step size for each of the components:

- Associates small step sizes to frequently occurring features

- Associates large step sizes to rate occurring features

(A Google algorithm that found application to 
``Large-scale distributed deep networks`` paper)



AdaGrad algorithm

- Algorithms so far assume a common (and often fixed) step size for  
   all components of xt

<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

- AdaGrad adapts the initial step size for each of the components:

- Associates small step sizes to frequently occurring features

- Associates large step sizes to rate occurring features

(A Google algorithm that found application to 
``Large-scale distributed deep networks`` paper)

- What is the main idea? Consider  
Entrywise representation of GD

xt+1,i = xt,i � ⌘rf(xt)i
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   Then, practical version of  AdaGrad does: xt+1,i = xt,i �
⌘p

Bt,ii + ✏
·rfit(xt)i
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- AdaGrad adapts the initial step size for each of the components:

- Associates small step sizes to frequently occurring features

- Associates large step sizes to rate occurring features

(A Google algorithm that found application to 
``Large-scale distributed deep networks`` paper)

What is this quantity?

- What is the main idea? Consider  
Entrywise representation of GD

xt+1,i = xt,i � ⌘rf(xt)i
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AdaGrad algorithm
- AdaGrad is just another preconditioning algorithm:

Recall: Preconditioning 
algorithms (BFGS, SR1) in 
lecture 3

xt+1 = xt � ⌘B�1
t rf(xt)
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   where 

Bt =
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rfij (xj) ·rfij (xj)
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Avoids division with zero

Full matrix AdaGrad



AdaGrad algorithm
- ``What is the intuition behind the form of      ?``Bt
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Relates to the Fisher Information 
matrix (which is related to the 
expected Hessian) - outside our scope



AdaGrad algorithm

- ``What is the connection between full and diagonal preconditioner?``

Whiteboard

- ``What is the intuition behind the form of      ?``Bt
<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

Bt =

0

@
tX

j=1

rfij (xj) ·rfij (xj)
>

1

A
1/2

<latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit><latexit sha1_base64="(null)">(null)</latexit>

Relates to the Fisher Information 
matrix (which is related to the 
expected Hessian) - outside our scope



AdaGrad algorithm

- ``What is the connection between full and diagonal preconditioner?``

Whiteboard
- ``What are some properties of AdaGrad?``

   2. The original version keeps accumulating squared gradients,  
       which makes resulting step sizes really small.

   1. Step size is automatically set - default values for initial step size is ⌘ = 0.01
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- ``Are there guarantees for AdaGrad?``
- Yes, in the convex case, using regret bounds - see Literature section
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Introducing exponentially weighted averages

- Toy example: temperature values over a year

(Adapted from Ng’s lectures)

- Computing trends: local averages  
   and how they evolve

V0 = 0

V1 = 0.9V0 + 0.1✓1

V2 = 0.9V1 + 0.1✓2
...

Vt = 0.9Vt�1 + 0.1✓t
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- Examples: 
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� = 0.98
<latexit sha1_base64="ON75xFY837oDKqpyZVZCXibxfWw=">AAAB83icbVDLSgNBEOyNrxhfUY9eBoPgadmNgvEgBL14jGAekF3C7KQ3GTL7YGZWCCG/4cWDIl79GW/+jZNkD5pY0FBUddPdFaSCK+0431ZhbX1jc6u4XdrZ3ds/KB8etVSSSYZNlohEdgKqUPAYm5prgZ1UIo0Cge1gdDfz208oFU/iRz1O0Y/oIOYhZ1QbyfMC1JTcEMe+rvXKFcd25iCrxM1JBXI0euUvr5+wLMJYM0GV6rpOqv0JlZozgdOSlylMKRvRAXYNjWmEyp/Mb56SM6P0SZhIU7Emc/X3xIRGSo2jwHRGVA/VsjcT//O6mQ5r/oTHaaYxZotFYSaITsgsANLnEpkWY0Mok9zcStiQSsq0ialkQnCXX14lrartXtjVh8tK/TaPowgncArn4MIV1OEeGtAEBik8wyu8WZn1Yr1bH4vWgpXPHMMfWJ8/0H2QOg==</latexit>

(Adapted from Ng’s lectures)



Other algorithms and sources
- Not a complete list: AdaMax, Nadam, AMSGrad, ..

- A nice blog post on the matter:

http://ruder.io/optimizing-gradient-descent/

- Choosing the right algorithm: there is no consensus about it (see next slides)

- A visualization of their performance in toy examples:

http://ruder.io/optimizing-gradient-descent/
http://ruder.io/optimizing-gradient-descent/










Other algorithms and sources
- Not a complete list: AdaMax, Nadam, AMSGrad, ..

- A nice blog post on the matter:

http://ruder.io/optimizing-gradient-descent/

- Choosing the right algorithm: there is no consensus about it (see next slides)

- A visualization of their performance in toy examples:

- Bonus discussion: The marginal value of adaptive methods

http://ruder.io/optimizing-gradient-descent/
http://ruder.io/optimizing-gradient-descent/


Other algorithms and sources
- Not a complete list: AdaMax, Nadam, AMSGrad, ..

- A nice blog post on the matter:

http://ruder.io/optimizing-gradient-descent/

- Choosing the right algorithm: there is no consensus about it (see next slides)

- A visualization of their performance in toy examples:

- Bonus discussion: The marginal value of adaptive methods
(Switch presentations)

http://ruder.io/optimizing-gradient-descent/
http://ruder.io/optimizing-gradient-descent/


Conclusion

- There are various algorithms for modern machine learning
- The most successful of them are gradient based; however, there are 
   variations that make difference in practice (acceleration helps, adaptive 
   learning rates work for most applications, etc).

- Which algorithm to use depends on the problem and the resources 
    at hand

- These topics are highly attractive (research-wise): the idea is to devise 
   new algorithms that achieve practical acceleration (with minimal tuning 
   effort)


