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Stochastic non-convex optimization
Minimize the population loss f(w) given n i.i.d. samples z1, . . . , zn from un-
known distribution P:
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` : W ⇥ Z 7! R: non-convex loss function
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z 2 Z: data point following unknown distribution P
<latexit sha1_base64="mvR1SiQjLJBwiZownFT4P+irHKc="></latexit><latexit sha1_base64="mvR1SiQjLJBwiZownFT4P+irHKc="></latexit><latexit sha1_base64="mvR1SiQjLJBwiZownFT4P+irHKc="></latexit><latexit sha1_base64="mvR1SiQjLJBwiZownFT4P+irHKc="></latexit>

★
   

min
w2W

f̂(w) , 1

n

nX

j=1

` (w, zj)

<latexit sha1_base64="5BBN4c0ca5/bsakcmp1JrsSiZAY="></latexit><latexit sha1_base64="5BBN4c0ca5/bsakcmp1JrsSiZAY="></latexit><latexit sha1_base64="5BBN4c0ca5/bsakcmp1JrsSiZAY="></latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="sGEiyF+b2w/4tF7cfRRmlbeTkpk="></latexit><latexit sha1_base64="a6KkXPEvv1qgt7daDKmYdNXOkxw="></latexit><latexit sha1_base64="/TsZ4WyHh5AjG5tW7fePUX17H5A="></latexit><latexit sha1_base64="5BBN4c0ca5/bsakcmp1JrsSiZAY="></latexit><latexit sha1_base64="5BBN4c0ca5/bsakcmp1JrsSiZAY="></latexit><latexit sha1_base64="5BBN4c0ca5/bsakcmp1JrsSiZAY="></latexit><latexit sha1_base64="5BBN4c0ca5/bsakcmp1JrsSiZAY="></latexit><latexit sha1_base64="5BBN4c0ca5/bsakcmp1JrsSiZAY="></latexit><latexit sha1_base64="5BBN4c0ca5/bsakcmp1JrsSiZAY="></latexit>

Minimize the empirical risk (ERM):★
   

★
   

Adaptive Gradient Methods: AdaGrad, RMSprop, Adam, AdaBound, etc 

• Optimization bounds for the training objective, e.g., norm of the empirical gradient.
• Generalization bound, e.g., norm of the population gradient.
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A randomized algorithm M is ✏-di↵erentially private if for all S ✓ Range(M)
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Differential Privacy: 
and for all pairs of adjacent datasets x, y that di↵er on a single data point:
P{M(x) 2 S}  exp(✏)P{M(y) 2 S}.
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SAGD with Laplace mechanism★
   

SAGD algorithm 

High-probability bound: noisy gradient approximates population gradient.

P
n
kg̃t � gtk �

p
d�(G+ µ)

o
 d�+d exp(�µ), 8t 2 [T ], � > 0 and µ > 0.
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Non-asymptotic convergence rate (population gradient):

with probability at least 1�O (1/ (⇢n,dn)) .
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⇢n,d , O(lnn+ ln d)
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SAGD with DPG-LAP (Alg. 1) is

✓p
T ln(1/�)G1

n� , �
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•  

• Upper bound on T:
p

T ln(1/�)G1/(n�)  �/13
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SAGD with Sparse vector technique★
   

SAGD with DPG-SPARSE is
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•  

•  Cs - the number of times the validation fails, i.e., kĝS1,t � ĝS2,tk+� > ⌧ is true,
over T iterations in SAGD.
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•  Imply an improved upper bound on T:
p
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Experimental Results

Sample gradients concentrate to population gradients across all iterations
Norm of population gradient converges with high probability
An upper bound on the number of iterations

SAGD guarantees:
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Model: 2-layer LSTM and 3-layer LSTM 
Datasets: Penn Treebank

Figure 1: Train (upper panels) and test (bottom panels) perplexity of 2-layer LSTM (2LSTM) 
and 3-layer LSTM (3LSTM). Even though some baseline optimizers achieve better training
performance than SAGD, the latter performs the best in terms of test perplexity among all 
methods.

Our Idea 

Ideal case: unlimited training samples 
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<latexit sha1_base64="JrUJiZ/OlH5nWtxWWNUttDe16WE=">AAAB7HicdVBNSwMxEM3Wr1q/qh69BFvB05Kt3dZjQRCPFd220C4lm6ZtaDa7JFmhLAX/gRcPinj1B3nz35htK6jog4HHezPMzAtizpRG6MPKrayurW/kNwtb2zu7e8X9g5aKEkmoRyIeyU6AFeVMUE8zzWknlhSHAaftYHKR+e07KhWLxK2extQP8UiwISNYG8kr3/Sdcr9YQjaq1lzHhRmpu24tIxVUPatCx0ZzlMASzX7xvTeISBJSoQnHSnUdFGs/xVIzwums0EsUjTGZ4BHtGipwSJWfzo+dwROjDOAwkqaEhnP1+0SKQ6WmYWA6Q6zH6reXiX953UQPz/2UiTjRVJDFomHCoY5g9jkcMEmJ5lNDMJHM3ArJGEtMtMmnYEL4+hT+T1oV20G2c10pNS7vF3HkwRE4BqfAAXXQAFegCTxAAAMP4Ak8W8J6tF6s10VrzlpGeAh+wHr7BArGjpY=</latexit><latexit sha1_base64="JrUJiZ/OlH5nWtxWWNUttDe16WE=">AAAB7HicdVBNSwMxEM3Wr1q/qh69BFvB05Kt3dZjQRCPFd220C4lm6ZtaDa7JFmhLAX/gRcPinj1B3nz35htK6jog4HHezPMzAtizpRG6MPKrayurW/kNwtb2zu7e8X9g5aKEkmoRyIeyU6AFeVMUE8zzWknlhSHAaftYHKR+e07KhWLxK2extQP8UiwISNYG8kr3/Sdcr9YQjaq1lzHhRmpu24tIxVUPatCx0ZzlMASzX7xvTeISBJSoQnHSnUdFGs/xVIzwums0EsUjTGZ4BHtGipwSJWfzo+dwROjDOAwkqaEhnP1+0SKQ6WmYWA6Q6zH6reXiX953UQPz/2UiTjRVJDFomHCoY5g9jkcMEmJ5lNDMJHM3ArJGEtMtMmnYEL4+hT+T1oV20G2c10pNS7vF3HkwRE4BqfAAXXQAFegCTxAAAMP4Ak8W8J6tF6s10VrzlpGeAh+wHr7BArGjpY=</latexit><latexit sha1_base64="JrUJiZ/OlH5nWtxWWNUttDe16WE=">AAAB7HicdVBNSwMxEM3Wr1q/qh69BFvB05Kt3dZjQRCPFd220C4lm6ZtaDa7JFmhLAX/gRcPinj1B3nz35htK6jog4HHezPMzAtizpRG6MPKrayurW/kNwtb2zu7e8X9g5aKEkmoRyIeyU6AFeVMUE8zzWknlhSHAaftYHKR+e07KhWLxK2extQP8UiwISNYG8kr3/Sdcr9YQjaq1lzHhRmpu24tIxVUPatCx0ZzlMASzX7xvTeISBJSoQnHSnUdFGs/xVIzwums0EsUjTGZ4BHtGipwSJWfzo+dwROjDOAwkqaEhnP1+0SKQ6WmYWA6Q6zH6reXiX953UQPz/2UiTjRVJDFomHCoY5g9jkcMEmJ5lNDMJHM3ArJGEtMtMmnYEL4+hT+T1oV20G2c10pNS7vF3HkwRE4BqfAAXXQAFegCTxAAAMP4Ak8W8J6tF6s10VrzlpGeAh+wHr7BArGjpY=</latexit><latexit sha1_base64="JrUJiZ/OlH5nWtxWWNUttDe16WE=">AAAB7HicdVBNSwMxEM3Wr1q/qh69BFvB05Kt3dZjQRCPFd220C4lm6ZtaDa7JFmhLAX/gRcPinj1B3nz35htK6jog4HHezPMzAtizpRG6MPKrayurW/kNwtb2zu7e8X9g5aKEkmoRyIeyU6AFeVMUE8zzWknlhSHAaftYHKR+e07KhWLxK2extQP8UiwISNYG8kr3/Sdcr9YQjaq1lzHhRmpu24tIxVUPatCx0ZzlMASzX7xvTeISBJSoQnHSnUdFGs/xVIzwums0EsUjTGZ4BHtGipwSJWfzo+dwROjDOAwkqaEhnP1+0SKQ6WmYWA6Q6zH6reXiX953UQPz/2UiTjRVJDFomHCoY5g9jkcMEmJ5lNDMJHM3ArJGEtMtMmnYEL4+hT+T1oV20G2c10pNS7vF3HkwRE4BqfAAXXQAFegCTxAAAMP4Ak8W8J6tF6s10VrzlpGeAh+wHr7BArGjpY=</latexit>

S2
<latexit sha1_base64="MkjCMcvJLRkqmMyymmmj6QdoxCo=">AAAB7HicdVBNS8NAEN3Ur1q/qh69LLaCp5DEpvVYEMRjRdMW2lA22027dLMJuxuhhIL/wIsHRbz6g7z5b9y0FVT0wcDjvRlm5gUJo1JZ1odRWFldW98obpa2tnd298r7B20ZpwITD8csFt0AScIoJ56iipFuIgiKAkY6weQi9zt3REga81s1TYgfoRGnIcVIacmr3gyc6qBcsUyrVndtF+ak4br1nDhW7awGbdOaowKWaA3K7/1hjNOIcIUZkrJnW4nyMyQUxYzMSv1UkgThCRqRnqYcRUT62fzYGTzRyhCGsdDFFZyr3ycyFEk5jQLdGSE1lr+9XPzL66UqPPczypNUEY4Xi8KUQRXD/HM4pIJgxaaaICyovhXiMRIIK51PSYfw9Sn8n7Qd07ZM+9qpNC/vF3EUwRE4BqfABg3QBFegBTyAAQUP4Ak8G9x4NF6M10VrwVhGeAh+wHj7BAxLjpc=</latexit><latexit sha1_base64="MkjCMcvJLRkqmMyymmmj6QdoxCo=">AAAB7HicdVBNS8NAEN3Ur1q/qh69LLaCp5DEpvVYEMRjRdMW2lA22027dLMJuxuhhIL/wIsHRbz6g7z5b9y0FVT0wcDjvRlm5gUJo1JZ1odRWFldW98obpa2tnd298r7B20ZpwITD8csFt0AScIoJ56iipFuIgiKAkY6weQi9zt3REga81s1TYgfoRGnIcVIacmr3gyc6qBcsUyrVndtF+ak4br1nDhW7awGbdOaowKWaA3K7/1hjNOIcIUZkrJnW4nyMyQUxYzMSv1UkgThCRqRnqYcRUT62fzYGTzRyhCGsdDFFZyr3ycyFEk5jQLdGSE1lr+9XPzL66UqPPczypNUEY4Xi8KUQRXD/HM4pIJgxaaaICyovhXiMRIIK51PSYfw9Sn8n7Qd07ZM+9qpNC/vF3EUwRE4BqfABg3QBFegBTyAAQUP4Ak8G9x4NF6M10VrwVhGeAh+wHj7BAxLjpc=</latexit><latexit sha1_base64="MkjCMcvJLRkqmMyymmmj6QdoxCo=">AAAB7HicdVBNS8NAEN3Ur1q/qh69LLaCp5DEpvVYEMRjRdMW2lA22027dLMJuxuhhIL/wIsHRbz6g7z5b9y0FVT0wcDjvRlm5gUJo1JZ1odRWFldW98obpa2tnd298r7B20ZpwITD8csFt0AScIoJ56iipFuIgiKAkY6weQi9zt3REga81s1TYgfoRGnIcVIacmr3gyc6qBcsUyrVndtF+ak4br1nDhW7awGbdOaowKWaA3K7/1hjNOIcIUZkrJnW4nyMyQUxYzMSv1UkgThCRqRnqYcRUT62fzYGTzRyhCGsdDFFZyr3ycyFEk5jQLdGSE1lr+9XPzL66UqPPczypNUEY4Xi8KUQRXD/HM4pIJgxaaaICyovhXiMRIIK51PSYfw9Sn8n7Qd07ZM+9qpNC/vF3EUwRE4BqfABg3QBFegBTyAAQUP4Ak8G9x4NF6M10VrwVhGeAh+wHj7BAxLjpc=</latexit><latexit sha1_base64="MkjCMcvJLRkqmMyymmmj6QdoxCo=">AAAB7HicdVBNS8NAEN3Ur1q/qh69LLaCp5DEpvVYEMRjRdMW2lA22027dLMJuxuhhIL/wIsHRbz6g7z5b9y0FVT0wcDjvRlm5gUJo1JZ1odRWFldW98obpa2tnd298r7B20ZpwITD8csFt0AScIoJ56iipFuIgiKAkY6weQi9zt3REga81s1TYgfoRGnIcVIacmr3gyc6qBcsUyrVndtF+ak4br1nDhW7awGbdOaowKWaA3K7/1hjNOIcIUZkrJnW4nyMyQUxYzMSv1UkgThCRqRnqYcRUT62fzYGTzRyhCGsdDFFZyr3ycyFEk5jQLdGSE1lr+9XPzL66UqPPczypNUEY4Xi8KUQRXD/HM4pIJgxaaaICyovhXiMRIIK51PSYfw9Sn8n7Qd07ZM+9qpNC/vF3EUwRE4BqfABg3QBFegBTyAAQUP4Ak8G9x4NF6M10VrwVhGeAh+wHj7BAxLjpc=</latexit>

ST
<latexit sha1_base64="5Yg/RSZKFm/Qrn/KkGYH2h9epF0=">AAAB7HicdVBNSwMxEM36WetX1aOXYCt4WrK123osCOKxYrcttEvJpmkbms0uSVYoS8F/4MWDIl79Qd78N2bbCir6YODx3gwz84KYM6UR+rBWVtfWNzZzW/ntnd29/cLBYUtFiSTUIxGPZCfAinImqKeZ5rQTS4rDgNN2MLnM/PYdlYpFoqmnMfVDPBJsyAjWRvJKt/1mqV8oIhtVqq7jwozUXLeakTKqnFegY6M5imCJRr/w3htEJAmp0IRjpboOirWfYqkZ4XSW7yWKxphM8Ih2DRU4pMpP58fO4KlRBnAYSVNCw7n6fSLFoVLTMDCdIdZj9dvLxL+8bqKHF37KRJxoKshi0TDhUEcw+xwOmKRE86khmEhmboVkjCUm2uSTNyF8fQr/J62y7SDbuSkX61f3izhy4BicgDPggBqog2vQAB4ggIEH8ASeLWE9Wi/W66J1xVpGeAR+wHr7BD/1jrk=</latexit><latexit sha1_base64="5Yg/RSZKFm/Qrn/KkGYH2h9epF0=">AAAB7HicdVBNSwMxEM36WetX1aOXYCt4WrK123osCOKxYrcttEvJpmkbms0uSVYoS8F/4MWDIl79Qd78N2bbCir6YODx3gwz84KYM6UR+rBWVtfWNzZzW/ntnd29/cLBYUtFiSTUIxGPZCfAinImqKeZ5rQTS4rDgNN2MLnM/PYdlYpFoqmnMfVDPBJsyAjWRvJKt/1mqV8oIhtVqq7jwozUXLeakTKqnFegY6M5imCJRr/w3htEJAmp0IRjpboOirWfYqkZ4XSW7yWKxphM8Ih2DRU4pMpP58fO4KlRBnAYSVNCw7n6fSLFoVLTMDCdIdZj9dvLxL+8bqKHF37KRJxoKshi0TDhUEcw+xwOmKRE86khmEhmboVkjCUm2uSTNyF8fQr/J62y7SDbuSkX61f3izhy4BicgDPggBqog2vQAB4ggIEH8ASeLWE9Wi/W66J1xVpGeAR+wHr7BD/1jrk=</latexit><latexit sha1_base64="5Yg/RSZKFm/Qrn/KkGYH2h9epF0=">AAAB7HicdVBNSwMxEM36WetX1aOXYCt4WrK123osCOKxYrcttEvJpmkbms0uSVYoS8F/4MWDIl79Qd78N2bbCir6YODx3gwz84KYM6UR+rBWVtfWNzZzW/ntnd29/cLBYUtFiSTUIxGPZCfAinImqKeZ5rQTS4rDgNN2MLnM/PYdlYpFoqmnMfVDPBJsyAjWRvJKt/1mqV8oIhtVqq7jwozUXLeakTKqnFegY6M5imCJRr/w3htEJAmp0IRjpboOirWfYqkZ4XSW7yWKxphM8Ih2DRU4pMpP58fO4KlRBnAYSVNCw7n6fSLFoVLTMDCdIdZj9dvLxL+8bqKHF37KRJxoKshi0TDhUEcw+xwOmKRE86khmEhmboVkjCUm2uSTNyF8fQr/J62y7SDbuSkX61f3izhy4BicgDPggBqog2vQAB4ggIEH8ASeLWE9Wi/W66J1xVpGeAR+wHr7BD/1jrk=</latexit><latexit sha1_base64="5Yg/RSZKFm/Qrn/KkGYH2h9epF0=">AAAB7HicdVBNSwMxEM36WetX1aOXYCt4WrK123osCOKxYrcttEvJpmkbms0uSVYoS8F/4MWDIl79Qd78N2bbCir6YODx3gwz84KYM6UR+rBWVtfWNzZzW/ntnd29/cLBYUtFiSTUIxGPZCfAinImqKeZ5rQTS4rDgNN2MLnM/PYdlYpFoqmnMfVDPBJsyAjWRvJKt/1mqV8oIhtVqq7jwozUXLeakTKqnFegY6M5imCJRr/w3htEJAmp0IRjpboOirWfYqkZ4XSW7yWKxphM8Ih2DRU4pMpP58fO4KlRBnAYSVNCw7n6fSLFoVLTMDCdIdZj9dvLxL+8bqKHF37KRJxoKshi0TDhUEcw+xwOmKRE86khmEhmboVkjCUm2uSTNyF8fQr/J62y7SDbuSkX61f3izhy4BicgDPggBqog2vQAB4ggIEH8ASeLWE9Wi/W66J1xVpGeAR+wHr7BD/1jrk=</latexit>

Gradient Descent fresh sample

g1
<latexit sha1_base64="fGL1ayLu79VEL49ocrN+t2YiiCA=">AAAB7HicdVBNS8NAEN3Ur1q/qh69LLaCp7CpTdtjwYvHCqYttKFstpt26WYTdjdCCf0NXjwo4tUf5M1/46atoKIPBh7vzTAzL0g4UxqhD6uwsbm1vVPcLe3tHxwelY9PuipOJaEeiXks+wFWlDNBPc00p/1EUhwFnPaC2XXu9+6pVCwWd3qeUD/CE8FCRrA2kledjJzqqFxBNqo3XMeFOWm6biMnNVS/qkPHRktUwBqdUfl9OI5JGlGhCcdKDRyUaD/DUjPC6aI0TBVNMJnhCR0YKnBElZ8tj13AC6OMYRhLU0LDpfp9IsORUvMoMJ0R1lP128vFv7xBqsOWnzGRpJoKsloUphzqGOafwzGTlGg+NwQTycytkEyxxESbfEomhK9P4f+kW7MdZDu3tUq7tY6jCM7AObgEDmiCNrgBHeABAhh4AE/g2RLWo/Viva5aC9Z65hT8gPX2Cf8Njhw=</latexit><latexit sha1_base64="fGL1ayLu79VEL49ocrN+t2YiiCA=">AAAB7HicdVBNS8NAEN3Ur1q/qh69LLaCp7CpTdtjwYvHCqYttKFstpt26WYTdjdCCf0NXjwo4tUf5M1/46atoKIPBh7vzTAzL0g4UxqhD6uwsbm1vVPcLe3tHxwelY9PuipOJaEeiXks+wFWlDNBPc00p/1EUhwFnPaC2XXu9+6pVCwWd3qeUD/CE8FCRrA2kledjJzqqFxBNqo3XMeFOWm6biMnNVS/qkPHRktUwBqdUfl9OI5JGlGhCcdKDRyUaD/DUjPC6aI0TBVNMJnhCR0YKnBElZ8tj13AC6OMYRhLU0LDpfp9IsORUvMoMJ0R1lP128vFv7xBqsOWnzGRpJoKsloUphzqGOafwzGTlGg+NwQTycytkEyxxESbfEomhK9P4f+kW7MdZDu3tUq7tY6jCM7AObgEDmiCNrgBHeABAhh4AE/g2RLWo/Viva5aC9Z65hT8gPX2Cf8Njhw=</latexit><latexit sha1_base64="fGL1ayLu79VEL49ocrN+t2YiiCA=">AAAB7HicdVBNS8NAEN3Ur1q/qh69LLaCp7CpTdtjwYvHCqYttKFstpt26WYTdjdCCf0NXjwo4tUf5M1/46atoKIPBh7vzTAzL0g4UxqhD6uwsbm1vVPcLe3tHxwelY9PuipOJaEeiXks+wFWlDNBPc00p/1EUhwFnPaC2XXu9+6pVCwWd3qeUD/CE8FCRrA2kledjJzqqFxBNqo3XMeFOWm6biMnNVS/qkPHRktUwBqdUfl9OI5JGlGhCcdKDRyUaD/DUjPC6aI0TBVNMJnhCR0YKnBElZ8tj13AC6OMYRhLU0LDpfp9IsORUvMoMJ0R1lP128vFv7xBqsOWnzGRpJoKsloUphzqGOafwzGTlGg+NwQTycytkEyxxESbfEomhK9P4f+kW7MdZDu3tUq7tY6jCM7AObgEDmiCNrgBHeABAhh4AE/g2RLWo/Viva5aC9Z65hT8gPX2Cf8Njhw=</latexit><latexit sha1_base64="fGL1ayLu79VEL49ocrN+t2YiiCA=">AAAB7HicdVBNS8NAEN3Ur1q/qh69LLaCp7CpTdtjwYvHCqYttKFstpt26WYTdjdCCf0NXjwo4tUf5M1/46atoKIPBh7vzTAzL0g4UxqhD6uwsbm1vVPcLe3tHxwelY9PuipOJaEeiXks+wFWlDNBPc00p/1EUhwFnPaC2XXu9+6pVCwWd3qeUD/CE8FCRrA2kledjJzqqFxBNqo3XMeFOWm6biMnNVS/qkPHRktUwBqdUfl9OI5JGlGhCcdKDRyUaD/DUjPC6aI0TBVNMJnhCR0YKnBElZ8tj13AC6OMYRhLU0LDpfp9IsORUvMoMJ0R1lP128vFv7xBqsOWnzGRpJoKsloUphzqGOafwzGTlGg+NwQTycytkEyxxESbfEomhK9P4f+kW7MdZDu3tUq7tY6jCM7AObgEDmiCNrgBHeABAhh4AE/g2RLWo/Viva5aC9Z65hT8gPX2Cf8Njhw=</latexit>

g2
<latexit sha1_base64="gv65m7eMDE0dgrMI8Y5Crvwkw14=">AAAB7HicdVBNS8NAEN3Ur1q/qh69LLaCp7CpTdtjwYvHCqYttKFstpt26WYTdjdCCf0NXjwo4tUf5M1/46atoKIPBh7vzTAzL0g4UxqhD6uwsbm1vVPcLe3tHxwelY9PuipOJaEeiXks+wFWlDNBPc00p/1EUhwFnPaC2XXu9+6pVCwWd3qeUD/CE8FCRrA2kledjGrVUbmCbFRvuI4Lc9J03UZOaqh+VYeOjZaogDU6o/L7cByTNKJCE46VGjgo0X6GpWaE00VpmCqaYDLDEzowVOCIKj9bHruAF0YZwzCWpoSGS/X7RIYjpeZRYDojrKfqt5eLf3mDVIctP2MiSTUVZLUoTDnUMcw/h2MmKdF8bggmkplbIZliiYk2+ZRMCF+fwv9Jt2Y7yHZua5V2ax1HEZyBc3AJHNAEbXADOsADBDDwAJ7AsyWsR+vFel21Fqz1zCn4AevtEwChjh0=</latexit><latexit sha1_base64="gv65m7eMDE0dgrMI8Y5Crvwkw14=">AAAB7HicdVBNS8NAEN3Ur1q/qh69LLaCp7CpTdtjwYvHCqYttKFstpt26WYTdjdCCf0NXjwo4tUf5M1/46atoKIPBh7vzTAzL0g4UxqhD6uwsbm1vVPcLe3tHxwelY9PuipOJaEeiXks+wFWlDNBPc00p/1EUhwFnPaC2XXu9+6pVCwWd3qeUD/CE8FCRrA2kledjGrVUbmCbFRvuI4Lc9J03UZOaqh+VYeOjZaogDU6o/L7cByTNKJCE46VGjgo0X6GpWaE00VpmCqaYDLDEzowVOCIKj9bHruAF0YZwzCWpoSGS/X7RIYjpeZRYDojrKfqt5eLf3mDVIctP2MiSTUVZLUoTDnUMcw/h2MmKdF8bggmkplbIZliiYk2+ZRMCF+fwv9Jt2Y7yHZua5V2ax1HEZyBc3AJHNAEbXADOsADBDDwAJ7AsyWsR+vFel21Fqz1zCn4AevtEwChjh0=</latexit><latexit sha1_base64="gv65m7eMDE0dgrMI8Y5Crvwkw14=">AAAB7HicdVBNS8NAEN3Ur1q/qh69LLaCp7CpTdtjwYvHCqYttKFstpt26WYTdjdCCf0NXjwo4tUf5M1/46atoKIPBh7vzTAzL0g4UxqhD6uwsbm1vVPcLe3tHxwelY9PuipOJaEeiXks+wFWlDNBPc00p/1EUhwFnPaC2XXu9+6pVCwWd3qeUD/CE8FCRrA2kledjGrVUbmCbFRvuI4Lc9J03UZOaqh+VYeOjZaogDU6o/L7cByTNKJCE46VGjgo0X6GpWaE00VpmCqaYDLDEzowVOCIKj9bHruAF0YZwzCWpoSGS/X7RIYjpeZRYDojrKfqt5eLf3mDVIctP2MiSTUVZLUoTDnUMcw/h2MmKdF8bggmkplbIZliiYk2+ZRMCF+fwv9Jt2Y7yHZua5V2ax1HEZyBc3AJHNAEbXADOsADBDDwAJ7AsyWsR+vFel21Fqz1zCn4AevtEwChjh0=</latexit><latexit sha1_base64="gv65m7eMDE0dgrMI8Y5Crvwkw14=">AAAB7HicdVBNS8NAEN3Ur1q/qh69LLaCp7CpTdtjwYvHCqYttKFstpt26WYTdjdCCf0NXjwo4tUf5M1/46atoKIPBh7vzTAzL0g4UxqhD6uwsbm1vVPcLe3tHxwelY9PuipOJaEeiXks+wFWlDNBPc00p/1EUhwFnPaC2XXu9+6pVCwWd3qeUD/CE8FCRrA2kledjGrVUbmCbFRvuI4Lc9J03UZOaqh+VYeOjZaogDU6o/L7cByTNKJCE46VGjgo0X6GpWaE00VpmCqaYDLDEzowVOCIKj9bHruAF0YZwzCWpoSGS/X7RIYjpeZRYDojrKfqt5eLf3mDVIctP2MiSTUVZLUoTDnUMcw/h2MmKdF8bggmkplbIZliiYk2+ZRMCF+fwv9Jt2Y7yHZua5V2ax1HEZyBc3AJHNAEbXADOsADBDDwAJ7AsyWsR+vFel21Fqz1zCn4AevtEwChjh0=</latexit>

gT
<latexit sha1_base64="fZAiXhZgcNF1sumGubqAnlY7qvo=">AAAB7HicdVBNS8NAEN34WetX1aOXxVbwFDa1aXssePFYoWkLbSib7aZdutmE3Y1QQn+DFw+KePUHefPfuGkrqOiDgcd7M8zMCxLOlEbow9rY3Nre2S3sFfcPDo+OSyenXRWnklCPxDyW/QArypmgnmaa034iKY4CTnvB7Cb3e/dUKhaLjp4n1I/wRLCQEayN5FUmo05lVCojG9XqruPCnDRct56TKqpd16BjoyXKYI32qPQ+HMckjajQhGOlBg5KtJ9hqRnhdFEcpoommMzwhA4MFTiiys+Wxy7gpVHGMIylKaHhUv0+keFIqXkUmM4I66n67eXiX94g1WHTz5hIUk0FWS0KUw51DPPP4ZhJSjSfG4KJZOZWSKZYYqJNPkUTwten8H/SrdoOsp27arnVXMdRAOfgAlwBBzRAC9yCNvAAAQw8gCfwbAnr0XqxXletG9Z65gz8gPX2CTRLjj8=</latexit><latexit sha1_base64="fZAiXhZgcNF1sumGubqAnlY7qvo=">AAAB7HicdVBNS8NAEN34WetX1aOXxVbwFDa1aXssePFYoWkLbSib7aZdutmE3Y1QQn+DFw+KePUHefPfuGkrqOiDgcd7M8zMCxLOlEbow9rY3Nre2S3sFfcPDo+OSyenXRWnklCPxDyW/QArypmgnmaa034iKY4CTnvB7Cb3e/dUKhaLjp4n1I/wRLCQEayN5FUmo05lVCojG9XqruPCnDRct56TKqpd16BjoyXKYI32qPQ+HMckjajQhGOlBg5KtJ9hqRnhdFEcpoommMzwhA4MFTiiys+Wxy7gpVHGMIylKaHhUv0+keFIqXkUmM4I66n67eXiX94g1WHTz5hIUk0FWS0KUw51DPPP4ZhJSjSfG4KJZOZWSKZYYqJNPkUTwten8H/SrdoOsp27arnVXMdRAOfgAlwBBzRAC9yCNvAAAQw8gCfwbAnr0XqxXletG9Z65gz8gPX2CTRLjj8=</latexit><latexit sha1_base64="fZAiXhZgcNF1sumGubqAnlY7qvo=">AAAB7HicdVBNS8NAEN34WetX1aOXxVbwFDa1aXssePFYoWkLbSib7aZdutmE3Y1QQn+DFw+KePUHefPfuGkrqOiDgcd7M8zMCxLOlEbow9rY3Nre2S3sFfcPDo+OSyenXRWnklCPxDyW/QArypmgnmaa034iKY4CTnvB7Cb3e/dUKhaLjp4n1I/wRLCQEayN5FUmo05lVCojG9XqruPCnDRct56TKqpd16BjoyXKYI32qPQ+HMckjajQhGOlBg5KtJ9hqRnhdFEcpoommMzwhA4MFTiiys+Wxy7gpVHGMIylKaHhUv0+keFIqXkUmM4I66n67eXiX94g1WHTz5hIUk0FWS0KUw51DPPP4ZhJSjSfG4KJZOZWSKZYYqJNPkUTwten8H/SrdoOsp27arnVXMdRAOfgAlwBBzRAC9yCNvAAAQw8gCfwbAnr0XqxXletG9Z65gz8gPX2CTRLjj8=</latexit><latexit sha1_base64="fZAiXhZgcNF1sumGubqAnlY7qvo=">AAAB7HicdVBNS8NAEN34WetX1aOXxVbwFDa1aXssePFYoWkLbSib7aZdutmE3Y1QQn+DFw+KePUHefPfuGkrqOiDgcd7M8zMCxLOlEbow9rY3Nre2S3sFfcPDo+OSyenXRWnklCPxDyW/QArypmgnmaa034iKY4CTnvB7Cb3e/dUKhaLjp4n1I/wRLCQEayN5FUmo05lVCojG9XqruPCnDRct56TKqpd16BjoyXKYI32qPQ+HMckjajQhGOlBg5KtJ9hqRnhdFEcpoommMzwhA4MFTiiys+Wxy7gpVHGMIylKaHhUv0+keFIqXkUmM4I66n67eXiX94g1WHTz5hIUk0FWS0KUw51DPPP4ZhJSjSfG4KJZOZWSKZYYqJNPkUTwten8H/SrdoOsp27arnVXMdRAOfgAlwBBzRAC9yCNvAAAQw8gCfwbAnr0XqxXletG9Z65gz8gPX2CTRLjj8=</latexit>

 Our method

w1
<latexit sha1_base64="h0Bf1xpX0yR7jvxwtc9qmxtYRug=">AAAB7HicdVBNSwMxEM3Wr1q/qh69BFvB05Kt3dZjQRCPFdy20C4lm6ZtaDa7JFmlLAX/gRcPinj1B3nz35htK6jog4HHezPMzAtizpRG6MPKrayurW/kNwtb2zu7e8X9g5aKEkmoRyIeyU6AFeVMUE8zzWknlhSHAaftYHKR+e1bKhWLxI2extQP8UiwISNYG8kr3/Wdcr9YQjaq1lzHhRmpu24tIxVUPatCx0ZzlMASzX7xvTeISBJSoQnHSnUdFGs/xVIzwums0EsUjTGZ4BHtGipwSJWfzo+dwROjDOAwkqaEhnP1+0SKQ6WmYWA6Q6zH6reXiX953UQPz/2UiTjRVJDFomHCoY5g9jkcMEmJ5lNDMJHM3ArJGEtMtMmnYEL4+hT+T1oV20G2c10pNS7vF3HkwRE4BqfAAXXQAFegCTxAAAMP4Ak8W8J6tF6s10VrzlpGeAh+wHr7BEHCjro=</latexit><latexit sha1_base64="h0Bf1xpX0yR7jvxwtc9qmxtYRug=">AAAB7HicdVBNSwMxEM3Wr1q/qh69BFvB05Kt3dZjQRCPFdy20C4lm6ZtaDa7JFmlLAX/gRcPinj1B3nz35htK6jog4HHezPMzAtizpRG6MPKrayurW/kNwtb2zu7e8X9g5aKEkmoRyIeyU6AFeVMUE8zzWknlhSHAaftYHKR+e1bKhWLxI2extQP8UiwISNYG8kr3/Wdcr9YQjaq1lzHhRmpu24tIxVUPatCx0ZzlMASzX7xvTeISBJSoQnHSnUdFGs/xVIzwums0EsUjTGZ4BHtGipwSJWfzo+dwROjDOAwkqaEhnP1+0SKQ6WmYWA6Q6zH6reXiX953UQPz/2UiTjRVJDFomHCoY5g9jkcMEmJ5lNDMJHM3ArJGEtMtMmnYEL4+hT+T1oV20G2c10pNS7vF3HkwRE4BqfAAXXQAFegCTxAAAMP4Ak8W8J6tF6s10VrzlpGeAh+wHr7BEHCjro=</latexit><latexit sha1_base64="h0Bf1xpX0yR7jvxwtc9qmxtYRug=">AAAB7HicdVBNSwMxEM3Wr1q/qh69BFvB05Kt3dZjQRCPFdy20C4lm6ZtaDa7JFmlLAX/gRcPinj1B3nz35htK6jog4HHezPMzAtizpRG6MPKrayurW/kNwtb2zu7e8X9g5aKEkmoRyIeyU6AFeVMUE8zzWknlhSHAaftYHKR+e1bKhWLxI2extQP8UiwISNYG8kr3/Wdcr9YQjaq1lzHhRmpu24tIxVUPatCx0ZzlMASzX7xvTeISBJSoQnHSnUdFGs/xVIzwums0EsUjTGZ4BHtGipwSJWfzo+dwROjDOAwkqaEhnP1+0SKQ6WmYWA6Q6zH6reXiX953UQPz/2UiTjRVJDFomHCoY5g9jkcMEmJ5lNDMJHM3ArJGEtMtMmnYEL4+hT+T1oV20G2c10pNS7vF3HkwRE4BqfAAXXQAFegCTxAAAMP4Ak8W8J6tF6s10VrzlpGeAh+wHr7BEHCjro=</latexit><latexit sha1_base64="h0Bf1xpX0yR7jvxwtc9qmxtYRug=">AAAB7HicdVBNSwMxEM3Wr1q/qh69BFvB05Kt3dZjQRCPFdy20C4lm6ZtaDa7JFmlLAX/gRcPinj1B3nz35htK6jog4HHezPMzAtizpRG6MPKrayurW/kNwtb2zu7e8X9g5aKEkmoRyIeyU6AFeVMUE8zzWknlhSHAaftYHKR+e1bKhWLxI2extQP8UiwISNYG8kr3/Wdcr9YQjaq1lzHhRmpu24tIxVUPatCx0ZzlMASzX7xvTeISBJSoQnHSnUdFGs/xVIzwums0EsUjTGZ4BHtGipwSJWfzo+dwROjDOAwkqaEhnP1+0SKQ6WmYWA6Q6zH6reXiX953UQPz/2UiTjRVJDFomHCoY5g9jkcMEmJ5lNDMJHM3ArJGEtMtMmnYEL4+hT+T1oV20G2c10pNS7vF3HkwRE4BqfAAXXQAFegCTxAAAMP4Ak8W8J6tF6s10VrzlpGeAh+wHr7BEHCjro=</latexit>

w2
<latexit sha1_base64="xh8vjnk5ZqsOpQNHqvWk3EMPK1Q=">AAAB7HicdVBNS8NAEN3Ur1q/qh69LLaCp5DEpvVYEMRjBdMW2lA22027dLMJuxulhIL/wIsHRbz6g7z5b9y0FVT0wcDjvRlm5gUJo1JZ1odRWFldW98obpa2tnd298r7B20ZpwITD8csFt0AScIoJ56iipFuIgiKAkY6weQi9zu3REga8xs1TYgfoRGnIcVIacmr3g2c6qBcsUyrVndtF+ak4br1nDhW7awGbdOaowKWaA3K7/1hjNOIcIUZkrJnW4nyMyQUxYzMSv1UkgThCRqRnqYcRUT62fzYGTzRyhCGsdDFFZyr3ycyFEk5jQLdGSE1lr+9XPzL66UqPPczypNUEY4Xi8KUQRXD/HM4pIJgxaaaICyovhXiMRIIK51PSYfw9Sn8n7Qd07ZM+9qpNC/vF3EUwRE4BqfABg3QBFegBTyAAQUP4Ak8G9x4NF6M10VrwVhGeAh+wHj7BENHjrs=</latexit><latexit sha1_base64="xh8vjnk5ZqsOpQNHqvWk3EMPK1Q=">AAAB7HicdVBNS8NAEN3Ur1q/qh69LLaCp5DEpvVYEMRjBdMW2lA22027dLMJuxulhIL/wIsHRbz6g7z5b9y0FVT0wcDjvRlm5gUJo1JZ1odRWFldW98obpa2tnd298r7B20ZpwITD8csFt0AScIoJ56iipFuIgiKAkY6weQi9zu3REga8xs1TYgfoRGnIcVIacmr3g2c6qBcsUyrVndtF+ak4br1nDhW7awGbdOaowKWaA3K7/1hjNOIcIUZkrJnW4nyMyQUxYzMSv1UkgThCRqRnqYcRUT62fzYGTzRyhCGsdDFFZyr3ycyFEk5jQLdGSE1lr+9XPzL66UqPPczypNUEY4Xi8KUQRXD/HM4pIJgxaaaICyovhXiMRIIK51PSYfw9Sn8n7Qd07ZM+9qpNC/vF3EUwRE4BqfABg3QBFegBTyAAQUP4Ak8G9x4NF6M10VrwVhGeAh+wHj7BENHjrs=</latexit><latexit sha1_base64="xh8vjnk5ZqsOpQNHqvWk3EMPK1Q=">AAAB7HicdVBNS8NAEN3Ur1q/qh69LLaCp5DEpvVYEMRjBdMW2lA22027dLMJuxulhIL/wIsHRbz6g7z5b9y0FVT0wcDjvRlm5gUJo1JZ1odRWFldW98obpa2tnd298r7B20ZpwITD8csFt0AScIoJ56iipFuIgiKAkY6weQi9zu3REga8xs1TYgfoRGnIcVIacmr3g2c6qBcsUyrVndtF+ak4br1nDhW7awGbdOaowKWaA3K7/1hjNOIcIUZkrJnW4nyMyQUxYzMSv1UkgThCRqRnqYcRUT62fzYGTzRyhCGsdDFFZyr3ycyFEk5jQLdGSE1lr+9XPzL66UqPPczypNUEY4Xi8KUQRXD/HM4pIJgxaaaICyovhXiMRIIK51PSYfw9Sn8n7Qd07ZM+9qpNC/vF3EUwRE4BqfABg3QBFegBTyAAQUP4Ak8G9x4NF6M10VrwVhGeAh+wHj7BENHjrs=</latexit><latexit sha1_base64="xh8vjnk5ZqsOpQNHqvWk3EMPK1Q=">AAAB7HicdVBNS8NAEN3Ur1q/qh69LLaCp5DEpvVYEMRjBdMW2lA22027dLMJuxulhIL/wIsHRbz6g7z5b9y0FVT0wcDjvRlm5gUJo1JZ1odRWFldW98obpa2tnd298r7B20ZpwITD8csFt0AScIoJ56iipFuIgiKAkY6weQi9zu3REga8xs1TYgfoRGnIcVIacmr3g2c6qBcsUyrVndtF+ak4br1nDhW7awGbdOaowKWaA3K7/1hjNOIcIUZkrJnW4nyMyQUxYzMSv1UkgThCRqRnqYcRUT62fzYGTzRyhCGsdDFFZyr3ycyFEk5jQLdGSE1lr+9XPzL66UqPPczypNUEY4Xi8KUQRXD/HM4pIJgxaaaICyovhXiMRIIK51PSYfw9Sn8n7Qd07ZM+9qpNC/vF3EUwRE4BqfABg3QBFegBTyAAQUP4Ak8G9x4NF6M10VrwVhGeAh+wHj7BENHjrs=</latexit>

wT
<latexit sha1_base64="52Q5uQ73VjaL8XtSrSpFLhMW5vM=">AAAB7HicdVBNSwMxEM36WetX1aOXYCt4WrK123osCOKxQrcttEvJpmkbms0uSVYpS8F/4MWDIl79Qd78N2bbCir6YODx3gwz84KYM6UR+rBWVtfWNzZzW/ntnd29/cLBYUtFiSTUIxGPZCfAinImqKeZ5rQTS4rDgNN2MLnM/PYtlYpFoqmnMfVDPBJsyAjWRvJKd/1mqV8oIhtVqq7jwozUXLeakTKqnFegY6M5imCJRr/w3htEJAmp0IRjpboOirWfYqkZ4XSW7yWKxphM8Ih2DRU4pMpP58fO4KlRBnAYSVNCw7n6fSLFoVLTMDCdIdZj9dvLxL+8bqKHF37KRJxoKshi0TDhUEcw+xwOmKRE86khmEhmboVkjCUm2uSTNyF8fQr/J62y7SDbuSkX61f3izhy4BicgDPggBqog2vQAB4ggIEH8ASeLWE9Wi/W66J1xVpGeAR+wHr7BHbxjt0=</latexit><latexit sha1_base64="52Q5uQ73VjaL8XtSrSpFLhMW5vM=">AAAB7HicdVBNSwMxEM36WetX1aOXYCt4WrK123osCOKxQrcttEvJpmkbms0uSVYpS8F/4MWDIl79Qd78N2bbCir6YODx3gwz84KYM6UR+rBWVtfWNzZzW/ntnd29/cLBYUtFiSTUIxGPZCfAinImqKeZ5rQTS4rDgNN2MLnM/PYtlYpFoqmnMfVDPBJsyAjWRvJKd/1mqV8oIhtVqq7jwozUXLeakTKqnFegY6M5imCJRr/w3htEJAmp0IRjpboOirWfYqkZ4XSW7yWKxphM8Ih2DRU4pMpP58fO4KlRBnAYSVNCw7n6fSLFoVLTMDCdIdZj9dvLxL+8bqKHF37KRJxoKshi0TDhUEcw+xwOmKRE86khmEhmboVkjCUm2uSTNyF8fQr/J62y7SDbuSkX61f3izhy4BicgDPggBqog2vQAB4ggIEH8ASeLWE9Wi/W66J1xVpGeAR+wHr7BHbxjt0=</latexit><latexit sha1_base64="52Q5uQ73VjaL8XtSrSpFLhMW5vM=">AAAB7HicdVBNSwMxEM36WetX1aOXYCt4WrK123osCOKxQrcttEvJpmkbms0uSVYpS8F/4MWDIl79Qd78N2bbCir6YODx3gwz84KYM6UR+rBWVtfWNzZzW/ntnd29/cLBYUtFiSTUIxGPZCfAinImqKeZ5rQTS4rDgNN2MLnM/PYtlYpFoqmnMfVDPBJsyAjWRvJKd/1mqV8oIhtVqq7jwozUXLeakTKqnFegY6M5imCJRr/w3htEJAmp0IRjpboOirWfYqkZ4XSW7yWKxphM8Ih2DRU4pMpP58fO4KlRBnAYSVNCw7n6fSLFoVLTMDCdIdZj9dvLxL+8bqKHF37KRJxoKshi0TDhUEcw+xwOmKRE86khmEhmboVkjCUm2uSTNyF8fQr/J62y7SDbuSkX61f3izhy4BicgDPggBqog2vQAB4ggIEH8ASeLWE9Wi/W66J1xVpGeAR+wHr7BHbxjt0=</latexit><latexit sha1_base64="52Q5uQ73VjaL8XtSrSpFLhMW5vM=">AAAB7HicdVBNSwMxEM36WetX1aOXYCt4WrK123osCOKxQrcttEvJpmkbms0uSVYpS8F/4MWDIl79Qd78N2bbCir6YODx3gwz84KYM6UR+rBWVtfWNzZzW/ntnd29/cLBYUtFiSTUIxGPZCfAinImqKeZ5rQTS4rDgNN2MLnM/PYtlYpFoqmnMfVDPBJsyAjWRvJKd/1mqV8oIhtVqq7jwozUXLeakTKqnFegY6M5imCJRr/w3htEJAmp0IRjpboOirWfYqkZ4XSW7yWKxphM8Ih2DRU4pMpP58fO4KlRBnAYSVNCw7n6fSLFoVLTMDCdIdZj9dvLxL+8bqKHF37KRJxoKshi0TDhUEcw+xwOmKRE86khmEhmboVkjCUm2uSTNyF8fQr/J62y7SDbuSkX61f3izhy4BicgDPggBqog2vQAB4ggIEH8ASeLWE9Wi/W66J1xVpGeAR+wHr7BHbxjt0=</latexit>

Differentially 
  

Private 

Mechanism

Gradient Descent reused sample

★
   

★
 

Approximate

★
   

Sample gradients stay close to the population gradient across all iterations
<latexit sha1_base64="3Ynx5k6NBcooxeUpt83e5JYAPsc="></latexit><latexit sha1_base64="3Ynx5k6NBcooxeUpt83e5JYAPsc="></latexit><latexit sha1_base64="3Ynx5k6NBcooxeUpt83e5JYAPsc="></latexit><latexit sha1_base64="3Ynx5k6NBcooxeUpt83e5JYAPsc="></latexit>

•  
•  

Training set St maintains the statistical nature of fresh data
<latexit sha1_base64="EDXXbOQ21CgQfEutDuCjqXDNbQQ="></latexit><latexit sha1_base64="EDXXbOQ21CgQfEutDuCjqXDNbQQ="></latexit><latexit sha1_base64="EDXXbOQ21CgQfEutDuCjqXDNbQQ="></latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="5eBTqHqJ3UXrmjm8bzEnIlWcgKQ=">AAACIXicbVDLSgNBEOz1bXxFr14aH+Ap7HrRo+DFo6JRIYbQO+lNBmdnl5leIQQ/yIu/IogHRfwXJzEHXwUNRVU33V1pabSXOH6LpqZnZufmFxZrS8srq2v19eVLX1ROcVMVpnDXKXk22nJTtBi+Lh1Tnhq+Sm+PR/7VHTuvC3shg5LbOfWszrQiCVKnfnzhSFtte+hZcOe8IzuYB0VCeZQ+o5fQ6iVMGLQklWMsMswc+z52SaiGnfp23IjHwL8kmZBtmOC0U3++6RaqytmKMuR9K4lLaQ/JhS2G72s3leeS1C31uBWopZx9ezh+9h53g9LFrHChrOBY/T4xpNz7QZ6Gzpyk7397I/E/r1VJdtgealtWwlZ9Lcoqg1LgKDnsasdKzCAQUk6HW1H1yZGSkG8thJD8fvkvudxvJHEjOYthATZhC/YggQM4ghM4hSYoeIAneIW36DF6id6/4pqKJrltwA9EH5+ekKWy</latexit><latexit sha1_base64="t6V8lScCPxmrapwIXCW+B6nji/I="></latexit><latexit sha1_base64="zhdgbJpTZnQa2jrMz2xyPrGeTxg="></latexit><latexit sha1_base64="EDXXbOQ21CgQfEutDuCjqXDNbQQ="></latexit><latexit sha1_base64="EDXXbOQ21CgQfEutDuCjqXDNbQQ="></latexit><latexit sha1_base64="EDXXbOQ21CgQfEutDuCjqXDNbQQ="></latexit><latexit sha1_base64="EDXXbOQ21CgQfEutDuCjqXDNbQQ="></latexit><latexit sha1_base64="EDXXbOQ21CgQfEutDuCjqXDNbQQ="></latexit><latexit sha1_base64="EDXXbOQ21CgQfEutDuCjqXDNbQQ="></latexit>

StGD is running multiple passes over the training data, but not doing ERM.
<latexit sha1_base64="ptXJpNvb30jVroNiHR/JMZy1z7U="></latexit><latexit sha1_base64="ptXJpNvb30jVroNiHR/JMZy1z7U="></latexit><latexit sha1_base64="ptXJpNvb30jVroNiHR/JMZy1z7U="></latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="LiiQXiHrDZO1tw7D4LOciY+aDFc="></latexit><latexit sha1_base64="LiiQXiHrDZO1tw7D4LOciY+aDFc="></latexit><latexit sha1_base64="qb0Lh1FQyKSFHDEGYg5v6nf//qE="></latexit><latexit sha1_base64="ptXJpNvb30jVroNiHR/JMZy1z7U="></latexit><latexit sha1_base64="ptXJpNvb30jVroNiHR/JMZy1z7U="></latexit><latexit sha1_base64="ptXJpNvb30jVroNiHR/JMZy1z7U="></latexit><latexit sha1_base64="ptXJpNvb30jVroNiHR/JMZy1z7U="></latexit><latexit sha1_base64="ptXJpNvb30jVroNiHR/JMZy1z7U="></latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="LiiQXiHrDZO1tw7D4LOciY+aDFc="></latexit><latexit sha1_base64="LiiQXiHrDZO1tw7D4LOciY+aDFc="></latexit><latexit sha1_base64="qb0Lh1FQyKSFHDEGYg5v6nf//qE="></latexit><latexit sha1_base64="ptXJpNvb30jVroNiHR/JMZy1z7U="></latexit><latexit sha1_base64="ptXJpNvb30jVroNiHR/JMZy1z7U="></latexit><latexit sha1_base64="ptXJpNvb30jVroNiHR/JMZy1z7U="></latexit><latexit sha1_base64="ptXJpNvb30jVroNiHR/JMZy1z7U="></latexit><latexit sha1_base64="ptXJpNvb30jVroNiHR/JMZy1z7U="></latexit><latexit sha1_base64="ptXJpNvb30jVroNiHR/JMZy1z7U="></latexit>

★
   

Ideal case: we have access to fresh samples in each iteration

Our method: Stable Adaptive Gradient Descent Algorithm (SAGD)
•  
•  

Leading to high probability bounds on the population stationary point
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