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Outline of the Talk 

Large Scale ML and MM Scheme1
MISSO: Algorithm and Global 
Convergence2
Numerical Runs3



Some examples
‣Maximum likelihood estimation


‣Variational Inference


‣ Logistic Regression {-1/1} binary outputs
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Large-Scale ML 

‣ Large finite-sum objective function


‣Convex and compact     subset of 


‣ Function                      is bounded from below and 
possibly non convex and nonsmooth
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Constrained Optimization of Finite Sum
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[Lange, 2013]
Majorization-Minimization Principle 

‣ Iteratively minimize locally tight upper bounds on the objective

‣Drives the objective function downwards

‣ The approximation error             at      plays a key role in the analysis  

‣Examples: the proximal gradient algorithm [Beck and Teboulle, 2009], the EM algorithm [McLachlan 
and Krishnan, 2007] and variational inference [Wainwright and Jordan, 2008].


ê(✓, ✓̄)
<latexit sha1_base64="6uAGyFm8W9XJQeThyq0HuSsQ3M8="></latexit><latexit sha1_base64="6uAGyFm8W9XJQeThyq0HuSsQ3M8="></latexit><latexit sha1_base64="6uAGyFm8W9XJQeThyq0HuSsQ3M8="></latexit><latexit sha1_base64="G30nvnJkyKBlKcCymNnrqTxJgV4=">AAACtXicjVLLSgMxFD0dX7VWrWs3g0VwVTJudCnowmUF+4BaZCZNa+y8TDJCKf6AWz9O/AP9C2/iCGoRzTAzJ+fec5KbmyiPpTaMvVS8peWV1bXqem2jXtvc2m7UuzorFBcdnsWZ6kehFrFMRcdIE4t+rkSYRLHoRdNTG+/dC6Vlll6aWS6GSThJ5Vjy0BDVvm40WYu54S+CoARNlCNrPOMKI2TgKJBAIIUhHCOEpmeAAAw5cUPMiVOEpIsLPKBG2oKyBGWExE7pO6HZoGRTmltP7dScVonpVaT0sU+ajPIUYbua7+KFc7bsb95z52n3NqN/VHolxBrcEPuX7jPzvzpbi8EYx64GSTXljrHV8dKlcKdid+5/qcqQQ06cxSOKK8LcKT/P2Xca7Wq3Zxu6+KvLtKyd8zK3wJvdJfU3+NnNRdA9bAWsFVwwVLGLPRxQG49wgnO00SHLER7x5J15t97dxz3wKuWF2MG34el34YWM3A==</latexit><latexit sha1_base64="CSc2Y5Y9+WO1sBB/6jUp2YXv7eI="></latexit><latexit sha1_base64="majzD0WYQNLidvQF6p0btT6Gfj0="></latexit><latexit sha1_base64="Zx5O2sAPZTnB3Xv8NZGYv5MBYhY="></latexit><latexit sha1_base64="6uAGyFm8W9XJQeThyq0HuSsQ3M8="></latexit><latexit sha1_base64="6uAGyFm8W9XJQeThyq0HuSsQ3M8="></latexit><latexit sha1_base64="6uAGyFm8W9XJQeThyq0HuSsQ3M8="></latexit><latexit sha1_base64="6uAGyFm8W9XJQeThyq0HuSsQ3M8="></latexit><latexit sha1_base64="6uAGyFm8W9XJQeThyq0HuSsQ3M8="></latexit><latexit sha1_base64="6uAGyFm8W9XJQeThyq0HuSsQ3M8="></latexit>

✓̄
<latexit sha1_base64="kJiSMBoT71TG6j9SPn9eDk+nQlM="></latexit><latexit sha1_base64="kJiSMBoT71TG6j9SPn9eDk+nQlM="></latexit><latexit sha1_base64="kJiSMBoT71TG6j9SPn9eDk+nQlM="></latexit><latexit sha1_base64="G30nvnJkyKBlKcCymNnrqTxJgV4=">AAACtXicjVLLSgMxFD0dX7VWrWs3g0VwVTJudCnowmUF+4BaZCZNa+y8TDJCKf6AWz9O/AP9C2/iCGoRzTAzJ+fec5KbmyiPpTaMvVS8peWV1bXqem2jXtvc2m7UuzorFBcdnsWZ6kehFrFMRcdIE4t+rkSYRLHoRdNTG+/dC6Vlll6aWS6GSThJ5Vjy0BDVvm40WYu54S+CoARNlCNrPOMKI2TgKJBAIIUhHCOEpmeAAAw5cUPMiVOEpIsLPKBG2oKyBGWExE7pO6HZoGRTmltP7dScVonpVaT0sU+ajPIUYbua7+KFc7bsb95z52n3NqN/VHolxBrcEPuX7jPzvzpbi8EYx64GSTXljrHV8dKlcKdid+5/qcqQQ06cxSOKK8LcKT/P2Xca7Wq3Zxu6+KvLtKyd8zK3wJvdJfU3+NnNRdA9bAWsFVwwVLGLPRxQG49wgnO00SHLER7x5J15t97dxz3wKuWF2MG34el34YWM3A==</latexit><latexit sha1_base64="fdXtqlXpU0y2BvCBvEPv6fESRIk="></latexit><latexit sha1_base64="4p8c347or3esVw0aZRmScTRyrwo="></latexit><latexit sha1_base64="zEuVH8VmEg4F/AnBhkYhDS24N80="></latexit><latexit sha1_base64="kJiSMBoT71TG6j9SPn9eDk+nQlM="></latexit><latexit sha1_base64="kJiSMBoT71TG6j9SPn9eDk+nQlM="></latexit><latexit sha1_base64="kJiSMBoT71TG6j9SPn9eDk+nQlM="></latexit><latexit sha1_base64="kJiSMBoT71TG6j9SPn9eDk+nQlM="></latexit><latexit sha1_base64="kJiSMBoT71TG6j9SPn9eDk+nQlM="></latexit><latexit sha1_base64="kJiSMBoT71TG6j9SPn9eDk+nQlM="></latexit>



MISO Algorithm 
[Mairal, 2015]

Examples
‣ For smooth function


Leading to Gradient Descent Algorithm 

‣ For nonsmooth function


Leading to Proximal Gradient Algorithm 
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‣ Extension to Latent Data Models? 
‣ How do those surrogates functions look like when 
there exists a dependence on a latent variable 
‣ Can we derive a general algorithm?

‣Nonconvex problems: Almost Sure Convergence 

‣Convex problems rates on                       : 

๏                  rate for convex objective

๏                                 rate for strongly convex 
objective
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<latexit sha1_base64="h5GQ7sZdxR4IC8gEeZKcDIAZLbw="></latexit><latexit sha1_base64="h5GQ7sZdxR4IC8gEeZKcDIAZLbw="></latexit><latexit sha1_base64="h5GQ7sZdxR4IC8gEeZKcDIAZLbw="></latexit><latexit sha1_base64="G30nvnJkyKBlKcCymNnrqTxJgV4=">AAACtXicjVLLSgMxFD0dX7VWrWs3g0VwVTJudCnowmUF+4BaZCZNa+y8TDJCKf6AWz9O/AP9C2/iCGoRzTAzJ+fec5KbmyiPpTaMvVS8peWV1bXqem2jXtvc2m7UuzorFBcdnsWZ6kehFrFMRcdIE4t+rkSYRLHoRdNTG+/dC6Vlll6aWS6GSThJ5Vjy0BDVvm40WYu54S+CoARNlCNrPOMKI2TgKJBAIIUhHCOEpmeAAAw5cUPMiVOEpIsLPKBG2oKyBGWExE7pO6HZoGRTmltP7dScVonpVaT0sU+ajPIUYbua7+KFc7bsb95z52n3NqN/VHolxBrcEPuX7jPzvzpbi8EYx64GSTXljrHV8dKlcKdid+5/qcqQQ06cxSOKK8LcKT/P2Xca7Wq3Zxu6+KvLtKyd8zK3wJvdJfU3+NnNRdA9bAWsFVwwVLGLPRxQG49wgnO00SHLER7x5J15t97dxz3wKuWF2MG34el34YWM3A==</latexit><latexit sha1_base64="lDlzkracKIKj9tcIM8gKn/1hTsM="></latexit><latexit sha1_base64="/xBYYMOVuWoQliw6RTgISJvFj+w="></latexit><latexit sha1_base64="+UHqeMP9fNVIMHgQZcj2caDKv/0="></latexit><latexit sha1_base64="h5GQ7sZdxR4IC8gEeZKcDIAZLbw="></latexit><latexit sha1_base64="h5GQ7sZdxR4IC8gEeZKcDIAZLbw="></latexit><latexit sha1_base64="h5GQ7sZdxR4IC8gEeZKcDIAZLbw="></latexit><latexit sha1_base64="h5GQ7sZdxR4IC8gEeZKcDIAZLbw="></latexit><latexit sha1_base64="h5GQ7sZdxR4IC8gEeZKcDIAZLbw="></latexit><latexit sha1_base64="h5GQ7sZdxR4IC8gEeZKcDIAZLbw="></latexit>

Existing Results 

O((1� µ/(nL))k)
<latexit sha1_base64="1s7bRRjee+EFzVlKBMYg3mqvVEM="></latexit><latexit sha1_base64="1s7bRRjee+EFzVlKBMYg3mqvVEM="></latexit><latexit sha1_base64="1s7bRRjee+EFzVlKBMYg3mqvVEM="></latexit><latexit sha1_base64="1s7bRRjee+EFzVlKBMYg3mqvVEM="></latexit>



Intractable Surrogates
The EM algorithm

‣ Complete likelihood, i.e., joint likelihood of the observations and the latent data: 

‣ Likelihood of the observations: 

‣ Objective function: 

‣  Kullback Leibler (KL) surrogate [Neal and Hinton, 1998]

Li(✓) := � log gi(✓)
<latexit sha1_base64="c9+AGyZ+E6bWivw4Fc0hHm6MT4I="></latexit><latexit sha1_base64="c9+AGyZ+E6bWivw4Fc0hHm6MT4I="></latexit><latexit sha1_base64="c9+AGyZ+E6bWivw4Fc0hHm6MT4I="></latexit><latexit sha1_base64="G30nvnJkyKBlKcCymNnrqTxJgV4=">AAACtXicjVLLSgMxFD0dX7VWrWs3g0VwVTJudCnowmUF+4BaZCZNa+y8TDJCKf6AWz9O/AP9C2/iCGoRzTAzJ+fec5KbmyiPpTaMvVS8peWV1bXqem2jXtvc2m7UuzorFBcdnsWZ6kehFrFMRcdIE4t+rkSYRLHoRdNTG+/dC6Vlll6aWS6GSThJ5Vjy0BDVvm40WYu54S+CoARNlCNrPOMKI2TgKJBAIIUhHCOEpmeAAAw5cUPMiVOEpIsLPKBG2oKyBGWExE7pO6HZoGRTmltP7dScVonpVaT0sU+ajPIUYbua7+KFc7bsb95z52n3NqN/VHolxBrcEPuX7jPzvzpbi8EYx64GSTXljrHV8dKlcKdid+5/qcqQQ06cxSOKK8LcKT/P2Xca7Wq3Zxu6+KvLtKyd8zK3wJvdJfU3+NnNRdA9bAWsFVwwVLGLPRxQG49wgnO00SHLER7x5J15t97dxz3wKuWF2MG34el34YWM3A==</latexit><latexit sha1_base64="8edrEJ7JzMSDv2BauVBIqF1PHXQ="></latexit><latexit sha1_base64="8edrEJ7JzMSDv2BauVBIqF1PHXQ="></latexit><latexit sha1_base64="0KfX4Y2pa68cXH7/FgV1gd+Eccw="></latexit><latexit sha1_base64="c9+AGyZ+E6bWivw4Fc0hHm6MT4I="></latexit><latexit sha1_base64="c9+AGyZ+E6bWivw4Fc0hHm6MT4I="></latexit><latexit sha1_base64="c9+AGyZ+E6bWivw4Fc0hHm6MT4I="></latexit><latexit sha1_base64="c9+AGyZ+E6bWivw4Fc0hHm6MT4I="></latexit><latexit sha1_base64="c9+AGyZ+E6bWivw4Fc0hHm6MT4I="></latexit><latexit sha1_base64="c9+AGyZ+E6bWivw4Fc0hHm6MT4I="></latexit>

Intractable KL term 

fi(zi, yi, ✓)
<latexit sha1_base64="Yknu1q2sCZR0NlN5QrXpGEfgsrY="></latexit><latexit sha1_base64="Yknu1q2sCZR0NlN5QrXpGEfgsrY="></latexit><latexit sha1_base64="Yknu1q2sCZR0NlN5QrXpGEfgsrY="></latexit><latexit sha1_base64="G30nvnJkyKBlKcCymNnrqTxJgV4=">AAACtXicjVLLSgMxFD0dX7VWrWs3g0VwVTJudCnowmUF+4BaZCZNa+y8TDJCKf6AWz9O/AP9C2/iCGoRzTAzJ+fec5KbmyiPpTaMvVS8peWV1bXqem2jXtvc2m7UuzorFBcdnsWZ6kehFrFMRcdIE4t+rkSYRLHoRdNTG+/dC6Vlll6aWS6GSThJ5Vjy0BDVvm40WYu54S+CoARNlCNrPOMKI2TgKJBAIIUhHCOEpmeAAAw5cUPMiVOEpIsLPKBG2oKyBGWExE7pO6HZoGRTmltP7dScVonpVaT0sU+ajPIUYbua7+KFc7bsb95z52n3NqN/VHolxBrcEPuX7jPzvzpbi8EYx64GSTXljrHV8dKlcKdid+5/qcqQQ06cxSOKK8LcKT/P2Xca7Wq3Zxu6+KvLtKyd8zK3wJvdJfU3+NnNRdA9bAWsFVwwVLGLPRxQG49wgnO00SHLER7x5J15t97dxz3wKuWF2MG34el34YWM3A==</latexit><latexit sha1_base64="nWXVBgC9oXkt2XyOcP7dyqYUVVg="></latexit><latexit sha1_base64="nWXVBgC9oXkt2XyOcP7dyqYUVVg="></latexit><latexit sha1_base64="J2t6DPDnDQB41p/tBm3zOrsQe78="></latexit><latexit sha1_base64="Yknu1q2sCZR0NlN5QrXpGEfgsrY="></latexit><latexit sha1_base64="Yknu1q2sCZR0NlN5QrXpGEfgsrY="></latexit><latexit sha1_base64="Yknu1q2sCZR0NlN5QrXpGEfgsrY="></latexit><latexit sha1_base64="Yknu1q2sCZR0NlN5QrXpGEfgsrY="></latexit><latexit sha1_base64="Yknu1q2sCZR0NlN5QrXpGEfgsrY="></latexit><latexit sha1_base64="Yknu1q2sCZR0NlN5QrXpGEfgsrY="></latexit>

Li(#) = � log gi(#) = � log

Z

Z
fi(zi, yi,#)µi(dzi) = � log

Z

Z
fi(zi, yi,#)

pi(zi, ✓)

pi(zi, ✓)
µi(dzi)

<latexit sha1_base64="JWgHNLzqlCuGZtd2ZQ1bW+UICZU="></latexit><latexit sha1_base64="JWgHNLzqlCuGZtd2ZQ1bW+UICZU="></latexit><latexit sha1_base64="JWgHNLzqlCuGZtd2ZQ1bW+UICZU="></latexit><latexit sha1_base64="JWgHNLzqlCuGZtd2ZQ1bW+UICZU="></latexit>


Z

Z
log

pi(zi,#)

fi(zi, yi, ✓)
pi(zi, ✓)µi(dzi)

<latexit sha1_base64="NReuTOMxJfmGyS1SpBblB2bw28g="></latexit><latexit sha1_base64="NReuTOMxJfmGyS1SpBblB2bw28g="></latexit><latexit sha1_base64="NReuTOMxJfmGyS1SpBblB2bw28g="></latexit><latexit sha1_base64="G30nvnJkyKBlKcCymNnrqTxJgV4=">AAACtXicjVLLSgMxFD0dX7VWrWs3g0VwVTJudCnowmUF+4BaZCZNa+y8TDJCKf6AWz9O/AP9C2/iCGoRzTAzJ+fec5KbmyiPpTaMvVS8peWV1bXqem2jXtvc2m7UuzorFBcdnsWZ6kehFrFMRcdIE4t+rkSYRLHoRdNTG+/dC6Vlll6aWS6GSThJ5Vjy0BDVvm40WYu54S+CoARNlCNrPOMKI2TgKJBAIIUhHCOEpmeAAAw5cUPMiVOEpIsLPKBG2oKyBGWExE7pO6HZoGRTmltP7dScVonpVaT0sU+ajPIUYbua7+KFc7bsb95z52n3NqN/VHolxBrcEPuX7jPzvzpbi8EYx64GSTXljrHV8dKlcKdid+5/qcqQQ06cxSOKK8LcKT/P2Xca7Wq3Zxu6+KvLtKyd8zK3wJvdJfU3+NnNRdA9bAWsFVwwVLGLPRxQG49wgnO00SHLER7x5J15t97dxz3wKuWF2MG34el34YWM3A==</latexit><latexit sha1_base64="3GYryC0dC5yePP1ntbMtmX7dHZ4="></latexit><latexit sha1_base64="3GYryC0dC5yePP1ntbMtmX7dHZ4="></latexit><latexit sha1_base64="Pf7xbSRoz3fm9Nrf2ZTm/IZs77c="></latexit><latexit sha1_base64="NReuTOMxJfmGyS1SpBblB2bw28g="></latexit><latexit sha1_base64="NReuTOMxJfmGyS1SpBblB2bw28g="></latexit><latexit sha1_base64="NReuTOMxJfmGyS1SpBblB2bw28g="></latexit><latexit sha1_base64="NReuTOMxJfmGyS1SpBblB2bw28g="></latexit><latexit sha1_base64="NReuTOMxJfmGyS1SpBblB2bw28g="></latexit><latexit sha1_base64="NReuTOMxJfmGyS1SpBblB2bw28g="></latexit>

gi(✓) :=

Z

Z
fi(zi, yi, ✓)µi(dzi)

<latexit sha1_base64="H63uksXrbfpWydr9z6MBwP4Pe0A="></latexit><latexit sha1_base64="H63uksXrbfpWydr9z6MBwP4Pe0A="></latexit><latexit sha1_base64="H63uksXrbfpWydr9z6MBwP4Pe0A="></latexit><latexit sha1_base64="G30nvnJkyKBlKcCymNnrqTxJgV4=">AAACtXicjVLLSgMxFD0dX7VWrWs3g0VwVTJudCnowmUF+4BaZCZNa+y8TDJCKf6AWz9O/AP9C2/iCGoRzTAzJ+fec5KbmyiPpTaMvVS8peWV1bXqem2jXtvc2m7UuzorFBcdnsWZ6kehFrFMRcdIE4t+rkSYRLHoRdNTG+/dC6Vlll6aWS6GSThJ5Vjy0BDVvm40WYu54S+CoARNlCNrPOMKI2TgKJBAIIUhHCOEpmeAAAw5cUPMiVOEpIsLPKBG2oKyBGWExE7pO6HZoGRTmltP7dScVonpVaT0sU+ajPIUYbua7+KFc7bsb95z52n3NqN/VHolxBrcEPuX7jPzvzpbi8EYx64GSTXljrHV8dKlcKdid+5/qcqQQ06cxSOKK8LcKT/P2Xca7Wq3Zxu6+KvLtKyd8zK3wJvdJfU3+NnNRdA9bAWsFVwwVLGLPRxQG49wgnO00SHLER7x5J15t97dxz3wKuWF2MG34el34YWM3A==</latexit><latexit sha1_base64="O4Ldrzv39KMvZx21itTyLjFk2kg="></latexit><latexit sha1_base64="O4Ldrzv39KMvZx21itTyLjFk2kg="></latexit><latexit sha1_base64="v5kZM5ZV/DGkYouYOcyDGMCqLDQ="></latexit><latexit sha1_base64="H63uksXrbfpWydr9z6MBwP4Pe0A="></latexit><latexit sha1_base64="H63uksXrbfpWydr9z6MBwP4Pe0A="></latexit><latexit sha1_base64="H63uksXrbfpWydr9z6MBwP4Pe0A="></latexit><latexit sha1_base64="H63uksXrbfpWydr9z6MBwP4Pe0A="></latexit><latexit sha1_base64="H63uksXrbfpWydr9z6MBwP4Pe0A="></latexit><latexit sha1_base64="H63uksXrbfpWydr9z6MBwP4Pe0A="></latexit>

L̂i(✓,#) ,
Z

Z
log

pi(zi, ✓)

ci(zi,#)
pi(zi, ✓)µi(dzi) = KL(pi(zi, ✓)||pi(zi,#)) + Li(#)

<latexit sha1_base64="7icy33uQWcuJynsM0I2WSD0t+w4="></latexit><latexit sha1_base64="7icy33uQWcuJynsM0I2WSD0t+w4="></latexit><latexit sha1_base64="7icy33uQWcuJynsM0I2WSD0t+w4="></latexit><latexit sha1_base64="G30nvnJkyKBlKcCymNnrqTxJgV4=">AAACtXicjVLLSgMxFD0dX7VWrWs3g0VwVTJudCnowmUF+4BaZCZNa+y8TDJCKf6AWz9O/AP9C2/iCGoRzTAzJ+fec5KbmyiPpTaMvVS8peWV1bXqem2jXtvc2m7UuzorFBcdnsWZ6kehFrFMRcdIE4t+rkSYRLHoRdNTG+/dC6Vlll6aWS6GSThJ5Vjy0BDVvm40WYu54S+CoARNlCNrPOMKI2TgKJBAIIUhHCOEpmeAAAw5cUPMiVOEpIsLPKBG2oKyBGWExE7pO6HZoGRTmltP7dScVonpVaT0sU+ajPIUYbua7+KFc7bsb95z52n3NqN/VHolxBrcEPuX7jPzvzpbi8EYx64GSTXljrHV8dKlcKdid+5/qcqQQ06cxSOKK8LcKT/P2Xca7Wq3Zxu6+KvLtKyd8zK3wJvdJfU3+NnNRdA9bAWsFVwwVLGLPRxQG49wgnO00SHLER7x5J15t97dxz3wKuWF2MG34el34YWM3A==</latexit><latexit sha1_base64="jV3aRq0z5/LP15l45YzBdwK+dlc="></latexit><latexit sha1_base64="jV3aRq0z5/LP15l45YzBdwK+dlc="></latexit><latexit sha1_base64="luDsy6U+CIdP/tHcxi0Z7yNKja8="></latexit><latexit sha1_base64="7icy33uQWcuJynsM0I2WSD0t+w4="></latexit><latexit sha1_base64="7icy33uQWcuJynsM0I2WSD0t+w4="></latexit><latexit sha1_base64="7icy33uQWcuJynsM0I2WSD0t+w4="></latexit><latexit sha1_base64="7icy33uQWcuJynsM0I2WSD0t+w4="></latexit><latexit sha1_base64="7icy33uQWcuJynsM0I2WSD0t+w4="></latexit><latexit sha1_base64="7icy33uQWcuJynsM0I2WSD0t+w4="></latexit>

gi(✓) :=

Z

Z
ci(zi, ✓)µi(dzi)

<latexit sha1_base64="8sK9OA6d0ofEAc4Z5EBWqo1I8Ho="></latexit><latexit sha1_base64="8sK9OA6d0ofEAc4Z5EBWqo1I8Ho="></latexit><latexit sha1_base64="8sK9OA6d0ofEAc4Z5EBWqo1I8Ho="></latexit><latexit sha1_base64="8sK9OA6d0ofEAc4Z5EBWqo1I8Ho="></latexit>

L̂i(✓,#) ,
Z

Z
log

pi(zi, ✓)

ci(zi,#)
pi(zi, ✓)µi(dzi) = KL(pi(zi, ✓)||pi(zi,#)) + Li(#)

<latexit sha1_base64="7icy33uQWcuJynsM0I2WSD0t+w4="></latexit><latexit sha1_base64="7icy33uQWcuJynsM0I2WSD0t+w4="></latexit><latexit sha1_base64="7icy33uQWcuJynsM0I2WSD0t+w4="></latexit><latexit sha1_base64="G30nvnJkyKBlKcCymNnrqTxJgV4=">AAACtXicjVLLSgMxFD0dX7VWrWs3g0VwVTJudCnowmUF+4BaZCZNa+y8TDJCKf6AWz9O/AP9C2/iCGoRzTAzJ+fec5KbmyiPpTaMvVS8peWV1bXqem2jXtvc2m7UuzorFBcdnsWZ6kehFrFMRcdIE4t+rkSYRLHoRdNTG+/dC6Vlll6aWS6GSThJ5Vjy0BDVvm40WYu54S+CoARNlCNrPOMKI2TgKJBAIIUhHCOEpmeAAAw5cUPMiVOEpIsLPKBG2oKyBGWExE7pO6HZoGRTmltP7dScVonpVaT0sU+ajPIUYbua7+KFc7bsb95z52n3NqN/VHolxBrcEPuX7jPzvzpbi8EYx64GSTXljrHV8dKlcKdid+5/qcqQQ06cxSOKK8LcKT/P2Xca7Wq3Zxu6+KvLtKyd8zK3wJvdJfU3+NnNRdA9bAWsFVwwVLGLPRxQG49wgnO00SHLER7x5J15t97dxz3wKuWF2MG34el34YWM3A==</latexit><latexit sha1_base64="jV3aRq0z5/LP15l45YzBdwK+dlc="></latexit><latexit sha1_base64="jV3aRq0z5/LP15l45YzBdwK+dlc="></latexit><latexit sha1_base64="luDsy6U+CIdP/tHcxi0Z7yNKja8="></latexit><latexit sha1_base64="7icy33uQWcuJynsM0I2WSD0t+w4="></latexit><latexit sha1_base64="7icy33uQWcuJynsM0I2WSD0t+w4="></latexit><latexit sha1_base64="7icy33uQWcuJynsM0I2WSD0t+w4="></latexit><latexit sha1_base64="7icy33uQWcuJynsM0I2WSD0t+w4="></latexit><latexit sha1_base64="7icy33uQWcuJynsM0I2WSD0t+w4="></latexit><latexit sha1_base64="7icy33uQWcuJynsM0I2WSD0t+w4="></latexit>


Z

Z
log

pi(zi,#)

fi(zi, yi, ✓)
pi(zi, ✓)µi(dzi)

<latexit sha1_base64="NReuTOMxJfmGyS1SpBblB2bw28g="></latexit><latexit sha1_base64="NReuTOMxJfmGyS1SpBblB2bw28g="></latexit><latexit sha1_base64="NReuTOMxJfmGyS1SpBblB2bw28g="></latexit><latexit sha1_base64="G30nvnJkyKBlKcCymNnrqTxJgV4=">AAACtXicjVLLSgMxFD0dX7VWrWs3g0VwVTJudCnowmUF+4BaZCZNa+y8TDJCKf6AWz9O/AP9C2/iCGoRzTAzJ+fec5KbmyiPpTaMvVS8peWV1bXqem2jXtvc2m7UuzorFBcdnsWZ6kehFrFMRcdIE4t+rkSYRLHoRdNTG+/dC6Vlll6aWS6GSThJ5Vjy0BDVvm40WYu54S+CoARNlCNrPOMKI2TgKJBAIIUhHCOEpmeAAAw5cUPMiVOEpIsLPKBG2oKyBGWExE7pO6HZoGRTmltP7dScVonpVaT0sU+ajPIUYbua7+KFc7bsb95z52n3NqN/VHolxBrcEPuX7jPzvzpbi8EYx64GSTXljrHV8dKlcKdid+5/qcqQQ06cxSOKK8LcKT/P2Xca7Wq3Zxu6+KvLtKyd8zK3wJvdJfU3+NnNRdA9bAWsFVwwVLGLPRxQG49wgnO00SHLER7x5J15t97dxz3wKuWF2MG34el34YWM3A==</latexit><latexit sha1_base64="3GYryC0dC5yePP1ntbMtmX7dHZ4="></latexit><latexit sha1_base64="3GYryC0dC5yePP1ntbMtmX7dHZ4="></latexit><latexit sha1_base64="Pf7xbSRoz3fm9Nrf2ZTm/IZs77c="></latexit><latexit sha1_base64="NReuTOMxJfmGyS1SpBblB2bw28g="></latexit><latexit sha1_base64="NReuTOMxJfmGyS1SpBblB2bw28g="></latexit><latexit sha1_base64="NReuTOMxJfmGyS1SpBblB2bw28g="></latexit><latexit sha1_base64="NReuTOMxJfmGyS1SpBblB2bw28g="></latexit><latexit sha1_base64="NReuTOMxJfmGyS1SpBblB2bw28g="></latexit><latexit sha1_base64="NReuTOMxJfmGyS1SpBblB2bw28g="></latexit>

Jensen Inequality



Intractable Surrogates
Variational Inference (VI)

‣ KL term is intracable: VI optimizes the   
Evidence Lower Bound (ELBO) 

‣ ELBO is a lower bound of the incomplete 
log likelihood.  

‣ Maximizing ELBO minimizes the KL 

‣ ‘Data term’ fits to the data and ‘KL’ term 
fits to the prior  

L(✓) := �Eq(w;✓)

⇥
log p(y|x,w)

⇤
+ Eq(w;✓)

⇥
log q(w; ✓)/⇡(w)

⇤
<latexit sha1_base64="H+edgINgbbwoSQAsoka8BJQNSwg="></latexit><latexit sha1_base64="H+edgINgbbwoSQAsoka8BJQNSwg="></latexit><latexit sha1_base64="H+edgINgbbwoSQAsoka8BJQNSwg="></latexit><latexit sha1_base64="G30nvnJkyKBlKcCymNnrqTxJgV4=">AAACtXicjVLLSgMxFD0dX7VWrWs3g0VwVTJudCnowmUF+4BaZCZNa+y8TDJCKf6AWz9O/AP9C2/iCGoRzTAzJ+fec5KbmyiPpTaMvVS8peWV1bXqem2jXtvc2m7UuzorFBcdnsWZ6kehFrFMRcdIE4t+rkSYRLHoRdNTG+/dC6Vlll6aWS6GSThJ5Vjy0BDVvm40WYu54S+CoARNlCNrPOMKI2TgKJBAIIUhHCOEpmeAAAw5cUPMiVOEpIsLPKBG2oKyBGWExE7pO6HZoGRTmltP7dScVonpVaT0sU+ajPIUYbua7+KFc7bsb95z52n3NqN/VHolxBrcEPuX7jPzvzpbi8EYx64GSTXljrHV8dKlcKdid+5/qcqQQ06cxSOKK8LcKT/P2Xca7Wq3Zxu6+KvLtKyd8zK3wJvdJfU3+NnNRdA9bAWsFVwwVLGLPRxQG49wgnO00SHLER7x5J15t97dxz3wKuWF2MG34el34YWM3A==</latexit><latexit sha1_base64="MnemO6wsWtjpCTo4ty3PkuxuJkA="></latexit><latexit sha1_base64="28es9CAZIkPyljz9uPd3IdKF2eQ="></latexit><latexit sha1_base64="u6nx2WPv/cjU8OMhNybayXlKNCE="></latexit><latexit sha1_base64="H+edgINgbbwoSQAsoka8BJQNSwg="></latexit><latexit sha1_base64="H+edgINgbbwoSQAsoka8BJQNSwg="></latexit><latexit sha1_base64="H+edgINgbbwoSQAsoka8BJQNSwg="></latexit><latexit sha1_base64="H+edgINgbbwoSQAsoka8BJQNSwg="></latexit><latexit sha1_base64="H+edgINgbbwoSQAsoka8BJQNSwg="></latexit><latexit sha1_base64="G30nvnJkyKBlKcCymNnrqTxJgV4=">AAACtXicjVLLSgMxFD0dX7VWrWs3g0VwVTJudCnowmUF+4BaZCZNa+y8TDJCKf6AWz9O/AP9C2/iCGoRzTAzJ+fec5KbmyiPpTaMvVS8peWV1bXqem2jXtvc2m7UuzorFBcdnsWZ6kehFrFMRcdIE4t+rkSYRLHoRdNTG+/dC6Vlll6aWS6GSThJ5Vjy0BDVvm40WYu54S+CoARNlCNrPOMKI2TgKJBAIIUhHCOEpmeAAAw5cUPMiVOEpIsLPKBG2oKyBGWExE7pO6HZoGRTmltP7dScVonpVaT0sU+ajPIUYbua7+KFc7bsb95z52n3NqN/VHolxBrcEPuX7jPzvzpbi8EYx64GSTXljrHV8dKlcKdid+5/qcqQQ06cxSOKK8LcKT/P2Xca7Wq3Zxu6+KvLtKyd8zK3wJvdJfU3+NnNRdA9bAWsFVwwVLGLPRxQG49wgnO00SHLER7x5J15t97dxz3wKuWF2MG34el34YWM3A==</latexit><latexit sha1_base64="MnemO6wsWtjpCTo4ty3PkuxuJkA="></latexit><latexit sha1_base64="28es9CAZIkPyljz9uPd3IdKF2eQ="></latexit><latexit sha1_base64="u6nx2WPv/cjU8OMhNybayXlKNCE="></latexit><latexit sha1_base64="H+edgINgbbwoSQAsoka8BJQNSwg="></latexit><latexit sha1_base64="H+edgINgbbwoSQAsoka8BJQNSwg="></latexit><latexit sha1_base64="H+edgINgbbwoSQAsoka8BJQNSwg="></latexit><latexit sha1_base64="H+edgINgbbwoSQAsoka8BJQNSwg="></latexit><latexit sha1_base64="H+edgINgbbwoSQAsoka8BJQNSwg="></latexit><latexit sha1_base64="H+edgINgbbwoSQAsoka8BJQNSwg="></latexit>

L(✓) := �Eq(w;✓)

⇥
log p(y|x,w)

⇤
+ Eq(w;✓)

⇥
log q(w; ✓)/⇡(w)

⇤
<latexit sha1_base64="H+edgINgbbwoSQAsoka8BJQNSwg="></latexit><latexit sha1_base64="H+edgINgbbwoSQAsoka8BJQNSwg="></latexit><latexit sha1_base64="H+edgINgbbwoSQAsoka8BJQNSwg="></latexit><latexit sha1_base64="G30nvnJkyKBlKcCymNnrqTxJgV4=">AAACtXicjVLLSgMxFD0dX7VWrWs3g0VwVTJudCnowmUF+4BaZCZNa+y8TDJCKf6AWz9O/AP9C2/iCGoRzTAzJ+fec5KbmyiPpTaMvVS8peWV1bXqem2jXtvc2m7UuzorFBcdnsWZ6kehFrFMRcdIE4t+rkSYRLHoRdNTG+/dC6Vlll6aWS6GSThJ5Vjy0BDVvm40WYu54S+CoARNlCNrPOMKI2TgKJBAIIUhHCOEpmeAAAw5cUPMiVOEpIsLPKBG2oKyBGWExE7pO6HZoGRTmltP7dScVonpVaT0sU+ajPIUYbua7+KFc7bsb95z52n3NqN/VHolxBrcEPuX7jPzvzpbi8EYx64GSTXljrHV8dKlcKdid+5/qcqQQ06cxSOKK8LcKT/P2Xca7Wq3Zxu6+KvLtKyd8zK3wJvdJfU3+NnNRdA9bAWsFVwwVLGLPRxQG49wgnO00SHLER7x5J15t97dxz3wKuWF2MG34el34YWM3A==</latexit><latexit sha1_base64="MnemO6wsWtjpCTo4ty3PkuxuJkA="></latexit><latexit sha1_base64="28es9CAZIkPyljz9uPd3IdKF2eQ="></latexit><latexit sha1_base64="u6nx2WPv/cjU8OMhNybayXlKNCE="></latexit><latexit sha1_base64="H+edgINgbbwoSQAsoka8BJQNSwg="></latexit><latexit sha1_base64="H+edgINgbbwoSQAsoka8BJQNSwg="></latexit><latexit sha1_base64="H+edgINgbbwoSQAsoka8BJQNSwg="></latexit><latexit sha1_base64="H+edgINgbbwoSQAsoka8BJQNSwg="></latexit><latexit sha1_base64="H+edgINgbbwoSQAsoka8BJQNSwg="></latexit><latexit sha1_base64="G30nvnJkyKBlKcCymNnrqTxJgV4=">AAACtXicjVLLSgMxFD0dX7VWrWs3g0VwVTJudCnowmUF+4BaZCZNa+y8TDJCKf6AWz9O/AP9C2/iCGoRzTAzJ+fec5KbmyiPpTaMvVS8peWV1bXqem2jXtvc2m7UuzorFBcdnsWZ6kehFrFMRcdIE4t+rkSYRLHoRdNTG+/dC6Vlll6aWS6GSThJ5Vjy0BDVvm40WYu54S+CoARNlCNrPOMKI2TgKJBAIIUhHCOEpmeAAAw5cUPMiVOEpIsLPKBG2oKyBGWExE7pO6HZoGRTmltP7dScVonpVaT0sU+ajPIUYbua7+KFc7bsb95z52n3NqN/VHolxBrcEPuX7jPzvzpbi8EYx64GSTXljrHV8dKlcKdid+5/qcqQQ06cxSOKK8LcKT/P2Xca7Wq3Zxu6+KvLtKyd8zK3wJvdJfU3+NnNRdA9bAWsFVwwVLGLPRxQG49wgnO00SHLER7x5J15t97dxz3wKuWF2MG34el34YWM3A==</latexit><latexit sha1_base64="MnemO6wsWtjpCTo4ty3PkuxuJkA="></latexit><latexit sha1_base64="28es9CAZIkPyljz9uPd3IdKF2eQ="></latexit><latexit sha1_base64="u6nx2WPv/cjU8OMhNybayXlKNCE="></latexit><latexit sha1_base64="H+edgINgbbwoSQAsoka8BJQNSwg="></latexit><latexit sha1_base64="H+edgINgbbwoSQAsoka8BJQNSwg="></latexit><latexit sha1_base64="H+edgINgbbwoSQAsoka8BJQNSwg="></latexit><latexit sha1_base64="H+edgINgbbwoSQAsoka8BJQNSwg="></latexit><latexit sha1_base64="H+edgINgbbwoSQAsoka8BJQNSwg="></latexit><latexit sha1_base64="H+edgINgbbwoSQAsoka8BJQNSwg="></latexit>

L(✓) := KL(q(w, ✓)||p(w|y, x))
<latexit sha1_base64="s01+8je37adndL9zLfv3hIHMz/U="></latexit><latexit sha1_base64="s01+8je37adndL9zLfv3hIHMz/U="></latexit><latexit sha1_base64="s01+8je37adndL9zLfv3hIHMz/U="></latexit><latexit sha1_base64="G30nvnJkyKBlKcCymNnrqTxJgV4=">AAACtXicjVLLSgMxFD0dX7VWrWs3g0VwVTJudCnowmUF+4BaZCZNa+y8TDJCKf6AWz9O/AP9C2/iCGoRzTAzJ+fec5KbmyiPpTaMvVS8peWV1bXqem2jXtvc2m7UuzorFBcdnsWZ6kehFrFMRcdIE4t+rkSYRLHoRdNTG+/dC6Vlll6aWS6GSThJ5Vjy0BDVvm40WYu54S+CoARNlCNrPOMKI2TgKJBAIIUhHCOEpmeAAAw5cUPMiVOEpIsLPKBG2oKyBGWExE7pO6HZoGRTmltP7dScVonpVaT0sU+ajPIUYbua7+KFc7bsb95z52n3NqN/VHolxBrcEPuX7jPzvzpbi8EYx64GSTXljrHV8dKlcKdid+5/qcqQQ06cxSOKK8LcKT/P2Xca7Wq3Zxu6+KvLtKyd8zK3wJvdJfU3+NnNRdA9bAWsFVwwVLGLPRxQG49wgnO00SHLER7x5J15t97dxz3wKuWF2MG34el34YWM3A==</latexit><latexit sha1_base64="tNiMaAcXHDYqsX+cBK2Jkz5he/Y="></latexit><latexit sha1_base64="bROtHF8PJYQDwfyeLwAb1N9h6qQ="></latexit><latexit sha1_base64="gqhMzsokzylXrJsoOue2qdO2vro="></latexit><latexit sha1_base64="s01+8je37adndL9zLfv3hIHMz/U="></latexit><latexit sha1_base64="s01+8je37adndL9zLfv3hIHMz/U="></latexit><latexit sha1_base64="s01+8je37adndL9zLfv3hIHMz/U="></latexit><latexit sha1_base64="s01+8je37adndL9zLfv3hIHMz/U="></latexit><latexit sha1_base64="s01+8je37adndL9zLfv3hIHMz/U="></latexit><latexit sha1_base64="s01+8je37adndL9zLfv3hIHMz/U="></latexit>

L(✓) := KL(q(w, ✓)||p(w|y, x))
<latexit sha1_base64="s01+8je37adndL9zLfv3hIHMz/U="></latexit><latexit sha1_base64="s01+8je37adndL9zLfv3hIHMz/U="></latexit><latexit sha1_base64="s01+8je37adndL9zLfv3hIHMz/U="></latexit><latexit sha1_base64="G30nvnJkyKBlKcCymNnrqTxJgV4=">AAACtXicjVLLSgMxFD0dX7VWrWs3g0VwVTJudCnowmUF+4BaZCZNa+y8TDJCKf6AWz9O/AP9C2/iCGoRzTAzJ+fec5KbmyiPpTaMvVS8peWV1bXqem2jXtvc2m7UuzorFBcdnsWZ6kehFrFMRcdIE4t+rkSYRLHoRdNTG+/dC6Vlll6aWS6GSThJ5Vjy0BDVvm40WYu54S+CoARNlCNrPOMKI2TgKJBAIIUhHCOEpmeAAAw5cUPMiVOEpIsLPKBG2oKyBGWExE7pO6HZoGRTmltP7dScVonpVaT0sU+ajPIUYbua7+KFc7bsb95z52n3NqN/VHolxBrcEPuX7jPzvzpbi8EYx64GSTXljrHV8dKlcKdid+5/qcqQQ06cxSOKK8LcKT/P2Xca7Wq3Zxu6+KvLtKyd8zK3wJvdJfU3+NnNRdA9bAWsFVwwVLGLPRxQG49wgnO00SHLER7x5J15t97dxz3wKuWF2MG34el34YWM3A==</latexit><latexit sha1_base64="tNiMaAcXHDYqsX+cBK2Jkz5he/Y="></latexit><latexit sha1_base64="bROtHF8PJYQDwfyeLwAb1N9h6qQ="></latexit><latexit sha1_base64="gqhMzsokzylXrJsoOue2qdO2vro="></latexit><latexit sha1_base64="s01+8je37adndL9zLfv3hIHMz/U="></latexit><latexit sha1_base64="s01+8je37adndL9zLfv3hIHMz/U="></latexit><latexit sha1_base64="s01+8je37adndL9zLfv3hIHMz/U="></latexit><latexit sha1_base64="s01+8je37adndL9zLfv3hIHMz/U="></latexit><latexit sha1_base64="s01+8je37adndL9zLfv3hIHMz/U="></latexit><latexit sha1_base64="s01+8je37adndL9zLfv3hIHMz/U="></latexit>

✓
<latexit sha1_base64="YClUzjYD9lt7wNoBgYszNCrTiA0="></latexit><latexit sha1_base64="YClUzjYD9lt7wNoBgYszNCrTiA0="></latexit><latexit sha1_base64="YClUzjYD9lt7wNoBgYszNCrTiA0="></latexit><latexit sha1_base64="G30nvnJkyKBlKcCymNnrqTxJgV4=">AAACtXicjVLLSgMxFD0dX7VWrWs3g0VwVTJudCnowmUF+4BaZCZNa+y8TDJCKf6AWz9O/AP9C2/iCGoRzTAzJ+fec5KbmyiPpTaMvVS8peWV1bXqem2jXtvc2m7UuzorFBcdnsWZ6kehFrFMRcdIE4t+rkSYRLHoRdNTG+/dC6Vlll6aWS6GSThJ5Vjy0BDVvm40WYu54S+CoARNlCNrPOMKI2TgKJBAIIUhHCOEpmeAAAw5cUPMiVOEpIsLPKBG2oKyBGWExE7pO6HZoGRTmltP7dScVonpVaT0sU+ajPIUYbua7+KFc7bsb95z52n3NqN/VHolxBrcEPuX7jPzvzpbi8EYx64GSTXljrHV8dKlcKdid+5/qcqQQ06cxSOKK8LcKT/P2Xca7Wq3Zxu6+KvLtKyd8zK3wJvdJfU3+NnNRdA9bAWsFVwwVLGLPRxQG49wgnO00SHLER7x5J15t97dxz3wKuWF2MG34el34YWM3A==</latexit><latexit sha1_base64="AZO1a5yhKPImOP/A62Y9iDERkn0="></latexit><latexit sha1_base64="YFCIu+PMC8EJebC+97zyQ3gqNio="></latexit><latexit sha1_base64="U6ICC67Tdv/oCozt8pmFEW8/ApA="></latexit><latexit sha1_base64="YClUzjYD9lt7wNoBgYszNCrTiA0="></latexit><latexit sha1_base64="YClUzjYD9lt7wNoBgYszNCrTiA0="></latexit><latexit sha1_base64="YClUzjYD9lt7wNoBgYszNCrTiA0="></latexit><latexit sha1_base64="YClUzjYD9lt7wNoBgYszNCrTiA0="></latexit><latexit sha1_base64="YClUzjYD9lt7wNoBgYszNCrTiA0="></latexit><latexit sha1_base64="YClUzjYD9lt7wNoBgYszNCrTiA0="></latexit>

L(✓) := KL(q(w, ✓)||p(w|y, x))
<latexit sha1_base64="s01+8je37adndL9zLfv3hIHMz/U="></latexit><latexit sha1_base64="s01+8je37adndL9zLfv3hIHMz/U="></latexit><latexit sha1_base64="s01+8je37adndL9zLfv3hIHMz/U="></latexit><latexit sha1_base64="G30nvnJkyKBlKcCymNnrqTxJgV4=">AAACtXicjVLLSgMxFD0dX7VWrWs3g0VwVTJudCnowmUF+4BaZCZNa+y8TDJCKf6AWz9O/AP9C2/iCGoRzTAzJ+fec5KbmyiPpTaMvVS8peWV1bXqem2jXtvc2m7UuzorFBcdnsWZ6kehFrFMRcdIE4t+rkSYRLHoRdNTG+/dC6Vlll6aWS6GSThJ5Vjy0BDVvm40WYu54S+CoARNlCNrPOMKI2TgKJBAIIUhHCOEpmeAAAw5cUPMiVOEpIsLPKBG2oKyBGWExE7pO6HZoGRTmltP7dScVonpVaT0sU+ajPIUYbua7+KFc7bsb95z52n3NqN/VHolxBrcEPuX7jPzvzpbi8EYx64GSTXljrHV8dKlcKdid+5/qcqQQ06cxSOKK8LcKT/P2Xca7Wq3Zxu6+KvLtKyd8zK3wJvdJfU3+NnNRdA9bAWsFVwwVLGLPRxQG49wgnO00SHLER7x5J15t97dxz3wKuWF2MG34el34YWM3A==</latexit><latexit sha1_base64="tNiMaAcXHDYqsX+cBK2Jkz5he/Y="></latexit><latexit sha1_base64="bROtHF8PJYQDwfyeLwAb1N9h6qQ="></latexit><latexit sha1_base64="gqhMzsokzylXrJsoOue2qdO2vro="></latexit><latexit sha1_base64="s01+8je37adndL9zLfv3hIHMz/U="></latexit><latexit sha1_base64="s01+8je37adndL9zLfv3hIHMz/U="></latexit><latexit sha1_base64="s01+8je37adndL9zLfv3hIHMz/U="></latexit><latexit sha1_base64="s01+8je37adndL9zLfv3hIHMz/U="></latexit><latexit sha1_base64="s01+8je37adndL9zLfv3hIHMz/U="></latexit><latexit sha1_base64="s01+8je37adndL9zLfv3hIHMz/U="></latexit>

✓
<latexit sha1_base64="YClUzjYD9lt7wNoBgYszNCrTiA0="></latexit><latexit sha1_base64="YClUzjYD9lt7wNoBgYszNCrTiA0="></latexit><latexit sha1_base64="YClUzjYD9lt7wNoBgYszNCrTiA0="></latexit><latexit sha1_base64="G30nvnJkyKBlKcCymNnrqTxJgV4=">AAACtXicjVLLSgMxFD0dX7VWrWs3g0VwVTJudCnowmUF+4BaZCZNa+y8TDJCKf6AWz9O/AP9C2/iCGoRzTAzJ+fec5KbmyiPpTaMvVS8peWV1bXqem2jXtvc2m7UuzorFBcdnsWZ6kehFrFMRcdIE4t+rkSYRLHoRdNTG+/dC6Vlll6aWS6GSThJ5Vjy0BDVvm40WYu54S+CoARNlCNrPOMKI2TgKJBAIIUhHCOEpmeAAAw5cUPMiVOEpIsLPKBG2oKyBGWExE7pO6HZoGRTmltP7dScVonpVaT0sU+ajPIUYbua7+KFc7bsb95z52n3NqN/VHolxBrcEPuX7jPzvzpbi8EYx64GSTXljrHV8dKlcKdid+5/qcqQQ06cxSOKK8LcKT/P2Xca7Wq3Zxu6+KvLtKyd8zK3wJvdJfU3+NnNRdA9bAWsFVwwVLGLPRxQG49wgnO00SHLER7x5J15t97dxz3wKuWF2MG34el34YWM3A==</latexit><latexit sha1_base64="AZO1a5yhKPImOP/A62Y9iDERkn0="></latexit><latexit sha1_base64="YFCIu+PMC8EJebC+97zyQ3gqNio="></latexit><latexit sha1_base64="U6ICC67Tdv/oCozt8pmFEW8/ApA="></latexit><latexit sha1_base64="YClUzjYD9lt7wNoBgYszNCrTiA0="></latexit><latexit sha1_base64="YClUzjYD9lt7wNoBgYszNCrTiA0="></latexit><latexit sha1_base64="YClUzjYD9lt7wNoBgYszNCrTiA0="></latexit><latexit sha1_base64="YClUzjYD9lt7wNoBgYszNCrTiA0="></latexit><latexit sha1_base64="YClUzjYD9lt7wNoBgYszNCrTiA0="></latexit><latexit sha1_base64="YClUzjYD9lt7wNoBgYszNCrTiA0="></latexit>

‣ Input-output pairs                                    and     a global latent variable with a prior distribution  

‣ We want to minimize the KL between the variational candidate                and the true posterior 

((xi, yi), 1  i  n)
<latexit sha1_base64="0+H9zNIlMZgb92t+Qy0NcGGGC/Y="></latexit><latexit sha1_base64="0+H9zNIlMZgb92t+Qy0NcGGGC/Y="></latexit><latexit sha1_base64="0+H9zNIlMZgb92t+Qy0NcGGGC/Y="></latexit><latexit sha1_base64="G30nvnJkyKBlKcCymNnrqTxJgV4=">AAACtXicjVLLSgMxFD0dX7VWrWs3g0VwVTJudCnowmUF+4BaZCZNa+y8TDJCKf6AWz9O/AP9C2/iCGoRzTAzJ+fec5KbmyiPpTaMvVS8peWV1bXqem2jXtvc2m7UuzorFBcdnsWZ6kehFrFMRcdIE4t+rkSYRLHoRdNTG+/dC6Vlll6aWS6GSThJ5Vjy0BDVvm40WYu54S+CoARNlCNrPOMKI2TgKJBAIIUhHCOEpmeAAAw5cUPMiVOEpIsLPKBG2oKyBGWExE7pO6HZoGRTmltP7dScVonpVaT0sU+ajPIUYbua7+KFc7bsb95z52n3NqN/VHolxBrcEPuX7jPzvzpbi8EYx64GSTXljrHV8dKlcKdid+5/qcqQQ06cxSOKK8LcKT/P2Xca7Wq3Zxu6+KvLtKyd8zK3wJvdJfU3+NnNRdA9bAWsFVwwVLGLPRxQG49wgnO00SHLER7x5J15t97dxz3wKuWF2MG34el34YWM3A==</latexit><latexit sha1_base64="1pffxFn4Fk+GZi+1Dfh5m3mxkYU="></latexit><latexit sha1_base64="aGM9ct2T3se2Tnpz4z+NNyV8PUw="></latexit><latexit sha1_base64="oBrUSJbMumbHhclVO9AHEnNbrl4="></latexit><latexit sha1_base64="0+H9zNIlMZgb92t+Qy0NcGGGC/Y="></latexit><latexit sha1_base64="0+H9zNIlMZgb92t+Qy0NcGGGC/Y="></latexit><latexit sha1_base64="0+H9zNIlMZgb92t+Qy0NcGGGC/Y="></latexit><latexit sha1_base64="0+H9zNIlMZgb92t+Qy0NcGGGC/Y="></latexit><latexit sha1_base64="0+H9zNIlMZgb92t+Qy0NcGGGC/Y="></latexit><latexit sha1_base64="0+H9zNIlMZgb92t+Qy0NcGGGC/Y="></latexit>

⇡(w)
<latexit sha1_base64="jZnoz+dkAM0PTV3m7nnLtKAjNtA="></latexit><latexit sha1_base64="jZnoz+dkAM0PTV3m7nnLtKAjNtA="></latexit><latexit sha1_base64="jZnoz+dkAM0PTV3m7nnLtKAjNtA="></latexit><latexit sha1_base64="jZnoz+dkAM0PTV3m7nnLtKAjNtA="></latexit>

⇡(w)
<latexit sha1_base64="jZnoz+dkAM0PTV3m7nnLtKAjNtA="></latexit><latexit sha1_base64="jZnoz+dkAM0PTV3m7nnLtKAjNtA="></latexit><latexit sha1_base64="jZnoz+dkAM0PTV3m7nnLtKAjNtA="></latexit><latexit sha1_base64="jZnoz+dkAM0PTV3m7nnLtKAjNtA="></latexit>

L(✓) := KL(q(w, ✓)||p(w|y, x))
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L(✓) := KL(q(w, ✓)||p(w|y, x))
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Intractable Surrogates
Variational Inference (VI)

L(✓) := KL(q(w, ✓)||p(w|y, x))
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L(✓) := KL(q(w, ✓)||p(w|y, x))
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‣ Input-output pairs                                    and     a global latent variable with a prior distribution  

‣ We want to minimize the KL between the variational candidate                and the true posterior 

‣ Individual Objective function: 

‣ Quadratic Surrogate function: 

‣ Reparametrization trick  [Blundell+, 2015]: 

Let                                 be a differentiable function w.r.t.     s.t.                                      and 

((xi, yi), 1  i  n)
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⇡(w)
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⇡(w)
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L(✓) := KL(q(w, ✓)||p(w|y, x))
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L(✓) := KL(q(w, ✓)||p(w|y, x))
<latexit sha1_base64="s01+8je37adndL9zLfv3hIHMz/U="></latexit><latexit sha1_base64="s01+8je37adndL9zLfv3hIHMz/U="></latexit><latexit sha1_base64="s01+8je37adndL9zLfv3hIHMz/U="></latexit><latexit sha1_base64="G30nvnJkyKBlKcCymNnrqTxJgV4=">AAACtXicjVLLSgMxFD0dX7VWrWs3g0VwVTJudCnowmUF+4BaZCZNa+y8TDJCKf6AWz9O/AP9C2/iCGoRzTAzJ+fec5KbmyiPpTaMvVS8peWV1bXqem2jXtvc2m7UuzorFBcdnsWZ6kehFrFMRcdIE4t+rkSYRLHoRdNTG+/dC6Vlll6aWS6GSThJ5Vjy0BDVvm40WYu54S+CoARNlCNrPOMKI2TgKJBAIIUhHCOEpmeAAAw5cUPMiVOEpIsLPKBG2oKyBGWExE7pO6HZoGRTmltP7dScVonpVaT0sU+ajPIUYbua7+KFc7bsb95z52n3NqN/VHolxBrcEPuX7jPzvzpbi8EYx64GSTXljrHV8dKlcKdid+5/qcqQQ06cxSOKK8LcKT/P2Xca7Wq3Zxu6+KvLtKyd8zK3wJvdJfU3+NnNRdA9bAWsFVwwVLGLPRxQG49wgnO00SHLER7x5J15t97dxz3wKuWF2MG34el34YWM3A==</latexit><latexit sha1_base64="tNiMaAcXHDYqsX+cBK2Jkz5he/Y="></latexit><latexit sha1_base64="bROtHF8PJYQDwfyeLwAb1N9h6qQ="></latexit><latexit sha1_base64="gqhMzsokzylXrJsoOue2qdO2vro="></latexit><latexit sha1_base64="s01+8je37adndL9zLfv3hIHMz/U="></latexit><latexit sha1_base64="s01+8je37adndL9zLfv3hIHMz/U="></latexit><latexit sha1_base64="s01+8je37adndL9zLfv3hIHMz/U="></latexit><latexit sha1_base64="s01+8je37adndL9zLfv3hIHMz/U="></latexit><latexit sha1_base64="s01+8je37adndL9zLfv3hIHMz/U="></latexit><latexit sha1_base64="s01+8je37adndL9zLfv3hIHMz/U="></latexit>

t : Rd ⇥⇥ 7! Rd
<latexit sha1_base64="PtqqN6wvJGryhWW3YzOOIxme9iQ="></latexit><latexit sha1_base64="PtqqN6wvJGryhWW3YzOOIxme9iQ="></latexit><latexit sha1_base64="PtqqN6wvJGryhWW3YzOOIxme9iQ="></latexit><latexit sha1_base64="G30nvnJkyKBlKcCymNnrqTxJgV4=">AAACtXicjVLLSgMxFD0dX7VWrWs3g0VwVTJudCnowmUF+4BaZCZNa+y8TDJCKf6AWz9O/AP9C2/iCGoRzTAzJ+fec5KbmyiPpTaMvVS8peWV1bXqem2jXtvc2m7UuzorFBcdnsWZ6kehFrFMRcdIE4t+rkSYRLHoRdNTG+/dC6Vlll6aWS6GSThJ5Vjy0BDVvm40WYu54S+CoARNlCNrPOMKI2TgKJBAIIUhHCOEpmeAAAw5cUPMiVOEpIsLPKBG2oKyBGWExE7pO6HZoGRTmltP7dScVonpVaT0sU+ajPIUYbua7+KFc7bsb95z52n3NqN/VHolxBrcEPuX7jPzvzpbi8EYx64GSTXljrHV8dKlcKdid+5/qcqQQ06cxSOKK8LcKT/P2Xca7Wq3Zxu6+KvLtKyd8zK3wJvdJfU3+NnNRdA9bAWsFVwwVLGLPRxQG49wgnO00SHLER7x5J15t97dxz3wKuWF2MG34el34YWM3A==</latexit><latexit sha1_base64="l79Nwhp7MfAqu7CQM2ZNSMOGP3g="></latexit><latexit sha1_base64="Bf3KVl2Fjj3YkPtZdQEoUj+01oM="></latexit><latexit sha1_base64="LFPLVv3oJ4BvsvnUnF7k2lInHes="></latexit><latexit sha1_base64="PtqqN6wvJGryhWW3YzOOIxme9iQ="></latexit><latexit sha1_base64="PtqqN6wvJGryhWW3YzOOIxme9iQ="></latexit><latexit sha1_base64="PtqqN6wvJGryhWW3YzOOIxme9iQ="></latexit><latexit sha1_base64="PtqqN6wvJGryhWW3YzOOIxme9iQ="></latexit><latexit sha1_base64="PtqqN6wvJGryhWW3YzOOIxme9iQ="></latexit><latexit sha1_base64="PtqqN6wvJGryhWW3YzOOIxme9iQ="></latexit>

w = t(z,#) ⇠ q(·,#)
<latexit sha1_base64="PDopQYHI4Uo/36g2uj1OSaUgJaQ="></latexit><latexit sha1_base64="PDopQYHI4Uo/36g2uj1OSaUgJaQ="></latexit><latexit sha1_base64="PDopQYHI4Uo/36g2uj1OSaUgJaQ="></latexit><latexit sha1_base64="G30nvnJkyKBlKcCymNnrqTxJgV4=">AAACtXicjVLLSgMxFD0dX7VWrWs3g0VwVTJudCnowmUF+4BaZCZNa+y8TDJCKf6AWz9O/AP9C2/iCGoRzTAzJ+fec5KbmyiPpTaMvVS8peWV1bXqem2jXtvc2m7UuzorFBcdnsWZ6kehFrFMRcdIE4t+rkSYRLHoRdNTG+/dC6Vlll6aWS6GSThJ5Vjy0BDVvm40WYu54S+CoARNlCNrPOMKI2TgKJBAIIUhHCOEpmeAAAw5cUPMiVOEpIsLPKBG2oKyBGWExE7pO6HZoGRTmltP7dScVonpVaT0sU+ajPIUYbua7+KFc7bsb95z52n3NqN/VHolxBrcEPuX7jPzvzpbi8EYx64GSTXljrHV8dKlcKdid+5/qcqQQ06cxSOKK8LcKT/P2Xca7Wq3Zxu6+KvLtKyd8zK3wJvdJfU3+NnNRdA9bAWsFVwwVLGLPRxQG49wgnO00SHLER7x5J15t97dxz3wKuWF2MG34el34YWM3A==</latexit><latexit sha1_base64="FfGeca7vN9IeQIzNa7nSxyss724="></latexit><latexit sha1_base64="8ag5VwvxTGsG//3f0ZnrCGX/gTQ="></latexit><latexit sha1_base64="B/Et8TdDPWT7pkhnH5h3PWtq+hE="></latexit><latexit sha1_base64="PDopQYHI4Uo/36g2uj1OSaUgJaQ="></latexit><latexit sha1_base64="PDopQYHI4Uo/36g2uj1OSaUgJaQ="></latexit><latexit sha1_base64="PDopQYHI4Uo/36g2uj1OSaUgJaQ="></latexit><latexit sha1_base64="PDopQYHI4Uo/36g2uj1OSaUgJaQ="></latexit><latexit sha1_base64="PDopQYHI4Uo/36g2uj1OSaUgJaQ="></latexit><latexit sha1_base64="PDopQYHI4Uo/36g2uj1OSaUgJaQ="></latexit>

z ⇠ Np(0, I)
<latexit sha1_base64="7nFJ/YEEJUwte1JLEEU/Np4gfY4="></latexit><latexit sha1_base64="7nFJ/YEEJUwte1JLEEU/Np4gfY4="></latexit><latexit sha1_base64="7nFJ/YEEJUwte1JLEEU/Np4gfY4="></latexit><latexit sha1_base64="G30nvnJkyKBlKcCymNnrqTxJgV4=">AAACtXicjVLLSgMxFD0dX7VWrWs3g0VwVTJudCnowmUF+4BaZCZNa+y8TDJCKf6AWz9O/AP9C2/iCGoRzTAzJ+fec5KbmyiPpTaMvVS8peWV1bXqem2jXtvc2m7UuzorFBcdnsWZ6kehFrFMRcdIE4t+rkSYRLHoRdNTG+/dC6Vlll6aWS6GSThJ5Vjy0BDVvm40WYu54S+CoARNlCNrPOMKI2TgKJBAIIUhHCOEpmeAAAw5cUPMiVOEpIsLPKBG2oKyBGWExE7pO6HZoGRTmltP7dScVonpVaT0sU+ajPIUYbua7+KFc7bsb95z52n3NqN/VHolxBrcEPuX7jPzvzpbi8EYx64GSTXljrHV8dKlcKdid+5/qcqQQ06cxSOKK8LcKT/P2Xca7Wq3Zxu6+KvLtKyd8zK3wJvdJfU3+NnNRdA9bAWsFVwwVLGLPRxQG49wgnO00SHLER7x5J15t97dxz3wKuWF2MG34el34YWM3A==</latexit><latexit sha1_base64="GHvTFJm0SRs0JXMHTeToAQhsXZ0="></latexit><latexit sha1_base64="4mbYql/ZB18giNEBW0kBapqJVNI="></latexit><latexit sha1_base64="+n/xMVazEHlqmLnLvIeKs4POgJQ="></latexit><latexit sha1_base64="7nFJ/YEEJUwte1JLEEU/Np4gfY4="></latexit><latexit sha1_base64="7nFJ/YEEJUwte1JLEEU/Np4gfY4="></latexit><latexit sha1_base64="7nFJ/YEEJUwte1JLEEU/Np4gfY4="></latexit><latexit sha1_base64="7nFJ/YEEJUwte1JLEEU/Np4gfY4="></latexit><latexit sha1_base64="7nFJ/YEEJUwte1JLEEU/Np4gfY4="></latexit><latexit sha1_base64="7nFJ/YEEJUwte1JLEEU/Np4gfY4="></latexit>

Intractable gradient term 

Li(✓) := �Eq(w;✓)

⇥
log p(yi|xi, w)

⇤
+

1

n
Eq(w;✓)

⇥
log q(w; ✓)/⇡(w)

⇤
<latexit sha1_base64="yL+xLGFxjlBjz09mVEE5gBDUswk="></latexit><latexit sha1_base64="yL+xLGFxjlBjz09mVEE5gBDUswk="></latexit><latexit sha1_base64="yL+xLGFxjlBjz09mVEE5gBDUswk="></latexit><latexit sha1_base64="G30nvnJkyKBlKcCymNnrqTxJgV4=">AAACtXicjVLLSgMxFD0dX7VWrWs3g0VwVTJudCnowmUF+4BaZCZNa+y8TDJCKf6AWz9O/AP9C2/iCGoRzTAzJ+fec5KbmyiPpTaMvVS8peWV1bXqem2jXtvc2m7UuzorFBcdnsWZ6kehFrFMRcdIE4t+rkSYRLHoRdNTG+/dC6Vlll6aWS6GSThJ5Vjy0BDVvm40WYu54S+CoARNlCNrPOMKI2TgKJBAIIUhHCOEpmeAAAw5cUPMiVOEpIsLPKBG2oKyBGWExE7pO6HZoGRTmltP7dScVonpVaT0sU+ajPIUYbua7+KFc7bsb95z52n3NqN/VHolxBrcEPuX7jPzvzpbi8EYx64GSTXljrHV8dKlcKdid+5/qcqQQ06cxSOKK8LcKT/P2Xca7Wq3Zxu6+KvLtKyd8zK3wJvdJfU3+NnNRdA9bAWsFVwwVLGLPRxQG49wgnO00SHLER7x5J15t97dxz3wKuWF2MG34el34YWM3A==</latexit><latexit sha1_base64="FvmhIHN3hTPBZs5LDcYcDyrVVrI="></latexit><latexit sha1_base64="TDOrLN8i8tbp2KYOxtqdytuEqfA="></latexit><latexit sha1_base64="S1D/eeilFv6JELSF9kyB3jV6kgg="></latexit><latexit sha1_base64="yL+xLGFxjlBjz09mVEE5gBDUswk="></latexit><latexit sha1_base64="yL+xLGFxjlBjz09mVEE5gBDUswk="></latexit><latexit sha1_base64="yL+xLGFxjlBjz09mVEE5gBDUswk="></latexit><latexit sha1_base64="yL+xLGFxjlBjz09mVEE5gBDUswk="></latexit><latexit sha1_base64="yL+xLGFxjlBjz09mVEE5gBDUswk="></latexit><latexit sha1_base64="yL+xLGFxjlBjz09mVEE5gBDUswk="></latexit>

L̂i(·,#) : ✓ 7! Li(#) + (rri(#) +rdi(#))
>(✓ � #) +

L

2
k✓ � #k22

<latexit sha1_base64="J8q7/9+waxhIiEckM3D1EmGVXcw="></latexit><latexit sha1_base64="J8q7/9+waxhIiEckM3D1EmGVXcw="></latexit><latexit sha1_base64="J8q7/9+waxhIiEckM3D1EmGVXcw="></latexit><latexit sha1_base64="J8q7/9+waxhIiEckM3D1EmGVXcw="></latexit>

rri(#) = Ez⇠Np(0,I)[J
t
✓(z,#)rw log p(yi|xi, w)|w=t(z,#)]

<latexit sha1_base64="5LRcA5wJTnk41vR9Uc8tJpTbGAM="></latexit><latexit sha1_base64="5LRcA5wJTnk41vR9Uc8tJpTbGAM="></latexit><latexit sha1_base64="5LRcA5wJTnk41vR9Uc8tJpTbGAM="></latexit><latexit sha1_base64="5LRcA5wJTnk41vR9Uc8tJpTbGAM="></latexit>

#
<latexit sha1_base64="EACYi2s08E6v7apnb9lpf5h+QuE="></latexit><latexit sha1_base64="EACYi2s08E6v7apnb9lpf5h+QuE="></latexit><latexit sha1_base64="EACYi2s08E6v7apnb9lpf5h+QuE="></latexit><latexit sha1_base64="EACYi2s08E6v7apnb9lpf5h+QuE="></latexit>



where                    is the Monte Carlo batch sampled           

from                 either directly or using MCMC


MISSO Algorithm 
Algorithm Formulation

Class of Surrogate Functions
‣Set of latent variables

‣                                       Family of probability densities 
with respect to 


‣ There exists function                  such that: 


‣              fully defined by the pair


Minimization by Incremental Stochastic Surrogate 
Optimization} (MISSO) method:

(ri(✓,#, zi), pi(zi;#))
<latexit sha1_base64="zSyvojW1VDC6iSSYJ22LUdrukhA="></latexit><latexit sha1_base64="zSyvojW1VDC6iSSYJ22LUdrukhA="></latexit><latexit sha1_base64="zSyvojW1VDC6iSSYJ22LUdrukhA="></latexit><latexit sha1_base64="G30nvnJkyKBlKcCymNnrqTxJgV4=">AAACtXicjVLLSgMxFD0dX7VWrWs3g0VwVTJudCnowmUF+4BaZCZNa+y8TDJCKf6AWz9O/AP9C2/iCGoRzTAzJ+fec5KbmyiPpTaMvVS8peWV1bXqem2jXtvc2m7UuzorFBcdnsWZ6kehFrFMRcdIE4t+rkSYRLHoRdNTG+/dC6Vlll6aWS6GSThJ5Vjy0BDVvm40WYu54S+CoARNlCNrPOMKI2TgKJBAIIUhHCOEpmeAAAw5cUPMiVOEpIsLPKBG2oKyBGWExE7pO6HZoGRTmltP7dScVonpVaT0sU+ajPIUYbua7+KFc7bsb95z52n3NqN/VHolxBrcEPuX7jPzvzpbi8EYx64GSTXljrHV8dKlcKdid+5/qcqQQ06cxSOKK8LcKT/P2Xca7Wq3Zxu6+KvLtKyd8zK3wJvdJfU3+NnNRdA9bAWsFVwwVLGLPRxQG49wgnO00SHLER7x5J15t97dxz3wKuWF2MG34el34YWM3A==</latexit><latexit sha1_base64="kmIoHq7bDgUcMOLUZN50/Pqq5BM="></latexit><latexit sha1_base64="uoEQGoR1r+fEsnzZRqOD1efxoPg="></latexit><latexit sha1_base64="Gjd8zrrDgROWpBex++e4+tU3nFA="></latexit><latexit sha1_base64="zSyvojW1VDC6iSSYJ22LUdrukhA="></latexit><latexit sha1_base64="zSyvojW1VDC6iSSYJ22LUdrukhA="></latexit><latexit sha1_base64="zSyvojW1VDC6iSSYJ22LUdrukhA="></latexit><latexit sha1_base64="zSyvojW1VDC6iSSYJ22LUdrukhA="></latexit><latexit sha1_base64="zSyvojW1VDC6iSSYJ22LUdrukhA="></latexit><latexit sha1_base64="zSyvojW1VDC6iSSYJ22LUdrukhA="></latexit>

Li(✓,#) :=

Z

Z
ri(✓,#, zi)pi(zi;#)µi(dzi)

<latexit sha1_base64="fVVOLGlcb3nDjj/vMVcGn8otPNY="></latexit><latexit sha1_base64="fVVOLGlcb3nDjj/vMVcGn8otPNY="></latexit><latexit sha1_base64="fVVOLGlcb3nDjj/vMVcGn8otPNY="></latexit><latexit sha1_base64="fVVOLGlcb3nDjj/vMVcGn8otPNY="></latexit>

Pi = {pi(zi, ✓); ✓ 2 ⇥}
<latexit sha1_base64="1EG7BVJ10ZEHFtzKrYpFei2VXOM="></latexit><latexit sha1_base64="1EG7BVJ10ZEHFtzKrYpFei2VXOM="></latexit><latexit sha1_base64="1EG7BVJ10ZEHFtzKrYpFei2VXOM="></latexit><latexit sha1_base64="G30nvnJkyKBlKcCymNnrqTxJgV4=">AAACtXicjVLLSgMxFD0dX7VWrWs3g0VwVTJudCnowmUF+4BaZCZNa+y8TDJCKf6AWz9O/AP9C2/iCGoRzTAzJ+fec5KbmyiPpTaMvVS8peWV1bXqem2jXtvc2m7UuzorFBcdnsWZ6kehFrFMRcdIE4t+rkSYRLHoRdNTG+/dC6Vlll6aWS6GSThJ5Vjy0BDVvm40WYu54S+CoARNlCNrPOMKI2TgKJBAIIUhHCOEpmeAAAw5cUPMiVOEpIsLPKBG2oKyBGWExE7pO6HZoGRTmltP7dScVonpVaT0sU+ajPIUYbua7+KFc7bsb95z52n3NqN/VHolxBrcEPuX7jPzvzpbi8EYx64GSTXljrHV8dKlcKdid+5/qcqQQ06cxSOKK8LcKT/P2Xca7Wq3Zxu6+KvLtKyd8zK3wJvdJfU3+NnNRdA9bAWsFVwwVLGLPRxQG49wgnO00SHLER7x5J15t97dxz3wKuWF2MG34el34YWM3A==</latexit><latexit sha1_base64="4m9uL+K9GbCmLpHRCGirLtMucmU="></latexit><latexit sha1_base64="xYQip6Cks2Yzi0AKSys7XawOdFE="></latexit><latexit sha1_base64="AHObUeG7PwVwIiGbPaTZJE2PKfg="></latexit><latexit sha1_base64="1EG7BVJ10ZEHFtzKrYpFei2VXOM="></latexit><latexit sha1_base64="1EG7BVJ10ZEHFtzKrYpFei2VXOM="></latexit><latexit sha1_base64="1EG7BVJ10ZEHFtzKrYpFei2VXOM="></latexit><latexit sha1_base64="1EG7BVJ10ZEHFtzKrYpFei2VXOM="></latexit><latexit sha1_base64="1EG7BVJ10ZEHFtzKrYpFei2VXOM="></latexit><latexit sha1_base64="1EG7BVJ10ZEHFtzKrYpFei2VXOM="></latexit>

L̂i(✓,#) :=

Z

Z
ri(✓,#, zi)pi(zi;#)µi(dzi)

<latexit sha1_base64="xQWZhvVkP6qCoSiTn9icedy1kYw="></latexit><latexit sha1_base64="xQWZhvVkP6qCoSiTn9icedy1kYw="></latexit><latexit sha1_base64="xQWZhvVkP6qCoSiTn9icedy1kYw="></latexit><latexit sha1_base64="xQWZhvVkP6qCoSiTn9icedy1kYw="></latexit>

L̂i(✓,#) :=

Z

Z
ri(✓,#, zi)pi(zi;#)µi(dzi)

<latexit sha1_base64="xQWZhvVkP6qCoSiTn9icedy1kYw="></latexit><latexit sha1_base64="xQWZhvVkP6qCoSiTn9icedy1kYw="></latexit><latexit sha1_base64="xQWZhvVkP6qCoSiTn9icedy1kYw="></latexit><latexit sha1_base64="xQWZhvVkP6qCoSiTn9icedy1kYw="></latexit>

(zi 2 Zm, 1  i  n)
<latexit sha1_base64="kQHPWtcuHaPq7TpCJsuOaSiTX+o="></latexit><latexit sha1_base64="kQHPWtcuHaPq7TpCJsuOaSiTX+o="></latexit><latexit sha1_base64="kQHPWtcuHaPq7TpCJsuOaSiTX+o="></latexit><latexit sha1_base64="G30nvnJkyKBlKcCymNnrqTxJgV4=">AAACtXicjVLLSgMxFD0dX7VWrWs3g0VwVTJudCnowmUF+4BaZCZNa+y8TDJCKf6AWz9O/AP9C2/iCGoRzTAzJ+fec5KbmyiPpTaMvVS8peWV1bXqem2jXtvc2m7UuzorFBcdnsWZ6kehFrFMRcdIE4t+rkSYRLHoRdNTG+/dC6Vlll6aWS6GSThJ5Vjy0BDVvm40WYu54S+CoARNlCNrPOMKI2TgKJBAIIUhHCOEpmeAAAw5cUPMiVOEpIsLPKBG2oKyBGWExE7pO6HZoGRTmltP7dScVonpVaT0sU+ajPIUYbua7+KFc7bsb95z52n3NqN/VHolxBrcEPuX7jPzvzpbi8EYx64GSTXljrHV8dKlcKdid+5/qcqQQ06cxSOKK8LcKT/P2Xca7Wq3Zxu6+KvLtKyd8zK3wJvdJfU3+NnNRdA9bAWsFVwwVLGLPRxQG49wgnO00SHLER7x5J15t97dxz3wKuWF2MG34el34YWM3A==</latexit><latexit sha1_base64="XrhgMEujSwuPCnry33TaxGrEmxU="></latexit><latexit sha1_base64="CrIjm4AvVqoz+GxaOwG3XQqUNUI="></latexit><latexit sha1_base64="H+L7k4Qk11hX29ytgoQMfvFMcGM="></latexit><latexit sha1_base64="kQHPWtcuHaPq7TpCJsuOaSiTX+o="></latexit><latexit sha1_base64="kQHPWtcuHaPq7TpCJsuOaSiTX+o="></latexit><latexit sha1_base64="kQHPWtcuHaPq7TpCJsuOaSiTX+o="></latexit><latexit sha1_base64="kQHPWtcuHaPq7TpCJsuOaSiTX+o="></latexit><latexit sha1_base64="kQHPWtcuHaPq7TpCJsuOaSiTX+o="></latexit><latexit sha1_base64="G30nvnJkyKBlKcCymNnrqTxJgV4=">AAACtXicjVLLSgMxFD0dX7VWrWs3g0VwVTJudCnowmUF+4BaZCZNa+y8TDJCKf6AWz9O/AP9C2/iCGoRzTAzJ+fec5KbmyiPpTaMvVS8peWV1bXqem2jXtvc2m7UuzorFBcdnsWZ6kehFrFMRcdIE4t+rkSYRLHoRdNTG+/dC6Vlll6aWS6GSThJ5Vjy0BDVvm40WYu54S+CoARNlCNrPOMKI2TgKJBAIIUhHCOEpmeAAAw5cUPMiVOEpIsLPKBG2oKyBGWExE7pO6HZoGRTmltP7dScVonpVaT0sU+ajPIUYbua7+KFc7bsb95z52n3NqN/VHolxBrcEPuX7jPzvzpbi8EYx64GSTXljrHV8dKlcKdid+5/qcqQQ06cxSOKK8LcKT/P2Xca7Wq3Zxu6+KvLtKyd8zK3wJvdJfU3+NnNRdA9bAWsFVwwVLGLPRxQG49wgnO00SHLER7x5J15t97dxz3wKuWF2MG34el34YWM3A==</latexit><latexit sha1_base64="XrhgMEujSwuPCnry33TaxGrEmxU="></latexit><latexit sha1_base64="CrIjm4AvVqoz+GxaOwG3XQqUNUI="></latexit><latexit sha1_base64="H+L7k4Qk11hX29ytgoQMfvFMcGM="></latexit><latexit sha1_base64="kQHPWtcuHaPq7TpCJsuOaSiTX+o="></latexit><latexit sha1_base64="kQHPWtcuHaPq7TpCJsuOaSiTX+o="></latexit><latexit sha1_base64="kQHPWtcuHaPq7TpCJsuOaSiTX+o="></latexit><latexit sha1_base64="kQHPWtcuHaPq7TpCJsuOaSiTX+o="></latexit><latexit sha1_base64="kQHPWtcuHaPq7TpCJsuOaSiTX+o="></latexit><latexit sha1_base64="kQHPWtcuHaPq7TpCJsuOaSiTX+o="></latexit>

(ri(✓,#, zi), pi(zi;#))
<latexit sha1_base64="zSyvojW1VDC6iSSYJ22LUdrukhA="></latexit><latexit sha1_base64="zSyvojW1VDC6iSSYJ22LUdrukhA="></latexit><latexit sha1_base64="zSyvojW1VDC6iSSYJ22LUdrukhA="></latexit><latexit sha1_base64="G30nvnJkyKBlKcCymNnrqTxJgV4=">AAACtXicjVLLSgMxFD0dX7VWrWs3g0VwVTJudCnowmUF+4BaZCZNa+y8TDJCKf6AWz9O/AP9C2/iCGoRzTAzJ+fec5KbmyiPpTaMvVS8peWV1bXqem2jXtvc2m7UuzorFBcdnsWZ6kehFrFMRcdIE4t+rkSYRLHoRdNTG+/dC6Vlll6aWS6GSThJ5Vjy0BDVvm40WYu54S+CoARNlCNrPOMKI2TgKJBAIIUhHCOEpmeAAAw5cUPMiVOEpIsLPKBG2oKyBGWExE7pO6HZoGRTmltP7dScVonpVaT0sU+ajPIUYbua7+KFc7bsb95z52n3NqN/VHolxBrcEPuX7jPzvzpbi8EYx64GSTXljrHV8dKlcKdid+5/qcqQQ06cxSOKK8LcKT/P2Xca7Wq3Zxu6+KvLtKyd8zK3wJvdJfU3+NnNRdA9bAWsFVwwVLGLPRxQG49wgnO00SHLER7x5J15t97dxz3wKuWF2MG34el34YWM3A==</latexit><latexit sha1_base64="kmIoHq7bDgUcMOLUZN50/Pqq5BM="></latexit><latexit sha1_base64="uoEQGoR1r+fEsnzZRqOD1efxoPg="></latexit><latexit sha1_base64="Gjd8zrrDgROWpBex++e4+tU3nFA="></latexit><latexit sha1_base64="zSyvojW1VDC6iSSYJ22LUdrukhA="></latexit><latexit sha1_base64="zSyvojW1VDC6iSSYJ22LUdrukhA="></latexit><latexit sha1_base64="zSyvojW1VDC6iSSYJ22LUdrukhA="></latexit><latexit sha1_base64="zSyvojW1VDC6iSSYJ22LUdrukhA="></latexit><latexit sha1_base64="zSyvojW1VDC6iSSYJ22LUdrukhA="></latexit><latexit sha1_base64="zSyvojW1VDC6iSSYJ22LUdrukhA="></latexit>

L̂i(✓,#, {zm}Mm=1) :=
1

M

MX

m=1

ri(✓,#, zm)
<latexit sha1_base64="qYxi7DhAyyOUQOyoSC3iywQBcGE="></latexit><latexit sha1_base64="qYxi7DhAyyOUQOyoSC3iywQBcGE="></latexit><latexit sha1_base64="qYxi7DhAyyOUQOyoSC3iywQBcGE="></latexit><latexit sha1_base64="G30nvnJkyKBlKcCymNnrqTxJgV4=">AAACtXicjVLLSgMxFD0dX7VWrWs3g0VwVTJudCnowmUF+4BaZCZNa+y8TDJCKf6AWz9O/AP9C2/iCGoRzTAzJ+fec5KbmyiPpTaMvVS8peWV1bXqem2jXtvc2m7UuzorFBcdnsWZ6kehFrFMRcdIE4t+rkSYRLHoRdNTG+/dC6Vlll6aWS6GSThJ5Vjy0BDVvm40WYu54S+CoARNlCNrPOMKI2TgKJBAIIUhHCOEpmeAAAw5cUPMiVOEpIsLPKBG2oKyBGWExE7pO6HZoGRTmltP7dScVonpVaT0sU+ajPIUYbua7+KFc7bsb95z52n3NqN/VHolxBrcEPuX7jPzvzpbi8EYx64GSTXljrHV8dKlcKdid+5/qcqQQ06cxSOKK8LcKT/P2Xca7Wq3Zxu6+KvLtKyd8zK3wJvdJfU3+NnNRdA9bAWsFVwwVLGLPRxQG49wgnO00SHLER7x5J15t97dxz3wKuWF2MG34el34YWM3A==</latexit><latexit sha1_base64="yaw8wszFGFXzZIklCs1DEorjOfk="></latexit><latexit sha1_base64="OSA3kHGPKL6rCXCEhdT8VHcitys="></latexit><latexit sha1_base64="wgy/u3V3tpD1LLEAPb5KNtoSq0E="></latexit><latexit sha1_base64="qYxi7DhAyyOUQOyoSC3iywQBcGE="></latexit><latexit sha1_base64="qYxi7DhAyyOUQOyoSC3iywQBcGE="></latexit><latexit sha1_base64="qYxi7DhAyyOUQOyoSC3iywQBcGE="></latexit><latexit sha1_base64="qYxi7DhAyyOUQOyoSC3iywQBcGE="></latexit><latexit sha1_base64="qYxi7DhAyyOUQOyoSC3iywQBcGE="></latexit><latexit sha1_base64="qYxi7DhAyyOUQOyoSC3iywQBcGE="></latexit>(ri(✓,#, zi), pi(zi;#))

<latexit sha1_base64="zSyvojW1VDC6iSSYJ22LUdrukhA="></latexit><latexit sha1_base64="zSyvojW1VDC6iSSYJ22LUdrukhA="></latexit><latexit sha1_base64="zSyvojW1VDC6iSSYJ22LUdrukhA="></latexit><latexit sha1_base64="G30nvnJkyKBlKcCymNnrqTxJgV4=">AAACtXicjVLLSgMxFD0dX7VWrWs3g0VwVTJudCnowmUF+4BaZCZNa+y8TDJCKf6AWz9O/AP9C2/iCGoRzTAzJ+fec5KbmyiPpTaMvVS8peWV1bXqem2jXtvc2m7UuzorFBcdnsWZ6kehFrFMRcdIE4t+rkSYRLHoRdNTG+/dC6Vlll6aWS6GSThJ5Vjy0BDVvm40WYu54S+CoARNlCNrPOMKI2TgKJBAIIUhHCOEpmeAAAw5cUPMiVOEpIsLPKBG2oKyBGWExE7pO6HZoGRTmltP7dScVonpVaT0sU+ajPIUYbua7+KFc7bsb95z52n3NqN/VHolxBrcEPuX7jPzvzpbi8EYx64GSTXljrHV8dKlcKdid+5/qcqQQ06cxSOKK8LcKT/P2Xca7Wq3Zxu6+KvLtKyd8zK3wJvdJfU3+NnNRdA9bAWsFVwwVLGLPRxQG49wgnO00SHLER7x5J15t97dxz3wKuWF2MG34el34YWM3A==</latexit><latexit sha1_base64="kmIoHq7bDgUcMOLUZN50/Pqq5BM="></latexit><latexit sha1_base64="uoEQGoR1r+fEsnzZRqOD1efxoPg="></latexit><latexit sha1_base64="Gjd8zrrDgROWpBex++e4+tU3nFA="></latexit><latexit sha1_base64="zSyvojW1VDC6iSSYJ22LUdrukhA="></latexit><latexit sha1_base64="zSyvojW1VDC6iSSYJ22LUdrukhA="></latexit><latexit sha1_base64="zSyvojW1VDC6iSSYJ22LUdrukhA="></latexit><latexit sha1_base64="zSyvojW1VDC6iSSYJ22LUdrukhA="></latexit><latexit sha1_base64="zSyvojW1VDC6iSSYJ22LUdrukhA="></latexit><latexit sha1_base64="zSyvojW1VDC6iSSYJ22LUdrukhA="></latexit>

L̃i(✓,#, {zm}Mm=1) :=
1

M

MX

m=1

ri(✓,#, zm)
<latexit sha1_base64="DJaQGiC995sLMNfT27ZLWeQ678M="></latexit><latexit sha1_base64="DJaQGiC995sLMNfT27ZLWeQ678M="></latexit><latexit sha1_base64="DJaQGiC995sLMNfT27ZLWeQ678M="></latexit><latexit sha1_base64="G30nvnJkyKBlKcCymNnrqTxJgV4=">AAACtXicjVLLSgMxFD0dX7VWrWs3g0VwVTJudCnowmUF+4BaZCZNa+y8TDJCKf6AWz9O/AP9C2/iCGoRzTAzJ+fec5KbmyiPpTaMvVS8peWV1bXqem2jXtvc2m7UuzorFBcdnsWZ6kehFrFMRcdIE4t+rkSYRLHoRdNTG+/dC6Vlll6aWS6GSThJ5Vjy0BDVvm40WYu54S+CoARNlCNrPOMKI2TgKJBAIIUhHCOEpmeAAAw5cUPMiVOEpIsLPKBG2oKyBGWExE7pO6HZoGRTmltP7dScVonpVaT0sU+ajPIUYbua7+KFc7bsb95z52n3NqN/VHolxBrcEPuX7jPzvzpbi8EYx64GSTXljrHV8dKlcKdid+5/qcqQQ06cxSOKK8LcKT/P2Xca7Wq3Zxu6+KvLtKyd8zK3wJvdJfU3+NnNRdA9bAWsFVwwVLGLPRxQG49wgnO00SHLER7x5J15t97dxz3wKuWF2MG34el34YWM3A==</latexit><latexit sha1_base64="OMoCaFBIbjSLsQ6jQIJ0RsgL6pU="></latexit><latexit sha1_base64="Az6spfQFpLVlFnV5uCkB+bVW4Mc="></latexit><latexit sha1_base64="vqF9Rud8m0I3vam6b7n9AIJXjNk="></latexit><latexit sha1_base64="DJaQGiC995sLMNfT27ZLWeQ678M="></latexit><latexit sha1_base64="DJaQGiC995sLMNfT27ZLWeQ678M="></latexit><latexit sha1_base64="DJaQGiC995sLMNfT27ZLWeQ678M="></latexit><latexit sha1_base64="DJaQGiC995sLMNfT27ZLWeQ678M="></latexit><latexit sha1_base64="DJaQGiC995sLMNfT27ZLWeQ678M="></latexit><latexit sha1_base64="DJaQGiC995sLMNfT27ZLWeQ678M="></latexit>



g(✓) := inf
✓2⇥

L0(✓,✓ � ✓)

k✓ � ✓k
and g(✓) = g+(✓)� g�(✓)

<latexit sha1_base64="l1bcFC0iXLrj06+EQqpq4oEWInk="></latexit><latexit sha1_base64="l1bcFC0iXLrj06+EQqpq4oEWInk="></latexit><latexit sha1_base64="l1bcFC0iXLrj06+EQqpq4oEWInk="></latexit><latexit sha1_base64="l1bcFC0iXLrj06+EQqpq4oEWInk="></latexit>

‣Constrained optimization, onsider the following stationarity measure: 

where                                            and                                              denote the positive and negative 
part of          ,respectively.


‣       is a stationary point if and only if                      [Fletcher+, 2002].


‣ Furthermore, suppose that the sequence                      has a limit point         that is a stationary point, 
then one has:


g+(✓̄) := max{0, g(✓̄)}
<latexit sha1_base64="dT2nRYuJDxcB7Bg62Igwwst6RQg="></latexit><latexit sha1_base64="dT2nRYuJDxcB7Bg62Igwwst6RQg="></latexit><latexit sha1_base64="dT2nRYuJDxcB7Bg62Igwwst6RQg="></latexit><latexit sha1_base64="G30nvnJkyKBlKcCymNnrqTxJgV4=">AAACtXicjVLLSgMxFD0dX7VWrWs3g0VwVTJudCnowmUF+4BaZCZNa+y8TDJCKf6AWz9O/AP9C2/iCGoRzTAzJ+fec5KbmyiPpTaMvVS8peWV1bXqem2jXtvc2m7UuzorFBcdnsWZ6kehFrFMRcdIE4t+rkSYRLHoRdNTG+/dC6Vlll6aWS6GSThJ5Vjy0BDVvm40WYu54S+CoARNlCNrPOMKI2TgKJBAIIUhHCOEpmeAAAw5cUPMiVOEpIsLPKBG2oKyBGWExE7pO6HZoGRTmltP7dScVonpVaT0sU+ajPIUYbua7+KFc7bsb95z52n3NqN/VHolxBrcEPuX7jPzvzpbi8EYx64GSTXljrHV8dKlcKdid+5/qcqQQ06cxSOKK8LcKT/P2Xca7Wq3Zxu6+KvLtKyd8zK3wJvdJfU3+NnNRdA9bAWsFVwwVLGLPRxQG49wgnO00SHLER7x5J15t97dxz3wKuWF2MG34el34YWM3A==</latexit><latexit sha1_base64="w8dC5X+MIm8o/DLXhArQ7FTS2oA="></latexit><latexit sha1_base64="w8dC5X+MIm8o/DLXhArQ7FTS2oA="></latexit><latexit sha1_base64="AuD5nyK2Q1AthKEVkP4JMXRMHAE="></latexit><latexit sha1_base64="dT2nRYuJDxcB7Bg62Igwwst6RQg="></latexit><latexit sha1_base64="dT2nRYuJDxcB7Bg62Igwwst6RQg="></latexit><latexit sha1_base64="dT2nRYuJDxcB7Bg62Igwwst6RQg="></latexit><latexit sha1_base64="dT2nRYuJDxcB7Bg62Igwwst6RQg="></latexit><latexit sha1_base64="dT2nRYuJDxcB7Bg62Igwwst6RQg="></latexit><latexit sha1_base64="dT2nRYuJDxcB7Bg62Igwwst6RQg="></latexit>

g�(✓̄) := �min{0, g(✓̄)}
<latexit sha1_base64="W8VwLeMC17leUBv5axs8FXcz59k="></latexit><latexit sha1_base64="W8VwLeMC17leUBv5axs8FXcz59k="></latexit><latexit sha1_base64="W8VwLeMC17leUBv5axs8FXcz59k="></latexit><latexit sha1_base64="W8VwLeMC17leUBv5axs8FXcz59k="></latexit>

g(✓) := inf
✓2⇥

L0(✓,✓ � ✓)

k✓ � ✓k
and g(✓) = g+(✓)� g�(✓)

<latexit sha1_base64="l1bcFC0iXLrj06+EQqpq4oEWInk="></latexit><latexit sha1_base64="l1bcFC0iXLrj06+EQqpq4oEWInk="></latexit><latexit sha1_base64="l1bcFC0iXLrj06+EQqpq4oEWInk="></latexit><latexit sha1_base64="l1bcFC0iXLrj06+EQqpq4oEWInk="></latexit>

{✓(k)}k�0
<latexit sha1_base64="0qUiFg1wDam66u+YUWgjByVsW+g="></latexit><latexit sha1_base64="0qUiFg1wDam66u+YUWgjByVsW+g="></latexit><latexit sha1_base64="0qUiFg1wDam66u+YUWgjByVsW+g="></latexit><latexit sha1_base64="G30nvnJkyKBlKcCymNnrqTxJgV4=">AAACtXicjVLLSgMxFD0dX7VWrWs3g0VwVTJudCnowmUF+4BaZCZNa+y8TDJCKf6AWz9O/AP9C2/iCGoRzTAzJ+fec5KbmyiPpTaMvVS8peWV1bXqem2jXtvc2m7UuzorFBcdnsWZ6kehFrFMRcdIE4t+rkSYRLHoRdNTG+/dC6Vlll6aWS6GSThJ5Vjy0BDVvm40WYu54S+CoARNlCNrPOMKI2TgKJBAIIUhHCOEpmeAAAw5cUPMiVOEpIsLPKBG2oKyBGWExE7pO6HZoGRTmltP7dScVonpVaT0sU+ajPIUYbua7+KFc7bsb95z52n3NqN/VHolxBrcEPuX7jPzvzpbi8EYx64GSTXljrHV8dKlcKdid+5/qcqQQ06cxSOKK8LcKT/P2Xca7Wq3Zxu6+KvLtKyd8zK3wJvdJfU3+NnNRdA9bAWsFVwwVLGLPRxQG49wgnO00SHLER7x5J15t97dxz3wKuWF2MG34el34YWM3A==</latexit><latexit sha1_base64="z1KEMOB8QrLorOLC50FVwMI8vgo="></latexit><latexit sha1_base64="z1KEMOB8QrLorOLC50FVwMI8vgo="></latexit><latexit sha1_base64="Il7qK27cd0WSptABi7ONxy4ym6c="></latexit><latexit sha1_base64="0qUiFg1wDam66u+YUWgjByVsW+g="></latexit><latexit sha1_base64="0qUiFg1wDam66u+YUWgjByVsW+g="></latexit><latexit sha1_base64="0qUiFg1wDam66u+YUWgjByVsW+g="></latexit><latexit sha1_base64="0qUiFg1wDam66u+YUWgjByVsW+g="></latexit><latexit sha1_base64="0qUiFg1wDam66u+YUWgjByVsW+g="></latexit><latexit sha1_base64="0qUiFg1wDam66u+YUWgjByVsW+g="></latexit>

✓̄
<latexit sha1_base64="MtPatLeCqA+Zux4kUOYQFl7lVaU="></latexit><latexit sha1_base64="MtPatLeCqA+Zux4kUOYQFl7lVaU="></latexit><latexit sha1_base64="MtPatLeCqA+Zux4kUOYQFl7lVaU="></latexit><latexit sha1_base64="G30nvnJkyKBlKcCymNnrqTxJgV4=">AAACtXicjVLLSgMxFD0dX7VWrWs3g0VwVTJudCnowmUF+4BaZCZNa+y8TDJCKf6AWz9O/AP9C2/iCGoRzTAzJ+fec5KbmyiPpTaMvVS8peWV1bXqem2jXtvc2m7UuzorFBcdnsWZ6kehFrFMRcdIE4t+rkSYRLHoRdNTG+/dC6Vlll6aWS6GSThJ5Vjy0BDVvm40WYu54S+CoARNlCNrPOMKI2TgKJBAIIUhHCOEpmeAAAw5cUPMiVOEpIsLPKBG2oKyBGWExE7pO6HZoGRTmltP7dScVonpVaT0sU+ajPIUYbua7+KFc7bsb95z52n3NqN/VHolxBrcEPuX7jPzvzpbi8EYx64GSTXljrHV8dKlcKdid+5/qcqQQ06cxSOKK8LcKT/P2Xca7Wq3Zxu6+KvLtKyd8zK3wJvdJfU3+NnNRdA9bAWsFVwwVLGLPRxQG49wgnO00SHLER7x5J15t97dxz3wKuWF2MG34el34YWM3A==</latexit><latexit sha1_base64="NlCcRexw/lsT95ogmwtxKFb8Kyk="></latexit><latexit sha1_base64="NlCcRexw/lsT95ogmwtxKFb8Kyk="></latexit><latexit sha1_base64="z6WMwunLiXEvzvxmThiftXJB0t8="></latexit><latexit sha1_base64="MtPatLeCqA+Zux4kUOYQFl7lVaU="></latexit><latexit sha1_base64="MtPatLeCqA+Zux4kUOYQFl7lVaU="></latexit><latexit sha1_base64="MtPatLeCqA+Zux4kUOYQFl7lVaU="></latexit><latexit sha1_base64="MtPatLeCqA+Zux4kUOYQFl7lVaU="></latexit><latexit sha1_base64="MtPatLeCqA+Zux4kUOYQFl7lVaU="></latexit><latexit sha1_base64="MtPatLeCqA+Zux4kUOYQFl7lVaU="></latexit>

lim
k!1

g�(✓
(k)) = 0

<latexit sha1_base64="VcoYd5D3M+QxWrV7wDbXMFAiPB0="></latexit><latexit sha1_base64="VcoYd5D3M+QxWrV7wDbXMFAiPB0="></latexit><latexit sha1_base64="VcoYd5D3M+QxWrV7wDbXMFAiPB0="></latexit><latexit sha1_base64="VcoYd5D3M+QxWrV7wDbXMFAiPB0="></latexit>

Analysis for Constrained Optimization 

✓̄
<latexit sha1_base64="MtPatLeCqA+Zux4kUOYQFl7lVaU="></latexit><latexit sha1_base64="MtPatLeCqA+Zux4kUOYQFl7lVaU="></latexit><latexit sha1_base64="MtPatLeCqA+Zux4kUOYQFl7lVaU="></latexit><latexit sha1_base64="G30nvnJkyKBlKcCymNnrqTxJgV4=">AAACtXicjVLLSgMxFD0dX7VWrWs3g0VwVTJudCnowmUF+4BaZCZNa+y8TDJCKf6AWz9O/AP9C2/iCGoRzTAzJ+fec5KbmyiPpTaMvVS8peWV1bXqem2jXtvc2m7UuzorFBcdnsWZ6kehFrFMRcdIE4t+rkSYRLHoRdNTG+/dC6Vlll6aWS6GSThJ5Vjy0BDVvm40WYu54S+CoARNlCNrPOMKI2TgKJBAIIUhHCOEpmeAAAw5cUPMiVOEpIsLPKBG2oKyBGWExE7pO6HZoGRTmltP7dScVonpVaT0sU+ajPIUYbua7+KFc7bsb95z52n3NqN/VHolxBrcEPuX7jPzvzpbi8EYx64GSTXljrHV8dKlcKdid+5/qcqQQ06cxSOKK8LcKT/P2Xca7Wq3Zxu6+KvLtKyd8zK3wJvdJfU3+NnNRdA9bAWsFVwwVLGLPRxQG49wgnO00SHLER7x5J15t97dxz3wKuWF2MG34el34YWM3A==</latexit><latexit sha1_base64="NlCcRexw/lsT95ogmwtxKFb8Kyk="></latexit><latexit sha1_base64="NlCcRexw/lsT95ogmwtxKFb8Kyk="></latexit><latexit sha1_base64="z6WMwunLiXEvzvxmThiftXJB0t8="></latexit><latexit sha1_base64="MtPatLeCqA+Zux4kUOYQFl7lVaU="></latexit><latexit sha1_base64="MtPatLeCqA+Zux4kUOYQFl7lVaU="></latexit><latexit sha1_base64="MtPatLeCqA+Zux4kUOYQFl7lVaU="></latexit><latexit sha1_base64="MtPatLeCqA+Zux4kUOYQFl7lVaU="></latexit><latexit sha1_base64="MtPatLeCqA+Zux4kUOYQFl7lVaU="></latexit><latexit sha1_base64="MtPatLeCqA+Zux4kUOYQFl7lVaU="></latexit>

g�(✓̄) = 0
<latexit sha1_base64="gdLsU8x+a+6kYUlIwdkddpqSPPY="></latexit><latexit sha1_base64="gdLsU8x+a+6kYUlIwdkddpqSPPY="></latexit><latexit sha1_base64="gdLsU8x+a+6kYUlIwdkddpqSPPY="></latexit><latexit sha1_base64="G30nvnJkyKBlKcCymNnrqTxJgV4=">AAACtXicjVLLSgMxFD0dX7VWrWs3g0VwVTJudCnowmUF+4BaZCZNa+y8TDJCKf6AWz9O/AP9C2/iCGoRzTAzJ+fec5KbmyiPpTaMvVS8peWV1bXqem2jXtvc2m7UuzorFBcdnsWZ6kehFrFMRcdIE4t+rkSYRLHoRdNTG+/dC6Vlll6aWS6GSThJ5Vjy0BDVvm40WYu54S+CoARNlCNrPOMKI2TgKJBAIIUhHCOEpmeAAAw5cUPMiVOEpIsLPKBG2oKyBGWExE7pO6HZoGRTmltP7dScVonpVaT0sU+ajPIUYbua7+KFc7bsb95z52n3NqN/VHolxBrcEPuX7jPzvzpbi8EYx64GSTXljrHV8dKlcKdid+5/qcqQQ06cxSOKK8LcKT/P2Xca7Wq3Zxu6+KvLtKyd8zK3wJvdJfU3+NnNRdA9bAWsFVwwVLGLPRxQG49wgnO00SHLER7x5J15t97dxz3wKuWF2MG34el34YWM3A==</latexit><latexit sha1_base64="UzE/zbYAjgqYHF0B13sJvZdQXTM="></latexit><latexit sha1_base64="UzE/zbYAjgqYHF0B13sJvZdQXTM="></latexit><latexit sha1_base64="yVRcDKc1M4Xw4y39pzO/nn9Vcz4="></latexit><latexit sha1_base64="gdLsU8x+a+6kYUlIwdkddpqSPPY="></latexit><latexit sha1_base64="gdLsU8x+a+6kYUlIwdkddpqSPPY="></latexit><latexit sha1_base64="gdLsU8x+a+6kYUlIwdkddpqSPPY="></latexit><latexit sha1_base64="gdLsU8x+a+6kYUlIwdkddpqSPPY="></latexit><latexit sha1_base64="gdLsU8x+a+6kYUlIwdkddpqSPPY="></latexit><latexit sha1_base64="gdLsU8x+a+6kYUlIwdkddpqSPPY="></latexit>
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Then we have the following bounds:

Under (S1), (S2), (H1), (H2) and define the following 
quantity:

1X

k=0

M�1/2
(k) < 1

<latexit sha1_base64="GMlgBpXc/rN0tLLvX/mDuPkeJRc="></latexit><latexit sha1_base64="GMlgBpXc/rN0tLLvX/mDuPkeJRc="></latexit><latexit sha1_base64="GMlgBpXc/rN0tLLvX/mDuPkeJRc="></latexit><latexit sha1_base64="G30nvnJkyKBlKcCymNnrqTxJgV4=">AAACtXicjVLLSgMxFD0dX7VWrWs3g0VwVTJudCnowmUF+4BaZCZNa+y8TDJCKf6AWz9O/AP9C2/iCGoRzTAzJ+fec5KbmyiPpTaMvVS8peWV1bXqem2jXtvc2m7UuzorFBcdnsWZ6kehFrFMRcdIE4t+rkSYRLHoRdNTG+/dC6Vlll6aWS6GSThJ5Vjy0BDVvm40WYu54S+CoARNlCNrPOMKI2TgKJBAIIUhHCOEpmeAAAw5cUPMiVOEpIsLPKBG2oKyBGWExE7pO6HZoGRTmltP7dScVonpVaT0sU+ajPIUYbua7+KFc7bsb95z52n3NqN/VHolxBrcEPuX7jPzvzpbi8EYx64GSTXljrHV8dKlcKdid+5/qcqQQ06cxSOKK8LcKT/P2Xca7Wq3Zxu6+KvLtKyd8zK3wJvdJfU3+NnNRdA9bAWsFVwwVLGLPRxQG49wgnO00SHLER7x5J15t97dxz3wKuWF2MG34el34YWM3A==</latexit><latexit sha1_base64="5YhlDTAjAb+UyhPdq1jUF6hXn2E="></latexit><latexit sha1_base64="5YhlDTAjAb+UyhPdq1jUF6hXn2E="></latexit><latexit sha1_base64="savQf3S544J/QGPrOyKL3P+QJDQ="></latexit><latexit sha1_base64="GMlgBpXc/rN0tLLvX/mDuPkeJRc="></latexit><latexit sha1_base64="GMlgBpXc/rN0tLLvX/mDuPkeJRc="></latexit><latexit sha1_base64="GMlgBpXc/rN0tLLvX/mDuPkeJRc="></latexit><latexit sha1_base64="GMlgBpXc/rN0tLLvX/mDuPkeJRc="></latexit><latexit sha1_base64="GMlgBpXc/rN0tLLvX/mDuPkeJRc="></latexit><latexit sha1_base64="G30nvnJkyKBlKcCymNnrqTxJgV4=">AAACtXicjVLLSgMxFD0dX7VWrWs3g0VwVTJudCnowmUF+4BaZCZNa+y8TDJCKf6AWz9O/AP9C2/iCGoRzTAzJ+fec5KbmyiPpTaMvVS8peWV1bXqem2jXtvc2m7UuzorFBcdnsWZ6kehFrFMRcdIE4t+rkSYRLHoRdNTG+/dC6Vlll6aWS6GSThJ5Vjy0BDVvm40WYu54S+CoARNlCNrPOMKI2TgKJBAIIUhHCOEpmeAAAw5cUPMiVOEpIsLPKBG2oKyBGWExE7pO6HZoGRTmltP7dScVonpVaT0sU+ajPIUYbua7+KFc7bsb95z52n3NqN/VHolxBrcEPuX7jPzvzpbi8EYx64GSTXljrHV8dKlcKdid+5/qcqQQ06cxSOKK8LcKT/P2Xca7Wq3Zxu6+KvLtKyd8zK3wJvdJfU3+NnNRdA9bAWsFVwwVLGLPRxQG49wgnO00SHLER7x5J15t97dxz3wKuWF2MG34el34YWM3A==</latexit><latexit sha1_base64="5YhlDTAjAb+UyhPdq1jUF6hXn2E="></latexit><latexit sha1_base64="5YhlDTAjAb+UyhPdq1jUF6hXn2E="></latexit><latexit sha1_base64="savQf3S544J/QGPrOyKL3P+QJDQ="></latexit><latexit sha1_base64="GMlgBpXc/rN0tLLvX/mDuPkeJRc="></latexit><latexit sha1_base64="GMlgBpXc/rN0tLLvX/mDuPkeJRc="></latexit><latexit sha1_base64="GMlgBpXc/rN0tLLvX/mDuPkeJRc="></latexit><latexit sha1_base64="GMlgBpXc/rN0tLLvX/mDuPkeJRc="></latexit><latexit sha1_base64="GMlgBpXc/rN0tLLvX/mDuPkeJRc="></latexit><latexit sha1_base64="GMlgBpXc/rN0tLLvX/mDuPkeJRc="></latexit>

lim
k!1

g�
⇣
✓̂(k)

⌘
= 0

<latexit sha1_base64="clE8cqFnCwnzqYR8VAsOl7Uh/i4="></latexit><latexit sha1_base64="clE8cqFnCwnzqYR8VAsOl7Uh/i4="></latexit><latexit sha1_base64="clE8cqFnCwnzqYR8VAsOl7Uh/i4="></latexit><latexit sha1_base64="clE8cqFnCwnzqYR8VAsOl7Uh/i4="></latexit>

lim
k!1

L
⇣
✓̂(k)

⌘
= L⇤
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Also, assume                     (non decreasing sequence) 

Remarks

‣                  is finite for any 

‣ MISO as a special case of MISSO 

‣ Non-asymptotic rate of 

‣ MISSO sequence.                      satisfies an 

asymptotic stationary point condition

�(Kmax)
<latexit sha1_base64="I6GhmfJAG+VTcRZvNyh/47f8j4c="></latexit><latexit sha1_base64="I6GhmfJAG+VTcRZvNyh/47f8j4c="></latexit><latexit sha1_base64="I6GhmfJAG+VTcRZvNyh/47f8j4c="></latexit><latexit sha1_base64="I6GhmfJAG+VTcRZvNyh/47f8j4c="></latexit>

Kmax 2 N
<latexit sha1_base64="cBwHSU06LBKpc3pLue9Jp1ogZkQ="></latexit><latexit sha1_base64="cBwHSU06LBKpc3pLue9Jp1ogZkQ="></latexit><latexit sha1_base64="cBwHSU06LBKpc3pLue9Jp1ogZkQ="></latexit><latexit sha1_base64="G30nvnJkyKBlKcCymNnrqTxJgV4=">AAACtXicjVLLSgMxFD0dX7VWrWs3g0VwVTJudCnowmUF+4BaZCZNa+y8TDJCKf6AWz9O/AP9C2/iCGoRzTAzJ+fec5KbmyiPpTaMvVS8peWV1bXqem2jXtvc2m7UuzorFBcdnsWZ6kehFrFMRcdIE4t+rkSYRLHoRdNTG+/dC6Vlll6aWS6GSThJ5Vjy0BDVvm40WYu54S+CoARNlCNrPOMKI2TgKJBAIIUhHCOEpmeAAAw5cUPMiVOEpIsLPKBG2oKyBGWExE7pO6HZoGRTmltP7dScVonpVaT0sU+ajPIUYbua7+KFc7bsb95z52n3NqN/VHolxBrcEPuX7jPzvzpbi8EYx64GSTXljrHV8dKlcKdid+5/qcqQQ06cxSOKK8LcKT/P2Xca7Wq3Zxu6+KvLtKyd8zK3wJvdJfU3+NnNRdA9bAWsFVwwVLGLPRxQG49wgnO00SHLER7x5J15t97dxz3wKuWF2MG34el34YWM3A==</latexit><latexit sha1_base64="DqIseT6SFmI7ps9P8SImkNL2mSQ="></latexit><latexit sha1_base64="jmE4/ZSKHS8IMbl3qLpOfp2Taew="></latexit><latexit sha1_base64="8aHIAe2OBFEhB0uPMsSZoaNJqkA="></latexit><latexit sha1_base64="cBwHSU06LBKpc3pLue9Jp1ogZkQ="></latexit><latexit sha1_base64="cBwHSU06LBKpc3pLue9Jp1ogZkQ="></latexit><latexit sha1_base64="cBwHSU06LBKpc3pLue9Jp1ogZkQ="></latexit><latexit sha1_base64="cBwHSU06LBKpc3pLue9Jp1ogZkQ="></latexit><latexit sha1_base64="cBwHSU06LBKpc3pLue9Jp1ogZkQ="></latexit><latexit sha1_base64="cBwHSU06LBKpc3pLue9Jp1ogZkQ="></latexit>

Cr = Cgr = 0
<latexit sha1_base64="7kTkhW80SGRgjY1muAipqUtqvrI="></latexit><latexit sha1_base64="7kTkhW80SGRgjY1muAipqUtqvrI="></latexit><latexit sha1_base64="7kTkhW80SGRgjY1muAipqUtqvrI="></latexit><latexit sha1_base64="G30nvnJkyKBlKcCymNnrqTxJgV4=">AAACtXicjVLLSgMxFD0dX7VWrWs3g0VwVTJudCnowmUF+4BaZCZNa+y8TDJCKf6AWz9O/AP9C2/iCGoRzTAzJ+fec5KbmyiPpTaMvVS8peWV1bXqem2jXtvc2m7UuzorFBcdnsWZ6kehFrFMRcdIE4t+rkSYRLHoRdNTG+/dC6Vlll6aWS6GSThJ5Vjy0BDVvm40WYu54S+CoARNlCNrPOMKI2TgKJBAIIUhHCOEpmeAAAw5cUPMiVOEpIsLPKBG2oKyBGWExE7pO6HZoGRTmltP7dScVonpVaT0sU+ajPIUYbua7+KFc7bsb95z52n3NqN/VHolxBrcEPuX7jPzvzpbi8EYx64GSTXljrHV8dKlcKdid+5/qcqQQ06cxSOKK8LcKT/P2Xca7Wq3Zxu6+KvLtKyd8zK3wJvdJfU3+NnNRdA9bAWsFVwwVLGLPRxQG49wgnO00SHLER7x5J15t97dxz3wKuWF2MG34el34YWM3A==</latexit><latexit sha1_base64="1PKFS8Xxq0HlsQQ9lSp3ijG2osM="></latexit><latexit sha1_base64="ML22U+vAdOMy0/jQ4QCkmS5rhO8="></latexit><latexit sha1_base64="P+KCvBXWag9WMwMRu4j58toJqCo="></latexit><latexit sha1_base64="7kTkhW80SGRgjY1muAipqUtqvrI="></latexit><latexit sha1_base64="7kTkhW80SGRgjY1muAipqUtqvrI="></latexit><latexit sha1_base64="7kTkhW80SGRgjY1muAipqUtqvrI="></latexit><latexit sha1_base64="7kTkhW80SGRgjY1muAipqUtqvrI="></latexit><latexit sha1_base64="7kTkhW80SGRgjY1muAipqUtqvrI="></latexit><latexit sha1_base64="7kTkhW80SGRgjY1muAipqUtqvrI="></latexit>

E[g(K)
� ]  O(

p
nL/Kmax)

<latexit sha1_base64="1l8wYZZ2ajILV+vdSmE2H34m+P4="></latexit><latexit sha1_base64="1l8wYZZ2ajILV+vdSmE2H34m+P4="></latexit><latexit sha1_base64="1l8wYZZ2ajILV+vdSmE2H34m+P4="></latexit><latexit sha1_base64="1l8wYZZ2ajILV+vdSmE2H34m+P4="></latexit>

{✓(k)}k�0
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Numerical Applications 
Logistic Regression with Missing Covariates Experiments - TraumaBase dataset

‣ TraumaBase (http://traumabase.eu) dataset: 

‣ 15 trauma centers in France

‣Measurements from the initial to last stage of 
trauma. 


‣ 6384 patients and d=16 quantitative variables


‣Predict binary response: severe trauma or not.


‣                                  vector of binary responses

   and                             covariates

‣      is not fully observed:


๏             missing values and             observed

‣                                                    where

‣ Finding the structure of the missing data

‣  Logit model


‣Exponential family with statistics 


y = (yi, 1  i  n)
<latexit sha1_base64="3ZU25btPqzTn3V0FxxhPyoEQdoA="></latexit><latexit sha1_base64="3ZU25btPqzTn3V0FxxhPyoEQdoA="></latexit><latexit sha1_base64="3ZU25btPqzTn3V0FxxhPyoEQdoA="></latexit><latexit sha1_base64="3ZU25btPqzTn3V0FxxhPyoEQdoA="></latexit>

zi = (zi,p) 2 Rp
<latexit sha1_base64="XFMCIgInuBaNgF/ZZ+nItsxTY2A="></latexit><latexit sha1_base64="XFMCIgInuBaNgF/ZZ+nItsxTY2A="></latexit><latexit sha1_base64="XFMCIgInuBaNgF/ZZ+nItsxTY2A="></latexit><latexit sha1_base64="G30nvnJkyKBlKcCymNnrqTxJgV4=">AAACtXicjVLLSgMxFD0dX7VWrWs3g0VwVTJudCnowmUF+4BaZCZNa+y8TDJCKf6AWz9O/AP9C2/iCGoRzTAzJ+fec5KbmyiPpTaMvVS8peWV1bXqem2jXtvc2m7UuzorFBcdnsWZ6kehFrFMRcdIE4t+rkSYRLHoRdNTG+/dC6Vlll6aWS6GSThJ5Vjy0BDVvm40WYu54S+CoARNlCNrPOMKI2TgKJBAIIUhHCOEpmeAAAw5cUPMiVOEpIsLPKBG2oKyBGWExE7pO6HZoGRTmltP7dScVonpVaT0sU+ajPIUYbua7+KFc7bsb95z52n3NqN/VHolxBrcEPuX7jPzvzpbi8EYx64GSTXljrHV8dKlcKdid+5/qcqQQ06cxSOKK8LcKT/P2Xca7Wq3Zxu6+KvLtKyd8zK3wJvdJfU3+NnNRdA9bAWsFVwwVLGLPRxQG49wgnO00SHLER7x5J15t97dxz3wKuWF2MG34el34YWM3A==</latexit><latexit sha1_base64="Ue47d0dC3MYR9N2UaXAXy4pU200="></latexit><latexit sha1_base64="Ue47d0dC3MYR9N2UaXAXy4pU200="></latexit><latexit sha1_base64="M/m0ST8D/OrlLxvQwPuLB6uHnew="></latexit><latexit sha1_base64="XFMCIgInuBaNgF/ZZ+nItsxTY2A="></latexit><latexit sha1_base64="XFMCIgInuBaNgF/ZZ+nItsxTY2A="></latexit><latexit sha1_base64="XFMCIgInuBaNgF/ZZ+nItsxTY2A="></latexit><latexit sha1_base64="XFMCIgInuBaNgF/ZZ+nItsxTY2A="></latexit><latexit sha1_base64="XFMCIgInuBaNgF/ZZ+nItsxTY2A="></latexit><latexit sha1_base64="XFMCIgInuBaNgF/ZZ+nItsxTY2A="></latexit>

zi = (zi,p) 2 Rp
<latexit sha1_base64="XFMCIgInuBaNgF/ZZ+nItsxTY2A="></latexit><latexit sha1_base64="XFMCIgInuBaNgF/ZZ+nItsxTY2A="></latexit><latexit sha1_base64="XFMCIgInuBaNgF/ZZ+nItsxTY2A="></latexit><latexit sha1_base64="G30nvnJkyKBlKcCymNnrqTxJgV4=">AAACtXicjVLLSgMxFD0dX7VWrWs3g0VwVTJudCnowmUF+4BaZCZNa+y8TDJCKf6AWz9O/AP9C2/iCGoRzTAzJ+fec5KbmyiPpTaMvVS8peWV1bXqem2jXtvc2m7UuzorFBcdnsWZ6kehFrFMRcdIE4t+rkSYRLHoRdNTG+/dC6Vlll6aWS6GSThJ5Vjy0BDVvm40WYu54S+CoARNlCNrPOMKI2TgKJBAIIUhHCOEpmeAAAw5cUPMiVOEpIsLPKBG2oKyBGWExE7pO6HZoGRTmltP7dScVonpVaT0sU+ajPIUYbua7+KFc7bsb95z52n3NqN/VHolxBrcEPuX7jPzvzpbi8EYx64GSTXljrHV8dKlcKdid+5/qcqQQ06cxSOKK8LcKT/P2Xca7Wq3Zxu6+KvLtKyd8zK3wJvdJfU3+NnNRdA9bAWsFVwwVLGLPRxQG49wgnO00SHLER7x5J15t97dxz3wKuWF2MG34el34YWM3A==</latexit><latexit sha1_base64="Ue47d0dC3MYR9N2UaXAXy4pU200="></latexit><latexit sha1_base64="Ue47d0dC3MYR9N2UaXAXy4pU200="></latexit><latexit sha1_base64="M/m0ST8D/OrlLxvQwPuLB6uHnew="></latexit><latexit sha1_base64="XFMCIgInuBaNgF/ZZ+nItsxTY2A="></latexit><latexit sha1_base64="XFMCIgInuBaNgF/ZZ+nItsxTY2A="></latexit><latexit sha1_base64="XFMCIgInuBaNgF/ZZ+nItsxTY2A="></latexit><latexit sha1_base64="XFMCIgInuBaNgF/ZZ+nItsxTY2A="></latexit><latexit sha1_base64="XFMCIgInuBaNgF/ZZ+nItsxTY2A="></latexit><latexit sha1_base64="XFMCIgInuBaNgF/ZZ+nItsxTY2A="></latexit>

zi,miszi,obs
<latexit sha1_base64="Dk4c0rZbjhtKo0Wn07iZTEjkcY0="></latexit><latexit sha1_base64="Dk4c0rZbjhtKo0Wn07iZTEjkcY0="></latexit><latexit sha1_base64="Dk4c0rZbjhtKo0Wn07iZTEjkcY0="></latexit><latexit sha1_base64="Dk4c0rZbjhtKo0Wn07iZTEjkcY0="></latexit>

zi,miszi,obs
<latexit sha1_base64="Dk4c0rZbjhtKo0Wn07iZTEjkcY0="></latexit><latexit sha1_base64="Dk4c0rZbjhtKo0Wn07iZTEjkcY0="></latexit><latexit sha1_base64="Dk4c0rZbjhtKo0Wn07iZTEjkcY0="></latexit><latexit sha1_base64="Dk4c0rZbjhtKo0Wn07iZTEjkcY0="></latexit>

z = (zi, 1  i  n) ⇠ N (�,⌦)
<latexit sha1_base64="4ogBBBXlwf5EdgpixUUX5XaN87g="></latexit><latexit sha1_base64="4ogBBBXlwf5EdgpixUUX5XaN87g="></latexit><latexit sha1_base64="4ogBBBXlwf5EdgpixUUX5XaN87g="></latexit><latexit sha1_base64="G30nvnJkyKBlKcCymNnrqTxJgV4=">AAACtXicjVLLSgMxFD0dX7VWrWs3g0VwVTJudCnowmUF+4BaZCZNa+y8TDJCKf6AWz9O/AP9C2/iCGoRzTAzJ+fec5KbmyiPpTaMvVS8peWV1bXqem2jXtvc2m7UuzorFBcdnsWZ6kehFrFMRcdIE4t+rkSYRLHoRdNTG+/dC6Vlll6aWS6GSThJ5Vjy0BDVvm40WYu54S+CoARNlCNrPOMKI2TgKJBAIIUhHCOEpmeAAAw5cUPMiVOEpIsLPKBG2oKyBGWExE7pO6HZoGRTmltP7dScVonpVaT0sU+ajPIUYbua7+KFc7bsb95z52n3NqN/VHolxBrcEPuX7jPzvzpbi8EYx64GSTXljrHV8dKlcKdid+5/qcqQQ06cxSOKK8LcKT/P2Xca7Wq3Zxu6+KvLtKyd8zK3wJvdJfU3+NnNRdA9bAWsFVwwVLGLPRxQG49wgnO00SHLER7x5J15t97dxz3wKuWF2MG34el34YWM3A==</latexit><latexit sha1_base64="PRWjJMrKYwWbTR+wucPvHE6SGf0="></latexit><latexit sha1_base64="PRWjJMrKYwWbTR+wucPvHE6SGf0="></latexit><latexit sha1_base64="iGSl25qfSBZJkuFkSG70GFLRDFM="></latexit><latexit sha1_base64="4ogBBBXlwf5EdgpixUUX5XaN87g="></latexit><latexit sha1_base64="4ogBBBXlwf5EdgpixUUX5XaN87g="></latexit><latexit sha1_base64="4ogBBBXlwf5EdgpixUUX5XaN87g="></latexit><latexit sha1_base64="4ogBBBXlwf5EdgpixUUX5XaN87g="></latexit><latexit sha1_base64="4ogBBBXlwf5EdgpixUUX5XaN87g="></latexit><latexit sha1_base64="4ogBBBXlwf5EdgpixUUX5XaN87g="></latexit>
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<latexit sha1_base64="Vnyyk7TLrb3dU2LLxCkI2lQVu84="></latexit><latexit sha1_base64="Vnyyk7TLrb3dU2LLxCkI2lQVu84="></latexit><latexit sha1_base64="Vnyyk7TLrb3dU2LLxCkI2lQVu84="></latexit><latexit sha1_base64="G30nvnJkyKBlKcCymNnrqTxJgV4=">AAACtXicjVLLSgMxFD0dX7VWrWs3g0VwVTJudCnowmUF+4BaZCZNa+y8TDJCKf6AWz9O/AP9C2/iCGoRzTAzJ+fec5KbmyiPpTaMvVS8peWV1bXqem2jXtvc2m7UuzorFBcdnsWZ6kehFrFMRcdIE4t+rkSYRLHoRdNTG+/dC6Vlll6aWS6GSThJ5Vjy0BDVvm40WYu54S+CoARNlCNrPOMKI2TgKJBAIIUhHCOEpmeAAAw5cUPMiVOEpIsLPKBG2oKyBGWExE7pO6HZoGRTmltP7dScVonpVaT0sU+ajPIUYbua7+KFc7bsb95z52n3NqN/VHolxBrcEPuX7jPzvzpbi8EYx64GSTXljrHV8dKlcKdid+5/qcqQQ06cxSOKK8LcKT/P2Xca7Wq3Zxu6+KvLtKyd8zK3wJvdJfU3+NnNRdA9bAWsFVwwVLGLPRxQG49wgnO00SHLER7x5J15t97dxz3wKuWF2MG34el34YWM3A==</latexit><latexit sha1_base64="qsCuf3LCfGNTzuiBgA732SOkQHo="></latexit><latexit sha1_base64="qsCuf3LCfGNTzuiBgA732SOkQHo="></latexit><latexit sha1_base64="ymYjQCNUYxVHx+udtOmaJW2Phfk="></latexit><latexit sha1_base64="Vnyyk7TLrb3dU2LLxCkI2lQVu84="></latexit><latexit sha1_base64="Vnyyk7TLrb3dU2LLxCkI2lQVu84="></latexit><latexit sha1_base64="Vnyyk7TLrb3dU2LLxCkI2lQVu84="></latexit><latexit sha1_base64="Vnyyk7TLrb3dU2LLxCkI2lQVu84="></latexit><latexit sha1_base64="Vnyyk7TLrb3dU2LLxCkI2lQVu84="></latexit><latexit sha1_base64="Vnyyk7TLrb3dU2LLxCkI2lQVu84="></latexit>

logit(P(yij = 0|zi)) = d>ijzi
<latexit sha1_base64="HECHG9BxBcHm+ePIJrESK9M7W1o="></latexit><latexit sha1_base64="HECHG9BxBcHm+ePIJrESK9M7W1o="></latexit><latexit sha1_base64="HECHG9BxBcHm+ePIJrESK9M7W1o="></latexit><latexit sha1_base64="G30nvnJkyKBlKcCymNnrqTxJgV4=">AAACtXicjVLLSgMxFD0dX7VWrWs3g0VwVTJudCnowmUF+4BaZCZNa+y8TDJCKf6AWz9O/AP9C2/iCGoRzTAzJ+fec5KbmyiPpTaMvVS8peWV1bXqem2jXtvc2m7UuzorFBcdnsWZ6kehFrFMRcdIE4t+rkSYRLHoRdNTG+/dC6Vlll6aWS6GSThJ5Vjy0BDVvm40WYu54S+CoARNlCNrPOMKI2TgKJBAIIUhHCOEpmeAAAw5cUPMiVOEpIsLPKBG2oKyBGWExE7pO6HZoGRTmltP7dScVonpVaT0sU+ajPIUYbua7+KFc7bsb95z52n3NqN/VHolxBrcEPuX7jPzvzpbi8EYx64GSTXljrHV8dKlcKdid+5/qcqQQ06cxSOKK8LcKT/P2Xca7Wq3Zxu6+KvLtKyd8zK3wJvdJfU3+NnNRdA9bAWsFVwwVLGLPRxQG49wgnO00SHLER7x5J15t97dxz3wKuWF2MG34el34YWM3A==</latexit><latexit sha1_base64="gir3sr0ajY0DHUQQKUmhxANGjdY="></latexit><latexit sha1_base64="gir3sr0ajY0DHUQQKUmhxANGjdY="></latexit><latexit sha1_base64="5EM7fUzmppDml0MFT5EvV6N9JAQ="></latexit><latexit sha1_base64="HECHG9BxBcHm+ePIJrESK9M7W1o="></latexit><latexit sha1_base64="HECHG9BxBcHm+ePIJrESK9M7W1o="></latexit><latexit sha1_base64="HECHG9BxBcHm+ePIJrESK9M7W1o="></latexit><latexit sha1_base64="HECHG9BxBcHm+ePIJrESK9M7W1o="></latexit><latexit sha1_base64="HECHG9BxBcHm+ePIJrESK9M7W1o="></latexit><latexit sha1_base64="HECHG9BxBcHm+ePIJrESK9M7W1o="></latexit>

S̃i(zi) := (zi, z
>
i zi)

<latexit sha1_base64="4jDZ0vL5cK8tI6vDMqA3YvV9Gdo="></latexit><latexit sha1_base64="4jDZ0vL5cK8tI6vDMqA3YvV9Gdo="></latexit><latexit sha1_base64="4jDZ0vL5cK8tI6vDMqA3YvV9Gdo="></latexit><latexit sha1_base64="G30nvnJkyKBlKcCymNnrqTxJgV4=">AAACtXicjVLLSgMxFD0dX7VWrWs3g0VwVTJudCnowmUF+4BaZCZNa+y8TDJCKf6AWz9O/AP9C2/iCGoRzTAzJ+fec5KbmyiPpTaMvVS8peWV1bXqem2jXtvc2m7UuzorFBcdnsWZ6kehFrFMRcdIE4t+rkSYRLHoRdNTG+/dC6Vlll6aWS6GSThJ5Vjy0BDVvm40WYu54S+CoARNlCNrPOMKI2TgKJBAIIUhHCOEpmeAAAw5cUPMiVOEpIsLPKBG2oKyBGWExE7pO6HZoGRTmltP7dScVonpVaT0sU+ajPIUYbua7+KFc7bsb95z52n3NqN/VHolxBrcEPuX7jPzvzpbi8EYx64GSTXljrHV8dKlcKdid+5/qcqQQ06cxSOKK8LcKT/P2Xca7Wq3Zxu6+KvLtKyd8zK3wJvdJfU3+NnNRdA9bAWsFVwwVLGLPRxQG49wgnO00SHLER7x5J15t97dxz3wKuWF2MG34el34YWM3A==</latexit><latexit sha1_base64="UDUOY5fK/zfbOMc4G1Sjex7ISvY="></latexit><latexit sha1_base64="UDUOY5fK/zfbOMc4G1Sjex7ISvY="></latexit><latexit sha1_base64="qyCkO7HAOOBoFr69C3vhal2HWtk="></latexit><latexit sha1_base64="4jDZ0vL5cK8tI6vDMqA3YvV9Gdo="></latexit><latexit sha1_base64="4jDZ0vL5cK8tI6vDMqA3YvV9Gdo="></latexit><latexit sha1_base64="4jDZ0vL5cK8tI6vDMqA3YvV9Gdo="></latexit><latexit sha1_base64="4jDZ0vL5cK8tI6vDMqA3YvV9Gdo="></latexit><latexit sha1_base64="4jDZ0vL5cK8tI6vDMqA3YvV9Gdo="></latexit><latexit sha1_base64="4jDZ0vL5cK8tI6vDMqA3YvV9Gdo="></latexit>

S ⇢ Rd
<latexit sha1_base64="OUuJVypEWIVyFy+Kpusvr2x5JEY="></latexit><latexit sha1_base64="OUuJVypEWIVyFy+Kpusvr2x5JEY="></latexit><latexit sha1_base64="OUuJVypEWIVyFy+Kpusvr2x5JEY="></latexit><latexit sha1_base64="G30nvnJkyKBlKcCymNnrqTxJgV4=">AAACtXicjVLLSgMxFD0dX7VWrWs3g0VwVTJudCnowmUF+4BaZCZNa+y8TDJCKf6AWz9O/AP9C2/iCGoRzTAzJ+fec5KbmyiPpTaMvVS8peWV1bXqem2jXtvc2m7UuzorFBcdnsWZ6kehFrFMRcdIE4t+rkSYRLHoRdNTG+/dC6Vlll6aWS6GSThJ5Vjy0BDVvm40WYu54S+CoARNlCNrPOMKI2TgKJBAIIUhHCOEpmeAAAw5cUPMiVOEpIsLPKBG2oKyBGWExE7pO6HZoGRTmltP7dScVonpVaT0sU+ajPIUYbua7+KFc7bsb95z52n3NqN/VHolxBrcEPuX7jPzvzpbi8EYx64GSTXljrHV8dKlcKdid+5/qcqQQ06cxSOKK8LcKT/P2Xca7Wq3Zxu6+KvLtKyd8zK3wJvdJfU3+NnNRdA9bAWsFVwwVLGLPRxQG49wgnO00SHLER7x5J15t97dxz3wKuWF2MG34el34YWM3A==</latexit><latexit sha1_base64="6PtuC5hNpQ6lj5xbvZWtVCst1N8="></latexit><latexit sha1_base64="ZaLE7YicqKVT3zlMKhLHzNHyUek="></latexit><latexit sha1_base64="kmQ6+tO0Tzg3h+fI1nkMlX2oMcA="></latexit><latexit sha1_base64="OUuJVypEWIVyFy+Kpusvr2x5JEY="></latexit><latexit sha1_base64="OUuJVypEWIVyFy+Kpusvr2x5JEY="></latexit><latexit sha1_base64="OUuJVypEWIVyFy+Kpusvr2x5JEY="></latexit><latexit sha1_base64="OUuJVypEWIVyFy+Kpusvr2x5JEY="></latexit><latexit sha1_base64="OUuJVypEWIVyFy+Kpusvr2x5JEY="></latexit><latexit sha1_base64="OUuJVypEWIVyFy+Kpusvr2x5JEY="></latexit>

S ⇢ Rd
<latexit sha1_base64="OUuJVypEWIVyFy+Kpusvr2x5JEY="></latexit><latexit sha1_base64="OUuJVypEWIVyFy+Kpusvr2x5JEY="></latexit><latexit sha1_base64="OUuJVypEWIVyFy+Kpusvr2x5JEY="></latexit><latexit sha1_base64="G30nvnJkyKBlKcCymNnrqTxJgV4=">AAACtXicjVLLSgMxFD0dX7VWrWs3g0VwVTJudCnowmUF+4BaZCZNa+y8TDJCKf6AWz9O/AP9C2/iCGoRzTAzJ+fec5KbmyiPpTaMvVS8peWV1bXqem2jXtvc2m7UuzorFBcdnsWZ6kehFrFMRcdIE4t+rkSYRLHoRdNTG+/dC6Vlll6aWS6GSThJ5Vjy0BDVvm40WYu54S+CoARNlCNrPOMKI2TgKJBAIIUhHCOEpmeAAAw5cUPMiVOEpIsLPKBG2oKyBGWExE7pO6HZoGRTmltP7dScVonpVaT0sU+ajPIUYbua7+KFc7bsb95z52n3NqN/VHolxBrcEPuX7jPzvzpbi8EYx64GSTXljrHV8dKlcKdid+5/qcqQQ06cxSOKK8LcKT/P2Xca7Wq3Zxu6+KvLtKyd8zK3wJvdJfU3+NnNRdA9bAWsFVwwVLGLPRxQG49wgnO00SHLER7x5J15t97dxz3wKuWF2MG34el34YWM3A==</latexit><latexit sha1_base64="6PtuC5hNpQ6lj5xbvZWtVCst1N8="></latexit><latexit sha1_base64="ZaLE7YicqKVT3zlMKhLHzNHyUek="></latexit><latexit sha1_base64="kmQ6+tO0Tzg3h+fI1nkMlX2oMcA="></latexit><latexit sha1_base64="OUuJVypEWIVyFy+Kpusvr2x5JEY="></latexit><latexit sha1_base64="OUuJVypEWIVyFy+Kpusvr2x5JEY="></latexit><latexit sha1_base64="OUuJVypEWIVyFy+Kpusvr2x5JEY="></latexit><latexit sha1_base64="OUuJVypEWIVyFy+Kpusvr2x5JEY="></latexit><latexit sha1_base64="OUuJVypEWIVyFy+Kpusvr2x5JEY="></latexit><latexit sha1_base64="OUuJVypEWIVyFy+Kpusvr2x5JEY="></latexit>

MISSO Update
‣Pick a set I_k, sample a Monte Carlo batch and 
update the statistics as follows:


‣ Then 
 �k =
1

n

nX

i=1

s1,ki ⌦k =
1

n

nX

i=1

s2,ki � (�k)>�k

<latexit sha1_base64="Ri62lUSPQKfqotvGOWKU9Bv0NSE="></latexit><latexit sha1_base64="Ri62lUSPQKfqotvGOWKU9Bv0NSE="></latexit><latexit sha1_base64="Ri62lUSPQKfqotvGOWKU9Bv0NSE="></latexit><latexit sha1_base64="G30nvnJkyKBlKcCymNnrqTxJgV4=">AAACtXicjVLLSgMxFD0dX7VWrWs3g0VwVTJudCnowmUF+4BaZCZNa+y8TDJCKf6AWz9O/AP9C2/iCGoRzTAzJ+fec5KbmyiPpTaMvVS8peWV1bXqem2jXtvc2m7UuzorFBcdnsWZ6kehFrFMRcdIE4t+rkSYRLHoRdNTG+/dC6Vlll6aWS6GSThJ5Vjy0BDVvm40WYu54S+CoARNlCNrPOMKI2TgKJBAIIUhHCOEpmeAAAw5cUPMiVOEpIsLPKBG2oKyBGWExE7pO6HZoGRTmltP7dScVonpVaT0sU+ajPIUYbua7+KFc7bsb95z52n3NqN/VHolxBrcEPuX7jPzvzpbi8EYx64GSTXljrHV8dKlcKdid+5/qcqQQ06cxSOKK8LcKT/P2Xca7Wq3Zxu6+KvLtKyd8zK3wJvdJfU3+NnNRdA9bAWsFVwwVLGLPRxQG49wgnO00SHLER7x5J15t97dxz3wKuWF2MG34el34YWM3A==</latexit><latexit sha1_base64="IOr34KvGypPvuxFa8M11cGHBZD8="></latexit><latexit sha1_base64="IOr34KvGypPvuxFa8M11cGHBZD8="></latexit><latexit sha1_base64="2q+0hu3N7o92iy586fvM7rFzSX8="></latexit><latexit sha1_base64="Ri62lUSPQKfqotvGOWKU9Bv0NSE="></latexit><latexit sha1_base64="Ri62lUSPQKfqotvGOWKU9Bv0NSE="></latexit><latexit sha1_base64="Ri62lUSPQKfqotvGOWKU9Bv0NSE="></latexit><latexit sha1_base64="Ri62lUSPQKfqotvGOWKU9Bv0NSE="></latexit><latexit sha1_base64="Ri62lUSPQKfqotvGOWKU9Bv0NSE="></latexit><latexit sha1_base64="Ri62lUSPQKfqotvGOWKU9Bv0NSE="></latexit>



Numerical Applications 
Fitting Bayesian LeNet5 on MNIST  and Bayesian ResNet18 on CIFAR

‣Variational candidate: for any layer:                       is a Gaussian distribution q(w`, ✓`)
<latexit sha1_base64="rAQZLAtQCYEjU1ftsnuje5cDyPY="></latexit><latexit sha1_base64="rAQZLAtQCYEjU1ftsnuje5cDyPY="></latexit><latexit sha1_base64="rAQZLAtQCYEjU1ftsnuje5cDyPY="></latexit><latexit sha1_base64="rAQZLAtQCYEjU1ftsnuje5cDyPY="></latexit>

N (µ`,�
2I)

<latexit sha1_base64="R4KZccZirnD8dKOqiVcKRZzHn1g="></latexit><latexit sha1_base64="R4KZccZirnD8dKOqiVcKRZzHn1g="></latexit><latexit sha1_base64="R4KZccZirnD8dKOqiVcKRZzHn1g="></latexit><latexit sha1_base64="G30nvnJkyKBlKcCymNnrqTxJgV4=">AAACtXicjVLLSgMxFD0dX7VWrWs3g0VwVTJudCnowmUF+4BaZCZNa+y8TDJCKf6AWz9O/AP9C2/iCGoRzTAzJ+fec5KbmyiPpTaMvVS8peWV1bXqem2jXtvc2m7UuzorFBcdnsWZ6kehFrFMRcdIE4t+rkSYRLHoRdNTG+/dC6Vlll6aWS6GSThJ5Vjy0BDVvm40WYu54S+CoARNlCNrPOMKI2TgKJBAIIUhHCOEpmeAAAw5cUPMiVOEpIsLPKBG2oKyBGWExE7pO6HZoGRTmltP7dScVonpVaT0sU+ajPIUYbua7+KFc7bsb95z52n3NqN/VHolxBrcEPuX7jPzvzpbi8EYx64GSTXljrHV8dKlcKdid+5/qcqQQ06cxSOKK8LcKT/P2Xca7Wq3Zxu6+KvLtKyd8zK3wJvdJfU3+NnNRdA9bAWsFVwwVLGLPRxQG49wgnO00SHLER7x5J15t97dxz3wKuWF2MG34el34YWM3A==</latexit><latexit sha1_base64="ohNSAs2U1hS/6taoUnrokKvXV6E="></latexit><latexit sha1_base64="ohNSAs2U1hS/6taoUnrokKvXV6E="></latexit><latexit sha1_base64="Gl6wKiwkkq0QPxwbKDEWGc6eiHM="></latexit><latexit sha1_base64="R4KZccZirnD8dKOqiVcKRZzHn1g="></latexit><latexit sha1_base64="R4KZccZirnD8dKOqiVcKRZzHn1g="></latexit><latexit sha1_base64="R4KZccZirnD8dKOqiVcKRZzHn1g="></latexit><latexit sha1_base64="R4KZccZirnD8dKOqiVcKRZzHn1g="></latexit><latexit sha1_base64="R4KZccZirnD8dKOqiVcKRZzHn1g="></latexit><latexit sha1_base64="R4KZccZirnD8dKOqiVcKRZzHn1g="></latexit>

‣Weight prior:                             and                                                       where    is a NNp(w) = N (0, I)
<latexit sha1_base64="UDGUuL/7nqN0mN4daHzNTXvCPl8="></latexit><latexit sha1_base64="UDGUuL/7nqN0mN4daHzNTXvCPl8="></latexit><latexit sha1_base64="UDGUuL/7nqN0mN4daHzNTXvCPl8="></latexit><latexit sha1_base64="G30nvnJkyKBlKcCymNnrqTxJgV4=">AAACtXicjVLLSgMxFD0dX7VWrWs3g0VwVTJudCnowmUF+4BaZCZNa+y8TDJCKf6AWz9O/AP9C2/iCGoRzTAzJ+fec5KbmyiPpTaMvVS8peWV1bXqem2jXtvc2m7UuzorFBcdnsWZ6kehFrFMRcdIE4t+rkSYRLHoRdNTG+/dC6Vlll6aWS6GSThJ5Vjy0BDVvm40WYu54S+CoARNlCNrPOMKI2TgKJBAIIUhHCOEpmeAAAw5cUPMiVOEpIsLPKBG2oKyBGWExE7pO6HZoGRTmltP7dScVonpVaT0sU+ajPIUYbua7+KFc7bsb95z52n3NqN/VHolxBrcEPuX7jPzvzpbi8EYx64GSTXljrHV8dKlcKdid+5/qcqQQ06cxSOKK8LcKT/P2Xca7Wq3Zxu6+KvLtKyd8zK3wJvdJfU3+NnNRdA9bAWsFVwwVLGLPRxQG49wgnO00SHLER7x5J15t97dxz3wKuWF2MG34el34YWM3A==</latexit><latexit sha1_base64="5ZVlI5MlNuD0ND9C61Sd8v4H2ZI="></latexit><latexit sha1_base64="5ZVlI5MlNuD0ND9C61Sd8v4H2ZI="></latexit><latexit sha1_base64="LtV0fBqxc+DiZ9GnbIDVs2H44zs="></latexit><latexit sha1_base64="UDGUuL/7nqN0mN4daHzNTXvCPl8="></latexit><latexit sha1_base64="UDGUuL/7nqN0mN4daHzNTXvCPl8="></latexit><latexit sha1_base64="UDGUuL/7nqN0mN4daHzNTXvCPl8="></latexit><latexit sha1_base64="UDGUuL/7nqN0mN4daHzNTXvCPl8="></latexit><latexit sha1_base64="UDGUuL/7nqN0mN4daHzNTXvCPl8="></latexit><latexit sha1_base64="UDGUuL/7nqN0mN4daHzNTXvCPl8="></latexit>

p(yi|xi, w) = Softmax(f(xi, w))
<latexit sha1_base64="k0+t0QSa5TlJ1KvA2SaGxLuAKx8="></latexit><latexit sha1_base64="k0+t0QSa5TlJ1KvA2SaGxLuAKx8="></latexit><latexit sha1_base64="k0+t0QSa5TlJ1KvA2SaGxLuAKx8="></latexit><latexit sha1_base64="G30nvnJkyKBlKcCymNnrqTxJgV4=">AAACtXicjVLLSgMxFD0dX7VWrWs3g0VwVTJudCnowmUF+4BaZCZNa+y8TDJCKf6AWz9O/AP9C2/iCGoRzTAzJ+fec5KbmyiPpTaMvVS8peWV1bXqem2jXtvc2m7UuzorFBcdnsWZ6kehFrFMRcdIE4t+rkSYRLHoRdNTG+/dC6Vlll6aWS6GSThJ5Vjy0BDVvm40WYu54S+CoARNlCNrPOMKI2TgKJBAIIUhHCOEpmeAAAw5cUPMiVOEpIsLPKBG2oKyBGWExE7pO6HZoGRTmltP7dScVonpVaT0sU+ajPIUYbua7+KFc7bsb95z52n3NqN/VHolxBrcEPuX7jPzvzpbi8EYx64GSTXljrHV8dKlcKdid+5/qcqQQ06cxSOKK8LcKT/P2Xca7Wq3Zxu6+KvLtKyd8zK3wJvdJfU3+NnNRdA9bAWsFVwwVLGLPRxQG49wgnO00SHLER7x5J15t97dxz3wKuWF2MG34el34YWM3A==</latexit><latexit sha1_base64="Dk9l5P3JgmvX2XJINt+qrd1wvSc="></latexit><latexit sha1_base64="Dk9l5P3JgmvX2XJINt+qrd1wvSc="></latexit><latexit sha1_base64="VJGkWddmFcmLdHaNMZOmZ4LpGCA="></latexit><latexit sha1_base64="k0+t0QSa5TlJ1KvA2SaGxLuAKx8="></latexit><latexit sha1_base64="k0+t0QSa5TlJ1KvA2SaGxLuAKx8="></latexit><latexit sha1_base64="k0+t0QSa5TlJ1KvA2SaGxLuAKx8="></latexit><latexit sha1_base64="k0+t0QSa5TlJ1KvA2SaGxLuAKx8="></latexit><latexit sha1_base64="k0+t0QSa5TlJ1KvA2SaGxLuAKx8="></latexit><latexit sha1_base64="k0+t0QSa5TlJ1KvA2SaGxLuAKx8="></latexit>

f
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Conclusion
‣ We derived an incremental method for the optimization problem in machine learning.

๏ When the objective function is a likelihood or not

๏ For latent data models


‣ We conducted finite-time analysis of these methods for nonconvex loss functions and non 
necessarily gradient methods.


• Incremental algorithms: choice of the indices at each iteration. 

• Optimal sampling strategies: [Le Roux+, 2012] or [Horvath and Richatrik, 2018]. 

• Optimal mini-batch size of stochastic and incremental algorithms. See [Gower+, 2019] 

(variance-cost trade off).  

• Interplay between the Monte Carlo batch and the mini-batch of indices drawn at each 
iteration (bias-variance trade off). 

Take-Away

Perspective



Thank You !


