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How to Learn in Latent Data Models?

‣  We minimize the following nonconvex function on     , a convex subset of


‣                        is a smooth convex regularization function 

‣                   is the marginal of the complete data likelihood

Maximum Likelihood Approach

‣               are the (unobserved) latent variables.   


‣  The complete data likelihood  belongs to the curved exponential family: 


‣  where          ,                 are scalar functions,                       is a vector function, and                                  are the 
vector of sufficient statistics.  

Exponential Family Model
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�(✓) 2 Rk
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{S(zi, yi) 2 Rk}ni=1
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min
✓2⇥

L(✓) := L(✓) + r(✓)
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How to Learn in Latent Data Models?

‣  batch EM (bEM) method [DLR, 1977] is the method of reference. 2 steps:

Expectation Maximization (EM) Algorithm and Monte Carlo (MC) variant

Caveats

✓(s(✓)) := argmin#2⇥

�
r(#) +  (#)� hs(✓),�(#)i
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si(✓) =

Z

Z
S(zi, yi)p(zi|yi; ✓)µ(dzi)
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s(✓) =
1

n

nX

i=1

si(✓)
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‣  M-step: maximization of the complete data 
likelihood

‣  E-step: conditional expectation of the complete data 
sufficient statistics 

‣  Monte Carlo EM (MCEM) method [WT, 1990] when the expectations are intractable

‣  Requires large MC samples M in order to converge. 

‣  Do not scale to large n



Two-Time-Scale Stochastic EM

‣  TTSEM formulates as the combination of the two levels

Algorithms Formulation



‣  Incremental updates to scale to large datasets          [Neal and Hinton, 1998], [Bottou and Bousquet, 2008].


‣  Variance reduction to control variance induced by incremental sampling           SVRG [Johnson et. al., 2013], 
FIEM [Karimi et. al., 2019].


‣  Temper the variance term 


‣  Control variate, as we are using it here, can be used for other algorithms. See control variate for MCMC 
[Brosse et. al., 2019].

First Level: Variance Reduction

‣  Robbins-Monro update. Decreasing stepsize to smooth the iterates instead of increasing the number of Monte 
Carlo samples


‣  Smaller Monte Carlo batchsize M.


‣  Averaging scheme (memory term in the drift term)         [Ruppert, 1988] and [Polyak, 1990].

Second Level: Control the MC Fluctuations

Intuition Behind The Two Stages

E[kŝ(k) � S(k+1)k2]
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Numerical Applications 
Gaussian Mixture Models (GMM)
‣  Fit a GMM model to a set of n observations

‣  Each of M components with unit variance

‣  The complete log likelihood reads:

‣  Penalization used: R(✓) =
�

2

MX

m=1

µ2
m � logDir(!;M, ✏)
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‣  Numerical:   GMM with M=2 and µ1 = �µ2 = 0.5
<latexit sha1_base64="VVu/kmhaq5OvIIlbLv+no6isSW4="></latexit><latexit sha1_base64="VVu/kmhaq5OvIIlbLv+no6isSW4="></latexit><latexit sha1_base64="VVu/kmhaq5OvIIlbLv+no6isSW4="></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="fXeX/8RTRjnYLxlSY9WzMo1IcG0="></latexit><latexit sha1_base64="fXeX/8RTRjnYLxlSY9WzMo1IcG0="></latexit><latexit sha1_base64="AOCra1A9YKsiKkBCf8DQxEiXavY="></latexit><latexit sha1_base64="VVu/kmhaq5OvIIlbLv+no6isSW4="></latexit><latexit sha1_base64="VVu/kmhaq5OvIIlbLv+no6isSW4="></latexit><latexit sha1_base64="VVu/kmhaq5OvIIlbLv+no6isSW4="></latexit><latexit sha1_base64="VVu/kmhaq5OvIIlbLv+no6isSW4="></latexit><latexit sha1_base64="VVu/kmhaq5OvIIlbLv+no6isSW4="></latexit><latexit sha1_base64="VVu/kmhaq5OvIIlbLv+no6isSW4="></latexit>

! = {!m}M�1
m=1

<latexit sha1_base64="GIYVyf2qhHhVkxiLU446dpPz0IM="></latexit><latexit sha1_base64="GIYVyf2qhHhVkxiLU446dpPz0IM="></latexit><latexit sha1_base64="GIYVyf2qhHhVkxiLU446dpPz0IM="></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="hSREM7O67WXsxVlNDZDCpLi4qXY="></latexit><latexit sha1_base64="hSREM7O67WXsxVlNDZDCpLi4qXY="></latexit><latexit sha1_base64="2gYY5DYBjJE+Bvaj1B7JyQresz0="></latexit><latexit sha1_base64="GIYVyf2qhHhVkxiLU446dpPz0IM="></latexit><latexit sha1_base64="GIYVyf2qhHhVkxiLU446dpPz0IM="></latexit><latexit sha1_base64="GIYVyf2qhHhVkxiLU446dpPz0IM="></latexit><latexit sha1_base64="GIYVyf2qhHhVkxiLU446dpPz0IM="></latexit><latexit sha1_base64="GIYVyf2qhHhVkxiLU446dpPz0IM="></latexit><latexit sha1_base64="GIYVyf2qhHhVkxiLU446dpPz0IM="></latexit>

✓ := (!, µ)
<latexit sha1_base64="ZvEbBUG5iTuCdcp5+YoXcYB5DvM="></latexit><latexit sha1_base64="ZvEbBUG5iTuCdcp5+YoXcYB5DvM="></latexit><latexit sha1_base64="ZvEbBUG5iTuCdcp5+YoXcYB5DvM="></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="q1/bTWDoqmxTWqsKUEBsDlkg+kc="></latexit><latexit sha1_base64="q1/bTWDoqmxTWqsKUEBsDlkg+kc="></latexit><latexit sha1_base64="5uURmlH9Fqj/0JSMVTKZni6kgxQ="></latexit><latexit sha1_base64="ZvEbBUG5iTuCdcp5+YoXcYB5DvM="></latexit><latexit sha1_base64="ZvEbBUG5iTuCdcp5+YoXcYB5DvM="></latexit><latexit sha1_base64="ZvEbBUG5iTuCdcp5+YoXcYB5DvM="></latexit><latexit sha1_base64="ZvEbBUG5iTuCdcp5+YoXcYB5DvM="></latexit><latexit sha1_base64="ZvEbBUG5iTuCdcp5+YoXcYB5DvM="></latexit><latexit sha1_base64="ZvEbBUG5iTuCdcp5+YoXcYB5DvM="></latexit>

µ = {µm}Mm=1
<latexit sha1_base64="xvxdZPCPtRyU4Ygabfa04Yx11tA="></latexit><latexit sha1_base64="xvxdZPCPtRyU4Ygabfa04Yx11tA="></latexit><latexit sha1_base64="xvxdZPCPtRyU4Ygabfa04Yx11tA="></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="kGSQDXHZqnHy97LfNBd6IzCxbqY="></latexit><latexit sha1_base64="kGSQDXHZqnHy97LfNBd6IzCxbqY="></latexit><latexit sha1_base64="QtvjT1ju296CBdtopvE2hXJEWdQ="></latexit><latexit sha1_base64="xvxdZPCPtRyU4Ygabfa04Yx11tA="></latexit><latexit sha1_base64="xvxdZPCPtRyU4Ygabfa04Yx11tA="></latexit><latexit sha1_base64="xvxdZPCPtRyU4Ygabfa04Yx11tA="></latexit><latexit sha1_base64="xvxdZPCPtRyU4Ygabfa04Yx11tA="></latexit><latexit sha1_base64="xvxdZPCPtRyU4Ygabfa04Yx11tA="></latexit><latexit sha1_base64="xvxdZPCPtRyU4Ygabfa04Yx11tA="></latexit>

log f (zi, yi;✓) =
MX

m=1

1{m} (zi)
⇥
log (!m)� µ2

m/2
⇤

+
MX

m=1

1{m} (zi)µmyi + constant
<latexit sha1_base64="DYtkivSpQDt5GAJdN23+pfLjafY="></latexit><latexit sha1_base64="DYtkivSpQDt5GAJdN23+pfLjafY="></latexit><latexit sha1_base64="DYtkivSpQDt5GAJdN23+pfLjafY="></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="9Hn1sM699v4UNVJU6vzoDmvFtiU="></latexit><latexit sha1_base64="9Hn1sM699v4UNVJU6vzoDmvFtiU="></latexit><latexit sha1_base64="zAJMOLPFLXwN8ssYdRpOtoFWaQo="></latexit><latexit sha1_base64="DYtkivSpQDt5GAJdN23+pfLjafY="></latexit><latexit sha1_base64="DYtkivSpQDt5GAJdN23+pfLjafY="></latexit><latexit sha1_base64="DYtkivSpQDt5GAJdN23+pfLjafY="></latexit><latexit sha1_base64="DYtkivSpQDt5GAJdN23+pfLjafY="></latexit><latexit sha1_base64="DYtkivSpQDt5GAJdN23+pfLjafY="></latexit><latexit sha1_base64="DYtkivSpQDt5GAJdN23+pfLjafY="></latexit>

log f (zi, yi;✓) =
MX

m=1

1{m} (zi)
⇥
log (!m)� µ2

m/2
⇤

+
MX

m=1

1{m} (zi)µmyi + constant
<latexit sha1_base64="DYtkivSpQDt5GAJdN23+pfLjafY="></latexit><latexit sha1_base64="DYtkivSpQDt5GAJdN23+pfLjafY="></latexit><latexit sha1_base64="DYtkivSpQDt5GAJdN23+pfLjafY="></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="9Hn1sM699v4UNVJU6vzoDmvFtiU="></latexit><latexit sha1_base64="9Hn1sM699v4UNVJU6vzoDmvFtiU="></latexit><latexit sha1_base64="zAJMOLPFLXwN8ssYdRpOtoFWaQo="></latexit><latexit sha1_base64="DYtkivSpQDt5GAJdN23+pfLjafY="></latexit><latexit sha1_base64="DYtkivSpQDt5GAJdN23+pfLjafY="></latexit><latexit sha1_base64="DYtkivSpQDt5GAJdN23+pfLjafY="></latexit><latexit sha1_base64="DYtkivSpQDt5GAJdN23+pfLjafY="></latexit><latexit sha1_base64="DYtkivSpQDt5GAJdN23+pfLjafY="></latexit><latexit sha1_base64="DYtkivSpQDt5GAJdN23+pfLjafY="></latexit>

Experiments

‣ Fixed sample size: size                 and 
run to get 


  Stepsize for sEM

  Stepsize for iSAEM

‣ Compare to iEM, sEM and Batch EM

�k = 1/k0.6
<latexit sha1_base64="2EloX9SN/j/rqQ3COQX47RsW6nw="></latexit><latexit sha1_base64="2EloX9SN/j/rqQ3COQX47RsW6nw="></latexit><latexit sha1_base64="2EloX9SN/j/rqQ3COQX47RsW6nw="></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="ckoo2wYPEJQGXH5F+R8tbuheEHc="></latexit><latexit sha1_base64="rAoiKYDOHuEAfxa2NVjds26AcFU="></latexit><latexit sha1_base64="HQ/FfBfSFqA6FM2CN30qgphX+ek="></latexit><latexit sha1_base64="2EloX9SN/j/rqQ3COQX47RsW6nw="></latexit><latexit sha1_base64="2EloX9SN/j/rqQ3COQX47RsW6nw="></latexit><latexit sha1_base64="2EloX9SN/j/rqQ3COQX47RsW6nw="></latexit><latexit sha1_base64="2EloX9SN/j/rqQ3COQX47RsW6nw="></latexit><latexit sha1_base64="2EloX9SN/j/rqQ3COQX47RsW6nw="></latexit><latexit sha1_base64="2EloX9SN/j/rqQ3COQX47RsW6nw="></latexit>

�k = 3/(k + 10)
<latexit sha1_base64="/K1XufmXnBtgfiy0+w5pGAznSMs="></latexit><latexit sha1_base64="/K1XufmXnBtgfiy0+w5pGAznSMs="></latexit><latexit sha1_base64="/K1XufmXnBtgfiy0+w5pGAznSMs="></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="uhmYvKeLb2LjL/agkrL8Bse/3Lw="></latexit><latexit sha1_base64="r/reCK3UIfdqHjFFvI2VZuG6mzY="></latexit><latexit sha1_base64="Yg6GHfBRjese3BKV0y6pM1lTQnw="></latexit><latexit sha1_base64="/K1XufmXnBtgfiy0+w5pGAznSMs="></latexit><latexit sha1_base64="/K1XufmXnBtgfiy0+w5pGAznSMs="></latexit><latexit sha1_base64="/K1XufmXnBtgfiy0+w5pGAznSMs="></latexit><latexit sha1_base64="/K1XufmXnBtgfiy0+w5pGAznSMs="></latexit><latexit sha1_base64="/K1XufmXnBtgfiy0+w5pGAznSMs="></latexit><latexit sha1_base64="/K1XufmXnBtgfiy0+w5pGAznSMs="></latexit>

n = 103
<latexit sha1_base64="/WX2iEQ40klT+mwXXateW8xCNXU="></latexit><latexit sha1_base64="/WX2iEQ40klT+mwXXateW8xCNXU="></latexit><latexit sha1_base64="/WX2iEQ40klT+mwXXateW8xCNXU="></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="KZoxX+UauISyMPlhRXCO4zy0NQg="></latexit><latexit sha1_base64="DPLjH4r9FMW+W+vZ44w3leQD3qE="></latexit><latexit sha1_base64="durmBrRNj9TVFeFAsfZtN4hA3aU="></latexit><latexit sha1_base64="/WX2iEQ40klT+mwXXateW8xCNXU="></latexit><latexit sha1_base64="/WX2iEQ40klT+mwXXateW8xCNXU="></latexit><latexit sha1_base64="/WX2iEQ40klT+mwXXateW8xCNXU="></latexit><latexit sha1_base64="/WX2iEQ40klT+mwXXateW8xCNXU="></latexit><latexit sha1_base64="/WX2iEQ40klT+mwXXateW8xCNXU="></latexit><latexit sha1_base64="/WX2iEQ40klT+mwXXateW8xCNXU="></latexit>

µ⇤
<latexit sha1_base64="HitLShbJq3R/vLNSM5ZbrvWk/4U="></latexit><latexit sha1_base64="HitLShbJq3R/vLNSM5ZbrvWk/4U="></latexit><latexit sha1_base64="HitLShbJq3R/vLNSM5ZbrvWk/4U="></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="qoT52IY3bgUeOZqXrOyPVooBZI4="></latexit><latexit sha1_base64="hTt7WAjAvIuK6fTcu4KngFcEK0M="></latexit><latexit sha1_base64="N5UHAIAV/uRFPVmXdweKTQWROmA="></latexit><latexit sha1_base64="HitLShbJq3R/vLNSM5ZbrvWk/4U="></latexit><latexit sha1_base64="HitLShbJq3R/vLNSM5ZbrvWk/4U="></latexit><latexit sha1_base64="HitLShbJq3R/vLNSM5ZbrvWk/4U="></latexit><latexit sha1_base64="HitLShbJq3R/vLNSM5ZbrvWk/4U="></latexit><latexit sha1_base64="HitLShbJq3R/vLNSM5ZbrvWk/4U="></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="qoT52IY3bgUeOZqXrOyPVooBZI4="></latexit><latexit sha1_base64="hTt7WAjAvIuK6fTcu4KngFcEK0M="></latexit><latexit sha1_base64="N5UHAIAV/uRFPVmXdweKTQWROmA="></latexit><latexit sha1_base64="HitLShbJq3R/vLNSM5ZbrvWk/4U="></latexit><latexit sha1_base64="HitLShbJq3R/vLNSM5ZbrvWk/4U="></latexit><latexit sha1_base64="HitLShbJq3R/vLNSM5ZbrvWk/4U="></latexit><latexit sha1_base64="HitLShbJq3R/vLNSM5ZbrvWk/4U="></latexit><latexit sha1_base64="HitLShbJq3R/vLNSM5ZbrvWk/4U="></latexit><latexit sha1_base64="HitLShbJq3R/vLNSM5ZbrvWk/4U="></latexit>
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Numerical Applications 
Deformable Template for Image Analysis
‣                          images modeled as deformation of a template

‣  Deformable Template Model:


    
where s is the pixel index,  its coordinate,   the template and          the 
deformation.


‣Goal: Learn the vector of parameters                      using TTSEM

xs
<latexit sha1_base64="i8vgCIoKN+MkkhVWD44mllLomGk="></latexit><latexit sha1_base64="i8vgCIoKN+MkkhVWD44mllLomGk="></latexit><latexit sha1_base64="i8vgCIoKN+MkkhVWD44mllLomGk="></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="sISKUIbQ+3xl5nYn0NVTxFzE+o0="></latexit><latexit sha1_base64="sISKUIbQ+3xl5nYn0NVTxFzE+o0="></latexit><latexit sha1_base64="ZjiG4YWEBMxBq7bKsiHHcsHaNw8="></latexit><latexit sha1_base64="i8vgCIoKN+MkkhVWD44mllLomGk="></latexit><latexit sha1_base64="i8vgCIoKN+MkkhVWD44mllLomGk="></latexit><latexit sha1_base64="i8vgCIoKN+MkkhVWD44mllLomGk="></latexit><latexit sha1_base64="i8vgCIoKN+MkkhVWD44mllLomGk="></latexit><latexit sha1_base64="i8vgCIoKN+MkkhVWD44mllLomGk="></latexit><latexit sha1_base64="i8vgCIoKN+MkkhVWD44mllLomGk="></latexit>

I
<latexit sha1_base64="Ri8vGNUEHQgw1vaiaMG5MiALSrg="></latexit><latexit sha1_base64="Ri8vGNUEHQgw1vaiaMG5MiALSrg="></latexit><latexit sha1_base64="Ri8vGNUEHQgw1vaiaMG5MiALSrg="></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="psQy5VN1QwSdb3Z0ytgKtlm9px8=">AAACuXicjVJdS8MwFD2rX3NOnb76UhyCT6P1RR8FQfRtA/cBOqTNshmWtSVJhTH8Bb7qbxP/gf4Lb2IH6hBNaXty7j0nubmJMym0CYLXkre0vLK6Vl6vbFQ3t7ZrO9WOTnPFeJulMlW9ONJcioS3jTCS9zLFo0kseTcen9l4954rLdLkykwz3p9Eo0QMBYsMUa3L21o9aARu+IsgLEAdxWimtRfcYIAUDDkm4EhgCEtE0PRcI0SAjLg+ZsQpQsLFOR5QIW1OWZwyImLH9B3R7LpgE5pbT+3UjFaR9CpS+jggTUp5irBdzXfx3Dlb9jfvmfO0e5vSPy68JsQa3BH7l26e+V+drcVgiBNXg6CaMsfY6ljhkrtTsTv3v1RlyCEjzuIBxRVh5pTzc/adRrva7dlGLv7mMi1r56zIzfFud0kNDn+2cxF0jhph0AhbAcrYwz4OqY3HOMUFmmg7y0c84dk796SnP6+CVyruxC6+DS//AMXojh4=</latexit><latexit sha1_base64="psQy5VN1QwSdb3Z0ytgKtlm9px8=">AAACuXicjVJdS8MwFD2rX3NOnb76UhyCT6P1RR8FQfRtA/cBOqTNshmWtSVJhTH8Bb7qbxP/gf4Lb2IH6hBNaXty7j0nubmJMym0CYLXkre0vLK6Vl6vbFQ3t7ZrO9WOTnPFeJulMlW9ONJcioS3jTCS9zLFo0kseTcen9l4954rLdLkykwz3p9Eo0QMBYsMUa3L21o9aARu+IsgLEAdxWimtRfcYIAUDDkm4EhgCEtE0PRcI0SAjLg+ZsQpQsLFOR5QIW1OWZwyImLH9B3R7LpgE5pbT+3UjFaR9CpS+jggTUp5irBdzXfx3Dlb9jfvmfO0e5vSPy68JsQa3BH7l26e+V+drcVgiBNXg6CaMsfY6ljhkrtTsTv3v1RlyCEjzuIBxRVh5pTzc/adRrva7dlGLv7mMi1r56zIzfFud0kNDn+2cxF0jhph0AhbAcrYwz4OqY3HOMUFmmg7y0c84dk796SnP6+CVyruxC6+DS//AMXojh4=</latexit><latexit sha1_base64="rOWXo4jaWmuYMi0dUKcqmJb3zk8="></latexit><latexit sha1_base64="Ri8vGNUEHQgw1vaiaMG5MiALSrg="></latexit><latexit sha1_base64="Ri8vGNUEHQgw1vaiaMG5MiALSrg="></latexit><latexit sha1_base64="Ri8vGNUEHQgw1vaiaMG5MiALSrg="></latexit><latexit sha1_base64="Ri8vGNUEHQgw1vaiaMG5MiALSrg="></latexit><latexit sha1_base64="Ri8vGNUEHQgw1vaiaMG5MiALSrg="></latexit><latexit sha1_base64="Ri8vGNUEHQgw1vaiaMG5MiALSrg="></latexit>

(yi, i 2 [1, n])
<latexit sha1_base64="dPOBc/VsR1LVDgVfVIkrdSr7gqM="></latexit><latexit sha1_base64="dPOBc/VsR1LVDgVfVIkrdSr7gqM="></latexit><latexit sha1_base64="dPOBc/VsR1LVDgVfVIkrdSr7gqM="></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="SSbiiJHESHxgUhiKMm6V5HPYJ00="></latexit><latexit sha1_base64="SSbiiJHESHxgUhiKMm6V5HPYJ00="></latexit><latexit sha1_base64="UUL96M+2dDlsq0Npja94gF+Mcio="></latexit><latexit sha1_base64="dPOBc/VsR1LVDgVfVIkrdSr7gqM="></latexit><latexit sha1_base64="dPOBc/VsR1LVDgVfVIkrdSr7gqM="></latexit><latexit sha1_base64="dPOBc/VsR1LVDgVfVIkrdSr7gqM="></latexit><latexit sha1_base64="dPOBc/VsR1LVDgVfVIkrdSr7gqM="></latexit><latexit sha1_base64="dPOBc/VsR1LVDgVfVIkrdSr7gqM="></latexit><latexit sha1_base64="dPOBc/VsR1LVDgVfVIkrdSr7gqM="></latexit>

✓ = (�, ⇠,�)
<latexit sha1_base64="o1wCRXuhPkuRccoQs93IisO1Kdk="></latexit><latexit sha1_base64="o1wCRXuhPkuRccoQs93IisO1Kdk="></latexit><latexit sha1_base64="o1wCRXuhPkuRccoQs93IisO1Kdk="></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="5cMMABfilgMKhk3WL9g7wbdJ3Bw="></latexit><latexit sha1_base64="5cMMABfilgMKhk3WL9g7wbdJ3Bw="></latexit><latexit sha1_base64="AZLApaBbMCN4SGWF4rz6c66t/zE="></latexit><latexit sha1_base64="o1wCRXuhPkuRccoQs93IisO1Kdk="></latexit><latexit sha1_base64="o1wCRXuhPkuRccoQs93IisO1Kdk="></latexit><latexit sha1_base64="o1wCRXuhPkuRccoQs93IisO1Kdk="></latexit><latexit sha1_base64="o1wCRXuhPkuRccoQs93IisO1Kdk="></latexit><latexit sha1_base64="o1wCRXuhPkuRccoQs93IisO1Kdk="></latexit><latexit sha1_base64="o1wCRXuhPkuRccoQs93IisO1Kdk="></latexit>

yi(s) = I (xs � �i (xs)) + �"i(s)
<latexit sha1_base64="hvGh69atJvSVyTUfxj3gnQRm8Qo="></latexit><latexit sha1_base64="hvGh69atJvSVyTUfxj3gnQRm8Qo="></latexit><latexit sha1_base64="hvGh69atJvSVyTUfxj3gnQRm8Qo="></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="dZ23+ltA3DIaCfB/S6fj20Sh7B8="></latexit><latexit sha1_base64="dZ23+ltA3DIaCfB/S6fj20Sh7B8="></latexit><latexit sha1_base64="4obdH8yj/vA1yZliCOKYT+fPJWM="></latexit><latexit sha1_base64="hvGh69atJvSVyTUfxj3gnQRm8Qo="></latexit><latexit sha1_base64="hvGh69atJvSVyTUfxj3gnQRm8Qo="></latexit><latexit sha1_base64="hvGh69atJvSVyTUfxj3gnQRm8Qo="></latexit><latexit sha1_base64="hvGh69atJvSVyTUfxj3gnQRm8Qo="></latexit><latexit sha1_base64="hvGh69atJvSVyTUfxj3gnQRm8Qo="></latexit><latexit sha1_base64="hvGh69atJvSVyTUfxj3gnQRm8Qo="></latexit>

I⇠ = Kp⇠, where (Kp⇠) (x) =

kpX

k=1

Kp (x, pk) ⇠(k)
<latexit sha1_base64="E/DHRB/pKfptEi80G4gXGlFvVd4="></latexit><latexit sha1_base64="E/DHRB/pKfptEi80G4gXGlFvVd4="></latexit><latexit sha1_base64="E/DHRB/pKfptEi80G4gXGlFvVd4="></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="KiV4E6kCt3fNfRrZkevhZg8fG+M="></latexit><latexit sha1_base64="KiV4E6kCt3fNfRrZkevhZg8fG+M="></latexit><latexit sha1_base64="jK22jZCdehJdSNxg1mqw9YWT87c="></latexit><latexit sha1_base64="E/DHRB/pKfptEi80G4gXGlFvVd4="></latexit><latexit sha1_base64="E/DHRB/pKfptEi80G4gXGlFvVd4="></latexit><latexit sha1_base64="E/DHRB/pKfptEi80G4gXGlFvVd4="></latexit><latexit sha1_base64="E/DHRB/pKfptEi80G4gXGlFvVd4="></latexit><latexit sha1_base64="E/DHRB/pKfptEi80G4gXGlFvVd4="></latexit><latexit sha1_base64="E/DHRB/pKfptEi80G4gXGlFvVd4="></latexit>

�i(x) = (Kgzi) (x) =
ksX

k=1

Kg (x, gk)
⇣
z(1)i (k), z(2)i (k)

⌘

<latexit sha1_base64="dZHl2QgHUroxkGjzos4TEm0EBlE="></latexit><latexit sha1_base64="dZHl2QgHUroxkGjzos4TEm0EBlE="></latexit><latexit sha1_base64="dZHl2QgHUroxkGjzos4TEm0EBlE="></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="2tZ6npNCCrtUgwWTI5aKMMxOJJ0="></latexit><latexit sha1_base64="2tZ6npNCCrtUgwWTI5aKMMxOJJ0="></latexit><latexit sha1_base64="/onC2Gri6FOJOYSW3J9DWjhioqc="></latexit><latexit sha1_base64="dZHl2QgHUroxkGjzos4TEm0EBlE="></latexit><latexit sha1_base64="dZHl2QgHUroxkGjzos4TEm0EBlE="></latexit><latexit sha1_base64="dZHl2QgHUroxkGjzos4TEm0EBlE="></latexit><latexit sha1_base64="dZHl2QgHUroxkGjzos4TEm0EBlE="></latexit><latexit sha1_base64="dZHl2QgHUroxkGjzos4TEm0EBlE="></latexit><latexit sha1_base64="dZHl2QgHUroxkGjzos4TEm0EBlE="></latexit>

�i(·)
<latexit sha1_base64="HRa0Wo3onYNjLnf4/fpKKwh4c/M="></latexit><latexit sha1_base64="HRa0Wo3onYNjLnf4/fpKKwh4c/M="></latexit><latexit sha1_base64="HRa0Wo3onYNjLnf4/fpKKwh4c/M="></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="HARd1eKSxY64nPm1CTY6V1z3OqE="></latexit><latexit sha1_base64="HARd1eKSxY64nPm1CTY6V1z3OqE="></latexit><latexit sha1_base64="rTRPbCEb5hyPwqjNtfB/a69mjOs="></latexit><latexit sha1_base64="HRa0Wo3onYNjLnf4/fpKKwh4c/M="></latexit><latexit sha1_base64="HRa0Wo3onYNjLnf4/fpKKwh4c/M="></latexit><latexit sha1_base64="HRa0Wo3onYNjLnf4/fpKKwh4c/M="></latexit><latexit sha1_base64="HRa0Wo3onYNjLnf4/fpKKwh4c/M="></latexit><latexit sha1_base64="HRa0Wo3onYNjLnf4/fpKKwh4c/M="></latexit><latexit sha1_base64="HRa0Wo3onYNjLnf4/fpKKwh4c/M="></latexit>

‣  USPS Digits dataset  featuring 1000, (16X16)-pixel images for each class of digits from 0 to 9.

Batch

Online

Incremental

Variance Reduced

Fast Incremental

USPS Digits dataset



Thank You!


