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§ Restrictions of IBN
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Given a neural network

x Neural Network

Deterministic: fφ(x) gθ(z)

x̂
AE

fφ(x) gθ(z) = fφ
−1(z)FLOWS:

qφ(z x) pθ(• z)Stochastic:

What is an information bottleneck (IBN)?

Classification
<latexit sha1_base64="/Ac1PPipBZyEbj+Fli4Y8c9RktA=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgqiRF1GXRjcsK9gFNKJPppB06mYSZSaGE/IkbF4q49U/c+TdO2iy09cDA4Zx7uWdOkHCmtON8W5WNza3tnepubW//4PDIPj7pqjiVhHZIzGPZD7CinAna0Uxz2k8kxVHAaS+Y3hd+b0alYrF40vOE+hEeCxYygrWRhrbtTbDOvAjrSRBmJM+Hdt1pOAugdeKWpA4l2kP7yxvFJI2o0IRjpQauk2g/w1Izwmle81JFE0ymeEwHhgocUeVni+Q5ujDKCIWxNE9otFB/b2Q4UmoeBWayiKhWvUL8zxukOrz1MyaSVFNBlofClCMdo6IGNGKSEs3nhmAimcmKyARLTLQpq2ZKcFe/vE66zYZ73Wg+XtVbd2UdVTiDc7gEF26gBQ/Qhg4QmMEzvMKblVkv1rv1sRytWOXOKfyB9fkDOFGUDA==</latexit>

ĉ

i-2-i/Inverse problems
<latexit sha1_base64="KfOa0K+pcBGlDbQvmsOx2iYIn+Y=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgqiRF1GXRjcsK9gFNKJPppB06mYSZSSGE/okbF4q49U/c+TdO2iy09cDA4Zx7uWdOkHCmtON8W5WNza3tnepubW//4PDIPj7pqjiVhHZIzGPZD7CinAna0Uxz2k8kxVHAaS+Y3hd+b0alYrF40llC/QiPBQsZwdpIQ9v2JljnXoT1JAjzbD4f2nWn4SyA1olbkjqUaA/tL28UkzSiQhOOlRq4TqL9HEvNCKfzmpcqmmAyxWM6MFTgiCo/XySfowujjFAYS/OERgv190aOI6WyKDCTRUS16hXif94g1eGtnzORpJoKsjwUphzpGBU1oBGTlGieGYKJZCYrIhMsMdGmrJopwV398jrpNhvudaP5eFVv3ZV1VOEMzuESXLiBFjxAGzpAYAbP8ApvVm69WO/Wx3K0YpU7p/AH1ucPWdWUIg==</latexit>

ŷ

<latexit sha1_base64="Qy64lOKZwBMFHa6Td5gCgIFyAtE=">AAAB8XicbVDLSgMxFL3js9ZX1aWbYBFclZki6rLoxmUF+8C2lEx6pw3NZIYkI9Shf+HGhSJu/Rt3/o2ZdhbaeiBwOOdecu7xY8G1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZQohg0WiUi1fapRcIkNw43AdqyQhr7Alj++yfzWIyrNI3lvJjH2QjqUPOCMGis9dENqRn6QPk37pbJbcWcgy8TLSRly1Pulr+4gYkmI0jBBte54bmx6KVWGM4HTYjfRGFM2pkPsWCppiLqXzhJPyalVBiSIlH3SkJn6eyOlodaT0LeTWUK96GXif14nMcFVL+UyTgxKNv8oSAQxEcnOJwOukBkxsYQyxW1WwkZUUWZsSUVbgrd48jJpViveRaV6d16uXed1FOAYTuAMPLiEGtxCHRrAQMIzvMKbo50X5935mI+uOPnOEfyB8/kDApyRJQ==</latexit>z

Latent space can be:
§ A single vector/tensor
§ Hierarchical (Markov) vectors/tensors
§ Multi-vector/Multi-tensor
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Definition of Information Bottleneck

§ The Information Bottleneck (IBN) theory is a framework for understanding the trade-off 
between the amount of information that is preserved in a representation and the amount 
of “compression” that is achieved

§ The IBN theory proposes that a good representation is one that preserves the most 
relevant information while discarding all irrelevant information for a targeted task

What is an information bottleneck (IBN)?
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Agenda

§ What is information bottleneck (IBN)?
§ IBN based autoencoding
§ Generalization of existing methods based on IBN

§ VAE, InfoVAE, VAE/GAN, BIB-AE
§ Restrictions of IBN
§ TURBO: physical-driven latent space
§ Generalization based on TURBO

§ AAE, SR-GAN, pix2pix, CycleGAN
§ Regression problems

§ HEP translation
§ Hubble-to-Webb translation
§ Inverse problems in physics

§ Conclusions 
§ Open problems 
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Information Bottleneck: IBN-AE

x qφ(z x) pθ(x z) x̂

Lagrangian formulation

IBN based autoencoding x ! x̂

<latexit sha1_base64="gCeTftFJOXIWVj7m0m8v7c3aYQE=">AAAB9HicbVBNS8NAEN34WeNX1aOXxSJ4KokH9SIWvXisYD+gDWWzmbRLN5u4uynU0N/hxYNSvPo3vHsR/42btgdtfTDweG+GmXl+wpnSjvNtLS2vrK6tFzbsza3tnd3i3n5dxamkUKMxj2XTJwo4E1DTTHNoJhJI5HNo+P2b3G8MQCoWi3s9TMCLSFewkFGijeS1/RC3NeMB4Ee7Uyw5ZWcCvEjcGSldfdiXyfjLrnaKn+0gpmkEQlNOlGq5TqK9jEjNKIeR3U4VJIT2SRdahgoSgfKyydEjfGyUAIexNCU0nqi/JzISKTWMfNMZEd1T814u/ue1Uh1eeBkTSapB0OmiMOVYxzhPAAdMAtV8aAihkplbMe0RSag2OeUhuPMvL5L6adk9K7t3TqlyjaYooEN0hE6Qi85RBd2iKqohih7QE3pBr9bAerbG1tu0dcmazRygP7DefwD7lZSV</latexit>

z̃

<latexit sha1_base64="0qcgMgvzJnyB+uYSlTUegS7ECPo="></latexit>

LIBN-AE (�, ✓) = I�(X;Z)� �I�,✓(Z;X)

<latexit sha1_base64="cDxXmwIdMHE58rnNJumlTpnh6UI="></latexit>

(�̂, ✓̂) = argmin
�,✓

LIBN�AE(�, ✓)

<latexit sha1_base64="oDRHN5NFx2h1Tb0BaKLsV2JjqME="></latexit>

I�(X;Z) = Eq�(x,z)


log

q�(z|x)
q̃�(z)

�

I�,✓(Z;X) = Eq�(x,z)


log

p✓(x|z)
px(x)

�

<latexit sha1_base64="/Ac1PPipBZyEbj+Fli4Y8c9RktA=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgqiRF1GXRjcsK9gFNKJPppB06mYSZSaGE/IkbF4q49U/c+TdO2iy09cDA4Zx7uWdOkHCmtON8W5WNza3tnepubW//4PDIPj7pqjiVhHZIzGPZD7CinAna0Uxz2k8kxVHAaS+Y3hd+b0alYrF40vOE+hEeCxYygrWRhrbtTbDOvAjrSRBmJM+Hdt1pOAugdeKWpA4l2kP7yxvFJI2o0IRjpQauk2g/w1Izwmle81JFE0ymeEwHhgocUeVni+Q5ujDKCIWxNE9otFB/b2Q4UmoeBWayiKhWvUL8zxukOrz1MyaSVFNBlofClCMdo6IGNGKSEs3nhmAimcmKyARLTLQpq2ZKcFe/vE66zYZ73Wg+XtVbd2UdVTiDc7gEF26gBQ/Qhg4QmMEzvMKblVkv1rv1sRytWOXOKfyB9fkDOFGUDA==</latexit>

ĉ

<latexit sha1_base64="KfOa0K+pcBGlDbQvmsOx2iYIn+Y=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgqiRF1GXRjcsK9gFNKJPppB06mYSZSSGE/okbF4q49U/c+TdO2iy09cDA4Zx7uWdOkHCmtON8W5WNza3tnepubW//4PDIPj7pqjiVhHZIzGPZD7CinAna0Uxz2k8kxVHAaS+Y3hd+b0alYrF40llC/QiPBQsZwdpIQ9v2JljnXoT1JAjzbD4f2nWn4SyA1olbkjqUaA/tL28UkzSiQhOOlRq4TqL9HEvNCKfzmpcqmmAyxWM6MFTgiCo/XySfowujjFAYS/OERgv190aOI6WyKDCTRUS16hXif94g1eGtnzORpJoKsjwUphzpGBU1oBGTlGieGYKJZCYrIhMsMdGmrJopwV398jrpNhvudaP5eFVv3ZV1VOEMzuESXLiBFjxAGzpAYAbP8ApvVm69WO/Wx3K0YpU7p/AH1ucPWdWUIg==</latexit>

ŷ
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Variational decomposition of terms

IBN based autoencoding x ! x̂

IBN based autoencoding
<latexit sha1_base64="Sb74vtuk7MZPK03T0h20ydpM7fE="></latexit>

I
L
�,✓(Z;X) , �H�,✓(X|Z)

| {z }
L(x,x̂)

�DKL (px(x)kp̂✓(x))| {z }
Dx̂

<latexit sha1_base64="KxPxV+TtxKxCYaIuWxp8P2E+rz0="></latexit>

IL�,✓(Z;X) = �� Epx(x)

⇥
Eq�(z|x) [kx� g✓(z)k1)

⇤⇤
| {z }

L(x,x̂)

�DKL (px(x)kp̂✓(x))| {z }
Dx̂

<latexit sha1_base64="xxKdZAmsb6wgNLG9Zzv+pFZj7cE="></latexit>

p✓(x|z) / exp (�� kx� g✓(z)k1)

<latexit sha1_base64="NTlLzPWGeGDuD052KngCL0y13/w="></latexit>

I�,✓(Z;X) = Eq�(x,z)


log

p✓(x|z)
px(x)

p̂✓(x)

p̂✓(x)

�

= �Epx(x) [log p̂✓(x)]� Epx(x)


log

px(x)

p̂✓(x)

�
+ Epx(x)

⇥
Eq�(z|x) [log p✓(x|z)]

⇤

= H (px(x); p̂✓(x))| {z }
�0

�DKL (px(x)kp̂✓(x))�H�,✓(X|Z)

<latexit sha1_base64="MvAlPYacxw8OYkE2dYIkRjx2FR4="></latexit>

I�(X;Z) = Eq�(x,z)


log

q�(z|x)
q̃�(z)

pz(z)

pz(z)

�
= Epx(x) [DKL (q�(z|X = x)kpz(z))]| {z }

Dz|x

�DKL (q̃�(z)kpz(z))| {z }
Dz̃

<latexit sha1_base64="nW+T/rOk3r+UoNbM6xvmj8VDcmU="></latexit>

I�(Z;X) = Eq�(x,z)


log

q�(x|z)
px(x)

p✓(x|z)
p✓(x|z)

�
= Eq�(x,z)


log

p✓(x|z)
px(x)

�

| {z }
I�,✓(Z;X)

+ Eq�(x,z)


q�(x|z)
p✓(x|z)

�

| {z }
DKL(q�(x|z)||p✓(x|z))�0

� I�,✓(Z;X)



8IBN based autoencoding

Bounded Information Bottleneck (BIB) Autoencoder [BIB-AE]

<latexit sha1_base64="cH25w50cAYB92TmO8vjiJpGu3kc=">AAACD3icbVC7TsNAEDzzDOFloKQ5kYBCE9kpgDKChjJI5CEllnW+nJNTzg/drRHB+A9o+BUaChCipaXjb7ATI0HCSCfNzexqd8cJBVdgGF/awuLS8spqYa24vrG5ta3v7LZUEEnKmjQQgew4RDHBfdYEDoJ1QsmI5wjWdkYXmd++YVLxwL+Gccgsjwx87nJKIJVs/agc2nEPhgxIUul5BIaOG98m+B7/fO6S43LR1ktG1ZgAzxMzJyWUo2Hrn71+QCOP+UAFUaprGiFYMZHAqWBJsRcpFhI6IgPWTalPPKaseHJPgg9TpY/dQKbPBzxRf3fExFNq7DlpZbakmvUy8T+vG4F7ZsXcDyNgPp0OciOBIcBZOLjPJaMgxikhVPJ0V0yHRBIKaYRZCObsyfOkVauaJ1Xzqlaqn+dxFNA+OkAVZKJTVEeXqIGaiKIH9IRe0Kv2qD1rb9r7tHRBy3v20B9oH99vKZxB</latexit>

p✓(x|z)<latexit sha1_base64="RW0EtNB6Ejjae0QmvEojAfzMwTM=">AAAB8nicbVA9SwNBEJ3zM55fUUubxSBYhTsLtRGDNpYRzAckR9jb7CVL9naP3T0xHPkZNhaKpPV/2NuI/8a9JIUmPhh4vDfDvJkw4Uwbz/t2lpZXVtfWCxvu5tb2zm5xb7+uZaoIrRHJpWqGWFPOBK0ZZjhtJoriOOS0EQ5ucr/xQJVmUtybYUKDGPcEixjBxkqtdoxNP4yyx5HbKZa8sjcBWiT+jJSuPtzLZPzlVjvFz3ZXkjSmwhCOtW75XmKCDCvDCKcjt51qmmAywD3aslTgmOogm0QeoWOrdFEklS1h0ET9PZHhWOthHNrOPKKe93LxP6+VmugiyJhIUkMFmS6KUo6MRPn9qMsUJYYPLcFEMZsVkT5WmBj7pfwJ/vzJi6R+WvbPyv6dV6pcwxQFOIQjOAEfzqECt1CFGhCQ8AQv8OoY59l5c8bT1iVnNnMAf+C8/wCXI5Rz</latexit>x
<latexit sha1_base64="Nkr+YHXxJhrM4e2sjOUTGL+NPOI=">AAACC3icbVC7TsMwFHXKq7Q8AowsVgtSWaqEARgrWBiLRB9SU0WO67RWnQe2U1FCdhZ+hQUJEGJD/AAbHwIzTlskaDmSpeNz7tW99zgho0IaxoeWmZtfWFzKLufyK6tr6/rGZl0EEcekhgMW8KaDBGHUJzVJJSPNkBPkOYw0nP5J6jcGhAsa+OdyGJK2h7o+dSlGUkm2XriwYyvs0aRkeUj2HDe+SuA1/PlcJns5Wy8aZWMEOEvMCSlWdj4fXgf5r6qtv1udAEce8SVmSIiWaYSyHSMuKWYkyVmRICHCfdQlLUV95BHRjke3JHBXKR3oBlw9X8KR+rsjRp4QQ89RlemOYtpLxf+8ViTdo3ZM/TCSxMfjQW7EoAxgGgzsUE6wZENFEOZU7QpxD3GEpYovDcGcPnmW1PfL5kHZPFNpHIMxsmAbFEAJmOAQVMApqIIawOAG3IFH8KTdavfas/YyLs1ok54t8Afa2ze+Op9E</latexit>

q�(z|x)
<latexit sha1_base64="gCeTftFJOXIWVj7m0m8v7c3aYQE=">AAAB9HicbVBNS8NAEN34WeNX1aOXxSJ4KokH9SIWvXisYD+gDWWzmbRLN5u4uynU0N/hxYNSvPo3vHsR/42btgdtfTDweG+GmXl+wpnSjvNtLS2vrK6tFzbsza3tnd3i3n5dxamkUKMxj2XTJwo4E1DTTHNoJhJI5HNo+P2b3G8MQCoWi3s9TMCLSFewkFGijeS1/RC3NeMB4Ee7Uyw5ZWcCvEjcGSldfdiXyfjLrnaKn+0gpmkEQlNOlGq5TqK9jEjNKIeR3U4VJIT2SRdahgoSgfKyydEjfGyUAIexNCU0nqi/JzISKTWMfNMZEd1T814u/ue1Uh1eeBkTSapB0OmiMOVYxzhPAAdMAtV8aAihkplbMe0RSag2OeUhuPMvL5L6adk9K7t3TqlyjaYooEN0hE6Qi85RBd2iKqohih7QE3pBr9bAerbG1tu0dcmazRygP7DefwD7lZSV</latexit>

z̃

<latexit sha1_base64="15j0WQDC4c3sQTPB/tYJX7kjqlE=">AAAB73icbVA9T8MwED2Xr1K+CowsFi0SU5V0AMYKFsYi0Q+pjSrHdVqrjhNsB6lE/RMsDCDEyt9h49/gtBmg5UknPb13p7t7fiy4No7zjQpr6xubW8Xt0s7u3v5B+fCoraNEUdaikYhU1yeaCS5Zy3AjWDdWjIS+YB1/cpP5nUemNI/kvZnGzAvJSPKAU2Ks1K32/QA/VUuDcsWpOXPgVeLmpAI5moPyV38Y0SRk0lBBtO65Tmy8lCjDqWCzUj/RLCZ0QkasZ6kkIdNeOr93hs+sMsRBpGxJg+fq74mUhFpPQ992hsSM9bKXif95vcQEV17KZZwYJuliUZAIbCKcPY+HXDFqxNQSQhW3t2I6JopQYyPKQnCXX14l7XrNvai5d/VK4zqPowgncArn4MIlNOAWmtACCgKe4RXe0AN6Qe/oY9FaQPnMMfwB+vwBXLGO3g==</latexit>z

<latexit sha1_base64="CIQcZndZp3fNrWK9GSAmsRnp8dA=">AAACDHicbVDLSsNAFL2pr1pfVZduBovgqiRF1GVRFy4r2Ae0oUymk3bo5MHMRKwxH+DGX3HjQhG3foA7/8ZJGkFbDwycOede7r3HCTmTyjS/jMLC4tLySnG1tLa+sblV3t5pySAShDZJwAPRcbCknPm0qZjitBMKij2H07YzPk/99g0VkgX+tZqE1Pbw0GcuI1hpqV+u9DysRgTz+CLpx9nHceO75P6H3iaJrjKrZgY0T6ycVCBHo1/+7A0CEnnUV4RjKbuWGSo7xkIxwmlS6kWShpiM8ZB2NfWxR6UdZ8ck6EArA+QGQj9foUz93RFjT8qJ5+jKdEU566Xif143Uu6pHTM/jBT1yXSQG3GkApQmgwZMUKL4RBNMBNO7IjLCAhOl8yvpEKzZk+dJq1a1jqu1q6NK/SyPowh7sA+HYMEJ1OESGtAEAg/wBC/wajwaz8ab8T4tLRh5zy78gfHxDe1lnNM=</latexit>Dz|x

<latexit sha1_base64="gKdb97lu/HIhdW6dEA8OPIGgYJ8=">AAAB+XicbVDLSsNAFJ34rPUVdelmsAiuSlJEXRbduKxgH9CEMplO2qGTSZi5KZaQP3HjQhG3/ok7/8ZJm4W2Hhg4nHMv98wJEsE1OM63tba+sbm1Xdmp7u7tHxzaR8cdHaeKsjaNRax6AdFMcMnawEGwXqIYiQLBusHkrvC7U6Y0j+UjzBLmR2QkecgpASMNbNsbE8i8iMA4CLOnPB/YNafuzIFXiVuSGirRGthf3jCmacQkUEG07rtOAn5GFHAqWF71Us0SQidkxPqGShIx7Wfz5Dk+N8oQh7EyTwKeq783MhJpPYsCM1lE1MteIf7n9VMIb/yMyyQFJuniUJgKDDEuasBDrhgFMTOEUMVNVkzHRBEKpqyqKcFd/vIq6TTq7lW98XBZa96WdVTQKTpDF8hF16iJ7lELtRFFU/SMXtGblVkv1rv1sRhds8qdE/QH1ucPWE+UIQ==</latexit>

x̂

<latexit sha1_base64="1c7ih7bgNFAd88rknyjctYjbI0c=">AAACCnicbVDLSsNAFL2pr1pfUZduRotQQUpSRF0W3bhwUcE+oAllMp20QycPZiZiCVm78VfcuFDErV/gzr9x0nah1QMDZ865l3vv8WLOpLKsL6OwsLi0vFJcLa2tb2xumds7LRklgtAmiXgkOh6WlLOQNhVTnHZiQXHgcdr2Rpe5376jQrIovFXjmLoBHoTMZwQrLfXMfSfAakgwT6+ziuP56X12jJwhVun0kx31zLJVtSZAf4k9I2WYodEzP51+RJKAhopwLGXXtmLlplgoRjjNSk4iaYzJCA9oV9MQB1S66eSUDB1qpY/8SOgXKjRRf3akOJByHHi6Ml9cznu5+J/XTZR/7qYsjBNFQzId5CccqQjluaA+E5QoPtYEE8H0rogMscBE6fRKOgR7/uS/pFWr2qfV2s1JuX4xi6MIe3AAFbDhDOpwBQ1oAoEHeIIXeDUejWfjzXiflhaMWc8u/ILx8Q2GKprM</latexit>

L(x, x̂)

<latexit sha1_base64="RW0EtNB6Ejjae0QmvEojAfzMwTM=">AAAB8nicbVA9SwNBEJ3zM55fUUubxSBYhTsLtRGDNpYRzAckR9jb7CVL9naP3T0xHPkZNhaKpPV/2NuI/8a9JIUmPhh4vDfDvJkw4Uwbz/t2lpZXVtfWCxvu5tb2zm5xb7+uZaoIrRHJpWqGWFPOBK0ZZjhtJoriOOS0EQ5ucr/xQJVmUtybYUKDGPcEixjBxkqtdoxNP4yyx5HbKZa8sjcBWiT+jJSuPtzLZPzlVjvFz3ZXkjSmwhCOtW75XmKCDCvDCKcjt51qmmAywD3aslTgmOogm0QeoWOrdFEklS1h0ET9PZHhWOthHNrOPKKe93LxP6+VmugiyJhIUkMFmS6KUo6MRPn9qMsUJYYPLcFEMZsVkT5WmBj7pfwJ/vzJi6R+WvbPyv6dV6pcwxQFOIQjOAEfzqECt1CFGhCQ8AQv8OoY59l5c8bT1iVnNnMAf+C8/wCXI5Rz</latexit>x

Voloshynovskiy, Kondah, Rezaeifar, Taran, Hotolyak, Rezende, Information bottleneck through variational glasses, 2019.

<latexit sha1_base64="GvTzxCENDFIoKRjolw7M8z/jaUg="></latexit>

LBIB-AE (�, ✓) = I�(X;Z)� �IL✓,�(Z;X)

<latexit sha1_base64="Sb74vtuk7MZPK03T0h20ydpM7fE="></latexit>

I
L
�,✓(Z;X) , �H�,✓(X|Z)

| {z }
L(x,x̂)

�DKL (px(x)kp̂✓(x))| {z }
Dx̂

<latexit sha1_base64="1pD3QTkar9DrI8SmA99KTl/pWtM=">AAACA3icbVDLSsNAFJ3UV62vqDvdDBahbkoivpZFNy4r2Ac0IUymk3boZBJnJkINATf+ihsXirj1J9z5N07aLLT1wIXDOfdy7z1+zKhUlvVtlBYWl5ZXyquVtfWNzS1ze6cto0Rg0sIRi0TXR5IwyklLUcVINxYEhT4jHX90lfudeyIkjfitGsfEDdGA04BipLTkmXuOoqxP0rvMc+IhrTkhUkM/SB+yI8+sWnVrAjhP7IJUQYGmZ345/QgnIeEKMyRlz7Zi5aZIKIoZySpOIkmM8AgNSE9TjkIi3XTyQwYPtdKHQSR0cQUn6u+JFIVSjkNfd+YnylkvF//zeokKLtyU8jhRhOPpoiBhUEUwDwT2qSBYsbEmCAuqb4V4iATCSsdW0SHYsy/Pk/Zx3T6rn96cVBuXRRxlsA8OQA3Y4Bw0wDVoghbA4BE8g1fwZjwZL8a78TFtLRnFzC74A+PzB43bmB0=</latexit>

q̃�(z)

<latexit sha1_base64="50hbYZEi6ygBEf6QXr7chsugfGE=">AAACA3icbZDLSsNAFIZP6q3WW9SdboJFqJuSiLdl0Y3LCvYCbSiT6aQdOpmEmYlYQsCNr+LGhSJufQl3vo2TNqC2/jDw8Z9zmHN+L2JUKtv+MgoLi0vLK8XV0tr6xuaWub3TlGEsMGngkIWi7SFJGOWkoahipB0JggKPkZY3usrqrTsiJA35rRpHxA3QgFOfYqS01TP3ol7SDZAaen5yn6aVHz7qmWW7ak9kzYOTQxly1XvmZ7cf4jggXGGGpOw4dqTcBAlFMSNpqRtLEiE8QgPS0chRQKSbTG5IrUPt9C0/FPpxZU3c3xMJCqQcB57uzFaUs7XM/K/WiZV/4SaUR7EiHE8/8mNmqdDKArH6VBCs2FgDwoLqXS08RAJhpWMr6RCc2ZPnoXlcdc6qpzcn5dplHkcR9uEAKuDAOdTgGurQAAwP8AQv8Go8Gs/Gm/E+bS0Y+cwu/JHx8Q3Y/phN</latexit>

px(x)

<latexit sha1_base64="MJSwk76gytX3CcEwsIqGNem7ayY=">AAACA3icbVDLSsNAFJ34rPUVdaebYBHqpiTia1l047KCfUATwmQ6aYZOHszciCUE3Pgrblwo4tafcOffOGmz0NYDFw7n3Mu993gJZxJM81tbWFxaXlmtrFXXNza3tvWd3Y6MU0Fom8Q8Fj0PS8pZRNvAgNNeIigOPU673ui68Lv3VEgWR3cwTqgT4mHEfEYwKMnV9+0AQ5bkrg0BBVy3QwyB52cP+bGr18yGOYExT6yS1FCJlqt/2YOYpCGNgHAsZd8yE3AyLIARTvOqnUqaYDLCQ9pXNMIhlU42+SE3jpQyMPxYqIrAmKi/JzIcSjkOPdVZnChnvUL8z+un4F86GYuSFGhEpov8lBsQG0UgxoAJSoCPFcFEMHWrQQIsMAEVW1WFYM2+PE86Jw3rvHF2e1prXpVxVNABOkR1ZKEL1EQ3qIXaiKBH9Ixe0Zv2pL1o79rHtHVBK2f20B9onz+JOZga</latexit>

p̂✓(x)

<latexit sha1_base64="rws8P5xfJnh91raeL5d62Gt8Rpw=">AAACB3icbVDLSsNAFJ3UV62vqEtBgkVwVRLxtSzqwmUF+4AmhMl00g6dTMLMRCxDdm78FTcuFHHrL7jzb5ykWWjrgQuHc+7l3nuChBIhbfvbqCwsLi2vVFdra+sbm1vm9k5HxClHuI1iGvNeAAWmhOG2JJLiXsIxjAKKu8H4Kve795gLErM7OUmwF8EhIyFBUGrJN/fdCMoRglRdZ75yR1CqQglC9ZBlmW/W7YZdwJonTknqoETLN7/cQYzSCDOJKBSi79iJ9BTkkiCKs5qbCpxANIZD3NeUwQgLTxV/ZNahVgZWGHNdTFqF+ntCwUiISRTozvxGMevl4n9eP5XhhacIS1KJGZouClNqydjKQ7EGhGMk6UQTiDjRt1poBDlEUkdX0yE4sy/Pk85xwzlrnN6e1JuXZRxVsAcOwBFwwDloghvQAm2AwCN4Bq/gzXgyXox342PaWjHKmV3wB8bnD6cymnk=</latexit>Dx̂ <latexit sha1_base64="ncs5B4gWiThpki4clRzWJltOBQc=">AAACH3icbVDLSgMxFM3UV62vqks3wSJUkDIjWgU3RTcKLirYB3ZqyaSZTmjmQXJHKMP8iRt/xY0LRcRd/8b0IWj1QODknHu59x4nElyBaQ6NzNz8wuJSdjm3srq2vpHf3KqrMJaU1WgoQtl0iGKCB6wGHARrRpIR3xGs4fQvRn7jgUnFw+AWBhFr+6QXcJdTAlrq5MtXncSOPH6AbfAYkPQ+sX0CnvST6zQtjrnjJncpPsPfn2a638kXzJI5Bv5LrCkpoCmqnfyn3Q1p7LMAqCBKtSwzgnZCJHAqWJqzY8UiQvukx1qaBsRnqp2M70vxnla62A2lfgHgsfqzIyG+UgPf0ZWjFdWsNxL/81oxuKfthAdRDCygk0FuLDCEeBQW7nLJKIiBJoRKrnfF1COSUNCR5nQI1uzJf0n9sGSVS8c3R4XK+TSOLNpBu6iILHSCKugSVVENUfSIntErejOejBfj3fiYlGaMac82+gVj+AWcPKNV</latexit>

IL�,✓(Z;X)

<latexit sha1_base64="4cGevaISFcg5yEfFk/yCB7rtDZs=">AAACCXicbVDLSsNAFJ34rPUVdelmsAiuSiK+lkVduKxgH9CEMJlM2qGTBzMToQ7ZuvFX3LhQxK1/4M6/cZJmoa0HLhzOuZd77/FTRoW0rG9jYXFpeWW1tlZf39jc2jZ3drsiyTgmHZywhPd9JAijMelIKhnpp5ygyGek54+vCr93T7igSXwnJylxIzSMaUgxklryTOhESI4wYuo695QjKQuIKjU/VA95nntmw2paJeA8sSvSABXanvnlBAnOIhJLzJAQA9tKpasQlxQzktedTJAU4TEakoGmMYqIcFX5SQ4PtRLAMOG6YglL9feEQpEQk8jXncWNYtYrxP+8QSbDC1fROM0kifF0UZgxKBNYxAIDygmWbKIJwpzqWyEeIY6w1OHVdQj27MvzpHvctM+ap7cnjdZlFUcN7IMDcARscA5a4Aa0QQdg8AiewSt4M56MF+Pd+Ji2LhjVzB74A+PzB1Dlm2Q=</latexit>Dz̃

<latexit sha1_base64="CIv3s91Qwrk0GQM+zcKiiGDFREE=">AAACA3icbZDLSsNAFIZP6q3WW9SdboJFqJuSiLdl0Y3LCvYCbSiT6aQdOpmEmYlQQ8CNr+LGhSJufQl3vo2TNqC2/jDw8Z9zmHN+L2JUKtv+MgoLi0vLK8XV0tr6xuaWub3TlGEsMGngkIWi7SFJGOWkoahipB0JggKPkZY3usrqrTsiJA35rRpHxA3QgFOfYqS01TP3ol7SDZAaen5yn6aVHz7qmWW7ak9kzYOTQxly1XvmZ7cf4jggXGGGpOw4dqTcBAlFMSNpqRtLEiE8QgPS0chRQKSbTG5IrUPt9C0/FPpxZU3c3xMJCqQcB57uzFaUs7XM/K/WiZV/4SaUR7EiHE8/8mNmqdDKArH6VBCs2FgDwoLqXS08RAJhpWMr6RCc2ZPnoXlcdc6qpzcn5dplHkcR9uEAKuDAOdTgGurQAAwP8AQv8Go8Gs/Gm/E+bS0Y+cwu/JHx8Q3fLphR</latexit>

pz(z)

<latexit sha1_base64="LgHpI+KqR5XIhF4ZqKSz1zbMcCU=">AAACCHicbVDLSsNAFJ3UV62vqEsXDhahbkoivsBN0Y3uKtgHNiFMppN26GQSZiZCCVm68VfcuFDErZ/gzr9x0lbQ1gMDZ865l3vv8WNGpbKsL6MwN7+wuFRcLq2srq1vmJtbTRklApMGjlgk2j6ShFFOGooqRtqxICj0GWn5g8vcb90TIWnEb9UwJm6IepwGFCOlJc/cvfacuE8rTohU3w/SdgbP4c/nLjvwzLJVtUaAs8SekDKYoO6Zn043wklIuMIMSdmxrVi5KRKKYkaykpNIEiM8QD3S0ZSjkEg3HR2SwX2tdGEQCf24giP1d0eKQimHoa8r8xXltJeL/3mdRAVnbkp5nCjC8XhQkDCoIpinArtUEKzYUBOEBdW7QtxHAmGlsyvpEOzpk2dJ87Bqn1SPb47KtYtJHEWwA/ZABdjgFNTAFaiDBsDgATyBF/BqPBrPxpvxPi4tGJOebfAHxsc30dSZOg==</latexit>

I�(X;Z)

x ! x̂

Unpaired setting

<latexit sha1_base64="MvAlPYacxw8OYkE2dYIkRjx2FR4="></latexit>

I�(X;Z) = Eq�(x,z)


log

q�(z|x)
q̃�(z)

pz(z)

pz(z)

�
= Epx(x) [DKL (q�(z|X = x)kpz(z))]| {z }

Dz|x

�DKL (q̃�(z)kpz(z))| {z }
Dz̃
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Agenda

§ What is information bottleneck (IBN)?
§ IBN based autoencoding
§ Generalization of existing methods based on IBN

§ VAE, InfoVAE, VAE/GAN
§ Restrictions of IBN
§ TURBO: physical-driven latent space 
§ Generalization based on TURBO

§ AAE, SR-GAN, pix2pix, CycleGAN, Probabilistic AE
§ Regression problems

§ HEP translation
§ Hubble-to-Webb translation
§ Inverse problems in physics

§ Conclusions 
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IBN: generalization of existing schemes
VAE and        VAE: Variational Autoencoderβ −

Generalization of existing methods based on IBN

<latexit sha1_base64="cH25w50cAYB92TmO8vjiJpGu3kc=">AAACD3icbVC7TsNAEDzzDOFloKQ5kYBCE9kpgDKChjJI5CEllnW+nJNTzg/drRHB+A9o+BUaChCipaXjb7ATI0HCSCfNzexqd8cJBVdgGF/awuLS8spqYa24vrG5ta3v7LZUEEnKmjQQgew4RDHBfdYEDoJ1QsmI5wjWdkYXmd++YVLxwL+Gccgsjwx87nJKIJVs/agc2nEPhgxIUul5BIaOG98m+B7/fO6S43LR1ktG1ZgAzxMzJyWUo2Hrn71+QCOP+UAFUaprGiFYMZHAqWBJsRcpFhI6IgPWTalPPKaseHJPgg9TpY/dQKbPBzxRf3fExFNq7DlpZbakmvUy8T+vG4F7ZsXcDyNgPp0OciOBIcBZOLjPJaMgxikhVPJ0V0yHRBIKaYRZCObsyfOkVauaJ1Xzqlaqn+dxFNA+OkAVZKJTVEeXqIGaiKIH9IRe0Kv2qD1rb9r7tHRBy3v20B9oH99vKZxB</latexit>

p✓(x|z)<latexit sha1_base64="RW0EtNB6Ejjae0QmvEojAfzMwTM=">AAAB8nicbVA9SwNBEJ3zM55fUUubxSBYhTsLtRGDNpYRzAckR9jb7CVL9naP3T0xHPkZNhaKpPV/2NuI/8a9JIUmPhh4vDfDvJkw4Uwbz/t2lpZXVtfWCxvu5tb2zm5xb7+uZaoIrRHJpWqGWFPOBK0ZZjhtJoriOOS0EQ5ucr/xQJVmUtybYUKDGPcEixjBxkqtdoxNP4yyx5HbKZa8sjcBWiT+jJSuPtzLZPzlVjvFz3ZXkjSmwhCOtW75XmKCDCvDCKcjt51qmmAywD3aslTgmOogm0QeoWOrdFEklS1h0ET9PZHhWOthHNrOPKKe93LxP6+VmugiyJhIUkMFmS6KUo6MRPn9qMsUJYYPLcFEMZsVkT5WmBj7pfwJ/vzJi6R+WvbPyv6dV6pcwxQFOIQjOAEfzqECt1CFGhCQ8AQv8OoY59l5c8bT1iVnNnMAf+C8/wCXI5Rz</latexit>x
<latexit sha1_base64="Nkr+YHXxJhrM4e2sjOUTGL+NPOI=">AAACC3icbVC7TsMwFHXKq7Q8AowsVgtSWaqEARgrWBiLRB9SU0WO67RWnQe2U1FCdhZ+hQUJEGJD/AAbHwIzTlskaDmSpeNz7tW99zgho0IaxoeWmZtfWFzKLufyK6tr6/rGZl0EEcekhgMW8KaDBGHUJzVJJSPNkBPkOYw0nP5J6jcGhAsa+OdyGJK2h7o+dSlGUkm2XriwYyvs0aRkeUj2HDe+SuA1/PlcJns5Wy8aZWMEOEvMCSlWdj4fXgf5r6qtv1udAEce8SVmSIiWaYSyHSMuKWYkyVmRICHCfdQlLUV95BHRjke3JHBXKR3oBlw9X8KR+rsjRp4QQ89RlemOYtpLxf+8ViTdo3ZM/TCSxMfjQW7EoAxgGgzsUE6wZENFEOZU7QpxD3GEpYovDcGcPnmW1PfL5kHZPFNpHIMxsmAbFEAJmOAQVMApqIIawOAG3IFH8KTdavfas/YyLs1ok54t8Afa2ze+Op9E</latexit>

q�(z|x)
<latexit sha1_base64="gCeTftFJOXIWVj7m0m8v7c3aYQE=">AAAB9HicbVBNS8NAEN34WeNX1aOXxSJ4KokH9SIWvXisYD+gDWWzmbRLN5u4uynU0N/hxYNSvPo3vHsR/42btgdtfTDweG+GmXl+wpnSjvNtLS2vrK6tFzbsza3tnd3i3n5dxamkUKMxj2XTJwo4E1DTTHNoJhJI5HNo+P2b3G8MQCoWi3s9TMCLSFewkFGijeS1/RC3NeMB4Ee7Uyw5ZWcCvEjcGSldfdiXyfjLrnaKn+0gpmkEQlNOlGq5TqK9jEjNKIeR3U4VJIT2SRdahgoSgfKyydEjfGyUAIexNCU0nqi/JzISKTWMfNMZEd1T814u/ue1Uh1eeBkTSapB0OmiMOVYxzhPAAdMAtV8aAihkplbMe0RSag2OeUhuPMvL5L6adk9K7t3TqlyjaYooEN0hE6Qi85RBd2iKqohih7QE3pBr9bAerbG1tu0dcmazRygP7DefwD7lZSV</latexit>

z̃

<latexit sha1_base64="15j0WQDC4c3sQTPB/tYJX7kjqlE=">AAAB73icbVA9T8MwED2Xr1K+CowsFi0SU5V0AMYKFsYi0Q+pjSrHdVqrjhNsB6lE/RMsDCDEyt9h49/gtBmg5UknPb13p7t7fiy4No7zjQpr6xubW8Xt0s7u3v5B+fCoraNEUdaikYhU1yeaCS5Zy3AjWDdWjIS+YB1/cpP5nUemNI/kvZnGzAvJSPKAU2Ks1K32/QA/VUuDcsWpOXPgVeLmpAI5moPyV38Y0SRk0lBBtO65Tmy8lCjDqWCzUj/RLCZ0QkasZ6kkIdNeOr93hs+sMsRBpGxJg+fq74mUhFpPQ992hsSM9bKXif95vcQEV17KZZwYJuliUZAIbCKcPY+HXDFqxNQSQhW3t2I6JopQYyPKQnCXX14l7XrNvai5d/VK4zqPowgncArn4MIlNOAWmtACCgKe4RXe0AN6Qe/oY9FaQPnMMfwB+vwBXLGO3g==</latexit>z

<latexit sha1_base64="CIQcZndZp3fNrWK9GSAmsRnp8dA=">AAACDHicbVDLSsNAFL2pr1pfVZduBovgqiRF1GVRFy4r2Ae0oUymk3bo5MHMRKwxH+DGX3HjQhG3foA7/8ZJGkFbDwycOede7r3HCTmTyjS/jMLC4tLySnG1tLa+sblV3t5pySAShDZJwAPRcbCknPm0qZjitBMKij2H07YzPk/99g0VkgX+tZqE1Pbw0GcuI1hpqV+u9DysRgTz+CLpx9nHceO75P6H3iaJrjKrZgY0T6ycVCBHo1/+7A0CEnnUV4RjKbuWGSo7xkIxwmlS6kWShpiM8ZB2NfWxR6UdZ8ck6EArA+QGQj9foUz93RFjT8qJ5+jKdEU566Xif143Uu6pHTM/jBT1yXSQG3GkApQmgwZMUKL4RBNMBNO7IjLCAhOl8yvpEKzZk+dJq1a1jqu1q6NK/SyPowh7sA+HYMEJ1OESGtAEAg/wBC/wajwaz8ab8T4tLRh5zy78gfHxDe1lnNM=</latexit>Dz|x

<latexit sha1_base64="gKdb97lu/HIhdW6dEA8OPIGgYJ8=">AAAB+XicbVDLSsNAFJ34rPUVdelmsAiuSlJEXRbduKxgH9CEMplO2qGTSZi5KZaQP3HjQhG3/ok7/8ZJm4W2Hhg4nHMv98wJEsE1OM63tba+sbm1Xdmp7u7tHxzaR8cdHaeKsjaNRax6AdFMcMnawEGwXqIYiQLBusHkrvC7U6Y0j+UjzBLmR2QkecgpASMNbNsbE8i8iMA4CLOnPB/YNafuzIFXiVuSGirRGthf3jCmacQkUEG07rtOAn5GFHAqWF71Us0SQidkxPqGShIx7Wfz5Dk+N8oQh7EyTwKeq783MhJpPYsCM1lE1MteIf7n9VMIb/yMyyQFJuniUJgKDDEuasBDrhgFMTOEUMVNVkzHRBEKpqyqKcFd/vIq6TTq7lW98XBZa96WdVTQKTpDF8hF16iJ7lELtRFFU/SMXtGblVkv1rv1sRhds8qdE/QH1ucPWE+UIQ==</latexit>

x̂

<latexit sha1_base64="1c7ih7bgNFAd88rknyjctYjbI0c=">AAACCnicbVDLSsNAFL2pr1pfUZduRotQQUpSRF0W3bhwUcE+oAllMp20QycPZiZiCVm78VfcuFDErV/gzr9x0nah1QMDZ865l3vv8WLOpLKsL6OwsLi0vFJcLa2tb2xumds7LRklgtAmiXgkOh6WlLOQNhVTnHZiQXHgcdr2Rpe5376jQrIovFXjmLoBHoTMZwQrLfXMfSfAakgwT6+ziuP56X12jJwhVun0kx31zLJVtSZAf4k9I2WYodEzP51+RJKAhopwLGXXtmLlplgoRjjNSk4iaYzJCA9oV9MQB1S66eSUDB1qpY/8SOgXKjRRf3akOJByHHi6Ml9cznu5+J/XTZR/7qYsjBNFQzId5CccqQjluaA+E5QoPtYEE8H0rogMscBE6fRKOgR7/uS/pFWr2qfV2s1JuX4xi6MIe3AAFbDhDOpwBQ1oAoEHeIIXeDUejWfjzXiflhaMWc8u/ILx8Q2GKprM</latexit>

L(x, x̂)

Kingma and  Welling. Auto-encoding variational Bayes, 2014
Rezende, Mohamed, and Wierstra. Stochastic backpropagation and approximate inference in deep generative models., 2014
Higgins, Matthey, Pal, Burgess, Glorot, Botvinick, Mohamed, and Lerchner. beta-VAE: Learning basic visual concepts with a 
constrained variational framework, 2017

Latent space constraints

Observation space constraints

<latexit sha1_base64="H0Ehp7MDmuInOuULqogrwrhXwIA="></latexit>

L��VAE(�, ✓) = Epx(x) [DKL (q�(z|X = x)kpz(z))]| {z }
Dz|x

�� Epx(x)

⇥
Eq�(z|x) [log p✓(x|z)]

⇤
| {z }

L(x,x̂)

<latexit sha1_base64="50hbYZEi6ygBEf6QXr7chsugfGE=">AAACA3icbZDLSsNAFIZP6q3WW9SdboJFqJuSiLdl0Y3LCvYCbSiT6aQdOpmEmYlYQsCNr+LGhSJufQl3vo2TNqC2/jDw8Z9zmHN+L2JUKtv+MgoLi0vLK8XV0tr6xuaWub3TlGEsMGngkIWi7SFJGOWkoahipB0JggKPkZY3usrqrTsiJA35rRpHxA3QgFOfYqS01TP3ol7SDZAaen5yn6aVHz7qmWW7ak9kzYOTQxly1XvmZ7cf4jggXGGGpOw4dqTcBAlFMSNpqRtLEiE8QgPS0chRQKSbTG5IrUPt9C0/FPpxZU3c3xMJCqQcB57uzFaUs7XM/K/WiZV/4SaUR7EiHE8/8mNmqdDKArH6VBCs2FgDwoLqXS08RAJhpWMr6RCc2ZPnoXlcdc6qpzcn5dplHkcR9uEAKuDAOdTgGurQAAwP8AQv8Go8Gs/Gm/E+bS0Y+cwu/JHx8Q3Y/phN</latexit>

px(x)

<latexit sha1_base64="CIv3s91Qwrk0GQM+zcKiiGDFREE=">AAACA3icbZDLSsNAFIZP6q3WW9SdboJFqJuSiLdl0Y3LCvYCbSiT6aQdOpmEmYlQQ8CNr+LGhSJufQl3vo2TNqC2/jDw8Z9zmHN+L2JUKtv+MgoLi0vLK8XV0tr6xuaWub3TlGEsMGngkIWi7SFJGOWkoahipB0JggKPkZY3usrqrTsiJA35rRpHxA3QgFOfYqS01TP3ol7SDZAaen5yn6aVHz7qmWW7ak9kzYOTQxly1XvmZ7cf4jggXGGGpOw4dqTcBAlFMSNpqRtLEiE8QgPS0chRQKSbTG5IrUPt9C0/FPpxZU3c3xMJCqQcB57uzFaUs7XM/K/WiZV/4SaUR7EiHE8/8mNmqdDKArH6VBCs2FgDwoLqXS08RAJhpWMr6RCc2ZPnoXlcdc6qpzcn5dplHkcR9uEAKuDAOdTgGurQAAwP8AQv8Go8Gs/Gm/E+bS0Y+cwu/JHx8Q3fLphR</latexit>

pz(z)

<latexit sha1_base64="1pD3QTkar9DrI8SmA99KTl/pWtM=">AAACA3icbVDLSsNAFJ3UV62vqDvdDBahbkoivpZFNy4r2Ac0IUymk3boZBJnJkINATf+ihsXirj1J9z5N07aLLT1wIXDOfdy7z1+zKhUlvVtlBYWl5ZXyquVtfWNzS1ze6cto0Rg0sIRi0TXR5IwyklLUcVINxYEhT4jHX90lfudeyIkjfitGsfEDdGA04BipLTkmXuOoqxP0rvMc+IhrTkhUkM/SB+yI8+sWnVrAjhP7IJUQYGmZ345/QgnIeEKMyRlz7Zi5aZIKIoZySpOIkmM8AgNSE9TjkIi3XTyQwYPtdKHQSR0cQUn6u+JFIVSjkNfd+YnylkvF//zeokKLtyU8jhRhOPpoiBhUEUwDwT2qSBYsbEmCAuqb4V4iATCSsdW0SHYsy/Pk/Zx3T6rn96cVBuXRRxlsA8OQA3Y4Bw0wDVoghbA4BE8g1fwZjwZL8a78TFtLRnFzC74A+PzB43bmB0=</latexit>

q̃�(z)

<latexit sha1_base64="MJSwk76gytX3CcEwsIqGNem7ayY=">AAACA3icbVDLSsNAFJ34rPUVdaebYBHqpiTia1l047KCfUATwmQ6aYZOHszciCUE3Pgrblwo4tafcOffOGmz0NYDFw7n3Mu993gJZxJM81tbWFxaXlmtrFXXNza3tvWd3Y6MU0Fom8Q8Fj0PS8pZRNvAgNNeIigOPU673ui68Lv3VEgWR3cwTqgT4mHEfEYwKMnV9+0AQ5bkrg0BBVy3QwyB52cP+bGr18yGOYExT6yS1FCJlqt/2YOYpCGNgHAsZd8yE3AyLIARTvOqnUqaYDLCQ9pXNMIhlU42+SE3jpQyMPxYqIrAmKi/JzIcSjkOPdVZnChnvUL8z+un4F86GYuSFGhEpov8lBsQG0UgxoAJSoCPFcFEMHWrQQIsMAEVW1WFYM2+PE86Jw3rvHF2e1prXpVxVNABOkR1ZKEL1EQ3qIXaiKBH9Ixe0Zv2pL1o79rHtHVBK2f20B9onz+JOZga</latexit>

p̂✓(x)

<latexit sha1_base64="ncs5B4gWiThpki4clRzWJltOBQc=">AAACH3icbVDLSgMxFM3UV62vqks3wSJUkDIjWgU3RTcKLirYB3ZqyaSZTmjmQXJHKMP8iRt/xY0LRcRd/8b0IWj1QODknHu59x4nElyBaQ6NzNz8wuJSdjm3srq2vpHf3KqrMJaU1WgoQtl0iGKCB6wGHARrRpIR3xGs4fQvRn7jgUnFw+AWBhFr+6QXcJdTAlrq5MtXncSOPH6AbfAYkPQ+sX0CnvST6zQtjrnjJncpPsPfn2a638kXzJI5Bv5LrCkpoCmqnfyn3Q1p7LMAqCBKtSwzgnZCJHAqWJqzY8UiQvukx1qaBsRnqp2M70vxnla62A2lfgHgsfqzIyG+UgPf0ZWjFdWsNxL/81oxuKfthAdRDCygk0FuLDCEeBQW7nLJKIiBJoRKrnfF1COSUNCR5nQI1uzJf0n9sGSVS8c3R4XK+TSOLNpBu6iILHSCKugSVVENUfSIntErejOejBfj3fiYlGaMac82+gVj+AWcPKNV</latexit>

IL�,✓(Z;X)

<latexit sha1_base64="LgHpI+KqR5XIhF4ZqKSz1zbMcCU=">AAACCHicbVDLSsNAFJ3UV62vqEsXDhahbkoivsBN0Y3uKtgHNiFMppN26GQSZiZCCVm68VfcuFDErZ/gzr9x0lbQ1gMDZ865l3vv8WNGpbKsL6MwN7+wuFRcLq2srq1vmJtbTRklApMGjlgk2j6ShFFOGooqRtqxICj0GWn5g8vcb90TIWnEb9UwJm6IepwGFCOlJc/cvfacuE8rTohU3w/SdgbP4c/nLjvwzLJVtUaAs8SekDKYoO6Zn043wklIuMIMSdmxrVi5KRKKYkaykpNIEiM8QD3S0ZSjkEg3HR2SwX2tdGEQCf24giP1d0eKQimHoa8r8xXltJeL/3mdRAVnbkp5nCjC8XhQkDCoIpinArtUEKzYUBOEBdW7QtxHAmGlsyvpEOzpk2dJ87Bqn1SPb47KtYtJHEWwA/ZABdjgFNTAFaiDBsDgATyBF/BqPBrPxpvxPi4tGJOebfAHxsc30dSZOg==</latexit>

I�(X;Z)
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BIB: generalization of existing schemes

Generalization of existing methods based on IBN

<latexit sha1_base64="cH25w50cAYB92TmO8vjiJpGu3kc=">AAACD3icbVC7TsNAEDzzDOFloKQ5kYBCE9kpgDKChjJI5CEllnW+nJNTzg/drRHB+A9o+BUaChCipaXjb7ATI0HCSCfNzexqd8cJBVdgGF/awuLS8spqYa24vrG5ta3v7LZUEEnKmjQQgew4RDHBfdYEDoJ1QsmI5wjWdkYXmd++YVLxwL+Gccgsjwx87nJKIJVs/agc2nEPhgxIUul5BIaOG98m+B7/fO6S43LR1ktG1ZgAzxMzJyWUo2Hrn71+QCOP+UAFUaprGiFYMZHAqWBJsRcpFhI6IgPWTalPPKaseHJPgg9TpY/dQKbPBzxRf3fExFNq7DlpZbakmvUy8T+vG4F7ZsXcDyNgPp0OciOBIcBZOLjPJaMgxikhVPJ0V0yHRBIKaYRZCObsyfOkVauaJ1Xzqlaqn+dxFNA+OkAVZKJTVEeXqIGaiKIH9IRe0Kv2qD1rb9r7tHRBy3v20B9oH99vKZxB</latexit>

p✓(x|z)<latexit sha1_base64="RW0EtNB6Ejjae0QmvEojAfzMwTM=">AAAB8nicbVA9SwNBEJ3zM55fUUubxSBYhTsLtRGDNpYRzAckR9jb7CVL9naP3T0xHPkZNhaKpPV/2NuI/8a9JIUmPhh4vDfDvJkw4Uwbz/t2lpZXVtfWCxvu5tb2zm5xb7+uZaoIrRHJpWqGWFPOBK0ZZjhtJoriOOS0EQ5ucr/xQJVmUtybYUKDGPcEixjBxkqtdoxNP4yyx5HbKZa8sjcBWiT+jJSuPtzLZPzlVjvFz3ZXkjSmwhCOtW75XmKCDCvDCKcjt51qmmAywD3aslTgmOogm0QeoWOrdFEklS1h0ET9PZHhWOthHNrOPKKe93LxP6+VmugiyJhIUkMFmS6KUo6MRPn9qMsUJYYPLcFEMZsVkT5WmBj7pfwJ/vzJi6R+WvbPyv6dV6pcwxQFOIQjOAEfzqECt1CFGhCQ8AQv8OoY59l5c8bT1iVnNnMAf+C8/wCXI5Rz</latexit>x
<latexit sha1_base64="Nkr+YHXxJhrM4e2sjOUTGL+NPOI=">AAACC3icbVC7TsMwFHXKq7Q8AowsVgtSWaqEARgrWBiLRB9SU0WO67RWnQe2U1FCdhZ+hQUJEGJD/AAbHwIzTlskaDmSpeNz7tW99zgho0IaxoeWmZtfWFzKLufyK6tr6/rGZl0EEcekhgMW8KaDBGHUJzVJJSPNkBPkOYw0nP5J6jcGhAsa+OdyGJK2h7o+dSlGUkm2XriwYyvs0aRkeUj2HDe+SuA1/PlcJns5Wy8aZWMEOEvMCSlWdj4fXgf5r6qtv1udAEce8SVmSIiWaYSyHSMuKWYkyVmRICHCfdQlLUV95BHRjke3JHBXKR3oBlw9X8KR+rsjRp4QQ89RlemOYtpLxf+8ViTdo3ZM/TCSxMfjQW7EoAxgGgzsUE6wZENFEOZU7QpxD3GEpYovDcGcPnmW1PfL5kHZPFNpHIMxsmAbFEAJmOAQVMApqIIawOAG3IFH8KTdavfas/YyLs1ok54t8Afa2ze+Op9E</latexit>

q�(z|x)
<latexit sha1_base64="gCeTftFJOXIWVj7m0m8v7c3aYQE=">AAAB9HicbVBNS8NAEN34WeNX1aOXxSJ4KokH9SIWvXisYD+gDWWzmbRLN5u4uynU0N/hxYNSvPo3vHsR/42btgdtfTDweG+GmXl+wpnSjvNtLS2vrK6tFzbsza3tnd3i3n5dxamkUKMxj2XTJwo4E1DTTHNoJhJI5HNo+P2b3G8MQCoWi3s9TMCLSFewkFGijeS1/RC3NeMB4Ee7Uyw5ZWcCvEjcGSldfdiXyfjLrnaKn+0gpmkEQlNOlGq5TqK9jEjNKIeR3U4VJIT2SRdahgoSgfKyydEjfGyUAIexNCU0nqi/JzISKTWMfNMZEd1T814u/ue1Uh1eeBkTSapB0OmiMOVYxzhPAAdMAtV8aAihkplbMe0RSag2OeUhuPMvL5L6adk9K7t3TqlyjaYooEN0hE6Qi85RBd2iKqohih7QE3pBr9bAerbG1tu0dcmazRygP7DefwD7lZSV</latexit>

z̃

<latexit sha1_base64="15j0WQDC4c3sQTPB/tYJX7kjqlE=">AAAB73icbVA9T8MwED2Xr1K+CowsFi0SU5V0AMYKFsYi0Q+pjSrHdVqrjhNsB6lE/RMsDCDEyt9h49/gtBmg5UknPb13p7t7fiy4No7zjQpr6xubW8Xt0s7u3v5B+fCoraNEUdaikYhU1yeaCS5Zy3AjWDdWjIS+YB1/cpP5nUemNI/kvZnGzAvJSPKAU2Ks1K32/QA/VUuDcsWpOXPgVeLmpAI5moPyV38Y0SRk0lBBtO65Tmy8lCjDqWCzUj/RLCZ0QkasZ6kkIdNeOr93hs+sMsRBpGxJg+fq74mUhFpPQ992hsSM9bKXif95vcQEV17KZZwYJuliUZAIbCKcPY+HXDFqxNQSQhW3t2I6JopQYyPKQnCXX14l7XrNvai5d/VK4zqPowgncArn4MIlNOAWmtACCgKe4RXe0AN6Qe/oY9FaQPnMMfwB+vwBXLGO3g==</latexit>z

<latexit sha1_base64="CIQcZndZp3fNrWK9GSAmsRnp8dA=">AAACDHicbVDLSsNAFL2pr1pfVZduBovgqiRF1GVRFy4r2Ae0oUymk3bo5MHMRKwxH+DGX3HjQhG3foA7/8ZJGkFbDwycOede7r3HCTmTyjS/jMLC4tLySnG1tLa+sblV3t5pySAShDZJwAPRcbCknPm0qZjitBMKij2H07YzPk/99g0VkgX+tZqE1Pbw0GcuI1hpqV+u9DysRgTz+CLpx9nHceO75P6H3iaJrjKrZgY0T6ycVCBHo1/+7A0CEnnUV4RjKbuWGSo7xkIxwmlS6kWShpiM8ZB2NfWxR6UdZ8ck6EArA+QGQj9foUz93RFjT8qJ5+jKdEU566Xif143Uu6pHTM/jBT1yXSQG3GkApQmgwZMUKL4RBNMBNO7IjLCAhOl8yvpEKzZk+dJq1a1jqu1q6NK/SyPowh7sA+HYMEJ1OESGtAEAg/wBC/wajwaz8ab8T4tLRh5zy78gfHxDe1lnNM=</latexit>Dz|x

<latexit sha1_base64="gKdb97lu/HIhdW6dEA8OPIGgYJ8=">AAAB+XicbVDLSsNAFJ34rPUVdelmsAiuSlJEXRbduKxgH9CEMplO2qGTSZi5KZaQP3HjQhG3/ok7/8ZJm4W2Hhg4nHMv98wJEsE1OM63tba+sbm1Xdmp7u7tHxzaR8cdHaeKsjaNRax6AdFMcMnawEGwXqIYiQLBusHkrvC7U6Y0j+UjzBLmR2QkecgpASMNbNsbE8i8iMA4CLOnPB/YNafuzIFXiVuSGirRGthf3jCmacQkUEG07rtOAn5GFHAqWF71Us0SQidkxPqGShIx7Wfz5Dk+N8oQh7EyTwKeq783MhJpPYsCM1lE1MteIf7n9VMIb/yMyyQFJuniUJgKDDEuasBDrhgFMTOEUMVNVkzHRBEKpqyqKcFd/vIq6TTq7lW98XBZa96WdVTQKTpDF8hF16iJ7lELtRFFU/SMXtGblVkv1rv1sRhds8qdE/QH1ucPWE+UIQ==</latexit>

x̂

<latexit sha1_base64="1c7ih7bgNFAd88rknyjctYjbI0c=">AAACCnicbVDLSsNAFL2pr1pfUZduRotQQUpSRF0W3bhwUcE+oAllMp20QycPZiZiCVm78VfcuFDErV/gzr9x0nah1QMDZ865l3vv8WLOpLKsL6OwsLi0vFJcLa2tb2xumds7LRklgtAmiXgkOh6WlLOQNhVTnHZiQXHgcdr2Rpe5376jQrIovFXjmLoBHoTMZwQrLfXMfSfAakgwT6+ziuP56X12jJwhVun0kx31zLJVtSZAf4k9I2WYodEzP51+RJKAhopwLGXXtmLlplgoRjjNSk4iaYzJCA9oV9MQB1S66eSUDB1qpY/8SOgXKjRRf3akOJByHHi6Ml9cznu5+J/XTZR/7qYsjBNFQzId5CccqQjluaA+E5QoPtYEE8H0rogMscBE6fRKOgR7/uS/pFWr2qfV2s1JuX4xi6MIe3AAFbDhDOpwBQ1oAoEHeIIXeDUejWfjzXiflhaMWc8u/ILx8Q2GKprM</latexit>

L(x, x̂)

Zhao, Song, and Ermon. InfoVAE: Information maximizing variational autoencoders. 2017

Latent space constraints

Observation space constraints

InfoVAE:
<latexit sha1_base64="IXa8ZhASxWEKrY44XeVKzbUm2Tk="></latexit>

LInfoVAE (�, ✓) = I�(X;Z)� � Epx(x)

⇥
Eq�(z|x) [log p✓(x|z)]

⇤
| {z }

L(x,x̂)

<latexit sha1_base64="50hbYZEi6ygBEf6QXr7chsugfGE=">AAACA3icbZDLSsNAFIZP6q3WW9SdboJFqJuSiLdl0Y3LCvYCbSiT6aQdOpmEmYlYQsCNr+LGhSJufQl3vo2TNqC2/jDw8Z9zmHN+L2JUKtv+MgoLi0vLK8XV0tr6xuaWub3TlGEsMGngkIWi7SFJGOWkoahipB0JggKPkZY3usrqrTsiJA35rRpHxA3QgFOfYqS01TP3ol7SDZAaen5yn6aVHz7qmWW7ak9kzYOTQxly1XvmZ7cf4jggXGGGpOw4dqTcBAlFMSNpqRtLEiE8QgPS0chRQKSbTG5IrUPt9C0/FPpxZU3c3xMJCqQcB57uzFaUs7XM/K/WiZV/4SaUR7EiHE8/8mNmqdDKArH6VBCs2FgDwoLqXS08RAJhpWMr6RCc2ZPnoXlcdc6qpzcn5dplHkcR9uEAKuDAOdTgGurQAAwP8AQv8Go8Gs/Gm/E+bS0Y+cwu/JHx8Q3Y/phN</latexit>

px(x)

<latexit sha1_base64="CIv3s91Qwrk0GQM+zcKiiGDFREE=">AAACA3icbZDLSsNAFIZP6q3WW9SdboJFqJuSiLdl0Y3LCvYCbSiT6aQdOpmEmYlQQ8CNr+LGhSJufQl3vo2TNqC2/jDw8Z9zmHN+L2JUKtv+MgoLi0vLK8XV0tr6xuaWub3TlGEsMGngkIWi7SFJGOWkoahipB0JggKPkZY3usrqrTsiJA35rRpHxA3QgFOfYqS01TP3ol7SDZAaen5yn6aVHz7qmWW7ak9kzYOTQxly1XvmZ7cf4jggXGGGpOw4dqTcBAlFMSNpqRtLEiE8QgPS0chRQKSbTG5IrUPt9C0/FPpxZU3c3xMJCqQcB57uzFaUs7XM/K/WiZV/4SaUR7EiHE8/8mNmqdDKArH6VBCs2FgDwoLqXS08RAJhpWMr6RCc2ZPnoXlcdc6qpzcn5dplHkcR9uEAKuDAOdTgGurQAAwP8AQv8Go8Gs/Gm/E+bS0Y+cwu/JHx8Q3fLphR</latexit>

pz(z)

<latexit sha1_base64="1pD3QTkar9DrI8SmA99KTl/pWtM=">AAACA3icbVDLSsNAFJ3UV62vqDvdDBahbkoivpZFNy4r2Ac0IUymk3boZBJnJkINATf+ihsXirj1J9z5N07aLLT1wIXDOfdy7z1+zKhUlvVtlBYWl5ZXyquVtfWNzS1ze6cto0Rg0sIRi0TXR5IwyklLUcVINxYEhT4jHX90lfudeyIkjfitGsfEDdGA04BipLTkmXuOoqxP0rvMc+IhrTkhUkM/SB+yI8+sWnVrAjhP7IJUQYGmZ345/QgnIeEKMyRlz7Zi5aZIKIoZySpOIkmM8AgNSE9TjkIi3XTyQwYPtdKHQSR0cQUn6u+JFIVSjkNfd+YnylkvF//zeokKLtyU8jhRhOPpoiBhUEUwDwT2qSBYsbEmCAuqb4V4iATCSsdW0SHYsy/Pk/Zx3T6rn96cVBuXRRxlsA8OQA3Y4Bw0wDVoghbA4BE8g1fwZjwZL8a78TFtLRnFzC74A+PzB43bmB0=</latexit>

q̃�(z)

<latexit sha1_base64="MJSwk76gytX3CcEwsIqGNem7ayY=">AAACA3icbVDLSsNAFJ34rPUVdaebYBHqpiTia1l047KCfUATwmQ6aYZOHszciCUE3Pgrblwo4tafcOffOGmz0NYDFw7n3Mu993gJZxJM81tbWFxaXlmtrFXXNza3tvWd3Y6MU0Fom8Q8Fj0PS8pZRNvAgNNeIigOPU673ui68Lv3VEgWR3cwTqgT4mHEfEYwKMnV9+0AQ5bkrg0BBVy3QwyB52cP+bGr18yGOYExT6yS1FCJlqt/2YOYpCGNgHAsZd8yE3AyLIARTvOqnUqaYDLCQ9pXNMIhlU42+SE3jpQyMPxYqIrAmKi/JzIcSjkOPdVZnChnvUL8z+un4F86GYuSFGhEpov8lBsQG0UgxoAJSoCPFcFEMHWrQQIsMAEVW1WFYM2+PE86Jw3rvHF2e1prXpVxVNABOkR1ZKEL1EQ3qIXaiKBH9Ixe0Zv2pL1o79rHtHVBK2f20B9onz+JOZga</latexit>

p̂✓(x)

<latexit sha1_base64="ncs5B4gWiThpki4clRzWJltOBQc=">AAACH3icbVDLSgMxFM3UV62vqks3wSJUkDIjWgU3RTcKLirYB3ZqyaSZTmjmQXJHKMP8iRt/xY0LRcRd/8b0IWj1QODknHu59x4nElyBaQ6NzNz8wuJSdjm3srq2vpHf3KqrMJaU1WgoQtl0iGKCB6wGHARrRpIR3xGs4fQvRn7jgUnFw+AWBhFr+6QXcJdTAlrq5MtXncSOPH6AbfAYkPQ+sX0CnvST6zQtjrnjJncpPsPfn2a638kXzJI5Bv5LrCkpoCmqnfyn3Q1p7LMAqCBKtSwzgnZCJHAqWJqzY8UiQvukx1qaBsRnqp2M70vxnla62A2lfgHgsfqzIyG+UgPf0ZWjFdWsNxL/81oxuKfthAdRDCygk0FuLDCEeBQW7nLJKIiBJoRKrnfF1COSUNCR5nQI1uzJf0n9sGSVS8c3R4XK+TSOLNpBu6iILHSCKugSVVENUfSIntErejOejBfj3fiYlGaMac82+gVj+AWcPKNV</latexit>

IL�,✓(Z;X)

<latexit sha1_base64="LgHpI+KqR5XIhF4ZqKSz1zbMcCU=">AAACCHicbVDLSsNAFJ3UV62vqEsXDhahbkoivsBN0Y3uKtgHNiFMppN26GQSZiZCCVm68VfcuFDErZ/gzr9x0lbQ1gMDZ865l3vv8WNGpbKsL6MwN7+wuFRcLq2srq1vmJtbTRklApMGjlgk2j6ShFFOGooqRtqxICj0GWn5g8vcb90TIWnEb9UwJm6IepwGFCOlJc/cvfacuE8rTohU3w/SdgbP4c/nLjvwzLJVtUaAs8SekDKYoO6Zn043wklIuMIMSdmxrVi5KRKKYkaykpNIEiM8QD3S0ZSjkEg3HR2SwX2tdGEQCf24giP1d0eKQimHoa8r8xXltJeL/3mdRAVnbkp5nCjC8XhQkDCoIpinArtUEKzYUBOEBdW7QtxHAmGlsyvpEOzpk2dJ87Bqn1SPb47KtYtJHEWwA/ZABdjgFNTAFaiDBsDgATyBF/BqPBrPxpvxPi4tGJOebfAHxsc30dSZOg==</latexit>

I�(X;Z)
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BIB: generalization of existing schemes
VAE/GAN

Generalization of existing methods based on IBN

<latexit sha1_base64="cH25w50cAYB92TmO8vjiJpGu3kc=">AAACD3icbVC7TsNAEDzzDOFloKQ5kYBCE9kpgDKChjJI5CEllnW+nJNTzg/drRHB+A9o+BUaChCipaXjb7ATI0HCSCfNzexqd8cJBVdgGF/awuLS8spqYa24vrG5ta3v7LZUEEnKmjQQgew4RDHBfdYEDoJ1QsmI5wjWdkYXmd++YVLxwL+Gccgsjwx87nJKIJVs/agc2nEPhgxIUul5BIaOG98m+B7/fO6S43LR1ktG1ZgAzxMzJyWUo2Hrn71+QCOP+UAFUaprGiFYMZHAqWBJsRcpFhI6IgPWTalPPKaseHJPgg9TpY/dQKbPBzxRf3fExFNq7DlpZbakmvUy8T+vG4F7ZsXcDyNgPp0OciOBIcBZOLjPJaMgxikhVPJ0V0yHRBIKaYRZCObsyfOkVauaJ1Xzqlaqn+dxFNA+OkAVZKJTVEeXqIGaiKIH9IRe0Kv2qD1rb9r7tHRBy3v20B9oH99vKZxB</latexit>

p✓(x|z)<latexit sha1_base64="RW0EtNB6Ejjae0QmvEojAfzMwTM=">AAAB8nicbVA9SwNBEJ3zM55fUUubxSBYhTsLtRGDNpYRzAckR9jb7CVL9naP3T0xHPkZNhaKpPV/2NuI/8a9JIUmPhh4vDfDvJkw4Uwbz/t2lpZXVtfWCxvu5tb2zm5xb7+uZaoIrRHJpWqGWFPOBK0ZZjhtJoriOOS0EQ5ucr/xQJVmUtybYUKDGPcEixjBxkqtdoxNP4yyx5HbKZa8sjcBWiT+jJSuPtzLZPzlVjvFz3ZXkjSmwhCOtW75XmKCDCvDCKcjt51qmmAywD3aslTgmOogm0QeoWOrdFEklS1h0ET9PZHhWOthHNrOPKKe93LxP6+VmugiyJhIUkMFmS6KUo6MRPn9qMsUJYYPLcFEMZsVkT5WmBj7pfwJ/vzJi6R+WvbPyv6dV6pcwxQFOIQjOAEfzqECt1CFGhCQ8AQv8OoY59l5c8bT1iVnNnMAf+C8/wCXI5Rz</latexit>x
<latexit sha1_base64="Nkr+YHXxJhrM4e2sjOUTGL+NPOI=">AAACC3icbVC7TsMwFHXKq7Q8AowsVgtSWaqEARgrWBiLRB9SU0WO67RWnQe2U1FCdhZ+hQUJEGJD/AAbHwIzTlskaDmSpeNz7tW99zgho0IaxoeWmZtfWFzKLufyK6tr6/rGZl0EEcekhgMW8KaDBGHUJzVJJSPNkBPkOYw0nP5J6jcGhAsa+OdyGJK2h7o+dSlGUkm2XriwYyvs0aRkeUj2HDe+SuA1/PlcJns5Wy8aZWMEOEvMCSlWdj4fXgf5r6qtv1udAEce8SVmSIiWaYSyHSMuKWYkyVmRICHCfdQlLUV95BHRjke3JHBXKR3oBlw9X8KR+rsjRp4QQ89RlemOYtpLxf+8ViTdo3ZM/TCSxMfjQW7EoAxgGgzsUE6wZENFEOZU7QpxD3GEpYovDcGcPnmW1PfL5kHZPFNpHIMxsmAbFEAJmOAQVMApqIIawOAG3IFH8KTdavfas/YyLs1ok54t8Afa2ze+Op9E</latexit>

q�(z|x)
<latexit sha1_base64="gCeTftFJOXIWVj7m0m8v7c3aYQE=">AAAB9HicbVBNS8NAEN34WeNX1aOXxSJ4KokH9SIWvXisYD+gDWWzmbRLN5u4uynU0N/hxYNSvPo3vHsR/42btgdtfTDweG+GmXl+wpnSjvNtLS2vrK6tFzbsza3tnd3i3n5dxamkUKMxj2XTJwo4E1DTTHNoJhJI5HNo+P2b3G8MQCoWi3s9TMCLSFewkFGijeS1/RC3NeMB4Ee7Uyw5ZWcCvEjcGSldfdiXyfjLrnaKn+0gpmkEQlNOlGq5TqK9jEjNKIeR3U4VJIT2SRdahgoSgfKyydEjfGyUAIexNCU0nqi/JzISKTWMfNMZEd1T814u/ue1Uh1eeBkTSapB0OmiMOVYxzhPAAdMAtV8aAihkplbMe0RSag2OeUhuPMvL5L6adk9K7t3TqlyjaYooEN0hE6Qi85RBd2iKqohih7QE3pBr9bAerbG1tu0dcmazRygP7DefwD7lZSV</latexit>

z̃

<latexit sha1_base64="15j0WQDC4c3sQTPB/tYJX7kjqlE=">AAAB73icbVA9T8MwED2Xr1K+CowsFi0SU5V0AMYKFsYi0Q+pjSrHdVqrjhNsB6lE/RMsDCDEyt9h49/gtBmg5UknPb13p7t7fiy4No7zjQpr6xubW8Xt0s7u3v5B+fCoraNEUdaikYhU1yeaCS5Zy3AjWDdWjIS+YB1/cpP5nUemNI/kvZnGzAvJSPKAU2Ks1K32/QA/VUuDcsWpOXPgVeLmpAI5moPyV38Y0SRk0lBBtO65Tmy8lCjDqWCzUj/RLCZ0QkasZ6kkIdNeOr93hs+sMsRBpGxJg+fq74mUhFpPQ992hsSM9bKXif95vcQEV17KZZwYJuliUZAIbCKcPY+HXDFqxNQSQhW3t2I6JopQYyPKQnCXX14l7XrNvai5d/VK4zqPowgncArn4MIlNOAWmtACCgKe4RXe0AN6Qe/oY9FaQPnMMfwB+vwBXLGO3g==</latexit>z

<latexit sha1_base64="CIQcZndZp3fNrWK9GSAmsRnp8dA=">AAACDHicbVDLSsNAFL2pr1pfVZduBovgqiRF1GVRFy4r2Ae0oUymk3bo5MHMRKwxH+DGX3HjQhG3foA7/8ZJGkFbDwycOede7r3HCTmTyjS/jMLC4tLySnG1tLa+sblV3t5pySAShDZJwAPRcbCknPm0qZjitBMKij2H07YzPk/99g0VkgX+tZqE1Pbw0GcuI1hpqV+u9DysRgTz+CLpx9nHceO75P6H3iaJrjKrZgY0T6ycVCBHo1/+7A0CEnnUV4RjKbuWGSo7xkIxwmlS6kWShpiM8ZB2NfWxR6UdZ8ck6EArA+QGQj9foUz93RFjT8qJ5+jKdEU566Xif143Uu6pHTM/jBT1yXSQG3GkApQmgwZMUKL4RBNMBNO7IjLCAhOl8yvpEKzZk+dJq1a1jqu1q6NK/SyPowh7sA+HYMEJ1OESGtAEAg/wBC/wajwaz8ab8T4tLRh5zy78gfHxDe1lnNM=</latexit>Dz|x

<latexit sha1_base64="gKdb97lu/HIhdW6dEA8OPIGgYJ8=">AAAB+XicbVDLSsNAFJ34rPUVdelmsAiuSlJEXRbduKxgH9CEMplO2qGTSZi5KZaQP3HjQhG3/ok7/8ZJm4W2Hhg4nHMv98wJEsE1OM63tba+sbm1Xdmp7u7tHxzaR8cdHaeKsjaNRax6AdFMcMnawEGwXqIYiQLBusHkrvC7U6Y0j+UjzBLmR2QkecgpASMNbNsbE8i8iMA4CLOnPB/YNafuzIFXiVuSGirRGthf3jCmacQkUEG07rtOAn5GFHAqWF71Us0SQidkxPqGShIx7Wfz5Dk+N8oQh7EyTwKeq783MhJpPYsCM1lE1MteIf7n9VMIb/yMyyQFJuniUJgKDDEuasBDrhgFMTOEUMVNVkzHRBEKpqyqKcFd/vIq6TTq7lW98XBZa96WdVTQKTpDF8hF16iJ7lELtRFFU/SMXtGblVkv1rv1sRhds8qdE/QH1ucPWE+UIQ==</latexit>

x̂

<latexit sha1_base64="1c7ih7bgNFAd88rknyjctYjbI0c=">AAACCnicbVDLSsNAFL2pr1pfUZduRotQQUpSRF0W3bhwUcE+oAllMp20QycPZiZiCVm78VfcuFDErV/gzr9x0nah1QMDZ865l3vv8WLOpLKsL6OwsLi0vFJcLa2tb2xumds7LRklgtAmiXgkOh6WlLOQNhVTnHZiQXHgcdr2Rpe5376jQrIovFXjmLoBHoTMZwQrLfXMfSfAakgwT6+ziuP56X12jJwhVun0kx31zLJVtSZAf4k9I2WYodEzP51+RJKAhopwLGXXtmLlplgoRjjNSk4iaYzJCA9oV9MQB1S66eSUDB1qpY/8SOgXKjRRf3akOJByHHi6Ml9cznu5+J/XTZR/7qYsjBNFQzId5CccqQjluaA+E5QoPtYEE8H0rogMscBE6fRKOgR7/uS/pFWr2qfV2s1JuX4xi6MIe3AAFbDhDOpwBQ1oAoEHeIIXeDUejWfjzXiflhaMWc8u/ILx8Q2GKprM</latexit>

L(x, x̂)

<latexit sha1_base64="RW0EtNB6Ejjae0QmvEojAfzMwTM=">AAAB8nicbVA9SwNBEJ3zM55fUUubxSBYhTsLtRGDNpYRzAckR9jb7CVL9naP3T0xHPkZNhaKpPV/2NuI/8a9JIUmPhh4vDfDvJkw4Uwbz/t2lpZXVtfWCxvu5tb2zm5xb7+uZaoIrRHJpWqGWFPOBK0ZZjhtJoriOOS0EQ5ucr/xQJVmUtybYUKDGPcEixjBxkqtdoxNP4yyx5HbKZa8sjcBWiT+jJSuPtzLZPzlVjvFz3ZXkjSmwhCOtW75XmKCDCvDCKcjt51qmmAywD3aslTgmOogm0QeoWOrdFEklS1h0ET9PZHhWOthHNrOPKKe93LxP6+VmugiyJhIUkMFmS6KUo6MRPn9qMsUJYYPLcFEMZsVkT5WmBj7pfwJ/vzJi6R+WvbPyv6dV6pcwxQFOIQjOAEfzqECt1CFGhCQ8AQv8OoY59l5c8bT1iVnNnMAf+C8/wCXI5Rz</latexit>x

Larsen, Sønderby, Larochelle, and  Winther. Autoencoding beyond pixels using a learned similarity metric. 2015

Latent space constraints

Observation space constraints

<latexit sha1_base64="ncs5B4gWiThpki4clRzWJltOBQc=">AAACH3icbVDLSgMxFM3UV62vqks3wSJUkDIjWgU3RTcKLirYB3ZqyaSZTmjmQXJHKMP8iRt/xY0LRcRd/8b0IWj1QODknHu59x4nElyBaQ6NzNz8wuJSdjm3srq2vpHf3KqrMJaU1WgoQtl0iGKCB6wGHARrRpIR3xGs4fQvRn7jgUnFw+AWBhFr+6QXcJdTAlrq5MtXncSOPH6AbfAYkPQ+sX0CnvST6zQtjrnjJncpPsPfn2a638kXzJI5Bv5LrCkpoCmqnfyn3Q1p7LMAqCBKtSwzgnZCJHAqWJqzY8UiQvukx1qaBsRnqp2M70vxnla62A2lfgHgsfqzIyG+UgPf0ZWjFdWsNxL/81oxuKfthAdRDCygk0FuLDCEeBQW7nLJKIiBJoRKrnfF1COSUNCR5nQI1uzJf0n9sGSVS8c3R4XK+TSOLNpBu6iILHSCKugSVVENUfSIntErejOejBfj3fiYlGaMac82+gVj+AWcPKNV</latexit>

IL�,✓(Z;X)

<latexit sha1_base64="rws8P5xfJnh91raeL5d62Gt8Rpw=">AAACB3icbVDLSsNAFJ3UV62vqEtBgkVwVRLxtSzqwmUF+4AmhMl00g6dTMLMRCxDdm78FTcuFHHrL7jzb5ykWWjrgQuHc+7l3nuChBIhbfvbqCwsLi2vVFdra+sbm1vm9k5HxClHuI1iGvNeAAWmhOG2JJLiXsIxjAKKu8H4Kve795gLErM7OUmwF8EhIyFBUGrJN/fdCMoRglRdZ75yR1CqQglC9ZBlmW/W7YZdwJonTknqoETLN7/cQYzSCDOJKBSi79iJ9BTkkiCKs5qbCpxANIZD3NeUwQgLTxV/ZNahVgZWGHNdTFqF+ntCwUiISRTozvxGMevl4n9eP5XhhacIS1KJGZouClNqydjKQ7EGhGMk6UQTiDjRt1poBDlEUkdX0yE4sy/Pk85xwzlrnN6e1JuXZRxVsAcOwBFwwDloghvQAm2AwCN4Bq/gzXgyXox342PaWjHKmV3wB8bnD6cymnk=</latexit>Dx̂

<latexit sha1_base64="LgHpI+KqR5XIhF4ZqKSz1zbMcCU=">AAACCHicbVDLSsNAFJ3UV62vqEsXDhahbkoivsBN0Y3uKtgHNiFMppN26GQSZiZCCVm68VfcuFDErZ/gzr9x0lbQ1gMDZ865l3vv8WNGpbKsL6MwN7+wuFRcLq2srq1vmJtbTRklApMGjlgk2j6ShFFOGooqRtqxICj0GWn5g8vcb90TIWnEb9UwJm6IepwGFCOlJc/cvfacuE8rTohU3w/SdgbP4c/nLjvwzLJVtUaAs8SekDKYoO6Zn043wklIuMIMSdmxrVi5KRKKYkaykpNIEiM8QD3S0ZSjkEg3HR2SwX2tdGEQCf24giP1d0eKQimHoa8r8xXltJeL/3mdRAVnbkp5nCjC8XhQkDCoIpinArtUEKzYUBOEBdW7QtxHAmGlsyvpEOzpk2dJ87Bqn1SPb47KtYtJHEWwA/ZABdjgFNTAFaiDBsDgATyBF/BqPBrPxpvxPi4tGJOebfAHxsc30dSZOg==</latexit>

I�(X;Z)

<latexit sha1_base64="CIv3s91Qwrk0GQM+zcKiiGDFREE=">AAACA3icbZDLSsNAFIZP6q3WW9SdboJFqJuSiLdl0Y3LCvYCbSiT6aQdOpmEmYlQQ8CNr+LGhSJufQl3vo2TNqC2/jDw8Z9zmHN+L2JUKtv+MgoLi0vLK8XV0tr6xuaWub3TlGEsMGngkIWi7SFJGOWkoahipB0JggKPkZY3usrqrTsiJA35rRpHxA3QgFOfYqS01TP3ol7SDZAaen5yn6aVHz7qmWW7ak9kzYOTQxly1XvmZ7cf4jggXGGGpOw4dqTcBAlFMSNpqRtLEiE8QgPS0chRQKSbTG5IrUPt9C0/FPpxZU3c3xMJCqQcB57uzFaUs7XM/K/WiZV/4SaUR7EiHE8/8mNmqdDKArH6VBCs2FgDwoLqXS08RAJhpWMr6RCc2ZPnoXlcdc6qpzcn5dplHkcR9uEAKuDAOdTgGurQAAwP8AQv8Go8Gs/Gm/E+bS0Y+cwu/JHx8Q3fLphR</latexit>

pz(z)

<latexit sha1_base64="50hbYZEi6ygBEf6QXr7chsugfGE=">AAACA3icbZDLSsNAFIZP6q3WW9SdboJFqJuSiLdl0Y3LCvYCbSiT6aQdOpmEmYlYQsCNr+LGhSJufQl3vo2TNqC2/jDw8Z9zmHN+L2JUKtv+MgoLi0vLK8XV0tr6xuaWub3TlGEsMGngkIWi7SFJGOWkoahipB0JggKPkZY3usrqrTsiJA35rRpHxA3QgFOfYqS01TP3ol7SDZAaen5yn6aVHz7qmWW7ak9kzYOTQxly1XvmZ7cf4jggXGGGpOw4dqTcBAlFMSNpqRtLEiE8QgPS0chRQKSbTG5IrUPt9C0/FPpxZU3c3xMJCqQcB57uzFaUs7XM/K/WiZV/4SaUR7EiHE8/8mNmqdDKArH6VBCs2FgDwoLqXS08RAJhpWMr6RCc2ZPnoXlcdc6qpzcn5dplHkcR9uEAKuDAOdTgGurQAAwP8AQv8Go8Gs/Gm/E+bS0Y+cwu/JHx8Q3Y/phN</latexit>

px(x)

<latexit sha1_base64="MJSwk76gytX3CcEwsIqGNem7ayY=">AAACA3icbVDLSsNAFJ34rPUVdaebYBHqpiTia1l047KCfUATwmQ6aYZOHszciCUE3Pgrblwo4tafcOffOGmz0NYDFw7n3Mu993gJZxJM81tbWFxaXlmtrFXXNza3tvWd3Y6MU0Fom8Q8Fj0PS8pZRNvAgNNeIigOPU673ui68Lv3VEgWR3cwTqgT4mHEfEYwKMnV9+0AQ5bkrg0BBVy3QwyB52cP+bGr18yGOYExT6yS1FCJlqt/2YOYpCGNgHAsZd8yE3AyLIARTvOqnUqaYDLCQ9pXNMIhlU42+SE3jpQyMPxYqIrAmKi/JzIcSjkOPdVZnChnvUL8z+un4F86GYuSFGhEpov8lBsQG0UgxoAJSoCPFcFEMHWrQQIsMAEVW1WFYM2+PE86Jw3rvHF2e1prXpVxVNABOkR1ZKEL1EQ3qIXaiKBH9Ixe0Zv2pL1o79rHtHVBK2f20B9onz+JOZga</latexit>

p̂✓(x)

<latexit sha1_base64="1pD3QTkar9DrI8SmA99KTl/pWtM=">AAACA3icbVDLSsNAFJ3UV62vqDvdDBahbkoivpZFNy4r2Ac0IUymk3boZBJnJkINATf+ihsXirj1J9z5N07aLLT1wIXDOfdy7z1+zKhUlvVtlBYWl5ZXyquVtfWNzS1ze6cto0Rg0sIRi0TXR5IwyklLUcVINxYEhT4jHX90lfudeyIkjfitGsfEDdGA04BipLTkmXuOoqxP0rvMc+IhrTkhUkM/SB+yI8+sWnVrAjhP7IJUQYGmZ345/QgnIeEKMyRlz7Zi5aZIKIoZySpOIkmM8AgNSE9TjkIi3XTyQwYPtdKHQSR0cQUn6u+JFIVSjkNfd+YnylkvF//zeokKLtyU8jhRhOPpoiBhUEUwDwT2qSBYsbEmCAuqb4V4iATCSsdW0SHYsy/Pk/Zx3T6rn96cVBuXRRxlsA8OQA3Y4Bw0wDVoghbA4BE8g1fwZjwZL8a78TFtLRnFzC74A+PzB43bmB0=</latexit>

q̃�(z)

<latexit sha1_base64="Aha9ObCUrDKChgxtd2Iv9Bmxw18="></latexit>

LVAE/GAN(�, ✓) = Epx(x) [DKL (q�(z|X = x)kpz(z))]| {z }
Dz|x

�� Epx(x)

⇥
Eq�(z|x) [log p✓(x|z)]

⇤
| {z }

L(x,x̂)
<latexit sha1_base64="yb3UHQCT1AGdB3t4ePh8ZtIGRKc="></latexit>

+DKL (px(x)kp̂✓(x))| {z }
Dx̂



13Restrictions of IBN

§ The information bottleneck (IB) theory posits that a neural network can be trained to 

extract the most relevant information from its inputs while discarding task irrelevant 

information

§ However, it has a number of restrictions:

§ IBN does not have any meaningful latent space that would correspond to the 

physics of underlying phenomena

§ The latent space does not correspond to typical physical observation or 

measurement models

§ IBN does not explain systems such as AAE, CycleGAN, Probabilistic AE and many 

others

§ IBN does not envision an optimization of detectors, sensors and antennas as 

“physical encoders”
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BIB: generalization of existing schemes

Restrictions of IBN

<latexit sha1_base64="cH25w50cAYB92TmO8vjiJpGu3kc=">AAACD3icbVC7TsNAEDzzDOFloKQ5kYBCE9kpgDKChjJI5CEllnW+nJNTzg/drRHB+A9o+BUaChCipaXjb7ATI0HCSCfNzexqd8cJBVdgGF/awuLS8spqYa24vrG5ta3v7LZUEEnKmjQQgew4RDHBfdYEDoJ1QsmI5wjWdkYXmd++YVLxwL+Gccgsjwx87nJKIJVs/agc2nEPhgxIUul5BIaOG98m+B7/fO6S43LR1ktG1ZgAzxMzJyWUo2Hrn71+QCOP+UAFUaprGiFYMZHAqWBJsRcpFhI6IgPWTalPPKaseHJPgg9TpY/dQKbPBzxRf3fExFNq7DlpZbakmvUy8T+vG4F7ZsXcDyNgPp0OciOBIcBZOLjPJaMgxikhVPJ0V0yHRBIKaYRZCObsyfOkVauaJ1Xzqlaqn+dxFNA+OkAVZKJTVEeXqIGaiKIH9IRe0Kv2qD1rb9r7tHRBy3v20B9oH99vKZxB</latexit>

p✓(x|z)<latexit sha1_base64="RW0EtNB6Ejjae0QmvEojAfzMwTM=">AAAB8nicbVA9SwNBEJ3zM55fUUubxSBYhTsLtRGDNpYRzAckR9jb7CVL9naP3T0xHPkZNhaKpPV/2NuI/8a9JIUmPhh4vDfDvJkw4Uwbz/t2lpZXVtfWCxvu5tb2zm5xb7+uZaoIrRHJpWqGWFPOBK0ZZjhtJoriOOS0EQ5ucr/xQJVmUtybYUKDGPcEixjBxkqtdoxNP4yyx5HbKZa8sjcBWiT+jJSuPtzLZPzlVjvFz3ZXkjSmwhCOtW75XmKCDCvDCKcjt51qmmAywD3aslTgmOogm0QeoWOrdFEklS1h0ET9PZHhWOthHNrOPKKe93LxP6+VmugiyJhIUkMFmS6KUo6MRPn9qMsUJYYPLcFEMZsVkT5WmBj7pfwJ/vzJi6R+WvbPyv6dV6pcwxQFOIQjOAEfzqECt1CFGhCQ8AQv8OoY59l5c8bT1iVnNnMAf+C8/wCXI5Rz</latexit>x
<latexit sha1_base64="Nkr+YHXxJhrM4e2sjOUTGL+NPOI=">AAACC3icbVC7TsMwFHXKq7Q8AowsVgtSWaqEARgrWBiLRB9SU0WO67RWnQe2U1FCdhZ+hQUJEGJD/AAbHwIzTlskaDmSpeNz7tW99zgho0IaxoeWmZtfWFzKLufyK6tr6/rGZl0EEcekhgMW8KaDBGHUJzVJJSPNkBPkOYw0nP5J6jcGhAsa+OdyGJK2h7o+dSlGUkm2XriwYyvs0aRkeUj2HDe+SuA1/PlcJns5Wy8aZWMEOEvMCSlWdj4fXgf5r6qtv1udAEce8SVmSIiWaYSyHSMuKWYkyVmRICHCfdQlLUV95BHRjke3JHBXKR3oBlw9X8KR+rsjRp4QQ89RlemOYtpLxf+8ViTdo3ZM/TCSxMfjQW7EoAxgGgzsUE6wZENFEOZU7QpxD3GEpYovDcGcPnmW1PfL5kHZPFNpHIMxsmAbFEAJmOAQVMApqIIawOAG3IFH8KTdavfas/YyLs1ok54t8Afa2ze+Op9E</latexit>

q�(z|x)
<latexit sha1_base64="gCeTftFJOXIWVj7m0m8v7c3aYQE=">AAAB9HicbVBNS8NAEN34WeNX1aOXxSJ4KokH9SIWvXisYD+gDWWzmbRLN5u4uynU0N/hxYNSvPo3vHsR/42btgdtfTDweG+GmXl+wpnSjvNtLS2vrK6tFzbsza3tnd3i3n5dxamkUKMxj2XTJwo4E1DTTHNoJhJI5HNo+P2b3G8MQCoWi3s9TMCLSFewkFGijeS1/RC3NeMB4Ee7Uyw5ZWcCvEjcGSldfdiXyfjLrnaKn+0gpmkEQlNOlGq5TqK9jEjNKIeR3U4VJIT2SRdahgoSgfKyydEjfGyUAIexNCU0nqi/JzISKTWMfNMZEd1T814u/ue1Uh1eeBkTSapB0OmiMOVYxzhPAAdMAtV8aAihkplbMe0RSag2OeUhuPMvL5L6adk9K7t3TqlyjaYooEN0hE6Qi85RBd2iKqohih7QE3pBr9bAerbG1tu0dcmazRygP7DefwD7lZSV</latexit>

z̃

<latexit sha1_base64="15j0WQDC4c3sQTPB/tYJX7kjqlE=">AAAB73icbVA9T8MwED2Xr1K+CowsFi0SU5V0AMYKFsYi0Q+pjSrHdVqrjhNsB6lE/RMsDCDEyt9h49/gtBmg5UknPb13p7t7fiy4No7zjQpr6xubW8Xt0s7u3v5B+fCoraNEUdaikYhU1yeaCS5Zy3AjWDdWjIS+YB1/cpP5nUemNI/kvZnGzAvJSPKAU2Ks1K32/QA/VUuDcsWpOXPgVeLmpAI5moPyV38Y0SRk0lBBtO65Tmy8lCjDqWCzUj/RLCZ0QkasZ6kkIdNeOr93hs+sMsRBpGxJg+fq74mUhFpPQ992hsSM9bKXif95vcQEV17KZZwYJuliUZAIbCKcPY+HXDFqxNQSQhW3t2I6JopQYyPKQnCXX14l7XrNvai5d/VK4zqPowgncArn4MIlNOAWmtACCgKe4RXe0AN6Qe/oY9FaQPnMMfwB+vwBXLGO3g==</latexit>z

<latexit sha1_base64="gKdb97lu/HIhdW6dEA8OPIGgYJ8=">AAAB+XicbVDLSsNAFJ34rPUVdelmsAiuSlJEXRbduKxgH9CEMplO2qGTSZi5KZaQP3HjQhG3/ok7/8ZJm4W2Hhg4nHMv98wJEsE1OM63tba+sbm1Xdmp7u7tHxzaR8cdHaeKsjaNRax6AdFMcMnawEGwXqIYiQLBusHkrvC7U6Y0j+UjzBLmR2QkecgpASMNbNsbE8i8iMA4CLOnPB/YNafuzIFXiVuSGirRGthf3jCmacQkUEG07rtOAn5GFHAqWF71Us0SQidkxPqGShIx7Wfz5Dk+N8oQh7EyTwKeq783MhJpPYsCM1lE1MteIf7n9VMIb/yMyyQFJuniUJgKDDEuasBDrhgFMTOEUMVNVkzHRBEKpqyqKcFd/vIq6TTq7lW98XBZa96WdVTQKTpDF8hF16iJ7lELtRFFU/SMXtGblVkv1rv1sRhds8qdE/QH1ucPWE+UIQ==</latexit>

x̂

<latexit sha1_base64="1c7ih7bgNFAd88rknyjctYjbI0c=">AAACCnicbVDLSsNAFL2pr1pfUZduRotQQUpSRF0W3bhwUcE+oAllMp20QycPZiZiCVm78VfcuFDErV/gzr9x0nah1QMDZ865l3vv8WLOpLKsL6OwsLi0vFJcLa2tb2xumds7LRklgtAmiXgkOh6WlLOQNhVTnHZiQXHgcdr2Rpe5376jQrIovFXjmLoBHoTMZwQrLfXMfSfAakgwT6+ziuP56X12jJwhVun0kx31zLJVtSZAf4k9I2WYodEzP51+RJKAhopwLGXXtmLlplgoRjjNSk4iaYzJCA9oV9MQB1S66eSUDB1qpY/8SOgXKjRRf3akOJByHHi6Ml9cznu5+J/XTZR/7qYsjBNFQzId5CccqQjluaA+E5QoPtYEE8H0rogMscBE6fRKOgR7/uS/pFWr2qfV2s1JuX4xi6MIe3AAFbDhDOpwBQ1oAoEHeIIXeDUejWfjzXiflhaMWc8u/ILx8Q2GKprM</latexit>

L(x, x̂)

Makhzani, Shlens, Jaitly, Goodfellow, and Frey. Adversarial autoencoders, 2015 

Latent space constraints

Observation space constraints

AAE: Adversarial Autoencoder – Not a case!

<latexit sha1_base64="CIv3s91Qwrk0GQM+zcKiiGDFREE=">AAACA3icbZDLSsNAFIZP6q3WW9SdboJFqJuSiLdl0Y3LCvYCbSiT6aQdOpmEmYlQQ8CNr+LGhSJufQl3vo2TNqC2/jDw8Z9zmHN+L2JUKtv+MgoLi0vLK8XV0tr6xuaWub3TlGEsMGngkIWi7SFJGOWkoahipB0JggKPkZY3usrqrTsiJA35rRpHxA3QgFOfYqS01TP3ol7SDZAaen5yn6aVHz7qmWW7ak9kzYOTQxly1XvmZ7cf4jggXGGGpOw4dqTcBAlFMSNpqRtLEiE8QgPS0chRQKSbTG5IrUPt9C0/FPpxZU3c3xMJCqQcB57uzFaUs7XM/K/WiZV/4SaUR7EiHE8/8mNmqdDKArH6VBCs2FgDwoLqXS08RAJhpWMr6RCc2ZPnoXlcdc6qpzcn5dplHkcR9uEAKuDAOdTgGurQAAwP8AQv8Go8Gs/Gm/E+bS0Y+cwu/JHx8Q3fLphR</latexit>

pz(z)

<latexit sha1_base64="50hbYZEi6ygBEf6QXr7chsugfGE=">AAACA3icbZDLSsNAFIZP6q3WW9SdboJFqJuSiLdl0Y3LCvYCbSiT6aQdOpmEmYlYQsCNr+LGhSJufQl3vo2TNqC2/jDw8Z9zmHN+L2JUKtv+MgoLi0vLK8XV0tr6xuaWub3TlGEsMGngkIWi7SFJGOWkoahipB0JggKPkZY3usrqrTsiJA35rRpHxA3QgFOfYqS01TP3ol7SDZAaen5yn6aVHz7qmWW7ak9kzYOTQxly1XvmZ7cf4jggXGGGpOw4dqTcBAlFMSNpqRtLEiE8QgPS0chRQKSbTG5IrUPt9C0/FPpxZU3c3xMJCqQcB57uzFaUs7XM/K/WiZV/4SaUR7EiHE8/8mNmqdDKArH6VBCs2FgDwoLqXS08RAJhpWMr6RCc2ZPnoXlcdc6qpzcn5dplHkcR9uEAKuDAOdTgGurQAAwP8AQv8Go8Gs/Gm/E+bS0Y+cwu/JHx8Q3Y/phN</latexit>

px(x)

<latexit sha1_base64="1pD3QTkar9DrI8SmA99KTl/pWtM=">AAACA3icbVDLSsNAFJ3UV62vqDvdDBahbkoivpZFNy4r2Ac0IUymk3boZBJnJkINATf+ihsXirj1J9z5N07aLLT1wIXDOfdy7z1+zKhUlvVtlBYWl5ZXyquVtfWNzS1ze6cto0Rg0sIRi0TXR5IwyklLUcVINxYEhT4jHX90lfudeyIkjfitGsfEDdGA04BipLTkmXuOoqxP0rvMc+IhrTkhUkM/SB+yI8+sWnVrAjhP7IJUQYGmZ345/QgnIeEKMyRlz7Zi5aZIKIoZySpOIkmM8AgNSE9TjkIi3XTyQwYPtdKHQSR0cQUn6u+JFIVSjkNfd+YnylkvF//zeokKLtyU8jhRhOPpoiBhUEUwDwT2qSBYsbEmCAuqb4V4iATCSsdW0SHYsy/Pk/Zx3T6rn96cVBuXRRxlsA8OQA3Y4Bw0wDVoghbA4BE8g1fwZjwZL8a78TFtLRnFzC74A+PzB43bmB0=</latexit>

q̃�(z)

<latexit sha1_base64="4cGevaISFcg5yEfFk/yCB7rtDZs=">AAACCXicbVDLSsNAFJ34rPUVdelmsAiuSiK+lkVduKxgH9CEMJlM2qGTBzMToQ7ZuvFX3LhQxK1/4M6/cZJmoa0HLhzOuZd77/FTRoW0rG9jYXFpeWW1tlZf39jc2jZ3drsiyTgmHZywhPd9JAijMelIKhnpp5ygyGek54+vCr93T7igSXwnJylxIzSMaUgxklryTOhESI4wYuo695QjKQuIKjU/VA95nntmw2paJeA8sSvSABXanvnlBAnOIhJLzJAQA9tKpasQlxQzktedTJAU4TEakoGmMYqIcFX5SQ4PtRLAMOG6YglL9feEQpEQk8jXncWNYtYrxP+8QSbDC1fROM0kifF0UZgxKBNYxAIDygmWbKIJwpzqWyEeIY6w1OHVdQj27MvzpHvctM+ap7cnjdZlFUcN7IMDcARscA5a4Aa0QQdg8AiewSt4M56MF+Pd+Ji2LhjVzB74A+PzB1Dlm2Q=</latexit>Dz̃

<latexit sha1_base64="MJSwk76gytX3CcEwsIqGNem7ayY=">AAACA3icbVDLSsNAFJ34rPUVdaebYBHqpiTia1l047KCfUATwmQ6aYZOHszciCUE3Pgrblwo4tafcOffOGmz0NYDFw7n3Mu993gJZxJM81tbWFxaXlmtrFXXNza3tvWd3Y6MU0Fom8Q8Fj0PS8pZRNvAgNNeIigOPU673ui68Lv3VEgWR3cwTqgT4mHEfEYwKMnV9+0AQ5bkrg0BBVy3QwyB52cP+bGr18yGOYExT6yS1FCJlqt/2YOYpCGNgHAsZd8yE3AyLIARTvOqnUqaYDLCQ9pXNMIhlU42+SE3jpQyMPxYqIrAmKi/JzIcSjkOPdVZnChnvUL8z+un4F86GYuSFGhEpov8lBsQG0UgxoAJSoCPFcFEMHWrQQIsMAEVW1WFYM2+PE86Jw3rvHF2e1prXpVxVNABOkR1ZKEL1EQ3qIXaiKBH9Ixe0Zv2pL1o79rHtHVBK2f20B9onz+JOZga</latexit>

p̂✓(x)

<latexit sha1_base64="LgHpI+KqR5XIhF4ZqKSz1zbMcCU=">AAACCHicbVDLSsNAFJ3UV62vqEsXDhahbkoivsBN0Y3uKtgHNiFMppN26GQSZiZCCVm68VfcuFDErZ/gzr9x0lbQ1gMDZ865l3vv8WNGpbKsL6MwN7+wuFRcLq2srq1vmJtbTRklApMGjlgk2j6ShFFOGooqRtqxICj0GWn5g8vcb90TIWnEb9UwJm6IepwGFCOlJc/cvfacuE8rTohU3w/SdgbP4c/nLjvwzLJVtUaAs8SekDKYoO6Zn043wklIuMIMSdmxrVi5KRKKYkaykpNIEiM8QD3S0ZSjkEg3HR2SwX2tdGEQCf24giP1d0eKQimHoa8r8xXltJeL/3mdRAVnbkp5nCjC8XhQkDCoIpinArtUEKzYUBOEBdW7QtxHAmGlsyvpEOzpk2dJ87Bqn1SPb47KtYtJHEWwA/ZABdjgFNTAFaiDBsDgATyBF/BqPBrPxpvxPi4tGJOebfAHxsc30dSZOg==</latexit>

I�(X;Z)

<latexit sha1_base64="ncs5B4gWiThpki4clRzWJltOBQc=">AAACH3icbVDLSgMxFM3UV62vqks3wSJUkDIjWgU3RTcKLirYB3ZqyaSZTmjmQXJHKMP8iRt/xY0LRcRd/8b0IWj1QODknHu59x4nElyBaQ6NzNz8wuJSdjm3srq2vpHf3KqrMJaU1WgoQtl0iGKCB6wGHARrRpIR3xGs4fQvRn7jgUnFw+AWBhFr+6QXcJdTAlrq5MtXncSOPH6AbfAYkPQ+sX0CnvST6zQtjrnjJncpPsPfn2a638kXzJI5Bv5LrCkpoCmqnfyn3Q1p7LMAqCBKtSwzgnZCJHAqWJqzY8UiQvukx1qaBsRnqp2M70vxnla62A2lfgHgsfqzIyG+UgPf0ZWjFdWsNxL/81oxuKfthAdRDCygk0FuLDCEeBQW7nLJKIiBJoRKrnfF1COSUNCR5nQI1uzJf0n9sGSVS8c3R4XK+TSOLNpBu6iILHSCKugSVVENUfSIntErejOejBfj3fiYlGaMac82+gVj+AWcPKNV</latexit>

IL�,✓(Z;X)

<latexit sha1_base64="MIpwli1PrUf8oeWV+VaLJYV1ADQ="></latexit>

I�(X;Z) = Epx(x) [DKL (q�(z|X = x)kpz(z))]�DKL (q̃�(z)kpz(z))

<latexit sha1_base64="UXIRY8jkRiOX1sNMc73jYcI0YM8="></latexit>

LAAE(�, ✓) = DKL (q̃�(z)kpz(z))� �Epx(x)

⇥
Eq�(z|x) [log p✓(x|z)]

⇤
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Agenda

§ What is information bottleneck (IBN)?
§ IBN based autoencoding
§ Generalization of existing methods based on IBN

§ VAE, InfoVAE, VAE/GAN, BIB-AE
§ Restrictions of IBN
§ TURBO: physical-driven latent space AE
§ Generalization based on TURBO

§ AAE, SR-GAN, pix2pix, CycleGAN, Probabilistic AE
§ Regression problems

§ HEP translation
§ Hubble-to-Webb translation
§ Inverse problems in physics

§ Conclusions 



16TURBO: generalized translation problem formulation

Main difference with IBN:

§ Fundamental IBN task-irrelevance concept at the encoder is replaced by a concept of 
satisfaction of “relevance”  to physical constraints on the latent space
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Main consequences

TURBO: generalized translation problem formulation

§ Impose meaningful physical priors on latent space

§ Incorporate a fact the that data and latent space representation can be dependent

§ Consider all options of paired, unpaired and partially paired data 

§ Consider two-way propagation of information (TURBO):
§ Encoding (generation) from both data and latent spaces

§ Link to CycleGAN-like architectures
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TURBO

TURBO: generalized translation problem formulation

IBN

unpaired paired

one-way two-way

“virtual” latent space physically meanigful latent space

<latexit sha1_base64="0qcgMgvzJnyB+uYSlTUegS7ECPo="></latexit>

LIBN-AE (�, ✓) = I�(X;Z)� �I�,✓(Z;X)
<latexit sha1_base64="4C9Mrhp4VE3nvQvEf7hFeLefij4="></latexit>

LDirect (�, ✓) = Iz
�(X;Z) + �1Ix

�,✓(Z;X)

<latexit sha1_base64="eOa0H+uKHExRrgW5OODwlY92JsI="></latexit>

(�̂, ✓̂) = argmax
�,✓

LDirect (�, ✓)
<latexit sha1_base64="tvgkehQCY1LBp5zlFJE75Wzxk2I="></latexit>

(�̂, ✓̂) = argmin
�,✓

LIBN�AE(�, ✓)

Link between data and latent space

Data encoding/generation

Type of latent space

<latexit sha1_base64="z8bb6alNRYOQRUcyfHpV70LaaFQ="></latexit>

X
q�(z|x)�!
encoder

Z̃
p✓(x|z)�!
decoder

X̂

Z
p✓(x|z)�!
decoder

X̃
q�(z|x)�!
encoder

Ẑ

<latexit sha1_base64="vb0XUFt2C00z9n7bXT1meIHtaRs=">AAACAnicbZDLSsNAFIYn9VbrLepK3AwtQkUpiQt1WXTjsoK9QBPKZDpph04mYWYixlDc+Ai+ghsXirj1Kdz1bZy0FbT1h4GP/5zDnPN7EaNSWdbIyC0sLi2v5FcLa+sbm1vm9k5DhrHApI5DFoqWhyRhlJO6ooqRViQICjxGmt7gMqs3b4mQNOQ3KomIG6Aepz7FSGmrY+5FZSdAqu/56d3wGP7w/fCwY5asijUWnAd7CqVq0Tl6GlWTWsf8crohjgPCFWZIyrZtRcpNkVAUMzIsOLEkEcID1CNtjRwFRLrp+IQhPNBOF/qh0I8rOHZ/T6QokDIJPN2ZrShna5n5X60dK//cTSmPYkU4nnzkxwyqEGZ5wC4VBCuWaEBYUL0rxH0kEFY6tYIOwZ49eR4aJxX7tGJf6zQuwER5sA+KoAxscAaq4ArUQB1g8ACewSt4Mx6NF+Pd+Ji05ozpzC74I+PzGyaMmkE=</latexit>

p(x, z)
<latexit sha1_base64="50hbYZEi6ygBEf6QXr7chsugfGE=">AAACA3icbZDLSsNAFIZP6q3WW9SdboJFqJuSiLdl0Y3LCvYCbSiT6aQdOpmEmYlYQsCNr+LGhSJufQl3vo2TNqC2/jDw8Z9zmHN+L2JUKtv+MgoLi0vLK8XV0tr6xuaWub3TlGEsMGngkIWi7SFJGOWkoahipB0JggKPkZY3usrqrTsiJA35rRpHxA3QgFOfYqS01TP3ol7SDZAaen5yn6aVHz7qmWW7ak9kzYOTQxly1XvmZ7cf4jggXGGGpOw4dqTcBAlFMSNpqRtLEiE8QgPS0chRQKSbTG5IrUPt9C0/FPpxZU3c3xMJCqQcB57uzFaUs7XM/K/WiZV/4SaUR7EiHE8/8mNmqdDKArH6VBCs2FgDwoLqXS08RAJhpWMr6RCc2ZPnoXlcdc6qpzcn5dplHkcR9uEAKuDAOdTgGurQAAwP8AQv8Go8Gs/Gm/E+bS0Y+cwu/JHx8Q3Y/phN</latexit>

px(x)
<latexit sha1_base64="CIv3s91Qwrk0GQM+zcKiiGDFREE=">AAACA3icbZDLSsNAFIZP6q3WW9SdboJFqJuSiLdl0Y3LCvYCbSiT6aQdOpmEmYlQQ8CNr+LGhSJufQl3vo2TNqC2/jDw8Z9zmHN+L2JUKtv+MgoLi0vLK8XV0tr6xuaWub3TlGEsMGngkIWi7SFJGOWkoahipB0JggKPkZY3usrqrTsiJA35rRpHxA3QgFOfYqS01TP3ol7SDZAaen5yn6aVHz7qmWW7ak9kzYOTQxly1XvmZ7cf4jggXGGGpOw4dqTcBAlFMSNpqRtLEiE8QgPS0chRQKSbTG5IrUPt9C0/FPpxZU3c3xMJCqQcB57uzFaUs7XM/K/WiZV/4SaUR7EiHE8/8mNmqdDKArH6VBCs2FgDwoLqXS08RAJhpWMr6RCc2ZPnoXlcdc6qpzcn5dplHkcR9uEAKuDAOdTgGurQAAwP8AQv8Go8Gs/Gm/E+bS0Y+cwu/JHx8Q3fLphR</latexit>

pz(z)

<latexit sha1_base64="8vaGqYbju5VF/uIWTz38auM2Xgc="></latexit>

X
q�(z|x)�!
encoder

Z̃
p✓(x|z)�!
decoder

X̂
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TURBO

TURBO: generalized translation problem formulation

<latexit sha1_base64="iNNEtB4usZ6oIfwZaFkTkR++0vA=">AAACJHicbVC7TsMwFHV4lvIKMLJYtEhlqZIOgNSlggW2ItGHaELkuE5r1XnIdpCKlY9h4VdYGHiIgYVvIUmLBC1HsnR8zr269x43YlRIw/jUFhaXlldWC2vF9Y3NrW19Z7ctwphj0sIhC3nXRYIwGpCWpJKRbsQJ8l1GOu7oPPM7d4QLGgbXchwR20eDgHoUI5lKjl4vWz6SQ4yYukwcZUVDmtyqXOO+uk+SSs5dT3UTWIc/n5vkqFx09JJRNXLAeWJOSQlM0XT0N6sf4tgngcQMCdEzjUjaCnFJMSNJ0YoFiRAeoQHppTRAPhG2yo9M4GGq9KEX8vQFEubq7w6FfCHGvptWZkuKWS8T//N6sfRObUWDKJYkwJNBXsygDGGWGOxTTrBk45QgzGm6K8RDxBGWaa5ZCObsyfOkXauax1XzqlZqnE3jKIB9cAAqwAQnoAEuQBO0AAYP4Am8gFftUXvW3rWPSemCNu3ZA3+gfX0Dx/qlcQ==</latexit>

Iz
�(X;Z)

<latexit sha1_base64="LWVQIPeVUtMKzM3v+qgUQveoy9M="></latexit>

Ix
�,✓(Z;X)

<latexit sha1_base64="cH25w50cAYB92TmO8vjiJpGu3kc=">AAACD3icbVC7TsNAEDzzDOFloKQ5kYBCE9kpgDKChjJI5CEllnW+nJNTzg/drRHB+A9o+BUaChCipaXjb7ATI0HCSCfNzexqd8cJBVdgGF/awuLS8spqYa24vrG5ta3v7LZUEEnKmjQQgew4RDHBfdYEDoJ1QsmI5wjWdkYXmd++YVLxwL+Gccgsjwx87nJKIJVs/agc2nEPhgxIUul5BIaOG98m+B7/fO6S43LR1ktG1ZgAzxMzJyWUo2Hrn71+QCOP+UAFUaprGiFYMZHAqWBJsRcpFhI6IgPWTalPPKaseHJPgg9TpY/dQKbPBzxRf3fExFNq7DlpZbakmvUy8T+vG4F7ZsXcDyNgPp0OciOBIcBZOLjPJaMgxikhVPJ0V0yHRBIKaYRZCObsyfOkVauaJ1Xzqlaqn+dxFNA+OkAVZKJTVEeXqIGaiKIH9IRe0Kv2qD1rb9r7tHRBy3v20B9oH99vKZxB</latexit>

p✓(x|z)<latexit sha1_base64="RW0EtNB6Ejjae0QmvEojAfzMwTM=">AAAB8nicbVA9SwNBEJ3zM55fUUubxSBYhTsLtRGDNpYRzAckR9jb7CVL9naP3T0xHPkZNhaKpPV/2NuI/8a9JIUmPhh4vDfDvJkw4Uwbz/t2lpZXVtfWCxvu5tb2zm5xb7+uZaoIrRHJpWqGWFPOBK0ZZjhtJoriOOS0EQ5ucr/xQJVmUtybYUKDGPcEixjBxkqtdoxNP4yyx5HbKZa8sjcBWiT+jJSuPtzLZPzlVjvFz3ZXkjSmwhCOtW75XmKCDCvDCKcjt51qmmAywD3aslTgmOogm0QeoWOrdFEklS1h0ET9PZHhWOthHNrOPKKe93LxP6+VmugiyJhIUkMFmS6KUo6MRPn9qMsUJYYPLcFEMZsVkT5WmBj7pfwJ/vzJi6R+WvbPyv6dV6pcwxQFOIQjOAEfzqECt1CFGhCQ8AQv8OoY59l5c8bT1iVnNnMAf+C8/wCXI5Rz</latexit>x
<latexit sha1_base64="Nkr+YHXxJhrM4e2sjOUTGL+NPOI=">AAACC3icbVC7TsMwFHXKq7Q8AowsVgtSWaqEARgrWBiLRB9SU0WO67RWnQe2U1FCdhZ+hQUJEGJD/AAbHwIzTlskaDmSpeNz7tW99zgho0IaxoeWmZtfWFzKLufyK6tr6/rGZl0EEcekhgMW8KaDBGHUJzVJJSPNkBPkOYw0nP5J6jcGhAsa+OdyGJK2h7o+dSlGUkm2XriwYyvs0aRkeUj2HDe+SuA1/PlcJns5Wy8aZWMEOEvMCSlWdj4fXgf5r6qtv1udAEce8SVmSIiWaYSyHSMuKWYkyVmRICHCfdQlLUV95BHRjke3JHBXKR3oBlw9X8KR+rsjRp4QQ89RlemOYtpLxf+8ViTdo3ZM/TCSxMfjQW7EoAxgGgzsUE6wZENFEOZU7QpxD3GEpYovDcGcPnmW1PfL5kHZPFNpHIMxsmAbFEAJmOAQVMApqIIawOAG3IFH8KTdavfas/YyLs1ok54t8Afa2ze+Op9E</latexit>

q�(z|x)
<latexit sha1_base64="gCeTftFJOXIWVj7m0m8v7c3aYQE=">AAAB9HicbVBNS8NAEN34WeNX1aOXxSJ4KokH9SIWvXisYD+gDWWzmbRLN5u4uynU0N/hxYNSvPo3vHsR/42btgdtfTDweG+GmXl+wpnSjvNtLS2vrK6tFzbsza3tnd3i3n5dxamkUKMxj2XTJwo4E1DTTHNoJhJI5HNo+P2b3G8MQCoWi3s9TMCLSFewkFGijeS1/RC3NeMB4Ee7Uyw5ZWcCvEjcGSldfdiXyfjLrnaKn+0gpmkEQlNOlGq5TqK9jEjNKIeR3U4VJIT2SRdahgoSgfKyydEjfGyUAIexNCU0nqi/JzISKTWMfNMZEd1T814u/ue1Uh1eeBkTSapB0OmiMOVYxzhPAAdMAtV8aAihkplbMe0RSag2OeUhuPMvL5L6adk9K7t3TqlyjaYooEN0hE6Qi85RBd2iKqohih7QE3pBr9bAerbG1tu0dcmazRygP7DefwD7lZSV</latexit>

z̃

<latexit sha1_base64="15j0WQDC4c3sQTPB/tYJX7kjqlE=">AAAB73icbVA9T8MwED2Xr1K+CowsFi0SU5V0AMYKFsYi0Q+pjSrHdVqrjhNsB6lE/RMsDCDEyt9h49/gtBmg5UknPb13p7t7fiy4No7zjQpr6xubW8Xt0s7u3v5B+fCoraNEUdaikYhU1yeaCS5Zy3AjWDdWjIS+YB1/cpP5nUemNI/kvZnGzAvJSPKAU2Ks1K32/QA/VUuDcsWpOXPgVeLmpAI5moPyV38Y0SRk0lBBtO65Tmy8lCjDqWCzUj/RLCZ0QkasZ6kkIdNeOr93hs+sMsRBpGxJg+fq74mUhFpPQ992hsSM9bKXif95vcQEV17KZZwYJuliUZAIbCKcPY+HXDFqxNQSQhW3t2I6JopQYyPKQnCXX14l7XrNvai5d/VK4zqPowgncArn4MIlNOAWmtACCgKe4RXe0AN6Qe/oY9FaQPnMMfwB+vwBXLGO3g==</latexit>z

<latexit sha1_base64="DG+jHQ7fDUFuGLLLTP//fizZoFk=">AAAB8nicbZDLSsNAFIYnXmu8VV26GSyCq5K4UDdi0Y3LCvYCSSiT6aQdOpmEmROxhD6GGxeKdOt7uHcjvo2Ttgtt/WHg4//PYc45YSq4Bsf5tpaWV1bX1ksb9ubW9s5ueW+/qZNMUdagiUhUOySaCS5ZAzgI1k4VI3EoWCsc3BR564EpzRN5D8OUBTHpSR5xSsBYnh9G2O8TwI92p1xxqs5EeBHcGVSuPuzLdPxl1zvlT7+b0CxmEqggWnuuk0KQEwWcCjay/UyzlNAB6THPoCQx00E+GXmEj43TxVGizJOAJ+7vjpzEWg/j0FTGBPp6PivM/zIvg+giyLlMM2CSTj+KMoEhwcX+uMsVoyCGBghV3MyKaZ8oQsFcqTiCO7/yIjRPq+5Z1b1zKrVrNFUJHaIjdIJcdI5q6BbVUQNRlKAn9IJeLbCerTdrPC1dsmY9B+iPrPcfYuGTqg==</latexit>

x̂

<latexit sha1_base64="C1+YK4n2QbZkGiD8cdwHTv/jnPM=">AAACIXicbZBNS8NAEIY39avWr6hHL0uLUFFK4kF7LHrx4KGC/YCmlM120y7dTcLuRogh/8KzF/+KFw+K9Fb8M27Tgto6sPDsOzPMzOuGjEplWRMjt7K6tr6R3yxsbe/s7pn7B00ZRAKTBg5YINoukoRRnzQUVYy0Q0EQdxlpuaPrab71QISkgX+v4pB0ORr41KMYKS31zKrDkRpixJLbtJdkH8GTxzQtZ+x6ms+goyjrk+RHSk96ZsmqWFnAZbDnUKoVndOnSS2u98yx0w9wxImvMENSdmwrVN0ECUUxI2nBiSQJER6hAelo9BEnsptkF6bwWCt96AVCP1/BTP3dkSAuZcxdXTndUS7mpuJ/uU6kvGo3oX4YKeLj2SAvYlAFcGoX7FNBsGKxBoQF1btCPEQCYaVNLWgT7MWTl6F5XrEvKvadduMKzCIPjkARlIENLkEN3IA6aAAMnsEreAcfxovxZnwa41lpzpj3HII/YXx9A5KhqJc=</latexit>

Lz(z, z̃)

<latexit sha1_base64="15j0WQDC4c3sQTPB/tYJX7kjqlE=">AAAB73icbVA9T8MwED2Xr1K+CowsFi0SU5V0AMYKFsYi0Q+pjSrHdVqrjhNsB6lE/RMsDCDEyt9h49/gtBmg5UknPb13p7t7fiy4No7zjQpr6xubW8Xt0s7u3v5B+fCoraNEUdaikYhU1yeaCS5Zy3AjWDdWjIS+YB1/cpP5nUemNI/kvZnGzAvJSPKAU2Ks1K32/QA/VUuDcsWpOXPgVeLmpAI5moPyV38Y0SRk0lBBtO65Tmy8lCjDqWCzUj/RLCZ0QkasZ6kkIdNeOr93hs+sMsRBpGxJg+fq74mUhFpPQ992hsSM9bKXif95vcQEV17KZZwYJuliUZAIbCKcPY+HXDFqxNQSQhW3t2I6JopQYyPKQnCXX14l7XrNvai5d/VK4zqPowgncArn4MIlNOAWmtACCgKe4RXe0AN6Qe/oY9FaQPnMMfwB+vwBXLGO3g==</latexit>z

<latexit sha1_base64="RW0EtNB6Ejjae0QmvEojAfzMwTM=">AAAB8nicbVA9SwNBEJ3zM55fUUubxSBYhTsLtRGDNpYRzAckR9jb7CVL9naP3T0xHPkZNhaKpPV/2NuI/8a9JIUmPhh4vDfDvJkw4Uwbz/t2lpZXVtfWCxvu5tb2zm5xb7+uZaoIrRHJpWqGWFPOBK0ZZjhtJoriOOS0EQ5ucr/xQJVmUtybYUKDGPcEixjBxkqtdoxNP4yyx5HbKZa8sjcBWiT+jJSuPtzLZPzlVjvFz3ZXkjSmwhCOtW75XmKCDCvDCKcjt51qmmAywD3aslTgmOogm0QeoWOrdFEklS1h0ET9PZHhWOthHNrOPKKe93LxP6+VmugiyJhIUkMFmS6KUo6MRPn9qMsUJYYPLcFEMZsVkT5WmBj7pfwJ/vzJi6R+WvbPyv6dV6pcwxQFOIQjOAEfzqECt1CFGhCQ8AQv8OoY59l5c8bT1iVnNnMAf+C8/wCXI5Rz</latexit>x

<latexit sha1_base64="puorgi5+Zo4bTawC8ltPubf7qrs=">AAACH3icbZBLS8NAEMc39VXrK+rRy9IiVJSSeKgei148eKhgH9CEsNlu2qWbB7sbMYR8C49e/CpePCgi3vpt3KQFtTqw8Nv/zDAzfzdiVEjDmGqlpeWV1bXyemVjc2t7R9/d64ow5ph0cMhC3neRIIwGpCOpZKQfcYJ8l5GeO7nM8707wgUNg1uZRMT20SigHsVIKsnRm5aP5Bgjll5nTlp8uJ/eZ1m9YNdTfAKtMZLpt5AdOXrNaBhFwL9gzqHWqlrHD9NW0nb0T2sY4tgngcQMCTEwjUjaKeKSYkayihULEiE8QSMyUBggnwg7Le7L4KFShtALuXqBhIX6syNFvhCJ76rKfEexmMvF/3KDWHrndkqDKJYkwLNBXsygDGFuFhxSTrBkiQKEOVW7QjxGHGGpLK0oE8zFk/9C97RhNhvmjXLjAsyiDA5AFdSBCc5AC1yBNugADB7BM3gFb9qT9qK9ax+z0pI279kHv0KbfgHO9qeo</latexit>

Lx(x, x̂)

<latexit sha1_base64="n5TmsMRhz8n7vxajRlBnAlq5r88=">AAACBXicbVDLSsNAFJ34rPUVdamL0CJUhJK4UJdFNy4r2Ac0IUymk3bo5MHMjRhCNm78AT/CjQtF3PoP7vo3TtoutPXAhcM593LvPV7MmQTTHGtLyyura+uljfLm1vbOrr6335ZRIghtkYhHouthSTkLaQsYcNqNBcWBx2nHG10XfueeCsmi8A7SmDoBHoTMZwSDklz9yB5iyOLczWwYUsB5zQ4wDD0/e8hPXL1q1s0JjEVizUi1UbFPn8eNtOnq33Y/IklAQyAcS9mzzBicDAtghNO8bCeSxpiM8ID2FA1xQKWTTb7IjWOl9A0/EqpCMCbq74kMB1Kmgac6ixPlvFeI/3m9BPxLJ2NhnAANyXSRn3ADIqOIxOgzQQnwVBFMBFO3GmSIBSaggiurEKz5lxdJ+6xundetW5XGFZqihA5RBdWQhS5QA92gJmohgh7RC3pD79qT9qp9aJ/T1iVtNnOA/kD7+gF9M5wt</latexit>

p̂✓(x)
<latexit sha1_base64="vb0XUFt2C00z9n7bXT1meIHtaRs=">AAACAnicbZDLSsNAFIYn9VbrLepK3AwtQkUpiQt1WXTjsoK9QBPKZDpph04mYWYixlDc+Ai+ghsXirj1Kdz1bZy0FbT1h4GP/5zDnPN7EaNSWdbIyC0sLi2v5FcLa+sbm1vm9k5DhrHApI5DFoqWhyRhlJO6ooqRViQICjxGmt7gMqs3b4mQNOQ3KomIG6Aepz7FSGmrY+5FZSdAqu/56d3wGP7w/fCwY5asijUWnAd7CqVq0Tl6GlWTWsf8crohjgPCFWZIyrZtRcpNkVAUMzIsOLEkEcID1CNtjRwFRLrp+IQhPNBOF/qh0I8rOHZ/T6QokDIJPN2ZrShna5n5X60dK//cTSmPYkU4nnzkxwyqEGZ5wC4VBCuWaEBYUL0rxH0kEFY6tYIOwZ49eR4aJxX7tGJf6zQuwER5sA+KoAxscAaq4ArUQB1g8ACewSt4Mx6NF+Pd+Ji05ozpzC74I+PzGyaMmkE=</latexit>

p(x, z)

Direct part

<latexit sha1_base64="KbxYwhF8BaaXSc3bsMgwFLUb/Ws=">AAACBHicbVC7TsMwFHXKq5RXgLGLRYVUlipBvMYKFsYi0YfURJHjOq1Vxwm2g1SiDCz8CgsDCLHyEWz8DU6bAVqOdKWjc+7Vvff4MaNSWda3UVpaXlldK69XNja3tnfM3b2OjBKBSRtHLBI9H0nCKCdtRRUjvVgQFPqMdP3xVe5374mQNOK3ahITN0RDTgOKkdKSZ1ZTR1E2IPAu85x4ROtOiNTID9KH7Mgza1bDmgIuErsgNVCg5ZlfziDCSUi4wgxJ2betWLkpEopiRrKKk0gSIzxGQ9LXlKOQSDedPpHBQ60MYBAJXVzBqfp7IkWhlJPQ1535iXLey8X/vH6iggs3pTxOFOF4tihIGFQRzBOBAyoIVmyiCcKC6lshHiGBsNK5VXQI9vzLi6Rz3LDPGqc3J7XmZRFHGVTBAagDG5yDJrgGLdAGGDyCZ/AK3own48V4Nz5mrSWjmNkHf2B8/gDpTZhH</latexit>

q̃�(z)

<latexit sha1_base64="50hbYZEi6ygBEf6QXr7chsugfGE=">AAACA3icbZDLSsNAFIZP6q3WW9SdboJFqJuSiLdl0Y3LCvYCbSiT6aQdOpmEmYlYQsCNr+LGhSJufQl3vo2TNqC2/jDw8Z9zmHN+L2JUKtv+MgoLi0vLK8XV0tr6xuaWub3TlGEsMGngkIWi7SFJGOWkoahipB0JggKPkZY3usrqrTsiJA35rRpHxA3QgFOfYqS01TP3ol7SDZAaen5yn6aVHz7qmWW7ak9kzYOTQxly1XvmZ7cf4jggXGGGpOw4dqTcBAlFMSNpqRtLEiE8QgPS0chRQKSbTG5IrUPt9C0/FPpxZU3c3xMJCqQcB57uzFaUs7XM/K/WiZV/4SaUR7EiHE8/8mNmqdDKArH6VBCs2FgDwoLqXS08RAJhpWMr6RCc2ZPnoXlcdc6qpzcn5dplHkcR9uEAKuDAOdTgGurQAAwP8AQv8Go8Gs/Gm/E+bS0Y+cwu/JHx8Q3Y/phN</latexit>

px(x)

<latexit sha1_base64="CIv3s91Qwrk0GQM+zcKiiGDFREE=">AAACA3icbZDLSsNAFIZP6q3WW9SdboJFqJuSiLdl0Y3LCvYCbSiT6aQdOpmEmYlQQ8CNr+LGhSJufQl3vo2TNqC2/jDw8Z9zmHN+L2JUKtv+MgoLi0vLK8XV0tr6xuaWub3TlGEsMGngkIWi7SFJGOWkoahipB0JggKPkZY3usrqrTsiJA35rRpHxA3QgFOfYqS01TP3ol7SDZAaen5yn6aVHz7qmWW7ak9kzYOTQxly1XvmZ7cf4jggXGGGpOw4dqTcBAlFMSNpqRtLEiE8QgPS0chRQKSbTG5IrUPt9C0/FPpxZU3c3xMJCqQcB57uzFaUs7XM/K/WiZV/4SaUR7EiHE8/8mNmqdDKArH6VBCs2FgDwoLqXS08RAJhpWMr6RCc2ZPnoXlcdc6qpzcn5dplHkcR9uEAKuDAOdTgGurQAAwP8AQv8Go8Gs/Gm/E+bS0Y+cwu/JHx8Q3fLphR</latexit>

pz(z)

<latexit sha1_base64="4cGevaISFcg5yEfFk/yCB7rtDZs=">AAACCXicbVDLSsNAFJ34rPUVdelmsAiuSiK+lkVduKxgH9CEMJlM2qGTBzMToQ7ZuvFX3LhQxK1/4M6/cZJmoa0HLhzOuZd77/FTRoW0rG9jYXFpeWW1tlZf39jc2jZ3drsiyTgmHZywhPd9JAijMelIKhnpp5ygyGek54+vCr93T7igSXwnJylxIzSMaUgxklryTOhESI4wYuo695QjKQuIKjU/VA95nntmw2paJeA8sSvSABXanvnlBAnOIhJLzJAQA9tKpasQlxQzktedTJAU4TEakoGmMYqIcFX5SQ4PtRLAMOG6YglL9feEQpEQk8jXncWNYtYrxP+8QSbDC1fROM0kifF0UZgxKBNYxAIDygmWbKIJwpzqWyEeIY6w1OHVdQj27MvzpHvctM+ap7cnjdZlFUcN7IMDcARscA5a4Aa0QQdg8AiewSt4M56MF+Pd+Ji2LhjVzB74A+PzB1Dlm2Q=</latexit>Dz̃

<latexit sha1_base64="rws8P5xfJnh91raeL5d62Gt8Rpw=">AAACB3icbVDLSsNAFJ3UV62vqEtBgkVwVRLxtSzqwmUF+4AmhMl00g6dTMLMRCxDdm78FTcuFHHrL7jzb5ykWWjrgQuHc+7l3nuChBIhbfvbqCwsLi2vVFdra+sbm1vm9k5HxClHuI1iGvNeAAWmhOG2JJLiXsIxjAKKu8H4Kve795gLErM7OUmwF8EhIyFBUGrJN/fdCMoRglRdZ75yR1CqQglC9ZBlmW/W7YZdwJonTknqoETLN7/cQYzSCDOJKBSi79iJ9BTkkiCKs5qbCpxANIZD3NeUwQgLTxV/ZNahVgZWGHNdTFqF+ntCwUiISRTozvxGMevl4n9eP5XhhacIS1KJGZouClNqydjKQ7EGhGMk6UQTiDjRt1poBDlEUkdX0yE4sy/Pk85xwzlrnN6e1JuXZRxVsAcOwBFwwDloghvQAm2AwCN4Bq/gzXgyXox342PaWjHKmV3wB8bnD6cymnk=</latexit>Dx̂

G. Quétant, M. Drozdova, V. Kinakh, T. Golling, and S. Voloshynovskiy, "Turbo-Sim: a generalised generative model with a physical latent 
space." NeuroIPS, ML4PhysicalSciences2021.

<latexit sha1_base64="cH25w50cAYB92TmO8vjiJpGu3kc=">AAACD3icbVC7TsNAEDzzDOFloKQ5kYBCE9kpgDKChjJI5CEllnW+nJNTzg/drRHB+A9o+BUaChCipaXjb7ATI0HCSCfNzexqd8cJBVdgGF/awuLS8spqYa24vrG5ta3v7LZUEEnKmjQQgew4RDHBfdYEDoJ1QsmI5wjWdkYXmd++YVLxwL+Gccgsjwx87nJKIJVs/agc2nEPhgxIUul5BIaOG98m+B7/fO6S43LR1ktG1ZgAzxMzJyWUo2Hrn71+QCOP+UAFUaprGiFYMZHAqWBJsRcpFhI6IgPWTalPPKaseHJPgg9TpY/dQKbPBzxRf3fExFNq7DlpZbakmvUy8T+vG4F7ZsXcDyNgPp0OciOBIcBZOLjPJaMgxikhVPJ0V0yHRBIKaYRZCObsyfOkVauaJ1Xzqlaqn+dxFNA+OkAVZKJTVEeXqIGaiKIH9IRe0Kv2qD1rb9r7tHRBy3v20B9oH99vKZxB</latexit>

p✓(x|z)

<latexit sha1_base64="RW0EtNB6Ejjae0QmvEojAfzMwTM=">AAAB8nicbVA9SwNBEJ3zM55fUUubxSBYhTsLtRGDNpYRzAckR9jb7CVL9naP3T0xHPkZNhaKpPV/2NuI/8a9JIUmPhh4vDfDvJkw4Uwbz/t2lpZXVtfWCxvu5tb2zm5xb7+uZaoIrRHJpWqGWFPOBK0ZZjhtJoriOOS0EQ5ucr/xQJVmUtybYUKDGPcEixjBxkqtdoxNP4yyx5HbKZa8sjcBWiT+jJSuPtzLZPzlVjvFz3ZXkjSmwhCOtW75XmKCDCvDCKcjt51qmmAywD3aslTgmOogm0QeoWOrdFEklS1h0ET9PZHhWOthHNrOPKKe93LxP6+VmugiyJhIUkMFmS6KUo6MRPn9qMsUJYYPLcFEMZsVkT5WmBj7pfwJ/vzJi6R+WvbPyv6dV6pcwxQFOIQjOAEfzqECt1CFGhCQ8AQv8OoY59l5c8bT1iVnNnMAf+C8/wCXI5Rz</latexit>x

<latexit sha1_base64="Nkr+YHXxJhrM4e2sjOUTGL+NPOI=">AAACC3icbVC7TsMwFHXKq7Q8AowsVgtSWaqEARgrWBiLRB9SU0WO67RWnQe2U1FCdhZ+hQUJEGJD/AAbHwIzTlskaDmSpeNz7tW99zgho0IaxoeWmZtfWFzKLufyK6tr6/rGZl0EEcekhgMW8KaDBGHUJzVJJSPNkBPkOYw0nP5J6jcGhAsa+OdyGJK2h7o+dSlGUkm2XriwYyvs0aRkeUj2HDe+SuA1/PlcJns5Wy8aZWMEOEvMCSlWdj4fXgf5r6qtv1udAEce8SVmSIiWaYSyHSMuKWYkyVmRICHCfdQlLUV95BHRjke3JHBXKR3oBlw9X8KR+rsjRp4QQ89RlemOYtpLxf+8ViTdo3ZM/TCSxMfjQW7EoAxgGgzsUE6wZENFEOZU7QpxD3GEpYovDcGcPnmW1PfL5kHZPFNpHIMxsmAbFEAJmOAQVMApqIIawOAG3IFH8KTdavfas/YyLs1ok54t8Afa2ze+Op9E</latexit>

q�(z|x)<latexit sha1_base64="15j0WQDC4c3sQTPB/tYJX7kjqlE=">AAAB73icbVA9T8MwED2Xr1K+CowsFi0SU5V0AMYKFsYi0Q+pjSrHdVqrjhNsB6lE/RMsDCDEyt9h49/gtBmg5UknPb13p7t7fiy4No7zjQpr6xubW8Xt0s7u3v5B+fCoraNEUdaikYhU1yeaCS5Zy3AjWDdWjIS+YB1/cpP5nUemNI/kvZnGzAvJSPKAU2Ks1K32/QA/VUuDcsWpOXPgVeLmpAI5moPyV38Y0SRk0lBBtO65Tmy8lCjDqWCzUj/RLCZ0QkasZ6kkIdNeOr93hs+sMsRBpGxJg+fq74mUhFpPQ992hsSM9bKXif95vcQEV17KZZwYJuliUZAIbCKcPY+HXDFqxNQSQhW3t2I6JopQYyPKQnCXX14l7XrNvai5d/VK4zqPowgncArn4MIlNOAWmtACCgKe4RXe0AN6Qe/oY9FaQPnMMfwB+vwBXLGO3g==</latexit>z

<latexit sha1_base64="15j0WQDC4c3sQTPB/tYJX7kjqlE=">AAAB73icbVA9T8MwED2Xr1K+CowsFi0SU5V0AMYKFsYi0Q+pjSrHdVqrjhNsB6lE/RMsDCDEyt9h49/gtBmg5UknPb13p7t7fiy4No7zjQpr6xubW8Xt0s7u3v5B+fCoraNEUdaikYhU1yeaCS5Zy3AjWDdWjIS+YB1/cpP5nUemNI/kvZnGzAvJSPKAU2Ks1K32/QA/VUuDcsWpOXPgVeLmpAI5moPyV38Y0SRk0lBBtO65Tmy8lCjDqWCzUj/RLCZ0QkasZ6kkIdNeOr93hs+sMsRBpGxJg+fq74mUhFpPQ992hsSM9bKXif95vcQEV17KZZwYJuliUZAIbCKcPY+HXDFqxNQSQhW3t2I6JopQYyPKQnCXX14l7XrNvai5d/VK4zqPowgncArn4MIlNOAWmtACCgKe4RXe0AN6Qe/oY9FaQPnMMfwB+vwBXLGO3g==</latexit>z

<latexit sha1_base64="RW0EtNB6Ejjae0QmvEojAfzMwTM=">AAAB8nicbVA9SwNBEJ3zM55fUUubxSBYhTsLtRGDNpYRzAckR9jb7CVL9naP3T0xHPkZNhaKpPV/2NuI/8a9JIUmPhh4vDfDvJkw4Uwbz/t2lpZXVtfWCxvu5tb2zm5xb7+uZaoIrRHJpWqGWFPOBK0ZZjhtJoriOOS0EQ5ucr/xQJVmUtybYUKDGPcEixjBxkqtdoxNP4yyx5HbKZa8sjcBWiT+jJSuPtzLZPzlVjvFz3ZXkjSmwhCOtW75XmKCDCvDCKcjt51qmmAywD3aslTgmOogm0QeoWOrdFEklS1h0ET9PZHhWOthHNrOPKKe93LxP6+VmugiyJhIUkMFmS6KUo6MRPn9qMsUJYYPLcFEMZsVkT5WmBj7pfwJ/vzJi6R+WvbPyv6dV6pcwxQFOIQjOAEfzqECt1CFGhCQ8AQv8OoY59l5c8bT1iVnNnMAf+C8/wCXI5Rz</latexit>x

<latexit sha1_base64="IxJTjH079KMULZuB38tkFlzwUyg=">AAAB9HicbVBNS8NAEJ34WeNX1aOXxSJ4KokH9SIWvXisYD+gDWWz2bRLN5u4uymW0N/hxYNSvPo3vHsR/42btgdtfTDweG+GmXl+wpnSjvNtLS2vrK6tFzbsza3tnd3i3n5dxakktEZiHsumjxXlTNCaZprTZiIpjnxOG37/JvcbAyoVi8W9HibUi3BXsJARrI3ktf0QtTXjAUWPdqdYcsrOBGiRuDNSuvqwL5Pxl13tFD/bQUzSiApNOFaq5TqJ9jIsNSOcjux2qmiCSR93actQgSOqvGxy9AgdGyVAYSxNCY0m6u+JDEdKDSPfdEZY99S8l4v/ea1UhxdexkSSairIdFGYcqRjlCeAAiYp0XxoCCaSmVsR6WGJiTY55SG48y8vkvpp2T0ru3dOqXINUxTgEI7gBFw4hwrcQhVqQOABnuAFXq2B9WyNrbdp65I1mzmAP7DefwD4i5ST</latexit>

x̃

<latexit sha1_base64="n7BS0FSBenORlrQUcT6+LTySVcE="></latexit>

Ix
✓ (Z;X)

<latexit sha1_base64="kghyaskj6/U820JAyJNi9zSHG7M=">AAACIXicbZBNS8NAEIY39avWr6hHL0uLUFFK4kF7LHrx4KGC/YCmlM120y7dTcLuRiwh/8KzF/+KFw+K9Fb8M27Sgto6sPDsOzPMzOuGjEplWVMjt7K6tr6R3yxsbe/s7pn7B00ZRAKTBg5YINoukoRRnzQUVYy0Q0EQdxlpuaPrNN96IELSwL9X45B0ORr41KMYKS31zKrDkRpixOLbpBdnH8HjxyQpZ+x6ms+goyjrk/hHSk56ZsmqWFnAZbDnUKoVndOnaW1c75kTpx/giBNfYYak7NhWqLoxEopiRpKCE0kSIjxCA9LR6CNOZDfOLkzgsVb60AuEfr6Cmfq7I0ZcyjF3dWW6o1zMpeJ/uU6kvGo3pn4YKeLj2SAvYlAFMLUL9qkgWLGxBoQF1btCPEQCYaVNLWgT7MWTl6F5XrEvKvadduMKzCIPjkARlIENLkEN3IA6aAAMnsEreAcfxovxZnwak1lpzpj3HII/YXx9A4kTqJE=</latexit>

Lx(x, x̃)

<latexit sha1_base64="uVLajOs5f84kfxOIc3LZx3tIPSI="></latexit>

Iz
�,✓(X;Z)

<latexit sha1_base64="u53zGFszq9FNO+m8tzAnUm1Q56o=">AAACH3icbZBLS8NAEMc39VXrK+rRy9IiVJSSeKgei148eKhgH9CEsNlu2qWbB7sbIYZ8C49e/CpePCgi3vpt3KQFtTqw8Nv/zDAzfzdiVEjDmGqlpeWV1bXyemVjc2t7R9/d64ow5ph0cMhC3neRIIwGpCOpZKQfcYJ8l5GeO7nM8707wgUNg1uZRMT20SigHsVIKsnRm5aP5Bgjll5nTlp8uJ/eZ1m9YNdTfAKtMZLpt5AdOXrNaBhFwL9gzqHWqlrHD9NW0nb0T2sY4tgngcQMCTEwjUjaKeKSYkayihULEiE8QSMyUBggnwg7Le7L4KFShtALuXqBhIX6syNFvhCJ76rKfEexmMvF/3KDWHrndkqDKJYkwLNBXsygDGFuFhxSTrBkiQKEOVW7QjxGHGGpLK0oE8zFk/9C97RhNhvmjXLjAsyiDA5AFdSBCc5AC1yBNugADB7BM3gFb9qT9qK9ax+z0pI279kHv0KbfgHYfKeu</latexit>

Lz(z, ẑ)
<latexit sha1_base64="cvUIHyFWe1Jmgk0lAqhIH1LEGPs=">AAAB+XicbVDLSsNAFL2prxpfUZdugkVwVRIX6kYsunFZwT6gCWUynbRDJ5MwMynUkD9xI6KIWz/CvRvxb5y0XWjrgYHDOfdyz5wgYVQqx/k2SkvLK6tr5XVzY3Nre8fa3WvKOBWYNHDMYtEOkCSMctJQVDHSTgRBUcBIKxheF35rRISkMb9T44T4EepzGlKMlJa6luUNkMq8CKlBEGb3ed61Kk7VmcBeJO6MVC4/zIvk6cusd61PrxfjNCJcYYak7LhOovwMCUUxI7nppZIkCA9Rn3Q05Sgi0s8myXP7SCs9O4yFflzZE/X3RoYiKcdRoCeLiHLeK8T/vE6qwnM/ozxJFeF4eihMma1iu6jB7lFBsGJjTRAWVGe18QAJhJUuy9QluPNfXiTNk6p7WnVvnUrtCqYowwEcwjG4cAY1uIE6NADDCB7gGV6MzHg0Xo236WjJmO3swx8Y7z+6kJdf</latexit>

ẑ

<latexit sha1_base64="EZRTrP9DdU2BBWtzEheea/wLi2s=">AAACA3icbVC7TsNAEDzzDAkPAx00JwJSaCKbAigjaCiDRB5SbFnnyzk+5fzg7hwpWJZo+BUaChBCdFT8AR0fAjXnJAUkjLTSaGZXuztuzKiQhvGpzc0vLC4tF1aKpdW19Q19c6spooRj0sARi3jbRYIwGpKGpJKRdswJClxGWm7/PPdbA8IFjcIrOYyJHaBeSD2KkVSSo+9YPpLpdeakVuzTrGIFSPqul95kh45eNqrGCHCWmBNSru1/vb4PSt91R/+wuhFOAhJKzJAQHdOIpZ0iLilmJCtaiSAxwn3UIx1FQxQQYaejHzJ4oJQu9CKuKpRwpP6eSFEgxDBwVWd+opj2cvE/r5NI79ROaRgnkoR4vMhLGJQRzAOBXcoJlmyoCMKcqlsh9hFHWKrYiioEc/rlWdI8qprHVfNSpXEGxiiAXbAHKsAEJ6AGLkAdNAAGt+AePIIn7U570J61l3HrnDaZ2QZ/oL39AIVjnIE=</latexit>

q̂�(z)

Reverse part

<latexit sha1_base64="pBYakeSsa+2SgCWfTdqdePzpUz0=">AAACB3icbVDJSgNBEO1xjXGLehSkMQjxEmbE7Rj04jGCWSATQk+nJmnSs9BdI4YhNy/+ihcPinj1F7z5N/YkOWjig4LHe1VU1fNiKTTa9re1sLi0vLKaW8uvb2xubRd2dus6ShSHGo9kpJoe0yBFCDUUKKEZK2CBJ6HhDa4zv3EPSosovMNhDO2A9ULhC87QSJ3CAU1dFLILNB51XOwDspIbMOx7fvowOu4UinbZHoPOE2dKimSKaqfw5XYjngQQIpdM65Zjx9hOmULBJYzybqIhZnzAetAyNGQB6HY6/mNEj4zSpX6kTIVIx+rviZQFWg8Dz3RmJ+pZLxP/81oJ+pftVIRxghDyySI/kRQjmoVCu0IBRzk0hHElzK2U95liHE10eROCM/vyPKmflJ3z8tntabFyNY0jR/bJISkRh1yQCrkhVVIjnDySZ/JK3qwn68V6tz4mrQvWdGaP/IH1+QPhxJlX</latexit>

p̃✓(x)

<latexit sha1_base64="CIv3s91Qwrk0GQM+zcKiiGDFREE=">AAACA3icbZDLSsNAFIZP6q3WW9SdboJFqJuSiLdl0Y3LCvYCbSiT6aQdOpmEmYlQQ8CNr+LGhSJufQl3vo2TNqC2/jDw8Z9zmHN+L2JUKtv+MgoLi0vLK8XV0tr6xuaWub3TlGEsMGngkIWi7SFJGOWkoahipB0JggKPkZY3usrqrTsiJA35rRpHxA3QgFOfYqS01TP3ol7SDZAaen5yn6aVHz7qmWW7ak9kzYOTQxly1XvmZ7cf4jggXGGGpOw4dqTcBAlFMSNpqRtLEiE8QgPS0chRQKSbTG5IrUPt9C0/FPpxZU3c3xMJCqQcB57uzFaUs7XM/K/WiZV/4SaUR7EiHE8/8mNmqdDKArH6VBCs2FgDwoLqXS08RAJhpWMr6RCc2ZPnoXlcdc6qpzcn5dplHkcR9uEAKuDAOdTgGurQAAwP8AQv8Go8Gs/Gm/E+bS0Y+cwu/JHx8Q3fLphR</latexit>

pz(z)

<latexit sha1_base64="50hbYZEi6ygBEf6QXr7chsugfGE=">AAACA3icbZDLSsNAFIZP6q3WW9SdboJFqJuSiLdl0Y3LCvYCbSiT6aQdOpmEmYlYQsCNr+LGhSJufQl3vo2TNqC2/jDw8Z9zmHN+L2JUKtv+MgoLi0vLK8XV0tr6xuaWub3TlGEsMGngkIWi7SFJGOWkoahipB0JggKPkZY3usrqrTsiJA35rRpHxA3QgFOfYqS01TP3ol7SDZAaen5yn6aVHz7qmWW7ak9kzYOTQxly1XvmZ7cf4jggXGGGpOw4dqTcBAlFMSNpqRtLEiE8QgPS0chRQKSbTG5IrUPt9C0/FPpxZU3c3xMJCqQcB57uzFaUs7XM/K/WiZV/4SaUR7EiHE8/8mNmqdDKArH6VBCs2FgDwoLqXS08RAJhpWMr6RCc2ZPnoXlcdc6qpzcn5dplHkcR9uEAKuDAOdTgGurQAAwP8AQv8Go8Gs/Gm/E+bS0Y+cwu/JHx8Q3Y/phN</latexit>

px(x)

<latexit sha1_base64="i+YtphbDGlHLZPWgDWl3RWeS5o4=">AAACB3icbVDLSsNAFJ3UV62vqEtBBovgqiTF17KgC5cV7AOaECbTSTt08mBmItQhOzf+ihsXirj1F9z5N07SLLT1wIXDOfdy7z1+wqiQlvVtVJaWV1bXquu1jc2t7R1zd68r4pRj0sExi3nfR4IwGpGOpJKRfsIJCn1Gev7kKvd794QLGkd3cpoQN0SjiAYUI6klzzx0QiTHGDF1nXnKGSOpCsUP1EOWZZ5ZtxpWAbhI7JLUQYm2Z345wxinIYkkZkiIgW0l0lWIS4oZyWpOKkiC8ASNyEDTCIVEuKr4I4PHWhnCIOa6IgkL9feEQqEQ09DXnfmNYt7Lxf+8QSqDS1fRKEklifBsUZAyKGOYhwKHlBMs2VQThDnVt0I8RhxhqaOr6RDs+ZcXSbfZsM8bZ7en9VazjKMKDsAROAE2uAAtcAPaoAMweATP4BW8GU/Gi/FufMxaK0Y5sw/+wPj8AaVwmms=</latexit>

Dẑ

<latexit sha1_base64="esNjcVvnxxg3DjFj+4OOvWxhT40=">AAACCXicbVDLSsNAFJ34rPUVdelmsAiuSlJ8LQu6cFnBPqAJYTKZtEMnD2YmYhmydeOvuHGhiFv/wJ1/4yTNQlsPXDiccy/33uOnjAppWd/G0vLK6tp6baO+ubW9s2vu7fdEknFMujhhCR/4SBBGY9KVVDIySDlBkc9I359cFX7/nnBBk/hOTlPiRmgU05BiJLXkmdCJkBxjxNR17ilHUhYQVWp+qB7yPPfMhtW0SsBFYlekASp0PPPLCRKcRSSWmCEhhraVSlchLilmJK87mSApwhM0IkNNYxQR4arykxweayWAYcJ1xRKW6u8JhSIhppGvO4sbxbxXiP95w0yGl66icZpJEuPZojBjUCawiAUGlBMs2VQThDnVt0I8RhxhqcOr6xDs+ZcXSa/VtM+bZ7enjXariqMGDsEROAE2uABtcAM6oAsweATP4BW8GU/Gi/FufMxal4xq5gD8gfH5A0kHm1I=</latexit>

Dx̃

<latexit sha1_base64="vb0XUFt2C00z9n7bXT1meIHtaRs=">AAACAnicbZDLSsNAFIYn9VbrLepK3AwtQkUpiQt1WXTjsoK9QBPKZDpph04mYWYixlDc+Ai+ghsXirj1Kdz1bZy0FbT1h4GP/5zDnPN7EaNSWdbIyC0sLi2v5FcLa+sbm1vm9k5DhrHApI5DFoqWhyRhlJO6ooqRViQICjxGmt7gMqs3b4mQNOQ3KomIG6Aepz7FSGmrY+5FZSdAqu/56d3wGP7w/fCwY5asijUWnAd7CqVq0Tl6GlWTWsf8crohjgPCFWZIyrZtRcpNkVAUMzIsOLEkEcID1CNtjRwFRLrp+IQhPNBOF/qh0I8rOHZ/T6QokDIJPN2ZrShna5n5X60dK//cTSmPYkU4nnzkxwyqEGZ5wC4VBCuWaEBYUL0rxH0kEFY6tYIOwZ49eR4aJxX7tGJf6zQuwER5sA+KoAxscAaq4ArUQB1g8ACewSt4Mx6NF+Pd+Ji05ozpzC74I+PzGyaMmkE=</latexit>

p(x, z)

Lagrangian formulation

<latexit sha1_base64="oDofbudr/GcXvKJJ0l7YXP+XAjo="></latexit>

LTURBO(�, ✓) = LDirect (�, ✓) + ↵LReverse (�, ✓)

<latexit sha1_base64="BPoZ3p+u/nz1/ZU+2kG8VytI4Eo="></latexit>

(�̂, ✓̂) = argmax
�,✓

LTURBO(�, ✓)

<latexit sha1_base64="keYi5yYre1zgl7d2R/1ZAswOHOI="></latexit>

LDirect (�, ✓) = Iz
�(X;Z) + �1Ix

�,✓(Z;X)
<latexit sha1_base64="Nj7T3TIwcnqnUW9tyOpZD66epRM="></latexit>

LReverse (�, ✓) = Ix
✓ (Z;X) + �2Iz

�,✓(X;Z)
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<latexit sha1_base64="iNNEtB4usZ6oIfwZaFkTkR++0vA=">AAACJHicbVC7TsMwFHV4lvIKMLJYtEhlqZIOgNSlggW2ItGHaELkuE5r1XnIdpCKlY9h4VdYGHiIgYVvIUmLBC1HsnR8zr269x43YlRIw/jUFhaXlldWC2vF9Y3NrW19Z7ctwphj0sIhC3nXRYIwGpCWpJKRbsQJ8l1GOu7oPPM7d4QLGgbXchwR20eDgHoUI5lKjl4vWz6SQ4yYukwcZUVDmtyqXOO+uk+SSs5dT3UTWIc/n5vkqFx09JJRNXLAeWJOSQlM0XT0N6sf4tgngcQMCdEzjUjaCnFJMSNJ0YoFiRAeoQHppTRAPhG2yo9M4GGq9KEX8vQFEubq7w6FfCHGvptWZkuKWS8T//N6sfRObUWDKJYkwJNBXsygDGGWGOxTTrBk45QgzGm6K8RDxBGWaa5ZCObsyfOkXauax1XzqlZqnE3jKIB9cAAqwAQnoAEuQBO0AAYP4Am8gFftUXvW3rWPSemCNu3ZA3+gfX0Dx/qlcQ==</latexit>

Iz
�(X;Z)

<latexit sha1_base64="LWVQIPeVUtMKzM3v+qgUQveoy9M="></latexit>

Ix
�,✓(Z;X)

<latexit sha1_base64="cH25w50cAYB92TmO8vjiJpGu3kc=">AAACD3icbVC7TsNAEDzzDOFloKQ5kYBCE9kpgDKChjJI5CEllnW+nJNTzg/drRHB+A9o+BUaChCipaXjb7ATI0HCSCfNzexqd8cJBVdgGF/awuLS8spqYa24vrG5ta3v7LZUEEnKmjQQgew4RDHBfdYEDoJ1QsmI5wjWdkYXmd++YVLxwL+Gccgsjwx87nJKIJVs/agc2nEPhgxIUul5BIaOG98m+B7/fO6S43LR1ktG1ZgAzxMzJyWUo2Hrn71+QCOP+UAFUaprGiFYMZHAqWBJsRcpFhI6IgPWTalPPKaseHJPgg9TpY/dQKbPBzxRf3fExFNq7DlpZbakmvUy8T+vG4F7ZsXcDyNgPp0OciOBIcBZOLjPJaMgxikhVPJ0V0yHRBIKaYRZCObsyfOkVauaJ1Xzqlaqn+dxFNA+OkAVZKJTVEeXqIGaiKIH9IRe0Kv2qD1rb9r7tHRBy3v20B9oH99vKZxB</latexit>

p✓(x|z)<latexit sha1_base64="RW0EtNB6Ejjae0QmvEojAfzMwTM=">AAAB8nicbVA9SwNBEJ3zM55fUUubxSBYhTsLtRGDNpYRzAckR9jb7CVL9naP3T0xHPkZNhaKpPV/2NuI/8a9JIUmPhh4vDfDvJkw4Uwbz/t2lpZXVtfWCxvu5tb2zm5xb7+uZaoIrRHJpWqGWFPOBK0ZZjhtJoriOOS0EQ5ucr/xQJVmUtybYUKDGPcEixjBxkqtdoxNP4yyx5HbKZa8sjcBWiT+jJSuPtzLZPzlVjvFz3ZXkjSmwhCOtW75XmKCDCvDCKcjt51qmmAywD3aslTgmOogm0QeoWOrdFEklS1h0ET9PZHhWOthHNrOPKKe93LxP6+VmugiyJhIUkMFmS6KUo6MRPn9qMsUJYYPLcFEMZsVkT5WmBj7pfwJ/vzJi6R+WvbPyv6dV6pcwxQFOIQjOAEfzqECt1CFGhCQ8AQv8OoY59l5c8bT1iVnNnMAf+C8/wCXI5Rz</latexit>x
<latexit sha1_base64="Nkr+YHXxJhrM4e2sjOUTGL+NPOI=">AAACC3icbVC7TsMwFHXKq7Q8AowsVgtSWaqEARgrWBiLRB9SU0WO67RWnQe2U1FCdhZ+hQUJEGJD/AAbHwIzTlskaDmSpeNz7tW99zgho0IaxoeWmZtfWFzKLufyK6tr6/rGZl0EEcekhgMW8KaDBGHUJzVJJSPNkBPkOYw0nP5J6jcGhAsa+OdyGJK2h7o+dSlGUkm2XriwYyvs0aRkeUj2HDe+SuA1/PlcJns5Wy8aZWMEOEvMCSlWdj4fXgf5r6qtv1udAEce8SVmSIiWaYSyHSMuKWYkyVmRICHCfdQlLUV95BHRjke3JHBXKR3oBlw9X8KR+rsjRp4QQ89RlemOYtpLxf+8ViTdo3ZM/TCSxMfjQW7EoAxgGgzsUE6wZENFEOZU7QpxD3GEpYovDcGcPnmW1PfL5kHZPFNpHIMxsmAbFEAJmOAQVMApqIIawOAG3IFH8KTdavfas/YyLs1ok54t8Afa2ze+Op9E</latexit>

q�(z|x)
<latexit sha1_base64="gCeTftFJOXIWVj7m0m8v7c3aYQE=">AAAB9HicbVBNS8NAEN34WeNX1aOXxSJ4KokH9SIWvXisYD+gDWWzmbRLN5u4uynU0N/hxYNSvPo3vHsR/42btgdtfTDweG+GmXl+wpnSjvNtLS2vrK6tFzbsza3tnd3i3n5dxamkUKMxj2XTJwo4E1DTTHNoJhJI5HNo+P2b3G8MQCoWi3s9TMCLSFewkFGijeS1/RC3NeMB4Ee7Uyw5ZWcCvEjcGSldfdiXyfjLrnaKn+0gpmkEQlNOlGq5TqK9jEjNKIeR3U4VJIT2SRdahgoSgfKyydEjfGyUAIexNCU0nqi/JzISKTWMfNMZEd1T814u/ue1Uh1eeBkTSapB0OmiMOVYxzhPAAdMAtV8aAihkplbMe0RSag2OeUhuPMvL5L6adk9K7t3TqlyjaYooEN0hE6Qi85RBd2iKqohih7QE3pBr9bAerbG1tu0dcmazRygP7DefwD7lZSV</latexit>

z̃

<latexit sha1_base64="15j0WQDC4c3sQTPB/tYJX7kjqlE=">AAAB73icbVA9T8MwED2Xr1K+CowsFi0SU5V0AMYKFsYi0Q+pjSrHdVqrjhNsB6lE/RMsDCDEyt9h49/gtBmg5UknPb13p7t7fiy4No7zjQpr6xubW8Xt0s7u3v5B+fCoraNEUdaikYhU1yeaCS5Zy3AjWDdWjIS+YB1/cpP5nUemNI/kvZnGzAvJSPKAU2Ks1K32/QA/VUuDcsWpOXPgVeLmpAI5moPyV38Y0SRk0lBBtO65Tmy8lCjDqWCzUj/RLCZ0QkasZ6kkIdNeOr93hs+sMsRBpGxJg+fq74mUhFpPQ992hsSM9bKXif95vcQEV17KZZwYJuliUZAIbCKcPY+HXDFqxNQSQhW3t2I6JopQYyPKQnCXX14l7XrNvai5d/VK4zqPowgncArn4MIlNOAWmtACCgKe4RXe0AN6Qe/oY9FaQPnMMfwB+vwBXLGO3g==</latexit>z

<latexit sha1_base64="DG+jHQ7fDUFuGLLLTP//fizZoFk=">AAAB8nicbZDLSsNAFIYnXmu8VV26GSyCq5K4UDdi0Y3LCvYCSSiT6aQdOpmEmROxhD6GGxeKdOt7uHcjvo2Ttgtt/WHg4//PYc45YSq4Bsf5tpaWV1bX1ksb9ubW9s5ueW+/qZNMUdagiUhUOySaCS5ZAzgI1k4VI3EoWCsc3BR564EpzRN5D8OUBTHpSR5xSsBYnh9G2O8TwI92p1xxqs5EeBHcGVSuPuzLdPxl1zvlT7+b0CxmEqggWnuuk0KQEwWcCjay/UyzlNAB6THPoCQx00E+GXmEj43TxVGizJOAJ+7vjpzEWg/j0FTGBPp6PivM/zIvg+giyLlMM2CSTj+KMoEhwcX+uMsVoyCGBghV3MyKaZ8oQsFcqTiCO7/yIjRPq+5Z1b1zKrVrNFUJHaIjdIJcdI5q6BbVUQNRlKAn9IJeLbCerTdrPC1dsmY9B+iPrPcfYuGTqg==</latexit>

x̂

<latexit sha1_base64="C1+YK4n2QbZkGiD8cdwHTv/jnPM=">AAACIXicbZBNS8NAEIY39avWr6hHL0uLUFFK4kF7LHrx4KGC/YCmlM120y7dTcLuRogh/8KzF/+KFw+K9Fb8M27Tgto6sPDsOzPMzOuGjEplWRMjt7K6tr6R3yxsbe/s7pn7B00ZRAKTBg5YINoukoRRnzQUVYy0Q0EQdxlpuaPrab71QISkgX+v4pB0ORr41KMYKS31zKrDkRpixJLbtJdkH8GTxzQtZ+x6ms+goyjrk+RHSk96ZsmqWFnAZbDnUKoVndOnSS2u98yx0w9wxImvMENSdmwrVN0ECUUxI2nBiSQJER6hAelo9BEnsptkF6bwWCt96AVCP1/BTP3dkSAuZcxdXTndUS7mpuJ/uU6kvGo3oX4YKeLj2SAvYlAFcGoX7FNBsGKxBoQF1btCPEQCYaVNLWgT7MWTl6F5XrEvKvadduMKzCIPjkARlIENLkEN3IA6aAAMnsEreAcfxovxZnwa41lpzpj3HII/YXx9A5KhqJc=</latexit>

Lz(z, z̃)

<latexit sha1_base64="15j0WQDC4c3sQTPB/tYJX7kjqlE=">AAAB73icbVA9T8MwED2Xr1K+CowsFi0SU5V0AMYKFsYi0Q+pjSrHdVqrjhNsB6lE/RMsDCDEyt9h49/gtBmg5UknPb13p7t7fiy4No7zjQpr6xubW8Xt0s7u3v5B+fCoraNEUdaikYhU1yeaCS5Zy3AjWDdWjIS+YB1/cpP5nUemNI/kvZnGzAvJSPKAU2Ks1K32/QA/VUuDcsWpOXPgVeLmpAI5moPyV38Y0SRk0lBBtO65Tmy8lCjDqWCzUj/RLCZ0QkasZ6kkIdNeOr93hs+sMsRBpGxJg+fq74mUhFpPQ992hsSM9bKXif95vcQEV17KZZwYJuliUZAIbCKcPY+HXDFqxNQSQhW3t2I6JopQYyPKQnCXX14l7XrNvai5d/VK4zqPowgncArn4MIlNOAWmtACCgKe4RXe0AN6Qe/oY9FaQPnMMfwB+vwBXLGO3g==</latexit>z

<latexit sha1_base64="RW0EtNB6Ejjae0QmvEojAfzMwTM=">AAAB8nicbVA9SwNBEJ3zM55fUUubxSBYhTsLtRGDNpYRzAckR9jb7CVL9naP3T0xHPkZNhaKpPV/2NuI/8a9JIUmPhh4vDfDvJkw4Uwbz/t2lpZXVtfWCxvu5tb2zm5xb7+uZaoIrRHJpWqGWFPOBK0ZZjhtJoriOOS0EQ5ucr/xQJVmUtybYUKDGPcEixjBxkqtdoxNP4yyx5HbKZa8sjcBWiT+jJSuPtzLZPzlVjvFz3ZXkjSmwhCOtW75XmKCDCvDCKcjt51qmmAywD3aslTgmOogm0QeoWOrdFEklS1h0ET9PZHhWOthHNrOPKKe93LxP6+VmugiyJhIUkMFmS6KUo6MRPn9qMsUJYYPLcFEMZsVkT5WmBj7pfwJ/vzJi6R+WvbPyv6dV6pcwxQFOIQjOAEfzqECt1CFGhCQ8AQv8OoY59l5c8bT1iVnNnMAf+C8/wCXI5Rz</latexit>x

<latexit sha1_base64="puorgi5+Zo4bTawC8ltPubf7qrs=">AAACH3icbZBLS8NAEMc39VXrK+rRy9IiVJSSeKgei148eKhgH9CEsNlu2qWbB7sbMYR8C49e/CpePCgi3vpt3KQFtTqw8Nv/zDAzfzdiVEjDmGqlpeWV1bXyemVjc2t7R9/d64ow5ph0cMhC3neRIIwGpCOpZKQfcYJ8l5GeO7nM8707wgUNg1uZRMT20SigHsVIKsnRm5aP5Bgjll5nTlp8uJ/eZ1m9YNdTfAKtMZLpt5AdOXrNaBhFwL9gzqHWqlrHD9NW0nb0T2sY4tgngcQMCTEwjUjaKeKSYkayihULEiE8QSMyUBggnwg7Le7L4KFShtALuXqBhIX6syNFvhCJ76rKfEexmMvF/3KDWHrndkqDKJYkwLNBXsygDGFuFhxSTrBkiQKEOVW7QjxGHGGpLK0oE8zFk/9C97RhNhvmjXLjAsyiDA5AFdSBCc5AC1yBNugADB7BM3gFb9qT9qK9ax+z0pI279kHv0KbfgHO9qeo</latexit>

Lx(x, x̂)

<latexit sha1_base64="n5TmsMRhz8n7vxajRlBnAlq5r88=">AAACBXicbVDLSsNAFJ34rPUVdamL0CJUhJK4UJdFNy4r2Ac0IUymk3bo5MHMjRhCNm78AT/CjQtF3PoP7vo3TtoutPXAhcM593LvPV7MmQTTHGtLyyura+uljfLm1vbOrr6335ZRIghtkYhHouthSTkLaQsYcNqNBcWBx2nHG10XfueeCsmi8A7SmDoBHoTMZwSDklz9yB5iyOLczWwYUsB5zQ4wDD0/e8hPXL1q1s0JjEVizUi1UbFPn8eNtOnq33Y/IklAQyAcS9mzzBicDAtghNO8bCeSxpiM8ID2FA1xQKWTTb7IjWOl9A0/EqpCMCbq74kMB1Kmgac6ixPlvFeI/3m9BPxLJ2NhnAANyXSRn3ADIqOIxOgzQQnwVBFMBFO3GmSIBSaggiurEKz5lxdJ+6xundetW5XGFZqihA5RBdWQhS5QA92gJmohgh7RC3pD79qT9qp9aJ/T1iVtNnOA/kD7+gF9M5wt</latexit>

p̂✓(x)
<latexit sha1_base64="vb0XUFt2C00z9n7bXT1meIHtaRs=">AAACAnicbZDLSsNAFIYn9VbrLepK3AwtQkUpiQt1WXTjsoK9QBPKZDpph04mYWYixlDc+Ai+ghsXirj1Kdz1bZy0FbT1h4GP/5zDnPN7EaNSWdbIyC0sLi2v5FcLa+sbm1vm9k5DhrHApI5DFoqWhyRhlJO6ooqRViQICjxGmt7gMqs3b4mQNOQ3KomIG6Aepz7FSGmrY+5FZSdAqu/56d3wGP7w/fCwY5asijUWnAd7CqVq0Tl6GlWTWsf8crohjgPCFWZIyrZtRcpNkVAUMzIsOLEkEcID1CNtjRwFRLrp+IQhPNBOF/qh0I8rOHZ/T6QokDIJPN2ZrShna5n5X60dK//cTSmPYkU4nnzkxwyqEGZ5wC4VBCuWaEBYUL0rxH0kEFY6tYIOwZ49eR4aJxX7tGJf6zQuwER5sA+KoAxscAaq4ArUQB1g8ACewSt4Mx6NF+Pd+Ji05ozpzC74I+PzGyaMmkE=</latexit>

p(x, z)

Direct part

<latexit sha1_base64="KbxYwhF8BaaXSc3bsMgwFLUb/Ws=">AAACBHicbVC7TsMwFHXKq5RXgLGLRYVUlipBvMYKFsYi0YfURJHjOq1Vxwm2g1SiDCz8CgsDCLHyEWz8DU6bAVqOdKWjc+7Vvff4MaNSWda3UVpaXlldK69XNja3tnfM3b2OjBKBSRtHLBI9H0nCKCdtRRUjvVgQFPqMdP3xVe5374mQNOK3ahITN0RDTgOKkdKSZ1ZTR1E2IPAu85x4ROtOiNTID9KH7Mgza1bDmgIuErsgNVCg5ZlfziDCSUi4wgxJ2betWLkpEopiRrKKk0gSIzxGQ9LXlKOQSDedPpHBQ60MYBAJXVzBqfp7IkWhlJPQ1535iXLey8X/vH6iggs3pTxOFOF4tihIGFQRzBOBAyoIVmyiCcKC6lshHiGBsNK5VXQI9vzLi6Rz3LDPGqc3J7XmZRFHGVTBAagDG5yDJrgGLdAGGDyCZ/AK3own48V4Nz5mrSWjmNkHf2B8/gDpTZhH</latexit>

q̃�(z)

<latexit sha1_base64="50hbYZEi6ygBEf6QXr7chsugfGE=">AAACA3icbZDLSsNAFIZP6q3WW9SdboJFqJuSiLdl0Y3LCvYCbSiT6aQdOpmEmYlYQsCNr+LGhSJufQl3vo2TNqC2/jDw8Z9zmHN+L2JUKtv+MgoLi0vLK8XV0tr6xuaWub3TlGEsMGngkIWi7SFJGOWkoahipB0JggKPkZY3usrqrTsiJA35rRpHxA3QgFOfYqS01TP3ol7SDZAaen5yn6aVHz7qmWW7ak9kzYOTQxly1XvmZ7cf4jggXGGGpOw4dqTcBAlFMSNpqRtLEiE8QgPS0chRQKSbTG5IrUPt9C0/FPpxZU3c3xMJCqQcB57uzFaUs7XM/K/WiZV/4SaUR7EiHE8/8mNmqdDKArH6VBCs2FgDwoLqXS08RAJhpWMr6RCc2ZPnoXlcdc6qpzcn5dplHkcR9uEAKuDAOdTgGurQAAwP8AQv8Go8Gs/Gm/E+bS0Y+cwu/JHx8Q3Y/phN</latexit>

px(x)

<latexit sha1_base64="CIv3s91Qwrk0GQM+zcKiiGDFREE=">AAACA3icbZDLSsNAFIZP6q3WW9SdboJFqJuSiLdl0Y3LCvYCbSiT6aQdOpmEmYlQQ8CNr+LGhSJufQl3vo2TNqC2/jDw8Z9zmHN+L2JUKtv+MgoLi0vLK8XV0tr6xuaWub3TlGEsMGngkIWi7SFJGOWkoahipB0JggKPkZY3usrqrTsiJA35rRpHxA3QgFOfYqS01TP3ol7SDZAaen5yn6aVHz7qmWW7ak9kzYOTQxly1XvmZ7cf4jggXGGGpOw4dqTcBAlFMSNpqRtLEiE8QgPS0chRQKSbTG5IrUPt9C0/FPpxZU3c3xMJCqQcB57uzFaUs7XM/K/WiZV/4SaUR7EiHE8/8mNmqdDKArH6VBCs2FgDwoLqXS08RAJhpWMr6RCc2ZPnoXlcdc6qpzcn5dplHkcR9uEAKuDAOdTgGurQAAwP8AQv8Go8Gs/Gm/E+bS0Y+cwu/JHx8Q3fLphR</latexit>

pz(z)

<latexit sha1_base64="4cGevaISFcg5yEfFk/yCB7rtDZs=">AAACCXicbVDLSsNAFJ34rPUVdelmsAiuSiK+lkVduKxgH9CEMJlM2qGTBzMToQ7ZuvFX3LhQxK1/4M6/cZJmoa0HLhzOuZd77/FTRoW0rG9jYXFpeWW1tlZf39jc2jZ3drsiyTgmHZywhPd9JAijMelIKhnpp5ygyGek54+vCr93T7igSXwnJylxIzSMaUgxklryTOhESI4wYuo695QjKQuIKjU/VA95nntmw2paJeA8sSvSABXanvnlBAnOIhJLzJAQA9tKpasQlxQzktedTJAU4TEakoGmMYqIcFX5SQ4PtRLAMOG6YglL9feEQpEQk8jXncWNYtYrxP+8QSbDC1fROM0kifF0UZgxKBNYxAIDygmWbKIJwpzqWyEeIY6w1OHVdQj27MvzpHvctM+ap7cnjdZlFUcN7IMDcARscA5a4Aa0QQdg8AiewSt4M56MF+Pd+Ji2LhjVzB74A+PzB1Dlm2Q=</latexit>Dz̃

<latexit sha1_base64="rws8P5xfJnh91raeL5d62Gt8Rpw=">AAACB3icbVDLSsNAFJ3UV62vqEtBgkVwVRLxtSzqwmUF+4AmhMl00g6dTMLMRCxDdm78FTcuFHHrL7jzb5ykWWjrgQuHc+7l3nuChBIhbfvbqCwsLi2vVFdra+sbm1vm9k5HxClHuI1iGvNeAAWmhOG2JJLiXsIxjAKKu8H4Kve795gLErM7OUmwF8EhIyFBUGrJN/fdCMoRglRdZ75yR1CqQglC9ZBlmW/W7YZdwJonTknqoETLN7/cQYzSCDOJKBSi79iJ9BTkkiCKs5qbCpxANIZD3NeUwQgLTxV/ZNahVgZWGHNdTFqF+ntCwUiISRTozvxGMevl4n9eP5XhhacIS1KJGZouClNqydjKQ7EGhGMk6UQTiDjRt1poBDlEUkdX0yE4sy/Pk85xwzlrnN6e1JuXZRxVsAcOwBFwwDloghvQAm2AwCN4Bq/gzXgyXox342PaWjHKmV3wB8bnD6cymnk=</latexit>Dx̂ Encoder loss
<latexit sha1_base64="6nj74RL+bsqW85KprrtqUCFp1WY="></latexit>

I(X;Z) = Ep(x,z)


log

p(z|x)
pz(z)

q�(z|x)
q�(z|x)

�

� Ep(x,z)


log

q�(z|x)
pz(z)

�

<latexit sha1_base64="nH2cHy5rWuowfBOYk9QFuR2MnAs="></latexit>

= Ep(x,z)


log

q�(z|x)
pz(z)

q̃�(z)

q̃�(z)

�

= Ep(x,z) [log q�(z|x)]� Ep(x,z)


log

pz(z)

q̃�(z)

�
� Ep(x,z) [log q̃�(z)]

= Ep(x,z) [log q�(z|x)]�DKL (pz(z)kq̃�(z)) +H (pz(z); q̃�(z))

� Ep(x,z) [log q�(z|x)]| {z }
Lz(z,z̃)

�DKL (pz(z)kq̃�(z))| {z }
Dz̃

=: Iz
�(X;Z)



21TURBO: generalized translation problem formulation

<latexit sha1_base64="iNNEtB4usZ6oIfwZaFkTkR++0vA=">AAACJHicbVC7TsMwFHV4lvIKMLJYtEhlqZIOgNSlggW2ItGHaELkuE5r1XnIdpCKlY9h4VdYGHiIgYVvIUmLBC1HsnR8zr269x43YlRIw/jUFhaXlldWC2vF9Y3NrW19Z7ctwphj0sIhC3nXRYIwGpCWpJKRbsQJ8l1GOu7oPPM7d4QLGgbXchwR20eDgHoUI5lKjl4vWz6SQ4yYukwcZUVDmtyqXOO+uk+SSs5dT3UTWIc/n5vkqFx09JJRNXLAeWJOSQlM0XT0N6sf4tgngcQMCdEzjUjaCnFJMSNJ0YoFiRAeoQHppTRAPhG2yo9M4GGq9KEX8vQFEubq7w6FfCHGvptWZkuKWS8T//N6sfRObUWDKJYkwJNBXsygDGGWGOxTTrBk45QgzGm6K8RDxBGWaa5ZCObsyfOkXauax1XzqlZqnE3jKIB9cAAqwAQnoAEuQBO0AAYP4Am8gFftUXvW3rWPSemCNu3ZA3+gfX0Dx/qlcQ==</latexit>

Iz
�(X;Z)

<latexit sha1_base64="LWVQIPeVUtMKzM3v+qgUQveoy9M="></latexit>

Ix
�,✓(Z;X)

<latexit sha1_base64="cH25w50cAYB92TmO8vjiJpGu3kc=">AAACD3icbVC7TsNAEDzzDOFloKQ5kYBCE9kpgDKChjJI5CEllnW+nJNTzg/drRHB+A9o+BUaChCipaXjb7ATI0HCSCfNzexqd8cJBVdgGF/awuLS8spqYa24vrG5ta3v7LZUEEnKmjQQgew4RDHBfdYEDoJ1QsmI5wjWdkYXmd++YVLxwL+Gccgsjwx87nJKIJVs/agc2nEPhgxIUul5BIaOG98m+B7/fO6S43LR1ktG1ZgAzxMzJyWUo2Hrn71+QCOP+UAFUaprGiFYMZHAqWBJsRcpFhI6IgPWTalPPKaseHJPgg9TpY/dQKbPBzxRf3fExFNq7DlpZbakmvUy8T+vG4F7ZsXcDyNgPp0OciOBIcBZOLjPJaMgxikhVPJ0V0yHRBIKaYRZCObsyfOkVauaJ1Xzqlaqn+dxFNA+OkAVZKJTVEeXqIGaiKIH9IRe0Kv2qD1rb9r7tHRBy3v20B9oH99vKZxB</latexit>

p✓(x|z)<latexit sha1_base64="RW0EtNB6Ejjae0QmvEojAfzMwTM=">AAAB8nicbVA9SwNBEJ3zM55fUUubxSBYhTsLtRGDNpYRzAckR9jb7CVL9naP3T0xHPkZNhaKpPV/2NuI/8a9JIUmPhh4vDfDvJkw4Uwbz/t2lpZXVtfWCxvu5tb2zm5xb7+uZaoIrRHJpWqGWFPOBK0ZZjhtJoriOOS0EQ5ucr/xQJVmUtybYUKDGPcEixjBxkqtdoxNP4yyx5HbKZa8sjcBWiT+jJSuPtzLZPzlVjvFz3ZXkjSmwhCOtW75XmKCDCvDCKcjt51qmmAywD3aslTgmOogm0QeoWOrdFEklS1h0ET9PZHhWOthHNrOPKKe93LxP6+VmugiyJhIUkMFmS6KUo6MRPn9qMsUJYYPLcFEMZsVkT5WmBj7pfwJ/vzJi6R+WvbPyv6dV6pcwxQFOIQjOAEfzqECt1CFGhCQ8AQv8OoY59l5c8bT1iVnNnMAf+C8/wCXI5Rz</latexit>x
<latexit sha1_base64="Nkr+YHXxJhrM4e2sjOUTGL+NPOI=">AAACC3icbVC7TsMwFHXKq7Q8AowsVgtSWaqEARgrWBiLRB9SU0WO67RWnQe2U1FCdhZ+hQUJEGJD/AAbHwIzTlskaDmSpeNz7tW99zgho0IaxoeWmZtfWFzKLufyK6tr6/rGZl0EEcekhgMW8KaDBGHUJzVJJSPNkBPkOYw0nP5J6jcGhAsa+OdyGJK2h7o+dSlGUkm2XriwYyvs0aRkeUj2HDe+SuA1/PlcJns5Wy8aZWMEOEvMCSlWdj4fXgf5r6qtv1udAEce8SVmSIiWaYSyHSMuKWYkyVmRICHCfdQlLUV95BHRjke3JHBXKR3oBlw9X8KR+rsjRp4QQ89RlemOYtpLxf+8ViTdo3ZM/TCSxMfjQW7EoAxgGgzsUE6wZENFEOZU7QpxD3GEpYovDcGcPnmW1PfL5kHZPFNpHIMxsmAbFEAJmOAQVMApqIIawOAG3IFH8KTdavfas/YyLs1ok54t8Afa2ze+Op9E</latexit>

q�(z|x)
<latexit sha1_base64="gCeTftFJOXIWVj7m0m8v7c3aYQE=">AAAB9HicbVBNS8NAEN34WeNX1aOXxSJ4KokH9SIWvXisYD+gDWWzmbRLN5u4uynU0N/hxYNSvPo3vHsR/42btgdtfTDweG+GmXl+wpnSjvNtLS2vrK6tFzbsza3tnd3i3n5dxamkUKMxj2XTJwo4E1DTTHNoJhJI5HNo+P2b3G8MQCoWi3s9TMCLSFewkFGijeS1/RC3NeMB4Ee7Uyw5ZWcCvEjcGSldfdiXyfjLrnaKn+0gpmkEQlNOlGq5TqK9jEjNKIeR3U4VJIT2SRdahgoSgfKyydEjfGyUAIexNCU0nqi/JzISKTWMfNMZEd1T814u/ue1Uh1eeBkTSapB0OmiMOVYxzhPAAdMAtV8aAihkplbMe0RSag2OeUhuPMvL5L6adk9K7t3TqlyjaYooEN0hE6Qi85RBd2iKqohih7QE3pBr9bAerbG1tu0dcmazRygP7DefwD7lZSV</latexit>

z̃

<latexit sha1_base64="15j0WQDC4c3sQTPB/tYJX7kjqlE=">AAAB73icbVA9T8MwED2Xr1K+CowsFi0SU5V0AMYKFsYi0Q+pjSrHdVqrjhNsB6lE/RMsDCDEyt9h49/gtBmg5UknPb13p7t7fiy4No7zjQpr6xubW8Xt0s7u3v5B+fCoraNEUdaikYhU1yeaCS5Zy3AjWDdWjIS+YB1/cpP5nUemNI/kvZnGzAvJSPKAU2Ks1K32/QA/VUuDcsWpOXPgVeLmpAI5moPyV38Y0SRk0lBBtO65Tmy8lCjDqWCzUj/RLCZ0QkasZ6kkIdNeOr93hs+sMsRBpGxJg+fq74mUhFpPQ992hsSM9bKXif95vcQEV17KZZwYJuliUZAIbCKcPY+HXDFqxNQSQhW3t2I6JopQYyPKQnCXX14l7XrNvai5d/VK4zqPowgncArn4MIlNOAWmtACCgKe4RXe0AN6Qe/oY9FaQPnMMfwB+vwBXLGO3g==</latexit>z

<latexit sha1_base64="DG+jHQ7fDUFuGLLLTP//fizZoFk=">AAAB8nicbZDLSsNAFIYnXmu8VV26GSyCq5K4UDdi0Y3LCvYCSSiT6aQdOpmEmROxhD6GGxeKdOt7uHcjvo2Ttgtt/WHg4//PYc45YSq4Bsf5tpaWV1bX1ksb9ubW9s5ueW+/qZNMUdagiUhUOySaCS5ZAzgI1k4VI3EoWCsc3BR564EpzRN5D8OUBTHpSR5xSsBYnh9G2O8TwI92p1xxqs5EeBHcGVSuPuzLdPxl1zvlT7+b0CxmEqggWnuuk0KQEwWcCjay/UyzlNAB6THPoCQx00E+GXmEj43TxVGizJOAJ+7vjpzEWg/j0FTGBPp6PivM/zIvg+giyLlMM2CSTj+KMoEhwcX+uMsVoyCGBghV3MyKaZ8oQsFcqTiCO7/yIjRPq+5Z1b1zKrVrNFUJHaIjdIJcdI5q6BbVUQNRlKAn9IJeLbCerTdrPC1dsmY9B+iPrPcfYuGTqg==</latexit>

x̂

<latexit sha1_base64="C1+YK4n2QbZkGiD8cdwHTv/jnPM=">AAACIXicbZBNS8NAEIY39avWr6hHL0uLUFFK4kF7LHrx4KGC/YCmlM120y7dTcLuRogh/8KzF/+KFw+K9Fb8M27Tgto6sPDsOzPMzOuGjEplWRMjt7K6tr6R3yxsbe/s7pn7B00ZRAKTBg5YINoukoRRnzQUVYy0Q0EQdxlpuaPrab71QISkgX+v4pB0ORr41KMYKS31zKrDkRpixJLbtJdkH8GTxzQtZ+x6ms+goyjrk+RHSk96ZsmqWFnAZbDnUKoVndOnSS2u98yx0w9wxImvMENSdmwrVN0ECUUxI2nBiSQJER6hAelo9BEnsptkF6bwWCt96AVCP1/BTP3dkSAuZcxdXTndUS7mpuJ/uU6kvGo3oX4YKeLj2SAvYlAFcGoX7FNBsGKxBoQF1btCPEQCYaVNLWgT7MWTl6F5XrEvKvadduMKzCIPjkARlIENLkEN3IA6aAAMnsEreAcfxovxZnwa41lpzpj3HII/YXx9A5KhqJc=</latexit>

Lz(z, z̃)

<latexit sha1_base64="15j0WQDC4c3sQTPB/tYJX7kjqlE=">AAAB73icbVA9T8MwED2Xr1K+CowsFi0SU5V0AMYKFsYi0Q+pjSrHdVqrjhNsB6lE/RMsDCDEyt9h49/gtBmg5UknPb13p7t7fiy4No7zjQpr6xubW8Xt0s7u3v5B+fCoraNEUdaikYhU1yeaCS5Zy3AjWDdWjIS+YB1/cpP5nUemNI/kvZnGzAvJSPKAU2Ks1K32/QA/VUuDcsWpOXPgVeLmpAI5moPyV38Y0SRk0lBBtO65Tmy8lCjDqWCzUj/RLCZ0QkasZ6kkIdNeOr93hs+sMsRBpGxJg+fq74mUhFpPQ992hsSM9bKXif95vcQEV17KZZwYJuliUZAIbCKcPY+HXDFqxNQSQhW3t2I6JopQYyPKQnCXX14l7XrNvai5d/VK4zqPowgncArn4MIlNOAWmtACCgKe4RXe0AN6Qe/oY9FaQPnMMfwB+vwBXLGO3g==</latexit>z

<latexit sha1_base64="RW0EtNB6Ejjae0QmvEojAfzMwTM=">AAAB8nicbVA9SwNBEJ3zM55fUUubxSBYhTsLtRGDNpYRzAckR9jb7CVL9naP3T0xHPkZNhaKpPV/2NuI/8a9JIUmPhh4vDfDvJkw4Uwbz/t2lpZXVtfWCxvu5tb2zm5xb7+uZaoIrRHJpWqGWFPOBK0ZZjhtJoriOOS0EQ5ucr/xQJVmUtybYUKDGPcEixjBxkqtdoxNP4yyx5HbKZa8sjcBWiT+jJSuPtzLZPzlVjvFz3ZXkjSmwhCOtW75XmKCDCvDCKcjt51qmmAywD3aslTgmOogm0QeoWOrdFEklS1h0ET9PZHhWOthHNrOPKKe93LxP6+VmugiyJhIUkMFmS6KUo6MRPn9qMsUJYYPLcFEMZsVkT5WmBj7pfwJ/vzJi6R+WvbPyv6dV6pcwxQFOIQjOAEfzqECt1CFGhCQ8AQv8OoY59l5c8bT1iVnNnMAf+C8/wCXI5Rz</latexit>x

<latexit sha1_base64="puorgi5+Zo4bTawC8ltPubf7qrs=">AAACH3icbZBLS8NAEMc39VXrK+rRy9IiVJSSeKgei148eKhgH9CEsNlu2qWbB7sbMYR8C49e/CpePCgi3vpt3KQFtTqw8Nv/zDAzfzdiVEjDmGqlpeWV1bXyemVjc2t7R9/d64ow5ph0cMhC3neRIIwGpCOpZKQfcYJ8l5GeO7nM8707wgUNg1uZRMT20SigHsVIKsnRm5aP5Bgjll5nTlp8uJ/eZ1m9YNdTfAKtMZLpt5AdOXrNaBhFwL9gzqHWqlrHD9NW0nb0T2sY4tgngcQMCTEwjUjaKeKSYkayihULEiE8QSMyUBggnwg7Le7L4KFShtALuXqBhIX6syNFvhCJ76rKfEexmMvF/3KDWHrndkqDKJYkwLNBXsygDGFuFhxSTrBkiQKEOVW7QjxGHGGpLK0oE8zFk/9C97RhNhvmjXLjAsyiDA5AFdSBCc5AC1yBNugADB7BM3gFb9qT9qK9ax+z0pI279kHv0KbfgHO9qeo</latexit>

Lx(x, x̂)

<latexit sha1_base64="n5TmsMRhz8n7vxajRlBnAlq5r88=">AAACBXicbVDLSsNAFJ34rPUVdamL0CJUhJK4UJdFNy4r2Ac0IUymk3bo5MHMjRhCNm78AT/CjQtF3PoP7vo3TtoutPXAhcM593LvPV7MmQTTHGtLyyura+uljfLm1vbOrr6335ZRIghtkYhHouthSTkLaQsYcNqNBcWBx2nHG10XfueeCsmi8A7SmDoBHoTMZwSDklz9yB5iyOLczWwYUsB5zQ4wDD0/e8hPXL1q1s0JjEVizUi1UbFPn8eNtOnq33Y/IklAQyAcS9mzzBicDAtghNO8bCeSxpiM8ID2FA1xQKWTTb7IjWOl9A0/EqpCMCbq74kMB1Kmgac6ixPlvFeI/3m9BPxLJ2NhnAANyXSRn3ADIqOIxOgzQQnwVBFMBFO3GmSIBSaggiurEKz5lxdJ+6xundetW5XGFZqihA5RBdWQhS5QA92gJmohgh7RC3pD79qT9qp9aJ/T1iVtNnOA/kD7+gF9M5wt</latexit>

p̂✓(x)
<latexit sha1_base64="vb0XUFt2C00z9n7bXT1meIHtaRs=">AAACAnicbZDLSsNAFIYn9VbrLepK3AwtQkUpiQt1WXTjsoK9QBPKZDpph04mYWYixlDc+Ai+ghsXirj1Kdz1bZy0FbT1h4GP/5zDnPN7EaNSWdbIyC0sLi2v5FcLa+sbm1vm9k5DhrHApI5DFoqWhyRhlJO6ooqRViQICjxGmt7gMqs3b4mQNOQ3KomIG6Aepz7FSGmrY+5FZSdAqu/56d3wGP7w/fCwY5asijUWnAd7CqVq0Tl6GlWTWsf8crohjgPCFWZIyrZtRcpNkVAUMzIsOLEkEcID1CNtjRwFRLrp+IQhPNBOF/qh0I8rOHZ/T6QokDIJPN2ZrShna5n5X60dK//cTSmPYkU4nnzkxwyqEGZ5wC4VBCuWaEBYUL0rxH0kEFY6tYIOwZ49eR4aJxX7tGJf6zQuwER5sA+KoAxscAaq4ArUQB1g8ACewSt4Mx6NF+Pd+Ji05ozpzC74I+PzGyaMmkE=</latexit>

p(x, z)

Direct part

<latexit sha1_base64="KbxYwhF8BaaXSc3bsMgwFLUb/Ws=">AAACBHicbVC7TsMwFHXKq5RXgLGLRYVUlipBvMYKFsYi0YfURJHjOq1Vxwm2g1SiDCz8CgsDCLHyEWz8DU6bAVqOdKWjc+7Vvff4MaNSWda3UVpaXlldK69XNja3tnfM3b2OjBKBSRtHLBI9H0nCKCdtRRUjvVgQFPqMdP3xVe5374mQNOK3ahITN0RDTgOKkdKSZ1ZTR1E2IPAu85x4ROtOiNTID9KH7Mgza1bDmgIuErsgNVCg5ZlfziDCSUi4wgxJ2betWLkpEopiRrKKk0gSIzxGQ9LXlKOQSDedPpHBQ60MYBAJXVzBqfp7IkWhlJPQ1535iXLey8X/vH6iggs3pTxOFOF4tihIGFQRzBOBAyoIVmyiCcKC6lshHiGBsNK5VXQI9vzLi6Rz3LDPGqc3J7XmZRFHGVTBAagDG5yDJrgGLdAGGDyCZ/AK3own48V4Nz5mrSWjmNkHf2B8/gDpTZhH</latexit>

q̃�(z)

<latexit sha1_base64="50hbYZEi6ygBEf6QXr7chsugfGE=">AAACA3icbZDLSsNAFIZP6q3WW9SdboJFqJuSiLdl0Y3LCvYCbSiT6aQdOpmEmYlYQsCNr+LGhSJufQl3vo2TNqC2/jDw8Z9zmHN+L2JUKtv+MgoLi0vLK8XV0tr6xuaWub3TlGEsMGngkIWi7SFJGOWkoahipB0JggKPkZY3usrqrTsiJA35rRpHxA3QgFOfYqS01TP3ol7SDZAaen5yn6aVHz7qmWW7ak9kzYOTQxly1XvmZ7cf4jggXGGGpOw4dqTcBAlFMSNpqRtLEiE8QgPS0chRQKSbTG5IrUPt9C0/FPpxZU3c3xMJCqQcB57uzFaUs7XM/K/WiZV/4SaUR7EiHE8/8mNmqdDKArH6VBCs2FgDwoLqXS08RAJhpWMr6RCc2ZPnoXlcdc6qpzcn5dplHkcR9uEAKuDAOdTgGurQAAwP8AQv8Go8Gs/Gm/E+bS0Y+cwu/JHx8Q3Y/phN</latexit>

px(x)

<latexit sha1_base64="CIv3s91Qwrk0GQM+zcKiiGDFREE=">AAACA3icbZDLSsNAFIZP6q3WW9SdboJFqJuSiLdl0Y3LCvYCbSiT6aQdOpmEmYlQQ8CNr+LGhSJufQl3vo2TNqC2/jDw8Z9zmHN+L2JUKtv+MgoLi0vLK8XV0tr6xuaWub3TlGEsMGngkIWi7SFJGOWkoahipB0JggKPkZY3usrqrTsiJA35rRpHxA3QgFOfYqS01TP3ol7SDZAaen5yn6aVHz7qmWW7ak9kzYOTQxly1XvmZ7cf4jggXGGGpOw4dqTcBAlFMSNpqRtLEiE8QgPS0chRQKSbTG5IrUPt9C0/FPpxZU3c3xMJCqQcB57uzFaUs7XM/K/WiZV/4SaUR7EiHE8/8mNmqdDKArH6VBCs2FgDwoLqXS08RAJhpWMr6RCc2ZPnoXlcdc6qpzcn5dplHkcR9uEAKuDAOdTgGurQAAwP8AQv8Go8Gs/Gm/E+bS0Y+cwu/JHx8Q3fLphR</latexit>

pz(z)

<latexit sha1_base64="4cGevaISFcg5yEfFk/yCB7rtDZs=">AAACCXicbVDLSsNAFJ34rPUVdelmsAiuSiK+lkVduKxgH9CEMJlM2qGTBzMToQ7ZuvFX3LhQxK1/4M6/cZJmoa0HLhzOuZd77/FTRoW0rG9jYXFpeWW1tlZf39jc2jZ3drsiyTgmHZywhPd9JAijMelIKhnpp5ygyGek54+vCr93T7igSXwnJylxIzSMaUgxklryTOhESI4wYuo695QjKQuIKjU/VA95nntmw2paJeA8sSvSABXanvnlBAnOIhJLzJAQA9tKpasQlxQzktedTJAU4TEakoGmMYqIcFX5SQ4PtRLAMOG6YglL9feEQpEQk8jXncWNYtYrxP+8QSbDC1fROM0kifF0UZgxKBNYxAIDygmWbKIJwpzqWyEeIY6w1OHVdQj27MvzpHvctM+ap7cnjdZlFUcN7IMDcARscA5a4Aa0QQdg8AiewSt4M56MF+Pd+Ji2LhjVzB74A+PzB1Dlm2Q=</latexit>Dz̃

<latexit sha1_base64="rws8P5xfJnh91raeL5d62Gt8Rpw=">AAACB3icbVDLSsNAFJ3UV62vqEtBgkVwVRLxtSzqwmUF+4AmhMl00g6dTMLMRCxDdm78FTcuFHHrL7jzb5ykWWjrgQuHc+7l3nuChBIhbfvbqCwsLi2vVFdra+sbm1vm9k5HxClHuI1iGvNeAAWmhOG2JJLiXsIxjAKKu8H4Kve795gLErM7OUmwF8EhIyFBUGrJN/fdCMoRglRdZ75yR1CqQglC9ZBlmW/W7YZdwJonTknqoETLN7/cQYzSCDOJKBSi79iJ9BTkkiCKs5qbCpxANIZD3NeUwQgLTxV/ZNahVgZWGHNdTFqF+ntCwUiISRTozvxGMevl4n9eP5XhhacIS1KJGZouClNqydjKQ7EGhGMk6UQTiDjRt1poBDlEUkdX0yE4sy/Pk85xwzlrnN6e1JuXZRxVsAcOwBFwwDloghvQAm2AwCN4Bq/gzXgyXox342PaWjHKmV3wB8bnD6cymnk=</latexit>Dx̂ Decoder loss

<latexit sha1_base64="U3JVb3Auw6faIAV6y2KZmEDPPHc="></latexit>

= Eq�(x,z)


log

p✓(x|z)
px(x)

p̂✓(x)

p̂✓(x)

�

= Eq�(x,z) [log p✓(x|z)]� Eq�(x,z)


log

px(x)

p̂✓(x)

�
� Eq�(x,z) [log p̂✓(x)]

= Eq�(x,z) [log p✓(x|z)]� Eq�(x,z)


log

px(x)

p̂✓(x)

�
+H (px(x); p̂✓(x))

� Eq�(x,z) [log p✓(x|z)]� Eq�(x,z)


log

px(x)

p̂✓(x)

�

= Epx(x)Eq�(z|x) [log p✓(x|z)]�DKL (px(x)kp̂✓(x))
=: Ix

�,✓(Z;X)

<latexit sha1_base64="xHBl5q4xAseU5Jp8F1ruel38gWE="></latexit>

I�(Z;X) = Eq�(x,z)


log

q�(x|z)
px(x)

p✓(x|z)
p✓(x|z)

�

� Eq�(x,z)


log

p✓(x|z)
px(x)

�



22TURBO: generalized translation problem formulation

<latexit sha1_base64="cH25w50cAYB92TmO8vjiJpGu3kc=">AAACD3icbVC7TsNAEDzzDOFloKQ5kYBCE9kpgDKChjJI5CEllnW+nJNTzg/drRHB+A9o+BUaChCipaXjb7ATI0HCSCfNzexqd8cJBVdgGF/awuLS8spqYa24vrG5ta3v7LZUEEnKmjQQgew4RDHBfdYEDoJ1QsmI5wjWdkYXmd++YVLxwL+Gccgsjwx87nJKIJVs/agc2nEPhgxIUul5BIaOG98m+B7/fO6S43LR1ktG1ZgAzxMzJyWUo2Hrn71+QCOP+UAFUaprGiFYMZHAqWBJsRcpFhI6IgPWTalPPKaseHJPgg9TpY/dQKbPBzxRf3fExFNq7DlpZbakmvUy8T+vG4F7ZsXcDyNgPp0OciOBIcBZOLjPJaMgxikhVPJ0V0yHRBIKaYRZCObsyfOkVauaJ1Xzqlaqn+dxFNA+OkAVZKJTVEeXqIGaiKIH9IRe0Kv2qD1rb9r7tHRBy3v20B9oH99vKZxB</latexit>

p✓(x|z)

<latexit sha1_base64="RW0EtNB6Ejjae0QmvEojAfzMwTM=">AAAB8nicbVA9SwNBEJ3zM55fUUubxSBYhTsLtRGDNpYRzAckR9jb7CVL9naP3T0xHPkZNhaKpPV/2NuI/8a9JIUmPhh4vDfDvJkw4Uwbz/t2lpZXVtfWCxvu5tb2zm5xb7+uZaoIrRHJpWqGWFPOBK0ZZjhtJoriOOS0EQ5ucr/xQJVmUtybYUKDGPcEixjBxkqtdoxNP4yyx5HbKZa8sjcBWiT+jJSuPtzLZPzlVjvFz3ZXkjSmwhCOtW75XmKCDCvDCKcjt51qmmAywD3aslTgmOogm0QeoWOrdFEklS1h0ET9PZHhWOthHNrOPKKe93LxP6+VmugiyJhIUkMFmS6KUo6MRPn9qMsUJYYPLcFEMZsVkT5WmBj7pfwJ/vzJi6R+WvbPyv6dV6pcwxQFOIQjOAEfzqECt1CFGhCQ8AQv8OoY59l5c8bT1iVnNnMAf+C8/wCXI5Rz</latexit>x

<latexit sha1_base64="Nkr+YHXxJhrM4e2sjOUTGL+NPOI=">AAACC3icbVC7TsMwFHXKq7Q8AowsVgtSWaqEARgrWBiLRB9SU0WO67RWnQe2U1FCdhZ+hQUJEGJD/AAbHwIzTlskaDmSpeNz7tW99zgho0IaxoeWmZtfWFzKLufyK6tr6/rGZl0EEcekhgMW8KaDBGHUJzVJJSPNkBPkOYw0nP5J6jcGhAsa+OdyGJK2h7o+dSlGUkm2XriwYyvs0aRkeUj2HDe+SuA1/PlcJns5Wy8aZWMEOEvMCSlWdj4fXgf5r6qtv1udAEce8SVmSIiWaYSyHSMuKWYkyVmRICHCfdQlLUV95BHRjke3JHBXKR3oBlw9X8KR+rsjRp4QQ89RlemOYtpLxf+8ViTdo3ZM/TCSxMfjQW7EoAxgGgzsUE6wZENFEOZU7QpxD3GEpYovDcGcPnmW1PfL5kHZPFNpHIMxsmAbFEAJmOAQVMApqIIawOAG3IFH8KTdavfas/YyLs1ok54t8Afa2ze+Op9E</latexit>

q�(z|x)<latexit sha1_base64="15j0WQDC4c3sQTPB/tYJX7kjqlE=">AAAB73icbVA9T8MwED2Xr1K+CowsFi0SU5V0AMYKFsYi0Q+pjSrHdVqrjhNsB6lE/RMsDCDEyt9h49/gtBmg5UknPb13p7t7fiy4No7zjQpr6xubW8Xt0s7u3v5B+fCoraNEUdaikYhU1yeaCS5Zy3AjWDdWjIS+YB1/cpP5nUemNI/kvZnGzAvJSPKAU2Ks1K32/QA/VUuDcsWpOXPgVeLmpAI5moPyV38Y0SRk0lBBtO65Tmy8lCjDqWCzUj/RLCZ0QkasZ6kkIdNeOr93hs+sMsRBpGxJg+fq74mUhFpPQ992hsSM9bKXif95vcQEV17KZZwYJuliUZAIbCKcPY+HXDFqxNQSQhW3t2I6JopQYyPKQnCXX14l7XrNvai5d/VK4zqPowgncArn4MIlNOAWmtACCgKe4RXe0AN6Qe/oY9FaQPnMMfwB+vwBXLGO3g==</latexit>z

<latexit sha1_base64="15j0WQDC4c3sQTPB/tYJX7kjqlE=">AAAB73icbVA9T8MwED2Xr1K+CowsFi0SU5V0AMYKFsYi0Q+pjSrHdVqrjhNsB6lE/RMsDCDEyt9h49/gtBmg5UknPb13p7t7fiy4No7zjQpr6xubW8Xt0s7u3v5B+fCoraNEUdaikYhU1yeaCS5Zy3AjWDdWjIS+YB1/cpP5nUemNI/kvZnGzAvJSPKAU2Ks1K32/QA/VUuDcsWpOXPgVeLmpAI5moPyV38Y0SRk0lBBtO65Tmy8lCjDqWCzUj/RLCZ0QkasZ6kkIdNeOr93hs+sMsRBpGxJg+fq74mUhFpPQ992hsSM9bKXif95vcQEV17KZZwYJuliUZAIbCKcPY+HXDFqxNQSQhW3t2I6JopQYyPKQnCXX14l7XrNvai5d/VK4zqPowgncArn4MIlNOAWmtACCgKe4RXe0AN6Qe/oY9FaQPnMMfwB+vwBXLGO3g==</latexit>z

<latexit sha1_base64="RW0EtNB6Ejjae0QmvEojAfzMwTM=">AAAB8nicbVA9SwNBEJ3zM55fUUubxSBYhTsLtRGDNpYRzAckR9jb7CVL9naP3T0xHPkZNhaKpPV/2NuI/8a9JIUmPhh4vDfDvJkw4Uwbz/t2lpZXVtfWCxvu5tb2zm5xb7+uZaoIrRHJpWqGWFPOBK0ZZjhtJoriOOS0EQ5ucr/xQJVmUtybYUKDGPcEixjBxkqtdoxNP4yyx5HbKZa8sjcBWiT+jJSuPtzLZPzlVjvFz3ZXkjSmwhCOtW75XmKCDCvDCKcjt51qmmAywD3aslTgmOogm0QeoWOrdFEklS1h0ET9PZHhWOthHNrOPKKe93LxP6+VmugiyJhIUkMFmS6KUo6MRPn9qMsUJYYPLcFEMZsVkT5WmBj7pfwJ/vzJi6R+WvbPyv6dV6pcwxQFOIQjOAEfzqECt1CFGhCQ8AQv8OoY59l5c8bT1iVnNnMAf+C8/wCXI5Rz</latexit>x

<latexit sha1_base64="vb0XUFt2C00z9n7bXT1meIHtaRs=">AAACAnicbZDLSsNAFIYn9VbrLepK3AwtQkUpiQt1WXTjsoK9QBPKZDpph04mYWYixlDc+Ai+ghsXirj1Kdz1bZy0FbT1h4GP/5zDnPN7EaNSWdbIyC0sLi2v5FcLa+sbm1vm9k5DhrHApI5DFoqWhyRhlJO6ooqRViQICjxGmt7gMqs3b4mQNOQ3KomIG6Aepz7FSGmrY+5FZSdAqu/56d3wGP7w/fCwY5asijUWnAd7CqVq0Tl6GlWTWsf8crohjgPCFWZIyrZtRcpNkVAUMzIsOLEkEcID1CNtjRwFRLrp+IQhPNBOF/qh0I8rOHZ/T6QokDIJPN2ZrShna5n5X60dK//cTSmPYkU4nnzkxwyqEGZ5wC4VBCuWaEBYUL0rxH0kEFY6tYIOwZ49eR4aJxX7tGJf6zQuwER5sA+KoAxscAaq4ArUQB1g8ACewSt4Mx6NF+Pd+Ji05ozpzC74I+PzGyaMmkE=</latexit>

p(x, z)

<latexit sha1_base64="IxJTjH079KMULZuB38tkFlzwUyg=">AAAB9HicbVBNS8NAEJ34WeNX1aOXxSJ4KokH9SIWvXisYD+gDWWz2bRLN5u4uymW0N/hxYNSvPo3vHsR/42btgdtfTDweG+GmXl+wpnSjvNtLS2vrK6tFzbsza3tnd3i3n5dxakktEZiHsumjxXlTNCaZprTZiIpjnxOG37/JvcbAyoVi8W9HibUi3BXsJARrI3ktf0QtTXjAUWPdqdYcsrOBGiRuDNSuvqwL5Pxl13tFD/bQUzSiApNOFaq5TqJ9jIsNSOcjux2qmiCSR93actQgSOqvGxy9AgdGyVAYSxNCY0m6u+JDEdKDSPfdEZY99S8l4v/ea1UhxdexkSSairIdFGYcqRjlCeAAiYp0XxoCCaSmVsR6WGJiTY55SG48y8vkvpp2T0ru3dOqXINUxTgEI7gBFw4hwrcQhVqQOABnuAFXq2B9WyNrbdp65I1mzmAP7DefwD4i5ST</latexit>

x̃

<latexit sha1_base64="n7BS0FSBenORlrQUcT6+LTySVcE="></latexit>

Ix
✓ (Z;X)

<latexit sha1_base64="kghyaskj6/U820JAyJNi9zSHG7M=">AAACIXicbZBNS8NAEIY39avWr6hHL0uLUFFK4kF7LHrx4KGC/YCmlM120y7dTcLuRiwh/8KzF/+KFw+K9Fb8M27Sgto6sPDsOzPMzOuGjEplWVMjt7K6tr6R3yxsbe/s7pn7B00ZRAKTBg5YINoukoRRnzQUVYy0Q0EQdxlpuaPrNN96IELSwL9X45B0ORr41KMYKS31zKrDkRpixOLbpBdnH8HjxyQpZ+x6ms+goyjrk/hHSk56ZsmqWFnAZbDnUKoVndOnaW1c75kTpx/giBNfYYak7NhWqLoxEopiRpKCE0kSIjxCA9LR6CNOZDfOLkzgsVb60AuEfr6Cmfq7I0ZcyjF3dWW6o1zMpeJ/uU6kvGo3pn4YKeLj2SAvYlAFMLUL9qkgWLGxBoQF1btCPEQCYaVNLWgT7MWTl6F5XrEvKvadduMKzCIPjkARlIENLkEN3IA6aAAMnsEreAcfxovxZnwak1lpzpj3HII/YXx9A4kTqJE=</latexit>

Lx(x, x̃)

<latexit sha1_base64="uVLajOs5f84kfxOIc3LZx3tIPSI="></latexit>

Iz
�,✓(X;Z)

<latexit sha1_base64="u53zGFszq9FNO+m8tzAnUm1Q56o=">AAACH3icbZBLS8NAEMc39VXrK+rRy9IiVJSSeKgei148eKhgH9CEsNlu2qWbB7sbIYZ8C49e/CpePCgi3vpt3KQFtTqw8Nv/zDAzfzdiVEjDmGqlpeWV1bXyemVjc2t7R9/d64ow5ph0cMhC3neRIIwGpCOpZKQfcYJ8l5GeO7nM8707wgUNg1uZRMT20SigHsVIKsnRm5aP5Bgjll5nTlp8uJ/eZ1m9YNdTfAKtMZLpt5AdOXrNaBhFwL9gzqHWqlrHD9NW0nb0T2sY4tgngcQMCTEwjUjaKeKSYkayihULEiE8QSMyUBggnwg7Le7L4KFShtALuXqBhIX6syNFvhCJ76rKfEexmMvF/3KDWHrndkqDKJYkwLNBXsygDGFuFhxSTrBkiQKEOVW7QjxGHGGpLK0oE8zFk/9C97RhNhvmjXLjAsyiDA5AFdSBCc5AC1yBNugADB7BM3gFb9qT9qK9ax+z0pI279kHv0KbfgHYfKeu</latexit>

Lz(z, ẑ)
<latexit sha1_base64="cvUIHyFWe1Jmgk0lAqhIH1LEGPs=">AAAB+XicbVDLSsNAFL2prxpfUZdugkVwVRIX6kYsunFZwT6gCWUynbRDJ5MwMynUkD9xI6KIWz/CvRvxb5y0XWjrgYHDOfdyz5wgYVQqx/k2SkvLK6tr5XVzY3Nre8fa3WvKOBWYNHDMYtEOkCSMctJQVDHSTgRBUcBIKxheF35rRISkMb9T44T4EepzGlKMlJa6luUNkMq8CKlBEGb3ed61Kk7VmcBeJO6MVC4/zIvk6cusd61PrxfjNCJcYYak7LhOovwMCUUxI7nppZIkCA9Rn3Q05Sgi0s8myXP7SCs9O4yFflzZE/X3RoYiKcdRoCeLiHLeK8T/vE6qwnM/ozxJFeF4eihMma1iu6jB7lFBsGJjTRAWVGe18QAJhJUuy9QluPNfXiTNk6p7WnVvnUrtCqYowwEcwjG4cAY1uIE6NADDCB7gGV6MzHg0Xo236WjJmO3swx8Y7z+6kJdf</latexit>

ẑ

<latexit sha1_base64="EZRTrP9DdU2BBWtzEheea/wLi2s=">AAACA3icbVC7TsNAEDzzDAkPAx00JwJSaCKbAigjaCiDRB5SbFnnyzk+5fzg7hwpWJZo+BUaChBCdFT8AR0fAjXnJAUkjLTSaGZXuztuzKiQhvGpzc0vLC4tF1aKpdW19Q19c6spooRj0sARi3jbRYIwGpKGpJKRdswJClxGWm7/PPdbA8IFjcIrOYyJHaBeSD2KkVSSo+9YPpLpdeakVuzTrGIFSPqul95kh45eNqrGCHCWmBNSru1/vb4PSt91R/+wuhFOAhJKzJAQHdOIpZ0iLilmJCtaiSAxwn3UIx1FQxQQYaejHzJ4oJQu9CKuKpRwpP6eSFEgxDBwVWd+opj2cvE/r5NI79ROaRgnkoR4vMhLGJQRzAOBXcoJlmyoCMKcqlsh9hFHWKrYiioEc/rlWdI8qprHVfNSpXEGxiiAXbAHKsAEJ6AGLkAdNAAGt+AePIIn7U570J61l3HrnDaZ2QZ/oL39AIVjnIE=</latexit>

q̂�(z)

Reverse part

<latexit sha1_base64="pBYakeSsa+2SgCWfTdqdePzpUz0=">AAACB3icbVDJSgNBEO1xjXGLehSkMQjxEmbE7Rj04jGCWSATQk+nJmnSs9BdI4YhNy/+ihcPinj1F7z5N/YkOWjig4LHe1VU1fNiKTTa9re1sLi0vLKaW8uvb2xubRd2dus6ShSHGo9kpJoe0yBFCDUUKKEZK2CBJ6HhDa4zv3EPSosovMNhDO2A9ULhC87QSJ3CAU1dFLILNB51XOwDspIbMOx7fvowOu4UinbZHoPOE2dKimSKaqfw5XYjngQQIpdM65Zjx9hOmULBJYzybqIhZnzAetAyNGQB6HY6/mNEj4zSpX6kTIVIx+rviZQFWg8Dz3RmJ+pZLxP/81oJ+pftVIRxghDyySI/kRQjmoVCu0IBRzk0hHElzK2U95liHE10eROCM/vyPKmflJ3z8tntabFyNY0jR/bJISkRh1yQCrkhVVIjnDySZ/JK3qwn68V6tz4mrQvWdGaP/IH1+QPhxJlX</latexit>

p̃✓(x)

<latexit sha1_base64="CIv3s91Qwrk0GQM+zcKiiGDFREE=">AAACA3icbZDLSsNAFIZP6q3WW9SdboJFqJuSiLdl0Y3LCvYCbSiT6aQdOpmEmYlQQ8CNr+LGhSJufQl3vo2TNqC2/jDw8Z9zmHN+L2JUKtv+MgoLi0vLK8XV0tr6xuaWub3TlGEsMGngkIWi7SFJGOWkoahipB0JggKPkZY3usrqrTsiJA35rRpHxA3QgFOfYqS01TP3ol7SDZAaen5yn6aVHz7qmWW7ak9kzYOTQxly1XvmZ7cf4jggXGGGpOw4dqTcBAlFMSNpqRtLEiE8QgPS0chRQKSbTG5IrUPt9C0/FPpxZU3c3xMJCqQcB57uzFaUs7XM/K/WiZV/4SaUR7EiHE8/8mNmqdDKArH6VBCs2FgDwoLqXS08RAJhpWMr6RCc2ZPnoXlcdc6qpzcn5dplHkcR9uEAKuDAOdTgGurQAAwP8AQv8Go8Gs/Gm/E+bS0Y+cwu/JHx8Q3fLphR</latexit>

pz(z)

<latexit sha1_base64="50hbYZEi6ygBEf6QXr7chsugfGE=">AAACA3icbZDLSsNAFIZP6q3WW9SdboJFqJuSiLdl0Y3LCvYCbSiT6aQdOpmEmYlYQsCNr+LGhSJufQl3vo2TNqC2/jDw8Z9zmHN+L2JUKtv+MgoLi0vLK8XV0tr6xuaWub3TlGEsMGngkIWi7SFJGOWkoahipB0JggKPkZY3usrqrTsiJA35rRpHxA3QgFOfYqS01TP3ol7SDZAaen5yn6aVHz7qmWW7ak9kzYOTQxly1XvmZ7cf4jggXGGGpOw4dqTcBAlFMSNpqRtLEiE8QgPS0chRQKSbTG5IrUPt9C0/FPpxZU3c3xMJCqQcB57uzFaUs7XM/K/WiZV/4SaUR7EiHE8/8mNmqdDKArH6VBCs2FgDwoLqXS08RAJhpWMr6RCc2ZPnoXlcdc6qpzcn5dplHkcR9uEAKuDAOdTgGurQAAwP8AQv8Go8Gs/Gm/E+bS0Y+cwu/JHx8Q3Y/phN</latexit>

px(x)

<latexit sha1_base64="i+YtphbDGlHLZPWgDWl3RWeS5o4=">AAACB3icbVDLSsNAFJ3UV62vqEtBBovgqiTF17KgC5cV7AOaECbTSTt08mBmItQhOzf+ihsXirj1F9z5N07SLLT1wIXDOfdy7z1+wqiQlvVtVJaWV1bXquu1jc2t7R1zd68r4pRj0sExi3nfR4IwGpGOpJKRfsIJCn1Gev7kKvd794QLGkd3cpoQN0SjiAYUI6klzzx0QiTHGDF1nXnKGSOpCsUP1EOWZZ5ZtxpWAbhI7JLUQYm2Z345wxinIYkkZkiIgW0l0lWIS4oZyWpOKkiC8ASNyEDTCIVEuKr4I4PHWhnCIOa6IgkL9feEQqEQ09DXnfmNYt7Lxf+8QSqDS1fRKEklifBsUZAyKGOYhwKHlBMs2VQThDnVt0I8RhxhqaOr6RDs+ZcXSbfZsM8bZ7en9VazjKMKDsAROAE2uAAtcAPaoAMweATP4BW8GU/Gi/FufMxaK0Y5sw/+wPj8AaVwmms=</latexit>

Dẑ

<latexit sha1_base64="esNjcVvnxxg3DjFj+4OOvWxhT40=">AAACCXicbVDLSsNAFJ34rPUVdelmsAiuSlJ8LQu6cFnBPqAJYTKZtEMnD2YmYhmydeOvuHGhiFv/wJ1/4yTNQlsPXDiccy/33uOnjAppWd/G0vLK6tp6baO+ubW9s2vu7fdEknFMujhhCR/4SBBGY9KVVDIySDlBkc9I359cFX7/nnBBk/hOTlPiRmgU05BiJLXkmdCJkBxjxNR17ilHUhYQVWp+qB7yPPfMhtW0SsBFYlekASp0PPPLCRKcRSSWmCEhhraVSlchLilmJK87mSApwhM0IkNNYxQR4arykxweayWAYcJ1xRKW6u8JhSIhppGvO4sbxbxXiP95w0yGl66icZpJEuPZojBjUCawiAUGlBMs2VQThDnVt0I8RhxhqcOr6xDs+ZcXSa/VtM+bZ7enjXariqMGDsEROAE2uABtcAM6oAsweATP4BW8GU/Gi/FufMxal4xq5gD8gfH5A0kHm1I=</latexit>

Dx̃

Decoder loss
<latexit sha1_base64="MSYiLDUbgQsmC0sWH0dIf6fDYe8="></latexit>

I(X;Z) = Ep(x,z)


log

p(x|z)
px(x)

p✓(x|z)
p✓(x|z)

�

� Ep(x,z)


log

p✓(x|z)
px(x)

�

<latexit sha1_base64="YFHwkXizn09SGxfGTARBV9CE/B0="></latexit>

= Ep(x,z)


log

p✓(x|z)
px(x)

p̃✓(x)

p̃✓(x)

�

= Ep(x,z) [log p✓(x|z)]� Ep(x,z)


log

px(x)

p̃✓(x)

�
� Ep(x,z) [log p̃✓(x)]

= Ep(x,z) [log p✓(x|z)]�DKL (px(x)kp̃✓(x)) +H (px(x); p̃✓(x))

� Ep(x,z) [log p✓(x|z)]�DKL (px(x)kp̃✓(x))
=: Ix

✓ (Z;X)



23TURBO: generalized translation problem formulation

<latexit sha1_base64="cH25w50cAYB92TmO8vjiJpGu3kc=">AAACD3icbVC7TsNAEDzzDOFloKQ5kYBCE9kpgDKChjJI5CEllnW+nJNTzg/drRHB+A9o+BUaChCipaXjb7ATI0HCSCfNzexqd8cJBVdgGF/awuLS8spqYa24vrG5ta3v7LZUEEnKmjQQgew4RDHBfdYEDoJ1QsmI5wjWdkYXmd++YVLxwL+Gccgsjwx87nJKIJVs/agc2nEPhgxIUul5BIaOG98m+B7/fO6S43LR1ktG1ZgAzxMzJyWUo2Hrn71+QCOP+UAFUaprGiFYMZHAqWBJsRcpFhI6IgPWTalPPKaseHJPgg9TpY/dQKbPBzxRf3fExFNq7DlpZbakmvUy8T+vG4F7ZsXcDyNgPp0OciOBIcBZOLjPJaMgxikhVPJ0V0yHRBIKaYRZCObsyfOkVauaJ1Xzqlaqn+dxFNA+OkAVZKJTVEeXqIGaiKIH9IRe0Kv2qD1rb9r7tHRBy3v20B9oH99vKZxB</latexit>

p✓(x|z)

<latexit sha1_base64="RW0EtNB6Ejjae0QmvEojAfzMwTM=">AAAB8nicbVA9SwNBEJ3zM55fUUubxSBYhTsLtRGDNpYRzAckR9jb7CVL9naP3T0xHPkZNhaKpPV/2NuI/8a9JIUmPhh4vDfDvJkw4Uwbz/t2lpZXVtfWCxvu5tb2zm5xb7+uZaoIrRHJpWqGWFPOBK0ZZjhtJoriOOS0EQ5ucr/xQJVmUtybYUKDGPcEixjBxkqtdoxNP4yyx5HbKZa8sjcBWiT+jJSuPtzLZPzlVjvFz3ZXkjSmwhCOtW75XmKCDCvDCKcjt51qmmAywD3aslTgmOogm0QeoWOrdFEklS1h0ET9PZHhWOthHNrOPKKe93LxP6+VmugiyJhIUkMFmS6KUo6MRPn9qMsUJYYPLcFEMZsVkT5WmBj7pfwJ/vzJi6R+WvbPyv6dV6pcwxQFOIQjOAEfzqECt1CFGhCQ8AQv8OoY59l5c8bT1iVnNnMAf+C8/wCXI5Rz</latexit>x

<latexit sha1_base64="Nkr+YHXxJhrM4e2sjOUTGL+NPOI=">AAACC3icbVC7TsMwFHXKq7Q8AowsVgtSWaqEARgrWBiLRB9SU0WO67RWnQe2U1FCdhZ+hQUJEGJD/AAbHwIzTlskaDmSpeNz7tW99zgho0IaxoeWmZtfWFzKLufyK6tr6/rGZl0EEcekhgMW8KaDBGHUJzVJJSPNkBPkOYw0nP5J6jcGhAsa+OdyGJK2h7o+dSlGUkm2XriwYyvs0aRkeUj2HDe+SuA1/PlcJns5Wy8aZWMEOEvMCSlWdj4fXgf5r6qtv1udAEce8SVmSIiWaYSyHSMuKWYkyVmRICHCfdQlLUV95BHRjke3JHBXKR3oBlw9X8KR+rsjRp4QQ89RlemOYtpLxf+8ViTdo3ZM/TCSxMfjQW7EoAxgGgzsUE6wZENFEOZU7QpxD3GEpYovDcGcPnmW1PfL5kHZPFNpHIMxsmAbFEAJmOAQVMApqIIawOAG3IFH8KTdavfas/YyLs1ok54t8Afa2ze+Op9E</latexit>

q�(z|x)<latexit sha1_base64="15j0WQDC4c3sQTPB/tYJX7kjqlE=">AAAB73icbVA9T8MwED2Xr1K+CowsFi0SU5V0AMYKFsYi0Q+pjSrHdVqrjhNsB6lE/RMsDCDEyt9h49/gtBmg5UknPb13p7t7fiy4No7zjQpr6xubW8Xt0s7u3v5B+fCoraNEUdaikYhU1yeaCS5Zy3AjWDdWjIS+YB1/cpP5nUemNI/kvZnGzAvJSPKAU2Ks1K32/QA/VUuDcsWpOXPgVeLmpAI5moPyV38Y0SRk0lBBtO65Tmy8lCjDqWCzUj/RLCZ0QkasZ6kkIdNeOr93hs+sMsRBpGxJg+fq74mUhFpPQ992hsSM9bKXif95vcQEV17KZZwYJuliUZAIbCKcPY+HXDFqxNQSQhW3t2I6JopQYyPKQnCXX14l7XrNvai5d/VK4zqPowgncArn4MIlNOAWmtACCgKe4RXe0AN6Qe/oY9FaQPnMMfwB+vwBXLGO3g==</latexit>z

<latexit sha1_base64="15j0WQDC4c3sQTPB/tYJX7kjqlE=">AAAB73icbVA9T8MwED2Xr1K+CowsFi0SU5V0AMYKFsYi0Q+pjSrHdVqrjhNsB6lE/RMsDCDEyt9h49/gtBmg5UknPb13p7t7fiy4No7zjQpr6xubW8Xt0s7u3v5B+fCoraNEUdaikYhU1yeaCS5Zy3AjWDdWjIS+YB1/cpP5nUemNI/kvZnGzAvJSPKAU2Ks1K32/QA/VUuDcsWpOXPgVeLmpAI5moPyV38Y0SRk0lBBtO65Tmy8lCjDqWCzUj/RLCZ0QkasZ6kkIdNeOr93hs+sMsRBpGxJg+fq74mUhFpPQ992hsSM9bKXif95vcQEV17KZZwYJuliUZAIbCKcPY+HXDFqxNQSQhW3t2I6JopQYyPKQnCXX14l7XrNvai5d/VK4zqPowgncArn4MIlNOAWmtACCgKe4RXe0AN6Qe/oY9FaQPnMMfwB+vwBXLGO3g==</latexit>z

<latexit sha1_base64="RW0EtNB6Ejjae0QmvEojAfzMwTM=">AAAB8nicbVA9SwNBEJ3zM55fUUubxSBYhTsLtRGDNpYRzAckR9jb7CVL9naP3T0xHPkZNhaKpPV/2NuI/8a9JIUmPhh4vDfDvJkw4Uwbz/t2lpZXVtfWCxvu5tb2zm5xb7+uZaoIrRHJpWqGWFPOBK0ZZjhtJoriOOS0EQ5ucr/xQJVmUtybYUKDGPcEixjBxkqtdoxNP4yyx5HbKZa8sjcBWiT+jJSuPtzLZPzlVjvFz3ZXkjSmwhCOtW75XmKCDCvDCKcjt51qmmAywD3aslTgmOogm0QeoWOrdFEklS1h0ET9PZHhWOthHNrOPKKe93LxP6+VmugiyJhIUkMFmS6KUo6MRPn9qMsUJYYPLcFEMZsVkT5WmBj7pfwJ/vzJi6R+WvbPyv6dV6pcwxQFOIQjOAEfzqECt1CFGhCQ8AQv8OoY59l5c8bT1iVnNnMAf+C8/wCXI5Rz</latexit>x

<latexit sha1_base64="vb0XUFt2C00z9n7bXT1meIHtaRs=">AAACAnicbZDLSsNAFIYn9VbrLepK3AwtQkUpiQt1WXTjsoK9QBPKZDpph04mYWYixlDc+Ai+ghsXirj1Kdz1bZy0FbT1h4GP/5zDnPN7EaNSWdbIyC0sLi2v5FcLa+sbm1vm9k5DhrHApI5DFoqWhyRhlJO6ooqRViQICjxGmt7gMqs3b4mQNOQ3KomIG6Aepz7FSGmrY+5FZSdAqu/56d3wGP7w/fCwY5asijUWnAd7CqVq0Tl6GlWTWsf8crohjgPCFWZIyrZtRcpNkVAUMzIsOLEkEcID1CNtjRwFRLrp+IQhPNBOF/qh0I8rOHZ/T6QokDIJPN2ZrShna5n5X60dK//cTSmPYkU4nnzkxwyqEGZ5wC4VBCuWaEBYUL0rxH0kEFY6tYIOwZ49eR4aJxX7tGJf6zQuwER5sA+KoAxscAaq4ArUQB1g8ACewSt4Mx6NF+Pd+Ji05ozpzC74I+PzGyaMmkE=</latexit>

p(x, z)

<latexit sha1_base64="IxJTjH079KMULZuB38tkFlzwUyg=">AAAB9HicbVBNS8NAEJ34WeNX1aOXxSJ4KokH9SIWvXisYD+gDWWz2bRLN5u4uymW0N/hxYNSvPo3vHsR/42btgdtfTDweG+GmXl+wpnSjvNtLS2vrK6tFzbsza3tnd3i3n5dxakktEZiHsumjxXlTNCaZprTZiIpjnxOG37/JvcbAyoVi8W9HibUi3BXsJARrI3ktf0QtTXjAUWPdqdYcsrOBGiRuDNSuvqwL5Pxl13tFD/bQUzSiApNOFaq5TqJ9jIsNSOcjux2qmiCSR93actQgSOqvGxy9AgdGyVAYSxNCY0m6u+JDEdKDSPfdEZY99S8l4v/ea1UhxdexkSSairIdFGYcqRjlCeAAiYp0XxoCCaSmVsR6WGJiTY55SG48y8vkvpp2T0ru3dOqXINUxTgEI7gBFw4hwrcQhVqQOABnuAFXq2B9WyNrbdp65I1mzmAP7DefwD4i5ST</latexit>

x̃

<latexit sha1_base64="n7BS0FSBenORlrQUcT6+LTySVcE="></latexit>

Ix
✓ (Z;X)

<latexit sha1_base64="kghyaskj6/U820JAyJNi9zSHG7M=">AAACIXicbZBNS8NAEIY39avWr6hHL0uLUFFK4kF7LHrx4KGC/YCmlM120y7dTcLuRiwh/8KzF/+KFw+K9Fb8M27Sgto6sPDsOzPMzOuGjEplWVMjt7K6tr6R3yxsbe/s7pn7B00ZRAKTBg5YINoukoRRnzQUVYy0Q0EQdxlpuaPrNN96IELSwL9X45B0ORr41KMYKS31zKrDkRpixOLbpBdnH8HjxyQpZ+x6ms+goyjrk/hHSk56ZsmqWFnAZbDnUKoVndOnaW1c75kTpx/giBNfYYak7NhWqLoxEopiRpKCE0kSIjxCA9LR6CNOZDfOLkzgsVb60AuEfr6Cmfq7I0ZcyjF3dWW6o1zMpeJ/uU6kvGo3pn4YKeLj2SAvYlAFMLUL9qkgWLGxBoQF1btCPEQCYaVNLWgT7MWTl6F5XrEvKvadduMKzCIPjkARlIENLkEN3IA6aAAMnsEreAcfxovxZnwak1lpzpj3HII/YXx9A4kTqJE=</latexit>

Lx(x, x̃)

<latexit sha1_base64="uVLajOs5f84kfxOIc3LZx3tIPSI="></latexit>

Iz
�,✓(X;Z)

<latexit sha1_base64="u53zGFszq9FNO+m8tzAnUm1Q56o=">AAACH3icbZBLS8NAEMc39VXrK+rRy9IiVJSSeKgei148eKhgH9CEsNlu2qWbB7sbIYZ8C49e/CpePCgi3vpt3KQFtTqw8Nv/zDAzfzdiVEjDmGqlpeWV1bXyemVjc2t7R9/d64ow5ph0cMhC3neRIIwGpCOpZKQfcYJ8l5GeO7nM8707wgUNg1uZRMT20SigHsVIKsnRm5aP5Bgjll5nTlp8uJ/eZ1m9YNdTfAKtMZLpt5AdOXrNaBhFwL9gzqHWqlrHD9NW0nb0T2sY4tgngcQMCTEwjUjaKeKSYkayihULEiE8QSMyUBggnwg7Le7L4KFShtALuXqBhIX6syNFvhCJ76rKfEexmMvF/3KDWHrndkqDKJYkwLNBXsygDGFuFhxSTrBkiQKEOVW7QjxGHGGpLK0oE8zFk/9C97RhNhvmjXLjAsyiDA5AFdSBCc5AC1yBNugADB7BM3gFb9qT9qK9ax+z0pI279kHv0KbfgHYfKeu</latexit>

Lz(z, ẑ)
<latexit sha1_base64="cvUIHyFWe1Jmgk0lAqhIH1LEGPs=">AAAB+XicbVDLSsNAFL2prxpfUZdugkVwVRIX6kYsunFZwT6gCWUynbRDJ5MwMynUkD9xI6KIWz/CvRvxb5y0XWjrgYHDOfdyz5wgYVQqx/k2SkvLK6tr5XVzY3Nre8fa3WvKOBWYNHDMYtEOkCSMctJQVDHSTgRBUcBIKxheF35rRISkMb9T44T4EepzGlKMlJa6luUNkMq8CKlBEGb3ed61Kk7VmcBeJO6MVC4/zIvk6cusd61PrxfjNCJcYYak7LhOovwMCUUxI7nppZIkCA9Rn3Q05Sgi0s8myXP7SCs9O4yFflzZE/X3RoYiKcdRoCeLiHLeK8T/vE6qwnM/ozxJFeF4eihMma1iu6jB7lFBsGJjTRAWVGe18QAJhJUuy9QluPNfXiTNk6p7WnVvnUrtCqYowwEcwjG4cAY1uIE6NADDCB7gGV6MzHg0Xo236WjJmO3swx8Y7z+6kJdf</latexit>

ẑ

<latexit sha1_base64="EZRTrP9DdU2BBWtzEheea/wLi2s=">AAACA3icbVC7TsNAEDzzDAkPAx00JwJSaCKbAigjaCiDRB5SbFnnyzk+5fzg7hwpWJZo+BUaChBCdFT8AR0fAjXnJAUkjLTSaGZXuztuzKiQhvGpzc0vLC4tF1aKpdW19Q19c6spooRj0sARi3jbRYIwGpKGpJKRdswJClxGWm7/PPdbA8IFjcIrOYyJHaBeSD2KkVSSo+9YPpLpdeakVuzTrGIFSPqul95kh45eNqrGCHCWmBNSru1/vb4PSt91R/+wuhFOAhJKzJAQHdOIpZ0iLilmJCtaiSAxwn3UIx1FQxQQYaejHzJ4oJQu9CKuKpRwpP6eSFEgxDBwVWd+opj2cvE/r5NI79ROaRgnkoR4vMhLGJQRzAOBXcoJlmyoCMKcqlsh9hFHWKrYiioEc/rlWdI8qprHVfNSpXEGxiiAXbAHKsAEJ6AGLkAdNAAGt+AePIIn7U570J61l3HrnDaZ2QZ/oL39AIVjnIE=</latexit>

q̂�(z)

Reverse part

<latexit sha1_base64="pBYakeSsa+2SgCWfTdqdePzpUz0=">AAACB3icbVDJSgNBEO1xjXGLehSkMQjxEmbE7Rj04jGCWSATQk+nJmnSs9BdI4YhNy/+ihcPinj1F7z5N/YkOWjig4LHe1VU1fNiKTTa9re1sLi0vLKaW8uvb2xubRd2dus6ShSHGo9kpJoe0yBFCDUUKKEZK2CBJ6HhDa4zv3EPSosovMNhDO2A9ULhC87QSJ3CAU1dFLILNB51XOwDspIbMOx7fvowOu4UinbZHoPOE2dKimSKaqfw5XYjngQQIpdM65Zjx9hOmULBJYzybqIhZnzAetAyNGQB6HY6/mNEj4zSpX6kTIVIx+rviZQFWg8Dz3RmJ+pZLxP/81oJ+pftVIRxghDyySI/kRQjmoVCu0IBRzk0hHElzK2U95liHE10eROCM/vyPKmflJ3z8tntabFyNY0jR/bJISkRh1yQCrkhVVIjnDySZ/JK3qwn68V6tz4mrQvWdGaP/IH1+QPhxJlX</latexit>

p̃✓(x)

<latexit sha1_base64="CIv3s91Qwrk0GQM+zcKiiGDFREE=">AAACA3icbZDLSsNAFIZP6q3WW9SdboJFqJuSiLdl0Y3LCvYCbSiT6aQdOpmEmYlQQ8CNr+LGhSJufQl3vo2TNqC2/jDw8Z9zmHN+L2JUKtv+MgoLi0vLK8XV0tr6xuaWub3TlGEsMGngkIWi7SFJGOWkoahipB0JggKPkZY3usrqrTsiJA35rRpHxA3QgFOfYqS01TP3ol7SDZAaen5yn6aVHz7qmWW7ak9kzYOTQxly1XvmZ7cf4jggXGGGpOw4dqTcBAlFMSNpqRtLEiE8QgPS0chRQKSbTG5IrUPt9C0/FPpxZU3c3xMJCqQcB57uzFaUs7XM/K/WiZV/4SaUR7EiHE8/8mNmqdDKArH6VBCs2FgDwoLqXS08RAJhpWMr6RCc2ZPnoXlcdc6qpzcn5dplHkcR9uEAKuDAOdTgGurQAAwP8AQv8Go8Gs/Gm/E+bS0Y+cwu/JHx8Q3fLphR</latexit>

pz(z)

<latexit sha1_base64="50hbYZEi6ygBEf6QXr7chsugfGE=">AAACA3icbZDLSsNAFIZP6q3WW9SdboJFqJuSiLdl0Y3LCvYCbSiT6aQdOpmEmYlYQsCNr+LGhSJufQl3vo2TNqC2/jDw8Z9zmHN+L2JUKtv+MgoLi0vLK8XV0tr6xuaWub3TlGEsMGngkIWi7SFJGOWkoahipB0JggKPkZY3usrqrTsiJA35rRpHxA3QgFOfYqS01TP3ol7SDZAaen5yn6aVHz7qmWW7ak9kzYOTQxly1XvmZ7cf4jggXGGGpOw4dqTcBAlFMSNpqRtLEiE8QgPS0chRQKSbTG5IrUPt9C0/FPpxZU3c3xMJCqQcB57uzFaUs7XM/K/WiZV/4SaUR7EiHE8/8mNmqdDKArH6VBCs2FgDwoLqXS08RAJhpWMr6RCc2ZPnoXlcdc6qpzcn5dplHkcR9uEAKuDAOdTgGurQAAwP8AQv8Go8Gs/Gm/E+bS0Y+cwu/JHx8Q3Y/phN</latexit>

px(x)

<latexit sha1_base64="i+YtphbDGlHLZPWgDWl3RWeS5o4=">AAACB3icbVDLSsNAFJ3UV62vqEtBBovgqiTF17KgC5cV7AOaECbTSTt08mBmItQhOzf+ihsXirj1F9z5N07SLLT1wIXDOfdy7z1+wqiQlvVtVJaWV1bXquu1jc2t7R1zd68r4pRj0sExi3nfR4IwGpGOpJKRfsIJCn1Gev7kKvd794QLGkd3cpoQN0SjiAYUI6klzzx0QiTHGDF1nXnKGSOpCsUP1EOWZZ5ZtxpWAbhI7JLUQYm2Z345wxinIYkkZkiIgW0l0lWIS4oZyWpOKkiC8ASNyEDTCIVEuKr4I4PHWhnCIOa6IgkL9feEQqEQ09DXnfmNYt7Lxf+8QSqDS1fRKEklifBsUZAyKGOYhwKHlBMs2VQThDnVt0I8RhxhqaOr6RDs+ZcXSbfZsM8bZ7en9VazjKMKDsAROAE2uAAtcAPaoAMweATP4BW8GU/Gi/FufMxaK0Y5sw/+wPj8AaVwmms=</latexit>

Dẑ

<latexit sha1_base64="esNjcVvnxxg3DjFj+4OOvWxhT40=">AAACCXicbVDLSsNAFJ34rPUVdelmsAiuSlJ8LQu6cFnBPqAJYTKZtEMnD2YmYhmydeOvuHGhiFv/wJ1/4yTNQlsPXDiccy/33uOnjAppWd/G0vLK6tp6baO+ubW9s2vu7fdEknFMujhhCR/4SBBGY9KVVDIySDlBkc9I359cFX7/nnBBk/hOTlPiRmgU05BiJLXkmdCJkBxjxNR17ilHUhYQVWp+qB7yPPfMhtW0SsBFYlekASp0PPPLCRKcRSSWmCEhhraVSlchLilmJK87mSApwhM0IkNNYxQR4arykxweayWAYcJ1xRKW6u8JhSIhppGvO4sbxbxXiP95w0yGl66icZpJEuPZojBjUCawiAUGlBMs2VQThDnVt0I8RhxhqcOr6xDs+ZcXSa/VtM+bZ7enjXariqMGDsEROAE2uABtcAM6oAsweATP4BW8GU/Gi/FufMxal4xq5gD8gfH5A0kHm1I=</latexit>

Dx̃

Enocder loss
<latexit sha1_base64="pZog2r3zWIo4cxQXfOrVi2T2yjU="></latexit>

I✓(X;Z) = Ep✓(x,z)


log

p✓(z|x)
pz(z)

q�(z|x)
q�(z|x)

�

� Ep✓(x,z)


log

q�(z|x)
pz(z)

�

<latexit sha1_base64="7woiFsapSpfygr5CLIPNyCF679M="></latexit>

= Ep✓(x,z)


log

q�(z|x)
pz(z)

q̂�(z)

q̂�(z)

�

= Ep✓(x,z) [log q�(z|x)]� Ep✓(x,z)


log

pz(z)

q̂�(z)

�
� Ep✓(x,z) [log q̂�(z)]

= Ep✓(x,z) [log q�(z|x)]� Ep✓(x,z)


log

pz(z)

q̂�(z)

�
+ Ep✓(x|z) [H (pz(z); q̂�(z))]

� Ep✓(x,z) [log q�(z|x)]� Ep✓(x,z)


log

pz(z)

q̂�(z)

�

= Epz(z)Ep✓(x|z) [log q�(z|x)]�DKL (pz(z)kq̂�(z))
=: Iz

�,✓(X;Z)
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Agenda

§ What is information bottleneck (IBN)?
§ IBN based autoencoding
§ Generalization of existing methods based on IBN

§ VAE, InfoVAE, VAE/GAN, BIB-AE
§ Restrictions of IBN
§ TURBO: physical-driven latent space
§ Generalization based on TURBO

§ AAE, SR-GAN and pix2pix, CycleGAN
§ Regression problems

§ HEP translation
§ Hubble-to-Webb translation
§ Inverse problems in physics

§ Conclusions 
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TURBO: generalization of existing schemes

Generalization of existing methods based on TURBO

AAE

TURBO

<latexit sha1_base64="iNNEtB4usZ6oIfwZaFkTkR++0vA=">AAACJHicbVC7TsMwFHV4lvIKMLJYtEhlqZIOgNSlggW2ItGHaELkuE5r1XnIdpCKlY9h4VdYGHiIgYVvIUmLBC1HsnR8zr269x43YlRIw/jUFhaXlldWC2vF9Y3NrW19Z7ctwphj0sIhC3nXRYIwGpCWpJKRbsQJ8l1GOu7oPPM7d4QLGgbXchwR20eDgHoUI5lKjl4vWz6SQ4yYukwcZUVDmtyqXOO+uk+SSs5dT3UTWIc/n5vkqFx09JJRNXLAeWJOSQlM0XT0N6sf4tgngcQMCdEzjUjaCnFJMSNJ0YoFiRAeoQHppTRAPhG2yo9M4GGq9KEX8vQFEubq7w6FfCHGvptWZkuKWS8T//N6sfRObUWDKJYkwJNBXsygDGGWGOxTTrBk45QgzGm6K8RDxBGWaa5ZCObsyfOkXauax1XzqlZqnE3jKIB9cAAqwAQnoAEuQBO0AAYP4Am8gFftUXvW3rWPSemCNu3ZA3+gfX0Dx/qlcQ==</latexit>

Iz
�(X;Z)

<latexit sha1_base64="LWVQIPeVUtMKzM3v+qgUQveoy9M="></latexit>

Ix
�,✓(Z;X)

<latexit sha1_base64="cH25w50cAYB92TmO8vjiJpGu3kc=">AAACD3icbVC7TsNAEDzzDOFloKQ5kYBCE9kpgDKChjJI5CEllnW+nJNTzg/drRHB+A9o+BUaChCipaXjb7ATI0HCSCfNzexqd8cJBVdgGF/awuLS8spqYa24vrG5ta3v7LZUEEnKmjQQgew4RDHBfdYEDoJ1QsmI5wjWdkYXmd++YVLxwL+Gccgsjwx87nJKIJVs/agc2nEPhgxIUul5BIaOG98m+B7/fO6S43LR1ktG1ZgAzxMzJyWUo2Hrn71+QCOP+UAFUaprGiFYMZHAqWBJsRcpFhI6IgPWTalPPKaseHJPgg9TpY/dQKbPBzxRf3fExFNq7DlpZbakmvUy8T+vG4F7ZsXcDyNgPp0OciOBIcBZOLjPJaMgxikhVPJ0V0yHRBIKaYRZCObsyfOkVauaJ1Xzqlaqn+dxFNA+OkAVZKJTVEeXqIGaiKIH9IRe0Kv2qD1rb9r7tHRBy3v20B9oH99vKZxB</latexit>

p✓(x|z)<latexit sha1_base64="RW0EtNB6Ejjae0QmvEojAfzMwTM=">AAAB8nicbVA9SwNBEJ3zM55fUUubxSBYhTsLtRGDNpYRzAckR9jb7CVL9naP3T0xHPkZNhaKpPV/2NuI/8a9JIUmPhh4vDfDvJkw4Uwbz/t2lpZXVtfWCxvu5tb2zm5xb7+uZaoIrRHJpWqGWFPOBK0ZZjhtJoriOOS0EQ5ucr/xQJVmUtybYUKDGPcEixjBxkqtdoxNP4yyx5HbKZa8sjcBWiT+jJSuPtzLZPzlVjvFz3ZXkjSmwhCOtW75XmKCDCvDCKcjt51qmmAywD3aslTgmOogm0QeoWOrdFEklS1h0ET9PZHhWOthHNrOPKKe93LxP6+VmugiyJhIUkMFmS6KUo6MRPn9qMsUJYYPLcFEMZsVkT5WmBj7pfwJ/vzJi6R+WvbPyv6dV6pcwxQFOIQjOAEfzqECt1CFGhCQ8AQv8OoY59l5c8bT1iVnNnMAf+C8/wCXI5Rz</latexit>x
<latexit sha1_base64="Nkr+YHXxJhrM4e2sjOUTGL+NPOI=">AAACC3icbVC7TsMwFHXKq7Q8AowsVgtSWaqEARgrWBiLRB9SU0WO67RWnQe2U1FCdhZ+hQUJEGJD/AAbHwIzTlskaDmSpeNz7tW99zgho0IaxoeWmZtfWFzKLufyK6tr6/rGZl0EEcekhgMW8KaDBGHUJzVJJSPNkBPkOYw0nP5J6jcGhAsa+OdyGJK2h7o+dSlGUkm2XriwYyvs0aRkeUj2HDe+SuA1/PlcJns5Wy8aZWMEOEvMCSlWdj4fXgf5r6qtv1udAEce8SVmSIiWaYSyHSMuKWYkyVmRICHCfdQlLUV95BHRjke3JHBXKR3oBlw9X8KR+rsjRp4QQ89RlemOYtpLxf+8ViTdo3ZM/TCSxMfjQW7EoAxgGgzsUE6wZENFEOZU7QpxD3GEpYovDcGcPnmW1PfL5kHZPFNpHIMxsmAbFEAJmOAQVMApqIIawOAG3IFH8KTdavfas/YyLs1ok54t8Afa2ze+Op9E</latexit>

q�(z|x)
<latexit sha1_base64="gCeTftFJOXIWVj7m0m8v7c3aYQE=">AAAB9HicbVBNS8NAEN34WeNX1aOXxSJ4KokH9SIWvXisYD+gDWWzmbRLN5u4uynU0N/hxYNSvPo3vHsR/42btgdtfTDweG+GmXl+wpnSjvNtLS2vrK6tFzbsza3tnd3i3n5dxamkUKMxj2XTJwo4E1DTTHNoJhJI5HNo+P2b3G8MQCoWi3s9TMCLSFewkFGijeS1/RC3NeMB4Ee7Uyw5ZWcCvEjcGSldfdiXyfjLrnaKn+0gpmkEQlNOlGq5TqK9jEjNKIeR3U4VJIT2SRdahgoSgfKyydEjfGyUAIexNCU0nqi/JzISKTWMfNMZEd1T814u/ue1Uh1eeBkTSapB0OmiMOVYxzhPAAdMAtV8aAihkplbMe0RSag2OeUhuPMvL5L6adk9K7t3TqlyjaYooEN0hE6Qi85RBd2iKqohih7QE3pBr9bAerbG1tu0dcmazRygP7DefwD7lZSV</latexit>

z̃
<latexit sha1_base64="DG+jHQ7fDUFuGLLLTP//fizZoFk=">AAAB8nicbZDLSsNAFIYnXmu8VV26GSyCq5K4UDdi0Y3LCvYCSSiT6aQdOpmEmROxhD6GGxeKdOt7uHcjvo2Ttgtt/WHg4//PYc45YSq4Bsf5tpaWV1bX1ksb9ubW9s5ueW+/qZNMUdagiUhUOySaCS5ZAzgI1k4VI3EoWCsc3BR564EpzRN5D8OUBTHpSR5xSsBYnh9G2O8TwI92p1xxqs5EeBHcGVSuPuzLdPxl1zvlT7+b0CxmEqggWnuuk0KQEwWcCjay/UyzlNAB6THPoCQx00E+GXmEj43TxVGizJOAJ+7vjpzEWg/j0FTGBPp6PivM/zIvg+giyLlMM2CSTj+KMoEhwcX+uMsVoyCGBghV3MyKaZ8oQsFcqTiCO7/yIjRPq+5Z1b1zKrVrNFUJHaIjdIJcdI5q6BbVUQNRlKAn9IJeLbCerTdrPC1dsmY9B+iPrPcfYuGTqg==</latexit>

x̂

<latexit sha1_base64="15j0WQDC4c3sQTPB/tYJX7kjqlE=">AAAB73icbVA9T8MwED2Xr1K+CowsFi0SU5V0AMYKFsYi0Q+pjSrHdVqrjhNsB6lE/RMsDCDEyt9h49/gtBmg5UknPb13p7t7fiy4No7zjQpr6xubW8Xt0s7u3v5B+fCoraNEUdaikYhU1yeaCS5Zy3AjWDdWjIS+YB1/cpP5nUemNI/kvZnGzAvJSPKAU2Ks1K32/QA/VUuDcsWpOXPgVeLmpAI5moPyV38Y0SRk0lBBtO65Tmy8lCjDqWCzUj/RLCZ0QkasZ6kkIdNeOr93hs+sMsRBpGxJg+fq74mUhFpPQ992hsSM9bKXif95vcQEV17KZZwYJuliUZAIbCKcPY+HXDFqxNQSQhW3t2I6JopQYyPKQnCXX14l7XrNvai5d/VK4zqPowgncArn4MIlNOAWmtACCgKe4RXe0AN6Qe/oY9FaQPnMMfwB+vwBXLGO3g==</latexit>z

<latexit sha1_base64="RW0EtNB6Ejjae0QmvEojAfzMwTM=">AAAB8nicbVA9SwNBEJ3zM55fUUubxSBYhTsLtRGDNpYRzAckR9jb7CVL9naP3T0xHPkZNhaKpPV/2NuI/8a9JIUmPhh4vDfDvJkw4Uwbz/t2lpZXVtfWCxvu5tb2zm5xb7+uZaoIrRHJpWqGWFPOBK0ZZjhtJoriOOS0EQ5ucr/xQJVmUtybYUKDGPcEixjBxkqtdoxNP4yyx5HbKZa8sjcBWiT+jJSuPtzLZPzlVjvFz3ZXkjSmwhCOtW75XmKCDCvDCKcjt51qmmAywD3aslTgmOogm0QeoWOrdFEklS1h0ET9PZHhWOthHNrOPKKe93LxP6+VmugiyJhIUkMFmS6KUo6MRPn9qMsUJYYPLcFEMZsVkT5WmBj7pfwJ/vzJi6R+WvbPyv6dV6pcwxQFOIQjOAEfzqECt1CFGhCQ8AQv8OoY59l5c8bT1iVnNnMAf+C8/wCXI5Rz</latexit>x

<latexit sha1_base64="puorgi5+Zo4bTawC8ltPubf7qrs=">AAACH3icbZBLS8NAEMc39VXrK+rRy9IiVJSSeKgei148eKhgH9CEsNlu2qWbB7sbMYR8C49e/CpePCgi3vpt3KQFtTqw8Nv/zDAzfzdiVEjDmGqlpeWV1bXyemVjc2t7R9/d64ow5ph0cMhC3neRIIwGpCOpZKQfcYJ8l5GeO7nM8707wgUNg1uZRMT20SigHsVIKsnRm5aP5Bgjll5nTlp8uJ/eZ1m9YNdTfAKtMZLpt5AdOXrNaBhFwL9gzqHWqlrHD9NW0nb0T2sY4tgngcQMCTEwjUjaKeKSYkayihULEiE8QSMyUBggnwg7Le7L4KFShtALuXqBhIX6syNFvhCJ76rKfEexmMvF/3KDWHrndkqDKJYkwLNBXsygDGFuFhxSTrBkiQKEOVW7QjxGHGGpLK0oE8zFk/9C97RhNhvmjXLjAsyiDA5AFdSBCc5AC1yBNugADB7BM3gFb9qT9qK9ax+z0pI279kHv0KbfgHO9qeo</latexit>

Lx(x, x̂)

<latexit sha1_base64="n5TmsMRhz8n7vxajRlBnAlq5r88=">AAACBXicbVDLSsNAFJ34rPUVdamL0CJUhJK4UJdFNy4r2Ac0IUymk3bo5MHMjRhCNm78AT/CjQtF3PoP7vo3TtoutPXAhcM593LvPV7MmQTTHGtLyyura+uljfLm1vbOrr6335ZRIghtkYhHouthSTkLaQsYcNqNBcWBx2nHG10XfueeCsmi8A7SmDoBHoTMZwSDklz9yB5iyOLczWwYUsB5zQ4wDD0/e8hPXL1q1s0JjEVizUi1UbFPn8eNtOnq33Y/IklAQyAcS9mzzBicDAtghNO8bCeSxpiM8ID2FA1xQKWTTb7IjWOl9A0/EqpCMCbq74kMB1Kmgac6ixPlvFeI/3m9BPxLJ2NhnAANyXSRn3ADIqOIxOgzQQnwVBFMBFO3GmSIBSaggiurEKz5lxdJ+6xundetW5XGFZqihA5RBdWQhS5QA92gJmohgh7RC3pD79qT9qp9aJ/T1iVtNnOA/kD7+gF9M5wt</latexit>

p̂✓(x)

Direct part

<latexit sha1_base64="KbxYwhF8BaaXSc3bsMgwFLUb/Ws=">AAACBHicbVC7TsMwFHXKq5RXgLGLRYVUlipBvMYKFsYi0YfURJHjOq1Vxwm2g1SiDCz8CgsDCLHyEWz8DU6bAVqOdKWjc+7Vvff4MaNSWda3UVpaXlldK69XNja3tnfM3b2OjBKBSRtHLBI9H0nCKCdtRRUjvVgQFPqMdP3xVe5374mQNOK3ahITN0RDTgOKkdKSZ1ZTR1E2IPAu85x4ROtOiNTID9KH7Mgza1bDmgIuErsgNVCg5ZlfziDCSUi4wgxJ2betWLkpEopiRrKKk0gSIzxGQ9LXlKOQSDedPpHBQ60MYBAJXVzBqfp7IkWhlJPQ1535iXLey8X/vH6iggs3pTxOFOF4tihIGFQRzBOBAyoIVmyiCcKC6lshHiGBsNK5VXQI9vzLi6Rz3LDPGqc3J7XmZRFHGVTBAagDG5yDJrgGLdAGGDyCZ/AK3own48V4Nz5mrSWjmNkHf2B8/gDpTZhH</latexit>

q̃�(z)

<latexit sha1_base64="50hbYZEi6ygBEf6QXr7chsugfGE=">AAACA3icbZDLSsNAFIZP6q3WW9SdboJFqJuSiLdl0Y3LCvYCbSiT6aQdOpmEmYlYQsCNr+LGhSJufQl3vo2TNqC2/jDw8Z9zmHN+L2JUKtv+MgoLi0vLK8XV0tr6xuaWub3TlGEsMGngkIWi7SFJGOWkoahipB0JggKPkZY3usrqrTsiJA35rRpHxA3QgFOfYqS01TP3ol7SDZAaen5yn6aVHz7qmWW7ak9kzYOTQxly1XvmZ7cf4jggXGGGpOw4dqTcBAlFMSNpqRtLEiE8QgPS0chRQKSbTG5IrUPt9C0/FPpxZU3c3xMJCqQcB57uzFaUs7XM/K/WiZV/4SaUR7EiHE8/8mNmqdDKArH6VBCs2FgDwoLqXS08RAJhpWMr6RCc2ZPnoXlcdc6qpzcn5dplHkcR9uEAKuDAOdTgGurQAAwP8AQv8Go8Gs/Gm/E+bS0Y+cwu/JHx8Q3Y/phN</latexit>

px(x)

<latexit sha1_base64="CIv3s91Qwrk0GQM+zcKiiGDFREE=">AAACA3icbZDLSsNAFIZP6q3WW9SdboJFqJuSiLdl0Y3LCvYCbSiT6aQdOpmEmYlQQ8CNr+LGhSJufQl3vo2TNqC2/jDw8Z9zmHN+L2JUKtv+MgoLi0vLK8XV0tr6xuaWub3TlGEsMGngkIWi7SFJGOWkoahipB0JggKPkZY3usrqrTsiJA35rRpHxA3QgFOfYqS01TP3ol7SDZAaen5yn6aVHz7qmWW7ak9kzYOTQxly1XvmZ7cf4jggXGGGpOw4dqTcBAlFMSNpqRtLEiE8QgPS0chRQKSbTG5IrUPt9C0/FPpxZU3c3xMJCqQcB57uzFaUs7XM/K/WiZV/4SaUR7EiHE8/8mNmqdDKArH6VBCs2FgDwoLqXS08RAJhpWMr6RCc2ZPnoXlcdc6qpzcn5dplHkcR9uEAKuDAOdTgGurQAAwP8AQv8Go8Gs/Gm/E+bS0Y+cwu/JHx8Q3fLphR</latexit>

pz(z)

<latexit sha1_base64="4cGevaISFcg5yEfFk/yCB7rtDZs=">AAACCXicbVDLSsNAFJ34rPUVdelmsAiuSiK+lkVduKxgH9CEMJlM2qGTBzMToQ7ZuvFX3LhQxK1/4M6/cZJmoa0HLhzOuZd77/FTRoW0rG9jYXFpeWW1tlZf39jc2jZ3drsiyTgmHZywhPd9JAijMelIKhnpp5ygyGek54+vCr93T7igSXwnJylxIzSMaUgxklryTOhESI4wYuo695QjKQuIKjU/VA95nntmw2paJeA8sSvSABXanvnlBAnOIhJLzJAQA9tKpasQlxQzktedTJAU4TEakoGmMYqIcFX5SQ4PtRLAMOG6YglL9feEQpEQk8jXncWNYtYrxP+8QSbDC1fROM0kifF0UZgxKBNYxAIDygmWbKIJwpzqWyEeIY6w1OHVdQj27MvzpHvctM+ap7cnjdZlFUcN7IMDcARscA5a4Aa0QQdg8AiewSt4M56MF+Pd+Ji2LhjVzB74A+PzB1Dlm2Q=</latexit>Dz̃

Reverse part

Makhzani, Shlens, Jaitly, Goodfellow, and Frey. Adversarial autoencoders, 2015 

<latexit sha1_base64="r6xnCksNUopptM9WFzmsEzId4aI="></latexit>

LAAE(�, ✓) = DKL (q̃�(z)kpz(z))� �Epx(x)Eq�(z|x) [log p✓(x|z)]
<latexit sha1_base64="gzj10FmTlGhHlXGPG7MlpW5ScqA="></latexit>

LDirect (�, ✓) = DKL (pz(z)kq̃�(z))� �Epx(x)Eq�(z|x) [log p✓(x|z)] in minimization form
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TURBO: generalization of existing schemes

Generalization of existing methods based on TURBO

Pix2Pix (paired setup) and SRGAN

<latexit sha1_base64="iNNEtB4usZ6oIfwZaFkTkR++0vA=">AAACJHicbVC7TsMwFHV4lvIKMLJYtEhlqZIOgNSlggW2ItGHaELkuE5r1XnIdpCKlY9h4VdYGHiIgYVvIUmLBC1HsnR8zr269x43YlRIw/jUFhaXlldWC2vF9Y3NrW19Z7ctwphj0sIhC3nXRYIwGpCWpJKRbsQJ8l1GOu7oPPM7d4QLGgbXchwR20eDgHoUI5lKjl4vWz6SQ4yYukwcZUVDmtyqXOO+uk+SSs5dT3UTWIc/n5vkqFx09JJRNXLAeWJOSQlM0XT0N6sf4tgngcQMCdEzjUjaCnFJMSNJ0YoFiRAeoQHppTRAPhG2yo9M4GGq9KEX8vQFEubq7w6FfCHGvptWZkuKWS8T//N6sfRObUWDKJYkwJNBXsygDGGWGOxTTrBk45QgzGm6K8RDxBGWaa5ZCObsyfOkXauax1XzqlZqnE3jKIB9cAAqwAQnoAEuQBO0AAYP4Am8gFftUXvW3rWPSemCNu3ZA3+gfX0Dx/qlcQ==</latexit>

Iz
�(X;Z)

<latexit sha1_base64="RW0EtNB6Ejjae0QmvEojAfzMwTM=">AAAB8nicbVA9SwNBEJ3zM55fUUubxSBYhTsLtRGDNpYRzAckR9jb7CVL9naP3T0xHPkZNhaKpPV/2NuI/8a9JIUmPhh4vDfDvJkw4Uwbz/t2lpZXVtfWCxvu5tb2zm5xb7+uZaoIrRHJpWqGWFPOBK0ZZjhtJoriOOS0EQ5ucr/xQJVmUtybYUKDGPcEixjBxkqtdoxNP4yyx5HbKZa8sjcBWiT+jJSuPtzLZPzlVjvFz3ZXkjSmwhCOtW75XmKCDCvDCKcjt51qmmAywD3aslTgmOogm0QeoWOrdFEklS1h0ET9PZHhWOthHNrOPKKe93LxP6+VmugiyJhIUkMFmS6KUo6MRPn9qMsUJYYPLcFEMZsVkT5WmBj7pfwJ/vzJi6R+WvbPyv6dV6pcwxQFOIQjOAEfzqECt1CFGhCQ8AQv8OoY59l5c8bT1iVnNnMAf+C8/wCXI5Rz</latexit>x
<latexit sha1_base64="Nkr+YHXxJhrM4e2sjOUTGL+NPOI=">AAACC3icbVC7TsMwFHXKq7Q8AowsVgtSWaqEARgrWBiLRB9SU0WO67RWnQe2U1FCdhZ+hQUJEGJD/AAbHwIzTlskaDmSpeNz7tW99zgho0IaxoeWmZtfWFzKLufyK6tr6/rGZl0EEcekhgMW8KaDBGHUJzVJJSPNkBPkOYw0nP5J6jcGhAsa+OdyGJK2h7o+dSlGUkm2XriwYyvs0aRkeUj2HDe+SuA1/PlcJns5Wy8aZWMEOEvMCSlWdj4fXgf5r6qtv1udAEce8SVmSIiWaYSyHSMuKWYkyVmRICHCfdQlLUV95BHRjke3JHBXKR3oBlw9X8KR+rsjRp4QQ89RlemOYtpLxf+8ViTdo3ZM/TCSxMfjQW7EoAxgGgzsUE6wZENFEOZU7QpxD3GEpYovDcGcPnmW1PfL5kHZPFNpHIMxsmAbFEAJmOAQVMApqIIawOAG3IFH8KTdavfas/YyLs1ok54t8Afa2ze+Op9E</latexit>

q�(z|x)
<latexit sha1_base64="gCeTftFJOXIWVj7m0m8v7c3aYQE=">AAAB9HicbVBNS8NAEN34WeNX1aOXxSJ4KokH9SIWvXisYD+gDWWzmbRLN5u4uynU0N/hxYNSvPo3vHsR/42btgdtfTDweG+GmXl+wpnSjvNtLS2vrK6tFzbsza3tnd3i3n5dxamkUKMxj2XTJwo4E1DTTHNoJhJI5HNo+P2b3G8MQCoWi3s9TMCLSFewkFGijeS1/RC3NeMB4Ee7Uyw5ZWcCvEjcGSldfdiXyfjLrnaKn+0gpmkEQlNOlGq5TqK9jEjNKIeR3U4VJIT2SRdahgoSgfKyydEjfGyUAIexNCU0nqi/JzISKTWMfNMZEd1T814u/ue1Uh1eeBkTSapB0OmiMOVYxzhPAAdMAtV8aAihkplbMe0RSag2OeUhuPMvL5L6adk9K7t3TqlyjaYooEN0hE6Qi85RBd2iKqohih7QE3pBr9bAerbG1tu0dcmazRygP7DefwD7lZSV</latexit>

z̃

<latexit sha1_base64="15j0WQDC4c3sQTPB/tYJX7kjqlE=">AAAB73icbVA9T8MwED2Xr1K+CowsFi0SU5V0AMYKFsYi0Q+pjSrHdVqrjhNsB6lE/RMsDCDEyt9h49/gtBmg5UknPb13p7t7fiy4No7zjQpr6xubW8Xt0s7u3v5B+fCoraNEUdaikYhU1yeaCS5Zy3AjWDdWjIS+YB1/cpP5nUemNI/kvZnGzAvJSPKAU2Ks1K32/QA/VUuDcsWpOXPgVeLmpAI5moPyV38Y0SRk0lBBtO65Tmy8lCjDqWCzUj/RLCZ0QkasZ6kkIdNeOr93hs+sMsRBpGxJg+fq74mUhFpPQ992hsSM9bKXif95vcQEV17KZZwYJuliUZAIbCKcPY+HXDFqxNQSQhW3t2I6JopQYyPKQnCXX14l7XrNvai5d/VK4zqPowgncArn4MIlNOAWmtACCgKe4RXe0AN6Qe/oY9FaQPnMMfwB+vwBXLGO3g==</latexit>z

<latexit sha1_base64="15j0WQDC4c3sQTPB/tYJX7kjqlE=">AAAB73icbVA9T8MwED2Xr1K+CowsFi0SU5V0AMYKFsYi0Q+pjSrHdVqrjhNsB6lE/RMsDCDEyt9h49/gtBmg5UknPb13p7t7fiy4No7zjQpr6xubW8Xt0s7u3v5B+fCoraNEUdaikYhU1yeaCS5Zy3AjWDdWjIS+YB1/cpP5nUemNI/kvZnGzAvJSPKAU2Ks1K32/QA/VUuDcsWpOXPgVeLmpAI5moPyV38Y0SRk0lBBtO65Tmy8lCjDqWCzUj/RLCZ0QkasZ6kkIdNeOr93hs+sMsRBpGxJg+fq74mUhFpPQ992hsSM9bKXif95vcQEV17KZZwYJuliUZAIbCKcPY+HXDFqxNQSQhW3t2I6JopQYyPKQnCXX14l7XrNvai5d/VK4zqPowgncArn4MIlNOAWmtACCgKe4RXe0AN6Qe/oY9FaQPnMMfwB+vwBXLGO3g==</latexit>z

<latexit sha1_base64="vb0XUFt2C00z9n7bXT1meIHtaRs=">AAACAnicbZDLSsNAFIYn9VbrLepK3AwtQkUpiQt1WXTjsoK9QBPKZDpph04mYWYixlDc+Ai+ghsXirj1Kdz1bZy0FbT1h4GP/5zDnPN7EaNSWdbIyC0sLi2v5FcLa+sbm1vm9k5DhrHApI5DFoqWhyRhlJO6ooqRViQICjxGmt7gMqs3b4mQNOQ3KomIG6Aepz7FSGmrY+5FZSdAqu/56d3wGP7w/fCwY5asijUWnAd7CqVq0Tl6GlWTWsf8crohjgPCFWZIyrZtRcpNkVAUMzIsOLEkEcID1CNtjRwFRLrp+IQhPNBOF/qh0I8rOHZ/T6QokDIJPN2ZrShna5n5X60dK//cTSmPYkU4nnzkxwyqEGZ5wC4VBCuWaEBYUL0rxH0kEFY6tYIOwZ49eR4aJxX7tGJf6zQuwER5sA+KoAxscAaq4ArUQB1g8ACewSt4Mx6NF+Pd+Ji05ozpzC74I+PzGyaMmkE=</latexit>

p(x, z)

Direct part

<latexit sha1_base64="KbxYwhF8BaaXSc3bsMgwFLUb/Ws=">AAACBHicbVC7TsMwFHXKq5RXgLGLRYVUlipBvMYKFsYi0YfURJHjOq1Vxwm2g1SiDCz8CgsDCLHyEWz8DU6bAVqOdKWjc+7Vvff4MaNSWda3UVpaXlldK69XNja3tnfM3b2OjBKBSRtHLBI9H0nCKCdtRRUjvVgQFPqMdP3xVe5374mQNOK3ahITN0RDTgOKkdKSZ1ZTR1E2IPAu85x4ROtOiNTID9KH7Mgza1bDmgIuErsgNVCg5ZlfziDCSUi4wgxJ2betWLkpEopiRrKKk0gSIzxGQ9LXlKOQSDedPpHBQ60MYBAJXVzBqfp7IkWhlJPQ1535iXLey8X/vH6iggs3pTxOFOF4tihIGFQRzBOBAyoIVmyiCcKC6lshHiGBsNK5VXQI9vzLi6Rz3LDPGqc3J7XmZRFHGVTBAagDG5yDJrgGLdAGGDyCZ/AK3own48V4Nz5mrSWjmNkHf2B8/gDpTZhH</latexit>

q̃�(z)

<latexit sha1_base64="CIv3s91Qwrk0GQM+zcKiiGDFREE=">AAACA3icbZDLSsNAFIZP6q3WW9SdboJFqJuSiLdl0Y3LCvYCbSiT6aQdOpmEmYlQQ8CNr+LGhSJufQl3vo2TNqC2/jDw8Z9zmHN+L2JUKtv+MgoLi0vLK8XV0tr6xuaWub3TlGEsMGngkIWi7SFJGOWkoahipB0JggKPkZY3usrqrTsiJA35rRpHxA3QgFOfYqS01TP3ol7SDZAaen5yn6aVHz7qmWW7ak9kzYOTQxly1XvmZ7cf4jggXGGGpOw4dqTcBAlFMSNpqRtLEiE8QgPS0chRQKSbTG5IrUPt9C0/FPpxZU3c3xMJCqQcB57uzFaUs7XM/K/WiZV/4SaUR7EiHE8/8mNmqdDKArH6VBCs2FgDwoLqXS08RAJhpWMr6RCc2ZPnoXlcdc6qpzcn5dplHkcR9uEAKuDAOdTgGurQAAwP8AQv8Go8Gs/Gm/E+bS0Y+cwu/JHx8Q3fLphR</latexit>

pz(z)

<latexit sha1_base64="4cGevaISFcg5yEfFk/yCB7rtDZs=">AAACCXicbVDLSsNAFJ34rPUVdelmsAiuSiK+lkVduKxgH9CEMJlM2qGTBzMToQ7ZuvFX3LhQxK1/4M6/cZJmoa0HLhzOuZd77/FTRoW0rG9jYXFpeWW1tlZf39jc2jZ3drsiyTgmHZywhPd9JAijMelIKhnpp5ygyGek54+vCr93T7igSXwnJylxIzSMaUgxklryTOhESI4wYuo695QjKQuIKjU/VA95nntmw2paJeA8sSvSABXanvnlBAnOIhJLzJAQA9tKpasQlxQzktedTJAU4TEakoGmMYqIcFX5SQ4PtRLAMOG6YglL9feEQpEQk8jXncWNYtYrxP+8QSbDC1fROM0kifF0UZgxKBNYxAIDygmWbKIJwpzqWyEeIY6w1OHVdQj27MvzpHvctM+ap7cnjdZlFUcN7IMDcARscA5a4Aa0QQdg8AiewSt4M56MF+Pd+Ji2LhjVzB74A+PzB1Dlm2Q=</latexit>Dz̃

<latexit sha1_base64="C1+YK4n2QbZkGiD8cdwHTv/jnPM=">AAACIXicbZBNS8NAEIY39avWr6hHL0uLUFFK4kF7LHrx4KGC/YCmlM120y7dTcLuRogh/8KzF/+KFw+K9Fb8M27Tgto6sPDsOzPMzOuGjEplWRMjt7K6tr6R3yxsbe/s7pn7B00ZRAKTBg5YINoukoRRnzQUVYy0Q0EQdxlpuaPrab71QISkgX+v4pB0ORr41KMYKS31zKrDkRpixJLbtJdkH8GTxzQtZ+x6ms+goyjrk+RHSk96ZsmqWFnAZbDnUKoVndOnSS2u98yx0w9wxImvMENSdmwrVN0ECUUxI2nBiSQJER6hAelo9BEnsptkF6bwWCt96AVCP1/BTP3dkSAuZcxdXTndUS7mpuJ/uU6kvGo3oX4YKeLj2SAvYlAFcGoX7FNBsGKxBoQF1btCPEQCYaVNLWgT7MWTl6F5XrEvKvadduMKzCIPjkARlIENLkEN3IA6aAAMnsEreAcfxovxZnwa41lpzpj3HII/YXx9A5KhqJc=</latexit>

Lz(z, z̃)

Reverse part
TURBO

Phillip Isola, Jun-Yan Zhu, Tinghui Zhou, Alexei A. Efros, Image-to-Image Translation with Conditional Adversarial Networks, CVPR, 2017

Ledig, C., Theis, L., Huszár, F., Caballero, J., Cunningham, A., Acosta, A., Aitken, A., Tejani, A., Totz, J., Wang, Z. and Shi, W., Photo-
realistic single image super-resolution using a generative adversarial network. CVPR 2017

<latexit sha1_base64="SKDX1Hz1ap29R3qdC951jc3ab9c="></latexit>

LPix 2Pix(✓) = Ep(x,z) [log q�(z|x)]| {z }
Lz(z,z̃)

�DKL (q̃�(z)kpz(z))| {z }
Dz̃
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TURBO: generalization of existing schemes

Generalization of existing methods based on TURBO

CycleGAN (unpaired setup)

<latexit sha1_base64="iNNEtB4usZ6oIfwZaFkTkR++0vA=">AAACJHicbVC7TsMwFHV4lvIKMLJYtEhlqZIOgNSlggW2ItGHaELkuE5r1XnIdpCKlY9h4VdYGHiIgYVvIUmLBC1HsnR8zr269x43YlRIw/jUFhaXlldWC2vF9Y3NrW19Z7ctwphj0sIhC3nXRYIwGpCWpJKRbsQJ8l1GOu7oPPM7d4QLGgbXchwR20eDgHoUI5lKjl4vWz6SQ4yYukwcZUVDmtyqXOO+uk+SSs5dT3UTWIc/n5vkqFx09JJRNXLAeWJOSQlM0XT0N6sf4tgngcQMCdEzjUjaCnFJMSNJ0YoFiRAeoQHppTRAPhG2yo9M4GGq9KEX8vQFEubq7w6FfCHGvptWZkuKWS8T//N6sfRObUWDKJYkwJNBXsygDGGWGOxTTrBk45QgzGm6K8RDxBGWaa5ZCObsyfOkXauax1XzqlZqnE3jKIB9cAAqwAQnoAEuQBO0AAYP4Am8gFftUXvW3rWPSemCNu3ZA3+gfX0Dx/qlcQ==</latexit>

Iz
�(X;Z)

<latexit sha1_base64="cH25w50cAYB92TmO8vjiJpGu3kc=">AAACD3icbVC7TsNAEDzzDOFloKQ5kYBCE9kpgDKChjJI5CEllnW+nJNTzg/drRHB+A9o+BUaChCipaXjb7ATI0HCSCfNzexqd8cJBVdgGF/awuLS8spqYa24vrG5ta3v7LZUEEnKmjQQgew4RDHBfdYEDoJ1QsmI5wjWdkYXmd++YVLxwL+Gccgsjwx87nJKIJVs/agc2nEPhgxIUul5BIaOG98m+B7/fO6S43LR1ktG1ZgAzxMzJyWUo2Hrn71+QCOP+UAFUaprGiFYMZHAqWBJsRcpFhI6IgPWTalPPKaseHJPgg9TpY/dQKbPBzxRf3fExFNq7DlpZbakmvUy8T+vG4F7ZsXcDyNgPp0OciOBIcBZOLjPJaMgxikhVPJ0V0yHRBIKaYRZCObsyfOkVauaJ1Xzqlaqn+dxFNA+OkAVZKJTVEeXqIGaiKIH9IRe0Kv2qD1rb9r7tHRBy3v20B9oH99vKZxB</latexit>

p✓(x|z)<latexit sha1_base64="RW0EtNB6Ejjae0QmvEojAfzMwTM=">AAAB8nicbVA9SwNBEJ3zM55fUUubxSBYhTsLtRGDNpYRzAckR9jb7CVL9naP3T0xHPkZNhaKpPV/2NuI/8a9JIUmPhh4vDfDvJkw4Uwbz/t2lpZXVtfWCxvu5tb2zm5xb7+uZaoIrRHJpWqGWFPOBK0ZZjhtJoriOOS0EQ5ucr/xQJVmUtybYUKDGPcEixjBxkqtdoxNP4yyx5HbKZa8sjcBWiT+jJSuPtzLZPzlVjvFz3ZXkjSmwhCOtW75XmKCDCvDCKcjt51qmmAywD3aslTgmOogm0QeoWOrdFEklS1h0ET9PZHhWOthHNrOPKKe93LxP6+VmugiyJhIUkMFmS6KUo6MRPn9qMsUJYYPLcFEMZsVkT5WmBj7pfwJ/vzJi6R+WvbPyv6dV6pcwxQFOIQjOAEfzqECt1CFGhCQ8AQv8OoY59l5c8bT1iVnNnMAf+C8/wCXI5Rz</latexit>x
<latexit sha1_base64="Nkr+YHXxJhrM4e2sjOUTGL+NPOI=">AAACC3icbVC7TsMwFHXKq7Q8AowsVgtSWaqEARgrWBiLRB9SU0WO67RWnQe2U1FCdhZ+hQUJEGJD/AAbHwIzTlskaDmSpeNz7tW99zgho0IaxoeWmZtfWFzKLufyK6tr6/rGZl0EEcekhgMW8KaDBGHUJzVJJSPNkBPkOYw0nP5J6jcGhAsa+OdyGJK2h7o+dSlGUkm2XriwYyvs0aRkeUj2HDe+SuA1/PlcJns5Wy8aZWMEOEvMCSlWdj4fXgf5r6qtv1udAEce8SVmSIiWaYSyHSMuKWYkyVmRICHCfdQlLUV95BHRjke3JHBXKR3oBlw9X8KR+rsjRp4QQ89RlemOYtpLxf+8ViTdo3ZM/TCSxMfjQW7EoAxgGgzsUE6wZENFEOZU7QpxD3GEpYovDcGcPnmW1PfL5kHZPFNpHIMxsmAbFEAJmOAQVMApqIIawOAG3IFH8KTdavfas/YyLs1ok54t8Afa2ze+Op9E</latexit>

q�(z|x)
<latexit sha1_base64="gCeTftFJOXIWVj7m0m8v7c3aYQE=">AAAB9HicbVBNS8NAEN34WeNX1aOXxSJ4KokH9SIWvXisYD+gDWWzmbRLN5u4uynU0N/hxYNSvPo3vHsR/42btgdtfTDweG+GmXl+wpnSjvNtLS2vrK6tFzbsza3tnd3i3n5dxamkUKMxj2XTJwo4E1DTTHNoJhJI5HNo+P2b3G8MQCoWi3s9TMCLSFewkFGijeS1/RC3NeMB4Ee7Uyw5ZWcCvEjcGSldfdiXyfjLrnaKn+0gpmkEQlNOlGq5TqK9jEjNKIeR3U4VJIT2SRdahgoSgfKyydEjfGyUAIexNCU0nqi/JzISKTWMfNMZEd1T814u/ue1Uh1eeBkTSapB0OmiMOVYxzhPAAdMAtV8aAihkplbMe0RSag2OeUhuPMvL5L6adk9K7t3TqlyjaYooEN0hE6Qi85RBd2iKqohih7QE3pBr9bAerbG1tu0dcmazRygP7DefwD7lZSV</latexit>

z̃
<latexit sha1_base64="DG+jHQ7fDUFuGLLLTP//fizZoFk=">AAAB8nicbZDLSsNAFIYnXmu8VV26GSyCq5K4UDdi0Y3LCvYCSSiT6aQdOpmEmROxhD6GGxeKdOt7uHcjvo2Ttgtt/WHg4//PYc45YSq4Bsf5tpaWV1bX1ksb9ubW9s5ueW+/qZNMUdagiUhUOySaCS5ZAzgI1k4VI3EoWCsc3BR564EpzRN5D8OUBTHpSR5xSsBYnh9G2O8TwI92p1xxqs5EeBHcGVSuPuzLdPxl1zvlT7+b0CxmEqggWnuuk0KQEwWcCjay/UyzlNAB6THPoCQx00E+GXmEj43TxVGizJOAJ+7vjpzEWg/j0FTGBPp6PivM/zIvg+giyLlMM2CSTj+KMoEhwcX+uMsVoyCGBghV3MyKaZ8oQsFcqTiCO7/yIjRPq+5Z1b1zKrVrNFUJHaIjdIJcdI5q6BbVUQNRlKAn9IJeLbCerTdrPC1dsmY9B+iPrPcfYuGTqg==</latexit>

x̂

<latexit sha1_base64="15j0WQDC4c3sQTPB/tYJX7kjqlE=">AAAB73icbVA9T8MwED2Xr1K+CowsFi0SU5V0AMYKFsYi0Q+pjSrHdVqrjhNsB6lE/RMsDCDEyt9h49/gtBmg5UknPb13p7t7fiy4No7zjQpr6xubW8Xt0s7u3v5B+fCoraNEUdaikYhU1yeaCS5Zy3AjWDdWjIS+YB1/cpP5nUemNI/kvZnGzAvJSPKAU2Ks1K32/QA/VUuDcsWpOXPgVeLmpAI5moPyV38Y0SRk0lBBtO65Tmy8lCjDqWCzUj/RLCZ0QkasZ6kkIdNeOr93hs+sMsRBpGxJg+fq74mUhFpPQ992hsSM9bKXif95vcQEV17KZZwYJuliUZAIbCKcPY+HXDFqxNQSQhW3t2I6JopQYyPKQnCXX14l7XrNvai5d/VK4zqPowgncArn4MIlNOAWmtACCgKe4RXe0AN6Qe/oY9FaQPnMMfwB+vwBXLGO3g==</latexit>z

<latexit sha1_base64="puorgi5+Zo4bTawC8ltPubf7qrs=">AAACH3icbZBLS8NAEMc39VXrK+rRy9IiVJSSeKgei148eKhgH9CEsNlu2qWbB7sbMYR8C49e/CpePCgi3vpt3KQFtTqw8Nv/zDAzfzdiVEjDmGqlpeWV1bXyemVjc2t7R9/d64ow5ph0cMhC3neRIIwGpCOpZKQfcYJ8l5GeO7nM8707wgUNg1uZRMT20SigHsVIKsnRm5aP5Bgjll5nTlp8uJ/eZ1m9YNdTfAKtMZLpt5AdOXrNaBhFwL9gzqHWqlrHD9NW0nb0T2sY4tgngcQMCTEwjUjaKeKSYkayihULEiE8QSMyUBggnwg7Le7L4KFShtALuXqBhIX6syNFvhCJ76rKfEexmMvF/3KDWHrndkqDKJYkwLNBXsygDGFuFhxSTrBkiQKEOVW7QjxGHGGpLK0oE8zFk/9C97RhNhvmjXLjAsyiDA5AFdSBCc5AC1yBNugADB7BM3gFb9qT9qK9ax+z0pI279kHv0KbfgHO9qeo</latexit>

Lx(x, x̂)

<latexit sha1_base64="n5TmsMRhz8n7vxajRlBnAlq5r88=">AAACBXicbVDLSsNAFJ34rPUVdamL0CJUhJK4UJdFNy4r2Ac0IUymk3bo5MHMjRhCNm78AT/CjQtF3PoP7vo3TtoutPXAhcM593LvPV7MmQTTHGtLyyura+uljfLm1vbOrr6335ZRIghtkYhHouthSTkLaQsYcNqNBcWBx2nHG10XfueeCsmi8A7SmDoBHoTMZwSDklz9yB5iyOLczWwYUsB5zQ4wDD0/e8hPXL1q1s0JjEVizUi1UbFPn8eNtOnq33Y/IklAQyAcS9mzzBicDAtghNO8bCeSxpiM8ID2FA1xQKWTTb7IjWOl9A0/EqpCMCbq74kMB1Kmgac6ixPlvFeI/3m9BPxLJ2NhnAANyXSRn3ADIqOIxOgzQQnwVBFMBFO3GmSIBSaggiurEKz5lxdJ+6xundetW5XGFZqihA5RBdWQhS5QA92gJmohgh7RC3pD79qT9qp9aJ/T1iVtNnOA/kD7+gF9M5wt</latexit>

p̂✓(x)

<latexit sha1_base64="KbxYwhF8BaaXSc3bsMgwFLUb/Ws=">AAACBHicbVC7TsMwFHXKq5RXgLGLRYVUlipBvMYKFsYi0YfURJHjOq1Vxwm2g1SiDCz8CgsDCLHyEWz8DU6bAVqOdKWjc+7Vvff4MaNSWda3UVpaXlldK69XNja3tnfM3b2OjBKBSRtHLBI9H0nCKCdtRRUjvVgQFPqMdP3xVe5374mQNOK3ahITN0RDTgOKkdKSZ1ZTR1E2IPAu85x4ROtOiNTID9KH7Mgza1bDmgIuErsgNVCg5ZlfziDCSUi4wgxJ2betWLkpEopiRrKKk0gSIzxGQ9LXlKOQSDedPpHBQ60MYBAJXVzBqfp7IkWhlJPQ1535iXLey8X/vH6iggs3pTxOFOF4tihIGFQRzBOBAyoIVmyiCcKC6lshHiGBsNK5VXQI9vzLi6Rz3LDPGqc3J7XmZRFHGVTBAagDG5yDJrgGLdAGGDyCZ/AK3own48V4Nz5mrSWjmNkHf2B8/gDpTZhH</latexit>

q̃�(z)
<latexit sha1_base64="cH25w50cAYB92TmO8vjiJpGu3kc=">AAACD3icbVC7TsNAEDzzDOFloKQ5kYBCE9kpgDKChjJI5CEllnW+nJNTzg/drRHB+A9o+BUaChCipaXjb7ATI0HCSCfNzexqd8cJBVdgGF/awuLS8spqYa24vrG5ta3v7LZUEEnKmjQQgew4RDHBfdYEDoJ1QsmI5wjWdkYXmd++YVLxwL+Gccgsjwx87nJKIJVs/agc2nEPhgxIUul5BIaOG98m+B7/fO6S43LR1ktG1ZgAzxMzJyWUo2Hrn71+QCOP+UAFUaprGiFYMZHAqWBJsRcpFhI6IgPWTalPPKaseHJPgg9TpY/dQKbPBzxRf3fExFNq7DlpZbakmvUy8T+vG4F7ZsXcDyNgPp0OciOBIcBZOLjPJaMgxikhVPJ0V0yHRBIKaYRZCObsyfOkVauaJ1Xzqlaqn+dxFNA+OkAVZKJTVEeXqIGaiKIH9IRe0Kv2qD1rb9r7tHRBy3v20B9oH99vKZxB</latexit>

p✓(x|z)
<latexit sha1_base64="Nkr+YHXxJhrM4e2sjOUTGL+NPOI=">AAACC3icbVC7TsMwFHXKq7Q8AowsVgtSWaqEARgrWBiLRB9SU0WO67RWnQe2U1FCdhZ+hQUJEGJD/AAbHwIzTlskaDmSpeNz7tW99zgho0IaxoeWmZtfWFzKLufyK6tr6/rGZl0EEcekhgMW8KaDBGHUJzVJJSPNkBPkOYw0nP5J6jcGhAsa+OdyGJK2h7o+dSlGUkm2XriwYyvs0aRkeUj2HDe+SuA1/PlcJns5Wy8aZWMEOEvMCSlWdj4fXgf5r6qtv1udAEce8SVmSIiWaYSyHSMuKWYkyVmRICHCfdQlLUV95BHRjke3JHBXKR3oBlw9X8KR+rsjRp4QQ89RlemOYtpLxf+8ViTdo3ZM/TCSxMfjQW7EoAxgGgzsUE6wZENFEOZU7QpxD3GEpYovDcGcPnmW1PfL5kHZPFNpHIMxsmAbFEAJmOAQVMApqIIawOAG3IFH8KTdavfas/YyLs1ok54t8Afa2ze+Op9E</latexit>

q�(z|x)<latexit sha1_base64="15j0WQDC4c3sQTPB/tYJX7kjqlE=">AAAB73icbVA9T8MwED2Xr1K+CowsFi0SU5V0AMYKFsYi0Q+pjSrHdVqrjhNsB6lE/RMsDCDEyt9h49/gtBmg5UknPb13p7t7fiy4No7zjQpr6xubW8Xt0s7u3v5B+fCoraNEUdaikYhU1yeaCS5Zy3AjWDdWjIS+YB1/cpP5nUemNI/kvZnGzAvJSPKAU2Ks1K32/QA/VUuDcsWpOXPgVeLmpAI5moPyV38Y0SRk0lBBtO65Tmy8lCjDqWCzUj/RLCZ0QkasZ6kkIdNeOr93hs+sMsRBpGxJg+fq74mUhFpPQ992hsSM9bKXif95vcQEV17KZZwYJuliUZAIbCKcPY+HXDFqxNQSQhW3t2I6JopQYyPKQnCXX14l7XrNvai5d/VK4zqPowgncArn4MIlNOAWmtACCgKe4RXe0AN6Qe/oY9FaQPnMMfwB+vwBXLGO3g==</latexit>z

<latexit sha1_base64="RW0EtNB6Ejjae0QmvEojAfzMwTM=">AAAB8nicbVA9SwNBEJ3zM55fUUubxSBYhTsLtRGDNpYRzAckR9jb7CVL9naP3T0xHPkZNhaKpPV/2NuI/8a9JIUmPhh4vDfDvJkw4Uwbz/t2lpZXVtfWCxvu5tb2zm5xb7+uZaoIrRHJpWqGWFPOBK0ZZjhtJoriOOS0EQ5ucr/xQJVmUtybYUKDGPcEixjBxkqtdoxNP4yyx5HbKZa8sjcBWiT+jJSuPtzLZPzlVjvFz3ZXkjSmwhCOtW75XmKCDCvDCKcjt51qmmAywD3aslTgmOogm0QeoWOrdFEklS1h0ET9PZHhWOthHNrOPKKe93LxP6+VmugiyJhIUkMFmS6KUo6MRPn9qMsUJYYPLcFEMZsVkT5WmBj7pfwJ/vzJi6R+WvbPyv6dV6pcwxQFOIQjOAEfzqECt1CFGhCQ8AQv8OoY59l5c8bT1iVnNnMAf+C8/wCXI5Rz</latexit>x

<latexit sha1_base64="IxJTjH079KMULZuB38tkFlzwUyg=">AAAB9HicbVBNS8NAEJ34WeNX1aOXxSJ4KokH9SIWvXisYD+gDWWz2bRLN5u4uymW0N/hxYNSvPo3vHsR/42btgdtfTDweG+GmXl+wpnSjvNtLS2vrK6tFzbsza3tnd3i3n5dxakktEZiHsumjxXlTNCaZprTZiIpjnxOG37/JvcbAyoVi8W9HibUi3BXsJARrI3ktf0QtTXjAUWPdqdYcsrOBGiRuDNSuvqwL5Pxl13tFD/bQUzSiApNOFaq5TqJ9jIsNSOcjux2qmiCSR93actQgSOqvGxy9AgdGyVAYSxNCY0m6u+JDEdKDSPfdEZY99S8l4v/ea1UhxdexkSSairIdFGYcqRjlCeAAiYp0XxoCCaSmVsR6WGJiTY55SG48y8vkvpp2T0ru3dOqXINUxTgEI7gBFw4hwrcQhVqQOABnuAFXq2B9WyNrbdp65I1mzmAP7DefwD4i5ST</latexit>

x̃

<latexit sha1_base64="n7BS0FSBenORlrQUcT6+LTySVcE="></latexit>

Ix
✓ (Z;X)

<latexit sha1_base64="kghyaskj6/U820JAyJNi9zSHG7M=">AAACIXicbZBNS8NAEIY39avWr6hHL0uLUFFK4kF7LHrx4KGC/YCmlM120y7dTcLuRiwh/8KzF/+KFw+K9Fb8M27Sgto6sPDsOzPMzOuGjEplWVMjt7K6tr6R3yxsbe/s7pn7B00ZRAKTBg5YINoukoRRnzQUVYy0Q0EQdxlpuaPrNN96IELSwL9X45B0ORr41KMYKS31zKrDkRpixOLbpBdnH8HjxyQpZ+x6ms+goyjrk/hHSk56ZsmqWFnAZbDnUKoVndOnaW1c75kTpx/giBNfYYak7NhWqLoxEopiRpKCE0kSIjxCA9LR6CNOZDfOLkzgsVb60AuEfr6Cmfq7I0ZcyjF3dWW6o1zMpeJ/uU6kvGo3pn4YKeLj2SAvYlAFMLUL9qkgWLGxBoQF1btCPEQCYaVNLWgT7MWTl6F5XrEvKvadduMKzCIPjkARlIENLkEN3IA6aAAMnsEreAcfxovxZnwak1lpzpj3HII/YXx9A4kTqJE=</latexit>

Lx(x, x̃)

<latexit sha1_base64="uVLajOs5f84kfxOIc3LZx3tIPSI="></latexit>

Iz
�,✓(X;Z)

<latexit sha1_base64="u53zGFszq9FNO+m8tzAnUm1Q56o=">AAACH3icbZBLS8NAEMc39VXrK+rRy9IiVJSSeKgei148eKhgH9CEsNlu2qWbB7sbIYZ8C49e/CpePCgi3vpt3KQFtTqw8Nv/zDAzfzdiVEjDmGqlpeWV1bXyemVjc2t7R9/d64ow5ph0cMhC3neRIIwGpCOpZKQfcYJ8l5GeO7nM8707wgUNg1uZRMT20SigHsVIKsnRm5aP5Bgjll5nTlp8uJ/eZ1m9YNdTfAKtMZLpt5AdOXrNaBhFwL9gzqHWqlrHD9NW0nb0T2sY4tgngcQMCTEwjUjaKeKSYkayihULEiE8QSMyUBggnwg7Le7L4KFShtALuXqBhIX6syNFvhCJ76rKfEexmMvF/3KDWHrndkqDKJYkwLNBXsygDGFuFhxSTrBkiQKEOVW7QjxGHGGpLK0oE8zFk/9C97RhNhvmjXLjAsyiDA5AFdSBCc5AC1yBNugADB7BM3gFb9qT9qK9ax+z0pI279kHv0KbfgHYfKeu</latexit>

Lz(z, ẑ)
<latexit sha1_base64="cvUIHyFWe1Jmgk0lAqhIH1LEGPs=">AAAB+XicbVDLSsNAFL2prxpfUZdugkVwVRIX6kYsunFZwT6gCWUynbRDJ5MwMynUkD9xI6KIWz/CvRvxb5y0XWjrgYHDOfdyz5wgYVQqx/k2SkvLK6tr5XVzY3Nre8fa3WvKOBWYNHDMYtEOkCSMctJQVDHSTgRBUcBIKxheF35rRISkMb9T44T4EepzGlKMlJa6luUNkMq8CKlBEGb3ed61Kk7VmcBeJO6MVC4/zIvk6cusd61PrxfjNCJcYYak7LhOovwMCUUxI7nppZIkCA9Rn3Q05Sgi0s8myXP7SCs9O4yFflzZE/X3RoYiKcdRoCeLiHLeK8T/vE6qwnM/ozxJFeF4eihMma1iu6jB7lFBsGJjTRAWVGe18QAJhJUuy9QluPNfXiTNk6p7WnVvnUrtCqYowwEcwjG4cAY1uIE6NADDCB7gGV6MzHg0Xo236WjJmO3swx8Y7z+6kJdf</latexit>

ẑ

<latexit sha1_base64="EZRTrP9DdU2BBWtzEheea/wLi2s=">AAACA3icbVC7TsNAEDzzDAkPAx00JwJSaCKbAigjaCiDRB5SbFnnyzk+5fzg7hwpWJZo+BUaChBCdFT8AR0fAjXnJAUkjLTSaGZXuztuzKiQhvGpzc0vLC4tF1aKpdW19Q19c6spooRj0sARi3jbRYIwGpKGpJKRdswJClxGWm7/PPdbA8IFjcIrOYyJHaBeSD2KkVSSo+9YPpLpdeakVuzTrGIFSPqul95kh45eNqrGCHCWmBNSru1/vb4PSt91R/+wuhFOAhJKzJAQHdOIpZ0iLilmJCtaiSAxwn3UIx1FQxQQYaejHzJ4oJQu9CKuKpRwpP6eSFEgxDBwVWd+opj2cvE/r5NI79ROaRgnkoR4vMhLGJQRzAOBXcoJlmyoCMKcqlsh9hFHWKrYiioEc/rlWdI8qprHVfNSpXEGxiiAXbAHKsAEJ6AGLkAdNAAGt+AePIIn7U570J61l3HrnDaZ2QZ/oL39AIVjnIE=</latexit>

q̂�(z)

<latexit sha1_base64="pBYakeSsa+2SgCWfTdqdePzpUz0=">AAACB3icbVDJSgNBEO1xjXGLehSkMQjxEmbE7Rj04jGCWSATQk+nJmnSs9BdI4YhNy/+ihcPinj1F7z5N/YkOWjig4LHe1VU1fNiKTTa9re1sLi0vLKaW8uvb2xubRd2dus6ShSHGo9kpJoe0yBFCDUUKKEZK2CBJ6HhDa4zv3EPSosovMNhDO2A9ULhC87QSJ3CAU1dFLILNB51XOwDspIbMOx7fvowOu4UinbZHoPOE2dKimSKaqfw5XYjngQQIpdM65Zjx9hOmULBJYzybqIhZnzAetAyNGQB6HY6/mNEj4zSpX6kTIVIx+rviZQFWg8Dz3RmJ+pZLxP/81oJ+pftVIRxghDyySI/kRQjmoVCu0IBRzk0hHElzK2U95liHE10eROCM/vyPKmflJ3z8tntabFyNY0jR/bJISkRh1yQCrkhVVIjnDySZ/JK3qwn68V6tz4mrQvWdGaP/IH1+QPhxJlX</latexit>

p̃✓(x)

<latexit sha1_base64="CIv3s91Qwrk0GQM+zcKiiGDFREE=">AAACA3icbZDLSsNAFIZP6q3WW9SdboJFqJuSiLdl0Y3LCvYCbSiT6aQdOpmEmYlQQ8CNr+LGhSJufQl3vo2TNqC2/jDw8Z9zmHN+L2JUKtv+MgoLi0vLK8XV0tr6xuaWub3TlGEsMGngkIWi7SFJGOWkoahipB0JggKPkZY3usrqrTsiJA35rRpHxA3QgFOfYqS01TP3ol7SDZAaen5yn6aVHz7qmWW7ak9kzYOTQxly1XvmZ7cf4jggXGGGpOw4dqTcBAlFMSNpqRtLEiE8QgPS0chRQKSbTG5IrUPt9C0/FPpxZU3c3xMJCqQcB57uzFaUs7XM/K/WiZV/4SaUR7EiHE8/8mNmqdDKArH6VBCs2FgDwoLqXS08RAJhpWMr6RCc2ZPnoXlcdc6qpzcn5dplHkcR9uEAKuDAOdTgGurQAAwP8AQv8Go8Gs/Gm/E+bS0Y+cwu/JHx8Q3fLphR</latexit>

pz(z) <latexit sha1_base64="50hbYZEi6ygBEf6QXr7chsugfGE=">AAACA3icbZDLSsNAFIZP6q3WW9SdboJFqJuSiLdl0Y3LCvYCbSiT6aQdOpmEmYlYQsCNr+LGhSJufQl3vo2TNqC2/jDw8Z9zmHN+L2JUKtv+MgoLi0vLK8XV0tr6xuaWub3TlGEsMGngkIWi7SFJGOWkoahipB0JggKPkZY3usrqrTsiJA35rRpHxA3QgFOfYqS01TP3ol7SDZAaen5yn6aVHz7qmWW7ak9kzYOTQxly1XvmZ7cf4jggXGGGpOw4dqTcBAlFMSNpqRtLEiE8QgPS0chRQKSbTG5IrUPt9C0/FPpxZU3c3xMJCqQcB57uzFaUs7XM/K/WiZV/4SaUR7EiHE8/8mNmqdDKArH6VBCs2FgDwoLqXS08RAJhpWMr6RCc2ZPnoXlcdc6qpzcn5dplHkcR9uEAKuDAOdTgGurQAAwP8AQv8Go8Gs/Gm/E+bS0Y+cwu/JHx8Q3Y/phN</latexit>

px(x)

<latexit sha1_base64="4cGevaISFcg5yEfFk/yCB7rtDZs=">AAACCXicbVDLSsNAFJ34rPUVdelmsAiuSiK+lkVduKxgH9CEMJlM2qGTBzMToQ7ZuvFX3LhQxK1/4M6/cZJmoa0HLhzOuZd77/FTRoW0rG9jYXFpeWW1tlZf39jc2jZ3drsiyTgmHZywhPd9JAijMelIKhnpp5ygyGek54+vCr93T7igSXwnJylxIzSMaUgxklryTOhESI4wYuo695QjKQuIKjU/VA95nntmw2paJeA8sSvSABXanvnlBAnOIhJLzJAQA9tKpasQlxQzktedTJAU4TEakoGmMYqIcFX5SQ4PtRLAMOG6YglL9feEQpEQk8jXncWNYtYrxP+8QSbDC1fROM0kifF0UZgxKBNYxAIDygmWbKIJwpzqWyEeIY6w1OHVdQj27MvzpHvctM+ap7cnjdZlFUcN7IMDcARscA5a4Aa0QQdg8AiewSt4M56MF+Pd+Ji2LhjVzB74A+PzB1Dlm2Q=</latexit>Dz̃

TURBO

<latexit sha1_base64="LWVQIPeVUtMKzM3v+qgUQveoy9M="></latexit>

Ix
�,✓(Z;X)

Jun-Yan Zhu*, Taesung Park*, Phillip Isola, and Alexei A. Efros. "Unpaired Image-to-Image Translation using Cycle-Consistent Adversarial Networks", 
ICCV 2017

<latexit sha1_base64="50hbYZEi6ygBEf6QXr7chsugfGE=">AAACA3icbZDLSsNAFIZP6q3WW9SdboJFqJuSiLdl0Y3LCvYCbSiT6aQdOpmEmYlYQsCNr+LGhSJufQl3vo2TNqC2/jDw8Z9zmHN+L2JUKtv+MgoLi0vLK8XV0tr6xuaWub3TlGEsMGngkIWi7SFJGOWkoahipB0JggKPkZY3usrqrTsiJA35rRpHxA3QgFOfYqS01TP3ol7SDZAaen5yn6aVHz7qmWW7ak9kzYOTQxly1XvmZ7cf4jggXGGGpOw4dqTcBAlFMSNpqRtLEiE8QgPS0chRQKSbTG5IrUPt9C0/FPpxZU3c3xMJCqQcB57uzFaUs7XM/K/WiZV/4SaUR7EiHE8/8mNmqdDKArH6VBCs2FgDwoLqXS08RAJhpWMr6RCc2ZPnoXlcdc6qpzcn5dplHkcR9uEAKuDAOdTgGurQAAwP8AQv8Go8Gs/Gm/E+bS0Y+cwu/JHx8Q3Y/phN</latexit>

px(x) <latexit sha1_base64="CIv3s91Qwrk0GQM+zcKiiGDFREE=">AAACA3icbZDLSsNAFIZP6q3WW9SdboJFqJuSiLdl0Y3LCvYCbSiT6aQdOpmEmYlQQ8CNr+LGhSJufQl3vo2TNqC2/jDw8Z9zmHN+L2JUKtv+MgoLi0vLK8XV0tr6xuaWub3TlGEsMGngkIWi7SFJGOWkoahipB0JggKPkZY3usrqrTsiJA35rRpHxA3QgFOfYqS01TP3ol7SDZAaen5yn6aVHz7qmWW7ak9kzYOTQxly1XvmZ7cf4jggXGGGpOw4dqTcBAlFMSNpqRtLEiE8QgPS0chRQKSbTG5IrUPt9C0/FPpxZU3c3xMJCqQcB57uzFaUs7XM/K/WiZV/4SaUR7EiHE8/8mNmqdDKArH6VBCs2FgDwoLqXS08RAJhpWMr6RCc2ZPnoXlcdc6qpzcn5dplHkcR9uEAKuDAOdTgGurQAAwP8AQv8Go8Gs/Gm/E+bS0Y+cwu/JHx8Q3fLphR</latexit>

pz(z)

<latexit sha1_base64="sjU/w0fW98kpcvZBr3a9V05Gegs="></latexit>

LCycleGAN (�, ✓) = �DKL (pz(z)kq̃�(z))| {z }
Dz̃

+Epx(x)Eq�(z|x) [log p✓(x|z)]| {z }
Lx(x,x̂)

�DKL (px(x)kp̃✓(x))| {z }
Dx̃

+Epz(z)Ep✓(x|z) [log q�(z|x)]| {z }
Lz(z,ẑ)
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Agenda

§ What is information bottleneck (IBN)?
§ IBN based autoencoding
§ Generalization of existing methods based on IBN

§ VAE, InfoVAE, VAE/GAN, BIB-AE
§ Restrictions of IBN
§ TURBO: physical-driven latent space
§ Generalization based on TURBO

§ AAE, SR-GAN, pix2pix, CycleGAN, Probabilistic AE
§ Regression problems

§ HEP translation
§ Hubble-to-Webb translation
§ Inverse problems in physics

§ Conclusions 
§ Open problems 
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30Regression problems

HEP translation problem

<latexit sha1_base64="DmkQHUT3B4awWYTbeCCk7y4oW4g=">AAACDHicdVDLSsNAFJ34rPVVdelmsAiuQhJDW3dFNy4r2Ae0oUymk3boZBJmJmIN+QA3/oobF4q49QPc+TdO+gAVPTBwOOde5p7jx4xKZVmfxtLyyuraemGjuLm1vbNb2ttvySgRmDRxxCLR8ZEkjHLSVFQx0okFQaHPSNsfX+R++4YISSN+rSYx8UI05DSgGCkt9UvlXojUyA/SuwxqGksVwd4IqXSh32aZnrLMs1rFcSvQMi2rajt2Tpyqe+pCWys5ymCORr/00RtEOAkJV5ghKbu2FSsvRUJRzEhW7CWSxAiP0ZB0NeUoJNJLp2EyeKyVAQwioR9XcKp+30hRKOUk9PVkfqL87eXiX143UUHNSymPE0U4nn0UJAzqxHkzcEAFwYpNNEFYUH0rxCMkEFa6v6IuYZEU/k9ajmlXTOfKLdfP53UUwCE4AifABlVQB5egAZoAg3vwCJ7Bi/FgPBmvxttsdMmY7xyAHzDevwB9pJyR</latexit>

z 7! x̂

G. Quétant, M. Drozdova, V. Kinakh, T. Golling, and S. Voloshynovskiy, "Turbo-Sim: a generalised generative model with a physical latent 
space." NeuroIPS, ML4PhysicalSciences2021.

Z  is the theory space, i.e. right after the collision, before any interaction with the detector
X  is the experiment space, i.e. after reconstructing the detector signal

Physical meaninful latent space

TURBO

<latexit sha1_base64="iNNEtB4usZ6oIfwZaFkTkR++0vA=">AAACJHicbVC7TsMwFHV4lvIKMLJYtEhlqZIOgNSlggW2ItGHaELkuE5r1XnIdpCKlY9h4VdYGHiIgYVvIUmLBC1HsnR8zr269x43YlRIw/jUFhaXlldWC2vF9Y3NrW19Z7ctwphj0sIhC3nXRYIwGpCWpJKRbsQJ8l1GOu7oPPM7d4QLGgbXchwR20eDgHoUI5lKjl4vWz6SQ4yYukwcZUVDmtyqXOO+uk+SSs5dT3UTWIc/n5vkqFx09JJRNXLAeWJOSQlM0XT0N6sf4tgngcQMCdEzjUjaCnFJMSNJ0YoFiRAeoQHppTRAPhG2yo9M4GGq9KEX8vQFEubq7w6FfCHGvptWZkuKWS8T//N6sfRObUWDKJYkwJNBXsygDGGWGOxTTrBk45QgzGm6K8RDxBGWaa5ZCObsyfOkXauax1XzqlZqnE3jKIB9cAAqwAQnoAEuQBO0AAYP4Am8gFftUXvW3rWPSemCNu3ZA3+gfX0Dx/qlcQ==</latexit>

Iz
�(X;Z)

<latexit sha1_base64="LWVQIPeVUtMKzM3v+qgUQveoy9M="></latexit>

Ix
�,✓(Z;X)

<latexit sha1_base64="cH25w50cAYB92TmO8vjiJpGu3kc=">AAACD3icbVC7TsNAEDzzDOFloKQ5kYBCE9kpgDKChjJI5CEllnW+nJNTzg/drRHB+A9o+BUaChCipaXjb7ATI0HCSCfNzexqd8cJBVdgGF/awuLS8spqYa24vrG5ta3v7LZUEEnKmjQQgew4RDHBfdYEDoJ1QsmI5wjWdkYXmd++YVLxwL+Gccgsjwx87nJKIJVs/agc2nEPhgxIUul5BIaOG98m+B7/fO6S43LR1ktG1ZgAzxMzJyWUo2Hrn71+QCOP+UAFUaprGiFYMZHAqWBJsRcpFhI6IgPWTalPPKaseHJPgg9TpY/dQKbPBzxRf3fExFNq7DlpZbakmvUy8T+vG4F7ZsXcDyNgPp0OciOBIcBZOLjPJaMgxikhVPJ0V0yHRBIKaYRZCObsyfOkVauaJ1Xzqlaqn+dxFNA+OkAVZKJTVEeXqIGaiKIH9IRe0Kv2qD1rb9r7tHRBy3v20B9oH99vKZxB</latexit>

p✓(x|z)<latexit sha1_base64="RW0EtNB6Ejjae0QmvEojAfzMwTM=">AAAB8nicbVA9SwNBEJ3zM55fUUubxSBYhTsLtRGDNpYRzAckR9jb7CVL9naP3T0xHPkZNhaKpPV/2NuI/8a9JIUmPhh4vDfDvJkw4Uwbz/t2lpZXVtfWCxvu5tb2zm5xb7+uZaoIrRHJpWqGWFPOBK0ZZjhtJoriOOS0EQ5ucr/xQJVmUtybYUKDGPcEixjBxkqtdoxNP4yyx5HbKZa8sjcBWiT+jJSuPtzLZPzlVjvFz3ZXkjSmwhCOtW75XmKCDCvDCKcjt51qmmAywD3aslTgmOogm0QeoWOrdFEklS1h0ET9PZHhWOthHNrOPKKe93LxP6+VmugiyJhIUkMFmS6KUo6MRPn9qMsUJYYPLcFEMZsVkT5WmBj7pfwJ/vzJi6R+WvbPyv6dV6pcwxQFOIQjOAEfzqECt1CFGhCQ8AQv8OoY59l5c8bT1iVnNnMAf+C8/wCXI5Rz</latexit>x
<latexit sha1_base64="Nkr+YHXxJhrM4e2sjOUTGL+NPOI=">AAACC3icbVC7TsMwFHXKq7Q8AowsVgtSWaqEARgrWBiLRB9SU0WO67RWnQe2U1FCdhZ+hQUJEGJD/AAbHwIzTlskaDmSpeNz7tW99zgho0IaxoeWmZtfWFzKLufyK6tr6/rGZl0EEcekhgMW8KaDBGHUJzVJJSPNkBPkOYw0nP5J6jcGhAsa+OdyGJK2h7o+dSlGUkm2XriwYyvs0aRkeUj2HDe+SuA1/PlcJns5Wy8aZWMEOEvMCSlWdj4fXgf5r6qtv1udAEce8SVmSIiWaYSyHSMuKWYkyVmRICHCfdQlLUV95BHRjke3JHBXKR3oBlw9X8KR+rsjRp4QQ89RlemOYtpLxf+8ViTdo3ZM/TCSxMfjQW7EoAxgGgzsUE6wZENFEOZU7QpxD3GEpYovDcGcPnmW1PfL5kHZPFNpHIMxsmAbFEAJmOAQVMApqIIawOAG3IFH8KTdavfas/YyLs1ok54t8Afa2ze+Op9E</latexit>

q�(z|x)
<latexit sha1_base64="gCeTftFJOXIWVj7m0m8v7c3aYQE=">AAAB9HicbVBNS8NAEN34WeNX1aOXxSJ4KokH9SIWvXisYD+gDWWzmbRLN5u4uynU0N/hxYNSvPo3vHsR/42btgdtfTDweG+GmXl+wpnSjvNtLS2vrK6tFzbsza3tnd3i3n5dxamkUKMxj2XTJwo4E1DTTHNoJhJI5HNo+P2b3G8MQCoWi3s9TMCLSFewkFGijeS1/RC3NeMB4Ee7Uyw5ZWcCvEjcGSldfdiXyfjLrnaKn+0gpmkEQlNOlGq5TqK9jEjNKIeR3U4VJIT2SRdahgoSgfKyydEjfGyUAIexNCU0nqi/JzISKTWMfNMZEd1T814u/ue1Uh1eeBkTSapB0OmiMOVYxzhPAAdMAtV8aAihkplbMe0RSag2OeUhuPMvL5L6adk9K7t3TqlyjaYooEN0hE6Qi85RBd2iKqohih7QE3pBr9bAerbG1tu0dcmazRygP7DefwD7lZSV</latexit>

z̃

<latexit sha1_base64="15j0WQDC4c3sQTPB/tYJX7kjqlE=">AAAB73icbVA9T8MwED2Xr1K+CowsFi0SU5V0AMYKFsYi0Q+pjSrHdVqrjhNsB6lE/RMsDCDEyt9h49/gtBmg5UknPb13p7t7fiy4No7zjQpr6xubW8Xt0s7u3v5B+fCoraNEUdaikYhU1yeaCS5Zy3AjWDdWjIS+YB1/cpP5nUemNI/kvZnGzAvJSPKAU2Ks1K32/QA/VUuDcsWpOXPgVeLmpAI5moPyV38Y0SRk0lBBtO65Tmy8lCjDqWCzUj/RLCZ0QkasZ6kkIdNeOr93hs+sMsRBpGxJg+fq74mUhFpPQ992hsSM9bKXif95vcQEV17KZZwYJuliUZAIbCKcPY+HXDFqxNQSQhW3t2I6JopQYyPKQnCXX14l7XrNvai5d/VK4zqPowgncArn4MIlNOAWmtACCgKe4RXe0AN6Qe/oY9FaQPnMMfwB+vwBXLGO3g==</latexit>z

<latexit sha1_base64="DG+jHQ7fDUFuGLLLTP//fizZoFk=">AAAB8nicbZDLSsNAFIYnXmu8VV26GSyCq5K4UDdi0Y3LCvYCSSiT6aQdOpmEmROxhD6GGxeKdOt7uHcjvo2Ttgtt/WHg4//PYc45YSq4Bsf5tpaWV1bX1ksb9ubW9s5ueW+/qZNMUdagiUhUOySaCS5ZAzgI1k4VI3EoWCsc3BR564EpzRN5D8OUBTHpSR5xSsBYnh9G2O8TwI92p1xxqs5EeBHcGVSuPuzLdPxl1zvlT7+b0CxmEqggWnuuk0KQEwWcCjay/UyzlNAB6THPoCQx00E+GXmEj43TxVGizJOAJ+7vjpzEWg/j0FTGBPp6PivM/zIvg+giyLlMM2CSTj+KMoEhwcX+uMsVoyCGBghV3MyKaZ8oQsFcqTiCO7/yIjRPq+5Z1b1zKrVrNFUJHaIjdIJcdI5q6BbVUQNRlKAn9IJeLbCerTdrPC1dsmY9B+iPrPcfYuGTqg==</latexit>

x̂

<latexit sha1_base64="C1+YK4n2QbZkGiD8cdwHTv/jnPM=">AAACIXicbZBNS8NAEIY39avWr6hHL0uLUFFK4kF7LHrx4KGC/YCmlM120y7dTcLuRogh/8KzF/+KFw+K9Fb8M27Tgto6sPDsOzPMzOuGjEplWRMjt7K6tr6R3yxsbe/s7pn7B00ZRAKTBg5YINoukoRRnzQUVYy0Q0EQdxlpuaPrab71QISkgX+v4pB0ORr41KMYKS31zKrDkRpixJLbtJdkH8GTxzQtZ+x6ms+goyjrk+RHSk96ZsmqWFnAZbDnUKoVndOnSS2u98yx0w9wxImvMENSdmwrVN0ECUUxI2nBiSQJER6hAelo9BEnsptkF6bwWCt96AVCP1/BTP3dkSAuZcxdXTndUS7mpuJ/uU6kvGo3oX4YKeLj2SAvYlAFcGoX7FNBsGKxBoQF1btCPEQCYaVNLWgT7MWTl6F5XrEvKvadduMKzCIPjkARlIENLkEN3IA6aAAMnsEreAcfxovxZnwa41lpzpj3HII/YXx9A5KhqJc=</latexit>

Lz(z, z̃)

<latexit sha1_base64="15j0WQDC4c3sQTPB/tYJX7kjqlE=">AAAB73icbVA9T8MwED2Xr1K+CowsFi0SU5V0AMYKFsYi0Q+pjSrHdVqrjhNsB6lE/RMsDCDEyt9h49/gtBmg5UknPb13p7t7fiy4No7zjQpr6xubW8Xt0s7u3v5B+fCoraNEUdaikYhU1yeaCS5Zy3AjWDdWjIS+YB1/cpP5nUemNI/kvZnGzAvJSPKAU2Ks1K32/QA/VUuDcsWpOXPgVeLmpAI5moPyV38Y0SRk0lBBtO65Tmy8lCjDqWCzUj/RLCZ0QkasZ6kkIdNeOr93hs+sMsRBpGxJg+fq74mUhFpPQ992hsSM9bKXif95vcQEV17KZZwYJuliUZAIbCKcPY+HXDFqxNQSQhW3t2I6JopQYyPKQnCXX14l7XrNvai5d/VK4zqPowgncArn4MIlNOAWmtACCgKe4RXe0AN6Qe/oY9FaQPnMMfwB+vwBXLGO3g==</latexit>z

<latexit sha1_base64="RW0EtNB6Ejjae0QmvEojAfzMwTM=">AAAB8nicbVA9SwNBEJ3zM55fUUubxSBYhTsLtRGDNpYRzAckR9jb7CVL9naP3T0xHPkZNhaKpPV/2NuI/8a9JIUmPhh4vDfDvJkw4Uwbz/t2lpZXVtfWCxvu5tb2zm5xb7+uZaoIrRHJpWqGWFPOBK0ZZjhtJoriOOS0EQ5ucr/xQJVmUtybYUKDGPcEixjBxkqtdoxNP4yyx5HbKZa8sjcBWiT+jJSuPtzLZPzlVjvFz3ZXkjSmwhCOtW75XmKCDCvDCKcjt51qmmAywD3aslTgmOogm0QeoWOrdFEklS1h0ET9PZHhWOthHNrOPKKe93LxP6+VmugiyJhIUkMFmS6KUo6MRPn9qMsUJYYPLcFEMZsVkT5WmBj7pfwJ/vzJi6R+WvbPyv6dV6pcwxQFOIQjOAEfzqECt1CFGhCQ8AQv8OoY59l5c8bT1iVnNnMAf+C8/wCXI5Rz</latexit>x

<latexit sha1_base64="puorgi5+Zo4bTawC8ltPubf7qrs=">AAACH3icbZBLS8NAEMc39VXrK+rRy9IiVJSSeKgei148eKhgH9CEsNlu2qWbB7sbMYR8C49e/CpePCgi3vpt3KQFtTqw8Nv/zDAzfzdiVEjDmGqlpeWV1bXyemVjc2t7R9/d64ow5ph0cMhC3neRIIwGpCOpZKQfcYJ8l5GeO7nM8707wgUNg1uZRMT20SigHsVIKsnRm5aP5Bgjll5nTlp8uJ/eZ1m9YNdTfAKtMZLpt5AdOXrNaBhFwL9gzqHWqlrHD9NW0nb0T2sY4tgngcQMCTEwjUjaKeKSYkayihULEiE8QSMyUBggnwg7Le7L4KFShtALuXqBhIX6syNFvhCJ76rKfEexmMvF/3KDWHrndkqDKJYkwLNBXsygDGFuFhxSTrBkiQKEOVW7QjxGHGGpLK0oE8zFk/9C97RhNhvmjXLjAsyiDA5AFdSBCc5AC1yBNugADB7BM3gFb9qT9qK9ax+z0pI279kHv0KbfgHO9qeo</latexit>

Lx(x, x̂)

<latexit sha1_base64="n5TmsMRhz8n7vxajRlBnAlq5r88=">AAACBXicbVDLSsNAFJ34rPUVdamL0CJUhJK4UJdFNy4r2Ac0IUymk3bo5MHMjRhCNm78AT/CjQtF3PoP7vo3TtoutPXAhcM593LvPV7MmQTTHGtLyyura+uljfLm1vbOrr6335ZRIghtkYhHouthSTkLaQsYcNqNBcWBx2nHG10XfueeCsmi8A7SmDoBHoTMZwSDklz9yB5iyOLczWwYUsB5zQ4wDD0/e8hPXL1q1s0JjEVizUi1UbFPn8eNtOnq33Y/IklAQyAcS9mzzBicDAtghNO8bCeSxpiM8ID2FA1xQKWTTb7IjWOl9A0/EqpCMCbq74kMB1Kmgac6ixPlvFeI/3m9BPxLJ2NhnAANyXSRn3ADIqOIxOgzQQnwVBFMBFO3GmSIBSaggiurEKz5lxdJ+6xundetW5XGFZqihA5RBdWQhS5QA92gJmohgh7RC3pD79qT9qp9aJ/T1iVtNnOA/kD7+gF9M5wt</latexit>

p̂✓(x)
<latexit sha1_base64="vb0XUFt2C00z9n7bXT1meIHtaRs=">AAACAnicbZDLSsNAFIYn9VbrLepK3AwtQkUpiQt1WXTjsoK9QBPKZDpph04mYWYixlDc+Ai+ghsXirj1Kdz1bZy0FbT1h4GP/5zDnPN7EaNSWdbIyC0sLi2v5FcLa+sbm1vm9k5DhrHApI5DFoqWhyRhlJO6ooqRViQICjxGmt7gMqs3b4mQNOQ3KomIG6Aepz7FSGmrY+5FZSdAqu/56d3wGP7w/fCwY5asijUWnAd7CqVq0Tl6GlWTWsf8crohjgPCFWZIyrZtRcpNkVAUMzIsOLEkEcID1CNtjRwFRLrp+IQhPNBOF/qh0I8rOHZ/T6QokDIJPN2ZrShna5n5X60dK//cTSmPYkU4nnzkxwyqEGZ5wC4VBCuWaEBYUL0rxH0kEFY6tYIOwZ49eR4aJxX7tGJf6zQuwER5sA+KoAxscAaq4ArUQB1g8ACewSt4Mx6NF+Pd+Ji05ozpzC74I+PzGyaMmkE=</latexit>

p(x, z)

Direct part

<latexit sha1_base64="KbxYwhF8BaaXSc3bsMgwFLUb/Ws=">AAACBHicbVC7TsMwFHXKq5RXgLGLRYVUlipBvMYKFsYi0YfURJHjOq1Vxwm2g1SiDCz8CgsDCLHyEWz8DU6bAVqOdKWjc+7Vvff4MaNSWda3UVpaXlldK69XNja3tnfM3b2OjBKBSRtHLBI9H0nCKCdtRRUjvVgQFPqMdP3xVe5374mQNOK3ahITN0RDTgOKkdKSZ1ZTR1E2IPAu85x4ROtOiNTID9KH7Mgza1bDmgIuErsgNVCg5ZlfziDCSUi4wgxJ2betWLkpEopiRrKKk0gSIzxGQ9LXlKOQSDedPpHBQ60MYBAJXVzBqfp7IkWhlJPQ1535iXLey8X/vH6iggs3pTxOFOF4tihIGFQRzBOBAyoIVmyiCcKC6lshHiGBsNK5VXQI9vzLi6Rz3LDPGqc3J7XmZRFHGVTBAagDG5yDJrgGLdAGGDyCZ/AK3own48V4Nz5mrSWjmNkHf2B8/gDpTZhH</latexit>

q̃�(z)
<latexit sha1_base64="cH25w50cAYB92TmO8vjiJpGu3kc=">AAACD3icbVC7TsNAEDzzDOFloKQ5kYBCE9kpgDKChjJI5CEllnW+nJNTzg/drRHB+A9o+BUaChCipaXjb7ATI0HCSCfNzexqd8cJBVdgGF/awuLS8spqYa24vrG5ta3v7LZUEEnKmjQQgew4RDHBfdYEDoJ1QsmI5wjWdkYXmd++YVLxwL+Gccgsjwx87nJKIJVs/agc2nEPhgxIUul5BIaOG98m+B7/fO6S43LR1ktG1ZgAzxMzJyWUo2Hrn71+QCOP+UAFUaprGiFYMZHAqWBJsRcpFhI6IgPWTalPPKaseHJPgg9TpY/dQKbPBzxRf3fExFNq7DlpZbakmvUy8T+vG4F7ZsXcDyNgPp0OciOBIcBZOLjPJaMgxikhVPJ0V0yHRBIKaYRZCObsyfOkVauaJ1Xzqlaqn+dxFNA+OkAVZKJTVEeXqIGaiKIH9IRe0Kv2qD1rb9r7tHRBy3v20B9oH99vKZxB</latexit>

p✓(x|z)

<latexit sha1_base64="RW0EtNB6Ejjae0QmvEojAfzMwTM=">AAAB8nicbVA9SwNBEJ3zM55fUUubxSBYhTsLtRGDNpYRzAckR9jb7CVL9naP3T0xHPkZNhaKpPV/2NuI/8a9JIUmPhh4vDfDvJkw4Uwbz/t2lpZXVtfWCxvu5tb2zm5xb7+uZaoIrRHJpWqGWFPOBK0ZZjhtJoriOOS0EQ5ucr/xQJVmUtybYUKDGPcEixjBxkqtdoxNP4yyx5HbKZa8sjcBWiT+jJSuPtzLZPzlVjvFz3ZXkjSmwhCOtW75XmKCDCvDCKcjt51qmmAywD3aslTgmOogm0QeoWOrdFEklS1h0ET9PZHhWOthHNrOPKKe93LxP6+VmugiyJhIUkMFmS6KUo6MRPn9qMsUJYYPLcFEMZsVkT5WmBj7pfwJ/vzJi6R+WvbPyv6dV6pcwxQFOIQjOAEfzqECt1CFGhCQ8AQv8OoY59l5c8bT1iVnNnMAf+C8/wCXI5Rz</latexit>x

<latexit sha1_base64="Nkr+YHXxJhrM4e2sjOUTGL+NPOI=">AAACC3icbVC7TsMwFHXKq7Q8AowsVgtSWaqEARgrWBiLRB9SU0WO67RWnQe2U1FCdhZ+hQUJEGJD/AAbHwIzTlskaDmSpeNz7tW99zgho0IaxoeWmZtfWFzKLufyK6tr6/rGZl0EEcekhgMW8KaDBGHUJzVJJSPNkBPkOYw0nP5J6jcGhAsa+OdyGJK2h7o+dSlGUkm2XriwYyvs0aRkeUj2HDe+SuA1/PlcJns5Wy8aZWMEOEvMCSlWdj4fXgf5r6qtv1udAEce8SVmSIiWaYSyHSMuKWYkyVmRICHCfdQlLUV95BHRjke3JHBXKR3oBlw9X8KR+rsjRp4QQ89RlemOYtpLxf+8ViTdo3ZM/TCSxMfjQW7EoAxgGgzsUE6wZENFEOZU7QpxD3GEpYovDcGcPnmW1PfL5kHZPFNpHIMxsmAbFEAJmOAQVMApqIIawOAG3IFH8KTdavfas/YyLs1ok54t8Afa2ze+Op9E</latexit>

q�(z|x)<latexit sha1_base64="15j0WQDC4c3sQTPB/tYJX7kjqlE=">AAAB73icbVA9T8MwED2Xr1K+CowsFi0SU5V0AMYKFsYi0Q+pjSrHdVqrjhNsB6lE/RMsDCDEyt9h49/gtBmg5UknPb13p7t7fiy4No7zjQpr6xubW8Xt0s7u3v5B+fCoraNEUdaikYhU1yeaCS5Zy3AjWDdWjIS+YB1/cpP5nUemNI/kvZnGzAvJSPKAU2Ks1K32/QA/VUuDcsWpOXPgVeLmpAI5moPyV38Y0SRk0lBBtO65Tmy8lCjDqWCzUj/RLCZ0QkasZ6kkIdNeOr93hs+sMsRBpGxJg+fq74mUhFpPQ992hsSM9bKXif95vcQEV17KZZwYJuliUZAIbCKcPY+HXDFqxNQSQhW3t2I6JopQYyPKQnCXX14l7XrNvai5d/VK4zqPowgncArn4MIlNOAWmtACCgKe4RXe0AN6Qe/oY9FaQPnMMfwB+vwBXLGO3g==</latexit>z

<latexit sha1_base64="15j0WQDC4c3sQTPB/tYJX7kjqlE=">AAAB73icbVA9T8MwED2Xr1K+CowsFi0SU5V0AMYKFsYi0Q+pjSrHdVqrjhNsB6lE/RMsDCDEyt9h49/gtBmg5UknPb13p7t7fiy4No7zjQpr6xubW8Xt0s7u3v5B+fCoraNEUdaikYhU1yeaCS5Zy3AjWDdWjIS+YB1/cpP5nUemNI/kvZnGzAvJSPKAU2Ks1K32/QA/VUuDcsWpOXPgVeLmpAI5moPyV38Y0SRk0lBBtO65Tmy8lCjDqWCzUj/RLCZ0QkasZ6kkIdNeOr93hs+sMsRBpGxJg+fq74mUhFpPQ992hsSM9bKXif95vcQEV17KZZwYJuliUZAIbCKcPY+HXDFqxNQSQhW3t2I6JopQYyPKQnCXX14l7XrNvai5d/VK4zqPowgncArn4MIlNOAWmtACCgKe4RXe0AN6Qe/oY9FaQPnMMfwB+vwBXLGO3g==</latexit>z

<latexit sha1_base64="RW0EtNB6Ejjae0QmvEojAfzMwTM=">AAAB8nicbVA9SwNBEJ3zM55fUUubxSBYhTsLtRGDNpYRzAckR9jb7CVL9naP3T0xHPkZNhaKpPV/2NuI/8a9JIUmPhh4vDfDvJkw4Uwbz/t2lpZXVtfWCxvu5tb2zm5xb7+uZaoIrRHJpWqGWFPOBK0ZZjhtJoriOOS0EQ5ucr/xQJVmUtybYUKDGPcEixjBxkqtdoxNP4yyx5HbKZa8sjcBWiT+jJSuPtzLZPzlVjvFz3ZXkjSmwhCOtW75XmKCDCvDCKcjt51qmmAywD3aslTgmOogm0QeoWOrdFEklS1h0ET9PZHhWOthHNrOPKKe93LxP6+VmugiyJhIUkMFmS6KUo6MRPn9qMsUJYYPLcFEMZsVkT5WmBj7pfwJ/vzJi6R+WvbPyv6dV6pcwxQFOIQjOAEfzqECt1CFGhCQ8AQv8OoY59l5c8bT1iVnNnMAf+C8/wCXI5Rz</latexit>x

<latexit sha1_base64="vb0XUFt2C00z9n7bXT1meIHtaRs=">AAACAnicbZDLSsNAFIYn9VbrLepK3AwtQkUpiQt1WXTjsoK9QBPKZDpph04mYWYixlDc+Ai+ghsXirj1Kdz1bZy0FbT1h4GP/5zDnPN7EaNSWdbIyC0sLi2v5FcLa+sbm1vm9k5DhrHApI5DFoqWhyRhlJO6ooqRViQICjxGmt7gMqs3b4mQNOQ3KomIG6Aepz7FSGmrY+5FZSdAqu/56d3wGP7w/fCwY5asijUWnAd7CqVq0Tl6GlWTWsf8crohjgPCFWZIyrZtRcpNkVAUMzIsOLEkEcID1CNtjRwFRLrp+IQhPNBOF/qh0I8rOHZ/T6QokDIJPN2ZrShna5n5X60dK//cTSmPYkU4nnzkxwyqEGZ5wC4VBCuWaEBYUL0rxH0kEFY6tYIOwZ49eR4aJxX7tGJf6zQuwER5sA+KoAxscAaq4ArUQB1g8ACewSt4Mx6NF+Pd+Ji05ozpzC74I+PzGyaMmkE=</latexit>

p(x, z)

<latexit sha1_base64="IxJTjH079KMULZuB38tkFlzwUyg=">AAAB9HicbVBNS8NAEJ34WeNX1aOXxSJ4KokH9SIWvXisYD+gDWWz2bRLN5u4uymW0N/hxYNSvPo3vHsR/42btgdtfTDweG+GmXl+wpnSjvNtLS2vrK6tFzbsza3tnd3i3n5dxakktEZiHsumjxXlTNCaZprTZiIpjnxOG37/JvcbAyoVi8W9HibUi3BXsJARrI3ktf0QtTXjAUWPdqdYcsrOBGiRuDNSuvqwL5Pxl13tFD/bQUzSiApNOFaq5TqJ9jIsNSOcjux2qmiCSR93actQgSOqvGxy9AgdGyVAYSxNCY0m6u+JDEdKDSPfdEZY99S8l4v/ea1UhxdexkSSairIdFGYcqRjlCeAAiYp0XxoCCaSmVsR6WGJiTY55SG48y8vkvpp2T0ru3dOqXINUxTgEI7gBFw4hwrcQhVqQOABnuAFXq2B9WyNrbdp65I1mzmAP7DefwD4i5ST</latexit>

x̃

<latexit sha1_base64="n7BS0FSBenORlrQUcT6+LTySVcE="></latexit>

Ix
✓ (Z;X)

<latexit sha1_base64="kghyaskj6/U820JAyJNi9zSHG7M=">AAACIXicbZBNS8NAEIY39avWr6hHL0uLUFFK4kF7LHrx4KGC/YCmlM120y7dTcLuRiwh/8KzF/+KFw+K9Fb8M27Sgto6sPDsOzPMzOuGjEplWVMjt7K6tr6R3yxsbe/s7pn7B00ZRAKTBg5YINoukoRRnzQUVYy0Q0EQdxlpuaPrNN96IELSwL9X45B0ORr41KMYKS31zKrDkRpixOLbpBdnH8HjxyQpZ+x6ms+goyjrk/hHSk56ZsmqWFnAZbDnUKoVndOnaW1c75kTpx/giBNfYYak7NhWqLoxEopiRpKCE0kSIjxCA9LR6CNOZDfOLkzgsVb60AuEfr6Cmfq7I0ZcyjF3dWW6o1zMpeJ/uU6kvGo3pn4YKeLj2SAvYlAFMLUL9qkgWLGxBoQF1btCPEQCYaVNLWgT7MWTl6F5XrEvKvadduMKzCIPjkARlIENLkEN3IA6aAAMnsEreAcfxovxZnwak1lpzpj3HII/YXx9A4kTqJE=</latexit>

Lx(x, x̃)

<latexit sha1_base64="uVLajOs5f84kfxOIc3LZx3tIPSI="></latexit>

Iz
�,✓(X;Z)

<latexit sha1_base64="u53zGFszq9FNO+m8tzAnUm1Q56o=">AAACH3icbZBLS8NAEMc39VXrK+rRy9IiVJSSeKgei148eKhgH9CEsNlu2qWbB7sbIYZ8C49e/CpePCgi3vpt3KQFtTqw8Nv/zDAzfzdiVEjDmGqlpeWV1bXyemVjc2t7R9/d64ow5ph0cMhC3neRIIwGpCOpZKQfcYJ8l5GeO7nM8707wgUNg1uZRMT20SigHsVIKsnRm5aP5Bgjll5nTlp8uJ/eZ1m9YNdTfAKtMZLpt5AdOXrNaBhFwL9gzqHWqlrHD9NW0nb0T2sY4tgngcQMCTEwjUjaKeKSYkayihULEiE8QSMyUBggnwg7Le7L4KFShtALuXqBhIX6syNFvhCJ76rKfEexmMvF/3KDWHrndkqDKJYkwLNBXsygDGFuFhxSTrBkiQKEOVW7QjxGHGGpLK0oE8zFk/9C97RhNhvmjXLjAsyiDA5AFdSBCc5AC1yBNugADB7BM3gFb9qT9qK9ax+z0pI279kHv0KbfgHYfKeu</latexit>

Lz(z, ẑ)
<latexit sha1_base64="cvUIHyFWe1Jmgk0lAqhIH1LEGPs=">AAAB+XicbVDLSsNAFL2prxpfUZdugkVwVRIX6kYsunFZwT6gCWUynbRDJ5MwMynUkD9xI6KIWz/CvRvxb5y0XWjrgYHDOfdyz5wgYVQqx/k2SkvLK6tr5XVzY3Nre8fa3WvKOBWYNHDMYtEOkCSMctJQVDHSTgRBUcBIKxheF35rRISkMb9T44T4EepzGlKMlJa6luUNkMq8CKlBEGb3ed61Kk7VmcBeJO6MVC4/zIvk6cusd61PrxfjNCJcYYak7LhOovwMCUUxI7nppZIkCA9Rn3Q05Sgi0s8myXP7SCs9O4yFflzZE/X3RoYiKcdRoCeLiHLeK8T/vE6qwnM/ozxJFeF4eihMma1iu6jB7lFBsGJjTRAWVGe18QAJhJUuy9QluPNfXiTNk6p7WnVvnUrtCqYowwEcwjG4cAY1uIE6NADDCB7gGV6MzHg0Xo236WjJmO3swx8Y7z+6kJdf</latexit>

ẑ

<latexit sha1_base64="EZRTrP9DdU2BBWtzEheea/wLi2s=">AAACA3icbVC7TsNAEDzzDAkPAx00JwJSaCKbAigjaCiDRB5SbFnnyzk+5fzg7hwpWJZo+BUaChBCdFT8AR0fAjXnJAUkjLTSaGZXuztuzKiQhvGpzc0vLC4tF1aKpdW19Q19c6spooRj0sARi3jbRYIwGpKGpJKRdswJClxGWm7/PPdbA8IFjcIrOYyJHaBeSD2KkVSSo+9YPpLpdeakVuzTrGIFSPqul95kh45eNqrGCHCWmBNSru1/vb4PSt91R/+wuhFOAhJKzJAQHdOIpZ0iLilmJCtaiSAxwn3UIx1FQxQQYaejHzJ4oJQu9CKuKpRwpP6eSFEgxDBwVWd+opj2cvE/r5NI79ROaRgnkoR4vMhLGJQRzAOBXcoJlmyoCMKcqlsh9hFHWKrYiioEc/rlWdI8qprHVfNSpXEGxiiAXbAHKsAEJ6AGLkAdNAAGt+AePIIn7U570J61l3HrnDaZ2QZ/oL39AIVjnIE=</latexit>

q̂�(z)

Reverse part

<latexit sha1_base64="pBYakeSsa+2SgCWfTdqdePzpUz0=">AAACB3icbVDJSgNBEO1xjXGLehSkMQjxEmbE7Rj04jGCWSATQk+nJmnSs9BdI4YhNy/+ihcPinj1F7z5N/YkOWjig4LHe1VU1fNiKTTa9re1sLi0vLKaW8uvb2xubRd2dus6ShSHGo9kpJoe0yBFCDUUKKEZK2CBJ6HhDa4zv3EPSosovMNhDO2A9ULhC87QSJ3CAU1dFLILNB51XOwDspIbMOx7fvowOu4UinbZHoPOE2dKimSKaqfw5XYjngQQIpdM65Zjx9hOmULBJYzybqIhZnzAetAyNGQB6HY6/mNEj4zSpX6kTIVIx+rviZQFWg8Dz3RmJ+pZLxP/81oJ+pftVIRxghDyySI/kRQjmoVCu0IBRzk0hHElzK2U95liHE10eROCM/vyPKmflJ3z8tntabFyNY0jR/bJISkRh1yQCrkhVVIjnDySZ/JK3qwn68V6tz4mrQvWdGaP/IH1+QPhxJlX</latexit>

p̃✓(x)

<latexit sha1_base64="50hbYZEi6ygBEf6QXr7chsugfGE=">AAACA3icbZDLSsNAFIZP6q3WW9SdboJFqJuSiLdl0Y3LCvYCbSiT6aQdOpmEmYlYQsCNr+LGhSJufQl3vo2TNqC2/jDw8Z9zmHN+L2JUKtv+MgoLi0vLK8XV0tr6xuaWub3TlGEsMGngkIWi7SFJGOWkoahipB0JggKPkZY3usrqrTsiJA35rRpHxA3QgFOfYqS01TP3ol7SDZAaen5yn6aVHz7qmWW7ak9kzYOTQxly1XvmZ7cf4jggXGGGpOw4dqTcBAlFMSNpqRtLEiE8QgPS0chRQKSbTG5IrUPt9C0/FPpxZU3c3xMJCqQcB57uzFaUs7XM/K/WiZV/4SaUR7EiHE8/8mNmqdDKArH6VBCs2FgDwoLqXS08RAJhpWMr6RCc2ZPnoXlcdc6qpzcn5dplHkcR9uEAKuDAOdTgGurQAAwP8AQv8Go8Gs/Gm/E+bS0Y+cwu/JHx8Q3Y/phN</latexit>

px(x)

<latexit sha1_base64="CIv3s91Qwrk0GQM+zcKiiGDFREE=">AAACA3icbZDLSsNAFIZP6q3WW9SdboJFqJuSiLdl0Y3LCvYCbSiT6aQdOpmEmYlQQ8CNr+LGhSJufQl3vo2TNqC2/jDw8Z9zmHN+L2JUKtv+MgoLi0vLK8XV0tr6xuaWub3TlGEsMGngkIWi7SFJGOWkoahipB0JggKPkZY3usrqrTsiJA35rRpHxA3QgFOfYqS01TP3ol7SDZAaen5yn6aVHz7qmWW7ak9kzYOTQxly1XvmZ7cf4jggXGGGpOw4dqTcBAlFMSNpqRtLEiE8QgPS0chRQKSbTG5IrUPt9C0/FPpxZU3c3xMJCqQcB57uzFaUs7XM/K/WiZV/4SaUR7EiHE8/8mNmqdDKArH6VBCs2FgDwoLqXS08RAJhpWMr6RCc2ZPnoXlcdc6qpzcn5dplHkcR9uEAKuDAOdTgGurQAAwP8AQv8Go8Gs/Gm/E+bS0Y+cwu/JHx8Q3fLphR</latexit>

pz(z)

<latexit sha1_base64="CIv3s91Qwrk0GQM+zcKiiGDFREE=">AAACA3icbZDLSsNAFIZP6q3WW9SdboJFqJuSiLdl0Y3LCvYCbSiT6aQdOpmEmYlQQ8CNr+LGhSJufQl3vo2TNqC2/jDw8Z9zmHN+L2JUKtv+MgoLi0vLK8XV0tr6xuaWub3TlGEsMGngkIWi7SFJGOWkoahipB0JggKPkZY3usrqrTsiJA35rRpHxA3QgFOfYqS01TP3ol7SDZAaen5yn6aVHz7qmWW7ak9kzYOTQxly1XvmZ7cf4jggXGGGpOw4dqTcBAlFMSNpqRtLEiE8QgPS0chRQKSbTG5IrUPt9C0/FPpxZU3c3xMJCqQcB57uzFaUs7XM/K/WiZV/4SaUR7EiHE8/8mNmqdDKArH6VBCs2FgDwoLqXS08RAJhpWMr6RCc2ZPnoXlcdc6qpzcn5dplHkcR9uEAKuDAOdTgGurQAAwP8AQv8Go8Gs/Gm/E+bS0Y+cwu/JHx8Q3fLphR</latexit>

pz(z)

<latexit sha1_base64="50hbYZEi6ygBEf6QXr7chsugfGE=">AAACA3icbZDLSsNAFIZP6q3WW9SdboJFqJuSiLdl0Y3LCvYCbSiT6aQdOpmEmYlYQsCNr+LGhSJufQl3vo2TNqC2/jDw8Z9zmHN+L2JUKtv+MgoLi0vLK8XV0tr6xuaWub3TlGEsMGngkIWi7SFJGOWkoahipB0JggKPkZY3usrqrTsiJA35rRpHxA3QgFOfYqS01TP3ol7SDZAaen5yn6aVHz7qmWW7ak9kzYOTQxly1XvmZ7cf4jggXGGGpOw4dqTcBAlFMSNpqRtLEiE8QgPS0chRQKSbTG5IrUPt9C0/FPpxZU3c3xMJCqQcB57uzFaUs7XM/K/WiZV/4SaUR7EiHE8/8mNmqdDKArH6VBCs2FgDwoLqXS08RAJhpWMr6RCc2ZPnoXlcdc6qpzcn5dplHkcR9uEAKuDAOdTgGurQAAwP8AQv8Go8Gs/Gm/E+bS0Y+cwu/JHx8Q3Y/phN</latexit>

px(x)

<latexit sha1_base64="4cGevaISFcg5yEfFk/yCB7rtDZs=">AAACCXicbVDLSsNAFJ34rPUVdelmsAiuSiK+lkVduKxgH9CEMJlM2qGTBzMToQ7ZuvFX3LhQxK1/4M6/cZJmoa0HLhzOuZd77/FTRoW0rG9jYXFpeWW1tlZf39jc2jZ3drsiyTgmHZywhPd9JAijMelIKhnpp5ygyGek54+vCr93T7igSXwnJylxIzSMaUgxklryTOhESI4wYuo695QjKQuIKjU/VA95nntmw2paJeA8sSvSABXanvnlBAnOIhJLzJAQA9tKpasQlxQzktedTJAU4TEakoGmMYqIcFX5SQ4PtRLAMOG6YglL9feEQpEQk8jXncWNYtYrxP+8QSbDC1fROM0kifF0UZgxKBNYxAIDygmWbKIJwpzqWyEeIY6w1OHVdQj27MvzpHvctM+ap7cnjdZlFUcN7IMDcARscA5a4Aa0QQdg8AiewSt4M56MF+Pd+Ji2LhjVzB74A+PzB1Dlm2Q=</latexit>Dz̃

<latexit sha1_base64="rws8P5xfJnh91raeL5d62Gt8Rpw=">AAACB3icbVDLSsNAFJ3UV62vqEtBgkVwVRLxtSzqwmUF+4AmhMl00g6dTMLMRCxDdm78FTcuFHHrL7jzb5ykWWjrgQuHc+7l3nuChBIhbfvbqCwsLi2vVFdra+sbm1vm9k5HxClHuI1iGvNeAAWmhOG2JJLiXsIxjAKKu8H4Kve795gLErM7OUmwF8EhIyFBUGrJN/fdCMoRglRdZ75yR1CqQglC9ZBlmW/W7YZdwJonTknqoETLN7/cQYzSCDOJKBSi79iJ9BTkkiCKs5qbCpxANIZD3NeUwQgLTxV/ZNahVgZWGHNdTFqF+ntCwUiISRTozvxGMevl4n9eP5XhhacIS1KJGZouClNqydjKQ7EGhGMk6UQTiDjRt1poBDlEUkdX0yE4sy/Pk85xwzlrnN6e1JuXZRxVsAcOwBFwwDloghvQAm2AwCN4Bq/gzXgyXox342PaWjHKmV3wB8bnD6cymnk=</latexit>Dx̂ <latexit sha1_base64="i+YtphbDGlHLZPWgDWl3RWeS5o4=">AAACB3icbVDLSsNAFJ3UV62vqEtBBovgqiTF17KgC5cV7AOaECbTSTt08mBmItQhOzf+ihsXirj1F9z5N07SLLT1wIXDOfdy7z1+wqiQlvVtVJaWV1bXquu1jc2t7R1zd68r4pRj0sExi3nfR4IwGpGOpJKRfsIJCn1Gev7kKvd794QLGkd3cpoQN0SjiAYUI6klzzx0QiTHGDF1nXnKGSOpCsUP1EOWZZ5ZtxpWAbhI7JLUQYm2Z345wxinIYkkZkiIgW0l0lWIS4oZyWpOKkiC8ASNyEDTCIVEuKr4I4PHWhnCIOa6IgkL9feEQqEQ09DXnfmNYt7Lxf+8QSqDS1fRKEklifBsUZAyKGOYhwKHlBMs2VQThDnVt0I8RhxhqaOr6RDs+ZcXSbfZsM8bZ7en9VazjKMKDsAROAE2uAAtcAPaoAMweATP4BW8GU/Gi/FufMxaK0Y5sw/+wPj8AaVwmms=</latexit>

Dẑ

<latexit sha1_base64="esNjcVvnxxg3DjFj+4OOvWxhT40=">AAACCXicbVDLSsNAFJ34rPUVdelmsAiuSlJ8LQu6cFnBPqAJYTKZtEMnD2YmYhmydeOvuHGhiFv/wJ1/4yTNQlsPXDiccy/33uOnjAppWd/G0vLK6tp6baO+ubW9s2vu7fdEknFMujhhCR/4SBBGY9KVVDIySDlBkc9I359cFX7/nnBBk/hOTlPiRmgU05BiJLXkmdCJkBxjxNR17ilHUhYQVWp+qB7yPPfMhtW0SsBFYlekASp0PPPLCRKcRSSWmCEhhraVSlchLilmJK87mSApwhM0IkNNYxQR4arykxweayWAYcJ1xRKW6u8JhSIhppGvO4sbxbxXiP95w0yGl66icZpJEuPZojBjUCawiAUGlBMs2VQThDnVt0I8RhxhqcOr6xDs+ZcXSa/VtM+bZ7enjXariqMGDsEROAE2uABtcAM6oAsweATP4BW8GU/Gi/FufMxal4xq5gD8gfH5A0kHm1I=</latexit>

Dx̃



31Regression problems

HEP translation problem

<latexit sha1_base64="DmkQHUT3B4awWYTbeCCk7y4oW4g=">AAACDHicdVDLSsNAFJ34rPVVdelmsAiuQhJDW3dFNy4r2Ae0oUymk3boZBJmJmIN+QA3/oobF4q49QPc+TdO+gAVPTBwOOde5p7jx4xKZVmfxtLyyuraemGjuLm1vbNb2ttvySgRmDRxxCLR8ZEkjHLSVFQx0okFQaHPSNsfX+R++4YISSN+rSYx8UI05DSgGCkt9UvlXojUyA/SuwxqGksVwd4IqXSh32aZnrLMs1rFcSvQMi2rajt2Tpyqe+pCWys5ymCORr/00RtEOAkJV5ghKbu2FSsvRUJRzEhW7CWSxAiP0ZB0NeUoJNJLp2EyeKyVAQwioR9XcKp+30hRKOUk9PVkfqL87eXiX143UUHNSymPE0U4nn0UJAzqxHkzcEAFwYpNNEFYUH0rxCMkEFa6v6IuYZEU/k9ajmlXTOfKLdfP53UUwCE4AifABlVQB5egAZoAg3vwCJ7Bi/FgPBmvxttsdMmY7xyAHzDevwB9pJyR</latexit>

z 7! x̂

G. Quétant, M. Drozdova, V. Kinakh, T. Golling, and S. Voloshynovskiy, "Turbo-Sim: a generalised generative model with a physical latent 
space." NeuroIPS, ML4PhysicalSciences2021.

Conclusions:
§ Much sense in maximising mutual information since X and Z are very correlated
§ Competitive with state-of-the-art, outperforming it in some tasks
§ Trained for both generation and inference at the same time
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Agenda

§ What is information bottleneck (IBN)?
§ IBN based autoencoding
§ Generalization of existing methods based on IBN

§ VAE, InfoVAE, VAE/GAN, BIB-AE
§ Restrictions of IBN
§ TURBO: physical-driven latent space
§ Generalization based on TURBO

§ AAE, SR-GAN, pix2pix, CycleGAN, Probabilistic AE
§ Regression problems

§ HEP translation
§ Hubble-to-Webb translation
§ Inverse problems in physics

§ Conclusions 
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Hubble-to-Webb translation problem

<latexit sha1_base64="DmkQHUT3B4awWYTbeCCk7y4oW4g=">AAACDHicdVDLSsNAFJ34rPVVdelmsAiuQhJDW3dFNy4r2Ae0oUymk3boZBJmJmIN+QA3/oobF4q49QPc+TdO+gAVPTBwOOde5p7jx4xKZVmfxtLyyuraemGjuLm1vbNb2ttvySgRmDRxxCLR8ZEkjHLSVFQx0okFQaHPSNsfX+R++4YISSN+rSYx8UI05DSgGCkt9UvlXojUyA/SuwxqGksVwd4IqXSh32aZnrLMs1rFcSvQMi2rajt2Tpyqe+pCWys5ymCORr/00RtEOAkJV5ghKbu2FSsvRUJRzEhW7CWSxAiP0ZB0NeUoJNJLp2EyeKyVAQwioR9XcKp+30hRKOUk9PVkfqL87eXiX143UUHNSymPE0U4nn0UJAzqxHkzcEAFwYpNNEFYUH0rxCMkEFa6v6IuYZEU/k9ajmlXTOfKLdfP53UUwCE4AifABlVQB5egAZoAg3vwCJ7Bi/FgPBmvxttsdMmY7xyAHzDevwB9pJyR</latexit>

z 7! x̂

§ Different size of mirrors: 6,5 m Webb  vs 2,2 m of Hubble 
§ Different bands

§ Hubble: ultraviolet light, visible light and a small slice of infrared
§ Webb: optimized for infrared but can see red, orange, and gold visible light.

§ Different resolutions, sensitivities and captures different phenomena

https://www.jwst.nasa.gov/content/about/comparisonWebbVsHubble.html

Apr. 24, 1990 Dec. 25, 2021 
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Hubble-to-Web translation problem

<latexit sha1_base64="DmkQHUT3B4awWYTbeCCk7y4oW4g=">AAACDHicdVDLSsNAFJ34rPVVdelmsAiuQhJDW3dFNy4r2Ae0oUymk3boZBJmJmIN+QA3/oobF4q49QPc+TdO+gAVPTBwOOde5p7jx4xKZVmfxtLyyuraemGjuLm1vbNb2ttvySgRmDRxxCLR8ZEkjHLSVFQx0okFQaHPSNsfX+R++4YISSN+rSYx8UI05DSgGCkt9UvlXojUyA/SuwxqGksVwd4IqXSh32aZnrLMs1rFcSvQMi2rajt2Tpyqe+pCWys5ymCORr/00RtEOAkJV5ghKbu2FSsvRUJRzEhW7CWSxAiP0ZB0NeUoJNJLp2EyeKyVAQwioR9XcKp+30hRKOUk9PVkfqL87eXiX143UUHNSymPE0U4nn0UJAzqxHkzcEAFwYpNNEFYUH0rxCMkEFa6v6IuYZEU/k9ajmlXTOfKLdfP53UUwCE4AifABlVQB5egAZoAg3vwCJ7Bi/FgPBmvxttsdMmY7xyAHzDevwB9pJyR</latexit>

z 7! x̂

Results of prediction

Giff file

Hubble Webb                                     Predicted Webb



35Regression problems

Hubble-to-Web translation problem

<latexit sha1_base64="DmkQHUT3B4awWYTbeCCk7y4oW4g=">AAACDHicdVDLSsNAFJ34rPVVdelmsAiuQhJDW3dFNy4r2Ae0oUymk3boZBJmJmIN+QA3/oobF4q49QPc+TdO+gAVPTBwOOde5p7jx4xKZVmfxtLyyuraemGjuLm1vbNb2ttvySgRmDRxxCLR8ZEkjHLSVFQx0okFQaHPSNsfX+R++4YISSN+rSYx8UI05DSgGCkt9UvlXojUyA/SuwxqGksVwd4IqXSh32aZnrLMs1rFcSvQMi2rajt2Tpyqe+pCWys5ymCORr/00RtEOAkJV5ghKbu2FSsvRUJRzEhW7CWSxAiP0ZB0NeUoJNJLp2EyeKyVAQwioR9XcKp+30hRKOUk9PVkfqL87eXiX143UUHNSymPE0U4nn0UJAzqxHkzcEAFwYpNNEFYUH0rxCMkEFa6v6IuYZEU/k9ajmlXTOfKLdfP53UUwCE4AifABlVQB5egAZoAg3vwCJ7Bi/FgPBmvxttsdMmY7xyAHzDevwB9pJyR</latexit>

z 7! x̂

Results of prediction

Giff file

Hubble Webb                                     Predicted Webb
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Agenda

§ What is information bottleneck (IBN)?
§ IBN based autoencoding
§ Generalization of existing methods based on IBN

§ VAE, InfoVAE, VAE/GAN, BIB-AE
§ Restrictions of IBN
§ TURBO: physical-driven latent space
§ Generalization based on TURBO

§ AAE, SR-GAN, pix2pix, CycleGAN, Probabilistic AE
§ Regression problems

§ HEP translation
§ Hubble-to-Webb translation
§ Inverse problems in physics

§ Conclusions 
§ Open problems 
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Inverse problems

a common basis
for most of imaging problems

§ Sampling: fMRI (k-space), arrays (uv-plane)
§ Compressive sensing
§ Learnable compressive sampling
§ Denoising
§ Restoration and reconstruction
§ Superresolution
§ Inpaintingo Known

o Unknown

<latexit sha1_base64="UEYcFybT2r+4N9D9FLM5vi9esVk="></latexit>

z = f�(x, ✏)

  ̂x

Observation Restored image

 x
<latexit sha1_base64="cH25w50cAYB92TmO8vjiJpGu3kc=">AAACD3icbVC7TsNAEDzzDOFloKQ5kYBCE9kpgDKChjJI5CEllnW+nJNTzg/drRHB+A9o+BUaChCipaXjb7ATI0HCSCfNzexqd8cJBVdgGF/awuLS8spqYa24vrG5ta3v7LZUEEnKmjQQgew4RDHBfdYEDoJ1QsmI5wjWdkYXmd++YVLxwL+Gccgsjwx87nJKIJVs/agc2nEPhgxIUul5BIaOG98m+B7/fO6S43LR1ktG1ZgAzxMzJyWUo2Hrn71+QCOP+UAFUaprGiFYMZHAqWBJsRcpFhI6IgPWTalPPKaseHJPgg9TpY/dQKbPBzxRf3fExFNq7DlpZbakmvUy8T+vG4F7ZsXcDyNgPp0OciOBIcBZOLjPJaMgxikhVPJ0V0yHRBIKaYRZCObsyfOkVauaJ1Xzqlaqn+dxFNA+OkAVZKJTVEeXqIGaiKIH9IRe0Kv2qD1rb9r7tHRBy3v20B9oH99vKZxB</latexit>

p✓(x|z)
<latexit sha1_base64="Nkr+YHXxJhrM4e2sjOUTGL+NPOI=">AAACC3icbVC7TsMwFHXKq7Q8AowsVgtSWaqEARgrWBiLRB9SU0WO67RWnQe2U1FCdhZ+hQUJEGJD/AAbHwIzTlskaDmSpeNz7tW99zgho0IaxoeWmZtfWFzKLufyK6tr6/rGZl0EEcekhgMW8KaDBGHUJzVJJSPNkBPkOYw0nP5J6jcGhAsa+OdyGJK2h7o+dSlGUkm2XriwYyvs0aRkeUj2HDe+SuA1/PlcJns5Wy8aZWMEOEvMCSlWdj4fXgf5r6qtv1udAEce8SVmSIiWaYSyHSMuKWYkyVmRICHCfdQlLUV95BHRjke3JHBXKR3oBlw9X8KR+rsjRp4QQ89RlemOYtpLxf+8ViTdo3ZM/TCSxMfjQW7EoAxgGgzsUE6wZENFEOZU7QpxD3GEpYovDcGcPnmW1PfL5kHZPFNpHIMxsmAbFEAJmOAQVMApqIIawOAG3IFH8KTdavfas/YyLs1ok54t8Afa2ze+Op9E</latexit>

q�(z|x)

<latexit sha1_base64="zzb+SyWuxTMvst1bn9J/Zfl8B34="></latexit>

z = P� x+ ✏
z = A�x+ ✏

<latexit sha1_base64="15j0WQDC4c3sQTPB/tYJX7kjqlE=">AAAB73icbVA9T8MwED2Xr1K+CowsFi0SU5V0AMYKFsYi0Q+pjSrHdVqrjhNsB6lE/RMsDCDEyt9h49/gtBmg5UknPb13p7t7fiy4No7zjQpr6xubW8Xt0s7u3v5B+fCoraNEUdaikYhU1yeaCS5Zy3AjWDdWjIS+YB1/cpP5nUemNI/kvZnGzAvJSPKAU2Ks1K32/QA/VUuDcsWpOXPgVeLmpAI5moPyV38Y0SRk0lBBtO65Tmy8lCjDqWCzUj/RLCZ0QkasZ6kkIdNeOr93hs+sMsRBpGxJg+fq74mUhFpPQ992hsSM9bKXif95vcQEV17KZZwYJuliUZAIbCKcPY+HXDFqxNQSQhW3t2I6JopQYyPKQnCXX14l7XrNvai5d/VK4zqPowgncArn4MIlNOAWmtACCgKe4RXe0AN6Qe/oY9FaQPnMMfwB+vwBXLGO3g==</latexit>z

Physical “latent space”

Regression problems
<latexit sha1_base64="DmkQHUT3B4awWYTbeCCk7y4oW4g=">AAACDHicdVDLSsNAFJ34rPVVdelmsAiuQhJDW3dFNy4r2Ae0oUymk3boZBJmJmIN+QA3/oobF4q49QPc+TdO+gAVPTBwOOde5p7jx4xKZVmfxtLyyuraemGjuLm1vbNb2ttvySgRmDRxxCLR8ZEkjHLSVFQx0okFQaHPSNsfX+R++4YISSN+rSYx8UI05DSgGCkt9UvlXojUyA/SuwxqGksVwd4IqXSh32aZnrLMs1rFcSvQMi2rajt2Tpyqe+pCWys5ymCORr/00RtEOAkJV5ghKbu2FSsvRUJRzEhW7CWSxAiP0ZB0NeUoJNJLp2EyeKyVAQwioR9XcKp+30hRKOUk9PVkfqL87eXiX143UUHNSymPE0U4nn0UJAzqxHkzcEAFwYpNNEFYUH0rxCMkEFa6v6IuYZEU/k9ajmlXTOfKLdfP53UUwCE4AifABlVQB5egAZoAg3vwCJ7Bi/FgPBmvxttsdMmY7xyAHzDevwB9pJyR</latexit>

z 7! x̂
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Square Kilometer Array (SKA) – imaging tool of the 21st century:
§ Huge amount of data (expected data are about 1 PB per day)
§ Problems with Big Data:

§ Reconstruction (where? and how?)
§ Intercontinental data exchange 
§ Storage
§ Analytics and Science

Similar problems in fMRI, CT, computational photography, etc.

Regression problems
<latexit sha1_base64="DmkQHUT3B4awWYTbeCCk7y4oW4g=">AAACDHicdVDLSsNAFJ34rPVVdelmsAiuQhJDW3dFNy4r2Ae0oUymk3boZBJmJmIN+QA3/oobF4q49QPc+TdO+gAVPTBwOOde5p7jx4xKZVmfxtLyyuraemGjuLm1vbNb2ttvySgRmDRxxCLR8ZEkjHLSVFQx0okFQaHPSNsfX+R++4YISSN+rSYx8UI05DSgGCkt9UvlXojUyA/SuwxqGksVwd4IqXSh32aZnrLMs1rFcSvQMi2rajt2Tpyqe+pCWys5ymCORr/00RtEOAkJV5ghKbu2FSsvRUJRzEhW7CWSxAiP0ZB0NeUoJNJLp2EyeKyVAQwioR9XcKp+30hRKOUk9PVkfqL87eXiX143UUHNSymPE0U4nn0UJAzqxHkzcEAFwYpNNEFYUH0rxCMkEFa6v6IuYZEU/k9ajmlXTOfKLdfP53UUwCE4AifABlVQB5egAZoAg3vwCJ7Bi/FgPBmvxttsdMmY7xyAHzDevwB9pJyR</latexit>

z 7! x̂
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<latexit sha1_base64="DmkQHUT3B4awWYTbeCCk7y4oW4g=">AAACDHicdVDLSsNAFJ34rPVVdelmsAiuQhJDW3dFNy4r2Ae0oUymk3boZBJmJmIN+QA3/oobF4q49QPc+TdO+gAVPTBwOOde5p7jx4xKZVmfxtLyyuraemGjuLm1vbNb2ttvySgRmDRxxCLR8ZEkjHLSVFQx0okFQaHPSNsfX+R++4YISSN+rSYx8UI05DSgGCkt9UvlXojUyA/SuwxqGksVwd4IqXSh32aZnrLMs1rFcSvQMi2rajt2Tpyqe+pCWys5ymCORr/00RtEOAkJV5ghKbu2FSsvRUJRzEhW7CWSxAiP0ZB0NeUoJNJLp2EyeKyVAQwioR9XcKp+30hRKOUk9PVkfqL87eXiX143UUHNSymPE0U4nn0UJAzqxHkzcEAFwYpNNEFYUH0rxCMkEFa6v6IuYZEU/k9ajmlXTOfKLdfP53UUwCE4AifABlVQB5egAZoAg3vwCJ7Bi/FgPBmvxttsdMmY7xyAHzDevwB9pJyR</latexit>

z 7! x̂

 x   !x

 Ψ
  ̂x

Fixed geometry

ACF

 Ψ Fourier transform operator

Sampling operator

<latexit sha1_base64="zzb+SyWuxTMvst1bn9J/Zfl8B34="></latexit>

z = P� x+ ✏
z = A�x+ ✏

<latexit sha1_base64="BfK07kSSmJmLwem2h3PDPh/KEDU=">AAAB9HicdVBNSwMxEJ2tX3X9qnr0EiyCp7Ip0o9b0YvHCrYW2qVk07QNzWbXJFsoS3+HFw+KePXHePPfmG0rqOiDgcd7M8zMC2LBtfG8Dye3tr6xuZXfdnd29/YPCodHbR0lirIWjUSkOgHRTHDJWoYbwTqxYiQMBLsLJleZfzdlSvNI3ppZzPyQjCQfckqMlXzXdZv9tBeP+Ry5/ULRK3mehzFGGcHVimdJvV4r4xrCmWVRhBWa/cJ7bxDRJGTSUEG07mIvNn5KlOFUsLnbSzSLCZ2QEetaKknItJ8ujp6jM6sM0DBStqRBC/X7REpCrWdhYDtDYsb6t5eJf3ndxAxrfsplnBgm6XLRMBHIRChLAA24YtSImSWEKm5vRXRMFKHG5pSF8PUp+p+0yyVcKZVvLoqNy1UceTiBUzgHDFVowDU0oQUU7uEBnuDZmTqPzovzumzNOauZY/gB5+0TriKQxQ==</latexit>

P�
<latexit sha1_base64="6YWE6rNt8BjEkB6KTjQw46HEl+0="></latexit>

z = P� x+ ✏

<latexit sha1_base64="BfK07kSSmJmLwem2h3PDPh/KEDU=">AAAB9HicdVBNSwMxEJ2tX3X9qnr0EiyCp7Ip0o9b0YvHCrYW2qVk07QNzWbXJFsoS3+HFw+KePXHePPfmG0rqOiDgcd7M8zMC2LBtfG8Dye3tr6xuZXfdnd29/YPCodHbR0lirIWjUSkOgHRTHDJWoYbwTqxYiQMBLsLJleZfzdlSvNI3ppZzPyQjCQfckqMlXzXdZv9tBeP+Ry5/ULRK3mehzFGGcHVimdJvV4r4xrCmWVRhBWa/cJ7bxDRJGTSUEG07mIvNn5KlOFUsLnbSzSLCZ2QEetaKknItJ8ujp6jM6sM0DBStqRBC/X7REpCrWdhYDtDYsb6t5eJf3ndxAxrfsplnBgm6XLRMBHIRChLAA24YtSImSWEKm5vRXRMFKHG5pSF8PUp+p+0yyVcKZVvLoqNy1UceTiBUzgHDFVowDU0oQUU7uEBnuDZmTqPzovzumzNOauZY/gB5+0TriKQxQ==</latexit>

P�

<latexit sha1_base64="cH25w50cAYB92TmO8vjiJpGu3kc=">AAACD3icbVC7TsNAEDzzDOFloKQ5kYBCE9kpgDKChjJI5CEllnW+nJNTzg/drRHB+A9o+BUaChCipaXjb7ATI0HCSCfNzexqd8cJBVdgGF/awuLS8spqYa24vrG5ta3v7LZUEEnKmjQQgew4RDHBfdYEDoJ1QsmI5wjWdkYXmd++YVLxwL+Gccgsjwx87nJKIJVs/agc2nEPhgxIUul5BIaOG98m+B7/fO6S43LR1ktG1ZgAzxMzJyWUo2Hrn71+QCOP+UAFUaprGiFYMZHAqWBJsRcpFhI6IgPWTalPPKaseHJPgg9TpY/dQKbPBzxRf3fExFNq7DlpZbakmvUy8T+vG4F7ZsXcDyNgPp0OciOBIcBZOLjPJaMgxikhVPJ0V0yHRBIKaYRZCObsyfOkVauaJ1Xzqlaqn+dxFNA+OkAVZKJTVEeXqIGaiKIH9IRe0Kv2qD1rb9r7tHRBy3v20B9oH99vKZxB</latexit>

p✓(x|z)

Problems:
§ Proper image priors
§ Joint optimization of sampling operator        (encoder               )  and decoder              . 

<latexit sha1_base64="07pQXR/jUpM6b63m8T+gwGuu638=">AAACDHicdVDLSgMxFM34tr6qLt0Ei6CbMimidSe6cWcFWwudUjLpnRrMPEjuiGWYD3Djr7hxoYhbP8Cdf2OmVlDRA4HDOecmN8dPlDTouu/OxOTU9Mzs3HxpYXFpeaW8utYycaoFNEWsYt32uQElI2iiRAXtRAMPfQUX/tVx4V9cgzYyjs5xmEA35INIBlJwtFKvXPEQbnB0T6ahn2feaQgDvu2FHC/9ILvJd3Kbcquu6zLGaEHY/p5rycFBvcbqlBWWRYWM0eiV37x+LNIQIhSKG9NhboLdjGuUQkFe8lIDCRdXfAAdSyMegulmoyVyumWVPg1ibU+EdKR+n8h4aMww9G2y2NH89grxL6+TYlDvZjJKUoRIfD4UpIpiTItmaF9qEKiGlnChpd2VikuuuUDbX8mW8PVT+j9p1apsr1o7260cHo3rmCMbZJNsE0b2ySE5IQ3SJILcknvySJ6cO+fBeXZePqMTznhmnfyA8/oBc92chQ==</latexit>

⌦(x)
<latexit sha1_base64="BfK07kSSmJmLwem2h3PDPh/KEDU=">AAAB9HicdVBNSwMxEJ2tX3X9qnr0EiyCp7Ip0o9b0YvHCrYW2qVk07QNzWbXJFsoS3+HFw+KePXHePPfmG0rqOiDgcd7M8zMC2LBtfG8Dye3tr6xuZXfdnd29/YPCodHbR0lirIWjUSkOgHRTHDJWoYbwTqxYiQMBLsLJleZfzdlSvNI3ppZzPyQjCQfckqMlXzXdZv9tBeP+Ry5/ULRK3mehzFGGcHVimdJvV4r4xrCmWVRhBWa/cJ7bxDRJGTSUEG07mIvNn5KlOFUsLnbSzSLCZ2QEetaKknItJ8ujp6jM6sM0DBStqRBC/X7REpCrWdhYDtDYsb6t5eJf3ndxAxrfsplnBgm6XLRMBHIRChLAA24YtSImSWEKm5vRXRMFKHG5pSF8PUp+p+0yyVcKZVvLoqNy1UceTiBUzgHDFVowDU0oQUU7uEBnuDZmTqPzovzumzNOauZY/gB5+0TriKQxQ==</latexit>

P�
<latexit sha1_base64="cH25w50cAYB92TmO8vjiJpGu3kc=">AAACD3icbVC7TsNAEDzzDOFloKQ5kYBCE9kpgDKChjJI5CEllnW+nJNTzg/drRHB+A9o+BUaChCipaXjb7ATI0HCSCfNzexqd8cJBVdgGF/awuLS8spqYa24vrG5ta3v7LZUEEnKmjQQgew4RDHBfdYEDoJ1QsmI5wjWdkYXmd++YVLxwL+Gccgsjwx87nJKIJVs/agc2nEPhgxIUul5BIaOG98m+B7/fO6S43LR1ktG1ZgAzxMzJyWUo2Hrn71+QCOP+UAFUaprGiFYMZHAqWBJsRcpFhI6IgPWTalPPKaseHJPgg9TpY/dQKbPBzxRf3fExFNq7DlpZbakmvUy8T+vG4F7ZsXcDyNgPp0OciOBIcBZOLjPJaMgxikhVPJ0V0yHRBIKaYRZCObsyfOkVauaJ1Xzqlaqn+dxFNA+OkAVZKJTVEeXqIGaiKIH9IRe0Kv2qD1rb9r7tHRBy3v20B9oH99vKZxB</latexit>

p✓(x|z)
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Agenda

§ What is information bottleneck (IBN)?
§ IBN based autoencoding
§ Generalization of existing methods based on IBN

§ VAE, InfoVAE, VAE/GAN, BIB-AE
§ Restrictions of IBN
§ TURBO: physical-driven latent space
§ Generalization based on TURBO

§ AAE, SR-GAN, pix2pix, CycleGAN, Probabilistic AE
§ Regression problems

§ HEP translation
§ Hubble-to-Webb translation
§ Inverse problems in physics

§ Conclusions 
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§ We considered IBN in the variational formulation

§ IBN is a useful tool for the analysis and generalization of existing schemes
but it has its own restrictions

§ TURBO can fulfill the gap in physical applications where data should have 
some meaningful latent space 

§ TURBO can generalize schemes not governed by IBN and envision new 
architectures

§ Not covered problems:
§ Extension to Probabilistic AE (latent space with FLOW)
§ Extension to Diffusion-type models (latent space with Markov chain)
§ Extension to score based models (linking MAP with physical models)

Conclusions
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§ You can find more details about Turbo

Conclusions

https://www.mdpi.com/1099-4300/25/10/1471
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Thank you!


