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▻ Supervised learning with neural networks

▻ training data

▻ fit with class of parametrized functions 

▻ Impressive performances (automatic vision, natural language processing etc.) 

▻ Interesting properties
▻ universal approximators

▻ not prone to overfitting

▻ train with local descent algorithm despite of non-convexity

Understanding machine learning with deep neural nets

D = {y(k),x(k)}Pk=1

<latexit sha1_base64="MC2OzpiBpEnX85Buy8DMazxMqxE=">AAACJXicbVDLSgMxFM34rPVVdekmWIQKUmakoIKFgi5cVrAP6ExLJs20oZkHSUYsYX7Gjb/ixoVFBFf+ipl2BG09EDg5517uvceNGBXSND+NpeWV1bX13EZ+c2t7Z7ewt98UYcwxaeCQhbztIkEYDUhDUslIO+IE+S4jLXd0nfqtB8IFDYN7OY6I46NBQD2KkdRSr3Bl+0gOMWLqJoFVaKvp3/XUOOmq0ugkOYU/ymOm2ElPjapW0q33CkWzbE4BF4mVkSLIoOsndj/EsU8CiRkSomOZkXQU4pJiRpK8HQsSITxCA9LRNEA+EY6aXpnAY630oRdy/QIJp+rvDoV8Ica+qyvTjcW8l4r/eZ1YeheOokEUSxLg2SAvZlCGMI0M9iknWLKxJghzqneFeIg4wlIHm9chWPMnL5LmWdmqlC/vKsWamcWRA4fgCJSABc5BDdyCOmgADJ7AC3gDE+PZeDXejY9Z6ZKR9RyAPzC+vgHMf6Vn</latexit>

1

x
<latexit sha1_base64="Yj47K6ex6fq11c3JduS9vxJbfFM=">AAAB8HicbVBNS8NAFHzxs9avqkcvi0XwVJIiqLeCF48VjC22oWy2m3bpZhN2X8QS+i+8eFDx6s/x5r9x2+agrQMLw8x77LwJUykMuu63s7K6tr6xWdoqb+/s7u1XDg7vTZJpxn2WyES3Q2q4FIr7KFDydqo5jUPJW+Hoeuq3Hrk2IlF3OE55ENOBEpFgFK300I0pDsMof5r0KlW35s5AlolXkCoUaPYqX91+wrKYK2SSGtPx3BSDnGoUTPJJuZsZnlI2ogPesVTRmJsgnyWekFOr9EmUaPsUkpn6eyOnsTHjOLST04Rm0ZuK/3mdDKPLIBcqzZArNv8oyiTBhEzPJ32hOUM5toQyLWxWwoZUU4a2pLItwVs8eZn49dpVzbs9rzbqRRslOIYTOAMPLqABN9AEHxgoeIZXeHOM8+K8Ox/z0RWn2DmCP3A+fwBjAJDg</latexit><latexit sha1_base64="Yj47K6ex6fq11c3JduS9vxJbfFM=">AAAB8HicbVBNS8NAFHzxs9avqkcvi0XwVJIiqLeCF48VjC22oWy2m3bpZhN2X8QS+i+8eFDx6s/x5r9x2+agrQMLw8x77LwJUykMuu63s7K6tr6xWdoqb+/s7u1XDg7vTZJpxn2WyES3Q2q4FIr7KFDydqo5jUPJW+Hoeuq3Hrk2IlF3OE55ENOBEpFgFK300I0pDsMof5r0KlW35s5AlolXkCoUaPYqX91+wrKYK2SSGtPx3BSDnGoUTPJJuZsZnlI2ogPesVTRmJsgnyWekFOr9EmUaPsUkpn6eyOnsTHjOLST04Rm0ZuK/3mdDKPLIBcqzZArNv8oyiTBhEzPJ32hOUM5toQyLWxWwoZUU4a2pLItwVs8eZn49dpVzbs9rzbqRRslOIYTOAMPLqABN9AEHxgoeIZXeHOM8+K8Ox/z0RWn2DmCP3A+fwBjAJDg</latexit><latexit sha1_base64="Yj47K6ex6fq11c3JduS9vxJbfFM=">AAAB8HicbVBNS8NAFHzxs9avqkcvi0XwVJIiqLeCF48VjC22oWy2m3bpZhN2X8QS+i+8eFDx6s/x5r9x2+agrQMLw8x77LwJUykMuu63s7K6tr6xWdoqb+/s7u1XDg7vTZJpxn2WyES3Q2q4FIr7KFDydqo5jUPJW+Hoeuq3Hrk2IlF3OE55ENOBEpFgFK300I0pDsMof5r0KlW35s5AlolXkCoUaPYqX91+wrKYK2SSGtPx3BSDnGoUTPJJuZsZnlI2ogPesVTRmJsgnyWekFOr9EmUaPsUkpn6eyOnsTHjOLST04Rm0ZuK/3mdDKPLIBcqzZArNv8oyiTBhEzPJ32hOUM5toQyLWxWwoZUU4a2pLItwVs8eZn49dpVzbs9rzbqRRslOIYTOAMPLqABN9AEHxgoeIZXeHOM8+K8Ox/z0RWn2DmCP3A+fwBjAJDg</latexit><latexit sha1_base64="Yj47K6ex6fq11c3JduS9vxJbfFM=">AAAB8HicbVBNS8NAFHzxs9avqkcvi0XwVJIiqLeCF48VjC22oWy2m3bpZhN2X8QS+i+8eFDx6s/x5r9x2+agrQMLw8x77LwJUykMuu63s7K6tr6xWdoqb+/s7u1XDg7vTZJpxn2WyES3Q2q4FIr7KFDydqo5jUPJW+Hoeuq3Hrk2IlF3OE55ENOBEpFgFK300I0pDsMof5r0KlW35s5AlolXkCoUaPYqX91+wrKYK2SSGtPx3BSDnGoUTPJJuZsZnlI2ogPesVTRmJsgnyWekFOr9EmUaPsUkpn6eyOnsTHjOLST04Rm0ZuK/3mdDKPLIBcqzZArNv8oyiTBhEzPJ32hOUM5toQyLWxWwoZUU4a2pLItwVs8eZn49dpVzbs9rzbqRRslOIYTOAMPLqABN9AEHxgoeIZXeHOM8+K8Ox/z0RWn2DmCP3A+fwBjAJDg</latexit>

y
<latexit sha1_base64="kbgQJPMG0QOafrfWQ4vy1sjcRd4=">AAAB8HicbVBNSwMxFHypX7V+VT16CRbBU9ktgnorePFYwbXFdinZNNuGZrNLkhWWpf/CiwcVr/4cb/4bs+0etHUgMMy8R+ZNkAiujeN8o8ra+sbmVnW7trO7t39QPzx60HGqKPNoLGLVC4hmgkvmGW4E6yWKkSgQrBtMbwq/+8SU5rG8N1nC/IiMJQ85JcZKj4OImEkQ5tlsWG84TWcOvErckjSgRGdY/xqMYppGTBoqiNZ910mMnxNlOBVsVhukmiWETsmY9S2VJGLaz+eJZ/jMKiMcxso+afBc/b2Rk0jrLArsZJFQL3uF+J/XT0145edcJqlhki4+ClOBTYyL8/GIK0aNyCwhVHGbFdMJUYQaW1LNluAun7xKvFbzuuneXTTarbKNKpzAKZyDC5fQhlvogAcUJDzDK7whjV7QO/pYjFZQuXMMf4A+fwBkhJDh</latexit><latexit sha1_base64="kbgQJPMG0QOafrfWQ4vy1sjcRd4=">AAAB8HicbVBNSwMxFHypX7V+VT16CRbBU9ktgnorePFYwbXFdinZNNuGZrNLkhWWpf/CiwcVr/4cb/4bs+0etHUgMMy8R+ZNkAiujeN8o8ra+sbmVnW7trO7t39QPzx60HGqKPNoLGLVC4hmgkvmGW4E6yWKkSgQrBtMbwq/+8SU5rG8N1nC/IiMJQ85JcZKj4OImEkQ5tlsWG84TWcOvErckjSgRGdY/xqMYppGTBoqiNZ910mMnxNlOBVsVhukmiWETsmY9S2VJGLaz+eJZ/jMKiMcxso+afBc/b2Rk0jrLArsZJFQL3uF+J/XT0145edcJqlhki4+ClOBTYyL8/GIK0aNyCwhVHGbFdMJUYQaW1LNluAun7xKvFbzuuneXTTarbKNKpzAKZyDC5fQhlvogAcUJDzDK7whjV7QO/pYjFZQuXMMf4A+fwBkhJDh</latexit><latexit sha1_base64="kbgQJPMG0QOafrfWQ4vy1sjcRd4=">AAAB8HicbVBNSwMxFHypX7V+VT16CRbBU9ktgnorePFYwbXFdinZNNuGZrNLkhWWpf/CiwcVr/4cb/4bs+0etHUgMMy8R+ZNkAiujeN8o8ra+sbmVnW7trO7t39QPzx60HGqKPNoLGLVC4hmgkvmGW4E6yWKkSgQrBtMbwq/+8SU5rG8N1nC/IiMJQ85JcZKj4OImEkQ5tlsWG84TWcOvErckjSgRGdY/xqMYppGTBoqiNZ910mMnxNlOBVsVhukmiWETsmY9S2VJGLaz+eJZ/jMKiMcxso+afBc/b2Rk0jrLArsZJFQL3uF+J/XT0145edcJqlhki4+ClOBTYyL8/GIK0aNyCwhVHGbFdMJUYQaW1LNluAun7xKvFbzuuneXTTarbKNKpzAKZyDC5fQhlvogAcUJDzDK7whjV7QO/pYjFZQuXMMf4A+fwBkhJDh</latexit><latexit sha1_base64="kbgQJPMG0QOafrfWQ4vy1sjcRd4=">AAAB8HicbVBNSwMxFHypX7V+VT16CRbBU9ktgnorePFYwbXFdinZNNuGZrNLkhWWpf/CiwcVr/4cb/4bs+0etHUgMMy8R+ZNkAiujeN8o8ra+sbmVnW7trO7t39QPzx60HGqKPNoLGLVC4hmgkvmGW4E6yWKkSgQrBtMbwq/+8SU5rG8N1nC/IiMJQ85JcZKj4OImEkQ5tlsWG84TWcOvErckjSgRGdY/xqMYppGTBoqiNZ910mMnxNlOBVsVhukmiWETsmY9S2VJGLaz+eJZ/jMKiMcxso+afBc/b2Rk0jrLArsZJFQL3uF+J/XT0145edcJqlhki4+ClOBTYyL8/GIK0aNyCwhVHGbFdMJUYQaW1LNluAun7xKvFbzuuneXTTarbKNKpzAKZyDC5fQhlvogAcUJDzDK7whjV7QO/pYjFZQuXMMf4A+fwBkhJDh</latexit>

hidden layers

input 

output

weight matrices
W3

<latexit sha1_base64="KrTQk5URqPEYSqTrt56Wgp4qZmA=">AAAB6nicdVBNS8NAEJ34WetX1aOXxSJ4Ckka2norePFY0X5AG8pmu22XbjZhdyOU0J/gxYMiXv1F3vw3btoKKvpg4PHeDDPzwoQzpR3nw1pb39jc2i7sFHf39g8OS0fHbRWnktAWiXksuyFWlDNBW5ppTruJpDgKOe2E06vc79xTqVgs7vQsoUGEx4KNGMHaSLedQWVQKjv2Zb3q+VXk2I5Tcz03J17Nr/jINUqOMqzQHJTe+8OYpBEVmnCsVM91Eh1kWGpGOJ0X+6miCSZTPKY9QwWOqAqyxalzdG6UIRrF0pTQaKF+n8hwpNQsCk1nhPVE/fZy8S+vl+pRPciYSFJNBVkuGqUc6Rjlf6Mhk5RoPjMEE8nMrYhMsMREm3SKJoSvT9H/pO3ZbsX2bvxyw1vFUYBTOIMLcKEGDbiGJrSAwBge4AmeLW49Wi/W67J1zVrNnMAPWG+fOP+Ntw==</latexit>

W1
<latexit sha1_base64="A7mgjU2OZ11ULGb4MZEPKV5Sxm8=">AAAB6nicdVBNS8NAEJ34WetX1aOXxSJ4Ckka2norePFY0X5AG8pmu2mXbjZhdyOU0p/gxYMiXv1F3vw3btoKKvpg4PHeDDPzwpQzpR3nw1pb39jc2i7sFHf39g8OS0fHbZVkktAWSXgiuyFWlDNBW5ppTruppDgOOe2Ek6vc79xTqVgi7vQ0pUGMR4JFjGBtpNvOwB2Uyo59Wa96fhU5tuPUXM/NiVfzKz5yjZKjDCs0B6X3/jAhWUyFJhwr1XOdVAczLDUjnM6L/UzRFJMJHtGeoQLHVAWzxalzdG6UIYoSaUpotFC/T8xwrNQ0Dk1njPVY/fZy8S+vl+moHsyYSDNNBVkuijKOdILyv9GQSUo0nxqCiWTmVkTGWGKiTTpFE8LXp+h/0vZst2J7N3654a3iKMApnMEFuFCDBlxDE1pAYAQP8ATPFrcerRfrddm6Zq1mTuAHrLdPNfeNtQ==</latexit>

W2
<latexit sha1_base64="5OW12XtLzCG2kvXKBNLevtnRrmY=">AAAB6nicdVBNS8NAEJ34WetX1aOXxSJ4Ckka2norePFY0X5AG8pmu2mXbjZhdyOU0p/gxYMiXv1F3vw3btoKKvpg4PHeDDPzwpQzpR3nw1pb39jc2i7sFHf39g8OS0fHbZVkktAWSXgiuyFWlDNBW5ppTruppDgOOe2Ek6vc79xTqVgi7vQ0pUGMR4JFjGBtpNvOwBuUyo59Wa96fhU5tuPUXM/NiVfzKz5yjZKjDCs0B6X3/jAhWUyFJhwr1XOdVAczLDUjnM6L/UzRFJMJHtGeoQLHVAWzxalzdG6UIYoSaUpotFC/T8xwrNQ0Dk1njPVY/fZy8S+vl+moHsyYSDNNBVkuijKOdILyv9GQSUo0nxqCiWTmVkTGWGKiTTpFE8LXp+h/0vZst2J7N3654a3iKMApnMEFuFCDBlxDE1pAYAQP8ATPFrcerRfrddm6Zq1mTuAHrLdPN3uNtg==</latexit>

W4
<latexit sha1_base64="bpaaF5jpbesYo4vHME3ndiK4fJ8=">AAAB6nicdVBNS8NAEJ34WetX1aOXxSJ4Ckka2norePFY0X5AG8pmu2mXbjZhdyOU0p/gxYMiXv1F3vw3btoKKvpg4PHeDDPzwpQzpR3nw1pb39jc2i7sFHf39g8OS0fHbZVkktAWSXgiuyFWlDNBW5ppTruppDgOOe2Ek6vc79xTqVgi7vQ0pUGMR4JFjGBtpNvOwB+Uyo59Wa96fhU5tuPUXM/NiVfzKz5yjZKjDCs0B6X3/jAhWUyFJhwr1XOdVAczLDUjnM6L/UzRFJMJHtGeoQLHVAWzxalzdG6UIYoSaUpotFC/T8xwrNQ0Dk1njPVY/fZy8S+vl+moHsyYSDNNBVkuijKOdILyv9GQSUo0nxqCiWTmVkTGWGKiTTpFE8LXp+h/0vZst2J7N3654a3iKMApnMEFuFCDBlxDE1pAYAQP8ATPFrcerRfrddm6Zq1mTuAHrLdPOoONuA==</latexit>

y = f(WLf(WL�1 ... f(W1x)))

<latexit sha1_base64="HNc/HZ5IYUNjYOwM0kiRt+IXZG8="></latexit>

expected
overfitting

x
<latexit sha1_base64="exxYgxrhS318iJ8fdLa/OsKUfdY=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgQcJuFPQY8OIxAfOAZAmzk95kzOzsMjMrhpAv8OJBEa9+kjf/xkmyB00saCiquunuChLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3c781iMqzWN5b8YJ+hEdSB5yRo2V6k+9Ysktu3OQVeJlpAQZar3iV7cfszRCaZigWnc8NzH+hCrDmcBpoZtqTCgb0QF2LJU0Qu1P5odOyZlV+iSMlS1pyFz9PTGhkdbjKLCdETVDvezNxP+8TmrCG3/CZZIalGyxKEwFMTGZfU36XCEzYmwJZYrbWwkbUkWZsdkUbAje8surpFkpe5flSv2qVL3I4sjDCZzCOXhwDVW4gxo0gAHCM7zCm/PgvDjvzseiNedkM8fwB87nD+DpjOo=</latexit>

y(x, ✓)
<latexit sha1_base64="OUY30EVKbjelDE6J8QqWDJVfu+M=">AAAB83icbVDLSgNBEOyNrxhfUY9eBoMQIYTdKOgx4MVjBBMD2SXMTmaTIbMPZnrFJeQ3vHhQxKs/482/cZLsQRMLGoqqbrq7/EQKjbb9bRXW1jc2t4rbpZ3dvf2D8uFRR8epYrzNYhmrrk81lyLibRQoeTdRnIa+5A/++GbmPzxypUUc3WOWcC+kw0gEglE0kptVn2rExRFHet4vV+y6PQdZJU5OKpCj1S9/uYOYpSGPkEmqdc+xE/QmVKFgkk9Lbqp5QtmYDnnP0IiGXHuT+c1TcmaUAQliZSpCMld/T0xoqHUW+qYzpDjSy95M/M/rpRhcexMRJSnyiC0WBakkGJNZAGQgFGcoM0MoU8LcStiIKsrQxFQyITjLL6+STqPuXNQbd5eVZi2PowgncApVcOAKmnALLWgDgwSe4RXerNR6sd6tj0VrwcpnjuEPrM8f52uQ4A==</latexit>

actual
good fit

x
<latexit sha1_base64="exxYgxrhS318iJ8fdLa/OsKUfdY=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgQcJuFPQY8OIxAfOAZAmzk95kzOzsMjMrhpAv8OJBEa9+kjf/xkmyB00saCiquunuChLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3c781iMqzWN5b8YJ+hEdSB5yRo2V6k+9Ysktu3OQVeJlpAQZar3iV7cfszRCaZigWnc8NzH+hCrDmcBpoZtqTCgb0QF2LJU0Qu1P5odOyZlV+iSMlS1pyFz9PTGhkdbjKLCdETVDvezNxP+8TmrCG3/CZZIalGyxKEwFMTGZfU36XCEzYmwJZYrbWwkbUkWZsdkUbAje8surpFkpe5flSv2qVL3I4sjDCZzCOXhwDVW4gxo0gAHCM7zCm/PgvDjvzseiNedkM8fwB87nD+DpjOo=</latexit>

y(x, ✓)
<latexit sha1_base64="OUY30EVKbjelDE6J8QqWDJVfu+M=">AAAB83icbVDLSgNBEOyNrxhfUY9eBoMQIYTdKOgx4MVjBBMD2SXMTmaTIbMPZnrFJeQ3vHhQxKs/482/cZLsQRMLGoqqbrq7/EQKjbb9bRXW1jc2t4rbpZ3dvf2D8uFRR8epYrzNYhmrrk81lyLibRQoeTdRnIa+5A/++GbmPzxypUUc3WOWcC+kw0gEglE0kptVn2rExRFHet4vV+y6PQdZJU5OKpCj1S9/uYOYpSGPkEmqdc+xE/QmVKFgkk9Lbqp5QtmYDnnP0IiGXHuT+c1TcmaUAQliZSpCMld/T0xoqHUW+qYzpDjSy95M/M/rpRhcexMRJSnyiC0WBakkGJNZAGQgFGcoM0MoU8LcStiIKsrQxFQyITjLL6+STqPuXNQbd5eVZi2PowgncApVcOAKmnALLWgDgwSe4RXerNR6sd6tj0VrwcpnjuEPrM8f52uQ4A==</latexit>

L(✓)
<latexit sha1_base64="1LSvG7ZNQcu20nlYnML6aasZpMQ=">AAAB/HicbVBNS8NAFNzUr1q/oj16WSxCvZSkCnosePHgoYKthSaUzXbbLt1swu6LEEL9K148KOLVH+LNf+OmzUFbBxaGmfd4sxPEgmtwnG+rtLa+sblV3q7s7O7tH9iHR10dJYqyDo1EpHoB0UxwyTrAQbBerBgJA8Eegul17j88MqV5JO8hjZkfkrHkI04JGGlgV72QwIQSkd3O6h5MGJCzgV1zGs4ceJW4BamhAu2B/eUNI5qETAIVROu+68TgZ0QBp4LNKl6iWUzolIxZ31BJQqb9bB5+hk+NMsSjSJknAc/V3xsZCbVOw8BM5lH1speL/3n9BEZXfsZlnACTdHFolAgMEc6bwEOuGAWRGkKo4iYrphOiCAXTV8WU4C5/eZV0mw33vNG8u6i1nKKOMjpGJ6iOXHSJWugGtVEHUZSiZ/SK3qwn68V6tz4WoyWr2KmiP7A+fwB6ZJSY</latexit>

✓1
<latexit sha1_base64="JRmJ2t7T7PhJKKzCGmWVe2QC9CU=">AAAB73icbVDLSgNBEOz1GeMr6tHLYBA8hd0o6DHgxWME84BkCbOTTjJk9uFMrxCW/IQXD4p49Xe8+TdOkj1oYkFDUdVNd1eQKGnIdb+dtfWNza3twk5xd2//4LB0dNw0caoFNkSsYt0OuEElI2yQJIXtRCMPA4WtYHw781tPqI2MoweaJOiHfBjJgRScrNTu0giJ97xeqexW3DnYKvFyUoYc9V7pq9uPRRpiREJxYzqem5CfcU1SKJwWu6nBhIsxH2LH0oiHaPxsfu+UnVulzwaxthURm6u/JzIeGjMJA9sZchqZZW8m/ud1Uhrc+JmMkpQwEotFg1QxitnsedaXGgWpiSVcaGlvZWLENRdkIyraELzll1dJs1rxLivV+6tyzc3jKMApnMEFeHANNbiDOjRAgIJneIU359F5cd6dj0XrmpPPnMAfOJ8/yUuPvg==</latexit>

✓2
<latexit sha1_base64="usOulKBKNRcDXx7aRw9AT5+hIuo=">AAAB73icbVBNS8NAEJ34WetX1aOXYBE8laQKeix48VjBfkAbymY7bZduNnF3IpTQP+HFgyJe/Tve/Ddu2xy09cHA470ZZuaFiRSGPO/bWVvf2NzaLuwUd/f2Dw5LR8dNE6eaY4PHMtbtkBmUQmGDBElsJxpZFEpshePbmd96Qm1ErB5okmAQsaESA8EZWandpRES61V7pbJX8eZwV4mfkzLkqPdKX91+zNMIFXHJjOn4XkJBxjQJLnFa7KYGE8bHbIgdSxWL0ATZ/N6pe26VvjuItS1F7lz9PZGxyJhJFNrOiNHILHsz8T+vk9LgJsiESlJCxReLBql0KXZnz7t9oZGTnFjCuBb2VpePmGacbERFG4K//PIqaVYr/mWlen9Vrnl5HAU4hTO4AB+uoQZ3UIcGcJDwDK/w5jw6L86787FoXXPymRP4A+fzB8rPj78=</latexit>



▻ Focus on simple (solvable) models

▻ Consider the Bayesian posterior statistics

▻ The thermodynamic limit = infinitely large model
→ typical cases concentrate at the average  

Mean-field tools from the stat. phys. of disordered systems:

Statistical mechanics of learning, initiated in the 80s
2

Amit, D. J., Gutfreund, H., & Sompolinsky, H. (1985) Amit, D. J., Hanoch, G., & Sompolinsky, H. (1986) Gardner, E. (1987)  E. Gardner, B. Derrida, P. Mottishaw (1987), 
B. Derrida, J.P. Nadal (1987),  Peterson, C., & Anderson, J. R. (1987), W. Krauth, M. Mézard (1987),  Gardner, E. (1988), Mézard, M. (1989). Györgyi, G. (1990). Opper, 

M., & Haussler, D. (1991) H.S. Seung, H. Sompolinsky, N. Tishby (1992), T.L.H. Watkin, A. Rau, M. Biehl. (1993), Monasson, R., Zecchina, R. (1995) etc..

x

<latexit sha1_base64="h+m1149UjtXpnkpRLohbJhtXZrM=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgqsxIQd0V3LisYB/YlpJJ77ShmcyQZMQy9C/cuFDErX/jzr8x085CWw8EDufcS849fiy4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS0eJYthkkYhUx6caBZfYNNwI7MQKaegLbPuTm8xvP6LSPJL3ZhpjP6QjyQPOqLHSQy+kZuwH6dNsUK64VXcOskq8nFQgR2NQ/uoNI5aEKA0TVOuu58amn1JlOBM4K/USjTFlEzrCrqWShqj76TzxjJxZZUiCSNknDZmrvzdSGmo9DX07mSXUy14m/ud1ExNc9VMu48SgZIuPgkQQE5HsfDLkCpkRU0soU9xmJWxMFWXGllSyJXjLJ6+S1kXVq1Wv72qVupvXUYQTOIVz8OAS6nALDWgCAwnP8ApvjnZenHfnYzFacPKdY/gD5/MH+6+RFg==</latexit>

y

<latexit sha1_base64="2Yrux2aUyODxkF/bzUAS/pg3y3Y=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG8FLx6r2A9oQ9lsJ+3SzSbsboQQ+g+8eFDEq//Im//GbZuDtj4YeLw3w8y8IBFcG9f9dkpr6xubW+Xtys7u3v5B9fCoreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7czvPKHSPJaPJkvQj+hI8pAzaqz0kJFBtebW3TnIKvEKUoMCzUH1qz+MWRqhNExQrXuemxg/p8pwJnBa6acaE8omdIQ9SyWNUPv5/NIpObPKkISxsiUNmau/J3IaaZ1Fge2MqBnrZW8m/uf1UhNe+zmXSWpQssWiMBXExGT2NhlyhcyIzBLKFLe3EjamijJjw6nYELzll1dJ+6LuXdZv7i9rDbeIowwncArn4MEVNOAOmtACBiE8wyu8ORPnxXl3PhatJaeYOYY/cD5/ADwfjSE=</latexit>

x

<latexit sha1_base64="h+m1149UjtXpnkpRLohbJhtXZrM=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgqsxIQd0V3LisYB/YlpJJ77ShmcyQZMQy9C/cuFDErX/jzr8x085CWw8EDufcS849fiy4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS0eJYthkkYhUx6caBZfYNNwI7MQKaegLbPuTm8xvP6LSPJL3ZhpjP6QjyQPOqLHSQy+kZuwH6dNsUK64VXcOskq8nFQgR2NQ/uoNI5aEKA0TVOuu58amn1JlOBM4K/USjTFlEzrCrqWShqj76TzxjJxZZUiCSNknDZmrvzdSGmo9DX07mSXUy14m/ud1ExNc9VMu48SgZIuPgkQQE5HsfDLkCpkRU0soU9xmJWxMFWXGllSyJXjLJ6+S1kXVq1Wv72qVupvXUYQTOIVz8OAS6nALDWgCAwnP8ApvjnZenHfnYzFacPKdY/gD5/MH+6+RFg==</latexit>

w

<latexit sha1_base64="69UYHng3bq9HTbD/nKhvpXrT7xA=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgqsxIQd0V3LisYB/YlpJJ77ShmcyQZJQy9C/cuFDErX/jzr8x085CWw8EDufcS849fiy4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS0eJYthkkYhUx6caBZfYNNwI7MQKaegLbPuTm8xvP6LSPJL3ZhpjP6QjyQPOqLHSQy+kZuwH6dNsUK64VXcOskq8nFQgR2NQ/uoNI5aEKA0TVOuu58amn1JlOBM4K/USjTFlEzrCrqWShqj76TzxjJxZZUiCSNknDZmrvzdSGmo9DX07mSXUy14m/ud1ExNc9VMu48SgZIuPgkQQE5HsfDLkCpkRU0soU9xmJWxMFWXGllSyJXjLJ6+S1kXVq1Wv72qVupvXUYQTOIVz8OAS6nALDWgCAwnP8ApvjnZenHfnYzFacPKdY/gD5/MH+iqRFQ==</latexit>

w⇤

<latexit sha1_base64="5EoOnYi8mS8pe52tux9699POgEk=">AAAB83icbVDLSsNAFL3xWeur6tLNYBHERUmkoO4KblxWsA9oYplMJ+3QySTMQymhv+HGhSJu/Rl3/o2TNgttPTBwOOde7pkTppwp7brfzsrq2vrGZmmrvL2zu7dfOThsq8RIQlsk4YnshlhRzgRtaaY57aaS4jjktBOOb3K/80ilYom415OUBjEeChYxgrWVfD/GehRG2dPD+bRfqbo1dwa0TLyCVKFAs1/58gcJMTEVmnCsVM9zUx1kWGpGOJ2WfaNoiskYD2nPUoFjqoJslnmKTq0yQFEi7RMazdTfGxmOlZrEoZ3MM6pFLxf/83pGR1dBxkRqNBVkfigyHOkE5QWgAZOUaD6xBBPJbFZERlhiom1NZVuCt/jlZdK+qHn12vVdvdpwizpKcAwncAYeXEIDbqEJLSCQwjO8wptjnBfn3fmYj644xc4R/IHz+QMavJGx</latexit>

teacher studenttraining data

px(x) =

<latexit sha1_base64="0ql8bQ1E3FDxIAV73w4mRMi/HqA=">AAAB+3icbVDLSsNAFL2pr1pfsS7dDBahbkoiBXUhFNy4rGAf0IYwmU7aoZMHMxNpCfkVNy4UceuPuPNvnLRZaOuBgcM593LPHC/mTCrL+jZKG5tb2zvl3cre/sHhkXlc7cooEYR2SMQj0fewpJyFtKOY4rQfC4oDj9OeN73L/d4TFZJF4aOax9QJ8DhkPiNYack1q7E7qw8DrCaen86yC3SLXLNmNawF0DqxC1KDAm3X/BqOIpIENFSEYykHthUrJ8VCMcJpVhkmksaYTPGYDjQNcUClky6yZ+hcKyPkR0K/UKGF+nsjxYGU88DTk3lKuerl4n/eIFH+tZOyME4UDcnykJ9wpCKUF4FGTFCi+FwTTATTWRGZYIGJ0nVVdAn26pfXSfeyYTcbNw/NWssq6ijDKZxBHWy4ghbcQxs6QGAGz/AKb0ZmvBjvxsdytGQUOyfwB8bnD+xQk6w=</latexit>

pw(w
⇤) =

<latexit sha1_base64="RoMUXuBrNVdhTsG3xUfhd18DVeQ=">AAAB/XicbVDLSgMxFL1TX7W+xsfOTbAI1UWZkYK6EApuXFawD2jHkkkzbWjmQZKx1KH4K25cKOLW/3Dn35hpZ6GtBwKHc+7lnhw34kwqy/o2ckvLK6tr+fXCxubW9o65u9eQYSwIrZOQh6LlYkk5C2hdMcVpKxIU+y6nTXd4nfrNByokC4M7NY6o4+N+wDxGsNJS1zyIuqNSx8dq4HrJ6P4UTU7QVdcsWmVrCrRI7IwUIUOta351eiGJfRoowrGUbduKlJNgoRjhdFLoxJJGmAxxn7Y1DbBPpZNM00/QsVZ6yAuFfoFCU/X3RoJ9Kce+qyfTnHLeS8X/vHasvAsnYUEUKxqQ2SEv5kiFKK0C9ZigRPGxJpgIprMiMsACE6ULK+gS7PkvL5LGWdmulC9vK8WqldWRh0M4ghLYcA5VuIEa1IHAIzzDK7wZT8aL8W58zEZzRrazD39gfP4ADp2URg==</latexit>

ŷ

<latexit sha1_base64="YNgtpf73Dd32A0moGhXRMZnhlho=">AAAB73icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG8FLx4r2A9oQ9lsN+3SzSbuToQQ+ie8eFDEq3/Hm//GbZuDtj4YeLw3w8y8IJHCoOt+O6W19Y3NrfJ2ZWd3b/+genjUNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbmd+54lrI2L1gFnC/YiOlAgFo2ilbn9MMc+mZFCtuXV3DrJKvILUoEBzUP3qD2OWRlwhk9SYnucm6OdUo2CSTyv91PCEsgkd8Z6likbc+Pn83ik5s8qQhLG2pZDM1d8TOY2MyaLAdkYUx2bZm4n/eb0Uw2s/FypJkSu2WBSmkmBMZs+TodCcocwsoUwLeythY6opQxtRxYbgLb+8StoXde+yfnN/WWu4RRxlOIFTOAcPrqABd9CEFjCQ8Ayv8OY8Oi/Ou/OxaC05xcwx/IHz+QMIwI/u</latexit>

i.i.d 

i.i.d 

D = {y(k),x(k)}Pk=1

<latexit sha1_base64="d237jLiF2f8lamfvyIF6VWSR1Ws=">AAACHHicbVDLSgMxFM3UV62vqks3wSJUkDKjBXVRKOjCZQX7gM60ZNJMGybzIMmIJcyHuPFX3LhQxI0Lwb8x03ahrQcCh3POJfceN2ZUSNP8NnJLyyura/n1wsbm1vZOcXevJaKEY9LEEYt4x0WCMBqSpqSSkU7MCQpcRtquf5X57XvCBY3COzmOiROgYUg9ipHUUr94ZgdIjjBi6jqFNWircU+V/eP0BE4M11MP6VSx077ya1baa/SLJbNiTgAXiTUjJTCDzn/agwgnAQklZkiIrmXG0lGIS4oZSQt2IkiMsI+GpKtpiAIiHDU5LoVHWhlAL+L6hRJO1N8TCgVCjANXJ7ONxbyXif953UR6F46iYZxIEuLpR17CoIxg1hQcUE6wZGNNEOZU7wrxCHGEpe6zoEuw5k9eJK3TilWtXN5WS3VzVkceHIBDUAYWOAd1cAMaoAkweATP4BW8GU/Gi/FufEyjOWM2sw/+wPj6AfySoUc=</latexit>

e.g. Bayes optimal estimator (minimum mean square error)

ŵMMSE =

Z
dww pS(w|D)

<latexit sha1_base64="ptn1RUnJiw8rAlud15JyI0wBRm4="></latexit>

min
ŵ

Z
dw (w � ŵ)2 pS(wD)

<latexit sha1_base64="ebuphlHXTO42CtmVJ/fuzlwDEvc="></latexit>

MMSE(↵) = lim
N!1

1

N

Z
dw (w � ŵMMSE)

2 pS(w|D)

<latexit sha1_base64="pfNF/rDeXz75ZO6zD4dnT7PxUAI="></latexit>

e.g. Bayes optimal square error

N ! 1

<latexit sha1_base64="buxykcm5teENEzcZOtUHgltxV0w=">AAAB9XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG8FL56kgv2ANpbNdtMu3WzC7kQpof/DiwdFvPpfvPlv3LY5aOuDgcd7M8zMCxIpDLrut1NYWV1b3yhulra2d3b3yvsHTROnmvEGi2Ws2wE1XArFGyhQ8naiOY0CyVvB6Hrqtx65NiJW9zhOuB/RgRKhYBSt9JDdki7GpCtUiONJr1xxq+4MZJl4OalAjnqv/NXtxyyNuEImqTEdz03Qz6hGwSSflLqp4QllIzrgHUsVjbjxs9nVE3JilT4JY21LIZmpvycyGhkzjgLbGVEcmkVvKv7ndVIML/1MqCRFrth8UZhKYh+dRkD6QnOGcmwJZVrYWwkbUk0Z2qBKNgRv8eVl0jyreufVq7vzSs3N4yjCERzDKXhwATW4gTo0gIGGZ3iFN+fJeXHenY95a8HJZw7hD5zPHzUMkks=</latexit>

p(w|D) =
p(D|w) pw(w)

p(D)

<latexit sha1_base64="XWejOpJDwxd469Nz3JzAZflibbo="></latexit>

↵ = P/N

<latexit sha1_base64="MU8gj0xe9nG+2aknA2Nb0wG+KU0=">AAAB9XicbVDLSgNBEOyNrxhfUY9eBoPgKe5KQD0IAS+eJIJ5QLKG3slsMmR2dpmZVcKS//DiQRGv/os3/8bJ46DRgoaiqpvuriARXBvX/XJyS8srq2v59cLG5tb2TnF3r6HjVFFWp7GIVStAzQSXrG64EayVKIZRIFgzGF5N/OYDU5rH8s6MEuZH2Jc85BSNle47KJIBkktSIyfkplssuWV3CvKXeHNSgjlq3eJnpxfTNGLSUIFatz03MX6GynAq2LjQSTVLkA6xz9qWSoyY9rPp1WNyZJUeCWNlSxoyVX9OZBhpPYoC2xmhGehFbyL+57VTE577GZdJapiks0VhKoiJySQC0uOKUSNGliBV3N5K6AAVUmODKtgQvMWX/5LGadmrlC9uK6WqO48jDwdwCMfgwRlU4RpqUAcKCp7gBV6dR+fZeXPeZ605Zz6zD7/gfHwDHx+Q7A==</latexit>

N

<latexit sha1_base64="IKFjb1smIlt1iH24p4CqiCPVr+0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN4KXjxJC7YW2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0PBh7vzTAzL0gE18Z1v53C2vrG5lZxu7Szu7d/UD48aus4VQxbLBax6gRUo+ASW4YbgZ1EIY0CgQ/B+GbmPzyh0jyW92aSoB/RoeQhZ9RYqXnXL1fcqjsHWSVeTiqQo9Evf/UGMUsjlIYJqnXXcxPjZ1QZzgROS71UY0LZmA6xa6mkEWo/mx86JWdWGZAwVrakIXP190RGI60nUWA7I2pGetmbif953dSEV37GZZIalGyxKEwFMTGZfU0GXCEzYmIJZYrbWwkbUUWZsdmUbAje8surpH1R9WrV62atUnfzOIpwAqdwDh5cQh1uoQEtYIDwDK/w5jw6L86787FoLTj5zDH8gfP5A6UHjMw=</latexit>



w

<latexit sha1_base64="gWn4dgYvf4Rqj2BVTSt9SyU75s4=">AAAB8XicdVDLSgMxFL1TX7W+qi7dBIvgqiQitt0V3LisYB/YDiWTZmowkxmSjFKG/oUbF4q49W/c+Tdm2goqeiBwOOdecu4JEimMxfjDKywtr6yuFddLG5tb2zvl3b2OiVPNeJvFMta9gBouheJtK6zkvURzGgWSd4Pb89zv3nFtRKyu7CThfkTHSoSCUeuk60FE7U0QZvfTYbmCqxhjQgjKCamdYUcajfoJqSOSWw4VWKA1LL8PRjFLI64sk9SYPsGJ9TOqrWCST0uD1PCEsls65n1HFY248bNZ4ik6csoIhbF2T1k0U79vZDQyZhIFbjJPaH57ufiX109tWPczoZLUcsXmH4WpRDZG+floJDRnVk4coUwLlxWxG6ops66kkivh61L0P+mcVMlptXF5WmniRR1FOIBDOAYCNWjCBbSgDQwUPMATPHvGe/RevNf5aMFb7OzDD3hvn0cvkUs=</latexit>

x
<latexit sha1_base64="mWE5J8aOSebtz9oAJbys/42ybqI=">AAAB8HicbVBNS8NAFHypX7V+VT16WSyCp5KIoN4KXjxWMLbYlrLZbtqlm03YfRFL6L/w4kHFqz/Hm//GTZuDtg4sDDPvsfMmSKQw6LrfTmlldW19o7xZ2dre2d2r7h/cmzjVjPsslrFuB9RwKRT3UaDk7URzGgWSt4Lxde63Hrk2IlZ3OEl4L6JDJULBKFrpoRtRHAVh9jTtV2tu3Z2BLBOvIDUo0OxXv7qDmKURV8gkNabjuQn2MqpRMMmnlW5qeELZmA55x1JFI2562SzxlJxYZUDCWNunkMzU3xsZjYyZRIGdzBOaRS8X//M6KYaXvUyoJEWu2PyjMJUEY5KfTwZCc4ZyYgllWtishI2opgxtSRVbgrd48jLxz+pXde/2vNZwizbKcATHcAoeXEADbqAJPjBQ8Ayv8OYY58V5dz7moyWn2DmEP3A+fwBiZpDe</latexit><latexit sha1_base64="mWE5J8aOSebtz9oAJbys/42ybqI=">AAAB8HicbVBNS8NAFHypX7V+VT16WSyCp5KIoN4KXjxWMLbYlrLZbtqlm03YfRFL6L/w4kHFqz/Hm//GTZuDtg4sDDPvsfMmSKQw6LrfTmlldW19o7xZ2dre2d2r7h/cmzjVjPsslrFuB9RwKRT3UaDk7URzGgWSt4Lxde63Hrk2IlZ3OEl4L6JDJULBKFrpoRtRHAVh9jTtV2tu3Z2BLBOvIDUo0OxXv7qDmKURV8gkNabjuQn2MqpRMMmnlW5qeELZmA55x1JFI2562SzxlJxYZUDCWNunkMzU3xsZjYyZRIGdzBOaRS8X//M6KYaXvUyoJEWu2PyjMJUEY5KfTwZCc4ZyYgllWtishI2opgxtSRVbgrd48jLxz+pXde/2vNZwizbKcATHcAoeXEADbqAJPjBQ8Ayv8OYY58V5dz7moyWn2DmEP3A+fwBiZpDe</latexit><latexit sha1_base64="mWE5J8aOSebtz9oAJbys/42ybqI=">AAAB8HicbVBNS8NAFHypX7V+VT16WSyCp5KIoN4KXjxWMLbYlrLZbtqlm03YfRFL6L/w4kHFqz/Hm//GTZuDtg4sDDPvsfMmSKQw6LrfTmlldW19o7xZ2dre2d2r7h/cmzjVjPsslrFuB9RwKRT3UaDk7URzGgWSt4Lxde63Hrk2IlZ3OEl4L6JDJULBKFrpoRtRHAVh9jTtV2tu3Z2BLBOvIDUo0OxXv7qDmKURV8gkNabjuQn2MqpRMMmnlW5qeELZmA55x1JFI2562SzxlJxYZUDCWNunkMzU3xsZjYyZRIGdzBOaRS8X//M6KYaXvUyoJEWu2PyjMJUEY5KfTwZCc4ZyYgllWtishI2opgxtSRVbgrd48jLxz+pXde/2vNZwizbKcATHcAoeXEADbqAJPjBQ8Ayv8OYY58V5dz7moyWn2DmEP3A+fwBiZpDe</latexit><latexit sha1_base64="mWE5J8aOSebtz9oAJbys/42ybqI=">AAAB8HicbVBNS8NAFHypX7V+VT16WSyCp5KIoN4KXjxWMLbYlrLZbtqlm03YfRFL6L/w4kHFqz/Hm//GTZuDtg4sDDPvsfMmSKQw6LrfTmlldW19o7xZ2dre2d2r7h/cmzjVjPsslrFuB9RwKRT3UaDk7URzGgWSt4Lxde63Hrk2IlZ3OEl4L6JDJULBKFrpoRtRHAVh9jTtV2tu3Z2BLBOvIDUo0OxXv7qDmKURV8gkNabjuQn2MqpRMMmnlW5qeELZmA55x1JFI2562SzxlJxYZUDCWNunkMzU3xsZjYyZRIGdzBOaRS8X//M6KYaXvUyoJEWu2PyjMJUEY5KfTwZCc4ZyYgllWtishI2opgxtSRVbgrd48jLxz+pXde/2vNZwizbKcATHcAoeXEADbqAJPjBQ8Ayv8OYY58V5dz7moyWn2DmEP3A+fwBiZpDe</latexit>

Starting point:
Perceptron a.k.a Generalized Linear Model (GLM)

y

<latexit sha1_base64="2Yrux2aUyODxkF/bzUAS/pg3y3Y=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG8FLx6r2A9oQ9lsJ+3SzSbsboQQ+g+8eFDEq//Im//GbZuDtj4YeLw3w8y8IBFcG9f9dkpr6xubW+Xtys7u3v5B9fCoreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7czvPKHSPJaPJkvQj+hI8pAzaqz0kJFBtebW3TnIKvEKUoMCzUH1qz+MWRqhNExQrXuemxg/p8pwJnBa6acaE8omdIQ9SyWNUPv5/NIpObPKkISxsiUNmau/J3IaaZ1Fge2MqBnrZW8m/uf1UhNe+zmXSWpQssWiMBXExGT2NhlyhcyIzBLKFLe3EjamijJjw6nYELzll1dJ+6LuXdZv7i9rDbeIowwncArn4MEVNOAOmtACBiE8wyu8ORPnxXl3PhatJaeYOYY/cD5/ADwfjSE=</latexit>

3

f⇠
⇣ ⌘

<latexit sha1_base64="Vcmvz0bIQMrw8r0eOkaoBfdaNqo=">AAACEHicbVC7TsMwFHXKq5RXgJHFokKUpUpKJRgrWBiLRB9SE0WO47RWHSe1HURV9RNY+BUWBhBiZWTjb3DTDNBypKt7dM69su/xE0alsqxvo7Cyura+UdwsbW3v7O6Z+wdtGacCkxaOWSy6PpKEUU5aiipGuokgKPIZ6fjD65nfuSdC0pjfqXFC3Aj1OQ0pRkpLnnkaes4Dhc4V7VegMxqlKFhomXfmmWWramWAy8TOSRnkaHrmlxPEOI0IV5ghKXu2lSh3goSimJFpyUklSRAeoj7pacpRRKQ7yQ6awhOtBDCMhS6uYKb+3pigSMpx5OvJCKmBXPRm4n9eL1XhpTuhPEkV4Xj+UJgyqGI4SwcGVBCs2FgThAXVf4V4gATCSmdY0iHYiycvk3atap9Xa7f1cqOex1EER+AYVIANLkAD3IAmaAEMHsEzeAVvxpPxYrwbH/PRgpHvHII/MD5/AGN+m34=</latexit>

=<latexit sha1_base64="7vdqzKm6L5K9DGnJMRyYxaSZnUQ=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoBeh4MVjC7YW2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0PBh7vzTAzL0gE18Z1v53C2vrG5lZxu7Szu7d/UD48aus4VQxbLBax6gRUo+ASW4YbgZ1EIY0CgQ/B+HbmPzyh0jyW92aSoB/RoeQhZ9RYqXnTL1fcqjsHWSVeTiqQo9Evf/UGMUsjlIYJqnXXcxPjZ1QZzgROS71UY0LZmA6xa6mkEWo/mx86JWdWGZAwVrakIXP190RGI60nUWA7I2pGetmbif953dSE137GZZIalGyxKEwFMTGZfU0GXCEzYmIJZYrbWwkbUUWZsdmUbAje8surpF2rehfVWvOyUnfzOIpwAqdwDh5cQR3uoAEtYIDwDK/w5jw6L86787FoLTj5zDH8gfP5A4ixjLM=</latexit> ⇥
<latexit sha1_base64="0QSvAW1rxwYRhX2g/UYY4OR94mk=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hd0o6DHgxWME84BkCbOT2WTM7Mwy0yuEkH/w4kERr/6PN//GSbIHTSxoKKq66e6KUiks+v63t7a+sbm1Xdgp7u7tHxyWjo6bVmeG8QbTUpt2RC2XQvEGCpS8nRpOk0jyVjS6nfmtJ26s0OoBxykPEzpQIhaMopOaXRQJt71S2a/4c5BVEuSkDDnqvdJXt69ZlnCFTFJrO4GfYjihBgWTfFrsZpanlI3ogHccVdQtCSfza6fk3Cl9EmvjSiGZq78nJjSxdpxErjOhOLTL3kz8z+tkGN+EE6HSDLlii0VxJglqMnud9IXhDOXYEcqMcLcSNqSGMnQBFV0IwfLLq6RZrQSXler9Vbnm53EU4BTO4AICuIYa3EEdGsDgEZ7hFd487b14797HonXNy2dO4A+8zx+yD48m</latexit>

w

<latexit sha1_base64="69UYHng3bq9HTbD/nKhvpXrT7xA=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgqsxIQd0V3LisYB/YlpJJ77ShmcyQZJQy9C/cuFDErX/jzr8x085CWw8EDufcS849fiy4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS0eJYthkkYhUx6caBZfYNNwI7MQKaegLbPuTm8xvP6LSPJL3ZhpjP6QjyQPOqLHSQy+kZuwH6dNsUK64VXcOskq8nFQgR2NQ/uoNI5aEKA0TVOuu58amn1JlOBM4K/USjTFlEzrCrqWShqj76TzxjJxZZUiCSNknDZmrvzdSGmo9DX07mSXUy14m/ud1ExNc9VMu48SgZIuPgkQQE5HsfDLkCpkRU0soU9xmJWxMFWXGllSyJXjLJ6+S1kXVq1Wv72qVupvXUYQTOIVz8OAS6nALDWgCAwnP8ApvjnZenHfnYzFacPKdY/gD5/MH+iqRFQ==</latexit>

N

<latexit sha1_base64="IKFjb1smIlt1iH24p4CqiCPVr+0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN4KXjxJC7YW2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0PBh7vzTAzL0gE18Z1v53C2vrG5lZxu7Szu7d/UD48aus4VQxbLBax6gRUo+ASW4YbgZ1EIY0CgQ/B+GbmPzyh0jyW92aSoB/RoeQhZ9RYqXnXL1fcqjsHWSVeTiqQo9Evf/UGMUsjlIYJqnXXcxPjZ1QZzgROS71UY0LZmA6xa6mkEWo/mx86JWdWGZAwVrakIXP190RGI60nUWA7I2pGetmbif953dSEV37GZZIalGyxKEwFMTGZfU0GXCEzYmIJZYrbWwkbUUWZsdmUbAje8surpH1R9WrV62atUnfzOIpwAqdwDh5cQh1uoQEtYIDwDK/w5jw6L86787FoLTj5zDH8gfP5A6UHjMw=</latexit>

y

<latexit sha1_base64="qBc/m/4XXQEDMHnmGojXisMgaTo=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQiqLuCG5cV7APbUCbTSTt0MgkzN0IJ/Qs3LhRx69+482+ctFlo64GBwzn3MueeIJHCoOt+O6W19Y3NrfJ2ZWd3b/+genjUNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbnO/88S1EbF6wGnC/YiOlAgFo2ilx35EcRyE2XQ2qNbcujsHWSVeQWpQoDmofvWHMUsjrpBJakzPcxP0M6pRMMlnlX5qeELZhI54z1JFI278bJ54Rs6sMiRhrO1TSObq742MRsZMo8BO5gnNspeL/3m9FMNrPxMqSZErtvgoTCXBmOTnk6HQnKGcWkKZFjYrYWOqKUNbUsWW4C2fvEraF3Xvsn5zf1lruEUdZTiBUzgHD66gAXfQhBYwUPAMr/DmGOfFeXc+FqMlp9g5hj9wPn8A/TSRFw==</latexit>

f⇠
⇣ ⌘

<latexit sha1_base64="Vcmvz0bIQMrw8r0eOkaoBfdaNqo=">AAACEHicbVC7TsMwFHXKq5RXgJHFokKUpUpKJRgrWBiLRB9SE0WO47RWHSe1HURV9RNY+BUWBhBiZWTjb3DTDNBypKt7dM69su/xE0alsqxvo7Cyura+UdwsbW3v7O6Z+wdtGacCkxaOWSy6PpKEUU5aiipGuokgKPIZ6fjD65nfuSdC0pjfqXFC3Aj1OQ0pRkpLnnkaes4Dhc4V7VegMxqlKFhomXfmmWWramWAy8TOSRnkaHrmlxPEOI0IV5ghKXu2lSh3goSimJFpyUklSRAeoj7pacpRRKQ7yQ6awhOtBDCMhS6uYKb+3pigSMpx5OvJCKmBXPRm4n9eL1XhpTuhPEkV4Xj+UJgyqGI4SwcGVBCs2FgThAXVf4V4gATCSmdY0iHYiycvk3atap9Xa7f1cqOex1EER+AYVIANLkAD3IAmaAEMHsEzeAVvxpPxYrwbH/PRgpHvHII/MD5/AGN+m34=</latexit>

=<latexit sha1_base64="7vdqzKm6L5K9DGnJMRyYxaSZnUQ=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoBeh4MVjC7YW2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0PBh7vzTAzL0gE18Z1v53C2vrG5lZxu7Szu7d/UD48aus4VQxbLBax6gRUo+ASW4YbgZ1EIY0CgQ/B+HbmPzyh0jyW92aSoB/RoeQhZ9RYqXnTL1fcqjsHWSVeTiqQo9Evf/UGMUsjlIYJqnXXcxPjZ1QZzgROS71UY0LZmA6xa6mkEWo/mx86JWdWGZAwVrakIXP190RGI60nUWA7I2pGetmbif953dSE137GZZIalGyxKEwFMTGZfU0GXCEzYmIJZYrbWwkbUUWZsdmUbAje8surpF2rehfVWvOyUnfzOIpwAqdwDh5cQR3uoAEtYIDwDK/w5jw6L86787FoLTj5zDH8gfP5A4ixjLM=</latexit> ⇥
<latexit sha1_base64="0QSvAW1rxwYRhX2g/UYY4OR94mk=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hd0o6DHgxWME84BkCbOT2WTM7Mwy0yuEkH/w4kERr/6PN//GSbIHTSxoKKq66e6KUiks+v63t7a+sbm1Xdgp7u7tHxyWjo6bVmeG8QbTUpt2RC2XQvEGCpS8nRpOk0jyVjS6nfmtJ26s0OoBxykPEzpQIhaMopOaXRQJt71S2a/4c5BVEuSkDDnqvdJXt69ZlnCFTFJrO4GfYjihBgWTfFrsZpanlI3ogHccVdQtCSfza6fk3Cl9EmvjSiGZq78nJjSxdpxErjOhOLTL3kz8z+tkGN+EE6HSDLlii0VxJglqMnud9IXhDOXYEcqMcLcSNqSGMnQBFV0IwfLLq6RZrQSXler9Vbnm53EU4BTO4AICuIYa3EEdGsDgEZ7hFd487b14797HonXNy2dO4A+8zx+yD48m</latexit>

w

<latexit sha1_base64="69UYHng3bq9HTbD/nKhvpXrT7xA=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgqsxIQd0V3LisYB/YlpJJ77ShmcyQZJQy9C/cuFDErX/jzr8x085CWw8EDufcS849fiy4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS0eJYthkkYhUx6caBZfYNNwI7MQKaegLbPuTm8xvP6LSPJL3ZhpjP6QjyQPOqLHSQy+kZuwH6dNsUK64VXcOskq8nFQgR2NQ/uoNI5aEKA0TVOuu58amn1JlOBM4K/USjTFlEzrCrqWShqj76TzxjJxZZUiCSNknDZmrvzdSGmo9DX07mSXUy14m/ud1ExNc9VMu48SgZIuPgkQQE5HsfDLkCpkRU0soU9xmJWxMFWXGllSyJXjLJ6+S1kXVq1Wv72qVupvXUYQTOIVz8OAS6nALDWgCAwnP8ApvjnZenHfnYzFacPKdY/gD5/MH+iqRFQ==</latexit>

N

<latexit sha1_base64="IKFjb1smIlt1iH24p4CqiCPVr+0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN4KXjxJC7YW2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0PBh7vzTAzL0gE18Z1v53C2vrG5lZxu7Szu7d/UD48aus4VQxbLBax6gRUo+ASW4YbgZ1EIY0CgQ/B+GbmPzyh0jyW92aSoB/RoeQhZ9RYqXnXL1fcqjsHWSVeTiqQo9Evf/UGMUsjlIYJqnXXcxPjZ1QZzgROS71UY0LZmA6xa6mkEWo/mx86JWdWGZAwVrakIXP190RGI60nUWA7I2pGetmbif953dSEV37GZZIalGyxKEwFMTGZfU0GXCEzYmIJZYrbWwkbUUWZsdmUbAje8surpH1R9WrV62atUnfzOIpwAqdwDh5cQh1uoQEtYIDwDK/w5jw6L86787FoLTj5zDH8gfP5A6UHjMw=</latexit>

X

<latexit sha1_base64="+5w+Hi1xTRlI+sJVVJj9NQJcoig=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN4KXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ylsbG5t7xR3S3v7B4dH5eOTto5TxbDFYhGrbkA1Ci6xZbgR2E0U0igQ2Akmd3O/84RK81g+mGmCfkRHkoecUWOlZndQrrhVdwGyTrycVCBHY1D+6g9jlkYoDRNU657nJsbPqDKcCZyV+qnGhLIJHWHPUkkj1H62OHRGLqwyJGGsbElDFurviYxGWk+jwHZG1Iz1qjcX//N6qQlv/IzLJDUo2XJRmApiYjL/mgy5QmbE1BLKFLe3EjamijJjsynZELzVl9dJ+6rq1aq3zVql7uZxFOEMzuESPLiGOtxDA1rAAOEZXuHNeXRenHfnY9lacPKZU/gD5/MHtC+M1g==</latexit>

x>

<latexit sha1_base64="/UU0kIw3LT5hrEl1VGArJhkQQl4=">AAAB+HicbVDLSsNAFJ3UV62PRl26GSyCq5JIQd0V3LisYB/QxDKZTtqhk0mYuRFr6Je4caGIWz/FnX/jpM1CWw8MHM65l3vmBIngGhzn2yqtrW9sbpW3Kzu7e/tV++Cwo+NUUdamsYhVLyCaCS5ZGzgI1ksUI1EgWDeYXOd+94EpzWN5B9OE+REZSR5ySsBIA7vqRQTGQZg9zu49iJOBXXPqzhx4lbgFqaECrYH95Q1jmkZMAhVE677rJOBnRAGngs0qXqpZQuiEjFjfUEkipv1sHnyGT40yxGGszJOA5+rvjYxEWk+jwEzmMfWyl4v/ef0Uwks/4zJJgUm6OBSmAkOM8xbwkCtGQUwNIVRxkxXTMVGEgumqYkpwl7+8SjrndbdRv7pt1JpOUUcZHaMTdIZcdIGa6Aa1UBtRlKJn9IrerCfrxXq3PhajJavYOUJ/YH3+AGFek4Y=</latexit>

P

<latexit sha1_base64="y7lduatjUHqQ69bGTHT2oesyvbs=">AAAB6HicbVDLSgMxFL1TX7W+qi7dBIvgqsxIoboruHHZgn1AO0gmvdPGZjJDkhHK0C9w40IRt36SO//GtJ2Fth4IHM45l9x7gkRwbVz32ylsbG5t7xR3S3v7B4dH5eOTjo5TxbDNYhGrXkA1Ci6xbbgR2EsU0igQ2A0mt3O/+4RK81jem2mCfkRHkoecUWOlVvOhXHGr7gJknXg5qUAOm/8aDGOWRigNE1Trvucmxs+oMpwJnJUGqcaEsgkdYd9SSSPUfrZYdEYurDIkYazsk4Ys1N8TGY20nkaBTUbUjPWqNxf/8/qpCa/9jMskNSjZ8qMwFcTEZH41GXKFzIipJZQpbnclbEwVZcZ2U7IleKsnr5POVdWrVW9atUrDzesowhmcwyV4UIcG3EET2sAA4Rle4c15dF6cd+djGS04+cwp/IHz+QOoD4zO</latexit>

P ⇥N

<latexit sha1_base64="exXfeSGC1Hd/RCcqn45BB/d+Tdk=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN4KXjxJBfuBbSib7aZdutmE3YlQQv+FFw+KePXfePPfuG1z0NYHA4/3ZpiZFyRSGHTdb6ewtr6xuVXcLu3s7u0flA+PWiZONeNNFstYdwJquBSKN1Gg5J1EcxoFkreD8c3Mbz9xbUSsHnCScD+iQyVCwSha6bFBeigibshdv1xxq+4cZJV4OalAjka//NUbxCyNuEImqTFdz03Qz6hGwSSflnqp4QllYzrkXUsVtWv8bH7xlJxZZUDCWNtSSObq74mMRsZMosB2RhRHZtmbif953RTDKz8TKkmRK7ZYFKaSYExm75OB0JyhnFhCmRb2VsJGVFOGNqSSDcFbfnmVtC6qXq16fV+r1N08jiKcwCmcgweXUIdbaEATGCh4hld4c4zz4rw7H4vWgpPPHMMfOJ8/oeeQNA==</latexit>

(stochastic) 
activation fucntion 

knownknown

N

<latexit sha1_base64="IKFjb1smIlt1iH24p4CqiCPVr+0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN4KXjxJC7YW2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0PBh7vzTAzL0gE18Z1v53C2vrG5lZxu7Szu7d/UD48aus4VQxbLBax6gRUo+ASW4YbgZ1EIY0CgQ/B+GbmPzyh0jyW92aSoB/RoeQhZ9RYqXnXL1fcqjsHWSVeTiqQo9Evf/UGMUsjlIYJqnXXcxPjZ1QZzgROS71UY0LZmA6xa6mkEWo/mx86JWdWGZAwVrakIXP190RGI60nUWA7I2pGetmbif953dSEV37GZZIalGyxKEwFMTGZfU0GXCEzYmIJZYrbWwkbUUWZsdmUbAje8surpH1R9WrV62atUnfzOIpwAqdwDh5cQh1uoQEtYIDwDK/w5jw6L86787FoLTj5zDH8gfP5A6UHjMw=</latexit>

y

<latexit sha1_base64="WSnEfSu6Brxlhr4igahySjSZrkk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN4KXjy2YD+gDWWznbRrN5uwuxFC6S/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ylsbG5t7xR3S3v7B4dH5eOTto5TxbDFYhGrbkA1Ci6xZbgR2E0U0igQ2Akmd3O/84RK81g+mCxBP6IjyUPOqLFSMxuUK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifGnVBnOBM5K/VRjQtmEjrBnqaQRan+6OHRGLqwyJGGsbElDFurviSmNtM6iwHZG1Iz1qjcX//N6qQlv/CmXSWpQsuWiMBXExGT+NRlyhcyIzBLKFLe3EjamijJjsynZELzVl9dJ+6rq1aq3zVql7uZxFOEMzuESPLiGOtxDA1rAAOEZXuHNeXRenHfnY9lacPKZU/gD5/MH5jOM9w==</latexit>

X

<latexit sha1_base64="+5w+Hi1xTRlI+sJVVJj9NQJcoig=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN4KXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ylsbG5t7xR3S3v7B4dH5eOTto5TxbDFYhGrbkA1Ci6xZbgR2E0U0igQ2Akmd3O/84RK81g+mGmCfkRHkoecUWOlZndQrrhVdwGyTrycVCBHY1D+6g9jlkYoDRNU657nJsbPqDKcCZyV+qnGhLIJHWHPUkkj1H62OHRGLqwyJGGsbElDFurviYxGWk+jwHZG1Iz1qjcX//N6qQlv/IzLJDUo2XJRmApiYjL/mgy5QmbE1BLKFLe3EjamijJjsynZELzVl9dJ+6rq1aq3zVql7uZxFOEMzuESPLiGOtxDA1rAAOEZXuHNeXRenHfnY9lacPKZU/gD5/MHtC+M1g==</latexit>

y

<latexit sha1_base64="qBc/m/4XXQEDMHnmGojXisMgaTo=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQiqLuCG5cV7APbUCbTSTt0MgkzN0IJ/Qs3LhRx69+482+ctFlo64GBwzn3MueeIJHCoOt+O6W19Y3NrfJ2ZWd3b/+genjUNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbnO/88S1EbF6wGnC/YiOlAgFo2ilx35EcRyE2XQ2qNbcujsHWSVeQWpQoDmofvWHMUsjrpBJakzPcxP0M6pRMMlnlX5qeELZhI54z1JFI278bJ54Rs6sMiRhrO1TSObq742MRsZMo8BO5gnNspeL/3m9FMNrPxMqSZErtvgoTCXBmOTnk6HQnKGcWkKZFjYrYWOqKUNbUsWW4C2fvEraF3Xvsn5zf1lruEUdZTiBUzgHD66gAXfQhBYwUPAMr/DmGOfFeXc+FqMlp9g5hj9wPn8A/TSRFw==</latexit>

known known

w

<latexit sha1_base64="gWn4dgYvf4Rqj2BVTSt9SyU75s4=">AAAB8XicdVDLSgMxFL1TX7W+qi7dBIvgqiQitt0V3LisYB/YDiWTZmowkxmSjFKG/oUbF4q49W/c+Tdm2goqeiBwOOdecu4JEimMxfjDKywtr6yuFddLG5tb2zvl3b2OiVPNeJvFMta9gBouheJtK6zkvURzGgWSd4Pb89zv3nFtRKyu7CThfkTHSoSCUeuk60FE7U0QZvfTYbmCqxhjQgjKCamdYUcajfoJqSOSWw4VWKA1LL8PRjFLI64sk9SYPsGJ9TOqrWCST0uD1PCEsls65n1HFY248bNZ4ik6csoIhbF2T1k0U79vZDQyZhIFbjJPaH57ufiX109tWPczoZLUcsXmH4WpRDZG+floJDRnVk4coUwLlxWxG6ops66kkivh61L0P+mcVMlptXF5WmniRR1FOIBDOAYCNWjCBbSgDQwUPMATPHvGe/RevNf5aMFb7OzDD3hvn0cvkUs=</latexit>

known known
x

<latexit sha1_base64="h+m1149UjtXpnkpRLohbJhtXZrM=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgqsxIQd0V3LisYB/YlpJJ77ShmcyQZMQy9C/cuFDErX/jzr8x085CWw8EDufcS849fiy4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS0eJYthkkYhUx6caBZfYNNwI7MQKaegLbPuTm8xvP6LSPJL3ZhpjP6QjyQPOqLHSQy+kZuwH6dNsUK64VXcOskq8nFQgR2NQ/uoNI5aEKA0TVOuu58amn1JlOBM4K/USjTFlEzrCrqWShqj76TzxjJxZZUiCSNknDZmrvzdSGmo9DX07mSXUy14m/ud1ExNc9VMu48SgZIuPgkQQE5HsfDLkCpkRU0soU9xmJWxMFWXGllSyJXjLJ6+S1kXVq1Wv72qVupvXUYQTOIVz8OAS6nALDWgCAwnP8ApvjnZenHfnYzFacPKdY/gD5/MH+6+RFg==</latexit>

y

<latexit sha1_base64="2Yrux2aUyODxkF/bzUAS/pg3y3Y=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG8FLx6r2A9oQ9lsJ+3SzSbsboQQ+g+8eFDEq//Im//GbZuDtj4YeLw3w8y8IBFcG9f9dkpr6xubW+Xtys7u3v5B9fCoreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7czvPKHSPJaPJkvQj+hI8pAzaqz0kJFBtebW3TnIKvEKUoMCzUH1qz+MWRqhNExQrXuemxg/p8pwJnBa6acaE8omdIQ9SyWNUPv5/NIpObPKkISxsiUNmau/J3IaaZ1Fge2MqBnrZW8m/uf1UhNe+zmXSWpQssWiMBXExGT2NhlyhcyIzBLKFLe3EjamijJjw6nYELzll1dJ+6LuXdZv7i9rDbeIowwncArn4MEVNOAOmtACBiE8wyu8ORPnxXl3PhatJaeYOYY/cD5/ADwfjSE=</latexit>

w

<latexit sha1_base64="69UYHng3bq9HTbD/nKhvpXrT7xA=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgqsxIQd0V3LisYB/YlpJJ77ShmcyQZJQy9C/cuFDErX/jzr8x085CWw8EDufcS849fiy4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS0eJYthkkYhUx6caBZfYNNwI7MQKaegLbPuTm8xvP6LSPJL3ZhpjP6QjyQPOqLHSQy+kZuwH6dNsUK64VXcOskq8nFQgR2NQ/uoNI5aEKA0TVOuu58amn1JlOBM4K/USjTFlEzrCrqWShqj76TzxjJxZZUiCSNknDZmrvzdSGmo9DX07mSXUy14m/ud1ExNc9VMu48SgZIuPgkQQE5HsfDLkCpkRU0soU9xmJWxMFWXGllSyJXjLJ6+S1kXVq1Wv72qVupvXUYQTOIVz8OAS6nALDWgCAwnP8ApvjnZenHfnYzFacPKdY/gD5/MH+iqRFQ==</latexit>

one 
sample

P samples
training set



1. Teacher-student / planted problem
2. Bayesian optimal

3. Mean-field analysis / typical case

✓ Information theoretic analysis with mean-field replica method [1]
✓ Rigorously proven [2]
✓ (Generalized) Approximate Message Passing (AMP) algorithm [3]
✓ State evolution statistical analysis of algorithm performance [3]

✏g(N,P ) = Ew|D

h
(y � ŷ(w))2

i

<latexit sha1_base64="6mzWTuNbfdWDNVuS3xE9p9QtrlQ="></latexit>

Statistical mechanics of the Perceptron 4

y

<latexit sha1_base64="qBc/m/4XXQEDMHnmGojXisMgaTo=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQiqLuCG5cV7APbUCbTSTt0MgkzN0IJ/Qs3LhRx69+482+ctFlo64GBwzn3MueeIJHCoOt+O6W19Y3NrfJ2ZWd3b/+genjUNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbnO/88S1EbF6wGnC/YiOlAgFo2ilx35EcRyE2XQ2qNbcujsHWSVeQWpQoDmofvWHMUsjrpBJakzPcxP0M6pRMMlnlX5qeELZhI54z1JFI278bJ54Rs6sMiRhrO1TSObq742MRsZMo8BO5gnNspeL/3m9FMNrPxMqSZErtvgoTCXBmOTnk6HQnKGcWkKZFjYrYWOqKUNbUsWW4C2fvEraF3Xvsn5zf1lruEUdZTiBUzgHD66gAXfQhBYwUPAMr/DmGOfFeXc+FqMlp9g5hj9wPn8A/TSRFw==</latexit>

f⇠
⇣ ⌘

<latexit sha1_base64="Vcmvz0bIQMrw8r0eOkaoBfdaNqo=">AAACEHicbVC7TsMwFHXKq5RXgJHFokKUpUpKJRgrWBiLRB9SE0WO47RWHSe1HURV9RNY+BUWBhBiZWTjb3DTDNBypKt7dM69su/xE0alsqxvo7Cyura+UdwsbW3v7O6Z+wdtGacCkxaOWSy6PpKEUU5aiipGuokgKPIZ6fjD65nfuSdC0pjfqXFC3Aj1OQ0pRkpLnnkaes4Dhc4V7VegMxqlKFhomXfmmWWramWAy8TOSRnkaHrmlxPEOI0IV5ghKXu2lSh3goSimJFpyUklSRAeoj7pacpRRKQ7yQ6awhOtBDCMhS6uYKb+3pigSMpx5OvJCKmBXPRm4n9eL1XhpTuhPEkV4Xj+UJgyqGI4SwcGVBCs2FgThAXVf4V4gATCSmdY0iHYiycvk3atap9Xa7f1cqOex1EER+AYVIANLkAD3IAmaAEMHsEzeAVvxpPxYrwbH/PRgpHvHII/MD5/AGN+m34=</latexit>

=<latexit sha1_base64="7vdqzKm6L5K9DGnJMRyYxaSZnUQ=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoBeh4MVjC7YW2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0PBh7vzTAzL0gE18Z1v53C2vrG5lZxu7Szu7d/UD48aus4VQxbLBax6gRUo+ASW4YbgZ1EIY0CgQ/B+HbmPzyh0jyW92aSoB/RoeQhZ9RYqXnTL1fcqjsHWSVeTiqQo9Evf/UGMUsjlIYJqnXXcxPjZ1QZzgROS71UY0LZmA6xa6mkEWo/mx86JWdWGZAwVrakIXP190RGI60nUWA7I2pGetmbif953dSE137GZZIalGyxKEwFMTGZfU0GXCEzYmIJZYrbWwkbUUWZsdmUbAje8surpF2rehfVWvOyUnfzOIpwAqdwDh5cQR3uoAEtYIDwDK/w5jw6L86787FoLTj5zDH8gfP5A4ixjLM=</latexit> ⇥
<latexit sha1_base64="0QSvAW1rxwYRhX2g/UYY4OR94mk=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hd0o6DHgxWME84BkCbOT2WTM7Mwy0yuEkH/w4kERr/6PN//GSbIHTSxoKKq66e6KUiks+v63t7a+sbm1Xdgp7u7tHxyWjo6bVmeG8QbTUpt2RC2XQvEGCpS8nRpOk0jyVjS6nfmtJ26s0OoBxykPEzpQIhaMopOaXRQJt71S2a/4c5BVEuSkDDnqvdJXt69ZlnCFTFJrO4GfYjihBgWTfFrsZpanlI3ogHccVdQtCSfza6fk3Cl9EmvjSiGZq78nJjSxdpxErjOhOLTL3kz8z+tkGN+EE6HSDLlii0VxJglqMnud9IXhDOXYEcqMcLcSNqSGMnQBFV0IwfLLq6RZrQSXler9Vbnm53EU4BTO4AICuIYa3EEdGsDgEZ7hFd487b14797HonXNy2dO4A+8zx+yD48m</latexit>

N

<latexit sha1_base64="IKFjb1smIlt1iH24p4CqiCPVr+0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN4KXjxJC7YW2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0PBh7vzTAzL0gE18Z1v53C2vrG5lZxu7Szu7d/UD48aus4VQxbLBax6gRUo+ASW4YbgZ1EIY0CgQ/B+GbmPzyh0jyW92aSoB/RoeQhZ9RYqXnXL1fcqjsHWSVeTiqQo9Evf/UGMUsjlIYJqnXXcxPjZ1QZzgROS71UY0LZmA6xa6mkEWo/mx86JWdWGZAwVrakIXP190RGI60nUWA7I2pGetmbif953dSEV37GZZIalGyxKEwFMTGZfU0GXCEzYmIJZYrbWwkbUUWZsdmUbAje8surpH1R9WrV62atUnfzOIpwAqdwDh5cQh1uoQEtYIDwDK/w5jw6L86787FoLTj5zDH8gfP5A6UHjMw=</latexit>

X

<latexit sha1_base64="+5w+Hi1xTRlI+sJVVJj9NQJcoig=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN4KXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ylsbG5t7xR3S3v7B4dH5eOTto5TxbDFYhGrbkA1Ci6xZbgR2E0U0igQ2Akmd3O/84RK81g+mGmCfkRHkoecUWOlZndQrrhVdwGyTrycVCBHY1D+6g9jlkYoDRNU657nJsbPqDKcCZyV+qnGhLIJHWHPUkkj1H62OHRGLqwyJGGsbElDFurviYxGWk+jwHZG1Iz1qjcX//N6qQlv/IzLJDUo2XJRmApiYjL/mgy5QmbE1BLKFLe3EjamijJjsynZELzVl9dJ+6rq1aq3zVql7uZxFOEMzuESPLiGOtxDA1rAAOEZXuHNeXRenHfnY9lacPKZU/gD5/MHtC+M1g==</latexit>

P

<latexit sha1_base64="y7lduatjUHqQ69bGTHT2oesyvbs=">AAAB6HicbVDLSgMxFL1TX7W+qi7dBIvgqsxIoboruHHZgn1AO0gmvdPGZjJDkhHK0C9w40IRt36SO//GtJ2Fth4IHM45l9x7gkRwbVz32ylsbG5t7xR3S3v7B4dH5eOTjo5TxbDNYhGrXkA1Ci6xbbgR2EsU0igQ2A0mt3O/+4RK81jem2mCfkRHkoecUWOlVvOhXHGr7gJknXg5qUAOm/8aDGOWRigNE1Trvucmxs+oMpwJnJUGqcaEsgkdYd9SSSPUfrZYdEYurDIkYazsk4Ys1N8TGY20nkaBTUbUjPWqNxf/8/qpCa/9jMskNSjZ8qMwFcTEZH41GXKFzIipJZQpbnclbEwVZcZ2U7IleKsnr5POVdWrVW9atUrDzesowhmcwyV4UIcG3EET2sAA4Rle4c15dF6cd+djGS04+cwp/IHz+QOoD4zO</latexit>

P ⇥N

<latexit sha1_base64="exXfeSGC1Hd/RCcqn45BB/d+Tdk=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN4KXjxJBfuBbSib7aZdutmE3YlQQv+FFw+KePXfePPfuG1z0NYHA4/3ZpiZFyRSGHTdb6ewtr6xuVXcLu3s7u0flA+PWiZONeNNFstYdwJquBSKN1Gg5J1EcxoFkreD8c3Mbz9xbUSsHnCScD+iQyVCwSha6bFBeigibshdv1xxq+4cZJV4OalAjka//NUbxCyNuEImqTFdz03Qz6hGwSSflnqp4QllYzrkXUsVtWv8bH7xlJxZZUDCWNtSSObq74mMRsZMosB2RhRHZtmbif953RTDKz8TKkmRK7ZYFKaSYExm75OB0JyhnFhCmRb2VsJGVFOGNqSSDcFbfnmVtC6qXq16fV+r1N08jiKcwCmcgweXUIdbaEATGCh4hld4c4zz4rw7H4vWgpPPHMMfOJ8/oeeQNA==</latexit>

i.i.d. binaryi.i.d. Rademacher

[1] Györgyi (1990). First-order transition to perfect generalization in a neural network with binary synapses 
[2] Barbier,  et al. (2018). Phase Transitions, Optimal Errors and Optimality of Message-Passing in Generalized Linear Models
[3] Rangan (2011) Generalized Approximate Message Passing for Estimation with Random Linear Mixing. 

✏g(↵) = lim
N!1

1

N
✏g(N,P )

<latexit sha1_base64="Q43QmXAr+Z1RfVCm70JFOIFfeGo="></latexit>

↵ = P/N

<latexit sha1_base64="EzRhnFTIXz1nHQWpOjOdIY0Zduw=">AAAB9XicbVDLSgNBEOyNrxhfUY9eBoPgKe6GgHoQAl48SQTzgGQNvZPZZMjsg5lZJSz5Dy8eFPHqv3jzb5wke9DEgoaiqpvuLi8WXGnb/rZyK6tr6xv5zcLW9s7uXnH/oKmiRFLWoJGIZNtDxQQPWUNzLVg7lgwDT7CWN7qe+q1HJhWPwns9jpkb4CDkPqeojfTQRREPkVyROjkjt71iyS7bM5Bl4mSkBBnqveJXtx/RJGChpgKV6jh2rN0UpeZUsEmhmygWIx3hgHUMDTFgyk1nV0/IiVH6xI+kqVCTmfp7IsVAqXHgmc4A9VAtelPxP6+TaP/CTXkYJ5qFdL7ITwTREZlGQPpcMqrF2BCkkptbCR2iRKpNUAUTgrP48jJpVspOtXx5Vy3VKlkceTiCYzgFB86hBjdQhwZQkPAMr/BmPVkv1rv1MW/NWdnMIfyB9fkDH7mQ7g==</latexit>

px(x)

<latexit sha1_base64="vAxD+Fc3m6aSqhyLpFVdYVKj5bs=">AAAB+HicbVDLSsNAFL2pr1ofjbp0M1iEuimJFNRdwY3LCvYBbSiT6aQdOpmEmYm0hn6JGxeKuPVT3Pk3TtostPXAwOGce7lnjh9zprTjfFuFjc2t7Z3ibmlv/+CwbB8dt1WUSEJbJOKR7PpYUc4EbWmmOe3GkuLQ57TjT24zv/NIpWKReNCzmHohHgkWMIK1kQZ2OR5Mq/0Q67EfpNP5xcCuODVnAbRO3JxUIEdzYH/1hxFJQio04VipnuvE2kux1IxwOi/1E0VjTCZ4RHuGChxS5aWL4HN0bpQhCiJpntBoof7eSHGo1Cz0zWQWUa16mfif10t0cO2lTMSJpoIsDwUJRzpCWQtoyCQlms8MwUQykxWRMZaYaNNVyZTgrn55nbQva269dnNfrzScvI4inMIZVMGFK2jAHTShBQQSeIZXeLOerBfr3fpYjhasfOcE/sD6/AGta5MR</latexit>

pw(w
⇤)

<latexit sha1_base64="9WWH3Qn5OBLeOSbNNY++D7ji9so=">AAAB+3icbVDLSsNAFL2pr1pfsS7dDBahuiiJFNRdwY3LCvYBbSyT6aQdOnkwM7GWkF9x40IRt/6IO//GSZuFth4YOJxzL/fMcSPOpLKsb6Owtr6xuVXcLu3s7u0fmIfltgxjQWiLhDwUXRdLyllAW4opTruRoNh3Oe24k5vM7zxSIVkY3KtZRB0fjwLmMYKVlgZmORpMq30fq7HrJdOHc5SeDcyKVbPmQKvEzkkFcjQH5ld/GJLYp4EiHEvZs61IOQkWihFO01I/ljTCZIJHtKdpgH0qnWSePUWnWhkiLxT6BQrN1d8bCfalnPmunsxSymUvE//zerHyrpyEBVGsaEAWh7yYIxWirAg0ZIISxWeaYCKYzorIGAtMlK6rpEuwl7+8StoXNbteu76rVxpWXkcRjuEEqmDDJTTgFprQAgJP8Ayv8GakxovxbnwsRgtGvnMEf2B8/gAqNpPV</latexit>

w⇤

<latexit sha1_base64="6M8jdigxU76Z1rVzBKOAI2T50cA=">AAAB9HicbVDLSgMxFL3js9ZX1aWbYBHERZmRgroruHFZwT6gHUsmzbShmWRMMpUy9DvcuFDErR/jzr8x085CWw8EDufcyz05QcyZNq777aysrq1vbBa2its7u3v7pYPDppaJIrRBJJeqHWBNORO0YZjhtB0riqOA01Ywusn81pgqzaS4N5OY+hEeCBYygo2V/G6EzTAI06eHczTtlcpuxZ0BLRMvJ2XIUe+Vvrp9SZKICkM41rrjubHxU6wMI5xOi91E0xiTER7QjqUCR1T76Sz0FJ1apY9CqewTBs3U3xspjrSeRIGdzELqRS8T//M6iQmv/JSJODFUkPmhMOHISJQ1gPpMUWL4xBJMFLNZERlihYmxPRVtCd7il5dJ86LiVSvXd9Vyzc3rKMAxnMAZeHAJNbiFOjSAwCM8wyu8OWPnxXl3PuajK06+cwR/4Hz+AHSekds=</latexit>

first order phase transition 
perfect generalization w = w⇤

<latexit sha1_base64="CMCEHUM2rEJWL7/jnlxg7HbWndw=">AAACAnicbVDLSsNAFL3xWesr6krcDBZBXJSkFNSFUHDjsoJ9QBvLZDpph04ezEyUEoIbf8WNC0Xc+hXu/BsnbRBtPTBw5px7ufceN+JMKsv6MhYWl5ZXVgtrxfWNza1tc2e3KcNYENogIQ9F28WSchbQhmKK03YkKPZdTlvu6DLzW3dUSBYGN2ocUcfHg4B5jGClpZ653/WxGrpecp+iC/TzuT1Je2bJKlsToHli56QEOeo987PbD0ns00ARjqXs2FaknAQLxQinabEbSxphMsID2tE0wD6VTjI5IUVHWukjLxT6BQpN1N8dCfalHPuursx2lLNeJv7ndWLlnTkJC6JY0YBMB3kxRypEWR6ozwQlio81wUQwvSsiQywwUTq1og7Bnj15njQrZbtaPr+ulmqVPI4CHMAhHIMNp1CDK6hDAwg8wBO8wKvxaDwbb8b7tHTByHv24A+Mj2/4HJcg</latexit>

generalization error: studentteacher

✏g(↵)

<latexit sha1_base64="x0LCFXH+okK+SAgrZMnIw7z03fY=">AAACBnicbVBNS8NAEN3Ur1q/oh5FWCxCvZSkFNRbwYvHCvYDmlAm2227dLMJuxuhhJ68+Fe8eFDEq7/Bm//GTZuDtj4YeLw3w8y8IOZMacf5tgpr6xubW8Xt0s7u3v6BfXjUVlEiCW2RiEeyG4CinAna0kxz2o0lhTDgtBNMbjK/80ClYpG419OY+iGMBBsyAtpIffvUC0GPCfDUo7FiPBKz/qjiAY/HcIH7dtmpOnPgVeLmpIxyNPv2lzeISBJSoQkHpXquE2s/BakZ4XRW8hJFYyATGNGeoQJCqvx0/sYMnxtlgIeRNCU0nqu/J1IIlZqGgenMjlbLXib+5/USPbzyUybiRFNBFouGCcc6wlkmeMAkJZpPDQEimbkVkzFIINokVzIhuMsvr5J2rerWq9d39XKjlsdRRCfoDFWQiy5RA92iJmohgh7RM3pFb9aT9WK9Wx+L1oKVzxyjP7A+fwAyR5jm</latexit>

↵

<latexit sha1_base64="TOgNagnE7eXG6lK/DAu33ZlozF8=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lKQb0VvHisYD+gDWWy3bRrN5uwuxFK6H/w4kERr/4fb/4bt20O2vpg4PHeDDPzgkRwbVz32ylsbG5t7xR3S3v7B4dH5eOTto5TRVmLxiJW3QA1E1yyluFGsG6iGEaBYJ1gcjv3O09MaR7LBzNNmB/hSPKQUzRWavdRJGMclCtu1V2ArBMvJxXI0RyUv/rDmKYRk4YK1LrnuYnxM1SGU8FmpX6qWYJ0giPWs1RixLSfLa6dkQurDEkYK1vSkIX6eyLDSOtpFNjOCM1Yr3pz8T+vl5rw2s+4TFLDJF0uClNBTEzmr5MhV4waMbUEqeL2VkLHqJAaG1DJhuCtvrxO2rWqV6/e3NcrjVoeRxHO4BwuwYMraMAdNKEFFB7hGV7hzYmdF+fd+Vi2Fpx85hT+wPn8AYqRjxQ=</latexit>



Mean-Field methods for statistical inference analysis
The tools

5

Non-rigorous computations of 
asymptotic posterior statistics

replica method

Message passing algorithms 
for inference on finite size models

belief propagation (BP),
approximate message passing (AMP),

expectation propagation (EP)

Mathematical rigorous proofs
of the conjecture

Guerra interpolation,
Adaptive interpolation

Statistical analysis of 
asymptotic performance 

of message passing algorithms 

state evolution (SE)

Information theoretic analysis Algorithms

high temperature expansions
(naïve  MF, TAP)



“Mean-field approximations” in deep learning literature 
- more general than tools above
- neglect correlations thanks to randomness in the thermodynamic (large-size) limit

* Analysis of statistical of inference 

* Signal propagation in deep neural networks
- Trainability of very deep network at init.
- Separation of structured data 

* Role of over-parametrization in trainability with Gradient Descent methods
- Convergence of  SGD for 2-layers neural networks 

- Neural Tangent Kernels, Equivalence to Gaussian processes, “Lazy training”

- Online learning 

* Gradient Descent algorithms and landscape interactions

6

Reviews: - Zdeborová & Krzakala (2016) Statistical physics of inference: Thresholds and algorithms.
- Gabrié. (2020) Mean field inference methods for neural networks.

e.g. Cohen, et al (2020). Separability and geometry of object manifolds in deep neural networks. 

e.g. Schoenholz et al.(2017). Deep Information Propagation. 

Dauphin et al (2014). Identifying and attacking the saddle point problem in high-dimensional non-convex optimization
Sarao Mannelli & Zdeborova (2020). Thresholds of descending algorithms in inference problems. 

e.g. Goldt, et al (2019). Dynamics of stochastic gradient descent for two-layer neural networks in the 
teacher-student setup

Chizat & Bach (2018), Mei, Montanari & Nguyen (2018), Rotskoff & Vanden-Eijnden (2018)

Jacot et al (2018), Lee et al (2019),  review: Bahri et al (2020) Statistical Mechanics of Deep Learning 

Focus of this talk
non-exhaustive!



From perceptron/GLM with random i.i.d. matrices
to deep neural networks ?

7

x

<latexit sha1_base64="h+m1149UjtXpnkpRLohbJhtXZrM=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgqsxIQd0V3LisYB/YlpJJ77ShmcyQZMQy9C/cuFDErX/jzr8x085CWw8EDufcS849fiy4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS0eJYthkkYhUx6caBZfYNNwI7MQKaegLbPuTm8xvP6LSPJL3ZhpjP6QjyQPOqLHSQy+kZuwH6dNsUK64VXcOskq8nFQgR2NQ/uoNI5aEKA0TVOuu58amn1JlOBM4K/USjTFlEzrCrqWShqj76TzxjJxZZUiCSNknDZmrvzdSGmo9DX07mSXUy14m/ud1ExNc9VMu48SgZIuPgkQQE5HsfDLkCpkRU0soU9xmJWxMFWXGllSyJXjLJ6+S1kXVq1Wv72qVupvXUYQTOIVz8OAS6nALDWgCAwnP8ApvjnZenHfnYzFacPKdY/gD5/MH+6+RFg==</latexit>

z

<latexit sha1_base64="sI3OQQKN0v2aMVgswHz23cJRoI8=">AAAB8XicbVDLSgMxFL3js9ZX1aWbYBFclZlSUHcFNy4r2Ae2pWTSTBuayQzJHaEO/Qs3LhRx69+482/MtLPQ1gOBwzn3knOPH0th0HW/nbX1jc2t7cJOcXdv/+CwdHTcMlGiGW+ySEa641PDpVC8iQIl78Sa09CXvO1PbjK//ci1EZG6x2nM+yEdKREIRtFKD72Q4tgP0qfZoFR2K+4cZJV4OSlDjsag9NUbRiwJuUImqTFdz42xn1KNgkk+K/YSw2PKJnTEu5YqGnLTT+eJZ+TcKkMSRNo+hWSu/t5IaWjMNPTtZJbQLHuZ+J/XTTC46qdCxQlyxRYfBYkkGJHsfDIUmjOUU0so08JmJWxMNWVoSyraErzlk1dJq1rxapXru1q5Xs3rKMApnMEFeHAJdbiFBjSBgYJneIU3xzgvzrvzsRhdc/KdE/gD5/MH/1ORGg==</latexit>

W2

<latexit sha1_base64="80MyauZ9aGUDn/Kt9GJfGIbchKU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lKQb0VvHisaD+gDWWz3bRLN5uwOxFK6E/w4kERr/4ib/4bt20O2vpg4PHeDDPzgkQKg6777RQ2Nre2d4q7pb39g8Oj8vFJ28SpZrzFYhnrbkANl0LxFgqUvJtoTqNA8k4wuZ37nSeujYjVI04T7kd0pEQoGEUrPXQGtUG54lbdBcg68XJSgRzNQfmrP4xZGnGFTFJjep6boJ9RjYJJPiv1U8MTyiZ0xHuWKhpx42eLU2fkwipDEsbalkKyUH9PZDQyZhoFtjOiODar3lz8z+ulGF77mVBJilyx5aIwlQRjMv+bDIXmDOXUEsq0sLcSNqaaMrTplGwI3urL66Rdq3r16s19vdJw8ziKcAbncAkeXEED7qAJLWAwgmd4hTdHOi/Ou/OxbC04+cwp/IHz+QPZVY16</latexit>

W1

<latexit sha1_base64="LeEwYQW6d+f99E3kyeHkMqg0rNU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkUL0VvHisaD+gDWWznbRLN5uwuxFK6E/w4kERr/4ib/4bt20O2vpg4PHeDDPzgkRwbVz32ylsbG5t7xR3S3v7B4dH5eOTto5TxbDFYhGrbkA1Ci6xZbgR2E0U0igQ2Akmt3O/84RK81g+mmmCfkRHkoecUWOlh87AG5QrbtVdgKwTLycVyNEclL/6w5ilEUrDBNW657mJ8TOqDGcCZ6V+qjGhbEJH2LNU0gi1ny1OnZELqwxJGCtb0pCF+nsio5HW0yiwnRE1Y73qzcX/vF5qwms/4zJJDUq2XBSmgpiYzP8mQ66QGTG1hDLF7a2EjamizNh0SjYEb/XlddK+qnq16s19rdJw8ziKcAbncAke1KEBd9CEFjAYwTO8wpsjnBfn3flYthacfOYU/sD5/AHX0Y15</latexit>

y

<latexit sha1_base64="nmUKJ1U5Gz4Vm6wDwMTKi2HN1vs=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgqsyUgroruHFZwT6wHUomzbShSWZIMsIw9C/cuFDErX/jzr8x085CWw8EDufcS849QcyZNq777ZQ2Nre2d8q7lb39g8Oj6vFJV0eJIrRDIh6pfoA15UzSjmGG036sKBYBp71gdpv7vSeqNIvkg0lj6gs8kSxkBBsrPQ4FNtMgzNL5qFpz6+4CaJ14BalBgfao+jUcRyQRVBrCsdYDz42Nn2FlGOF0XhkmmsaYzPCEDiyVWFDtZ4vEc3RhlTEKI2WfNGih/t7IsNA6FYGdzBPqVS8X//MGiQmv/YzJODFUkuVHYcKRiVB+PhozRYnhqSWYKGazIjLFChNjS6rYErzVk9dJt1H3mvWb+2at1SjqKMMZnMMleHAFLbiDNnSAgIRneIU3RzsvzrvzsRwtOcXOKfyB8/kD/c6RGQ==</latexit>

x

<latexit sha1_base64="h+m1149UjtXpnkpRLohbJhtXZrM=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgqsxIQd0V3LisYB/YlpJJ77ShmcyQZMQy9C/cuFDErX/jzr8x085CWw8EDufcS849fiy4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS0eJYthkkYhUx6caBZfYNNwI7MQKaegLbPuTm8xvP6LSPJL3ZhpjP6QjyQPOqLHSQy+kZuwH6dNsUK64VXcOskq8nFQgR2NQ/uoNI5aEKA0TVOuu58amn1JlOBM4K/USjTFlEzrCrqWShqj76TzxjJxZZUiCSNknDZmrvzdSGmo9DX07mSXUy14m/ud1ExNc9VMu48SgZIuPgkQQE5HsfDLkCpkRU0soU9xmJWxMFWXGllSyJXjLJ6+S1kXVq1Wv72qVupvXUYQTOIVz8OAS6nALDWgCAwnP8ApvjnZenHfnYzFacPKdY/gD5/MH+6+RFg==</latexit>

y

<latexit sha1_base64="2Yrux2aUyODxkF/bzUAS/pg3y3Y=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG8FLx6r2A9oQ9lsJ+3SzSbsboQQ+g+8eFDEq//Im//GbZuDtj4YeLw3w8y8IBFcG9f9dkpr6xubW+Xtys7u3v5B9fCoreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7czvPKHSPJaPJkvQj+hI8pAzaqz0kJFBtebW3TnIKvEKUoMCzUH1qz+MWRqhNExQrXuemxg/p8pwJnBa6acaE8omdIQ9SyWNUPv5/NIpObPKkISxsiUNmau/J3IaaZ1Fge2MqBnrZW8m/uf1UhNe+zmXSWpQssWiMBXExGT2NhlyhcyIzBLKFLe3EjamijJjw6nYELzll1dJ+6LuXdZv7i9rDbeIowwncArn4MEVNOAOmtACBiE8wyu8ORPnxXl3PhatJaeYOYY/cD5/ADwfjSE=</latexit>

w

<latexit sha1_base64="69UYHng3bq9HTbD/nKhvpXrT7xA=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgqsxIQd0V3LisYB/YlpJJ77ShmcyQZJQy9C/cuFDErX/jzr8x085CWw8EDufcS849fiy4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS0eJYthkkYhUx6caBZfYNNwI7MQKaegLbPuTm8xvP6LSPJL3ZhpjP6QjyQPOqLHSQy+kZuwH6dNsUK64VXcOskq8nFQgR2NQ/uoNI5aEKA0TVOuu58amn1JlOBM4K/USjTFlEzrCrqWShqj76TzxjJxZZUiCSNknDZmrvzdSGmo9DX07mSXUy14m/ud1ExNc9VMu48SgZIuPgkQQE5HsfDLkCpkRU0soU9xmJWxMFWXGllSyJXjLJ6+S1kXVq1Wv72qVupvXUYQTOIVz8OAS6nALDWgCAwnP8ApvjnZenHfnYzFacPKdY/gD5/MH+iqRFQ==</latexit>

perceptron
deep neural network

X

<latexit sha1_base64="+5w+Hi1xTRlI+sJVVJj9NQJcoig=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN4KXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ylsbG5t7xR3S3v7B4dH5eOTto5TxbDFYhGrbkA1Ci6xZbgR2E0U0igQ2Akmd3O/84RK81g+mGmCfkRHkoecUWOlZndQrrhVdwGyTrycVCBHY1D+6g9jlkYoDRNU657nJsbPqDKcCZyV+qnGhLIJHWHPUkkj1H62OHRGLqwyJGGsbElDFurviYxGWk+jwHZG1Iz1qjcX//N6qQlv/IzLJDUo2XJRmApiYjL/mgy5QmbE1BLKFLe3EjamijJjsynZELzVl9dJ+6rq1aq3zVql7uZxFOEMzuESPLiGOtxDA1rAAOEZXuHNeXRenHfnY9lacPKZU/gD5/MHtC+M1g==</latexit>

y

<latexit sha1_base64="qBc/m/4XXQEDMHnmGojXisMgaTo=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQiqLuCG5cV7APbUCbTSTt0MgkzN0IJ/Qs3LhRx69+482+ctFlo64GBwzn3MueeIJHCoOt+O6W19Y3NrfJ2ZWd3b/+genjUNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbnO/88S1EbF6wGnC/YiOlAgFo2ilx35EcRyE2XQ2qNbcujsHWSVeQWpQoDmofvWHMUsjrpBJakzPcxP0M6pRMMlnlX5qeELZhI54z1JFI278bJ54Rs6sMiRhrO1TSObq742MRsZMo8BO5gnNspeL/3m9FMNrPxMqSZErtvgoTCXBmOTnk6HQnKGcWkKZFjYrYWOqKUNbUsWW4C2fvEraF3Xvsn5zf1lruEUdZTiBUzgHD66gAXfQhBYwUPAMr/DmGOfFeXc+FqMlp9g5hj9wPn8A/TSRFw==</latexit>

known

w

<latexit sha1_base64="gWn4dgYvf4Rqj2BVTSt9SyU75s4=">AAAB8XicdVDLSgMxFL1TX7W+qi7dBIvgqiQitt0V3LisYB/YDiWTZmowkxmSjFKG/oUbF4q49W/c+Tdm2goqeiBwOOdecu4JEimMxfjDKywtr6yuFddLG5tb2zvl3b2OiVPNeJvFMta9gBouheJtK6zkvURzGgWSd4Pb89zv3nFtRKyu7CThfkTHSoSCUeuk60FE7U0QZvfTYbmCqxhjQgjKCamdYUcajfoJqSOSWw4VWKA1LL8PRjFLI64sk9SYPsGJ9TOqrWCST0uD1PCEsls65n1HFY248bNZ4ik6csoIhbF2T1k0U79vZDQyZhIFbjJPaH57ufiX109tWPczoZLUcsXmH4WpRDZG+floJDRnVk4coUwLlxWxG6ops66kkivh61L0P+mcVMlptXF5WmniRR1FOIBDOAYCNWjCBbSgDQwUPMATPHvGe/RevNf5aMFb7OzDD3hvn0cvkUs=</latexit>

known

X

<latexit sha1_base64="+5w+Hi1xTRlI+sJVVJj9NQJcoig=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN4KXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ylsbG5t7xR3S3v7B4dH5eOTto5TxbDFYhGrbkA1Ci6xZbgR2E0U0igQ2Akmd3O/84RK81g+mGmCfkRHkoecUWOlZndQrrhVdwGyTrycVCBHY1D+6g9jlkYoDRNU657nJsbPqDKcCZyV+qnGhLIJHWHPUkkj1H62OHRGLqwyJGGsbElDFurviYxGWk+jwHZG1Iz1qjcX//N6qQlv/IzLJDUo2XJRmApiYjL/mgy5QmbE1BLKFLe3EjamijJjsynZELzVl9dJ+6rq1aq3zVql7uZxFOEMzuESPLiGOtxDA1rAAOEZXuHNeXRenHfnY9lacPKZU/gD5/MHtC+M1g==</latexit>

known

Z

<latexit sha1_base64="fzT+UIHx3TRn6gQCdGJS162Xosk=">AAAB6HicdVDLSgNBEJyNrxhfUY9eBoPgKcwEMckt4MVjAuaByRJmJ73JmNkHM7NCWPIFXjwo4tVP8ubfOJtEUNGChqKqm+4uL5ZCG0I+nNza+sbmVn67sLO7t39QPDzq6ChRHNo8kpHqeUyDFCG0jTASerECFngSut70KvO796C0iMIbM4vBDdg4FL7gzFipdTsslkiZEEIpxRmh1UtiSb1eq9AappllUUIrNIfF98Eo4kkAoeGSad2nJDZuypQRXMK8MEg0xIxP2Rj6loYsAO2mi0Pn+MwqI+xHylZo8EL9PpGyQOtZ4NnOgJmJ/u1l4l9ePzF+zU1FGCcGQr5c5CcSmwhnX+ORUMCNnFnCuBL2VswnTDFubDYFG8LXp/h/0qmU6UW53rooNcgqjjw6QafoHFFURQ10jZqojTgC9ICe0LNz5zw6L87rsjXnrGaO0Q84b58EPI0O</latexit>

Y

<latexit sha1_base64="RLfK3W5QkWz+F2nuAa4nc5urOCY=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN4KXjy2YFulDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjto5TxbDFYhGr+4BqFFxiy3Aj8D5RSKNAYCcY38z8zhMqzWN5ZyYJ+hEdSh5yRo2Vmg/9csWtunOQVeLlpAI5Gv3yV28QszRCaZigWnc9NzF+RpXhTOC01Es1JpSN6RC7lkoaofaz+aFTcmaVAQljZUsaMld/T2Q00noSBbYzomakl72Z+J/XTU145WdcJqlByRaLwlQQE5PZ12TAFTIjJpZQpri9lbARVZQZm03JhuAtv7xK2hdVr1a9btYqdTePowgncArn4MEl1OEWGtACBgjP8ApvzqPz4rw7H4vWgpPPHMMfOJ8/tbOM1w==</latexit>

known

W1

<latexit sha1_base64="hCXUKOEh6jkv5OZY6ERQcb8WJKU=">AAAB6nicdVBNSwMxEJ31s9avqkcvwSJ4Kkkptr0VvHisaD+gXUo2TdvQbHZJskJZ+hO8eFDEq7/Im//GbFtBRR8MPN6bYWZeEEthLMYf3tr6xubWdm4nv7u3f3BYODpumyjRjLdYJCPdDajhUijessJK3o01p2EgeSeYXmV+555rIyJ1Z2cx90M6VmIkGLVOuu0MyKBQxCWMMSEEZYRUL7Ej9XqtTGqIZJZDEVZoDgrv/WHEkpAryyQ1pkdwbP2UaiuY5PN8PzE8pmxKx7znqKIhN366OHWOzp0yRKNIu1IWLdTvEykNjZmFgesMqZ2Y314m/uX1Ejuq+alQcWK5YstFo0QiG6HsbzQUmjMrZ45QpoW7FbEJ1ZRZl07ehfD1KfqftMslUinVbyrFBl7FkYNTOIMLIFCFBlxDE1rAYAwP8ATPnvQevRfvddm65q1mTuAHvLdPJNaNrw==</latexit>

W2

<latexit sha1_base64="FOl+lnnE5ZaiZvLZD/mxV+GHYAI=">AAAB6nicdVBNSwMxEJ31s9avqkcvwSJ4Kkkptr0VvHisaD+gXUo2TdvQbHZJskJZ+hO8eFDEq7/Im//GbFtBRR8MPN6bYWZeEEthLMYf3tr6xubWdm4nv7u3f3BYODpumyjRjLdYJCPdDajhUijessJK3o01p2EgeSeYXmV+555rIyJ1Z2cx90M6VmIkGLVOuu0MyoNCEZcwxoQQlBFSvcSO1Ou1MqkhklkORVihOSi894cRS0KuLJPUmB7BsfVTqq1gks/z/cTwmLIpHfOeo4qG3Pjp4tQ5OnfKEI0i7UpZtFC/T6Q0NGYWBq4zpHZifnuZ+JfXS+yo5qdCxYnlii0XjRKJbISyv9FQaM6snDlCmRbuVsQmVFNmXTp5F8LXp+h/0i6XSKVUv6kUG3gVRw5O4QwugEAVGnANTWgBgzE8wBM8e9J79F6812XrmreaOYEf8N4+ASZajbA=</latexit>

i.i.d. prior

i.i.d. entries



From perceptron/GLM with random i.i.d. matrices
to deep neural networks ?

8

1. Inference of layers variables in deep networks (with learned weight matrices)

2. The challenge of weight inference and structured weights

x

<latexit sha1_base64="h+m1149UjtXpnkpRLohbJhtXZrM=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgqsxIQd0V3LisYB/YlpJJ77ShmcyQZMQy9C/cuFDErX/jzr8x085CWw8EDufcS849fiy4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS0eJYthkkYhUx6caBZfYNNwI7MQKaegLbPuTm8xvP6LSPJL3ZhpjP6QjyQPOqLHSQy+kZuwH6dNsUK64VXcOskq8nFQgR2NQ/uoNI5aEKA0TVOuu58amn1JlOBM4K/USjTFlEzrCrqWShqj76TzxjJxZZUiCSNknDZmrvzdSGmo9DX07mSXUy14m/ud1ExNc9VMu48SgZIuPgkQQE5HsfDLkCpkRU0soU9xmJWxMFWXGllSyJXjLJ6+S1kXVq1Wv72qVupvXUYQTOIVz8OAS6nALDWgCAwnP8ApvjnZenHfnYzFacPKdY/gD5/MH+6+RFg==</latexit>

z

<latexit sha1_base64="sI3OQQKN0v2aMVgswHz23cJRoI8=">AAAB8XicbVDLSgMxFL3js9ZX1aWbYBFclZlSUHcFNy4r2Ae2pWTSTBuayQzJHaEO/Qs3LhRx69+482/MtLPQ1gOBwzn3knOPH0th0HW/nbX1jc2t7cJOcXdv/+CwdHTcMlGiGW+ySEa641PDpVC8iQIl78Sa09CXvO1PbjK//ci1EZG6x2nM+yEdKREIRtFKD72Q4tgP0qfZoFR2K+4cZJV4OSlDjsag9NUbRiwJuUImqTFdz42xn1KNgkk+K/YSw2PKJnTEu5YqGnLTT+eJZ+TcKkMSRNo+hWSu/t5IaWjMNPTtZJbQLHuZ+J/XTTC46qdCxQlyxRYfBYkkGJHsfDIUmjOUU0so08JmJWxMNWVoSyraErzlk1dJq1rxapXru1q5Xs3rKMApnMEFeHAJdbiFBjSBgYJneIU3xzgvzrvzsRhdc/KdE/gD5/MH/1ORGg==</latexit>

W2

<latexit sha1_base64="80MyauZ9aGUDn/Kt9GJfGIbchKU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lKQb0VvHisaD+gDWWz3bRLN5uwOxFK6E/w4kERr/4ib/4bt20O2vpg4PHeDDPzgkQKg6777RQ2Nre2d4q7pb39g8Oj8vFJ28SpZrzFYhnrbkANl0LxFgqUvJtoTqNA8k4wuZ37nSeujYjVI04T7kd0pEQoGEUrPXQGtUG54lbdBcg68XJSgRzNQfmrP4xZGnGFTFJjep6boJ9RjYJJPiv1U8MTyiZ0xHuWKhpx42eLU2fkwipDEsbalkKyUH9PZDQyZhoFtjOiODar3lz8z+ulGF77mVBJilyx5aIwlQRjMv+bDIXmDOXUEsq0sLcSNqaaMrTplGwI3urL66Rdq3r16s19vdJw8ziKcAbncAkeXEED7qAJLWAwgmd4hTdHOi/Ou/OxbC04+cwp/IHz+QPZVY16</latexit>

W1

<latexit sha1_base64="LeEwYQW6d+f99E3kyeHkMqg0rNU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkUL0VvHisaD+gDWWznbRLN5uwuxFK6E/w4kERr/4ib/4bt20O2vpg4PHeDDPzgkRwbVz32ylsbG5t7xR3S3v7B4dH5eOTto5TxbDFYhGrbkA1Ci6xZbgR2E0U0igQ2Akmt3O/84RK81g+mmmCfkRHkoecUWOlh87AG5QrbtVdgKwTLycVyNEclL/6w5ilEUrDBNW657mJ8TOqDGcCZ6V+qjGhbEJH2LNU0gi1ny1OnZELqwxJGCtb0pCF+nsio5HW0yiwnRE1Y73qzcX/vF5qwms/4zJJDUq2XBSmgpiYzP8mQ66QGTG1hDLF7a2EjamizNh0SjYEb/XlddK+qnq16s19rdJw8ziKcAbncAke1KEBd9CEFjAYwTO8wpsjnBfn3flYthacfOYU/sD5/AHX0Y15</latexit>

y

<latexit sha1_base64="nmUKJ1U5Gz4Vm6wDwMTKi2HN1vs=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgqsyUgroruHFZwT6wHUomzbShSWZIMsIw9C/cuFDErX/jzr8x085CWw8EDufcS849QcyZNq777ZQ2Nre2d8q7lb39g8Oj6vFJV0eJIrRDIh6pfoA15UzSjmGG036sKBYBp71gdpv7vSeqNIvkg0lj6gs8kSxkBBsrPQ4FNtMgzNL5qFpz6+4CaJ14BalBgfao+jUcRyQRVBrCsdYDz42Nn2FlGOF0XhkmmsaYzPCEDiyVWFDtZ4vEc3RhlTEKI2WfNGih/t7IsNA6FYGdzBPqVS8X//MGiQmv/YzJODFUkuVHYcKRiVB+PhozRYnhqSWYKGazIjLFChNjS6rYErzVk9dJt1H3mvWb+2at1SjqKMMZnMMleHAFLbiDNnSAgIRneIU3RzsvzrvzsRwtOcXOKfyB8/kD/c6RGQ==</latexit>

x

<latexit sha1_base64="h+m1149UjtXpnkpRLohbJhtXZrM=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgqsxIQd0V3LisYB/YlpJJ77ShmcyQZMQy9C/cuFDErX/jzr8x085CWw8EDufcS849fiy4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS0eJYthkkYhUx6caBZfYNNwI7MQKaegLbPuTm8xvP6LSPJL3ZhpjP6QjyQPOqLHSQy+kZuwH6dNsUK64VXcOskq8nFQgR2NQ/uoNI5aEKA0TVOuu58amn1JlOBM4K/USjTFlEzrCrqWShqj76TzxjJxZZUiCSNknDZmrvzdSGmo9DX07mSXUy14m/ud1ExNc9VMu48SgZIuPgkQQE5HsfDLkCpkRU0soU9xmJWxMFWXGllSyJXjLJ6+S1kXVq1Wv72qVupvXUYQTOIVz8OAS6nALDWgCAwnP8ApvjnZenHfnYzFacPKdY/gD5/MH+6+RFg==</latexit>

y

<latexit sha1_base64="2Yrux2aUyODxkF/bzUAS/pg3y3Y=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG8FLx6r2A9oQ9lsJ+3SzSbsboQQ+g+8eFDEq//Im//GbZuDtj4YeLw3w8y8IBFcG9f9dkpr6xubW+Xtys7u3v5B9fCoreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7czvPKHSPJaPJkvQj+hI8pAzaqz0kJFBtebW3TnIKvEKUoMCzUH1qz+MWRqhNExQrXuemxg/p8pwJnBa6acaE8omdIQ9SyWNUPv5/NIpObPKkISxsiUNmau/J3IaaZ1Fge2MqBnrZW8m/uf1UhNe+zmXSWpQssWiMBXExGT2NhlyhcyIzBLKFLe3EjamijJjw6nYELzll1dJ+6LuXdZv7i9rDbeIowwncArn4MEVNOAOmtACBiE8wyu8ORPnxXl3PhatJaeYOYY/cD5/ADwfjSE=</latexit>

w

<latexit sha1_base64="69UYHng3bq9HTbD/nKhvpXrT7xA=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgqsxIQd0V3LisYB/YlpJJ77ShmcyQZJQy9C/cuFDErX/jzr8x085CWw8EDufcS849fiy4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS0eJYthkkYhUx6caBZfYNNwI7MQKaegLbPuTm8xvP6LSPJL3ZhpjP6QjyQPOqLHSQy+kZuwH6dNsUK64VXcOskq8nFQgR2NQ/uoNI5aEKA0TVOuu58amn1JlOBM4K/USjTFlEzrCrqWShqj76TzxjJxZZUiCSNknDZmrvzdSGmo9DX07mSXUy14m/ud1ExNc9VMu48SgZIuPgkQQE5HsfDLkCpkRU0soU9xmJWxMFWXGllSyJXjLJ6+S1kXVq1Wv72qVupvXUYQTOIVz8OAS6nALDWgCAwnP8ApvjnZenHfnYzFacPKdY/gD5/MH+iqRFQ==</latexit>

perceptron
deep neural network

X

<latexit sha1_base64="+5w+Hi1xTRlI+sJVVJj9NQJcoig=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN4KXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ylsbG5t7xR3S3v7B4dH5eOTto5TxbDFYhGrbkA1Ci6xZbgR2E0U0igQ2Akmd3O/84RK81g+mGmCfkRHkoecUWOlZndQrrhVdwGyTrycVCBHY1D+6g9jlkYoDRNU657nJsbPqDKcCZyV+qnGhLIJHWHPUkkj1H62OHRGLqwyJGGsbElDFurviYxGWk+jwHZG1Iz1qjcX//N6qQlv/IzLJDUo2XJRmApiYjL/mgy5QmbE1BLKFLe3EjamijJjsynZELzVl9dJ+6rq1aq3zVql7uZxFOEMzuESPLiGOtxDA1rAAOEZXuHNeXRenHfnY9lacPKZU/gD5/MHtC+M1g==</latexit>

y

<latexit sha1_base64="qBc/m/4XXQEDMHnmGojXisMgaTo=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQiqLuCG5cV7APbUCbTSTt0MgkzN0IJ/Qs3LhRx69+482+ctFlo64GBwzn3MueeIJHCoOt+O6W19Y3NrfJ2ZWd3b/+genjUNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbnO/88S1EbF6wGnC/YiOlAgFo2ilx35EcRyE2XQ2qNbcujsHWSVeQWpQoDmofvWHMUsjrpBJakzPcxP0M6pRMMlnlX5qeELZhI54z1JFI278bJ54Rs6sMiRhrO1TSObq742MRsZMo8BO5gnNspeL/3m9FMNrPxMqSZErtvgoTCXBmOTnk6HQnKGcWkKZFjYrYWOqKUNbUsWW4C2fvEraF3Xvsn5zf1lruEUdZTiBUzgHD66gAXfQhBYwUPAMr/DmGOfFeXc+FqMlp9g5hj9wPn8A/TSRFw==</latexit>

known

w

<latexit sha1_base64="gWn4dgYvf4Rqj2BVTSt9SyU75s4=">AAAB8XicdVDLSgMxFL1TX7W+qi7dBIvgqiQitt0V3LisYB/YDiWTZmowkxmSjFKG/oUbF4q49W/c+Tdm2goqeiBwOOdecu4JEimMxfjDKywtr6yuFddLG5tb2zvl3b2OiVPNeJvFMta9gBouheJtK6zkvURzGgWSd4Pb89zv3nFtRKyu7CThfkTHSoSCUeuk60FE7U0QZvfTYbmCqxhjQgjKCamdYUcajfoJqSOSWw4VWKA1LL8PRjFLI64sk9SYPsGJ9TOqrWCST0uD1PCEsls65n1HFY248bNZ4ik6csoIhbF2T1k0U79vZDQyZhIFbjJPaH57ufiX109tWPczoZLUcsXmH4WpRDZG+floJDRnVk4coUwLlxWxG6ops66kkivh61L0P+mcVMlptXF5WmniRR1FOIBDOAYCNWjCBbSgDQwUPMATPHvGe/RevNf5aMFb7OzDD3hvn0cvkUs=</latexit>

known

X

<latexit sha1_base64="+5w+Hi1xTRlI+sJVVJj9NQJcoig=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN4KXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ylsbG5t7xR3S3v7B4dH5eOTto5TxbDFYhGrbkA1Ci6xZbgR2E0U0igQ2Akmd3O/84RK81g+mGmCfkRHkoecUWOlZndQrrhVdwGyTrycVCBHY1D+6g9jlkYoDRNU657nJsbPqDKcCZyV+qnGhLIJHWHPUkkj1H62OHRGLqwyJGGsbElDFurviYxGWk+jwHZG1Iz1qjcX//N6qQlv/IzLJDUo2XJRmApiYjL/mgy5QmbE1BLKFLe3EjamijJjsynZELzVl9dJ+6rq1aq3zVql7uZxFOEMzuESPLiGOtxDA1rAAOEZXuHNeXRenHfnY9lacPKZU/gD5/MHtC+M1g==</latexit>

known

Z

<latexit sha1_base64="fzT+UIHx3TRn6gQCdGJS162Xosk=">AAAB6HicdVDLSgNBEJyNrxhfUY9eBoPgKcwEMckt4MVjAuaByRJmJ73JmNkHM7NCWPIFXjwo4tVP8ubfOJtEUNGChqKqm+4uL5ZCG0I+nNza+sbmVn67sLO7t39QPDzq6ChRHNo8kpHqeUyDFCG0jTASerECFngSut70KvO796C0iMIbM4vBDdg4FL7gzFipdTsslkiZEEIpxRmh1UtiSb1eq9AappllUUIrNIfF98Eo4kkAoeGSad2nJDZuypQRXMK8MEg0xIxP2Rj6loYsAO2mi0Pn+MwqI+xHylZo8EL9PpGyQOtZ4NnOgJmJ/u1l4l9ePzF+zU1FGCcGQr5c5CcSmwhnX+ORUMCNnFnCuBL2VswnTDFubDYFG8LXp/h/0qmU6UW53rooNcgqjjw6QafoHFFURQ10jZqojTgC9ICe0LNz5zw6L87rsjXnrGaO0Q84b58EPI0O</latexit>

Y

<latexit sha1_base64="RLfK3W5QkWz+F2nuAa4nc5urOCY=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN4KXjy2YFulDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjto5TxbDFYhGr+4BqFFxiy3Aj8D5RSKNAYCcY38z8zhMqzWN5ZyYJ+hEdSh5yRo2Vmg/9csWtunOQVeLlpAI5Gv3yV28QszRCaZigWnc9NzF+RpXhTOC01Es1JpSN6RC7lkoaofaz+aFTcmaVAQljZUsaMld/T2Q00noSBbYzomakl72Z+J/XTU145WdcJqlByRaLwlQQE5PZ12TAFTIjJpZQpri9lbARVZQZm03JhuAtv7xK2hdVr1a9btYqdTePowgncArn4MEl1OEWGtACBgjP8ApvzqPz4rw7H4vWgpPPHMMfOJ8/tbOM1w==</latexit>

known

W2

<latexit sha1_base64="80MyauZ9aGUDn/Kt9GJfGIbchKU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lKQb0VvHisaD+gDWWz3bRLN5uwOxFK6E/w4kERr/4ib/4bt20O2vpg4PHeDDPzgkQKg6777RQ2Nre2d4q7pb39g8Oj8vFJ28SpZrzFYhnrbkANl0LxFgqUvJtoTqNA8k4wuZ37nSeujYjVI04T7kd0pEQoGEUrPXQGtUG54lbdBcg68XJSgRzNQfmrP4xZGnGFTFJjep6boJ9RjYJJPiv1U8MTyiZ0xHuWKhpx42eLU2fkwipDEsbalkKyUH9PZDQyZhoFtjOiODar3lz8z+ulGF77mVBJilyx5aIwlQRjMv+bDIXmDOXUEsq0sLcSNqaaMrTplGwI3urL66Rdq3r16s19vdJw8ziKcAbncAkeXEED7qAJLWAwgmd4hTdHOi/Ou/OxbC04+cwp/IHz+QPZVY16</latexit>

W1

<latexit sha1_base64="LeEwYQW6d+f99E3kyeHkMqg0rNU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkUL0VvHisaD+gDWWznbRLN5uwuxFK6E/w4kERr/4ib/4bt20O2vpg4PHeDDPzgkRwbVz32ylsbG5t7xR3S3v7B4dH5eOTto5TxbDFYhGrbkA1Ci6xZbgR2E0U0igQ2Akmt3O/84RK81g+mmmCfkRHkoecUWOlh87AG5QrbtVdgKwTLycVyNEclL/6w5ilEUrDBNW657mJ8TOqDGcCZ6V+qjGhbEJH2LNU0gi1ny1OnZELqwxJGCtb0pCF+nsio5HW0yiwnRE1Y73qzcX/vF5qwms/4zJJDUq2XBSmgpiYzP8mQ66QGTG1hDLF7a2EjamizNh0SjYEb/XlddK+qnq16s19rdJw8ziKcAbncAke1KEBd9CEFjAYwTO8wpsjnBfn3flYthacfOYU/sD5/AHX0Y15</latexit>

known known

i.i.d. prior

i.i.d. entries



From perceptron/GLM with random i.i.d. matrices
to deep neural networks ?

9

1. Inference of layers variables in deep networks (with learned weight matrices)

2. The challenge of weight inference and structured weights

x

<latexit sha1_base64="h+m1149UjtXpnkpRLohbJhtXZrM=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgqsxIQd0V3LisYB/YlpJJ77ShmcyQZMQy9C/cuFDErX/jzr8x085CWw8EDufcS849fiy4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS0eJYthkkYhUx6caBZfYNNwI7MQKaegLbPuTm8xvP6LSPJL3ZhpjP6QjyQPOqLHSQy+kZuwH6dNsUK64VXcOskq8nFQgR2NQ/uoNI5aEKA0TVOuu58amn1JlOBM4K/USjTFlEzrCrqWShqj76TzxjJxZZUiCSNknDZmrvzdSGmo9DX07mSXUy14m/ud1ExNc9VMu48SgZIuPgkQQE5HsfDLkCpkRU0soU9xmJWxMFWXGllSyJXjLJ6+S1kXVq1Wv72qVupvXUYQTOIVz8OAS6nALDWgCAwnP8ApvjnZenHfnYzFacPKdY/gD5/MH+6+RFg==</latexit>

z

<latexit sha1_base64="sI3OQQKN0v2aMVgswHz23cJRoI8=">AAAB8XicbVDLSgMxFL3js9ZX1aWbYBFclZlSUHcFNy4r2Ae2pWTSTBuayQzJHaEO/Qs3LhRx69+482/MtLPQ1gOBwzn3knOPH0th0HW/nbX1jc2t7cJOcXdv/+CwdHTcMlGiGW+ySEa641PDpVC8iQIl78Sa09CXvO1PbjK//ci1EZG6x2nM+yEdKREIRtFKD72Q4tgP0qfZoFR2K+4cZJV4OSlDjsag9NUbRiwJuUImqTFdz42xn1KNgkk+K/YSw2PKJnTEu5YqGnLTT+eJZ+TcKkMSRNo+hWSu/t5IaWjMNPTtZJbQLHuZ+J/XTTC46qdCxQlyxRYfBYkkGJHsfDIUmjOUU0so08JmJWxMNWVoSyraErzlk1dJq1rxapXru1q5Xs3rKMApnMEFeHAJdbiFBjSBgYJneIU3xzgvzrvzsRhdc/KdE/gD5/MH/1ORGg==</latexit>

W2

<latexit sha1_base64="80MyauZ9aGUDn/Kt9GJfGIbchKU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lKQb0VvHisaD+gDWWz3bRLN5uwOxFK6E/w4kERr/4ib/4bt20O2vpg4PHeDDPzgkQKg6777RQ2Nre2d4q7pb39g8Oj8vFJ28SpZrzFYhnrbkANl0LxFgqUvJtoTqNA8k4wuZ37nSeujYjVI04T7kd0pEQoGEUrPXQGtUG54lbdBcg68XJSgRzNQfmrP4xZGnGFTFJjep6boJ9RjYJJPiv1U8MTyiZ0xHuWKhpx42eLU2fkwipDEsbalkKyUH9PZDQyZhoFtjOiODar3lz8z+ulGF77mVBJilyx5aIwlQRjMv+bDIXmDOXUEsq0sLcSNqaaMrTplGwI3urL66Rdq3r16s19vdJw8ziKcAbncAkeXEED7qAJLWAwgmd4hTdHOi/Ou/OxbC04+cwp/IHz+QPZVY16</latexit>

W1

<latexit sha1_base64="LeEwYQW6d+f99E3kyeHkMqg0rNU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkUL0VvHisaD+gDWWznbRLN5uwuxFK6E/w4kERr/4ib/4bt20O2vpg4PHeDDPzgkRwbVz32ylsbG5t7xR3S3v7B4dH5eOTto5TxbDFYhGrbkA1Ci6xZbgR2E0U0igQ2Akmt3O/84RK81g+mmmCfkRHkoecUWOlh87AG5QrbtVdgKwTLycVyNEclL/6w5ilEUrDBNW657mJ8TOqDGcCZ6V+qjGhbEJH2LNU0gi1ny1OnZELqwxJGCtb0pCF+nsio5HW0yiwnRE1Y73qzcX/vF5qwms/4zJJDUq2XBSmgpiYzP8mQ66QGTG1hDLF7a2EjamizNh0SjYEb/XlddK+qnq16s19rdJw8ziKcAbncAke1KEBd9CEFjAYwTO8wpsjnBfn3flYthacfOYU/sD5/AHX0Y15</latexit>

y

<latexit sha1_base64="nmUKJ1U5Gz4Vm6wDwMTKi2HN1vs=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgqsyUgroruHFZwT6wHUomzbShSWZIMsIw9C/cuFDErX/jzr8x085CWw8EDufcS849QcyZNq777ZQ2Nre2d8q7lb39g8Oj6vFJV0eJIrRDIh6pfoA15UzSjmGG036sKBYBp71gdpv7vSeqNIvkg0lj6gs8kSxkBBsrPQ4FNtMgzNL5qFpz6+4CaJ14BalBgfao+jUcRyQRVBrCsdYDz42Nn2FlGOF0XhkmmsaYzPCEDiyVWFDtZ4vEc3RhlTEKI2WfNGih/t7IsNA6FYGdzBPqVS8X//MGiQmv/YzJODFUkuVHYcKRiVB+PhozRYnhqSWYKGazIjLFChNjS6rYErzVk9dJt1H3mvWb+2at1SjqKMMZnMMleHAFLbiDNnSAgIRneIU3RzsvzrvzsRwtOcXOKfyB8/kD/c6RGQ==</latexit>

x

<latexit sha1_base64="h+m1149UjtXpnkpRLohbJhtXZrM=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgqsxIQd0V3LisYB/YlpJJ77ShmcyQZMQy9C/cuFDErX/jzr8x085CWw8EDufcS849fiy4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS0eJYthkkYhUx6caBZfYNNwI7MQKaegLbPuTm8xvP6LSPJL3ZhpjP6QjyQPOqLHSQy+kZuwH6dNsUK64VXcOskq8nFQgR2NQ/uoNI5aEKA0TVOuu58amn1JlOBM4K/USjTFlEzrCrqWShqj76TzxjJxZZUiCSNknDZmrvzdSGmo9DX07mSXUy14m/ud1ExNc9VMu48SgZIuPgkQQE5HsfDLkCpkRU0soU9xmJWxMFWXGllSyJXjLJ6+S1kXVq1Wv72qVupvXUYQTOIVz8OAS6nALDWgCAwnP8ApvjnZenHfnYzFacPKdY/gD5/MH+6+RFg==</latexit>

y

<latexit sha1_base64="2Yrux2aUyODxkF/bzUAS/pg3y3Y=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG8FLx6r2A9oQ9lsJ+3SzSbsboQQ+g+8eFDEq//Im//GbZuDtj4YeLw3w8y8IBFcG9f9dkpr6xubW+Xtys7u3v5B9fCoreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7czvPKHSPJaPJkvQj+hI8pAzaqz0kJFBtebW3TnIKvEKUoMCzUH1qz+MWRqhNExQrXuemxg/p8pwJnBa6acaE8omdIQ9SyWNUPv5/NIpObPKkISxsiUNmau/J3IaaZ1Fge2MqBnrZW8m/uf1UhNe+zmXSWpQssWiMBXExGT2NhlyhcyIzBLKFLe3EjamijJjw6nYELzll1dJ+6LuXdZv7i9rDbeIowwncArn4MEVNOAOmtACBiE8wyu8ORPnxXl3PhatJaeYOYY/cD5/ADwfjSE=</latexit>

w

<latexit sha1_base64="69UYHng3bq9HTbD/nKhvpXrT7xA=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgqsxIQd0V3LisYB/YlpJJ77ShmcyQZJQy9C/cuFDErX/jzr8x085CWw8EDufcS849fiy4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS0eJYthkkYhUx6caBZfYNNwI7MQKaegLbPuTm8xvP6LSPJL3ZhpjP6QjyQPOqLHSQy+kZuwH6dNsUK64VXcOskq8nFQgR2NQ/uoNI5aEKA0TVOuu58amn1JlOBM4K/USjTFlEzrCrqWShqj76TzxjJxZZUiCSNknDZmrvzdSGmo9DX07mSXUy14m/ud1ExNc9VMu48SgZIuPgkQQE5HsfDLkCpkRU0soU9xmJWxMFWXGllSyJXjLJ6+S1kXVq1Wv72qVupvXUYQTOIVz8OAS6nALDWgCAwnP8ApvjnZenHfnYzFacPKdY/gD5/MH+iqRFQ==</latexit>

perceptron
deep neural network

X

<latexit sha1_base64="+5w+Hi1xTRlI+sJVVJj9NQJcoig=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN4KXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ylsbG5t7xR3S3v7B4dH5eOTto5TxbDFYhGrbkA1Ci6xZbgR2E0U0igQ2Akmd3O/84RK81g+mGmCfkRHkoecUWOlZndQrrhVdwGyTrycVCBHY1D+6g9jlkYoDRNU657nJsbPqDKcCZyV+qnGhLIJHWHPUkkj1H62OHRGLqwyJGGsbElDFurviYxGWk+jwHZG1Iz1qjcX//N6qQlv/IzLJDUo2XJRmApiYjL/mgy5QmbE1BLKFLe3EjamijJjsynZELzVl9dJ+6rq1aq3zVql7uZxFOEMzuESPLiGOtxDA1rAAOEZXuHNeXRenHfnY9lacPKZU/gD5/MHtC+M1g==</latexit>

y

<latexit sha1_base64="qBc/m/4XXQEDMHnmGojXisMgaTo=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQiqLuCG5cV7APbUCbTSTt0MgkzN0IJ/Qs3LhRx69+482+ctFlo64GBwzn3MueeIJHCoOt+O6W19Y3NrfJ2ZWd3b/+genjUNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbnO/88S1EbF6wGnC/YiOlAgFo2ilx35EcRyE2XQ2qNbcujsHWSVeQWpQoDmofvWHMUsjrpBJakzPcxP0M6pRMMlnlX5qeELZhI54z1JFI278bJ54Rs6sMiRhrO1TSObq742MRsZMo8BO5gnNspeL/3m9FMNrPxMqSZErtvgoTCXBmOTnk6HQnKGcWkKZFjYrYWOqKUNbUsWW4C2fvEraF3Xvsn5zf1lruEUdZTiBUzgHD66gAXfQhBYwUPAMr/DmGOfFeXc+FqMlp9g5hj9wPn8A/TSRFw==</latexit>

known

w

<latexit sha1_base64="gWn4dgYvf4Rqj2BVTSt9SyU75s4=">AAAB8XicdVDLSgMxFL1TX7W+qi7dBIvgqiQitt0V3LisYB/YDiWTZmowkxmSjFKG/oUbF4q49W/c+Tdm2goqeiBwOOdecu4JEimMxfjDKywtr6yuFddLG5tb2zvl3b2OiVPNeJvFMta9gBouheJtK6zkvURzGgWSd4Pb89zv3nFtRKyu7CThfkTHSoSCUeuk60FE7U0QZvfTYbmCqxhjQgjKCamdYUcajfoJqSOSWw4VWKA1LL8PRjFLI64sk9SYPsGJ9TOqrWCST0uD1PCEsls65n1HFY248bNZ4ik6csoIhbF2T1k0U79vZDQyZhIFbjJPaH57ufiX109tWPczoZLUcsXmH4WpRDZG+floJDRnVk4coUwLlxWxG6ops66kkivh61L0P+mcVMlptXF5WmniRR1FOIBDOAYCNWjCBbSgDQwUPMATPHvGe/RevNf5aMFb7OzDD3hvn0cvkUs=</latexit>

known

X

<latexit sha1_base64="+5w+Hi1xTRlI+sJVVJj9NQJcoig=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN4KXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ylsbG5t7xR3S3v7B4dH5eOTto5TxbDFYhGrbkA1Ci6xZbgR2E0U0igQ2Akmd3O/84RK81g+mGmCfkRHkoecUWOlZndQrrhVdwGyTrycVCBHY1D+6g9jlkYoDRNU657nJsbPqDKcCZyV+qnGhLIJHWHPUkkj1H62OHRGLqwyJGGsbElDFurviYxGWk+jwHZG1Iz1qjcX//N6qQlv/IzLJDUo2XJRmApiYjL/mgy5QmbE1BLKFLe3EjamijJjsynZELzVl9dJ+6rq1aq3zVql7uZxFOEMzuESPLiGOtxDA1rAAOEZXuHNeXRenHfnY9lacPKZU/gD5/MHtC+M1g==</latexit>

known

Z

<latexit sha1_base64="fzT+UIHx3TRn6gQCdGJS162Xosk=">AAAB6HicdVDLSgNBEJyNrxhfUY9eBoPgKcwEMckt4MVjAuaByRJmJ73JmNkHM7NCWPIFXjwo4tVP8ubfOJtEUNGChqKqm+4uL5ZCG0I+nNza+sbmVn67sLO7t39QPDzq6ChRHNo8kpHqeUyDFCG0jTASerECFngSut70KvO796C0iMIbM4vBDdg4FL7gzFipdTsslkiZEEIpxRmh1UtiSb1eq9AappllUUIrNIfF98Eo4kkAoeGSad2nJDZuypQRXMK8MEg0xIxP2Rj6loYsAO2mi0Pn+MwqI+xHylZo8EL9PpGyQOtZ4NnOgJmJ/u1l4l9ePzF+zU1FGCcGQr5c5CcSmwhnX+ORUMCNnFnCuBL2VswnTDFubDYFG8LXp/h/0qmU6UW53rooNcgqjjw6QafoHFFURQ10jZqojTgC9ICe0LNz5zw6L87rsjXnrGaO0Q84b58EPI0O</latexit>

Y

<latexit sha1_base64="RLfK3W5QkWz+F2nuAa4nc5urOCY=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN4KXjy2YFulDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjto5TxbDFYhGr+4BqFFxiy3Aj8D5RSKNAYCcY38z8zhMqzWN5ZyYJ+hEdSh5yRo2Vmg/9csWtunOQVeLlpAI5Gv3yV28QszRCaZigWnc9NzF+RpXhTOC01Es1JpSN6RC7lkoaofaz+aFTcmaVAQljZUsaMld/T2Q00noSBbYzomakl72Z+J/XTU145WdcJqlByRaLwlQQE5PZ12TAFTIjJpZQpri9lbARVZQZm03JhuAtv7xK2hdVr1a9btYqdTePowgncArn4MEl1OEWGtACBgjP8ApvzqPz4rw7H4vWgpPPHMMfOJ8/tbOM1w==</latexit>

known

W1

<latexit sha1_base64="hCXUKOEh6jkv5OZY6ERQcb8WJKU=">AAAB6nicdVBNSwMxEJ31s9avqkcvwSJ4Kkkptr0VvHisaD+gXUo2TdvQbHZJskJZ+hO8eFDEq7/Im//GbFtBRR8MPN6bYWZeEEthLMYf3tr6xubWdm4nv7u3f3BYODpumyjRjLdYJCPdDajhUijessJK3o01p2EgeSeYXmV+555rIyJ1Z2cx90M6VmIkGLVOuu0MyKBQxCWMMSEEZYRUL7Ej9XqtTGqIZJZDEVZoDgrv/WHEkpAryyQ1pkdwbP2UaiuY5PN8PzE8pmxKx7znqKIhN366OHWOzp0yRKNIu1IWLdTvEykNjZmFgesMqZ2Y314m/uX1Ejuq+alQcWK5YstFo0QiG6HsbzQUmjMrZ45QpoW7FbEJ1ZRZl07ehfD1KfqftMslUinVbyrFBl7FkYNTOIMLIFCFBlxDE1rAYAwP8ATPnvQevRfvddm65q1mTuAHvLdPJNaNrw==</latexit>

W2

<latexit sha1_base64="FOl+lnnE5ZaiZvLZD/mxV+GHYAI=">AAAB6nicdVBNSwMxEJ31s9avqkcvwSJ4Kkkptr0VvHisaD+gXUo2TdvQbHZJskJZ+hO8eFDEq7/Im//GbFtBRR8MPN6bYWZeEEthLMYf3tr6xubWdm4nv7u3f3BYODpumyjRjLdYJCPdDajhUijessJK3o01p2EgeSeYXmV+555rIyJ1Z2cx90M6VmIkGLVOuu0MyoNCEZcwxoQQlBFSvcSO1Ou1MqkhklkORVihOSi894cRS0KuLJPUmB7BsfVTqq1gks/z/cTwmLIpHfOeo4qG3Pjp4tQ5OnfKEI0i7UpZtFC/T6Q0NGYWBq4zpHZifnuZ+JfXS+yo5qdCxYnlii0XjRKJbISyv9FQaM6snDlCmRbuVsQmVFNmXTp5F8LXp+h/0i6XSKVUv6kUG3gVRw5O4QwugEAVGnANTWgBgzE8wBM8e9J79F6812XrmreaOYEf8N4+ASZajbA=</latexit>

i.i.d. prior

i.i.d. entries



From perceptron/GLM with random i.i.d. matrices
to deep neural networks ?

10

1. Inference of layers variables in deep networks (with learned weight matrices)

2. The challenge of weight inference and structured weights

x

<latexit sha1_base64="h+m1149UjtXpnkpRLohbJhtXZrM=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgqsxIQd0V3LisYB/YlpJJ77ShmcyQZMQy9C/cuFDErX/jzr8x085CWw8EDufcS849fiy4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS0eJYthkkYhUx6caBZfYNNwI7MQKaegLbPuTm8xvP6LSPJL3ZhpjP6QjyQPOqLHSQy+kZuwH6dNsUK64VXcOskq8nFQgR2NQ/uoNI5aEKA0TVOuu58amn1JlOBM4K/USjTFlEzrCrqWShqj76TzxjJxZZUiCSNknDZmrvzdSGmo9DX07mSXUy14m/ud1ExNc9VMu48SgZIuPgkQQE5HsfDLkCpkRU0soU9xmJWxMFWXGllSyJXjLJ6+S1kXVq1Wv72qVupvXUYQTOIVz8OAS6nALDWgCAwnP8ApvjnZenHfnYzFacPKdY/gD5/MH+6+RFg==</latexit>

z

<latexit sha1_base64="sI3OQQKN0v2aMVgswHz23cJRoI8=">AAAB8XicbVDLSgMxFL3js9ZX1aWbYBFclZlSUHcFNy4r2Ae2pWTSTBuayQzJHaEO/Qs3LhRx69+482/MtLPQ1gOBwzn3knOPH0th0HW/nbX1jc2t7cJOcXdv/+CwdHTcMlGiGW+ySEa641PDpVC8iQIl78Sa09CXvO1PbjK//ci1EZG6x2nM+yEdKREIRtFKD72Q4tgP0qfZoFR2K+4cZJV4OSlDjsag9NUbRiwJuUImqTFdz42xn1KNgkk+K/YSw2PKJnTEu5YqGnLTT+eJZ+TcKkMSRNo+hWSu/t5IaWjMNPTtZJbQLHuZ+J/XTTC46qdCxQlyxRYfBYkkGJHsfDIUmjOUU0so08JmJWxMNWVoSyraErzlk1dJq1rxapXru1q5Xs3rKMApnMEFeHAJdbiFBjSBgYJneIU3xzgvzrvzsRhdc/KdE/gD5/MH/1ORGg==</latexit>

W2

<latexit sha1_base64="80MyauZ9aGUDn/Kt9GJfGIbchKU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lKQb0VvHisaD+gDWWz3bRLN5uwOxFK6E/w4kERr/4ib/4bt20O2vpg4PHeDDPzgkQKg6777RQ2Nre2d4q7pb39g8Oj8vFJ28SpZrzFYhnrbkANl0LxFgqUvJtoTqNA8k4wuZ37nSeujYjVI04T7kd0pEQoGEUrPXQGtUG54lbdBcg68XJSgRzNQfmrP4xZGnGFTFJjep6boJ9RjYJJPiv1U8MTyiZ0xHuWKhpx42eLU2fkwipDEsbalkKyUH9PZDQyZhoFtjOiODar3lz8z+ulGF77mVBJilyx5aIwlQRjMv+bDIXmDOXUEsq0sLcSNqaaMrTplGwI3urL66Rdq3r16s19vdJw8ziKcAbncAkeXEED7qAJLWAwgmd4hTdHOi/Ou/OxbC04+cwp/IHz+QPZVY16</latexit>

W1

<latexit sha1_base64="LeEwYQW6d+f99E3kyeHkMqg0rNU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkUL0VvHisaD+gDWWznbRLN5uwuxFK6E/w4kERr/4ib/4bt20O2vpg4PHeDDPzgkRwbVz32ylsbG5t7xR3S3v7B4dH5eOTto5TxbDFYhGrbkA1Ci6xZbgR2E0U0igQ2Akmt3O/84RK81g+mmmCfkRHkoecUWOlh87AG5QrbtVdgKwTLycVyNEclL/6w5ilEUrDBNW657mJ8TOqDGcCZ6V+qjGhbEJH2LNU0gi1ny1OnZELqwxJGCtb0pCF+nsio5HW0yiwnRE1Y73qzcX/vF5qwms/4zJJDUq2XBSmgpiYzP8mQ66QGTG1hDLF7a2EjamizNh0SjYEb/XlddK+qnq16s19rdJw8ziKcAbncAke1KEBd9CEFjAYwTO8wpsjnBfn3flYthacfOYU/sD5/AHX0Y15</latexit>

y

<latexit sha1_base64="nmUKJ1U5Gz4Vm6wDwMTKi2HN1vs=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgqsyUgroruHFZwT6wHUomzbShSWZIMsIw9C/cuFDErX/jzr8x085CWw8EDufcS849QcyZNq777ZQ2Nre2d8q7lb39g8Oj6vFJV0eJIrRDIh6pfoA15UzSjmGG036sKBYBp71gdpv7vSeqNIvkg0lj6gs8kSxkBBsrPQ4FNtMgzNL5qFpz6+4CaJ14BalBgfao+jUcRyQRVBrCsdYDz42Nn2FlGOF0XhkmmsaYzPCEDiyVWFDtZ4vEc3RhlTEKI2WfNGih/t7IsNA6FYGdzBPqVS8X//MGiQmv/YzJODFUkuVHYcKRiVB+PhozRYnhqSWYKGazIjLFChNjS6rYErzVk9dJt1H3mvWb+2at1SjqKMMZnMMleHAFLbiDNnSAgIRneIU3RzsvzrvzsRwtOcXOKfyB8/kD/c6RGQ==</latexit>

x

<latexit sha1_base64="h+m1149UjtXpnkpRLohbJhtXZrM=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgqsxIQd0V3LisYB/YlpJJ77ShmcyQZMQy9C/cuFDErX/jzr8x085CWw8EDufcS849fiy4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS0eJYthkkYhUx6caBZfYNNwI7MQKaegLbPuTm8xvP6LSPJL3ZhpjP6QjyQPOqLHSQy+kZuwH6dNsUK64VXcOskq8nFQgR2NQ/uoNI5aEKA0TVOuu58amn1JlOBM4K/USjTFlEzrCrqWShqj76TzxjJxZZUiCSNknDZmrvzdSGmo9DX07mSXUy14m/ud1ExNc9VMu48SgZIuPgkQQE5HsfDLkCpkRU0soU9xmJWxMFWXGllSyJXjLJ6+S1kXVq1Wv72qVupvXUYQTOIVz8OAS6nALDWgCAwnP8ApvjnZenHfnYzFacPKdY/gD5/MH+6+RFg==</latexit>

y

<latexit sha1_base64="2Yrux2aUyODxkF/bzUAS/pg3y3Y=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG8FLx6r2A9oQ9lsJ+3SzSbsboQQ+g+8eFDEq//Im//GbZuDtj4YeLw3w8y8IBFcG9f9dkpr6xubW+Xtys7u3v5B9fCoreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7czvPKHSPJaPJkvQj+hI8pAzaqz0kJFBtebW3TnIKvEKUoMCzUH1qz+MWRqhNExQrXuemxg/p8pwJnBa6acaE8omdIQ9SyWNUPv5/NIpObPKkISxsiUNmau/J3IaaZ1Fge2MqBnrZW8m/uf1UhNe+zmXSWpQssWiMBXExGT2NhlyhcyIzBLKFLe3EjamijJjw6nYELzll1dJ+6LuXdZv7i9rDbeIowwncArn4MEVNOAOmtACBiE8wyu8ORPnxXl3PhatJaeYOYY/cD5/ADwfjSE=</latexit>

w

<latexit sha1_base64="69UYHng3bq9HTbD/nKhvpXrT7xA=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgqsxIQd0V3LisYB/YlpJJ77ShmcyQZJQy9C/cuFDErX/jzr8x085CWw8EDufcS849fiy4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS0eJYthkkYhUx6caBZfYNNwI7MQKaegLbPuTm8xvP6LSPJL3ZhpjP6QjyQPOqLHSQy+kZuwH6dNsUK64VXcOskq8nFQgR2NQ/uoNI5aEKA0TVOuu58amn1JlOBM4K/USjTFlEzrCrqWShqj76TzxjJxZZUiCSNknDZmrvzdSGmo9DX07mSXUy14m/ud1ExNc9VMu48SgZIuPgkQQE5HsfDLkCpkRU0soU9xmJWxMFWXGllSyJXjLJ6+S1kXVq1Wv72qVupvXUYQTOIVz8OAS6nALDWgCAwnP8ApvjnZenHfnYzFacPKdY/gD5/MH+iqRFQ==</latexit>

perceptron
deep neural network

X

<latexit sha1_base64="+5w+Hi1xTRlI+sJVVJj9NQJcoig=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN4KXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ylsbG5t7xR3S3v7B4dH5eOTto5TxbDFYhGrbkA1Ci6xZbgR2E0U0igQ2Akmd3O/84RK81g+mGmCfkRHkoecUWOlZndQrrhVdwGyTrycVCBHY1D+6g9jlkYoDRNU657nJsbPqDKcCZyV+qnGhLIJHWHPUkkj1H62OHRGLqwyJGGsbElDFurviYxGWk+jwHZG1Iz1qjcX//N6qQlv/IzLJDUo2XJRmApiYjL/mgy5QmbE1BLKFLe3EjamijJjsynZELzVl9dJ+6rq1aq3zVql7uZxFOEMzuESPLiGOtxDA1rAAOEZXuHNeXRenHfnY9lacPKZU/gD5/MHtC+M1g==</latexit>

y

<latexit sha1_base64="qBc/m/4XXQEDMHnmGojXisMgaTo=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQiqLuCG5cV7APbUCbTSTt0MgkzN0IJ/Qs3LhRx69+482+ctFlo64GBwzn3MueeIJHCoOt+O6W19Y3NrfJ2ZWd3b/+genjUNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbnO/88S1EbF6wGnC/YiOlAgFo2ilx35EcRyE2XQ2qNbcujsHWSVeQWpQoDmofvWHMUsjrpBJakzPcxP0M6pRMMlnlX5qeELZhI54z1JFI278bJ54Rs6sMiRhrO1TSObq742MRsZMo8BO5gnNspeL/3m9FMNrPxMqSZErtvgoTCXBmOTnk6HQnKGcWkKZFjYrYWOqKUNbUsWW4C2fvEraF3Xvsn5zf1lruEUdZTiBUzgHD66gAXfQhBYwUPAMr/DmGOfFeXc+FqMlp9g5hj9wPn8A/TSRFw==</latexit>

known

w

<latexit sha1_base64="gWn4dgYvf4Rqj2BVTSt9SyU75s4=">AAAB8XicdVDLSgMxFL1TX7W+qi7dBIvgqiQitt0V3LisYB/YDiWTZmowkxmSjFKG/oUbF4q49W/c+Tdm2goqeiBwOOdecu4JEimMxfjDKywtr6yuFddLG5tb2zvl3b2OiVPNeJvFMta9gBouheJtK6zkvURzGgWSd4Pb89zv3nFtRKyu7CThfkTHSoSCUeuk60FE7U0QZvfTYbmCqxhjQgjKCamdYUcajfoJqSOSWw4VWKA1LL8PRjFLI64sk9SYPsGJ9TOqrWCST0uD1PCEsls65n1HFY248bNZ4ik6csoIhbF2T1k0U79vZDQyZhIFbjJPaH57ufiX109tWPczoZLUcsXmH4WpRDZG+floJDRnVk4coUwLlxWxG6ops66kkivh61L0P+mcVMlptXF5WmniRR1FOIBDOAYCNWjCBbSgDQwUPMATPHvGe/RevNf5aMFb7OzDD3hvn0cvkUs=</latexit>

known

X

<latexit sha1_base64="+5w+Hi1xTRlI+sJVVJj9NQJcoig=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN4KXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ylsbG5t7xR3S3v7B4dH5eOTto5TxbDFYhGrbkA1Ci6xZbgR2E0U0igQ2Akmd3O/84RK81g+mGmCfkRHkoecUWOlZndQrrhVdwGyTrycVCBHY1D+6g9jlkYoDRNU657nJsbPqDKcCZyV+qnGhLIJHWHPUkkj1H62OHRGLqwyJGGsbElDFurviYxGWk+jwHZG1Iz1qjcX//N6qQlv/IzLJDUo2XJRmApiYjL/mgy5QmbE1BLKFLe3EjamijJjsynZELzVl9dJ+6rq1aq3zVql7uZxFOEMzuESPLiGOtxDA1rAAOEZXuHNeXRenHfnY9lacPKZU/gD5/MHtC+M1g==</latexit>

known

Z

<latexit sha1_base64="fzT+UIHx3TRn6gQCdGJS162Xosk=">AAAB6HicdVDLSgNBEJyNrxhfUY9eBoPgKcwEMckt4MVjAuaByRJmJ73JmNkHM7NCWPIFXjwo4tVP8ubfOJtEUNGChqKqm+4uL5ZCG0I+nNza+sbmVn67sLO7t39QPDzq6ChRHNo8kpHqeUyDFCG0jTASerECFngSut70KvO796C0iMIbM4vBDdg4FL7gzFipdTsslkiZEEIpxRmh1UtiSb1eq9AappllUUIrNIfF98Eo4kkAoeGSad2nJDZuypQRXMK8MEg0xIxP2Rj6loYsAO2mi0Pn+MwqI+xHylZo8EL9PpGyQOtZ4NnOgJmJ/u1l4l9ePzF+zU1FGCcGQr5c5CcSmwhnX+ORUMCNnFnCuBL2VswnTDFubDYFG8LXp/h/0qmU6UW53rooNcgqjjw6QafoHFFURQ10jZqojTgC9ICe0LNz5zw6L87rsjXnrGaO0Q84b58EPI0O</latexit>

Y

<latexit sha1_base64="RLfK3W5QkWz+F2nuAa4nc5urOCY=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN4KXjy2YFulDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjto5TxbDFYhGr+4BqFFxiy3Aj8D5RSKNAYCcY38z8zhMqzWN5ZyYJ+hEdSh5yRo2Vmg/9csWtunOQVeLlpAI5Gv3yV28QszRCaZigWnc9NzF+RpXhTOC01Es1JpSN6RC7lkoaofaz+aFTcmaVAQljZUsaMld/T2Q00noSBbYzomakl72Z+J/XTU145WdcJqlByRaLwlQQE5PZ12TAFTIjJpZQpri9lbARVZQZm03JhuAtv7xK2hdVr1a9btYqdTePowgncArn4MEl1OEWGtACBgjP8ApvzqPz4rw7H4vWgpPPHMMfOJ8/tbOM1w==</latexit>

known

W2

<latexit sha1_base64="80MyauZ9aGUDn/Kt9GJfGIbchKU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lKQb0VvHisaD+gDWWz3bRLN5uwOxFK6E/w4kERr/4ib/4bt20O2vpg4PHeDDPzgkQKg6777RQ2Nre2d4q7pb39g8Oj8vFJ28SpZrzFYhnrbkANl0LxFgqUvJtoTqNA8k4wuZ37nSeujYjVI04T7kd0pEQoGEUrPXQGtUG54lbdBcg68XJSgRzNQfmrP4xZGnGFTFJjep6boJ9RjYJJPiv1U8MTyiZ0xHuWKhpx42eLU2fkwipDEsbalkKyUH9PZDQyZhoFtjOiODar3lz8z+ulGF77mVBJilyx5aIwlQRjMv+bDIXmDOXUEsq0sLcSNqaaMrTplGwI3urL66Rdq3r16s19vdJw8ziKcAbncAkeXEED7qAJLWAwgmd4hTdHOi/Ou/OxbC04+cwp/IHz+QPZVY16</latexit>

W1

<latexit sha1_base64="LeEwYQW6d+f99E3kyeHkMqg0rNU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkUL0VvHisaD+gDWWznbRLN5uwuxFK6E/w4kERr/4ib/4bt20O2vpg4PHeDDPzgkRwbVz32ylsbG5t7xR3S3v7B4dH5eOTto5TxbDFYhGrbkA1Ci6xZbgR2E0U0igQ2Akmt3O/84RK81g+mmmCfkRHkoecUWOlh87AG5QrbtVdgKwTLycVyNEclL/6w5ilEUrDBNW657mJ8TOqDGcCZ6V+qjGhbEJH2LNU0gi1ny1OnZELqwxJGCtb0pCF+nsio5HW0yiwnRE1Y73qzcX/vF5qwms/4zJJDUq2XBSmgpiYzP8mQ66QGTG1hDLF7a2EjamizNh0SjYEb/XlddK+qnq16s19rdJw8ziKcAbncAke1KEBd9CEFjAYwTO8wpsjnBfn3flYthacfOYU/sD5/AHX0Y15</latexit>

known known

i.i.d. prior

i.i.d. entries



Single layer = perceptron / GLM

Multi-layer ?

Inferring neural networks layer states from output
11

y

<latexit sha1_base64="qBc/m/4XXQEDMHnmGojXisMgaTo=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQiqLuCG5cV7APbUCbTSTt0MgkzN0IJ/Qs3LhRx69+482+ctFlo64GBwzn3MueeIJHCoOt+O6W19Y3NrfJ2ZWd3b/+genjUNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbnO/88S1EbF6wGnC/YiOlAgFo2ilx35EcRyE2XQ2qNbcujsHWSVeQWpQoDmofvWHMUsjrpBJakzPcxP0M6pRMMlnlX5qeELZhI54z1JFI278bJ54Rs6sMiRhrO1TSObq742MRsZMo8BO5gnNspeL/3m9FMNrPxMqSZErtvgoTCXBmOTnk6HQnKGcWkKZFjYrYWOqKUNbUsWW4C2fvEraF3Xvsn5zf1lruEUdZTiBUzgHD66gAXfQhBYwUPAMr/DmGOfFeXc+FqMlp9g5hj9wPn8A/TSRFw==</latexit>

f⇠
⇣ ⌘

<latexit sha1_base64="Vcmvz0bIQMrw8r0eOkaoBfdaNqo=">AAACEHicbVC7TsMwFHXKq5RXgJHFokKUpUpKJRgrWBiLRB9SE0WO47RWHSe1HURV9RNY+BUWBhBiZWTjb3DTDNBypKt7dM69su/xE0alsqxvo7Cyura+UdwsbW3v7O6Z+wdtGacCkxaOWSy6PpKEUU5aiipGuokgKPIZ6fjD65nfuSdC0pjfqXFC3Aj1OQ0pRkpLnnkaes4Dhc4V7VegMxqlKFhomXfmmWWramWAy8TOSRnkaHrmlxPEOI0IV5ghKXu2lSh3goSimJFpyUklSRAeoj7pacpRRKQ7yQ6awhOtBDCMhS6uYKb+3pigSMpx5OvJCKmBXPRm4n9eL1XhpTuhPEkV4Xj+UJgyqGI4SwcGVBCs2FgThAXVf4V4gATCSmdY0iHYiycvk3atap9Xa7f1cqOex1EER+AYVIANLkAD3IAmaAEMHsEzeAVvxpPxYrwbH/PRgpHvHII/MD5/AGN+m34=</latexit>

=<latexit sha1_base64="7vdqzKm6L5K9DGnJMRyYxaSZnUQ=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoBeh4MVjC7YW2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0PBh7vzTAzL0gE18Z1v53C2vrG5lZxu7Szu7d/UD48aus4VQxbLBax6gRUo+ASW4YbgZ1EIY0CgQ/B+HbmPzyh0jyW92aSoB/RoeQhZ9RYqXnTL1fcqjsHWSVeTiqQo9Evf/UGMUsjlIYJqnXXcxPjZ1QZzgROS71UY0LZmA6xa6mkEWo/mx86JWdWGZAwVrakIXP190RGI60nUWA7I2pGetmbif953dSE137GZZIalGyxKEwFMTGZfU0GXCEzYmIJZYrbWwkbUUWZsdmUbAje8surpF2rehfVWvOyUnfzOIpwAqdwDh5cQR3uoAEtYIDwDK/w5jw6L86787FoLTj5zDH8gfP5A4ixjLM=</latexit> ⇥
<latexit sha1_base64="0QSvAW1rxwYRhX2g/UYY4OR94mk=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hd0o6DHgxWME84BkCbOT2WTM7Mwy0yuEkH/w4kERr/6PN//GSbIHTSxoKKq66e6KUiks+v63t7a+sbm1Xdgp7u7tHxyWjo6bVmeG8QbTUpt2RC2XQvEGCpS8nRpOk0jyVjS6nfmtJ26s0OoBxykPEzpQIhaMopOaXRQJt71S2a/4c5BVEuSkDDnqvdJXt69ZlnCFTFJrO4GfYjihBgWTfFrsZpanlI3ogHccVdQtCSfza6fk3Cl9EmvjSiGZq78nJjSxdpxErjOhOLTL3kz8z+tkGN+EE6HSDLlii0VxJglqMnud9IXhDOXYEcqMcLcSNqSGMnQBFV0IwfLLq6RZrQSXler9Vbnm53EU4BTO4AICuIYa3EEdGsDgEZ7hFd487b14797HonXNy2dO4A+8zx+yD48m</latexit>

w

<latexit sha1_base64="69UYHng3bq9HTbD/nKhvpXrT7xA=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgqsxIQd0V3LisYB/YlpJJ77ShmcyQZJQy9C/cuFDErX/jzr8x085CWw8EDufcS849fiy4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS0eJYthkkYhUx6caBZfYNNwI7MQKaegLbPuTm8xvP6LSPJL3ZhpjP6QjyQPOqLHSQy+kZuwH6dNsUK64VXcOskq8nFQgR2NQ/uoNI5aEKA0TVOuu58amn1JlOBM4K/USjTFlEzrCrqWShqj76TzxjJxZZUiCSNknDZmrvzdSGmo9DX07mSXUy14m/ud1ExNc9VMu48SgZIuPgkQQE5HsfDLkCpkRU0soU9xmJWxMFWXGllSyJXjLJ6+S1kXVq1Wv72qVupvXUYQTOIVz8OAS6nALDWgCAwnP8ApvjnZenHfnYzFacPKdY/gD5/MH+iqRFQ==</latexit>

N

<latexit sha1_base64="IKFjb1smIlt1iH24p4CqiCPVr+0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN4KXjxJC7YW2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0PBh7vzTAzL0gE18Z1v53C2vrG5lZxu7Szu7d/UD48aus4VQxbLBax6gRUo+ASW4YbgZ1EIY0CgQ/B+GbmPzyh0jyW92aSoB/RoeQhZ9RYqXnXL1fcqjsHWSVeTiqQo9Evf/UGMUsjlIYJqnXXcxPjZ1QZzgROS71UY0LZmA6xa6mkEWo/mx86JWdWGZAwVrakIXP190RGI60nUWA7I2pGetmbif953dSEV37GZZIalGyxKEwFMTGZfU0GXCEzYmIJZYrbWwkbUUWZsdmUbAje8surpH1R9WrV62atUnfzOIpwAqdwDh5cQh1uoQEtYIDwDK/w5jw6L86787FoLTj5zDH8gfP5A6UHjMw=</latexit>

X

<latexit sha1_base64="+5w+Hi1xTRlI+sJVVJj9NQJcoig=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN4KXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ylsbG5t7xR3S3v7B4dH5eOTto5TxbDFYhGrbkA1Ci6xZbgR2E0U0igQ2Akmd3O/84RK81g+mGmCfkRHkoecUWOlZndQrrhVdwGyTrycVCBHY1D+6g9jlkYoDRNU657nJsbPqDKcCZyV+qnGhLIJHWHPUkkj1H62OHRGLqwyJGGsbElDFurviYxGWk+jwHZG1Iz1qjcX//N6qQlv/IzLJDUo2XJRmApiYjL/mgy5QmbE1BLKFLe3EjamijJjsynZELzVl9dJ+6rq1aq3zVql7uZxFOEMzuESPLiGOtxDA1rAAOEZXuHNeXRenHfnY9lacPKZU/gD5/MHtC+M1g==</latexit>

P

<latexit sha1_base64="y7lduatjUHqQ69bGTHT2oesyvbs=">AAAB6HicbVDLSgMxFL1TX7W+qi7dBIvgqsxIoboruHHZgn1AO0gmvdPGZjJDkhHK0C9w40IRt36SO//GtJ2Fth4IHM45l9x7gkRwbVz32ylsbG5t7xR3S3v7B4dH5eOTjo5TxbDNYhGrXkA1Ci6xbbgR2EsU0igQ2A0mt3O/+4RK81jem2mCfkRHkoecUWOlVvOhXHGr7gJknXg5qUAOm/8aDGOWRigNE1Trvucmxs+oMpwJnJUGqcaEsgkdYd9SSSPUfrZYdEYurDIkYazsk4Ys1N8TGY20nkaBTUbUjPWqNxf/8/qpCa/9jMskNSjZ8qMwFcTEZH41GXKFzIipJZQpbnclbEwVZcZ2U7IleKsnr5POVdWrVW9atUrDzesowhmcwyV4UIcG3EET2sAA4Rle4c15dF6cd+djGS04+cwp/IHz+QOoD4zO</latexit>

P ⇥N

<latexit sha1_base64="exXfeSGC1Hd/RCcqn45BB/d+Tdk=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN4KXjxJBfuBbSib7aZdutmE3YlQQv+FFw+KePXfePPfuG1z0NYHA4/3ZpiZFyRSGHTdb6ewtr6xuVXcLu3s7u0flA+PWiZONeNNFstYdwJquBSKN1Gg5J1EcxoFkreD8c3Mbz9xbUSsHnCScD+iQyVCwSha6bFBeigibshdv1xxq+4cZJV4OalAjka//NUbxCyNuEImqTFdz03Qz6hGwSSflnqp4QllYzrkXUsVtWv8bH7xlJxZZUDCWNtSSObq74mMRsZMosB2RhRHZtmbif953RTDKz8TKkmRK7ZYFKaSYExm75OB0JyhnFhCmRb2VsJGVFOGNqSSDcFbfnmVtC6qXq16fV+r1N08jiKcwCmcgweXUIdbaEATGCh4hld4c4zz4rw7H4vWgpPPHMMfOJ8/oeeQNA==</latexit>

y

<latexit sha1_base64="qBc/m/4XXQEDMHnmGojXisMgaTo=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQiqLuCG5cV7APbUCbTSTt0MgkzN0IJ/Qs3LhRx69+482+ctFlo64GBwzn3MueeIJHCoOt+O6W19Y3NrfJ2ZWd3b/+genjUNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbnO/88S1EbF6wGnC/YiOlAgFo2ilx35EcRyE2XQ2qNbcujsHWSVeQWpQoDmofvWHMUsjrpBJakzPcxP0M6pRMMlnlX5qeELZhI54z1JFI278bJ54Rs6sMiRhrO1TSObq742MRsZMo8BO5gnNspeL/3m9FMNrPxMqSZErtvgoTCXBmOTnk6HQnKGcWkKZFjYrYWOqKUNbUsWW4C2fvEraF3Xvsn5zf1lruEUdZTiBUzgHD66gAXfQhBYwUPAMr/DmGOfFeXc+FqMlp9g5hj9wPn8A/TSRFw==</latexit>

f⇠
⇣ ⌘

<latexit sha1_base64="Vcmvz0bIQMrw8r0eOkaoBfdaNqo=">AAACEHicbVC7TsMwFHXKq5RXgJHFokKUpUpKJRgrWBiLRB9SE0WO47RWHSe1HURV9RNY+BUWBhBiZWTjb3DTDNBypKt7dM69su/xE0alsqxvo7Cyura+UdwsbW3v7O6Z+wdtGacCkxaOWSy6PpKEUU5aiipGuokgKPIZ6fjD65nfuSdC0pjfqXFC3Aj1OQ0pRkpLnnkaes4Dhc4V7VegMxqlKFhomXfmmWWramWAy8TOSRnkaHrmlxPEOI0IV5ghKXu2lSh3goSimJFpyUklSRAeoj7pacpRRKQ7yQ6awhOtBDCMhS6uYKb+3pigSMpx5OvJCKmBXPRm4n9eL1XhpTuhPEkV4Xj+UJgyqGI4SwcGVBCs2FgThAXVf4V4gATCSmdY0iHYiycvk3atap9Xa7f1cqOex1EER+AYVIANLkAD3IAmaAEMHsEzeAVvxpPxYrwbH/PRgpHvHII/MD5/AGN+m34=</latexit>

=<latexit sha1_base64="7vdqzKm6L5K9DGnJMRyYxaSZnUQ=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoBeh4MVjC7YW2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0PBh7vzTAzL0gE18Z1v53C2vrG5lZxu7Szu7d/UD48aus4VQxbLBax6gRUo+ASW4YbgZ1EIY0CgQ/B+HbmPzyh0jyW92aSoB/RoeQhZ9RYqXnTL1fcqjsHWSVeTiqQo9Evf/UGMUsjlIYJqnXXcxPjZ1QZzgROS71UY0LZmA6xa6mkEWo/mx86JWdWGZAwVrakIXP190RGI60nUWA7I2pGetmbif953dSE137GZZIalGyxKEwFMTGZfU0GXCEzYmIJZYrbWwkbUUWZsdmUbAje8surpF2rehfVWvOyUnfzOIpwAqdwDh5cQR3uoAEtYIDwDK/w5jw6L86787FoLTj5zDH8gfP5A4ixjLM=</latexit> ⇥
<latexit sha1_base64="0QSvAW1rxwYRhX2g/UYY4OR94mk=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hd0o6DHgxWME84BkCbOT2WTM7Mwy0yuEkH/w4kERr/6PN//GSbIHTSxoKKq66e6KUiks+v63t7a+sbm1Xdgp7u7tHxyWjo6bVmeG8QbTUpt2RC2XQvEGCpS8nRpOk0jyVjS6nfmtJ26s0OoBxykPEzpQIhaMopOaXRQJt71S2a/4c5BVEuSkDDnqvdJXt69ZlnCFTFJrO4GfYjihBgWTfFrsZpanlI3ogHccVdQtCSfza6fk3Cl9EmvjSiGZq78nJjSxdpxErjOhOLTL3kz8z+tkGN+EE6HSDLlii0VxJglqMnud9IXhDOXYEcqMcLcSNqSGMnQBFV0IwfLLq6RZrQSXler9Vbnm53EU4BTO4AICuIYa3EEdGsDgEZ7hFd487b14797HonXNy2dO4A+8zx+yD48m</latexit>

N

<latexit sha1_base64="IKFjb1smIlt1iH24p4CqiCPVr+0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN4KXjxJC7YW2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0PBh7vzTAzL0gE18Z1v53C2vrG5lZxu7Szu7d/UD48aus4VQxbLBax6gRUo+ASW4YbgZ1EIY0CgQ/B+GbmPzyh0jyW92aSoB/RoeQhZ9RYqXnXL1fcqjsHWSVeTiqQo9Evf/UGMUsjlIYJqnXXcxPjZ1QZzgROS71UY0LZmA6xa6mkEWo/mx86JWdWGZAwVrakIXP190RGI60nUWA7I2pGetmbif953dSEV37GZZIalGyxKEwFMTGZfU0GXCEzYmIJZYrbWwkbUUWZsdmUbAje8surpH1R9WrV62atUnfzOIpwAqdwDh5cQh1uoQEtYIDwDK/w5jw6L86787FoLTj5zDH8gfP5A6UHjMw=</latexit>

P

<latexit sha1_base64="y7lduatjUHqQ69bGTHT2oesyvbs=">AAAB6HicbVDLSgMxFL1TX7W+qi7dBIvgqsxIoboruHHZgn1AO0gmvdPGZjJDkhHK0C9w40IRt36SO//GtJ2Fth4IHM45l9x7gkRwbVz32ylsbG5t7xR3S3v7B4dH5eOTjo5TxbDNYhGrXkA1Ci6xbbgR2EsU0igQ2A0mt3O/+4RK81jem2mCfkRHkoecUWOlVvOhXHGr7gJknXg5qUAOm/8aDGOWRigNE1Trvucmxs+oMpwJnJUGqcaEsgkdYd9SSSPUfrZYdEYurDIkYazsk4Ys1N8TGY20nkaBTUbUjPWqNxf/8/qpCa/9jMskNSjZ8qMwFcTEZH41GXKFzIipJZQpbnclbEwVZcZ2U7IleKsnr5POVdWrVW9atUrDzesowhmcwyV4UIcG3EET2sAA4Rle4c15dF6cd+djGS04+cwp/IHz+QOoD4zO</latexit>

P ⇥N

<latexit sha1_base64="exXfeSGC1Hd/RCcqn45BB/d+Tdk=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN4KXjxJBfuBbSib7aZdutmE3YlQQv+FFw+KePXfePPfuG1z0NYHA4/3ZpiZFyRSGHTdb6ewtr6xuVXcLu3s7u0flA+PWiZONeNNFstYdwJquBSKN1Gg5J1EcxoFkreD8c3Mbz9xbUSsHnCScD+iQyVCwSha6bFBeigibshdv1xxq+4cZJV4OalAjka//NUbxCyNuEImqTFdz03Qz6hGwSSflnqp4QllYzrkXUsVtWv8bH7xlJxZZUDCWNtSSObq74mMRsZMosB2RhRHZtmbif953RTDKz8TKkmRK7ZYFKaSYExm75OB0JyhnFhCmRb2VsJGVFOGNqSSDcFbfnmVtC6qXq16fV+r1N08jiKcwCmcgweXUIdbaEATGCh4hld4c4zz4rw7H4vWgpPPHMMfOJ8/oeeQNA==</latexit>

W

<latexit sha1_base64="WPvO7CHRgTteGA+jOa8VgeDVm/c=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN4KXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ylsbG5t7xR3S3v7B4dH5eOTto5TxbDFYhGrbkA1Ci6xZbgR2E0U0igQ2Akmd3O/84RK81g+mGmCfkRHkoecUWOlZmdQrrhVdwGyTrycVCBHY1D+6g9jlkYoDRNU657nJsbPqDKcCZyV+qnGhLIJHWHPUkkj1H62OHRGLqwyJGGsbElDFurviYxGWk+jwHZG1Iz1qjcX//N6qQlv/IzLJDUo2XJRmApiYjL/mgy5QmbE1BLKFLe3EjamijJjsynZELzVl9dJ+6rq1aq3zVql7uZxFOEMzuESPLiGOtxDA1rAAOEZXuHNeXRenHfnY9lacPKZU/gD5/MHsquM1Q==</latexit>

x

<latexit sha1_base64="h+m1149UjtXpnkpRLohbJhtXZrM=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgqsxIQd0V3LisYB/YlpJJ77ShmcyQZMQy9C/cuFDErX/jzr8x085CWw8EDufcS849fiy4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS0eJYthkkYhUx6caBZfYNNwI7MQKaegLbPuTm8xvP6LSPJL3ZhpjP6QjyQPOqLHSQy+kZuwH6dNsUK64VXcOskq8nFQgR2NQ/uoNI5aEKA0TVOuu58amn1JlOBM4K/USjTFlEzrCrqWShqj76TzxjJxZZUiCSNknDZmrvzdSGmo9DX07mSXUy14m/ud1ExNc9VMu48SgZIuPgkQQE5HsfDLkCpkRU0soU9xmJWxMFWXGllSyJXjLJ6+S1kXVq1Wv72qVupvXUYQTOIVz8OAS6nALDWgCAwnP8ApvjnZenHfnYzFacPKdY/gD5/MH+6+RFg==</latexit>

f⇠
⇣ ⌘

<latexit sha1_base64="2lhGbNvQbTKoBTc5qnd7lXHjPX8=">AAACKnicjVC7TsMwFHXKq5RXgJHFokIqS5WgSsBWYGEsEn1ITRQ5rtNadZzUdhBV1O9h4VdYOoAqVj4EN80ALQNHsu/RuffIvsePGZXKsmZGYW19Y3OruF3a2d3bPzAPj1oySgQmTRyxSHR8JAmjnDQVVYx0YkFQ6DPS9od38377iQhJI/6oxjFxQ9TnNKAYKS155k3gOc8UOre0X4HOaJSg3v9KdmvXuWeWraqVAa4SOydlkKPhmVOnF+EkJFxhhqTs2las3BQJRTEjk5KTSBIjPER90tWUo5BIN81WncAzrfRgEAl9uIKZ+tORolDKcejryRCpgVzuzcW/et1EBVduSnmcKMLx4qEgYVBFcJ4b7FFBsGJjTRAWVP8V4gESCCudbkmHYC+vvEpaF1W7Vr1+qJXrtTyOIjgBp6ACbHAJ6uAeNEATYPAC3sA7+DBejakxMz4XowUj9xyDXzC+vgH2AqZZ</latexit>

f⇠
⇣ ⌘

<latexit sha1_base64="Vcmvz0bIQMrw8r0eOkaoBfdaNqo=">AAACEHicbVC7TsMwFHXKq5RXgJHFokKUpUpKJRgrWBiLRB9SE0WO47RWHSe1HURV9RNY+BUWBhBiZWTjb3DTDNBypKt7dM69su/xE0alsqxvo7Cyura+UdwsbW3v7O6Z+wdtGacCkxaOWSy6PpKEUU5aiipGuokgKPIZ6fjD65nfuSdC0pjfqXFC3Aj1OQ0pRkpLnnkaes4Dhc4V7VegMxqlKFhomXfmmWWramWAy8TOSRnkaHrmlxPEOI0IV5ghKXu2lSh3goSimJFpyUklSRAeoj7pacpRRKQ7yQ6awhOtBDCMhS6uYKb+3pigSMpx5OvJCKmBXPRm4n9eL1XhpTuhPEkV4Xj+UJgyqGI4SwcGVBCs2FgThAXVf4V4gATCSmdY0iHYiycvk3atap9Xa7f1cqOex1EER+AYVIANLkAD3IAmaAEMHsEzeAVvxpPxYrwbH/PRgpHvHII/MD5/AGN+m34=</latexit>

=<latexit sha1_base64="7vdqzKm6L5K9DGnJMRyYxaSZnUQ=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoBeh4MVjC7YW2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0PBh7vzTAzL0gE18Z1v53C2vrG5lZxu7Szu7d/UD48aus4VQxbLBax6gRUo+ASW4YbgZ1EIY0CgQ/B+HbmPzyh0jyW92aSoB/RoeQhZ9RYqXnTL1fcqjsHWSVeTiqQo9Evf/UGMUsjlIYJqnXXcxPjZ1QZzgROS71UY0LZmA6xa6mkEWo/mx86JWdWGZAwVrakIXP190RGI60nUWA7I2pGetmbif953dSE137GZZIalGyxKEwFMTGZfU0GXCEzYmIJZYrbWwkbUUWZsdmUbAje8surpF2rehfVWvOyUnfzOIpwAqdwDh5cQR3uoAEtYIDwDK/w5jw6L86787FoLTj5zDH8gfP5A4ixjLM=</latexit> ⇥
<latexit sha1_base64="0QSvAW1rxwYRhX2g/UYY4OR94mk=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hd0o6DHgxWME84BkCbOT2WTM7Mwy0yuEkH/w4kERr/6PN//GSbIHTSxoKKq66e6KUiks+v63t7a+sbm1Xdgp7u7tHxyWjo6bVmeG8QbTUpt2RC2XQvEGCpS8nRpOk0jyVjS6nfmtJ26s0OoBxykPEzpQIhaMopOaXRQJt71S2a/4c5BVEuSkDDnqvdJXt69ZlnCFTFJrO4GfYjihBgWTfFrsZpanlI3ogHccVdQtCSfza6fk3Cl9EmvjSiGZq78nJjSxdpxErjOhOLTL3kz8z+tkGN+EE6HSDLlii0VxJglqMnud9IXhDOXYEcqMcLcSNqSGMnQBFV0IwfLLq6RZrQSXler9Vbnm53EU4BTO4AICuIYa3EEdGsDgEZ7hFd487b14797HonXNy2dO4A+8zx+yD48m</latexit>

x

<latexit sha1_base64="h+m1149UjtXpnkpRLohbJhtXZrM=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgqsxIQd0V3LisYB/YlpJJ77ShmcyQZMQy9C/cuFDErX/jzr8x085CWw8EDufcS849fiy4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS0eJYthkkYhUx6caBZfYNNwI7MQKaegLbPuTm8xvP6LSPJL3ZhpjP6QjyQPOqLHSQy+kZuwH6dNsUK64VXcOskq8nFQgR2NQ/uoNI5aEKA0TVOuu58amn1JlOBM4K/USjTFlEzrCrqWShqj76TzxjJxZZUiCSNknDZmrvzdSGmo9DX07mSXUy14m/ud1ExNc9VMu48SgZIuPgkQQE5HsfDLkCpkRU0soU9xmJWxMFWXGllSyJXjLJ6+S1kXVq1Wv72qVupvXUYQTOIVz8OAS6nALDWgCAwnP8ApvjnZenHfnYzFacPKdY/gD5/MH+6+RFg==</latexit>

⇥
<latexit sha1_base64="0QSvAW1rxwYRhX2g/UYY4OR94mk=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hd0o6DHgxWME84BkCbOT2WTM7Mwy0yuEkH/w4kERr/6PN//GSbIHTSxoKKq66e6KUiks+v63t7a+sbm1Xdgp7u7tHxyWjo6bVmeG8QbTUpt2RC2XQvEGCpS8nRpOk0jyVjS6nfmtJ26s0OoBxykPEzpQIhaMopOaXRQJt71S2a/4c5BVEuSkDDnqvdJXt69ZlnCFTFJrO4GfYjihBgWTfFrsZpanlI3ogHccVdQtCSfza6fk3Cl9EmvjSiGZq78nJjSxdpxErjOhOLTL3kz8z+tkGN+EE6HSDLlii0VxJglqMnud9IXhDOXYEcqMcLcSNqSGMnQBFV0IwfLLq6RZrQSXler9Vbnm53EU4BTO4AICuIYa3EEdGsDgEZ7hFd487b14797HonXNy2dO4A+8zx+yD48m</latexit>

W2

<latexit sha1_base64="80MyauZ9aGUDn/Kt9GJfGIbchKU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lKQb0VvHisaD+gDWWz3bRLN5uwOxFK6E/w4kERr/4ib/4bt20O2vpg4PHeDDPzgkQKg6777RQ2Nre2d4q7pb39g8Oj8vFJ28SpZrzFYhnrbkANl0LxFgqUvJtoTqNA8k4wuZ37nSeujYjVI04T7kd0pEQoGEUrPXQGtUG54lbdBcg68XJSgRzNQfmrP4xZGnGFTFJjep6boJ9RjYJJPiv1U8MTyiZ0xHuWKhpx42eLU2fkwipDEsbalkKyUH9PZDQyZhoFtjOiODar3lz8z+ulGF77mVBJilyx5aIwlQRjMv+bDIXmDOXUEsq0sLcSNqaaMrTplGwI3urL66Rdq3r16s19vdJw8ziKcAbncAkeXEED7qAJLWAwgmd4hTdHOi/Ou/OxbC04+cwp/IHz+QPZVY16</latexit>

W1

<latexit sha1_base64="LeEwYQW6d+f99E3kyeHkMqg0rNU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkUL0VvHisaD+gDWWznbRLN5uwuxFK6E/w4kERr/4ib/4bt20O2vpg4PHeDDPzgkRwbVz32ylsbG5t7xR3S3v7B4dH5eOTto5TxbDFYhGrbkA1Ci6xZbgR2E0U0igQ2Akmt3O/84RK81g+mmmCfkRHkoecUWOlh87AG5QrbtVdgKwTLycVyNEclL/6w5ilEUrDBNW657mJ8TOqDGcCZ6V+qjGhbEJH2LNU0gi1ny1OnZELqwxJGCtb0pCF+nsio5HW0yiwnRE1Y73qzcX/vF5qwms/4zJJDUq2XBSmgpiYzP8mQ66QGTG1hDLF7a2EjamizNh0SjYEb/XlddK+qnq16s19rdJw8ziKcAbncAke1KEBd9CEFjAYwTO8wpsjnBfn3flYthacfOYU/sD5/AHX0Y15</latexit>

y

<latexit sha1_base64="qBc/m/4XXQEDMHnmGojXisMgaTo=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQiqLuCG5cV7APbUCbTSTt0MgkzN0IJ/Qs3LhRx69+482+ctFlo64GBwzn3MueeIJHCoOt+O6W19Y3NrfJ2ZWd3b/+genjUNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbnO/88S1EbF6wGnC/YiOlAgFo2ilx35EcRyE2XQ2qNbcujsHWSVeQWpQoDmofvWHMUsjrpBJakzPcxP0M6pRMMlnlX5qeELZhI54z1JFI278bJ54Rs6sMiRhrO1TSObq742MRsZMo8BO5gnNspeL/3m9FMNrPxMqSZErtvgoTCXBmOTnk6HQnKGcWkKZFjYrYWOqKUNbUsWW4C2fvEraF3Xvsn5zf1lruEUdZTiBUzgHD66gAXfQhBYwUPAMr/DmGOfFeXc+FqMlp9g5hj9wPn8A/TSRFw==</latexit>

known knownknown
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f⇠
⇣ ⌘

<latexit sha1_base64="2lhGbNvQbTKoBTc5qnd7lXHjPX8=">AAACKnicjVC7TsMwFHXKq5RXgJHFokIqS5WgSsBWYGEsEn1ITRQ5rtNadZzUdhBV1O9h4VdYOoAqVj4EN80ALQNHsu/RuffIvsePGZXKsmZGYW19Y3OruF3a2d3bPzAPj1oySgQmTRyxSHR8JAmjnDQVVYx0YkFQ6DPS9od38377iQhJI/6oxjFxQ9TnNKAYKS155k3gOc8UOre0X4HOaJSg3v9KdmvXuWeWraqVAa4SOydlkKPhmVOnF+EkJFxhhqTs2las3BQJRTEjk5KTSBIjPER90tWUo5BIN81WncAzrfRgEAl9uIKZ+tORolDKcejryRCpgVzuzcW/et1EBVduSnmcKMLx4qEgYVBFcJ4b7FFBsGJjTRAWVP8V4gESCCudbkmHYC+vvEpaF1W7Vr1+qJXrtTyOIjgBp6ACbHAJ6uAeNEATYPAC3sA7+DBejakxMz4XowUj9xyDXzC+vgH2AqZZ</latexit>

f⇠
⇣ ⌘

<latexit sha1_base64="Vcmvz0bIQMrw8r0eOkaoBfdaNqo=">AAACEHicbVC7TsMwFHXKq5RXgJHFokKUpUpKJRgrWBiLRB9SE0WO47RWHSe1HURV9RNY+BUWBhBiZWTjb3DTDNBypKt7dM69su/xE0alsqxvo7Cyura+UdwsbW3v7O6Z+wdtGacCkxaOWSy6PpKEUU5aiipGuokgKPIZ6fjD65nfuSdC0pjfqXFC3Aj1OQ0pRkpLnnkaes4Dhc4V7VegMxqlKFhomXfmmWWramWAy8TOSRnkaHrmlxPEOI0IV5ghKXu2lSh3goSimJFpyUklSRAeoj7pacpRRKQ7yQ6awhOtBDCMhS6uYKb+3pigSMpx5OvJCKmBXPRm4n9eL1XhpTuhPEkV4Xj+UJgyqGI4SwcGVBCs2FgThAXVf4V4gATCSmdY0iHYiycvk3atap9Xa7f1cqOex1EER+AYVIANLkAD3IAmaAEMHsEzeAVvxpPxYrwbH/PRgpHvHII/MD5/AGN+m34=</latexit>

=<latexit sha1_base64="7vdqzKm6L5K9DGnJMRyYxaSZnUQ=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoBeh4MVjC7YW2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0PBh7vzTAzL0gE18Z1v53C2vrG5lZxu7Szu7d/UD48aus4VQxbLBax6gRUo+ASW4YbgZ1EIY0CgQ/B+HbmPzyh0jyW92aSoB/RoeQhZ9RYqXnTL1fcqjsHWSVeTiqQo9Evf/UGMUsjlIYJqnXXcxPjZ1QZzgROS71UY0LZmA6xa6mkEWo/mx86JWdWGZAwVrakIXP190RGI60nUWA7I2pGetmbif953dSE137GZZIalGyxKEwFMTGZfU0GXCEzYmIJZYrbWwkbUUWZsdmUbAje8surpF2rehfVWvOyUnfzOIpwAqdwDh5cQR3uoAEtYIDwDK/w5jw6L86787FoLTj5zDH8gfP5A4ixjLM=</latexit> ⇥
<latexit sha1_base64="0QSvAW1rxwYRhX2g/UYY4OR94mk=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hd0o6DHgxWME84BkCbOT2WTM7Mwy0yuEkH/w4kERr/6PN//GSbIHTSxoKKq66e6KUiks+v63t7a+sbm1Xdgp7u7tHxyWjo6bVmeG8QbTUpt2RC2XQvEGCpS8nRpOk0jyVjS6nfmtJ26s0OoBxykPEzpQIhaMopOaXRQJt71S2a/4c5BVEuSkDDnqvdJXt69ZlnCFTFJrO4GfYjihBgWTfFrsZpanlI3ogHccVdQtCSfza6fk3Cl9EmvjSiGZq78nJjSxdpxErjOhOLTL3kz8z+tkGN+EE6HSDLlii0VxJglqMnud9IXhDOXYEcqMcLcSNqSGMnQBFV0IwfLLq6RZrQSXler9Vbnm53EU4BTO4AICuIYa3EEdGsDgEZ7hFd487b14797HonXNy2dO4A+8zx+yD48m</latexit>

x

<latexit sha1_base64="h+m1149UjtXpnkpRLohbJhtXZrM=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgqsxIQd0V3LisYB/YlpJJ77ShmcyQZMQy9C/cuFDErX/jzr8x085CWw8EDufcS849fiy4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS0eJYthkkYhUx6caBZfYNNwI7MQKaegLbPuTm8xvP6LSPJL3ZhpjP6QjyQPOqLHSQy+kZuwH6dNsUK64VXcOskq8nFQgR2NQ/uoNI5aEKA0TVOuu58amn1JlOBM4K/USjTFlEzrCrqWShqj76TzxjJxZZUiCSNknDZmrvzdSGmo9DX07mSXUy14m/ud1ExNc9VMu48SgZIuPgkQQE5HsfDLkCpkRU0soU9xmJWxMFWXGllSyJXjLJ6+S1kXVq1Wv72qVupvXUYQTOIVz8OAS6nALDWgCAwnP8ApvjnZenHfnYzFacPKdY/gD5/MH+6+RFg==</latexit>

⇥
<latexit sha1_base64="0QSvAW1rxwYRhX2g/UYY4OR94mk=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hd0o6DHgxWME84BkCbOT2WTM7Mwy0yuEkH/w4kERr/6PN//GSbIHTSxoKKq66e6KUiks+v63t7a+sbm1Xdgp7u7tHxyWjo6bVmeG8QbTUpt2RC2XQvEGCpS8nRpOk0jyVjS6nfmtJ26s0OoBxykPEzpQIhaMopOaXRQJt71S2a/4c5BVEuSkDDnqvdJXt69ZlnCFTFJrO4GfYjihBgWTfFrsZpanlI3ogHccVdQtCSfza6fk3Cl9EmvjSiGZq78nJjSxdpxErjOhOLTL3kz8z+tkGN+EE6HSDLlii0VxJglqMnud9IXhDOXYEcqMcLcSNqSGMnQBFV0IwfLLq6RZrQSXler9Vbnm53EU4BTO4AICuIYa3EEdGsDgEZ7hFd487b14797HonXNy2dO4A+8zx+yD48m</latexit>

W2

<latexit sha1_base64="80MyauZ9aGUDn/Kt9GJfGIbchKU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lKQb0VvHisaD+gDWWz3bRLN5uwOxFK6E/w4kERr/4ib/4bt20O2vpg4PHeDDPzgkQKg6777RQ2Nre2d4q7pb39g8Oj8vFJ28SpZrzFYhnrbkANl0LxFgqUvJtoTqNA8k4wuZ37nSeujYjVI04T7kd0pEQoGEUrPXQGtUG54lbdBcg68XJSgRzNQfmrP4xZGnGFTFJjep6boJ9RjYJJPiv1U8MTyiZ0xHuWKhpx42eLU2fkwipDEsbalkKyUH9PZDQyZhoFtjOiODar3lz8z+ulGF77mVBJilyx5aIwlQRjMv+bDIXmDOXUEsq0sLcSNqaaMrTplGwI3urL66Rdq3r16s19vdJw8ziKcAbncAkeXEED7qAJLWAwgmd4hTdHOi/Ou/OxbC04+cwp/IHz+QPZVY16</latexit>

W1

<latexit sha1_base64="LeEwYQW6d+f99E3kyeHkMqg0rNU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkUL0VvHisaD+gDWWznbRLN5uwuxFK6E/w4kERr/4ib/4bt20O2vpg4PHeDDPzgkRwbVz32ylsbG5t7xR3S3v7B4dH5eOTto5TxbDFYhGrbkA1Ci6xZbgR2E0U0igQ2Akmt3O/84RK81g+mmmCfkRHkoecUWOlh87AG5QrbtVdgKwTLycVyNEclL/6w5ilEUrDBNW657mJ8TOqDGcCZ6V+qjGhbEJH2LNU0gi1ny1OnZELqwxJGCtb0pCF+nsio5HW0yiwnRE1Y73qzcX/vF5qwms/4zJJDUq2XBSmgpiYzP8mQ66QGTG1hDLF7a2EjamizNh0SjYEb/XlddK+qnq16s19rdJw8ziKcAbncAke1KEBd9CEFjAYwTO8wpsjnBfn3flYthacfOYU/sD5/AHX0Y15</latexit>

f⇠
⇣ ⌘

<latexit sha1_base64="Vcmvz0bIQMrw8r0eOkaoBfdaNqo=">AAACEHicbVC7TsMwFHXKq5RXgJHFokKUpUpKJRgrWBiLRB9SE0WO47RWHSe1HURV9RNY+BUWBhBiZWTjb3DTDNBypKt7dM69su/xE0alsqxvo7Cyura+UdwsbW3v7O6Z+wdtGacCkxaOWSy6PpKEUU5aiipGuokgKPIZ6fjD65nfuSdC0pjfqXFC3Aj1OQ0pRkpLnnkaes4Dhc4V7VegMxqlKFhomXfmmWWramWAy8TOSRnkaHrmlxPEOI0IV5ghKXu2lSh3goSimJFpyUklSRAeoj7pacpRRKQ7yQ6awhOtBDCMhS6uYKb+3pigSMpx5OvJCKmBXPRm4n9eL1XhpTuhPEkV4Xj+UJgyqGI4SwcGVBCs2FgThAXVf4V4gATCSmdY0iHYiycvk3atap9Xa7f1cqOex1EER+AYVIANLkAD3IAmaAEMHsEzeAVvxpPxYrwbH/PRgpHvHII/MD5/AGN+m34=</latexit>

=<latexit sha1_base64="7vdqzKm6L5K9DGnJMRyYxaSZnUQ=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoBeh4MVjC7YW2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0PBh7vzTAzL0gE18Z1v53C2vrG5lZxu7Szu7d/UD48aus4VQxbLBax6gRUo+ASW4YbgZ1EIY0CgQ/B+HbmPzyh0jyW92aSoB/RoeQhZ9RYqXnTL1fcqjsHWSVeTiqQo9Evf/UGMUsjlIYJqnXXcxPjZ1QZzgROS71UY0LZmA6xa6mkEWo/mx86JWdWGZAwVrakIXP190RGI60nUWA7I2pGetmbif953dSE137GZZIalGyxKEwFMTGZfU0GXCEzYmIJZYrbWwkbUUWZsdmUbAje8surpF2rehfVWvOyUnfzOIpwAqdwDh5cQR3uoAEtYIDwDK/w5jw6L86787FoLTj5zDH8gfP5A4ixjLM=</latexit> ⇥
<latexit sha1_base64="0QSvAW1rxwYRhX2g/UYY4OR94mk=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hd0o6DHgxWME84BkCbOT2WTM7Mwy0yuEkH/w4kERr/6PN//GSbIHTSxoKKq66e6KUiks+v63t7a+sbm1Xdgp7u7tHxyWjo6bVmeG8QbTUpt2RC2XQvEGCpS8nRpOk0jyVjS6nfmtJ26s0OoBxykPEzpQIhaMopOaXRQJt71S2a/4c5BVEuSkDDnqvdJXt69ZlnCFTFJrO4GfYjihBgWTfFrsZpanlI3ogHccVdQtCSfza6fk3Cl9EmvjSiGZq78nJjSxdpxErjOhOLTL3kz8z+tkGN+EE6HSDLlii0VxJglqMnud9IXhDOXYEcqMcLcSNqSGMnQBFV0IwfLLq6RZrQSXler9Vbnm53EU4BTO4AICuIYa3EEdGsDgEZ7hFd487b14797HonXNy2dO4A+8zx+yD48m</latexit>

x

<latexit sha1_base64="h+m1149UjtXpnkpRLohbJhtXZrM=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgqsxIQd0V3LisYB/YlpJJ77ShmcyQZMQy9C/cuFDErX/jzr8x085CWw8EDufcS849fiy4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS0eJYthkkYhUx6caBZfYNNwI7MQKaegLbPuTm8xvP6LSPJL3ZhpjP6QjyQPOqLHSQy+kZuwH6dNsUK64VXcOskq8nFQgR2NQ/uoNI5aEKA0TVOuu58amn1JlOBM4K/USjTFlEzrCrqWShqj76TzxjJxZZUiCSNknDZmrvzdSGmo9DX07mSXUy14m/ud1ExNc9VMu48SgZIuPgkQQE5HsfDLkCpkRU0soU9xmJWxMFWXGllSyJXjLJ6+S1kXVq1Wv72qVupvXUYQTOIVz8OAS6nALDWgCAwnP8ApvjnZenHfnYzFacPKdY/gD5/MH+6+RFg==</latexit>

⇥
<latexit sha1_base64="0QSvAW1rxwYRhX2g/UYY4OR94mk=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hd0o6DHgxWME84BkCbOT2WTM7Mwy0yuEkH/w4kERr/6PN//GSbIHTSxoKKq66e6KUiks+v63t7a+sbm1Xdgp7u7tHxyWjo6bVmeG8QbTUpt2RC2XQvEGCpS8nRpOk0jyVjS6nfmtJ26s0OoBxykPEzpQIhaMopOaXRQJt71S2a/4c5BVEuSkDDnqvdJXt69ZlnCFTFJrO4GfYjihBgWTfFrsZpanlI3ogHccVdQtCSfza6fk3Cl9EmvjSiGZq78nJjSxdpxErjOhOLTL3kz8z+tkGN+EE6HSDLlii0VxJglqMnud9IXhDOXYEcqMcLcSNqSGMnQBFV0IwfLLq6RZrQSXler9Vbnm53EU4BTO4AICuIYa3EEdGsDgEZ7hFd487b14797HonXNy2dO4A+8zx+yD48m</latexit>

W2

<latexit sha1_base64="80MyauZ9aGUDn/Kt9GJfGIbchKU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lKQb0VvHisaD+gDWWz3bRLN5uwOxFK6E/w4kERr/4ib/4bt20O2vpg4PHeDDPzgkQKg6777RQ2Nre2d4q7pb39g8Oj8vFJ28SpZrzFYhnrbkANl0LxFgqUvJtoTqNA8k4wuZ37nSeujYjVI04T7kd0pEQoGEUrPXQGtUG54lbdBcg68XJSgRzNQfmrP4xZGnGFTFJjep6boJ9RjYJJPiv1U8MTyiZ0xHuWKhpx42eLU2fkwipDEsbalkKyUH9PZDQyZhoFtjOiODar3lz8z+ulGF77mVBJilyx5aIwlQRjMv+bDIXmDOXUEsq0sLcSNqaaMrTplGwI3urL66Rdq3r16s19vdJw8ziKcAbncAkeXEED7qAJLWAwgmd4hTdHOi/Ou/OxbC04+cwp/IHz+QPZVY16</latexit>

W1

<latexit sha1_base64="LeEwYQW6d+f99E3kyeHkMqg0rNU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkUL0VvHisaD+gDWWznbRLN5uwuxFK6E/w4kERr/4ib/4bt20O2vpg4PHeDDPzgkRwbVz32ylsbG5t7xR3S3v7B4dH5eOTto5TxbDFYhGrbkA1Ci6xZbgR2E0U0igQ2Akmt3O/84RK81g+mmmCfkRHkoecUWOlh87AG5QrbtVdgKwTLycVyNEclL/6w5ilEUrDBNW657mJ8TOqDGcCZ6V+qjGhbEJH2LNU0gi1ny1OnZELqwxJGCtb0pCF+nsio5HW0yiwnRE1Y73qzcX/vF5qwms/4zJJDUq2XBSmgpiYzP8mQ66QGTG1hDLF7a2EjamizNh0SjYEb/XlddK+qnq16s19rdJw8ziKcAbncAke1KEBd9CEFjAYwTO8wpsjnBfn3flYthacfOYU/sD5/AHX0Y15</latexit>

=<latexit sha1_base64="7vdqzKm6L5K9DGnJMRyYxaSZnUQ=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoBeh4MVjC7YW2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0PBh7vzTAzL0gE18Z1v53C2vrG5lZxu7Szu7d/UD48aus4VQxbLBax6gRUo+ASW4YbgZ1EIY0CgQ/B+HbmPzyh0jyW92aSoB/RoeQhZ9RYqXnTL1fcqjsHWSVeTiqQo9Evf/UGMUsjlIYJqnXXcxPjZ1QZzgROS71UY0LZmA6xa6mkEWo/mx86JWdWGZAwVrakIXP190RGI60nUWA7I2pGetmbif953dSE137GZZIalGyxKEwFMTGZfU0GXCEzYmIJZYrbWwkbUUWZsdmUbAje8surpF2rehfVWvOyUnfzOIpwAqdwDh5cQR3uoAEtYIDwDK/w5jw6L86787FoLTj5zDH8gfP5A4ixjLM=</latexit>

z

<latexit sha1_base64="b/R/a2r6kRJw2k4tUQL/9frjgzc=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgqsxIQd0V3LisYB/YlpJJ77ShmcyQZIQ69C/cuFDErX/jzr8x085CWw8EDufcS849fiy4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS0eJYthkkYhUx6caBZfYNNwI7MQKaegLbPuTm8xvP6LSPJL3ZhpjP6QjyQPOqLHSQy+kZuwH6dNsUK64VXcOskq8nFQgR2NQ/uoNI5aEKA0TVOuu58amn1JlOBM4K/USjTFlEzrCrqWShqj76TzxjJxZZUiCSNknDZmrvzdSGmo9DX07mSXUy14m/ud1ExNc9VMu48SgZIuPgkQQE5HsfDLkCpkRU0soU9xmJWxMFWXGllSyJXjLJ6+S1kXVq1Wv72qVupvXUYQTOIVz8OAS6nALDWgCAwnP8ApvjnZenHfnYzFacPKdY/gD5/MH/rmRGA==</latexit>

z

<latexit sha1_base64="b/R/a2r6kRJw2k4tUQL/9frjgzc=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgqsxIQd0V3LisYB/YlpJJ77ShmcyQZIQ69C/cuFDErX/jzr8x085CWw8EDufcS849fiy4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS0eJYthkkYhUx6caBZfYNNwI7MQKaegLbPuTm8xvP6LSPJL3ZhpjP6QjyQPOqLHSQy+kZuwH6dNsUK64VXcOskq8nFQgR2NQ/uoNI5aEKA0TVOuu58amn1JlOBM4K/USjTFlEzrCrqWShqj76TzxjJxZZUiCSNknDZmrvzdSGmo9DX07mSXUy14m/ud1ExNc9VMu48SgZIuPgkQQE5HsfDLkCpkRU0soU9xmJWxMFWXGllSyJXjLJ6+S1kXVq1Wv72qVupvXUYQTOIVz8OAS6nALDWgCAwnP8ApvjnZenHfnYzFacPKdY/gD5/MH/rmRGA==</latexit>

f⇠
⇣ ⌘

<latexit sha1_base64="Vcmvz0bIQMrw8r0eOkaoBfdaNqo=">AAACEHicbVC7TsMwFHXKq5RXgJHFokKUpUpKJRgrWBiLRB9SE0WO47RWHSe1HURV9RNY+BUWBhBiZWTjb3DTDNBypKt7dM69su/xE0alsqxvo7Cyura+UdwsbW3v7O6Z+wdtGacCkxaOWSy6PpKEUU5aiipGuokgKPIZ6fjD65nfuSdC0pjfqXFC3Aj1OQ0pRkpLnnkaes4Dhc4V7VegMxqlKFhomXfmmWWramWAy8TOSRnkaHrmlxPEOI0IV5ghKXu2lSh3goSimJFpyUklSRAeoj7pacpRRKQ7yQ6awhOtBDCMhS6uYKb+3pigSMpx5OvJCKmBXPRm4n9eL1XhpTuhPEkV4Xj+UJgyqGI4SwcGVBCs2FgThAXVf4V4gATCSmdY0iHYiycvk3atap9Xa7f1cqOex1EER+AYVIANLkAD3IAmaAEMHsEzeAVvxpPxYrwbH/PRgpHvHII/MD5/AGN+m34=</latexit>

i.i.d. priori.i.d. entries

y

<latexit sha1_base64="qBc/m/4XXQEDMHnmGojXisMgaTo=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQiqLuCG5cV7APbUCbTSTt0MgkzN0IJ/Qs3LhRx69+482+ctFlo64GBwzn3MueeIJHCoOt+O6W19Y3NrfJ2ZWd3b/+genjUNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbnO/88S1EbF6wGnC/YiOlAgFo2ilx35EcRyE2XQ2qNbcujsHWSVeQWpQoDmofvWHMUsjrpBJakzPcxP0M6pRMMlnlX5qeELZhI54z1JFI278bJ54Rs6sMiRhrO1TSObq742MRsZMo8BO5gnNspeL/3m9FMNrPxMqSZErtvgoTCXBmOTnk6HQnKGcWkKZFjYrYWOqKUNbUsWW4C2fvEraF3Xvsn5zf1lruEUdZTiBUzgHD66gAXfQhBYwUPAMr/DmGOfFeXc+FqMlp9g5hj9wPn8A/TSRFw==</latexit>

y

<latexit sha1_base64="qBc/m/4XXQEDMHnmGojXisMgaTo=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQiqLuCG5cV7APbUCbTSTt0MgkzN0IJ/Qs3LhRx69+482+ctFlo64GBwzn3MueeIJHCoOt+O6W19Y3NrfJ2ZWd3b/+genjUNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbnO/88S1EbF6wGnC/YiOlAgFo2ilx35EcRyE2XQ2qNbcujsHWSVeQWpQoDmofvWHMUsjrpBJakzPcxP0M6pRMMlnlX5qeELZhI54z1JFI278bJ54Rs6sMiRhrO1TSObq742MRsZMo8BO5gnNspeL/3m9FMNrPxMqSZErtvgoTCXBmOTnk6HQnKGcWkKZFjYrYWOqKUNbUsWW4C2fvEraF3Xvsn5zf1lruEUdZTiBUzgHD66gAXfQhBYwUPAMr/DmGOfFeXc+FqMlp9g5hj9wPn8A/TSRFw==</latexit>

✓ Multi-Layer AMP (arbitrary depth) [1]

✓ Corresponding state evolution (SE) [1]

✓ Replica free energy (mmse, entropy) [1]

✓ Rigorously proven for 2 layers [2, 3]

N

<latexit sha1_base64="IKFjb1smIlt1iH24p4CqiCPVr+0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN4KXjxJC7YW2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0PBh7vzTAzL0gE18Z1v53C2vrG5lZxu7Szu7d/UD48aus4VQxbLBax6gRUo+ASW4YbgZ1EIY0CgQ/B+GbmPzyh0jyW92aSoB/RoeQhZ9RYqXnXL1fcqjsHWSVeTiqQo9Evf/UGMUsjlIYJqnXXcxPjZ1QZzgROS71UY0LZmA6xa6mkEWo/mx86JWdWGZAwVrakIXP190RGI60nUWA7I2pGetmbif953dSEV37GZZIalGyxKEwFMTGZfU0GXCEzYmIJZYrbWwkbUUWZsdmUbAje8surpH1R9WrV62atUnfzOIpwAqdwDh5cQh1uoQEtYIDwDK/w5jw6L86787FoLTj5zDH8gfP5A6UHjMw=</latexit>

K ⇥N

<latexit sha1_base64="nV/Uis0cfFCPq6WXrt20PikK8T4=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG8FL4IgFewHtqFstpt26WYTdidCCf0XXjwo4tV/481/47bNQVsfDDzem2FmXpBIYdB1v53Cyura+kZxs7S1vbO7V94/aJo41Yw3WCxj3Q6o4VIo3kCBkrcTzWkUSN4KRtdTv/XEtRGxesBxwv2IDpQIBaNopcdb0kURcUPueuWKW3VnIMvEy0kFctR75a9uP2ZpxBUySY3peG6CfkY1Cib5pNRNDU8oG9EB71iqqF3jZ7OLJ+TEKn0SxtqWQjJTf09kNDJmHAW2M6I4NIveVPzP66QYXvqZUEmKXLH5ojCVBGMyfZ/0heYM5dgSyrSwtxI2pJoytCGVbAje4svLpHlW9c6rV/fnlZqbx1GEIziGU/DgAmpwA3VoAAMFz/AKb45xXpx352PeWnDymUP4A+fzB5omkC8=</latexit>

M ⇥K

<latexit sha1_base64="yPt2ASeqyGzP7ybNRetNQjksn2g=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG8FL4IIFewHtqFstpt26WYTdidCCf0XXjwo4tV/481/47bNQVsfDDzem2FmXpBIYdB1v53Cyura+kZxs7S1vbO7V94/aJo41Yw3WCxj3Q6o4VIo3kCBkrcTzWkUSN4KRtdTv/XEtRGxesBxwv2IDpQIBaNopcc70kURcUNue+WKW3VnIMvEy0kFctR75a9uP2ZpxBUySY3peG6CfkY1Cib5pNRNDU8oG9EB71iqqF3jZ7OLJ+TEKn0SxtqWQjJTf09kNDJmHAW2M6I4NIveVPzP66QYXvqZUEmKXLH5ojCVBGMyfZ/0heYM5dgSyrSwtxI2pJoytCGVbAje4svLpHlW9c6rV/fnlZqbx1GEIziGU/DgAmpwA3VoAAMFz/AKb45xXpx352PeWnDymUP4A+fzB5i0kC4=</latexit>

M

<latexit sha1_base64="5VpvdamOIPWcD8a9JuoEC+YlDVU=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN4KXrwIVewHtKFstpN26WYTdjdCCf0HXjwo4tV/5M1/47bNQVsfDDzem2FmXpAIro3rfjuFtfWNza3idmlnd2//oHx41NJxqhg2WSxi1QmoRsElNg03AjuJQhoFAtvB+Gbmt59QaR7LRzNJ0I/oUPKQM2qs9HBH+uWKW3XnIKvEy0kFcjT65a/eIGZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi2VNELtZ/NLp+TMKgMSxsqWNGSu/p7IaKT1JApsZ0TNSC97M/E/r5ua8MrPuExSg5ItFoWpICYms7fJgCtkRkwsoUxxeythI6ooMzackg3BW355lbQuql6ten1fq9TdPI4inMApnIMHl1CHW2hAExiE8Ayv8OaMnRfn3flYtBacfOYY/sD5/AH5NIz1</latexit>

known knownknown

N ! 1

<latexit sha1_base64="21Ghpqw5PeIxpGLgCXngMZt/l9M=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG8FL56kgv2AJpTNdtMu3WzC7kQIpX/DiwdFvPpnvPlv3LY5aOuDgcd7M8zMC1MpDLrut1NaW9/Y3CpvV3Z29/YPqodHbZNkmvEWS2SiuyE1XArFWyhQ8m6qOY1DyTvh+Hbmd564NiJRj5inPIjpUIlIMIpW8u+JjwnxhYow71drbt2dg6wSryA1KNDsV7/8QcKymCtkkhrT89wUgwnVKJjk04qfGZ5SNqZD3rNU0ZibYDK/eUrOrDIgUaJtKSRz9ffEhMbG5HFoO2OKI7PszcT/vF6G0XUwESrNkCu2WBRlktg/ZwGQgdCcocwtoUwLeythI6opQxtTxYbgLb+8StoXde+yfvNwWWu4RRxlOIFTOAcPrqABd9CEFjBI4Rle4c3JnBfn3flYtJacYuYY/sD5/AFohpE/</latexit>

↵1 = K/N

<latexit sha1_base64="pgqb0Jo+oDOBWOpTBMwfHX5ryRY=">AAAB+XicbVDLSgNBEOyNrxhfqx69DAbBU9yVgHoQAl4EQSKYByRL6J3MJkNmH8zMBsKSP/HiQRGv/ok3/8ZJsgeNFjQUVd10d/mJ4Eo7zpdVWFldW98obpa2tnd29+z9g6aKU0lZg8Yilm0fFRM8Yg3NtWDtRDIMfcFa/uhm5rfGTCoeR496kjAvxEHEA05RG6ln210UyRB7Lrkmd+SM3PfsslNx5iB/iZuTMuSo9+zPbj+macgiTQUq1XGdRHsZSs2pYNNSN1UsQTrCAesYGmHIlJfNL5+SE6P0SRBLU5Emc/XnRIahUpPQN50h6qFa9mbif14n1cGll/EoSTWL6GJRkAqiYzKLgfS5ZFSLiSFIJTe3EjpEiVSbsEomBHf55b+keV5xq5Wrh2q55uRxFOEIjuEUXLiAGtxCHRpAYQxP8AKvVmY9W2/W+6K1YOUzh/AL1sc3vTuRvA==</latexit>

↵2 = M/N

<latexit sha1_base64="3MPsnx1bxZj+TN288n9HPwr/nrk=">AAAB+XicbVBNS8NAEJ3Ur1q/oh69LBbBU01KQT0IBS9elAr2A9oQNttNu3SzCbubQgn9J148KOLVf+LNf+O2zUFbHww83pthZl6QcKa043xbhbX1jc2t4nZpZ3dv/8A+PGqpOJWENknMY9kJsKKcCdrUTHPaSSTFUcBpOxjdzvz2mErFYvGkJwn1IjwQLGQEayP5tt3DPBliv4pu0D26QA++XXYqzhxolbg5KUOOhm9/9foxSSMqNOFYqa7rJNrLsNSMcDot9VJFE0xGeEC7hgocUeVl88un6MwofRTG0pTQaK7+nshwpNQkCkxnhPVQLXsz8T+vm+rwysuYSFJNBVksClOOdIxmMaA+k5RoPjEEE8nMrYgMscREm7BKJgR3+eVV0qpW3Frl+rFWrjt5HEU4gVM4BxcuoQ530IAmEBjDM7zCm5VZL9a79bFoLVj5zDH8gfX5A8HXkb8=</latexit>

[1] Manoel et al (2017) Multi-layer generalized linear estimation.
[2] Gabrié et al (2018) Entropy and mutual information in models of deep neural networks.
[3] Reeves (2018) Additivity of Information in Multilayer Networks via Additive Gaussian Noise Transforms.

M

<latexit sha1_base64="6gmklFxJ3vdRHuCTGGM5iL9wNWo=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyGgHoLePEiJGAekCxhdtKbjJmdXWZmhRDyBV48KOLVT/Lm3zhJ9qCJBQ1FVTfdXUEiuDau++3kNja3tnfyu4W9/YPDo+LxSUvHqWLYZLGIVSegGgWX2DTcCOwkCmkUCGwH49u5335CpXksH8wkQT+iQ8lDzqixUuO+Xyy5ZXcBsk68jJQgQ71f/OoNYpZGKA0TVOuu5ybGn1JlOBM4K/RSjQllYzrErqWSRqj96eLQGbmwyoCEsbIlDVmovyemNNJ6EgW2M6JmpFe9ufif101NeO1PuUxSg5ItF4WpICYm86/JgCtkRkwsoUxxeythI6ooMzabgg3BW315nbQqZa9avmlUS7VKFkcezuAcLsGDK6jBHdShCQwQnuEV3pxH58V5dz6WrTknmzmFP3A+fwCkHYzN</latexit>

N

<latexit sha1_base64="4+YLJYAsGbKPl5SBqAQS2BLGLPM=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyGgHoLePEkCZgHJEuYnfQmY2Znl5lZIYR8gRcPinj1k7z5N06SPWhiQUNR1U13V5AIro3rfju5jc2t7Z38bmFv/+DwqHh80tJxqhg2WSxi1QmoRsElNg03AjuJQhoFAtvB+Hbut59QaR7LBzNJ0I/oUPKQM2qs1LjvF0tu2V2ArBMvIyXIUO8Xv3qDmKURSsME1brruYnxp1QZzgTOCr1UY0LZmA6xa6mkEWp/ujh0Ri6sMiBhrGxJQxbq74kpjbSeRIHtjKgZ6VVvLv7ndVMTXvtTLpPUoGTLRWEqiInJ/Gsy4AqZERNLKFPc3krYiCrKjM2mYEPwVl9eJ61K2auWbxrVUq2SxZGHMziHS/DgCmpwB3VoAgOEZ3iFN+fReXHenY9la87JZk7hD5zPH6WhjM4=</latexit>

K

<latexit sha1_base64="WJe2pRzLD6wLGhgH5QyqA5il3rc=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyGgHoLeBG8JGAekCxhdtKbjJmdXWZmhRDyBV48KOLVT/Lm3zhJ9qCJBQ1FVTfdXUEiuDau++3kNja3tnfyu4W9/YPDo+LxSUvHqWLYZLGIVSegGgWX2DTcCOwkCmkUCGwH49u5335CpXksH8wkQT+iQ8lDzqixUuO+Xyy5ZXcBsk68jJQgQ71f/OoNYpZGKA0TVOuu5ybGn1JlOBM4K/RSjQllYzrErqWSRqj96eLQGbmwyoCEsbIlDVmovyemNNJ6EgW2M6JmpFe9ufif101NeO1PuUxSg5ItF4WpICYm86/JgCtkRkwsoUxxeythI6ooMzabgg3BW315nbQqZa9avmlUS7VKFkcezuAcLsGDK6jBHdShCQwQnuEV3pxH58V5dz6WrTknmzmFP3A+fwChFYzL</latexit>

input dim
hidden dim
output dim

hidden layer state

K

<latexit sha1_base64="u0fcC60rYC9D/TMSvl8+YDV6kFE=">AAAB6HicdVBNS0JBFL3Pvsy+rJZthiRoJTMiqTuhTdBGIU3Qh8wb5+nkvA9m5gXy8Be0aVFE235Su/5N89Sgog5cOJxzL/fe48VSaIPxh5NbW9/Y3MpvF3Z29/YPiodHXR0livEOi2Skeh7VXIqQd4wwkvdixWngSX7rTS8z//aeKy2i8MbMYu4GdBwKXzBqrNS+HhZLuIwxJoSgjJDaBbak0ahXSB2RzLIowQqtYfF9MIpYEvDQMEm17hMcGzelyggm+bwwSDSPKZvSMe9bGtKAazddHDpHZ1YZIT9StkKDFur3iZQGWs8Cz3YG1Ez0by8T//L6ifHrbirCODE8ZMtFfiKRiVD2NRoJxZmRM0soU8LeitiEKsqMzaZgQ/j6FP1PupUyqZYb7WqpiVdx5OEETuEcCNSgCVfQgg4w4PAAT/Ds3DmPzovzumzNOauZY/gB5+0T7XGM/w==</latexit>

≈ GLM

≈ GLM
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f⇠
⇣ ⌘

<latexit sha1_base64="2lhGbNvQbTKoBTc5qnd7lXHjPX8=">AAACKnicjVC7TsMwFHXKq5RXgJHFokIqS5WgSsBWYGEsEn1ITRQ5rtNadZzUdhBV1O9h4VdYOoAqVj4EN80ALQNHsu/RuffIvsePGZXKsmZGYW19Y3OruF3a2d3bPzAPj1oySgQmTRyxSHR8JAmjnDQVVYx0YkFQ6DPS9od38377iQhJI/6oxjFxQ9TnNKAYKS155k3gOc8UOre0X4HOaJSg3v9KdmvXuWeWraqVAa4SOydlkKPhmVOnF+EkJFxhhqTs2las3BQJRTEjk5KTSBIjPER90tWUo5BIN81WncAzrfRgEAl9uIKZ+tORolDKcejryRCpgVzuzcW/et1EBVduSnmcKMLx4qEgYVBFcJ4b7FFBsGJjTRAWVP8V4gESCCudbkmHYC+vvEpaF1W7Vr1+qJXrtTyOIjgBp6ACbHAJ6uAeNEATYPAC3sA7+DBejakxMz4XowUj9xyDXzC+vgH2AqZZ</latexit>

f⇠
⇣ ⌘

<latexit sha1_base64="Vcmvz0bIQMrw8r0eOkaoBfdaNqo=">AAACEHicbVC7TsMwFHXKq5RXgJHFokKUpUpKJRgrWBiLRB9SE0WO47RWHSe1HURV9RNY+BUWBhBiZWTjb3DTDNBypKt7dM69su/xE0alsqxvo7Cyura+UdwsbW3v7O6Z+wdtGacCkxaOWSy6PpKEUU5aiipGuokgKPIZ6fjD65nfuSdC0pjfqXFC3Aj1OQ0pRkpLnnkaes4Dhc4V7VegMxqlKFhomXfmmWWramWAy8TOSRnkaHrmlxPEOI0IV5ghKXu2lSh3goSimJFpyUklSRAeoj7pacpRRKQ7yQ6awhOtBDCMhS6uYKb+3pigSMpx5OvJCKmBXPRm4n9eL1XhpTuhPEkV4Xj+UJgyqGI4SwcGVBCs2FgThAXVf4V4gATCSmdY0iHYiycvk3atap9Xa7f1cqOex1EER+AYVIANLkAD3IAmaAEMHsEzeAVvxpPxYrwbH/PRgpHvHII/MD5/AGN+m34=</latexit>

=<latexit sha1_base64="7vdqzKm6L5K9DGnJMRyYxaSZnUQ=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoBeh4MVjC7YW2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0PBh7vzTAzL0gE18Z1v53C2vrG5lZxu7Szu7d/UD48aus4VQxbLBax6gRUo+ASW4YbgZ1EIY0CgQ/B+HbmPzyh0jyW92aSoB/RoeQhZ9RYqXnTL1fcqjsHWSVeTiqQo9Evf/UGMUsjlIYJqnXXcxPjZ1QZzgROS71UY0LZmA6xa6mkEWo/mx86JWdWGZAwVrakIXP190RGI60nUWA7I2pGetmbif953dSE137GZZIalGyxKEwFMTGZfU0GXCEzYmIJZYrbWwkbUUWZsdmUbAje8surpF2rehfVWvOyUnfzOIpwAqdwDh5cQR3uoAEtYIDwDK/w5jw6L86787FoLTj5zDH8gfP5A4ixjLM=</latexit> ⇥
<latexit sha1_base64="0QSvAW1rxwYRhX2g/UYY4OR94mk=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hd0o6DHgxWME84BkCbOT2WTM7Mwy0yuEkH/w4kERr/6PN//GSbIHTSxoKKq66e6KUiks+v63t7a+sbm1Xdgp7u7tHxyWjo6bVmeG8QbTUpt2RC2XQvEGCpS8nRpOk0jyVjS6nfmtJ26s0OoBxykPEzpQIhaMopOaXRQJt71S2a/4c5BVEuSkDDnqvdJXt69ZlnCFTFJrO4GfYjihBgWTfFrsZpanlI3ogHccVdQtCSfza6fk3Cl9EmvjSiGZq78nJjSxdpxErjOhOLTL3kz8z+tkGN+EE6HSDLlii0VxJglqMnud9IXhDOXYEcqMcLcSNqSGMnQBFV0IwfLLq6RZrQSXler9Vbnm53EU4BTO4AICuIYa3EEdGsDgEZ7hFd487b14797HonXNy2dO4A+8zx+yD48m</latexit>

x

<latexit sha1_base64="h+m1149UjtXpnkpRLohbJhtXZrM=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgqsxIQd0V3LisYB/YlpJJ77ShmcyQZMQy9C/cuFDErX/jzr8x085CWw8EDufcS849fiy4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS0eJYthkkYhUx6caBZfYNNwI7MQKaegLbPuTm8xvP6LSPJL3ZhpjP6QjyQPOqLHSQy+kZuwH6dNsUK64VXcOskq8nFQgR2NQ/uoNI5aEKA0TVOuu58amn1JlOBM4K/USjTFlEzrCrqWShqj76TzxjJxZZUiCSNknDZmrvzdSGmo9DX07mSXUy14m/ud1ExNc9VMu48SgZIuPgkQQE5HsfDLkCpkRU0soU9xmJWxMFWXGllSyJXjLJ6+S1kXVq1Wv72qVupvXUYQTOIVz8OAS6nALDWgCAwnP8ApvjnZenHfnYzFacPKdY/gD5/MH+6+RFg==</latexit>

⇥
<latexit sha1_base64="0QSvAW1rxwYRhX2g/UYY4OR94mk=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hd0o6DHgxWME84BkCbOT2WTM7Mwy0yuEkH/w4kERr/6PN//GSbIHTSxoKKq66e6KUiks+v63t7a+sbm1Xdgp7u7tHxyWjo6bVmeG8QbTUpt2RC2XQvEGCpS8nRpOk0jyVjS6nfmtJ26s0OoBxykPEzpQIhaMopOaXRQJt71S2a/4c5BVEuSkDDnqvdJXt69ZlnCFTFJrO4GfYjihBgWTfFrsZpanlI3ogHccVdQtCSfza6fk3Cl9EmvjSiGZq78nJjSxdpxErjOhOLTL3kz8z+tkGN+EE6HSDLlii0VxJglqMnud9IXhDOXYEcqMcLcSNqSGMnQBFV0IwfLLq6RZrQSXler9Vbnm53EU4BTO4AICuIYa3EEdGsDgEZ7hFd487b14797HonXNy2dO4A+8zx+yD48m</latexit>

W2

<latexit sha1_base64="80MyauZ9aGUDn/Kt9GJfGIbchKU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lKQb0VvHisaD+gDWWz3bRLN5uwOxFK6E/w4kERr/4ib/4bt20O2vpg4PHeDDPzgkQKg6777RQ2Nre2d4q7pb39g8Oj8vFJ28SpZrzFYhnrbkANl0LxFgqUvJtoTqNA8k4wuZ37nSeujYjVI04T7kd0pEQoGEUrPXQGtUG54lbdBcg68XJSgRzNQfmrP4xZGnGFTFJjep6boJ9RjYJJPiv1U8MTyiZ0xHuWKhpx42eLU2fkwipDEsbalkKyUH9PZDQyZhoFtjOiODar3lz8z+ulGF77mVBJilyx5aIwlQRjMv+bDIXmDOXUEsq0sLcSNqaaMrTplGwI3urL66Rdq3r16s19vdJw8ziKcAbncAkeXEED7qAJLWAwgmd4hTdHOi/Ou/OxbC04+cwp/IHz+QPZVY16</latexit>

W1

<latexit sha1_base64="LeEwYQW6d+f99E3kyeHkMqg0rNU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkUL0VvHisaD+gDWWznbRLN5uwuxFK6E/w4kERr/4ib/4bt20O2vpg4PHeDDPzgkRwbVz32ylsbG5t7xR3S3v7B4dH5eOTto5TxbDFYhGrbkA1Ci6xZbgR2E0U0igQ2Akmt3O/84RK81g+mmmCfkRHkoecUWOlh87AG5QrbtVdgKwTLycVyNEclL/6w5ilEUrDBNW657mJ8TOqDGcCZ6V+qjGhbEJH2LNU0gi1ny1OnZELqwxJGCtb0pCF+nsio5HW0yiwnRE1Y73qzcX/vF5qwms/4zJJDUq2XBSmgpiYzP8mQ66QGTG1hDLF7a2EjamizNh0SjYEb/XlddK+qnq16s19rdJw8ziKcAbncAke1KEBd9CEFjAYwTO8wpsjnBfn3flYthacfOYU/sD5/AHX0Y15</latexit>

i.i.d. prior

rotationally invariant

y

<latexit sha1_base64="qBc/m/4XXQEDMHnmGojXisMgaTo=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQiqLuCG5cV7APbUCbTSTt0MgkzN0IJ/Qs3LhRx69+482+ctFlo64GBwzn3MueeIJHCoOt+O6W19Y3NrfJ2ZWd3b/+genjUNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbnO/88S1EbF6wGnC/YiOlAgFo2ilx35EcRyE2XQ2qNbcujsHWSVeQWpQoDmofvWHMUsjrpBJakzPcxP0M6pRMMlnlX5qeELZhI54z1JFI278bJ54Rs6sMiRhrO1TSObq742MRsZMo8BO5gnNspeL/3m9FMNrPxMqSZErtvgoTCXBmOTnk6HQnKGcWkKZFjYrYWOqKUNbUsWW4C2fvEraF3Xvsn5zf1lruEUdZTiBUzgHD66gAXfQhBYwUPAMr/DmGOfFeXc+FqMlp9g5hj9wPn8A/TSRFw==</latexit>

✓ Multi-Layer Vector-AMP [1]

✓ Corresponding state evolution [1]

✓ Replica free energy (mmse, entropy) [2, 3] 
(extension of single layer formula by [4])

✗ Proof ? 

= ⇥ ⇥
arbitrary diagonal

W
<latexit sha1_base64="opAM3ARvMCm+6cs4IS3Fz2JEF/0=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBg5SkCnosePFYxX5AG8pmu2mXbjZhdyKU0H/gxYMiXv1H3vw3btsctPXBwOO9GWbmBYkUBl332ymsrW9sbhW3Szu7e/sH5cOjlolTzXiTxTLWnYAaLoXiTRQoeSfRnEaB5O1gfDvz209cGxGrR5wk3I/oUIlQMIpWemiX+uWKW3XnIKvEy0kFcjT65a/eIGZpxBUySY3pem6CfkY1Cib5tNRLDU8oG9Mh71qqaMSNn80vnZIzqwxIGGtbCslc/T2R0ciYSRTYzojiyCx7M/E/r5tieONnQiUpcsUWi8JUEozJ7G0yEJozlBNLKNPC3krYiGrK0IYzC8FbfnmVtGpV77Jau7+q1C/yOIpwAqdwDh5cQx3uoAFNYBDCM7zCmzN2Xpx352PRWnDymWP4A+fzB+NIjN0=</latexit>

U
<latexit sha1_base64="ulYgvpaGEUDInSqqrydqtjV2tOE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBg5SkCnosePHYgqmFNpTNdtKu3WzC7kYopb/AiwdFvPqTvPlv3LY5aOuDgcd7M8zMC1PBtXHdb6ewtr6xuVXcLu3s7u0flA+PWjrJFEOfJSJR7ZBqFFyib7gR2E4V0jgU+BCObmf+wxMqzRN5b8YpBjEdSB5xRo2Vmn6vXHGr7hxklXg5qUCORq/81e0nLItRGiao1h3PTU0wocpwJnBa6mYaU8pGdIAdSyWNUQeT+aFTcmaVPokSZUsaMld/T0xorPU4Dm1nTM1QL3sz8T+vk5noJphwmWYGJVssijJBTEJmX5M+V8iMGFtCmeL2VsKGVFFmbDYlG4K3/PIqadWq3mW11ryq1C/yOIpwAqdwDh5cQx3uoAE+MEB4hld4cx6dF+fd+Vi0Fpx85hj+wPn8AavdjMc=</latexit>

S
<latexit sha1_base64="/O/NY1h8BZDclie+HD3uduHFAWk=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgQcJuFPQY8OIxQfOAZAmzk95kzOzsMjMrhJAv8OJBEa9+kjf/xkmyB00saCiquunuChLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsY3c781hMqzWP5YMYJ+hEdSB5yRo2V6ve9Ysktu3OQVeJlpAQZar3iV7cfszRCaZigWnc8NzH+hCrDmcBpoZtqTCgb0QF2LJU0Qu1P5odOyZlV+iSMlS1pyFz9PTGhkdbjKLCdETVDvezNxP+8TmrCG3/CZZIalGyxKEwFMTGZfU36XCEzYmwJZYrbWwkbUkWZsdkUbAje8surpFkpe5flSv2qVL3I4sjDCZzCOXhwDVW4gxo0gAHCM7zCm/PovDjvzseiNedkM8fwB87nD6jVjMU=</latexit>

V |
<latexit sha1_base64="2YYRXwSaPAV9DK3JYy7TMZ3g49E=">AAAB9XicbVDLSgNBEOyNrxhfUY9eBoPgQcJuFPQY8OIxgnlAsgmzk04yZHZ2mZlVwpL/8OJBEa/+izf/xkmyB00saCiquunuCmLBtXHdbye3tr6xuZXfLuzs7u0fFA+PGjpKFMM6i0SkWgHVKLjEuuFGYCtWSMNAYDMY38785iMqzSP5YCYx+iEdSj7gjBordRvdlHS4NKgYFdNeseSW3TnIKvEyUoIMtV7xq9OPWBKiNExQrdueGxs/pcpwJnBa6CQaY8rGdIhtSyUNUfvp/OopObNKnwwiZUsaMld/T6Q01HoSBrYzpGakl72Z+J/XTszgxk+5jBODki0WDRJBTERmEZA+V8iMmFhCmeL2VsJGVFFmY9AFG4K3/PIqaVTK3mW5cn9Vql5kceThBE7hHDy4hircQQ3qwEDBM7zCm/PkvDjvzseiNedkM8fwB87nD3pckm4=</latexit>

i.i.d. from Haar

[1] Fletcher et al (2018) Inference in deep networks in high dimensions.
[2] Gabrié et al (2018) Entropy and mutual information in models of deep neural networks.
[3] Reeves (2018) Additivity of Information in Multilayer Networks via Additive Gaussian Noise Transforms.
[4] Shinzato & Kabashima (2009) Learning from correlated patterns by simple perceptrons



Explicit weight learning, empirical verification
Learning the weight matrices while remaining rotationally inv.? 
e.g. with gradient descent

• Initialize Gaussian i.i.d W matrices
• Singular value decomposition
• Only learn spectrum (N degrees of freedom instead of N2)

Numerical verification? 
- Linear networks trained
- Gaussian inputs

14

W`
<latexit sha1_base64="n+5m2BAk5PkSXuTc25Bj8nB0sQM=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4KkkR1FvBi8cKpi20oWy2k3btZhN2N0IJ/Q9ePKh49Qd589+4bXPQ1gcDj/dmmJkXpoJr47rfztr6xubWdmmnvLu3f3BYOTpu6SRTDH2WiER1QqpRcIm+4UZgJ1VI41BgOxzfzvz2EyrNE/lgJikGMR1KHnFGjZVa7X4PhehXqm7NnYOsEq8gVSjQ7Fe+eoOEZTFKwwTVuuu5qQlyqgxnAqflXqYxpWxMh9i1VNIYdZDPr52Sc6sMSJQoW9KQufp7Iqex1pM4tJ0xNSO97M3E/7xuZqLrIOcyzQxKtlgUZYKYhMxeJwOukBkxsYQyxe2thI2ooszYgMo2BG/55VXi12s3Ne/+stqoF2mU4BTO4AI8uIIG3EETfGDwCM/wCm9O4rw4787HonXNKWZO4A+czx/V/Y7J</latexit><latexit sha1_base64="n+5m2BAk5PkSXuTc25Bj8nB0sQM=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4KkkR1FvBi8cKpi20oWy2k3btZhN2N0IJ/Q9ePKh49Qd589+4bXPQ1gcDj/dmmJkXpoJr47rfztr6xubWdmmnvLu3f3BYOTpu6SRTDH2WiER1QqpRcIm+4UZgJ1VI41BgOxzfzvz2EyrNE/lgJikGMR1KHnFGjZVa7X4PhehXqm7NnYOsEq8gVSjQ7Fe+eoOEZTFKwwTVuuu5qQlyqgxnAqflXqYxpWxMh9i1VNIYdZDPr52Sc6sMSJQoW9KQufp7Iqex1pM4tJ0xNSO97M3E/7xuZqLrIOcyzQxKtlgUZYKYhMxeJwOukBkxsYQyxe2thI2ooszYgMo2BG/55VXi12s3Ne/+stqoF2mU4BTO4AI8uIIG3EETfGDwCM/wCm9O4rw4787HonXNKWZO4A+czx/V/Y7J</latexit><latexit sha1_base64="n+5m2BAk5PkSXuTc25Bj8nB0sQM=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4KkkR1FvBi8cKpi20oWy2k3btZhN2N0IJ/Q9ePKh49Qd589+4bXPQ1gcDj/dmmJkXpoJr47rfztr6xubWdmmnvLu3f3BYOTpu6SRTDH2WiER1QqpRcIm+4UZgJ1VI41BgOxzfzvz2EyrNE/lgJikGMR1KHnFGjZVa7X4PhehXqm7NnYOsEq8gVSjQ7Fe+eoOEZTFKwwTVuuu5qQlyqgxnAqflXqYxpWxMh9i1VNIYdZDPr52Sc6sMSJQoW9KQufp7Iqex1pM4tJ0xNSO97M3E/7xuZqLrIOcyzQxKtlgUZYKYhMxeJwOukBkxsYQyxe2thI2ooszYgMo2BG/55VXi12s3Ne/+stqoF2mU4BTO4AI8uIIG3EETfGDwCM/wCm9O4rw4787HonXNKWZO4A+czx/V/Y7J</latexit><latexit sha1_base64="n+5m2BAk5PkSXuTc25Bj8nB0sQM=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4KkkR1FvBi8cKpi20oWy2k3btZhN2N0IJ/Q9ePKh49Qd589+4bXPQ1gcDj/dmmJkXpoJr47rfztr6xubWdmmnvLu3f3BYOTpu6SRTDH2WiER1QqpRcIm+4UZgJ1VI41BgOxzfzvz2EyrNE/lgJikGMR1KHnFGjZVa7X4PhehXqm7NnYOsEq8gVSjQ7Fe+eoOEZTFKwwTVuuu5qQlyqgxnAqflXqYxpWxMh9i1VNIYdZDPr52Sc6sMSJQoW9KQufp7Iqex1pM4tJ0xNSO97M3E/7xuZqLrIOcyzQxKtlgUZYKYhMxeJwOukBkxsYQyxe2thI2ooszYgMo2BG/55VXi12s3Ne/+stqoF2mU4BTO4AI8uIIG3EETfGDwCM/wCm9O4rw4787HonXNKWZO4A+czx/V/Y7J</latexit>

U`
<latexit sha1_base64="sgRVtJ+FxnXxQhVJicsTH5pAdOY=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4KkkR1FvBi8cKpi20oWy2k3btZhN2N0IJ/Q9ePKh49Qd589+4bXPQ1gcDj/dmmJkXpoJr47rfztr6xubWdmmnvLu3f3BYOTpu6SRTDH2WiER1QqpRcIm+4UZgJ1VI41BgOxzfzvz2EyrNE/lgJikGMR1KHnFGjZVafr+HQvQrVbfmzkFWiVeQKhRo9itfvUHCshilYYJq3fXc1AQ5VYYzgdNyL9OYUjamQ+xaKmmMOsjn107JuVUGJEqULWnIXP09kdNY60kc2s6YmpFe9mbif143M9F1kHOZZgYlWyyKMkFMQmavkwFXyIyYWEKZ4vZWwkZUUWZsQGUbgrf88irx67Wbmnd/WW3UizRKcApncAEeXEED7qAJPjB4hGd4hTcncV6cd+dj0brmFDMn8AfO5w/S7Y7H</latexit><latexit sha1_base64="sgRVtJ+FxnXxQhVJicsTH5pAdOY=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4KkkR1FvBi8cKpi20oWy2k3btZhN2N0IJ/Q9ePKh49Qd589+4bXPQ1gcDj/dmmJkXpoJr47rfztr6xubWdmmnvLu3f3BYOTpu6SRTDH2WiER1QqpRcIm+4UZgJ1VI41BgOxzfzvz2EyrNE/lgJikGMR1KHnFGjZVafr+HQvQrVbfmzkFWiVeQKhRo9itfvUHCshilYYJq3fXc1AQ5VYYzgdNyL9OYUjamQ+xaKmmMOsjn107JuVUGJEqULWnIXP09kdNY60kc2s6YmpFe9mbif143M9F1kHOZZgYlWyyKMkFMQmavkwFXyIyYWEKZ4vZWwkZUUWZsQGUbgrf88irx67Wbmnd/WW3UizRKcApncAEeXEED7qAJPjB4hGd4hTcncV6cd+dj0brmFDMn8AfO5w/S7Y7H</latexit><latexit sha1_base64="sgRVtJ+FxnXxQhVJicsTH5pAdOY=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4KkkR1FvBi8cKpi20oWy2k3btZhN2N0IJ/Q9ePKh49Qd589+4bXPQ1gcDj/dmmJkXpoJr47rfztr6xubWdmmnvLu3f3BYOTpu6SRTDH2WiER1QqpRcIm+4UZgJ1VI41BgOxzfzvz2EyrNE/lgJikGMR1KHnFGjZVafr+HQvQrVbfmzkFWiVeQKhRo9itfvUHCshilYYJq3fXc1AQ5VYYzgdNyL9OYUjamQ+xaKmmMOsjn107JuVUGJEqULWnIXP09kdNY60kc2s6YmpFe9mbif143M9F1kHOZZgYlWyyKMkFMQmavkwFXyIyYWEKZ4vZWwkZUUWZsQGUbgrf88irx67Wbmnd/WW3UizRKcApncAEeXEED7qAJPjB4hGd4hTcncV6cd+dj0brmFDMn8AfO5w/S7Y7H</latexit><latexit sha1_base64="sgRVtJ+FxnXxQhVJicsTH5pAdOY=">AAAB7HicbVBNS8NAEJ34WetX1aOXxSJ4KkkR1FvBi8cKpi20oWy2k3btZhN2N0IJ/Q9ePKh49Qd589+4bXPQ1gcDj/dmmJkXpoJr47rfztr6xubWdmmnvLu3f3BYOTpu6SRTDH2WiER1QqpRcIm+4UZgJ1VI41BgOxzfzvz2EyrNE/lgJikGMR1KHnFGjZVafr+HQvQrVbfmzkFWiVeQKhRo9itfvUHCshilYYJq3fXc1AQ5VYYzgdNyL9OYUjamQ+xaKmmMOsjn107JuVUGJEqULWnIXP09kdNY60kc2s6YmpFe9mbif143M9F1kHOZZgYlWyyKMkFMQmavkwFXyIyYWEKZ4vZWwkZUUWZsQGUbgrf88irx67Wbmnd/WW3UizRKcApncAEeXEED7qAJPjB4hGd4hTcncV6cd+dj0brmFDMn8AfO5w/S7Y7H</latexit>

S`
<latexit sha1_base64="UXqtiEWQL+cZQoHCMOKQb5YPSao=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoN4KXjxWNG2hDWWznbRrN5uwuxFK6X/w4kHFqz/Im//GbZuDtj4YeLw3w8y8MBVcG9f9dgpr6xubW8Xt0s7u3v5B+fCoqZNMMfRZIhLVDqlGwSX6hhuB7VQhjUOBrXB0M/NbT6g0T+SDGacYxHQgecQZNVZq3ve6KESvXHGr7hxklXg5qUCORq/81e0nLItRGiao1h3PTU0wocpwJnBa6mYaU8pGdIAdSyWNUQeT+bVTcmaVPokSZUsaMld/T0xorPU4Dm1nTM1QL3sz8T+vk5noKphwmWYGJVssijJBTEJmr5M+V8iMGFtCmeL2VsKGVFFmbEAlG4K3/PIq8WvV66p3d1Gp1/I0inACp3AOHlxCHW6hAT4weIRneIU3J3FenHfnY9FacPKZY/gD5/MHz92OxQ==</latexit><latexit sha1_base64="UXqtiEWQL+cZQoHCMOKQb5YPSao=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoN4KXjxWNG2hDWWznbRrN5uwuxFK6X/w4kHFqz/Im//GbZuDtj4YeLw3w8y8MBVcG9f9dgpr6xubW8Xt0s7u3v5B+fCoqZNMMfRZIhLVDqlGwSX6hhuB7VQhjUOBrXB0M/NbT6g0T+SDGacYxHQgecQZNVZq3ve6KESvXHGr7hxklXg5qUCORq/81e0nLItRGiao1h3PTU0wocpwJnBa6mYaU8pGdIAdSyWNUQeT+bVTcmaVPokSZUsaMld/T0xorPU4Dm1nTM1QL3sz8T+vk5noKphwmWYGJVssijJBTEJmr5M+V8iMGFtCmeL2VsKGVFFmbEAlG4K3/PIq8WvV66p3d1Gp1/I0inACp3AOHlxCHW6hAT4weIRneIU3J3FenHfnY9FacPKZY/gD5/MHz92OxQ==</latexit><latexit sha1_base64="UXqtiEWQL+cZQoHCMOKQb5YPSao=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoN4KXjxWNG2hDWWznbRrN5uwuxFK6X/w4kHFqz/Im//GbZuDtj4YeLw3w8y8MBVcG9f9dgpr6xubW8Xt0s7u3v5B+fCoqZNMMfRZIhLVDqlGwSX6hhuB7VQhjUOBrXB0M/NbT6g0T+SDGacYxHQgecQZNVZq3ve6KESvXHGr7hxklXg5qUCORq/81e0nLItRGiao1h3PTU0wocpwJnBa6mYaU8pGdIAdSyWNUQeT+bVTcmaVPokSZUsaMld/T0xorPU4Dm1nTM1QL3sz8T+vk5noKphwmWYGJVssijJBTEJmr5M+V8iMGFtCmeL2VsKGVFFmbEAlG4K3/PIq8WvV66p3d1Gp1/I0inACp3AOHlxCHW6hAT4weIRneIU3J3FenHfnY9FacPKZY/gD5/MHz92OxQ==</latexit><latexit sha1_base64="UXqtiEWQL+cZQoHCMOKQb5YPSao=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoN4KXjxWNG2hDWWznbRrN5uwuxFK6X/w4kHFqz/Im//GbZuDtj4YeLw3w8y8MBVcG9f9dgpr6xubW8Xt0s7u3v5B+fCoqZNMMfRZIhLVDqlGwSX6hhuB7VQhjUOBrXB0M/NbT6g0T+SDGacYxHQgecQZNVZq3ve6KESvXHGr7hxklXg5qUCORq/81e0nLItRGiao1h3PTU0wocpwJnBa6mYaU8pGdIAdSyWNUQeT+bVTcmaVPokSZUsaMld/T0xorPU4Dm1nTM1QL3sz8T+vk5noKphwmWYGJVssijJBTEJmr5M+V8iMGFtCmeL2VsKGVFFmbEAlG4K3/PIq8WvV66p3d1Gp1/I0inACp3AOHlxCHW6hAT4weIRneIU3J3FenHfnY9FacPKZY/gD5/MHz92OxQ==</latexit>

fixed fixedupdated 

orthogonal orthogonal
diagonal

= ⇥ ⇥
V |
`

<latexit sha1_base64="wvixuGFTSLaWvLsj5qNThUHsgv0=">AAAB/HicbVBNS8NAEN3Ur1q/oj16WSyCBymJFNRbwYvHCvYD2hg220m7dLMJuxshhPpXvHhQxKs/xJv/xm2bg7Y+GHi8N8PMvCDhTGnH+bZKa+sbm1vl7crO7t7+gX141FFxKim0acxj2QuIAs4EtDXTHHqJBBIFHLrB5Gbmdx9BKhaLe50l4EVkJFjIKNFG8u1qxx8A5w85HjChQVLCp75dc+rOHHiVuAWpoQIt3/4aDGOaRiA05USpvusk2suJ1IxymFYGqYKE0AkZQd9QQSJQXj4/fopPjTLEYSxNCY3n6u+JnERKZVFgOiOix2rZm4n/ef1Uh1dezkSSahB0sShMOdYxniWBh0wC1TwzhFDJzK2Yjokk1MSgKiYEd/nlVdK5qLuN+vVdo9Y8L+Ioo2N0gs6Qiy5RE92iFmojijL0jF7Rm/VkvVjv1seitWQVM1X0B9bnD8lRlNE=</latexit>
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(Î
re

p
°

I e
x
ac

t)
2

£10°13 layer 1

max

mean

500 1000 1500
layers size N

0.0

0.2

0.4

0.6

0.8

(Î
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<latexit sha1_base64="6dOBViEF/OoEVikl5ZsL6l74KwQ=">AAACD3icbVC7SgNBFJ2Nrxhfq5Y2g0GJhWE3BNQuYJMygnlAsobZyd1kyOyDmVkxLPsHNv6KjYUitrZ2/o2TZAtNPHDhzDn3MvceN+JMKsv6NnIrq2vrG/nNwtb2zu6euX/QkmEsKDRpyEPRcYkEzgJoKqY4dCIBxHc5tN3x9dRv34OQLAxu1SQCxyfDgHmMEqWlvnla6o2ISuppP+kJHwuIUnyO6/MXPBCq0jN8V+mbRatszYCXiZ2RIsrQ6JtfvUFIYx8CRTmRsmtbkXISIhSjHNJCL5YQETomQ+hqGhAfpJPM7knxiVYG2AuFrkDhmfp7IiG+lBPf1Z0+USO56E3F/7xurLxLJ2FBFCsI6PwjL+ZYhXgaDh4wAVTxiSaECqZ3xXREhE5BR1jQIdiLJy+TVqVsV8tXN9VizcriyKMjdIxKyEYXqIbqqIGaiKJH9Ixe0ZvxZLwY78bHvDVnZDOH6A+Mzx8vTZtw</latexit> (Ĥ
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<latexit sha1_base64="6dOBViEF/OoEVikl5ZsL6l74KwQ=">AAACD3icbVC7SgNBFJ2Nrxhfq5Y2g0GJhWE3BNQuYJMygnlAsobZyd1kyOyDmVkxLPsHNv6KjYUitrZ2/o2TZAtNPHDhzDn3MvceN+JMKsv6NnIrq2vrG/nNwtb2zu6euX/QkmEsKDRpyEPRcYkEzgJoKqY4dCIBxHc5tN3x9dRv34OQLAxu1SQCxyfDgHmMEqWlvnla6o2ISuppP+kJHwuIUnyO6/MXPBCq0jN8V+mbRatszYCXiZ2RIsrQ6JtfvUFIYx8CRTmRsmtbkXISIhSjHNJCL5YQETomQ+hqGhAfpJPM7knxiVYG2AuFrkDhmfp7IiG+lBPf1Z0+USO56E3F/7xurLxLJ2FBFCsI6PwjL+ZYhXgaDh4wAVTxiSaECqZ3xXREhE5BR1jQIdiLJy+TVqVsV8tXN9VizcriyKMjdIxKyEYXqIbqqIGaiKJH9Ixe0ZvxZLwY78bHvDVnZDOH6A+Mzx8vTZtw</latexit>
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<latexit sha1_base64="6dOBViEF/OoEVikl5ZsL6l74KwQ=">AAACD3icbVC7SgNBFJ2Nrxhfq5Y2g0GJhWE3BNQuYJMygnlAsobZyd1kyOyDmVkxLPsHNv6KjYUitrZ2/o2TZAtNPHDhzDn3MvceN+JMKsv6NnIrq2vrG/nNwtb2zu6euX/QkmEsKDRpyEPRcYkEzgJoKqY4dCIBxHc5tN3x9dRv34OQLAxu1SQCxyfDgHmMEqWlvnla6o2ISuppP+kJHwuIUnyO6/MXPBCq0jN8V+mbRatszYCXiZ2RIsrQ6JtfvUFIYx8CRTmRsmtbkXISIhSjHNJCL5YQETomQ+hqGhAfpJPM7knxiVYG2AuFrkDhmfp7IiG+lBPf1Z0+USO56E3F/7xurLxLJ2FBFCsI6PwjL+ZYhXgaDh4wAVTxiSaECqZ3xXREhE5BR1jQIdiLJy+TVqVsV8tXN9VizcriyKMjdIxKyEYXqIbqqIGaiKJH9Ixe0ZvxZLwY78bHvDVnZDOH6A+Mzx8vTZtw</latexit>

[1] Gabrié et al (2018) Entropy and mutual information in models of deep neural networks.

Y

<latexit sha1_base64="RLfK3W5QkWz+F2nuAa4nc5urOCY=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN4KXjy2YFulDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjto5TxbDFYhGr+4BqFFxiy3Aj8D5RSKNAYCcY38z8zhMqzWN5ZyYJ+hEdSh5yRo2Vmg/9csWtunOQVeLlpAI5Gv3yV28QszRCaZigWnc9NzF+RpXhTOC01Es1JpSN6RC7lkoaofaz+aFTcmaVAQljZUsaMld/T2Q00noSBbYzomakl72Z+J/XTU145WdcJqlByRaLwlQQE5PZ12TAFTIjJpZQpri9lbARVZQZm03JhuAtv7xK2hdVr1a9btYqdTePowgncArn4MEl1OEWGtACBgjP8ApvzqPz4rw7H4vWgpPPHMMfOJ8/tbOM1w==</latexit>

W2

<latexit sha1_base64="80MyauZ9aGUDn/Kt9GJfGIbchKU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lKQb0VvHisaD+gDWWz3bRLN5uwOxFK6E/w4kERr/4ib/4bt20O2vpg4PHeDDPzgkQKg6777RQ2Nre2d4q7pb39g8Oj8vFJ28SpZrzFYhnrbkANl0LxFgqUvJtoTqNA8k4wuZ37nSeujYjVI04T7kd0pEQoGEUrPXQGtUG54lbdBcg68XJSgRzNQfmrP4xZGnGFTFJjep6boJ9RjYJJPiv1U8MTyiZ0xHuWKhpx42eLU2fkwipDEsbalkKyUH9PZDQyZhoFtjOiODar3lz8z+ulGF77mVBJilyx5aIwlQRjMv+bDIXmDOXUEsq0sLcSNqaaMrTplGwI3urL66Rdq3r16s19vdJw8ziKcAbncAkeXEED7qAJLWAwgmd4hTdHOi/Ou/OxbC04+cwp/IHz+QPZVY16</latexit>

W1

<latexit sha1_base64="LeEwYQW6d+f99E3kyeHkMqg0rNU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkUL0VvHisaD+gDWWznbRLN5uwuxFK6E/w4kERr/4ib/4bt20O2vpg4PHeDDPzgkRwbVz32ylsbG5t7xR3S3v7B4dH5eOTto5TxbDFYhGrbkA1Ci6xZbgR2E0U0igQ2Akmt3O/84RK81g+mmmCfkRHkoecUWOlh87AG5QrbtVdgKwTLycVyNEclL/6w5ilEUrDBNW657mJ8TOqDGcCZ6V+qjGhbEJH2LNU0gi1ny1OnZELqwxJGCtb0pCF+nsio5HW0yiwnRE1Y73qzcX/vF5qwms/4zJJDUq2XBSmgpiYzP8mQ66QGTG1hDLF7a2EjamizNh0SjYEb/XlddK+qnq16s19rdJw8ziKcAbncAke1KEBd9CEFjAYwTO8wpsjnBfn3flYthacfOYU/sD5/AHX0Y15</latexit>

X

<latexit sha1_base64="ABrpfVmRnurTKT9PpV4wupwjEjw=">AAAB6HicdZDLSgMxFIYzXmu91cvOTbAIrkpSxLYrCy502YK9QDuUTJppYzOZIckIdegTuHGhiFsfwJVP4s6lb2KmVVDRHwIf/38OOed4keDaIPTmzM0vLC4tZ1ayq2vrG5u5re2mDmNFWYOGIlRtj2gmuGQNw41g7UgxEniCtbzRaZq3rpjSPJQXZhwxNyADyX1OibFWvd3L5VEBIYQxhing0jGyUKmUi7gMcRpZ5U9ert/PnneTWi/32u2HNA6YNFQQrTsYRcZNiDKcCjbJdmPNIkJHZMA6FiUJmHaT6aATeGCdPvRDZZ80cOp+70hIoPU48GxlQMxQ/85S86+sExu/7CZcRrFhks4+8mMBTQjTrWGfK0aNGFsgVHE7K6RDogg19jZZe4SvTeH/0CwW8FGhUsf5KgIzZcAe2AeHAIMSqIJzUAMNQAEDN+AO3DuXzq3z4DzOSuecz54d8EPO0wclZZDb</latexit>

Z2

<latexit sha1_base64="dw1NrGg5O63iGhe3Ve50pkAouWk=">AAAB6nicdZDLSgMxFIYzrZdab1Vx5SZYBFclKWLbXcGNy4r2gu1QMmmmDc1khiQjlKGP4MaFIm59EV/BheDKR9FMq6CiPwQ+/v8ccs7xIsG1QejVyWQXFpeWcyv51bX1jc3C1nZLh7GirElDEaqORzQTXLKm4UawTqQYCTzB2t74JM3bV0xpHsoLM4mYG5Ch5D6nxFjr/LJf7heKqIQQwhjDFHDlGFmo1aplXIU4jayK9ezL+9PuG2v0C8+9QUjjgElDBdG6i1Fk3IQow6lg03wv1iwidEyGrGtRkoBpN5mNOoUH1hlAP1T2SQNn7veOhARaTwLPVgbEjPTvLDX/yrqx8atuwmUUGybp/CM/FtCEMN0bDrhi1IiJBUIVt7NCOiKKUGOvk7dH+NoU/g+tcgkflWpnuFhHYK4c2AP74BBgUAF1cAoaoAkoGIJrcAvuHOHcOPfOw7w043z27IAfch4/AM4pkeI=</latexit>

Z1

<latexit sha1_base64="vnt3JJJ5t/RVYo4e520IuOneqr0=">AAAB6nicdZDLSgMxFIYzrZdab1Vx5SZYBFclKWLbXcGNy4r2gu1QMmmmDc1khiQjlKGP4MaFIm59EV/BheDKR9FMq6CiPwQ+/v8ccs7xIsG1QejVyWQXFpeWcyv51bX1jc3C1nZLh7GirElDEaqORzQTXLKm4UawTqQYCTzB2t74JM3bV0xpHsoLM4mYG5Ch5D6nxFjr/LKP+4UiKiGEMMYwBVw5RhZqtWoZVyFOI6tiPfvy/rT7xhr9wnNvENI4YNJQQbTuYhQZNyHKcCrYNN+LNYsIHZMh61qUJGDaTWajTuGBdQbQD5V90sCZ+70jIYHWk8CzlQExI/07S82/sm5s/KqbcBnFhkk6/8iPBTQhTPeGA64YNWJigVDF7ayQjogi1Njr5O0RvjaF/0OrXMJHpdoZLtYRmCsH9sA+OAQYVEAdnIIGaAIKhuAa3II7Rzg3zr3zMC/NOJ89O+CHnMcPzKWR4Q==</latexit>

W3

<latexit sha1_base64="SsjbWfiP1OPYELOyw6cx2KXAvhQ=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0oN4KXjxWtB/QhrLZTtqlm03Y3Qgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfj25nffkKleSwfzSRBP6JDyUPOqLHSQ7t/2S9X3Ko7B1klXk4qkKPRL3/1BjFLI5SGCap113MT42dUGc4ETku9VGNC2ZgOsWuppBFqP5ufOiVnVhmQMFa2pCFz9fdERiOtJ1FgOyNqRnrZm4n/ed3UhNd+xmWSGpRssShMBTExmf1NBlwhM2JiCWWK21sJG1FFmbHplGwI3vLLq6R1UfVq1Zv7WqXu5nEU4QRO4Rw8uII63EEDmsBgCM/wCm+OcF6cd+dj0Vpw8plj+APn8wfa2Y17</latexit>



From perceptron/GLM with random i.i.d. matrices
to deep neural networks ?

15

1. Inference of layers variables in deep networks (with learned weight matrices)

2. The challenge of weight inference and structured weights

x

<latexit sha1_base64="h+m1149UjtXpnkpRLohbJhtXZrM=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgqsxIQd0V3LisYB/YlpJJ77ShmcyQZMQy9C/cuFDErX/jzr8x085CWw8EDufcS849fiy4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS0eJYthkkYhUx6caBZfYNNwI7MQKaegLbPuTm8xvP6LSPJL3ZhpjP6QjyQPOqLHSQy+kZuwH6dNsUK64VXcOskq8nFQgR2NQ/uoNI5aEKA0TVOuu58amn1JlOBM4K/USjTFlEzrCrqWShqj76TzxjJxZZUiCSNknDZmrvzdSGmo9DX07mSXUy14m/ud1ExNc9VMu48SgZIuPgkQQE5HsfDLkCpkRU0soU9xmJWxMFWXGllSyJXjLJ6+S1kXVq1Wv72qVupvXUYQTOIVz8OAS6nALDWgCAwnP8ApvjnZenHfnYzFacPKdY/gD5/MH+6+RFg==</latexit>

z

<latexit sha1_base64="sI3OQQKN0v2aMVgswHz23cJRoI8=">AAAB8XicbVDLSgMxFL3js9ZX1aWbYBFclZlSUHcFNy4r2Ae2pWTSTBuayQzJHaEO/Qs3LhRx69+482/MtLPQ1gOBwzn3knOPH0th0HW/nbX1jc2t7cJOcXdv/+CwdHTcMlGiGW+ySEa641PDpVC8iQIl78Sa09CXvO1PbjK//ci1EZG6x2nM+yEdKREIRtFKD72Q4tgP0qfZoFR2K+4cZJV4OSlDjsag9NUbRiwJuUImqTFdz42xn1KNgkk+K/YSw2PKJnTEu5YqGnLTT+eJZ+TcKkMSRNo+hWSu/t5IaWjMNPTtZJbQLHuZ+J/XTTC46qdCxQlyxRYfBYkkGJHsfDIUmjOUU0so08JmJWxMNWVoSyraErzlk1dJq1rxapXru1q5Xs3rKMApnMEFeHAJdbiFBjSBgYJneIU3xzgvzrvzsRhdc/KdE/gD5/MH/1ORGg==</latexit>

W2

<latexit sha1_base64="80MyauZ9aGUDn/Kt9GJfGIbchKU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lKQb0VvHisaD+gDWWz3bRLN5uwOxFK6E/w4kERr/4ib/4bt20O2vpg4PHeDDPzgkQKg6777RQ2Nre2d4q7pb39g8Oj8vFJ28SpZrzFYhnrbkANl0LxFgqUvJtoTqNA8k4wuZ37nSeujYjVI04T7kd0pEQoGEUrPXQGtUG54lbdBcg68XJSgRzNQfmrP4xZGnGFTFJjep6boJ9RjYJJPiv1U8MTyiZ0xHuWKhpx42eLU2fkwipDEsbalkKyUH9PZDQyZhoFtjOiODar3lz8z+ulGF77mVBJilyx5aIwlQRjMv+bDIXmDOXUEsq0sLcSNqaaMrTplGwI3urL66Rdq3r16s19vdJw8ziKcAbncAkeXEED7qAJLWAwgmd4hTdHOi/Ou/OxbC04+cwp/IHz+QPZVY16</latexit>

W1

<latexit sha1_base64="LeEwYQW6d+f99E3kyeHkMqg0rNU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkUL0VvHisaD+gDWWznbRLN5uwuxFK6E/w4kERr/4ib/4bt20O2vpg4PHeDDPzgkRwbVz32ylsbG5t7xR3S3v7B4dH5eOTto5TxbDFYhGrbkA1Ci6xZbgR2E0U0igQ2Akmt3O/84RK81g+mmmCfkRHkoecUWOlh87AG5QrbtVdgKwTLycVyNEclL/6w5ilEUrDBNW657mJ8TOqDGcCZ6V+qjGhbEJH2LNU0gi1ny1OnZELqwxJGCtb0pCF+nsio5HW0yiwnRE1Y73qzcX/vF5qwms/4zJJDUq2XBSmgpiYzP8mQ66QGTG1hDLF7a2EjamizNh0SjYEb/XlddK+qnq16s19rdJw8ziKcAbncAke1KEBd9CEFjAYwTO8wpsjnBfn3flYthacfOYU/sD5/AHX0Y15</latexit>

y

<latexit sha1_base64="nmUKJ1U5Gz4Vm6wDwMTKi2HN1vs=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgqsyUgroruHFZwT6wHUomzbShSWZIMsIw9C/cuFDErX/jzr8x085CWw8EDufcS849QcyZNq777ZQ2Nre2d8q7lb39g8Oj6vFJV0eJIrRDIh6pfoA15UzSjmGG036sKBYBp71gdpv7vSeqNIvkg0lj6gs8kSxkBBsrPQ4FNtMgzNL5qFpz6+4CaJ14BalBgfao+jUcRyQRVBrCsdYDz42Nn2FlGOF0XhkmmsaYzPCEDiyVWFDtZ4vEc3RhlTEKI2WfNGih/t7IsNA6FYGdzBPqVS8X//MGiQmv/YzJODFUkuVHYcKRiVB+PhozRYnhqSWYKGazIjLFChNjS6rYErzVk9dJt1H3mvWb+2at1SjqKMMZnMMleHAFLbiDNnSAgIRneIU3RzsvzrvzsRwtOcXOKfyB8/kD/c6RGQ==</latexit>

x

<latexit sha1_base64="h+m1149UjtXpnkpRLohbJhtXZrM=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgqsxIQd0V3LisYB/YlpJJ77ShmcyQZMQy9C/cuFDErX/jzr8x085CWw8EDufcS849fiy4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS0eJYthkkYhUx6caBZfYNNwI7MQKaegLbPuTm8xvP6LSPJL3ZhpjP6QjyQPOqLHSQy+kZuwH6dNsUK64VXcOskq8nFQgR2NQ/uoNI5aEKA0TVOuu58amn1JlOBM4K/USjTFlEzrCrqWShqj76TzxjJxZZUiCSNknDZmrvzdSGmo9DX07mSXUy14m/ud1ExNc9VMu48SgZIuPgkQQE5HsfDLkCpkRU0soU9xmJWxMFWXGllSyJXjLJ6+S1kXVq1Wv72qVupvXUYQTOIVz8OAS6nALDWgCAwnP8ApvjnZenHfnYzFacPKdY/gD5/MH+6+RFg==</latexit>

y

<latexit sha1_base64="2Yrux2aUyODxkF/bzUAS/pg3y3Y=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG8FLx6r2A9oQ9lsJ+3SzSbsboQQ+g+8eFDEq//Im//GbZuDtj4YeLw3w8y8IBFcG9f9dkpr6xubW+Xtys7u3v5B9fCoreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7czvPKHSPJaPJkvQj+hI8pAzaqz0kJFBtebW3TnIKvEKUoMCzUH1qz+MWRqhNExQrXuemxg/p8pwJnBa6acaE8omdIQ9SyWNUPv5/NIpObPKkISxsiUNmau/J3IaaZ1Fge2MqBnrZW8m/uf1UhNe+zmXSWpQssWiMBXExGT2NhlyhcyIzBLKFLe3EjamijJjw6nYELzll1dJ+6LuXdZv7i9rDbeIowwncArn4MEVNOAOmtACBiE8wyu8ORPnxXl3PhatJaeYOYY/cD5/ADwfjSE=</latexit>

w

<latexit sha1_base64="69UYHng3bq9HTbD/nKhvpXrT7xA=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgqsxIQd0V3LisYB/YlpJJ77ShmcyQZJQy9C/cuFDErX/jzr8x085CWw8EDufcS849fiy4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS0eJYthkkYhUx6caBZfYNNwI7MQKaegLbPuTm8xvP6LSPJL3ZhpjP6QjyQPOqLHSQy+kZuwH6dNsUK64VXcOskq8nFQgR2NQ/uoNI5aEKA0TVOuu58amn1JlOBM4K/USjTFlEzrCrqWShqj76TzxjJxZZUiCSNknDZmrvzdSGmo9DX07mSXUy14m/ud1ExNc9VMu48SgZIuPgkQQE5HsfDLkCpkRU0soU9xmJWxMFWXGllSyJXjLJ6+S1kXVq1Wv72qVupvXUYQTOIVz8OAS6nALDWgCAwnP8ApvjnZenHfnYzFacPKdY/gD5/MH+iqRFQ==</latexit>

perceptron
deep neural network

X

<latexit sha1_base64="+5w+Hi1xTRlI+sJVVJj9NQJcoig=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN4KXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ylsbG5t7xR3S3v7B4dH5eOTto5TxbDFYhGrbkA1Ci6xZbgR2E0U0igQ2Akmd3O/84RK81g+mGmCfkRHkoecUWOlZndQrrhVdwGyTrycVCBHY1D+6g9jlkYoDRNU657nJsbPqDKcCZyV+qnGhLIJHWHPUkkj1H62OHRGLqwyJGGsbElDFurviYxGWk+jwHZG1Iz1qjcX//N6qQlv/IzLJDUo2XJRmApiYjL/mgy5QmbE1BLKFLe3EjamijJjsynZELzVl9dJ+6rq1aq3zVql7uZxFOEMzuESPLiGOtxDA1rAAOEZXuHNeXRenHfnY9lacPKZU/gD5/MHtC+M1g==</latexit>

y

<latexit sha1_base64="qBc/m/4XXQEDMHnmGojXisMgaTo=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQiqLuCG5cV7APbUCbTSTt0MgkzN0IJ/Qs3LhRx69+482+ctFlo64GBwzn3MueeIJHCoOt+O6W19Y3NrfJ2ZWd3b/+genjUNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbnO/88S1EbF6wGnC/YiOlAgFo2ilx35EcRyE2XQ2qNbcujsHWSVeQWpQoDmofvWHMUsjrpBJakzPcxP0M6pRMMlnlX5qeELZhI54z1JFI278bJ54Rs6sMiRhrO1TSObq742MRsZMo8BO5gnNspeL/3m9FMNrPxMqSZErtvgoTCXBmOTnk6HQnKGcWkKZFjYrYWOqKUNbUsWW4C2fvEraF3Xvsn5zf1lruEUdZTiBUzgHD66gAXfQhBYwUPAMr/DmGOfFeXc+FqMlp9g5hj9wPn8A/TSRFw==</latexit>

known

w

<latexit sha1_base64="gWn4dgYvf4Rqj2BVTSt9SyU75s4=">AAAB8XicdVDLSgMxFL1TX7W+qi7dBIvgqiQitt0V3LisYB/YDiWTZmowkxmSjFKG/oUbF4q49W/c+Tdm2goqeiBwOOdecu4JEimMxfjDKywtr6yuFddLG5tb2zvl3b2OiVPNeJvFMta9gBouheJtK6zkvURzGgWSd4Pb89zv3nFtRKyu7CThfkTHSoSCUeuk60FE7U0QZvfTYbmCqxhjQgjKCamdYUcajfoJqSOSWw4VWKA1LL8PRjFLI64sk9SYPsGJ9TOqrWCST0uD1PCEsls65n1HFY248bNZ4ik6csoIhbF2T1k0U79vZDQyZhIFbjJPaH57ufiX109tWPczoZLUcsXmH4WpRDZG+floJDRnVk4coUwLlxWxG6ops66kkivh61L0P+mcVMlptXF5WmniRR1FOIBDOAYCNWjCBbSgDQwUPMATPHvGe/RevNf5aMFb7OzDD3hvn0cvkUs=</latexit>

known

X

<latexit sha1_base64="+5w+Hi1xTRlI+sJVVJj9NQJcoig=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN4KXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ylsbG5t7xR3S3v7B4dH5eOTto5TxbDFYhGrbkA1Ci6xZbgR2E0U0igQ2Akmd3O/84RK81g+mGmCfkRHkoecUWOlZndQrrhVdwGyTrycVCBHY1D+6g9jlkYoDRNU657nJsbPqDKcCZyV+qnGhLIJHWHPUkkj1H62OHRGLqwyJGGsbElDFurviYxGWk+jwHZG1Iz1qjcX//N6qQlv/IzLJDUo2XJRmApiYjL/mgy5QmbE1BLKFLe3EjamijJjsynZELzVl9dJ+6rq1aq3zVql7uZxFOEMzuESPLiGOtxDA1rAAOEZXuHNeXRenHfnY9lacPKZU/gD5/MHtC+M1g==</latexit>

known

Z

<latexit sha1_base64="fzT+UIHx3TRn6gQCdGJS162Xosk=">AAAB6HicdVDLSgNBEJyNrxhfUY9eBoPgKcwEMckt4MVjAuaByRJmJ73JmNkHM7NCWPIFXjwo4tVP8ubfOJtEUNGChqKqm+4uL5ZCG0I+nNza+sbmVn67sLO7t39QPDzq6ChRHNo8kpHqeUyDFCG0jTASerECFngSut70KvO796C0iMIbM4vBDdg4FL7gzFipdTsslkiZEEIpxRmh1UtiSb1eq9AappllUUIrNIfF98Eo4kkAoeGSad2nJDZuypQRXMK8MEg0xIxP2Rj6loYsAO2mi0Pn+MwqI+xHylZo8EL9PpGyQOtZ4NnOgJmJ/u1l4l9ePzF+zU1FGCcGQr5c5CcSmwhnX+ORUMCNnFnCuBL2VswnTDFubDYFG8LXp/h/0qmU6UW53rooNcgqjjw6QafoHFFURQ10jZqojTgC9ICe0LNz5zw6L87rsjXnrGaO0Q84b58EPI0O</latexit>

Y

<latexit sha1_base64="RLfK3W5QkWz+F2nuAa4nc5urOCY=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN4KXjy2YFulDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjto5TxbDFYhGr+4BqFFxiy3Aj8D5RSKNAYCcY38z8zhMqzWN5ZyYJ+hEdSh5yRo2Vmg/9csWtunOQVeLlpAI5Gv3yV28QszRCaZigWnc9NzF+RpXhTOC01Es1JpSN6RC7lkoaofaz+aFTcmaVAQljZUsaMld/T2Q00noSBbYzomakl72Z+J/XTU145WdcJqlByRaLwlQQE5PZ12TAFTIjJpZQpri9lbARVZQZm03JhuAtv7xK2hdVr1a9btYqdTePowgncArn4MEl1OEWGtACBgjP8ApvzqPz4rw7H4vWgpPPHMMfOJ8/tbOM1w==</latexit>

known

W2

<latexit sha1_base64="80MyauZ9aGUDn/Kt9GJfGIbchKU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lKQb0VvHisaD+gDWWz3bRLN5uwOxFK6E/w4kERr/4ib/4bt20O2vpg4PHeDDPzgkQKg6777RQ2Nre2d4q7pb39g8Oj8vFJ28SpZrzFYhnrbkANl0LxFgqUvJtoTqNA8k4wuZ37nSeujYjVI04T7kd0pEQoGEUrPXQGtUG54lbdBcg68XJSgRzNQfmrP4xZGnGFTFJjep6boJ9RjYJJPiv1U8MTyiZ0xHuWKhpx42eLU2fkwipDEsbalkKyUH9PZDQyZhoFtjOiODar3lz8z+ulGF77mVBJilyx5aIwlQRjMv+bDIXmDOXUEsq0sLcSNqaaMrTplGwI3urL66Rdq3r16s19vdJw8ziKcAbncAkeXEED7qAJLWAwgmd4hTdHOi/Ou/OxbC04+cwp/IHz+QPZVY16</latexit>

W1

<latexit sha1_base64="LeEwYQW6d+f99E3kyeHkMqg0rNU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkUL0VvHisaD+gDWWznbRLN5uwuxFK6E/w4kERr/4ib/4bt20O2vpg4PHeDDPzgkRwbVz32ylsbG5t7xR3S3v7B4dH5eOTto5TxbDFYhGrbkA1Ci6xZbgR2E0U0igQ2Akmt3O/84RK81g+mmmCfkRHkoecUWOlh87AG5QrbtVdgKwTLycVyNEclL/6w5ilEUrDBNW657mJ8TOqDGcCZ6V+qjGhbEJH2LNU0gi1ny1OnZELqwxJGCtb0pCF+nsio5HW0yiwnRE1Y73qzcX/vF5qwms/4zJJDUq2XBSmgpiYzP8mQ66QGTG1hDLF7a2EjamizNh0SjYEb/XlddK+qnq16s19rdJw8ziKcAbncAke1KEBd9CEFjAYwTO8wpsjnBfn3flYthacfOYU/sD5/AHX0Y15</latexit>

known known

i.i.d. prior

i.i.d. entries learned diag. learned diag.

i.i.d. entries



From GLM with random i.i.d. matrices
to deep neural networks ?

16

1. Inference of layers variables in deep networks (with learned weight matrices)

2. The challenge of weight inference and structured weights

x

<latexit sha1_base64="h+m1149UjtXpnkpRLohbJhtXZrM=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgqsxIQd0V3LisYB/YlpJJ77ShmcyQZMQy9C/cuFDErX/jzr8x085CWw8EDufcS849fiy4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS0eJYthkkYhUx6caBZfYNNwI7MQKaegLbPuTm8xvP6LSPJL3ZhpjP6QjyQPOqLHSQy+kZuwH6dNsUK64VXcOskq8nFQgR2NQ/uoNI5aEKA0TVOuu58amn1JlOBM4K/USjTFlEzrCrqWShqj76TzxjJxZZUiCSNknDZmrvzdSGmo9DX07mSXUy14m/ud1ExNc9VMu48SgZIuPgkQQE5HsfDLkCpkRU0soU9xmJWxMFWXGllSyJXjLJ6+S1kXVq1Wv72qVupvXUYQTOIVz8OAS6nALDWgCAwnP8ApvjnZenHfnYzFacPKdY/gD5/MH+6+RFg==</latexit>

z

<latexit sha1_base64="sI3OQQKN0v2aMVgswHz23cJRoI8=">AAAB8XicbVDLSgMxFL3js9ZX1aWbYBFclZlSUHcFNy4r2Ae2pWTSTBuayQzJHaEO/Qs3LhRx69+482/MtLPQ1gOBwzn3knOPH0th0HW/nbX1jc2t7cJOcXdv/+CwdHTcMlGiGW+ySEa641PDpVC8iQIl78Sa09CXvO1PbjK//ci1EZG6x2nM+yEdKREIRtFKD72Q4tgP0qfZoFR2K+4cZJV4OSlDjsag9NUbRiwJuUImqTFdz42xn1KNgkk+K/YSw2PKJnTEu5YqGnLTT+eJZ+TcKkMSRNo+hWSu/t5IaWjMNPTtZJbQLHuZ+J/XTTC46qdCxQlyxRYfBYkkGJHsfDIUmjOUU0so08JmJWxMNWVoSyraErzlk1dJq1rxapXru1q5Xs3rKMApnMEFeHAJdbiFBjSBgYJneIU3xzgvzrvzsRhdc/KdE/gD5/MH/1ORGg==</latexit>

W2

<latexit sha1_base64="80MyauZ9aGUDn/Kt9GJfGIbchKU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lKQb0VvHisaD+gDWWz3bRLN5uwOxFK6E/w4kERr/4ib/4bt20O2vpg4PHeDDPzgkQKg6777RQ2Nre2d4q7pb39g8Oj8vFJ28SpZrzFYhnrbkANl0LxFgqUvJtoTqNA8k4wuZ37nSeujYjVI04T7kd0pEQoGEUrPXQGtUG54lbdBcg68XJSgRzNQfmrP4xZGnGFTFJjep6boJ9RjYJJPiv1U8MTyiZ0xHuWKhpx42eLU2fkwipDEsbalkKyUH9PZDQyZhoFtjOiODar3lz8z+ulGF77mVBJilyx5aIwlQRjMv+bDIXmDOXUEsq0sLcSNqaaMrTplGwI3urL66Rdq3r16s19vdJw8ziKcAbncAkeXEED7qAJLWAwgmd4hTdHOi/Ou/OxbC04+cwp/IHz+QPZVY16</latexit>

W1

<latexit sha1_base64="LeEwYQW6d+f99E3kyeHkMqg0rNU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkUL0VvHisaD+gDWWznbRLN5uwuxFK6E/w4kERr/4ib/4bt20O2vpg4PHeDDPzgkRwbVz32ylsbG5t7xR3S3v7B4dH5eOTto5TxbDFYhGrbkA1Ci6xZbgR2E0U0igQ2Akmt3O/84RK81g+mmmCfkRHkoecUWOlh87AG5QrbtVdgKwTLycVyNEclL/6w5ilEUrDBNW657mJ8TOqDGcCZ6V+qjGhbEJH2LNU0gi1ny1OnZELqwxJGCtb0pCF+nsio5HW0yiwnRE1Y73qzcX/vF5qwms/4zJJDUq2XBSmgpiYzP8mQ66QGTG1hDLF7a2EjamizNh0SjYEb/XlddK+qnq16s19rdJw8ziKcAbncAke1KEBd9CEFjAYwTO8wpsjnBfn3flYthacfOYU/sD5/AHX0Y15</latexit>

y

<latexit sha1_base64="nmUKJ1U5Gz4Vm6wDwMTKi2HN1vs=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgqsyUgroruHFZwT6wHUomzbShSWZIMsIw9C/cuFDErX/jzr8x085CWw8EDufcS849QcyZNq777ZQ2Nre2d8q7lb39g8Oj6vFJV0eJIrRDIh6pfoA15UzSjmGG036sKBYBp71gdpv7vSeqNIvkg0lj6gs8kSxkBBsrPQ4FNtMgzNL5qFpz6+4CaJ14BalBgfao+jUcRyQRVBrCsdYDz42Nn2FlGOF0XhkmmsaYzPCEDiyVWFDtZ4vEc3RhlTEKI2WfNGih/t7IsNA6FYGdzBPqVS8X//MGiQmv/YzJODFUkuVHYcKRiVB+PhozRYnhqSWYKGazIjLFChNjS6rYErzVk9dJt1H3mvWb+2at1SjqKMMZnMMleHAFLbiDNnSAgIRneIU3RzsvzrvzsRwtOcXOKfyB8/kD/c6RGQ==</latexit>

x

<latexit sha1_base64="h+m1149UjtXpnkpRLohbJhtXZrM=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgqsxIQd0V3LisYB/YlpJJ77ShmcyQZMQy9C/cuFDErX/jzr8x085CWw8EDufcS849fiy4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS0eJYthkkYhUx6caBZfYNNwI7MQKaegLbPuTm8xvP6LSPJL3ZhpjP6QjyQPOqLHSQy+kZuwH6dNsUK64VXcOskq8nFQgR2NQ/uoNI5aEKA0TVOuu58amn1JlOBM4K/USjTFlEzrCrqWShqj76TzxjJxZZUiCSNknDZmrvzdSGmo9DX07mSXUy14m/ud1ExNc9VMu48SgZIuPgkQQE5HsfDLkCpkRU0soU9xmJWxMFWXGllSyJXjLJ6+S1kXVq1Wv72qVupvXUYQTOIVz8OAS6nALDWgCAwnP8ApvjnZenHfnYzFacPKdY/gD5/MH+6+RFg==</latexit>

y

<latexit sha1_base64="2Yrux2aUyODxkF/bzUAS/pg3y3Y=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG8FLx6r2A9oQ9lsJ+3SzSbsboQQ+g+8eFDEq//Im//GbZuDtj4YeLw3w8y8IBFcG9f9dkpr6xubW+Xtys7u3v5B9fCoreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7czvPKHSPJaPJkvQj+hI8pAzaqz0kJFBtebW3TnIKvEKUoMCzUH1qz+MWRqhNExQrXuemxg/p8pwJnBa6acaE8omdIQ9SyWNUPv5/NIpObPKkISxsiUNmau/J3IaaZ1Fge2MqBnrZW8m/uf1UhNe+zmXSWpQssWiMBXExGT2NhlyhcyIzBLKFLe3EjamijJjw6nYELzll1dJ+6LuXdZv7i9rDbeIowwncArn4MEVNOAOmtACBiE8wyu8ORPnxXl3PhatJaeYOYY/cD5/ADwfjSE=</latexit>

w

<latexit sha1_base64="69UYHng3bq9HTbD/nKhvpXrT7xA=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgqsxIQd0V3LisYB/YlpJJ77ShmcyQZJQy9C/cuFDErX/jzr8x085CWw8EDufcS849fiy4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS0eJYthkkYhUx6caBZfYNNwI7MQKaegLbPuTm8xvP6LSPJL3ZhpjP6QjyQPOqLHSQy+kZuwH6dNsUK64VXcOskq8nFQgR2NQ/uoNI5aEKA0TVOuu58amn1JlOBM4K/USjTFlEzrCrqWShqj76TzxjJxZZUiCSNknDZmrvzdSGmo9DX07mSXUy14m/ud1ExNc9VMu48SgZIuPgkQQE5HsfDLkCpkRU0soU9xmJWxMFWXGllSyJXjLJ6+S1kXVq1Wv72qVupvXUYQTOIVz8OAS6nALDWgCAwnP8ApvjnZenHfnYzFacPKdY/gD5/MH+iqRFQ==</latexit>

perceptron
deep neural network

X

<latexit sha1_base64="+5w+Hi1xTRlI+sJVVJj9NQJcoig=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN4KXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ylsbG5t7xR3S3v7B4dH5eOTto5TxbDFYhGrbkA1Ci6xZbgR2E0U0igQ2Akmd3O/84RK81g+mGmCfkRHkoecUWOlZndQrrhVdwGyTrycVCBHY1D+6g9jlkYoDRNU657nJsbPqDKcCZyV+qnGhLIJHWHPUkkj1H62OHRGLqwyJGGsbElDFurviYxGWk+jwHZG1Iz1qjcX//N6qQlv/IzLJDUo2XJRmApiYjL/mgy5QmbE1BLKFLe3EjamijJjsynZELzVl9dJ+6rq1aq3zVql7uZxFOEMzuESPLiGOtxDA1rAAOEZXuHNeXRenHfnY9lacPKZU/gD5/MHtC+M1g==</latexit>

y

<latexit sha1_base64="qBc/m/4XXQEDMHnmGojXisMgaTo=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQiqLuCG5cV7APbUCbTSTt0MgkzN0IJ/Qs3LhRx69+482+ctFlo64GBwzn3MueeIJHCoOt+O6W19Y3NrfJ2ZWd3b/+genjUNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbnO/88S1EbF6wGnC/YiOlAgFo2ilx35EcRyE2XQ2qNbcujsHWSVeQWpQoDmofvWHMUsjrpBJakzPcxP0M6pRMMlnlX5qeELZhI54z1JFI278bJ54Rs6sMiRhrO1TSObq742MRsZMo8BO5gnNspeL/3m9FMNrPxMqSZErtvgoTCXBmOTnk6HQnKGcWkKZFjYrYWOqKUNbUsWW4C2fvEraF3Xvsn5zf1lruEUdZTiBUzgHD66gAXfQhBYwUPAMr/DmGOfFeXc+FqMlp9g5hj9wPn8A/TSRFw==</latexit>

known

w

<latexit sha1_base64="gWn4dgYvf4Rqj2BVTSt9SyU75s4=">AAAB8XicdVDLSgMxFL1TX7W+qi7dBIvgqiQitt0V3LisYB/YDiWTZmowkxmSjFKG/oUbF4q49W/c+Tdm2goqeiBwOOdecu4JEimMxfjDKywtr6yuFddLG5tb2zvl3b2OiVPNeJvFMta9gBouheJtK6zkvURzGgWSd4Pb89zv3nFtRKyu7CThfkTHSoSCUeuk60FE7U0QZvfTYbmCqxhjQgjKCamdYUcajfoJqSOSWw4VWKA1LL8PRjFLI64sk9SYPsGJ9TOqrWCST0uD1PCEsls65n1HFY248bNZ4ik6csoIhbF2T1k0U79vZDQyZhIFbjJPaH57ufiX109tWPczoZLUcsXmH4WpRDZG+floJDRnVk4coUwLlxWxG6ops66kkivh61L0P+mcVMlptXF5WmniRR1FOIBDOAYCNWjCBbSgDQwUPMATPHvGe/RevNf5aMFb7OzDD3hvn0cvkUs=</latexit>

known

X

<latexit sha1_base64="+5w+Hi1xTRlI+sJVVJj9NQJcoig=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN4KXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ylsbG5t7xR3S3v7B4dH5eOTto5TxbDFYhGrbkA1Ci6xZbgR2E0U0igQ2Akmd3O/84RK81g+mGmCfkRHkoecUWOlZndQrrhVdwGyTrycVCBHY1D+6g9jlkYoDRNU657nJsbPqDKcCZyV+qnGhLIJHWHPUkkj1H62OHRGLqwyJGGsbElDFurviYxGWk+jwHZG1Iz1qjcX//N6qQlv/IzLJDUo2XJRmApiYjL/mgy5QmbE1BLKFLe3EjamijJjsynZELzVl9dJ+6rq1aq3zVql7uZxFOEMzuESPLiGOtxDA1rAAOEZXuHNeXRenHfnY9lacPKZU/gD5/MHtC+M1g==</latexit>

known

Z

<latexit sha1_base64="fzT+UIHx3TRn6gQCdGJS162Xosk=">AAAB6HicdVDLSgNBEJyNrxhfUY9eBoPgKcwEMckt4MVjAuaByRJmJ73JmNkHM7NCWPIFXjwo4tVP8ubfOJtEUNGChqKqm+4uL5ZCG0I+nNza+sbmVn67sLO7t39QPDzq6ChRHNo8kpHqeUyDFCG0jTASerECFngSut70KvO796C0iMIbM4vBDdg4FL7gzFipdTsslkiZEEIpxRmh1UtiSb1eq9AappllUUIrNIfF98Eo4kkAoeGSad2nJDZuypQRXMK8MEg0xIxP2Rj6loYsAO2mi0Pn+MwqI+xHylZo8EL9PpGyQOtZ4NnOgJmJ/u1l4l9ePzF+zU1FGCcGQr5c5CcSmwhnX+ORUMCNnFnCuBL2VswnTDFubDYFG8LXp/h/0qmU6UW53rooNcgqjjw6QafoHFFURQ10jZqojTgC9ICe0LNz5zw6L87rsjXnrGaO0Q84b58EPI0O</latexit>

Y

<latexit sha1_base64="RLfK3W5QkWz+F2nuAa4nc5urOCY=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN4KXjy2YFulDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjto5TxbDFYhGr+4BqFFxiy3Aj8D5RSKNAYCcY38z8zhMqzWN5ZyYJ+hEdSh5yRo2Vmg/9csWtunOQVeLlpAI5Gv3yV28QszRCaZigWnc9NzF+RpXhTOC01Es1JpSN6RC7lkoaofaz+aFTcmaVAQljZUsaMld/T2Q00noSBbYzomakl72Z+J/XTU145WdcJqlByRaLwlQQE5PZ12TAFTIjJpZQpri9lbARVZQZm03JhuAtv7xK2hdVr1a9btYqdTePowgncArn4MEl1OEWGtACBgjP8ApvzqPz4rw7H4vWgpPPHMMfOJ8/tbOM1w==</latexit>

known

W1

<latexit sha1_base64="hCXUKOEh6jkv5OZY6ERQcb8WJKU=">AAAB6nicdVBNSwMxEJ31s9avqkcvwSJ4Kkkptr0VvHisaD+gXUo2TdvQbHZJskJZ+hO8eFDEq7/Im//GbFtBRR8MPN6bYWZeEEthLMYf3tr6xubWdm4nv7u3f3BYODpumyjRjLdYJCPdDajhUijessJK3o01p2EgeSeYXmV+555rIyJ1Z2cx90M6VmIkGLVOuu0MyKBQxCWMMSEEZYRUL7Ej9XqtTGqIZJZDEVZoDgrv/WHEkpAryyQ1pkdwbP2UaiuY5PN8PzE8pmxKx7znqKIhN366OHWOzp0yRKNIu1IWLdTvEykNjZmFgesMqZ2Y314m/uX1Ejuq+alQcWK5YstFo0QiG6HsbzQUmjMrZ45QpoW7FbEJ1ZRZl07ehfD1KfqftMslUinVbyrFBl7FkYNTOIMLIFCFBlxDE1rAYAwP8ATPnvQevRfvddm65q1mTuAHvLdPJNaNrw==</latexit>

W2

<latexit sha1_base64="FOl+lnnE5ZaiZvLZD/mxV+GHYAI=">AAAB6nicdVBNSwMxEJ31s9avqkcvwSJ4Kkkptr0VvHisaD+gXUo2TdvQbHZJskJZ+hO8eFDEq7/Im//GbFtBRR8MPN6bYWZeEEthLMYf3tr6xubWdm4nv7u3f3BYODpumyjRjLdYJCPdDajhUijessJK3o01p2EgeSeYXmV+555rIyJ1Z2cx90M6VmIkGLVOuu0MyoNCEZcwxoQQlBFSvcSO1Ou1MqkhklkORVihOSi894cRS0KuLJPUmB7BsfVTqq1gks/z/cTwmLIpHfOeo4qG3Pjp4tQ5OnfKEI0i7UpZtFC/T6Q0NGYWBq4zpHZifnuZ+JfXS+yo5qdCxYnlii0XjRKJbISyv9FQaM6snDlCmRbuVsQmVFNmXTp5F8LXp+h/0i6XSKVUv6kUG3gVRw5O4QwugEAVGnANTWgBgzE8wBM8e9J79F6812XrmreaOYEf8N4+ASZajbA=</latexit>



f⇠
⇣ ⌘

<latexit sha1_base64="m1zbNw5AF/gn/cq36liFgZxURRA=">AAACMXiclVC7TsMwFHXKq5RXgJHFokIqS5WgSsBWwdKxSPQhNVHkuE5r1XFS20FUUX+JhT9BLB1AiJWfwE0zQMvCkex7dO49su/xY0alsqyZUVhb39jcKm6Xdnb39g/Mw6O2jBKBSQtHLBJdH0nCKCctRRUj3VgQFPqMdPzR7bzfeSBC0ojfq0lM3BANOA0oRkpLntkIPOeRQueGDirQGY8T1P9XyW5tPvfMslW1MsBVYuekDHI0PfPF6Uc4CQlXmCEpe7YVKzdFQlHMyLTkJJLECI/QgPQ05Sgk0k2zjafwTCt9GERCH65gpv50pCiUchL6ejJEaiiXe3Pxr14vUcGVm1IeJ4pwvHgoSBhUEZzHB/tUEKzYRBOEBdV/hXiIBMJKh1zSIdjLK6+S9kXVrlWv72rlei2PowhOwCmoABtcgjpogCZoAQyewCt4A+/GszEzPozPxWjByD3H4BeMr2+Ygak3</latexit>

f⇠
⇣ ⌘

<latexit sha1_base64="lXtzRYw0voPKcXOMNczSvqoKx5s=">AAACFnicdVDNS8MwHE3n15xfVY9egkOYB0crA/U29OJxgvuAtZQ0TbewNO2SVBxlf4UX/xUvHhTxKt78b8y2HnTTByGP996P5Pf8hFGpLOvLKCwtr6yuFddLG5tb2zvm7l5LxqnApIljFouOjyRhlJOmooqRTiIIinxG2v7gauK374iQNOa3apQQN0I9TkOKkdKSZ56EnnNPoXNJexXoDIcpCv65dOLYM8tW1ZoCLhI7J2WQo+GZn04Q4zQiXGGGpOzaVqLcDAlFMSPjkpNKkiA8QD3S1ZSjiEg3m641hkdaCWAYC324glP150SGIilHka+TEVJ9Oe9NxL+8bqrCczejPEkV4Xj2UJgyqGI46QgGVBCs2EgThAXVf4W4jwTCSjdZ0iXY8ysvktZp1a5VL25q5Xotr6MIDsAhqAAbnIE6uAYN0AQYPIAn8AJejUfj2Xgz3mfRgpHP7INfMD6+AV7xnjo=</latexit>

First idea: decompose the inference in sub-problems 
(alike Multi layer - AMP)

▻

▻

f⇠
⇣ ⌘

<latexit sha1_base64="lXtzRYw0voPKcXOMNczSvqoKx5s=">AAACFnicdVDNS8MwHE3n15xfVY9egkOYB0crA/U29OJxgvuAtZQ0TbewNO2SVBxlf4UX/xUvHhTxKt78b8y2HnTTByGP996P5Pf8hFGpLOvLKCwtr6yuFddLG5tb2zvm7l5LxqnApIljFouOjyRhlJOmooqRTiIIinxG2v7gauK374iQNOa3apQQN0I9TkOKkdKSZ56EnnNPoXNJexXoDIcpCv65dOLYM8tW1ZoCLhI7J2WQo+GZn04Q4zQiXGGGpOzaVqLcDAlFMSPjkpNKkiA8QD3S1ZSjiEg3m641hkdaCWAYC324glP150SGIilHka+TEVJ9Oe9NxL+8bqrCczejPEkV4Xj2UJgyqGI46QgGVBCs2EgThAXVf4W4jwTCSjdZ0iXY8ysvktZp1a5VL25q5Xotr6MIDsAhqAAbnIE6uAYN0AQYPIAn8AJejUfj2Xgz3mfRgpHP7INfMD6+AV7xnjo=</latexit>

Weight inference in deep neural networks decomposed
17

=<latexit sha1_base64="7vdqzKm6L5K9DGnJMRyYxaSZnUQ=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoBeh4MVjC7YW2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0PBh7vzTAzL0gE18Z1v53C2vrG5lZxu7Szu7d/UD48aus4VQxbLBax6gRUo+ASW4YbgZ1EIY0CgQ/B+HbmPzyh0jyW92aSoB/RoeQhZ9RYqXnTL1fcqjsHWSVeTiqQo9Evf/UGMUsjlIYJqnXXcxPjZ1QZzgROS71UY0LZmA6xa6mkEWo/mx86JWdWGZAwVrakIXP190RGI60nUWA7I2pGetmbif953dSE137GZZIalGyxKEwFMTGZfU0GXCEzYmIJZYrbWwkbUUWZsdmUbAje8surpF2rehfVWvOyUnfzOIpwAqdwDh5cQR3uoAEtYIDwDK/w5jw6L86787FoLTj5zDH8gfP5A4ixjLM=</latexit> ⇥
<latexit sha1_base64="0QSvAW1rxwYRhX2g/UYY4OR94mk=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hd0o6DHgxWME84BkCbOT2WTM7Mwy0yuEkH/w4kERr/6PN//GSbIHTSxoKKq66e6KUiks+v63t7a+sbm1Xdgp7u7tHxyWjo6bVmeG8QbTUpt2RC2XQvEGCpS8nRpOk0jyVjS6nfmtJ26s0OoBxykPEzpQIhaMopOaXRQJt71S2a/4c5BVEuSkDDnqvdJXt69ZlnCFTFJrO4GfYjihBgWTfFrsZpanlI3ogHccVdQtCSfza6fk3Cl9EmvjSiGZq78nJjSxdpxErjOhOLTL3kz8z+tkGN+EE6HSDLlii0VxJglqMnud9IXhDOXYEcqMcLcSNqSGMnQBFV0IwfLLq6RZrQSXler9Vbnm53EU4BTO4AICuIYa3EEdGsDgEZ7hFd487b14797HonXNy2dO4A+8zx+yD48m</latexit>

⇥
<latexit sha1_base64="0QSvAW1rxwYRhX2g/UYY4OR94mk=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hd0o6DHgxWME84BkCbOT2WTM7Mwy0yuEkH/w4kERr/6PN//GSbIHTSxoKKq66e6KUiks+v63t7a+sbm1Xdgp7u7tHxyWjo6bVmeG8QbTUpt2RC2XQvEGCpS8nRpOk0jyVjS6nfmtJ26s0OoBxykPEzpQIhaMopOaXRQJt71S2a/4c5BVEuSkDDnqvdJXt69ZlnCFTFJrO4GfYjihBgWTfFrsZpanlI3ogHccVdQtCSfza6fk3Cl9EmvjSiGZq78nJjSxdpxErjOhOLTL3kz8z+tkGN+EE6HSDLlii0VxJglqMnud9IXhDOXYEcqMcLcSNqSGMnQBFV0IwfLLq6RZrQSXler9Vbnm53EU4BTO4AICuIYa3EEdGsDgEZ7hFd487b14797HonXNy2dO4A+8zx+yD48m</latexit>

W2

<latexit sha1_base64="80MyauZ9aGUDn/Kt9GJfGIbchKU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lKQb0VvHisaD+gDWWz3bRLN5uwOxFK6E/w4kERr/4ib/4bt20O2vpg4PHeDDPzgkQKg6777RQ2Nre2d4q7pb39g8Oj8vFJ28SpZrzFYhnrbkANl0LxFgqUvJtoTqNA8k4wuZ37nSeujYjVI04T7kd0pEQoGEUrPXQGtUG54lbdBcg68XJSgRzNQfmrP4xZGnGFTFJjep6boJ9RjYJJPiv1U8MTyiZ0xHuWKhpx42eLU2fkwipDEsbalkKyUH9PZDQyZhoFtjOiODar3lz8z+ulGF77mVBJilyx5aIwlQRjMv+bDIXmDOXUEsq0sLcSNqaaMrTplGwI3urL66Rdq3r16s19vdJw8ziKcAbncAkeXEED7qAJLWAwgmd4hTdHOi/Ou/OxbC04+cwp/IHz+QPZVY16</latexit>

W1

<latexit sha1_base64="LeEwYQW6d+f99E3kyeHkMqg0rNU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkUL0VvHisaD+gDWWznbRLN5uwuxFK6E/w4kERr/4ib/4bt20O2vpg4PHeDDPzgkRwbVz32ylsbG5t7xR3S3v7B4dH5eOTto5TxbDFYhGrbkA1Ci6xZbgR2E0U0igQ2Akmt3O/84RK81g+mmmCfkRHkoecUWOlh87AG5QrbtVdgKwTLycVyNEclL/6w5ilEUrDBNW657mJ8TOqDGcCZ6V+qjGhbEJH2LNU0gi1ny1OnZELqwxJGCtb0pCF+nsio5HW0yiwnRE1Y73qzcX/vF5qwms/4zJJDUq2XBSmgpiYzP8mQ66QGTG1hDLF7a2EjamizNh0SjYEb/XlddK+qnq16s19rdJw8ziKcAbncAke1KEBd9CEFjAYwTO8wpsjnBfn3flYthacfOYU/sD5/AHX0Y15</latexit>

X

<latexit sha1_base64="+5w+Hi1xTRlI+sJVVJj9NQJcoig=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN4KXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ylsbG5t7xR3S3v7B4dH5eOTto5TxbDFYhGrbkA1Ci6xZbgR2E0U0igQ2Akmd3O/84RK81g+mGmCfkRHkoecUWOlZndQrrhVdwGyTrycVCBHY1D+6g9jlkYoDRNU657nJsbPqDKcCZyV+qnGhLIJHWHPUkkj1H62OHRGLqwyJGGsbElDFurviYxGWk+jwHZG1Iz1qjcX//N6qQlv/IzLJDUo2XJRmApiYjL/mgy5QmbE1BLKFLe3EjamijJjsynZELzVl9dJ+6rq1aq3zVql7uZxFOEMzuESPLiGOtxDA1rAAOEZXuHNeXRenHfnY9lacPKZU/gD5/MHtC+M1g==</latexit>

Y

<latexit sha1_base64="RLfK3W5QkWz+F2nuAa4nc5urOCY=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN4KXjy2YFulDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjto5TxbDFYhGr+4BqFFxiy3Aj8D5RSKNAYCcY38z8zhMqzWN5ZyYJ+hEdSh5yRo2Vmg/9csWtunOQVeLlpAI5Gv3yV28QszRCaZigWnc9NzF+RpXhTOC01Es1JpSN6RC7lkoaofaz+aFTcmaVAQljZUsaMld/T2Q00noSBbYzomakl72Z+J/XTU145WdcJqlByRaLwlQQE5PZ12TAFTIjJpZQpri9lbARVZQZm03JhuAtv7xK2hdVr1a9btYqdTePowgncArn4MEl1OEWGtACBgjP8ApvzqPz4rw7H4vWgpPPHMMfOJ8/tbOM1w==</latexit>

f⇠
⇣ ⌘

<latexit sha1_base64="lXtzRYw0voPKcXOMNczSvqoKx5s=">AAACFnicdVDNS8MwHE3n15xfVY9egkOYB0crA/U29OJxgvuAtZQ0TbewNO2SVBxlf4UX/xUvHhTxKt78b8y2HnTTByGP996P5Pf8hFGpLOvLKCwtr6yuFddLG5tb2zvm7l5LxqnApIljFouOjyRhlJOmooqRTiIIinxG2v7gauK374iQNOa3apQQN0I9TkOKkdKSZ56EnnNPoXNJexXoDIcpCv65dOLYM8tW1ZoCLhI7J2WQo+GZn04Q4zQiXGGGpOzaVqLcDAlFMSPjkpNKkiA8QD3S1ZSjiEg3m641hkdaCWAYC324glP150SGIilHka+TEVJ9Oe9NxL+8bqrCczejPEkV4Xj2UJgyqGI46QgGVBCs2EgThAXVf4W4jwTCSjdZ0iXY8ysvktZp1a5VL25q5Xotr6MIDsAhqAAbnIE6uAYN0AQYPIAn8AJejUfj2Xgz3mfRgpHP7INfMD6+AV7xnjo=</latexit>

=<latexit sha1_base64="7vdqzKm6L5K9DGnJMRyYxaSZnUQ=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoBeh4MVjC7YW2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0PBh7vzTAzL0gE18Z1v53C2vrG5lZxu7Szu7d/UD48aus4VQxbLBax6gRUo+ASW4YbgZ1EIY0CgQ/B+HbmPzyh0jyW92aSoB/RoeQhZ9RYqXnTL1fcqjsHWSVeTiqQo9Evf/UGMUsjlIYJqnXXcxPjZ1QZzgROS71UY0LZmA6xa6mkEWo/mx86JWdWGZAwVrakIXP190RGI60nUWA7I2pGetmbif953dSE137GZZIalGyxKEwFMTGZfU0GXCEzYmIJZYrbWwkbUUWZsdmUbAje8surpF2rehfVWvOyUnfzOIpwAqdwDh5cQR3uoAEtYIDwDK/w5jw6L86787FoLTj5zDH8gfP5A4ixjLM=</latexit> ⇥
<latexit sha1_base64="0QSvAW1rxwYRhX2g/UYY4OR94mk=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hd0o6DHgxWME84BkCbOT2WTM7Mwy0yuEkH/w4kERr/6PN//GSbIHTSxoKKq66e6KUiks+v63t7a+sbm1Xdgp7u7tHxyWjo6bVmeG8QbTUpt2RC2XQvEGCpS8nRpOk0jyVjS6nfmtJ26s0OoBxykPEzpQIhaMopOaXRQJt71S2a/4c5BVEuSkDDnqvdJXt69ZlnCFTFJrO4GfYjihBgWTfFrsZpanlI3ogHccVdQtCSfza6fk3Cl9EmvjSiGZq78nJjSxdpxErjOhOLTL3kz8z+tkGN+EE6HSDLlii0VxJglqMnud9IXhDOXYEcqMcLcSNqSGMnQBFV0IwfLLq6RZrQSXler9Vbnm53EU4BTO4AICuIYa3EEdGsDgEZ7hFd487b14797HonXNy2dO4A+8zx+yD48m</latexit>

⇥
<latexit sha1_base64="0QSvAW1rxwYRhX2g/UYY4OR94mk=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hd0o6DHgxWME84BkCbOT2WTM7Mwy0yuEkH/w4kERr/6PN//GSbIHTSxoKKq66e6KUiks+v63t7a+sbm1Xdgp7u7tHxyWjo6bVmeG8QbTUpt2RC2XQvEGCpS8nRpOk0jyVjS6nfmtJ26s0OoBxykPEzpQIhaMopOaXRQJt71S2a/4c5BVEuSkDDnqvdJXt69ZlnCFTFJrO4GfYjihBgWTfFrsZpanlI3ogHccVdQtCSfza6fk3Cl9EmvjSiGZq78nJjSxdpxErjOhOLTL3kz8z+tkGN+EE6HSDLlii0VxJglqMnud9IXhDOXYEcqMcLcSNqSGMnQBFV0IwfLLq6RZrQSXler9Vbnm53EU4BTO4AICuIYa3EEdGsDgEZ7hFd487b14797HonXNy2dO4A+8zx+yD48m</latexit>

W2

<latexit sha1_base64="80MyauZ9aGUDn/Kt9GJfGIbchKU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lKQb0VvHisaD+gDWWz3bRLN5uwOxFK6E/w4kERr/4ib/4bt20O2vpg4PHeDDPzgkQKg6777RQ2Nre2d4q7pb39g8Oj8vFJ28SpZrzFYhnrbkANl0LxFgqUvJtoTqNA8k4wuZ37nSeujYjVI04T7kd0pEQoGEUrPXQGtUG54lbdBcg68XJSgRzNQfmrP4xZGnGFTFJjep6boJ9RjYJJPiv1U8MTyiZ0xHuWKhpx42eLU2fkwipDEsbalkKyUH9PZDQyZhoFtjOiODar3lz8z+ulGF77mVBJilyx5aIwlQRjMv+bDIXmDOXUEsq0sLcSNqaaMrTplGwI3urL66Rdq3r16s19vdJw8ziKcAbncAkeXEED7qAJLWAwgmd4hTdHOi/Ou/OxbC04+cwp/IHz+QPZVY16</latexit>

W1

<latexit sha1_base64="LeEwYQW6d+f99E3kyeHkMqg0rNU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkUL0VvHisaD+gDWWznbRLN5uwuxFK6E/w4kERr/4ib/4bt20O2vpg4PHeDDPzgkRwbVz32ylsbG5t7xR3S3v7B4dH5eOTto5TxbDFYhGrbkA1Ci6xZbgR2E0U0igQ2Akmt3O/84RK81g+mmmCfkRHkoecUWOlh87AG5QrbtVdgKwTLycVyNEclL/6w5ilEUrDBNW657mJ8TOqDGcCZ6V+qjGhbEJH2LNU0gi1ny1OnZELqwxJGCtb0pCF+nsio5HW0yiwnRE1Y73qzcX/vF5qwms/4zJJDUq2XBSmgpiYzP8mQ66QGTG1hDLF7a2EjamizNh0SjYEb/XlddK+qnq16s19rdJw8ziKcAbncAke1KEBd9CEFjAYwTO8wpsjnBfn3flYthacfOYU/sD5/AHX0Y15</latexit>

X

<latexit sha1_base64="+5w+Hi1xTRlI+sJVVJj9NQJcoig=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN4KXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ylsbG5t7xR3S3v7B4dH5eOTto5TxbDFYhGrbkA1Ci6xZbgR2E0U0igQ2Akmd3O/84RK81g+mGmCfkRHkoecUWOlZndQrrhVdwGyTrycVCBHY1D+6g9jlkYoDRNU657nJsbPqDKcCZyV+qnGhLIJHWHPUkkj1H62OHRGLqwyJGGsbElDFurviYxGWk+jwHZG1Iz1qjcX//N6qQlv/IzLJDUo2XJRmApiYjL/mgy5QmbE1BLKFLe3EjamijJjsynZELzVl9dJ+6rq1aq3zVql7uZxFOEMzuESPLiGOtxDA1rAAOEZXuHNeXRenHfnY9lacPKZU/gD5/MHtC+M1g==</latexit>

Y

<latexit sha1_base64="RLfK3W5QkWz+F2nuAa4nc5urOCY=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN4KXjy2YFulDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjto5TxbDFYhGr+4BqFFxiy3Aj8D5RSKNAYCcY38z8zhMqzWN5ZyYJ+hEdSh5yRo2Vmg/9csWtunOQVeLlpAI5Gv3yV28QszRCaZigWnc9NzF+RpXhTOC01Es1JpSN6RC7lkoaofaz+aFTcmaVAQljZUsaMld/T2Q00noSBbYzomakl72Z+J/XTU145WdcJqlByRaLwlQQE5PZ12TAFTIjJpZQpri9lbARVZQZm03JhuAtv7xK2hdVr1a9btYqdTePowgncArn4MEl1OEWGtACBgjP8ApvzqPz4rw7H4vWgpPPHMMfOJ8/tbOM1w==</latexit>

Z

<latexit sha1_base64="CKqC+9+sDG91CG8FrniuRmEb2O0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN4KXjy2YFuxDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjto5TxbDFYhGr+4BqFFxiy3Aj8D5RSKNAYCcY38z8zhMqzWN5ZyYJ+hEdSh5yRo2Vmg/9csWtunOQVeLlpAI5Gv3yV28QszRCaZigWnc9NzF+RpXhTOC01Es1JpSN6RC7lkoaofaz+aFTcmaVAQljZUsaMld/T2Q00noSBbYzomakl72Z+J/XTU145WdcJqlByRaLwlQQE5PZ12TAFTIjJpZQpri9lbARVZQZm03JhuAtv7xK2hdVr1a9btYqdTePowgncArn4MEl1OEWGtACBgjP8ApvzqPz4rw7H4vWgpPPHMMfOJ8/tzeM2A==</latexit>

=<latexit sha1_base64="7vdqzKm6L5K9DGnJMRyYxaSZnUQ=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoBeh4MVjC7YW2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0PBh7vzTAzL0gE18Z1v53C2vrG5lZxu7Szu7d/UD48aus4VQxbLBax6gRUo+ASW4YbgZ1EIY0CgQ/B+HbmPzyh0jyW92aSoB/RoeQhZ9RYqXnTL1fcqjsHWSVeTiqQo9Evf/UGMUsjlIYJqnXXcxPjZ1QZzgROS71UY0LZmA6xa6mkEWo/mx86JWdWGZAwVrakIXP190RGI60nUWA7I2pGetmbif953dSE137GZZIalGyxKEwFMTGZfU0GXCEzYmIJZYrbWwkbUUWZsdmUbAje8surpF2rehfVWvOyUnfzOIpwAqdwDh5cQR3uoAEtYIDwDK/w5jw6L86787FoLTj5zDH8gfP5A4ixjLM=</latexit>

Z

<latexit sha1_base64="CKqC+9+sDG91CG8FrniuRmEb2O0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN4KXjy2YFuxDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjto5TxbDFYhGr+4BqFFxiy3Aj8D5RSKNAYCcY38z8zhMqzWN5ZyYJ+hEdSh5yRo2Vmg/9csWtunOQVeLlpAI5Gv3yV28QszRCaZigWnc9NzF+RpXhTOC01Es1JpSN6RC7lkoaofaz+aFTcmaVAQljZUsaMld/T2Q00noSBbYzomakl72Z+J/XTU145WdcJqlByRaLwlQQE5PZ12TAFTIjJpZQpri9lbARVZQZm03JhuAtv7xK2hdVr1a9btYqdTePowgncArn4MEl1OEWGtACBgjP8ApvzqPz4rw7H4vWgpPPHMMfOJ8/tzeM2A==</latexit>

M ⇥K

<latexit sha1_base64="DoLcKqiHsFWtwjnXbOcsdCfVx3Q=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKeyGgHoLeBFEiGAemCxhdjKbDJmdXWZ6hRDyF148KOLVv/Hm3zhJ9qCJBQ1FVTfdXUEihUHX/XZya+sbm1v57cLO7t7+QfHwqGniVDPeYLGMdTughkuheAMFSt5ONKdRIHkrGF3P/NYT10bE6gHHCfcjOlAiFIyilR7vSBdFxA257RVLbtmdg6wSLyMlyFDvFb+6/ZilEVfIJDWm47kJ+hOqUTDJp4VuanhC2YgOeMdSRe0afzK/eErOrNInYaxtKSRz9ffEhEbGjKPAdkYUh2bZm4n/eZ0Uw0t/IlSSIldssShMJcGYzN4nfaE5Qzm2hDIt7K2EDammDG1IBRuCt/zyKmlWyl61fHVfLdUqWRx5OIFTOAcPLqAGN1CHBjBQ8Ayv8OYY58V5dz4WrTknmzmGP3A+fwCZTpAw</latexit>

K ⇥N

<latexit sha1_base64="Eb7G2tFd6Khf9RU/hvsQjZAyxk0=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKeyGgHoLeBEEiWAemCxhdjKbDJmdXWZ6hRDyF148KOLVv/Hm3zhJ9qCJBQ1FVTfdXUEihUHX/XZya+sbm1v57cLO7t7+QfHwqGniVDPeYLGMdTughkuheAMFSt5ONKdRIHkrGF3P/NYT10bE6gHHCfcjOlAiFIyilR5vSRdFxA256xVLbtmdg6wSLyMlyFDvFb+6/ZilEVfIJDWm47kJ+hOqUTDJp4VuanhC2YgOeMdSRe0afzK/eErOrNInYaxtKSRz9ffEhEbGjKPAdkYUh2bZm4n/eZ0Uw0t/IlSSIldssShMJcGYzN4nfaE5Qzm2hDIt7K2EDammDG1IBRuCt/zyKmlWyl61fHVfLdUqWRx5OIFTOAcPLqAGN1CHBjBQ8Ayv8OYY58V5dz4WrTknmzmGP3A+fwCawJAx</latexit>

N ⇥ P

<latexit sha1_base64="Lop3ZhqeTt5ufhtZ3pPKsSqja0Q=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiSloO4KblxJBfvANshkOmmHTiZh5kYooX/hxoUibv0bd/6N0zYLbT1w4XDOudxHkEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmzjVjLdYLGPdDajhUijeQoGSdxPNaRRI3gnG1zO/88S1EbG6x0nC/YgOlQgFo2ilh1vSRxFxQ5qP5Ypbdecgq8TLSQVy2PxXfxCzNOIKmaTG9Dw3QT+jGgWTfFrqp4YnlI3pkPcsVdSO8bP5xlNyZpUBCWNtSyGZq787MhoZM4kCm4wojsyyNxP/83ophpd+JlSSIldsMShMJcGYzM4nA6E5QzmxhDIt7K6EjaimDO2TSvYJ3vLJq6Rdq3r16tVdvdKo5e8owgmcwjl4cAENuIEmtICBgmd4hTfHOC/Ou/OxiBacvOcY/sD5/AGib5A2</latexit>

M ⇥ P

<latexit sha1_base64="FQro9SuxV0LBc16ziifCcnItTIc=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiSloO4KbtwIFewD2yCT6aQdOpmEmRuhhP6FGxeKuPVv3Pk3TtsstPXAhcM553IfQSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCobeJUM95isYx1N6CGS6F4CwVK3k00p1EgeScYX8/8zhPXRsTqHicJ9yM6VCIUjKKVHm5JH0XEDWk+litu1Z2DrBIvJxXIYfNf/UHM0ogrZJIa0/PcBP2MahRM8mmpnxqeUDamQ96zVFE7xs/mG0/JmVUGJIy1LYVkrv7uyGhkzCQKbDKiODLL3kz8z+ulGF76mVBJilyxxaAwlQRjMjufDITmDOXEEsq0sLsSNqKaMrRPKtkneMsnr5J2rerVq1d39Uqjlr+jCCdwCufgwQU04Aaa0AIGCp7hFd4c47w4787HIlpw8p5j+APn8weg4pA1</latexit>

hidden layer states 
over the      samples

≈ matrix factorization
with rank 

≈ P x GLMs

M

<latexit sha1_base64="6gmklFxJ3vdRHuCTGGM5iL9wNWo=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyGgHoLePEiJGAekCxhdtKbjJmdXWZmhRDyBV48KOLVT/Lm3zhJ9qCJBQ1FVTfdXUEiuDau++3kNja3tnfyu4W9/YPDo+LxSUvHqWLYZLGIVSegGgWX2DTcCOwkCmkUCGwH49u5335CpXksH8wkQT+iQ8lDzqixUuO+Xyy5ZXcBsk68jJQgQ71f/OoNYpZGKA0TVOuu5ybGn1JlOBM4K/RSjQllYzrErqWSRqj96eLQGbmwyoCEsbIlDVmovyemNNJ6EgW2M6JmpFe9ufif101NeO1PuUxSg5ItF4WpICYm86/JgCtkRkwsoUxxeythI6ooMzabgg3BW315nbQqZa9avmlUS7VKFkcezuAcLsGDK6jBHdShCQwQnuEV3pxH58V5dz6WrTknmzmFP3A+fwCkHYzN</latexit>

N

<latexit sha1_base64="4+YLJYAsGbKPl5SBqAQS2BLGLPM=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyGgHoLePEkCZgHJEuYnfQmY2Znl5lZIYR8gRcPinj1k7z5N06SPWhiQUNR1U13V5AIro3rfju5jc2t7Z38bmFv/+DwqHh80tJxqhg2WSxi1QmoRsElNg03AjuJQhoFAtvB+Hbut59QaR7LBzNJ0I/oUPKQM2qs1LjvF0tu2V2ArBMvIyXIUO8Xv3qDmKURSsME1brruYnxp1QZzgTOCr1UY0LZmA6xa6mkEWp/ujh0Ri6sMiBhrGxJQxbq74kpjbSeRIHtjKgZ6VVvLv7ndVMTXvtTLpPUoGTLRWEqiInJ/Gsy4AqZERNLKFPc3krYiCrKjM2mYEPwVl9eJ61K2auWbxrVUq2SxZGHMziHS/DgCmpwB3VoAgOEZ3iFN+fReXHenY9la87JZk7hD5zPH6WhjM4=</latexit>

K

<latexit sha1_base64="WJe2pRzLD6wLGhgH5QyqA5il3rc=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyGgHoLeBG8JGAekCxhdtKbjJmdXWZmhRDyBV48KOLVT/Lm3zhJ9qCJBQ1FVTfdXUEiuDau++3kNja3tnfyu4W9/YPDo+LxSUvHqWLYZLGIVSegGgWX2DTcCOwkCmkUCGwH49u5335CpXksH8wkQT+iQ8lDzqixUuO+Xyy5ZXcBsk68jJQgQ71f/OoNYpZGKA0TVOuu5ybGn1JlOBM4K/RSjQllYzrErqWSRqj96eLQGbmwyoCEsbIlDVmovyemNNJ6EgW2M6JmpFe9ufif101NeO1PuUxSg5ItF4WpICYm86/JgCtkRkwsoUxxeythI6ooMzabgg3BW315nbQqZa9avmlUS7VKFkcezuAcLsGDK6jBHdShCQwQnuEV3pxH58V5dz6WrTknmzmFP3A+fwChFYzL</latexit>

P

<latexit sha1_base64="0aiNmC4HxZ+TGllxFf1/ATBAebM=">AAAB6HicbVDLSgMxFL1TX7W+qi7dBIvgqsyUgroruHHZgn1AO0gmvdPGZjJDkhHK0C9w40IRt36SO//GtJ2Fth4IHM45l9x7gkRwbVz32ylsbG5t7xR3S3v7B4dH5eOTjo5TxbDNYhGrXkA1Ci6xbbgR2EsU0igQ2A0mt3O/+4RK81jem2mCfkRHkoecUWOlVvOhXHGr7gJknXg5qUAOm/8aDGOWRigNE1Trvucmxs+oMpwJnJUGqcaEsgkdYd9SSSPUfrZYdEYurDIkYazsk4Ys1N8TGY20nkaBTUbUjPWqNxf/8/qpCa/9jMskNSjZ8qMwFcTEZH41GXKFzIipJZQpbnclbEwVZcZ2U7IleKsnr5NOrerVqzeteqVRy+sowhmcwyV4cAUNuIMmtIEBwjO8wpvz6Lw4787HMlpw8plT+APn8weoqYzQ</latexit>

input dim
hidden dim
output dim
sample sizeknown known

known

known

K

<latexit sha1_base64="WJe2pRzLD6wLGhgH5QyqA5il3rc=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyGgHoLeBG8JGAekCxhdtKbjJmdXWZmhRDyBV48KOLVT/Lm3zhJ9qCJBQ1FVTfdXUEiuDau++3kNja3tnfyu4W9/YPDo+LxSUvHqWLYZLGIVSegGgWX2DTcCOwkCmkUCGwH49u5335CpXksH8wkQT+iQ8lDzqixUuO+Xyy5ZXcBsk68jJQgQ71f/OoNYpZGKA0TVOuu5ybGn1JlOBM4K/RSjQllYzrErqWSRqj96eLQGbmwyoCEsbIlDVmovyemNNJ6EgW2M6JmpFe9ufif101NeO1PuUxSg5ItF4WpICYm86/JgCtkRkwsoUxxeythI6ooMzabgg3BW315nbQqZa9avmlUS7VKFkcezuAcLsGDK6jBHdShCQwQnuEV3pxH58V5dz6WrTknmzmFP3A+fwChFYzL</latexit>

P

<latexit sha1_base64="mGb41xvtCJrqQHSk5aUHL9To3Og=">AAAB6HicdVDLSgMxFM3UV62vqks3wSK4GmZqbTu7ghuXLdgHtINk0jttbCYzJBmhDP0CNy4UcesnufNvTB+Cih4IHM45l9x7goQzpR3nw8qtrW9sbuW3Czu7e/sHxcOjjopTSaFNYx7LXkAUcCagrZnm0EskkCjg0A0mV3O/ew9SsVjc6GkCfkRGgoWMEm2kVvO2WHJsx/Nq1Tp2bLdaubj0DPHqrlsuY9d2FiihFUz+fTCMaRqB0JQTpfquk2g/I1IzymFWGKQKEkInZAR9QwWJQPnZYtEZPjPKEIexNE9ovFC/T2QkUmoaBSYZET1Wv725+JfXT3VY9zMmklSDoMuPwpRjHeP51XjIJFDNp4YQKpnZFdMxkYRq003BlPB1Kf6fdMq2W7G9VqXUKK/qyKMTdIrOkYtqqIGuURO1EUWAHtATerburEfrxXpdRnPWauYY/YD19gkrg40q</latexit>

K ⇥ P

<latexit sha1_base64="g1VnaYhmmBgzyHjHlUIMH7aAPmY=">AAAB8XicdVDLSsNAFL2pr1pfVZduBovgKiSxts2u4EZwU8E+sA0ymU7aoZNJmJkIpfQv3LhQxK1/486/cfoQVPTAhcM553IfYcqZ0o7zYeVWVtfWN/Kbha3tnd294v5BSyWZJLRJEp7ITogV5UzQpmaa004qKY5DTtvh6GLmt++pVCwRN3qc0iDGA8EiRrA20u0V6mkWU4Uad8WSYzu+X63UkGO7lfLZuW+IX3Ndz0Ou7cxRgiVM/r3XT0gWU6EJx0p1XSfVwQRLzQin00IvUzTFZIQHtGuowGZMMJlvPEUnRumjKJGmhEZz9XvHBMdKjePQJGOsh+q3NxP/8rqZjmrBhIk001SQxaAo40gnaHY+6jNJieZjQzCRzOyKyBBLTLR5UsE84etS9D9pebZbtv3rcqnuLd+RhyM4hlNwoQp1uIQGNIGAgAd4gmdLWY/Wi/W6iOasZc8h/ID19gkgopCN</latexit>



f⇠
⇣ ⌘

<latexit sha1_base64="lXtzRYw0voPKcXOMNczSvqoKx5s=">AAACFnicdVDNS8MwHE3n15xfVY9egkOYB0crA/U29OJxgvuAtZQ0TbewNO2SVBxlf4UX/xUvHhTxKt78b8y2HnTTByGP996P5Pf8hFGpLOvLKCwtr6yuFddLG5tb2zvm7l5LxqnApIljFouOjyRhlJOmooqRTiIIinxG2v7gauK374iQNOa3apQQN0I9TkOKkdKSZ56EnnNPoXNJexXoDIcpCv65dOLYM8tW1ZoCLhI7J2WQo+GZn04Q4zQiXGGGpOzaVqLcDAlFMSPjkpNKkiA8QD3S1ZSjiEg3m641hkdaCWAYC324glP150SGIilHka+TEVJ9Oe9NxL+8bqrCczejPEkV4Xj2UJgyqGI46QgGVBCs2EgThAXVf4W4jwTCSjdZ0iXY8ysvktZp1a5VL25q5Xotr6MIDsAhqAAbnIE6uAYN0AQYPIAn8AJejUfj2Xgz3mfRgpHP7INfMD6+AV7xnjo=</latexit>

▻
• “low-rank matrix factorization”: good mean field understanding [1, 2]

• finite number of hidden units, committee machines: great body of work! 
[3, 4, 5, 6, ..]

Scaling of the size of the hidden layer?
18

=<latexit sha1_base64="7vdqzKm6L5K9DGnJMRyYxaSZnUQ=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoBeh4MVjC7YW2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0PBh7vzTAzL0gE18Z1v53C2vrG5lZxu7Szu7d/UD48aus4VQxbLBax6gRUo+ASW4YbgZ1EIY0CgQ/B+HbmPzyh0jyW92aSoB/RoeQhZ9RYqXnTL1fcqjsHWSVeTiqQo9Evf/UGMUsjlIYJqnXXcxPjZ1QZzgROS71UY0LZmA6xa6mkEWo/mx86JWdWGZAwVrakIXP190RGI60nUWA7I2pGetmbif953dSE137GZZIalGyxKEwFMTGZfU0GXCEzYmIJZYrbWwkbUUWZsdmUbAje8surpF2rehfVWvOyUnfzOIpwAqdwDh5cQR3uoAEtYIDwDK/w5jw6L86787FoLTj5zDH8gfP5A4ixjLM=</latexit> ⇥
<latexit sha1_base64="0QSvAW1rxwYRhX2g/UYY4OR94mk=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hd0o6DHgxWME84BkCbOT2WTM7Mwy0yuEkH/w4kERr/6PN//GSbIHTSxoKKq66e6KUiks+v63t7a+sbm1Xdgp7u7tHxyWjo6bVmeG8QbTUpt2RC2XQvEGCpS8nRpOk0jyVjS6nfmtJ26s0OoBxykPEzpQIhaMopOaXRQJt71S2a/4c5BVEuSkDDnqvdJXt69ZlnCFTFJrO4GfYjihBgWTfFrsZpanlI3ogHccVdQtCSfza6fk3Cl9EmvjSiGZq78nJjSxdpxErjOhOLTL3kz8z+tkGN+EE6HSDLlii0VxJglqMnud9IXhDOXYEcqMcLcSNqSGMnQBFV0IwfLLq6RZrQSXler9Vbnm53EU4BTO4AICuIYa3EEdGsDgEZ7hFd487b14797HonXNy2dO4A+8zx+yD48m</latexit>

W2

<latexit sha1_base64="80MyauZ9aGUDn/Kt9GJfGIbchKU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lKQb0VvHisaD+gDWWz3bRLN5uwOxFK6E/w4kERr/4ib/4bt20O2vpg4PHeDDPzgkQKg6777RQ2Nre2d4q7pb39g8Oj8vFJ28SpZrzFYhnrbkANl0LxFgqUvJtoTqNA8k4wuZ37nSeujYjVI04T7kd0pEQoGEUrPXQGtUG54lbdBcg68XJSgRzNQfmrP4xZGnGFTFJjep6boJ9RjYJJPiv1U8MTyiZ0xHuWKhpx42eLU2fkwipDEsbalkKyUH9PZDQyZhoFtjOiODar3lz8z+ulGF77mVBJilyx5aIwlQRjMv+bDIXmDOXUEsq0sLcSNqaaMrTplGwI3urL66Rdq3r16s19vdJw8ziKcAbncAkeXEED7qAJLWAwgmd4hTdHOi/Ou/OxbC04+cwp/IHz+QPZVY16</latexit>

Y

<latexit sha1_base64="RLfK3W5QkWz+F2nuAa4nc5urOCY=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN4KXjy2YFulDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjto5TxbDFYhGr+4BqFFxiy3Aj8D5RSKNAYCcY38z8zhMqzWN5ZyYJ+hEdSh5yRo2Vmg/9csWtunOQVeLlpAI5Gv3yV28QszRCaZigWnc9NzF+RpXhTOC01Es1JpSN6RC7lkoaofaz+aFTcmaVAQljZUsaMld/T2Q00noSBbYzomakl72Z+J/XTU145WdcJqlByRaLwlQQE5PZ12TAFTIjJpZQpri9lbARVZQZm03JhuAtv7xK2hdVr1a9btYqdTePowgncArn4MEl1OEWGtACBgjP8ApvzqPz4rw7H4vWgpPPHMMfOJ8/tbOM1w==</latexit>

Z

<latexit sha1_base64="CKqC+9+sDG91CG8FrniuRmEb2O0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN4KXjy2YFuxDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjto5TxbDFYhGr+4BqFFxiy3Aj8D5RSKNAYCcY38z8zhMqzWN5ZyYJ+hEdSh5yRo2Vmg/9csWtunOQVeLlpAI5Gv3yV28QszRCaZigWnc9NzF+RpXhTOC01Es1JpSN6RC7lkoaofaz+aFTcmaVAQljZUsaMld/T2Q00noSBbYzomakl72Z+J/XTU145WdcJqlByRaLwlQQE5PZ12TAFTIjJpZQpri9lbARVZQZm03JhuAtv7xK2hdVr1a9btYqdTePowgncArn4MEl1OEWGtACBgjP8ApvzqPz4rw7H4vWgpPPHMMfOJ8/tzeM2A==</latexit>

[1] Lesieur et al (2016), MMSE of probabilistic low-rank matrix estimation: Universality with respect to the output channel
[2] Lesieur et al (2017), Constrained Low-rank Matrix Estimation: Phase Transitions, Approximate Message Passing and Applications
[3]Aubin et al (2018). The committee machine: Computational to statistical gaps in learning a two-layers neural network
[4] Monasson et ql (2004). Learning and Generalization Theories of Large Committee-Machines
[5] Schwarze & Hertz  (1993). Generalization in Fully Connected Committee Machines. 
[6] Schwarze (1993). Learning a Rule in a Multilayer Neural-Network. 

K ⇥ P

<latexit sha1_base64="Ax4Omp0zK1nE7W+w/bkcpWS0MCg=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiSloO4KbgQ3FewD2yCT6aQdOpmEmRuhhP6FGxeKuPVv3Pk3TtsstPXAhcM553IfQSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCobeJUM95isYx1N6CGS6F4CwVK3k00p1EgeScYX8/8zhPXRsTqHicJ9yM6VCIUjKKVHm5JH0XEDWk+litu1Z2DrBIvJxXIYfNf/UHM0ogrZJIa0/PcBP2MahRM8mmpnxqeUDamQ96zVFE7xs/mG0/JmVUGJIy1LYVkrv7uyGhkzCQKbDKiODLL3kz8z+ulGF76mVBJilyxxaAwlQRjMjufDITmDOXEEsq0sLsSNqKaMrRPKtkneMsnr5J2rerVq1d39Uqjlr+jCCdwCufgwQU04Aaa0AIGCp7hFd4c47w4787HIlpw8p5j+APn8wedyJAz</latexit>

M ⇥K

<latexit sha1_base64="DoLcKqiHsFWtwjnXbOcsdCfVx3Q=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKeyGgHoLeBFEiGAemCxhdjKbDJmdXWZ6hRDyF148KOLVv/Hm3zhJ9qCJBQ1FVTfdXUEihUHX/XZya+sbm1v57cLO7t7+QfHwqGniVDPeYLGMdTughkuheAMFSt5ONKdRIHkrGF3P/NYT10bE6gHHCfcjOlAiFIyilR7vSBdFxA257RVLbtmdg6wSLyMlyFDvFb+6/ZilEVfIJDWm47kJ+hOqUTDJp4VuanhC2YgOeMdSRe0afzK/eErOrNInYaxtKSRz9ffEhEbGjKPAdkYUh2bZm4n/eZ0Uw0t/IlSSIldssShMJcGYzN4nfaE5Qzm2hDIt7K2EDammDG1IBRuCt/zyKmlWyl61fHVfLdUqWRx5OIFTOAcPLqAGN1CHBjBQ8Ayv8OYY58V5dz4WrTknmzmGP3A+fwCZTpAw</latexit>

M ⇥ P

<latexit sha1_base64="FQro9SuxV0LBc16ziifCcnItTIc=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiSloO4KbtwIFewD2yCT6aQdOpmEmRuhhP6FGxeKuPVv3Pk3TtsstPXAhcM553IfQSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCobeJUM95isYx1N6CGS6F4CwVK3k00p1EgeScYX8/8zhPXRsTqHicJ9yM6VCIUjKKVHm5JH0XEDWk+litu1Z2DrBIvJxXIYfNf/UHM0ogrZJIa0/PcBP2MahRM8mmpnxqeUDamQ96zVFE7xs/mG0/JmVUGJIy1LYVkrv7uyGhkzCQKbDKiODLL3kz8z+ulGF76mVBJilyxxaAwlQRjMjufDITmDOXEEsq0sLsSNqKaMrRPKtkneMsnr5J2rerVq1d39Uqjlr+jCCdwCufgwQU04Aaa0AIGCp7hFd4c47w4787HIlpw8p5j+APn8weg4pA1</latexit>

N ! 1

<latexit sha1_base64="8VvCeQXVJNMzb8+X2j1ouDuOabY=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0lKQb0VvHiSCvYDmlA22027dLMJuxOhlP4NLx4U8eqf8ea/cdvmoK0PBh7vzTAzL0ylMOi6305hY3Nre6e4W9rbPzg8Kh+ftE2SacZbLJGJ7obUcCkUb6FAybup5jQOJe+E49u533ni2ohEPeIk5UFMh0pEglG0kn9PfEyIL1SEk3654lbdBcg68XJSgRzNfvnLHyQsi7lCJqkxPc9NMZhSjYJJPiv5meEpZWM65D1LFY25CaaLm2fkwioDEiXalkKyUH9PTGlszCQObWdMcWRWvbn4n9fLMLoOpkKlGXLFlouiTBL75zwAMhCaM5QTSyjTwt5K2IhqytDGVLIheKsvr5N2rerVqzcP9UqjlsdRhDM4h0vw4AoacAdNaAGDFJ7hFd6czHlx3p2PZWvByWdO4Q+czx9pIJFB</latexit>

≈ matrix factorization
with rank K

<latexit sha1_base64="WJe2pRzLD6wLGhgH5QyqA5il3rc=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyGgHoLeBG8JGAekCxhdtKbjJmdXWZmhRDyBV48KOLVT/Lm3zhJ9qCJBQ1FVTfdXUEiuDau++3kNja3tnfyu4W9/YPDo+LxSUvHqWLYZLGIVSegGgWX2DTcCOwkCmkUCGwH49u5335CpXksH8wkQT+iQ8lDzqixUuO+Xyy5ZXcBsk68jJQgQ71f/OoNYpZGKA0TVOuu5ybGn1JlOBM4K/RSjQllYzrErqWSRqj96eLQGbmwyoCEsbIlDVmovyemNNJ6EgW2M6JmpFe9ufif101NeO1PuUxSg5ItF4WpICYm86/JgCtkRkwsoUxxeythI6ooMzabgg3BW315nbQqZa9avmlUS7VKFkcezuAcLsGDK6jBHdShCQwQnuEV3pxH58V5dz6WrTknmzmFP3A+fwChFYzL</latexit>

K = O(1)

<latexit sha1_base64="23C864fODxgak/0k0gmvr1f2rXk=">AAAB73icdVDLSgMxFM3UV62vqks3wSLUzZDUPhdCwY3gwgr2Ae1QMmmmDc08TDJCGfoTblwo4tbfceffmD4EFT1w4XDOvdx7jxsJrjRCH1ZqZXVtfSO9mdna3tndy+4ftFQYS8qaNBSh7LhEMcED1tRcC9aJJCO+K1jbHV/M/PY9k4qHwa2eRMzxyTDgHqdEG6lzBc/hdR6f9rM5ZGNUraAyRDYqn+FK0ZBSqVbFCGIbzZEDSzT62ffeIKSxzwJNBVGqi1GknYRIzalg00wvViwidEyGrGtoQHymnGR+7xSeGGUAvVCaCjScq98nEuIrNfFd0+kTPVK/vZn4l9eNtVd1Eh5EsWYBXSzyYgF1CGfPwwGXjGoxMYRQyc2tkI6IJFSbiDImhK9P4f+kVbBx0a7dFHP1wjKONDgCxyAPMKiAOrgEDdAEFAjwAJ7As3VnPVov1uuiNWUtZw7BD1hvnwpjjqY=</latexit>

known



P

<latexit sha1_base64="0aiNmC4HxZ+TGllxFf1/ATBAebM=">AAAB6HicbVDLSgMxFL1TX7W+qi7dBIvgqsyUgroruHHZgn1AO0gmvdPGZjJDkhHK0C9w40IRt36SO//GtJ2Fth4IHM45l9x7gkRwbVz32ylsbG5t7xR3S3v7B4dH5eOTjo5TxbDNYhGrXkA1Ci6xbbgR2EsU0igQ2A0mt3O/+4RK81jem2mCfkRHkoecUWOlVvOhXHGr7gJknXg5qUAOm/8aDGOWRigNE1Trvucmxs+oMpwJnJUGqcaEsgkdYd9SSSPUfrZYdEYurDIkYazsk4Ys1N8TGY20nkaBTUbUjPWqNxf/8/qpCa/9jMskNSjZ8qMwFcTEZH41GXKFzIipJZQpbnclbEwVZcZ2U7IleKsnr5NOrerVqzeteqVRy+sowhmcwyV4cAUNuIMmtIEBwjO8wpvz6Lw4787HMlpw8plT+APn8weoqYzQ</latexit>

Phase transitions for committee machines

K = 2
binary weights
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sign
⇣ ⌘

<latexit sha1_base64="K5yOtAnI9XkZhmicf14vbP0kj3U=">AAACL3icjVBNS8MwGE79nPOr6tFLcAjzMloZqLehIB4nuA9Yy0jTtAtL0y5JhVH2j7z4V3YRUcSr/8Ks60E3Dz6QvA/P+z4k7+MljEplWa/Gyura+sZmaau8vbO7t28eHLZlnApMWjhmseh6SBJGOWkpqhjpJoKgyGOk4w1vZv3OIxGSxvxBjRPiRijkNKAYKS31zdvMERGUNOQT6FzTsAqd0ShF/v9KfmvXWd+sWDUrB1wmdkEqoECzb04dP8ZpRLjCDEnZs61EuRkSimJGJmUnlSRBeIhC0tOUo4hIN8v3ncBTrfgwiIU+XMFc/enIUCTlOPL0ZITUQC72ZuJfvV6qgks3ozxJFeF4/lCQMqhiOAsP+lQQrNhYE4QF1X+FeIAEwkpHXNYh2IsrL5P2ec2u167u65VGvYijBI7BCagCG1yABrgDTdACGDyBKXgD78az8WJ8GJ/z0RWj8ByBXzC+vgFDTaiN</latexit>

=<latexit sha1_base64="7vdqzKm6L5K9DGnJMRyYxaSZnUQ=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoBeh4MVjC7YW2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0PBh7vzTAzL0gE18Z1v53C2vrG5lZxu7Szu7d/UD48aus4VQxbLBax6gRUo+ASW4YbgZ1EIY0CgQ/B+HbmPzyh0jyW92aSoB/RoeQhZ9RYqXnTL1fcqjsHWSVeTiqQo9Evf/UGMUsjlIYJqnXXcxPjZ1QZzgROS71UY0LZmA6xa6mkEWo/mx86JWdWGZAwVrakIXP190RGI60nUWA7I2pGetmbif953dSE137GZZIalGyxKEwFMTGZfU0GXCEzYmIJZYrbWwkbUUWZsdmUbAje8surpF2rehfVWvOyUnfzOIpwAqdwDh5cQR3uoAEtYIDwDK/w5jw6L86787FoLTj5zDH8gfP5A4ixjLM=</latexit> ⇥
<latexit sha1_base64="0QSvAW1rxwYRhX2g/UYY4OR94mk=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hd0o6DHgxWME84BkCbOT2WTM7Mwy0yuEkH/w4kERr/6PN//GSbIHTSxoKKq66e6KUiks+v63t7a+sbm1Xdgp7u7tHxyWjo6bVmeG8QbTUpt2RC2XQvEGCpS8nRpOk0jyVjS6nfmtJ26s0OoBxykPEzpQIhaMopOaXRQJt71S2a/4c5BVEuSkDDnqvdJXt69ZlnCFTFJrO4GfYjihBgWTfFrsZpanlI3ogHccVdQtCSfza6fk3Cl9EmvjSiGZq78nJjSxdpxErjOhOLTL3kz8z+tkGN+EE6HSDLlii0VxJglqMnud9IXhDOXYEcqMcLcSNqSGMnQBFV0IwfLLq6RZrQSXler9Vbnm53EU4BTO4AICuIYa3EEdGsDgEZ7hFd487b14797HonXNy2dO4A+8zx+yD48m</latexit>

⇥
<latexit sha1_base64="0QSvAW1rxwYRhX2g/UYY4OR94mk=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hd0o6DHgxWME84BkCbOT2WTM7Mwy0yuEkH/w4kERr/6PN//GSbIHTSxoKKq66e6KUiks+v63t7a+sbm1Xdgp7u7tHxyWjo6bVmeG8QbTUpt2RC2XQvEGCpS8nRpOk0jyVjS6nfmtJ26s0OoBxykPEzpQIhaMopOaXRQJt71S2a/4c5BVEuSkDDnqvdJXt69ZlnCFTFJrO4GfYjihBgWTfFrsZpanlI3ogHccVdQtCSfza6fk3Cl9EmvjSiGZq78nJjSxdpxErjOhOLTL3kz8z+tkGN+EE6HSDLlii0VxJglqMnud9IXhDOXYEcqMcLcSNqSGMnQBFV0IwfLLq6RZrQSXler9Vbnm53EU4BTO4AICuIYa3EEdGsDgEZ7hFd487b14797HonXNy2dO4A+8zx+yD48m</latexit>

W1

<latexit sha1_base64="LeEwYQW6d+f99E3kyeHkMqg0rNU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkUL0VvHisaD+gDWWznbRLN5uwuxFK6E/w4kERr/4ib/4bt20O2vpg4PHeDDPzgkRwbVz32ylsbG5t7xR3S3v7B4dH5eOTto5TxbDFYhGrbkA1Ci6xZbgR2E0U0igQ2Akmt3O/84RK81g+mmmCfkRHkoecUWOlh87AG5QrbtVdgKwTLycVyNEclL/6w5ilEUrDBNW657mJ8TOqDGcCZ6V+qjGhbEJH2LNU0gi1ny1OnZELqwxJGCtb0pCF+nsio5HW0yiwnRE1Y73qzcX/vF5qwms/4zJJDUq2XBSmgpiYzP8mQ66QGTG1hDLF7a2EjamizNh0SjYEb/XlddK+qnq16s19rdJw8ziKcAbncAke1KEBd9CEFjAYwTO8wpsjnBfn3flYthacfOYU/sD5/AHX0Y15</latexit>

X

<latexit sha1_base64="+5w+Hi1xTRlI+sJVVJj9NQJcoig=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN4KXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ylsbG5t7xR3S3v7B4dH5eOTto5TxbDFYhGrbkA1Ci6xZbgR2E0U0igQ2Akmd3O/84RK81g+mGmCfkRHkoecUWOlZndQrrhVdwGyTrycVCBHY1D+6g9jlkYoDRNU657nJsbPqDKcCZyV+qnGhLIJHWHPUkkj1H62OHRGLqwyJGGsbElDFurviYxGWk+jwHZG1Iz1qjcX//N6qQlv/IzLJDUo2XJRmApiYjL/mgy5QmbE1BLKFLe3EjamijJjsynZELzVl9dJ+6rq1aq3zVql7uZxFOEMzuESPLiGOtxDA1rAAOEZXuHNeXRenHfnY9lacPKZU/gD5/MHtC+M1g==</latexit>

K ⇥N

<latexit sha1_base64="Eb7G2tFd6Khf9RU/hvsQjZAyxk0=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKeyGgHoLeBEEiWAemCxhdjKbDJmdXWZ6hRDyF148KOLVv/Hm3zhJ9qCJBQ1FVTfdXUEihUHX/XZya+sbm1v57cLO7t7+QfHwqGniVDPeYLGMdTughkuheAMFSt5ONKdRIHkrGF3P/NYT10bE6gHHCfcjOlAiFIyilR5vSRdFxA256xVLbtmdg6wSLyMlyFDvFb+6/ZilEVfIJDWm47kJ+hOqUTDJp4VuanhC2YgOeMdSRe0afzK/eErOrNInYaxtKSRz9ffEhEbGjKPAdkYUh2bZm4n/eZ0Uw0t/IlSSIldssShMJcGYzN4nfaE5Qzm2hDIt7K2EDammDG1IBRuCt/zyKmlWyl61fHVfLdUqWRx5OIFTOAcPLqAGN1CHBjBQ8Ayv8OYY58V5dz4WrTknmzmGP3A+fwCawJAx</latexit>

N ⇥ P

<latexit sha1_base64="Lop3ZhqeTt5ufhtZ3pPKsSqja0Q=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiSloO4KblxJBfvANshkOmmHTiZh5kYooX/hxoUibv0bd/6N0zYLbT1w4XDOudxHkEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmzjVjLdYLGPdDajhUijeQoGSdxPNaRRI3gnG1zO/88S1EbG6x0nC/YgOlQgFo2ilh1vSRxFxQ5qP5Ypbdecgq8TLSQVy2PxXfxCzNOIKmaTG9Dw3QT+jGgWTfFrqp4YnlI3pkPcsVdSO8bP5xlNyZpUBCWNtSyGZq787MhoZM4kCm4wojsyyNxP/83ophpd+JlSSIldsMShMJcGYzM4nA6E5QzmxhDIt7K6EjaimDO2TSvYJ3vLJq6Rdq3r16tVdvdKo5e8owgmcwjl4cAENuIEmtICBgmd4hTfHOC/Ou/OxiBacvOcY/sD5/AGib5A2</latexit>

N

<latexit sha1_base64="4+YLJYAsGbKPl5SBqAQS2BLGLPM=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyGgHoLePEkCZgHJEuYnfQmY2Znl5lZIYR8gRcPinj1k7z5N06SPWhiQUNR1U13V5AIro3rfju5jc2t7Z38bmFv/+DwqHh80tJxqhg2WSxi1QmoRsElNg03AjuJQhoFAtvB+Hbut59QaR7LBzNJ0I/oUPKQM2qs1LjvF0tu2V2ArBMvIyXIUO8Xv3qDmKURSsME1brruYnxp1QZzgTOCr1UY0LZmA6xa6mkEWp/ujh0Ri6sMiBhrGxJQxbq74kpjbSeRIHtjKgZ6VVvLv7ndVMTXvtTLpPUoGTLRWEqiInJ/Gsy4AqZERNLKFPc3krYiCrKjM2mYEPwVl9eJ61K2auWbxrVUq2SxZGHMziHS/DgCmpwB3VoAgOEZ3iFN+fReXHenY9la87JZk7hD5zPH6WhjM4=</latexit>

K

<latexit sha1_base64="WJe2pRzLD6wLGhgH5QyqA5il3rc=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyGgHoLeBG8JGAekCxhdtKbjJmdXWZmhRDyBV48KOLVT/Lm3zhJ9qCJBQ1FVTfdXUEiuDau++3kNja3tnfyu4W9/YPDo+LxSUvHqWLYZLGIVSegGgWX2DTcCOwkCmkUCGwH49u5335CpXksH8wkQT+iQ8lDzqixUuO+Xyy5ZXcBsk68jJQgQ71f/OoNYpZGKA0TVOuu5ybGn1JlOBM4K/RSjQllYzrErqWSRqj96eLQGbmwyoCEsbIlDVmovyemNNJ6EgW2M6JmpFe9ufif101NeO1PuUxSg5ItF4WpICYm86/JgCtkRkwsoUxxeythI6ooMzabgg3BW315nbQqZa9avmlUS7VKFkcezuAcLsGDK6jBHdShCQwQnuEV3pxH58V5dz6WrTknmzmFP3A+fwChFYzL</latexit>

input dim
hidden dim
sample size

known known

sign
⇣ ⌘

<latexit sha1_base64="NdVr1miqtBvkiZIJbFPqkGX+p0E=">AAACHHicbVBNS8MwGE7n15xfVY9egkOYl9HqQMXL0IvHCe4D1jLSNN3C0rQmqTDKfogX/4oXD4p48SD4b8y6Im7zgeR9eN7nJXkfL2ZUKsv6NgpLyyura8X10sbm1vaOubvXklEiMGniiEWi4yFJGOWkqahipBMLgkKPkbY3vJ702w9ESBrxOzWKiRuiPqcBxUhpqWeepo4IoaR9PobOFe1XoHOfIP/3nimXmeW4Z5atqpUBLhI7J2WQo9EzPx0/wklIuMIMSdm1rVi5KRKKYkbGJSeRJEZ4iPqkqylHIZFumi03hkda8WEQCX24gpn6dyJFoZSj0NPOEKmBnO9NxP963UQF525KeZwowvH0oSBhUEVwkhT0qSBYsZEmCAuq/wrxAAmElc6zpEOw51deJK2Tql2rXtzWyvVaHkcRHIBDUAE2OAN1cAMaoAkweATP4BW8GU/Gi/FufEytBSOf2QczML5+AHMqoE0=</latexit>

P

<latexit sha1_base64="0aiNmC4HxZ+TGllxFf1/ATBAebM=">AAAB6HicbVDLSgMxFL1TX7W+qi7dBIvgqsyUgroruHHZgn1AO0gmvdPGZjJDkhHK0C9w40IRt36SO//GtJ2Fth4IHM45l9x7gkRwbVz32ylsbG5t7xR3S3v7B4dH5eOTjo5TxbDNYhGrXkA1Ci6xbbgR2EsU0igQ2A0mt3O/+4RK81jem2mCfkRHkoecUWOlVvOhXHGr7gJknXg5qUAOm/8aDGOWRigNE1Trvucmxs+oMpwJnJUGqcaEsgkdYd9SSSPUfrZYdEYurDIkYazsk4Ys1N8TGY20nkaBTUbUjPWqNxf/8/qpCa/9jMskNSjZ8qMwFcTEZH41GXKFzIipJZQpbnclbEwVZcZ2U7IleKsnr5NOrerVqzeteqVRy+sowhmcwyV4cAUNuIMmtIEBwjO8wpvz6Lw4787HMlpw8plT+APn8weoqYzQ</latexit>

K

<latexit sha1_base64="WJe2pRzLD6wLGhgH5QyqA5il3rc=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyGgHoLeBG8JGAekCxhdtKbjJmdXWZmhRDyBV48KOLVT/Lm3zhJ9qCJBQ1FVTfdXUEiuDau++3kNja3tnfyu4W9/YPDo+LxSUvHqWLYZLGIVSegGgWX2DTcCOwkCmkUCGwH49u5335CpXksH8wkQT+iQ8lDzqixUuO+Xyy5ZXcBsk68jJQgQ71f/OoNYpZGKA0TVOuu5ybGn1JlOBM4K/RSjQllYzrErqWSRqj96eLQGbmwyoCEsbIlDVmovyemNNJ6EgW2M6JmpFe9ufif101NeO1PuUxSg5ItF4WpICYm86/JgCtkRkwsoUxxeythI6ooMzabgg3BW315nbQqZa9avmlUS7VKFkcezuAcLsGDK6jBHdShCQwQnuEV3pxH58V5dz6WrTknmzmFP3A+fwChFYzL</latexit>

y

<latexit sha1_base64="nmUKJ1U5Gz4Vm6wDwMTKi2HN1vs=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgqsyUgroruHFZwT6wHUomzbShSWZIMsIw9C/cuFDErX/jzr8x085CWw8EDufcS849QcyZNq777ZQ2Nre2d8q7lb39g8Oj6vFJV0eJIrRDIh6pfoA15UzSjmGG036sKBYBp71gdpv7vSeqNIvkg0lj6gs8kSxkBBsrPQ4FNtMgzNL5qFpz6+4CaJ14BalBgfao+jUcRyQRVBrCsdYDz42Nn2FlGOF0XhkmmsaYzPCEDiyVWFDtZ4vEc3RhlTEKI2WfNGih/t7IsNA6FYGdzBPqVS8X//MGiQmv/YzJODFUkuVHYcKRiVB+PhozRYnhqSWYKGazIjLFChNjS6rYErzVk9dJt1H3mvWb+2at1SjqKMMZnMMleHAFLbiDNnSAgIRneIU3RzsvzrvzsRwtOcXOKfyB8/kD/c6RGQ==</latexit>

w2

<latexit sha1_base64="ael9uOM9NJ4jjHFMXjV//y4L5eQ=">AAAB83icbVDLSgMxFL1TX7W+qi7dBIvgqsyUgroruHFZwT6gM5RMmmlDk8yQZJQy9DfcuFDErT/jzr8x085CWw8EDufcyz05YcKZNq777ZQ2Nre2d8q7lb39g8Oj6vFJV8epIrRDYh6rfog15UzSjmGG036iKBYhp71wepv7vUeqNIvlg5klNBB4LFnECDZW8n2BzSSMsqf5sDGs1ty6uwBaJ15BalCgPax++aOYpIJKQzjWeuC5iQkyrAwjnM4rfqppgskUj+nAUokF1UG2yDxHF1YZoShW9kmDFurvjQwLrWcitJN5Rr3q5eJ/3iA10XWQMZmkhkqyPBSlHJkY5QWgEVOUGD6zBBPFbFZEJlhhYmxNFVuCt/rlddJt1L1m/ea+WWu5RR1lOINzuAQPrqAFd9CGDhBI4Ble4c1JnRfn3flYjpacYucU/sD5/AEo05G6</latexit>

studentteacher

x

<latexit sha1_base64="h+m1149UjtXpnkpRLohbJhtXZrM=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgqsxIQd0V3LisYB/YlpJJ77ShmcyQZMQy9C/cuFDErX/jzr8x085CWw8EDufcS849fiy4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS0eJYthkkYhUx6caBZfYNNwI7MQKaegLbPuTm8xvP6LSPJL3ZhpjP6QjyQPOqLHSQy+kZuwH6dNsUK64VXcOskq8nFQgR2NQ/uoNI5aEKA0TVOuu58amn1JlOBM4K/USjTFlEzrCrqWShqj76TzxjJxZZUiCSNknDZmrvzdSGmo9DX07mSXUy14m/ud1ExNc9VMu48SgZIuPgkQQE5HsfDLkCpkRU0soU9xmJWxMFWXGllSyJXjLJ6+S1kXVq1Wv72qVupvXUYQTOIVz8OAS6nALDWgCAwnP8ApvjnZenHfnYzFacPKdY/gD5/MH+6+RFg==</latexit>

W1

<latexit sha1_base64="hCXUKOEh6jkv5OZY6ERQcb8WJKU=">AAAB6nicdVBNSwMxEJ31s9avqkcvwSJ4Kkkptr0VvHisaD+gXUo2TdvQbHZJskJZ+hO8eFDEq7/Im//GbFtBRR8MPN6bYWZeEEthLMYf3tr6xubWdm4nv7u3f3BYODpumyjRjLdYJCPdDajhUijessJK3o01p2EgeSeYXmV+555rIyJ1Z2cx90M6VmIkGLVOuu0MyKBQxCWMMSEEZYRUL7Ej9XqtTGqIZJZDEVZoDgrv/WHEkpAryyQ1pkdwbP2UaiuY5PN8PzE8pmxKx7znqKIhN366OHWOzp0yRKNIu1IWLdTvEykNjZmFgesMqZ2Y314m/uX1Ejuq+alQcWK5YstFo0QiG6HsbzQUmjMrZ45QpoW7FbEJ1ZRZl07ehfD1KfqftMslUinVbyrFBl7FkYNTOIMLIFCFBlxDE1rAYAwP8ATPnvQevRfvddm65q1mTuAHvLdPJNaNrw==</latexit>

w2

<latexit sha1_base64="ael9uOM9NJ4jjHFMXjV//y4L5eQ=">AAAB83icbVDLSgMxFL1TX7W+qi7dBIvgqsyUgroruHFZwT6gM5RMmmlDk8yQZJQy9DfcuFDErT/jzr8x085CWw8EDufcyz05YcKZNq777ZQ2Nre2d8q7lb39g8Oj6vFJV8epIrRDYh6rfog15UzSjmGG036iKBYhp71wepv7vUeqNIvlg5klNBB4LFnECDZW8n2BzSSMsqf5sDGs1ty6uwBaJ15BalCgPax++aOYpIJKQzjWeuC5iQkyrAwjnM4rfqppgskUj+nAUokF1UG2yDxHF1YZoShW9kmDFurvjQwLrWcitJN5Rr3q5eJ/3iA10XWQMZmkhkqyPBSlHJkY5QWgEVOUGD6zBBPFbFZEJlhhYmxNFVuCt/rlddJt1L1m/ea+WWu5RR1lOINzuAQPrqAFd9CGDhBI4Ble4c1JnRfn3flYjpacYucU/sD5/AEo05G6</latexit>

y

<latexit sha1_base64="nmUKJ1U5Gz4Vm6wDwMTKi2HN1vs=">AAAB8XicbVDLSgMxFL1TX7W+qi7dBIvgqsyUgroruHFZwT6wHUomzbShSWZIMsIw9C/cuFDErX/jzr8x085CWw8EDufcS849QcyZNq777ZQ2Nre2d8q7lb39g8Oj6vFJV0eJIrRDIh6pfoA15UzSjmGG036sKBYBp71gdpv7vSeqNIvkg0lj6gs8kSxkBBsrPQ4FNtMgzNL5qFpz6+4CaJ14BalBgfao+jUcRyQRVBrCsdYDz42Nn2FlGOF0XhkmmsaYzPCEDiyVWFDtZ4vEc3RhlTEKI2WfNGih/t7IsNA6FYGdzBPqVS8X//MGiQmv/YzJODFUkuVHYcKRiVB+PhozRYnhqSWYKGazIjLFChNjS6rYErzVk9dJt1H3mvWb+2at1SjqKMMZnMMleHAFLbiDNnSAgIRneIU3RzsvzrvzsRwtOcXOKfyB8/kD/c6RGQ==</latexit>

specialization

perfect 
generalization

✓ Committee-AMP [1]

✓ Corresponding state evolution [1]

✓ Replica free energy (mmse) [2, 3, 4]

✓ Proof [1]

known

q00 = overlap{(W ⇤
1 )0,. ; (W1)0,.}

<latexit sha1_base64="VPAhTBv40OSyOrH/mg5tdhnKV8o="></latexit>

q01 = overlap{(W ⇤
1 )0,. ; (W1)1,.}

<latexit sha1_base64="Hz/8FtJFXtTWQ3nLoqPGoX7CT6I="></latexit>



f⇠
⇣ ⌘

<latexit sha1_base64="lXtzRYw0voPKcXOMNczSvqoKx5s=">AAACFnicdVDNS8MwHE3n15xfVY9egkOYB0crA/U29OJxgvuAtZQ0TbewNO2SVBxlf4UX/xUvHhTxKt78b8y2HnTTByGP996P5Pf8hFGpLOvLKCwtr6yuFddLG5tb2zvm7l5LxqnApIljFouOjyRhlJOmooqRTiIIinxG2v7gauK374iQNOa3apQQN0I9TkOKkdKSZ56EnnNPoXNJexXoDIcpCv65dOLYM8tW1ZoCLhI7J2WQo+GZn04Q4zQiXGGGpOzaVqLcDAlFMSPjkpNKkiA8QD3S1ZSjiEg3m641hkdaCWAYC324glP150SGIilHka+TEVJ9Oe9NxL+8bqrCczejPEkV4Xj2UJgyqGI46QgGVBCs2EgThAXVf4W4jwTCSjdZ0iXY8ysvktZp1a5VL25q5Xotr6MIDsAhqAAbnIE6uAYN0AQYPIAn8AJejUfj2Xgz3mfRgpHP7INfMD6+AV7xnjo=</latexit>

▻
• “low-rank matrix factorization”: good mean field understanding [1, 2]

• finite number of hidden units, committee machines: great body of work! 
[3, 4, 5, 6, ..]

▻
• “high-rank matrix factorization”: mean-field analysis? 

• number of hidden units scaling like the inputs

Scaling of the size of the hidden layer?
20

=<latexit sha1_base64="7vdqzKm6L5K9DGnJMRyYxaSZnUQ=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoBeh4MVjC7YW2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0PBh7vzTAzL0gE18Z1v53C2vrG5lZxu7Szu7d/UD48aus4VQxbLBax6gRUo+ASW4YbgZ1EIY0CgQ/B+HbmPzyh0jyW92aSoB/RoeQhZ9RYqXnTL1fcqjsHWSVeTiqQo9Evf/UGMUsjlIYJqnXXcxPjZ1QZzgROS71UY0LZmA6xa6mkEWo/mx86JWdWGZAwVrakIXP190RGI60nUWA7I2pGetmbif953dSE137GZZIalGyxKEwFMTGZfU0GXCEzYmIJZYrbWwkbUUWZsdmUbAje8surpF2rehfVWvOyUnfzOIpwAqdwDh5cQR3uoAEtYIDwDK/w5jw6L86787FoLTj5zDH8gfP5A4ixjLM=</latexit> ⇥
<latexit sha1_base64="0QSvAW1rxwYRhX2g/UYY4OR94mk=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hd0o6DHgxWME84BkCbOT2WTM7Mwy0yuEkH/w4kERr/6PN//GSbIHTSxoKKq66e6KUiks+v63t7a+sbm1Xdgp7u7tHxyWjo6bVmeG8QbTUpt2RC2XQvEGCpS8nRpOk0jyVjS6nfmtJ26s0OoBxykPEzpQIhaMopOaXRQJt71S2a/4c5BVEuSkDDnqvdJXt69ZlnCFTFJrO4GfYjihBgWTfFrsZpanlI3ogHccVdQtCSfza6fk3Cl9EmvjSiGZq78nJjSxdpxErjOhOLTL3kz8z+tkGN+EE6HSDLlii0VxJglqMnud9IXhDOXYEcqMcLcSNqSGMnQBFV0IwfLLq6RZrQSXler9Vbnm53EU4BTO4AICuIYa3EEdGsDgEZ7hFd487b14797HonXNy2dO4A+8zx+yD48m</latexit>

W2

<latexit sha1_base64="80MyauZ9aGUDn/Kt9GJfGIbchKU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lKQb0VvHisaD+gDWWz3bRLN5uwOxFK6E/w4kERr/4ib/4bt20O2vpg4PHeDDPzgkQKg6777RQ2Nre2d4q7pb39g8Oj8vFJ28SpZrzFYhnrbkANl0LxFgqUvJtoTqNA8k4wuZ37nSeujYjVI04T7kd0pEQoGEUrPXQGtUG54lbdBcg68XJSgRzNQfmrP4xZGnGFTFJjep6boJ9RjYJJPiv1U8MTyiZ0xHuWKhpx42eLU2fkwipDEsbalkKyUH9PZDQyZhoFtjOiODar3lz8z+ulGF77mVBJilyx5aIwlQRjMv+bDIXmDOXUEsq0sLcSNqaaMrTplGwI3urL66Rdq3r16s19vdJw8ziKcAbncAkeXEED7qAJLWAwgmd4hTdHOi/Ou/OxbC04+cwp/IHz+QPZVY16</latexit>

Y

<latexit sha1_base64="RLfK3W5QkWz+F2nuAa4nc5urOCY=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN4KXjy2YFulDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjto5TxbDFYhGr+4BqFFxiy3Aj8D5RSKNAYCcY38z8zhMqzWN5ZyYJ+hEdSh5yRo2Vmg/9csWtunOQVeLlpAI5Gv3yV28QszRCaZigWnc9NzF+RpXhTOC01Es1JpSN6RC7lkoaofaz+aFTcmaVAQljZUsaMld/T2Q00noSBbYzomakl72Z+J/XTU145WdcJqlByRaLwlQQE5PZ12TAFTIjJpZQpri9lbARVZQZm03JhuAtv7xK2hdVr1a9btYqdTePowgncArn4MEl1OEWGtACBgjP8ApvzqPz4rw7H4vWgpPPHMMfOJ8/tbOM1w==</latexit>

Z

<latexit sha1_base64="CKqC+9+sDG91CG8FrniuRmEb2O0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN4KXjy2YFuxDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjto5TxbDFYhGr+4BqFFxiy3Aj8D5RSKNAYCcY38z8zhMqzWN5ZyYJ+hEdSh5yRo2Vmg/9csWtunOQVeLlpAI5Gv3yV28QszRCaZigWnc9NzF+RpXhTOC01Es1JpSN6RC7lkoaofaz+aFTcmaVAQljZUsaMld/T2Q00noSBbYzomakl72Z+J/XTU145WdcJqlByRaLwlQQE5PZ12TAFTIjJpZQpri9lbARVZQZm03JhuAtv7xK2hdVr1a9btYqdTePowgncArn4MEl1OEWGtACBgjP8ApvzqPz4rw7H4vWgpPPHMMfOJ8/tzeM2A==</latexit>

[1] Lesieur et al (2016), MMSE of probabilistic low-rank matrix estimation: Universality with respect to the output channel
[2] Lesieur et al (2017), Constrained Low-rank Matrix Estimation: Phase Transitions, Approximate Message Passing and Applications
[3]Aubin et al (2018). The committee machine: Computational to statistical gaps in learning a two-layers neural network
[4] Monasson et ql (2004). Learning and Generalization Theories of Large Committee-Machines
[5] Schwarze & Hertz  (1993). Generalization in Fully Connected Committee Machines. 
[6] Schwarze (1993). Learning a Rule in a Multilayer Neural-Network. 

K ⇥ P

<latexit sha1_base64="Ax4Omp0zK1nE7W+w/bkcpWS0MCg=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiSloO4KbgQ3FewD2yCT6aQdOpmEmRuhhP6FGxeKuPVv3Pk3TtsstPXAhcM553IfQSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCobeJUM95isYx1N6CGS6F4CwVK3k00p1EgeScYX8/8zhPXRsTqHicJ9yM6VCIUjKKVHm5JH0XEDWk+litu1Z2DrBIvJxXIYfNf/UHM0ogrZJIa0/PcBP2MahRM8mmpnxqeUDamQ96zVFE7xs/mG0/JmVUGJIy1LYVkrv7uyGhkzCQKbDKiODLL3kz8z+ulGF76mVBJilyxxaAwlQRjMjufDITmDOXEEsq0sLsSNqKaMrRPKtkneMsnr5J2rerVq1d39Uqjlr+jCCdwCufgwQU04Aaa0AIGCp7hFd4c47w4787HIlpw8p5j+APn8wedyJAz</latexit>

M ⇥K

<latexit sha1_base64="DoLcKqiHsFWtwjnXbOcsdCfVx3Q=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKeyGgHoLeBFEiGAemCxhdjKbDJmdXWZ6hRDyF148KOLVv/Hm3zhJ9qCJBQ1FVTfdXUEihUHX/XZya+sbm1v57cLO7t7+QfHwqGniVDPeYLGMdTughkuheAMFSt5ONKdRIHkrGF3P/NYT10bE6gHHCfcjOlAiFIyilR7vSBdFxA257RVLbtmdg6wSLyMlyFDvFb+6/ZilEVfIJDWm47kJ+hOqUTDJp4VuanhC2YgOeMdSRe0afzK/eErOrNInYaxtKSRz9ffEhEbGjKPAdkYUh2bZm4n/eZ0Uw0t/IlSSIldssShMJcGYzN4nfaE5Qzm2hDIt7K2EDammDG1IBRuCt/zyKmlWyl61fHVfLdUqWRx5OIFTOAcPLqAGN1CHBjBQ8Ayv8OYY58V5dz4WrTknmzmGP3A+fwCZTpAw</latexit>

M ⇥ P

<latexit sha1_base64="FQro9SuxV0LBc16ziifCcnItTIc=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiSloO4KbtwIFewD2yCT6aQdOpmEmRuhhP6FGxeKuPVv3Pk3TtsstPXAhcM553IfQSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCobeJUM95isYx1N6CGS6F4CwVK3k00p1EgeScYX8/8zhPXRsTqHicJ9yM6VCIUjKKVHm5JH0XEDWk+litu1Z2DrBIvJxXIYfNf/UHM0ogrZJIa0/PcBP2MahRM8mmpnxqeUDamQ96zVFE7xs/mG0/JmVUGJIy1LYVkrv7uyGhkzCQKbDKiODLL3kz8z+ulGF76mVBJilyxxaAwlQRjMjufDITmDOXEEsq0sLsSNqKaMrRPKtkneMsnr5J2rerVq1d39Uqjlr+jCCdwCufgwQU04Aaa0AIGCp7hFd4c47w4787HIlpw8p5j+APn8weg4pA1</latexit>

N ! 1

<latexit sha1_base64="8VvCeQXVJNMzb8+X2j1ouDuOabY=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBbBU0lKQb0VvHiSCvYDmlA22027dLMJuxOhlP4NLx4U8eqf8ea/cdvmoK0PBh7vzTAzL0ylMOi6305hY3Nre6e4W9rbPzg8Kh+ftE2SacZbLJGJ7obUcCkUb6FAybup5jQOJe+E49u533ni2ohEPeIk5UFMh0pEglG0kn9PfEyIL1SEk3654lbdBcg68XJSgRzNfvnLHyQsi7lCJqkxPc9NMZhSjYJJPiv5meEpZWM65D1LFY25CaaLm2fkwioDEiXalkKyUH9PTGlszCQObWdMcWRWvbn4n9fLMLoOpkKlGXLFlouiTBL75zwAMhCaM5QTSyjTwt5K2IhqytDGVLIheKsvr5N2rerVqzcP9UqjlsdRhDM4h0vw4AoacAdNaAGDFJ7hFd6czHlx3p2PZWvByWdO4Q+czx9pIJFB</latexit>

≈ matrix factorization
with rank K

<latexit sha1_base64="WJe2pRzLD6wLGhgH5QyqA5il3rc=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyGgHoLeBG8JGAekCxhdtKbjJmdXWZmhRDyBV48KOLVT/Lm3zhJ9qCJBQ1FVTfdXUEiuDau++3kNja3tnfyu4W9/YPDo+LxSUvHqWLYZLGIVSegGgWX2DTcCOwkCmkUCGwH49u5335CpXksH8wkQT+iQ8lDzqixUuO+Xyy5ZXcBsk68jJQgQ71f/OoNYpZGKA0TVOuu5ybGn1JlOBM4K/RSjQllYzrErqWSRqj96eLQGbmwyoCEsbIlDVmovyemNNJ6EgW2M6JmpFe9ufif101NeO1PuUxSg5ItF4WpICYm86/JgCtkRkwsoUxxeythI6ooMzabgg3BW315nbQqZa9avmlUS7VKFkcezuAcLsGDK6jBHdShCQwQnuEV3pxH58V5dz6WrTknmzmFP3A+fwChFYzL</latexit>

K = O(1)

<latexit sha1_base64="23C864fODxgak/0k0gmvr1f2rXk=">AAAB73icdVDLSgMxFM3UV62vqks3wSLUzZDUPhdCwY3gwgr2Ae1QMmmmDc08TDJCGfoTblwo4tbfceffmD4EFT1w4XDOvdx7jxsJrjRCH1ZqZXVtfSO9mdna3tndy+4ftFQYS8qaNBSh7LhEMcED1tRcC9aJJCO+K1jbHV/M/PY9k4qHwa2eRMzxyTDgHqdEG6lzBc/hdR6f9rM5ZGNUraAyRDYqn+FK0ZBSqVbFCGIbzZEDSzT62ffeIKSxzwJNBVGqi1GknYRIzalg00wvViwidEyGrGtoQHymnGR+7xSeGGUAvVCaCjScq98nEuIrNfFd0+kTPVK/vZn4l9eNtVd1Eh5EsWYBXSzyYgF1CGfPwwGXjGoxMYRQyc2tkI6IJFSbiDImhK9P4f+kVbBx0a7dFHP1wjKONDgCxyAPMKiAOrgEDdAEFAjwAJ7As3VnPVov1uuiNWUtZw7BD1hvnwpjjqY=</latexit>

K = O(N)

<latexit sha1_base64="k0ktouLwwFmZBba0vgSGSB1TvE4=">AAAB73icdVDLSgNBEOyNrxhfUY9eBoMQL2E3LiY5CAEvgqARzAOSJcxOZpMhsw9nZoWw5Ce8eFDEq7/jzb9xkqygogUNRVU33V1uxJlUpvlhZJaWV1bXsuu5jc2t7Z387l5LhrEgtElCHoqOiyXlLKBNxRSnnUhQ7Luctt3x+cxv31MhWRjcqklEHR8PA+YxgpWWOpfoDF0Xr477+YJZMqtm5aSMNJlDE7tmnlZtZKVKAVI0+vn33iAksU8DRTiWsmuZkXISLBQjnE5zvVjSCJMxHtKupgH2qXSS+b1TdKSVAfJCoStQaK5+n0iwL+XEd3Wnj9VI/vZm4l9eN1Ze1UlYEMWKBmSxyIs5UiGaPY8GTFCi+EQTTATTtyIywgITpSPK6RC+PkX/k1a5ZNml2o1dqJfTOLJwAIdQBAsqUIcLaEATCHB4gCd4Nu6MR+PFeF20Zox0Zh9+wHj7BBlWjq8=</latexit>

known



f⇠
⇣ ⌘

<latexit sha1_base64="Lr2VJgLIFVO7OCntV8lIy7EsrzA=">AAACI3icfVC7TsMwFHV4lvIKMLJYVEhlqRJUiddSwcJYJPqQmihyXKe16jip7SCqqP/Cwq+wMIAqFgb+BTfNAC3iyNY9Ovdc2ff4MaNSWdansbS8srq2Xtgobm5t7+yae/tNGSUCkwaOWCTaPpKEUU4aiipG2rEgKPQZafmDm2m/9UCEpBG/V6OYuCHqcRpQjJSWPPMy8JxHCp1r2itDZzhMUPf/cpUdbT/xzJJVsTLARWLnpARy1D1z4nQjnISEK8yQlB3bipWbIqEoZmRcdBJJYoQHqEc6mnIUEumm2Y5jeKyVLgwioS9XMFN/TqQolHIU+toZItWX872p+Fevk6jg3E0pjxNFOJ49FCQMqghOA4NdKghWbKQJwoLqv0LcRwJhpWMt6hDs+ZUXSfO0YlcrF3fVUq2ax1EAh+AIlIENzkAN3II6aAAMnsALeAPvxrPxakyMj5l1ychnDsAvGF/fSAKiwg==</latexit>

Second idea: learn structured simpler weights

▻

▻ Also used in deep learning literature:

• Speed / memory concerns: e.g. ACDC layers [1], Ensemble learning [2]
• Theoretical papers:  e.g. Porcupine networks [3], Replica entropy [4]

▻ Signal processing literature: a.k.a. Blind Calibration

Structured weights inference
21

=<latexit sha1_base64="7vdqzKm6L5K9DGnJMRyYxaSZnUQ=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoBeh4MVjC7YW2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0PBh7vzTAzL0gE18Z1v53C2vrG5lZxu7Szu7d/UD48aus4VQxbLBax6gRUo+ASW4YbgZ1EIY0CgQ/B+HbmPzyh0jyW92aSoB/RoeQhZ9RYqXnTL1fcqjsHWSVeTiqQo9Evf/UGMUsjlIYJqnXXcxPjZ1QZzgROS71UY0LZmA6xa6mkEWo/mx86JWdWGZAwVrakIXP190RGI60nUWA7I2pGetmbif953dSE137GZZIalGyxKEwFMTGZfU0GXCEzYmIJZYrbWwkbUUWZsdmUbAje8surpF2rehfVWvOyUnfzOIpwAqdwDh5cQR3uoAEtYIDwDK/w5jw6L86787FoLTj5zDH8gfP5A4ixjLM=</latexit> ⇥
<latexit sha1_base64="0QSvAW1rxwYRhX2g/UYY4OR94mk=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hd0o6DHgxWME84BkCbOT2WTM7Mwy0yuEkH/w4kERr/6PN//GSbIHTSxoKKq66e6KUiks+v63t7a+sbm1Xdgp7u7tHxyWjo6bVmeG8QbTUpt2RC2XQvEGCpS8nRpOk0jyVjS6nfmtJ26s0OoBxykPEzpQIhaMopOaXRQJt71S2a/4c5BVEuSkDDnqvdJXt69ZlnCFTFJrO4GfYjihBgWTfFrsZpanlI3ogHccVdQtCSfza6fk3Cl9EmvjSiGZq78nJjSxdpxErjOhOLTL3kz8z+tkGN+EE6HSDLlii0VxJglqMnud9IXhDOXYEcqMcLcSNqSGMnQBFV0IwfLLq6RZrQSXler9Vbnm53EU4BTO4AICuIYa3EEdGsDgEZ7hFd487b14797HonXNy2dO4A+8zx+yD48m</latexit>

Y

<latexit sha1_base64="RLfK3W5QkWz+F2nuAa4nc5urOCY=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN4KXjy2YFulDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjto5TxbDFYhGr+4BqFFxiy3Aj8D5RSKNAYCcY38z8zhMqzWN5ZyYJ+hEdSh5yRo2Vmg/9csWtunOQVeLlpAI5Gv3yV28QszRCaZigWnc9NzF+RpXhTOC01Es1JpSN6RC7lkoaofaz+aFTcmaVAQljZUsaMld/T2Q00noSBbYzomakl72Z+J/XTU145WdcJqlByRaLwlQQE5PZ12TAFTIjJpZQpri9lbARVZQZm03JhuAtv7xK2hdVr1a9btYqdTePowgncArn4MEl1OEWGtACBgjP8ApvzqPz4rw7H4vWgpPPHMMfOJ8/tbOM1w==</latexit>

⇥
<latexit sha1_base64="0QSvAW1rxwYRhX2g/UYY4OR94mk=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hd0o6DHgxWME84BkCbOT2WTM7Mwy0yuEkH/w4kERr/6PN//GSbIHTSxoKKq66e6KUiks+v63t7a+sbm1Xdgp7u7tHxyWjo6bVmeG8QbTUpt2RC2XQvEGCpS8nRpOk0jyVjS6nfmtJ26s0OoBxykPEzpQIhaMopOaXRQJt71S2a/4c5BVEuSkDDnqvdJXt69ZlnCFTFJrO4GfYjihBgWTfFrsZpanlI3ogHccVdQtCSfza6fk3Cl9EmvjSiGZq78nJjSxdpxErjOhOLTL3kz8z+tkGN+EE6HSDLlii0VxJglqMnud9IXhDOXYEcqMcLcSNqSGMnQBFV0IwfLLq6RZrQSXler9Vbnm53EU4BTO4AICuIYa3EEdGsDgEZ7hFd487b14797HonXNy2dO4A+8zx+yD48m</latexit>

W̃2

<latexit sha1_base64="VmvUlBoFrkv5q78QIO5kHwzsA3k=">AAAB8nicbVBNS8NAEN3Ur1q/qh69BIvgqSSloN4KXjxWsK3QhrLZTNqlm92wOxFK6M/w4kERr/4ab/4bt20O2vpg4PHeDDPzwlRwg5737ZQ2Nre2d8q7lb39g8Oj6vFJ16hMM+gwJZR+DKkBwSV0kKOAx1QDTUIBvXByO/d7T6ANV/IBpykECR1JHnNG0Ur9AXIRQd6bDRvDas2rewu468QvSI0UaA+rX4NIsSwBiUxQY/q+l2KQU42cCZhVBpmBlLIJHUHfUkkTMEG+OHnmXlglcmOlbUl0F+rviZwmxkyT0HYmFMdm1ZuL/3n9DOPrIOcyzRAkWy6KM+Gicuf/uxHXwFBMLaFMc3ury8ZUU4Y2pYoNwV99eZ10G3W/Wb+5b9ZaXhFHmZyRc3JJfHJFWuSOtEmHMKLIM3klbw46L86787FsLTnFzCn5A+fzBz1EkTA=</latexit>

S2

<latexit sha1_base64="o20pk/vmcR+zm16Vt5EdFQXvwZI=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lKQb0VvHis1NZCG8pmu2mXbjZhdyKU0J/gxYMiXv1F3vw3btsctPXBwOO9GWbmBYkUBl332ylsbG5t7xR3S3v7B4dH5eOTjolTzXibxTLW3YAaLoXibRQoeTfRnEaB5I/B5HbuPz5xbUSsHnCacD+iIyVCwShaqdUa1Ablilt1FyDrxMtJBXI0B+Wv/jBmacQVMkmN6Xlugn5GNQom+azUTw1PKJvQEe9ZqmjEjZ8tTp2RC6sMSRhrWwrJQv09kdHImGkU2M6I4tisenPxP6+XYnjtZ0IlKXLFlovCVBKMyfxvMhSaM5RTSyjTwt5K2JhqytCmU7IheKsvr5NOrerVqzf39UrDzeMowhmcwyV4cAUNuIMmtIHBCJ7hFd4c6bw4787HsrXg5DOn8AfO5w/TPY12</latexit>

Z

<latexit sha1_base64="CKqC+9+sDG91CG8FrniuRmEb2O0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN4KXjy2YFuxDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjto5TxbDFYhGr+4BqFFxiy3Aj8D5RSKNAYCcY38z8zhMqzWN5ZyYJ+hEdSh5yRo2Vmg/9csWtunOQVeLlpAI5Gv3yV28QszRCaZigWnc9NzF+RpXhTOC01Es1JpSN6RC7lkoaofaz+aFTcmaVAQljZUsaMld/T2Q00noSBbYzomakl72Z+J/XTU145WdcJqlByRaLwlQQE5PZ12TAFTIjJpZQpri9lbARVZQZm03JhuAtv7xK2hdVr1a9btYqdTePowgncArn4MEl1OEWGtACBgjP8ApvzqPz4rw7H4vWgpPPHMMfOJ8/tzeM2A==</latexit>
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M ⇥M

<latexit sha1_base64="AaQYkHr6TQxiTvjZvCKs5OhzzOE=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKeyGgHoLePESiGAemCxhdjKbDJmdXWZ6hRDyF148KOLVv/Hm3zhJ9qCJBQ1FVTfdXUEihUHX/XZyG5tb2zv53cLe/sHhUfH4pGXiVDPeZLGMdSeghkuheBMFSt5JNKdRIHk7GN/O/fYT10bE6gEnCfcjOlQiFIyilR7rpIci4obU+8WSW3YXIOvEy0gJMjT6xa/eIGZpxBUySY3pem6C/pRqFEzyWaGXGp5QNqZD3rVUUbvGny4unpELqwxIGGtbCslC/T0xpZExkyiwnRHFkVn15uJ/XjfF8NqfCpWkyBVbLgpTSTAm8/fJQGjOUE4soUwLeythI6opQxtSwYbgrb68TlqVslct39xXS7VKFkcezuAcLsGDK6jBHTSgCQwUPMMrvDnGeXHenY9la87JZk7hD5zPH5xWkDI=</latexit>

f⇠
⇣ ⌘

<latexit sha1_base64="lXtzRYw0voPKcXOMNczSvqoKx5s=">AAACFnicdVDNS8MwHE3n15xfVY9egkOYB0crA/U29OJxgvuAtZQ0TbewNO2SVBxlf4UX/xUvHhTxKt78b8y2HnTTByGP996P5Pf8hFGpLOvLKCwtr6yuFddLG5tb2zvm7l5LxqnApIljFouOjyRhlJOmooqRTiIIinxG2v7gauK374iQNOa3apQQN0I9TkOKkdKSZ56EnnNPoXNJexXoDIcpCv65dOLYM8tW1ZoCLhI7J2WQo+GZn04Q4zQiXGGGpOzaVqLcDAlFMSPjkpNKkiA8QD3S1ZSjiEg3m641hkdaCWAYC324glP150SGIilHka+TEVJ9Oe9NxL+8bqrCczejPEkV4Xj2UJgyqGI46QgGVBCs2EgThAXVf4W4jwTCSjdZ0iXY8ysvktZp1a5VL25q5Xotr6MIDsAhqAAbnIE6uAYN0AQYPIAn8AJejUfj2Xgz3mfRgpHP7INfMD6+AV7xnjo=</latexit>

=<latexit sha1_base64="7vdqzKm6L5K9DGnJMRyYxaSZnUQ=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoBeh4MVjC7YW2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0PBh7vzTAzL0gE18Z1v53C2vrG5lZxu7Szu7d/UD48aus4VQxbLBax6gRUo+ASW4YbgZ1EIY0CgQ/B+HbmPzyh0jyW92aSoB/RoeQhZ9RYqXnTL1fcqjsHWSVeTiqQo9Evf/UGMUsjlIYJqnXXcxPjZ1QZzgROS71UY0LZmA6xa6mkEWo/mx86JWdWGZAwVrakIXP190RGI60nUWA7I2pGetmbif953dSE137GZZIalGyxKEwFMTGZfU0GXCEzYmIJZYrbWwkbUUWZsdmUbAje8surpF2rehfVWvOyUnfzOIpwAqdwDh5cQR3uoAEtYIDwDK/w5jw6L86787FoLTj5zDH8gfP5A4ixjLM=</latexit> ⇥
<latexit sha1_base64="0QSvAW1rxwYRhX2g/UYY4OR94mk=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hd0o6DHgxWME84BkCbOT2WTM7Mwy0yuEkH/w4kERr/6PN//GSbIHTSxoKKq66e6KUiks+v63t7a+sbm1Xdgp7u7tHxyWjo6bVmeG8QbTUpt2RC2XQvEGCpS8nRpOk0jyVjS6nfmtJ26s0OoBxykPEzpQIhaMopOaXRQJt71S2a/4c5BVEuSkDDnqvdJXt69ZlnCFTFJrO4GfYjihBgWTfFrsZpanlI3ogHccVdQtCSfza6fk3Cl9EmvjSiGZq78nJjSxdpxErjOhOLTL3kz8z+tkGN+EE6HSDLlii0VxJglqMnud9IXhDOXYEcqMcLcSNqSGMnQBFV0IwfLLq6RZrQSXler9Vbnm53EU4BTO4AICuIYa3EEdGsDgEZ7hFd487b14797HonXNy2dO4A+8zx+yD48m</latexit>

W2

<latexit sha1_base64="80MyauZ9aGUDn/Kt9GJfGIbchKU=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lKQb0VvHisaD+gDWWz3bRLN5uwOxFK6E/w4kERr/4ib/4bt20O2vpg4PHeDDPzgkQKg6777RQ2Nre2d4q7pb39g8Oj8vFJ28SpZrzFYhnrbkANl0LxFgqUvJtoTqNA8k4wuZ37nSeujYjVI04T7kd0pEQoGEUrPXQGtUG54lbdBcg68XJSgRzNQfmrP4xZGnGFTFJjep6boJ9RjYJJPiv1U8MTyiZ0xHuWKhpx42eLU2fkwipDEsbalkKyUH9PZDQyZhoFtjOiODar3lz8z+ulGF77mVBJilyx5aIwlQRjMv+bDIXmDOXUEsq0sLcSNqaaMrTplGwI3urL66Rdq3r16s19vdJw8ziKcAbncAkeXEED7qAJLWAwgmd4hTdHOi/Ou/OxbC04+cwp/IHz+QPZVY16</latexit>

Y

<latexit sha1_base64="RLfK3W5QkWz+F2nuAa4nc5urOCY=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN4KXjy2YFulDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjto5TxbDFYhGr+4BqFFxiy3Aj8D5RSKNAYCcY38z8zhMqzWN5ZyYJ+hEdSh5yRo2Vmg/9csWtunOQVeLlpAI5Gv3yV28QszRCaZigWnc9NzF+RpXhTOC01Es1JpSN6RC7lkoaofaz+aFTcmaVAQljZUsaMld/T2Q00noSBbYzomakl72Z+J/XTU145WdcJqlByRaLwlQQE5PZ12TAFTIjJpZQpri9lbARVZQZm03JhuAtv7xK2hdVr1a9btYqdTePowgncArn4MEl1OEWGtACBgjP8ApvzqPz4rw7H4vWgpPPHMMfOJ8/tbOM1w==</latexit>

Z

<latexit sha1_base64="CKqC+9+sDG91CG8FrniuRmEb2O0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN4KXjy2YFuxDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjto5TxbDFYhGr+4BqFFxiy3Aj8D5RSKNAYCcY38z8zhMqzWN5ZyYJ+hEdSh5yRo2Vmg/9csWtunOQVeLlpAI5Gv3yV28QszRCaZigWnc9NzF+RpXhTOC01Es1JpSN6RC7lkoaofaz+aFTcmaVAQljZUsaMld/T2Q00noSBbYzomakl72Z+J/XTU145WdcJqlByRaLwlQQE5PZ12TAFTIjJpZQpri9lbARVZQZm03JhuAtv7xK2hdVr1a9btYqdTePowgncArn4MEl1OEWGtACBgjP8ApvzqPz4rw7H4vWgpPPHMMfOJ8/tzeM2A==</latexit>

K ⇥ P

<latexit sha1_base64="Ax4Omp0zK1nE7W+w/bkcpWS0MCg=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiSloO4KbgQ3FewD2yCT6aQdOpmEmRuhhP6FGxeKuPVv3Pk3TtsstPXAhcM553IfQSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCobeJUM95isYx1N6CGS6F4CwVK3k00p1EgeScYX8/8zhPXRsTqHicJ9yM6VCIUjKKVHm5JH0XEDWk+litu1Z2DrBIvJxXIYfNf/UHM0ogrZJIa0/PcBP2MahRM8mmpnxqeUDamQ96zVFE7xs/mG0/JmVUGJIy1LYVkrv7uyGhkzCQKbDKiODLL3kz8z+ulGF76mVBJilyxxaAwlQRjMjufDITmDOXEEsq0sLsSNqKaMrRPKtkneMsnr5J2rerVq1d39Uqjlr+jCCdwCufgwQU04Aaa0AIGCp7hFd4c47w4787HIlpw8p5j+APn8wedyJAz</latexit>

M ⇥K

<latexit sha1_base64="DoLcKqiHsFWtwjnXbOcsdCfVx3Q=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKeyGgHoLeBFEiGAemCxhdjKbDJmdXWZ6hRDyF148KOLVv/Hm3zhJ9qCJBQ1FVTfdXUEihUHX/XZya+sbm1v57cLO7t7+QfHwqGniVDPeYLGMdTughkuheAMFSt5ONKdRIHkrGF3P/NYT10bE6gHHCfcjOlAiFIyilR7vSBdFxA257RVLbtmdg6wSLyMlyFDvFb+6/ZilEVfIJDWm47kJ+hOqUTDJp4VuanhC2YgOeMdSRe0afzK/eErOrNInYaxtKSRz9ffEhEbGjKPAdkYUh2bZm4n/eZ0Uw0t/IlSSIldssShMJcGYzN4nfaE5Qzm2hDIt7K2EDammDG1IBRuCt/zyKmlWyl61fHVfLdUqWRx5OIFTOAcPLqAGN1CHBjBQ8Ayv8OYY58V5dz4WrTknmzmGP3A+fwCZTpAw</latexit>

M ⇥ P

<latexit sha1_base64="FQro9SuxV0LBc16ziifCcnItTIc=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiSloO4KbtwIFewD2yCT6aQdOpmEmRuhhP6FGxeKuPVv3Pk3TtsstPXAhcM553IfQSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCobeJUM95isYx1N6CGS6F4CwVK3k00p1EgeScYX8/8zhPXRsTqHicJ9yM6VCIUjKKVHm5JH0XEDWk+litu1Z2DrBIvJxXIYfNf/UHM0ogrZJIa0/PcBP2MahRM8mmpnxqeUDamQ96zVFE7xs/mG0/JmVUGJIy1LYVkrv7uyGhkzCQKbDKiODLL3kz8z+ulGF76mVBJilyxxaAwlQRjMjufDITmDOXEEsq0sLsSNqKaMrRPKtkneMsnr5J2rerVq1d39Uqjlr+jCCdwCufgwQU04Aaa0AIGCp7hFd4c47w4787HIlpw8p5j+APn8weg4pA1</latexit>

K ⇥ P

<latexit sha1_base64="Ax4Omp0zK1nE7W+w/bkcpWS0MCg=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiSloO4KbgQ3FewD2yCT6aQdOpmEmRuhhP6FGxeKuPVv3Pk3TtsstPXAhcM553IfQSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCobeJUM95isYx1N6CGS6F4CwVK3k00p1EgeScYX8/8zhPXRsTqHicJ9yM6VCIUjKKVHm5JH0XEDWk+litu1Z2DrBIvJxXIYfNf/UHM0ogrZJIa0/PcBP2MahRM8mmpnxqeUDamQ96zVFE7xs/mG0/JmVUGJIy1LYVkrv7uyGhkzCQKbDKiODLL3kz8z+ulGF76mVBJilyxxaAwlQRjMjufDITmDOXEEsq0sLsSNqKaMrRPKtkneMsnr5J2rerVq1d39Uqjlr+jCCdwCufgwQU04Aaa0AIGCp7hFd4c47w4787HIlpw8p5j+APn8wedyJAz</latexit>

M ⇥K

<latexit sha1_base64="DoLcKqiHsFWtwjnXbOcsdCfVx3Q=">AAAB8XicbVDLSgNBEOyNrxhfUY9eBoPgKeyGgHoLeBFEiGAemCxhdjKbDJmdXWZ6hRDyF148KOLVv/Hm3zhJ9qCJBQ1FVTfdXUEihUHX/XZya+sbm1v57cLO7t7+QfHwqGniVDPeYLGMdTughkuheAMFSt5ONKdRIHkrGF3P/NYT10bE6gHHCfcjOlAiFIyilR7vSBdFxA257RVLbtmdg6wSLyMlyFDvFb+6/ZilEVfIJDWm47kJ+hOqUTDJp4VuanhC2YgOeMdSRe0afzK/eErOrNInYaxtKSRz9ffEhEbGjKPAdkYUh2bZm4n/eZ0Uw0t/IlSSIldssShMJcGYzN4nfaE5Qzm2hDIt7K2EDammDG1IBRuCt/zyKmlWyl61fHVfLdUqWRx5OIFTOAcPLqAGN1CHBjBQ8Ayv8OYY58V5dz4WrTknmzmGP3A+fwCZTpAw</latexit>

M ⇥ P

<latexit sha1_base64="FQro9SuxV0LBc16ziifCcnItTIc=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiSloO4KbtwIFewD2yCT6aQdOpmEmRuhhP6FGxeKuPVv3Pk3TtsstPXAhcM553IfQSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCobeJUM95isYx1N6CGS6F4CwVK3k00p1EgeScYX8/8zhPXRsTqHicJ9yM6VCIUjKKVHm5JH0XEDWk+litu1Z2DrBIvJxXIYfNf/UHM0ogrZJIa0/PcBP2MahRM8mmpnxqeUDamQ96zVFE7xs/mG0/JmVUGJIy1LYVkrv7uyGhkzCQKbDKiODLL3kz8z+ulGF76mVBJilyxxaAwlQRjMjufDITmDOXEEsq0sLsSNqKaMrRPKtkneMsnr5J2rerVq1d39Uqjlr+jCCdwCufgwQU04Aaa0AIGCp7hFd4c47w4787HIlpw8p5j+APn8weg4pA1</latexit>

O(N)

<latexit sha1_base64="FZCzTSUyXbT5YJ5DZjEhJv0imDo=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRahXspuKai3ghdPWsHaQruUbJptQ5PskmSFsvQvePGgiFf/kDf/jdl2D9r6YODx3gwz84KYM21c99sprK1vbG4Vt0s7u3v7B+XDo0cdJYrQNol4pLoB1pQzSduGGU67saJYBJx2gsl15neeqNIskg9mGlNf4JFkISPYZNJd9fZ8UK64NXcOtEq8nFQgR2tQ/uoPI5IIKg3hWOue58bGT7EyjHA6K/UTTWNMJnhEe5ZKLKj20/mtM3RmlSEKI2VLGjRXf0+kWGg9FYHtFNiM9bKXif95vcSEl37KZJwYKsliUZhwZCKUPY6GTFFi+NQSTBSztyIyxgoTY+Mp2RC85ZdXyWO95jVqV/eNSrOex1GEEziFKnhwAU24gRa0gcAYnuEV3hzhvDjvzseiteDkM8fwB87nDwh8jYw=</latexit>

# parameters

# parameters

[1] Moczulski et al (2015), ACDC: A Structured Efficient Linear Layer
[2] Wen et al (2020), BatchEnsemble: An Alternative Approach to Efficient Ensemble and Lifelong Learning
[3] Feizi et al (2016) Porcupine Neural Networks: (Almost) All Local Optima are Global
[4] Gabrié et al  (2018), Entropy and mutual information in models of deep neural networks

O(N2)

<latexit sha1_base64="3WRyuEjbKliNhL8FGc4WMAKV7v8=">AAAB7XicbVBNSwMxEJ31s9avqkcvwSLUS9ktBfVW8OJJK9gPaNeSTbNtbDZZkqxQlv4HLx4U8er/8ea/MW33oK0PBh7vzTAzL4g508Z1v52V1bX1jc3cVn57Z3dvv3Bw2NQyUYQ2iORStQOsKWeCNgwznLZjRXEUcNoKRldTv/VElWZS3JtxTP0IDwQLGcHGSs3b0s1D5axXKLpldwa0TLyMFCFDvVf46vYlSSIqDOFY647nxsZPsTKMcDrJdxNNY0xGeEA7lgocUe2ns2sn6NQqfRRKZUsYNFN/T6Q40nocBbYzwmaoF72p+J/XSUx44adMxImhgswXhQlHRqLp66jPFCWGjy3BRDF7KyJDrDAxNqC8DcFbfHmZNCtlr1q+vKsWa5UsjhwcwwmUwINzqME11KEBBB7hGV7hzZHOi/PufMxbV5xs5gj+wPn8AS8ZjjA=</latexit>

K = O(N)

<latexit sha1_base64="lp9fbWa9gkGX/eV4Ma1D2mDq+vk=">AAAB73icbVBNS8NAEJ3Ur1q/oh69LBahXkpSCupBKHgRBK1gP6ANZbPdtEs3m7i7EUron/DiQRGv/h1v/hu3bQ7a+mDg8d4MM/P8mDOlHefbyq2srq1v5DcLW9s7u3v2/kFTRYkktEEiHsm2jxXlTNCGZprTdiwpDn1OW/7oauq3nqhULBIPehxTL8QDwQJGsDZS+wZdorvS7WnPLjplZwa0TNyMFCFDvWd/dfsRSUIqNOFYqY7rxNpLsdSMcDopdBNFY0xGeEA7hgocUuWls3sn6MQofRRE0pTQaKb+nkhxqNQ49E1niPVQLXpT8T+vk+jg3EuZiBNNBZkvChKOdISmz6M+k5RoPjYEE8nMrYgMscREm4gKJgR38eVl0qyU3Wr54r5arFWyOPJwBMdQAhfOoAbXUIcGEODwDK/wZj1aL9a79TFvzVnZzCH8gfX5A8/djnw=</latexit>

known

known known
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=<latexit sha1_base64="7vdqzKm6L5K9DGnJMRyYxaSZnUQ=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoBeh4MVjC7YW2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0PBh7vzTAzL0gE18Z1v53C2vrG5lZxu7Szu7d/UD48aus4VQxbLBax6gRUo+ASW4YbgZ1EIY0CgQ/B+HbmPzyh0jyW92aSoB/RoeQhZ9RYqXnTL1fcqjsHWSVeTiqQo9Evf/UGMUsjlIYJqnXXcxPjZ1QZzgROS71UY0LZmA6xa6mkEWo/mx86JWdWGZAwVrakIXP190RGI60nUWA7I2pGetmbif953dSE137GZZIalGyxKEwFMTGZfU0GXCEzYmIJZYrbWwkbUUWZsdmUbAje8surpF2rehfVWvOyUnfzOIpwAqdwDh5cQR3uoAEtYIDwDK/w5jw6L86787FoLTj5zDH8gfP5A4ixjLM=</latexit> ⇥
<latexit sha1_base64="0QSvAW1rxwYRhX2g/UYY4OR94mk=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hd0o6DHgxWME84BkCbOT2WTM7Mwy0yuEkH/w4kERr/6PN//GSbIHTSxoKKq66e6KUiks+v63t7a+sbm1Xdgp7u7tHxyWjo6bVmeG8QbTUpt2RC2XQvEGCpS8nRpOk0jyVjS6nfmtJ26s0OoBxykPEzpQIhaMopOaXRQJt71S2a/4c5BVEuSkDDnqvdJXt69ZlnCFTFJrO4GfYjihBgWTfFrsZpanlI3ogHccVdQtCSfza6fk3Cl9EmvjSiGZq78nJjSxdpxErjOhOLTL3kz8z+tkGN+EE6HSDLlii0VxJglqMnud9IXhDOXYEcqMcLcSNqSGMnQBFV0IwfLLq6RZrQSXler9Vbnm53EU4BTO4AICuIYa3EEdGsDgEZ7hFd487b14797HonXNy2dO4A+8zx+yD48m</latexit>

Y

<latexit sha1_base64="RLfK3W5QkWz+F2nuAa4nc5urOCY=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN4KXjy2YFulDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjto5TxbDFYhGr+4BqFFxiy3Aj8D5RSKNAYCcY38z8zhMqzWN5ZyYJ+hEdSh5yRo2Vmg/9csWtunOQVeLlpAI5Gv3yV28QszRCaZigWnc9NzF+RpXhTOC01Es1JpSN6RC7lkoaofaz+aFTcmaVAQljZUsaMld/T2Q00noSBbYzomakl72Z+J/XTU145WdcJqlByRaLwlQQE5PZ12TAFTIjJpZQpri9lbARVZQZm03JhuAtv7xK2hdVr1a9btYqdTePowgncArn4MEl1OEWGtACBgjP8ApvzqPz4rw7H4vWgpPPHMMfOJ8/tbOM1w==</latexit>

⇥
<latexit sha1_base64="0QSvAW1rxwYRhX2g/UYY4OR94mk=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hd0o6DHgxWME84BkCbOT2WTM7Mwy0yuEkH/w4kERr/6PN//GSbIHTSxoKKq66e6KUiks+v63t7a+sbm1Xdgp7u7tHxyWjo6bVmeG8QbTUpt2RC2XQvEGCpS8nRpOk0jyVjS6nfmtJ26s0OoBxykPEzpQIhaMopOaXRQJt71S2a/4c5BVEuSkDDnqvdJXt69ZlnCFTFJrO4GfYjihBgWTfFrsZpanlI3ogHccVdQtCSfza6fk3Cl9EmvjSiGZq78nJjSxdpxErjOhOLTL3kz8z+tkGN+EE6HSDLlii0VxJglqMnud9IXhDOXYEcqMcLcSNqSGMnQBFV0IwfLLq6RZrQSXler9Vbnm53EU4BTO4AICuIYa3EEdGsDgEZ7hFd487b14797HonXNy2dO4A+8zx+yD48m</latexit>

f⇠
⇣ ⌘

<latexit sha1_base64="Lr2VJgLIFVO7OCntV8lIy7EsrzA=">AAACI3icfVC7TsMwFHV4lvIKMLJYVEhlqRJUiddSwcJYJPqQmihyXKe16jip7SCqqP/Cwq+wMIAqFgb+BTfNAC3iyNY9Ovdc2ff4MaNSWdansbS8srq2Xtgobm5t7+yae/tNGSUCkwaOWCTaPpKEUU4aiipG2rEgKPQZafmDm2m/9UCEpBG/V6OYuCHqcRpQjJSWPPMy8JxHCp1r2itDZzhMUPf/cpUdbT/xzJJVsTLARWLnpARy1D1z4nQjnISEK8yQlB3bipWbIqEoZmRcdBJJYoQHqEc6mnIUEumm2Y5jeKyVLgwioS9XMFN/TqQolHIU+toZItWX872p+Fevk6jg3E0pjxNFOJ49FCQMqghOA4NdKghWbKQJwoLqv0LcRwJhpWMt6hDs+ZUXSfO0YlcrF3fVUq2ax1EAh+AIlIENzkAN3II6aAAMnsALeAPvxrPxakyMj5l1ychnDsAvGF/fSAKiwg==</latexit>

i.i.d. priori.i.d. prior i.i.d. entries

✓ Calibration - AMP algorithm [1, 2]

✓ Corresponding state evolution [3]

✓ Replica free energy [3]

✗ Rigorous proof  

[1] Schulke C. et al (2013), Blind Calibration in Compressed Sensing using Message Passing Algorithms
[2] Schulke C. et al (2016),  Blind sensor calibration using approximate message passing
[3] Gabrié M. et al (2020), Blind calibration for compressed sensing: State evolution and an online algorithm

M ⇥ P

<latexit sha1_base64="fdSWUxDX4Y+mxzAKYek1InWchgs=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiRSqO4KbtwIFewD2yCT6aQdOpmEmRuhhP6FGxeKuPVv3Pk3TtsstPXAhcM553IfQSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCobeJUM95isYx1N6CGS6F4CwVK3k00p1EgeScYX8/8zhPXRsTqHicJ9yM6VCIUjKKVHm5JH0XEDWk+litu1Z2DrBIvJxXIYfNf/UHM0ogrZJIa0/PcBP2MahRM8mmpnxqeUDamQ96zVFE7xs/mG0/JmVUGJIy1LYVkrv7uyGhkzCQKbDKiODLL3kz8z+ulGF76mVBJilyxxaAwlQRjMjufDITmDOXEEsq0sLsSNqKaMrRPKtkneMsnr5L2RdWrVa/uapWGm7+jCCdwCufgQR0acANNaAEDBc/wCm+OcV6cd+djES04ec8x/IHz+QOgSJAz</latexit>

M ⇥M

<latexit sha1_base64="G8EdQ1OwvcgRzzO+KhH4cU9eC+Y=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG8FL14KFewHtqFstpt26WYTdidCCf0XXjwo4tV/481/47bNQVsfDDzem2FmXpBIYdB1v53C2vrG5lZxu7Szu7d/UD48apk41Yw3WSxj3Qmo4VIo3kSBkncSzWkUSN4Oxrczv/3EtRGxesBJwv2IDpUIBaNopcc66aGIuCH1frniVt05yCrxclKBHI1++as3iFkacYVMUmO6npugn1GNgkk+LfVSwxPKxnTIu5Yqatf42fziKTmzyoCEsbalkMzV3xMZjYyZRIHtjCiOzLI3E//zuimG134mVJIiV2yxKEwlwZjM3icDoTlDObGEMi3srYSNqKYMbUglG4K3/PIqaV1Uvcvqzf1lpebmcRThBE7hHDy4ghrcQQOawEDBM7zCm2OcF+fd+Vi0Fpx85hj+wPn8AZu8kDA=</latexit>

N ⇥ P

<latexit sha1_base64="nXT1KIkbJdZto3nqXnjSh5YD07o=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiRSqO4KblxJBfvANshkOmmHTiZh5kYooX/hxoUibv0bd/6N0zYLbT1w4XDOudxHkEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmzjVjLdYLGPdDajhUijeQoGSdxPNaRRI3gnG1zO/88S1EbG6x0nC/YgOlQgFo2ilh1vSRxFxQ5qP5Ypbdecgq8TLSQVy2PxXfxCzNOIKmaTG9Dw3QT+jGgWTfFrqp4YnlI3pkPcsVdSO8bP5xlNyZpUBCWNtSyGZq787MhoZM4kCm4wojsyyNxP/83ophpd+JlSSIldsMShMJcGYzM4nA6E5QzmxhDIt7K6EjaimDO2TSvYJ3vLJq6R9UfVq1au7WqXh5u8owgmcwjl4UIcG3EATWsBAwTO8wptjnBfn3flYRAtO3nMMf+B8/gCh1ZA0</latexit>

M ⇥N

<latexit sha1_base64="K3nAuCHKPKT6XSwgrX+XxDe9fsg=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG8FL16UCvYD21A22027dLMJuxOhhP4LLx4U8eq/8ea/cdvmoK0PBh7vzTAzL0ikMOi6305hZXVtfaO4Wdra3tndK+8fNE2casYbLJaxbgfUcCkUb6BAyduJ5jQKJG8Fo+up33ri2ohYPeA44X5EB0qEglG00uMt6aKIuCF3vXLFrbozkGXi5aQCOeq98le3H7M04gqZpMZ0PDdBP6MaBZN8UuqmhieUjeiAdyxV1K7xs9nFE3JilT4JY21LIZmpvycyGhkzjgLbGVEcmkVvKv7ndVIML/1MqCRFrth8UZhKgjGZvk/6QnOGcmwJZVrYWwkbUk0Z2pBKNgRv8eVl0jyreufVq/vzSs3N4yjCERzDKXhwATW4gTo0gIGCZ3iFN8c4L8678zFvLTj5zCH8gfP5A51AkDE=</latexit>

known known

X

<latexit sha1_base64="+5w+Hi1xTRlI+sJVVJj9NQJcoig=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN4KXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ylsbG5t7xR3S3v7B4dH5eOTto5TxbDFYhGrbkA1Ci6xZbgR2E0U0igQ2Akmd3O/84RK81g+mGmCfkRHkoecUWOlZndQrrhVdwGyTrycVCBHY1D+6g9jlkYoDRNU657nJsbPqDKcCZyV+qnGhLIJHWHPUkkj1H62OHRGLqwyJGGsbElDFurviYxGWk+jwHZG1Iz1qjcX//N6qQlv/IzLJDUo2XJRmApiYjL/mgy5QmbE1BLKFLe3EjamijJjsynZELzVl9dJ+6rq1aq3zVql7uZxFOEMzuESPLiGOtxDA1rAAOEZXuHNeXRenHfnY9lacPKZU/gD5/MHtC+M1g==</latexit>

M

<latexit sha1_base64="6gmklFxJ3vdRHuCTGGM5iL9wNWo=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyGgHoLePEiJGAekCxhdtKbjJmdXWZmhRDyBV48KOLVT/Lm3zhJ9qCJBQ1FVTfdXUEiuDau++3kNja3tnfyu4W9/YPDo+LxSUvHqWLYZLGIVSegGgWX2DTcCOwkCmkUCGwH49u5335CpXksH8wkQT+iQ8lDzqixUuO+Xyy5ZXcBsk68jJQgQ71f/OoNYpZGKA0TVOuu5ybGn1JlOBM4K/RSjQllYzrErqWSRqj96eLQGbmwyoCEsbIlDVmovyemNNJ6EgW2M6JmpFe9ufif101NeO1PuUxSg5ItF4WpICYm86/JgCtkRkwsoUxxeythI6ooMzabgg3BW315nbQqZa9avmlUS7VKFkcezuAcLsGDK6jBHdShCQwQnuEV3pxH58V5dz6WrTknmzmFP3A+fwCkHYzN</latexit>

N

<latexit sha1_base64="4+YLJYAsGbKPl5SBqAQS2BLGLPM=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyGgHoLePEkCZgHJEuYnfQmY2Znl5lZIYR8gRcPinj1k7z5N06SPWhiQUNR1U13V5AIro3rfju5jc2t7Z38bmFv/+DwqHh80tJxqhg2WSxi1QmoRsElNg03AjuJQhoFAtvB+Hbut59QaR7LBzNJ0I/oUPKQM2qs1LjvF0tu2V2ArBMvIyXIUO8Xv3qDmKURSsME1brruYnxp1QZzgTOCr1UY0LZmA6xa6mkEWp/ujh0Ri6sMiBhrGxJQxbq74kpjbSeRIHtjKgZ6VVvLv7ndVMTXvtTLpPUoGTLRWEqiInJ/Gsy4AqZERNLKFPc3krYiCrKjM2mYEPwVl9eJ61K2auWbxrVUq2SxZGHMziHS/DgCmpwB3VoAgOEZ3iFN+fReXHenY9la87JZk7hD5zPH6WhjM4=</latexit>

P

<latexit sha1_base64="0aiNmC4HxZ+TGllxFf1/ATBAebM=">AAAB6HicbVDLSgMxFL1TX7W+qi7dBIvgqsyUgroruHHZgn1AO0gmvdPGZjJDkhHK0C9w40IRt36SO//GtJ2Fth4IHM45l9x7gkRwbVz32ylsbG5t7xR3S3v7B4dH5eOTjo5TxbDNYhGrXkA1Ci6xbbgR2EsU0igQ2A0mt3O/+4RK81jem2mCfkRHkoecUWOlVvOhXHGr7gJknXg5qUAOm/8aDGOWRigNE1Trvucmxs+oMpwJnJUGqcaEsgkdYd9SSSPUfrZYdEYurDIkYazsk4Ys1N8TGY20nkaBTUbUjPWqNxf/8/qpCa/9jMskNSjZ8qMwFcTEZH41GXKFzIipJZQpbnclbEwVZcZ2U7IleKsnr5NOrerVqzeteqVRy+sowhmcwyV4cAUNuIMmtIEBwjO8wpvz6Lw4787HMlpw8plT+APn8weoqYzQ</latexit>

input dim
output dim
sample size

S

<latexit sha1_base64="VXCWFNY04fSoSHHZHofX6nESUMY=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN4KXjy2aGuhDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjto5TxbDFYhGrTkA1Ci6xZbgR2EkU0igQ+BCMb2b+wxMqzWN5byYJ+hEdSh5yRo2Vmnf9csWtunOQVeLlpAI5Gv3yV28QszRCaZigWnc9NzF+RpXhTOC01Es1JpSN6RC7lkoaofaz+aFTcmaVAQljZUsaMld/T2Q00noSBbYzomakl72Z+J/XTU145WdcJqlByRaLwlQQE5PZ12TAFTIjJpZQpri9lbARVZQZm03JhuAtv7xK2hdVr1a9btYqdTePowgncArn4MEl1OEWGtACBgjP8ApvzqPz4rw7H4vWgpPPHMMfOJ8/rJuM0Q==</latexit>

W̃

<latexit sha1_base64="D4//Balr65FNN0mVTR845/zFlaE=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG8FLx4r2A9pQ9lsNu3SzSbsToQS+iu8eFDEqz/Hm//GbZuDtj4YeLw3w8y8IJXCoOt+O6W19Y3NrfJ2ZWd3b/+genjUNkmmGW+xRCa6G1DDpVC8hQIl76aa0ziQvBOMb2d+54lrIxL1gJOU+zEdKhEJRtFKj30UMuR5Zzqo1ty6OwdZJV5BalCgOah+9cOEZTFXyCQ1pue5Kfo51SiY5NNKPzM8pWxMh7xnqaIxN34+P3hKzqwSkijRthSSufp7IqexMZM4sJ0xxZFZ9mbif14vw+jaz4VKM+SKLRZFmSSYkNn3JBSaM5QTSyjTwt5K2IhqytBmVLEheMsvr5L2Rd27rN/cX9YabhFHGU7gFM7BgytowB00oQUMYniGV3hztPPivDsfi9aSU8wcwx84nz8PrpCL</latexit>

to be calibrated
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i.i.d.     -sparse⇢

<latexit sha1_base64="hEamZzzB/gtMnnOAHdvpJPoVN/o=">AAAB63icdVDLSsNAFJ3UV62vqks3g0VwFZK2tumu4MZlBfuANpTJdNIMncyEmYlQQn/BjQtF3PpD7vwbJ20FFT1w4XDOvdx7T5AwqrTjfFiFjc2t7Z3ibmlv/+DwqHx80lMilZh0sWBCDgKkCKOcdDXVjAwSSVAcMNIPZte5378nUlHB7/Q8IX6MppyGFCOdSyMZiXG54tiO16o1mtCx3Vq17uXEc6tXbgO6trNEBazRGZffRxOB05hwjRlSaug6ifYzJDXFjCxKo1SRBOEZmpKhoRzFRPnZ8tYFvDDKBIZCmuIaLtXvExmKlZrHgemMkY7Uby8X//KGqQ49P6M8STXheLUoTBnUAuaPwwmVBGs2NwRhSc2tEEdIIqxNPCUTwten8H/Sq9pu3W7d1ittZx1HEZyBc3AJXNAEbXADOqALMIjAA3gCz1ZsPVov1uuqtWCtZ07BD1hvn5OXjpI=</latexit>
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Cal-AMP reconstructs efficiently 
with a finite number of samples 

Good agreement SE and Cal-AMP

[1] Gabrié M. et al (2020), Blind calibration for compressed sensing: State evolution and an online algorithm

↵min = ⇢
P

P � 1

<latexit sha1_base64="DblPR9SzmOGnFQtu1psJq6cbpeI=">AAACC3icbVDLSsNAFJ34rPUVdelmaBHcWBIpqAuh4MZlBPuAJoTJdNIOncyEmYlQQvZu/BU3LhRx6w+482+ctllo64ELh3Pu5d57opRRpR3n21pZXVvf2KxsVbd3dvf27YPDjhKZxKSNBROyFyFFGOWkralmpJdKgpKIkW40vpn63QciFRX8Xk9SEiRoyGlMMdJGCu2aj1g6QmHuJ5QX8Br6ciSgH0uEc6/IvTO3CO2603BmgMvELUkdlPBC+8sfCJwlhGvMkFJ910l1kCOpKWakqPqZIinCYzQkfUM5SogK8tkvBTwxygDGQpriGs7U3xM5SpSaJJHpTJAeqUVvKv7n9TMdXwY55WmmCcfzRXHGoBZwGgwcUEmwZhNDEJbU3ArxCJkctImvakJwF19eJp3zhttsXN016y2njKMCjkENnAIXXIAWuAUeaAMMHsEzeAVv1pP1Yr1bH/PWFaucOQJ/YH3+ADXImno=</latexit>

=<latexit sha1_base64="7vdqzKm6L5K9DGnJMRyYxaSZnUQ=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoBeh4MVjC7YW2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0PBh7vzTAzL0gE18Z1v53C2vrG5lZxu7Szu7d/UD48aus4VQxbLBax6gRUo+ASW4YbgZ1EIY0CgQ/B+HbmPzyh0jyW92aSoB/RoeQhZ9RYqXnTL1fcqjsHWSVeTiqQo9Evf/UGMUsjlIYJqnXXcxPjZ1QZzgROS71UY0LZmA6xa6mkEWo/mx86JWdWGZAwVrakIXP190RGI60nUWA7I2pGetmbif953dSE137GZZIalGyxKEwFMTGZfU0GXCEzYmIJZYrbWwkbUUWZsdmUbAje8surpF2rehfVWvOyUnfzOIpwAqdwDh5cQR3uoAEtYIDwDK/w5jw6L86787FoLTj5zDH8gfP5A4ixjLM=</latexit> ⇥
<latexit sha1_base64="0QSvAW1rxwYRhX2g/UYY4OR94mk=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hd0o6DHgxWME84BkCbOT2WTM7Mwy0yuEkH/w4kERr/6PN//GSbIHTSxoKKq66e6KUiks+v63t7a+sbm1Xdgp7u7tHxyWjo6bVmeG8QbTUpt2RC2XQvEGCpS8nRpOk0jyVjS6nfmtJ26s0OoBxykPEzpQIhaMopOaXRQJt71S2a/4c5BVEuSkDDnqvdJXt69ZlnCFTFJrO4GfYjihBgWTfFrsZpanlI3ogHccVdQtCSfza6fk3Cl9EmvjSiGZq78nJjSxdpxErjOhOLTL3kz8z+tkGN+EE6HSDLlii0VxJglqMnud9IXhDOXYEcqMcLcSNqSGMnQBFV0IwfLLq6RZrQSXler9Vbnm53EU4BTO4AICuIYa3EEdGsDgEZ7hFd487b14797HonXNy2dO4A+8zx+yD48m</latexit>

Y

<latexit sha1_base64="RLfK3W5QkWz+F2nuAa4nc5urOCY=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN4KXjy2YFulDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjto5TxbDFYhGr+4BqFFxiy3Aj8D5RSKNAYCcY38z8zhMqzWN5ZyYJ+hEdSh5yRo2Vmg/9csWtunOQVeLlpAI5Gv3yV28QszRCaZigWnc9NzF+RpXhTOC01Es1JpSN6RC7lkoaofaz+aFTcmaVAQljZUsaMld/T2Q00noSBbYzomakl72Z+J/XTU145WdcJqlByRaLwlQQE5PZ12TAFTIjJpZQpri9lbARVZQZm03JhuAtv7xK2hdVr1a9btYqdTePowgncArn4MEl1OEWGtACBgjP8ApvzqPz4rw7H4vWgpPPHMMfOJ8/tbOM1w==</latexit>

⇥
<latexit sha1_base64="0QSvAW1rxwYRhX2g/UYY4OR94mk=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hd0o6DHgxWME84BkCbOT2WTM7Mwy0yuEkH/w4kERr/6PN//GSbIHTSxoKKq66e6KUiks+v63t7a+sbm1Xdgp7u7tHxyWjo6bVmeG8QbTUpt2RC2XQvEGCpS8nRpOk0jyVjS6nfmtJ26s0OoBxykPEzpQIhaMopOaXRQJt71S2a/4c5BVEuSkDDnqvdJXt69ZlnCFTFJrO4GfYjihBgWTfFrsZpanlI3ogHccVdQtCSfza6fk3Cl9EmvjSiGZq78nJjSxdpxErjOhOLTL3kz8z+tkGN+EE6HSDLlii0VxJglqMnud9IXhDOXYEcqMcLcSNqSGMnQBFV0IwfLLq6RZrQSXler9Vbnm53EU4BTO4AICuIYa3EEdGsDgEZ7hFd487b14797HonXNy2dO4A+8zx+yD48m</latexit>

f⇠
⇣ ⌘

<latexit sha1_base64="Lr2VJgLIFVO7OCntV8lIy7EsrzA=">AAACI3icfVC7TsMwFHV4lvIKMLJYVEhlqRJUiddSwcJYJPqQmihyXKe16jip7SCqqP/Cwq+wMIAqFgb+BTfNAC3iyNY9Ovdc2ff4MaNSWdansbS8srq2Xtgobm5t7+yae/tNGSUCkwaOWCTaPpKEUU4aiipG2rEgKPQZafmDm2m/9UCEpBG/V6OYuCHqcRpQjJSWPPMy8JxHCp1r2itDZzhMUPf/cpUdbT/xzJJVsTLARWLnpARy1D1z4nQjnISEK8yQlB3bipWbIqEoZmRcdBJJYoQHqEc6mnIUEumm2Y5jeKyVLgwioS9XMFN/TqQolHIU+toZItWX872p+Fevk6jg3E0pjxNFOJ49FCQMqghOA4NdKghWbKQJwoLqv0LcRwJhpWMt6hDs+ZUXSfO0YlcrF3fVUq2ax1EAh+AIlIENzkAN3II6aAAMnsALeAPvxrPxakyMj5l1ychnDsAvGF/fSAKiwg==</latexit>

i.i.d. prior
i.i.d. entries

Cal- AMP reconstruction errors (             )

Cal- AMP State evolution
naive count 

output dim / input dim ↵ = M/N

<latexit sha1_base64="//bFs3ZoYQ8ZhRwc+RQLZYGB5pE=">AAAB9XicbVDLSgNBEOyNrxhfUY9eBoPgKe5KQD0IAS9elAjmAckaeiezyZDZBzOzSljyH148KOLVf/Hm3zhJ9qCJBQ1FVTfdXV4suNK2/W3llpZXVtfy64WNza3tneLuXkNFiaSsTiMRyZaHigkesrrmWrBWLBkGnmBNb3g18ZuPTCoehfd6FDM3wH7IfU5RG+mhgyIeILkkN+SE3HaLJbtsT0EWiZOREmSodYtfnV5Ek4CFmgpUqu3YsXZTlJpTwcaFTqJYjHSIfdY2NMSAKTedXj0mR0bpET+SpkJNpurviRQDpUaBZzoD1AM1703E/7x2ov1zN+VhnGgW0tkiPxFER2QSAelxyagWI0OQSm5uJXSAEqk2QRVMCM78y4ukcVp2KuWLu0qpamdx5OEADuEYHDiDKlxDDepAQcIzvMKb9WS9WO/Wx6w1Z2Uz+/AH1ucPGoeQ6Q==</latexit>
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<latexit sha1_base64="+5w+Hi1xTRlI+sJVVJj9NQJcoig=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN4KXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ylsbG5t7xR3S3v7B4dH5eOTto5TxbDFYhGrbkA1Ci6xZbgR2E0U0igQ2Akmd3O/84RK81g+mGmCfkRHkoecUWOlZndQrrhVdwGyTrycVCBHY1D+6g9jlkYoDRNU657nJsbPqDKcCZyV+qnGhLIJHWHPUkkj1H62OHRGLqwyJGGsbElDFurviYxGWk+jwHZG1Iz1qjcX//N6qQlv/IzLJDUo2XJRmApiYjL/mgy5QmbE1BLKFLe3EjamijJjsynZELzVl9dJ+6rq1aq3zVql7uZxFOEMzuESPLiGOtxDA1rAAOEZXuHNeXRenHfnY9lacPKZU/gD5/MHtC+M1g==</latexit>

X

<latexit sha1_base64="+5w+Hi1xTRlI+sJVVJj9NQJcoig=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN4KXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ylsbG5t7xR3S3v7B4dH5eOTto5TxbDFYhGrbkA1Ci6xZbgR2E0U0igQ2Akmd3O/84RK81g+mGmCfkRHkoecUWOlZndQrrhVdwGyTrycVCBHY1D+6g9jlkYoDRNU657nJsbPqDKcCZyV+qnGhLIJHWHPUkkj1H62OHRGLqwyJGGsbElDFurviYxGWk+jwHZG1Iz1qjcX//N6qQlv/IzLJDUo2XJRmApiYjL/mgy5QmbE1BLKFLe3EjamijJjsynZELzVl9dJ+6rq1aq3zVql7uZxFOEMzuESPLiGOtxDA1rAAOEZXuHNeXRenHfnY9lacPKZU/gD5/MHtC+M1g==</latexit>

error error

⇢

<latexit sha1_base64="vb78M622cfM0vZRnQ5uwLRPMc68=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgKexKQL0FvHiMYB6QLGF2MpsMmccyMyuEJb/gxYMiXv0hb/6Ns8keNLGgoajqprsrSjgz1ve/vdLG5tb2Tnm3srd/cHhUPT7pGJVqQttEcaV7ETaUM0nblllOe4mmWEScdqPpXe53n6g2TMlHO0toKPBYspgRbHNpoCdqWK35dX8BtE6CgtSgQGtY/RqMFEkFlZZwbEw/8BMbZlhbRjidVwapoQkmUzymfUclFtSE2eLWObpwygjFSruSFi3U3xMZFsbMROQ6BbYTs+rl4n9eP7XxTZgxmaSWSrJcFKccWYXyx9GIaUosnzmCiWbuVkQmWGNiXTwVF0Kw+vI66VzVg0b99qFRa/pFHGU4g3O4hACuoQn30II2EJjAM7zCmye8F+/d+1i2lrxi5hT+wPv8AR4ijkE=</latexit>

P = 2

<latexit sha1_base64="v4QrTXaB5ZLJOFUUlRA/aMvw/84=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lKQT0IBS8eK5i20Iay2U7apZtN2N0IpfQ3ePGgiFd/kDf/jds2B219MPB4b4aZeWEquDau++0UNja3tneKu6W9/YPDo/LxSUsnmWLos0QkqhNSjYJL9A03AjupQhqHAtvh+G7ut59QaZ7IRzNJMYjpUPKIM2qs5DfJLan1yxW36i5A1omXkwrkaPbLX71BwrIYpWGCat313NQEU6oMZwJnpV6mMaVsTIfYtVTSGHUwXRw7IxdWGZAoUbakIQv198SUxlpP4tB2xtSM9Ko3F//zupmJroMpl2lmULLloigTxCRk/jkZcIXMiIkllClubyVsRBVlxuZTsiF4qy+vk1at6tWrNw/1SsPN4yjCGZzDJXhwBQ24hyb4wIDDM7zCmyOdF+fd+Vi2Fpx85hT+wPn8AUc/jaU=</latexit>

S

<latexit sha1_base64="VXCWFNY04fSoSHHZHofX6nESUMY=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN4KXjy2aGuhDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjto5TxbDFYhGrTkA1Ci6xZbgR2EkU0igQ+BCMb2b+wxMqzWN5byYJ+hEdSh5yRo2Vmnf9csWtunOQVeLlpAI5Gv3yV28QszRCaZigWnc9NzF+RpXhTOC01Es1JpSN6RC7lkoaofaz+aFTcmaVAQljZUsaMld/T2Q00noSBbYzomakl72Z+J/XTU145WdcJqlByRaLwlQQE5PZ12TAFTIjJpZQpri9lbARVZQZm03JhuAtv7xK2hdVr1a9btYqdTePowgncArn4MEl1OEWGtACBgjP8ApvzqPz4rw7H4vWgpPPHMMfOJ8/rJuM0Q==</latexit>

W̃

<latexit sha1_base64="D4//Balr65FNN0mVTR845/zFlaE=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG8FLx4r2A9pQ9lsNu3SzSbsToQS+iu8eFDEqz/Hm//GbZuDtj4YeLw3w8y8IJXCoOt+O6W19Y3NrfJ2ZWd3b/+genjUNkmmGW+xRCa6G1DDpVC8hQIl76aa0ziQvBOMb2d+54lrIxL1gJOU+zEdKhEJRtFKj30UMuR5Zzqo1ty6OwdZJV5BalCgOah+9cOEZTFXyCQ1pue5Kfo51SiY5NNKPzM8pWxMh7xnqaIxN34+P3hKzqwSkijRthSSufp7IqexMZM4sJ0xxZFZ9mbif14vw+jaz4VKM+SKLRZFmSSYkNn3JBSaM5QTSyjTwt5K2IhqytBmVLEheMsvr5L2Rd27rN/cX9YabhFHGU7gFM7BgytowB00oQUMYniGV3hztPPivDsfi9aSU8wcwx84nz8PrpCL</latexit>

S

<latexit sha1_base64="VXCWFNY04fSoSHHZHofX6nESUMY=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN4KXjy2aGuhDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjto5TxbDFYhGrTkA1Ci6xZbgR2EkU0igQ+BCMb2b+wxMqzWN5byYJ+hEdSh5yRo2Vmnf9csWtunOQVeLlpAI5Gv3yV28QszRCaZigWnc9NzF+RpXhTOC01Es1JpSN6RC7lkoaofaz+aFTcmaVAQljZUsaMld/T2Q00noSBbYzomakl72Z+J/XTU145WdcJqlByRaLwlQQE5PZ12TAFTIjJpZQpri9lbARVZQZm03JhuAtv7xK2hdVr1a9btYqdTePowgncArn4MEl1OEWGtACBgjP8ApvzqPz4rw7H4vWgpPPHMMfOJ8/rJuM0Q==</latexit>

M ⇥ P

<latexit sha1_base64="fdSWUxDX4Y+mxzAKYek1InWchgs=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiRSqO4KbtwIFewD2yCT6aQdOpmEmRuhhP6FGxeKuPVv3Pk3TtsstPXAhcM553IfQSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCobeJUM95isYx1N6CGS6F4CwVK3k00p1EgeScYX8/8zhPXRsTqHicJ9yM6VCIUjKKVHm5JH0XEDWk+litu1Z2DrBIvJxXIYfNf/UHM0ogrZJIa0/PcBP2MahRM8mmpnxqeUDamQ96zVFE7xs/mG0/JmVUGJIy1LYVkrv7uyGhkzCQKbDKiODLL3kz8z+ulGF76mVBJilyxxaAwlQRjMjufDITmDOXEEsq0sLsSNqKaMrRPKtkneMsnr5L2RdWrVa/uapWGm7+jCCdwCufgQR0acANNaAEDBc/wCm+OcV6cd+djES04ec8x/IHz+QOgSJAz</latexit>

N ⇥ P

<latexit sha1_base64="nXT1KIkbJdZto3nqXnjSh5YD07o=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiRSqO4KblxJBfvANshkOmmHTiZh5kYooX/hxoUibv0bd/6N0zYLbT1w4XDOudxHkEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmzjVjLdYLGPdDajhUijeQoGSdxPNaRRI3gnG1zO/88S1EbG6x0nC/YgOlQgFo2ilh1vSRxFxQ5qP5Ypbdecgq8TLSQVy2PxXfxCzNOIKmaTG9Dw3QT+jGgWTfFrqp4YnlI3pkPcsVdSO8bP5xlNyZpUBCWNtSyGZq787MhoZM4kCm4wojsyyNxP/83ophpd+JlSSIldsMShMJcGYzM4nA6E5QzmxhDIt7K6EjaimDO2TSvYJ3vLJq6R9UfVq1au7WqXh5u8owgmcwjl4UIcG3EATWsBAwTO8wptjnBfn3flYRAtO3nMMf+B8/gCh1ZA0</latexit>



f⇠
⇣ ⌘

<latexit sha1_base64="oNvXWZACrPV1VI3nqmuhmw3IjX8=">AAACInicdVDLSsNAFJ3UV62vqEs3g0Wom5KUghY3RTcuK9gHNCFMJpN26OTRmYlYQr/Fjb/ixoWirgQ/xmmahbZ6mcfhnHOZuceNGRXSMD61wsrq2vpGcbO0tb2zu6fvH3RElHBM2jhiEe+5SBBGQ9KWVDLSizlBgctI1x1dzfTuHeGCRuGtnMTEDtAgpD7FSCrK0Ru+Y91TaF3SQQVa43GCvP+u7LzIlnKfOnrZqBpZwWVg5qAM8mo5+rvlRTgJSCgxQ0L0TSOWdoq4pJiRaclKBIkRHqEB6SsYooAIO81GnMITxXjQj7jaoYQZ+7MjRYEQk8BVzgDJoVjUZuRfWj+R/rmd0jBOJAnx/CE/YVBGcJYX9CgnWLKJAghzqv4K8RBxhKVKtaRCMBdHXgadWtWsVxs39XKzlsdRBEfgGFSACc5AE1yDFmgDDB7AE3gBr9qj9qy9aR9za0HLew7Br9K+vgFg/qJF</latexit>

x̂(2)

<latexit sha1_base64="8cKsA8XX9RbIbtxqLbodzoIp7a4=">AAAB/3icbVDLSsNAFJ3UV62vqODGTbAIdVOSUlB3BTcuK9gHtLFMppN26GQSZm7EErPwV9y4UMStv+HOv3HSZqGtBwYO59zLPXO8iDMFtv1tFFZW19Y3ipulre2d3T1z/6CtwlgS2iIhD2XXw4pyJmgLGHDajSTFgcdpx5tcZX7nnkrFQnEL04i6AR4J5jOCQUsD86gfYBh7ftIfY0ge0vQuqdTO0oFZtqv2DNYycXJSRjmaA/OrPwxJHFABhGOleo4dgZtgCYxwmpb6saIRJhM8oj1NBQ6ocpNZ/tQ61crQ8kOpnwBrpv7eSHCg1DTw9GSWVi16mfif14vBv3ATJqIYqCDzQ37MLQitrAxryCQlwKeaYCKZzmqRMZaYgK6spEtwFr+8TNq1qlOvXt7Uyw07r6OIjtEJqiAHnaMGukZN1EIEPaJn9IrejCfjxXg3PuajBSPfOUR/YHz+AC3tlik=</latexit>
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▻ Streaming AMP for GLM [1], for blind calibration [2]

Numerical results:
Example of sparse signal recovery

pS(S) px(x)

<latexit sha1_base64="XOX4hNyMzQXzLk8FElB5kT8gr+o=">AAACAnicbVDLSsNAFJ34rPUVdSVuBovQbkoiBRU3BTcuK7UPaEKYTCft0MkkzEykJRQ3/oobF4q49Svc+TdO2iy09cCFwzn3cu89fsyoVJb1baysrq1vbBa2its7u3v75sFhW0aJwKSFIxaJro8kYZSTlqKKkW4sCAp9Rjr+6CbzOw9ESBrxezWJiRuiAacBxUhpyTOPY69Zblagcw1jb1x2QqSGfpCOpxXPLFlVawa4TOyclECOhmd+Of0IJyHhCjMkZc+2YuWmSCiKGZkWnUSSGOERGpCephyFRLrp7IUpPNNKHwaR0MUVnKm/J1IUSjkJfd2ZnSgXvUz8z+slKrh0U8rjRBGO54uChEEVwSwP2KeCYMUmmiAsqL4V4iESCCudWlGHYC++vEza51W7Vr26q5XqVh5HAZyAU1AGNrgAdXALGqAFMHgEz+AVvBlPxovxbnzMW1eMfOYI/IHx+QNML5YS</latexit>

y(1)

<latexit sha1_base64="+FMX032OuLFxfpIK784gM1/LK70=">AAAB+XicbVDLSsNAFL2pr1pfUZduBotQNyWRgroruHFZwT6gjWUynbRDJ5MwMymUkD9x40IRt/6JO//GSZuFth4YOJxzL/fM8WPOlHacb6u0sbm1vVPereztHxwe2ccnHRUlktA2iXgkez5WlDNB25ppTnuxpDj0Oe3607vc786oVCwSj3oeUy/EY8ECRrA20tC2ByHWEz9I59lTWnMvs6FdderOAmiduAWpQoHW0P4ajCKShFRowrFSfdeJtZdiqRnhNKsMEkVjTKZ4TPuGChxS5aWL5Bm6MMoIBZE0T2i0UH9vpDhUah76ZjLPqVa9XPzP6yc6uPFSJuJEU0GWh4KEIx2hvAY0YpISzeeGYCKZyYrIBEtMtCmrYkpwV7+8TjpXdbdRv31oVJtOUUcZzuAcauDCNTThHlrQBgIzeIZXeLNS68V6tz6WoyWr2DmFP7A+fwA81JNc</latexit>

x̂(1)

<latexit sha1_base64="qp1jT2cUmqYmKFG+XbfHyDCyMUA=">AAAB/3icbVDLSsNAFL3xWesrKrhxEyxC3ZRECuqu4MZlBfuAJpbJdNIOnUzCzEQsMQt/xY0LRdz6G+78GydtFtp6YOBwzr3cM8ePGZXKtr+NpeWV1bX10kZ5c2t7Z9fc22/LKBGYtHDEItH1kSSMctJSVDHSjQVBoc9Ixx9f5X7nnghJI36rJjHxQjTkNKAYKS31zUM3RGrkB6k7Qip9yLK7tOqcZn2zYtfsKaxF4hSkAgWaffPLHUQ4CQlXmCEpe44dKy9FQlHMSFZ2E0lihMdoSHqachQS6aXT/Jl1opWBFURCP66sqfp7I0WhlJPQ15N5Wjnv5eJ/Xi9RwYWXUh4ninA8OxQkzFKRlZdhDaggWLGJJggLqrNaeIQEwkpXVtYlOPNfXiTts5pTr13e1CsNu6ijBEdwDFVw4BwacA1NaAGGR3iGV3gznowX4934mI0uGcXOAfyB8fkDLGeWKA==</latexit>

Ŝ

<latexit sha1_base64="4GZkkRLmXMZoJIpP5hvaBMKRRrs=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkUL0VvHisaD+gDWWz3bRLN5uwOxFK6I/w4kERr/4eb/4bt20O2vpg4PHeDDPzgkQKg6777RQ2Nre2d4q7pb39g8Oj8vFJ28SpZrzFYhnrbkANl0LxFgqUvJtoTqNA8k4wuZ37nSeujYjVI04T7kd0pEQoGEUrdfpjitnDbFCuuFV3AbJOvJxUIEdzUP7qD2OWRlwhk9SYnucm6GdUo2CSz0r91PCEsgkd8Z6likbc+Nni3Bm5sMqQhLG2pZAs1N8TGY2MmUaB7Ywojs2qNxf/83ophtd+JlSSIldsuShMJcGYzH8nQ6E5Qzm1hDIt7K2EjammDG1CJRuCt/ryOmlfVb1a9ea+Vmm4eRxFOINzuAQP6tCAO2hCCxhM4Ble4c1JnBfn3flYthacfOYU/sD5/AF2eY+e</latexit>

p̂(S,x |y(1))

<latexit sha1_base64="fmuM52PnxtZOVpWBs2fjEsSHHio=">AAACFnicbVDLSsNAFJ34rPUVdelmsAgt1JJIQd0V3LisaB/QxDKZTtqhkwczEzHEfIUbf8WNC0Xcijv/xkkbUFsPXDiccy/33uOEjAppGF/awuLS8spqYa24vrG5ta3v7LZFEHFMWjhgAe86SBBGfdKSVDLSDTlBnsNIxxmfZ37nlnBBA/9axiGxPTT0qUsxkkrq60fWCMkkTMtXVWh5SI4cN7lLoVW9t36EOL1JymYlrfT1klEzJoDzxMxJCeRo9vVPaxDgyCO+xAwJ0TONUNoJ4pJiRtKiFQkSIjxGQ9JT1EceEXYyeSuFh0oZQDfgqnwJJ+rviQR5QsSeozqzQ8Wsl4n/eb1Iuqd2Qv0wksTH00VuxKAMYJYRHFBOsGSxIghzqm6FeIQ4wlIlWVQhmLMvz5P2cc2s184u66WGkcdRAPvgAJSBCU5AA1yAJmgBDB7AE3gBr9qj9qy9ae/T1gUtn9kDf6B9fAPO4555</latexit>

y(2)

<latexit sha1_base64="NxEhGqglXMzRJOcf2ymkGefKFPI=">AAAB+XicbVDLSsNAFL3xWesr6tLNYBHqpiSloO4KblxWsA9oY5lMJ+3QySTMTAoh9E/cuFDErX/izr9x0mahrQcGDufcyz1z/JgzpR3n29rY3Nre2S3tlfcPDo+O7ZPTjooSSWibRDySPR8rypmgbc00p71YUhz6nHb96V3ud2dUKhaJR53G1AvxWLCAEayNNLTtQYj1xA+ydP6UVetX86FdcWrOAmiduAWpQIHW0P4ajCKShFRowrFSfdeJtZdhqRnhdF4eJIrGmEzxmPYNFTikyssWyefo0igjFETSPKHRQv29keFQqTT0zWSeU616ufif1090cONlTMSJpoIsDwUJRzpCeQ1oxCQlmqeGYCKZyYrIBEtMtCmrbEpwV7+8Tjr1mtuo3T40Kk2nqKME53ABVXDhGppwDy1oA4EZPMMrvFmZ9WK9Wx/L0Q2r2DmDP7A+fwA+WpNd</latexit>

prior

observation approx. posterior

p̂(S,x |y(2))

<latexit sha1_base64="+gEUrd3U7s3H30Znd0SBobHUhqc=">AAACFXicbVDLSsNAFJ34rPUVdelmsAgthJKUgroruHFZ0T6gqWUynbRDJw9mJmKI+Qk3/oobF4q4Fdz5N07aCNp6YODMOfdy7z1OyKiQpvmlLS2vrK6tFzaKm1vbO7v63n5bBBHHpIUDFvCugwRh1CctSSUj3ZAT5DmMdJzJeeZ3bgkXNPCvZRySvodGPnUpRlJJA92wx0gmYVq+MqDtITl23OQuhbZxbxs//zi9Scq1SloZ6CWzak4BF4mVkxLI0Rzon/YwwJFHfIkZEqJnmaHsJ4hLihlJi3YkSIjwBI1IT1EfeUT0k+lVKTxWyhC6AVfPl3Cq/u5IkCdE7DmqMltUzHuZ+J/Xi6R72k+oH0aS+Hg2yI0YlAHMIoJDygmWLFYEYU7VrhCPEUdYqiCLKgRr/uRF0q5VrXr17LJeaph5HAVwCI5AGVjgBDTABWiCFsDgATyBF/CqPWrP2pv2Pitd0vKeA/AH2sc3br+eUA==</latexit>

updated prior updated prior

y(3)

<latexit sha1_base64="JxgmOiiNvidbdl4EodHrOjPv7gY=">AAAB+XicbVDLSsNAFL3xWesr6tLNYBHqpiRaUHcFNy4r2Ae0sUymk3boZBJmJoUQ+iduXCji1j9x5984abPQ1gMDh3Pu5Z45fsyZ0o7zba2tb2xubZd2yrt7+weH9tFxW0WJJLRFIh7Jro8V5UzQlmaa024sKQ59Tjv+5C73O1MqFYvEo05j6oV4JFjACNZGGth2P8R67AdZOnvKqlcXs4FdcWrOHGiVuAWpQIHmwP7qDyOShFRowrFSPdeJtZdhqRnhdFbuJ4rGmEzwiPYMFTikysvmyWfo3ChDFETSPKHRXP29keFQqTT0zWSeUy17ufif10t0cONlTMSJpoIsDgUJRzpCeQ1oyCQlmqeGYCKZyYrIGEtMtCmrbEpwl7+8StqXNbdeu32oVxpOUUcJTuEMquDCNTTgHprQAgJTeIZXeLMy68V6tz4Wo2tWsXMCf2B9/gA/4JNe</latexit>

etc.

Ŝ

<latexit sha1_base64="4GZkkRLmXMZoJIpP5hvaBMKRRrs=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkUL0VvHisaD+gDWWz3bRLN5uwOxFK6I/w4kERr/4eb/4bt20O2vpg4PHeDDPzgkQKg6777RQ2Nre2d4q7pb39g8Oj8vFJ28SpZrzFYhnrbkANl0LxFgqUvJtoTqNA8k4wuZ37nSeujYjVI04T7kd0pEQoGEUrdfpjitnDbFCuuFV3AbJOvJxUIEdzUP7qD2OWRlwhk9SYnucm6GdUo2CSz0r91PCEsgkd8Z6likbc+Nni3Bm5sMqQhLG2pZAs1N8TGY2MmUaB7Ywojs2qNxf/83ophtd+JlSSIldsuShMJcGYzH8nQ6E5Qzm1hDIt7K2EjammDG1CJRuCt/ryOmlfVb1a9ea+Vmm4eRxFOINzuAQP6tCAO2hCCxhM4Ble4c1JnBfn3flYthacfOYU/sD5/AF2eY+e</latexit>

approx. posterior

=<latexit sha1_base64="7vdqzKm6L5K9DGnJMRyYxaSZnUQ=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoBeh4MVjC7YW2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0PBh7vzTAzL0gE18Z1v53C2vrG5lZxu7Szu7d/UD48aus4VQxbLBax6gRUo+ASW4YbgZ1EIY0CgQ/B+HbmPzyh0jyW92aSoB/RoeQhZ9RYqXnTL1fcqjsHWSVeTiqQo9Evf/UGMUsjlIYJqnXXcxPjZ1QZzgROS71UY0LZmA6xa6mkEWo/mx86JWdWGZAwVrakIXP190RGI60nUWA7I2pGetmbif953dSE137GZZIalGyxKEwFMTGZfU0GXCEzYmIJZYrbWwkbUUWZsdmUbAje8surpF2rehfVWvOyUnfzOIpwAqdwDh5cQR3uoAEtYIDwDK/w5jw6L86787FoLTj5zDH8gfP5A4ixjLM=</latexit> ⇥
<latexit sha1_base64="0QSvAW1rxwYRhX2g/UYY4OR94mk=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hd0o6DHgxWME84BkCbOT2WTM7Mwy0yuEkH/w4kERr/6PN//GSbIHTSxoKKq66e6KUiks+v63t7a+sbm1Xdgp7u7tHxyWjo6bVmeG8QbTUpt2RC2XQvEGCpS8nRpOk0jyVjS6nfmtJ26s0OoBxykPEzpQIhaMopOaXRQJt71S2a/4c5BVEuSkDDnqvdJXt69ZlnCFTFJrO4GfYjihBgWTfFrsZpanlI3ogHccVdQtCSfza6fk3Cl9EmvjSiGZq78nJjSxdpxErjOhOLTL3kz8z+tkGN+EE6HSDLlii0VxJglqMnud9IXhDOXYEcqMcLcSNqSGMnQBFV0IwfLLq6RZrQSXler9Vbnm53EU4BTO4AICuIYa3EEdGsDgEZ7hFd487b14797HonXNy2dO4A+8zx+yD48m</latexit>

Y

<latexit sha1_base64="RLfK3W5QkWz+F2nuAa4nc5urOCY=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN4KXjy2YFulDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjto5TxbDFYhGr+4BqFFxiy3Aj8D5RSKNAYCcY38z8zhMqzWN5ZyYJ+hEdSh5yRo2Vmg/9csWtunOQVeLlpAI5Gv3yV28QszRCaZigWnc9NzF+RpXhTOC01Es1JpSN6RC7lkoaofaz+aFTcmaVAQljZUsaMld/T2Q00noSBbYzomakl72Z+J/XTU145WdcJqlByRaLwlQQE5PZ12TAFTIjJpZQpri9lbARVZQZm03JhuAtv7xK2hdVr1a9btYqdTePowgncArn4MEl1OEWGtACBgjP8ApvzqPz4rw7H4vWgpPPHMMfOJ8/tbOM1w==</latexit>

⇥
<latexit sha1_base64="0QSvAW1rxwYRhX2g/UYY4OR94mk=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hd0o6DHgxWME84BkCbOT2WTM7Mwy0yuEkH/w4kERr/6PN//GSbIHTSxoKKq66e6KUiks+v63t7a+sbm1Xdgp7u7tHxyWjo6bVmeG8QbTUpt2RC2XQvEGCpS8nRpOk0jyVjS6nfmtJ26s0OoBxykPEzpQIhaMopOaXRQJt71S2a/4c5BVEuSkDDnqvdJXt69ZlnCFTFJrO4GfYjihBgWTfFrsZpanlI3ogHccVdQtCSfza6fk3Cl9EmvjSiGZq78nJjSxdpxErjOhOLTL3kz8z+tkGN+EE6HSDLlii0VxJglqMnud9IXhDOXYEcqMcLcSNqSGMnQBFV0IwfLLq6RZrQSXler9Vbnm53EU4BTO4AICuIYa3EEdGsDgEZ7hFd487b14797HonXNy2dO4A+8zx+yD48m</latexit>

X

<latexit sha1_base64="+5w+Hi1xTRlI+sJVVJj9NQJcoig=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN4KXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ylsbG5t7xR3S3v7B4dH5eOTto5TxbDFYhGrbkA1Ci6xZbgR2E0U0igQ2Akmd3O/84RK81g+mGmCfkRHkoecUWOlZndQrrhVdwGyTrycVCBHY1D+6g9jlkYoDRNU657nJsbPqDKcCZyV+qnGhLIJHWHPUkkj1H62OHRGLqwyJGGsbElDFurviYxGWk+jwHZG1Iz1qjcX//N6qQlv/IzLJDUo2XJRmApiYjL/mgy5QmbE1BLKFLe3EjamijJjsynZELzVl9dJ+6rq1aq3zVql7uZxFOEMzuESPLiGOtxDA1rAAOEZXuHNeXRenHfnY9lacPKZU/gD5/MHtC+M1g==</latexit>

S

<latexit sha1_base64="VXCWFNY04fSoSHHZHofX6nESUMY=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN4KXjy2aGuhDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjto5TxbDFYhGrTkA1Ci6xZbgR2EkU0igQ+BCMb2b+wxMqzWN5byYJ+hEdSh5yRo2Vmnf9csWtunOQVeLlpAI5Gv3yV28QszRCaZigWnc9NzF+RpXhTOC01Es1JpSN6RC7lkoaofaz+aFTcmaVAQljZUsaMld/T2Q00noSBbYzomakl72Z+J/XTU145WdcJqlByRaLwlQQE5PZ12TAFTIjJpZQpri9lbARVZQZm03JhuAtv7xK2hdVr1a9btYqdTePowgncArn4MEl1OEWGtACBgjP8ApvzqPz4rw7H4vWgpPPHMMfOJ8/rJuM0Q==</latexit>

W̃

<latexit sha1_base64="D4//Balr65FNN0mVTR845/zFlaE=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG8FLx4r2A9pQ9lsNu3SzSbsToQS+iu8eFDEqz/Hm//GbZuDtj4YeLw3w8y8IJXCoOt+O6W19Y3NrfJ2ZWd3b/+genjUNkmmGW+xRCa6G1DDpVC8hQIl76aa0ziQvBOMb2d+54lrIxL1gJOU+zEdKhEJRtFKj30UMuR5Zzqo1ty6OwdZJV5BalCgOah+9cOEZTFXyCQ1pue5Kfo51SiY5NNKPzM8pWxMh7xnqaIxN34+P3hKzqwSkijRthSSufp7IqexMZM4sJ0xxZFZ9mbif14vw+jaz4VKM+SKLRZFmSSYkNn3JBSaM5QTSyjTwt5K2IhqytBmVLEheMsvr5L2Rd27rN/cX9YabhFHGU7gFM7BgytowB00oQUMYniGV3hztPPivDsfi9aSU8wcwx84nz8PrpCL</latexit>

M ⇥ P

<latexit sha1_base64="fdSWUxDX4Y+mxzAKYek1InWchgs=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiRSqO4KbtwIFewD2yCT6aQdOpmEmRuhhP6FGxeKuPVv3Pk3TtsstPXAhcM553IfQSKFQdf9dgpr6xubW8Xt0s7u3v5B+fCobeJUM95isYx1N6CGS6F4CwVK3k00p1EgeScYX8/8zhPXRsTqHicJ9yM6VCIUjKKVHm5JH0XEDWk+litu1Z2DrBIvJxXIYfNf/UHM0ogrZJIa0/PcBP2MahRM8mmpnxqeUDamQ96zVFE7xs/mG0/JmVUGJIy1LYVkrv7uyGhkzCQKbDKiODLL3kz8z+ulGF76mVBJilyxxaAwlQRjMjufDITmDOXEEsq0sLsSNqKaMrRPKtkneMsnr5L2RdWrVa/uapWGm7+jCCdwCufgQR0acANNaAEDBc/wCm+OcV6cd+djES04ec8x/IHz+QOgSJAz</latexit>

N ⇥ P

<latexit sha1_base64="nXT1KIkbJdZto3nqXnjSh5YD07o=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiRSqO4KblxJBfvANshkOmmHTiZh5kYooX/hxoUibv0bd/6N0zYLbT1w4XDOudxHkEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmzjVjLdYLGPdDajhUijeQoGSdxPNaRRI3gnG1zO/88S1EbG6x0nC/YgOlQgFo2ilh1vSRxFxQ5qP5Ypbdecgq8TLSQVy2PxXfxCzNOIKmaTG9Dw3QT+jGgWTfFrqp4YnlI3pkPcsVdSO8bP5xlNyZpUBCWNtSyGZq787MhoZM4kCm4wojsyyNxP/83ophpd+JlSSIldsMShMJcGYzM4nA6E5QzmxhDIt7K6EjaimDO2TSvYJ3vLJq6R9UfVq1au7WqXh5u8owgmcwjl4UIcG3EATWsBAwTO8wptjnBfn3flYRAtO3nMMf+B8/gCh1ZA0</latexit>

i.i.d.     -sparse⇢

<latexit sha1_base64="hEamZzzB/gtMnnOAHdvpJPoVN/o=">AAAB63icdVDLSsNAFJ3UV62vqks3g0VwFZK2tumu4MZlBfuANpTJdNIMncyEmYlQQn/BjQtF3PpD7vwbJ20FFT1w4XDOvdx7T5AwqrTjfFiFjc2t7Z3ibmlv/+DwqHx80lMilZh0sWBCDgKkCKOcdDXVjAwSSVAcMNIPZte5378nUlHB7/Q8IX6MppyGFCOdSyMZiXG54tiO16o1mtCx3Vq17uXEc6tXbgO6trNEBazRGZffRxOB05hwjRlSaug6ifYzJDXFjCxKo1SRBOEZmpKhoRzFRPnZ8tYFvDDKBIZCmuIaLtXvExmKlZrHgemMkY7Uby8X//KGqQ49P6M8STXheLUoTBnUAuaPwwmVBGs2NwRhSc2tEEdIIqxNPCUTwten8H/Sq9pu3W7d1ittZx1HEZyBc3AJXNAEbXADOqALMIjAA3gCz1ZsPVov1uuqtWCtZ07BD1hvn5OXjpI=</latexit>

X

<latexit sha1_base64="+5w+Hi1xTRlI+sJVVJj9NQJcoig=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN4KXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ylsbG5t7xR3S3v7B4dH5eOTto5TxbDFYhGrbkA1Ci6xZbgR2E0U0igQ2Akmd3O/84RK81g+mGmCfkRHkoecUWOlZndQrrhVdwGyTrycVCBHY1D+6g9jlkYoDRNU657nJsbPqDKcCZyV+qnGhLIJHWHPUkkj1H62OHRGLqwyJGGsbElDFurviYxGWk+jwHZG1Iz1qjcX//N6qQlv/IzLJDUo2XJRmApiYjL/mgy5QmbE1BLKFLe3EjamijJjsynZELzVl9dJ+6rq1aq3zVql7uZxFOEMzuESPLiGOtxDA1rAAOEZXuHNeXRenHfnY9lacPKZU/gD5/MHtC+M1g==</latexit>

output dim / input dim

↵ = M/N

<latexit sha1_base64="//bFs3ZoYQ8ZhRwc+RQLZYGB5pE=">AAAB9XicbVDLSgNBEOyNrxhfUY9eBoPgKe5KQD0IAS9elAjmAckaeiezyZDZBzOzSljyH148KOLVf/Hm3zhJ9qCJBQ1FVTfdXV4suNK2/W3llpZXVtfy64WNza3tneLuXkNFiaSsTiMRyZaHigkesrrmWrBWLBkGnmBNb3g18ZuPTCoehfd6FDM3wH7IfU5RG+mhgyIeILkkN+SE3HaLJbtsT0EWiZOREmSodYtfnV5Ek4CFmgpUqu3YsXZTlJpTwcaFTqJYjHSIfdY2NMSAKTedXj0mR0bpET+SpkJNpurviRQDpUaBZzoD1AM1703E/7x2ov1zN+VhnGgW0tkiPxFER2QSAelxyagWI0OQSm5uJXSAEqk2QRVMCM78y4ukcVp2KuWLu0qpamdx5OEADuEYHDiDKlxDDepAQcIzvMKb9WS9WO/Wx6w1Z2Uz+/AH1ucPGoeQ6Q==</latexit>

[1] Manoel et al. (2018). Streaming Bayesian inference: Theoretical limits and mini-batch approximate message-passing 
[2] Gabrié M. et al (2020), Blind calibration for compressed sensing: State evolution and an online algorithm



Perspectives for weight inference in deep NNs

Weight inference in hidden layers for the stat mech of deep learning 
(offline/batch and online/mini-batch)

▻ Perspective: Combine Cal-AMP in layers to infer structured weights in NNs  
(extensive number of hidden units!)

▻ Challenge: Back to the teacher-student scenario?  
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=<latexit sha1_base64="7vdqzKm6L5K9DGnJMRyYxaSZnUQ=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoBeh4MVjC7YW2lA220m7drMJuxuhhP4CLx4U8epP8ua/cdvmoK0PBh7vzTAzL0gE18Z1v53C2vrG5lZxu7Szu7d/UD48aus4VQxbLBax6gRUo+ASW4YbgZ1EIY0CgQ/B+HbmPzyh0jyW92aSoB/RoeQhZ9RYqXnTL1fcqjsHWSVeTiqQo9Evf/UGMUsjlIYJqnXXcxPjZ1QZzgROS71UY0LZmA6xa6mkEWo/mx86JWdWGZAwVrakIXP190RGI60nUWA7I2pGetmbif953dSE137GZZIalGyxKEwFMTGZfU0GXCEzYmIJZYrbWwkbUUWZsdmUbAje8surpF2rehfVWvOyUnfzOIpwAqdwDh5cQR3uoAEtYIDwDK/w5jw6L86787FoLTj5zDH8gfP5A4ixjLM=</latexit> ⇥
<latexit sha1_base64="0QSvAW1rxwYRhX2g/UYY4OR94mk=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hd0o6DHgxWME84BkCbOT2WTM7Mwy0yuEkH/w4kERr/6PN//GSbIHTSxoKKq66e6KUiks+v63t7a+sbm1Xdgp7u7tHxyWjo6bVmeG8QbTUpt2RC2XQvEGCpS8nRpOk0jyVjS6nfmtJ26s0OoBxykPEzpQIhaMopOaXRQJt71S2a/4c5BVEuSkDDnqvdJXt69ZlnCFTFJrO4GfYjihBgWTfFrsZpanlI3ogHccVdQtCSfza6fk3Cl9EmvjSiGZq78nJjSxdpxErjOhOLTL3kz8z+tkGN+EE6HSDLlii0VxJglqMnud9IXhDOXYEcqMcLcSNqSGMnQBFV0IwfLLq6RZrQSXler9Vbnm53EU4BTO4AICuIYa3EEdGsDgEZ7hFd487b14797HonXNy2dO4A+8zx+yD48m</latexit>

Y

<latexit sha1_base64="RLfK3W5QkWz+F2nuAa4nc5urOCY=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN4KXjy2YFulDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjto5TxbDFYhGr+4BqFFxiy3Aj8D5RSKNAYCcY38z8zhMqzWN5ZyYJ+hEdSh5yRo2Vmg/9csWtunOQVeLlpAI5Gv3yV28QszRCaZigWnc9NzF+RpXhTOC01Es1JpSN6RC7lkoaofaz+aFTcmaVAQljZUsaMld/T2Q00noSBbYzomakl72Z+J/XTU145WdcJqlByRaLwlQQE5PZ12TAFTIjJpZQpri9lbARVZQZm03JhuAtv7xK2hdVr1a9btYqdTePowgncArn4MEl1OEWGtACBgjP8ApvzqPz4rw7H4vWgpPPHMMfOJ8/tbOM1w==</latexit>

⇥
<latexit sha1_base64="0QSvAW1rxwYRhX2g/UYY4OR94mk=">AAAB7XicbVDLSgNBEOz1GeMr6tHLYBA8hd0o6DHgxWME84BkCbOT2WTM7Mwy0yuEkH/w4kERr/6PN//GSbIHTSxoKKq66e6KUiks+v63t7a+sbm1Xdgp7u7tHxyWjo6bVmeG8QbTUpt2RC2XQvEGCpS8nRpOk0jyVjS6nfmtJ26s0OoBxykPEzpQIhaMopOaXRQJt71S2a/4c5BVEuSkDDnqvdJXt69ZlnCFTFJrO4GfYjihBgWTfFrsZpanlI3ogHccVdQtCSfza6fk3Cl9EmvjSiGZq78nJjSxdpxErjOhOLTL3kz8z+tkGN+EE6HSDLlii0VxJglqMnud9IXhDOXYEcqMcLcSNqSGMnQBFV0IwfLLq6RZrQSXler9Vbnm53EU4BTO4AICuIYa3EEdGsDgEZ7hFd487b14797HonXNy2dO4A+8zx+yD48m</latexit>

f⇠
⇣ ⌘

<latexit sha1_base64="Lr2VJgLIFVO7OCntV8lIy7EsrzA=">AAACI3icfVC7TsMwFHV4lvIKMLJYVEhlqRJUiddSwcJYJPqQmihyXKe16jip7SCqqP/Cwq+wMIAqFgb+BTfNAC3iyNY9Ovdc2ff4MaNSWdansbS8srq2Xtgobm5t7+yae/tNGSUCkwaOWCTaPpKEUU4aiipG2rEgKPQZafmDm2m/9UCEpBG/V6OYuCHqcRpQjJSWPPMy8JxHCp1r2itDZzhMUPf/cpUdbT/xzJJVsTLARWLnpARy1D1z4nQjnISEK8yQlB3bipWbIqEoZmRcdBJJYoQHqEc6mnIUEumm2Y5jeKyVLgwioS9XMFN/TqQolHIU+toZItWX872p+Fevk6jg3E0pjxNFOJ49FCQMqghOA4NdKghWbKQJwoLqv0LcRwJhpWMt6hDs+ZUXSfO0YlcrF3fVUq2ax1EAh+AIlIENzkAN3II6aAAMnsALeAPvxrPxakyMj5l1ychnDsAvGF/fSAKiwg==</latexit>

X

<latexit sha1_base64="+5w+Hi1xTRlI+sJVVJj9NQJcoig=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN4KXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ylsbG5t7xR3S3v7B4dH5eOTto5TxbDFYhGrbkA1Ci6xZbgR2E0U0igQ2Akmd3O/84RK81g+mGmCfkRHkoecUWOlZndQrrhVdwGyTrycVCBHY1D+6g9jlkYoDRNU657nJsbPqDKcCZyV+qnGhLIJHWHPUkkj1H62OHRGLqwyJGGsbElDFurviYxGWk+jwHZG1Iz1qjcX//N6qQlv/IzLJDUo2XJRmApiYjL/mgy5QmbE1BLKFLe3EjamijJjsynZELzVl9dJ+6rq1aq3zVql7uZxFOEMzuESPLiGOtxDA1rAAOEZXuHNeXRenHfnY9lacPKZU/gD5/MHtC+M1g==</latexit>

S

<latexit sha1_base64="VXCWFNY04fSoSHHZHofX6nESUMY=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN4KXjy2aGuhDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjto5TxbDFYhGrTkA1Ci6xZbgR2EkU0igQ+BCMb2b+wxMqzWN5byYJ+hEdSh5yRo2Vmnf9csWtunOQVeLlpAI5Gv3yV28QszRCaZigWnc9NzF+RpXhTOC01Es1JpSN6RC7lkoaofaz+aFTcmaVAQljZUsaMld/T2Q00noSBbYzomakl72Z+J/XTU145WdcJqlByRaLwlQQE5PZ12TAFTIjJpZQpri9lbARVZQZm03JhuAtv7xK2hdVr1a9btYqdTePowgncArn4MEl1OEWGtACBgjP8ApvzqPz4rw7H4vWgpPPHMMfOJ8/rJuM0Q==</latexit>

W̃

<latexit sha1_base64="D4//Balr65FNN0mVTR845/zFlaE=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG8FLx4r2A9pQ9lsNu3SzSbsToQS+iu8eFDEqz/Hm//GbZuDtj4YeLw3w8y8IJXCoOt+O6W19Y3NrfJ2ZWd3b/+genjUNkmmGW+xRCa6G1DDpVC8hQIl76aa0ziQvBOMb2d+54lrIxL1gJOU+zEdKhEJRtFKj30UMuR5Zzqo1ty6OwdZJV5BalCgOah+9cOEZTFXyCQ1pue5Kfo51SiY5NNKPzM8pWxMh7xnqaIxN34+P3hKzqwSkijRthSSufp7IqexMZM4sJ0xxZFZ9mbif14vw+jaz4VKM+SKLRZFmSSYkNn3JBSaM5QTSyjTwt5K2IhqytBmVLEheMsvr5L2Rd27rN/cX9YabhFHGU7gFM7BgytowB00oQUMYniGV3hztPPivDsfi9aSU8wcwx84nz8PrpCL</latexit>

X

<latexit sha1_base64="+5w+Hi1xTRlI+sJVVJj9NQJcoig=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN4KXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ylsbG5t7xR3S3v7B4dH5eOTto5TxbDFYhGrbkA1Ci6xZbgR2E0U0igQ2Akmd3O/84RK81g+mGmCfkRHkoecUWOlZndQrrhVdwGyTrycVCBHY1D+6g9jlkYoDRNU657nJsbPqDKcCZyV+qnGhLIJHWHPUkkj1H62OHRGLqwyJGGsbElDFurviYxGWk+jwHZG1Iz1qjcX//N6qQlv/IzLJDUo2XJRmApiYjL/mgy5QmbE1BLKFLe3EjamijJjsynZELzVl9dJ+6rq1aq3zVql7uZxFOEMzuESPLiGOtxDA1rAAOEZXuHNeXRenHfnY9lacPKZU/gD5/MHtC+M1g==</latexit>

known

Z

<latexit sha1_base64="fzT+UIHx3TRn6gQCdGJS162Xosk=">AAAB6HicdVDLSgNBEJyNrxhfUY9eBoPgKcwEMckt4MVjAuaByRJmJ73JmNkHM7NCWPIFXjwo4tVP8ubfOJtEUNGChqKqm+4uL5ZCG0I+nNza+sbmVn67sLO7t39QPDzq6ChRHNo8kpHqeUyDFCG0jTASerECFngSut70KvO796C0iMIbM4vBDdg4FL7gzFipdTsslkiZEEIpxRmh1UtiSb1eq9AappllUUIrNIfF98Eo4kkAoeGSad2nJDZuypQRXMK8MEg0xIxP2Rj6loYsAO2mi0Pn+MwqI+xHylZo8EL9PpGyQOtZ4NnOgJmJ/u1l4l9ePzF+zU1FGCcGQr5c5CcSmwhnX+ORUMCNnFnCuBL2VswnTDFubDYFG8LXp/h/0qmU6UW53rooNcgqjjw6QafoHFFURQ10jZqojTgC9ICe0LNz5zw6L87rsjXnrGaO0Q84b58EPI0O</latexit>

Y

<latexit sha1_base64="RLfK3W5QkWz+F2nuAa4nc5urOCY=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoN4KXjy2YFulDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjto5TxbDFYhGr+4BqFFxiy3Aj8D5RSKNAYCcY38z8zhMqzWN5ZyYJ+hEdSh5yRo2Vmg/9csWtunOQVeLlpAI5Gv3yV28QszRCaZigWnc9NzF+RpXhTOC01Es1JpSN6RC7lkoaofaz+aFTcmaVAQljZUsaMld/T2Q00noSBbYzomakl72Z+J/XTU145WdcJqlByRaLwlQQE5PZ12TAFTIjJpZQpri9lbARVZQZm03JhuAtv7xK2hdVr1a9btYqdTePowgncArn4MEl1OEWGtACBgjP8ApvzqPz4rw7H4vWgpPPHMMfOJ8/tbOM1w==</latexit>

known

W1

<latexit sha1_base64="hCXUKOEh6jkv5OZY6ERQcb8WJKU=">AAAB6nicdVBNSwMxEJ31s9avqkcvwSJ4Kkkptr0VvHisaD+gXUo2TdvQbHZJskJZ+hO8eFDEq7/Im//GbFtBRR8MPN6bYWZeEEthLMYf3tr6xubWdm4nv7u3f3BYODpumyjRjLdYJCPdDajhUijessJK3o01p2EgeSeYXmV+555rIyJ1Z2cx90M6VmIkGLVOuu0MyKBQxCWMMSEEZYRUL7Ej9XqtTGqIZJZDEVZoDgrv/WHEkpAryyQ1pkdwbP2UaiuY5PN8PzE8pmxKx7znqKIhN366OHWOzp0yRKNIu1IWLdTvEykNjZmFgesMqZ2Y314m/uX1Ejuq+alQcWK5YstFo0QiG6HsbzQUmjMrZ45QpoW7FbEJ1ZRZl07ehfD1KfqftMslUinVbyrFBl7FkYNTOIMLIFCFBlxDE1rAYAwP8ATPnvQevRfvddm65q1mTuAHvLdPJNaNrw==</latexit>

W2

<latexit sha1_base64="FOl+lnnE5ZaiZvLZD/mxV+GHYAI=">AAAB6nicdVBNSwMxEJ31s9avqkcvwSJ4Kkkptr0VvHisaD+gXUo2TdvQbHZJskJZ+hO8eFDEq7/Im//GbFtBRR8MPN6bYWZeEEthLMYf3tr6xubWdm4nv7u3f3BYODpumyjRjLdYJCPdDajhUijessJK3o01p2EgeSeYXmV+555rIyJ1Z2cx90M6VmIkGLVOuu0MyoNCEZcwxoQQlBFSvcSO1Ou1MqkhklkORVihOSi894cRS0KuLJPUmB7BsfVTqq1gks/z/cTwmLIpHfOeo4qG3Pjp4tQ5OnfKEI0i7UpZtFC/T6Q0NGYWBq4zpHZifnuZ+JfXS+yo5qdCxYnlii0XjRKJbISyv9FQaM6snDlCmRbuVsQmVFNmXTp5F8LXp+h/0i6XSKVUv6kUG3gVRw5O4QwugEAVGnANTWgBgzE8wBM8e9J79F6812XrmreaOYEf8N4+ASZajbA=</latexit>



Perspectives for mean-field methods for inference 
and information/computational thresholds

▻ More and more complex matrix ensembles (weights, data)

▻ Combining solutions to more complex models

▻ Great open source package for algorithms 

Tutorial review:
Gabrié (2020), Mean field inference methods for neural networks – arXiv/1911.00890

Software: 
Baker et al (2020), Compositional Inference with Tree Approximate Message Passing
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Thank you!
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