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Sensor scheduling problem

Sensors

Athans - Automatica 1972
Joshi & Boyd - IEEE TSP 2009

communication  
constraint

Choose k out of n sensors such that
the expected distortion between W and Ŵ is minimized

Mo, Ambrosino & Sinopoli - Automatica 2011
Moon & Basar - IEEE TSP 2017

Wireless
Network
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Scheduler
Fusion
Centerk < n
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W ŴU

<latexit sha1_base64="5JwpZisM02e2xqt0XD1NlThqcE4=">AAAB8XicbVBNS8NAFHypX7V+VT16CRbBU0lEsN4KXjxWMFpoQ9lsN+3SzW7YfRFK6M/w4kHFq//Gm//GTZuDtg4sDDPvsfMmSgU36HnfTmVtfWNzq7pd29nd2z+oHx49GJVpygKqhNLdiBgmuGQBchSsm2pGkkiwx2hyU/iPT0wbruQ9TlMWJmQkecwpQSv1+gnBMSUiD2aDesNrenO4q8QvSQNKdAb1r/5Q0SxhEqkgxvR8L8UwJxo5FWxW62eGpYROyIj1LJUkYSbM55Fn7plVhm6stH0S3bn6eyMniTHTJLKTRUSz7BXif14vw7gV5lymGTJJFx/FmXBRucX97pBrRlFMLSFUc5vVpWOiCUXbUs2W4C+fvEqCi+Z107u7bLRbZRtVOIFTOAcfrqANt9CBACgoeIZXeHPQeXHenY/FaMUpd47hD5zPH/WgkTQ=</latexit><latexit sha1_base64="5JwpZisM02e2xqt0XD1NlThqcE4=">AAAB8XicbVBNS8NAFHypX7V+VT16CRbBU0lEsN4KXjxWMFpoQ9lsN+3SzW7YfRFK6M/w4kHFq//Gm//GTZuDtg4sDDPvsfMmSgU36HnfTmVtfWNzq7pd29nd2z+oHx49GJVpygKqhNLdiBgmuGQBchSsm2pGkkiwx2hyU/iPT0wbruQ9TlMWJmQkecwpQSv1+gnBMSUiD2aDesNrenO4q8QvSQNKdAb1r/5Q0SxhEqkgxvR8L8UwJxo5FWxW62eGpYROyIj1LJUkYSbM55Fn7plVhm6stH0S3bn6eyMniTHTJLKTRUSz7BXif14vw7gV5lymGTJJFx/FmXBRucX97pBrRlFMLSFUc5vVpWOiCUXbUs2W4C+fvEqCi+Z107u7bLRbZRtVOIFTOAcfrqANt9CBACgoeIZXeHPQeXHenY/FaMUpd47hD5zPH/WgkTQ=</latexit><latexit sha1_base64="5JwpZisM02e2xqt0XD1NlThqcE4=">AAAB8XicbVBNS8NAFHypX7V+VT16CRbBU0lEsN4KXjxWMFpoQ9lsN+3SzW7YfRFK6M/w4kHFq//Gm//GTZuDtg4sDDPvsfMmSgU36HnfTmVtfWNzq7pd29nd2z+oHx49GJVpygKqhNLdiBgmuGQBchSsm2pGkkiwx2hyU/iPT0wbruQ9TlMWJmQkecwpQSv1+gnBMSUiD2aDesNrenO4q8QvSQNKdAb1r/5Q0SxhEqkgxvR8L8UwJxo5FWxW62eGpYROyIj1LJUkYSbM55Fn7plVhm6stH0S3bn6eyMniTHTJLKTRUSz7BXif14vw7gV5lymGTJJFx/FmXBRucX97pBrRlFMLSFUc5vVpWOiCUXbUs2W4C+fvEqCi+Z107u7bLRbZRtVOIFTOAcfrqANt9CBACgoeIZXeHPQeXHenY/FaMUpd47hD5zPH/WgkTQ=</latexit>

E
<latexit sha1_base64="eRsLkzdn0/gpJGXjRxqFD5tNuas=">AAAB8XicbVBNSwMxFMzWr1q/qh69BIvgqeyKYL0VRPBYwbWF7VKyabYNzSZL8lYoS3+GFw8qXv033vw3Zts9aOtAYJh5j8ybKBXcgOt+O5W19Y3Nrep2bWd3b/+gfnj0aFSmKfOpEkr3ImKY4JL5wEGwXqoZSSLButHkpvC7T0wbruQDTFMWJmQkecwpASsF/YTAmBKR384G9YbbdOfAq8QrSQOV6AzqX/2holnCJFBBjAk8N4UwJxo4FWxW62eGpYROyIgFlkqSMBPm88gzfGaVIY6Vtk8Cnqu/N3KSGDNNIjtZRDTLXiH+5wUZxK0w5zLNgEm6+CjOBAaFi/vxkGtGQUwtIVRzmxXTMdGEgm2pZkvwlk9eJf5F87rp3l822q2yjSo6QafoHHnoCrXRHeogH1Gk0DN6RW8OOC/Ou/OxGK045c4x+gPn8wfdYJEk</latexit><latexit sha1_base64="eRsLkzdn0/gpJGXjRxqFD5tNuas=">AAAB8XicbVBNSwMxFMzWr1q/qh69BIvgqeyKYL0VRPBYwbWF7VKyabYNzSZL8lYoS3+GFw8qXv033vw3Zts9aOtAYJh5j8ybKBXcgOt+O5W19Y3Nrep2bWd3b/+gfnj0aFSmKfOpEkr3ImKY4JL5wEGwXqoZSSLButHkpvC7T0wbruQDTFMWJmQkecwpASsF/YTAmBKR384G9YbbdOfAq8QrSQOV6AzqX/2holnCJFBBjAk8N4UwJxo4FWxW62eGpYROyIgFlkqSMBPm88gzfGaVIY6Vtk8Cnqu/N3KSGDNNIjtZRDTLXiH+5wUZxK0w5zLNgEm6+CjOBAaFi/vxkGtGQUwtIVRzmxXTMdGEgm2pZkvwlk9eJf5F87rp3l822q2yjSo6QafoHHnoCrXRHeogH1Gk0DN6RW8OOC/Ou/OxGK045c4x+gPn8wfdYJEk</latexit><latexit sha1_base64="eRsLkzdn0/gpJGXjRxqFD5tNuas=">AAAB8XicbVBNSwMxFMzWr1q/qh69BIvgqeyKYL0VRPBYwbWF7VKyabYNzSZL8lYoS3+GFw8qXv033vw3Zts9aOtAYJh5j8ybKBXcgOt+O5W19Y3Nrep2bWd3b/+gfnj0aFSmKfOpEkr3ImKY4JL5wEGwXqoZSSLButHkpvC7T0wbruQDTFMWJmQkecwpASsF/YTAmBKR384G9YbbdOfAq8QrSQOV6AzqX/2holnCJFBBjAk8N4UwJxo4FWxW62eGpYROyIgFlkqSMBPm88gzfGaVIY6Vtk8Cnqu/N3KSGDNNIjtZRDTLXiH+5wUZxK0w5zLNgEm6+CjOBAaFi/vxkGtGQUwtIVRzmxXTMdGEgm2pZkvwlk9eJf5F87rp3l822q2yjSo6QafoHHnoCrXRHeogH1Gk0DN6RW8OOC/Ou/OxGK045c4x+gPn8wfdYJEk</latexit>
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Wireless
network

X1
<latexit sha1_base64="+p0/I/qV/YsO/+Ay7VJue6QvF6g=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqYI8FLx4r2g9oQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJaPZpqgH9GR5CFn1FjpoTvwBuWKW3UXIOvEy0kFcjQH5a/+MGZphNIwQbXueW5i/Iwqw5nAWamfakwom9AR9iyVNELtZ4tTZ+TCKkMSxsqWNGSh/p7IaKT1NApsZ0TNWK96c/E/r5easO5nXCapQcmWi8JUEBOT+d9kyBUyI6aWUKa4vZWwMVWUGZtOyYbgrb68Ttq1qndVrd1fVxr1PI4inME5XIIHN9CAO2hCCxiM4Ble4c0Rzovz7nwsWwtOPnMKf+B8/gDZLY16</latexit>

X2
<latexit sha1_base64="79dryFiIv5RCsVtWCoKDjxJQ2As=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqYI8FLx4r2g9oQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1iNOE+xEdKREKRtFKD91BbVCuuFV3AbJOvJxUIEdzUP7qD2OWRlwhk9SYnucm6GdUo2CSz0r91PCEsgkd8Z6likbc+Nni1Bm5sMqQhLG2pZAs1N8TGY2MmUaB7Ywojs2qNxf/83ophnU/EypJkSu2XBSmkmBM5n+TodCcoZxaQpkW9lbCxlRThjadkg3BW315nbRrVe+qWru/rjTqeRxFOINzuAQPbqABd9CEFjAYwTO8wpsjnRfn3flYthacfOYU/sD5/AHasY17</latexit>

X3
<latexit sha1_base64="+LFhyLypjze9oUXatFZwrysrcSc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lawR4LXjxWtLXQhrLZbtqlm03YnQgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgobm1vbO8Xd0t7+weFR+fikY+JUM95msYx1N6CGS6F4GwVK3k00p1Eg+WMwuZn7j09cGxGrB5wm3I/oSIlQMIpWuu8O6oNyxa26C5B14uWkAjlag/JXfxizNOIKmaTG9Dw3QT+jGgWTfFbqp4YnlE3oiPcsVTTixs8Wp87IhVWGJIy1LYVkof6eyGhkzDQKbGdEcWxWvbn4n9dLMWz4mVBJilyx5aIwlQRjMv+bDIXmDOXUEsq0sLcSNqaaMrTplGwI3urL66RTq3r1au3uqtJs5HEU4QzO4RI8uIYm3EIL2sBgBM/wCm+OdF6cd+dj2Vpw8plT+APn8wfcNY18</latexit>

X4
<latexit sha1_base64="P+RzQKqtFlP21/zysKgMsSFgNcc=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4Kkkt2GPBi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSKQw6Lrfzsbm1vbObmGvuH9weHRcOjltmzjVjLdYLGPdDajhUijeQoGSdxPNaRRI3gkmt3O/88S1EbF6xGnC/YiOlAgFo2ilh+6gNiiV3Yq7AFknXk7KkKM5KH31hzFLI66QSWpMz3MT9DOqUTDJZ8V+anhC2YSOeM9SRSNu/Gxx6oxcWmVIwljbUkgW6u+JjEbGTKPAdkYUx2bVm4v/eb0Uw7qfCZWkyBVbLgpTSTAm87/JUGjOUE4toUwLeythY6opQ5tO0Ybgrb68TtrVinddqd7Xyo16HkcBzuECrsCDG2jAHTShBQxG8Ayv8OZI58V5dz6WrRtOPnMGf+B8/gDduY19</latexit>

XU
<latexit sha1_base64="KxR9p2Kv0v5UuG/wV64w1J7DANM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqYI8FLx4r2g9oQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1iNOE+xEdKREKRtFKD91Ba1CuuFV3AbJOvJxUIEdzUP7qD2OWRlwhk9SYnucm6GdUo2CSz0r91PCEsgkd8Z6likbc+Nni1Bm5sMqQhLG2pZAs1N8TGY2MmUaB7Ywojs2qNxf/83ophnU/EypJkSu2XBSmkmBM5n+TodCcoZxaQpkW9lbCxlRThjadkg3BW315nbRrVe+qWru/rjTqeRxFOINzuAQPbqABd9CEFjAYwTO8wpsjnRfn3flYthacfOYU/sD5/AEPzI2e</latexit>

XU
<latexit sha1_base64="KxR9p2Kv0v5UuG/wV64w1J7DANM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqYI8FLx4r2g9oQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1iNOE+xEdKREKRtFKD91Ba1CuuFV3AbJOvJxUIEdzUP7qD2OWRlwhk9SYnucm6GdUo2CSz0r91PCEsgkd8Z6likbc+Nni1Bm5sMqQhLG2pZAs1N8TGY2MmUaB7Ywojs2qNxf/83ophnU/EypJkSu2XBSmkmBM5n+TodCcoZxaQpkW9lbCxlRThjadkg3BW315nbRrVe+qWru/rjTqeRxFOINzuAQPbqABd9CEFjAYwTO8wpsjnRfn3flYthacfOYU/sD5/AEPzI2e</latexit>

⇥
X̂1, X̂2, X̂3, X̂4

⇤
<latexit sha1_base64="UzCRiYeyOYF7l8hVxkF9IW7JohU=">AAACLHicbZDLSgMxFIYzXmu9jbp0EyyCCykzbcEuC924rGAv0ClDJj1tQzOZIcmIZegDufFVBHFhEbc+h+nFoq0/BD7+cw455w9izpR2nIm1sbm1vbOb2cvuHxweHdsnpw0VJZJCnUY8kq2AKOBMQF0zzaEVSyBhwKEZDKvTevMBpGKRuNejGDoh6QvWY5RoY/l21Qugz0QahERL9jj2BkSnrbHvXv9QYUnFJZU8EN3ljG/nnLwzE14HdwE5tFDNt1+9bkSTEISmnCjVdp1Yd1IiNaMcxlkvURATOiR9aBsUJATVSWfHjvGlcbq4F0nzhMYz9/dESkKlRmFgOs1+A7Vam5r/1dqJ7pU7KRNxokHQ+Ue9hGMd4WlyuMskUM1HBgiVzOyK6YBIQrXJN2tCcFdPXodGIe8W84W7Uq5SXsSRQefoAl0hF92gCrpFNVRHFD2hF/SOJtaz9WZ9WJ/z1g1rMXOG/sj6+gZvGamD</latexit>

Diagnosis
or

Feedback

Body area networks

System coupling sensors on people and wireless networks 

1. Data heterogeneity
2. Communication constraints

3. Energy constraints

Design challenges
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Simplest case: two sensors

Scheduling
policy  

Estimation
policy  

X1

X2

U E

X̂1

X̂2

�
X1 or X2

Scheduler
<latexit sha1_base64="gE3hinBMVWKQEYjTmMu5yotPvOM=">AAAB73icbVBNT8JAEJ36ifiFevSykZh4Ii0X8UbixSNGKxhoyHY7hQ3bbbO7NSGEX+HFgxqv/h1v/hsX6EHBl0zy8t5MZuaFmeDauO63s7a+sbm1Xdop7+7tHxxWjo4fdJorhj5LRao6IdUouETfcCOwkymkSSiwHY6uZ377CZXmqbw34wyDhA4kjzmjxkqPd2yIUS5Q9StVt+bOQVaJV5AqFGj1K1+9KGV5gtIwQbXuem5mgglVhjOB03Iv15hRNqID7FoqaYI6mMwPnpJzq0QkTpUtachc/T0xoYnW4yS0nQk1Q73szcT/vG5u4kYw4TLLDUq2WBTngpiUzL4nEVfIjBhbQpni9lbChlRRZmxGZRuCt/zyKvHrtauae1uvNhtFGiU4hTO4AA8uoQk30AIfGCTwDK/w5ijnxXl3Phata04xcwJ/4Hz+AEoskDo=</latexit><latexit sha1_base64="gE3hinBMVWKQEYjTmMu5yotPvOM=">AAAB73icbVBNT8JAEJ36ifiFevSykZh4Ii0X8UbixSNGKxhoyHY7hQ3bbbO7NSGEX+HFgxqv/h1v/hsX6EHBl0zy8t5MZuaFmeDauO63s7a+sbm1Xdop7+7tHxxWjo4fdJorhj5LRao6IdUouETfcCOwkymkSSiwHY6uZ377CZXmqbw34wyDhA4kjzmjxkqPd2yIUS5Q9StVt+bOQVaJV5AqFGj1K1+9KGV5gtIwQbXuem5mgglVhjOB03Iv15hRNqID7FoqaYI6mMwPnpJzq0QkTpUtachc/T0xoYnW4yS0nQk1Q73szcT/vG5u4kYw4TLLDUq2WBTngpiUzL4nEVfIjBhbQpni9lbChlRRZmxGZRuCt/zyKvHrtauae1uvNhtFGiU4hTO4AA8uoQk30AIfGCTwDK/w5ijnxXl3Phata04xcwJ/4Hz+AEoskDo=</latexit><latexit sha1_base64="gE3hinBMVWKQEYjTmMu5yotPvOM=">AAAB73icbVBNT8JAEJ36ifiFevSykZh4Ii0X8UbixSNGKxhoyHY7hQ3bbbO7NSGEX+HFgxqv/h1v/hsX6EHBl0zy8t5MZuaFmeDauO63s7a+sbm1Xdop7+7tHxxWjo4fdJorhj5LRao6IdUouETfcCOwkymkSSiwHY6uZ377CZXmqbw34wyDhA4kjzmjxkqPd2yIUS5Q9StVt+bOQVaJV5AqFGj1K1+9KGV5gtIwQbXuem5mgglVhjOB03Iv15hRNqID7FoqaYI6mMwPnpJzq0QkTpUtachc/T0xoYnW4yS0nQk1Q73szcT/vG5u4kYw4TLLDUq2WBTngpiUzL4nEVfIjBhbQpni9lbChlRRZmxGZRuCt/zyKvHrtauae1uvNhtFGiU4hTO4AA8uoQk30AIfGCTwDK/w5ijnxXl3Phata04xcwJ/4Hz+AEoskDo=</latexit>

Remote
Estimator

<latexit sha1_base64="HDo+DS5UxX2ZBX3sbtkd5mY5N9U=">AAACBXicbVBNS8NAEN3Urxq/oh5FCBbBU0l7sd4KInisYmyhCWWznbRLN7thdyOU0JMX/4oXDype/Q/e/Ddu2xy09cHC472Z2ZkXpYwq7XnfVmlldW19o7xpb23v7O45+wf3SmSSgE8EE7ITYQWMcvA11Qw6qQScRAza0ehy6rcfQCoq+J0epxAmeMBpTAnWRuo5xwEBrkFSPrBvIREagsC+UpomWAvZcype1ZvBXSa1glRQgVbP+Qr6gmSJmUkYVqpb81Id5lhqShhM7CBTkGIywgPoGspxAirMZ2dM3FOj9N1YSPO4dmfq744cJ0qNk8hUmu2GatGbiv953UzHjTCnPM00cDL/KM6Yq4U7zcTtUwlEs7EhmEhqdnXJEEtMTDDKNiHUFk9eJn69elH1buqVZqNIo4yO0Ak6QzV0jproGrWQjwh6RM/oFb1ZT9aL9W59zEtLVtFziP7A+vwBbPqYnw==</latexit><latexit sha1_base64="HDo+DS5UxX2ZBX3sbtkd5mY5N9U=">AAACBXicbVBNS8NAEN3Urxq/oh5FCBbBU0l7sd4KInisYmyhCWWznbRLN7thdyOU0JMX/4oXDype/Q/e/Ddu2xy09cHC472Z2ZkXpYwq7XnfVmlldW19o7xpb23v7O45+wf3SmSSgE8EE7ITYQWMcvA11Qw6qQScRAza0ehy6rcfQCoq+J0epxAmeMBpTAnWRuo5xwEBrkFSPrBvIREagsC+UpomWAvZcype1ZvBXSa1glRQgVbP+Qr6gmSJmUkYVqpb81Id5lhqShhM7CBTkGIywgPoGspxAirMZ2dM3FOj9N1YSPO4dmfq744cJ0qNk8hUmu2GatGbiv953UzHjTCnPM00cDL/KM6Yq4U7zcTtUwlEs7EhmEhqdnXJEEtMTDDKNiHUFk9eJn69elH1buqVZqNIo4yO0Ak6QzV0jproGrWQjwh6RM/oFb1ZT9aL9W59zEtLVtFziP7A+vwBbPqYnw==</latexit><latexit sha1_base64="HDo+DS5UxX2ZBX3sbtkd5mY5N9U=">AAACBXicbVBNS8NAEN3Urxq/oh5FCBbBU0l7sd4KInisYmyhCWWznbRLN7thdyOU0JMX/4oXDype/Q/e/Ddu2xy09cHC472Z2ZkXpYwq7XnfVmlldW19o7xpb23v7O45+wf3SmSSgE8EE7ITYQWMcvA11Qw6qQScRAza0ehy6rcfQCoq+J0epxAmeMBpTAnWRuo5xwEBrkFSPrBvIREagsC+UpomWAvZcype1ZvBXSa1glRQgVbP+Qr6gmSJmUkYVqpb81Id5lhqShhM7CBTkGIywgPoGspxAirMZ2dM3FOj9N1YSPO4dmfq744cJ0qNk8hUmu2GatGbiv953UzHjTCnPM00cDL/KM6Yq4U7zcTtUwlEs7EhmEhqdnXJEEtMTDDKNiHUFk9eJn69elH1buqVZqNIo4yO0Ak6QzV0jproGrWQjwh6RM/oFb1ZT9aL9W59zEtLVtFziP7A+vwBbPqYnw==</latexit>

Sensors
<latexit sha1_base64="EfdB9Z0AMafAxGsXjnSvDZ1Q9MU=">AAAB7XicbVBNT8JAEJ3iF+IX6tFLIzHxRFou4o3Ei0eMVkigIdtlChu2u83u1oQ0/AgvHtR49f9489+4QA8KvmSSl/dmMjMvSjnTxvO+ndLG5tb2Tnm3srd/cHhUPT551DJTFAMquVTdiGjkTGBgmOHYTRWSJOLYiSY3c7/zhEozKR7MNMUwISPBYkaJsVLnHoWWSg+qNa/uLeCuE78gNSjQHlS/+kNJswSFoZxo3fO91IQ5UYZRjrNKP9OYEjohI+xZKkiCOswX587cC6sM3VgqW8K4C/X3RE4SradJZDsTYsZ61ZuL/3m9zMTNMGcizQwKulwUZ9w10p3/7g6ZQmr41BJCFbO3unRMFKHGJlSxIfirL6+ToFG/rnt3jVqrWaRRhjM4h0vw4QpacAttCIDCBJ7hFd6c1Hlx3p2PZWvJKWZO4Q+czx/tgo90</latexit><latexit sha1_base64="EfdB9Z0AMafAxGsXjnSvDZ1Q9MU=">AAAB7XicbVBNT8JAEJ3iF+IX6tFLIzHxRFou4o3Ei0eMVkigIdtlChu2u83u1oQ0/AgvHtR49f9489+4QA8KvmSSl/dmMjMvSjnTxvO+ndLG5tb2Tnm3srd/cHhUPT551DJTFAMquVTdiGjkTGBgmOHYTRWSJOLYiSY3c7/zhEozKR7MNMUwISPBYkaJsVLnHoWWSg+qNa/uLeCuE78gNSjQHlS/+kNJswSFoZxo3fO91IQ5UYZRjrNKP9OYEjohI+xZKkiCOswX587cC6sM3VgqW8K4C/X3RE4SradJZDsTYsZ61ZuL/3m9zMTNMGcizQwKulwUZ9w10p3/7g6ZQmr41BJCFbO3unRMFKHGJlSxIfirL6+ToFG/rnt3jVqrWaRRhjM4h0vw4QpacAttCIDCBJ7hFd6c1Hlx3p2PZWvJKWZO4Q+czx/tgo90</latexit><latexit sha1_base64="EfdB9Z0AMafAxGsXjnSvDZ1Q9MU=">AAAB7XicbVBNT8JAEJ3iF+IX6tFLIzHxRFou4o3Ei0eMVkigIdtlChu2u83u1oQ0/AgvHtR49f9489+4QA8KvmSSl/dmMjMvSjnTxvO+ndLG5tb2Tnm3srd/cHhUPT551DJTFAMquVTdiGjkTGBgmOHYTRWSJOLYiSY3c7/zhEozKR7MNMUwISPBYkaJsVLnHoWWSg+qNa/uLeCuE78gNSjQHlS/+kNJswSFoZxo3fO91IQ5UYZRjrNKP9OYEjohI+xZKkiCOswX587cC6sM3VgqW8K4C/X3RE4SradJZDsTYsZ61ZuL/3m9zMTNMGcizQwKulwUZ9w10p3/7g6ZQmr41BJCFbO3unRMFKHGJlSxIfirL6+ToFG/rnt3jVqrWaRRhjM4h0vw4QpacAttCIDCBJ7hFd6c1Hlx3p2PZWvJKWZO4Q+czx/tgo90</latexit>

S1
<latexit sha1_base64="axQPf9NsF6tIRDPWnOd2pJQGRio=">AAAB83icbVBNSwMxFHxbv2r9qnr0EiyCp7IrgvVW8OKxomsL7VKyabYNTbJrki2Upb/DiwcVr/4Zb/4bs+0etHUgMMy8x5tMmHCmjet+O6W19Y3NrfJ2ZWd3b/+genj0qONUEeqTmMeqE2JNOZPUN8xw2kkUxSLktB2Ob3K/PaFKs1g+mGlCA4GHkkWMYGOloCewGRHMs/tZ3+tXa27dnQOtEq8gNSjQ6le/eoOYpIJKQzjWuuu5iQkyrAwjnM4qvVTTBJMxHtKupRILqoNsHnqGzqwyQFGs7JMGzdXfGxkWWk9FaCfzkHrZy8X/vG5qokaQMZmkhkqyOBSlHJkY5Q2gAVOUGD61BBPFbFZERlhhYmxPFVuCt/zlVeJf1K/r7t1lrdko2ijDCZzCOXhwBU24hRb4QOAJnuEV3pyJ8+K8Ox+L0ZJT7BzDHzifPx+3kdY=</latexit><latexit sha1_base64="axQPf9NsF6tIRDPWnOd2pJQGRio=">AAAB83icbVBNSwMxFHxbv2r9qnr0EiyCp7IrgvVW8OKxomsL7VKyabYNTbJrki2Upb/DiwcVr/4Zb/4bs+0etHUgMMy8x5tMmHCmjet+O6W19Y3NrfJ2ZWd3b/+genj0qONUEeqTmMeqE2JNOZPUN8xw2kkUxSLktB2Ob3K/PaFKs1g+mGlCA4GHkkWMYGOloCewGRHMs/tZ3+tXa27dnQOtEq8gNSjQ6le/eoOYpIJKQzjWuuu5iQkyrAwjnM4qvVTTBJMxHtKupRILqoNsHnqGzqwyQFGs7JMGzdXfGxkWWk9FaCfzkHrZy8X/vG5qokaQMZmkhkqyOBSlHJkY5Q2gAVOUGD61BBPFbFZERlhhYmxPFVuCt/zlVeJf1K/r7t1lrdko2ijDCZzCOXhwBU24hRb4QOAJnuEV3pyJ8+K8Ox+L0ZJT7BzDHzifPx+3kdY=</latexit><latexit sha1_base64="axQPf9NsF6tIRDPWnOd2pJQGRio=">AAAB83icbVBNSwMxFHxbv2r9qnr0EiyCp7IrgvVW8OKxomsL7VKyabYNTbJrki2Upb/DiwcVr/4Zb/4bs+0etHUgMMy8x5tMmHCmjet+O6W19Y3NrfJ2ZWd3b/+genj0qONUEeqTmMeqE2JNOZPUN8xw2kkUxSLktB2Ob3K/PaFKs1g+mGlCA4GHkkWMYGOloCewGRHMs/tZ3+tXa27dnQOtEq8gNSjQ6le/eoOYpIJKQzjWuuu5iQkyrAwjnM4qvVTTBJMxHtKupRILqoNsHnqGzqwyQFGs7JMGzdXfGxkWWk9FaCfzkHrZy8X/vG5qokaQMZmkhkqyOBSlHJkY5Q2gAVOUGD61BBPFbFZERlhhYmxPFVuCt/zlVeJf1K/r7t1lrdko2ijDCZzCOXhwBU24hRb4QOAJnuEV3pyJ8+K8Ox+L0ZJT7BzDHzifPx+3kdY=</latexit>

S2
<latexit sha1_base64="AEdBdTekH8golMbkcLKUX4rzxK0=">AAAB83icbVBNSwMxFHzxs9avqkcvwSJ4KrtFsN4KXjxWdG2hXUo2zbah2eyaZAtl6e/w4kHFq3/Gm//GbLsHbR0IDDPv8SYTJIJr4zjfaG19Y3Nru7RT3t3bPzisHB0/6jhVlHk0FrHqBEQzwSXzDDeCdRLFSBQI1g7GN7nfnjCleSwfzDRhfkSGkoecEmMlvxcRM6JEZPezfr1fqTo1Zw68StyCVKFAq1/56g1imkZMGiqI1l3XSYyfEWU4FWxW7qWaJYSOyZB1LZUkYtrP5qFn+NwqAxzGyj5p8Fz9vZGRSOtpFNjJPKRe9nLxP6+bmrDhZ1wmqWGSLg6FqcAmxnkDeMAVo0ZMLSFUcZsV0xFRhBrbU9mW4C5/eZV49dp1zbm7rDYbRRslOIUzuAAXrqAJt9ACDyg8wTO8whuaoBf0jj4Wo2uo2DmBP0CfPyE6kdc=</latexit><latexit sha1_base64="AEdBdTekH8golMbkcLKUX4rzxK0=">AAAB83icbVBNSwMxFHzxs9avqkcvwSJ4KrtFsN4KXjxWdG2hXUo2zbah2eyaZAtl6e/w4kHFq3/Gm//GbLsHbR0IDDPv8SYTJIJr4zjfaG19Y3Nru7RT3t3bPzisHB0/6jhVlHk0FrHqBEQzwSXzDDeCdRLFSBQI1g7GN7nfnjCleSwfzDRhfkSGkoecEmMlvxcRM6JEZPezfr1fqTo1Zw68StyCVKFAq1/56g1imkZMGiqI1l3XSYyfEWU4FWxW7qWaJYSOyZB1LZUkYtrP5qFn+NwqAxzGyj5p8Fz9vZGRSOtpFNjJPKRe9nLxP6+bmrDhZ1wmqWGSLg6FqcAmxnkDeMAVo0ZMLSFUcZsV0xFRhBrbU9mW4C5/eZV49dp1zbm7rDYbRRslOIUzuAAXrqAJt9ACDyg8wTO8whuaoBf0jj4Wo2uo2DmBP0CfPyE6kdc=</latexit><latexit sha1_base64="AEdBdTekH8golMbkcLKUX4rzxK0=">AAAB83icbVBNSwMxFHzxs9avqkcvwSJ4KrtFsN4KXjxWdG2hXUo2zbah2eyaZAtl6e/w4kHFq3/Gm//GbLsHbR0IDDPv8SYTJIJr4zjfaG19Y3Nru7RT3t3bPzisHB0/6jhVlHk0FrHqBEQzwSXzDDeCdRLFSBQI1g7GN7nfnjCleSwfzDRhfkSGkoecEmMlvxcRM6JEZPezfr1fqTo1Zw68StyCVKFAq1/56g1imkZMGiqI1l3XSYyfEWU4FWxW7qWaJYSOyZB1LZUkYtrP5qFn+NwqAxzGyj5p8Fz9vZGRSOtpFNjJPKRe9nLxP6+bmrDhZ1wmqWGSLg6FqcAmxnkDeMAVo0ZMLSFUcZsV0xFRhBrbU9mW4C5/eZV49dp1zbm7rDYbRRslOIUzuAAXrqAJt9ACDyg8wTO8whuaoBf0jj4Wo2uo2DmBP0CfPyE6kdc=</latexit>

Observations

Decision
variable

U 2 {1, 2}
<latexit sha1_base64="O2Ss0NNKTkxwJXWRQMyiqFouSC0=">AAAB9HicbVBNS8NAEJ34WetX1aOXxSJ4kJIUwXorePFYwdhCE8tmu2mXbnbD7kYpof/DiwcVr/4Yb/4bt20O2vpg4PHeDDPzopQzbVz321lZXVvf2Cxtlbd3dvf2KweH91pmilCfSC5VJ8Kaciaob5jhtJMqipOI03Y0up767UeqNJPizoxTGiZ4IFjMCDZWevBRwAQKcu+8joJJr1J1a+4MaJl4BalCgVav8hX0JckSKgzhWOuu56YmzLEyjHA6KQeZpikmIzygXUsFTqgO89nVE3RqlT6KpbIlDJqpvydynGg9TiLbmWAz1IveVPzP62YmboQ5E2lmqCDzRXHGkZFoGgHqM0WJ4WNLMFHM3orIECtMjA2qbEPwFl9eJn69dlVzby+qzUaRRgmO4QTOwINLaMINtMAHAgqe4RXenCfnxXl3PuatK04xcwR/4Hz+AN5ekPY=</latexit><latexit sha1_base64="O2Ss0NNKTkxwJXWRQMyiqFouSC0=">AAAB9HicbVBNS8NAEJ34WetX1aOXxSJ4kJIUwXorePFYwdhCE8tmu2mXbnbD7kYpof/DiwcVr/4Yb/4bt20O2vpg4PHeDDPzopQzbVz321lZXVvf2Cxtlbd3dvf2KweH91pmilCfSC5VJ8Kaciaob5jhtJMqipOI03Y0up767UeqNJPizoxTGiZ4IFjMCDZWevBRwAQKcu+8joJJr1J1a+4MaJl4BalCgVav8hX0JckSKgzhWOuu56YmzLEyjHA6KQeZpikmIzygXUsFTqgO89nVE3RqlT6KpbIlDJqpvydynGg9TiLbmWAz1IveVPzP62YmboQ5E2lmqCDzRXHGkZFoGgHqM0WJ4WNLMFHM3orIECtMjA2qbEPwFl9eJn69dlVzby+qzUaRRgmO4QTOwINLaMINtMAHAgqe4RXenCfnxXl3PuatK04xcwR/4Hz+AN5ekPY=</latexit><latexit sha1_base64="O2Ss0NNKTkxwJXWRQMyiqFouSC0=">AAAB9HicbVBNS8NAEJ34WetX1aOXxSJ4kJIUwXorePFYwdhCE8tmu2mXbnbD7kYpof/DiwcVr/4Yb/4bt20O2vpg4PHeDDPzopQzbVz321lZXVvf2Cxtlbd3dvf2KweH91pmilCfSC5VJ8Kaciaob5jhtJMqipOI03Y0up767UeqNJPizoxTGiZ4IFjMCDZWevBRwAQKcu+8joJJr1J1a+4MaJl4BalCgVav8hX0JckSKgzhWOuu56YmzLEyjHA6KQeZpikmIzygXUsFTqgO89nVE3RqlT6KpbIlDJqpvydynGg9TiLbmWAz1IveVPzP62YmboQ5E2lmqCDzRXHGkZFoGgHqM0WJ4WNLMFHM3orIECtMjA2qbEPwFl9eJn69dlVzby+qzUaRRgmO4QTOwINLaMINtMAHAgqe4RXenCfnxXl3PuatK04xcwR/4Hz+AN5ekPY=</latexit>

Transmit Transmit
S = (1, X1)

<latexit sha1_base64="nYUngArFQygmRHU60hk5CEZsBUw=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBahgpREBOtBKHjxWNHYQhvKZrtpl242YT+EEvo3vHhQ8eqv8ea/cdvmoK0PBh7vzTAzL0w5U9p1v53Cyura+kZxs7S1vbO7V94/eFSJkYT6JOGJbIdYUc4E9TXTnLZTSXEcctoKRzdTv/VEpWKJeNDjlAYxHggWMYK1lbr36BpVvbN2zztFvXLFrbkzoGXi5aQCOZq98le3nxATU6EJx0p1PDfVQYalZoTTSalrFE0xGeEB7VgqcExVkM1unqATq/RRlEhbQqOZ+nsiw7FS4zi0nTHWQ7XoTcX/vI7RUT3ImEiNpoLMF0WGI52gaQCozyQlmo8twUQyeysiQywx0Tamkg3BW3x5mfjntauae3dRadTzNIpwBMdQBQ8uoQG30AQfCKTwDK/w5hjnxXl3PuatBSefOYQ/cD5/ABEHj0E=</latexit><latexit sha1_base64="nYUngArFQygmRHU60hk5CEZsBUw=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBahgpREBOtBKHjxWNHYQhvKZrtpl242YT+EEvo3vHhQ8eqv8ea/cdvmoK0PBh7vzTAzL0w5U9p1v53Cyura+kZxs7S1vbO7V94/eFSJkYT6JOGJbIdYUc4E9TXTnLZTSXEcctoKRzdTv/VEpWKJeNDjlAYxHggWMYK1lbr36BpVvbN2zztFvXLFrbkzoGXi5aQCOZq98le3nxATU6EJx0p1PDfVQYalZoTTSalrFE0xGeEB7VgqcExVkM1unqATq/RRlEhbQqOZ+nsiw7FS4zi0nTHWQ7XoTcX/vI7RUT3ImEiNpoLMF0WGI52gaQCozyQlmo8twUQyeysiQywx0Tamkg3BW3x5mfjntauae3dRadTzNIpwBMdQBQ8uoQG30AQfCKTwDK/w5hjnxXl3PuatBSefOYQ/cD5/ABEHj0E=</latexit><latexit sha1_base64="nYUngArFQygmRHU60hk5CEZsBUw=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBahgpREBOtBKHjxWNHYQhvKZrtpl242YT+EEvo3vHhQ8eqv8ea/cdvmoK0PBh7vzTAzL0w5U9p1v53Cyura+kZxs7S1vbO7V94/eFSJkYT6JOGJbIdYUc4E9TXTnLZTSXEcctoKRzdTv/VEpWKJeNDjlAYxHggWMYK1lbr36BpVvbN2zztFvXLFrbkzoGXi5aQCOZq98le3nxATU6EJx0p1PDfVQYalZoTTSalrFE0xGeEB7VgqcExVkM1unqATq/RRlEhbQqOZ+nsiw7FS4zi0nTHWQ7XoTcX/vI7RUT3ImEiNpoLMF0WGI52gaQCozyQlmo8twUQyeysiQywx0Tamkg3BW3x5mfjntauae3dRadTzNIpwBMdQBQ8uoQG30AQfCKTwDK/w5hjnxXl3PuatBSefOYQ/cD5/ABEHj0E=</latexit>

S = (2, X2)
<latexit sha1_base64="WQUCoERAYDKV5ewebrxEnWA3jSo=">AAAB8nicbVBNS8NAEJ34WetX1aOXxSJUkJIUwXoQCl48VjS20Iay2W7apZtN2A+hhP4NLx5UvPprvPlv3LY5aOuDgcd7M8zMC1POlHbdb2dldW19Y7OwVdze2d3bLx0cPqrESEJ9kvBEtkOsKGeC+pppTtuppDgOOW2Fo5up33qiUrFEPOhxSoMYDwSLGMHaSt17dI0qtfN2r3aGeqWyW3VnQMvEy0kZcjR7pa9uPyEmpkITjpXqeG6qgwxLzQink2LXKJpiMsID2rFU4JiqIJvdPEGnVumjKJG2hEYz9fdEhmOlxnFoO2Osh2rRm4r/eR2jo3qQMZEaTQWZL4oMRzpB0wBQn0lKNB9bgolk9lZEhlhiom1MRRuCt/jyMvFr1auqe3dRbtTzNApwDCdQAQ8uoQG30AQfCKTwDK/w5hjnxXl3PuatK04+cwR/4Hz+ABQVj0M=</latexit><latexit sha1_base64="WQUCoERAYDKV5ewebrxEnWA3jSo=">AAAB8nicbVBNS8NAEJ34WetX1aOXxSJUkJIUwXoQCl48VjS20Iay2W7apZtN2A+hhP4NLx5UvPprvPlv3LY5aOuDgcd7M8zMC1POlHbdb2dldW19Y7OwVdze2d3bLx0cPqrESEJ9kvBEtkOsKGeC+pppTtuppDgOOW2Fo5up33qiUrFEPOhxSoMYDwSLGMHaSt17dI0qtfN2r3aGeqWyW3VnQMvEy0kZcjR7pa9uPyEmpkITjpXqeG6qgwxLzQink2LXKJpiMsID2rFU4JiqIJvdPEGnVumjKJG2hEYz9fdEhmOlxnFoO2Osh2rRm4r/eR2jo3qQMZEaTQWZL4oMRzpB0wBQn0lKNB9bgolk9lZEhlhiom1MRRuCt/jyMvFr1auqe3dRbtTzNApwDCdQAQ8uoQG30AQfCKTwDK/w5hjnxXl3PuatK04+cwR/4Hz+ABQVj0M=</latexit><latexit sha1_base64="WQUCoERAYDKV5ewebrxEnWA3jSo=">AAAB8nicbVBNS8NAEJ34WetX1aOXxSJUkJIUwXoQCl48VjS20Iay2W7apZtN2A+hhP4NLx5UvPprvPlv3LY5aOuDgcd7M8zMC1POlHbdb2dldW19Y7OwVdze2d3bLx0cPqrESEJ9kvBEtkOsKGeC+pppTtuppDgOOW2Fo5up33qiUrFEPOhxSoMYDwSLGMHaSt17dI0qtfN2r3aGeqWyW3VnQMvEy0kZcjR7pa9uPyEmpkITjpXqeG6qgwxLzQink2LXKJpiMsID2rFU4JiqIJvdPEGnVumjKJG2hEYz9fdEhmOlxnFoO2Osh2rRm4r/eR2jo3qQMZEaTQWZL4oMRzpB0wBQn0lKNB9bgolk9lZEhlhiom1MRRuCt/jyMvFr1auqe3dRbtTzNApwDCdQAQ8uoQG30AQfCKTwDK/w5hjnxXl3PuatK04+cwR/4Hz+ABQVj0M=</latexit>

U = U(X1, X2)
<latexit sha1_base64="Co7w2+i0Y6cEBG1p19TpZlwHuE8=">AAACAHicbVBNS8NAEJ3Ur1q/ol4EL4tFqCAlKYL1IBS8eKxgbKANYbPdtks3H+xuhBLqxb/ixYOKV3+GN/+NmzYHrT4YeLw3w8y8IOFMKsv6MkpLyyura+X1ysbm1vaOubt3J+NUEOqQmMfCDbCknEXUUUxx6iaC4jDgtBOMr3K/c0+FZHF0qyYJ9UI8jNiAEay05JsHDrpEvRCrEcE8c6Y117dPXb9x4ptVq27NgP4SuyBVKND2zc9ePyZpSCNFOJaya1uJ8jIsFCOcTiu9VNIEkzEe0q6mEQ6p9LLZB1N0rJU+GsRCV6TQTP05keFQykkY6M78Vrno5eJ/XjdVg6aXsShJFY3IfNEg5UjFKI8D9ZmgRPGJJpgIpm9FZIQFJkqHVtEh2Isv/yVOo35Rt27Oqq1mkUYZDuEIamDDObTgGtrgAIEHeIIXeDUejWfjzXift5aMYmYffsH4+AZNSpUH</latexit><latexit sha1_base64="Co7w2+i0Y6cEBG1p19TpZlwHuE8=">AAACAHicbVBNS8NAEJ3Ur1q/ol4EL4tFqCAlKYL1IBS8eKxgbKANYbPdtks3H+xuhBLqxb/ixYOKV3+GN/+NmzYHrT4YeLw3w8y8IOFMKsv6MkpLyyura+X1ysbm1vaOubt3J+NUEOqQmMfCDbCknEXUUUxx6iaC4jDgtBOMr3K/c0+FZHF0qyYJ9UI8jNiAEay05JsHDrpEvRCrEcE8c6Y117dPXb9x4ptVq27NgP4SuyBVKND2zc9ePyZpSCNFOJaya1uJ8jIsFCOcTiu9VNIEkzEe0q6mEQ6p9LLZB1N0rJU+GsRCV6TQTP05keFQykkY6M78Vrno5eJ/XjdVg6aXsShJFY3IfNEg5UjFKI8D9ZmgRPGJJpgIpm9FZIQFJkqHVtEh2Isv/yVOo35Rt27Oqq1mkUYZDuEIamDDObTgGtrgAIEHeIIXeDUejWfjzXift5aMYmYffsH4+AZNSpUH</latexit><latexit sha1_base64="Co7w2+i0Y6cEBG1p19TpZlwHuE8=">AAACAHicbVBNS8NAEJ3Ur1q/ol4EL4tFqCAlKYL1IBS8eKxgbKANYbPdtks3H+xuhBLqxb/ixYOKV3+GN/+NmzYHrT4YeLw3w8y8IOFMKsv6MkpLyyura+X1ysbm1vaOubt3J+NUEOqQmMfCDbCknEXUUUxx6iaC4jDgtBOMr3K/c0+FZHF0qyYJ9UI8jNiAEay05JsHDrpEvRCrEcE8c6Y117dPXb9x4ptVq27NgP4SuyBVKND2zc9ePyZpSCNFOJaya1uJ8jIsFCOcTiu9VNIEkzEe0q6mEQ6p9LLZB1N0rJU+GsRCV6TQTP05keFQykkY6M78Vrno5eJ/XjdVg6aXsShJFY3IfNEg5UjFKI8D9ZmgRPGJJpgIpm9FZIQFJkqHVtEh2Isv/yVOo35Rt27Oqq1mkUYZDuEIamDDObTgGtrgAIEHeIIXeDUejWfjzXift5aMYmYffsH4+AZNSpUH</latexit>


X̂1

X̂2

�
= E(Y )

<latexit sha1_base64="HPmntSat5/yqlENVH6w1vMa/jDU="></latexit><latexit sha1_base64="HPmntSat5/yqlENVH6w1vMa/jDU="></latexit><latexit sha1_base64="HPmntSat5/yqlENVH6w1vMa/jDU="></latexit>

4

(X1, X2) ⇠ f(x1, x2)
<latexit sha1_base64="CrlmhB7PjzRiyDhg0ugE/lR0AJQ=">AAACAXicdVDLSgMxFM3UV62vqitxEyxCBRkyfXdXcOOygmMLbRkyaaYNzTxIMtIyFDf+ihsXKm79C3f+jelDUNEDgXPPuZebe9yIM6kQ+jBSK6tr6xvpzczW9s7uXnb/4EaGsSDUJiEPRdvFknIWUFsxxWk7EhT7Lqctd3Qx81u3VEgWBtdqEtGejwcB8xjBSktO9ijfdqzztlM4g13JfOjlx7oe69rJ5pCJSla5WIHILKJK0ZqRKkLlSh1aJpojB5ZoOtn3bj8ksU8DRTiWsmOhSPUSLBQjnE4z3VjSCJMRHtCOpgH2qewl8xOm8FQrfeiFQr9Awbn6fSLBvpQT39WdPlZD+dubiX95nVh5tV7CgihWNCCLRV7MoQrhLA/YZ4ISxSeaYCKY/iskQywwUTq1jA7h61L4P7ELZt1EV6Vco7ZMIw2OwQnIAwtUQQNcgiawAQF34AE8gWfj3ng0XozXRWvKWM4cgh8w3j4BDqWU1g==</latexit><latexit sha1_base64="CrlmhB7PjzRiyDhg0ugE/lR0AJQ=">AAACAXicdVDLSgMxFM3UV62vqitxEyxCBRkyfXdXcOOygmMLbRkyaaYNzTxIMtIyFDf+ihsXKm79C3f+jelDUNEDgXPPuZebe9yIM6kQ+jBSK6tr6xvpzczW9s7uXnb/4EaGsSDUJiEPRdvFknIWUFsxxWk7EhT7Lqctd3Qx81u3VEgWBtdqEtGejwcB8xjBSktO9ijfdqzztlM4g13JfOjlx7oe69rJ5pCJSla5WIHILKJK0ZqRKkLlSh1aJpojB5ZoOtn3bj8ksU8DRTiWsmOhSPUSLBQjnE4z3VjSCJMRHtCOpgH2qewl8xOm8FQrfeiFQr9Awbn6fSLBvpQT39WdPlZD+dubiX95nVh5tV7CgihWNCCLRV7MoQrhLA/YZ4ISxSeaYCKY/iskQywwUTq1jA7h61L4P7ELZt1EV6Vco7ZMIw2OwQnIAwtUQQNcgiawAQF34AE8gWfj3ng0XozXRWvKWM4cgh8w3j4BDqWU1g==</latexit><latexit sha1_base64="CrlmhB7PjzRiyDhg0ugE/lR0AJQ=">AAACAXicdVDLSgMxFM3UV62vqitxEyxCBRkyfXdXcOOygmMLbRkyaaYNzTxIMtIyFDf+ihsXKm79C3f+jelDUNEDgXPPuZebe9yIM6kQ+jBSK6tr6xvpzczW9s7uXnb/4EaGsSDUJiEPRdvFknIWUFsxxWk7EhT7Lqctd3Qx81u3VEgWBtdqEtGejwcB8xjBSktO9ijfdqzztlM4g13JfOjlx7oe69rJ5pCJSla5WIHILKJK0ZqRKkLlSh1aJpojB5ZoOtn3bj8ksU8DRTiWsmOhSPUSLBQjnE4z3VjSCJMRHtCOpgH2qewl8xOm8FQrfeiFQr9Awbn6fSLBvpQT39WdPlZD+dubiX95nVh5tV7CgihWNCCLRV7MoQrhLA/YZ4ISxSeaYCKY/iskQywwUTq1jA7h61L4P7ELZt1EV6Vco7ZMIw2OwQnIAwtUQQNcgiawAQF34AE8gWfj3ng0XozXRWvKWM4cgh8w3j4BDqWU1g==</latexit>



Simplest case: two sensors

Scheduling
policy  

Estimation
policy  

X1

X2

U E

X̂1

X̂2

�
X1 or X2

Scheduler
<latexit sha1_base64="gE3hinBMVWKQEYjTmMu5yotPvOM=">AAAB73icbVBNT8JAEJ36ifiFevSykZh4Ii0X8UbixSNGKxhoyHY7hQ3bbbO7NSGEX+HFgxqv/h1v/hsX6EHBl0zy8t5MZuaFmeDauO63s7a+sbm1Xdop7+7tHxxWjo4fdJorhj5LRao6IdUouETfcCOwkymkSSiwHY6uZ377CZXmqbw34wyDhA4kjzmjxkqPd2yIUS5Q9StVt+bOQVaJV5AqFGj1K1+9KGV5gtIwQbXuem5mgglVhjOB03Iv15hRNqID7FoqaYI6mMwPnpJzq0QkTpUtachc/T0xoYnW4yS0nQk1Q73szcT/vG5u4kYw4TLLDUq2WBTngpiUzL4nEVfIjBhbQpni9lbChlRRZmxGZRuCt/zyKvHrtauae1uvNhtFGiU4hTO4AA8uoQk30AIfGCTwDK/w5ijnxXl3Phata04xcwJ/4Hz+AEoskDo=</latexit><latexit sha1_base64="gE3hinBMVWKQEYjTmMu5yotPvOM=">AAAB73icbVBNT8JAEJ36ifiFevSykZh4Ii0X8UbixSNGKxhoyHY7hQ3bbbO7NSGEX+HFgxqv/h1v/hsX6EHBl0zy8t5MZuaFmeDauO63s7a+sbm1Xdop7+7tHxxWjo4fdJorhj5LRao6IdUouETfcCOwkymkSSiwHY6uZ377CZXmqbw34wyDhA4kjzmjxkqPd2yIUS5Q9StVt+bOQVaJV5AqFGj1K1+9KGV5gtIwQbXuem5mgglVhjOB03Iv15hRNqID7FoqaYI6mMwPnpJzq0QkTpUtachc/T0xoYnW4yS0nQk1Q73szcT/vG5u4kYw4TLLDUq2WBTngpiUzL4nEVfIjBhbQpni9lbChlRRZmxGZRuCt/zyKvHrtauae1uvNhtFGiU4hTO4AA8uoQk30AIfGCTwDK/w5ijnxXl3Phata04xcwJ/4Hz+AEoskDo=</latexit><latexit sha1_base64="gE3hinBMVWKQEYjTmMu5yotPvOM=">AAAB73icbVBNT8JAEJ36ifiFevSykZh4Ii0X8UbixSNGKxhoyHY7hQ3bbbO7NSGEX+HFgxqv/h1v/hsX6EHBl0zy8t5MZuaFmeDauO63s7a+sbm1Xdop7+7tHxxWjo4fdJorhj5LRao6IdUouETfcCOwkymkSSiwHY6uZ377CZXmqbw34wyDhA4kjzmjxkqPd2yIUS5Q9StVt+bOQVaJV5AqFGj1K1+9KGV5gtIwQbXuem5mgglVhjOB03Iv15hRNqID7FoqaYI6mMwPnpJzq0QkTpUtachc/T0xoYnW4yS0nQk1Q73szcT/vG5u4kYw4TLLDUq2WBTngpiUzL4nEVfIjBhbQpni9lbChlRRZmxGZRuCt/zyKvHrtauae1uvNhtFGiU4hTO4AA8uoQk30AIfGCTwDK/w5ijnxXl3Phata04xcwJ/4Hz+AEoskDo=</latexit>

Remote
Estimator

<latexit sha1_base64="HDo+DS5UxX2ZBX3sbtkd5mY5N9U=">AAACBXicbVBNS8NAEN3Urxq/oh5FCBbBU0l7sd4KInisYmyhCWWznbRLN7thdyOU0JMX/4oXDype/Q/e/Ddu2xy09cHC472Z2ZkXpYwq7XnfVmlldW19o7xpb23v7O45+wf3SmSSgE8EE7ITYQWMcvA11Qw6qQScRAza0ehy6rcfQCoq+J0epxAmeMBpTAnWRuo5xwEBrkFSPrBvIREagsC+UpomWAvZcype1ZvBXSa1glRQgVbP+Qr6gmSJmUkYVqpb81Id5lhqShhM7CBTkGIywgPoGspxAirMZ2dM3FOj9N1YSPO4dmfq744cJ0qNk8hUmu2GatGbiv953UzHjTCnPM00cDL/KM6Yq4U7zcTtUwlEs7EhmEhqdnXJEEtMTDDKNiHUFk9eJn69elH1buqVZqNIo4yO0Ak6QzV0jproGrWQjwh6RM/oFb1ZT9aL9W59zEtLVtFziP7A+vwBbPqYnw==</latexit><latexit sha1_base64="HDo+DS5UxX2ZBX3sbtkd5mY5N9U=">AAACBXicbVBNS8NAEN3Urxq/oh5FCBbBU0l7sd4KInisYmyhCWWznbRLN7thdyOU0JMX/4oXDype/Q/e/Ddu2xy09cHC472Z2ZkXpYwq7XnfVmlldW19o7xpb23v7O45+wf3SmSSgE8EE7ITYQWMcvA11Qw6qQScRAza0ehy6rcfQCoq+J0epxAmeMBpTAnWRuo5xwEBrkFSPrBvIREagsC+UpomWAvZcype1ZvBXSa1glRQgVbP+Qr6gmSJmUkYVqpb81Id5lhqShhM7CBTkGIywgPoGspxAirMZ2dM3FOj9N1YSPO4dmfq744cJ0qNk8hUmu2GatGbiv953UzHjTCnPM00cDL/KM6Yq4U7zcTtUwlEs7EhmEhqdnXJEEtMTDDKNiHUFk9eJn69elH1buqVZqNIo4yO0Ak6QzV0jproGrWQjwh6RM/oFb1ZT9aL9W59zEtLVtFziP7A+vwBbPqYnw==</latexit><latexit sha1_base64="HDo+DS5UxX2ZBX3sbtkd5mY5N9U=">AAACBXicbVBNS8NAEN3Urxq/oh5FCBbBU0l7sd4KInisYmyhCWWznbRLN7thdyOU0JMX/4oXDype/Q/e/Ddu2xy09cHC472Z2ZkXpYwq7XnfVmlldW19o7xpb23v7O45+wf3SmSSgE8EE7ITYQWMcvA11Qw6qQScRAza0ehy6rcfQCoq+J0epxAmeMBpTAnWRuo5xwEBrkFSPrBvIREagsC+UpomWAvZcype1ZvBXSa1glRQgVbP+Qr6gmSJmUkYVqpb81Id5lhqShhM7CBTkGIywgPoGspxAirMZ2dM3FOj9N1YSPO4dmfq744cJ0qNk8hUmu2GatGbiv953UzHjTCnPM00cDL/KM6Yq4U7zcTtUwlEs7EhmEhqdnXJEEtMTDDKNiHUFk9eJn69elH1buqVZqNIo4yO0Ak6QzV0jproGrWQjwh6RM/oFb1ZT9aL9W59zEtLVtFziP7A+vwBbPqYnw==</latexit>

Sensors
<latexit sha1_base64="EfdB9Z0AMafAxGsXjnSvDZ1Q9MU=">AAAB7XicbVBNT8JAEJ3iF+IX6tFLIzHxRFou4o3Ei0eMVkigIdtlChu2u83u1oQ0/AgvHtR49f9489+4QA8KvmSSl/dmMjMvSjnTxvO+ndLG5tb2Tnm3srd/cHhUPT551DJTFAMquVTdiGjkTGBgmOHYTRWSJOLYiSY3c7/zhEozKR7MNMUwISPBYkaJsVLnHoWWSg+qNa/uLeCuE78gNSjQHlS/+kNJswSFoZxo3fO91IQ5UYZRjrNKP9OYEjohI+xZKkiCOswX587cC6sM3VgqW8K4C/X3RE4SradJZDsTYsZ61ZuL/3m9zMTNMGcizQwKulwUZ9w10p3/7g6ZQmr41BJCFbO3unRMFKHGJlSxIfirL6+ToFG/rnt3jVqrWaRRhjM4h0vw4QpacAttCIDCBJ7hFd6c1Hlx3p2PZWvJKWZO4Q+czx/tgo90</latexit><latexit sha1_base64="EfdB9Z0AMafAxGsXjnSvDZ1Q9MU=">AAAB7XicbVBNT8JAEJ3iF+IX6tFLIzHxRFou4o3Ei0eMVkigIdtlChu2u83u1oQ0/AgvHtR49f9489+4QA8KvmSSl/dmMjMvSjnTxvO+ndLG5tb2Tnm3srd/cHhUPT551DJTFAMquVTdiGjkTGBgmOHYTRWSJOLYiSY3c7/zhEozKR7MNMUwISPBYkaJsVLnHoWWSg+qNa/uLeCuE78gNSjQHlS/+kNJswSFoZxo3fO91IQ5UYZRjrNKP9OYEjohI+xZKkiCOswX587cC6sM3VgqW8K4C/X3RE4SradJZDsTYsZ61ZuL/3m9zMTNMGcizQwKulwUZ9w10p3/7g6ZQmr41BJCFbO3unRMFKHGJlSxIfirL6+ToFG/rnt3jVqrWaRRhjM4h0vw4QpacAttCIDCBJ7hFd6c1Hlx3p2PZWvJKWZO4Q+czx/tgo90</latexit><latexit sha1_base64="EfdB9Z0AMafAxGsXjnSvDZ1Q9MU=">AAAB7XicbVBNT8JAEJ3iF+IX6tFLIzHxRFou4o3Ei0eMVkigIdtlChu2u83u1oQ0/AgvHtR49f9489+4QA8KvmSSl/dmMjMvSjnTxvO+ndLG5tb2Tnm3srd/cHhUPT551DJTFAMquVTdiGjkTGBgmOHYTRWSJOLYiSY3c7/zhEozKR7MNMUwISPBYkaJsVLnHoWWSg+qNa/uLeCuE78gNSjQHlS/+kNJswSFoZxo3fO91IQ5UYZRjrNKP9OYEjohI+xZKkiCOswX587cC6sM3VgqW8K4C/X3RE4SradJZDsTYsZ61ZuL/3m9zMTNMGcizQwKulwUZ9w10p3/7g6ZQmr41BJCFbO3unRMFKHGJlSxIfirL6+ToFG/rnt3jVqrWaRRhjM4h0vw4QpacAttCIDCBJ7hFd6c1Hlx3p2PZWvJKWZO4Q+czx/tgo90</latexit>

S1
<latexit sha1_base64="axQPf9NsF6tIRDPWnOd2pJQGRio=">AAAB83icbVBNSwMxFHxbv2r9qnr0EiyCp7IrgvVW8OKxomsL7VKyabYNTbJrki2Upb/DiwcVr/4Zb/4bs+0etHUgMMy8x5tMmHCmjet+O6W19Y3NrfJ2ZWd3b/+genj0qONUEeqTmMeqE2JNOZPUN8xw2kkUxSLktB2Ob3K/PaFKs1g+mGlCA4GHkkWMYGOloCewGRHMs/tZ3+tXa27dnQOtEq8gNSjQ6le/eoOYpIJKQzjWuuu5iQkyrAwjnM4qvVTTBJMxHtKupRILqoNsHnqGzqwyQFGs7JMGzdXfGxkWWk9FaCfzkHrZy8X/vG5qokaQMZmkhkqyOBSlHJkY5Q2gAVOUGD61BBPFbFZERlhhYmxPFVuCt/zlVeJf1K/r7t1lrdko2ijDCZzCOXhwBU24hRb4QOAJnuEV3pyJ8+K8Ox+L0ZJT7BzDHzifPx+3kdY=</latexit><latexit sha1_base64="axQPf9NsF6tIRDPWnOd2pJQGRio=">AAAB83icbVBNSwMxFHxbv2r9qnr0EiyCp7IrgvVW8OKxomsL7VKyabYNTbJrki2Upb/DiwcVr/4Zb/4bs+0etHUgMMy8x5tMmHCmjet+O6W19Y3NrfJ2ZWd3b/+genj0qONUEeqTmMeqE2JNOZPUN8xw2kkUxSLktB2Ob3K/PaFKs1g+mGlCA4GHkkWMYGOloCewGRHMs/tZ3+tXa27dnQOtEq8gNSjQ6le/eoOYpIJKQzjWuuu5iQkyrAwjnM4qvVTTBJMxHtKupRILqoNsHnqGzqwyQFGs7JMGzdXfGxkWWk9FaCfzkHrZy8X/vG5qokaQMZmkhkqyOBSlHJkY5Q2gAVOUGD61BBPFbFZERlhhYmxPFVuCt/zlVeJf1K/r7t1lrdko2ijDCZzCOXhwBU24hRb4QOAJnuEV3pyJ8+K8Ox+L0ZJT7BzDHzifPx+3kdY=</latexit><latexit sha1_base64="axQPf9NsF6tIRDPWnOd2pJQGRio=">AAAB83icbVBNSwMxFHxbv2r9qnr0EiyCp7IrgvVW8OKxomsL7VKyabYNTbJrki2Upb/DiwcVr/4Zb/4bs+0etHUgMMy8x5tMmHCmjet+O6W19Y3NrfJ2ZWd3b/+genj0qONUEeqTmMeqE2JNOZPUN8xw2kkUxSLktB2Ob3K/PaFKs1g+mGlCA4GHkkWMYGOloCewGRHMs/tZ3+tXa27dnQOtEq8gNSjQ6le/eoOYpIJKQzjWuuu5iQkyrAwjnM4qvVTTBJMxHtKupRILqoNsHnqGzqwyQFGs7JMGzdXfGxkWWk9FaCfzkHrZy8X/vG5qokaQMZmkhkqyOBSlHJkY5Q2gAVOUGD61BBPFbFZERlhhYmxPFVuCt/zlVeJf1K/r7t1lrdko2ijDCZzCOXhwBU24hRb4QOAJnuEV3pyJ8+K8Ox+L0ZJT7BzDHzifPx+3kdY=</latexit>

S2
<latexit sha1_base64="AEdBdTekH8golMbkcLKUX4rzxK0=">AAAB83icbVBNSwMxFHzxs9avqkcvwSJ4KrtFsN4KXjxWdG2hXUo2zbah2eyaZAtl6e/w4kHFq3/Gm//GbLsHbR0IDDPv8SYTJIJr4zjfaG19Y3Nru7RT3t3bPzisHB0/6jhVlHk0FrHqBEQzwSXzDDeCdRLFSBQI1g7GN7nfnjCleSwfzDRhfkSGkoecEmMlvxcRM6JEZPezfr1fqTo1Zw68StyCVKFAq1/56g1imkZMGiqI1l3XSYyfEWU4FWxW7qWaJYSOyZB1LZUkYtrP5qFn+NwqAxzGyj5p8Fz9vZGRSOtpFNjJPKRe9nLxP6+bmrDhZ1wmqWGSLg6FqcAmxnkDeMAVo0ZMLSFUcZsV0xFRhBrbU9mW4C5/eZV49dp1zbm7rDYbRRslOIUzuAAXrqAJt9ACDyg8wTO8whuaoBf0jj4Wo2uo2DmBP0CfPyE6kdc=</latexit><latexit sha1_base64="AEdBdTekH8golMbkcLKUX4rzxK0=">AAAB83icbVBNSwMxFHzxs9avqkcvwSJ4KrtFsN4KXjxWdG2hXUo2zbah2eyaZAtl6e/w4kHFq3/Gm//GbLsHbR0IDDPv8SYTJIJr4zjfaG19Y3Nru7RT3t3bPzisHB0/6jhVlHk0FrHqBEQzwSXzDDeCdRLFSBQI1g7GN7nfnjCleSwfzDRhfkSGkoecEmMlvxcRM6JEZPezfr1fqTo1Zw68StyCVKFAq1/56g1imkZMGiqI1l3XSYyfEWU4FWxW7qWaJYSOyZB1LZUkYtrP5qFn+NwqAxzGyj5p8Fz9vZGRSOtpFNjJPKRe9nLxP6+bmrDhZ1wmqWGSLg6FqcAmxnkDeMAVo0ZMLSFUcZsV0xFRhBrbU9mW4C5/eZV49dp1zbm7rDYbRRslOIUzuAAXrqAJt9ACDyg8wTO8whuaoBf0jj4Wo2uo2DmBP0CfPyE6kdc=</latexit><latexit sha1_base64="AEdBdTekH8golMbkcLKUX4rzxK0=">AAAB83icbVBNSwMxFHzxs9avqkcvwSJ4KrtFsN4KXjxWdG2hXUo2zbah2eyaZAtl6e/w4kHFq3/Gm//GbLsHbR0IDDPv8SYTJIJr4zjfaG19Y3Nru7RT3t3bPzisHB0/6jhVlHk0FrHqBEQzwSXzDDeCdRLFSBQI1g7GN7nfnjCleSwfzDRhfkSGkoecEmMlvxcRM6JEZPezfr1fqTo1Zw68StyCVKFAq1/56g1imkZMGiqI1l3XSYyfEWU4FWxW7qWaJYSOyZB1LZUkYtrP5qFn+NwqAxzGyj5p8Fz9vZGRSOtpFNjJPKRe9nLxP6+bmrDhZ1wmqWGSLg6FqcAmxnkDeMAVo0ZMLSFUcZsV0xFRhBrbU9mW4C5/eZV49dp1zbm7rDYbRRslOIUzuAAXrqAJt9ACDyg8wTO8whuaoBf0jj4Wo2uo2DmBP0CfPyE6kdc=</latexit>

Observations

Decision
variable

U 2 {1, 2}
<latexit sha1_base64="O2Ss0NNKTkxwJXWRQMyiqFouSC0=">AAAB9HicbVBNS8NAEJ34WetX1aOXxSJ4kJIUwXorePFYwdhCE8tmu2mXbnbD7kYpof/DiwcVr/4Yb/4bt20O2vpg4PHeDDPzopQzbVz321lZXVvf2Cxtlbd3dvf2KweH91pmilCfSC5VJ8Kaciaob5jhtJMqipOI03Y0up767UeqNJPizoxTGiZ4IFjMCDZWevBRwAQKcu+8joJJr1J1a+4MaJl4BalCgVav8hX0JckSKgzhWOuu56YmzLEyjHA6KQeZpikmIzygXUsFTqgO89nVE3RqlT6KpbIlDJqpvydynGg9TiLbmWAz1IveVPzP62YmboQ5E2lmqCDzRXHGkZFoGgHqM0WJ4WNLMFHM3orIECtMjA2qbEPwFl9eJn69dlVzby+qzUaRRgmO4QTOwINLaMINtMAHAgqe4RXenCfnxXl3PuatK04xcwR/4Hz+AN5ekPY=</latexit><latexit sha1_base64="O2Ss0NNKTkxwJXWRQMyiqFouSC0=">AAAB9HicbVBNS8NAEJ34WetX1aOXxSJ4kJIUwXorePFYwdhCE8tmu2mXbnbD7kYpof/DiwcVr/4Yb/4bt20O2vpg4PHeDDPzopQzbVz321lZXVvf2Cxtlbd3dvf2KweH91pmilCfSC5VJ8Kaciaob5jhtJMqipOI03Y0up767UeqNJPizoxTGiZ4IFjMCDZWevBRwAQKcu+8joJJr1J1a+4MaJl4BalCgVav8hX0JckSKgzhWOuu56YmzLEyjHA6KQeZpikmIzygXUsFTqgO89nVE3RqlT6KpbIlDJqpvydynGg9TiLbmWAz1IveVPzP62YmboQ5E2lmqCDzRXHGkZFoGgHqM0WJ4WNLMFHM3orIECtMjA2qbEPwFl9eJn69dlVzby+qzUaRRgmO4QTOwINLaMINtMAHAgqe4RXenCfnxXl3PuatK04xcwR/4Hz+AN5ekPY=</latexit><latexit sha1_base64="O2Ss0NNKTkxwJXWRQMyiqFouSC0=">AAAB9HicbVBNS8NAEJ34WetX1aOXxSJ4kJIUwXorePFYwdhCE8tmu2mXbnbD7kYpof/DiwcVr/4Yb/4bt20O2vpg4PHeDDPzopQzbVz321lZXVvf2Cxtlbd3dvf2KweH91pmilCfSC5VJ8Kaciaob5jhtJMqipOI03Y0up767UeqNJPizoxTGiZ4IFjMCDZWevBRwAQKcu+8joJJr1J1a+4MaJl4BalCgVav8hX0JckSKgzhWOuu56YmzLEyjHA6KQeZpikmIzygXUsFTqgO89nVE3RqlT6KpbIlDJqpvydynGg9TiLbmWAz1IveVPzP62YmboQ5E2lmqCDzRXHGkZFoGgHqM0WJ4WNLMFHM3orIECtMjA2qbEPwFl9eJn69dlVzby+qzUaRRgmO4QTOwINLaMINtMAHAgqe4RXenCfnxXl3PuatK04xcwR/4Hz+AN5ekPY=</latexit>

U = U(X1, X2)
<latexit sha1_base64="Co7w2+i0Y6cEBG1p19TpZlwHuE8=">AAACAHicbVBNS8NAEJ3Ur1q/ol4EL4tFqCAlKYL1IBS8eKxgbKANYbPdtks3H+xuhBLqxb/ixYOKV3+GN/+NmzYHrT4YeLw3w8y8IOFMKsv6MkpLyyura+X1ysbm1vaOubt3J+NUEOqQmMfCDbCknEXUUUxx6iaC4jDgtBOMr3K/c0+FZHF0qyYJ9UI8jNiAEay05JsHDrpEvRCrEcE8c6Y117dPXb9x4ptVq27NgP4SuyBVKND2zc9ePyZpSCNFOJaya1uJ8jIsFCOcTiu9VNIEkzEe0q6mEQ6p9LLZB1N0rJU+GsRCV6TQTP05keFQykkY6M78Vrno5eJ/XjdVg6aXsShJFY3IfNEg5UjFKI8D9ZmgRPGJJpgIpm9FZIQFJkqHVtEh2Isv/yVOo35Rt27Oqq1mkUYZDuEIamDDObTgGtrgAIEHeIIXeDUejWfjzXift5aMYmYffsH4+AZNSpUH</latexit><latexit sha1_base64="Co7w2+i0Y6cEBG1p19TpZlwHuE8=">AAACAHicbVBNS8NAEJ3Ur1q/ol4EL4tFqCAlKYL1IBS8eKxgbKANYbPdtks3H+xuhBLqxb/ixYOKV3+GN/+NmzYHrT4YeLw3w8y8IOFMKsv6MkpLyyura+X1ysbm1vaOubt3J+NUEOqQmMfCDbCknEXUUUxx6iaC4jDgtBOMr3K/c0+FZHF0qyYJ9UI8jNiAEay05JsHDrpEvRCrEcE8c6Y117dPXb9x4ptVq27NgP4SuyBVKND2zc9ePyZpSCNFOJaya1uJ8jIsFCOcTiu9VNIEkzEe0q6mEQ6p9LLZB1N0rJU+GsRCV6TQTP05keFQykkY6M78Vrno5eJ/XjdVg6aXsShJFY3IfNEg5UjFKI8D9ZmgRPGJJpgIpm9FZIQFJkqHVtEh2Isv/yVOo35Rt27Oqq1mkUYZDuEIamDDObTgGtrgAIEHeIIXeDUejWfjzXift5aMYmYffsH4+AZNSpUH</latexit><latexit sha1_base64="Co7w2+i0Y6cEBG1p19TpZlwHuE8=">AAACAHicbVBNS8NAEJ3Ur1q/ol4EL4tFqCAlKYL1IBS8eKxgbKANYbPdtks3H+xuhBLqxb/ixYOKV3+GN/+NmzYHrT4YeLw3w8y8IOFMKsv6MkpLyyura+X1ysbm1vaOubt3J+NUEOqQmMfCDbCknEXUUUxx6iaC4jDgtBOMr3K/c0+FZHF0qyYJ9UI8jNiAEay05JsHDrpEvRCrEcE8c6Y117dPXb9x4ptVq27NgP4SuyBVKND2zc9ePyZpSCNFOJaya1uJ8jIsFCOcTiu9VNIEkzEe0q6mEQ6p9LLZB1N0rJU+GsRCV6TQTP05keFQykkY6M78Vrno5eJ/XjdVg6aXsShJFY3IfNEg5UjFKI8D9ZmgRPGJJpgIpm9FZIQFJkqHVtEh2Isv/yVOo35Rt27Oqq1mkUYZDuEIamDDObTgGtrgAIEHeIIXeDUejWfjzXift5aMYmYffsH4+AZNSpUH</latexit>


X̂1

X̂2

�
= E(Y )

<latexit sha1_base64="HPmntSat5/yqlENVH6w1vMa/jDU="></latexit><latexit sha1_base64="HPmntSat5/yqlENVH6w1vMa/jDU="></latexit><latexit sha1_base64="HPmntSat5/yqlENVH6w1vMa/jDU="></latexit>

Problem J (U , E) = E
h
(X1 � X̂1)

2 + (X2 � X̂2)
2
i

<latexit sha1_base64="Fxqik9HCm2Pt50q0OBmQIu5ABcE="></latexit><latexit sha1_base64="Fxqik9HCm2Pt50q0OBmQIu5ABcE="></latexit><latexit sha1_base64="Fxqik9HCm2Pt50q0OBmQIu5ABcE="></latexit>

min
(U,E)2U⇥E

<latexit sha1_base64="tXXIJ9Jvvs5J8gcpOwJiZod/TYM=">AAACJXicbVBNS8NAEN34WetX1KOXYBEqSElEsB6EghQ8VjC20ISw2W7apZtN2N0IJeTXePGvePFQRfDkX3GTRtHWgYE3780wM8+PKRHSND+0peWV1bX1ykZ1c2t7Z1ff278XUcIRtlFEI97zocCUMGxLIinuxRzD0Ke464+vc737gLkgEbuTkxi7IRwyEhAEpaI8/coJCfPSuhNCOUKQpnZ2+oPb2YlDWFH6vlIcSUIsvut2lnl6zWyYRRiLwCpBDZTR8fSpM4hQEmImEYVC9C0zlm4KuSSI4qzqJALHEI3hEPcVZFDtc9Pizcw4VszACCKukkmjYH9PpDAUYhL6qjM/UcxrOfmf1k9k0HRTwuJEYoZmi4KEGjIycs+MAeEYSTpRACJO1K0GGkEOkVTOVpUJ1vzLi8A+a1w2zNvzWqtZulEBh+AI1IEFLkAL3IAOsAECj+AZTMGr9qS9aG/a+6x1SStnDsCf0D6/ADg8pw8=</latexit><latexit sha1_base64="tXXIJ9Jvvs5J8gcpOwJiZod/TYM=">AAACJXicbVBNS8NAEN34WetX1KOXYBEqSElEsB6EghQ8VjC20ISw2W7apZtN2N0IJeTXePGvePFQRfDkX3GTRtHWgYE3780wM8+PKRHSND+0peWV1bX1ykZ1c2t7Z1ff278XUcIRtlFEI97zocCUMGxLIinuxRzD0Ke464+vc737gLkgEbuTkxi7IRwyEhAEpaI8/coJCfPSuhNCOUKQpnZ2+oPb2YlDWFH6vlIcSUIsvut2lnl6zWyYRRiLwCpBDZTR8fSpM4hQEmImEYVC9C0zlm4KuSSI4qzqJALHEI3hEPcVZFDtc9Pizcw4VszACCKukkmjYH9PpDAUYhL6qjM/UcxrOfmf1k9k0HRTwuJEYoZmi4KEGjIycs+MAeEYSTpRACJO1K0GGkEOkVTOVpUJ1vzLi8A+a1w2zNvzWqtZulEBh+AI1IEFLkAL3IAOsAECj+AZTMGr9qS9aG/a+6x1SStnDsCf0D6/ADg8pw8=</latexit><latexit sha1_base64="tXXIJ9Jvvs5J8gcpOwJiZod/TYM=">AAACJXicbVBNS8NAEN34WetX1KOXYBEqSElEsB6EghQ8VjC20ISw2W7apZtN2N0IJeTXePGvePFQRfDkX3GTRtHWgYE3780wM8+PKRHSND+0peWV1bX1ykZ1c2t7Z1ff278XUcIRtlFEI97zocCUMGxLIinuxRzD0Ke464+vc737gLkgEbuTkxi7IRwyEhAEpaI8/coJCfPSuhNCOUKQpnZ2+oPb2YlDWFH6vlIcSUIsvut2lnl6zWyYRRiLwCpBDZTR8fSpM4hQEmImEYVC9C0zlm4KuSSI4qzqJALHEI3hEPcVZFDtc9Pizcw4VszACCKukkmjYH9PpDAUYhL6qjM/UcxrOfmf1k9k0HRTwuJEYoZmi4KEGjIycs+MAeEYSTpRACJO1K0GGkEOkVTOVpUJ1vzLi8A+a1w2zNvzWqtZulEBh+AI1IEFLkAL3IAOsAECj+AZTMGr9qS9aG/a+6x1SStnDsCf0D6/ADg8pw8=</latexit>

5

(X1, X2) ⇠ f(x1, x2)
<latexit sha1_base64="CrlmhB7PjzRiyDhg0ugE/lR0AJQ=">AAACAXicdVDLSgMxFM3UV62vqitxEyxCBRkyfXdXcOOygmMLbRkyaaYNzTxIMtIyFDf+ihsXKm79C3f+jelDUNEDgXPPuZebe9yIM6kQ+jBSK6tr6xvpzczW9s7uXnb/4EaGsSDUJiEPRdvFknIWUFsxxWk7EhT7Lqctd3Qx81u3VEgWBtdqEtGejwcB8xjBSktO9ijfdqzztlM4g13JfOjlx7oe69rJ5pCJSla5WIHILKJK0ZqRKkLlSh1aJpojB5ZoOtn3bj8ksU8DRTiWsmOhSPUSLBQjnE4z3VjSCJMRHtCOpgH2qewl8xOm8FQrfeiFQr9Awbn6fSLBvpQT39WdPlZD+dubiX95nVh5tV7CgihWNCCLRV7MoQrhLA/YZ4ISxSeaYCKY/iskQywwUTq1jA7h61L4P7ELZt1EV6Vco7ZMIw2OwQnIAwtUQQNcgiawAQF34AE8gWfj3ng0XozXRWvKWM4cgh8w3j4BDqWU1g==</latexit><latexit sha1_base64="CrlmhB7PjzRiyDhg0ugE/lR0AJQ=">AAACAXicdVDLSgMxFM3UV62vqitxEyxCBRkyfXdXcOOygmMLbRkyaaYNzTxIMtIyFDf+ihsXKm79C3f+jelDUNEDgXPPuZebe9yIM6kQ+jBSK6tr6xvpzczW9s7uXnb/4EaGsSDUJiEPRdvFknIWUFsxxWk7EhT7Lqctd3Qx81u3VEgWBtdqEtGejwcB8xjBSktO9ijfdqzztlM4g13JfOjlx7oe69rJ5pCJSla5WIHILKJK0ZqRKkLlSh1aJpojB5ZoOtn3bj8ksU8DRTiWsmOhSPUSLBQjnE4z3VjSCJMRHtCOpgH2qewl8xOm8FQrfeiFQr9Awbn6fSLBvpQT39WdPlZD+dubiX95nVh5tV7CgihWNCCLRV7MoQrhLA/YZ4ISxSeaYCKY/iskQywwUTq1jA7h61L4P7ELZt1EV6Vco7ZMIw2OwQnIAwtUQQNcgiawAQF34AE8gWfj3ng0XozXRWvKWM4cgh8w3j4BDqWU1g==</latexit><latexit sha1_base64="CrlmhB7PjzRiyDhg0ugE/lR0AJQ=">AAACAXicdVDLSgMxFM3UV62vqitxEyxCBRkyfXdXcOOygmMLbRkyaaYNzTxIMtIyFDf+ihsXKm79C3f+jelDUNEDgXPPuZebe9yIM6kQ+jBSK6tr6xvpzczW9s7uXnb/4EaGsSDUJiEPRdvFknIWUFsxxWk7EhT7Lqctd3Qx81u3VEgWBtdqEtGejwcB8xjBSktO9ijfdqzztlM4g13JfOjlx7oe69rJ5pCJSla5WIHILKJK0ZqRKkLlSh1aJpojB5ZoOtn3bj8ksU8DRTiWsmOhSPUSLBQjnE4z3VjSCJMRHtCOpgH2qewl8xOm8FQrfeiFQr9Awbn6fSLBvpQT39WdPlZD+dubiX95nVh5tV7CgihWNCCLRV7MoQrhLA/YZ4ISxSeaYCKY/iskQywwUTq1jA7h61L4P7ELZt1EV6Vco7ZMIw2OwQnIAwtUQQNcgiawAQF34AE8gWfj3ng0XozXRWvKWM4cgh8w3j4BDqWU1g==</latexit>



Simplest case: two sensors

X1

X2

U E

X̂1

X̂2

�
X1 or X2

Scheduler
<latexit sha1_base64="gE3hinBMVWKQEYjTmMu5yotPvOM=">AAAB73icbVBNT8JAEJ36ifiFevSykZh4Ii0X8UbixSNGKxhoyHY7hQ3bbbO7NSGEX+HFgxqv/h1v/hsX6EHBl0zy8t5MZuaFmeDauO63s7a+sbm1Xdop7+7tHxxWjo4fdJorhj5LRao6IdUouETfcCOwkymkSSiwHY6uZ377CZXmqbw34wyDhA4kjzmjxkqPd2yIUS5Q9StVt+bOQVaJV5AqFGj1K1+9KGV5gtIwQbXuem5mgglVhjOB03Iv15hRNqID7FoqaYI6mMwPnpJzq0QkTpUtachc/T0xoYnW4yS0nQk1Q73szcT/vG5u4kYw4TLLDUq2WBTngpiUzL4nEVfIjBhbQpni9lbChlRRZmxGZRuCt/zyKvHrtauae1uvNhtFGiU4hTO4AA8uoQk30AIfGCTwDK/w5ijnxXl3Phata04xcwJ/4Hz+AEoskDo=</latexit><latexit sha1_base64="gE3hinBMVWKQEYjTmMu5yotPvOM=">AAAB73icbVBNT8JAEJ36ifiFevSykZh4Ii0X8UbixSNGKxhoyHY7hQ3bbbO7NSGEX+HFgxqv/h1v/hsX6EHBl0zy8t5MZuaFmeDauO63s7a+sbm1Xdop7+7tHxxWjo4fdJorhj5LRao6IdUouETfcCOwkymkSSiwHY6uZ377CZXmqbw34wyDhA4kjzmjxkqPd2yIUS5Q9StVt+bOQVaJV5AqFGj1K1+9KGV5gtIwQbXuem5mgglVhjOB03Iv15hRNqID7FoqaYI6mMwPnpJzq0QkTpUtachc/T0xoYnW4yS0nQk1Q73szcT/vG5u4kYw4TLLDUq2WBTngpiUzL4nEVfIjBhbQpni9lbChlRRZmxGZRuCt/zyKvHrtauae1uvNhtFGiU4hTO4AA8uoQk30AIfGCTwDK/w5ijnxXl3Phata04xcwJ/4Hz+AEoskDo=</latexit><latexit sha1_base64="gE3hinBMVWKQEYjTmMu5yotPvOM=">AAAB73icbVBNT8JAEJ36ifiFevSykZh4Ii0X8UbixSNGKxhoyHY7hQ3bbbO7NSGEX+HFgxqv/h1v/hsX6EHBl0zy8t5MZuaFmeDauO63s7a+sbm1Xdop7+7tHxxWjo4fdJorhj5LRao6IdUouETfcCOwkymkSSiwHY6uZ377CZXmqbw34wyDhA4kjzmjxkqPd2yIUS5Q9StVt+bOQVaJV5AqFGj1K1+9KGV5gtIwQbXuem5mgglVhjOB03Iv15hRNqID7FoqaYI6mMwPnpJzq0QkTpUtachc/T0xoYnW4yS0nQk1Q73szcT/vG5u4kYw4TLLDUq2WBTngpiUzL4nEVfIjBhbQpni9lbChlRRZmxGZRuCt/zyKvHrtauae1uvNhtFGiU4hTO4AA8uoQk30AIfGCTwDK/w5ijnxXl3Phata04xcwJ/4Hz+AEoskDo=</latexit>

Remote
Estimator

<latexit sha1_base64="HDo+DS5UxX2ZBX3sbtkd5mY5N9U=">AAACBXicbVBNS8NAEN3Urxq/oh5FCBbBU0l7sd4KInisYmyhCWWznbRLN7thdyOU0JMX/4oXDype/Q/e/Ddu2xy09cHC472Z2ZkXpYwq7XnfVmlldW19o7xpb23v7O45+wf3SmSSgE8EE7ITYQWMcvA11Qw6qQScRAza0ehy6rcfQCoq+J0epxAmeMBpTAnWRuo5xwEBrkFSPrBvIREagsC+UpomWAvZcype1ZvBXSa1glRQgVbP+Qr6gmSJmUkYVqpb81Id5lhqShhM7CBTkGIywgPoGspxAirMZ2dM3FOj9N1YSPO4dmfq744cJ0qNk8hUmu2GatGbiv953UzHjTCnPM00cDL/KM6Yq4U7zcTtUwlEs7EhmEhqdnXJEEtMTDDKNiHUFk9eJn69elH1buqVZqNIo4yO0Ak6QzV0jproGrWQjwh6RM/oFb1ZT9aL9W59zEtLVtFziP7A+vwBbPqYnw==</latexit><latexit sha1_base64="HDo+DS5UxX2ZBX3sbtkd5mY5N9U=">AAACBXicbVBNS8NAEN3Urxq/oh5FCBbBU0l7sd4KInisYmyhCWWznbRLN7thdyOU0JMX/4oXDype/Q/e/Ddu2xy09cHC472Z2ZkXpYwq7XnfVmlldW19o7xpb23v7O45+wf3SmSSgE8EE7ITYQWMcvA11Qw6qQScRAza0ehy6rcfQCoq+J0epxAmeMBpTAnWRuo5xwEBrkFSPrBvIREagsC+UpomWAvZcype1ZvBXSa1glRQgVbP+Qr6gmSJmUkYVqpb81Id5lhqShhM7CBTkGIywgPoGspxAirMZ2dM3FOj9N1YSPO4dmfq744cJ0qNk8hUmu2GatGbiv953UzHjTCnPM00cDL/KM6Yq4U7zcTtUwlEs7EhmEhqdnXJEEtMTDDKNiHUFk9eJn69elH1buqVZqNIo4yO0Ak6QzV0jproGrWQjwh6RM/oFb1ZT9aL9W59zEtLVtFziP7A+vwBbPqYnw==</latexit><latexit sha1_base64="HDo+DS5UxX2ZBX3sbtkd5mY5N9U=">AAACBXicbVBNS8NAEN3Urxq/oh5FCBbBU0l7sd4KInisYmyhCWWznbRLN7thdyOU0JMX/4oXDype/Q/e/Ddu2xy09cHC472Z2ZkXpYwq7XnfVmlldW19o7xpb23v7O45+wf3SmSSgE8EE7ITYQWMcvA11Qw6qQScRAza0ehy6rcfQCoq+J0epxAmeMBpTAnWRuo5xwEBrkFSPrBvIREagsC+UpomWAvZcype1ZvBXSa1glRQgVbP+Qr6gmSJmUkYVqpb81Id5lhqShhM7CBTkGIywgPoGspxAirMZ2dM3FOj9N1YSPO4dmfq744cJ0qNk8hUmu2GatGbiv953UzHjTCnPM00cDL/KM6Yq4U7zcTtUwlEs7EhmEhqdnXJEEtMTDDKNiHUFk9eJn69elH1buqVZqNIo4yO0Ak6QzV0jproGrWQjwh6RM/oFb1ZT9aL9W59zEtLVtFziP7A+vwBbPqYnw==</latexit>

Sensors
<latexit sha1_base64="EfdB9Z0AMafAxGsXjnSvDZ1Q9MU=">AAAB7XicbVBNT8JAEJ3iF+IX6tFLIzHxRFou4o3Ei0eMVkigIdtlChu2u83u1oQ0/AgvHtR49f9489+4QA8KvmSSl/dmMjMvSjnTxvO+ndLG5tb2Tnm3srd/cHhUPT551DJTFAMquVTdiGjkTGBgmOHYTRWSJOLYiSY3c7/zhEozKR7MNMUwISPBYkaJsVLnHoWWSg+qNa/uLeCuE78gNSjQHlS/+kNJswSFoZxo3fO91IQ5UYZRjrNKP9OYEjohI+xZKkiCOswX587cC6sM3VgqW8K4C/X3RE4SradJZDsTYsZ61ZuL/3m9zMTNMGcizQwKulwUZ9w10p3/7g6ZQmr41BJCFbO3unRMFKHGJlSxIfirL6+ToFG/rnt3jVqrWaRRhjM4h0vw4QpacAttCIDCBJ7hFd6c1Hlx3p2PZWvJKWZO4Q+czx/tgo90</latexit><latexit sha1_base64="EfdB9Z0AMafAxGsXjnSvDZ1Q9MU=">AAAB7XicbVBNT8JAEJ3iF+IX6tFLIzHxRFou4o3Ei0eMVkigIdtlChu2u83u1oQ0/AgvHtR49f9489+4QA8KvmSSl/dmMjMvSjnTxvO+ndLG5tb2Tnm3srd/cHhUPT551DJTFAMquVTdiGjkTGBgmOHYTRWSJOLYiSY3c7/zhEozKR7MNMUwISPBYkaJsVLnHoWWSg+qNa/uLeCuE78gNSjQHlS/+kNJswSFoZxo3fO91IQ5UYZRjrNKP9OYEjohI+xZKkiCOswX587cC6sM3VgqW8K4C/X3RE4SradJZDsTYsZ61ZuL/3m9zMTNMGcizQwKulwUZ9w10p3/7g6ZQmr41BJCFbO3unRMFKHGJlSxIfirL6+ToFG/rnt3jVqrWaRRhjM4h0vw4QpacAttCIDCBJ7hFd6c1Hlx3p2PZWvJKWZO4Q+czx/tgo90</latexit><latexit sha1_base64="EfdB9Z0AMafAxGsXjnSvDZ1Q9MU=">AAAB7XicbVBNT8JAEJ3iF+IX6tFLIzHxRFou4o3Ei0eMVkigIdtlChu2u83u1oQ0/AgvHtR49f9489+4QA8KvmSSl/dmMjMvSjnTxvO+ndLG5tb2Tnm3srd/cHhUPT551DJTFAMquVTdiGjkTGBgmOHYTRWSJOLYiSY3c7/zhEozKR7MNMUwISPBYkaJsVLnHoWWSg+qNa/uLeCuE78gNSjQHlS/+kNJswSFoZxo3fO91IQ5UYZRjrNKP9OYEjohI+xZKkiCOswX587cC6sM3VgqW8K4C/X3RE4SradJZDsTYsZ61ZuL/3m9zMTNMGcizQwKulwUZ9w10p3/7g6ZQmr41BJCFbO3unRMFKHGJlSxIfirL6+ToFG/rnt3jVqrWaRRhjM4h0vw4QpacAttCIDCBJ7hFd6c1Hlx3p2PZWvJKWZO4Q+czx/tgo90</latexit>

S1
<latexit sha1_base64="axQPf9NsF6tIRDPWnOd2pJQGRio=">AAAB83icbVBNSwMxFHxbv2r9qnr0EiyCp7IrgvVW8OKxomsL7VKyabYNTbJrki2Upb/DiwcVr/4Zb/4bs+0etHUgMMy8x5tMmHCmjet+O6W19Y3NrfJ2ZWd3b/+genj0qONUEeqTmMeqE2JNOZPUN8xw2kkUxSLktB2Ob3K/PaFKs1g+mGlCA4GHkkWMYGOloCewGRHMs/tZ3+tXa27dnQOtEq8gNSjQ6le/eoOYpIJKQzjWuuu5iQkyrAwjnM4qvVTTBJMxHtKupRILqoNsHnqGzqwyQFGs7JMGzdXfGxkWWk9FaCfzkHrZy8X/vG5qokaQMZmkhkqyOBSlHJkY5Q2gAVOUGD61BBPFbFZERlhhYmxPFVuCt/zlVeJf1K/r7t1lrdko2ijDCZzCOXhwBU24hRb4QOAJnuEV3pyJ8+K8Ox+L0ZJT7BzDHzifPx+3kdY=</latexit><latexit sha1_base64="axQPf9NsF6tIRDPWnOd2pJQGRio=">AAAB83icbVBNSwMxFHxbv2r9qnr0EiyCp7IrgvVW8OKxomsL7VKyabYNTbJrki2Upb/DiwcVr/4Zb/4bs+0etHUgMMy8x5tMmHCmjet+O6W19Y3NrfJ2ZWd3b/+genj0qONUEeqTmMeqE2JNOZPUN8xw2kkUxSLktB2Ob3K/PaFKs1g+mGlCA4GHkkWMYGOloCewGRHMs/tZ3+tXa27dnQOtEq8gNSjQ6le/eoOYpIJKQzjWuuu5iQkyrAwjnM4qvVTTBJMxHtKupRILqoNsHnqGzqwyQFGs7JMGzdXfGxkWWk9FaCfzkHrZy8X/vG5qokaQMZmkhkqyOBSlHJkY5Q2gAVOUGD61BBPFbFZERlhhYmxPFVuCt/zlVeJf1K/r7t1lrdko2ijDCZzCOXhwBU24hRb4QOAJnuEV3pyJ8+K8Ox+L0ZJT7BzDHzifPx+3kdY=</latexit><latexit sha1_base64="axQPf9NsF6tIRDPWnOd2pJQGRio=">AAAB83icbVBNSwMxFHxbv2r9qnr0EiyCp7IrgvVW8OKxomsL7VKyabYNTbJrki2Upb/DiwcVr/4Zb/4bs+0etHUgMMy8x5tMmHCmjet+O6W19Y3NrfJ2ZWd3b/+genj0qONUEeqTmMeqE2JNOZPUN8xw2kkUxSLktB2Ob3K/PaFKs1g+mGlCA4GHkkWMYGOloCewGRHMs/tZ3+tXa27dnQOtEq8gNSjQ6le/eoOYpIJKQzjWuuu5iQkyrAwjnM4qvVTTBJMxHtKupRILqoNsHnqGzqwyQFGs7JMGzdXfGxkWWk9FaCfzkHrZy8X/vG5qokaQMZmkhkqyOBSlHJkY5Q2gAVOUGD61BBPFbFZERlhhYmxPFVuCt/zlVeJf1K/r7t1lrdko2ijDCZzCOXhwBU24hRb4QOAJnuEV3pyJ8+K8Ox+L0ZJT7BzDHzifPx+3kdY=</latexit>

S2
<latexit sha1_base64="AEdBdTekH8golMbkcLKUX4rzxK0=">AAAB83icbVBNSwMxFHzxs9avqkcvwSJ4KrtFsN4KXjxWdG2hXUo2zbah2eyaZAtl6e/w4kHFq3/Gm//GbLsHbR0IDDPv8SYTJIJr4zjfaG19Y3Nru7RT3t3bPzisHB0/6jhVlHk0FrHqBEQzwSXzDDeCdRLFSBQI1g7GN7nfnjCleSwfzDRhfkSGkoecEmMlvxcRM6JEZPezfr1fqTo1Zw68StyCVKFAq1/56g1imkZMGiqI1l3XSYyfEWU4FWxW7qWaJYSOyZB1LZUkYtrP5qFn+NwqAxzGyj5p8Fz9vZGRSOtpFNjJPKRe9nLxP6+bmrDhZ1wmqWGSLg6FqcAmxnkDeMAVo0ZMLSFUcZsV0xFRhBrbU9mW4C5/eZV49dp1zbm7rDYbRRslOIUzuAAXrqAJt9ACDyg8wTO8whuaoBf0jj4Wo2uo2DmBP0CfPyE6kdc=</latexit><latexit sha1_base64="AEdBdTekH8golMbkcLKUX4rzxK0=">AAAB83icbVBNSwMxFHzxs9avqkcvwSJ4KrtFsN4KXjxWdG2hXUo2zbah2eyaZAtl6e/w4kHFq3/Gm//GbLsHbR0IDDPv8SYTJIJr4zjfaG19Y3Nru7RT3t3bPzisHB0/6jhVlHk0FrHqBEQzwSXzDDeCdRLFSBQI1g7GN7nfnjCleSwfzDRhfkSGkoecEmMlvxcRM6JEZPezfr1fqTo1Zw68StyCVKFAq1/56g1imkZMGiqI1l3XSYyfEWU4FWxW7qWaJYSOyZB1LZUkYtrP5qFn+NwqAxzGyj5p8Fz9vZGRSOtpFNjJPKRe9nLxP6+bmrDhZ1wmqWGSLg6FqcAmxnkDeMAVo0ZMLSFUcZsV0xFRhBrbU9mW4C5/eZV49dp1zbm7rDYbRRslOIUzuAAXrqAJt9ACDyg8wTO8whuaoBf0jj4Wo2uo2DmBP0CfPyE6kdc=</latexit><latexit sha1_base64="AEdBdTekH8golMbkcLKUX4rzxK0=">AAAB83icbVBNSwMxFHzxs9avqkcvwSJ4KrtFsN4KXjxWdG2hXUo2zbah2eyaZAtl6e/w4kHFq3/Gm//GbLsHbR0IDDPv8SYTJIJr4zjfaG19Y3Nru7RT3t3bPzisHB0/6jhVlHk0FrHqBEQzwSXzDDeCdRLFSBQI1g7GN7nfnjCleSwfzDRhfkSGkoecEmMlvxcRM6JEZPezfr1fqTo1Zw68StyCVKFAq1/56g1imkZMGiqI1l3XSYyfEWU4FWxW7qWaJYSOyZB1LZUkYtrP5qFn+NwqAxzGyj5p8Fz9vZGRSOtpFNjJPKRe9nLxP6+bmrDhZ1wmqWGSLg6FqcAmxnkDeMAVo0ZMLSFUcZsV0xFRhBrbU9mW4C5/eZV49dp1zbm7rDYbRRslOIUzuAAXrqAJt9ACDyg8wTO8whuaoBf0jj4Wo2uo2DmBP0CfPyE6kdc=</latexit>

J (U , E) = E
h
(X1 � X̂1)

2 + (X2 � X̂2)
2
i

<latexit sha1_base64="Fxqik9HCm2Pt50q0OBmQIu5ABcE="></latexit><latexit sha1_base64="Fxqik9HCm2Pt50q0OBmQIu5ABcE="></latexit><latexit sha1_base64="Fxqik9HCm2Pt50q0OBmQIu5ABcE="></latexit>

min
(U,E)2U⇥E

<latexit sha1_base64="tXXIJ9Jvvs5J8gcpOwJiZod/TYM=">AAACJXicbVBNS8NAEN34WetX1KOXYBEqSElEsB6EghQ8VjC20ISw2W7apZtN2N0IJeTXePGvePFQRfDkX3GTRtHWgYE3780wM8+PKRHSND+0peWV1bX1ykZ1c2t7Z1ff278XUcIRtlFEI97zocCUMGxLIinuxRzD0Ke464+vc737gLkgEbuTkxi7IRwyEhAEpaI8/coJCfPSuhNCOUKQpnZ2+oPb2YlDWFH6vlIcSUIsvut2lnl6zWyYRRiLwCpBDZTR8fSpM4hQEmImEYVC9C0zlm4KuSSI4qzqJALHEI3hEPcVZFDtc9Pizcw4VszACCKukkmjYH9PpDAUYhL6qjM/UcxrOfmf1k9k0HRTwuJEYoZmi4KEGjIycs+MAeEYSTpRACJO1K0GGkEOkVTOVpUJ1vzLi8A+a1w2zNvzWqtZulEBh+AI1IEFLkAL3IAOsAECj+AZTMGr9qS9aG/a+6x1SStnDsCf0D6/ADg8pw8=</latexit><latexit sha1_base64="tXXIJ9Jvvs5J8gcpOwJiZod/TYM=">AAACJXicbVBNS8NAEN34WetX1KOXYBEqSElEsB6EghQ8VjC20ISw2W7apZtN2N0IJeTXePGvePFQRfDkX3GTRtHWgYE3780wM8+PKRHSND+0peWV1bX1ykZ1c2t7Z1ff278XUcIRtlFEI97zocCUMGxLIinuxRzD0Ke464+vc737gLkgEbuTkxi7IRwyEhAEpaI8/coJCfPSuhNCOUKQpnZ2+oPb2YlDWFH6vlIcSUIsvut2lnl6zWyYRRiLwCpBDZTR8fSpM4hQEmImEYVC9C0zlm4KuSSI4qzqJALHEI3hEPcVZFDtc9Pizcw4VszACCKukkmjYH9PpDAUYhL6qjM/UcxrOfmf1k9k0HRTwuJEYoZmi4KEGjIycs+MAeEYSTpRACJO1K0GGkEOkVTOVpUJ1vzLi8A+a1w2zNvzWqtZulEBh+AI1IEFLkAL3IAOsAECj+AZTMGr9qS9aG/a+6x1SStnDsCf0D6/ADg8pw8=</latexit><latexit sha1_base64="tXXIJ9Jvvs5J8gcpOwJiZod/TYM=">AAACJXicbVBNS8NAEN34WetX1KOXYBEqSElEsB6EghQ8VjC20ISw2W7apZtN2N0IJeTXePGvePFQRfDkX3GTRtHWgYE3780wM8+PKRHSND+0peWV1bX1ykZ1c2t7Z1ff278XUcIRtlFEI97zocCUMGxLIinuxRzD0Ke464+vc737gLkgEbuTkxi7IRwyEhAEpaI8/coJCfPSuhNCOUKQpnZ2+oPb2YlDWFH6vlIcSUIsvut2lnl6zWyYRRiLwCpBDZTR8fSpM4hQEmImEYVC9C0zlm4KuSSI4qzqJALHEI3hEPcVZFDtc9Pizcw4VszACCKukkmjYH9PpDAUYhL6qjM/UcxrOfmf1k9k0HRTwuJEYoZmi4KEGjIycs+MAeEYSTpRACJO1K0GGkEOkVTOVpUJ1vzLi8A+a1w2zNvzWqtZulEBh+AI1IEFLkAL3IAOsAECj+AZTMGr9qS9aG/a+6x1SStnDsCf0D6/ADg8pw8=</latexit>

“Dimensionality reduction” 
or  

“Subset selection” 
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Notions of optimality

Unfortunately, finding globally optimal solutions is very difficult

Finding person-by-person optimal solutions is often much easier*

*depending on the statistics of the data

Global optimality Person-by-person optimality

(=/

=)
J (U?, E?)  J (U , E), (U , E) 2 U⇥ E

<latexit sha1_base64="gAY/vhrZXDEtUfGOTHhUWjU0/ic="></latexit><latexit sha1_base64="gAY/vhrZXDEtUfGOTHhUWjU0/ic="></latexit><latexit sha1_base64="gAY/vhrZXDEtUfGOTHhUWjU0/ic="></latexit>

J (U?, E?)  J (U , E?), U 2 U
J (U?, E?)  J (U?, E), E 2 E

<latexit sha1_base64="+EgtZqErh+IPqrHCmz+kadCN+wo="></latexit><latexit sha1_base64="+EgtZqErh+IPqrHCmz+kadCN+wo="></latexit><latexit sha1_base64="+EgtZqErh+IPqrHCmz+kadCN+wo="></latexit>
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Observation-driven 
scheduling
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Arbitrary joint density

(X1, X2) ⇠ f(x1, x2)
<latexit sha1_base64="CrlmhB7PjzRiyDhg0ugE/lR0AJQ=">AAACAXicdVDLSgMxFM3UV62vqitxEyxCBRkyfXdXcOOygmMLbRkyaaYNzTxIMtIyFDf+ihsXKm79C3f+jelDUNEDgXPPuZebe9yIM6kQ+jBSK6tr6xvpzczW9s7uXnb/4EaGsSDUJiEPRdvFknIWUFsxxWk7EhT7Lqctd3Qx81u3VEgWBtdqEtGejwcB8xjBSktO9ijfdqzztlM4g13JfOjlx7oe69rJ5pCJSla5WIHILKJK0ZqRKkLlSh1aJpojB5ZoOtn3bj8ksU8DRTiWsmOhSPUSLBQjnE4z3VjSCJMRHtCOpgH2qewl8xOm8FQrfeiFQr9Awbn6fSLBvpQT39WdPlZD+dubiX95nVh5tV7CgihWNCCLRV7MoQrhLA/YZ4ISxSeaYCKY/iskQywwUTq1jA7h61L4P7ELZt1EV6Vco7ZMIw2OwQnIAwtUQQNcgiawAQF34AE8gWfj3ng0XozXRWvKWM4cgh8w3j4BDqWU1g==</latexit><latexit sha1_base64="CrlmhB7PjzRiyDhg0ugE/lR0AJQ=">AAACAXicdVDLSgMxFM3UV62vqitxEyxCBRkyfXdXcOOygmMLbRkyaaYNzTxIMtIyFDf+ihsXKm79C3f+jelDUNEDgXPPuZebe9yIM6kQ+jBSK6tr6xvpzczW9s7uXnb/4EaGsSDUJiEPRdvFknIWUFsxxWk7EhT7Lqctd3Qx81u3VEgWBtdqEtGejwcB8xjBSktO9ijfdqzztlM4g13JfOjlx7oe69rJ5pCJSla5WIHILKJK0ZqRKkLlSh1aJpojB5ZoOtn3bj8ksU8DRTiWsmOhSPUSLBQjnE4z3VjSCJMRHtCOpgH2qewl8xOm8FQrfeiFQr9Awbn6fSLBvpQT39WdPlZD+dubiX95nVh5tV7CgihWNCCLRV7MoQrhLA/YZ4ISxSeaYCKY/iskQywwUTq1jA7h61L4P7ELZt1EV6Vco7ZMIw2OwQnIAwtUQQNcgiawAQF34AE8gWfj3ng0XozXRWvKWM4cgh8w3j4BDqWU1g==</latexit><latexit sha1_base64="CrlmhB7PjzRiyDhg0ugE/lR0AJQ=">AAACAXicdVDLSgMxFM3UV62vqitxEyxCBRkyfXdXcOOygmMLbRkyaaYNzTxIMtIyFDf+ihsXKm79C3f+jelDUNEDgXPPuZebe9yIM6kQ+jBSK6tr6xvpzczW9s7uXnb/4EaGsSDUJiEPRdvFknIWUFsxxWk7EhT7Lqctd3Qx81u3VEgWBtdqEtGejwcB8xjBSktO9ijfdqzztlM4g13JfOjlx7oe69rJ5pCJSla5WIHILKJK0ZqRKkLlSh1aJpojB5ZoOtn3bj8ksU8DRTiWsmOhSPUSLBQjnE4z3VjSCJMRHtCOpgH2qewl8xOm8FQrfeiFQr9Awbn6fSLBvpQT39WdPlZD+dubiX95nVh5tV7CgihWNCCLRV7MoQrhLA/YZ4ISxSeaYCKY/iskQywwUTq1jA7h61L4P7ELZt1EV6Vco7ZMIw2OwQnIAwtUQQNcgiawAQF34AE8gWfj3ng0XozXRWvKWM4cgh8w3j4BDqWU1g==</latexit>

J (U , E) = E
h
(X1 � X̂1)

2 + (X2 � X̂2)
2
i

<latexit sha1_base64="Fxqik9HCm2Pt50q0OBmQIu5ABcE="></latexit><latexit sha1_base64="Fxqik9HCm2Pt50q0OBmQIu5ABcE="></latexit><latexit sha1_base64="Fxqik9HCm2Pt50q0OBmQIu5ABcE="></latexit>

min
(U,E)2U⇥E

<latexit sha1_base64="tXXIJ9Jvvs5J8gcpOwJiZod/TYM=">AAACJXicbVBNS8NAEN34WetX1KOXYBEqSElEsB6EghQ8VjC20ISw2W7apZtN2N0IJeTXePGvePFQRfDkX3GTRtHWgYE3780wM8+PKRHSND+0peWV1bX1ykZ1c2t7Z1ff278XUcIRtlFEI97zocCUMGxLIinuxRzD0Ke464+vc737gLkgEbuTkxi7IRwyEhAEpaI8/coJCfPSuhNCOUKQpnZ2+oPb2YlDWFH6vlIcSUIsvut2lnl6zWyYRRiLwCpBDZTR8fSpM4hQEmImEYVC9C0zlm4KuSSI4qzqJALHEI3hEPcVZFDtc9Pizcw4VszACCKukkmjYH9PpDAUYhL6qjM/UcxrOfmf1k9k0HRTwuJEYoZmi4KEGjIycs+MAeEYSTpRACJO1K0GGkEOkVTOVpUJ1vzLi8A+a1w2zNvzWqtZulEBh+AI1IEFLkAL3IAOsAECj+AZTMGr9qS9aG/a+6x1SStnDsCf0D6/ADg8pw8=</latexit><latexit sha1_base64="tXXIJ9Jvvs5J8gcpOwJiZod/TYM=">AAACJXicbVBNS8NAEN34WetX1KOXYBEqSElEsB6EghQ8VjC20ISw2W7apZtN2N0IJeTXePGvePFQRfDkX3GTRtHWgYE3780wM8+PKRHSND+0peWV1bX1ykZ1c2t7Z1ff278XUcIRtlFEI97zocCUMGxLIinuxRzD0Ke464+vc737gLkgEbuTkxi7IRwyEhAEpaI8/coJCfPSuhNCOUKQpnZ2+oPb2YlDWFH6vlIcSUIsvut2lnl6zWyYRRiLwCpBDZTR8fSpM4hQEmImEYVC9C0zlm4KuSSI4qzqJALHEI3hEPcVZFDtc9Pizcw4VszACCKukkmjYH9PpDAUYhL6qjM/UcxrOfmf1k9k0HRTwuJEYoZmi4KEGjIycs+MAeEYSTpRACJO1K0GGkEOkVTOVpUJ1vzLi8A+a1w2zNvzWqtZulEBh+AI1IEFLkAL3IAOsAECj+AZTMGr9qS9aG/a+6x1SStnDsCf0D6/ADg8pw8=</latexit><latexit sha1_base64="tXXIJ9Jvvs5J8gcpOwJiZod/TYM=">AAACJXicbVBNS8NAEN34WetX1KOXYBEqSElEsB6EghQ8VjC20ISw2W7apZtN2N0IJeTXePGvePFQRfDkX3GTRtHWgYE3780wM8+PKRHSND+0peWV1bX1ykZ1c2t7Z1ff278XUcIRtlFEI97zocCUMGxLIinuxRzD0Ke464+vc737gLkgEbuTkxi7IRwyEhAEpaI8/coJCfPSuhNCOUKQpnZ2+oPb2YlDWFH6vlIcSUIsvut2lnl6zWyYRRiLwCpBDZTR8fSpM4hQEmImEYVC9C0zlm4KuSSI4qzqJALHEI3hEPcVZFDtc9Pizcw4VszACCKukkmjYH9PpDAUYhL6qjM/UcxrOfmf1k9k0HRTwuJEYoZmi4KEGjIycs+MAeEYSTpRACJO1K0GGkEOkVTOVpUJ1vzLi8A+a1w2zNvzWqtZulEBh+AI1IEFLkAL3IAOsAECj+AZTMGr9qS9aG/a+6x1SStnDsCf0D6/ADg8pw8=</latexit>

The optimal estimator is the conditional mean

E?
U (y) = E

✓
X1

X2

◆ ��� Y = y

�

<latexit sha1_base64="0NzFJndmhggEi2A+3WfqnF110wo="></latexit>
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Optimal estimator

(X1, X2) ⇠ f(x1, x2)
<latexit sha1_base64="CrlmhB7PjzRiyDhg0ugE/lR0AJQ=">AAACAXicdVDLSgMxFM3UV62vqitxEyxCBRkyfXdXcOOygmMLbRkyaaYNzTxIMtIyFDf+ihsXKm79C3f+jelDUNEDgXPPuZebe9yIM6kQ+jBSK6tr6xvpzczW9s7uXnb/4EaGsSDUJiEPRdvFknIWUFsxxWk7EhT7Lqctd3Qx81u3VEgWBtdqEtGejwcB8xjBSktO9ijfdqzztlM4g13JfOjlx7oe69rJ5pCJSla5WIHILKJK0ZqRKkLlSh1aJpojB5ZoOtn3bj8ksU8DRTiWsmOhSPUSLBQjnE4z3VjSCJMRHtCOpgH2qewl8xOm8FQrfeiFQr9Awbn6fSLBvpQT39WdPlZD+dubiX95nVh5tV7CgihWNCCLRV7MoQrhLA/YZ4ISxSeaYCKY/iskQywwUTq1jA7h61L4P7ELZt1EV6Vco7ZMIw2OwQnIAwtUQQNcgiawAQF34AE8gWfj3ng0XozXRWvKWM4cgh8w3j4BDqWU1g==</latexit><latexit sha1_base64="CrlmhB7PjzRiyDhg0ugE/lR0AJQ=">AAACAXicdVDLSgMxFM3UV62vqitxEyxCBRkyfXdXcOOygmMLbRkyaaYNzTxIMtIyFDf+ihsXKm79C3f+jelDUNEDgXPPuZebe9yIM6kQ+jBSK6tr6xvpzczW9s7uXnb/4EaGsSDUJiEPRdvFknIWUFsxxWk7EhT7Lqctd3Qx81u3VEgWBtdqEtGejwcB8xjBSktO9ijfdqzztlM4g13JfOjlx7oe69rJ5pCJSla5WIHILKJK0ZqRKkLlSh1aJpojB5ZoOtn3bj8ksU8DRTiWsmOhSPUSLBQjnE4z3VjSCJMRHtCOpgH2qewl8xOm8FQrfeiFQr9Awbn6fSLBvpQT39WdPlZD+dubiX95nVh5tV7CgihWNCCLRV7MoQrhLA/YZ4ISxSeaYCKY/iskQywwUTq1jA7h61L4P7ELZt1EV6Vco7ZMIw2OwQnIAwtUQQNcgiawAQF34AE8gWfj3ng0XozXRWvKWM4cgh8w3j4BDqWU1g==</latexit><latexit sha1_base64="CrlmhB7PjzRiyDhg0ugE/lR0AJQ=">AAACAXicdVDLSgMxFM3UV62vqitxEyxCBRkyfXdXcOOygmMLbRkyaaYNzTxIMtIyFDf+ihsXKm79C3f+jelDUNEDgXPPuZebe9yIM6kQ+jBSK6tr6xvpzczW9s7uXnb/4EaGsSDUJiEPRdvFknIWUFsxxWk7EhT7Lqctd3Qx81u3VEgWBtdqEtGejwcB8xjBSktO9ijfdqzztlM4g13JfOjlx7oe69rJ5pCJSla5WIHILKJK0ZqRKkLlSh1aJpojB5ZoOtn3bj8ksU8DRTiWsmOhSPUSLBQjnE4z3VjSCJMRHtCOpgH2qewl8xOm8FQrfeiFQr9Awbn6fSLBvpQT39WdPlZD+dubiX95nVh5tV7CgihWNCCLRV7MoQrhLA/YZ4ISxSeaYCKY/iskQywwUTq1jA7h61L4P7ELZt1EV6Vco7ZMIw2OwQnIAwtUQQNcgiawAQF34AE8gWfj3ng0XozXRWvKWM4cgh8w3j4BDqWU1g==</latexit>

J (U , E) = E
h
(X1 � X̂1)

2 + (X2 � X̂2)
2
i

<latexit sha1_base64="Fxqik9HCm2Pt50q0OBmQIu5ABcE="></latexit><latexit sha1_base64="Fxqik9HCm2Pt50q0OBmQIu5ABcE="></latexit><latexit sha1_base64="Fxqik9HCm2Pt50q0OBmQIu5ABcE="></latexit>

min
(U,E)2U⇥E

<latexit sha1_base64="tXXIJ9Jvvs5J8gcpOwJiZod/TYM=">AAACJXicbVBNS8NAEN34WetX1KOXYBEqSElEsB6EghQ8VjC20ISw2W7apZtN2N0IJeTXePGvePFQRfDkX3GTRtHWgYE3780wM8+PKRHSND+0peWV1bX1ykZ1c2t7Z1ff278XUcIRtlFEI97zocCUMGxLIinuxRzD0Ke464+vc737gLkgEbuTkxi7IRwyEhAEpaI8/coJCfPSuhNCOUKQpnZ2+oPb2YlDWFH6vlIcSUIsvut2lnl6zWyYRRiLwCpBDZTR8fSpM4hQEmImEYVC9C0zlm4KuSSI4qzqJALHEI3hEPcVZFDtc9Pizcw4VszACCKukkmjYH9PpDAUYhL6qjM/UcxrOfmf1k9k0HRTwuJEYoZmi4KEGjIycs+MAeEYSTpRACJO1K0GGkEOkVTOVpUJ1vzLi8A+a1w2zNvzWqtZulEBh+AI1IEFLkAL3IAOsAECj+AZTMGr9qS9aG/a+6x1SStnDsCf0D6/ADg8pw8=</latexit><latexit sha1_base64="tXXIJ9Jvvs5J8gcpOwJiZod/TYM=">AAACJXicbVBNS8NAEN34WetX1KOXYBEqSElEsB6EghQ8VjC20ISw2W7apZtN2N0IJeTXePGvePFQRfDkX3GTRtHWgYE3780wM8+PKRHSND+0peWV1bX1ykZ1c2t7Z1ff278XUcIRtlFEI97zocCUMGxLIinuxRzD0Ke464+vc737gLkgEbuTkxi7IRwyEhAEpaI8/coJCfPSuhNCOUKQpnZ2+oPb2YlDWFH6vlIcSUIsvut2lnl6zWyYRRiLwCpBDZTR8fSpM4hQEmImEYVC9C0zlm4KuSSI4qzqJALHEI3hEPcVZFDtc9Pizcw4VszACCKukkmjYH9PpDAUYhL6qjM/UcxrOfmf1k9k0HRTwuJEYoZmi4KEGjIycs+MAeEYSTpRACJO1K0GGkEOkVTOVpUJ1vzLi8A+a1w2zNvzWqtZulEBh+AI1IEFLkAL3IAOsAECj+AZTMGr9qS9aG/a+6x1SStnDsCf0D6/ADg8pw8=</latexit><latexit sha1_base64="tXXIJ9Jvvs5J8gcpOwJiZod/TYM=">AAACJXicbVBNS8NAEN34WetX1KOXYBEqSElEsB6EghQ8VjC20ISw2W7apZtN2N0IJeTXePGvePFQRfDkX3GTRtHWgYE3780wM8+PKRHSND+0peWV1bX1ykZ1c2t7Z1ff278XUcIRtlFEI97zocCUMGxLIinuxRzD0Ke464+vc737gLkgEbuTkxi7IRwyEhAEpaI8/coJCfPSuhNCOUKQpnZ2+oPb2YlDWFH6vlIcSUIsvut2lnl6zWyYRRiLwCpBDZTR8fSpM4hQEmImEYVC9C0zlm4KuSSI4qzqJALHEI3hEPcVZFDtc9Pizcw4VszACCKukkmjYH9PpDAUYhL6qjM/UcxrOfmf1k9k0HRTwuJEYoZmi4KEGjIycs+MAeEYSTpRACJO1K0GGkEOkVTOVpUJ1vzLi8A+a1w2zNvzWqtZulEBh+AI1IEFLkAL3IAOsAECj+AZTMGr9qS9aG/a+6x1SStnDsCf0D6/ADg8pw8=</latexit>

E?
U (1, x1) =

 
x1

E
h
X2

��� U = 1, X1 = x1

i
!

<latexit sha1_base64="A8qpNwzWy9SaggU5dJ3Ib2lNtYk="></latexit>

E?
U (2, x2) =

 
E
h
X1

��� U = 2, X2 = x2

i

x2

!

<latexit sha1_base64="Jwsq8Mfap9NQTgCoFVcS6YTsIyo="></latexit>

The optimal estimator is the conditional mean
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Generalized Nearest Neighbor Condition

True for any joint PDF!

Assuming that

The cost becomes

E(1, x1) =


x1

⌘2(x1)

�

<latexit sha1_base64="juMuI3KAX1QxGfPM5AKHtHsUjNg="></latexit><latexit sha1_base64="juMuI3KAX1QxGfPM5AKHtHsUjNg="></latexit><latexit sha1_base64="juMuI3KAX1QxGfPM5AKHtHsUjNg="></latexit>

E(2, x2) =


⌘1(x2)
x2

�

<latexit sha1_base64="w0oJwClSdwemhzMurXPGfKbAt7I="></latexit><latexit sha1_base64="w0oJwClSdwemhzMurXPGfKbAt7I="></latexit><latexit sha1_base64="w0oJwClSdwemhzMurXPGfKbAt7I="></latexit>

J (U , E) =
Z

R2

�
x2 � ⌘2(x1)

�2
1(U

�
x1, x2) = 1

�
f(x1, x2)dx1dx2

+

Z

R2

�
x1 � ⌘1(x2)

�2
1
�
U(x1, x2) = 2

�
f(x1, x2)dx1dx2

<latexit sha1_base64="j2MhMRS4ZpmhU+cITTaq6DI0eBw="></latexit><latexit sha1_base64="j2MhMRS4ZpmhU+cITTaq6DI0eBw="></latexit><latexit sha1_base64="j2MhMRS4ZpmhU+cITTaq6DI0eBw="></latexit>

U?
E (x1, x2) = 1 ()

�
x1 � ⌘1(x2)

�2 �
�
x2 � ⌘2(x1)

�2
<latexit sha1_base64="UKmJsTH2hkOuJB/djWriNs2y+8s="></latexit><latexit sha1_base64="UKmJsTH2hkOuJB/djWriNs2y+8s="></latexit><latexit sha1_base64="UKmJsTH2hkOuJB/djWriNs2y+8s="></latexit>
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Optimization problem

Infinite dimensional nonconvex optimization

J (⌘1, ⌘2) = E
h
min

��
X1 � ⌘1(X2)

�2
,
�
X1 � ⌘2(X1)

�2 i

<latexit sha1_base64="rwrsWo3+1Lz9oPcmUKsVb+N8wgg="></latexit><latexit sha1_base64="rwrsWo3+1Lz9oPcmUKsVb+N8wgg="></latexit><latexit sha1_base64="rwrsWo3+1Lz9oPcmUKsVb+N8wgg="></latexit>

Generalized nearest neighbor condition

U?
E (x1, x2) = 1 ()

�
x1 � ⌘1(x2)

�2 �
�
x2 � ⌘2(x1)

�2
<latexit sha1_base64="UKmJsTH2hkOuJB/djWriNs2y+8s="></latexit><latexit sha1_base64="UKmJsTH2hkOuJB/djWriNs2y+8s="></latexit><latexit sha1_base64="UKmJsTH2hkOuJB/djWriNs2y+8s="></latexit>

(X1, X2) ⇠ f(x1, x2)
<latexit sha1_base64="CrlmhB7PjzRiyDhg0ugE/lR0AJQ=">AAACAXicdVDLSgMxFM3UV62vqitxEyxCBRkyfXdXcOOygmMLbRkyaaYNzTxIMtIyFDf+ihsXKm79C3f+jelDUNEDgXPPuZebe9yIM6kQ+jBSK6tr6xvpzczW9s7uXnb/4EaGsSDUJiEPRdvFknIWUFsxxWk7EhT7Lqctd3Qx81u3VEgWBtdqEtGejwcB8xjBSktO9ijfdqzztlM4g13JfOjlx7oe69rJ5pCJSla5WIHILKJK0ZqRKkLlSh1aJpojB5ZoOtn3bj8ksU8DRTiWsmOhSPUSLBQjnE4z3VjSCJMRHtCOpgH2qewl8xOm8FQrfeiFQr9Awbn6fSLBvpQT39WdPlZD+dubiX95nVh5tV7CgihWNCCLRV7MoQrhLA/YZ4ISxSeaYCKY/iskQywwUTq1jA7h61L4P7ELZt1EV6Vco7ZMIw2OwQnIAwtUQQNcgiawAQF34AE8gWfj3ng0XozXRWvKWM4cgh8w3j4BDqWU1g==</latexit><latexit sha1_base64="CrlmhB7PjzRiyDhg0ugE/lR0AJQ=">AAACAXicdVDLSgMxFM3UV62vqitxEyxCBRkyfXdXcOOygmMLbRkyaaYNzTxIMtIyFDf+ihsXKm79C3f+jelDUNEDgXPPuZebe9yIM6kQ+jBSK6tr6xvpzczW9s7uXnb/4EaGsSDUJiEPRdvFknIWUFsxxWk7EhT7Lqctd3Qx81u3VEgWBtdqEtGejwcB8xjBSktO9ijfdqzztlM4g13JfOjlx7oe69rJ5pCJSla5WIHILKJK0ZqRKkLlSh1aJpojB5ZoOtn3bj8ksU8DRTiWsmOhSPUSLBQjnE4z3VjSCJMRHtCOpgH2qewl8xOm8FQrfeiFQr9Awbn6fSLBvpQT39WdPlZD+dubiX95nVh5tV7CgihWNCCLRV7MoQrhLA/YZ4ISxSeaYCKY/iskQywwUTq1jA7h61L4P7ELZt1EV6Vco7ZMIw2OwQnIAwtUQQNcgiawAQF34AE8gWfj3ng0XozXRWvKWM4cgh8w3j4BDqWU1g==</latexit><latexit sha1_base64="CrlmhB7PjzRiyDhg0ugE/lR0AJQ=">AAACAXicdVDLSgMxFM3UV62vqitxEyxCBRkyfXdXcOOygmMLbRkyaaYNzTxIMtIyFDf+ihsXKm79C3f+jelDUNEDgXPPuZebe9yIM6kQ+jBSK6tr6xvpzczW9s7uXnb/4EaGsSDUJiEPRdvFknIWUFsxxWk7EhT7Lqctd3Qx81u3VEgWBtdqEtGejwcB8xjBSktO9ijfdqzztlM4g13JfOjlx7oe69rJ5pCJSla5WIHILKJK0ZqRKkLlSh1aJpojB5ZoOtn3bj8ksU8DRTiWsmOhSPUSLBQjnE4z3VjSCJMRHtCOpgH2qewl8xOm8FQrfeiFQr9Awbn6fSLBvpQT39WdPlZD+dubiX95nVh5tV7CgihWNCCLRV7MoQrhLA/YZ4ISxSeaYCKY/iskQywwUTq1jA7h61L4P7ELZt1EV6Vco7ZMIw2OwQnIAwtUQQNcgiawAQF34AE8gWfj3ng0XozXRWvKWM4cgh8w3j4BDqWU1g==</latexit>
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Problem 1



Arbitrary joint density

Finite dimensional nonconvex optimization

J (w) = E
h
min

n�
X1 � (w1X2 + w2)

�2
,
�
X2 � (w3X1 + w4)

�2oi

<latexit sha1_base64="0fXEsn+tHTUDnvOaVKV/qJMMqZo="></latexit>

w =
⇥
w1 w2 w3 w4

⇤
<latexit sha1_base64="hK9RkJTA9QfuuaKOo/XGui+zgwU=">AAACKXicbVDLSgMxFM34rPVVdekmWBRXZaYt2I1QcOOygn1Ap5RMeqcNzWSGJGMtQ3/Hjb/iRkFRt/6I6bSIth7I5XDuvdyc40WcKW3bH9bK6tr6xmZmK7u9s7u3nzs4bKgwlhTqNOShbHlEAWcC6pppDq1IAgk8Dk1veDXtN+9AKhaKWz2OoBOQvmA+o0QbqZurugHRA89PRhN8iV0P+kwkntEku5/gUdfBZ6YW01pKaxm7IHo/M91c3i7YKfAyceYkj+aodXMvbi+kcQBCU06Uajt2pDsJkZpRDpOsGyuICB2SPrQNFSQA1UlSpxN8apQe9kNpntA4VX9vJCRQahx4ZnLqSy32puJ/vXas/UonYSKKNQg6O+THHOsQT2PDPSaBaj42hFDJzF8xHRBJqDbhZk0IzqLlZdIoFpxSoXhTzlcr8zgy6BidoHPkoAtURdeohuqIogf0hF7Rm/VoPVvv1udsdMWa7xyhP7C+vgEfzaVF</latexit>

Generalized nearest neighbor condition

U?
E (x1, x2) = 1 ()

�
x1 � ⌘1(x2)

�2 �
�
x2 � ⌘2(x1)

�2
<latexit sha1_base64="UKmJsTH2hkOuJB/djWriNs2y+8s="></latexit><latexit sha1_base64="UKmJsTH2hkOuJB/djWriNs2y+8s="></latexit><latexit sha1_base64="UKmJsTH2hkOuJB/djWriNs2y+8s="></latexit>

(X1, X2) ⇠ f(x1, x2)
<latexit sha1_base64="CrlmhB7PjzRiyDhg0ugE/lR0AJQ=">AAACAXicdVDLSgMxFM3UV62vqitxEyxCBRkyfXdXcOOygmMLbRkyaaYNzTxIMtIyFDf+ihsXKm79C3f+jelDUNEDgXPPuZebe9yIM6kQ+jBSK6tr6xvpzczW9s7uXnb/4EaGsSDUJiEPRdvFknIWUFsxxWk7EhT7Lqctd3Qx81u3VEgWBtdqEtGejwcB8xjBSktO9ijfdqzztlM4g13JfOjlx7oe69rJ5pCJSla5WIHILKJK0ZqRKkLlSh1aJpojB5ZoOtn3bj8ksU8DRTiWsmOhSPUSLBQjnE4z3VjSCJMRHtCOpgH2qewl8xOm8FQrfeiFQr9Awbn6fSLBvpQT39WdPlZD+dubiX95nVh5tV7CgihWNCCLRV7MoQrhLA/YZ4ISxSeaYCKY/iskQywwUTq1jA7h61L4P7ELZt1EV6Vco7ZMIw2OwQnIAwtUQQNcgiawAQF34AE8gWfj3ng0XozXRWvKWM4cgh8w3j4BDqWU1g==</latexit><latexit sha1_base64="CrlmhB7PjzRiyDhg0ugE/lR0AJQ=">AAACAXicdVDLSgMxFM3UV62vqitxEyxCBRkyfXdXcOOygmMLbRkyaaYNzTxIMtIyFDf+ihsXKm79C3f+jelDUNEDgXPPuZebe9yIM6kQ+jBSK6tr6xvpzczW9s7uXnb/4EaGsSDUJiEPRdvFknIWUFsxxWk7EhT7Lqctd3Qx81u3VEgWBtdqEtGejwcB8xjBSktO9ijfdqzztlM4g13JfOjlx7oe69rJ5pCJSla5WIHILKJK0ZqRKkLlSh1aJpojB5ZoOtn3bj8ksU8DRTiWsmOhSPUSLBQjnE4z3VjSCJMRHtCOpgH2qewl8xOm8FQrfeiFQr9Awbn6fSLBvpQT39WdPlZD+dubiX95nVh5tV7CgihWNCCLRV7MoQrhLA/YZ4ISxSeaYCKY/iskQywwUTq1jA7h61L4P7ELZt1EV6Vco7ZMIw2OwQnIAwtUQQNcgiawAQF34AE8gWfj3ng0XozXRWvKWM4cgh8w3j4BDqWU1g==</latexit><latexit sha1_base64="CrlmhB7PjzRiyDhg0ugE/lR0AJQ=">AAACAXicdVDLSgMxFM3UV62vqitxEyxCBRkyfXdXcOOygmMLbRkyaaYNzTxIMtIyFDf+ihsXKm79C3f+jelDUNEDgXPPuZebe9yIM6kQ+jBSK6tr6xvpzczW9s7uXnb/4EaGsSDUJiEPRdvFknIWUFsxxWk7EhT7Lqctd3Qx81u3VEgWBtdqEtGejwcB8xjBSktO9ijfdqzztlM4g13JfOjlx7oe69rJ5pCJSla5WIHILKJK0ZqRKkLlSh1aJpojB5ZoOtn3bj8ksU8DRTiWsmOhSPUSLBQjnE4z3VjSCJMRHtCOpgH2qewl8xOm8FQrfeiFQr9Awbn6fSLBvpQT39WdPlZD+dubiX95nVh5tV7CgihWNCCLRV7MoQrhLA/YZ4ISxSeaYCKY/iskQywwUTq1jA7h61L4P7ELZt1EV6Vco7ZMIw2OwQnIAwtUQQNcgiawAQF34AE8gWfj3ng0XozXRWvKWM4cgh8w3j4BDqWU1g==</latexit>

Affine estimators
⌘1(x) = w1x+ w2

⌘2(x) = w3x+ w4
<latexit sha1_base64="9pQmL+oytF8ZzwhzxO+ea89Cf40=">AAACHXicbZBNS8MwGMdTX2d9q3r0EhzCRBhtN3AXYeDF4wT3AmspaZZtYWlaklQ3xr6IF7+KFw+KePAifhuzrYhuPhDy4/9/HpLnHyaMSmXbX8bK6tr6xmZuy9ze2d3btw4OGzJOBSZ1HLNYtEIkCaOc1BVVjLQSQVAUMtIMB1dTv3lHhKQxv1WjhPgR6nHapRgpLQVW2SMKBQ4sDM/gJbzXNITn+nY9z5xZ7o9VyqyyGVh5u2jPCi6Dk0EeZFULrA+vE+M0IlxhhqRsO3ai/DESimJGJqaXSpIgPEA90tbIUUSkP55tN4GnWunAbiz04QrO1N8TYxRJOYpC3Rkh1ZeL3lT8z2unqlvxx5QnqSIczx/qpgyqGE6jgh0qCFZspAFhQfVfIe4jgbDSgU5DcBZXXoaGW3RKRfemnK9Wsjhy4BicgAJwwAWogmtQA3WAwQN4Ai/g1Xg0no03433eumJkM0fgTxmf39CynLo=</latexit>
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Problem 2



Arbitrary joint density

Finite dimensional difference-of-convex optimization

J (w) = E
h�
X1 � (w1X2 + w2)

�2
+

�
X2 � (w3X1 + w4)

�2i

�E
h
max

n�
X1 � (w1X2 + w2)

�2
,
�
X2 � (w3X1 + w4)

�2oi

<latexit sha1_base64="rwm5uacSS8UXlrVzgqoMpDqGLX4="></latexit>

Generalized nearest neighbor condition

U?
E (x1, x2) = 1 ()

�
x1 � ⌘1(x2)

�2 �
�
x2 � ⌘2(x1)

�2
<latexit sha1_base64="UKmJsTH2hkOuJB/djWriNs2y+8s="></latexit><latexit sha1_base64="UKmJsTH2hkOuJB/djWriNs2y+8s="></latexit><latexit sha1_base64="UKmJsTH2hkOuJB/djWriNs2y+8s="></latexit>

(X1, X2) ⇠ f(x1, x2)
<latexit sha1_base64="CrlmhB7PjzRiyDhg0ugE/lR0AJQ=">AAACAXicdVDLSgMxFM3UV62vqitxEyxCBRkyfXdXcOOygmMLbRkyaaYNzTxIMtIyFDf+ihsXKm79C3f+jelDUNEDgXPPuZebe9yIM6kQ+jBSK6tr6xvpzczW9s7uXnb/4EaGsSDUJiEPRdvFknIWUFsxxWk7EhT7Lqctd3Qx81u3VEgWBtdqEtGejwcB8xjBSktO9ijfdqzztlM4g13JfOjlx7oe69rJ5pCJSla5WIHILKJK0ZqRKkLlSh1aJpojB5ZoOtn3bj8ksU8DRTiWsmOhSPUSLBQjnE4z3VjSCJMRHtCOpgH2qewl8xOm8FQrfeiFQr9Awbn6fSLBvpQT39WdPlZD+dubiX95nVh5tV7CgihWNCCLRV7MoQrhLA/YZ4ISxSeaYCKY/iskQywwUTq1jA7h61L4P7ELZt1EV6Vco7ZMIw2OwQnIAwtUQQNcgiawAQF34AE8gWfj3ng0XozXRWvKWM4cgh8w3j4BDqWU1g==</latexit><latexit sha1_base64="CrlmhB7PjzRiyDhg0ugE/lR0AJQ=">AAACAXicdVDLSgMxFM3UV62vqitxEyxCBRkyfXdXcOOygmMLbRkyaaYNzTxIMtIyFDf+ihsXKm79C3f+jelDUNEDgXPPuZebe9yIM6kQ+jBSK6tr6xvpzczW9s7uXnb/4EaGsSDUJiEPRdvFknIWUFsxxWk7EhT7Lqctd3Qx81u3VEgWBtdqEtGejwcB8xjBSktO9ijfdqzztlM4g13JfOjlx7oe69rJ5pCJSla5WIHILKJK0ZqRKkLlSh1aJpojB5ZoOtn3bj8ksU8DRTiWsmOhSPUSLBQjnE4z3VjSCJMRHtCOpgH2qewl8xOm8FQrfeiFQr9Awbn6fSLBvpQT39WdPlZD+dubiX95nVh5tV7CgihWNCCLRV7MoQrhLA/YZ4ISxSeaYCKY/iskQywwUTq1jA7h61L4P7ELZt1EV6Vco7ZMIw2OwQnIAwtUQQNcgiawAQF34AE8gWfj3ng0XozXRWvKWM4cgh8w3j4BDqWU1g==</latexit><latexit sha1_base64="CrlmhB7PjzRiyDhg0ugE/lR0AJQ=">AAACAXicdVDLSgMxFM3UV62vqitxEyxCBRkyfXdXcOOygmMLbRkyaaYNzTxIMtIyFDf+ihsXKm79C3f+jelDUNEDgXPPuZebe9yIM6kQ+jBSK6tr6xvpzczW9s7uXnb/4EaGsSDUJiEPRdvFknIWUFsxxWk7EhT7Lqctd3Qx81u3VEgWBtdqEtGejwcB8xjBSktO9ijfdqzztlM4g13JfOjlx7oe69rJ5pCJSla5WIHILKJK0ZqRKkLlSh1aJpojB5ZoOtn3bj8ksU8DRTiWsmOhSPUSLBQjnE4z3VjSCJMRHtCOpgH2qewl8xOm8FQrfeiFQr9Awbn6fSLBvpQT39WdPlZD+dubiX95nVh5tV7CgihWNCCLRV7MoQrhLA/YZ4ISxSeaYCKY/iskQywwUTq1jA7h61L4P7ELZt1EV6Vco7ZMIw2OwQnIAwtUQQNcgiawAQF34AE8gWfj3ng0XozXRWvKWM4cgh8w3j4BDqWU1g==</latexit>

Affine estimators
⌘1(x) = w1x+ w2

⌘2(x) = w3x+ w4
<latexit sha1_base64="9pQmL+oytF8ZzwhzxO+ea89Cf40=">AAACHXicbZBNS8MwGMdTX2d9q3r0EhzCRBhtN3AXYeDF4wT3AmspaZZtYWlaklQ3xr6IF7+KFw+KePAifhuzrYhuPhDy4/9/HpLnHyaMSmXbX8bK6tr6xmZuy9ze2d3btw4OGzJOBSZ1HLNYtEIkCaOc1BVVjLQSQVAUMtIMB1dTv3lHhKQxv1WjhPgR6nHapRgpLQVW2SMKBQ4sDM/gJbzXNITn+nY9z5xZ7o9VyqyyGVh5u2jPCi6Dk0EeZFULrA+vE+M0IlxhhqRsO3ai/DESimJGJqaXSpIgPEA90tbIUUSkP55tN4GnWunAbiz04QrO1N8TYxRJOYpC3Rkh1ZeL3lT8z2unqlvxx5QnqSIczx/qpgyqGE6jgh0qCFZspAFhQfVfIe4jgbDSgU5DcBZXXoaGW3RKRfemnK9Wsjhy4BicgAJwwAWogmtQA3WAwQN4Ai/g1Xg0no03433eumJkM0fgTxmf39CynLo=</latexit>
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Difference-of-Convex (DoC) decomposition

J (w) = F(w)� G(w)
<latexit sha1_base64="GPrl3tsEJ49/RG4Bd+WQQVEgNUU=">AAACNHicbZDLSsNAFIYnXmu9RV26GSxCXViSKtiNUBBUdFPBXqANZTKdtEMnF2YmSgl5KDc+iBsRXCji1mdwkga1rQcGfv7vHOac3w4YFdIwXrS5+YXFpeXcSn51bX1jU9/abgg/5JjUsc983rKRIIx6pC6pZKQVcIJcm5GmPTxLePOOcEF971aOAmK5qO9Rh2IkldXVrzsukgOMWHQVF1NtO9F9fABP4Q85nySHv+RignT1glEy0oKzwsxEAWRV6+pPnZ6PQ5d4EjMkRNs0AmlFiEuKGYnznVCQAOEh6pO2kh5yibCi9OgY7iunBx2fq+dJmLp/JyLkCjFybdWZrCimWWL+x9qhdCpWRL0glMTD44+ckEHpwyRB2KOcYMlGSiDMqdoV4gHiCEuVc16FYE6fPCsa5ZJ5VCrfHBeqlSyOHNgFe6AITHACquAS1EAdYPAAnsEbeNcetVftQ/sct85p2cwOmCjt6xvca6uI</latexit>

G(w) = E
h
max

n�
X1 � (w1X2 + w2)

�2
,
�
X2 � (w3X1 + w4)

�2oi

<latexit sha1_base64="mZrnCzoBV08IXA/1Dz5VL/GaO2s="></latexit>

convex

F(w) = E
h�
X1 � (w1X2 + w2)

�2
+

�
X2 � (w3X1 + w4)

�2i

<latexit sha1_base64="U9PLXGtqPnhFzrM5nyZryWsfzh4="></latexit>
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J (w) = E
h
min

n�
X1 � (w1X2 + w2)

�2
,
�
X2 � (w3X1 + w4)

�2oi

<latexit sha1_base64="0fXEsn+tHTUDnvOaVKV/qJMMqZo="></latexit>



Heuristics to find local minimizers

Convex-concave procedure

Yuille & Rangarajan - NIPS (2002)
Lipp & Boyd - Optim. Eng. (2016)

converges 
to a local minimum

convex

J (w) = F(w)� G(w)
<latexit sha1_base64="GPrl3tsEJ49/RG4Bd+WQQVEgNUU=">AAACNHicbZDLSsNAFIYnXmu9RV26GSxCXViSKtiNUBBUdFPBXqANZTKdtEMnF2YmSgl5KDc+iBsRXCji1mdwkga1rQcGfv7vHOac3w4YFdIwXrS5+YXFpeXcSn51bX1jU9/abgg/5JjUsc983rKRIIx6pC6pZKQVcIJcm5GmPTxLePOOcEF971aOAmK5qO9Rh2IkldXVrzsukgOMWHQVF1NtO9F9fABP4Q85nySHv+RignT1glEy0oKzwsxEAWRV6+pPnZ6PQ5d4EjMkRNs0AmlFiEuKGYnznVCQAOEh6pO2kh5yibCi9OgY7iunBx2fq+dJmLp/JyLkCjFybdWZrCimWWL+x9qhdCpWRL0glMTD44+ckEHpwyRB2KOcYMlGSiDMqdoV4gHiCEuVc16FYE6fPCsa5ZJ5VCrfHBeqlSyOHNgFe6AITHACquAS1EAdYPAAnsEbeNcetVftQ/sct85p2cwOmCjt6xvca6uI</latexit>

w(k)
<latexit sha1_base64="eK3+3jbFZ1omsvbGjj4ACn9JO1Y=">AAAB+XicbVDLSsNAFL2pr1pfUZduBotQNyWpgl0W3LisYB/Q1jKZTtqhk0mYmVRKyJ+4caGIW//EnX/jpM1CWw8MHM65l3vmeBFnSjvOt1XY2Nza3inulvb2Dw6P7OOTtgpjSWiLhDyUXQ8rypmgLc00p91IUhx4nHa86W3md2ZUKhaKBz2P6CDAY8F8RrA20tC2+wHWE89PntLHpDK9TId22ak6C6B14uakDDmaQ/urPwpJHFChCcdK9Vwn0oMES80Ip2mpHysaYTLFY9ozVOCAqkGySJ6iC6OMkB9K84RGC/X3RoIDpeaBZyaznGrVy8T/vF6s/fogYSKKNRVkeciPOdIhympAIyYp0XxuCCaSmayITLDERJuySqYEd/XL66Rdq7pX1dr9dblRz+sowhmcQwVcuIEG3EETWkBgBs/wCm9WYr1Y79bHcrRg5Tun8AfW5w+R8JOU</latexit>

Ga�ne(w;w(k)) = G(w(k)) + g(w(k))T(w �w(k))
<latexit sha1_base64="Ny7wcdeDBqNyP9AR3mRRSTQk51o="></latexit>

subgradient of G
<latexit sha1_base64="ZHYcDHd63hy4T5KoHclmJr110G4=">AAACBXicbVC7TsMwFL0pr1JeAUYYLFokpiopAx0rMcBYJPqQ2qhyXKe16sSR7SBVURcWfoWFAYRY+Qc2/ganzQAtR7J0dO7D5x4/5kxpx/m2CmvrG5tbxe3Szu7e/oF9eNRWIpGEtojgQnZ9rChnEW1ppjntxpLi0Oe040+us3rngUrFRHSvpzH1QjyKWMAI1kYa2Kcq8UcSDxmNNBIBqvRDrMcE8/RmVhnYZafqzIFWiZuTMuRoDuyv/lCQJDTLCMdK9Vwn1l6KpWaE01mpnygaYzLBI9ozNMIhVV46v2KGzo0yRIGQ5hkzc/X3RIpDpaahbzozj2q5lon/1XqJDupeyqI40TQii4+ChCMtUBYJGjJJieZTQzCRzHhFZIwlJtoEVzIhuMsnr5J2repeVmt3tXKjnsdRhBM4gwtw4QoacAtNaAGBR3iGV3iznqwX6936WLQWrHzmGP7A+vwB6PKYJQ==</latexit>

w(k+1) = argmin
w

n
F(w)� Ga�ne(w;w(k))

o

<latexit sha1_base64="sgNicMsXlSdTmFge0NIbEtJBmIU="></latexit>
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Aw(k+1) = g(w(k)) + b
<latexit sha1_base64="GfIY7Kz6uWp0y+AGCLSiMXFIlIk=">AAACKXicbZDLSsNAFIYnXmu9RV26GSxCS6EkVbAboeLGZQV7gbaWyXTSDp1MwsxEKSGv48ZXcaOgqFtfxEmbgm39YeDnO+cw5/xOwKhUlvVlrKyurW9sZray2zu7e/vmwWFD+qHApI595ouWgyRhlJO6ooqRViAI8hxGms7oOqk3H4iQ1Od3ahyQrocGnLoUI6VRz6x2PKSGjhtdxTP3GN9H+VHRLsTwEsJBfp4X4gIswhlz4p6Zs0rWRHDZ2KnJgVS1nvnW6fs49AhXmCEp27YVqG6EhKKYkTjbCSUJEB6hAWlry5FHZDeaXBrDU0360PWFflzBCf07ESFPyrHn6M5kQ7lYS+B/tXao3Eo3ojwIFeF4+pEbMqh8mMQG+1QQrNhYG4QF1btCPEQCYaXDzeoQ7MWTl02jXLLPSuXb81y1ksaRAcfgBOSBDS5AFdyAGqgDDJ7AC3gHH8az8Wp8Gt/T1hUjnTkCczJ+fgFr1aYO</latexit>

A = 2 ·

2

664

E[X2
2 ] E[X2] 0 0

E[X2] 1 0 0
0 0 E[X2

1 ] E[X1]
0 0 E[X1] 1

3

775

<latexit sha1_base64="xZkf40KIHsu/vh8Wlxee4ryCaEw="></latexit>

b = 2 ·

2

664

E[X1X2]
E[X1]

E[X1X2]
E[X2]

3

775

<latexit sha1_base64="8SeJDdlAG6KNrepUdkIZ70H3wU0="></latexit>

Convex-concave procedure
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Step size

w(k+1) = w(k) �A�1j(w(k))
<latexit sha1_base64="Nes6JlMWnaekb761JjLCXCUFp4M=">AAACNHicbZDLSsNAFIYnXmu9RV26GSxCi7QkVbAboeJGcFPBXqCNZTKdtGMnF2YmSgl5KDc+iBsRXCji1mdw0gaxrT8M/HznHOac3w4YFdIwXrWFxaXlldXMWnZ9Y3NrW9/ZbQg/5JjUsc983rKRIIx6pC6pZKQVcIJcm5GmPbxI6s17wgX1vRs5Cojlor5HHYqRVKirX3VcJAe2Ez3Et1F+eGQWYngGp6FCxV90rlDRjOFdfrap0NVzRskYC84bMzU5kKrW1Z87PR+HLvEkZkiItmkE0ooQlxQzEmc7oSABwkPUJ21lPeQSYUXjo2N4qEgPOj5Xz5NwTP9ORMgVYuTaqjNZVMzWEvhfrR1Kp2JF1AtCSTw8+cgJGZQ+TBKEPcoJlmykDMKcql0hHiCOsFQ5Z1UI5uzJ86ZRLpnHpfL1Sa5aSePIgH1wAPLABKegCi5BDdQBBo/gBbyDD+1Je9M+ta9J64KWzuyBKWnfP+wzqlw=</latexit>

A = 2 ·

2

664

E[X2
2 ] E[X2] 0 0

E[X2] 1 0 0
0 0 E[X2

1 ] E[X1]
0 0 E[X1] 1

3

775

<latexit sha1_base64="xZkf40KIHsu/vh8Wlxee4ryCaEw=">AAACt3icdVFNT+MwEHXC7lKyHxQ4crG2WrSnKglIwAEJhJA4diUK1TYhcpxJa+E4wXYQVZS/yGFv+29w2iyilB1ppOf33ozH47jgTGnX/WvZax8+flrvbDifv3z9ttnd2r5WeSkpDGnOczmKiQLOBAw10xxGhQSSxRxu4rvzRr95AKlYLq70rIAwIxPBUkaJNlTUfQoyoqdxWp3V+AT7AU1yjYMYJkxUsZEke6yx8890UY9HkX /rh3gPL3MN484zCJxVyXstu+1hyea909UL8f/9i7YODkAkL6NG3Z7bd+eBV4HXgh5qYxB1/wRJTssMhKacKDX23EKHFZGaUQ61E5QKCkLvyATGBgqSgQqr+d5r/MMwCU5zaVJoPGdfV1QkU2qWxcbZjK7eag35njYudXoUVkwUpQZBFxelJcc6x80n4oRJoJrPDCBUMjMrplMiCdXmqx2zBO/tk1fBtd/39vv+r4Pe6VG7jg7aRd/RT+ShQ3SKLtEADRG1DqzfFrUS+9iO7NSeLqy21dbsoKWw758Bh5fLcQ==</latexit>

� = kA�1kF
<latexit sha1_base64="om80rjZcviIWbb7JQc6UFxF66o4=">AAACAHicbVDLSsNAFJ34rPUVdeHCzWAR3FiSKtiNUBHEZQX7gCaGyWTSDp1MwsxEKDEbf8WNC0Xc+hnu/BunbRbaemDgcM653LnHTxiVyrK+jYXFpeWV1dJaeX1jc2vb3NltyzgVmLRwzGLR9ZEkjHLSUlQx0k0EQZHPSMcfXo39zgMRksb8To0S4kaoz2lIMVJa8sx9h+lwgOAFdB4v77MTO9fEu/bMilW1JoDzxC5IBRRoeuaXE8Q4jQhXmCEpe7aVKDdDQlHMSF52UkkShIeoT3qachQR6WaTA3J4pJUAhrHQjys4UX9PZCiSchT5OhkhNZCz3lj8z+ulKqy7GeVJqgjH00VhyqCK4bgNGFBBsGIjTRAWVP8V4gESCCvdWVmXYM+ePE/atap9Wq3dnlUa9aKOEjgAh+AY2OAcNMANaIIWwCAHz+AVvBlPxovxbnxMowtGMbMH/sD4/AHAF5Uv</latexit>

� =
1

2

0

@
X

i2{1,2}

q
1 + 2

�
E[Xi]

�2
+

�
E[X2

i ]
�2

Var(Xi)

1

A

<latexit sha1_base64="2iaPIgIYQMq4XTYQnup5HoVnVoQ="></latexit>
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Aw(k+1) = g(w(k)) + b
<latexit sha1_base64="GfIY7Kz6uWp0y+AGCLSiMXFIlIk=">AAACKXicbZDLSsNAFIYnXmu9RV26GSxCS6EkVbAboeLGZQV7gbaWyXTSDp1MwsxEKSGv48ZXcaOgqFtfxEmbgm39YeDnO+cw5/xOwKhUlvVlrKyurW9sZray2zu7e/vmwWFD+qHApI595ouWgyRhlJO6ooqRViAI8hxGms7oOqk3H4iQ1Od3ahyQrocGnLoUI6VRz6x2PKSGjhtdxTP3GN9H+VHRLsTwEsJBfp4X4gIswhlz4p6Zs0rWRHDZ2KnJgVS1nvnW6fs49AhXmCEp27YVqG6EhKKYkTjbCSUJEB6hAWlry5FHZDeaXBrDU0360PWFflzBCf07ESFPyrHn6M5kQ7lYS+B/tXao3Eo3ojwIFeF4+pEbMqh8mMQG+1QQrNhYG4QF1btCPEQCYaXDzeoQ7MWTl02jXLLPSuXb81y1ksaRAcfgBOSBDS5AFdyAGqgDDJ7AC3gHH8az8Wp8Gt/T1hUjnTkCczJ+fgFr1aYO</latexit>

computational bottleneck

we will deal with this later…

g(w) = �2 ·E

2

66664

X2(X1 � w1X2 � w2)1
�
|X1 � w1X2 � w2| � |X2 � w3X1 � w4|

�

(X1 � w1X2 � w2)1
�
|X1 � w1X2 � w2| � |X2 � w3X1 � w4|

�

X1(X2 � w3X1 � w4)1
�
|X1 � w1X2 � w2| < |X2 � w3X1 � w4|

�

(X2 � w3X1 � w4)1
�
|X1 � w1X2 � w2| < |X2 � w3X1 � w4|

�

3

77775

<latexit sha1_base64="R8AaXgidKyK8OuJu82DpMsEv2a4="></latexit>

Convex-concave procedure
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Relationship with subgradient methods

minimize J (w)
<latexit sha1_base64="ACk4vgtL5Sqomm+yb8Y6Yd7EkTM=">AAACFnicbVDLSgMxFM34rPU16tJNsAh1YZmpgl0W3IirCvYB7VAyaaYNTTJDklHqMF/hxl9x40IRt+LOvzEz7UJbTwgczrmXe+/xI0aVdpxva2l5ZXVtvbBR3Nza3tm19/ZbKowlJk0cslB2fKQIo4I0NdWMdCJJEPcZafvjy8xv3xGpaChu9SQiHkdDQQOKkTZS3z7tcaRHkiecCsrpA0lhL3uZihFLrtNyzv0guU9P+nbJqTg54CJxZ6QEZmj07a/eIMQxJ0JjhpTquk6kvQRJTTEjabEXKxIhPEZD0jVUIE6Ul+RnpfDYKAMYhNJ8oWGu/u5IEFdqwn1Tma2o5r1M/M/rxjqoeQkVUayJwNNBQcygDmGWERxQSbBmE0MQltTsCvEISYS1SbJoQnDnT14krWrFPatUb85L9dosjgI4BEegDFxwAergCjRAE2DwCJ7BK3iznqwX6936mJYuWbOeA/AH1ucP3m2fxA==</latexit>

w(k+1) = w(k) � ↵kj(w
(k))

<latexit sha1_base64="xubfxzYPncf95o2BxXMW2AjlKiM=">AAACLXicbZDLSsNAFIYn9VbrLerSzWARWsSSVMFuhIIuXFawF2hqmEwn7ZjJhZmJUkJeyI2vIoKLirj1NZy2WdjWAwM/338Oc87vRIwKaRhjLbeyura+kd8sbG3v7O7p+wctEcYckyYOWcg7DhKE0YA0JZWMdCJOkO8w0na864nffiJc0DC4l6OI9Hw0CKhLMZIK2fqN5SM5dNzkOX1ISt6pWU7hFZyHCp1BC7FoiGwPPpYW3bKtF42KMS24LMxMFEFWDVt/t/ohjn0SSMyQEF3TiGQvQVxSzEhasGJBIoQ9NCBdJQPkE9FLptem8ESRPnRDrl4g4ZT+nUiQL8TId1TnZFGx6E3gf143lm6tl9AgiiUJ8OwjN2ZQhnASHexTTrBkIyUQ5lTtCvEQcYSlCrigQjAXT14WrWrFPK9U7y6K9VoWRx4cgWNQAia4BHVwCxqgCTB4AW9gDD61V+1D+9K+Z605LZs5BHOl/fwCUUenhw==</latexit>

subgradient of J
<latexit sha1_base64="XECaOkf2V0tMihrzPxmluegndAw=">AAACEXicbVBNS8MwGE7n15xfVY9egkPYabRTcMeBF/E0wW3CVkaapltY0pQkFUbpX/DiX/HiQRGv3rz5b0y7HnTzhYSH53nf5HkfP2ZUacf5tipr6xubW9Xt2s7u3v6BfXjUVyKRmPSwYELe+0gRRiPS01Qzch9LgrjPyMCfXeX64IFIRUV0p+cx8TiaRDSkGGlDje3GiCM9lTxViT+RKKAk0nAERZiZGxYiRiy9ycZ23Wk6RcFV4JagDsrqju2vUSBwws2DmCGlhq4Tay9FUlPMSFYbJYrECM/QhAwNjBAnykuLjTJ4ZpgAhkKaYwwV7O+JFHGl5tw3nblFtazl5H/aMNFh20tpFCeaRHjxUZgwqAXM44EBlQRrNjcAYUmNV4inSCKsTYg1E4K7vPIq6Lea7nmzdXtR77TLOKrgBJyCBnDBJeiAa9AFPYDBI3gGr+DNerJerHfrY9FascqZY/CnrM8fYeOdTw==</latexit>

technical conditions 
needed for convergence 

w(k+1) = w(k) �A�1j(w(k))
<latexit sha1_base64="Nes6JlMWnaekb761JjLCXCUFp4M=">AAACNHicbZDLSsNAFIYnXmu9RV26GSxCi7QkVbAboeJGcFPBXqCNZTKdtGMnF2YmSgl5KDc+iBsRXCji1mdw0gaxrT8M/HznHOac3w4YFdIwXrWFxaXlldXMWnZ9Y3NrW9/ZbQg/5JjUsc983rKRIIx6pC6pZKQVcIJcm5GmPbxI6s17wgX1vRs5Cojlor5HHYqRVKirX3VcJAe2Ez3Et1F+eGQWYngGp6FCxV90rlDRjOFdfrap0NVzRskYC84bMzU5kKrW1Z87PR+HLvEkZkiItmkE0ooQlxQzEmc7oSABwkPUJ21lPeQSYUXjo2N4qEgPOj5Xz5NwTP9ORMgVYuTaqjNZVMzWEvhfrR1Kp2JF1AtCSTw8+cgJGZQ+TBKEPcoJlmykDMKcql0hHiCOsFQ5Z1UI5uzJ86ZRLpnHpfL1Sa5aSePIgH1wAPLABKegCi5BDdQBBo/gBbyDD+1Je9M+ta9J64KWzuyBKWnfP+wzqlw=</latexit>

guaranteed to converge!

Aw(k+1) = g(w(k)) + b
<latexit sha1_base64="GfIY7Kz6uWp0y+AGCLSiMXFIlIk=">AAACKXicbZDLSsNAFIYnXmu9RV26GSxCS6EkVbAboeLGZQV7gbaWyXTSDp1MwsxEKSGv48ZXcaOgqFtfxEmbgm39YeDnO+cw5/xOwKhUlvVlrKyurW9sZray2zu7e/vmwWFD+qHApI595ouWgyRhlJO6ooqRViAI8hxGms7oOqk3H4iQ1Od3ahyQrocGnLoUI6VRz6x2PKSGjhtdxTP3GN9H+VHRLsTwEsJBfp4X4gIswhlz4p6Zs0rWRHDZ2KnJgVS1nvnW6fs49AhXmCEp27YVqG6EhKKYkTjbCSUJEB6hAWlry5FHZDeaXBrDU0360PWFflzBCf07ESFPyrHn6M5kQ7lYS+B/tXao3Eo3ojwIFeF4+pEbMqh8mMQG+1QQrNhYG4QF1btCPEQCYaXDzeoQ7MWTl02jXLLPSuXb81y1ksaRAcfgBOSBDS5AFdyAGqgDDJ7AC3gHH8az8Wp8Gt/T1hUjnTkCczJ+fgFr1aYO</latexit>
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Wireless
network

X1
<latexit sha1_base64="+p0/I/qV/YsO/+Ay7VJue6QvF6g=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqYI8FLx4r2g9oQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJaPZpqgH9GR5CFn1FjpoTvwBuWKW3UXIOvEy0kFcjQH5a/+MGZphNIwQbXueW5i/Iwqw5nAWamfakwom9AR9iyVNELtZ4tTZ+TCKkMSxsqWNGSh/p7IaKT1NApsZ0TNWK96c/E/r5easO5nXCapQcmWi8JUEBOT+d9kyBUyI6aWUKa4vZWwMVWUGZtOyYbgrb68Ttq1qndVrd1fVxr1PI4inME5XIIHN9CAO2hCCxiM4Ble4c0Rzovz7nwsWwtOPnMKf+B8/gDZLY16</latexit>

X2
<latexit sha1_base64="79dryFiIv5RCsVtWCoKDjxJQ2As=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqYI8FLx4r2g9oQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1iNOE+xEdKREKRtFKD91BbVCuuFV3AbJOvJxUIEdzUP7qD2OWRlwhk9SYnucm6GdUo2CSz0r91PCEsgkd8Z6likbc+Nni1Bm5sMqQhLG2pZAs1N8TGY2MmUaB7Ywojs2qNxf/83ophnU/EypJkSu2XBSmkmBM5n+TodCcoZxaQpkW9lbCxlRThjadkg3BW315nbRrVe+qWru/rjTqeRxFOINzuAQPbqABd9CEFjAYwTO8wpsjnRfn3flYthacfOYU/sD5/AHasY17</latexit>

X3
<latexit sha1_base64="+LFhyLypjze9oUXatFZwrysrcSc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lawR4LXjxWtLXQhrLZbtqlm03YnQgl9Cd48aCIV3+RN/+N2zYHbX0w8Hhvhpl5QSKFQdf9dgobm1vbO8Xd0t7+weFR+fikY+JUM95msYx1N6CGS6F4GwVK3k00p1Eg+WMwuZn7j09cGxGrB5wm3I/oSIlQMIpWuu8O6oNyxa26C5B14uWkAjlag/JXfxizNOIKmaTG9Dw3QT+jGgWTfFbqp4YnlE3oiPcsVTTixs8Wp87IhVWGJIy1LYVkof6eyGhkzDQKbGdEcWxWvbn4n9dLMWz4mVBJilyx5aIwlQRjMv+bDIXmDOXUEsq0sLcSNqaaMrTplGwI3urL66RTq3r1au3uqtJs5HEU4QzO4RI8uIYm3EIL2sBgBM/wCm+OdF6cd+dj2Vpw8plT+APn8wfcNY18</latexit>

X4
<latexit sha1_base64="P+RzQKqtFlP21/zysKgMsSFgNcc=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4Kkkt2GPBi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSKQw6Lrfzsbm1vbObmGvuH9weHRcOjltmzjVjLdYLGPdDajhUijeQoGSdxPNaRRI3gkmt3O/88S1EbF6xGnC/YiOlAgFo2ilh+6gNiiV3Yq7AFknXk7KkKM5KH31hzFLI66QSWpMz3MT9DOqUTDJZ8V+anhC2YSOeM9SRSNu/Gxx6oxcWmVIwljbUkgW6u+JjEbGTKPAdkYUx2bVm4v/eb0Uw7qfCZWkyBVbLgpTSTAm87/JUGjOUE4toUwLeythY6opQ5tO0Ybgrb68TtrVinddqd7Xyo16HkcBzuECrsCDG2jAHTShBQxG8Ayv8OZI58V5dz6WrRtOPnMGf+B8/gDduY19</latexit>

XU
<latexit sha1_base64="KxR9p2Kv0v5UuG/wV64w1J7DANM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqYI8FLx4r2g9oQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1iNOE+xEdKREKRtFKD91Ba1CuuFV3AbJOvJxUIEdzUP7qD2OWRlwhk9SYnucm6GdUo2CSz0r91PCEsgkd8Z6likbc+Nni1Bm5sMqQhLG2pZAs1N8TGY2MmUaB7Ywojs2qNxf/83ophnU/EypJkSu2XBSmkmBM5n+TodCcoZxaQpkW9lbCxlRThjadkg3BW315nbRrVe+qWru/rjTqeRxFOINzuAQPbqABd9CEFjAYwTO8wpsjnRfn3flYthacfOYU/sD5/AEPzI2e</latexit>

XU
<latexit sha1_base64="KxR9p2Kv0v5UuG/wV64w1J7DANM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqYI8FLx4r2g9oQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1iNOE+xEdKREKRtFKD91Ba1CuuFV3AbJOvJxUIEdzUP7qD2OWRlwhk9SYnucm6GdUo2CSz0r91PCEsgkd8Z6likbc+Nni1Bm5sMqQhLG2pZAs1N8TGY2MmUaB7Ywojs2qNxf/83ophnU/EypJkSu2XBSmkmBM5n+TodCcoZxaQpkW9lbCxlRThjadkg3BW315nbRrVe+qWru/rjTqeRxFOINzuAQPbqABd9CEFjAYwTO8wpsjnRfn3flYthacfOYU/sD5/AEPzI2e</latexit>

⇥
X̂1, X̂2, X̂3, X̂4

⇤
<latexit sha1_base64="UzCRiYeyOYF7l8hVxkF9IW7JohU=">AAACLHicbZDLSgMxFIYzXmu9jbp0EyyCCykzbcEuC924rGAv0ClDJj1tQzOZIcmIZegDufFVBHFhEbc+h+nFoq0/BD7+cw455w9izpR2nIm1sbm1vbOb2cvuHxweHdsnpw0VJZJCnUY8kq2AKOBMQF0zzaEVSyBhwKEZDKvTevMBpGKRuNejGDoh6QvWY5RoY/l21Qugz0QahERL9jj2BkSnrbHvXv9QYUnFJZU8EN3ljG/nnLwzE14HdwE5tFDNt1+9bkSTEISmnCjVdp1Yd1IiNaMcxlkvURATOiR9aBsUJATVSWfHjvGlcbq4F0nzhMYz9/dESkKlRmFgOs1+A7Vam5r/1dqJ7pU7KRNxokHQ+Ue9hGMd4WlyuMskUM1HBgiVzOyK6YBIQrXJN2tCcFdPXodGIe8W84W7Uq5SXsSRQefoAl0hF92gCrpFNVRHFD2hF/SOJtaz9WZ9WJ/z1g1rMXOG/sj6+gZvGamD</latexit>

Diagnosis
or

Feedback

However…

“In practice we don’t know the joint distribution”

21



Data-driven 
scheduling
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Unknown density

Cannot compute expectations

(X1, X2) ⇠ ?
<latexit sha1_base64="wDf/QuCCXZ/EPyhWxe8GAksN/tg=">AAAB+3icdVDLSsNAFJ34rPUV7dLNYBEqSEli6GNlwY3LCtYGmhAm02k7dPJgZiKEUH/FjQsVt/6IO//GSVtBRQ9cOJxzL/feEySMCmkYH9rK6tr6xmZpq7y9s7u3rx8c3oo45Zj0cMxi7gRIEEYj0pNUMuIknKAwYKQfTC8Lv39HuKBxdCOzhHghGkd0RDGSSvL1Ss3xzTPHt06hK2gIoQsvfL1q1NuthmU3oFE3jKZpmQWxmva5DU2lFKiCJbq+/u4OY5yGJJKYISEGppFIL0dcUszIrOymgiQIT9GYDBSNUEiEl8+Pn8ETpQzhKOaqIgnn6veJHIVCZGGgOkMkJ+K3V4h/eYNUjlpeTqMklSTCi0WjlEEZwyIJOKScYMkyRRDmVN0K8QRxhKXKq6xC+PoU/k96Vr1dN67taqe1TKMEjsAxqAETNEEHXIEu6AEMMvAAnsCzdq89ai/a66J1RVvOVMAPaG+f36mSgg==</latexit><latexit sha1_base64="wDf/QuCCXZ/EPyhWxe8GAksN/tg=">AAAB+3icdVDLSsNAFJ34rPUV7dLNYBEqSEli6GNlwY3LCtYGmhAm02k7dPJgZiKEUH/FjQsVt/6IO//GSVtBRQ9cOJxzL/feEySMCmkYH9rK6tr6xmZpq7y9s7u3rx8c3oo45Zj0cMxi7gRIEEYj0pNUMuIknKAwYKQfTC8Lv39HuKBxdCOzhHghGkd0RDGSSvL1Ss3xzTPHt06hK2gIoQsvfL1q1NuthmU3oFE3jKZpmQWxmva5DU2lFKiCJbq+/u4OY5yGJJKYISEGppFIL0dcUszIrOymgiQIT9GYDBSNUEiEl8+Pn8ETpQzhKOaqIgnn6veJHIVCZGGgOkMkJ+K3V4h/eYNUjlpeTqMklSTCi0WjlEEZwyIJOKScYMkyRRDmVN0K8QRxhKXKq6xC+PoU/k96Vr1dN67taqe1TKMEjsAxqAETNEEHXIEu6AEMMvAAnsCzdq89ai/a66J1RVvOVMAPaG+f36mSgg==</latexit><latexit sha1_base64="wDf/QuCCXZ/EPyhWxe8GAksN/tg=">AAAB+3icdVDLSsNAFJ34rPUV7dLNYBEqSEli6GNlwY3LCtYGmhAm02k7dPJgZiKEUH/FjQsVt/6IO//GSVtBRQ9cOJxzL/feEySMCmkYH9rK6tr6xmZpq7y9s7u3rx8c3oo45Zj0cMxi7gRIEEYj0pNUMuIknKAwYKQfTC8Lv39HuKBxdCOzhHghGkd0RDGSSvL1Ss3xzTPHt06hK2gIoQsvfL1q1NuthmU3oFE3jKZpmQWxmva5DU2lFKiCJbq+/u4OY5yGJJKYISEGppFIL0dcUszIrOymgiQIT9GYDBSNUEiEl8+Pn8ETpQzhKOaqIgnn6veJHIVCZGGgOkMkJ+K3V4h/eYNUjlpeTqMklSTCi0WjlEEZwyIJOKScYMkyRRDmVN0K8QRxhKXKq6xC+PoU/k96Vr1dN67taqe1TKMEjsAxqAETNEEHXIEu6AEMMvAAnsCzdq89ai/a66J1RVvOVMAPaG+f36mSgg==</latexit>

Replace expectations by the empirical mean

Data: D =
n�

x1(k), x2(k)
�
, k = 1, · · · , N

o

<latexit sha1_base64="lnqr1VXmd9WCFVX6mnS7jatWa+M="></latexit>

Ĝ(w) =
1

N

X

(x1,x2)2D

max
n�

x1 � w1x2 � w2

�2
,
�
x2 � w3x1 � w4

�2o

<latexit sha1_base64="016w/1PhpEfQPEnhAz7/8Bk8Cgw="></latexit>

F̂(w) =
1

N

X

(x1,x2)2D

�
x1 � w1x2 � w2

�2
+

�
x2 � w3x1 � w4

�2

<latexit sha1_base64="zrLrqBxoWtIjc8OOPREzR3bxL+E="></latexit>
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Approximate convex-concave procedure

Ĵ (w) = F̂(w)� Ĝ(w)
<latexit sha1_base64="8O7w+MMsqPo+8QmQoTWZ09M7bss=">AAACRXicbZDNS8MwGMbT+TXnV9Wjl+AQ5sHRTsFdhIGg4mmC+4B1jDRLt7D0gyRVRuk/58W7N/8DLx4U8app14PdfCHw5Pm9L3nz2AGjQhrGq1ZYWl5ZXSuulzY2t7Z39N29tvBDjkkL+8znXRsJwqhHWpJKRroBJ8i1GenYk8uEdx4IF9T37uU0IH0XjTzqUIyksga6ZY2RjCwXyTFGLLqN40p6sZ3oMT6GFzDPr/L8ZA5f5/FALxtVIy24KMxMlEFWzYH+Yg19HLrEk5ghIXqmEch+hLikmJG4ZIWCBAhP0Ij0lPSQS0Q/SlOI4ZFyhtDxuTqehKn7dyJCrhBT11adyYpiniXmf6wXSqfej6gXhJJ4ePaQEzIofZhECoeUEyzZVAmEOVW7QjxGHGGpgi+pEMz5Ly+Kdq1qnlZrd2flRj2LowgOwCGoABOcgwa4AU3QAhg8gTfwAT61Z+1d+9K+Z60FLZvZB7nSfn4BHhOzxQ==</latexit>

w(k)
<latexit sha1_base64="eK3+3jbFZ1omsvbGjj4ACn9JO1Y=">AAAB+XicbVDLSsNAFL2pr1pfUZduBotQNyWpgl0W3LisYB/Q1jKZTtqhk0mYmVRKyJ+4caGIW//EnX/jpM1CWw8MHM65l3vmeBFnSjvOt1XY2Nza3inulvb2Dw6P7OOTtgpjSWiLhDyUXQ8rypmgLc00p91IUhx4nHa86W3md2ZUKhaKBz2P6CDAY8F8RrA20tC2+wHWE89PntLHpDK9TId22ak6C6B14uakDDmaQ/urPwpJHFChCcdK9Vwn0oMES80Ip2mpHysaYTLFY9ozVOCAqkGySJ6iC6OMkB9K84RGC/X3RoIDpeaBZyaznGrVy8T/vF6s/fogYSKKNRVkeciPOdIhympAIyYp0XxuCCaSmayITLDERJuySqYEd/XL66Rdq7pX1dr9dblRz+sowhmcQwVcuIEG3EETWkBgBs/wCm9WYr1Y79bHcrRg5Tun8AfW5w+R8JOU</latexit>

Ga�ne(w;w(k)) = G(w(k)) + g(w(k))T(w �w(k))
<latexit sha1_base64="Ny7wcdeDBqNyP9AR3mRRSTQk51o="></latexit>

ˆ<latexit sha1_base64="7y1VxoL+4SJ79r3eqg8ph1HSRog=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqYI8FLx4r2A9oQ9lsN+3azSbsToQS+h+8eFDEq//Hm//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1gNOE+xEdKREKRtFK7f6YYjYblCtu1V2ArBMvJxXI0RyUv/rDmKURV8gkNabnuQn6GdUomOSzUj81PKFsQke8Z6miETd+trh2Ri6sMiRhrG0pJAv190RGI2OmUWA7I4pjs+rNxf+8Xoph3c+ESlLkii0XhakkGJP562QoNGcop5ZQpoW9lbAx1ZShDahkQ/BWX14n7VrVu6rW7q8rjXoeRxHO4BwuwYMbaMAdNKEFDB7hGV7hzYmdF+fd+Vi2Fpx85hT+wPn8AdEfj0E=</latexit> ˆ<latexit sha1_base64="7y1VxoL+4SJ79r3eqg8ph1HSRog=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqYI8FLx4r2A9oQ9lsN+3azSbsToQS+h+8eFDEq//Hm//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1gNOE+xEdKREKRtFK7f6YYjYblCtu1V2ArBMvJxXI0RyUv/rDmKURV8gkNabnuQn6GdUomOSzUj81PKFsQke8Z6miETd+trh2Ri6sMiRhrG0pJAv190RGI2OmUWA7I4pjs+rNxf+8Xoph3c+ESlLkii0XhakkGJP562QoNGcop5ZQpoW9lbAx1ZShDahkQ/BWX14n7VrVu6rW7q8rjXoeRxHO4BwuwYMbaMAdNKEFDB7hGV7hzYmdF+fd+Vi2Fpx85hT+wPn8AdEfj0E=</latexit>

ˆ<latexit sha1_base64="7y1VxoL+4SJ79r3eqg8ph1HSRog=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqYI8FLx4r2A9oQ9lsN+3azSbsToQS+h+8eFDEq//Hm//GbZuDtj4YeLw3w8y8IJHCoOt+O4WNza3tneJuaW//4PCofHzSNnGqGW+xWMa6G1DDpVC8hQIl7yaa0yiQvBNMbud+54lrI2L1gNOE+xEdKREKRtFK7f6YYjYblCtu1V2ArBMvJxXI0RyUv/rDmKURV8gkNabnuQn6GdUomOSzUj81PKFsQke8Z6miETd+trh2Ri6sMiRhrG0pJAv190RGI2OmUWA7I4pjs+rNxf+8Xoph3c+ESlLkii0XhakkGJP562QoNGcop5ZQpoW9lbAx1ZShDahkQ/BWX14n7VrVu6rW7q8rjXoeRxHO4BwuwYMbaMAdNKEFDB7hGV7hzYmdF+fd+Vi2Fpx85hT+wPn8AdEfj0E=</latexit>

w(k+1) = argmin
w

n
F̂(w(k))� Ĝa�ne(w,w(k))

o

<latexit sha1_base64="xkbnhqCOXZ/fMaol+9OeRfXMANY="></latexit>

subgradient of Ĝ
<latexit sha1_base64="M3rYpzzRTOe3q+NZ7UFWKGhiu6o=">AAACF3icbVDLSsNAFJ3UV62vqks3g0VwFZIq2GXBhS4r2Ac0odxMJu3QyYOZiVBC/sKNv+LGhSJudeffOE2z0NYLMxzOuXfm3OMlnEllWd9GZW19Y3Orul3b2d3bP6gfHvVknApCuyTmsRh4IClnEe0qpjgdJIJC6HHa96bXc73/QIVkcXSvZgl1QxhHLGAElKZGddMJQU1EmMnUGwvwGY0UdnAc6CvHzgRUVnQQ4NlNno/qDcu0isKrwC5BA5XVGdW/HD8maaifJRykHNpWotwMhGKE07zmpJImQKYwpkMNIwipdLNirxyfacbHQSz00bYK9vdEBqGUs9DTnXOPclmbk/9pw1QFLTdjUZIqGpHFR0HKsYrxPCTsM0GJ4jMNgAimvWIyAQFE6ShrOgR7eeVV0Gua9oXZvLtstFtlHFV0gk7RObLRFWqjW9RBXUTQI3pGr+jNeDJejHfjY9FaMcqZY/SnjM8fgZugGQ==</latexit>

empirical risk

easy  
to computeĝ(w) = �2 · 1

N

X

(x1,x2)2D

2

66664

x2(x1 � w1x2 � w2)1
�
|x1 � w1x2 � w2| � |x2 � w3x1 � w4|

�

(x1 � w1x2 � w2)1
�
|x1 � w1x2 � w2| � |x2 � w3x1 � w4|

�

x1(x2 � w3x2 � w4)1
�
|x1 � w1x2 � w2| < |x2 � w3x1 � w4|

�

(x2 � w3x2 � w4)1
�
|x1 � w1x2 � w2| < |x2 � w3x1 � w4|

�

3

77775

<latexit sha1_base64="dfahxK9q3QjocyFqZGeS2NA/ZU0="></latexit>
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w(k) �! ŵ?
<latexit sha1_base64="fSlxa1fRj9CmjN7DiMV+Jq8h51g=">AAACIHicbVDLSgMxFM34rPVVdekmWATdlBkV6rLgxmUF2wqdWjJpZhqaSYbkjlKG+RQ3/oobF4roTr/GtB3weSBwOOdccu8JEsENuO67Mze/sLi0XFopr66tb2xWtrbbRqWashZVQumrgBgmuGQt4CDYVaIZiQPBOsHobOJ3bpg2XMlLGCesF5NI8pBTAlbqV+p+TGAYhNltfp0djA5z7AslI82jIRCt1S32hwSyr1R+7Rvr9CtVt+ZOgf8SryBVVKDZr7z5A0XTmEmgghjT9dwEehnRwKlgedlPDUsIHZGIdS2VJGaml00PzPG+VQY4VNo+CXiqfp/ISGzMOA5scrKo+e1NxP+8bgrhaS/jMkmBSTr7KEwFBoUnbeEB14yCGFtCqOZ2V0yHRBMKttOyLcH7ffJf0j6qece1o4uTauO0qKOEdtEeOkAeqqMGOkdN1EIU3aEH9ISenXvn0XlxXmfROaeY2UE/4Hx8Al4CpPE=</latexit>

a local minimum of 
the empirical risk



Learning the optimal scheduler

training 
data

N samples
<latexit sha1_base64="XsGMlcwnCpVTCdepMjlfwjs8hrQ=">AAAB/XicbVDLSsNAFL3xWesrPnZuBovgqiRVsMuCG1dSwT6gCWUynbRDZ5IwMxFqKP6KGxeKuPU/3Pk3TtostPXAwOGce7lnTpBwprTjfFsrq2vrG5ulrfL2zu7evn1w2FZxKgltkZjHshtgRTmLaEszzWk3kRSLgNNOML7O/c4DlYrF0b2eJNQXeBixkBGsjdS3j2+RhzyB9UiKTGGRcKqmfbviVJ0Z0DJxC1KBAs2+/eUNYpIKGmnCsVI910m0n2GpGeF0WvZSRRNMxnhIe4ZGWFDlZ7P0U3RmlAEKY2lepNFM/b2RYaHURARmMs+pFr1c/M/rpTqs+xmLklTTiMwPhSlHOkZ5FWjAJCWaTwzBRDKTFZERlphoU1jZlOAufnmZtGtV96Jau7usNOpFHSU4gVM4BxeuoAE30IQWEHiEZ3iFN+vJerHerY/56IpV7BzBH1ifP2FLlSk=</latexit>

approximate 
CCP

D
<latexit sha1_base64="hYHTzbUhP0kc60Fteqz3yNhbkvc=">AAAB8nicbVDLSgMxFL1TX7W+qi7dBIvgqsxUwS4LunBZwT5gOpRMmmlDM8mQZIQy9DPcuFDErV/jzr8x085CWw8EDufcS849YcKZNq777ZQ2Nre2d8q7lb39g8Oj6vFJV8tUEdohkkvVD7GmnAnaMcxw2k8UxXHIaS+c3uZ+74kqzaR4NLOEBjEeCxYxgo2V/EGMzYRgnt3Nh9WaW3cXQOvEK0gNCrSH1a/BSJI0psIQjrX2PTcxQYaVYYTTeWWQappgMsVj6lsqcEx1kC0iz9GFVUYokso+YdBC/b2R4VjrWRzayTyiXvVy8T/PT03UDDImktRQQZYfRSlHRqL8fjRiihLDZ5ZgopjNisgEK0yMbaliS/BWT14n3Ubdu6o3Hq5rrWZRRxnO4BwuwYMbaME9tKEDBCQ8wyu8OcZ5cd6dj+VoySl2TuEPnM8fcymRVA==</latexit> out-of-sample 

validation
ŵ?

<latexit sha1_base64="UsvPdB4nWqVprrfT8D1FBsDeZkg=">AAACA3icbVBNS8NAEN3Ur1q/ot70EiyCp5JUwR4LXjxWsB/QxLLZbtqlm03YnSglBLz4V7x4UMSrf8Kb/8ZNm4O2Phh4vDfDzDw/5kyBbX8bpZXVtfWN8mZla3tnd8/cP+ioKJGEtknEI9nzsaKcCdoGBpz2Yklx6HPa9SdXud+9p1KxSNzCNKZeiEeCBYxg0NLAPErdMYbUDTGM/SB9yLLsLnUVYJkNzKpds2ewlolTkCoq0BqYX+4wIklIBRCOleo7dgxeiiUwwmlWcRNFY0wmeET7mgocUuWlsx8y61QrQyuIpC4B1kz9PZHiUKlp6OvO/Fa16OXif14/gaDhpUzECVBB5ouChFsQWXkg1pBJSoBPNcFEMn2rRcZYYgI6tooOwVl8eZl06jXnvFa/uag2G0UcZXSMTtAZctAlaqJr1EJtRNAjekav6M14Ml6Md+Nj3loyiplD9AfG5w/HPJjb</latexit>

T
<latexit sha1_base64="GUEMNC2p/H121WpJO8R0vOSTBDU=">AAAB8nicbVDLSgMxFL1TX7W+qi7dBIvgqsxUwS4LblxW6AumQ8mkmTY0kwxJRihDP8ONC0Xc+jXu/Bsz7Sy09UDgcM695NwTJpxp47rfTmlre2d3r7xfOTg8Oj6pnp71tEwVoV0iuVSDEGvKmaBdwwyng0RRHIec9sPZfe73n6jSTIqOmSc0iPFEsIgRbKzkD2NspgTzrLMYVWtu3V0CbRKvIDUo0B5Vv4ZjSdKYCkM41tr33MQEGVaGEU4XlWGqaYLJDE+ob6nAMdVBtoy8QFdWGaNIKvuEQUv190aGY63ncWgn84h63cvF/zw/NVEzyJhIUkMFWX0UpRwZifL70ZgpSgyfW4KJYjYrIlOsMDG2pYotwVs/eZP0GnXvpt54vK21mkUdZbiAS7gGD+6gBQ/Qhi4QkPAMr/DmGOfFeXc+VqMlp9g5hz9wPn8Ai3mRZA==</latexit>

test 
data M samples

<latexit sha1_base64="s8iN/SUjRAkBshRk2HS3j9RfmyM=">AAAB/XicbVDLSsNAFL3xWesrPnZuBovgqiRVsMuCGzdCBfuAJpTJdNIOnUnCzESoofgrblwo4tb/cOffOGmz0NYDA4dz7uWeOUHCmdKO822trK6tb2yWtsrbO7t7+/bBYVvFqSS0RWIey26AFeUsoi3NNKfdRFIsAk47wfg69zsPVCoWR/d6klBf4GHEQkawNlLfPr5FHvIE1iMpMoVFwqma9u2KU3VmQMvELUgFCjT79pc3iEkqaKQJx0r1XCfRfoalZoTTadlLFU0wGeMh7RkaYUGVn83ST9GZUQYojKV5kUYz9fdGhoVSExGYyTynWvRy8T+vl+qw7mcsSlJNIzI/FKYc6RjlVaABk5RoPjEEE8lMVkRGWGKiTWFlU4K7+OVl0q5V3Ytq7e6y0qgXdZTgBE7hHFy4ggbcQBNaQOARnuEV3qwn68V6tz7moytWsXMEf2B9/gBftJUo</latexit>

ĴT (ŵ
?)

<latexit sha1_base64="PPeUOiKV/xP17CGTT+MF31bhmug=">AAACInicbVDLSgNBEJz1bXxFPXpZDEK8hF0VjDfBi3iKkMRANobeyWwyZPbBTK8SlvkWL/6KFw+KehL8GCcPUBMLBmqquunu8hPBFTrOpzU3v7C4tLyymltb39jcym/v1FWcSspqNBaxbPigmOARqyFHwRqJZBD6gt34/Yuhf3PHpOJxVMVBwlohdCMecApopHb+zOsBZl4I2KMgsiut2z+/qtbFH98PsnutbzNPIUh92M4XnJIzgj1L3AkpkAkq7fy714lpGrIIqQClmq6TYCsDiZwKpnNeqlgCtA9d1jQ0gpCpVjY6UdsHRunYQSzNi9Aeqb87MgiVGoS+qRzuqqa9ofif10wxKLcyHiUpsoiOBwWpsDG2h3nZHS4ZRTEwBKjkZleb9kACRZNqzoTgTp88S+pHJfe4dHR9UjgvT+JYIXtknxSJS07JObkkFVIjlDyQJ/JCXq1H69l6sz7GpXPWpGeX/IH19Q3cgKZM</latexit>

Ĵ ?
D

<latexit sha1_base64="aVSxnpnN8EvDlu1OvUeVzlIXTfw=">AAACEnicbVDLSgNBEJyNrxhfUY9eFoOgl7AbBXMM6EE8RTAPyK6hdzJJhsw+mOkVwrLf4MVf8eJBEa+evPk3TpIFNbFgoKaqm+4uLxJcoWV9Gbml5ZXVtfx6YWNza3unuLvXVGEsKWvQUISy7YFiggesgRwFa0eSge8J1vJGFxO/dc+k4mFwi+OIuT4MAt7nFFBL3eJJ4gwBE8cHHFIQyXWadn9+l2ma3iWOQpBpt1iyytYU5iKxM1IiGerd4qfTC2nsswCpAKU6thWhm4BETgVLC06sWAR0BAPW0TQAnyk3mZ6Umkda6Zn9UOoXoDlVf3ck4Cs19j1dOVlWzXsT8T+vE2O/6iY8iGJkAZ0N6sfCxNCc5GP2uGQUxVgToJLrXU06BAkUdYoFHYI9f/IiaVbK9mm5cnNWqlWzOPLkgBySY2KTc1IjV6ROGoSSB/JEXsir8Wg8G2/G+6w0Z2Q9++QPjI9v3/SfdQ==</latexit>

ĴT (ŵ
?) ⇡ Ĵ ?

D
<latexit sha1_base64="cJJ1PFDjuqSHIkgGj2+pOSsQDFA="></latexit>

no

increase N
<latexit sha1_base64="D7Syn+5KcjwRKQbixT7i3jfc0Zg=">AAAB83icbVA9TwJBFHyHX4hfqKXNRjCxIndYSEliY2UwESSBC9lb3sGGvb3L7p4JufA3bCw0xtY/Y+e/cYErFJxkk8nMvLy3EySCa+O6305hY3Nre6e4W9rbPzg8Kh+fdHScKoZtFotYdQOqUXCJbcONwG6ikEaBwMdgcjP3H59QaR7LBzNN0I/oSPKQM2qs1OeS2bRGUr2rDsoVt+YuQNaJl5MK5GgNyl/9YczSCKVhgmrd89zE+BlVhjOBs1I/1ZhQNqEj7FkqaYTazxY3z8iFVYYkjJV90pCF+nsio5HW0yiwyYiasV715uJ/Xi81YcPPuExSg5ItF4WpICYm8wLIkCtkRkwtoUxxeythY6ooM7amki3BW/3yOunUa95VrX5frzQbeR1FOINzuAQPrqEJt9CCNjBI4Ble4c1JnRfn3flYRgtOPnMKf+B8/gDuVJDq</latexit>

yes

M � N
<latexit sha1_base64="0AQfAQDm+tuILpISjX1g/83nrSM=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSJ4KkkV7LHgxYtSwX5AG8pmu02XbjZhdyKU0B/hxYMiXv093vw3btsctPXBwOO9GWbmBYkUBl3321lb39jc2i7sFHf39g8OS0fHLROnmvEmi2WsOwE1XArFmyhQ8k6iOY0CydvB+Gbmt5+4NiJWjzhJuB/RUImhYBSt1L4jvTAk9/1S2a24c5BV4uWkDDka/dJXbxCzNOIKmaTGdD03QT+jGgWTfFrspYYnlI1pyLuWKhpx42fzc6fk3CoDMoy1LYVkrv6eyGhkzCQKbGdEcWSWvZn4n9dNcVjzM6GSFLlii0XDVBKMyex3MhCaM5QTSyjTwt5K2IhqytAmVLQheMsvr5JWteJdVqoPV+V6LY+jAKdwBhfgwTXU4RYa0AQGY3iGV3hzEufFeXc+Fq1rTj5zAn/gfP4AIeyOvw==</latexit>
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ŵ? ⇡ w?
<latexit sha1_base64="liyX+E89Tv5pkXShrhu3rLrP7Tc=">AAACGHicbVDJSgNBEO2JW4xb1KOXxiB4ijNRMMeAF48RzAKZGGo6PUmTnoXuGjUM+Qwv/ooXD4p4zc2/sbOAmvig4PFeFVX1vFgKjbb9ZWVWVtfWN7Kbua3tnd29/P5BXUeJYrzGIhmppgeaSxHyGgqUvBkrDoEnecMbXE38xj1XWkThLQ5j3g6gFwpfMEAjdfJnbh8wdQPAvuenD6PRnasRFHUhjlX0SH+cmdHJF+yiPQVdJs6cFMgc1U5+7HYjlgQ8RCZB65Zjx9hOQaFgko9ybqJ5DGwAPd4yNISA63Y6fWxET4zSpX6kTIVIp+rviRQCrYeBZzond+pFbyL+57US9MvtVIRxgjxks0V+IilGdJIS7QrFGcqhIcCUMLdS1gcFDE2WOROCs/jyMqmXis55sXRzUaiU53FkyRE5JqfEIZekQq5JldQII0/khbyRd+vZerU+rM9Za8aazxySP7DG3xhLoaQ=</latexit>



Gaussian data

(X1, X2) ⇠ N
✓

1
2

�
,


5 1.7748

1.7748 7

�◆

<latexit sha1_base64="WyCeLrjhWRlOpKjupRkbyi+EWJk="></latexit>

x1
<latexit sha1_base64="AKojky6mOGQZs8aB9z1EmeXWpGg=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeCF48V7Qe0oWy2k3bpZhN2N2IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4Zua3H1FpHssHM0nQj+hQ8pAzaqx0/9T3+uWKW3XnIKvEy0kFcjT65a/eIGZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi2VNELtZ/NTp+TMKgMSxsqWNGSu/p7IaKT1JApsZ0TNSC97M/E/r5ua8NrPuExSg5ItFoWpICYms7/JgCtkRkwsoUxxeythI6ooMzadkg3BW355lbRqVe+iWru7rNTreRxFOIFTOAcPrqAOt9CAJjAYwjO8wpsjnBfn3flYtBacfOYY/sD5/AEMZI2i</latexit>

Exact CCP

…it takes a long time to compute

D =
n�

x1(k), x2(k)
�
, k = 1, · · · , N

o

<latexit sha1_base64="lnqr1VXmd9WCFVX6mnS7jatWa+M="></latexit>
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x2
<latexit sha1_base64="it4xmCsZPgjVU6aExhSqyUsJz7g=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mqoMeCF48V7Qe0oWy2m3bpZhN2J2IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GNzO//ci1EbF6wEnC/YgOlQgFo2il+6d+rV+uuFV3DrJKvJxUIEejX/7qDWKWRlwhk9SYrucm6GdUo2CST0u91PCEsjEd8q6likbc+Nn81Ck5s8qAhLG2pZDM1d8TGY2MmUSB7YwojsyyNxP/87ophtd+JlSSIldssShMJcGYzP4mA6E5QzmxhDIt7K2EjaimDG06JRuCt/zyKmnVqt5FtXZ3WanX8ziKcAKncA4eXEEdbqEBTWAwhGd4hTdHOi/Ou/OxaC04+cwx/IHz+QMN6I2j</latexit>

J ? = 1.9704
<latexit sha1_base64="varzGPPb7HlB5RsgBHYhZ/O8c/g=">AAACBXicbVDLSsNAFJ3UV62vqEtdDBbBVUhqoXUhFNyIqwr2AU0sk+mkHTqZhJmJUEI3bvwVNy4Uces/uPNvnLRZaOuBC4dz7uXee/yYUals+9sorKyurW8UN0tb2zu7e+b+QVtGicCkhSMWia6PJGGUk5aiipFuLAgKfUY6/vgq8zsPREga8Ts1iYkXoiGnAcVIaalvHrshUiOMWHozvU9dqZCYwkvoWBc1u9o3y7ZlzwCXiZOTMsjR7Jtf7iDCSUi4wgxJ2XPsWHkpEopiRqYlN5EkRniMhqSnKUchkV46+2IKT7UygEEkdHEFZ+rviRSFUk5CX3dmN8tFLxP/83qJCupeSnmcKMLxfFGQMKgimEUCB1QQrNhEE4QF1bdCPEICYaWDK+kQnMWXl0m7YjnnVuW2Wm7U8ziK4AicgDPggBpogGvQBC2AwSN4Bq/gzXgyXox342PeWjDymUPwB8bnD6btl1E=</latexit>

w? =

2

664

0.1691
0.6638
0.2043
1.8152

3

775

<latexit sha1_base64="sbtZsGCdiKy2ydeElIwcVQ6ytDA="></latexit>
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100 data points

not enough data!
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D
<latexit sha1_base64="hYHTzbUhP0kc60Fteqz3yNhbkvc=">AAAB8nicbVDLSgMxFL1TX7W+qi7dBIvgqsxUwS4LunBZwT5gOpRMmmlDM8mQZIQy9DPcuFDErV/jzr8x085CWw8EDufcS849YcKZNq777ZQ2Nre2d8q7lb39g8Oj6vFJV8tUEdohkkvVD7GmnAnaMcxw2k8UxXHIaS+c3uZ+74kqzaR4NLOEBjEeCxYxgo2V/EGMzYRgnt3Nh9WaW3cXQOvEK0gNCrSH1a/BSJI0psIQjrX2PTcxQYaVYYTTeWWQappgMsVj6lsqcEx1kC0iz9GFVUYokso+YdBC/b2R4VjrWRzayTyiXvVy8T/PT03UDDImktRQQZYfRSlHRqL8fjRiihLDZ5ZgopjNisgEK0yMbaliS/BWT14n3Ubdu6o3Hq5rrWZRRxnO4BwuwYMbaME9tKEDBCQ8wyu8OcZ5cd6dj+VoySl2TuEPnM8fcymRVA==</latexit>

��ĴT (ŵ
?)� ĴD(ŵ

?)
�� = 0.4638

<latexit sha1_base64="L+huMfy7SB43pYbaAKpOHIBd0J4="></latexit>

1000 experiments
<latexit sha1_base64="6LDBdM6JZ0KoGb1G6CM/THMVDIw=">AAAB+nicbVDLTgIxFO3gC/E14tJNI5i4Ih024o7EjUtMHCGBCemUO9DQeaTtGMiEX3HjQo1bv8Sdf2MHZqHgSZqcnHNP7u3xE8GVJuTbKm1t7+zulfcrB4dHxyf2afVRxalk4LJYxLLnUwWCR+BqrgX0Egk09AV0/elt7nefQCoeRw96noAX0nHEA86oNtLQrtYdQkgdwywByUOItBraNdIgS+BN4hSkhgp0hvbXYBSzNA8zQZXqOyTRXkal5kzAojJIFSSUTekY+oZGNATlZcvbF/jSKCMcxNK8SOOl+juR0VCpeeibyZDqiVr3cvE/r5/qoOVlPEpSDRFbLQpSgXWM8yLwiEtgWswNoUxycytmEyop06auiinBWf/yJnGbjZsGuW/W2q2ijTI6RxfoCjnoGrXRHeogFzE0Q8/oFb1ZC+vFerc+VqMlq8icoT+wPn8AjNKTAw==</latexit><latexit sha1_base64="6LDBdM6JZ0KoGb1G6CM/THMVDIw=">AAAB+nicbVDLTgIxFO3gC/E14tJNI5i4Ih024o7EjUtMHCGBCemUO9DQeaTtGMiEX3HjQo1bv8Sdf2MHZqHgSZqcnHNP7u3xE8GVJuTbKm1t7+zulfcrB4dHxyf2afVRxalk4LJYxLLnUwWCR+BqrgX0Egk09AV0/elt7nefQCoeRw96noAX0nHEA86oNtLQrtYdQkgdwywByUOItBraNdIgS+BN4hSkhgp0hvbXYBSzNA8zQZXqOyTRXkal5kzAojJIFSSUTekY+oZGNATlZcvbF/jSKCMcxNK8SOOl+juR0VCpeeibyZDqiVr3cvE/r5/qoOVlPEpSDRFbLQpSgXWM8yLwiEtgWswNoUxycytmEyop06auiinBWf/yJnGbjZsGuW/W2q2ijTI6RxfoCjnoGrXRHeogFzE0Q8/oFb1ZC+vFerc+VqMlq8icoT+wPn8AjNKTAw==</latexit><latexit sha1_base64="6LDBdM6JZ0KoGb1G6CM/THMVDIw=">AAAB+nicbVDLTgIxFO3gC/E14tJNI5i4Ih024o7EjUtMHCGBCemUO9DQeaTtGMiEX3HjQo1bv8Sdf2MHZqHgSZqcnHNP7u3xE8GVJuTbKm1t7+zulfcrB4dHxyf2afVRxalk4LJYxLLnUwWCR+BqrgX0Egk09AV0/elt7nefQCoeRw96noAX0nHEA86oNtLQrtYdQkgdwywByUOItBraNdIgS+BN4hSkhgp0hvbXYBSzNA8zQZXqOyTRXkal5kzAojJIFSSUTekY+oZGNATlZcvbF/jSKCMcxNK8SOOl+juR0VCpeeibyZDqiVr3cvE/r5/qoOVlPEpSDRFbLQpSgXWM8yLwiEtgWswNoUxycytmEyop06auiinBWf/yJnGbjZsGuW/W2q2ijTI6RxfoCjnoGrXRHeogFzE0Q8/oFb1ZC+vFerc+VqMlq8icoT+wPn8AjNKTAw==</latexit>

training out-of-sample validation

ĴT (w
?)

<latexit sha1_base64="+n7sNM5Wpsg4MZv4o9hViLw/dXA=">AAACHHicbVDJSgNBEO1xjXGLevQyGIR4CTOJYI4BL+IpQjbIxFDT6Uma9Cx01yhhmA/x4q948aCIFw+Cf2NnATXxQcOr96roqudGgiu0rC9jZXVtfWMzs5Xd3tnd288dHDZVGEvKGjQUoWy7oJjgAWsgR8HakWTgu4K13NHlxG/dMal4GNRxHLGuD4OAe5wCaqmXKztDwMTxAYcURHKdpr2fqp6mhWnhesl9eps4CkGmZ71c3ipaU5jLxJ6TPJmj1st9OP2Qxj4LkApQqmNbEXYTkMipYGnWiRWLgI5gwDqaBuAz1U2mx6XmqVb6phdK/QI0p+rviQR8pca+qzsnq6pFbyL+53Vi9CrdhAdRjCygs4+8WJgYmpOkzD6XjKIYawJUcr2rSYcggaLOM6tDsBdPXibNUtEuF0s35/lqZR5HhhyTE1IgNrkgVXJFaqRBKHkgT+SFvBqPxrPxZrzPWleM+cwR+QPj8xuTnaN/</latexit>

F
re
qu

en
cy

<latexit sha1_base64="XWfHAwtWu2g/65dE6u5sPHDJUg8=">AAAB8HicbVDLSgMxFL3js9ZX1aWbwSK4KjN1YZcFQVxWsA9ph5JJ77ShSWZMMsJQ+hVuXCji1s9x59+YtrPQ1gOBwzn3kntOmHCmjed9O2vrG5tb24Wd4u7e/sFh6ei4peNUUWzSmMeqExKNnElsGmY4dhKFRIQc2+H4eua3n1BpFst7kyUYCDKULGKUGCs93Ch8TFHSrF8qexVvDneV+DkpQ45Gv/TVG8Q0FSgN5UTrru8lJpgQZRjlOC32Uo0JoWMyxK6lkgjUwWR+8NQ9t8rAjWJlnzTuXP29MSFC60yEdlIQM9LL3kz8z+umJqoFEyaT1NhUi4+ilLsmdmfp3QFTSA3PLCFUMXurS0dEEWpsR0Vbgr8ceZW0qhX/slK9q5brtbyOApzCGVyAD1dQh1toQBMoCHiGV3hzlPPivDsfi9E1J985gT9wPn8A/aKQfg==</latexit>

ĴD(ŵ
?) = 1.5979

<latexit sha1_base64="q4WVzMPC1Ch/20iSZv8YHypueZc=">AAACInicbVDLSgNBEJz1GeMr6tHLYBD0EnZ9oDkIAT2IpwhGA9kYeicTM2T2wUyvEpb9Fi/+ihcPinoS/Bgnm4AaLRioqeqmu8uLpNBo2x/WxOTU9Mxsbi4/v7C4tFxYWb3UYawYr7FQhqrugeZSBLyGAiWvR4qD70l+5fWOB/7VLVdahMEF9iPe9OEmEB3BAI3UKpTdLmDi+oBdBjI5S9PW9+8kTbcy/y69TlyNoNJtekSd0n75oNwqFO2SnYH+Jc6IFMkI1VbhzW2HLPZ5gEyC1g3HjrCZgELBJE/zbqx5BKwHN7xhaAA+180kOzGlm0Zp006ozAuQZurPjgR8rfu+ZyoH2+txbyD+5zVi7Bw2ExFEMfKADQd1YkkxpIO8aFsozlD2DQGmhNmVsi4oYGhSzZsQnPGT/5LLnZKzW9o53ytWDkdx5Mg62SBbxCEHpEJOSZXUCCP35JE8kxfrwXqyXq33YemENepZI79gfX4Bn2akMA==</latexit>

2.0617
<latexit sha1_base64="Oq9wFc0GrD6Gqt3lUV8ZtfakyBg=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9mtYnssePFYwX5Au5Rsmm1js8mSZIWy9D948aCIV/+PN/+N2XYP2vpg4PHeDDPzgpgzbVz32ylsbG5t7xR3S3v7B4dH5eOTjpaJIrRNJJeqF2BNORO0bZjhtBcriqOA024wvc387hNVmknxYGYx9SM8FixkBBsrdWpV98arD8sVt+ougNaJl5MK5GgNy1+DkSRJRIUhHGvd99zY+ClWhhFO56VBommMyRSPad9SgSOq/XRx7RxdWGWEQqlsCYMW6u+JFEdaz6LAdkbYTPSql4n/ef3EhA0/ZSJODBVkuShMODISZa+jEVOUGD6zBBPF7K2ITLDCxNiASjYEb/XldWIT866qtfvrSrORx1GEMziHS/CgDk24gxa0gcAjPMMrvDnSeXHenY9la8HJZ07hD5zPH7Pijd4=</latexit>

w? =

2

664

0.0022
1.0100
0.2541
1.8854

3

775

<latexit sha1_base64="v5uz3r27eV8Avfe3qXH8uQexcSc="></latexit>

M = 100, 000
<latexit sha1_base64="Xbzo2AP2Gfbr/Bgi1uLek2xQDxA=">AAAB8HicbVBNSwMxEJ31s9avqkcvwSJ4kJKtgr0IBS9ehAr2Q9qlZNNsG5pklyQrlNJf4cWDIl79Od78N6btHrT1wcDjvRlm5oWJ4MZi/O2trK6tb2zmtvLbO7t7+4WDw4aJU01ZncYi1q2QGCa4YnXLrWCtRDMiQ8Ga4fBm6jefmDY8Vg92lLBAkr7iEafEOunx7trH+Bxj3C0UcQnPgJaJn5EiZKh1C1+dXkxTyZSlghjT9nFigzHRllPBJvlOalhC6JD0WdtRRSQzwXh28ASdOqWHoli7UhbN1N8TYyKNGcnQdUpiB2bRm4r/ee3URpVgzFWSWqbofFGUCmRjNP0e9bhm1IqRI4Rq7m5FdEA0odZllHch+IsvL5NGueRflMr3l8VqJYsjB8dwAmfgwxVU4RZqUAcKEp7hFd487b14797HvHXFy2aO4A+8zx8oEo6l</latexit>
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1,000 data points

good, but 
not quite there yet
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w? =

2

664

0.1400
0.6405
0.2360
1.8333

3

775

<latexit sha1_base64="paHm8EKTUGEzzKXNJG/F8kpreXA="></latexit>

ĴD(ŵ
?) = 1.9205

<latexit sha1_base64="B23zs+DTgo+hzCA1lj4px2hzZDQ=">AAACInicbVDLSgNBEJz1GeMr6tHLYBD0Enajoh6EgB7EUwSjgWwMvZOJGTL7YKZXCct+ixd/xYsHRT0JfoyzSUCNFgzUVHXT3eVFUmi07Q9rYnJqemY2N5efX1hcWi6srF7qMFaM11goQ1X3QHMpAl5DgZLXI8XB9yS/8nrHmX91y5UWYXCB/Yg3fbgJREcwQCO1CoduFzBxfcAuA5mcpWnr+3eSplsD/y69TlyNoNJtekSd0mHZ3msVinbJHoD+Jc6IFMkI1VbhzW2HLPZ5gEyC1g3HjrCZgELBJE/zbqx5BKwHN7xhaAA+181kcGJKN43Spp1QmRcgHag/OxLwte77nqnMttfjXib+5zVi7Bw0ExFEMfKADQd1YkkxpFletC0UZyj7hgBTwuxKWRcUMDSp5k0IzvjJf8llueTslMrnu8XKwSiOHFknG2SLOGSfVMgpqZIaYeSePJJn8mI9WE/Wq/U+LJ2wRj1r5Beszy+KJaQi</latexit>

F
re
qu

en
cy

<latexit sha1_base64="XWfHAwtWu2g/65dE6u5sPHDJUg8=">AAAB8HicbVDLSgMxFL3js9ZX1aWbwSK4KjN1YZcFQVxWsA9ph5JJ77ShSWZMMsJQ+hVuXCji1s9x59+YtrPQ1gOBwzn3kntOmHCmjed9O2vrG5tb24Wd4u7e/sFh6ei4peNUUWzSmMeqExKNnElsGmY4dhKFRIQc2+H4eua3n1BpFst7kyUYCDKULGKUGCs93Ch8TFHSrF8qexVvDneV+DkpQ45Gv/TVG8Q0FSgN5UTrru8lJpgQZRjlOC32Uo0JoWMyxK6lkgjUwWR+8NQ9t8rAjWJlnzTuXP29MSFC60yEdlIQM9LL3kz8z+umJqoFEyaT1NhUi4+ilLsmdmfp3QFTSA3PLCFUMXurS0dEEWpsR0Vbgr8ceZW0qhX/slK9q5brtbyOApzCGVyAD1dQh1toQBMoCHiGV3hzlPPivDsfi9E1J985gT9wPn8A/aKQfg==</latexit>

ĴT (w
?)

<latexit sha1_base64="+n7sNM5Wpsg4MZv4o9hViLw/dXA=">AAACHHicbVDJSgNBEO1xjXGLevQyGIR4CTOJYI4BL+IpQjbIxFDT6Uma9Cx01yhhmA/x4q948aCIFw+Cf2NnATXxQcOr96roqudGgiu0rC9jZXVtfWMzs5Xd3tnd288dHDZVGEvKGjQUoWy7oJjgAWsgR8HakWTgu4K13NHlxG/dMal4GNRxHLGuD4OAe5wCaqmXKztDwMTxAYcURHKdpr2fqp6mhWnhesl9eps4CkGmZ71c3ipaU5jLxJ6TPJmj1st9OP2Qxj4LkApQqmNbEXYTkMipYGnWiRWLgI5gwDqaBuAz1U2mx6XmqVb6phdK/QI0p+rviQR8pca+qzsnq6pFbyL+53Vi9CrdhAdRjCygs4+8WJgYmpOkzD6XjKIYawJUcr2rSYcggaLOM6tDsBdPXibNUtEuF0s35/lqZR5HhhyTE1IgNrkgVXJFaqRBKHkgT+SFvBqPxrPxZrzPWleM+cwR+QPj8xuTnaN/</latexit>

��ĴT (ŵ
?)� ĴD(ŵ

?)
�� = 0.0544

<latexit sha1_base64="a4Bp8RGGEXI+cSnwx+AVrBfRppU="></latexit>

1.9749
<latexit sha1_base64="SGMqJ5Pb0i/0+/PY0qCZ/BR3YZ0=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9mthba3ghePFewHtEvJptk2NpssSVYoS/+DFw+KePX/ePPfmLZ70NYHA4/3ZpiZF8ScaeO6305ua3tndy+/Xzg4PDo+KZ6edbRMFKFtIrlUvQBrypmgbcMMp71YURwFnHaD6e3C7z5RpZkUD2YWUz/CY8FCRrCxUscrN2rVxrBYcsvuEmiTeBkpQYbWsPg1GEmSRFQYwrHWfc+NjZ9iZRjhdF4YJJrGmEzxmPYtFTii2k+X187RlVVGKJTKljBoqf6eSHGk9SwKbGeEzUSvewvxP6+fmLDup0zEiaGCrBaFCUdGosXraMQUJYbPLMFEMXsrIhOsMDE2oIINwVt/eZN0KmXvply5r5aa9SyOPFzAJVyDBzVowh20oA0EHuEZXuHNkc6L8+58rFpzTjZzDn/gfP4AyTWN7A==</latexit>

out-of-sample validation

1000 experiments
<latexit sha1_base64="6LDBdM6JZ0KoGb1G6CM/THMVDIw=">AAAB+nicbVDLTgIxFO3gC/E14tJNI5i4Ih024o7EjUtMHCGBCemUO9DQeaTtGMiEX3HjQo1bv8Sdf2MHZqHgSZqcnHNP7u3xE8GVJuTbKm1t7+zulfcrB4dHxyf2afVRxalk4LJYxLLnUwWCR+BqrgX0Egk09AV0/elt7nefQCoeRw96noAX0nHEA86oNtLQrtYdQkgdwywByUOItBraNdIgS+BN4hSkhgp0hvbXYBSzNA8zQZXqOyTRXkal5kzAojJIFSSUTekY+oZGNATlZcvbF/jSKCMcxNK8SOOl+juR0VCpeeibyZDqiVr3cvE/r5/qoOVlPEpSDRFbLQpSgXWM8yLwiEtgWswNoUxycytmEyop06auiinBWf/yJnGbjZsGuW/W2q2ijTI6RxfoCjnoGrXRHeogFzE0Q8/oFb1ZC+vFerc+VqMlq8icoT+wPn8AjNKTAw==</latexit><latexit sha1_base64="6LDBdM6JZ0KoGb1G6CM/THMVDIw=">AAAB+nicbVDLTgIxFO3gC/E14tJNI5i4Ih024o7EjUtMHCGBCemUO9DQeaTtGMiEX3HjQo1bv8Sdf2MHZqHgSZqcnHNP7u3xE8GVJuTbKm1t7+zulfcrB4dHxyf2afVRxalk4LJYxLLnUwWCR+BqrgX0Egk09AV0/elt7nefQCoeRw96noAX0nHEA86oNtLQrtYdQkgdwywByUOItBraNdIgS+BN4hSkhgp0hvbXYBSzNA8zQZXqOyTRXkal5kzAojJIFSSUTekY+oZGNATlZcvbF/jSKCMcxNK8SOOl+juR0VCpeeibyZDqiVr3cvE/r5/qoOVlPEpSDRFbLQpSgXWM8yLwiEtgWswNoUxycytmEyop06auiinBWf/yJnGbjZsGuW/W2q2ijTI6RxfoCjnoGrXRHeogFzE0Q8/oFb1ZC+vFerc+VqMlq8icoT+wPn8AjNKTAw==</latexit><latexit sha1_base64="6LDBdM6JZ0KoGb1G6CM/THMVDIw=">AAAB+nicbVDLTgIxFO3gC/E14tJNI5i4Ih024o7EjUtMHCGBCemUO9DQeaTtGMiEX3HjQo1bv8Sdf2MHZqHgSZqcnHNP7u3xE8GVJuTbKm1t7+zulfcrB4dHxyf2afVRxalk4LJYxLLnUwWCR+BqrgX0Egk09AV0/elt7nefQCoeRw96noAX0nHEA86oNtLQrtYdQkgdwywByUOItBraNdIgS+BN4hSkhgp0hvbXYBSzNA8zQZXqOyTRXkal5kzAojJIFSSUTekY+oZGNATlZcvbF/jSKCMcxNK8SOOl+juR0VCpeeibyZDqiVr3cvE/r5/qoOVlPEpSDRFbLQpSgXWM8yLwiEtgWswNoUxycytmEyop06auiinBWf/yJnGbjZsGuW/W2q2ijTI6RxfoCjnoGrXRHeogFzE0Q8/oFb1ZC+vFerc+VqMlq8icoT+wPn8AjNKTAw==</latexit>

M = 100, 000
<latexit sha1_base64="Xbzo2AP2Gfbr/Bgi1uLek2xQDxA=">AAAB8HicbVBNSwMxEJ31s9avqkcvwSJ4kJKtgr0IBS9ehAr2Q9qlZNNsG5pklyQrlNJf4cWDIl79Od78N6btHrT1wcDjvRlm5oWJ4MZi/O2trK6tb2zmtvLbO7t7+4WDw4aJU01ZncYi1q2QGCa4YnXLrWCtRDMiQ8Ga4fBm6jefmDY8Vg92lLBAkr7iEafEOunx7trH+Bxj3C0UcQnPgJaJn5EiZKh1C1+dXkxTyZSlghjT9nFigzHRllPBJvlOalhC6JD0WdtRRSQzwXh28ASdOqWHoli7UhbN1N8TYyKNGcnQdUpiB2bRm4r/ee3URpVgzFWSWqbofFGUCmRjNP0e9bhm1IqRI4Rq7m5FdEA0odZllHch+IsvL5NGueRflMr3l8VqJYsjB8dwAmfgwxVU4RZqUAcKEp7hFd487b14797HvHXFy2aO4A+8zx8oEo6l</latexit>

D
<latexit sha1_base64="hYHTzbUhP0kc60Fteqz3yNhbkvc=">AAAB8nicbVDLSgMxFL1TX7W+qi7dBIvgqsxUwS4LunBZwT5gOpRMmmlDM8mQZIQy9DPcuFDErV/jzr8x085CWw8EDufcS849YcKZNq777ZQ2Nre2d8q7lb39g8Oj6vFJV8tUEdohkkvVD7GmnAnaMcxw2k8UxXHIaS+c3uZ+74kqzaR4NLOEBjEeCxYxgo2V/EGMzYRgnt3Nh9WaW3cXQOvEK0gNCrSH1a/BSJI0psIQjrX2PTcxQYaVYYTTeWWQappgMsVj6lsqcEx1kC0iz9GFVUYokso+YdBC/b2R4VjrWRzayTyiXvVy8T/PT03UDDImktRQQZYfRSlHRqL8fjRiihLDZ5ZgopjNisgEK0yMbaliS/BWT14n3Ubdu6o3Hq5rrWZRRxnO4BwuwYMbaME9tKEDBCQ8wyu8OcZ5cd6dj+VoySl2TuEPnM8fcymRVA==</latexit>
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10,000 data points

learning was 
successful
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<latexit sha1_base64="rc9QoGplBBSoixFYdWnjONMve/U="></latexit>

training

ĴD(ŵ
?) = 1.9714

<latexit sha1_base64="UcNuEgvVjoP/e7IZf4T02oTxxK8=">AAACInicbVDLSgNBEJz1GeNr1aOXwSDoJeyqYHIQAnoQTxGMEbIx9E4mZsjsg5leJSz7LV78FS8eFPUk+DFOHqBGCwZqqrrp7vJjKTQ6zoc1NT0zOzefW8gvLi2vrNpr65c6ShTjNRbJSF35oLkUIa+hQMmvYsUh8CWv+73jgV+/5UqLKLzAfsybAdyEoiMYoJFadtnrAqZeANhlINOzLGt9/06ybGfo32XXqacRVLZLj6hbLB+6By274BSdIehf4o5JgYxRbdlvXjtiScBDZBK0brhOjM0UFAomeZb3Es1jYD244Q1DQwi4bqbDEzO6bZQ27UTKvBDpUP3ZkUKgdT/wTeVgez3pDcT/vEaCnVIzFWGcIA/ZaFAnkRQjOsiLtoXiDGXfEGBKmF0p64IChibVvAnBnTz5L7ncK7r7xb3zg0KlNI4jRzbJFtkhLjkkFXJKqqRGGLknj+SZvFgP1pP1ar2PSqescc8G+QXr8wuRxKQn</latexit>

1.9726
<latexit sha1_base64="jQTmsWGTLIN6QclZjBVFhgNfuRQ=">AAAB7XicbVBNSwMxEJ31s9avqkcvwSJ4Wnar2HorePFYwX5Au5Rsmm1js8mSZIWy9D948aCIV/+PN/+NabsHbX0w8Hhvhpl5YcKZNp737aytb2xubRd2irt7+weHpaPjlpapIrRJJJeqE2JNORO0aZjhtJMoiuOQ03Y4vp357SeqNJPiwUwSGsR4KFjECDZWavnuTbVy3S+VPdebA60SPydlyNHol756A0nSmApDONa663uJCTKsDCOcTou9VNMEkzEe0q6lAsdUB9n82ik6t8oARVLZEgbN1d8TGY61nsSh7YyxGellbyb+53VTE9WCjIkkNVSQxaIo5chINHsdDZiixPCJJZgoZm9FZIQVJsYGVLQh+Msvr5JWxfUv3cr9Vbley+MowCmcwQX4UIU63EEDmkDgEZ7hFd4c6bw4787HonXNyWdO4A+czx/Bn43n</latexit>
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<latexit sha1_base64="XWfHAwtWu2g/65dE6u5sPHDJUg8=">AAAB8HicbVDLSgMxFL3js9ZX1aWbwSK4KjN1YZcFQVxWsA9ph5JJ77ShSWZMMsJQ+hVuXCji1s9x59+YtrPQ1gOBwzn3kntOmHCmjed9O2vrG5tb24Wd4u7e/sFh6ei4peNUUWzSmMeqExKNnElsGmY4dhKFRIQc2+H4eua3n1BpFst7kyUYCDKULGKUGCs93Ch8TFHSrF8qexVvDneV+DkpQ45Gv/TVG8Q0FSgN5UTrru8lJpgQZRjlOC32Uo0JoWMyxK6lkgjUwWR+8NQ9t8rAjWJlnzTuXP29MSFC60yEdlIQM9LL3kz8z+umJqoFEyaT1NhUi4+ilLsmdmfp3QFTSA3PLCFUMXurS0dEEWpsR0Vbgr8ceZW0qhX/slK9q5brtbyOApzCGVyAD1dQh1toQBMoCHiGV3hzlPPivDsfi9E1J985gT9wPn8A/aKQfg==</latexit>

ĴT (w
?)

<latexit sha1_base64="+n7sNM5Wpsg4MZv4o9hViLw/dXA=">AAACHHicbVDJSgNBEO1xjXGLevQyGIR4CTOJYI4BL+IpQjbIxFDT6Uma9Cx01yhhmA/x4q948aCIFw+Cf2NnATXxQcOr96roqudGgiu0rC9jZXVtfWMzs5Xd3tnd288dHDZVGEvKGjQUoWy7oJjgAWsgR8HakWTgu4K13NHlxG/dMal4GNRxHLGuD4OAe5wCaqmXKztDwMTxAYcURHKdpr2fqp6mhWnhesl9eps4CkGmZ71c3ipaU5jLxJ6TPJmj1st9OP2Qxj4LkApQqmNbEXYTkMipYGnWiRWLgI5gwDqaBuAz1U2mx6XmqVb6phdK/QI0p+rviQR8pca+qzsnq6pFbyL+53Vi9CrdhAdRjCygs4+8WJgYmpOkzD6XjKIYawJUcr2rSYcggaLOM6tDsBdPXibNUtEuF0s35/lqZR5HhhyTE1IgNrkgVXJFaqRBKHkgT+SFvBqPxrPxZrzPWleM+cwR+QPj8xuTnaN/</latexit>

��ĴT (ŵ
?)� ĴD(ŵ

?)
�� = 0.0012

<latexit sha1_base64="OBOQXcEmzJjJbmhac3KOAME+CPA="></latexit>

out-of-sample validation

1000 experiments
<latexit sha1_base64="6LDBdM6JZ0KoGb1G6CM/THMVDIw=">AAAB+nicbVDLTgIxFO3gC/E14tJNI5i4Ih024o7EjUtMHCGBCemUO9DQeaTtGMiEX3HjQo1bv8Sdf2MHZqHgSZqcnHNP7u3xE8GVJuTbKm1t7+zulfcrB4dHxyf2afVRxalk4LJYxLLnUwWCR+BqrgX0Egk09AV0/elt7nefQCoeRw96noAX0nHEA86oNtLQrtYdQkgdwywByUOItBraNdIgS+BN4hSkhgp0hvbXYBSzNA8zQZXqOyTRXkal5kzAojJIFSSUTekY+oZGNATlZcvbF/jSKCMcxNK8SOOl+juR0VCpeeibyZDqiVr3cvE/r5/qoOVlPEpSDRFbLQpSgXWM8yLwiEtgWswNoUxycytmEyop06auiinBWf/yJnGbjZsGuW/W2q2ijTI6RxfoCjnoGrXRHeogFzE0Q8/oFb1ZC+vFerc+VqMlq8icoT+wPn8AjNKTAw==</latexit><latexit sha1_base64="6LDBdM6JZ0KoGb1G6CM/THMVDIw=">AAAB+nicbVDLTgIxFO3gC/E14tJNI5i4Ih024o7EjUtMHCGBCemUO9DQeaTtGMiEX3HjQo1bv8Sdf2MHZqHgSZqcnHNP7u3xE8GVJuTbKm1t7+zulfcrB4dHxyf2afVRxalk4LJYxLLnUwWCR+BqrgX0Egk09AV0/elt7nefQCoeRw96noAX0nHEA86oNtLQrtYdQkgdwywByUOItBraNdIgS+BN4hSkhgp0hvbXYBSzNA8zQZXqOyTRXkal5kzAojJIFSSUTekY+oZGNATlZcvbF/jSKCMcxNK8SOOl+juR0VCpeeibyZDqiVr3cvE/r5/qoOVlPEpSDRFbLQpSgXWM8yLwiEtgWswNoUxycytmEyop06auiinBWf/yJnGbjZsGuW/W2q2ijTI6RxfoCjnoGrXRHeogFzE0Q8/oFb1ZC+vFerc+VqMlq8icoT+wPn8AjNKTAw==</latexit><latexit sha1_base64="6LDBdM6JZ0KoGb1G6CM/THMVDIw=">AAAB+nicbVDLTgIxFO3gC/E14tJNI5i4Ih024o7EjUtMHCGBCemUO9DQeaTtGMiEX3HjQo1bv8Sdf2MHZqHgSZqcnHNP7u3xE8GVJuTbKm1t7+zulfcrB4dHxyf2afVRxalk4LJYxLLnUwWCR+BqrgX0Egk09AV0/elt7nefQCoeRw96noAX0nHEA86oNtLQrtYdQkgdwywByUOItBraNdIgS+BN4hSkhgp0hvbXYBSzNA8zQZXqOyTRXkal5kzAojJIFSSUTekY+oZGNATlZcvbF/jSKCMcxNK8SOOl+juR0VCpeeibyZDqiVr3cvE/r5/qoOVlPEpSDRFbLQpSgXWM8yLwiEtgWswNoUxycytmEyop06auiinBWf/yJnGbjZsGuW/W2q2ijTI6RxfoCjnoGrXRHeogFzE0Q8/oFb1ZC+vFerc+VqMlq8icoT+wPn8AjNKTAw==</latexit>

M = 100, 000
<latexit sha1_base64="Xbzo2AP2Gfbr/Bgi1uLek2xQDxA=">AAAB8HicbVBNSwMxEJ31s9avqkcvwSJ4kJKtgr0IBS9ehAr2Q9qlZNNsG5pklyQrlNJf4cWDIl79Od78N6btHrT1wcDjvRlm5oWJ4MZi/O2trK6tb2zmtvLbO7t7+4WDw4aJU01ZncYi1q2QGCa4YnXLrWCtRDMiQ8Ga4fBm6jefmDY8Vg92lLBAkr7iEafEOunx7trH+Bxj3C0UcQnPgJaJn5EiZKh1C1+dXkxTyZSlghjT9nFigzHRllPBJvlOalhC6JD0WdtRRSQzwXh28ASdOqWHoli7UhbN1N8TYyKNGcnQdUpiB2bRm4r/ee3URpVgzFWSWqbofFGUCmRjNP0e9bhm1IqRI4Rq7m5FdEA0odZllHch+IsvL5NGueRflMr3l8VqJYsjB8dwAmfgwxVU4RZqUAcKEp7hFd487b14797HvHXFy2aO4A+8zx8oEo6l</latexit>

D
<latexit sha1_base64="hYHTzbUhP0kc60Fteqz3yNhbkvc=">AAAB8nicbVDLSgMxFL1TX7W+qi7dBIvgqsxUwS4LunBZwT5gOpRMmmlDM8mQZIQy9DPcuFDErV/jzr8x085CWw8EDufcS849YcKZNq777ZQ2Nre2d8q7lb39g8Oj6vFJV8tUEdohkkvVD7GmnAnaMcxw2k8UxXHIaS+c3uZ+74kqzaR4NLOEBjEeCxYxgo2V/EGMzYRgnt3Nh9WaW3cXQOvEK0gNCrSH1a/BSJI0psIQjrX2PTcxQYaVYYTTeWWQappgMsVj6lsqcEx1kC0iz9GFVUYokso+YdBC/b2R4VjrWRzayTyiXvVy8T/PT03UDDImktRQQZYfRSlHRqL8fjRiihLDZ5ZgopjNisgEK0yMbaliS/BWT14n3Ubdu6o3Hq5rrWZRRxnO4BwuwYMbaME9tKEDBCQ8wyu8OcZ5cd6dj+VoySl2TuEPnM8fcymRVA==</latexit>
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Gaussian mixture data

(X1, X2) ⇠ 0.75 · N
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<latexit sha1_base64="6TB0zPmTG8vzWAubqNZvz3Ip+W0="></latexit>
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<latexit sha1_base64="hYHTzbUhP0kc60Fteqz3yNhbkvc=">AAAB8nicbVDLSgMxFL1TX7W+qi7dBIvgqsxUwS4LunBZwT5gOpRMmmlDM8mQZIQy9DPcuFDErV/jzr8x085CWw8EDufcS849YcKZNq777ZQ2Nre2d8q7lb39g8Oj6vFJV8tUEdohkkvVD7GmnAnaMcxw2k8UxXHIaS+c3uZ+74kqzaR4NLOEBjEeCxYxgo2V/EGMzYRgnt3Nh9WaW3cXQOvEK0gNCrSH1a/BSJI0psIQjrX2PTcxQYaVYYTTeWWQappgMsVj6lsqcEx1kC0iz9GFVUYokso+YdBC/b2R4VjrWRzayTyiXvVy8T/PT03UDDImktRQQZYfRSlHRqL8fjRiihLDZ5ZgopjNisgEK0yMbaliS/BWT14n3Ubdu6o3Hq5rrWZRRxnO4BwuwYMbaME9tKEDBCQ8wyu8OcZ5cd6dj+VoySl2TuEPnM8fcymRVA==</latexit>
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N = 10, 000 samples
<latexit sha1_base64="lrvJ3fJLAfHZSqvESVThvlKHl3M=">AAACBHicbVDLSgMxFM34rPU16rKbYBFcSMlUwW6EghtXUsE+oFNKJs20oUlmSDJCGbpw46+4caGIWz/CnX9jpp2Fth64cDjnXu69J4g50wahb2dldW19Y7OwVdze2d3bdw8OWzpKFKFNEvFIdQKsKWeSNg0znHZiRbEIOG0H4+vMbz9QpVkk780kpj2Bh5KFjGBjpb5bur3y0BlCCPrQF9iMlEg1FjGnetp3y6iCZoDLxMtJGeRo9N0vfxCRRFBpCMdadz0Um16KlWGE02nRTzSNMRnjIe1aKrGgupfOnpjCE6sMYBgpW9LAmfp7IsVC64kIbGd2p170MvE/r5uYsNZLmYwTQyWZLwoTDk0Es0TggClKDJ9Ygoli9lZIRlhhYmxuRRuCt/jyMmlVK955pXp3Ua7X8jgKoASOwSnwwCWogxvQAE1AwCN4Bq/gzXlyXpx352PeuuLkM0fgD5zPH5Iwlsk=</latexit>

out-of-sample validationtraining

Gaussian mixture data
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<latexit sha1_base64="XWfHAwtWu2g/65dE6u5sPHDJUg8=">AAAB8HicbVDLSgMxFL3js9ZX1aWbwSK4KjN1YZcFQVxWsA9ph5JJ77ShSWZMMsJQ+hVuXCji1s9x59+YtrPQ1gOBwzn3kntOmHCmjed9O2vrG5tb24Wd4u7e/sFh6ei4peNUUWzSmMeqExKNnElsGmY4dhKFRIQc2+H4eua3n1BpFst7kyUYCDKULGKUGCs93Ch8TFHSrF8qexVvDneV+DkpQ45Gv/TVG8Q0FSgN5UTrru8lJpgQZRjlOC32Uo0JoWMyxK6lkgjUwWR+8NQ9t8rAjWJlnzTuXP29MSFC60yEdlIQM9LL3kz8z+umJqoFEyaT1NhUi4+ilLsmdmfp3QFTSA3PLCFUMXurS0dEEWpsR0Vbgr8ceZW0qhX/slK9q5brtbyOApzCGVyAD1dQh1toQBMoCHiGV3hzlPPivDsfi9E1J985gT9wPn8A/aKQfg==</latexit>

1000 experiments
<latexit sha1_base64="6LDBdM6JZ0KoGb1G6CM/THMVDIw=">AAAB+nicbVDLTgIxFO3gC/E14tJNI5i4Ih024o7EjUtMHCGBCemUO9DQeaTtGMiEX3HjQo1bv8Sdf2MHZqHgSZqcnHNP7u3xE8GVJuTbKm1t7+zulfcrB4dHxyf2afVRxalk4LJYxLLnUwWCR+BqrgX0Egk09AV0/elt7nefQCoeRw96noAX0nHEA86oNtLQrtYdQkgdwywByUOItBraNdIgS+BN4hSkhgp0hvbXYBSzNA8zQZXqOyTRXkal5kzAojJIFSSUTekY+oZGNATlZcvbF/jSKCMcxNK8SOOl+juR0VCpeeibyZDqiVr3cvE/r5/qoOVlPEpSDRFbLQpSgXWM8yLwiEtgWswNoUxycytmEyop06auiinBWf/yJnGbjZsGuW/W2q2ijTI6RxfoCjnoGrXRHeogFzE0Q8/oFb1ZC+vFerc+VqMlq8icoT+wPn8AjNKTAw==</latexit><latexit sha1_base64="6LDBdM6JZ0KoGb1G6CM/THMVDIw=">AAAB+nicbVDLTgIxFO3gC/E14tJNI5i4Ih024o7EjUtMHCGBCemUO9DQeaTtGMiEX3HjQo1bv8Sdf2MHZqHgSZqcnHNP7u3xE8GVJuTbKm1t7+zulfcrB4dHxyf2afVRxalk4LJYxLLnUwWCR+BqrgX0Egk09AV0/elt7nefQCoeRw96noAX0nHEA86oNtLQrtYdQkgdwywByUOItBraNdIgS+BN4hSkhgp0hvbXYBSzNA8zQZXqOyTRXkal5kzAojJIFSSUTekY+oZGNATlZcvbF/jSKCMcxNK8SOOl+juR0VCpeeibyZDqiVr3cvE/r5/qoOVlPEpSDRFbLQpSgXWM8yLwiEtgWswNoUxycytmEyop06auiinBWf/yJnGbjZsGuW/W2q2ijTI6RxfoCjnoGrXRHeogFzE0Q8/oFb1ZC+vFerc+VqMlq8icoT+wPn8AjNKTAw==</latexit><latexit sha1_base64="6LDBdM6JZ0KoGb1G6CM/THMVDIw=">AAAB+nicbVDLTgIxFO3gC/E14tJNI5i4Ih024o7EjUtMHCGBCemUO9DQeaTtGMiEX3HjQo1bv8Sdf2MHZqHgSZqcnHNP7u3xE8GVJuTbKm1t7+zulfcrB4dHxyf2afVRxalk4LJYxLLnUwWCR+BqrgX0Egk09AV0/elt7nefQCoeRw96noAX0nHEA86oNtLQrtYdQkgdwywByUOItBraNdIgS+BN4hSkhgp0hvbXYBSzNA8zQZXqOyTRXkal5kzAojJIFSSUTekY+oZGNATlZcvbF/jSKCMcxNK8SOOl+juR0VCpeeibyZDqiVr3cvE/r5/qoOVlPEpSDRFbLQpSgXWM8yLwiEtgWswNoUxycytmEyop06auiinBWf/yJnGbjZsGuW/W2q2ijTI6RxfoCjnoGrXRHeogFzE0Q8/oFb1ZC+vFerc+VqMlq8icoT+wPn8AjNKTAw==</latexit>

M = 100, 000
<latexit sha1_base64="Xbzo2AP2Gfbr/Bgi1uLek2xQDxA=">AAAB8HicbVBNSwMxEJ31s9avqkcvwSJ4kJKtgr0IBS9ehAr2Q9qlZNNsG5pklyQrlNJf4cWDIl79Od78N6btHrT1wcDjvRlm5oWJ4MZi/O2trK6tb2zmtvLbO7t7+4WDw4aJU01ZncYi1q2QGCa4YnXLrWCtRDMiQ8Ga4fBm6jefmDY8Vg92lLBAkr7iEafEOunx7trH+Bxj3C0UcQnPgJaJn5EiZKh1C1+dXkxTyZSlghjT9nFigzHRllPBJvlOalhC6JD0WdtRRSQzwXh28ASdOqWHoli7UhbN1N8TYyKNGcnQdUpiB2bRm4r/ee3URpVgzFWSWqbofFGUCmRjNP0e9bhm1IqRI4Rq7m5FdEA0odZllHch+IsvL5NGueRflMr3l8VqJYsjB8dwAmfgwxVU4RZqUAcKEp7hFd487b14797HvHXFy2aO4A+8zx8oEo6l</latexit>

ŵ? ⇡ w?
<latexit sha1_base64="NB1VViVlcpwhLvDdWkdjXb3Ijg0=">AAACHXicbVDJSgNBEO1xjXGLevTSGARPYSYGzDHgxWMEs0AmhppOj2nSs9Bdo4ZhfsSLv+LFgyIevIh/Y2fBJfqg4PFeFVX1vFgKjbb9YS0sLi2vrObW8usbm1vbhZ3dpo4SxXiDRTJSbQ80lyLkDRQoeTtWHAJP8pY3PB37rWuutIjCCxzFvBvAVSh8wQCN1CtU3AFg6gaAA89Pb7LsMnU1gsqoC3Gsolv67X1ZvULRLtkT0L/EmZEimaHeK7y5/YglAQ+RSdC649gxdlNQKJjkWd5NNI+BDeGKdwwNIeC6m06+y+ihUfrUj5SpEOlE/TmRQqD1KPBM5/hUPe+Nxf+8ToJ+tZuKME6Qh2y6yE8kxYiOo6J9oThDOTIEmBLmVsoGoIChCTRvQnDmX/5LmuWSc1wqn1eKteosjhzZJwfkiDjkhNTIGamTBmHkjjyQJ/Js3VuP1ov1Om1dsGYze+QXrPdPXWWj5g==</latexit>
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ŵ? =

2

664

�0.2218
+0.4089
+0.0644
+0.2485

3

775

<latexit sha1_base64="aVbDGFZoix4rQ4MLECb0CxN5Ln0="></latexit>

ĴD(ŵ
?) = 0.5186

<latexit sha1_base64="2ojwxicxyNGHHBlLilwglKGyI1Q=">AAACK3icbVDJSgNBEO1xN25Rj14ag6CXMOOaiyDqQTwpGBUyMdR0ekxjz0J3jRKG/h8v/ooHPbjg1f+ws0DcHjS8fq+KqnpBKoVG131zhoZHRsfGJyYLU9Mzs3PF+YVznWSK8SpLZKIuA9BciphXUaDkl6niEAWSXwQ3Bx3/4pYrLZL4DNspr0dwHYtQMEArNYr7fgsw9yPAFgOZHxvTGPwOjVkd+EGY3xlzlfsaQZk1ukvd8pZX2W4US27Z7YL+JV6flEgfJ43ik99MWBbxGJkErWuem2I9B4WCSW4KfqZ5CuwGrnnN0hgirut591ZDV6zSpGGi7IuRdtXvHTlEWrejwFZ2lta/vY74n1fLMKzUcxGnGfKY9QaFmaSY0E5wtCkUZyjblgBTwu5KWQsUMLTxFmwI3u+T/5Lz9bK3UV4/3SztVfpxTJAlskxWiUd2yB45IiekShi5J4/khbw6D86z8+589EqHnH7PIvkB5/MLeeuoRQ==</latexit>

��E
⇥
ĴT (ŵ

?)
⇤
� ĴD(ŵ

?)
�� = 0.0096

<latexit sha1_base64="65GkMaOeW2roTkNUN4k1Drb9vEw=">AAAChnicfVFNSyNBEO2Z6JqN7hrX414aw4IeNszEr+xhIaCC7EnBqJAZQ02nJ2ns+aC7xiWM/VP8U978N/YkAVddLGh49V49qroqyqXQ6HlPjltbWv60Uv/cWF378nW9ufHtUmeFYrzPMpmp6wg0lyLlfRQo+XWuOCSR5FfR7VGlX91xpUWWXuA052EC41TEggFaath8CCIxvqdBAjiJ4vLEVPkgmACWM46BLP8YM3zJLozZft Gt568xN2WgEZTZqdwh/fmR//gjP52P85t6bc/7dTBstipQBX0P/AVokUWcDZuPwShjRcJTZBK0HvhejmEJCgWT3DSCQvMc2C2M+cDCFBKuw3K2RkN/WGZE40zZlyKdsf86Ski0niaRraxG12+1ivyfNigw7oalSPMCecrmjeJCUsxodRM6EoozlFMLgClhZ6VsAgoY2ss17BL8t19+Dy47bX+33Tnfa/W6i3XUyXeyRbaJTw5Jj5ySM9InzKk5O07H2XXrbtvddw/npa6z8GySV+H2ngHWnsbE</latexit>

ĴT (ŵ
?)

<latexit sha1_base64="PPeUOiKV/xP17CGTT+MF31bhmug=">AAACInicbVDLSgNBEJz1bXxFPXpZDEK8hF0VjDfBi3iKkMRANobeyWwyZPbBTK8SlvkWL/6KFw+KehL8GCcPUBMLBmqquunu8hPBFTrOpzU3v7C4tLyymltb39jcym/v1FWcSspqNBaxbPigmOARqyFHwRqJZBD6gt34/Yuhf3PHpOJxVMVBwlohdCMecApopHb+zOsBZl4I2KMgsiut2z+/qtbFH98PsnutbzNPIUh92M4XnJIzgj1L3AkpkAkq7fy714lpGrIIqQClmq6TYCsDiZwKpnNeqlgCtA9d1jQ0gpCpVjY6UdsHRunYQSzNi9Aeqb87MgiVGoS+qRzuqqa9ofif10wxKLcyHiUpsoiOBwWpsDG2h3nZHS4ZRTEwBKjkZleb9kACRZNqzoTgTp88S+pHJfe4dHR9UjgvT+JYIXtknxSJS07JObkkFVIjlDyQJ/JCXq1H69l6sz7GpXPWpGeX/IH19Q3cgKZM</latexit>

J ?
<latexit sha1_base64="uMyuo+bSXgYojzh7cWg+9kS2soo=">AAAB+nicbVDLSsNAFJ3UV62vVJduBovgqiRVsMuCG3FVwT6gjWUynbRDJ5Mwc6OU2E9x40IRt36JO//GSZuFth4YOJxzL/fM8WPBNTjOt1VYW9/Y3Cpul3Z29/YP7PJhW0eJoqxFIxGprk80E1yyFnAQrBsrRkJfsI4/ucr8zgNTmkfyDqYx80IykjzglICRBna5HxIYUyLSm9l9XwNRA7viVJ058Cpxc1JBOZoD+6s/jGgSMglUEK17rhODlxIFnAo2K/UTzWJCJ2TEeoZKEjLtpfPoM3xqlCEOImWeBDxXf2+kJNR6GvpmMguql71M/M/rJRDUvZTLOAEm6eJQkAgMEc56wEOuGAUxNYRQxU1WTMdEEQqmrZIpwV3+8ipp16ruebV2e1Fp1PM6iugYnaAz5KJL1EDXqIlaiKJH9Ixe0Zv1ZL1Y79bHYrRg5TtH6A+szx+q+5Q7</latexit>

Ĵ ?
<latexit sha1_base64="jLGLpUPOHpOUemoIzPeaMxNaRKo=">AAACAHicbVBNS8NAEN3Ur1q/oh48eAkWwVNJqmCPBS/iqYKthSaWyXbbLt18sDsRSsjFv+LFgyJe/Rne/Ddu2hy09cHA470ZZub5seAKbfvbKK2srq1vlDcrW9s7u3vm/kFHRYmkrE0jEcmuD4oJHrI2chSsG0sGgS/YvT+5yv37RyYVj8I7nMbMC2AU8iGngFrqm0fuGDB1A8AxBZHeZNmDqxBk36zaNXsGa5k4BamSAq2++eUOIpoELEQqQKmeY8fopSCRU8GyipsoFgOdwIj1NA0hYMpLZw9k1qlWBtYwkrpCtGbq74kUAqWmga8780vVopeL/3m9BIcNL+VhnCAL6XzRMBEWRlaehjXgklEUU02ASq5vtegYJFDUmVV0CM7iy8ukU68557X67UW12SjiKJNjckLOiEMuSZNckxZpE0oy8kxeyZvxZLwY78bHvLVkFDOH5A+Mzx+eppcI</latexit>



Data-driven scheduler
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U = 1
<latexit sha1_base64="M6gVAdNirgrKglXWBYIdgJDzEHE=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkkV7EUoePFY0bSFNpTNdtMu3WzC7kQopT/BiwdFvPqLvPlv3LY5aOuDgcd7M8zMC1MpDLrut7O2vrG5tV3YKe7u7R8clo6OmybJNOM+S2Si2yE1XArFfRQoeTvVnMah5K1wdDvzW09cG5GoRxynPIjpQIlIMIpWevBvvF6p7FbcOcgq8XJShhyNXumr209YFnOFTFJjOp6bYjChGgWTfFrsZoanlI3ogHcsVTTmJpjMT52Sc6v0SZRoWwrJXP09MaGxMeM4tJ0xxaFZ9mbif14nw6gWTIRKM+SKLRZFmSSYkNnfpC80ZyjHllCmhb2VsCHVlKFNp2hD8JZfXiXNasW7rFTvr8r1Wh5HAU7hDC7Ag2uowx00wAcGA3iGV3hzpPPivDsfi9Y1J585gT9wPn8AoPGNVQ==</latexit>

U = 1
<latexit sha1_base64="M6gVAdNirgrKglXWBYIdgJDzEHE=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkkV7EUoePFY0bSFNpTNdtMu3WzC7kQopT/BiwdFvPqLvPlv3LY5aOuDgcd7M8zMC1MpDLrut7O2vrG5tV3YKe7u7R8clo6OmybJNOM+S2Si2yE1XArFfRQoeTvVnMah5K1wdDvzW09cG5GoRxynPIjpQIlIMIpWevBvvF6p7FbcOcgq8XJShhyNXumr209YFnOFTFJjOp6bYjChGgWTfFrsZoanlI3ogHcsVTTmJpjMT52Sc6v0SZRoWwrJXP09MaGxMeM4tJ0xxaFZ9mbif14nw6gWTIRKM+SKLRZFmSSYkNnfpC80ZyjHllCmhb2VsCHVlKFNp2hD8JZfXiXNasW7rFTvr8r1Wh5HAU7hDC7Ag2uowx00wAcGA3iGV3hzpPPivDsfi9Y1J585gT9wPn8AoPGNVQ==</latexit>

U = 2
<latexit sha1_base64="5DlWEkmuN75HUbbq8Ndr+cKjUXY=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkkV7EUoePFY0bSFNpTNdtou3WzC7kYooT/BiwdFvPqLvPlv3LY5aOuDgcd7M8zMCxPBtXHdb2dtfWNza7uwU9zd2z84LB0dN3WcKoY+i0Ws2iHVKLhE33AjsJ0opFEosBWOb2d+6wmV5rF8NJMEg4gOJR9wRo2VHvybaq9UdivuHGSVeDkpQ45Gr/TV7ccsjVAaJqjWHc9NTJBRZTgTOC12U40JZWM6xI6lkkaog2x+6pScW6VPBrGyJQ2Zq78nMhppPYlC2xlRM9LL3kz8z+ukZlALMi6T1KBki0WDVBATk9nfpM8VMiMmllCmuL2VsBFVlBmbTtGG4C2/vEqa1Yp3WaneX5XrtTyOApzCGVyAB9dQhztogA8MhvAMr/DmCOfFeXc+Fq1rTj5zAn/gfP4AonWNVg==</latexit>

U = 2
<latexit sha1_base64="5DlWEkmuN75HUbbq8Ndr+cKjUXY=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkkV7EUoePFY0bSFNpTNdtou3WzC7kYooT/BiwdFvPqLvPlv3LY5aOuDgcd7M8zMCxPBtXHdb2dtfWNza7uwU9zd2z84LB0dN3WcKoY+i0Ws2iHVKLhE33AjsJ0opFEosBWOb2d+6wmV5rF8NJMEg4gOJR9wRo2VHvybaq9UdivuHGSVeDkpQ45Gr/TV7ccsjVAaJqjWHc9NTJBRZTgTOC12U40JZWM6xI6lkkaog2x+6pScW6VPBrGyJQ2Zq78nMhppPYlC2xlRM9LL3kz8z+ukZlALMi6T1KBki0WDVBATk9nfpM8VMiMmllCmuL2VsBFVlBmbTtGG4C2/vEqa1Yp3WaneX5XrtTyOApzCGVyAB9dQhztogA8MhvAMr/DmCOfFeXc+Fq1rTj5zAn/gfP4AonWNVg==</latexit>
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Summary

Fundamentals of data-driven scheduling for sensors  

with unknown probabilistic models

33

1. Quantization theory (nearest neighbor condition) 

2. Nonconvex optimization (DoC, CCP)

Combined ideas from:

is guaranteed to converge
works with data samples drawn from any joint PDF

Our algorithm:



Future work

1. Approximate the optimal estimators using Neural Networks 

2. Online learning of optimal data-driven schedulers 

3. Distributionally robust data-driven optimal scheduling  

34

data samples arrive one at a time

min
w

n
max

fX2⇧(D)
J (w)

o

<latexit sha1_base64="WaN4uGlIdTTHdr7dMpszxYRjWI4="></latexit>

Shalev-Shwartz - Found. Trends in ML 2012 
Delage & Ye - Op. Res. 2010

Can we find NNs such that the DoC decomposition holds?
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mvasconc@usc.edu

Thank you!
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