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Networked decision systems

1. Networked control
2. Remote estimation
3. Sensor networks
4. Robotic networks
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Many applications Many challenges

Communication is imperfect:
Delays, noise, quantization,

congestion, packet drops, connectivity and
interference



Remote sensing
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• Real-time wireless networking for the Internet-of-Things

• Remote monitoring of one-time catastrophic events

Oil & gas pipelines Powerlines Bridges



Basic framework
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Basic framework
Team of sensors
(Decision Makers)

Fusion Center
(Estimator)

• Captures the effect of interference 
• >1 transmission results in a collision

Design jointly optimal communication and estimation policies
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Estimation over the collision channel

Ui 2 {0, 1}
<latexit sha1_base64="cWIg0P/EOG3IR6iwNHZbi8bNNac=">AAAB93icbVBNS8NAEJ3Ur1o/GvXoZbEIHqQkIlhvBS8eKxhbaELYbDft0s0m7G6EGvpLvHhQ8epf8ea/cdvmoK0PBh7vzTAzL8o4U9pxvq3K2vrG5lZ1u7azu7dftw8OH1SaS0I9kvJU9iKsKGeCepppTnuZpDiJOO1G45uZ332kUrFU3OtJRoMEDwWLGcHaSKFd90KGfCaQXzjnrj8N7YbTdOZAq8QtSQNKdEL7yx+kJE+o0IRjpfquk+mgwFIzwum05ueKZpiM8ZD2DRU4oSoo5odP0alRBihOpSmh0Vz9PVHgRKlJEpnOBOuRWvZm4n9eP9dxKyiYyHJNBVksinOOdIpmKaABk5RoPjEEE8nMrYiMsMREm6xqJgR3+eVV4l00r5vO3WWj3SrTqMIxnMAZuHAFbbiFDnhAIIdneIU368l6sd6tj0VrxSpnjuAPrM8ffPaR1w==</latexit><latexit sha1_base64="cWIg0P/EOG3IR6iwNHZbi8bNNac=">AAAB93icbVBNS8NAEJ3Ur1o/GvXoZbEIHqQkIlhvBS8eKxhbaELYbDft0s0m7G6EGvpLvHhQ8epf8ea/cdvmoK0PBh7vzTAzL8o4U9pxvq3K2vrG5lZ1u7azu7dftw8OH1SaS0I9kvJU9iKsKGeCepppTnuZpDiJOO1G45uZ332kUrFU3OtJRoMEDwWLGcHaSKFd90KGfCaQXzjnrj8N7YbTdOZAq8QtSQNKdEL7yx+kJE+o0IRjpfquk+mgwFIzwum05ueKZpiM8ZD2DRU4oSoo5odP0alRBihOpSmh0Vz9PVHgRKlJEpnOBOuRWvZm4n9eP9dxKyiYyHJNBVksinOOdIpmKaABk5RoPjEEE8nMrYiMsMREm6xqJgR3+eVV4l00r5vO3WWj3SrTqMIxnMAZuHAFbbiFDnhAIIdneIU368l6sd6tj0VrxSpnjuAPrM8ffPaR1w==</latexit><latexit sha1_base64="cWIg0P/EOG3IR6iwNHZbi8bNNac=">AAAB93icbVBNS8NAEJ3Ur1o/GvXoZbEIHqQkIlhvBS8eKxhbaELYbDft0s0m7G6EGvpLvHhQ8epf8ea/cdvmoK0PBh7vzTAzL8o4U9pxvq3K2vrG5lZ1u7azu7dftw8OH1SaS0I9kvJU9iKsKGeCepppTnuZpDiJOO1G45uZ332kUrFU3OtJRoMEDwWLGcHaSKFd90KGfCaQXzjnrj8N7YbTdOZAq8QtSQNKdEL7yx+kJE+o0IRjpfquk+mgwFIzwum05ueKZpiM8ZD2DRU4oSoo5odP0alRBihOpSmh0Vz9PVHgRKlJEpnOBOuRWvZm4n9eP9dxKyiYyHJNBVksinOOdIpmKaABk5RoPjEEE8nMrYiMsMREm6xqJgR3+eVV4l00r5vO3WWj3SrTqMIxnMAZuHAFbbiFDnhAIIdneIU368l6sd6tj0VrxSpnjuAPrM8ffPaR1w==</latexit>

Decision variables

TransmitStay silent

Observations

Xi ⇠ fXi
<latexit sha1_base64="5262XQRS46VEK1JRHHcTAaZlza8=">AAAB+HicbZDNSgMxFIXv1L9a/0ZdugkWwVWZEcG6K7hxWcGxhXYYMmmmDU0yQ5IplKFv4saFilsfxZ1vY9rOQlsPBD7OvZd7c+KMM20879upbGxube9Ud2t7+weHR+7xyZNOc0VoQFKeqm6MNeVM0sAww2k3UxSLmNNOPL6b1zsTqjRL5aOZZjQUeChZwgg21opctxsx1NdMoCQqLM8it+41vIXQOvgl1KFUO3K/+oOU5IJKQzjWuud7mQkLrAwjnM5q/VzTDJMxHtKeRYkF1WGxuHyGLqwzQEmq7JMGLdzfEwUWWk9FbDsFNiO9Wpub/9V6uUmaYcFklhsqyXJRknNkUjSPAQ2YosTwqQVMFLO3IjLCChNjw6rZEPzVL69DcNW4bXgP1/VWs0yjCmdwDpfgww204B7aEACBCTzDK7w5hfPivDsfy9aKU86cwh85nz9M9pL2</latexit><latexit sha1_base64="5262XQRS46VEK1JRHHcTAaZlza8=">AAAB+HicbZDNSgMxFIXv1L9a/0ZdugkWwVWZEcG6K7hxWcGxhXYYMmmmDU0yQ5IplKFv4saFilsfxZ1vY9rOQlsPBD7OvZd7c+KMM20879upbGxube9Ud2t7+weHR+7xyZNOc0VoQFKeqm6MNeVM0sAww2k3UxSLmNNOPL6b1zsTqjRL5aOZZjQUeChZwgg21opctxsx1NdMoCQqLM8it+41vIXQOvgl1KFUO3K/+oOU5IJKQzjWuud7mQkLrAwjnM5q/VzTDJMxHtKeRYkF1WGxuHyGLqwzQEmq7JMGLdzfEwUWWk9FbDsFNiO9Wpub/9V6uUmaYcFklhsqyXJRknNkUjSPAQ2YosTwqQVMFLO3IjLCChNjw6rZEPzVL69DcNW4bXgP1/VWs0yjCmdwDpfgww204B7aEACBCTzDK7w5hfPivDsfy9aKU86cwh85nz9M9pL2</latexit><latexit sha1_base64="5262XQRS46VEK1JRHHcTAaZlza8=">AAAB+HicbZDNSgMxFIXv1L9a/0ZdugkWwVWZEcG6K7hxWcGxhXYYMmmmDU0yQ5IplKFv4saFilsfxZ1vY9rOQlsPBD7OvZd7c+KMM20879upbGxube9Ud2t7+weHR+7xyZNOc0VoQFKeqm6MNeVM0sAww2k3UxSLmNNOPL6b1zsTqjRL5aOZZjQUeChZwgg21opctxsx1NdMoCQqLM8it+41vIXQOvgl1KFUO3K/+oOU5IJKQzjWuud7mQkLrAwjnM5q/VzTDJMxHtKeRYkF1WGxuHyGLqwzQEmq7JMGLdzfEwUWWk9FbDsFNiO9Wpub/9V6uUmaYcFklhsqyXJRknNkUjSPAQ2YosTwqQVMFLO3IjLCChNjw6rZEPzVL69DcNW4bXgP1/VWs0yjCmdwDpfgww204B7aEACBCTzDK7w5hfPivDsfy9aKU86cwh85nz9M9pL2</latexit>

Xi ?? Xj
<latexit sha1_base64="ksvLu+qMiHdqaqT+Hpl/YGWMuIs=">AAACAnicbVBNS8MwGE7n15xfVW96iQ7B0+hEcN4GXjxOsK6wlpJm6RaXpiFJhVEGXvwrXjyoePVXePPfmG496OYTAk+e53158z6RYFRpx/m2KkvLK6tr1fXaxubW9o69u3en0kxi4uKUpdKLkCKMcuJqqhnxhCQoiRjpRqOrwu8+EKloym/1WJAgQQNOY4qRNlJoH3ghhb4gUkD/qDjlwwvvQ7vuNJwp4CJplqQOSnRC+8vvpzhLCNeYIaV6TUfoIEdSU8zIpOZnigiER2hAeoZylBAV5NMdJvDEKH0Yp9JcruFU/d2Ro0SpcRKZygTpoZr3CvE/r5fpuBXklItME45ng+KMQZ3CIhDYp5JgzcaGICyp+SvEQyQR1ia2mgmhOb/yInHPGpcN5+a83m6VaVTBITgGp6AJLkAbXIMOcAEGj+AZvII368l6sd6tj1lpxSp79sEfWJ8/wMiV1g==</latexit><latexit sha1_base64="ksvLu+qMiHdqaqT+Hpl/YGWMuIs=">AAACAnicbVBNS8MwGE7n15xfVW96iQ7B0+hEcN4GXjxOsK6wlpJm6RaXpiFJhVEGXvwrXjyoePVXePPfmG496OYTAk+e53158z6RYFRpx/m2KkvLK6tr1fXaxubW9o69u3en0kxi4uKUpdKLkCKMcuJqqhnxhCQoiRjpRqOrwu8+EKloym/1WJAgQQNOY4qRNlJoH3ghhb4gUkD/qDjlwwvvQ7vuNJwp4CJplqQOSnRC+8vvpzhLCNeYIaV6TUfoIEdSU8zIpOZnigiER2hAeoZylBAV5NMdJvDEKH0Yp9JcruFU/d2Ro0SpcRKZygTpoZr3CvE/r5fpuBXklItME45ng+KMQZ3CIhDYp5JgzcaGICyp+SvEQyQR1ia2mgmhOb/yInHPGpcN5+a83m6VaVTBITgGp6AJLkAbXIMOcAEGj+AZvII368l6sd6tj1lpxSp79sEfWJ8/wMiV1g==</latexit><latexit sha1_base64="ksvLu+qMiHdqaqT+Hpl/YGWMuIs=">AAACAnicbVBNS8MwGE7n15xfVW96iQ7B0+hEcN4GXjxOsK6wlpJm6RaXpiFJhVEGXvwrXjyoePVXePPfmG496OYTAk+e53158z6RYFRpx/m2KkvLK6tr1fXaxubW9o69u3en0kxi4uKUpdKLkCKMcuJqqhnxhCQoiRjpRqOrwu8+EKloym/1WJAgQQNOY4qRNlJoH3ghhb4gUkD/qDjlwwvvQ7vuNJwp4CJplqQOSnRC+8vvpzhLCNeYIaV6TUfoIEdSU8zIpOZnigiER2hAeoZylBAV5NMdJvDEKH0Yp9JcruFU/d2Ro0SpcRKZygTpoZr3CvE/r5fpuBXklItME45ng+KMQZ3CIhDYp5JgzcaGICyp+SvEQyQR1ia2mgmhOb/yInHPGpcN5+a83m6VaVTBITgGp6AJLkAbXIMOcAEGj+AZvII368l6sd6tj1lpxSp79sEfWJ8/wMiV1g==</latexit>

Communication policy

P(Ui = 1 | Xi = xi) = Ui(xi)
<latexit sha1_base64="M/AoYyvReVWYDCGyOCUtI0oC2Ao=">AAACGnicbZDLSsNAFIYnXmu9RV26GSxC3ZSkCNZFoeDGZQVjC00Ik8mkHTq5MDMRS8h7uPFV3LhQcSdufBsnaRbaemDg4//PYc75vYRRIQ3jW1tZXVvf2Kxt1bd3dvf29YPDOxGnHBMLxyzmQw8JwmhELEklI8OEExR6jAy86VXhD+4JFzSObuUsIU6IxhENKEZSSa7etkMkJ16Q9fOm5dKuaYfUh0NFDy49g11Y+hixzMpd2ixEV28YLaMsuAxmBQ1QVd/VP20/xmlIIokZEmJkGol0MsQlxYzkdTsVJEF4isZkpDBCIRFOVt6Ww1Ol+DCIuXqRhKX6eyJDoRCz0FOdxaZi0SvE/7xRKoOOk9EoSSWJ8PyjIGVQxrAICvqUEyzZTAHCnKpdIZ4gjrBUcdZVCObiyctgtVuXLePmvNHrVGnUwDE4AU1gggvQA9egDyyAwSN4Bq/gTXvSXrR37WPeuqJVM0fgT2lfP4gpoAY=</latexit><latexit sha1_base64="M/AoYyvReVWYDCGyOCUtI0oC2Ao=">AAACGnicbZDLSsNAFIYnXmu9RV26GSxC3ZSkCNZFoeDGZQVjC00Ik8mkHTq5MDMRS8h7uPFV3LhQcSdufBsnaRbaemDg4//PYc75vYRRIQ3jW1tZXVvf2Kxt1bd3dvf29YPDOxGnHBMLxyzmQw8JwmhELEklI8OEExR6jAy86VXhD+4JFzSObuUsIU6IxhENKEZSSa7etkMkJ16Q9fOm5dKuaYfUh0NFDy49g11Y+hixzMpd2ixEV28YLaMsuAxmBQ1QVd/VP20/xmlIIokZEmJkGol0MsQlxYzkdTsVJEF4isZkpDBCIRFOVt6Ww1Ol+DCIuXqRhKX6eyJDoRCz0FOdxaZi0SvE/7xRKoOOk9EoSSWJ8PyjIGVQxrAICvqUEyzZTAHCnKpdIZ4gjrBUcdZVCObiyctgtVuXLePmvNHrVGnUwDE4AU1gggvQA9egDyyAwSN4Bq/gTXvSXrR37WPeuqJVM0fgT2lfP4gpoAY=</latexit><latexit sha1_base64="M/AoYyvReVWYDCGyOCUtI0oC2Ao=">AAACGnicbZDLSsNAFIYnXmu9RV26GSxC3ZSkCNZFoeDGZQVjC00Ik8mkHTq5MDMRS8h7uPFV3LhQcSdufBsnaRbaemDg4//PYc75vYRRIQ3jW1tZXVvf2Kxt1bd3dvf29YPDOxGnHBMLxyzmQw8JwmhELEklI8OEExR6jAy86VXhD+4JFzSObuUsIU6IxhENKEZSSa7etkMkJ16Q9fOm5dKuaYfUh0NFDy49g11Y+hixzMpd2ixEV28YLaMsuAxmBQ1QVd/VP20/xmlIIokZEmJkGol0MsQlxYzkdTsVJEF4isZkpDBCIRFOVt6Ww1Ol+DCIuXqRhKX6eyJDoRCz0FOdxaZi0SvE/7xRKoOOk9EoSSWJ8PyjIGVQxrAICvqUEyzZTAHCnKpdIZ4gjrBUcdZVCObiyctgtVuXLePmvNHrVGnUwDE4AU1gggvQA9egDyyAwSN4Bq/gTXvSXrR37WPeuqJVM0fgT2lfP4gpoAY=</latexit>

X̂ = E(y)
<latexit sha1_base64="sUlnosXmqaSTr/IphTli7E3c4jY=">AAACDXicbVDLSsNAFJ3UV62vqEs3g6VQNyUVwboQCiK4rGBsoQllMpm0QyeZMDMRQsgXuPFX3LhQcevenX/jpM1CWy8MczjnXu65x4sZlcqyvo3Kyura+kZ1s7a1vbO7Z+4f3EueCExszBkXAw9JwmhEbEUVI4NYEBR6jPS96VWh9x+IkJRHdyqNiRuicUQDipHS1MhsOB5nvkxD/WXOBKlskOfwEjohUhOMWHadN9OTkVm3Wtas4DJol6AOyuqNzC/H5zgJSaQwQ1IO21as3AwJRTEjec1JJIkRnqIxGWoYoZBIN5udk8OGZnwYcKFfpOCM/T2RoVAWjnVn4VIuagX5nzZMVNBxMxrFiSIRni8KEgYVh0U20KeCYMVSDRAWVHuFeIIEwkonWNMhtBdPXgb2aeuiZd2e1budMo0qOALHoAna4Bx0wQ3oARtg8AiewSt4M56MF+Pd+Ji3Voxy5hD8KePzB8X7nBQ=</latexit><latexit sha1_base64="sUlnosXmqaSTr/IphTli7E3c4jY=">AAACDXicbVDLSsNAFJ3UV62vqEs3g6VQNyUVwboQCiK4rGBsoQllMpm0QyeZMDMRQsgXuPFX3LhQcevenX/jpM1CWy8MczjnXu65x4sZlcqyvo3Kyura+kZ1s7a1vbO7Z+4f3EueCExszBkXAw9JwmhEbEUVI4NYEBR6jPS96VWh9x+IkJRHdyqNiRuicUQDipHS1MhsOB5nvkxD/WXOBKlskOfwEjohUhOMWHadN9OTkVm3Wtas4DJol6AOyuqNzC/H5zgJSaQwQ1IO21as3AwJRTEjec1JJIkRnqIxGWoYoZBIN5udk8OGZnwYcKFfpOCM/T2RoVAWjnVn4VIuagX5nzZMVNBxMxrFiSIRni8KEgYVh0U20KeCYMVSDRAWVHuFeIIEwkonWNMhtBdPXgb2aeuiZd2e1budMo0qOALHoAna4Bx0wQ3oARtg8AiewSt4M56MF+Pd+Ji3Voxy5hD8KePzB8X7nBQ=</latexit><latexit sha1_base64="sUlnosXmqaSTr/IphTli7E3c4jY=">AAACDXicbVDLSsNAFJ3UV62vqEs3g6VQNyUVwboQCiK4rGBsoQllMpm0QyeZMDMRQsgXuPFX3LhQcevenX/jpM1CWy8MczjnXu65x4sZlcqyvo3Kyura+kZ1s7a1vbO7Z+4f3EueCExszBkXAw9JwmhEbEUVI4NYEBR6jPS96VWh9x+IkJRHdyqNiRuicUQDipHS1MhsOB5nvkxD/WXOBKlskOfwEjohUhOMWHadN9OTkVm3Wtas4DJol6AOyuqNzC/H5zgJSaQwQ1IO21as3AwJRTEjec1JJIkRnqIxGWoYoZBIN5udk8OGZnwYcKFfpOCM/T2RoVAWjnVn4VIuagX5nzZMVNBxMxrFiSIRni8KEgYVh0U20KeCYMVSDRAWVHuFeIIEwkonWNMhtBdPXgb2aeuiZd2e1budMo0qOALHoAna4Bx0wQ3oARtg8AiewSt4M56MF+Pd+Ji3Voxy5hD8KePzB8X7nBQ=</latexit>

Estimation policy

Si = (i,Xi)
<latexit sha1_base64="IwPkQad5g/2tHSbOo+pek5rGM50=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBahgpREBOtBKHjxWNHYQhvCZrtpl242cXdTKKG/w4sHFa/+GW/+G7dtDtr6YODx3gwz84KEM6Vt+9sqrKyurW8UN0tb2zu7e+X9g0cVp5JQl8Q8lu0AK8qZoK5mmtN2IimOAk5bwfBm6rdGVCoWiwc9TqgX4b5gISNYG8m79xm6RlV21vbZqV+u2DV7BrRMnJxUIEfTL391ezFJIyo04VipjmMn2suw1IxwOil1U0UTTIa4TzuGChxR5WWzoyfoxCg9FMbSlNBopv6eyHCk1DgKTGeE9UAtelPxP6+T6rDuZUwkqaaCzBeFKUc6RtMEUI9JSjQfG4KJZOZWRAZYYqJNTiUTgrP48jJxz2tXNfvuotKo52kU4QiOoQoOXEIDbqEJLhB4gmd4hTdrZL1Y79bHvLVg5TOH8AfW5w/lFpBj</latexit><latexit sha1_base64="IwPkQad5g/2tHSbOo+pek5rGM50=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBahgpREBOtBKHjxWNHYQhvCZrtpl242cXdTKKG/w4sHFa/+GW/+G7dtDtr6YODx3gwz84KEM6Vt+9sqrKyurW8UN0tb2zu7e+X9g0cVp5JQl8Q8lu0AK8qZoK5mmtN2IimOAk5bwfBm6rdGVCoWiwc9TqgX4b5gISNYG8m79xm6RlV21vbZqV+u2DV7BrRMnJxUIEfTL391ezFJIyo04VipjmMn2suw1IxwOil1U0UTTIa4TzuGChxR5WWzoyfoxCg9FMbSlNBopv6eyHCk1DgKTGeE9UAtelPxP6+T6rDuZUwkqaaCzBeFKUc6RtMEUI9JSjQfG4KJZOZWRAZYYqJNTiUTgrP48jJxz2tXNfvuotKo52kU4QiOoQoOXEIDbqEJLhB4gmd4hTdrZL1Y79bHvLVg5TOH8AfW5w/lFpBj</latexit><latexit sha1_base64="IwPkQad5g/2tHSbOo+pek5rGM50=">AAAB83icbVBNS8NAEJ3Ur1q/qh69LBahgpREBOtBKHjxWNHYQhvCZrtpl242cXdTKKG/w4sHFa/+GW/+G7dtDtr6YODx3gwz84KEM6Vt+9sqrKyurW8UN0tb2zu7e+X9g0cVp5JQl8Q8lu0AK8qZoK5mmtN2IimOAk5bwfBm6rdGVCoWiwc9TqgX4b5gISNYG8m79xm6RlV21vbZqV+u2DV7BrRMnJxUIEfTL391ezFJIyo04VipjmMn2suw1IxwOil1U0UTTIa4TzuGChxR5WWzoyfoxCg9FMbSlNBopv6eyHCk1DgKTGeE9UAtelPxP6+T6rDuZUwkqaaCzBeFKUc6RtMEUI9JSjQfG4KJZOZWRAZYYqJNTiUTgrP48jJxz2tXNfvuotKo52kU4QiOoQoOXEIDbqEJLhB4gmd4hTdrZL1Y79bHvLVg5TOH8AfW5w/lFpBj</latexit>

Si = ?
<latexit sha1_base64="JP0NOwBpVMxpYcA+X73LsXjNYXs=">AAAB+XicbVBNS8NAEN34WetXqkcvi0XwVBIRrAeh4MVjRWMLbQib7aZdutmE3UmlxP4ULx5UvPpPvPlv3LY5aOuDgcd7M8zMC1PBNTjOt7Wyura+sVnaKm/v7O7t25WDB51kijKPJiJR7ZBoJrhkHnAQrJ0qRuJQsFY4vJ76rRFTmifyHsYp82PSlzzilICRArtyF3B8hbsjomQCAy77gV11as4MeJm4BamiAs3A/ur2EprFTAIVROuO66Tg50QBp4JNyt1Ms5TQIemzjqGSxEz7+ez0CT4xSg9HiTIlAc/U3xM5ibUex6HpjAkM9KI3Ff/zOhlEdT/nMs2ASTpfFGUCQ4KnOeAeV4yCGBtCqOLmVkwHRBEKJq2yCcFdfHmZeGe1y5pze15t1Is0SugIHaNT5KIL1EA3qIk8RNEjekav6M16sl6sd+tj3rpiFTOH6A+szx/xXpNS</latexit><latexit sha1_base64="JP0NOwBpVMxpYcA+X73LsXjNYXs=">AAAB+XicbVBNS8NAEN34WetXqkcvi0XwVBIRrAeh4MVjRWMLbQib7aZdutmE3UmlxP4ULx5UvPpPvPlv3LY5aOuDgcd7M8zMC1PBNTjOt7Wyura+sVnaKm/v7O7t25WDB51kijKPJiJR7ZBoJrhkHnAQrJ0qRuJQsFY4vJ76rRFTmifyHsYp82PSlzzilICRArtyF3B8hbsjomQCAy77gV11as4MeJm4BamiAs3A/ur2EprFTAIVROuO66Tg50QBp4JNyt1Ms5TQIemzjqGSxEz7+ez0CT4xSg9HiTIlAc/U3xM5ibUex6HpjAkM9KI3Ff/zOhlEdT/nMs2ASTpfFGUCQ4KnOeAeV4yCGBtCqOLmVkwHRBEKJq2yCcFdfHmZeGe1y5pze15t1Is0SugIHaNT5KIL1EA3qIk8RNEjekav6M16sl6sd+tj3rpiFTOH6A+szx/xXpNS</latexit><latexit sha1_base64="JP0NOwBpVMxpYcA+X73LsXjNYXs=">AAAB+XicbVBNS8NAEN34WetXqkcvi0XwVBIRrAeh4MVjRWMLbQib7aZdutmE3UmlxP4ULx5UvPpPvPlv3LY5aOuDgcd7M8zMC1PBNTjOt7Wyura+sVnaKm/v7O7t25WDB51kijKPJiJR7ZBoJrhkHnAQrJ0qRuJQsFY4vJ76rRFTmifyHsYp82PSlzzilICRArtyF3B8hbsjomQCAy77gV11as4MeJm4BamiAs3A/ur2EprFTAIVROuO66Tg50QBp4JNyt1Ms5TQIemzjqGSxEz7+ez0CT4xSg9HiTIlAc/U3xM5ibUex6HpjAkM9KI3Ff/zOhlEdT/nMs2ASTpfFGUCQ4KnOeAeV4yCGBtCqOLmVkwHRBEKJq2yCcFdfHmZeGe1y5pze15t1Is0SugIHaNT5KIL1EA3qIk8RNEjekav6M16sl6sd+tj3rpiFTOH6A+szx/xXpNS</latexit>

fXi(x) > 0, xi 2 R
<latexit sha1_base64="mfwwy7RDQZ38zJvOZPetXXjkAxY=">AAACD3icbVDLSsNAFJ34rPUVdelmsIgVpCQiWDdScOOyirGFJoTJdNIOnUzCzERaQj7Bjb/ixoWKW7fu/BsnbRfaeoaBwzn3cu89QcKoVJb1bSwsLi2vrJbWyusbm1vb5s7uvYxTgYmDYxaLdoAkYZQTR1HFSDsRBEUBI61gcFX4rQciJI35nRolxItQj9OQYqS05JtHoZ+1fZpXh8fwElonELr6DX0KXcqhGyHVD4LsNvfNilWzxoDzxJ6SCpii6ZtfbjfGaUS4wgxJ2bGtRHkZEopiRvKym0qSIDxAPdLRlKOISC8bH5TDQ610YRgL/bmCY/V3R4YiKUdRoCuLDeWsV4j/eZ1UhXUvozxJFeF4MihMGVQxLNKBXSoIVmykCcKC6l0h7iOBsNIZlnUI9uzJ88Q5rV3UrJuzSqM+TaME9sEBqAIbnIMGuAZN4AAMHsEzeAVvxpPxYrwbH5PSBWPaswf+wPj8AVzImnk=</latexit><latexit sha1_base64="mfwwy7RDQZ38zJvOZPetXXjkAxY=">AAACD3icbVDLSsNAFJ34rPUVdelmsIgVpCQiWDdScOOyirGFJoTJdNIOnUzCzERaQj7Bjb/ixoWKW7fu/BsnbRfaeoaBwzn3cu89QcKoVJb1bSwsLi2vrJbWyusbm1vb5s7uvYxTgYmDYxaLdoAkYZQTR1HFSDsRBEUBI61gcFX4rQciJI35nRolxItQj9OQYqS05JtHoZ+1fZpXh8fwElonELr6DX0KXcqhGyHVD4LsNvfNilWzxoDzxJ6SCpii6ZtfbjfGaUS4wgxJ2bGtRHkZEopiRvKym0qSIDxAPdLRlKOISC8bH5TDQ610YRgL/bmCY/V3R4YiKUdRoCuLDeWsV4j/eZ1UhXUvozxJFeF4MihMGVQxLNKBXSoIVmykCcKC6l0h7iOBsNIZlnUI9uzJ88Q5rV3UrJuzSqM+TaME9sEBqAIbnIMGuAZN4AAMHsEzeAVvxpPxYrwbH5PSBWPaswf+wPj8AVzImnk=</latexit><latexit sha1_base64="mfwwy7RDQZ38zJvOZPetXXjkAxY=">AAACD3icbVDLSsNAFJ34rPUVdelmsIgVpCQiWDdScOOyirGFJoTJdNIOnUzCzERaQj7Bjb/ixoWKW7fu/BsnbRfaeoaBwzn3cu89QcKoVJb1bSwsLi2vrJbWyusbm1vb5s7uvYxTgYmDYxaLdoAkYZQTR1HFSDsRBEUBI61gcFX4rQciJI35nRolxItQj9OQYqS05JtHoZ+1fZpXh8fwElonELr6DX0KXcqhGyHVD4LsNvfNilWzxoDzxJ6SCpii6ZtfbjfGaUS4wgxJ2bGtRHkZEopiRvKym0qSIDxAPdLRlKOISC8bH5TDQ610YRgL/bmCY/V3R4YiKUdRoCuLDeWsV4j/eZ1UhXUvozxJFeF4MihMGVQxLNKBXSoIVmykCcKC6l0h7iOBsNIZlnUI9uzJ88Q5rV3UrJuzSqM+TaME9sEBqAIbnIMGuAZN4AAMHsEzeAVvxpPxYrwbH5PSBWPaswf+wPj8AVzImnk=</latexit>
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J (U1, . . . ,Un) = E
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(Xi � X̂i)
2

#

Estimation over the collision channel
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75
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U3

Un

E

E(y) , E
⇥
X | Y = y

⇤
<latexit sha1_base64="9S2u9Mk0rgYA8l8OEbJDK/2oXro="></latexit><latexit sha1_base64="9S2u9Mk0rgYA8l8OEbJDK/2oXro="></latexit><latexit sha1_base64="9S2u9Mk0rgYA8l8OEbJDK/2oXro="></latexit>

Find a strategy (U?
1 , · · · ,U?

n) that jointly minimizes the following cost
<latexit sha1_base64="H8OFGB4r4P+alRUacLupfbcxJ/s="></latexit><latexit sha1_base64="H8OFGB4r4P+alRUacLupfbcxJ/s="></latexit><latexit sha1_base64="H8OFGB4r4P+alRUacLupfbcxJ/s="></latexit>



Simplest case: two sensors 
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P(Ui = 1 | Xi = xi) = Ui(xi)
<latexit sha1_base64="M/AoYyvReVWYDCGyOCUtI0oC2Ao=">AAACGnicbZDLSsNAFIYnXmu9RV26GSxC3ZSkCNZFoeDGZQVjC00Ik8mkHTq5MDMRS8h7uPFV3LhQcSdufBsnaRbaemDg4//PYc75vYRRIQ3jW1tZXVvf2Kxt1bd3dvf29YPDOxGnHBMLxyzmQw8JwmhELEklI8OEExR6jAy86VXhD+4JFzSObuUsIU6IxhENKEZSSa7etkMkJ16Q9fOm5dKuaYfUh0NFDy49g11Y+hixzMpd2ixEV28YLaMsuAxmBQ1QVd/VP20/xmlIIokZEmJkGol0MsQlxYzkdTsVJEF4isZkpDBCIRFOVt6Ww1Ol+DCIuXqRhKX6eyJDoRCz0FOdxaZi0SvE/7xRKoOOk9EoSSWJ8PyjIGVQxrAICvqUEyzZTAHCnKpdIZ4gjrBUcdZVCObiyctgtVuXLePmvNHrVGnUwDE4AU1gggvQA9egDyyAwSN4Bq/gTXvSXrR37WPeuqJVM0fgT2lfP4gpoAY=</latexit><latexit sha1_base64="M/AoYyvReVWYDCGyOCUtI0oC2Ao=">AAACGnicbZDLSsNAFIYnXmu9RV26GSxC3ZSkCNZFoeDGZQVjC00Ik8mkHTq5MDMRS8h7uPFV3LhQcSdufBsnaRbaemDg4//PYc75vYRRIQ3jW1tZXVvf2Kxt1bd3dvf29YPDOxGnHBMLxyzmQw8JwmhELEklI8OEExR6jAy86VXhD+4JFzSObuUsIU6IxhENKEZSSa7etkMkJ16Q9fOm5dKuaYfUh0NFDy49g11Y+hixzMpd2ixEV28YLaMsuAxmBQ1QVd/VP20/xmlIIokZEmJkGol0MsQlxYzkdTsVJEF4isZkpDBCIRFOVt6Ww1Ol+DCIuXqRhKX6eyJDoRCz0FOdxaZi0SvE/7xRKoOOk9EoSSWJ8PyjIGVQxrAICvqUEyzZTAHCnKpdIZ4gjrBUcdZVCObiyctgtVuXLePmvNHrVGnUwDE4AU1gggvQA9egDyyAwSN4Bq/gTXvSXrR37WPeuqJVM0fgT2lfP4gpoAY=</latexit><latexit sha1_base64="M/AoYyvReVWYDCGyOCUtI0oC2Ao=">AAACGnicbZDLSsNAFIYnXmu9RV26GSxC3ZSkCNZFoeDGZQVjC00Ik8mkHTq5MDMRS8h7uPFV3LhQcSdufBsnaRbaemDg4//PYc75vYRRIQ3jW1tZXVvf2Kxt1bd3dvf29YPDOxGnHBMLxyzmQw8JwmhELEklI8OEExR6jAy86VXhD+4JFzSObuUsIU6IxhENKEZSSa7etkMkJ16Q9fOm5dKuaYfUh0NFDy49g11Y+hixzMpd2ixEV28YLaMsuAxmBQ1QVd/VP20/xmlIIokZEmJkGol0MsQlxYzkdTsVJEF4isZkpDBCIRFOVt6Ww1Ol+DCIuXqRhKX6eyJDoRCz0FOdxaZi0SvE/7xRKoOOk9EoSSWJ8PyjIGVQxrAICvqUEyzZTAHCnKpdIZ4gjrBUcdZVCObiyctgtVuXLePmvNHrVGnUwDE4AU1gggvQA9egDyyAwSN4Bq/gTXvSXrR37WPeuqJVM0fgT2lfP4gpoAY=</latexit>

Ui = {U | U : R ! [0, 1]} , i 2 {1, 2}

J (U1,U2) = E
h
(X1 � X̂1)

2 + (X2 � X̂2)
2
i

min
(U1,U2)2U1⇥U2

<latexit sha1_base64="MMgNLZBWC04krp4jI2g2LC/a1R0=">AAACLnicbVBdS8MwFE39nPOr6qMvwSFMkNEOwfk2EMTHCdYN1lLSLN3C0rQkqTDK/pEv/pW9iKj46s8w7fowNw8ETs65l3vvCRJGpbKsd2NtfWNza7uyU93d2z84NI+On2ScCkwcHLNY9AIkCaOcOIoqRnqJICgKGOkG49vc7z4TIWnMH9UkIV6EhpyGFCOlJd+8cyPK/azuRkiNMGKZM/Xty8Vf88KlHBZKEBS2q2hE5ILSnPpmzWpYBeAqsUtSAyU6vjlzBzFOI8IVZkjKvm0lysuQUBQzMq26qSQJwmM0JH1NOdITvay4dwrPtTKAYSz04woW6mJHhiIpJ1GgK/Ml5bKXi/95/VSFLS+jPEkV4Xg+KEwZVDHMw4MDKghWbKIJwoLqXSEeIYGw0hFXdQj28smrxGk2bhrWw1Wt3SrTqIBTcAbqwAbXoA3uQQc4AIMXMAMf4NN4Nd6ML+N7XrpmlD0n4A+Mn18dV6nr</latexit><latexit sha1_base64="MMgNLZBWC04krp4jI2g2LC/a1R0=">AAACLnicbVBdS8MwFE39nPOr6qMvwSFMkNEOwfk2EMTHCdYN1lLSLN3C0rQkqTDK/pEv/pW9iKj46s8w7fowNw8ETs65l3vvCRJGpbKsd2NtfWNza7uyU93d2z84NI+On2ScCkwcHLNY9AIkCaOcOIoqRnqJICgKGOkG49vc7z4TIWnMH9UkIV6EhpyGFCOlJd+8cyPK/azuRkiNMGKZM/Xty8Vf88KlHBZKEBS2q2hE5ILSnPpmzWpYBeAqsUtSAyU6vjlzBzFOI8IVZkjKvm0lysuQUBQzMq26qSQJwmM0JH1NOdITvay4dwrPtTKAYSz04woW6mJHhiIpJ1GgK/Ml5bKXi/95/VSFLS+jPEkV4Xg+KEwZVDHMw4MDKghWbKIJwoLqXSEeIYGw0hFXdQj28smrxGk2bhrWw1Wt3SrTqIBTcAbqwAbXoA3uQQc4AIMXMAMf4NN4Nd6ML+N7XrpmlD0n4A+Mn18dV6nr</latexit><latexit sha1_base64="MMgNLZBWC04krp4jI2g2LC/a1R0=">AAACLnicbVBdS8MwFE39nPOr6qMvwSFMkNEOwfk2EMTHCdYN1lLSLN3C0rQkqTDK/pEv/pW9iKj46s8w7fowNw8ETs65l3vvCRJGpbKsd2NtfWNza7uyU93d2z84NI+On2ScCkwcHLNY9AIkCaOcOIoqRnqJICgKGOkG49vc7z4TIWnMH9UkIV6EhpyGFCOlJd+8cyPK/azuRkiNMGKZM/Xty8Vf88KlHBZKEBS2q2hE5ILSnPpmzWpYBeAqsUtSAyU6vjlzBzFOI8IVZkjKvm0lysuQUBQzMq26qSQJwmM0JH1NOdITvay4dwrPtTKAYSz04woW6mJHhiIpJ1GgK/Ml5bKXi/95/VSFLS+jPEkV4Xg+KEwZVDHMw4MDKghWbKIJwoLqXSEeIYGw0hFXdQj28smrxGk2bhrWw1Wt3SrTqIBTcAbqwAbXoA3uQQc4AIMXMAMf4NN4Nd6ML+N7XrpmlD0n4A+Mn18dV6nr</latexit>

Problem 1
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success! collision C

U1 = 1, U2 = 1U1 = 1, U2 = 0 U1 = 0, U2 = 0

no transmission ?

From the channel output we can always recover U1 and U2
<latexit sha1_base64="ybapQIOoJj/4vbl/Wh5yh+tau8s=">AAACJXicbVDLSgMxFM34rPVVdekm2Aquykw31oUgCOJSwVGhlnInvbXBTDIkd5RS+jVu/BU3LlQEV/6KmdqFrwOBwzn3JjknyZR0FIbvwdT0zOzcfGmhvLi0vLJaWVs/dya3AmNhlLGXCThUUmNMkhReZhYhTRReJDeHhX9xi9ZJo89okGE7hWste1IAealT2T+yJuXURy76oDUqbnLKcuJ3XgHNQd3BwHGLwvhreC3uRDUOuluwRq1TqYb1cAz+l0QTUmUTnHQqz1ddI/IUNQkFzrWiMKP2ECxJoXBUvsodZiBu4BpbnmpI0bWH45gjvu2VLu8Z648mPla/bwwhdW6QJn4yBeq7314h/ue1cuo120OpfW7U4uuhXq44GV50xrvS5yc18ASElf6vRVsWBPlmy76E6HfkvyRu1Pfq4WmjetCctFFim2yL7bCI7bIDdsxOWMwEu2eP7Jm9BA/BU/AavH2NTgWTnQ32A8HHJ8SOo5Y=</latexit><latexit sha1_base64="ybapQIOoJj/4vbl/Wh5yh+tau8s=">AAACJXicbVDLSgMxFM34rPVVdekm2Aquykw31oUgCOJSwVGhlnInvbXBTDIkd5RS+jVu/BU3LlQEV/6KmdqFrwOBwzn3JjknyZR0FIbvwdT0zOzcfGmhvLi0vLJaWVs/dya3AmNhlLGXCThUUmNMkhReZhYhTRReJDeHhX9xi9ZJo89okGE7hWste1IAealT2T+yJuXURy76oDUqbnLKcuJ3XgHNQd3BwHGLwvhreC3uRDUOuluwRq1TqYb1cAz+l0QTUmUTnHQqz1ddI/IUNQkFzrWiMKP2ECxJoXBUvsodZiBu4BpbnmpI0bWH45gjvu2VLu8Z648mPla/bwwhdW6QJn4yBeq7314h/ue1cuo120OpfW7U4uuhXq44GV50xrvS5yc18ASElf6vRVsWBPlmy76E6HfkvyRu1Pfq4WmjetCctFFim2yL7bCI7bIDdsxOWMwEu2eP7Jm9BA/BU/AavH2NTgWTnQ32A8HHJ8SOo5Y=</latexit><latexit sha1_base64="ybapQIOoJj/4vbl/Wh5yh+tau8s=">AAACJXicbVDLSgMxFM34rPVVdekm2Aquykw31oUgCOJSwVGhlnInvbXBTDIkd5RS+jVu/BU3LlQEV/6KmdqFrwOBwzn3JjknyZR0FIbvwdT0zOzcfGmhvLi0vLJaWVs/dya3AmNhlLGXCThUUmNMkhReZhYhTRReJDeHhX9xi9ZJo89okGE7hWste1IAealT2T+yJuXURy76oDUqbnLKcuJ3XgHNQd3BwHGLwvhreC3uRDUOuluwRq1TqYb1cAz+l0QTUmUTnHQqz1ddI/IUNQkFzrWiMKP2ECxJoXBUvsodZiBu4BpbnmpI0bWH45gjvu2VLu8Z648mPla/bwwhdW6QJn4yBeq7314h/ue1cuo120OpfW7U4uuhXq44GV50xrvS5yc18ASElf6vRVsWBPlmy76E6HfkvyRu1Pfq4WmjetCctFFim2yL7bCI7bIDdsxOWMwEu2eP7Jm9BA/BU/AavH2NTgWTnQ32A8HHJ8SOo5Y=</latexit>
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From the channel output we can always recover U1 and U2
<latexit sha1_base64="ybapQIOoJj/4vbl/Wh5yh+tau8s=">AAACJXicbVDLSgMxFM34rPVVdekm2Aquykw31oUgCOJSwVGhlnInvbXBTDIkd5RS+jVu/BU3LlQEV/6KmdqFrwOBwzn3JjknyZR0FIbvwdT0zOzcfGmhvLi0vLJaWVs/dya3AmNhlLGXCThUUmNMkhReZhYhTRReJDeHhX9xi9ZJo89okGE7hWste1IAealT2T+yJuXURy76oDUqbnLKcuJ3XgHNQd3BwHGLwvhreC3uRDUOuluwRq1TqYb1cAz+l0QTUmUTnHQqz1ddI/IUNQkFzrWiMKP2ECxJoXBUvsodZiBu4BpbnmpI0bWH45gjvu2VLu8Z648mPla/bwwhdW6QJn4yBeq7314h/ue1cuo120OpfW7U4uuhXq44GV50xrvS5yc18ASElf6vRVsWBPlmy76E6HfkvyRu1Pfq4WmjetCctFFim2yL7bCI7bIDdsxOWMwEu2eP7Jm9BA/BU/AavH2NTgWTnQ32A8HHJ8SOo5Y=</latexit><latexit sha1_base64="ybapQIOoJj/4vbl/Wh5yh+tau8s=">AAACJXicbVDLSgMxFM34rPVVdekm2Aquykw31oUgCOJSwVGhlnInvbXBTDIkd5RS+jVu/BU3LlQEV/6KmdqFrwOBwzn3JjknyZR0FIbvwdT0zOzcfGmhvLi0vLJaWVs/dya3AmNhlLGXCThUUmNMkhReZhYhTRReJDeHhX9xi9ZJo89okGE7hWste1IAealT2T+yJuXURy76oDUqbnLKcuJ3XgHNQd3BwHGLwvhreC3uRDUOuluwRq1TqYb1cAz+l0QTUmUTnHQqz1ddI/IUNQkFzrWiMKP2ECxJoXBUvsodZiBu4BpbnmpI0bWH45gjvu2VLu8Z648mPla/bwwhdW6QJn4yBeq7314h/ue1cuo120OpfW7U4uuhXq44GV50xrvS5yc18ASElf6vRVsWBPlmy76E6HfkvyRu1Pfq4WmjetCctFFim2yL7bCI7bIDdsxOWMwEu2eP7Jm9BA/BU/AavH2NTgWTnQ32A8HHJ8SOo5Y=</latexit><latexit sha1_base64="ybapQIOoJj/4vbl/Wh5yh+tau8s=">AAACJXicbVDLSgMxFM34rPVVdekm2Aquykw31oUgCOJSwVGhlnInvbXBTDIkd5RS+jVu/BU3LlQEV/6KmdqFrwOBwzn3JjknyZR0FIbvwdT0zOzcfGmhvLi0vLJaWVs/dya3AmNhlLGXCThUUmNMkhReZhYhTRReJDeHhX9xi9ZJo89okGE7hWste1IAealT2T+yJuXURy76oDUqbnLKcuJ3XgHNQd3BwHGLwvhreC3uRDUOuluwRq1TqYb1cAz+l0QTUmUTnHQqz1ddI/IUNQkFzrWiMKP2ECxJoXBUvsodZiBu4BpbnmpI0bWH45gjvu2VLu8Z648mPla/bwwhdW6QJn4yBeq7314h/ue1cuo120OpfW7U4uuhXq44GV50xrvS5yc18ASElf6vRVsWBPlmy76E6HfkvyRu1Pfq4WmjetCctFFim2yL7bCI7bIDdsxOWMwEu2eP7Jm9BA/BU/AavH2NTgWTnQ32A8HHJ8SOo5Y=</latexit>
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From the channel output we can always recover U1 and U2
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no transmissions >1 transmissionssingle transmission

collision
channel

X1

X2

S1 = (1, X1)

S2 = ?

?

?

Y = (1, X1) collision
channel

X1

X2

S2 = ?

?

?

S1 = ?

Y = ? collision
channel

X1

X2

S1 = (1, X1)?

? S2 = (2, X2)

Y = C

success! no transmission ? collision C

U1 = 1, U2 = 1U1 = 1, U2 = 0 U1 = 0, U2 = 0

The collision channel is fundamentally different 
from the packet-drop channel1,2

1. Sinopoli et al,  “Kalman filtering with intermittent observations,” IEEE TAC 2004
2. Gupta et al, “Optimal LQG control across packet-dropping links,” Systems and Control Letters 2007
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S1

S2

Y

X1

X2

U1

U2
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

X̂1

X̂2

�

Team-decision problem  
with nonclassical information structure

Nonconvex 
(in most cases) intractable1,2=)

1. Witsenhausen, “A counterexample in optimal stochastic control,” SIAM J. Control 1968
2. Tsitsiklis & Athans, “On the complexity of decentralized decision making and detection problems,” IEEE TAC 1985

J (U1,U2) = E
h
(X1 � X̂1)

2 + (X2 � X̂2)
2
i

min
(U1,U2)2U1⇥U2
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collision
channel

S1

S2

Y

X1

X2

U1

U2

E


X̂1

X̂2

�

1. Witsenhausen, “A counterexample in optimal stochastic control,” SIAM J. Control 1968
2. Tsitsiklis & Athans, “On the complexity of decentralized decision making and detection problems,” IEEE TAC 1985

Look for a class parametrizable policies that 
contains an optimal strategy

J (U1,U2) = E
h
(X1 � X̂1)

2 + (X2 � X̂2)
2
i

min
(U1,U2)2U1⇥U2
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Deterministic threshold policies

Threshold policy

U(x) =
⇢

0 a  x  b
1 otherwise

a b

U(x)

x

Transmit Silence Transmit

1. Imer & Basar, “Optimal estimation with limited measurements,” IJSCC 2010
2. Lipsa & Martins, “Remote state estimation with communication costs for first-order LTI systems,” IEEE TAC 2011
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Characterization of team-optimal policies

Sketch of Proof: 
• Step 1:  Equivalent single DM problem 
• Step 2:  Lagrange duality for infinite dimensional LPs

a1 b1

U?
1 (x)

x

a2 b2

U?
2 (x)

x

a1 b1

U?
1 (x)

x

a2 b2

U?
2 (x)

x

There exists a team optimal pair of threshold policies for Problem 1
<latexit sha1_base64="qGLkpaKj2iuNHcqQCDzWXtAxFJQ="></latexit><latexit sha1_base64="qGLkpaKj2iuNHcqQCDzWXtAxFJQ="></latexit><latexit sha1_base64="qGLkpaKj2iuNHcqQCDzWXtAxFJQ="></latexit>

Theorem 1



Main idea

Given any pair of person-by-person optimal policies  
construct a new pair with equal or better cost,  

where each policy is threshold

�!(U⇤
1 ,U⇤

2 ) 2 U1 ⇥ U2 (Ŭ⇤
1 , Ŭ⇤

2 ) 2 U1 ⇥ U2

threshold
policies

Team-optimality

J (U⇤
1 ,U⇤

2 )  J (U1,U2), (U1,U2) 2 U1 ⇥ U2

Person-by-person optimality

J (U⇤
1 ,U⇤

2 )  J (U1,U⇤
2 ), U1 2 U1

J (U⇤
1 ,U⇤

2 )  J (U⇤
1 ,U2), U2 2 U2

(=/

=)

1. Yuksel & Basar, Stochastic networked control systems, Birkhauser 2013
2. Mahajan et al, “Information structures in optimal decentralized control,” CDC 2012

J (U⇤
1 ,U⇤

2 ) � J (Ŭ⇤
1 , Ŭ⇤

2 )
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Remote estimation with communication costs
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Original cost:

Cost from the perspective of DM1:

do not depend on  U1

J (U1,U2) = E
h
(X1 � X̂1)

2 + (X2 � X̂2)
2
i

arbitrarily fixed 

collision
channel

S1

S2

Y

X1

X2

U1

U2

E


X̂1

X̂2

�

) is constantP(U2 = 1) = �2
<latexit sha1_base64="yYYS8BVHxICutghLh9Z08Yls8qI=">AAACA3icbVBNS8NAEJ3Ur1q/oh57WSxCvZSkCNZDoeDFYwVjhaaEzXbTLt18sLsRSujBi3/FiwcVr/4Jb/4bN20O2vpg4PHeDDPz/IQzqSzr2yitrW9sbpW3Kzu7e/sH5uHRnYxTQahDYh6Lex9LyllEHcUUp/eJoDj0Oe35k6vc7z1QIVkc3appQgchHkUsYAQrLXlm1Q2xGvtB1p3VHa/Zts9QG7k+VdhrembNalhzoFViF6QGBbqe+eUOY5KGNFKEYyn7tpWoQYaFYoTTWcVNJU0wmeAR7Wsa4ZDKQTZ/YoZOtTJEQSx0RQrN1d8TGQ6lnIa+7sxPlsteLv7n9VMVtAYZi5JU0YgsFgUpRypGeSJoyAQlik81wUQwfSsiYywwUTq3ig7BXn55lTjNxmXDujmvdVpFGmWowgnUwYYL6MA1dMEBAo/wDK/wZjwZL8a78bFoLRnFzDH8gfH5A4yblkM=</latexit><latexit sha1_base64="yYYS8BVHxICutghLh9Z08Yls8qI=">AAACA3icbVBNS8NAEJ3Ur1q/oh57WSxCvZSkCNZDoeDFYwVjhaaEzXbTLt18sLsRSujBi3/FiwcVr/4Jb/4bN20O2vpg4PHeDDPz/IQzqSzr2yitrW9sbpW3Kzu7e/sH5uHRnYxTQahDYh6Lex9LyllEHcUUp/eJoDj0Oe35k6vc7z1QIVkc3appQgchHkUsYAQrLXlm1Q2xGvtB1p3VHa/Zts9QG7k+VdhrembNalhzoFViF6QGBbqe+eUOY5KGNFKEYyn7tpWoQYaFYoTTWcVNJU0wmeAR7Wsa4ZDKQTZ/YoZOtTJEQSx0RQrN1d8TGQ6lnIa+7sxPlsteLv7n9VMVtAYZi5JU0YgsFgUpRypGeSJoyAQlik81wUQwfSsiYywwUTq3ig7BXn55lTjNxmXDujmvdVpFGmWowgnUwYYL6MA1dMEBAo/wDK/wZjwZL8a78bFoLRnFzDH8gfH5A4yblkM=</latexit><latexit sha1_base64="yYYS8BVHxICutghLh9Z08Yls8qI=">AAACA3icbVBNS8NAEJ3Ur1q/oh57WSxCvZSkCNZDoeDFYwVjhaaEzXbTLt18sLsRSujBi3/FiwcVr/4Jb/4bN20O2vpg4PHeDDPz/IQzqSzr2yitrW9sbpW3Kzu7e/sH5uHRnYxTQahDYh6Lex9LyllEHcUUp/eJoDj0Oe35k6vc7z1QIVkc3appQgchHkUsYAQrLXlm1Q2xGvtB1p3VHa/Zts9QG7k+VdhrembNalhzoFViF6QGBbqe+eUOY5KGNFKEYyn7tpWoQYaFYoTTWcVNJU0wmeAR7Wsa4ZDKQTZ/YoZOtTJEQSx0RQrN1d8TGQ6lnIa+7sxPlsteLv7n9VMVtAYZi5JU0YgsFgUpRypGeSJoyAQlik81wUQwfSsiYywwUTq3ig7BXn55lTjNxmXDujmvdVpFGmWowgnUwYYL6MA1dMEBAo/wDK/wZjwZL8a78bFoLRnFzDH8gfH5A4yblkM=</latexit>

J1(U1) = E
h
(X1 � X̂1)

2
i
+ ⇢2 ·P(U1 = 1) + ✓2
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Single DM subproblem
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D ⇠ B(�)

X ?? D

Determines if the channel  
is occupied or not

Lemma

Problem 2

U = {U | U : R ! [0, 1]}P(U = 1 | X = x) = U(x)
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J (U) = E
⇥
(X � X̂)2

⇤
+ ⇢ ·P(U = 1)
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There exists an optimal threshold policy for Problem 2
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1. Express the cost as

x̂? = E[X|U = 0]x̂C = E[X|U = 1]

2. After introducing two linear constraints and a change of variables, we have: 

G(x) = 1� U(x)
1� ↵

J (U) = E
h
�(X � x̂C)

2 + ⇢ | U = 1
i
·P(U = 1) +E

h
(X � x̂?)

2 | U = 0
i
·P(U = 0)

<latexit sha1_base64="5JcUl93XxyBrLOGDQnAh43Otvu0="></latexit><latexit sha1_base64="5JcUl93XxyBrLOGDQnAh43Otvu0="></latexit><latexit sha1_base64="5JcUl93XxyBrLOGDQnAh43Otvu0="></latexit>

P(U = 1) = ↵

E[X|U = 0] = �
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minimize
G2L2

µ(R)
E
⇥
X2G(X)

⇤

subject to E
⇥
XG(X)

⇤
= �

E[G(X)] = 1

0  G(x)  1

1� ↵

moment optimization problem
with variable bounds

1. Akhiezer, The Classical Moment Problem,1965
2. Byrnes & Lindquist, "A convex optimization approach to generalized moment problems,” Springer 2003

convex 
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=)

⌅

U⇤(x) =

(
0 if a  x  b

1 otherwise

C⇤(⌫) = �⌫1 � ⌫0� � 1

1� ↵
E
⇥
[X2 + ⌫0X + ⌫1]

�⇤

3. The Lagrange dual function is

4. The solution to the primal problem is

G⌫⇤(x) =

(
1

1�↵ if x2 + ⌫⇤0x+ ⌫⇤1  0

0 otherwise

5. In the original optimization variable:

U⌫⇤(x) =

(
0 if x2 + ⌫⇤0x+ ⌫⇤1  0

1 otherwise

strong duality holds1,2

1. Borwein & Lewis, Math. Prog. 1992 
2. Limber & Goodrich, JOTA 1993 
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1. Valid for any continuous probability distribution 
2. Vector observations and any number of sensors

a b

fX(x)

U(x)

x

transmit transmitidle

Vasconcelos & Martins, “Optimal estimation over the collision channel,” IEEE TAC 2017

Additional assumption:
The fusion center can decode the 
indices of all sensors involved in a 

collision  

Assumption:
Finite 1st and 2nd  

moments 
(req. for strong duality)



Person-by-person optimal threshold policies
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X1, X2 ⇠ N (0, 1)

+0.098 +5.359

N (0, 1)

U?
i (x)

x

Gain of 46% over  
open loop scheduling policies

i.i.d. observations, symmetric pdf 

asymmetric thresholds

Lipsa & Martins, “Remote state estimation with communication costs for first-order LTI systems”. IEEE TAC 2011
Vasconcelos & Martins, “Optimal thresholds for remote estimation over the collision channel,” IEEE CDC 2015

J (U?
1 ,U?

2 ) = 0.54
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Computing team-optimal thresholds 
is still a very difficult problem!

Can we provide an optimality guarantee?

We know how to compute  
person-by-person optimal policies efficiently1 

1. Vasconcelos & Martins, “Optimal estimation over the collision channel,” IEEE TAC 2017
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Computing team-optimal thresholds 
is still a very difficult problem!

Can we find a nontrivial lower bound?

Vasconcelos & Martins, “Optimal estimation over the collision channel,” IEEE TAC 2017

We know how to compute  
person-by-person optimal policies efficiently1 



“Centralized” lower bound
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S3

Sn

collision
channel

...

Y

X1

X2

X3

Xn

2

64
X̂1
...

X̂n

3

75

U1

U2

U3

Un

E
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Replace by a scheduler 

The optimal performance of this system  
is a lower bound to the decentralized problem
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Basic framework

Sensor scheduling problem

Sensors

1. Athans - Automatica 1972
2. Joshi & Boyd - IEEE TSP 2009

communication  
constraint

28

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

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

Wireless
Network

X1

X2

Xn

···

X3

Scheduler
Fusion
Centerk < n

S1, · · · , Sk S1, · · · , Sk
W ŴU
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Simplest case: two sensors

Scheduling
policy  

Estimation
policy  

29

X1

X2

U E

X̂1

X̂2

�
X1 or X2

Scheduler
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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

Xi ⇠ N (0,�2
i )

<latexit sha1_base64="TTMbbgaXkfAl9TyUZB9LrtZpZNs=">AAACCnicbVBNS8NAEN3Ur1q/oh69LC1CBSlJEay3ghdPUsHYQhPDZrtpl+4mYXcjlNC7F/+KFw8qXv0F3vw3btoctPXBwOO9GWbmBQmjUlnWt1FaWV1b3yhvVra2d3b3zP2DOxmnAhMHxywWvQBJwmhEHEUVI71EEMQDRrrB+DL3uw9ESBpHt2qSEI+jYURDipHSkm9Wez6FrqQcuhypEUYsu57WrVMtDTm6b/r0xDdrVsOaAS4TuyA1UKDjm1/uIMYpJ5HCDEnZt61EeRkSimJGphU3lSRBeIyGpK9phDiRXjb7ZQqPtTKAYSx0RQrO1N8TGeJSTnigO/OD5aKXi/95/VSFLS+jUZIqEuH5ojBlUMUwDwYOqCBYsYkmCAuqb4V4hATCSsdX0SHYiy8vE6fZuGhYN2e1dqtIowyOQBXUgQ3OQRtcgQ5wAAaP4Bm8gjfjyXgx3o2PeWvJKGYOwR8Ynz+1M5m7</latexit><latexit sha1_base64="TTMbbgaXkfAl9TyUZB9LrtZpZNs=">AAACCnicbVBNS8NAEN3Ur1q/oh69LC1CBSlJEay3ghdPUsHYQhPDZrtpl+4mYXcjlNC7F/+KFw8qXv0F3vw3btoctPXBwOO9GWbmBQmjUlnWt1FaWV1b3yhvVra2d3b3zP2DOxmnAhMHxywWvQBJwmhEHEUVI71EEMQDRrrB+DL3uw9ESBpHt2qSEI+jYURDipHSkm9Wez6FrqQcuhypEUYsu57WrVMtDTm6b/r0xDdrVsOaAS4TuyA1UKDjm1/uIMYpJ5HCDEnZt61EeRkSimJGphU3lSRBeIyGpK9phDiRXjb7ZQqPtTKAYSx0RQrO1N8TGeJSTnigO/OD5aKXi/95/VSFLS+jUZIqEuH5ojBlUMUwDwYOqCBYsYkmCAuqb4V4hATCSsdX0SHYiy8vE6fZuGhYN2e1dqtIowyOQBXUgQ3OQRtcgQ5wAAaP4Bm8gjfjyXgx3o2PeWvJKGYOwR8Ynz+1M5m7</latexit><latexit sha1_base64="TTMbbgaXkfAl9TyUZB9LrtZpZNs=">AAACCnicbVBNS8NAEN3Ur1q/oh69LC1CBSlJEay3ghdPUsHYQhPDZrtpl+4mYXcjlNC7F/+KFw8qXv0F3vw3btoctPXBwOO9GWbmBQmjUlnWt1FaWV1b3yhvVra2d3b3zP2DOxmnAhMHxywWvQBJwmhEHEUVI71EEMQDRrrB+DL3uw9ESBpHt2qSEI+jYURDipHSkm9Wez6FrqQcuhypEUYsu57WrVMtDTm6b/r0xDdrVsOaAS4TuyA1UKDjm1/uIMYpJ5HCDEnZt61EeRkSimJGphU3lSRBeIyGpK9phDiRXjb7ZQqPtTKAYSx0RQrO1N8TGeJSTnigO/OD5aKXi/95/VSFLS+jUZIqEuH5ojBlUMUwDwYOqCBYsYkmCAuqb4V4hATCSsdX0SHYiy8vE6fZuGhYN2e1dqtIowyOQBXUgQ3OQRtcgQ5wAAaP4Bm8gjfjyXgx3o2PeWvJKGYOwR8Ynz+1M5m7</latexit>

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>



Simplest case: two sensors

Scheduling
policy  

Estimation
policy  

30

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

Xi ⇠ N (0,�2
i )

<latexit sha1_base64="TTMbbgaXkfAl9TyUZB9LrtZpZNs=">AAACCnicbVBNS8NAEN3Ur1q/oh69LC1CBSlJEay3ghdPUsHYQhPDZrtpl+4mYXcjlNC7F/+KFw8qXv0F3vw3btoctPXBwOO9GWbmBQmjUlnWt1FaWV1b3yhvVra2d3b3zP2DOxmnAhMHxywWvQBJwmhEHEUVI71EEMQDRrrB+DL3uw9ESBpHt2qSEI+jYURDipHSkm9Wez6FrqQcuhypEUYsu57WrVMtDTm6b/r0xDdrVsOaAS4TuyA1UKDjm1/uIMYpJ5HCDEnZt61EeRkSimJGphU3lSRBeIyGpK9phDiRXjb7ZQqPtTKAYSx0RQrO1N8TGeJSTnigO/OD5aKXi/95/VSFLS+jUZIqEuH5ojBlUMUwDwYOqCBYsYkmCAuqb4V4hATCSsdX0SHYiy8vE6fZuGhYN2e1dqtIowyOQBXUgQ3OQRtcgQ5wAAaP4Bm8gjfjyXgx3o2PeWvJKGYOwR8Ynz+1M5m7</latexit><latexit sha1_base64="TTMbbgaXkfAl9TyUZB9LrtZpZNs=">AAACCnicbVBNS8NAEN3Ur1q/oh69LC1CBSlJEay3ghdPUsHYQhPDZrtpl+4mYXcjlNC7F/+KFw8qXv0F3vw3btoctPXBwOO9GWbmBQmjUlnWt1FaWV1b3yhvVra2d3b3zP2DOxmnAhMHxywWvQBJwmhEHEUVI71EEMQDRrrB+DL3uw9ESBpHt2qSEI+jYURDipHSkm9Wez6FrqQcuhypEUYsu57WrVMtDTm6b/r0xDdrVsOaAS4TuyA1UKDjm1/uIMYpJ5HCDEnZt61EeRkSimJGphU3lSRBeIyGpK9phDiRXjb7ZQqPtTKAYSx0RQrO1N8TGeJSTnigO/OD5aKXi/95/VSFLS+jUZIqEuH5ojBlUMUwDwYOqCBYsYkmCAuqb4V4hATCSsdX0SHYiy8vE6fZuGhYN2e1dqtIowyOQBXUgQ3OQRtcgQ5wAAaP4Bm8gjfjyXgx3o2PeWvJKGYOwR8Ynz+1M5m7</latexit><latexit sha1_base64="TTMbbgaXkfAl9TyUZB9LrtZpZNs=">AAACCnicbVBNS8NAEN3Ur1q/oh69LC1CBSlJEay3ghdPUsHYQhPDZrtpl+4mYXcjlNC7F/+KFw8qXv0F3vw3btoctPXBwOO9GWbmBQmjUlnWt1FaWV1b3yhvVra2d3b3zP2DOxmnAhMHxywWvQBJwmhEHEUVI71EEMQDRrrB+DL3uw9ESBpHt2qSEI+jYURDipHSkm9Wez6FrqQcuhypEUYsu57WrVMtDTm6b/r0xDdrVsOaAS4TuyA1UKDjm1/uIMYpJ5HCDEnZt61EeRkSimJGphU3lSRBeIyGpK9phDiRXjb7ZQqPtTKAYSx0RQrO1N8TGeJSTnigO/OD5aKXi/95/VSFLS+jUZIqEuH5ojBlUMUwDwYOqCBYsYkmCAuqb4V4hATCSsdX0SHYiy8vE6fZuGhYN2e1dqtIowyOQBXUgQ3OQRtcgQ5wAAaP4Bm8gjfjyXgx3o2PeWvJKGYOwR8Ynz+1M5m7</latexit>

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 3

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>



Notions of optimality

Unfortunately, finding team-optimal optimal solutions is very difficult

31

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

*depending on the probabilistic model of the source  

Team-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>



x1

x2

U = 2

U = 2

U = 1

U = 1

�maxUmax
<latexit sha1_base64="sgh10+IV0b/sBfjnlonLveVV9nI=">AAAB+nicbVBPS8MwHP3Vv3P+q/PoJTgET6MVwXkbePE4wbrBVkeapVtYmpYklY3Sr+LFg4pXP4k3v43p1oNuPgi8vPf7kZcXJJwp7Tjf1tr6xubWdmWnuru3f3BoH9UeVJxKQj0S81h2A6woZ4J6mmlOu4mkOAo47QSTm8LvPFGpWCzu9SyhfoRHgoWMYG2kgV3rR1iPCeaZlz9m5jLNB3bdaThzoFXilqQOJdoD+6s/jEkaUaEJx0r1XCfRfoalZoTTvNpPFU0wmeAR7RkqcESVn82z5+jMKEMUxtIcodFc/b2R4UipWRSYySKpWvYK8T+vl+qw6WdMJKmmgiweClOOdIyKItCQSUo0nxmCiWQmKyJjLDHRpq6qKcFd/vIq8S4a1w3n7rLeapZtVOAETuEcXLiCFtxCGzwgMIVneIU3K7derHfrYzG6ZpU7x/AH1ucPFfCUow==</latexit><latexit sha1_base64="sgh10+IV0b/sBfjnlonLveVV9nI=">AAAB+nicbVBPS8MwHP3Vv3P+q/PoJTgET6MVwXkbePE4wbrBVkeapVtYmpYklY3Sr+LFg4pXP4k3v43p1oNuPgi8vPf7kZcXJJwp7Tjf1tr6xubWdmWnuru3f3BoH9UeVJxKQj0S81h2A6woZ4J6mmlOu4mkOAo47QSTm8LvPFGpWCzu9SyhfoRHgoWMYG2kgV3rR1iPCeaZlz9m5jLNB3bdaThzoFXilqQOJdoD+6s/jEkaUaEJx0r1XCfRfoalZoTTvNpPFU0wmeAR7RkqcESVn82z5+jMKEMUxtIcodFc/b2R4UipWRSYySKpWvYK8T+vl+qw6WdMJKmmgiweClOOdIyKItCQSUo0nxmCiWQmKyJjLDHRpq6qKcFd/vIq8S4a1w3n7rLeapZtVOAETuEcXLiCFtxCGzwgMIVneIU3K7derHfrYzG6ZpU7x/AH1ucPFfCUow==</latexit><latexit sha1_base64="sgh10+IV0b/sBfjnlonLveVV9nI=">AAAB+nicbVBPS8MwHP3Vv3P+q/PoJTgET6MVwXkbePE4wbrBVkeapVtYmpYklY3Sr+LFg4pXP4k3v43p1oNuPgi8vPf7kZcXJJwp7Tjf1tr6xubWdmWnuru3f3BoH9UeVJxKQj0S81h2A6woZ4J6mmlOu4mkOAo47QSTm8LvPFGpWCzu9SyhfoRHgoWMYG2kgV3rR1iPCeaZlz9m5jLNB3bdaThzoFXilqQOJdoD+6s/jEkaUaEJx0r1XCfRfoalZoTTvNpPFU0wmeAR7RkqcESVn82z5+jMKEMUxtIcodFc/b2R4UipWRSYySKpWvYK8T+vl+qw6WdMJKmmgiweClOOdIyKItCQSUo0nxmCiWQmKyJjLDHRpq6qKcFd/vIq8S4a1w3n7rLeapZtVOAETuEcXLiCFtxCGzwgMIVneIU3K7derHfrYzG6ZpU7x/AH1ucPFfCUow==</latexit><latexit sha1_base64="C39OhB+IczRcjLNINXH29e9lt8M=">AAAB2HicbZDNSgMxFIXv1L86Vq1rN8EiuCpTN+pOcOOygmML7VAymTttaCYzJHeEMvQFXLhRfDB3vo3pz0KtBwIf5yTk3hMXSloKgi+vtrW9s7tX3/cPGv7h0XGz8WTz0ggMRa5y04+5RSU1hiRJYb8wyLNYYS+e3i3y3jMaK3P9SLMCo4yPtUyl4OSs7qjZCtrBUmwTOmtowVqj5ucwyUWZoSahuLWDTlBQVHFDUiic+8PSYsHFlI9x4FDzDG1ULcecs3PnJCzNjTua2NL9+aLimbWzLHY3M04T+zdbmP9lg5LS66iSuigJtVh9lJaKUc4WO7NEGhSkZg64MNLNysSEGy7INeO7Djp/N96E8LJ90w4eAqjDKZzBBXTgCm7hHroQgoAEXuDNm3iv3vuqqpq37uwEfsn7+Aap5IoM</latexit><latexit sha1_base64="0e1aA6qBCilRV7dxBZ7GUfXVogQ=">AAAB73icbVA9T8MwFHzhs5QCoSuLRYXEVKUswIbEwlgkQiu1oXpxndaq40S2g1pF+SssDID4N2z8G5y2A7Sc9KTz3bN8vjAVXBvP+3Y2Nre2d3Yre9X92sHhkXtce9RJpijzaSIS1Q1RM8El8w03gnVTxTAOBeuEk9vS7zwzpXkiH8wsZUGMI8kjTtFYaeDW+zGaMUWR+8VTbg/TYuA2vKY3B1knrSVpwBLtgfvVHyY0i5k0VKDWvZaXmiBHZTgVrKj2M81SpBMcsZ6lEmOmg3yevSBnVhmSKFF2pCFz9feNHGOtZ3FoN8uketUrxf+8XmaiqyDnMs0Mk3TxUJQJYhJSFkGGXDFqxMwSpIrbrISOUSE1tq6qLaG1+uV14l80r5vevQcVOIFTOIcWXMIN3EEbfKAwhRd4g3encF6dj0VbG86ytjr8gfP5A7MUk0g=</latexit><latexit sha1_base64="0e1aA6qBCilRV7dxBZ7GUfXVogQ=">AAAB73icbVA9T8MwFHzhs5QCoSuLRYXEVKUswIbEwlgkQiu1oXpxndaq40S2g1pF+SssDID4N2z8G5y2A7Sc9KTz3bN8vjAVXBvP+3Y2Nre2d3Yre9X92sHhkXtce9RJpijzaSIS1Q1RM8El8w03gnVTxTAOBeuEk9vS7zwzpXkiH8wsZUGMI8kjTtFYaeDW+zGaMUWR+8VTbg/TYuA2vKY3B1knrSVpwBLtgfvVHyY0i5k0VKDWvZaXmiBHZTgVrKj2M81SpBMcsZ6lEmOmg3yevSBnVhmSKFF2pCFz9feNHGOtZ3FoN8uketUrxf+8XmaiqyDnMs0Mk3TxUJQJYhJSFkGGXDFqxMwSpIrbrISOUSE1tq6qLaG1+uV14l80r5vevQcVOIFTOIcWXMIN3EEbfKAwhRd4g3encF6dj0VbG86ytjr8gfP5A7MUk0g=</latexit><latexit sha1_base64="dSnWWWv0vMB/vQj3OFYowLpzuyk=">AAAB+nicbVC9TsMwGPxS/kr5C2VksaiQmKqEhbJVYmEsEqGV2lA5rtNadZzIdlCrKK/CwgCIlSdh421w2gzQcpKl8933yecLEs6Udpxvq7KxubW9U92t7e0fHB7Zx/UHFaeSUI/EPJa9ACvKmaCeZprTXiIpjgJOu8H0pvC7T1QqFot7PU+oH+GxYCEjWBtpaNcHEdYTgnnm5Y+Zuczyod1wms4CaJ24JWlAic7Q/hqMYpJGVGjCsVJ910m0n2GpGeE0rw1SRRNMpnhM+4YKHFHlZ4vsOTo3ygiFsTRHaLRQf29kOFJqHgVmskiqVr1C/M/rpzps+RkTSaqpIMuHwpQjHaOiCDRikhLN54ZgIpnJisgES0y0qatmSnBXv7xOvMvmddO5cxrtVtlGFU7hDC7AhStowy10wAMCM3iGV3izcuvFerc+lqMVq9w5gT+wPn8AFLCUnw==</latexit><latexit sha1_base64="sgh10+IV0b/sBfjnlonLveVV9nI=">AAAB+nicbVBPS8MwHP3Vv3P+q/PoJTgET6MVwXkbePE4wbrBVkeapVtYmpYklY3Sr+LFg4pXP4k3v43p1oNuPgi8vPf7kZcXJJwp7Tjf1tr6xubWdmWnuru3f3BoH9UeVJxKQj0S81h2A6woZ4J6mmlOu4mkOAo47QSTm8LvPFGpWCzu9SyhfoRHgoWMYG2kgV3rR1iPCeaZlz9m5jLNB3bdaThzoFXilqQOJdoD+6s/jEkaUaEJx0r1XCfRfoalZoTTvNpPFU0wmeAR7RkqcESVn82z5+jMKEMUxtIcodFc/b2R4UipWRSYySKpWvYK8T+vl+qw6WdMJKmmgiweClOOdIyKItCQSUo0nxmCiWQmKyJjLDHRpq6qKcFd/vIq8S4a1w3n7rLeapZtVOAETuEcXLiCFtxCGzwgMIVneIU3K7derHfrYzG6ZpU7x/AH1ucPFfCUow==</latexit><latexit sha1_base64="sgh10+IV0b/sBfjnlonLveVV9nI=">AAAB+nicbVBPS8MwHP3Vv3P+q/PoJTgET6MVwXkbePE4wbrBVkeapVtYmpYklY3Sr+LFg4pXP4k3v43p1oNuPgi8vPf7kZcXJJwp7Tjf1tr6xubWdmWnuru3f3BoH9UeVJxKQj0S81h2A6woZ4J6mmlOu4mkOAo47QSTm8LvPFGpWCzu9SyhfoRHgoWMYG2kgV3rR1iPCeaZlz9m5jLNB3bdaThzoFXilqQOJdoD+6s/jEkaUaEJx0r1XCfRfoalZoTTvNpPFU0wmeAR7RkqcESVn82z5+jMKEMUxtIcodFc/b2R4UipWRSYySKpWvYK8T+vl+qw6WdMJKmmgiweClOOdIyKItCQSUo0nxmCiWQmKyJjLDHRpq6qKcFd/vIq8S4a1w3n7rLeapZtVOAETuEcXLiCFtxCGzwgMIVneIU3K7derHfrYzG6ZpU7x/AH1ucPFfCUow==</latexit><latexit sha1_base64="sgh10+IV0b/sBfjnlonLveVV9nI=">AAAB+nicbVBPS8MwHP3Vv3P+q/PoJTgET6MVwXkbePE4wbrBVkeapVtYmpYklY3Sr+LFg4pXP4k3v43p1oNuPgi8vPf7kZcXJJwp7Tjf1tr6xubWdmWnuru3f3BoH9UeVJxKQj0S81h2A6woZ4J6mmlOu4mkOAo47QSTm8LvPFGpWCzu9SyhfoRHgoWMYG2kgV3rR1iPCeaZlz9m5jLNB3bdaThzoFXilqQOJdoD+6s/jEkaUaEJx0r1XCfRfoalZoTTvNpPFU0wmeAR7RkqcESVn82z5+jMKEMUxtIcodFc/b2R4UipWRSYySKpWvYK8T+vl+qw6WdMJKmmgiweClOOdIyKItCQSUo0nxmCiWQmKyJjLDHRpq6qKcFd/vIq8S4a1w3n7rLeapZtVOAETuEcXLiCFtxCGzwgMIVneIU3K7derHfrYzG6ZpU7x/AH1ucPFfCUow==</latexit><latexit sha1_base64="sgh10+IV0b/sBfjnlonLveVV9nI=">AAAB+nicbVBPS8MwHP3Vv3P+q/PoJTgET6MVwXkbePE4wbrBVkeapVtYmpYklY3Sr+LFg4pXP4k3v43p1oNuPgi8vPf7kZcXJJwp7Tjf1tr6xubWdmWnuru3f3BoH9UeVJxKQj0S81h2A6woZ4J6mmlOu4mkOAo47QSTm8LvPFGpWCzu9SyhfoRHgoWMYG2kgV3rR1iPCeaZlz9m5jLNB3bdaThzoFXilqQOJdoD+6s/jEkaUaEJx0r1XCfRfoalZoTTvNpPFU0wmeAR7RkqcESVn82z5+jMKEMUxtIcodFc/b2R4UipWRSYySKpWvYK8T+vl+qw6WdMJKmmgiweClOOdIyKItCQSUo0nxmCiWQmKyJjLDHRpq6qKcFd/vIq8S4a1w3n7rLeapZtVOAETuEcXLiCFtxCGzwgMIVneIU3K7derHfrYzG6ZpU7x/AH1ucPFfCUow==</latexit><latexit sha1_base64="sgh10+IV0b/sBfjnlonLveVV9nI=">AAAB+nicbVBPS8MwHP3Vv3P+q/PoJTgET6MVwXkbePE4wbrBVkeapVtYmpYklY3Sr+LFg4pXP4k3v43p1oNuPgi8vPf7kZcXJJwp7Tjf1tr6xubWdmWnuru3f3BoH9UeVJxKQj0S81h2A6woZ4J6mmlOu4mkOAo47QSTm8LvPFGpWCzu9SyhfoRHgoWMYG2kgV3rR1iPCeaZlz9m5jLNB3bdaThzoFXilqQOJdoD+6s/jEkaUaEJx0r1XCfRfoalZoTTvNpPFU0wmeAR7RkqcESVn82z5+jMKEMUxtIcodFc/b2R4UipWRSYySKpWvYK8T+vl+qw6WdMJKmmgiweClOOdIyKItCQSUo0nxmCiWQmKyJjLDHRpq6qKcFd/vIq8S4a1w3n7rLeapZtVOAETuEcXLiCFtxCGzwgMIVneIU3K7derHfrYzG6ZpU7x/AH1ucPFfCUow==</latexit>

Max-scheduling
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Max-scheduling policy

Mean-estimation policy
Umax(x1, x2) =

(
1 if |x1| � |x2|
2 otherwise
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Emean(1, x1) =


x1

0

�
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Emean(2, x2) =


0
x2

�
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Independent sources
Theorem 2
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X1 ?? X2 =) (Umax, Emean) is person-by-person optimal
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1. Vasconcelos & Mitra - “Observation-driven sensor scheduling” IEEE ICC 2017
2. Vasconcelos & Mitra - “Observation-driven scheduling of Gaussian sources” To be submitted to IEEE TCNS 2018

Open-loop scheduling:  let the sensor with the largest variance transmit

Observation-driven scheduling1,2:  let the sensor with the “largest measurement” transmit



Sketch of proof

The MMSE estimator for a given scheduling policy is

Suppose that  then
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E?
U (1, x1) =


x1

E
⇥
X2 | U = 1, X1 = x1

⇤
�

<latexit sha1_base64="sTWXM/TxXa5zoTtXivEsdkl8J7s="></latexit><latexit sha1_base64="sTWXM/TxXa5zoTtXivEsdkl8J7s="></latexit><latexit sha1_base64="sTWXM/TxXa5zoTtXivEsdkl8J7s="></latexit>

E?
U (2, x2) =


E
⇥
X1 | U = 2, X2 = x2

⇤

x2

�
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U = Umax
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E
⇥
X2 | U = 1, X1 = x1

⇤
=

R
R x21(|x1| � |x2|)fX2|X1=x1

(x2)dx2R
R 1(|x1| � |x2|)fX2|X1=x1

(x2)dx2
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Sketch of proof

The MMSE estimator for a given scheduling policy is

Suppose that  then
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E?
U (1, x1) =


x1

E
⇥
X2 | U = 1, X1 = x1

⇤
�
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E?
U (2, x2) =


E
⇥
X1 | U = 2, X2 = x2

⇤

x2

�
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U = Umax
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E
⇥
X2 | U = 1, X1 = x1

⇤
=

R |x1|
�|x1| x2fX2(x2)dx2

R |x1|
�|x1| fX2(x2)dx2

= 0
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Symmetric around zero



Sketch of proof

Generalized Nearest Neighbor Condition 

Fix an estimation policy of the form:
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The cost becomes

E(1, x1) =


x1

⌘2(x1)

�
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E(2, x2) =


⌘1(x2)
x2
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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
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Sketch of proof

Suppose that ⌘1(x2) = ⌘2(x1) ⌘ 0

then
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⌅

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

�
x1 � ⌘1(x2)

�2 �
�
x2 � ⌘2(x1)

�2
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U?
Emean(x1, x2) = 1 ()

�
x1 � 0

�2 �
�
x2 � 0

�2

|x1| � |x2|
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Value of information

Observation-driven sensor scheduling
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“Open-loop” sensor scheduling

Remarks

1. Result only depends on the even symmetry of the density 
2. Can be extended to any number of sensors making vector observations1 

1. Vasconcelos, Nayyar & Mitra - “Optimal scheduling strategies in networked estimation” IEEE CDC 2017

10-1 100 101 102

10-1

100

max-scheduling/mean-estimation
open loop scheduling and estimation

J (Uopen, Emean) = min
�
�2
1 ,�

2
2
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J (Umax, Emean) = E
h
min

�
X2

1 , X
2
2

 i
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Symmetric sources
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Soft-threshold estimation policy

Esoft(1, x1) =


x1

⌘(x1)

�
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Esoft(2, x2) =
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⌘(⇠) =

R |⇠|
�|⇠| ⌧ exp

⇣
� (⌧�⇢⇠)2

2�2(1�⇢2)

⌘
d⌧

R |⇠|
�|⇠| exp

⇣
� (⌧�⇢⇠)2

2�2(1�⇢2)

⌘
d⌧
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Theorem 3

�2
1 = �2

2 =) (Umax, Esoft) is person-by-person optimal
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Proof is much more involved…



General Gaussian sources
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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

W
<latexit sha1_base64="OF8MpN3EoywuhUkAvGV4cTbVj70=">AAAB8HicbVBNS8NAFHypX7V+VT16WSyCp5KKYL0VvHisYGyxDWWzfWmXbjZhdyOU0H/hxYOKV3+ON/+NmzYHbR1YGGbeY+dNkAiujet+O6W19Y3NrfJ2ZWd3b/+genj0oONUMfRYLGLVDahGwSV6hhuB3UQhjQKBnWByk/udJ1Sax/LeTBP0IzqSPOSMGis99iNqxkGYdWaDas2tu3OQVdIoSA0KtAfVr/4wZmmE0jBBte413MT4GVWGM4GzSj/VmFA2oSPsWSpphNrP5oln5MwqQxLGyj5pyFz9vZHRSOtpFNjJPKFe9nLxP6+XmrDpZ1wmqUHJFh+FqSAmJvn5ZMgVMiOmllCmuM1K2JgqyowtqWJLaCyfvEq8i/p13b27rLWaRRtlOIFTOIcGXEELbqENHjCQ8Ayv8OZo58V5dz4WoyWn2DmGP3A+fwAyeJDE</latexit><latexit sha1_base64="OF8MpN3EoywuhUkAvGV4cTbVj70=">AAAB8HicbVBNS8NAFHypX7V+VT16WSyCp5KKYL0VvHisYGyxDWWzfWmXbjZhdyOU0H/hxYOKV3+ON/+NmzYHbR1YGGbeY+dNkAiujet+O6W19Y3NrfJ2ZWd3b/+genj0oONUMfRYLGLVDahGwSV6hhuB3UQhjQKBnWByk/udJ1Sax/LeTBP0IzqSPOSMGis99iNqxkGYdWaDas2tu3OQVdIoSA0KtAfVr/4wZmmE0jBBte413MT4GVWGM4GzSj/VmFA2oSPsWSpphNrP5oln5MwqQxLGyj5pyFz9vZHRSOtpFNjJPKFe9nLxP6+XmrDpZ1wmqUHJFh+FqSAmJvn5ZMgVMiOmllCmuM1K2JgqyowtqWJLaCyfvEq8i/p13b27rLWaRRtlOIFTOIcGXEELbqENHjCQ8Ayv8OZo58V5dz4WoyWn2DmGP3A+fwAyeJDE</latexit><latexit sha1_base64="OF8MpN3EoywuhUkAvGV4cTbVj70=">AAAB8HicbVBNS8NAFHypX7V+VT16WSyCp5KKYL0VvHisYGyxDWWzfWmXbjZhdyOU0H/hxYOKV3+ON/+NmzYHbR1YGGbeY+dNkAiujet+O6W19Y3NrfJ2ZWd3b/+genj0oONUMfRYLGLVDahGwSV6hhuB3UQhjQKBnWByk/udJ1Sax/LeTBP0IzqSPOSMGis99iNqxkGYdWaDas2tu3OQVdIoSA0KtAfVr/4wZmmE0jBBte413MT4GVWGM4GzSj/VmFA2oSPsWSpphNrP5oln5MwqQxLGyj5pyFz9vZHRSOtpFNjJPKFe9nLxP6+XmrDpZ1wmqUHJFh+FqSAmJvn5ZMgVMiOmllCmuM1K2JgqyowtqWJLaCyfvEq8i/p13b27rLWaRRtlOIFTOIcGXEELbqENHjCQ8Ayv8OZo58V5dz4WoyWn2DmGP3A+fwAyeJDE</latexit>

X1
<latexit sha1_base64="Ich2t4Mn7IqwxXhai2TZl8YXSww=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEsN4KXjxWNLbQhrLZTtqlm03Y3Qgl9Cd48aDi1X/kzX/jts1BWx8MPN6bYWZemAqujet+O6W19Y3NrfJ2ZWd3b/+genj0qJNMMfRZIhLVCalGwSX6hhuBnVQhjUOB7XB8M/PbT6g0T+SDmaQYxHQoecQZNVa67/S9frXm1t05yCrxClKDAq1+9as3SFgWozRMUK27npuaIKfKcC ZwWullGlPKxnSIXUsljVEH+fzUKTmzyoBEibIlDZmrvydyGms9iUPbGVMz0sveTPzP62YmagQ5l2lmULLFoigTxCRk9jcZcIXMiIkllClubyVsRBVlxqZTsSF4yy+vEv+ifl137y5rzUaRRhlO4BTOwYMraMIttMAHBkN4hld4c4Tz4rw7H4vWklPMHMMfOJ8/RYGNSQ==</latexit><latexit sha1_base64="Ich2t4Mn7IqwxXhai2TZl8YXSww=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEsN4KXjxWNLbQhrLZTtqlm03Y3Qgl9Cd48aDi1X/kzX/jts1BWx8MPN6bYWZemAqujet+O6W19Y3NrfJ2ZWd3b/+genj0qJNMMfRZIhLVCalGwSX6hhuBnVQhjUOB7XB8M/PbT6g0T+SDmaQYxHQoecQZNVa67/S9frXm1t05yCrxClKDAq1+9as3SFgWozRMUK27npuaIKfKcC ZwWullGlPKxnSIXUsljVEH+fzUKTmzyoBEibIlDZmrvydyGms9iUPbGVMz0sveTPzP62YmagQ5l2lmULLFoigTxCRk9jcZcIXMiIkllClubyVsRBVlxqZTsSF4yy+vEv+ifl137y5rzUaRRhlO4BTOwYMraMIttMAHBkN4hld4c4Tz4rw7H4vWklPMHMMfOJ8/RYGNSQ==</latexit><latexit sha1_base64="Ich2t4Mn7IqwxXhai2TZl8YXSww=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEsN4KXjxWNLbQhrLZTtqlm03Y3Qgl9Cd48aDi1X/kzX/jts1BWx8MPN6bYWZemAqujet+O6W19Y3NrfJ2ZWd3b/+genj0qJNMMfRZIhLVCalGwSX6hhuBnVQhjUOB7XB8M/PbT6g0T+SDmaQYxHQoecQZNVa67/S9frXm1t05yCrxClKDAq1+9as3SFgWozRMUK27npuaIKfKcC ZwWullGlPKxnSIXUsljVEH+fzUKTmzyoBEibIlDZmrvydyGms9iUPbGVMz0sveTPzP62YmagQ5l2lmULLFoigTxCRk9jcZcIXMiIkllClubyVsRBVlxqZTsSF4yy+vEv+ifl137y5rzUaRRhlO4BTOwYMraMIttMAHBkN4hld4c4Tz4rw7H4vWklPMHMMfOJ8/RYGNSQ==</latexit>

X2
<latexit sha1_base64="g8uuu5SITqGwGMGGQok0vfFbL6A=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSJ4KkkRrLeCF48VjS20oWy2k3bpZhN2N0IJ/QlePKh49R9589+4bXPQ1gcDj/dmmJkXpoJr47rfztr6xubWdmmnvLu3f3BYOTp+1EmmGPosEYnqhFSj4BJ9w43ATqqQxqHAdji+mfntJ1SaJ/LBTFIMYjqUPOKMGivdd/r1fqXq1tw5yCrxClKFAq1+5as3SFgWozRMUK27npuaIKfKcC ZwWu5lGlPKxnSIXUsljVEH+fzUKTm3yoBEibIlDZmrvydyGms9iUPbGVMz0sveTPzP62YmagQ5l2lmULLFoigTxCRk9jcZcIXMiIkllClubyVsRBVlxqZTtiF4yy+vEr9eu665d5fVZqNIowSncAYX4MEVNOEWWuADgyE8wyu8OcJ5cd6dj0XrmlPMnMAfOJ8/RwSNSg==</latexit><latexit sha1_base64="g8uuu5SITqGwGMGGQok0vfFbL6A=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSJ4KkkRrLeCF48VjS20oWy2k3bpZhN2N0IJ/QlePKh49R9589+4bXPQ1gcDj/dmmJkXpoJr47rfztr6xubWdmmnvLu3f3BYOTp+1EmmGPosEYnqhFSj4BJ9w43ATqqQxqHAdji+mfntJ1SaJ/LBTFIMYjqUPOKMGivdd/r1fqXq1tw5yCrxClKFAq1+5as3SFgWozRMUK27npuaIKfKcC ZwWu5lGlPKxnSIXUsljVEH+fzUKTm3yoBEibIlDZmrvydyGms9iUPbGVMz0sveTPzP62YmagQ5l2lmULLFoigTxCRk9jcZcIXMiIkllClubyVsRBVlxqZTtiF4yy+vEr9eu665d5fVZqNIowSncAYX4MEVNOEWWuADgyE8wyu8OcJ5cd6dj0XrmlPMnMAfOJ8/RwSNSg==</latexit><latexit sha1_base64="g8uuu5SITqGwGMGGQok0vfFbL6A=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSJ4KkkRrLeCF48VjS20oWy2k3bpZhN2N0IJ/QlePKh49R9589+4bXPQ1gcDj/dmmJkXpoJr47rfztr6xubWdmmnvLu3f3BYOTp+1EmmGPosEYnqhFSj4BJ9w43ATqqQxqHAdji+mfntJ1SaJ/LBTFIMYjqUPOKMGivdd/r1fqXq1tw5yCrxClKFAq1+5as3SFgWozRMUK27npuaIKfKcC ZwWu5lGlPKxnSIXUsljVEH+fzUKTm3yoBEibIlDZmrvydyGms9iUPbGVMz0sveTPzP62YmagQ5l2lmULLFoigTxCRk9jcZcIXMiIkllClubyVsRBVlxqZTtiF4yy+vEr9eu665d5fVZqNIowSncAYX4MEVNOEWWuADgyE8wyu8OcJ5cd6dj0XrmlPMnMAfOJ8/RwSNSg==</latexit>

X̃2
<latexit sha1_base64="QIhsS/12+MgXmFBbjn3GhMbsSII=">AAAB8XicbVBNS8NAEN3Ur1q/qh69LBbBU0mKYL0VvHisYGwhDWWz2bRLN7thdyKU0J/hxYOKV/+NN/+N2zYHbX0w8Hhvhpl5USa4Adf9diobm1vbO9Xd2t7+weFR/fjk0ahcU+ZTJZTuR8QwwSXzgYNg/UwzkkaC9aLJ7dzvPTFtuJIPMM1YmJKR5AmnBKwUDICLmBX92bA1rDfcprsAXideSRqoRHdY/xrEiuYpk0AFMSbw3AzCgmjgVLBZbZAblhE6ISMWWCpJykxYLE6e4QurxDhR2pYEvFB/TxQkNWaaRrYzJTA2q95c/M8LckjaYcFllgOTdLkoyQUGhef/45hrRkFMLSFUc3srpmOiCQWbUs2G4K2+vE78VvOm6d5fNTrtMo0qOkPn6BJ56Bp10B3qIh9RpNAzekVvDjgvzrvzsWytOOXMKfoD5/MHp3eRAA==</latexit><latexit sha1_base64="QIhsS/12+MgXmFBbjn3GhMbsSII=">AAAB8XicbVBNS8NAEN3Ur1q/qh69LBbBU0mKYL0VvHisYGwhDWWz2bRLN7thdyKU0J/hxYOKV/+NN/+N2zYHbX0w8Hhvhpl5USa4Adf9diobm1vbO9Xd2t7+weFR/fjk0ahcU+ZTJZTuR8QwwSXzgYNg/UwzkkaC9aLJ7dzvPTFtuJIPMM1YmJKR5AmnBKwUDICLmBX92bA1rDfcprsAXideSRqoRHdY/xrEiuYpk0AFMSbw3AzCgmjgVLBZbZAblhE6ISMWWCpJykxYLE6e4QurxDhR2pYEvFB/TxQkNWaaRrYzJTA2q95c/M8LckjaYcFllgOTdLkoyQUGhef/45hrRkFMLSFUc3srpmOiCQWbUs2G4K2+vE78VvOm6d5fNTrtMo0qOkPn6BJ56Bp10B3qIh9RpNAzekVvDjgvzrvzsWytOOXMKfoD5/MHp3eRAA==</latexit><latexit sha1_base64="QIhsS/12+MgXmFBbjn3GhMbsSII=">AAAB8XicbVBNS8NAEN3Ur1q/qh69LBbBU0mKYL0VvHisYGwhDWWz2bRLN7thdyKU0J/hxYOKV/+NN/+N2zYHbX0w8Hhvhpl5USa4Adf9diobm1vbO9Xd2t7+weFR/fjk0ahcU+ZTJZTuR8QwwSXzgYNg/UwzkkaC9aLJ7dzvPTFtuJIPMM1YmJKR5AmnBKwUDICLmBX92bA1rDfcprsAXideSRqoRHdY/xrEiuYpk0AFMSbw3AzCgmjgVLBZbZAblhE6ISMWWCpJykxYLE6e4QurxDhR2pYEvFB/TxQkNWaaRrYzJTA2q95c/M8LckjaYcFllgOTdLkoyQUGhef/45hrRkFMLSFUc3srpmOiCQWbUs2G4K2+vE78VvOm6d5fNTrtMo0qOkPn6BJ56Bp10B3qIh9RpNAzekVvDjgvzrvzsWytOOXMKfoD5/MHp3eRAA==</latexit>

X̃1
<latexit sha1_base64="4U2AE1Tu1pKDlf92pMaJzbBYPBE=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQiWG8FLx4rGC20oWw2m3bpZjfsToQS+jO8eFDx6r/x5r9x2+agrQ8GHu/NMDMvygQ36HnfTmVtfWNzq7pd29nd2z+oHx49GJVrygKqhNLdiBgmuGQBchSsm2lG0kiwx2h8M/Mfn5g2XMl7nGQsTMlQ8oRTglbq9ZGLmBXd6cAf1Bte05vDXSV+SRpQojOof/VjRfOUSaSCGNPzvQzDgmjkVLBprZ8blhE6JkPWs1SSlJmwmJ88dc+sEruJ0rYkunP190RBUmMmaWQ7U4Ijs+zNxP+8Xo5JKyy4zHJkki4WJblwUbmz/92Ya0ZRTCwhVHN7q0tHRBOKNqWaDcFffnmVBBfN66Z3d9lot8o0qnACp3AOPlxBG26hAwFQUPAMr/DmoPPivDsfi9aKU84cwx84nz+l9JD/</latexit><latexit sha1_base64="4U2AE1Tu1pKDlf92pMaJzbBYPBE=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQiWG8FLx4rGC20oWw2m3bpZjfsToQS+jO8eFDx6r/x5r9x2+agrQ8GHu/NMDMvygQ36HnfTmVtfWNzq7pd29nd2z+oHx49GJVrygKqhNLdiBgmuGQBchSsm2lG0kiwx2h8M/Mfn5g2XMl7nGQsTMlQ8oRTglbq9ZGLmBXd6cAf1Bte05vDXSV+SRpQojOof/VjRfOUSaSCGNPzvQzDgmjkVLBprZ8blhE6JkPWs1SSlJmwmJ88dc+sEruJ0rYkunP190RBUmMmaWQ7U4Ijs+zNxP+8Xo5JKyy4zHJkki4WJblwUbmz/92Ya0ZRTCwhVHN7q0tHRBOKNqWaDcFffnmVBBfN66Z3d9lot8o0qnACp3AOPlxBG26hAwFQUPAMr/DmoPPivDsfi9aKU84cwx84nz+l9JD/</latexit><latexit sha1_base64="4U2AE1Tu1pKDlf92pMaJzbBYPBE=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQiWG8FLx4rGC20oWw2m3bpZjfsToQS+jO8eFDx6r/x5r9x2+agrQ8GHu/NMDMvygQ36HnfTmVtfWNzq7pd29nd2z+oHx49GJVrygKqhNLdiBgmuGQBchSsm2lG0kiwx2h8M/Mfn5g2XMl7nGQsTMlQ8oRTglbq9ZGLmBXd6cAf1Bte05vDXSV+SRpQojOof/VjRfOUSaSCGNPzvQzDgmjkVLBprZ8blhE6JkPWs1SSlJmwmJ88dc+sEruJ0rYkunP190RBUmMmaWQ7U4Ijs+zNxP+8Xo5JKyy4zHJkki4WJblwUbmz/92Ya0ZRTCwhVHN7q0tHRBOKNqWaDcFffnmVBBfN66Z3d9lot8o0qnACp3AOPlxBG26hAwFQUPAMr/DmoPPivDsfi9aKU84cwx84nz+l9JD/</latexit>

Umax
<latexit sha1_base64="sgh10+IV0b/sBfjnlonLveVV9nI=">AAAB+nicbVBPS8MwHP3Vv3P+q/PoJTgET6MVwXkbePE4wbrBVkeapVtYmpYklY3Sr+LFg4pXP4k3v43p1oNuPgi8vPf7kZcXJJwp7Tjf1tr6xubWdmWnuru3f3BoH9UeVJxKQj0S81h2A6woZ4J6mmlOu4mkOAo47QSTm8LvPFGpWCzu9SyhfoRHgoWMYG2kgV3rR1iPCeaZlz9m5jLNB3bdaThzoFXilqQOJdoD+6s/jEkaUaEJx0r1XCfRfoalZoTTvNpPFU0wmeAR7RkqcESVn82z5+jMKEMUxtIcodFc/b2R4UipWRSYySKpWvYK8T+vl+qw6WdMJKmmgiweClOOdIyKItCQSUo0nxmCiWQmKyJjLDHRpq6qKcFd/vIq8S4a1w3n7rLeapZtVOAETuEcXLiCFtxCGzwgMIVneIU3K7derHfrYzG6ZpU7x/AH1ucPFfCUow==</latexit><latexit sha1_base64="sgh10+IV0b/sBfjnlonLveVV9nI=">AAAB+nicbVBPS8MwHP3Vv3P+q/PoJTgET6MVwXkbePE4wbrBVkeapVtYmpYklY3Sr+LFg4pXP4k3v43p1oNuPgi8vPf7kZcXJJwp7Tjf1tr6xubWdmWnuru3f3BoH9UeVJxKQj0S81h2A6woZ4J6mmlOu4mkOAo47QSTm8LvPFGpWCzu9SyhfoRHgoWMYG2kgV3rR1iPCeaZlz9m5jLNB3bdaThzoFXilqQOJdoD+6s/jEkaUaEJx0r1XCfRfoalZoTTvNpPFU0wmeAR7RkqcESVn82z5+jMKEMUxtIcodFc/b2R4UipWRSYySKpWvYK8T+vl+qw6WdMJKmmgiweClOOdIyKItCQSUo0nxmCiWQmKyJjLDHRpq6qKcFd/vIq8S4a1w3n7rLeapZtVOAETuEcXLiCFtxCGzwgMIVneIU3K7derHfrYzG6ZpU7x/AH1ucPFfCUow==</latexit><latexit sha1_base64="sgh10+IV0b/sBfjnlonLveVV9nI=">AAAB+nicbVBPS8MwHP3Vv3P+q/PoJTgET6MVwXkbePE4wbrBVkeapVtYmpYklY3Sr+LFg4pXP4k3v43p1oNuPgi8vPf7kZcXJJwp7Tjf1tr6xubWdmWnuru3f3BoH9UeVJxKQj0S81h2A6woZ4J6mmlOu4mkOAo47QSTm8LvPFGpWCzu9SyhfoRHgoWMYG2kgV3rR1iPCeaZlz9m5jLNB3bdaThzoFXilqQOJdoD+6s/jEkaUaEJx0r1XCfRfoalZoTTvNpPFU0wmeAR7RkqcESVn82z5+jMKEMUxtIcodFc/b2R4UipWRSYySKpWvYK8T+vl+qw6WdMJKmmgiweClOOdIyKItCQSUo0nxmCiWQmKyJjLDHRpq6qKcFd/vIq8S4a1w3n7rLeapZtVOAETuEcXLiCFtxCGzwgMIVneIU3K7derHfrYzG6ZpU7x/AH1ucPFfCUow==</latexit>

X̃1 or X̃2
<latexit sha1_base64="IEHtNR6npRJm4IiBRNkJqaCBIKQ=">AAACDXicbZC7SgNBFIZnvcZ4W7W0GQwBq7AbBGMXsLGMYEwgG5bZ2ZNkyOyFmbNiWPIENr6KjYWKrb2db+PkImjigYGP/z+HM+cPUik0Os6XtbK6tr6xWdgqbu/s7u3bB4e3OskUhyZPZKLaAdMgRQxNFCihnSpgUSChFQwvJ37rDpQWSXyDoxS6EevHoic4QyP5dtlDIUPI22PfpR71EO4xT9R4yj9O1bdLTsWZFl0Gdw4lMq+Gb396YcKzCGLkkmndcZ0UuzlTKLiEcdHLNKSMD1kfOgZjFoHu5tNzxrRslJD2EmVejHSq/p7IWaT1KApMZ8RwoBe9ifif18mwV+vmIk4zhJjPFvUySTGhk2xoKBRwlCMDjCth/kr5gCnG0SRYNCG4iycvQ7Nauag412elem2eRoEckxNySlxyTurkijRIk3DyQJ7IC3m1Hq1n6816n7WuWPOZI/KnrI9vJmSbtQ==</latexit><latexit sha1_base64="IEHtNR6npRJm4IiBRNkJqaCBIKQ=">AAACDXicbZC7SgNBFIZnvcZ4W7W0GQwBq7AbBGMXsLGMYEwgG5bZ2ZNkyOyFmbNiWPIENr6KjYWKrb2db+PkImjigYGP/z+HM+cPUik0Os6XtbK6tr6xWdgqbu/s7u3bB4e3OskUhyZPZKLaAdMgRQxNFCihnSpgUSChFQwvJ37rDpQWSXyDoxS6EevHoic4QyP5dtlDIUPI22PfpR71EO4xT9R4yj9O1bdLTsWZFl0Gdw4lMq+Gb396YcKzCGLkkmndcZ0UuzlTKLiEcdHLNKSMD1kfOgZjFoHu5tNzxrRslJD2EmVejHSq/p7IWaT1KApMZ8RwoBe9ifif18mwV+vmIk4zhJjPFvUySTGhk2xoKBRwlCMDjCth/kr5gCnG0SRYNCG4iycvQ7Nauag412elem2eRoEckxNySlxyTurkijRIk3DyQJ7IC3m1Hq1n6816n7WuWPOZI/KnrI9vJmSbtQ==</latexit><latexit sha1_base64="IEHtNR6npRJm4IiBRNkJqaCBIKQ=">AAACDXicbZC7SgNBFIZnvcZ4W7W0GQwBq7AbBGMXsLGMYEwgG5bZ2ZNkyOyFmbNiWPIENr6KjYWKrb2db+PkImjigYGP/z+HM+cPUik0Os6XtbK6tr6xWdgqbu/s7u3bB4e3OskUhyZPZKLaAdMgRQxNFCihnSpgUSChFQwvJ37rDpQWSXyDoxS6EevHoic4QyP5dtlDIUPI22PfpR71EO4xT9R4yj9O1bdLTsWZFl0Gdw4lMq+Gb396YcKzCGLkkmndcZ0UuzlTKLiEcdHLNKSMD1kfOgZjFoHu5tNzxrRslJD2EmVejHSq/p7IWaT1KApMZ8RwoBe9ifif18mwV+vmIk4zhJjPFvUySTGhk2xoKBRwlCMDjCth/kr5gCnG0SRYNCG4iycvQ7Nauag412elem2eRoEckxNySlxyTurkijRIk3DyQJ7IC3m1Hq1n6816n7WuWPOZI/KnrI9vJmSbtQ==</latexit>

Emean
<latexit sha1_base64="95WCNAukByJAYS9k3a6661O1eIc=">AAACJXicbZDLSsNAFIYn9V5v0S7dBIvgqqQiWHcFEVxWsCo0sZxMT3XoXMLMRCkhz+JWX8aVCK58ERcmaRbeDgzz859zOD9fFHNmrO+/O7W5+YXFpeWV+ura+samu7V9aVSiKfap4kpfR2CQM4l9yyzH61gjiIjjVTQ5KfpX96gNU/LCTmMMBdxKNmYUbG4N3UYgwN5R4OlpdpMGAkFmQ7fpt/yyvL+iXYkmqao3dD+DkaKJQGkpB2MGbT+2YQraMsoxqweJwRjoBG5xkEsJAk2YluEzby93Rt5Y6fxJ65Xu940UhDFTEeWTRVTzu1eY//UGiR13wpTJOLEo6ezQOOGeVV5BwhsxjdTyaS6AapZn9egdaKA251UPJD5QJQTIUYUlLVGpePZrkZZuVuBq/4bzV/QPWsct//yw2e1U3JbJDtkl+6RNjkiXnJEe6RNKpuSRPJFn58l5cV6dt9lozal2GuRHOR9fySSnwQ==</latexit><latexit sha1_base64="95WCNAukByJAYS9k3a6661O1eIc=">AAACJXicbZDLSsNAFIYn9V5v0S7dBIvgqqQiWHcFEVxWsCo0sZxMT3XoXMLMRCkhz+JWX8aVCK58ERcmaRbeDgzz859zOD9fFHNmrO+/O7W5+YXFpeWV+ura+samu7V9aVSiKfap4kpfR2CQM4l9yyzH61gjiIjjVTQ5KfpX96gNU/LCTmMMBdxKNmYUbG4N3UYgwN5R4OlpdpMGAkFmQ7fpt/yyvL+iXYkmqao3dD+DkaKJQGkpB2MGbT+2YQraMsoxqweJwRjoBG5xkEsJAk2YluEzby93Rt5Y6fxJ65Xu940UhDFTEeWTRVTzu1eY//UGiR13wpTJOLEo6ezQOOGeVV5BwhsxjdTyaS6AapZn9egdaKA251UPJD5QJQTIUYUlLVGpePZrkZZuVuBq/4bzV/QPWsct//yw2e1U3JbJDtkl+6RNjkiXnJEe6RNKpuSRPJFn58l5cV6dt9lozal2GuRHOR9fySSnwQ==</latexit><latexit sha1_base64="95WCNAukByJAYS9k3a6661O1eIc=">AAACJXicbZDLSsNAFIYn9V5v0S7dBIvgqqQiWHcFEVxWsCo0sZxMT3XoXMLMRCkhz+JWX8aVCK58ERcmaRbeDgzz859zOD9fFHNmrO+/O7W5+YXFpeWV+ura+samu7V9aVSiKfap4kpfR2CQM4l9yyzH61gjiIjjVTQ5KfpX96gNU/LCTmMMBdxKNmYUbG4N3UYgwN5R4OlpdpMGAkFmQ7fpt/yyvL+iXYkmqao3dD+DkaKJQGkpB2MGbT+2YQraMsoxqweJwRjoBG5xkEsJAk2YluEzby93Rt5Y6fxJ65Xu940UhDFTEeWTRVTzu1eY//UGiR13wpTJOLEo6ezQOOGeVV5BwhsxjdTyaS6AapZn9egdaKA251UPJD5QJQTIUYUlLVGpePZrkZZuVuBq/4bzV/QPWsct//yw2e1U3JbJDtkl+6RNjkiXnJEe6RNKpuSRPJFn58l5cV6dt9lozal2GuRHOR9fySSnwQ==</latexit>

X̂1
<latexit sha1_base64="qXyCPnFBA3Fy+rpj4b5ZWKFOgSQ=">AAACGXicbVA9SwNBEN3zM8avqKXNYRCswp0Ixk6wsYzgmUguhLnNxCzux7G7p4TjfoWt/hkrsbXyv1i4Sa5Q44NlHu/NMLMvSTkzNgg+vYXFpeWV1cpadX1jc2u7trN7Y1SmKUZUcaU7CRjkTGJkmeXYSTWCSDi2k/uLid9+QG2Yktd2nGJPwJ1kQ0bBOuk2HoHNO0U/7NfqQSOYwp8nYUnqpESrX/uKB4pmAqWlHIzphkFqezloyyjHohpnBlOg93CHXUclCDS9fHpw4R86ZeAPlXZPWn+q/pzIQRgzFonrFGBH5q83Ef/zupkdNns5k2lmUdLZomHGfav8ye/9AdNILR87AlQzd6tPR6CBWpdRNZb4SJUQIAd5LBBk4YrbodJZ1SKfqkXh4gr/hjNPouPGWSO4OqmfN8vcKmSfHJAjEpJTck4uSYtEhBJBnsgzefGevVfvzXuftS545cwe+QXv4xtskaLf</latexit><latexit sha1_base64="qXyCPnFBA3Fy+rpj4b5ZWKFOgSQ=">AAACGXicbVA9SwNBEN3zM8avqKXNYRCswp0Ixk6wsYzgmUguhLnNxCzux7G7p4TjfoWt/hkrsbXyv1i4Sa5Q44NlHu/NMLMvSTkzNgg+vYXFpeWV1cpadX1jc2u7trN7Y1SmKUZUcaU7CRjkTGJkmeXYSTWCSDi2k/uLid9+QG2Yktd2nGJPwJ1kQ0bBOuk2HoHNO0U/7NfqQSOYwp8nYUnqpESrX/uKB4pmAqWlHIzphkFqezloyyjHohpnBlOg93CHXUclCDS9fHpw4R86ZeAPlXZPWn+q/pzIQRgzFonrFGBH5q83Ef/zupkdNns5k2lmUdLZomHGfav8ye/9AdNILR87AlQzd6tPR6CBWpdRNZb4SJUQIAd5LBBk4YrbodJZ1SKfqkXh4gr/hjNPouPGWSO4OqmfN8vcKmSfHJAjEpJTck4uSYtEhBJBnsgzefGevVfvzXuftS545cwe+QXv4xtskaLf</latexit><latexit sha1_base64="qXyCPnFBA3Fy+rpj4b5ZWKFOgSQ=">AAACGXicbVA9SwNBEN3zM8avqKXNYRCswp0Ixk6wsYzgmUguhLnNxCzux7G7p4TjfoWt/hkrsbXyv1i4Sa5Q44NlHu/NMLMvSTkzNgg+vYXFpeWV1cpadX1jc2u7trN7Y1SmKUZUcaU7CRjkTGJkmeXYSTWCSDi2k/uLid9+QG2Yktd2nGJPwJ1kQ0bBOuk2HoHNO0U/7NfqQSOYwp8nYUnqpESrX/uKB4pmAqWlHIzphkFqezloyyjHohpnBlOg93CHXUclCDS9fHpw4R86ZeAPlXZPWn+q/pzIQRgzFonrFGBH5q83Ef/zupkdNns5k2lmUdLZomHGfav8ye/9AdNILR87AlQzd6tPR6CBWpdRNZb4SJUQIAd5LBBk4YrbodJZ1SKfqkXh4gr/hjNPouPGWSO4OqmfN8vcKmSfHJAjEpJTck4uSYtEhBJBnsgzefGevVfvzXuftS545cwe+QXv4xtskaLf</latexit>

X̂2
<latexit sha1_base64="q83UvgMJize2Xe4FQ6OwB6T+5oQ=">AAACGXicbVDLSgNBEJz1GeMr6tHLYhA8hU0QjLeAF48RjIlkQ+iddJIh81hmZpWw7Fd4jT/jSbx68l88OHkcNLFg6KKqm+6pKObM2CD48tbWNza3tnM7+d29/YPDwtHxg1GJptigiivdisAgZxIbllmOrVgjiIhjMxrdTP3mE2rDlLy34xg7AgaS9RkF66THcAg2bWXdSrdQDErBDP4qKS9IkSxQ7xa+w56iiUBpKQdj2uUgtp0UtGWUY5YPE4Mx0BEMsO2oBIGmk84Ozvxzp/T8vtLuSevP1N8TKQhjxiJynQLs0Cx7U/E/r53YfrWTMhknFiWdL+on3LfKn/7e7zGN1PKxI0A1c7f6dAgaqHUZ5UOJz1QJAbKXhgJBZq64HSqeVy3SmZplLq7ycjirpFEpXZeCu8tirbrILUdOyRm5IGVyRWrkltRJg1AiyAuZkFdv4r15797HvHXNW8yckD/wPn8Abj6i4A==</latexit><latexit sha1_base64="q83UvgMJize2Xe4FQ6OwB6T+5oQ=">AAACGXicbVDLSgNBEJz1GeMr6tHLYhA8hU0QjLeAF48RjIlkQ+iddJIh81hmZpWw7Fd4jT/jSbx68l88OHkcNLFg6KKqm+6pKObM2CD48tbWNza3tnM7+d29/YPDwtHxg1GJptigiivdisAgZxIbllmOrVgjiIhjMxrdTP3mE2rDlLy34xg7AgaS9RkF66THcAg2bWXdSrdQDErBDP4qKS9IkSxQ7xa+w56iiUBpKQdj2uUgtp0UtGWUY5YPE4Mx0BEMsO2oBIGmk84Ozvxzp/T8vtLuSevP1N8TKQhjxiJynQLs0Cx7U/E/r53YfrWTMhknFiWdL+on3LfKn/7e7zGN1PKxI0A1c7f6dAgaqHUZ5UOJz1QJAbKXhgJBZq64HSqeVy3SmZplLq7ycjirpFEpXZeCu8tirbrILUdOyRm5IGVyRWrkltRJg1AiyAuZkFdv4r15797HvHXNW8yckD/wPn8Abj6i4A==</latexit><latexit sha1_base64="q83UvgMJize2Xe4FQ6OwB6T+5oQ=">AAACGXicbVDLSgNBEJz1GeMr6tHLYhA8hU0QjLeAF48RjIlkQ+iddJIh81hmZpWw7Fd4jT/jSbx68l88OHkcNLFg6KKqm+6pKObM2CD48tbWNza3tnM7+d29/YPDwtHxg1GJptigiivdisAgZxIbllmOrVgjiIhjMxrdTP3mE2rDlLy34xg7AgaS9RkF66THcAg2bWXdSrdQDErBDP4qKS9IkSxQ7xa+w56iiUBpKQdj2uUgtp0UtGWUY5YPE4Mx0BEMsO2oBIGmk84Ozvxzp/T8vtLuSevP1N8TKQhjxiJynQLs0Cx7U/E/r53YfrWTMhknFiWdL+on3LfKn/7e7zGN1PKxI0A1c7f6dAgaqHUZ5UOJz1QJAbKXhgJBZq64HSqeVy3SmZplLq7ycjirpFEpXZeCu8tirbrILUdOyRm5IGVyRWrkltRJg1AiyAuZkFdv4r15797HvHXNW8yckD/wPn8Abj6i4A==</latexit>

ˆ̃X2
<latexit sha1_base64="SSk6PFnjcEK5IbIEZOYajFDIvGI=">AAACI3icbVDJSgNBEO1xN26jHr0MBsFTmIig3gQvHhWMBjIh1PRUTGMvQ3eNEob5FK/6M57Eiwf/xIOd5eD2oKjHe1VU8dJcCkdx/B7MzM7NLywuLddWVtfWN8LNrWtnCsuxxY00tp2CQyk0tkiQxHZuEVQq8Sa9Oxv5N/donTD6ioY5dhXcatEXHMhLvXAzGQCVCQmZYdmuqt5BL6zHjXiM6C9pTkmdTXHRCz+TzPBCoSYuwblOM86pW4IlwSVWtaRwmAO/g1vseKpBoeuW49eraM8rWdQ31pemaKx+3yhBOTdUqZ9UQAP32xuJ/3mdgvrH3VLovCDUfHKoX8iITDTKIcqERU5y6AlwK/yvER+ABU4+rVqi8YEbpUBnZaIQdOWbv2HySbeqHKs+sLDe/B3OX9I6aJw04svD+unxNLcltsN22T5rsiN2ys7ZBWsxzh7YI3tiz8FT8BK8Bm+T0ZlgurPNfiD4+ALwHKbH</latexit><latexit sha1_base64="SSk6PFnjcEK5IbIEZOYajFDIvGI=">AAACI3icbVDJSgNBEO1xN26jHr0MBsFTmIig3gQvHhWMBjIh1PRUTGMvQ3eNEob5FK/6M57Eiwf/xIOd5eD2oKjHe1VU8dJcCkdx/B7MzM7NLywuLddWVtfWN8LNrWtnCsuxxY00tp2CQyk0tkiQxHZuEVQq8Sa9Oxv5N/donTD6ioY5dhXcatEXHMhLvXAzGQCVCQmZYdmuqt5BL6zHjXiM6C9pTkmdTXHRCz+TzPBCoSYuwblOM86pW4IlwSVWtaRwmAO/g1vseKpBoeuW49eraM8rWdQ31pemaKx+3yhBOTdUqZ9UQAP32xuJ/3mdgvrH3VLovCDUfHKoX8iITDTKIcqERU5y6AlwK/yvER+ABU4+rVqi8YEbpUBnZaIQdOWbv2HySbeqHKs+sLDe/B3OX9I6aJw04svD+unxNLcltsN22T5rsiN2ys7ZBWsxzh7YI3tiz8FT8BK8Bm+T0ZlgurPNfiD4+ALwHKbH</latexit><latexit sha1_base64="SSk6PFnjcEK5IbIEZOYajFDIvGI=">AAACI3icbVDJSgNBEO1xN26jHr0MBsFTmIig3gQvHhWMBjIh1PRUTGMvQ3eNEob5FK/6M57Eiwf/xIOd5eD2oKjHe1VU8dJcCkdx/B7MzM7NLywuLddWVtfWN8LNrWtnCsuxxY00tp2CQyk0tkiQxHZuEVQq8Sa9Oxv5N/donTD6ioY5dhXcatEXHMhLvXAzGQCVCQmZYdmuqt5BL6zHjXiM6C9pTkmdTXHRCz+TzPBCoSYuwblOM86pW4IlwSVWtaRwmAO/g1vseKpBoeuW49eraM8rWdQ31pemaKx+3yhBOTdUqZ9UQAP32xuJ/3mdgvrH3VLovCDUfHKoX8iITDTKIcqERU5y6AlwK/yvER+ABU4+rVqi8YEbpUBnZaIQdOWbv2HySbeqHKs+sLDe/B3OX9I6aJw04svD+unxNLcltsN22T5rsiN2ys7ZBWsxzh7YI3tiz8FT8BK8Bm+T0ZlgurPNfiD4+ALwHKbH</latexit>

ˆ̃X1
<latexit sha1_base64="/4gRmrrZHkeS8w4OcqUecD7c0F0=">AAACI3icbVA9TxtBEN2DhDgOIWco05xiRaKy7hASpEOiSWkkHFvyWdbc3hivvB+n3bkg63Q/hZb8GSpEQ8E/oWD9UQTDk0bz9N6MZvSyQgpHcfwYbG1/+LjzqfG5+WX36963sLX/x5nScuxxI40dZOBQCo09EiRxUFgElUnsZ7Pzhd//i9YJoy9pXuBIwZUWE8GBvDQOW+kUqEpJyByrQV2Pk3HYjjvxEtFbkqxJm63RHYfPaW54qVATl+DcMIkLGlVgSXCJdTMtHRbAZ3CFQ081KHSjavl6Hf30Sh5NjPWlKVqq/29UoJybq8xPKqCp2/QW4nvesKTJ6agSuigJNV8dmpQyIhMtcohyYZGTnHsC3Ar/a8SnYIGTT6uZarzmRinQeZUqBF375m+YYtWtqpaqDyxsJ5vhvCW9o86vTnxx3D47XefWYN/ZD3bIEnbCzthv1mU9xtk1u2G37F9wG9wF98HDanQrWO8csFcInl4A7m+mxg==</latexit><latexit sha1_base64="/4gRmrrZHkeS8w4OcqUecD7c0F0=">AAACI3icbVA9TxtBEN2DhDgOIWco05xiRaKy7hASpEOiSWkkHFvyWdbc3hivvB+n3bkg63Q/hZb8GSpEQ8E/oWD9UQTDk0bz9N6MZvSyQgpHcfwYbG1/+LjzqfG5+WX36963sLX/x5nScuxxI40dZOBQCo09EiRxUFgElUnsZ7Pzhd//i9YJoy9pXuBIwZUWE8GBvDQOW+kUqEpJyByrQV2Pk3HYjjvxEtFbkqxJm63RHYfPaW54qVATl+DcMIkLGlVgSXCJdTMtHRbAZ3CFQ081KHSjavl6Hf30Sh5NjPWlKVqq/29UoJybq8xPKqCp2/QW4nvesKTJ6agSuigJNV8dmpQyIhMtcohyYZGTnHsC3Ar/a8SnYIGTT6uZarzmRinQeZUqBF375m+YYtWtqpaqDyxsJ5vhvCW9o86vTnxx3D47XefWYN/ZD3bIEnbCzthv1mU9xtk1u2G37F9wG9wF98HDanQrWO8csFcInl4A7m+mxg==</latexit><latexit sha1_base64="/4gRmrrZHkeS8w4OcqUecD7c0F0=">AAACI3icbVA9TxtBEN2DhDgOIWco05xiRaKy7hASpEOiSWkkHFvyWdbc3hivvB+n3bkg63Q/hZb8GSpEQ8E/oWD9UQTDk0bz9N6MZvSyQgpHcfwYbG1/+LjzqfG5+WX36963sLX/x5nScuxxI40dZOBQCo09EiRxUFgElUnsZ7Pzhd//i9YJoy9pXuBIwZUWE8GBvDQOW+kUqEpJyByrQV2Pk3HYjjvxEtFbkqxJm63RHYfPaW54qVATl+DcMIkLGlVgSXCJdTMtHRbAZ3CFQ081KHSjavl6Hf30Sh5NjPWlKVqq/29UoJybq8xPKqCp2/QW4nvesKTJ6agSuigJNV8dmpQyIhMtcohyYZGTnHsC3Ar/a8SnYIGTT6uZarzmRinQeZUqBF375m+YYtWtqpaqDyxsJ5vhvCW9o86vTnxx3D47XefWYN/ZD3bIEnbCzthv1mU9xtk1u2G37F9wG9wF98HDanQrWO8csFcInl4A7m+mxg==</latexit>

WT
<latexit sha1_base64="TxpLnsROqNN4irsSJKWfd90U7jw=">AAACKXicbZDLTgIxFIY7eEO8oS5cuJlITFyRwZiIOxI3LjEBIWFG0ilnoKGXSdvRkMk8jVt8GVfq1tdwYRlYKHiSpn/+/5z09AtjRrXxvA+nsLa+sblV3C7t7O7tH5QPjx60TBSBNpFMqm6INTAqoG2oYdCNFWAeMuiE49tZ3nkCpakULTOJIeB4KGhECTbW6pdPfI7NKIzSTvaY5lpHaSvL+uWKV/XycldFbSEqaFHNfvnbH0iScBCGMKx1r+bFJkixMpQwyEp+oiHGZIyH0LNSYA46SPMPZO65dQZuJJU9wri5+3sixVzrCQ9tZ77icjYz/8t6iYnqQUpFnBgQZP5QlDDXSHdGwx1QBcSwiRWYKGp3dckIK0yMZVbyBTwTyTkWA8sGsMjmiGQ8vxVPczfHVVuGsyral9Wbqnd/VWnUF9yK6BSdoQtUQ9eoge5QE7URQRl6QVP06kydN+fd+Zy3FpzFzDH6U87XD5hwqcE=</latexit><latexit sha1_base64="TxpLnsROqNN4irsSJKWfd90U7jw=">AAACKXicbZDLTgIxFIY7eEO8oS5cuJlITFyRwZiIOxI3LjEBIWFG0ilnoKGXSdvRkMk8jVt8GVfq1tdwYRlYKHiSpn/+/5z09AtjRrXxvA+nsLa+sblV3C7t7O7tH5QPjx60TBSBNpFMqm6INTAqoG2oYdCNFWAeMuiE49tZ3nkCpakULTOJIeB4KGhECTbW6pdPfI7NKIzSTvaY5lpHaSvL+uWKV/XycldFbSEqaFHNfvnbH0iScBCGMKx1r+bFJkixMpQwyEp+oiHGZIyH0LNSYA46SPMPZO65dQZuJJU9wri5+3sixVzrCQ9tZ77icjYz/8t6iYnqQUpFnBgQZP5QlDDXSHdGwx1QBcSwiRWYKGp3dckIK0yMZVbyBTwTyTkWA8sGsMjmiGQ8vxVPczfHVVuGsyral9Wbqnd/VWnUF9yK6BSdoQtUQ9eoge5QE7URQRl6QVP06kydN+fd+Zy3FpzFzDH6U87XD5hwqcE=</latexit><latexit sha1_base64="TxpLnsROqNN4irsSJKWfd90U7jw=">AAACKXicbZDLTgIxFIY7eEO8oS5cuJlITFyRwZiIOxI3LjEBIWFG0ilnoKGXSdvRkMk8jVt8GVfq1tdwYRlYKHiSpn/+/5z09AtjRrXxvA+nsLa+sblV3C7t7O7tH5QPjx60TBSBNpFMqm6INTAqoG2oYdCNFWAeMuiE49tZ3nkCpakULTOJIeB4KGhECTbW6pdPfI7NKIzSTvaY5lpHaSvL+uWKV/XycldFbSEqaFHNfvnbH0iScBCGMKx1r+bFJkixMpQwyEp+oiHGZIyH0LNSYA46SPMPZO65dQZuJJU9wri5+3sixVzrCQ9tZ77icjYz/8t6iYnqQUpFnBgQZP5QlDDXSHdGwx1QBcSwiRWYKGp3dckIK0yMZVbyBTwTyTkWA8sGsMjmiGQ8vxVPczfHVVuGsyral9Wbqnd/VWnUF9yK6BSdoQtUQ9eoge5QE7URQRl6QVP06kydN+fd+Zy3FpzFzDH6U87XD5hwqcE=</latexit>

person-by-person optimal
<latexit sha1_base64="GkgdnpeZhStwWMpRjW2eEzwHWTQ=">AAACKnicbVC7SkNBEN3r2/iK2gg2i0GwMdykMXYBG8sIRgNJCHM3E13cF7t7lXC5fo1t/BkrsfUzLNw8CjUeWOZwzgwzexIjuPNx/B4tLC4tr6yurRc2Nre2d4q7ezdOp5Zhk2mhbSsBh4IrbHruBbaMRZCJwNvk4WLs3z6idVyraz802JVwp/iAM/BB6hUPTDC1Ok2Gp1NGtfFcgugVS3E5noDOk8qMlMgMjV7xq9PXLJWoPBPgXLsSG9/NwHrOBOaFTurQAHuAO2wHqkCi62aTH+T0OCh9OtA2POXpRP05kYF0biiT0CnB37u/3lj8z2unflDrZlyZ1KNi00WDVFCv6TgO2ucWmRfDQIBZHm6l7B4sMB/SKHQUPjEtJah+1pEIKg8l7NBmWq3MJmqeh7gqf8OZJ81q+bwcX1VL9dostzVySI7ICamQM1Inl6RBmoSRZ/JCRuQ1GkVv0Xv0MW1diGYz++QXos9vhDuppA==</latexit><latexit sha1_base64="GkgdnpeZhStwWMpRjW2eEzwHWTQ=">AAACKnicbVC7SkNBEN3r2/iK2gg2i0GwMdykMXYBG8sIRgNJCHM3E13cF7t7lXC5fo1t/BkrsfUzLNw8CjUeWOZwzgwzexIjuPNx/B4tLC4tr6yurRc2Nre2d4q7ezdOp5Zhk2mhbSsBh4IrbHruBbaMRZCJwNvk4WLs3z6idVyraz802JVwp/iAM/BB6hUPTDC1Ok2Gp1NGtfFcgugVS3E5noDOk8qMlMgMjV7xq9PXLJWoPBPgXLsSG9/NwHrOBOaFTurQAHuAO2wHqkCi62aTH+T0OCh9OtA2POXpRP05kYF0biiT0CnB37u/3lj8z2unflDrZlyZ1KNi00WDVFCv6TgO2ucWmRfDQIBZHm6l7B4sMB/SKHQUPjEtJah+1pEIKg8l7NBmWq3MJmqeh7gqf8OZJ81q+bwcX1VL9dostzVySI7ICamQM1Inl6RBmoSRZ/JCRuQ1GkVv0Xv0MW1diGYz++QXos9vhDuppA==</latexit><latexit sha1_base64="GkgdnpeZhStwWMpRjW2eEzwHWTQ=">AAACKnicbVC7SkNBEN3r2/iK2gg2i0GwMdykMXYBG8sIRgNJCHM3E13cF7t7lXC5fo1t/BkrsfUzLNw8CjUeWOZwzgwzexIjuPNx/B4tLC4tr6yurRc2Nre2d4q7ezdOp5Zhk2mhbSsBh4IrbHruBbaMRZCJwNvk4WLs3z6idVyraz802JVwp/iAM/BB6hUPTDC1Ok2Gp1NGtfFcgugVS3E5noDOk8qMlMgMjV7xq9PXLJWoPBPgXLsSG9/NwHrOBOaFTurQAHuAO2wHqkCi62aTH+T0OCh9OtA2POXpRP05kYF0biiT0CnB37u/3lj8z2unflDrZlyZ1KNi00WDVFCv6TgO2ucWmRfDQIBZHm6l7B4sMB/SKHQUPjEtJah+1pEIKg8l7NBmWq3MJmqeh7gqf8OZJ81q+bwcX1VL9dostzVySI7ICamQM1Inl6RBmoSRZ/JCRuQ1GkVv0Xv0MW1diGYz++QXos9vhDuppA==</latexit>

⌃ =


�2
1 ⇢�1�2

⇢�1�2 �2
2

�
= W⇤WT

<latexit sha1_base64="rwRF6bhFOHeueONiPeF7JeUU7EU="></latexit><latexit sha1_base64="rwRF6bhFOHeueONiPeF7JeUU7EU="></latexit><latexit sha1_base64="rwRF6bhFOHeueONiPeF7JeUU7EU="></latexit>


X1

X2

�
⇠ N (0,⌃)

<latexit sha1_base64="/NKTQDvLJQPhBPHKbQg4VFFnppw="></latexit><latexit sha1_base64="/NKTQDvLJQPhBPHKbQg4VFFnppw="></latexit><latexit sha1_base64="/NKTQDvLJQPhBPHKbQg4VFFnppw="></latexit>
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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


X1

X2

�
⇠ N (0,⌃)

<latexit sha1_base64="/NKTQDvLJQPhBPHKbQg4VFFnppw="></latexit><latexit sha1_base64="/NKTQDvLJQPhBPHKbQg4VFFnppw="></latexit><latexit sha1_base64="/NKTQDvLJQPhBPHKbQg4VFFnppw="></latexit>

W
<latexit sha1_base64="OF8MpN3EoywuhUkAvGV4cTbVj70=">AAAB8HicbVBNS8NAFHypX7V+VT16WSyCp5KKYL0VvHisYGyxDWWzfWmXbjZhdyOU0H/hxYOKV3+ON/+NmzYHbR1YGGbeY+dNkAiujet+O6W19Y3NrfJ2ZWd3b/+genj0oONUMfRYLGLVDahGwSV6hhuB3UQhjQKBnWByk/udJ1Sax/LeTBP0IzqSPOSMGis99iNqxkGYdWaDas2tu3OQVdIoSA0KtAfVr/4wZmmE0jBBte413MT4GVWGM4GzSj/VmFA2oSPsWSpphNrP5oln5MwqQxLGyj5pyFz9vZHRSOtpFNjJPKFe9nLxP6+XmrDpZ1wmqUHJFh+FqSAmJvn5ZMgVMiOmllCmuM1K2JgqyowtqWJLaCyfvEq8i/p13b27rLWaRRtlOIFTOIcGXEELbqENHjCQ8Ayv8OZo58V5dz4WoyWn2DmGP3A+fwAyeJDE</latexit><latexit sha1_base64="OF8MpN3EoywuhUkAvGV4cTbVj70=">AAAB8HicbVBNS8NAFHypX7V+VT16WSyCp5KKYL0VvHisYGyxDWWzfWmXbjZhdyOU0H/hxYOKV3+ON/+NmzYHbR1YGGbeY+dNkAiujet+O6W19Y3NrfJ2ZWd3b/+genj0oONUMfRYLGLVDahGwSV6hhuB3UQhjQKBnWByk/udJ1Sax/LeTBP0IzqSPOSMGis99iNqxkGYdWaDas2tu3OQVdIoSA0KtAfVr/4wZmmE0jBBte413MT4GVWGM4GzSj/VmFA2oSPsWSpphNrP5oln5MwqQxLGyj5pyFz9vZHRSOtpFNjJPKFe9nLxP6+XmrDpZ1wmqUHJFh+FqSAmJvn5ZMgVMiOmllCmuM1K2JgqyowtqWJLaCyfvEq8i/p13b27rLWaRRtlOIFTOIcGXEELbqENHjCQ8Ayv8OZo58V5dz4WoyWn2DmGP3A+fwAyeJDE</latexit><latexit sha1_base64="OF8MpN3EoywuhUkAvGV4cTbVj70=">AAAB8HicbVBNS8NAFHypX7V+VT16WSyCp5KKYL0VvHisYGyxDWWzfWmXbjZhdyOU0H/hxYOKV3+ON/+NmzYHbR1YGGbeY+dNkAiujet+O6W19Y3NrfJ2ZWd3b/+genj0oONUMfRYLGLVDahGwSV6hhuB3UQhjQKBnWByk/udJ1Sax/LeTBP0IzqSPOSMGis99iNqxkGYdWaDas2tu3OQVdIoSA0KtAfVr/4wZmmE0jBBte413MT4GVWGM4GzSj/VmFA2oSPsWSpphNrP5oln5MwqQxLGyj5pyFz9vZHRSOtpFNjJPKFe9nLxP6+XmrDpZ1wmqUHJFh+FqSAmJvn5ZMgVMiOmllCmuM1K2JgqyowtqWJLaCyfvEq8i/p13b27rLWaRRtlOIFTOIcGXEELbqENHjCQ8Ayv8OZo58V5dz4WoyWn2DmGP3A+fwAyeJDE</latexit>

X1
<latexit sha1_base64="Ich2t4Mn7IqwxXhai2TZl8YXSww=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEsN4KXjxWNLbQhrLZTtqlm03Y3Qgl9Cd48aDi1X/kzX/jts1BWx8MPN6bYWZemAqujet+O6W19Y3NrfJ2ZWd3b/+genj0qJNMMfRZIhLVCalGwSX6hhuBnVQhjUOB7XB8M/PbT6g0T+SDmaQYxHQoecQZNVa67/S9frXm1t05yCrxClKDAq1+9as3SFgWozRMUK27npuaIKfKcC ZwWullGlPKxnSIXUsljVEH+fzUKTmzyoBEibIlDZmrvydyGms9iUPbGVMz0sveTPzP62YmagQ5l2lmULLFoigTxCRk9jcZcIXMiIkllClubyVsRBVlxqZTsSF4yy+vEv+ifl137y5rzUaRRhlO4BTOwYMraMIttMAHBkN4hld4c4Tz4rw7H4vWklPMHMMfOJ8/RYGNSQ==</latexit><latexit sha1_base64="Ich2t4Mn7IqwxXhai2TZl8YXSww=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEsN4KXjxWNLbQhrLZTtqlm03Y3Qgl9Cd48aDi1X/kzX/jts1BWx8MPN6bYWZemAqujet+O6W19Y3NrfJ2ZWd3b/+genj0qJNMMfRZIhLVCalGwSX6hhuBnVQhjUOB7XB8M/PbT6g0T+SDmaQYxHQoecQZNVa67/S9frXm1t05yCrxClKDAq1+9as3SFgWozRMUK27npuaIKfKcC ZwWullGlPKxnSIXUsljVEH+fzUKTmzyoBEibIlDZmrvydyGms9iUPbGVMz0sveTPzP62YmagQ5l2lmULLFoigTxCRk9jcZcIXMiIkllClubyVsRBVlxqZTsSF4yy+vEv+ifl137y5rzUaRRhlO4BTOwYMraMIttMAHBkN4hld4c4Tz4rw7H4vWklPMHMMfOJ8/RYGNSQ==</latexit><latexit sha1_base64="Ich2t4Mn7IqwxXhai2TZl8YXSww=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEsN4KXjxWNLbQhrLZTtqlm03Y3Qgl9Cd48aDi1X/kzX/jts1BWx8MPN6bYWZemAqujet+O6W19Y3NrfJ2ZWd3b/+genj0qJNMMfRZIhLVCalGwSX6hhuBnVQhjUOB7XB8M/PbT6g0T+SDmaQYxHQoecQZNVa67/S9frXm1t05yCrxClKDAq1+9as3SFgWozRMUK27npuaIKfKcC ZwWullGlPKxnSIXUsljVEH+fzUKTmzyoBEibIlDZmrvydyGms9iUPbGVMz0sveTPzP62YmagQ5l2lmULLFoigTxCRk9jcZcIXMiIkllClubyVsRBVlxqZTsSF4yy+vEv+ifl137y5rzUaRRhlO4BTOwYMraMIttMAHBkN4hld4c4Tz4rw7H4vWklPMHMMfOJ8/RYGNSQ==</latexit>

X2
<latexit sha1_base64="g8uuu5SITqGwGMGGQok0vfFbL6A=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSJ4KkkRrLeCF48VjS20oWy2k3bpZhN2N0IJ/QlePKh49R9589+4bXPQ1gcDj/dmmJkXpoJr47rfztr6xubWdmmnvLu3f3BYOTp+1EmmGPosEYnqhFSj4BJ9w43ATqqQxqHAdji+mfntJ1SaJ/LBTFIMYjqUPOKMGivdd/r1fqXq1tw5yCrxClKFAq1+5as3SFgWozRMUK27npuaIKfKcC ZwWu5lGlPKxnSIXUsljVEH+fzUKTm3yoBEibIlDZmrvydyGms9iUPbGVMz0sveTPzP62YmagQ5l2lmULLFoigTxCRk9jcZcIXMiIkllClubyVsRBVlxqZTtiF4yy+vEr9eu665d5fVZqNIowSncAYX4MEVNOEWWuADgyE8wyu8OcJ5cd6dj0XrmlPMnMAfOJ8/RwSNSg==</latexit><latexit sha1_base64="g8uuu5SITqGwGMGGQok0vfFbL6A=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSJ4KkkRrLeCF48VjS20oWy2k3bpZhN2N0IJ/QlePKh49R9589+4bXPQ1gcDj/dmmJkXpoJr47rfztr6xubWdmmnvLu3f3BYOTp+1EmmGPosEYnqhFSj4BJ9w43ATqqQxqHAdji+mfntJ1SaJ/LBTFIMYjqUPOKMGivdd/r1fqXq1tw5yCrxClKFAq1+5as3SFgWozRMUK27npuaIKfKcC ZwWu5lGlPKxnSIXUsljVEH+fzUKTm3yoBEibIlDZmrvydyGms9iUPbGVMz0sveTPzP62YmagQ5l2lmULLFoigTxCRk9jcZcIXMiIkllClubyVsRBVlxqZTtiF4yy+vEr9eu665d5fVZqNIowSncAYX4MEVNOEWWuADgyE8wyu8OcJ5cd6dj0XrmlPMnMAfOJ8/RwSNSg==</latexit><latexit sha1_base64="g8uuu5SITqGwGMGGQok0vfFbL6A=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSJ4KkkRrLeCF48VjS20oWy2k3bpZhN2N0IJ/QlePKh49R9589+4bXPQ1gcDj/dmmJkXpoJr47rfztr6xubWdmmnvLu3f3BYOTp+1EmmGPosEYnqhFSj4BJ9w43ATqqQxqHAdji+mfntJ1SaJ/LBTFIMYjqUPOKMGivdd/r1fqXq1tw5yCrxClKFAq1+5as3SFgWozRMUK27npuaIKfKcC ZwWu5lGlPKxnSIXUsljVEH+fzUKTm3yoBEibIlDZmrvydyGms9iUPbGVMz0sveTPzP62YmagQ5l2lmULLFoigTxCRk9jcZcIXMiIkllClubyVsRBVlxqZTtiF4yy+vEr9eu665d5fVZqNIowSncAYX4MEVNOEWWuADgyE8wyu8OcJ5cd6dj0XrmlPMnMAfOJ8/RwSNSg==</latexit>

X̃2
<latexit sha1_base64="QIhsS/12+MgXmFBbjn3GhMbsSII=">AAAB8XicbVBNS8NAEN3Ur1q/qh69LBbBU0mKYL0VvHisYGwhDWWz2bRLN7thdyKU0J/hxYOKV/+NN/+N2zYHbX0w8Hhvhpl5USa4Adf9diobm1vbO9Xd2t7+weFR/fjk0ahcU+ZTJZTuR8QwwSXzgYNg/UwzkkaC9aLJ7dzvPTFtuJIPMM1YmJKR5AmnBKwUDICLmBX92bA1rDfcprsAXideSRqoRHdY/xrEiuYpk0AFMSbw3AzCgmjgVLBZbZAblhE6ISMWWCpJykxYLE6e4QurxDhR2pYEvFB/TxQkNWaaRrYzJTA2q95c/M8LckjaYcFllgOTdLkoyQUGhef/45hrRkFMLSFUc3srpmOiCQWbUs2G4K2+vE78VvOm6d5fNTrtMo0qOkPn6BJ56Bp10B3qIh9RpNAzekVvDjgvzrvzsWytOOXMKfoD5/MHp3eRAA==</latexit><latexit sha1_base64="QIhsS/12+MgXmFBbjn3GhMbsSII=">AAAB8XicbVBNS8NAEN3Ur1q/qh69LBbBU0mKYL0VvHisYGwhDWWz2bRLN7thdyKU0J/hxYOKV/+NN/+N2zYHbX0w8Hhvhpl5USa4Adf9diobm1vbO9Xd2t7+weFR/fjk0ahcU+ZTJZTuR8QwwSXzgYNg/UwzkkaC9aLJ7dzvPTFtuJIPMM1YmJKR5AmnBKwUDICLmBX92bA1rDfcprsAXideSRqoRHdY/xrEiuYpk0AFMSbw3AzCgmjgVLBZbZAblhE6ISMWWCpJykxYLE6e4QurxDhR2pYEvFB/TxQkNWaaRrYzJTA2q95c/M8LckjaYcFllgOTdLkoyQUGhef/45hrRkFMLSFUc3srpmOiCQWbUs2G4K2+vE78VvOm6d5fNTrtMo0qOkPn6BJ56Bp10B3qIh9RpNAzekVvDjgvzrvzsWytOOXMKfoD5/MHp3eRAA==</latexit><latexit sha1_base64="QIhsS/12+MgXmFBbjn3GhMbsSII=">AAAB8XicbVBNS8NAEN3Ur1q/qh69LBbBU0mKYL0VvHisYGwhDWWz2bRLN7thdyKU0J/hxYOKV/+NN/+N2zYHbX0w8Hhvhpl5USa4Adf9diobm1vbO9Xd2t7+weFR/fjk0ahcU+ZTJZTuR8QwwSXzgYNg/UwzkkaC9aLJ7dzvPTFtuJIPMM1YmJKR5AmnBKwUDICLmBX92bA1rDfcprsAXideSRqoRHdY/xrEiuYpk0AFMSbw3AzCgmjgVLBZbZAblhE6ISMWWCpJykxYLE6e4QurxDhR2pYEvFB/TxQkNWaaRrYzJTA2q95c/M8LckjaYcFllgOTdLkoyQUGhef/45hrRkFMLSFUc3srpmOiCQWbUs2G4K2+vE78VvOm6d5fNTrtMo0qOkPn6BJ56Bp10B3qIh9RpNAzekVvDjgvzrvzsWytOOXMKfoD5/MHp3eRAA==</latexit>

X̃1
<latexit sha1_base64="4U2AE1Tu1pKDlf92pMaJzbBYPBE=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQiWG8FLx4rGC20oWw2m3bpZjfsToQS+jO8eFDx6r/x5r9x2+agrQ8GHu/NMDMvygQ36HnfTmVtfWNzq7pd29nd2z+oHx49GJVrygKqhNLdiBgmuGQBchSsm2lG0kiwx2h8M/Mfn5g2XMl7nGQsTMlQ8oRTglbq9ZGLmBXd6cAf1Bte05vDXSV+SRpQojOof/VjRfOUSaSCGNPzvQzDgmjkVLBprZ8blhE6JkPWs1SSlJmwmJ88dc+sEruJ0rYkunP190RBUmMmaWQ7U4Ijs+zNxP+8Xo5JKyy4zHJkki4WJblwUbmz/92Ya0ZRTCwhVHN7q0tHRBOKNqWaDcFffnmVBBfN66Z3d9lot8o0qnACp3AOPlxBG26hAwFQUPAMr/DmoPPivDsfi9aKU84cwx84nz+l9JD/</latexit><latexit sha1_base64="4U2AE1Tu1pKDlf92pMaJzbBYPBE=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQiWG8FLx4rGC20oWw2m3bpZjfsToQS+jO8eFDx6r/x5r9x2+agrQ8GHu/NMDMvygQ36HnfTmVtfWNzq7pd29nd2z+oHx49GJVrygKqhNLdiBgmuGQBchSsm2lG0kiwx2h8M/Mfn5g2XMl7nGQsTMlQ8oRTglbq9ZGLmBXd6cAf1Bte05vDXSV+SRpQojOof/VjRfOUSaSCGNPzvQzDgmjkVLBprZ8blhE6JkPWs1SSlJmwmJ88dc+sEruJ0rYkunP190RBUmMmaWQ7U4Ijs+zNxP+8Xo5JKyy4zHJkki4WJblwUbmz/92Ya0ZRTCwhVHN7q0tHRBOKNqWaDcFffnmVBBfN66Z3d9lot8o0qnACp3AOPlxBG26hAwFQUPAMr/DmoPPivDsfi9aKU84cwx84nz+l9JD/</latexit><latexit sha1_base64="4U2AE1Tu1pKDlf92pMaJzbBYPBE=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQiWG8FLx4rGC20oWw2m3bpZjfsToQS+jO8eFDx6r/x5r9x2+agrQ8GHu/NMDMvygQ36HnfTmVtfWNzq7pd29nd2z+oHx49GJVrygKqhNLdiBgmuGQBchSsm2lG0kiwx2h8M/Mfn5g2XMl7nGQsTMlQ8oRTglbq9ZGLmBXd6cAf1Bte05vDXSV+SRpQojOof/VjRfOUSaSCGNPzvQzDgmjkVLBprZ8blhE6JkPWs1SSlJmwmJ88dc+sEruJ0rYkunP190RBUmMmaWQ7U4Ijs+zNxP+8Xo5JKyy4zHJkki4WJblwUbmz/92Ya0ZRTCwhVHN7q0tHRBOKNqWaDcFffnmVBBfN66Z3d9lot8o0qnACp3AOPlxBG26hAwFQUPAMr/DmoPPivDsfi9aKU84cwx84nz+l9JD/</latexit>

Umax
<latexit sha1_base64="sgh10+IV0b/sBfjnlonLveVV9nI=">AAAB+nicbVBPS8MwHP3Vv3P+q/PoJTgET6MVwXkbePE4wbrBVkeapVtYmpYklY3Sr+LFg4pXP4k3v43p1oNuPgi8vPf7kZcXJJwp7Tjf1tr6xubWdmWnuru3f3BoH9UeVJxKQj0S81h2A6woZ4J6mmlOu4mkOAo47QSTm8LvPFGpWCzu9SyhfoRHgoWMYG2kgV3rR1iPCeaZlz9m5jLNB3bdaThzoFXilqQOJdoD+6s/jEkaUaEJx0r1XCfRfoalZoTTvNpPFU0wmeAR7RkqcESVn82z5+jMKEMUxtIcodFc/b2R4UipWRSYySKpWvYK8T+vl+qw6WdMJKmmgiweClOOdIyKItCQSUo0nxmCiWQmKyJjLDHRpq6qKcFd/vIq8S4a1w3n7rLeapZtVOAETuEcXLiCFtxCGzwgMIVneIU3K7derHfrYzG6ZpU7x/AH1ucPFfCUow==</latexit><latexit sha1_base64="sgh10+IV0b/sBfjnlonLveVV9nI=">AAAB+nicbVBPS8MwHP3Vv3P+q/PoJTgET6MVwXkbePE4wbrBVkeapVtYmpYklY3Sr+LFg4pXP4k3v43p1oNuPgi8vPf7kZcXJJwp7Tjf1tr6xubWdmWnuru3f3BoH9UeVJxKQj0S81h2A6woZ4J6mmlOu4mkOAo47QSTm8LvPFGpWCzu9SyhfoRHgoWMYG2kgV3rR1iPCeaZlz9m5jLNB3bdaThzoFXilqQOJdoD+6s/jEkaUaEJx0r1XCfRfoalZoTTvNpPFU0wmeAR7RkqcESVn82z5+jMKEMUxtIcodFc/b2R4UipWRSYySKpWvYK8T+vl+qw6WdMJKmmgiweClOOdIyKItCQSUo0nxmCiWQmKyJjLDHRpq6qKcFd/vIq8S4a1w3n7rLeapZtVOAETuEcXLiCFtxCGzwgMIVneIU3K7derHfrYzG6ZpU7x/AH1ucPFfCUow==</latexit><latexit sha1_base64="sgh10+IV0b/sBfjnlonLveVV9nI=">AAAB+nicbVBPS8MwHP3Vv3P+q/PoJTgET6MVwXkbePE4wbrBVkeapVtYmpYklY3Sr+LFg4pXP4k3v43p1oNuPgi8vPf7kZcXJJwp7Tjf1tr6xubWdmWnuru3f3BoH9UeVJxKQj0S81h2A6woZ4J6mmlOu4mkOAo47QSTm8LvPFGpWCzu9SyhfoRHgoWMYG2kgV3rR1iPCeaZlz9m5jLNB3bdaThzoFXilqQOJdoD+6s/jEkaUaEJx0r1XCfRfoalZoTTvNpPFU0wmeAR7RkqcESVn82z5+jMKEMUxtIcodFc/b2R4UipWRSYySKpWvYK8T+vl+qw6WdMJKmmgiweClOOdIyKItCQSUo0nxmCiWQmKyJjLDHRpq6qKcFd/vIq8S4a1w3n7rLeapZtVOAETuEcXLiCFtxCGzwgMIVneIU3K7derHfrYzG6ZpU7x/AH1ucPFfCUow==</latexit>

X̃1 or X̃2
<latexit sha1_base64="IEHtNR6npRJm4IiBRNkJqaCBIKQ=">AAACDXicbZC7SgNBFIZnvcZ4W7W0GQwBq7AbBGMXsLGMYEwgG5bZ2ZNkyOyFmbNiWPIENr6KjYWKrb2db+PkImjigYGP/z+HM+cPUik0Os6XtbK6tr6xWdgqbu/s7u3bB4e3OskUhyZPZKLaAdMgRQxNFCihnSpgUSChFQwvJ37rDpQWSXyDoxS6EevHoic4QyP5dtlDIUPI22PfpR71EO4xT9R4yj9O1bdLTsWZFl0Gdw4lMq+Gb396YcKzCGLkkmndcZ0UuzlTKLiEcdHLNKSMD1kfOgZjFoHu5tNzxrRslJD2EmVejHSq/p7IWaT1KApMZ8RwoBe9ifif18mwV+vmIk4zhJjPFvUySTGhk2xoKBRwlCMDjCth/kr5gCnG0SRYNCG4iycvQ7Nauag412elem2eRoEckxNySlxyTurkijRIk3DyQJ7IC3m1Hq1n6816n7WuWPOZI/KnrI9vJmSbtQ==</latexit><latexit sha1_base64="IEHtNR6npRJm4IiBRNkJqaCBIKQ=">AAACDXicbZC7SgNBFIZnvcZ4W7W0GQwBq7AbBGMXsLGMYEwgG5bZ2ZNkyOyFmbNiWPIENr6KjYWKrb2db+PkImjigYGP/z+HM+cPUik0Os6XtbK6tr6xWdgqbu/s7u3bB4e3OskUhyZPZKLaAdMgRQxNFCihnSpgUSChFQwvJ37rDpQWSXyDoxS6EevHoic4QyP5dtlDIUPI22PfpR71EO4xT9R4yj9O1bdLTsWZFl0Gdw4lMq+Gb396YcKzCGLkkmndcZ0UuzlTKLiEcdHLNKSMD1kfOgZjFoHu5tNzxrRslJD2EmVejHSq/p7IWaT1KApMZ8RwoBe9ifif18mwV+vmIk4zhJjPFvUySTGhk2xoKBRwlCMDjCth/kr5gCnG0SRYNCG4iycvQ7Nauag412elem2eRoEckxNySlxyTurkijRIk3DyQJ7IC3m1Hq1n6816n7WuWPOZI/KnrI9vJmSbtQ==</latexit><latexit sha1_base64="IEHtNR6npRJm4IiBRNkJqaCBIKQ=">AAACDXicbZC7SgNBFIZnvcZ4W7W0GQwBq7AbBGMXsLGMYEwgG5bZ2ZNkyOyFmbNiWPIENr6KjYWKrb2db+PkImjigYGP/z+HM+cPUik0Os6XtbK6tr6xWdgqbu/s7u3bB4e3OskUhyZPZKLaAdMgRQxNFCihnSpgUSChFQwvJ37rDpQWSXyDoxS6EevHoic4QyP5dtlDIUPI22PfpR71EO4xT9R4yj9O1bdLTsWZFl0Gdw4lMq+Gb396YcKzCGLkkmndcZ0UuzlTKLiEcdHLNKSMD1kfOgZjFoHu5tNzxrRslJD2EmVejHSq/p7IWaT1KApMZ8RwoBe9ifif18mwV+vmIk4zhJjPFvUySTGhk2xoKBRwlCMDjCth/kr5gCnG0SRYNCG4iycvQ7Nauag412elem2eRoEckxNySlxyTurkijRIk3DyQJ7IC3m1Hq1n6816n7WuWPOZI/KnrI9vJmSbtQ==</latexit>

Emean
<latexit sha1_base64="95WCNAukByJAYS9k3a6661O1eIc=">AAACJXicbZDLSsNAFIYn9V5v0S7dBIvgqqQiWHcFEVxWsCo0sZxMT3XoXMLMRCkhz+JWX8aVCK58ERcmaRbeDgzz859zOD9fFHNmrO+/O7W5+YXFpeWV+ura+samu7V9aVSiKfap4kpfR2CQM4l9yyzH61gjiIjjVTQ5KfpX96gNU/LCTmMMBdxKNmYUbG4N3UYgwN5R4OlpdpMGAkFmQ7fpt/yyvL+iXYkmqao3dD+DkaKJQGkpB2MGbT+2YQraMsoxqweJwRjoBG5xkEsJAk2YluEzby93Rt5Y6fxJ65Xu940UhDFTEeWTRVTzu1eY//UGiR13wpTJOLEo6ezQOOGeVV5BwhsxjdTyaS6AapZn9egdaKA251UPJD5QJQTIUYUlLVGpePZrkZZuVuBq/4bzV/QPWsct//yw2e1U3JbJDtkl+6RNjkiXnJEe6RNKpuSRPJFn58l5cV6dt9lozal2GuRHOR9fySSnwQ==</latexit><latexit sha1_base64="95WCNAukByJAYS9k3a6661O1eIc=">AAACJXicbZDLSsNAFIYn9V5v0S7dBIvgqqQiWHcFEVxWsCo0sZxMT3XoXMLMRCkhz+JWX8aVCK58ERcmaRbeDgzz859zOD9fFHNmrO+/O7W5+YXFpeWV+ura+samu7V9aVSiKfap4kpfR2CQM4l9yyzH61gjiIjjVTQ5KfpX96gNU/LCTmMMBdxKNmYUbG4N3UYgwN5R4OlpdpMGAkFmQ7fpt/yyvL+iXYkmqao3dD+DkaKJQGkpB2MGbT+2YQraMsoxqweJwRjoBG5xkEsJAk2YluEzby93Rt5Y6fxJ65Xu940UhDFTEeWTRVTzu1eY//UGiR13wpTJOLEo6ezQOOGeVV5BwhsxjdTyaS6AapZn9egdaKA251UPJD5QJQTIUYUlLVGpePZrkZZuVuBq/4bzV/QPWsct//yw2e1U3JbJDtkl+6RNjkiXnJEe6RNKpuSRPJFn58l5cV6dt9lozal2GuRHOR9fySSnwQ==</latexit><latexit sha1_base64="95WCNAukByJAYS9k3a6661O1eIc=">AAACJXicbZDLSsNAFIYn9V5v0S7dBIvgqqQiWHcFEVxWsCo0sZxMT3XoXMLMRCkhz+JWX8aVCK58ERcmaRbeDgzz859zOD9fFHNmrO+/O7W5+YXFpeWV+ura+samu7V9aVSiKfap4kpfR2CQM4l9yyzH61gjiIjjVTQ5KfpX96gNU/LCTmMMBdxKNmYUbG4N3UYgwN5R4OlpdpMGAkFmQ7fpt/yyvL+iXYkmqao3dD+DkaKJQGkpB2MGbT+2YQraMsoxqweJwRjoBG5xkEsJAk2YluEzby93Rt5Y6fxJ65Xu940UhDFTEeWTRVTzu1eY//UGiR13wpTJOLEo6ezQOOGeVV5BwhsxjdTyaS6AapZn9egdaKA251UPJD5QJQTIUYUlLVGpePZrkZZuVuBq/4bzV/QPWsct//yw2e1U3JbJDtkl+6RNjkiXnJEe6RNKpuSRPJFn58l5cV6dt9lozal2GuRHOR9fySSnwQ==</latexit>

X̂1
<latexit sha1_base64="qXyCPnFBA3Fy+rpj4b5ZWKFOgSQ=">AAACGXicbVA9SwNBEN3zM8avqKXNYRCswp0Ixk6wsYzgmUguhLnNxCzux7G7p4TjfoWt/hkrsbXyv1i4Sa5Q44NlHu/NMLMvSTkzNgg+vYXFpeWV1cpadX1jc2u7trN7Y1SmKUZUcaU7CRjkTGJkmeXYSTWCSDi2k/uLid9+QG2Yktd2nGJPwJ1kQ0bBOuk2HoHNO0U/7NfqQSOYwp8nYUnqpESrX/uKB4pmAqWlHIzphkFqezloyyjHohpnBlOg93CHXUclCDS9fHpw4R86ZeAPlXZPWn+q/pzIQRgzFonrFGBH5q83Ef/zupkdNns5k2lmUdLZomHGfav8ye/9AdNILR87AlQzd6tPR6CBWpdRNZb4SJUQIAd5LBBk4YrbodJZ1SKfqkXh4gr/hjNPouPGWSO4OqmfN8vcKmSfHJAjEpJTck4uSYtEhBJBnsgzefGevVfvzXuftS545cwe+QXv4xtskaLf</latexit><latexit sha1_base64="qXyCPnFBA3Fy+rpj4b5ZWKFOgSQ=">AAACGXicbVA9SwNBEN3zM8avqKXNYRCswp0Ixk6wsYzgmUguhLnNxCzux7G7p4TjfoWt/hkrsbXyv1i4Sa5Q44NlHu/NMLMvSTkzNgg+vYXFpeWV1cpadX1jc2u7trN7Y1SmKUZUcaU7CRjkTGJkmeXYSTWCSDi2k/uLid9+QG2Yktd2nGJPwJ1kQ0bBOuk2HoHNO0U/7NfqQSOYwp8nYUnqpESrX/uKB4pmAqWlHIzphkFqezloyyjHohpnBlOg93CHXUclCDS9fHpw4R86ZeAPlXZPWn+q/pzIQRgzFonrFGBH5q83Ef/zupkdNns5k2lmUdLZomHGfav8ye/9AdNILR87AlQzd6tPR6CBWpdRNZb4SJUQIAd5LBBk4YrbodJZ1SKfqkXh4gr/hjNPouPGWSO4OqmfN8vcKmSfHJAjEpJTck4uSYtEhBJBnsgzefGevVfvzXuftS545cwe+QXv4xtskaLf</latexit><latexit sha1_base64="qXyCPnFBA3Fy+rpj4b5ZWKFOgSQ=">AAACGXicbVA9SwNBEN3zM8avqKXNYRCswp0Ixk6wsYzgmUguhLnNxCzux7G7p4TjfoWt/hkrsbXyv1i4Sa5Q44NlHu/NMLMvSTkzNgg+vYXFpeWV1cpadX1jc2u7trN7Y1SmKUZUcaU7CRjkTGJkmeXYSTWCSDi2k/uLid9+QG2Yktd2nGJPwJ1kQ0bBOuk2HoHNO0U/7NfqQSOYwp8nYUnqpESrX/uKB4pmAqWlHIzphkFqezloyyjHohpnBlOg93CHXUclCDS9fHpw4R86ZeAPlXZPWn+q/pzIQRgzFonrFGBH5q83Ef/zupkdNns5k2lmUdLZomHGfav8ye/9AdNILR87AlQzd6tPR6CBWpdRNZb4SJUQIAd5LBBk4YrbodJZ1SKfqkXh4gr/hjNPouPGWSO4OqmfN8vcKmSfHJAjEpJTck4uSYtEhBJBnsgzefGevVfvzXuftS545cwe+QXv4xtskaLf</latexit>

X̂2
<latexit sha1_base64="q83UvgMJize2Xe4FQ6OwB6T+5oQ=">AAACGXicbVDLSgNBEJz1GeMr6tHLYhA8hU0QjLeAF48RjIlkQ+iddJIh81hmZpWw7Fd4jT/jSbx68l88OHkcNLFg6KKqm+6pKObM2CD48tbWNza3tnM7+d29/YPDwtHxg1GJptigiivdisAgZxIbllmOrVgjiIhjMxrdTP3mE2rDlLy34xg7AgaS9RkF66THcAg2bWXdSrdQDErBDP4qKS9IkSxQ7xa+w56iiUBpKQdj2uUgtp0UtGWUY5YPE4Mx0BEMsO2oBIGmk84Ozvxzp/T8vtLuSevP1N8TKQhjxiJynQLs0Cx7U/E/r53YfrWTMhknFiWdL+on3LfKn/7e7zGN1PKxI0A1c7f6dAgaqHUZ5UOJz1QJAbKXhgJBZq64HSqeVy3SmZplLq7ycjirpFEpXZeCu8tirbrILUdOyRm5IGVyRWrkltRJg1AiyAuZkFdv4r15797HvHXNW8yckD/wPn8Abj6i4A==</latexit><latexit sha1_base64="q83UvgMJize2Xe4FQ6OwB6T+5oQ=">AAACGXicbVDLSgNBEJz1GeMr6tHLYhA8hU0QjLeAF48RjIlkQ+iddJIh81hmZpWw7Fd4jT/jSbx68l88OHkcNLFg6KKqm+6pKObM2CD48tbWNza3tnM7+d29/YPDwtHxg1GJptigiivdisAgZxIbllmOrVgjiIhjMxrdTP3mE2rDlLy34xg7AgaS9RkF66THcAg2bWXdSrdQDErBDP4qKS9IkSxQ7xa+w56iiUBpKQdj2uUgtp0UtGWUY5YPE4Mx0BEMsO2oBIGmk84Ozvxzp/T8vtLuSevP1N8TKQhjxiJynQLs0Cx7U/E/r53YfrWTMhknFiWdL+on3LfKn/7e7zGN1PKxI0A1c7f6dAgaqHUZ5UOJz1QJAbKXhgJBZq64HSqeVy3SmZplLq7ycjirpFEpXZeCu8tirbrILUdOyRm5IGVyRWrkltRJg1AiyAuZkFdv4r15797HvHXNW8yckD/wPn8Abj6i4A==</latexit><latexit sha1_base64="q83UvgMJize2Xe4FQ6OwB6T+5oQ=">AAACGXicbVDLSgNBEJz1GeMr6tHLYhA8hU0QjLeAF48RjIlkQ+iddJIh81hmZpWw7Fd4jT/jSbx68l88OHkcNLFg6KKqm+6pKObM2CD48tbWNza3tnM7+d29/YPDwtHxg1GJptigiivdisAgZxIbllmOrVgjiIhjMxrdTP3mE2rDlLy34xg7AgaS9RkF66THcAg2bWXdSrdQDErBDP4qKS9IkSxQ7xa+w56iiUBpKQdj2uUgtp0UtGWUY5YPE4Mx0BEMsO2oBIGmk84Ozvxzp/T8vtLuSevP1N8TKQhjxiJynQLs0Cx7U/E/r53YfrWTMhknFiWdL+on3LfKn/7e7zGN1PKxI0A1c7f6dAgaqHUZ5UOJz1QJAbKXhgJBZq64HSqeVy3SmZplLq7ycjirpFEpXZeCu8tirbrILUdOyRm5IGVyRWrkltRJg1AiyAuZkFdv4r15797HvHXNW8yckD/wPn8Abj6i4A==</latexit>

ˆ̃X2
<latexit sha1_base64="SSk6PFnjcEK5IbIEZOYajFDIvGI=">AAACI3icbVDJSgNBEO1xN26jHr0MBsFTmIig3gQvHhWMBjIh1PRUTGMvQ3eNEob5FK/6M57Eiwf/xIOd5eD2oKjHe1VU8dJcCkdx/B7MzM7NLywuLddWVtfWN8LNrWtnCsuxxY00tp2CQyk0tkiQxHZuEVQq8Sa9Oxv5N/donTD6ioY5dhXcatEXHMhLvXAzGQCVCQmZYdmuqt5BL6zHjXiM6C9pTkmdTXHRCz+TzPBCoSYuwblOM86pW4IlwSVWtaRwmAO/g1vseKpBoeuW49eraM8rWdQ31pemaKx+3yhBOTdUqZ9UQAP32xuJ/3mdgvrH3VLovCDUfHKoX8iITDTKIcqERU5y6AlwK/yvER+ABU4+rVqi8YEbpUBnZaIQdOWbv2HySbeqHKs+sLDe/B3OX9I6aJw04svD+unxNLcltsN22T5rsiN2ys7ZBWsxzh7YI3tiz8FT8BK8Bm+T0ZlgurPNfiD4+ALwHKbH</latexit><latexit sha1_base64="SSk6PFnjcEK5IbIEZOYajFDIvGI=">AAACI3icbVDJSgNBEO1xN26jHr0MBsFTmIig3gQvHhWMBjIh1PRUTGMvQ3eNEob5FK/6M57Eiwf/xIOd5eD2oKjHe1VU8dJcCkdx/B7MzM7NLywuLddWVtfWN8LNrWtnCsuxxY00tp2CQyk0tkiQxHZuEVQq8Sa9Oxv5N/donTD6ioY5dhXcatEXHMhLvXAzGQCVCQmZYdmuqt5BL6zHjXiM6C9pTkmdTXHRCz+TzPBCoSYuwblOM86pW4IlwSVWtaRwmAO/g1vseKpBoeuW49eraM8rWdQ31pemaKx+3yhBOTdUqZ9UQAP32xuJ/3mdgvrH3VLovCDUfHKoX8iITDTKIcqERU5y6AlwK/yvER+ABU4+rVqi8YEbpUBnZaIQdOWbv2HySbeqHKs+sLDe/B3OX9I6aJw04svD+unxNLcltsN22T5rsiN2ys7ZBWsxzh7YI3tiz8FT8BK8Bm+T0ZlgurPNfiD4+ALwHKbH</latexit><latexit sha1_base64="SSk6PFnjcEK5IbIEZOYajFDIvGI=">AAACI3icbVDJSgNBEO1xN26jHr0MBsFTmIig3gQvHhWMBjIh1PRUTGMvQ3eNEob5FK/6M57Eiwf/xIOd5eD2oKjHe1VU8dJcCkdx/B7MzM7NLywuLddWVtfWN8LNrWtnCsuxxY00tp2CQyk0tkiQxHZuEVQq8Sa9Oxv5N/donTD6ioY5dhXcatEXHMhLvXAzGQCVCQmZYdmuqt5BL6zHjXiM6C9pTkmdTXHRCz+TzPBCoSYuwblOM86pW4IlwSVWtaRwmAO/g1vseKpBoeuW49eraM8rWdQ31pemaKx+3yhBOTdUqZ9UQAP32xuJ/3mdgvrH3VLovCDUfHKoX8iITDTKIcqERU5y6AlwK/yvER+ABU4+rVqi8YEbpUBnZaIQdOWbv2HySbeqHKs+sLDe/B3OX9I6aJw04svD+unxNLcltsN22T5rsiN2ys7ZBWsxzh7YI3tiz8FT8BK8Bm+T0ZlgurPNfiD4+ALwHKbH</latexit>

ˆ̃X1
<latexit sha1_base64="/4gRmrrZHkeS8w4OcqUecD7c0F0=">AAACI3icbVA9TxtBEN2DhDgOIWco05xiRaKy7hASpEOiSWkkHFvyWdbc3hivvB+n3bkg63Q/hZb8GSpEQ8E/oWD9UQTDk0bz9N6MZvSyQgpHcfwYbG1/+LjzqfG5+WX36963sLX/x5nScuxxI40dZOBQCo09EiRxUFgElUnsZ7Pzhd//i9YJoy9pXuBIwZUWE8GBvDQOW+kUqEpJyByrQV2Pk3HYjjvxEtFbkqxJm63RHYfPaW54qVATl+DcMIkLGlVgSXCJdTMtHRbAZ3CFQ081KHSjavl6Hf30Sh5NjPWlKVqq/29UoJybq8xPKqCp2/QW4nvesKTJ6agSuigJNV8dmpQyIhMtcohyYZGTnHsC3Ar/a8SnYIGTT6uZarzmRinQeZUqBF375m+YYtWtqpaqDyxsJ5vhvCW9o86vTnxx3D47XefWYN/ZD3bIEnbCzthv1mU9xtk1u2G37F9wG9wF98HDanQrWO8csFcInl4A7m+mxg==</latexit><latexit sha1_base64="/4gRmrrZHkeS8w4OcqUecD7c0F0=">AAACI3icbVA9TxtBEN2DhDgOIWco05xiRaKy7hASpEOiSWkkHFvyWdbc3hivvB+n3bkg63Q/hZb8GSpEQ8E/oWD9UQTDk0bz9N6MZvSyQgpHcfwYbG1/+LjzqfG5+WX36963sLX/x5nScuxxI40dZOBQCo09EiRxUFgElUnsZ7Pzhd//i9YJoy9pXuBIwZUWE8GBvDQOW+kUqEpJyByrQV2Pk3HYjjvxEtFbkqxJm63RHYfPaW54qVATl+DcMIkLGlVgSXCJdTMtHRbAZ3CFQ081KHSjavl6Hf30Sh5NjPWlKVqq/29UoJybq8xPKqCp2/QW4nvesKTJ6agSuigJNV8dmpQyIhMtcohyYZGTnHsC3Ar/a8SnYIGTT6uZarzmRinQeZUqBF375m+YYtWtqpaqDyxsJ5vhvCW9o86vTnxx3D47XefWYN/ZD3bIEnbCzthv1mU9xtk1u2G37F9wG9wF98HDanQrWO8csFcInl4A7m+mxg==</latexit><latexit sha1_base64="/4gRmrrZHkeS8w4OcqUecD7c0F0=">AAACI3icbVA9TxtBEN2DhDgOIWco05xiRaKy7hASpEOiSWkkHFvyWdbc3hivvB+n3bkg63Q/hZb8GSpEQ8E/oWD9UQTDk0bz9N6MZvSyQgpHcfwYbG1/+LjzqfG5+WX36963sLX/x5nScuxxI40dZOBQCo09EiRxUFgElUnsZ7Pzhd//i9YJoy9pXuBIwZUWE8GBvDQOW+kUqEpJyByrQV2Pk3HYjjvxEtFbkqxJm63RHYfPaW54qVATl+DcMIkLGlVgSXCJdTMtHRbAZ3CFQ081KHSjavl6Hf30Sh5NjPWlKVqq/29UoJybq8xPKqCp2/QW4nvesKTJ6agSuigJNV8dmpQyIhMtcohyYZGTnHsC3Ar/a8SnYIGTT6uZarzmRinQeZUqBF375m+YYtWtqpaqDyxsJ5vhvCW9o86vTnxx3D47XefWYN/ZD3bIEnbCzthv1mU9xtk1u2G37F9wG9wF98HDanQrWO8csFcInl4A7m+mxg==</latexit>

WT
<latexit sha1_base64="TxpLnsROqNN4irsSJKWfd90U7jw=">AAACKXicbZDLTgIxFIY7eEO8oS5cuJlITFyRwZiIOxI3LjEBIWFG0ilnoKGXSdvRkMk8jVt8GVfq1tdwYRlYKHiSpn/+/5z09AtjRrXxvA+nsLa+sblV3C7t7O7tH5QPjx60TBSBNpFMqm6INTAqoG2oYdCNFWAeMuiE49tZ3nkCpakULTOJIeB4KGhECTbW6pdPfI7NKIzSTvaY5lpHaSvL+uWKV/XycldFbSEqaFHNfvnbH0iScBCGMKx1r+bFJkixMpQwyEp+oiHGZIyH0LNSYA46SPMPZO65dQZuJJU9wri5+3sixVzrCQ9tZ77icjYz/8t6iYnqQUpFnBgQZP5QlDDXSHdGwx1QBcSwiRWYKGp3dckIK0yMZVbyBTwTyTkWA8sGsMjmiGQ8vxVPczfHVVuGsyral9Wbqnd/VWnUF9yK6BSdoQtUQ9eoge5QE7URQRl6QVP06kydN+fd+Zy3FpzFzDH6U87XD5hwqcE=</latexit><latexit sha1_base64="TxpLnsROqNN4irsSJKWfd90U7jw=">AAACKXicbZDLTgIxFIY7eEO8oS5cuJlITFyRwZiIOxI3LjEBIWFG0ilnoKGXSdvRkMk8jVt8GVfq1tdwYRlYKHiSpn/+/5z09AtjRrXxvA+nsLa+sblV3C7t7O7tH5QPjx60TBSBNpFMqm6INTAqoG2oYdCNFWAeMuiE49tZ3nkCpakULTOJIeB4KGhECTbW6pdPfI7NKIzSTvaY5lpHaSvL+uWKV/XycldFbSEqaFHNfvnbH0iScBCGMKx1r+bFJkixMpQwyEp+oiHGZIyH0LNSYA46SPMPZO65dQZuJJU9wri5+3sixVzrCQ9tZ77icjYz/8t6iYnqQUpFnBgQZP5QlDDXSHdGwx1QBcSwiRWYKGp3dckIK0yMZVbyBTwTyTkWA8sGsMjmiGQ8vxVPczfHVVuGsyral9Wbqnd/VWnUF9yK6BSdoQtUQ9eoge5QE7URQRl6QVP06kydN+fd+Zy3FpzFzDH6U87XD5hwqcE=</latexit><latexit sha1_base64="TxpLnsROqNN4irsSJKWfd90U7jw=">AAACKXicbZDLTgIxFIY7eEO8oS5cuJlITFyRwZiIOxI3LjEBIWFG0ilnoKGXSdvRkMk8jVt8GVfq1tdwYRlYKHiSpn/+/5z09AtjRrXxvA+nsLa+sblV3C7t7O7tH5QPjx60TBSBNpFMqm6INTAqoG2oYdCNFWAeMuiE49tZ3nkCpakULTOJIeB4KGhECTbW6pdPfI7NKIzSTvaY5lpHaSvL+uWKV/XycldFbSEqaFHNfvnbH0iScBCGMKx1r+bFJkixMpQwyEp+oiHGZIyH0LNSYA46SPMPZO65dQZuJJU9wri5+3sixVzrCQ9tZ77icjYz/8t6iYnqQUpFnBgQZP5QlDDXSHdGwx1QBcSwiRWYKGp3dckIK0yMZVbyBTwTyTkWA8sGsMjmiGQ8vxVPczfHVVuGsyral9Wbqnd/VWnUF9yK6BSdoQtUQ9eoge5QE7URQRl6QVP06kydN+fd+Zy3FpzFzDH6U87XD5hwqcE=</latexit>

person-by-person optimal
<latexit sha1_base64="GkgdnpeZhStwWMpRjW2eEzwHWTQ=">AAACKnicbVC7SkNBEN3r2/iK2gg2i0GwMdykMXYBG8sIRgNJCHM3E13cF7t7lXC5fo1t/BkrsfUzLNw8CjUeWOZwzgwzexIjuPNx/B4tLC4tr6yurRc2Nre2d4q7ezdOp5Zhk2mhbSsBh4IrbHruBbaMRZCJwNvk4WLs3z6idVyraz802JVwp/iAM/BB6hUPTDC1Ok2Gp1NGtfFcgugVS3E5noDOk8qMlMgMjV7xq9PXLJWoPBPgXLsSG9/NwHrOBOaFTurQAHuAO2wHqkCi62aTH+T0OCh9OtA2POXpRP05kYF0biiT0CnB37u/3lj8z2unflDrZlyZ1KNi00WDVFCv6TgO2ucWmRfDQIBZHm6l7B4sMB/SKHQUPjEtJah+1pEIKg8l7NBmWq3MJmqeh7gqf8OZJ81q+bwcX1VL9dostzVySI7ICamQM1Inl6RBmoSRZ/JCRuQ1GkVv0Xv0MW1diGYz++QXos9vhDuppA==</latexit><latexit sha1_base64="GkgdnpeZhStwWMpRjW2eEzwHWTQ=">AAACKnicbVC7SkNBEN3r2/iK2gg2i0GwMdykMXYBG8sIRgNJCHM3E13cF7t7lXC5fo1t/BkrsfUzLNw8CjUeWOZwzgwzexIjuPNx/B4tLC4tr6yurRc2Nre2d4q7ezdOp5Zhk2mhbSsBh4IrbHruBbaMRZCJwNvk4WLs3z6idVyraz802JVwp/iAM/BB6hUPTDC1Ok2Gp1NGtfFcgugVS3E5noDOk8qMlMgMjV7xq9PXLJWoPBPgXLsSG9/NwHrOBOaFTurQAHuAO2wHqkCi62aTH+T0OCh9OtA2POXpRP05kYF0biiT0CnB37u/3lj8z2unflDrZlyZ1KNi00WDVFCv6TgO2ucWmRfDQIBZHm6l7B4sMB/SKHQUPjEtJah+1pEIKg8l7NBmWq3MJmqeh7gqf8OZJ81q+bwcX1VL9dostzVySI7ICamQM1Inl6RBmoSRZ/JCRuQ1GkVv0Xv0MW1diGYz++QXos9vhDuppA==</latexit><latexit sha1_base64="GkgdnpeZhStwWMpRjW2eEzwHWTQ=">AAACKnicbVC7SkNBEN3r2/iK2gg2i0GwMdykMXYBG8sIRgNJCHM3E13cF7t7lXC5fo1t/BkrsfUzLNw8CjUeWOZwzgwzexIjuPNx/B4tLC4tr6yurRc2Nre2d4q7ezdOp5Zhk2mhbSsBh4IrbHruBbaMRZCJwNvk4WLs3z6idVyraz802JVwp/iAM/BB6hUPTDC1Ok2Gp1NGtfFcgugVS3E5noDOk8qMlMgMjV7xq9PXLJWoPBPgXLsSG9/NwHrOBOaFTurQAHuAO2wHqkCi62aTH+T0OCh9OtA2POXpRP05kYF0biiT0CnB37u/3lj8z2unflDrZlyZ1KNi00WDVFCv6TgO2ucWmRfDQIBZHm6l7B4sMB/SKHQUPjEtJah+1pEIKg8l7NBmWq3MJmqeh7gqf8OZJ81q+bwcX1VL9dostzVySI7ICamQM1Inl6RBmoSRZ/JCRuQ1GkVv0Xv0MW1diGYz++QXos9vhDuppA==</latexit>

Uunc
<latexit sha1_base64="l7CEtJ5KySUicl2IpcKKVlut14g=">AAACAnicbVBNS8NAEJ3Ur1q/ot70EiyCp5KKYL0VvHisYGyhjWWz3bRLdzdhdyOUEPDiX/HiQcWrv8Kb/8ZNzEFbHyy8fW+GmXlBzKjSrvtlVZaWV1bXquu1jc2t7R17d+9WRYnExMMRi2QvQIowKoinqWakF0uCeMBIN5he5n73nkhFI3GjZzHxORoLGlKMtJGG9sGAIz3BiKVedpcWH8nTROAsG9p1t+EWcBZJsyR1KNEZ2p+DUYQTToTGDCnVb7qx9lMkNcWMZLVBokiM8BSNSd9QgThRflrckDnHRhk5YSTNE9op1N8dKeJKzXhgKvMl1byXi/95/USHLT+lIk40MWcVg8KEOTpy8kCcEZUEazYzBGFJza4OniCJsDax1UwIzfmTF4l32rhouNdn9XarTKMKh3AEJ9CEc2jDFXTAAwwP8AQv8Go9Ws/Wm/X+U1qxyp59+APr4xvTJZh0</latexit><latexit sha1_base64="l7CEtJ5KySUicl2IpcKKVlut14g=">AAACAnicbVBNS8NAEJ3Ur1q/ot70EiyCp5KKYL0VvHisYGyhjWWz3bRLdzdhdyOUEPDiX/HiQcWrv8Kb/8ZNzEFbHyy8fW+GmXlBzKjSrvtlVZaWV1bXquu1jc2t7R17d+9WRYnExMMRi2QvQIowKoinqWakF0uCeMBIN5he5n73nkhFI3GjZzHxORoLGlKMtJGG9sGAIz3BiKVedpcWH8nTROAsG9p1t+EWcBZJsyR1KNEZ2p+DUYQTToTGDCnVb7qx9lMkNcWMZLVBokiM8BSNSd9QgThRflrckDnHRhk5YSTNE9op1N8dKeJKzXhgKvMl1byXi/95/USHLT+lIk40MWcVg8KEOTpy8kCcEZUEazYzBGFJza4OniCJsDax1UwIzfmTF4l32rhouNdn9XarTKMKh3AEJ9CEc2jDFXTAAwwP8AQv8Go9Ws/Wm/X+U1qxyp59+APr4xvTJZh0</latexit><latexit sha1_base64="l7CEtJ5KySUicl2IpcKKVlut14g=">AAACAnicbVBNS8NAEJ3Ur1q/ot70EiyCp5KKYL0VvHisYGyhjWWz3bRLdzdhdyOUEPDiX/HiQcWrv8Kb/8ZNzEFbHyy8fW+GmXlBzKjSrvtlVZaWV1bXquu1jc2t7R17d+9WRYnExMMRi2QvQIowKoinqWakF0uCeMBIN5he5n73nkhFI3GjZzHxORoLGlKMtJGG9sGAIz3BiKVedpcWH8nTROAsG9p1t+EWcBZJsyR1KNEZ2p+DUYQTToTGDCnVb7qx9lMkNcWMZLVBokiM8BSNSd9QgThRflrckDnHRhk5YSTNE9op1N8dKeJKzXhgKvMl1byXi/95/USHLT+lIk40MWcVg8KEOTpy8kCcEZUEazYzBGFJza4OniCJsDax1UwIzfmTF4l32rhouNdn9XarTKMKh3AEJ9CEc2jDFXTAAwwP8AQv8Go9Ws/Wm/X+U1qxyp59+APr4xvTJZh0</latexit>

Eunc
<latexit sha1_base64="SH7OAFKLAWLKsQ5gKsYOb/ZMD+U=">AAACAnicbVBNS8NAEJ34WetX1JteFovgqSQiWG8FETxWMLbQxrLZbtqlm03Y3QglBLz4V7x4UPHqr/Dmv3Ebc9DWBwtv35thZl6QcKa043xZC4tLyyurlbXq+sbm1ra9s3ur4lQS6pGYx7ITYEU5E9TTTHPaSSTFUcBpOxhfTP32PZWKxeJGTxLqR3goWMgI1kbq2/u9COsRwTy7zO+y4iOjLBUkz/t2zak7BdA8cUtSgxKtvv3ZG8QkjajQhGOluq6TaD/DUjPCaV7tpYommIzxkHYNFTiiys+KG3J0ZJQBCmNpntCoUH93ZDhSahIFpnK6pJr1puJ/XjfVYcPPmEhSTc1ZxaAw5UjHaBoIGjBJieYTQzCRzOyKyAhLTLSJrWpCcGdPnifeSf287lyf1pqNMo0KHMAhHIMLZ9CEK2iBBwQe4Ale4NV6tJ6tN+v9p3TBKnv24A+sj2+59Zhk</latexit><latexit sha1_base64="SH7OAFKLAWLKsQ5gKsYOb/ZMD+U=">AAACAnicbVBNS8NAEJ34WetX1JteFovgqSQiWG8FETxWMLbQxrLZbtqlm03Y3QglBLz4V7x4UPHqr/Dmv3Ebc9DWBwtv35thZl6QcKa043xZC4tLyyurlbXq+sbm1ra9s3ur4lQS6pGYx7ITYEU5E9TTTHPaSSTFUcBpOxhfTP32PZWKxeJGTxLqR3goWMgI1kbq2/u9COsRwTy7zO+y4iOjLBUkz/t2zak7BdA8cUtSgxKtvv3ZG8QkjajQhGOluq6TaD/DUjPCaV7tpYommIzxkHYNFTiiys+KG3J0ZJQBCmNpntCoUH93ZDhSahIFpnK6pJr1puJ/XjfVYcPPmEhSTc1ZxaAw5UjHaBoIGjBJieYTQzCRzOyKyAhLTLSJrWpCcGdPnifeSf287lyf1pqNMo0KHMAhHIMLZ9CEK2iBBwQe4Ale4NV6tJ6tN+v9p3TBKnv24A+sj2+59Zhk</latexit><latexit sha1_base64="SH7OAFKLAWLKsQ5gKsYOb/ZMD+U=">AAACAnicbVBNS8NAEJ34WetX1JteFovgqSQiWG8FETxWMLbQxrLZbtqlm03Y3QglBLz4V7x4UPHqr/Dmv3Ebc9DWBwtv35thZl6QcKa043xZC4tLyyurlbXq+sbm1ra9s3ur4lQS6pGYx7ITYEU5E9TTTHPaSSTFUcBpOxhfTP32PZWKxeJGTxLqR3goWMgI1kbq2/u9COsRwTy7zO+y4iOjLBUkz/t2zak7BdA8cUtSgxKtvv3ZG8QkjajQhGOluq6TaD/DUjPCaV7tpYommIzxkHYNFTiiys+KG3J0ZJQBCmNpntCoUH93ZDhSahIFpnK6pJr1puJ/XjfVYcPPmEhSTc1ZxaAw5UjHaBoIGjBJieYTQzCRzOyKyAhLTLSJrWpCcGdPnifeSf287lyf1pqNMo0KHMAhHIMLZ9CEK2iBBwQe4Ale4NV6tJ6tN+v9p3TBKnv24A+sj2+59Zhk</latexit>

Theorem 4

X ⇠ N (0,⌃) =) (Uunc, Eunc) is person-by-person optimal
<latexit sha1_base64="DkoVQ2IRegNDfUjiZwlMNvhia5Y="></latexit><latexit sha1_base64="DkoVQ2IRegNDfUjiZwlMNvhia5Y="></latexit><latexit sha1_base64="DkoVQ2IRegNDfUjiZwlMNvhia5Y="></latexit>
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<latexit sha1_base64="2dR1q9dykIgyxAWosi/IvqqZWeE=">AAACAXicbZDNSsNAFIVv/K31L+pK3AwWwVVJimBdFApuXFYwttDGMJlO26GTSZiZCCUUN76KGxcqbn0Ld76N0zaIth4Y+Dj3Xu7cEyacKe04X9bS8srq2npho7i5tb2za+/t36o4lYR6JOaxbIVYUc4E9TTTnLYSSXEUctoMh5eTevOeSsVicaNHCfUj3BesxwjWxgrsw45i/QjfVQIX1X64gmpuYJecsjMVWgQ3hxLkagT2Z6cbkzSiQhOOlWq7TqL9DEvNCKfjYidVNMFkiPu0bVDgiCo/m54wRifG6aJeLM0TGk3d3xMZjpQaRaHpjLAeqPnaxPyv1k51r+pnTCSppoLMFvVSjnSMJnmgLpOUaD4ygIlk5q+IDLDERJvUiiYEd/7kRfAq5Yuyc31WqlfzNApwBMdwCi6cQx2uoAEeEHiAJ3iBV+vRerberPdZ65KVzxzAH1kf3xailXQ=</latexit><latexit sha1_base64="2dR1q9dykIgyxAWosi/IvqqZWeE=">AAACAXicbZDNSsNAFIVv/K31L+pK3AwWwVVJimBdFApuXFYwttDGMJlO26GTSZiZCCUUN76KGxcqbn0Ld76N0zaIth4Y+Dj3Xu7cEyacKe04X9bS8srq2npho7i5tb2za+/t36o4lYR6JOaxbIVYUc4E9TTTnLYSSXEUctoMh5eTevOeSsVicaNHCfUj3BesxwjWxgrsw45i/QjfVQIX1X64gmpuYJecsjMVWgQ3hxLkagT2Z6cbkzSiQhOOlWq7TqL9DEvNCKfjYidVNMFkiPu0bVDgiCo/m54wRifG6aJeLM0TGk3d3xMZjpQaRaHpjLAeqPnaxPyv1k51r+pnTCSppoLMFvVSjnSMJnmgLpOUaD4ygIlk5q+IDLDERJvUiiYEd/7kRfAq5Yuyc31WqlfzNApwBMdwCi6cQx2uoAEeEHiAJ3iBV+vRerberPdZ65KVzxzAH1kf3xailXQ=</latexit><latexit sha1_base64="2dR1q9dykIgyxAWosi/IvqqZWeE=">AAACAXicbZDNSsNAFIVv/K31L+pK3AwWwVVJimBdFApuXFYwttDGMJlO26GTSZiZCCUUN76KGxcqbn0Ld76N0zaIth4Y+Dj3Xu7cEyacKe04X9bS8srq2npho7i5tb2za+/t36o4lYR6JOaxbIVYUc4E9TTTnLYSSXEUctoMh5eTevOeSsVicaNHCfUj3BesxwjWxgrsw45i/QjfVQIX1X64gmpuYJecsjMVWgQ3hxLkagT2Z6cbkzSiQhOOlWq7TqL9DEvNCKfjYidVNMFkiPu0bVDgiCo/m54wRifG6aJeLM0TGk3d3xMZjpQaRaHpjLAeqPnaxPyv1k51r+pnTCSppoLMFvVSjnSMJnmgLpOUaD4ygIlk5q+IDLDERJvUiiYEd/7kRfAq5Yuyc31WqlfzNApwBMdwCi6cQx2uoAEeEHiAJ3iBV+vRerberPdZ65KVzxzAH1kf3xailXQ=</latexit>

Performance
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R |⇠|
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� (⌧�⇢⇠)2

2�2(1�⇢2)

⌘
d⌧

R |⇠|
�|⇠| exp

⇣
� (⌧�⇢⇠)2

2�2(1�⇢2)

⌘
d⌧

<latexit sha1_base64="KVVjkG8am425dH4a2N3yaGueyqc="></latexit><latexit sha1_base64="KVVjkG8am425dH4a2N3yaGueyqc="></latexit><latexit sha1_base64="KVVjkG8am425dH4a2N3yaGueyqc="></latexit>

⌘(⇠) = ⇢ · ⇠
<latexit sha1_base64="zSA63Aar6+uIhrF76FYWEGxoEi4="></latexit><latexit sha1_base64="zSA63Aar6+uIhrF76FYWEGxoEi4="></latexit><latexit sha1_base64="zSA63Aar6+uIhrF76FYWEGxoEi4="></latexit>
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Scheduling sensors with unknown joint density
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Arbitrary joint density

Infinite dimensional optimization

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>

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>
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Arbitrary joint density

Finite dimensional optimization

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>

Nonconvex

⌘i(x) = aix
<latexit sha1_base64="cirDIRgzLi43X13caz7KQqYIX2c=">AAAB+HicbVBNS8NAEN34WetX1KOXxSLUS0lEsB6EghePFYwttCFstpt26WYTdielJfSfePGg4tWf4s1/47bNQVsfDDzem2FmXpgKrsFxvq219Y3Nre3STnl3b//g0D46ftJJpijzaCIS1Q6JZoJL5gEHwdqpYiQOBWuFw7uZ3xoxpXkiH2GSMj8mfckjTgkYKbDtLgMS8Or44pYEOZ+OA7vi1Jw58CpxC1JBBZqB/dXtJTSLmQQqiNYd10nBz4kCTgWblruZZimhQ9JnHUMliZn28/nlU3xulB6OEmVKAp6rvydyEms9iUPTGRMY6GVvJv7ndTKI6n7OZZoBk3SxKMoEhgTPYsA9rhgFMTGEUMXNrZgOiCIUTFhlE4K7/PIq8S5rNzXn4arSqBdplNApOkNV5KJr1ED3qIk8RNEIPaNX9Gbl1ov1bn0sWtesYuYE/YH1+QN3MpMR</latexit><latexit sha1_base64="cirDIRgzLi43X13caz7KQqYIX2c=">AAAB+HicbVBNS8NAEN34WetX1KOXxSLUS0lEsB6EghePFYwttCFstpt26WYTdielJfSfePGg4tWf4s1/47bNQVsfDDzem2FmXpgKrsFxvq219Y3Nre3STnl3b//g0D46ftJJpijzaCIS1Q6JZoJL5gEHwdqpYiQOBWuFw7uZ3xoxpXkiH2GSMj8mfckjTgkYKbDtLgMS8Or44pYEOZ+OA7vi1Jw58CpxC1JBBZqB/dXtJTSLmQQqiNYd10nBz4kCTgWblruZZimhQ9JnHUMliZn28/nlU3xulB6OEmVKAp6rvydyEms9iUPTGRMY6GVvJv7ndTKI6n7OZZoBk3SxKMoEhgTPYsA9rhgFMTGEUMXNrZgOiCIUTFhlE4K7/PIq8S5rNzXn4arSqBdplNApOkNV5KJr1ED3qIk8RNEIPaNX9Gbl1ov1bn0sWtesYuYE/YH1+QN3MpMR</latexit><latexit sha1_base64="cirDIRgzLi43X13caz7KQqYIX2c=">AAAB+HicbVBNS8NAEN34WetX1KOXxSLUS0lEsB6EghePFYwttCFstpt26WYTdielJfSfePGg4tWf4s1/47bNQVsfDDzem2FmXpgKrsFxvq219Y3Nre3STnl3b//g0D46ftJJpijzaCIS1Q6JZoJL5gEHwdqpYiQOBWuFw7uZ3xoxpXkiH2GSMj8mfckjTgkYKbDtLgMS8Or44pYEOZ+OA7vi1Jw58CpxC1JBBZqB/dXtJTSLmQQqiNYd10nBz4kCTgWblruZZimhQ9JnHUMliZn28/nlU3xulB6OEmVKAp6rvydyEms9iUPTGRMY6GVvJv7ndTKI6n7OZZoBk3SxKMoEhgTPYsA9rhgFMTGEUMXNrZgOiCIUTFhlE4K7/PIq8S5rNzXn4arSqBdplNApOkNV5KJr1ED3qIk8RNEIPaNX9Gbl1ov1bn0sWtesYuYE/YH1+QN3MpMR</latexit>

Linear estimators

J (a) = E
h
min

��
X1 � a1X2

�2
,
�
X1 � a2X1

�2 i

<latexit sha1_base64="8E/+deWWunfOyLRAMztcPFzbvcI="></latexit><latexit sha1_base64="8E/+deWWunfOyLRAMztcPFzbvcI="></latexit><latexit sha1_base64="8E/+deWWunfOyLRAMztcPFzbvcI="></latexit>
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Arbitrary joint density

Finite dimensional optimization

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>

Linear estimators

Difference of Convex

⌘i(x) = aix
<latexit sha1_base64="cirDIRgzLi43X13caz7KQqYIX2c=">AAAB+HicbVBNS8NAEN34WetX1KOXxSLUS0lEsB6EghePFYwttCFstpt26WYTdielJfSfePGg4tWf4s1/47bNQVsfDDzem2FmXpgKrsFxvq219Y3Nre3STnl3b//g0D46ftJJpijzaCIS1Q6JZoJL5gEHwdqpYiQOBWuFw7uZ3xoxpXkiH2GSMj8mfckjTgkYKbDtLgMS8Or44pYEOZ+OA7vi1Jw58CpxC1JBBZqB/dXtJTSLmQQqiNYd10nBz4kCTgWblruZZimhQ9JnHUMliZn28/nlU3xulB6OEmVKAp6rvydyEms9iUPTGRMY6GVvJv7ndTKI6n7OZZoBk3SxKMoEhgTPYsA9rhgFMTGEUMXNrZgOiCIUTFhlE4K7/PIq8S5rNzXn4arSqBdplNApOkNV5KJr1ED3qIk8RNEIPaNX9Gbl1ov1bn0sWtesYuYE/YH1+QN3MpMR</latexit><latexit sha1_base64="cirDIRgzLi43X13caz7KQqYIX2c=">AAAB+HicbVBNS8NAEN34WetX1KOXxSLUS0lEsB6EghePFYwttCFstpt26WYTdielJfSfePGg4tWf4s1/47bNQVsfDDzem2FmXpgKrsFxvq219Y3Nre3STnl3b//g0D46ftJJpijzaCIS1Q6JZoJL5gEHwdqpYiQOBWuFw7uZ3xoxpXkiH2GSMj8mfckjTgkYKbDtLgMS8Or44pYEOZ+OA7vi1Jw58CpxC1JBBZqB/dXtJTSLmQQqiNYd10nBz4kCTgWblruZZimhQ9JnHUMliZn28/nlU3xulB6OEmVKAp6rvydyEms9iUPTGRMY6GVvJv7ndTKI6n7OZZoBk3SxKMoEhgTPYsA9rhgFMTGEUMXNrZgOiCIUTFhlE4K7/PIq8S5rNzXn4arSqBdplNApOkNV5KJr1ED3qIk8RNEIPaNX9Gbl1ov1bn0sWtesYuYE/YH1+QN3MpMR</latexit><latexit sha1_base64="cirDIRgzLi43X13caz7KQqYIX2c=">AAAB+HicbVBNS8NAEN34WetX1KOXxSLUS0lEsB6EghePFYwttCFstpt26WYTdielJfSfePGg4tWf4s1/47bNQVsfDDzem2FmXpgKrsFxvq219Y3Nre3STnl3b//g0D46ftJJpijzaCIS1Q6JZoJL5gEHwdqpYiQOBWuFw7uZ3xoxpXkiH2GSMj8mfckjTgkYKbDtLgMS8Or44pYEOZ+OA7vi1Jw58CpxC1JBBZqB/dXtJTSLmQQqiNYd10nBz4kCTgWblruZZimhQ9JnHUMliZn28/nlU3xulB6OEmVKAp6rvydyEms9iUPTGRMY6GVvJv7ndTKI6n7OZZoBk3SxKMoEhgTPYsA9rhgFMTGEUMXNrZgOiCIUTFhlE4K7/PIq8S5rNzXn4arSqBdplNApOkNV5KJr1ED3qIk8RNEIPaNX9Gbl1ov1bn0sWtesYuYE/YH1+QN3MpMR</latexit>

J (a) = E
h�
X1 � a1X2

�2
+
�
X1 � a2X1

�2i�E
h
max

��
X1 � a1X2

�2
,
�
X1 � a2X1

�2 i

<latexit sha1_base64="ziOIjVfFD5F3A0FDYbAKBBr1LoM="></latexit><latexit sha1_base64="ziOIjVfFD5F3A0FDYbAKBBr1LoM="></latexit><latexit sha1_base64="ziOIjVfFD5F3A0FDYbAKBBr1LoM="></latexit>
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F(a) = E
h�
X1 � a1X2

�2
+

�
X1 � a2X1

�2i

<latexit sha1_base64="JrzXAJ3EayyQkhve+Mya2selqbY="></latexit><latexit sha1_base64="JrzXAJ3EayyQkhve+Mya2selqbY="></latexit><latexit sha1_base64="JrzXAJ3EayyQkhve+Mya2selqbY="></latexit>

G(a) = E
h
max

��
X1 � a1X2

�2
,
�
X1 � a2X1

�2 i

<latexit sha1_base64="JhZNBj+ZURo8ZaJRguZ61XA4h9A="></latexit><latexit sha1_base64="JhZNBj+ZURo8ZaJRguZ61XA4h9A="></latexit><latexit sha1_base64="JhZNBj+ZURo8ZaJRguZ61XA4h9A="></latexit>

J (a) = F(a)� G(a)
<latexit sha1_base64="ML+a30w4rKRvW2fyGlzTkCN17mc=">AAACM3icbZDLSsNAFIYn9VbrLerSzWAR6sKSiGBdCAVBRTcVjC20oUymk3bo5MLMRCghD+XGB3EjggsVt76DkzSobT0w8PN/5zDn/E7IqJCG8aIV5uYXFpeKy6WV1bX1DX1z604EEcfEwgELeMtBgjDqE0tSyUgr5AR5DiNNZ3iW8uY94YIG/q0chcT2UN+nLsVIKqurX3c8JAcYsfgqqWTacWOU7MNT+EPOJ8nBL7mYIF29bFSNrOCsMHNRBnk1uvpTpxfgyCO+xAwJ0TaNUNox4pJiRpJSJxIkRHiI+qStpI88Iuw4OzqBe8rpQTfg6vkSZu7fiRh5Qow8R3WmK4pplpr/sXYk3ZodUz+MJPHx+CM3YlAGME0Q9ignWLKREghzqnaFeIA4wlLlXFIhmNMnzwrrsHpSNW6OyvVankYR7IBdUAEmOAZ1cAkawAIYPIBn8AbetUftVfvQPsetBS2f2QYTpX19A8I+qxU=</latexit><latexit sha1_base64="ML+a30w4rKRvW2fyGlzTkCN17mc=">AAACM3icbZDLSsNAFIYn9VbrLerSzWAR6sKSiGBdCAVBRTcVjC20oUymk3bo5MLMRCghD+XGB3EjggsVt76DkzSobT0w8PN/5zDn/E7IqJCG8aIV5uYXFpeKy6WV1bX1DX1z604EEcfEwgELeMtBgjDqE0tSyUgr5AR5DiNNZ3iW8uY94YIG/q0chcT2UN+nLsVIKqurX3c8JAcYsfgqqWTacWOU7MNT+EPOJ8nBL7mYIF29bFSNrOCsMHNRBnk1uvpTpxfgyCO+xAwJ0TaNUNox4pJiRpJSJxIkRHiI+qStpI88Iuw4OzqBe8rpQTfg6vkSZu7fiRh5Qow8R3WmK4pplpr/sXYk3ZodUz+MJPHx+CM3YlAGME0Q9ignWLKREghzqnaFeIA4wlLlXFIhmNMnzwrrsHpSNW6OyvVankYR7IBdUAEmOAZ1cAkawAIYPIBn8AbetUftVfvQPsetBS2f2QYTpX19A8I+qxU=</latexit><latexit sha1_base64="ML+a30w4rKRvW2fyGlzTkCN17mc=">AAACM3icbZDLSsNAFIYn9VbrLerSzWAR6sKSiGBdCAVBRTcVjC20oUymk3bo5MLMRCghD+XGB3EjggsVt76DkzSobT0w8PN/5zDn/E7IqJCG8aIV5uYXFpeKy6WV1bX1DX1z604EEcfEwgELeMtBgjDqE0tSyUgr5AR5DiNNZ3iW8uY94YIG/q0chcT2UN+nLsVIKqurX3c8JAcYsfgqqWTacWOU7MNT+EPOJ8nBL7mYIF29bFSNrOCsMHNRBnk1uvpTpxfgyCO+xAwJ0TaNUNox4pJiRpJSJxIkRHiI+qStpI88Iuw4OzqBe8rpQTfg6vkSZu7fiRh5Qow8R3WmK4pplpr/sXYk3ZodUz+MJPHx+CM3YlAGME0Q9ignWLKREghzqnaFeIA4wlLlXFIhmNMnzwrrsHpSNW6OyvVankYR7IBdUAEmOAZ1cAkawAIYPIBn8AbetUftVfvQPsetBS2f2QYTpX19A8I+qxU=</latexit>

Difference of Convex decomposition
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Heuristics to find local minimizers[1,2]

Convex-concave procedure

[1] Lipp and Boyd - Optim Eng (2016) 
[2] Yuille and Rangarajan - Neural Comp (2003)

Converges 
to a critical point 

a(k)
<latexit sha1_base64="LteB7S2ODAcJyaHpOE/H+5suujY=">AAAB7XicbVBNS8NAEJ2tX7V+VT16WSxCvZREBOut4MVjBWMLbSyb7aZdstmE3Y1QQn+EFw8qXv0/3vw3btsctPXBwOO9GWbmBang2jjONyqtrW9sbpW3Kzu7e/sH1cOjB51kijKPJiJR3YBoJrhknuFGsG6qGIkDwTpBdDPzO09MaZ7IezNJmR+TkeQhp8RYqUMe83p0Ph1Ua07DmQOvErcgNSjQHlS/+sOEZjGThgqidc91UuPnRBlOBZtW+plmKaERGbGepZLETPv5/NwpPrPKEIeJsiUNnqu/J3ISaz2JA9sZEzPWy95M/M/rZSZs+jmXaWaYpItFYSawSfDsdzzkilEjJpYQqri9FdMxUYQam1DFhuAuv7xKvIvGdcO5u6y1mkUaZTiBU6iDC1fQgltogwcUIniGV3hDKXpB7+hj0VpCxcwx/AH6/AE05478</latexit><latexit sha1_base64="LteB7S2ODAcJyaHpOE/H+5suujY=">AAAB7XicbVBNS8NAEJ2tX7V+VT16WSxCvZREBOut4MVjBWMLbSyb7aZdstmE3Y1QQn+EFw8qXv0/3vw3btsctPXBwOO9GWbmBang2jjONyqtrW9sbpW3Kzu7e/sH1cOjB51kijKPJiJR3YBoJrhknuFGsG6qGIkDwTpBdDPzO09MaZ7IezNJmR+TkeQhp8RYqUMe83p0Ph1Ua07DmQOvErcgNSjQHlS/+sOEZjGThgqidc91UuPnRBlOBZtW+plmKaERGbGepZLETPv5/NwpPrPKEIeJsiUNnqu/J3ISaz2JA9sZEzPWy95M/M/rZSZs+jmXaWaYpItFYSawSfDsdzzkilEjJpYQqri9FdMxUYQam1DFhuAuv7xKvIvGdcO5u6y1mkUaZTiBU6iDC1fQgltogwcUIniGV3hDKXpB7+hj0VpCxcwx/AH6/AE05478</latexit><latexit sha1_base64="LteB7S2ODAcJyaHpOE/H+5suujY=">AAAB7XicbVBNS8NAEJ2tX7V+VT16WSxCvZREBOut4MVjBWMLbSyb7aZdstmE3Y1QQn+EFw8qXv0/3vw3btsctPXBwOO9GWbmBang2jjONyqtrW9sbpW3Kzu7e/sH1cOjB51kijKPJiJR3YBoJrhknuFGsG6qGIkDwTpBdDPzO09MaZ7IezNJmR+TkeQhp8RYqUMe83p0Ph1Ua07DmQOvErcgNSjQHlS/+sOEZjGThgqidc91UuPnRBlOBZtW+plmKaERGbGepZLETPv5/NwpPrPKEIeJsiUNnqu/J3ISaz2JA9sZEzPWy95M/M/rZSZs+jmXaWaYpItFYSawSfDsdzzkilEjJpYQqri9FdMxUYQam1DFhuAuv7xKvIvGdcO5u6y1mkUaZTiBU6iDC1fQgltogwcUIniGV3hDKXpB7+hj0VpCxcwx/AH6/AE05478</latexit>

Subgradient of G(a)
<latexit sha1_base64="EeAp/JW8f3C2lLi/vm6GXOpNgC4=">AAACEXicbVC7TgJBFJ3FF66vVUubiWACDVloxI7EQkuMIiSwIXdnZ2HC7CMzsyZks99g46/YWKixtbPzbxwWCgVPMsnJuY8597gxZ1LZ9rdRWFvf2Nwqbps7u3v7B9bh0b2MEkFoh0Q8Ej0XJOUspB3FFKe9WFAIXE677uRyVu8+UCFZFN6paUydAEYh8xkBpaWhVTVvE3ckwGM0VDjycXkQgBoT4OlVVsm566eQVctDq2TX7Bx4ldQXpIQWaA+tr4EXkSTQiwkHKft1O1ZOCkIxwmlmDhJJYyATGNG+piEEVDppflKGz7TiYT8S+mljufp7IoVAymng6s6ZR7lcm4n/1fqJ8ptOysI4UTQk84/8hGMV4Vk+2GOCEsWnmgARTHvFZAwCiNIpmjqE+vLJq6TTqF3U7JtGqdVcpFFEJ+gUVVAdnaMWukZt1EEEPaJn9IrejCfjxXg3PuatBWMxc4z+wPj8AWUYnNg=</latexit><latexit sha1_base64="EeAp/JW8f3C2lLi/vm6GXOpNgC4=">AAACEXicbVC7TgJBFJ3FF66vVUubiWACDVloxI7EQkuMIiSwIXdnZ2HC7CMzsyZks99g46/YWKixtbPzbxwWCgVPMsnJuY8597gxZ1LZ9rdRWFvf2Nwqbps7u3v7B9bh0b2MEkFoh0Q8Ej0XJOUspB3FFKe9WFAIXE677uRyVu8+UCFZFN6paUydAEYh8xkBpaWhVTVvE3ckwGM0VDjycXkQgBoT4OlVVsm566eQVctDq2TX7Bx4ldQXpIQWaA+tr4EXkSTQiwkHKft1O1ZOCkIxwmlmDhJJYyATGNG+piEEVDppflKGz7TiYT8S+mljufp7IoVAymng6s6ZR7lcm4n/1fqJ8ptOysI4UTQk84/8hGMV4Vk+2GOCEsWnmgARTHvFZAwCiNIpmjqE+vLJq6TTqF3U7JtGqdVcpFFEJ+gUVVAdnaMWukZt1EEEPaJn9IrejCfjxXg3PuatBWMxc4z+wPj8AWUYnNg=</latexit><latexit sha1_base64="EeAp/JW8f3C2lLi/vm6GXOpNgC4=">AAACEXicbVC7TgJBFJ3FF66vVUubiWACDVloxI7EQkuMIiSwIXdnZ2HC7CMzsyZks99g46/YWKixtbPzbxwWCgVPMsnJuY8597gxZ1LZ9rdRWFvf2Nwqbps7u3v7B9bh0b2MEkFoh0Q8Ej0XJOUspB3FFKe9WFAIXE677uRyVu8+UCFZFN6paUydAEYh8xkBpaWhVTVvE3ckwGM0VDjycXkQgBoT4OlVVsm566eQVctDq2TX7Bx4ldQXpIQWaA+tr4EXkSTQiwkHKft1O1ZOCkIxwmlmDhJJYyATGNG+piEEVDppflKGz7TiYT8S+mljufp7IoVAymng6s6ZR7lcm4n/1fqJ8ptOysI4UTQk84/8hGMV4Vk+2GOCEsWnmgARTHvFZAwCiNIpmjqE+vLJq6TTqF3U7JtGqdVcpFFEJ+gUVVAdnaMWukZt1EEEPaJn9IrejCfjxXg3PuatBWMxc4z+wPj8AWUYnNg=</latexit>

Ga�ne(a;a
(k)) = G(a(k)) + g(a(k))T(a� a(k))

<latexit sha1_base64="L1GoH0j7vmc+g3YkbsipQiZLL2c="></latexit><latexit sha1_base64="L1GoH0j7vmc+g3YkbsipQiZLL2c="></latexit><latexit sha1_base64="L1GoH0j7vmc+g3YkbsipQiZLL2c="></latexit>

a(k+1) = argmin
a

n
F(a)� Ga�ne(a;a

(k))
o

<latexit sha1_base64="nCP/anJuTdUA0YXd0oCoGhq2/Fk="></latexit><latexit sha1_base64="nCP/anJuTdUA0YXd0oCoGhq2/Fk="></latexit><latexit sha1_base64="nCP/anJuTdUA0YXd0oCoGhq2/Fk="></latexit>

Convex

J (a) = F(a)� G(a)
<latexit sha1_base64="ML+a30w4rKRvW2fyGlzTkCN17mc=">AAACM3icbZDLSsNAFIYn9VbrLerSzWAR6sKSiGBdCAVBRTcVjC20oUymk3bo5MLMRCghD+XGB3EjggsVt76DkzSobT0w8PN/5zDn/E7IqJCG8aIV5uYXFpeKy6WV1bX1DX1z604EEcfEwgELeMtBgjDqE0tSyUgr5AR5DiNNZ3iW8uY94YIG/q0chcT2UN+nLsVIKqurX3c8JAcYsfgqqWTacWOU7MNT+EPOJ8nBL7mYIF29bFSNrOCsMHNRBnk1uvpTpxfgyCO+xAwJ0TaNUNox4pJiRpJSJxIkRHiI+qStpI88Iuw4OzqBe8rpQTfg6vkSZu7fiRh5Qow8R3WmK4pplpr/sXYk3ZodUz+MJPHx+CM3YlAGME0Q9ignWLKREghzqnaFeIA4wlLlXFIhmNMnzwrrsHpSNW6OyvVankYR7IBdUAEmOAZ1cAkawAIYPIBn8AbetUftVfvQPsetBS2f2QYTpX19A8I+qxU=</latexit><latexit sha1_base64="ML+a30w4rKRvW2fyGlzTkCN17mc=">AAACM3icbZDLSsNAFIYn9VbrLerSzWAR6sKSiGBdCAVBRTcVjC20oUymk3bo5MLMRCghD+XGB3EjggsVt76DkzSobT0w8PN/5zDn/E7IqJCG8aIV5uYXFpeKy6WV1bX1DX1z604EEcfEwgELeMtBgjDqE0tSyUgr5AR5DiNNZ3iW8uY94YIG/q0chcT2UN+nLsVIKqurX3c8JAcYsfgqqWTacWOU7MNT+EPOJ8nBL7mYIF29bFSNrOCsMHNRBnk1uvpTpxfgyCO+xAwJ0TaNUNox4pJiRpJSJxIkRHiI+qStpI88Iuw4OzqBe8rpQTfg6vkSZu7fiRh5Qow8R3WmK4pplpr/sXYk3ZodUz+MJPHx+CM3YlAGME0Q9ignWLKREghzqnaFeIA4wlLlXFIhmNMnzwrrsHpSNW6OyvVankYR7IBdUAEmOAZ1cAkawAIYPIBn8AbetUftVfvQPsetBS2f2QYTpX19A8I+qxU=</latexit><latexit sha1_base64="ML+a30w4rKRvW2fyGlzTkCN17mc=">AAACM3icbZDLSsNAFIYn9VbrLerSzWAR6sKSiGBdCAVBRTcVjC20oUymk3bo5MLMRCghD+XGB3EjggsVt76DkzSobT0w8PN/5zDn/E7IqJCG8aIV5uYXFpeKy6WV1bX1DX1z604EEcfEwgELeMtBgjDqE0tSyUgr5AR5DiNNZ3iW8uY94YIG/q0chcT2UN+nLsVIKqurX3c8JAcYsfgqqWTacWOU7MNT+EPOJ8nBL7mYIF29bFSNrOCsMHNRBnk1uvpTpxfgyCO+xAwJ0TaNUNox4pJiRpJSJxIkRHiI+qStpI88Iuw4OzqBe8rpQTfg6vkSZu7fiRh5Qow8R3WmK4pplpr/sXYk3ZodUz+MJPHx+CM3YlAGME0Q9ignWLKREghzqnaFeIA4wlLlXFIhmNMnzwrrsHpSNW6OyvVankYR7IBdUAEmOAZ1cAkawAIYPIBn8AbetUftVfvQPsetBS2f2QYTpX19A8I+qxU=</latexit>
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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

F̃(a) =
1

K

KX

k=1

h�
x1(k)� a1x2(k)

�2
+
�
x2(k)� a2x1(k)

�2i

<latexit sha1_base64="/yzOh/SRNcEzQykLzN3EbM3H+KE="></latexit><latexit sha1_base64="/yzOh/SRNcEzQykLzN3EbM3H+KE="></latexit><latexit sha1_base64="/yzOh/SRNcEzQykLzN3EbM3H+KE="></latexit>

G̃(a) = 1

K

KX

k=1

h
max

��
x1(k)� a1x2(k)

�2
,
�
x2(k)� a2x1(k)

�2 i

<latexit sha1_base64="hyMVi1+n6kYcDl43zzXYUYdvqkE="></latexit><latexit sha1_base64="hyMVi1+n6kYcDl43zzXYUYdvqkE="></latexit><latexit sha1_base64="hyMVi1+n6kYcDl43zzXYUYdvqkE="></latexit>

Data:
�
x1(k), x2(k)

 K

k=1
<latexit sha1_base64="hn22/1fN37XDXXeQSWZ8pDeZFCY=">AAACCXicbVDLSsNAFJ3UV62vqEs3o0WoICUpgnUhFNwIbioYW2himEyn7ZDJg5mJtISs3fgrblyouPUP3Pk3TtMstHrgcg/n3MvMPV7MqJCG8aWVFhaXllfKq5W19Y3NLX1751ZECcfEwhGLeNdDgjAaEktSyUg35gQFHiMdz7+Y+p17wgWNwhs5iYkToGFIBxQjqSRX37c9OrTTsWvW/KPjsdtQLZcyN/XPzezuytWrRt3IAf8SsyBVUKDt6p92P8JJQEKJGRKiZxqxdFLEJcWMZBU7ESRG2EdD0lM0RAERTpqfksFDpfThIOKqQglz9edGigIhJoGnJgMkR2Lem4r/eb1EDppOSsM4kSTEs4cGCYMygtNcYJ9ygiWbKIIwp+qvEI8QR1iq9CoqBHP+5L/EatTP6sb1SbXVLNIogz1wAGrABKegBS5BG1gAgwfwBF7Aq/aoPWtv2vtstKQVO7vgF7SPb5WSmRg=</latexit><latexit sha1_base64="hn22/1fN37XDXXeQSWZ8pDeZFCY=">AAACCXicbVDLSsNAFJ3UV62vqEs3o0WoICUpgnUhFNwIbioYW2himEyn7ZDJg5mJtISs3fgrblyouPUP3Pk3TtMstHrgcg/n3MvMPV7MqJCG8aWVFhaXllfKq5W19Y3NLX1751ZECcfEwhGLeNdDgjAaEktSyUg35gQFHiMdz7+Y+p17wgWNwhs5iYkToGFIBxQjqSRX37c9OrTTsWvW/KPjsdtQLZcyN/XPzezuytWrRt3IAf8SsyBVUKDt6p92P8JJQEKJGRKiZxqxdFLEJcWMZBU7ESRG2EdD0lM0RAERTpqfksFDpfThIOKqQglz9edGigIhJoGnJgMkR2Lem4r/eb1EDppOSsM4kSTEs4cGCYMygtNcYJ9ygiWbKIIwp+qvEI8QR1iq9CoqBHP+5L/EatTP6sb1SbXVLNIogz1wAGrABKegBS5BG1gAgwfwBF7Aq/aoPWtv2vtstKQVO7vgF7SPb5WSmRg=</latexit><latexit sha1_base64="hn22/1fN37XDXXeQSWZ8pDeZFCY=">AAACCXicbVDLSsNAFJ3UV62vqEs3o0WoICUpgnUhFNwIbioYW2himEyn7ZDJg5mJtISs3fgrblyouPUP3Pk3TtMstHrgcg/n3MvMPV7MqJCG8aWVFhaXllfKq5W19Y3NLX1751ZECcfEwhGLeNdDgjAaEktSyUg35gQFHiMdz7+Y+p17wgWNwhs5iYkToGFIBxQjqSRX37c9OrTTsWvW/KPjsdtQLZcyN/XPzezuytWrRt3IAf8SsyBVUKDt6p92P8JJQEKJGRKiZxqxdFLEJcWMZBU7ESRG2EdD0lM0RAERTpqfksFDpfThIOKqQglz9edGigIhJoGnJgMkR2Lem4r/eb1EDppOSsM4kSTEs4cGCYMygtNcYJ9ygiWbKIIwp+qvEI8QR1iq9CoqBHP+5L/EatTP6sb1SbXVLNIogz1wAGrABKegBS5BG1gAgwfwBF7Aq/aoPWtv2vtstKQVO7vgF7SPb5WSmRg=</latexit>



g̃(a) =
1

K

KX

k=1


�2(x1(k)� a1x2(k))x2(k) · 1

�
(x1(k)� a1x2(k))2 � (x2(k)� a2x1(k))2

�

�2(x2(k)� a2x1(k))x1(k) · 1
�
(x1(k)� a1x2(k))2 < (x2(k)� a2x1(k))2

�
�

<latexit sha1_base64="cvFhRvQIUIYwHa8HT4iW/L/9F0U="></latexit><latexit sha1_base64="cvFhRvQIUIYwHa8HT4iW/L/9F0U="></latexit><latexit sha1_base64="cvFhRvQIUIYwHa8HT4iW/L/9F0U="></latexit>

a(k)
<latexit sha1_base64="LteB7S2ODAcJyaHpOE/H+5suujY=">AAAB7XicbVBNS8NAEJ2tX7V+VT16WSxCvZREBOut4MVjBWMLbSyb7aZdstmE3Y1QQn+EFw8qXv0/3vw3btsctPXBwOO9GWbmBang2jjONyqtrW9sbpW3Kzu7e/sH1cOjB51kijKPJiJR3YBoJrhknuFGsG6qGIkDwTpBdDPzO09MaZ7IezNJmR+TkeQhp8RYqUMe83p0Ph1Ua07DmQOvErcgNSjQHlS/+sOEZjGThgqidc91UuPnRBlOBZtW+plmKaERGbGepZLETPv5/NwpPrPKEIeJsiUNnqu/J3ISaz2JA9sZEzPWy95M/M/rZSZs+jmXaWaYpItFYSawSfDsdzzkilEjJpYQqri9FdMxUYQam1DFhuAuv7xKvIvGdcO5u6y1mkUaZTiBU6iDC1fQgltogwcUIniGV3hDKXpB7+hj0VpCxcwx/AH6/AE05478</latexit><latexit sha1_base64="LteB7S2ODAcJyaHpOE/H+5suujY=">AAAB7XicbVBNS8NAEJ2tX7V+VT16WSxCvZREBOut4MVjBWMLbSyb7aZdstmE3Y1QQn+EFw8qXv0/3vw3btsctPXBwOO9GWbmBang2jjONyqtrW9sbpW3Kzu7e/sH1cOjB51kijKPJiJR3YBoJrhknuFGsG6qGIkDwTpBdDPzO09MaZ7IezNJmR+TkeQhp8RYqUMe83p0Ph1Ua07DmQOvErcgNSjQHlS/+sOEZjGThgqidc91UuPnRBlOBZtW+plmKaERGbGepZLETPv5/NwpPrPKEIeJsiUNnqu/J3ISaz2JA9sZEzPWy95M/M/rZSZs+jmXaWaYpItFYSawSfDsdzzkilEjJpYQqri9FdMxUYQam1DFhuAuv7xKvIvGdcO5u6y1mkUaZTiBU6iDC1fQgltogwcUIniGV3hDKXpB7+hj0VpCxcwx/AH6/AE05478</latexit><latexit sha1_base64="LteB7S2ODAcJyaHpOE/H+5suujY=">AAAB7XicbVBNS8NAEJ2tX7V+VT16WSxCvZREBOut4MVjBWMLbSyb7aZdstmE3Y1QQn+EFw8qXv0/3vw3btsctPXBwOO9GWbmBang2jjONyqtrW9sbpW3Kzu7e/sH1cOjB51kijKPJiJR3YBoJrhknuFGsG6qGIkDwTpBdDPzO09MaZ7IezNJmR+TkeQhp8RYqUMe83p0Ph1Ua07DmQOvErcgNSjQHlS/+sOEZjGThgqidc91UuPnRBlOBZtW+plmKaERGbGepZLETPv5/NwpPrPKEIeJsiUNnqu/J3ISaz2JA9sZEzPWy95M/M/rZSZs+jmXaWaYpItFYSawSfDsdzzkilEjJpYQqri9FdMxUYQam1DFhuAuv7xKvIvGdcO5u6y1mkUaZTiBU6iDC1fQgltogwcUIniGV3hDKXpB7+hj0VpCxcwx/AH6/AE05478</latexit>

Subgradient of G(a)
<latexit sha1_base64="EeAp/JW8f3C2lLi/vm6GXOpNgC4=">AAACEXicbVC7TgJBFJ3FF66vVUubiWACDVloxI7EQkuMIiSwIXdnZ2HC7CMzsyZks99g46/YWKixtbPzbxwWCgVPMsnJuY8597gxZ1LZ9rdRWFvf2Nwqbps7u3v7B9bh0b2MEkFoh0Q8Ej0XJOUspB3FFKe9WFAIXE677uRyVu8+UCFZFN6paUydAEYh8xkBpaWhVTVvE3ckwGM0VDjycXkQgBoT4OlVVsm566eQVctDq2TX7Bx4ldQXpIQWaA+tr4EXkSTQiwkHKft1O1ZOCkIxwmlmDhJJYyATGNG+piEEVDppflKGz7TiYT8S+mljufp7IoVAymng6s6ZR7lcm4n/1fqJ8ptOysI4UTQk84/8hGMV4Vk+2GOCEsWnmgARTHvFZAwCiNIpmjqE+vLJq6TTqF3U7JtGqdVcpFFEJ+gUVVAdnaMWukZt1EEEPaJn9IrejCfjxXg3PuatBWMxc4z+wPj8AWUYnNg=</latexit><latexit sha1_base64="EeAp/JW8f3C2lLi/vm6GXOpNgC4=">AAACEXicbVC7TgJBFJ3FF66vVUubiWACDVloxI7EQkuMIiSwIXdnZ2HC7CMzsyZks99g46/YWKixtbPzbxwWCgVPMsnJuY8597gxZ1LZ9rdRWFvf2Nwqbps7u3v7B9bh0b2MEkFoh0Q8Ej0XJOUspB3FFKe9WFAIXE677uRyVu8+UCFZFN6paUydAEYh8xkBpaWhVTVvE3ckwGM0VDjycXkQgBoT4OlVVsm566eQVctDq2TX7Bx4ldQXpIQWaA+tr4EXkSTQiwkHKft1O1ZOCkIxwmlmDhJJYyATGNG+piEEVDppflKGz7TiYT8S+mljufp7IoVAymng6s6ZR7lcm4n/1fqJ8ptOysI4UTQk84/8hGMV4Vk+2GOCEsWnmgARTHvFZAwCiNIpmjqE+vLJq6TTqF3U7JtGqdVcpFFEJ+gUVVAdnaMWukZt1EEEPaJn9IrejCfjxXg3PuatBWMxc4z+wPj8AWUYnNg=</latexit><latexit sha1_base64="EeAp/JW8f3C2lLi/vm6GXOpNgC4=">AAACEXicbVC7TgJBFJ3FF66vVUubiWACDVloxI7EQkuMIiSwIXdnZ2HC7CMzsyZks99g46/YWKixtbPzbxwWCgVPMsnJuY8597gxZ1LZ9rdRWFvf2Nwqbps7u3v7B9bh0b2MEkFoh0Q8Ej0XJOUspB3FFKe9WFAIXE677uRyVu8+UCFZFN6paUydAEYh8xkBpaWhVTVvE3ckwGM0VDjycXkQgBoT4OlVVsm566eQVctDq2TX7Bx4ldQXpIQWaA+tr4EXkSTQiwkHKft1O1ZOCkIxwmlmDhJJYyATGNG+piEEVDppflKGz7TiYT8S+mljufp7IoVAymng6s6ZR7lcm4n/1fqJ8ptOysI4UTQk84/8hGMV4Vk+2GOCEsWnmgARTHvFZAwCiNIpmjqE+vLJq6TTqF3U7JtGqdVcpFFEJ+gUVVAdnaMWukZt1EEEPaJn9IrejCfjxXg3PuatBWMxc4z+wPj8AWUYnNg=</latexit>

Ga�ne(a;a
(k)) = G(a(k)) + g(a(k))T(a� a(k))

<latexit sha1_base64="L1GoH0j7vmc+g3YkbsipQiZLL2c="></latexit><latexit sha1_base64="L1GoH0j7vmc+g3YkbsipQiZLL2c="></latexit><latexit sha1_base64="L1GoH0j7vmc+g3YkbsipQiZLL2c="></latexit>

a(k+1) = argmin
a

n
F(a)� Ga�ne(a;a

(k))
o

<latexit sha1_base64="nCP/anJuTdUA0YXd0oCoGhq2/Fk="></latexit><latexit sha1_base64="nCP/anJuTdUA0YXd0oCoGhq2/Fk="></latexit><latexit sha1_base64="nCP/anJuTdUA0YXd0oCoGhq2/Fk="></latexit>

Convex

˜
<latexit sha1_base64="hW2yKyH0hubAbxnV2VPEq3rLrAk=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lFsN4KXjxWMLbQhrLZTNqlm03c3Qgl9E948aDi1d/jzX/jts1BWx8MPN6bYWZekAqujet+O6W19Y3NrfJ2ZWd3b/+genj0oJNMMfRYIhLVDahGwSV6hhuB3VQhjQOBnWB8M/M7T6g0T+S9maTox3QoecQZNVbq9g0XIebTQbXm1t05yCppFKQGBdqD6lc/TFgWozRMUK17DTc1fk6V4UzgtNLPNKaUjekQe5ZKGqP28/m9U3JmlZBEibIlDZmrvydyGms9iQPbGVMz0sveTPzP62Umavo5l2lmULLFoigTxCRk9jwJuUJmxMQSyhS3txI2oooyYyOq2BAayy+vEu+ifl137y5rrWaRRhlO4BTOoQFX0IJbaIMHDAQ8wyu8OY/Oi/PufCxaS04xcwx/4Hz+AM0pj/k=</latexit><latexit sha1_base64="hW2yKyH0hubAbxnV2VPEq3rLrAk=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lFsN4KXjxWMLbQhrLZTNqlm03c3Qgl9E948aDi1d/jzX/jts1BWx8MPN6bYWZekAqujet+O6W19Y3NrfJ2ZWd3b/+genj0oJNMMfRYIhLVDahGwSV6hhuB3VQhjQOBnWB8M/M7T6g0T+S9maTox3QoecQZNVbq9g0XIebTQbXm1t05yCppFKQGBdqD6lc/TFgWozRMUK17DTc1fk6V4UzgtNLPNKaUjekQe5ZKGqP28/m9U3JmlZBEibIlDZmrvydyGms9iQPbGVMz0sveTPzP62Umavo5l2lmULLFoigTxCRk9jwJuUJmxMQSyhS3txI2oooyYyOq2BAayy+vEu+ifl137y5rrWaRRhlO4BTOoQFX0IJbaIMHDAQ8wyu8OY/Oi/PufCxaS04xcwx/4Hz+AM0pj/k=</latexit><latexit sha1_base64="hW2yKyH0hubAbxnV2VPEq3rLrAk=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lFsN4KXjxWMLbQhrLZTNqlm03c3Qgl9E948aDi1d/jzX/jts1BWx8MPN6bYWZekAqujet+O6W19Y3NrfJ2ZWd3b/+genj0oJNMMfRYIhLVDahGwSV6hhuB3VQhjQOBnWB8M/M7T6g0T+S9maTox3QoecQZNVbq9g0XIebTQbXm1t05yCppFKQGBdqD6lc/TFgWozRMUK17DTc1fk6V4UzgtNLPNKaUjekQe5ZKGqP28/m9U3JmlZBEibIlDZmrvydyGms9iQPbGVMz0sveTPzP62Umavo5l2lmULLFoigTxCRk9jwJuUJmxMQSyhS3txI2oooyYyOq2BAayy+vEu+ifl137y5rrWaRRhlO4BTOoQFX0IJbaIMHDAQ8wyu8OY/Oi/PufCxaS04xcwx/4Hz+AM0pj/k=</latexit>

˜
<latexit sha1_base64="hW2yKyH0hubAbxnV2VPEq3rLrAk=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lFsN4KXjxWMLbQhrLZTNqlm03c3Qgl9E948aDi1d/jzX/jts1BWx8MPN6bYWZekAqujet+O6W19Y3NrfJ2ZWd3b/+genj0oJNMMfRYIhLVDahGwSV6hhuB3VQhjQOBnWB8M/M7T6g0T+S9maTox3QoecQZNVbq9g0XIebTQbXm1t05yCppFKQGBdqD6lc/TFgWozRMUK17DTc1fk6V4UzgtNLPNKaUjekQe5ZKGqP28/m9U3JmlZBEibIlDZmrvydyGms9iQPbGVMz0sveTPzP62Umavo5l2lmULLFoigTxCRk9jwJuUJmxMQSyhS3txI2oooyYyOq2BAayy+vEu+ifl137y5rrWaRRhlO4BTOoQFX0IJbaIMHDAQ8wyu8OY/Oi/PufCxaS04xcwx/4Hz+AM0pj/k=</latexit><latexit sha1_base64="hW2yKyH0hubAbxnV2VPEq3rLrAk=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lFsN4KXjxWMLbQhrLZTNqlm03c3Qgl9E948aDi1d/jzX/jts1BWx8MPN6bYWZekAqujet+O6W19Y3NrfJ2ZWd3b/+genj0oJNMMfRYIhLVDahGwSV6hhuB3VQhjQOBnWB8M/M7T6g0T+S9maTox3QoecQZNVbq9g0XIebTQbXm1t05yCppFKQGBdqD6lc/TFgWozRMUK17DTc1fk6V4UzgtNLPNKaUjekQe5ZKGqP28/m9U3JmlZBEibIlDZmrvydyGms9iQPbGVMz0sveTPzP62Umavo5l2lmULLFoigTxCRk9jwJuUJmxMQSyhS3txI2oooyYyOq2BAayy+vEu+ifl137y5rrWaRRhlO4BTOoQFX0IJbaIMHDAQ8wyu8OY/Oi/PufCxaS04xcwx/4Hz+AM0pj/k=</latexit><latexit sha1_base64="hW2yKyH0hubAbxnV2VPEq3rLrAk=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lFsN4KXjxWMLbQhrLZTNqlm03c3Qgl9E948aDi1d/jzX/jts1BWx8MPN6bYWZekAqujet+O6W19Y3NrfJ2ZWd3b/+genj0oJNMMfRYIhLVDahGwSV6hhuB3VQhjQOBnWB8M/M7T6g0T+S9maTox3QoecQZNVbq9g0XIebTQbXm1t05yCppFKQGBdqD6lc/TFgWozRMUK17DTc1fk6V4UzgtNLPNKaUjekQe5ZKGqP28/m9U3JmlZBEibIlDZmrvydyGms9iQPbGVMz0sveTPzP62Umavo5l2lmULLFoigTxCRk9jwJuUJmxMQSyhS3txI2oooyYyOq2BAayy+vEu+ifl137y5rrWaRRhlO4BTOoQFX0IJbaIMHDAQ8wyu8OY/Oi/PufCxaS04xcwx/4Hz+AM0pj/k=</latexit>

˜
<latexit sha1_base64="hW2yKyH0hubAbxnV2VPEq3rLrAk=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lFsN4KXjxWMLbQhrLZTNqlm03c3Qgl9E948aDi1d/jzX/jts1BWx8MPN6bYWZekAqujet+O6W19Y3NrfJ2ZWd3b/+genj0oJNMMfRYIhLVDahGwSV6hhuB3VQhjQOBnWB8M/M7T6g0T+S9maTox3QoecQZNVbq9g0XIebTQbXm1t05yCppFKQGBdqD6lc/TFgWozRMUK17DTc1fk6V4UzgtNLPNKaUjekQe5ZKGqP28/m9U3JmlZBEibIlDZmrvydyGms9iQPbGVMz0sveTPzP62Umavo5l2lmULLFoigTxCRk9jwJuUJmxMQSyhS3txI2oooyYyOq2BAayy+vEu+ifl137y5rrWaRRhlO4BTOoQFX0IJbaIMHDAQ8wyu8OY/Oi/PufCxaS04xcwx/4Hz+AM0pj/k=</latexit><latexit sha1_base64="hW2yKyH0hubAbxnV2VPEq3rLrAk=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lFsN4KXjxWMLbQhrLZTNqlm03c3Qgl9E948aDi1d/jzX/jts1BWx8MPN6bYWZekAqujet+O6W19Y3NrfJ2ZWd3b/+genj0oJNMMfRYIhLVDahGwSV6hhuB3VQhjQOBnWB8M/M7T6g0T+S9maTox3QoecQZNVbq9g0XIebTQbXm1t05yCppFKQGBdqD6lc/TFgWozRMUK17DTc1fk6V4UzgtNLPNKaUjekQe5ZKGqP28/m9U3JmlZBEibIlDZmrvydyGms9iQPbGVMz0sveTPzP62Umavo5l2lmULLFoigTxCRk9jwJuUJmxMQSyhS3txI2oooyYyOq2BAayy+vEu+ifl137y5rrWaRRhlO4BTOoQFX0IJbaIMHDAQ8wyu8OY/Oi/PufCxaS04xcwx/4Hz+AM0pj/k=</latexit><latexit sha1_base64="hW2yKyH0hubAbxnV2VPEq3rLrAk=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lFsN4KXjxWMLbQhrLZTNqlm03c3Qgl9E948aDi1d/jzX/jts1BWx8MPN6bYWZekAqujet+O6W19Y3NrfJ2ZWd3b/+genj0oJNMMfRYIhLVDahGwSV6hhuB3VQhjQOBnWB8M/M7T6g0T+S9maTox3QoecQZNVbq9g0XIebTQbXm1t05yCppFKQGBdqD6lc/TFgWozRMUK17DTc1fk6V4UzgtNLPNKaUjekQe5ZKGqP28/m9U3JmlZBEibIlDZmrvydyGms9iQPbGVMz0sveTPzP62Umavo5l2lmULLFoigTxCRk9jwJuUJmxMQSyhS3txI2oooyYyOq2BAayy+vEu+ifl137y5rrWaRRhlO4BTOoQFX0IJbaIMHDAQ8wyu8OY/Oi/PufCxaS04xcwx/4Hz+AM0pj/k=</latexit>

˜
<latexit sha1_base64="hW2yKyH0hubAbxnV2VPEq3rLrAk=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lFsN4KXjxWMLbQhrLZTNqlm03c3Qgl9E948aDi1d/jzX/jts1BWx8MPN6bYWZekAqujet+O6W19Y3NrfJ2ZWd3b/+genj0oJNMMfRYIhLVDahGwSV6hhuB3VQhjQOBnWB8M/M7T6g0T+S9maTox3QoecQZNVbq9g0XIebTQbXm1t05yCppFKQGBdqD6lc/TFgWozRMUK17DTc1fk6V4UzgtNLPNKaUjekQe5ZKGqP28/m9U3JmlZBEibIlDZmrvydyGms9iQPbGVMz0sveTPzP62Umavo5l2lmULLFoigTxCRk9jwJuUJmxMQSyhS3txI2oooyYyOq2BAayy+vEu+ifl137y5rrWaRRhlO4BTOoQFX0IJbaIMHDAQ8wyu8OY/Oi/PufCxaS04xcwx/4Hz+AM0pj/k=</latexit><latexit sha1_base64="hW2yKyH0hubAbxnV2VPEq3rLrAk=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lFsN4KXjxWMLbQhrLZTNqlm03c3Qgl9E948aDi1d/jzX/jts1BWx8MPN6bYWZekAqujet+O6W19Y3NrfJ2ZWd3b/+genj0oJNMMfRYIhLVDahGwSV6hhuB3VQhjQOBnWB8M/M7T6g0T+S9maTox3QoecQZNVbq9g0XIebTQbXm1t05yCppFKQGBdqD6lc/TFgWozRMUK17DTc1fk6V4UzgtNLPNKaUjekQe5ZKGqP28/m9U3JmlZBEibIlDZmrvydyGms9iQPbGVMz0sveTPzP62Umavo5l2lmULLFoigTxCRk9jwJuUJmxMQSyhS3txI2oooyYyOq2BAayy+vEu+ifl137y5rrWaRRhlO4BTOoQFX0IJbaIMHDAQ8wyu8OY/Oi/PufCxaS04xcwx/4Hz+AM0pj/k=</latexit><latexit sha1_base64="hW2yKyH0hubAbxnV2VPEq3rLrAk=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lFsN4KXjxWMLbQhrLZTNqlm03c3Qgl9E948aDi1d/jzX/jts1BWx8MPN6bYWZekAqujet+O6W19Y3NrfJ2ZWd3b/+genj0oJNMMfRYIhLVDahGwSV6hhuB3VQhjQOBnWB8M/M7T6g0T+S9maTox3QoecQZNVbq9g0XIebTQbXm1t05yCppFKQGBdqD6lc/TFgWozRMUK17DTc1fk6V4UzgtNLPNKaUjekQe5ZKGqP28/m9U3JmlZBEibIlDZmrvydyGms9iQPbGVMz0sveTPzP62Umavo5l2lmULLFoigTxCRk9jwJuUJmxMQSyhS3txI2oooyYyOq2BAayy+vEu+ifl137y5rrWaRRhlO4BTOoQFX0IJbaIMHDAQ8wyu8OY/Oi/PufCxaS04xcwx/4Hz+AM0pj/k=</latexit>

˜
<latexit sha1_base64="hW2yKyH0hubAbxnV2VPEq3rLrAk=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lFsN4KXjxWMLbQhrLZTNqlm03c3Qgl9E948aDi1d/jzX/jts1BWx8MPN6bYWZekAqujet+O6W19Y3NrfJ2ZWd3b/+genj0oJNMMfRYIhLVDahGwSV6hhuB3VQhjQOBnWB8M/M7T6g0T+S9maTox3QoecQZNVbq9g0XIebTQbXm1t05yCppFKQGBdqD6lc/TFgWozRMUK17DTc1fk6V4UzgtNLPNKaUjekQe5ZKGqP28/m9U3JmlZBEibIlDZmrvydyGms9iQPbGVMz0sveTPzP62Umavo5l2lmULLFoigTxCRk9jwJuUJmxMQSyhS3txI2oooyYyOq2BAayy+vEu+ifl137y5rrWaRRhlO4BTOoQFX0IJbaIMHDAQ8wyu8OY/Oi/PufCxaS04xcwx/4Hz+AM0pj/k=</latexit><latexit sha1_base64="hW2yKyH0hubAbxnV2VPEq3rLrAk=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lFsN4KXjxWMLbQhrLZTNqlm03c3Qgl9E948aDi1d/jzX/jts1BWx8MPN6bYWZekAqujet+O6W19Y3NrfJ2ZWd3b/+genj0oJNMMfRYIhLVDahGwSV6hhuB3VQhjQOBnWB8M/M7T6g0T+S9maTox3QoecQZNVbq9g0XIebTQbXm1t05yCppFKQGBdqD6lc/TFgWozRMUK17DTc1fk6V4UzgtNLPNKaUjekQe5ZKGqP28/m9U3JmlZBEibIlDZmrvydyGms9iQPbGVMz0sveTPzP62Umavo5l2lmULLFoigTxCRk9jwJuUJmxMQSyhS3txI2oooyYyOq2BAayy+vEu+ifl137y5rrWaRRhlO4BTOoQFX0IJbaIMHDAQ8wyu8OY/Oi/PufCxaS04xcwx/4Hz+AM0pj/k=</latexit><latexit sha1_base64="hW2yKyH0hubAbxnV2VPEq3rLrAk=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lFsN4KXjxWMLbQhrLZTNqlm03c3Qgl9E948aDi1d/jzX/jts1BWx8MPN6bYWZekAqujet+O6W19Y3NrfJ2ZWd3b/+genj0oJNMMfRYIhLVDahGwSV6hhuB3VQhjQOBnWB8M/M7T6g0T+S9maTox3QoecQZNVbq9g0XIebTQbXm1t05yCppFKQGBdqD6lc/TFgWozRMUK17DTc1fk6V4UzgtNLPNKaUjekQe5ZKGqP28/m9U3JmlZBEibIlDZmrvydyGms9iQPbGVMz0sveTPzP62Umavo5l2lmULLFoigTxCRk9jwJuUJmxMQSyhS3txI2oooyYyOq2BAayy+vEu+ifl137y5rrWaRRhlO4BTOoQFX0IJbaIMHDAQ8wyu8OY/Oi/PufCxaS04xcwx/4Hz+AM0pj/k=</latexit>

˜
<latexit sha1_base64="hW2yKyH0hubAbxnV2VPEq3rLrAk=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lFsN4KXjxWMLbQhrLZTNqlm03c3Qgl9E948aDi1d/jzX/jts1BWx8MPN6bYWZekAqujet+O6W19Y3NrfJ2ZWd3b/+genj0oJNMMfRYIhLVDahGwSV6hhuB3VQhjQOBnWB8M/M7T6g0T+S9maTox3QoecQZNVbq9g0XIebTQbXm1t05yCppFKQGBdqD6lc/TFgWozRMUK17DTc1fk6V4UzgtNLPNKaUjekQe5ZKGqP28/m9U3JmlZBEibIlDZmrvydyGms9iQPbGVMz0sveTPzP62Umavo5l2lmULLFoigTxCRk9jwJuUJmxMQSyhS3txI2oooyYyOq2BAayy+vEu+ifl137y5rrWaRRhlO4BTOoQFX0IJbaIMHDAQ8wyu8OY/Oi/PufCxaS04xcwx/4Hz+AM0pj/k=</latexit><latexit sha1_base64="hW2yKyH0hubAbxnV2VPEq3rLrAk=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lFsN4KXjxWMLbQhrLZTNqlm03c3Qgl9E948aDi1d/jzX/jts1BWx8MPN6bYWZekAqujet+O6W19Y3NrfJ2ZWd3b/+genj0oJNMMfRYIhLVDahGwSV6hhuB3VQhjQOBnWB8M/M7T6g0T+S9maTox3QoecQZNVbq9g0XIebTQbXm1t05yCppFKQGBdqD6lc/TFgWozRMUK17DTc1fk6V4UzgtNLPNKaUjekQe5ZKGqP28/m9U3JmlZBEibIlDZmrvydyGms9iQPbGVMz0sveTPzP62Umavo5l2lmULLFoigTxCRk9jwJuUJmxMQSyhS3txI2oooyYyOq2BAayy+vEu+ifl137y5rrWaRRhlO4BTOoQFX0IJbaIMHDAQ8wyu8OY/Oi/PufCxaS04xcwx/4Hz+AM0pj/k=</latexit><latexit sha1_base64="hW2yKyH0hubAbxnV2VPEq3rLrAk=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lFsN4KXjxWMLbQhrLZTNqlm03c3Qgl9E948aDi1d/jzX/jts1BWx8MPN6bYWZekAqujet+O6W19Y3NrfJ2ZWd3b/+genj0oJNMMfRYIhLVDahGwSV6hhuB3VQhjQOBnWB8M/M7T6g0T+S9maTox3QoecQZNVbq9g0XIebTQbXm1t05yCppFKQGBdqD6lc/TFgWozRMUK17DTc1fk6V4UzgtNLPNKaUjekQe5ZKGqP28/m9U3JmlZBEibIlDZmrvydyGms9iQPbGVMz0sveTPzP62Umavo5l2lmULLFoigTxCRk9jwJuUJmxMQSyhS3txI2oooyYyOq2BAayy+vEu+ifl137y5rrWaRRhlO4BTOoQFX0IJbaIMHDAQ8wyu8OY/Oi/PufCxaS04xcwx/4Hz+AM0pj/k=</latexit>

Approximate convex-concave procedure
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Empirical results

(X1, X2) ⇠ N
✓

0
0

�
,


5 1.7748

1.7748 7

�◆

<latexit sha1_base64="2MHM0oGp77x/n/xI/od10OkPH4M="></latexit><latexit sha1_base64="2MHM0oGp77x/n/xI/od10OkPH4M="></latexit><latexit sha1_base64="2MHM0oGp77x/n/xI/od10OkPH4M="></latexit>

K = 1000
<latexit sha1_base64="FfxiV0Xgu4NNA/HibCPntEVDULU=">AAAB7HicbVBNSwMxEJ31s9avqkcvwSJ4KlkRrAeh4EXwUsFtC+1Ssmm2jc0mS5IVSul/8OJBxas/yJv/xrTdg7Y+GHi8N8PMvCgV3FiMv72V1bX1jc3CVnF7Z3dvv3Rw2DAq05QFVAmlWxExTHDJAsutYK1UM5JEgjWj4c3Ubz4xbbiSD3aUsjAhfcljTol1UuPu2scYd0tlXMEzoGXi56QMOerd0lenp2iWMGmpIMa0fZzacEy05VSwSbGTGZYSOiR91nZUkoSZcDy7doJOndJDsdKupEUz9ffEmCTGjJLIdSbEDsyiNxX/89qZjavhmMs0s0zS+aI4E8gqNH0d9bhm1IqRI4Rq7m5FdEA0odYFVHQh+IsvL5PgvHJVwfcX5Vo1T6MAx3ACZ+DDJdTgFuoQAIVHeIZXePOU9+K9ex/z1hUvnzmCP/A+fwBJbY3I</latexit><latexit sha1_base64="FfxiV0Xgu4NNA/HibCPntEVDULU=">AAAB7HicbVBNSwMxEJ31s9avqkcvwSJ4KlkRrAeh4EXwUsFtC+1Ssmm2jc0mS5IVSul/8OJBxas/yJv/xrTdg7Y+GHi8N8PMvCgV3FiMv72V1bX1jc3CVnF7Z3dvv3Rw2DAq05QFVAmlWxExTHDJAsutYK1UM5JEgjWj4c3Ubz4xbbiSD3aUsjAhfcljTol1UuPu2scYd0tlXMEzoGXi56QMOerd0lenp2iWMGmpIMa0fZzacEy05VSwSbGTGZYSOiR91nZUkoSZcDy7doJOndJDsdKupEUz9ffEmCTGjJLIdSbEDsyiNxX/89qZjavhmMs0s0zS+aI4E8gqNH0d9bhm1IqRI4Rq7m5FdEA0odYFVHQh+IsvL5PgvHJVwfcX5Vo1T6MAx3ACZ+DDJdTgFuoQAIVHeIZXePOU9+K9ex/z1hUvnzmCP/A+fwBJbY3I</latexit><latexit sha1_base64="FfxiV0Xgu4NNA/HibCPntEVDULU=">AAAB7HicbVBNSwMxEJ31s9avqkcvwSJ4KlkRrAeh4EXwUsFtC+1Ssmm2jc0mS5IVSul/8OJBxas/yJv/xrTdg7Y+GHi8N8PMvCgV3FiMv72V1bX1jc3CVnF7Z3dvv3Rw2DAq05QFVAmlWxExTHDJAsutYK1UM5JEgjWj4c3Ubz4xbbiSD3aUsjAhfcljTol1UuPu2scYd0tlXMEzoGXi56QMOerd0lenp2iWMGmpIMa0fZzacEy05VSwSbGTGZYSOiR91nZUkoSZcDy7doJOndJDsdKupEUz9ffEmCTGjJLIdSbEDsyiNxX/89qZjavhmMs0s0zS+aI4E8gqNH0d9bhm1IqRI4Rq7m5FdEA0odYFVHQh+IsvL5PgvHJVwfcX5Vo1T6MAx3ACZ+DDJdTgFuoQAIVHeIZXePOU9+K9ex/z1hUvnzmCP/A+fwBJbY3I</latexit>

L = 100
<latexit sha1_base64="kOSe+1SKijrrZpYiMpz8ieQbg+A=">AAAB63icbVBNSwMxEJ34WetX1aOXYBE8lawI1oNQ8OLBQwXXFtqlZNNsG5rNLklWKEt/gxcPKl79Q978N6btHrT1wcDjvRlm5oWpFMYS8o1WVtfWNzZLW+Xtnd29/crB4aNJMs24zxKZ6HZIDZdCcd8KK3k71ZzGoeStcHQz9VtPXBuRqAc7TnkQ04ESkWDUOsm/u/YI6VWqpEZmwMvEK0gVCjR7la9uP2FZzJVlkhrT8Uhqg5xqK5jkk3I3MzylbEQHvOOoojE3QT47doJPndLHUaJdKYtn6u+JnMbGjOPQdcbUDs2iNxX/8zqZjepBLlSaWa7YfFGUSWwTPP0c94XmzMqxI5Rp4W7FbEg1ZdblU3YheIsvLxP/vHZVI/cX1Ua9SKMEx3ACZ+DBJTTgFprgAwMBz/AKb0ihF/SOPuatK6iYOYI/QJ8/3FGNjw==</latexit><latexit sha1_base64="kOSe+1SKijrrZpYiMpz8ieQbg+A=">AAAB63icbVBNSwMxEJ34WetX1aOXYBE8lawI1oNQ8OLBQwXXFtqlZNNsG5rNLklWKEt/gxcPKl79Q978N6btHrT1wcDjvRlm5oWpFMYS8o1WVtfWNzZLW+Xtnd29/crB4aNJMs24zxKZ6HZIDZdCcd8KK3k71ZzGoeStcHQz9VtPXBuRqAc7TnkQ04ESkWDUOsm/u/YI6VWqpEZmwMvEK0gVCjR7la9uP2FZzJVlkhrT8Uhqg5xqK5jkk3I3MzylbEQHvOOoojE3QT47doJPndLHUaJdKYtn6u+JnMbGjOPQdcbUDs2iNxX/8zqZjepBLlSaWa7YfFGUSWwTPP0c94XmzMqxI5Rp4W7FbEg1ZdblU3YheIsvLxP/vHZVI/cX1Ua9SKMEx3ACZ+DBJTTgFprgAwMBz/AKb0ihF/SOPuatK6iYOYI/QJ8/3FGNjw==</latexit><latexit sha1_base64="kOSe+1SKijrrZpYiMpz8ieQbg+A=">AAAB63icbVBNSwMxEJ34WetX1aOXYBE8lawI1oNQ8OLBQwXXFtqlZNNsG5rNLklWKEt/gxcPKl79Q978N6btHrT1wcDjvRlm5oWpFMYS8o1WVtfWNzZLW+Xtnd29/crB4aNJMs24zxKZ6HZIDZdCcd8KK3k71ZzGoeStcHQz9VtPXBuRqAc7TnkQ04ESkWDUOsm/u/YI6VWqpEZmwMvEK0gVCjR7la9uP2FZzJVlkhrT8Uhqg5xqK5jkk3I3MzylbEQHvOOoojE3QT47doJPndLHUaJdKYtn6u+JnMbGjOPQdcbUDs2iNxX/8zqZjepBLlSaWa7YfFGUSWwTPP0c94XmzMqxI5Rp4W7FbEg1ZdblU3YheIsvLxP/vHZVI/cX1Ua9SKMEx3ACZ+DBJTTgFprgAwMBz/AKb0ihF/SOPuatK6iYOYI/QJ8/3FGNjw==</latexit>

J ? = 1.9704
<latexit sha1_base64="C0AFWsU7qN82rhvNdKe54rL0GtE=">AAACBHicbVBNS8NAEN3Ur1q/oh71sFgETyGRQtuDUPAinioYW2hi2Ww37dLNJuxuhBJy8eJf8eJBxas/wpv/xk3bg7Y+GHi8N8PMvCBhVCrb/jZKK6tr6xvlzcrW9s7unrl/cCfjVGDi4pjFohsgSRjlxFVUMdJNBEFRwEgnGF8WfueBCEljfqsmCfEjNOQ0pBgpLfXNYy9CaoQRy67z+8yTCokcXkDHatbtWt+s2pY9BVwmzpxUwRztvvnlDWKcRoQrzJCUPcdOlJ8hoShmJK94qSQJwmM0JD1NOYqI9LPpFzk81coAhrHQxRWcqr8nMhRJOYkC3VncLBe9QvzP66UqbPgZ5UmqCMezRWHKoIphEQkcUEGwYhNNEBZU3wrxCAmElQ6uokNwFl9eJu651bTsm1q11ZinUQZH4AScAQfUQQtcgTZwAQaP4Bm8gjfjyXgx3o2PWWvJmM8cgj8wPn8ACl2XIA==</latexit><latexit sha1_base64="C0AFWsU7qN82rhvNdKe54rL0GtE=">AAACBHicbVBNS8NAEN3Ur1q/oh71sFgETyGRQtuDUPAinioYW2hi2Ww37dLNJuxuhBJy8eJf8eJBxas/wpv/xk3bg7Y+GHi8N8PMvCBhVCrb/jZKK6tr6xvlzcrW9s7unrl/cCfjVGDi4pjFohsgSRjlxFVUMdJNBEFRwEgnGF8WfueBCEljfqsmCfEjNOQ0pBgpLfXNYy9CaoQRy67z+8yTCokcXkDHatbtWt+s2pY9BVwmzpxUwRztvvnlDWKcRoQrzJCUPcdOlJ8hoShmJK94qSQJwmM0JD1NOYqI9LPpFzk81coAhrHQxRWcqr8nMhRJOYkC3VncLBe9QvzP66UqbPgZ5UmqCMezRWHKoIphEQkcUEGwYhNNEBZU3wrxCAmElQ6uokNwFl9eJu651bTsm1q11ZinUQZH4AScAQfUQQtcgTZwAQaP4Bm8gjfjyXgx3o2PWWvJmM8cgj8wPn8ACl2XIA==</latexit><latexit sha1_base64="C0AFWsU7qN82rhvNdKe54rL0GtE=">AAACBHicbVBNS8NAEN3Ur1q/oh71sFgETyGRQtuDUPAinioYW2hi2Ww37dLNJuxuhBJy8eJf8eJBxas/wpv/xk3bg7Y+GHi8N8PMvCBhVCrb/jZKK6tr6xvlzcrW9s7unrl/cCfjVGDi4pjFohsgSRjlxFVUMdJNBEFRwEgnGF8WfueBCEljfqsmCfEjNOQ0pBgpLfXNYy9CaoQRy67z+8yTCokcXkDHatbtWt+s2pY9BVwmzpxUwRztvvnlDWKcRoQrzJCUPcdOlJ8hoShmJK94qSQJwmM0JD1NOYqI9LPpFzk81coAhrHQxRWcqr8nMhRJOYkC3VncLBe9QvzP66UqbPgZ5UmqCMezRWHKoIphEQkcUEGwYhNNEBZU3wrxCAmElQ6uokNwFl9eJu651bTsm1q11ZinUQZH4AScAQfUQQtcgTZwAQaP4Bm8gjfjyXgx3o2PWWvJmM8cgj8wPn8ACl2XIA==</latexit>

Within 1.5% of the optimal solution
<latexit sha1_base64="OfnSO8lKVK7tAyJS38EQ0rqPFpg=">AAACDnicbVBNTwIxFOziF+IX6tFLI2A8kV0SI95IvHjExBUS2JBu6UJDt920b00I4R948a948aDGq2dv/hsL7EHBSZpMZubl9U2YCG7Adb+d3Nr6xuZWfruws7u3f1A8PLo3KtWU+VQJpdshMUxwyXzgIFg70YzEoWCtcHQ981sPTBuu5B2MExbEZCB5xCkBK/WKZy0OQy5x2atedCtlrCIMQ4ZVAjwmAhsl0kWw5FbdOfAq8TJSQhmaveJXt69oGjMJVBBjOp6bQDAhGjgVbFropoYlhI7IgHUslSRmJpjM75niilX6OFLaPgl4rv6emJDYmHEc2mRMYGiWvZn4n9dJIaoHEy6TFJiki0VRKjAoPCsH97lmFMTYEkI1t3/FdEg0oWArLNgSvOWTV4lfq15V3dtaqVHP2sijE3SKzpGHLlED3aAm8hFFj+gZvaI358l5cd6dj0U052Qzx+gPnM8f61ea5w==</latexit><latexit sha1_base64="OfnSO8lKVK7tAyJS38EQ0rqPFpg=">AAACDnicbVBNTwIxFOziF+IX6tFLI2A8kV0SI95IvHjExBUS2JBu6UJDt920b00I4R948a948aDGq2dv/hsL7EHBSZpMZubl9U2YCG7Adb+d3Nr6xuZWfruws7u3f1A8PLo3KtWU+VQJpdshMUxwyXzgIFg70YzEoWCtcHQ981sPTBuu5B2MExbEZCB5xCkBK/WKZy0OQy5x2atedCtlrCIMQ4ZVAjwmAhsl0kWw5FbdOfAq8TJSQhmaveJXt69oGjMJVBBjOp6bQDAhGjgVbFropoYlhI7IgHUslSRmJpjM75niilX6OFLaPgl4rv6emJDYmHEc2mRMYGiWvZn4n9dJIaoHEy6TFJiki0VRKjAoPCsH97lmFMTYEkI1t3/FdEg0oWArLNgSvOWTV4lfq15V3dtaqVHP2sijE3SKzpGHLlED3aAm8hFFj+gZvaI358l5cd6dj0U052Qzx+gPnM8f61ea5w==</latexit><latexit sha1_base64="OfnSO8lKVK7tAyJS38EQ0rqPFpg=">AAACDnicbVBNTwIxFOziF+IX6tFLI2A8kV0SI95IvHjExBUS2JBu6UJDt920b00I4R948a948aDGq2dv/hsL7EHBSZpMZubl9U2YCG7Adb+d3Nr6xuZWfruws7u3f1A8PLo3KtWU+VQJpdshMUxwyXzgIFg70YzEoWCtcHQ981sPTBuu5B2MExbEZCB5xCkBK/WKZy0OQy5x2atedCtlrCIMQ4ZVAjwmAhsl0kWw5FbdOfAq8TJSQhmaveJXt69oGjMJVBBjOp6bQDAhGjgVbFropoYlhI7IgHUslSRmJpjM75niilX6OFLaPgl4rv6emJDYmHEc2mRMYGiWvZn4n9dJIaoHEy6TFJiki0VRKjAoPCsH97lmFMTYEkI1t3/FdEg0oWArLNgSvOWTV4lfq15V3dtaqVHP2sijE3SKzpGHLlED3aAm8hFFj+gZvaI358l5cd6dj0U052Qzx+gPnM8f61ea5w==</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>
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Collision vs. Scheduling
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Threshold policies + collision channel = “decentralized max function”   
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U = 1
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�maxUmax
<latexit sha1_base64="sgh10+IV0b/sBfjnlonLveVV9nI=">AAAB+nicbVBPS8MwHP3Vv3P+q/PoJTgET6MVwXkbePE4wbrBVkeapVtYmpYklY3Sr+LFg4pXP4k3v43p1oNuPgi8vPf7kZcXJJwp7Tjf1tr6xubWdmWnuru3f3BoH9UeVJxKQj0S81h2A6woZ4J6mmlOu4mkOAo47QSTm8LvPFGpWCzu9SyhfoRHgoWMYG2kgV3rR1iPCeaZlz9m5jLNB3bdaThzoFXilqQOJdoD+6s/jEkaUaEJx0r1XCfRfoalZoTTvNpPFU0wmeAR7RkqcESVn82z5+jMKEMUxtIcodFc/b2R4UipWRSYySKpWvYK8T+vl+qw6WdMJKmmgiweClOOdIyKItCQSUo0nxmCiWQmKyJjLDHRpq6qKcFd/vIq8S4a1w3n7rLeapZtVOAETuEcXLiCFtxCGzwgMIVneIU3K7derHfrYzG6ZpU7x/AH1ucPFfCUow==</latexit><latexit sha1_base64="sgh10+IV0b/sBfjnlonLveVV9nI=">AAAB+nicbVBPS8MwHP3Vv3P+q/PoJTgET6MVwXkbePE4wbrBVkeapVtYmpYklY3Sr+LFg4pXP4k3v43p1oNuPgi8vPf7kZcXJJwp7Tjf1tr6xubWdmWnuru3f3BoH9UeVJxKQj0S81h2A6woZ4J6mmlOu4mkOAo47QSTm8LvPFGpWCzu9SyhfoRHgoWMYG2kgV3rR1iPCeaZlz9m5jLNB3bdaThzoFXilqQOJdoD+6s/jEkaUaEJx0r1XCfRfoalZoTTvNpPFU0wmeAR7RkqcESVn82z5+jMKEMUxtIcodFc/b2R4UipWRSYySKpWvYK8T+vl+qw6WdMJKmmgiweClOOdIyKItCQSUo0nxmCiWQmKyJjLDHRpq6qKcFd/vIq8S4a1w3n7rLeapZtVOAETuEcXLiCFtxCGzwgMIVneIU3K7derHfrYzG6ZpU7x/AH1ucPFfCUow==</latexit><latexit sha1_base64="sgh10+IV0b/sBfjnlonLveVV9nI=">AAAB+nicbVBPS8MwHP3Vv3P+q/PoJTgET6MVwXkbePE4wbrBVkeapVtYmpYklY3Sr+LFg4pXP4k3v43p1oNuPgi8vPf7kZcXJJwp7Tjf1tr6xubWdmWnuru3f3BoH9UeVJxKQj0S81h2A6woZ4J6mmlOu4mkOAo47QSTm8LvPFGpWCzu9SyhfoRHgoWMYG2kgV3rR1iPCeaZlz9m5jLNB3bdaThzoFXilqQOJdoD+6s/jEkaUaEJx0r1XCfRfoalZoTTvNpPFU0wmeAR7RkqcESVn82z5+jMKEMUxtIcodFc/b2R4UipWRSYySKpWvYK8T+vl+qw6WdMJKmmgiweClOOdIyKItCQSUo0nxmCiWQmKyJjLDHRpq6qKcFd/vIq8S4a1w3n7rLeapZtVOAETuEcXLiCFtxCGzwgMIVneIU3K7derHfrYzG6ZpU7x/AH1ucPFfCUow==</latexit><latexit sha1_base64="C39OhB+IczRcjLNINXH29e9lt8M=">AAAB2HicbZDNSgMxFIXv1L86Vq1rN8EiuCpTN+pOcOOygmML7VAymTttaCYzJHeEMvQFXLhRfDB3vo3pz0KtBwIf5yTk3hMXSloKgi+vtrW9s7tX3/cPGv7h0XGz8WTz0ggMRa5y04+5RSU1hiRJYb8wyLNYYS+e3i3y3jMaK3P9SLMCo4yPtUyl4OSs7qjZCtrBUmwTOmtowVqj5ucwyUWZoSahuLWDTlBQVHFDUiic+8PSYsHFlI9x4FDzDG1ULcecs3PnJCzNjTua2NL9+aLimbWzLHY3M04T+zdbmP9lg5LS66iSuigJtVh9lJaKUc4WO7NEGhSkZg64MNLNysSEGy7INeO7Djp/N96E8LJ90w4eAqjDKZzBBXTgCm7hHroQgoAEXuDNm3iv3vuqqpq37uwEfsn7+Aap5IoM</latexit><latexit sha1_base64="0e1aA6qBCilRV7dxBZ7GUfXVogQ=">AAAB73icbVA9T8MwFHzhs5QCoSuLRYXEVKUswIbEwlgkQiu1oXpxndaq40S2g1pF+SssDID4N2z8G5y2A7Sc9KTz3bN8vjAVXBvP+3Y2Nre2d3Yre9X92sHhkXtce9RJpijzaSIS1Q1RM8El8w03gnVTxTAOBeuEk9vS7zwzpXkiH8wsZUGMI8kjTtFYaeDW+zGaMUWR+8VTbg/TYuA2vKY3B1knrSVpwBLtgfvVHyY0i5k0VKDWvZaXmiBHZTgVrKj2M81SpBMcsZ6lEmOmg3yevSBnVhmSKFF2pCFz9feNHGOtZ3FoN8uketUrxf+8XmaiqyDnMs0Mk3TxUJQJYhJSFkGGXDFqxMwSpIrbrISOUSE1tq6qLaG1+uV14l80r5vevQcVOIFTOIcWXMIN3EEbfKAwhRd4g3encF6dj0VbG86ytjr8gfP5A7MUk0g=</latexit><latexit sha1_base64="0e1aA6qBCilRV7dxBZ7GUfXVogQ=">AAAB73icbVA9T8MwFHzhs5QCoSuLRYXEVKUswIbEwlgkQiu1oXpxndaq40S2g1pF+SssDID4N2z8G5y2A7Sc9KTz3bN8vjAVXBvP+3Y2Nre2d3Yre9X92sHhkXtce9RJpijzaSIS1Q1RM8El8w03gnVTxTAOBeuEk9vS7zwzpXkiH8wsZUGMI8kjTtFYaeDW+zGaMUWR+8VTbg/TYuA2vKY3B1knrSVpwBLtgfvVHyY0i5k0VKDWvZaXmiBHZTgVrKj2M81SpBMcsZ6lEmOmg3yevSBnVhmSKFF2pCFz9feNHGOtZ3FoN8uketUrxf+8XmaiqyDnMs0Mk3TxUJQJYhJSFkGGXDFqxMwSpIrbrISOUSE1tq6qLaG1+uV14l80r5vevQcVOIFTOIcWXMIN3EEbfKAwhRd4g3encF6dj0VbG86ytjr8gfP5A7MUk0g=</latexit><latexit sha1_base64="dSnWWWv0vMB/vQj3OFYowLpzuyk=">AAAB+nicbVC9TsMwGPxS/kr5C2VksaiQmKqEhbJVYmEsEqGV2lA5rtNadZzIdlCrKK/CwgCIlSdh421w2gzQcpKl8933yecLEs6Udpxvq7KxubW9U92t7e0fHB7Zx/UHFaeSUI/EPJa9ACvKmaCeZprTXiIpjgJOu8H0pvC7T1QqFot7PU+oH+GxYCEjWBtpaNcHEdYTgnnm5Y+Zuczyod1wms4CaJ24JWlAic7Q/hqMYpJGVGjCsVJ910m0n2GpGeE0rw1SRRNMpnhM+4YKHFHlZ4vsOTo3ygiFsTRHaLRQf29kOFJqHgVmskiqVr1C/M/rpzps+RkTSaqpIMuHwpQjHaOiCDRikhLN54ZgIpnJisgES0y0qatmSnBXv7xOvMvmddO5cxrtVtlGFU7hDC7AhStowy10wAMCM3iGV3izcuvFerc+lqMVq9w5gT+wPn8AFLCUnw==</latexit><latexit sha1_base64="sgh10+IV0b/sBfjnlonLveVV9nI=">AAAB+nicbVBPS8MwHP3Vv3P+q/PoJTgET6MVwXkbePE4wbrBVkeapVtYmpYklY3Sr+LFg4pXP4k3v43p1oNuPgi8vPf7kZcXJJwp7Tjf1tr6xubWdmWnuru3f3BoH9UeVJxKQj0S81h2A6woZ4J6mmlOu4mkOAo47QSTm8LvPFGpWCzu9SyhfoRHgoWMYG2kgV3rR1iPCeaZlz9m5jLNB3bdaThzoFXilqQOJdoD+6s/jEkaUaEJx0r1XCfRfoalZoTTvNpPFU0wmeAR7RkqcESVn82z5+jMKEMUxtIcodFc/b2R4UipWRSYySKpWvYK8T+vl+qw6WdMJKmmgiweClOOdIyKItCQSUo0nxmCiWQmKyJjLDHRpq6qKcFd/vIq8S4a1w3n7rLeapZtVOAETuEcXLiCFtxCGzwgMIVneIU3K7derHfrYzG6ZpU7x/AH1ucPFfCUow==</latexit><latexit sha1_base64="sgh10+IV0b/sBfjnlonLveVV9nI=">AAAB+nicbVBPS8MwHP3Vv3P+q/PoJTgET6MVwXkbePE4wbrBVkeapVtYmpYklY3Sr+LFg4pXP4k3v43p1oNuPgi8vPf7kZcXJJwp7Tjf1tr6xubWdmWnuru3f3BoH9UeVJxKQj0S81h2A6woZ4J6mmlOu4mkOAo47QSTm8LvPFGpWCzu9SyhfoRHgoWMYG2kgV3rR1iPCeaZlz9m5jLNB3bdaThzoFXilqQOJdoD+6s/jEkaUaEJx0r1XCfRfoalZoTTvNpPFU0wmeAR7RkqcESVn82z5+jMKEMUxtIcodFc/b2R4UipWRSYySKpWvYK8T+vl+qw6WdMJKmmgiweClOOdIyKItCQSUo0nxmCiWQmKyJjLDHRpq6qKcFd/vIq8S4a1w3n7rLeapZtVOAETuEcXLiCFtxCGzwgMIVneIU3K7derHfrYzG6ZpU7x/AH1ucPFfCUow==</latexit><latexit sha1_base64="sgh10+IV0b/sBfjnlonLveVV9nI=">AAAB+nicbVBPS8MwHP3Vv3P+q/PoJTgET6MVwXkbePE4wbrBVkeapVtYmpYklY3Sr+LFg4pXP4k3v43p1oNuPgi8vPf7kZcXJJwp7Tjf1tr6xubWdmWnuru3f3BoH9UeVJxKQj0S81h2A6woZ4J6mmlOu4mkOAo47QSTm8LvPFGpWCzu9SyhfoRHgoWMYG2kgV3rR1iPCeaZlz9m5jLNB3bdaThzoFXilqQOJdoD+6s/jEkaUaEJx0r1XCfRfoalZoTTvNpPFU0wmeAR7RkqcESVn82z5+jMKEMUxtIcodFc/b2R4UipWRSYySKpWvYK8T+vl+qw6WdMJKmmgiweClOOdIyKItCQSUo0nxmCiWQmKyJjLDHRpq6qKcFd/vIq8S4a1w3n7rLeapZtVOAETuEcXLiCFtxCGzwgMIVneIU3K7derHfrYzG6ZpU7x/AH1ucPFfCUow==</latexit><latexit sha1_base64="sgh10+IV0b/sBfjnlonLveVV9nI=">AAAB+nicbVBPS8MwHP3Vv3P+q/PoJTgET6MVwXkbePE4wbrBVkeapVtYmpYklY3Sr+LFg4pXP4k3v43p1oNuPgi8vPf7kZcXJJwp7Tjf1tr6xubWdmWnuru3f3BoH9UeVJxKQj0S81h2A6woZ4J6mmlOu4mkOAo47QSTm8LvPFGpWCzu9SyhfoRHgoWMYG2kgV3rR1iPCeaZlz9m5jLNB3bdaThzoFXilqQOJdoD+6s/jEkaUaEJx0r1XCfRfoalZoTTvNpPFU0wmeAR7RkqcESVn82z5+jMKEMUxtIcodFc/b2R4UipWRSYySKpWvYK8T+vl+qw6WdMJKmmgiweClOOdIyKItCQSUo0nxmCiWQmKyJjLDHRpq6qKcFd/vIq8S4a1w3n7rLeapZtVOAETuEcXLiCFtxCGzwgMIVneIU3K7derHfrYzG6ZpU7x/AH1ucPFfCUow==</latexit><latexit sha1_base64="sgh10+IV0b/sBfjnlonLveVV9nI=">AAAB+nicbVBPS8MwHP3Vv3P+q/PoJTgET6MVwXkbePE4wbrBVkeapVtYmpYklY3Sr+LFg4pXP4k3v43p1oNuPgi8vPf7kZcXJJwp7Tjf1tr6xubWdmWnuru3f3BoH9UeVJxKQj0S81h2A6woZ4J6mmlOu4mkOAo47QSTm8LvPFGpWCzu9SyhfoRHgoWMYG2kgV3rR1iPCeaZlz9m5jLNB3bdaThzoFXilqQOJdoD+6s/jEkaUaEJx0r1XCfRfoalZoTTvNpPFU0wmeAR7RkqcESVn82z5+jMKEMUxtIcodFc/b2R4UipWRSYySKpWvYK8T+vl+qw6WdMJKmmgiweClOOdIyKItCQSUo0nxmCiWQmKyJjLDHRpq6qKcFd/vIq8S4a1w3n7rLeapZtVOAETuEcXLiCFtxCGzwgMIVneIU3K7derHfrYzG6ZpU7x/AH1ucPFfCUow==</latexit>
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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>
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Summary & future work

1. Estimation over the collision channel: 

Optimality of threshold policies 

Designing globally optimal thresholds is NP-hard 

2. Observation-driven scheduling: 

Person-by-person optimality results (max-scheduling) 

Global optimality results are elusive 

Proof of global optimality may come from Information Theory

3. Fundamentals of distributed estimation/scheduling with sensors  

of unknown (or imprecise) probabilistic models
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Future work
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The sequential case


