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Cyber-Physical	System
coupling	bio-sensors on	people	and	wireless	networks	

Goals
Real-time	monitoring	health	and	behavior

Feedback via	adaptive	and	personalized	interventions	

Design	challenges
Sensors	&	data	heterogeneity

Sensors	&	coordinator	energy	constraints
Sensing	&	communication	are	state	dependent

Networked	decision	systems
New	decision-making	problems	involving

the	joint	design	of		sensing,	communication and	control

Observation-driven	scheduling	for	networked	estimation
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Main	result[1]
Person-by-person	optimality	of	max-scheduling	and	

simple	estimation	strategies	for
independent	and	symmetrically	correlated	

Gaussian	observations

Sensor	scheduling
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Problem

“Open-loop”	sensor	scheduling

Observation-driven	scheduling

Scheduling	with	Energy	Harvesting:	Sequential	Problem

Performance	comparison	in	the	independent	Gaussian	case

Send the measurement with largest magnitude
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X2
k

<latexit sha1_base64="fBgPy4+tmrcrS5lkGdsA+//ZbSA=">AAAB63icbVBNS8NAEJ34WetX1aOXxSJ4KkkRrLeCF48VjC20sWy2k3bpZhN2N0IJ/Q1ePKh49Q9589+4bXPQ1gcDj/dmmJkXpoJr47rfztr6xubWdmmnvLu3f3BYOTp+0EmmGPosEYnqhFSj4BJ9w43ATqqQxqHAdji+mfntJ1SaJ/LeTFIMYjqUPOKMGiv5ncd6f9yvVN2aOwdZJV5BqlCg1a989QYJy2KUhgmqdddzUxPkVBnOBE7LvUxjStmYDrFrqaQx6iCfHzsl51YZkChRtqQhc/X3RE5jrSdxaDtjakZ62ZuJ/3ndzESNIOcyzQxKtlgUZYKYhMw+JwOukBkxsYQyxe2thI2ooszYfMo2BG/55VXi12vXNffustpsFGmU4BTO4AI8uIIm3EILfGDA4Rle4c2Rzovz7nwsWtecYuYE/sD5/AHC7I4n</latexit><latexit sha1_base64="fBgPy4+tmrcrS5lkGdsA+//ZbSA=">AAAB63icbVBNS8NAEJ34WetX1aOXxSJ4KkkRrLeCF48VjC20sWy2k3bpZhN2N0IJ/Q1ePKh49Q9589+4bXPQ1gcDj/dmmJkXpoJr47rfztr6xubWdmmnvLu3f3BYOTp+0EmmGPosEYnqhFSj4BJ9w43ATqqQxqHAdji+mfntJ1SaJ/LeTFIMYjqUPOKMGiv5ncd6f9yvVN2aOwdZJV5BqlCg1a989QYJy2KUhgmqdddzUxPkVBnOBE7LvUxjStmYDrFrqaQx6iCfHzsl51YZkChRtqQhc/X3RE5jrSdxaDtjakZ62ZuJ/3ndzESNIOcyzQxKtlgUZYKYhMw+JwOukBkxsYQyxe2thI2ooszYfMo2BG/55VXi12vXNffustpsFGmU4BTO4AI8uIIm3EILfGDA4Rle4c2Rzovz7nwsWtecYuYE/sD5/AHC7I4n</latexit><latexit sha1_base64="fBgPy4+tmrcrS5lkGdsA+//ZbSA=">AAAB63icbVBNS8NAEJ34WetX1aOXxSJ4KkkRrLeCF48VjC20sWy2k3bpZhN2N0IJ/Q1ePKh49Q9589+4bXPQ1gcDj/dmmJkXpoJr47rfztr6xubWdmmnvLu3f3BYOTp+0EmmGPosEYnqhFSj4BJ9w43ATqqQxqHAdji+mfntJ1SaJ/LeTFIMYjqUPOKMGiv5ncd6f9yvVN2aOwdZJV5BqlCg1a989QYJy2KUhgmqdddzUxPkVBnOBE7LvUxjStmYDrFrqaQx6iCfHzsl51YZkChRtqQhc/X3RE5jrSdxaDtjakZ62ZuJ/3ndzESNIOcyzQxKtlgUZYKYhMw+JwOukBkxsYQyxe2thI2ooszYfMo2BG/55VXi12vXNffustpsFGmU4BTO4AI8uIIm3EILfGDA4Rle4c2Rzovz7nwsWtecYuYE/sD5/AHC7I4n</latexit>

Sk
<latexit sha1_base64="LhPbeoksw/u5ei3VOwlt64xXkP4=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEsN4KXjxWamyhDWWznbRLN5uwuxFK6E/w4kHFq//Im//GbZuDVh8MPN6bYWZemAqujet+OaW19Y3NrfJ2ZWd3b/+genj0oJNMMfRZIhLVDalGwSX6hhuB3VQhjUOBnXByM/c7j6g0T+S9maYYxHQkecQZNVZqtweTQbXm1t0FyF/iFaQGBVqD6md/mLAsRmmYoFr3PDc1QU6V4UzgrNLPNKaUTegIe5ZKGqMO8sWpM3JmlSGJEmVLGrJQf07kNNZ6Goe2M6ZmrFe9ufif18tM1AhyLtPMoGTLRVEmiEnI/G8y5AqZEVNLKFPc3krYmCrKjE2nYkPwVl/+S/yL+nXdvbusNRtFGmU4gVM4Bw+uoAm30AIfGIzgCV7g1RHOs/PmvC9bS04xcwy/4Hx8A5WWjX4=</latexit><latexit sha1_base64="LhPbeoksw/u5ei3VOwlt64xXkP4=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEsN4KXjxWamyhDWWznbRLN5uwuxFK6E/w4kHFq//Im//GbZuDVh8MPN6bYWZemAqujet+OaW19Y3NrfJ2ZWd3b/+genj0oJNMMfRZIhLVDalGwSX6hhuB3VQhjUOBnXByM/c7j6g0T+S9maYYxHQkecQZNVZqtweTQbXm1t0FyF/iFaQGBVqD6md/mLAsRmmYoFr3PDc1QU6V4UzgrNLPNKaUTegIe5ZKGqMO8sWpM3JmlSGJEmVLGrJQf07kNNZ6Goe2M6ZmrFe9ufif18tM1AhyLtPMoGTLRVEmiEnI/G8y5AqZEVNLKFPc3krYmCrKjE2nYkPwVl/+S/yL+nXdvbusNRtFGmU4gVM4Bw+uoAm30AIfGIzgCV7g1RHOs/PmvC9bS04xcwy/4Hx8A5WWjX4=</latexit><latexit sha1_base64="LhPbeoksw/u5ei3VOwlt64xXkP4=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEsN4KXjxWamyhDWWznbRLN5uwuxFK6E/w4kHFq//Im//GbZuDVh8MPN6bYWZemAqujet+OaW19Y3NrfJ2ZWd3b/+genj0oJNMMfRZIhLVDalGwSX6hhuB3VQhjUOBnXByM/c7j6g0T+S9maYYxHQkecQZNVZqtweTQbXm1t0FyF/iFaQGBVqD6md/mLAsRmmYoFr3PDc1QU6V4UzgrNLPNKaUTegIe5ZKGqMO8sWpM3JmlSGJEmVLGrJQf07kNNZ6Goe2M6ZmrFe9ufif18tM1AhyLtPMoGTLRVEmiEnI/G8y5AqZEVNLKFPc3krYmCrKjE2nYkPwVl/+S/yL+nXdvbusNRtFGmU4gVM4Bw+uoAm30AIfGIzgCV7g1RHOs/PmvC9bS04xcwy/4Hx8A5WWjX4=</latexit>

Y 1
k

<latexit sha1_base64="e7sQsY4YSHmznz4Rt8c+NJYS3g0=">AAAB63icbVBNS8NAEJ34WetX1aOXxSJ4KokI1lvBi8cKxlbaWDbbSbt0swm7G6GE/gYvHlS8+oe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBze6yRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxxdT/3WEyrNE3lnxikGMR1IHnFGjZX8h0evN+pVqm7NnYEsE68gVSjQ7FW+uv2EZTFKwwTVuuO5qQlyqgxnAiflbqYxpWxEB9ixVNIYdZDPjp2QU6v0SZQoW9KQmfp7Iqex1uM4tJ0xNUO96E3F/7xOZqJ6kHOZZgYlmy+KMkFMQqafkz5XyIwYW0KZ4vZWwoZUUWZsPmUbgrf48jLxz2tXNff2otqoF2mU4BhO4Aw8uIQG3EATfGDA4Rle4c2Rzovz7nzMW1ecYuYI/sD5/AHC7o4n</latexit><latexit sha1_base64="e7sQsY4YSHmznz4Rt8c+NJYS3g0=">AAAB63icbVBNS8NAEJ34WetX1aOXxSJ4KokI1lvBi8cKxlbaWDbbSbt0swm7G6GE/gYvHlS8+oe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBze6yRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxxdT/3WEyrNE3lnxikGMR1IHnFGjZX8h0evN+pVqm7NnYEsE68gVSjQ7FW+uv2EZTFKwwTVuuO5qQlyqgxnAiflbqYxpWxEB9ixVNIYdZDPjp2QU6v0SZQoW9KQmfp7Iqex1uM4tJ0xNUO96E3F/7xOZqJ6kHOZZgYlmy+KMkFMQqafkz5XyIwYW0KZ4vZWwoZUUWZsPmUbgrf48jLxz2tXNff2otqoF2mU4BhO4Aw8uIQG3EATfGDA4Rle4c2Rzovz7nzMW1ecYuYI/sD5/AHC7o4n</latexit><latexit sha1_base64="e7sQsY4YSHmznz4Rt8c+NJYS3g0=">AAAB63icbVBNS8NAEJ34WetX1aOXxSJ4KokI1lvBi8cKxlbaWDbbSbt0swm7G6GE/gYvHlS8+oe8+W/ctjlo64OBx3szzMwLU8G1cd1vZ2V1bX1js7RV3t7Z3duvHBze6yRTDH2WiES1Q6pRcIm+4UZgO1VI41BgKxxdT/3WEyrNE3lnxikGMR1IHnFGjZX8h0evN+pVqm7NnYEsE68gVSjQ7FW+uv2EZTFKwwTVuuO5qQlyqgxnAiflbqYxpWxEB9ixVNIYdZDPjp2QU6v0SZQoW9KQmfp7Iqex1uM4tJ0xNUO96E3F/7xOZqJ6kHOZZgYlmy+KMkFMQqafkz5XyIwYW0KZ4vZWwoZUUWZsPmUbgrf48jLxz2tXNff2otqoF2mU4BhO4Aw8uIQG3EATfGDA4Rle4c2Rzovz7nzMW1ecYuYI/sD5/AHC7o4n</latexit>

Y 2
k

<latexit sha1_base64="DYjfUgZw9SWyAL2KUBtpEqZh+yM=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0mLYL0VvHisYGyljWWznbRLN5uwuxFK6G/w4kHFq3/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fDoXsepYuixWMSqE1CNgkv0DDcCO4lCGgUC28H4eua3n1BpHss7M0nQj+hQ8pAzaqzkPTzW++N+ueJW3TnIKqnlpAI5Wv3yV28QszRCaZigWndrbmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n82On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5qw4WdcJqlByRaLwlQQE5PZ52TAFTIjJpZQpri9lbARVZQZm0/JhlBbfnmVePXqVdW9vag0G3kaRTiBUziHGlxCE26gBR4w4PAMr/DmSOfFeXc+Fq0FJ585hj9wPn8AxHOOKA==</latexit><latexit sha1_base64="DYjfUgZw9SWyAL2KUBtpEqZh+yM=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0mLYL0VvHisYGyljWWznbRLN5uwuxFK6G/w4kHFq3/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fDoXsepYuixWMSqE1CNgkv0DDcCO4lCGgUC28H4eua3n1BpHss7M0nQj+hQ8pAzaqzkPTzW++N+ueJW3TnIKqnlpAI5Wv3yV28QszRCaZigWndrbmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n82On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5qw4WdcJqlByRaLwlQQE5PZ52TAFTIjJpZQpri9lbARVZQZm0/JhlBbfnmVePXqVdW9vag0G3kaRTiBUziHGlxCE26gBR4w4PAMr/DmSOfFeXc+Fq0FJ585hj9wPn8AxHOOKA==</latexit><latexit sha1_base64="DYjfUgZw9SWyAL2KUBtpEqZh+yM=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0mLYL0VvHisYGyljWWznbRLN5uwuxFK6G/w4kHFq3/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fDoXsepYuixWMSqE1CNgkv0DDcCO4lCGgUC28H4eua3n1BpHss7M0nQj+hQ8pAzaqzkPTzW++N+ueJW3TnIKqnlpAI5Wv3yV28QszRCaZigWndrbmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n82On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5qw4WdcJqlByRaLwlQQE5PZ52TAFTIjJpZQpri9lbARVZQZm0/JhlBbfnmVePXqVdW9vag0G3kaRTiBUziHGlxCE26gBR4w4PAMr/DmSOfFeXc+Fq0FJ585hj9wPn8AxHOOKA==</latexit>

X̂1
k

<latexit sha1_base64="RX6Zv8HjE0bG8vz9LCFS07oOz3s=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQiWG8FLx4rGFtoY9lsN+3SzW7YnQgl9Gd48aDi1X/jzX/jts1BWx8MPN6bYWZelApu0PO+ndLa+sbmVnm7srO7t39QPTx6MCrTlAVUCaU7ETFMcMkC5ChYJ9WMJJFg7Wh8M/PbT0wbruQ9TlIWJmQoecwpQSt1eyOCeWf66PfH/WrNq3tzuKvEL0gNCrT61a/eQNEsYRKpIMZ0fS/FMCcaORVsWullhqWEjsmQdS2VJGEmzOcnT90zqwzcWGlbEt25+nsiJ4kxkySynQnBkVn2ZuJ/XjfDuBHmXKYZMkkXi+JMuKjc2f/ugGtGUUwsIVRze6tLR0QTijalig3BX355lQQX9eu6d3dZazaKNMpwAqdwDj5cQRNuoQUBUFDwDK/w5qDz4rw7H4vWklPMHMMfOJ8/kyeQ8w==</latexit><latexit sha1_base64="RX6Zv8HjE0bG8vz9LCFS07oOz3s=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQiWG8FLx4rGFtoY9lsN+3SzW7YnQgl9Gd48aDi1X/jzX/jts1BWx8MPN6bYWZelApu0PO+ndLa+sbmVnm7srO7t39QPTx6MCrTlAVUCaU7ETFMcMkC5ChYJ9WMJJFg7Wh8M/PbT0wbruQ9TlIWJmQoecwpQSt1eyOCeWf66PfH/WrNq3tzuKvEL0gNCrT61a/eQNEsYRKpIMZ0fS/FMCcaORVsWullhqWEjsmQdS2VJGEmzOcnT90zqwzcWGlbEt25+nsiJ4kxkySynQnBkVn2ZuJ/XjfDuBHmXKYZMkkXi+JMuKjc2f/ugGtGUUwsIVRze6tLR0QTijalig3BX355lQQX9eu6d3dZazaKNMpwAqdwDj5cQRNuoQUBUFDwDK/w5qDz4rw7H4vWklPMHMMfOJ8/kyeQ8w==</latexit><latexit sha1_base64="RX6Zv8HjE0bG8vz9LCFS07oOz3s=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69BIvgqSQiWG8FLx4rGFtoY9lsN+3SzW7YnQgl9Gd48aDi1X/jzX/jts1BWx8MPN6bYWZelApu0PO+ndLa+sbmVnm7srO7t39QPTx6MCrTlAVUCaU7ETFMcMkC5ChYJ9WMJJFg7Wh8M/PbT0wbruQ9TlIWJmQoecwpQSt1eyOCeWf66PfH/WrNq3tzuKvEL0gNCrT61a/eQNEsYRKpIMZ0fS/FMCcaORVsWullhqWEjsmQdS2VJGEmzOcnT90zqwzcWGlbEt25+nsiJ4kxkySynQnBkVn2ZuJ/XjfDuBHmXKYZMkkXi+JMuKjc2f/ugGtGUUwsIVRze6tLR0QTijalig3BX355lQQX9eu6d3dZazaKNMpwAqdwDj5cQRNuoQUBUFDwDK/w5qDz4rw7H4vWklPMHMMfOJ8/kyeQ8w==</latexit>

X̂2
k

<latexit sha1_base64="BAtnGLxTNWfBujgAPYuZfNk5lrU=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSJ4KmkRrLeCF48VjC2ksWy2m3bpZhN2J0IJ/RlePKh49d9489+4bXPQ1gcDj/dmmJkXplIYdN1vZ219Y3Nru7RT3t3bPzisHB0/mCTTjHsskYnuhtRwKRT3UKDk3VRzGoeSd8LxzczvPHFtRKLucZLyIKZDJSLBKFrJ740o5t3pY6M/7leqbs2dg6ySekGqUKDdr3z1BgnLYq6QSWqMX3dTDHKqUTDJp+VeZnhK2ZgOuW+pojE3QT4/eUrOrTIgUaJtKSRz9fdETmNjJnFoO2OKI7PszcT/PD/DqBnkQqUZcsUWi6JMEkzI7H8yEJozlBNLKNPC3krYiGrK0KZUtiHUl19eJV6jdl1z7y6rrWaRRglO4QwuoA5X0IJbaIMHDBJ4hld4c9B5cd6dj0XrmlPMnMAfOJ8/lKyQ9A==</latexit><latexit sha1_base64="BAtnGLxTNWfBujgAPYuZfNk5lrU=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSJ4KmkRrLeCF48VjC2ksWy2m3bpZhN2J0IJ/RlePKh49d9489+4bXPQ1gcDj/dmmJkXplIYdN1vZ219Y3Nru7RT3t3bPzisHB0/mCTTjHsskYnuhtRwKRT3UKDk3VRzGoeSd8LxzczvPHFtRKLucZLyIKZDJSLBKFrJ740o5t3pY6M/7leqbs2dg6ySekGqUKDdr3z1BgnLYq6QSWqMX3dTDHKqUTDJp+VeZnhK2ZgOuW+pojE3QT4/eUrOrTIgUaJtKSRz9fdETmNjJnFoO2OKI7PszcT/PD/DqBnkQqUZcsUWi6JMEkzI7H8yEJozlBNLKNPC3krYiGrK0KZUtiHUl19eJV6jdl1z7y6rrWaRRglO4QwuoA5X0IJbaIMHDBJ4hld4c9B5cd6dj0XrmlPMnMAfOJ8/lKyQ9A==</latexit><latexit sha1_base64="BAtnGLxTNWfBujgAPYuZfNk5lrU=">AAAB8XicbVBNS8NAEJ34WetX1aOXxSJ4KmkRrLeCF48VjC2ksWy2m3bpZhN2J0IJ/RlePKh49d9489+4bXPQ1gcDj/dmmJkXplIYdN1vZ219Y3Nru7RT3t3bPzisHB0/mCTTjHsskYnuhtRwKRT3UKDk3VRzGoeSd8LxzczvPHFtRKLucZLyIKZDJSLBKFrJ740o5t3pY6M/7leqbs2dg6ySekGqUKDdr3z1BgnLYq6QSWqMX3dTDHKqUTDJp+VeZnhK2ZgOuW+pojE3QT4/eUrOrTIgUaJtKSRz9fdETmNjJnFoO2OKI7PszcT/PD/DqBnkQqUZcsUWi6JMEkzI7H8yEJozlBNLKNPC3krYiGrK0KZUtiHUl19eJV6jdl1z7y6rrWaRRglO4QwuoA5X0IJbaIMHDBJ4hld4c9B5cd6dj0XrmlPMnMAfOJ8/lKyQ9A==</latexit>

Y 1
k�1

<latexit sha1_base64="pnib92R3uGpbgXwpv2zbvMU0wHE=">AAAB73icbVBNTwIxEJ3FL8Qv1KOXRmLiRbJrSMQbiRePmLgCgZV0Sxca2u6m7ZqQDb/Ciwc1Xv073vw3FtiDgi+Z5OW9mczMCxPOtHHdb6ewtr6xuVXcLu3s7u0flA+PHnScKkJ9EvNYtUOsKWeS+oYZTtuJoliEnLbC8c3Mbz1RpVks780koYHAQ8kiRrCxUqfz6PWz8YU37ZcrbtWdA60SLycVyNHsl796g5ikgkpDONa667mJCTKsDCOcTku9VNMEkzEe0q6lEguqg2x+8BSdWWWAoljZkgbN1d8TGRZaT0RoOwU2I73szcT/vG5qonqQMZmkhkqyWBSlHJkYzb5HA6YoMXxiCSaK2VsRGWGFibEZlWwI3vLLq8S/rF5X3btapVHP0yjCCZzCOXhwBQ24hSb4QEDAM7zCm6OcF+fd+Vi0Fpx85hj+wPn8AWSpj6U=</latexit><latexit sha1_base64="pnib92R3uGpbgXwpv2zbvMU0wHE=">AAAB73icbVBNTwIxEJ3FL8Qv1KOXRmLiRbJrSMQbiRePmLgCgZV0Sxca2u6m7ZqQDb/Ciwc1Xv073vw3FtiDgi+Z5OW9mczMCxPOtHHdb6ewtr6xuVXcLu3s7u0flA+PHnScKkJ9EvNYtUOsKWeS+oYZTtuJoliEnLbC8c3Mbz1RpVks780koYHAQ8kiRrCxUqfz6PWz8YU37ZcrbtWdA60SLycVyNHsl796g5ikgkpDONa667mJCTKsDCOcTku9VNMEkzEe0q6lEguqg2x+8BSdWWWAoljZkgbN1d8TGRZaT0RoOwU2I73szcT/vG5qonqQMZmkhkqyWBSlHJkYzb5HA6YoMXxiCSaK2VsRGWGFibEZlWwI3vLLq8S/rF5X3btapVHP0yjCCZzCOXhwBQ24hSb4QEDAM7zCm6OcF+fd+Vi0Fpx85hj+wPn8AWSpj6U=</latexit><latexit sha1_base64="pnib92R3uGpbgXwpv2zbvMU0wHE=">AAAB73icbVBNTwIxEJ3FL8Qv1KOXRmLiRbJrSMQbiRePmLgCgZV0Sxca2u6m7ZqQDb/Ciwc1Xv073vw3FtiDgi+Z5OW9mczMCxPOtHHdb6ewtr6xuVXcLu3s7u0flA+PHnScKkJ9EvNYtUOsKWeS+oYZTtuJoliEnLbC8c3Mbz1RpVks780koYHAQ8kiRrCxUqfz6PWz8YU37ZcrbtWdA60SLycVyNHsl796g5ikgkpDONa667mJCTKsDCOcTku9VNMEkzEe0q6lEguqg2x+8BSdWWWAoljZkgbN1d8TGRZaT0RoOwU2I73szcT/vG5qonqQMZmkhkqyWBSlHJkYzb5HA6YoMXxiCSaK2VsRGWGFibEZlWwI3vLLq8S/rF5X3btapVHP0yjCCZzCOXhwBQ24hSb4QEDAM7zCm6OcF+fd+Vi0Fpx85hj+wPn8AWSpj6U=</latexit>

Y 2
k�1

<latexit sha1_base64="GLndRRsj6cxHGzLNqyfOazxesXY=">AAAB73icbVBNTwIxEJ3FL8Qv1KOXRmLiRbJLTMQbiRePmLgCgZV0Sxca2u6m7ZqQDb/Ciwc1Xv073vw3FtiDgi+Z5OW9mczMCxPOtHHdb6ewtr6xuVXcLu3s7u0flA+PHnScKkJ9EvNYtUOsKWeS+oYZTtuJoliEnLbC8c3Mbz1RpVks780koYHAQ8kiRrCxUqfzWOtn4wtv2i9X3Ko7B1olXk4qkKPZL3/1BjFJBZWGcKx113MTE2RYGUY4nZZ6qaYJJmM8pF1LJRZUB9n84Ck6s8oARbGyJQ2aq78nMiy0nojQdgpsRnrZm4n/ed3URPUgYzJJDZVksShKOTIxmn2PBkxRYvjEEkwUs7ciMsIKE2MzKtkQvOWXV4lfq15X3bvLSqOep1GEEziFc/DgChpwC03wgYCAZ3iFN0c5L86787FoLTj5zDH8gfP5A2Yyj6Y=</latexit><latexit sha1_base64="GLndRRsj6cxHGzLNqyfOazxesXY=">AAAB73icbVBNTwIxEJ3FL8Qv1KOXRmLiRbJLTMQbiRePmLgCgZV0Sxca2u6m7ZqQDb/Ciwc1Xv073vw3FtiDgi+Z5OW9mczMCxPOtHHdb6ewtr6xuVXcLu3s7u0flA+PHnScKkJ9EvNYtUOsKWeS+oYZTtuJoliEnLbC8c3Mbz1RpVks780koYHAQ8kiRrCxUqfzWOtn4wtv2i9X3Ko7B1olXk4qkKPZL3/1BjFJBZWGcKx113MTE2RYGUY4nZZ6qaYJJmM8pF1LJRZUB9n84Ck6s8oARbGyJQ2aq78nMiy0nojQdgpsRnrZm4n/ed3URPUgYzJJDZVksShKOTIxmn2PBkxRYvjEEkwUs7ciMsIKE2MzKtkQvOWXV4lfq15X3bvLSqOep1GEEziFc/DgChpwC03wgYCAZ3iFN0c5L86787FoLTj5zDH8gfP5A2Yyj6Y=</latexit><latexit sha1_base64="GLndRRsj6cxHGzLNqyfOazxesXY=">AAAB73icbVBNTwIxEJ3FL8Qv1KOXRmLiRbJLTMQbiRePmLgCgZV0Sxca2u6m7ZqQDb/Ciwc1Xv073vw3FtiDgi+Z5OW9mczMCxPOtHHdb6ewtr6xuVXcLu3s7u0flA+PHnScKkJ9EvNYtUOsKWeS+oYZTtuJoliEnLbC8c3Mbz1RpVks780koYHAQ8kiRrCxUqfzWOtn4wtv2i9X3Ko7B1olXk4qkKPZL3/1BjFJBZWGcKx113MTE2RYGUY4nZZ6qaYJJmM8pF1LJRZUB9n84Ck6s8oARbGyJQ2aq78nMiy0nojQdgpsRnrZm4n/ed3URPUgYzJJDZVksShKOTIxmn2PBkxRYvjEEkwUs7ciMsIKE2MzKtkQvOWXV4lfq15X3bvLSqOep1GEEziFc/DgChpwC03wgYCAZ3iFN0c5L86787FoLTj5zDH8gfP5A2Yyj6Y=</latexit>

Zk
<latexit sha1_base64="N3Y/35/aELoHG8dvlGfJxpzge8E=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEsN4KXjxWNFpsQ9lsJ+3SzSbsboQS+hO8eFDx6j/y5r9x2+agrQ8GHu/NMDMvTAXXxnW/ndLK6tr6RnmzsrW9s7tX3T+410mmGPosEYlqh1Sj4BJ9w43AdqqQxqHAh3B0NfUfnlBpnsg7M04xiOlA8ogzaqx0+9gb9ao1t+7OQJaJV5AaFGj1ql/dfsKyGKVhgmrd8dzUBDlVhjOBk0o305hSNqID7FgqaYw6yGenTsiJVfokSpQtachM/T2R01jrcRzazpiaoV70puJ/XiczUSPIuUwzg5LNF0WZICYh079JnytkRowtoUxxeythQ6ooMzadig3BW3x5mfhn9cu6e3NeazaKNMpwBMdwCh5cQBOuoQU+MBjAM7zCmyOcF+fd+Zi3lpxi5hD+wPn8AaA5jYU=</latexit><latexit sha1_base64="N3Y/35/aELoHG8dvlGfJxpzge8E=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEsN4KXjxWNFpsQ9lsJ+3SzSbsboQS+hO8eFDx6j/y5r9x2+agrQ8GHu/NMDMvTAXXxnW/ndLK6tr6RnmzsrW9s7tX3T+410mmGPosEYlqh1Sj4BJ9w43AdqqQxqHAh3B0NfUfnlBpnsg7M04xiOlA8ogzaqx0+9gb9ao1t+7OQJaJV5AaFGj1ql/dfsKyGKVhgmrd8dzUBDlVhjOBk0o305hSNqID7FgqaYw6yGenTsiJVfokSpQtachM/T2R01jrcRzazpiaoV70puJ/XiczUSPIuUwzg5LNF0WZICYh079JnytkRowtoUxxeythQ6ooMzadig3BW3x5mfhn9cu6e3NeazaKNMpwBMdwCh5cQBOuoQU+MBjAM7zCmyOcF+fd+Zi3lpxi5hD+wPn8AaA5jYU=</latexit><latexit sha1_base64="N3Y/35/aELoHG8dvlGfJxpzge8E=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEsN4KXjxWNFpsQ9lsJ+3SzSbsboQS+hO8eFDx6j/y5r9x2+agrQ8GHu/NMDMvTAXXxnW/ndLK6tr6RnmzsrW9s7tX3T+410mmGPosEYlqh1Sj4BJ9w43AdqqQxqHAh3B0NfUfnlBpnsg7M04xiOlA8ogzaqx0+9gb9ao1t+7OQJaJV5AaFGj1ql/dfsKyGKVhgmrd8dzUBDlVhjOBk0o305hSNqID7FgqaYw6yGenTsiJVfokSpQtachM/T2R01jrcRzazpiaoV70puJ/XiczUSPIuUwzg5LNF0WZICYh079JnytkRowtoUxxeythQ6ooMzadig3BW3x5mfhn9cu6e3NeazaKNMpwBMdwCh5cQBOuoQU+MBjAM7zCmyOcF+fd+Zi3lpxi5hD+wPn8AaA5jYU=</latexit><latexit sha1_base64="C39OhB+IczRcjLNINXH29e9lt8M=">AAAB2HicbZDNSgMxFIXv1L86Vq1rN8EiuCpTN+pOcOOygmML7VAymTttaCYzJHeEMvQFXLhRfDB3vo3pz0KtBwIf5yTk3hMXSloKgi+vtrW9s7tX3/cPGv7h0XGz8WTz0ggMRa5y04+5RSU1hiRJYb8wyLNYYS+e3i3y3jMaK3P9SLMCo4yPtUyl4OSs7qjZCtrBUmwTOmtowVqj5ucwyUWZoSahuLWDTlBQVHFDUiic+8PSYsHFlI9x4FDzDG1ULcecs3PnJCzNjTua2NL9+aLimbWzLHY3M04T+zdbmP9lg5LS66iSuigJtVh9lJaKUc4WO7NEGhSkZg64MNLNysSEGy7INeO7Djp/N96E8LJ90w4eAqjDKZzBBXTgCm7hHroQgoAEXuDNm3iv3vuqqpq37uwEfsn7+Aap5IoM</latexit><latexit sha1_base64="HrT+dW6iMzkbvOpbaPAeUpbz3oY=">AAAB3nicbZDNSgMxFIXv+Ftr1erWTbAIrsqMG3UnuHFZ0bHFdiiZ9E4bmskMyR2hlD6CGxcqPpY738b0Z6GtBwIf5yTk3hPnSlry/W9vbX1jc2u7tFPereztH1QPK482K4zAUGQqM62YW1RSY0iSFLZygzyNFTbj4c00bz6jsTLTDzTKMUp5X8tECk7Oun/qDrvVml/3Z2KrECygBgs1utWvTi8TRYqahOLWtgM/p2jMDUmhcFLuFBZzLoa8j22Hmqdoo/Fs1Ak7dU6PJZlxRxObub9fjHlq7SiN3c2U08AuZ1Pzv6xdUHIZjaXOC0It5h8lhWKUsenerCcNClIjB1wY6WZlYsANF+TaKbsSguWVVyE8r1/V/TsfSnAMJ3AGAVzANdxCA0IQ0IcXeIN3T3mv3se8rTVvUdsR/JH3+QOIqIw7</latexit><latexit sha1_base64="HrT+dW6iMzkbvOpbaPAeUpbz3oY=">AAAB3nicbZDNSgMxFIXv+Ftr1erWTbAIrsqMG3UnuHFZ0bHFdiiZ9E4bmskMyR2hlD6CGxcqPpY738b0Z6GtBwIf5yTk3hPnSlry/W9vbX1jc2u7tFPereztH1QPK482K4zAUGQqM62YW1RSY0iSFLZygzyNFTbj4c00bz6jsTLTDzTKMUp5X8tECk7Oun/qDrvVml/3Z2KrECygBgs1utWvTi8TRYqahOLWtgM/p2jMDUmhcFLuFBZzLoa8j22Hmqdoo/Fs1Ak7dU6PJZlxRxObub9fjHlq7SiN3c2U08AuZ1Pzv6xdUHIZjaXOC0It5h8lhWKUsenerCcNClIjB1wY6WZlYsANF+TaKbsSguWVVyE8r1/V/TsfSnAMJ3AGAVzANdxCA0IQ0IcXeIN3T3mv3se8rTVvUdsR/JH3+QOIqIw7</latexit><latexit sha1_base64="wzte0xtfVYFVOMGFqEVpXAB9JiU=">AAAB6XicbVBNT8JAEJ3iF+IX6tHLRmLiibRexBuJF48YrRChIdtlCxu222Z3akIafoIXD2q8+o+8+W9coAcFXzLJy3szmZkXplIYdN1vp7S2vrG5Vd6u7Ozu7R9UD48eTJJpxn2WyER3Qmq4FIr7KFDyTqo5jUPJ2+H4eua3n7g2IlH3OEl5ENOhEpFgFK1099gf96s1t+7OQVaJV5AaFGj1q1+9QcKymCtkkhrT9dwUg5xqFEzyaaWXGZ5SNqZD3rVU0ZibIJ+fOiVnVhmQKNG2FJK5+nsip7Exkzi0nTHFkVn2ZuJ/XjfDqBHkQqUZcsUWi6JMEkzI7G8yEJozlBNLKNPC3krYiGrK0KZTsSF4yy+vEv+iflV3b91as1GkUYYTOIVz8OASmnADLfCBwRCe4RXeHOm8OO/Ox6K15BQzx/AHzucPnvmNgQ==</latexit><latexit sha1_base64="N3Y/35/aELoHG8dvlGfJxpzge8E=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEsN4KXjxWNFpsQ9lsJ+3SzSbsboQS+hO8eFDx6j/y5r9x2+agrQ8GHu/NMDMvTAXXxnW/ndLK6tr6RnmzsrW9s7tX3T+410mmGPosEYlqh1Sj4BJ9w43AdqqQxqHAh3B0NfUfnlBpnsg7M04xiOlA8ogzaqx0+9gb9ao1t+7OQJaJV5AaFGj1ql/dfsKyGKVhgmrd8dzUBDlVhjOBk0o305hSNqID7FgqaYw6yGenTsiJVfokSpQtachM/T2R01jrcRzazpiaoV70puJ/XiczUSPIuUwzg5LNF0WZICYh079JnytkRowtoUxxeythQ6ooMzadig3BW3x5mfhn9cu6e3NeazaKNMpwBMdwCh5cQBOuoQU+MBjAM7zCmyOcF+fd+Zi3lpxi5hD+wPn8AaA5jYU=</latexit><latexit sha1_base64="N3Y/35/aELoHG8dvlGfJxpzge8E=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEsN4KXjxWNFpsQ9lsJ+3SzSbsboQS+hO8eFDx6j/y5r9x2+agrQ8GHu/NMDMvTAXXxnW/ndLK6tr6RnmzsrW9s7tX3T+410mmGPosEYlqh1Sj4BJ9w43AdqqQxqHAh3B0NfUfnlBpnsg7M04xiOlA8ogzaqx0+9gb9ao1t+7OQJaJV5AaFGj1ql/dfsKyGKVhgmrd8dzUBDlVhjOBk0o305hSNqID7FgqaYw6yGenTsiJVfokSpQtachM/T2R01jrcRzazpiaoV70puJ/XiczUSPIuUwzg5LNF0WZICYh079JnytkRowtoUxxeythQ6ooMzadig3BW3x5mfhn9cu6e3NeazaKNMpwBMdwCh5cQBOuoQU+MBjAM7zCmyOcF+fd+Zi3lpxi5hD+wPn8AaA5jYU=</latexit><latexit sha1_base64="N3Y/35/aELoHG8dvlGfJxpzge8E=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEsN4KXjxWNFpsQ9lsJ+3SzSbsboQS+hO8eFDx6j/y5r9x2+agrQ8GHu/NMDMvTAXXxnW/ndLK6tr6RnmzsrW9s7tX3T+410mmGPosEYlqh1Sj4BJ9w43AdqqQxqHAh3B0NfUfnlBpnsg7M04xiOlA8ogzaqx0+9gb9ao1t+7OQJaJV5AaFGj1ql/dfsKyGKVhgmrd8dzUBDlVhjOBk0o305hSNqID7FgqaYw6yGenTsiJVfokSpQtachM/T2R01jrcRzazpiaoV70puJ/XiczUSPIuUwzg5LNF0WZICYh079JnytkRowtoUxxeythQ6ooMzadig3BW3x5mfhn9cu6e3NeazaKNMpwBMdwCh5cQBOuoQU+MBjAM7zCmyOcF+fd+Zi3lpxi5hD+wPn8AaA5jYU=</latexit><latexit sha1_base64="N3Y/35/aELoHG8dvlGfJxpzge8E=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEsN4KXjxWNFpsQ9lsJ+3SzSbsboQS+hO8eFDx6j/y5r9x2+agrQ8GHu/NMDMvTAXXxnW/ndLK6tr6RnmzsrW9s7tX3T+410mmGPosEYlqh1Sj4BJ9w43AdqqQxqHAh3B0NfUfnlBpnsg7M04xiOlA8ogzaqx0+9gb9ao1t+7OQJaJV5AaFGj1ql/dfsKyGKVhgmrd8dzUBDlVhjOBk0o305hSNqID7FgqaYw6yGenTsiJVfokSpQtachM/T2R01jrcRzazpiaoV70puJ/XiczUSPIuUwzg5LNF0WZICYh079JnytkRowtoUxxeythQ6ooMzadig3BW3x5mfhn9cu6e3NeazaKNMpwBMdwCh5cQBOuoQU+MBjAM7zCmyOcF+fd+Zi3lpxi5hD+wPn8AaA5jYU=</latexit><latexit sha1_base64="N3Y/35/aELoHG8dvlGfJxpzge8E=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEsN4KXjxWNFpsQ9lsJ+3SzSbsboQS+hO8eFDx6j/y5r9x2+agrQ8GHu/NMDMvTAXXxnW/ndLK6tr6RnmzsrW9s7tX3T+410mmGPosEYlqh1Sj4BJ9w43AdqqQxqHAh3B0NfUfnlBpnsg7M04xiOlA8ogzaqx0+9gb9ao1t+7OQJaJV5AaFGj1ql/dfsKyGKVhgmrd8dzUBDlVhjOBk0o305hSNqID7FgqaYw6yGenTsiJVfokSpQtachM/T2R01jrcRzazpiaoV70puJ/XiczUSPIuUwzg5LNF0WZICYh079JnytkRowtoUxxeythQ6ooMzadig3BW3x5mfhn9cu6e3NeazaKNMpwBMdwCh5cQBOuoQU+MBjAM7zCmyOcF+fd+Zi3lpxi5hD+wPn8AaA5jYU=</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>

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>

Estimators
<latexit sha1_base64="+iaUxylKaQpvfpQ7PJnIEpSpRyc=">AAAB8HicbVBNS8NAFHzxs9avqkcvi0XwVJJerLeCCB4rGFtsQ9lsN+3SzSbsvggl9F948aDi1Z/jzX/jts1BWwcWhpn32HkTplIYdN1vZ219Y3Nru7RT3t3bPzisHB0/mCTTjPsskYnuhNRwKRT3UaDknVRzGoeSt8Px9cxvP3FtRKLucZLyIKZDJSLBKFrp8cagiCkm2vQrVbfmzkFWiVeQKhRo9StfvUHCspgrZJIa0/XcFIOcahRM8mm5lxmeUjamQ961VNGYmyCfJ56Sc6sMSJRo+xSSufp7I6exMZM4tJM23sgsezPxP6+bYdQIcqHSDLlii4+iTBJMyOx8MhCaM5QTSyjTwmYlbEQ1ZWhLKtsSvOWTV4lfr13V3Lt6tdko2ijBKZzBBXhwCU24hRb4wEDBM7zCm2OcF+fd+ViMrjnFzgn8gfP5A0bokNA=</latexit><latexit sha1_base64="+iaUxylKaQpvfpQ7PJnIEpSpRyc=">AAAB8HicbVBNS8NAFHzxs9avqkcvi0XwVJJerLeCCB4rGFtsQ9lsN+3SzSbsvggl9F948aDi1Z/jzX/jts1BWwcWhpn32HkTplIYdN1vZ219Y3Nru7RT3t3bPzisHB0/mCTTjPsskYnuhNRwKRT3UaDknVRzGoeSt8Px9cxvP3FtRKLucZLyIKZDJSLBKFrp8cagiCkm2vQrVbfmzkFWiVeQKhRo9StfvUHCspgrZJIa0/XcFIOcahRM8mm5lxmeUjamQ961VNGYmyCfJ56Sc6sMSJRo+xSSufp7I6exMZM4tJM23sgsezPxP6+bYdQIcqHSDLlii4+iTBJMyOx8MhCaM5QTSyjTwmYlbEQ1ZWhLKtsSvOWTV4lfr13V3Lt6tdko2ijBKZzBBXhwCU24hRb4wEDBM7zCm2OcF+fd+ViMrjnFzgn8gfP5A0bokNA=</latexit><latexit sha1_base64="+iaUxylKaQpvfpQ7PJnIEpSpRyc=">AAAB8HicbVBNS8NAFHzxs9avqkcvi0XwVJJerLeCCB4rGFtsQ9lsN+3SzSbsvggl9F948aDi1Z/jzX/jts1BWwcWhpn32HkTplIYdN1vZ219Y3Nru7RT3t3bPzisHB0/mCTTjPsskYnuhNRwKRT3UaDknVRzGoeSt8Px9cxvP3FtRKLucZLyIKZDJSLBKFrp8cagiCkm2vQrVbfmzkFWiVeQKhRo9StfvUHCspgrZJIa0/XcFIOcahRM8mm5lxmeUjamQ961VNGYmyCfJ56Sc6sMSJRo+xSSufp7I6exMZM4tJM23sgsezPxP6+bYdQIcqHSDLlii4+iTBJMyOx8MhCaM5QTSyjTwmYlbEQ1ZWhLKtsSvOWTV4lfr13V3Lt6tdko2ijBKZzBBXhwCU24hRb4wEDBM7zCm2OcF+fd+ViMrjnFzgn8gfP5A0bokNA=</latexit>

Battery
<latexit sha1_base64="wRA9+951f+7fjTZlngHKgdlDBkg=">AAAB7XicbVBNT8JAEJ3iF+IX6tHLRmLiibRcxBvRi0dMrJBAQ7bLFDZst83u1oQ0/AgvHtR49f9489+4QA8KvmSSl/dmMjMvTAXXxnW/ndLG5tb2Tnm3srd/cHhUPT551EmmGPosEYnqhlSj4BJ9w43AbqqQxqHATji5nfudJ1SaJ/LBTFMMYjqSPOKMGit1bqgxqKaDas2tuwuQdeIVpAYF2oPqV3+YsCxGaZigWvc8NzVBTpXhTOCs0s80ppRN6Ah7lkoaow7yxbkzcmGVIYkSZUsaslB/T+Q01noah7YzpmasV725+J/Xy0zUDHIu08ygZMtFUSaIScj8dzLkCpkRU0soU9zeStiYKspsBrpiQ/BWX14nfqN+XXfvG7VWs0ijDGdwDpfgwRW04A7a4AODCTzDK7w5qfPivDsfy9aSU8ycwh84nz/R2Y9i</latexit><latexit sha1_base64="wRA9+951f+7fjTZlngHKgdlDBkg=">AAAB7XicbVBNT8JAEJ3iF+IX6tHLRmLiibRcxBvRi0dMrJBAQ7bLFDZst83u1oQ0/AgvHtR49f9489+4QA8KvmSSl/dmMjMvTAXXxnW/ndLG5tb2Tnm3srd/cHhUPT551EmmGPosEYnqhlSj4BJ9w43AbqqQxqHATji5nfudJ1SaJ/LBTFMMYjqSPOKMGit1bqgxqKaDas2tuwuQdeIVpAYF2oPqV3+YsCxGaZigWvc8NzVBTpXhTOCs0s80ppRN6Ah7lkoaow7yxbkzcmGVIYkSZUsaslB/T+Q01noah7YzpmasV725+J/Xy0zUDHIu08ygZMtFUSaIScj8dzLkCpkRU0soU9zeStiYKspsBrpiQ/BWX14nfqN+XXfvG7VWs0ijDGdwDpfgwRW04A7a4AODCTzDK7w5qfPivDsfy9aSU8ycwh84nz/R2Y9i</latexit><latexit sha1_base64="wRA9+951f+7fjTZlngHKgdlDBkg=">AAAB7XicbVBNT8JAEJ3iF+IX6tHLRmLiibRcxBvRi0dMrJBAQ7bLFDZst83u1oQ0/AgvHtR49f9489+4QA8KvmSSl/dmMjMvTAXXxnW/ndLG5tb2Tnm3srd/cHhUPT551EmmGPosEYnqhlSj4BJ9w43AbqqQxqHATji5nfudJ1SaJ/LBTFMMYjqSPOKMGit1bqgxqKaDas2tuwuQdeIVpAYF2oPqV3+YsCxGaZigWvc8NzVBTpXhTOCs0s80ppRN6Ah7lkoaow7yxbkzcmGVIYkSZUsaslB/T+Q01noah7YzpmasV725+J/Xy0zUDHIu08ygZMtFUSaIScj8dzLkCpkRU0soU9zeStiYKspsBrpiQ/BWX14nfqN+XXfvG7VWs0ijDGdwDpfgwRW04A7a4AODCTzDK7w5qfPivDsfy9aSU8ycwh84nz/R2Y9i</latexit>

High	complexity	and	signaling	
effects

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

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>

X1
<latexit sha1_base64="Ich2t4Mn7IqwxXhai2TZl8YXSww=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEsN4KXjxWNLbQhrLZTtqlm03Y3Qgl9Cd48aDi1X/kzX/jts1BWx8MPN6bYWZemAqujet+O6W19Y3NrfJ2ZWd3b/+genj0qJNMMfRZIhLVCalGwSX6hhuBnVQhjUOB7XB8M/PbT6g0T+SDmaQYxHQoecQZNVa67/S9frXm1t05yCrxClKDAq1+9as3SFgWozRMUK27npuaIKfKcCZwWullGlPKxnSIXUsljVEH+fzUKTmzyoBEibIlDZmrvydyGms9iUPbGVMz0sveTPzP62YmagQ5l2lmULLFoigTxCRk9jcZcIXMiIkllClubyVsRBVlxqZTsSF4yy+vEv+ifl137y5rzUaRRhlO4BTOwYMraMIttMAHBkN4hld4c4Tz4rw7H4vWklPMHMMfOJ8/RYGNSQ==</latexit><latexit sha1_base64="Ich2t4Mn7IqwxXhai2TZl8YXSww=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEsN4KXjxWNLbQhrLZTtqlm03Y3Qgl9Cd48aDi1X/kzX/jts1BWx8MPN6bYWZemAqujet+O6W19Y3NrfJ2ZWd3b/+genj0qJNMMfRZIhLVCalGwSX6hhuBnVQhjUOB7XB8M/PbT6g0T+SDmaQYxHQoecQZNVa67/S9frXm1t05yCrxClKDAq1+9as3SFgWozRMUK27npuaIKfKcCZwWullGlPKxnSIXUsljVEH+fzUKTmzyoBEibIlDZmrvydyGms9iUPbGVMz0sveTPzP62YmagQ5l2lmULLFoigTxCRk9jcZcIXMiIkllClubyVsRBVlxqZTsSF4yy+vEv+ifl137y5rzUaRRhlO4BTOwYMraMIttMAHBkN4hld4c4Tz4rw7H4vWklPMHMMfOJ8/RYGNSQ==</latexit><latexit sha1_base64="Ich2t4Mn7IqwxXhai2TZl8YXSww=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEsN4KXjxWNLbQhrLZTtqlm03Y3Qgl9Cd48aDi1X/kzX/jts1BWx8MPN6bYWZemAqujet+O6W19Y3NrfJ2ZWd3b/+genj0qJNMMfRZIhLVCalGwSX6hhuBnVQhjUOB7XB8M/PbT6g0T+SDmaQYxHQoecQZNVa67/S9frXm1t05yCrxClKDAq1+9as3SFgWozRMUK27npuaIKfKcCZwWullGlPKxnSIXUsljVEH+fzUKTmzyoBEibIlDZmrvydyGms9iUPbGVMz0sveTPzP62YmagQ5l2lmULLFoigTxCRk9jcZcIXMiIkllClubyVsRBVlxqZTsSF4yy+vEv+ifl137y5rzUaRRhlO4BTOwYMraMIttMAHBkN4hld4c4Tz4rw7H4vWklPMHMMfOJ8/RYGNSQ==</latexit>

X2
<latexit sha1_base64="g8uuu5SITqGwGMGGQok0vfFbL6A=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSJ4KkkRrLeCF48VjS20oWy2k3bpZhN2N0IJ/QlePKh49R9589+4bXPQ1gcDj/dmmJkXpoJr47rfztr6xubWdmmnvLu3f3BYOTp+1EmmGPosEYnqhFSj4BJ9w43ATqqQxqHAdji+mfntJ1SaJ/LBTFIMYjqUPOKMGivdd/r1fqXq1tw5yCrxClKFAq1+5as3SFgWozRMUK27npuaIKfKcCZwWu5lGlPKxnSIXUsljVEH+fzUKTm3yoBEibIlDZmrvydyGms9iUPbGVMz0sveTPzP62YmagQ5l2lmULLFoigTxCRk9jcZcIXMiIkllClubyVsRBVlxqZTtiF4yy+vEr9eu665d5fVZqNIowSncAYX4MEVNOEWWuADgyE8wyu8OcJ5cd6dj0XrmlPMnMAfOJ8/RwSNSg==</latexit><latexit sha1_base64="g8uuu5SITqGwGMGGQok0vfFbL6A=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSJ4KkkRrLeCF48VjS20oWy2k3bpZhN2N0IJ/QlePKh49R9589+4bXPQ1gcDj/dmmJkXpoJr47rfztr6xubWdmmnvLu3f3BYOTp+1EmmGPosEYnqhFSj4BJ9w43ATqqQxqHAdji+mfntJ1SaJ/LBTFIMYjqUPOKMGivdd/r1fqXq1tw5yCrxClKFAq1+5as3SFgWozRMUK27npuaIKfKcCZwWu5lGlPKxnSIXUsljVEH+fzUKTm3yoBEibIlDZmrvydyGms9iUPbGVMz0sveTPzP62YmagQ5l2lmULLFoigTxCRk9jcZcIXMiIkllClubyVsRBVlxqZTtiF4yy+vEr9eu665d5fVZqNIowSncAYX4MEVNOEWWuADgyE8wyu8OcJ5cd6dj0XrmlPMnMAfOJ8/RwSNSg==</latexit><latexit sha1_base64="g8uuu5SITqGwGMGGQok0vfFbL6A=">AAAB6XicbVBNS8NAEJ34WetX1aOXxSJ4KkkRrLeCF48VjS20oWy2k3bpZhN2N0IJ/QlePKh49R9589+4bXPQ1gcDj/dmmJkXpoJr47rfztr6xubWdmmnvLu3f3BYOTp+1EmmGPosEYnqhFSj4BJ9w43ATqqQxqHAdji+mfntJ1SaJ/LBTFIMYjqUPOKMGivdd/r1fqXq1tw5yCrxClKFAq1+5as3SFgWozRMUK27npuaIKfKcCZwWu5lGlPKxnSIXUsljVEH+fzUKTm3yoBEibIlDZmrvydyGms9iUPbGVMz0sveTPzP62YmagQ5l2lmULLFoigTxCRk9jcZcIXMiIkllClubyVsRBVlxqZTtiF4yy+vEr9eu665d5fVZqNIowSncAYX4MEVNOEWWuADgyE8wyu8OcJ5cd6dj0XrmlPMnMAfOJ8/RwSNSg==</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>

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>

X̂1

X̂2
<latexit sha1_base64="057qlnrVKbrAd3L7vADqZhiGd3A=">AAAB/XicbZDNSsNAFIVv/K3xLyqu3AwWwVVJimDdFdy4rGBsoQlhMp22QyeTMDMRSij4Km5cqLj1Pdz5Nk7bCNp6YODj3Hu5d06ccaa0635ZK6tr6xublS17e2d3b985OLxXaS4J9UnKU9mJsaKcCeprpjntZJLiJOa0HY+up/X2A5WKpeJOjzMaJnggWJ8RrI0VOcfBEOuiM4m8ILB/uB45VbfmzoSWwSuhCqVakfMZ9FKSJ1RowrFSXc/NdFhgqRnhdGIHuaIZJiM8oF2DAidUhcXs/Ak6M04P9VNpntBo5v6eKHCi1DiJTWeC9VAt1qbmf7VurvuNsGAiyzUVZL6on3OkUzTNAvWYpETzsQFMJDO3IjLEEhNtErNNCN7il5fBr9euau7tRbXZKNOowAmcwjl4cAlNuIEW+ECggCd4gVfr0Xq23qz3eeuKVc4cwR9ZH9/tjJT7</latexit><latexit sha1_base64="057qlnrVKbrAd3L7vADqZhiGd3A=">AAAB/XicbZDNSsNAFIVv/K3xLyqu3AwWwVVJimDdFdy4rGBsoQlhMp22QyeTMDMRSij4Km5cqLj1Pdz5Nk7bCNp6YODj3Hu5d06ccaa0635ZK6tr6xublS17e2d3b985OLxXaS4J9UnKU9mJsaKcCeprpjntZJLiJOa0HY+up/X2A5WKpeJOjzMaJnggWJ8RrI0VOcfBEOuiM4m8ILB/uB45VbfmzoSWwSuhCqVakfMZ9FKSJ1RowrFSXc/NdFhgqRnhdGIHuaIZJiM8oF2DAidUhcXs/Ak6M04P9VNpntBo5v6eKHCi1DiJTWeC9VAt1qbmf7VurvuNsGAiyzUVZL6on3OkUzTNAvWYpETzsQFMJDO3IjLEEhNtErNNCN7il5fBr9euau7tRbXZKNOowAmcwjl4cAlNuIEW+ECggCd4gVfr0Xq23qz3eeuKVc4cwR9ZH9/tjJT7</latexit><latexit sha1_base64="057qlnrVKbrAd3L7vADqZhiGd3A=">AAAB/XicbZDNSsNAFIVv/K3xLyqu3AwWwVVJimDdFdy4rGBsoQlhMp22QyeTMDMRSij4Km5cqLj1Pdz5Nk7bCNp6YODj3Hu5d06ccaa0635ZK6tr6xublS17e2d3b985OLxXaS4J9UnKU9mJsaKcCeprpjntZJLiJOa0HY+up/X2A5WKpeJOjzMaJnggWJ8RrI0VOcfBEOuiM4m8ILB/uB45VbfmzoSWwSuhCqVakfMZ9FKSJ1RowrFSXc/NdFhgqRnhdGIHuaIZJiM8oF2DAidUhcXs/Ak6M04P9VNpntBo5v6eKHCi1DiJTWeC9VAt1qbmf7VurvuNsGAiyzUVZL6on3OkUzTNAvWYpETzsQFMJDO3IjLEEhNtErNNCN7il5fBr9euau7tRbXZKNOowAmcwjl4cAlNuIEW+ECggCd4gVfr0Xq23qz3eeuKVc4cwR9ZH9/tjJT7</latexit>

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

X1 or X2
<latexit sha1_base64="/gZUcY0efpSribQnddtgxY2wG6c=">AAAB/XicbVBNS8NAEN34WetXVDx5WSyCp5IUwXorePFYwdhAE8Jmu22XbjZhdyKWUPCvePGg4tX/4c1/47bNQVsfDDzem2FmXpwJrsFxvq2V1bX1jc3KVnV7Z3dv3z44vNdprijzaCpS5cdEM8El84CDYH6mGEliwTrx6Hrqdx6Y0jyVdzDOWJiQgeR9TgkYKbKP/cjFAbBHKAKcqgBPsB81Irvm1J0Z8DJxS1JDJdqR/RX0UponTAIVROuu62QQFkQBp4JNqkGuWUboiAxY11BJEqbDYnb+BJ8ZpYf7qTIlAc/U3xMFSbQeJ7HpTAgM9aI3Ff/zujn0m2HBZZYDk3S+qJ8LDCmeZoF7XDEKYmwIoYqbWzEdEkUomMSqJgR38eVl4jXqV3Xn9qLWapZpVNAJOkXnyEWXqIVuUBt5iKICPaNX9GY9WS/Wu/Uxb12xypkj9AfW5w/ZkpRJ</latexit><latexit sha1_base64="/gZUcY0efpSribQnddtgxY2wG6c=">AAAB/XicbVBNS8NAEN34WetXVDx5WSyCp5IUwXorePFYwdhAE8Jmu22XbjZhdyKWUPCvePGg4tX/4c1/47bNQVsfDDzem2FmXpwJrsFxvq2V1bX1jc3KVnV7Z3dv3z44vNdprijzaCpS5cdEM8El84CDYH6mGEliwTrx6Hrqdx6Y0jyVdzDOWJiQgeR9TgkYKbKP/cjFAbBHKAKcqgBPsB81Irvm1J0Z8DJxS1JDJdqR/RX0UponTAIVROuu62QQFkQBp4JNqkGuWUboiAxY11BJEqbDYnb+BJ8ZpYf7qTIlAc/U3xMFSbQeJ7HpTAgM9aI3Ff/zujn0m2HBZZYDk3S+qJ8LDCmeZoF7XDEKYmwIoYqbWzEdEkUomMSqJgR38eVl4jXqV3Xn9qLWapZpVNAJOkXnyEWXqIVuUBt5iKICPaNX9GY9WS/Wu/Uxb12xypkj9AfW5w/ZkpRJ</latexit><latexit sha1_base64="/gZUcY0efpSribQnddtgxY2wG6c=">AAAB/XicbVBNS8NAEN34WetXVDx5WSyCp5IUwXorePFYwdhAE8Jmu22XbjZhdyKWUPCvePGg4tX/4c1/47bNQVsfDDzem2FmXpwJrsFxvq2V1bX1jc3KVnV7Z3dv3z44vNdprijzaCpS5cdEM8El84CDYH6mGEliwTrx6Hrqdx6Y0jyVdzDOWJiQgeR9TgkYKbKP/cjFAbBHKAKcqgBPsB81Irvm1J0Z8DJxS1JDJdqR/RX0UponTAIVROuu62QQFkQBp4JNqkGuWUboiAxY11BJEqbDYnb+BJ8ZpYf7qTIlAc/U3xMFSbQeJ7HpTAgM9aI3Ff/zujn0m2HBZZYDk3S+qJ8LDCmeZoF7XDEKYmwIoYqbWzEdEkUomMSqJgR38eVl4jXqV3Xn9qLWapZpVNAJOkXnyEWXqIVuUBt5iKICPaNX9GY9WS/Wu/Uxb12xypkj9AfW5w/ZkpRJ</latexit>

J (U , E) = E
⇥
(X1 � X̂1)

2 + (X2 � X̂2)
2
⇤

<latexit sha1_base64="ZzpcCA4dBOd+AxN45GN6jCY7/vs="></latexit><latexit sha1_base64="ZzpcCA4dBOd+AxN45GN6jCY7/vs="></latexit><latexit sha1_base64="ZzpcCA4dBOd+AxN45GN6jCY7/vs="></latexit>

X1, X2 ⇠ N (0,⌃)
<latexit sha1_base64="eV17uZh69dXVnkxRsQlBv/om2zU=">AAACFHicbZDNSsNAFIUn9a/Wv6hLN4NFqFBKUgTrruDGlVQ0ttCEMJlO2qEzSZiZCCXkJdz4Km5cqLh14c63cdpmoa0HBj7OvZe59wQJo1JZ1rdRWlldW98ob1a2tnd298z9g3sZpwITB8csFr0AScJoRBxFFSO9RBDEA0a6wfhyWu8+ECFpHN2pSUI8joYRDSlGSlu+We/5dh32/CZ0JeXQ5UiNMGLZdV6bcRBmVl53b+mQo1PfrFoNaya4DHYBVVCo45tf7iDGKSeRwgxJ2betRHkZEopiRvKKm0qSIDxGQ9LXGCFOpJfNrsrhiXYGMIyFfpGCM/f3RIa4lBMe6M7ppnKxNjX/q/VTFba8jEZJqkiE5x+FKYMqhtOI4IAKghWbaEBYUL0rxCMkEFY6yIoOwV48eRmcZuOiYd2cVdutIo0yOALHoAZscA7a4Ap0gAMweATP4BW8GU/Gi/FufMxbS0Yxcwj+yPj8AZapnWo=</latexit><latexit sha1_base64="eV17uZh69dXVnkxRsQlBv/om2zU=">AAACFHicbZDNSsNAFIUn9a/Wv6hLN4NFqFBKUgTrruDGlVQ0ttCEMJlO2qEzSZiZCCXkJdz4Km5cqLh14c63cdpmoa0HBj7OvZe59wQJo1JZ1rdRWlldW98ob1a2tnd298z9g3sZpwITB8csFr0AScJoRBxFFSO9RBDEA0a6wfhyWu8+ECFpHN2pSUI8joYRDSlGSlu+We/5dh32/CZ0JeXQ5UiNMGLZdV6bcRBmVl53b+mQo1PfrFoNaya4DHYBVVCo45tf7iDGKSeRwgxJ2betRHkZEopiRvKKm0qSIDxGQ9LXGCFOpJfNrsrhiXYGMIyFfpGCM/f3RIa4lBMe6M7ppnKxNjX/q/VTFba8jEZJqkiE5x+FKYMqhtOI4IAKghWbaEBYUL0rxCMkEFY6yIoOwV48eRmcZuOiYd2cVdutIo0yOALHoAZscA7a4Ap0gAMweATP4BW8GU/Gi/FufMxbS0Yxcwj+yPj8AZapnWo=</latexit><latexit sha1_base64="eV17uZh69dXVnkxRsQlBv/om2zU=">AAACFHicbZDNSsNAFIUn9a/Wv6hLN4NFqFBKUgTrruDGlVQ0ttCEMJlO2qEzSZiZCCXkJdz4Km5cqLh14c63cdpmoa0HBj7OvZe59wQJo1JZ1rdRWlldW98ob1a2tnd298z9g3sZpwITB8csFr0AScJoRBxFFSO9RBDEA0a6wfhyWu8+ECFpHN2pSUI8joYRDSlGSlu+We/5dh32/CZ0JeXQ5UiNMGLZdV6bcRBmVl53b+mQo1PfrFoNaya4DHYBVVCo45tf7iDGKSeRwgxJ2betRHkZEopiRvKKm0qSIDxGQ9LXGCFOpJfNrsrhiXYGMIyFfpGCM/f3RIa4lBMe6M7ppnKxNjX/q/VTFba8jEZJqkiE5x+FKYMqhtOI4IAKghWbaEBYUL0rxCMkEFY6yIoOwV48eRmcZuOiYd2cVdutIo0yOALHoAZscA7a4Ap0gAMweATP4BW8GU/Gi/FufMxbS0Yxcwj+yPj8AZapnWo=</latexit>

5

The remaining points are assigned to Q2. This minimizing
choice is unique up to sets of measure zero.

Remark 5: Notice that Lemma 3 is completely independent
of the joint probability density function fX .

We are now equipped to prove Theorem 1.
Proof of Theorem 1: Let the estimation policy be E =

E
mean. The associated representation functions are given by:

⌘i(⇠) = 0, ⇠ 2 R, i 2 {1, 2}. (27)

From Lemma 3, an optimal scheduling policy for E
mean is:

U
?
Emean(x) =

(
1 if |x1| � |x2|

2 otherwise,
(28)

which is equal to the max-scheduling policy U
max.

Conversely, assume that the scheduling policy U = U
max.

Lemma 1 implies that the optimal estimator is given by:

E
?
Umax(i, ⇠) = E

⇥
X | Y = (i, ⇠)

⇤
, (29)

where i 2 {1, 2} and ⇠ 2 R.
If i = 1, then:

E
⇥
X | Y = (1, ⇠)

⇤
=


⇠

⌘2(⇠)

�
, (30)

where

⌘2(⇠) =

R
R x21

�
U

max(⇠, x2) = 1
�
fX2|X1=⇠(x2)dx2R

R 1
�
Umax(⇠, x2) = 1

�
fX2|X1=⇠(x2)dx2

. (31)

Since ⇢ = 0, then the conditional probability density function
is equal to:

fX2|X1=⇠(x2) =
1p
2⇡�2

2

exp

✓
�

x2
2

2�2
2

◆
. (32)

Therefore, the representation function ⌘2 can be explicitly
computed as:

⌘2(⇠) =

R |⇠|
�|⇠| x2

1p
2⇡�2

2

exp
⇣
�

x2
2

2�2
2

⌘
dx2

R |⇠|
�|⇠|

1p
2⇡�2

2

exp
⇣
�

x2
2

2�2
2

⌘
dx2

. (33)

Due to the even symmetry of the marginal Gaussian density
around zero, we have:

⌘2(⇠) = 0, ⇠ 2 R. (34)

Repeating the same steps for i = 2, leads to:

⌘1(⇠) = 0, ⇠ 2 R. (35)

Therefore,

E
?
Umax = E

mean. (36)

10-1 100 101 102

10-1

100

Fig. 2. Performance of the max-scheduling and mean estimation policy
computed as a function of the variance �2

1 , while keeping �2
2 = 1 fixed. The

dashed curve corresponds to the performance of the open-loop scheduling
policy where the variable with largest variance is always transmitted to the
remote estimator.

A. An illustrative example

For two independent Gaussian observations X1 ⇠ N (0, �2
1)

and X2 ⇠ N (0, �2
2), the performance of the person-by-

person optimal pair of policies (Umax, Emean) is given by the
following formula:

J (Umax, Emean) = E
⇥
min{X1, X2}

⇤
. (37)

Figure 2 shows the performance of this pair of policies as a
function of �2

1 while keeping �2
2 = 1. In contrast with the case

where the observations are not taken into account, the decision
of what to transmit is based on the statistics rather than the
measurements. In this “open-loop” scheduling scheme, the
variable with the largest variance is always is transmitted, i.e.,

U
open(x)

def
= arg max

i2{1,2}
�2
i . (38)

Interestingly, the optimal estimator for the policy above is:

E
?
Uopen = E

mean. (39)

Therefore, the performance of the open-loop scheme is thus
given by the following expression:

J (Uopen, Emean) = min{�2
1 , �2

2}. (40)

Figure 2 shows the performance of the two schemes and the
improvement achieved by the max-scheduling policy, which
schedules the transmissions among sensors dynamically.

V. THE SYMMETRIC CORRELATED CASE

The two properties that enabled us with a simple proof for
Theorem 1 were: (i) The fact that the two random variables
X1 and X2 are independent; (ii) The fact that the conditional
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IEEE TCNS Submission no.: 18-0283.2

Preprint submitted to IEEE Transactions on Control of Network Systems. Received: September 25, 2018
17:39:44 PST

�2
2 = 1
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�
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2
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Model-free	observation-driven	scheduling

Data

J (a) =
1

N

NX
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min
n�

x1(k)� a1x2(k)
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,
�
x2(k)� a2x1(k)
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Data:	Gaussian	Mixture Exact	cost	function Experimental	results

Main	result[2]
Global	optimality	of	max-scheduling	with	simple	

estimation	strategies	for
independent	observations	with	symmetric	and		

unimodal	densities

⇡ 85% are within 50% of the optimal cost
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Estimate	for	the	unobserved	sensor:	Conditional	
mean	given	the	observed	sensor	value

Observation-driven	scheduling:	One-shot	Problem


