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Outline:	
•  “Disentangling”	
•  “Fair”	representation	learning	
•  Lossy	Compression	in	representation	learning	

•  Gaussian	vs	Echo	compression	
•  Higher	order	interactions	

Task	

Z	is	a	learned	
representation*	of	X	

*	Bengio,	Y.,	Courville,	A.,	and	Vincent,	P.	Representation	learning:	A	review	and	new	perspectives.	IEEE	
transactions	on	pattern	analysis	and	machine	intelligence,	35(8):	1798–1828,	2013.	
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E.g.,	parametrized	by	a	
neural	network	

Slides	with	all	paper	links:	http://bit.ly/STEEG_BS		



KL is King 

•  In	machine	learning,	Kullback-Leibler	divergence	and	
related	quantities	are	dominant:	Maximum	likelihood,	
cross	entropy	loss,	variational	inference,	Mutual	
information	

• But	there	are	practical	issues	for	machine	learning:	
•  Estimation	is	hard	

•  Often	rely	on	loose	bounds	
•  Usage	is	incorrect	/	inappropriate	/	poorly	motivated	

•  Highly	non-convex	optimization	

•  Underflows	lead	to	numerical	errors	with	rare	events,	log	0	=	-	∞	

log
<latexit sha1_base64="KwmJ2bsPHjMa6rf/s5+ePrXUx1E=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgKeyKEI9BLx4jmAckS5idzCZD5rHMzAphyS948aCIV3/Im3/jbLIHTSxoKKq66e6KEs6M9f1vr7SxubW9U96t7O0fHB5Vj086RqWa0DZRXOlehA3lTNK2ZZbTXqIpFhGn3Wh6l/vdJ6oNU/LRzhIaCjyWLGYE21wacDUeVmt+3V8ArZOgIDUo0BpWvwYjRVJBpSUcG9MP/MSGGdaWEU7nlUFqaILJFI9p31GJBTVhtrh1ji6cMkKx0q6kRQv190SGhTEzEblOge3ErHq5+J/XT218E2ZMJqmlkiwXxSlHVqH8cTRimhLLZ45gopm7FZEJ1phYF0/FhRCsvrxOOlf1wK8HD9e15m0RRxnO4BwuIYAGNOEeWtAGAhN4hld484T34r17H8vWklfMnMIfeJ8/FQuOQA==</latexit><latexit sha1_base64="KwmJ2bsPHjMa6rf/s5+ePrXUx1E=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgKeyKEI9BLx4jmAckS5idzCZD5rHMzAphyS948aCIV3/Im3/jbLIHTSxoKKq66e6KEs6M9f1vr7SxubW9U96t7O0fHB5Vj086RqWa0DZRXOlehA3lTNK2ZZbTXqIpFhGn3Wh6l/vdJ6oNU/LRzhIaCjyWLGYE21wacDUeVmt+3V8ArZOgIDUo0BpWvwYjRVJBpSUcG9MP/MSGGdaWEU7nlUFqaILJFI9p31GJBTVhtrh1ji6cMkKx0q6kRQv190SGhTEzEblOge3ErHq5+J/XT218E2ZMJqmlkiwXxSlHVqH8cTRimhLLZ45gopm7FZEJ1phYF0/FhRCsvrxOOlf1wK8HD9e15m0RRxnO4BwuIYAGNOEeWtAGAhN4hld484T34r17H8vWklfMnMIfeJ8/FQuOQA==</latexit><latexit sha1_base64="KwmJ2bsPHjMa6rf/s5+ePrXUx1E=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgKeyKEI9BLx4jmAckS5idzCZD5rHMzAphyS948aCIV3/Im3/jbLIHTSxoKKq66e6KEs6M9f1vr7SxubW9U96t7O0fHB5Vj086RqWa0DZRXOlehA3lTNK2ZZbTXqIpFhGn3Wh6l/vdJ6oNU/LRzhIaCjyWLGYE21wacDUeVmt+3V8ArZOgIDUo0BpWvwYjRVJBpSUcG9MP/MSGGdaWEU7nlUFqaILJFI9p31GJBTVhtrh1ji6cMkKx0q6kRQv190SGhTEzEblOge3ErHq5+J/XT218E2ZMJqmlkiwXxSlHVqH8cTRimhLLZ45gopm7FZEJ1phYF0/FhRCsvrxOOlf1wK8HD9e15m0RRxnO4BwuIYAGNOEeWtAGAhN4hld484T34r17H8vWklfMnMIfeJ8/FQuOQA==</latexit><latexit sha1_base64="KwmJ2bsPHjMa6rf/s5+ePrXUx1E=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgKeyKEI9BLx4jmAckS5idzCZD5rHMzAphyS948aCIV3/Im3/jbLIHTSxoKKq66e6KEs6M9f1vr7SxubW9U96t7O0fHB5Vj086RqWa0DZRXOlehA3lTNK2ZZbTXqIpFhGn3Wh6l/vdJ6oNU/LRzhIaCjyWLGYE21wacDUeVmt+3V8ArZOgIDUo0BpWvwYjRVJBpSUcG9MP/MSGGdaWEU7nlUFqaILJFI9p31GJBTVhtrh1ji6cMkKx0q6kRQv190SGhTEzEblOge3ErHq5+J/XT218E2ZMJqmlkiwXxSlHVqH8cTRimhLLZ45gopm7FZEJ1phYF0/FhRCsvrxOOlf1wK8HD9e15m0RRxnO4BwuIYAGNOEeWtAGAhN4hld484T34r17H8vWklfMnMIfeJ8/FQuOQA==</latexit>



Other information measures in ML? 
•  Smoother	optimization	(than	KL	divergence)	with	Wasserstein	distance	
(earth	mover	distance	for	distributions)	

•  Martin	Arjovsky,	Soumith	Chintala,	Léon	Bottou,	Wasserstein	GAN,	
https://arxiv.org/abs/1701.07875	

•  Other	(in)dependence	measures:	Hilbert-Schmidt	Independence	Criterion	
(HSIC)	/	Maximum-Mean	Discrepancy	(MMD)	/	kernel	trick	

•  Introduced:	Gretton	et	al	2007	
•  Example	usage:	InfoVAE,	arXiv:1706.02262		

•  Almost	never	in	ML:	Renyi,	info	decomposition,	synergy,	intersection,	
common	info	

•  Wyner	common	information:	arXiv:1606.02307	
•  Synergy:	arXiv:1710.03839	
•  Hierarchical	decomposition	of	total	correlation:	arXiv:1410.7404	
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“Disentangling” – encourage Zj  to match 
“intuitive” factors of variation (without 
labels) Chen,	Tian	Qi,	et	al.	

"Isolating	sources	of	
disentanglement	in	
variational	
autoencoders."	NIPS	2018	

How?	Good	old	statistical	
independence	

Several	papers	working	on	this	angle…	with	dubious	results,	see	review:	
Francesco	Locatello,	Stefan	Bauer,	Mario	Lucic,	Sylvain	Gelly,	Bernhard	Scholkopf,	and	OlivierBachem.	Challenging	common	
assumptions	in	the	unsupervised	learning	of	disentangled	representations.	arXiv	preprint	arXiv:1811.12359,	2018.	

TC(Z) ⌘ Ep

"
log

p(z1, . . . , zm)Q
j p(zj)

#
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The Grue Language doesn’t have words 
for “blue” or “green” 

Grue		=	Green	during	the	day,	blue	at	night	
Bleen	=	Blue	during	the	day,	green	at	night	

Grue	
Bleen	



Needlessly complicated? 

Grue	language	
speaker	

English	is	needlessly	complicated	because:	

Green	=	Grue	during	day	and	bleen	at	night	
Blue	=	Bleen	during	day	and	grue	at	night	

(Also,	what	is	deal	with	“the”	
and	“a”?	Why	you	have	these	
useless	words?)	



Push the bleen button and we let you 
go…  

Elaborate	
windowless	cave	



Grue language is synergistic 

Time	and	grue		>		time	only	or	grue	only	
(complete	info)							(no	info)	

For	predicting	what	you	will	see	

Is	there	hope	for	a	plausible	information-theoretic	
principle	of	“disentangling”?		And	one	that	can	be	
optimized	for	learning?	



Fair and Invariant 
Representations 

https://towardsdatascience.com/a-tutorial-on-fairness-
in-machine-learning-3ff8ba1040cb		



An information-theoretic notion of 
fairness 

•  Example:	your	task	is	to	approve	loans	
•  To	be	fair,	you	don’t	want	to	discriminate	based	on	protected	variable	S		
•  For	historical	reasons,	S	may	be	correlated	with	X	

• By	removing	information	about	S	from	the	representation	Z	that	we	use	
for	decision	making,	we	make	it	impossible	to	be	biased	against	S	

$$$	Loan	
approval	
decision	

S
<latexit sha1_base64="UUihRRRWgqRHJIqtQNGTJN/yvV0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Qe0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHssHM0nQj+hQ8pAzaqzUuO+XK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBriWM1w==</latexit><latexit sha1_base64="UUihRRRWgqRHJIqtQNGTJN/yvV0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Qe0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHssHM0nQj+hQ8pAzaqzUuO+XK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBriWM1w==</latexit><latexit sha1_base64="UUihRRRWgqRHJIqtQNGTJN/yvV0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Qe0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHssHM0nQj+hQ8pAzaqzUuO+XK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBriWM1w==</latexit><latexit sha1_base64="UUihRRRWgqRHJIqtQNGTJN/yvV0=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Qe0oWy2k3btZhN2N0IJ/QVePCji1Z/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHssHM0nQj+hQ8pAzaqzUuO+XK27VnYOsEi8nFchR75e/eoOYpRFKwwTVuuu5ifEzqgxnAqelXqoxoWxMh9i1VNIItZ/ND52SM6sMSBgrW9KQufp7IqOR1pMosJ0RNSO97M3E/7xuasJrP+MySQ1KtlgUpoKYmMy+JgOukBkxsYQyxe2thI2ooszYbEo2BG/55VXSuqh6btVrXFZqN3kcRTiBUzgHD66gBndQhyYwQHiGV3hzHp0X5935WLQWnHzmGP7A+fwBriWM1w==</latexit>

I(Z;S) = 0
<latexit sha1_base64="NVf3s5K2P/3Iy6voJmLFI4JNGDU=">AAAB73icbVBNSwMxEJ31s9avqkcvwSLUS8mKoCBC0YveKtoPbJeSTbNtaDa7JlmhLP0TXjwo4tW/481/Y9ruQVsfDDzem2Fmnh8Lrg3G387C4tLyympuLb++sbm1XdjZresoUZTVaCQi1fSJZoJLVjPcCNaMFSOhL1jDH1yN/cYTU5pH8t4MY+aFpCd5wCkxVmrelB7O744ucKdQxGU8AZonbkaKkKHaKXy1uxFNQiYNFUTrlotj46VEGU4FG+XbiWYxoQPSYy1LJQmZ9tLJvSN0aJUuCiJlSxo0UX9PpCTUehj6tjMkpq9nvbH4n9dKTHDmpVzGiWGSThcFiUAmQuPnUZcrRo0YWkKo4vZWRPtEEWpsRHkbgjv78jypH5ddXHZvT4qVyyyOHOzDAZTAhVOowDVUoQYUBDzDK7w5j86L8+58TFsXnGxmD/7A+fwBKFyOuQ==</latexit><latexit sha1_base64="NVf3s5K2P/3Iy6voJmLFI4JNGDU=">AAAB73icbVBNSwMxEJ31s9avqkcvwSLUS8mKoCBC0YveKtoPbJeSTbNtaDa7JlmhLP0TXjwo4tW/481/Y9ruQVsfDDzem2Fmnh8Lrg3G387C4tLyympuLb++sbm1XdjZresoUZTVaCQi1fSJZoJLVjPcCNaMFSOhL1jDH1yN/cYTU5pH8t4MY+aFpCd5wCkxVmrelB7O744ucKdQxGU8AZonbkaKkKHaKXy1uxFNQiYNFUTrlotj46VEGU4FG+XbiWYxoQPSYy1LJQmZ9tLJvSN0aJUuCiJlSxo0UX9PpCTUehj6tjMkpq9nvbH4n9dKTHDmpVzGiWGSThcFiUAmQuPnUZcrRo0YWkKo4vZWRPtEEWpsRHkbgjv78jypH5ddXHZvT4qVyyyOHOzDAZTAhVOowDVUoQYUBDzDK7w5j86L8+58TFsXnGxmD/7A+fwBKFyOuQ==</latexit><latexit sha1_base64="NVf3s5K2P/3Iy6voJmLFI4JNGDU=">AAAB73icbVBNSwMxEJ31s9avqkcvwSLUS8mKoCBC0YveKtoPbJeSTbNtaDa7JlmhLP0TXjwo4tW/481/Y9ruQVsfDDzem2Fmnh8Lrg3G387C4tLyympuLb++sbm1XdjZresoUZTVaCQi1fSJZoJLVjPcCNaMFSOhL1jDH1yN/cYTU5pH8t4MY+aFpCd5wCkxVmrelB7O744ucKdQxGU8AZonbkaKkKHaKXy1uxFNQiYNFUTrlotj46VEGU4FG+XbiWYxoQPSYy1LJQmZ9tLJvSN0aJUuCiJlSxo0UX9PpCTUehj6tjMkpq9nvbH4n9dKTHDmpVzGiWGSThcFiUAmQuPnUZcrRo0YWkKo4vZWRPtEEWpsRHkbgjv78jypH5ddXHZvT4qVyyyOHOzDAZTAhVOowDVUoQYUBDzDK7w5j86L8+58TFsXnGxmD/7A+fwBKFyOuQ==</latexit><latexit sha1_base64="NVf3s5K2P/3Iy6voJmLFI4JNGDU=">AAAB73icbVBNSwMxEJ31s9avqkcvwSLUS8mKoCBC0YveKtoPbJeSTbNtaDa7JlmhLP0TXjwo4tW/481/Y9ruQVsfDDzem2Fmnh8Lrg3G387C4tLyympuLb++sbm1XdjZresoUZTVaCQi1fSJZoJLVjPcCNaMFSOhL1jDH1yN/cYTU5pH8t4MY+aFpCd5wCkxVmrelB7O744ucKdQxGU8AZonbkaKkKHaKXy1uxFNQiYNFUTrlotj46VEGU4FG+XbiWYxoQPSYy1LJQmZ9tLJvSN0aJUuCiJlSxo0UX9PpCTUehj6tjMkpq9nvbH4n9dKTHDmpVzGiWGSThcFiUAmQuPnUZcrRo0YWkKo4vZWRPtEEWpsRHkbgjv78jypH5ddXHZvT4qVyyyOHOzDAZTAhVOowDVUoQYUBDzDK7w5j86L8+58TFsXnGxmD/7A+fwBKFyOuQ==</latexit>

X
<latexit sha1_base64="hf6hOeTjseL13iz+i/MO/ptaY5E=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip2R2UK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXlfqt3kcRTiDc7gED2pQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AtbmM3A==</latexit><latexit sha1_base64="hf6hOeTjseL13iz+i/MO/ptaY5E=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip2R2UK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXlfqt3kcRTiDc7gED2pQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AtbmM3A==</latexit><latexit sha1_base64="hf6hOeTjseL13iz+i/MO/ptaY5E=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip2R2UK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXlfqt3kcRTiDc7gED2pQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AtbmM3A==</latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="wY4eJ1gUgq0gPBGvSzeoYtulVqw=">AAAB3XicbZBLSwMxFIXv+Ky1anXrJlgEV2XGjS4FNy5bsA9oh5JJ77SxmcyQ3BHK0F/gxoUi/i13/hvTx0JbDwQ+zknIvSfKlLTk+9/e1vbO7t5+6aB8WDk6PqmeVto2zY3AlkhVaroRt6ikxhZJUtjNDPIkUtiJJvfzvPOMxspUP9I0wzDhIy1jKTg5q9kdVGt+3V+IbUKwghqs1BhUv/rDVOQJahKKW9sL/IzCghuSQuGs3M8tZlxM+Ah7DjVP0IbFYtAZu3TOkMWpcUcTW7i/XxQ8sXaaRO5mwmls17O5+V/Wyym+DQups5xQi+VHca4YpWy+NRtKg4LU1AEXRrpZmRhzwwW5bsquhGB95U1oX9cDvx40fSjBOVzAFQRwA3fwAA1ogQCEF3iDd+/Je/U+lnVteavezuCPvM8fonOLiQ==</latexit><latexit sha1_base64="wY4eJ1gUgq0gPBGvSzeoYtulVqw=">AAAB3XicbZBLSwMxFIXv+Ky1anXrJlgEV2XGjS4FNy5bsA9oh5JJ77SxmcyQ3BHK0F/gxoUi/i13/hvTx0JbDwQ+zknIvSfKlLTk+9/e1vbO7t5+6aB8WDk6PqmeVto2zY3AlkhVaroRt6ikxhZJUtjNDPIkUtiJJvfzvPOMxspUP9I0wzDhIy1jKTg5q9kdVGt+3V+IbUKwghqs1BhUv/rDVOQJahKKW9sL/IzCghuSQuGs3M8tZlxM+Ah7DjVP0IbFYtAZu3TOkMWpcUcTW7i/XxQ8sXaaRO5mwmls17O5+V/Wyym+DQups5xQi+VHca4YpWy+NRtKg4LU1AEXRrpZmRhzwwW5bsquhGB95U1oX9cDvx40fSjBOVzAFQRwA3fwAA1ogQCEF3iDd+/Je/U+lnVteavezuCPvM8fonOLiQ==</latexit><latexit sha1_base64="wx9aGXqkT9DK1jAVxuZPlXbhJfA=">AAAB6HicbVBNT8JAEJ3iF+IX6tHLRmLiibRe9Ej04hESCyTQkO0yhZXtttndmpCGX+DFg8Z49Sd589+4QA8KvmSSl/dmMjMvTAXXxnW/ndLG5tb2Tnm3srd/cHhUPT5p6yRTDH2WiER1Q6pRcIm+4UZgN1VI41BgJ5zczf3OEyrNE/lgpikGMR1JHnFGjZVa3UG15tbdBcg68QpSgwLNQfWrP0xYFqM0TFCte56bmiCnynAmcFbpZxpTyiZ0hD1LJY1RB/ni0Bm5sMqQRImyJQ1ZqL8nchprPY1D2xlTM9ar3lz8z+tlJroJci7TzKBky0VRJohJyPxrMuQKmRFTSyhT3N5K2JgqyozNpmJD8FZfXiftq7rn1r2WW2vcFnGU4QzO4RI8uIYG3EMTfGCA8Ayv8OY8Oi/Ou/OxbC05xcwp/IHz+QO0eYzY</latexit><latexit sha1_base64="hf6hOeTjseL13iz+i/MO/ptaY5E=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip2R2UK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXlfqt3kcRTiDc7gED2pQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AtbmM3A==</latexit><latexit sha1_base64="hf6hOeTjseL13iz+i/MO/ptaY5E=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip2R2UK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXlfqt3kcRTiDc7gED2pQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AtbmM3A==</latexit><latexit sha1_base64="hf6hOeTjseL13iz+i/MO/ptaY5E=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip2R2UK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXlfqt3kcRTiDc7gED2pQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AtbmM3A==</latexit><latexit sha1_base64="hf6hOeTjseL13iz+i/MO/ptaY5E=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip2R2UK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXlfqt3kcRTiDc7gED2pQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AtbmM3A==</latexit><latexit sha1_base64="hf6hOeTjseL13iz+i/MO/ptaY5E=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip2R2UK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXlfqt3kcRTiDc7gED2pQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AtbmM3A==</latexit><latexit sha1_base64="hf6hOeTjseL13iz+i/MO/ptaY5E=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip2R2UK27VXYCsEy8nFcjRGJS/+sOYpRFKwwTVuue5ifEzqgxnAmelfqoxoWxCR9izVNIItZ8tDp2RC6sMSRgrW9KQhfp7IqOR1tMosJ0RNWO96s3F/7xeasIbP+MySQ1KtlwUpoKYmMy/JkOukBkxtYQyxe2thI2poszYbEo2BG/15XXSvqp6btVrXlfqt3kcRTiDc7gED2pQh3toQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4AtbmM3A==</latexit>

Application			
Age:	37	
	Income:	
enough	
	Zip:	90031	

Gender,	race…	

Z
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Any	
decision	
process	

constraint	



Adversarial approach 

C.	Louizos,	K.	Swersky,	Y.	Li,	M.	Welling,	and	R.	Zemel.	The	
variational	fair	autoencoder.	arXiv	preprint	arXiv:1511.00830,	
2015.		
Q.	Xie,	Z.	Dai,	Y.	Du,	E.	Hovy,	and	G.	Neubig.	Controllable	
invariance	through	adversarial	feature	learning.	NeurIPS	2017.		

• Make	sure	an	adversary	
cannot	reconstruct	S	from	Z	

•  This	doesn’t	guarantee	that	
I(Z;S)	is	small!	Adversaries	
only	provide	lower	bounds	
on	mutual	information.	

•  (Nevertheless	adversarial	
learning	revolutionized	
some	problems)	



A direct, information-theoretic approach 
• We	derive	an	upper	bound	on	I(Z;S)	
that	can	be	tractably	optimized	

•  Main	idea	in	NIPS	2018,	arXiv:1805.09458		

•  Application	to	fMRI:	arXiv:1904.05375	

• When	and	how	to	remove	information?	

I(Z;S)  �Eq [log p(x|z, s)] + Iq(Z;X)�H(X|S)
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Conditional	
reconstruction	

Compression	 Constant	



Lossy compression (and 
VAE’s) 
Variational	auto-encoders	(VAEs)	are	our	motivating	example.	They	have	an	interpretation	in	terms	of	
generative	models	as	well	as	with	rate-distortion,	as	discussed	in	several	papers:		
Alemi,	A.,	Poole,	B.,	Fischer,	I.,	Dillon,	J.,	Saurous,	R.	A.,	and	Murphy,	K.	Fixing	a	broken	ELBO.	In	
International	Conference	on	Machine	Learning,	pp.	159–168,	2018.		
Rezende,	D.	J.	and	Viola,	F.	Taming	VAEs.	arXiv	preprint	arXiv:1810.00597,	2018.		
Brekelmans,	Moyer,	Galstyan,	and	Ver	Steeg.	"Exact	Rate-Distortion	in	Autoencoders	via	Echo	
Noise."	arXiv	preprint	arXiv:1904.07199	(2019).	

Z	is	a	compressed	representation	of	X,	
that	should	be	useful	for	reconstruction		



Variational Auto-Encoder (VAE) 

•  Encoder	and	decoder	parametrized	by	neural	nets	
• Goal	is	to	maximize	likelihood	of	observations	under	generative	model	

Decoder	
(generative	
model)	

Encoder	
(variational	
approximation	to	
p(z|x))	

q(x)
<latexit sha1_base64="2L3D0rS966h/BE7tEukAmoN2HaQ="></latexit><latexit sha1_base64="2L3D0rS966h/BE7tEukAmoN2HaQ="></latexit><latexit sha1_base64="2L3D0rS966h/BE7tEukAmoN2HaQ="></latexit><latexit sha1_base64="2L3D0rS966h/BE7tEukAmoN2HaQ="></latexit>

Observed	
distribution	

q(z|x)
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p(x|z)
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Variational Evidence Lower BOund 
(ELBO) 

•  True	for	any	p(z).	The	choice	with	the	tightest	bound	is	p(z)=q(z)	

Eq log p✓(x) � Eq log p✓(x)�DKL[q�(z|x)||p✓(z|x)]
= Eq log p✓(x|z)�DKL[q�(z|x)||p(z))]
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Distortion	/	
reconstruction	loss	

Compression	

max
✓,�

Eq� [log p✓(x|z)]� Iq�(X;Z)
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Eq(x) log p✓(x) � Eq� [log p✓(x|z)]� Iq�(X;Z)
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Compression: bounds and a 
new exact approach with echo 
noise 



I(Z;X) = H(Z)�H(Z|X)

= DKL [q(z|x)||q(z)]

= Eq log
q(z|x)
q(z)
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Information in a noisy channel 

q(z,x) = q(z|x)q(x)
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q(x)
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q(z|x)
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Input		
distribution	

Noisy	channel	

Mutual	
information	

x
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z
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Problem 

q(z) =

Z
dx q(z|x)q(x)
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Could	be	complex	
(images,	audio,	
gene	expression…)	

High-d	
integral	



Approximate as Gaussian for (MaxEnt) 
upper bound 

Approximate	q(z)	as	Normal:		

Only	tight	if	the	input	is	Gaussian,	and	each	channel	is	independent	

I(Z;X) 
X

i

1

2
log

✓
1 +

Var(xi)

s2

◆
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p(zi) = N (E(xi),Var(xi) + s2)
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zi = xi + s"i
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"i ⇠ N (0, 1)
<latexit sha1_base64="U6Lneb8WIoenDH2487GZwwSIGDE=">AAACDHicbVDLSsNAFL2pr1pfVZduBotQQUoigi6LblxJBfuAJpTJdNIOnUnCzKRQQj/Ajb/ixoUibv0Ad/6NkzYLbT0wcOace7n3Hj/mTGnb/rYKK6tr6xvFzdLW9s7uXnn/oKWiRBLaJBGPZMfHinIW0qZmmtNOLCkWPqdtf3ST+e0xlYpF4YOexNQTeBCygBGsjdQrV5A7xpLGinHzZchVTCBXYD0kmKO7qn3mnJoqu2bPgJaJk5MK5Gj0yl9uPyKJoKEmHCvVdexYeymWmhFOpyU3UTTGZIQHtGtoiAVVXjo7ZopOjNJHQSTNCzWaqb87UiyUmgjfVGZrqkUvE//zuokOrryUhXGiaUjmg4KEIx2hLBnUZ5ISzSeGYCKZ2RWRIZaYaJNfyYTgLJ68TFrnNceuOfcXlfp1HkcRjuAYquDAJdThFhrQBAKP8Ayv8GY9WS/Wu/UxLy1Yec8h/IH1+QOIBpn3</latexit><latexit sha1_base64="U6Lneb8WIoenDH2487GZwwSIGDE=">AAACDHicbVDLSsNAFL2pr1pfVZduBotQQUoigi6LblxJBfuAJpTJdNIOnUnCzKRQQj/Ajb/ixoUibv0Ad/6NkzYLbT0wcOace7n3Hj/mTGnb/rYKK6tr6xvFzdLW9s7uXnn/oKWiRBLaJBGPZMfHinIW0qZmmtNOLCkWPqdtf3ST+e0xlYpF4YOexNQTeBCygBGsjdQrV5A7xpLGinHzZchVTCBXYD0kmKO7qn3mnJoqu2bPgJaJk5MK5Gj0yl9uPyKJoKEmHCvVdexYeymWmhFOpyU3UTTGZIQHtGtoiAVVXjo7ZopOjNJHQSTNCzWaqb87UiyUmgjfVGZrqkUvE//zuokOrryUhXGiaUjmg4KEIx2hLBnUZ5ISzSeGYCKZ2RWRIZaYaJNfyYTgLJ68TFrnNceuOfcXlfp1HkcRjuAYquDAJdThFhrQBAKP8Ayv8GY9WS/Wu/UxLy1Yec8h/IH1+QOIBpn3</latexit><latexit sha1_base64="U6Lneb8WIoenDH2487GZwwSIGDE=">AAACDHicbVDLSsNAFL2pr1pfVZduBotQQUoigi6LblxJBfuAJpTJdNIOnUnCzKRQQj/Ajb/ixoUibv0Ad/6NkzYLbT0wcOace7n3Hj/mTGnb/rYKK6tr6xvFzdLW9s7uXnn/oKWiRBLaJBGPZMfHinIW0qZmmtNOLCkWPqdtf3ST+e0xlYpF4YOexNQTeBCygBGsjdQrV5A7xpLGinHzZchVTCBXYD0kmKO7qn3mnJoqu2bPgJaJk5MK5Gj0yl9uPyKJoKEmHCvVdexYeymWmhFOpyU3UTTGZIQHtGtoiAVVXjo7ZopOjNJHQSTNCzWaqb87UiyUmgjfVGZrqkUvE//zuokOrryUhXGiaUjmg4KEIx2hLBnUZ5ISzSeGYCKZ2RWRIZaYaJNfyYTgLJ68TFrnNceuOfcXlfp1HkcRjuAYquDAJdThFhrQBAKP8Ayv8GY9WS/Wu/UxLy1Yec8h/IH1+QOIBpn3</latexit><latexit sha1_base64="U6Lneb8WIoenDH2487GZwwSIGDE=">AAACDHicbVDLSsNAFL2pr1pfVZduBotQQUoigi6LblxJBfuAJpTJdNIOnUnCzKRQQj/Ajb/ixoUibv0Ad/6NkzYLbT0wcOace7n3Hj/mTGnb/rYKK6tr6xvFzdLW9s7uXnn/oKWiRBLaJBGPZMfHinIW0qZmmtNOLCkWPqdtf3ST+e0xlYpF4YOexNQTeBCygBGsjdQrV5A7xpLGinHzZchVTCBXYD0kmKO7qn3mnJoqu2bPgJaJk5MK5Gj0yl9uPyKJoKEmHCvVdexYeymWmhFOpyU3UTTGZIQHtGtoiAVVXjo7ZopOjNJHQSTNCzWaqb87UiyUmgjfVGZrqkUvE//zuokOrryUhXGiaUjmg4KEIx2hLBnUZ5ISzSeGYCKZ2RWRIZaYaJNfyYTgLJ68TFrnNceuOfcXlfp1HkcRjuAYquDAJdThFhrQBAKP8Ayv8GY9WS/Wu/UxLy1Yec8h/IH1+QOIBpn3</latexit>



Echo noise 
By	choosing	a	more	flexible	noise	channel,	we	can	exactly	specify	information	rates	
for	arbitrary	inputs	

Input distribution

q(x)
<latexit sha1_base64="2WgeRWylqqkwyLD6JK8it3eUrVI=">AAAB83icbVDLSgMxFL3xWeur6tJNsAh1U2ZE0GXRjcsK9gGdoWTSTBuayYxJRixDf8ONC0Xc+jPu/Bsz7Sy09UDgcM693JMTJIJr4zjfaGV1bX1js7RV3t7Z3duvHBy2dZwqylo0FrHqBkQzwSVrGW4E6yaKkSgQrBOMb3K/88iU5rG8N5OE+REZSh5ySoyVvIeaFxEzCkL8dNavVJ26MwNeJm5BqlCg2a98eYOYphGThgqidc91EuNnRBlOBZuWvVSzhNAxGbKepZJETPvZLPMUn1plgMNY2ScNnqm/NzISaT2JAjuZJ9SLXi7+5/VSE175GZdJapik80NhKrCJcV4AHnDFqBETSwhV3GbFdEQUocbWVLYluItfXibt87rr1N27i2rjuqijBMdwAjVw4RIacAtNaAGFBJ7hFd5Qil7QO/qYj66gYucI/gB9/gArk5Ea</latexit><latexit sha1_base64="2WgeRWylqqkwyLD6JK8it3eUrVI=">AAAB83icbVDLSgMxFL3xWeur6tJNsAh1U2ZE0GXRjcsK9gGdoWTSTBuayYxJRixDf8ONC0Xc+jPu/Bsz7Sy09UDgcM693JMTJIJr4zjfaGV1bX1js7RV3t7Z3duvHBy2dZwqylo0FrHqBkQzwSVrGW4E6yaKkSgQrBOMb3K/88iU5rG8N5OE+REZSh5ySoyVvIeaFxEzCkL8dNavVJ26MwNeJm5BqlCg2a98eYOYphGThgqidc91EuNnRBlOBZuWvVSzhNAxGbKepZJETPvZLPMUn1plgMNY2ScNnqm/NzISaT2JAjuZJ9SLXi7+5/VSE175GZdJapik80NhKrCJcV4AHnDFqBETSwhV3GbFdEQUocbWVLYluItfXibt87rr1N27i2rjuqijBMdwAjVw4RIacAtNaAGFBJ7hFd5Qil7QO/qYj66gYucI/gB9/gArk5Ea</latexit><latexit sha1_base64="2WgeRWylqqkwyLD6JK8it3eUrVI=">AAAB83icbVDLSgMxFL3xWeur6tJNsAh1U2ZE0GXRjcsK9gGdoWTSTBuayYxJRixDf8ONC0Xc+jPu/Bsz7Sy09UDgcM693JMTJIJr4zjfaGV1bX1js7RV3t7Z3duvHBy2dZwqylo0FrHqBkQzwSVrGW4E6yaKkSgQrBOMb3K/88iU5rG8N5OE+REZSh5ySoyVvIeaFxEzCkL8dNavVJ26MwNeJm5BqlCg2a98eYOYphGThgqidc91EuNnRBlOBZuWvVSzhNAxGbKepZJETPvZLPMUn1plgMNY2ScNnqm/NzISaT2JAjuZJ9SLXi7+5/VSE175GZdJapik80NhKrCJcV4AHnDFqBETSwhV3GbFdEQUocbWVLYluItfXibt87rr1N27i2rjuqijBMdwAjVw4RIacAtNaAGFBJ7hFd5Qil7QO/qYj66gYucI/gB9/gArk5Ea</latexit><latexit sha1_base64="2WgeRWylqqkwyLD6JK8it3eUrVI=">AAAB83icbVDLSgMxFL3xWeur6tJNsAh1U2ZE0GXRjcsK9gGdoWTSTBuayYxJRixDf8ONC0Xc+jPu/Bsz7Sy09UDgcM693JMTJIJr4zjfaGV1bX1js7RV3t7Z3duvHBy2dZwqylo0FrHqBkQzwSVrGW4E6yaKkSgQrBOMb3K/88iU5rG8N5OE+REZSh5ySoyVvIeaFxEzCkL8dNavVJ26MwNeJm5BqlCg2a98eYOYphGThgqidc91EuNnRBlOBZuWvVSzhNAxGbKepZJETPvZLPMUn1plgMNY2ScNnqm/NzISaT2JAjuZJ9SLXi7+5/VSE175GZdJapik80NhKrCJcV4AHnDFqBETSwhV3GbFdEQUocbWVLYluItfXibt87rr1N27i2rjuqijBMdwAjVw4RIacAtNaAGFBJ7hFd5Qil7QO/qYj66gYucI/gB9/gArk5Ea</latexit>

q(z|x)
<latexit sha1_base64="uApyO09SM/XQ7i69yuHc0XZ0D7M=">AAACAXicbZDLSsNAFIZPvNZ6i7oR3AwWoW5KIoIui25cVrAXaEOZTCft0MkkzkzEWuvGV3HjQhG3voU738ZJG0Fbfxj4+M85zDm/H3OmtON8WXPzC4tLy7mV/Ora+samvbVdU1EiCa2SiEey4WNFORO0qpnmtBFLikOf07rfP0/r9RsqFYvElR7E1AtxV7CAEayN1bZ3r4utEOueH6A7dI9++PawbReckjMWmgU3gwJkqrTtz1YnIklIhSYcK9V0nVh7Qyw1I5yO8q1E0RiTPu7SpkGBQ6q84fiCETowTgcFkTRPaDR2f08McajUIPRNZ7qhmq6l5n+1ZqKDU2/IRJxoKsjkoyDhSEcojQN1mKRE84EBTCQzuyLSwxITbULLmxDc6ZNnoXZUcp2Se3lcKJ9lceRgD/ahCC6cQBkuoAJVIPAAT/ACr9aj9Wy9We+T1jkrm9mBP7I+vgHxQpXn</latexit><latexit sha1_base64="uApyO09SM/XQ7i69yuHc0XZ0D7M=">AAACAXicbZDLSsNAFIZPvNZ6i7oR3AwWoW5KIoIui25cVrAXaEOZTCft0MkkzkzEWuvGV3HjQhG3voU738ZJG0Fbfxj4+M85zDm/H3OmtON8WXPzC4tLy7mV/Ora+samvbVdU1EiCa2SiEey4WNFORO0qpnmtBFLikOf07rfP0/r9RsqFYvElR7E1AtxV7CAEayN1bZ3r4utEOueH6A7dI9++PawbReckjMWmgU3gwJkqrTtz1YnIklIhSYcK9V0nVh7Qyw1I5yO8q1E0RiTPu7SpkGBQ6q84fiCETowTgcFkTRPaDR2f08McajUIPRNZ7qhmq6l5n+1ZqKDU2/IRJxoKsjkoyDhSEcojQN1mKRE84EBTCQzuyLSwxITbULLmxDc6ZNnoXZUcp2Se3lcKJ9lceRgD/ahCC6cQBkuoAJVIPAAT/ACr9aj9Wy9We+T1jkrm9mBP7I+vgHxQpXn</latexit><latexit sha1_base64="uApyO09SM/XQ7i69yuHc0XZ0D7M=">AAACAXicbZDLSsNAFIZPvNZ6i7oR3AwWoW5KIoIui25cVrAXaEOZTCft0MkkzkzEWuvGV3HjQhG3voU738ZJG0Fbfxj4+M85zDm/H3OmtON8WXPzC4tLy7mV/Ora+samvbVdU1EiCa2SiEey4WNFORO0qpnmtBFLikOf07rfP0/r9RsqFYvElR7E1AtxV7CAEayN1bZ3r4utEOueH6A7dI9++PawbReckjMWmgU3gwJkqrTtz1YnIklIhSYcK9V0nVh7Qyw1I5yO8q1E0RiTPu7SpkGBQ6q84fiCETowTgcFkTRPaDR2f08McajUIPRNZ7qhmq6l5n+1ZqKDU2/IRJxoKsjkoyDhSEcojQN1mKRE84EBTCQzuyLSwxITbULLmxDc6ZNnoXZUcp2Se3lcKJ9lceRgD/ahCC6cQBkuoAJVIPAAT/ACr9aj9Wy9We+T1jkrm9mBP7I+vgHxQpXn</latexit><latexit sha1_base64="uApyO09SM/XQ7i69yuHc0XZ0D7M=">AAACAXicbZDLSsNAFIZPvNZ6i7oR3AwWoW5KIoIui25cVrAXaEOZTCft0MkkzkzEWuvGV3HjQhG3voU738ZJG0Fbfxj4+M85zDm/H3OmtON8WXPzC4tLy7mV/Ora+samvbVdU1EiCa2SiEey4WNFORO0qpnmtBFLikOf07rfP0/r9RsqFYvElR7E1AtxV7CAEayN1bZ3r4utEOueH6A7dI9++PawbReckjMWmgU3gwJkqrTtz1YnIklIhSYcK9V0nVh7Qyw1I5yO8q1E0RiTPu7SpkGBQ6q84fiCETowTgcFkTRPaDR2f08McajUIPRNZ7qhmq6l5n+1ZqKDU2/IRJxoKsjkoyDhSEcojQN1mKRE84EBTCQzuyLSwxITbULLmxDc6ZNnoXZUcp2Se3lcKJ9lceRgD/ahCC6cQBkuoAJVIPAAT/ACr9aj9Wy9We+T1jkrm9mBP7I+vgHxQpXn</latexit>

Noisy channel

Echo
Noise

Gaussian
Noise

q(z)
<latexit sha1_base64="SWh8fvZHV8L7wc02qVZJ+1cbL5U=">AAAB83icbVDLSgMxFL3js9ZX1aWbYBHqpsyIoMuiG5cV7AM6Q8mkmTY0yYxJRqhDf8ONC0Xc+jPu/Bsz7Sy09UDgcM693JMTJpxp47rfzsrq2vrGZmmrvL2zu7dfOThs6zhVhLZIzGPVDbGmnEnaMsxw2k0UxSLktBOOb3K/80iVZrG8N5OEBgIPJYsYwcZK/kPNF9iMwgg9nfUrVbfuzoCWiVeQKhRo9itf/iAmqaDSEI617nluYoIMK8MIp9Oyn2qaYDLGQ9qzVGJBdZDNMk/RqVUGKIqVfdKgmfp7I8NC64kI7WSeUC96ufif10tNdBVkTCapoZLMD0UpRyZGeQFowBQlhk8swUQxmxWREVaYGFtT2ZbgLX55mbTP655b9+4uqo3roo4SHMMJ1MCDS2jALTShBQQSeIZXeHNS58V5dz7moytOsXMEf+B8/gAunZEc</latexit><latexit sha1_base64="SWh8fvZHV8L7wc02qVZJ+1cbL5U=">AAAB83icbVDLSgMxFL3js9ZX1aWbYBHqpsyIoMuiG5cV7AM6Q8mkmTY0yYxJRqhDf8ONC0Xc+jPu/Bsz7Sy09UDgcM693JMTJpxp47rfzsrq2vrGZmmrvL2zu7dfOThs6zhVhLZIzGPVDbGmnEnaMsxw2k0UxSLktBOOb3K/80iVZrG8N5OEBgIPJYsYwcZK/kPNF9iMwgg9nfUrVbfuzoCWiVeQKhRo9itf/iAmqaDSEI617nluYoIMK8MIp9Oyn2qaYDLGQ9qzVGJBdZDNMk/RqVUGKIqVfdKgmfp7I8NC64kI7WSeUC96ufif10tNdBVkTCapoZLMD0UpRyZGeQFowBQlhk8swUQxmxWREVaYGFtT2ZbgLX55mbTP655b9+4uqo3roo4SHMMJ1MCDS2jALTShBQQSeIZXeHNS58V5dz7moytOsXMEf+B8/gAunZEc</latexit><latexit sha1_base64="SWh8fvZHV8L7wc02qVZJ+1cbL5U=">AAAB83icbVDLSgMxFL3js9ZX1aWbYBHqpsyIoMuiG5cV7AM6Q8mkmTY0yYxJRqhDf8ONC0Xc+jPu/Bsz7Sy09UDgcM693JMTJpxp47rfzsrq2vrGZmmrvL2zu7dfOThs6zhVhLZIzGPVDbGmnEnaMsxw2k0UxSLktBOOb3K/80iVZrG8N5OEBgIPJYsYwcZK/kPNF9iMwgg9nfUrVbfuzoCWiVeQKhRo9itf/iAmqaDSEI617nluYoIMK8MIp9Oyn2qaYDLGQ9qzVGJBdZDNMk/RqVUGKIqVfdKgmfp7I8NC64kI7WSeUC96ufif10tNdBVkTCapoZLMD0UpRyZGeQFowBQlhk8swUQxmxWREVaYGFtT2ZbgLX55mbTP655b9+4uqo3roo4SHMMJ1MCDS2jALTShBQQSeIZXeHNS58V5dz7moytOsXMEf+B8/gAunZEc</latexit><latexit sha1_base64="SWh8fvZHV8L7wc02qVZJ+1cbL5U=">AAAB83icbVDLSgMxFL3js9ZX1aWbYBHqpsyIoMuiG5cV7AM6Q8mkmTY0yYxJRqhDf8ONC0Xc+jPu/Bsz7Sy09UDgcM693JMTJpxp47rfzsrq2vrGZmmrvL2zu7dfOThs6zhVhLZIzGPVDbGmnEnaMsxw2k0UxSLktBOOb3K/80iVZrG8N5OEBgIPJYsYwcZK/kPNF9iMwgg9nfUrVbfuzoCWiVeQKhRo9itf/iAmqaDSEI617nluYoIMK8MIp9Oyn2qaYDLGQ9qzVGJBdZDNMk/RqVUGKIqVfdKgmfp7I8NC64kI7WSeUC96ufif10tNdBVkTCapoZLMD0UpRyZGeQFowBQlhk8swUQxmxWREVaYGFtT2ZbgLX55mbTP655b9+4uqo3roo4SHMMJ1MCDS2jALTShBQQSeIZXeHNS58V5dz7moytOsXMEf+B8/gAunZEc</latexit>

Encoder distribution

I(Z;X) = 3 bits
<latexit sha1_base64="Gp2rws88UxFJYVH0peEDqMvePWM=">AAACAXicbVDLSgNBEJyNrxhfq14EL4NBiJewq4KCCEEveotgHpgsYXYySYbMY5mZFcMSL/6KFw+KePUvvPk3TpI9aGJBQ1HVTXdXGDGqjed9O5m5+YXFpexybmV1bX3D3dyqahkrTCpYMqnqIdKEUUEqhhpG6pEiiIeM1ML+5civ3ROlqRS3ZhCRgKOuoB2KkbFSy925LtydwfoBPIdHsMlD+ZDAkBo9bLl5r+iNAWeJn5I8SFFuuV/NtsQxJ8JghrRu+F5kggQpQzEjw1wz1iRCuI+6pGGpQJzoIBl/MIT7VmnDjlS2hIFj9fdEgrjWAx7aTo5MT097I/E/rxGbzmmQUBHFhgg8WdSJGTQSjuKAbaoINmxgCcKK2lsh7iGFsLGh5WwI/vTLs6R6WPS9on9znC9dpHFkwS7YAwXggxNQAlegDCoAg0fwDF7Bm/PkvDjvzsekNeOkM9vgD5zPH10AlO4=</latexit><latexit sha1_base64="Gp2rws88UxFJYVH0peEDqMvePWM=">AAACAXicbVDLSgNBEJyNrxhfq14EL4NBiJewq4KCCEEveotgHpgsYXYySYbMY5mZFcMSL/6KFw+KePUvvPk3TpI9aGJBQ1HVTXdXGDGqjed9O5m5+YXFpexybmV1bX3D3dyqahkrTCpYMqnqIdKEUUEqhhpG6pEiiIeM1ML+5civ3ROlqRS3ZhCRgKOuoB2KkbFSy925LtydwfoBPIdHsMlD+ZDAkBo9bLl5r+iNAWeJn5I8SFFuuV/NtsQxJ8JghrRu+F5kggQpQzEjw1wz1iRCuI+6pGGpQJzoIBl/MIT7VmnDjlS2hIFj9fdEgrjWAx7aTo5MT097I/E/rxGbzmmQUBHFhgg8WdSJGTQSjuKAbaoINmxgCcKK2lsh7iGFsLGh5WwI/vTLs6R6WPS9on9znC9dpHFkwS7YAwXggxNQAlegDCoAg0fwDF7Bm/PkvDjvzsekNeOkM9vgD5zPH10AlO4=</latexit><latexit sha1_base64="Gp2rws88UxFJYVH0peEDqMvePWM=">AAACAXicbVDLSgNBEJyNrxhfq14EL4NBiJewq4KCCEEveotgHpgsYXYySYbMY5mZFcMSL/6KFw+KePUvvPk3TpI9aGJBQ1HVTXdXGDGqjed9O5m5+YXFpexybmV1bX3D3dyqahkrTCpYMqnqIdKEUUEqhhpG6pEiiIeM1ML+5civ3ROlqRS3ZhCRgKOuoB2KkbFSy925LtydwfoBPIdHsMlD+ZDAkBo9bLl5r+iNAWeJn5I8SFFuuV/NtsQxJ8JghrRu+F5kggQpQzEjw1wz1iRCuI+6pGGpQJzoIBl/MIT7VmnDjlS2hIFj9fdEgrjWAx7aTo5MT097I/E/rxGbzmmQUBHFhgg8WdSJGTQSjuKAbaoINmxgCcKK2lsh7iGFsLGh5WwI/vTLs6R6WPS9on9znC9dpHFkwS7YAwXggxNQAlegDCoAg0fwDF7Bm/PkvDjvzsekNeOkM9vgD5zPH10AlO4=</latexit><latexit sha1_base64="Gp2rws88UxFJYVH0peEDqMvePWM=">AAACAXicbVDLSgNBEJyNrxhfq14EL4NBiJewq4KCCEEveotgHpgsYXYySYbMY5mZFcMSL/6KFw+KePUvvPk3TpI9aGJBQ1HVTXdXGDGqjed9O5m5+YXFpexybmV1bX3D3dyqahkrTCpYMqnqIdKEUUEqhhpG6pEiiIeM1ML+5civ3ROlqRS3ZhCRgKOuoB2KkbFSy925LtydwfoBPIdHsMlD+ZDAkBo9bLl5r+iNAWeJn5I8SFFuuV/NtsQxJ8JghrRu+F5kggQpQzEjw1wz1iRCuI+6pGGpQJzoIBl/MIT7VmnDjlS2hIFj9fdEgrjWAx7aTo5MT097I/E/rxGbzmmQUBHFhgg8WdSJGTQSjuKAbaoINmxgCcKK2lsh7iGFsLGh5WwI/vTLs6R6WPS9on9znC9dpHFkwS7YAwXggxNQAlegDCoAg0fwDF7Bm/PkvDjvzsekNeOkM9vgD5zPH10AlO4=</latexit>

I(Z;X)  3 bits
<latexit sha1_base64="3sTAvva5UF6O0WoigMynSTaSlHA=">AAACBHicbVC7SgNBFJ2Nrxhfq5ZpBoMQm7CrgoJN0Ea7COaB2SXMTmaTITM768ysGJYUNv6KjYUitn6EnX/jJNlCEw9cOJxzL/feE8SMKu0431ZuYXFpeSW/Wlhb39jcsrd3GkokEpM6FkzIVoAUYTQidU01I61YEsQDRprB4GLsN++JVFREN3oYE5+jXkRDipE2UscuXpVvz2DrAHqM3MEj6PFAPKQwoFqNOnbJqTgTwHniZqQEMtQ69pfXFTjhJNKYIaXarhNrP0VSU8zIqOAlisQID1CPtA2NECfKTydPjOC+UbowFNJUpOFE/T2RIq7UkAemkyPdV7PeWPzPayc6PPVTGsWJJhGeLgoTBrWA40Rgl0qCNRsagrCk5laI+0girE1uBROCO/vyPGkcVlyn4l4fl6rnWRx5UAR7oAxccAKq4BLUQB1g8AiewSt4s56sF+vd+pi25qxsZhf8gfX5AwAflm0=</latexit><latexit sha1_base64="3sTAvva5UF6O0WoigMynSTaSlHA=">AAACBHicbVC7SgNBFJ2Nrxhfq5ZpBoMQm7CrgoJN0Ea7COaB2SXMTmaTITM768ysGJYUNv6KjYUitn6EnX/jJNlCEw9cOJxzL/feE8SMKu0431ZuYXFpeSW/Wlhb39jcsrd3GkokEpM6FkzIVoAUYTQidU01I61YEsQDRprB4GLsN++JVFREN3oYE5+jXkRDipE2UscuXpVvz2DrAHqM3MEj6PFAPKQwoFqNOnbJqTgTwHniZqQEMtQ69pfXFTjhJNKYIaXarhNrP0VSU8zIqOAlisQID1CPtA2NECfKTydPjOC+UbowFNJUpOFE/T2RIq7UkAemkyPdV7PeWPzPayc6PPVTGsWJJhGeLgoTBrWA40Rgl0qCNRsagrCk5laI+0girE1uBROCO/vyPGkcVlyn4l4fl6rnWRx5UAR7oAxccAKq4BLUQB1g8AiewSt4s56sF+vd+pi25qxsZhf8gfX5AwAflm0=</latexit><latexit sha1_base64="3sTAvva5UF6O0WoigMynSTaSlHA=">AAACBHicbVC7SgNBFJ2Nrxhfq5ZpBoMQm7CrgoJN0Ea7COaB2SXMTmaTITM768ysGJYUNv6KjYUitn6EnX/jJNlCEw9cOJxzL/feE8SMKu0431ZuYXFpeSW/Wlhb39jcsrd3GkokEpM6FkzIVoAUYTQidU01I61YEsQDRprB4GLsN++JVFREN3oYE5+jXkRDipE2UscuXpVvz2DrAHqM3MEj6PFAPKQwoFqNOnbJqTgTwHniZqQEMtQ69pfXFTjhJNKYIaXarhNrP0VSU8zIqOAlisQID1CPtA2NECfKTydPjOC+UbowFNJUpOFE/T2RIq7UkAemkyPdV7PeWPzPayc6PPVTGsWJJhGeLgoTBrWA40Rgl0qCNRsagrCk5laI+0girE1uBROCO/vyPGkcVlyn4l4fl6rnWRx5UAR7oAxccAKq4BLUQB1g8AiewSt4s56sF+vd+pi25qxsZhf8gfX5AwAflm0=</latexit><latexit sha1_base64="3sTAvva5UF6O0WoigMynSTaSlHA=">AAACBHicbVC7SgNBFJ2Nrxhfq5ZpBoMQm7CrgoJN0Ea7COaB2SXMTmaTITM768ysGJYUNv6KjYUitn6EnX/jJNlCEw9cOJxzL/feE8SMKu0431ZuYXFpeSW/Wlhb39jcsrd3GkokEpM6FkzIVoAUYTQidU01I61YEsQDRprB4GLsN++JVFREN3oYE5+jXkRDipE2UscuXpVvz2DrAHqM3MEj6PFAPKQwoFqNOnbJqTgTwHniZqQEMtQ69pfXFTjhJNKYIaXarhNrP0VSU8zIqOAlisQID1CPtA2NECfKTydPjOC+UbowFNJUpOFE/T2RIq7UkAemkyPdV7PeWPzPayc6PPVTGsWJJhGeLgoTBrWA40Rgl0qCNRsagrCk5laI+0girE1uBROCO/vyPGkcVlyn4l4fl6rnWRx5UAR7oAxccAKq4BLUQB1g8AiewSt4s56sF+vd+pi25qxsZhf8gfX5AwAflm0=</latexit>

+

=

=



Echo noise: make the noise look like the 
signal 
Why?		

•  For	correlated	Gaussian	noise,	optimal	signal	is	correlated	in	same	basis	
•  Key	property	for	analytic	mutual	information	under	arbitrary	input	



Echo noise: make the noise look like the 
signal 
How	do	we	make	the	noise	look	like	the	signal?		

E d
=Z

<latexit sha1_base64="OCUpdHrCzuSf6QnLvdIDQuqd0s8="></latexit><latexit sha1_base64="OCUpdHrCzuSf6QnLvdIDQuqd0s8="></latexit><latexit sha1_base64="OCUpdHrCzuSf6QnLvdIDQuqd0s8="></latexit><latexit sha1_base64="OCUpdHrCzuSf6QnLvdIDQuqd0s8="></latexit>

Multiply	out	and	re-label	iid	samples....	
these	are	the	same	(in	distribution)!		

z = f(x) + s"
<latexit sha1_base64="NquADmgpqDxD92yIBKb/Uwi/91c="></latexit><latexit sha1_base64="NquADmgpqDxD92yIBKb/Uwi/91c="></latexit><latexit sha1_base64="NquADmgpqDxD92yIBKb/Uwi/91c="></latexit><latexit sha1_base64="NquADmgpqDxD92yIBKb/Uwi/91c="></latexit>

" = f(x(0)) + sf(x(1)) + s2f(x(2)) . . . , x(`)iid⇠q(x)
<latexit sha1_base64="iTZzvU6vL+q/4MtitC+n5EFmlts="></latexit><latexit sha1_base64="iTZzvU6vL+q/4MtitC+n5EFmlts="></latexit><latexit sha1_base64="iTZzvU6vL+q/4MtitC+n5EFmlts="></latexit><latexit sha1_base64="iTZzvU6vL+q/4MtitC+n5EFmlts="></latexit>

z = f(x) + s
⇣
f(x(0)) + sf(x(1)) + s2f(x(2)) . . .

<latexit sha1_base64="t+FCP767CqcKd1qAmrrCp6buDOI="></latexit><latexit sha1_base64="t+FCP767CqcKd1qAmrrCp6buDOI="></latexit><latexit sha1_base64="t+FCP767CqcKd1qAmrrCp6buDOI="></latexit><latexit sha1_base64="t+FCP767CqcKd1qAmrrCp6buDOI="></latexit>



Example: a non-Gaussian input 
distribution 
A	uniform	distribution	in	R2	with	a	shape	that	strikes	fear	into	the	heart	
of	villains	and	Gaussians	

Input distribution

q(x)
<latexit sha1_base64="2WgeRWylqqkwyLD6JK8it3eUrVI=">AAAB83icbVDLSgMxFL3xWeur6tJNsAh1U2ZE0GXRjcsK9gGdoWTSTBuayYxJRixDf8ONC0Xc+jPu/Bsz7Sy09UDgcM693JMTJIJr4zjfaGV1bX1js7RV3t7Z3duvHBy2dZwqylo0FrHqBkQzwSVrGW4E6yaKkSgQrBOMb3K/88iU5rG8N5OE+REZSh5ySoyVvIeaFxEzCkL8dNavVJ26MwNeJm5BqlCg2a98eYOYphGThgqidc91EuNnRBlOBZuWvVSzhNAxGbKepZJETPvZLPMUn1plgMNY2ScNnqm/NzISaT2JAjuZJ9SLXi7+5/VSE175GZdJapik80NhKrCJcV4AHnDFqBETSwhV3GbFdEQUocbWVLYluItfXibt87rr1N27i2rjuqijBMdwAjVw4RIacAtNaAGFBJ7hFd5Qil7QO/qYj66gYucI/gB9/gArk5Ea</latexit><latexit sha1_base64="2WgeRWylqqkwyLD6JK8it3eUrVI=">AAAB83icbVDLSgMxFL3xWeur6tJNsAh1U2ZE0GXRjcsK9gGdoWTSTBuayYxJRixDf8ONC0Xc+jPu/Bsz7Sy09UDgcM693JMTJIJr4zjfaGV1bX1js7RV3t7Z3duvHBy2dZwqylo0FrHqBkQzwSVrGW4E6yaKkSgQrBOMb3K/88iU5rG8N5OE+REZSh5ySoyVvIeaFxEzCkL8dNavVJ26MwNeJm5BqlCg2a98eYOYphGThgqidc91EuNnRBlOBZuWvVSzhNAxGbKepZJETPvZLPMUn1plgMNY2ScNnqm/NzISaT2JAjuZJ9SLXi7+5/VSE175GZdJapik80NhKrCJcV4AHnDFqBETSwhV3GbFdEQUocbWVLYluItfXibt87rr1N27i2rjuqijBMdwAjVw4RIacAtNaAGFBJ7hFd5Qil7QO/qYj66gYucI/gB9/gArk5Ea</latexit><latexit sha1_base64="2WgeRWylqqkwyLD6JK8it3eUrVI=">AAAB83icbVDLSgMxFL3xWeur6tJNsAh1U2ZE0GXRjcsK9gGdoWTSTBuayYxJRixDf8ONC0Xc+jPu/Bsz7Sy09UDgcM693JMTJIJr4zjfaGV1bX1js7RV3t7Z3duvHBy2dZwqylo0FrHqBkQzwSVrGW4E6yaKkSgQrBOMb3K/88iU5rG8N5OE+REZSh5ySoyVvIeaFxEzCkL8dNavVJ26MwNeJm5BqlCg2a98eYOYphGThgqidc91EuNnRBlOBZuWvVSzhNAxGbKepZJETPvZLPMUn1plgMNY2ScNnqm/NzISaT2JAjuZJ9SLXi7+5/VSE175GZdJapik80NhKrCJcV4AHnDFqBETSwhV3GbFdEQUocbWVLYluItfXibt87rr1N27i2rjuqijBMdwAjVw4RIacAtNaAGFBJ7hFd5Qil7QO/qYj66gYucI/gB9/gArk5Ea</latexit><latexit sha1_base64="2WgeRWylqqkwyLD6JK8it3eUrVI=">AAAB83icbVDLSgMxFL3xWeur6tJNsAh1U2ZE0GXRjcsK9gGdoWTSTBuayYxJRixDf8ONC0Xc+jPu/Bsz7Sy09UDgcM693JMTJIJr4zjfaGV1bX1js7RV3t7Z3duvHBy2dZwqylo0FrHqBkQzwSVrGW4E6yaKkSgQrBOMb3K/88iU5rG8N5OE+REZSh5ySoyVvIeaFxEzCkL8dNavVJ26MwNeJm5BqlCg2a98eYOYphGThgqidc91EuNnRBlOBZuWvVSzhNAxGbKepZJETPvZLPMUn1plgMNY2ScNnqm/NzISaT2JAjuZJ9SLXi7+5/VSE175GZdJapik80NhKrCJcV4AHnDFqBETSwhV3GbFdEQUocbWVLYluItfXibt87rr1N27i2rjuqijBMdwAjVw4RIacAtNaAGFBJ7hFd5Qil7QO/qYj66gYucI/gB9/gArk5Ea</latexit>

q(z|x)
<latexit sha1_base64="uApyO09SM/XQ7i69yuHc0XZ0D7M=">AAACAXicbZDLSsNAFIZPvNZ6i7oR3AwWoW5KIoIui25cVrAXaEOZTCft0MkkzkzEWuvGV3HjQhG3voU738ZJG0Fbfxj4+M85zDm/H3OmtON8WXPzC4tLy7mV/Ora+samvbVdU1EiCa2SiEey4WNFORO0qpnmtBFLikOf07rfP0/r9RsqFYvElR7E1AtxV7CAEayN1bZ3r4utEOueH6A7dI9++PawbReckjMWmgU3gwJkqrTtz1YnIklIhSYcK9V0nVh7Qyw1I5yO8q1E0RiTPu7SpkGBQ6q84fiCETowTgcFkTRPaDR2f08McajUIPRNZ7qhmq6l5n+1ZqKDU2/IRJxoKsjkoyDhSEcojQN1mKRE84EBTCQzuyLSwxITbULLmxDc6ZNnoXZUcp2Se3lcKJ9lceRgD/ahCC6cQBkuoAJVIPAAT/ACr9aj9Wy9We+T1jkrm9mBP7I+vgHxQpXn</latexit><latexit sha1_base64="uApyO09SM/XQ7i69yuHc0XZ0D7M=">AAACAXicbZDLSsNAFIZPvNZ6i7oR3AwWoW5KIoIui25cVrAXaEOZTCft0MkkzkzEWuvGV3HjQhG3voU738ZJG0Fbfxj4+M85zDm/H3OmtON8WXPzC4tLy7mV/Ora+samvbVdU1EiCa2SiEey4WNFORO0qpnmtBFLikOf07rfP0/r9RsqFYvElR7E1AtxV7CAEayN1bZ3r4utEOueH6A7dI9++PawbReckjMWmgU3gwJkqrTtz1YnIklIhSYcK9V0nVh7Qyw1I5yO8q1E0RiTPu7SpkGBQ6q84fiCETowTgcFkTRPaDR2f08McajUIPRNZ7qhmq6l5n+1ZqKDU2/IRJxoKsjkoyDhSEcojQN1mKRE84EBTCQzuyLSwxITbULLmxDc6ZNnoXZUcp2Se3lcKJ9lceRgD/ahCC6cQBkuoAJVIPAAT/ACr9aj9Wy9We+T1jkrm9mBP7I+vgHxQpXn</latexit><latexit sha1_base64="uApyO09SM/XQ7i69yuHc0XZ0D7M=">AAACAXicbZDLSsNAFIZPvNZ6i7oR3AwWoW5KIoIui25cVrAXaEOZTCft0MkkzkzEWuvGV3HjQhG3voU738ZJG0Fbfxj4+M85zDm/H3OmtON8WXPzC4tLy7mV/Ora+samvbVdU1EiCa2SiEey4WNFORO0qpnmtBFLikOf07rfP0/r9RsqFYvElR7E1AtxV7CAEayN1bZ3r4utEOueH6A7dI9++PawbReckjMWmgU3gwJkqrTtz1YnIklIhSYcK9V0nVh7Qyw1I5yO8q1E0RiTPu7SpkGBQ6q84fiCETowTgcFkTRPaDR2f08McajUIPRNZ7qhmq6l5n+1ZqKDU2/IRJxoKsjkoyDhSEcojQN1mKRE84EBTCQzuyLSwxITbULLmxDc6ZNnoXZUcp2Se3lcKJ9lceRgD/ahCC6cQBkuoAJVIPAAT/ACr9aj9Wy9We+T1jkrm9mBP7I+vgHxQpXn</latexit><latexit sha1_base64="uApyO09SM/XQ7i69yuHc0XZ0D7M=">AAACAXicbZDLSsNAFIZPvNZ6i7oR3AwWoW5KIoIui25cVrAXaEOZTCft0MkkzkzEWuvGV3HjQhG3voU738ZJG0Fbfxj4+M85zDm/H3OmtON8WXPzC4tLy7mV/Ora+samvbVdU1EiCa2SiEey4WNFORO0qpnmtBFLikOf07rfP0/r9RsqFYvElR7E1AtxV7CAEayN1bZ3r4utEOueH6A7dI9++PawbReckjMWmgU3gwJkqrTtz1YnIklIhSYcK9V0nVh7Qyw1I5yO8q1E0RiTPu7SpkGBQ6q84fiCETowTgcFkTRPaDR2f08McajUIPRNZ7qhmq6l5n+1ZqKDU2/IRJxoKsjkoyDhSEcojQN1mKRE84EBTCQzuyLSwxITbULLmxDc6ZNnoXZUcp2Se3lcKJ9lceRgD/ahCC6cQBkuoAJVIPAAT/ACr9aj9Wy9We+T1jkrm9mBP7I+vgHxQpXn</latexit>

Noisy channel

Echo
Noise

Gaussian
Noise

q(z)
<latexit sha1_base64="SWh8fvZHV8L7wc02qVZJ+1cbL5U=">AAAB83icbVDLSgMxFL3js9ZX1aWbYBHqpsyIoMuiG5cV7AM6Q8mkmTY0yYxJRqhDf8ONC0Xc+jPu/Bsz7Sy09UDgcM693JMTJpxp47rfzsrq2vrGZmmrvL2zu7dfOThs6zhVhLZIzGPVDbGmnEnaMsxw2k0UxSLktBOOb3K/80iVZrG8N5OEBgIPJYsYwcZK/kPNF9iMwgg9nfUrVbfuzoCWiVeQKhRo9itf/iAmqaDSEI617nluYoIMK8MIp9Oyn2qaYDLGQ9qzVGJBdZDNMk/RqVUGKIqVfdKgmfp7I8NC64kI7WSeUC96ufif10tNdBVkTCapoZLMD0UpRyZGeQFowBQlhk8swUQxmxWREVaYGFtT2ZbgLX55mbTP655b9+4uqo3roo4SHMMJ1MCDS2jALTShBQQSeIZXeHNS58V5dz7moytOsXMEf+B8/gAunZEc</latexit><latexit sha1_base64="SWh8fvZHV8L7wc02qVZJ+1cbL5U=">AAAB83icbVDLSgMxFL3js9ZX1aWbYBHqpsyIoMuiG5cV7AM6Q8mkmTY0yYxJRqhDf8ONC0Xc+jPu/Bsz7Sy09UDgcM693JMTJpxp47rfzsrq2vrGZmmrvL2zu7dfOThs6zhVhLZIzGPVDbGmnEnaMsxw2k0UxSLktBOOb3K/80iVZrG8N5OEBgIPJYsYwcZK/kPNF9iMwgg9nfUrVbfuzoCWiVeQKhRo9itf/iAmqaDSEI617nluYoIMK8MIp9Oyn2qaYDLGQ9qzVGJBdZDNMk/RqVUGKIqVfdKgmfp7I8NC64kI7WSeUC96ufif10tNdBVkTCapoZLMD0UpRyZGeQFowBQlhk8swUQxmxWREVaYGFtT2ZbgLX55mbTP655b9+4uqo3roo4SHMMJ1MCDS2jALTShBQQSeIZXeHNS58V5dz7moytOsXMEf+B8/gAunZEc</latexit><latexit sha1_base64="SWh8fvZHV8L7wc02qVZJ+1cbL5U=">AAAB83icbVDLSgMxFL3js9ZX1aWbYBHqpsyIoMuiG5cV7AM6Q8mkmTY0yYxJRqhDf8ONC0Xc+jPu/Bsz7Sy09UDgcM693JMTJpxp47rfzsrq2vrGZmmrvL2zu7dfOThs6zhVhLZIzGPVDbGmnEnaMsxw2k0UxSLktBOOb3K/80iVZrG8N5OEBgIPJYsYwcZK/kPNF9iMwgg9nfUrVbfuzoCWiVeQKhRo9itf/iAmqaDSEI617nluYoIMK8MIp9Oyn2qaYDLGQ9qzVGJBdZDNMk/RqVUGKIqVfdKgmfp7I8NC64kI7WSeUC96ufif10tNdBVkTCapoZLMD0UpRyZGeQFowBQlhk8swUQxmxWREVaYGFtT2ZbgLX55mbTP655b9+4uqo3roo4SHMMJ1MCDS2jALTShBQQSeIZXeHNS58V5dz7moytOsXMEf+B8/gAunZEc</latexit><latexit sha1_base64="SWh8fvZHV8L7wc02qVZJ+1cbL5U=">AAAB83icbVDLSgMxFL3js9ZX1aWbYBHqpsyIoMuiG5cV7AM6Q8mkmTY0yYxJRqhDf8ONC0Xc+jPu/Bsz7Sy09UDgcM693JMTJpxp47rfzsrq2vrGZmmrvL2zu7dfOThs6zhVhLZIzGPVDbGmnEnaMsxw2k0UxSLktBOOb3K/80iVZrG8N5OEBgIPJYsYwcZK/kPNF9iMwgg9nfUrVbfuzoCWiVeQKhRo9itf/iAmqaDSEI617nluYoIMK8MIp9Oyn2qaYDLGQ9qzVGJBdZDNMk/RqVUGKIqVfdKgmfp7I8NC64kI7WSeUC96ufif10tNdBVkTCapoZLMD0UpRyZGeQFowBQlhk8swUQxmxWREVaYGFtT2ZbgLX55mbTP655b9+4uqo3roo4SHMMJ1MCDS2jALTShBQQSeIZXeHNS58V5dz7moytOsXMEf+B8/gAunZEc</latexit>

Encoder distribution

I(Z;X) = 3 bits
<latexit sha1_base64="Gp2rws88UxFJYVH0peEDqMvePWM=">AAACAXicbVDLSgNBEJyNrxhfq14EL4NBiJewq4KCCEEveotgHpgsYXYySYbMY5mZFcMSL/6KFw+KePUvvPk3TpI9aGJBQ1HVTXdXGDGqjed9O5m5+YXFpexybmV1bX3D3dyqahkrTCpYMqnqIdKEUUEqhhpG6pEiiIeM1ML+5civ3ROlqRS3ZhCRgKOuoB2KkbFSy925LtydwfoBPIdHsMlD+ZDAkBo9bLl5r+iNAWeJn5I8SFFuuV/NtsQxJ8JghrRu+F5kggQpQzEjw1wz1iRCuI+6pGGpQJzoIBl/MIT7VmnDjlS2hIFj9fdEgrjWAx7aTo5MT097I/E/rxGbzmmQUBHFhgg8WdSJGTQSjuKAbaoINmxgCcKK2lsh7iGFsLGh5WwI/vTLs6R6WPS9on9znC9dpHFkwS7YAwXggxNQAlegDCoAg0fwDF7Bm/PkvDjvzsekNeOkM9vgD5zPH10AlO4=</latexit><latexit sha1_base64="Gp2rws88UxFJYVH0peEDqMvePWM=">AAACAXicbVDLSgNBEJyNrxhfq14EL4NBiJewq4KCCEEveotgHpgsYXYySYbMY5mZFcMSL/6KFw+KePUvvPk3TpI9aGJBQ1HVTXdXGDGqjed9O5m5+YXFpexybmV1bX3D3dyqahkrTCpYMqnqIdKEUUEqhhpG6pEiiIeM1ML+5civ3ROlqRS3ZhCRgKOuoB2KkbFSy925LtydwfoBPIdHsMlD+ZDAkBo9bLl5r+iNAWeJn5I8SFFuuV/NtsQxJ8JghrRu+F5kggQpQzEjw1wz1iRCuI+6pGGpQJzoIBl/MIT7VmnDjlS2hIFj9fdEgrjWAx7aTo5MT097I/E/rxGbzmmQUBHFhgg8WdSJGTQSjuKAbaoINmxgCcKK2lsh7iGFsLGh5WwI/vTLs6R6WPS9on9znC9dpHFkwS7YAwXggxNQAlegDCoAg0fwDF7Bm/PkvDjvzsekNeOkM9vgD5zPH10AlO4=</latexit><latexit sha1_base64="Gp2rws88UxFJYVH0peEDqMvePWM=">AAACAXicbVDLSgNBEJyNrxhfq14EL4NBiJewq4KCCEEveotgHpgsYXYySYbMY5mZFcMSL/6KFw+KePUvvPk3TpI9aGJBQ1HVTXdXGDGqjed9O5m5+YXFpexybmV1bX3D3dyqahkrTCpYMqnqIdKEUUEqhhpG6pEiiIeM1ML+5civ3ROlqRS3ZhCRgKOuoB2KkbFSy925LtydwfoBPIdHsMlD+ZDAkBo9bLl5r+iNAWeJn5I8SFFuuV/NtsQxJ8JghrRu+F5kggQpQzEjw1wz1iRCuI+6pGGpQJzoIBl/MIT7VmnDjlS2hIFj9fdEgrjWAx7aTo5MT097I/E/rxGbzmmQUBHFhgg8WdSJGTQSjuKAbaoINmxgCcKK2lsh7iGFsLGh5WwI/vTLs6R6WPS9on9znC9dpHFkwS7YAwXggxNQAlegDCoAg0fwDF7Bm/PkvDjvzsekNeOkM9vgD5zPH10AlO4=</latexit><latexit sha1_base64="Gp2rws88UxFJYVH0peEDqMvePWM=">AAACAXicbVDLSgNBEJyNrxhfq14EL4NBiJewq4KCCEEveotgHpgsYXYySYbMY5mZFcMSL/6KFw+KePUvvPk3TpI9aGJBQ1HVTXdXGDGqjed9O5m5+YXFpexybmV1bX3D3dyqahkrTCpYMqnqIdKEUUEqhhpG6pEiiIeM1ML+5civ3ROlqRS3ZhCRgKOuoB2KkbFSy925LtydwfoBPIdHsMlD+ZDAkBo9bLl5r+iNAWeJn5I8SFFuuV/NtsQxJ8JghrRu+F5kggQpQzEjw1wz1iRCuI+6pGGpQJzoIBl/MIT7VmnDjlS2hIFj9fdEgrjWAx7aTo5MT097I/E/rxGbzmmQUBHFhgg8WdSJGTQSjuKAbaoINmxgCcKK2lsh7iGFsLGh5WwI/vTLs6R6WPS9on9znC9dpHFkwS7YAwXggxNQAlegDCoAg0fwDF7Bm/PkvDjvzsekNeOkM9vgD5zPH10AlO4=</latexit>

I(Z;X)  3 bits
<latexit sha1_base64="3sTAvva5UF6O0WoigMynSTaSlHA=">AAACBHicbVC7SgNBFJ2Nrxhfq5ZpBoMQm7CrgoJN0Ea7COaB2SXMTmaTITM768ysGJYUNv6KjYUitn6EnX/jJNlCEw9cOJxzL/feE8SMKu0431ZuYXFpeSW/Wlhb39jcsrd3GkokEpM6FkzIVoAUYTQidU01I61YEsQDRprB4GLsN++JVFREN3oYE5+jXkRDipE2UscuXpVvz2DrAHqM3MEj6PFAPKQwoFqNOnbJqTgTwHniZqQEMtQ69pfXFTjhJNKYIaXarhNrP0VSU8zIqOAlisQID1CPtA2NECfKTydPjOC+UbowFNJUpOFE/T2RIq7UkAemkyPdV7PeWPzPayc6PPVTGsWJJhGeLgoTBrWA40Rgl0qCNRsagrCk5laI+0girE1uBROCO/vyPGkcVlyn4l4fl6rnWRx5UAR7oAxccAKq4BLUQB1g8AiewSt4s56sF+vd+pi25qxsZhf8gfX5AwAflm0=</latexit><latexit sha1_base64="3sTAvva5UF6O0WoigMynSTaSlHA=">AAACBHicbVC7SgNBFJ2Nrxhfq5ZpBoMQm7CrgoJN0Ea7COaB2SXMTmaTITM768ysGJYUNv6KjYUitn6EnX/jJNlCEw9cOJxzL/feE8SMKu0431ZuYXFpeSW/Wlhb39jcsrd3GkokEpM6FkzIVoAUYTQidU01I61YEsQDRprB4GLsN++JVFREN3oYE5+jXkRDipE2UscuXpVvz2DrAHqM3MEj6PFAPKQwoFqNOnbJqTgTwHniZqQEMtQ69pfXFTjhJNKYIaXarhNrP0VSU8zIqOAlisQID1CPtA2NECfKTydPjOC+UbowFNJUpOFE/T2RIq7UkAemkyPdV7PeWPzPayc6PPVTGsWJJhGeLgoTBrWA40Rgl0qCNRsagrCk5laI+0girE1uBROCO/vyPGkcVlyn4l4fl6rnWRx5UAR7oAxccAKq4BLUQB1g8AiewSt4s56sF+vd+pi25qxsZhf8gfX5AwAflm0=</latexit><latexit sha1_base64="3sTAvva5UF6O0WoigMynSTaSlHA=">AAACBHicbVC7SgNBFJ2Nrxhfq5ZpBoMQm7CrgoJN0Ea7COaB2SXMTmaTITM768ysGJYUNv6KjYUitn6EnX/jJNlCEw9cOJxzL/feE8SMKu0431ZuYXFpeSW/Wlhb39jcsrd3GkokEpM6FkzIVoAUYTQidU01I61YEsQDRprB4GLsN++JVFREN3oYE5+jXkRDipE2UscuXpVvz2DrAHqM3MEj6PFAPKQwoFqNOnbJqTgTwHniZqQEMtQ69pfXFTjhJNKYIaXarhNrP0VSU8zIqOAlisQID1CPtA2NECfKTydPjOC+UbowFNJUpOFE/T2RIq7UkAemkyPdV7PeWPzPayc6PPVTGsWJJhGeLgoTBrWA40Rgl0qCNRsagrCk5laI+0girE1uBROCO/vyPGkcVlyn4l4fl6rnWRx5UAR7oAxccAKq4BLUQB1g8AiewSt4s56sF+vd+pi25qxsZhf8gfX5AwAflm0=</latexit><latexit sha1_base64="3sTAvva5UF6O0WoigMynSTaSlHA=">AAACBHicbVC7SgNBFJ2Nrxhfq5ZpBoMQm7CrgoJN0Ea7COaB2SXMTmaTITM768ysGJYUNv6KjYUitn6EnX/jJNlCEw9cOJxzL/feE8SMKu0431ZuYXFpeSW/Wlhb39jcsrd3GkokEpM6FkzIVoAUYTQidU01I61YEsQDRprB4GLsN++JVFREN3oYE5+jXkRDipE2UscuXpVvz2DrAHqM3MEj6PFAPKQwoFqNOnbJqTgTwHniZqQEMtQ69pfXFTjhJNKYIaXarhNrP0VSU8zIqOAlisQID1CPtA2NECfKTydPjOC+UbowFNJUpOFE/T2RIq7UkAemkyPdV7PeWPzPayc6PPVTGsWJJhGeLgoTBrWA40Rgl0qCNRsagrCk5laI+0girE1uBROCO/vyPGkcVlyn4l4fl6rnWRx5UAR7oAxccAKq4BLUQB1g8AiewSt4s56sF+vd+pi25qxsZhf8gfX5AwAflm0=</latexit>

+

=

=

q(x)
<latexit sha1_base64="2L3D0rS966h/BE7tEukAmoN2HaQ="></latexit><latexit sha1_base64="2L3D0rS966h/BE7tEukAmoN2HaQ="></latexit><latexit sha1_base64="2L3D0rS966h/BE7tEukAmoN2HaQ="></latexit><latexit sha1_base64="2L3D0rS966h/BE7tEukAmoN2HaQ="></latexit>

x1
<latexit sha1_base64="vjbVyYChRRklsPVqtA/K7SRJQ/w="></latexit><latexit sha1_base64="vjbVyYChRRklsPVqtA/K7SRJQ/w="></latexit><latexit sha1_base64="vjbVyYChRRklsPVqtA/K7SRJQ/w="></latexit><latexit sha1_base64="vjbVyYChRRklsPVqtA/K7SRJQ/w="></latexit>

x2
<latexit sha1_base64="yROy1q0dj1eIPeXSq4HMig/4BC4="></latexit><latexit sha1_base64="yROy1q0dj1eIPeXSq4HMig/4BC4="></latexit><latexit sha1_base64="yROy1q0dj1eIPeXSq4HMig/4BC4="></latexit><latexit sha1_base64="yROy1q0dj1eIPeXSq4HMig/4BC4="></latexit>



Echo example, z=x+s ε, with s=1/2 

Input distribution

q(x)
<latexit sha1_base64="2WgeRWylqqkwyLD6JK8it3eUrVI=">AAAB83icbVDLSgMxFL3xWeur6tJNsAh1U2ZE0GXRjcsK9gGdoWTSTBuayYxJRixDf8ONC0Xc+jPu/Bsz7Sy09UDgcM693JMTJIJr4zjfaGV1bX1js7RV3t7Z3duvHBy2dZwqylo0FrHqBkQzwSVrGW4E6yaKkSgQrBOMb3K/88iU5rG8N5OE+REZSh5ySoyVvIeaFxEzCkL8dNavVJ26MwNeJm5BqlCg2a98eYOYphGThgqidc91EuNnRBlOBZuWvVSzhNAxGbKepZJETPvZLPMUn1plgMNY2ScNnqm/NzISaT2JAjuZJ9SLXi7+5/VSE175GZdJapik80NhKrCJcV4AHnDFqBETSwhV3GbFdEQUocbWVLYluItfXibt87rr1N27i2rjuqijBMdwAjVw4RIacAtNaAGFBJ7hFd5Qil7QO/qYj66gYucI/gB9/gArk5Ea</latexit><latexit sha1_base64="2WgeRWylqqkwyLD6JK8it3eUrVI=">AAAB83icbVDLSgMxFL3xWeur6tJNsAh1U2ZE0GXRjcsK9gGdoWTSTBuayYxJRixDf8ONC0Xc+jPu/Bsz7Sy09UDgcM693JMTJIJr4zjfaGV1bX1js7RV3t7Z3duvHBy2dZwqylo0FrHqBkQzwSVrGW4E6yaKkSgQrBOMb3K/88iU5rG8N5OE+REZSh5ySoyVvIeaFxEzCkL8dNavVJ26MwNeJm5BqlCg2a98eYOYphGThgqidc91EuNnRBlOBZuWvVSzhNAxGbKepZJETPvZLPMUn1plgMNY2ScNnqm/NzISaT2JAjuZJ9SLXi7+5/VSE175GZdJapik80NhKrCJcV4AHnDFqBETSwhV3GbFdEQUocbWVLYluItfXibt87rr1N27i2rjuqijBMdwAjVw4RIacAtNaAGFBJ7hFd5Qil7QO/qYj66gYucI/gB9/gArk5Ea</latexit><latexit sha1_base64="2WgeRWylqqkwyLD6JK8it3eUrVI=">AAAB83icbVDLSgMxFL3xWeur6tJNsAh1U2ZE0GXRjcsK9gGdoWTSTBuayYxJRixDf8ONC0Xc+jPu/Bsz7Sy09UDgcM693JMTJIJr4zjfaGV1bX1js7RV3t7Z3duvHBy2dZwqylo0FrHqBkQzwSVrGW4E6yaKkSgQrBOMb3K/88iU5rG8N5OE+REZSh5ySoyVvIeaFxEzCkL8dNavVJ26MwNeJm5BqlCg2a98eYOYphGThgqidc91EuNnRBlOBZuWvVSzhNAxGbKepZJETPvZLPMUn1plgMNY2ScNnqm/NzISaT2JAjuZJ9SLXi7+5/VSE175GZdJapik80NhKrCJcV4AHnDFqBETSwhV3GbFdEQUocbWVLYluItfXibt87rr1N27i2rjuqijBMdwAjVw4RIacAtNaAGFBJ7hFd5Qil7QO/qYj66gYucI/gB9/gArk5Ea</latexit><latexit sha1_base64="2WgeRWylqqkwyLD6JK8it3eUrVI=">AAAB83icbVDLSgMxFL3xWeur6tJNsAh1U2ZE0GXRjcsK9gGdoWTSTBuayYxJRixDf8ONC0Xc+jPu/Bsz7Sy09UDgcM693JMTJIJr4zjfaGV1bX1js7RV3t7Z3duvHBy2dZwqylo0FrHqBkQzwSVrGW4E6yaKkSgQrBOMb3K/88iU5rG8N5OE+REZSh5ySoyVvIeaFxEzCkL8dNavVJ26MwNeJm5BqlCg2a98eYOYphGThgqidc91EuNnRBlOBZuWvVSzhNAxGbKepZJETPvZLPMUn1plgMNY2ScNnqm/NzISaT2JAjuZJ9SLXi7+5/VSE175GZdJapik80NhKrCJcV4AHnDFqBETSwhV3GbFdEQUocbWVLYluItfXibt87rr1N27i2rjuqijBMdwAjVw4RIacAtNaAGFBJ7hFd5Qil7QO/qYj66gYucI/gB9/gArk5Ea</latexit>

q(z|x)
<latexit sha1_base64="uApyO09SM/XQ7i69yuHc0XZ0D7M=">AAACAXicbZDLSsNAFIZPvNZ6i7oR3AwWoW5KIoIui25cVrAXaEOZTCft0MkkzkzEWuvGV3HjQhG3voU738ZJG0Fbfxj4+M85zDm/H3OmtON8WXPzC4tLy7mV/Ora+samvbVdU1EiCa2SiEey4WNFORO0qpnmtBFLikOf07rfP0/r9RsqFYvElR7E1AtxV7CAEayN1bZ3r4utEOueH6A7dI9++PawbReckjMWmgU3gwJkqrTtz1YnIklIhSYcK9V0nVh7Qyw1I5yO8q1E0RiTPu7SpkGBQ6q84fiCETowTgcFkTRPaDR2f08McajUIPRNZ7qhmq6l5n+1ZqKDU2/IRJxoKsjkoyDhSEcojQN1mKRE84EBTCQzuyLSwxITbULLmxDc6ZNnoXZUcp2Se3lcKJ9lceRgD/ahCC6cQBkuoAJVIPAAT/ACr9aj9Wy9We+T1jkrm9mBP7I+vgHxQpXn</latexit><latexit sha1_base64="uApyO09SM/XQ7i69yuHc0XZ0D7M=">AAACAXicbZDLSsNAFIZPvNZ6i7oR3AwWoW5KIoIui25cVrAXaEOZTCft0MkkzkzEWuvGV3HjQhG3voU738ZJG0Fbfxj4+M85zDm/H3OmtON8WXPzC4tLy7mV/Ora+samvbVdU1EiCa2SiEey4WNFORO0qpnmtBFLikOf07rfP0/r9RsqFYvElR7E1AtxV7CAEayN1bZ3r4utEOueH6A7dI9++PawbReckjMWmgU3gwJkqrTtz1YnIklIhSYcK9V0nVh7Qyw1I5yO8q1E0RiTPu7SpkGBQ6q84fiCETowTgcFkTRPaDR2f08McajUIPRNZ7qhmq6l5n+1ZqKDU2/IRJxoKsjkoyDhSEcojQN1mKRE84EBTCQzuyLSwxITbULLmxDc6ZNnoXZUcp2Se3lcKJ9lceRgD/ahCC6cQBkuoAJVIPAAT/ACr9aj9Wy9We+T1jkrm9mBP7I+vgHxQpXn</latexit><latexit sha1_base64="uApyO09SM/XQ7i69yuHc0XZ0D7M=">AAACAXicbZDLSsNAFIZPvNZ6i7oR3AwWoW5KIoIui25cVrAXaEOZTCft0MkkzkzEWuvGV3HjQhG3voU738ZJG0Fbfxj4+M85zDm/H3OmtON8WXPzC4tLy7mV/Ora+samvbVdU1EiCa2SiEey4WNFORO0qpnmtBFLikOf07rfP0/r9RsqFYvElR7E1AtxV7CAEayN1bZ3r4utEOueH6A7dI9++PawbReckjMWmgU3gwJkqrTtz1YnIklIhSYcK9V0nVh7Qyw1I5yO8q1E0RiTPu7SpkGBQ6q84fiCETowTgcFkTRPaDR2f08McajUIPRNZ7qhmq6l5n+1ZqKDU2/IRJxoKsjkoyDhSEcojQN1mKRE84EBTCQzuyLSwxITbULLmxDc6ZNnoXZUcp2Se3lcKJ9lceRgD/ahCC6cQBkuoAJVIPAAT/ACr9aj9Wy9We+T1jkrm9mBP7I+vgHxQpXn</latexit><latexit sha1_base64="uApyO09SM/XQ7i69yuHc0XZ0D7M=">AAACAXicbZDLSsNAFIZPvNZ6i7oR3AwWoW5KIoIui25cVrAXaEOZTCft0MkkzkzEWuvGV3HjQhG3voU738ZJG0Fbfxj4+M85zDm/H3OmtON8WXPzC4tLy7mV/Ora+samvbVdU1EiCa2SiEey4WNFORO0qpnmtBFLikOf07rfP0/r9RsqFYvElR7E1AtxV7CAEayN1bZ3r4utEOueH6A7dI9++PawbReckjMWmgU3gwJkqrTtz1YnIklIhSYcK9V0nVh7Qyw1I5yO8q1E0RiTPu7SpkGBQ6q84fiCETowTgcFkTRPaDR2f08McajUIPRNZ7qhmq6l5n+1ZqKDU2/IRJxoKsjkoyDhSEcojQN1mKRE84EBTCQzuyLSwxITbULLmxDc6ZNnoXZUcp2Se3lcKJ9lceRgD/ahCC6cQBkuoAJVIPAAT/ACr9aj9Wy9We+T1jkrm9mBP7I+vgHxQpXn</latexit>

Noisy channel

Echo
Noise

Gaussian
Noise

q(z)
<latexit sha1_base64="SWh8fvZHV8L7wc02qVZJ+1cbL5U=">AAAB83icbVDLSgMxFL3js9ZX1aWbYBHqpsyIoMuiG5cV7AM6Q8mkmTY0yYxJRqhDf8ONC0Xc+jPu/Bsz7Sy09UDgcM693JMTJpxp47rfzsrq2vrGZmmrvL2zu7dfOThs6zhVhLZIzGPVDbGmnEnaMsxw2k0UxSLktBOOb3K/80iVZrG8N5OEBgIPJYsYwcZK/kPNF9iMwgg9nfUrVbfuzoCWiVeQKhRo9itf/iAmqaDSEI617nluYoIMK8MIp9Oyn2qaYDLGQ9qzVGJBdZDNMk/RqVUGKIqVfdKgmfp7I8NC64kI7WSeUC96ufif10tNdBVkTCapoZLMD0UpRyZGeQFowBQlhk8swUQxmxWREVaYGFtT2ZbgLX55mbTP655b9+4uqo3roo4SHMMJ1MCDS2jALTShBQQSeIZXeHNS58V5dz7moytOsXMEf+B8/gAunZEc</latexit><latexit sha1_base64="SWh8fvZHV8L7wc02qVZJ+1cbL5U=">AAAB83icbVDLSgMxFL3js9ZX1aWbYBHqpsyIoMuiG5cV7AM6Q8mkmTY0yYxJRqhDf8ONC0Xc+jPu/Bsz7Sy09UDgcM693JMTJpxp47rfzsrq2vrGZmmrvL2zu7dfOThs6zhVhLZIzGPVDbGmnEnaMsxw2k0UxSLktBOOb3K/80iVZrG8N5OEBgIPJYsYwcZK/kPNF9iMwgg9nfUrVbfuzoCWiVeQKhRo9itf/iAmqaDSEI617nluYoIMK8MIp9Oyn2qaYDLGQ9qzVGJBdZDNMk/RqVUGKIqVfdKgmfp7I8NC64kI7WSeUC96ufif10tNdBVkTCapoZLMD0UpRyZGeQFowBQlhk8swUQxmxWREVaYGFtT2ZbgLX55mbTP655b9+4uqo3roo4SHMMJ1MCDS2jALTShBQQSeIZXeHNS58V5dz7moytOsXMEf+B8/gAunZEc</latexit><latexit sha1_base64="SWh8fvZHV8L7wc02qVZJ+1cbL5U=">AAAB83icbVDLSgMxFL3js9ZX1aWbYBHqpsyIoMuiG5cV7AM6Q8mkmTY0yYxJRqhDf8ONC0Xc+jPu/Bsz7Sy09UDgcM693JMTJpxp47rfzsrq2vrGZmmrvL2zu7dfOThs6zhVhLZIzGPVDbGmnEnaMsxw2k0UxSLktBOOb3K/80iVZrG8N5OEBgIPJYsYwcZK/kPNF9iMwgg9nfUrVbfuzoCWiVeQKhRo9itf/iAmqaDSEI617nluYoIMK8MIp9Oyn2qaYDLGQ9qzVGJBdZDNMk/RqVUGKIqVfdKgmfp7I8NC64kI7WSeUC96ufif10tNdBVkTCapoZLMD0UpRyZGeQFowBQlhk8swUQxmxWREVaYGFtT2ZbgLX55mbTP655b9+4uqo3roo4SHMMJ1MCDS2jALTShBQQSeIZXeHNS58V5dz7moytOsXMEf+B8/gAunZEc</latexit><latexit sha1_base64="SWh8fvZHV8L7wc02qVZJ+1cbL5U=">AAAB83icbVDLSgMxFL3js9ZX1aWbYBHqpsyIoMuiG5cV7AM6Q8mkmTY0yYxJRqhDf8ONC0Xc+jPu/Bsz7Sy09UDgcM693JMTJpxp47rfzsrq2vrGZmmrvL2zu7dfOThs6zhVhLZIzGPVDbGmnEnaMsxw2k0UxSLktBOOb3K/80iVZrG8N5OEBgIPJYsYwcZK/kPNF9iMwgg9nfUrVbfuzoCWiVeQKhRo9itf/iAmqaDSEI617nluYoIMK8MIp9Oyn2qaYDLGQ9qzVGJBdZDNMk/RqVUGKIqVfdKgmfp7I8NC64kI7WSeUC96ufif10tNdBVkTCapoZLMD0UpRyZGeQFowBQlhk8swUQxmxWREVaYGFtT2ZbgLX55mbTP655b9+4uqo3roo4SHMMJ1MCDS2jALTShBQQSeIZXeHNS58V5dz7moytOsXMEf+B8/gAunZEc</latexit>

Encoder distribution

I(Z;X) = 3 bits
<latexit sha1_base64="Gp2rws88UxFJYVH0peEDqMvePWM=">AAACAXicbVDLSgNBEJyNrxhfq14EL4NBiJewq4KCCEEveotgHpgsYXYySYbMY5mZFcMSL/6KFw+KePUvvPk3TpI9aGJBQ1HVTXdXGDGqjed9O5m5+YXFpexybmV1bX3D3dyqahkrTCpYMqnqIdKEUUEqhhpG6pEiiIeM1ML+5civ3ROlqRS3ZhCRgKOuoB2KkbFSy925LtydwfoBPIdHsMlD+ZDAkBo9bLl5r+iNAWeJn5I8SFFuuV/NtsQxJ8JghrRu+F5kggQpQzEjw1wz1iRCuI+6pGGpQJzoIBl/MIT7VmnDjlS2hIFj9fdEgrjWAx7aTo5MT097I/E/rxGbzmmQUBHFhgg8WdSJGTQSjuKAbaoINmxgCcKK2lsh7iGFsLGh5WwI/vTLs6R6WPS9on9znC9dpHFkwS7YAwXggxNQAlegDCoAg0fwDF7Bm/PkvDjvzsekNeOkM9vgD5zPH10AlO4=</latexit><latexit sha1_base64="Gp2rws88UxFJYVH0peEDqMvePWM=">AAACAXicbVDLSgNBEJyNrxhfq14EL4NBiJewq4KCCEEveotgHpgsYXYySYbMY5mZFcMSL/6KFw+KePUvvPk3TpI9aGJBQ1HVTXdXGDGqjed9O5m5+YXFpexybmV1bX3D3dyqahkrTCpYMqnqIdKEUUEqhhpG6pEiiIeM1ML+5civ3ROlqRS3ZhCRgKOuoB2KkbFSy925LtydwfoBPIdHsMlD+ZDAkBo9bLl5r+iNAWeJn5I8SFFuuV/NtsQxJ8JghrRu+F5kggQpQzEjw1wz1iRCuI+6pGGpQJzoIBl/MIT7VmnDjlS2hIFj9fdEgrjWAx7aTo5MT097I/E/rxGbzmmQUBHFhgg8WdSJGTQSjuKAbaoINmxgCcKK2lsh7iGFsLGh5WwI/vTLs6R6WPS9on9znC9dpHFkwS7YAwXggxNQAlegDCoAg0fwDF7Bm/PkvDjvzsekNeOkM9vgD5zPH10AlO4=</latexit><latexit sha1_base64="Gp2rws88UxFJYVH0peEDqMvePWM=">AAACAXicbVDLSgNBEJyNrxhfq14EL4NBiJewq4KCCEEveotgHpgsYXYySYbMY5mZFcMSL/6KFw+KePUvvPk3TpI9aGJBQ1HVTXdXGDGqjed9O5m5+YXFpexybmV1bX3D3dyqahkrTCpYMqnqIdKEUUEqhhpG6pEiiIeM1ML+5civ3ROlqRS3ZhCRgKOuoB2KkbFSy925LtydwfoBPIdHsMlD+ZDAkBo9bLl5r+iNAWeJn5I8SFFuuV/NtsQxJ8JghrRu+F5kggQpQzEjw1wz1iRCuI+6pGGpQJzoIBl/MIT7VmnDjlS2hIFj9fdEgrjWAx7aTo5MT097I/E/rxGbzmmQUBHFhgg8WdSJGTQSjuKAbaoINmxgCcKK2lsh7iGFsLGh5WwI/vTLs6R6WPS9on9znC9dpHFkwS7YAwXggxNQAlegDCoAg0fwDF7Bm/PkvDjvzsekNeOkM9vgD5zPH10AlO4=</latexit><latexit sha1_base64="Gp2rws88UxFJYVH0peEDqMvePWM=">AAACAXicbVDLSgNBEJyNrxhfq14EL4NBiJewq4KCCEEveotgHpgsYXYySYbMY5mZFcMSL/6KFw+KePUvvPk3TpI9aGJBQ1HVTXdXGDGqjed9O5m5+YXFpexybmV1bX3D3dyqahkrTCpYMqnqIdKEUUEqhhpG6pEiiIeM1ML+5civ3ROlqRS3ZhCRgKOuoB2KkbFSy925LtydwfoBPIdHsMlD+ZDAkBo9bLl5r+iNAWeJn5I8SFFuuV/NtsQxJ8JghrRu+F5kggQpQzEjw1wz1iRCuI+6pGGpQJzoIBl/MIT7VmnDjlS2hIFj9fdEgrjWAx7aTo5MT097I/E/rxGbzmmQUBHFhgg8WdSJGTQSjuKAbaoINmxgCcKK2lsh7iGFsLGh5WwI/vTLs6R6WPS9on9znC9dpHFkwS7YAwXggxNQAlegDCoAg0fwDF7Bm/PkvDjvzsekNeOkM9vgD5zPH10AlO4=</latexit>

I(Z;X)  3 bits
<latexit sha1_base64="3sTAvva5UF6O0WoigMynSTaSlHA=">AAACBHicbVC7SgNBFJ2Nrxhfq5ZpBoMQm7CrgoJN0Ea7COaB2SXMTmaTITM768ysGJYUNv6KjYUitn6EnX/jJNlCEw9cOJxzL/feE8SMKu0431ZuYXFpeSW/Wlhb39jcsrd3GkokEpM6FkzIVoAUYTQidU01I61YEsQDRprB4GLsN++JVFREN3oYE5+jXkRDipE2UscuXpVvz2DrAHqM3MEj6PFAPKQwoFqNOnbJqTgTwHniZqQEMtQ69pfXFTjhJNKYIaXarhNrP0VSU8zIqOAlisQID1CPtA2NECfKTydPjOC+UbowFNJUpOFE/T2RIq7UkAemkyPdV7PeWPzPayc6PPVTGsWJJhGeLgoTBrWA40Rgl0qCNRsagrCk5laI+0girE1uBROCO/vyPGkcVlyn4l4fl6rnWRx5UAR7oAxccAKq4BLUQB1g8AiewSt4s56sF+vd+pi25qxsZhf8gfX5AwAflm0=</latexit><latexit sha1_base64="3sTAvva5UF6O0WoigMynSTaSlHA=">AAACBHicbVC7SgNBFJ2Nrxhfq5ZpBoMQm7CrgoJN0Ea7COaB2SXMTmaTITM768ysGJYUNv6KjYUitn6EnX/jJNlCEw9cOJxzL/feE8SMKu0431ZuYXFpeSW/Wlhb39jcsrd3GkokEpM6FkzIVoAUYTQidU01I61YEsQDRprB4GLsN++JVFREN3oYE5+jXkRDipE2UscuXpVvz2DrAHqM3MEj6PFAPKQwoFqNOnbJqTgTwHniZqQEMtQ69pfXFTjhJNKYIaXarhNrP0VSU8zIqOAlisQID1CPtA2NECfKTydPjOC+UbowFNJUpOFE/T2RIq7UkAemkyPdV7PeWPzPayc6PPVTGsWJJhGeLgoTBrWA40Rgl0qCNRsagrCk5laI+0girE1uBROCO/vyPGkcVlyn4l4fl6rnWRx5UAR7oAxccAKq4BLUQB1g8AiewSt4s56sF+vd+pi25qxsZhf8gfX5AwAflm0=</latexit><latexit sha1_base64="3sTAvva5UF6O0WoigMynSTaSlHA=">AAACBHicbVC7SgNBFJ2Nrxhfq5ZpBoMQm7CrgoJN0Ea7COaB2SXMTmaTITM768ysGJYUNv6KjYUitn6EnX/jJNlCEw9cOJxzL/feE8SMKu0431ZuYXFpeSW/Wlhb39jcsrd3GkokEpM6FkzIVoAUYTQidU01I61YEsQDRprB4GLsN++JVFREN3oYE5+jXkRDipE2UscuXpVvz2DrAHqM3MEj6PFAPKQwoFqNOnbJqTgTwHniZqQEMtQ69pfXFTjhJNKYIaXarhNrP0VSU8zIqOAlisQID1CPtA2NECfKTydPjOC+UbowFNJUpOFE/T2RIq7UkAemkyPdV7PeWPzPayc6PPVTGsWJJhGeLgoTBrWA40Rgl0qCNRsagrCk5laI+0girE1uBROCO/vyPGkcVlyn4l4fl6rnWRx5UAR7oAxccAKq4BLUQB1g8AiewSt4s56sF+vd+pi25qxsZhf8gfX5AwAflm0=</latexit><latexit sha1_base64="3sTAvva5UF6O0WoigMynSTaSlHA=">AAACBHicbVC7SgNBFJ2Nrxhfq5ZpBoMQm7CrgoJN0Ea7COaB2SXMTmaTITM768ysGJYUNv6KjYUitn6EnX/jJNlCEw9cOJxzL/feE8SMKu0431ZuYXFpeSW/Wlhb39jcsrd3GkokEpM6FkzIVoAUYTQidU01I61YEsQDRprB4GLsN++JVFREN3oYE5+jXkRDipE2UscuXpVvz2DrAHqM3MEj6PFAPKQwoFqNOnbJqTgTwHniZqQEMtQ69pfXFTjhJNKYIaXarhNrP0VSU8zIqOAlisQID1CPtA2NECfKTydPjOC+UbowFNJUpOFE/T2RIq7UkAemkyPdV7PeWPzPayc6PPVTGsWJJhGeLgoTBrWA40Rgl0qCNRsagrCk5laI+0girE1uBROCO/vyPGkcVlyn4l4fl6rnWRx5UAR7oAxccAKq4BLUQB1g8AiewSt4s56sF+vd+pi25qxsZhf8gfX5AwAflm0=</latexit>

+

=

=

Input distribution

q(x)
<latexit sha1_base64="2WgeRWylqqkwyLD6JK8it3eUrVI=">AAAB83icbVDLSgMxFL3xWeur6tJNsAh1U2ZE0GXRjcsK9gGdoWTSTBuayYxJRixDf8ONC0Xc+jPu/Bsz7Sy09UDgcM693JMTJIJr4zjfaGV1bX1js7RV3t7Z3duvHBy2dZwqylo0FrHqBkQzwSVrGW4E6yaKkSgQrBOMb3K/88iU5rG8N5OE+REZSh5ySoyVvIeaFxEzCkL8dNavVJ26MwNeJm5BqlCg2a98eYOYphGThgqidc91EuNnRBlOBZuWvVSzhNAxGbKepZJETPvZLPMUn1plgMNY2ScNnqm/NzISaT2JAjuZJ9SLXi7+5/VSE175GZdJapik80NhKrCJcV4AHnDFqBETSwhV3GbFdEQUocbWVLYluItfXibt87rr1N27i2rjuqijBMdwAjVw4RIacAtNaAGFBJ7hFd5Qil7QO/qYj66gYucI/gB9/gArk5Ea</latexit><latexit sha1_base64="2WgeRWylqqkwyLD6JK8it3eUrVI=">AAAB83icbVDLSgMxFL3xWeur6tJNsAh1U2ZE0GXRjcsK9gGdoWTSTBuayYxJRixDf8ONC0Xc+jPu/Bsz7Sy09UDgcM693JMTJIJr4zjfaGV1bX1js7RV3t7Z3duvHBy2dZwqylo0FrHqBkQzwSVrGW4E6yaKkSgQrBOMb3K/88iU5rG8N5OE+REZSh5ySoyVvIeaFxEzCkL8dNavVJ26MwNeJm5BqlCg2a98eYOYphGThgqidc91EuNnRBlOBZuWvVSzhNAxGbKepZJETPvZLPMUn1plgMNY2ScNnqm/NzISaT2JAjuZJ9SLXi7+5/VSE175GZdJapik80NhKrCJcV4AHnDFqBETSwhV3GbFdEQUocbWVLYluItfXibt87rr1N27i2rjuqijBMdwAjVw4RIacAtNaAGFBJ7hFd5Qil7QO/qYj66gYucI/gB9/gArk5Ea</latexit><latexit sha1_base64="2WgeRWylqqkwyLD6JK8it3eUrVI=">AAAB83icbVDLSgMxFL3xWeur6tJNsAh1U2ZE0GXRjcsK9gGdoWTSTBuayYxJRixDf8ONC0Xc+jPu/Bsz7Sy09UDgcM693JMTJIJr4zjfaGV1bX1js7RV3t7Z3duvHBy2dZwqylo0FrHqBkQzwSVrGW4E6yaKkSgQrBOMb3K/88iU5rG8N5OE+REZSh5ySoyVvIeaFxEzCkL8dNavVJ26MwNeJm5BqlCg2a98eYOYphGThgqidc91EuNnRBlOBZuWvVSzhNAxGbKepZJETPvZLPMUn1plgMNY2ScNnqm/NzISaT2JAjuZJ9SLXi7+5/VSE175GZdJapik80NhKrCJcV4AHnDFqBETSwhV3GbFdEQUocbWVLYluItfXibt87rr1N27i2rjuqijBMdwAjVw4RIacAtNaAGFBJ7hFd5Qil7QO/qYj66gYucI/gB9/gArk5Ea</latexit><latexit sha1_base64="2WgeRWylqqkwyLD6JK8it3eUrVI=">AAAB83icbVDLSgMxFL3xWeur6tJNsAh1U2ZE0GXRjcsK9gGdoWTSTBuayYxJRixDf8ONC0Xc+jPu/Bsz7Sy09UDgcM693JMTJIJr4zjfaGV1bX1js7RV3t7Z3duvHBy2dZwqylo0FrHqBkQzwSVrGW4E6yaKkSgQrBOMb3K/88iU5rG8N5OE+REZSh5ySoyVvIeaFxEzCkL8dNavVJ26MwNeJm5BqlCg2a98eYOYphGThgqidc91EuNnRBlOBZuWvVSzhNAxGbKepZJETPvZLPMUn1plgMNY2ScNnqm/NzISaT2JAjuZJ9SLXi7+5/VSE175GZdJapik80NhKrCJcV4AHnDFqBETSwhV3GbFdEQUocbWVLYluItfXibt87rr1N27i2rjuqijBMdwAjVw4RIacAtNaAGFBJ7hFd5Qil7QO/qYj66gYucI/gB9/gArk5Ea</latexit>

q(z|x)
<latexit sha1_base64="uApyO09SM/XQ7i69yuHc0XZ0D7M=">AAACAXicbZDLSsNAFIZPvNZ6i7oR3AwWoW5KIoIui25cVrAXaEOZTCft0MkkzkzEWuvGV3HjQhG3voU738ZJG0Fbfxj4+M85zDm/H3OmtON8WXPzC4tLy7mV/Ora+samvbVdU1EiCa2SiEey4WNFORO0qpnmtBFLikOf07rfP0/r9RsqFYvElR7E1AtxV7CAEayN1bZ3r4utEOueH6A7dI9++PawbReckjMWmgU3gwJkqrTtz1YnIklIhSYcK9V0nVh7Qyw1I5yO8q1E0RiTPu7SpkGBQ6q84fiCETowTgcFkTRPaDR2f08McajUIPRNZ7qhmq6l5n+1ZqKDU2/IRJxoKsjkoyDhSEcojQN1mKRE84EBTCQzuyLSwxITbULLmxDc6ZNnoXZUcp2Se3lcKJ9lceRgD/ahCC6cQBkuoAJVIPAAT/ACr9aj9Wy9We+T1jkrm9mBP7I+vgHxQpXn</latexit><latexit sha1_base64="uApyO09SM/XQ7i69yuHc0XZ0D7M=">AAACAXicbZDLSsNAFIZPvNZ6i7oR3AwWoW5KIoIui25cVrAXaEOZTCft0MkkzkzEWuvGV3HjQhG3voU738ZJG0Fbfxj4+M85zDm/H3OmtON8WXPzC4tLy7mV/Ora+samvbVdU1EiCa2SiEey4WNFORO0qpnmtBFLikOf07rfP0/r9RsqFYvElR7E1AtxV7CAEayN1bZ3r4utEOueH6A7dI9++PawbReckjMWmgU3gwJkqrTtz1YnIklIhSYcK9V0nVh7Qyw1I5yO8q1E0RiTPu7SpkGBQ6q84fiCETowTgcFkTRPaDR2f08McajUIPRNZ7qhmq6l5n+1ZqKDU2/IRJxoKsjkoyDhSEcojQN1mKRE84EBTCQzuyLSwxITbULLmxDc6ZNnoXZUcp2Se3lcKJ9lceRgD/ahCC6cQBkuoAJVIPAAT/ACr9aj9Wy9We+T1jkrm9mBP7I+vgHxQpXn</latexit><latexit sha1_base64="uApyO09SM/XQ7i69yuHc0XZ0D7M=">AAACAXicbZDLSsNAFIZPvNZ6i7oR3AwWoW5KIoIui25cVrAXaEOZTCft0MkkzkzEWuvGV3HjQhG3voU738ZJG0Fbfxj4+M85zDm/H3OmtON8WXPzC4tLy7mV/Ora+samvbVdU1EiCa2SiEey4WNFORO0qpnmtBFLikOf07rfP0/r9RsqFYvElR7E1AtxV7CAEayN1bZ3r4utEOueH6A7dI9++PawbReckjMWmgU3gwJkqrTtz1YnIklIhSYcK9V0nVh7Qyw1I5yO8q1E0RiTPu7SpkGBQ6q84fiCETowTgcFkTRPaDR2f08McajUIPRNZ7qhmq6l5n+1ZqKDU2/IRJxoKsjkoyDhSEcojQN1mKRE84EBTCQzuyLSwxITbULLmxDc6ZNnoXZUcp2Se3lcKJ9lceRgD/ahCC6cQBkuoAJVIPAAT/ACr9aj9Wy9We+T1jkrm9mBP7I+vgHxQpXn</latexit><latexit sha1_base64="uApyO09SM/XQ7i69yuHc0XZ0D7M=">AAACAXicbZDLSsNAFIZPvNZ6i7oR3AwWoW5KIoIui25cVrAXaEOZTCft0MkkzkzEWuvGV3HjQhG3voU738ZJG0Fbfxj4+M85zDm/H3OmtON8WXPzC4tLy7mV/Ora+samvbVdU1EiCa2SiEey4WNFORO0qpnmtBFLikOf07rfP0/r9RsqFYvElR7E1AtxV7CAEayN1bZ3r4utEOueH6A7dI9++PawbReckjMWmgU3gwJkqrTtz1YnIklIhSYcK9V0nVh7Qyw1I5yO8q1E0RiTPu7SpkGBQ6q84fiCETowTgcFkTRPaDR2f08McajUIPRNZ7qhmq6l5n+1ZqKDU2/IRJxoKsjkoyDhSEcojQN1mKRE84EBTCQzuyLSwxITbULLmxDc6ZNnoXZUcp2Se3lcKJ9lceRgD/ahCC6cQBkuoAJVIPAAT/ACr9aj9Wy9We+T1jkrm9mBP7I+vgHxQpXn</latexit>

Noisy channel

Echo
Noise

Gaussian
Noise

q(z)
<latexit sha1_base64="SWh8fvZHV8L7wc02qVZJ+1cbL5U=">AAAB83icbVDLSgMxFL3js9ZX1aWbYBHqpsyIoMuiG5cV7AM6Q8mkmTY0yYxJRqhDf8ONC0Xc+jPu/Bsz7Sy09UDgcM693JMTJpxp47rfzsrq2vrGZmmrvL2zu7dfOThs6zhVhLZIzGPVDbGmnEnaMsxw2k0UxSLktBOOb3K/80iVZrG8N5OEBgIPJYsYwcZK/kPNF9iMwgg9nfUrVbfuzoCWiVeQKhRo9itf/iAmqaDSEI617nluYoIMK8MIp9Oyn2qaYDLGQ9qzVGJBdZDNMk/RqVUGKIqVfdKgmfp7I8NC64kI7WSeUC96ufif10tNdBVkTCapoZLMD0UpRyZGeQFowBQlhk8swUQxmxWREVaYGFtT2ZbgLX55mbTP655b9+4uqo3roo4SHMMJ1MCDS2jALTShBQQSeIZXeHNS58V5dz7moytOsXMEf+B8/gAunZEc</latexit><latexit sha1_base64="SWh8fvZHV8L7wc02qVZJ+1cbL5U=">AAAB83icbVDLSgMxFL3js9ZX1aWbYBHqpsyIoMuiG5cV7AM6Q8mkmTY0yYxJRqhDf8ONC0Xc+jPu/Bsz7Sy09UDgcM693JMTJpxp47rfzsrq2vrGZmmrvL2zu7dfOThs6zhVhLZIzGPVDbGmnEnaMsxw2k0UxSLktBOOb3K/80iVZrG8N5OEBgIPJYsYwcZK/kPNF9iMwgg9nfUrVbfuzoCWiVeQKhRo9itf/iAmqaDSEI617nluYoIMK8MIp9Oyn2qaYDLGQ9qzVGJBdZDNMk/RqVUGKIqVfdKgmfp7I8NC64kI7WSeUC96ufif10tNdBVkTCapoZLMD0UpRyZGeQFowBQlhk8swUQxmxWREVaYGFtT2ZbgLX55mbTP655b9+4uqo3roo4SHMMJ1MCDS2jALTShBQQSeIZXeHNS58V5dz7moytOsXMEf+B8/gAunZEc</latexit><latexit sha1_base64="SWh8fvZHV8L7wc02qVZJ+1cbL5U=">AAAB83icbVDLSgMxFL3js9ZX1aWbYBHqpsyIoMuiG5cV7AM6Q8mkmTY0yYxJRqhDf8ONC0Xc+jPu/Bsz7Sy09UDgcM693JMTJpxp47rfzsrq2vrGZmmrvL2zu7dfOThs6zhVhLZIzGPVDbGmnEnaMsxw2k0UxSLktBOOb3K/80iVZrG8N5OEBgIPJYsYwcZK/kPNF9iMwgg9nfUrVbfuzoCWiVeQKhRo9itf/iAmqaDSEI617nluYoIMK8MIp9Oyn2qaYDLGQ9qzVGJBdZDNMk/RqVUGKIqVfdKgmfp7I8NC64kI7WSeUC96ufif10tNdBVkTCapoZLMD0UpRyZGeQFowBQlhk8swUQxmxWREVaYGFtT2ZbgLX55mbTP655b9+4uqo3roo4SHMMJ1MCDS2jALTShBQQSeIZXeHNS58V5dz7moytOsXMEf+B8/gAunZEc</latexit><latexit sha1_base64="SWh8fvZHV8L7wc02qVZJ+1cbL5U=">AAAB83icbVDLSgMxFL3js9ZX1aWbYBHqpsyIoMuiG5cV7AM6Q8mkmTY0yYxJRqhDf8ONC0Xc+jPu/Bsz7Sy09UDgcM693JMTJpxp47rfzsrq2vrGZmmrvL2zu7dfOThs6zhVhLZIzGPVDbGmnEnaMsxw2k0UxSLktBOOb3K/80iVZrG8N5OEBgIPJYsYwcZK/kPNF9iMwgg9nfUrVbfuzoCWiVeQKhRo9itf/iAmqaDSEI617nluYoIMK8MIp9Oyn2qaYDLGQ9qzVGJBdZDNMk/RqVUGKIqVfdKgmfp7I8NC64kI7WSeUC96ufif10tNdBVkTCapoZLMD0UpRyZGeQFowBQlhk8swUQxmxWREVaYGFtT2ZbgLX55mbTP655b9+4uqo3roo4SHMMJ1MCDS2jALTShBQQSeIZXeHNS58V5dz7moytOsXMEf+B8/gAunZEc</latexit>

Encoder distribution

I(Z;X) = 3 bits
<latexit sha1_base64="Gp2rws88UxFJYVH0peEDqMvePWM=">AAACAXicbVDLSgNBEJyNrxhfq14EL4NBiJewq4KCCEEveotgHpgsYXYySYbMY5mZFcMSL/6KFw+KePUvvPk3TpI9aGJBQ1HVTXdXGDGqjed9O5m5+YXFpexybmV1bX3D3dyqahkrTCpYMqnqIdKEUUEqhhpG6pEiiIeM1ML+5civ3ROlqRS3ZhCRgKOuoB2KkbFSy925LtydwfoBPIdHsMlD+ZDAkBo9bLl5r+iNAWeJn5I8SFFuuV/NtsQxJ8JghrRu+F5kggQpQzEjw1wz1iRCuI+6pGGpQJzoIBl/MIT7VmnDjlS2hIFj9fdEgrjWAx7aTo5MT097I/E/rxGbzmmQUBHFhgg8WdSJGTQSjuKAbaoINmxgCcKK2lsh7iGFsLGh5WwI/vTLs6R6WPS9on9znC9dpHFkwS7YAwXggxNQAlegDCoAg0fwDF7Bm/PkvDjvzsekNeOkM9vgD5zPH10AlO4=</latexit><latexit sha1_base64="Gp2rws88UxFJYVH0peEDqMvePWM=">AAACAXicbVDLSgNBEJyNrxhfq14EL4NBiJewq4KCCEEveotgHpgsYXYySYbMY5mZFcMSL/6KFw+KePUvvPk3TpI9aGJBQ1HVTXdXGDGqjed9O5m5+YXFpexybmV1bX3D3dyqahkrTCpYMqnqIdKEUUEqhhpG6pEiiIeM1ML+5civ3ROlqRS3ZhCRgKOuoB2KkbFSy925LtydwfoBPIdHsMlD+ZDAkBo9bLl5r+iNAWeJn5I8SFFuuV/NtsQxJ8JghrRu+F5kggQpQzEjw1wz1iRCuI+6pGGpQJzoIBl/MIT7VmnDjlS2hIFj9fdEgrjWAx7aTo5MT097I/E/rxGbzmmQUBHFhgg8WdSJGTQSjuKAbaoINmxgCcKK2lsh7iGFsLGh5WwI/vTLs6R6WPS9on9znC9dpHFkwS7YAwXggxNQAlegDCoAg0fwDF7Bm/PkvDjvzsekNeOkM9vgD5zPH10AlO4=</latexit><latexit sha1_base64="Gp2rws88UxFJYVH0peEDqMvePWM=">AAACAXicbVDLSgNBEJyNrxhfq14EL4NBiJewq4KCCEEveotgHpgsYXYySYbMY5mZFcMSL/6KFw+KePUvvPk3TpI9aGJBQ1HVTXdXGDGqjed9O5m5+YXFpexybmV1bX3D3dyqahkrTCpYMqnqIdKEUUEqhhpG6pEiiIeM1ML+5civ3ROlqRS3ZhCRgKOuoB2KkbFSy925LtydwfoBPIdHsMlD+ZDAkBo9bLl5r+iNAWeJn5I8SFFuuV/NtsQxJ8JghrRu+F5kggQpQzEjw1wz1iRCuI+6pGGpQJzoIBl/MIT7VmnDjlS2hIFj9fdEgrjWAx7aTo5MT097I/E/rxGbzmmQUBHFhgg8WdSJGTQSjuKAbaoINmxgCcKK2lsh7iGFsLGh5WwI/vTLs6R6WPS9on9znC9dpHFkwS7YAwXggxNQAlegDCoAg0fwDF7Bm/PkvDjvzsekNeOkM9vgD5zPH10AlO4=</latexit><latexit sha1_base64="Gp2rws88UxFJYVH0peEDqMvePWM=">AAACAXicbVDLSgNBEJyNrxhfq14EL4NBiJewq4KCCEEveotgHpgsYXYySYbMY5mZFcMSL/6KFw+KePUvvPk3TpI9aGJBQ1HVTXdXGDGqjed9O5m5+YXFpexybmV1bX3D3dyqahkrTCpYMqnqIdKEUUEqhhpG6pEiiIeM1ML+5civ3ROlqRS3ZhCRgKOuoB2KkbFSy925LtydwfoBPIdHsMlD+ZDAkBo9bLl5r+iNAWeJn5I8SFFuuV/NtsQxJ8JghrRu+F5kggQpQzEjw1wz1iRCuI+6pGGpQJzoIBl/MIT7VmnDjlS2hIFj9fdEgrjWAx7aTo5MT097I/E/rxGbzmmQUBHFhgg8WdSJGTQSjuKAbaoINmxgCcKK2lsh7iGFsLGh5WwI/vTLs6R6WPS9on9znC9dpHFkwS7YAwXggxNQAlegDCoAg0fwDF7Bm/PkvDjvzsekNeOkM9vgD5zPH10AlO4=</latexit>

I(Z;X)  3 bits
<latexit sha1_base64="3sTAvva5UF6O0WoigMynSTaSlHA=">AAACBHicbVC7SgNBFJ2Nrxhfq5ZpBoMQm7CrgoJN0Ea7COaB2SXMTmaTITM768ysGJYUNv6KjYUitn6EnX/jJNlCEw9cOJxzL/feE8SMKu0431ZuYXFpeSW/Wlhb39jcsrd3GkokEpM6FkzIVoAUYTQidU01I61YEsQDRprB4GLsN++JVFREN3oYE5+jXkRDipE2UscuXpVvz2DrAHqM3MEj6PFAPKQwoFqNOnbJqTgTwHniZqQEMtQ69pfXFTjhJNKYIaXarhNrP0VSU8zIqOAlisQID1CPtA2NECfKTydPjOC+UbowFNJUpOFE/T2RIq7UkAemkyPdV7PeWPzPayc6PPVTGsWJJhGeLgoTBrWA40Rgl0qCNRsagrCk5laI+0girE1uBROCO/vyPGkcVlyn4l4fl6rnWRx5UAR7oAxccAKq4BLUQB1g8AiewSt4s56sF+vd+pi25qxsZhf8gfX5AwAflm0=</latexit><latexit sha1_base64="3sTAvva5UF6O0WoigMynSTaSlHA=">AAACBHicbVC7SgNBFJ2Nrxhfq5ZpBoMQm7CrgoJN0Ea7COaB2SXMTmaTITM768ysGJYUNv6KjYUitn6EnX/jJNlCEw9cOJxzL/feE8SMKu0431ZuYXFpeSW/Wlhb39jcsrd3GkokEpM6FkzIVoAUYTQidU01I61YEsQDRprB4GLsN++JVFREN3oYE5+jXkRDipE2UscuXpVvz2DrAHqM3MEj6PFAPKQwoFqNOnbJqTgTwHniZqQEMtQ69pfXFTjhJNKYIaXarhNrP0VSU8zIqOAlisQID1CPtA2NECfKTydPjOC+UbowFNJUpOFE/T2RIq7UkAemkyPdV7PeWPzPayc6PPVTGsWJJhGeLgoTBrWA40Rgl0qCNRsagrCk5laI+0girE1uBROCO/vyPGkcVlyn4l4fl6rnWRx5UAR7oAxccAKq4BLUQB1g8AiewSt4s56sF+vd+pi25qxsZhf8gfX5AwAflm0=</latexit><latexit sha1_base64="3sTAvva5UF6O0WoigMynSTaSlHA=">AAACBHicbVC7SgNBFJ2Nrxhfq5ZpBoMQm7CrgoJN0Ea7COaB2SXMTmaTITM768ysGJYUNv6KjYUitn6EnX/jJNlCEw9cOJxzL/feE8SMKu0431ZuYXFpeSW/Wlhb39jcsrd3GkokEpM6FkzIVoAUYTQidU01I61YEsQDRprB4GLsN++JVFREN3oYE5+jXkRDipE2UscuXpVvz2DrAHqM3MEj6PFAPKQwoFqNOnbJqTgTwHniZqQEMtQ69pfXFTjhJNKYIaXarhNrP0VSU8zIqOAlisQID1CPtA2NECfKTydPjOC+UbowFNJUpOFE/T2RIq7UkAemkyPdV7PeWPzPayc6PPVTGsWJJhGeLgoTBrWA40Rgl0qCNRsagrCk5laI+0girE1uBROCO/vyPGkcVlyn4l4fl6rnWRx5UAR7oAxccAKq4BLUQB1g8AiewSt4s56sF+vd+pi25qxsZhf8gfX5AwAflm0=</latexit><latexit sha1_base64="3sTAvva5UF6O0WoigMynSTaSlHA=">AAACBHicbVC7SgNBFJ2Nrxhfq5ZpBoMQm7CrgoJN0Ea7COaB2SXMTmaTITM768ysGJYUNv6KjYUitn6EnX/jJNlCEw9cOJxzL/feE8SMKu0431ZuYXFpeSW/Wlhb39jcsrd3GkokEpM6FkzIVoAUYTQidU01I61YEsQDRprB4GLsN++JVFREN3oYE5+jXkRDipE2UscuXpVvz2DrAHqM3MEj6PFAPKQwoFqNOnbJqTgTwHniZqQEMtQ69pfXFTjhJNKYIaXarhNrP0VSU8zIqOAlisQID1CPtA2NECfKTydPjOC+UbowFNJUpOFE/T2RIq7UkAemkyPdV7PeWPzPayc6PPVTGsWJJhGeLgoTBrWA40Rgl0qCNRsagrCk5laI+0girE1uBROCO/vyPGkcVlyn4l4fl6rnWRx5UAR7oAxccAKq4BLUQB1g8AiewSt4s56sF+vd+pi25qxsZhf8gfX5AwAflm0=</latexit>

+

=

=

Input distribution

q(x)
<latexit sha1_base64="2WgeRWylqqkwyLD6JK8it3eUrVI=">AAAB83icbVDLSgMxFL3xWeur6tJNsAh1U2ZE0GXRjcsK9gGdoWTSTBuayYxJRixDf8ONC0Xc+jPu/Bsz7Sy09UDgcM693JMTJIJr4zjfaGV1bX1js7RV3t7Z3duvHBy2dZwqylo0FrHqBkQzwSVrGW4E6yaKkSgQrBOMb3K/88iU5rG8N5OE+REZSh5ySoyVvIeaFxEzCkL8dNavVJ26MwNeJm5BqlCg2a98eYOYphGThgqidc91EuNnRBlOBZuWvVSzhNAxGbKepZJETPvZLPMUn1plgMNY2ScNnqm/NzISaT2JAjuZJ9SLXi7+5/VSE175GZdJapik80NhKrCJcV4AHnDFqBETSwhV3GbFdEQUocbWVLYluItfXibt87rr1N27i2rjuqijBMdwAjVw4RIacAtNaAGFBJ7hFd5Qil7QO/qYj66gYucI/gB9/gArk5Ea</latexit><latexit sha1_base64="2WgeRWylqqkwyLD6JK8it3eUrVI=">AAAB83icbVDLSgMxFL3xWeur6tJNsAh1U2ZE0GXRjcsK9gGdoWTSTBuayYxJRixDf8ONC0Xc+jPu/Bsz7Sy09UDgcM693JMTJIJr4zjfaGV1bX1js7RV3t7Z3duvHBy2dZwqylo0FrHqBkQzwSVrGW4E6yaKkSgQrBOMb3K/88iU5rG8N5OE+REZSh5ySoyVvIeaFxEzCkL8dNavVJ26MwNeJm5BqlCg2a98eYOYphGThgqidc91EuNnRBlOBZuWvVSzhNAxGbKepZJETPvZLPMUn1plgMNY2ScNnqm/NzISaT2JAjuZJ9SLXi7+5/VSE175GZdJapik80NhKrCJcV4AHnDFqBETSwhV3GbFdEQUocbWVLYluItfXibt87rr1N27i2rjuqijBMdwAjVw4RIacAtNaAGFBJ7hFd5Qil7QO/qYj66gYucI/gB9/gArk5Ea</latexit><latexit sha1_base64="2WgeRWylqqkwyLD6JK8it3eUrVI=">AAAB83icbVDLSgMxFL3xWeur6tJNsAh1U2ZE0GXRjcsK9gGdoWTSTBuayYxJRixDf8ONC0Xc+jPu/Bsz7Sy09UDgcM693JMTJIJr4zjfaGV1bX1js7RV3t7Z3duvHBy2dZwqylo0FrHqBkQzwSVrGW4E6yaKkSgQrBOMb3K/88iU5rG8N5OE+REZSh5ySoyVvIeaFxEzCkL8dNavVJ26MwNeJm5BqlCg2a98eYOYphGThgqidc91EuNnRBlOBZuWvVSzhNAxGbKepZJETPvZLPMUn1plgMNY2ScNnqm/NzISaT2JAjuZJ9SLXi7+5/VSE175GZdJapik80NhKrCJcV4AHnDFqBETSwhV3GbFdEQUocbWVLYluItfXibt87rr1N27i2rjuqijBMdwAjVw4RIacAtNaAGFBJ7hFd5Qil7QO/qYj66gYucI/gB9/gArk5Ea</latexit><latexit sha1_base64="2WgeRWylqqkwyLD6JK8it3eUrVI=">AAAB83icbVDLSgMxFL3xWeur6tJNsAh1U2ZE0GXRjcsK9gGdoWTSTBuayYxJRixDf8ONC0Xc+jPu/Bsz7Sy09UDgcM693JMTJIJr4zjfaGV1bX1js7RV3t7Z3duvHBy2dZwqylo0FrHqBkQzwSVrGW4E6yaKkSgQrBOMb3K/88iU5rG8N5OE+REZSh5ySoyVvIeaFxEzCkL8dNavVJ26MwNeJm5BqlCg2a98eYOYphGThgqidc91EuNnRBlOBZuWvVSzhNAxGbKepZJETPvZLPMUn1plgMNY2ScNnqm/NzISaT2JAjuZJ9SLXi7+5/VSE175GZdJapik80NhKrCJcV4AHnDFqBETSwhV3GbFdEQUocbWVLYluItfXibt87rr1N27i2rjuqijBMdwAjVw4RIacAtNaAGFBJ7hFd5Qil7QO/qYj66gYucI/gB9/gArk5Ea</latexit>

q(z|x)
<latexit sha1_base64="uApyO09SM/XQ7i69yuHc0XZ0D7M=">AAACAXicbZDLSsNAFIZPvNZ6i7oR3AwWoW5KIoIui25cVrAXaEOZTCft0MkkzkzEWuvGV3HjQhG3voU738ZJG0Fbfxj4+M85zDm/H3OmtON8WXPzC4tLy7mV/Ora+samvbVdU1EiCa2SiEey4WNFORO0qpnmtBFLikOf07rfP0/r9RsqFYvElR7E1AtxV7CAEayN1bZ3r4utEOueH6A7dI9++PawbReckjMWmgU3gwJkqrTtz1YnIklIhSYcK9V0nVh7Qyw1I5yO8q1E0RiTPu7SpkGBQ6q84fiCETowTgcFkTRPaDR2f08McajUIPRNZ7qhmq6l5n+1ZqKDU2/IRJxoKsjkoyDhSEcojQN1mKRE84EBTCQzuyLSwxITbULLmxDc6ZNnoXZUcp2Se3lcKJ9lceRgD/ahCC6cQBkuoAJVIPAAT/ACr9aj9Wy9We+T1jkrm9mBP7I+vgHxQpXn</latexit><latexit sha1_base64="uApyO09SM/XQ7i69yuHc0XZ0D7M=">AAACAXicbZDLSsNAFIZPvNZ6i7oR3AwWoW5KIoIui25cVrAXaEOZTCft0MkkzkzEWuvGV3HjQhG3voU738ZJG0Fbfxj4+M85zDm/H3OmtON8WXPzC4tLy7mV/Ora+samvbVdU1EiCa2SiEey4WNFORO0qpnmtBFLikOf07rfP0/r9RsqFYvElR7E1AtxV7CAEayN1bZ3r4utEOueH6A7dI9++PawbReckjMWmgU3gwJkqrTtz1YnIklIhSYcK9V0nVh7Qyw1I5yO8q1E0RiTPu7SpkGBQ6q84fiCETowTgcFkTRPaDR2f08McajUIPRNZ7qhmq6l5n+1ZqKDU2/IRJxoKsjkoyDhSEcojQN1mKRE84EBTCQzuyLSwxITbULLmxDc6ZNnoXZUcp2Se3lcKJ9lceRgD/ahCC6cQBkuoAJVIPAAT/ACr9aj9Wy9We+T1jkrm9mBP7I+vgHxQpXn</latexit><latexit sha1_base64="uApyO09SM/XQ7i69yuHc0XZ0D7M=">AAACAXicbZDLSsNAFIZPvNZ6i7oR3AwWoW5KIoIui25cVrAXaEOZTCft0MkkzkzEWuvGV3HjQhG3voU738ZJG0Fbfxj4+M85zDm/H3OmtON8WXPzC4tLy7mV/Ora+samvbVdU1EiCa2SiEey4WNFORO0qpnmtBFLikOf07rfP0/r9RsqFYvElR7E1AtxV7CAEayN1bZ3r4utEOueH6A7dI9++PawbReckjMWmgU3gwJkqrTtz1YnIklIhSYcK9V0nVh7Qyw1I5yO8q1E0RiTPu7SpkGBQ6q84fiCETowTgcFkTRPaDR2f08McajUIPRNZ7qhmq6l5n+1ZqKDU2/IRJxoKsjkoyDhSEcojQN1mKRE84EBTCQzuyLSwxITbULLmxDc6ZNnoXZUcp2Se3lcKJ9lceRgD/ahCC6cQBkuoAJVIPAAT/ACr9aj9Wy9We+T1jkrm9mBP7I+vgHxQpXn</latexit><latexit sha1_base64="uApyO09SM/XQ7i69yuHc0XZ0D7M=">AAACAXicbZDLSsNAFIZPvNZ6i7oR3AwWoW5KIoIui25cVrAXaEOZTCft0MkkzkzEWuvGV3HjQhG3voU738ZJG0Fbfxj4+M85zDm/H3OmtON8WXPzC4tLy7mV/Ora+samvbVdU1EiCa2SiEey4WNFORO0qpnmtBFLikOf07rfP0/r9RsqFYvElR7E1AtxV7CAEayN1bZ3r4utEOueH6A7dI9++PawbReckjMWmgU3gwJkqrTtz1YnIklIhSYcK9V0nVh7Qyw1I5yO8q1E0RiTPu7SpkGBQ6q84fiCETowTgcFkTRPaDR2f08McajUIPRNZ7qhmq6l5n+1ZqKDU2/IRJxoKsjkoyDhSEcojQN1mKRE84EBTCQzuyLSwxITbULLmxDc6ZNnoXZUcp2Se3lcKJ9lceRgD/ahCC6cQBkuoAJVIPAAT/ACr9aj9Wy9We+T1jkrm9mBP7I+vgHxQpXn</latexit>

Noisy channel

Echo
Noise

Gaussian
Noise

q(z)
<latexit sha1_base64="SWh8fvZHV8L7wc02qVZJ+1cbL5U=">AAAB83icbVDLSgMxFL3js9ZX1aWbYBHqpsyIoMuiG5cV7AM6Q8mkmTY0yYxJRqhDf8ONC0Xc+jPu/Bsz7Sy09UDgcM693JMTJpxp47rfzsrq2vrGZmmrvL2zu7dfOThs6zhVhLZIzGPVDbGmnEnaMsxw2k0UxSLktBOOb3K/80iVZrG8N5OEBgIPJYsYwcZK/kPNF9iMwgg9nfUrVbfuzoCWiVeQKhRo9itf/iAmqaDSEI617nluYoIMK8MIp9Oyn2qaYDLGQ9qzVGJBdZDNMk/RqVUGKIqVfdKgmfp7I8NC64kI7WSeUC96ufif10tNdBVkTCapoZLMD0UpRyZGeQFowBQlhk8swUQxmxWREVaYGFtT2ZbgLX55mbTP655b9+4uqo3roo4SHMMJ1MCDS2jALTShBQQSeIZXeHNS58V5dz7moytOsXMEf+B8/gAunZEc</latexit><latexit sha1_base64="SWh8fvZHV8L7wc02qVZJ+1cbL5U=">AAAB83icbVDLSgMxFL3js9ZX1aWbYBHqpsyIoMuiG5cV7AM6Q8mkmTY0yYxJRqhDf8ONC0Xc+jPu/Bsz7Sy09UDgcM693JMTJpxp47rfzsrq2vrGZmmrvL2zu7dfOThs6zhVhLZIzGPVDbGmnEnaMsxw2k0UxSLktBOOb3K/80iVZrG8N5OEBgIPJYsYwcZK/kPNF9iMwgg9nfUrVbfuzoCWiVeQKhRo9itf/iAmqaDSEI617nluYoIMK8MIp9Oyn2qaYDLGQ9qzVGJBdZDNMk/RqVUGKIqVfdKgmfp7I8NC64kI7WSeUC96ufif10tNdBVkTCapoZLMD0UpRyZGeQFowBQlhk8swUQxmxWREVaYGFtT2ZbgLX55mbTP655b9+4uqo3roo4SHMMJ1MCDS2jALTShBQQSeIZXeHNS58V5dz7moytOsXMEf+B8/gAunZEc</latexit><latexit sha1_base64="SWh8fvZHV8L7wc02qVZJ+1cbL5U=">AAAB83icbVDLSgMxFL3js9ZX1aWbYBHqpsyIoMuiG5cV7AM6Q8mkmTY0yYxJRqhDf8ONC0Xc+jPu/Bsz7Sy09UDgcM693JMTJpxp47rfzsrq2vrGZmmrvL2zu7dfOThs6zhVhLZIzGPVDbGmnEnaMsxw2k0UxSLktBOOb3K/80iVZrG8N5OEBgIPJYsYwcZK/kPNF9iMwgg9nfUrVbfuzoCWiVeQKhRo9itf/iAmqaDSEI617nluYoIMK8MIp9Oyn2qaYDLGQ9qzVGJBdZDNMk/RqVUGKIqVfdKgmfp7I8NC64kI7WSeUC96ufif10tNdBVkTCapoZLMD0UpRyZGeQFowBQlhk8swUQxmxWREVaYGFtT2ZbgLX55mbTP655b9+4uqo3roo4SHMMJ1MCDS2jALTShBQQSeIZXeHNS58V5dz7moytOsXMEf+B8/gAunZEc</latexit><latexit sha1_base64="SWh8fvZHV8L7wc02qVZJ+1cbL5U=">AAAB83icbVDLSgMxFL3js9ZX1aWbYBHqpsyIoMuiG5cV7AM6Q8mkmTY0yYxJRqhDf8ONC0Xc+jPu/Bsz7Sy09UDgcM693JMTJpxp47rfzsrq2vrGZmmrvL2zu7dfOThs6zhVhLZIzGPVDbGmnEnaMsxw2k0UxSLktBOOb3K/80iVZrG8N5OEBgIPJYsYwcZK/kPNF9iMwgg9nfUrVbfuzoCWiVeQKhRo9itf/iAmqaDSEI617nluYoIMK8MIp9Oyn2qaYDLGQ9qzVGJBdZDNMk/RqVUGKIqVfdKgmfp7I8NC64kI7WSeUC96ufif10tNdBVkTCapoZLMD0UpRyZGeQFowBQlhk8swUQxmxWREVaYGFtT2ZbgLX55mbTP655b9+4uqo3roo4SHMMJ1MCDS2jALTShBQQSeIZXeHNS58V5dz7moytOsXMEf+B8/gAunZEc</latexit>

Encoder distribution

I(Z;X) = 3 bits
<latexit sha1_base64="Gp2rws88UxFJYVH0peEDqMvePWM=">AAACAXicbVDLSgNBEJyNrxhfq14EL4NBiJewq4KCCEEveotgHpgsYXYySYbMY5mZFcMSL/6KFw+KePUvvPk3TpI9aGJBQ1HVTXdXGDGqjed9O5m5+YXFpexybmV1bX3D3dyqahkrTCpYMqnqIdKEUUEqhhpG6pEiiIeM1ML+5civ3ROlqRS3ZhCRgKOuoB2KkbFSy925LtydwfoBPIdHsMlD+ZDAkBo9bLl5r+iNAWeJn5I8SFFuuV/NtsQxJ8JghrRu+F5kggQpQzEjw1wz1iRCuI+6pGGpQJzoIBl/MIT7VmnDjlS2hIFj9fdEgrjWAx7aTo5MT097I/E/rxGbzmmQUBHFhgg8WdSJGTQSjuKAbaoINmxgCcKK2lsh7iGFsLGh5WwI/vTLs6R6WPS9on9znC9dpHFkwS7YAwXggxNQAlegDCoAg0fwDF7Bm/PkvDjvzsekNeOkM9vgD5zPH10AlO4=</latexit><latexit sha1_base64="Gp2rws88UxFJYVH0peEDqMvePWM=">AAACAXicbVDLSgNBEJyNrxhfq14EL4NBiJewq4KCCEEveotgHpgsYXYySYbMY5mZFcMSL/6KFw+KePUvvPk3TpI9aGJBQ1HVTXdXGDGqjed9O5m5+YXFpexybmV1bX3D3dyqahkrTCpYMqnqIdKEUUEqhhpG6pEiiIeM1ML+5civ3ROlqRS3ZhCRgKOuoB2KkbFSy925LtydwfoBPIdHsMlD+ZDAkBo9bLl5r+iNAWeJn5I8SFFuuV/NtsQxJ8JghrRu+F5kggQpQzEjw1wz1iRCuI+6pGGpQJzoIBl/MIT7VmnDjlS2hIFj9fdEgrjWAx7aTo5MT097I/E/rxGbzmmQUBHFhgg8WdSJGTQSjuKAbaoINmxgCcKK2lsh7iGFsLGh5WwI/vTLs6R6WPS9on9znC9dpHFkwS7YAwXggxNQAlegDCoAg0fwDF7Bm/PkvDjvzsekNeOkM9vgD5zPH10AlO4=</latexit><latexit sha1_base64="Gp2rws88UxFJYVH0peEDqMvePWM=">AAACAXicbVDLSgNBEJyNrxhfq14EL4NBiJewq4KCCEEveotgHpgsYXYySYbMY5mZFcMSL/6KFw+KePUvvPk3TpI9aGJBQ1HVTXdXGDGqjed9O5m5+YXFpexybmV1bX3D3dyqahkrTCpYMqnqIdKEUUEqhhpG6pEiiIeM1ML+5civ3ROlqRS3ZhCRgKOuoB2KkbFSy925LtydwfoBPIdHsMlD+ZDAkBo9bLl5r+iNAWeJn5I8SFFuuV/NtsQxJ8JghrRu+F5kggQpQzEjw1wz1iRCuI+6pGGpQJzoIBl/MIT7VmnDjlS2hIFj9fdEgrjWAx7aTo5MT097I/E/rxGbzmmQUBHFhgg8WdSJGTQSjuKAbaoINmxgCcKK2lsh7iGFsLGh5WwI/vTLs6R6WPS9on9znC9dpHFkwS7YAwXggxNQAlegDCoAg0fwDF7Bm/PkvDjvzsekNeOkM9vgD5zPH10AlO4=</latexit><latexit sha1_base64="Gp2rws88UxFJYVH0peEDqMvePWM=">AAACAXicbVDLSgNBEJyNrxhfq14EL4NBiJewq4KCCEEveotgHpgsYXYySYbMY5mZFcMSL/6KFw+KePUvvPk3TpI9aGJBQ1HVTXdXGDGqjed9O5m5+YXFpexybmV1bX3D3dyqahkrTCpYMqnqIdKEUUEqhhpG6pEiiIeM1ML+5civ3ROlqRS3ZhCRgKOuoB2KkbFSy925LtydwfoBPIdHsMlD+ZDAkBo9bLl5r+iNAWeJn5I8SFFuuV/NtsQxJ8JghrRu+F5kggQpQzEjw1wz1iRCuI+6pGGpQJzoIBl/MIT7VmnDjlS2hIFj9fdEgrjWAx7aTo5MT097I/E/rxGbzmmQUBHFhgg8WdSJGTQSjuKAbaoINmxgCcKK2lsh7iGFsLGh5WwI/vTLs6R6WPS9on9znC9dpHFkwS7YAwXggxNQAlegDCoAg0fwDF7Bm/PkvDjvzsekNeOkM9vgD5zPH10AlO4=</latexit>

I(Z;X)  3 bits
<latexit sha1_base64="3sTAvva5UF6O0WoigMynSTaSlHA=">AAACBHicbVC7SgNBFJ2Nrxhfq5ZpBoMQm7CrgoJN0Ea7COaB2SXMTmaTITM768ysGJYUNv6KjYUitn6EnX/jJNlCEw9cOJxzL/feE8SMKu0431ZuYXFpeSW/Wlhb39jcsrd3GkokEpM6FkzIVoAUYTQidU01I61YEsQDRprB4GLsN++JVFREN3oYE5+jXkRDipE2UscuXpVvz2DrAHqM3MEj6PFAPKQwoFqNOnbJqTgTwHniZqQEMtQ69pfXFTjhJNKYIaXarhNrP0VSU8zIqOAlisQID1CPtA2NECfKTydPjOC+UbowFNJUpOFE/T2RIq7UkAemkyPdV7PeWPzPayc6PPVTGsWJJhGeLgoTBrWA40Rgl0qCNRsagrCk5laI+0girE1uBROCO/vyPGkcVlyn4l4fl6rnWRx5UAR7oAxccAKq4BLUQB1g8AiewSt4s56sF+vd+pi25qxsZhf8gfX5AwAflm0=</latexit><latexit sha1_base64="3sTAvva5UF6O0WoigMynSTaSlHA=">AAACBHicbVC7SgNBFJ2Nrxhfq5ZpBoMQm7CrgoJN0Ea7COaB2SXMTmaTITM768ysGJYUNv6KjYUitn6EnX/jJNlCEw9cOJxzL/feE8SMKu0431ZuYXFpeSW/Wlhb39jcsrd3GkokEpM6FkzIVoAUYTQidU01I61YEsQDRprB4GLsN++JVFREN3oYE5+jXkRDipE2UscuXpVvz2DrAHqM3MEj6PFAPKQwoFqNOnbJqTgTwHniZqQEMtQ69pfXFTjhJNKYIaXarhNrP0VSU8zIqOAlisQID1CPtA2NECfKTydPjOC+UbowFNJUpOFE/T2RIq7UkAemkyPdV7PeWPzPayc6PPVTGsWJJhGeLgoTBrWA40Rgl0qCNRsagrCk5laI+0girE1uBROCO/vyPGkcVlyn4l4fl6rnWRx5UAR7oAxccAKq4BLUQB1g8AiewSt4s56sF+vd+pi25qxsZhf8gfX5AwAflm0=</latexit><latexit sha1_base64="3sTAvva5UF6O0WoigMynSTaSlHA=">AAACBHicbVC7SgNBFJ2Nrxhfq5ZpBoMQm7CrgoJN0Ea7COaB2SXMTmaTITM768ysGJYUNv6KjYUitn6EnX/jJNlCEw9cOJxzL/feE8SMKu0431ZuYXFpeSW/Wlhb39jcsrd3GkokEpM6FkzIVoAUYTQidU01I61YEsQDRprB4GLsN++JVFREN3oYE5+jXkRDipE2UscuXpVvz2DrAHqM3MEj6PFAPKQwoFqNOnbJqTgTwHniZqQEMtQ69pfXFTjhJNKYIaXarhNrP0VSU8zIqOAlisQID1CPtA2NECfKTydPjOC+UbowFNJUpOFE/T2RIq7UkAemkyPdV7PeWPzPayc6PPVTGsWJJhGeLgoTBrWA40Rgl0qCNRsagrCk5laI+0girE1uBROCO/vyPGkcVlyn4l4fl6rnWRx5UAR7oAxccAKq4BLUQB1g8AiewSt4s56sF+vd+pi25qxsZhf8gfX5AwAflm0=</latexit><latexit sha1_base64="3sTAvva5UF6O0WoigMynSTaSlHA=">AAACBHicbVC7SgNBFJ2Nrxhfq5ZpBoMQm7CrgoJN0Ea7COaB2SXMTmaTITM768ysGJYUNv6KjYUitn6EnX/jJNlCEw9cOJxzL/feE8SMKu0431ZuYXFpeSW/Wlhb39jcsrd3GkokEpM6FkzIVoAUYTQidU01I61YEsQDRprB4GLsN++JVFREN3oYE5+jXkRDipE2UscuXpVvz2DrAHqM3MEj6PFAPKQwoFqNOnbJqTgTwHniZqQEMtQ69pfXFTjhJNKYIaXarhNrP0VSU8zIqOAlisQID1CPtA2NECfKTydPjOC+UbowFNJUpOFE/T2RIq7UkAemkyPdV7PeWPzPayc6PPVTGsWJJhGeLgoTBrWA40Rgl0qCNRsagrCk5laI+0girE1uBROCO/vyPGkcVlyn4l4fl6rnWRx5UAR7oAxccAKq4BLUQB1g8AiewSt4s56sF+vd+pi25qxsZhf8gfX5AwAflm0=</latexit>

+

=

=

Input distribution

q(x)
<latexit sha1_base64="2WgeRWylqqkwyLD6JK8it3eUrVI=">AAAB83icbVDLSgMxFL3xWeur6tJNsAh1U2ZE0GXRjcsK9gGdoWTSTBuayYxJRixDf8ONC0Xc+jPu/Bsz7Sy09UDgcM693JMTJIJr4zjfaGV1bX1js7RV3t7Z3duvHBy2dZwqylo0FrHqBkQzwSVrGW4E6yaKkSgQrBOMb3K/88iU5rG8N5OE+REZSh5ySoyVvIeaFxEzCkL8dNavVJ26MwNeJm5BqlCg2a98eYOYphGThgqidc91EuNnRBlOBZuWvVSzhNAxGbKepZJETPvZLPMUn1plgMNY2ScNnqm/NzISaT2JAjuZJ9SLXi7+5/VSE175GZdJapik80NhKrCJcV4AHnDFqBETSwhV3GbFdEQUocbWVLYluItfXibt87rr1N27i2rjuqijBMdwAjVw4RIacAtNaAGFBJ7hFd5Qil7QO/qYj66gYucI/gB9/gArk5Ea</latexit><latexit sha1_base64="2WgeRWylqqkwyLD6JK8it3eUrVI=">AAAB83icbVDLSgMxFL3xWeur6tJNsAh1U2ZE0GXRjcsK9gGdoWTSTBuayYxJRixDf8ONC0Xc+jPu/Bsz7Sy09UDgcM693JMTJIJr4zjfaGV1bX1js7RV3t7Z3duvHBy2dZwqylo0FrHqBkQzwSVrGW4E6yaKkSgQrBOMb3K/88iU5rG8N5OE+REZSh5ySoyVvIeaFxEzCkL8dNavVJ26MwNeJm5BqlCg2a98eYOYphGThgqidc91EuNnRBlOBZuWvVSzhNAxGbKepZJETPvZLPMUn1plgMNY2ScNnqm/NzISaT2JAjuZJ9SLXi7+5/VSE175GZdJapik80NhKrCJcV4AHnDFqBETSwhV3GbFdEQUocbWVLYluItfXibt87rr1N27i2rjuqijBMdwAjVw4RIacAtNaAGFBJ7hFd5Qil7QO/qYj66gYucI/gB9/gArk5Ea</latexit><latexit sha1_base64="2WgeRWylqqkwyLD6JK8it3eUrVI=">AAAB83icbVDLSgMxFL3xWeur6tJNsAh1U2ZE0GXRjcsK9gGdoWTSTBuayYxJRixDf8ONC0Xc+jPu/Bsz7Sy09UDgcM693JMTJIJr4zjfaGV1bX1js7RV3t7Z3duvHBy2dZwqylo0FrHqBkQzwSVrGW4E6yaKkSgQrBOMb3K/88iU5rG8N5OE+REZSh5ySoyVvIeaFxEzCkL8dNavVJ26MwNeJm5BqlCg2a98eYOYphGThgqidc91EuNnRBlOBZuWvVSzhNAxGbKepZJETPvZLPMUn1plgMNY2ScNnqm/NzISaT2JAjuZJ9SLXi7+5/VSE175GZdJapik80NhKrCJcV4AHnDFqBETSwhV3GbFdEQUocbWVLYluItfXibt87rr1N27i2rjuqijBMdwAjVw4RIacAtNaAGFBJ7hFd5Qil7QO/qYj66gYucI/gB9/gArk5Ea</latexit><latexit sha1_base64="2WgeRWylqqkwyLD6JK8it3eUrVI=">AAAB83icbVDLSgMxFL3xWeur6tJNsAh1U2ZE0GXRjcsK9gGdoWTSTBuayYxJRixDf8ONC0Xc+jPu/Bsz7Sy09UDgcM693JMTJIJr4zjfaGV1bX1js7RV3t7Z3duvHBy2dZwqylo0FrHqBkQzwSVrGW4E6yaKkSgQrBOMb3K/88iU5rG8N5OE+REZSh5ySoyVvIeaFxEzCkL8dNavVJ26MwNeJm5BqlCg2a98eYOYphGThgqidc91EuNnRBlOBZuWvVSzhNAxGbKepZJETPvZLPMUn1plgMNY2ScNnqm/NzISaT2JAjuZJ9SLXi7+5/VSE175GZdJapik80NhKrCJcV4AHnDFqBETSwhV3GbFdEQUocbWVLYluItfXibt87rr1N27i2rjuqijBMdwAjVw4RIacAtNaAGFBJ7hFd5Qil7QO/qYj66gYucI/gB9/gArk5Ea</latexit>

q(z|x)
<latexit sha1_base64="uApyO09SM/XQ7i69yuHc0XZ0D7M=">AAACAXicbZDLSsNAFIZPvNZ6i7oR3AwWoW5KIoIui25cVrAXaEOZTCft0MkkzkzEWuvGV3HjQhG3voU738ZJG0Fbfxj4+M85zDm/H3OmtON8WXPzC4tLy7mV/Ora+samvbVdU1EiCa2SiEey4WNFORO0qpnmtBFLikOf07rfP0/r9RsqFYvElR7E1AtxV7CAEayN1bZ3r4utEOueH6A7dI9++PawbReckjMWmgU3gwJkqrTtz1YnIklIhSYcK9V0nVh7Qyw1I5yO8q1E0RiTPu7SpkGBQ6q84fiCETowTgcFkTRPaDR2f08McajUIPRNZ7qhmq6l5n+1ZqKDU2/IRJxoKsjkoyDhSEcojQN1mKRE84EBTCQzuyLSwxITbULLmxDc6ZNnoXZUcp2Se3lcKJ9lceRgD/ahCC6cQBkuoAJVIPAAT/ACr9aj9Wy9We+T1jkrm9mBP7I+vgHxQpXn</latexit><latexit sha1_base64="uApyO09SM/XQ7i69yuHc0XZ0D7M=">AAACAXicbZDLSsNAFIZPvNZ6i7oR3AwWoW5KIoIui25cVrAXaEOZTCft0MkkzkzEWuvGV3HjQhG3voU738ZJG0Fbfxj4+M85zDm/H3OmtON8WXPzC4tLy7mV/Ora+samvbVdU1EiCa2SiEey4WNFORO0qpnmtBFLikOf07rfP0/r9RsqFYvElR7E1AtxV7CAEayN1bZ3r4utEOueH6A7dI9++PawbReckjMWmgU3gwJkqrTtz1YnIklIhSYcK9V0nVh7Qyw1I5yO8q1E0RiTPu7SpkGBQ6q84fiCETowTgcFkTRPaDR2f08McajUIPRNZ7qhmq6l5n+1ZqKDU2/IRJxoKsjkoyDhSEcojQN1mKRE84EBTCQzuyLSwxITbULLmxDc6ZNnoXZUcp2Se3lcKJ9lceRgD/ahCC6cQBkuoAJVIPAAT/ACr9aj9Wy9We+T1jkrm9mBP7I+vgHxQpXn</latexit><latexit sha1_base64="uApyO09SM/XQ7i69yuHc0XZ0D7M=">AAACAXicbZDLSsNAFIZPvNZ6i7oR3AwWoW5KIoIui25cVrAXaEOZTCft0MkkzkzEWuvGV3HjQhG3voU738ZJG0Fbfxj4+M85zDm/H3OmtON8WXPzC4tLy7mV/Ora+samvbVdU1EiCa2SiEey4WNFORO0qpnmtBFLikOf07rfP0/r9RsqFYvElR7E1AtxV7CAEayN1bZ3r4utEOueH6A7dI9++PawbReckjMWmgU3gwJkqrTtz1YnIklIhSYcK9V0nVh7Qyw1I5yO8q1E0RiTPu7SpkGBQ6q84fiCETowTgcFkTRPaDR2f08McajUIPRNZ7qhmq6l5n+1ZqKDU2/IRJxoKsjkoyDhSEcojQN1mKRE84EBTCQzuyLSwxITbULLmxDc6ZNnoXZUcp2Se3lcKJ9lceRgD/ahCC6cQBkuoAJVIPAAT/ACr9aj9Wy9We+T1jkrm9mBP7I+vgHxQpXn</latexit><latexit sha1_base64="uApyO09SM/XQ7i69yuHc0XZ0D7M=">AAACAXicbZDLSsNAFIZPvNZ6i7oR3AwWoW5KIoIui25cVrAXaEOZTCft0MkkzkzEWuvGV3HjQhG3voU738ZJG0Fbfxj4+M85zDm/H3OmtON8WXPzC4tLy7mV/Ora+samvbVdU1EiCa2SiEey4WNFORO0qpnmtBFLikOf07rfP0/r9RsqFYvElR7E1AtxV7CAEayN1bZ3r4utEOueH6A7dI9++PawbReckjMWmgU3gwJkqrTtz1YnIklIhSYcK9V0nVh7Qyw1I5yO8q1E0RiTPu7SpkGBQ6q84fiCETowTgcFkTRPaDR2f08McajUIPRNZ7qhmq6l5n+1ZqKDU2/IRJxoKsjkoyDhSEcojQN1mKRE84EBTCQzuyLSwxITbULLmxDc6ZNnoXZUcp2Se3lcKJ9lceRgD/ahCC6cQBkuoAJVIPAAT/ACr9aj9Wy9We+T1jkrm9mBP7I+vgHxQpXn</latexit>

Noisy channel

Echo
Noise

Gaussian
Noise

q(z)
<latexit sha1_base64="SWh8fvZHV8L7wc02qVZJ+1cbL5U=">AAAB83icbVDLSgMxFL3js9ZX1aWbYBHqpsyIoMuiG5cV7AM6Q8mkmTY0yYxJRqhDf8ONC0Xc+jPu/Bsz7Sy09UDgcM693JMTJpxp47rfzsrq2vrGZmmrvL2zu7dfOThs6zhVhLZIzGPVDbGmnEnaMsxw2k0UxSLktBOOb3K/80iVZrG8N5OEBgIPJYsYwcZK/kPNF9iMwgg9nfUrVbfuzoCWiVeQKhRo9itf/iAmqaDSEI617nluYoIMK8MIp9Oyn2qaYDLGQ9qzVGJBdZDNMk/RqVUGKIqVfdKgmfp7I8NC64kI7WSeUC96ufif10tNdBVkTCapoZLMD0UpRyZGeQFowBQlhk8swUQxmxWREVaYGFtT2ZbgLX55mbTP655b9+4uqo3roo4SHMMJ1MCDS2jALTShBQQSeIZXeHNS58V5dz7moytOsXMEf+B8/gAunZEc</latexit><latexit sha1_base64="SWh8fvZHV8L7wc02qVZJ+1cbL5U=">AAAB83icbVDLSgMxFL3js9ZX1aWbYBHqpsyIoMuiG5cV7AM6Q8mkmTY0yYxJRqhDf8ONC0Xc+jPu/Bsz7Sy09UDgcM693JMTJpxp47rfzsrq2vrGZmmrvL2zu7dfOThs6zhVhLZIzGPVDbGmnEnaMsxw2k0UxSLktBOOb3K/80iVZrG8N5OEBgIPJYsYwcZK/kPNF9iMwgg9nfUrVbfuzoCWiVeQKhRo9itf/iAmqaDSEI617nluYoIMK8MIp9Oyn2qaYDLGQ9qzVGJBdZDNMk/RqVUGKIqVfdKgmfp7I8NC64kI7WSeUC96ufif10tNdBVkTCapoZLMD0UpRyZGeQFowBQlhk8swUQxmxWREVaYGFtT2ZbgLX55mbTP655b9+4uqo3roo4SHMMJ1MCDS2jALTShBQQSeIZXeHNS58V5dz7moytOsXMEf+B8/gAunZEc</latexit><latexit sha1_base64="SWh8fvZHV8L7wc02qVZJ+1cbL5U=">AAAB83icbVDLSgMxFL3js9ZX1aWbYBHqpsyIoMuiG5cV7AM6Q8mkmTY0yYxJRqhDf8ONC0Xc+jPu/Bsz7Sy09UDgcM693JMTJpxp47rfzsrq2vrGZmmrvL2zu7dfOThs6zhVhLZIzGPVDbGmnEnaMsxw2k0UxSLktBOOb3K/80iVZrG8N5OEBgIPJYsYwcZK/kPNF9iMwgg9nfUrVbfuzoCWiVeQKhRo9itf/iAmqaDSEI617nluYoIMK8MIp9Oyn2qaYDLGQ9qzVGJBdZDNMk/RqVUGKIqVfdKgmfp7I8NC64kI7WSeUC96ufif10tNdBVkTCapoZLMD0UpRyZGeQFowBQlhk8swUQxmxWREVaYGFtT2ZbgLX55mbTP655b9+4uqo3roo4SHMMJ1MCDS2jALTShBQQSeIZXeHNS58V5dz7moytOsXMEf+B8/gAunZEc</latexit><latexit sha1_base64="SWh8fvZHV8L7wc02qVZJ+1cbL5U=">AAAB83icbVDLSgMxFL3js9ZX1aWbYBHqpsyIoMuiG5cV7AM6Q8mkmTY0yYxJRqhDf8ONC0Xc+jPu/Bsz7Sy09UDgcM693JMTJpxp47rfzsrq2vrGZmmrvL2zu7dfOThs6zhVhLZIzGPVDbGmnEnaMsxw2k0UxSLktBOOb3K/80iVZrG8N5OEBgIPJYsYwcZK/kPNF9iMwgg9nfUrVbfuzoCWiVeQKhRo9itf/iAmqaDSEI617nluYoIMK8MIp9Oyn2qaYDLGQ9qzVGJBdZDNMk/RqVUGKIqVfdKgmfp7I8NC64kI7WSeUC96ufif10tNdBVkTCapoZLMD0UpRyZGeQFowBQlhk8swUQxmxWREVaYGFtT2ZbgLX55mbTP655b9+4uqo3roo4SHMMJ1MCDS2jALTShBQQSeIZXeHNS58V5dz7moytOsXMEf+B8/gAunZEc</latexit>

Encoder distribution

I(Z;X) = 3 bits
<latexit sha1_base64="Gp2rws88UxFJYVH0peEDqMvePWM=">AAACAXicbVDLSgNBEJyNrxhfq14EL4NBiJewq4KCCEEveotgHpgsYXYySYbMY5mZFcMSL/6KFw+KePUvvPk3TpI9aGJBQ1HVTXdXGDGqjed9O5m5+YXFpexybmV1bX3D3dyqahkrTCpYMqnqIdKEUUEqhhpG6pEiiIeM1ML+5civ3ROlqRS3ZhCRgKOuoB2KkbFSy925LtydwfoBPIdHsMlD+ZDAkBo9bLl5r+iNAWeJn5I8SFFuuV/NtsQxJ8JghrRu+F5kggQpQzEjw1wz1iRCuI+6pGGpQJzoIBl/MIT7VmnDjlS2hIFj9fdEgrjWAx7aTo5MT097I/E/rxGbzmmQUBHFhgg8WdSJGTQSjuKAbaoINmxgCcKK2lsh7iGFsLGh5WwI/vTLs6R6WPS9on9znC9dpHFkwS7YAwXggxNQAlegDCoAg0fwDF7Bm/PkvDjvzsekNeOkM9vgD5zPH10AlO4=</latexit><latexit sha1_base64="Gp2rws88UxFJYVH0peEDqMvePWM=">AAACAXicbVDLSgNBEJyNrxhfq14EL4NBiJewq4KCCEEveotgHpgsYXYySYbMY5mZFcMSL/6KFw+KePUvvPk3TpI9aGJBQ1HVTXdXGDGqjed9O5m5+YXFpexybmV1bX3D3dyqahkrTCpYMqnqIdKEUUEqhhpG6pEiiIeM1ML+5civ3ROlqRS3ZhCRgKOuoB2KkbFSy925LtydwfoBPIdHsMlD+ZDAkBo9bLl5r+iNAWeJn5I8SFFuuV/NtsQxJ8JghrRu+F5kggQpQzEjw1wz1iRCuI+6pGGpQJzoIBl/MIT7VmnDjlS2hIFj9fdEgrjWAx7aTo5MT097I/E/rxGbzmmQUBHFhgg8WdSJGTQSjuKAbaoINmxgCcKK2lsh7iGFsLGh5WwI/vTLs6R6WPS9on9znC9dpHFkwS7YAwXggxNQAlegDCoAg0fwDF7Bm/PkvDjvzsekNeOkM9vgD5zPH10AlO4=</latexit><latexit sha1_base64="Gp2rws88UxFJYVH0peEDqMvePWM=">AAACAXicbVDLSgNBEJyNrxhfq14EL4NBiJewq4KCCEEveotgHpgsYXYySYbMY5mZFcMSL/6KFw+KePUvvPk3TpI9aGJBQ1HVTXdXGDGqjed9O5m5+YXFpexybmV1bX3D3dyqahkrTCpYMqnqIdKEUUEqhhpG6pEiiIeM1ML+5civ3ROlqRS3ZhCRgKOuoB2KkbFSy925LtydwfoBPIdHsMlD+ZDAkBo9bLl5r+iNAWeJn5I8SFFuuV/NtsQxJ8JghrRu+F5kggQpQzEjw1wz1iRCuI+6pGGpQJzoIBl/MIT7VmnDjlS2hIFj9fdEgrjWAx7aTo5MT097I/E/rxGbzmmQUBHFhgg8WdSJGTQSjuKAbaoINmxgCcKK2lsh7iGFsLGh5WwI/vTLs6R6WPS9on9znC9dpHFkwS7YAwXggxNQAlegDCoAg0fwDF7Bm/PkvDjvzsekNeOkM9vgD5zPH10AlO4=</latexit><latexit sha1_base64="Gp2rws88UxFJYVH0peEDqMvePWM=">AAACAXicbVDLSgNBEJyNrxhfq14EL4NBiJewq4KCCEEveotgHpgsYXYySYbMY5mZFcMSL/6KFw+KePUvvPk3TpI9aGJBQ1HVTXdXGDGqjed9O5m5+YXFpexybmV1bX3D3dyqahkrTCpYMqnqIdKEUUEqhhpG6pEiiIeM1ML+5civ3ROlqRS3ZhCRgKOuoB2KkbFSy925LtydwfoBPIdHsMlD+ZDAkBo9bLl5r+iNAWeJn5I8SFFuuV/NtsQxJ8JghrRu+F5kggQpQzEjw1wz1iRCuI+6pGGpQJzoIBl/MIT7VmnDjlS2hIFj9fdEgrjWAx7aTo5MT097I/E/rxGbzmmQUBHFhgg8WdSJGTQSjuKAbaoINmxgCcKK2lsh7iGFsLGh5WwI/vTLs6R6WPS9on9znC9dpHFkwS7YAwXggxNQAlegDCoAg0fwDF7Bm/PkvDjvzsekNeOkM9vgD5zPH10AlO4=</latexit>

I(Z;X)  3 bits
<latexit sha1_base64="3sTAvva5UF6O0WoigMynSTaSlHA=">AAACBHicbVC7SgNBFJ2Nrxhfq5ZpBoMQm7CrgoJN0Ea7COaB2SXMTmaTITM768ysGJYUNv6KjYUitn6EnX/jJNlCEw9cOJxzL/feE8SMKu0431ZuYXFpeSW/Wlhb39jcsrd3GkokEpM6FkzIVoAUYTQidU01I61YEsQDRprB4GLsN++JVFREN3oYE5+jXkRDipE2UscuXpVvz2DrAHqM3MEj6PFAPKQwoFqNOnbJqTgTwHniZqQEMtQ69pfXFTjhJNKYIaXarhNrP0VSU8zIqOAlisQID1CPtA2NECfKTydPjOC+UbowFNJUpOFE/T2RIq7UkAemkyPdV7PeWPzPayc6PPVTGsWJJhGeLgoTBrWA40Rgl0qCNRsagrCk5laI+0girE1uBROCO/vyPGkcVlyn4l4fl6rnWRx5UAR7oAxccAKq4BLUQB1g8AiewSt4s56sF+vd+pi25qxsZhf8gfX5AwAflm0=</latexit><latexit sha1_base64="3sTAvva5UF6O0WoigMynSTaSlHA=">AAACBHicbVC7SgNBFJ2Nrxhfq5ZpBoMQm7CrgoJN0Ea7COaB2SXMTmaTITM768ysGJYUNv6KjYUitn6EnX/jJNlCEw9cOJxzL/feE8SMKu0431ZuYXFpeSW/Wlhb39jcsrd3GkokEpM6FkzIVoAUYTQidU01I61YEsQDRprB4GLsN++JVFREN3oYE5+jXkRDipE2UscuXpVvz2DrAHqM3MEj6PFAPKQwoFqNOnbJqTgTwHniZqQEMtQ69pfXFTjhJNKYIaXarhNrP0VSU8zIqOAlisQID1CPtA2NECfKTydPjOC+UbowFNJUpOFE/T2RIq7UkAemkyPdV7PeWPzPayc6PPVTGsWJJhGeLgoTBrWA40Rgl0qCNRsagrCk5laI+0girE1uBROCO/vyPGkcVlyn4l4fl6rnWRx5UAR7oAxccAKq4BLUQB1g8AiewSt4s56sF+vd+pi25qxsZhf8gfX5AwAflm0=</latexit><latexit sha1_base64="3sTAvva5UF6O0WoigMynSTaSlHA=">AAACBHicbVC7SgNBFJ2Nrxhfq5ZpBoMQm7CrgoJN0Ea7COaB2SXMTmaTITM768ysGJYUNv6KjYUitn6EnX/jJNlCEw9cOJxzL/feE8SMKu0431ZuYXFpeSW/Wlhb39jcsrd3GkokEpM6FkzIVoAUYTQidU01I61YEsQDRprB4GLsN++JVFREN3oYE5+jXkRDipE2UscuXpVvz2DrAHqM3MEj6PFAPKQwoFqNOnbJqTgTwHniZqQEMtQ69pfXFTjhJNKYIaXarhNrP0VSU8zIqOAlisQID1CPtA2NECfKTydPjOC+UbowFNJUpOFE/T2RIq7UkAemkyPdV7PeWPzPayc6PPVTGsWJJhGeLgoTBrWA40Rgl0qCNRsagrCk5laI+0girE1uBROCO/vyPGkcVlyn4l4fl6rnWRx5UAR7oAxccAKq4BLUQB1g8AiewSt4s56sF+vd+pi25qxsZhf8gfX5AwAflm0=</latexit><latexit sha1_base64="3sTAvva5UF6O0WoigMynSTaSlHA=">AAACBHicbVC7SgNBFJ2Nrxhfq5ZpBoMQm7CrgoJN0Ea7COaB2SXMTmaTITM768ysGJYUNv6KjYUitn6EnX/jJNlCEw9cOJxzL/feE8SMKu0431ZuYXFpeSW/Wlhb39jcsrd3GkokEpM6FkzIVoAUYTQidU01I61YEsQDRprB4GLsN++JVFREN3oYE5+jXkRDipE2UscuXpVvz2DrAHqM3MEj6PFAPKQwoFqNOnbJqTgTwHniZqQEMtQ69pfXFTjhJNKYIaXarhNrP0VSU8zIqOAlisQID1CPtA2NECfKTydPjOC+UbowFNJUpOFE/T2RIq7UkAemkyPdV7PeWPzPayc6PPVTGsWJJhGeLgoTBrWA40Rgl0qCNRsagrCk5laI+0girE1uBROCO/vyPGkcVlyn4l4fl6rnWRx5UAR7oAxccAKq4BLUQB1g8AiewSt4s56sF+vd+pi25qxsZhf8gfX5AwAflm0=</latexit>

+

=

=

Input distribution

q(x)
<latexit sha1_base64="2WgeRWylqqkwyLD6JK8it3eUrVI=">AAAB83icbVDLSgMxFL3xWeur6tJNsAh1U2ZE0GXRjcsK9gGdoWTSTBuayYxJRixDf8ONC0Xc+jPu/Bsz7Sy09UDgcM693JMTJIJr4zjfaGV1bX1js7RV3t7Z3duvHBy2dZwqylo0FrHqBkQzwSVrGW4E6yaKkSgQrBOMb3K/88iU5rG8N5OE+REZSh5ySoyVvIeaFxEzCkL8dNavVJ26MwNeJm5BqlCg2a98eYOYphGThgqidc91EuNnRBlOBZuWvVSzhNAxGbKepZJETPvZLPMUn1plgMNY2ScNnqm/NzISaT2JAjuZJ9SLXi7+5/VSE175GZdJapik80NhKrCJcV4AHnDFqBETSwhV3GbFdEQUocbWVLYluItfXibt87rr1N27i2rjuqijBMdwAjVw4RIacAtNaAGFBJ7hFd5Qil7QO/qYj66gYucI/gB9/gArk5Ea</latexit><latexit sha1_base64="2WgeRWylqqkwyLD6JK8it3eUrVI=">AAAB83icbVDLSgMxFL3xWeur6tJNsAh1U2ZE0GXRjcsK9gGdoWTSTBuayYxJRixDf8ONC0Xc+jPu/Bsz7Sy09UDgcM693JMTJIJr4zjfaGV1bX1js7RV3t7Z3duvHBy2dZwqylo0FrHqBkQzwSVrGW4E6yaKkSgQrBOMb3K/88iU5rG8N5OE+REZSh5ySoyVvIeaFxEzCkL8dNavVJ26MwNeJm5BqlCg2a98eYOYphGThgqidc91EuNnRBlOBZuWvVSzhNAxGbKepZJETPvZLPMUn1plgMNY2ScNnqm/NzISaT2JAjuZJ9SLXi7+5/VSE175GZdJapik80NhKrCJcV4AHnDFqBETSwhV3GbFdEQUocbWVLYluItfXibt87rr1N27i2rjuqijBMdwAjVw4RIacAtNaAGFBJ7hFd5Qil7QO/qYj66gYucI/gB9/gArk5Ea</latexit><latexit sha1_base64="2WgeRWylqqkwyLD6JK8it3eUrVI=">AAAB83icbVDLSgMxFL3xWeur6tJNsAh1U2ZE0GXRjcsK9gGdoWTSTBuayYxJRixDf8ONC0Xc+jPu/Bsz7Sy09UDgcM693JMTJIJr4zjfaGV1bX1js7RV3t7Z3duvHBy2dZwqylo0FrHqBkQzwSVrGW4E6yaKkSgQrBOMb3K/88iU5rG8N5OE+REZSh5ySoyVvIeaFxEzCkL8dNavVJ26MwNeJm5BqlCg2a98eYOYphGThgqidc91EuNnRBlOBZuWvVSzhNAxGbKepZJETPvZLPMUn1plgMNY2ScNnqm/NzISaT2JAjuZJ9SLXi7+5/VSE175GZdJapik80NhKrCJcV4AHnDFqBETSwhV3GbFdEQUocbWVLYluItfXibt87rr1N27i2rjuqijBMdwAjVw4RIacAtNaAGFBJ7hFd5Qil7QO/qYj66gYucI/gB9/gArk5Ea</latexit><latexit sha1_base64="2WgeRWylqqkwyLD6JK8it3eUrVI=">AAAB83icbVDLSgMxFL3xWeur6tJNsAh1U2ZE0GXRjcsK9gGdoWTSTBuayYxJRixDf8ONC0Xc+jPu/Bsz7Sy09UDgcM693JMTJIJr4zjfaGV1bX1js7RV3t7Z3duvHBy2dZwqylo0FrHqBkQzwSVrGW4E6yaKkSgQrBOMb3K/88iU5rG8N5OE+REZSh5ySoyVvIeaFxEzCkL8dNavVJ26MwNeJm5BqlCg2a98eYOYphGThgqidc91EuNnRBlOBZuWvVSzhNAxGbKepZJETPvZLPMUn1plgMNY2ScNnqm/NzISaT2JAjuZJ9SLXi7+5/VSE175GZdJapik80NhKrCJcV4AHnDFqBETSwhV3GbFdEQUocbWVLYluItfXibt87rr1N27i2rjuqijBMdwAjVw4RIacAtNaAGFBJ7hFd5Qil7QO/qYj66gYucI/gB9/gArk5Ea</latexit>

q(z|x)
<latexit sha1_base64="uApyO09SM/XQ7i69yuHc0XZ0D7M=">AAACAXicbZDLSsNAFIZPvNZ6i7oR3AwWoW5KIoIui25cVrAXaEOZTCft0MkkzkzEWuvGV3HjQhG3voU738ZJG0Fbfxj4+M85zDm/H3OmtON8WXPzC4tLy7mV/Ora+samvbVdU1EiCa2SiEey4WNFORO0qpnmtBFLikOf07rfP0/r9RsqFYvElR7E1AtxV7CAEayN1bZ3r4utEOueH6A7dI9++PawbReckjMWmgU3gwJkqrTtz1YnIklIhSYcK9V0nVh7Qyw1I5yO8q1E0RiTPu7SpkGBQ6q84fiCETowTgcFkTRPaDR2f08McajUIPRNZ7qhmq6l5n+1ZqKDU2/IRJxoKsjkoyDhSEcojQN1mKRE84EBTCQzuyLSwxITbULLmxDc6ZNnoXZUcp2Se3lcKJ9lceRgD/ahCC6cQBkuoAJVIPAAT/ACr9aj9Wy9We+T1jkrm9mBP7I+vgHxQpXn</latexit><latexit sha1_base64="uApyO09SM/XQ7i69yuHc0XZ0D7M=">AAACAXicbZDLSsNAFIZPvNZ6i7oR3AwWoW5KIoIui25cVrAXaEOZTCft0MkkzkzEWuvGV3HjQhG3voU738ZJG0Fbfxj4+M85zDm/H3OmtON8WXPzC4tLy7mV/Ora+samvbVdU1EiCa2SiEey4WNFORO0qpnmtBFLikOf07rfP0/r9RsqFYvElR7E1AtxV7CAEayN1bZ3r4utEOueH6A7dI9++PawbReckjMWmgU3gwJkqrTtz1YnIklIhSYcK9V0nVh7Qyw1I5yO8q1E0RiTPu7SpkGBQ6q84fiCETowTgcFkTRPaDR2f08McajUIPRNZ7qhmq6l5n+1ZqKDU2/IRJxoKsjkoyDhSEcojQN1mKRE84EBTCQzuyLSwxITbULLmxDc6ZNnoXZUcp2Se3lcKJ9lceRgD/ahCC6cQBkuoAJVIPAAT/ACr9aj9Wy9We+T1jkrm9mBP7I+vgHxQpXn</latexit><latexit sha1_base64="uApyO09SM/XQ7i69yuHc0XZ0D7M=">AAACAXicbZDLSsNAFIZPvNZ6i7oR3AwWoW5KIoIui25cVrAXaEOZTCft0MkkzkzEWuvGV3HjQhG3voU738ZJG0Fbfxj4+M85zDm/H3OmtON8WXPzC4tLy7mV/Ora+samvbVdU1EiCa2SiEey4WNFORO0qpnmtBFLikOf07rfP0/r9RsqFYvElR7E1AtxV7CAEayN1bZ3r4utEOueH6A7dI9++PawbReckjMWmgU3gwJkqrTtz1YnIklIhSYcK9V0nVh7Qyw1I5yO8q1E0RiTPu7SpkGBQ6q84fiCETowTgcFkTRPaDR2f08McajUIPRNZ7qhmq6l5n+1ZqKDU2/IRJxoKsjkoyDhSEcojQN1mKRE84EBTCQzuyLSwxITbULLmxDc6ZNnoXZUcp2Se3lcKJ9lceRgD/ahCC6cQBkuoAJVIPAAT/ACr9aj9Wy9We+T1jkrm9mBP7I+vgHxQpXn</latexit><latexit sha1_base64="uApyO09SM/XQ7i69yuHc0XZ0D7M=">AAACAXicbZDLSsNAFIZPvNZ6i7oR3AwWoW5KIoIui25cVrAXaEOZTCft0MkkzkzEWuvGV3HjQhG3voU738ZJG0Fbfxj4+M85zDm/H3OmtON8WXPzC4tLy7mV/Ora+samvbVdU1EiCa2SiEey4WNFORO0qpnmtBFLikOf07rfP0/r9RsqFYvElR7E1AtxV7CAEayN1bZ3r4utEOueH6A7dI9++PawbReckjMWmgU3gwJkqrTtz1YnIklIhSYcK9V0nVh7Qyw1I5yO8q1E0RiTPu7SpkGBQ6q84fiCETowTgcFkTRPaDR2f08McajUIPRNZ7qhmq6l5n+1ZqKDU2/IRJxoKsjkoyDhSEcojQN1mKRE84EBTCQzuyLSwxITbULLmxDc6ZNnoXZUcp2Se3lcKJ9lceRgD/ahCC6cQBkuoAJVIPAAT/ACr9aj9Wy9We+T1jkrm9mBP7I+vgHxQpXn</latexit>

Noisy channel

Echo
Noise

Gaussian
Noise

q(z)
<latexit sha1_base64="SWh8fvZHV8L7wc02qVZJ+1cbL5U=">AAAB83icbVDLSgMxFL3js9ZX1aWbYBHqpsyIoMuiG5cV7AM6Q8mkmTY0yYxJRqhDf8ONC0Xc+jPu/Bsz7Sy09UDgcM693JMTJpxp47rfzsrq2vrGZmmrvL2zu7dfOThs6zhVhLZIzGPVDbGmnEnaMsxw2k0UxSLktBOOb3K/80iVZrG8N5OEBgIPJYsYwcZK/kPNF9iMwgg9nfUrVbfuzoCWiVeQKhRo9itf/iAmqaDSEI617nluYoIMK8MIp9Oyn2qaYDLGQ9qzVGJBdZDNMk/RqVUGKIqVfdKgmfp7I8NC64kI7WSeUC96ufif10tNdBVkTCapoZLMD0UpRyZGeQFowBQlhk8swUQxmxWREVaYGFtT2ZbgLX55mbTP655b9+4uqo3roo4SHMMJ1MCDS2jALTShBQQSeIZXeHNS58V5dz7moytOsXMEf+B8/gAunZEc</latexit><latexit sha1_base64="SWh8fvZHV8L7wc02qVZJ+1cbL5U=">AAAB83icbVDLSgMxFL3js9ZX1aWbYBHqpsyIoMuiG5cV7AM6Q8mkmTY0yYxJRqhDf8ONC0Xc+jPu/Bsz7Sy09UDgcM693JMTJpxp47rfzsrq2vrGZmmrvL2zu7dfOThs6zhVhLZIzGPVDbGmnEnaMsxw2k0UxSLktBOOb3K/80iVZrG8N5OEBgIPJYsYwcZK/kPNF9iMwgg9nfUrVbfuzoCWiVeQKhRo9itf/iAmqaDSEI617nluYoIMK8MIp9Oyn2qaYDLGQ9qzVGJBdZDNMk/RqVUGKIqVfdKgmfp7I8NC64kI7WSeUC96ufif10tNdBVkTCapoZLMD0UpRyZGeQFowBQlhk8swUQxmxWREVaYGFtT2ZbgLX55mbTP655b9+4uqo3roo4SHMMJ1MCDS2jALTShBQQSeIZXeHNS58V5dz7moytOsXMEf+B8/gAunZEc</latexit><latexit sha1_base64="SWh8fvZHV8L7wc02qVZJ+1cbL5U=">AAAB83icbVDLSgMxFL3js9ZX1aWbYBHqpsyIoMuiG5cV7AM6Q8mkmTY0yYxJRqhDf8ONC0Xc+jPu/Bsz7Sy09UDgcM693JMTJpxp47rfzsrq2vrGZmmrvL2zu7dfOThs6zhVhLZIzGPVDbGmnEnaMsxw2k0UxSLktBOOb3K/80iVZrG8N5OEBgIPJYsYwcZK/kPNF9iMwgg9nfUrVbfuzoCWiVeQKhRo9itf/iAmqaDSEI617nluYoIMK8MIp9Oyn2qaYDLGQ9qzVGJBdZDNMk/RqVUGKIqVfdKgmfp7I8NC64kI7WSeUC96ufif10tNdBVkTCapoZLMD0UpRyZGeQFowBQlhk8swUQxmxWREVaYGFtT2ZbgLX55mbTP655b9+4uqo3roo4SHMMJ1MCDS2jALTShBQQSeIZXeHNS58V5dz7moytOsXMEf+B8/gAunZEc</latexit><latexit sha1_base64="SWh8fvZHV8L7wc02qVZJ+1cbL5U=">AAAB83icbVDLSgMxFL3js9ZX1aWbYBHqpsyIoMuiG5cV7AM6Q8mkmTY0yYxJRqhDf8ONC0Xc+jPu/Bsz7Sy09UDgcM693JMTJpxp47rfzsrq2vrGZmmrvL2zu7dfOThs6zhVhLZIzGPVDbGmnEnaMsxw2k0UxSLktBOOb3K/80iVZrG8N5OEBgIPJYsYwcZK/kPNF9iMwgg9nfUrVbfuzoCWiVeQKhRo9itf/iAmqaDSEI617nluYoIMK8MIp9Oyn2qaYDLGQ9qzVGJBdZDNMk/RqVUGKIqVfdKgmfp7I8NC64kI7WSeUC96ufif10tNdBVkTCapoZLMD0UpRyZGeQFowBQlhk8swUQxmxWREVaYGFtT2ZbgLX55mbTP655b9+4uqo3roo4SHMMJ1MCDS2jALTShBQQSeIZXeHNS58V5dz7moytOsXMEf+B8/gAunZEc</latexit>

Encoder distribution

I(Z;X) = 3 bits
<latexit sha1_base64="Gp2rws88UxFJYVH0peEDqMvePWM=">AAACAXicbVDLSgNBEJyNrxhfq14EL4NBiJewq4KCCEEveotgHpgsYXYySYbMY5mZFcMSL/6KFw+KePUvvPk3TpI9aGJBQ1HVTXdXGDGqjed9O5m5+YXFpexybmV1bX3D3dyqahkrTCpYMqnqIdKEUUEqhhpG6pEiiIeM1ML+5civ3ROlqRS3ZhCRgKOuoB2KkbFSy925LtydwfoBPIdHsMlD+ZDAkBo9bLl5r+iNAWeJn5I8SFFuuV/NtsQxJ8JghrRu+F5kggQpQzEjw1wz1iRCuI+6pGGpQJzoIBl/MIT7VmnDjlS2hIFj9fdEgrjWAx7aTo5MT097I/E/rxGbzmmQUBHFhgg8WdSJGTQSjuKAbaoINmxgCcKK2lsh7iGFsLGh5WwI/vTLs6R6WPS9on9znC9dpHFkwS7YAwXggxNQAlegDCoAg0fwDF7Bm/PkvDjvzsekNeOkM9vgD5zPH10AlO4=</latexit><latexit sha1_base64="Gp2rws88UxFJYVH0peEDqMvePWM=">AAACAXicbVDLSgNBEJyNrxhfq14EL4NBiJewq4KCCEEveotgHpgsYXYySYbMY5mZFcMSL/6KFw+KePUvvPk3TpI9aGJBQ1HVTXdXGDGqjed9O5m5+YXFpexybmV1bX3D3dyqahkrTCpYMqnqIdKEUUEqhhpG6pEiiIeM1ML+5civ3ROlqRS3ZhCRgKOuoB2KkbFSy925LtydwfoBPIdHsMlD+ZDAkBo9bLl5r+iNAWeJn5I8SFFuuV/NtsQxJ8JghrRu+F5kggQpQzEjw1wz1iRCuI+6pGGpQJzoIBl/MIT7VmnDjlS2hIFj9fdEgrjWAx7aTo5MT097I/E/rxGbzmmQUBHFhgg8WdSJGTQSjuKAbaoINmxgCcKK2lsh7iGFsLGh5WwI/vTLs6R6WPS9on9znC9dpHFkwS7YAwXggxNQAlegDCoAg0fwDF7Bm/PkvDjvzsekNeOkM9vgD5zPH10AlO4=</latexit><latexit sha1_base64="Gp2rws88UxFJYVH0peEDqMvePWM=">AAACAXicbVDLSgNBEJyNrxhfq14EL4NBiJewq4KCCEEveotgHpgsYXYySYbMY5mZFcMSL/6KFw+KePUvvPk3TpI9aGJBQ1HVTXdXGDGqjed9O5m5+YXFpexybmV1bX3D3dyqahkrTCpYMqnqIdKEUUEqhhpG6pEiiIeM1ML+5civ3ROlqRS3ZhCRgKOuoB2KkbFSy925LtydwfoBPIdHsMlD+ZDAkBo9bLl5r+iNAWeJn5I8SFFuuV/NtsQxJ8JghrRu+F5kggQpQzEjw1wz1iRCuI+6pGGpQJzoIBl/MIT7VmnDjlS2hIFj9fdEgrjWAx7aTo5MT097I/E/rxGbzmmQUBHFhgg8WdSJGTQSjuKAbaoINmxgCcKK2lsh7iGFsLGh5WwI/vTLs6R6WPS9on9znC9dpHFkwS7YAwXggxNQAlegDCoAg0fwDF7Bm/PkvDjvzsekNeOkM9vgD5zPH10AlO4=</latexit><latexit sha1_base64="Gp2rws88UxFJYVH0peEDqMvePWM=">AAACAXicbVDLSgNBEJyNrxhfq14EL4NBiJewq4KCCEEveotgHpgsYXYySYbMY5mZFcMSL/6KFw+KePUvvPk3TpI9aGJBQ1HVTXdXGDGqjed9O5m5+YXFpexybmV1bX3D3dyqahkrTCpYMqnqIdKEUUEqhhpG6pEiiIeM1ML+5civ3ROlqRS3ZhCRgKOuoB2KkbFSy925LtydwfoBPIdHsMlD+ZDAkBo9bLl5r+iNAWeJn5I8SFFuuV/NtsQxJ8JghrRu+F5kggQpQzEjw1wz1iRCuI+6pGGpQJzoIBl/MIT7VmnDjlS2hIFj9fdEgrjWAx7aTo5MT097I/E/rxGbzmmQUBHFhgg8WdSJGTQSjuKAbaoINmxgCcKK2lsh7iGFsLGh5WwI/vTLs6R6WPS9on9znC9dpHFkwS7YAwXggxNQAlegDCoAg0fwDF7Bm/PkvDjvzsekNeOkM9vgD5zPH10AlO4=</latexit>

I(Z;X)  3 bits
<latexit sha1_base64="3sTAvva5UF6O0WoigMynSTaSlHA=">AAACBHicbVC7SgNBFJ2Nrxhfq5ZpBoMQm7CrgoJN0Ea7COaB2SXMTmaTITM768ysGJYUNv6KjYUitn6EnX/jJNlCEw9cOJxzL/feE8SMKu0431ZuYXFpeSW/Wlhb39jcsrd3GkokEpM6FkzIVoAUYTQidU01I61YEsQDRprB4GLsN++JVFREN3oYE5+jXkRDipE2UscuXpVvz2DrAHqM3MEj6PFAPKQwoFqNOnbJqTgTwHniZqQEMtQ69pfXFTjhJNKYIaXarhNrP0VSU8zIqOAlisQID1CPtA2NECfKTydPjOC+UbowFNJUpOFE/T2RIq7UkAemkyPdV7PeWPzPayc6PPVTGsWJJhGeLgoTBrWA40Rgl0qCNRsagrCk5laI+0girE1uBROCO/vyPGkcVlyn4l4fl6rnWRx5UAR7oAxccAKq4BLUQB1g8AiewSt4s56sF+vd+pi25qxsZhf8gfX5AwAflm0=</latexit><latexit sha1_base64="3sTAvva5UF6O0WoigMynSTaSlHA=">AAACBHicbVC7SgNBFJ2Nrxhfq5ZpBoMQm7CrgoJN0Ea7COaB2SXMTmaTITM768ysGJYUNv6KjYUitn6EnX/jJNlCEw9cOJxzL/feE8SMKu0431ZuYXFpeSW/Wlhb39jcsrd3GkokEpM6FkzIVoAUYTQidU01I61YEsQDRprB4GLsN++JVFREN3oYE5+jXkRDipE2UscuXpVvz2DrAHqM3MEj6PFAPKQwoFqNOnbJqTgTwHniZqQEMtQ69pfXFTjhJNKYIaXarhNrP0VSU8zIqOAlisQID1CPtA2NECfKTydPjOC+UbowFNJUpOFE/T2RIq7UkAemkyPdV7PeWPzPayc6PPVTGsWJJhGeLgoTBrWA40Rgl0qCNRsagrCk5laI+0girE1uBROCO/vyPGkcVlyn4l4fl6rnWRx5UAR7oAxccAKq4BLUQB1g8AiewSt4s56sF+vd+pi25qxsZhf8gfX5AwAflm0=</latexit><latexit sha1_base64="3sTAvva5UF6O0WoigMynSTaSlHA=">AAACBHicbVC7SgNBFJ2Nrxhfq5ZpBoMQm7CrgoJN0Ea7COaB2SXMTmaTITM768ysGJYUNv6KjYUitn6EnX/jJNlCEw9cOJxzL/feE8SMKu0431ZuYXFpeSW/Wlhb39jcsrd3GkokEpM6FkzIVoAUYTQidU01I61YEsQDRprB4GLsN++JVFREN3oYE5+jXkRDipE2UscuXpVvz2DrAHqM3MEj6PFAPKQwoFqNOnbJqTgTwHniZqQEMtQ69pfXFTjhJNKYIaXarhNrP0VSU8zIqOAlisQID1CPtA2NECfKTydPjOC+UbowFNJUpOFE/T2RIq7UkAemkyPdV7PeWPzPayc6PPVTGsWJJhGeLgoTBrWA40Rgl0qCNRsagrCk5laI+0girE1uBROCO/vyPGkcVlyn4l4fl6rnWRx5UAR7oAxccAKq4BLUQB1g8AiewSt4s56sF+vd+pi25qxsZhf8gfX5AwAflm0=</latexit><latexit sha1_base64="3sTAvva5UF6O0WoigMynSTaSlHA=">AAACBHicbVC7SgNBFJ2Nrxhfq5ZpBoMQm7CrgoJN0Ea7COaB2SXMTmaTITM768ysGJYUNv6KjYUitn6EnX/jJNlCEw9cOJxzL/feE8SMKu0431ZuYXFpeSW/Wlhb39jcsrd3GkokEpM6FkzIVoAUYTQidU01I61YEsQDRprB4GLsN++JVFREN3oYE5+jXkRDipE2UscuXpVvz2DrAHqM3MEj6PFAPKQwoFqNOnbJqTgTwHniZqQEMtQ69pfXFTjhJNKYIaXarhNrP0VSU8zIqOAlisQID1CPtA2NECfKTydPjOC+UbowFNJUpOFE/T2RIq7UkAemkyPdV7PeWPzPayc6PPVTGsWJJhGeLgoTBrWA40Rgl0qCNRsagrCk5laI+0girE1uBROCO/vyPGkcVlyn4l4fl6rnWRx5UAR7oAxccAKq4BLUQB1g8AiewSt4s56sF+vd+pi25qxsZhf8gfX5AwAflm0=</latexit>

+

=

=

Input distribution

q(x)
<latexit sha1_base64="2WgeRWylqqkwyLD6JK8it3eUrVI=">AAAB83icbVDLSgMxFL3xWeur6tJNsAh1U2ZE0GXRjcsK9gGdoWTSTBuayYxJRixDf8ONC0Xc+jPu/Bsz7Sy09UDgcM693JMTJIJr4zjfaGV1bX1js7RV3t7Z3duvHBy2dZwqylo0FrHqBkQzwSVrGW4E6yaKkSgQrBOMb3K/88iU5rG8N5OE+REZSh5ySoyVvIeaFxEzCkL8dNavVJ26MwNeJm5BqlCg2a98eYOYphGThgqidc91EuNnRBlOBZuWvVSzhNAxGbKepZJETPvZLPMUn1plgMNY2ScNnqm/NzISaT2JAjuZJ9SLXi7+5/VSE175GZdJapik80NhKrCJcV4AHnDFqBETSwhV3GbFdEQUocbWVLYluItfXibt87rr1N27i2rjuqijBMdwAjVw4RIacAtNaAGFBJ7hFd5Qil7QO/qYj66gYucI/gB9/gArk5Ea</latexit><latexit sha1_base64="2WgeRWylqqkwyLD6JK8it3eUrVI=">AAAB83icbVDLSgMxFL3xWeur6tJNsAh1U2ZE0GXRjcsK9gGdoWTSTBuayYxJRixDf8ONC0Xc+jPu/Bsz7Sy09UDgcM693JMTJIJr4zjfaGV1bX1js7RV3t7Z3duvHBy2dZwqylo0FrHqBkQzwSVrGW4E6yaKkSgQrBOMb3K/88iU5rG8N5OE+REZSh5ySoyVvIeaFxEzCkL8dNavVJ26MwNeJm5BqlCg2a98eYOYphGThgqidc91EuNnRBlOBZuWvVSzhNAxGbKepZJETPvZLPMUn1plgMNY2ScNnqm/NzISaT2JAjuZJ9SLXi7+5/VSE175GZdJapik80NhKrCJcV4AHnDFqBETSwhV3GbFdEQUocbWVLYluItfXibt87rr1N27i2rjuqijBMdwAjVw4RIacAtNaAGFBJ7hFd5Qil7QO/qYj66gYucI/gB9/gArk5Ea</latexit><latexit sha1_base64="2WgeRWylqqkwyLD6JK8it3eUrVI=">AAAB83icbVDLSgMxFL3xWeur6tJNsAh1U2ZE0GXRjcsK9gGdoWTSTBuayYxJRixDf8ONC0Xc+jPu/Bsz7Sy09UDgcM693JMTJIJr4zjfaGV1bX1js7RV3t7Z3duvHBy2dZwqylo0FrHqBkQzwSVrGW4E6yaKkSgQrBOMb3K/88iU5rG8N5OE+REZSh5ySoyVvIeaFxEzCkL8dNavVJ26MwNeJm5BqlCg2a98eYOYphGThgqidc91EuNnRBlOBZuWvVSzhNAxGbKepZJETPvZLPMUn1plgMNY2ScNnqm/NzISaT2JAjuZJ9SLXi7+5/VSE175GZdJapik80NhKrCJcV4AHnDFqBETSwhV3GbFdEQUocbWVLYluItfXibt87rr1N27i2rjuqijBMdwAjVw4RIacAtNaAGFBJ7hFd5Qil7QO/qYj66gYucI/gB9/gArk5Ea</latexit><latexit sha1_base64="2WgeRWylqqkwyLD6JK8it3eUrVI=">AAAB83icbVDLSgMxFL3xWeur6tJNsAh1U2ZE0GXRjcsK9gGdoWTSTBuayYxJRixDf8ONC0Xc+jPu/Bsz7Sy09UDgcM693JMTJIJr4zjfaGV1bX1js7RV3t7Z3duvHBy2dZwqylo0FrHqBkQzwSVrGW4E6yaKkSgQrBOMb3K/88iU5rG8N5OE+REZSh5ySoyVvIeaFxEzCkL8dNavVJ26MwNeJm5BqlCg2a98eYOYphGThgqidc91EuNnRBlOBZuWvVSzhNAxGbKepZJETPvZLPMUn1plgMNY2ScNnqm/NzISaT2JAjuZJ9SLXi7+5/VSE175GZdJapik80NhKrCJcV4AHnDFqBETSwhV3GbFdEQUocbWVLYluItfXibt87rr1N27i2rjuqijBMdwAjVw4RIacAtNaAGFBJ7hFd5Qil7QO/qYj66gYucI/gB9/gArk5Ea</latexit>

q(z|x)
<latexit sha1_base64="uApyO09SM/XQ7i69yuHc0XZ0D7M=">AAACAXicbZDLSsNAFIZPvNZ6i7oR3AwWoW5KIoIui25cVrAXaEOZTCft0MkkzkzEWuvGV3HjQhG3voU738ZJG0Fbfxj4+M85zDm/H3OmtON8WXPzC4tLy7mV/Ora+samvbVdU1EiCa2SiEey4WNFORO0qpnmtBFLikOf07rfP0/r9RsqFYvElR7E1AtxV7CAEayN1bZ3r4utEOueH6A7dI9++PawbReckjMWmgU3gwJkqrTtz1YnIklIhSYcK9V0nVh7Qyw1I5yO8q1E0RiTPu7SpkGBQ6q84fiCETowTgcFkTRPaDR2f08McajUIPRNZ7qhmq6l5n+1ZqKDU2/IRJxoKsjkoyDhSEcojQN1mKRE84EBTCQzuyLSwxITbULLmxDc6ZNnoXZUcp2Se3lcKJ9lceRgD/ahCC6cQBkuoAJVIPAAT/ACr9aj9Wy9We+T1jkrm9mBP7I+vgHxQpXn</latexit><latexit sha1_base64="uApyO09SM/XQ7i69yuHc0XZ0D7M=">AAACAXicbZDLSsNAFIZPvNZ6i7oR3AwWoW5KIoIui25cVrAXaEOZTCft0MkkzkzEWuvGV3HjQhG3voU738ZJG0Fbfxj4+M85zDm/H3OmtON8WXPzC4tLy7mV/Ora+samvbVdU1EiCa2SiEey4WNFORO0qpnmtBFLikOf07rfP0/r9RsqFYvElR7E1AtxV7CAEayN1bZ3r4utEOueH6A7dI9++PawbReckjMWmgU3gwJkqrTtz1YnIklIhSYcK9V0nVh7Qyw1I5yO8q1E0RiTPu7SpkGBQ6q84fiCETowTgcFkTRPaDR2f08McajUIPRNZ7qhmq6l5n+1ZqKDU2/IRJxoKsjkoyDhSEcojQN1mKRE84EBTCQzuyLSwxITbULLmxDc6ZNnoXZUcp2Se3lcKJ9lceRgD/ahCC6cQBkuoAJVIPAAT/ACr9aj9Wy9We+T1jkrm9mBP7I+vgHxQpXn</latexit><latexit sha1_base64="uApyO09SM/XQ7i69yuHc0XZ0D7M=">AAACAXicbZDLSsNAFIZPvNZ6i7oR3AwWoW5KIoIui25cVrAXaEOZTCft0MkkzkzEWuvGV3HjQhG3voU738ZJG0Fbfxj4+M85zDm/H3OmtON8WXPzC4tLy7mV/Ora+samvbVdU1EiCa2SiEey4WNFORO0qpnmtBFLikOf07rfP0/r9RsqFYvElR7E1AtxV7CAEayN1bZ3r4utEOueH6A7dI9++PawbReckjMWmgU3gwJkqrTtz1YnIklIhSYcK9V0nVh7Qyw1I5yO8q1E0RiTPu7SpkGBQ6q84fiCETowTgcFkTRPaDR2f08McajUIPRNZ7qhmq6l5n+1ZqKDU2/IRJxoKsjkoyDhSEcojQN1mKRE84EBTCQzuyLSwxITbULLmxDc6ZNnoXZUcp2Se3lcKJ9lceRgD/ahCC6cQBkuoAJVIPAAT/ACr9aj9Wy9We+T1jkrm9mBP7I+vgHxQpXn</latexit><latexit sha1_base64="uApyO09SM/XQ7i69yuHc0XZ0D7M=">AAACAXicbZDLSsNAFIZPvNZ6i7oR3AwWoW5KIoIui25cVrAXaEOZTCft0MkkzkzEWuvGV3HjQhG3voU738ZJG0Fbfxj4+M85zDm/H3OmtON8WXPzC4tLy7mV/Ora+samvbVdU1EiCa2SiEey4WNFORO0qpnmtBFLikOf07rfP0/r9RsqFYvElR7E1AtxV7CAEayN1bZ3r4utEOueH6A7dI9++PawbReckjMWmgU3gwJkqrTtz1YnIklIhSYcK9V0nVh7Qyw1I5yO8q1E0RiTPu7SpkGBQ6q84fiCETowTgcFkTRPaDR2f08McajUIPRNZ7qhmq6l5n+1ZqKDU2/IRJxoKsjkoyDhSEcojQN1mKRE84EBTCQzuyLSwxITbULLmxDc6ZNnoXZUcp2Se3lcKJ9lceRgD/ahCC6cQBkuoAJVIPAAT/ACr9aj9Wy9We+T1jkrm9mBP7I+vgHxQpXn</latexit>

Noisy channel

Echo
Noise

Gaussian
Noise

q(z)
<latexit sha1_base64="SWh8fvZHV8L7wc02qVZJ+1cbL5U=">AAAB83icbVDLSgMxFL3js9ZX1aWbYBHqpsyIoMuiG5cV7AM6Q8mkmTY0yYxJRqhDf8ONC0Xc+jPu/Bsz7Sy09UDgcM693JMTJpxp47rfzsrq2vrGZmmrvL2zu7dfOThs6zhVhLZIzGPVDbGmnEnaMsxw2k0UxSLktBOOb3K/80iVZrG8N5OEBgIPJYsYwcZK/kPNF9iMwgg9nfUrVbfuzoCWiVeQKhRo9itf/iAmqaDSEI617nluYoIMK8MIp9Oyn2qaYDLGQ9qzVGJBdZDNMk/RqVUGKIqVfdKgmfp7I8NC64kI7WSeUC96ufif10tNdBVkTCapoZLMD0UpRyZGeQFowBQlhk8swUQxmxWREVaYGFtT2ZbgLX55mbTP655b9+4uqo3roo4SHMMJ1MCDS2jALTShBQQSeIZXeHNS58V5dz7moytOsXMEf+B8/gAunZEc</latexit><latexit sha1_base64="SWh8fvZHV8L7wc02qVZJ+1cbL5U=">AAAB83icbVDLSgMxFL3js9ZX1aWbYBHqpsyIoMuiG5cV7AM6Q8mkmTY0yYxJRqhDf8ONC0Xc+jPu/Bsz7Sy09UDgcM693JMTJpxp47rfzsrq2vrGZmmrvL2zu7dfOThs6zhVhLZIzGPVDbGmnEnaMsxw2k0UxSLktBOOb3K/80iVZrG8N5OEBgIPJYsYwcZK/kPNF9iMwgg9nfUrVbfuzoCWiVeQKhRo9itf/iAmqaDSEI617nluYoIMK8MIp9Oyn2qaYDLGQ9qzVGJBdZDNMk/RqVUGKIqVfdKgmfp7I8NC64kI7WSeUC96ufif10tNdBVkTCapoZLMD0UpRyZGeQFowBQlhk8swUQxmxWREVaYGFtT2ZbgLX55mbTP655b9+4uqo3roo4SHMMJ1MCDS2jALTShBQQSeIZXeHNS58V5dz7moytOsXMEf+B8/gAunZEc</latexit><latexit sha1_base64="SWh8fvZHV8L7wc02qVZJ+1cbL5U=">AAAB83icbVDLSgMxFL3js9ZX1aWbYBHqpsyIoMuiG5cV7AM6Q8mkmTY0yYxJRqhDf8ONC0Xc+jPu/Bsz7Sy09UDgcM693JMTJpxp47rfzsrq2vrGZmmrvL2zu7dfOThs6zhVhLZIzGPVDbGmnEnaMsxw2k0UxSLktBOOb3K/80iVZrG8N5OEBgIPJYsYwcZK/kPNF9iMwgg9nfUrVbfuzoCWiVeQKhRo9itf/iAmqaDSEI617nluYoIMK8MIp9Oyn2qaYDLGQ9qzVGJBdZDNMk/RqVUGKIqVfdKgmfp7I8NC64kI7WSeUC96ufif10tNdBVkTCapoZLMD0UpRyZGeQFowBQlhk8swUQxmxWREVaYGFtT2ZbgLX55mbTP655b9+4uqo3roo4SHMMJ1MCDS2jALTShBQQSeIZXeHNS58V5dz7moytOsXMEf+B8/gAunZEc</latexit><latexit sha1_base64="SWh8fvZHV8L7wc02qVZJ+1cbL5U=">AAAB83icbVDLSgMxFL3js9ZX1aWbYBHqpsyIoMuiG5cV7AM6Q8mkmTY0yYxJRqhDf8ONC0Xc+jPu/Bsz7Sy09UDgcM693JMTJpxp47rfzsrq2vrGZmmrvL2zu7dfOThs6zhVhLZIzGPVDbGmnEnaMsxw2k0UxSLktBOOb3K/80iVZrG8N5OEBgIPJYsYwcZK/kPNF9iMwgg9nfUrVbfuzoCWiVeQKhRo9itf/iAmqaDSEI617nluYoIMK8MIp9Oyn2qaYDLGQ9qzVGJBdZDNMk/RqVUGKIqVfdKgmfp7I8NC64kI7WSeUC96ufif10tNdBVkTCapoZLMD0UpRyZGeQFowBQlhk8swUQxmxWREVaYGFtT2ZbgLX55mbTP655b9+4uqo3roo4SHMMJ1MCDS2jALTShBQQSeIZXeHNS58V5dz7moytOsXMEf+B8/gAunZEc</latexit>

Encoder distribution

I(Z;X) = 3 bits
<latexit sha1_base64="Gp2rws88UxFJYVH0peEDqMvePWM=">AAACAXicbVDLSgNBEJyNrxhfq14EL4NBiJewq4KCCEEveotgHpgsYXYySYbMY5mZFcMSL/6KFw+KePUvvPk3TpI9aGJBQ1HVTXdXGDGqjed9O5m5+YXFpexybmV1bX3D3dyqahkrTCpYMqnqIdKEUUEqhhpG6pEiiIeM1ML+5civ3ROlqRS3ZhCRgKOuoB2KkbFSy925LtydwfoBPIdHsMlD+ZDAkBo9bLl5r+iNAWeJn5I8SFFuuV/NtsQxJ8JghrRu+F5kggQpQzEjw1wz1iRCuI+6pGGpQJzoIBl/MIT7VmnDjlS2hIFj9fdEgrjWAx7aTo5MT097I/E/rxGbzmmQUBHFhgg8WdSJGTQSjuKAbaoINmxgCcKK2lsh7iGFsLGh5WwI/vTLs6R6WPS9on9znC9dpHFkwS7YAwXggxNQAlegDCoAg0fwDF7Bm/PkvDjvzsekNeOkM9vgD5zPH10AlO4=</latexit><latexit sha1_base64="Gp2rws88UxFJYVH0peEDqMvePWM=">AAACAXicbVDLSgNBEJyNrxhfq14EL4NBiJewq4KCCEEveotgHpgsYXYySYbMY5mZFcMSL/6KFw+KePUvvPk3TpI9aGJBQ1HVTXdXGDGqjed9O5m5+YXFpexybmV1bX3D3dyqahkrTCpYMqnqIdKEUUEqhhpG6pEiiIeM1ML+5civ3ROlqRS3ZhCRgKOuoB2KkbFSy925LtydwfoBPIdHsMlD+ZDAkBo9bLl5r+iNAWeJn5I8SFFuuV/NtsQxJ8JghrRu+F5kggQpQzEjw1wz1iRCuI+6pGGpQJzoIBl/MIT7VmnDjlS2hIFj9fdEgrjWAx7aTo5MT097I/E/rxGbzmmQUBHFhgg8WdSJGTQSjuKAbaoINmxgCcKK2lsh7iGFsLGh5WwI/vTLs6R6WPS9on9znC9dpHFkwS7YAwXggxNQAlegDCoAg0fwDF7Bm/PkvDjvzsekNeOkM9vgD5zPH10AlO4=</latexit><latexit sha1_base64="Gp2rws88UxFJYVH0peEDqMvePWM=">AAACAXicbVDLSgNBEJyNrxhfq14EL4NBiJewq4KCCEEveotgHpgsYXYySYbMY5mZFcMSL/6KFw+KePUvvPk3TpI9aGJBQ1HVTXdXGDGqjed9O5m5+YXFpexybmV1bX3D3dyqahkrTCpYMqnqIdKEUUEqhhpG6pEiiIeM1ML+5civ3ROlqRS3ZhCRgKOuoB2KkbFSy925LtydwfoBPIdHsMlD+ZDAkBo9bLl5r+iNAWeJn5I8SFFuuV/NtsQxJ8JghrRu+F5kggQpQzEjw1wz1iRCuI+6pGGpQJzoIBl/MIT7VmnDjlS2hIFj9fdEgrjWAx7aTo5MT097I/E/rxGbzmmQUBHFhgg8WdSJGTQSjuKAbaoINmxgCcKK2lsh7iGFsLGh5WwI/vTLs6R6WPS9on9znC9dpHFkwS7YAwXggxNQAlegDCoAg0fwDF7Bm/PkvDjvzsekNeOkM9vgD5zPH10AlO4=</latexit><latexit sha1_base64="Gp2rws88UxFJYVH0peEDqMvePWM=">AAACAXicbVDLSgNBEJyNrxhfq14EL4NBiJewq4KCCEEveotgHpgsYXYySYbMY5mZFcMSL/6KFw+KePUvvPk3TpI9aGJBQ1HVTXdXGDGqjed9O5m5+YXFpexybmV1bX3D3dyqahkrTCpYMqnqIdKEUUEqhhpG6pEiiIeM1ML+5civ3ROlqRS3ZhCRgKOuoB2KkbFSy925LtydwfoBPIdHsMlD+ZDAkBo9bLl5r+iNAWeJn5I8SFFuuV/NtsQxJ8JghrRu+F5kggQpQzEjw1wz1iRCuI+6pGGpQJzoIBl/MIT7VmnDjlS2hIFj9fdEgrjWAx7aTo5MT097I/E/rxGbzmmQUBHFhgg8WdSJGTQSjuKAbaoINmxgCcKK2lsh7iGFsLGh5WwI/vTLs6R6WPS9on9znC9dpHFkwS7YAwXggxNQAlegDCoAg0fwDF7Bm/PkvDjvzsekNeOkM9vgD5zPH10AlO4=</latexit>

I(Z;X)  3 bits
<latexit sha1_base64="3sTAvva5UF6O0WoigMynSTaSlHA=">AAACBHicbVC7SgNBFJ2Nrxhfq5ZpBoMQm7CrgoJN0Ea7COaB2SXMTmaTITM768ysGJYUNv6KjYUitn6EnX/jJNlCEw9cOJxzL/feE8SMKu0431ZuYXFpeSW/Wlhb39jcsrd3GkokEpM6FkzIVoAUYTQidU01I61YEsQDRprB4GLsN++JVFREN3oYE5+jXkRDipE2UscuXpVvz2DrAHqM3MEj6PFAPKQwoFqNOnbJqTgTwHniZqQEMtQ69pfXFTjhJNKYIaXarhNrP0VSU8zIqOAlisQID1CPtA2NECfKTydPjOC+UbowFNJUpOFE/T2RIq7UkAemkyPdV7PeWPzPayc6PPVTGsWJJhGeLgoTBrWA40Rgl0qCNRsagrCk5laI+0girE1uBROCO/vyPGkcVlyn4l4fl6rnWRx5UAR7oAxccAKq4BLUQB1g8AiewSt4s56sF+vd+pi25qxsZhf8gfX5AwAflm0=</latexit><latexit sha1_base64="3sTAvva5UF6O0WoigMynSTaSlHA=">AAACBHicbVC7SgNBFJ2Nrxhfq5ZpBoMQm7CrgoJN0Ea7COaB2SXMTmaTITM768ysGJYUNv6KjYUitn6EnX/jJNlCEw9cOJxzL/feE8SMKu0431ZuYXFpeSW/Wlhb39jcsrd3GkokEpM6FkzIVoAUYTQidU01I61YEsQDRprB4GLsN++JVFREN3oYE5+jXkRDipE2UscuXpVvz2DrAHqM3MEj6PFAPKQwoFqNOnbJqTgTwHniZqQEMtQ69pfXFTjhJNKYIaXarhNrP0VSU8zIqOAlisQID1CPtA2NECfKTydPjOC+UbowFNJUpOFE/T2RIq7UkAemkyPdV7PeWPzPayc6PPVTGsWJJhGeLgoTBrWA40Rgl0qCNRsagrCk5laI+0girE1uBROCO/vyPGkcVlyn4l4fl6rnWRx5UAR7oAxccAKq4BLUQB1g8AiewSt4s56sF+vd+pi25qxsZhf8gfX5AwAflm0=</latexit><latexit sha1_base64="3sTAvva5UF6O0WoigMynSTaSlHA=">AAACBHicbVC7SgNBFJ2Nrxhfq5ZpBoMQm7CrgoJN0Ea7COaB2SXMTmaTITM768ysGJYUNv6KjYUitn6EnX/jJNlCEw9cOJxzL/feE8SMKu0431ZuYXFpeSW/Wlhb39jcsrd3GkokEpM6FkzIVoAUYTQidU01I61YEsQDRprB4GLsN++JVFREN3oYE5+jXkRDipE2UscuXpVvz2DrAHqM3MEj6PFAPKQwoFqNOnbJqTgTwHniZqQEMtQ69pfXFTjhJNKYIaXarhNrP0VSU8zIqOAlisQID1CPtA2NECfKTydPjOC+UbowFNJUpOFE/T2RIq7UkAemkyPdV7PeWPzPayc6PPVTGsWJJhGeLgoTBrWA40Rgl0qCNRsagrCk5laI+0girE1uBROCO/vyPGkcVlyn4l4fl6rnWRx5UAR7oAxccAKq4BLUQB1g8AiewSt4s56sF+vd+pi25qxsZhf8gfX5AwAflm0=</latexit><latexit sha1_base64="3sTAvva5UF6O0WoigMynSTaSlHA=">AAACBHicbVC7SgNBFJ2Nrxhfq5ZpBoMQm7CrgoJN0Ea7COaB2SXMTmaTITM768ysGJYUNv6KjYUitn6EnX/jJNlCEw9cOJxzL/feE8SMKu0431ZuYXFpeSW/Wlhb39jcsrd3GkokEpM6FkzIVoAUYTQidU01I61YEsQDRprB4GLsN++JVFREN3oYE5+jXkRDipE2UscuXpVvz2DrAHqM3MEj6PFAPKQwoFqNOnbJqTgTwHniZqQEMtQ69pfXFTjhJNKYIaXarhNrP0VSU8zIqOAlisQID1CPtA2NECfKTydPjOC+UbowFNJUpOFE/T2RIq7UkAemkyPdV7PeWPzPayc6PPVTGsWJJhGeLgoTBrWA40Rgl0qCNRsagrCk5laI+0girE1uBROCO/vyPGkcVlyn4l4fl6rnWRx5UAR7oAxccAKq4BLUQB1g8AiewSt4s56sF+vd+pi25qxsZhf8gfX5AwAflm0=</latexit>

+

=

=

Input distribution

q(x)
<latexit sha1_base64="2WgeRWylqqkwyLD6JK8it3eUrVI=">AAAB83icbVDLSgMxFL3xWeur6tJNsAh1U2ZE0GXRjcsK9gGdoWTSTBuayYxJRixDf8ONC0Xc+jPu/Bsz7Sy09UDgcM693JMTJIJr4zjfaGV1bX1js7RV3t7Z3duvHBy2dZwqylo0FrHqBkQzwSVrGW4E6yaKkSgQrBOMb3K/88iU5rG8N5OE+REZSh5ySoyVvIeaFxEzCkL8dNavVJ26MwNeJm5BqlCg2a98eYOYphGThgqidc91EuNnRBlOBZuWvVSzhNAxGbKepZJETPvZLPMUn1plgMNY2ScNnqm/NzISaT2JAjuZJ9SLXi7+5/VSE175GZdJapik80NhKrCJcV4AHnDFqBETSwhV3GbFdEQUocbWVLYluItfXibt87rr1N27i2rjuqijBMdwAjVw4RIacAtNaAGFBJ7hFd5Qil7QO/qYj66gYucI/gB9/gArk5Ea</latexit><latexit sha1_base64="2WgeRWylqqkwyLD6JK8it3eUrVI=">AAAB83icbVDLSgMxFL3xWeur6tJNsAh1U2ZE0GXRjcsK9gGdoWTSTBuayYxJRixDf8ONC0Xc+jPu/Bsz7Sy09UDgcM693JMTJIJr4zjfaGV1bX1js7RV3t7Z3duvHBy2dZwqylo0FrHqBkQzwSVrGW4E6yaKkSgQrBOMb3K/88iU5rG8N5OE+REZSh5ySoyVvIeaFxEzCkL8dNavVJ26MwNeJm5BqlCg2a98eYOYphGThgqidc91EuNnRBlOBZuWvVSzhNAxGbKepZJETPvZLPMUn1plgMNY2ScNnqm/NzISaT2JAjuZJ9SLXi7+5/VSE175GZdJapik80NhKrCJcV4AHnDFqBETSwhV3GbFdEQUocbWVLYluItfXibt87rr1N27i2rjuqijBMdwAjVw4RIacAtNaAGFBJ7hFd5Qil7QO/qYj66gYucI/gB9/gArk5Ea</latexit><latexit sha1_base64="2WgeRWylqqkwyLD6JK8it3eUrVI=">AAAB83icbVDLSgMxFL3xWeur6tJNsAh1U2ZE0GXRjcsK9gGdoWTSTBuayYxJRixDf8ONC0Xc+jPu/Bsz7Sy09UDgcM693JMTJIJr4zjfaGV1bX1js7RV3t7Z3duvHBy2dZwqylo0FrHqBkQzwSVrGW4E6yaKkSgQrBOMb3K/88iU5rG8N5OE+REZSh5ySoyVvIeaFxEzCkL8dNavVJ26MwNeJm5BqlCg2a98eYOYphGThgqidc91EuNnRBlOBZuWvVSzhNAxGbKepZJETPvZLPMUn1plgMNY2ScNnqm/NzISaT2JAjuZJ9SLXi7+5/VSE175GZdJapik80NhKrCJcV4AHnDFqBETSwhV3GbFdEQUocbWVLYluItfXibt87rr1N27i2rjuqijBMdwAjVw4RIacAtNaAGFBJ7hFd5Qil7QO/qYj66gYucI/gB9/gArk5Ea</latexit><latexit sha1_base64="2WgeRWylqqkwyLD6JK8it3eUrVI=">AAAB83icbVDLSgMxFL3xWeur6tJNsAh1U2ZE0GXRjcsK9gGdoWTSTBuayYxJRixDf8ONC0Xc+jPu/Bsz7Sy09UDgcM693JMTJIJr4zjfaGV1bX1js7RV3t7Z3duvHBy2dZwqylo0FrHqBkQzwSVrGW4E6yaKkSgQrBOMb3K/88iU5rG8N5OE+REZSh5ySoyVvIeaFxEzCkL8dNavVJ26MwNeJm5BqlCg2a98eYOYphGThgqidc91EuNnRBlOBZuWvVSzhNAxGbKepZJETPvZLPMUn1plgMNY2ScNnqm/NzISaT2JAjuZJ9SLXi7+5/VSE175GZdJapik80NhKrCJcV4AHnDFqBETSwhV3GbFdEQUocbWVLYluItfXibt87rr1N27i2rjuqijBMdwAjVw4RIacAtNaAGFBJ7hFd5Qil7QO/qYj66gYucI/gB9/gArk5Ea</latexit>

q(z|x)
<latexit sha1_base64="uApyO09SM/XQ7i69yuHc0XZ0D7M=">AAACAXicbZDLSsNAFIZPvNZ6i7oR3AwWoW5KIoIui25cVrAXaEOZTCft0MkkzkzEWuvGV3HjQhG3voU738ZJG0Fbfxj4+M85zDm/H3OmtON8WXPzC4tLy7mV/Ora+samvbVdU1EiCa2SiEey4WNFORO0qpnmtBFLikOf07rfP0/r9RsqFYvElR7E1AtxV7CAEayN1bZ3r4utEOueH6A7dI9++PawbReckjMWmgU3gwJkqrTtz1YnIklIhSYcK9V0nVh7Qyw1I5yO8q1E0RiTPu7SpkGBQ6q84fiCETowTgcFkTRPaDR2f08McajUIPRNZ7qhmq6l5n+1ZqKDU2/IRJxoKsjkoyDhSEcojQN1mKRE84EBTCQzuyLSwxITbULLmxDc6ZNnoXZUcp2Se3lcKJ9lceRgD/ahCC6cQBkuoAJVIPAAT/ACr9aj9Wy9We+T1jkrm9mBP7I+vgHxQpXn</latexit><latexit sha1_base64="uApyO09SM/XQ7i69yuHc0XZ0D7M=">AAACAXicbZDLSsNAFIZPvNZ6i7oR3AwWoW5KIoIui25cVrAXaEOZTCft0MkkzkzEWuvGV3HjQhG3voU738ZJG0Fbfxj4+M85zDm/H3OmtON8WXPzC4tLy7mV/Ora+samvbVdU1EiCa2SiEey4WNFORO0qpnmtBFLikOf07rfP0/r9RsqFYvElR7E1AtxV7CAEayN1bZ3r4utEOueH6A7dI9++PawbReckjMWmgU3gwJkqrTtz1YnIklIhSYcK9V0nVh7Qyw1I5yO8q1E0RiTPu7SpkGBQ6q84fiCETowTgcFkTRPaDR2f08McajUIPRNZ7qhmq6l5n+1ZqKDU2/IRJxoKsjkoyDhSEcojQN1mKRE84EBTCQzuyLSwxITbULLmxDc6ZNnoXZUcp2Se3lcKJ9lceRgD/ahCC6cQBkuoAJVIPAAT/ACr9aj9Wy9We+T1jkrm9mBP7I+vgHxQpXn</latexit><latexit sha1_base64="uApyO09SM/XQ7i69yuHc0XZ0D7M=">AAACAXicbZDLSsNAFIZPvNZ6i7oR3AwWoW5KIoIui25cVrAXaEOZTCft0MkkzkzEWuvGV3HjQhG3voU738ZJG0Fbfxj4+M85zDm/H3OmtON8WXPzC4tLy7mV/Ora+samvbVdU1EiCa2SiEey4WNFORO0qpnmtBFLikOf07rfP0/r9RsqFYvElR7E1AtxV7CAEayN1bZ3r4utEOueH6A7dI9++PawbReckjMWmgU3gwJkqrTtz1YnIklIhSYcK9V0nVh7Qyw1I5yO8q1E0RiTPu7SpkGBQ6q84fiCETowTgcFkTRPaDR2f08McajUIPRNZ7qhmq6l5n+1ZqKDU2/IRJxoKsjkoyDhSEcojQN1mKRE84EBTCQzuyLSwxITbULLmxDc6ZNnoXZUcp2Se3lcKJ9lceRgD/ahCC6cQBkuoAJVIPAAT/ACr9aj9Wy9We+T1jkrm9mBP7I+vgHxQpXn</latexit><latexit sha1_base64="uApyO09SM/XQ7i69yuHc0XZ0D7M=">AAACAXicbZDLSsNAFIZPvNZ6i7oR3AwWoW5KIoIui25cVrAXaEOZTCft0MkkzkzEWuvGV3HjQhG3voU738ZJG0Fbfxj4+M85zDm/H3OmtON8WXPzC4tLy7mV/Ora+samvbVdU1EiCa2SiEey4WNFORO0qpnmtBFLikOf07rfP0/r9RsqFYvElR7E1AtxV7CAEayN1bZ3r4utEOueH6A7dI9++PawbReckjMWmgU3gwJkqrTtz1YnIklIhSYcK9V0nVh7Qyw1I5yO8q1E0RiTPu7SpkGBQ6q84fiCETowTgcFkTRPaDR2f08McajUIPRNZ7qhmq6l5n+1ZqKDU2/IRJxoKsjkoyDhSEcojQN1mKRE84EBTCQzuyLSwxITbULLmxDc6ZNnoXZUcp2Se3lcKJ9lceRgD/ahCC6cQBkuoAJVIPAAT/ACr9aj9Wy9We+T1jkrm9mBP7I+vgHxQpXn</latexit>

Noisy channel

Echo
Noise

Gaussian
Noise

q(z)
<latexit sha1_base64="SWh8fvZHV8L7wc02qVZJ+1cbL5U=">AAAB83icbVDLSgMxFL3js9ZX1aWbYBHqpsyIoMuiG5cV7AM6Q8mkmTY0yYxJRqhDf8ONC0Xc+jPu/Bsz7Sy09UDgcM693JMTJpxp47rfzsrq2vrGZmmrvL2zu7dfOThs6zhVhLZIzGPVDbGmnEnaMsxw2k0UxSLktBOOb3K/80iVZrG8N5OEBgIPJYsYwcZK/kPNF9iMwgg9nfUrVbfuzoCWiVeQKhRo9itf/iAmqaDSEI617nluYoIMK8MIp9Oyn2qaYDLGQ9qzVGJBdZDNMk/RqVUGKIqVfdKgmfp7I8NC64kI7WSeUC96ufif10tNdBVkTCapoZLMD0UpRyZGeQFowBQlhk8swUQxmxWREVaYGFtT2ZbgLX55mbTP655b9+4uqo3roo4SHMMJ1MCDS2jALTShBQQSeIZXeHNS58V5dz7moytOsXMEf+B8/gAunZEc</latexit><latexit sha1_base64="SWh8fvZHV8L7wc02qVZJ+1cbL5U=">AAAB83icbVDLSgMxFL3js9ZX1aWbYBHqpsyIoMuiG5cV7AM6Q8mkmTY0yYxJRqhDf8ONC0Xc+jPu/Bsz7Sy09UDgcM693JMTJpxp47rfzsrq2vrGZmmrvL2zu7dfOThs6zhVhLZIzGPVDbGmnEnaMsxw2k0UxSLktBOOb3K/80iVZrG8N5OEBgIPJYsYwcZK/kPNF9iMwgg9nfUrVbfuzoCWiVeQKhRo9itf/iAmqaDSEI617nluYoIMK8MIp9Oyn2qaYDLGQ9qzVGJBdZDNMk/RqVUGKIqVfdKgmfp7I8NC64kI7WSeUC96ufif10tNdBVkTCapoZLMD0UpRyZGeQFowBQlhk8swUQxmxWREVaYGFtT2ZbgLX55mbTP655b9+4uqo3roo4SHMMJ1MCDS2jALTShBQQSeIZXeHNS58V5dz7moytOsXMEf+B8/gAunZEc</latexit><latexit sha1_base64="SWh8fvZHV8L7wc02qVZJ+1cbL5U=">AAAB83icbVDLSgMxFL3js9ZX1aWbYBHqpsyIoMuiG5cV7AM6Q8mkmTY0yYxJRqhDf8ONC0Xc+jPu/Bsz7Sy09UDgcM693JMTJpxp47rfzsrq2vrGZmmrvL2zu7dfOThs6zhVhLZIzGPVDbGmnEnaMsxw2k0UxSLktBOOb3K/80iVZrG8N5OEBgIPJYsYwcZK/kPNF9iMwgg9nfUrVbfuzoCWiVeQKhRo9itf/iAmqaDSEI617nluYoIMK8MIp9Oyn2qaYDLGQ9qzVGJBdZDNMk/RqVUGKIqVfdKgmfp7I8NC64kI7WSeUC96ufif10tNdBVkTCapoZLMD0UpRyZGeQFowBQlhk8swUQxmxWREVaYGFtT2ZbgLX55mbTP655b9+4uqo3roo4SHMMJ1MCDS2jALTShBQQSeIZXeHNS58V5dz7moytOsXMEf+B8/gAunZEc</latexit><latexit sha1_base64="SWh8fvZHV8L7wc02qVZJ+1cbL5U=">AAAB83icbVDLSgMxFL3js9ZX1aWbYBHqpsyIoMuiG5cV7AM6Q8mkmTY0yYxJRqhDf8ONC0Xc+jPu/Bsz7Sy09UDgcM693JMTJpxp47rfzsrq2vrGZmmrvL2zu7dfOThs6zhVhLZIzGPVDbGmnEnaMsxw2k0UxSLktBOOb3K/80iVZrG8N5OEBgIPJYsYwcZK/kPNF9iMwgg9nfUrVbfuzoCWiVeQKhRo9itf/iAmqaDSEI617nluYoIMK8MIp9Oyn2qaYDLGQ9qzVGJBdZDNMk/RqVUGKIqVfdKgmfp7I8NC64kI7WSeUC96ufif10tNdBVkTCapoZLMD0UpRyZGeQFowBQlhk8swUQxmxWREVaYGFtT2ZbgLX55mbTP655b9+4uqo3roo4SHMMJ1MCDS2jALTShBQQSeIZXeHNS58V5dz7moytOsXMEf+B8/gAunZEc</latexit>

Encoder distribution

I(Z;X) = 3 bits
<latexit sha1_base64="Gp2rws88UxFJYVH0peEDqMvePWM=">AAACAXicbVDLSgNBEJyNrxhfq14EL4NBiJewq4KCCEEveotgHpgsYXYySYbMY5mZFcMSL/6KFw+KePUvvPk3TpI9aGJBQ1HVTXdXGDGqjed9O5m5+YXFpexybmV1bX3D3dyqahkrTCpYMqnqIdKEUUEqhhpG6pEiiIeM1ML+5civ3ROlqRS3ZhCRgKOuoB2KkbFSy925LtydwfoBPIdHsMlD+ZDAkBo9bLl5r+iNAWeJn5I8SFFuuV/NtsQxJ8JghrRu+F5kggQpQzEjw1wz1iRCuI+6pGGpQJzoIBl/MIT7VmnDjlS2hIFj9fdEgrjWAx7aTo5MT097I/E/rxGbzmmQUBHFhgg8WdSJGTQSjuKAbaoINmxgCcKK2lsh7iGFsLGh5WwI/vTLs6R6WPS9on9znC9dpHFkwS7YAwXggxNQAlegDCoAg0fwDF7Bm/PkvDjvzsekNeOkM9vgD5zPH10AlO4=</latexit><latexit sha1_base64="Gp2rws88UxFJYVH0peEDqMvePWM=">AAACAXicbVDLSgNBEJyNrxhfq14EL4NBiJewq4KCCEEveotgHpgsYXYySYbMY5mZFcMSL/6KFw+KePUvvPk3TpI9aGJBQ1HVTXdXGDGqjed9O5m5+YXFpexybmV1bX3D3dyqahkrTCpYMqnqIdKEUUEqhhpG6pEiiIeM1ML+5civ3ROlqRS3ZhCRgKOuoB2KkbFSy925LtydwfoBPIdHsMlD+ZDAkBo9bLl5r+iNAWeJn5I8SFFuuV/NtsQxJ8JghrRu+F5kggQpQzEjw1wz1iRCuI+6pGGpQJzoIBl/MIT7VmnDjlS2hIFj9fdEgrjWAx7aTo5MT097I/E/rxGbzmmQUBHFhgg8WdSJGTQSjuKAbaoINmxgCcKK2lsh7iGFsLGh5WwI/vTLs6R6WPS9on9znC9dpHFkwS7YAwXggxNQAlegDCoAg0fwDF7Bm/PkvDjvzsekNeOkM9vgD5zPH10AlO4=</latexit><latexit sha1_base64="Gp2rws88UxFJYVH0peEDqMvePWM=">AAACAXicbVDLSgNBEJyNrxhfq14EL4NBiJewq4KCCEEveotgHpgsYXYySYbMY5mZFcMSL/6KFw+KePUvvPk3TpI9aGJBQ1HVTXdXGDGqjed9O5m5+YXFpexybmV1bX3D3dyqahkrTCpYMqnqIdKEUUEqhhpG6pEiiIeM1ML+5civ3ROlqRS3ZhCRgKOuoB2KkbFSy925LtydwfoBPIdHsMlD+ZDAkBo9bLl5r+iNAWeJn5I8SFFuuV/NtsQxJ8JghrRu+F5kggQpQzEjw1wz1iRCuI+6pGGpQJzoIBl/MIT7VmnDjlS2hIFj9fdEgrjWAx7aTo5MT097I/E/rxGbzmmQUBHFhgg8WdSJGTQSjuKAbaoINmxgCcKK2lsh7iGFsLGh5WwI/vTLs6R6WPS9on9znC9dpHFkwS7YAwXggxNQAlegDCoAg0fwDF7Bm/PkvDjvzsekNeOkM9vgD5zPH10AlO4=</latexit><latexit sha1_base64="Gp2rws88UxFJYVH0peEDqMvePWM=">AAACAXicbVDLSgNBEJyNrxhfq14EL4NBiJewq4KCCEEveotgHpgsYXYySYbMY5mZFcMSL/6KFw+KePUvvPk3TpI9aGJBQ1HVTXdXGDGqjed9O5m5+YXFpexybmV1bX3D3dyqahkrTCpYMqnqIdKEUUEqhhpG6pEiiIeM1ML+5civ3ROlqRS3ZhCRgKOuoB2KkbFSy925LtydwfoBPIdHsMlD+ZDAkBo9bLl5r+iNAWeJn5I8SFFuuV/NtsQxJ8JghrRu+F5kggQpQzEjw1wz1iRCuI+6pGGpQJzoIBl/MIT7VmnDjlS2hIFj9fdEgrjWAx7aTo5MT097I/E/rxGbzmmQUBHFhgg8WdSJGTQSjuKAbaoINmxgCcKK2lsh7iGFsLGh5WwI/vTLs6R6WPS9on9znC9dpHFkwS7YAwXggxNQAlegDCoAg0fwDF7Bm/PkvDjvzsekNeOkM9vgD5zPH10AlO4=</latexit>

I(Z;X)  3 bits
<latexit sha1_base64="3sTAvva5UF6O0WoigMynSTaSlHA=">AAACBHicbVC7SgNBFJ2Nrxhfq5ZpBoMQm7CrgoJN0Ea7COaB2SXMTmaTITM768ysGJYUNv6KjYUitn6EnX/jJNlCEw9cOJxzL/feE8SMKu0431ZuYXFpeSW/Wlhb39jcsrd3GkokEpM6FkzIVoAUYTQidU01I61YEsQDRprB4GLsN++JVFREN3oYE5+jXkRDipE2UscuXpVvz2DrAHqM3MEj6PFAPKQwoFqNOnbJqTgTwHniZqQEMtQ69pfXFTjhJNKYIaXarhNrP0VSU8zIqOAlisQID1CPtA2NECfKTydPjOC+UbowFNJUpOFE/T2RIq7UkAemkyPdV7PeWPzPayc6PPVTGsWJJhGeLgoTBrWA40Rgl0qCNRsagrCk5laI+0girE1uBROCO/vyPGkcVlyn4l4fl6rnWRx5UAR7oAxccAKq4BLUQB1g8AiewSt4s56sF+vd+pi25qxsZhf8gfX5AwAflm0=</latexit><latexit sha1_base64="3sTAvva5UF6O0WoigMynSTaSlHA=">AAACBHicbVC7SgNBFJ2Nrxhfq5ZpBoMQm7CrgoJN0Ea7COaB2SXMTmaTITM768ysGJYUNv6KjYUitn6EnX/jJNlCEw9cOJxzL/feE8SMKu0431ZuYXFpeSW/Wlhb39jcsrd3GkokEpM6FkzIVoAUYTQidU01I61YEsQDRprB4GLsN++JVFREN3oYE5+jXkRDipE2UscuXpVvz2DrAHqM3MEj6PFAPKQwoFqNOnbJqTgTwHniZqQEMtQ69pfXFTjhJNKYIaXarhNrP0VSU8zIqOAlisQID1CPtA2NECfKTydPjOC+UbowFNJUpOFE/T2RIq7UkAemkyPdV7PeWPzPayc6PPVTGsWJJhGeLgoTBrWA40Rgl0qCNRsagrCk5laI+0girE1uBROCO/vyPGkcVlyn4l4fl6rnWRx5UAR7oAxccAKq4BLUQB1g8AiewSt4s56sF+vd+pi25qxsZhf8gfX5AwAflm0=</latexit><latexit sha1_base64="3sTAvva5UF6O0WoigMynSTaSlHA=">AAACBHicbVC7SgNBFJ2Nrxhfq5ZpBoMQm7CrgoJN0Ea7COaB2SXMTmaTITM768ysGJYUNv6KjYUitn6EnX/jJNlCEw9cOJxzL/feE8SMKu0431ZuYXFpeSW/Wlhb39jcsrd3GkokEpM6FkzIVoAUYTQidU01I61YEsQDRprB4GLsN++JVFREN3oYE5+jXkRDipE2UscuXpVvz2DrAHqM3MEj6PFAPKQwoFqNOnbJqTgTwHniZqQEMtQ69pfXFTjhJNKYIaXarhNrP0VSU8zIqOAlisQID1CPtA2NECfKTydPjOC+UbowFNJUpOFE/T2RIq7UkAemkyPdV7PeWPzPayc6PPVTGsWJJhGeLgoTBrWA40Rgl0qCNRsagrCk5laI+0girE1uBROCO/vyPGkcVlyn4l4fl6rnWRx5UAR7oAxccAKq4BLUQB1g8AiewSt4s56sF+vd+pi25qxsZhf8gfX5AwAflm0=</latexit><latexit sha1_base64="3sTAvva5UF6O0WoigMynSTaSlHA=">AAACBHicbVC7SgNBFJ2Nrxhfq5ZpBoMQm7CrgoJN0Ea7COaB2SXMTmaTITM768ysGJYUNv6KjYUitn6EnX/jJNlCEw9cOJxzL/feE8SMKu0431ZuYXFpeSW/Wlhb39jcsrd3GkokEpM6FkzIVoAUYTQidU01I61YEsQDRprB4GLsN++JVFREN3oYE5+jXkRDipE2UscuXpVvz2DrAHqM3MEj6PFAPKQwoFqNOnbJqTgTwHniZqQEMtQ69pfXFTjhJNKYIaXarhNrP0VSU8zIqOAlisQID1CPtA2NECfKTydPjOC+UbowFNJUpOFE/T2RIq7UkAemkyPdV7PeWPzPayc6PPVTGsWJJhGeLgoTBrWA40Rgl0qCNRsagrCk5laI+0girE1uBROCO/vyPGkcVlyn4l4fl6rnWRx5UAR7oAxccAKq4BLUQB1g8AiewSt4s56sF+vd+pi25qxsZhf8gfX5AwAflm0=</latexit>

+

=

=+	 +	 +	 +	 +	 +	Input distribution

q(x)
<latexit sha1_base64="2WgeRWylqqkwyLD6JK8it3eUrVI=">AAAB83icbVDLSgMxFL3xWeur6tJNsAh1U2ZE0GXRjcsK9gGdoWTSTBuayYxJRixDf8ONC0Xc+jPu/Bsz7Sy09UDgcM693JMTJIJr4zjfaGV1bX1js7RV3t7Z3duvHBy2dZwqylo0FrHqBkQzwSVrGW4E6yaKkSgQrBOMb3K/88iU5rG8N5OE+REZSh5ySoyVvIeaFxEzCkL8dNavVJ26MwNeJm5BqlCg2a98eYOYphGThgqidc91EuNnRBlOBZuWvVSzhNAxGbKepZJETPvZLPMUn1plgMNY2ScNnqm/NzISaT2JAjuZJ9SLXi7+5/VSE175GZdJapik80NhKrCJcV4AHnDFqBETSwhV3GbFdEQUocbWVLYluItfXibt87rr1N27i2rjuqijBMdwAjVw4RIacAtNaAGFBJ7hFd5Qil7QO/qYj66gYucI/gB9/gArk5Ea</latexit><latexit sha1_base64="2WgeRWylqqkwyLD6JK8it3eUrVI=">AAAB83icbVDLSgMxFL3xWeur6tJNsAh1U2ZE0GXRjcsK9gGdoWTSTBuayYxJRixDf8ONC0Xc+jPu/Bsz7Sy09UDgcM693JMTJIJr4zjfaGV1bX1js7RV3t7Z3duvHBy2dZwqylo0FrHqBkQzwSVrGW4E6yaKkSgQrBOMb3K/88iU5rG8N5OE+REZSh5ySoyVvIeaFxEzCkL8dNavVJ26MwNeJm5BqlCg2a98eYOYphGThgqidc91EuNnRBlOBZuWvVSzhNAxGbKepZJETPvZLPMUn1plgMNY2ScNnqm/NzISaT2JAjuZJ9SLXi7+5/VSE175GZdJapik80NhKrCJcV4AHnDFqBETSwhV3GbFdEQUocbWVLYluItfXibt87rr1N27i2rjuqijBMdwAjVw4RIacAtNaAGFBJ7hFd5Qil7QO/qYj66gYucI/gB9/gArk5Ea</latexit><latexit sha1_base64="2WgeRWylqqkwyLD6JK8it3eUrVI=">AAAB83icbVDLSgMxFL3xWeur6tJNsAh1U2ZE0GXRjcsK9gGdoWTSTBuayYxJRixDf8ONC0Xc+jPu/Bsz7Sy09UDgcM693JMTJIJr4zjfaGV1bX1js7RV3t7Z3duvHBy2dZwqylo0FrHqBkQzwSVrGW4E6yaKkSgQrBOMb3K/88iU5rG8N5OE+REZSh5ySoyVvIeaFxEzCkL8dNavVJ26MwNeJm5BqlCg2a98eYOYphGThgqidc91EuNnRBlOBZuWvVSzhNAxGbKepZJETPvZLPMUn1plgMNY2ScNnqm/NzISaT2JAjuZJ9SLXi7+5/VSE175GZdJapik80NhKrCJcV4AHnDFqBETSwhV3GbFdEQUocbWVLYluItfXibt87rr1N27i2rjuqijBMdwAjVw4RIacAtNaAGFBJ7hFd5Qil7QO/qYj66gYucI/gB9/gArk5Ea</latexit><latexit sha1_base64="2WgeRWylqqkwyLD6JK8it3eUrVI=">AAAB83icbVDLSgMxFL3xWeur6tJNsAh1U2ZE0GXRjcsK9gGdoWTSTBuayYxJRixDf8ONC0Xc+jPu/Bsz7Sy09UDgcM693JMTJIJr4zjfaGV1bX1js7RV3t7Z3duvHBy2dZwqylo0FrHqBkQzwSVrGW4E6yaKkSgQrBOMb3K/88iU5rG8N5OE+REZSh5ySoyVvIeaFxEzCkL8dNavVJ26MwNeJm5BqlCg2a98eYOYphGThgqidc91EuNnRBlOBZuWvVSzhNAxGbKepZJETPvZLPMUn1plgMNY2ScNnqm/NzISaT2JAjuZJ9SLXi7+5/VSE175GZdJapik80NhKrCJcV4AHnDFqBETSwhV3GbFdEQUocbWVLYluItfXibt87rr1N27i2rjuqijBMdwAjVw4RIacAtNaAGFBJ7hFd5Qil7QO/qYj66gYucI/gB9/gArk5Ea</latexit>

q(z|x)
<latexit sha1_base64="uApyO09SM/XQ7i69yuHc0XZ0D7M=">AAACAXicbZDLSsNAFIZPvNZ6i7oR3AwWoW5KIoIui25cVrAXaEOZTCft0MkkzkzEWuvGV3HjQhG3voU738ZJG0Fbfxj4+M85zDm/H3OmtON8WXPzC4tLy7mV/Ora+samvbVdU1EiCa2SiEey4WNFORO0qpnmtBFLikOf07rfP0/r9RsqFYvElR7E1AtxV7CAEayN1bZ3r4utEOueH6A7dI9++PawbReckjMWmgU3gwJkqrTtz1YnIklIhSYcK9V0nVh7Qyw1I5yO8q1E0RiTPu7SpkGBQ6q84fiCETowTgcFkTRPaDR2f08McajUIPRNZ7qhmq6l5n+1ZqKDU2/IRJxoKsjkoyDhSEcojQN1mKRE84EBTCQzuyLSwxITbULLmxDc6ZNnoXZUcp2Se3lcKJ9lceRgD/ahCC6cQBkuoAJVIPAAT/ACr9aj9Wy9We+T1jkrm9mBP7I+vgHxQpXn</latexit><latexit sha1_base64="uApyO09SM/XQ7i69yuHc0XZ0D7M=">AAACAXicbZDLSsNAFIZPvNZ6i7oR3AwWoW5KIoIui25cVrAXaEOZTCft0MkkzkzEWuvGV3HjQhG3voU738ZJG0Fbfxj4+M85zDm/H3OmtON8WXPzC4tLy7mV/Ora+samvbVdU1EiCa2SiEey4WNFORO0qpnmtBFLikOf07rfP0/r9RsqFYvElR7E1AtxV7CAEayN1bZ3r4utEOueH6A7dI9++PawbReckjMWmgU3gwJkqrTtz1YnIklIhSYcK9V0nVh7Qyw1I5yO8q1E0RiTPu7SpkGBQ6q84fiCETowTgcFkTRPaDR2f08McajUIPRNZ7qhmq6l5n+1ZqKDU2/IRJxoKsjkoyDhSEcojQN1mKRE84EBTCQzuyLSwxITbULLmxDc6ZNnoXZUcp2Se3lcKJ9lceRgD/ahCC6cQBkuoAJVIPAAT/ACr9aj9Wy9We+T1jkrm9mBP7I+vgHxQpXn</latexit><latexit sha1_base64="uApyO09SM/XQ7i69yuHc0XZ0D7M=">AAACAXicbZDLSsNAFIZPvNZ6i7oR3AwWoW5KIoIui25cVrAXaEOZTCft0MkkzkzEWuvGV3HjQhG3voU738ZJG0Fbfxj4+M85zDm/H3OmtON8WXPzC4tLy7mV/Ora+samvbVdU1EiCa2SiEey4WNFORO0qpnmtBFLikOf07rfP0/r9RsqFYvElR7E1AtxV7CAEayN1bZ3r4utEOueH6A7dI9++PawbReckjMWmgU3gwJkqrTtz1YnIklIhSYcK9V0nVh7Qyw1I5yO8q1E0RiTPu7SpkGBQ6q84fiCETowTgcFkTRPaDR2f08McajUIPRNZ7qhmq6l5n+1ZqKDU2/IRJxoKsjkoyDhSEcojQN1mKRE84EBTCQzuyLSwxITbULLmxDc6ZNnoXZUcp2Se3lcKJ9lceRgD/ahCC6cQBkuoAJVIPAAT/ACr9aj9Wy9We+T1jkrm9mBP7I+vgHxQpXn</latexit><latexit sha1_base64="uApyO09SM/XQ7i69yuHc0XZ0D7M=">AAACAXicbZDLSsNAFIZPvNZ6i7oR3AwWoW5KIoIui25cVrAXaEOZTCft0MkkzkzEWuvGV3HjQhG3voU738ZJG0Fbfxj4+M85zDm/H3OmtON8WXPzC4tLy7mV/Ora+samvbVdU1EiCa2SiEey4WNFORO0qpnmtBFLikOf07rfP0/r9RsqFYvElR7E1AtxV7CAEayN1bZ3r4utEOueH6A7dI9++PawbReckjMWmgU3gwJkqrTtz1YnIklIhSYcK9V0nVh7Qyw1I5yO8q1E0RiTPu7SpkGBQ6q84fiCETowTgcFkTRPaDR2f08McajUIPRNZ7qhmq6l5n+1ZqKDU2/IRJxoKsjkoyDhSEcojQN1mKRE84EBTCQzuyLSwxITbULLmxDc6ZNnoXZUcp2Se3lcKJ9lceRgD/ahCC6cQBkuoAJVIPAAT/ACr9aj9Wy9We+T1jkrm9mBP7I+vgHxQpXn</latexit>

Noisy channel

Echo
Noise

Gaussian
Noise

q(z)
<latexit sha1_base64="SWh8fvZHV8L7wc02qVZJ+1cbL5U=">AAAB83icbVDLSgMxFL3js9ZX1aWbYBHqpsyIoMuiG5cV7AM6Q8mkmTY0yYxJRqhDf8ONC0Xc+jPu/Bsz7Sy09UDgcM693JMTJpxp47rfzsrq2vrGZmmrvL2zu7dfOThs6zhVhLZIzGPVDbGmnEnaMsxw2k0UxSLktBOOb3K/80iVZrG8N5OEBgIPJYsYwcZK/kPNF9iMwgg9nfUrVbfuzoCWiVeQKhRo9itf/iAmqaDSEI617nluYoIMK8MIp9Oyn2qaYDLGQ9qzVGJBdZDNMk/RqVUGKIqVfdKgmfp7I8NC64kI7WSeUC96ufif10tNdBVkTCapoZLMD0UpRyZGeQFowBQlhk8swUQxmxWREVaYGFtT2ZbgLX55mbTP655b9+4uqo3roo4SHMMJ1MCDS2jALTShBQQSeIZXeHNS58V5dz7moytOsXMEf+B8/gAunZEc</latexit><latexit sha1_base64="SWh8fvZHV8L7wc02qVZJ+1cbL5U=">AAAB83icbVDLSgMxFL3js9ZX1aWbYBHqpsyIoMuiG5cV7AM6Q8mkmTY0yYxJRqhDf8ONC0Xc+jPu/Bsz7Sy09UDgcM693JMTJpxp47rfzsrq2vrGZmmrvL2zu7dfOThs6zhVhLZIzGPVDbGmnEnaMsxw2k0UxSLktBOOb3K/80iVZrG8N5OEBgIPJYsYwcZK/kPNF9iMwgg9nfUrVbfuzoCWiVeQKhRo9itf/iAmqaDSEI617nluYoIMK8MIp9Oyn2qaYDLGQ9qzVGJBdZDNMk/RqVUGKIqVfdKgmfp7I8NC64kI7WSeUC96ufif10tNdBVkTCapoZLMD0UpRyZGeQFowBQlhk8swUQxmxWREVaYGFtT2ZbgLX55mbTP655b9+4uqo3roo4SHMMJ1MCDS2jALTShBQQSeIZXeHNS58V5dz7moytOsXMEf+B8/gAunZEc</latexit><latexit sha1_base64="SWh8fvZHV8L7wc02qVZJ+1cbL5U=">AAAB83icbVDLSgMxFL3js9ZX1aWbYBHqpsyIoMuiG5cV7AM6Q8mkmTY0yYxJRqhDf8ONC0Xc+jPu/Bsz7Sy09UDgcM693JMTJpxp47rfzsrq2vrGZmmrvL2zu7dfOThs6zhVhLZIzGPVDbGmnEnaMsxw2k0UxSLktBOOb3K/80iVZrG8N5OEBgIPJYsYwcZK/kPNF9iMwgg9nfUrVbfuzoCWiVeQKhRo9itf/iAmqaDSEI617nluYoIMK8MIp9Oyn2qaYDLGQ9qzVGJBdZDNMk/RqVUGKIqVfdKgmfp7I8NC64kI7WSeUC96ufif10tNdBVkTCapoZLMD0UpRyZGeQFowBQlhk8swUQxmxWREVaYGFtT2ZbgLX55mbTP655b9+4uqo3roo4SHMMJ1MCDS2jALTShBQQSeIZXeHNS58V5dz7moytOsXMEf+B8/gAunZEc</latexit><latexit sha1_base64="SWh8fvZHV8L7wc02qVZJ+1cbL5U=">AAAB83icbVDLSgMxFL3js9ZX1aWbYBHqpsyIoMuiG5cV7AM6Q8mkmTY0yYxJRqhDf8ONC0Xc+jPu/Bsz7Sy09UDgcM693JMTJpxp47rfzsrq2vrGZmmrvL2zu7dfOThs6zhVhLZIzGPVDbGmnEnaMsxw2k0UxSLktBOOb3K/80iVZrG8N5OEBgIPJYsYwcZK/kPNF9iMwgg9nfUrVbfuzoCWiVeQKhRo9itf/iAmqaDSEI617nluYoIMK8MIp9Oyn2qaYDLGQ9qzVGJBdZDNMk/RqVUGKIqVfdKgmfp7I8NC64kI7WSeUC96ufif10tNdBVkTCapoZLMD0UpRyZGeQFowBQlhk8swUQxmxWREVaYGFtT2ZbgLX55mbTP655b9+4uqo3roo4SHMMJ1MCDS2jALTShBQQSeIZXeHNS58V5dz7moytOsXMEf+B8/gAunZEc</latexit>

Encoder distribution

I(Z;X) = 3 bits
<latexit sha1_base64="Gp2rws88UxFJYVH0peEDqMvePWM=">AAACAXicbVDLSgNBEJyNrxhfq14EL4NBiJewq4KCCEEveotgHpgsYXYySYbMY5mZFcMSL/6KFw+KePUvvPk3TpI9aGJBQ1HVTXdXGDGqjed9O5m5+YXFpexybmV1bX3D3dyqahkrTCpYMqnqIdKEUUEqhhpG6pEiiIeM1ML+5civ3ROlqRS3ZhCRgKOuoB2KkbFSy925LtydwfoBPIdHsMlD+ZDAkBo9bLl5r+iNAWeJn5I8SFFuuV/NtsQxJ8JghrRu+F5kggQpQzEjw1wz1iRCuI+6pGGpQJzoIBl/MIT7VmnDjlS2hIFj9fdEgrjWAx7aTo5MT097I/E/rxGbzmmQUBHFhgg8WdSJGTQSjuKAbaoINmxgCcKK2lsh7iGFsLGh5WwI/vTLs6R6WPS9on9znC9dpHFkwS7YAwXggxNQAlegDCoAg0fwDF7Bm/PkvDjvzsekNeOkM9vgD5zPH10AlO4=</latexit><latexit sha1_base64="Gp2rws88UxFJYVH0peEDqMvePWM=">AAACAXicbVDLSgNBEJyNrxhfq14EL4NBiJewq4KCCEEveotgHpgsYXYySYbMY5mZFcMSL/6KFw+KePUvvPk3TpI9aGJBQ1HVTXdXGDGqjed9O5m5+YXFpexybmV1bX3D3dyqahkrTCpYMqnqIdKEUUEqhhpG6pEiiIeM1ML+5civ3ROlqRS3ZhCRgKOuoB2KkbFSy925LtydwfoBPIdHsMlD+ZDAkBo9bLl5r+iNAWeJn5I8SFFuuV/NtsQxJ8JghrRu+F5kggQpQzEjw1wz1iRCuI+6pGGpQJzoIBl/MIT7VmnDjlS2hIFj9fdEgrjWAx7aTo5MT097I/E/rxGbzmmQUBHFhgg8WdSJGTQSjuKAbaoINmxgCcKK2lsh7iGFsLGh5WwI/vTLs6R6WPS9on9znC9dpHFkwS7YAwXggxNQAlegDCoAg0fwDF7Bm/PkvDjvzsekNeOkM9vgD5zPH10AlO4=</latexit><latexit sha1_base64="Gp2rws88UxFJYVH0peEDqMvePWM=">AAACAXicbVDLSgNBEJyNrxhfq14EL4NBiJewq4KCCEEveotgHpgsYXYySYbMY5mZFcMSL/6KFw+KePUvvPk3TpI9aGJBQ1HVTXdXGDGqjed9O5m5+YXFpexybmV1bX3D3dyqahkrTCpYMqnqIdKEUUEqhhpG6pEiiIeM1ML+5civ3ROlqRS3ZhCRgKOuoB2KkbFSy925LtydwfoBPIdHsMlD+ZDAkBo9bLl5r+iNAWeJn5I8SFFuuV/NtsQxJ8JghrRu+F5kggQpQzEjw1wz1iRCuI+6pGGpQJzoIBl/MIT7VmnDjlS2hIFj9fdEgrjWAx7aTo5MT097I/E/rxGbzmmQUBHFhgg8WdSJGTQSjuKAbaoINmxgCcKK2lsh7iGFsLGh5WwI/vTLs6R6WPS9on9znC9dpHFkwS7YAwXggxNQAlegDCoAg0fwDF7Bm/PkvDjvzsekNeOkM9vgD5zPH10AlO4=</latexit><latexit sha1_base64="Gp2rws88UxFJYVH0peEDqMvePWM=">AAACAXicbVDLSgNBEJyNrxhfq14EL4NBiJewq4KCCEEveotgHpgsYXYySYbMY5mZFcMSL/6KFw+KePUvvPk3TpI9aGJBQ1HVTXdXGDGqjed9O5m5+YXFpexybmV1bX3D3dyqahkrTCpYMqnqIdKEUUEqhhpG6pEiiIeM1ML+5civ3ROlqRS3ZhCRgKOuoB2KkbFSy925LtydwfoBPIdHsMlD+ZDAkBo9bLl5r+iNAWeJn5I8SFFuuV/NtsQxJ8JghrRu+F5kggQpQzEjw1wz1iRCuI+6pGGpQJzoIBl/MIT7VmnDjlS2hIFj9fdEgrjWAx7aTo5MT097I/E/rxGbzmmQUBHFhgg8WdSJGTQSjuKAbaoINmxgCcKK2lsh7iGFsLGh5WwI/vTLs6R6WPS9on9znC9dpHFkwS7YAwXggxNQAlegDCoAg0fwDF7Bm/PkvDjvzsekNeOkM9vgD5zPH10AlO4=</latexit>

I(Z;X)  3 bits
<latexit sha1_base64="3sTAvva5UF6O0WoigMynSTaSlHA=">AAACBHicbVC7SgNBFJ2Nrxhfq5ZpBoMQm7CrgoJN0Ea7COaB2SXMTmaTITM768ysGJYUNv6KjYUitn6EnX/jJNlCEw9cOJxzL/feE8SMKu0431ZuYXFpeSW/Wlhb39jcsrd3GkokEpM6FkzIVoAUYTQidU01I61YEsQDRprB4GLsN++JVFREN3oYE5+jXkRDipE2UscuXpVvz2DrAHqM3MEj6PFAPKQwoFqNOnbJqTgTwHniZqQEMtQ69pfXFTjhJNKYIaXarhNrP0VSU8zIqOAlisQID1CPtA2NECfKTydPjOC+UbowFNJUpOFE/T2RIq7UkAemkyPdV7PeWPzPayc6PPVTGsWJJhGeLgoTBrWA40Rgl0qCNRsagrCk5laI+0girE1uBROCO/vyPGkcVlyn4l4fl6rnWRx5UAR7oAxccAKq4BLUQB1g8AiewSt4s56sF+vd+pi25qxsZhf8gfX5AwAflm0=</latexit><latexit sha1_base64="3sTAvva5UF6O0WoigMynSTaSlHA=">AAACBHicbVC7SgNBFJ2Nrxhfq5ZpBoMQm7CrgoJN0Ea7COaB2SXMTmaTITM768ysGJYUNv6KjYUitn6EnX/jJNlCEw9cOJxzL/feE8SMKu0431ZuYXFpeSW/Wlhb39jcsrd3GkokEpM6FkzIVoAUYTQidU01I61YEsQDRprB4GLsN++JVFREN3oYE5+jXkRDipE2UscuXpVvz2DrAHqM3MEj6PFAPKQwoFqNOnbJqTgTwHniZqQEMtQ69pfXFTjhJNKYIaXarhNrP0VSU8zIqOAlisQID1CPtA2NECfKTydPjOC+UbowFNJUpOFE/T2RIq7UkAemkyPdV7PeWPzPayc6PPVTGsWJJhGeLgoTBrWA40Rgl0qCNRsagrCk5laI+0girE1uBROCO/vyPGkcVlyn4l4fl6rnWRx5UAR7oAxccAKq4BLUQB1g8AiewSt4s56sF+vd+pi25qxsZhf8gfX5AwAflm0=</latexit><latexit sha1_base64="3sTAvva5UF6O0WoigMynSTaSlHA=">AAACBHicbVC7SgNBFJ2Nrxhfq5ZpBoMQm7CrgoJN0Ea7COaB2SXMTmaTITM768ysGJYUNv6KjYUitn6EnX/jJNlCEw9cOJxzL/feE8SMKu0431ZuYXFpeSW/Wlhb39jcsrd3GkokEpM6FkzIVoAUYTQidU01I61YEsQDRprB4GLsN++JVFREN3oYE5+jXkRDipE2UscuXpVvz2DrAHqM3MEj6PFAPKQwoFqNOnbJqTgTwHniZqQEMtQ69pfXFTjhJNKYIaXarhNrP0VSU8zIqOAlisQID1CPtA2NECfKTydPjOC+UbowFNJUpOFE/T2RIq7UkAemkyPdV7PeWPzPayc6PPVTGsWJJhGeLgoTBrWA40Rgl0qCNRsagrCk5laI+0girE1uBROCO/vyPGkcVlyn4l4fl6rnWRx5UAR7oAxccAKq4BLUQB1g8AiewSt4s56sF+vd+pi25qxsZhf8gfX5AwAflm0=</latexit><latexit sha1_base64="3sTAvva5UF6O0WoigMynSTaSlHA=">AAACBHicbVC7SgNBFJ2Nrxhfq5ZpBoMQm7CrgoJN0Ea7COaB2SXMTmaTITM768ysGJYUNv6KjYUitn6EnX/jJNlCEw9cOJxzL/feE8SMKu0431ZuYXFpeSW/Wlhb39jcsrd3GkokEpM6FkzIVoAUYTQidU01I61YEsQDRprB4GLsN++JVFREN3oYE5+jXkRDipE2UscuXpVvz2DrAHqM3MEj6PFAPKQwoFqNOnbJqTgTwHniZqQEMtQ69pfXFTjhJNKYIaXarhNrP0VSU8zIqOAlisQID1CPtA2NECfKTydPjOC+UbowFNJUpOFE/T2RIq7UkAemkyPdV7PeWPzPayc6PPVTGsWJJhGeLgoTBrWA40Rgl0qCNRsagrCk5laI+0girE1uBROCO/vyPGkcVlyn4l4fl6rnWRx5UAR7oAxccAKq4BLUQB1g8AiewSt4s56sF+vd+pi25qxsZhf8gfX5AwAflm0=</latexit>

+

=

=

Input distribution

q(x)
<latexit sha1_base64="2WgeRWylqqkwyLD6JK8it3eUrVI=">AAAB83icbVDLSgMxFL3xWeur6tJNsAh1U2ZE0GXRjcsK9gGdoWTSTBuayYxJRixDf8ONC0Xc+jPu/Bsz7Sy09UDgcM693JMTJIJr4zjfaGV1bX1js7RV3t7Z3duvHBy2dZwqylo0FrHqBkQzwSVrGW4E6yaKkSgQrBOMb3K/88iU5rG8N5OE+REZSh5ySoyVvIeaFxEzCkL8dNavVJ26MwNeJm5BqlCg2a98eYOYphGThgqidc91EuNnRBlOBZuWvVSzhNAxGbKepZJETPvZLPMUn1plgMNY2ScNnqm/NzISaT2JAjuZJ9SLXi7+5/VSE175GZdJapik80NhKrCJcV4AHnDFqBETSwhV3GbFdEQUocbWVLYluItfXibt87rr1N27i2rjuqijBMdwAjVw4RIacAtNaAGFBJ7hFd5Qil7QO/qYj66gYucI/gB9/gArk5Ea</latexit><latexit sha1_base64="2WgeRWylqqkwyLD6JK8it3eUrVI=">AAAB83icbVDLSgMxFL3xWeur6tJNsAh1U2ZE0GXRjcsK9gGdoWTSTBuayYxJRixDf8ONC0Xc+jPu/Bsz7Sy09UDgcM693JMTJIJr4zjfaGV1bX1js7RV3t7Z3duvHBy2dZwqylo0FrHqBkQzwSVrGW4E6yaKkSgQrBOMb3K/88iU5rG8N5OE+REZSh5ySoyVvIeaFxEzCkL8dNavVJ26MwNeJm5BqlCg2a98eYOYphGThgqidc91EuNnRBlOBZuWvVSzhNAxGbKepZJETPvZLPMUn1plgMNY2ScNnqm/NzISaT2JAjuZJ9SLXi7+5/VSE175GZdJapik80NhKrCJcV4AHnDFqBETSwhV3GbFdEQUocbWVLYluItfXibt87rr1N27i2rjuqijBMdwAjVw4RIacAtNaAGFBJ7hFd5Qil7QO/qYj66gYucI/gB9/gArk5Ea</latexit><latexit sha1_base64="2WgeRWylqqkwyLD6JK8it3eUrVI=">AAAB83icbVDLSgMxFL3xWeur6tJNsAh1U2ZE0GXRjcsK9gGdoWTSTBuayYxJRixDf8ONC0Xc+jPu/Bsz7Sy09UDgcM693JMTJIJr4zjfaGV1bX1js7RV3t7Z3duvHBy2dZwqylo0FrHqBkQzwSVrGW4E6yaKkSgQrBOMb3K/88iU5rG8N5OE+REZSh5ySoyVvIeaFxEzCkL8dNavVJ26MwNeJm5BqlCg2a98eYOYphGThgqidc91EuNnRBlOBZuWvVSzhNAxGbKepZJETPvZLPMUn1plgMNY2ScNnqm/NzISaT2JAjuZJ9SLXi7+5/VSE175GZdJapik80NhKrCJcV4AHnDFqBETSwhV3GbFdEQUocbWVLYluItfXibt87rr1N27i2rjuqijBMdwAjVw4RIacAtNaAGFBJ7hFd5Qil7QO/qYj66gYucI/gB9/gArk5Ea</latexit><latexit sha1_base64="2WgeRWylqqkwyLD6JK8it3eUrVI=">AAAB83icbVDLSgMxFL3xWeur6tJNsAh1U2ZE0GXRjcsK9gGdoWTSTBuayYxJRixDf8ONC0Xc+jPu/Bsz7Sy09UDgcM693JMTJIJr4zjfaGV1bX1js7RV3t7Z3duvHBy2dZwqylo0FrHqBkQzwSVrGW4E6yaKkSgQrBOMb3K/88iU5rG8N5OE+REZSh5ySoyVvIeaFxEzCkL8dNavVJ26MwNeJm5BqlCg2a98eYOYphGThgqidc91EuNnRBlOBZuWvVSzhNAxGbKepZJETPvZLPMUn1plgMNY2ScNnqm/NzISaT2JAjuZJ9SLXi7+5/VSE175GZdJapik80NhKrCJcV4AHnDFqBETSwhV3GbFdEQUocbWVLYluItfXibt87rr1N27i2rjuqijBMdwAjVw4RIacAtNaAGFBJ7hFd5Qil7QO/qYj66gYucI/gB9/gArk5Ea</latexit>

q(z|x)
<latexit sha1_base64="uApyO09SM/XQ7i69yuHc0XZ0D7M=">AAACAXicbZDLSsNAFIZPvNZ6i7oR3AwWoW5KIoIui25cVrAXaEOZTCft0MkkzkzEWuvGV3HjQhG3voU738ZJG0Fbfxj4+M85zDm/H3OmtON8WXPzC4tLy7mV/Ora+samvbVdU1EiCa2SiEey4WNFORO0qpnmtBFLikOf07rfP0/r9RsqFYvElR7E1AtxV7CAEayN1bZ3r4utEOueH6A7dI9++PawbReckjMWmgU3gwJkqrTtz1YnIklIhSYcK9V0nVh7Qyw1I5yO8q1E0RiTPu7SpkGBQ6q84fiCETowTgcFkTRPaDR2f08McajUIPRNZ7qhmq6l5n+1ZqKDU2/IRJxoKsjkoyDhSEcojQN1mKRE84EBTCQzuyLSwxITbULLmxDc6ZNnoXZUcp2Se3lcKJ9lceRgD/ahCC6cQBkuoAJVIPAAT/ACr9aj9Wy9We+T1jkrm9mBP7I+vgHxQpXn</latexit><latexit sha1_base64="uApyO09SM/XQ7i69yuHc0XZ0D7M=">AAACAXicbZDLSsNAFIZPvNZ6i7oR3AwWoW5KIoIui25cVrAXaEOZTCft0MkkzkzEWuvGV3HjQhG3voU738ZJG0Fbfxj4+M85zDm/H3OmtON8WXPzC4tLy7mV/Ora+samvbVdU1EiCa2SiEey4WNFORO0qpnmtBFLikOf07rfP0/r9RsqFYvElR7E1AtxV7CAEayN1bZ3r4utEOueH6A7dI9++PawbReckjMWmgU3gwJkqrTtz1YnIklIhSYcK9V0nVh7Qyw1I5yO8q1E0RiTPu7SpkGBQ6q84fiCETowTgcFkTRPaDR2f08McajUIPRNZ7qhmq6l5n+1ZqKDU2/IRJxoKsjkoyDhSEcojQN1mKRE84EBTCQzuyLSwxITbULLmxDc6ZNnoXZUcp2Se3lcKJ9lceRgD/ahCC6cQBkuoAJVIPAAT/ACr9aj9Wy9We+T1jkrm9mBP7I+vgHxQpXn</latexit><latexit sha1_base64="uApyO09SM/XQ7i69yuHc0XZ0D7M=">AAACAXicbZDLSsNAFIZPvNZ6i7oR3AwWoW5KIoIui25cVrAXaEOZTCft0MkkzkzEWuvGV3HjQhG3voU738ZJG0Fbfxj4+M85zDm/H3OmtON8WXPzC4tLy7mV/Ora+samvbVdU1EiCa2SiEey4WNFORO0qpnmtBFLikOf07rfP0/r9RsqFYvElR7E1AtxV7CAEayN1bZ3r4utEOueH6A7dI9++PawbReckjMWmgU3gwJkqrTtz1YnIklIhSYcK9V0nVh7Qyw1I5yO8q1E0RiTPu7SpkGBQ6q84fiCETowTgcFkTRPaDR2f08McajUIPRNZ7qhmq6l5n+1ZqKDU2/IRJxoKsjkoyDhSEcojQN1mKRE84EBTCQzuyLSwxITbULLmxDc6ZNnoXZUcp2Se3lcKJ9lceRgD/ahCC6cQBkuoAJVIPAAT/ACr9aj9Wy9We+T1jkrm9mBP7I+vgHxQpXn</latexit><latexit sha1_base64="uApyO09SM/XQ7i69yuHc0XZ0D7M=">AAACAXicbZDLSsNAFIZPvNZ6i7oR3AwWoW5KIoIui25cVrAXaEOZTCft0MkkzkzEWuvGV3HjQhG3voU738ZJG0Fbfxj4+M85zDm/H3OmtON8WXPzC4tLy7mV/Ora+samvbVdU1EiCa2SiEey4WNFORO0qpnmtBFLikOf07rfP0/r9RsqFYvElR7E1AtxV7CAEayN1bZ3r4utEOueH6A7dI9++PawbReckjMWmgU3gwJkqrTtz1YnIklIhSYcK9V0nVh7Qyw1I5yO8q1E0RiTPu7SpkGBQ6q84fiCETowTgcFkTRPaDR2f08McajUIPRNZ7qhmq6l5n+1ZqKDU2/IRJxoKsjkoyDhSEcojQN1mKRE84EBTCQzuyLSwxITbULLmxDc6ZNnoXZUcp2Se3lcKJ9lceRgD/ahCC6cQBkuoAJVIPAAT/ACr9aj9Wy9We+T1jkrm9mBP7I+vgHxQpXn</latexit>

Noisy channel

Echo
Noise

Gaussian
Noise

q(z)
<latexit sha1_base64="SWh8fvZHV8L7wc02qVZJ+1cbL5U=">AAAB83icbVDLSgMxFL3js9ZX1aWbYBHqpsyIoMuiG5cV7AM6Q8mkmTY0yYxJRqhDf8ONC0Xc+jPu/Bsz7Sy09UDgcM693JMTJpxp47rfzsrq2vrGZmmrvL2zu7dfOThs6zhVhLZIzGPVDbGmnEnaMsxw2k0UxSLktBOOb3K/80iVZrG8N5OEBgIPJYsYwcZK/kPNF9iMwgg9nfUrVbfuzoCWiVeQKhRo9itf/iAmqaDSEI617nluYoIMK8MIp9Oyn2qaYDLGQ9qzVGJBdZDNMk/RqVUGKIqVfdKgmfp7I8NC64kI7WSeUC96ufif10tNdBVkTCapoZLMD0UpRyZGeQFowBQlhk8swUQxmxWREVaYGFtT2ZbgLX55mbTP655b9+4uqo3roo4SHMMJ1MCDS2jALTShBQQSeIZXeHNS58V5dz7moytOsXMEf+B8/gAunZEc</latexit><latexit sha1_base64="SWh8fvZHV8L7wc02qVZJ+1cbL5U=">AAAB83icbVDLSgMxFL3js9ZX1aWbYBHqpsyIoMuiG5cV7AM6Q8mkmTY0yYxJRqhDf8ONC0Xc+jPu/Bsz7Sy09UDgcM693JMTJpxp47rfzsrq2vrGZmmrvL2zu7dfOThs6zhVhLZIzGPVDbGmnEnaMsxw2k0UxSLktBOOb3K/80iVZrG8N5OEBgIPJYsYwcZK/kPNF9iMwgg9nfUrVbfuzoCWiVeQKhRo9itf/iAmqaDSEI617nluYoIMK8MIp9Oyn2qaYDLGQ9qzVGJBdZDNMk/RqVUGKIqVfdKgmfp7I8NC64kI7WSeUC96ufif10tNdBVkTCapoZLMD0UpRyZGeQFowBQlhk8swUQxmxWREVaYGFtT2ZbgLX55mbTP655b9+4uqo3roo4SHMMJ1MCDS2jALTShBQQSeIZXeHNS58V5dz7moytOsXMEf+B8/gAunZEc</latexit><latexit sha1_base64="SWh8fvZHV8L7wc02qVZJ+1cbL5U=">AAAB83icbVDLSgMxFL3js9ZX1aWbYBHqpsyIoMuiG5cV7AM6Q8mkmTY0yYxJRqhDf8ONC0Xc+jPu/Bsz7Sy09UDgcM693JMTJpxp47rfzsrq2vrGZmmrvL2zu7dfOThs6zhVhLZIzGPVDbGmnEnaMsxw2k0UxSLktBOOb3K/80iVZrG8N5OEBgIPJYsYwcZK/kPNF9iMwgg9nfUrVbfuzoCWiVeQKhRo9itf/iAmqaDSEI617nluYoIMK8MIp9Oyn2qaYDLGQ9qzVGJBdZDNMk/RqVUGKIqVfdKgmfp7I8NC64kI7WSeUC96ufif10tNdBVkTCapoZLMD0UpRyZGeQFowBQlhk8swUQxmxWREVaYGFtT2ZbgLX55mbTP655b9+4uqo3roo4SHMMJ1MCDS2jALTShBQQSeIZXeHNS58V5dz7moytOsXMEf+B8/gAunZEc</latexit><latexit sha1_base64="SWh8fvZHV8L7wc02qVZJ+1cbL5U=">AAAB83icbVDLSgMxFL3js9ZX1aWbYBHqpsyIoMuiG5cV7AM6Q8mkmTY0yYxJRqhDf8ONC0Xc+jPu/Bsz7Sy09UDgcM693JMTJpxp47rfzsrq2vrGZmmrvL2zu7dfOThs6zhVhLZIzGPVDbGmnEnaMsxw2k0UxSLktBOOb3K/80iVZrG8N5OEBgIPJYsYwcZK/kPNF9iMwgg9nfUrVbfuzoCWiVeQKhRo9itf/iAmqaDSEI617nluYoIMK8MIp9Oyn2qaYDLGQ9qzVGJBdZDNMk/RqVUGKIqVfdKgmfp7I8NC64kI7WSeUC96ufif10tNdBVkTCapoZLMD0UpRyZGeQFowBQlhk8swUQxmxWREVaYGFtT2ZbgLX55mbTP655b9+4uqo3roo4SHMMJ1MCDS2jALTShBQQSeIZXeHNS58V5dz7moytOsXMEf+B8/gAunZEc</latexit>

Encoder distribution

I(Z;X) = 3 bits
<latexit sha1_base64="Gp2rws88UxFJYVH0peEDqMvePWM=">AAACAXicbVDLSgNBEJyNrxhfq14EL4NBiJewq4KCCEEveotgHpgsYXYySYbMY5mZFcMSL/6KFw+KePUvvPk3TpI9aGJBQ1HVTXdXGDGqjed9O5m5+YXFpexybmV1bX3D3dyqahkrTCpYMqnqIdKEUUEqhhpG6pEiiIeM1ML+5civ3ROlqRS3ZhCRgKOuoB2KkbFSy925LtydwfoBPIdHsMlD+ZDAkBo9bLl5r+iNAWeJn5I8SFFuuV/NtsQxJ8JghrRu+F5kggQpQzEjw1wz1iRCuI+6pGGpQJzoIBl/MIT7VmnDjlS2hIFj9fdEgrjWAx7aTo5MT097I/E/rxGbzmmQUBHFhgg8WdSJGTQSjuKAbaoINmxgCcKK2lsh7iGFsLGh5WwI/vTLs6R6WPS9on9znC9dpHFkwS7YAwXggxNQAlegDCoAg0fwDF7Bm/PkvDjvzsekNeOkM9vgD5zPH10AlO4=</latexit><latexit sha1_base64="Gp2rws88UxFJYVH0peEDqMvePWM=">AAACAXicbVDLSgNBEJyNrxhfq14EL4NBiJewq4KCCEEveotgHpgsYXYySYbMY5mZFcMSL/6KFw+KePUvvPk3TpI9aGJBQ1HVTXdXGDGqjed9O5m5+YXFpexybmV1bX3D3dyqahkrTCpYMqnqIdKEUUEqhhpG6pEiiIeM1ML+5civ3ROlqRS3ZhCRgKOuoB2KkbFSy925LtydwfoBPIdHsMlD+ZDAkBo9bLl5r+iNAWeJn5I8SFFuuV/NtsQxJ8JghrRu+F5kggQpQzEjw1wz1iRCuI+6pGGpQJzoIBl/MIT7VmnDjlS2hIFj9fdEgrjWAx7aTo5MT097I/E/rxGbzmmQUBHFhgg8WdSJGTQSjuKAbaoINmxgCcKK2lsh7iGFsLGh5WwI/vTLs6R6WPS9on9znC9dpHFkwS7YAwXggxNQAlegDCoAg0fwDF7Bm/PkvDjvzsekNeOkM9vgD5zPH10AlO4=</latexit><latexit sha1_base64="Gp2rws88UxFJYVH0peEDqMvePWM=">AAACAXicbVDLSgNBEJyNrxhfq14EL4NBiJewq4KCCEEveotgHpgsYXYySYbMY5mZFcMSL/6KFw+KePUvvPk3TpI9aGJBQ1HVTXdXGDGqjed9O5m5+YXFpexybmV1bX3D3dyqahkrTCpYMqnqIdKEUUEqhhpG6pEiiIeM1ML+5civ3ROlqRS3ZhCRgKOuoB2KkbFSy925LtydwfoBPIdHsMlD+ZDAkBo9bLl5r+iNAWeJn5I8SFFuuV/NtsQxJ8JghrRu+F5kggQpQzEjw1wz1iRCuI+6pGGpQJzoIBl/MIT7VmnDjlS2hIFj9fdEgrjWAx7aTo5MT097I/E/rxGbzmmQUBHFhgg8WdSJGTQSjuKAbaoINmxgCcKK2lsh7iGFsLGh5WwI/vTLs6R6WPS9on9znC9dpHFkwS7YAwXggxNQAlegDCoAg0fwDF7Bm/PkvDjvzsekNeOkM9vgD5zPH10AlO4=</latexit><latexit sha1_base64="Gp2rws88UxFJYVH0peEDqMvePWM=">AAACAXicbVDLSgNBEJyNrxhfq14EL4NBiJewq4KCCEEveotgHpgsYXYySYbMY5mZFcMSL/6KFw+KePUvvPk3TpI9aGJBQ1HVTXdXGDGqjed9O5m5+YXFpexybmV1bX3D3dyqahkrTCpYMqnqIdKEUUEqhhpG6pEiiIeM1ML+5civ3ROlqRS3ZhCRgKOuoB2KkbFSy925LtydwfoBPIdHsMlD+ZDAkBo9bLl5r+iNAWeJn5I8SFFuuV/NtsQxJ8JghrRu+F5kggQpQzEjw1wz1iRCuI+6pGGpQJzoIBl/MIT7VmnDjlS2hIFj9fdEgrjWAx7aTo5MT097I/E/rxGbzmmQUBHFhgg8WdSJGTQSjuKAbaoINmxgCcKK2lsh7iGFsLGh5WwI/vTLs6R6WPS9on9znC9dpHFkwS7YAwXggxNQAlegDCoAg0fwDF7Bm/PkvDjvzsekNeOkM9vgD5zPH10AlO4=</latexit>

I(Z;X)  3 bits
<latexit sha1_base64="3sTAvva5UF6O0WoigMynSTaSlHA=">AAACBHicbVC7SgNBFJ2Nrxhfq5ZpBoMQm7CrgoJN0Ea7COaB2SXMTmaTITM768ysGJYUNv6KjYUitn6EnX/jJNlCEw9cOJxzL/feE8SMKu0431ZuYXFpeSW/Wlhb39jcsrd3GkokEpM6FkzIVoAUYTQidU01I61YEsQDRprB4GLsN++JVFREN3oYE5+jXkRDipE2UscuXpVvz2DrAHqM3MEj6PFAPKQwoFqNOnbJqTgTwHniZqQEMtQ69pfXFTjhJNKYIaXarhNrP0VSU8zIqOAlisQID1CPtA2NECfKTydPjOC+UbowFNJUpOFE/T2RIq7UkAemkyPdV7PeWPzPayc6PPVTGsWJJhGeLgoTBrWA40Rgl0qCNRsagrCk5laI+0girE1uBROCO/vyPGkcVlyn4l4fl6rnWRx5UAR7oAxccAKq4BLUQB1g8AiewSt4s56sF+vd+pi25qxsZhf8gfX5AwAflm0=</latexit><latexit sha1_base64="3sTAvva5UF6O0WoigMynSTaSlHA=">AAACBHicbVC7SgNBFJ2Nrxhfq5ZpBoMQm7CrgoJN0Ea7COaB2SXMTmaTITM768ysGJYUNv6KjYUitn6EnX/jJNlCEw9cOJxzL/feE8SMKu0431ZuYXFpeSW/Wlhb39jcsrd3GkokEpM6FkzIVoAUYTQidU01I61YEsQDRprB4GLsN++JVFREN3oYE5+jXkRDipE2UscuXpVvz2DrAHqM3MEj6PFAPKQwoFqNOnbJqTgTwHniZqQEMtQ69pfXFTjhJNKYIaXarhNrP0VSU8zIqOAlisQID1CPtA2NECfKTydPjOC+UbowFNJUpOFE/T2RIq7UkAemkyPdV7PeWPzPayc6PPVTGsWJJhGeLgoTBrWA40Rgl0qCNRsagrCk5laI+0girE1uBROCO/vyPGkcVlyn4l4fl6rnWRx5UAR7oAxccAKq4BLUQB1g8AiewSt4s56sF+vd+pi25qxsZhf8gfX5AwAflm0=</latexit><latexit sha1_base64="3sTAvva5UF6O0WoigMynSTaSlHA=">AAACBHicbVC7SgNBFJ2Nrxhfq5ZpBoMQm7CrgoJN0Ea7COaB2SXMTmaTITM768ysGJYUNv6KjYUitn6EnX/jJNlCEw9cOJxzL/feE8SMKu0431ZuYXFpeSW/Wlhb39jcsrd3GkokEpM6FkzIVoAUYTQidU01I61YEsQDRprB4GLsN++JVFREN3oYE5+jXkRDipE2UscuXpVvz2DrAHqM3MEj6PFAPKQwoFqNOnbJqTgTwHniZqQEMtQ69pfXFTjhJNKYIaXarhNrP0VSU8zIqOAlisQID1CPtA2NECfKTydPjOC+UbowFNJUpOFE/T2RIq7UkAemkyPdV7PeWPzPayc6PPVTGsWJJhGeLgoTBrWA40Rgl0qCNRsagrCk5laI+0girE1uBROCO/vyPGkcVlyn4l4fl6rnWRx5UAR7oAxccAKq4BLUQB1g8AiewSt4s56sF+vd+pi25qxsZhf8gfX5AwAflm0=</latexit><latexit sha1_base64="3sTAvva5UF6O0WoigMynSTaSlHA=">AAACBHicbVC7SgNBFJ2Nrxhfq5ZpBoMQm7CrgoJN0Ea7COaB2SXMTmaTITM768ysGJYUNv6KjYUitn6EnX/jJNlCEw9cOJxzL/feE8SMKu0431ZuYXFpeSW/Wlhb39jcsrd3GkokEpM6FkzIVoAUYTQidU01I61YEsQDRprB4GLsN++JVFREN3oYE5+jXkRDipE2UscuXpVvz2DrAHqM3MEj6PFAPKQwoFqNOnbJqTgTwHniZqQEMtQ69pfXFTjhJNKYIaXarhNrP0VSU8zIqOAlisQID1CPtA2NECfKTydPjOC+UbowFNJUpOFE/T2RIq7UkAemkyPdV7PeWPzPayc6PPVTGsWJJhGeLgoTBrWA40Rgl0qCNRsagrCk5laI+0girE1uBROCO/vyPGkcVlyn4l4fl6rnWRx5UAR7oAxccAKq4BLUQB1g8AiewSt4s56sF+vd+pi25qxsZhf8gfX5AwAflm0=</latexit>

+

=

=

Input distribution

q(x)
<latexit sha1_base64="2WgeRWylqqkwyLD6JK8it3eUrVI=">AAAB83icbVDLSgMxFL3xWeur6tJNsAh1U2ZE0GXRjcsK9gGdoWTSTBuayYxJRixDf8ONC0Xc+jPu/Bsz7Sy09UDgcM693JMTJIJr4zjfaGV1bX1js7RV3t7Z3duvHBy2dZwqylo0FrHqBkQzwSVrGW4E6yaKkSgQrBOMb3K/88iU5rG8N5OE+REZSh5ySoyVvIeaFxEzCkL8dNavVJ26MwNeJm5BqlCg2a98eYOYphGThgqidc91EuNnRBlOBZuWvVSzhNAxGbKepZJETPvZLPMUn1plgMNY2ScNnqm/NzISaT2JAjuZJ9SLXi7+5/VSE175GZdJapik80NhKrCJcV4AHnDFqBETSwhV3GbFdEQUocbWVLYluItfXibt87rr1N27i2rjuqijBMdwAjVw4RIacAtNaAGFBJ7hFd5Qil7QO/qYj66gYucI/gB9/gArk5Ea</latexit><latexit sha1_base64="2WgeRWylqqkwyLD6JK8it3eUrVI=">AAAB83icbVDLSgMxFL3xWeur6tJNsAh1U2ZE0GXRjcsK9gGdoWTSTBuayYxJRixDf8ONC0Xc+jPu/Bsz7Sy09UDgcM693JMTJIJr4zjfaGV1bX1js7RV3t7Z3duvHBy2dZwqylo0FrHqBkQzwSVrGW4E6yaKkSgQrBOMb3K/88iU5rG8N5OE+REZSh5ySoyVvIeaFxEzCkL8dNavVJ26MwNeJm5BqlCg2a98eYOYphGThgqidc91EuNnRBlOBZuWvVSzhNAxGbKepZJETPvZLPMUn1plgMNY2ScNnqm/NzISaT2JAjuZJ9SLXi7+5/VSE175GZdJapik80NhKrCJcV4AHnDFqBETSwhV3GbFdEQUocbWVLYluItfXibt87rr1N27i2rjuqijBMdwAjVw4RIacAtNaAGFBJ7hFd5Qil7QO/qYj66gYucI/gB9/gArk5Ea</latexit><latexit sha1_base64="2WgeRWylqqkwyLD6JK8it3eUrVI=">AAAB83icbVDLSgMxFL3xWeur6tJNsAh1U2ZE0GXRjcsK9gGdoWTSTBuayYxJRixDf8ONC0Xc+jPu/Bsz7Sy09UDgcM693JMTJIJr4zjfaGV1bX1js7RV3t7Z3duvHBy2dZwqylo0FrHqBkQzwSVrGW4E6yaKkSgQrBOMb3K/88iU5rG8N5OE+REZSh5ySoyVvIeaFxEzCkL8dNavVJ26MwNeJm5BqlCg2a98eYOYphGThgqidc91EuNnRBlOBZuWvVSzhNAxGbKepZJETPvZLPMUn1plgMNY2ScNnqm/NzISaT2JAjuZJ9SLXi7+5/VSE175GZdJapik80NhKrCJcV4AHnDFqBETSwhV3GbFdEQUocbWVLYluItfXibt87rr1N27i2rjuqijBMdwAjVw4RIacAtNaAGFBJ7hFd5Qil7QO/qYj66gYucI/gB9/gArk5Ea</latexit><latexit sha1_base64="2WgeRWylqqkwyLD6JK8it3eUrVI=">AAAB83icbVDLSgMxFL3xWeur6tJNsAh1U2ZE0GXRjcsK9gGdoWTSTBuayYxJRixDf8ONC0Xc+jPu/Bsz7Sy09UDgcM693JMTJIJr4zjfaGV1bX1js7RV3t7Z3duvHBy2dZwqylo0FrHqBkQzwSVrGW4E6yaKkSgQrBOMb3K/88iU5rG8N5OE+REZSh5ySoyVvIeaFxEzCkL8dNavVJ26MwNeJm5BqlCg2a98eYOYphGThgqidc91EuNnRBlOBZuWvVSzhNAxGbKepZJETPvZLPMUn1plgMNY2ScNnqm/NzISaT2JAjuZJ9SLXi7+5/VSE175GZdJapik80NhKrCJcV4AHnDFqBETSwhV3GbFdEQUocbWVLYluItfXibt87rr1N27i2rjuqijBMdwAjVw4RIacAtNaAGFBJ7hFd5Qil7QO/qYj66gYucI/gB9/gArk5Ea</latexit>

q(z|x)
<latexit sha1_base64="uApyO09SM/XQ7i69yuHc0XZ0D7M=">AAACAXicbZDLSsNAFIZPvNZ6i7oR3AwWoW5KIoIui25cVrAXaEOZTCft0MkkzkzEWuvGV3HjQhG3voU738ZJG0Fbfxj4+M85zDm/H3OmtON8WXPzC4tLy7mV/Ora+samvbVdU1EiCa2SiEey4WNFORO0qpnmtBFLikOf07rfP0/r9RsqFYvElR7E1AtxV7CAEayN1bZ3r4utEOueH6A7dI9++PawbReckjMWmgU3gwJkqrTtz1YnIklIhSYcK9V0nVh7Qyw1I5yO8q1E0RiTPu7SpkGBQ6q84fiCETowTgcFkTRPaDR2f08McajUIPRNZ7qhmq6l5n+1ZqKDU2/IRJxoKsjkoyDhSEcojQN1mKRE84EBTCQzuyLSwxITbULLmxDc6ZNnoXZUcp2Se3lcKJ9lceRgD/ahCC6cQBkuoAJVIPAAT/ACr9aj9Wy9We+T1jkrm9mBP7I+vgHxQpXn</latexit><latexit sha1_base64="uApyO09SM/XQ7i69yuHc0XZ0D7M=">AAACAXicbZDLSsNAFIZPvNZ6i7oR3AwWoW5KIoIui25cVrAXaEOZTCft0MkkzkzEWuvGV3HjQhG3voU738ZJG0Fbfxj4+M85zDm/H3OmtON8WXPzC4tLy7mV/Ora+samvbVdU1EiCa2SiEey4WNFORO0qpnmtBFLikOf07rfP0/r9RsqFYvElR7E1AtxV7CAEayN1bZ3r4utEOueH6A7dI9++PawbReckjMWmgU3gwJkqrTtz1YnIklIhSYcK9V0nVh7Qyw1I5yO8q1E0RiTPu7SpkGBQ6q84fiCETowTgcFkTRPaDR2f08McajUIPRNZ7qhmq6l5n+1ZqKDU2/IRJxoKsjkoyDhSEcojQN1mKRE84EBTCQzuyLSwxITbULLmxDc6ZNnoXZUcp2Se3lcKJ9lceRgD/ahCC6cQBkuoAJVIPAAT/ACr9aj9Wy9We+T1jkrm9mBP7I+vgHxQpXn</latexit><latexit sha1_base64="uApyO09SM/XQ7i69yuHc0XZ0D7M=">AAACAXicbZDLSsNAFIZPvNZ6i7oR3AwWoW5KIoIui25cVrAXaEOZTCft0MkkzkzEWuvGV3HjQhG3voU738ZJG0Fbfxj4+M85zDm/H3OmtON8WXPzC4tLy7mV/Ora+samvbVdU1EiCa2SiEey4WNFORO0qpnmtBFLikOf07rfP0/r9RsqFYvElR7E1AtxV7CAEayN1bZ3r4utEOueH6A7dI9++PawbReckjMWmgU3gwJkqrTtz1YnIklIhSYcK9V0nVh7Qyw1I5yO8q1E0RiTPu7SpkGBQ6q84fiCETowTgcFkTRPaDR2f08McajUIPRNZ7qhmq6l5n+1ZqKDU2/IRJxoKsjkoyDhSEcojQN1mKRE84EBTCQzuyLSwxITbULLmxDc6ZNnoXZUcp2Se3lcKJ9lceRgD/ahCC6cQBkuoAJVIPAAT/ACr9aj9Wy9We+T1jkrm9mBP7I+vgHxQpXn</latexit><latexit sha1_base64="uApyO09SM/XQ7i69yuHc0XZ0D7M=">AAACAXicbZDLSsNAFIZPvNZ6i7oR3AwWoW5KIoIui25cVrAXaEOZTCft0MkkzkzEWuvGV3HjQhG3voU738ZJG0Fbfxj4+M85zDm/H3OmtON8WXPzC4tLy7mV/Ora+samvbVdU1EiCa2SiEey4WNFORO0qpnmtBFLikOf07rfP0/r9RsqFYvElR7E1AtxV7CAEayN1bZ3r4utEOueH6A7dI9++PawbReckjMWmgU3gwJkqrTtz1YnIklIhSYcK9V0nVh7Qyw1I5yO8q1E0RiTPu7SpkGBQ6q84fiCETowTgcFkTRPaDR2f08McajUIPRNZ7qhmq6l5n+1ZqKDU2/IRJxoKsjkoyDhSEcojQN1mKRE84EBTCQzuyLSwxITbULLmxDc6ZNnoXZUcp2Se3lcKJ9lceRgD/ahCC6cQBkuoAJVIPAAT/ACr9aj9Wy9We+T1jkrm9mBP7I+vgHxQpXn</latexit>

Noisy channel

Echo
Noise

Gaussian
Noise

q(z)
<latexit sha1_base64="SWh8fvZHV8L7wc02qVZJ+1cbL5U=">AAAB83icbVDLSgMxFL3js9ZX1aWbYBHqpsyIoMuiG5cV7AM6Q8mkmTY0yYxJRqhDf8ONC0Xc+jPu/Bsz7Sy09UDgcM693JMTJpxp47rfzsrq2vrGZmmrvL2zu7dfOThs6zhVhLZIzGPVDbGmnEnaMsxw2k0UxSLktBOOb3K/80iVZrG8N5OEBgIPJYsYwcZK/kPNF9iMwgg9nfUrVbfuzoCWiVeQKhRo9itf/iAmqaDSEI617nluYoIMK8MIp9Oyn2qaYDLGQ9qzVGJBdZDNMk/RqVUGKIqVfdKgmfp7I8NC64kI7WSeUC96ufif10tNdBVkTCapoZLMD0UpRyZGeQFowBQlhk8swUQxmxWREVaYGFtT2ZbgLX55mbTP655b9+4uqo3roo4SHMMJ1MCDS2jALTShBQQSeIZXeHNS58V5dz7moytOsXMEf+B8/gAunZEc</latexit><latexit sha1_base64="SWh8fvZHV8L7wc02qVZJ+1cbL5U=">AAAB83icbVDLSgMxFL3js9ZX1aWbYBHqpsyIoMuiG5cV7AM6Q8mkmTY0yYxJRqhDf8ONC0Xc+jPu/Bsz7Sy09UDgcM693JMTJpxp47rfzsrq2vrGZmmrvL2zu7dfOThs6zhVhLZIzGPVDbGmnEnaMsxw2k0UxSLktBOOb3K/80iVZrG8N5OEBgIPJYsYwcZK/kPNF9iMwgg9nfUrVbfuzoCWiVeQKhRo9itf/iAmqaDSEI617nluYoIMK8MIp9Oyn2qaYDLGQ9qzVGJBdZDNMk/RqVUGKIqVfdKgmfp7I8NC64kI7WSeUC96ufif10tNdBVkTCapoZLMD0UpRyZGeQFowBQlhk8swUQxmxWREVaYGFtT2ZbgLX55mbTP655b9+4uqo3roo4SHMMJ1MCDS2jALTShBQQSeIZXeHNS58V5dz7moytOsXMEf+B8/gAunZEc</latexit><latexit sha1_base64="SWh8fvZHV8L7wc02qVZJ+1cbL5U=">AAAB83icbVDLSgMxFL3js9ZX1aWbYBHqpsyIoMuiG5cV7AM6Q8mkmTY0yYxJRqhDf8ONC0Xc+jPu/Bsz7Sy09UDgcM693JMTJpxp47rfzsrq2vrGZmmrvL2zu7dfOThs6zhVhLZIzGPVDbGmnEnaMsxw2k0UxSLktBOOb3K/80iVZrG8N5OEBgIPJYsYwcZK/kPNF9iMwgg9nfUrVbfuzoCWiVeQKhRo9itf/iAmqaDSEI617nluYoIMK8MIp9Oyn2qaYDLGQ9qzVGJBdZDNMk/RqVUGKIqVfdKgmfp7I8NC64kI7WSeUC96ufif10tNdBVkTCapoZLMD0UpRyZGeQFowBQlhk8swUQxmxWREVaYGFtT2ZbgLX55mbTP655b9+4uqo3roo4SHMMJ1MCDS2jALTShBQQSeIZXeHNS58V5dz7moytOsXMEf+B8/gAunZEc</latexit><latexit sha1_base64="SWh8fvZHV8L7wc02qVZJ+1cbL5U=">AAAB83icbVDLSgMxFL3js9ZX1aWbYBHqpsyIoMuiG5cV7AM6Q8mkmTY0yYxJRqhDf8ONC0Xc+jPu/Bsz7Sy09UDgcM693JMTJpxp47rfzsrq2vrGZmmrvL2zu7dfOThs6zhVhLZIzGPVDbGmnEnaMsxw2k0UxSLktBOOb3K/80iVZrG8N5OEBgIPJYsYwcZK/kPNF9iMwgg9nfUrVbfuzoCWiVeQKhRo9itf/iAmqaDSEI617nluYoIMK8MIp9Oyn2qaYDLGQ9qzVGJBdZDNMk/RqVUGKIqVfdKgmfp7I8NC64kI7WSeUC96ufif10tNdBVkTCapoZLMD0UpRyZGeQFowBQlhk8swUQxmxWREVaYGFtT2ZbgLX55mbTP655b9+4uqo3roo4SHMMJ1MCDS2jALTShBQQSeIZXeHNS58V5dz7moytOsXMEf+B8/gAunZEc</latexit>

Encoder distribution

I(Z;X) = 3 bits
<latexit sha1_base64="Gp2rws88UxFJYVH0peEDqMvePWM=">AAACAXicbVDLSgNBEJyNrxhfq14EL4NBiJewq4KCCEEveotgHpgsYXYySYbMY5mZFcMSL/6KFw+KePUvvPk3TpI9aGJBQ1HVTXdXGDGqjed9O5m5+YXFpexybmV1bX3D3dyqahkrTCpYMqnqIdKEUUEqhhpG6pEiiIeM1ML+5civ3ROlqRS3ZhCRgKOuoB2KkbFSy925LtydwfoBPIdHsMlD+ZDAkBo9bLl5r+iNAWeJn5I8SFFuuV/NtsQxJ8JghrRu+F5kggQpQzEjw1wz1iRCuI+6pGGpQJzoIBl/MIT7VmnDjlS2hIFj9fdEgrjWAx7aTo5MT097I/E/rxGbzmmQUBHFhgg8WdSJGTQSjuKAbaoINmxgCcKK2lsh7iGFsLGh5WwI/vTLs6R6WPS9on9znC9dpHFkwS7YAwXggxNQAlegDCoAg0fwDF7Bm/PkvDjvzsekNeOkM9vgD5zPH10AlO4=</latexit><latexit sha1_base64="Gp2rws88UxFJYVH0peEDqMvePWM=">AAACAXicbVDLSgNBEJyNrxhfq14EL4NBiJewq4KCCEEveotgHpgsYXYySYbMY5mZFcMSL/6KFw+KePUvvPk3TpI9aGJBQ1HVTXdXGDGqjed9O5m5+YXFpexybmV1bX3D3dyqahkrTCpYMqnqIdKEUUEqhhpG6pEiiIeM1ML+5civ3ROlqRS3ZhCRgKOuoB2KkbFSy925LtydwfoBPIdHsMlD+ZDAkBo9bLl5r+iNAWeJn5I8SFFuuV/NtsQxJ8JghrRu+F5kggQpQzEjw1wz1iRCuI+6pGGpQJzoIBl/MIT7VmnDjlS2hIFj9fdEgrjWAx7aTo5MT097I/E/rxGbzmmQUBHFhgg8WdSJGTQSjuKAbaoINmxgCcKK2lsh7iGFsLGh5WwI/vTLs6R6WPS9on9znC9dpHFkwS7YAwXggxNQAlegDCoAg0fwDF7Bm/PkvDjvzsekNeOkM9vgD5zPH10AlO4=</latexit><latexit sha1_base64="Gp2rws88UxFJYVH0peEDqMvePWM=">AAACAXicbVDLSgNBEJyNrxhfq14EL4NBiJewq4KCCEEveotgHpgsYXYySYbMY5mZFcMSL/6KFw+KePUvvPk3TpI9aGJBQ1HVTXdXGDGqjed9O5m5+YXFpexybmV1bX3D3dyqahkrTCpYMqnqIdKEUUEqhhpG6pEiiIeM1ML+5civ3ROlqRS3ZhCRgKOuoB2KkbFSy925LtydwfoBPIdHsMlD+ZDAkBo9bLl5r+iNAWeJn5I8SFFuuV/NtsQxJ8JghrRu+F5kggQpQzEjw1wz1iRCuI+6pGGpQJzoIBl/MIT7VmnDjlS2hIFj9fdEgrjWAx7aTo5MT097I/E/rxGbzmmQUBHFhgg8WdSJGTQSjuKAbaoINmxgCcKK2lsh7iGFsLGh5WwI/vTLs6R6WPS9on9znC9dpHFkwS7YAwXggxNQAlegDCoAg0fwDF7Bm/PkvDjvzsekNeOkM9vgD5zPH10AlO4=</latexit><latexit sha1_base64="Gp2rws88UxFJYVH0peEDqMvePWM=">AAACAXicbVDLSgNBEJyNrxhfq14EL4NBiJewq4KCCEEveotgHpgsYXYySYbMY5mZFcMSL/6KFw+KePUvvPk3TpI9aGJBQ1HVTXdXGDGqjed9O5m5+YXFpexybmV1bX3D3dyqahkrTCpYMqnqIdKEUUEqhhpG6pEiiIeM1ML+5civ3ROlqRS3ZhCRgKOuoB2KkbFSy925LtydwfoBPIdHsMlD+ZDAkBo9bLl5r+iNAWeJn5I8SFFuuV/NtsQxJ8JghrRu+F5kggQpQzEjw1wz1iRCuI+6pGGpQJzoIBl/MIT7VmnDjlS2hIFj9fdEgrjWAx7aTo5MT097I/E/rxGbzmmQUBHFhgg8WdSJGTQSjuKAbaoINmxgCcKK2lsh7iGFsLGh5WwI/vTLs6R6WPS9on9znC9dpHFkwS7YAwXggxNQAlegDCoAg0fwDF7Bm/PkvDjvzsekNeOkM9vgD5zPH10AlO4=</latexit>

I(Z;X)  3 bits
<latexit sha1_base64="3sTAvva5UF6O0WoigMynSTaSlHA=">AAACBHicbVC7SgNBFJ2Nrxhfq5ZpBoMQm7CrgoJN0Ea7COaB2SXMTmaTITM768ysGJYUNv6KjYUitn6EnX/jJNlCEw9cOJxzL/feE8SMKu0431ZuYXFpeSW/Wlhb39jcsrd3GkokEpM6FkzIVoAUYTQidU01I61YEsQDRprB4GLsN++JVFREN3oYE5+jXkRDipE2UscuXpVvz2DrAHqM3MEj6PFAPKQwoFqNOnbJqTgTwHniZqQEMtQ69pfXFTjhJNKYIaXarhNrP0VSU8zIqOAlisQID1CPtA2NECfKTydPjOC+UbowFNJUpOFE/T2RIq7UkAemkyPdV7PeWPzPayc6PPVTGsWJJhGeLgoTBrWA40Rgl0qCNRsagrCk5laI+0girE1uBROCO/vyPGkcVlyn4l4fl6rnWRx5UAR7oAxccAKq4BLUQB1g8AiewSt4s56sF+vd+pi25qxsZhf8gfX5AwAflm0=</latexit><latexit sha1_base64="3sTAvva5UF6O0WoigMynSTaSlHA=">AAACBHicbVC7SgNBFJ2Nrxhfq5ZpBoMQm7CrgoJN0Ea7COaB2SXMTmaTITM768ysGJYUNv6KjYUitn6EnX/jJNlCEw9cOJxzL/feE8SMKu0431ZuYXFpeSW/Wlhb39jcsrd3GkokEpM6FkzIVoAUYTQidU01I61YEsQDRprB4GLsN++JVFREN3oYE5+jXkRDipE2UscuXpVvz2DrAHqM3MEj6PFAPKQwoFqNOnbJqTgTwHniZqQEMtQ69pfXFTjhJNKYIaXarhNrP0VSU8zIqOAlisQID1CPtA2NECfKTydPjOC+UbowFNJUpOFE/T2RIq7UkAemkyPdV7PeWPzPayc6PPVTGsWJJhGeLgoTBrWA40Rgl0qCNRsagrCk5laI+0girE1uBROCO/vyPGkcVlyn4l4fl6rnWRx5UAR7oAxccAKq4BLUQB1g8AiewSt4s56sF+vd+pi25qxsZhf8gfX5AwAflm0=</latexit><latexit sha1_base64="3sTAvva5UF6O0WoigMynSTaSlHA=">AAACBHicbVC7SgNBFJ2Nrxhfq5ZpBoMQm7CrgoJN0Ea7COaB2SXMTmaTITM768ysGJYUNv6KjYUitn6EnX/jJNlCEw9cOJxzL/feE8SMKu0431ZuYXFpeSW/Wlhb39jcsrd3GkokEpM6FkzIVoAUYTQidU01I61YEsQDRprB4GLsN++JVFREN3oYE5+jXkRDipE2UscuXpVvz2DrAHqM3MEj6PFAPKQwoFqNOnbJqTgTwHniZqQEMtQ69pfXFTjhJNKYIaXarhNrP0VSU8zIqOAlisQID1CPtA2NECfKTydPjOC+UbowFNJUpOFE/T2RIq7UkAemkyPdV7PeWPzPayc6PPVTGsWJJhGeLgoTBrWA40Rgl0qCNRsagrCk5laI+0girE1uBROCO/vyPGkcVlyn4l4fl6rnWRx5UAR7oAxccAKq4BLUQB1g8AiewSt4s56sF+vd+pi25qxsZhf8gfX5AwAflm0=</latexit><latexit sha1_base64="3sTAvva5UF6O0WoigMynSTaSlHA=">AAACBHicbVC7SgNBFJ2Nrxhfq5ZpBoMQm7CrgoJN0Ea7COaB2SXMTmaTITM768ysGJYUNv6KjYUitn6EnX/jJNlCEw9cOJxzL/feE8SMKu0431ZuYXFpeSW/Wlhb39jcsrd3GkokEpM6FkzIVoAUYTQidU01I61YEsQDRprB4GLsN++JVFREN3oYE5+jXkRDipE2UscuXpVvz2DrAHqM3MEj6PFAPKQwoFqNOnbJqTgTwHniZqQEMtQ69pfXFTjhJNKYIaXarhNrP0VSU8zIqOAlisQID1CPtA2NECfKTydPjOC+UbowFNJUpOFE/T2RIq7UkAemkyPdV7PeWPzPayc6PPVTGsWJJhGeLgoTBrWA40Rgl0qCNRsagrCk5laI+0girE1uBROCO/vyPGkcVlyn4l4fl6rnWRx5UAR7oAxccAKq4BLUQB1g8AiewSt4s56sF+vd+pi25qxsZhf8gfX5AwAflm0=</latexit>

+

=

=

q(")
<latexit sha1_base64="i0Q72FTRAlbHymR3RfKJZHSB5OY="></latexit><latexit sha1_base64="i0Q72FTRAlbHymR3RfKJZHSB5OY="></latexit><latexit sha1_base64="i0Q72FTRAlbHymR3RfKJZHSB5OY="></latexit><latexit sha1_base64="i0Q72FTRAlbHymR3RfKJZHSB5OY="></latexit>

Input distribution

q(x)
<latexit sha1_base64="2WgeRWylqqkwyLD6JK8it3eUrVI=">AAAB83icbVDLSgMxFL3xWeur6tJNsAh1U2ZE0GXRjcsK9gGdoWTSTBuayYxJRixDf8ONC0Xc+jPu/Bsz7Sy09UDgcM693JMTJIJr4zjfaGV1bX1js7RV3t7Z3duvHBy2dZwqylo0FrHqBkQzwSVrGW4E6yaKkSgQrBOMb3K/88iU5rG8N5OE+REZSh5ySoyVvIeaFxEzCkL8dNavVJ26MwNeJm5BqlCg2a98eYOYphGThgqidc91EuNnRBlOBZuWvVSzhNAxGbKepZJETPvZLPMUn1plgMNY2ScNnqm/NzISaT2JAjuZJ9SLXi7+5/VSE175GZdJapik80NhKrCJcV4AHnDFqBETSwhV3GbFdEQUocbWVLYluItfXibt87rr1N27i2rjuqijBMdwAjVw4RIacAtNaAGFBJ7hFd5Qil7QO/qYj66gYucI/gB9/gArk5Ea</latexit><latexit sha1_base64="2WgeRWylqqkwyLD6JK8it3eUrVI=">AAAB83icbVDLSgMxFL3xWeur6tJNsAh1U2ZE0GXRjcsK9gGdoWTSTBuayYxJRixDf8ONC0Xc+jPu/Bsz7Sy09UDgcM693JMTJIJr4zjfaGV1bX1js7RV3t7Z3duvHBy2dZwqylo0FrHqBkQzwSVrGW4E6yaKkSgQrBOMb3K/88iU5rG8N5OE+REZSh5ySoyVvIeaFxEzCkL8dNavVJ26MwNeJm5BqlCg2a98eYOYphGThgqidc91EuNnRBlOBZuWvVSzhNAxGbKepZJETPvZLPMUn1plgMNY2ScNnqm/NzISaT2JAjuZJ9SLXi7+5/VSE175GZdJapik80NhKrCJcV4AHnDFqBETSwhV3GbFdEQUocbWVLYluItfXibt87rr1N27i2rjuqijBMdwAjVw4RIacAtNaAGFBJ7hFd5Qil7QO/qYj66gYucI/gB9/gArk5Ea</latexit><latexit sha1_base64="2WgeRWylqqkwyLD6JK8it3eUrVI=">AAAB83icbVDLSgMxFL3xWeur6tJNsAh1U2ZE0GXRjcsK9gGdoWTSTBuayYxJRixDf8ONC0Xc+jPu/Bsz7Sy09UDgcM693JMTJIJr4zjfaGV1bX1js7RV3t7Z3duvHBy2dZwqylo0FrHqBkQzwSVrGW4E6yaKkSgQrBOMb3K/88iU5rG8N5OE+REZSh5ySoyVvIeaFxEzCkL8dNavVJ26MwNeJm5BqlCg2a98eYOYphGThgqidc91EuNnRBlOBZuWvVSzhNAxGbKepZJETPvZLPMUn1plgMNY2ScNnqm/NzISaT2JAjuZJ9SLXi7+5/VSE175GZdJapik80NhKrCJcV4AHnDFqBETSwhV3GbFdEQUocbWVLYluItfXibt87rr1N27i2rjuqijBMdwAjVw4RIacAtNaAGFBJ7hFd5Qil7QO/qYj66gYucI/gB9/gArk5Ea</latexit><latexit sha1_base64="2WgeRWylqqkwyLD6JK8it3eUrVI=">AAAB83icbVDLSgMxFL3xWeur6tJNsAh1U2ZE0GXRjcsK9gGdoWTSTBuayYxJRixDf8ONC0Xc+jPu/Bsz7Sy09UDgcM693JMTJIJr4zjfaGV1bX1js7RV3t7Z3duvHBy2dZwqylo0FrHqBkQzwSVrGW4E6yaKkSgQrBOMb3K/88iU5rG8N5OE+REZSh5ySoyVvIeaFxEzCkL8dNavVJ26MwNeJm5BqlCg2a98eYOYphGThgqidc91EuNnRBlOBZuWvVSzhNAxGbKepZJETPvZLPMUn1plgMNY2ScNnqm/NzISaT2JAjuZJ9SLXi7+5/VSE175GZdJapik80NhKrCJcV4AHnDFqBETSwhV3GbFdEQUocbWVLYluItfXibt87rr1N27i2rjuqijBMdwAjVw4RIacAtNaAGFBJ7hFd5Qil7QO/qYj66gYucI/gB9/gArk5Ea</latexit>

q(z|x)
<latexit sha1_base64="uApyO09SM/XQ7i69yuHc0XZ0D7M=">AAACAXicbZDLSsNAFIZPvNZ6i7oR3AwWoW5KIoIui25cVrAXaEOZTCft0MkkzkzEWuvGV3HjQhG3voU738ZJG0Fbfxj4+M85zDm/H3OmtON8WXPzC4tLy7mV/Ora+samvbVdU1EiCa2SiEey4WNFORO0qpnmtBFLikOf07rfP0/r9RsqFYvElR7E1AtxV7CAEayN1bZ3r4utEOueH6A7dI9++PawbReckjMWmgU3gwJkqrTtz1YnIklIhSYcK9V0nVh7Qyw1I5yO8q1E0RiTPu7SpkGBQ6q84fiCETowTgcFkTRPaDR2f08McajUIPRNZ7qhmq6l5n+1ZqKDU2/IRJxoKsjkoyDhSEcojQN1mKRE84EBTCQzuyLSwxITbULLmxDc6ZNnoXZUcp2Se3lcKJ9lceRgD/ahCC6cQBkuoAJVIPAAT/ACr9aj9Wy9We+T1jkrm9mBP7I+vgHxQpXn</latexit><latexit sha1_base64="uApyO09SM/XQ7i69yuHc0XZ0D7M=">AAACAXicbZDLSsNAFIZPvNZ6i7oR3AwWoW5KIoIui25cVrAXaEOZTCft0MkkzkzEWuvGV3HjQhG3voU738ZJG0Fbfxj4+M85zDm/H3OmtON8WXPzC4tLy7mV/Ora+samvbVdU1EiCa2SiEey4WNFORO0qpnmtBFLikOf07rfP0/r9RsqFYvElR7E1AtxV7CAEayN1bZ3r4utEOueH6A7dI9++PawbReckjMWmgU3gwJkqrTtz1YnIklIhSYcK9V0nVh7Qyw1I5yO8q1E0RiTPu7SpkGBQ6q84fiCETowTgcFkTRPaDR2f08McajUIPRNZ7qhmq6l5n+1ZqKDU2/IRJxoKsjkoyDhSEcojQN1mKRE84EBTCQzuyLSwxITbULLmxDc6ZNnoXZUcp2Se3lcKJ9lceRgD/ahCC6cQBkuoAJVIPAAT/ACr9aj9Wy9We+T1jkrm9mBP7I+vgHxQpXn</latexit><latexit sha1_base64="uApyO09SM/XQ7i69yuHc0XZ0D7M=">AAACAXicbZDLSsNAFIZPvNZ6i7oR3AwWoW5KIoIui25cVrAXaEOZTCft0MkkzkzEWuvGV3HjQhG3voU738ZJG0Fbfxj4+M85zDm/H3OmtON8WXPzC4tLy7mV/Ora+samvbVdU1EiCa2SiEey4WNFORO0qpnmtBFLikOf07rfP0/r9RsqFYvElR7E1AtxV7CAEayN1bZ3r4utEOueH6A7dI9++PawbReckjMWmgU3gwJkqrTtz1YnIklIhSYcK9V0nVh7Qyw1I5yO8q1E0RiTPu7SpkGBQ6q84fiCETowTgcFkTRPaDR2f08McajUIPRNZ7qhmq6l5n+1ZqKDU2/IRJxoKsjkoyDhSEcojQN1mKRE84EBTCQzuyLSwxITbULLmxDc6ZNnoXZUcp2Se3lcKJ9lceRgD/ahCC6cQBkuoAJVIPAAT/ACr9aj9Wy9We+T1jkrm9mBP7I+vgHxQpXn</latexit><latexit sha1_base64="uApyO09SM/XQ7i69yuHc0XZ0D7M=">AAACAXicbZDLSsNAFIZPvNZ6i7oR3AwWoW5KIoIui25cVrAXaEOZTCft0MkkzkzEWuvGV3HjQhG3voU738ZJG0Fbfxj4+M85zDm/H3OmtON8WXPzC4tLy7mV/Ora+samvbVdU1EiCa2SiEey4WNFORO0qpnmtBFLikOf07rfP0/r9RsqFYvElR7E1AtxV7CAEayN1bZ3r4utEOueH6A7dI9++PawbReckjMWmgU3gwJkqrTtz1YnIklIhSYcK9V0nVh7Qyw1I5yO8q1E0RiTPu7SpkGBQ6q84fiCETowTgcFkTRPaDR2f08McajUIPRNZ7qhmq6l5n+1ZqKDU2/IRJxoKsjkoyDhSEcojQN1mKRE84EBTCQzuyLSwxITbULLmxDc6ZNnoXZUcp2Se3lcKJ9lceRgD/ahCC6cQBkuoAJVIPAAT/ACr9aj9Wy9We+T1jkrm9mBP7I+vgHxQpXn</latexit>

Noisy channel

Echo
Noise

Gaussian
Noise

q(z)
<latexit sha1_base64="SWh8fvZHV8L7wc02qVZJ+1cbL5U=">AAAB83icbVDLSgMxFL3js9ZX1aWbYBHqpsyIoMuiG5cV7AM6Q8mkmTY0yYxJRqhDf8ONC0Xc+jPu/Bsz7Sy09UDgcM693JMTJpxp47rfzsrq2vrGZmmrvL2zu7dfOThs6zhVhLZIzGPVDbGmnEnaMsxw2k0UxSLktBOOb3K/80iVZrG8N5OEBgIPJYsYwcZK/kPNF9iMwgg9nfUrVbfuzoCWiVeQKhRo9itf/iAmqaDSEI617nluYoIMK8MIp9Oyn2qaYDLGQ9qzVGJBdZDNMk/RqVUGKIqVfdKgmfp7I8NC64kI7WSeUC96ufif10tNdBVkTCapoZLMD0UpRyZGeQFowBQlhk8swUQxmxWREVaYGFtT2ZbgLX55mbTP655b9+4uqo3roo4SHMMJ1MCDS2jALTShBQQSeIZXeHNS58V5dz7moytOsXMEf+B8/gAunZEc</latexit><latexit sha1_base64="SWh8fvZHV8L7wc02qVZJ+1cbL5U=">AAAB83icbVDLSgMxFL3js9ZX1aWbYBHqpsyIoMuiG5cV7AM6Q8mkmTY0yYxJRqhDf8ONC0Xc+jPu/Bsz7Sy09UDgcM693JMTJpxp47rfzsrq2vrGZmmrvL2zu7dfOThs6zhVhLZIzGPVDbGmnEnaMsxw2k0UxSLktBOOb3K/80iVZrG8N5OEBgIPJYsYwcZK/kPNF9iMwgg9nfUrVbfuzoCWiVeQKhRo9itf/iAmqaDSEI617nluYoIMK8MIp9Oyn2qaYDLGQ9qzVGJBdZDNMk/RqVUGKIqVfdKgmfp7I8NC64kI7WSeUC96ufif10tNdBVkTCapoZLMD0UpRyZGeQFowBQlhk8swUQxmxWREVaYGFtT2ZbgLX55mbTP655b9+4uqo3roo4SHMMJ1MCDS2jALTShBQQSeIZXeHNS58V5dz7moytOsXMEf+B8/gAunZEc</latexit><latexit sha1_base64="SWh8fvZHV8L7wc02qVZJ+1cbL5U=">AAAB83icbVDLSgMxFL3js9ZX1aWbYBHqpsyIoMuiG5cV7AM6Q8mkmTY0yYxJRqhDf8ONC0Xc+jPu/Bsz7Sy09UDgcM693JMTJpxp47rfzsrq2vrGZmmrvL2zu7dfOThs6zhVhLZIzGPVDbGmnEnaMsxw2k0UxSLktBOOb3K/80iVZrG8N5OEBgIPJYsYwcZK/kPNF9iMwgg9nfUrVbfuzoCWiVeQKhRo9itf/iAmqaDSEI617nluYoIMK8MIp9Oyn2qaYDLGQ9qzVGJBdZDNMk/RqVUGKIqVfdKgmfp7I8NC64kI7WSeUC96ufif10tNdBVkTCapoZLMD0UpRyZGeQFowBQlhk8swUQxmxWREVaYGFtT2ZbgLX55mbTP655b9+4uqo3roo4SHMMJ1MCDS2jALTShBQQSeIZXeHNS58V5dz7moytOsXMEf+B8/gAunZEc</latexit><latexit sha1_base64="SWh8fvZHV8L7wc02qVZJ+1cbL5U=">AAAB83icbVDLSgMxFL3js9ZX1aWbYBHqpsyIoMuiG5cV7AM6Q8mkmTY0yYxJRqhDf8ONC0Xc+jPu/Bsz7Sy09UDgcM693JMTJpxp47rfzsrq2vrGZmmrvL2zu7dfOThs6zhVhLZIzGPVDbGmnEnaMsxw2k0UxSLktBOOb3K/80iVZrG8N5OEBgIPJYsYwcZK/kPNF9iMwgg9nfUrVbfuzoCWiVeQKhRo9itf/iAmqaDSEI617nluYoIMK8MIp9Oyn2qaYDLGQ9qzVGJBdZDNMk/RqVUGKIqVfdKgmfp7I8NC64kI7WSeUC96ufif10tNdBVkTCapoZLMD0UpRyZGeQFowBQlhk8swUQxmxWREVaYGFtT2ZbgLX55mbTP655b9+4uqo3roo4SHMMJ1MCDS2jALTShBQQSeIZXeHNS58V5dz7moytOsXMEf+B8/gAunZEc</latexit>

Encoder distribution

I(Z;X) = 3 bits
<latexit sha1_base64="Gp2rws88UxFJYVH0peEDqMvePWM=">AAACAXicbVDLSgNBEJyNrxhfq14EL4NBiJewq4KCCEEveotgHpgsYXYySYbMY5mZFcMSL/6KFw+KePUvvPk3TpI9aGJBQ1HVTXdXGDGqjed9O5m5+YXFpexybmV1bX3D3dyqahkrTCpYMqnqIdKEUUEqhhpG6pEiiIeM1ML+5civ3ROlqRS3ZhCRgKOuoB2KkbFSy925LtydwfoBPIdHsMlD+ZDAkBo9bLl5r+iNAWeJn5I8SFFuuV/NtsQxJ8JghrRu+F5kggQpQzEjw1wz1iRCuI+6pGGpQJzoIBl/MIT7VmnDjlS2hIFj9fdEgrjWAx7aTo5MT097I/E/rxGbzmmQUBHFhgg8WdSJGTQSjuKAbaoINmxgCcKK2lsh7iGFsLGh5WwI/vTLs6R6WPS9on9znC9dpHFkwS7YAwXggxNQAlegDCoAg0fwDF7Bm/PkvDjvzsekNeOkM9vgD5zPH10AlO4=</latexit><latexit sha1_base64="Gp2rws88UxFJYVH0peEDqMvePWM=">AAACAXicbVDLSgNBEJyNrxhfq14EL4NBiJewq4KCCEEveotgHpgsYXYySYbMY5mZFcMSL/6KFw+KePUvvPk3TpI9aGJBQ1HVTXdXGDGqjed9O5m5+YXFpexybmV1bX3D3dyqahkrTCpYMqnqIdKEUUEqhhpG6pEiiIeM1ML+5civ3ROlqRS3ZhCRgKOuoB2KkbFSy925LtydwfoBPIdHsMlD+ZDAkBo9bLl5r+iNAWeJn5I8SFFuuV/NtsQxJ8JghrRu+F5kggQpQzEjw1wz1iRCuI+6pGGpQJzoIBl/MIT7VmnDjlS2hIFj9fdEgrjWAx7aTo5MT097I/E/rxGbzmmQUBHFhgg8WdSJGTQSjuKAbaoINmxgCcKK2lsh7iGFsLGh5WwI/vTLs6R6WPS9on9znC9dpHFkwS7YAwXggxNQAlegDCoAg0fwDF7Bm/PkvDjvzsekNeOkM9vgD5zPH10AlO4=</latexit><latexit sha1_base64="Gp2rws88UxFJYVH0peEDqMvePWM=">AAACAXicbVDLSgNBEJyNrxhfq14EL4NBiJewq4KCCEEveotgHpgsYXYySYbMY5mZFcMSL/6KFw+KePUvvPk3TpI9aGJBQ1HVTXdXGDGqjed9O5m5+YXFpexybmV1bX3D3dyqahkrTCpYMqnqIdKEUUEqhhpG6pEiiIeM1ML+5civ3ROlqRS3ZhCRgKOuoB2KkbFSy925LtydwfoBPIdHsMlD+ZDAkBo9bLl5r+iNAWeJn5I8SFFuuV/NtsQxJ8JghrRu+F5kggQpQzEjw1wz1iRCuI+6pGGpQJzoIBl/MIT7VmnDjlS2hIFj9fdEgrjWAx7aTo5MT097I/E/rxGbzmmQUBHFhgg8WdSJGTQSjuKAbaoINmxgCcKK2lsh7iGFsLGh5WwI/vTLs6R6WPS9on9znC9dpHFkwS7YAwXggxNQAlegDCoAg0fwDF7Bm/PkvDjvzsekNeOkM9vgD5zPH10AlO4=</latexit><latexit sha1_base64="Gp2rws88UxFJYVH0peEDqMvePWM=">AAACAXicbVDLSgNBEJyNrxhfq14EL4NBiJewq4KCCEEveotgHpgsYXYySYbMY5mZFcMSL/6KFw+KePUvvPk3TpI9aGJBQ1HVTXdXGDGqjed9O5m5+YXFpexybmV1bX3D3dyqahkrTCpYMqnqIdKEUUEqhhpG6pEiiIeM1ML+5civ3ROlqRS3ZhCRgKOuoB2KkbFSy925LtydwfoBPIdHsMlD+ZDAkBo9bLl5r+iNAWeJn5I8SFFuuV/NtsQxJ8JghrRu+F5kggQpQzEjw1wz1iRCuI+6pGGpQJzoIBl/MIT7VmnDjlS2hIFj9fdEgrjWAx7aTo5MT097I/E/rxGbzmmQUBHFhgg8WdSJGTQSjuKAbaoINmxgCcKK2lsh7iGFsLGh5WwI/vTLs6R6WPS9on9znC9dpHFkwS7YAwXggxNQAlegDCoAg0fwDF7Bm/PkvDjvzsekNeOkM9vgD5zPH10AlO4=</latexit>

I(Z;X)  3 bits
<latexit sha1_base64="3sTAvva5UF6O0WoigMynSTaSlHA=">AAACBHicbVC7SgNBFJ2Nrxhfq5ZpBoMQm7CrgoJN0Ea7COaB2SXMTmaTITM768ysGJYUNv6KjYUitn6EnX/jJNlCEw9cOJxzL/feE8SMKu0431ZuYXFpeSW/Wlhb39jcsrd3GkokEpM6FkzIVoAUYTQidU01I61YEsQDRprB4GLsN++JVFREN3oYE5+jXkRDipE2UscuXpVvz2DrAHqM3MEj6PFAPKQwoFqNOnbJqTgTwHniZqQEMtQ69pfXFTjhJNKYIaXarhNrP0VSU8zIqOAlisQID1CPtA2NECfKTydPjOC+UbowFNJUpOFE/T2RIq7UkAemkyPdV7PeWPzPayc6PPVTGsWJJhGeLgoTBrWA40Rgl0qCNRsagrCk5laI+0girE1uBROCO/vyPGkcVlyn4l4fl6rnWRx5UAR7oAxccAKq4BLUQB1g8AiewSt4s56sF+vd+pi25qxsZhf8gfX5AwAflm0=</latexit><latexit sha1_base64="3sTAvva5UF6O0WoigMynSTaSlHA=">AAACBHicbVC7SgNBFJ2Nrxhfq5ZpBoMQm7CrgoJN0Ea7COaB2SXMTmaTITM768ysGJYUNv6KjYUitn6EnX/jJNlCEw9cOJxzL/feE8SMKu0431ZuYXFpeSW/Wlhb39jcsrd3GkokEpM6FkzIVoAUYTQidU01I61YEsQDRprB4GLsN++JVFREN3oYE5+jXkRDipE2UscuXpVvz2DrAHqM3MEj6PFAPKQwoFqNOnbJqTgTwHniZqQEMtQ69pfXFTjhJNKYIaXarhNrP0VSU8zIqOAlisQID1CPtA2NECfKTydPjOC+UbowFNJUpOFE/T2RIq7UkAemkyPdV7PeWPzPayc6PPVTGsWJJhGeLgoTBrWA40Rgl0qCNRsagrCk5laI+0girE1uBROCO/vyPGkcVlyn4l4fl6rnWRx5UAR7oAxccAKq4BLUQB1g8AiewSt4s56sF+vd+pi25qxsZhf8gfX5AwAflm0=</latexit><latexit sha1_base64="3sTAvva5UF6O0WoigMynSTaSlHA=">AAACBHicbVC7SgNBFJ2Nrxhfq5ZpBoMQm7CrgoJN0Ea7COaB2SXMTmaTITM768ysGJYUNv6KjYUitn6EnX/jJNlCEw9cOJxzL/feE8SMKu0431ZuYXFpeSW/Wlhb39jcsrd3GkokEpM6FkzIVoAUYTQidU01I61YEsQDRprB4GLsN++JVFREN3oYE5+jXkRDipE2UscuXpVvz2DrAHqM3MEj6PFAPKQwoFqNOnbJqTgTwHniZqQEMtQ69pfXFTjhJNKYIaXarhNrP0VSU8zIqOAlisQID1CPtA2NECfKTydPjOC+UbowFNJUpOFE/T2RIq7UkAemkyPdV7PeWPzPayc6PPVTGsWJJhGeLgoTBrWA40Rgl0qCNRsagrCk5laI+0girE1uBROCO/vyPGkcVlyn4l4fl6rnWRx5UAR7oAxccAKq4BLUQB1g8AiewSt4s56sF+vd+pi25qxsZhf8gfX5AwAflm0=</latexit><latexit sha1_base64="3sTAvva5UF6O0WoigMynSTaSlHA=">AAACBHicbVC7SgNBFJ2Nrxhfq5ZpBoMQm7CrgoJN0Ea7COaB2SXMTmaTITM768ysGJYUNv6KjYUitn6EnX/jJNlCEw9cOJxzL/feE8SMKu0431ZuYXFpeSW/Wlhb39jcsrd3GkokEpM6FkzIVoAUYTQidU01I61YEsQDRprB4GLsN++JVFREN3oYE5+jXkRDipE2UscuXpVvz2DrAHqM3MEj6PFAPKQwoFqNOnbJqTgTwHniZqQEMtQ69pfXFTjhJNKYIaXarhNrP0VSU8zIqOAlisQID1CPtA2NECfKTydPjOC+UbowFNJUpOFE/T2RIq7UkAemkyPdV7PeWPzPayc6PPVTGsWJJhGeLgoTBrWA40Rgl0qCNRsagrCk5laI+0girE1uBROCO/vyPGkcVlyn4l4fl6rnWRx5UAR7oAxccAKq4BLUQB1g8AiewSt4s56sF+vd+pi25qxsZhf8gfX5AwAflm0=</latexit>

+

=

=

q(z)
<latexit sha1_base64="FcjINnMXHYyHuZGu4txqTU7Qu8c="></latexit><latexit sha1_base64="FcjINnMXHYyHuZGu4txqTU7Qu8c="></latexit><latexit sha1_base64="FcjINnMXHYyHuZGu4txqTU7Qu8c="></latexit><latexit sha1_base64="FcjINnMXHYyHuZGu4txqTU7Qu8c="></latexit>

=	

Input distribution

q(x)
<latexit sha1_base64="2WgeRWylqqkwyLD6JK8it3eUrVI=">AAAB83icbVDLSgMxFL3xWeur6tJNsAh1U2ZE0GXRjcsK9gGdoWTSTBuayYxJRixDf8ONC0Xc+jPu/Bsz7Sy09UDgcM693JMTJIJr4zjfaGV1bX1js7RV3t7Z3duvHBy2dZwqylo0FrHqBkQzwSVrGW4E6yaKkSgQrBOMb3K/88iU5rG8N5OE+REZSh5ySoyVvIeaFxEzCkL8dNavVJ26MwNeJm5BqlCg2a98eYOYphGThgqidc91EuNnRBlOBZuWvVSzhNAxGbKepZJETPvZLPMUn1plgMNY2ScNnqm/NzISaT2JAjuZJ9SLXi7+5/VSE175GZdJapik80NhKrCJcV4AHnDFqBETSwhV3GbFdEQUocbWVLYluItfXibt87rr1N27i2rjuqijBMdwAjVw4RIacAtNaAGFBJ7hFd5Qil7QO/qYj66gYucI/gB9/gArk5Ea</latexit><latexit sha1_base64="2WgeRWylqqkwyLD6JK8it3eUrVI=">AAAB83icbVDLSgMxFL3xWeur6tJNsAh1U2ZE0GXRjcsK9gGdoWTSTBuayYxJRixDf8ONC0Xc+jPu/Bsz7Sy09UDgcM693JMTJIJr4zjfaGV1bX1js7RV3t7Z3duvHBy2dZwqylo0FrHqBkQzwSVrGW4E6yaKkSgQrBOMb3K/88iU5rG8N5OE+REZSh5ySoyVvIeaFxEzCkL8dNavVJ26MwNeJm5BqlCg2a98eYOYphGThgqidc91EuNnRBlOBZuWvVSzhNAxGbKepZJETPvZLPMUn1plgMNY2ScNnqm/NzISaT2JAjuZJ9SLXi7+5/VSE175GZdJapik80NhKrCJcV4AHnDFqBETSwhV3GbFdEQUocbWVLYluItfXibt87rr1N27i2rjuqijBMdwAjVw4RIacAtNaAGFBJ7hFd5Qil7QO/qYj66gYucI/gB9/gArk5Ea</latexit><latexit sha1_base64="2WgeRWylqqkwyLD6JK8it3eUrVI=">AAAB83icbVDLSgMxFL3xWeur6tJNsAh1U2ZE0GXRjcsK9gGdoWTSTBuayYxJRixDf8ONC0Xc+jPu/Bsz7Sy09UDgcM693JMTJIJr4zjfaGV1bX1js7RV3t7Z3duvHBy2dZwqylo0FrHqBkQzwSVrGW4E6yaKkSgQrBOMb3K/88iU5rG8N5OE+REZSh5ySoyVvIeaFxEzCkL8dNavVJ26MwNeJm5BqlCg2a98eYOYphGThgqidc91EuNnRBlOBZuWvVSzhNAxGbKepZJETPvZLPMUn1plgMNY2ScNnqm/NzISaT2JAjuZJ9SLXi7+5/VSE175GZdJapik80NhKrCJcV4AHnDFqBETSwhV3GbFdEQUocbWVLYluItfXibt87rr1N27i2rjuqijBMdwAjVw4RIacAtNaAGFBJ7hFd5Qil7QO/qYj66gYucI/gB9/gArk5Ea</latexit><latexit sha1_base64="2WgeRWylqqkwyLD6JK8it3eUrVI=">AAAB83icbVDLSgMxFL3xWeur6tJNsAh1U2ZE0GXRjcsK9gGdoWTSTBuayYxJRixDf8ONC0Xc+jPu/Bsz7Sy09UDgcM693JMTJIJr4zjfaGV1bX1js7RV3t7Z3duvHBy2dZwqylo0FrHqBkQzwSVrGW4E6yaKkSgQrBOMb3K/88iU5rG8N5OE+REZSh5ySoyVvIeaFxEzCkL8dNavVJ26MwNeJm5BqlCg2a98eYOYphGThgqidc91EuNnRBlOBZuWvVSzhNAxGbKepZJETPvZLPMUn1plgMNY2ScNnqm/NzISaT2JAjuZJ9SLXi7+5/VSE175GZdJapik80NhKrCJcV4AHnDFqBETSwhV3GbFdEQUocbWVLYluItfXibt87rr1N27i2rjuqijBMdwAjVw4RIacAtNaAGFBJ7hFd5Qil7QO/qYj66gYucI/gB9/gArk5Ea</latexit>

q(z|x)
<latexit sha1_base64="uApyO09SM/XQ7i69yuHc0XZ0D7M=">AAACAXicbZDLSsNAFIZPvNZ6i7oR3AwWoW5KIoIui25cVrAXaEOZTCft0MkkzkzEWuvGV3HjQhG3voU738ZJG0Fbfxj4+M85zDm/H3OmtON8WXPzC4tLy7mV/Ora+samvbVdU1EiCa2SiEey4WNFORO0qpnmtBFLikOf07rfP0/r9RsqFYvElR7E1AtxV7CAEayN1bZ3r4utEOueH6A7dI9++PawbReckjMWmgU3gwJkqrTtz1YnIklIhSYcK9V0nVh7Qyw1I5yO8q1E0RiTPu7SpkGBQ6q84fiCETowTgcFkTRPaDR2f08McajUIPRNZ7qhmq6l5n+1ZqKDU2/IRJxoKsjkoyDhSEcojQN1mKRE84EBTCQzuyLSwxITbULLmxDc6ZNnoXZUcp2Se3lcKJ9lceRgD/ahCC6cQBkuoAJVIPAAT/ACr9aj9Wy9We+T1jkrm9mBP7I+vgHxQpXn</latexit><latexit sha1_base64="uApyO09SM/XQ7i69yuHc0XZ0D7M=">AAACAXicbZDLSsNAFIZPvNZ6i7oR3AwWoW5KIoIui25cVrAXaEOZTCft0MkkzkzEWuvGV3HjQhG3voU738ZJG0Fbfxj4+M85zDm/H3OmtON8WXPzC4tLy7mV/Ora+samvbVdU1EiCa2SiEey4WNFORO0qpnmtBFLikOf07rfP0/r9RsqFYvElR7E1AtxV7CAEayN1bZ3r4utEOueH6A7dI9++PawbReckjMWmgU3gwJkqrTtz1YnIklIhSYcK9V0nVh7Qyw1I5yO8q1E0RiTPu7SpkGBQ6q84fiCETowTgcFkTRPaDR2f08McajUIPRNZ7qhmq6l5n+1ZqKDU2/IRJxoKsjkoyDhSEcojQN1mKRE84EBTCQzuyLSwxITbULLmxDc6ZNnoXZUcp2Se3lcKJ9lceRgD/ahCC6cQBkuoAJVIPAAT/ACr9aj9Wy9We+T1jkrm9mBP7I+vgHxQpXn</latexit><latexit sha1_base64="uApyO09SM/XQ7i69yuHc0XZ0D7M=">AAACAXicbZDLSsNAFIZPvNZ6i7oR3AwWoW5KIoIui25cVrAXaEOZTCft0MkkzkzEWuvGV3HjQhG3voU738ZJG0Fbfxj4+M85zDm/H3OmtON8WXPzC4tLy7mV/Ora+samvbVdU1EiCa2SiEey4WNFORO0qpnmtBFLikOf07rfP0/r9RsqFYvElR7E1AtxV7CAEayN1bZ3r4utEOueH6A7dI9++PawbReckjMWmgU3gwJkqrTtz1YnIklIhSYcK9V0nVh7Qyw1I5yO8q1E0RiTPu7SpkGBQ6q84fiCETowTgcFkTRPaDR2f08McajUIPRNZ7qhmq6l5n+1ZqKDU2/IRJxoKsjkoyDhSEcojQN1mKRE84EBTCQzuyLSwxITbULLmxDc6ZNnoXZUcp2Se3lcKJ9lceRgD/ahCC6cQBkuoAJVIPAAT/ACr9aj9Wy9We+T1jkrm9mBP7I+vgHxQpXn</latexit><latexit sha1_base64="uApyO09SM/XQ7i69yuHc0XZ0D7M=">AAACAXicbZDLSsNAFIZPvNZ6i7oR3AwWoW5KIoIui25cVrAXaEOZTCft0MkkzkzEWuvGV3HjQhG3voU738ZJG0Fbfxj4+M85zDm/H3OmtON8WXPzC4tLy7mV/Ora+samvbVdU1EiCa2SiEey4WNFORO0qpnmtBFLikOf07rfP0/r9RsqFYvElR7E1AtxV7CAEayN1bZ3r4utEOueH6A7dI9++PawbReckjMWmgU3gwJkqrTtz1YnIklIhSYcK9V0nVh7Qyw1I5yO8q1E0RiTPu7SpkGBQ6q84fiCETowTgcFkTRPaDR2f08McajUIPRNZ7qhmq6l5n+1ZqKDU2/IRJxoKsjkoyDhSEcojQN1mKRE84EBTCQzuyLSwxITbULLmxDc6ZNnoXZUcp2Se3lcKJ9lceRgD/ahCC6cQBkuoAJVIPAAT/ACr9aj9Wy9We+T1jkrm9mBP7I+vgHxQpXn</latexit>

Noisy channel

Echo
Noise

Gaussian
Noise

q(z)
<latexit sha1_base64="SWh8fvZHV8L7wc02qVZJ+1cbL5U=">AAAB83icbVDLSgMxFL3js9ZX1aWbYBHqpsyIoMuiG5cV7AM6Q8mkmTY0yYxJRqhDf8ONC0Xc+jPu/Bsz7Sy09UDgcM693JMTJpxp47rfzsrq2vrGZmmrvL2zu7dfOThs6zhVhLZIzGPVDbGmnEnaMsxw2k0UxSLktBOOb3K/80iVZrG8N5OEBgIPJYsYwcZK/kPNF9iMwgg9nfUrVbfuzoCWiVeQKhRo9itf/iAmqaDSEI617nluYoIMK8MIp9Oyn2qaYDLGQ9qzVGJBdZDNMk/RqVUGKIqVfdKgmfp7I8NC64kI7WSeUC96ufif10tNdBVkTCapoZLMD0UpRyZGeQFowBQlhk8swUQxmxWREVaYGFtT2ZbgLX55mbTP655b9+4uqo3roo4SHMMJ1MCDS2jALTShBQQSeIZXeHNS58V5dz7moytOsXMEf+B8/gAunZEc</latexit><latexit sha1_base64="SWh8fvZHV8L7wc02qVZJ+1cbL5U=">AAAB83icbVDLSgMxFL3js9ZX1aWbYBHqpsyIoMuiG5cV7AM6Q8mkmTY0yYxJRqhDf8ONC0Xc+jPu/Bsz7Sy09UDgcM693JMTJpxp47rfzsrq2vrGZmmrvL2zu7dfOThs6zhVhLZIzGPVDbGmnEnaMsxw2k0UxSLktBOOb3K/80iVZrG8N5OEBgIPJYsYwcZK/kPNF9iMwgg9nfUrVbfuzoCWiVeQKhRo9itf/iAmqaDSEI617nluYoIMK8MIp9Oyn2qaYDLGQ9qzVGJBdZDNMk/RqVUGKIqVfdKgmfp7I8NC64kI7WSeUC96ufif10tNdBVkTCapoZLMD0UpRyZGeQFowBQlhk8swUQxmxWREVaYGFtT2ZbgLX55mbTP655b9+4uqo3roo4SHMMJ1MCDS2jALTShBQQSeIZXeHNS58V5dz7moytOsXMEf+B8/gAunZEc</latexit><latexit sha1_base64="SWh8fvZHV8L7wc02qVZJ+1cbL5U=">AAAB83icbVDLSgMxFL3js9ZX1aWbYBHqpsyIoMuiG5cV7AM6Q8mkmTY0yYxJRqhDf8ONC0Xc+jPu/Bsz7Sy09UDgcM693JMTJpxp47rfzsrq2vrGZmmrvL2zu7dfOThs6zhVhLZIzGPVDbGmnEnaMsxw2k0UxSLktBOOb3K/80iVZrG8N5OEBgIPJYsYwcZK/kPNF9iMwgg9nfUrVbfuzoCWiVeQKhRo9itf/iAmqaDSEI617nluYoIMK8MIp9Oyn2qaYDLGQ9qzVGJBdZDNMk/RqVUGKIqVfdKgmfp7I8NC64kI7WSeUC96ufif10tNdBVkTCapoZLMD0UpRyZGeQFowBQlhk8swUQxmxWREVaYGFtT2ZbgLX55mbTP655b9+4uqo3roo4SHMMJ1MCDS2jALTShBQQSeIZXeHNS58V5dz7moytOsXMEf+B8/gAunZEc</latexit><latexit sha1_base64="SWh8fvZHV8L7wc02qVZJ+1cbL5U=">AAAB83icbVDLSgMxFL3js9ZX1aWbYBHqpsyIoMuiG5cV7AM6Q8mkmTY0yYxJRqhDf8ONC0Xc+jPu/Bsz7Sy09UDgcM693JMTJpxp47rfzsrq2vrGZmmrvL2zu7dfOThs6zhVhLZIzGPVDbGmnEnaMsxw2k0UxSLktBOOb3K/80iVZrG8N5OEBgIPJYsYwcZK/kPNF9iMwgg9nfUrVbfuzoCWiVeQKhRo9itf/iAmqaDSEI617nluYoIMK8MIp9Oyn2qaYDLGQ9qzVGJBdZDNMk/RqVUGKIqVfdKgmfp7I8NC64kI7WSeUC96ufif10tNdBVkTCapoZLMD0UpRyZGeQFowBQlhk8swUQxmxWREVaYGFtT2ZbgLX55mbTP655b9+4uqo3roo4SHMMJ1MCDS2jALTShBQQSeIZXeHNS58V5dz7moytOsXMEf+B8/gAunZEc</latexit>

Encoder distribution

I(Z;X) = 3 bits
<latexit sha1_base64="Gp2rws88UxFJYVH0peEDqMvePWM=">AAACAXicbVDLSgNBEJyNrxhfq14EL4NBiJewq4KCCEEveotgHpgsYXYySYbMY5mZFcMSL/6KFw+KePUvvPk3TpI9aGJBQ1HVTXdXGDGqjed9O5m5+YXFpexybmV1bX3D3dyqahkrTCpYMqnqIdKEUUEqhhpG6pEiiIeM1ML+5civ3ROlqRS3ZhCRgKOuoB2KkbFSy925LtydwfoBPIdHsMlD+ZDAkBo9bLl5r+iNAWeJn5I8SFFuuV/NtsQxJ8JghrRu+F5kggQpQzEjw1wz1iRCuI+6pGGpQJzoIBl/MIT7VmnDjlS2hIFj9fdEgrjWAx7aTo5MT097I/E/rxGbzmmQUBHFhgg8WdSJGTQSjuKAbaoINmxgCcKK2lsh7iGFsLGh5WwI/vTLs6R6WPS9on9znC9dpHFkwS7YAwXggxNQAlegDCoAg0fwDF7Bm/PkvDjvzsekNeOkM9vgD5zPH10AlO4=</latexit><latexit sha1_base64="Gp2rws88UxFJYVH0peEDqMvePWM=">AAACAXicbVDLSgNBEJyNrxhfq14EL4NBiJewq4KCCEEveotgHpgsYXYySYbMY5mZFcMSL/6KFw+KePUvvPk3TpI9aGJBQ1HVTXdXGDGqjed9O5m5+YXFpexybmV1bX3D3dyqahkrTCpYMqnqIdKEUUEqhhpG6pEiiIeM1ML+5civ3ROlqRS3ZhCRgKOuoB2KkbFSy925LtydwfoBPIdHsMlD+ZDAkBo9bLl5r+iNAWeJn5I8SFFuuV/NtsQxJ8JghrRu+F5kggQpQzEjw1wz1iRCuI+6pGGpQJzoIBl/MIT7VmnDjlS2hIFj9fdEgrjWAx7aTo5MT097I/E/rxGbzmmQUBHFhgg8WdSJGTQSjuKAbaoINmxgCcKK2lsh7iGFsLGh5WwI/vTLs6R6WPS9on9znC9dpHFkwS7YAwXggxNQAlegDCoAg0fwDF7Bm/PkvDjvzsekNeOkM9vgD5zPH10AlO4=</latexit><latexit sha1_base64="Gp2rws88UxFJYVH0peEDqMvePWM=">AAACAXicbVDLSgNBEJyNrxhfq14EL4NBiJewq4KCCEEveotgHpgsYXYySYbMY5mZFcMSL/6KFw+KePUvvPk3TpI9aGJBQ1HVTXdXGDGqjed9O5m5+YXFpexybmV1bX3D3dyqahkrTCpYMqnqIdKEUUEqhhpG6pEiiIeM1ML+5civ3ROlqRS3ZhCRgKOuoB2KkbFSy925LtydwfoBPIdHsMlD+ZDAkBo9bLl5r+iNAWeJn5I8SFFuuV/NtsQxJ8JghrRu+F5kggQpQzEjw1wz1iRCuI+6pGGpQJzoIBl/MIT7VmnDjlS2hIFj9fdEgrjWAx7aTo5MT097I/E/rxGbzmmQUBHFhgg8WdSJGTQSjuKAbaoINmxgCcKK2lsh7iGFsLGh5WwI/vTLs6R6WPS9on9znC9dpHFkwS7YAwXggxNQAlegDCoAg0fwDF7Bm/PkvDjvzsekNeOkM9vgD5zPH10AlO4=</latexit><latexit sha1_base64="Gp2rws88UxFJYVH0peEDqMvePWM=">AAACAXicbVDLSgNBEJyNrxhfq14EL4NBiJewq4KCCEEveotgHpgsYXYySYbMY5mZFcMSL/6KFw+KePUvvPk3TpI9aGJBQ1HVTXdXGDGqjed9O5m5+YXFpexybmV1bX3D3dyqahkrTCpYMqnqIdKEUUEqhhpG6pEiiIeM1ML+5civ3ROlqRS3ZhCRgKOuoB2KkbFSy925LtydwfoBPIdHsMlD+ZDAkBo9bLl5r+iNAWeJn5I8SFFuuV/NtsQxJ8JghrRu+F5kggQpQzEjw1wz1iRCuI+6pGGpQJzoIBl/MIT7VmnDjlS2hIFj9fdEgrjWAx7aTo5MT097I/E/rxGbzmmQUBHFhgg8WdSJGTQSjuKAbaoINmxgCcKK2lsh7iGFsLGh5WwI/vTLs6R6WPS9on9znC9dpHFkwS7YAwXggxNQAlegDCoAg0fwDF7Bm/PkvDjvzsekNeOkM9vgD5zPH10AlO4=</latexit>

I(Z;X)  3 bits
<latexit sha1_base64="3sTAvva5UF6O0WoigMynSTaSlHA=">AAACBHicbVC7SgNBFJ2Nrxhfq5ZpBoMQm7CrgoJN0Ea7COaB2SXMTmaTITM768ysGJYUNv6KjYUitn6EnX/jJNlCEw9cOJxzL/feE8SMKu0431ZuYXFpeSW/Wlhb39jcsrd3GkokEpM6FkzIVoAUYTQidU01I61YEsQDRprB4GLsN++JVFREN3oYE5+jXkRDipE2UscuXpVvz2DrAHqM3MEj6PFAPKQwoFqNOnbJqTgTwHniZqQEMtQ69pfXFTjhJNKYIaXarhNrP0VSU8zIqOAlisQID1CPtA2NECfKTydPjOC+UbowFNJUpOFE/T2RIq7UkAemkyPdV7PeWPzPayc6PPVTGsWJJhGeLgoTBrWA40Rgl0qCNRsagrCk5laI+0girE1uBROCO/vyPGkcVlyn4l4fl6rnWRx5UAR7oAxccAKq4BLUQB1g8AiewSt4s56sF+vd+pi25qxsZhf8gfX5AwAflm0=</latexit><latexit sha1_base64="3sTAvva5UF6O0WoigMynSTaSlHA=">AAACBHicbVC7SgNBFJ2Nrxhfq5ZpBoMQm7CrgoJN0Ea7COaB2SXMTmaTITM768ysGJYUNv6KjYUitn6EnX/jJNlCEw9cOJxzL/feE8SMKu0431ZuYXFpeSW/Wlhb39jcsrd3GkokEpM6FkzIVoAUYTQidU01I61YEsQDRprB4GLsN++JVFREN3oYE5+jXkRDipE2UscuXpVvz2DrAHqM3MEj6PFAPKQwoFqNOnbJqTgTwHniZqQEMtQ69pfXFTjhJNKYIaXarhNrP0VSU8zIqOAlisQID1CPtA2NECfKTydPjOC+UbowFNJUpOFE/T2RIq7UkAemkyPdV7PeWPzPayc6PPVTGsWJJhGeLgoTBrWA40Rgl0qCNRsagrCk5laI+0girE1uBROCO/vyPGkcVlyn4l4fl6rnWRx5UAR7oAxccAKq4BLUQB1g8AiewSt4s56sF+vd+pi25qxsZhf8gfX5AwAflm0=</latexit><latexit sha1_base64="3sTAvva5UF6O0WoigMynSTaSlHA=">AAACBHicbVC7SgNBFJ2Nrxhfq5ZpBoMQm7CrgoJN0Ea7COaB2SXMTmaTITM768ysGJYUNv6KjYUitn6EnX/jJNlCEw9cOJxzL/feE8SMKu0431ZuYXFpeSW/Wlhb39jcsrd3GkokEpM6FkzIVoAUYTQidU01I61YEsQDRprB4GLsN++JVFREN3oYE5+jXkRDipE2UscuXpVvz2DrAHqM3MEj6PFAPKQwoFqNOnbJqTgTwHniZqQEMtQ69pfXFTjhJNKYIaXarhNrP0VSU8zIqOAlisQID1CPtA2NECfKTydPjOC+UbowFNJUpOFE/T2RIq7UkAemkyPdV7PeWPzPayc6PPVTGsWJJhGeLgoTBrWA40Rgl0qCNRsagrCk5laI+0girE1uBROCO/vyPGkcVlyn4l4fl6rnWRx5UAR7oAxccAKq4BLUQB1g8AiewSt4s56sF+vd+pi25qxsZhf8gfX5AwAflm0=</latexit><latexit sha1_base64="3sTAvva5UF6O0WoigMynSTaSlHA=">AAACBHicbVC7SgNBFJ2Nrxhfq5ZpBoMQm7CrgoJN0Ea7COaB2SXMTmaTITM768ysGJYUNv6KjYUitn6EnX/jJNlCEw9cOJxzL/feE8SMKu0431ZuYXFpeSW/Wlhb39jcsrd3GkokEpM6FkzIVoAUYTQidU01I61YEsQDRprB4GLsN++JVFREN3oYE5+jXkRDipE2UscuXpVvz2DrAHqM3MEj6PFAPKQwoFqNOnbJqTgTwHniZqQEMtQ69pfXFTjhJNKYIaXarhNrP0VSU8zIqOAlisQID1CPtA2NECfKTydPjOC+UbowFNJUpOFE/T2RIq7UkAemkyPdV7PeWPzPayc6PPVTGsWJJhGeLgoTBrWA40Rgl0qCNRsagrCk5laI+0girE1uBROCO/vyPGkcVlyn4l4fl6rnWRx5UAR7oAxccAKq4BLUQB1g8AiewSt4s56sF+vd+pi25qxsZhf8gfX5AwAflm0=</latexit>

+

=

=+	

Input distribution

q(x)
<latexit sha1_base64="2WgeRWylqqkwyLD6JK8it3eUrVI=">AAAB83icbVDLSgMxFL3xWeur6tJNsAh1U2ZE0GXRjcsK9gGdoWTSTBuayYxJRixDf8ONC0Xc+jPu/Bsz7Sy09UDgcM693JMTJIJr4zjfaGV1bX1js7RV3t7Z3duvHBy2dZwqylo0FrHqBkQzwSVrGW4E6yaKkSgQrBOMb3K/88iU5rG8N5OE+REZSh5ySoyVvIeaFxEzCkL8dNavVJ26MwNeJm5BqlCg2a98eYOYphGThgqidc91EuNnRBlOBZuWvVSzhNAxGbKepZJETPvZLPMUn1plgMNY2ScNnqm/NzISaT2JAjuZJ9SLXi7+5/VSE175GZdJapik80NhKrCJcV4AHnDFqBETSwhV3GbFdEQUocbWVLYluItfXibt87rr1N27i2rjuqijBMdwAjVw4RIacAtNaAGFBJ7hFd5Qil7QO/qYj66gYucI/gB9/gArk5Ea</latexit><latexit sha1_base64="2WgeRWylqqkwyLD6JK8it3eUrVI=">AAAB83icbVDLSgMxFL3xWeur6tJNsAh1U2ZE0GXRjcsK9gGdoWTSTBuayYxJRixDf8ONC0Xc+jPu/Bsz7Sy09UDgcM693JMTJIJr4zjfaGV1bX1js7RV3t7Z3duvHBy2dZwqylo0FrHqBkQzwSVrGW4E6yaKkSgQrBOMb3K/88iU5rG8N5OE+REZSh5ySoyVvIeaFxEzCkL8dNavVJ26MwNeJm5BqlCg2a98eYOYphGThgqidc91EuNnRBlOBZuWvVSzhNAxGbKepZJETPvZLPMUn1plgMNY2ScNnqm/NzISaT2JAjuZJ9SLXi7+5/VSE175GZdJapik80NhKrCJcV4AHnDFqBETSwhV3GbFdEQUocbWVLYluItfXibt87rr1N27i2rjuqijBMdwAjVw4RIacAtNaAGFBJ7hFd5Qil7QO/qYj66gYucI/gB9/gArk5Ea</latexit><latexit sha1_base64="2WgeRWylqqkwyLD6JK8it3eUrVI=">AAAB83icbVDLSgMxFL3xWeur6tJNsAh1U2ZE0GXRjcsK9gGdoWTSTBuayYxJRixDf8ONC0Xc+jPu/Bsz7Sy09UDgcM693JMTJIJr4zjfaGV1bX1js7RV3t7Z3duvHBy2dZwqylo0FrHqBkQzwSVrGW4E6yaKkSgQrBOMb3K/88iU5rG8N5OE+REZSh5ySoyVvIeaFxEzCkL8dNavVJ26MwNeJm5BqlCg2a98eYOYphGThgqidc91EuNnRBlOBZuWvVSzhNAxGbKepZJETPvZLPMUn1plgMNY2ScNnqm/NzISaT2JAjuZJ9SLXi7+5/VSE175GZdJapik80NhKrCJcV4AHnDFqBETSwhV3GbFdEQUocbWVLYluItfXibt87rr1N27i2rjuqijBMdwAjVw4RIacAtNaAGFBJ7hFd5Qil7QO/qYj66gYucI/gB9/gArk5Ea</latexit><latexit sha1_base64="2WgeRWylqqkwyLD6JK8it3eUrVI=">AAAB83icbVDLSgMxFL3xWeur6tJNsAh1U2ZE0GXRjcsK9gGdoWTSTBuayYxJRixDf8ONC0Xc+jPu/Bsz7Sy09UDgcM693JMTJIJr4zjfaGV1bX1js7RV3t7Z3duvHBy2dZwqylo0FrHqBkQzwSVrGW4E6yaKkSgQrBOMb3K/88iU5rG8N5OE+REZSh5ySoyVvIeaFxEzCkL8dNavVJ26MwNeJm5BqlCg2a98eYOYphGThgqidc91EuNnRBlOBZuWvVSzhNAxGbKepZJETPvZLPMUn1plgMNY2ScNnqm/NzISaT2JAjuZJ9SLXi7+5/VSE175GZdJapik80NhKrCJcV4AHnDFqBETSwhV3GbFdEQUocbWVLYluItfXibt87rr1N27i2rjuqijBMdwAjVw4RIacAtNaAGFBJ7hFd5Qil7QO/qYj66gYucI/gB9/gArk5Ea</latexit>

q(z|x)
<latexit sha1_base64="uApyO09SM/XQ7i69yuHc0XZ0D7M=">AAACAXicbZDLSsNAFIZPvNZ6i7oR3AwWoW5KIoIui25cVrAXaEOZTCft0MkkzkzEWuvGV3HjQhG3voU738ZJG0Fbfxj4+M85zDm/H3OmtON8WXPzC4tLy7mV/Ora+samvbVdU1EiCa2SiEey4WNFORO0qpnmtBFLikOf07rfP0/r9RsqFYvElR7E1AtxV7CAEayN1bZ3r4utEOueH6A7dI9++PawbReckjMWmgU3gwJkqrTtz1YnIklIhSYcK9V0nVh7Qyw1I5yO8q1E0RiTPu7SpkGBQ6q84fiCETowTgcFkTRPaDR2f08McajUIPRNZ7qhmq6l5n+1ZqKDU2/IRJxoKsjkoyDhSEcojQN1mKRE84EBTCQzuyLSwxITbULLmxDc6ZNnoXZUcp2Se3lcKJ9lceRgD/ahCC6cQBkuoAJVIPAAT/ACr9aj9Wy9We+T1jkrm9mBP7I+vgHxQpXn</latexit><latexit sha1_base64="uApyO09SM/XQ7i69yuHc0XZ0D7M=">AAACAXicbZDLSsNAFIZPvNZ6i7oR3AwWoW5KIoIui25cVrAXaEOZTCft0MkkzkzEWuvGV3HjQhG3voU738ZJG0Fbfxj4+M85zDm/H3OmtON8WXPzC4tLy7mV/Ora+samvbVdU1EiCa2SiEey4WNFORO0qpnmtBFLikOf07rfP0/r9RsqFYvElR7E1AtxV7CAEayN1bZ3r4utEOueH6A7dI9++PawbReckjMWmgU3gwJkqrTtz1YnIklIhSYcK9V0nVh7Qyw1I5yO8q1E0RiTPu7SpkGBQ6q84fiCETowTgcFkTRPaDR2f08McajUIPRNZ7qhmq6l5n+1ZqKDU2/IRJxoKsjkoyDhSEcojQN1mKRE84EBTCQzuyLSwxITbULLmxDc6ZNnoXZUcp2Se3lcKJ9lceRgD/ahCC6cQBkuoAJVIPAAT/ACr9aj9Wy9We+T1jkrm9mBP7I+vgHxQpXn</latexit><latexit sha1_base64="uApyO09SM/XQ7i69yuHc0XZ0D7M=">AAACAXicbZDLSsNAFIZPvNZ6i7oR3AwWoW5KIoIui25cVrAXaEOZTCft0MkkzkzEWuvGV3HjQhG3voU738ZJG0Fbfxj4+M85zDm/H3OmtON8WXPzC4tLy7mV/Ora+samvbVdU1EiCa2SiEey4WNFORO0qpnmtBFLikOf07rfP0/r9RsqFYvElR7E1AtxV7CAEayN1bZ3r4utEOueH6A7dI9++PawbReckjMWmgU3gwJkqrTtz1YnIklIhSYcK9V0nVh7Qyw1I5yO8q1E0RiTPu7SpkGBQ6q84fiCETowTgcFkTRPaDR2f08McajUIPRNZ7qhmq6l5n+1ZqKDU2/IRJxoKsjkoyDhSEcojQN1mKRE84EBTCQzuyLSwxITbULLmxDc6ZNnoXZUcp2Se3lcKJ9lceRgD/ahCC6cQBkuoAJVIPAAT/ACr9aj9Wy9We+T1jkrm9mBP7I+vgHxQpXn</latexit><latexit sha1_base64="uApyO09SM/XQ7i69yuHc0XZ0D7M=">AAACAXicbZDLSsNAFIZPvNZ6i7oR3AwWoW5KIoIui25cVrAXaEOZTCft0MkkzkzEWuvGV3HjQhG3voU738ZJG0Fbfxj4+M85zDm/H3OmtON8WXPzC4tLy7mV/Ora+samvbVdU1EiCa2SiEey4WNFORO0qpnmtBFLikOf07rfP0/r9RsqFYvElR7E1AtxV7CAEayN1bZ3r4utEOueH6A7dI9++PawbReckjMWmgU3gwJkqrTtz1YnIklIhSYcK9V0nVh7Qyw1I5yO8q1E0RiTPu7SpkGBQ6q84fiCETowTgcFkTRPaDR2f08McajUIPRNZ7qhmq6l5n+1ZqKDU2/IRJxoKsjkoyDhSEcojQN1mKRE84EBTCQzuyLSwxITbULLmxDc6ZNnoXZUcp2Se3lcKJ9lceRgD/ahCC6cQBkuoAJVIPAAT/ACr9aj9Wy9We+T1jkrm9mBP7I+vgHxQpXn</latexit>

Noisy channel

Echo
Noise

Gaussian
Noise

q(z)
<latexit sha1_base64="SWh8fvZHV8L7wc02qVZJ+1cbL5U=">AAAB83icbVDLSgMxFL3js9ZX1aWbYBHqpsyIoMuiG5cV7AM6Q8mkmTY0yYxJRqhDf8ONC0Xc+jPu/Bsz7Sy09UDgcM693JMTJpxp47rfzsrq2vrGZmmrvL2zu7dfOThs6zhVhLZIzGPVDbGmnEnaMsxw2k0UxSLktBOOb3K/80iVZrG8N5OEBgIPJYsYwcZK/kPNF9iMwgg9nfUrVbfuzoCWiVeQKhRo9itf/iAmqaDSEI617nluYoIMK8MIp9Oyn2qaYDLGQ9qzVGJBdZDNMk/RqVUGKIqVfdKgmfp7I8NC64kI7WSeUC96ufif10tNdBVkTCapoZLMD0UpRyZGeQFowBQlhk8swUQxmxWREVaYGFtT2ZbgLX55mbTP655b9+4uqo3roo4SHMMJ1MCDS2jALTShBQQSeIZXeHNS58V5dz7moytOsXMEf+B8/gAunZEc</latexit><latexit sha1_base64="SWh8fvZHV8L7wc02qVZJ+1cbL5U=">AAAB83icbVDLSgMxFL3js9ZX1aWbYBHqpsyIoMuiG5cV7AM6Q8mkmTY0yYxJRqhDf8ONC0Xc+jPu/Bsz7Sy09UDgcM693JMTJpxp47rfzsrq2vrGZmmrvL2zu7dfOThs6zhVhLZIzGPVDbGmnEnaMsxw2k0UxSLktBOOb3K/80iVZrG8N5OEBgIPJYsYwcZK/kPNF9iMwgg9nfUrVbfuzoCWiVeQKhRo9itf/iAmqaDSEI617nluYoIMK8MIp9Oyn2qaYDLGQ9qzVGJBdZDNMk/RqVUGKIqVfdKgmfp7I8NC64kI7WSeUC96ufif10tNdBVkTCapoZLMD0UpRyZGeQFowBQlhk8swUQxmxWREVaYGFtT2ZbgLX55mbTP655b9+4uqo3roo4SHMMJ1MCDS2jALTShBQQSeIZXeHNS58V5dz7moytOsXMEf+B8/gAunZEc</latexit><latexit sha1_base64="SWh8fvZHV8L7wc02qVZJ+1cbL5U=">AAAB83icbVDLSgMxFL3js9ZX1aWbYBHqpsyIoMuiG5cV7AM6Q8mkmTY0yYxJRqhDf8ONC0Xc+jPu/Bsz7Sy09UDgcM693JMTJpxp47rfzsrq2vrGZmmrvL2zu7dfOThs6zhVhLZIzGPVDbGmnEnaMsxw2k0UxSLktBOOb3K/80iVZrG8N5OEBgIPJYsYwcZK/kPNF9iMwgg9nfUrVbfuzoCWiVeQKhRo9itf/iAmqaDSEI617nluYoIMK8MIp9Oyn2qaYDLGQ9qzVGJBdZDNMk/RqVUGKIqVfdKgmfp7I8NC64kI7WSeUC96ufif10tNdBVkTCapoZLMD0UpRyZGeQFowBQlhk8swUQxmxWREVaYGFtT2ZbgLX55mbTP655b9+4uqo3roo4SHMMJ1MCDS2jALTShBQQSeIZXeHNS58V5dz7moytOsXMEf+B8/gAunZEc</latexit><latexit sha1_base64="SWh8fvZHV8L7wc02qVZJ+1cbL5U=">AAAB83icbVDLSgMxFL3js9ZX1aWbYBHqpsyIoMuiG5cV7AM6Q8mkmTY0yYxJRqhDf8ONC0Xc+jPu/Bsz7Sy09UDgcM693JMTJpxp47rfzsrq2vrGZmmrvL2zu7dfOThs6zhVhLZIzGPVDbGmnEnaMsxw2k0UxSLktBOOb3K/80iVZrG8N5OEBgIPJYsYwcZK/kPNF9iMwgg9nfUrVbfuzoCWiVeQKhRo9itf/iAmqaDSEI617nluYoIMK8MIp9Oyn2qaYDLGQ9qzVGJBdZDNMk/RqVUGKIqVfdKgmfp7I8NC64kI7WSeUC96ufif10tNdBVkTCapoZLMD0UpRyZGeQFowBQlhk8swUQxmxWREVaYGFtT2ZbgLX55mbTP655b9+4uqo3roo4SHMMJ1MCDS2jALTShBQQSeIZXeHNS58V5dz7moytOsXMEf+B8/gAunZEc</latexit>

Encoder distribution

I(Z;X) = 3 bits
<latexit sha1_base64="Gp2rws88UxFJYVH0peEDqMvePWM=">AAACAXicbVDLSgNBEJyNrxhfq14EL4NBiJewq4KCCEEveotgHpgsYXYySYbMY5mZFcMSL/6KFw+KePUvvPk3TpI9aGJBQ1HVTXdXGDGqjed9O5m5+YXFpexybmV1bX3D3dyqahkrTCpYMqnqIdKEUUEqhhpG6pEiiIeM1ML+5civ3ROlqRS3ZhCRgKOuoB2KkbFSy925LtydwfoBPIdHsMlD+ZDAkBo9bLl5r+iNAWeJn5I8SFFuuV/NtsQxJ8JghrRu+F5kggQpQzEjw1wz1iRCuI+6pGGpQJzoIBl/MIT7VmnDjlS2hIFj9fdEgrjWAx7aTo5MT097I/E/rxGbzmmQUBHFhgg8WdSJGTQSjuKAbaoINmxgCcKK2lsh7iGFsLGh5WwI/vTLs6R6WPS9on9znC9dpHFkwS7YAwXggxNQAlegDCoAg0fwDF7Bm/PkvDjvzsekNeOkM9vgD5zPH10AlO4=</latexit><latexit sha1_base64="Gp2rws88UxFJYVH0peEDqMvePWM=">AAACAXicbVDLSgNBEJyNrxhfq14EL4NBiJewq4KCCEEveotgHpgsYXYySYbMY5mZFcMSL/6KFw+KePUvvPk3TpI9aGJBQ1HVTXdXGDGqjed9O5m5+YXFpexybmV1bX3D3dyqahkrTCpYMqnqIdKEUUEqhhpG6pEiiIeM1ML+5civ3ROlqRS3ZhCRgKOuoB2KkbFSy925LtydwfoBPIdHsMlD+ZDAkBo9bLl5r+iNAWeJn5I8SFFuuV/NtsQxJ8JghrRu+F5kggQpQzEjw1wz1iRCuI+6pGGpQJzoIBl/MIT7VmnDjlS2hIFj9fdEgrjWAx7aTo5MT097I/E/rxGbzmmQUBHFhgg8WdSJGTQSjuKAbaoINmxgCcKK2lsh7iGFsLGh5WwI/vTLs6R6WPS9on9znC9dpHFkwS7YAwXggxNQAlegDCoAg0fwDF7Bm/PkvDjvzsekNeOkM9vgD5zPH10AlO4=</latexit><latexit sha1_base64="Gp2rws88UxFJYVH0peEDqMvePWM=">AAACAXicbVDLSgNBEJyNrxhfq14EL4NBiJewq4KCCEEveotgHpgsYXYySYbMY5mZFcMSL/6KFw+KePUvvPk3TpI9aGJBQ1HVTXdXGDGqjed9O5m5+YXFpexybmV1bX3D3dyqahkrTCpYMqnqIdKEUUEqhhpG6pEiiIeM1ML+5civ3ROlqRS3ZhCRgKOuoB2KkbFSy925LtydwfoBPIdHsMlD+ZDAkBo9bLl5r+iNAWeJn5I8SFFuuV/NtsQxJ8JghrRu+F5kggQpQzEjw1wz1iRCuI+6pGGpQJzoIBl/MIT7VmnDjlS2hIFj9fdEgrjWAx7aTo5MT097I/E/rxGbzmmQUBHFhgg8WdSJGTQSjuKAbaoINmxgCcKK2lsh7iGFsLGh5WwI/vTLs6R6WPS9on9znC9dpHFkwS7YAwXggxNQAlegDCoAg0fwDF7Bm/PkvDjvzsekNeOkM9vgD5zPH10AlO4=</latexit><latexit sha1_base64="Gp2rws88UxFJYVH0peEDqMvePWM=">AAACAXicbVDLSgNBEJyNrxhfq14EL4NBiJewq4KCCEEveotgHpgsYXYySYbMY5mZFcMSL/6KFw+KePUvvPk3TpI9aGJBQ1HVTXdXGDGqjed9O5m5+YXFpexybmV1bX3D3dyqahkrTCpYMqnqIdKEUUEqhhpG6pEiiIeM1ML+5civ3ROlqRS3ZhCRgKOuoB2KkbFSy925LtydwfoBPIdHsMlD+ZDAkBo9bLl5r+iNAWeJn5I8SFFuuV/NtsQxJ8JghrRu+F5kggQpQzEjw1wz1iRCuI+6pGGpQJzoIBl/MIT7VmnDjlS2hIFj9fdEgrjWAx7aTo5MT097I/E/rxGbzmmQUBHFhgg8WdSJGTQSjuKAbaoINmxgCcKK2lsh7iGFsLGh5WwI/vTLs6R6WPS9on9znC9dpHFkwS7YAwXggxNQAlegDCoAg0fwDF7Bm/PkvDjvzsekNeOkM9vgD5zPH10AlO4=</latexit>

I(Z;X)  3 bits
<latexit sha1_base64="3sTAvva5UF6O0WoigMynSTaSlHA=">AAACBHicbVC7SgNBFJ2Nrxhfq5ZpBoMQm7CrgoJN0Ea7COaB2SXMTmaTITM768ysGJYUNv6KjYUitn6EnX/jJNlCEw9cOJxzL/feE8SMKu0431ZuYXFpeSW/Wlhb39jcsrd3GkokEpM6FkzIVoAUYTQidU01I61YEsQDRprB4GLsN++JVFREN3oYE5+jXkRDipE2UscuXpVvz2DrAHqM3MEj6PFAPKQwoFqNOnbJqTgTwHniZqQEMtQ69pfXFTjhJNKYIaXarhNrP0VSU8zIqOAlisQID1CPtA2NECfKTydPjOC+UbowFNJUpOFE/T2RIq7UkAemkyPdV7PeWPzPayc6PPVTGsWJJhGeLgoTBrWA40Rgl0qCNRsagrCk5laI+0girE1uBROCO/vyPGkcVlyn4l4fl6rnWRx5UAR7oAxccAKq4BLUQB1g8AiewSt4s56sF+vd+pi25qxsZhf8gfX5AwAflm0=</latexit><latexit sha1_base64="3sTAvva5UF6O0WoigMynSTaSlHA=">AAACBHicbVC7SgNBFJ2Nrxhfq5ZpBoMQm7CrgoJN0Ea7COaB2SXMTmaTITM768ysGJYUNv6KjYUitn6EnX/jJNlCEw9cOJxzL/feE8SMKu0431ZuYXFpeSW/Wlhb39jcsrd3GkokEpM6FkzIVoAUYTQidU01I61YEsQDRprB4GLsN++JVFREN3oYE5+jXkRDipE2UscuXpVvz2DrAHqM3MEj6PFAPKQwoFqNOnbJqTgTwHniZqQEMtQ69pfXFTjhJNKYIaXarhNrP0VSU8zIqOAlisQID1CPtA2NECfKTydPjOC+UbowFNJUpOFE/T2RIq7UkAemkyPdV7PeWPzPayc6PPVTGsWJJhGeLgoTBrWA40Rgl0qCNRsagrCk5laI+0girE1uBROCO/vyPGkcVlyn4l4fl6rnWRx5UAR7oAxccAKq4BLUQB1g8AiewSt4s56sF+vd+pi25qxsZhf8gfX5AwAflm0=</latexit><latexit sha1_base64="3sTAvva5UF6O0WoigMynSTaSlHA=">AAACBHicbVC7SgNBFJ2Nrxhfq5ZpBoMQm7CrgoJN0Ea7COaB2SXMTmaTITM768ysGJYUNv6KjYUitn6EnX/jJNlCEw9cOJxzL/feE8SMKu0431ZuYXFpeSW/Wlhb39jcsrd3GkokEpM6FkzIVoAUYTQidU01I61YEsQDRprB4GLsN++JVFREN3oYE5+jXkRDipE2UscuXpVvz2DrAHqM3MEj6PFAPKQwoFqNOnbJqTgTwHniZqQEMtQ69pfXFTjhJNKYIaXarhNrP0VSU8zIqOAlisQID1CPtA2NECfKTydPjOC+UbowFNJUpOFE/T2RIq7UkAemkyPdV7PeWPzPayc6PPVTGsWJJhGeLgoTBrWA40Rgl0qCNRsagrCk5laI+0girE1uBROCO/vyPGkcVlyn4l4fl6rnWRx5UAR7oAxccAKq4BLUQB1g8AiewSt4s56sF+vd+pi25qxsZhf8gfX5AwAflm0=</latexit><latexit sha1_base64="3sTAvva5UF6O0WoigMynSTaSlHA=">AAACBHicbVC7SgNBFJ2Nrxhfq5ZpBoMQm7CrgoJN0Ea7COaB2SXMTmaTITM768ysGJYUNv6KjYUitn6EnX/jJNlCEw9cOJxzL/feE8SMKu0431ZuYXFpeSW/Wlhb39jcsrd3GkokEpM6FkzIVoAUYTQidU01I61YEsQDRprB4GLsN++JVFREN3oYE5+jXkRDipE2UscuXpVvz2DrAHqM3MEj6PFAPKQwoFqNOnbJqTgTwHniZqQEMtQ69pfXFTjhJNKYIaXarhNrP0VSU8zIqOAlisQID1CPtA2NECfKTydPjOC+UbowFNJUpOFE/T2RIq7UkAemkyPdV7PeWPzPayc6PPVTGsWJJhGeLgoTBrWA40Rgl0qCNRsagrCk5laI+0girE1uBROCO/vyPGkcVlyn4l4fl6rnWRx5UAR7oAxccAKq4BLUQB1g8AiewSt4s56sF+vd+pi25qxsZhf8gfX5AwAflm0=</latexit>

+

=

=z = x+
1

2
"

<latexit sha1_base64="3ZADSQIbWEpJFOBfRA2q4qJ5VIQ="></latexit><latexit sha1_base64="3ZADSQIbWEpJFOBfRA2q4qJ5VIQ="></latexit><latexit sha1_base64="3ZADSQIbWEpJFOBfRA2q4qJ5VIQ="></latexit><latexit sha1_base64="3ZADSQIbWEpJFOBfRA2q4qJ5VIQ="></latexit>

=	

" = x(0) +
1

2
x(1) +

1

4
x(2) +

1

8
x(3) + . . .

<latexit sha1_base64="YCw7XUpaxJDsDuP2pFmzRe8v+cc="></latexit><latexit sha1_base64="YCw7XUpaxJDsDuP2pFmzRe8v+cc="></latexit><latexit sha1_base64="YCw7XUpaxJDsDuP2pFmzRe8v+cc="></latexit><latexit sha1_base64="YCw7XUpaxJDsDuP2pFmzRe8v+cc="></latexit>



H(Z|X) = H(f(X) + S(X)E |X)

= ExH(f(x) + S(x)E |X = x)

= ExH(S(x)E |X = x)

= H(E) + E log | detS(x)|
<latexit sha1_base64="ZFVuFqLEGa+Nhx7655pbjP+4j6c="></latexit><latexit sha1_base64="ZFVuFqLEGa+Nhx7655pbjP+4j6c="></latexit><latexit sha1_base64="ZFVuFqLEGa+Nhx7655pbjP+4j6c="></latexit><latexit sha1_base64="ZFVuFqLEGa+Nhx7655pbjP+4j6c="></latexit>

Sample-dependent noise scaling 

Input distribution

q(x)
<latexit sha1_base64="2WgeRWylqqkwyLD6JK8it3eUrVI=">AAAB83icbVDLSgMxFL3xWeur6tJNsAh1U2ZE0GXRjcsK9gGdoWTSTBuayYxJRixDf8ONC0Xc+jPu/Bsz7Sy09UDgcM693JMTJIJr4zjfaGV1bX1js7RV3t7Z3duvHBy2dZwqylo0FrHqBkQzwSVrGW4E6yaKkSgQrBOMb3K/88iU5rG8N5OE+REZSh5ySoyVvIeaFxEzCkL8dNavVJ26MwNeJm5BqlCg2a98eYOYphGThgqidc91EuNnRBlOBZuWvVSzhNAxGbKepZJETPvZLPMUn1plgMNY2ScNnqm/NzISaT2JAjuZJ9SLXi7+5/VSE175GZdJapik80NhKrCJcV4AHnDFqBETSwhV3GbFdEQUocbWVLYluItfXibt87rr1N27i2rjuqijBMdwAjVw4RIacAtNaAGFBJ7hFd5Qil7QO/qYj66gYucI/gB9/gArk5Ea</latexit><latexit sha1_base64="2WgeRWylqqkwyLD6JK8it3eUrVI=">AAAB83icbVDLSgMxFL3xWeur6tJNsAh1U2ZE0GXRjcsK9gGdoWTSTBuayYxJRixDf8ONC0Xc+jPu/Bsz7Sy09UDgcM693JMTJIJr4zjfaGV1bX1js7RV3t7Z3duvHBy2dZwqylo0FrHqBkQzwSVrGW4E6yaKkSgQrBOMb3K/88iU5rG8N5OE+REZSh5ySoyVvIeaFxEzCkL8dNavVJ26MwNeJm5BqlCg2a98eYOYphGThgqidc91EuNnRBlOBZuWvVSzhNAxGbKepZJETPvZLPMUn1plgMNY2ScNnqm/NzISaT2JAjuZJ9SLXi7+5/VSE175GZdJapik80NhKrCJcV4AHnDFqBETSwhV3GbFdEQUocbWVLYluItfXibt87rr1N27i2rjuqijBMdwAjVw4RIacAtNaAGFBJ7hFd5Qil7QO/qYj66gYucI/gB9/gArk5Ea</latexit><latexit sha1_base64="2WgeRWylqqkwyLD6JK8it3eUrVI=">AAAB83icbVDLSgMxFL3xWeur6tJNsAh1U2ZE0GXRjcsK9gGdoWTSTBuayYxJRixDf8ONC0Xc+jPu/Bsz7Sy09UDgcM693JMTJIJr4zjfaGV1bX1js7RV3t7Z3duvHBy2dZwqylo0FrHqBkQzwSVrGW4E6yaKkSgQrBOMb3K/88iU5rG8N5OE+REZSh5ySoyVvIeaFxEzCkL8dNavVJ26MwNeJm5BqlCg2a98eYOYphGThgqidc91EuNnRBlOBZuWvVSzhNAxGbKepZJETPvZLPMUn1plgMNY2ScNnqm/NzISaT2JAjuZJ9SLXi7+5/VSE175GZdJapik80NhKrCJcV4AHnDFqBETSwhV3GbFdEQUocbWVLYluItfXibt87rr1N27i2rjuqijBMdwAjVw4RIacAtNaAGFBJ7hFd5Qil7QO/qYj66gYucI/gB9/gArk5Ea</latexit><latexit sha1_base64="2WgeRWylqqkwyLD6JK8it3eUrVI=">AAAB83icbVDLSgMxFL3xWeur6tJNsAh1U2ZE0GXRjcsK9gGdoWTSTBuayYxJRixDf8ONC0Xc+jPu/Bsz7Sy09UDgcM693JMTJIJr4zjfaGV1bX1js7RV3t7Z3duvHBy2dZwqylo0FrHqBkQzwSVrGW4E6yaKkSgQrBOMb3K/88iU5rG8N5OE+REZSh5ySoyVvIeaFxEzCkL8dNavVJ26MwNeJm5BqlCg2a98eYOYphGThgqidc91EuNnRBlOBZuWvVSzhNAxGbKepZJETPvZLPMUn1plgMNY2ScNnqm/NzISaT2JAjuZJ9SLXi7+5/VSE175GZdJapik80NhKrCJcV4AHnDFqBETSwhV3GbFdEQUocbWVLYluItfXibt87rr1N27i2rjuqijBMdwAjVw4RIacAtNaAGFBJ7hFd5Qil7QO/qYj66gYucI/gB9/gArk5Ea</latexit>

q(z|x)
<latexit sha1_base64="uApyO09SM/XQ7i69yuHc0XZ0D7M=">AAACAXicbZDLSsNAFIZPvNZ6i7oR3AwWoW5KIoIui25cVrAXaEOZTCft0MkkzkzEWuvGV3HjQhG3voU738ZJG0Fbfxj4+M85zDm/H3OmtON8WXPzC4tLy7mV/Ora+samvbVdU1EiCa2SiEey4WNFORO0qpnmtBFLikOf07rfP0/r9RsqFYvElR7E1AtxV7CAEayN1bZ3r4utEOueH6A7dI9++PawbReckjMWmgU3gwJkqrTtz1YnIklIhSYcK9V0nVh7Qyw1I5yO8q1E0RiTPu7SpkGBQ6q84fiCETowTgcFkTRPaDR2f08McajUIPRNZ7qhmq6l5n+1ZqKDU2/IRJxoKsjkoyDhSEcojQN1mKRE84EBTCQzuyLSwxITbULLmxDc6ZNnoXZUcp2Se3lcKJ9lceRgD/ahCC6cQBkuoAJVIPAAT/ACr9aj9Wy9We+T1jkrm9mBP7I+vgHxQpXn</latexit><latexit sha1_base64="uApyO09SM/XQ7i69yuHc0XZ0D7M=">AAACAXicbZDLSsNAFIZPvNZ6i7oR3AwWoW5KIoIui25cVrAXaEOZTCft0MkkzkzEWuvGV3HjQhG3voU738ZJG0Fbfxj4+M85zDm/H3OmtON8WXPzC4tLy7mV/Ora+samvbVdU1EiCa2SiEey4WNFORO0qpnmtBFLikOf07rfP0/r9RsqFYvElR7E1AtxV7CAEayN1bZ3r4utEOueH6A7dI9++PawbReckjMWmgU3gwJkqrTtz1YnIklIhSYcK9V0nVh7Qyw1I5yO8q1E0RiTPu7SpkGBQ6q84fiCETowTgcFkTRPaDR2f08McajUIPRNZ7qhmq6l5n+1ZqKDU2/IRJxoKsjkoyDhSEcojQN1mKRE84EBTCQzuyLSwxITbULLmxDc6ZNnoXZUcp2Se3lcKJ9lceRgD/ahCC6cQBkuoAJVIPAAT/ACr9aj9Wy9We+T1jkrm9mBP7I+vgHxQpXn</latexit><latexit sha1_base64="uApyO09SM/XQ7i69yuHc0XZ0D7M=">AAACAXicbZDLSsNAFIZPvNZ6i7oR3AwWoW5KIoIui25cVrAXaEOZTCft0MkkzkzEWuvGV3HjQhG3voU738ZJG0Fbfxj4+M85zDm/H3OmtON8WXPzC4tLy7mV/Ora+samvbVdU1EiCa2SiEey4WNFORO0qpnmtBFLikOf07rfP0/r9RsqFYvElR7E1AtxV7CAEayN1bZ3r4utEOueH6A7dI9++PawbReckjMWmgU3gwJkqrTtz1YnIklIhSYcK9V0nVh7Qyw1I5yO8q1E0RiTPu7SpkGBQ6q84fiCETowTgcFkTRPaDR2f08McajUIPRNZ7qhmq6l5n+1ZqKDU2/IRJxoKsjkoyDhSEcojQN1mKRE84EBTCQzuyLSwxITbULLmxDc6ZNnoXZUcp2Se3lcKJ9lceRgD/ahCC6cQBkuoAJVIPAAT/ACr9aj9Wy9We+T1jkrm9mBP7I+vgHxQpXn</latexit><latexit sha1_base64="uApyO09SM/XQ7i69yuHc0XZ0D7M=">AAACAXicbZDLSsNAFIZPvNZ6i7oR3AwWoW5KIoIui25cVrAXaEOZTCft0MkkzkzEWuvGV3HjQhG3voU738ZJG0Fbfxj4+M85zDm/H3OmtON8WXPzC4tLy7mV/Ora+samvbVdU1EiCa2SiEey4WNFORO0qpnmtBFLikOf07rfP0/r9RsqFYvElR7E1AtxV7CAEayN1bZ3r4utEOueH6A7dI9++PawbReckjMWmgU3gwJkqrTtz1YnIklIhSYcK9V0nVh7Qyw1I5yO8q1E0RiTPu7SpkGBQ6q84fiCETowTgcFkTRPaDR2f08McajUIPRNZ7qhmq6l5n+1ZqKDU2/IRJxoKsjkoyDhSEcojQN1mKRE84EBTCQzuyLSwxITbULLmxDc6ZNnoXZUcp2Se3lcKJ9lceRgD/ahCC6cQBkuoAJVIPAAT/ACr9aj9Wy9We+T1jkrm9mBP7I+vgHxQpXn</latexit>

Noisy channel

Echo
Noise

Gaussian
Noise

q(z)
<latexit sha1_base64="SWh8fvZHV8L7wc02qVZJ+1cbL5U=">AAAB83icbVDLSgMxFL3js9ZX1aWbYBHqpsyIoMuiG5cV7AM6Q8mkmTY0yYxJRqhDf8ONC0Xc+jPu/Bsz7Sy09UDgcM693JMTJpxp47rfzsrq2vrGZmmrvL2zu7dfOThs6zhVhLZIzGPVDbGmnEnaMsxw2k0UxSLktBOOb3K/80iVZrG8N5OEBgIPJYsYwcZK/kPNF9iMwgg9nfUrVbfuzoCWiVeQKhRo9itf/iAmqaDSEI617nluYoIMK8MIp9Oyn2qaYDLGQ9qzVGJBdZDNMk/RqVUGKIqVfdKgmfp7I8NC64kI7WSeUC96ufif10tNdBVkTCapoZLMD0UpRyZGeQFowBQlhk8swUQxmxWREVaYGFtT2ZbgLX55mbTP655b9+4uqo3roo4SHMMJ1MCDS2jALTShBQQSeIZXeHNS58V5dz7moytOsXMEf+B8/gAunZEc</latexit><latexit sha1_base64="SWh8fvZHV8L7wc02qVZJ+1cbL5U=">AAAB83icbVDLSgMxFL3js9ZX1aWbYBHqpsyIoMuiG5cV7AM6Q8mkmTY0yYxJRqhDf8ONC0Xc+jPu/Bsz7Sy09UDgcM693JMTJpxp47rfzsrq2vrGZmmrvL2zu7dfOThs6zhVhLZIzGPVDbGmnEnaMsxw2k0UxSLktBOOb3K/80iVZrG8N5OEBgIPJYsYwcZK/kPNF9iMwgg9nfUrVbfuzoCWiVeQKhRo9itf/iAmqaDSEI617nluYoIMK8MIp9Oyn2qaYDLGQ9qzVGJBdZDNMk/RqVUGKIqVfdKgmfp7I8NC64kI7WSeUC96ufif10tNdBVkTCapoZLMD0UpRyZGeQFowBQlhk8swUQxmxWREVaYGFtT2ZbgLX55mbTP655b9+4uqo3roo4SHMMJ1MCDS2jALTShBQQSeIZXeHNS58V5dz7moytOsXMEf+B8/gAunZEc</latexit><latexit sha1_base64="SWh8fvZHV8L7wc02qVZJ+1cbL5U=">AAAB83icbVDLSgMxFL3js9ZX1aWbYBHqpsyIoMuiG5cV7AM6Q8mkmTY0yYxJRqhDf8ONC0Xc+jPu/Bsz7Sy09UDgcM693JMTJpxp47rfzsrq2vrGZmmrvL2zu7dfOThs6zhVhLZIzGPVDbGmnEnaMsxw2k0UxSLktBOOb3K/80iVZrG8N5OEBgIPJYsYwcZK/kPNF9iMwgg9nfUrVbfuzoCWiVeQKhRo9itf/iAmqaDSEI617nluYoIMK8MIp9Oyn2qaYDLGQ9qzVGJBdZDNMk/RqVUGKIqVfdKgmfp7I8NC64kI7WSeUC96ufif10tNdBVkTCapoZLMD0UpRyZGeQFowBQlhk8swUQxmxWREVaYGFtT2ZbgLX55mbTP655b9+4uqo3roo4SHMMJ1MCDS2jALTShBQQSeIZXeHNS58V5dz7moytOsXMEf+B8/gAunZEc</latexit><latexit sha1_base64="SWh8fvZHV8L7wc02qVZJ+1cbL5U=">AAAB83icbVDLSgMxFL3js9ZX1aWbYBHqpsyIoMuiG5cV7AM6Q8mkmTY0yYxJRqhDf8ONC0Xc+jPu/Bsz7Sy09UDgcM693JMTJpxp47rfzsrq2vrGZmmrvL2zu7dfOThs6zhVhLZIzGPVDbGmnEnaMsxw2k0UxSLktBOOb3K/80iVZrG8N5OEBgIPJYsYwcZK/kPNF9iMwgg9nfUrVbfuzoCWiVeQKhRo9itf/iAmqaDSEI617nluYoIMK8MIp9Oyn2qaYDLGQ9qzVGJBdZDNMk/RqVUGKIqVfdKgmfp7I8NC64kI7WSeUC96ufif10tNdBVkTCapoZLMD0UpRyZGeQFowBQlhk8swUQxmxWREVaYGFtT2ZbgLX55mbTP655b9+4uqo3roo4SHMMJ1MCDS2jALTShBQQSeIZXeHNS58V5dz7moytOsXMEf+B8/gAunZEc</latexit>

Encoder distribution

I(Z;X) = 3 bits
<latexit sha1_base64="Gp2rws88UxFJYVH0peEDqMvePWM=">AAACAXicbVDLSgNBEJyNrxhfq14EL4NBiJewq4KCCEEveotgHpgsYXYySYbMY5mZFcMSL/6KFw+KePUvvPk3TpI9aGJBQ1HVTXdXGDGqjed9O5m5+YXFpexybmV1bX3D3dyqahkrTCpYMqnqIdKEUUEqhhpG6pEiiIeM1ML+5civ3ROlqRS3ZhCRgKOuoB2KkbFSy925LtydwfoBPIdHsMlD+ZDAkBo9bLl5r+iNAWeJn5I8SFFuuV/NtsQxJ8JghrRu+F5kggQpQzEjw1wz1iRCuI+6pGGpQJzoIBl/MIT7VmnDjlS2hIFj9fdEgrjWAx7aTo5MT097I/E/rxGbzmmQUBHFhgg8WdSJGTQSjuKAbaoINmxgCcKK2lsh7iGFsLGh5WwI/vTLs6R6WPS9on9znC9dpHFkwS7YAwXggxNQAlegDCoAg0fwDF7Bm/PkvDjvzsekNeOkM9vgD5zPH10AlO4=</latexit><latexit sha1_base64="Gp2rws88UxFJYVH0peEDqMvePWM=">AAACAXicbVDLSgNBEJyNrxhfq14EL4NBiJewq4KCCEEveotgHpgsYXYySYbMY5mZFcMSL/6KFw+KePUvvPk3TpI9aGJBQ1HVTXdXGDGqjed9O5m5+YXFpexybmV1bX3D3dyqahkrTCpYMqnqIdKEUUEqhhpG6pEiiIeM1ML+5civ3ROlqRS3ZhCRgKOuoB2KkbFSy925LtydwfoBPIdHsMlD+ZDAkBo9bLl5r+iNAWeJn5I8SFFuuV/NtsQxJ8JghrRu+F5kggQpQzEjw1wz1iRCuI+6pGGpQJzoIBl/MIT7VmnDjlS2hIFj9fdEgrjWAx7aTo5MT097I/E/rxGbzmmQUBHFhgg8WdSJGTQSjuKAbaoINmxgCcKK2lsh7iGFsLGh5WwI/vTLs6R6WPS9on9znC9dpHFkwS7YAwXggxNQAlegDCoAg0fwDF7Bm/PkvDjvzsekNeOkM9vgD5zPH10AlO4=</latexit><latexit sha1_base64="Gp2rws88UxFJYVH0peEDqMvePWM=">AAACAXicbVDLSgNBEJyNrxhfq14EL4NBiJewq4KCCEEveotgHpgsYXYySYbMY5mZFcMSL/6KFw+KePUvvPk3TpI9aGJBQ1HVTXdXGDGqjed9O5m5+YXFpexybmV1bX3D3dyqahkrTCpYMqnqIdKEUUEqhhpG6pEiiIeM1ML+5civ3ROlqRS3ZhCRgKOuoB2KkbFSy925LtydwfoBPIdHsMlD+ZDAkBo9bLl5r+iNAWeJn5I8SFFuuV/NtsQxJ8JghrRu+F5kggQpQzEjw1wz1iRCuI+6pGGpQJzoIBl/MIT7VmnDjlS2hIFj9fdEgrjWAx7aTo5MT097I/E/rxGbzmmQUBHFhgg8WdSJGTQSjuKAbaoINmxgCcKK2lsh7iGFsLGh5WwI/vTLs6R6WPS9on9znC9dpHFkwS7YAwXggxNQAlegDCoAg0fwDF7Bm/PkvDjvzsekNeOkM9vgD5zPH10AlO4=</latexit><latexit sha1_base64="Gp2rws88UxFJYVH0peEDqMvePWM=">AAACAXicbVDLSgNBEJyNrxhfq14EL4NBiJewq4KCCEEveotgHpgsYXYySYbMY5mZFcMSL/6KFw+KePUvvPk3TpI9aGJBQ1HVTXdXGDGqjed9O5m5+YXFpexybmV1bX3D3dyqahkrTCpYMqnqIdKEUUEqhhpG6pEiiIeM1ML+5civ3ROlqRS3ZhCRgKOuoB2KkbFSy925LtydwfoBPIdHsMlD+ZDAkBo9bLl5r+iNAWeJn5I8SFFuuV/NtsQxJ8JghrRu+F5kggQpQzEjw1wz1iRCuI+6pGGpQJzoIBl/MIT7VmnDjlS2hIFj9fdEgrjWAx7aTo5MT097I/E/rxGbzmmQUBHFhgg8WdSJGTQSjuKAbaoINmxgCcKK2lsh7iGFsLGh5WwI/vTLs6R6WPS9on9znC9dpHFkwS7YAwXggxNQAlegDCoAg0fwDF7Bm/PkvDjvzsekNeOkM9vgD5zPH10AlO4=</latexit>

I(Z;X)  3 bits
<latexit sha1_base64="3sTAvva5UF6O0WoigMynSTaSlHA=">AAACBHicbVC7SgNBFJ2Nrxhfq5ZpBoMQm7CrgoJN0Ea7COaB2SXMTmaTITM768ysGJYUNv6KjYUitn6EnX/jJNlCEw9cOJxzL/feE8SMKu0431ZuYXFpeSW/Wlhb39jcsrd3GkokEpM6FkzIVoAUYTQidU01I61YEsQDRprB4GLsN++JVFREN3oYE5+jXkRDipE2UscuXpVvz2DrAHqM3MEj6PFAPKQwoFqNOnbJqTgTwHniZqQEMtQ69pfXFTjhJNKYIaXarhNrP0VSU8zIqOAlisQID1CPtA2NECfKTydPjOC+UbowFNJUpOFE/T2RIq7UkAemkyPdV7PeWPzPayc6PPVTGsWJJhGeLgoTBrWA40Rgl0qCNRsagrCk5laI+0girE1uBROCO/vyPGkcVlyn4l4fl6rnWRx5UAR7oAxccAKq4BLUQB1g8AiewSt4s56sF+vd+pi25qxsZhf8gfX5AwAflm0=</latexit><latexit sha1_base64="3sTAvva5UF6O0WoigMynSTaSlHA=">AAACBHicbVC7SgNBFJ2Nrxhfq5ZpBoMQm7CrgoJN0Ea7COaB2SXMTmaTITM768ysGJYUNv6KjYUitn6EnX/jJNlCEw9cOJxzL/feE8SMKu0431ZuYXFpeSW/Wlhb39jcsrd3GkokEpM6FkzIVoAUYTQidU01I61YEsQDRprB4GLsN++JVFREN3oYE5+jXkRDipE2UscuXpVvz2DrAHqM3MEj6PFAPKQwoFqNOnbJqTgTwHniZqQEMtQ69pfXFTjhJNKYIaXarhNrP0VSU8zIqOAlisQID1CPtA2NECfKTydPjOC+UbowFNJUpOFE/T2RIq7UkAemkyPdV7PeWPzPayc6PPVTGsWJJhGeLgoTBrWA40Rgl0qCNRsagrCk5laI+0girE1uBROCO/vyPGkcVlyn4l4fl6rnWRx5UAR7oAxccAKq4BLUQB1g8AiewSt4s56sF+vd+pi25qxsZhf8gfX5AwAflm0=</latexit><latexit sha1_base64="3sTAvva5UF6O0WoigMynSTaSlHA=">AAACBHicbVC7SgNBFJ2Nrxhfq5ZpBoMQm7CrgoJN0Ea7COaB2SXMTmaTITM768ysGJYUNv6KjYUitn6EnX/jJNlCEw9cOJxzL/feE8SMKu0431ZuYXFpeSW/Wlhb39jcsrd3GkokEpM6FkzIVoAUYTQidU01I61YEsQDRprB4GLsN++JVFREN3oYE5+jXkRDipE2UscuXpVvz2DrAHqM3MEj6PFAPKQwoFqNOnbJqTgTwHniZqQEMtQ69pfXFTjhJNKYIaXarhNrP0VSU8zIqOAlisQID1CPtA2NECfKTydPjOC+UbowFNJUpOFE/T2RIq7UkAemkyPdV7PeWPzPayc6PPVTGsWJJhGeLgoTBrWA40Rgl0qCNRsagrCk5laI+0girE1uBROCO/vyPGkcVlyn4l4fl6rnWRx5UAR7oAxccAKq4BLUQB1g8AiewSt4s56sF+vd+pi25qxsZhf8gfX5AwAflm0=</latexit><latexit sha1_base64="3sTAvva5UF6O0WoigMynSTaSlHA=">AAACBHicbVC7SgNBFJ2Nrxhfq5ZpBoMQm7CrgoJN0Ea7COaB2SXMTmaTITM768ysGJYUNv6KjYUitn6EnX/jJNlCEw9cOJxzL/feE8SMKu0431ZuYXFpeSW/Wlhb39jcsrd3GkokEpM6FkzIVoAUYTQidU01I61YEsQDRprB4GLsN++JVFREN3oYE5+jXkRDipE2UscuXpVvz2DrAHqM3MEj6PFAPKQwoFqNOnbJqTgTwHniZqQEMtQ69pfXFTjhJNKYIaXarhNrP0VSU8zIqOAlisQID1CPtA2NECfKTydPjOC+UbowFNJUpOFE/T2RIq7UkAemkyPdV7PeWPzPayc6PPVTGsWJJhGeLgoTBrWA40Rgl0qCNRsagrCk5laI+0girE1uBROCO/vyPGkcVlyn4l4fl6rnWRx5UAR7oAxccAKq4BLUQB1g8AiewSt4s56sF+vd+pi25qxsZhf8gfX5AwAflm0=</latexit>

+

=

=

Input distribution

q(x)
<latexit sha1_base64="2WgeRWylqqkwyLD6JK8it3eUrVI=">AAAB83icbVDLSgMxFL3xWeur6tJNsAh1U2ZE0GXRjcsK9gGdoWTSTBuayYxJRixDf8ONC0Xc+jPu/Bsz7Sy09UDgcM693JMTJIJr4zjfaGV1bX1js7RV3t7Z3duvHBy2dZwqylo0FrHqBkQzwSVrGW4E6yaKkSgQrBOMb3K/88iU5rG8N5OE+REZSh5ySoyVvIeaFxEzCkL8dNavVJ26MwNeJm5BqlCg2a98eYOYphGThgqidc91EuNnRBlOBZuWvVSzhNAxGbKepZJETPvZLPMUn1plgMNY2ScNnqm/NzISaT2JAjuZJ9SLXi7+5/VSE175GZdJapik80NhKrCJcV4AHnDFqBETSwhV3GbFdEQUocbWVLYluItfXibt87rr1N27i2rjuqijBMdwAjVw4RIacAtNaAGFBJ7hFd5Qil7QO/qYj66gYucI/gB9/gArk5Ea</latexit><latexit sha1_base64="2WgeRWylqqkwyLD6JK8it3eUrVI=">AAAB83icbVDLSgMxFL3xWeur6tJNsAh1U2ZE0GXRjcsK9gGdoWTSTBuayYxJRixDf8ONC0Xc+jPu/Bsz7Sy09UDgcM693JMTJIJr4zjfaGV1bX1js7RV3t7Z3duvHBy2dZwqylo0FrHqBkQzwSVrGW4E6yaKkSgQrBOMb3K/88iU5rG8N5OE+REZSh5ySoyVvIeaFxEzCkL8dNavVJ26MwNeJm5BqlCg2a98eYOYphGThgqidc91EuNnRBlOBZuWvVSzhNAxGbKepZJETPvZLPMUn1plgMNY2ScNnqm/NzISaT2JAjuZJ9SLXi7+5/VSE175GZdJapik80NhKrCJcV4AHnDFqBETSwhV3GbFdEQUocbWVLYluItfXibt87rr1N27i2rjuqijBMdwAjVw4RIacAtNaAGFBJ7hFd5Qil7QO/qYj66gYucI/gB9/gArk5Ea</latexit><latexit sha1_base64="2WgeRWylqqkwyLD6JK8it3eUrVI=">AAAB83icbVDLSgMxFL3xWeur6tJNsAh1U2ZE0GXRjcsK9gGdoWTSTBuayYxJRixDf8ONC0Xc+jPu/Bsz7Sy09UDgcM693JMTJIJr4zjfaGV1bX1js7RV3t7Z3duvHBy2dZwqylo0FrHqBkQzwSVrGW4E6yaKkSgQrBOMb3K/88iU5rG8N5OE+REZSh5ySoyVvIeaFxEzCkL8dNavVJ26MwNeJm5BqlCg2a98eYOYphGThgqidc91EuNnRBlOBZuWvVSzhNAxGbKepZJETPvZLPMUn1plgMNY2ScNnqm/NzISaT2JAjuZJ9SLXi7+5/VSE175GZdJapik80NhKrCJcV4AHnDFqBETSwhV3GbFdEQUocbWVLYluItfXibt87rr1N27i2rjuqijBMdwAjVw4RIacAtNaAGFBJ7hFd5Qil7QO/qYj66gYucI/gB9/gArk5Ea</latexit><latexit sha1_base64="2WgeRWylqqkwyLD6JK8it3eUrVI=">AAAB83icbVDLSgMxFL3xWeur6tJNsAh1U2ZE0GXRjcsK9gGdoWTSTBuayYxJRixDf8ONC0Xc+jPu/Bsz7Sy09UDgcM693JMTJIJr4zjfaGV1bX1js7RV3t7Z3duvHBy2dZwqylo0FrHqBkQzwSVrGW4E6yaKkSgQrBOMb3K/88iU5rG8N5OE+REZSh5ySoyVvIeaFxEzCkL8dNavVJ26MwNeJm5BqlCg2a98eYOYphGThgqidc91EuNnRBlOBZuWvVSzhNAxGbKepZJETPvZLPMUn1plgMNY2ScNnqm/NzISaT2JAjuZJ9SLXi7+5/VSE175GZdJapik80NhKrCJcV4AHnDFqBETSwhV3GbFdEQUocbWVLYluItfXibt87rr1N27i2rjuqijBMdwAjVw4RIacAtNaAGFBJ7hFd5Qil7QO/qYj66gYucI/gB9/gArk5Ea</latexit>

q(z|x)
<latexit sha1_base64="uApyO09SM/XQ7i69yuHc0XZ0D7M=">AAACAXicbZDLSsNAFIZPvNZ6i7oR3AwWoW5KIoIui25cVrAXaEOZTCft0MkkzkzEWuvGV3HjQhG3voU738ZJG0Fbfxj4+M85zDm/H3OmtON8WXPzC4tLy7mV/Ora+samvbVdU1EiCa2SiEey4WNFORO0qpnmtBFLikOf07rfP0/r9RsqFYvElR7E1AtxV7CAEayN1bZ3r4utEOueH6A7dI9++PawbReckjMWmgU3gwJkqrTtz1YnIklIhSYcK9V0nVh7Qyw1I5yO8q1E0RiTPu7SpkGBQ6q84fiCETowTgcFkTRPaDR2f08McajUIPRNZ7qhmq6l5n+1ZqKDU2/IRJxoKsjkoyDhSEcojQN1mKRE84EBTCQzuyLSwxITbULLmxDc6ZNnoXZUcp2Se3lcKJ9lceRgD/ahCC6cQBkuoAJVIPAAT/ACr9aj9Wy9We+T1jkrm9mBP7I+vgHxQpXn</latexit><latexit sha1_base64="uApyO09SM/XQ7i69yuHc0XZ0D7M=">AAACAXicbZDLSsNAFIZPvNZ6i7oR3AwWoW5KIoIui25cVrAXaEOZTCft0MkkzkzEWuvGV3HjQhG3voU738ZJG0Fbfxj4+M85zDm/H3OmtON8WXPzC4tLy7mV/Ora+samvbVdU1EiCa2SiEey4WNFORO0qpnmtBFLikOf07rfP0/r9RsqFYvElR7E1AtxV7CAEayN1bZ3r4utEOueH6A7dI9++PawbReckjMWmgU3gwJkqrTtz1YnIklIhSYcK9V0nVh7Qyw1I5yO8q1E0RiTPu7SpkGBQ6q84fiCETowTgcFkTRPaDR2f08McajUIPRNZ7qhmq6l5n+1ZqKDU2/IRJxoKsjkoyDhSEcojQN1mKRE84EBTCQzuyLSwxITbULLmxDc6ZNnoXZUcp2Se3lcKJ9lceRgD/ahCC6cQBkuoAJVIPAAT/ACr9aj9Wy9We+T1jkrm9mBP7I+vgHxQpXn</latexit><latexit sha1_base64="uApyO09SM/XQ7i69yuHc0XZ0D7M=">AAACAXicbZDLSsNAFIZPvNZ6i7oR3AwWoW5KIoIui25cVrAXaEOZTCft0MkkzkzEWuvGV3HjQhG3voU738ZJG0Fbfxj4+M85zDm/H3OmtON8WXPzC4tLy7mV/Ora+samvbVdU1EiCa2SiEey4WNFORO0qpnmtBFLikOf07rfP0/r9RsqFYvElR7E1AtxV7CAEayN1bZ3r4utEOueH6A7dI9++PawbReckjMWmgU3gwJkqrTtz1YnIklIhSYcK9V0nVh7Qyw1I5yO8q1E0RiTPu7SpkGBQ6q84fiCETowTgcFkTRPaDR2f08McajUIPRNZ7qhmq6l5n+1ZqKDU2/IRJxoKsjkoyDhSEcojQN1mKRE84EBTCQzuyLSwxITbULLmxDc6ZNnoXZUcp2Se3lcKJ9lceRgD/ahCC6cQBkuoAJVIPAAT/ACr9aj9Wy9We+T1jkrm9mBP7I+vgHxQpXn</latexit><latexit sha1_base64="uApyO09SM/XQ7i69yuHc0XZ0D7M=">AAACAXicbZDLSsNAFIZPvNZ6i7oR3AwWoW5KIoIui25cVrAXaEOZTCft0MkkzkzEWuvGV3HjQhG3voU738ZJG0Fbfxj4+M85zDm/H3OmtON8WXPzC4tLy7mV/Ora+samvbVdU1EiCa2SiEey4WNFORO0qpnmtBFLikOf07rfP0/r9RsqFYvElR7E1AtxV7CAEayN1bZ3r4utEOueH6A7dI9++PawbReckjMWmgU3gwJkqrTtz1YnIklIhSYcK9V0nVh7Qyw1I5yO8q1E0RiTPu7SpkGBQ6q84fiCETowTgcFkTRPaDR2f08McajUIPRNZ7qhmq6l5n+1ZqKDU2/IRJxoKsjkoyDhSEcojQN1mKRE84EBTCQzuyLSwxITbULLmxDc6ZNnoXZUcp2Se3lcKJ9lceRgD/ahCC6cQBkuoAJVIPAAT/ACr9aj9Wy9We+T1jkrm9mBP7I+vgHxQpXn</latexit>

Noisy channel

Echo
Noise

Gaussian
Noise

q(z)
<latexit sha1_base64="SWh8fvZHV8L7wc02qVZJ+1cbL5U=">AAAB83icbVDLSgMxFL3js9ZX1aWbYBHqpsyIoMuiG5cV7AM6Q8mkmTY0yYxJRqhDf8ONC0Xc+jPu/Bsz7Sy09UDgcM693JMTJpxp47rfzsrq2vrGZmmrvL2zu7dfOThs6zhVhLZIzGPVDbGmnEnaMsxw2k0UxSLktBOOb3K/80iVZrG8N5OEBgIPJYsYwcZK/kPNF9iMwgg9nfUrVbfuzoCWiVeQKhRo9itf/iAmqaDSEI617nluYoIMK8MIp9Oyn2qaYDLGQ9qzVGJBdZDNMk/RqVUGKIqVfdKgmfp7I8NC64kI7WSeUC96ufif10tNdBVkTCapoZLMD0UpRyZGeQFowBQlhk8swUQxmxWREVaYGFtT2ZbgLX55mbTP655b9+4uqo3roo4SHMMJ1MCDS2jALTShBQQSeIZXeHNS58V5dz7moytOsXMEf+B8/gAunZEc</latexit><latexit sha1_base64="SWh8fvZHV8L7wc02qVZJ+1cbL5U=">AAAB83icbVDLSgMxFL3js9ZX1aWbYBHqpsyIoMuiG5cV7AM6Q8mkmTY0yYxJRqhDf8ONC0Xc+jPu/Bsz7Sy09UDgcM693JMTJpxp47rfzsrq2vrGZmmrvL2zu7dfOThs6zhVhLZIzGPVDbGmnEnaMsxw2k0UxSLktBOOb3K/80iVZrG8N5OEBgIPJYsYwcZK/kPNF9iMwgg9nfUrVbfuzoCWiVeQKhRo9itf/iAmqaDSEI617nluYoIMK8MIp9Oyn2qaYDLGQ9qzVGJBdZDNMk/RqVUGKIqVfdKgmfp7I8NC64kI7WSeUC96ufif10tNdBVkTCapoZLMD0UpRyZGeQFowBQlhk8swUQxmxWREVaYGFtT2ZbgLX55mbTP655b9+4uqo3roo4SHMMJ1MCDS2jALTShBQQSeIZXeHNS58V5dz7moytOsXMEf+B8/gAunZEc</latexit><latexit sha1_base64="SWh8fvZHV8L7wc02qVZJ+1cbL5U=">AAAB83icbVDLSgMxFL3js9ZX1aWbYBHqpsyIoMuiG5cV7AM6Q8mkmTY0yYxJRqhDf8ONC0Xc+jPu/Bsz7Sy09UDgcM693JMTJpxp47rfzsrq2vrGZmmrvL2zu7dfOThs6zhVhLZIzGPVDbGmnEnaMsxw2k0UxSLktBOOb3K/80iVZrG8N5OEBgIPJYsYwcZK/kPNF9iMwgg9nfUrVbfuzoCWiVeQKhRo9itf/iAmqaDSEI617nluYoIMK8MIp9Oyn2qaYDLGQ9qzVGJBdZDNMk/RqVUGKIqVfdKgmfp7I8NC64kI7WSeUC96ufif10tNdBVkTCapoZLMD0UpRyZGeQFowBQlhk8swUQxmxWREVaYGFtT2ZbgLX55mbTP655b9+4uqo3roo4SHMMJ1MCDS2jALTShBQQSeIZXeHNS58V5dz7moytOsXMEf+B8/gAunZEc</latexit><latexit sha1_base64="SWh8fvZHV8L7wc02qVZJ+1cbL5U=">AAAB83icbVDLSgMxFL3js9ZX1aWbYBHqpsyIoMuiG5cV7AM6Q8mkmTY0yYxJRqhDf8ONC0Xc+jPu/Bsz7Sy09UDgcM693JMTJpxp47rfzsrq2vrGZmmrvL2zu7dfOThs6zhVhLZIzGPVDbGmnEnaMsxw2k0UxSLktBOOb3K/80iVZrG8N5OEBgIPJYsYwcZK/kPNF9iMwgg9nfUrVbfuzoCWiVeQKhRo9itf/iAmqaDSEI617nluYoIMK8MIp9Oyn2qaYDLGQ9qzVGJBdZDNMk/RqVUGKIqVfdKgmfp7I8NC64kI7WSeUC96ufif10tNdBVkTCapoZLMD0UpRyZGeQFowBQlhk8swUQxmxWREVaYGFtT2ZbgLX55mbTP655b9+4uqo3roo4SHMMJ1MCDS2jALTShBQQSeIZXeHNS58V5dz7moytOsXMEf+B8/gAunZEc</latexit>

Encoder distribution

I(Z;X) = 3 bits
<latexit sha1_base64="Gp2rws88UxFJYVH0peEDqMvePWM=">AAACAXicbVDLSgNBEJyNrxhfq14EL4NBiJewq4KCCEEveotgHpgsYXYySYbMY5mZFcMSL/6KFw+KePUvvPk3TpI9aGJBQ1HVTXdXGDGqjed9O5m5+YXFpexybmV1bX3D3dyqahkrTCpYMqnqIdKEUUEqhhpG6pEiiIeM1ML+5civ3ROlqRS3ZhCRgKOuoB2KkbFSy925LtydwfoBPIdHsMlD+ZDAkBo9bLl5r+iNAWeJn5I8SFFuuV/NtsQxJ8JghrRu+F5kggQpQzEjw1wz1iRCuI+6pGGpQJzoIBl/MIT7VmnDjlS2hIFj9fdEgrjWAx7aTo5MT097I/E/rxGbzmmQUBHFhgg8WdSJGTQSjuKAbaoINmxgCcKK2lsh7iGFsLGh5WwI/vTLs6R6WPS9on9znC9dpHFkwS7YAwXggxNQAlegDCoAg0fwDF7Bm/PkvDjvzsekNeOkM9vgD5zPH10AlO4=</latexit><latexit sha1_base64="Gp2rws88UxFJYVH0peEDqMvePWM=">AAACAXicbVDLSgNBEJyNrxhfq14EL4NBiJewq4KCCEEveotgHpgsYXYySYbMY5mZFcMSL/6KFw+KePUvvPk3TpI9aGJBQ1HVTXdXGDGqjed9O5m5+YXFpexybmV1bX3D3dyqahkrTCpYMqnqIdKEUUEqhhpG6pEiiIeM1ML+5civ3ROlqRS3ZhCRgKOuoB2KkbFSy925LtydwfoBPIdHsMlD+ZDAkBo9bLl5r+iNAWeJn5I8SFFuuV/NtsQxJ8JghrRu+F5kggQpQzEjw1wz1iRCuI+6pGGpQJzoIBl/MIT7VmnDjlS2hIFj9fdEgrjWAx7aTo5MT097I/E/rxGbzmmQUBHFhgg8WdSJGTQSjuKAbaoINmxgCcKK2lsh7iGFsLGh5WwI/vTLs6R6WPS9on9znC9dpHFkwS7YAwXggxNQAlegDCoAg0fwDF7Bm/PkvDjvzsekNeOkM9vgD5zPH10AlO4=</latexit><latexit sha1_base64="Gp2rws88UxFJYVH0peEDqMvePWM=">AAACAXicbVDLSgNBEJyNrxhfq14EL4NBiJewq4KCCEEveotgHpgsYXYySYbMY5mZFcMSL/6KFw+KePUvvPk3TpI9aGJBQ1HVTXdXGDGqjed9O5m5+YXFpexybmV1bX3D3dyqahkrTCpYMqnqIdKEUUEqhhpG6pEiiIeM1ML+5civ3ROlqRS3ZhCRgKOuoB2KkbFSy925LtydwfoBPIdHsMlD+ZDAkBo9bLl5r+iNAWeJn5I8SFFuuV/NtsQxJ8JghrRu+F5kggQpQzEjw1wz1iRCuI+6pGGpQJzoIBl/MIT7VmnDjlS2hIFj9fdEgrjWAx7aTo5MT097I/E/rxGbzmmQUBHFhgg8WdSJGTQSjuKAbaoINmxgCcKK2lsh7iGFsLGh5WwI/vTLs6R6WPS9on9znC9dpHFkwS7YAwXggxNQAlegDCoAg0fwDF7Bm/PkvDjvzsekNeOkM9vgD5zPH10AlO4=</latexit><latexit sha1_base64="Gp2rws88UxFJYVH0peEDqMvePWM=">AAACAXicbVDLSgNBEJyNrxhfq14EL4NBiJewq4KCCEEveotgHpgsYXYySYbMY5mZFcMSL/6KFw+KePUvvPk3TpI9aGJBQ1HVTXdXGDGqjed9O5m5+YXFpexybmV1bX3D3dyqahkrTCpYMqnqIdKEUUEqhhpG6pEiiIeM1ML+5civ3ROlqRS3ZhCRgKOuoB2KkbFSy925LtydwfoBPIdHsMlD+ZDAkBo9bLl5r+iNAWeJn5I8SFFuuV/NtsQxJ8JghrRu+F5kggQpQzEjw1wz1iRCuI+6pGGpQJzoIBl/MIT7VmnDjlS2hIFj9fdEgrjWAx7aTo5MT097I/E/rxGbzmmQUBHFhgg8WdSJGTQSjuKAbaoINmxgCcKK2lsh7iGFsLGh5WwI/vTLs6R6WPS9on9znC9dpHFkwS7YAwXggxNQAlegDCoAg0fwDF7Bm/PkvDjvzsekNeOkM9vgD5zPH10AlO4=</latexit>

I(Z;X)  3 bits
<latexit sha1_base64="3sTAvva5UF6O0WoigMynSTaSlHA=">AAACBHicbVC7SgNBFJ2Nrxhfq5ZpBoMQm7CrgoJN0Ea7COaB2SXMTmaTITM768ysGJYUNv6KjYUitn6EnX/jJNlCEw9cOJxzL/feE8SMKu0431ZuYXFpeSW/Wlhb39jcsrd3GkokEpM6FkzIVoAUYTQidU01I61YEsQDRprB4GLsN++JVFREN3oYE5+jXkRDipE2UscuXpVvz2DrAHqM3MEj6PFAPKQwoFqNOnbJqTgTwHniZqQEMtQ69pfXFTjhJNKYIaXarhNrP0VSU8zIqOAlisQID1CPtA2NECfKTydPjOC+UbowFNJUpOFE/T2RIq7UkAemkyPdV7PeWPzPayc6PPVTGsWJJhGeLgoTBrWA40Rgl0qCNRsagrCk5laI+0girE1uBROCO/vyPGkcVlyn4l4fl6rnWRx5UAR7oAxccAKq4BLUQB1g8AiewSt4s56sF+vd+pi25qxsZhf8gfX5AwAflm0=</latexit><latexit sha1_base64="3sTAvva5UF6O0WoigMynSTaSlHA=">AAACBHicbVC7SgNBFJ2Nrxhfq5ZpBoMQm7CrgoJN0Ea7COaB2SXMTmaTITM768ysGJYUNv6KjYUitn6EnX/jJNlCEw9cOJxzL/feE8SMKu0431ZuYXFpeSW/Wlhb39jcsrd3GkokEpM6FkzIVoAUYTQidU01I61YEsQDRprB4GLsN++JVFREN3oYE5+jXkRDipE2UscuXpVvz2DrAHqM3MEj6PFAPKQwoFqNOnbJqTgTwHniZqQEMtQ69pfXFTjhJNKYIaXarhNrP0VSU8zIqOAlisQID1CPtA2NECfKTydPjOC+UbowFNJUpOFE/T2RIq7UkAemkyPdV7PeWPzPayc6PPVTGsWJJhGeLgoTBrWA40Rgl0qCNRsagrCk5laI+0girE1uBROCO/vyPGkcVlyn4l4fl6rnWRx5UAR7oAxccAKq4BLUQB1g8AiewSt4s56sF+vd+pi25qxsZhf8gfX5AwAflm0=</latexit><latexit sha1_base64="3sTAvva5UF6O0WoigMynSTaSlHA=">AAACBHicbVC7SgNBFJ2Nrxhfq5ZpBoMQm7CrgoJN0Ea7COaB2SXMTmaTITM768ysGJYUNv6KjYUitn6EnX/jJNlCEw9cOJxzL/feE8SMKu0431ZuYXFpeSW/Wlhb39jcsrd3GkokEpM6FkzIVoAUYTQidU01I61YEsQDRprB4GLsN++JVFREN3oYE5+jXkRDipE2UscuXpVvz2DrAHqM3MEj6PFAPKQwoFqNOnbJqTgTwHniZqQEMtQ69pfXFTjhJNKYIaXarhNrP0VSU8zIqOAlisQID1CPtA2NECfKTydPjOC+UbowFNJUpOFE/T2RIq7UkAemkyPdV7PeWPzPayc6PPVTGsWJJhGeLgoTBrWA40Rgl0qCNRsagrCk5laI+0girE1uBROCO/vyPGkcVlyn4l4fl6rnWRx5UAR7oAxccAKq4BLUQB1g8AiewSt4s56sF+vd+pi25qxsZhf8gfX5AwAflm0=</latexit><latexit sha1_base64="3sTAvva5UF6O0WoigMynSTaSlHA=">AAACBHicbVC7SgNBFJ2Nrxhfq5ZpBoMQm7CrgoJN0Ea7COaB2SXMTmaTITM768ysGJYUNv6KjYUitn6EnX/jJNlCEw9cOJxzL/feE8SMKu0431ZuYXFpeSW/Wlhb39jcsrd3GkokEpM6FkzIVoAUYTQidU01I61YEsQDRprB4GLsN++JVFREN3oYE5+jXkRDipE2UscuXpVvz2DrAHqM3MEj6PFAPKQwoFqNOnbJqTgTwHniZqQEMtQ69pfXFTjhJNKYIaXarhNrP0VSU8zIqOAlisQID1CPtA2NECfKTydPjOC+UbowFNJUpOFE/T2RIq7UkAemkyPdV7PeWPzPayc6PPVTGsWJJhGeLgoTBrWA40Rgl0qCNRsagrCk5laI+0girE1uBROCO/vyPGkcVlyn4l4fl6rnWRx5UAR7oAxccAKq4BLUQB1g8AiewSt4s56sF+vd+pi25qxsZhf8gfX5AwAflm0=</latexit>

+

=

=

f
<latexit sha1_base64="QlrXvIUoRaqNGjoRRdtvBSvYWpw="></latexit><latexit sha1_base64="QlrXvIUoRaqNGjoRRdtvBSvYWpw="></latexit><latexit sha1_base64="QlrXvIUoRaqNGjoRRdtvBSvYWpw="></latexit><latexit sha1_base64="QlrXvIUoRaqNGjoRRdtvBSvYWpw="></latexit>

Translation	invariance	

Scale	property	Input distribution

q(x)
<latexit sha1_base64="2WgeRWylqqkwyLD6JK8it3eUrVI=">AAAB83icbVDLSgMxFL3xWeur6tJNsAh1U2ZE0GXRjcsK9gGdoWTSTBuayYxJRixDf8ONC0Xc+jPu/Bsz7Sy09UDgcM693JMTJIJr4zjfaGV1bX1js7RV3t7Z3duvHBy2dZwqylo0FrHqBkQzwSVrGW4E6yaKkSgQrBOMb3K/88iU5rG8N5OE+REZSh5ySoyVvIeaFxEzCkL8dNavVJ26MwNeJm5BqlCg2a98eYOYphGThgqidc91EuNnRBlOBZuWvVSzhNAxGbKepZJETPvZLPMUn1plgMNY2ScNnqm/NzISaT2JAjuZJ9SLXi7+5/VSE175GZdJapik80NhKrCJcV4AHnDFqBETSwhV3GbFdEQUocbWVLYluItfXibt87rr1N27i2rjuqijBMdwAjVw4RIacAtNaAGFBJ7hFd5Qil7QO/qYj66gYucI/gB9/gArk5Ea</latexit><latexit sha1_base64="2WgeRWylqqkwyLD6JK8it3eUrVI=">AAAB83icbVDLSgMxFL3xWeur6tJNsAh1U2ZE0GXRjcsK9gGdoWTSTBuayYxJRixDf8ONC0Xc+jPu/Bsz7Sy09UDgcM693JMTJIJr4zjfaGV1bX1js7RV3t7Z3duvHBy2dZwqylo0FrHqBkQzwSVrGW4E6yaKkSgQrBOMb3K/88iU5rG8N5OE+REZSh5ySoyVvIeaFxEzCkL8dNavVJ26MwNeJm5BqlCg2a98eYOYphGThgqidc91EuNnRBlOBZuWvVSzhNAxGbKepZJETPvZLPMUn1plgMNY2ScNnqm/NzISaT2JAjuZJ9SLXi7+5/VSE175GZdJapik80NhKrCJcV4AHnDFqBETSwhV3GbFdEQUocbWVLYluItfXibt87rr1N27i2rjuqijBMdwAjVw4RIacAtNaAGFBJ7hFd5Qil7QO/qYj66gYucI/gB9/gArk5Ea</latexit><latexit sha1_base64="2WgeRWylqqkwyLD6JK8it3eUrVI=">AAAB83icbVDLSgMxFL3xWeur6tJNsAh1U2ZE0GXRjcsK9gGdoWTSTBuayYxJRixDf8ONC0Xc+jPu/Bsz7Sy09UDgcM693JMTJIJr4zjfaGV1bX1js7RV3t7Z3duvHBy2dZwqylo0FrHqBkQzwSVrGW4E6yaKkSgQrBOMb3K/88iU5rG8N5OE+REZSh5ySoyVvIeaFxEzCkL8dNavVJ26MwNeJm5BqlCg2a98eYOYphGThgqidc91EuNnRBlOBZuWvVSzhNAxGbKepZJETPvZLPMUn1plgMNY2ScNnqm/NzISaT2JAjuZJ9SLXi7+5/VSE175GZdJapik80NhKrCJcV4AHnDFqBETSwhV3GbFdEQUocbWVLYluItfXibt87rr1N27i2rjuqijBMdwAjVw4RIacAtNaAGFBJ7hFd5Qil7QO/qYj66gYucI/gB9/gArk5Ea</latexit><latexit sha1_base64="2WgeRWylqqkwyLD6JK8it3eUrVI=">AAAB83icbVDLSgMxFL3xWeur6tJNsAh1U2ZE0GXRjcsK9gGdoWTSTBuayYxJRixDf8ONC0Xc+jPu/Bsz7Sy09UDgcM693JMTJIJr4zjfaGV1bX1js7RV3t7Z3duvHBy2dZwqylo0FrHqBkQzwSVrGW4E6yaKkSgQrBOMb3K/88iU5rG8N5OE+REZSh5ySoyVvIeaFxEzCkL8dNavVJ26MwNeJm5BqlCg2a98eYOYphGThgqidc91EuNnRBlOBZuWvVSzhNAxGbKepZJETPvZLPMUn1plgMNY2ScNnqm/NzISaT2JAjuZJ9SLXi7+5/VSE175GZdJapik80NhKrCJcV4AHnDFqBETSwhV3GbFdEQUocbWVLYluItfXibt87rr1N27i2rjuqijBMdwAjVw4RIacAtNaAGFBJ7hFd5Qil7QO/qYj66gYucI/gB9/gArk5Ea</latexit>

q(z|x)
<latexit sha1_base64="uApyO09SM/XQ7i69yuHc0XZ0D7M=">AAACAXicbZDLSsNAFIZPvNZ6i7oR3AwWoW5KIoIui25cVrAXaEOZTCft0MkkzkzEWuvGV3HjQhG3voU738ZJG0Fbfxj4+M85zDm/H3OmtON8WXPzC4tLy7mV/Ora+samvbVdU1EiCa2SiEey4WNFORO0qpnmtBFLikOf07rfP0/r9RsqFYvElR7E1AtxV7CAEayN1bZ3r4utEOueH6A7dI9++PawbReckjMWmgU3gwJkqrTtz1YnIklIhSYcK9V0nVh7Qyw1I5yO8q1E0RiTPu7SpkGBQ6q84fiCETowTgcFkTRPaDR2f08McajUIPRNZ7qhmq6l5n+1ZqKDU2/IRJxoKsjkoyDhSEcojQN1mKRE84EBTCQzuyLSwxITbULLmxDc6ZNnoXZUcp2Se3lcKJ9lceRgD/ahCC6cQBkuoAJVIPAAT/ACr9aj9Wy9We+T1jkrm9mBP7I+vgHxQpXn</latexit><latexit sha1_base64="uApyO09SM/XQ7i69yuHc0XZ0D7M=">AAACAXicbZDLSsNAFIZPvNZ6i7oR3AwWoW5KIoIui25cVrAXaEOZTCft0MkkzkzEWuvGV3HjQhG3voU738ZJG0Fbfxj4+M85zDm/H3OmtON8WXPzC4tLy7mV/Ora+samvbVdU1EiCa2SiEey4WNFORO0qpnmtBFLikOf07rfP0/r9RsqFYvElR7E1AtxV7CAEayN1bZ3r4utEOueH6A7dI9++PawbReckjMWmgU3gwJkqrTtz1YnIklIhSYcK9V0nVh7Qyw1I5yO8q1E0RiTPu7SpkGBQ6q84fiCETowTgcFkTRPaDR2f08McajUIPRNZ7qhmq6l5n+1ZqKDU2/IRJxoKsjkoyDhSEcojQN1mKRE84EBTCQzuyLSwxITbULLmxDc6ZNnoXZUcp2Se3lcKJ9lceRgD/ahCC6cQBkuoAJVIPAAT/ACr9aj9Wy9We+T1jkrm9mBP7I+vgHxQpXn</latexit><latexit sha1_base64="uApyO09SM/XQ7i69yuHc0XZ0D7M=">AAACAXicbZDLSsNAFIZPvNZ6i7oR3AwWoW5KIoIui25cVrAXaEOZTCft0MkkzkzEWuvGV3HjQhG3voU738ZJG0Fbfxj4+M85zDm/H3OmtON8WXPzC4tLy7mV/Ora+samvbVdU1EiCa2SiEey4WNFORO0qpnmtBFLikOf07rfP0/r9RsqFYvElR7E1AtxV7CAEayN1bZ3r4utEOueH6A7dI9++PawbReckjMWmgU3gwJkqrTtz1YnIklIhSYcK9V0nVh7Qyw1I5yO8q1E0RiTPu7SpkGBQ6q84fiCETowTgcFkTRPaDR2f08McajUIPRNZ7qhmq6l5n+1ZqKDU2/IRJxoKsjkoyDhSEcojQN1mKRE84EBTCQzuyLSwxITbULLmxDc6ZNnoXZUcp2Se3lcKJ9lceRgD/ahCC6cQBkuoAJVIPAAT/ACr9aj9Wy9We+T1jkrm9mBP7I+vgHxQpXn</latexit><latexit sha1_base64="uApyO09SM/XQ7i69yuHc0XZ0D7M=">AAACAXicbZDLSsNAFIZPvNZ6i7oR3AwWoW5KIoIui25cVrAXaEOZTCft0MkkzkzEWuvGV3HjQhG3voU738ZJG0Fbfxj4+M85zDm/H3OmtON8WXPzC4tLy7mV/Ora+samvbVdU1EiCa2SiEey4WNFORO0qpnmtBFLikOf07rfP0/r9RsqFYvElR7E1AtxV7CAEayN1bZ3r4utEOueH6A7dI9++PawbReckjMWmgU3gwJkqrTtz1YnIklIhSYcK9V0nVh7Qyw1I5yO8q1E0RiTPu7SpkGBQ6q84fiCETowTgcFkTRPaDR2f08McajUIPRNZ7qhmq6l5n+1ZqKDU2/IRJxoKsjkoyDhSEcojQN1mKRE84EBTCQzuyLSwxITbULLmxDc6ZNnoXZUcp2Se3lcKJ9lceRgD/ahCC6cQBkuoAJVIPAAT/ACr9aj9Wy9We+T1jkrm9mBP7I+vgHxQpXn</latexit>

Noisy channel

Echo
Noise

Gaussian
Noise

q(z)
<latexit sha1_base64="SWh8fvZHV8L7wc02qVZJ+1cbL5U=">AAAB83icbVDLSgMxFL3js9ZX1aWbYBHqpsyIoMuiG5cV7AM6Q8mkmTY0yYxJRqhDf8ONC0Xc+jPu/Bsz7Sy09UDgcM693JMTJpxp47rfzsrq2vrGZmmrvL2zu7dfOThs6zhVhLZIzGPVDbGmnEnaMsxw2k0UxSLktBOOb3K/80iVZrG8N5OEBgIPJYsYwcZK/kPNF9iMwgg9nfUrVbfuzoCWiVeQKhRo9itf/iAmqaDSEI617nluYoIMK8MIp9Oyn2qaYDLGQ9qzVGJBdZDNMk/RqVUGKIqVfdKgmfp7I8NC64kI7WSeUC96ufif10tNdBVkTCapoZLMD0UpRyZGeQFowBQlhk8swUQxmxWREVaYGFtT2ZbgLX55mbTP655b9+4uqo3roo4SHMMJ1MCDS2jALTShBQQSeIZXeHNS58V5dz7moytOsXMEf+B8/gAunZEc</latexit><latexit sha1_base64="SWh8fvZHV8L7wc02qVZJ+1cbL5U=">AAAB83icbVDLSgMxFL3js9ZX1aWbYBHqpsyIoMuiG5cV7AM6Q8mkmTY0yYxJRqhDf8ONC0Xc+jPu/Bsz7Sy09UDgcM693JMTJpxp47rfzsrq2vrGZmmrvL2zu7dfOThs6zhVhLZIzGPVDbGmnEnaMsxw2k0UxSLktBOOb3K/80iVZrG8N5OEBgIPJYsYwcZK/kPNF9iMwgg9nfUrVbfuzoCWiVeQKhRo9itf/iAmqaDSEI617nluYoIMK8MIp9Oyn2qaYDLGQ9qzVGJBdZDNMk/RqVUGKIqVfdKgmfp7I8NC64kI7WSeUC96ufif10tNdBVkTCapoZLMD0UpRyZGeQFowBQlhk8swUQxmxWREVaYGFtT2ZbgLX55mbTP655b9+4uqo3roo4SHMMJ1MCDS2jALTShBQQSeIZXeHNS58V5dz7moytOsXMEf+B8/gAunZEc</latexit><latexit sha1_base64="SWh8fvZHV8L7wc02qVZJ+1cbL5U=">AAAB83icbVDLSgMxFL3js9ZX1aWbYBHqpsyIoMuiG5cV7AM6Q8mkmTY0yYxJRqhDf8ONC0Xc+jPu/Bsz7Sy09UDgcM693JMTJpxp47rfzsrq2vrGZmmrvL2zu7dfOThs6zhVhLZIzGPVDbGmnEnaMsxw2k0UxSLktBOOb3K/80iVZrG8N5OEBgIPJYsYwcZK/kPNF9iMwgg9nfUrVbfuzoCWiVeQKhRo9itf/iAmqaDSEI617nluYoIMK8MIp9Oyn2qaYDLGQ9qzVGJBdZDNMk/RqVUGKIqVfdKgmfp7I8NC64kI7WSeUC96ufif10tNdBVkTCapoZLMD0UpRyZGeQFowBQlhk8swUQxmxWREVaYGFtT2ZbgLX55mbTP655b9+4uqo3roo4SHMMJ1MCDS2jALTShBQQSeIZXeHNS58V5dz7moytOsXMEf+B8/gAunZEc</latexit><latexit sha1_base64="SWh8fvZHV8L7wc02qVZJ+1cbL5U=">AAAB83icbVDLSgMxFL3js9ZX1aWbYBHqpsyIoMuiG5cV7AM6Q8mkmTY0yYxJRqhDf8ONC0Xc+jPu/Bsz7Sy09UDgcM693JMTJpxp47rfzsrq2vrGZmmrvL2zu7dfOThs6zhVhLZIzGPVDbGmnEnaMsxw2k0UxSLktBOOb3K/80iVZrG8N5OEBgIPJYsYwcZK/kPNF9iMwgg9nfUrVbfuzoCWiVeQKhRo9itf/iAmqaDSEI617nluYoIMK8MIp9Oyn2qaYDLGQ9qzVGJBdZDNMk/RqVUGKIqVfdKgmfp7I8NC64kI7WSeUC96ufif10tNdBVkTCapoZLMD0UpRyZGeQFowBQlhk8swUQxmxWREVaYGFtT2ZbgLX55mbTP655b9+4uqo3roo4SHMMJ1MCDS2jALTShBQQSeIZXeHNS58V5dz7moytOsXMEf+B8/gAunZEc</latexit>

Encoder distribution

I(Z;X) = 3 bits
<latexit sha1_base64="Gp2rws88UxFJYVH0peEDqMvePWM=">AAACAXicbVDLSgNBEJyNrxhfq14EL4NBiJewq4KCCEEveotgHpgsYXYySYbMY5mZFcMSL/6KFw+KePUvvPk3TpI9aGJBQ1HVTXdXGDGqjed9O5m5+YXFpexybmV1bX3D3dyqahkrTCpYMqnqIdKEUUEqhhpG6pEiiIeM1ML+5civ3ROlqRS3ZhCRgKOuoB2KkbFSy925LtydwfoBPIdHsMlD+ZDAkBo9bLl5r+iNAWeJn5I8SFFuuV/NtsQxJ8JghrRu+F5kggQpQzEjw1wz1iRCuI+6pGGpQJzoIBl/MIT7VmnDjlS2hIFj9fdEgrjWAx7aTo5MT097I/E/rxGbzmmQUBHFhgg8WdSJGTQSjuKAbaoINmxgCcKK2lsh7iGFsLGh5WwI/vTLs6R6WPS9on9znC9dpHFkwS7YAwXggxNQAlegDCoAg0fwDF7Bm/PkvDjvzsekNeOkM9vgD5zPH10AlO4=</latexit><latexit sha1_base64="Gp2rws88UxFJYVH0peEDqMvePWM=">AAACAXicbVDLSgNBEJyNrxhfq14EL4NBiJewq4KCCEEveotgHpgsYXYySYbMY5mZFcMSL/6KFw+KePUvvPk3TpI9aGJBQ1HVTXdXGDGqjed9O5m5+YXFpexybmV1bX3D3dyqahkrTCpYMqnqIdKEUUEqhhpG6pEiiIeM1ML+5civ3ROlqRS3ZhCRgKOuoB2KkbFSy925LtydwfoBPIdHsMlD+ZDAkBo9bLl5r+iNAWeJn5I8SFFuuV/NtsQxJ8JghrRu+F5kggQpQzEjw1wz1iRCuI+6pGGpQJzoIBl/MIT7VmnDjlS2hIFj9fdEgrjWAx7aTo5MT097I/E/rxGbzmmQUBHFhgg8WdSJGTQSjuKAbaoINmxgCcKK2lsh7iGFsLGh5WwI/vTLs6R6WPS9on9znC9dpHFkwS7YAwXggxNQAlegDCoAg0fwDF7Bm/PkvDjvzsekNeOkM9vgD5zPH10AlO4=</latexit><latexit sha1_base64="Gp2rws88UxFJYVH0peEDqMvePWM=">AAACAXicbVDLSgNBEJyNrxhfq14EL4NBiJewq4KCCEEveotgHpgsYXYySYbMY5mZFcMSL/6KFw+KePUvvPk3TpI9aGJBQ1HVTXdXGDGqjed9O5m5+YXFpexybmV1bX3D3dyqahkrTCpYMqnqIdKEUUEqhhpG6pEiiIeM1ML+5civ3ROlqRS3ZhCRgKOuoB2KkbFSy925LtydwfoBPIdHsMlD+ZDAkBo9bLl5r+iNAWeJn5I8SFFuuV/NtsQxJ8JghrRu+F5kggQpQzEjw1wz1iRCuI+6pGGpQJzoIBl/MIT7VmnDjlS2hIFj9fdEgrjWAx7aTo5MT097I/E/rxGbzmmQUBHFhgg8WdSJGTQSjuKAbaoINmxgCcKK2lsh7iGFsLGh5WwI/vTLs6R6WPS9on9znC9dpHFkwS7YAwXggxNQAlegDCoAg0fwDF7Bm/PkvDjvzsekNeOkM9vgD5zPH10AlO4=</latexit><latexit sha1_base64="Gp2rws88UxFJYVH0peEDqMvePWM=">AAACAXicbVDLSgNBEJyNrxhfq14EL4NBiJewq4KCCEEveotgHpgsYXYySYbMY5mZFcMSL/6KFw+KePUvvPk3TpI9aGJBQ1HVTXdXGDGqjed9O5m5+YXFpexybmV1bX3D3dyqahkrTCpYMqnqIdKEUUEqhhpG6pEiiIeM1ML+5civ3ROlqRS3ZhCRgKOuoB2KkbFSy925LtydwfoBPIdHsMlD+ZDAkBo9bLl5r+iNAWeJn5I8SFFuuV/NtsQxJ8JghrRu+F5kggQpQzEjw1wz1iRCuI+6pGGpQJzoIBl/MIT7VmnDjlS2hIFj9fdEgrjWAx7aTo5MT097I/E/rxGbzmmQUBHFhgg8WdSJGTQSjuKAbaoINmxgCcKK2lsh7iGFsLGh5WwI/vTLs6R6WPS9on9znC9dpHFkwS7YAwXggxNQAlegDCoAg0fwDF7Bm/PkvDjvzsekNeOkM9vgD5zPH10AlO4=</latexit>

I(Z;X)  3 bits
<latexit sha1_base64="3sTAvva5UF6O0WoigMynSTaSlHA=">AAACBHicbVC7SgNBFJ2Nrxhfq5ZpBoMQm7CrgoJN0Ea7COaB2SXMTmaTITM768ysGJYUNv6KjYUitn6EnX/jJNlCEw9cOJxzL/feE8SMKu0431ZuYXFpeSW/Wlhb39jcsrd3GkokEpM6FkzIVoAUYTQidU01I61YEsQDRprB4GLsN++JVFREN3oYE5+jXkRDipE2UscuXpVvz2DrAHqM3MEj6PFAPKQwoFqNOnbJqTgTwHniZqQEMtQ69pfXFTjhJNKYIaXarhNrP0VSU8zIqOAlisQID1CPtA2NECfKTydPjOC+UbowFNJUpOFE/T2RIq7UkAemkyPdV7PeWPzPayc6PPVTGsWJJhGeLgoTBrWA40Rgl0qCNRsagrCk5laI+0girE1uBROCO/vyPGkcVlyn4l4fl6rnWRx5UAR7oAxccAKq4BLUQB1g8AiewSt4s56sF+vd+pi25qxsZhf8gfX5AwAflm0=</latexit><latexit sha1_base64="3sTAvva5UF6O0WoigMynSTaSlHA=">AAACBHicbVC7SgNBFJ2Nrxhfq5ZpBoMQm7CrgoJN0Ea7COaB2SXMTmaTITM768ysGJYUNv6KjYUitn6EnX/jJNlCEw9cOJxzL/feE8SMKu0431ZuYXFpeSW/Wlhb39jcsrd3GkokEpM6FkzIVoAUYTQidU01I61YEsQDRprB4GLsN++JVFREN3oYE5+jXkRDipE2UscuXpVvz2DrAHqM3MEj6PFAPKQwoFqNOnbJqTgTwHniZqQEMtQ69pfXFTjhJNKYIaXarhNrP0VSU8zIqOAlisQID1CPtA2NECfKTydPjOC+UbowFNJUpOFE/T2RIq7UkAemkyPdV7PeWPzPayc6PPVTGsWJJhGeLgoTBrWA40Rgl0qCNRsagrCk5laI+0girE1uBROCO/vyPGkcVlyn4l4fl6rnWRx5UAR7oAxccAKq4BLUQB1g8AiewSt4s56sF+vd+pi25qxsZhf8gfX5AwAflm0=</latexit><latexit sha1_base64="3sTAvva5UF6O0WoigMynSTaSlHA=">AAACBHicbVC7SgNBFJ2Nrxhfq5ZpBoMQm7CrgoJN0Ea7COaB2SXMTmaTITM768ysGJYUNv6KjYUitn6EnX/jJNlCEw9cOJxzL/feE8SMKu0431ZuYXFpeSW/Wlhb39jcsrd3GkokEpM6FkzIVoAUYTQidU01I61YEsQDRprB4GLsN++JVFREN3oYE5+jXkRDipE2UscuXpVvz2DrAHqM3MEj6PFAPKQwoFqNOnbJqTgTwHniZqQEMtQ69pfXFTjhJNKYIaXarhNrP0VSU8zIqOAlisQID1CPtA2NECfKTydPjOC+UbowFNJUpOFE/T2RIq7UkAemkyPdV7PeWPzPayc6PPVTGsWJJhGeLgoTBrWA40Rgl0qCNRsagrCk5laI+0girE1uBROCO/vyPGkcVlyn4l4fl6rnWRx5UAR7oAxccAKq4BLUQB1g8AiewSt4s56sF+vd+pi25qxsZhf8gfX5AwAflm0=</latexit><latexit sha1_base64="3sTAvva5UF6O0WoigMynSTaSlHA=">AAACBHicbVC7SgNBFJ2Nrxhfq5ZpBoMQm7CrgoJN0Ea7COaB2SXMTmaTITM768ysGJYUNv6KjYUitn6EnX/jJNlCEw9cOJxzL/feE8SMKu0431ZuYXFpeSW/Wlhb39jcsrd3GkokEpM6FkzIVoAUYTQidU01I61YEsQDRprB4GLsN++JVFREN3oYE5+jXkRDipE2UscuXpVvz2DrAHqM3MEj6PFAPKQwoFqNOnbJqTgTwHniZqQEMtQ69pfXFTjhJNKYIaXarhNrP0VSU8zIqOAlisQID1CPtA2NECfKTydPjOC+UbowFNJUpOFE/T2RIq7UkAemkyPdV7PeWPzPayc6PPVTGsWJJhGeLgoTBrWA40Rgl0qCNRsagrCk5laI+0girE1uBROCO/vyPGkcVlyn4l4fl6rnWRx5UAR7oAxccAKq4BLUQB1g8AiewSt4s56sF+vd+pi25qxsZhf8gfX5AwAflm0=</latexit>

+

=

=

Input distribution

q(x)
<latexit sha1_base64="2WgeRWylqqkwyLD6JK8it3eUrVI=">AAAB83icbVDLSgMxFL3xWeur6tJNsAh1U2ZE0GXRjcsK9gGdoWTSTBuayYxJRixDf8ONC0Xc+jPu/Bsz7Sy09UDgcM693JMTJIJr4zjfaGV1bX1js7RV3t7Z3duvHBy2dZwqylo0FrHqBkQzwSVrGW4E6yaKkSgQrBOMb3K/88iU5rG8N5OE+REZSh5ySoyVvIeaFxEzCkL8dNavVJ26MwNeJm5BqlCg2a98eYOYphGThgqidc91EuNnRBlOBZuWvVSzhNAxGbKepZJETPvZLPMUn1plgMNY2ScNnqm/NzISaT2JAjuZJ9SLXi7+5/VSE175GZdJapik80NhKrCJcV4AHnDFqBETSwhV3GbFdEQUocbWVLYluItfXibt87rr1N27i2rjuqijBMdwAjVw4RIacAtNaAGFBJ7hFd5Qil7QO/qYj66gYucI/gB9/gArk5Ea</latexit><latexit sha1_base64="2WgeRWylqqkwyLD6JK8it3eUrVI=">AAAB83icbVDLSgMxFL3xWeur6tJNsAh1U2ZE0GXRjcsK9gGdoWTSTBuayYxJRixDf8ONC0Xc+jPu/Bsz7Sy09UDgcM693JMTJIJr4zjfaGV1bX1js7RV3t7Z3duvHBy2dZwqylo0FrHqBkQzwSVrGW4E6yaKkSgQrBOMb3K/88iU5rG8N5OE+REZSh5ySoyVvIeaFxEzCkL8dNavVJ26MwNeJm5BqlCg2a98eYOYphGThgqidc91EuNnRBlOBZuWvVSzhNAxGbKepZJETPvZLPMUn1plgMNY2ScNnqm/NzISaT2JAjuZJ9SLXi7+5/VSE175GZdJapik80NhKrCJcV4AHnDFqBETSwhV3GbFdEQUocbWVLYluItfXibt87rr1N27i2rjuqijBMdwAjVw4RIacAtNaAGFBJ7hFd5Qil7QO/qYj66gYucI/gB9/gArk5Ea</latexit><latexit sha1_base64="2WgeRWylqqkwyLD6JK8it3eUrVI=">AAAB83icbVDLSgMxFL3xWeur6tJNsAh1U2ZE0GXRjcsK9gGdoWTSTBuayYxJRixDf8ONC0Xc+jPu/Bsz7Sy09UDgcM693JMTJIJr4zjfaGV1bX1js7RV3t7Z3duvHBy2dZwqylo0FrHqBkQzwSVrGW4E6yaKkSgQrBOMb3K/88iU5rG8N5OE+REZSh5ySoyVvIeaFxEzCkL8dNavVJ26MwNeJm5BqlCg2a98eYOYphGThgqidc91EuNnRBlOBZuWvVSzhNAxGbKepZJETPvZLPMUn1plgMNY2ScNnqm/NzISaT2JAjuZJ9SLXi7+5/VSE175GZdJapik80NhKrCJcV4AHnDFqBETSwhV3GbFdEQUocbWVLYluItfXibt87rr1N27i2rjuqijBMdwAjVw4RIacAtNaAGFBJ7hFd5Qil7QO/qYj66gYucI/gB9/gArk5Ea</latexit><latexit sha1_base64="2WgeRWylqqkwyLD6JK8it3eUrVI=">AAAB83icbVDLSgMxFL3xWeur6tJNsAh1U2ZE0GXRjcsK9gGdoWTSTBuayYxJRixDf8ONC0Xc+jPu/Bsz7Sy09UDgcM693JMTJIJr4zjfaGV1bX1js7RV3t7Z3duvHBy2dZwqylo0FrHqBkQzwSVrGW4E6yaKkSgQrBOMb3K/88iU5rG8N5OE+REZSh5ySoyVvIeaFxEzCkL8dNavVJ26MwNeJm5BqlCg2a98eYOYphGThgqidc91EuNnRBlOBZuWvVSzhNAxGbKepZJETPvZLPMUn1plgMNY2ScNnqm/NzISaT2JAjuZJ9SLXi7+5/VSE175GZdJapik80NhKrCJcV4AHnDFqBETSwhV3GbFdEQUocbWVLYluItfXibt87rr1N27i2rjuqijBMdwAjVw4RIacAtNaAGFBJ7hFd5Qil7QO/qYj66gYucI/gB9/gArk5Ea</latexit>

q(z|x)
<latexit sha1_base64="uApyO09SM/XQ7i69yuHc0XZ0D7M=">AAACAXicbZDLSsNAFIZPvNZ6i7oR3AwWoW5KIoIui25cVrAXaEOZTCft0MkkzkzEWuvGV3HjQhG3voU738ZJG0Fbfxj4+M85zDm/H3OmtON8WXPzC4tLy7mV/Ora+samvbVdU1EiCa2SiEey4WNFORO0qpnmtBFLikOf07rfP0/r9RsqFYvElR7E1AtxV7CAEayN1bZ3r4utEOueH6A7dI9++PawbReckjMWmgU3gwJkqrTtz1YnIklIhSYcK9V0nVh7Qyw1I5yO8q1E0RiTPu7SpkGBQ6q84fiCETowTgcFkTRPaDR2f08McajUIPRNZ7qhmq6l5n+1ZqKDU2/IRJxoKsjkoyDhSEcojQN1mKRE84EBTCQzuyLSwxITbULLmxDc6ZNnoXZUcp2Se3lcKJ9lceRgD/ahCC6cQBkuoAJVIPAAT/ACr9aj9Wy9We+T1jkrm9mBP7I+vgHxQpXn</latexit><latexit sha1_base64="uApyO09SM/XQ7i69yuHc0XZ0D7M=">AAACAXicbZDLSsNAFIZPvNZ6i7oR3AwWoW5KIoIui25cVrAXaEOZTCft0MkkzkzEWuvGV3HjQhG3voU738ZJG0Fbfxj4+M85zDm/H3OmtON8WXPzC4tLy7mV/Ora+samvbVdU1EiCa2SiEey4WNFORO0qpnmtBFLikOf07rfP0/r9RsqFYvElR7E1AtxV7CAEayN1bZ3r4utEOueH6A7dI9++PawbReckjMWmgU3gwJkqrTtz1YnIklIhSYcK9V0nVh7Qyw1I5yO8q1E0RiTPu7SpkGBQ6q84fiCETowTgcFkTRPaDR2f08McajUIPRNZ7qhmq6l5n+1ZqKDU2/IRJxoKsjkoyDhSEcojQN1mKRE84EBTCQzuyLSwxITbULLmxDc6ZNnoXZUcp2Se3lcKJ9lceRgD/ahCC6cQBkuoAJVIPAAT/ACr9aj9Wy9We+T1jkrm9mBP7I+vgHxQpXn</latexit><latexit sha1_base64="uApyO09SM/XQ7i69yuHc0XZ0D7M=">AAACAXicbZDLSsNAFIZPvNZ6i7oR3AwWoW5KIoIui25cVrAXaEOZTCft0MkkzkzEWuvGV3HjQhG3voU738ZJG0Fbfxj4+M85zDm/H3OmtON8WXPzC4tLy7mV/Ora+samvbVdU1EiCa2SiEey4WNFORO0qpnmtBFLikOf07rfP0/r9RsqFYvElR7E1AtxV7CAEayN1bZ3r4utEOueH6A7dI9++PawbReckjMWmgU3gwJkqrTtz1YnIklIhSYcK9V0nVh7Qyw1I5yO8q1E0RiTPu7SpkGBQ6q84fiCETowTgcFkTRPaDR2f08McajUIPRNZ7qhmq6l5n+1ZqKDU2/IRJxoKsjkoyDhSEcojQN1mKRE84EBTCQzuyLSwxITbULLmxDc6ZNnoXZUcp2Se3lcKJ9lceRgD/ahCC6cQBkuoAJVIPAAT/ACr9aj9Wy9We+T1jkrm9mBP7I+vgHxQpXn</latexit><latexit sha1_base64="uApyO09SM/XQ7i69yuHc0XZ0D7M=">AAACAXicbZDLSsNAFIZPvNZ6i7oR3AwWoW5KIoIui25cVrAXaEOZTCft0MkkzkzEWuvGV3HjQhG3voU738ZJG0Fbfxj4+M85zDm/H3OmtON8WXPzC4tLy7mV/Ora+samvbVdU1EiCa2SiEey4WNFORO0qpnmtBFLikOf07rfP0/r9RsqFYvElR7E1AtxV7CAEayN1bZ3r4utEOueH6A7dI9++PawbReckjMWmgU3gwJkqrTtz1YnIklIhSYcK9V0nVh7Qyw1I5yO8q1E0RiTPu7SpkGBQ6q84fiCETowTgcFkTRPaDR2f08McajUIPRNZ7qhmq6l5n+1ZqKDU2/IRJxoKsjkoyDhSEcojQN1mKRE84EBTCQzuyLSwxITbULLmxDc6ZNnoXZUcp2Se3lcKJ9lceRgD/ahCC6cQBkuoAJVIPAAT/ACr9aj9Wy9We+T1jkrm9mBP7I+vgHxQpXn</latexit>

Noisy channel

Echo
Noise

Gaussian
Noise

q(z)
<latexit sha1_base64="SWh8fvZHV8L7wc02qVZJ+1cbL5U=">AAAB83icbVDLSgMxFL3js9ZX1aWbYBHqpsyIoMuiG5cV7AM6Q8mkmTY0yYxJRqhDf8ONC0Xc+jPu/Bsz7Sy09UDgcM693JMTJpxp47rfzsrq2vrGZmmrvL2zu7dfOThs6zhVhLZIzGPVDbGmnEnaMsxw2k0UxSLktBOOb3K/80iVZrG8N5OEBgIPJYsYwcZK/kPNF9iMwgg9nfUrVbfuzoCWiVeQKhRo9itf/iAmqaDSEI617nluYoIMK8MIp9Oyn2qaYDLGQ9qzVGJBdZDNMk/RqVUGKIqVfdKgmfp7I8NC64kI7WSeUC96ufif10tNdBVkTCapoZLMD0UpRyZGeQFowBQlhk8swUQxmxWREVaYGFtT2ZbgLX55mbTP655b9+4uqo3roo4SHMMJ1MCDS2jALTShBQQSeIZXeHNS58V5dz7moytOsXMEf+B8/gAunZEc</latexit><latexit sha1_base64="SWh8fvZHV8L7wc02qVZJ+1cbL5U=">AAAB83icbVDLSgMxFL3js9ZX1aWbYBHqpsyIoMuiG5cV7AM6Q8mkmTY0yYxJRqhDf8ONC0Xc+jPu/Bsz7Sy09UDgcM693JMTJpxp47rfzsrq2vrGZmmrvL2zu7dfOThs6zhVhLZIzGPVDbGmnEnaMsxw2k0UxSLktBOOb3K/80iVZrG8N5OEBgIPJYsYwcZK/kPNF9iMwgg9nfUrVbfuzoCWiVeQKhRo9itf/iAmqaDSEI617nluYoIMK8MIp9Oyn2qaYDLGQ9qzVGJBdZDNMk/RqVUGKIqVfdKgmfp7I8NC64kI7WSeUC96ufif10tNdBVkTCapoZLMD0UpRyZGeQFowBQlhk8swUQxmxWREVaYGFtT2ZbgLX55mbTP655b9+4uqo3roo4SHMMJ1MCDS2jALTShBQQSeIZXeHNS58V5dz7moytOsXMEf+B8/gAunZEc</latexit><latexit sha1_base64="SWh8fvZHV8L7wc02qVZJ+1cbL5U=">AAAB83icbVDLSgMxFL3js9ZX1aWbYBHqpsyIoMuiG5cV7AM6Q8mkmTY0yYxJRqhDf8ONC0Xc+jPu/Bsz7Sy09UDgcM693JMTJpxp47rfzsrq2vrGZmmrvL2zu7dfOThs6zhVhLZIzGPVDbGmnEnaMsxw2k0UxSLktBOOb3K/80iVZrG8N5OEBgIPJYsYwcZK/kPNF9iMwgg9nfUrVbfuzoCWiVeQKhRo9itf/iAmqaDSEI617nluYoIMK8MIp9Oyn2qaYDLGQ9qzVGJBdZDNMk/RqVUGKIqVfdKgmfp7I8NC64kI7WSeUC96ufif10tNdBVkTCapoZLMD0UpRyZGeQFowBQlhk8swUQxmxWREVaYGFtT2ZbgLX55mbTP655b9+4uqo3roo4SHMMJ1MCDS2jALTShBQQSeIZXeHNS58V5dz7moytOsXMEf+B8/gAunZEc</latexit><latexit sha1_base64="SWh8fvZHV8L7wc02qVZJ+1cbL5U=">AAAB83icbVDLSgMxFL3js9ZX1aWbYBHqpsyIoMuiG5cV7AM6Q8mkmTY0yYxJRqhDf8ONC0Xc+jPu/Bsz7Sy09UDgcM693JMTJpxp47rfzsrq2vrGZmmrvL2zu7dfOThs6zhVhLZIzGPVDbGmnEnaMsxw2k0UxSLktBOOb3K/80iVZrG8N5OEBgIPJYsYwcZK/kPNF9iMwgg9nfUrVbfuzoCWiVeQKhRo9itf/iAmqaDSEI617nluYoIMK8MIp9Oyn2qaYDLGQ9qzVGJBdZDNMk/RqVUGKIqVfdKgmfp7I8NC64kI7WSeUC96ufif10tNdBVkTCapoZLMD0UpRyZGeQFowBQlhk8swUQxmxWREVaYGFtT2ZbgLX55mbTP655b9+4uqo3roo4SHMMJ1MCDS2jALTShBQQSeIZXeHNS58V5dz7moytOsXMEf+B8/gAunZEc</latexit>

Encoder distribution

I(Z;X) = 3 bits
<latexit sha1_base64="Gp2rws88UxFJYVH0peEDqMvePWM=">AAACAXicbVDLSgNBEJyNrxhfq14EL4NBiJewq4KCCEEveotgHpgsYXYySYbMY5mZFcMSL/6KFw+KePUvvPk3TpI9aGJBQ1HVTXdXGDGqjed9O5m5+YXFpexybmV1bX3D3dyqahkrTCpYMqnqIdKEUUEqhhpG6pEiiIeM1ML+5civ3ROlqRS3ZhCRgKOuoB2KkbFSy925LtydwfoBPIdHsMlD+ZDAkBo9bLl5r+iNAWeJn5I8SFFuuV/NtsQxJ8JghrRu+F5kggQpQzEjw1wz1iRCuI+6pGGpQJzoIBl/MIT7VmnDjlS2hIFj9fdEgrjWAx7aTo5MT097I/E/rxGbzmmQUBHFhgg8WdSJGTQSjuKAbaoINmxgCcKK2lsh7iGFsLGh5WwI/vTLs6R6WPS9on9znC9dpHFkwS7YAwXggxNQAlegDCoAg0fwDF7Bm/PkvDjvzsekNeOkM9vgD5zPH10AlO4=</latexit><latexit sha1_base64="Gp2rws88UxFJYVH0peEDqMvePWM=">AAACAXicbVDLSgNBEJyNrxhfq14EL4NBiJewq4KCCEEveotgHpgsYXYySYbMY5mZFcMSL/6KFw+KePUvvPk3TpI9aGJBQ1HVTXdXGDGqjed9O5m5+YXFpexybmV1bX3D3dyqahkrTCpYMqnqIdKEUUEqhhpG6pEiiIeM1ML+5civ3ROlqRS3ZhCRgKOuoB2KkbFSy925LtydwfoBPIdHsMlD+ZDAkBo9bLl5r+iNAWeJn5I8SFFuuV/NtsQxJ8JghrRu+F5kggQpQzEjw1wz1iRCuI+6pGGpQJzoIBl/MIT7VmnDjlS2hIFj9fdEgrjWAx7aTo5MT097I/E/rxGbzmmQUBHFhgg8WdSJGTQSjuKAbaoINmxgCcKK2lsh7iGFsLGh5WwI/vTLs6R6WPS9on9znC9dpHFkwS7YAwXggxNQAlegDCoAg0fwDF7Bm/PkvDjvzsekNeOkM9vgD5zPH10AlO4=</latexit><latexit sha1_base64="Gp2rws88UxFJYVH0peEDqMvePWM=">AAACAXicbVDLSgNBEJyNrxhfq14EL4NBiJewq4KCCEEveotgHpgsYXYySYbMY5mZFcMSL/6KFw+KePUvvPk3TpI9aGJBQ1HVTXdXGDGqjed9O5m5+YXFpexybmV1bX3D3dyqahkrTCpYMqnqIdKEUUEqhhpG6pEiiIeM1ML+5civ3ROlqRS3ZhCRgKOuoB2KkbFSy925LtydwfoBPIdHsMlD+ZDAkBo9bLl5r+iNAWeJn5I8SFFuuV/NtsQxJ8JghrRu+F5kggQpQzEjw1wz1iRCuI+6pGGpQJzoIBl/MIT7VmnDjlS2hIFj9fdEgrjWAx7aTo5MT097I/E/rxGbzmmQUBHFhgg8WdSJGTQSjuKAbaoINmxgCcKK2lsh7iGFsLGh5WwI/vTLs6R6WPS9on9znC9dpHFkwS7YAwXggxNQAlegDCoAg0fwDF7Bm/PkvDjvzsekNeOkM9vgD5zPH10AlO4=</latexit><latexit sha1_base64="Gp2rws88UxFJYVH0peEDqMvePWM=">AAACAXicbVDLSgNBEJyNrxhfq14EL4NBiJewq4KCCEEveotgHpgsYXYySYbMY5mZFcMSL/6KFw+KePUvvPk3TpI9aGJBQ1HVTXdXGDGqjed9O5m5+YXFpexybmV1bX3D3dyqahkrTCpYMqnqIdKEUUEqhhpG6pEiiIeM1ML+5civ3ROlqRS3ZhCRgKOuoB2KkbFSy925LtydwfoBPIdHsMlD+ZDAkBo9bLl5r+iNAWeJn5I8SFFuuV/NtsQxJ8JghrRu+F5kggQpQzEjw1wz1iRCuI+6pGGpQJzoIBl/MIT7VmnDjlS2hIFj9fdEgrjWAx7aTo5MT097I/E/rxGbzmmQUBHFhgg8WdSJGTQSjuKAbaoINmxgCcKK2lsh7iGFsLGh5WwI/vTLs6R6WPS9on9znC9dpHFkwS7YAwXggxNQAlegDCoAg0fwDF7Bm/PkvDjvzsekNeOkM9vgD5zPH10AlO4=</latexit>

I(Z;X)  3 bits
<latexit sha1_base64="3sTAvva5UF6O0WoigMynSTaSlHA=">AAACBHicbVC7SgNBFJ2Nrxhfq5ZpBoMQm7CrgoJN0Ea7COaB2SXMTmaTITM768ysGJYUNv6KjYUitn6EnX/jJNlCEw9cOJxzL/feE8SMKu0431ZuYXFpeSW/Wlhb39jcsrd3GkokEpM6FkzIVoAUYTQidU01I61YEsQDRprB4GLsN++JVFREN3oYE5+jXkRDipE2UscuXpVvz2DrAHqM3MEj6PFAPKQwoFqNOnbJqTgTwHniZqQEMtQ69pfXFTjhJNKYIaXarhNrP0VSU8zIqOAlisQID1CPtA2NECfKTydPjOC+UbowFNJUpOFE/T2RIq7UkAemkyPdV7PeWPzPayc6PPVTGsWJJhGeLgoTBrWA40Rgl0qCNRsagrCk5laI+0girE1uBROCO/vyPGkcVlyn4l4fl6rnWRx5UAR7oAxccAKq4BLUQB1g8AiewSt4s56sF+vd+pi25qxsZhf8gfX5AwAflm0=</latexit><latexit sha1_base64="3sTAvva5UF6O0WoigMynSTaSlHA=">AAACBHicbVC7SgNBFJ2Nrxhfq5ZpBoMQm7CrgoJN0Ea7COaB2SXMTmaTITM768ysGJYUNv6KjYUitn6EnX/jJNlCEw9cOJxzL/feE8SMKu0431ZuYXFpeSW/Wlhb39jcsrd3GkokEpM6FkzIVoAUYTQidU01I61YEsQDRprB4GLsN++JVFREN3oYE5+jXkRDipE2UscuXpVvz2DrAHqM3MEj6PFAPKQwoFqNOnbJqTgTwHniZqQEMtQ69pfXFTjhJNKYIaXarhNrP0VSU8zIqOAlisQID1CPtA2NECfKTydPjOC+UbowFNJUpOFE/T2RIq7UkAemkyPdV7PeWPzPayc6PPVTGsWJJhGeLgoTBrWA40Rgl0qCNRsagrCk5laI+0girE1uBROCO/vyPGkcVlyn4l4fl6rnWRx5UAR7oAxccAKq4BLUQB1g8AiewSt4s56sF+vd+pi25qxsZhf8gfX5AwAflm0=</latexit><latexit sha1_base64="3sTAvva5UF6O0WoigMynSTaSlHA=">AAACBHicbVC7SgNBFJ2Nrxhfq5ZpBoMQm7CrgoJN0Ea7COaB2SXMTmaTITM768ysGJYUNv6KjYUitn6EnX/jJNlCEw9cOJxzL/feE8SMKu0431ZuYXFpeSW/Wlhb39jcsrd3GkokEpM6FkzIVoAUYTQidU01I61YEsQDRprB4GLsN++JVFREN3oYE5+jXkRDipE2UscuXpVvz2DrAHqM3MEj6PFAPKQwoFqNOnbJqTgTwHniZqQEMtQ69pfXFTjhJNKYIaXarhNrP0VSU8zIqOAlisQID1CPtA2NECfKTydPjOC+UbowFNJUpOFE/T2RIq7UkAemkyPdV7PeWPzPayc6PPVTGsWJJhGeLgoTBrWA40Rgl0qCNRsagrCk5laI+0girE1uBROCO/vyPGkcVlyn4l4fl6rnWRx5UAR7oAxccAKq4BLUQB1g8AiewSt4s56sF+vd+pi25qxsZhf8gfX5AwAflm0=</latexit><latexit sha1_base64="3sTAvva5UF6O0WoigMynSTaSlHA=">AAACBHicbVC7SgNBFJ2Nrxhfq5ZpBoMQm7CrgoJN0Ea7COaB2SXMTmaTITM768ysGJYUNv6KjYUitn6EnX/jJNlCEw9cOJxzL/feE8SMKu0431ZuYXFpeSW/Wlhb39jcsrd3GkokEpM6FkzIVoAUYTQidU01I61YEsQDRprB4GLsN++JVFREN3oYE5+jXkRDipE2UscuXpVvz2DrAHqM3MEj6PFAPKQwoFqNOnbJqTgTwHniZqQEMtQ69pfXFTjhJNKYIaXarhNrP0VSU8zIqOAlisQID1CPtA2NECfKTydPjOC+UbowFNJUpOFE/T2RIq7UkAemkyPdV7PeWPzPayc6PPVTGsWJJhGeLgoTBrWA40Rgl0qCNRsagrCk5laI+0girE1uBROCO/vyPGkcVlyn4l4fl6rnWRx5UAR7oAxccAKq4BLUQB1g8AiewSt4s56sF+vd+pi25qxsZhf8gfX5AwAflm0=</latexit>

+

=

=

s
<latexit sha1_base64="dGVSqiF+yi52BBEuQtUC4i86nGQ="></latexit><latexit sha1_base64="dGVSqiF+yi52BBEuQtUC4i86nGQ="></latexit><latexit sha1_base64="dGVSqiF+yi52BBEuQtUC4i86nGQ="></latexit><latexit sha1_base64="dGVSqiF+yi52BBEuQtUC4i86nGQ="></latexit>

z = f(x) + S(x)"
<latexit sha1_base64="XhfUEkZhxFXzziekFf7U8Ugy/z0="></latexit><latexit sha1_base64="XhfUEkZhxFXzziekFf7U8Ugy/z0="></latexit><latexit sha1_base64="XhfUEkZhxFXzziekFf7U8Ugy/z0="></latexit><latexit sha1_base64="XhfUEkZhxFXzziekFf7U8Ugy/z0="></latexit>

H(E) = H(E + f)
<latexit sha1_base64="vqD5JT/e0P7q5ZsEduMjlVlUVT8="></latexit><latexit sha1_base64="vqD5JT/e0P7q5ZsEduMjlVlUVT8="></latexit><latexit sha1_base64="vqD5JT/e0P7q5ZsEduMjlVlUVT8="></latexit><latexit sha1_base64="vqD5JT/e0P7q5ZsEduMjlVlUVT8="></latexit>

H(sE) = H(E) + log s
<latexit sha1_base64="ajOiKvAtdndxABgEatfm/ocg4SQ="></latexit><latexit sha1_base64="ajOiKvAtdndxABgEatfm/ocg4SQ="></latexit><latexit sha1_base64="ajOiKvAtdndxABgEatfm/ocg4SQ="></latexit><latexit sha1_base64="ajOiKvAtdndxABgEatfm/ocg4SQ="></latexit>

"
<latexit sha1_base64="6+3g+JCUS0eAH7noaRTxz9b9zFQ="></latexit><latexit sha1_base64="6+3g+JCUS0eAH7noaRTxz9b9zFQ="></latexit><latexit sha1_base64="6+3g+JCUS0eAH7noaRTxz9b9zFQ="></latexit><latexit sha1_base64="6+3g+JCUS0eAH7noaRTxz9b9zFQ="></latexit>

"
<latexit sha1_base64="6+3g+JCUS0eAH7noaRTxz9b9zFQ="></latexit><latexit sha1_base64="6+3g+JCUS0eAH7noaRTxz9b9zFQ="></latexit><latexit sha1_base64="6+3g+JCUS0eAH7noaRTxz9b9zFQ="></latexit><latexit sha1_base64="6+3g+JCUS0eAH7noaRTxz9b9zFQ="></latexit>



Mutual information for the echo noise 
channel 

Self-similar	noise	(Echo)	

Sample-dependent	noise	scaling	

Mutual	information	decomposed	

Input distribution

q(x)
<latexit sha1_base64="2WgeRWylqqkwyLD6JK8it3eUrVI=">AAAB83icbVDLSgMxFL3xWeur6tJNsAh1U2ZE0GXRjcsK9gGdoWTSTBuayYxJRixDf8ONC0Xc+jPu/Bsz7Sy09UDgcM693JMTJIJr4zjfaGV1bX1js7RV3t7Z3duvHBy2dZwqylo0FrHqBkQzwSVrGW4E6yaKkSgQrBOMb3K/88iU5rG8N5OE+REZSh5ySoyVvIeaFxEzCkL8dNavVJ26MwNeJm5BqlCg2a98eYOYphGThgqidc91EuNnRBlOBZuWvVSzhNAxGbKepZJETPvZLPMUn1plgMNY2ScNnqm/NzISaT2JAjuZJ9SLXi7+5/VSE175GZdJapik80NhKrCJcV4AHnDFqBETSwhV3GbFdEQUocbWVLYluItfXibt87rr1N27i2rjuqijBMdwAjVw4RIacAtNaAGFBJ7hFd5Qil7QO/qYj66gYucI/gB9/gArk5Ea</latexit><latexit sha1_base64="2WgeRWylqqkwyLD6JK8it3eUrVI=">AAAB83icbVDLSgMxFL3xWeur6tJNsAh1U2ZE0GXRjcsK9gGdoWTSTBuayYxJRixDf8ONC0Xc+jPu/Bsz7Sy09UDgcM693JMTJIJr4zjfaGV1bX1js7RV3t7Z3duvHBy2dZwqylo0FrHqBkQzwSVrGW4E6yaKkSgQrBOMb3K/88iU5rG8N5OE+REZSh5ySoyVvIeaFxEzCkL8dNavVJ26MwNeJm5BqlCg2a98eYOYphGThgqidc91EuNnRBlOBZuWvVSzhNAxGbKepZJETPvZLPMUn1plgMNY2ScNnqm/NzISaT2JAjuZJ9SLXi7+5/VSE175GZdJapik80NhKrCJcV4AHnDFqBETSwhV3GbFdEQUocbWVLYluItfXibt87rr1N27i2rjuqijBMdwAjVw4RIacAtNaAGFBJ7hFd5Qil7QO/qYj66gYucI/gB9/gArk5Ea</latexit><latexit sha1_base64="2WgeRWylqqkwyLD6JK8it3eUrVI=">AAAB83icbVDLSgMxFL3xWeur6tJNsAh1U2ZE0GXRjcsK9gGdoWTSTBuayYxJRixDf8ONC0Xc+jPu/Bsz7Sy09UDgcM693JMTJIJr4zjfaGV1bX1js7RV3t7Z3duvHBy2dZwqylo0FrHqBkQzwSVrGW4E6yaKkSgQrBOMb3K/88iU5rG8N5OE+REZSh5ySoyVvIeaFxEzCkL8dNavVJ26MwNeJm5BqlCg2a98eYOYphGThgqidc91EuNnRBlOBZuWvVSzhNAxGbKepZJETPvZLPMUn1plgMNY2ScNnqm/NzISaT2JAjuZJ9SLXi7+5/VSE175GZdJapik80NhKrCJcV4AHnDFqBETSwhV3GbFdEQUocbWVLYluItfXibt87rr1N27i2rjuqijBMdwAjVw4RIacAtNaAGFBJ7hFd5Qil7QO/qYj66gYucI/gB9/gArk5Ea</latexit><latexit sha1_base64="2WgeRWylqqkwyLD6JK8it3eUrVI=">AAAB83icbVDLSgMxFL3xWeur6tJNsAh1U2ZE0GXRjcsK9gGdoWTSTBuayYxJRixDf8ONC0Xc+jPu/Bsz7Sy09UDgcM693JMTJIJr4zjfaGV1bX1js7RV3t7Z3duvHBy2dZwqylo0FrHqBkQzwSVrGW4E6yaKkSgQrBOMb3K/88iU5rG8N5OE+REZSh5ySoyVvIeaFxEzCkL8dNavVJ26MwNeJm5BqlCg2a98eYOYphGThgqidc91EuNnRBlOBZuWvVSzhNAxGbKepZJETPvZLPMUn1plgMNY2ScNnqm/NzISaT2JAjuZJ9SLXi7+5/VSE175GZdJapik80NhKrCJcV4AHnDFqBETSwhV3GbFdEQUocbWVLYluItfXibt87rr1N27i2rjuqijBMdwAjVw4RIacAtNaAGFBJ7hFd5Qil7QO/qYj66gYucI/gB9/gArk5Ea</latexit>

q(z|x)
<latexit sha1_base64="uApyO09SM/XQ7i69yuHc0XZ0D7M=">AAACAXicbZDLSsNAFIZPvNZ6i7oR3AwWoW5KIoIui25cVrAXaEOZTCft0MkkzkzEWuvGV3HjQhG3voU738ZJG0Fbfxj4+M85zDm/H3OmtON8WXPzC4tLy7mV/Ora+samvbVdU1EiCa2SiEey4WNFORO0qpnmtBFLikOf07rfP0/r9RsqFYvElR7E1AtxV7CAEayN1bZ3r4utEOueH6A7dI9++PawbReckjMWmgU3gwJkqrTtz1YnIklIhSYcK9V0nVh7Qyw1I5yO8q1E0RiTPu7SpkGBQ6q84fiCETowTgcFkTRPaDR2f08McajUIPRNZ7qhmq6l5n+1ZqKDU2/IRJxoKsjkoyDhSEcojQN1mKRE84EBTCQzuyLSwxITbULLmxDc6ZNnoXZUcp2Se3lcKJ9lceRgD/ahCC6cQBkuoAJVIPAAT/ACr9aj9Wy9We+T1jkrm9mBP7I+vgHxQpXn</latexit><latexit sha1_base64="uApyO09SM/XQ7i69yuHc0XZ0D7M=">AAACAXicbZDLSsNAFIZPvNZ6i7oR3AwWoW5KIoIui25cVrAXaEOZTCft0MkkzkzEWuvGV3HjQhG3voU738ZJG0Fbfxj4+M85zDm/H3OmtON8WXPzC4tLy7mV/Ora+samvbVdU1EiCa2SiEey4WNFORO0qpnmtBFLikOf07rfP0/r9RsqFYvElR7E1AtxV7CAEayN1bZ3r4utEOueH6A7dI9++PawbReckjMWmgU3gwJkqrTtz1YnIklIhSYcK9V0nVh7Qyw1I5yO8q1E0RiTPu7SpkGBQ6q84fiCETowTgcFkTRPaDR2f08McajUIPRNZ7qhmq6l5n+1ZqKDU2/IRJxoKsjkoyDhSEcojQN1mKRE84EBTCQzuyLSwxITbULLmxDc6ZNnoXZUcp2Se3lcKJ9lceRgD/ahCC6cQBkuoAJVIPAAT/ACr9aj9Wy9We+T1jkrm9mBP7I+vgHxQpXn</latexit><latexit sha1_base64="uApyO09SM/XQ7i69yuHc0XZ0D7M=">AAACAXicbZDLSsNAFIZPvNZ6i7oR3AwWoW5KIoIui25cVrAXaEOZTCft0MkkzkzEWuvGV3HjQhG3voU738ZJG0Fbfxj4+M85zDm/H3OmtON8WXPzC4tLy7mV/Ora+samvbVdU1EiCa2SiEey4WNFORO0qpnmtBFLikOf07rfP0/r9RsqFYvElR7E1AtxV7CAEayN1bZ3r4utEOueH6A7dI9++PawbReckjMWmgU3gwJkqrTtz1YnIklIhSYcK9V0nVh7Qyw1I5yO8q1E0RiTPu7SpkGBQ6q84fiCETowTgcFkTRPaDR2f08McajUIPRNZ7qhmq6l5n+1ZqKDU2/IRJxoKsjkoyDhSEcojQN1mKRE84EBTCQzuyLSwxITbULLmxDc6ZNnoXZUcp2Se3lcKJ9lceRgD/ahCC6cQBkuoAJVIPAAT/ACr9aj9Wy9We+T1jkrm9mBP7I+vgHxQpXn</latexit><latexit sha1_base64="uApyO09SM/XQ7i69yuHc0XZ0D7M=">AAACAXicbZDLSsNAFIZPvNZ6i7oR3AwWoW5KIoIui25cVrAXaEOZTCft0MkkzkzEWuvGV3HjQhG3voU738ZJG0Fbfxj4+M85zDm/H3OmtON8WXPzC4tLy7mV/Ora+samvbVdU1EiCa2SiEey4WNFORO0qpnmtBFLikOf07rfP0/r9RsqFYvElR7E1AtxV7CAEayN1bZ3r4utEOueH6A7dI9++PawbReckjMWmgU3gwJkqrTtz1YnIklIhSYcK9V0nVh7Qyw1I5yO8q1E0RiTPu7SpkGBQ6q84fiCETowTgcFkTRPaDR2f08McajUIPRNZ7qhmq6l5n+1ZqKDU2/IRJxoKsjkoyDhSEcojQN1mKRE84EBTCQzuyLSwxITbULLmxDc6ZNnoXZUcp2Se3lcKJ9lceRgD/ahCC6cQBkuoAJVIPAAT/ACr9aj9Wy9We+T1jkrm9mBP7I+vgHxQpXn</latexit>

Noisy channel

Echo
Noise

Gaussian
Noise

q(z)
<latexit sha1_base64="SWh8fvZHV8L7wc02qVZJ+1cbL5U=">AAAB83icbVDLSgMxFL3js9ZX1aWbYBHqpsyIoMuiG5cV7AM6Q8mkmTY0yYxJRqhDf8ONC0Xc+jPu/Bsz7Sy09UDgcM693JMTJpxp47rfzsrq2vrGZmmrvL2zu7dfOThs6zhVhLZIzGPVDbGmnEnaMsxw2k0UxSLktBOOb3K/80iVZrG8N5OEBgIPJYsYwcZK/kPNF9iMwgg9nfUrVbfuzoCWiVeQKhRo9itf/iAmqaDSEI617nluYoIMK8MIp9Oyn2qaYDLGQ9qzVGJBdZDNMk/RqVUGKIqVfdKgmfp7I8NC64kI7WSeUC96ufif10tNdBVkTCapoZLMD0UpRyZGeQFowBQlhk8swUQxmxWREVaYGFtT2ZbgLX55mbTP655b9+4uqo3roo4SHMMJ1MCDS2jALTShBQQSeIZXeHNS58V5dz7moytOsXMEf+B8/gAunZEc</latexit><latexit sha1_base64="SWh8fvZHV8L7wc02qVZJ+1cbL5U=">AAAB83icbVDLSgMxFL3js9ZX1aWbYBHqpsyIoMuiG5cV7AM6Q8mkmTY0yYxJRqhDf8ONC0Xc+jPu/Bsz7Sy09UDgcM693JMTJpxp47rfzsrq2vrGZmmrvL2zu7dfOThs6zhVhLZIzGPVDbGmnEnaMsxw2k0UxSLktBOOb3K/80iVZrG8N5OEBgIPJYsYwcZK/kPNF9iMwgg9nfUrVbfuzoCWiVeQKhRo9itf/iAmqaDSEI617nluYoIMK8MIp9Oyn2qaYDLGQ9qzVGJBdZDNMk/RqVUGKIqVfdKgmfp7I8NC64kI7WSeUC96ufif10tNdBVkTCapoZLMD0UpRyZGeQFowBQlhk8swUQxmxWREVaYGFtT2ZbgLX55mbTP655b9+4uqo3roo4SHMMJ1MCDS2jALTShBQQSeIZXeHNS58V5dz7moytOsXMEf+B8/gAunZEc</latexit><latexit sha1_base64="SWh8fvZHV8L7wc02qVZJ+1cbL5U=">AAAB83icbVDLSgMxFL3js9ZX1aWbYBHqpsyIoMuiG5cV7AM6Q8mkmTY0yYxJRqhDf8ONC0Xc+jPu/Bsz7Sy09UDgcM693JMTJpxp47rfzsrq2vrGZmmrvL2zu7dfOThs6zhVhLZIzGPVDbGmnEnaMsxw2k0UxSLktBOOb3K/80iVZrG8N5OEBgIPJYsYwcZK/kPNF9iMwgg9nfUrVbfuzoCWiVeQKhRo9itf/iAmqaDSEI617nluYoIMK8MIp9Oyn2qaYDLGQ9qzVGJBdZDNMk/RqVUGKIqVfdKgmfp7I8NC64kI7WSeUC96ufif10tNdBVkTCapoZLMD0UpRyZGeQFowBQlhk8swUQxmxWREVaYGFtT2ZbgLX55mbTP655b9+4uqo3roo4SHMMJ1MCDS2jALTShBQQSeIZXeHNS58V5dz7moytOsXMEf+B8/gAunZEc</latexit><latexit sha1_base64="SWh8fvZHV8L7wc02qVZJ+1cbL5U=">AAAB83icbVDLSgMxFL3js9ZX1aWbYBHqpsyIoMuiG5cV7AM6Q8mkmTY0yYxJRqhDf8ONC0Xc+jPu/Bsz7Sy09UDgcM693JMTJpxp47rfzsrq2vrGZmmrvL2zu7dfOThs6zhVhLZIzGPVDbGmnEnaMsxw2k0UxSLktBOOb3K/80iVZrG8N5OEBgIPJYsYwcZK/kPNF9iMwgg9nfUrVbfuzoCWiVeQKhRo9itf/iAmqaDSEI617nluYoIMK8MIp9Oyn2qaYDLGQ9qzVGJBdZDNMk/RqVUGKIqVfdKgmfp7I8NC64kI7WSeUC96ufif10tNdBVkTCapoZLMD0UpRyZGeQFowBQlhk8swUQxmxWREVaYGFtT2ZbgLX55mbTP655b9+4uqo3roo4SHMMJ1MCDS2jALTShBQQSeIZXeHNS58V5dz7moytOsXMEf+B8/gAunZEc</latexit>

Encoder distribution

I(Z;X) = 3 bits
<latexit sha1_base64="Gp2rws88UxFJYVH0peEDqMvePWM=">AAACAXicbVDLSgNBEJyNrxhfq14EL4NBiJewq4KCCEEveotgHpgsYXYySYbMY5mZFcMSL/6KFw+KePUvvPk3TpI9aGJBQ1HVTXdXGDGqjed9O5m5+YXFpexybmV1bX3D3dyqahkrTCpYMqnqIdKEUUEqhhpG6pEiiIeM1ML+5civ3ROlqRS3ZhCRgKOuoB2KkbFSy925LtydwfoBPIdHsMlD+ZDAkBo9bLl5r+iNAWeJn5I8SFFuuV/NtsQxJ8JghrRu+F5kggQpQzEjw1wz1iRCuI+6pGGpQJzoIBl/MIT7VmnDjlS2hIFj9fdEgrjWAx7aTo5MT097I/E/rxGbzmmQUBHFhgg8WdSJGTQSjuKAbaoINmxgCcKK2lsh7iGFsLGh5WwI/vTLs6R6WPS9on9znC9dpHFkwS7YAwXggxNQAlegDCoAg0fwDF7Bm/PkvDjvzsekNeOkM9vgD5zPH10AlO4=</latexit><latexit sha1_base64="Gp2rws88UxFJYVH0peEDqMvePWM=">AAACAXicbVDLSgNBEJyNrxhfq14EL4NBiJewq4KCCEEveotgHpgsYXYySYbMY5mZFcMSL/6KFw+KePUvvPk3TpI9aGJBQ1HVTXdXGDGqjed9O5m5+YXFpexybmV1bX3D3dyqahkrTCpYMqnqIdKEUUEqhhpG6pEiiIeM1ML+5civ3ROlqRS3ZhCRgKOuoB2KkbFSy925LtydwfoBPIdHsMlD+ZDAkBo9bLl5r+iNAWeJn5I8SFFuuV/NtsQxJ8JghrRu+F5kggQpQzEjw1wz1iRCuI+6pGGpQJzoIBl/MIT7VmnDjlS2hIFj9fdEgrjWAx7aTo5MT097I/E/rxGbzmmQUBHFhgg8WdSJGTQSjuKAbaoINmxgCcKK2lsh7iGFsLGh5WwI/vTLs6R6WPS9on9znC9dpHFkwS7YAwXggxNQAlegDCoAg0fwDF7Bm/PkvDjvzsekNeOkM9vgD5zPH10AlO4=</latexit><latexit sha1_base64="Gp2rws88UxFJYVH0peEDqMvePWM=">AAACAXicbVDLSgNBEJyNrxhfq14EL4NBiJewq4KCCEEveotgHpgsYXYySYbMY5mZFcMSL/6KFw+KePUvvPk3TpI9aGJBQ1HVTXdXGDGqjed9O5m5+YXFpexybmV1bX3D3dyqahkrTCpYMqnqIdKEUUEqhhpG6pEiiIeM1ML+5civ3ROlqRS3ZhCRgKOuoB2KkbFSy925LtydwfoBPIdHsMlD+ZDAkBo9bLl5r+iNAWeJn5I8SFFuuV/NtsQxJ8JghrRu+F5kggQpQzEjw1wz1iRCuI+6pGGpQJzoIBl/MIT7VmnDjlS2hIFj9fdEgrjWAx7aTo5MT097I/E/rxGbzmmQUBHFhgg8WdSJGTQSjuKAbaoINmxgCcKK2lsh7iGFsLGh5WwI/vTLs6R6WPS9on9znC9dpHFkwS7YAwXggxNQAlegDCoAg0fwDF7Bm/PkvDjvzsekNeOkM9vgD5zPH10AlO4=</latexit><latexit sha1_base64="Gp2rws88UxFJYVH0peEDqMvePWM=">AAACAXicbVDLSgNBEJyNrxhfq14EL4NBiJewq4KCCEEveotgHpgsYXYySYbMY5mZFcMSL/6KFw+KePUvvPk3TpI9aGJBQ1HVTXdXGDGqjed9O5m5+YXFpexybmV1bX3D3dyqahkrTCpYMqnqIdKEUUEqhhpG6pEiiIeM1ML+5civ3ROlqRS3ZhCRgKOuoB2KkbFSy925LtydwfoBPIdHsMlD+ZDAkBo9bLl5r+iNAWeJn5I8SFFuuV/NtsQxJ8JghrRu+F5kggQpQzEjw1wz1iRCuI+6pGGpQJzoIBl/MIT7VmnDjlS2hIFj9fdEgrjWAx7aTo5MT097I/E/rxGbzmmQUBHFhgg8WdSJGTQSjuKAbaoINmxgCcKK2lsh7iGFsLGh5WwI/vTLs6R6WPS9on9znC9dpHFkwS7YAwXggxNQAlegDCoAg0fwDF7Bm/PkvDjvzsekNeOkM9vgD5zPH10AlO4=</latexit>

I(Z;X)  3 bits
<latexit sha1_base64="3sTAvva5UF6O0WoigMynSTaSlHA=">AAACBHicbVC7SgNBFJ2Nrxhfq5ZpBoMQm7CrgoJN0Ea7COaB2SXMTmaTITM768ysGJYUNv6KjYUitn6EnX/jJNlCEw9cOJxzL/feE8SMKu0431ZuYXFpeSW/Wlhb39jcsrd3GkokEpM6FkzIVoAUYTQidU01I61YEsQDRprB4GLsN++JVFREN3oYE5+jXkRDipE2UscuXpVvz2DrAHqM3MEj6PFAPKQwoFqNOnbJqTgTwHniZqQEMtQ69pfXFTjhJNKYIaXarhNrP0VSU8zIqOAlisQID1CPtA2NECfKTydPjOC+UbowFNJUpOFE/T2RIq7UkAemkyPdV7PeWPzPayc6PPVTGsWJJhGeLgoTBrWA40Rgl0qCNRsagrCk5laI+0girE1uBROCO/vyPGkcVlyn4l4fl6rnWRx5UAR7oAxccAKq4BLUQB1g8AiewSt4s56sF+vd+pi25qxsZhf8gfX5AwAflm0=</latexit><latexit sha1_base64="3sTAvva5UF6O0WoigMynSTaSlHA=">AAACBHicbVC7SgNBFJ2Nrxhfq5ZpBoMQm7CrgoJN0Ea7COaB2SXMTmaTITM768ysGJYUNv6KjYUitn6EnX/jJNlCEw9cOJxzL/feE8SMKu0431ZuYXFpeSW/Wlhb39jcsrd3GkokEpM6FkzIVoAUYTQidU01I61YEsQDRprB4GLsN++JVFREN3oYE5+jXkRDipE2UscuXpVvz2DrAHqM3MEj6PFAPKQwoFqNOnbJqTgTwHniZqQEMtQ69pfXFTjhJNKYIaXarhNrP0VSU8zIqOAlisQID1CPtA2NECfKTydPjOC+UbowFNJUpOFE/T2RIq7UkAemkyPdV7PeWPzPayc6PPVTGsWJJhGeLgoTBrWA40Rgl0qCNRsagrCk5laI+0girE1uBROCO/vyPGkcVlyn4l4fl6rnWRx5UAR7oAxccAKq4BLUQB1g8AiewSt4s56sF+vd+pi25qxsZhf8gfX5AwAflm0=</latexit><latexit sha1_base64="3sTAvva5UF6O0WoigMynSTaSlHA=">AAACBHicbVC7SgNBFJ2Nrxhfq5ZpBoMQm7CrgoJN0Ea7COaB2SXMTmaTITM768ysGJYUNv6KjYUitn6EnX/jJNlCEw9cOJxzL/feE8SMKu0431ZuYXFpeSW/Wlhb39jcsrd3GkokEpM6FkzIVoAUYTQidU01I61YEsQDRprB4GLsN++JVFREN3oYE5+jXkRDipE2UscuXpVvz2DrAHqM3MEj6PFAPKQwoFqNOnbJqTgTwHniZqQEMtQ69pfXFTjhJNKYIaXarhNrP0VSU8zIqOAlisQID1CPtA2NECfKTydPjOC+UbowFNJUpOFE/T2RIq7UkAemkyPdV7PeWPzPayc6PPVTGsWJJhGeLgoTBrWA40Rgl0qCNRsagrCk5laI+0girE1uBROCO/vyPGkcVlyn4l4fl6rnWRx5UAR7oAxccAKq4BLUQB1g8AiewSt4s56sF+vd+pi25qxsZhf8gfX5AwAflm0=</latexit><latexit sha1_base64="3sTAvva5UF6O0WoigMynSTaSlHA=">AAACBHicbVC7SgNBFJ2Nrxhfq5ZpBoMQm7CrgoJN0Ea7COaB2SXMTmaTITM768ysGJYUNv6KjYUitn6EnX/jJNlCEw9cOJxzL/feE8SMKu0431ZuYXFpeSW/Wlhb39jcsrd3GkokEpM6FkzIVoAUYTQidU01I61YEsQDRprB4GLsN++JVFREN3oYE5+jXkRDipE2UscuXpVvz2DrAHqM3MEj6PFAPKQwoFqNOnbJqTgTwHniZqQEMtQ69pfXFTjhJNKYIaXarhNrP0VSU8zIqOAlisQID1CPtA2NECfKTydPjOC+UbowFNJUpOFE/T2RIq7UkAemkyPdV7PeWPzPayc6PPVTGsWJJhGeLgoTBrWA40Rgl0qCNRsagrCk5laI+0girE1uBROCO/vyPGkcVlyn4l4fl6rnWRx5UAR7oAxccAKq4BLUQB1g8AiewSt4s56sF+vd+pi25qxsZhf8gfX5AwAflm0=</latexit>

+

=

=

Input distribution

q(x)
<latexit sha1_base64="2WgeRWylqqkwyLD6JK8it3eUrVI=">AAAB83icbVDLSgMxFL3xWeur6tJNsAh1U2ZE0GXRjcsK9gGdoWTSTBuayYxJRixDf8ONC0Xc+jPu/Bsz7Sy09UDgcM693JMTJIJr4zjfaGV1bX1js7RV3t7Z3duvHBy2dZwqylo0FrHqBkQzwSVrGW4E6yaKkSgQrBOMb3K/88iU5rG8N5OE+REZSh5ySoyVvIeaFxEzCkL8dNavVJ26MwNeJm5BqlCg2a98eYOYphGThgqidc91EuNnRBlOBZuWvVSzhNAxGbKepZJETPvZLPMUn1plgMNY2ScNnqm/NzISaT2JAjuZJ9SLXi7+5/VSE175GZdJapik80NhKrCJcV4AHnDFqBETSwhV3GbFdEQUocbWVLYluItfXibt87rr1N27i2rjuqijBMdwAjVw4RIacAtNaAGFBJ7hFd5Qil7QO/qYj66gYucI/gB9/gArk5Ea</latexit><latexit sha1_base64="2WgeRWylqqkwyLD6JK8it3eUrVI=">AAAB83icbVDLSgMxFL3xWeur6tJNsAh1U2ZE0GXRjcsK9gGdoWTSTBuayYxJRixDf8ONC0Xc+jPu/Bsz7Sy09UDgcM693JMTJIJr4zjfaGV1bX1js7RV3t7Z3duvHBy2dZwqylo0FrHqBkQzwSVrGW4E6yaKkSgQrBOMb3K/88iU5rG8N5OE+REZSh5ySoyVvIeaFxEzCkL8dNavVJ26MwNeJm5BqlCg2a98eYOYphGThgqidc91EuNnRBlOBZuWvVSzhNAxGbKepZJETPvZLPMUn1plgMNY2ScNnqm/NzISaT2JAjuZJ9SLXi7+5/VSE175GZdJapik80NhKrCJcV4AHnDFqBETSwhV3GbFdEQUocbWVLYluItfXibt87rr1N27i2rjuqijBMdwAjVw4RIacAtNaAGFBJ7hFd5Qil7QO/qYj66gYucI/gB9/gArk5Ea</latexit><latexit sha1_base64="2WgeRWylqqkwyLD6JK8it3eUrVI=">AAAB83icbVDLSgMxFL3xWeur6tJNsAh1U2ZE0GXRjcsK9gGdoWTSTBuayYxJRixDf8ONC0Xc+jPu/Bsz7Sy09UDgcM693JMTJIJr4zjfaGV1bX1js7RV3t7Z3duvHBy2dZwqylo0FrHqBkQzwSVrGW4E6yaKkSgQrBOMb3K/88iU5rG8N5OE+REZSh5ySoyVvIeaFxEzCkL8dNavVJ26MwNeJm5BqlCg2a98eYOYphGThgqidc91EuNnRBlOBZuWvVSzhNAxGbKepZJETPvZLPMUn1plgMNY2ScNnqm/NzISaT2JAjuZJ9SLXi7+5/VSE175GZdJapik80NhKrCJcV4AHnDFqBETSwhV3GbFdEQUocbWVLYluItfXibt87rr1N27i2rjuqijBMdwAjVw4RIacAtNaAGFBJ7hFd5Qil7QO/qYj66gYucI/gB9/gArk5Ea</latexit><latexit sha1_base64="2WgeRWylqqkwyLD6JK8it3eUrVI=">AAAB83icbVDLSgMxFL3xWeur6tJNsAh1U2ZE0GXRjcsK9gGdoWTSTBuayYxJRixDf8ONC0Xc+jPu/Bsz7Sy09UDgcM693JMTJIJr4zjfaGV1bX1js7RV3t7Z3duvHBy2dZwqylo0FrHqBkQzwSVrGW4E6yaKkSgQrBOMb3K/88iU5rG8N5OE+REZSh5ySoyVvIeaFxEzCkL8dNavVJ26MwNeJm5BqlCg2a98eYOYphGThgqidc91EuNnRBlOBZuWvVSzhNAxGbKepZJETPvZLPMUn1plgMNY2ScNnqm/NzISaT2JAjuZJ9SLXi7+5/VSE175GZdJapik80NhKrCJcV4AHnDFqBETSwhV3GbFdEQUocbWVLYluItfXibt87rr1N27i2rjuqijBMdwAjVw4RIacAtNaAGFBJ7hFd5Qil7QO/qYj66gYucI/gB9/gArk5Ea</latexit>

q(z|x)
<latexit sha1_base64="uApyO09SM/XQ7i69yuHc0XZ0D7M=">AAACAXicbZDLSsNAFIZPvNZ6i7oR3AwWoW5KIoIui25cVrAXaEOZTCft0MkkzkzEWuvGV3HjQhG3voU738ZJG0Fbfxj4+M85zDm/H3OmtON8WXPzC4tLy7mV/Ora+samvbVdU1EiCa2SiEey4WNFORO0qpnmtBFLikOf07rfP0/r9RsqFYvElR7E1AtxV7CAEayN1bZ3r4utEOueH6A7dI9++PawbReckjMWmgU3gwJkqrTtz1YnIklIhSYcK9V0nVh7Qyw1I5yO8q1E0RiTPu7SpkGBQ6q84fiCETowTgcFkTRPaDR2f08McajUIPRNZ7qhmq6l5n+1ZqKDU2/IRJxoKsjkoyDhSEcojQN1mKRE84EBTCQzuyLSwxITbULLmxDc6ZNnoXZUcp2Se3lcKJ9lceRgD/ahCC6cQBkuoAJVIPAAT/ACr9aj9Wy9We+T1jkrm9mBP7I+vgHxQpXn</latexit><latexit sha1_base64="uApyO09SM/XQ7i69yuHc0XZ0D7M=">AAACAXicbZDLSsNAFIZPvNZ6i7oR3AwWoW5KIoIui25cVrAXaEOZTCft0MkkzkzEWuvGV3HjQhG3voU738ZJG0Fbfxj4+M85zDm/H3OmtON8WXPzC4tLy7mV/Ora+samvbVdU1EiCa2SiEey4WNFORO0qpnmtBFLikOf07rfP0/r9RsqFYvElR7E1AtxV7CAEayN1bZ3r4utEOueH6A7dI9++PawbReckjMWmgU3gwJkqrTtz1YnIklIhSYcK9V0nVh7Qyw1I5yO8q1E0RiTPu7SpkGBQ6q84fiCETowTgcFkTRPaDR2f08McajUIPRNZ7qhmq6l5n+1ZqKDU2/IRJxoKsjkoyDhSEcojQN1mKRE84EBTCQzuyLSwxITbULLmxDc6ZNnoXZUcp2Se3lcKJ9lceRgD/ahCC6cQBkuoAJVIPAAT/ACr9aj9Wy9We+T1jkrm9mBP7I+vgHxQpXn</latexit><latexit sha1_base64="uApyO09SM/XQ7i69yuHc0XZ0D7M=">AAACAXicbZDLSsNAFIZPvNZ6i7oR3AwWoW5KIoIui25cVrAXaEOZTCft0MkkzkzEWuvGV3HjQhG3voU738ZJG0Fbfxj4+M85zDm/H3OmtON8WXPzC4tLy7mV/Ora+samvbVdU1EiCa2SiEey4WNFORO0qpnmtBFLikOf07rfP0/r9RsqFYvElR7E1AtxV7CAEayN1bZ3r4utEOueH6A7dI9++PawbReckjMWmgU3gwJkqrTtz1YnIklIhSYcK9V0nVh7Qyw1I5yO8q1E0RiTPu7SpkGBQ6q84fiCETowTgcFkTRPaDR2f08McajUIPRNZ7qhmq6l5n+1ZqKDU2/IRJxoKsjkoyDhSEcojQN1mKRE84EBTCQzuyLSwxITbULLmxDc6ZNnoXZUcp2Se3lcKJ9lceRgD/ahCC6cQBkuoAJVIPAAT/ACr9aj9Wy9We+T1jkrm9mBP7I+vgHxQpXn</latexit><latexit sha1_base64="uApyO09SM/XQ7i69yuHc0XZ0D7M=">AAACAXicbZDLSsNAFIZPvNZ6i7oR3AwWoW5KIoIui25cVrAXaEOZTCft0MkkzkzEWuvGV3HjQhG3voU738ZJG0Fbfxj4+M85zDm/H3OmtON8WXPzC4tLy7mV/Ora+samvbVdU1EiCa2SiEey4WNFORO0qpnmtBFLikOf07rfP0/r9RsqFYvElR7E1AtxV7CAEayN1bZ3r4utEOueH6A7dI9++PawbReckjMWmgU3gwJkqrTtz1YnIklIhSYcK9V0nVh7Qyw1I5yO8q1E0RiTPu7SpkGBQ6q84fiCETowTgcFkTRPaDR2f08McajUIPRNZ7qhmq6l5n+1ZqKDU2/IRJxoKsjkoyDhSEcojQN1mKRE84EBTCQzuyLSwxITbULLmxDc6ZNnoXZUcp2Se3lcKJ9lceRgD/ahCC6cQBkuoAJVIPAAT/ACr9aj9Wy9We+T1jkrm9mBP7I+vgHxQpXn</latexit>

Noisy channel

Echo
Noise

Gaussian
Noise

q(z)
<latexit sha1_base64="SWh8fvZHV8L7wc02qVZJ+1cbL5U=">AAAB83icbVDLSgMxFL3js9ZX1aWbYBHqpsyIoMuiG5cV7AM6Q8mkmTY0yYxJRqhDf8ONC0Xc+jPu/Bsz7Sy09UDgcM693JMTJpxp47rfzsrq2vrGZmmrvL2zu7dfOThs6zhVhLZIzGPVDbGmnEnaMsxw2k0UxSLktBOOb3K/80iVZrG8N5OEBgIPJYsYwcZK/kPNF9iMwgg9nfUrVbfuzoCWiVeQKhRo9itf/iAmqaDSEI617nluYoIMK8MIp9Oyn2qaYDLGQ9qzVGJBdZDNMk/RqVUGKIqVfdKgmfp7I8NC64kI7WSeUC96ufif10tNdBVkTCapoZLMD0UpRyZGeQFowBQlhk8swUQxmxWREVaYGFtT2ZbgLX55mbTP655b9+4uqo3roo4SHMMJ1MCDS2jALTShBQQSeIZXeHNS58V5dz7moytOsXMEf+B8/gAunZEc</latexit><latexit sha1_base64="SWh8fvZHV8L7wc02qVZJ+1cbL5U=">AAAB83icbVDLSgMxFL3js9ZX1aWbYBHqpsyIoMuiG5cV7AM6Q8mkmTY0yYxJRqhDf8ONC0Xc+jPu/Bsz7Sy09UDgcM693JMTJpxp47rfzsrq2vrGZmmrvL2zu7dfOThs6zhVhLZIzGPVDbGmnEnaMsxw2k0UxSLktBOOb3K/80iVZrG8N5OEBgIPJYsYwcZK/kPNF9iMwgg9nfUrVbfuzoCWiVeQKhRo9itf/iAmqaDSEI617nluYoIMK8MIp9Oyn2qaYDLGQ9qzVGJBdZDNMk/RqVUGKIqVfdKgmfp7I8NC64kI7WSeUC96ufif10tNdBVkTCapoZLMD0UpRyZGeQFowBQlhk8swUQxmxWREVaYGFtT2ZbgLX55mbTP655b9+4uqo3roo4SHMMJ1MCDS2jALTShBQQSeIZXeHNS58V5dz7moytOsXMEf+B8/gAunZEc</latexit><latexit sha1_base64="SWh8fvZHV8L7wc02qVZJ+1cbL5U=">AAAB83icbVDLSgMxFL3js9ZX1aWbYBHqpsyIoMuiG5cV7AM6Q8mkmTY0yYxJRqhDf8ONC0Xc+jPu/Bsz7Sy09UDgcM693JMTJpxp47rfzsrq2vrGZmmrvL2zu7dfOThs6zhVhLZIzGPVDbGmnEnaMsxw2k0UxSLktBOOb3K/80iVZrG8N5OEBgIPJYsYwcZK/kPNF9iMwgg9nfUrVbfuzoCWiVeQKhRo9itf/iAmqaDSEI617nluYoIMK8MIp9Oyn2qaYDLGQ9qzVGJBdZDNMk/RqVUGKIqVfdKgmfp7I8NC64kI7WSeUC96ufif10tNdBVkTCapoZLMD0UpRyZGeQFowBQlhk8swUQxmxWREVaYGFtT2ZbgLX55mbTP655b9+4uqo3roo4SHMMJ1MCDS2jALTShBQQSeIZXeHNS58V5dz7moytOsXMEf+B8/gAunZEc</latexit><latexit sha1_base64="SWh8fvZHV8L7wc02qVZJ+1cbL5U=">AAAB83icbVDLSgMxFL3js9ZX1aWbYBHqpsyIoMuiG5cV7AM6Q8mkmTY0yYxJRqhDf8ONC0Xc+jPu/Bsz7Sy09UDgcM693JMTJpxp47rfzsrq2vrGZmmrvL2zu7dfOThs6zhVhLZIzGPVDbGmnEnaMsxw2k0UxSLktBOOb3K/80iVZrG8N5OEBgIPJYsYwcZK/kPNF9iMwgg9nfUrVbfuzoCWiVeQKhRo9itf/iAmqaDSEI617nluYoIMK8MIp9Oyn2qaYDLGQ9qzVGJBdZDNMk/RqVUGKIqVfdKgmfp7I8NC64kI7WSeUC96ufif10tNdBVkTCapoZLMD0UpRyZGeQFowBQlhk8swUQxmxWREVaYGFtT2ZbgLX55mbTP655b9+4uqo3roo4SHMMJ1MCDS2jALTShBQQSeIZXeHNS58V5dz7moytOsXMEf+B8/gAunZEc</latexit>

Encoder distribution

I(Z;X) = 3 bits
<latexit sha1_base64="Gp2rws88UxFJYVH0peEDqMvePWM=">AAACAXicbVDLSgNBEJyNrxhfq14EL4NBiJewq4KCCEEveotgHpgsYXYySYbMY5mZFcMSL/6KFw+KePUvvPk3TpI9aGJBQ1HVTXdXGDGqjed9O5m5+YXFpexybmV1bX3D3dyqahkrTCpYMqnqIdKEUUEqhhpG6pEiiIeM1ML+5civ3ROlqRS3ZhCRgKOuoB2KkbFSy925LtydwfoBPIdHsMlD+ZDAkBo9bLl5r+iNAWeJn5I8SFFuuV/NtsQxJ8JghrRu+F5kggQpQzEjw1wz1iRCuI+6pGGpQJzoIBl/MIT7VmnDjlS2hIFj9fdEgrjWAx7aTo5MT097I/E/rxGbzmmQUBHFhgg8WdSJGTQSjuKAbaoINmxgCcKK2lsh7iGFsLGh5WwI/vTLs6R6WPS9on9znC9dpHFkwS7YAwXggxNQAlegDCoAg0fwDF7Bm/PkvDjvzsekNeOkM9vgD5zPH10AlO4=</latexit><latexit sha1_base64="Gp2rws88UxFJYVH0peEDqMvePWM=">AAACAXicbVDLSgNBEJyNrxhfq14EL4NBiJewq4KCCEEveotgHpgsYXYySYbMY5mZFcMSL/6KFw+KePUvvPk3TpI9aGJBQ1HVTXdXGDGqjed9O5m5+YXFpexybmV1bX3D3dyqahkrTCpYMqnqIdKEUUEqhhpG6pEiiIeM1ML+5civ3ROlqRS3ZhCRgKOuoB2KkbFSy925LtydwfoBPIdHsMlD+ZDAkBo9bLl5r+iNAWeJn5I8SFFuuV/NtsQxJ8JghrRu+F5kggQpQzEjw1wz1iRCuI+6pGGpQJzoIBl/MIT7VmnDjlS2hIFj9fdEgrjWAx7aTo5MT097I/E/rxGbzmmQUBHFhgg8WdSJGTQSjuKAbaoINmxgCcKK2lsh7iGFsLGh5WwI/vTLs6R6WPS9on9znC9dpHFkwS7YAwXggxNQAlegDCoAg0fwDF7Bm/PkvDjvzsekNeOkM9vgD5zPH10AlO4=</latexit><latexit sha1_base64="Gp2rws88UxFJYVH0peEDqMvePWM=">AAACAXicbVDLSgNBEJyNrxhfq14EL4NBiJewq4KCCEEveotgHpgsYXYySYbMY5mZFcMSL/6KFw+KePUvvPk3TpI9aGJBQ1HVTXdXGDGqjed9O5m5+YXFpexybmV1bX3D3dyqahkrTCpYMqnqIdKEUUEqhhpG6pEiiIeM1ML+5civ3ROlqRS3ZhCRgKOuoB2KkbFSy925LtydwfoBPIdHsMlD+ZDAkBo9bLl5r+iNAWeJn5I8SFFuuV/NtsQxJ8JghrRu+F5kggQpQzEjw1wz1iRCuI+6pGGpQJzoIBl/MIT7VmnDjlS2hIFj9fdEgrjWAx7aTo5MT097I/E/rxGbzmmQUBHFhgg8WdSJGTQSjuKAbaoINmxgCcKK2lsh7iGFsLGh5WwI/vTLs6R6WPS9on9znC9dpHFkwS7YAwXggxNQAlegDCoAg0fwDF7Bm/PkvDjvzsekNeOkM9vgD5zPH10AlO4=</latexit><latexit sha1_base64="Gp2rws88UxFJYVH0peEDqMvePWM=">AAACAXicbVDLSgNBEJyNrxhfq14EL4NBiJewq4KCCEEveotgHpgsYXYySYbMY5mZFcMSL/6KFw+KePUvvPk3TpI9aGJBQ1HVTXdXGDGqjed9O5m5+YXFpexybmV1bX3D3dyqahkrTCpYMqnqIdKEUUEqhhpG6pEiiIeM1ML+5civ3ROlqRS3ZhCRgKOuoB2KkbFSy925LtydwfoBPIdHsMlD+ZDAkBo9bLl5r+iNAWeJn5I8SFFuuV/NtsQxJ8JghrRu+F5kggQpQzEjw1wz1iRCuI+6pGGpQJzoIBl/MIT7VmnDjlS2hIFj9fdEgrjWAx7aTo5MT097I/E/rxGbzmmQUBHFhgg8WdSJGTQSjuKAbaoINmxgCcKK2lsh7iGFsLGh5WwI/vTLs6R6WPS9on9znC9dpHFkwS7YAwXggxNQAlegDCoAg0fwDF7Bm/PkvDjvzsekNeOkM9vgD5zPH10AlO4=</latexit>

I(Z;X)  3 bits
<latexit sha1_base64="3sTAvva5UF6O0WoigMynSTaSlHA=">AAACBHicbVC7SgNBFJ2Nrxhfq5ZpBoMQm7CrgoJN0Ea7COaB2SXMTmaTITM768ysGJYUNv6KjYUitn6EnX/jJNlCEw9cOJxzL/feE8SMKu0431ZuYXFpeSW/Wlhb39jcsrd3GkokEpM6FkzIVoAUYTQidU01I61YEsQDRprB4GLsN++JVFREN3oYE5+jXkRDipE2UscuXpVvz2DrAHqM3MEj6PFAPKQwoFqNOnbJqTgTwHniZqQEMtQ69pfXFTjhJNKYIaXarhNrP0VSU8zIqOAlisQID1CPtA2NECfKTydPjOC+UbowFNJUpOFE/T2RIq7UkAemkyPdV7PeWPzPayc6PPVTGsWJJhGeLgoTBrWA40Rgl0qCNRsagrCk5laI+0girE1uBROCO/vyPGkcVlyn4l4fl6rnWRx5UAR7oAxccAKq4BLUQB1g8AiewSt4s56sF+vd+pi25qxsZhf8gfX5AwAflm0=</latexit><latexit sha1_base64="3sTAvva5UF6O0WoigMynSTaSlHA=">AAACBHicbVC7SgNBFJ2Nrxhfq5ZpBoMQm7CrgoJN0Ea7COaB2SXMTmaTITM768ysGJYUNv6KjYUitn6EnX/jJNlCEw9cOJxzL/feE8SMKu0431ZuYXFpeSW/Wlhb39jcsrd3GkokEpM6FkzIVoAUYTQidU01I61YEsQDRprB4GLsN++JVFREN3oYE5+jXkRDipE2UscuXpVvz2DrAHqM3MEj6PFAPKQwoFqNOnbJqTgTwHniZqQEMtQ69pfXFTjhJNKYIaXarhNrP0VSU8zIqOAlisQID1CPtA2NECfKTydPjOC+UbowFNJUpOFE/T2RIq7UkAemkyPdV7PeWPzPayc6PPVTGsWJJhGeLgoTBrWA40Rgl0qCNRsagrCk5laI+0girE1uBROCO/vyPGkcVlyn4l4fl6rnWRx5UAR7oAxccAKq4BLUQB1g8AiewSt4s56sF+vd+pi25qxsZhf8gfX5AwAflm0=</latexit><latexit sha1_base64="3sTAvva5UF6O0WoigMynSTaSlHA=">AAACBHicbVC7SgNBFJ2Nrxhfq5ZpBoMQm7CrgoJN0Ea7COaB2SXMTmaTITM768ysGJYUNv6KjYUitn6EnX/jJNlCEw9cOJxzL/feE8SMKu0431ZuYXFpeSW/Wlhb39jcsrd3GkokEpM6FkzIVoAUYTQidU01I61YEsQDRprB4GLsN++JVFREN3oYE5+jXkRDipE2UscuXpVvz2DrAHqM3MEj6PFAPKQwoFqNOnbJqTgTwHniZqQEMtQ69pfXFTjhJNKYIaXarhNrP0VSU8zIqOAlisQID1CPtA2NECfKTydPjOC+UbowFNJUpOFE/T2RIq7UkAemkyPdV7PeWPzPayc6PPVTGsWJJhGeLgoTBrWA40Rgl0qCNRsagrCk5laI+0girE1uBROCO/vyPGkcVlyn4l4fl6rnWRx5UAR7oAxccAKq4BLUQB1g8AiewSt4s56sF+vd+pi25qxsZhf8gfX5AwAflm0=</latexit><latexit sha1_base64="3sTAvva5UF6O0WoigMynSTaSlHA=">AAACBHicbVC7SgNBFJ2Nrxhfq5ZpBoMQm7CrgoJN0Ea7COaB2SXMTmaTITM768ysGJYUNv6KjYUitn6EnX/jJNlCEw9cOJxzL/feE8SMKu0431ZuYXFpeSW/Wlhb39jcsrd3GkokEpM6FkzIVoAUYTQidU01I61YEsQDRprB4GLsN++JVFREN3oYE5+jXkRDipE2UscuXpVvz2DrAHqM3MEj6PFAPKQwoFqNOnbJqTgTwHniZqQEMtQ69pfXFTjhJNKYIaXarhNrP0VSU8zIqOAlisQID1CPtA2NECfKTydPjOC+UbowFNJUpOFE/T2RIq7UkAemkyPdV7PeWPzPayc6PPVTGsWJJhGeLgoTBrWA40Rgl0qCNRsagrCk5laI+0girE1uBROCO/vyPGkcVlyn4l4fl6rnWRx5UAR7oAxccAKq4BLUQB1g8AiewSt4s56sF+vd+pi25qxsZhf8gfX5AwAflm0=</latexit>

+

=

=

I(Z;X) = �E log | detS(x)|
<latexit sha1_base64="2OuNy/K6jzGq0UZrg3kb1jspJJ0="></latexit><latexit sha1_base64="2OuNy/K6jzGq0UZrg3kb1jspJJ0="></latexit><latexit sha1_base64="2OuNy/K6jzGq0UZrg3kb1jspJJ0="></latexit><latexit sha1_base64="2OuNy/K6jzGq0UZrg3kb1jspJJ0="></latexit>

+	

H(Z|X) = H(E) + E log | detS(x)|
H(Z) = H(E)

I(Z;X) = H(Z)�H(Z|X)
<latexit sha1_base64="3oSIt4r3H1sARH7TpfArt+pWDdQ="></latexit><latexit sha1_base64="3oSIt4r3H1sARH7TpfArt+pWDdQ="></latexit><latexit sha1_base64="3oSIt4r3H1sARH7TpfArt+pWDdQ="></latexit><latexit sha1_base64="3oSIt4r3H1sARH7TpfArt+pWDdQ="></latexit>



• Works	for	any	input	(sampling	noise	requires	samples	of	input)	
•  Set	S(x)	=	s	to	get	a	simple,	exact	MI	=	-log	s	
• But	S(x)	is	controllable	(e.g.	specify	with	a	neural	net)	–	a	powerful	
way	to	get	more	flexible	noise	models	

Input distribution

q(x)
<latexit sha1_base64="2WgeRWylqqkwyLD6JK8it3eUrVI=">AAAB83icbVDLSgMxFL3xWeur6tJNsAh1U2ZE0GXRjcsK9gGdoWTSTBuayYxJRixDf8ONC0Xc+jPu/Bsz7Sy09UDgcM693JMTJIJr4zjfaGV1bX1js7RV3t7Z3duvHBy2dZwqylo0FrHqBkQzwSVrGW4E6yaKkSgQrBOMb3K/88iU5rG8N5OE+REZSh5ySoyVvIeaFxEzCkL8dNavVJ26MwNeJm5BqlCg2a98eYOYphGThgqidc91EuNnRBlOBZuWvVSzhNAxGbKepZJETPvZLPMUn1plgMNY2ScNnqm/NzISaT2JAjuZJ9SLXi7+5/VSE175GZdJapik80NhKrCJcV4AHnDFqBETSwhV3GbFdEQUocbWVLYluItfXibt87rr1N27i2rjuqijBMdwAjVw4RIacAtNaAGFBJ7hFd5Qil7QO/qYj66gYucI/gB9/gArk5Ea</latexit><latexit sha1_base64="2WgeRWylqqkwyLD6JK8it3eUrVI=">AAAB83icbVDLSgMxFL3xWeur6tJNsAh1U2ZE0GXRjcsK9gGdoWTSTBuayYxJRixDf8ONC0Xc+jPu/Bsz7Sy09UDgcM693JMTJIJr4zjfaGV1bX1js7RV3t7Z3duvHBy2dZwqylo0FrHqBkQzwSVrGW4E6yaKkSgQrBOMb3K/88iU5rG8N5OE+REZSh5ySoyVvIeaFxEzCkL8dNavVJ26MwNeJm5BqlCg2a98eYOYphGThgqidc91EuNnRBlOBZuWvVSzhNAxGbKepZJETPvZLPMUn1plgMNY2ScNnqm/NzISaT2JAjuZJ9SLXi7+5/VSE175GZdJapik80NhKrCJcV4AHnDFqBETSwhV3GbFdEQUocbWVLYluItfXibt87rr1N27i2rjuqijBMdwAjVw4RIacAtNaAGFBJ7hFd5Qil7QO/qYj66gYucI/gB9/gArk5Ea</latexit><latexit sha1_base64="2WgeRWylqqkwyLD6JK8it3eUrVI=">AAAB83icbVDLSgMxFL3xWeur6tJNsAh1U2ZE0GXRjcsK9gGdoWTSTBuayYxJRixDf8ONC0Xc+jPu/Bsz7Sy09UDgcM693JMTJIJr4zjfaGV1bX1js7RV3t7Z3duvHBy2dZwqylo0FrHqBkQzwSVrGW4E6yaKkSgQrBOMb3K/88iU5rG8N5OE+REZSh5ySoyVvIeaFxEzCkL8dNavVJ26MwNeJm5BqlCg2a98eYOYphGThgqidc91EuNnRBlOBZuWvVSzhNAxGbKepZJETPvZLPMUn1plgMNY2ScNnqm/NzISaT2JAjuZJ9SLXi7+5/VSE175GZdJapik80NhKrCJcV4AHnDFqBETSwhV3GbFdEQUocbWVLYluItfXibt87rr1N27i2rjuqijBMdwAjVw4RIacAtNaAGFBJ7hFd5Qil7QO/qYj66gYucI/gB9/gArk5Ea</latexit><latexit sha1_base64="2WgeRWylqqkwyLD6JK8it3eUrVI=">AAAB83icbVDLSgMxFL3xWeur6tJNsAh1U2ZE0GXRjcsK9gGdoWTSTBuayYxJRixDf8ONC0Xc+jPu/Bsz7Sy09UDgcM693JMTJIJr4zjfaGV1bX1js7RV3t7Z3duvHBy2dZwqylo0FrHqBkQzwSVrGW4E6yaKkSgQrBOMb3K/88iU5rG8N5OE+REZSh5ySoyVvIeaFxEzCkL8dNavVJ26MwNeJm5BqlCg2a98eYOYphGThgqidc91EuNnRBlOBZuWvVSzhNAxGbKepZJETPvZLPMUn1plgMNY2ScNnqm/NzISaT2JAjuZJ9SLXi7+5/VSE175GZdJapik80NhKrCJcV4AHnDFqBETSwhV3GbFdEQUocbWVLYluItfXibt87rr1N27i2rjuqijBMdwAjVw4RIacAtNaAGFBJ7hFd5Qil7QO/qYj66gYucI/gB9/gArk5Ea</latexit>

q(z|x)
<latexit sha1_base64="uApyO09SM/XQ7i69yuHc0XZ0D7M=">AAACAXicbZDLSsNAFIZPvNZ6i7oR3AwWoW5KIoIui25cVrAXaEOZTCft0MkkzkzEWuvGV3HjQhG3voU738ZJG0Fbfxj4+M85zDm/H3OmtON8WXPzC4tLy7mV/Ora+samvbVdU1EiCa2SiEey4WNFORO0qpnmtBFLikOf07rfP0/r9RsqFYvElR7E1AtxV7CAEayN1bZ3r4utEOueH6A7dI9++PawbReckjMWmgU3gwJkqrTtz1YnIklIhSYcK9V0nVh7Qyw1I5yO8q1E0RiTPu7SpkGBQ6q84fiCETowTgcFkTRPaDR2f08McajUIPRNZ7qhmq6l5n+1ZqKDU2/IRJxoKsjkoyDhSEcojQN1mKRE84EBTCQzuyLSwxITbULLmxDc6ZNnoXZUcp2Se3lcKJ9lceRgD/ahCC6cQBkuoAJVIPAAT/ACr9aj9Wy9We+T1jkrm9mBP7I+vgHxQpXn</latexit><latexit sha1_base64="uApyO09SM/XQ7i69yuHc0XZ0D7M=">AAACAXicbZDLSsNAFIZPvNZ6i7oR3AwWoW5KIoIui25cVrAXaEOZTCft0MkkzkzEWuvGV3HjQhG3voU738ZJG0Fbfxj4+M85zDm/H3OmtON8WXPzC4tLy7mV/Ora+samvbVdU1EiCa2SiEey4WNFORO0qpnmtBFLikOf07rfP0/r9RsqFYvElR7E1AtxV7CAEayN1bZ3r4utEOueH6A7dI9++PawbReckjMWmgU3gwJkqrTtz1YnIklIhSYcK9V0nVh7Qyw1I5yO8q1E0RiTPu7SpkGBQ6q84fiCETowTgcFkTRPaDR2f08McajUIPRNZ7qhmq6l5n+1ZqKDU2/IRJxoKsjkoyDhSEcojQN1mKRE84EBTCQzuyLSwxITbULLmxDc6ZNnoXZUcp2Se3lcKJ9lceRgD/ahCC6cQBkuoAJVIPAAT/ACr9aj9Wy9We+T1jkrm9mBP7I+vgHxQpXn</latexit><latexit sha1_base64="uApyO09SM/XQ7i69yuHc0XZ0D7M=">AAACAXicbZDLSsNAFIZPvNZ6i7oR3AwWoW5KIoIui25cVrAXaEOZTCft0MkkzkzEWuvGV3HjQhG3voU738ZJG0Fbfxj4+M85zDm/H3OmtON8WXPzC4tLy7mV/Ora+samvbVdU1EiCa2SiEey4WNFORO0qpnmtBFLikOf07rfP0/r9RsqFYvElR7E1AtxV7CAEayN1bZ3r4utEOueH6A7dI9++PawbReckjMWmgU3gwJkqrTtz1YnIklIhSYcK9V0nVh7Qyw1I5yO8q1E0RiTPu7SpkGBQ6q84fiCETowTgcFkTRPaDR2f08McajUIPRNZ7qhmq6l5n+1ZqKDU2/IRJxoKsjkoyDhSEcojQN1mKRE84EBTCQzuyLSwxITbULLmxDc6ZNnoXZUcp2Se3lcKJ9lceRgD/ahCC6cQBkuoAJVIPAAT/ACr9aj9Wy9We+T1jkrm9mBP7I+vgHxQpXn</latexit><latexit sha1_base64="uApyO09SM/XQ7i69yuHc0XZ0D7M=">AAACAXicbZDLSsNAFIZPvNZ6i7oR3AwWoW5KIoIui25cVrAXaEOZTCft0MkkzkzEWuvGV3HjQhG3voU738ZJG0Fbfxj4+M85zDm/H3OmtON8WXPzC4tLy7mV/Ora+samvbVdU1EiCa2SiEey4WNFORO0qpnmtBFLikOf07rfP0/r9RsqFYvElR7E1AtxV7CAEayN1bZ3r4utEOueH6A7dI9++PawbReckjMWmgU3gwJkqrTtz1YnIklIhSYcK9V0nVh7Qyw1I5yO8q1E0RiTPu7SpkGBQ6q84fiCETowTgcFkTRPaDR2f08McajUIPRNZ7qhmq6l5n+1ZqKDU2/IRJxoKsjkoyDhSEcojQN1mKRE84EBTCQzuyLSwxITbULLmxDc6ZNnoXZUcp2Se3lcKJ9lceRgD/ahCC6cQBkuoAJVIPAAT/ACr9aj9Wy9We+T1jkrm9mBP7I+vgHxQpXn</latexit>

Noisy channel

Echo
Noise

Gaussian
Noise

q(z)
<latexit sha1_base64="SWh8fvZHV8L7wc02qVZJ+1cbL5U=">AAAB83icbVDLSgMxFL3js9ZX1aWbYBHqpsyIoMuiG5cV7AM6Q8mkmTY0yYxJRqhDf8ONC0Xc+jPu/Bsz7Sy09UDgcM693JMTJpxp47rfzsrq2vrGZmmrvL2zu7dfOThs6zhVhLZIzGPVDbGmnEnaMsxw2k0UxSLktBOOb3K/80iVZrG8N5OEBgIPJYsYwcZK/kPNF9iMwgg9nfUrVbfuzoCWiVeQKhRo9itf/iAmqaDSEI617nluYoIMK8MIp9Oyn2qaYDLGQ9qzVGJBdZDNMk/RqVUGKIqVfdKgmfp7I8NC64kI7WSeUC96ufif10tNdBVkTCapoZLMD0UpRyZGeQFowBQlhk8swUQxmxWREVaYGFtT2ZbgLX55mbTP655b9+4uqo3roo4SHMMJ1MCDS2jALTShBQQSeIZXeHNS58V5dz7moytOsXMEf+B8/gAunZEc</latexit><latexit sha1_base64="SWh8fvZHV8L7wc02qVZJ+1cbL5U=">AAAB83icbVDLSgMxFL3js9ZX1aWbYBHqpsyIoMuiG5cV7AM6Q8mkmTY0yYxJRqhDf8ONC0Xc+jPu/Bsz7Sy09UDgcM693JMTJpxp47rfzsrq2vrGZmmrvL2zu7dfOThs6zhVhLZIzGPVDbGmnEnaMsxw2k0UxSLktBOOb3K/80iVZrG8N5OEBgIPJYsYwcZK/kPNF9iMwgg9nfUrVbfuzoCWiVeQKhRo9itf/iAmqaDSEI617nluYoIMK8MIp9Oyn2qaYDLGQ9qzVGJBdZDNMk/RqVUGKIqVfdKgmfp7I8NC64kI7WSeUC96ufif10tNdBVkTCapoZLMD0UpRyZGeQFowBQlhk8swUQxmxWREVaYGFtT2ZbgLX55mbTP655b9+4uqo3roo4SHMMJ1MCDS2jALTShBQQSeIZXeHNS58V5dz7moytOsXMEf+B8/gAunZEc</latexit><latexit sha1_base64="SWh8fvZHV8L7wc02qVZJ+1cbL5U=">AAAB83icbVDLSgMxFL3js9ZX1aWbYBHqpsyIoMuiG5cV7AM6Q8mkmTY0yYxJRqhDf8ONC0Xc+jPu/Bsz7Sy09UDgcM693JMTJpxp47rfzsrq2vrGZmmrvL2zu7dfOThs6zhVhLZIzGPVDbGmnEnaMsxw2k0UxSLktBOOb3K/80iVZrG8N5OEBgIPJYsYwcZK/kPNF9iMwgg9nfUrVbfuzoCWiVeQKhRo9itf/iAmqaDSEI617nluYoIMK8MIp9Oyn2qaYDLGQ9qzVGJBdZDNMk/RqVUGKIqVfdKgmfp7I8NC64kI7WSeUC96ufif10tNdBVkTCapoZLMD0UpRyZGeQFowBQlhk8swUQxmxWREVaYGFtT2ZbgLX55mbTP655b9+4uqo3roo4SHMMJ1MCDS2jALTShBQQSeIZXeHNS58V5dz7moytOsXMEf+B8/gAunZEc</latexit><latexit sha1_base64="SWh8fvZHV8L7wc02qVZJ+1cbL5U=">AAAB83icbVDLSgMxFL3js9ZX1aWbYBHqpsyIoMuiG5cV7AM6Q8mkmTY0yYxJRqhDf8ONC0Xc+jPu/Bsz7Sy09UDgcM693JMTJpxp47rfzsrq2vrGZmmrvL2zu7dfOThs6zhVhLZIzGPVDbGmnEnaMsxw2k0UxSLktBOOb3K/80iVZrG8N5OEBgIPJYsYwcZK/kPNF9iMwgg9nfUrVbfuzoCWiVeQKhRo9itf/iAmqaDSEI617nluYoIMK8MIp9Oyn2qaYDLGQ9qzVGJBdZDNMk/RqVUGKIqVfdKgmfp7I8NC64kI7WSeUC96ufif10tNdBVkTCapoZLMD0UpRyZGeQFowBQlhk8swUQxmxWREVaYGFtT2ZbgLX55mbTP655b9+4uqo3roo4SHMMJ1MCDS2jALTShBQQSeIZXeHNS58V5dz7moytOsXMEf+B8/gAunZEc</latexit>

Encoder distribution

I(Z;X) = 3 bits
<latexit sha1_base64="Gp2rws88UxFJYVH0peEDqMvePWM=">AAACAXicbVDLSgNBEJyNrxhfq14EL4NBiJewq4KCCEEveotgHpgsYXYySYbMY5mZFcMSL/6KFw+KePUvvPk3TpI9aGJBQ1HVTXdXGDGqjed9O5m5+YXFpexybmV1bX3D3dyqahkrTCpYMqnqIdKEUUEqhhpG6pEiiIeM1ML+5civ3ROlqRS3ZhCRgKOuoB2KkbFSy925LtydwfoBPIdHsMlD+ZDAkBo9bLl5r+iNAWeJn5I8SFFuuV/NtsQxJ8JghrRu+F5kggQpQzEjw1wz1iRCuI+6pGGpQJzoIBl/MIT7VmnDjlS2hIFj9fdEgrjWAx7aTo5MT097I/E/rxGbzmmQUBHFhgg8WdSJGTQSjuKAbaoINmxgCcKK2lsh7iGFsLGh5WwI/vTLs6R6WPS9on9znC9dpHFkwS7YAwXggxNQAlegDCoAg0fwDF7Bm/PkvDjvzsekNeOkM9vgD5zPH10AlO4=</latexit><latexit sha1_base64="Gp2rws88UxFJYVH0peEDqMvePWM=">AAACAXicbVDLSgNBEJyNrxhfq14EL4NBiJewq4KCCEEveotgHpgsYXYySYbMY5mZFcMSL/6KFw+KePUvvPk3TpI9aGJBQ1HVTXdXGDGqjed9O5m5+YXFpexybmV1bX3D3dyqahkrTCpYMqnqIdKEUUEqhhpG6pEiiIeM1ML+5civ3ROlqRS3ZhCRgKOuoB2KkbFSy925LtydwfoBPIdHsMlD+ZDAkBo9bLl5r+iNAWeJn5I8SFFuuV/NtsQxJ8JghrRu+F5kggQpQzEjw1wz1iRCuI+6pGGpQJzoIBl/MIT7VmnDjlS2hIFj9fdEgrjWAx7aTo5MT097I/E/rxGbzmmQUBHFhgg8WdSJGTQSjuKAbaoINmxgCcKK2lsh7iGFsLGh5WwI/vTLs6R6WPS9on9znC9dpHFkwS7YAwXggxNQAlegDCoAg0fwDF7Bm/PkvDjvzsekNeOkM9vgD5zPH10AlO4=</latexit><latexit sha1_base64="Gp2rws88UxFJYVH0peEDqMvePWM=">AAACAXicbVDLSgNBEJyNrxhfq14EL4NBiJewq4KCCEEveotgHpgsYXYySYbMY5mZFcMSL/6KFw+KePUvvPk3TpI9aGJBQ1HVTXdXGDGqjed9O5m5+YXFpexybmV1bX3D3dyqahkrTCpYMqnqIdKEUUEqhhpG6pEiiIeM1ML+5civ3ROlqRS3ZhCRgKOuoB2KkbFSy925LtydwfoBPIdHsMlD+ZDAkBo9bLl5r+iNAWeJn5I8SFFuuV/NtsQxJ8JghrRu+F5kggQpQzEjw1wz1iRCuI+6pGGpQJzoIBl/MIT7VmnDjlS2hIFj9fdEgrjWAx7aTo5MT097I/E/rxGbzmmQUBHFhgg8WdSJGTQSjuKAbaoINmxgCcKK2lsh7iGFsLGh5WwI/vTLs6R6WPS9on9znC9dpHFkwS7YAwXggxNQAlegDCoAg0fwDF7Bm/PkvDjvzsekNeOkM9vgD5zPH10AlO4=</latexit><latexit sha1_base64="Gp2rws88UxFJYVH0peEDqMvePWM=">AAACAXicbVDLSgNBEJyNrxhfq14EL4NBiJewq4KCCEEveotgHpgsYXYySYbMY5mZFcMSL/6KFw+KePUvvPk3TpI9aGJBQ1HVTXdXGDGqjed9O5m5+YXFpexybmV1bX3D3dyqahkrTCpYMqnqIdKEUUEqhhpG6pEiiIeM1ML+5civ3ROlqRS3ZhCRgKOuoB2KkbFSy925LtydwfoBPIdHsMlD+ZDAkBo9bLl5r+iNAWeJn5I8SFFuuV/NtsQxJ8JghrRu+F5kggQpQzEjw1wz1iRCuI+6pGGpQJzoIBl/MIT7VmnDjlS2hIFj9fdEgrjWAx7aTo5MT097I/E/rxGbzmmQUBHFhgg8WdSJGTQSjuKAbaoINmxgCcKK2lsh7iGFsLGh5WwI/vTLs6R6WPS9on9znC9dpHFkwS7YAwXggxNQAlegDCoAg0fwDF7Bm/PkvDjvzsekNeOkM9vgD5zPH10AlO4=</latexit>

I(Z;X)  3 bits
<latexit sha1_base64="3sTAvva5UF6O0WoigMynSTaSlHA=">AAACBHicbVC7SgNBFJ2Nrxhfq5ZpBoMQm7CrgoJN0Ea7COaB2SXMTmaTITM768ysGJYUNv6KjYUitn6EnX/jJNlCEw9cOJxzL/feE8SMKu0431ZuYXFpeSW/Wlhb39jcsrd3GkokEpM6FkzIVoAUYTQidU01I61YEsQDRprB4GLsN++JVFREN3oYE5+jXkRDipE2UscuXpVvz2DrAHqM3MEj6PFAPKQwoFqNOnbJqTgTwHniZqQEMtQ69pfXFTjhJNKYIaXarhNrP0VSU8zIqOAlisQID1CPtA2NECfKTydPjOC+UbowFNJUpOFE/T2RIq7UkAemkyPdV7PeWPzPayc6PPVTGsWJJhGeLgoTBrWA40Rgl0qCNRsagrCk5laI+0girE1uBROCO/vyPGkcVlyn4l4fl6rnWRx5UAR7oAxccAKq4BLUQB1g8AiewSt4s56sF+vd+pi25qxsZhf8gfX5AwAflm0=</latexit><latexit sha1_base64="3sTAvva5UF6O0WoigMynSTaSlHA=">AAACBHicbVC7SgNBFJ2Nrxhfq5ZpBoMQm7CrgoJN0Ea7COaB2SXMTmaTITM768ysGJYUNv6KjYUitn6EnX/jJNlCEw9cOJxzL/feE8SMKu0431ZuYXFpeSW/Wlhb39jcsrd3GkokEpM6FkzIVoAUYTQidU01I61YEsQDRprB4GLsN++JVFREN3oYE5+jXkRDipE2UscuXpVvz2DrAHqM3MEj6PFAPKQwoFqNOnbJqTgTwHniZqQEMtQ69pfXFTjhJNKYIaXarhNrP0VSU8zIqOAlisQID1CPtA2NECfKTydPjOC+UbowFNJUpOFE/T2RIq7UkAemkyPdV7PeWPzPayc6PPVTGsWJJhGeLgoTBrWA40Rgl0qCNRsagrCk5laI+0girE1uBROCO/vyPGkcVlyn4l4fl6rnWRx5UAR7oAxccAKq4BLUQB1g8AiewSt4s56sF+vd+pi25qxsZhf8gfX5AwAflm0=</latexit><latexit sha1_base64="3sTAvva5UF6O0WoigMynSTaSlHA=">AAACBHicbVC7SgNBFJ2Nrxhfq5ZpBoMQm7CrgoJN0Ea7COaB2SXMTmaTITM768ysGJYUNv6KjYUitn6EnX/jJNlCEw9cOJxzL/feE8SMKu0431ZuYXFpeSW/Wlhb39jcsrd3GkokEpM6FkzIVoAUYTQidU01I61YEsQDRprB4GLsN++JVFREN3oYE5+jXkRDipE2UscuXpVvz2DrAHqM3MEj6PFAPKQwoFqNOnbJqTgTwHniZqQEMtQ69pfXFTjhJNKYIaXarhNrP0VSU8zIqOAlisQID1CPtA2NECfKTydPjOC+UbowFNJUpOFE/T2RIq7UkAemkyPdV7PeWPzPayc6PPVTGsWJJhGeLgoTBrWA40Rgl0qCNRsagrCk5laI+0girE1uBROCO/vyPGkcVlyn4l4fl6rnWRx5UAR7oAxccAKq4BLUQB1g8AiewSt4s56sF+vd+pi25qxsZhf8gfX5AwAflm0=</latexit><latexit sha1_base64="3sTAvva5UF6O0WoigMynSTaSlHA=">AAACBHicbVC7SgNBFJ2Nrxhfq5ZpBoMQm7CrgoJN0Ea7COaB2SXMTmaTITM768ysGJYUNv6KjYUitn6EnX/jJNlCEw9cOJxzL/feE8SMKu0431ZuYXFpeSW/Wlhb39jcsrd3GkokEpM6FkzIVoAUYTQidU01I61YEsQDRprB4GLsN++JVFREN3oYE5+jXkRDipE2UscuXpVvz2DrAHqM3MEj6PFAPKQwoFqNOnbJqTgTwHniZqQEMtQ69pfXFTjhJNKYIaXarhNrP0VSU8zIqOAlisQID1CPtA2NECfKTydPjOC+UbowFNJUpOFE/T2RIq7UkAemkyPdV7PeWPzPayc6PPVTGsWJJhGeLgoTBrWA40Rgl0qCNRsagrCk5laI+0girE1uBROCO/vyPGkcVlyn4l4fl6rnWRx5UAR7oAxccAKq4BLUQB1g8AiewSt4s56sF+vd+pi25qxsZhf8gfX5AwAflm0=</latexit>

+

=

=

Input distribution

q(x)
<latexit sha1_base64="2WgeRWylqqkwyLD6JK8it3eUrVI=">AAAB83icbVDLSgMxFL3xWeur6tJNsAh1U2ZE0GXRjcsK9gGdoWTSTBuayYxJRixDf8ONC0Xc+jPu/Bsz7Sy09UDgcM693JMTJIJr4zjfaGV1bX1js7RV3t7Z3duvHBy2dZwqylo0FrHqBkQzwSVrGW4E6yaKkSgQrBOMb3K/88iU5rG8N5OE+REZSh5ySoyVvIeaFxEzCkL8dNavVJ26MwNeJm5BqlCg2a98eYOYphGThgqidc91EuNnRBlOBZuWvVSzhNAxGbKepZJETPvZLPMUn1plgMNY2ScNnqm/NzISaT2JAjuZJ9SLXi7+5/VSE175GZdJapik80NhKrCJcV4AHnDFqBETSwhV3GbFdEQUocbWVLYluItfXibt87rr1N27i2rjuqijBMdwAjVw4RIacAtNaAGFBJ7hFd5Qil7QO/qYj66gYucI/gB9/gArk5Ea</latexit><latexit sha1_base64="2WgeRWylqqkwyLD6JK8it3eUrVI=">AAAB83icbVDLSgMxFL3xWeur6tJNsAh1U2ZE0GXRjcsK9gGdoWTSTBuayYxJRixDf8ONC0Xc+jPu/Bsz7Sy09UDgcM693JMTJIJr4zjfaGV1bX1js7RV3t7Z3duvHBy2dZwqylo0FrHqBkQzwSVrGW4E6yaKkSgQrBOMb3K/88iU5rG8N5OE+REZSh5ySoyVvIeaFxEzCkL8dNavVJ26MwNeJm5BqlCg2a98eYOYphGThgqidc91EuNnRBlOBZuWvVSzhNAxGbKepZJETPvZLPMUn1plgMNY2ScNnqm/NzISaT2JAjuZJ9SLXi7+5/VSE175GZdJapik80NhKrCJcV4AHnDFqBETSwhV3GbFdEQUocbWVLYluItfXibt87rr1N27i2rjuqijBMdwAjVw4RIacAtNaAGFBJ7hFd5Qil7QO/qYj66gYucI/gB9/gArk5Ea</latexit><latexit sha1_base64="2WgeRWylqqkwyLD6JK8it3eUrVI=">AAAB83icbVDLSgMxFL3xWeur6tJNsAh1U2ZE0GXRjcsK9gGdoWTSTBuayYxJRixDf8ONC0Xc+jPu/Bsz7Sy09UDgcM693JMTJIJr4zjfaGV1bX1js7RV3t7Z3duvHBy2dZwqylo0FrHqBkQzwSVrGW4E6yaKkSgQrBOMb3K/88iU5rG8N5OE+REZSh5ySoyVvIeaFxEzCkL8dNavVJ26MwNeJm5BqlCg2a98eYOYphGThgqidc91EuNnRBlOBZuWvVSzhNAxGbKepZJETPvZLPMUn1plgMNY2ScNnqm/NzISaT2JAjuZJ9SLXi7+5/VSE175GZdJapik80NhKrCJcV4AHnDFqBETSwhV3GbFdEQUocbWVLYluItfXibt87rr1N27i2rjuqijBMdwAjVw4RIacAtNaAGFBJ7hFd5Qil7QO/qYj66gYucI/gB9/gArk5Ea</latexit><latexit sha1_base64="2WgeRWylqqkwyLD6JK8it3eUrVI=">AAAB83icbVDLSgMxFL3xWeur6tJNsAh1U2ZE0GXRjcsK9gGdoWTSTBuayYxJRixDf8ONC0Xc+jPu/Bsz7Sy09UDgcM693JMTJIJr4zjfaGV1bX1js7RV3t7Z3duvHBy2dZwqylo0FrHqBkQzwSVrGW4E6yaKkSgQrBOMb3K/88iU5rG8N5OE+REZSh5ySoyVvIeaFxEzCkL8dNavVJ26MwNeJm5BqlCg2a98eYOYphGThgqidc91EuNnRBlOBZuWvVSzhNAxGbKepZJETPvZLPMUn1plgMNY2ScNnqm/NzISaT2JAjuZJ9SLXi7+5/VSE175GZdJapik80NhKrCJcV4AHnDFqBETSwhV3GbFdEQUocbWVLYluItfXibt87rr1N27i2rjuqijBMdwAjVw4RIacAtNaAGFBJ7hFd5Qil7QO/qYj66gYucI/gB9/gArk5Ea</latexit>

q(z|x)
<latexit sha1_base64="uApyO09SM/XQ7i69yuHc0XZ0D7M=">AAACAXicbZDLSsNAFIZPvNZ6i7oR3AwWoW5KIoIui25cVrAXaEOZTCft0MkkzkzEWuvGV3HjQhG3voU738ZJG0Fbfxj4+M85zDm/H3OmtON8WXPzC4tLy7mV/Ora+samvbVdU1EiCa2SiEey4WNFORO0qpnmtBFLikOf07rfP0/r9RsqFYvElR7E1AtxV7CAEayN1bZ3r4utEOueH6A7dI9++PawbReckjMWmgU3gwJkqrTtz1YnIklIhSYcK9V0nVh7Qyw1I5yO8q1E0RiTPu7SpkGBQ6q84fiCETowTgcFkTRPaDR2f08McajUIPRNZ7qhmq6l5n+1ZqKDU2/IRJxoKsjkoyDhSEcojQN1mKRE84EBTCQzuyLSwxITbULLmxDc6ZNnoXZUcp2Se3lcKJ9lceRgD/ahCC6cQBkuoAJVIPAAT/ACr9aj9Wy9We+T1jkrm9mBP7I+vgHxQpXn</latexit><latexit sha1_base64="uApyO09SM/XQ7i69yuHc0XZ0D7M=">AAACAXicbZDLSsNAFIZPvNZ6i7oR3AwWoW5KIoIui25cVrAXaEOZTCft0MkkzkzEWuvGV3HjQhG3voU738ZJG0Fbfxj4+M85zDm/H3OmtON8WXPzC4tLy7mV/Ora+samvbVdU1EiCa2SiEey4WNFORO0qpnmtBFLikOf07rfP0/r9RsqFYvElR7E1AtxV7CAEayN1bZ3r4utEOueH6A7dI9++PawbReckjMWmgU3gwJkqrTtz1YnIklIhSYcK9V0nVh7Qyw1I5yO8q1E0RiTPu7SpkGBQ6q84fiCETowTgcFkTRPaDR2f08McajUIPRNZ7qhmq6l5n+1ZqKDU2/IRJxoKsjkoyDhSEcojQN1mKRE84EBTCQzuyLSwxITbULLmxDc6ZNnoXZUcp2Se3lcKJ9lceRgD/ahCC6cQBkuoAJVIPAAT/ACr9aj9Wy9We+T1jkrm9mBP7I+vgHxQpXn</latexit><latexit sha1_base64="uApyO09SM/XQ7i69yuHc0XZ0D7M=">AAACAXicbZDLSsNAFIZPvNZ6i7oR3AwWoW5KIoIui25cVrAXaEOZTCft0MkkzkzEWuvGV3HjQhG3voU738ZJG0Fbfxj4+M85zDm/H3OmtON8WXPzC4tLy7mV/Ora+samvbVdU1EiCa2SiEey4WNFORO0qpnmtBFLikOf07rfP0/r9RsqFYvElR7E1AtxV7CAEayN1bZ3r4utEOueH6A7dI9++PawbReckjMWmgU3gwJkqrTtz1YnIklIhSYcK9V0nVh7Qyw1I5yO8q1E0RiTPu7SpkGBQ6q84fiCETowTgcFkTRPaDR2f08McajUIPRNZ7qhmq6l5n+1ZqKDU2/IRJxoKsjkoyDhSEcojQN1mKRE84EBTCQzuyLSwxITbULLmxDc6ZNnoXZUcp2Se3lcKJ9lceRgD/ahCC6cQBkuoAJVIPAAT/ACr9aj9Wy9We+T1jkrm9mBP7I+vgHxQpXn</latexit><latexit sha1_base64="uApyO09SM/XQ7i69yuHc0XZ0D7M=">AAACAXicbZDLSsNAFIZPvNZ6i7oR3AwWoW5KIoIui25cVrAXaEOZTCft0MkkzkzEWuvGV3HjQhG3voU738ZJG0Fbfxj4+M85zDm/H3OmtON8WXPzC4tLy7mV/Ora+samvbVdU1EiCa2SiEey4WNFORO0qpnmtBFLikOf07rfP0/r9RsqFYvElR7E1AtxV7CAEayN1bZ3r4utEOueH6A7dI9++PawbReckjMWmgU3gwJkqrTtz1YnIklIhSYcK9V0nVh7Qyw1I5yO8q1E0RiTPu7SpkGBQ6q84fiCETowTgcFkTRPaDR2f08McajUIPRNZ7qhmq6l5n+1ZqKDU2/IRJxoKsjkoyDhSEcojQN1mKRE84EBTCQzuyLSwxITbULLmxDc6ZNnoXZUcp2Se3lcKJ9lceRgD/ahCC6cQBkuoAJVIPAAT/ACr9aj9Wy9We+T1jkrm9mBP7I+vgHxQpXn</latexit>

Noisy channel

Echo
Noise

Gaussian
Noise

q(z)
<latexit sha1_base64="SWh8fvZHV8L7wc02qVZJ+1cbL5U=">AAAB83icbVDLSgMxFL3js9ZX1aWbYBHqpsyIoMuiG5cV7AM6Q8mkmTY0yYxJRqhDf8ONC0Xc+jPu/Bsz7Sy09UDgcM693JMTJpxp47rfzsrq2vrGZmmrvL2zu7dfOThs6zhVhLZIzGPVDbGmnEnaMsxw2k0UxSLktBOOb3K/80iVZrG8N5OEBgIPJYsYwcZK/kPNF9iMwgg9nfUrVbfuzoCWiVeQKhRo9itf/iAmqaDSEI617nluYoIMK8MIp9Oyn2qaYDLGQ9qzVGJBdZDNMk/RqVUGKIqVfdKgmfp7I8NC64kI7WSeUC96ufif10tNdBVkTCapoZLMD0UpRyZGeQFowBQlhk8swUQxmxWREVaYGFtT2ZbgLX55mbTP655b9+4uqo3roo4SHMMJ1MCDS2jALTShBQQSeIZXeHNS58V5dz7moytOsXMEf+B8/gAunZEc</latexit><latexit sha1_base64="SWh8fvZHV8L7wc02qVZJ+1cbL5U=">AAAB83icbVDLSgMxFL3js9ZX1aWbYBHqpsyIoMuiG5cV7AM6Q8mkmTY0yYxJRqhDf8ONC0Xc+jPu/Bsz7Sy09UDgcM693JMTJpxp47rfzsrq2vrGZmmrvL2zu7dfOThs6zhVhLZIzGPVDbGmnEnaMsxw2k0UxSLktBOOb3K/80iVZrG8N5OEBgIPJYsYwcZK/kPNF9iMwgg9nfUrVbfuzoCWiVeQKhRo9itf/iAmqaDSEI617nluYoIMK8MIp9Oyn2qaYDLGQ9qzVGJBdZDNMk/RqVUGKIqVfdKgmfp7I8NC64kI7WSeUC96ufif10tNdBVkTCapoZLMD0UpRyZGeQFowBQlhk8swUQxmxWREVaYGFtT2ZbgLX55mbTP655b9+4uqo3roo4SHMMJ1MCDS2jALTShBQQSeIZXeHNS58V5dz7moytOsXMEf+B8/gAunZEc</latexit><latexit sha1_base64="SWh8fvZHV8L7wc02qVZJ+1cbL5U=">AAAB83icbVDLSgMxFL3js9ZX1aWbYBHqpsyIoMuiG5cV7AM6Q8mkmTY0yYxJRqhDf8ONC0Xc+jPu/Bsz7Sy09UDgcM693JMTJpxp47rfzsrq2vrGZmmrvL2zu7dfOThs6zhVhLZIzGPVDbGmnEnaMsxw2k0UxSLktBOOb3K/80iVZrG8N5OEBgIPJYsYwcZK/kPNF9iMwgg9nfUrVbfuzoCWiVeQKhRo9itf/iAmqaDSEI617nluYoIMK8MIp9Oyn2qaYDLGQ9qzVGJBdZDNMk/RqVUGKIqVfdKgmfp7I8NC64kI7WSeUC96ufif10tNdBVkTCapoZLMD0UpRyZGeQFowBQlhk8swUQxmxWREVaYGFtT2ZbgLX55mbTP655b9+4uqo3roo4SHMMJ1MCDS2jALTShBQQSeIZXeHNS58V5dz7moytOsXMEf+B8/gAunZEc</latexit><latexit sha1_base64="SWh8fvZHV8L7wc02qVZJ+1cbL5U=">AAAB83icbVDLSgMxFL3js9ZX1aWbYBHqpsyIoMuiG5cV7AM6Q8mkmTY0yYxJRqhDf8ONC0Xc+jPu/Bsz7Sy09UDgcM693JMTJpxp47rfzsrq2vrGZmmrvL2zu7dfOThs6zhVhLZIzGPVDbGmnEnaMsxw2k0UxSLktBOOb3K/80iVZrG8N5OEBgIPJYsYwcZK/kPNF9iMwgg9nfUrVbfuzoCWiVeQKhRo9itf/iAmqaDSEI617nluYoIMK8MIp9Oyn2qaYDLGQ9qzVGJBdZDNMk/RqVUGKIqVfdKgmfp7I8NC64kI7WSeUC96ufif10tNdBVkTCapoZLMD0UpRyZGeQFowBQlhk8swUQxmxWREVaYGFtT2ZbgLX55mbTP655b9+4uqo3roo4SHMMJ1MCDS2jALTShBQQSeIZXeHNS58V5dz7moytOsXMEf+B8/gAunZEc</latexit>

Encoder distribution

I(Z;X) = 3 bits
<latexit sha1_base64="Gp2rws88UxFJYVH0peEDqMvePWM=">AAACAXicbVDLSgNBEJyNrxhfq14EL4NBiJewq4KCCEEveotgHpgsYXYySYbMY5mZFcMSL/6KFw+KePUvvPk3TpI9aGJBQ1HVTXdXGDGqjed9O5m5+YXFpexybmV1bX3D3dyqahkrTCpYMqnqIdKEUUEqhhpG6pEiiIeM1ML+5civ3ROlqRS3ZhCRgKOuoB2KkbFSy925LtydwfoBPIdHsMlD+ZDAkBo9bLl5r+iNAWeJn5I8SFFuuV/NtsQxJ8JghrRu+F5kggQpQzEjw1wz1iRCuI+6pGGpQJzoIBl/MIT7VmnDjlS2hIFj9fdEgrjWAx7aTo5MT097I/E/rxGbzmmQUBHFhgg8WdSJGTQSjuKAbaoINmxgCcKK2lsh7iGFsLGh5WwI/vTLs6R6WPS9on9znC9dpHFkwS7YAwXggxNQAlegDCoAg0fwDF7Bm/PkvDjvzsekNeOkM9vgD5zPH10AlO4=</latexit><latexit sha1_base64="Gp2rws88UxFJYVH0peEDqMvePWM=">AAACAXicbVDLSgNBEJyNrxhfq14EL4NBiJewq4KCCEEveotgHpgsYXYySYbMY5mZFcMSL/6KFw+KePUvvPk3TpI9aGJBQ1HVTXdXGDGqjed9O5m5+YXFpexybmV1bX3D3dyqahkrTCpYMqnqIdKEUUEqhhpG6pEiiIeM1ML+5civ3ROlqRS3ZhCRgKOuoB2KkbFSy925LtydwfoBPIdHsMlD+ZDAkBo9bLl5r+iNAWeJn5I8SFFuuV/NtsQxJ8JghrRu+F5kggQpQzEjw1wz1iRCuI+6pGGpQJzoIBl/MIT7VmnDjlS2hIFj9fdEgrjWAx7aTo5MT097I/E/rxGbzmmQUBHFhgg8WdSJGTQSjuKAbaoINmxgCcKK2lsh7iGFsLGh5WwI/vTLs6R6WPS9on9znC9dpHFkwS7YAwXggxNQAlegDCoAg0fwDF7Bm/PkvDjvzsekNeOkM9vgD5zPH10AlO4=</latexit><latexit sha1_base64="Gp2rws88UxFJYVH0peEDqMvePWM=">AAACAXicbVDLSgNBEJyNrxhfq14EL4NBiJewq4KCCEEveotgHpgsYXYySYbMY5mZFcMSL/6KFw+KePUvvPk3TpI9aGJBQ1HVTXdXGDGqjed9O5m5+YXFpexybmV1bX3D3dyqahkrTCpYMqnqIdKEUUEqhhpG6pEiiIeM1ML+5civ3ROlqRS3ZhCRgKOuoB2KkbFSy925LtydwfoBPIdHsMlD+ZDAkBo9bLl5r+iNAWeJn5I8SFFuuV/NtsQxJ8JghrRu+F5kggQpQzEjw1wz1iRCuI+6pGGpQJzoIBl/MIT7VmnDjlS2hIFj9fdEgrjWAx7aTo5MT097I/E/rxGbzmmQUBHFhgg8WdSJGTQSjuKAbaoINmxgCcKK2lsh7iGFsLGh5WwI/vTLs6R6WPS9on9znC9dpHFkwS7YAwXggxNQAlegDCoAg0fwDF7Bm/PkvDjvzsekNeOkM9vgD5zPH10AlO4=</latexit><latexit sha1_base64="Gp2rws88UxFJYVH0peEDqMvePWM=">AAACAXicbVDLSgNBEJyNrxhfq14EL4NBiJewq4KCCEEveotgHpgsYXYySYbMY5mZFcMSL/6KFw+KePUvvPk3TpI9aGJBQ1HVTXdXGDGqjed9O5m5+YXFpexybmV1bX3D3dyqahkrTCpYMqnqIdKEUUEqhhpG6pEiiIeM1ML+5civ3ROlqRS3ZhCRgKOuoB2KkbFSy925LtydwfoBPIdHsMlD+ZDAkBo9bLl5r+iNAWeJn5I8SFFuuV/NtsQxJ8JghrRu+F5kggQpQzEjw1wz1iRCuI+6pGGpQJzoIBl/MIT7VmnDjlS2hIFj9fdEgrjWAx7aTo5MT097I/E/rxGbzmmQUBHFhgg8WdSJGTQSjuKAbaoINmxgCcKK2lsh7iGFsLGh5WwI/vTLs6R6WPS9on9znC9dpHFkwS7YAwXggxNQAlegDCoAg0fwDF7Bm/PkvDjvzsekNeOkM9vgD5zPH10AlO4=</latexit>

I(Z;X)  3 bits
<latexit sha1_base64="3sTAvva5UF6O0WoigMynSTaSlHA=">AAACBHicbVC7SgNBFJ2Nrxhfq5ZpBoMQm7CrgoJN0Ea7COaB2SXMTmaTITM768ysGJYUNv6KjYUitn6EnX/jJNlCEw9cOJxzL/feE8SMKu0431ZuYXFpeSW/Wlhb39jcsrd3GkokEpM6FkzIVoAUYTQidU01I61YEsQDRprB4GLsN++JVFREN3oYE5+jXkRDipE2UscuXpVvz2DrAHqM3MEj6PFAPKQwoFqNOnbJqTgTwHniZqQEMtQ69pfXFTjhJNKYIaXarhNrP0VSU8zIqOAlisQID1CPtA2NECfKTydPjOC+UbowFNJUpOFE/T2RIq7UkAemkyPdV7PeWPzPayc6PPVTGsWJJhGeLgoTBrWA40Rgl0qCNRsagrCk5laI+0girE1uBROCO/vyPGkcVlyn4l4fl6rnWRx5UAR7oAxccAKq4BLUQB1g8AiewSt4s56sF+vd+pi25qxsZhf8gfX5AwAflm0=</latexit><latexit sha1_base64="3sTAvva5UF6O0WoigMynSTaSlHA=">AAACBHicbVC7SgNBFJ2Nrxhfq5ZpBoMQm7CrgoJN0Ea7COaB2SXMTmaTITM768ysGJYUNv6KjYUitn6EnX/jJNlCEw9cOJxzL/feE8SMKu0431ZuYXFpeSW/Wlhb39jcsrd3GkokEpM6FkzIVoAUYTQidU01I61YEsQDRprB4GLsN++JVFREN3oYE5+jXkRDipE2UscuXpVvz2DrAHqM3MEj6PFAPKQwoFqNOnbJqTgTwHniZqQEMtQ69pfXFTjhJNKYIaXarhNrP0VSU8zIqOAlisQID1CPtA2NECfKTydPjOC+UbowFNJUpOFE/T2RIq7UkAemkyPdV7PeWPzPayc6PPVTGsWJJhGeLgoTBrWA40Rgl0qCNRsagrCk5laI+0girE1uBROCO/vyPGkcVlyn4l4fl6rnWRx5UAR7oAxccAKq4BLUQB1g8AiewSt4s56sF+vd+pi25qxsZhf8gfX5AwAflm0=</latexit><latexit sha1_base64="3sTAvva5UF6O0WoigMynSTaSlHA=">AAACBHicbVC7SgNBFJ2Nrxhfq5ZpBoMQm7CrgoJN0Ea7COaB2SXMTmaTITM768ysGJYUNv6KjYUitn6EnX/jJNlCEw9cOJxzL/feE8SMKu0431ZuYXFpeSW/Wlhb39jcsrd3GkokEpM6FkzIVoAUYTQidU01I61YEsQDRprB4GLsN++JVFREN3oYE5+jXkRDipE2UscuXpVvz2DrAHqM3MEj6PFAPKQwoFqNOnbJqTgTwHniZqQEMtQ69pfXFTjhJNKYIaXarhNrP0VSU8zIqOAlisQID1CPtA2NECfKTydPjOC+UbowFNJUpOFE/T2RIq7UkAemkyPdV7PeWPzPayc6PPVTGsWJJhGeLgoTBrWA40Rgl0qCNRsagrCk5laI+0girE1uBROCO/vyPGkcVlyn4l4fl6rnWRx5UAR7oAxccAKq4BLUQB1g8AiewSt4s56sF+vd+pi25qxsZhf8gfX5AwAflm0=</latexit><latexit sha1_base64="3sTAvva5UF6O0WoigMynSTaSlHA=">AAACBHicbVC7SgNBFJ2Nrxhfq5ZpBoMQm7CrgoJN0Ea7COaB2SXMTmaTITM768ysGJYUNv6KjYUitn6EnX/jJNlCEw9cOJxzL/feE8SMKu0431ZuYXFpeSW/Wlhb39jcsrd3GkokEpM6FkzIVoAUYTQidU01I61YEsQDRprB4GLsN++JVFREN3oYE5+jXkRDipE2UscuXpVvz2DrAHqM3MEj6PFAPKQwoFqNOnbJqTgTwHniZqQEMtQ69pfXFTjhJNKYIaXarhNrP0VSU8zIqOAlisQID1CPtA2NECfKTydPjOC+UbowFNJUpOFE/T2RIq7UkAemkyPdV7PeWPzPayc6PPVTGsWJJhGeLgoTBrWA40Rgl0qCNRsagrCk5laI+0girE1uBROCO/vyPGkcVlyn4l4fl6rnWRx5UAR7oAxccAKq4BLUQB1g8AiewSt4s56sF+vd+pi25qxsZhf8gfX5AwAflm0=</latexit>

+

=

=

I(Z;X) = �E log | detS(x)|
<latexit sha1_base64="2OuNy/K6jzGq0UZrg3kb1jspJJ0="></latexit><latexit sha1_base64="2OuNy/K6jzGq0UZrg3kb1jspJJ0="></latexit><latexit sha1_base64="2OuNy/K6jzGq0UZrg3kb1jspJJ0="></latexit><latexit sha1_base64="2OuNy/K6jzGq0UZrg3kb1jspJJ0="></latexit>

+	

Mutual information for the echo noise 
channel 



Echo results: arXiv:1904.07199 

•  Exact	mutual	information,	rather	than	bound	
• Better	log	likelihood	bounds		
• Better	rate-distortion	trade-offs	
•  Simpler	than	other	state-of-the-art	methods	that	require	a	
complicated	“autoregressive	flow”	model	to	parametrize	non-
Gaussianity	

	Bigger	question:	How	should	we	compress?		
Simple	noise	(Gaussians,	dropout)	may	not	be	optimal.		



Variational Evidence Lower BOund 
(ELBO) 

Distortion	/	
reconstruction	loss	

Compression	

max
✓,�

Eq� [log p✓(x|z)]� Iq�(X;Z)
<latexit sha1_base64="YPgiiYlPwj9jCydpC04DDt0Jsdo="></latexit><latexit sha1_base64="YPgiiYlPwj9jCydpC04DDt0Jsdo="></latexit><latexit sha1_base64="YPgiiYlPwj9jCydpC04DDt0Jsdo="></latexit><latexit sha1_base64="YPgiiYlPwj9jCydpC04DDt0Jsdo="></latexit>



Reconstruction and higher 
order interactions 



Higher order dependence 

•  Total	Correlation	/	multivariate	mutual	information	(Watanabe,	1960)	

•  Maximized	when	variables	are	redundant	

•  “Cohesion”	measure	of	order	k	

•  Papers	discussing:	(Fujishige,	1978),	Nihat	Ay	information	geometry	
2007/2011	

•  Maximizers	correspond	to	error	correcting	codes:	arXiv:1811.10839	

TC(X) =
X

i

H(Xi)�H(X)
<latexit sha1_base64="+4a2ThmTGDxTc+MrbS+0La1EaYc=">AAACBXicbZDLSsNAFIYn9VbrLepSF4NFaBeWRATdCMVuuqzQS6ANYTKdtENnkjAzEUroxo2v4saFIm59B3e+jZM2C239YeDjP+dw5vx+zKhUlvVtFNbWNza3itulnd29/QPz8Kgro0Rg0sERi4TjI0kYDUlHUcWIEwuCuM9Iz580snrvgQhJo7CtpjFxORqFNKAYKW155mm7UXGq8BYOZMI9CpsVx6NVeJFB1TPLVs2aC66CnUMZ5Gp55tdgGOGEk1BhhqTs21as3BQJRTEjs9IgkSRGeIJGpK8xRJxIN51fMYPn2hnCIBL6hQrO3d8TKeJSTrmvOzlSY7lcy8z/av1EBTduSsM4USTEi0VBwqCKYBYJHFJBsGJTDQgLqv8K8RgJhJUOrqRDsJdPXoXuZc22avb9Vbl+l8dRBCfgDFSADa5BHTRBC3QABo/gGbyCN+PJeDHejY9Fa8HIZ47BHxmfPzqmlTA=</latexit><latexit sha1_base64="+4a2ThmTGDxTc+MrbS+0La1EaYc=">AAACBXicbZDLSsNAFIYn9VbrLepSF4NFaBeWRATdCMVuuqzQS6ANYTKdtENnkjAzEUroxo2v4saFIm59B3e+jZM2C239YeDjP+dw5vx+zKhUlvVtFNbWNza3itulnd29/QPz8Kgro0Rg0sERi4TjI0kYDUlHUcWIEwuCuM9Iz580snrvgQhJo7CtpjFxORqFNKAYKW155mm7UXGq8BYOZMI9CpsVx6NVeJFB1TPLVs2aC66CnUMZ5Gp55tdgGOGEk1BhhqTs21as3BQJRTEjs9IgkSRGeIJGpK8xRJxIN51fMYPn2hnCIBL6hQrO3d8TKeJSTrmvOzlSY7lcy8z/av1EBTduSsM4USTEi0VBwqCKYBYJHFJBsGJTDQgLqv8K8RgJhJUOrqRDsJdPXoXuZc22avb9Vbl+l8dRBCfgDFSADa5BHTRBC3QABo/gGbyCN+PJeDHejY9Fa8HIZ47BHxmfPzqmlTA=</latexit><latexit sha1_base64="+4a2ThmTGDxTc+MrbS+0La1EaYc=">AAACBXicbZDLSsNAFIYn9VbrLepSF4NFaBeWRATdCMVuuqzQS6ANYTKdtENnkjAzEUroxo2v4saFIm59B3e+jZM2C239YeDjP+dw5vx+zKhUlvVtFNbWNza3itulnd29/QPz8Kgro0Rg0sERi4TjI0kYDUlHUcWIEwuCuM9Iz580snrvgQhJo7CtpjFxORqFNKAYKW155mm7UXGq8BYOZMI9CpsVx6NVeJFB1TPLVs2aC66CnUMZ5Gp55tdgGOGEk1BhhqTs21as3BQJRTEjs9IgkSRGeIJGpK8xRJxIN51fMYPn2hnCIBL6hQrO3d8TKeJSTrmvOzlSY7lcy8z/av1EBTduSsM4USTEi0VBwqCKYBYJHFJBsGJTDQgLqv8K8RgJhJUOrqRDsJdPXoXuZc22avb9Vbl+l8dRBCfgDFSADa5BHTRBC3QABo/gGbyCN+PJeDHejY9Fa8HIZ47BHxmfPzqmlTA=</latexit><latexit sha1_base64="+4a2ThmTGDxTc+MrbS+0La1EaYc=">AAACBXicbZDLSsNAFIYn9VbrLepSF4NFaBeWRATdCMVuuqzQS6ANYTKdtENnkjAzEUroxo2v4saFIm59B3e+jZM2C239YeDjP+dw5vx+zKhUlvVtFNbWNza3itulnd29/QPz8Kgro0Rg0sERi4TjI0kYDUlHUcWIEwuCuM9Iz580snrvgQhJo7CtpjFxORqFNKAYKW155mm7UXGq8BYOZMI9CpsVx6NVeJFB1TPLVs2aC66CnUMZ5Gp55tdgGOGEk1BhhqTs21as3BQJRTEjs9IgkSRGeIJGpK8xRJxIN51fMYPn2hnCIBL6hQrO3d8TKeJSTrmvOzlSY7lcy8z/av1EBTduSsM4USTEi0VBwqCKYBYJHFJBsGJTDQgLqv8K8RgJhJUOrqRDsJdPXoXuZc22avb9Vbl+l8dRBCfgDFSADa5BHTRBC3QABo/gGbyCN+PJeDHejY9Fa8HIZ47BHxmfPzqmlTA=</latexit>

C(k)(X) =
1�n�1

k�1

�
X

XA2Ek

H(XA)�H(X)
<latexit sha1_base64="x2sMknNrJomWube02lqO7ccINNQ="></latexit><latexit sha1_base64="x2sMknNrJomWube02lqO7ccINNQ="></latexit><latexit sha1_base64="x2sMknNrJomWube02lqO7ccINNQ="></latexit><latexit sha1_base64="x2sMknNrJomWube02lqO7ccINNQ="></latexit>



ELBO for higher order interactions 

• Normal	ELBO	(can	be	derived	from	TC)	

• New	ELBO	based	on	Ck	

• Can	we	use	it	to	optimize	VAEs	to	detect	higher	order	interactions?	
(preliminary	results:	maybe!)	

E log p(x) �
X

i

E log p(xi|z)� I(Z;X)
<latexit sha1_base64="h6z3khnoVZJeEG4E+DOhKp3hBgY=">AAACKXicbVDLSsNAFJ34rPUVdelmsAjtwpKIoOCmKILuKtgHNiFMppN06OThzESssb/jxl9xo6CoW3/ESZuFth64cDjnXu69x40ZFdIwPrWZ2bn5hcXCUnF5ZXVtXd/YbIoo4Zg0cMQi3naRIIyGpCGpZKQdc4ICl5GW2z/N/NYt4YJG4ZUcxMQOkB9Sj2IkleToNStAsue68AxaLPJhXL6rQMsnN9ASSeBQOO079OG+AvfgRfn6uF1x9JJRNUaA08TMSQnkqDv6q9WNcBKQUGKGhOiYRiztFHFJMSPDopUIEiPcRz7pKBqigAg7HX06hLtK6UIv4qpCCUfq74kUBUIMAld1ZneLSS8T//M6ifSO7JSGcSJJiMeLvIRBGcEsNtilnGDJBoogzKm6FeIe4ghLFW5RhWBOvjxNmvtV06ialwel2kkeRwFsgx1QBiY4BDVwDuqgATB4BM/gDbxrT9qL9qF9jVtntHxmC/yB9v0D1Qej2w==</latexit><latexit sha1_base64="h6z3khnoVZJeEG4E+DOhKp3hBgY=">AAACKXicbVDLSsNAFJ34rPUVdelmsAjtwpKIoOCmKILuKtgHNiFMppN06OThzESssb/jxl9xo6CoW3/ESZuFth64cDjnXu69x40ZFdIwPrWZ2bn5hcXCUnF5ZXVtXd/YbIoo4Zg0cMQi3naRIIyGpCGpZKQdc4ICl5GW2z/N/NYt4YJG4ZUcxMQOkB9Sj2IkleToNStAsue68AxaLPJhXL6rQMsnN9ASSeBQOO079OG+AvfgRfn6uF1x9JJRNUaA08TMSQnkqDv6q9WNcBKQUGKGhOiYRiztFHFJMSPDopUIEiPcRz7pKBqigAg7HX06hLtK6UIv4qpCCUfq74kUBUIMAld1ZneLSS8T//M6ifSO7JSGcSJJiMeLvIRBGcEsNtilnGDJBoogzKm6FeIe4ghLFW5RhWBOvjxNmvtV06ialwel2kkeRwFsgx1QBiY4BDVwDuqgATB4BM/gDbxrT9qL9qF9jVtntHxmC/yB9v0D1Qej2w==</latexit><latexit sha1_base64="h6z3khnoVZJeEG4E+DOhKp3hBgY=">AAACKXicbVDLSsNAFJ34rPUVdelmsAjtwpKIoOCmKILuKtgHNiFMppN06OThzESssb/jxl9xo6CoW3/ESZuFth64cDjnXu69x40ZFdIwPrWZ2bn5hcXCUnF5ZXVtXd/YbIoo4Zg0cMQi3naRIIyGpCGpZKQdc4ICl5GW2z/N/NYt4YJG4ZUcxMQOkB9Sj2IkleToNStAsue68AxaLPJhXL6rQMsnN9ASSeBQOO079OG+AvfgRfn6uF1x9JJRNUaA08TMSQnkqDv6q9WNcBKQUGKGhOiYRiztFHFJMSPDopUIEiPcRz7pKBqigAg7HX06hLtK6UIv4qpCCUfq74kUBUIMAld1ZneLSS8T//M6ifSO7JSGcSJJiMeLvIRBGcEsNtilnGDJBoogzKm6FeIe4ghLFW5RhWBOvjxNmvtV06ialwel2kkeRwFsgx1QBiY4BDVwDuqgATB4BM/gDbxrT9qL9qF9jVtntHxmC/yB9v0D1Qej2w==</latexit><latexit sha1_base64="h6z3khnoVZJeEG4E+DOhKp3hBgY=">AAACKXicbVDLSsNAFJ34rPUVdelmsAjtwpKIoOCmKILuKtgHNiFMppN06OThzESssb/jxl9xo6CoW3/ESZuFth64cDjnXu69x40ZFdIwPrWZ2bn5hcXCUnF5ZXVtXd/YbIoo4Zg0cMQi3naRIIyGpCGpZKQdc4ICl5GW2z/N/NYt4YJG4ZUcxMQOkB9Sj2IkleToNStAsue68AxaLPJhXL6rQMsnN9ASSeBQOO079OG+AvfgRfn6uF1x9JJRNUaA08TMSQnkqDv6q9WNcBKQUGKGhOiYRiztFHFJMSPDopUIEiPcRz7pKBqigAg7HX06hLtK6UIv4qpCCUfq74kUBUIMAld1ZneLSS8T//M6ifSO7JSGcSJJiMeLvIRBGcEsNtilnGDJBoogzKm6FeIe4ghLFW5RhWBOvjxNmvtV06ialwel2kkeRwFsgx1QBiY4BDVwDuqgATB4BM/gDbxrT9qL9qF9jVtntHxmC/yB9v0D1Qej2w==</latexit>
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Detect embedded synergies?   
(challenge idea?)  

fi

Common FunctionalMotif

x1 x4 x8 x2
. . . x5 x3 x6 x7

x1 x2 x3 x4 . . .
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E.g.		
J.C:	“fraudulent	white	noise”	
Kristian:	information	lost	in	high	order	correlations	



Conclusion/questions 
• Manipulating	information	in	(high-d)	representation	learning	

•  Does	it	matter	how	we	compress?	(E.g.	Gaussian	vs	echo)	
•  What	do	we	want	to	reconstruct?	(marginals	versus	higher	order	interactions)	
•  Fair	/	invariant	representations	–	How	to	omit	sensitive	info?	
•  Is	there	an	information	principle	to	disentangle?		
•  Puzzles	about	the	success	of	adversarial	learning	
•  Do	information	bottlenecks	improve	generalization?	

•  Practical	issues:	
•  Appropriate	measures,	that	also	have:	
•  Efficient	estimates	or	bounds,	and	
•  Differentiable	/	smoothly	optimizable	

Contact:	gregv@isi.edu		
Get	these	slides:	http://bit.ly/STEEG_BS			
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Disentangling toy data: dSprites 

This	is	part	of	a	common	artificial	test	set	you’ll	see	in	the	literature.	Generally,	we	
need	a	test	set	with	known	ground	truth	factors	for	evaluation	



Adversarial learning and Jensen 
Shannon Divergence 

• Generative	Adversarial	Networks	are	the	
state-of-the-art	way	to	generate	realistic	
images.		

•  Jensen-Shannon	Divergence	(JSD)	tells	us	
how	easily	we	can	distinguish	two	
distributions:	in	this	case	“real	images”	and	
“generated	images”.		

•  Instead	of	minimizing	JSD,	adversaries	that	
try	to	distinguish	provide	a	lower	bound	on	
JSD	which	is	then	minimized		

Examples generated by StyleGAN arXiv:1812.04948	



Neural nets as information bottlenecks 

Shwartz-Ziv	and	N.	Tishby.	Opening	the	black	
box	of	deep	neural	networks	via	information.	
arXiv:1703.00810,	2017.	
• N.	Nets	function	as	bottlenecks	with	a	
“fitting	phase”	and	“compression	phase”	

• Compression	aids	generalization	

Saxe	et	al.	“On	the	information	bottleneck	
theory	of	deep	learning”,	ICLR	2018.	
• Counter-examples	for	each	of	Tishby’s	claims	

Compression	

Pr
ed

ic
tio

n	

X	(inputs)	–	T	(	representation)	–	Y	(labels	to	predict)	 max
T

I(T ;Y )� �I(T ;X)
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One problem for Tishby’s analysis is 
estimating mutual information 
•  For	continuous	random	variables,	if	z=f(x),	I(Z;X)	→	∞	
•  Tishby	discretizes	to	estimate	the	mutual	information…	
•  If	you	discretize	differently	(or	apply	invertible	transformations	with	
the	same	discretization),	you	get	different	results	

• Alternatives:	
•  Add	noise	to	bound	mutual	information	of	continuous	variables	
•  Other	estimators?	



Use neural nets to estimate mutual 
information 
• Mixture	of	Gaussians	

•  Kolchinsky	and	Tracey,	arXiv:1706.02419	

• Donsker-Varadhan	(lower	bound	on	KL/mutual	information)	
•  Belghazi,	Mohamed	Ishmael,	et	al.	"Mine:	mutual	information	neural	
estimation."	arXiv	preprint	arXiv:1801.04062	(2018)	

•  Poole,	Ben,	Sherjil	Ozair,	Aäron	van	den	Oord,	Alexander	A.	Alemi,	and	George	
Tucker.	"On	variational	lower	bounds	of	mutual	information."	In	NeurIPS	
Workshop	on	Bayesian	Deep	Learning.	2018.	

•  Impossible	with	few	samples?	
•  McAllester,	David,	and	Karl	Statos.	"Formal	Limitations	on	the	Measurement	
of	Mutual	Information."	arXiv	preprint	arXiv:1811.04251	(2018).	



Other papers I forgot 

•  The	Information	Complexity	of	Learning	Tasks,	their	Structure	and	
their	Distance.	Alessandro	Achille	∗	&	Giovanni	Paolini	†	&	Glen	
Mbeng	‡	&	Stefano	Soatto	∗	

•  Information-Theoretic	Lower	Bounds	on	BayesRisk	in	Decentralized	
Estimation.	Aolin	Xu	and	Maxim	Raginsky	Senior	Member,	IEEE	





Interpretability through mutual information 
regularization  
Xi	Chen,	Yan	Duan,	Rein	Houthooft,	John	Schulman,	Ilya	Sutskever,	Pieter	Abbeel	(2016)	InfoGAN:	
Interpretable	Representation	Learning	by	Information	Maximizing	Generative	Adversarial	Nets	

• Guide	most	information	into	a	special	neuron,	c1	
Max	Loss	+	I(c1;	x)	

• Another	example	of	this	phenomenon:	arXiv:1802.05822	


