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Typical	assumptions	for	mutual	information	bounds	for	noisy	channel:	
• Noise	is	Gaussian	
• Noise	is	conditionally	independent	
• Tight	only	if	encoded	distribution	is	Gaussian

+



Information	in	Echo	Channel

• Exact	analytic	expression	for	rate	
• S(x)	parametrized	by	any	neural	network	
• No	assumptions	of	Gaussianity	or	independence	in	Z	
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How	to	sample	echo	noise	to	get	self	similarity

Self-similarity	between	noise	distribution	and	output	distribution	is	the	key
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Better	compression	reduces	distortion	at	low	rates
Lossy	reconstruction	a	rate	of	30	nats
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Invariance	=	compression	(NeurIPS	2018,	arXiv:1805.09458	),		
so	we	can	use	echo	for	invariant	representation	learning

Example:	compress	away	fMRI	scanner	“site	bias”:	arXiv:1904.05375	

	

https://arxiv.org/abs/1805.09458
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Conclusion

• Echo	is	a	more	powerful	noise	model,	with	an	exact,	analytic	
formula	for	the	mutual	information	(instead	of	loose	bounds)		
• Useful	wherever	lossy	compression	/	rate-distortion	appear:	

• (supervised)	information	bottleneck	
• VAE	
• invariant	representation	learning	
• Disentangling	
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