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Manifold	Hypothesis	



Manifold	of	facial	pose	and	lighting	

(Tenenbaum	et	al.	‘00)		
Adapted From Bruno Olshausen’s slides 



(Lee,Kim	&	Mumford,	’03)	

High-Contrast	3x3	Image	Patches	



(Carlsson	et	al.,	’09)	

High-Contrast	3x3	Image	Patches	

Klein	bottle	



Images from www.golfswingphotos.com, and adapted from Alyosha Efros’s Slides 

Motion	Sequence	



 
 

reasonable distance metrics   
 

? 

Images from www.golfswingphotos.com, and adapted from Alyosha Efros’s Slides 



 
 

reasonable distance metrics   
 

? 

linear interpolation 
 Images from www.golfswingphotos.com, and adapted from Alyosha Efros’s Slides 



 
 

reasonable distance metrics   
 

? 

manifold interpolation 
 Images from www.golfswingphotos.com, and adapted from Alyosha Efros’s Slides 



Manifold Interpolation 
 



Digits	Images,	MNIST	



Which	is	Close	to	the	Middle	Image?	

Images from Pattern Theory, Mumford & Desolneux ‘12 



Adapted From Bruno Olshausen’s slides 



ISOMAP:	To	Preserve	the	Pairwise	Geodesic	Distance	

(Tenenbaum	et	al.		‘00)	



ISOMAP:	Geodesic	Distance	Approximation	



Isomap 
   

2. Infer other interpoint distances by finding shortest 
paths on the graph (Dijkstra's  
algorithm). 
 
 
 
Dg = 
 
 
 
 
 
 
 
 
 
 

  

Adapted from Alyosha Efros’s Slides 



ISOMAP	Result:	Hands	Gestures	



Manifold	Learning,	LLE	
Select neighbors

(Roweis	&	Saul,	‘00)	



Manifold	Learning,	LLE	

(Roweis	&	Saul,	‘00)	

Select neighbors

Reconstruct with
Linear weights 

Map to embedded coordinates



Manifold	Learning,	LLE	

(Roweis	&	Saul,	‘00)	

Select neighbors

Reconstruct with
Linear weights 

Map to embedded coordinates



LLE	Result: Translated	Face	patches	

(Roweis	&	Saul,	‘00)	

PCA	 LLE	



Part	II:	The	Sparse	Manifold	Transform	
Unifying	Discreteness	and	Continuity	in	Signal	Representation	

Yubei	Chen	
VS	265	Neural	Computation	



Sparse and discrete elements



Simple geometric transformations



Sparse	Coding	

(Olshausen	&	Field	’96)	



Topography	and	Subspace	

(Olshausen	&	Field	’96)	 (Hyvarinen	et	al.	,	‘01)	

Sparse	Coding	 Topographic	ICA	



Manifold	Learning,	LLE	

(Roweis	&	Saul,	‘00)	

Select neighbors

Reconstruct with
Linear weights 

Map to embedded coordinates



Images	as	Functions	on	
<latexit sha1_base64="kNgteWnBmWFmmLuI7cKejjefbkU=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69rBbBU0mKoMeiF71VsR/QxLLZbtqlm03c3RRK6O/w4kERr/4Yb/4bN20O2vpg4PHeDDPz/JgzpW372yqsrK6tbxQ3S1vbO7t75f2DlooSSWiTRDySHR8rypmgTc00p51YUhz6nLb90XXmt8dUKhaJBz2JqRfigWABI1gbyUtdGaJb9/h++lgr9coVu2rPgJaJk5MK5Gj0yl9uPyJJSIUmHCvVdexYeymWmhFOpyU3UTTGZIQHtGuowCFVXjo7eopOjdJHQSRNCY1m6u+JFIdKTULfdIZYD9Wil4n/ed1EB5deykScaCrIfFGQcKQjlCWA+kxSovnEEEwkM7ciMsQSE21yykJwFl9eJq1a1bGrzt15pX6Vx1GEIziBM3DgAupwAw1oAoEneIZXeLPG1ov1bn3MWwtWPnMIf2B9/gAfE5EB</latexit>



Dictionary	Elements	as	New	‘Pixels’	

(The	Sparse	Manifold	Transform,	NIPS	‘18)	



Dictionary	Elements	as	New	‘Pixels’	

(The	Sparse	Manifold	Transform,	NIPS	‘18)	



The	Sparse	Manifold	Transform	

Sparse coefficients

Manifold embedding

Linearized trajectory

(The	Sparse	Manifold	Transform,	NIPS	‘18)	



A	Classical	View	of	Manifold	Learning	



What	if	we	keep	going?	

Almost zero variance

(The	Sparse	Manifold	Transform,	NIPS	‘18)	



From	Embedding	to	Sensing	

(The	Sparse	Manifold	Transform,	NIPS	‘18)	



(The	Sparse	Manifold	Transform,	NIPS	‘18)	

Groups	and	Hierarchy	



Thanks!	


