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Today	

•  Polynomial	PCA	
•  Principal	Curves	and	Surfaces	
•  ISOMAP	
•  LLE	(Local	Linear	Embedding)		
•  Spectral	Clustering	



Polynomial	PCA	
	



Example	of	Polynomial	PCA	









MDS	

•  Work	out	details	with	the	students	on	the	
board.	



ISOMAP	

•  Original	paper	was	published	on	Science	
•  		https://web.mit.edu/cocosci/Papers/sci_reprint.pdf	



Results	of	ISOMAP	



Result	of	ISOMAP	





Projection	Index	

Note:	A	curve	in	R^r	is	just	an	extension	of	a	curve	in	R^3.	



Curve	in	R^3	=>	Curve	in	R^r	



Principal	Curves	



Example:	Principal	Curve	in	R^3	
	
	

https://www.youtube.com/watch?v=xhHe0C2iUsY	



How	to	find	Principal	Curve?	
Projection-Expectation	Algorithm	

	Basically	an	Expectation	and	Maximization	Algorithm!	





Principal	Surfaces	
	

•  See	the	video.	



Manifold	Learning	



ISOMAP	
•  Key	ideas:	



ISOMAP	

•  Work	out	details	with	the	students	on	the	
board.		



Result	of	the	ISOMAP	



Spectral	Clustering		

•  Work	out	details	with	students	on	the	board.	



Result	of	spectral	clustering		
on	the	right	

K-mean	on	the	left	



Result	of	spectral	clustering		
on	the	right	

K-mean	on	the	left	





Software	



•  Please	check	this	out	on	manifold	learning	
with	codes.	

https://scikit-learn.org/stable/modules/manifold.html	




