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What	is	Machine	Learning	
“Learning	is	any	process	by	which	a	system	improves	
performance	from	experience.”	Herbert	Simon 
Defini?on	by	Tom	Mitchell	(1998):	
Machine	Learning	is	the	study	of	algorithms	that		
•	improve	their	performance	P	
•	at	some	task	T	
•	with	experience	E.	
A	well-defined	learning	task	is	given	by	<P,	T,	E>. 
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What	is	Machine	Learning	
“Machine	Learning:	Field	of	study	that	gives	computers	the	
ability	to	learn	without	being	explicitly	programmed.”	-	Arthur	
Samuel	(1959) 
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What	is	Machine	Learning	

Adapted	from	source:6-0002-Introduc?on	to	Machine	Learning	by	Eric	Grimson		
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Where	is	it	used	
•	Recognizing	pa\erns:	

	–	Facial	iden??es	or	facial	expressions	
	–	Handwri\en	or	spoken	words	
	–	Medical	images	

•	Genera?ng	pa\erns:	
	–	Genera?ng	images	or	mo?on	sequences	

•	Recognizing	anomalies:	
	–	Unusual	credit	card	transac?ons	
	–	Unusual	pa\erns	of	sensor	readings	in	a	nuclear	power	plant	

•	Predic?on:	
	–	Future	stock	prices	or	currency	exchange	rates	
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Face	Detec?on/Recogni?on		
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Facial	Expression	Recogni?on		
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Anger	 Fear	 Disgust	

Surprise	 Happiness	 Sadness	



Object	Iden?fica?on/Recogni?on		
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Fingerprint     Iris Face  



Autonomous/Assisted	Cars		
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Medical	Images		
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How	are	things	learnt	
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Adapted	from	source:6-0002-Introduc?on	to	Machine	Learning	by	Eric	Grimson		



Basic	Paradigm	
Observe set of examples: training set 

Infer something about process that generated that data 

Use inference to make predictions about previously unseen data: test 
set 

Types of learning: 

Supervised: given a set of features/label pairs, find a rule that 
predicts the label association with unseen data 

Unsupervised: given a set of feature vectors (without labels), find 
natural groups or clusters (create labels for groups) 
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Supervised	Learning:	Regression	
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Adapted	from	source:Introduc?on	to	Machine	Learning	by	Eric	Eaton		



Supervised	Learning:	Classifica?on	
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Supervised	Learning:	Classifica?on	
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Supervised	Learning:	Classifica?on	
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Adapted	from	source:Introduc?on	to	Machine	Learning	by	Eric	Eaton		
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Supervised	Learning:	Classifica?on	
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Supervised	Learning:	Classifica?on	
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Supervised	Learning:	Classifica?on	
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Adapted	from	source:6-0002-Introduc?on	to	Machine	Learning	by	Eric	Grimson		

Supervised	Learning:	Classifica?on	
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Supervised	Learning:	Classifica?on	
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Adapted	from	source:6-0002-Introduc?on	to	Machine	Learning	by	Eric	Grimson		

Supervised	Learning:	Classifica?on	



Unlabeled	Data	
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Unlabeled	Data	
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Unlabeled	Data	
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Unlabeled	Data	
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Unlabeled	Data	
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Features	
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Features	
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Distance	
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Confusion	Matrix	
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Confusion	Matrix	
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Accuracy	
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Other	Measures	
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Minimum	Distance	Classifier	
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A	Decision	Theore?c	Approach	

Adapted	from	source:	Digital	Image	Processing	Gonzalez	and	Woods	



Minimum	Distance	Classifier	
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Minimum	Distance	Classifier	
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Minimum	Distance	Classifier	
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Home	Assignment	
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Consider	two	class	scenario	with	2D	features	(x1,x2).	Is	the	
minimum	distance	classifier	boundary	perpendicular	to	the	
line	joining	the	two	means	(prototypes)?	Jus?fy	your	answer.	


