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Graphical	Models	

•  Graphical Models are a marriage between graph 
theory and probability theory 

•  There are two kinds of graphical models: directed 
graphical models (Bayesian networks) and 
undirected graphical models (Markov Random 
fields) 

•   Alternative names for graphical models: belief 
networks, Bayesian networks, probabilistic 
independent networks, Markov random fields, 
loglinear models, influence diagrams 



Graphical	Models	



Outline	

•  Directed graphical models 
– Basics 
– Sum-production Algorithm (Exact Inference) 

•  Undirected graphical models 
– Basics 
– Junction Tree Algorithm (Exact Inference) 

•  Learning 
•  Inference 



Rresenta6on	



Some	ways	to	use	Directed	GM	



Specifica6on	of	a	GM	



Qualita6ve	Specifica6on	



Qualita6ve	Specifica6on	(cont)	



D-separa6on	(Bayes	Ball)	

•  A	is	d-separated	from	B	by	C	if	all	possible	paths	
from	any	node	in	A	to	any	node	in	B	are	blocked	
by	C.	

•  A	path	is	blocked	if	it	includes	such	that	either	
–  the	arrows	on	the	path	meet	either	head-to-tail	or	
tail-to-tail	at	the	node,	and	the	node	is	in	the	set	C,	or	

–  the	arrows	meet	head-to-head	at	the	node,	and	
neither	the	node,	nor	any	of	its	descendants,	is	in	the	
set	C.	

																						if				A	is	d-separated	from	B	by	C	



D-separa6on	for	Directed	GM	(cont)	

✗	 ✔	

PRML Figure 8.22 

Bayes ball 



Quan6ta6ve	Specifica6on	



Quan6ta6ve	Specifica6on	(cont)	





Outline	

•  Directed graphical models 
– Basics 
– Sum-production Algorithm (Exact Inference) 

•  Undirected graphical models 
– Basics 
– Junction Tree Algorithm (Exact Inference) 

•  Learning 
•  Inference 



Chains	and	Trees	



Chains	



Chains	(cont)	



Chains	(cont)	



Chains	(cont)	



Chains	(cont)	



Chains	(cont)	



Chains	(cont)	



Trees	



Trees	(cont)	



Trees	(cont)	



Trees	(cont)	



Trees	(cont)	



Outline	

•  Directed graphical models 
– Basics 
– Sum-production Algorithm (Exact Inference) 

•  Undirected graphical models 
– Basics 
– Junction Tree Algorithm (Exact Inference) 

•  Learning 
•  Inference 



Qualita6ve	Specifica6on	for	
Undirected	GM	



Qualita6ve	Specifica6on	for	
Undirected	GM	



Qualita6ve	Specifica6on	for	
Undirected	GM	



Qualita6ve	Specifica6on	for	
Undirected	GM	



Cliques	



Cliques	(cont)	



Hammersley	Clifford	Theorem	



Directed	vs.	Undirected	



Outline	

•  Directed graphical models 
– Basics 
– Sum-production Algorithm (Exact Inference) 

•  Undirected graphical models 
– Basics 
– Junction Tree Algorithm (Exact Inference) 

•  Learning 
•  Inference 



Conversion	from	Directed	to	
Undirected	



Moral	Graph	



Junc6on	Tree	— No	Loop	



Junc6on	Tree	--	Triangula6on	



Junc6on	Tree	--	Triangula6on	



Junc6on	Tree–Message	Passing	



Junc6on	Tree–Message	
Passing（Sum-Produc6on	Algorithm） 	



Summary	of	the	Junc6on	Tree	
Algorithm	



Junc6on	Tree	Algorithm	VS.	(loopy)	
Belief	Propaga6on	

•  		

•  		


