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Graphical models (Bayesian Networks) 
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From graphical models to joint probability 

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Graphical models and conditional independence 

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Explaining Away 
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Example of graphical models 



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Example: anti-spam filter 
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Inference in the anti-spam filter 

{Xk}

X1 

Y 

X2 ... Xn 





n

i

in YXPYPXXXYP
1

21 )|()(),,,,( 






}){|0(

}){|1(

k

k

XYP

XYP















k k

k

k

k

YXP

YXP

YP

YP

XYP

XYP

)0|(

)1|(

)0(

)1(

}){|0(

}){|1(
















k k

k

k

k

YXP

YXP

YP

YP

XYP

XYP

)0|(

)1|(
log

)0(

)1(
log

}){|0(

}){|1(
log

 












Y k

k

k

k

Y

k

k
k

YXPYP

YXPYP

YPYXP

YPYXP
XYP

)|()(

)1|()1(

)()|}({

)1()1|}({
}){|1(



Graphical Models [9] Artificial Intelligence   2015-2016 

Building a graphical model 


T : (tampering) 

F : (fire) 

A : (alarm) 

S : (smoke) 

L : (leaving) 

R : (report) 
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Building a graphical model 

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Building a graphical model 

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Probabilistic inference 

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Example: finding A given L=1 e S=0 
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hence, at the numerator: 
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Probabilistic inference 


Note that: 
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In fact: 

T F 

A S 

L 

R 

L R P(R | L) 

0 0 0.99 

0 1 0.01 

1 0 0.25 

1 1 0.75 

A L P(L | A) 

0 0 0.999 

0 1 0.001 

1 0 0.12 

1 1 0.88 

T F A P(A | T,F) 

0 0 0 0.9999 

0 0 1 0.0001 

0 1 0 0.01 

0 1 1 0.99 

1 0 0 0.15 

1 0 1 0.85 

1 1 0 0.5 

1 1 1 0.5 

F S P(S | F) 

0 0 0.99 

0 1 0.01 

1 0 0.1 

1 1 0.9 

T P(T) 

0 0.98 

1 0.02 

F P(F) 

0 0.99 

1 0.01 



Graphical Models [14] Artificial Intelligence   2015-2016 


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By rewriting: 
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Probabilistic inference 

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Probabilistic inference 

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Variable elimination for graphical models 


f


}{

))(|(}){},({
r iX X

iief XparentsXPXXP

}){},({ ef XXP




}{

}){},({

}){},({
}){|}({

fX

ef

ef

ef
XXP

XXP
XXP



Graphical Models [18] Artificial Intelligence   2015-2016 

Graphical models as a probabilistic method 



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