
A Primer on
Graphical Models

Almost completely built from materials of
Prof Noah Smith (CMU)
Prof David Sontag (NYU)
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General ML Strategy

Copied from:
http://cs.nyu.edu/~dsonta
g/courses/pgm13/slides/le
cture1.pdf



Example:

Copied from:
http://cs.nyu.edu/~dsonta
g/courses/pgm13/slides/le
cture1.pdf



Marginalization

Copied from:
http://cs.nyu.edu/~dsonta
g/courses/pgm13/slides/le
cture1.pdf



Conditioning

Copied from:
http://cs.nyu.edu/~dsonta
g/courses/pgm13/slides/le
cture1.pdf



Example: Medical Diagonsis

Copied from:
http://cs.nyu.edu/~dsonta
g/courses/pgm13/slides/le
cture1.pdf



Representing the distribution

Copied from:
http://cs.nyu.edu/~dsonta
g/courses/pgm13/slides/le
cture1.pdf



Structure through independence 

Copied from:
http://cs.nyu.edu/~dsonta
g/courses/pgm13/slides/le
cture1.pdf



Revisit: naïve Bayes for spam



As an Aside

ÅAre theindependence assumptions made here 
reasonable?

ÅPhilosophy: Nearly all probabilistic models are 
άǿǊƻƴƎέΣ ōǳǘ Ƴŀƴȅ ŀǊŜ ƴƻƴŜǘƘŜƭŜǎǎ ǳǎŜŦǳƭ



Observation



Visualization always helps!



Bayesian Network

Copied from:
http://cs.nyu.edu/~dsonta
g/courses/pgm13/slides/le
cture1.pdf



Examples



Copied from:
https://www.ark.cs.cmu.e
du/PGM/index.php/Curre
nt_events_(2010)



Copied from:
https://www.ark.cs.cmu.e
du/PGM/index.php/Curre
nt_events_(2010)



More drawing skills

ÅDrawing these figures can get messy for large models!

ÅHow do we compactly represent repeated structure?

Copied from:
https://www.ark.cs.cmu.e
du/PGM/index.php/Curre
nt_events_(2010)



Plate Model

Copied from:
https://www.ark.cs.cmu.e
du/PGM/index.php/Curre
nt_events_(2010)



Copied from:
https://www.ark.cs.cmu.e
du/PGM/index.php/Curre
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du/PGM/index.php/Curre
nt_events_(2010)



Copied from:
https://www.ark.cs.cmu.e
du/PGM/index.php/Curre
nt_events_(2010)



Detailed Example

Copied from:
http://cs.nyu.edu/~dsonta
g/courses/pgm13/slides/le
cture1.pdf



Independencies

Copied from:
http://cs.nyu.edu/~dsonta
g/courses/pgm13/slides/le
cture1.pdf



Generalizing



Generalizing



Generalizing



More properties

Copied from:
http://courses.cs.washingt
on.edu/courses/cse515/15
wi/slides/bnets.pdf



More Properties

Copied from:
http://courses.cs.washingt
on.edu/courses/cse515/15
wi/slides/bnets.pdf



Bayes Ball

Copied from:
http://cs.nyu.edu/~dsonta
g/courses/pgm13/slides/le
cture1.pdf



Bayes Ball

Copied from:
http://cs.nyu.edu/~dsonta
g/courses/pgm13/slides/le
cture1.pdf



Bayes Ball

Copied from:
http://cs.nyu.edu/~dsonta
g/courses/pgm13/slides/le
cture1.pdf



Bayes Ball

ÅIf no such path, then X and Z are conditionally independent given Y

ÅThis reduces statistical independencies (hard) queries to connectivity 
in graphs (easy) 

ÅImportant because it allows us to quickly prune the Bayesian network, 
finding just the relevant variables for answering a query
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Such exact inference is hopeless 
in general.

[ŜǘΩǎ Ƨǳǎǘ ǘǊȅ ƛǘ ŀƴȅǿŀȅΦ
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A more complex example

Copied from Prof Eric Xing at http://www.cs.cmu.edu/~epxing/Class/10708/slides/lecture7-ExactInference.pdf



Copied from Prof Eric Xing at http://www.cs.cmu.edu/~epxing/Class/10708/slides/lecture7-ExactInference.pdf



Copied from Prof Eric Xing at http://www.cs.cmu.edu/~epxing/Class/10708/slides/lecture7-ExactInference.pdf
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Cumbersome

ÅMaybe graph way could be easier

ÅBegin by moralizing the Bayesian network
ÅGet parent nodes marriedif they have a common child

ÅIgnore directedness of the graph



Copied from Prof Eric Xing at http://www.cs.cmu.edu/~epxing/Class/10708/slides/lecture7-ExactInference.pdf



Copied from Prof Eric Xing at http://www.cs.cmu.edu/~epxing/Class/10708/slides/lecture7-ExactInference.pdf



Hopefully by now you can decipher


