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Why Learn Bayesian Networks?

◼ Incremental learning:   P(H)   or

S C◼ Learning causal relationships:

◼ Efficient representation and 
inference 

◼ Handling missing data:      <1.3  2.8 ??  0  1 >

 <9.7  0.6  8  14 18>
 <0.2  1.3  5  ??  ??>  
 <1.3  2.8  ??  0  1 >
 <??   5.6  0   10 ??>
       ……………….

◼ Combining domain expert 
knowledge with data



Learning Bayesian Networks

◼ Known graph

C

S

B

DX

➢Complete data:
parameter estimation (ML, MAP)

➢Incomplete data: 

non-linear parametric 
       optimization (gradient descent, EM)

P(S)

P(B|S)

P(X|C,S)

P(C|S)

P(D|C,B)

– learn  parameters

C
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B

DX

)ˆ Score(G max arg  G
G

=

C

S

B

DX

◼ Unknown graph

➢Complete data: 
       optimization (search 
       in space of graphs)

➢Incomplete data:
structural EM,
mixture models

– learn graph and parameters 
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The Learning Problem

Known Structure Unknown Structure

Complete Data Statistical
parametric
estimation

(closed-form eq.)

Discrete optimization
over structures
(discrete search)

Incomplete Data Parametric
optimization
(EM, gradient

descent...)

Combined
(Structural EM, mixture

models…)
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Learning Problem
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(EM, gradient descent...)
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Assume each data 
is generated 
independently from 
the true distribution
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𝐾𝐿 𝑃, 𝑄 =  ෍

𝑋

𝑃 𝑋 log
𝑃(𝑥)

𝑄(𝑋)
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We still seek the maximum likelihood objective

True parameters
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Let’s assume these initial parameters
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Parameters after one iteration
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For more read in Darwiche book, chapter 17
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Learning Network 
structure
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reminder
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The dimension is the number of free parameters:
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