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Types of learning problems

{D1, D2, ..., DN}



{D1, D2, ..., DN}

P



{D1, D2, ..., DN}
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Observations and Independence

{X, Y}

N D1 ={X (1), Y (1)}, D2 ={X (2), Y (2)}, ..., DN ={X (N), Y (N)}



{X1, X2, ... , Xn}

<Xi  Xj> i ≠ j 

P(Xi) = P(Xi), i ≠ j
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Maximum Likelihood Estimation (MLE)
P(X) 

 P(X)  P(X) 

D = {D1, D2, ... , DN}



P(X)

P(D | ) 
D

{D1, D2, ... , DN} 
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Example: coin tossing (Bernoulli Trials)

X X = 1 X = 0 

 := {  }  P(X = 1) = ,  P(X = 0) = 1  

D = {D1 ={X (1) = 1}, D2 ={X (2) = 0}, ... , DN ={X (N) = x (N)}}



NX=1 N

< D1, D2, ... , DN >
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Example: coin tossing (Bernoulli Trials)
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Anti-spam filter

D = {D1 ={Y (1) = 1, X1
(1) = 1, X2

(1) = 1, ..., Xn
(1) = 0},  … ,

DN ={Y2
(N) = y(N), X1

(N) = x1
(N), X2

(N) = x2
(N), ..., Xn

(N) = xn
(N)}}
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Anti-spam filter
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Anti-spam filter
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Anti-spam filter
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Learning CPTs for a graphical model

T F

A S
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T P(T)
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T F A P(A | T,F)
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Learning CPTs for a graphical model

T F
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Bayesian Learning
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Bayesian learning
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Beta distribution
n > 0
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2

1









x

(*) In a finitary setting
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Conjugate prior distributions
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Anti-spam filter



D

2

1,*










kYkjikji

kYjXkji

kji
N

N
i




 i j k

2

1*




 

Dkk

kYk
k

N

N




  k

)()|(maxarg
*   PDPMAP 

kjikjikk  ,,,

X1

Y

X2 ... Xn





n

i

ii YXPYPXYP
1

)|()(}){,(



Supervised Learning [18]Artificial Intelligence 2016-2017

Learning CPTs for a graphical model
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