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WHY?:  Easier for people to reason CAUSALLY
even if use is DIAGNOSTIC

� BN provide OPTIMAL way to deal with
+ Uncertainty
+ Vagueness (var not given, or only dist)
+ Error

� BN permits different “direction”s of inference

BN: Cause � Effect
“Hep � Jaundice” P(J | H )

Rule: Effect � Cause
“Jaundice � Hep”
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BN: Nodes have SEMANTICs
Combination Rules: Sound Probability

NN: Nodes: arbitrary
Combination Rules: Arbitrary
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� but subtle differences…
�BNs capture “causality”, “hierarchies”
�MNs capture “temporality”

C

BATechnical: BNs use DIRECTRED arcs
� allow “induced dependencies”

I (A, {}, B) “A independent of B, given {}”
¬ I (A, C, B)       “A dependent on B, given C”

MNs use UNDIRECTED arcs                                
� allow other independencies

I(A, BC, D)       A independent of D,  given B, C
I(B, AD, C)      B independent of C,  given A, D             

D

CB

A
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ln[ (1 ) ] [ ln ln (1 ) ]
(1 )

h t t h t
h tθ θ θ θ

θ θ θ θ
∂ ∂ −− = + − = +

∂ ∂ −

0
(1 )

h t t
t h

θ
θ θ

−+ = � =
− +

So just average!!!�

�

�

θ̂��F�����19�����1���+A8F



GE

J���
��;�� ���������;
�<

!���������L

� J
��)�	'"�@���������1��+-��1L1��/

'-�/ +��
����
�)'��2�� ������

-
����
����������2��/



IA

'�
2�2�����
�)
��������������



I�

"�<����

�
����:���-J��V�������/

• P( ��| Θ ) = ∏r P(dr | Θ)

• P(d1) = PΘ(+a, –b, +c)
= PΘ(+a )  PΘ(–b )  PΘ( +c | +a, –b )
= θ+a θ-b θ+c|+a,-b

• P(d2) = PΘ(–a, +b, –c)
= PΘ( –a ) PΘ( +b ) PΘ(–c | –a, +b )
= θ–a θ+b θ-c|-a,+b

• P(� |Θ ) = Θ+a
2  Θ-a

2  Θ+b
1  Θ-b

3  Θ+c|+a,+b
0  Θ+c|+a,-b

2 �

= θ+a
N+a θ-a

N-a θ+b
N+b θ-b

N-b θ+c|+a,+b
N+c|+a,+b θ+c|+a,-b

N+c|+a,-b �

= ∏ijk θijkΝijk

Sample �
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Cold Flu Malaria

Fever
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Cold Flu Malaria
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θ =      3/(3+2)                 =  0.6

θ =      30/(30+20)           =  0.6

θ =   3E23/(3E3+2E23)   =  0.6

≈ GA=GAL
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+ observe 1 head + observe 
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Two (related) Distributions:     
Parameter, Instances

Θ
1.0

ΘΘΘΘ = 0.1ΘΘΘΘ = 0.1
T
T
T
T
H
T
����

ΘΘΘΘ = 0.5
T
T
H
T
H
H
����

ΘΘΘΘ = 0.8
H
H
T
H
H
H
����

Θ
1.0

Uniform density

Θ
1.0
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All but ONE feature have 2 parents: C, Xi
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Prior over Parameters

Posterior Likelihood Prior over Graphs
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Θ(X; A,B) same in both structures
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X

Y

θX ~ Beta(1, 1)

θY|+x ~ Beta(1, 1) 
θY|-x ~ Beta(1, 1)

G2

X

Y θY ~ Beta(1, 1)

θX|+y ~ Beta(1, 1) 
θX|-y ~ Beta(1, 1)
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G2

X

Y

θX ~ Beta(1, 1)

θY|+x ~ Beta(1, 1) 
θY|-x ~ Beta(1, 1)

X

Y θY ~ Beta(1, 1)

θX|+y ~ Beta(1, 1) 
θX|-y ~ Beta(1, 1)

G1

[+x, -y]
G2

X

Y θY ~ Beta(1, 2)

θX|+y ~ Beta(1, 1) 
θX|-y ~ Beta(2, 1)

X

Y

θX ~ Beta(2, 1)

θY|+x ~ Beta(1, 2) 
θY|-x ~ Beta(1, 1)

G1

P1(+x) = 2/3

P2(+x) = P2(+x,+y) + P2(+x,-y)
= 1/3 × ½ + 2/3 × 2/3  =  11/18  !!!
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X

Y

θX ~ Beta(2, 2)

θY|+x ~ Beta(1, 1) 
θY|-x ~ Beta(1, 1)

G2

X

Y θY ~ Beta(2, 2)

θX|+y ~ Beta(1, 1) 
θX|-y ~ Beta(1, 1)
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G2

X

Y

θX ~ Beta(2, 2)

θY|+x ~ Beta(1, 1) 
θY|-x ~ Beta(1, 1)

X

Y θY ~ Beta(2, 2)

θX|+y ~ Beta(1, 1) 
θX|-y ~ Beta(1, 1)

G1

[+x, -y]
G2

X

Y θY ~ Beta(2, 3)

θX|+y ~ Beta(1, 1) 
θX|-y ~ Beta(2, 1)

X

Y

θX ~ Beta(3, 2)

θY|+x ~ Beta(1, 2) 
θY|-x ~ Beta(1, 1)

G1

P1(+x) = 3/5

P2(+x) = P2(+x,+y) + P2(+x,-y)
= 2/5 × ½ + 3/5 × 2/3  =  3/5  !!!
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