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? Hepatitis?

? Hepatitis,
not Jaundiced
but +BloodTest

?

Jaundiced

BloodTest
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H Hepatitis
J Jaundice
B (positive) Blood test
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0.950.05

P(H=0)P(H=1)

0.970.030

0.050.951

P(B=0 | H=h)P(B=1 | H=h)h

0.70.300

0.7

0.2

0.2

P(J=0|h,b)

0.310

0.801

0.811

P(J=1|h,b)bh

H

B

J

� Node ~ Variable
Link ~ “Causal dependency”

� “CPTable” ~ P(child | parents)
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J

� P(J | H, B=0)  =  P(J | H, B=1)  ∀ J,  H !
���� P( J  | H, B)  =  P(J | H)

� J is INDEPENDENT of B, once we know H
� Don’t need    B→ J  arc!
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� P(J | H, B=0)  =  P(J | H, B=1)  ∀ J,  H !
���� P( J  | H, B)  =  P(J | H)

� J is INDEPENDENT of B, once we know H
� Don’t need    B→ J  arc!
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J

� P(J | H, B=0)  =  P(J | H, B=1)  ∀ J,  H !
���� P( J  | H, B)  =  P(J | H)

� J is INDEPENDENT of B, once we know H
� Don’t need    B→ J  arc!
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� Requires:  P(H=1) known
P(J=1 |  H=1) known
P(B=1 |  H=1) known

(Only 5 parameters, not 7)

Hence: P(H=1 |  B=1, J=0 )  =       P(H=1) P(B=1 | H=1)   P(J=0 |B=1,H=1)
α
1

P(J=0 | H=1)
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���� P(J=0 |  B=1,  H=1)  =  P(J=0 |  H=1)

N.b., B and J ARE correlated a priori  P(J |  B     ) ≠ P(J)
GIVEN H, they become uncorrelated P(J |  B, H)  =  P(J | H)

H

B

J
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� ReadingAbility and ShoeSize are dependent,
P( ReadAbility | ShoeSize )  ≠ P( ReadAbility )

but become independent, given Age
P( ReadAbility | ShoeSize, Age ) = P( ReadAbility | Age )

H Hepatitis
J Jaundice
B (positive) Blood test

P( B | J ) ≠ P ( B ) but
P( B | J,H )  = P ( B | H )

Age

ShoeSize Reading
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But only via Hepatitis:        Alcohol and not Hepatitis   � Jaundice

P( J | A )       ≠ P( J ) but
P( J | A, H )  =   P( J | H)
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� If Alcohol, then expect Jaundice: Alcohol  � Hepatitis � Jaundice
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• Here,  P( D | MS, FHD )  ≠ P( D | FHD ) !
� Can be done using Belief Network,

but need to specify:
P( FHD ) 1
P( MS | FHD ) 2
P( D | MS, FHD ) 4

FHD

MS

D

0.001

P(FHD=1)

0.101

0.030

P(MS=1 | FHD=f)f

0.0400

0.0810

0.9001

0.9711

P(D=1 | FHD=f, MS=m)mf
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? Hepatitis,
not Jaundiced
but +BloodTest

?

Jaundiced

BloodTest
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� Find      argmax {hi}

� Given  

P(H = hi )
P( Oj = vk | H = hj )

Independent:   P(Oj | H, Ok,…)  =  P(Oj | H)

H

O2O1 On
...

∏ =======
j

ijjinni hHvOPhHPvOvOhHP )|()(
1

)...,|( 11 α
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� Easy to use for Classification
� Can use even if some     vjs not specified

)|()(
1

)...,|( 11 ij jjinni hHvOPhHPvOvOhHP ======= ∏α

� ∏ =======
i j

ijjinn hHvOPhHPvOvOP )|()(),...,( 11α

� If k Dx’s and n Ois,
requires only k priors,  n × k pairwise-conditionals

(Not  2n+k… relatively easy to learn)

2,147,438,6476130

2,0472110

2n+1 – 11+2nn

H

O2O1 On
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Local Markov Assumption:
A variable X is independent
of its non-descendants given 
its parents 
(Xi ⊥⊥⊥⊥ NonDescendantsXi | PaXi)
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A Logical Alarm Reduction Mechanism
• 8 diagnoses, 16 findings, …
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� Partial specification of “input” values
� only subset of variables
� only “distribution” of each input variable

� General Variables
� Discrete, but domain > 2
� Continuous (Gaussian: x =   Σi bi yi for parents {Y} ) 

� Decision Theory � Decision Nets (Influence Diagrams)
Making Decisions, not just assigning prob’s

� Storing P( v | p1, p2,…,pk)
General “CP Tables” 0(2k)
Noisy-Or, Noisy-And, Noisy-Max
“Decision Trees”
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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



%(

���
���������� ��������

� �����A����	����B ������
����

� �������"�2����
/
�� ��
�����
���/��	������

� ��"�2��������� ��
������.	���

� �������������A�
���������B ����
����
1�

� 2���� ���� ���������
��� �
��	���	���������6
�� �

� ���	�������
���������������
����
1�5
��1'�
���1�����	
�� H

B

J

� +

0



%$

)�� *�����3��
��
	�,

� 31��
� a ���8
����������� ��������9a ��/��:�
� a ���8
�������	
1
���� ��������9a ��/��:
�  ���1����
��3����@33!���
��
0����������	
1
�������3��@��������9�V�����!V!:

� ����"
� 29�3�		����D�0����>/:�>�a >�29�3�		����D�0����>�:
� 3�		��� 
��
���1����������0�����������

� 29�3�		����D���	
1>/:�>�a >�29�3�		����D���	
1>�:
� 3�		��� 
��
������������	
1
����������

� ��6����"
� 29�3�		����D�0����>/5���	
1>�:�>�<�
29�3�		����D�0����>/5���	
1>/:�>��

� 3��3�		��� 
�����������
��	
1
������������� 0�����������



%E

31	����� �1
	�

0
��	��� ��0
��	���

3�/��
	�

����
��

0

�	
��
��

��
��

��
��
�

�������	�
����
��-
T 2�/����5�3���	����
T 0�"���/1����5��
��
��
T !�/�6��8"�!��J����
��5�����
�



%F

3�//��

� ��	�������������2����
�
��
	���1�������
��

� - ����	����	�
���- .������/� 	����	�
���

� !	������0
���
���
��

� ���
�������

� 2������ �	�������

� ����������1������11�
	�
���

� ��������"������
������/K


