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MP={IP,1(X1;Y1|Z1),...}
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MSTPDSPMODPMOPMP

TSDOMP =

3. Concise representation of joint 
distributions

2. Graphical representation of 
(in)dependencies

1. Causal model



4&��� �	����(������

Y A variable can be:

A minimal sufficient set for prediction/diagnosis.

6

Y A variable can be:
• (1) non-occuring

• (2) parent of Y
• (3) child of Y
• (4) pure (other parent)

Irrelevant
(strongly)

Relevant
(strongly)Markov Blanket Sets (MBS) the set of nodes which 

probabilistically isolate the target from the rest of the 
model
Markov Blanket Membership (MBM)
(symmetric) pairwise relationship induced by MBS
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oj

Actions ai
(which experiment)

Outcomes
(e.g. dataset)

ai

…
Probabilities

P(oj|ai)

Utilities, costs

U(oj), C(ai)… …

Expected utilities

EU(ai) = � P(oj|ai)U(oj|ai)
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Assuming that the reporting action does NOT influence outcome, 
i.e. p(Outcome|Action) = p(Outcome).



=	������
�� �� (����
�����
�
���

�&��	�

• (����
�����
�
����&��	�5

– 1	����
�
�
����"������ ��

– ��
�
�
����"������ ��

– #$��������
�
���1	
�
���– #$��������
�
���1	
�
���

• :����
�����
�
����&��	�5

– C��� ��/1��	���

– ?D 
���	��
�� ��&@)E,

�������������� �������������������� �����
�����


�� ��������������



 ������������

������������ �!�"������������� �!�"�

������
��������

����������
��

����
����


�� �#�# $#$#



 $%$% �%�%

�������������� ������������ ����
����


�� ���	��	� ���	
�	




 ��
	�
	� ��
	

	




��
�
�
��

Russel&Norvig: Artificial intelligence, ch.16



��
�
����"�� ����

Russel&Norvig: Artificial intelligence, ch.16



��
�
������� �	��

Russel&Norvig: Artificial intelligence, ch.16



#$����
���

• (����
������	�
� 

– 1	��
�
���
�"�	���

– 1�	�� ��	
�
�"�	���

• !������"�"�	�&�	�
�"�	� ��
��

• �������
�����
�
���• �������
�����
�
���

– ���
� ��������
� �)��	���	���	����� ,

– � ���
�	� �������
���	�����

– � �	������
�
����	�����

– F �
Ui

ai=si*U (ei)

Dij

Ui
1(si*)

Ui
1(Di

r)

…

…
…

…ei

Ui+1



����
�
�
����"��&��
�"�	���

1

P(Pathology=malignant|E=e)

Evidence e
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Onset

Bleeding

absent

Regularity

weak

Onset=early Onset=late
regular irregular

strong

P(D|Bleeding=strong)

Mutation

P(D|a,l,m)

Onset=early Onset=late

h.wild

regular irregular

mutated

P(D|a,l,h.w.)

P(D|a,e)
Mutation

P(D|w,i,m)

h.wild mutated

P(D|w,i,h.w.)

P(D|w,r)

Decision tree: Each internal node represent a (univariate) test, the leafs contains 
the conditional probabilities given the values along the path.
Decision graph: If conditions are equivalent, then subtrees can be merged.
E.g. If (Bleeding=absent,Onset=late) ~ (Bleeding=weak,Regularity=irreg)
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Sensitivity: p(Prediction=TRUE|Ref=TRUE)
Specificity: p(Prediction=FALSE|Ref=FALSE)
PPV:  p(Ref=TRUE|Prediction=TRUE)
NPV:  p(Ref=FALSE|Prediction=FALSE)

independent from p(Ref),
e.g. from disease prevalence!

Healthy Disease present

threshold t
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