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Mutation

Onset
Therapic value

SNP-B (“causal”) SNP-A (measured)

Symptoms
Stress

Disease

Objective (real/causal) 
diagnostic value?

Symptoms

Diagnostic value

Therapic value
(e.g. Drug target)

Disease
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SNP-B (“causal”)

Disease

SNP-A (measured)

Estimation errors

),0A|1(Dˆ NDp ==

)0A|1(D ==p

),2A|1(Dˆ NDp ==

)2A|1(D ==p

Estimated difference

Real difference

Estimation error because of finite data DN: 

Inequalities for finite(!) data (� accuracy,� confidence)
sample complexity: N

�,�

)0A|1(D-),0A|1(Dˆ ==== pDp N

δε δεδε
<=−=< ) |A)|1(D),A|1(Dˆ|:( ,,

pDpDp NN



����������������������� �
	�����

• ���	�������+

– �
���;�����!���������;���
����

– 6��������������+�������������

– �����&������;������� ����� ���������;= �����;��+��#¬74>74$

• ����� �����+��#74>74$�:0?=

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

��
��
 �
�
 �
�


������ ���� ����

4 4

• ����� ��
���+�=

• �?�
���+�(����
�������� �	�����!���	��������
����� �������
�����!����	����*

– �����&&������;������� ����������������;@ �����;�6+��#74> ¬ 74$�+

• ��������������������+��#¬74> ¬74$�:�0?@

���������������� ���	���	74 ���	
���	
¬74

74 ��������������

¬74 ������������

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



" ����������������������	�#" ��$

• & ������� ��	�6�������
���������
����

– �#�
���%�A������0 ���B �����
���%�A������6$C�

• ���������
���������������3�3���
�

–  ���
����#�
���%�A������ $C��;6–  ���
����#�
���%�A�������$C��;6

������� ������D


3�3����
�'E /�������6:044�444����������
	 ������ �

�
�
����������
��B 3#��������?��	 ������
���
�
����

��������
����������
�D$



���������� ���" ��

• �����������

• ���	 ��
�����������

– '����
��������������
�
���������������������

����������+����	 ���������������
��������	 �3����������+����	 ���������������
��������	 �3

• �
���������������
����<?�
���

• �
����
��
����
��



�
���������������
���#�9%$

/�������
������� �	 ��������������������������+

– ��������
�������� ������&3������� ���
��������

– �����!���������	 ����� ������&3��������
��
�������

����� ��
���������#�
���������������
�����9%$����� ��
���������#�
���������������
�����9%$

– <?�
���+�����	 ���	 �	 ��9%�
�����������������	 
��

����
���������� ��
��3�



���	 
������
���

���� �
����������������������#���$�������	



�
����
����������
9������� 
���������
���#9/'$

– ������F �
���	 ��
��
����;��	 
�����������

– ������F �����������
���������������������

#�����? �
��
�����
�����

)��
��	 ������? �#G�>�
#G�$$

���������������
�����+

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
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Y A variable can be:

A minimal sufficient set for prediction/diagnosis.

0.

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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Yp

XpXYp
YXp =

)()|()|( ModelpModelDatapDataModelp ∝
A scientific research paradigm

A practical method for inverting causal knowledge to diagnostic tool.

)()|()|( CausepCauseEffectpEffectCausep ×∝
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))(|()|( dataBestModelpredictionpdatapredictionp =

In the frequentist approach: Model identification (selection) is necessary

�=
i

ii dataModelpModelpredpdatapredictionp )|()|.()|(

In the Bayesian approach models are weighted

Note: in the Bayesian approach there is no need for model selection
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The peakness of the posteriors 
of the most probable MB sets 
and their MBM-based 
approximations.
(46 variables, 1000 samples)
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HWE – Hardy-Weinberg equilibrium test, ODDS – odds ratio, ARM – Cochran-Armitage trend test, 
LRCO – logistic regression (continuous case), LRCAT – logistic regression (categorical case), MBM –
Bayesian pairwise relevance, MBS-1–9 relevant sets by Bayesian analysis. (only MBM values are 
numeric, others are arbitrary values for visualization) 
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Hierarchic statistical questions about typed relevance can be translated to 
questions about Bayesian network structural features: 

Pairwise association � Markov Blanket Memberhsips  (MBM)
Multivariable analysis � Markov Blanket sets (MB)
Multivariable analysis with interactions � Markov Blanket Subgraphs Multivariable analysis with interactions � Markov Blanket Subgraphs 

(MBG)
Complete dependency models � Partially Directed Acyclic Graphs

(PDAG)
Complete causal models � Bayesian network (BN)

Hierarchy of levels
BN � PDAG� MBG � MB � MBM
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Problem: the “polynomial”gap between simple and complex features

(e.g., MBM (n2) and MBS (2n))
Idea: If all Xi in set S with size k are members of a Markov Boundary set, 
then S is called a k-ary Markov Boundary subset (O(nk)).
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Methods???: heuristics

Operations:
projection/marginalization
truncation
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Relation Direct graph 
definition

Causal interpretation 
under Causal Markov 
Assumption

Parent(X,Y) X is a parent of Y CauseParent(X,Y) X is a parent of Y Cause

Child(X,Y) X is a child of Y Effect

PureAscendant(X,Y) Not parent, but 
ascendant

IndirectCause

PureDescendant(X,Y) Not child, but 
descendant

IndirectEffect
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Relation Direct graph definition Probabilistic interpretation

PureCommonAncestor(X,Y) No directed path between 
X,Y, but there is a 
common ancestor

PureConfounded

PureCommonChild(X,Y) No directed path between 
X,Y, but there is a 
common child

PureInteraction

Independent(X,Y) No edge, directed path or 
common ancestor.

Independent

Edge(X,Y) Parent or Child DirectDependency
Path(X,Y) Ascendant or 

Descendant
BoundaryGraphMembership(X,Y) Parent or Child or 

CommonChild
Strong relevance (Markov 
Blanket Membership)

Associated(X,Y) Ascendant or 
Descendant or 
Confounded

Associated (weak 
relevance)
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Abstraction levels: SNP, haplo-block, gene,..., pathway

Note that it is different from aggregated multi-variables.
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The sequential posteriors that a given gene contains a SNP relevant for asthma
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