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Integration and 
parallelization wont 
bring us further. End 
of Moor’s law?
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Sequencing 
costs per mill. 

base

NATURE, Vol 464, April 2010

Publicly 
available 

genetic data

• x10 every 2-3 years

• Data volumes and 
complexity that IT has 
never faced before…
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Data

Literature

Human 
expert+

Query (partial observation-intervention)

Inference about the world/domain.

Optimal action.
Ealier studies
Observations, experiments

expert+
Optimal action.
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Biomedical knowledge Omic data

mega-scale memes

giga/tera-scale omic data

High-performance, high-througput computation

mega-scale memes

tera/peta-scale computing



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

• %��������	��������	������	��	�5�������

– $���" ��#��# F�����" 	��" ������	�'

• -���������	��	�������

– � O������	(�����
��#	��#	����
��" �

• ����� �������	��������	��	������	������(�• ����� �������	��������	��	������	������(�

– �G�#	����
 ���
	���������

• %��������	�����������	
������" ���	��	�	����


– �%�
G#	����������#��

• $�����������	������ �����

• !��������#	������	���������

• /�������" �����



!����������	���
�������	���������

�!����������	
���	���������

����( ��(�	�	��" ��	�
���	��������#	����
�� ����( �����������

���	��(�	�	��" ��� ���	�����������

• ��
��	���	" ���	 ��������(	��	�������

• &�����	��	��" ��	�5�����	������	 �	�" �����
�

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

(�����
��	��������������	��	�������	

)��" ������*	�������



G�������	 ����	���	��
������

• ��(��" B�	��6���	��	�	����������	����������

• '�0�" ��	�	���	��������	��	��" ��	�������	��
������	

��	���������	�" ����� ��#	 ���	�����������	��
	�������

• &��F��������	• &��F��������	

– �����	��	��	��(����#	��5	����
��

– &�����#	-�������	���	����������	�������	���" ����(	

– 1�G�-������	���6���������	��	�	����������	����
��"

– N�N����(�	��������	 ���
�	���	������	��" ����
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• $������	��	�����������
– ��������	�����������	��	���	��������	�������@

– ��������	�����������	��	" ����������	�����@

– ���������@

– ���������	�" �������@

• !��������������	��	��� � ��������
– ��"  ��������@ )|(?)()(ˆlimlim ξApApAp

N
N

A ==– ��"  ��������@

– ��������	������������@

– ���F�������@

– ��������2�� O��������@

– ������" ��������@

• ���	�����	)��	��*	������" ��
– K����������	 �	��� � �������

– -����������	 �	�������	��������

– ����" ��	������	 �	" �5�" �" 	�5�����
	�������	���������

)|(?)()(ˆlimlim ξApApAp
N N

NN

==
∞→∞→

Note: independence and convergence of frequencies are empirical 
observations (i.e., „laws of large numbers” consequences of independencies)
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Recall: utility theory!
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• $������������	R

• �
������	)��� � �����	��	" ���	�5���" �	� ������������	�������
	�5����" ����*

– ����	!!	�����2�����	��	���	�����
	(��
2T �����2&��	��0,S ¬ 0,�	�

• -�� ��	��	������������	��¬0,S ¬0,�	M	.
T

���������������� ���	���	0, ���	
���	
¬0,

0, ��������������

¬0, ������������
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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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– �������

– � ����" ��

– -�� � �������	��	�����" ��

– K��������2������	��	�����" ��

– ; �5�" �" 	?5�����
	K������	

)|( ij aop

)|( ij aoU

jo
ia

– ; �5�" �" 	?5�����
	K������	

-��������	�; ?K�

– /���	������	��	���	���	� ���	

" �5�" �" 	�5�����
	�������

�=
j ijiji aopaoUaEU )|()|()(

)(maxarg* ii aEUa =

)|( ij aoU

oj

Actions ai Outcomes

ai

…
Probabilities

P(oj|ai)

Utilities, costs

U(oj), C(ai)… …

Expected utilities

EU(ai) = � P(oj|ai)U(oj)
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Data

Prior
IDA Optimal action

(reporting, publishing,.., surgery).(reporting, publishing,.., surgery).
Inference about the world/domain.
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Clusters, modules
Conditional independencies

(Causal) Mechanisms

Parameters
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inference\Data Observational Interventional

Observational OK OK

Interventional ???? OK

Counterfactual ?????? ??Counterfactual ?????? ??

E

X

Y

*

?

???

� Automated, tabula rasa causal inference from (passive) observation is 
possible, i.e. hidden, confounding variables can be excluded

„Plato’s two surprises:
1. Not all true theorems can be proved

2. Causal inference is possible from observations”
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Data

Integration

Domain knowledge

Learning step Learning process?

Result

Learning algorithm

Understanding the domain

Data engineering

Feature selection

Selection of learning method

Running the learning algorithm

Interpretation and evaluation

Integration
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Data 
Interpretation

17%
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Integration
9%

Running
1%

Selection of 
learning method

26%

Data 
engineering

26%

Feature 
selection

17%

17%
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Understanding the task

Data engineering

Feature selection

Selection of learning method

Running

Interpretion

Integration

Domain

Evaluation

The Learning Phases
(in „waterfall” model)

Iteration in learning

Understanding the domain

Data engineering

Feature selection

Selection of learning method

Running the learning algorithm

Interpretation and evaluation

Integration
Selection of learning method

Data

Result

Learning algorithm

Domain knowledge

The Learning Step
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Phenome

Metabolome

Environment

Genome(s)

Transcriptome

Proteome

Metabolome
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Probabilistic knowledge bases and world-
wide web

KB-1

Literature

Web

Large-scale, 
general,
curated 

knowledge-

Domain-specific 
knowledge

Text-mining

Web-mining

Conversion,
discovery

Explanation
generation
Query 
answering.

Discovery

Data-1 Data-n

KB-n

base

Inductive 
inference

Inductive 
inference

answering

. . . . .

.

.

.

• multivariate Bayesian data analysis,
• the use of more powerful logic for representing knowledge,
• uncertainty management in knowledge representation, induction, and inference,

syntactic semantics:

Inductive knowledge

)(),|provable is ()|(
pKB

pKBplKBpKBPKBP �= φφ
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G.expression Tr. regulation N. sequence Pathways P.sequence
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4���	-�������6����� �4-�
GP Problem: Prioritizing relevance of genes to a given set/phenomena.

FusionSimilarity of
• sequences, subsequences homology,
• transcription regulation (TFs, miRNA),
• phylogenic profile,
• co-expression,
• homology, co-location, or common complex of products,
• taxonomic/semantic (Gene ontology),
• co-citation,
• role in pathway knowledge-bases.
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� Chrisman, L., Langley, P., & Bay, S. (2003). Incorporating biological 
knowledge into evaluation of causal regulatory hypotheses. Proceedings of 
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� (Gene prioritization…)
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