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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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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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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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Simpson’s paradox

Size
Treatment

Kidney stone

RecoveryP(R|S,T) !=�S P(R|S,T) P(S)

Berkeley sex bias case
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Size
TreatmentTreatment

Recovery
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p(X),p(Z|X),p(Y|Z)
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X Y Z

X Z Y

p(X),p(Z|X),p(Y|Z)

X Z Y

p(X|Z),p(Z|Y),p(Y)

X Z Y

p(X|Z),p(Z),p(Y|Z)

“tranzitív” M � „intranzitív” M
X Z Y

p(X),p(Z|X,Y),p(Y)

„Az id� nyíl”
‘v-struktúra’
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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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C�	����������#����	 'C�(
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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)|(
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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)(maxarg* ii aEUa =
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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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Russel&Norvig: Artificial intelligence, ch.20
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