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- Automated hypothesis-finding through
deductively complete methods.

- Abduction of missing links in networks.
- Induction of causal laws in action
theories.

- Applications to systems biology.

- Intelligent machines:

Thinking like human being.
- Automated discovery of scientific knowledge,
in particular biological knowledge.

Background

Abduction and Induction: Logic

Input:
B : background theory

E : examples / observations
Output:
H : hypothesis satisfying that
1. B AHEE
2. B A H isconsistent

How Human Beings Think?

Observation
Everyday Life
Experiments

Prediction

Inverse Entailment (I1E)

Deduction
The genius people are able to mix these H can be computed deductively by:
three fundamental modes of reasoning. B N—F E—H

Computation and Application

IE for Abduction: SOLAR

(Nabeshima, Iwanuma & Inoue 2003, 2010)
B : full clausal theory, £ : conjunction of literals
H : conjunction of literals

Closed-loop Architecture for Biological Inference

Background Pathway Model
Knowledge (Qualitative / Kinetic)
Pathway Data

Observations (from lab + KEGG)

IE for Induction: CF-induction (Inoue 2004, 2007)
B : full clausal theory, £ : full clausal theory
H : full clausal theory

Hypotheses ¥ Pathway
BANHEE Analysis

Example: graph completion problem

« Inoue et al. Proc. IJCAIT-09, 2009.

Best

F|nd an arc WhiCh enab|es al path from atod. « Synnaeve et al. Proc. BIOINFORMATICS 2011. Hypotheses
Axioms: . h Goal
esearch Goals
node(X) /\ node(Y) /\ arc(X, Y) — path(X, Y). “ocdg, el g e
node(X) /\ node(Y) /\ node(Z) /\ arc(X,Y) predicting metabolic
A\ path(Y, Z) — path(X, Z). pathways
node(a). node(b). node(c). node(d). arc(a, b). arc(c, d). Target Problems

1. Predicting the inhibitory

Observation: path(a, d). effect of toxins including
Abducibles: arc(_, ). hydrazine with qualitative
- modeling

2. Explaining dynamic
behavior of E. coli pathways 9=--C°I=“] acetat I
with kinetic modeling iy g | oo

.
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beta-alaning:

SOLAR outputs four hypotheses.
arc(a, d), arc(a, c), arc(b, d), arc(b, c).
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Constraint Networks and Solving
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Modeling Constraint

Problem Network
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Constraint Solver

Solution of
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URL: http://code.google.com/p/azucar-solver/
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