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System, System Biology,
Complex Systems

@ System: set of objects, joined to accomplish
some purpose

Entity — object of interest in the system

Entities
Z40

Attribute: property of an entity

Activity: predefined set of actions in a
specified time period

State of system: collection of variables
that describes the system at any
time

Event: Instantaneous occurrence that
may be associated with change

of system state
Parameters

System Environment | | System Environment: region outside
the system that influences system
behavior. 1
How to choose the boundary?




Stability, Homeostasis
and
Robustness

Steady state 3
Steady state 1

homeostasis

stability "“"f;-;,_h robustness

Hiroaki Kitano 2007 Steady state 2
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the rationalization
and hence the Obs
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Knowledge-Based Discovery :
Ability to find non-trivial
quences of an axiom set
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TRUE or FALSE
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A Simplified History of
Life on Earth

Fungi

Multicellular
Evolution of RNA-regulatory networks | o .- oo

Sponges

Entry and expansion of introns, evolution of the splicesome

Single-cell eukaryotes (protista)
Eubacteria

Archaea
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- Knowledge Based Discovery using

MetaAbduction

Inoue 2012
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CHANGES TO TRADITIONAL SCIENCE WITH AUTOMATION

Traditional science Automated science

Hypotheses Machine-encoded logical hypotheses

Chemical knowledge Machine-encoded chemical algebra
Experiments Chemical Turing machine programs

Experimental design Decision theory




Figure 4
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‘MicroARN Analysis for
Cancer Relapse

A logic-based machine learning technique
— Richer representation formalisms (First-order predicate logic)

— (Classification : :
5 Life as a System of Relations

¥ Input:
B : background theory.

E: observations.
LB : language bias for restricting
the syntax of hypotheses
B Output:
® H: hypothesis satisfying that
H is a clause belonging to LB
B A H logically explains E

Breslow(X,high) Amir21(X,high) AmiR-222, miR-23a(X,high) AmiR-92(X,high)
A miR-149(X;high) A miR-221 (X;high)=>



Results using Inoue’s

ILP system

® |nput file: the information on 15 patients with melanoma / 5 healthy

patients

® Causal relations between status of relapsing and 19 factors

Hypothesis (Clause) Rs Rf | Expert’s
(%) | (%) | opinion

(7) [mirl82(X, low), metastasis(X), age(X, medium) — relapse(X)] 50 8 O

(6) [metastasis(X), age(X, medium) — relapse(X)] 40 10 O

(7) [mMir630(X, low), mirl82(X,high) — relapse(X)] 30 10







