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Systems Biology

System level understanding of living beings

Benchmark: Acurate Predictive Models
Formalises hypotheses
Integrates information at multiple levels
Based on knowledge from molecular biology
Evaluated against phenotype observations

Supported by high throughput methods
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BioAmbients (Regev 2003)

Extends the pi-calculus
Communication via shared channels
Exchange of channel names

Introduces ambients
Nameless containers that nest and move

Interaction Is synchronous and binary
Always faclilitated by shared name
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BioAmbients - Syntax

Processes Capabilities

P = (n)P M ::= enter n|accept n
[P] exit n|expel n
P|P’ merge— n|merge+ n
>icl M;. P nH{m}|n?{p}
rec X.P n_{m}|n"7?{p}
X n"H{m}ln ?{p}

n#1{m}In#7{p}

Standard reaction semantics (rewriting style)
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BioAmbients - Syntax

Processes Capabilities
P = (n)P M ::= enter n|accept n
[P] exit n|expel n
P|P’ merge— n|merge+ n
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Standard reaction semantics (rewriting style)
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C BioAmbients - Syntax

Processes Capabilities

P = (n)P M ::= enter n|accept n
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C BioAmbients - Syntax

Processes Capabilities

P = (n)P M ::= enter n|accept n
[P] exit n|expel n
P|P’ merge— n|merge+ n
> iel M;- P nH{m}|n?{p}
rec X.P n_{m}|n"7{p}
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n#1{m}{n#?{p)

Standard reaction semantics (rewriting style)
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C Ex: Nutrient absorption
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Static Analysis

Universe

Modelling formalism |
provides universe of
behaviours

Given model only
spans some of it E xact set of

configurations
or behaviours
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Static Analysis

Universe

Modelling formalism |
Turing complete

Precise behaviour
not generally decidable

Exact set of

Acce ptab | e configurations Unacceptable

or behaviours

approximation suffices
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Static Analysis

Under-approximation

Guarantees presence
of observed analysis
behaviour

Soundness:

Analysis result is
‘E' preserved

Universe
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Static Analysis

Under-approximation

Guarantees absence
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‘| * preserved

Universe

i

Exact set of
configurations
or behaviours

Over-approximation

5/15/2006




C Static Analysis - Flow Logic

To study properties of process .

Study static snapshot given by direct
syntactical representation

Ensure that properties studied are

='-preserved under congruence
'E’-preserved under reaction

Establishes sound (over)approximation
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Elements of Abstraction

Represent ambient structure as tree
Approximate by binary fragments
Disolve all compositional structure
Choice
Parallel
Sequential

Record all possible name substitutions
(bindings)
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B Roles and Labels

Processes Capabilities

P ::= (n)P M ::= enter n|accept n
[P]A) exit n|expel n
P|P’ merge— n|merge+ n
Sier MEP, ni{m}|n?{p}
rec X. P n_im}n"?{p}
X nH{m}|n ?{p}

n#FH{m}|n#7{p}

() Labels {E Lab
O roles 4 € Role
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C Control Flow Analysis

What ambients may show up inside what other ambients?

An approximation of ambient contents:
7 C Role x (Role U (Cap x Lab))

Our primary interest
An approximation of relevant name bindings:
R C Name x Name
Flow Logic based with analysis judgments:
(Z,R) =r P iff ¢
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C Analysis Judgment

Syntax directed — one clause pr. construct

Ex: Ambients
(Z,R) =F [P]He

iff ue € Z(u) N (Z,R) =He P A ...

Ex: Capabilities
(T,R) =V Sier M'.P,

iff Vie I: (| M;|%eZ(p)A(Z,R)EHP;A cIosure(Mh_)
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Closures: Enter movement
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Bw o Control Flow Analysis

Problem:
Food is only released inside Cell.
The analysis is too imprecise..

Reason:
Collected information is global.
|.e. what nutrient and food can
do in cell, they can do everywhere
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C ldea: Localise Information

An approximation of ambient contents:
7 C Role? x Role x (Role U (Cap x Lab))
Our primary interest!
An approximation of relevant name bindings

R C Role? x Name x Name

Jugdments of the flow logic

(Z,R) =Hapkolt P iff ¢
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C Control Flow Analysis




Bw o Control Flow Analysis

l Problem:
Nutrie:\? iserr(rell.eased

outside of Cell.

<> The analysis Is too imprecise..
N

Reason:

@ Unrestricted propagation of bindings.

Name bindings that may not be

In effect are propagated when
ambients move
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ldea: Relevant Names Only
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C 2 Control Flow Analysis
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Ex: LDL Pathway
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C Ex: LDL Pathway
Defect in

internal part

Defect in
external part

HE




C Concluding Remarks

We have sound control flow analysis of
BioAmbients based on

Context information

A relevant names pre-analysis
Provides early but approximate screening
of hypotheses.

Future work aim to recover detalil, e.g.
causality information to reconstruct

pathways.
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