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I Challenges

I » pi-calculus is basis for many modeling

languages:
— stochastic Pi, Beta-Binders, BioAmbients,
attributed Pi, SpacePi, SPiCO

» different modeling tools exist (SpiM, BioSPi,
SPICO, Jamesill)

 finding a common format

* tools should only need to consider those
languages they support

» proposal: "plug-able” modules



Pi Syntax

Process P =P | P
(ve).P
Zz Si
A(x)
Summation S ::= z!(y).P

| x?(y). P
Definition D = A(y) = P

Parallel Composition
v Operator
Summation
Application

Send

Receive



Pi Example

nacl : Nat + CI- % NaCl
e
hel . HT +ClI- —=— HC(I
Channel Definitions o2
nacl
hel

Process Definitions
Na() = (v toCl). nacll(toCl). NaBound(toCl)
NaBound(free) = free?(). Na()
H() = (v toCl). hel!(). HBound(toCl)
HBozmd(fr ee) = free?(). H()
Cl() = nacl?(toNa). ClBound(toNa) + hcl?(toH). ClBound(toH)
Cl(de ((IJ) = decay!(). CI()

Initial Process

(Na() |...] Na() | HO) |..| H() | C10) |...] C10))



Extension Example:
BioAmbients

Process P:=P | P Parallel Composition
(v ec).P v Operator
> .S Summation
[P Ambient
Summation S ::= 0 x!(y).P Send with Direction

o x?(y).P Receive with Direction
enter x.P Enter

accept ©.P  Accept

exit x.P Exit

expel x.P Expel

merge + x.P Merge+

merge — x.P Merge-

Direction 9 ::= local Processes in Ambient
| s2s Ambients in Ambient
| p2c Ambient to Nested Ambient

c2p Nested Ambient to Ambient



channeltype

localchannelty pe

,globalChannels [] =+ [] ,channel g O attributes
1.0

parametric process definition

(including restriction) e
A(z) £ (vr)P O atributes
» definitions EI | wee » definition H
1“!1} EE

anew 0O

» process ! ]
todo: parameters in core

o ) initoroce ssty pe

initial solution

A1) [+ | An(En) calitype

,initProcess ! L | | ,call [ [ atiributes
%



processtype

calltype
Al (AD) [

o O name

summationty pe

summandtype send (z!(7))
summation action 7

(m.Pr+ ...+ 7. P)

ip ,smmﬁm!l _-Fl,mnﬂtd!l LFI

receive (;}:?(g}))
todo: include silent action

paralleltype
solution (concurrent processes)
(Py|...| Py processtype

.paralﬂg _FI »process H u



PIML: example: Repressilator

Globale Kanale definieren

a, b, c, t

Prozesse definieren

GenhA = t?2().( ProteinB | GenA ) + a?2().t?() .GenkA
GenB = t?().( ProteinC | GenB ) + b7?().t?() .GenB
GenC = €£?2().( ProteinA | GenC ) + c?().t?() .GenC
ProteinA = a! () .ProteinA + t2() .0
ProteinB = b! () .ProteinB + t?2 () .0
Proteinc = c! () .ProteinC + t2() .0

Timer t! () .Timer

Initialer Prozess \/

( GenA | GenB | GenC | Timer ) 7kC|_| Lacl



I PIML: example: Repressilator

Globale Kanaile definieren

Ia,b,c,t

i

< globalChannels >
< channel name="2"/>
< channel name="h"/>
< channel name="c"/>
< channel name="t"/>

</globalChannels >



Prozesse definieren

GenhA = t?2().( ProteinB
< definition name="GenA" >
<process>
<summation>
<!— t?().( ProteinB | GenA ) ——>
<summand >

<receive channel="t" />
<process>
< parallel >
<process>
<call name="ProteinB" [>
<[process>
<process>
< call name="GenA" />
<[process>
</parallel >
</process>

< /summand >

GenA ) + a?().t?() .GenA
<!—— a?().t?().GenA ——>
<summand >

<receive channel="a" />
<process>
<summation>
<summand >
<receive channel="t" />
< process>
<call name="Gen&" > </call >
<[process>
</summand >
</summation>
<[process>

< /summand >



PIML: example: Repressilator

Initialer Prozess

I ( GenA | GenB | GenC | Timer )

< initProcess >

P |

<. . gshs —— =

< call name="GeniA"/>

P | T i |

< !—— GenbB ——>

< call name="GenB"/>
<! —— GenC —>=

< call name="GencC"/>
< !l—— Timer ——>
<call name="Timer"/>

< [initProcess >



e Times extension

<?xml version="1.0" encoding="UTEF-8"2>

< !—— created by Robert Kuehn (University Rostock) ——>
< !—— Pi-Calculus Times Extension Module ——>
< !—— Date: 2008-07-01 ——>

<xs:schema xmlns:xs="http://www.w3.0rg/2001 /XMLSchema" >
<xs:redefine schemalocation="PIML.xsd" >
<xs:complexType name="calltype" >
<xs:complexContent>
< xs:extension base="calltype" >
<xs:attribute name="t imes" type="xs:integer" use="optional"/>
<[xs:extension >
< /xs:complexContent>
</xs:complexType>>
</xs:redefine >
</xs:schema™>



