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Motivations

1. To transpose the fitting method of PEPA models developed in
EMPEPA to make it work with this extension.

2. To have a semantics that can be explained by the standard
operational semantics of PEPA.
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Defined in [Calter & al 2004, Benoit & al 2005, Hillston 2005].
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Massively parallel processes

Defined in [Calter & al 2004, Benoit & al 2005, Hillston 2005].

» A syntactic shortcut to represent massive parallelism :

Pln)=P|...|P

n

Pla, b][n] = PD<I ... B P
a,b a,b
—

n

» A method to derive a small set of ODEs that describes the
evolution of the number of components in their different
states.
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Kinetic reactions =

Mass actions, modelling kinetic reactions
multiplication

a second kind of
of mass actions

synchronisation
H

P Df] Q
» H = multiplication of mass actions.

R:r1><r2

ra(P ng Q) = ra(P) % ra(Q)
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LExtensions of PEPA, massively parallel processes and mass actions

Mass actions, modelling kinetic reactions

. . multiplication a second kind of
Kinetic reactions = . .
of mass actions synchronisation
H
P Df] Q

» H = multiplication of mass actions.

R=nxn P ng Q) = ra(P) % ra(Q)
» [ = standard operator, bounded capacity.

n 2 min(rz(P), r3(Q))

~ (P " (@)

rs(P %} Q) = min(rg(P), rs(Q))
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LExtensions of PEPA, massively parallel processes and mass actions

PEPA models of this double extension

1. a set of declarations, each noted :
cEs
with S a PEPA term designing a sequential process
S:=(a,r).S|S+S|C

2. a root term :

Pi=P 5P | P/L|(Smlll...|[Suln)
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|—Extensions of PEPA, massively parallel processes and mass actions

Example : a simple kinetic reaction
(0%
E+F < E/F

PEPA model, set of
declarations :

E Z (ar)EfF
F ::: (a,1).Fje
E/F = (ﬂarﬁ)E
F/E = (B,rg)-F

u]

o)
I
i

it
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Example : a simple kinetic reaction
(0%
E+F < E/F

PEPA model, set of
declarations :

E Z (ar)EfF

F ::: (a,1).Fje

E/F = (ﬂarﬁ)E
de

F/E = (ﬁ,rg).F
Root term :

(E[m]l|E/F[ms]) % (FIma]llF/elms])
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LExtensions of PEPA, massively parallel processes and mass actions

Example : a simple kinetic reaction

E+F%E/F

PEPA model, set of

declarations : E[’rnl]HE/F[mg]) Da/;ﬂ (F[mg]HF/E[msD

g X T
o, l)F/E My X Ta my X g n?;xl s e

min(ms X 75, m3 X 1)

my X Te X mg X 1
=15 X mg

Root term : N

(ELm]l|E/F[ms]) % (Flmo]llF/e[ms])
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Semantics of this double extension

» Decomposition of a process into a vector of sequential
processes :

H
P = C[m] < C'[ma]
¢
Xe = (X,..., X" where n = my + mp

» Let S be the union of the states of all sequential processes.
S = states(C) U states(C’)
» Let B} be a binary random process :

1 if X{ =s
0 otherwise

Vie{l,...,n}, Vs€§ B{’sz{
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» Let N7 be the random process giving the number of processes
in state s € S w.r.t. time :

Nf = Zn: B}*

i=1
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Semantics of this double extension

» Let N7 be the random process giving the number of processes
in state s € S w.r.t. time :

n
V-8
i=1
» The semantics is defined as the expectation of N}

VseS  E[NS]
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L Semantics of this double extension

15t example : independent processes

Let P be the parallel product of identical independent processes
with k states {si,...,sk} :

P = (S [my]|l...||S*[m])

» Evolution of the probability of one sequential process :
dp(t) _
dt
Q : infinitesimal generator. 7 : initial distribution.

» Evolution of the expectation of the number of processes :
d(E[N], - . ., E[N])

dt
(E[NY], ..., E[N:¥]) = (ma, ..., mk)

p(t)Q  p(0)=m

— (E[N9],...,E[N¥]).Q
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L Semantics of this double extension

2" example : dependent processes

Let P be the PEPA model of
two processes, X1 and X2 :

A Z (a,r)A

Xl
A E (7,1).A

def
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L Semantics of this double extension

2" example : dependent processes

Let P be the PEPA model of
two processes, X1 and X2 :

A Z (a,r)A

Xl
A E (7,1).A

B £ (a,r,).B
B £ (r,rg).B

with the following root term :

X2 .

P=AB

[e3
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L Semantics of this double extension

2" example : dependent processes

Let P be the PEPA model of
two processes, X1 and X2 :

! A Z:‘*f (v, o). A

A
B £ (a,r,).B
B, = (T,rB).B

X2

with the following root term :

P=AxB

[e3
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» Expectations of the number of components in each state :
E[Nf] = P(X{=A) E[NF] =
E[NA] P(X! = A)
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E[N?] = P(XZ =8
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LSemantics of this double extension

2" example : dependent processes

» Expectations of the number of components in each state :

E[N{] = P(X{=A) EN’] = P(X?=B)
EINY] = P(XI=A)  E[NF] = B(X2=B)
» The following ODEs describe these expectations :
dE[N{
c[ltt] = —ryxP(X; = ADQB)+rA x E[N{]
E[NA :
d Ltt I _ o X P(Xe = A 11 B) — ra x E[N{']
B
dEC[/'lYf] = —r,xP(X; = ADQB)+erE[NB]
dE[NF]

S = X P(X = A 5 B) — rg x E[XZ]
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LSemantics of this double extension

2" example : dependent processes

» Expectations of the number of components in each state :

ENY] = P(X!=A)  E[NF] = P(XZ2=8B)
ENY] = B(XI=A)  ENF] = P(X?=B)
» The following ODEs describe these expectations :
dE[NA : ’
Ltt] — _raxp(Xt:ADQB)+rAXE[N?]
B[N ’
d Eltt L X P(Xe = A B) = ra x E[NA]
B
dE&It] = —ra X P(X, = A B) + 15 x E[N5']
E[NE' ’
d[dtt] — raxp(xt:AD%B)—rst[XF]

0
» We cannot get rid of P(X; = A g B).

o
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Conclusion

» In the majority of interesting models, this semantics cannot be
reduced as a small set of ODEs.

» Work to do :

1. to clarify when this semantics can be reduced as a small set of
ODEs, when it cannot.

2. to see in which cases this semantics can be approximated by a
small set of ODEs. Maybe when the number of processes
grows the previous semantics becomes a good approximation
of this one?
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