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time = 0.01

Internet




Reaction

Autocatalysis
(positive feedback)

Inhibition
(neguhve feedback)

Actlvator -
—>

Catalysis
(positive feedback)

4

Diffusion

WWW.uhamur.be

\

u(x, y, t): Amount of activator
af time t and position (x,y)

v(x, y, t): Amount of inhibitor
af time t and position (x,y)

% = f(u,v) + Dy, V?u
% = g(u,v) + Dy Vv
(z,y) €

+ houndary conditions
+ initial condition
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u(z, y, t): Amount of activator
af time t and position (xy)

Reaction
oo v(z, y, t): Amount of inhibitor

Inhibition af time t and position (x,y)

(negative feedback)

' e 0 2
o E— G [ (%00 DT
Catalysi
(positi\(:eufZ::isbuck) % =g ('u/, 'U) + D’U V2’U

i (z,y) € O
f + boundary conditions
Diffusion + initial condition

Diffusion can drive an instability by perturbing a homogeneous stable
fixed point. Hence as the perturbation grows, non linearities enter into the j‘
|game yielding an asymptotic, spatially inhomogeneous, steady state
(stationary pattern). d

e —————
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| A.M.Turing, The chemical basis of morphogenesis, Phil. Trans. R Soc London B, 237, (195
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metapopulation model
-= macro scale

.

world ﬂlghts mup Metapopulation models
e.g. in the framework of ecology:

Reactions occur at each node. ~ May R., Will o large complex system be
Diffusion occurs across edges. 1 ore 238 pe 415, 19721

Patterns : sets of nodes whose asymptohc state is far from the
I homogeneous eqU|I|br|um *

— _ e —_—
| Nakao H and Mikhailov A S., Turing pqﬂerns in network orgcmlzed activator- )|

mhlbltor systems, Nat Phys 6 Pp. 544 (2010)
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Social networks

layers=different social networks | | ™
nodes=same agent in each SN | S|
| e
| | Transportation networks |
| layers=different modalities |
| | nodes=same spatial location (
| ,
| {
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udiucency matrix of

layer K degree of ith note

j in layer K | _
’ b The same €2 nodes are present in each layer

Laplacian matrix of
layer K

D;; , inter-ayer diffusion coefficient

D.?, intra-layer diffusion coefficient

) K K 12 (. K41 K\
K K 12 (. K+1 K
- L,,;j v; + D, (vi — v, )
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. . K K\ _ (r
1) Determine an homogeneous solution (u; ,v; ) = (&

(assumed fo be stable when D} = D} = D2 =0
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2) Linearize around this solution

ut =14+ ou; 5?,} _ Su
UK:?AJ—I—(SUJK OV N OV

J

7 _ fulog + L, + DT foloq
guIZQ gUIQQ + ﬁv -+ D%QI

g Sﬁpru-Lupluciun matrix W
i _ . R
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3) Study the spectrum of

7 fulo + L, + D*T Jfoloq
guIQQ QUIQQ + [,,U -+ D$2I

to defermine the existence of eigenvalues such that
RA(D,%,, Dy ) > 0

U,V

Very hard for generic topologies
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Assume D}* =e<<1 D}* =0

j: ( fuIQQ £u vaQQ >_|_€( gg Ll 0 )

guIQQ ngQQ + Ev
- j() —+ GDQ

Perturbative approach to compute the spectrum
AT (¢) = AT 4 e(UgDo Vo)

™. 1T kmnfr

+ O(€*)

Ay = max A\g (e = 0) kmaz = argmax g (e = 0)

NAXYS
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1.002

time = 0.01
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1) The complementary case - large intra-layer diffusion - can be handled
as well

2) The completely degenerate case - same network on all layers -
can be handled using Cartesian product networks
(see talk Friday morning D.M. Busiello)

10

nG=8
5

0 L
0 200 400
n.=
- 0

-1 - ' ' ' ' ' '
0 9 -8 7 6 -5 -4 3 2 - 0

XS

50 100 150 4




Mat % ~ |
ol i
ok et i JI

e ‘ g pet?

_ F\ Fis
e N T

University of Palermo - Seplember 28 - October 2, 2015 - Conference Chairs: Ezio Puppin (CNISM) - Corrado Spinella (CNR)

Timoteo Carletti

5

Systems UNIVERSITE
DE NAMUR

Www.unamur.be timoteo.carletti@unamur.be NAAUS

Namur Center for Complex

NaXy




