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Connected research fields

Dynamical systems
theory

T Numerical analysis
and

software tools
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P.S. de Laplace (1749-1827)

We may regard the present state of the universe as
¢ effect of its past and the cause of its future. An
jntellect which at a certain moment would know all
forces that set nature in motion, and all positions of

all items of which nature is composed, if this
intellect were also vast enough to submit these data
to analysis, it would embrace in a single formula

the movements of the greatest bodies of the
iuniverse and those of the tiniest atom; for such an

intellect nothing would be uncertain and the future

* _just like the past would be present before its eyes.

! de Laplace, A Philosophical Essay on Probabilities
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( dx;lt(t) = filxi(8),x2(), ..., x0(2), 01, 2, . .., p)
dlet(t) = folxi (1), x2(1), ..., x4(2), 01, 2, ..., p)
dx;ff) = fo(xi(8),x2(), ..., x0(2), 01, 2, . . )
or
> » o
X2 an
T )'CZf(x,oz), X = : eR", a= : c RP
AN . K
fh' ¢'(x(0)) == x(1) p
] X = x(?
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Bernoulli system
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J.H. Poincaré (1854-1912)
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Limit cycle
* ., Homoclinic tangle
ﬁ\' Bifurcation
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Andronov-Hopf bifurcation in Brusselator
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xl = —xZ —_ x3 10
X2 = x1+Ax
x3 = Bx; — Cxz—+ x1x3

xz *

2 A=036
T B—04
C=04

f}

o=
- UN IVERSITY OF TWENTE Exploring Borders of Chaos January 10th, 2013 11/28




Complexity of dynamical systems

Most differential equations admit neither exact analytic solution nor a
reasonably complete qualitative analysis.

V.I. Arnold, Geometrical Methods in the Theory of Ordinary

T 2 Differential Equations
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,_.‘-‘k Kuznetsov, De Feo & Rinaldi [2001]
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Overview

Numerical bifurcation analysis
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Normal forms for oscillatory instability

» Andronov-Hopf bifurcation:
X1 = ax;—x+Lx (x% —|—x%)
o= x+axy+ hxo(d +x3)

or _
p = pla+hp®)
0 = 1
> » Bautin bifurcation:
T o= agxy —x2 + aoxi (8 + x3) + by (32 + x3)?
X = x1+ax+ azxz(x% + x%) + lzxz(x% + x%)2
or

™

{p = plar + azp* + Lp*)
0 = 1
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Bautin bifurcation diagram (/; < 0)

o @ ) on
) w4,

0 o
(D, H
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Continuation of equilibria in x = f(x, @)

F(U)=0, F:R"! »R"

where

U= (x, @),
T F(U) =f(x,a)
™
4
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Continuation of folds

flx,a) = 0
felx,a)y =0
wv)y—1 = 0

-
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Generation I: LOCBIF (1991-1993)
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Generation II: CONTENT (1993-1998)

g Content 15 5 2D grahic
Select Window Type Compute Options Help. ‘ Compute Window Attributes Mouse Help
Class  ODEs Abscissa T . Ordinate o ok
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Fointtype Hopt a6
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21 K 0.1631020¢ MaxStepsize ! ka 20
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Generation III: MATCONT (2000- )

[ rrT— JRTE =l
| Select Compute Window Type Options Hebp Fle Edt Vew Insert Toos Desktop Window Help Atrbutes Plot ~
llcass ooE \w.emwmﬂcwmamsmﬁﬂé‘ NEEHEEEEE
System Koper
Curve LP_LP(2) 2
Eﬁ\rcte%):e tg 624000, 3.572517e4001
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Duration 0.7 secs -
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y 226951 K 16589138 e
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Jacobian Data cP 063152739 MaxCorriters 10
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v . Cusp point lyes - Im[1] 0 Adapt 3
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Overview

> Bifurcations in Neuroscience
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dv ;
ov O*v e
o W—f(v)—w dg
! X =< — = cut+f(v)+w
oW d¢
o~ PV=oW) aw _ b (v — yw)
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Bifurcations of neural field models

aVétt;x) = —()4‘/([7_x)—|-/;2 W(x,x/)f <V ([ - |_x — x/| ’x/>> dx,

Andronov-Hopf bifurcation:
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V.I. Arnold (1937-2010)
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Supervised PhD Thesis

T ifurcations in smooth and piecewi h dynamical systems:

: pai
FebioDellaRossa new theoretical results and applications

Ecological imiplications'of olo

Bifurcations of maps: numerical algorithms and applications Reza Khoshsiar Ghaziani

- Averaged Behaviour of Nonconservative Coupled Oscillators Taoufik Bakri

Codimension 2 Bifurcations of Iterated Maps H.G.E. Meijer 2006

Bart Sautois - Dynamical Systems and their Applications in Neuroscience
Annick Dhooge - MATCONT: MATLAB SOFTWARE FOR BIFURCATIONS OF DYNAMICAL SYSTEMS
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