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Dynamical Systems

describe movement and change.

Φ : X × T → X

X: phase space (Rn, L2)
T : time (Z, R)

We would like to understand asymptotic behavior (t→ ±∞).

Invariant sets: A, where Φ(A, t) = A for all t ∈ T



3

Computational Considerations



3

Computational Considerations

1. high (or infinite) dimensional spaces do not fit easily into a computer



3

Computational Considerations

1. high (or infinite) dimensional spaces do not fit easily into a computer

2. sensitive dependence causes errors to blow-up in time



3

Computational Considerations

1. high (or infinite) dimensional spaces do not fit easily into a computer

2. sensitive dependence causes errors to blow-up in time

3. interpretation
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Goal:
Develop computational techniques to rigorously prove results
about the structure of specific nonlinear dynamical systems.

The Method

1. Reduce the system to one which is computationally -

friendly.(Galerkin projection, regularity, discretization)

2. Extract rigorous information from numerical computations on

finite dimensional systems. (GAIO, CHomP, Conley Index)

3. Lift the results of the finite dimensional computations to the full,

original system. (Conley Index, continuity, compactness)

balance computational costs with numerical precision
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Example: An Infinite Dimensional Map

The Kot-Schaffer growth-dispersal model for plants:

Φ : L2((−π, π),R) → L2((−π, π),R)

ψ 7→ Φ(ψ)
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Φ(ψ)(x) =
∫ π

−π

D(x, y)g[ψ](y)dy,

population: ψ ∈ L2((−π, π),R)

trajectory: {ψn|ψn+1 = Φ(ψn)}
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Sample Results:

1. A heteroclinic orbit connecting a fixed point to a period two orbit;

2. An invariant set with chaotic dynamics, i.e. with positive entropy;

3. A second complicated invariant set which is described in terms of

chaotic symbolic dynamics.
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Sample Results

Initial Simulations
b0 = 1, b1 = 0.99, b2 = 0.1, b3 = 0.025, bk = 2−k, k ≥ 3,

µ = 3.8, c0 = 0.8, c1 = −0.2 and ck = 0 for k > 1.
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Chaotic Symbolic Dynamics
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