

https://github.com/springer-math/Dynamical-Systems-with-Applications-using-MATLAB
https://epubs.siam.org/doi/book/10.1137/1.9780898719147
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From discrete to continuous dynamical systems, finite differences.

. Existence & uniqueness of ODE solutions: when do solutions of an ODE

form a dynamical system?

Examples of ODE-based dynamical systems: intracellular drug delivery,
epidemiological model, population growth model.

Numerical solutions to ODEs: Euler methods.

Lab — Numerical solution of ODEs using Euler methods in MATLAB
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Autonomous equations in 1D: stable, unstable, and semistable equilibria.
Linear system, nonlinear system, linearization and stability.

Phase portrait, typical bifurcations, and hysteresis.

Examples: Overdamped pendulum, Insect Outbreak model, Population
growth model, Chemical kinetics, Epidemical model (reduced Kermack
and McKendrick SIR model).

Lab — Numerically simulate and analyze the pendulum equation and chemical
Kinetics. Finding threshold parameter values for epidemic to occur in SIR model,
calculating bifurcation curves in insect outbreak model.
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Fixed points: classification and linear stability.

Introduction to solutions of linear and almost linear 2x2 systems.

Example of 2D system: Lotka-Voltera, competing, cooperating species.
Example of 3D system: SIR model.

Selected bifurcations in 2D systems.

Limit cycles and nonlinear oscillations. Chemical kinetics (Brusselator and
glycolytic oscillation). Supercritical and subcritical Hopf bifurcation.

Lab — Bifurcation curves for SIR model with MATLAB. Hopf bifurcation values
of parameters in model of competing species, using MATLAB.
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Introduction to probability space and random variables.

Stochastic differential equations and numerical integration (Euler-

Maruyama scheme).
Examples: random Lotka-Voltera, Langevin dynamics for bacterial

suspension model.

Lab — Lattice model of cell tissue growth with random orientation. Langevin
dynamics for interacting bacteria.
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. Interacting species: competing species & predator-prey. Source: [Lynch:

Chapter 10]. Material: Dynamical System on planes, Linear analysis, and
Limit cycles.

Oscillating chemical reactions: chemical kinetics, Brusselator, BZ reaction.
Source: [Strogatz: Chapter 8.3]. Material: Limit cycles, Bifurcations in 2D.

. Pendulum mechanical oscillations: undamped and damped, phase portrait,

coupled pendula. Material: 2D dynamics, chaos in 3D.

Epidemiological models: SIR and others, coefficient R2. Source: [Ellner:
Chapter 6].

Neural Networks & Machine Learning. Source: [Lynch: Chapter 18].
Biological oscillators and Synchronization: Kuramoto model. [wiki]
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