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Textbooks

e Nonlinear Dynamics and Chaos - Steven Strogatz
e Chaos in Dynamical Systems - Edward Ott
e Dynamical Systems in Neuroscience - Eugene M. Izhikevich

« Mathematical Foundations of Neuroscience - Bard Ermentrout and
David Terman

e Neuronal Dynamics - Gerstner, Kistler, Naud and Paninski



What is neuroscience?

Study of the nervous system
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What is a neuron?
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What is a neuron?
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What is a neuron?
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Relevant lengthscales
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Relevant timescales
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Different levels of abstraction

« Model detailed biochemistry and biophysics
e Model individual spikes
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Different levels of abstraction

« Model detailed biochemistry and biophysics
e Model individual spikes

40
S
. £
« Model binary neurons
s o
B e 2 55
70
S
+ .T_ _’ [ |
- fi
lissue on array local field potentials thresholded signals

Trial

0.00 02 04 06 08 1.0
Time (s)



Different levels of abstraction

e Neuron spiking can seem stochastic
» Poisson spiking model: neuron action potential spike distribution
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Different levels of abstraction

e Neuron spiking can seem stochastic

» Poisson spiking model: neuron action potential spike distribution
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Different levels of abstraction

e Neuron spiking can seem stochastic
» Poisson spiking model: neuron action potential spike distribution
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Different levels of abstraction

« Model detailed biochemistry and biophysics

e Model individual spikes

« Model binary neurons ~
« Model firing rate dynamics
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Dynamics of the circuits themselves

Neural plasticity modeled at various levels of abstraction
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Dynamics of the circuits themselves

Neural plasticity modeled at various levels of abstraction
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Timescales of plasticity

e STDP ~10 milliseconds

e BTSP ~1-10 seconds
 LTP, LTD ~ 1-1000 minutes

* Neurodevelopment ~ hours to months

 Evolutionary?






Nonlinear dynamical systems



Nonlinear dynamical systems

e Broad goal:
Understand and analyze nonlinear dynamics without solving the entire system



Nonlinear dynamical systems

e Broad goal:
Understand and analyze nonlinear dynamics without solving the entire system

E_o-(y_x)a

d
d—zzaz(p—z)—y,
%ﬂvy—ﬁz

W |co

0=10,p=28,and f =



Nonlinear dynamical systems

e Broad goal:
Understand and analyze nonlinear dynamics without solving the entire system

Lorenz Attractor: x(t) for two slightly different initial conditions
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Nonlinear dynamical systems

e Broad goal:
Understand and analyze nonlinear dynamics without solving the entire system

Lorenz Attractor (3D)
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Nonlinear dynamical systems

e Broad goal:
Understand and analyze nonlinear dynamics without solving the entire system

Lorenz Attractor (3D)

Edward Lorenz

d

& _ oty a),

d
d_:::x(p_z)_ya
%;’vy—ﬂz

W [co

0=10,p=28,and f =




Nonlinear dynamical systems

e Broad goal:
Understand and analyze nonlinear dynamics without solving the entire system

Lorenz Attractor (3D)
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