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Background

What is a pulsed coupled oscillator?

® Oscillators evolve independently of one another, except
when one oscillator reaches a threshold level

® Natural models for both biological and mechanical systems
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https://docs.google.com/file/d/1zYDAk-3B-W4nCf1g74_W1D4M28cbBDAm/preview

Introduction to Computational Neuroscience

Background on Neurons

® Surrounded by dissolved ions, which
produce a membrane potential

® Excitable, generating action potentials or
brief surges in the membrane potential

® When a neuron generates an action
potential, the neuron fires or spikes
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Motivation from Computational Neuroscience

® Model oscillations in neural networks as pulsed coupled oscillators

¢ Simplest form of brain network behavior



Integrate and Fire Model
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Types of Coupling

All-to-all coupling Neighboring coupling
All-to-all coupling allows us to write:
X;=a—x;+Ks §=a(—s+ D) b=—ab

in between spikes S+ 2as + azs = ()
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Cell 3 Action Potential x3

Cell 3 Action Potential x4

Types of Dynamical Solutions (3 Cells)
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Cluster Synchrony Solution
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Cell 3 Action Potential z3

Splay State Solution
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Dynamical Solutions for Three Cells
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Dynamical Solutions for Three Cells
K =-0.1, a=1.84
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Dynamical Solutions for Three Cells
K =0.1, a=1.84

a = L0l
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Dynamical Solutions for Three Cells

Cell 3 Action Potential
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Preliminary Analytical Results

Cell 1 Fires Cell 1 Fires Cell 1 Fires Cell 1 Fires

Cell 2 Fires Cell 2 Fires Cell 2 Fires Cell 2 Fires

+—> < > < > < >

¢ ¢ ¢ ¢

Parameterize current time as a
function of the period: t =0T
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Preliminary Analytical Results cont.

searching for roots of G(¢) :

® Search for bifurcation points

® Examine stability
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Future Work

® Extend analytical results to three-cell systems

Cell 1 Fires Cell 1 Fires Cell 1 Fires Cell 1 Fires
Cols Fives Cell 3 Fires Cell 3 Fires ok di .
Cell 2 Fires Cell 2 Fires Cell 2 Fires Cell 2 Fires
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® Potentially extend the analytical results to even higher-order systems

® Develop the analytical equation for Poincar¢ map

® Characterize the stability of different dynamical solutions
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