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Introduction

= \WWave oscillations in coupled networks find
themselves in different biological
environments

= EX: Brain Wave Activity, Calcium deposits
on frog oocyte surfaces

= Osclillations can be captured on
electroencephalograms (EEGS)




Wave Rotation in EEGS

(X—EEG: rotating waves
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Mathematical Backgrounad

= \\Neakly-coupled limit cycle escillators
rleduced to scalar eqguations

= Viust Prove to analyze data




Research Goals

= Osclllators tend toward synchronous
moevement

" To create a model that has non-
Synchrenous solutions

= 0 determine how: eften these non-
Synchreneus; selutiens, eccur in difiernng
moedels (n=20 and n=64 esclillators)




Dodecahedron: A Simple Model

= |s a good model to start with:
= 20 points evenly distributed on surface
= Exactly 3 neighbors for each of the vertices
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Dodecahedron: A Simple Model

Xx1p=c+H(x8-x1)+H(x5-x1)+H(x2-x1)

x1'=-x1
x2'=C+H(X10-x2)+H(X3-x2)+H(x1-x2)-x1p
X3'=C+H(x12-x3)+H(x4-x3)+H(x2-x3)-X1p _
x4'=c+H(x14-x4)+H(x5-x4)+H(x3-x4)-x1p H(x)=sin(x)
X5'=c+H(X6-x5)+H(x4-x5)+H(x1-x5)-x1p
X6'=C+H(X15-x6)+H(X7-x6)+H(x5-X6)-x1p
XT'=C+H(XL7-X7)+H(X8-x7)+H(x6-X7)-Xx1p
X8'=c+H(X9-x8)+H(Xx7-x8)+H(x1-x8)-x1p
X9'=c+H(x18-x9)+H(x10-x9)+H(x8-x9)-x1p
x10'=c+H(x11-x10)+H(x9-x10)+H(x2-x10)-x1p
x11=c+H(x19-x11)+H(x12-x11)+H(x10-x11)-x1p
x12'=c+H(x13-x12)+H(x11-x12)+H(x3-x12)-x1p
x13'=c+H(x20-x13)+H(x14-x13)+H(x12-x13)-x1p
x14'=c+H(x15-x14)+H(x13-x14)+H(x4-x14)-x1p
x15=c+H(x16-x15)+H(x14-x15)+H(x6-x15)-x1p
x16=c+H(%20-x16)+H(Xx17-x16)+H(x15-x16)-x1p
X17'=Cc+H(X18-x17)+H(X16-x17)+H(X7-x17)-Xx1p
X18'=Cc+H(x19-x18)+H(XxL17-x18)+H(x9-x18)-x1p
X19'=c+H(%x20-x19)+H(x18-x19)+H(x11-x19)-x1p
x20'=c+H(x19-x20)+H(x16-x20)+H(Xx13-x20)-x1p




Dodecahedron: A Simple Model

= Theorem: (from an earlier Ermentrout paper):

= | et H(Xx) be an odd periodic function:
= H(x+2*p1) =H(X)
= H(-x) = -H(X)
= |f these functions are weakly coupled in a network,
then there exists a real world solution: te this function
that Is asymptotically stable
= S0 Ifwe use this model, we know! there exist
AoN-synchnenized asympiotically stable

solutions







N=64 Model

= Pifficult to evenly distribute 64 points
about a sphere

= Neill Sleane-algonthm; fer finding
coordinates, of evenly distributed points on
Sphere’s surface

= C program created: to find a neighhoerhoed
of fixed radius areund each point

= Generated connection matmix (5-7
ReIghners)




Results

= Our goeal was to find out If: nen-
synchroenous solutions exist, and If so, how
often they occur

" [or the Dodecahedron Model, ~2% of the
time non-synchronous selutions

= Eor the n=64 osclllater medel, =10% of the
lime NeR-Synchrenous selutiens




Results (cont.)
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Synchrenous vs. Non-synchrenous
VMiovement




Conclusions

= \We found a successful model that
produced non-synchronoeus selutions

= \\/e have an Idea of how often these
solutions occur for two different models




Future Work

Future research on this topic can focus on:

Observing higher numbers of n oscillators on the
sphere’s surface

Utilizing different periodic functions other than sin(x)

Placing not only oscillators but excitable or other active
elements

Altering the connectivity of networks to see If this affects
the probability of synchronization

Addition of long range connections with delays to see its
effect (Connections common in the brain)
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TFhank you.

Any Questions?




