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What i1s a Network?

Nodes

Edges (Links)
Directed
Undirected

Degree

Degree Distribution

Real world examples of
networks include the
power grid, LASER
networks, facebook and
the brain
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General Equation Under Assumptions (Identical
N oscillators, with i(_jentical coupling
x.i _ fz (xz) 4 O'ZAi,jhi (ZEz‘, xj) | functions)
j=1 IZF(SE)-O’L@E%E
ceR,z; e R, A e RV oceR,ze R
. PmMm m . T2m m
f R"—R" h:R™—R LERNXN,EERmxm

After linearization

(p = [DF + oM E] - G



Master Stability function

We can now define the Master
Stability Function (MSF)

(s = [DF + (a +iB)E] - ¢

Now performing search over a
and (3, while calculating the
largest Lyapunov exponent (in
this case in a chaotic Rossler
system)
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M= x1(0),...2n(0)|z1(t) = 22(t) = ... 2zn(t) € A
QM) =21(0),...2x(0)|z1(t) ... 2N () > M, ast — ¢
SQM)NQ = V&ﬂﬁﬁgﬁ” € [0,1]

The Concept of Basin Stability:
Draw initial conditions from a box and
see how many synchronize.
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V:D—R
Vecl!
V(0)=0

V(ir) >0e D -0
V<0eD-0
V=0atz=0

If the above conditions are
met, then x=0 s
asymptotically stable
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A single node perturbation: The system starts on a synchronous trajectory, but a single
node is perturbed away from the synchronous trajectory.




state x(t)

Desynchronization
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Assuming a Lyapunov function exists, we can map the system equations to a lower
dimensional system

N
z; = f(x;) + UZAi,jh(x%xj) ~

1, %2) = [f(y1) + auh(y1,92), f(y2) + Bih(y2, y1)]

N
i =0) Aij B =04,

g=1
0
o ®

- -
i -
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For Chaotic systems, specifically the Rossler system, we have discovered that in the
high coupling region, the ROM must be expanded

Y1 =Fy) + enh(yi, y2) k is determined by
Yo = f(y2) + B1h(y2,y1) + ash(ys,y3)  the breadth first

search from the

93 — f(y:%) + 52h(y3, yz) + Ozgh(yg, y4) perturbed node

Yk = f(yk) + Br—1h(Yk, Yr—1)

a Oli1 a
O ® 90 O O
”
-~ o £ € _
S g ‘\ -’ ‘\ -~
,,,,,,,
,,,,,,,,
~~~~~~~~~~~~~~



Confirming the ROM AL
Fixed POint S 2 Stem SEthT.S&S{.ie:BS

The Cubic oscillator

system has a stable fixed ) = ri(12 — 1
point at x = O (for a single f( Z) Z( )

oscillator).
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e [0,1]

R — Rusk,

P — Set of perturbations away from synchrony



Confirming the ROM AL
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Confirming the ROM AL
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Rossler ROM
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» Given a perturbation size, how likely is a
desynchronizing perturbation to occur?

 How does increasing the number of
nodes perturb relate to the risk of
desynchronization?

 How does the degree of the node relate
to the risk of desynchronization?



Risk and the size of the  gisson
erturbation T
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1.0,

The magnitude of
the perturbation is
an important factor
In if the system 0.8}
desynchronizes. A
large magnitude
perturbation almost 0.6}
certainly
desynchronizes the
system, while a
small magnitude
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Scale Free High Coupling Scale Free Low Coupling

0.7 < Network |
0.6 —— ROM
0.5

% 0.4

o
0.3
0.2
0.1

' - 0.0 : L X
50 100 150 200 50 100 150 200

Node Degree

High degree nodes are not necessarily at
the least risk of desynchronization!
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Deep brain stimulation (Treatment
for Parkinson’s disease)
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In the power grid, synchronization is
desirable and thus decisions on
where power lines are added (or
perhaps even removed) could be
aided
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* Expanding proof of the ROM to limit cycle and
chaotic dynamics

* Applying the ROM to more real-world systems, such
as the Hodgkin-Huxley model

* Implement the ROM to systems with non-identical
oscillators, such as the Kuromoto model.
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| wish to thank my advisor Professor Jie Sun
Thank you for you time!
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