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Question – how to control outbreak of an epidemic?
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Propagation model

Red node k is infected; others nodes are susceptible.
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Propagation model and control

After linearizing around infection-free equilibrium, probability of infection
is:

dpi (t)

dt
= (1− pi (t))βi

n∑
j=1

aijpj (t) − δipi (t)

dp (t)

dt
= (BAG −D)p (t) − P (t)BAGp (t) 6 (BAG −D)p(t) (1)

Control an outbreak if

< [λ1 (BAG −D)] 6 −ε, (2)

for some ε > 0, the disease-free equilibrium (p∗ = 0) is globally
exponentially stable., i.e., ‖p (t)‖ 6 ‖p (0)‖K exp (−εt), for some K > 0.
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Cost functions

At node i, fi(βi) is cost to lower infection rate; gi(δi) is cost to to
increase recovery rate.
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Resource Allocation problems

Rate-constrained problem

minimize
{βi ,δi}

n
i=1

n∑
i=1

fi (βi) + gi (δi) (3)

subject to < [λ1 (diag (βi)AG − diag (δi))] 6 −ε, (4)

β
i
6 βi 6 βi, (5)

δi 6 δi 6 δi, i = 1, . . . ,n, (6)

What do solutions look like? Is centrality sufficient? Budget-constrained
problem?

maximize
ε,{βi ,δi}

n
i=1

ε (7)

subject to < [λ1 (diag (βi)AG − diag (δi))] 6 −ε, (8)
n∑

i=1

fi (βi) + gi (δi) 6 C, (9)

β
i
6 βi 6 βi, (10)

δi 6 δi 6 δi, i = 1, . . . ,n, (11)
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Cascades in Cyber-Physical Network & Challenges:

Networks of networks Other issues

I Reliability of measurements

I Intermittent information transfer

I Need for distributed computations

I Design CPN networks robust to
attacks?

Not necessarily static Dynamics not linear

dp (t)

dt
= (BAG −D)p (t)

I Existing paradigms for switched
systems don’t apply

I Add your questions to the list!
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Stop by my poster to see key contribution

I exact convex characterization of resource allocation
problem via Geometric Programming

I and chat :)
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