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Minimum-energy network control

network adjacency matrix  input matrix
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e y(t) = Cx(t)
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output matrix
y)

Task

Steer the network from y(0) = 0 to y(T) = yr with minimum energy
I

'

v (t) = BT(ANYT1CT Wty t=0,1,..., T —1
—1

.
Wr =S CA'BB'(A")'C' = T-steps output controllability Gramian
t=0

>

[ imitations

e u”(t) requires exact knowledge of the network adjacency matrix

e u*(t) numerically unreliable and expensive for large networks
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Data-driven minimum-energy network control
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Learning minimum-energy controls from data
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Data-driven network control with noisy data
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Wj i.id. E[W;] =0, E[W?] = o7 Vi iid. E[V;] =0, E[V]] = o,

O @ @ — Typically biased and not asymptotically correct

l Correction step
YT = YT(YYT — No? )t
bt OG0T — No2 1y

——p Asymptotically correct

Data-Driven Optimal Control of Complex Networks

Numerical performance

----- Model-based — ﬂ — 9 — Q

n = network size, m = # control nodes, p = # output nodes

n=p=50, m=7, T =10 (average over 100 realizations)
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Take-home message

Minimum-energy network controls can be computed directly from
non-optimal and noisy data via closed-form expressions that are
numerically more reliable and cheaper than model-based ones

Future work

e Nonasymptotic error bounds? e Robustness to attacks?

e Network classification from data-driven control metrics?

G. Baggio, V. Katewa, F. Pasqualetti, “Data-Driven Minimum-Energy Controls
for Linear Systems"”, IEEE Control Systems Letters, 3(3), pp. 589-594, 2019.
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