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A short story on power grid stability



The Iberian blackout

Wang, ANM, Motter.
Joule, accepted (2026).
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Data

Gridradar. Blackout – Iberian Peninsula (2025).

ENTSO-E. Grid Incident in Spain and Portugal 
on 28 April 2025. Tech. Rep. (2026).
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Part I: Disorder & Stability

Part II: Disorder & Computation



Complex systems perspective

www.complexity-explorables.org/ 
slides/ride-my-kuramotocycle/ 

Strogatz. Physica D (2000).

Rodrigues, et al. 
Physics Reports (2016).

Dorfler, Chertkov, Bullo. 
PNAS (2013).
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Disorder-promoted stability: condition?

ANM, Zanin, Motter. Under review (2026).

Given a network structure, 
what is the optimal 

parameter assignment
that maximizes stability ?
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*now the analysis is for disordered parameters, so that 𝑏𝑖~𝒩(𝜇, 𝜎2)

some weighted, directed, 
and possibly sparse network

ANM, Zanin, Motter. Under review (2026).
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*now the analysis is for disordered parameters, so that 𝑏𝑖~𝒩(𝜇, 𝜎2)

homogeneous 
optimal parameter 𝒃∗

is differentiable 
and a saddle point

ANM, Zanin, Motter. Under review (2026).
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Barioni, ANM, Motter. PRL (2025).

The framework: Coupled-laser arrays



Barioni, ANM, Motter. PRL (2025).

“disorder”

The framework: Coupled-laser arrays



ANM, Barioni, Duan, 
Motter. Nature 
Communications (2025).

The framework: Optimal flocking



The framework: Optimal flocking

Art by 
Camila Montanari



The framework: Neurocomputation

Hopfield network

oscillator Ising machine

stabilization
synchronization

computation
decision-making

vs
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Energy-based dynamical models

Hopfield network

ሶ𝜽 = gradient descent on the Ising Hamiltonian

Ising machine

ANM, Bullo, Krotov, Motter. ACC (2026).
Americal Control Conference (tutorial). 
arXiv:2604.05042
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Ising optimization problem

Ising Hamiltonian:

Ising optimization problem:
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global minimizer 𝒔∗



Ising optimization problem

???

2𝑁  possible 
solutions



Ising machines
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Wang, Roychowdhury. UCNC (2019). 

Oscillator Ising machine: 
(OIM)

Cheng, Khairul, Shukla, Lin. Chaos (2024). 
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Disordered oscillator Ising machines

Allibhoy, ANM, Pasqualetti, Motter.
Proc. IEEE CDC (2025).



Design principles for biased OIMs

Allibhoy, ANM, Pasqualetti, Motter.
Proc. IEEE CDC (2025).
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Ongoing simulations and experiments

Hopfield network

Sajib Bain

Abir Hasan

Malihe Farasat

Nikhil Shukla
UVA



Future research direction

Hopfield network

𝐷 =

𝑑1  
𝑑2  

⋱ 
𝑑𝑁
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