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Objective 
• Verify existence and robustness of desirable equilibria in nonlinear infrastructure 

networks with uncertain inputs
• Develop algorithms for robust optimization and control of infrastructure networks 
• Study computational complexity and conservatism of developed approaches

Fragility of nonlinear systems under uncertainty 

Nonlinear 
system

Forecast for uncertain inputs Uncertainty in equilibrium

Solvability certificate 
In steady state, infrastructure networks can be modeled as 
parameterized quadratic equations

Theorem that constructs inner approximation of feasible set 
Can be used to verify existence of robust equilibrium

Quadratic in x, affine in u

Methodology
• Use computational topology theory and convex optimization to develop tractable 

sufficient conditions for existence of robust equilibria
• Test and refine the algorithms on uncertain power system test cases

Inner and outer approximation of feasible set

Objective 

Robust optimal 
solution

Inner 
approximation Outer 

approximation
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Numerical evaluation 

Algorithm can provide tight estimates of robustness 
margin for a given power system equilibrium

Inner and outer bounds on the robustness margin
of a 30 bus power system as a function of allowed 
deviation on physical state

Exact solvability certificate

Robust feasible set can be characterized precisely 
for distribution networks 

Future work
• Robust optimization algorithms for infrastructure 

networks
• Analyze interdependent infrastructure networks 

(gas-grid, transport-grid) with compositional 
certificates

• Scalable open source implementation
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