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Introduction and background requirements: Analysis, linear algebra and measure theory

Aim: This course is to explore foundational and advanced topics in nonlinear partial differ-
ential equations, optimal control, and mean field games. We will focus on generic regularity,
transversality, shock formation, and quantitative properties of solution sets in both analytical
and applied contexts.

Examination and grading: Oral presentation of a research paper

Course contents:
• Controlled scalar balance laws: Transversality theorem, generic regularity properties and

quantitative estimate on total number of shocks

• The Bolza problem: Existence of optimal solutions, Pontryagin’s Maximum Principle, and
a priori estimates

• Lipschitz continuity of generalized monotone operators and the ε-entropy of solution sets

• Necessary conditions for conjugate points and generic uniqueness for optimal solutions

• Sharp quantitative estimate for critical sets and zeroes of multivariable polynomials

• Generic properties of first order mean field games
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