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Outline of the talk

1. Definition of Hybrid control system
2. Sketch of classical PMP
3. Hybrid Maximum Principle
4. Example
5. Numerical methods via HMP
6. Extensions etc.

1. Definition of HCS 1. Definition of HCS

2. Pontryagin Maximum Principle

Needle variations

2. Pontryagin Maximum Principle



2. Pontryagin Maximum Principle 3. Hybrid Maximum Principle

3 Hybrid Maximum Principle

1. Adjoint covectors: one for each location.

2. Switching conditions.

3. Maximized Hamiltonian values are preserved.

4. Example: car with gears

4. Example: car with gears 5. Numerics via HMP



5. Numerics via HMP 5. Numerics via HMP

5. Numerics via HMP 6. Hybrid Necessary Principle

1. If (H) does not hold, then needle variations are not prolongable
after location switchings.
2. New admissible variations must be introduced, varying controls
after location switchings.
3. Necessary conditions are no more expressed in term of a
maximization condition.

6. Open problems

3. Improve numerical schemes

1. Use HMP sistematically in various 
applications

2. Apply HNP with specific variations

Hybrid optimal control

Benedetto Piccoli

Istituto per le Applicazioni del Calcolo “Mauro Picone” – CNR –
Roma

Joint work with A. Amadori, C. D’Apice, 
M. Garavello, R. Manzo 


