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Well-posed linear time invariant 
control systems
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Some notation 
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Admissible control operators



Reachable space and controllability
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Definition and first properties
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Controllability types
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A classical example 
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Null controllability and reachable space 
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Some remarks about HUM
(Hilbert Uniqueness Method)
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A classical result (Douglas, 1966)  
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The controllability Gramian  
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Basic HUM Method in Two Lines  
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HUM and the reachable space  
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The reachable space for the 
constant coefficients heat equation. 
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The heat equation on the half line (Dirichlet) 
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A “typically infinite dimensional” example 
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The heat equation on an interval  
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“Classical” results 
πD
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Hilbert spaces of analytic functions
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Recent results (I): notation
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Recent results (II): 
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Proof of Proposition 1 (I)
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Several space dimensions



Robustness of the reachable space 
with respect to 

perturbations of the generator
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Perturbations of the generator
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Main results (Ervedoza, Le Balch’, MT, JFA, 2022)
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Main ingredient of the proof 
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Idea of the proof  (1) 
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Idea of the proof (2) 



Applications to 
the perturbed heat equation



1D heat equation with Neumann boundary control
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Known result

πD
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First application: small potentials
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Non local perturbations (inspired by [Cara and Zuazua, 2016])
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Reachability with smooth inputs (nonlinear perturbations) 



Concluding remarks
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Connections with the control cost
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Questions to be studied

• Linear heat equations in several space dimensions

• Internal control

• Nonlinear heat equations (viscous Burgers,…)

• Other PDEs (Stokes, …)
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