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Statistical model: Y = u?(X ) + "

Goal: estimate u? using

I Supervised learning: an i.i.d. training sample (Xi ;Yi )16i6n

I Physical modeling: a prior knowledge

Fk(u?; �) ’ 0; 1 6 k 6 M;

+ boundary/initial conditions for u?

I Neural networks

I Physics-Informed Neural Networks (PINNs)
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PINNsStatistics PDE 
models

Improve physical models with data
IMPERFECT/ INCOMPLETE MODELING

INTERPRETABILITY / EXTRAPOLATION

Physical consistency



5 / 38Example: Blood flow in an aneurysm



6 / 38Modeling the blood flow

[Arzani et al., 2021]

Goal: estimate the blood flow u = (ux ; uy ;P)

Navier-Stokes equations:
I F1(u; �) = ux@xux + uy@y ux � @2x;xux � @2y ;y ux + @xP

I F2(u; �) = ux@xuy + uy@y uy � @2x;xuy � @2y ;y uy + @y P

I F3(u; �) = @xux + @y uy

(Incomplete) boundary conditions:
I (ux ; uy ) = 0 on the boundaries of the vessel
I Unknown inflow and outflow



7 / 38Example: Heat transfer in uranium bundles
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