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" Every experiment is described by some (semilinear) form
A(g,u)(T =0 Z7' [eg. Alq,u)(T )=(ges u, T )B(f,7 )]

 All experiments depend on a common set q of possibly distributed
parameters (density, elasticity, ...)

* Goal: have efficient tools to identify g from all these measurements



" (. Parameter

" U: state variables

" M: mapping state space --> measurement space

* m(.): misfit functional (e.g. a norm on the measurement space)
" 2: measurements for the i-th experiment

~ A()(): semilinear form describing state equation i

" S: relative weights of experiments



e.g. (for Laplace problem): \
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Derivation: Exact and numerical solution (for fixed grid) satisfy

4

« L(x)(y)= 0 Z ygX, « L(x)(y)=0 ZygX,

with Lagrangian L(x) := J(x)A A(q,u)(U)
At solution, state equation is satisfied:

1

J(x)BJI(x,) = L(x)BL(x,) = € ,L(xAse)(e)ds



For this particular

problem:

J(x)BI(x,) = %

AR

(E (4,,0BU,), A jump term

A(ag,uBu ) Ajump term
A(a,qBa,),




J(x)BJI(x,) = %(]EK (4,UBU ) A jump term
A(ag,uBu ) Ajump term
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Error estimate provides us with
" An error estimate

" Refinement indicators for each cell of
- the meshes for each state equation
- the mesn used In the discretization of the parameters



Estimates accurate if exact solution is smooth:

" Cheap;
Efficient refinement criterion;

Estimates used as stopping criterion: if J.) below noise then stop



Compare our estimator with ad-hoc refinement criteria:
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Recovered coefficient a

Exact displacement u



Test case 1
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Exact displacement u Recovered coefficient a
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Free (earth) surface: Neumann boundary conditions

Sources along one well (Dirichlet)
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experiments




After 20 Newton steps, After 25 Newton steps, After 30 Newton steps,
235 parameters 1290 parameters 6016 parameters



Estimated error astonishingly close to true error, so can
be used as a stopping criterion: when error drops below
noise level, then stop!



Since continuous and discrete solutions satisfy stationarity of L:

E(X)BE(x,) = E(PBE(D) = €« ,E(PAss)(e,)ds

= L. E(p)(e)als E(P)(e)AR = I+ E(p)(PBI P)AR
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asS expensve as a 1u on step.

|dea: Solve Gauss-Newton system instead:
. iL(x)(.,.) = H,(X)(,-)AH,(X)(.,.)

o

H,(x)(xy) = Bes E(X)(y) ZYy

Then estimate assumes the form

E(x)B E(x,) = i LE(P)(PB 1 P)AH,(x)(xeAR



"~ Accuracy and numerical efficiency presently under investigation.
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Future:

* Test estimates for arbitrary parameters

" Techniques for the choice of the
regularization parameter

" Precondition Schur complement



