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o z~ z;l := #(zf), zf solves approximately ATy = ¢

Computable error estimates
k

o J(u—up)~ rh(u,’j)(z;r - z,’f) + rh(u,’;)(zk) =18k + NA K

Numerical computations

@ primal problem: Ax = b, approximations x, < uﬁ
o dual problem: ATy = ¢, approximations y <> zf

@ advantageous to solve both systems simultaneously
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BiCG iterative solver

@ simultaneous computation of approximations xx and y,

@ cheap evaluation of an approximation of J(up) =: £ =~ &

@ cheap estimate of |£ — &x| ~ (a k., dual counterpart 3 ,

| A\

Stopping criterion

o min(nakMik) Sw &  min(Caks (R i) Sw
o efficient and robust for hp-anisotropic mesh adaptation

\
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@ primal problem: ap(up, op) =0 Ypp € Vy

o dual problem: a}[up](¥h, zn) =

J'[un](¥n)  Vibn € Vi

v

Solution of primal problem

Newton method: v/t = u? + df,

o F(up) = an(up, -
© DF(up) := aj[up]
o B(up) == J[up](-
@ dual problem: DF

)
("')
)
(

up)' zp = B(up)

DF (up)dy = —F(up)
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Extension to nonlinear problem

@ primal problem: ap(up, op) =0 Ypp € Vy
o dual problem: a}[up](Vn, zn) = S [un](¥n)  Von € Vi

| \

Solution of primal problem
o Newton method: uf*! = u? +df, DF(ul)d} = —F(u})
o F(up) = an(up, -)
© DF(up) == aj[up](
o B(up) == J[up](-)
o dual problem: DF(uf)"z, = B(u})

.,.)

BiCG method looks promising
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BiCG method looks promising

@ stopping criteria for inner and outer iterations
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Extension to nonlinear problem

@ primal problem: ap(up, op) =0 Ypp € Vy
o dual problem: a}[up](Vn, zn) = S [un](¥n)  Von € Vi

Solution of primal problem

| \

o Newton method: uf*! = u? +df, DF(ul)d} = —F(u})
o F(up):= an(up, -)
o DF(up) := a,[up](
o B(up) = J'[up](-

@ dual problem: DF

.,.)

)
(

up) zn = B(up)

| 5\

BiCG method looks promising

@ stopping criteria for inner and outer iterations

@ other aspects
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Error estimates are not guaranteed

o J(u—up) = ra(up)(z, — zy) + m(uy)(zy) = 15,k + Nk
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Guaranteed error estimates — idea

@ primal & dual solutions: up, z, € V}
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Error estimates are not guaranteed

o J(u—uy) = r(ug)(zy — 25) + ra(up)(2) = sk + Nk
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Plan within project: Task 1.2 (with Ondra Bartog)

Error estimates are not guaranteed

o J(u—uf) =~ ra(uf)(z — z£) + rm(uf)(ZF) = ns .k + 1Ak

v

Guaranteed error estimates — idea

@ primal & dual solutions: up, zy € Vp

e primal & dual solutions: u}",z;” € V,©  (globally px + 1)
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Estimation of the higher-order term 7jg
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Estimation of the higher-order term 7jg

o fis = r(uy)(z = zy) < |Ju—uf |l gllz = 2|
o standard (energetic) estimates of ||u — u}f ||z and ||z — z7 ||
@ flux reconstructions (Vohralik, Papez,. . .)

@ these estimates don't need to be accurate
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