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1. Challenge: when to stop iterating FEM solutions 2. Existing stopping criteria 3. Stopping criterion derived from residual
+ Consider the Poisson equation —V - (k(z)Vu(z)) = f(x) on Q. A commonly adopted stopping criterion |2, 3] The n-th component of the linear residual Is
_ k
= High-order finite elements discretization yields Ax = b. estimated algebraic error <« estimated total error (rk)n — ((/bna f) _ [;_ (H(%)ngn, Vuh)K'
c/n
= Using conjugate gradient (CG), obtain a sequence xg, xy, - - - , x;, to approximate the Error estimation for CG (algebraic error) [4] Integrating the last term by parts, we obtain
solution x. The associated residual isr,. = b — Ax;.
Choose the delay parameter d such that ||x — xp4||la < ||x — xi||A. (rk)n:ZKeﬁL (OnsTE) g — D pee (Dn, ),
= Under the energy norm,
. . Nalg = ||Xk+a — Xk A- — (Ry), +  (Fp),.
lu—uslle = lu—wlle =+ lun — wp||E
total error  discretizalion error algebraic rror = llx — x| A posteriori error estimation for FEM (total error) Introducing the weighted L, norm ||-||w relevant to k(x), we define the indicator
TIRF

Define the element residual, rg and the edge residual r; by

RF = [|Rllw + [|Fellw,
il = £ 4V (s2)Va) . ol = [(s()Vu) -] o = [ Rl + [y

10" ontimal * Wh?t 1S a-goc.)d . S with the associated stopping criterion:
~ P stopping criterion? = Residual a posteriori estimator [5]
v |rx|l < 107°(|xo| L . 2 I 2 h 2 (C1) (C3) el < 7rer.
= Maintaining solution accuracy IR = Z ,{KNz“TE"K T Z i N Il Talg < T TR For highly variable piecewise constant coefficients «(z), where the good pre-
10-3 | | = Terminating CG earlier KeTy tet conditioner is not available and CG converges slowly, we partition the domain
wastes 80 iterations! Robust to i N mes<h * Flux recovery-based estimator [6, 7] Reconstructing the numerical flux ok () into subdomains €2,, p =1, ..., P, based on the value of k(z).
u , , . . L .
" — distortion, and () by projecting #(x)Vuy(x) onto Hidiv) space. We propose a subdomain-based stopping criterion by restricting Ry, Fi, and
— ’ 2
107" || * = Cost-effective in computation MBDM = Z ‘|“(x)_1/2 (0K — ’f(x)v“]fi(x))‘ , (C2) nag < 7 msoMm. ry; 0 {2, , ;
0 =0 100 150 and storage KeT (C4)  |If|lw <7nke, Vp=1,...,P
Iteration

4. Numerical results

5. Summary

Define the quality ratio of a criterion as Highly variable coefficient
o e =g |le Consider the Poi £ -shaped domain with hown in fig. 3. In fig. 5, criter
quality ratio = | onsider the Poisson equation on an L-shaped domain with s(x) shown in fig. 3. In fig. 5, criteria , , , ,
lu — up|| g (C1)-(C3) lead to premature termination, while only (C4) ensures reliable termination. Referring to the robust to h,N distortion «(z) inexpensive
with Uh* as the first solution that satisfies the stopping condition. Set 7 = 1/20. domain partition in fig. 4, termination behavior is distinct in each subdomain, with the interior Ieu]l < 10750 X X X /
subdomain requiring more iterations. - !
Highly anisotropic mesh (C1) nag < TNR v X X v
Solve the Poisson problem on [—1, 1]* with s(z) = 1, using a highly anisotropic . . na \ \ (C3) \ \ \ \ o 100 (C2) nag < TNBDM v v X X
mesh of triangles, as shown in fig. 1. l (C3) [It]lw < T7re v s X s
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