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This paper is devoted to present a simple explicit error estimator and related hp-
adaptive finite element method (FEM) scheme for one-dimensional convection-
diffusion-reaction boundary value problem. Algorithm is based on a combination of
explicit and implicit error estimators. Described scheme is considered suitable for
singular perturbed problems which are characterized by relatively large values of
Peclet and Strouhal criteria. Convergence of constructed algorithm is proved by
numerical experiments.

Model problem
Let us consider the next boundary value problem:
find function u = u(x) such that

{—(MU')'+BU’+cu=f in Q=(0,1),
(Hu,)l)(:O = (X[U(O) _UO]’ —(uu')lsz :'Y[U(L) _UL]I

where o,y>0, up(x)=pg>0, o(x)=0 almost everywhere in 2,

wpB,cel®O,L), fel?@,L).

We use standard approach to derive variational problem for (1) and discretize
the latter by the pure Galerkin method. High-order polynomial approximation
spaces are used on each finite element. They are constructed using Lobatto shape
functions, providing better stability of solution of discretized problem in the
meaning of smaller condition number of stiffness matrix.

@)

Adaptation algorithm and error estimator

In the constructed scheme explicit error estimator is used for the selection of
finite elements, which need to be refined, and implicit (i.e. the solution of auxiliary
variational problem for error) to select the optimal element refinement pattern on
each finite element. Here we present another type of explicit estimator which is
computed in the same manner as implicit estimator but taking into account that we
use one-dimensional space to find actual solution of variational problem for the
error we can just derive explicit formulas for the estimator. Basically we use well-
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known abstract approach [4] but define special basis function for it’s 1D
approximation space:

ok ()=

z{‘pl(t)2011‘P11(t)+C12‘P12(t)1 @1(ty1) =0, 01 (ty_y/2) =1 x ety 4.t _q/0]
@2 (1) =Co1021 (1) +CopP20 (1), @5 (t_1/2) =1 (1) =0, x e[ty 15,81

where K =[t,_4,t, ] is finite element and {@; (t)}.{¢,; (t)} are the sets of funda-
mental solutions for equation

with constant coefficients (selected as mean values of corresponding functions) on
corresponding intervals [t,_;,t,_q,»] and [t,_45.t].
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ATIOCTEPIOPHMM OIIIHIOBAY IMOXUBKHA HA OCHOBI
OYHJAMEHTAJIBHOI'O PO3B’A3KY AJI1 OJHOBUMIPHOI'O
HP-AJAIITUBHOI'O AJITOPUTMY MCE

Pozenanymo npocmuil saenuil oyinoeay Ha OCHOGI (HYHOAMEHMANbHO20 pO36 A3KY ma
6i0nosiony hp-adanmueny cxemy memooy ckinuennux enemenmis (MCE) 0ns 00HOSUMIpHUX
Kpatiosux 3a0ay KoHeeKkyii-ougysii-peaxyii. bazosuil areopumm rpyHmyemvcs Ha KOMOIHY-
BAHHI AGHUX MA HeABHUX anocmepiopHux oyiniogayie noxubok (AOII). Pozenanyma cxema
npuoammua 071 3aCMOCYB8AHHS 00 CUHSYIAPHO 30YPEHUX 3a0ay, K, 8 CB0I0 Yepzy, Xapaxkme-
PU3YIOMbCA BeNUKUMU 3HAYEHHAMU Kpumepiie nodibnocmi Ilexne i Cmpyxans. 36ixcuicmo
n06y008aAH020 AN2OPUMMY NEPESIPEHO WTAXOM NPOBEOCHHS OOUUCTIOBATLHUX eKCHEPUMEHMIS.
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