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This talk is devoted to sp-adaptive algorithm for finite element method (FEM) for
one-dimensional convection-diffusion-reaction boundary value problems with self-
adjoint operators. It is based on a combination of classical implicit and explicit a
posteriori error estimators (AEE). The main focus is on the construction of
refinement pattern selection procedure. Results of computational experiments are
used to compare the developed adaptive scheme with algorithm based on
reference solution [1].

Model problem

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

{—(uu')'+[3u'+csu=f in Q=(0,L),

1
()], = 0w~ ], (), =lu(L) -7, M

where o,y2>0, p(x)=py>0, o(x)>0 almost everywhere in Q,

u,B,oel0,L), fe ? (0,L) . The variational problem, which corresponds to

(1), is solved approximately by making use of FEM with high-order piecewise
polynomial basis functions.

Adaptation algorithm

The described research follows previous investigation of adaptive FEM
algorithm based on reference solution. Despite significant advantage in versatility
compared to other types of algorithms, this approach has a significant drawback,
namely the difficulty of theoretical investigation and justification of correctness.
These deficiencies are the main factors to slow the development of commercial
applications based on adaptive Ap-FEM algorithms. Therefore it was decided to
use well studied classical AEEs as a basis of the developed algorithm. The
algorithm combines the use of explicit and implicit AEEs. Explicit AEE is used
for the selection of finite elements, which need to be refined, and implicit to select
the optimal element refinement patterns.
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Numerical results
Let us consider problem (1) with following data:

n=1B=0,06=10°¢", f=10°, a=y=10%, @y =ut; =0, L =1. 2)

Table 1. Algorithm convergence history:
acceptable level of relative error — 5%,
maximum approximation polynomial degree — 9.

Absolute error indicator is computed as weighted I? -norm of
residual of problem (1) equation.

iteration | D.O.F. | absolute error indicator | relative error indicator, %
0 3 12579,37 6045,54
1 5 3998,07 1695,35
7 34 25,53 10,19
8 39 24,94 9,95
9 43 7,59 3,03

For data (2), algorithm based on reference solution terminates after 32
iterations (>3 times greater) with final count of D.O.F. — 437 (10 times greater).
The data for 9 iterations are given in Table 1.
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AITIPOKCUMAIIA HP-ATAIITUBHOI'O METOJAY CKIHYEHHUX
EJEMEHTIB JJIs1 OTHOBUMIPHUX KPAMOBUX 3AJIAY

3anpononosano hp-adanmusnuii ancopumm memoody ckinuennux eiremenmie (MCE) 0ns
OOHOBUMIDHUX KpAUloBUx 3a0au KoHGeKyii-ougysii-peaxyii i3 camocnpsiceHumu onepa-
mopamu. Aneopumm IpyHMyemMucs HA KOMOIHYBAHHS AGHUX MA HEAGHUX ANOCMEPIOPHUX
oyinreauis noxubok. OCHOBHY Y8A2y 30CePeddCceHO Ha NoOYO00si npoyedypu eubopy
ONMUMATILHO2O CROCOOY 10KanbHOT nepedydosu cimxu MCE. 3a pesyrvmamamu o6uuciro-
BANLHUX EKCHEePUMEHMI8 NPO8e0eHO NOPIGHANbHUL AHANI3 PO3POONIEHO20 aneopummy ma
aneopummmy Ha 0OCHOBI KOHMPONLHOLO PO38 A3K).
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