AdFEM manual. November 8, 2000. Originally written by 5. Larssomn.

AJFEM 1s an adaptive finlie element MATLAB program written by K. Eriksson lor
a ppracdmate selution of twe-polnt boundary value problems of the lorme: And o = w(z)
such that, with I = d/de,

—Didie)Du) + ele]Du + alzlu = fiz),  Dor . < 8 < fppa,
amd siuch that

—dDu+ ku= g [(Neumann/Robin), or w=yg [Dirichlei] aizx= Fain,
dl0u+ ku= g [(Weumann/BRobln), or w=yg [Dirichlet) atz= 2.

Here diz) Is the difusion eoefflelent, ofx) represents comvection, afz) may be Inter-
preted a5 an alsorption intemsity, and fiz) B a souree or a loree acting on the system.

The houndary conditiors may be of Dilehlet type where the value of o s pre-
seribed, or of Neumann/Roblin type where a combination of the normal fux —dDu
amd w B preseribed. In a heat conduction problem, where w I8 the temperature amd
—dDi B the heat Bux, this cormesponds to preseribing the temperature at the hownd-
ary, prescrihing the beat Bux through the boundary [with k = 0}, or relating the heat
flux through the boundary to the temperature jump acmoss the boundary In which
case gfk represenis the exterior temperature. O course, the values of k and g need
not be tle same at ¥ = Fain A ¥ = Faux.

The discretization metlod Is the standard findte element metlod hased on pleeswise
limear trial and test Tunctions [with a stabilizing “siream-line difusion modification™
I the problem B comvection dominated ).

The error may he eontraled In the energy morm, Lo-norm, or maximunm wrm on a
user specified tokerance level.

The striscture of the adaptive algorithm is as follows. Onee all the data of the
probkm have heen given, the program predicts (o the subrostine pred) a sultable
Initlal [uswally wniorm | mesh, and eompuies the eorresponding approsdmate solutlon.
This splutkn is then tested [In the subroutine test) using a so called “a posterir]™
error estimate, where the ervor 1s estima ted [In the given norm) in terms of the reskdual
of the approximate solution. ITthe error B helow the glven tolerance, then the curpent
apprzcdmate splution ls presented as “tested and acoepied™ and the algorithm stops.
(Mherwlse, a new [oorrected) mesh ls constrocied (In the subroutlse cerr) uslng
1he information obiained In the previous test, and the solutlon and test proceduore
Is vepeated. I we are lucky the new approscimate solution s OK. Otherwie, the
adaptive procedure ls repeated wuntil the tolerance 1a met. The cwrrent meshskee,
solution, and residual are plotted during the adaptive process. A certain stability
Iactor which Is 1=ed in tle error estimate ls also diEplayped. The slee of this [actor
reflects the “difficulty™ of the ghven problem.

Tip run the progmm, st give the command meatl ab tostart MATLAB. Then start
AdJFEM by typlng adfem at the MATLAB prompt, that &, »» adfem (here > 15 the
MATLAB prompt and should not be typed). Input data by answering the guestions
amd awail the solution! You wil he prompted lor the eoefliclents diz), ofz), alz),
Fix), and you type them In as MATLAB expressions. For example, AdFEM says
dfx) = and you type 2eexpl=x"2).

I you want to rerun AJdFEM with slightly different data, then you can take a
short cut by entering the new data directly at the MATLAB prompt and then type
the command »> selve. For ecample, i you want 10 rerun with a smaller tolramce
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you type > vol=0.001; solve and AAFEM will solve the given problem with the
new tolerance. Oiher data that you may want to reset In this way ame

xmin, xmax, diffusien, convection, absorption, force, errnorm,

exactflag, wexact, betype, k, g.
Here betype, kand g aw 2-veciors (1 =2 matrices in MATLAB) defining the houndary
condition type [0 lor Dirlchlet and 1 for Neumann /Robin) and the corresponding
values of k and ¢ 81 £ = Faas and £ = Fape, 500 The emmple below. xmin amnd xmax
define the computational domain. The other data varlables ave texi sirings and have
to be ghven within single guotes, for example, >» forees*1fx*. The armor morm is
prseribed by the statement > errnorm=*en? (lor emergy), =12 (lor L), or ='ma?t
[for the maximim norm). Flmally, you have the option to check the efficlency amd
reliability of the error control by providing the exact solutlon wexact. The program
will then compute the true ermor exsctercor lor eom parison with the estimated ermor
error. 5ol »» exactflags'y* (lor yes) I you want 1o use this option

You may also enter 1he data and run AdFEM rom the MATLAB prompt as the
Tolowing eample shows, The example solves the houndary value problem:

[}
- (lixu‘[rj) =z for<e< 1,

el — — — —
1+J:1.|[J‘.':I—n atx =0, wz)l=1 atzx=1,

with exact soluthon wz) = & — 12% — L¢'. To rm tlds example you can type the
Tolowing:

> xmin=iQ)

»» xmax=]

2> diffusion='1f[1+x)*

»» ponvections* Q"

»» absorption=*Q*"

»» forceas'x*

»» Erroorm=‘ma’

»» exactilags y*

»> pexact='31,24=-(x"3)/6=-(x" 4} E"

»» betype=[1 0]

»> k=[0 0]

»a g [0 1]

> bol=0.01

»> runsQ

»> Bolwe

MNote: Ii ls better 1o start by typlng »>» adfem amd enter the data at ihe AJFEM
prompt; this example s only supposed to Dhistrate ow to eset the varlahles helore
o rerun your compitation sing the command > selve.

‘Warning: Tedt sirings mst be surrounded by single gquotes, for ecample 217 (1+x)
when you enter data In this way, bt ot when you are prompied lor data by AdFEM.
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