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ABSTRAKTY



Vectorization of bitmaps based on the LSQ
method

Stanislav Bartorl

Abstract: The paper presents the software procedure (using MAPLE 11) inten-
ded for considerable reduction of digital image data set to more easily treatable
extent. The photos taken in high resolution (and corresponding data sets) contain
coordinates of thousands of pixels, polygons, vertexes. Presented approach substi-
tutes this polygon by the new one, where smaller number of vertexes is used. The
task is solved by use of adapted least squares method. The presented algorithm
enables reduction of number of vertexes to 10% of its original extent with ac-
ceptable accuracy +/- one pixel (distance between initial and final polygon). The
procedure can be used for processing of similar types of 2D images and acceleration
of following computations.

Subspace approximated matrices in numerical
linear algebra

Jan Brandts, Ricardo da Silva

Abstract: For n x n matrices A and Ap and a sequence of subspaces {0} =
Vo C -V, = R" with dim(V,) = k, the k-th subspace approximated matrix Ay
is defined as

where T, is the orthogonal projection on Vi*. As a consequence, both Azv = Av
and v A, = v*A for all v € V;, and thus Aj gradually changes from Ag into A.
Moreover, in practice, Vj+1 may depend on Ay, in order to enforce Ay, to be closer
to A in some sense. By choosing Ay as a simple approximation of A, this turns the
subspace approximated matrices into interesting preconditioners for linear algebra
problems involving A.

In this presentation we will discuss the use of subspace approximated matrices in
eigen value computations, and in solving linear systems of equations.

Mixed-hybrid discretization of water flow using
DEAL II library

Jan Brezina

Abstract: We shall present a solver for non-linear Richards equation based on
mixed-hybrid formulation implemented with help of DEAL II library. Great adap-
tivity capabilities of this library are used to track the wetting front. We will also
analyze strengths and weaknesses of the used library.

Poznamky k ruznym volbam prumeérovani
v metodé BDDC

Marta Certikové, Pavel Burda, Jaroslav Novotny, Jakub Sistek

Abstrakt: Metoda BDDC spole¢né s metodou FETI-DP patii k modernim me-
toddm rozkladu oblasti (domain decomposition). Na rychlost konvergence obou
téchto metod mé zna¢ny vliv volba operatoru priumeérovani (averaging). Ve svém
prispévku analyzujeme jeden ze standardné pouzivanych pristupt a navrhujeme
alternativu zalozenou na podobném zakladé, ktera se vsak snaze spocita.



Interaction of compressible flow with an airfoil
Jan Cesenek, Miloslav Feistauer

Abstract: In this paper we deal with numerical simulation of the interaction of
two-dimensional compressible viscous flow and a vibrating airfoil. The motion of
the airfoil, which can rotate around the elastic axis and oscillate in the vertical
direction, is described with the aid of a system of ordinary differential equations.
The mathematical model of flow is represented by the system of non-stationary
compressible Navier-Stokes equations. We use the ALE method for the treatment
of a time dependent computational domain. The Navier-Stokes system is written in
the ALE form and discretized by the discontinuous Galerkin finite element method
in space and by the Euler backward formula in time. The structural ODE system
it solved by the Runge-Kutta method. In order to demonstrate the applicability
of the developed method, we shall present the results of the simulation of flow
induced vibrations of the NACA 0012 profile.

Aproximace parcialnich derivaci ve vrcholech
simplicialnich triangulaci

Josef Dalik

Abstrakt: Predpokladejme, Ze 7}, je konformni regulérni triangulace bez tupych
thli ohranic¢ené polygonalni oblasti €2, 2 = = nebo z = ¥y, a je vnitini pii-
padné tzv. polo-vnitini vrchol triangulace 7, a T) = ablb?,...,T, = ab™! jsou
stejné orientované trojuhelniky z 7;,. V prispévku budou odvozeny dvé varianty
metody pro FeSeni tlohy najit koeficienty fi,..., f, tak, aby linedrni kombinace
fiollp(w)|ry /02 + -+ + [0k (u)|r, konstantnich parcidlnich derivaci hodnoty
IT,(u) operatoru interpolace spojitych funkei do prostoru linedrnich Lagrangeo-
vych koneénych prvki piislusného triangulaci 7, aproximovala hodnotu du/9z(a)
s chybou O(h?). Odvozend metoda bude zobecnéna pro aproximaci parcialnich
derivaci funkci dvou nebo tfi proménnych libovolné vysokych fadia pomoci jejich
interpolantt v prostorech polynomialnich Lagrangeovych koneénych prvka odpo-
vidajictho stupné. Budou stru¢né popsany jiné znamé metody lokalni aproximace
hodnot parcidlnich derivaci hladkych funkci a bude provedeno numerické porov-
néani kvality (pfesnosti pfipadné stability) uvedenych metod s kvalitou odvozené
metody. V zavéru budou zminény nékteré aplikace odvozené metody s diirazem na
aktualni moznost jejiho vyuziti pri konstrukei aposteriornich odhad chyb nume-
rickych feseni diferencialnich okrajovych tloh.




High resolution schemes for open channel flow
Jifi Egermaier, Marek Brandner, Hana Kopincova

Abstract: One of the commonly used model for river flow modelling is based
on the Saint-Venant equations - system of hyperbolic equations with spatially va-
rying flux function and the source terms. We introduce conservative finite volume
methods that solve this type of balanced laws efficiently and at the same time
satisfy some important properties. The properties like consistency, stability and
convergence are necessary for the mathematically correct solution. But the schemes
should be also positive semidefinite and preserve steady states to obtain more phy-
sically relevant solution of the flow problems. These schemes can be also modified
to the high order or for solving flow problems with friction source terms.

Usage of modular scissors in the implementation

of FEM

Dalibor Frydrych

Abstract: Finite Element Method (FEM) is often perceived as one unique and
compact programming subject. Despite the fact that Many FEM implementations
mention the object oriented approach (OOA), this approach is in reality used com-
pletely only in minority of cases. For example the Interface-Based Polymorphism

is used only rarely.

This article is focused on Design Reuse and it is an complex view on FEM. Ar-
ticle defines Basic principles of OOA and their use in FEM implementation. FEM
project is split in many smaller sub-projects which are interlinked together. Links
between sub-projects are one way only and non circular. Such a setting gives op-
portunity to use modular scissors. In addition, these individual sub-projects can

be used directly, without additional adjustments, in other different projects.

Efektivni numerické metody pro vypocet toku
neutronu v jaderném reaktoru

Milan Hanus

Abstrakt: Zakladnim néastrojem pro pocitacovou analyzu jadernych reaktori
jsou numerické metody zaloZzené na mnohagrupové diftzni aproximaci transportu
neutroni. Pro svoji efektivitu je v soucasné dobé oblibena tzv. nodalni metoda,
ktera i pfi vypoctu na hrubé diskretizacni siti poskytuje FeSeni s presnosti, jez je
obvykle srovnatelnd s metodami pouzivajici mnohem jemnéjsi sif. Nizs$i vypocetni
naroky jsou vSak vyvazeny obtiZznym pouzitim metody pro vypocet heterogennich
aktivnich zén. Alternativni metodou, poskytujici vétsi volnost ve specifikaci tvaru i
slozen{ reaktoru, je metoda koneénych prvki (FEM). Zejména ve spojeni s moder-
nimi adaptivnimi algoritmy pfedstavuje pro nodalni metodu vazného konkurenta
i z hlediska efektivity vypoctu. V pfispévku bude pfedstaven vypocetni kéd, vy-
uzivajici hp-adaptivni algoritmy z FEM baliku Hermes, a na typickych tlohach
reaktorové analyzy bude porovnan s nodalnim kédem.

On the worst scenario method: Application to
uncertain nonlinear differential equations with
numerical examples

Petr Harasim

Abstract: The worst scenario problem is characterized by a state equation de-
pendent on an input parameter belonging to an admissible set. Consequently, the

solution of state equation depends on the input parameter. Furthermore, the state
solution is evaluated by a criterion functional. The goal is to find a maximum of

the criterion functional over admissible set.
The general abstract framework of the worst scenario method is applied to pro-
blems described by nonlinear differential equations with uncertain coefficients.
Nevertheless, the numerical aspects will be emphasized. Some illustrative numeri-
cal examples concerning a one-dimensional problem will be presented.



Presentation of current state and progress in
development of multidimensional fluid flow and
solute transport simulation code

Milan Hokr

Abstract: The talk is planned to be composed of two parts: the first one corre-
sponding to the given title is rather informative, intended to introduction of the
numerical simulation code FLOW123D developed at Technical University of Li-
berec as part of the Advanced Remedial Technologies and Processes (ARTEC)
project (research centre), will also serve as introduction for the talks of the next
speakers. The second part will be a more compact talk dealing with particular
problem of comparison of FLOW123D with commercial code NAPSAC on a pro-
blem with specific input data. This is the material considered for the conference
proceedings paper.

We present the concept of modelling fluid flow and solute transport in fractured
rock as combination of discrete fracture network and equivalent continuum. The
possible situations how to represent the physics and how to organize the discrete
unknowns of the mixed-hybrid finite element method in case of 1D-2D-3D combi-
nation will be discussed. Features of the implementation and user interface will be
presented (reference to the talk of Jan Brezina).

Two projects of code verification, in particular comparison with other codes for the
same equation and data but different numerical scheme, will be presented. Then
examples of solved field-scale problems, with real data from geological exploration,
will be shown. Also we mention possibilities of own in-situ measurements in the
near future for model verification and improvements.

In the second part presented in more details, we compare NAPSAC and
FLOW123D. The benchmark problem consists of system of 1D fractures in 2D
plane with conductivities varying over several orders of magnitude. Together with
presence of very small segments between fracture intersections it leads to numeri-
cally unstable problem. The main result of the comparison of codes and methods
is the relative error of mass balance which is about 10~ for NAPSAC and 107 for
FLOW123D which confirms the expected property of the mixed-hybrid method.

Consistent nonlocal tangent operator for
damage-plasticity model

Martin Hordk, Mathieu Charlebois, Milan Jirasek, Philippe Zysset

Abstract: Realistic description of the mechanical behavior of quasibrittle ma-
terials requires constitutive laws with softening. However, standard models cannot
be used after loss of ellipticity, which leads to an ill-posed mathematical problem.
From the numerical point of view, ill-posedness is manifested by pathological sensi-
tivity of the results to the size of finite elements. One of possible remedies is regu-
larization by a nonlocal formulation based on a spatial averaging procedure.

In this contribution, a model combining anisotropic elasticity and anisotropic plas-
ticity with isotropic damage is presented and regularized by the over-nonlocal for-
mulation. Computational advantages of this approach are discussed and a fully
consistent nonlocal tangent operator, which is needed to achieve quadratic rate of
convergence of the Newton-Raphson method, is derived

A shock-capturing discontinuous Galerkin
method for the numerical solution of inviscid
compressible flow

Jiri Hozman

Abstract: The numerical solution of the compressible Euler equations obtai-
ned by discontinuous Galerkin method suffers from the Gibbs-type oscillations in
the vicinage of discontinuities. These non-physical overshoots and undershoots of
the discrete solution corrupt the solution and have to be supperessed. In order to
avoid this phenomenon the shock-capturing approach is proposed. The main idea
is based on adding the artificial diffusion term to the original system in the form
which corresponds to the viscous part of the compressible Navier-Stokes equations
but with the variable viscosity. This viscosity is proportional to the entropy resi-
dual of the system and thus the accuracy of the method is preserved. Numerical
experiments reflecting the potency of this approach are presented.



Elements of uncertainty modeling
Jan Chleboun

Abstract: Thanks to progress in solving (at least numerically) many practice-
driven problems, a new stage of modeling can be approached — uncertainty mo-
deling. Although considering some amount of uncertainty in model inputs is not
a new idea and some sort of uncertainty analysis has been an established part
of engineering designs or financial modeling, for instance, a rigorous uncertainty
analysis coupled with demanding state problems is a rather new and momentum
gaining field of research. Approaches to uncertainty modeling span from stochastic
methods based on input data weighted by its probability to deterministic methods
where nonstochastic or even no weights of inputs are considered. In the lecture,
different approaches to uncertainty analysis and uncertainty propagation mode-
ling will be presented. Particular attention will be paid to differential equations
depending on uncertain functions.

A nonlinear system of differential equations with

distributed delays

Pavol Chocholaty

Abstract: It is well-known that the environments of most natural populations
change with time and that such changes induce variation in the growth characteris-
tics of population which is often modelled by delay differential equations, usually
with time-varying delay. The purpose of this article is to derive a numerical solu-
tion of the delay differential system with continuously distributed delays based on
k-step methods (k = 1,2,3,4) and quadrature formulas. Some numerical results
are presented compared to the known ones.

Numerické modelovani newtonskych a
ne-newtonskych tekutin ve vétveném kanale
metodou koneénych objemu

Radka Keslerova

Abstrakt: Prace se zabyva numerickym fesenim Navier-Stokesovych rovnic pro
newtonskou a ne-newtonskou tekutinu ve vétveném kanale pro 2D a 3D prou-
déni. Metoda kone¢nych objemt je pouzita pro prostorovou diskretizaci a Runge-
Kuttova vicestupniova metoda je pouzita pro ¢asovou diskretizaci.

V préaci jsou uvedeny numerické vysledky pro 2D a 3D stacionarni a 2D nestacio-
narni proudéni. Pro nestacionarni proudéni je uzitd metoda duélniho casu.

Analyza necitlivosti markovskych retézca
Martin Kocurek

Abstrakt: Citlivostni analyza nerozlozitelnych markovskych fetézci se zabyva
vztahem mezi ptivodnim Fetézcem s matici pravdépodobnosti piechodu P a po-
zménénym fetézcem s matici P.Pro jejich vektory stacionarnich pravdépodobnosti
, respektive 7, se obvykle zkoumaji velikosti || —7||,, pro asymptotickou stabilitu,
|7 — 7|, |7 — 7| /7 pro stabilitu nebo citlivost po slozkach. Pokud pravdépodob-
nosti pfechodu zéviseji na proménné ¢, pak P = P(t) a staciondrni vektor «(t) a
citlivost vzhledem k parametru ¢ se zkouma pomoci derivace vektoru w v néjaké
norme.

Ve specialnich pripadech nékteré zmény v pravdépodobnostech neovlivni stacio-
nérni pravdépodobnosti nékterfch stavit. Clanek popisuje nékteré z téchto Fetdzei
pomoci pojmt teorie markovskych Fetézc.
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Urceni Youngova modulu E a Poissonova ¢isla v
geokompozitu pomoci matematického
modelovani

Roman Kohut

Abstrakt: Geokompozit je material slozeny z rizngch materidld. Pouzitim poci-
tacové tomografie miizeme postupné urcit rozlozeni materialu v jednotlivych vrst-
vach. Cilem je nahradit geokompozit homogennim izotropnim linedrné pruznym
materidlem a ur¢it odpovidajici pruznostni konstanty.

Problém je fesen metodou konecnych prvku.

Parallel SVD computation and information
retrieval applications

Petr Kotas

Abstract: In this work an algorithm for the sparse SVD problem is presented
and it’s implementation to distributed computer system is shown. The implemen-
tation is optimized for latent semantic indexing (LSI) so that only a few largest
singular numbers and associated singular vectors are computed. Algorithm presen-
ted here is based on the Lancosz method and it’s modified for fast convergence with
sufficient accuracy. We will present examples of multimedia information retrieval
applications (LSI).
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Uvod do algoritmt pro molekulové simulace
Martin Kramar

Abstrakt: Algoritmy pro modelovani molekularnich systémi mohou najit uplat-
néni v fadé aplikaci. Af uz jde o tlohy v medicing, kde mizeme napiiklad modelovat
kontakt 1é¢iv s okolim a jeho reakce, nebo aplikace v primyslu,kde mizeme na-
priklad modelovat stavbu slitin a zkoumat jeji vlastnosti nebo se zabyvat Sifenim
trhlin v riznych materidlech. V prezentaci ukdzeme jednoduchy algoritmus ¢asti-
cové modelu, simulaci kolize dvou téles a jednoduché analytické modely kvantové
statiky.
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A new reconstruction-enhanced discontinuous
Galerkin method for time-dependent PDEs

Véaclav Kudera

Abstract: In this work a new numerical method for time-dependent PDEs is
introduced, numerically tested and the first steps toward an error analysis are
undertaken. In the finite volume method, which uses piecewise constant appro-
ximate solutions, higher order approximations are obtained by a reconstruction
procedure. This constructs a higher order piecewise polynomial solution from the
piecewise constant data on appropriate neighborhoods (so-called stencils) of indi-
vidual elements. The disadvantage of this procedure is that for higher orders, the
reconstruction stencil for each element is prohibitively large and the method is
very memory and time consuming. On the other hand, the discontinuous Galerkin
(DG) method handles piecewise polynomials of arbitrary order in a natural way.
We propose to incorporate a similar reconstruction procedure into DG schemes.
This allows us to substantially increase the accuracy of the underlying scheme,
while only a minimal reconstruction stencil is used. For example, a DG solution of
order N on simpicial meshes allows us to reconstruct a solution of order 2N + 1 in
2D and 3N +2 in 1D, using only the von Neumann neighborhood of each element
as a stencil. The accuracy and effectiveness of the new method is demonstrated
on a convection-diffusion problem. Approximation properties of the reconstruction
operator and the relation to standard DG schemes are analyzed.
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Integration in higher-order finite element
method in 3D

Pavel Kus

Abstract: In the finite element method, numerical integration is a substantial
part of the computing process. In most cases, the integration is simple and fast
and there is no need to optimize it. This changes, however, when we are using
polynomials of higher order as basis functions for 3D problems. In such case, the
standard approach may lead to use of quadrature rules with hundreds of points to
evaluate integrals needed to assembly the stiffness matrix. The CPU time needed
for this part of the calculation than can be comparable to the time needed to solve
the resulting linear system. Therefore it is reasonable to optimize not only the
solve time, which most people do, but also the assembly time.

In this contribution we want to show several approaches towards this optimizations,
compare their performance and discuss the difficulties arising in their usage in the
computer code.

Nestlacitelné ne-newtonovské tekutiny:

Modelovani, matematicka konzistence, aplikace.
Martin Lanzendorfer

Abstrakt: Pokusime se shrnout nékteré poznatky a oteviené otazky o nestlaci-
telnych tekutindch, jejichz viskozita se méni napft. s rychlosti smyku a s tlakem.
Zminime jejich popis, otazky existence a jednoznacnosti prislusnych rovnic, potize
s jejich numerickym FeSenim, aplikace poptavané v praxi (v teorii mazdni). Né-
kdy pijde o subjektivni vybér dil¢ich témat, ktery se ale dotkne fady otevienych
otazek.
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New robust preconditioners for the matrix free
truncated Newton method

Ladislav LukSan, Ctirad Matonoha, Jan Vléek

Abstract: New positive definite preconditioners for the matrix free truncated
Newton method are given. Corresponding algorithms are described in detail. Re-
sults of numerical experiments that confirm the efficiency and robustness of the
preconditioned truncated Newton method are reported.

Analysis of geosynthetic tubes filled with several
liquids with different densities

Josef Malik

Abstract: A two dimensional model of geosynthetic tubes sitting on a rigid ho-
rizontal foundation and filled with several separated liquids with different densities
is proposed. The material from which tubes are made is a special synthetic fabric
which is inextensible, perfectly flexible, and leakproof. Basic equations describing
the equilibrium of tube are formulated. A numerical procedure for solving the
equations is proposed and implemented in the code MATLAB. Some model pro-
blems for geosynthetic tubes filled with two, three, and four liquids with different
densities are solved. Such values like the pressure on the top and bottom of the
tube, the tension in the geosynthetic fabric, the length of the contact zone between
the tube and rigid foundation are studied.

15

Matematické problémy kolem internetového
vyhledavace Google

Ivo Marek

Abstrakt: Ukazuje se, ze Gspésnost internetového vyhledavace Google je zpi-
sobena tim, Ze ¢innost tohoto webovského nastroje k vyhledavani informaci je
zalozena na exaktnich matematickych modelech a matematickych, zejména pak
numerickych metodach. Pfednéska bude vénovana popisu nékterych zajimavych
matematicko-informatickych problémi a jejich ,,Googleovskym* fesenim

AMPL - A modeling language for mathematical
programming

Ctirad Matonoha

Abstract: AMPL is a language for large-scale optimization and mathematical
programming problems arising in many applications. Based on familiar algebraic
notation, AMPL makes it easy to create models, use a wide variety of solvers, and
examine solutions. We will present its features and include some exercises. In order
to use test problems as tools suitable for testing optimization methods in the UFO
system, we will focus our attention to translate test problems into well-defined
Fortran 77 files.
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Realizace Dirichletovy podminky v RKPM

Vratislava MoSova

Abstrakt: Reproducing kernel particle method (RKPM) patii mezi nesifové
metody. Vedle pfednosti, které tyto metody vykazuji (na po¢atku vypoctu neni
tfeba konstruovat sit, vysoké rychlost konvergence), ma RKPM také ur¢ité proble-
matické stranky. Jednou z nich je skutecnost, ze tvarové funkce, pomoci kterjch
se generuje aproximace Teseni tlohy, nemuseji v nékterych uzlovych bodech spliio-
vat podminku. To vede k problémim s realizaci Dirichletovy podminky pfi feSeni
okrajovych tloh. V tomto prispévku se budeme zabyvat, jak lze tuto neptijemnost
odstranit.

Lokalni aproximace funkce dvou proménnych
Oto Piibyl
Abstrakt: V prispévku jsou zkoumany aproximace funkci dvou proménnych
vyssiho Tadu pfesnosti a mozné zpusoby, jak tyto vysledky aplikovat pro feSeni

problémt z oblasti numerického feseni okrajovych tloh pro PDR s postprocesin-
gem.
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Diskrétni model druhého radu pro modelovani
dopravy v méstské dopravni siti

Jan P¥ikryl, Vaclav Smidl

Abstrakt: S rostouci intenzitou silni¢ni dopravy se stale silnéji ukazuje potieba
modelovat co nejvérnéji chovani dopravniho proudu vozidel jednak v dalni¢nim
(lehéi varianta) a jednak v méstském provozu (slozitéjsi varianta). V naSem pii-
spévku ukazeme zékladni varianty modeld dopravniho proudu prvniho a druhého
fadu a na zvoleném prikladé modelu druhého fadu ukazeme, jak je tento model po
diskretizaci schopen modelovat chovani automobilové dopravy v meéstské dopravni
siti.
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Struc¢ny tuvod do problematiky algoritmu
metody vice poli

Petr Prikryl

Abstrakt: Hned na zacatku roku 2000 uvefejnili Jack Dongarra a Francis Sul-
livan v Casopise Computing in Science and Engineering svij seznam deseti nej-
vyznamnéjsich algoritmtt minulého stoleti. V kvétnu téhoz roku pak v casopise
SIAM News vySel ¢lanek ,The Best of the 20th Century: Editors Name Top 10
Algorithms“. Vybér algoritmti v obou ¢lancich se pfirozené do znacné miry pfre-
kryva, pro nas je zajimavé, ze v obou vystupuje algoritmus metody vice pdli
(FMM, Fast Multipole Method), ktery je, zda se, v ¢eské matematické vefejnosti
méné znam. Zda se proto uzite¢né prezentovat na PANM 15 alespoil ramcovou
informaci o principech a algoritmu této metody.

Metoda vice pdla je matematicky postup, ktery byl vyvinut s cilem urychlit vypo-
éet sil dalekého dosahu v tloze N téles. Dosahuje toho tak, Ze rozvine Greenovu
funkci daného systému do tzv. multipdlového rozvoje, coz pak umozni seskupit
zdroje lezici blizko sebe a pracovat s nimi jako se zdrojem jedinym. Déle se pouziva
hierarchickd dekompozice prostoru, coz umoznuje s rostouci vzdalenosti zavadét
do vypoctu stale vétsi skupiny téles ¢i ¢astic. Uvazime-li, ze pfesny vypocet po-
hybt N ¢éastic interagujicich prostfednictvim gravita¢nich nebo elektrostatickych
sil (hvézdy v galaxii ¢i t¥eba atomy v proteinu) by vyzadoval O(N?) vypoct,
pak FMM umoziiuje totéz provést s pozadovanou presnosti pomoci O(N) vypocti
(ov8em konstanta obsazend v tomto O(N) je velkd). Jednou ze zfetelnych pied-
nosti algoritmu FMM je skutecnost, ze pfichazi vybaven rigoréznimi odhady chyb,
coz je rys, ktery leckteré jiné metody postradaji.

Metoda v souc¢asné dobé nachazi fadu aplikaci, naptiklad pri modelovani nanokom-
pozitnich material, biomateriald, palivovych ¢lankt, akustickych vin ¢i zpracovani
obrazil. Zajimavé se zda, zZe je také tspésné kombinovana s metodou hrani¢nich
prvku, kde pak dava moznost Fesit na b&Zném PC modely s miliony neznamjch.
O této problematice ale ¢as vyhrazeny na prednasku uz nedéva moznost hovorit,
pro piipadné zajemce budou k dispozici dalsi materialy v elektronické podobé.
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A comparison of some a posteriori error
estimates for fourth order problems

Karel Segeth

Abstract: A lot of papers and books on a posteriori error estimates analyzing
them from the point of view of robustness, guaranteed upper bounds, global ef-
ficiency, etc. have appeared recently. At the same time, adaptive finite element
methods have acquired the principal position among algorithms for solving diffe-
rential problems in many physical and technical applications.

In this survey contribution, we present and compare several error estimation pro-
cedures for the numerical solution of the biharmonic equation and some further

fourth order problems including computational error estimates.

Residual distribution schemes for the neutron
transport equation

Martina Smitkova

Abstract: The contribution is devoted to the numerical methods for simulati-
ons of neutron transport. The motivation is to obtain robust algorithms for reactor
physics problems. The mathematical model is based on time-dependent Boltzmann
kinetic equation for neutrons which is approximated by spherical harmonics. The
resulting system of linear hyperbolic partial differential equations is solved by
high-resolution nonlinear muldimensional upwind numerical scheme. The develo-
ped scheme is based on ideas borrowed from the finite volume and finite element
methods with approximate Riemann solvers. The quasi-linear implicit solver is
devised. The application to the steady-state problems is discussed. 1D and 2D
numerical experiments are presented.
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Numericka analyza nékterych problému
v polygonalnich biliarovych dynamickych
systémech

Martin Soukenka

Abstrakt: V prispévku zkoumdame aplikaci numerickych experimentt na nékteré
oteviené problémy v racionalnich bilidrovych dynamickych systémech. Specidlné
zkouméame maximalni délku spole¢né orbity, danou itinerafem odrazu trajektorii
od ocislovanych stén bilidru ve dvou kvazipodobnych polygonalnich bilidrech.
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Solution of nonlinear coupled problems of flow
induced vibrations of an elastic structure

Petr Svacek, Jaromir Horacek, Miloslav Feistauer

Abstract: We shall focus on mathematical modelling of nonlinear coupled pro-
blems of fluid-structure interactions and particularly on description of a numerical
method based on finite element method for solution of such problems in 2D. The
coupled problems describing the interactions of fluid flow with elastic structure mo-
tion (e.g. aeroelasticity /hydroelasticity) are of great importance in many fields of
physical and technical sciences and scientific applications (e.g. in civil engineering
— stability of bridges, in mechanical engineering — bladed machines, aircraft design
and safety, etc). In the technical practice the linearized aerodynamics approach is
used based on solution of only special problems of aeronautical aeroelasticity in
the linear domain. The critical fluid flow velocity can be determined, but nonlinear
phenomena cannot be captured. In order to address the nonlinear effects we shall
consider the coupled solution of partial differential equations describing the flow
problem coupled with the solution of motion equations for the structure.

The main attention will be paid to the description of the numerical method. First,
the approximation in moving domains and the time discretization will be treated
with the aid of Arbitrary Lagrangian-Eulerian method and higher order implicit
backward difference formula. The weak formulation of a simplified problem will be
introduced and the use of various boundary conditions will be discussed. Further,
the energy transfers between fluid and structure for a simplified problem will be
discussed. Further, the weak formulation of the problem will spatially discretized
with the aid of a stabilized finite element method. Moreover, the solution of the
nonlinear coupled problem will be treated. The performance of the numerical me-
thod will be demonstrated on number of examples either on nonlinear aeroelastic
problems or by an application from biomechanics.
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Numerical methods for problems of nonlinear
elasticity with large distortions

Tomas Svatorl

Abstract: Non-linear elasticity with large displacements and/or strains is a well
known and widely studied argument; innumerable papers are found in the litera-
ture tackling this topic, ranging from theoretical foundations, constitutive issues,
numerical approximations, and so on. Much smaller indeed is the number of papers
dealing with non-linear elasticity with large distortions (also known as pre-strains),
and even narrower is the number of those about numerical solutions or finite ele-
ment method for solving such kinds of problems. Here, we shall investigate some
numerical approaches to the elastic problems when large distortions are involved. In
particular, after a brief review of the notion of distortions, and the related multipli-
cative decomposition of the deformation gradient into a distorted and elastic part,
we shall present the isotropic hyperelastic model for neo-Hookean, incompressible
material. Granted for this constitutive model, we shall discuss the effectiveness of
different mixed schemes (displacement-pressure, de Vuebeke-Hu-Washizu formu-
lation) on solving selected examples, such as the plain strain regime with stepwise
distortions field.
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A posteriori error estimates of the discontinuous
Galerkin method for linear elliptic and parabolic
problems

Ivana Sebestovi, Vit Dolejsi

Abstract: We deal with a posteriori error estimates of the discontinuous Ga-
lerkin (DG) methods applied to the Poisson and heat conduction equations. DG
technique provides a high order discontinuous approximation. We present DG for-
mulation of these problems and discuss a use of three types of a posteriori error
analysis for the Poisson equation: estimates based on the Galerkin orthogonality,
estimates based on the dual formulation and estimates based on the Helmholtz
decomposition. The last one technique is further used for the a posteriori error
analysis of the heat conduction equation.

New approach to automatic adaptivity based on
fast trial refinements

Pavel Solin

Abstract: We propose a new approach to automatic adaptivity for PDE pro-
blems that is based on the solution of small global problems (fast trial refinements).
The effect of the fast trial refinements are monitored, either in the global norm or in
terms of an arbitrary quantity of interest, and elements causing largest changes are
refined. This approach is fully computational, PDE-independent, easy to paralle-
lize, it makes it possible to perform goal-oriented adaptivity very naturally without
solving the dual problem (at least for elliptic problems), and we believe that it may
be capable of identifying non-local error sources in more complicated equations.
The idea of the new approach will be explained and pilot one-dimensional examples
will be shown.
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On Chebyshev polynomials of matrices
Vance Faber, Joerg Liesen, Petr Tichy

Abstract: The mth Chebyshev polynomial of a square matrix A is the monic
polynomial that minimizes the matrix 2-norm of p(A) over all monic polynomials
p(z) of degree m. This polynomial is uniquely defined if m is less than the degree of
the minimal polynomial of A. In this talk we study general properties of Chebyshev
polynomials of matrices, which in some cases turn out to be generalizations of well
known properties of Chebyshev polynomials of compact sets in the complex plane.
We also derive explicit formulas of the Chebyshev polynomials of certain classes
of matrices.

References

[1] V. FABER, J. LIESEN AND P. TicHY, On Chebyshev Polynomials of Matric es,
submitted, 2009.
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Inverzni problémy prenosu tepla
Jifi Vala

Abstrakt: Vypoctova analyza problémt pfenosu tepla patii k nejfrekventova-
néj$im inzenyrskym uloham. Pro moderni konstrukce jsou ¢asto vyvijeny nové
kompozitni materidly, jejichz makroskopické tepelné technické (izolaéni i akumu-
la¢ni{) vlastnosti je nezbytné vérohodné identifikovat; vysledky vychézejici z mik-
rostrukturalnich avah jsou vétsinou spise kvalitativni. To stimuluje vyznam studia
inverznich tloh, které jsou vSak (fyzikalné, matematicky i numericky) podstatné
komplikovanéjsi nez ptivodni pfimé tlohy. Prispévek se soustiedi zejména na ma-
tematickou podporu identifikace takovych tepelné technickych charakteristik (te-
pelné vodivosti, mérného tepla apod.) pomoci relativné levnych nestaciondrnich
méficich zafizeni, Fizené generujicich tepelné toky a zaznamenévajicich teplotu v
méficim systému. Znalosti o FeSeni primych tloh, reprezentovanych parcialnimi
diferencidlnimi rovnicemi evolu¢niho typu s vhodnymi pocateénimi a okrajovymi
podminkami, 1ze vyuzit k ndvrhu rychlych optimaliza¢nich algoritmii pro zjistovani
tepelné technickych vlastnosti materiali (véetné analyzy $ifeni nejistot méfeni) a
naslednou predikci jejich chovéani v konstrukci.

Komplementarita — cesta k zarucenym odhadum
chyby

Tomas Vejchodsky

Abstrakt: V prehledné predndSce bude predstaven komplementérni (dudlni)
pristup k feSeni symetrickych eliptickjch tloh. Soucasné pfiblizné FesSeni primérni
(ptivodni) a komplementérni (dudlni) lohy libovolnou konformni metodou umoz-
nuje ziskat zaruceny horni odhad na velikost chyby jak priblizného feseni priméarni
tlohy tak i komplementarni tilohy. Tento postup navic umoziuje pouzit tzv. me-
todu hyperkruhu, kdy jednoduchym zpriamérovanim piiblizného feSeni priméarni
a komplementarn{ tlohy ziskdme aproximaci jejiz chybu (méfenou v energetické
normé) zname presné. Diky této technice a vhodné adaptivni strategii je mozné
ziskat ptiblizné feseni, jehoz chyba je zarucené mensi nez predem zvolena tolerance.
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Analysis of a higher order semi-implicit BDF for
semilinear problems

Miloslav Vlasék, Vit Dolejsi

Abstract: We deal with a numerical solution of a scalar semilinear convection-
diffusion equation, which represents a simplified model to the compressible Navier-
Stokes equations. For discretization we use discontinuous Galerkin method (DG)
in combination with semi-implicit backward differential formulae (BDF).

The resulting scheme is sufficiently robust and needs only solution of linear problem
at each time step. We present analysis of this scheme for higher orders with a priori
error estimates.

Metody s proménnou metrikou s omezenou
paméti, vyuzivajici hodnot z predchozi iterace

Jan Vléek, Ladislav Luksan

Abstrakt: Je navrZena tfida metod s proménnou metrikou s omezenou paméti

pro nepodminénou minimalizaci, vyuzivajici hodnot z predchozi iterace, zalozena
na obdobném kvazi-souc¢inovém tvaru aktualizace, jako Siroce pouzivana metoda
L-BFGS. Nové metody pouzivaji stejny pocet nasobeni matice vektorem a stejny
pocet vektord jako metoda L-BFGS a jsou globalné konvergentni. Numerické vy-
sledky ukazuji, Ze pro nékteré t¥idy tloh to muze vyznamné zlepsit efektivitu.
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Numerical approach to a rate-independent model
of decohesion in laminated composites

Jan Zeman

Abstract: In this contribution, we introduce an energy-based rate-independent
formulation of decohesion processes in adhesively bonded assemblies such as la-
minated composites. The model itself is based on a variational formulation of
isotropic, possibly non-associated, interfacial damage mechanics, in particular on
the incremental minimization of the reversible and dissipated energy. Following
the alternate minimization strategy introduced recently by Bourdin, the resulting
optimization problem is discretized using the Finite Element Method and conver-
ted into its dual form based on the Finite Element Tearing and Interconnecting
algorithm, extended to account for weakened interfaces. The numerical efficiency
and robustness of the resulting algorithm is demonstrated by analyzing represen-
tative engineering benchmark tests. This is a joint work with Martin Kruzik and
Pavel Gruber.
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Analysis and numerical experiments connected
with the computing of the GCD of two inexact
polynomials

Jan Zitko and Jan Kufratko

Abstract: The paper introduces the calculation of an approximate greatest com-
mon divisor of two univariate polynomials. Euclid’s algorithm can be easily simu-
lated by the reduction of the Sylvester resultant matrix to lower triangular form.
In real situation the coeffcients of both polynomials are inexact and the questions
to find a smallest perturbation of both polynomials to obtain the lowest rank of
the perturbed Sylvester matrix are solved in many papers. A perturbed matrix
is calculated using STLN algorithm. Even though the STLN algorithm has been
intensively studied, the theoretical explanation of some parts of algorithm have
not been in detail established and this is the first aim of the lecture together with
further numerical experiments. Some theoretical questions connected with using
QR-factorization for computing GCD will be in detail analyzed together with nu-
merical experiments in the second part of the lecture.
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Transport program and simulation of transport
column experiments

Vratislav Zabka

Abstract: The contribution presents the program Transport, which serves to
simulation of column transport experiments. Its main function is not to predict
results of experiments but to compare influence of individual physical and chemi-
cal processes to the experiment results. The one-dimensional advection-diffusion
model is based on Finite Volume Method; it includes the triple porosity concept,
sorption, retardation, and chemical reactions simulated using connected program
React from The Geochemist’s Workbench package or PhreeqC. Due to these ge-
ochemical programs, the user has extensive possibilities of chemistry simulation
during transport. The program Transport simulates not only the processes inside
the column but also preparation of entering solutions and measurement methods
of outgoing solution parameters.
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