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ABSTRAKTY

On the stability of the space-time discontinuous
Galerkin method for the numerical solution of
nonstationary nonlinear convection-diffusion
problems

M. Balazsova

The subject of this paper is the analysis of the space-time discontinuous Galerkin
method for the solution of nonstationary, nonlinear, convection-diffusion problems.
In the formulation of the numerical scheme, the nonsymmetric, symmetric and
incomplete versions of the discretization of diffusion terms and interior and boun-
dary penalty are used. Then error estimates are briefly characterized. The main
attention is paid to the investigation of unconditional stability of the method. An
important tool is the concept of the discrete characteristic function. Theoretical
results are accompanied by numerical experiments.

Konstrukce obalky dvojparametrického systému
kirivek v technické praxi

S. Barton

V ¢lanku je nejprve provedena matematickd definice problému. V druhém kroku
je odvozena obecné diferencialni rovnice, podminujici existenci feseni. V této ¢asti
jsou presentovany algoritmy, zalozené na numerickém feseni této rovnice, popisujici
praktické technické a konstrukéni problémy.



FEM solver for incompressible flow problems
P. Bauer

We develop a FEM solver for flow problems based on incompressible Navier-Stokes
equations. The discretization of the convective term is semi-implicit and the re-
sulting linear systems are solved using multigrid techniques with different types of
smoothers. The implementation is parallelized via OpenMP. The results of nume-
rical simulations are presented.

Moznosti vyuziti waveletové analyzy pri
vyhodnocovani variability srdec¢ni frekvence

V. Bittner

Srdecni frekvence predstavuje biosignal, jehoz spektralni analyza umoznuje zachy-
tit a kvantitativné vyjadrit regulacni vlivy kardidlnitho autonomniho nervového
systému. Jeho vyhodnoceni mé v klinické praxi humanni i veterinarni mediciny
znacny vyznam. Namatkou lze zminit monitorovani normativniho stavu novo-
rozencu, screeningové vyuziti u kardiomyopatii a srde¢nich autonomnich neuro-
patii ruzné etiologie, ¢i k predikci rizika nahlé srdecni smrti. Piispévek se zabyva
moznostmi vyuziti waveletu v této problematice. Ty ptredstavuji zajimavou alter-
nativu k bézné vyuzivané FFT.

An a posteriori error estimate for the
Stokes-Brinkman problem in a polygonal domain

P. Burda

We derive a residual based a posteriori error estimate for the Stokes Brinkman
problem on a two-dimensional polygonal domain. We use Hood-Taylor triangular
elements. The link to the possible information on the regularity of the problem is
discussed.



Different approaches to interface weights in the
BDDC method

M. Certikova, J. Sistek, P. Burda

In this paper, we discuss the choice of weights in averaging of local (subdomain)
solutions on the interface for the BDDC method (Balanced Domain Decomposition
by Constraints). We try to find relations among different choices of the interface
weights and numerically compare them on problems of stationary heat conduction
and linear elasticity in 3D. Problems with either jumps in coefficients of material
properties or without the jumps are considered.

Perspectives of discontinuous Galerkin method
for the numerical solution of computational fluid
dynamics problems

V. Dolejsi

We present the discontinuous Galerkin method (DGM) as an efficient tool for the
numerical solution of systems of computational fluid dynamics problems. We dis-
cuss several aspects of DGM in comparison with standard techniques represented
by finite element and finite volume methods from the point of view of accuracy, ef-
ficiency and robustness. We also discuss the implementation aspects as the efficient
solution of arising (non)linear algebraic systems and the parallelization issues.



Vyuziti isogeometrické analyzy pri modelovani
proudéni

J. Egermaier

Prispévek je vénovan numerické simulaci vazkého nestlacitelného proudéni. Nume-
ricky model je zalozen na isogeometrické analyze a Navierovych-Stokesovych rov-
nicich. Jednd se o ¢ast projektu vénovanému tvarové optimalizaci lopatek vodnich
turbin. V praxi je bézné vytvaret design v CAD systémech a také diskretizacni
sité potfebné pro konecné prvkovou analyzu jsou vytvareny z CAD dat. Kazda
zména tvaru vyzaduje vytvoreni nové sité, coz je ¢asové narocné. Vyhodou iso-
geometrického pristupu je geometricka presnost bez ohledu na diskretizaci. Neni
tieba vytvafet novou sit, nebot ta je ziskédna piimo z CAD reprezentace pomoci
tzv. "NURBS prvka”. Navic zjemnovani sité ¢i zvysovani stupné bazovych prvku
je velice jednoduché, efektivni a robustni.

Numerical modelling of a bridge subjected to
simultaneous effect of a moving load and a
vertical seismic ground excitation

C. Fischer

A beam subjected to a row of moving forces and simultaneous vertical motions
of its supports is described using a simplified theoretical model. Several levels of
simplification of the input data are supposed. Numerical results are compared to
approximative closed form solutions.

Paralelni vypocet nestlacitelného stacionarniho
proudéni pomoci metody BDDC

M. Hanek

V praci se zabyvame paralelnim numerickym fesenim Navierovych-Stokesovych
rovnic pro nestlacitelné stacionarni proudéni. To je pocitano za pouziti
predpodminovace BDDC. Prezentujeme vypocty pro tlohu kavity a schodu v
kanalu a dale vysledky pro proudéni v hydrostatickém lozisku.



Numerické metody pro reseni advekéné-difiizni
rovnice

H. Hornikova

Piispévek je vénovan nékterym metodam pro feseni staciondrni difizni a ad-
vekcéneé-difizni rovnice s budoucim cilem zobecnéni pro fteSeni Navierovych-
Stokesovych rovnic. Zvoleny pristup je zalozen na prevodu puvodni rovnice na
soustavu dvou parcidlnich diferencidlnich rovnic hyperbolického typu. To umozni
méné restriktivni volbu casového kroku v pripadé pouziti explicitnich metod pro
feseni evolu¢nich tloh (vnimanych jako itera¢ni metody pro ziskani aproximace
ustéleného stavu), piip. vede k méné problematickému ¢islu podminénosti matice
prislusné soustavy. Lze taktéz uzit jednotny diskretizacni pristup k advekci a difizi.
Bylo provedeno nékolik numerickych experimentu pro ovéreni vlastnosti metody a
jejiho rozsiteni pro feSeni rovnic s proménnym diftiznim koeficientem. Pro urych-
leni konvergence k ustalenému stavu aplikujeme vhodnou metodu typu multigrid
a navrhujeme téz moznost vyuziti metod jako je GMRES s predpodminénim.

Intracranial aneurysm: a challenge for
mathematical modeling and computations

J. Hron

On the problem of intracranial aneurysm we discuss several areas of mathematical
models which might be necessary to consider in the complex problem like this. First
we discuss the the appropriate model for the flow of the blood in vessel size typical
for brain. The possibility of hierarchy of models from newtonian, through power-
law fluid till the mixture based models. This is then connected to the question
of correct boundary conditions on the vessel walls, which can have significant
influence on the usual measures like the wall shear stress. Next, we can report
on recent CFD challenge project, where several groups used different softwares to
compute a flow in given aneurysm geometry obtaining quite wide range of results
mostly due to the choice of boundary conditions. Finally, there is the question
how the interaction with the elastic wall can change the flow and how this can be
included in the numerical simulation.



Identifikace parametria v pocatecnich tilohach
pro obycejné diferencialni rovnice

J. Chleboun, K. Mikes

Jsou uvazovany pocatecni ulohy pro obycejné diferencialni rovnice, naptiklad ne-
linedrni model hydratace cementové pasty. Modelova uloha zavisi na nékolika
parametrech a na pocatecni podmince. Tato vstupni data maji byt uréena na
zédkladé métreni modelovaného jevu (napf. trovné hydratace) v koneéné posloup-
nosti ¢asovych bodu. Identifikace je provedena pomoci minimalizace uéelové
funkce, kterd je definovana jako vazeny soucet kvadratu rozdilu mezi hodnotou
méreni a odezvou modelu v danych ¢asovych bodech. K nalezeni globalniho mi-
nima je pouzit SQP algoritmus opakované spoustény s ruznymi startovacimi body.
Gradient ucelové funkce je pocitan bud ¢isté numericky, a to numerickym deri-
vovanim tucelové funkce, nebo numericko-analyticky prostfednictvim numerického
feSeni analyticky odvozenych pomocnych pocatecnich tloh. Algoritmus feSeni
identifikacni tlohy je implementovan v prostiedi Matlab s podstatnym vyuzitim
rozsitujicich nastroju Optimization Toolbox a Symbolic Math Toolbox.

Vypoctové algoritmy pro navrhovani
nizkoenergetickych staveb

P. JaroSova

Evropska legislativa (zejména smérnice ¢. 2010/31/EU) a navazujici ¢eské predpisy
smétuji k pozadavkum energeticky uspornych staveb, jez nelze rozumné navr-
hovat klasickym prokazovanim tepelného odporu feSenim linearizovanych sta-
cionarnich rovnic vedeni tepla. Podrobna termodynamicka analyza, zohlednujici
solarni zisky v pribliznych roc¢nich a dennich klimatickych cyklech, proudéni vzdu-
chu v mistnostech apod. vsak vede k formulaci rozsahlych soustav evoluénich rov-
nic ¢astecné stochastického charakteru, jejichz numerické feseni nelze po projek-
tantech pozadovat. Ptispévek poukazuje na moznost kompromisniho pristupu ke
stavbeé jako tepelnému systému, jehoz jednotlivé prvky a subsystémy jsou navzajem
vazany (predem nezndmymi) hraniénimi tepelnymi toky. Vyvijeny software na
FAST VUT v Brné je konfrontovan s dostupnymi udaji o provozovani realizo-
vanych staveb.



Numerical modelling of viscous and viscoelastic
fluids flow through the branching channel

R. Keslerova, K. Kozel

This work deals with the numerical solution of viscous and viscoelastic fluids
flow. The governing system of equations is the generalized system of Navier-Stokes
equations. The finite volume method combined with the artificial compressibility
method is used for the spatial discretization. For the time discretization the explicit
multistage Runge-Kutta scheme is used. Numerical results for three dimensional
branching channel are presented.

Algebraicky multigrid na GPU
V. Klement

Poster se zabyva moderni metodou pro reSeni soustav rovnic - algebrickym mul-
tigridem. Vysvétluje zaklady této metody a jeji implementaci, porovnava ji s me-
todou geometrického multigridu a demonstruje zpusob, jak je mozné ji efektivné
prevést na grafické karty. V zavéru obsahuje vysledky, kterych bylo dosazeno na
testovaci uloze vedeni tepla.



Scale separation in fast hierarchical solvers for
discontinuous Galerkin methods

L. Korous

We present a method for solution of linear systems resulting from discontinuous
Galerkin (DG) approximations. The two-level algorithm is based on a hierarchical
scale separation (HSS) such that the linear system is solved globally only for the
cell mean values which represent the coarse scales of the DG solution. The system
matrix of this coarse scale problem is exactly the same as in the cell-centered
finite volume method. The higher order components of the solution (fine scales)
are computed as corrections by solving small local problems. This technique is
particularly efficient for DG schemes that employ hierarchical bases and leads to
an unconditionally stable method for stationary and time-dependent hyperbolic
and parabolic problems. Unlike p-multigrid schemes, only two levels are used for
DG approximations of any order. The proposed method is conceptually simple
and easy to implement. It compared favorably to p-multigrid in our numerical
experiments. Numerical tests confirm the accuracy and robustness of the proposed
algorithm.



Acceleration of direct and iterative solvers used
in domain decomposition based algorithms by
novel techniques and novel many-cores
accelerators

T. Kozubek

The contribution describes acceleration of direct and iterative solvers used in FETI
(Finite Element Tearing and Interconnecting) domain decomposition based algo-
rithms applied to the solution of extremely large and complex problems arising in
computational mechanics.

FETI type domain decomposition methods are powerful tool for constructing nu-
merically and parallel scalable solvers. A great deal of research effort has been
devoted worldwide to studying this topic. The reason is that FETI methods can
dramatically increase potential and reliability of significant applications of FEM
(Finite Element Method). The new FETI classes of methods and their applicati-
ons represent a novel solution to many challenging problems with great impact to
computational sciences.

First, we briefly describe ideas of the hybrid FETI domain decomposition me-
thod enabling massive parallelization until tens of thousands of cores. Then we
say a few words about the Krylov subspace methods and preconditioners used
in FETI solvers and how to accelerate them using communication avoiding and
hiding techniques. The coarse problem solution is accelerated using MAGMA LU
factorization based on many-cores accelerators GPU Nvidia Tesla K20m and Intel
Xeon Phi 5110P. Finally, the performance of the resulting algorithms are demon-
strated on mechanical engineering benchmarks and compared with standard FETI
algorithms.

Tangential fields in the mathematical model of
localized surface plasmons

J. Krcek, J. Vicek

The problem of optical diffraction on periodical interface is solved using boundary
integral equations. The numerical algorithm for recently developed mathematical
model based on vector tangential fields is derived and implemented as the Matlab
code. Obtained results are applied to plasmonic response analysis.



Sdruzeny prenos tepla a vlhkosti v porovitych
materialech: modely, implementace,
homogenizace a paralelizace

J. Kruis, J. Madéra, T. Krejéi, J. Sykora, M. Sejnoha

Prednaska bude vénovana modelovani sdruzeného prenosu tepla a vlhkosti v
porovitych materidlech. Hlavni pozornost bude vénovana Kiinzelovu modelu, v
némz vystupuji jako neznamé veliciny teplota a relativni vlhkost. Bude popséna
diskretizace tloh prenosu tepla a vlhkosti metodou koneénych prvku. Dale bude
studovan vliv jednotlivych materidlovych parametri na soustavy algebraickych
rovnic. Kiinzeliv model byl tspésné pouzit i ve viceurovinové analyze redlnych
inzenyrskych uloh, ve kterych byla pouzita homogenizace prvniho fadu. S ohledem
na velkou vypocetni narocnost viceiroviiové analyzy byla vyuzita paralelizace a
ulohy byly feSeny na paralelnim pocitaci.

Modeling of coupled heat transport and water
flow in porous media and fractured rock masses

L. Krupicka

This contribution deals with modeling of coupled heat transport and water flow in
unsaturated porous media accounting for conditions of freezing and thawing. The
model is based on basic conservation equations, e.g. mass conservation equation
and energy conservation equation. The complete model consists of two nonlinear
partial differential equations with unknown total pressure head and temperature
and prescribed boundary and initial conditions. Numerical procedure is based on
a semi-implicit time discretization, which leads to a system of coupled nonlinear
stationary equations. The next part of this contribution deals with the existence of
a weak solution to the discretized problem. We also present some illustrative nume-
rical example compared with the practical experiment. The spacial discretization
is carried out by the FE-method and it is implemented in Matlab.



On angle conditions in the finite element method
M. Kiizek

Angle conditions play an important role in the analysis of the finite element me-
thod. They enable us to derive the optimal interpolation order and prove conver-
gence of this method, to derive various a posteriori error estimates, to perform
regular mesh refinements, etc. In 1968, Milos Zlamal introduced the minimum an-
gle condition for triangular elements. From that time onward many other useful
geometric angle conditions on the shape of elements appeared. We shall give s sur-
vey of various generalizations of the minimum and also maximum angle condition
in the finite element method and present some of their applications.

Moznosti efektivni implementace hp-adaptivity
P. Kiis, L. Korous, P. Karban

Hlavni vyhodou hp varianty koneénych prvku je rychld konvergence chyby v
zavislosti na poctu stupnu volnosti. Nevyhodou, ktera je obzvlast citelnd pro prak-
tické vypocty, je relativni naroc¢nost kazdého z jednotlivych adaptivnich kroku.
Vyslednd celkova doba vypocétu tedy muze byt piilis vysokd. V prispévku bude
prezentovano nékolik moznosti, jak dobu vypoctu jednotlivych kroku snizit za
vyuziti informaci ziskanych v predchozim kroku. Pouzita muze byt nejen céast v
predchozim kroku sestavené matice, ale i jeji LU rozklad. Ten muze byt vyuzit
bud’ k urychleni nového LU rozkladu, ke konstrukeci Schurova dopliiku nebo ke kon-
strukci predpodminovace pro vhodnou iteraéni metodu. V piispévku bude srovana
efektivita nékolika ruznych pristupu.



Downsampling algorithms for large sparse
matrices

D. Langr

Mapping of sparse matrices to processors of a parallel system may have a signifi-
cant impact on the development of sparse-matrix algorithms and, in effect, to their
efficiency. We present and empirically compare two downsampling algorithms for
sparse matrices. The first algorithm is independent of particular matrix-processors
mapping, while the second one is adapted for cases where matrices are partitio-
ned among processors according to contiguous chunks of rows/columns. We show
that the price for the versatility of the first algorithm is the collective commu-
nication performed by all processors. The second algorithm uses more efficient
communication strategy, which stems from the knowledge of mapping of matrices
to processors, and effectively outperforms the first algorithm in terms of running
time.

Vlastnosti nelinearnich metod sdruzenych
gradientu a jejich numerické porovnani

L. Luksan, J. Vlcek

Piispévek je vénovan spadovym nelinearnim metodam sdruzenych gradientu. Jsou
studovany otazky globalni konvergence a vySetfovan vliv vybéru délky kroku
a podminéného prerusovani iteracniho procesu na tucinnost jednotlivych me-
tod. Efektivni metody jsou porovnavany pomoci nékolika souboru testovacich
problému.



Simulation of multiple particle movement in
electromagnetic field

F. Mach

We present a multi-particle tracing algorithm. This algorithm will be used in de-
sign of devices where particle movement is determined by both field-particle and
particle-particle interaction. An example is a device for high-quality separation of
triboelectrically charged plastic particles. The main principle of this separator is
based on the Coulomb force acting on freely falling charged dielectric particles.
Distribution of electric field in the system is solved numerically by a fully adaptive
higher-order finite element method and the movement of particles in the device is
determined by a Runge-Kutta-Fehlberg algorithm.

Numerical simulation of crack propagation based
on linear elastic fracture mechanics

K. Mikes

In linear fracture mechanics, it is common to use the local Irwin criterion or the
equivalent global Griffith criterion for decision whether the crack is propagating or
not. In both cases, a quantity called the stress intensity factor can be used. In this
paper, four methods are compared to calculate the stress intensity factor numeri-
cally; namely by using the stress values, the shape of a crack, nodal reactions and
the global energetic method. The most accurate global energetic method is used
to simulate the crack propagation in opening mode. In mixed mode, the maximum
energy release rate criterion and the maximum circumferential stress criterion are
used to predict the angle of propagation and crack path. The both criterions are
implemented in FEM program and results are verified by a comparison with exam-
ples used by other authors.



Uziti grafické karty a architektury nVidia CUDA
pri optimalizaci intenzity tepelného zareni

J. Mlynek, R. Srb, R. Knobloch

Clanek je zaméfen na problematiku urychleni pocitacového zpracovani optima-
lizace intenzity tepelného zareni na povrchu kovové formy, pritom ohfev formy
soucasti je opakovany a z hlediska poctu operaci narocny vypocet intenzity te-
pelného zatreni na povrchu formy. Provedeni této casti algoritmu lze vyrazné urych-
lit uzitim néstroju paralelnitho programovani a grafické karty s architekturou nVi-
dia CUDA (Compute Unified Device Architecture). V pfispévku jsou porovnany
¢asové narocnosti provedenych vypoétu pro tii pripady: pii pouziti standardniho
programu v prostiedi Matlab, pfi paralelnim vypoctu s vyuzitim vice jader CPU
a pri vypoctu probihajicim na grafické karte.

Wavelety a prognézovani v casovych radach
V. Mosova

Wavelety jsou moderni matematicky nastroj pouzivany pii zpracovani signalu, v
numerické matematice i ve statistice. Waveletova transformace umoziuje zkoumat
zadand data ve frekvenéni i casové oblasti, oddélit aproximace od detailu, efektivné
pocitat waveletové koeficienty pomoci rychlé Fourierovy transformace. Vzhledem
k témto vlastnostem je waveletova transformace vhodna k analyze a prognézovani
v casovych fadach. Prispévek bude zaméren na tuto problematiku. K prognézovani
casovych tad budou vyuzity wavelety kombinované s Box-Jenkinsovymi modely.
Na zaveér budou tyto metody demonstrovany na piikladech z praxe.



Comparison of three methods for a parameter
estimation problem based on FRAP data

S. Papacek, C. Matonoha

FRAP (Fluorescence Recovery After Photobleaching) is a routinary measurement
technique for determination of the mobility of autofluorescent molecules within
the living cells. While the experimental setup and protocol are usually fixed, the
method used for the model parameter estimation, i.e. the data processing step,
is not well established up today. In this contribution, we first formulate the in-
verse problem of parameter estimation based on experimental (noisy) data. Then
we use our previous work to announce how the data space selection and the data
preprocessing influence the confidence interval of the estimated parameter, being
the diffusion coefficient D. Finally, we compare three different methods for com-
putation of a least-squares estimate D, both theoreticaly (based on the sensitivity
analysis) and practically (on a numerical example).

A fast implementation of the minimum degree
ordering

P. Parik

The minimum degree ordering is one of the most widely used ordering algorithms.
Its purpose is to reduce the fill-in introduced during the factorization of a sparse
matrix. There are several modifications that improve the speed of the algorithm,
especially the approximate minimum degree algorithm. Unfortunately, the orde-
ring problem is NP-complete, therefore, the minimum degree ordering is a heuristic
algorithm. Our approach focuses mainly on the optimization of the minimum de-
gree algorithm at the implementation level, in particular, on set operations done
on the graph structure representing the sparse matrix. We present a comparison
of several minimum degree algorithms and assess the performace specifically on
large sparse matrices.



2D simulation of flow behind a heated cylinder
using spectral element approach with variable
coefficients

J. Pech

Results from 2D computations of flow behind a heated cylinder using Spectral
Element Method is presented. Vortex shedding in regimes of Reynolds number
from interval [50,160] is simulated, using polynomial approximation of very high
order and minimizing the number of subdomains. Temperature dependent material
coefficients of water and air are used in the set of governing equations, since the
viscosity dependence on temperature has opposite behavior for these two fluids.
Variations in drag/lift coefficients are observed and extracted Strouhal-Reynolds-
Prandtl number relation is compared with data from experiment.

Matematické podklady a priprava dat pro
optimalizaci svozové trasy komunalniho odpadu

M. Petiik

Predlozeny poster nejprve tesi prevod zemépisnych souradnic GPS-WGS84 do
pravouhlych kartézskych soutadnic a to jak pro mista vzniku odpadu tak pro
geometrii topologického problému. V druhém kroku je proveden vypocet matice
sousednosti a provede se zakladni redukce slozitosti kostry grafu a to s ohledem
na geometrii dané obce a mist vzniku odpadu. Ve tfetim kroku se do kostry grafu
vlozi podcesty, které umozni generovat efektivnéjsi trasovani svozu odpadu.



The solution of quadratic programming problem
with separable conical constraints in granular
dynamics

L. Pospisil, Z. Dostal

The numerical solution of granular dynamics problems with Coulomb friction leads
to the problem of minimizing a convex quadratic function with semidefinite Hes-
sian subject to a separable conical constraints. In this paper, we shortly review
the mathematical modelling aspects of granular dynamics and we discuss the sol-
vability of the inner optimizing problem using the recently published theory. For
the solution of the problem, we compare several algorithms, such as Accelerated
Projected Gradient method or Spectral Projected Gradient method.

Experimental comparison of second-order traffic
flow models on traffic data

J. Piikryl, I. Hornak

Despite their deficiencies, second-order traffic flow models are still commonly used
to derive discrete-time models that help traffic engineers to model and predict
traffic flow behaviour on highways. We will briefly overview the development of
traffic flow theory based on continuous flow-density models of Lighthill-Whitham-
Richards type, leading to modern continuous models introduced by Daganzo, Aw
and Rascle, and their numerical solutions. We will then concentrate on discreti-
sation of these continuous models by Daganzo, that helps to keep the problem
computationally tractable even for large traffic networks, which has been widely
adopted in highway management practice. We will compare the different approa-
ches on real traffic data on the southern highway ring of Prague.



Verifikovana numerika pomoci systému INTLAB
P. Prikryl

Verifikovand numerika (anglicky validated numerics) se zamétuje vyhradné na ko-
rektni matematické ulohy a odvozuje pro né rigorézni matematickd tvrzeni ve
formé postacujicich podminek, které se daji opét rigorézné ovérovat na pocitaci
pouzitim aritmetiky v pohyblivé tadové carce. Muzeme tak napiiklad oveérit,
zda dand matice je regularni, nebo ziskat hodnotu kofene nelinearni rovnice se
zarucenym a realistickym odhadem presnosti. O pouzité strojové aritmetice se
prepoklada pouze, ze spliuje dnes standardné implementovanou normu IEEE 754.
Systém INTLAB je nadstavbou (toolboxem) pocitacového systému MATLAB a
jakkoli neni pro praci s verifikovanou numerikou nutny (coz ukazeme), vyrazné ji
zjednodusuje. V prezentaci ukazeme nékteré jednodussi priklady préce s verifikova-
nou numerikou, k dispozici bude rovnéz zakladni literatura (v elektronické forme,
pdf). Predpokldddme, ze bude k dispozici rovnéz konkrétni instalace systému
INTLAB, kterou si piipadni zdjemci budou moci vyzkouset.

Matematické modelovani procesu probihajicich v
betonu pri pozaru

P. Rozehnalova

Prispévek se zabyva matematickym modelem popisujicim procesy probihajici v
betonu pii pozaru. Tento déj je popsan nelinearni soustavou parcidlnich diffe-
rencidlnich rovnic, na zédkladé které je odvozeno numerické schéma. Numerické
vysledky ziskané metodou konecnych prvku jsou srovnany s experimentem.



Numerical analysis of patterns in
reaction-diffusion systems

V. Rybar

Reaction-diffusion systems are used in biology to explain phenomena such as sym-
metry breaking, spatial variations, and formation of patterns. Since they are non-
linear partial differential equations, their analysis is, beyond linearisation, highly
difficult. This contribution offers results of numerical analysis of one particular
reaction-diffusion system modelling formation of pigment patterns on the coat of
a leopard.

Smooth approximation spaces based on a
periodic system

K. Segeth

A way of data approximation called the smooth approximation was introduced by
Talmi and Gilat in 1977. In the contribution, we are concerned with mathematical
as well as computational aspects of this smooth approximation of data. Such an
approach to approximation employs a (possibly infinite) linear combination of smo-
oth basis functions with coefficients obtained as the unique solution of a variational
problem. While the problem guarantees the smoothness of the approximant and
its derivatives, the constraints represent the interpolating or smoothing conditions
at nodes. The smooth approximation is studied while a special attention is paid to
the periodic basis system exp(ikz). Some 1D numerical examples are presented.

Numerical simulation of free-surface flows with
surface tension

P. Svacek

In this paper, the numerical approximation of the flow of two immiscible incom-
pressible fluids is considered with the surface tension effects included. The problem
formulation shall be given, reformulated in a suitable form for finite element dis-
cretization. The two phase flow is treated with the aid of the level set method. The
details of numerical approximations are discussed and numerical results shown.



Acceleration of Le Bail fitting method on
massively parallel platforms

I. Simecek

This paper deals with some methods used in the crystal structure determination
using powder diffraction. We aim at design of an effective algorithm that will utilize
a GPGPU platform for indexing powder patterns based on the Le Bail fitting
method. We evaluate scalability of the algorithm and compare its performance
with existing solutions.

Parallelization of opt-aiNet algorithm focusing
on modern GPU

I. Simeéek

This paper presents a study of parallelization of opt-aiNet algorithm which comes
from Artificial Immune Systems (AIS), one part of large family of population based
algorithms inspired by nature. Opt-aiNet algorithm is based on an immune network
theory which incorporates knowledge about mammalian immune systems in order
to create a state-of-art algorithm suitable for multimodal function optimization
problems. The algorithm is known for combination of local and global search with
an emphasis on maintaining stable set of distinct local optima solutions and its
other modifications can be used for many other purposes like data clustering or
combinatorial optimization.

Wavelet Galerkin method in higher dimensions

V. Finék, M. Simtinkova

The numerical solution of PDEs is usually limited to problems with up to three
or four dimensions, due to the so-called curse of dimensionality. We implemen-
ted recently Wavelet Galerkin Method to solve the Poisson equation in higher
dimensions. Our implementation originally used wavelets based on quadratic spli-
nes which have short supports and small condition number but their duals are
globally supported. In our contribution, we present numerical results for further
types of wavelets including multiwavelets.



Vortex identification by average corotation of
line segments near a point

J. Sistek

A new quantity measuring the average corotation of material line segments near
a point has been recently introduced. At a given point, the vector of average
corotation is defined using two ingredients: (i) analysis of the velocity gradient
in an arbitrary plane going through the examined point, and (ii) averaging the
effect over all planes. Within each plane, the flow is analysed by means of the
triple decomposition method (TDM) distinguishing contributions due to rigid-
body rotation, shear and strain. The averaging is achieved through integration over
a unit sphere, which is performed by dedicated schemes for numerical integration
in practical computations.

If scaled properly, the resulting vector of average corotation can be seen as the
part of vorticity corresponding to rigid body rotation, with contribution of shear
explicitly eliminated. Being derived from kinematic considerations, the method
can determine the 'plane of swirling’, and it is also applicable to compressible and
variable-density flows.

The magnitude of the vector of average corotation is employed for identification
of vortices in three-dimensional fluid flows. It is shown that the new method well
reproduces results of some widely used methods (A and @) in regions of low
external shear. However, the popular methods, unlike the proposed one, fail to
correctly interpret the high shear zones of bluff-body wakes behind sharp edges,
which are interpreted in a biased manner as vortices.



Solution of mechanical problems in fractured
rock with user-defined interface of Comsol
Multiphysics

I. Skarydova

We would like to introduce the main idea and some scoping calculations for the
solution of mechanical problems in fractured rock using Comsol Multiphysics (spe-
cifically Comsol Java API interface due to some advanced functions). This commer-
cial computational system is based on FEM and fractures in mechanical problems
are still not implemented in it.

We consider 2D problems with a fracture which is defined independently of the
finite-element discretization where fracture properties will be included through the
constitutive laws. The actual implementation should be based on the principles of
extended finite element method (a way of fracture description, enrichment functi-
ons for rock elements containing fracture, etc). The implemenation has not fully
completed yet but it should bring better description of the mechanical behavior
for fractured rock in this tool.

Adaptive higher-order finite element methods for
transient PDE problems based on embedded
higher-order implicit Runge—Kutta methods

P. Solin

We present a new class of adaptivity algorithms for time-dependent partial diffe-
rential equations (PDE) that combine adaptive higher-order finite elements (hp-
FEM) in space with arbitrary (embedded, higher-order, implicit) Runge-Kutta
methods in time. Weak formulation is only created for the stationary residual,
and the Runge-Kutta methods are specified via their Butcher’s tables. Around
30 Butcher’s tables for various Runge-Kutta methods with numerically verified
orders of local and global truncation errors are provided. A time-dependent ben-
chmark problem with known exact solution that contains a sharp moving front
is introduced, and it is used to compare the quality of several embedded implicit
higher-order Runge-Kutta methods. Numerical experiments also include a compa-
rison of adaptive low-order FEM and hp-FEM with dynamically changing meshes.
All numerical results presented in this study were obtained using the open source
library Hermes (http://hpfem.org/hermes).



NCLab — free cloud computing platform for
education and research

P. Solin

NCLab is a public cloud computing platform that operates in 7 languages and
serves students and instructors in more than 100 countries. It hosts a large variety
of modules based mostly on open source software such as LaTeX, Python, GNU
Octave, SciLab, R, and CUDA. NCLab also provides engaging self-paced courses
in computer programming, 3D modeling (CAD design), and other STEM subjects
for K-12 schools and homeschoolers. We will give a brief overview of the platform
and mention some aspects which might be of interest to Czech users.

Metody s vysokym rozliSenim pro reseni uloh se
zakony zachovani

J. Sourek

V prispévku se zabyvame metodou konec¢nych objemu pro feseni parcialnich di-
ferencialnich rovnic hyperbolického typu vyskytujicich se v ulohach se zakony za-
chovani. Byly implementovany a testovany rizné metody s vysokym rozlisenim pro
feseni nelinearnich soustav téchto rovnic v jedné prostorové dimenzi a tyto pristupy
budou vyuzity pro feseni 1loh ve vice prostorovych dimenzich na nestrukturované
siti. Dale budeme hledat souvislosti mezi témito metodami a jinymi schématy,
jako jsou Residual Distribution Schemes (RDS) a Discontinuous Galerkin Method
(DGFEM).



Vypoctové pristupy k inverznim problémutm
z inzenyrské praxe

J. Vala

Vyvoj novych inzenyrskych konstrukei a technologii pracuje ¢asto s pokrocilymi
materidly slozitych struktur, jejichz vlastnosti nelze na rozdil od tradi¢nich ma-
teridlu odhadovat ze zkusenosti. Kvalita vypoctového modelovani ptislusnych fy-
zikalnich procesu, zalozeného vétsinou na principech klasické termomechaniky,
je podminéna vérohodnosti konstitutivnich vztahu, zpravidla jiz nelinearnich,
pochazejicich ze zjednodusenych experimentu. Prednaska ukaze soucasny stav
vypoctové identifikace takovych vztahu ve vybranych inzenyrskych aplikacich,
zejména pro prenos tepla a hmoty, véetné puvodnich experimentédlnich i nume-

rickych vysledku FAST VUT v Brné.



Challenges for numerical methods in
biochemistry: Can we solve 20-dimensional PDE?

T. Vejchodsky

There are many challenges for mathematical modelling of chemical processes in
living organisms. We face very high complexity of these systems, lack of experi-
mental data, considerable stochastic effects due to low copy numbers of certain
biomolecules, complicated spatial organization of a cell, and active transport of
chemicals caused by cellular membranes and microtubules. Complexity of these
systems is enormous and we are still far from their understanding. However, the
progress in biochemistry is fast and the amount of data and knowledge dramati-
cally grows. This provides many opportunities for using mathematical tools. There
is great potential for mathematics to help and to improve the understanding of
these complex biological systems.

In this talk we will assume significant simplifications. As a model we will consider
the well-mixed system of chemical reactions and we will describe it by both de-
terministic and stochastic approach. We will overview the standard deterministic
ODE-based mass-action approach and we will stress its limitations in the context
of biochemical systems. We will explain the need for stochastic models and we
will provide the basic ideas of stochastic modelling. We will present and compare
several stochastic simulation algorithms. Further, we will show how to compute
the stationary probability density function by solving chemical master equation
(CME) and by chemical Fokker-Planck equation (CFPE). The CME is in fact
an infinite system of ODEs and the CFPE is a linear second-order evolutionary
PDE with variable coefficients. We will comment on numerical methods for these
equations. However, since every chemical species corresponds to a dimension, we
face the problem of solving high-dimensional PDE, which is known as the curse
of dimensionality. We will conclude the talk by explaining the main idea of tensor
methods to break this curse.



On Runge—Kutta, collocation and discontinuous
Galerkin methods: Mutual connections and
resulting consequences to the analysis

M. Vlasak, F. Roskovec

Discontinuous Galerkin methods (DGM) start to be very popular solver for stiff
ODEs. To be able to prove some more subtle properties of DGM we will show that
DGM is equivalent to a specific Collocation method which is in turn equivalent to
an even more specific implicit Runge-Kutta method. These equivalences provide
us with another interesting view on DGM and enable us to employ well known
techniques developed already for any of these methods. Our aim will be proving
superconvergence property of DGM in Radau quadrature nodes.

Modifikovana metoda BNS s omezenou pameéti,
odvozena z myslenky sdruzenych smeéru

J. Vléek, L. Luksan

Je navrzena modifikace metody BNS s omezenou paméti pro nepodminénou mini-
malizaci, spocivajici ve vektorovych korekcich, vyuzivajicich hodnot z predchozich
iteraci a zalozenych na myslence sdruzenych smért. Oproti podobné metodé, o niz
jsem referoval minule, lze pouzit korekéni vektory z vice predchozich iteraci. Pro
kvadratické tucelové funkce je zlepseni konvergence v jistém smyslu nejlepsi mozné,
v8echny ulozené korigované rozdilové vektory jsou vzajemné sdruzené a kvazinew-
tonovské podminky s témito vektory jsou splnény. Novy algoritmus je globalné
konvergentni pro konvexni dostatecné hladké funkce a numerické vysledky demon-
struji jeho efektivitu.



Comparison of algorithms for calculation of the
greatest common divisor of several polynomials

J. Zitko, J. Eckstein

The computation of the greatest common divisor (GCD) has many applications.
In this paper, Sylvester and Bezout matrices are considered for this purpose. The
computation is divided into three stages. A rank revealing method is shortly menti-
oned in the first one and then the algorithms for calculation of an approximation of
GCD are formulated. In the final stage the coefficients are improved using Gauss-
Newton method. Numerical results show the efficiency of proposed last two stages.

Solution of algebraic systems arising from the
discontinuous Galerkin discretization of PDEs by
the p-multigrid technique

A. Zivédk

During last ten years, the discontinuous Galerkin (DG) method became very po-
pular technique for the numerical solution of partial differential equations. It is
based on piecewise polynomial but discontinuous approximation, which allows us
to simply construct hierarchical basis functions locally for each element. The DG
discretization leads to the necessity to solve large (non-)linear algebraic systems.
The so-called multigrid methods belong among the most efficient techniques for
the numerical solution of algebraic systems. For the DG discretization we develop
the so-called p-multigrid, where a hierarchy of discretization spaces with respect
to polynomial approximation degree p is considered. Due to the locality of basis
function we construct the operators of the restriction and prolongation locally.



Numerical solution of a new hydrodynamic
model of flocking

A. Zivcakova, V. Kucera

This work is concerned with the numerical solution of equations describing the
dynamics of flocks of birds or other individual entities forming herds or swarms.
We will consider the model of Fornasier et al. (2010), which is a hydrodynamic
limit of the well known Cucker-Smale model. The resulting equations consist of the
Euler equations for compressible flow with an additional nonlocal nonlinear source
term. Due to the computational complexity of the model, we focus only on the
one-dimensional case. For the numerical solution we use a suitably modified semi-
implicit discontinuous Galerkin method. This work represents the first thorough
attempt to solve these equations numerically.



