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Abstrakt €esky Projekt se zabyva numerickym feSenim nékolika typu parcialnich diferencialnich rovnic (PDR)
popisujici rizné praktické jevy a problémy. Cilem je vyvoj spolehlivych a efektivnich
numerickych metod umozriujici ziskani pfiblizného feSeni v ramci dané tolerance za pouziti
minimalniho poctu aritmetickych operaci. Cely proces zahrnuje navrh a analyzu diskretizanich
odhady chyby zahrnujici algebraické chyby a adaptivni metody vyvaZujici rlizné zdroje chyb.
Zameéfime se na pouziti adaptivnich metod vysokého Ffadu presnosti, které umoznuji znacné
snizit pocet stupfid volnosti nutnych k dosazeni dané chybové tolerance. Adaptivni zjemrovani
siti musi téz brat v potaz vlastnosti vyslednych soustav algebraickych rovnic. O¢ekavanymi
vysledky tohoto projektu jsou adaptivni spolehlivé a efektivni metody pro feSeni uvazovanych
typl parcialnich diferencialnich rovnic.

Cile projektu ¢esky - numericka analyza diskretizacnich metod
- odhady chyby zahrnujici algebraické chyby
- vyvoj a analyza efektivnich algebraickych fesi¢a pro diskretizace vy$Sich fada a adaptivné
zjemneéné sité
- vyvoj adaptivnich metod vyvazujici jednotlivé typychyb

Abstrakt anglicky The project deals with the numerical solution of several types of partial differential equations
(PDEs) describing various practical phenomena and problems. The aim is to develop reliable
and efficient numerical methods allowing to obtain approximate solutions of PDEs under the
given tolerance using a minimal number of arithmetic operations. The whole process includes
the proposals and analysis of discretization schemes together with suitable solvers for the
solution of arising algebraic systems, a posteriori error estimation including algebraic errors and
adaptive techniques balancing various error contributions. We focus on the use of adaptive
higher-order schemes which allow to reduce significantly the number of necessary degrees of
freedom required for the achievement of the prescribed accuracy. The adaptive mesh
refinement must also take into account the properties of the resulting algebraic systems. The
expected outputs of this projects are adaptive reliable and efficient numerical methods for the
solution of the considered types of PDEs.

Cile projektu anglicky - numerical analysis of discretization schemes
- error estimates including the algebraic errors
- development and analysis of efficient algebraic solvers for higher-order methods and
adaptively refined meshes
- development of adaptive schemes balancing the particular error contributions

Klasifikace CEP

Zarazeni do CEP BA - Obecna matematika

Obory OECD

Applied mathematics

Prihlaseni se k prioritam
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Cast B - Finanéni prostiedky celkem

Castky jsou uvadény v K&.

Celkové zpusobilé naklady na fesSeni projektu ze v§ech zdroja financovani

1. rok

2.rok |3.rok

Celkem

Celkova dotace poskytovatele na projekt

4 278 tis|4 241 tis|4 241 tis

12 760 tis

Podpora z ostatnich vefejnych zdroju (tuzemskych i zahrani€nich)

297 tis

297 tis |297 tis

891 tis

Podpora z nevefejnych zdroju (vlastni prostfedky, soukromé dotace)|0 tis

0 tis 0 tis

0 tis

Zpusobilé naklady ze vSech zdrojl financovani

4 575 tis|4 538 tis|4 538 tis

13 651 tis

Mira podpory u poskytovatele

93,47 %

Rozdéleni dotace nafesSeni projektu

Rozdéleni ostatnich zdroji na feseni projektu

1. rok

2. rok

3. rok

Celkem

1.rok (2. rok (3. rok

Celkem

Vécné naklady

1 420 tis

1383 tis

1383 tis

4 186 tis

\Vé&cné naklady

Otis |Otis |Otis

0 tis

Osobni naklady

2 858 tis

2 858 tis

2 858 tis

8 574 tis

Osobni naklady

297 tis

297 tis|297 tis

891 tis

Investicni naklady

0 tis

0 tis

0 tis

0 tis

Investi¢ni naklady|

Otis |Otis |Otis

0 tis

Celkem

4 278 tis

4 241 tis

4 241 tis

12 760 tis

Celkem

297 tis[297 tis|297 tis|891 tis

Uchazeé - Cast B - finanéni prostiedky

Jméno a prijmeni

Organizace

prof. RNDr. Vit Dolejsi Ph.D., DSc

Univerzita Karlova, Matematicko-fyzikalni fakulta

Castky jsou uvadény v K&.

Celkové zpusobilé naklady na reSeni projektu ze vSech zdroji financovani

1.rok |2.rok [3.rok |Celkem
Celkova dotace poskytovatele na projekt 2 085 tis|2 085 tis|2 085 tis|6 255 tis
Podpora z ostatnich vefejnych zdroju (tuzemskych i zahraniénich) |176tis [176tis |176 tis |528 tis
Podpora z nevefejnych zdroju (vlastni prostfedky, soukromé dotace)|0 tis 0 tis 0 tis 0 tis
Zpusobilé naklady ze v§ech zdrojl financovani 2 261 tis|2 261 tis|2 261 tis|6 783 tis
Mira podpory u poskytovatele 92,22 %

Rozdéleni dotace nafeseni projektu

Rozdéleni ostatnich zdrojl na feSeni projektu

1. rok

2. rok

3. rok

Celkem

1

.rok |2.rok 3. rok

Celkem

Vécné naklady

727 tis

727 tis

727 tis

2 181 tis

VVécné naklady [0

tis |Otis |Otis

0 tis

Osobni naklady

1 358 tis

1 358 tis

1 358 tis

4 074 tis

Osobni naklady |1

76 tis|176 tis 176 tis

528 tis

Investi¢ni naklady

0 tis

0 tis

0 tis

0 tis

Investi¢ni naklady|0

tis |Otis |Otis

0 tis

Celkem

2 085 tis

2 085 tis

2 085 tis

6 255 tis

Celkem 1

76 tis|176 tis|176 tis

528 tis
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Uchazeé - Cast B - rozpis finanénich polozek

V této &asti navrhu se vypliiuje pozadovana dotace od GACR

Dotace na vécné naklady

1.rok |2.rok (3.rok |Celkem
Materialni naklady 10tis |10tis |10tis [30 tis
Cestovni naklady 200 tis [200 tis |200 tis 600 tis

Naklady na ostatni sluzby a nematerialni naklady|100 tis

100 tis 100 tis 300 tis

Doplnkoveé (rezijni) naklady

417 tis

417 tis|417 tis|1 251 tis

Celkem

727 tis

727 tis|727 tis|2 181 tis

Dotace na osobni naklady (souhrn)

1.rok |2.rok |3.rok [Celkem
Mzdy odbornych pracovnik 936 tis |936tis [936tis |2 808 tis
Mzdy dalSich (tech.) pracovnikl 0 tis 0 tis 0 tis 0 tis
Odmény z DPP/DPC 90tis |90tis [90tis |270tis
Socialni a zdravotni pojisténi a SF (FKSP)(332 tis  [332tis 332 tis (996 tis
Celkem 1 358 tis|1 358 tis|1 358 tis|4 074 tis

Dotace na porizeni investic

1. rok

2. rok

3. rok

Investice Pof. cena Pof./Odp.|Vyuziti|Pof./Odp

JVyuziti

Pot./Odp. [Vyuziti

Celkem dotace nainvesticel0 tis

0 tis

0 tis

4/
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Rozpis mzdovych nakladi a odmén DPP/DPC hrazenych z dotace pro véechny roky feseni

Kat. Jméno Uvazek/1. |Uvazek/2. |Uvazek/3.
rok rok rok
Napli prace / popis Cinnosti Dotace Dotace Dotace
Vit Dolejsi 0,30 0,30 0,30
- Ukoly &.: T1.2, T1.3, T2.5, T2.6, T3.1, T4.1, T4.6, koordinace 216 tis 216 tis 216 tis
projektu
Miloslav |Feistauer 0,20 0,20 0,20
- Ukoly &.: T1.1, T2.1,T2.2, T4.6 144 tis 144 tis 144 tis
Petr |[nobloch 0,10 0,10 0,10
- Ukoly &.: T1.4, T2.4, T4.6 72 tis 72 tis 72 tis
Petr |Tichy 0,20 0,20 0,20
- Ukoly &.: T1.2, T3.1, T4.2, T4.3,T4.4, TA.6 132 tis 132 tis 132 tis
Vaclav Kugera 0,20 0,20 0,20
- Ukoly &.: T2.3, T2.4, T4.6 120 tis 120 tis 120 tis
Miloslav |Vlasék 0,15 0,15 0,15
- Ukoly &.: T1.1, T2.1, T2.5, T4.6 72 tis 72 tis 72 tis
Scott lcongreve 0,20 0,20 0,20
- Ukoly &.: T1.1, T2.1, T2.5, T2.6, T4.1, T4.6 96 tis 96 tis 96 tis
Filip |Roskovec 0,20 0,20 0,20
postdok Ukoly €.: T1.3,T2.6, T4.1, T4.6, programovani 84 tis 84 tis 84 tis
Lukas |Vacek 150,0 hod|150,0 hod|150,0 hod
student Ukoly €.: T2.3, T2.4, T4.6, programovani 30 tis 30 tis 30 tis
Ondrej |Bartos 150,0 hod|150,0 hod[150,0 hod
student |Ukoly &.: T1.2, T2.5, T4.1, T4.6 30 tis 30 tis 30 tis
Student 1 | 100,0 hod|100,0 hod|100,0 hod
student Ukoly C.:T2.5,T2.6, T4.1, T4.6, programovani 20 tis 20 tis 20 tis
Hana Orosova 40,0 hod ¥0,0 hod 40,0 hod
- administrace projektu 10 tis 10 tis 10 tis

Uchazeé - Cast B - finanéni prostiedky

Specifikace a zdlivodnéni naklada pro 1. rok reseni

Materialni naklady
Pozadovana ¢astka 10 tis. K& pokryva naklady na nakup odborné literatury, kancelarskych potfeb a toner( k tiskarnam.

V roce 2020 planujeme zakoupeni 2 knih souvisejicich s FeSenim grantu:

Sun, Jiguang; Zhou, Aihui: Finite element methods for eigenvalue problems. Monographs and Research Notes in
Mathematics. CRC Press, Boca Raton, FL, 2017. xxii+343 pp. ISBN: 978-1-4822-5464-8

Uzunca, Murat: Adaptive discontinuous Galerkin methods for non-linear reactive flows.
Lecture Notes in Geosystems Mathematics and Computing. Birkhduser/Springer, [Cham], 2016. ix+105 pp. ISBN: 978-3-
319-30129-7; 978-3-319-30130-3

Odhadovana ¢astka 100 EUR za jednu knihu. Zbylych 5 tis. K& je planovano na kancelarsky material.

GRIS ORBEON 1.3.2.2-SNAPSHOT 5/
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Cestovni naklady
Za ucelem prezentace vysledkl grantu pokladame za pfiméfené, aby se ¢lenové tymu prezentovali dosazené vysledky
b&hem roku jedné az dvou mezinarodnich konferenci v zahraniéi nebo v CR a ptipadné absolvovali jednu cestu do
zahranicCi za ucelem spoluprace se zahrani€nimi partnery.
S ohledem na zku$enosti z minulych let, Ize odhadnout naklady na jednu osobu a jednu akci pfiblizné na 30 - 40 tis. K&,
coz odpovida pfiblizné 6-7 cestdm. Cestovné na konference se pocita bez viozného, které se uctuje v polozce Sluzby.
V roce 2020 planujeme prezentovat vysledky projektu na téchto konferencich:
- Algoritmy 2020, Conference on Scientific Computing, Slovakia, odhadované naklady 20 tis. K¢.
- GAMM Workshop on Applied and Numerical Linear Algebra, Germany, odhadované naklady 35 tis. K¢.

- Finite Volumes for Complex Applications 1X, June 15-19, 2020 in Bergen, Norway, odhadované naklady 35 tis. K&.

- ICOSAHOM 2020 - International Conferenceon Spectral and High Order Methods, Vienna, July 2020, odhadované
naklady 30 tis. K&.

- ESCO 2020, European Seminar on Compution, June, 2020, odhadované naklady 10 tis. K&.
- PANM 2020 - Programms and algorithms of numerical mathematics, Dolni Maxov, odhadované naklady 5 tis. K&.

Pfesné naklady na cesty nelze pfesné odhadnout, jednak nékteré konference pofadané v roce 2020 nemaji zvefejnény
naklady a také nelze dopfedu urcit, zda-li budou ziskany i jiné prostfedky na cesty.

Dale predpokladame nasledujici cesty ¢lenti tymu na RWTH Aachen (Dolejsi), TU Berlin (P. Tichy), Univ. Stuttgart
(Feistauer), cca 15 tis. K¢ na jednu cestu, ¢ast pobytovych nakladd pokryje zvouci strana.

Cast prostfedk( bude také pouzita na podporu navstév zahraniénich spolupracovnikii na MFF UK, konkrétné M. Vohralik
(INRIA) a P. Solin (University of Nevada), cca 10 tis. K& na jednu akci.

CELKEM: 200 tis. K&
Podobné naklady pfedpokladame i v dalSich letech feSeni projektu.

6 / GRIS ORBEON 1.3.2.2-SNAPSHOT
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Naklady na ostatni sluzby a nematerialni naklady

VétSina prostfedk( bude pouzita na uhradu konferenénich poplatk konferenci, kde budou prezentovany vysledky
dosazené v ramci feSeni projektu. Pfesné Castky na rok 2020 nejsou znamy, s ohledem na zkuSenosti z minulych let
pocitame s ¢astkou cca 20 tis. K& na osobu, studenti ziskavaji obvykle slevu.

Konrétné pak:

- Algoritmy 2020, Conference on Scientific Computing, Slovakia, odhadované naklady 18 tis. K¢.
- GAMM Workshop on Applied and Numerical Linear Algebra, Germany, odhadované naklady 20 tis. K¢.
- Finite Volumes for Complex Applications 1X, June 15-19, 2020 in Bergen, Norway, odhadované naklady 20 tis. K&.

- ICOSAHOM 2020 - International Conferenceon Spectral and High Order Methods, Vienna, July 2020, odhadované
naklady 20 tis. K¢.

- ESCO 2020, European Seminar on Compution, June, 2020, cca 15 tis. K¢.

- PANM 2020 - Programms and algorithms of numerical mathematics, Dolni Maxov, cca 5 tis. K&.

Mensi ¢ast prostfedku se pouzije na uhradu bankovnich poplatkd, pfipadné DPH poplatky za ubytovani zahrani¢nich
hostU. Jiné sluzby &i nematerialni naklady nejsou planovany. Odhad 2 tis. K&

CELKEM: 100 tis. K&

Podobné naklady prfedpokladame i v dalSich letech feSeni projektu.

Osobni naklady

Hlavni navrhovatel bude vénovat projektu 30 procent své kapacity, ostatni feSitelé pak 10 - 20 procent. Z platd
jednotlivych €lena, které jsou dany jejich pozici, tak vychazi pozadavky na osobni naklady jednotlivych ¢lenl tymu:

V. DolejSi 216 tis. (plus dalSich 72 tis. bude pokryto z pfispévku MFF UK), pozice AP4 (profesor)

M. Feistauer 144 tis. (plus dalSich 48 tis. bude pokryto z pfispévku MFF UK), pozice AP4 (profesor

P. Knobloch 72 tis. (plus dalSich 9.6 tis. bude pokryto z pfispévku MFF UK), pozice AP3 (docent)

P. Tichy 132 tis., pozice AP3 (docent)

V. Ku€era 120 tis., pozice AP3 (docent)

M. Vlasak 72 tis., pozice AP2 (odborny asistent)

S. Congreve 96 tis., pozice AP2 (odborny asistent)

F. Roskovec 84 tis., pozice VP1 (postdock) ( F. Roskovec je aktualné student Ph.D. studijniho programu na MFF UK,
oCekavana obhajoba zafi 2019, hlavni naplni prace na projektu je vyvoj pouzivaného softwaru a zau€ovani studentt pro
praci s timto softwarem)

Celkem 936 tis. K&.

Spolufinancovani osobnich nakladd z prostfedkd MFF UK je 130 tis. K& na rok.

Zakonné odvody hrazené z dotace (35.5%) €ini celkem 332 tis. K& za rok.

DalSich 46 tis. KE zakonnych odvod( bude ro¢né hrazeno z prostfedkl MFF UK v ramci spolufinancovani.
Spolufinancovani je tedy 130+46=176 tis. KC za rok.

Odmeény z DPP:

L. Vacek 30 tis, DPP, Ph.D. student

O. Bartos$ 30 tis, DPP, Ph.D. student

Studentl 25 tis, DPP, Ph.D. student (vhodnym kandidatem je lvan Galfy, ktery bude obhajovat diplomovou praci v roce
2019)

H. Orosova, 10 tis, DPP, administrace projektu

Stejné naklady pfedpokladame i v dalSich letech Feseni projektu.
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Investi¢ni naklady
investi¢ni naklady nejsou planovany

Navrh Standardniho projektu
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Uchazeé - Cast D2 - bibliografie

Uplné bibliografické tdaje o nejvyznamnéjsich vysledcich védecké a vyzkumné éinnosti definovanych

v Metodice hodnoceni vysledk( vyzkumu a vyvoje

\/ysledek

Kod vysledku‘Databaze‘Citaci‘lmpaktn|’ faktor
Podil na publikaci

==

V. Dolejsi, M. Feistauer: Discontinuous Galerkin method. Analysis and
applications to compressible flow. Springer Series in Computational
Mathematics, 48. Springer, Cham, 2015. xiv+572 pp

B bina 79 |

citace Google Scholar 79, Math Sci Net 22
Joint work of two co-authors. Contribution of
V. Dolejsi is approximately 50%.

N

V. Dolejsi, M. Feistauer: A Semi-Implicit Discontinuous Galerkin Finite
Element Method for the Numerical Solution of Inviscid Compressible Flow,
Journal of Computational Physics 198(2): 727-746, 2004

Jimp wos [s2 |u777
Joint work of two co-authors. Contribution of
V. Dolejsi is approximately 50%.

w

V. Dolejsi: Semi-implicit Interior Penalty Discontinuous Galerkin Met hods
for Viscous Compressible Flows, Communications in Computational
Physics 4(2): 231-274, 2008

Jimp wos |55 [2,330
A single author paper. Contribution 100%.

=

V. Dolejsi, A. Ern and M. Vohralik: A framework for robust a posteriori
error control in unsteady nonlinear advection-diffusion problems, SIAM
Journal of Numerical Analysis, 51(2): 773-793, 2013

Jimp wos 14 [1,690
Joint work of three co-authors. Contribution
of V. Dolejsi is approximately 33%.

al

V. Dolejsi, A. Ern and M. Vohralik: hp-adaptation driven by polynomial-
degree-robust a posteriori error estimates for elliptic problems, SIAM
Journal of Scientific Computation 38(5):A3220-A3246, 2016

Jimp wos |12 |z195
Joint work of three co-authors. Contribution
of V. DolejSi is approximately 33%.

Celkové pocty vysledkd definovanych Metodice hodnoceni vysledkil vyzkumu a vyvoje za poslednich 5

roky (podle RIV)

Jimp - Clanek v odborném periodiku impaktovaném

Jsc - €lanek v odborném periodiku obsazeném v databazi Scopus
Jost - Clanek ostatni

B - odborna kniha

C - kapitola v odborné knize

D - ¢lanek ve sborniku

P - patent

F - uzitny nebo priimyslovy vzor

Z - poloprovoz, ovérena technologie, odriida, plemeno
G - prototyp, funk&ni vzorek

H - poskytovatelem realizovany vysledek

L - specializovana mapa

N - certifikovana metodika a postup

R - software

V - vyzkumna zprava obsahujici utajované informace podle zvlastniho pravniho

predpisu
Celkovy pocet citaci véetné autocitaci a H-index WOS

Pocet citaci v€etné autocitaci na vSechny prace podle 650
Metodika pouzita pro pocet citaci dle "jiné metodiky"

H-index podle Web of Science 14,00

8/
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Uchazeé - Cast E - souvisejici projekty

Bézici projekty (uvadeéji se i zahraniéni projekty)

Poskytovatel

Nazev programu
Role v projektu

Cely nazev projektu
Dotace pro prijemce
Pocatek reseni
Prijemce - nazev
instituce

Vztah k podavanému
navrhu

Poskytovatel

Nazev programu
Role v projektu

Cely nazev projektu

Dotace pro prijemce
Pocatek reseni
Prijemce - nazev
instituce

Vztah k podavanému
navrhu

Grantové agentura Ceské
republiky (GACR)
GA - Standardni projekty

Kategorie CEP BA - Obecna matematika

Registracni Cislo 17-01747S
Panel (pouze GACRa P-2

Clen tymu AZV)

Teorie a numericka analyza sdruzenych problém0 dynamikytekutin

7 887 tis Pracovni uvazek 0,20
1.1.2017 Ukon¢eni Feseni 31.12.2019

Univerzita Karlova, Matematicko-fyzikalni fakulta

Podavany projekt na tento koncici projekt Casteéné navazuje, zejména v oblasti diskretizace
parcialnich diferencialnich rovnic.
Necela polovina feSitelského kolektivu je soucasti FeSitelského tymu podavaného projektu.

Grantové agentura Ceské
republiky (GACR)
GA - Mezinarodni projekty

Kategorie CEP BA - Obecna matematika

17-04150J
P10

Registracni islo
Panel (pouze GACR a
AZV)

Robustni dvojuroviové simulace zalozené na Fourierové metodé a metodé konecnych prvka:
Odhady chyb, redukované modely a stochastika

7 090 tis

1.1.2017

CVUT Praha, Stavebni fakulta

Clen tymu

Pracovni Uvazek 0,10

Ukonceni feSeni 31.12.2019

Podavany projekt na tento koncici projekt navazuje v malé mife v oblasti iterativnich metod pro
feSeni algebraickych rovnic. Néktefi ¢lenové feSitelského kolektivu jsou soucasti fesSitelského
tymu podavaného projektu.

Navrhované projekty (uvadéji se i zahraniéni projekty)

V soucasné dobé nejsou zadné projekty navrhované.

Ukonéené projekty

V soucasné dobé nejsou zadné projekty ukoncené.
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Spoluuchazeé - Cast B - finanéni prostiedky

Jméno a pfijmeni doc. RNDr. Toma$ Vejchodsky Ph.D.
Organizace Matematicky ustav AV CR, v.v.i.
Castky jsou uvadény v K&.

Celkové zpusobilé naklady na fesSeni projektu ze vSech zdroji financovani

l.rok |2.rok [3.rok |Celkem
Celkova dotace poskytovatele na projekt 2 193 tis|2 156 tis|2 156 tis|6 505 tis
Podpora z ostatnich vefejnych zdroju (tuzemskych i zahrani¢nich) |121tis [121tis |121tis [363 tis

Podpora z neverfejnych zdroju (vlastni prostfedky, soukromé dotace)|0 tis 0 tis 0 tis 0 tis
Zpusobilé naklady ze vSech zdrojl financovani 2 314 tis|2 277 tis|2 277 tis|6 868 tis
Mira podpory u poskytovatele 94,71 %

Rozdéleni dotace nafesSeni projektu Rozdéleni ostatnich zdroji na feseni projektu

1.rok |2.rok |3.rok [Celkem 1.rok [2.rok |3.rok |Celkem
\Vécné naklady |693 tis |656 tis [656 tis |2 005 tis|Vécné naklady |[Otis |[Otis |Otis |0tis
Osobni naklady |1 500 tis |1 500 tis|1 500 tis |4 500 tis|Osobni naklady |121 tis|121 tis|121 tis |363 tis
Investi¢ni naklady|0 tis 0 tis 0 tis 0 tis Investi¢ni naklady|O tis |0tis |Otis |Otis
Celkem 2 193 tis|2 156 tis|2 156 tis|6 505 tis|Celkem 121 tis|121 tis|121 tis|363 tis
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Spoluuchazeé - Cast B - rozpis finanénich polozek

V této &asti navrhu se vypliiuje pozadovana dotace od GACR

Dotace na vécné naklady

1.rok [2.rok [3.rok |Celkem
Materialni naklady 45 tis |15tis [15tis [75tis
Cestovni naklady 150 tis [150 tis|150 tis |450 tis
Naklady na ostatni sluzby a nematerialni naklady|60 tis |60 tis |60 tis |180 tis
Dopliikové (rezijni) naklady 438 tis |431 tis [431 tis 1 300 tis
Celkem 693 tis|656 tis|656 tis|2 005 tis

Dotace na osobni naklady (souhrn)

1.rok |2.rok |3.rok [Celkem
Mzdy odbornych pracovnik 1103 tis|1 103 tis|1 103 tis |3 309 tis
Mzdy dalSich (tech.) pracovnikl 0 tis 0 tis 0 tis 0 tis
Odmény z DPP/DPC 0 tis 0 tis 0 tis 0 tis
Socialni a zdravotni pojisténi a SF (FKSP)(397 tis [397 tis |397 tis |1 191 tis
Celkem 1 500 tis|1 500 tis|1 500 tis|{4 500 tis
Dotace na porizeni investic

1. rok 2. rok 3. rok

Investice Pof. cena Pof./Odp.‘VyuZitl' Pof./Odp.|Vyuziti|PoF./Odp.|Vyuziti
Celkem dotace nainvestice(0 tis 0 tis 0 tis

Rozpis mzdovych nakladii a odmén DPP/DPC hrazenych z dotace pro véechny roky feseni

Kat. Jméno Uvazek/1. |Uvazek/2. |Uvazek/3.
rok rok rok

Naplh prace / popis Cinnosti Dotace Dotace Dotace
Tomas Vejchodsky 0,25 0,25 0,25

- Ukoly &.: T1.4, T3.1, T3.2, T3.3, T4.6, subkoordinace projektu |180 tis 180 tis 180 tis
Michal IKizek 0,10 0,10 0,10

- Ukoly ¢..T1.1,T1.3,T3.3, T4.6 67 tis 67 tis 67 tis
Miroslav |Rozloim’k 0,20 0,20 0,20

- Ukoly &.: T4.2, T4.3, T4.4, T4.6 121 tis 121 tis 121 tis
Jakub [Sistek 0,20 0,20 0,20

- Ukoly ¢.:T3.3, T4.5,T4.6 108 tis 108 tis 108 tis
Pavel IKas 0,20 0,20 0,20

- Ukoly .. T3.3,T4.5,T4.6 101 tis 101 tis 101 tis
Bangwei Ishe 0,10 0,10 0,10

- Ukoly C..T1.4,T22,T4.6 46 tis 46 tis 46 tis
Jan Papez 1,00 1,00 1,00

postdok Ukoly €.:T1.2,T3.1,T3.2, T4.2,T4.3, T4.4,T4.6 480 tis 480 tis 480 tis

Spoluuchazeé - Cast B - finanéni prostiedky

Specifikace a zdlivodnéni nakladi pro 1. rok reseni
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B GACR Navrh Standardniho projektu 20-01074S
Materialni naklady
Vykonny pocita¢ (laptop) pro vyvoj a testovani numerickych metod: 30 tis. K&. Pocita€ bude zakoupen na zacatku prvniho
roku feSeni projektu. V nasledujicich letech se uz pofizeni zadné dalSi vypocetni techniky neplanuje.
Nakup odborné literatury: 15 tis. KE rocné.
CELKEM: 45 tis. (1.rok) a 15 tis. (2. a 3. rok)
Cestovni naklady
Hlavni ¢ast cestovnich nakladll tvofi vydaje za U¢ast na konferencich. Planujeme, pét aktivnich uc¢asti na tuzemskych i
zahrani¢nich mezinarodni konferencich ro¢né, kde budou ¢lenové tymu prezentovat projekt a jeho vysledky. Cestovné se
pocita bez vlozného, které se Uctuje v polozce Sluzby. V roce 2020 planujeme prezentovat vysledky projektu na téchto

konferencich:

XXI Householder Symposium on Numerical Linear Algebra, 14-18 June 2017 at hotel Sierra Silvana, Selva di Fasano
(Br), Italy, odhadovani naklady 30 tis. K&.

ESSAM MASC Kacov 2020, odhadované naklady 5 tis. K¢&.

ECCOMAS 2020, 19.-24. 7. Paris, odhadované naklady 30 tis. K¢.

PANM 20, odhadované naklady 5 tis. KE.

ESCO 2020, odhadované naklady 15 tis. K&.

DuleZitou &asti jsou cestovni a pobytové naklady zahraniénich odbornikd navstévujici Matematicky ustav AV CR. Na rok
2020 planujeme nasleduijici tfi navstévy:

Jan Brandts, University of Amsterdam, Nizozemi, odhadované naklady 10 tis. K&.

Keiichi Morikuni, University of Tsukuba, Japonsko, odhadované naklady 25 tis. K&.

Fehmi Cirak, Univeristy of Cambridge, Velka Britanie, odhadované naklady 10 tis. K¢.

Posledni ¢asti cestovnich nakladl jsou pracovni navstévy spolupracujicich instituci.

Na rok 2020 planujeme navétévu University of Cambridge (F. Cirak), jeden tyden, J. Sistek, odhadované naklady 20 tis.
Ké.

CELKEM: 150 tis. K&

Podobné ¢Cerpani prostfedkl pfedpokiadame i v dalSich letech FeSeni projektu.
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Naklady na ostatni sluzby a nematerialni naklady
V této poloZce planujeme pét konferenénich poplatkd na tuzemskych &i zahranié¢nich mezinarodnich konferencich ro¢né.

XXI Householder Symposium on Numerical Linear Algebra, 14-18 June 2017 at hotel Sierra Silvana, Selva di Fasano
(Br), Italy, odhadované naklady 10 tis. K&.

ESSAM MASC Kacov 2020, odhadované naklady 10 tis. K&.
ECCOMAS 2020, 19.-24. 7. Pafiz, odhadované naklady 20 tis. K¢.
PANM 20, odhadované naklady 5 tis. K&.

ESCO 2020, odhadované naklady 15 tis. K&.

CELKEM: 60 tis. K&

Podobné naklady prfedpokladame i v dalSich letech feSeni projektu.

Osobni naklady

Spolufesitel T. Vejchodsky bude vénovat projektu 25 procent své kapacity, ostatni ¢lenové tymu pak 10 - 20 %.
Pozadovana ro¢ni dotace na osobni naklady vychazi z aktualniho mzdového zarazeni jednotlivych ¢lend tymu a z jejich
kapacity vénované projektu nasledovné:

T. Vejchodsky 180 tis. K& pfi Uvazku 25% (plus 89 tis. K& spolufinancovani z prostfedk(i Matematického Ustavu AV CR)
M. KFizek 67 tis. KE pFi uvazku 10%

M. Rozloznik 121 tis. K& pfi uvazku 20%

J. Sistek 108 tis. K& pfi Gvazku 20%

P. Kls 101 tis. K& pfi tvazku 20%

B. She 46 tis. K& pfi uvazku 10%

J. Papez 480 tis. K¢ pfi uvazku 100% (postdok)

Zakonné odvody hrazené z dotace ¢ini celkem 397 tis. K& ro€né. DalSich 32 tis. K& zakonnych odvodu bude roéné
hrazeno z prostfedk(i Matematického ustavu AV CR v ramci spolufinancovani.

Vichni ¢lenové tymu jsou zaméstnani v Matematickém ustavu AV CR na pozici védeckého pracovnika. Vyjimku tvofi J.
Papez, ktery je momentalné zaméstnan na postdoktorské pozici na prestiznich francouzskych pracovistich INRIA Paris a
Laboratoire Jacques-Louis Lions. Podpora GACR umozni vytvofit novou postdoktorskou pozici v Matematickém ustav AV
CR a zaméstnat tohoto mladého a nad&jného védeckého pracovnika v Ceské republice.

Stejné naklady pfedpokladame i v dalSich letech feSeni projektu.

Investi¢ni naklady
Investi¢ni naklady nejsou planovany.
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20-01074S

Spoluuchazeé - Cast D2 - bibliografie

Uplné bibliografické udaje o nejvyznamnéjsich vysledcich védecké a vyzkumné &innosti definovanych

v Metodice hodnoceni vysledk( vyzkumu a vyvoje

\/ysledek

Kod vysledku‘Databaze‘Citaci‘lmpaktn|’ faktor
Podil na publikaci

[y

Vejchodsky, Tomas; Solin, Pavel: Discrete maximum principle for higher-
order finite elements in 1D. Math. Comp. 76 (2007), no. 260, 1833—-1846.

Jimp wos 29 1,750
Joint work of two co-authors. Contribution of

T. Vejchodsky is approximately 50%.

N

Erban, Radek; Chapman, S. Jonathan; Kevrekidis, loannis G.;
VVejchodsky, Tomas: Analysis of a stochastic chemical system close to a
sniper bifurcation of its mean-field model. SIAM J. Appl. Math. 70 (2009),
no. 3, 984-1016.

wos |28 |1.698
Joint work of four co-authors. Contribution of
T. Vejchodsky is approximately 25%.

Jimp

of differential operators with applications to Friedrichs, Poincaré, trace,
and similar constants. SIAM J. Numer. Anal. 52 (2014), no. 1, 308-329.

3|Vejchodsky, Tomas: Guaranteed and locally computable a posteriori error [Jimp ’WOS ‘24 ’1,837
estimate. IMA J. Numer. Anal. 26 (2006), no. 3, 525-540. A single author paper. Contribution 100%.
4|Sebestova, Ivana; Vejchodsky, Tomas: Two-sided bounds for eigenvalues [Jimp ’WOS ‘11 ’2,047

Joint work of two co-authors. Contribution of
T. Vejchodsky is approximately 50%.

al

Ainsworth, Mark; Vejchodsky, Tomas: Fully computable robust a posteriori
error bounds for singularly perturbed reaction-diffusion problems. Numer.
Math. 119 (2011), no. 2, 219-243.

wos 10 [2.370
Joint work of two co-authors. Contribution of
T. Vejchodsky is approximately 50%.

Jimp

Celkové pocty vysledkl definovanych Metodice hodnoceni vysledkli vyzkumu a vyvoje za poslednich 5

roky (podle RIV)

Jimp - Clanek v odborném periodiku impaktovaném

Jsc - €lanek v odborném periodiku obsazeném v databazi Scopus
Jost - Clanek ostatni

B - odbornd kniha

C - kapitola v odborné knize

D - ¢lanek ve sborniku

P - patent

F - uzitny nebo pramyslovy vzor

Z - poloprovoz, ovéfena technologie, odrida, plemeno
G - prototyp, funkéni vzorek

H - poskytovatelem realizovany vysledek

L - specializovana mapa

N - certifikovana metodika a postup

R - software

V - vyzkumnad zprava obsahujici utajované informace podle zvlastniho pravniho

predpisu
Celkovy pocet citaci véetné autocitaci a H-index WOS

Pocet citaci v€etné autocitaci na vSechny prace podle 252
Metodika pouzita pro pocet citaci dle "jiné metodiky"

H-index podle Web of Science 10,00

14 /
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Navrh Standardniho projektu

Spoluuchazeé - Cast E - souvisejici projekty

Bézici projekty (uvadéji se i zahrani€ni projekty)

Poskytovatel

Nazev programu
Role v projektu

Cely nazev projektu
Dotace pro prijemce
Pocatek reseni
Prijemce - nazev
instituce

Vztah k podavanému
navrhu

Poskytovatel

Nazev programu

Role v projektu

Cely nazev projektu
Dotace pro prijemce
Pocatek reseni
Pfijemce - nazev
instituce

Vztah k podavanému
navrhu

Poskytovatel

Nazev programu

Role v projektu

Cely nazev projektu
Dotace pro prijemce
Pocatek FeSeni
Pfijemce - nazev
instituce

Vztah k podavanému
navrhu

Nadacni fond Neuron na podporu
veédy
Neuron Impuls

Kategorie CEP BA - Obecna matematika

Registracni Cislo 24/2016

Panel (pouze GACRa ---

AZV)

Spolehlivé odhady vlastnich ¢isel a vlastnich funkci diferencialnich operator(
500 tis 0,20

1.1.2017 31.12.2019
Matematicky ustav AV CR, v.v.i.

Resitel

Pracovni Gvazek
Ukonceni reSeni

Jedna ¢ast navrhovaného projektu (konkrétné WP3) navazuje na vysledky tohoto projektu.
Projekt Neuron Impuls feSi pouze T. Vejchodsky a ostatni ¢lenové tymu se na ném nepodili.

MSMT Kategorie CEP AM - Pedagogika a Skolstvi
Operacni program Vyzkum, vyvoj Registracni €islo CZ.02.2.69/0.0/0.0/16_018
a vzdélavani /0002713

&len tymu Panel (pouze GACRa ---

AZV)
Doktorska $kola pro vzdélavani v oblasti matematickych metod a nastroji v HPC
11 452 tis 0,20
1.9.2017 31.10.2019
Vysoka Skola barniska — Technicka univerzita Ostrava

Pracovni Gvazek
Ukonceni feSeni

Tematicky zadny. Na tomto projektu se podileji tfi clenové tymu navrhovaného projektu.

GACR Kategorie CEP BK - Mechanika tekutin
GA - standardni projekty Registracni islo 18-09628S
Clen tymu Panel (pouze GACRa P101
AZV)
Pokrocila analyza proudovych poli
7 029 tis Pracovni Uvazek 0,20
1.1.2017 Ukon¢€eni Feseni 31.12.2019

Ustav pro hydrodynamiku AV CR, v.v.i.

Podavany projekt je na jiné téma. Jista souvislost je v tom, Ze tento projekt pouziva numerické

metody jako nastroj pro lepsi pochopeni mechaniky tekutin. Navrhovany projekt pouziva

obecné stejné numerické metody, ale cilem je jejich analyza a vyvoj. Nékolik ¢lenu fesitelského

tymu tohoto projektu je i v tymu navrhovaného projektu.

Navrhované projekty (uvadéji se i zahraniéni projekty)

V soucasné dobé nejsou zadné projekty navrhované.

Ukonéené projekty

V soucasné dobé nejsou zadné projekty ukoncene.

GRIS ORBEON 1.3.2.2-SNAPSHOT
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Cast C2 - odhad predpokladanych vysledki

Odhad predpokladanych vysledkt projektu

Slovni popis typl vysledk, jejichz publikovani se ocekava v ramci feSeni projektu (€lanky v mezinarodnich védeckych

Casopisech, monografie, mezinarodni sborniky apod.).

Ocekavané vysledky  Hlavnimi vystupy projektu budou teoretické vysledky tykajici se analyzy numerickych a

projektu algoritm0 a jejich prakticka verifikace.
Vysledky budou publikovany pfevazné v impaktovanych ¢asopisech (kategorie Jimp). S
ohledem na velikost tymu a jeho publikacni historii, realistické oCekavani je 40 Casopiseckych
publikaci za dobu feSeni projektu (3 roky). Vysledky budou téz prezentovany na vyznamnych
oborovych konferencich v CR a zahranigi.

Prilohy

Navrh projeku ma pfipojeny vSechny povinné pfilohy.

Zivotopisy (¢ast D1)

Uchaze¢|Jméno souboru Velikost
{0} CV_dolejsi.pdf 81kB
{0} CV_Vejchodsky2019.pdf |64kB

Ostatni prilozené prilohy

Typ pfilohy[Jméno souborufVelikost
cast C part_c.pdf 199kB

Prohlaseni

Podanim navrhu projektu uchazec€ stvrzuje, ze se seznamil se zadavaci dokumentaci a zavazuje se dodrzovat jeji

ustanoveni, zejména ze:

® navrhovatel je v pracovnépravnim poméru k uchazeci nebo tento vztah vznikne nejpozdéji ke dni zahajeni feeni
projektu;

® zavazuje se, Ze po uzavieni smlouvy o podpofe projektu bude plnit vdechny povinnosti pfijemce vyplyvaijici ze zakona
¢. 130/2002 Sb., zadavaci dokumentace a uzaviené smlouvy nebo vydaného rozhodnuti o poskytnuti podpory;

® zajisti, aby Fesitel po uzavieni smlouvy o podpore projektu pinil vdechny své povinnosti, zejména odpovidal za
odbornou droven feSeni projektu; nastane-li situace, ze podminky na strané fesitele i pfijemce znemozni feSiteli
pokracovat v feSeni projektu v navrhovaném terminu a nedojde-li k ukonceni projektu, pfijemce zajisti se souhlasem
poskytovatele jiného feSitele, pokracovani feSeni projektu a jeho dokon&eni v souladu s uzavienou smlouvou;

® v8echny udaje uvedené v navrhu projektu jsou pravdivé, uplné a nezkreslené a jsou totozné s udaiji viozenymi do
navrhu projektu pomoci aplikace, a Zze navrh projektu byl vypracovan v souladu se zadavaci dokumentaci, ze osoby
uvedené v navrhu projektu splfiuji a po celou dobu, po kterou se budou podilet na feSeni projektu, budou splfiovat
podminky uvedené v zaddvaci dokumentaci;

® v8ichni spoluuchazeci, navrhovatel, spolunavrhovatelé a odborni i dal$i spolupracovnici uvedeni v navrhu projektu byli
seznameni s vécnym obsahem navrhu projektu i s finan€nimi pozadavky v ném uvedenymi a se zadavaci dokumentaci;

® pfed podanim navrhu projektu zaijistil souhlas vy$e uvedenych osob s Gc¢asti na feSeni projektu uvedeného v navrhu
projektu;

® na jiny projekt s totoznou nebo obdobnou problematikou nepfijal, nepfijima a nepfijme podporu z jiného zdroje;

® obsah navrhu projektu, jehoZ se v jinych grantovych nebo programovych projektech G¢astni stejny navrhovatel nebo
spolunavrhovatel, je rozdilny od tohoto navrhu projektu a navrzené rozsahy praci umozni navrhovateli nebo
spolunavrhovateli fesit vSechny jejich projekty;

® souhlasi, aby udaje uvedené v navrhu projektu byly pouzity pro vnitini potiebu poskytovatele a uvefejnény v rozsahu
stanoveném zakonem ¢. 130/2002 Sb. a zadavaci dokumentaci;

® v pfipadé uzavieni smlouvy nebo vydani rozhodnuti o poskytnuti podpory na Fedeni projektu se bude pfi jeho feseni
fidit podminkami pro feSeni projektt uvedenymi v zadavaci dokumentaci;

® po uzavieni smlouvy o podpore projektu zaijisti spolufinancovani daného projektu v souladu s podanym navrhem
projektu.

Uchaze¢ zaroven potvrzuje, Ze byly dodrzeny podminky uvedené vySe a Ze byla zkontrolovana Uplnost a spravnost tdaju
v navrhu projektu.

Pro vyhodnoceni navrhu bude do soutéze pfijata pouze posledni verze navrhu projektu, ktera bude doru¢ena do datové
schranky GA CR vyhrazené pro systém GRIS (ID datové schranky:ntq92gs) v fadném terminu soutéze.
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Czech Science Foundation — Part D1

Applicant : prof. RNDr. Vit Dolejsi, Ph.D., DSc.

Affiliation: Charles University, Prague, Faculty of Mathematics and Physics (CUNI FMP),
e-mail: dolejsi@karlin.mff.cuni.cz
Personal data: born January 16, 1971 in Slany, Czech Republic, married, 5 children

Education
= PhD: 1994 - 1998, combined study between Charles University in Prague and Université
Mediterannée, Marseille, France
= master: 1989 — 1994, Charles University in Prague, Faculty of Mathematics and Physics

Scientiftc and academic degrees
e PhD., RNDr., CUNI FMP, Mathematical Modelling in Physics, 1998
« doc. (habilitation), CUNI FMP, Mathematics — Computational and numerical methods,
2004,
= DSc. (Doctor of Science), Czech Academy of Science, Mathematics analysis and similar
disciplines, 2009,
= prof., CUNI FMP, Mathematics — Computational and numerical methods, 2012.

Professional positions
* 2014 — vice-head of the Department of the Numerical Mathematics, CUNI FMP,
= 2006 — 2014: head of the Department of the Numerical Mathematics, CUNIFMP,
= 2012 — : full professor in CUNI FMP
= 2005 — 2012: associate professor in CUNI FMP,
= 2000 — 2005: assistant professorin CUNI FMP,

Publication record
= 1 monograph, 55 journal articles (40 with IF), 29 papers in reviewed conference pro-
ceedings, more than 100 lectures at conferences and seminars
« Web of science: 52 publications, H=14, 479 citations without self-citations
= Scopus: 57 publications, H=15, 761 citations by 409 documents

Plenary and keynote lectures at the conferences

= Mathematical Aspects of Computational Fluid Dynamics, Oberwolfach, Germany, Novem-
ber 9—15, 2003,

= Eleventh International Conference on Hyperbolic Problems Theory, Numerics, Applica-
tions, Lyon, France, July 17-21, 2006

= Computational Methods with Applications, Harrachov, Czech Republic, August 19-25,
2007

= Conference Algoritmy, Podbanské, Slovakia, March 16-20 , 2009

= The Eigth European Conference on Numerical Mathematics and Advanced Applications
(ENUMATH), Uppsala, Sweden, July 29 - June 3, 2009

» Programs and Algorithms of Numerical Mathematics, Dolni Maxov, June 8-13, 2014,

= Recent Developments in the Numerics of Nonlinear Hyperbolic Conservation Laws,
Oberwolfach, Germany, September 14—18, 2015.

Long scientiftc stays
« 2004 (5 months), Universite de Provence, Marseille, France, CNRS researcher,
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= 2016 (5 months), University of Nevada in Reno, USA, Fulbright Scholar Fellowship

Short scientiftc stays
= Germany: University of Hamburg, Technical University of Chemnitz, Technical Univer-
sity of Dresden, University of Kiel, University of Marburg
» France: Universite de Provence Marseille, Universite Paris 6, Universite Pau
= Poland: Warsaw University of Technology
= Switzerland: ETH Zurich
= Hong Kong: Baptist University of Hong Kong

Applicant or co-applicant of projects

= Adaptive higher order methods for compressible flows, 201/00/D116, postdoc grants,
Czech Science Foundation (GACR), 2000—2003

» The dynamics of pumping systems for transport of suspensions, 101/03/0229, Czech
Science Foundation (GACR), 2003-2005

« 6 projects of Grant Agency of the Charles University (GAUK)

« Adaptive Higher-Order Variational Methods for Aerodynamic Applications in Industry
(ADIGMA), Research project No. AST5-CT-2006-030719, financed within the 34 Call
of the 6 European Framework Programme, 2006-2009

Supervision of thesis
< 11 bachelor and 23 master thesis defended
e 4 PhD thesisdefended
= presently supervising of 2 PhD thesis and 2 master thesis

Membership and activities in professional associations

< member of the Evaluation Panel P201 of the Czech Science Foundation for Mathematics,
2015 — 2019,

= member of the Advisory Board of the Grant Agency of the Charles University, 2012 —

= member of the Committee for Doctoral Thesis (DSc. title) of the Czech Academy of
Science, Mathematics analysis and similar discipline, 2012 —

= member of Committee for Doctoral Thesis (DrSc. title) of the Slovak Republic, Applied
Mathematics, 2016 —

= member of the Council of the Necas Centre for the Mathematical Modelling, 2013 —

Member of the editorial boards
= Application of Mathematics: member since 2010, editor-in-chief since 2018

Professional honors, awards and fellowships

* 1998 — Prof Babuska Prize, awarded by the Czech Society of Mechanics
* 1995 - Bolzano’s prize - the prize of Czech Bank “Ceska spotitelna”
= 1994 — prize awarded by Minister of Education of the Czech Republic

April 8, 2019 Vit Dolejsi
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Czech Science Foundation - Part D1

Co-Applicant: doc. RNDr. Tomas Vejchodsky, Ph.D.

Affiliation: Institute of Mathematics, Academy of Sciences of the Czech Republic, Zitna
25, CZ-115 67 Praha 1, Czech Republic

Phone: +420 222 090 713 (office), +420 222 090 711 (operator)

E-mail: vejchod@math.cas.cz

Personal data: born 17/12/1976, Jihlava, Czech Republic, married, three children

EDUCATION

2012 doc. (habilitation, associate professor), Faculty of Mathematics and Physics, Charles
University in Prague

2000-3 Ph.D., Institute of Mathematics, Academy of Sciences of CR and faculty of
Mathematics and Physics, Charles University in Prague

2000 Rigorous exam (RNDr.), Charles University in  Prague

1995-2000 Masters, Faculty of Mathematics and Physics, Charles University in Prague

PROFESSIONAL EXPERIENCE

2003- Researcher and from 2015 deputy director, Institute of Mathematics, Czech
Academy of Sciences, Prague

2013-14 Research fellow, Mathematical Institute, University of Oxford, UK
2005- Optional course, Charles University in  Prague
2004-5 Visiting assistant professor, University of Texas at EI Paso, USA

HONORS
2007 Otto Wichterle Award, Academy of Sciences of CR

2000 Babuska’s prize, student category, Czech Society for Mechanics and Union of Czech
Mathematicians and Physicists

PUBLICATION RECORDS
= 57 research papers (33 in scientific journals, 24 in conference proceedings)
= 48 records in WoS, 47 records in MathSciNet, 58 records in zbMATH
= 194 citations in WoS (without self-citations), 147 citations in  MathSciNet
« co-editor of 9 books of proceedings

RESEARCH GRANTS

2017-19 principal investigator, Neuron Impuls, Neuron benevolent fund for support of
science

2017-19 guarantor of an activity, Doctoral school for education in mathematical meth-
ods and tools in HPC, Operational program Research Development Education,
Ministry of Education, Youth and Sports

2013-14 Marie Curie Intra-European Fellowship at the Mathematical Institute, Univer-
sity of Oxford, project “StochDetBioModel” granted by European Commission

2007-11 Principal co-investigator, project “Methods of higher order of accuracy for
solution of multi-physics coupled problems”, no. IAA100760702, Grant Agency of the
Academy of Sciences of the Czech Republic.

GRIS ORBEON 1.3.2.2-SNAPSHOT


mailto:vejchod@math.cas.cz
mailto:d@math.cas.cz

2007-9 Principal co-investigator, project “Advanced algorithms for solution of coupled
problems in electromagnetism”, no. 102/07/0496, Czech Science Foundation.

20036 Principal investigator, project “Mesh adaptivity for numerical solution of parabolic
partial differential equations”, no. 201/04/P021, Czech Science Foundation.

SELECTED SHORT TERM RESEARCH VISITS

University of Oxford, University of Strathclyde (Glasgow), Tampere University of Tech-
nology, Helsinki University of Technology, University of Texas at Austin, Chinese Academy
of Sciences

INVITED AND PLENARY TALKS

SNA 2019, Ostrava; SDE 2018, Velehrad; Oberwolfach workshop 2016; SBDWO03 2016
Cambridge, UK; AIME@CZ 2014 Prague; Algoritmy 2012 Podbariské, Slovakia; SNA
2012, Liberec; PANM 17 (2014), PANM 15 (2010), PANM 12 (2004) Dolni Maxov

SUPERVISION EXPERIENCE
PhD students: Pavel K{s (defended 2011)

Master students: four completed, two in progress.

TEACHING
2005— Advanced courses “Numerical modeling of electrotechnical problems”, “Tech-
niques of a posteriori error estimation”, Charles University, Prague

2004-5 Three courses at the University of Texas at EI Paso, USA
20034 Elementary mathematics at the University of Economics, Prague
2003 Elementary physics, Czech Technical University, Prague

EDITORIAL WORK
2011-2 Associate Editor, Central European Journal for Mathematics

2010- Associate Editor-in-Chief, Applications of Mathematics
2009- Editor Specialist, Zentralblatt MATH, Prague office
2007— Editorial board member, Applications of Mathematics

CO-ORGANIZATION OF CONFERENCES

Modelling 2019; minisymposium at ECMTB 2014, Goteborg, Sweden; Equadiff 13
(2013), Prague; PANM 12-19 (2004-2018), Dolni Maxov, Hejnice; minisymposium at
ENUMATH 2009, Uppsala, Sweden; AM2012, AM2013, AM2015, AM2018, Prague

POPULARIZATION ACTIVITIES
2008-2012 Education of talented secondary school students within the project Oteviena
véda (Open science) | and I1.

2008,2014 Avrticles in Czech popularizing journal Pokroky matematiky fyziky a as-
tronomie (Advances of Mathematics Physics and ~ Astronomy).

2008 interview in Radio Leonardo (60 min.)

2005— Annual public talks within the Days of Open Doors in the Institute of Mathe-
matics, Czech Academy of Sciences, Prague

LANGUAGES
Czech (mother tongue), English (fluent), Russian (passive)

March 21, 2019
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Czech Science Foundation - Part C1
Project Description

Applicant: Vit Dolejs™'1 (Charles University, Faculty of Mathematics and Physics)
Co-applicant: Toméas Vejchodsky (Czech Academy of Sciences, Institute of Mathematics)

Title of the project: Adaptive methods for the numerical solution of partial differential equations:
analysis, error estimates and iterative solvers

A. Motivation and state of the art

Introduction

Numerical solution of partial differential equations (PDEs) has became a key technique in the development of
new products and understanding of processes in turbomachinery, aerospace engineering, car industry, biome-
chanics, chemical engineering, medicine, environmental protection, etc. Although many commercial software
codes are available for the numerical simulation of practically based problems, the development of numerical
methods for the solution of different types of PDEs is still a hot research topic all over the world.

The governing equations are of different types: linear or nonlinear, elliptic, parabolic, hyperbolic, or their
combinations with possible degeneracy. Moreover, many problems (e.g., vibration of membranes) can be formu-
lated as an eigenvalue problem which is a nonlinear task. The general goal is to develop an efficient and reliable
method for particular (classes of) problems. Efficiency requires solving the problem within the prescribed ac-
curacy with as small a number of arithmetic operations as possible. Reliability means that we can guarantee
whether the prescribed accuracy wasreached.

The efficient and reliable numerical solution of PDEs is a complex problem. The discretization of PDEs by
numerical methods (i.e., an approximation of the weak solution by a piecewise polynomial function defined on
a computational mesh) leads to large and sparse (non)linear algebraic systems. Usually, nonlinear systems are
solved iteratively as a sequence of linear algebraic systems which are again solved iteratively. Therefore, the
approximate solution includes errors arising from the (space and possibly time) discretization and inexact solu-
tion of the nonlinear and linear algebraic systems. Obviously, mathematically rigorous reliable error estimates
should take into account the discretization as well as algebraicerrors.

To be efficient, various parameters controlling the accuracy of the solution have to be equilibrated. Typically,
the discretization and algebraic errors should be on the same level. It makes no sense to solve algebraic systems
with a high relative accuracy when the discretization error is on the order of several percent. Hence, the stopping
criteria for the iterative algebraic solvers have to be given adaptively with respect to the computed approximate
solution. Similarly, when solving time-dependent problems, we have to balance the errors arising from the space
and time discretizations by an adaptive choice of the timestep.

The efficiency can be significantly increased by high-order methods and mesh adaptation techniques, which
enable us to minimize the number of necessary degrees of freedom required for the achievement of the prescribed
accuracy. However, higher-order methods have fast rates of convergence only if the corresponding weak solu- tion
is sufficiently regular. Nevertheless, adaptive mesh refinement allows one to refine the computational mesh locally
in regions which adversely affect the accuracy of the solution. Then the optimal rate of convergence can be
restored even for problems having a singular solution [1]. On the other hand, higher-order approximations and
adaptively refined meshes do not automatically increase the efficiency, because they deteriorate the compu- tational
properties (e.g. the conditioning) of the corresponding algebraic systems. Therefore, standard black-box algebraic
solvers are very often inefficient.

The process of the efficient and reliable numerical solution of PDEs is sketched in the following diagram.

error estimates |

algebraic solvers L

P

adaptivity

The analysis gives basic information about the validity of the used discretization and the quality of the approx-
imation. Further, (a posteriori) error estimates, adaptive algebraic solvers and mesh adaptivity influence each
other. For example, the mesh adaptivity should take into account not only the computed error estimates includ-
ing the algebraic error but also the conditioning of matrices corresponding to the adapted mesh. Therefore, all
aspects have to be considered in a very close connection.  Unfortunately, this is not a general approach in the
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scientific community. Many “PDE researchers” use black-box solvers for the solution of algebraic systems and
neglect algebraic errors; on the other hand, “linear algebra researchers” develop solvers which are efficient only
for low-order schemes on uniformly refined meshes. Finally, when these aspects are taken into account together,
the resulting methods and techniques are often heuristic without a sufficient theoretical background.

Overview of the project
This project focuses on the development of efficient and reliable methods for the numerical solution of several
types of (nonlinear) PDEs, which can be written in the general form

(W) +V - Aw) -V - (K(w, Vw)Vw) + S(w) =g inOr=Q x (0,7, )
where w(x, t) < R" is the sought solution defined on a space-time domain Qr, & is the partial time derivative, v
is the gradient operator w.r.t. x &, §s the divergence operator, 6 is a given function, frepresents convection,

K is diffusion, S is reaction and g is a source term. Some terms in (1) can globally or locally vanish. We also
consider the eigenvalue problem:

FinddAeCanduf=0: Lu=Au inQ, )
where L is a linear differential operator that is a special case of the left-hand side of (1) — always with 6(w) = 0
and typically with f* (w) = 0, K(w, y w) = const., and S(w) being linear. We note that efficient methods for
the solution of (1) and (2) involve many similar techniques, e.g. error estimates, algebraic solvers, adaptivity.

A good candidate for an efficient and reliable method is the discontinuous Galerkin method (DGM) which
exhibits an excellent balance between robustness and accuracy, see [2-4]. Due to a discontinuous piecewise
polynomial approximation, higher-order schemes can be easily constructed, the method is stable on anisotropi-
cally adapted meshes with varying polynomial approximation degree (hp-methods), and it leads to a nice block
structure of the resulting algebraic systems, which can be employed in the construction of suitable solvers.

The goals of the project include the development of the following aspects for the solution of (1) — (2):
(1) numerical analysis of the discretization schemes with respect to the regularity of the weak solutions,
(2) error estimates including the algebraic errors,
(3) efficient algebraic solvers for higher-order discretization methods and adaptively refined meshes,
(4) adaptive schemes balancing the particular contributions of the errors and respecting computational prop-
erties of the arising algebraic systems.
These aspects have been already considered for linear or quasi-linear problems (see, e.g., the references cited in [5])
but they are difficult to solve satisfactorily for strongly nonlinear problems.

We will employ the expertise of the team members for the solution of these aspects for some types of PDEs.
We describe the state of the art of each considered problem in Section B. We are focusing on the theoretical
description and understanding of the computational phenomena through a rigorous mathematical analysis.

Project structure

The objectives of the project are split into four mutually connected work packages (WP):

WP1 time-independent problems: analysis and error estimates of problem (1) with 6:6(w) = 0,

WP2 time-dependent problems: analysis and error estimates of problem (1) with 6:6(w) =0,

WP3 eigenvalue problems: error estimates for problem (2) for a linear and symmetric operator L

WP4 solution strategies: including algebraic iterative solvers and adaptive methods.

Roughly speaking, results from WP1 will be employed in WP2 and WP3, solvers and adaptive methods devel-
oped in WP4 will be used in WP1 — WP3. Their description and mutual connections are given in SectionB.

B. Work packages, conceptual and methodological approaches

Work Package 1 (WP1): Time-independent problems (WP leader ViT DOLEJSI)

Task 1.1 (T1.1): Analysis of nonlinear elliptic problems (M. Feistauer, M. KFizek, M. Vlasak, S. Congreve)

We consider (1) with o:6(w) = f = S = 0. The presence of boundary corners, edges and points where
different boundary conditions meet, leads to lower global regularity of the exact solutions and the decrease of the
rate of the convergence. These situations were analyzed in the framework of conforming finite element methods
(FEM), e.g., in [6-8]. This bottleneck can be overcome by a graded mesh refinement in a neighbourhood of
singular boundary points, e.g. [9].

The case of nonlinear PDEs has not yet been analyzed in detail. We will deal with the analysis of FEM
and DGM for nonlinear elliptic problems in domains with corners including mixed Dirichlet-Neumann-Newton
boundary conditions.  The main tools will be the concept of the Sobolev-Slobodetskii and weighted Sobolev
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spaces together with the polynomial approximations of functions from these spaces. This approach was used in
the case of linear elliptic problems, [10]. The achieved results will be employed in T2.1 and T4.1.

Task 1.2 (T1.2): Goal-oriented error estimates including algebraic errors (V. Dolejsi, P. Tichy, J. Papez, O.
Bartog)

We consider (1) with 0:8(w) = 0. We are interested in goal-oriented error estimates where the aim is
to estimate the error of a quantity of interest which is represented by a (linear or nonlinear) functional. These
techniques are based on the solution of a second PDE problem given by the dual operator, cf. [11]. Goal-oriented
error estimates including algebraic errors were studied for linear problems in [12] and for nonlinear ones in [13].
However, the presented numerical schemes are based on the alternating solution of the primal and dual problems
which does not seem to us to be sufficiently efficient.

In [14], we solved a linear variant of (1) using a method which allows the simultaneous solution of the
primal and dual problems. Employing a technique from [15], we are able to control the algebraic error. We plan to
extend this approach to nonlinear problems. The use of a Newton-like method for the nonlinear algebraic
systems gives immediate access to the discrete dual problem which in combination with our approach from
[14] allows balancing also the errors from the outer (nonlinear) and inner (linear) algebraic iterations. We are
inspired by ideas from [16], where the error in the fluxes (= dual norm of the residual) is estimated by the quasi-
equilibrated flux technique. The resulting method will be used in T1.3 and partly in T2.6.

Task 1.3 (T1.3): Goal-oriented error estimates including mesh anisotropy (V. Dolejsi, F. Roskovec, M. KFizek)

We consider (1) with :6(w) = 0. Many physically interesting problems involve solutions with interior
or boundary layers (e.g., shock waves in fluid dynamics). A significant reduction of the degrees of freedom
can be achieved by the use of anisotropic meshes (containing thin and long elements). In [17], we derived goal-
oriented error estimates including anisotropy (size, shape and orientation) of mesh elements for linear problems
discretized by an arbitrary high-degree approximation. These results generalized approaches from [18, 19]
dealing with piecewise linearapproximations.

We intend to extend these estimate to a nonlinear problem. The idea is to derive the residual form of the dis-
cretization allowing a separation for nonlinear residuals and linear weights. Then a modification of the approach
from [17] can be employed. The achieved results will be the base of the adaptive method in T4.1.

Task 1.4 (T1.4): Error estimation for convection—diffusion problems (P. Knobloch, T. Vejchodsky, B. She)

We consider (1) with 6 = 0, K = const and linear f and S, i.e., a linear convection—diffusion—reaction
equation. It is a widely used model problem for simulating convective and diffusive effects appearing in many
important applications. Our aim is to derive robust a posteriori error estimates for stabilized finite element
discretizations with respect to more appropriate norms (e.g., the SUPG norm or the maximum norm) than used
in the literature [20, 21]. Corresponding results are rather rare and unsatisfactory [22, 23]. Furthermore, we
intend to design and analyze a posteriori estimators for nonlinear discretizations which are essential to obtain
accurate oscillation-free solutions and to define higher-order monotone methods. First (non-robust) results of
this type were published in [24]. We suppose that some of the developed ideas would be applicable in T2.4.

Work Package 2 (WP2): Time-dependent problems (WP leader VACLAV KUCERA)

Task 2.1 (T2.1): Nonlinear parabolic problems with singular solutions (M. Feistauer, M. Vlasak, S. Congreve)

Employing results from T1.1, we extend the analysis to the nonstationary case of parabolic problems (i.e.,

(1) with 6(w) = wand f= S = 0). Again, we consider singularities in the solution arising on the boundary

due to the presence of corners as well as edges and points where different types of boundary conditions meet.
We discretize the problem by the space-time discontinuous Galerkin method (STDGM) using the discontinuous
piecewise polynomial approximation with respect to space as well as time. We employ the tools developed in
T1.1 based on the approximation theory of Sobolev-Slobodetskii spaces and our former technique from [4]. The
developed techniques will be used in T2.2 and this task will influence mutually the research in T2.5.

Task 2.2 (T2.2): Nonlinear reaction-diffusion problems (M. Feistauer, M. Vlasék, B. She)

Discretization techniques and analysis will be applied to Cahn-Hilliard, Navier-Stokes/Cahn-Hilliard or Allen-
Cahn models [25, 26] describing transition phenomena (problem (1) with 6(w) = w, f = 0). These models were
solved numerically, e.g., in [27, 28]. We plan to propose a suitable variant of STDGM and carry out a
theoretical analysis of the developed schemes: analysis of stability and error estimates.

Task 2.3 (T2.3): Coupled nonlinear hyperbolic conservation laws (V. Kutera, L. Vacek)

We consider (1) with 6(w) = w and K = S = 0, which is the basic mathematical form of a conservation

law. In one spatial dimension an interval is usually taken along with appropriate boundary conditions. A more
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complex situation is considering such a problem on networks represented by a graph, where the conservation
laws on individual edges are coupled by boundary conditions at common vertices. The theoretical analysis as
well as construction of numerical schemes for such problems present severe challenges. As a model problem, one
can consider e.g. traffic flows on networks of roads, [29]. We plan to focus on the construction and analysis  of
such problems, especially boundary conditions at various types of vertices in the graph along with numerical
methods for the solution of such problems based on the DGM, which has so far only been considered in[30].

Furthermore, in certain situations it is more useful to consider microscopic models based on systems of
ordinary differential equations corresponding to the macroscopic PDE model (1). We will consider the coupling
of both approaches, cf. [31]. This leads to coupled partial-ordinary systems of nonlinear differential equations.

Task 2.4 (T2.4): Nonlinear convection-diffusion-reaction problems (V. Kutera, L. Vacek, P. Knobloch)

We consider (1) with 6(w) = w and K = 0, or | K| very small. For such problems the DGM is well suited
due to the occurrence of discontinuities and boundary layers in the solution. Classical analysis of DGM schemes
for such problems relies on the presence of the diffusion term K, cf. [4]. When K = 0 or K small, the a priori
analysis of DGM was performed in [32] and [33] for nonlinear problems. We plan to extend the analysis from
the mentioned papers using the techniques of [34], where the time growth of the error of the DGM is analyzed for
linear problems. Combining the two approaches would allow uniform bounds on the DGM error with respect to time
to be obtained for nonlinear convective problems (f nonlinear). This is observed in practical computations, however,
a proof is missing.

Task 2.5 (T2.5): Analysis of degenerate parabolic problems (V. Dolejsi, M. Vlasak, S. Congreve, O. Barto3,
student 1)

Many physical phenomena, such as porous media flows, phase changes, etc. are described by nonlinear
parabolic equations (eq. (1) with £ = S = 0), which can degenerate (0:6(w) _, 0 or 6:6(w), c0or K _, 0
locally). Then the equations become locally either elliptic or the diffusion can vanish. The possible degeneracy
causes trouble in the construction of numerical methods as well as in the solution of arising algebraic systems.
There exist many works dealing with the numerical solution of degenerate parabolic problems, e.g., [35-39].

In [40], we demonstrated the potential of the adaptive STDGM for the solution of degenerate parabolic
problems but the analysis of this method is still open. The goal is to extend the analysis from the works cited
above to STDGM employing experience with the solution of T2.1. Special attention has to be paid to the lack of
regularity of the weak solution. The achieved results will be the starting point for T2.6.

Task 2.6 (T2.6): Error estimates for degenerate parabolic problems (V. Dolgjs™1, S. Congreve, F. Roskovec, stu-
dent 1)

An efficient adaptive method requires error estimates separating the space, time and algebraic errors. In [40],
we developed residual based error estimates having good computational properties but no reliability. The goal
of this task is to develop reliable and computationally cheap error estimates employing the approach from [38].
Further, we plan to develop a suitable nonlinear algebraic solver allowing to control the errors arising from the
inner (linear) and outer (nonlinear) iterations, where the results from T1.2 will beemployed.

Work Package 3 (WP3): Eigenvalue problems (WP leader TOMAS VEICHODSKY)

This WP deals with problem (2) with a symmetric elliptic differential operator L corresponding to the
left-hand side of (1) with 6:6(w) = f = 0, K(w, Vw) = const. and S(w) being linear.
Task 3.1 (T3.1): Guaranteed error bounds for eigenfunctions (T. Vejchodsky, P. Tichy, J. Pape?)

Any conforming numerical method, such as the standard finite element method, approximates eigenvalues
of L from above. Computing lower bounds is a surprisingly difficult problem studied for almost a century.
The bound of Temple (1928), was generalized by Weinstein (1937) and improved by Kato (1949) and Lehmann
(1949), who came up with optimally accurate bounds. Goerisch (1985) made these bounds fully computable.
These bounds are based on conforming approximations of eigenfunctions and rely on certain a priori information
about the exact spectrum.

We plan to use these ideas and proof techniques to derive guaranteed error bounds for the corresponding
eigenfunctions. Such bounds are difficult to obtain, [41], because eigenfunctions are ill posed (sensitive to small
perturbations of the problem) in the case of tight clusters and multiple eigenvalues. To overcome this difficulty,
we will estimate the error of the entire subspaces of eigenfunctions. Guaranteed lower bounds on eigenvalues are
closely related to a posteriori error analysis in T1.2-1.4 and we expect synergy effects by exchanging ideas.

Task 3.2 (T3.2): Lower bounds on eigenvalues by DGM (T. Vejchodsky, V. Dolejsi, J. Papez)
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After completing T3.1, we will concentrate on a recently published lower bound on eigenvalues based on an
explicitly known estimate of an interpolation constant for nonconforming FEM [42, 43]. This bound does not
need any a priori information about the exact spectrum, but the required explicit estimates of the interpolation
constant are known for simple problems (e.g. Laplace operator) and the lowest order methodsonly.

We plan to study this type of eigenvalue bounds in the context of DGM which, as a nonconforming method,
has the potential to provide lower bounds on eigenvalues. We will investigate possibilities how to obtain the
needed explicit bound on the interpolation constant. We believe that this is the way to overcome the limitations
of the existing approach and derive more accurate and widely applicable bounds. This task will benefit from the
expertise of team members on both the DGM and eigenvalue problems.

Task 3.3 (T3.3): Adaptivity for eigenvalue problems (T. Vejchodsky, P. Kis, J. Sistek, M. Krizek)

Combining results of T3.1, T3.2 and T4.5, we will develop an efficient mesh adaptive method for computing
several eigenvalues and eigenfunctions of operator L . Estimates in T3.1 are computed from a flux recon-
struction, which provides accurate error indicators for the adaptive mesh refinement virtually for free. These
indicators will be straightforwardly applied in the efficient mesh adaptation procedure developed in T4.5.

Successful application of this approach requires an eigenvalue solver, which may be based on the inverse
power iterations as in [44, 45] and methods for recycling the Krylov subspace. We will utilize the domain
decomposition method for adaptively refined meshes from T4.5. An advantage is that the required flux recon-
struction can be efficiently computed using the same decomposition on subdomains. Alternatively, we will test
the combination of the adaptive method with a matrix-free approach for computing eigenvalues as the LOBPCG
method [46].

Work Package 4 (WP4): Solution strategies (WP leader MIROSLAV ROZLOZNIK)

Task 4.1 (T4.1): Anisotropic mesh adaptation (V. Doleji, S. Congreve, O. Bartos, F. Roskovec, student 1)

A mentioned in T1.3, the use of anisotropic meshes can significantly reduce the number of degrees of free-
dom. In recent years, we developed this subject (together with the hp-adaptation) in [47, 48]. Although the
presented results demonstrate the benefits of the use of anisotropic hp-meshes, a deeper theoretical insight in
this approach is open. The goal of this task is to determine a technique which guarantees the optimality of
the resulting hp-anisotropic meshes at least in a weaker sense (e.g., the continuous mesh and error models from
[48]). The outputs from T1.1 (concerning the rate of convergence) and from T1.3 (concerning the error estimates
including mesh anisotropy) will be employed. This Task has an impact on T4.2 and T4.5 dealing with solvers
for algebraic systems corresponding to anisotropic meshes.

Task 4.2 (T4.2): Algebraic solvers for anisotropic meshes (M. RozloZznik, P. Tichy, J. Pape?)

The computations on anisotropically adapted meshes require appropriate iterative algebraic solvers. In order
to be efficient, the algebraic solvers should exploit the nature of the given problem. For example, in [49] we
study linear systems with highly nonnormal matrices, obtained from discretizations of one-dimensional singu-
larly perturbed convection-diffusion equations on a Shishkin mesh. Shishkin mesh discretization naturally leads
to a decomposition of the domain. While the very popular GMRES method applied to the resulting system al-
most stagnates, we developed a preconditioner based on the algebraic multiplicative Schwarz method such that
the preconditioned GMRES converges in two steps. One of our aims is to generalize these results to higher
dimensions and more complicated meshes.

In this project, we would like not only to develop robust preconditioners for the GMRES method which
would respect the nature of the underlying problem, but similarly to [50], we also want to study its convergence
behaviour in selected model examples of linear systems that arise in the above mentioned discretizations of
various time-independent linear and nonlinear elliptic equations; see tasks in WP1.

Task 4.3 (T4.3): Algebraic error estimation (P. Tichy, M. RozloZnik, J. Pape?)

The whole process of the numerical solution of PDEs should be balanced in terms of algebraic and dis-
cretization errors. Hence, the algebraic error should definitely be included into a posteriori error estimates. In
this part of the project, we want to estimate convergence characteristics of linear algebraic solvers which corre-
spond to the algebraic error in the context of numerical solving of PDEs. In particular, based on our previous
work [51-53], we intend to improve estimates of the A-norm of the error in the conjugate gradient method, and
also approximations to the so-called scattering amplitude (the scalar product of the solution of a linear system
and the right-hand side vector of the adjoint system) using the biconjugate gradient method [15]. Note that
the last mentioned topic is closely related to the goal-oriented error estimates in T1.2. Approximation of other
convergence characteristics in various algebraic solvers will also be investigated.
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Task 4.4 (T4.4): Numerical behaviour of (inexact) iterative methods (M. Rozloznik, P. Tichy, J. Papez)

The solution of the arising large sparse matrix problems can be very expensive and time-consuming. There-
fore, in practice, some relaxations of the methods described in other Tasks are necessary in various stages of
computation. Usually, solutions of certain subproblems are intentionally approximated with an inexact process
very often represented by some iterative method that is terminated with a prescribed tolerance level. Addition-
ally, the effects of finite precision arithmetic also have to be taken into account. Summarizing, one has to be
aware that there are certain limitations of such relaxation strategies. Indeed, one must expect that inexact com-
putations can lead to convergence delay and to limitations on the maximum attainable accuracy of computed
approximate solutions [54, 55].

We will study the numerical behavior of iterative algebraic solvers, in which the errors (either due to rounding
errors or due to intentional approximation) occur in both the matrix-vector products and the orthogonalization
process. This allows us to apply the standard backward error approach, providing a framework for showing
implementations of inexact GMRES method to be backward stable, and determining bounds on the maximum
allowable inexactness such that backward stability is maintained.

Task 4.5 (T4.5): Domain decomposition methods for adaptively refined meshes (J. Sistek, P. Kiis)

Another open challenging problem related to adaptive methods is their efficient parallelization. To bal-
ance load, it is essential to redistribute work among subdomains during the adaptivity process. In our previous
work [56], we have combined an approach based on space-filling curves (using the p4est mesh manager) with
the multilevel Balancing Domain Decomposition Based on Constraints (BDDC) [57]. We were able to achieve
good scalability on a large HPC system and successfully solved problems using an adaptive higher-order FEM
mesh reaching 1 billion unknowns. Nevertheless, the approach has its drawbacks from the domain decompo-
sition perspective. Namely, most subdomains (and their interface) change at every rebalancing. In the BDDC
algorithm, a relatively expensive setup of forming the local Schur complements at the interface and computing
the coarse basis functions on each subdomain needs to be performed as soon as the interface changes. Hence, no
data can be reused.

In this project, we will investigate a different approach of balancing the adaptive computation and solving
the arising algebraic system. Instead of modifying all subdomains, we want to introduce new subdomains into the
computation containing the newly created elements, and modify only their neighbouring subdomains. The new
subdomains will be distributed among the available processes, reusing most of the available components at the
other subdomains.

Task 4.6 (T4.6): Synergy and assessment of the results (all team members)

This task will conclude the whole project by evaluating and critical assessment of the achieved results in the
particular tasks. The aim is to identify the best solution strategy for each of the problems (1) and (2) treated in
WP1 — WP3 by themselves or in connection to WP4. Furthermore, we will identify and discuss common ideas and
concepts in the theoretical analysis as well as design and implementation of the numerical methods across all the
work packages. We expect this to open new possibilities for future research beyond the scope of the proposed project.

Expected results and time schedule
We expect that the solution of each Task will lead to at least one journal paper (the exception is T4.6 where the
prediction is difficult). Taking our former CSF projects into account, the realistic plan is about 40 journal papers
for the 3-years project. The approximate planned time schedule is presented in the followingtable.
2020 2021 2022

T1.1
T1.2

WP1 [T13
T14
T2.1
T22
723
T2.4
T25
T26
T3.1
WP 3 | T32
733
T4.1
T4.2
T43
WP 4 =77
T45
T4.6

WP 2
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C. International cooperation

An international scientific cooperation will play an important role in the solution of the project. It will be
based on long-time partnerships with a series of institutions and working contacts with concrete researchers in
a number of countries. In particular, we will cooperate with the universities (professors) in Stuttgart (Ch. Ro- hde,
A.-M. Séndig), Gottingen (G. Lube), Trento (M. Dumbser), Nottingham (P. Houston), Wien (I. Perugia), WIAS
Berlin (V. John), TU Berlin (J. Liesen), Tsukuba (K. Morikuni), Cambridge (F. Cirak), Temple Univ. (D. B.
Szyld), University of Strathclyde, Glasgow (G. Barrenechea), INRIA Paris (M. Vohral k), Paris Est CER- MICS (A.
Ern), RWTH Aachen (G. May), Helsinki (A. Hannukainen), Brown University (C.-W. Shu), University of Nevada
in Reno, USA (P. Solin), Niigata (X. Liu), Amsterdam (J. Brandts) and others.

D. Conditions for the realization of the project

Role of the co-applicant

The project involves two institutions, namely Charles University, Faculty of Mathematics and Physics, Prague
(FMP CUNI) and Institute of Mathematics of the Czech Academy of Science (IM CAS), whose researchers have
mutually close scientific interests. The members of both teams have active research contacts lasting many years,
they meet weakly at the Seminar of Numerical Mathematics in FMP CUNI and other events organized by both
institutions or third parties. Therefore, it is natural to merge the efforts of members of both institutions. The role
of each team member involved in the project was given in Section B and is summarized in SectionE.

Infrastructure and equipment of institutions

Both institutions (FMP CUNI, IM CAS) are very well equipped with all necessary modern facilities, including
libraries with access to journals, computers, printers and software. For the numerical experiments of T4.5, the
team of IM CAS has a free access to parallel computers at the Supercomputing Centre of the Czech Technical
University in Prague, such as the SGI Altix with 72 processors. In addition, the team at IM CAS will apply for
computing time on the Salomon supercomputer at the IT4Innovations National Supercomputing Centre where
runs with up to 10 thousand processors can be performed.

E. Team members! and their projectactivities

Team consists of 18 peoples including 2 postdocs and 3 PhD students.

- Charles University, Faculty of Mathematics and Physics, Prague
Vit Dolejs™ (*1971; h-index 14; 479 citations; ResearcherlD C-2153-2017, Scopus ID: 6701920173) full pro-
fessor, specialist in adaptive methods for PDEs, author of 1 monograph and more than 50 journal papers.

Miloslav Feistauer (*1943; h-index 22; 921 citations; ResearcherlD P-5013-2017, Scopus ID: 6603868790)
full professor, specialist in numerical mathematics and mathematical methods in fluid dynamics, author of 3
monographs, more than 110 journal papers, since 1993 main researcher of Czech Science Foundation projects.

Petr Knobloch (*1970; h-index 10; 341 citations; ResearcherlD A-9735-2010, Scopus ID: 6603862118) asso-
ciate professor, specialist in numerical methods for PDEs, author of more than 40 journal papers.

Petr Tichy (*1973; h-index 7; 153 citations; ResearcherlD C-6224-2014, Scopus ID: 57203854177) associate
professor, specialist in numerical linear algebra, convergence of iterative solvers, rounding error analysis, author
of 20 journal papers.

Véaclav Kutera (*1980; h-index 9; 204 citations; ResearcherlD D-3469-2012, Scopus ID: 24449112700) asso- ciate
professor, specialist in numerical methods for PDEs, author of 18 journal papers.

Miloslav Vlasa k (*1981; h-index 4; 38 citations; ResearcherID C-2140-2017, Scopus ID: 24778859900) assis-
tant professor, specialist in numerical analysis and parabolic problems, author of 7 journal papers.

Scott Congreve (*1985; h-index 3; 18 citations; Scopus ID: 55376713400) assistant professor, specialist in
higher order discretization of PDEs, author of 7 journal papers.

Filip Roskovec (*1990; h-index 1; 4 citations) currently a PhD student of the 5th year at FMP CUNI, supervisor
V. Dolejs™"1, PhD defence planned in summer 2019, then postdoctoral position, author of 3 journal papers.

Luk&s Vacek (*1992) PhD student of the 1st year at FMP CUNI, supervisor V. Kucera.
Ondrej Bartos (*1993) PhD student of the 2nd year at FMP CUNI, supervisor V. Dolej3i.

The number of citations (without self-citations) and h-index were determined according to ISI Web of Knowledge Rdatabase, as
of 20 February 2019.
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Student 1 a good candidate is Ivan Galfy, master student of the 2nd year at FMP CUNI, supervisor V. Dolejs™"1.

« Institute of Mathematics of the Czech Academy of Science

Tom& ¥ Vejchodsky (*1976; h-index 10; 197 citations; ResearcherlD D-5142-2014, Scopus ID: 19338029300)
researcher and deputy director of the IM CAS, specialist on error bounds for elliptic eigenvalue problems, author
of more than 30 journal papers.

Michal KFizek (*1952; h-index 19; 999 citations; ResearcherlD D-5137-2014, Scopus ID: 7005616115) senior
researcher, specialist in numerical analysis and FEMs, author of 10 monographs and 144 journal papers.

Miroslav RozloZznik (*1969; h-index 11; 382 citations; ResearcherlD A-7240-2014, Scopus ID: 6603093562)
research fellow, associate professor, specialist in numerical linear algebra, saddle-point problems and rounding
error analysis, author of one book and 40 journal papers.

Jakub Sistek (*1981; h-index 7; 102 citations; ResearcherlD D-5141-2014, Scopus ID: 10838822200) re-
searcher, specialist on domain decomposition methods and parallel computing, author of 19 journal papers.

Pavel Kb s (*1982; h-index 6; 132 citations; ResearcherlD H-4757-2013, Scopus ID: 24477723900) researcher,
specialist in high performance computing, parallel eigenvalue solvers, author of 14 journal papers.

Bangwei She (*1987; h-index 1; 6 citations; ResearcherlD P-4304-2017, Scopus ID: 55047690100) young
researcher, specialist in numerical methods for fluid problems, numerical analysis, author of 6 journal papers.

Jan PapeZ (*1987; h-index 2; 6 citations; ResearcherlD G-1845-2014, Scopus ID: 56102210600) postdoc,
specialist on numerical linear algebra and scientific computing, error estimates, author of 4 journal papers.

The following table summarize the project activity for each team member.

mayjor expertise activities in the project capacity
V. Dolgjs™ PDE discretization, adaptivity T1.2,T1.3,T25,T2.6,T3.2,T4.1, T4.6 30%
M. Feistauer numerical analysis of PDEs T1.1,T2.1,T2.2,T4.6 20%
= P.Knobloch numerical analysis of PDEs T1.4,T2.4, T4.6 10%
8 P. Tichy numerical linear algebra T1.2,T3.1,T4.2, T4.3, T4.4, T4.6 20%
a V. Kutera PDE discretization,computing T2.3,T2.4, T4.6 20%
= M. Vlasak numerical analysis of PDE T1.1,T21,T22,T25, T4.6 15%
S. Congreve PDE discretization, computing T1.1,T2.1,T25,T2.6,T4.1, T4.6 20%
F. Roskovec programming of PDE T1.3,T2.6,T4.1, T4.6 20%
L. Vacek programming of PDE T2.3,T2.4, T4.6 150 h.
O. Bartos” PDE discretization T1.2,T25,T4.1, T4.6 150 h.
student 1 programming of PDE T25,T2.6,T4.1, T4.6 100 h.
T. Vejchodsky  eigenvalue problems T1.4,T3.1,T3.2, T3.3, T4.6 25%
°<'E M. Krizek numerical analysis of PDE T1.1,T1.3,T3.3, T4.6 10%
O M. Rozloznik  numerical linear algebra T4.2, T4.3, T4.4, TA.6 20%
= . Sistek domain decomposition methods  T3.3, T4.5, T4.6 20%
P. Kis theory of parallel computing T3.3, T4.5, T4.6 20%
B. She PDE discretization, computing T1.4,T2.2,T4.6 10%
J. Papez numerical linear algebra T1.2,T3.1,T3.2, T4.2, T4.3, T4.4, T4.6 100%
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