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CO JE SUPERPOCITAC?

- velmi vykonny pocitac, v posledni dobé Vypocetni uzly
nejcastéji ve forme pocitacového
clusteru, tedy spojeni mnoha béznych
pocitacl dohromady, a to obvykle
specialni vysokorychlostni siti.

Datové ulozisté

Sit (interconnect)

VSB TECHNICKA | IT4INNOVATIONS
|| || UNIVERZITA NARODNI SUPERPOCITACOVE
II" osTRAVA CENTRUM



VYPOCETNI VYKON POCITACE

FLOP = Floating point operation

Vypocetni narocnost— pocet operaci v pohyblivé radové carce FLOPs

Vypocetni vykon pocitace — pocCet operaci v pohyblivé radové Carce za sekundu
FLOPS (FLOP/s)

1 000 kiloFLOPS kFLOPS 103
1 000 000 megaFLOPS MFLOPS 106
1 000 000 000 gigaFLOPS GFLOPS 10°
1 000 000 000 000 teraFLOPS TFLOPS 1012
1 000 000 000 000 000 petaFLOPS PFLOPS 101>
1 000 000 000 000 000 000 exaFLOPS EFLOPS 1018

1 000 000 000 000 000 000 000 zettaFLOPS ZFLOPS 10%1
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NEJVYKONNEJSI SUPERPOCITACE

- 2x ro€né zebricek nejvykonnéjsich systému

sveta

- www.top500.org

Rank

System

Supercomputer Fugaku - Supercomputer Fugaku, A64FX
48C 2.2GHz, Tofu interconnect D, Fujitsu
RIKEN Center for Computational Science
Japan

Cores

7,299,072

Rmax
(TFlop/s)

415,530.0

The List.

Rpeak
(TFlop/s)

513,854.7

Power
(kW)

28,335

Rank

System

Supercomputer Fugaku - Supercomputer Fugaku, A4FX
48C 2.2GHz, Tofu interconnect D, Fujitsu

RIKEN Center for Computational Science

Japan

Summit - IBM Power System AC922, IBM POWERY 22C
3.07GHz, NVIDIA Volta GV100, Dual-rail Mellanox EDR
Infiniband, IBM

DOE/SC/0ak Ridge National Laboratory

United States

Sierra - IBM Power System AC922, IBM POWER9 22C
3.1GHz, NVIDIA Volta GV100, Dual-rail Mellanox EDR
Infiniband, IBM / NVIDIA / Mellanox
DOE/NNSA/LLNL

United States

Sunway TaihuLight - Sunway MPP, Sunway SW26010 260C
1.45GHz, Sunway, NRCPC

National Supercomputing Center in Wuxi

China

Tianhe-2A - TH-IVB-FEP Cluster, Intel Xeon E5-2692v2
12C 2.2GHz, TH Express-2, Matrix-2000, NUDT
National Super Computer Center in Guangzhou

China

HPC5 - PowerEdge C4140, Xeon Gold 6252 24C 2.1GHz,
NVIDIA Tesla V100, Mellanox HDR Infiniband, Dell EMC
Eni S.p.A.

Italy

Selene - DGX A100 SuperPOD, AMD EPYC 7742 64C
2.25GHz, NVIDIA A100, Mellanox HDR Infiniband, Nvidia
NVIDIA Corporation

United States

Frontera - Dell C6420, Xeon Platinum 8280 28C 2.7GHz,
Mellanox InfiniBand HDR, Dell EMC

Texas Advanced Computing Center/Univ. of Texas
United States

Marconi-100 - IBM Power System AC922, IBM POWERY
16C 3GHz, Nvidia Volta V100, Dual-rail Mellanox EDR
Infiniband, IBM

CINECA

Italy

Piz Daint - Cray XC50, Xeon E5-2690v3 12C 2.6GHz, Aries
interconnect , NVIDIA Tesla P100, Cray/HPE

Swiss National Supercomputing Centre (CSCS)
Switzerland

Cores

7,299,072

2,414,592

1,572,480

10,649,600

4,981,760

669,760

272,800

448,448

347,776

387,872

Rmax
(TFlop/s)

415,530.0

148,600.0

94,640.0

93,014.6

61,444.5

35,450.0

27,580.0

23516.4

21,640.0

21,230.0

Rpeak
(TFlop/s)

513,854.7

200,794.9

125,712.0

125,435.9

100,678.7

51,7208

34,568.6

38,745.9

29,354.0

27,154.3

Power
(kW)

28,335

10,096

7,438

15,371

18,482

2,252

1,344

1,476

2,384



SUPERPOCITACOVE VELMOCI

Countries Performance Share

Vendors Performance Share

® China

@ United States
Japan

@ France

® Germany

@ Netherlands

@® Ireland

® Canada

@ United Kingdom

@ Italy
@ Others

® Lenovo

® Sugon
Inspur

@ HPE

@ Cray/HPE

® Atos

@ Fujitsu

® BM

@ Dell EMC

@ Huawei Technoloc

@ Others
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Countries
China
United States
Japan
France
Germany
Netherlands
Ireland
Canada
United Kingdom
Italy
Brazil
Singapore
South Korea
Norway
Saudi Arabia
Australia
United Arab Emirates
Sweden
Finland
Switzerland
Taiwan
Russia
India
Poland
Hong Kong
Austria
Spain

Czechia

The List.

Count
226
113
29
19
16
15
14
13
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System Share (%)
45.2
226

5.8
3.8
3.2

3
2.8
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2
1.4
0.8
0.8
0.6
0.6
0.6
0.4
0.4
0.4
0.4
0.4
0.4
0.4
0.4
0.2
0.2
0.2
0.2
0.2
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Rmax (GFlops)
565,553,102
621,655,590
527,607,512

79,878,820
68,713,720
24,736,650
23,087,540
27,926,060
30,950,142
87,188,790
10,991,000
6,596,440
18,720,660
7,718,070
10,109,130
10,913,420
9,013,750
4,771,700
7,095,250
23,126,750
10,325,150
9,147,000
6,334,340
1,670,090
1,649,110
2,726,078
6,470,800
1,457,730
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Rpeak (GFlops)
1,184,700,707
884,317,444
691,558,660
121,553,694
101,130,880
31,795,200
29,675,520
50,348,729
37,703,042
128,918,596
19,270,566
8,478,720
31,496,620
10,432,512
13,858,214
17,261,875
12,164,803
6,773,346
9,748,685
29,347,305
17,297,190
13,736,550
6,814,886
2,348,640
2,119,680
3,761,664
10,296,115
2,011,641



SALOMON V TOP500

423 Salomon - SGI ICE X, Xeon E5-2680v3 12C 2.5GHz, 76,896
Infiniband FDR, Intel Xeon Phi 7120P, HPE
IT4Innovations National Supercomputing Center, V
Technical University of Ostrava

Czechia
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1,457.7

2,011.6

500

The List.

4,806

List

Rank

423

375

282

214

139

88

79

68

56

48

40



MOOREUV ZAKON

Performance Development

Performance

10 EFlop/s

1 EFlop/s

100 PFlop/s

10 PFlop/s

1 PFlop/s

100 TFlop/s

10 TFlop/s

1 TFlop/s

100 GFlop/s

10 GFlop/s

1 GFlop/s

100 MFlop/s

1990

1995 2000 2005 2010

Lists

® Sum A #

500

The List.

2015 2020

= #500

2025

- Pocet tranzistoru se na
stejné plose co 2 roky
zdvojnasobuje

- Vykon procesoru se co
2 roky zdvojnasobuje

Rok PFLOPS Zrychleni
2014 274 2,1
2015 360 2,1
2016 567 2,1
2017 750 2,1
2018 1200 -
2019 1600 -
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T Anselm (0,1PF)

Cerven 2013

CASOVA OSA ITAINNOVATIONS e

Cervenec 2014

Salomon (2PF)  NVIDIA DGX-2 (0,1-2PF) Barbora (0,9PF) Karolina (15,2PF)
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A
R
B
o
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Jaro 2021

Cervenec 2015 Brezen 2019 Rijen 2019 Cerven 2021

Ukonceni
provozu

Anselm a
Salomon
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Pristup k superpocitacim J—
E_I N F RA CZ * \Verejna grantova soutéz 3x rocné pro zamestnance |

vyzkumnych a vzdélavacich instituci CR

e Povoleni reditelstvi VSB TECHNICAL ITAINNOVATIONS
|| || UNIVERSITY | NATIONAL SUPERCOMPUTING
I OF OSTRAVA | CENTER
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SUPERPOCITAC SALOMON

1.2 TFlop/s 0.5 TFlop/s

e —— T | <
¥ ' ( intel’) inside”
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Xeon Phi 7120P ) >
« Xx86 architecture, 1.2TF -GN ' ot
« 864x Intel Xeon Phi 7120P . 4
« 61(244) cores, 512 bit FMA Los Alamos Blue Mountain (2000)
. 16 GB RAM 3.07TF
1.2 TFlopls
0.5 TFlop/s P
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VYPOCETNI SIT SALOMON SR
- InfiniBand FDR56 / 7D Enhanced hypercube
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SUPERPOCITAC ANSELM

 Vprovozu 2013 az 2021

* Odjara 2021 v Dolni oblasti Vitkovice -
Velky svét techniky

* Teoreticky vypocetni vykon 94 TFLOPS

e LINPACK vypocetni vykon 73 TFLOPS
440 x MacBook Pro!

e 209 vypocetnich uzll

* CPU: 2x osmijadrovy Intel SandyBridge
e 2.3/2.4 GHz, celkem 3322 jader

 RAM: 64 GB/96 GB/512 GB, celkem 15TB

* QOperacni systém RedHat Linux 64bit 6.x

GPU akceleratory: 23x NVidia Tesla Kepler K20
MIC akceleratory: 4x Intel Xeon Phi 5110P
Diskova ulozisté: 320 TiB/home (rychlost 2 GB/s);
146 TiB/scratch (rychlost 6GB/s)

Vypocetni sit: Infiniband QDR 40 Gb/s

Operacni systém RedHat Linux 64bit 6.x
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SUPERPOCITAC SALOMON

e V provozu 2015 az 2021
e Dale bude vyuzivan k védeckym ucelim
* Teoreticky vypocetni vykon 2 011 TFLOPS

e LINPACK vypocetni vykon 1 458 TFLOPS
20 x Anselm!
8 783 x MacBook Pro!!!

e 1008 vypocetnich uzll

* CPU: 2x dvanactijadrovy Intel Haswell 2.5 GHz,
celkem 24 192 jader

* MIC akceleratory: 864x Intel Xeon Phi 721P, kazdy
61 jader, celkem 52 704 jader

« RAM: 128 GB/3.325 TB (vypocetni uzel UV)
celkem 129TB

Diskova ulozisté: 500 TiB/home (rychlost 6
GB/s), 1638 TiB/scratch (rychlost 30 GB/s)

Vypocetni sit: Infiniband FDR 56 Gb/s

Operacni systém RedHat Linux 64bit 6.x,
CentOS 64bit 6.x

VSB TECHNICKA
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SPECIALIZOVANY SYSTEM NVIDIA DGX-2

@ ARTIFICIAL
y INTELLIGENCE
- Do provozu uveden v breznu 2019

- Pro nejnarocCnéjsi ulohy umélé inteligence, pfri kterych
dosahuje spickového vykonu 2 PFLOPS
- FP16: 520 TFLOPs
- FP32: 260 TFLOPs
- FP64: 130 TFLOPs

- Osazen 16 nejvykonnéjsimi akceleratory NVIDIA V100
Tensor Core GPU

- Akceleratory propojeny pomoci prepinact NVSwitch o
celkové propustnosti 2,4 TB/s

- Celkova HBM2 pamét 512 GB a 30 TB interni kapacity na
rychlych NVMe SSD

- Osm 100 Gb/s Infiniband/Ethernet adaptérd




SUPERPOCITAC BARBORA

Uveden do provozu v fijnu 2019
Architektura Atos Bull Sequana

Teoreticky vykon 849 TFlop/s

192 standardnich vypocetnich uzll; kazdy uzel je osazen
dvéma 18jadrovymi procesory Intel a 192 GB RAM,

8 vypocetnich uzli s GPU akceleratory; kazdy uzel je
vybaveny dvéma 12jadrovymi procesory Intel, ¢tyrmi GPU
akceleratory NVIDIA Tesla V100 s 16 GB grafickou paméti
typu HBM?2 a operacni paméti RAM o velikosti 192 GB,

1 tlusty uzel osazen osmi 16jadrovymi procesory Intel a
operacni pameéti RAM o velikosti 6 TB.
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SUPERPOCITAC KAROLINA

- Instalace cerven 2021
- Teoreticky vykon: 15,2 PFlop/s
- Univerzalni ¢ast: 3,8 PFlop/s (LINPACK) (720 nodes)

- Akcelerovana ¢ast: 11 PFlop/s (LINPACK) (70 nodes)
150 PFlop/s (DeepLearning)

- Cast pro datové analyzy: 40 TFlop/s (LINPACK)

- Cloudova ¢ast: 131 TFlop/s (LINPACK) (36 serverti)

L1500
. 0dhadované umisténi v top500:
Pozice dnes: #20 (svétové), #8 (v Evropé)

VSB TECHNICKA | IT4INNOVATIONS
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IT41 SOUCASTI SUPERPOCITACE LUMI

- Doba provozu: 2021 aZ 2025 Countries which have signed

the EurcHPC Declaration

. LUMI Consortium countries

- Teoreticky vykon: pres 550 PFlop/s %

CSC Datacenter in Kajaani

- Zapojené zemé&: Finsko, Norsko, Svédsko, Dansko, Belgie,
Svycarsko, Ceska republika, Polsko, Island, Estonsko

EUROPEAN UNION - — % x =

European Structural and Investment Funds B * EuroHPC VSB TECHNICAL IT4INNOVATIONS

Operational Programme Research, E * L 2 || |I UNIVERSITY | NATIONAL SUPERCOMPUTING
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PODPURNA INFRASTRUKTURA




ZALOZN| ZDROJE NAPAJENI DRUPS

Dynamické UPS

(Diesel Rotary Uninterruptible
Power Supply systems )
2x2,5MVA

Diesel motor
Pocet valcl: 20

Objem valc(: 95 |

Vykon: 2 390 HP

Maximalni spotireba: 579 I/h
Chlazeni: vodou

VSB TECHNICKA | ITAINNOVATIONS
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OXY-REDUCT TR

Protipozarni bezpecnost datového salu

Stabilné udrzovana koncentrace kysliku v datovém sale: 15,0—15,2 %
Vyroba dusiku na jedné jednotce:
— mnozstvi 26 m3/h

— Cistota vyrobeného dusiku 95 %

— elektricky prikon 12,5 kW

VSB TECHNICKA | ITAINNOVATIONS
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Chladici okruhy

Teply okruh: 2x

Teplotni rozsah: 15 az 80 stupni(
Celsia

Chladici vykon, max. okruh: 600 kW
Médium: 35% smés voda-glykol

Studeny okruh: 3x

Teplotni rozsah: 6 az 15 stupnd Celsia |
Chladici vykon, max. (okruh): 800 kW =
Médium: 35% smés voda-glykol i
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REKUPERACE TEPLA

VYUZITI NiZKOTEPLOTNIHO TEPLA ZE SUPERPOCITACE
Ohtev vody pro UT a TUV

Tepelné Cerpadlo (TC): 5 ks

Topny vykon TC: 90 kW

Elektricky pfikon TC: 18 kW

Vystupni teplota vody: 60 stupnd Celsia

Chladivo: R134A

VSB TECHNICKA

II | UNIVERZITA | N
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Vypocetni
zdroje piidélené
ve Vetejnych

grantovych soutézich
v roce 2019 dle
instituci

]

v \4 7 m——, ) ..r -
KDO JSOU NASI UZIVATELE? e e

25,3 %
21,4 %
14,8 %
13,5%
19 %
5,7 %
3,4%
3,2%
2,8%
2%

T T
B I . |. n
|

—

Akademle ved (R N&vrhy novych I6ka
VSB-TUO Pavel Hobza (UOCH)
CEITEC o

; ; /O Strojové uceni pro popis
Univerzita Karlova [ PR B I! Ve uceni pro pop
. \ B8 S oo zeolitu
CVUT v Praze el Miroslav Rube$ (UOCHB)

Masarykova univerzita
VUT v Brné

VSCHT v Praze
Ostravska univerzita
Ostatni

Paralelni fesice pro
proudéni podzemni vody
Jakub Sistek (AV CR)

Strukturalni studie
lidskych a zvifecich vir(
Pavel Plevka (CEITEC)

VSB TECHNICAL IT4AINNOVATIONS
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- CO NASI UZIVATELE POCITAJI?

:

Vypocetni
zdroje ptidélené

ve Vetejnych
grantovych soutézich
V roce 2019 dle
védnich obozxu

B 624% Materialové védy

B 194% Biovédy

B 47% VédyoZemi

B 45% Fyzika

B 3,8% InZenyrstvi

B 26% Vypocetnivédy

M 20% Aplikovana matematika
B 05% Astrofyzika

- METALLIC

Jectrolyte-to-metal
transition of electrons dssotved
9 3mMOnia s 1% e

lorizontal Plane (2-Y) Vertical Plane (Z-X]

U\
20+ 0, .0,
Charge

— *‘*'(”’;’T”f:/ﬁ/(,/ 1 |
rilkdiswlls

- | r‘lj‘ i
I T (1120

I
AL AN

Ab initio molekularni
dynamicka studie
solvatovaného elektronu v
kapalném amoniaku

Pavel Jungwirth (UOCHB)

Konvekce a klimatické
simulace
Michal Belda (CUNI)

Simulace a planovani
ultrazvukovych
chirurgickych zakrok
Jiri Jaros (VUT)

Optimization design of
functional materials in a
new type of lithium based
battery

Dominik Legut (1T41)

VSB TECHNICAL ITAINNOVATIONS
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UTILIZACE SUPERPOCITACU

Miliony jadrohodin

350
300
250
200
150
100

50

Srovnani poptavky a alokovanych vypocetnich zdrojl ve Verejnych

grantovych soutézich v letech 2017-2019

2016

2017

2018

2019



VYZKUM A VYVOJ V ITAINNOVATIONS

Vyzkum & Vyvoj

Numerické simulace

Big Data Uméla inteligence

VSB TECHNICKA | ITAINNOVATIONS
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SKALOVATELNE PARALELN[ ALGORITMY
O e

_—@ REAL SPEEDUP

99%

ey
=

[}
£
=

THEORETICAL SPEEDUP

&) Time Saved

Number of Cores

150
B FETI Preprocessing ® Hybrid FETI Preprocessing CG Solver Runtime

125
100
75

50
Problem size [billion DOF]

25 Number of compute nodes [-]
e —

1.53 3.62 7.07 12.2 194 289 412 56.5 75.2 97.6 124
216 512 1000 1728 2744 4096 5832 8000 10648 13824 17576

Solver Time [s]
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Hybridni Total FETI metoda

Implementace

B B.1B..O O
© O O Bc,3 Bc,4

additional constraints:

, B=(B1B:B3;B o > )
) (B B2 B 4)' duplication of ‘corners’ Lagrange

multiplicators
(50,0 9 B0 By (m) (0
2 c,2 2 uz 2
O O K3 O (O Bc;s B us s augmented KKT system by
O O O K40 ByB; || w |=]|fs the matrix B. and A
B..B.,O O |0 O |O Xe 1 o ‘ ‘
O O Bc’g Bc,4 O O O >\c,2 o
\B1 B; Bs B, |O O |O ) \ A ) \T
(Kl O B/;JJO0 O O BI\ (ul\ (fl\
O K2 BI2 O O O B;_ U9 f2
Bc,l BC,Q O O O O O )\0,1 O ) )
O O O |[K; O B,BJ | = |5 reordering according to clusters
O O O O K4 BIA BI g f4
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SLOZITE PRUMYSLOVE NEBO VEDECKE ULOHY

Technologie digitalnich dvojcat
- Nékolik numerickych model(
Zpracovani dat

Umeéla inteligence

Pokrocilé vizualizace

Konektivita a komunikace

%0
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DIGITALNI DVOJCE ELEKTRICKEHO MOTORU 2L

Komplexni nelinearni fyzikalni problém

* Elektrické pole
* Elektormagnetismus
* Prenos tepla
* Teplo generované magnetismem
e Chladici systémy
e Strukturalni mechanika
e Strukturalni integrita
* Vibrace generované pohybem
* Vysokorychlostni motor
* Vliv elektromagnetismu
e Systém aktivniho chlazeni
* Obtékani vzduchem
* Hluk
* Generovan obtékanim
e Generovan elektromagnetismem
* Generovan vibracemi
Jedna simulace
* 35 hodin/ 1200 jader Salomonu
 Standardni vykonna stanice (256GB RAM / B TECICRA | o

UNIVERZITA | NARODNI SUPERPOCITACOVE
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Large scale CFD optimisation of the pumping station

VoF in combination with water pump simulation
Complex system — each sector influence the results
* Transient simulation with very small time step
* Hundreds of millions of computing cells for instabilities capturing
e LES type of turbulence models
* Moving meshes for water pump
e Tens of computations for different states
» Different initial water levels in inflow/outflow reservoir
* Optimisation of the water pump shape

N

First free surface reservoir Water pump sector
inflow from specific water level

National project with water pump
producer SIGMA. We focused on

the new validation strategies for

object interactions with the free surface

) stema

SIGMA

Second free surface reservoir
outflow to specific water level
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Large scale CFD optimisation of the pumping station W@WF@M

......
.

“:’ es LTt - ‘. Optimized
o ~ § - R — design
“ - - ::".' I Original
o design
First step: What we need for optimization? |
L. . . Volumetric Flow Rate
Water pump optimisation  Geometry morphing
» different blade shape

One simulation * boundary conditions variation
* Transient simulation with moving mesh
* 45 hours / 1000 Cores on Salomon Lead’s to 100’s simulations
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Large scale CFD optimisation of the pumping station

Second step:
Volume of Fluid simulation

One reservoir sector
50 M Cells

2 days computation
on 1000 Cores

More cells and

smaller time step for

LES simulation are needed.
Capturing instabilities in
Free surface flow.

Velocity [m/s] - surface alpha.water 0.5

0.00 1.75 3.50 5.25 7.00
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DIGITALIZACE PRUMYSLU RASTRI

|

mec: SHAPE

MINISTERSTVO
PRUMYSLU A OBCHODU
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APLIKACE V ENERGETICE

ARTIFICIAL
INTELLIGENCE

NARODNI
CENTRUM
PRO ENERGETIKU

@

MACRO
|
MEZZO
MICRO C_,
=~
NANO (A) oo semtmiete 55 7ECHTTRINIRINOVAT 2on s
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DEVELOPMENT OF SMART PLATFORMS

High-End Application Execution Middleware

I Client application
:lnﬁasvucuue

: : HPC infrastructure
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Scratch Storage
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Users : :
L1 ____1 |
I

|

|

|

HPC capabilities Job management

.

|
|
| HPC Scheduler

—

SSH
HPC Cluster

Mlddleware
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Urban Thematic Exploitation Platform
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RENDEROVANI A VIZUALIZACE

Blender based Rendering-as-a-Service Platform

for HPC Clusters blender Scientific visualization using Blender and COVISE

SPRING

AGENT 327

OPERATION BARBERSHOP

“The Blender Institute conducts open/free software projects and
makes open/free movies shared as free culture. National
Supercomputing Center IT4Innovations in the Czech Republic is a
partner that helped us realise that and it has been appreciated by VEB TECHNICKA

UNIVERZITA

millions.” - Ton Roosendaal )11 SNIVERZ




MEZINARODNI PROJEKTY A CLENSTVI
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KDO ZA TIM STOJI?

V IT4lnnovations je zameéstnano priblizné 250 osob, z toho:

S, SLSL

9% 21 %
Superpocitacoveé Management
sluzby a administrativa
Védecka rada Reditel

Kancelar reditele

USEK ADMINISTRATIVY

Utvar hlavniho ekonoma

Utvar vefejnych zakazek

Utvar provozné-spravni

USEK VYZKUMU A VYVOJE

Laboratof vyvoje paralelnich algoritm

Laboratof pro datové analyzy a simulace

Laboratof modelovani pro nanotechnologie

Laboratof pro big data analyzy

Laboratorf pro vyzkum infrastruktury

70 %

Vyzkum
a vyvoj

Oddéleni komunikace

USEK SUPERPOCITACOVYCH SLUZEB

Utvar provozu a spravy HPC

Utvar hardwaru a infrastruktury

Oddéleni architektury a rozvoje HPC

Oddéleni Skoleni a vzdélavani
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CHCETE SE DOZVEDET VICE?

Organizujeme kurzy a vzdelavaci akce
- 10 kurzl rocné, lektory jsou nasi Ci zahranicni experti, PRACE Training Center
- konference a workshopy
- mezinarodni sezonni skoly
- PRACE Summer of HPC

Studium

- Zameéstnanci centra se podili na vyuce studijnich programu
- Vypocetni védy
- Aplikovana a vypocetni matematika
- Nanotechnologie
- Informatika
- Aplikovana mechanika

- Zapojeni studentt do vyzkumnych aktivit centra
- Trainee Program, Doktorska Skola

VSB TECHNICKA
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IT4] TRAINEE PROGRAM

- pro studenty magisterskych i bakalarskych studijnich programu

- skvely doplnék ke studiu

- zkuseny mentor té muze posunout v dalSim profesnim rozvoji

- budes soucdasti zajimavych narodnich i mezinarodnich vyzkumnych projektd,
- zajimavé platové podminky srovnatelné s komercni sférou,

- Ucast na odbornych skolenich,

- moznost cestovat na tuzemské i zahrani¢ni konference,

- Ucast na zajimavych védeckych akcich,

- anglictina se ti dostane dokonale pod kuzi.

ou narodni superpotitatovou

www.it4di.cz < NASE SUPERPOGITACE

+ zasTIT vice

O IT4INNOVATIONS



http://www.it4i.cz/

Tomas Kozubek
tomas.kozubek@vsb.cz

IT4Innovations narodni superpocitacové centrum
VSB — Technickd univerzita Ostrava

Studentska 6231/1B

708 00 Ostrava-Poruba

www.itdi.cz
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