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Vpasuenus Hasre-CToKkca B mpuOImKkeHIN cJ1a00H CRMMAEMOCTH
To ke ¢ TemTonpoBogHOCTRIO (IpHOAMIKeHe byccuuecka)
VYpasuenus Oiiepa OJig uaeasibHOTO ras3a

Vpasuenusa Hasre-Crokca o1 MHOTOKOMIIOHEHTHOI'O HOeaJILHOIO ras3a
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(OC  CBOVCTBA CXEMbI KABAPE

-
VNBPAS
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ABHas
Yctonumsa npn 0 < CFL <1
[laet To4Hoe peweHune npu CFL=0.5, CFL=1

BTopon nopsgok annpokcMmMaunum Ha HepaBHOMEPHbIX
NPOCTPAHCTBEHHO — BPEMEHHbIX CeTKax

KoHcepBaTuBHas

ObnapaeTt ogHoNapamMeTpUYECKMM CEMENCTBOM KBaapaTUYHbIX
3aKOHOB COXpPaHEHUs

besaouccunatneHa
NmeeT MmakcumanbHO KOMNaKTHbIA BblMUCTUTENBHbIA LWaONoH

MuHumanbHble aOncrnepcnoHHbIe OLLNOKMU

[MpssMoe ncnonb3oBaHWe NpUHUKUNA Makcumyma gns HeliIMHENMHOW
KOppeKLUM NOTOKOB

OTCyTCTBUE HACTPOEYHbIX NapaMeTPOB




(= XAPAKTEPHBIE NAPAMETPbI PACYETA
UBPA3

o Paamep cetkn:  10°-10° ayeek
o Yucno waros: 106-108 waros

HeobxogMmMocTb MCNorb30BaHUA MaCCUBHbIX
napanmnenbHbIX BblYUCIEHUI
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o MoTumBALMA
UBPAS

KomnaHua «T-INnatdopmbl» 3akiovuna KoHTpakT ¢ MY Ha npoekTupoBaHue
BbIMMCNUTENLHOIO Knacrepa nMkosown rnpounssoauntensHocTbio 10 Ndononc
(1015 onepauunn c nnaBarLLEN TOYKON B CEKYHAOY). OTa CUCTEMA CTaAHET
OOHOM N3 caMbIX MOLLHbIX B MUpe. Ha cerogHswHMN aeHb B cnmcke Tons00
NUAVPYET ANOHCKMIA cynepkoMnbioTep K, ¢ MakcumasribHOU
npounssogutenbHocTbio 10,51 MNdononc (nukosast — 11,28 lNdononc), Ha
BTOPOM MeCTe — Kutamckmm « TaHbxa-1A» (2,57/4,7 Tdpnonc).

B nioHe 2014 roga B MI'Y cMOHTUpOBaHa rnepsasi CTOMKa CynepkoMnbioTepa
JTomoHocoB — 2 npoussoauternbHocTeo B 430 Tepabant (anda knacc).

Uepes gBa — Tpu roga cynepkomnbloTepbl NeTadorioncHOro knacca oyayr
OOCTYMHbI BeAYLLUMM MPOEKTHO — KOHCTPYKTOPCKMM OpraHm3aumnam
PocaTtoma. letadnoncHble BblYUCUTENBbHbIE CUCTEMbBI NMO3BOMAT peLlaTtb
3aga4un C T.H. KPUTUYECKMUM NOPOromM TOMHOCTU, HEOOCTYNHbIE pPaHee.



http://www.hpcwire.com/hpcwire/2011-12-21/t-platforms_to_build_10-petaflop_supercomputer_for_moscow_state_university.html
http://www.top500.org/
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@ OBLWME 3AOA4YM
VIBPA3

o locTpoeHue ceTok B 3D obnacTtsax CcO CIOXHOW
reoMeTpuen

o PacnapannenusaHue ceTtok Ha 6ornblLLoe YMcro
NpoL,eccopoB

o [Nogaepxka napannenbHOCTN BblYNCIIEHNN
o Busyanusauuns pesynbTaTtoB pacyeToB
o NMocTnpoueccopHass obpaboTka pe3yrnbTartoB

o YnpaBneHne xpaHeHUeM OornbLLUMX MacCuUBOB
NHdoopMaLuunm
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- Noaxonsl
UBPAS

o LLuHa gaHHbIX: cTaHgapTmM3auna dopmara
XpaHEHUS MHPOPMaLINKN, «LUIMHHBIN» OOCTYN K
NHJopMauun ansa Bcex moaynen nnardoopmel

o MakcnmanbHOe UCMonb3oBaHUE CYLLECTBYHOLLINX
nporpamMm B KayecTBe Moaynen nniargopmbl
o MakcumanbsHoe ncnornb3oBaHue oTkpbiToro 10

o Mcnonb3oBaHue cyulecTByOWLNX OMbNmMorek

BbICOKOr0O YPOBHA A4 NoAAepXKKU napanienbHbIX
BblMUCNEHUN




ﬁ"‘ OTKPbLITOE NMPOrPAMMHOE OBECIMEYEHUE

Omneparmornas cuctema Linux
buboanorexu MPI u OpenMP
HDF - Hierarchical Data Format technologies

Interoperable Technologies for Advanced Petascale Simulations (ITAPS)
Department of Energy's Scientific Discovery through Advanced Computing
(SciDAC)

MOAB (The Mesh-Oriented database)



http://www.energy.gov/
http://www.scidac.gov/
http://www.scidac.gov/
http://www.scidac.gov/
http://www.scidac.gov/

HDF - HIERARCHICAL DATA FORMAT TECHNOLOGIES

HDF 5 — 3T0 kOMILJIeKT YHUKAJBHBIX TeXHOJIOTHH, II03BOJISIOIINI OIIePHUPOBATH
KCTPEeMAaJILHO OOJIBIIIMMH MAacCCUBAMH JaHHBIX CO CBEXCJIOMKHOM CTPYKTYPOIM.

Ox BRJIIOUAET B ceos:

* YHUBepcaJIbHYI0 MOJIeJIb JaHHBIX, II03BOJISIOIILYI0 OIMCHIBATH OYE€HDb CJIOKHEIE
CTPYKTYPHI JAaHHBIX U IITHPOKOE pasHooOpasue MeTadaHHbBIX.

* [TostHOCTBIO TIEPEHOCUMBIN (popMaT XpaHeHUI NAaHHBIX, 0e3 KaKux JIr0o
OTPaHUYEHUH HA YMCJIO UK padMep MHPOPMAIIMOHHBIX 00bLEKTOB.

* BubsmmoTexy mmporpamMm, agalTHPOBAHHYIO Ha BCe KOMIBIOTEPHBIE ILJIATQPOPMBI OT
HOYTOYKOB JI0 MHOT'OIIPOIIECCOPHBIX BBEIUMCIUTEILHBIX KOMILIEKCOB U IIPOTPAMMHBII
rHTepdeic ¢ aJIrOPUTMUYECKUME SI3bIKaMI BBICOKOTO ypoBHs, Takumu kKax C, C++,
Fortran 90 u Java.

* BoraThiit Ha00P BCTPOEHHBIX YTHJINUT, IO3BOJISIONINX IPOBOIUTH OITUMU3AIIHIO
BPEeMeHH JOCTyIa M 00beMa MCIOJIb3yeMOM KOMIBIOTEePHOM IIaMSITH.

* UHCTpyMEHTBI ¥ IIPHUJIOMKEHUS IJIS OpraHu3aIinm, 00pad0TKY, BU3yaIu3aIlIuN 1
aHaJIM3a JaHHBIX.

Mopess maHHBIX, popMaT aiisa, HHTepPdeic IIPOrpaMMHOIO IIPHUJIOKEHII,
O0MOJIMOTeKA M YTUJIUTHI SIBJISIOTCS OTKPBITBIMH M PACIPOCTPAHAIOTCSI OECILIATHO.
Pa6oter o dopmary HDF5 senyres 8 National Center for Supercomputing

Applications (NCSA) [1] ¢ 1987 roxa.
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Interoperable Technologies for Advanced Petascale Simulations
(ITAPS)

ITAPS — LeHTp ocyLLecTBNAET KOopAnUHaUUO paboT HECKOMNbKMX
YHUBEPCUTETOB N Nabopatopuin genaptameHTta aHepretukn CLUA n
domHaHcupyetca no SciDAC nporpamme. OCHOBHOWM LIESbIO
npoekTa ITAPS gaBnsietcs paspaboTka TEXHONOrMM, NO3BONAKLLINX
MaKcuMarbHO 0brerymTb NpukKnagHbiM MartemaTukam u
nporpaMmmMmucTam paboTy ¢ CETOUYHLIMU AaHHbIMW NPU Nepexoae K
cynepkoMnbroTepam netadorionCHOro Kracca. 9To AOCTUraeTcs
pasBuTMem obLiero yHKLMOHANLHOro nHTepdenca K reoMmeTpum,
ceTkam 1 ApYrum gaHHbIM, HEOBXOOMMbIM 5151 KOMMNbIOTEPHOIO
MOLENMPOBaHUS.

B pamkax ITAPS paspabarbiBatoTca criegytouime
NHTEPdENCHI N KOMMOHEHTbI, KOTOPbIE NX UCMONb3YHOT:
« CGM (Common Geometry Module)

MOAB (The Mesh-Oriented database)
Lasso

MeshKit

PyTAPS




‘ ‘. MOAB (THE MESH-ORIENTED DATABASE)
O D

O

UBPAS

eMOAB: (The Mesh-Oriented database) npeacrtasnser cobon 6ubnnoTeky
anga paboTbl CO CTPYKTYPUPOBAHHBIMW U HECTPYKTYPUPOBAHHbLIMU
pacyYeTHbIMN CETKAMN N 3ajaBaeMbIMN Ha HUX MaccnBamu U3NYECKNX
BenndnH. MOAB onepupyeT co BCEMU TUNaMU KOHEYHbIX 3NEMEHTOB,
MHOIOYroribHMKaMu U MHororpaHHkamm. Mogenb OaHHbIX, peann3oBaHHas
B MOAB, npocTa, 1, B TO Xe BpemMsl goctatodHa anst paboTtbl ¢ OCHOBHbIMU
TMNaMn MEeTagaHHbIX, CBA3aHHbIX C PaCYE€THbIMUN CETKAMM (FrPaHNYHbLIMU
YCNOBUAMM, TOMONOrMYECKMMN OCODEHHOCTAMMN, pa3bneHnem Ha
npoueccopbl 1 T.4.). MOAB ucnonbayet nHtepdenc ITAPS _iMesh.



https://trac.mcs.anl.gov/projects/ITAPS/wiki/MOAB
https://trac.mcs.anl.gov/projects/ITAPS/wiki/MOAB
http://www.itaps.org/software/iMesh_html/index.html
http://www.itaps.org/software/iMesh_html/index.html

CeobogHoe nporpammHoe obecrneveHue

==l Orn\= (http://www.salome-platform.org/)

oOTKpbITaga nnatdopma Ans npe- v nocT-npoueccuHra npu YMCNIeHHOM MOAENMPOBAHUM.
oB ocHose nexut TexHonorns OpenCascade (CATIA)

oBaxHo ans nonb3oBaTtenss — €CTb BO3MOXHOCTb pa6OTbI C reomeTpmeVl KaK B KOMMEPYECKNX
naketax

oBaxHo ans nporpaMMmmncTa — MOJIHOCTbIO U3MEHAEMaA, MOAYJIbHAaA apXUTEKTYypa

=[] [ \=

NEWS DOWNLOADS SERVICE AND SUPPORT ECO-SYSTEM FORUM USER SECTION ABOUT SALOME CONTACTS EVENTS

You are here: Home Login Register

NAVIGATION

] * News

>> What is SALOME?

SALOME is an open-source software that provides a generic platform for
Pre- and Post-Processing for numerical simulation. It is based on an open and
flexible architecture made of reusable components.

] * Downloads

] = Senice and Support

] * Eco-System

SALOME is a cross-platform solution. It is distributed as open-source software
under the terms of the GNU LGPL license. You can download both the source
code and the executables from this site.

»» How SALOME can be used?

] * Forum

] = User Section

1= About SALOME

SALOME can be used as standalone application for generation of CAD
models, their preparation for numerical calculations and post-processing of the
calculation results.

] = Caoritacts

] = Events

SALOME can also be used as a platform for integration of the external
Login Name third-party numerical codes to produce a new application for the full life-cycle

[— management of CAD models.




SALOME GUI
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CeoboaHoe nporpammMmHoe obecrnevyeHue

[Maket ParaView (http://www.paraview.org/) paspabarbiBaetcd
komnaHuen KitWare (http://www.kitware.com/) u npegHasHa4vyeH on4
BM3yanusaumm 00mnbLINX MacCMBOB [aHHbIX, B TOM YuCIie, C
NpuBrie4eHNeM napagurMmbl napannesibHbIX BblYUCITEHUN.

Kitware | Search

Tell'us what you think

PROJECT RESOURCES HELP OPEN SOURCE

ParaView is an open-source, multi-platform data analysis and visualization application.

ParaView users can quickly build visualizations to analyze their data using qualitative and Kitware receives HPCwire's Editors' & Readers’ Choice awards
quantitative techniques. The data exploration can be done interactively in 3D or for ParaView. Thank you to the global ParaView community

programmatically using ParaView's batch processing capabilities. for contributing to its success! - |

ParaView was developed to analyze extremely large datasets using distributed memory
computing resources, It can be run on supercomputers to analyze datasets of terascale as

well as on laptops for smaller data.

News More News >

03.15.2011 NASA Awards Kitware Contract to Develop ParaView for Ultrascale Visual..,
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ll’ ParaView

(Kitware, ARL,ASC, Los Alamos NL, Kitware, Sandia NL)
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L
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YParaView

Parallel Visualization Application

Developed by: Charles Law, Berk Geveci

Amy Henderson, Andy Cedilnik, Sebastien Barre
Jim Ahrens, Ken Moreland, Brian Wylie, Jerry Clarke
Bill Hoffman, Brad King, Lee Ankeny, Ken Martin
Lisa Avila and many others ...

FAL
° LosAlamos

LABOHA

Kitware gm L

Creating Ul (interactors)...

@ Sandia National Laboratories

Lawrence Livermore
National Laboratory

* Multi-view support

* Quantitative analysis
* Undo/redo Python
scripting

* Time support

* Plot styles

* Plugins

* Model/View

* Representation/

* Display:

* Stream Lines/Vector
Fields

+ Contours/isosurfaces
* XY Plots

* Animation

* Parallel processing

* Documentation




‘4’ OCHOBHbIE MONOXEHUS KoHUenumn co3gaHuns

O )X .
Qs,-- Bepcuit CABARET-RS
UBPA3

MaccuBHbIN napannenmsm n MmakcumanbHOE MUCMOoNb30BaHNE OTKPbITOro
NporpaMmmHOro obecneyeHums.

cnonb3oBaHue «LWMHbI AaHHbIX», Basunpyowencs Ha doopmare
doannos HDF5

[ekcaroHanbHble HECTPYKTYPUPOBAHHbIE PACYETHbIE CETKN,
aganTupyemble K rpaHuuam obnactu

OOMeH Mexay pacyeTHbIMU SSYEKaMmM TONbKO Yepes rpaHm

[MBpunaHble LES-RANS anroputmbl Anst BbIMUCNUTENBHON rMapoanHaMUKN,
NUCKINOYEHNE nTepauun, ABHbIE CXEMbI

Pac4yeTHO — TEXHOMOrM4YEeCKne LLerno4km e




LLIMHA OAHHBLIX NEPCOHAITbHOIO KOMMbLIOTEPA

ApyT
BbIMMCANTENBHBIM

@ = = &

Hakonurens Haxc-ng'!(em.
Ha RECTEMS Ha ruexns | |
MouuTep . CTphMree -
P MErHHTHbIN MArHWTHBEY p p Llonoauu
MWKPOMNPOLECCOP ROM|RAM Anckax AMCKaN Teabhbie
CAOTHI
ApurieTiko- ] J ] [ PaCMpEHI)
HOrHecKoe e g KoWTpoanep wako~| | Kostponssp
YCTPONCTS TRt Bugeo- MMTEAR Ha BECTKMN PHBKHK Cereoon
apanrep HArHITHbIX AMCKOB agantep
AMcKax
PervcTpbe CxeMbl
ynpas
PENRA
kaw-narsams | wodi LUkHbI: YNPaBNSHOWARA, SRPECHAS H WHHA AEHHBIX
Crembl
SRRz MOC % AOBATOMEHLI Napannenbhsle y
prn i MopTH! EB0RA-BHEORa KO WK GUMOHHM KOMFIY MK BUMOHBbIE Hrpuma
YopasheHn nopTbl nepT™ nopt
i | T | e Ml | | Mogen | | Naorrep | | Npuutep| | © :
YCIPONCTER Potna - Tpekéonn " » | [S—-—. ocaten

http:/ /yourlib.net /content /view/ 12652/ 150/

» Enuweii crapmapT mepegadyn JaHHBIX IO IITITHE

* VYmupaBiieHHEe IIUHON II03BOJISET UIeHTH(MUIINPOBATE
IepegaBaeMyio HH(OPMAIIUIO U OIIPeaeIATh HCTOUHUK UJIN
HasHaveHue nH@oOpMaIluu

* VYcTpoiicTBa, HE NOAOEPKUBAIOIINE CTAHIAPT IITHNHBI
ITPUCOETUHSIOTCS Yepe3 KOHTPOJIJIEPEI
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MBPART

- CABBOUND
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CABINIT

.msh = .h5m .cub - .h5m .cgns = .h5m .h5m - .plt .h5m = .vtk

Fluent CUBIT Salome TecPlot Visit
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Mcnonb3oBaHne MOAB (BbICOKOYPOBHEBOE)

VBPAS

Core *mb = new Core(); Cosnanue kopHeBoro kiacca MOAB
ParallelComm* pcomm = new ParallelComm(mb, MPI_COMM_WORLD); Cosnanue napauiebHoro uarepderica
mb->load_mesh(fileName); YreHue ceTKu ¢ TeraMu u3 Qaiina

Tag U;

Hoctym k Teram (o UMEHU Tera)

mb->tag_get_handle("U", 1,MB_TYPE_DOUBLE,U);

moab::Range cells; [Mony4yeHne Bcex sUeek,
mb->get_entities_by_dimension(0, 3, cells); pa3MEeNICHHBIX Ha JaHHON HUTH

for (moab::Range::iterator it = cells.begin(); it |= cells.end(); it++) {

. ) [uk o BceM srueiikam
EntityHandle cell = *it;

[lonyuenue xeHmiepa sUEUKU

double u;

YreHue nepeMeHHoﬁ U U3 Tera
mb->tag_get_data(U, &cell, 1, &u);

mb->tag_set_data(U, &cell, 1, &u); 3anuch epeMEHHOM U B TET

OOMeH OONMMH sTYEHKaMU

result = pcomm->exchange_ghost_cells(3, 2, 1, 2, true); METY HUTAMH

mb->store_mesh(fileName); 3amuch CeTKU ¢ TeraMu B (aiin




VBPA3

Core *mb = new Core();
ParallelComm* pcomm = new ParallelComm(mb, MPI_COMM_WORLD);

mb->load_mesh(fileName);

Tag U;
mb->tag_get_handle("U", 1,MB_TYPE_DOUBLE,U);

moab::Range cells;
mb->get_entities_by_dimension(0, 3, cells);

double *u;
mb->tag_iterate(U, cells.begin(), cells.end(), nCells, (void*&)u);

for (int i=0; i<nCells; i++) {
.. = uli];

result = pcomm->exchange_ghost_cells(3, 2, 1, 2, true);

mb->store_mesh(fileName);

Mcnonb3oBaHne MOAB (HU3KOypOBHEBOE)

Coznanue xopHeBoro kracca MOAB
Cosnanue napauiebHoro uarepderica

YrteHue ceTku ¢ Teramu u3 ¢aiina

Hoctym k Teram (o UMEHU Tera)

[TonyueHune Bcex siueek,
pa3MELICHHBIX Ha JaHHON HUTHU

HonyquHe IpsAMOro JOCTyla K
ImamMsaTHu Tera

Lukn mo BceM siuerikam
UreHne nepeMeHHON U U3 Tera

3anuce NEpeMEHHOM U B TeT

OOMeH OONMMH sTYEHKaMU
MEKIY HUTIMHU

3anuch CeTKU ¢ TeraMmu B (aiin
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CABINIT

.msh = .h5m .cub - .h5m .cgns = .h5m .h5m - .plt .h5m = .vtk

Fluent CUBIT Salome TecPlot Visit
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" MOAB
MBPART

- CABBOUND
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CABINIT

.msh = .h5m .cub - .h5m .cgns = .h5m .h5m - .plt .h5m = .vtk

Fluent CUBIT Salome TecPlot Visit

-1
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msh - .h5m .cub = .h5m .cgns - .h5m .h5m = .pit .h5m - .vtk
- =\ -
Fluent CUBIT Salome TecPlot Visit
\_ IIPEIPOIEeCCOPHI I\ IIOCTIIPOIIECCOPHI )

Yupasaeuue

JdAaHHBIMUA
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[Tnatdopma CABARET-RS npenocrtasnaet BO3MOXXHOCTb
McnonbL30BaTb Nnpe-, noctnpoueccopsbl n gpyroe O, He
orpaHN4YeHHOE KOMMEPYECKUMN NNLIEH3NAMMU

lcnonb3oBaHne goopmara H5M, ocHoBaHHOro Ha ctaHaapTe
HDF5, no3sonsaet yaqobHo n adpdekTMBHO onepupoBaTh C
bonbLLIUMN MaccmMBaMun JaHHbIX

cnonb3osaHne MOAB B kayecTBe a4pa cCUCTEMbI MO3BOSSAET
aBTOMaTN3npoBaTb HU3KOYPOBHEBLIE BOMPOCHI NapasniensHOU
00paboTKN AaHHbIX

[MTnatdopma CABARET-RS npenocTtaBnaet BO3MOXXHOCTb
CKOHUEHTPMpOBAaTb YyCUNusa paspaboTymkoB Ha CaMOM Ba>KHOM
HanpaBneHun

[MTnatdopma CABARET-RS aBnsaeTca oTKpbITON 454
NCMOSIb30BaHNSA C pasnnyHbIMM HAbopamMmu COnBEPOB, YTUINT,
npe- 1 NOCTNPOLEeCCOPOB




HasBauue xoma

OO1re eyt Koza

OTuy:x1a€MOCTD

Yo mogenupyeTcs

Mogenu
CeTru

CoOcTBeHHBIM
reHepaTop CeTOK

IIpe- n
IIOCTIIPOIIECCOP

YucieHHBIE METOIEI

AHKETA 1/2

CABARET-RS

HaiesnerHOCTE HAa IPOMBIIIIJIEHHEIE 3a0aYN SAePHOM
0e30IIaCHOCTH

HeT

CiabocxxuMaemad sKUIKOCTDh, UIeaJILHBIN Iad
J103BYK, CBEpPX3BYK
MHOTOKOMIIOHEHTHBIN ra3

Oitnep, Hasre-CTokc
HecrpykTyprpoBaHHBIE I'eKCATOHAJILHBIE

HeT

Hert (peanmn3oBaHbl MOAYIN 3a0aHUSI I'PAHUYHBIX 1
HAYAJIbHBIX JTAHHBIX)

Konmeuno-pasuocruas ssHasa cxema KABAPE, 2-i
IIOPSATOK TOYHOCTH II0 BPEMEHH U IIPOCTPAHCTBY




%g AHKETA 2/2
NBPA3

PacnapannenmuBaumne MPI

Ywcito mmporreccopHbIx  1-...

saep

I'eTeporennsie HET
BBEIUMCJICHUS

JlocTuraemsri ?

IIPOIIEHT OT ITMKa

TecruposaHue Pyunoe TectupoBaHue mpu BBIIIYCKE peJInaa.
Benenue 3aganue Ha OIporpaMMUpPOBAHIE, TOKYMEHTHPOBAHME
JITOKYMEHTAIINH KOJa IIPH BBEIIIYCKE peJIn3a

CpexncrBa Eclipse, GIT

pa3paboTkmu

A3k KODA C++

Texry1ee cocrossHIE OKP
pa3paboTku
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CNACHUBO 3A
BHAMAHMUE!




