MocT-npoueccuHrosbie anropuTMbl U TexHonorua Hadoop
Mapreduce ans 06paboTKu 60N1bLLUMX MACCMBOB AAHHDbIX

Cepreu CTpuxak



IlJ1aH pe3eHTaAluH

- HP Helion — nnatdopma Ana 061a4HbIX BbINUC/ICHUH

- Mpumep peanusauuu cepeuca c ucnonbsosaHuem HP Helion

- TexHonorua Hadoop Mapreduce

- 32424 MeXaHUKM CIIOLLIHOM CpeAbl M 60/1bLUME MACCUBbI A aHHbIX
- NocT-npoueccenrosbii anroputmbl (POD, DMD) 1 ux HasHaueHue

- NMpumepbl 3a4a4 U3 061aCTH MEXAHUKM CIJIOLLHOM Cpeabl

- MpoexT UCHN PAH no NnOCTPOEHUIO KNTACTEPHOMU CUCTEMbI U aHANIM3Y 60/1bLUKX AAHHDIX



HP Helion Self-Service HPC

Fast, easy access to scalable HPC resources for an expanded user base
simplifies access, usage,
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Modular solution stack, tested and integrated
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Cloud & HPC — POC Hardware details
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= l ° ——— for Solver / Calculation

o

Platform components

HP Helion Openstack
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WS 460 G6 & Gen 8 for _ Cloud Service Automation
. Xen Server
pre / post processing
Powered by Vcenter 5.1

Nvidia Graphical Cards



Platform components
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End User Portal ’i“i"i

Cloud Service Automation Portal

Pre-processing service
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Connect to the System & start ANSYS Mechanical

When the service is deployed the end-user ” .
can connect using Remote Desktop =]

Administration https://10.3.89.37:8444/csp/remotecontrol

/remotecontroljsp?host=10.3.89.131

’@ Aerospace Calculation result: Cannection refused: connect

Graphical card: Group of NVIDIA Corporation GK104GL [GRID
A N K21 GPU
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IP ADDRESS 10.3.88.131
L All Categories v

Server Hostname Meca_VM1

Server ID 3b7afeal-ed2d-4cb3-9435-772dad205122
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| Remote Desktop

»¢ Connection
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Blade Workstation for Pre/Post Proces...  Helion private cloud deployment

You will be asked for credentials when you connect.
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Yro Takoe Hadoop?

UndpacTpykTypa (framework) ana napannenbsHoi 06pa6oTku 60nblIKMX 06bEMOB
DaHHbIX (TepabanTbl)

OcobeHHOCTH:

@yHKUNOHANbHOE NPOrpaMMUPOBAHME
ABTOMaTHYecCKoe pacnapannenunsaHue
HEDEMELIJ,EHME BbIYMCNEHUN K AdHHbIM

Open Source, http://hadoop.apache.org



http://hadoop.apache.org/

CoctaBs Hadoop

Hadoop Common - o6wue
xomnoHeHTbl Hadoop (HBase,
Cassandra, Hive, Mahout, Pig)

Hadoop HDFS - pacnpepneneHHas
dannoBasn cucrema

Hadoop MapReduce — nporpammHas
MoAeNb napannenbHou 06paboTKK
60NbLUUX AAHHDIX

MapReduce pa3paboTtaHn B Google ans
NOUCKOBOM CUCTEMDI




MapReduce is an abstract programming framework where
computational tasks are expressed as map and reduce
functions applied to chunks of a data set.

Hadoop is an open-source implementation of MapReduce.
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— — map( record ):
{ dat —> MEER - o // process record
a \.riuf_- ]
- Shufle |~ [Cae | ™ | Reduce || data emit( key, value );
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- ‘ reduce( key, values ):
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Automatic parallelism and fault-tolerance!



Hadoop MapReduce u MCC

B npoekTe UCIN PAH BO3MOXXHOCTb
ucnonb3oBaHua MapReduce ansa o6paboTku
AAHHbIX B 3apavax MCC:

AHaNU3 KOrepeHTHbIX CTPYKTYP B TYPOYICHTHOM
noToke,

WU3BneueHue AMHAMUUYECKUX MO, onpeaenieHHe
aMnaUTy A

CHM)XeHUe pa3sMepHOCTH AHHAMHUYCCKOH CUCTEMDI

Pacuet SPL B akycTHueckou aHanoruu Ffowcs
Williams & Hawkings

Node 1

aaaaaaaaa

Map lap
Partitioner ‘
Shuffle

map( local flow field variables ):

calculate retarded time

if retarded time == current time:
key = observer position & time
value = acoustic amplitude and phase

emit ( key, value )

reduce( key, wvalues ):
emit integrate( wvalues )




Metogb1 POD u DVD

NMpo6nema HaX0XAEeHUA COGCTBEHHDbIX 3HAUEHHUHU MaTPHULLbI

1) POD (Lumley 1970; Sirovich 1987) Proper Ortogonal Decomposition
D,0) = UxVv#”
svd(D, ) =
JlocToMHCTBa: NPOCTOM anropuTm, HepocTaTku: BpeMeHHas AMHAMHUKA
MHOro4acToTHas

2) DMD (Schmid, 2010) - Dynamic mode decomposition

MeTtop ApHonbau, popmynupoBka noseu Kak lMoanpocrpancreo Kpbinosa

N 7 _
VY = {vi, 02,03, ..., 0n} vig1 = Av; VY ={v,, Av,, Alv,, ..., AV



MaTtemaTunyeckme anropmtTmbl ana obpaboTkm
naHHbIX (SVD, POD DI\/ID)

[ x(s1)

experimental design
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BasoBble doyHKUMKM K1
MHTepnonAuMoOHHbIE MeTOoObI

input
parameters

Proper orthogonal decomposition (POD) modes

Vi = vi(sj)

{?J,;(Sj)} ) 7 (S)

CAQR (Demmel et al 2008)
Ay =N 1 R
Aa | Qa Ry
A - Qa Ry
Ay i Gy | Ry
- —
B = 4n dn =
-3
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_ Qa & .
- Qa w-fQ “-v-’R
L qu. ] drsxm BX0
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Cor T=rdlaram

htep: /Sgithub. com
/dgleich/mrtsgr

Conssansine and Gleich, Tol amd Siaaey QR Foctorizotiens in Mapfledice Archtecsres, 200 1



Anropmtm ana matpuubl A (8 ctonbuos)

Ay > A
qr
A, > Ay Q R,
Mapper 1 r
Serial TSQR e e > As I Q; R,
Ay o = Ad E} Q, R4inblt
As > AL
qr
A A QR
Mapper 2 r
Serial TSQR R e > Ar LQ, R,
~ EESNE— e |
Ry > R,

Reducer 1

Serial TSQR emit
—



PacueT TpexmepHOro 06TeKaHMA U aKYCTHYECKOro WyMa UHAMHAPA-NPOPUNA Kpbina

KRNI
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Puc. Hununanp u npoduis kpsia NACA0012 Puc. Pa3smepsr oGracTH (-0.44 -0.56 0) (1: 24
Anechoic room I 0.56 0.8). Cerka 1.3 1 2.6 MJIH. sSTYCEK.
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_ A Puc. CzceMa JKCIICPUMEHTA ¢ PIv Puc. Pesynbrarel pacuera Puc. Pe3ynprarsl pacuera
¢=0.1 m d=0.1¢=0.01 m V=72 m/c p=1.2 kr/m3 p=1.5*10(-5) Q M30TOBEPXHOCTH
Red=4.8x10e4 Rec=4.8x10e5 p CMIEKTPA JIaBIICHHS
1) Mocrpoenue STL noBepxHocTn
2) Hocrpoenue pacuerHoii cerku (Salome + snappyHexMesh)
3) Pacuer B OpenFOAM, pemarens pisoFoam ¢ LES moaenbio TypOy1eHTHOCTH U aKyCTHYeCKas1 GUOIHOTeKA
4) Busyanu3anusi pe3yJIbTaTOB PACUeTOB B Paraview u cpaBHeHHe ¢ pe3yIbTaTaMH IKCIIepUMEHTA
5) O6padoTka nonyqyennnix gaHHbIX (100 Gb — 1 Tbh) B LES pacuere, popmupoBanne matpuust A, SVD pa3noxenne MaTpuusi A,
pacuer SPL (Sound Pressure Level) ¢ ucnons3oBanunem Hadoop Mapreduce



PacueTr 06 TeKaHUSA M aKYyCTUYECKOrO0 LUYMA 3/IEMEHTOB MEeXaHU3aL UK
KpbiJia ieTaTeJIbHOro annaparta
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Puc. ®parmeHT pacyeTHOM CETKM

Puc. Pe3ynbTaTbl TECTOBOro pacyeTa

O0padoTka nmoJy4eHHbIX 00JIbIIMX AaHHBIX B LES pacuere,
¢opmupoBanue 60Jib0i MaTpuibl A u pacuer SPL (Sound Pressure
Level) ¢ momomsro Texunosornu Hadoop Mapreduce

Puc. Cxema pacrnonoxeHuna nccnegyembix Tovek



3aKIIoueHMe

- Bo3amo)XxHOCTb Ucnonb3oBaHusa OpenStack

- Texnonorua Hadoop Mapreduce 1 3agaun MCC

- MocT-npoueccurroBbie anroputmbl POD u DMD

- TectoBbiK cTeHa, UCI PAH u npoekT no BigData Ha 2015-2016

- Heo6x0aMMOCTb NOATrOoTOBKM CKpunTOB Ha Python, Java, C++

- Peanusauua akycruuecko aHanoruu FW-H c nomowbio Mapreduce
- TectoBble 3apauu MCC

- B3aumoaencrteue mexxay naéoparopuei UniHUB u CK JlomoHocoB



Cnacmbo 3a sHumaHue!

Pa6oTbl BbINONAHANKCL B PeepasibHOM roCyAapCTBEHHOM 610 4)KETHOM YUYPeXAECHUH
HaYKKU UHCTUTYT CUCTEMHOro NporpaMmMm1upoBaHua PoCCUMUCKOM aKkaeMUM HAyK NpH
duHaHcoBOM nopgaepxKe MuHUCTEepCTBa 06pa3oBaHUMA M Hayku Poccuiickon
depepaunm (cornawenue N2 14.607.21.0090 o npepocTaBneHuu cybcuauu ot 24
HoA6pa 2014, yHuKanbHbiK HAeHTUUKaTOP cornaweHua RFMEFI60714X0090)



