) MathWorks MATLAB&SIMULINK

[MapannenbHble BblyucneHna B MATLAB

Apkaguin TypeBCKUU

@ 2010 The MathWorks, Inc.



) MathWorks MATLAB&SIMULINK

HecKkonbko BONpocoB And pacCMOTpPeHUs

= XOTUTE NU Bbl YCKOPUTb BaLLX anropUTMbl?

- PaboTtaete nu Bbl c 0O bemMaMu JaHHbIX CIULLKOM

bonbLIMMKM AN Ballero kKomnboTepa?
Ecnun Tak...

« EcCTb N1 K BaC MHOros4epHbIN NN MHOIONPOLLECCOPHLIN

KOoMMbOTEP?

- Ectb nu y Bac goctyn k knactepy?
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PewleHne CNoXHbIX TEXHUYECKUX npobnem

[Tpobnemsbl bl MOITIA Db PelwleHunsa
AnvTensHoe 3anyck cxoxmnx
BbIMNOJIHEHUNE o :> 3a0aHull Ha

CnoxHble He3aBMUCUMBbIX
BblYMCNEHNS npoueccopax
naparniesibHo
o6LEMbI e I:> Ha HEeCKOJ1bKUX
NaHHbIX KOMMblOTEpPAaX,
KOTOopble paboTatoT
naparsnesibHoO
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[MTapannenbHble BblyucneHna B MATLAB

PaboTHuK PaboTHuk i

SIMULINK \ PaboTHuK ﬂ

TOOLBOXES E Pabothuk

PaboTHuk

BLOCKSETS
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[TfporpammupoBaHMe napannenbHbIX

NPUNOXeHUN
YpoeeHb yrnpaesieHus Heobxodumsbie ycunusi
MyuHUManbHbLIN Hukakunx
Hebonblwon HenocpedcmeeHHble
Bbicokuu lonHoe

eoea8JieyeHue
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[TfporpammupoBaHMe napannenbHbIX

NPUNOXEeHUN
YpoegeHb ynpaeneHusi Heobxodumbie ycunusi
MuHumMmanbHbLIN NMoapepkka, BCTPOEHHas
B toolbox

HebonbLwion

BbICOKUM
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[JemMoHcTpauna BCTPOEHHOMU
nooaepXKu
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[Tpumep: onTUMMU3aluna pacnonoXxXeHus
COTOBbIX CTaHLUUN

« OnpenennTtb pacnosioXxeHue

. MaKCI/IMl/I3l/IpOBaTb NOKPbITUE

« MunHuUMmn3opoBaThL NnepecevyeHne
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YTO Mbl yBUOENN

« BcTpoeHHas noggepxka
Parallel Computing Toolbox
B Optimization Toolbox

« Vlcnonb3oBaHne MATLAB
PabOTHMKOB

. I'Iapanneanaﬂ onTnMmmn3ayun4
npu noMmowmM fmincon

MATLAB&SIMULINK
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[Mloopoepxka napannenbHbIX
BbluncneHmu B Optimization Toolbox

«  QyHKUMMK:
— fmincon

= Haxogut orpaHnyeHbin MUHUMYM OYHKLUN HECKOSBKNX
NnepeMeHHbIX

— fminimax
= HaxoanT MMHUMAaKC pelueHne PyHKUUN HECKOSMbKNX NepeMeHHbIX

— fgoalattain
- Pelaet mHorouenesyo oNnTUMN3aLIMOHHYIO 3aaady

= [lapannenusauna BelYUCNEHNN TpagUEeHTOB
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[MpoAyKTbl C BCTPOEHHOU NoanepPKKon

=  Optimization Toolbox

=  Global Optimization Toolbox

«  Statistics Toolbox

= SystemTest

=  Simulink Design Optimization

= Bioinformatics Toolbox

« Model-Based Calibration Toolbox
« Communications Toolbox

Codepxum ¢byHKUUU, KOMOPbIe HarnpPsiMyro UCMOJIb3yom
¢yHkyuu Parallel Computing Toolbox
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[TfporpammupoBaHMe napannenbHbIX
NPUNOXEeHUN

YpoeeHb ynpaesieHus Heo6xodumbie ycunusi

MuHuManbHbLIN

BbiCOKOypOBHEBbLIE
KOHCTPYKUNU

Hebonbwon nporpaMmMmpoBaHus
(Hanpumep: parfor, batch,
distributed)

Bbicokun
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OemoHcTpauusa Parfor
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[lpumep: NPOroH napamMmeTpoB
AndpepeHUnanbLHOro ypaBHeHuUs

Pelwuntb gndoyp 2 nopagka

Displacement (x)

Time (s)

« VMMmutauuna c pasnmuyHbiMu
BenndYnHamm b n k

N
2]

N

» CoxpaHuTb MakCMMyM AOJis
KaykOoro nporoHa

Peak Displacement (x)
3]

o h
ow -

Damping (b) 4

= Cosgatb rpaduk ¢ pesynsratamu n
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YTO Mbl yBUOENN

o
o
T

= CwmMelnaHHOe napannenbHoe U
CepumnHoe BbINOMNHEHNE KoJa B
o4HON PYHKLMUK

Displacement (x)
o
NN

Time (s)

= BbinonHeHne yukna Ha
paboTtHnkax MATLAB

= Kcnonb3oBaHne M-Lint ong
nepeBoga for-uUukna B
parfor-yunkn

Peak Displacement (x)
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MexaHuKa UMKNoB parfor
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PaboTHUK
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end
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a = zeros (10, 1)

a(i) = i;

W A1) = i; PaGoTHUK
4

ali] = i:

{\ PaBoTHMK ‘\D aboTHMK
<) S

BbloeneHHble pecypchbl
nna «PadotHukos» MATLAB n
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[lpeobpa3oBaHue for B parfor

« TpeboBaHua Anst UMKIOB parfor
— He3aBucumocTb OT 3agau
— He3aBuUCUMMOCTb OT nopsaka

. Ol'paHVI‘-IeHI/IFI Ha TEJ10 UUKIla

— He MoxXeT o0bsBNATb NepeMeHHble (e.g., eval, load,
global)

— He mMoxeT cogepxaTb BblpaXXeHuUs break nnn return
— He moxeT cogepxaTtb Apyron UnMkn parfor
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CoBeTbl No npeobpasoBaHnio for B parfor

Mcnonb3ymnte M-Lint gns gnarHocTmku npobnem c parfor

Ecnu Baw unkn £or He MOXET ObITb Npeobpa3oBaH B
parfor, nogymante o npeobpasoBaHNM NOAMHOXECTBA
Tena uukna B oyHKUUIO

[lpouTUTE pasgen B AOKYMEHTaUUKU No Knaccumdukaumm
NepeMEHHbIX

ObpatuTech K brory:
http://blogs.mathworks.com/loren/2009/10/02/using-parfor-

loops-getting-up-and-running/
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MHCTpYyMeHTbI NapannenbHbIX

BbIlYNCJIEHUUN
[OnuTtenbHble BbIMUCNEHNS [lpobnema 6ornbLInX

00beMoB OaHHbIX

— Heckonbko HesaBUCUMbIX

nTepaunu
arfor i =1 : n

~ -
v -
; < =
7 - v
i - =
» \ =
= a -
2 =S -

— 2

do something with i
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PacnpeneneHHble MacCuBbl CO CTOPOHDI
KNUeHTa

l 131{28(|43

<1 MATLAB e e

YaaneHHoe ynpaBrieHne MacCuBOM PacnpeneneHHbIi MaccuB
c pabo4yero kKoMmnblOTEPA HaxoOuTCA Ha KnacTepe
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IeMoHcTpauusa pacnpepneneHHoOro
MaccuBa
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PacwupeHHble pyHKumn MATLAB ans
paboTbl C pacnpenerieHHbIMMU MacCMBaMn

Type of Function Function Names
Data functions cumprod, cumsum, £££, max, min, prod, sum
Data type functions cast, cellZmat, cellZstruct, celldisp, cellfun, char, double,

fieldnames, intl6, int32, inted, int8, logical, numZcell, rmfield,
single, structl2cell, swapbytes, typecast, uintls, uint3Z, uinted, uints

Elementary and trigonometric abs, acos, acosd, acosh, acot, acotd, acoth, acse, acscd, acsch, angle,
functions asec, asecd, asech, asin, asind, asinh, atan, atanz, atand, atanh, ceil,
complex, conj, cos, cosd, cosh, cot, cotd, coth, cac, cscd, csch, exp, expml,
fix, floor, hypot, imag, isreal, log, logll, loglp, logZ, mod, nextpow?Z,
nthroot, pows, real, reallod, realpow, real sqrt, rem, round, sec, secd,
sech, sign, sin, sind, sinh, sqrt, tan, tand, tanh

Elementary matrices cat, diag, eps, find, isempty, isequal, isequalwithequalnans, isfinite,
isinf, isnan, length, ndims, size, tril, triu

Matrix functions chol, eig, 1u, norm, normest, svd

Array operations all, and, any, bitand, bitor, bitxor, ctranspose, end, eq, ge, gt, horzcat,

ldivide, le, 1t, minus, mldivide, mrdivide, mtimes, ne, not, or, plus,
power, rdivide, subsasgn, subsindex, subsref, times, transpose, uminus,
uplus, vertcat, ®or

Sparse matrix functions full, issparse, nnz, NONZeros, nZzmax, sparse, spfun, spones

Special functions dot
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[TfporpammupoBaHMe napannenbHbIX

NMPUNOXEeHUUn
YpoeeHb ynpaeneHus Heobxooumebie ycunus
MuHumanbHbIN
Hebonbwown
KOHCTpyKUNK
BLICOKUN HN3KOYPOBHEBOIO
nporpaMmmMmnpoBaHns

(Hanpumep, pabota/zagada, MPI)
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PyHKLUMUN, oOcCHOBaHHbIe Ha MPI B
Parallel Computing Toolbox

- KMcnonb3yetcs, korga HeobXo4uM BbICOKUI YPOBEHb YNpaBneHus
napannenbHbIMK anropuTMamMmm

=  BbIicoknn ypoBeHb abctpakunm ot dpyHkunm MPI
— labSendReceive, labBroadcast v gpyrue
— [lNepepaya, npmem n TpaHcnaums noodoro Tuna gaHHbix MATLAB

=  ABTOMaTUYECKUMN Y4ET NCMNOSMb30BaHNA PECYpPCOB
— Setup: communication, ranks, etc.
— OnpegeneHne ownbOK: TYNUKK N OLLNOKK CBSA3K

= CMeHHble

— Wcnonb3oBaHue ntobbix peanunsaumn MPI, ABOMYHO-COBMECTUMbIX C
MPICH2
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OT MHTepaKTUBHOIO K NNaHMpyeMomMy

« VIHTepaKkTUBHbLIN
— XOpoLo nogxoauT Anst NPoTOTUNMPOBAHUS
— HemeaneHHbIn goctyn K «paboTHukam» MATLAB

= [NnaHnpyembin

— [lepepnaet paboty gpyromy «pabdotHuky» MATLAB
(NOKanbHOMY U1 Ha KnacTep)

— Obecne4ynBaeTt OOCTYN K O0SbLUMM BbIMUCIUTENBHbIM
MOLLHOCTAM ANs1 NOBbILLEHNSA MPON3BOAUTESNTIBHOCTH

— OcBoboxaaeT nokanbHbi ceaHc MATLAB
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[MnaHupoBKa paboThbl

?- ~; MATLAB

P Toousoxss NP
TOOLBOXES G

SIMULINK PaboTa - 4 , PabotHuk
chedule _

‘  Pa6otHuk
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HemoHcTpauuna Batch
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[lpumep: nnaHnpoBaHMe 3agaHuA

1.2

» HanpaBuTb NPOroH Ha
MATLAB paboTHUKM

Displacement (x)

« CobpaTtb gaHHble nocre e
BbINOMHEHNS pacyYeToB

= [locTpouTtb rpaduk
pe3ynLTaToB B NOKarbHOU
ceccun MATLAB

Peak Displacement (x)
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YTO Mbl yBUOENN

= Vcnonb3oBaHue batch Ong
noga4vun padoThl

Displacement (x)

= llcnonb3oBaHue onuumn | v/
matlabpool onsg nogaym pabotbl rime 5

N napanneribHoro BbiNMnoJfiIHEHUA

« Vlcnonb3oBaHne load Aanst cobopa
pe3ynsTaTtoB ¢ PabOTHMKOB

Peak Displacement (x)
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Pabouun npouecc napannenbHbIX 3agau

» parfor
— MHoXecTBeHHble He3aBUCUMbIE UTepaLmn

— Jlerko KomobuHMpoBaTb rnocneaoBaTeribHbIN U
napannenbHbIN Koa

— Pabouunn npouecc
= VIHTepakTnBHbIN, UCNonb3yd matlabpool
= 3ansiaHMpoBaHHbLIN, UCMOSMb3yd batch

» createdJob N createTask

— [locnegoBaTenibHOCTU HE3ABUCUMbIX 3aau;
HeobsA3aTenbLHO nTepauumn

— Pabo4unn npouecc: Bcerga 3aniaHUnpOBaHHbIN
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JeMoHcTpauus
createdJob/createTask
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[Mpumep: nnaHMpoBaHUe He3aBUCUMBIX
3apad

= 3annaHnpoBaTb 3 HE3AaBUCUbIM
BapuaHTa pelleHnsa Halwlero andype B

npeabiayLwem npumepe

= [Ing kaxgoro nporoHa nonyynTb
BENNYMHY NepeMeLLeHNA KaK
doyHKLUMIO BpEMEHU

= [padunyeckn cpaBHUTbL pe3ynbraThl
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YTO Mbl yBUOENN

= Wcnonb3oBaHune findResource
4yTOObI HaNTK scheduler

= lcnonb3oBaHue createJob and
createTask AOnNg co3gaHuga 3agadu

Displacement (x)
o
i

e ¢
N

= Vlcnonb3oBaHne submit ANg nogayvu

paboTbl U NapannenbHOoro
BbIMONHEHUS

= cnonb3oBaHue
getAllOutputArguments

Ons cobnpaHnsa pesynbTaTtoB
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« BcTpoeHHas parallel

(PYHKLMOHANBHOCTb § é
pacnapannenBaHng B - £ i <
onpeaeneHHbIX naketax ) ) Z 2
(Heobxoaum Parallel £ £ k 2
Computing Toolbox) = = 5

MATLAB u Parallel Computing

_matlabpool | | batch

«  OYHKLMNN BbICOKOYPOBHEBOIO
pacnapannennsaHug

= OYHKLNMN HN3KOYPOBHEBOIO
pacnapannennBaHug

IIpompblnieHHbIE OM0IMOTEKH

Message Passing Interface (MPI)
ScaLAPACK

« BcTpoeHHble BubnmnoTteku
NPOMBbILLUNEHHbIX CTaHOJapPTOB
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3anyck BOCbMM fOKaribHbIX
«PabOTHUKOB» HAa O4HOM KOMMNbIOTEpEe

PaGouuii komnioTep - bbicTpasa paspaboTka
Parallel Computing Toolbox napannenbHbIX MPUIoXKeHNN Ha

'l JTOKaJribHOM KOMIbHOTEPE

T - Bce npenmyLlecTsa MoLLm

KOMMbloTEpa
EICNTIED

= HeT HeobOxoaumocTu B
OTAENbHOM KracTtepe
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PacLwiunpeHue 0o KnacrepoB U ceTeun

Knactep

Komnktotep .B Distributed Computing S.
-IIeI Computing Tool- g

[naHnpoBLUKK

P TH I
SO
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[Mlooaepxka NNaHNPOBLLUKOB

Direct Support
4\ patorm
My Py
{{indows .., TORQUE

Compute Cluster Server 2003 HPC Server 2008

Open API for others

o/
O

UNIVA UD
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[TfporpammupoBaHMe napannenbHbIX

NPUNOXEeHUN
YpoeeHb ynpaessieHus Heobxodumsbie ycunus

MUHMManNbHbIN Noanepxka
BCTPOEHHas B

toolbox

BbicokoypoBHeBOE

nporpamMmmmpoBaHme
(Hanpumep: parfor, batch,
distributed)

HebonbLwon

Hu3koypoBHeBoOE

Bbicokun nporpamMmmmnpoBaHme
(Hanpumep: jobs/tasks, MPI)







