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3akoH Mypa

Gordon E. Moore B 1965 rogy:

«Konuyecmeo mpaH3ucmopos,
pasmeuw,aeMbix Ha Kpucmarine
UHmMezparnbHoU Cxemel,
yosausaemcsi kaxobie 18
MecsUes»

KonuyecTtso TPaH3UCTOpPOB

/
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B 1975 rogy — «Kaxpble 24 mecsaua»
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Teopust macwtabupoBaHus [leHHapaa ﬁ
Pobept [leHHapa B 1974 rogy o6bsacHUN 3akoH Mypa:

«YMeHbwas pasmepbl mpaH3aucmopa u rnosbiwa
makmosyr 4Yacmomy rpoyeccopa, Mbl MOXEM /1€2KO
rosbilamsp €20 rpou3sooUMENbLHOCMb

YeM MeHbLLEe TpaH3UCTop Mo pasmepy,
TeM ObICTpPee OH MOXET NepeknoYaThbCs;

Yem ObicTpee TpaH3MCTOP MOXET nepekntoyaTkcs,

| Tem ObicTpee paboTaeT npoueccop.
Robert H. Dennard

\ 3 Il e Ons noBbIWEHUA NPOU3BOAUTEALHOCTU H
N300pen AMHaMmn4eckyro P A |
~— NOBbIWATbL NSIOTHOCTb, YacToTy U

ﬁa@ NPOU3BOSIbHbLIM
CHMUXaTb 3HepronoTpeodneHue

nocwr%) RA:M) /

23
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cynepkomMmnbrTEepHada peBoJIlOUUNA é‘,

CepuiiHO BbiNyckaeMoe ceTeBoe 06opyaoBaHMe NMo3BoMMIo UCNonb3oBaTh B
KayecTBe CynepKoMnbioTepa OObLIYHYIO NTIOKaNbHYIO CeTb

TexXHUYECKMIN N IKOHOMUYECKMI CMbICI pa3paboTkn U U3roTOBNEHUS
COOCTBEHHbIX MnaT 1 WKadoB ANA UHTerpaumm cTaHaapTHbIX
MWUKPOMPOLIECCOPOB B EAMHYIO CUCTEMY Nponarn

[NonasnstoLlee 60MbLUNHCTBO CYNEPKOMMNbIOTEPOB CTano CTPOUTLCS MO
TEXHOMNOMMN KNnacTepoB BbiAENEHHbIX Pabo4ymx cTaHLUN

Ha pabounx ctaHumsax ycTaHaBnmMBaeTCs TOMbKO cneyuanbHoe
nporpammHoe obecneyeHue

24
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Bcerga xouyeTtcs 4yero-to 6onbLiero

HTC — High Throughput Computing
BbICOKOUHTEHCUBHbIE BblYMCNEHUS

HPC - High P/erfoénce Co‘@g
Bblcomnyaww BblYUCMEHUSA 2
: 4




PacnpeaenéHHas namatb — MPI /& (.3
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Y Kaxpgoro
npouecca CBoS
He3aBUcMMas
namMsaTb U 4OCTYN
K apyron no MPI

POAU-BHUNTD
OOOOOOO

MPI — Message Passing Interface — uHtepdeic
nepegaqn coobLleHnn — NporpamMMHbIi MHTepdenc ansg
nepegayn nHgopmauum, KOTopbi NO3BONAET
obmeHnBaTbCA COODLLEHUAMU MeXay npoueccamMu,
BbINONHALWMMN OAHY 3a4a4y

MPI-1 -1994, MPI-2-1997, MPI-3-2012

5 = >

Npoueccop | | Mpoueccop | / e ™\
i | Cerment
iq ‘ ‘ ‘ . 1‘- --------- = Namari
e oo : —

4 ) \ /‘ : Mamarm ‘

e ’

peanusayma MPI peannsaums MPI
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3akoH AMaana — npeaen yCKOpeHus B

[bxvH Amaan B 1967 roay:

POAU-BHUNTD
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«B cny4ae, koeOa 3ala4ya pa3denisemcss Ha HECKOIbKO
yacmed, CYMMapHoe gpemMs eé 8bIMONTHEHUS
Ha napannenbHol cucmeme He Moxem bbimb MeHbWe
8PeMeHU 8bINOMTHEHUS caMo20 MeOIEHHO20 thpasmMeHma»

MakcumarnbHO BO3MOXHOE yCKopeHue npu P—oo

a — nocnegoBarenbHasa YacTb BbIYUCIEHUN

S ( P) — Bp eMﬂnom — B p em nociu _ 1 ~ i
Gene Amdahl Bpems,,, (P) (a‘i'l_aJ'BpeMﬂ a+l;a ¢
P nocn

aMepUKaHCKUA YYEHbIN
B obnactu
BbIYUCTTUTENBHON UoeanbHbIM onga pacnapannenyBaHus anropuTtm He
TEXHUKN OOIMKEeH coaepXxaTb nocnegoBaTefibHOU 4acTu 27
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Mepa npousBoauTenibHOCTH A O

FLOPS - Floating point Operations per Second — Kkonn4ecTBo onepauun ¢
nnasatoLlen 3anaTon 3a cekyHay

POAU-BHUNTD
POCATOM

TecToBas Monb3oBarTenbckKas

NMukoBas
NPOU3BOAUTESNILHOCTb

npon3BoanTesibHOCTb npon3BoauUTEeSIbHOCTb

OueHka npounsBoanTend n3MepeHHas Ha ogHoun nporpamMmbl, HanMcaHHOW

obopynoBaHus ncxoas N TOW Xe cneunanbHo ANSA peLleHnsa HayYHbIX
N3 apXUTEKTYpbl ANS 3TOro HanucaHHoM NN NHXXEeHepHbIX 3aaay
npoueccopa TECTOBOW NporpaMmme
pou P porp 15% - 5%

100% 80% - 60%

28
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Mepa npou3BoaUTEeNbHOCTHU {'3

FLOPS - Floating point Operations per Second — Konu4yecTBo ornepauui ¢
nnasatoLen 3anaTon 3a cekyHay

NMukoBas TecToBas (0 ‘IKI‘IHaﬂ
NPOuU3BOAUTENBLHOCTbL NPoOu3BOAUTENBLHOCTb NpPou3BOANTENBLHOCTbL
OueHka npousBoanTens n3MepeHHasi Ha OHOM Mpu npocToMm
obopynoBaHusa ncxoas M TOW Xe cneynanbHo pacnapannenvBaHum

N3 apXUTEKTYpbI ANA 3TOro HanMcaHHomn nocregoBaTefibHOM
npoLeccopa TECTOBOW Nnporpamme nporpal\?\nbl

100% 80% - 60% y%/.!!
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YpoBHU pacnapannenuBaHua — 1

pacnpeaenéHHas

NnaMATb




Mocne 2005 4yTO-TO NOLWJIO He TaK...
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/

A [
.. ¢ + Yucno rpansucropos,
*  THC. WT. 'I‘eopm;|
MacLTabupoBaHus

BrcTpopeicTene

s B OAHOMOTOYHOM peXxume ﬂeHHapua nepeCTana

(cornacxo
recty SpecINT)

paboraTb n3-3a
neperpeBa MUKpPOCXeEM
Takrosas wacrora, MI'y (TOKM y.rquM HarpeBal'OT
MUKPOCXEMY).

2 TunuyHuR

pacxopn sxepruw, Br

PocT yacroTtbl
npoueccopos
OCTaHOBUIICA.

Yucno apep

HoBbIN npoueccop nepecrasn AaBaTb 3aABMeHHLIU NPUPOCT
NPou3BOAUTENIbLHOCTU Ha CTapou nporpamMmme 3%



\/

MHoro ssgep BMeCcTo OQHOro S

3.4 GHz

740 KHz

B
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1971 2003 2013 >
2004 / /
YT00ObI cynTaTh ObICTPEE HAOO:! YTobbI cyntar |CTpee Ha
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O6uwas namatb — OpenMP /‘K O

OpenMP — Open Multi-Processing — OTKpPbIThIN
cTaHgapT Ansg pacnapannennuBaHus nporpaMmm Ha 061jas namaTb NpoLecca
obulen namsaT ogHOro npouecca

N
TaHOapT AaéT onucaHue COBOKYMHOCTMU.

* ONPEKTUB KOMIMUITATOPA
MNoTok MNoTok
1 2

« BMBbNuMoTeyHbIX NpoLeayp

* MNepeMeHHbIX OKPYXEeHUA

HeobxoauMbIX ONA nporpaMmmmpoBaHnA
MHOIOMNOTOYHbIX ﬂpHﬂO}KEHMI;"I Ha
MHOrorpoueccopHbIX CUCTEMaXx C obuwen namMaTbIo

\8penMP-1 .0-1997, OpenMP-2.0 — 2000, OpenMP-3.0 — 2008,

nMP-4.0 — 2013, OpenMP-4.5 - 2015, OpenMP-50 — 2018, OpenMP-5.2
/ ®

A




NMporpammHbie mogenun OpenMP

Mopgenb Fork — Join
Pa3BeTBneHue — O6eauHeHue

[ 71aBHBIN OTOK [TapamiensHoe
(KpacHbIN) BBIIIOJIHECHUE

=N

,— ,—\ —
\ ‘ ~s (’ \\
*——‘ N_—‘ - ——
/ ¥ )

S ’

\“ =T

[TocnenoBarenbHOE BrnoxenHoe napasuiesnbHoe
BBITIOJTHCHUC BBITIOJTHCHHEC
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