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Mapannenusm gaHHbIX (DLP)
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[Mapannenunsm notokos (TLP)
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Hardware Multi-Threading (HMT)

Processor without Hyper-Threading Technology

Multi-threaded
Utilization: Up to 85%* Performance

Thread 4 M M M f W
An Intel processor with HT Technology can execute two software threads in / ’ "\

cccccccc®®®

Thread 2

an increasingly parallel manner, utilizing previously unused resources. Thread 3 M M M

Thread 2 MEMEM

Thread 1 M M & M

Time

Thread 2 B Compute Memory Latency

* based on example of UltraSPARC T1

www.OpenSPARC .net OpenSPARC - Dec 2007 - Chicago 7
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MHorosiaepHbie npoueccopsbl (Multi Core CPU)
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Yckoputenu BbIYUCIIEHUN

KNC Card

KNC Card
Intel® Xeon® ""‘*m
Processor \S (‘Piex

g System Memory
Channel| +++ | Channel

>= 8GB GDDR5 memory

Kepler GPU (192 CUDA Cores)

GPU | Open GL 4.4, OpenGL ES3.0, DX11, CUDA 6

CcPU Quad Core Cortex A15 “r3*
With 5" Battery-Saver Core; 2MB L2 cache

Dual High Performance ISP
2160030 'um' L CAMERA 1.2 Gigapixel throughput, 100MP sensor
VIDEO  VIDEO
ENCODER  DECODER

Lower Power
POWER 28HPM, Battery Saver Core

4K panel, 4K HDMI

DISPLAY DSl eDP, LVDS, High Speed HOMI 1.4a

Tegra Note 7 Chassis
1920x1200 Resolution
4GB RAM
Tegra K1
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[Noyemy Tak npoucxogut?

3akoH Mypa: KO/JMYeCTBO TPAH3UCTOPOB Ha
yABanBaeTcsa nNpuMepHo 3a 18 MecsueB
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M. McCool, J.Reinders, A.Robison. Structured Parallel Programming
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TakToBas YacToTa NMpoLeccopoB He pacTeT

3akoH Mypa: KONMM4YecTBO TPAH3UCTOPOB Ha KpwucTanne
yABanBaeTcsa nNpuMepHo 3a 18 MecsueB
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M. McCool, J.Reinders, A.Robison. Structured Parallel Programming
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Power Wall

Henpuemnembln poOCT 3SHepronoTpebnieHuss npu yBeSIMYEeHUU
TakToBOWM YacTtoThbl (>130BT Henb3s oxnaanTb BO34YXOM)
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M. McCool, J.Reinders, A.Robison. Structured Parallel Programming
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MHorosiaepHble npoueccopsbl

BMecTo TaKTOBOWU YaCTOTblI YBEJTNYNBAETCAH KOJINHECTBO

saep/noToKOB
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M. McCool, J.Reinders, A.Robison. Structured Parallel Programming
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BeepneHue B CTPYKTYPHO€E napannenbHoe nporpaMmMmmnpoBaHne

Co3bliknH A.B.

JHepronoTpedreHue

C -

Power = CV'F

Capacitance, BO3MOXHOCTb MWKPOCXEMbI

SHEpPruto

V - Voltage, HanpsxeHue

F - Frequency, 4yacToTa

COXpaHsATb

13
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JHepronoTtpebneHune

Input Processor

f

Capacitance = C
\oltage =V
Frequency = f
Power = CV°F

Ouput
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JHepronoTtpebneHune

—».—» Ouput
1

f

Capacitance = 2.2C
T \Voltage = 0.6V
Frequency = 0.5f
f/2 Power = 0.396CV*F

Chandrakasan, A.P; Patkonjak, M.; Mehra, R; Rabaey, |.; Brodersen, R.W., "Optimizing power using transformations,” Source:
|EEE Transactions on Computer-Aided Design of Integrated Circuits and Systems, vol.14, no.1, pp.12-31, Jan 1995 Vishwani Agrawal
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fApopa n aHepronoTpedneHve

[Tpoueccop Cc AByMSA A4paMU:
* [1pon3BoaAUTENBLHOCTb TakKas Xe, Kak U 'y o4HOAAEePHOro
« 3JHepronoTtpebrnieHne — 40% oT oaHOSAAEPHOro

Kak 3anyckaTb NporpamMMmy Ha ABYX a4pax?
* [lycTtb 06 3TOM AyMalOT NpOrpamMMmnCTbI!
 The problem was shifted
« “"The Free Lunch Is Over”
Herb Sutter

http://www.gotw.ca/publications/concurrency-ddj.htm
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Opyrve «CTeHbI» TAKTOBOMW YacTOThbI

Memory wall:
« CkopocTb paboTbl MamMaATM HAMHOIO0 MeHblle CKOPOCTU
npoueccopa
« [IpoMexyToyHoe peweHne — k3w (yxe 3aHMMaeT MHOro
MecTa Ha KpucTtasiie npoueccopa)
« XapaKTepucTUKM namMsaTu: NponyckHass CrnocobHOCTb,
3a4epXKa

Instruction-level parallelism (ILP) wall:
 PecypcCbl HM3KOYPOBHEBOE MapassienmaMa npakTUu4yecku

ncyepraHbl
« Kosinyecrtso NCNO/THUTENbHbIX YCTPOWCTB
(cynepckandpHOCTb) — A0 6 wWrT.
« KosinyectBo CTyneHem KoHBemepa - [0 10 wr.

(Makcnmym 31 wWT.)



YpanbckuAd
hepgepasibHbIA MapannencHble BbluMcneHus. BeeaeHne

YHUBEpCUTeT

Co3bliknH A.B.

BbluncnurtenbHble KiacTepbl
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Pacn peaesriéeHHblie BblYUCrieHns

«If you were plowing a field, which would you rather use:
Two strong oxen or 1024 chickens?»
Seymour Cray

AR

VS Gelslelatatolots

elokobolokokole
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Co3blkuH A.B.

bonbliune AaHHbIE

20



YpanbckuAd
hepgepasibHbIA MapannencHble BbluMcneHus. BeeaeHne CosbikuH A.B.

YHUBEpPCUTET

[NlocnepoBaTenbHbIe NMPOrpaMmbl

[TocnenoBaTenbHOE BbIMOJIHEHME NMPOrpaMMbl — 3TO UAN3n4d!

OHa obecneuvnBaeTcs:
« KoMMUNaTopoMm
« OnepaunoOHHOW CUCTEMON
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[NlocnepoBaTenbHbIe NMPOrpaMmbl

[TocnenoBaTenbHOE BbIMOJIHEHME NMPOrpaMMbl — 3TO UAN3n4d!

OHa obecneuvnBaeTcs:
« KoMMUNaTopoMm
« OnepaunoOHHOW CUCTEMON

3a4yeM OT HacC CKpbIBaKOT NpaBay?
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MapannenbHoe nNporpaMmMmupoBaHue CrNOXHO

“Unnatural, error-prone, and untestable”
R.K. Treiber, Coping with Parallelism, 1986

“Too hard for most programmers to use”
Osterhout, Why Threads are a Bad Idea, 1995

“It is widely acknowledged that concurrent
programming is difficult”
Edward Lee, The Problem with Threads, 2006

“Is Parallel Programming Hard, And, If So,

What Can You Do About It?”
Paul E. McKenney, 2014 (kHura, 509 ctpaHuy)
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Mpo6Gnembl napannenbHOro NnporpaMmmMupoBaHuUs
SIMPLY EXPLAINED

HenetepMMHMPOBAHHOCTDb
- Pa3Hble Tpaccbl BbIAAT pasHble
pe3ynbTaThl
« HeBO3MOXHO TecTupoBaTb
TpaAUUMOHHbLIMKN CpeacTBaMu

e CNOXHO OTNaxxmeBaTb

YcnoBus roHOK

geak & poke

B3anmobs10KnMpoBKM

MacwTtabupoBaHue

banaHCUpOBKaA Harpys3ku

CONCURRENCY

24
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MapannenbHoe nNporpaMmMmupoBaHue CrNOXHO

[MapannenbHoe nporpaMmmmpoBaHue TpebyeT pgpyroro obpasa
MbILUJIEHUSA MO CPAaBHEHMUIO C NocneaoBaTeSibHbIM
« HepocTtaToO4YHO NPOCTO BblyYUTb HOBblE KOHCTPYKLUU

CNOXHOCTb OCBOEHWA MNapasyieNlbHOro MNpPorpaMMMpPOBaHNS
CpaBHMMaA co C/TOXKHOCTbIO OCBOEHMUS 06bEeKTHO-

OPWUEHTUPOBAHHOIo NporpaMMmMpoBaHuA
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CopepkaHue Kypca

1. MHoronoTo4yHoe nporpaMMnpoBaHue

2. [lapannenbHoe nporpaMmMmmpoBaHue:
« OpenMP
 BekTopusauus
- MPI

3. PacnpepeneHHble BbluncneHnsa n BigData:
« MapReduce n Hadoop

« 2Jkocuctema Hadoop (Hive, Pig, Mahout, HBase n 1.n.)

A3bIKWM MPOrPpaMMMPOBAHUS:

« C/C++: MHoronoto4HocTb (C++11), OpenMP, MPI
« Java: MapReduce
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CTpyKTypa Kypca

Jlekunun: npumepHo 12 wr.

JdoMallHue 3agaHung.
« MHoOronoTo4yHoe nporpamMmmpoBaHue (2 3agaun)
« [lapannenbHoe nporpaMMmupoBaHume (2 3aaaun)
« PacnpepneneHHble BblYUCeHNS (2 3a8a4n)

[lepBoe foMallHee 3a4aHMe Ha CBOUX KOMMbKOTEpPax, BTOPOE U
TpeTbe Ha knactepax MMM YpO PAH

[lennamnHebi:
« [Ona kaxporo A3 6yaer aeannanH (2-3 Hegenwn), nocrne
KOTOPOro 3a4ayn He NpMHUMAIOTCS
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JK3aMeH

DK3aMeH CTaBUTCSA MO pe3y/sibTaTaM AoMallHUX 3a4aHUN:
- 6 3a/a4, MakcMMyM 5 6annoB 3a Kaxayto 3agady

OueHKWM 3a 3K3aMeH:
« 25 6annosB - OTIMYHO
« 21 6ann - xopowo
« 17 6annosB — 3a4eT (yAOBIETBOPUTENIBHO)
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MaTtepuanbl nekuun v 13

CTpaHuua Kypca:
« http://www.asozykin.ru/courses/parallel-computing

lomallHne 3aaaHuns.
« https://clck.ru/8rEVG

[TpnMepbl Koaa:
« https://github.com/sozykin/parallel-computing-course

Bugeonekumn mockosckoro LLUAA:
« http://www.youtube.com/playlist?list=PLJOzdkh8T5krFk
sX90QkuntWCeévflIDZZU
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I'Iapannean ble BbluMcneHus. BeeaeHne

Co3bliknH A.B.

Bonpocbi?
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