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TeHaeHUUU: PocT 00beMOB AaHHbIX

* POCT (OyHKLMOHANLHOCTH 1 NMPON3BOAUTENIbHOCTN YCTPOUCTB
 He npekpaLyatoLumncs poct 0bbemoB 0bpabaTtbiBaeMbIX AaHHbIX

* [lpobnembl HapaLMBaH1s NPOM3BOANTENBHOCTU BbIMUCIUTESbHBIX YCTPOWUCTB 0€3 CEPLE3HOrO YBESIMYEHUS CTOUMOCTH,
pa3MepoB 1 3HePronoTpebneHns cMcTembl

* OHepronoTpebrneHne 1 0TBOA Tenna 3a4acTyio BbICTYNAOT NUMUTUPYIOLLMM (haKTOPOM HapaLUBaHNS
BbIYMCIIUTENBHON MOLLHOCTM

* CnOXHOCTY C KOHTPONS AaHHbIX 1 CUHXPOHM3ALN
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I'eTeporeHHaﬂ BbIHUCTINTEJIbHaA CUCTEMA.

metoTcs pa3finyHble TUMbl 3aday B MPUITOXEHNAX:

3agauu ynpasnenust: Mouck, pasdop uta
3agaun 06paboTkn AaHHbIX: unbTpaumus , 0bpaboTka BUAEONOTOKA, TENEKOM-Tpadnka, MacCMBOB AAHHbIX
BbluncnutensHoemkue 3agayn: Mogenvposanue

BBefeHne cneuuanuanpoBaHHbIX BbIMUCTIUTENbHBIX PECYPCOB
W pasgeneHne 3aaad, Hanpuvep:

-3adaun ynpasnexus BbiHectn Ha CPU
-Bblyncnenus nposogntb Ha GPU unn FPGA

MoxHo nv nopepxatb pasnuyHble TUMbI
YCKOpUTENBHON annapaTypbl €AuHbIM CTaHAAPTOM?

Anmas-Cll
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Crangapt OpenCL, koHcopuuym Khronos:

= OTKPbITbIA CTAHAAPT NS reTEPOreHHbIX BbIMMCIUTENBHBIX MNaTdopm, koHcopumym Kronos Group, HET OTYUCIEHMI

»CTangapt onpegensiet Habop API ans onpegeneHns n KoopanHauum napannenbHbIX BbIYACTEHWN

= KCNSIMCKBHbIA Napasnennam, B OCHOBHOM, No AaHHbIM (SIMD)

=l/cnonb3yeT NPMBbLIYHLIN CUHTAKCUC A3blka Cu

=[103BONSET COCPEAOTOUUTCS Ha CAMOM asiropuTMe, a He Ha ero annapaTHON peanusauuy

=[T03BONSET UCNONMb30BATL PasnuyHble TUMbl yckoputenen Ha xocte (CPU+GPU+FPGA)

=B oTnnymm ot cneumanbHbix pacumpennn (eg. Cuda, NVIDIA) obecneunBaeT kpoccnnatgopMeHHOCTb
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PasnuyHbie Tunbl annapatypbl nog OpenCL: CPU, GPU, FPGA?

Coarse grained CTeneHb Napannenu3Ma annaparypbl Fine grained

3 DDR4 channel:
3 DDR4 channels

Intel Xeon Phi = 72 sigpa NVidia V100 = 84 npoueccopa SM no IntelFPGA Arria10 =
64 sppa CUDA = 5,376 agep 1.150.000 Nor. dnem.
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CoBpemenHas MJINC (FPGA):

[MNUC - npeactaBnseTr cobon PEKOHUTYpUpyemyio _ MINC (FPGA)
MacCUBHO-NapannenbHylo CTPYKTYPY, C HECKOMbKUMM

MJSTH. JTIOMMYECKMX 3MEMEHTOB W [JecsATkamy merabut
BHYTPEHHEN MaMATK, TbiCSYamu annapatHbiX OnOKOB
DSP (LOC), Hannunem TpaHcuBepHbIX 6nokoB ans
opraHusaumm BbICTPbIX WHTEPMENCOB BBOAA-BbIBOAA G cocTL o i el
nn mexcoepnHenun (1GE, 10GE, 40GE, 100GE, PCle, e

SerialRapid 10, SerialLite ntg utn), n KpOMe TOro MOXeT

cogepxatb anmnapaTtHyl MPOLECCOPHYI0 CUCTEMY C — LIDBToek Lz m Bbicokas vHTerpaLus
HECKOMbKVAMY SiApamu paspadorka = AnnapaTHoe YCKOpEHHe
' m [nbkocTb = Bbicokas = Manoe notpebnexune

NPOU3BOANTENbHOCTb SHEeprum
m [porpammupyemas

annaparypa

* CuHTE3 M annapartHble sapa
MP/DSP/ASIC/ASSP

m YHMBepCcanbHOCTb; 0AHa
UMC ans HecKonbKux
NPUMEHEeHNI

m YMepeHHoe
3HepronoTpebneHue
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FPGA: cMHTe3 cUCTeMbl Ha KpUcTanne nof KOHKPEeTHYK0 3agayy

Hanuune CUHTE3NPYEMbBIX U arnapaTHbIX PECYPCOB ONTUMU3NPYEMbBIX MO KOHKPETHYIO 3adauy.
*BbInonHeHne 3a4aym Ha npeaene annapaTHbIX BO3MOXHOCTEW
*BbICcoKas Npou3BOAUTENBHOCTb U HU3KOE 3HepronoTpednexme

Anmas-Chn
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+++ [1JINC: MaccuBHo-napannensHas apxutektypa Fine-grained
--- CnoxHas pa3paboTka annapaTtypbl 1 MapLIpyT NPOEKTUPOBaAHUSA

HDL

orpaHuy4eHui
Komnuaauma
BbinoaHeHHe
OrpaHUYeHui

HanucaHue
BpeMeHHBbIX
BpemeHHbIX

L
.

— /]

L
r

= CnoXHbIA MapwipyT NPOEeKTUPOBaHUA annapaTypbl
— VHDL/Verilog, nuterpaums IP agep, OyHKUMOHANbHOE MOAeNMpoBaHme
m  MHoroyacoBas KoMNMNALMA NPoeKTa n Bepudukayma

— CuHres, YnakoBska, TpaccupoBka npoekTa, BbinonHeHne BpeMeHHbIX
orpaHuyeHnn npoekta, MogenuposaHue nocne TpaccMpoBKM

m HenepeHocumocTb npoekTa Ha apyrve nnatgopmbl CPU/GPU/DSP

_g Anwmas-Ch

CneyunanucTbl:
MporpammupoBaxme HDL
Bepudumkayms
[TnaHnpoBaHue nepudepum
TakToBble JOMEHbI
HasHauenue 1/0
BpeMeHHble orpaHn4eHns
TpaccupoBska

/0O npoTtokonb!

[ponyckHas cnocobHOCTb
YacTnyHas pekoHurypaums
LlenoctHoCTb CUrHanos
DDR kanubposka

PacueT uenen nutaHus
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OpenCL Ha MJINC ¢ Touku 3peHus paspaboTtymnka MO

kernel.cl
Dataflow Processor
‘-' XBGSMynJ;lTOp(OEK) Local memory (shallow, fast, random) |
| M2[]Ik M20k
! 7 e S —-— - —=—-—--F=F

- I S I S IS S S D B B BT B B e B e Dl . e

". OTuet 00 onTUMKM3ALMK (SEC)

Host Compute Engines :

MpoTtoTun (MUH)

PCle

Komnunauus (Yackl)
~ [NpochunupoBlinK

lotoBo!
- 'yCKOpI/ITeJ'Ib COﬂGp)KVIT ﬂu,pa ana nCnorfiHeHuA KepHen-Kona

=[lepegaya gaHHbIX Yepes rnobancHyo NaMsaTb NPU NOMOLLM BUBNMOTEKN NOOAEPKKN
; »[nobanbHas namaTb 6OMbLLOro pa3mepa, ¢ NOAAEPKKOW NakeTHbIX nepeaay
”i : AJ‘l MaB-cn =[lokanbHas namsTb Marnoro pasmepa, ObICTPbIi NPOU3BObHBIA AOCTYN

=T
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PeanbHasa FPGA cuctema-Ha-kpucranne

'!':
@
?; Host

~300 TMHEZ\ Coalescer

Kernel CSR window itrat

uired Multi-Port Front End

933 MHz

400 MHz

PasnnyHble TaKkToOBbIE JOMEHbI

PCle
DDR3-1600

Kernel ??

KonTponnepsl DDR/QDR
[Mopaepxka On-chip namsitu, DSP
KOMMYHMKaLMOHHbIe MHTEPENChI
PCle v gpansep PCle
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Yckoputenb FPGA ¢ BSP - rapaHTupoBaHHbIV BpeMeHHOU aHanus3

‘ --------------------------------
» Post Place & Route Partition

DMA PCle PCle

- A repeeye ey A ey epeepeeyempenpye

( YacTuyHas |
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Linux & Windows [ N .
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Yckoputenb ¢ OpenCL BSP - noaaepxka B3rnsga paspadotumka MO

SW crnon HW cnon
- open/close - Avalon Master
- read/write/copy - Avalon Slave
- Deviceinfo
AR ED o TR aoc mandelbrot_kernel.cl -o
QuenGl. “Tgep N mandelbrot_kernel.aocx --board thread
(Altera) - - PLALMAZ SP| == =m =m =m - e XY -v -v -report
—9global float *a, 4 - DDR3/4 | | S fmm o m e mmmmmmmmmeeme
O O] = . i
int i = get_global id(0); 5 = ' QDR4 : :r Estimated Resource Usage Summary N
ali]l = : + c; — \_ J \_ S IW L a
glalisaie e d o O 1 o 4 ; Resource + Usage
— @ ' g, e et
id main() { 8 QO 1 PCle L OpenCL | ; Logic utilization ;  49%
o) 0 "' Logic [ ; ALUTs s 26%
nqueueNDRangeKernel (..., &N TR, J \_ J ; Dedicated logic registers ; 25%
T EEE:E & 5 ey e ’ ; Memory blocks ; 21%
R e T T ; DSP blocks ; 167%
! P ===S==S===S=S=S=S=SS-S=SSSS=SS==S=S=SSS==S======== fF========
YTuUnuTsl 4
- install
- program User
- flash
- diagnostic Kernel
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WHrpepueHTbl gna peanusauum Your Algorithm in Silicon:

intel SDK,
Quartus, QSYS

intel SDK

Kernel
Compiler

» . N t
BSP OpenCL

YckopuTtens
Almaz OpenCL

1.5 TFLOPS
ARRIA-10
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PekoHdurypupyemas reteporeHHas BbluncnutenbHasa cuctema ¢ FPGA

[Mpumepsbl
[okymeHTaLus = R .. ki

Alters SDX for OpenCL + Quartus Prime

TpeHWHrK | I
p “E-r\/ OpenCL . h ADCL Install mm‘ o
& ADCL flash anese B :
N ‘ hodtels S 2 pocomduer CTaHAap TH3HPOB HHbIN
o pp— 5 MaxeT nogaepwry nnarot BSP
mmeLr (=

Intel SDK o
[MakeTbl BSP
Yckoputenu

[0TOBbIE YCKOPHTENM

NUC (FPGA)

R Anmas-Cn
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OcobenHocT OpenCL Ha MJTUC - TunbI rmobanbHOM NamMATY:

=ECTb noaaepxKka pasnnyHbIX TUNOB rMo0anLHOW NaMATU HA OQHOM ycKopuTene

=DDR3/DDR4
=QDR2/QDR4 SRAM
*RLDRAM

»B03MOXHOCTL onpeaeneHua oycdepa Ha KOHKPETHOM TUne rnodanbLHON NamATH, Yepe3 napameTp-aTpuodyT

__kernel void foo (
global int *x, /[ Default memory location (DDR)
global __attribute_ ((buffer_location("DDR"))) int *y,
global _ attribute  ((buffer_location("QDR"))) int *z,
global __ attribute  ((buffer_location("HMC"))) int *x
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OcobenHoctn OpenCL Ha MJIUC - noTokoBbLIN gocCTYN:

»ECTb Noadepxka opraHusauum notokosoro goctyna B sapo (Channels)
=[Togoepxka mexaHuama IO Pipe — nepeaya o1 sapa k a4py Yepes BHyTpeHHe namsaTtb Tuna FIFO

=06paboTka NOTOKOBOrO BMAEO, BeicokoyacToTHbIn Tpenaundr, DPI/DDOS, uth

Interface Interface
DDR Partial Reconfiguration m‘— DDR3 i i i
Interface g Interface Partial Reconfiguration
Interface 1 1 Interface
E=l— E : E=R—
Interface I ! Interface S
B O B :
Interface Interface I
QDRI OpenCL OpenCL QDRIl o OpenCL OpenCL
m— | Kernels m— = Kernels Kernels
nterface Interface =
~
pa— 10Gb 10Gb
Interface
10Gb 10Gb
Interface
O 0)

nterrace
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OcobenHocTn OpenCL Ha MJIUC - BcTpanBaemas nnatgopma:

»Hannyne nnatgopMbl ANA BCTPOEHHbLIX CUCTEM
-OpgHokpuctanbHoe peweHne SOC (BcTpoeHHasa npoueccopHas cuctema Ha 6ase APM Cortex)

ARM /NETERA,
ARM Processor System 28-nm FPGA
Dual Core ARM Cortex-A9
MPCore Processor Cyclone™V

Arrl-az vV

Hard Memory Perioheral

Controller

FPGA PARALLEL COMPUTING WITH OPENCL




BoiBoabl, npoektupoBanue MINC IntelFPGA npu nomowm OpenCL.:

»[locTynHas nobomy nporpammucty Cu  abeTpakumsi, nO3BONAOLWAA WCMNOMb30BaTh  BbICOKONPOM3BOAMTESbHYHO
annapatypy 6e3 nayyenns HDL v TpygosaTpat Ha cnoxHbin Maplupyta npoektuposanus [MJIAC. MoHumate annapatypy
HY)XHO, HO TpyZ03aTpaThbl ropasao HuxXe.

»OTKpbITbIN, CTaHAAPT 6€3 OTUNCTIEHN , NOAAEPKMBAEMBIA MOLLHBLIM KOHCOPLYMOM

=[locTynHOCTb Npu 0BYy4eHun, MOXHO 3agenctBoBaTb LI (rpadpuueckyto kapTy) wunu amynatop. MmerwTcs rotosble
npyUMepbl, METOAMYECKME YKasaHMst M nporpaMma oOyyeHWst OT Havana paboTbl C yckopuTenem A0 OnTMMU3aLuM
nporpammbl 4ns OMbITHLIX NOMb30BATENEN.

=[TonyyeHne BbIMMCNNUTENBHO $apa (npoueccopa) KOHKPETHO nod camy (OYHKUMIO, 4eM [OOCTUraeTcsl BbICOKOE
BbICTPOAENCTBINE CamMOe BbICOKOE COOTHOLLEHWE NPOM3BOAMTENBHOCTL/BATT.

" 3phHeKTUBHBIN KOMIUNATOP, APeKTUBHOCTL yxe brnaka k HDL. KpoccnnatdopmeHHOCTb Koaa.

"Hanuune MEexaHuW3mMOB MOAAEPXKKM HECKOSbKMX TUMOB rnobanbHOM namsaTh, MOTOKOBOrO [AOCTYNa WM KOHBEWEPHOW
0bpaboTku

»[Tognepxka Heckonbkux Tunos yckoputenen (CPU, GPU, FPGA) Ha ogHoM xocTe

»Hanunyue BcTpansaemon nnatgopMel. beicTpas NnepeHOCMOCTb KOAa C CTaLMOHaPHOW NaTOPMbl Ha BCTPOEHHYIO.

Anmas-CI
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Hanuuyune roToBbIX annapaTtHbIX ycKkopuTenbHbIX nnatdopm OpenCL

Mnardopma Euler Tread B chopm-chaktope PCle

=[10 1.5 TFLOPS BbluMCnnTENEHON MOLLHOCTY Ha YCKOPUTENb

= 1.115 MNH. NOrMYeckux anemeHToB 1 42MOUT K3l NaMsaTy (Ha YCKOpUTESb)
=3300 6nokoB DSP ¢ noaaepxkoit FPU (IEE754) (Ha yckopuTens)

= Bbibop namstu: DDR3 /IDDR4 (4r'b+), QDR4 (144M6uT+), RLDRAM3

» Nutepdpencol Ethernet: 1GE, 10GE, 40GE (2x10 GE Line)

» Nutepdoenc ¢ xoctom: PCle Gen 3.0 8 lanes

= [TotpebneHune (tunosoe ) 30 BT

BctpoenHas nnatchopma Euler SOC B hopm-cpakrope SOM moaynsa 54x44 mm

=DDR3-400MHz 256MB / 512MB / 1GB

=NAND FLASH 128MB / 256MB / 512MB + QSPI FLASH 8MB / 16MB / 32MB
=CPU: 800-MHz, dual-core ARM® Cortex™-A9 MPCore™ processor

=FPGA: LEs(K): 25 - 110, M10K memory (Kb): 1,400 - 5,140, DSP (18x19): 72 - 224

Anmas-CIl
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Hanuuyue rotoBbIX annapaTtHbIX yckoputenbHbIX nnatdopm OpenCL

HoBas nnatdopma Euler Tread (Euler Line) B chopm-chakTtope "2 PCle

=[10 1.5 TFLOPS BbluMCnnTENEHON MOLLHOCTY Ha YCKOPUTENb

= 1.115 MNH. NOrMYeckux anemeHToB 1 42MOUT K3l NaMsaTy (Ha YCKOpUTESb)
=3300 6nokoB DSP ¢ noaaepxkoit FPU (IEE754) (Ha yckopuTens)

= Bbibop namstu: DDR4 (16I'b+), QDR4 (144M6uT+), RLDRAM3

» NuTepdpencel Ethernet: 1GE, 2x10GE

» Nutepdoenc ¢ xoctom: PCle Gen 3.0 8 lanes
= [TotpebneHune (tunosoe ) 30 BT

ALTIERV/AW
€ arria-10

10AX115SH4F 341356
P CFCAW1619A
xxxxx
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YcnewHble mupoBble npoekTbl: Microsoft - YckopeHue cepsucos Azure

Microsoft Goes All in for
FPGASs to Build Out Al Cloud

Microsoft has revealed that Altera FPGAs have been installed across every Azure cloud server, creating what the
company is caling “the world's first Al supercomputer.” The deployment spans 15 countries and represents an
aggregate performance of more than one exalop. The announcement was made by Microsoft CEO Satya Nadella
and engineer Doug Burger during the opening keynote at the Ignite Conference in Atlanta.

Catapult FPGA Accelerator
Altera Stratix V D5 FPGA with capacity 172k ALMs
x16 PCle connection (visible along the bottom
edge of the card)
4GB of DDR3 memory
2 QSFP connectors

The FPGA build-out was the culmination of more than five years of work at Microsoft to find a way to accelerate
machine leaming and other throughput-demanding applications and services in its Azure cloud. The effort began in
earnest in 2011, when the company launched Project Catapult, the R&D initiative to design an acceleration fabric for
Al services and applications. The rationale was that CPU evolution, a la Moore's Law, was woefully inadeqguate in
keeping up with the demands of these new hyperscale applications. Just as in fraditional high performance
computing, multicore CPUs weren't keeping up with demand. * 2010: Microsoft researchers meet with Bing executives to propose using FPGAs to accelerate Indexserve,

* 2011: A team of Microsoft software engineers and researchers come together to address a huge processing
problem: how to use customized, programmable integrated circuits to accelerate computationally expensive
operations in Bing's Indexserve engine.

* 2012: Large scale pilot of FPGA boards in each of 1,632 servers and wiring them with a custom secondary

Anre FPGA Sorve - $V4.08 13

network.
iy, ® = 1 * 2013: Results of pilot demonstrated positive RO, allowed latency improvements in ranking while cutting the
ComoR CaneRy: 1,000,000 Tera-ops number of required servers in half. Decision was made to go to production.
f:,"::;m Doi:?;::; * 2014: Publication of paper and decision to merge Bing design with Microsoft's converged SKU, adding to the v2
Pages Tt 0 architecture that enables configurable clouds.

* 2015: Ramp up to large-scale production in Bing and Azure.

* 2016: "Configurable Cloud" architecture in nearly every new production server. Configurable Cloud paper

https://mediastream.microsoft.com/events/2016/1609/Ignite/player/keynote-pm.html published (Micro 2016, October)
OemoHcTpauus Azure Ha FPGA: cmoTpute Bugeo ¢ 54 MuH

Anmas-Cll
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https://mediastream.microsoft.com/events/2016/1609/Ignite/player/keynote-pm.html
https://mediastream.microsoft.com/events/2016/1609/Ignite/player/keynote-pm.html
https://mediastream.microsoft.com/events/2016/1609/Ignite/player/keynote-pm.html

MapTHepcTBO € Selectel — nepBbIN u eanHCTBEHHBLIN laaS-npoBanaep B Poccuu,
npeaocTaBnalwmMn becnnatHbIn goctyn K cepsepam ¢ FPGA-yckoputenem

Selectel Yenyru PeweHuss O komnaHuu  Pecypcbl

FPGA

TecTupoBaHue BbigeneHHoro cepsepa ¢ FPGA-yckoputenem.

Monpo6yitTe paboTy CBOUX NMPUIOXKEHUI B PEXUME CynepKoMMbioTepa.

YyacTBoBaTb B TECTUPOBAHUMU

s Anmas-CI
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*Bonpochl

=[leMOHCTpaLUua npumepoB u nnatgopm Ha cteHae Anmas-Cll
=CemuHap “YckopeHue BbluucneHmn no ctaigapty OpenCL va NMNJIAC”
=3anucb Ha becnnaTHbIX TeCT-ApamnB




AnnaparHas mogenb OpenCL (IMJIUC):

-FeTeporeHHaﬂ BbIYUCITUTENBHAA CUCTEMA: XOCT-YCKOPUTETTb.

=YacTb yckopuTens maclutabupyema n MOXeT cocTosiTb M3 Heckonbkux [M/TA(: Ha ogHoW nnate (MNK He SKOMbKUX MnaT Ha
XOCTE) U BbINOMHSAETCA B PA3SIMYHOM KOHCTPYKTUBE B 3aBMCMMOCTM OT BbIMMCIUT 3MbHbIX 3adad (kapTta PCle cepeep 1U/2U).

=Ponb XOCTa BbINOMHAET CTaHAAPTHbIN npoLieccop x86, KpoMe TOro, BO3MOXe! OAHOKPUCTanNbHbIN Bapua IT C NPOLECCOpOM
ARM, Hanpumep, Ons Uenen BCTpanBaeMbIX CUCTEM.

=B3anuModencTBie CO CTOPOHbI XOCTa C yckoputenem obecneumBaetcs Bub. MOTEKOW MOAAEPXKKM BPEl IEHWN BbINOMHEHMS
3afa4 BMecTe ¢ apansepom LwinHbl PCle.

=B3anuModencTBie CO CTOPOHbI CTOPOHbI YCKOpUTENS 0becneynBaeTcsl nake TOM NOAAEPKKW nnathl (I dJAroTaBnuBaemas
koHpurypaums TJIUC, Bkn.:  wuHTepdpeinc PCle, peanusaumo DMA-06MeHOB, KOHTPOMS epbl  rnobansHow
namsaTn 1 cetesble UHTepdencol (eg. 1/10/40GE).
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Moaenb nporpammupoBanusa OpenCL (IMJINC):

WC -group size Sx

=Mogenb napannenuama no AaHHbIM = T
=UacTtn anroputma, BbINOMHAOLLME NapannenbHble onepawum, HasbiBatoT agpamu (__kernel) P | .
=Aapa BbINOMHATCA Ha CUHTE3NPYEMBIX paboumx Mogynsax (work-item) e ™ | e

work-group size S,

Yy

__kernel: HekuI aKBMBanNEHT NOTOKa :
work-item B 0AUH MOMEHT BPEMEHM BbINONHSET 0anH kernel \ i weSennys, 0| | Sy

(5y. 8) =0 Sy o (s, S{’:y's‘n'. Sy-ﬂ

=\Work-item-bl 06beanHeHbI B work-group (fiokasibHas namsiTb) gr——

=\Work-group obpasytot npoctpaHcTBo ND-range (N dimensional range)

=ND-range 1 3arpy3ka saep (hopM1MpyeTcs XOCTOM Npu nomoLuy BubnmoTekn NoaaepXku 1 apansepa

= [1N9 KOMNUNAUMKM S0ep UCnosb3yeTcs crneuuanusnpoBaHHbIiA KOMMUIATOP

= [1na kKoMnunsaumm xocT-nporpammel — VisualStudio nnm gece komnunatop

»CneumnanunsnpoBaHHas HTepdencHasa YacTb 1 NoAaepKKa TUNOB NaMsTy ONpeaeneHa nakeToM NoaaepXkuM | natbl
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Komnunauua ana MNJINC:

Anopa komnunupytotes oddnanH komnunstopom Intel (Altera OpenCL Kernel Compiler)
TpebyeTcs nakeT nogAepPXKN KOHKPETHON NnaThbl NOA KOHKPETHbINW yckoputenb (BSP)

o 1 VvOo1d sum
(__global float *a,
__global float *b,

OpenCL

Host Program + Kernels

aoc -v --<board name> device/<kernel.cl>
-O bin/<kerne|.aocx> Mmffﬂ H __global float *y)
Pesynbrar: :t. 2lokal.
-Cuctema Ha kpuctanne Qsys ) i
-Verilog gpann agpa [ Sandard atera )
[ Co?n%%ler Cgmgrer PR D
l : B ? Y

-Nutepdencel PCle, namatn DDR/QDR
-UcnonHaembin dpann .aocx x85

BoamoxHO npeobpas3oBaHne B NPOMEXYTOUHbIN hopmaT

ONs Uenen pyyHoi onTUMmU3aLmmn/KoMnunaLmmn/3arpysku
--board <board> <Kernel.cl>

Anmas-Cll

FPGA PARALLEL COMPUTING WITH OPENCL




JTanbl HACTPOUKM U 3anycKa Agpa Ha XOcCTe:

=[ToncK AOCTYNMHbIX NNATROPM
»Co3MaHne KOHTEKCTa (CTPYKTYPbI AaHHLIX AN BbINOHEHWS onepaLuii)
=Co3aaHue nporpamMmbl 13 ABOMYHOIO hanna
=Cbopka nporpammbl

=Co3gaHne oyepeamn KomaHa

=Co3spaaHue BydepoB AaHHbIX

=3anonHeHue bydepoB AaHHbIX

=[Tepegaya 6ycdepos B yckopUTENb
=HacTtponka napameTpoB a4pa

=3anyck NDR maccuBa aaep - et -
= CunTbiBaHNE 06PabOTaHHbIX AaHHbIX ' Compiler
=QcBoOOXaeHNE 0OBEKTOB

OpenCL GWONWOTEKA NOO0S KA £p = fapen(™File.zsce”,"rb");
Freek(fp, 8, SEEK_EWD) ;

Lengths[@] = ftell{fp);

binaries[8] = (unsigned char*)malloc(sizeof(unsigned char)*lengths[8]);

rewind(fp)
mbir=ri:::E‘:‘l:rg—.l'::E:JiJ‘Fp:lj
fclose(fp);

P S Y

et nhoris

*[pouecc komnunauum nporpamm (ganee)
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- ) | FPGA Design
(lntel)

Solutions Network

OpenCL, TpeboBaHus k annapatype u O:

«XocT-mMawwmHa ¢ MuH. 32'b O3Y (nyywe 64I'b)
*YckopuTenb ¢ naketoM nogaepxku nnatbl (BSP - board support package)

*64-6utHas OC, Windows or Linux (CentOS nnn RedHat)

*YctaHoBneHHbI CAINP Quartus® Il Software 64-bit Subscription Edition

*Pacwupenve Altera SDK for OpenCL (AOCL) — onst komnunsuum aaep yekoputens
*Komnunarop C (Hanpumep, Microsoft® Visual Studio) - ansg komnunauum nporpammel xocTa

[Ins KOMNMNSAUMK NporpaMmbl XOCTa UCnonb3ytoTes bubnmotekun Altera

alteracl.lib — APl OpenCL
alterahalpcie.lib — nntepdeinc PCIl Express



YcTtaHoBKa

Paspabotka

OnTnmmnsauusa

OokymeHTauua n mapupyt paspadoTku Altera SDK OpenCL

https://www.altera.com/products/design-software/embedded-software-developers/opencl/developer-zone.html

YctaHoBka Quartus Il
BmecTe ¢ Altera SDK
OpenCL

DokymeHTauums - Getting Started Guide

YcrtaHoBka C AKTMBaUnA NULEH3NN YcTaHoBKa naketa
komnunatopa unu IDE nogaepxkn FPGA
(OpenCL) nnatbl

aocl install

l

PaspaboTka 1 oTnagka koga
kepHena CPU/GPU,
amynsaums MNInc

[DoKkymeHTauumsa - Programming Guide

C6opka 1 KOMIUNALMS Komnunaums OpenCL
npoekTa xocTa kepHena Altera offline 3anyck NPUNoXeHMs
(VStudio/GCC) Compiler (aoc)

]

AokymeHTauma - Optimization Guide

OnTnmusauusa kopa

— KepHena
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High-performance 20 nm FPGA and SoC
IEEE 754-compliant DSP Blocks

Only 20 nm ARM-based SoC FPGA

3.6 Tbps Serial Bandwidth

2,666 Mbps DDR4 memory Interfaces
1.15M Logic Elements

(Arria®1 0,

FPGA = SoC




2X 5.0M

Core Performance Logic Elements

0/ Stratix@70 Heterogeneous
upto /() 3D SIP
Lower Power Integration
upto 10 ntel 14 nm
TFLOPS Tri-Gate
I\/Iohst C Quad- ,%\OéeB
Comprehensive OrteX
Security ARM Processor



