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[MAGH cemMuHapa

HYacTb 2

O630p AMHENKM YCKOpUTEAEM AlvEO 1 ODAQCTU MNX
NOUMEHEHMS.

OOAQYHblE CEPBUCHI
AQTA-LEHTPbI: BBIMMCAEHME, XPOHEHME, MEPEAQYA AOHHbIX.

HelpoHHbIE CeTh U MALLMHHOE ODYYEHME, METOADI
NOBbILLEHMS MPOU3BOAUTEABHOCTU HEMPOHHbBIX CETEM.

Vitis Al AA9 PABOTbI C HEMPOHHBIMU CETIMM HA NAATAOOPME
Xilinx
3AKAIOYUTEABHAOR YOCTb

— AeMoHcTpaums: NMpocTtenlas Nporpamma aAs Alveo B Vitis

— BonpocChkI-OTBETH



Yckoputeau ALVEO

AN cepBepHbIX/06AAYHbIX BBIMUCAEHUMH

O630p nnatpopmebl Alveo

050 &, ALVEO



https://www.xilinx.com/products/boards-and-kits/alveo/u50.html

YckoputeAan ALVEO

AN cepBepHbIX/0B6AAYHbIX BbIMMCAEHUHU

® Ha 6a3e ymnnos Virtex UltraScale+

® BbICOKOYpPOBHEBOE MPOEKTUPOBAHMUE B
vitis

® H13KoypoBHEBOE NPOEKTUPOBAHUE B
Vivado

® MOoXHO KOMOUMHUPOBATH
BbICOKOYPOBHEBOE N HN3KOYPOBHEBOE
NPOEKTUPOBAHME

® Pa3paboTka B obnake (AWS, Nimbix)
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YckoputeAan ALVEO

AN cepBepHbIX/0B6AAYHbIX BbIMMCAEHUHU

Pewaemble 3aaa4u:
® Alveo U50 * YcKopeHue

BbIYUC/IEHUN
® Alveo U200 * N, HenpoceTun
* Ob6paboTKa big data
* TpaHCKoAMpPOBaHME
BUAEO HA NEeTy

® Alveo U250

® Alveo U280

https://www.xilinx.com/support/documentation/selec
tion-guides/alveo-product-selection-guide.pdf
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Yckoputeam ALVEO

Product Name

Alveo U200

Alveo U250

Alveo U280

Alveo U5S0

g Width Dual Slot Dual Slot Dual Slot Single Slot
£ FF:::n Fraacct::r;, Tcsts.:: leljllll-ll-:eueg:i:t ’FﬁuL E::;:'h F':.T|“r|l1?gli|:,t}=§:|: fen:;lh anllrli:i:l 'FS:HL fen:;:h Half Height, % Length
- Look-Up Tables 1,182K 1,728 1,304K 872K
E“ % Registers 2,364K 3,456K 2,607K 1,743K
& DSP Slices 6,840 12,288 9,024 5,952
DDR Format 4x 16GB 72b DIMM DDR4 4x 16GB 72b DIMM DDR4 2x 16GB 72b DIMM DDR4 -
z DDR Total Capacity 64GB 64GB 32GB -
E DDR Max Data Rate 2400MT/s 2400MT/s 2400MT/s -
g DDR Total Bandwidth 77GB/s 77GB/s 38GB/s -
& HBM2 Total Capacity = = 8GB 8GB
HBM2 Total Bandwidth = = 460GB/s 316GB/s*
E = Total Capacity 43MB 57MB 43MB 28MB
E g Total Bandwidth 37TB/s 47TB/s 35TB/s 24TB/s
PCl Express® Gen3 x16 Gen3 x16 Gen3 x16, 2xGend x8, CCIX = Gen3 x16, 2xGend x8, CCIX
Network Interface 2x QSFP28 2x QSFP28 2x QSFP28 UL;SEID’ %2?:';22:'0
2= Thermal Cooling Passive, Active Passive, Active Passive, Active Passive
é E Typical Power 100W 110W 100w 50w
& Maximum Power 225W 225W 225W 75W
E E Clock Precision - - - IEEE Std 1588
o 2 INT8 TOPs 18.6 333 245 16.2
E‘% Machine Learning Machine Learning Solution Brief
S ;5 Acceleration Applications Acceleration Application Solutions

1. Logic resources shown without shell usage; refer to card user guides for shell resource usage
US0 is a production qualified card for volume deployrment

2
3. US0DD is an engineering sampile card not for volume production
4

For A-US0DD-PODG-ES3-G and A-US0-PO0G-PO-G measured 316 GB/s peak HEM2 bandwidth. 201 GB/s nominal
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Alveo
YAaAeHHas pa3padboTka B obAake

Kak aT1o YCTPOEHO

1. ¥YnpasneHue yepes 3 , ' o
Web-nHtepdeic CLOUD SERVICES
2. [Joctyn K
BUPTYa/IbHOM
MallnHe

3. YpaneHHada othagkKa
Ha peasibHOM
obopynoBaHumn
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Alveo
YAaAeHHas pa3padboTka B obAake

Mpenmyuiectsa 06/1a4HbIX TEXHONOTMI 33 HEOONbLIYIO NAaTy

Bce cpeactBa pa3paboTKu y:Ke yCTaHOB/IEHbI U
NPaBuUAbHO CKOHPUTYPUPOBaHDI

CobcTBEHHbIE BUPTYa/ibHble MalUUHbI

Ha MOLLHbIX cepBepax

[locTyn K peanbHbIM OTN3A04HbIM N1aTam
O6MeH AaHHbIMU C CUCTEMOWM K/IMEHTA

[locTyn K npeaycTaHOBAEHHbIM MPUNOKEHUAM

ObnayHble cepBucbl Amazon n Nimbix

AWS - https://www.xilinx.com/products/design-tools/acceleration-zone/aws.html|

Nimbix -

https://www.xilinx.com/xilinxtraining/assessments/portal/alveo/intro _nimbix cloud/story

.html 8
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JKocuctema

ALVEO B AaTaueHTpax

NPUIOXKEHUN ANA

061a4HbIX
BbIYNCNEHUN U
[aTaLeHTpPOoB

=

£ XILINX

Xilinx Machine Learning

« ML Suite forinference
s 20X more throughput than CPUs

Learn More >

Skreens Video Processing

« Realtime, multi-stream video

Learn More >

BlackLynx Database Search

« Elasticsearch on unstructured data
« 00X faster search

Learn More >

Y alcon

COMPUTING _.*

Falcon Genomics

« Accelerated genomics pipelines
« 10X faster genome sequencing

XILINX.

VYusSyne

Xilinx Video Transcoding

» Realtime adaptive bitrate video
transcoding
« High-performance HEVC & VP9

encoders

Learn More >

MAXEKER

Technologies

Maxeler Financial
Computing

« Realtime risk analysis
« 89X faster risk calculation

Learn More >



ALVEO B AaTAuLeHTpaXx

®

Fintech

Storage

Database

Machine
Learning

10



AATALeHTpPbl - npumep

TpaHCKO,EI,M poBaHMUE BUOEO

Do) 20x Throughput Per Node
e e

TV P 4 8X Lower HW Cost
0 4

1 23X Lower Power C
D)) Alveo U50 HEVC Video ower Fower Lost
N Compression

0 4
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S ——— -
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40x Xeon Gold 5x Alveo U50
H.265 very-high quality NGCodec HEVC Very-High Quality
20x 1080p30 20x 1080p30



Domain-Specific
Development
Environment

Vitis
Accelerated
Libraries

Vitis
Core
Development Kit

Vitis aAAq paboTbl ¢ Alveo

Partner
Caffe "" TensorFlow Development
Environments

Al Video Vision & Data Finance Partner
Models Transcoding Image Analytics Libraries

Compilers Analyzers Debuggers

Xilinx Runtime library (XRT)

Vitis Target Platform

o & AVEO

12
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Vitis = KAMeHT-cepBepHAss MOAEADb

Host Processor Programmable Logic
F T T Tt T T T
| | i |
I Custom Application : | Custom Kernels :
XRT/OpenCL API AXI Interfaces
XRT Global Memory
Drivers DMA

s }

UG1393 - [lokymeHTaumA

13
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Application

Uxbutil] (XBmagmt] User Space

Libraries & Tools
Core APIs, Emulation, Profiler,
Debugger, Board Tools,
Virtualization plugin

Linux Kernel
Memory management,
Execution control, DMA operations
Device management/monitoring,
Compiled image download

MPSoC PCle
Device

UltraScale
PCle Device

https://github.com/Xilinx/XRT

MPSoC Edge
Device

HW & Firmware
Platform shell, DMA engine
HW scheduler, Download engine
Memory controller, Mailbox
Security / Firewall

14
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Vitis — nporpammunposarHue NAUC

OpenCL

C/C++

C/C++

RTL

Y

\" 2 2 o

V++ -C

Vivado HLS

package_xo

###

v++ |

UG1393 - [lokymeHTaumA

Target
Platform

(Alveo U50
Platform)

15
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HeupoHHble ceTH

® CBepToYHblie HeMpPOHHble ceTn (CNN)
® O6byyeHue (Deep Learning) ST O/ 1
® Bbluncnenue (Inference) 2_

® Pa3pabotka CNN c nomouwbto VitisAl

16



Ctpyktypa CNN

Deep neural network .
BbixogHown cnoun

- HIDDEN LAYER Y HIDDEN LAYER 2 HIDDEN LAYER 3 (Ka)KAbIﬁ pr)KoK —
o o :1—‘- "-_\\\‘! BO3MOMHbI BapnaHT)
BxoaHoun chou =2 \:\%@, ,/,\ \,, s Hanp.:
" 4/ \"ff /8 "/r
(Hanp. é.» : .;é"% 72 BNNdl * Koweuka
\ =% ‘e e - @ @@m . Cobauka
,D,BYMepHOe ”/‘ s;{ S :.}v e — .
6 ?xﬁgu S % \‘_ = Yenosek
/4’3 A / S T — — N
n3obparkeHune) 72 b‘i‘j// XXX~ Hesegoma
/'A\\"\f/ N 3BepIoLLKa

* Bce ocTtanbHoe

BHYTpeHHMe ciom n cBA3M
(Bnaromaps oTcyTCTBUIO 06PATHOM CBA3M MOXKHO obecneymnTb
AeTepMUHMPOBAHHOE BPeMA OTK/INKA)

17



NepuenTpoH

OCHOBHOWM CTPYKTYPHbIN anemeHT H.C. - nepuentpoH (aHanor HeMpoHa)

Bbixog H

1. f(S) — HennHenHan PyHKUMA

2. Bbixog H HOpmunpoBaH B
ananasoHe [-1..+1]

P
—

18



BoiuucaeHne CNN

BbluncneHme CNN npomnssognTca Ha
cneumannsmpoBaHHbix Soft ambo Hard aapax:
® DPU (pa3Hbie gna Alveo n Zynq)

® Al engine (VersalAl)

CooTBeTtctBeHHO, CNN peanunsyeTtca Kak NporpamMmHbIMN Koa AN
3TUX AAep. B annapaTtype numniemeHTUpyoTcA
COOTBETCBYHOLWME A4pa — NO OAHOMY AAPY Ha ceTb. B ogHOM
NINC nnn CHK moXKHO peanm3oBaTb HECKONbKO ceTen. DPU
PA3/1MYaOTCA NO NPOU3BOANTENBHOCTU

19



DPU AAf pa3sAndHbIX nAaTdopM Xilinx

nargopw o

Alveo Soft: xDNN
Zyng-7000, ZynqUS+,Versal Soft: Bxxxx
VersalAl Hard: Al Engines

Alveo: https://github.com/Xilinx/ml-suite/blob/master/docs/ml-suite-overview.md
Zynq: https://www.xilinx.com/support/documentation/ip documentation/dpu/v3 1/pg338-dpu.pdf

20
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Ctpyktypa DPU Alveo _ -t

L

Instruction Buffer

Spill / Restore DMA Cantraller

Execution Controller

¥
P Fooling/
EWA

Weights DMA Controller

Systolic Array

Y
m Bias Bias Bias
RelLU RelLU RelLU RelU
Paoling Pooling
1

Cross Bar

XDNN IP Core

DSP
Array
Configu
ration

%6x16 9 MB 1536 2150 4300
@700MHz @700MHz
28x32. 4 MB 896 896 1792
@500MHz @500MHz
56x32 6 MB 1792 1792 3584

@500MHz @500MHz

21
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Ctpyktypa DPU

Cucrtembl Ha KpucTtanne: Zynq, ZynqUS+, Versal

J

Deep Learning Processing Unit (DPU)

Off-Chip Memory
:r ___________ Processing System (PS) | |
|
i CPU (DNNDK) Memory Controller | !
dpu_eu 0 : § :
= : A :
4 S_AXI | Bus !
i | A A !
s_axi_aclk - i e e
o arecetn DPUO_M_AXI_DATAOQ + | |
- = DPUO_M AXI DATAl + {i S | Fetcher | Data Mover I%’ 5| |
Siper 2y clk . oy | |53 - : as| |
DPUO_M_AXI_INSTR + i »E:g Decoder -> On-Chip BRAM |,g..\_-, [
dpu_2x_resetn dpu_interrupt[0:0] pm 85 58| !
m_axi_dpu_aclk - : ...‘0 Dispatcher |BRAM Reader/WriterI s o i
:
|
I
|
I
|
|
|
|
|
I
|
I

|
|
|
|
|
|
|
|
|
:
|
m_axi_dpu_aresetn :
|
|
|
|
|
|
|
|
|
|
|
|




XapakTtepuctuku saep DPU

High DSP Usage Low DSP Usage

Arch LUT [Register| BRAM DSP Arch LUT [Register| BRAM DSP
B512 20055 28849 69.5 98 B512 2117 33572 69.5 66

B800 21490 34561 87 142 B800 22900 33752 87 102
B1024 24349 46241 101.5 194 B1024 26341 49823 101.5 130
B1152 23527 46906 117.5 194 B1152 25250 49588 117.5 146
B1600 26728 56267 123 282 B1600 29270 60739 123 202
B2304 39562 67481 161.5 386 B2304 32684 72850 161.5 290
B3136 32190 79867 203.5 506 B3136 35797 86132 203.5 394
B4096 37266 92630 249.5 642 B4096 41412 99791 249.5 514

23




CpaBHeHne Npon3BOAUTEABHOCTH

Comparison between Versal ACAP and nVidia T4

12 channels 48 channels
140 160
120 Lower 140 Lower
100 Better 120 Better
(2] (]
100
E 80 E
o2 60 8
8 T 80
40 40
. Hm . Al
0

Length of Sentence Length of Sentence

180 core mGPU T4 m320core mGPU T4
---- ----
Versal 80— Versal 320-
core AIE 20 19w core AIE 22 20 8w
GPU T4 fpl6 18 69 128 75w GPU T4 fpl6 25 83 1561 75w

Units in time (ms) 24



CrtpykTtypa Vitis Al

User Application

e & AlVEO

Frameworks Caffe F TensorFlow

EAVHbBIM NaKeT KaK gna
Alveo, Tak n ana Edge
nnatdopm

Vitis Al Models Model Zoo Custom Models

Al Compiler | Al Quantizer | Al Optimizer

Vitis Al Al Profiler | Al Library
Development Kit

Xilinx Runtime library (XRT)

Overlay Deep Learning Processing Unit (DPU)

25


https://www.xilinx.com/products/boards-and-kits/alveo/u50.html

Vitis Al: GUOATOTEKO MoAEeAen

__ Rich Models from Tensorflow and Caffe
000 Moaennuns Tensorflow n Caffe

O Open and Free on Github for All Developers

Vitis Al JlocTynHbl Ha rnTxabe ana Bcex
Model Zoo &
o) o]
oo Advanced Optimization, Including Pruning, Applied
o] OnTMM3aumAa, BKAOYaAA NpopeXnBaHue

ﬁiﬁ]} Retrainable with Custom Dataset

I'Iepeo6yqume Ha NMNO/1b30BATE/IbCKUNX
AaTaceTax 26



Vitis Al: npopexusaHue

MpopexunBaHue( Pruning) — nMKBMAaUmMa U3ObITOYHbIX CBA3EM MeXaY y3namu.,

Ncnonb3ytotca MponpueTtapHbie pa3paboTkum Xilinx
3Tan onuMOHaNAbHbIN, TNLEH3UA NAATHAA U Aoporasn

‘ o
» o
] [ ) ® °
[
@ [ ® ®
@ Finetune .
¢ o
Dense Neural Network Pruning Pruned Neural Network
(FP32) (Less number of param) (FP32)

Al Optimizer

27



Vitis Al: KBaHTU3AQTOP

KoHBepTauua n3 FP32 B FP16 cyuwecTtseHHO nosbiwaeT bbicTpoaencTamne
NPaKTUYeCKn 6e3 NoTepm TOYHOCTH

Meural Network
(FP32)

Quantize
Parameter

Quantize
Activation

Quantization
(Less bits per param)

Al Quantizer

Meural Network
(INT8)

28



Vitis Al: KomnuasaTop

Komnuaunpyert ceTb B Nnporpammy, BbinosaHAOLWYCA Ha DPU

0
o 100101010010
® » 110010101011
o 001001010100
o ® 101100101010
e 110010010101
e 001011001010
Al Quantizer Code-generator DPU Instruction

Al Compiler



Vitis Al: Mpodhauaep

AHanus nponsBoAUTENbHOCTU U TPEBYEMbIX pecypcoB

Corad Utilimtian|®)

@ Corel-kernelh
@ Coretkernsl

@ Coned kernelc

Timeline{us,
2,300,000 2,309,485 ef)

1,260,000 2,270,000 2,260,000 2,280,000

30



SlC

Vitis Al Library

Vitis Al Inference Engine

Vitis Al: 6UbAHMOTEKM

Bubanotekn BpemeHu BbINOJIHEHUA:
Habop APl Ha Aa3bikax C++ u Python ans
BCTPanBaHMsA B COBCTBEHHbIE
NPUNOXKEHMUA.

Vitis Al Runtime

Xilinx Runtime library (XRT)

Deep Learning Processing Unit

(DPU)

31



Cnacubo 3a BHUMAHUeEe

Bawiun BoNnpocCbl — Halln OTBETHI

32



OdunumnanoHbin Amaep Xilinx

KOHTaKTbI
Ten.: 8 (800) 333-06-05
email: SALES@MACROGROUP.RU

MpoayKkuusa xilinx n Texnogaep»ka: fpga@macrogroup.ru

Oner bonnxos — pyKoBoaUTeNb HanpasBaeHUA
“Undposas aneKTpoHUKa”

OmunTtpuin XopbKoB — pykoBoauTesnb HanpasaeHus Xilinx
Bnagummnp BukynnH — texnoageprkka Xilinx
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