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N.WN. 3apaumn gna peweHmna metogammn U.N.
YTO TaKOe HEMPOHHAA CETb, KaK OHA YCTPOEHA M B KaKNX peXnmax

dYHKUMOHUPYET. TUNbl HEMPOHHbIX ceTelr. YTo Takoe malinHHoe obyyeHue.

MporpammHoe obecneyeHne anA paboTbl C HEMPOHHLIMU CETAMMU U
obnayHble cepBuUChI e e
MeToabl NOBbILWEHMS MPON3BOANUTENBHOCTU HEMPOHHbIX CETEMN. )
TexHonorna pabotbl ¢ cepBepHbiMU naaTpopmamu Xilinx.

TexHoNorna paboTbl ¢ OKOHEYHbIMMK ycTponcTBamm Xilinx

MNepcneKkTusbl pa3sutma cuctem NN Ha nnatpopme Xilinx

Mpumep paboTbl HEMPOHHOM CETU Pacno3HABaHUA AOPOXKHbIX 3HAKOB Ha
nnate ZCU102.
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1. U.U. (1) 3apauu, pewaemblie ¢ nomoubio U

» WCKYCCTBEHHbIN MHTENNEKT — HanpaBaeHne NHGoOPMaTUKN, n3ydatollee u
pa3pabaTbiBalollee MeToAbl peleHus 3a4a4 MHTeNNEKTYalbHOro
(TBOpYECKOro) XapaKTepa ¢ UCNONb30BaHUEM Pa3/IMYHbBIX TEXHUYECKUX
CPeACTB - KOMMbIOTEPOB, NPOrPaMMMPYEMON IOTUKN U Ap.

» Tunosble 3a4aun:

» PacnosHaBaHue 06pa3os

» [lepeBoa TEKCTOB

» AHaNn3 AaHHbIX, MOUCK 3aKOHOMEPHOCTEN, SKCNEPTHbIE 3aK0YeHUS
» CamoobyueHue

» 3ameHa YyenoBeKa B KOHTYpe ynpaBieHus
> ..

£ XILINX O



1. U.U. (2) ObnacTu npumeHeHuUsn

» ®uHaHCbI
» AHanus puckos
» BbICOKOYACTOTHbIN TPENAUHT
» KomnbloTepHble TeXHONOrnK
» MalWHHbIN NepeBos,
» PacnosHaBaHue peuu, MoHMMaHue peun, obLleHne ¢ Ye/IOBEKOM Ha
eCcTeCTBEHHOM f3bIKe
» PacnosHaBaHWe 06pa3oB, aHaNN3 N306pakeHUN
> Ynpas/ieHUe CNOXHbIMU YCTPOMCTBAMM U CUCTEMAMMU
» ADAS ana aBTomobunen

> YnpasneHue pobotamu
>

£ XILINX



1. U.WN. (3) KnaccudpuKkaums

» KOHBEKLMOHHbIE

» JKcnepmHsie cucmembl: NPOrPaMMbl, KOTOpbIe, AENCTBYS NO onpeaeneHHbIM
npasunam, obpabatbiBatoT 6H0bLLIOE KOANYECTBO MHPOPMALUN, U B
pe3ynbTaTe BblAaOT 3aK/II0YEHUE UIN PEKOMEHAALMIO Ha ee OCHOBEe

» PaccymcoeHue o aHanoauu (Case-based reasoning).

» baliecosckue cemu 0ogepus: BEPOATHOCTHbIE MOAENU, NpeacTaBAsAoLme
cobolt cUCTEMY M3 MHOMKECTBA NEPEMEHHbIX U UX BEPOATHOCTHbIX
3aBMCUMMOCTEMN

» [losedeHyecKuli N00xX00: MOAYNbHbIN MeToA, NocTpoeHusa cuctem N, npu
KOTOPOM cucTema pa3burBaeTcs Ha HECKO/IbKO CPAaBHUTE/IbHO aBTOHOMHbIX
NpPOrpaMmm noBeAeHMA, KOTOPble 3aMyCKatoTCA B 3aBUCUMOCTUN OT U3MEHEHUM
BHeLWHen cpeabl

& XILINX



1. U.U. (4) KnaccudpumKaums

» BbluMcAUTENbHbIE

» HelipoHHble cemu — moaenb BbluMCAEeHNA Ha rpadax ( noasunaco B
pesynbTaTe MaTeMaTUYeCKoro MoAeIMPOBaHUA CTPYKTYP Mo3ra)

» HeuyemKue cucmembl: METOAUKWN ANA PACCYXKOAEHMA B YCNOBUAX
HeonpeaeneHHOCTH

» J80/110UUOHHbIE 8bIYUCACHUA: MOAENWN, UCMO/b3YIOLWME MOHATHE
ecTecTBeHHOro otbopa, obecneuymnsatroLlero oTcenBaHMe HamMeHee
ONTMMabHbIX COMMAaCHO 3alaHHOMY KPUTEPUIO PeLIeHNN.

& XILINX
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2. HenpoHHble cetn (2)

Obuwasn cTpyKktypa H.C.

Deep neural network .
BbixogHou cnoun

(KaXKablih KPYHKOK —
BO3MOMKHbIM

BxoaHow cnoi BapuaHT)
(Hanp. Hanp:
BYMEDHOE « * Koweuka
ABYMED * Cobauka
n3obpaxkeHue) * Yenosek
* Hesegoma
3BeploLLKa

* Bce octanbHoe

BHyTpeHHUe cnoun u cBasmn

v (Bnharogapa oTcyTCTBMIO 06PATHOM CBA3M MOXHO 0becneumnTsb
iA XI LI NX AeTeEPMUHMPOBAHHOE BPEMA OTK/IMKA)
®




2. HenpoHHble cetu (3)

PasHosuaHoctn HC

Multi-Layer Perceptron Convolutional Neural Network Recurrent Neural Network

¢ Classification
* Universal Function Approximator

* Autoencoder

hidden layers

input layer

& XILINX

* Feature Extraction
* Object Detection

* Image Segmentation

HH H llu-‘:-f‘
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Sl UL R
R A e H
HA

* Sequence and Temporal Data
* Speech to Text

* Language Translation

Py @ Eldurectlcna-l"'-.l
i ® e Battom Layer |
| LSTM,
L (s )f—ﬂ um,bt.( LSTH, )
R x )
[ [
C R




2. HenpoHHblie ceTu (4)

OCcHOBHOWM CTPYKTYPHbIN anemeHT H.C. - nepuentpoH (aHanor HEMpPOHa)

& XILINX

H=f(S)

Bbixoa H

1. f(S) — HennHenHan dyHKUMA

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

[
—




2. HenpoHHble cetu (5)

Tunosble 3a0a4n ans (cBepTodHbIx) HC

b Vo |

£ XILINX 0

. el . 2

o

“Cobaka”




2. HenpoHHble cetu (6)

3Tanbl paboTbl C CETbLIO

I S [

Co3pnaHune CTpyKTypa, KON-BO C/I0EB U T.A4. HeT yeTKux npasun
2 0ObyyeHue HacTpoiiKa napameTpos (Noc/noHO) Ha  YpesBblvaiHo
pasmeyeHHON GUKCMPOBAHHOM BXOAHOWN PECYPCOEMKUM,
nocnefoBaTeNbHOCTM Tpebyetcs float point

3 TectnpoBaHue [lpoBepKa Ha nocnenoBaTes/ibHOCTAX,
HEeMU3BECTHbIX CETU NPU 0OYy4YEeHUN

(4 OntMmmsauma HeobAsaTenbHbIN (HO BaXKHbIN) )

) @

5 [MpumeHeHne  0O6paboTKa peasibHbIX AaHHbIX

£ XILINX




2. HenpoHHble cetu (7)

[na Tex, KTO XO4YEeT 3aHbIPHYTb Nornyb:Ke:

[ JTYBOROE
OBYYEHUE

MOrPYXXEHUE B MUP
HEWPOHHbIX CETEMN

& XILINX


https://www.ozon.ru/context/detail/id/142987816/

From

Community

From Xilinx

3. Cpeacrsa ana pabotbl ¢ HC

Ctek TexHonormn Xilinx

{RESTfl API}

o

JS

xfDNN Middleware, Tools and Runtime

B

XDNN CNN Processing Engine

docker

]
e :
openstack. :




3. Cpencta ana pabotbi ¢ HC (2)

NHppacTpyKTypa paboTbl ¢ HC

Bubnotekun TensorFlow, Keras ...
Mopaenu KoHdurypaumm ceten
[aTtaceTbl Cifar ...
PpernMBOpKHU Cafe, Jupiter Notebook ...
AnnapaTHble YyCKopUTenm Nvidia GPUs

MoppobHee 3a0€ech

& XILINX



https://ru.wikipedia.org/wiki/%D0%A1%D1%80%D0%B0%D0%B2%D0%BD%D0%B5%D0%BD%D0%B8%D0%B5_%D0%BF%D1%80%D0%BE%D0%B3%D1%80%D0%B0%D0%BC%D0%BC_%D0%B3%D0%BB%D1%83%D0%B1%D0%B8%D0%BD%D0%BD%D0%BE%D0%B3%D0%BE_%D0%BE%D0%B1%D1%83%D1%87%D0%B5%D0%BD%D0%B8%D1%8F

4. ontummn3saumua HC (1)

Pexxumbl - obydyeHune n pabota (inference)

XapaKTepucTmKkm ToyHOCTb - CKopocTb paboTbl
- CKopocCTb peaKkumm
- PeanbHoe Bpema

BbluncnutenbHble OrpomHble CpenHue
pecypchbl
BbluncneHusa c FP ObAasaTenbHbl HeT

v
(A XI LI NX OoNnTMMaJZibHble peweHnAa anAa KaxXa0oro pexxmma

BbiBoA: TpeboBaHMA K pexxnmam pasHble —> TpebytoTca ﬂ



4. ontumunsauma HC (2)

2 Wwara noc/neaoBaTeNbHbIX Wara onTMMmU3auum — npopexknsanume (Pruning) n kBaHTU3aums
(Quantization)

Quantize
® Parameter ®

o ® ® e
® > Finetune > ® o > Quantize > o @

Activation

Quantization
Dense Neural Network Pruned Neural Network (Less bits per Compressed sparse
(FP32) (FP32) param) Neural Network (INT8)
» Consists of two separate tools + Effects
* Pruning Tool - decent_p « Compress model size 5x ~ 100x

» Quantization Tool — decent_q « Compress running time 1.5x — 10x



5. PeweHnus Xilinx ana HC (1)

On Premises

N~ o
S~ ¥ NIMBIX

C)saiecos SN2
HUAWEI



5. PeweHnus Xilinx ana HC (2)

Edge/Embedded Cloud/DC

N

Models

DU S —

DNNDK Pruning

DNNDK Quantizer xfDNN Quantizer
Software Stack

DNNDK Compiler SDSoc | SDAccel xfDNN Compiler

DNNDK Runtime xfDNN Runtime

FPGAIP

v S~ ¥ NIMBIX
\_

C)amaacow  SM2
Xilinx U200, U250, U280 HUAWE|

Platforms Z7020 Board Z7020 SOM

RISTOTLE

& XILINX ™5

ZCu102 ZCU104 Ultra96



6. CepsepHbie/O6nauHble peweHna Xilime(1)

. L5 O6naka ana paboTbl

s 3 L

>
: imbi

:.- r | 8
i | -II o

5


https://aws.amazon.com/marketplace/pp/B077FM2JNS
https://www.nimbix.net/alveo/

6. CepBepHblie/ObnauHbie peweHus Xilinx(2)

]

Im
Xilinx ML'SUITE Open Source Software / Apps a mage Hemory

And Models
=3| Cache Fetch bk Y,
AXI-MM =,[1nstruct|on Systohc Data ]
Setup

AXI-Li

xfDNN Middleware

IE 3}
Image & Filter Data Access

a ~
Systolic Array
Filters (MACs)
o _/

Reformat,fActivatl
on, MaxPooI EA

xfDNN Middleware, Tools and XDNN Compiler and Optimizer — o
Runtime .
= Xilinx xXDNNv2 IP
= 500Mhz
Xilinx xfDNN Runtime = Support for 16 and 8 bit
Xilinx Platforms
Kernel Sizes 1x1, 3x3, 55, 7x7
Strides 18
Xilinx Reconfigurable e Distor corian
Acceleration Platform T o
- Scaling Scale & Shift Value Per Channel
E Kernel Sizes 2x2, 3x3, 4x4, 5x5, 6x6, IxT
Max Pooling Strides 17
E Padding <= Kemel Size
o el Sizes ), 4%4,
i . IUEH:::; hlhidx;_::iﬁﬁm
Boards / Platforms s S Pty T —
DDR caching Supported; See Documentation
Expanded set of image sizes Square, Rectangular
upsampling Strides | Factor: 2,4,8,16
‘Convolution Transpose see Convolution
see Convolution
& XILINX EBlEETELES IE—na————
® ; Networks Supported Classification, Detection, Segmentation




6. CepBepHble/0O6nauHble peweHus Xilinx (3)

> ML-SUITE - cepsepHbIii/ob6nauHbiii npoaykT, 4 BapuaHTa: U200, U250,
VCU1525, Cloud

» Ccbinku: https://www.xilinx.com/products/design-tools/ai-inference/ai-
developer-hub.html

» CkaumsaTb oTctoga: https://www.xilinx.com/products/acceleration-
solutions/xilinx-machine-learning-suite.html#overview

» Pecypcbl Ha github: https://github.com/Xilinx/ml-suite

& XILINX



https://www.xilinx.com/products/design-tools/ai-inference/ai-developer-hub.html
https://www.xilinx.com/products/design-tools/ai-inference/ai-developer-hub.html
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https://www.xilinx.com/products/acceleration-solutions/xilinx-machine-learning-suite.html
https://www.xilinx.com/products/acceleration-solutions/xilinx-machine-learning-suite.html
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https://www.xilinx.com/products/acceleration-solutions/xilinx-machine-learning-suite.html
https://www.xilinx.com/products/acceleration-solutions/xilinx-machine-learning-suite.html
https://www.xilinx.com/products/acceleration-solutions/xilinx-machine-learning-suite.html
https://www.xilinx.com/products/acceleration-solutions/xilinx-machine-learning-suite.html
https://www.xilinx.com/products/acceleration-solutions/xilinx-machine-learning-suite.html
https://www.xilinx.com/products/acceleration-solutions/xilinx-machine-learning-suite.html
https://github.com/Xilinx/ml-suite
https://github.com/Xilinx/ml-suite
https://github.com/Xilinx/ml-suite

7. PeweHusa Xilinx gna aBTOHOMHbIX cuctem (1)

Face detection Pose estimation Video analytics Lane detection Object detection Segmentation

dpelimBopKM Caffe Darknet {88 2
CpeactBa DEEPHi Pruning Quantization
DNNDIK )
pa3paboTku (D= Compilation
IP A4pa DrD)U Core Runtime -']m-; : " Profil .. .n-.
MnaTdopmbl ‘ ’

ARISTOTLE

ZCU104 Ultra96

Z7020 Board Z7020 SOM  zU2/3 SOM




7. PeweHusa Xilinx gna aBTOHOMHbIX cuctem (2)

DPU

> Conpoueccop ana CPU

> Soft IP-agpo, onTummnsnposaHHoe gnn
onepauum c HC

» CobcTBeHHaA cnctema KOMaHa,
Global Memory Pool

> HeCKO/IbKO pa3HOBUAHOCTEU, PA3/INUAIOLLUXCA
no npoussoautenbHoctu: B1152 ...84096 ...

DPU
4V 49
MmeHAeTCA

i: XI LI NX > AnnapatHblit MUHUMYM — Zynq7020 ﬂ

> YcraHaBaAuBaeTtca B nnatgopmy u ganee He




7. PeweHnus Xilinx ana aBToHOMHbIX cuctem (3)

Pa3paboTka NpuUNoKeHUN

~
AN
DNNC DPU DNNAS DPU ELF
Assembly Object
_
_~
Neural Network Linker Hybrid

Executable

7

Assembler

—_— -

GCC/LLVM

C/C++ DL CPU CPU ELF

Application Object

& XILINX

Assembly




7. PeweHunsa Xilinx ana aBTOHOMHbIX cUCTEM

CtpykTypa DNNDK

| -- ubuntul4.04
| == ubuntulé6.04

$dnndk_pkg
| -- common
| — COPYRIGHT
| —host_x86
| ~ | -- install.sh
| | -- models
| | -- pkgs
|
|
|

-board name
nstall.sh
| -- pkgs
Li==i}=="Dbin

| == || ==+deiver

| == | == include

| == ] === 1:3b

| samples

| -- common

| -- inception_vl

| == inception_vl mt
| -- resnet50
|

|

|

|

|

|

|

I

resnet50_mt

-- mobilenet

-- mobilenet _mt
-- face_detection
-- pose_detection
-- video_analysis
- adas_aetection
-- segmentation

& XILINX

VCoNOTNnEeEwWwN e

-
®

[Npnmep nporpammbl

t main(int argc, char *argv

DPUKernel *kernel_conv
DPUKernel *kernel fc
DPUTask  *task_conv
DPUTask  *task_fc
char input_addr
r *output_addr

* DNNDK API to attach to DPU driv

dpulnit

* DNNDK API create DPU kernels » CONV & FC networks *
kernel_conv = dpuloadKernel e v", 224 4
kernel_fc = dpulLoadKernel 1, 1

* Cre t from CONV & FC ke
task_conv = dpuCreateTask(kernel_conv
task_fc = dpuCreateTask(kernel_fc

* Set input t NV task and r
input_addr = dpuGetTensorAddress(dpuGetTaskInputTensor(task_conv
setInputImage(Mat &image, input_addr
dpuRunTask(task_conv
output_addr = dpuGetTensorAddress(dpuGetTaskOutputTensor(task_conv

/* Run aver D i on CPU *
run_average_pooling(output_addr

f& ¢ r for FC task and run */

input_addr = dpuGetTensorAddress(dpuGetTaskInputTensor(task_fc
setFCInputData(task_fc, input_addr

dpuRunTask(task_fc

output_addr = dpuGetTensorAddress(dpuGetTaskOutputTensor(task_fc

f* aplay the Cla ic esult from FC task */
displayClassificationResult(output_addr

API to destroy DPU tasks/kern
dpuDestroyTask(task_conv
dpuDestroyTask(task_fc

dpuDestroyKernel (kernel_conv
dpuDestroyKernel(kernel_fc

/* DNNDK API to dettach from DPU driver and free DPU r
dpuFini

return @

MpocTo Bbi3biBaem Pp-unmn API




7. PeweHnus Xilinx ana aBToHOMHbIX cuctem (5)

KoHpurypaumsa target-cuctemol

Computer Vision App
(DPU-accelerated)

Runtime N2Cube
Library
Loader

User Space Loader | Tracer | Library Tracer

l . Driver

(v XI LI NX Hardware Platform
A .




7. PeweHnums Xilinx ana aBToHOMHbIX cuctem (6)

DeePhi DNNDK — 6bIcTpbIl cTapT

1. 3arpy3unTb COOTBETCTBYIOLWMNIM Bawlemy 06opyaoBaHUIO NaKkeT

2. YctaHoBuTb Ha HOST-cuctemy nog, linux (nmbo cpasy B3sTb
CKOHOUTYPUPOBaHHYO BM)

CKkoHbUTypupoBaTb CpeacTBa pa3paboTkm Ans xocTa
CKOHOUTypmpoBaTb Lienesyto naatpopmy

B3ATb onmMcaHue rotoBoM 06y4eHHOM CETU U NPOBECTU ONTUMMU3ALUIO
CKoMNUAnMpoBaTb ONTUMMU3NPOBAHHYIO CETb

NHTerpmupoBaTtb CeTb B COOCTBEHHOE NPUAOKeHMe (nporpammy)
BbinoNHUTL Nporpammy Ha uenesomn naathopme.

£ XILINX O

0N LA W


https://www.xilinx.com/products/design-tools/ai-inference/ai-developer-hub.html

7. PeweHusa Xilinx gna aBTOHOMHbIX cuctem (7)

MpenmyLiecTsa TEXHONOMMK annapaTHOro yckopeHus Xilinx B cuctemax peasnibHOro BpemeHu

Response:
Nvidia Engages Brakes
(Batch-size = 8 to 64)

Driving Event: Car Stopped Ahead

Nvidia 49-320ms
—
Xilinx 2.7ms
—
Notes:

v * Xilinx: ZU9 running GooglLeNet @ batch =1
A * Nvidia TX1: 256 Cores; running GooglLeNet @ batch =8

* Assuming the car was driving at 65 mph




7. PeweHnus Xilinx ana aBToHOMHbIX cuctem (8)

Ccblnkun

» CraptoBas ctpaHuua: https://www.xilinx.com/products/design-tools/ai-
inference/ai-developer-hub.html#tedge

> DNNDK User Guide
https://www.xilinx.com/support/documentation/user guides/ug1327-
dnndk-user-guide.pdf

» Wiki https://xilinx-wiki.atlassian.net/wiki/spaces/A/overview

» Forum https://forums.xilinx.com/t5/Deephi-DNNDK/bd-p/Deephi

» Github https://github.com/Xilinx/Edge-Al-Platform-Tutorials

£ XILINX 0
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7. PeweHnus Xilinx ana aBToHOMHbIX cuctem (8)
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https://www.xilinx.com/products/silicon-devices/acap/versal.html
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7. PeweHnnsa Xilinx ana aBToHOMHbIX cuctem (10)

[lepcneKkTnsbl pa3BUTMA

Al Engine Array -— Core Mem Access
ENEEEEEEEEEEEEEEEEEE —— AX| Stream
ENEEEEEEEEEEEEEEEEEE - AXI MM

EEEEEEEEEEEEEEEEEEEE -
EEEEEEEEEpEEEEEEEEEE Cascade Stream

AXIS East

CTpyKTypa ayenku Al

Instruction Load & Store
Memory Fetch & Address

Decode Generation
— (16KB) Unit Units

Fixed Point [}§ Floating Point
SF{%Q(S:CS::{ 512b SIMD 512b SIMD Data
Vector Unit Vector Unit Memory

(32KB)

Program

S2MM | S2MM | S2MM

Scalar ) .
Register Files Vector Register Files

Stall %%”ég’ Accumulator .
(V XI LI N X Handler & Trace Stream FIFO
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8. MpaKTUueckana gemoHcTpaLuma

ZCU102 ZU9EG Rev D2, Rev 1.x
Accelerated Image Classificatio ™ *** Ultra96 ZU3EG Rev D and newer

Ultra96

AIC Demo Setup

> [lemoHcTpauyma Ha ZU+ MPSoC

DDA

1. Pacno3sHaBaHWe JOPOXKHbIX i
3HAKOB C Beb-Kamepbl e = (- ,_\ z}

> Nnatrdopmbi: ZCU102 u Ultra96 =L Pt
» HassaHue: 15 )
AIC Design Example, Zcu102: Ultra96:

Tiles per second: ~19500 Tiles per second: ~14500

v Tecthp on Xilinx Wiki Images per second: ~90 Images per second: ~66


http://www.wiki.xilinx.com/Zynq+UltraScale%EF%BC%8B+MPSoC+Accelerated+Image+Classification+via+Binary+Neural+Network+TechTip

Cnacu6o 3a BHUMmaHue!

KomnaHua Makpo lpynn:
v OduumnanbHbiii naptHep Xilinx
v' KomnneKcHaa NOCTaBKa 3/1eKTPOHHbIX KOMNOHEHTOB
v' TexHuuyecKkan nogaepKa no Bcem Bonpocam NpUMeHeHus
npoaykuumn n MO Xilinx
v' KOHTpaKTHOE Npon3BOACTBO
O6pawanTecs:
v’ Vladimir.Vikulin@macrogroup.ru
v Dmitry.Khorkov@macrogroup.ru
v fpga@macrogroup.ru
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