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[ nyboKkoe byyeHune - TpeHa
NOCNeaHEro BPEMEHN

[nybokoe obyyeHne

TpagnumoHHoe
MalumHHoe ObyyeHune

Konnyectso AaHHbIX

Konnyectso nonckosbix 3anpocos «Deep Learning»
c 2011 no 2017
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Wctounmk: Google Trends. MowuckoBblii 3anpoc “Deep Learning”



CpOBHEHME C
BO3MOXXHOCTIMM YEAOBEKQ

2011 YenosekK

26% oLWnbOoK 5% OwmnboK 3% OLWnbOoK

MalumnHHOe 0byyeHme [nybokoe obyyeHme



OTAUYUTEABHBIE OCODEHHOCTM TAYOOKOTO OBYy4YeHMs

Machine Learning

- =3

S > > S =

Input Feature Features Classification Output
Extraction

Deep Learning

Deep Neural Network

Feature Extraction
; & Classification



PAcrno3HOBAHME MPUM3HAKOB B TAYOOKOM ODYHEHUM -
OBTOMATHUYECKM

Earlier Lavers &=

Detect Edges Detect Features

~ Eyes, Nose, Mouth



YpoBHU NN B MHPPACTPYKTYpE

UHpaycTpun:

®nHaHCLI, puTENAN, MeANLMHA
Speech, Vision,

NLP, Sentiment

TensorFlow, Caffe,
ML-Libs

PowerAl
n DSX

Spark, MPI

Hadoop HDFS,
NoSQL DBs

SIE
—9 (9 WHdpacTpykTypa

Accelerated Servers Storage




TexHonormnyeckmm ctek IBM Al / Data Science

Hyper-Parameter

Tuning, GUI
Deep Learning

Jupyter Notebooks & Rstudio, Model & Data
Management, Hyper-parameter Tuning, GUI

Frameworks
DDL: Distributed DL

IBM ML H20 & PowerAl DL
Libraries Anaconda Distribution

Spark, Data Lake, Connectors to DBs

Gl Spec. Cond for Spark

— N ) Hadoop

— O (—9

—Q (8 Spark
Object Store

IBM POWER Cognitive Systems Data Stores




[IaAatdoopma IBM PowerAl

IBM PowerAl Vision

“AsTOMaTU3aumA

MALLUHHOrO
obyueHusa ana re

U30bparkeHn u_, s
BUACO o e’

PpenmBopKM
rnybokoro obyyeHus

PowerAl Software Distribution

)
Deep Caffe &3 Caffe | | 1BMCaffe
Learning
Frameworks | 4 rensorfion theano L5
Supporting DIOITS OnenBLAS Owstributed Samst
Libraries Frameworks

.
‘.I()H?f“

L]

o

UHdpacTpyKTypa ann
Um

| | | | | | -

IBM Power System for HPC, with NVLink

Breakthrough performance for GPU accelerated applications,
including Deep Learning and Machine Learning.




IBM POWER
Cognitive Systems



,ﬁ Performance... unique innovation through
Faster Training

and Inferencing OpenPower collaboration

R—

& THENEXTPLATFORM POWER with NVLink

THE SYSTEM BOTTLENECK SHIFTS TO PCI-EXPRESS delivers 2.8X the bandwidth

POWERS




[Tnatpopma Power 9 Kak ocHoBa anqa Al

POWER9
High-Speed OpenCAPI
System NVLink 2.0
Memory PCle Gen4

Fast & Large High Performance Faster Interconnects
Memory System Cores for Accelerators

4-5X Memory SIX vs. Intel OpenCAPI / NVLink
Bandwidth 2.0
3X Cache vs. Intel 7-10x vs. Intel



IBM AC922 Power System: Cepsep ana rnybokoro obyyeHus

(KoHduUrypauma c 4 GPU)
0.5TB 0.5TB
Memory Memory
170GB/sEi K

Power 9 ﬁ Power 9
CPU CPU

NVLink V100 ‘ V100 V100 ‘ V100
150 GB/s | GPU GPU GPU GPU

e CPU-GPU nepepaya AaHHbIX bbicTpee B ~5 pa3
* [MoppeprkKka 6bonbwnx moaenem c bonbwMmm

Habopammn AaHHbIX



IBM ACS22 Power System vs

Xeon 2640

POWER9 with Tesla V100
3.8x Faster than x86 GPU servers

Large Model Support (LMS) Utilizes Fast CPU—GPU NVLink

Chainer c ucnonbsosaHnem LMS
Runtime of 1000 Iterations
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3.7X

aster
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Xeonx862&40 Pover LO92w/ & Tes b
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Caffe c ucnonb3osaHuem LMS
Runtime of 1000 Iterations
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Distributed Deep Learning (DDL)
CHUXKAET BPpeEMSA C Heaeb 40 YacoB

16 Days Down to 7 Hours: Near Ideal Scaling to 256 GPUs and Beyond
58x Faster
16 Days IBM Distributed Deep Learning Scaling Efficiency

256

~a—|deal Scaling
128

~&-—DDL Actual Scaling

95%

64 Efficiency w/
Qo 256 GPUs
5 32
8 16
a
-

4

2

1

4 16 64 256
7 Hours
Number of GPUs

1 System 64 Systems
17 ResNet-101, ImageNet-22K, Caffe with PowerAl DDL, Running on Minsky ($S822Lc) Power System



[Touemy PacnpeneneHHoe mybokoe ObyyeHne BaXHO?

Auto-drive

|Coonitive Manufactory

Medical Images

+ Distributed DL system

+ Large volume of real-time video/image data is too big

+ Low latency required from vision to action

* Privacy data is not allowed to move

.

Opportunity size

-

Training & Inference

-

Deep Learning,
preprocessing libs, pro-
processing

~

v,

A\
é

NoSQL
D8, Data
store

Container
cloud

]

“\

v,

7

A\

CPU server with
accelerator
(GPU/FPGA/ASKC)

Data

Trained
Model

o

Inference

s

\

Deep Learning,
preprocessing kbs, pro-
processing

7

\

NoSQL
DB

Container
cloud
branch

Trained

Cloud/Data Center

A\

CPU server with
accelerator
(GPU/FPGA/ASIC)

Model

[ —, —

Branch

>

Inference
[ Deep Learning,

~

preprocessing libs,
pro-processing

<
Embedded system with
FPGA/GPU/DSP/ASIC
v

@FIg
Edge



DDL: MOHUTOPWHT B peasibHOM BPEMEHU N PeKoMeHaaLUnm
Time Optimize Problems Analysis and Suggestion Learning Curves -

Trme Estimation early stop: exception found - im) alim) - Wst) a(ist)
(. N N N W | L_undedittingdetected | cusiaccuracy
Imin1ds I add more hidden layers | 3]

Iteration Eclipse sync_interval=20 25
Current lteration:2960 ’
15
1
0S8
PARAP AP WY A A A
0+ fer

0 360 720 1080 1440 1800 2160 2520 2830

Gradient hist comvl j m Weight hist convi j Optimize Activation hist convi j m

o hist - hist - e

1,500 1400~ 1,800,000
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10004 1,200,000

900 800 -
900,000

600 600 4
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e 2004 300.000
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PowerAl
Vision



[IaAatdoopma IBM PowerAl

IBM PowerAl Vision

“AsTOMaTU3aumA

MALLUHHOrO
obyueHusa ana re

U30bparkeHn u_, s
BUACO o e’

PpenmBopKM
rnybokoro obyyeHus

PowerAl Software Distribution

)
Deep Caffe &3 Caffe | | 1BMCaffe
Learning
Frameworks | 4 rensorfion theano L5
Supporting DIOITS OnenBLAS Owstributed Samst
Libraries Frameworks

.
‘.I()H?f“

L]

o

UHdpacTpyKTypa ann
Um

| | | | | | -

IBM Power System for HPC, with NVLink

Breakthrough performance for GPU accelerated applications,
including Deep Learning and Machine Learning.




B TUMMYHOM NpoeKTe MaMHHOIo 0OYy4YEHUA HYKHO
BbINOJIHUTb CeAyIoLlue Wwarn ana obyvyeHuna u

MCNO/Ib30BaHMA HEUPOHHOMN CETU

Pa3paboTke
Had4ano NPUNOXEHW!

enennTb MogroTtoBuTh Bbibop mogenu MoaroToska KoHdurypauuns
e - o Mpen P MOA - nnatopmbl s ObyueHune - YnakoBka 06y4eHHO

[aHHble angd HENpPOHHOM
obpaboTka ans mMoaenu monenu
obyyeHus ceTtn obyyeHuns
TeCcTupoBaHus

napaMmeTpoB

* Heobxoaum onbIT paboTbl C HEMPOHHBIMM CETAMM B TEXHONOTMAX Pacrno3HaBaHMA 06pa3oB (Hanpumep)
* Heobxoaum onbIT B NOCTPOEHUN NAaTGOPMbI 4711 NOAAEPKKM MALLMHHOIO 06y4YeHMsA KOPNopPaTUBHOIO

YPOBHA, BK/AKOYaA NOArOTOBKY AdHHDbIX, o6yqume 1 BblBO/, pe3y/1bTaTOB

LIMKNbl NOATOTOBKM HEMPOCETEBOM
Moaenun



TecTnpoBaHue Helﬁﬁ)HHOVI ceTtu
| | | |

I ST T T T

AT waru BbinonHawTcAa asTomatudeckmn B PowerAl Vision

Start 5

Onpegenu
- oo 3agaun - [aHHble
oby4eHus Aans
00yyeHus

3

[Mogrotos
UTb

PacnosHaBaHue

MoaroToBkKa
nnatpopmbl

Aana
TECTUPOBaHU

Bbibop
MoAenm

Korgurypaun - ObyyeHune YnakoBka

- A NapameTpoB
mogent

Mpep,
o0bpaboTka

0byyeHHON moaenu

HEWpPOHHOM
cetun

0byyeHus

a

- KaTteropuu « KoHBepTaums AaHHbIX * OcHoBHble Moaenu * Busyanusauusa * Paclumpsiemoctb
Ha3HavaloTcs «MNoanepxka Habopos Ana pasHbIxX npouecca 1 BbiCOKas
nonb3oBatenem 0byyeHnsa n nposepkn cueHapues obyuyeHus [OCTYMHOCTb

*YnpasneHue *[Nopgaepxka nnarMHoB *[porHo3 BpemeHu (napameTpsl,

Habopamu A YaLVIST=TRIVLS TOYHOCTb)
TECTOBbIX JaHHbIX * O6y4eHune c GPU

* PowerAl Vision aBTOMaTM3MpPYyET LUUK/Ibl MALLMHHOIO 0by4eHus ansa pa3paboTunmKos.
* TexHONorMm MaLLMHHOTO/rlybOoKOro 0by4eHMs y3Ke BCTPOEHbI B MPOAYKT.

B yem ueHHocTb PowerAl Vision?



[loouecc paboThbl

1. User will define the categones and upload

data set for new model training B
1 Sy b a o eoveny bevee — ——
.- » - AN - Tamd B bs vrape hbaale

=

4. Deploy trained model for integration via REST APIS.

Cramae Dol pner L Cumty e Yo
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F

3. Dash boarding with insights on time to train and accuracies
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Tvam Mvaion V0
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JloCTyMNHble TUMbl PaCNO3HaBaAHWA

Knaccudukauma nzobpaxkeHmnii Pacno3zHaBaHue 06beKTOB Ha PacnosHaBaHue 06bEKTOB Ha BUAEO
n3obpaxkeHuax

PaguccoH:
0.987

* [loaaeprMBaeTca pacno3HaBaHMe M300paXKeHNn U BUAEO

 [locTynHble MeToApl pacno3HaBaHuA: «Knaccudmrkaums

n306paxkeHnn» n «Pacno3HaBaHMe OOBHEKTOBY



BO3MOXKHOCTM: pa3meTKa 0ObeKTOB, 0Dy4eHMe,
pacrno3HaBaHMe

BblaeneHve nHTepecyoLwmx Pe3ynbTaThbl: TUMbl OOBEKTOB, UX
0BbEKTOB Ha BUAEO KO/INYECTBO W PaCno/IoKeHNe Ha BUAEO

Step ) Tell PowerAl Vision what a trolley looks like

e

T e
!I > i . -

a'n
ObyueHune \

: |
. Mogen
# "

'l'

PazmeTka 00LeKTOB, 0Oy|4€eHMe 1 pacrno3HaBaH/e Ha BUOEO.

CneumanbHbIM MHTepdelic NO3BOSAET pa3smeyaThb AaHHble AN 00y4YeHUs HeNnocPeaCTBeHHO Ha
BUOEO.



Please Confim

Please Confirm R e

You have selected 10 start preprocessor of car detection. This action will detect car
pciure 10 create a new dataset Piease confem

Cancel Stan Preprocess

o St Myeprxcew

» [lpegobpaboTka U NnonyaBToMaTUyecKas pasmeTka: VIcnonbayoTcs
NHTENNEKTYyarbHble anropuTMbl 45151 MTOMOLLUM B pa3MeTke BUAEO (yckopsieT

pa3MeTKy gaHHbIX B 10x, 100X, ...)

» Transfer Learning : O0y4yeHne BO3MOXHO Aaxe Ha HebonbLUMX Habopax AaHHbIX.
YckopsieT oby4eHre 1 yrnpoLlaeT NpoLecc NOAroTOBKN AaHHbIX.

BCTOOEHHbIE BO3MOXXHOCTU



Bo3MoOXHOCTN: 0Oy4eHune

’ y”paB“eH“e6HeCK°“b"”M“ = PasHble cTparterum obyyeHus:
3afia4aMn OLYHEHUA «precise first», «speed first», u

— «customized configuration»
i Training Strategy: Precise First |~
= PacyeT oxvaaemoro o O'Ec'gzygg"'agmz
BpEMEHU 0BYyUeHUs poul y
Create Task Confirm
LI T—

= ABTOMaTU4yecKasi KOHBEpPTauu4,
KOMMUNAUnUA 1N 3arpy3ka O6y‘-IeHHbIX

mogenen Ha FPGA yctponctea




PowerAl Inference Engine (AccDNN):
ABTOMaTH4yeckoe nporpammupoBaHue DL akcenepatopos

ABTOMaTUUYECKUN NepeHOoC 0byuyeHHbIX Mogenen Ha KOHeuHble (edge) ycTpoicTsa

ObyuyeHHana mogenb Caffe CNN B8 LLO/

Net Model File

layers

"data" ..

layers

"conv" ...

"loss"

layers { name:

.}

Soft-max

PowerAl Inference
Engine tool

but-pann ans FPGA yctpoincTs

O

KoMmnunauuna

FPGABit File

Net.bit

KOHBepTauuna 3arpyska

FPGA

Verilog File Execution

~input module—

conv conv_instance(...)
pool pool_instance(...)
..more layers

loss loss_instance(...)
o ol

(Xilllinx)



CueHapuu
MCMOAb3OBOHMUA



CueHapum Ncnonb3oBaHUA: YNpaBaeHne ropoackMm ABUKEHNEM

* MOHUTOPUHT NeLwwexoaHbIX Nepexoaos
* [lenapTamMeHT ynpas/ieHUA TPAHCNOPTOM B KuTae
* PeweHune pabotaet Ha PowerAl Vision



CueHapum ncnonb3oBaHUA: MOHUTOPUHT MAPKOBOYHbLIX MECT

* MOHUTOPUHT CTATyCa NAPKOBOYHbIX MECT C UCMO/Ib30BaHNEM
BUAEO aHaNnTUKM n PowerAl Vision



CueHapum NCNosib30BaHMNA: TPEKUHT aBTOMODKUNEN.

* TpeKUHr aBTOMOOUNEN MEXKAY KaMmepaMm



CueHapuu ncnonb3oBaHma: Pacno3HaBaHne moaenen

 [leMOHCTpaumMa pacno3HaBaHUA moaenen aBTomobunen



CueHapum UCcnoNb3oBaHMUA: TexHWKa Bes3onacHoCTH

° KOHTpOI’Ib MCMNOJZIb30BaHUA CpEACTB MH,EI,MBM,D,yaJ'IbHOlz

3awunTbl (CU3). Pacno3HaBaHue popmbl COTPYAHMUKA.




[Tpouecc 0bpaboTKkM cLeHapus

Additional
models

video

video

(database
with tags
include

Reporting/API



Pabo4ynin NOTOK Ha YPOBHE MHPPACTPYKTYPHbIX eANHUL,

Mnaowaakun passepTbiBaHUA JaraueHTp
‘ ch Habop l
ch obyyarouw N
ch ux 0aHHbIX
Pazeepmeuisarue ( F Fpynna
. Ch NOATOTOBKM
Helipocemegbix
. — é obyyatowmx
sudeonomok Habopos
gudeonomo LaHHbIX
_ (XX _
Mnardpopma Mnardpopma

pacn BaHUA pacno3HaBaHUA NoX Aoobyuenue

Helipocemesol

Nel X modeneli
KoHconb
Koncone - cobbiTUi
cobbiTHi 4

- O6pabomaHHoe sud

- [lpedynpexdeHus; UNdeHmugurkayu

- Kaodp c uHyudeHmom; 7

- um.n.. donoaHumMenbH
bIX CUeHapues
acrno3HasaHus
KoHconb

cobbliTUi




CueHapum ncnonb3oBaHusa: OnpeaeneHme CTUAA o4exKabl

Result

casual’ 0.996

"l

* Pacno3HaBaHue cTunen oaexabl. Popmbl ogexKabl
(cneu. ogexabl) COTPYAHUKOB.



CueHapun Ucnoab3oBaHMA: Pacno3HaBaHMe 0ObeKTOB Ha
BME0 C APOHOB

 PacnosHaBaHue cTunein ogexabl. Popmbl ogexabl
(cney. oaexAabl) COTPYAHUKOB.



CueHapuu ncnonb3oBaHUA: Putenn

Putenn Wallmart, npoekt Ha PowerAl Vision.

 [lpepoTBpalleHne NPOHOCA TOBAPOB MUMO
CKaHepa, NO0XHOro CKaHMpPOBaHUA



CueHapum ncnosib3oBaHUA: Putenn

Putenn Wallmart, npoekt Ha PowerAl Vision.

 PacnosHaBaHWe HeNPaBWU/IbHOW PacKaaaKu
TOBapoOB



CueHapum ncnonb3oBaHua: OLeHKa KavyecTBa NPOoAYKLNM




SYSTEMS

LAB SERVICES



