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1. ATanbl 3BonwUuN. 3agadm moaenupoBaHus




Konrad Zuse

SISD<

Z1 (V1 - Versuchsmodell-1)

FMeXaHHKAa
JaAMIIbI

Tpansucrop Ge+Si

\CBUC, L 1Ip SI

MIMD{

?MIMD/SIMD{

?1

Si+Ph

100

103 kilo
10% mega
10° giga
102 tera
10% peta
1018 exa
1021 zetta

1938
1950
1960
1980-1990
1996-2000
2007-2010
2018-2020
2025

1024 yotta 211
1027 xona
103° weka
1033 vunda
1036 uda
1039 treda
1042 sorta
10%° rinta
10%8 quexa
10°! pepta
10°* ocha
10°7 nena
1050 minga
1063 luma
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Tpe6yeM blé 3HaA4YeHUNA Nnpomn3BoaunTesSiIbHOCTHU

Oobs1acTh NIPpUMEHEeHU S % 2015 rox 2018 ron
ATOMHASI JHEPreTUKa 1 Hﬁ.ﬂonc 100 Idaonc 10-20 I¢duionc
BbICOKOTEXHOJIOTMYHbIE OTPACJIH
MPOMBIIIJIEHHOCTH:

- aBHA-, CyI0CTPOCHHUE 0.3 IIdaronc 3 Il¢paonc 1 I¢aonc

- AaBTOMOOMJIECTPOEHHUE 1 IIdromce 0.5 9¢uronc

- KOCMHU4€eCKasi 0TPaC/Ib 2 Ilpaonc 1 I¢aonc

Hedrerazosnie orpacin 100 IIparonc 1-10 I¢aonc

HoBble MaTepuaJibl HA 0CHOBE HAHOTEXHOJIOT U 100 Mdaonc 1-10 Dpronc

buorexHoaoruu m 10 Iduromce 1-2 Ddaronc
e NCcTOYHUK [1]
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POCCUNCKNIN OEAEPANBHBIN SAEPHBIN LEHTP

CTWTY T SRGTIEPYNERS AT PR3V ROV eV R

2. ApXUTEKTYpHbIe bapbepbl
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'MbpugHaa apxutektypa MIMD-SIMD

@ MIMD - Multiple Instructions Multiple Data l
@ SIMD - Single Instruction Multiple Data l

MIMD
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MIMD SIMD

A

NCTOYHUK [3-5]

T m ~p -[12-13] 9




-
-t

POCCUWCKUMA OEQEPANBHBIN AAEPHBIA LEHTP. 8
BCEPOCCUNCKNIA HAYYHO MCCIEAOBATENBCKNN MHCTATYI SRKCHERVIMER Y ATIBHIY ROV SRV

1(2)3 4 5

OueHkKu npou3sBoaAUTENIbHOCTU U MOLLHOCTU

MIMD/SIMD

ZETTAFLOPS

PETAFLOPS

2019 2022

McTouHuUK [6]




POCCUNCKMN SEAEPANBHBIN SANEPHbLIN UEHTP
. BCEPOCCUICKUN HAYYHO-MCCNEAOBATENLCKUN UHCTUTYT SHCTEPINER AT RGBT
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3. KcadpnonHble NMPOEeKThbl




POCCUNCKNN ®EAEPANBHBIN SAEPHBIV LEHTP.

CEPOCCUNCKNN HAYHHOMCC

SkcadnonHbie npoekTbl 1 2 (3) 4 5

JIEAOBATESIBCKNW VIH CAV 1Y 4 RG4S EFVINI 33 859§ 51 L9V ROV BV RV}

CIIA EBpocoro3 Kurai Snonust
MaccupoBanHasi puHaHCOBasI IIsiTHIeTHHE TUIAHBI TIO
NO/IeP:KKA MPaBUTEIbCTBA Yepe3 EBpokomiccust, mporpammel Pa3BUTHIO CYyNEPKOMITBIOTEHOT
DOE (60ee 100 mian.$/rox); el e HHAYCTPHH KaK Ha 3apy0e:KHOM
DOD DARPA ( eCHTl.(I/I M.?Il; $/ron); HAIHOHABHDIC Tal):);l c£6CTBeHHOﬁ 3eryMeHTHOI7; MEXT
A AR NPOrpamMMbl, YHHBEPCUTETHI H 1,38 mapa. $
NSF, BY3b1 gecsaitkn min.$/rox; R — 0ase. 02020 1
Bcero Ha uccienopanus 6e3 AYCTPRL. OTkpbITas YacTh A )
Toabko ETP — 700 man.€ no
CTOMMOCTH MAIIMH 0K010 150 2020 roxa ¢unancuposanusi — 60-70 muaH.$
miH.$/rox B Ioj
20 Mdonc: Sequoia, Titan PizDaint — 8 IldJionc Tianhe-2 — 54 I gaonc K-Computer
1-10 10 Mdaronc: Mira, Blue Waters, JUQUEEN - 6 Ildaonc Tianhe-1 -5 I¢uonc - 10 M paonc
e Stampede SuperMUC - 3 Ilduronc ... B03M0KHO eCTh CEKpeTHbIE TSUBAMEZ2/5
JIOTIC »
5 l¢aonc: Vulcan u .1 Ha nauaso 2014 r. — MPOEKTHI -6 Maomc
d e 14 meTadIONHEIX cHCTeM 2012-2014 rr. 2012-2014 rr.
DOE Exascale Initiative 2015-2020 - HecKOoJbKO 2015-2020 ror. HeckombKo CHCTEMBI
100 2016-17 r.r. — 30-50 Ildromnc IKCIEPUMEHTATbHBIX cymepdBM 5-10 meraduionnoii | mpomexy-
2018-19 r.r. — 100-300 Ironc cynepdBM ot 10 [Iionc 1 | IPOM3BOAMTEILHOCTH, XOTH ObI | TOYHOIM
Hpaone 2020-21 r.r. — >500 I¢oonc BBIIIIE onna 50-100 Iaronce IDOM B0,
E Bromxker: 615 mun. $ TeJIbHOCTH
CTh H IPYrHe MPOEKThI
2022 r.r. — HeckoJbKO cynepdBM ¢ 20201
1000 [mpou3BOAMTEJBLHOCTHIO CBBILIE 2020 r. - 1-10 E—)Kca i 2020 r.
I daonc |1 Iduionc, ecTh YaCTHbIE NPOEKTHI € | eBponeiickuii Ikcaduionc 1 Dkcadurone

0oJ1ce pAHHMMH CPOKAMH

B1omxer: HenM3BecTeH

MHoro4ucjeHHble MEKIYHAPOAHBbIC MPOCKTHI IO CO3AHUI0 CHCTEMHOI'0 M MPUKJIATHOTO I1O pas cucrem 3KC3(l)JIOHHOF0

Kiacca ¢ yuacruem CIIIA, crpan EBpocoro3a, Simonnu, Kurasi, Poccun (IESP, G8 exascale, CRESTA u apyrue)

CoBMecCTHO ¢
DOE US
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Exascale Computing Initiative Timeline
System Perspective

Performance
(FLOPS) I I ‘ |

Exascale

Exascale

System
500 - 1,000 PFf— ' ' | Acquisition

100 — 300 PF , System
Acquisition

System
|

| Acquisition
aurst—— A

|
BUﬁer Exagcale Software Techiology: Projramming Efivironment, OS & Runtimes

Integration Regearch,
Design Forward | Developmept “rototype Build Phase
| and Engipcering Phase

30 - 50 PF

Fast Forward ‘ Path Forward Phase

| 2019 = 2020 | 2021 | 2022 @ 2023

2012 | 2013 | 2014 2015 @ 2016 2017 @ 2018

NCTOYHMK [14]
13




POCCUNCKNIN OEAEPANBHBIN SOAEPHBIN LEHTP

wous BCEPOCCUNCKUIM HAYYHO MCCNEAOBATENBCKUN MHCTY

IBM’s Systems Roadmap

One ExaFlop

/ Target 2018
“Goals:

Exploit new technologies: PCM, photonics, 3DP

®
= Three orders of magnitude performance in 10 years
© Push state of the art in Power efficiency, scalability,
E S 300 Petaflops and reliability

—

L AP Pegasus based Enable unprecedented application capability

@

o

/ Target 2015
Blue Gene/Q

(Power architecture) Goals:
Scales 50PF Converge HPC architecmral and development streams

Blue gene experience and design philosophy plus
77 1 PER Pegasus/P8 family
(Power architecture) “Natural” successor to PERCS and BG/Q
SCaAs SRS Lay the ground work for ExaFlop |
Address many of he pawer efficiency, reliability and
Target Avail: 2011 technology challenges = Collaboration of JSC and IBM on the development
: of hardware and software technologies for Exascale
computing

+ Goal: Enabling an Exascale system in Jilich around
Goals: 2020

Mission driven partnership with DOE/NNSA/OoS « Distributed team at JSC and at the German IBM
Push state of the art scaleable systems by >10x FasSIITIab)fis SO0,

2011 2015 2018
Cpoxku DOE 7




POCCUNCKNIN OEAEPANIBHBIN SAEPHBIV LIEHTP

@
I T — " — = 36 “Cell” 3-D chip
7] , =  Silicon photonics layer integrated
§ e with high performance logic and
S N memory layers
——
g_ i * Layers separately optimized for
-t performance and yield

——

Photonic Plane .
Memory-Plane

-, = NS0

Logic Plane
Photonic layer not only

Logic plane ~300 cores, ~5TF connects the multiple cores,
(36 “supercores®) but also routes the traffic

Memory plane  ~30GB eDRAM :
Photonic plane  On-Chip Optical Network R el o G
>20 Tbps (bidirectional) optical on-chip
(between supercores)
>20 Tbps optical off-chip

BCEPOCCUUCKMIN HAYYHO MCCHENOBATENBCKNN UHCTUTY I SRCHEPYNER 1 K 2 @ 4 5
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POCCUNCKNN OEAEPANIBHBIN SAEPHBINA LEHTP :
oot BCEPOCCUNCKUM HAYHHOMCCHEAOBATEﬂbCKHﬁ WH "j‘,}f/ﬁ:),’:,n PALZEr

Cray-ORNL

An NVIDIA ExaScale Machine in 2017

12@45

* 2017 GPU Node — 300W
— 2,400 throught put cores (7,200 FPUSs),
16 CPUs — single chip
— 40TFLOPS (SP) 13TFLOPS (DP)
— Deep, explicit on-chip storage hierarchy
— Fast communication and synchronization
* Node Memory
— 128GB DRAM, 2TB/s bandwidth
— 512GB Phase-change/Flash
for checkpoint and scratch
e Cabinet — 100kW
— 384 Nodes — 15,7PFLOPS (SP), 50TB DRAM
— Dragonfly network — 1TB/s per node bandwidth
e System — 10MW
—128 Cabinets — 2EFLOPS (SP), 6,4PB DRAM
— Dragonfly network with active optical links
* RAS
— ECC on all memory and links
— Option to pair cores for self-checking
(or use application-level checking)
— Fast local checkpoint

=

|Leadership system for

OLCF-3: 10-20 PF
Leadership system with
some HPCS technology

cTouHuK [6]

-

OLCF-4: 100-250 PF
based on DARPA

OLCF-5: 1EF

HPCS technology
2015 2618
2017 2022
Titan Cray

21900 (2700/19200) Tuorc
18688 MIMD/SIMD mnporieccopos
~3-10°/2.8-10" snep

8,6 MBT
200 croek (45 xBT)

[Ipoueccop
16/1536 sinep
7 =141/10271 ¢hnonc

NcToYHKK [7]
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POCCHICKAN GEAEPANHEIA SAEPHBIA LIEHTP Barsrs N
BCEPOCCUACKAN HAYYHO MCCTENOBATENBCKAN MHCTUTY T oRCTIERIEIN [N @ 4 5

EU ExaScale ETP4HPC

2017

2016

YEAR 2012 2013 2015

Definition of ETPAHPC
Strategic Research Agenda

Futting in place the First demonstration of Demonstration of
coordination and the first technologias dewvaloped: technologies developed:
actions in relation with the energy efficient system, exascale system based on
SRA (potential FPF) scalable 1O system, new APls, s, European technologies,
programming models, HPC broad HPC market solutions
usage models... with high usability and energy
l efficiency,...

Prototypes of disruptive
technologies: hardware

or software prototypes to
develop the technology and

user ecosysiem

First phase of the European HFC Second phase of the European
technologies development HFC technologies development

EBponenckan TexHornornyeckaa nnardopma ans

BbICOKONpou3BoanTenbHbIX Bbluncrnenmnn — 2014-2020 700 muaH.€

17
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EU ExaScale HORIZON 2020

Scope of the PPP

Access to best HPC for
industry and academia
(PRACE)

EU development of Exascale
technologies

ET/HPC

+ specifications of exascate
prototypes

« technological optigns for

future systems

Excellent Science
e-infrastructures

« Collaboration of HPC
Supercomputing Centres and
application CoEs

» identify applicatioAs for co-
design of exasc#le systems

« Innovative méthods and
algorithmsAor extreme
paralleljgm of
tradiibnal/emerging
apglications

« provision of HPC capabilities
and expertise

Excellence in HPC
applications
(Centres of Excellence)

« Users identification of
computational needs

Excellent Science " * %,
e-infrastructures P '
11 4 . 4

- _— “1—‘__ ;;‘
e . b 10
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POCCUIMCKNN GELEPANBLHBIN SAEPHBIA LIEHTP o —
| . IHCTUTYE RCHERVNEE G [ @ 4 5
Japan’s Future Exascale System

: . Architecture: general-purpose plus accelerator components
Basic design for GP & Accelerator -
® Target perf f 1 Exaflo ti rful

components and thorough review ° -
r the svatem soecificatién Bower consumption of 30-40MW (cf, K computer; 12.7 MW)

!Qﬂ[ Q[ i i : 2[“8 :

L2013 3””{&% Im ____ A0 ..QZQ" ________ C anpensa 2014 roga ANOHCKUM
: i Trial Production : :  Installation : muHuctepcteom MEXT

System | Hasic Design | Detailed Deki Manufacture, 400, QRCTIOD domHancupyercs FLAGSHIP 2020

________________________ S I f | - Project
. . E : - --%’ OOOOOOOO 1 -------------------------- - ............ j ............
Continuous Development of HPCI B cenTtsnbpe 2014 r.
(High Performance Computing Infrastructure \ ucnonHuTenem npoekra BbiGpana
cdupma FUJITSU

Continuous Development of

T 1 mputer
i \/
100P |- ' Raise the Level of

Low-end
Supercomputers

WicTouHuk [15]
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Japan's Future Exc?ale System

PACS-G: a straw man architecture . archit: re compute oriented a N-bod d stencil a
« 4096 cores (64x64), 2FMA@1GHz, 4GFiops x 4096 = 16TFlops/chip

= 2D mesh (+ broadcast/reduction) on-chip network for stencil apps.

« Weexpect 10nm technology available in the range of year 2018-2020,
Chip-dai size: 20mm x 20mm

= Mainly working on on-chip memory (size 512 MB/chip, 128KB/core),
and,

POCCMﬂCKMﬂ QEﬂEPAﬂbeWI ANEPHBIN LlEHTP

« A group of 1024~2048 chips are connected via
accelerator network (inter-chip network)

= 25 ~ 50Gpbs/link for inter-chip: If we extend 2-
D mesh network to the (2D-mesh) external net
work in a group, we need 200~400GB/s (= 32
ch. x 25~50Gbps x 2(bi-direction))=too much!

« For 50Gpbs data transfer, we may need direct o 'Heﬁ“&?sﬁ’éf/ffﬁﬁg DRAM L f e i | EAER
ptical Interconnect from chip. memory via 2.50 TSV), < T 7
» 1/O Interface to Host: PCI Express Gen 4 x16 _ bandwidth 1TB/s, {};‘L il sl ey
(not enoughl") ‘ size 16-32GB/chip " + + 5 +
(block access only, no random access) i 47 W [l N A
l wh et me g E & 2 &
3 ;1 1 i | —.
_' I I_ - « No external memory (DIM/DDR) EE FEd dd md w o
S I = oo e b
| - 1a ‘ | « 250 W/Chip expect:ed !! b 4 s 44 s 44 e 4
A 64K chips for 1 EFLOPS (at peak s 1 ]  valey
_ ettt B B () e )
| N " : ‘_‘ HBM (3D-stack) with 2,50 TSV (wide 10) [’
Interconnect between chips (20 mesh)

e :,3{.
R— — |/|CTO‘-IHVIK [15]_ y
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POCCUNCKNIN OEAEPANBHBIN SOAEPHBIN LEHTP ;:_ i S
BCEPOCCUWCKUN HAYYHOMCCNEQOBATENBCKUN VBCINIYS SRCHEPYNER 1 ' 2

China Exascale Plans

e 12th 5-year Plan (2011-15)

— Several petascale HPCs

* E..g. Chinese Academy of
Sciences — 10PF (CNY 700mil)

* Godson Processor R&D?
— At least one 50-100 PFLOPS

— Budget: CNY 4 Billions ‘China National Grid (CNGrid)

* MOST: 60%, Local Government:
40%

 13th 5-year Plan (2016-20) s N
— 1~10 ExaFLOPS HPC i
— Budget: unknown yet

ESESEIES

Godson-3B

21




POCCUWCKNAN OEAEPANBHBIA SAEPHBIM LEHTP. 8 =
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OOwune acnekTbl 3KCaPrIONHbIX MPOEKTOB:

» UeHTpanusauuna, duHaHCUpoBaHMe rocyaapcTBeHHbIMU
UHCTUTYTaMM. «YHacTHble» NPOEKTLI - YyacTb
rocyaapCTBEHHbIX.

» MopgepHusaums npoOMbIWSIEHHOCTU (MPOEKTHble HOPMbI
anemMeHTHou 6a3bl 10-20 HM, ONTUYECKMUE KOMMOHEHTbI).

> Pa3paboTka npuHUMNUNANBHO HOBbLIX apPXUTEKTYPbl U
cpenocTB MaTeMaTUyecKoro mopgenupoBaHuA (CUCTEMHOe

MO, npuknagHoe O, husnyeckne moaenmn).
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4. NMpobnemMbl U NPUHLUNbI CO34aHUS

akcadnonHbIX cynep-9BM
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POCCUNCKNIN OEAEPANBHBIN SOAEPHBIN LEHTP
BCEPOCCUNCKUIM HAYYHO MCCNEAOBATENBCKUN MHCTY

BbluucnurenbHbIN

MIMD/SIMD

npoueccop

1

guEEEg,
PR 3 b,

*

~ MIMD SIMD **
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Ctounka
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ATBHEY EEURA

1 2 3

YpoBHM napannenusma

¢‘ ’0
'...... “‘ ‘QO
1 2 3
q (um.a0ep) | (100-200)/(1000-2000) | (103-2x103)/(10%-2x10%) 105/106 107/108
7 (Thnonc) (1-2)/(10-20) (16-32)/(160-256) (1,6-3,2)x10%/(1,6-2,5)x10* | (1,6-3,2)x105/(1,6-2,5)x106
V (T5lc) ~1=0,060 (21-18) 0,060x16x16=15 0,06x8x16x100=768
Vi (T5IC) 0,060=(0,005x12) 0,060%x16=0,960 0,06x16x100=96
I (r) 0,1 2,0 20
C wml L. o 4x105/432 1,5%x108/3x103 3x106/62x103

—
P
ol

@ s

Cucrtema




POCCUNCKMN OEAEPANBHBIN SAEPHBIV LEHTP v ‘_" R -
BCEPOCCUWCKUN HAY‘JHO—MCCHEHOBATEHBCKHﬁ VHCTUTYI SRGHEPVNER 1 2 3 @ 5

MHx(eHepHaﬂ MchpaCprKTypa

Cartridge Tape
Library System

Interconnection
8§ Network Cabinets
™

Processor Node .
. 8 Cabinets 0

| Double Floor

for PN-IN Cables

|
Power Supply System

Air Conditioning System

IIpousBoauTeb- Ilena 3neprumn 3;’29'1::1“
HOCTH CHCTEM, MIMD/SIMD, P
Iaonc MJIH pyo MIMD,
pyo. MJIH pYyo.
. 65 97,2 162
2014 rox '
100
2017 rox 145 162 810
1000
2020 rox ~ 648 3241
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1 2 3(4)5

Mpobnembl cozgaHnsA akcadonHbIX TEXHONOMMM

NMpobGnembi CpeacTtBa peweHuUs RAELTIS D
pe3ynbraTt
3OOEKTUBHOE - IapaJuIMbl apaUIeIN3Ma;
3AJIEICTBOBAHUE - CO37JaHHE YUCIIEHHBIX METOIOB; O} PexTUBHOCTD
108-10° sizep - APXHTEKTYPHOE MACINTAOHPOBAHME MCIIOJIL30BAHUS
3¢ eKTHBHOCTH, cynepOBM He meHee
(poct CTIT)%%HTO%%pOaHHeHMMa - BBINOJIHEHHE 0aaHca MEXIy CKOPOCTBIO IEpeaadn 50%
° ) pas) MHGOPMALUK ¥ IPOU3BOAUTENLHOCTHIO CHCTEMBI.
I[Ipy cTaHIAPTHBIX MOAXOAAX: agz:xilievl:)nceonggiﬁgﬁE?ﬁ;:g;;ﬂ:;fnrnﬁpnnﬂmx 3HCpFOHOT3p]§§j[I.eHI/IC
SHEPTOIOTPEBJIEHUE 100MBr | ARAGMeTHYECKHMH YCKODUTeNsIMM; 10.90 MBr-
KOHCTPYKTUBHBIE 550100 pans OO P roMOTpeOeHIL KOHCTPYKTHBHEIE
IIAPAMETPBI -IIPOCKTHBIC HOPMBI DIIEMEHTHOM 0a3bl 15 20HM; napameTpsl cynep3BM:

~2000-3000 croex

-IOBBIIICHUE KOd(PHUIMEHTa TEIII000MEHa B 5 pa3

100-200 cToek.

HAJEXHOCTD

HapaboTka Ha oTka3 O (MUH)

- PEKYPCHBHO€ TOIIOJIOIHYECKOE PE3EPBUPOBAHNE,

- POEKTHBIE HOPMBI AIeMEHTHOM 0a3bl 15 20HM; pocT
IJIOTHOCTH KOMITIOHOBKHM 311eMeHTOB B 10000 pas.

Bpewms 6e30TkazHoM
paboThI Cpeb
cynep23BM 6Gonee 24
4acoB
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POCCUNCKNI EAEPANBHBIA SAEPHBIN LEHTP | —eL
BCEPOCCUICKUIA HAYYHO MCCEAOBATENBCKUN UHBCTUTYI SRGTIEPYERSATIDH3Y ROV

1 2 3(4)5

* Top 10 Challenges to Exascale

2 v 1. Energy efficiency: 2 v 6. Data management:
- Creating more energy efficient circuit, » Creating data management software that can
power, and cooling technologies. handle the volume, velocity and diversity of

data that is anticipated.
Vv 2. Interconnect technology: ata that is anticipate

- Increasing the performance and energy \ 7. Exascale Algoritth:

efficiency of data movement. > Reformulating science problems and
refactoring their solution algorithms for
? 3. Memory Technology: exascale systems.
- Integrating advanced memory - .
technologies to improve both capacity \ 8. Algonthms for dlscovery’
and bandwidth. design, and decision:
V 4. Scalable System Software: »  Facilitating mathematical optimization and

uncertainty quantification for exascale
discovery, design, and decision making.

V 9. Resilience and correctness:

e Ensuring correct scientific computation in
face of faults, reproducibility, and algorithm
verification challenges.

V 10. Scientific productivity:

- Developing scalable system software that
is power and resilience aware.

? V 5. Programming systems:

- Inventing new programming
environments that express massive
parallelism, data locality, and resilience

‘ TOp Ten Exascale > Increasing the productivity of computational

1 ;) Research Challenges scientists with new software engineering

tools and environments.

» Unless researcher productivity increases, the
time to solution may be dominated by
application development, not computation.

V — peanusyemo B Poccuun
? — He peanusyemo B Poccum
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ETP4HPC npuopumemHsbie uccrie0oeaHus

HPC System
Architecture
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Programming Energy and
Environment Resiliency

Balanes Compute,

/O and Storage
Performance

Big Dala and HPC
Usage Modeis

Parallel
Eneigy and Operating Programmi Cocling and | HPC as an
?V power system (OS) %ls and"g Vv Enargy Hevse Q |ateriaces \% Instrument
Languages
A . Cnergy-eficent .
" Memory and nhnmn:‘f“ ‘Runhn':, vV design ol Sorage HP% !.r:; Big
. slorage : SPROF compuzet Hierarchy V
. Sysiem : v
Cluster Debugging and 2 ndustria’ Use
2V Interconnacts management corracinoss 5] zoﬂr;wgg m \V} o HPC as a
software (CM) ({DC) Optimzztion Commedity
Resource
e Fnergy- The Usa of
vV mmﬁcyy man Iont;em ibraries/ V 'Em_“ Ié?ms em vV HPGC in Cloud
i =,
schaduling L) Igorithms Znvironments
S Performance Resilience and NErconnects Very Large
Eatisnce ? V' Tocls(PT) AS and Networks Volume
: istributed,
\ E"xamsc.?“e Streaming
architocture Data and
No=y Data
New HPC
Workloads
V — peanusyemo B Poccuun - £
? — He peanusyemo B Poccumn * .
*
I ETP 4 HPC
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POCCUNCKMN OEAEPANBHBIN SAEPHBIV LEHTP .
BCEPOCCUNCKUN HAYYHO WCCNEANOBATENBCKUN MHCTUTVI SRCIIEPVNER

ApXUTEKTYpHOe MacluTabupoBaHmne 3heKTUBHOCTH

'MOpnaHble peKkoHdUrypmpyemblie CTPYKTYpPbI

YpoBeHb 1 { K
p Kq,l A Kl,r Tq,l A Tl,r
8,2 I e
Kgi
/.
6 —
/
K, =502 /:/ ~
N 4 ~ Kl,r
Koy =36 3,2 ____774‘_{ ________________________________
130
MIMD SIMD 2 . |
Ilapamempwl npoyecca ¢ P | ‘ | P
0 >
IKcnepumenm ) ) A 6 q,r
Pasmeprnocms 55x55x55 Ty =127c T, =183
_ T,=170¢  T,=303c
L=206 Lo o-Tu 031 e ¥
T,=707c ° .
T, =28¢ Ky =23 p= —(1_ o)y =5,67
s MICTO4HNK [8] g

e —




POCCUNCKNINA ©EAEPANBHBIN SAEPHBIN LIEHTP - — s
BCEPOCCUICKMA HAYYHO MCCTIENOBATENLCKNN MHCTUTVIORCTIERUNERE 1.2.3 @ o
DXUTEKTYpHOEe MmacLuTabupoBaHue 3ppeKTMBHOCTH
MuHuMmusauma anutenbHOCTEU OOMEHOB
[lekoMno3uuua u pacnpenerieHme npoLeccoB

3HayeHus npon3BoaAnNTENIbHOCTHA

R

YPOBHVI 2,3,4 Ha NPB 3.2 LU
Kaace C
Homepa
noanpotLeccos P i T . KonuuyecTtBo BapumaHnT 1 BapwuaHT 2
A/ < f ?,- - b @m@ 5 agep Mop/s Mop/s
/ A/ O B 128 97072 95398
| [ /|/| | [ P it
2/ ., 256 177953 152613
| % , d M-S 512 283926 164283
0123 4 5 6|7 . 5 p"l@@@ 7.1 300000
89,1011 112/13/14/15 - IR 7
\VJ o R, Y GO . L G
; D 'E 250000
2 3 10 11 % {2 16 ."B:n 3
o / ______ . S - 200000

16 17 24 25
150000

18 19 26 E\ / 100000

7 SO000

Homepa M3
Homepa 0

BM 3D gekomMno3nuus

Mop/s total

i i
1 g 16 3z & 125 256 51z

BapuaHT 1 —g— Pa3MELLEH/E NPOLECCOB COMMACcHO
CTPYKTYpe CBsi3eii CUCTeMbI

BapuaHTt 2 =8= nocregoBaTtefnbHOe pasmelleHne
npoLieccos

PesynbrtaTt — yckopeHue B 1,73 pasa Ha 512 agpax

R NCTOYHUK [_Ql 30
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S POCCUNCKINIA OEQEPANIBHBIN SAEPHBIN LEHTP i ' 1 2 3 | 5 B
oo BCEPOCCUWCKUM HAYYHO-MCCNEOOBATENBCKUN HHCTM Iy ,),'s,n__,a,lu]_.rj e b SV -
Tonornorn4yec pe3epBUpOBaHUE

BepoATHOCTbL BbINOSIHEHUA npoLecca
YpoBHU 1, 2, 3
.

P 1-
09

P(T'}) npu I=1
P(I'}) npu I=4
/

08

0,7
06

05

04

03

0.2 N —

0,1

10 100 1000 t, wac
T=10000 uac

PesepBunpoBaHue 3

_/—
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Py W e e 1 2 3(4) 5
MACLLITAEI/IPYEMAFI—CTSKCTPAI'IOJ'IFILI,VIOHHAFI
NNATO®OPMA 3KCADNOMHOU CYNEP-2BM

- OWHaMuyeckast  aganTUpPYyeMOCTb  apXUTEKTYpbl K OCODEHHOCTSM
NCMOJSIHAEMOW Nporpammbl;

- KOMMJeKec nporpaMmmMmHo-anmnapaTHbIX cpeacTs OTKa30yCTOMNYMBOIo
MacLTabmnpoBaHusa aPdHEKTUBHOCTMN,

- cpeactBa  npedckasaHusi napameTtpoB  cynep-OBM  akcadpnoncHom
NPOU3BOANTENLHOCTU, MOSIYYEHHOM MacliTabupoBaHMeM 3ToM nMnatdopMmbl

NPUMEHUTENBHO K 3TanoHHOMY Habopy NPUKNaAHbIX NporpamMmM,
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POCCUNCKMN OEAEPANBHBIN SAEPHBIV LIEHTP | — g g
wons BCEPOCCUNCKUM HAYYHO MCCHEAOBATENBCKUN UHCTUTY T SRGTIEP N ER S ATIDR 3V B0V BY R

1 2 3 4(5)

5. OXXngaemble pe3ynbraThl




POCCUNC MA DE] L,A,JJ,J:L,JA Juzm_.xnf 1 2 3 4
BCEPOCCUMCKMIA HAYYHO HC 1]:,'.59..:4!...”_;44 W MHCTU TV ORGIERVIE A
SHauenus napameTpoB cynep-38M
Iapametp 2014 r. 2017 . 2020 r. "
IIukoBas npoussoaurteasHocts MIMD/SIMD, 10 100 1000
Iaonc
(1,0+9,0) (10+90) (100+900)
KosunuectBo MIMD/SIMD sinep, mr 10%/4,5-10° 108/107 107/108
1625 4300 19000
IHoTpedasiemas MmomHocTh, KBT
(500+1125) (2500+1800) (10000+9000)
EmMkocTh oneparuBHoil namsty, I16aiiT 0,5-1,0 2-4 30-40
IIpousBogureabHoctb MIMD/SIMD mnpouneccopa, (256-512)/ (500-1000)/ (1000-2000)/

I'paronc

(1500-2000)

(4000-8000)

(10000-16000)

IIpon3BoANTEJBHOCTh BBIYMCIUTEIBHOTO MOLYJIS (16-32)/
MIMD/SIMD, Tduronc (1-2)/(6-8) (4-8)/(32-64) (160-256)
IIponyckHass  cHOCOOHOCTH  BBIYMCJIHMTEIBHOIO

. 100-250 500-2000 2500-10000
monayJs, ['oaiit/c
Komnuectso MIMD/SIMD npoueccopos, urr 4500-6000 11250-22500 50000-90000
Kosim4yecTBO BHIYHCINTENbHBIX MOAYJICH, T 1000-1500 1400-3000 3500-5600
Buaemnsasa namsate napasnieasHoil @C, I1baiir 10 100 1000
CkopocTh 00MeHa ¢ BHEIIHEH MaMAThIO,
TBhaiit/c 0,5-1 5-10 50-100

* — 06fA3aTeNbHOE BrnageHne TeXHONOrM4eCcKomn, afIeMeHTHON U MHCTPYMeHTanbHOW Ga3oin!!!
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POCCUNCKNIN OEAEPANBHBIN SAEPHBIN LEHTP u

S TNTYT SR EPYMER AT BRIV BV e R

1 2 3 4(5)
NMPOIrPAMMHOE OBECITEYEHUE CYINEP-3BM

1. Ba3soBoe cucteMHoe nporpaMmmMHoe obecrneyeHue:
» Onepanonnas cuctema (OC)
» YpaBJieHHE MEKCOCTUHCHUSIMHU (MHTEPKOHHEKTOM)
» 110 ympaBieHue KiIacTepoM
» YIpaBiieHHEe pecypcaMy U JUCIICTYCPU3ALNS 38 TaHHH
2. Cpena nporpaMMmMpOBaHUS:
» SI3bIKM ¥ IpUKIIaHBIC TIPOTPaMMHBIE HHTEP(EHCHI AT TapaIeTIbHOTO TPOTPAMMHUPOBAHUS
»CpencTBa TMHAMUYECKOW TTOACPIKKNA/ CUCTEMBI UCTIOTHCHHSI
»Ominazaka u koppekrHocts (DC)
»Bricokonpoun3BoauTeIbHBIC OMOIHOTeKH/KOMITOHEHTHI (L1B)
»Cpencrsa npexacrasienus (PT)
3. OhdeKkTUBHOCTL BBOAA/BbIBOAA:
» WNutepdeiicel BBOIA/BHIBOIA
» Uepapxus mamstu
» CepBuC IaMATH
» VMuralnust cucTeMbl BBO/Ia/BBIBO/IA
» MeXCOeTMHEHUS U CETH

4. MNMpuknagHoe nporpaMmmHoe obecrnevyeHne n pusmdeckme Moaenu.

s — NcTouHuK [1] - 35
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POCCUNCKNN SEAEPANBHBIN SAEPHBIV LEHTP |
BCEPOCCUNCKUIA HquHo-ucannosmsnbcmﬁ "J‘JH‘/J"J!LIJ PYNERSATIBR Y BV VR

3AKNIOYEHVE 1 2 3 4@

Ana co3pgaHua cynep-9BM akcadnonHon nponsBoanTeNbHOCTU HEOOXOAUMBI:

[

(> TEXHONOrn4yeckasi peanuaauns pasnuyHbIX YpoBHEN napannenuama J

(-

» NPUMEHEHME TMOPUOHLIX apXUTEKTYP, peannayowmx pasfndHble QUCLUUNINHGI
BblYMCneHnn, obecneymBaroLmx peKoHUrypaumo KOMMNOHEHT B COOTBETCTBUM
C  OCODEHHOCTAMM  UCMNOSIHAEeMoro  npouecca W OTKasoyCToVNMBoe
MacLuTabmnpoBsaHne adpdPEKTUBHOCTM.

/"

NO3BOMAKOLNX  peann3oBbiBaTb  3(eKTMBHbIE  (NPOM3BOAUTENBHOCTb
9HEeprusi) NporpaMmmeil.

> CO3[aHMe MNpWKNagHOro nporpamMMHoOro obecneyeHuss Ana  rmopuaHbix
apxXMTeKTyp (NPUHLMNMANbHO OTNIMYHOIO OT CYLLIECTBYHOLLETO).

> KoopaAnHauus pa60T B paMKax eanHoro MynbTUMAONCUNTIITTIMHAPHOIO

k roCynapCTBEHHOIO NPOEKTA.

> paspaboTka  MHCTPYMEHTamnbHbIX CUCTEMHbIX  MPOrpaMMHbIX Cpeﬂ,CTBJ

WcTounmk [1] 36



POCCUNCKAN GEAEPANBHBIN SIAEPHBIA LIEHTP
[ BCEPOCCUMCKUN HquHo-ucannosmsnbcmﬁ MHCT,

B mMupe cosgaetcd npuHUMNManNbHO HOBadA AucuMninHa
rMoOpNAHbIX BbIMUCIIEHUN, NMpeaHa3Ha4YeHHasa ansa JOCTMXKEHUS
aKkcadprionHon npounssBoauTenbHOCTU. B ee ocHoBe B3anMMHOe
COOTBETCTBUE aAPXUTEKTYPbl U NPUKIAOHOMO MNpPorpamMmmMHOro

obecneyeHus, peanuayemoe crneunann3npoBaHHbIMY
annapatHbiIMM XU NPOrPaMMHbIMW  KOMMOHEHTaMKU.  OTU
KOMMOHEHTbI HEe  MepeHOCUMBI, nx  OeccMbICIEHHO

3aMMCTBOBaTb BCrie4CTBME Pasfnyms nporpamm.

Heobxogumbl paspaboTka mMacwTtadbupyembix rmMopuaHbIxX
BbIYNCITINTENbHbLIX CUCTEM MPUMEHUTENIBHO K COOCTBEHHbLIM
nporpamMmam a8 pelweHuns onpeneneHHbiX KnaccoB 3adad U
co3gaHMe Ha  9ToM  0Oase  MNepcrnekTUBHbIX  CPeacTs
MaTeMaTUYEeCKOro MoaenMpoBaHus.




POCCUICKAN OEAEPANBHBIA SIAEPHBIA LEHTP : 1 2 3 4
BCEPOCCUMCKUN HquHo—ucannoaA'renbcmﬁ MHCTUTYT SXCTIEPINER, 0

10% yotta  ?1IMIMD SIMD

10?7 xona FPGA
- — . 10%° weka
Konrad zuse - & 10%vunda ?111 KpaHTOBBII
36 KoMnbioTep [11]
Z1 (V1 —Versuchsmodell-1) 10 uda
1039 treda © by
42 i 1 1oh I\
(MeXaHHuKa 100 1044 sorta X 7 Py
JJAMIIbI 103 klIO 1045 rinta Nuclear driving, @,

SISD < Tpansucrop Ge+Si 10° mega 104 quexa

CBUC, 1 TIp Si 10°giga 18:1 peﬁta i
' 12 X
MII\/ID{ St 10%tera ocha

' 15 10°7 nena
?MIMD/SIMD{ SI 10™ peta

*

Si+Ph 108exa  10°minga
21 102 zetta  10% luma
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POCCUACKUN OEAEPANBHBIA AREPHBIM LEHTP. 8 -
oo BCEPOCCUMCKUI HAYYHO -UCCNENOBATENBCKUN UHCTUTY I ORCHIERINER S ATIBRIIY EOVeVIRY

ATePAaTypPbI

1. KoHuenuus no pasBuTUIO TEXHOSOMM BbICOKOMPOU3BOAMUTENBHBLIX BblYMCIEHNIA Ha Ba3e cynep3BM akcadmonHoro knacca Ha 2012-2020 rr. [OneKTpoHHbIN

pecypc]. Pexxum goctyna: http://www.rosatom.ru/wps/wcm/connect/rosatom/rosatomsite/aboutcorporation/nauka/

2. Rick Stevens and Andy White. A DOE Laboratory plan for providing exascale applications and technologies for critical DOE mission needs [OneKTpOHHbIN
pecypc]. Pexxum goctyna: http://computing.ornl.gov/workshops/SCIDAC2010/r_stevens.pdf

3. Impact of Architecture and Technology for Extreme Scale on Software and Algorithm Design. Jack Dongarra. Cross-cutting Technologies for Computing at the
Exascale. February 2-5, 2010 — Washington, D.C.

4. SC’09 Exascale Panel. Steve Scott. Cray Chief Technology Officer.Exhibitor Forum, SC’09.

5. David Barkai (Intel Corporation). HPC in the multi-core and heterogeneous era [OnekTpoHHbIi pecypc]. Pexum poctyna:
http://mww.ecmwf.int/newsevents/meetings/workshops/2010/high_performance_computing_14th/presentations/barkai.pdf

6. SC11 Keynote by Nvidia CEO Jen-Hsun Huang [OnekTpoHHbI pecypc] Pexxum goctyna: http://blogs.nvidia.com/2011/11/exascale-an-
innovator%E2%80%99s-dilemma/

7. Oak Ridge changes Jaguar's spots from CPUs to GPUs [OneKkTpoHHbIV pecypc]. Pexum goctyna:
http://www.theregister.co.uk/2011/10/11/oak_ridge_cray_nvidia_titan/

8. CtenaHeHko C.A. «Cnocob onpefeneHunst CTpyKTypbl TMOPUAHON BbIYUCTIUTENBHON cucteMbl». [NaTeHT Poccunckon ®egepaunm Ne 2436151 Ha nsobpeteHue.
MpuoputeTt o1 01.11.2010.

9. KptoukoB U.A., CtenaHeHko C.A., PbibkuH A.C. Peanu3aunsa ctaTuyeckor mapLipyTu3aumm 1 onTMManbHOro pasmMeLLeHnst BbIYMCITUTENbHBIX MPOLLECCOB B
MynbTUNPOLECCOPHbIX cpedax. «Monogexb B Hayke». COOPHUK JOKTAO0B LECTOW Hay4yHO-TEXHUYecKon koHdepeHuun. Capos, 2008 r. ¢.172-176.

10. CtenaHeHko C.A. Tononoruyeckoe pes3epsBnpoBaHne MynbTUNPOLLECCOPHBIX cpe BblaeneHHbIMu anemeHTamu. Tpyasl POALI-BHNN3® Ne10, 2005 r. ¢. 50-
60.

11. T. van der Sar, Z.H.Wang, M.S.Blok, H.Bernien, T.H.Taminiau, D.M.Toyli, D. A. Lidar, D.D.Awschalom, R.Hanson & & V.V.Dobrovitski. Decoherence-
protected quantum gates for a hybrid solid-state spin register. Nature 484. 5 April 2012, p. 82-86. [OnekTpoHHbIN pecypc]. Pexum goctyna:
www.nature.com/nature.

12. Andrew Russell. Intel HPC Technologies. November 2013.

13. Anshel Sag. Intel’'s New Knig Landing Xeon Phi Combines Omni Sc Fabric with HMC. June 23 2014.

14. Gary Grider. DOE Fast Forward Storage and 10 Project. Los Alamos National Laboratory. 04/2013.

15. Japan’s Future Exascale System [3n % c] Pexxum pgocrtyna: http://www.hpcwire.com/2014/03/18/details-emerge-japans-future-exascale-
—— : ——39
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OONOJNTHUTENbHbIE CNAUAbI




POCCUACKUN OEAEPANLHBIA SAEPHBIA LEHTP. 8
oot BCEPOCCUWCKUNA HMHOMCQHEQQBATEHBC@F!M CTU TV SRCHEPYNER S ATIBHIY EOVIEVI RY)

' 0 NPUOPUTETHbIX 3A0AY NEPEXOOA K 9KCA®JIONMHbIM CUCTEMAM

1 BdbdekTnBHOE NCNOMb30BaHNE SHEPTUMN:

- co3gaHne bonee aMPAEKTUBHBLIX TEXHOMOrMKM pas3paboTKM CXeM, SHEepProTEXHONOrmMmn wu
TEXHOSTOMNI OXITaXKOEHMUS.

2 TexHonormss MHTEPKOHHEKTA:

- NOBbILLIEHNE NPOMU3BOAUTENBHOCTU N SHEPTrOIPAPEKTUBHOCTU NEPEMELLEHUS AAHHbIX.

3 TexHonorma namsTu:

-UHTErpaumst MnpoOrpecCcUBHbLIX TEXHOMOMMA NaMsATM C  LEeNbl  MNOBLILWEHUS €MKOCTU W
NPONYCKHOW CNOCOBHOCTU NaMATH.

4 MMporpammHoe obecnevyeHne MmacTabrupyembiX CUCTEM:

- paspabotka [10 macwTabmpyemon CUCTEMbI, KOTOpPOE MNO3BOMHAET  Y4UTbIBaTb
9HepronoTpebneHne n obecnevnBaeT 0TKa30yCTONYNBOCTb.

5 Cuctembl NporpaMMmMpoOBaHNS:

-n3obpeTeHne HOBbIX cpen nporpaMMuMpoBaHud, KOTOpble obecneynBaloT MacCUBHBLIN
napannenusm, NokKanbHOCTb AaHHbIX Y OTKa30yCTONYMBOCTb.

6 YnpasneHne gaHHbIMMU:

-co3gaHne 10 ynpaBneHns QOaHHbIMW, KOTOPOE MOXEeT Mno3BOoNuTb obpabaTbiBaThb
npeanonaraemMbln 06bLemM MHOPMaLIMK, CKOPOCTb Nepedayun n pasHoobpasne nHdopmaLnu.
7 JkcadrionHble anropuTMbl:

- nepedopMynmMpoBKa Hay4YHbIX 3a4ad N peopraHnsauus (pecTpykTypusaumsa) anroputMoB nX
pelweHnsa ans BbINOSTHEHUS PpacyeToB Ha 3KcadronHbIX CUCTEMAX.
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POCCUICKUN OEAEPANBHBIN SAEPHBIA LIEHTP e s , -
oot BCEPOCCUNCKUM HAWHOMCCHEAOBATEH!:CK%MI! CTUTYI SRGHEPYER AT BH3Y ROVIEV R,

- 10 MPUOPUTETHbIX 3A0AY NEPEXOOA K SKCA®DJIOINMHBIM CUCTEMAM

8 ANropuUTMbl OTKPbITUA (M306peTEHNS), NPOEKTUPOBAHUSA N NPUHATUS PeLLEeHUS:

- obneryeHne MaTemMaTny4ecKou onTuMmn3aumu n KONMYEeCTBEHHOIO pacyeTa
HeornpegeneHHocTen Onsa MnosiydeHna pesynbTaToB MoucKa, MPOEKTUPOBAHUA U MPUHATUA
peLueHns.

9 OTKa3oyCTOMYMBOCTb (CMOCOBHOCTb K BOCCTAHOBIIEHWNIO) U KOPPEKTHOCTD:

- obecrieyeHune KOPPEKTHOIo Hay4Horo pacyeTa B NPUCYTCTBUM cboes,
BOCMPOU3BOAUTENBHOCTL UMM CXOOMMOCTb  pe3ynbTtaTtoB W 3ajayn  Bepudukayum
anropuTMos.

10 Hay4Has npoayKTUBHOCTD:

- NOBbILWIEHNE MPOAYKTUBHOCTU paboTbl CcrneunannuctoB MO Hay4YHbIM BbIMUCIEHUAM C
MOMOLLIbIO HOBbIX NPOrpamMMHbIX CPeacTB 1 cpeq ans paspabotku M0O.

- eCnn  NPOAYKTMBHOCTb MUCCledoBaTens He noBbIWAeTcd, To BpeMmd, Tpebyemoe Ang
pelleHus, byaet onpenensatbcsa paspaboTkon NPUNOXKEHUN, HO HE PaCYETOM.




POCCUNCKUN SEAEPANIBHBIN SAEPHBIV LEHTP

BCEPOCCMﬁCKMﬁ HAY‘JHO-MCCHEIIOBATEH

ETP4HPC npuoputeTHble

nceregoBaHus

ApxuTeKTypa ITIO cucrem n Cpena JHeprus u CoéanancupoBaHHbIe Mopesin HCI0JIB30BAHMSA 00IBIINX 00bEMOB
HPC cucrem ynpaBJjieHHe NPOrpaMMHPOBAHUSA | 0TKa30- BBIYMCJICHHS, pannbIx 1 HPC
YCTOHYHBOCTH 3¢pdekTHBHOCTH
BBO/1a/BbIB0JIA H MAMSITH
OHeprus u OnepanyoHHas S3piku 1 npuknagaeie | OxnaxaeHue u Wnrepdeiice HPC kak nHCTpyMEHT
MOIITHOCTh cucrema (OC) MIPOTrpaMMHBIE MIOBTOPHOE BBOJ1a/BBIBO/IA
nuHTepdeich s HCIIOJIb30BaHHE
NapaJuleEHOTO SHEPrUH
MIPOrpaMMHPOBAHUS
O3V u cucrtema | YmpasieHnue Cpenctaa [IpoextupoBanne | Mepapxus nmamstu HPC nns pabounx Harpy3ok ¢ OOJIbIIMM 00bEMOM
XpaHeHHs MEKCOSIMHEHUAMHU | IMHAMUYECKOMH BBIYHMCIIUTEIbHBIX JAHHBIX
JTAHHBIX (MHTEpKOHHEKTOM) | MOIAEPIKKH/ CUCTEMBI | CHCTEM C
WCTIOJTHEHUSI 3¢ PEKTUBHBIMU
9HEPro3arpaTaMu
Mexcoenuaenus | I10 ympasnenne Otnanka u Cuctemuoe [10 u | CepBuc mamsatu IIpomemmurennoe ucnons3oBaane HPC kak ToBapa
KJIaCTEPOM KOPPEKTHOCTH ontumm3arus OC IIMPOKO TOTPEOICHUS
(BO)
[Tapamnenusm u | Yopasuenue BricoxonpounsBoauren | AITOPUTMBL, Mmuranus cuctemsl HWcnons3oBanne HPC B 06mauHbIX cpenax
JOKaJIbHOCTB pecypcamu u BHBIC obecrieunBaroIue | BBOAA/BBIBOJA
JCTIETICPHU3ALHST O6ubaoTeKN/KOMIIOHE | 3 PEeKTUBHBIC
3aJaHuH HTBI 9HEPro3aTpaThl
(LIB)
OTKa30yCcTOYNB Cpencrsa OTKa30ycTOiunBO | MeXCOenHEHHS U CETH OuyeHp 0OIBIION 00BEM JaHHBIX
OCTh MIPEICTABICHUS ctb 1 RAS
(BO3MOXHOCTH (PT)
BOCCTaHOBJICHHS)
ApXuTEKTYypa PacnpeneneHHble JaHHBIE, HOTOKOBBIE JaHHbIE U
9Kca(IOMHBIX 3alIyMJICHHBIE JaHHbIE
CHCTEM
HoBssle paboune Harpy3ku HPC
—
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