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CynepKommnbtomepsl — 4mo 3mo?

e CyrnepKkomMmnbeiomepbl — 3mo KoMbomepsl, Komopble pabomarom
3HaYyumesnbHo bbicmpee ocmasnbHOU MACCbl COBPEMEHHbIX KOMIMbIOMepos;

e Seymour Cray: It’s hard to define but you know when you see it;

e CynepKomnberomepbl — 3mo KOMnblomepbl, Komopsle 3aHUMmarom 6oaowol 3an1;
e CynepKommneomepbl — 3mMo KOMNblomepsl, Komopbie secam b6onsvuwie 1 moHHbI;
e CynepKkomMmnbomepbl — 3mo KoMrbromepsl, Komopsle cmoam boavwe S1M ;

e CynepKommnbromepbl — 3mo KOMbomepbl, Komopsie ceo0am rnpobaemy
gblyucneHull K npobaeme 8800a/8b1800a;

o Cynepkomnbfomepbl — 3MO KoMribromeposl, MoOwWHOCMU KOMOPbIX HEMHO20 He
xeamaem 014 peweHuAa aKkmyanbHbIX eblYucsaaumesibHO C/IOHCHbIX 3000‘4,'



CynepKommnbromepHblie mexHos02uU ce200HA 8e30e

CynepKOMMNbIOTEPHbIE TEXHONOMMM — 3TO MHCTPYMEHT 0becneyeHUa KOHKYPEHTOCNoCo6HOCTH
HaYKKN, KOMMNaHWUI, MPOMbILLIIEHHOCTM, SKOHOMWKM, CTPaHbI.
Caenatb bbicTpee, AelweBne, KayeCcTBeHHee, bbiCTpee BbIBECTU HA PbIHOK...



CynepkomrnbromepHbie mexHon02uU — Knrn4vesoul 31emeHm
CKBO3HbIX mexHosno02ull yugppoeol 3KOHOMUKU

CKB80O3HbIe mexHon102uu:

* MaMemMamu4eckoe Mooenupo8aHuUe,

* UCKYCCMBEHHbIU UHmMennekm,

* HoBble MpPou3800CcMeeHHbIe MexHOo102UU,

* XpaHeHue u aHanu3 6oab6wWux OAHHbLIX,

* mexHos02uU 8UPpMYyansbHOU U 00NoAHEeHHOoU peanbHocmu,
* KBAHMOBbLIE MEXHO/02UU,

* lumepHem seuwjed,

* KubepbeszonacHocme,

CynepKoMnblOTEPHbIE TEXHONOMMM — 3TO MHCTPYMEHT obecneyeHUa KOHKYPEHTOCNOCOBHOCTH...



Cynepkomnbfomepr/e mexHoso2uu u bonsvwue OaHHsbIe

Nnpepeol pentuHra Fortune500 Global B 2023 roay:

Rank ¢ Company : Country s Industry ¢ Revenuein USD ¢
1 Walmart == United States Retail $612.3 billion
2 Saudi Aramco B Saudi Arabia Energy $603.7 billion
3 State Grid B China Energy $530.0 billion
4 Amazon == United States Internet services and retailing  $514.0 billion
5 China National Petroleum | il China Petroleum $483.1 billion
6 Sinopec Group Bl China Petroleum $471.2 billion
7 ExxonMobil == United States Petroleum $413.7 billion
8 Apple ®= United States Technology $394.3 billion
9 Shell &2 United Kingdom | Petroleum $386.2 billion
10 UnitedHealth Group == United States Health care $324.2 billion

Walmart, po3HnyHan Toprosns:

* rogoBoi obopoT 6onee 600 mapa.gonn., npubbinb 6onee 16 mapa.aonn.,
* 6onee 10 TbiC. MarasanHoB B 28 cTpaHax Mmpa, 2.1 MAH. COTPYAHUKOB,

* Temn noctynneHuna n obpaboTkm aaHHbIX: 2.5 MNbaiT/vac (10° BainT/vac), R
* MPUHATME ONEepPaTUBHbIX PELLEHMN HAa OCHOBE COBOKYMNHOM 06paboTKu gaHHbIX M3 200 NCTOYHUKOB, BK/tOYAA:
TPaH3aKLUMOHHbIE AaHHblE, METEOPO/IOTMYECKME AaHHbIE, SKOHOMUYECKNE AaHHble, TENEKOMMYHUKALMOHHbIE
AaHHble, AaHHble COLMaNbHbIX CETEN, LLEeHbl HA BeH3UH, AaHHble 0 COBbITUAX B HAaCENEHHbIX NYHKTaX, rae

Haxo4ATCA Mara3mHbl U MHOTUE Apyrue.

Bce 3T KOMNaHUK B CBOEW
paboTe onunpatoTcs Ha
NCMo/sIb30BaHMe
TEXHO/0rMm 6onbLInX
JAHHbIX U
BbICOKOMNPOU3BOAUTE/IbHbIE
BbIYUCIUTENbHbIE CUCTEMDbI.

Walmart

In May 2021, Walmart acquired the Israeli startup Zeekit for $200 million. Zeekit uses
artificial intelligence to allow customers to try on clothing via a dynamic virtual platform.



CynepKommnbtomepbl — 4mo 3mo?

... MOBUbHbIE ycmpolcmea —
MepCcoHasNbHbIE KOMMbIoMepbl — cep8epsbl —
CyrnepKoMmneomepsl



Pa3Hoobpa3zue KoMnertomepHo20 Mupa

HOYTOYK

NepcoHabHbIN KOMNblOTEP
cepsep

cMmapTPoH

nnaHwer

CynepkomnbtoTep






CospemMeHHbIU KoMMblomepHsIlU mup

CynepKomnboTEPDI

Cepsepbil...

MK, HOYTOYKM...

MnaHweTbl, cMapPTHOHBbI...
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[lepcoHanbHbIU Komnbomep, 2024 2. — KAKOU OH?

[TpouzsodumenbHOCMb:
oKoso 1000 mapd. on/c.

lMamame — 8-64 [6aum
Jlucku — 500 M6aim




BaxtHble cokpawieHuUA

Meza (Mega) — 10°
[uea (Giga) - 10°
Tepa (Tera) — 10%
[lema (Peta) - 10%°
9K3a (Exa) — 108

3emma (Zetta) — 10%

(MUnAUOH)

(bunauoH / muanuapo)
(mpunnuoH)
(k8aOpunAUOH)
(KBUHMUAAUOH)

(cekcmusnuoH)

®non/c, Flop/s — Floating point operations

per second

15 Tflop/s = 15 * 10'? apugpmemuyeckux onepauyuli 8 ceKyHoOy
HAo0 sew,ecmsaeHHbIMU YUCaAamMuU, NnpeodcmasneHHbIMU

8 ghopme c rnaasarowieti moyxkou.



BaxtHble cokpawieHuUA

Meza (Mega) — 10° (MUAAUOH)

[uea (Giga) - 10° (6unnuoH / Mmunnauapd)
Tepa (Tera) — 10% (MmpunnuoH)

[lema (Peta) - 10%° (K8aOPUAAUOH)

9kK3a (Exa) — 108 (KBUHMUAAUOH)
3emma (Zetta) — 10% (cekcmunnuoH)

®non/c, Flop/s — Floating point operations
per second

15 Tflop/s = 15 * 10*? apugpmemuyeckux onepayuli 8 CeKyHoOy
HaO selecmsaeHHbIMU YUcaAaMU, npedcmasneHHbIMU

8 ghopme c naasarowieti moyxkodu.
(BHUMQaHUe: Npu cpasHeHUU rnpou3eooumesbHOCMU 8aXHA pa3pA0HOCMb npedcmasaeHus yucen: ...64,32,16,8...1)



[lepcoHanbHbIU Komnbomep, 2024 2. — KAKOU OH?

/ 3anomHum 370!

[lpou3soou OCMmb:
okoso (000 Ipnon/c. (1Tepnon/c
[lamame — 8-6 7

Jlucku — 500 Mbaium
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bonbwue mawuHsl U cynepKomnsomepboi:
KaKue oHuU?



BbiyucaumensHsiti ueHmp Mry, 1956 e.

: “ _?‘ y
" 3BM.“Cmpena’-

, 7 2 4':. 3
- ——g
' ! |
- »- e
2 N AN )

8
!

.,_;F-

i ‘]l“\r!]!‘!‘;I;rsl '
LR

s

[MpouzsodumenvHocms: 2000 uHcmp./c
Maowads: 300 m?
SHep2onompebaeHue: 150 kKBm

i re=—3\



BbiyucaumensHsitu ueHmp Mry, 1959 e.
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Kakos macwmab
CynepKomneomepHsIX cucmem ce200HA ?



Cynepkomneromep IBM “RoadRunner”, CLLIA
(#1 Top500 6 2008-2009 2.)

122 400 npouyeccopos
IBM Cell + AMD Opteron.

[TpouszeooumesnibHoCMb:
1 Pflop/s.



“K Computer”, AnoHus
(#1 Top500 6 2011 2.)

[pouzsodumens: Fujitsu, AnoHus
Muk (meopus): 11.3 Pflop/s

Tecm Linpack: 10.5 Pflop/s
SeekmusHocmeo: 93%

Hucno cmoek: 800+

lpoueccop: SPARC64 VIlIfx, 2.0 GHz
Yucno npoueccopHoix adep: 705 024
Ceazb mexoy npoueccopamu: Tofu, 6D mesh/torus
SHep2onompebneHue: 12.6 MBm




“K Computer”, AnoHus
(#1 Top500 6 2011 2.)
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Cynepkomnetomep “Sequoia”, IBM BlueGene/Q, CLLA
(#1 Top500 6 2012 2., uroHsb)

B Lawrence Livermore

National Laboratory
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1572 864 a0pa,
IBM PowerPC A2 (64-bit),
1.6 GHz.

CB4a3b MeX Oy rnpoueccopamu:
5-mepHbiti mop

[lpou3sodumesnbHOCMb:
16.32 Pflop/s




Nepapxu4Hocme apxumexkmypsi U napaanenusma

cyriepkomribromepoe
(IBM BlueGene/Q, Sequoia, 2012 2.)

System - Sequoia

Rack 96 racks
2 midplanes 20 PF/s
1.2 or 4 /O drawers

209.7 TF/s

Midplane
16 node cards
1049 TF/s 1/O Drawer
. . 8 |/O cards
8 PCle Gen2 slots

LAy

ARRIERRE NANE

1111

Node Card
- 32 compute cards, optical modules,
Compute Card link chips, 5D torus
Module 1 chip module 6.6 TF/s
single chip 16 GB DDR3 memory
204.8 GF/s

Chip
16 cores



Cynepkomneromep “Titan”, Cray XK7, CLLIA
(#1 Top500 6 2012 2., HOA6PL)

e ——

18 688 sblvucaumenbHbIX Y37108:

18 688 AMD Opteron, 16-core
(299 008 si0ep),
18 688 NVIDIA Tesla K20.

[lpouzsooumenbHOCMb:
17.59 Pflop/s



Cynepkomnstomep “Tianhe-2”, Kumau
(#1 Top500 6 2013-2015 2.)
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16 000 sbivucuUMeEnbHbIX Y3108

32 000 Intel Xeon IvyBridge, 12-core
48 000 Intel Xeon Phi (Matrix-2000)

Bcezo: 3 120 000 sdep

[lpouzsooumenbHOCMb:
Peak (meopus): 54.9 Pflop/s
Tecm Linpack: 33.86 Pflop/s

SpdpekmusHocmo: 62%



Cynepkomnetomep Sunway Taihulight, Kumat
(#1 Top500 & 2016-2017 2.)

40 960 sblyucnumerbHbIX Y3108
40 960 CPUs (SW26010, 260 adep)

Bcezo: 10 649 600 npoueccopHsbIx A0ep
[MpouszsodumesibHOCMb:
Muk (meopus): 125.4 Pflop/s
Tecm Linpack: 93 Pflop/s (74%)

OnepamusHasa namame = 1.31 [16atim
HDD = 20 lNbaiim




Cynepkomnetomep IBM Summit, CLLIA
(#1 Top500 8 2018-2019 2.)

4 608 sblvucUMeEsIbHbIX Y3108,
8 KaXOOM y3ne:

2 x CPUs (IBM Power9, 22 s0pa)

6 x GPU (NVIDIA Tesla V100)

[MpouszsodumesnibHOCMb:
Muk (meopus): 200.8 Pflop/s
Tecm Linpack: 148.6 Pflop/s (74%)

OnepamusHas namames = 10 16atim
HDD = 250 lNbalim



Cynepkomnetomep Fujitsu Fugaku, AnoHua
(#1 Top500 8 2020-2021 2.)

158 976 8bi4.y3n108, 432 cmoliku
7 630 848 sdep

CPU: A64FX ARM v8.2-A, 48/52 cores, 2.2 GHz
BekmopHbie uHcmpykuyuu (SVE), annapamHas

noooepxcka bapvepos...
Int: 1,2,4,8 6alm; Float: 16,32,64 6um

lpouzsodumenbHOCM®b:

Muk (meopus): 537 Pflop/s
Tecm Linpack: 442 Pflop/s (81%)
OnepamusHaa namame = 5.09 N6atim
SHepezonompebneHue = 29.9 MBm
Maowads = 1920 m?




Cynepkomnstomep Fujitsu Fugaku, AnoHus
(#1 Top500 & 2020-2021 2.)

CPU Memory Bg/';";?egf

Unit

't
gl

Shelf Rack System

J

Nepapxus 8 apxumexkmype cyrnepKomnbromepos



Cynepkomnetomep Frontier, CLLIA
(#1 Top500 e 2022-2024 2.)
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9 408 sblyucnumMenbHbIX Y3708,
8 KaXOOM y3ne:

1 x CPUs (AMD “Trento”, 64 adpa, 2GHz)

4 x GPU (AMD Radeon MI250X)
8 699 904 adpa

lMpou3zsodumenbHOCMb:

Muk (meopus): 1.7 Eflop/s
Tecm Linpack: 1.2 Eflop/s (70%)
OnepamusHaAa namame = 9.2 PBytes
HDD = 716 PB (+37 PB Ha y3nax)

(1 cmolika — 62.68 Gflops/Watt)

22.7 MW (scezo 29 MW) — 52.2 Gflops/Watt



Tak nu 8axcHo, kKomy docmyneH
amom “3k3aghnonc”?

Since 1987 - Covening the Fastest
Computers in the World and the Peopie
Who Run Them

y

-

% Home US Bars Nvidia and AMD from Selling Top GPUs into
® Topics China
By Tiffany Trader
© Sectors
© CExascale September 1, 2022
© Specials New trade restrictions levied by the United States against China limit the sale
of cutting-edge HPC and Al technologies from Nvidia and AMD to the world’s
® Resource Library
second-largest economy.
© Podcast e o ; s i
In an SEC filing, Nvidia revealed it was prohibited from exporting its A100 and
® Events forthcoming H100 GPUs to China and Russia, effective immediately. The
& Soiufion Chanmsls stated purpqse of the licensing requirements is to prevent “military end use”
by these nations.
© Job Bank . : ; : .
AMD reported it had also received instructions from U.S. authorities to halt
© About sales of its top GPU chip, the Instinct MI250, to China and Russia. A variant of
O Sibscibe that chip, the MI250X, powers the U.S. Department of Energy’s Frontier

supercomputer, which became the first officially ranked exascale
supercomputer earlier this year.




Tak nu eaxcHo, Komy docmyneH
amom “3k3agnonc”?

HPCE

: - "Mul__ .w I
Fearing China, US Blocks the Sale of
Nvidia GPUs to the Middle East

Since 1987 - Covering By Agam Shah

the Fastest Computers

in the World and the
People Who Run September 1, 2023

Them

The U.S. has put more curbs that block the sale of certain
Home Nvidia GPUs to the Middle East, largely under fears that the
technology will be accessible to China.

The setback for Nvidia was revealed in the company’s 10K filing
with the U.S. Securities and Exchange Commission.

ExBsio In the filing, Nvidia stated that the U.S. government, in the most

Specials recent quarter, “informed us of an additional licensing
requirement for a subset of A100 and H100 products destined
to certain customers and other regions, including some

O 0 0 0 0
75}
@
)

® Resource

Library countries in the Middle East.”
® Dot Nvidia is already banned from selling the A100 and H100 GPUs
© Events to China because of export controls restricting U.S. companies

from exporting advanced A.l. and chips. Nvidia devised the



Tak nu eaxcHo, kKomy docmyneH amom “Ik3agpnonc”?
(konoccansHbie yeHmpol 018 nodoepicku UN)

../3DNews ~/ /spool/news [usr/share/articles /lib/tags servernews

Bce camoe cBexee 13 mupa Donbliux MOWHOCTER

«NN-ruracpabpuka» XAl pasMecTuTCcs B TMraHTCKOM AaTa-LeHTpe B TeHHecu

07.06.2024 [15:42], Pycian Asgees

WW-crapTan XAI, Kypupyemblt WnoHom Mackom (Elon Musk), HamepeH nOCTPOWTb T[WraHTCKWI AaTa-UeHTp C  CaMbliM

=
npou3BoanTenbHbiM B Mupe WW-cynepkomnbioTepoM. [Mo aaHHbiM Datacenter Dynamics, LOJ pazmectutcs B OKpPeCcTHOCTAX R
Memduca (WwraT TeHHeccu), a noka oxugaeTt ogobpenusa Bnacrei. i
hardware
B o6ozpumom ByayLiiem KOMNaHUA A0WKHAE NOAYYUTh COTHM ThICAY YCKopuTenei ana obyyeHus HOBbIX MOAENei, B YUaCTHOCTH, YaT- hpe
bota Grok, npeanaraemoro, HanpuMep, nNo noanucke B couuansHoit cetu X (Twitter). PaHee B CeTb yTekna MHOpMaUMs, YTO
NVIDIA nepegact Al yunsl, U3HAYaNbHO MpeAaHaszHauvaewunecs ana Tesla — Mack BeCbMa BONLHO PacnopsXXaeTcs akTUBaMu L
NOAKOHTPONbHbIX eMy GM3HeCoB, YacTo BbI3bIBas HEJOBONLCTEC MHBECTOPOE. Xai

Moka MPOEeKT OXMAAET OKOHUATENLHOro paspelleHusi oT MecTHoro GusHec-uukybatopa Memphis Shelby County Economic M

Development Growth Engine (EDGE), a Takcke MyHMUMNanbHbIX U deaepantHbiX BnacTeil. BnpoueM, ropazao BaxHee A0XKAETLCA T~

opgobpenna 3HepreTuyeckoit KomnaHuw Tennessee Valley Authority (TVA). Peanu3auua npoekta CyauT nORBAEHWE

BbICOKOONNG4YHBaeMbIX paﬁouwx MecCT W yBenuyeHue AOXO0A0B WTdTa, YTO NOMOXKET nogaepXueatb U MOAEPHUSUPOBATL MECTHYHD e

UHPaCTPYKTYpY.



Cynepkomnbfomepb/ U ux xapakmepucmukxku
( npouzsodumenbHocms, NAMams, OUCKU/MeHmMbl — 8Cé 00AXHO Bbimb C02/10C08AHO)

e Frontier, 9408 sbi4ucsiumMesibHbIX Y3/108:
1 x AMD “Trento” (64 adpa), 2 GHz + 4 x AMD Radeon MI250X
1.2 Eflop/s, Ol =9.2 PB, HDD = 716 PB

e |[BM Summit, 4608 sbivyucsumernbHbIX Y3/108:
2 x IBM Power9 (22 adpa), 4 GHz + 6 x NVIDIA Tesla V100
148.6 Pflop/s, Ol = 10 PB, HDD = 250 PB

eTianhe-2, 16 000 8bi4uCAUMESbHbIX Y3/108:
2 x Intel XeonE5-2692 (12cores), 2.93GHz + 3 x Matrix-2000,
61.4 Pflop/s, Ol =2.3 PB, HDD = 12 PB

e Cray XK7, Titan, 18 688 sbiyucsiumeribHbIX Y3/108:
AMD Opteron 16-core + NVIDIA Tesla K20
17.59 Pflop/s, Ol = 710 TB, HDD = 10 PB

e |BM BlueGene/Q, Sequoia, 1 572 864 sadpa, IBM PowerPCA2, 1.6 GHz
16.32 Pflop/s, Ol = 1.57 PB, HDD = 55 PB, Tape = “virtually unlimited”



Top500 cambix MOWHbIX cynepKommneiomepos mupa
(http://top500.0rg, utoHs, 2024 2.)

1

Cooren> Crtondpramd e

Frontier - HPE Cray EX235a, AMD Optimized 3rd Generation 8,699,904

EPYC 64C 2GHz, AMD Instinct MI250X, Slingshot-11, HPE
DOE/SC/0ak Ridge MNational Laboratary
United States

Aurora - HPE Cray EX - Intel Exascale Compute Blade,
Xeon CPU Max 9470 52C 2 4GHz, Intel Data Center GPU
Max, Slingshot-11, Intel

DOE/SC/Argonne National Laboratory

United States

Eagle - Microsoft NDvb, Xeon Platinum 8480C 48C 2GHz,
NVIDIA H100, NVIDIA Infiniband NDR, Microsoft Azure
Microsoft Azure

United States

Supercomputer Fugaku - Supercomputer Fugaku, A84FX
48C 2 2GHz, Tofu interconnect D, Fujitsu
RIKEN Center for Computational Science

Japan

LUMI - HPE Cray EX235a, AMD Optimized 3rd Generation
EPYC 64C 2GHz, AMD Instinct MI250X, Slingshot-11, HPE
EuroHPC/CSC

Finland

Alps - HPE Cray EX254n, NVIDIA Grace 72C 3.1GHz, NVIDIA
GH200 Superchip, Slingshot-11, HPE
Swiss National Supercomputing Centre [CSCS]

Switzerland

Leonardo - BullSequana XH2000, Xeon Platinum 8358 32C

2,264,128

2,073,600

7,630,848

2,752,704

1,305,600

1,824,768

1,206.00

1,012.00

561.20

44201

379.70

270.00

24120

1.714.81

1.980.01

846.84

537.21

531.51

353.75

30631

22,786

38,698

29,899

7,107

5194

7,494

Pasmep matpuubl, npu
KOTOpPOM JocCTuUraeTca
nosaoBMHa oT Rmax




Top500: aHanu3 ceolicme cynepKomnoomepos
(http://top500.0rg)

N 1/2
Pasamep maTpunubl, Npu
KOTOpPOM AOoCTUraeTca
nonosuHa ot R,

ma

Ry K Kz/

x

MponssoanTeNbHOCTb

—

o

Paszmep maTtpuupbl

Nl1/2 NZQI./Z N

max

ABa komnbtoTepa K! u K2 umetoT ognMHakoBoe 3HayeHue R .., AOCTUraemoe Ha OAHOM M TOM e pasmepe
matpuubl N HO 3HauyeHuna N, ,, y komnbloTepos pasHble (N1, < N%, ) — uTo o3HauaeT 3Ta pasHuua
ANA NCMONb30BAHUA 3TUX KOMNbIOTEPOB HA NPaKTUKe?

max’



Pocm npou3306umeanocmu cynepkomriertomepoe
(3akoHOMepHOCMU ompacnu)
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Top500 cambix MOWHbIX cynepKommneiomepos mupa
(http://top500.0rg, utoHs, 2024 2.)

Rpeak P
[PFlop/s $

Rank

Rmax
System Cores (PFlop/s)

Frontier - HPE Cray EX235a, AMD Optimized 3rd Generation 8,699,904 1,206.00
EPYC 64C 2GHz, AMD Instinct MI250X, Slingshot-11, HPE

DOE/SC/0ak Ridge MNational Laboratary

United States

Aurora - HPE Cray EX - Intel Exascale Compute Blade, 9,264,128 1,012.00
Xeon CPU Max 9470 52C 2 4GHz, Intel Data Center GPU

Max, Slingshot-11, Intel

DOE/SC/Argonne National Laboratory

United States

Eagle - Microsoft NDvb, Xeon Platinum 8480C 48C 2GHz, 2,073,600 561.20
NVIDIA H100, NVIDIA Infiniband NDR, Microsoft Azure

Microsoft Azure

United States

Supercomputer Fugaku - Supercomputer Fugaku, A84FX 7,630,848 442 01
48C 2 2GHz, Tofu interconnect D, Fujitsu
RIKEN Center for Computational Science

Japan

LUMI - HPE Cray EX235a, AMD Optimized 3rd Generation 2,752,704 379.70
EPYC 64C 2GHz, AMD Instinct MI250X, Slingshot-11, HPE

EureHPC/CSC

Finland

Alps - HPE Cray EX254n, NVIDIA Grace 72C 3.1GHz, NVIDIA 1,305,600 270.00
GH200 Superchip, Slingshot-11, HPE
Swiss National Supercomputing Centre [CSCS]

Switzerland

Leonardo - BullSequana XH2000, Xeon Platinum 8358 32C 1,824,768 24120

1.714.81

1.980.01

846.84

537.21

531.51

353.75

30631

22,786

38,698

29,899

7,107

5194

7,494
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Top500 cambix MOWHbIX cynepKommneiomepos mupa
(http://top500.0rg, utoHs, 2024 2.)

Rpeak P
[PFlop/s $

Rank

Rmax
System Cores (PFlop/s)

Frontier - HPE Cray EX235a, AMD Optimized 3rd Generation 8,699,904 1,206.00
EPYC 64C 2GHz, AMD Instinct MI250X, Slingshot-11, HPE

DOE/SC/0ak Ridge MNational Laboratary

United States

Aurora - HPE Cray EX - Intel Exascale Compute Blade, 9,264,128 1,012.00
Xeon CPU Max 9470 52C 2 4GHz, Intel Data Center GPU

Max, Slingshot-11, Intel

DOE/SC/Argonne National Laboratory

United States

Eagle - Microsoft NDvb, Xeon Platinum 8480C 48C 2GHz, 2,073,600 561.20
NVIDIA H100, NVIDIA Infiniband NDR, Microsoft Azure

Microsoft Azure

United States

Supercomputer Fugaku - Supercomputer Fugaku, A84FX 7,630,848 442 01
48C 2 2GHz, Tofu interconnect D, Fujitsu
RIKEN Center for Computational Science

Japan

LUMI - HPE Cray EX235a, AMD Optimized 3rd Generation 2,752,704 379.70
EPYC 64C 2GHz, AMD Instinct MI250X, Slingshot-11, HPE

EureHPC/CSC

Finland

Alps - HPE Cray EX254n, NVIDIA Grace 72C 3.1GHz, NVIDIA 1,305,600 270.00
GH200 Superchip, Slingshot-11, HPE
Swiss National Supercomputing Centre [CSCS]

Switzerland

Leonardo - BullSequana XH2000, Xeon Platinum 8358 32C 1,824,768 24120

1.714.81

1.980.01

846.84

537.21

531.51

353.75

30631

22,786

38,698
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5194
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(http://top500.0rg, Green500 list, utoHb 2024)
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Top500 cambix MoWwHbIX cynepkomneromepos mupa
(http://top500.0rg, utoHs, 2018 2. - 3Hep2o3phpekmusHoCMb)
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JHepaonompebneHue 80Kpy2 HAC...

BAK, LlepH I . 180 MBT
Eoyur 747 e 140 M BT
Tianhe-2 IS 24 MBT
UeHTpudyra B LK s 6 MIBT
[I13enbHblA NOKOMOTVE NI 3 MIBT
ABTOMOOW/Ib s 120 KBT
INEKTPUUECKUI YaNHUK s 1,5 KBT
Intel Xeon Phi s 225 BT

MO3r 4E/I0BEK s 20 BT
iPhone5 'y 4 c gy

1,00 1OR0HD, G 1000000,00 100C000000,00

ABTOMO6UAL - BAK (Bonbluoit AapoHHbIn Konnanaep) - bounnr 747 - [iInzenbHbliA TOKOMOTUB
Mo3r yenosekKa - LeHTpudyra 8 LMK - Inektpnyeckmnim YanHmk
Intel Xeon Phi - iPhone5 - Tianhe-2



[Nepeasbil sbiducnumensHsili Knacmep Mry, 1999 e.
(12 y3nos, 24 CPUs, Intel P-11l/500MHz, cems SCl)

[lpou3sooumesnnbHOCM®b:
12 [pnon/c
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KOMI'IbI-OFneprIU nymeao Mockoeckozo yHuUsepcumema
(c 1956 2. 0o Hawux OHell)




Cynepkomneromep MTlY “/lomoHocos-2”

leoepagpus nonvzosameneli CKL| My

CynepkomnetromepHsil ueHmp MIY ceco0Hs:
lone3osamenu: 2955 !
poexkmsi: 880 — ¢

®akynememel / UHcmumymel MTI'y: 21
MHcmumymel PAH: 95
YHusepcumemel Poccuu: 102
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1 cmolika = 256 y3nos: Intel Xeon (14c) + NVIDIA K40/P100/V100= 515 Tflop/s
Cynepkomnbromep “J/lomoHocos-2” = 5.5 Pflop/s



KomnbromepHbili Mup 8 cpasHeHuUU

[pon3BoAuTENbHOCTb SHepronoTpebaeHune
LleHa
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MnaHweTbl, cMapPTHOHBbI...



Cynepkomrneromepesil... 3a4em?

Heyxtenu ecmb HOCMObLKO CA0XCHbIE 300a4U, YmMOo 018 UX
peweHus xopoweao cepsepa He xeamaem ?

Heyxcenu ecmb HACMObKO 8AX(HbIE 3060‘4(], Komopeole

0rnpasobisarom KpaliHe 8bICOKYO0 CMOUMOCMb
cyrnepKomroeomepos ?

L ny



A 0aseKo n1u 8bl4ucnumesrsibHO C/I0MCHbIe 3a0a4u?

3a0a4a o Yyucae cyacmsausbsix bunemuKos :

PN 7T TR BT Y
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count = 0 ;“ — ’“_.._..'.;,.;

G vt "”"092 4
for (1320 | ke |13
far( 14 = | & 5o | 4]

-

6uupp—>nuupp  or(I5: “_:», ioe ++i5)
for (16 | cwomeomws | ++i6){
Intel Core Duo 2.6 [Tu: /f( O ] Z 091 4+i5+i6 )
8 uyugpp—0.1c ( | KonTPonEHB | 1§41 -
10 yugpp — 10 c ; } TOEYC |
12 yupp — 1780 ¢ / : 1 S pysnei |




A 0aseKo n1u 8bl4ucnumesrsibHO C/I0MCHbIe 3a0a4u?

s |
3a0a4a o Yucae cHacmsaussix bUuIeMuUKOs :

e [lomoxcem nu count = 0}. S

onMuUMU3ayus s Dlzu91 |
npo2pamMmei? fOr ( 11=0;11<10; ++11) 2

e [lomoxcem au for ( 12=0;12<10; ++i2)

e Yo (3 013/ 10 #+i3)

for (14 =0; 14 < 10; ++i4)
6 uupp—>nuupp or(15=0;15< 10; ++i5)
for (16 =0; 16 < 10; ++i6) {
Intel Core Duo 2.6 [Tu: if( i1+i2+i3 == i4+i5+i6 )

8 yugp-0.1c count = count+1;
10 yugpp — 10 c

12 yugpp — 1780 c /
BoiyucaumensHaa cA0#HOCMb —>6€ onepayuu !




A 0aseKo n1u 8bl4ucnumesrsibHO C/I0MCHbIe 3a0a4u?

Kak pazmecmumeo 8 ¢pep3eli
Ha waxmamHol 0ocke pasmepom 8*8 ?

Kak pazmecmumeoe N ¢gpep3el
Ha waxmamHoul 0ocke pazmepom K*K ?



BapuaHmeol cOayu 3a4yema (3K3ameHa) rno Kypcy
“Cynepkomnbromepel
u napannenbHaa obpabomka 0aHHbIx”

BapuaHmeol onucaHsl Ha cmpaHuye: Parallel.ru/vmk24

* 3aquém (3K3ameH) 8 hopme beceObl ¢ npenodoasamesnem.

* 3a4ém 8 chopme 371IeKMPOHHO20 MeCMUPOBAHUA.

* 3a4ém 3a 8bINosIHeHUe NPAaKkmMuU4YeckKko2o 3a0aHUS.

*  KoHkypc uzobpaxceHul "lMapannenusm sokpye Hac".

* KoHKkypc ebicmynneHul 8 popmame "Hay4yHoili cmeHO-an".



Mockoeckutli 2ocydapcmeeHHsili yHugepcumem umeHu M.B./lomoHocosa
®akynemem BoivucnumenbHolU mamemamuKku U kKubepHemuku

CYIMNEPKOMIIbIOTEPBI U
[APA/IJIE/IbHAAI OBPABOTKA [JAHHbIX

(uacme 1)

Bn.B.BoegoduH
3as.Kagedpoii Cynepkommneromepos u KeaHmosol uHgpopmamuxku BMK MTrY,
Lupekmop HUBLL MTY,
Aupekmop ®uauana MrlY e 2.Capose,
un.-Kopp. PAH, 0.¢h.-m.H., npogpeccop

voevodin@parallel.ru

BMK MrYy, 2024



