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Pa3nukara

HTC: High-Throughput Computing (GRID) HPC: High-Performance Computing
(Cynepkomniotpu)
 Kakso e?
. Monama U3YMcnUTEnHa MOLLHOGT 3a AbMr0 BPeMe. . Kakso rG?
. 3a KakBO CrVXKu? . onsiMa M3YMCnUTENHa MOLLIHOCT 3@ OrpaHUYeHo Bpeme.
. E(bexms);om U3NbIIHEHNE Ha MHOro 1 cnabo cebp3aHn * 3a KakKBo CJ'Iy)KVI?
3anaun, . EEKTUBHO M3MbITHEHUE Ha MHOTO, TSICHO CBbP3aHM 3aauun.
O6nayHu n3uncneHus [lo6poBONYECKN N3YMCIIEHUSA
« KakBo e?  Kakso e?
* BupTyanHy maLumHm - KONKOTO W KaKBUTO Ca HYXHW . LieHTpanuanpaHun ns4ymcneHus Ha pecypcu npeaocTaBeHn oT
«  3a KaKBO CnyXmn? A06pOoBONLM
. lapaHTUpaHu pecypcu B CUrypHa v nsonvpasda cpeaa 6es . 3a kakBo cny)K|/|?
Hy)Aa oT noaApbxKa Ha xapAyep. APl foctbn +  Onon3oTBOpSIBaHe Ha PecypcH KOUTO MHaYe Buxa Gunu
npaxocaHu

National Laboratory

k‘,‘ Brookhaven
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CynepkomMmnioTpu




GRID n CynepkoMniotpu
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GRID un CynepkomnioTpu

 GRID ce cbCTOM OT KOMMKOTBHLPHU KNbCTEPU

« [lo-ronsima yacT OT u34YmncneHmdaTa B gpyrute obnactm Ha HaykaTa
cTaBaT B CyNnepKoOMMIOTPU.

. Pa3n|/||<|/| cynepkomnioTpn <> GRID:

L}‘ Brogkha

National Labo

Huwwikn:

(~100 000 HWUWKKM) <> egHa
PaboTta Ha oTAenHnsa KOMNITLP:
eaHa 3agada

BxogHo - n3xoaHu onepaymn:
bpoun Ha danrnose:

MHOIo

[MoTpebutencka nageHTndmnkauus:
(eaHokpaTHal) <> cepTudukaTt

[Tpouecopu / onepaunoHHU CUCTEMMUA.

[lMpekTHa Bpb3Ka C UHTEPHET
MEecToHaxoxaeHune
MHOIo

MHOIO
4acT OT 3agava <>

Marnko <> MHOro
Mariko <>

noruH/napona
MHOIO <> HSIKOJIKO

He <> na
eqHo <>



Mawab Ha 3apgaunTe Ha eauH
CYynepKoMMnTbLP

(Ha AHeWHUTe MaLUUHN)

MuHUManeH
Bug MakcumaneH 6pont  |MakcumarinHa gb/mkKuHa
6poW Mpuoputet
3apava KomntoTpu Ha 3afavarta
KOMMIOTPYU
1 11,250 — 24.0 15
2 3,750 11,249 24.0 5
3 313 3,749 12.0 0
4 126 312 6.0 0
5 1 125 2.0 0

,D,Ba Ha4yHa Ha noJji3BaHe Ha CyNnepKoMnioTbpP. KBOTa U
lgaektfiikhaven

National Laboratory




HPC: Backfill

National Laboratory
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HPC: Backfill

M3TouHuk: David Cameron
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CynepkomnioTtpu: Backfill

M3TouHuk: David Cameron
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CynepkomnioTtpu: Backfill

(NbNHUM AynKn BCSIKaKBK)

M3TouHuk: David Cameron

G‘ Brookhaven
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CynepkomnioTtpu: Backfill

(NbNHUM AynKn BCSIKaKBK)

M3TouHuk: David Cameron

@ Brookhaven

National Laboratory
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CynepkomnioTtpu: Backfill

(NbNHUM AynKn BCSIKaKBK)

Pa3mep Ha aynkute

e 400M CPU*yaca Ha roguHa (Titan)

e ObuyanHa epeKTUBHOCT Ha MU3MON3BaHe Ha
CynepKoMniTbP BLB BpeMeTo - 90%.

e 10% ==400M CPU*yaca Ha roguHa (Titan)

e Bcdka HeeeKkTUBHOCT e HexenaHa!

3anbnBaHe

e C kakBo?
o MHoro, c pasnuyeH pasmep, HO Marsiki 3agadu
(T.€. - Hne)
e Ha kakBa uena?
o besnnartHo

(,‘ Brookhaven

National Laboratory
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M3non3BaHe Ha Titan ot ATLAS

N3uncneHuns no KBoTa
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N3non3saHe Ha Titan oT A

3ALLO?

N3uncneHus no KBoTa
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AMepuKaHCKM CynepKoMmnioTPn N3non3BaHu
oT ATJIAC

. Cori (CALL)

Cray/HPE

Intel Xeon Phi 7250 68C
1.4GHz

622336 sagpa
MponssogntenHocT: 14
PFLOP/cek

Theta (CALL)
Cray XC40
Intel Phi 7230 64C 1.3GHz
il 280320 sigpa / 914 TB namet / 11 PB auck
MpounssogutenHocT: 11.66 PFLOP/cek

Edison (CALL)
Cray XC30
Intel Xeon E5-2695v2 121C 2.4GHz

MpouseoauntenHocT: 2.57 PFLOP/cek

k' Brookhaven
National Laboratary......

PasnpepneneHun nsumcnexusa B ATLAS.

133824 agpa/ 357 TB namet / 7.56 PB gnck

Titan (CALL)

Cray XK7

Opteron 6274 16C 2.2 GHz

560640 sagpa / 694 TB nameT / 40 PB
OVCK

MpowunssogntenHocT: 27.11
PFLOP/cek

EaHakBoTO MeXxXay BCUYKMN..

Hama Takosa..
N Taka po man 2021..

Yact 2: ! GRID, BUYN 2024


http://www.nersc.gov/users/computational-systems/edison/
https://www.alcf.anl.gov/theta
https://www.olcf.ornl.gov/olcf-resources/compute-systems/titan/
https://www.nersc.gov/systems/cori/

Vega e:
Veg a e Cynepkomniotsp / HPC
OT1kpuT Ha 20.04.2021
; B CnoBeHus
dunHaHcmpaH ot EuroHPC n CnoseHus
Ha 166-1o msacto B top500
Atos/BullSequana XH2000
AMD EPYC 7H12 2.6GHz
122800 sgpa
MpounseoauntenHocT: 375 PFLOP/cek
He ce nanonsa HanbnHoO OT
notpebutenute
e ATLAS nsnonssa pecypcute B pexum
“backfill”

Slots of Running jobs

300K

250 K

200 K

150K

100 K

50 K

o
2019-10 2020-01 2020-04 2020-07 2020-10 2021-01 2021-04 2021-07 202110 2022-01 2022-04 2022-07

min max avg v

Wall clock time. Al jobs (HS23 seconds)
== Slovenia 0 217K 754K
= USA 0 165K 31.1K w
Switzerland 110K 166K 7.34K . \
== Germany 0 174K 441K
== Czech Republic 0 384K 407K
== Spain 0 257K 376K
Value Percent
= MNordic 0 690K 2.94K = Slovenia 382Ti  64%
- UsA 560Tri 9%

== Japan 0 216K 429 — Switzerland 5027 8%

Pasnpegenenu nsuncneHus B ATLAS. Yacr 2: ! GRID,EVIVH 2024



https://www.top500.org/site/50864/
https://www.top500.org/lists/top500/2023/06/

EuroHPC JU

(European High-Performance Computing Joint Undertaking / EBponencka
HPC nHununatmnea)

©

MHnumatmea mexay OAbpXXaBHU U YACTHU UHCTUTYLMM 3a KO
3a passutne Ha HPC

UneHose: EC, ABcTpus, benrusa, Bbnrapusi, Xepsatcka, Kunbp, Yaxus, JaHusa, EcToHus, duHnuans, OpaHums, Fepmanus, Mbp
INatBus, Nutea, ITiokcembypr, ManTa, XonaHaus, CeBepHa MakegoHus, Hopserus, MNonwa, Moptyranus, PymbHus, Cbpbus, C,
Typumsi, NnpeacTaBUTENN Ha 3 YaCcTHW NapTHLOPU

Llen: PaspaboTka Ha naH-eBponericta HPC uHdpacTpykTypa

LlenTpana: Jltokcembypr

Hauvano: 2018

duHaHcupane: 7 mpa. EBpo 3a nepuoga 2021-2027
. 3 Mpa. - avnrocpoyeH 6roaxeTt Ha EC

. 3 MpA. - YNeHoBe Ha nHnymaTueara
. 1 Mpa. - YacTHU JoHOPU

WavpaHe Ha pecy €BpPONencKko HNBO

Wcnangus, Mpnanawsa, Utanus,
Hus, Vcnanus, Wseuus,

&

Brookhaven

National Laboratory
PasnpepneneHun nsuymucnenusa B ATLAS. Yacrt 2: ! GRID, BUYT 2024



Cynepkomniotpute Ha EuroHPC JU

LUMI (®rnHnaHgms, top500: 3)
Hewlett Packard/Cray EX

AMD EPYC 64C 2GHz

2,220,280 agpa

MpounssoautenHocT: 428 PFLOP/cek

MELUXINA (IMokcem0ypr, top500: 52)
Atos/BullSequana XH2000

AMD EPYC 7452 32C 2.35GHz
172544 appa

MpoussoantenHocT: 13 PFLOP/cek

KAROLINA (Yexus, top500: 95)
Hewlett Packard

AMD EPYC 7763 64C 2.45GHz
102272 agpa

MpousBoauntenHoct: 9 PFLOP/cek

LEONARDO (Utanus, top500: 4)
Atos/BullSequana XH2000

Intel Xeon Platinum 8358 32C 2.6 GHz
1,824,768 appa

MpoussoautenHoct: 305 PFLOP/cek

DISCOVERER (Bwnrapus, top500: 134)
Atos/BullSequana XH2000

AMD EPYC 7H12 64C 2.6GHz

144384 appa

MpounssogntenHocT: 6 PFLOP/cek

MARENOSTRUM 5 (we 6bae B
WcnaHus)

Bull SAS/Bull Sequana XH3000

Intel Sapphire Rapid
MpownssoantenHocT: 314 PFLOP/cek

DEUCALION (MopTyranusi, B CTPOEX)
Fujitsu/PRIMEHPC+BullSequana
AG64FX, AMD EPYC
MpowussogutenHocT: 7 PFLOP/cek

VEGA (CnoseHus, top500: 131
Atos/BullSequana XH2000

AMD EPYC 7H12 2.6GHz

122800 sgpa

MponssogutenHoct: 7 PFLOP/cek

PasnpepneneHun nsuymucnenusa B ATLAS. Yacrt 2: ! GRID, BUYT 2024


https://www.lumi-supercomputer.eu/
https://www.top500.org/lists/top500/2023/06/
https://www.top500.org/system/180048/
https://leonardo-supercomputer.cineca.eu/
https://www.top500.org/lists/top500/2023/06/
https://www.top500.org/system/180128/
https://www.bsc.es/
https://www.izum.si/en/hpc-en/
https://www.top500.org/lists/top500/2023/06/
https://www.top500.org/site/50864/
https://luxembourg.public.lu/en/invest/innovation/meluxina-superordinateur.html
https://www.top500.org/lists/top500/2023/06/
https://www.top500.org/site/50882/
https://www.it4i.cz/en/infrastructure/karolina
https://www.top500.org/lists/top500/2023/06/
https://www.top500.org/site/50561/
https://sofiatech.bg/en/petascale-supercomputer/
https://www.top500.org/lists/top500/2023/06/
https://www.top500.org/lists/top500/list/2023/06/?page=2
https://macc.fccn.pt/

HapgnpeBapaTta

©

LlenTa: lNyckaHe B ekcnnoatayusi Ha KOMMOTbP KOUTO MOXe Aa H

(exaFLOP)
* UenTta e nocturHata npes toHn 2022 B CALL!
Cratyc:_top500.0rg

TeCT Linpack Benchmark
3ap,aqa PewaBaHe Ha cuctema oT NUHENHU YpaBHEHUA

. KnacvpaHe: Camo 3a nNMHeHn ypaBHeHus

. Pesyntatu:
. Rpeak: TEOPETUYHA MAKCUMarHa NPou3BOANTENTHOCT
. Rmax: V13MepeHa nponssBoauTenHocT

Pesyntartu:

. Top10: Camo 2 mawwuHu B EBpona

. Ton500:
. Bcuukn mawmHmn B Tabnuuara ca ¢ npomssoauTtenHocT > 1 petaFLOP
. MoseyeTo MawmHu ca B CALLL
. Kutan cnps ga nybnukysa TECTOBUTE CU pe3ynTaTtu
.

HuTo egHa mawmHa He e B Bwnrapus

3aLlo e HeobxoaMmMo?

Brookhaven

National Laboratory

Eos NVIDIA DGX SuperPOD - NVIDIA

Nvidia

United States

Rmax Rpeak Power
Rank System Cores (PFlop/s) (PFlop/s) (kw)
1 Frontie 8,699,904 1,206.00 1,714.81 22,786
HPE
United States
Intel
United States
7 7 18 00 5
anpasu-1018- nsuncneHnsa-3a ‘cekyHaa
United States
4 Supercomputer Fugaku 7,630,848 442.01 537.21 29,899
Fujitsu
Japan
5 LUMI F EX 2,752,704 379.70 531.51 7.107
EP M| HPE
Finland
6 Alps 1,305,600 270.00 353.75 5,19
A HPE
Switzerland
7 Leonardo 1,824,768 261.20 306.31 749
EVIDEN
Italy
8 MareNostrum 5 ACC 663,040 175.30 249.44 4,159
EVIDEN
Spain
9 Summit - IBM Powe y M F 2,414,592 148.60 200.79 10,096
1, IBM
United States
10 485,888 121.40 188.65

PasnpepneneHun nsuymucnenusa B ATLAS. Yacrt 2: ! GRID, BUYT 2024



https://www.top500.org/lists/top500/2023/06/
http://www.netlib.org/benchmark/hpl/

ECP applications target national problems in six areas

Next-generation,
stockpile
stewardship codes

Reentry-vehicle-
environment
simulation

Multi-physics
science simulations
of high-energy
density physics
conditions

Turbine wind plant
efficiency

Design and
commercialization
of SMRs

Nuclear fission
and fusion reactor
materials design

Subsurface use
for carbon capture,
petroleum
extraction, waste
disposal
High-efficiency,
low-emission
combustion engine
and gas turbine
design

Scale up of clean
fossil fuel
combustion

Biofuel catalyst
design

Additive
manufacturing
of qualifiable
metal parts

Urban planning

Reliable and
efficient planning
of the power grid

Seismic hazard
risk assessment

Cosmological probe
of the standard
model of particle
physics
Validate
fundamental laws of
nature

Plasma wakefield
accelerator design

Light source-
enabled analysis of
protein and
molecular structure
and design

Find, predict,
and control
materials and
properties
Predict and control
stable ITER
operational
performance
Demystify origin of
chemical elements

Accurate regional
impact assessments
in Earth system
models

Stress-resistant
crop analysis and
catalytic conversion
of biomass-derived
alcohols

Metagenomics
for analysis of
biogeochemical
cycles, climate
change,
environmental
remediation

Accelerate
and translate
cancer research

B3eTo ot npe3eHTauusaTa Ha Lori

Diachin, 3am-aupekTop Ha
“Exascale Computing Project”,
oT KoHchepeHuUUATa
“Supercomputing 18”,
14.11.2018

ﬁ"'-l-:‘ﬁ EXASERILE
P
\\



https://www.etp4hpc.eu/pujades/files/SC18%20BoF%20-%209%20-%20US%20-%20Lori%20Diachin.pdf

Obnauwu

k}\ Brookhaven

National Laboratory




Ha kpaTtko

« ATLAS usnonssa cobCTBEHU, HAYYHN N KOMEPCUATTHM.
* [lpegumcTBa
« KomepcunanHu: [pu Hy>Kga OT MHOIO pecypcu 3a KpaTKo Bpeme
« HayuyHu: CnogensiHe Ha pecypcu 1 ueHa Mexay pasnuyHn UHCTUTYTU U
pasnn4Hu obnacTu Ha nacrnegBaHe
* CobctBeHN: Bbp30 U KOHTPONMPAHO YCBOSIBAHE Ha pecypcu
« HepocTtatbum
* KomepcuanHu: Ckbnu

I L? Brookhaven
National Laboratory



MpuHUMN Ha paboTa HocTasumum Ha oGnasm ycnyru

n ml \icrosoft
Hl Azure

openstack

ClOUd CLOUD SOFTWARE Amazc.)n EC2

Scheduler

Cuctema 3a pasnpegensiHe
Ha 3agaum
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THigh Throughput Computing
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MpuHUMN Ha paboTa HocTasumum Ha oGnasm ycnyru

n ml \icrosoft
Hl Azure

openstack

CLOUD SOFTWARE Amazon EC2

Cloud Hanpasu My BUupTyanHu

Scheduler MaLlnHKn

Habntogasa
onaiukarta oT
3apauun

Cuctema 3a pasnpegensiHe
Ha 3anaqu

MHICondur

THigh Throughput Computing

MNoTpebuten

@,
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o
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;
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kt National LahcnzgﬂlI pawa
3agayun




NMpuHUMN Ha paboTa

©

Cloud
Scheduler

Habntogasa
onaiukarta oT
3apauun

MNoTpebuten

@,
A

Brookha

National Labo

o
JY

YEhpawa

3agayn

Hanpasu Mu BUpTyanHm
MaLLVHW

Cuctema 3a pasnpegensiHe
Ha 3agaum

“ HIConaY%

\ ol
3
AT High Throughput Computing

AdocTaBuMuM Ha 06NavyHuU ycnyru

openstack

CLOUD SOFTWARE

ml Vicrosoft
Hl Azure

Amazon EC2

Cb3aaBaHe

N Buorvanoda
E N Buptyanna
E MawwHa

EE

Worker




NMpuHUMN Ha paboTa

©

Cloud
Scheduler

Habntogasa
onaiukarta oT
3apauun

MNoTpebuten

@,
A

Brookha

National Labo

o
JY
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3agayn

Hanpasu Mu BUpTyanHm
MaLLVHW

AdocTaBuMuM Ha 06NavyHuU ycnyru

n ml Vicrosoft
Hl Azure

openstack

CLOUD SOFTWARE Amazon EC2

Cuctema 3a pasnpegensiHe
Ha 3anaqu

QHICondur

Fhigh Throughput Compating E N Buptyanna
E MawwHa
Csbp3BaHe 1 E 1
N3NbIHEHWE Ha ‘

3agayu

Cb3aaBaHe

N Buorvanoda

Worker




Cob6cTBeHu obnauu - TpurepHa cepma

e Pecypc - 133 000 agpa

e l13nonsBaHe - caMo KoraTto
He ce HabupaT gaHHu

e OO6GnayHo pelleHue:

o bbp3o ycBosiBaHe Ha
pecypcu

o Hsama Hyxpga oT
NHCTanMpaHe

o CBeTkaBU4HO
BpblLiaHe Ha pecypcu
npwn Hy>xga (kill)

e OnTuMmnamMpaHeTo Ha
N3NON3BaHETO Ha
pecypcuTe He e TpuBMarneH
npobnem

L? Brookhaven

National Laboratory

Slots of Running jobs ©

160 K

nnnnnn

N3nonaBa ce camMo korato
pecypcuTe He ca HyXXHU 3a
HabnpaHeTo Ha cypoBM
AaHHW OT ekcrnepuMmeHTa.

[Mepuvoaon Ha
npodounakTuknia Ha
cucremara




KomepcuanHu obnaum - Google

« TectoB gorosop ¢ Google 3a ga ce BUOAT npeguMmcTearta u
HegocTaTbumTE
 LleHa
» [lponsBoguTtenHocT

Sons ot s

Ha ATJIAC

I '\? Brookhaven
National Laboratory



[lobpoBonyecku croaeneHn

N34YnCrieHumA
(Volunteer Computing)




BOINC

BOINC Architecture

ATLAS Job
Management
lication/Input data
System L App! npu
A BOINC Manager
v
[ Scheduler ]
Client Tools
ARC CE
[ File Uploader
S i N
Application1 Application2 % BOING Manager
Validator Validator
BOINC server o i BOINC Server e Client Tools
Application1 Appllcationz
Assimilator Assimilator
k:.‘ Brookhaven
# National Laboratory
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ATLAS@Home

« ObpaboTtea ~ 1% oT cumynupanutTe cbbutns B ATLAS
* CpaBHuM c ronam 6e3nnaTeH KOMNITbPEH LEHTBLP
* He To4HO.. fOBpoBONUMTE OYaKBAT BCE NakK HAKAKBa No4ApbXKKa

« [onsiMm noTeHuMan B HAaCTONMHUTE KOMMIOTPY MO YYPEXOEHUS KOUTO HE Ce U3KIOYBAT HOLLLHO
Bpeme

8k

Slots of Running jobs  ©

JobpoBonyecku

k}\ Brookhaven

National Laboratory
Pasnpegenenu nsuncnenus B ATLAS. Yacr 2: ! GRID, BUYN 2024




»Windows © Linux Mac

Ko Hu nomara

1%
13%

« BOINC e orpoMmHO 06LLECTBO OT OTA3AEHM XOpa
« MHOro oT TaXx y4yactBaT € HSAKOJIKO NpoeKkTa eqHOBpeEME

I k:.\ Brookhaven
#" National Laboratory
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N Hue nuctanupame BOINC

« Ha HoBonpucturHanute mawmnHn 8 LIEPH
* Ha mawwuHu ¢ “HeedeKkTUBHN" yCryru

« Ha mankm GRID cantoBe

 Ha cantoBe c orpaHn4yeHus

I L? Brookhaven
National Laboratory




Ob6o0OLweHue

« GRID e Bce oule TyK N He Ce 04aKBa CKOPO Ada CU TPbrHe

« Bce noBeye opraHmsaunm n cnoHcopu n3dupart anTepHaTUBM Ha
KOHBEHLMOHANHNTE KOMMIOTHPHM LLEHTPOBE - CYNEPKOMMIOTPMN,
obnauu..

« Konabopauusta ATLAS ycneLwHo rm nHTerpmpa v n3nonasa

I L? Brookhaven
National Laboratory
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