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Pa3nukarta

HTC: High-Throughput Computing (GRID)

e Kakso e?
o l'on;uvla n3vyncnmTernHa MOoLWHOCT 3a ObJIro BpeMe.

e 3a KakBO CNyXn?
o E(*)eKTMBHOTO M3MbIHEHMNE Ha MHOro 1 cnabo CBbpP3aHu
3agaun.

HPC: High-Performance Computing
(CynepkomnioTpm)

Kakso e?
O Fon;uvla n34yncrnnTenHa MOLLHOCT 3a orpaHquHo Bpeme.

3a KakBO Crnyxm?
o ECbeKTMBHO M3nbJIHEHNE Ha MHOro, TACHO CBbpP3aHu 3aaa4n.

O6nayHu nsuncrneHus

e KakBo e?
o BmpTyanHm MaLUNHWM - KOJNMKOTO N KaKBUTO Ca Hy)KHVI

e 3a KakBO CNnyxm?
o ["apaHTMpaHn pecypcum B curypHa u n3onupaHa cpefa 6es
Hy>Aa oT nogapbxka Ha xapayep. APl goctbn

HOo6poBonyeckn n3uncrneHus

Kakso e?
o LleHTpanuanpaHun n34ncrneHmst Ha pecypcu npegocTaBepHn oT
nobpoeoum

3a KakBO cnyxm?
o OnonsoTBopsiBaHe Ha pecypcu KOUTO UHaye Gruxa Gunum
npaxocaHu




CynepkoMnoTpu



GRID n CynepkomnoTpu
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GRID n CynepkomnoTpu

GRID ce cbcTOM OT KOMNIOTBLPHU KIMBCTEPU

Mo-ronsama 4acT oT U3YUCIEHNATa B ApYyruTe obnacT Ha HaykaTa cTaBaT B
CYrnepKoOMMIOTPW.

e Pasnukn: cynepkomniotpm <> GRID:

(@]

o O O O

Huwikn:

000 HuwKN) <> egHa

PaboTa Ha oTAENHUS KOMMITBLP:
BxoaHo - n3xogHu onepaunu:
Bpon Ha dannose:
MoTpebutencka nogeHTudnkaumns:
cepTudmkar

Mpouecopu / onepaumoHHN CUCTEMU:

[AvpeKkTHa Bpb3Kka C UHTEPHET

mMHoro (~100

4yacT OT 3agaya <> efHa 3agjada
Marko <> MHOro

Marnko <> MHOro
norvH/napona (egHokpaTtHal) <>

MHOrO <> HHAKOIKO
He <> fa



Mawab Ha 3agaunTe HA eAUH CyNnepKOMMIOTHLP

(Ha AHelWHUTE MaLLUUHM)

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

[1Ba HaunHa Ha non3BaHe Ha CynepKoMMNIOTLP: KBOTa U
backfill



HPC: Backfill



HPC: Backfill

M3touHuk: David Cameron



Cynepkomniotpu: Backfill

M3touHuk: David Cameron



Cynepkomniotpu: Backfill

(NMBbNHMM AyNKu BCsIKakBM)

M3touHuk: David Cameron



Cynepkomniotpu: Backfill

(NMBbNHMM AyNKu BCsIKakBM)

M3touHuk: David Cameron



Cynepkomniotpu: Backfill

(NMBbNHMM AyNKu BCsIKakBM)

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




M3non3BaHe Ha Titan ot ATLAS

N3uncneHuns no KBoTa
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M3non3BaHe Ha Titan ot ATLAS
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AMepUKaHCKN CynepKoMnioTpU M3non3BaHn oT
ATINAC

. Cori (CALL, top500: 41)
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
| 280320 sigpa / 914 TB namet / 11 PB guck
" [MpoussoauTenHocT: 11.66 PFLOP/cek

Edison (CALL)

Cray XC30

Intel Xeon E5-2695v2 121C 2.4GHz

133824 agpa/ 357 TB namet / 7.56 PB gnck
MpouseoauntenHocT: 2.57 PFLOP/cek

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 oo mamn 2021..


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/
https://www.top500.org/lists/top500/2022/06/
https://www.top500.org/system/178924/
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21.6K

7.34K
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4.07K
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429

Vega e:

Cynepkomntotbp / HPC

OT1kpuT Ha 20.04.2021

B CnoBeHus

®unHaHcmpaH ot EuroHPC n CnoseHus
Ha 131-10 macTto B top500
Atos/BullSequana XH2000

AMD EPYC 7H12 2.6GHz

122800 agpa

MpounseoantenHocT: 375 PFLOP/cek
He ce usnonsa HanbSIHO OT
notpebutenute

ATLAS un3nonsea pecypcuTe B pexum
“backfill”


https://www.top500.org/site/50864/
https://www.top500.org/lists/top500/2022/06/

EuroHPC JU

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

e VHuumnaTtuBa mMexay Obp>KaBHU M YaCTHM
MHCTUTYLMN 3a KOHCONUAupaHe Ha pecypcu Ha
€BPONencKo HMBO 3a pa3suTue Ha HPC

° UneHoge: EC, AecTpusi, Benrusa, Bvnrapusi, Xbpeatcka, Kunbp, Yaxus, daHus,
EcTtoHus, ®uHnHansA, PpaHums, Fepmanus, Mspums, YHrapus, VicnaHgus,
Wpnangus, Utanus, Nateus, Jlutea, Niokcembypr, ManTa, XonaHausi, CeBepHa
MakenoHus, Hopserusi, Monwa, MopTtyranusi, PymbHus, Cbpbus, Crioakus,
CnoseHus, Ncnanus, LWseuuns, Typuns, npegctaButenm Ha 3 YacTHU NapTHLOPK

e Llen: PaspaboTtka Ha naH-eBponencta HPC
MHdpacTpyKTypa

e LleHTpana: Jltokcembypr

e Havano: 2018

e ®uHaHcupaHe: 7 mpAa. EBpo 3a nepmnoga 2021-
2027

o 3 mMpa. - abnrocpoyeH Groaxet Ha EC
o 3 Mpa. - YNeHoBe Ha MHUUMaTneaTa
o 1 MpA. - YacTHM AOHOpPU




Cynepkomniotpute Ha EuroHPC JU
WS/

LUMI (®vHnaHgms, top500: 3)

I Hewlett Packard/Cray EX

' AMD EPYC 64C 2GHz

1110144 agpa

MpownssogntenHocTt: 375 PFLOP/cek

MELUXINA (INMokcem0bypr, top500: 48)
Atos/BullSequana XH2000

AMD EPYC 7452 32C 2.35GHz
172544 appa

MpoussoantenHocT: 13 PFLOP/cek

KAROLINA (Yexus, top500: 79)
Hewlett Packard

AMD EPYC 7452 32C 2.45GHz
102272 agpa

MpouseoantenHoct: 10 PFLOP/cek

LEONARDO (Utanus, B cTpoex)
Atos/BullSequana XH2000
MpousBoauntenHocT: 250 PFLOP/cek

DISCOVERER (Bwnrapus, top500: 113)
Atos/BullSequana XH2000

AMD EPYC 7H12 64C 2.6GHz

144384 appa

MpounssogntenHocT: 5 PFLOP/cek

MARENOSTRUM 5 (we 6bae B
WcnaHus)

Bull SAS/Bull Sequana XH3000

Intel Sapphire Rapid
MpownssoantenHocTt: 205 PFLOP/cek

VEGA (CnoseHnus, top500: 131
Atos/BullSequana XH2000

AMD EPYC 7H12 2.6GHz

122800 sgpa

MponssogutenHoct: 7 PFLOP/cek

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



https://www.lumi-supercomputer.eu/
https://www.top500.org/lists/top500/2022/06/
https://www.top500.org/system/178924/
https://leonardo-supercomputer.cineca.eu/
https://www.bsc.es/
https://www.izum.si/en/hpc-en/
https://www.top500.org/lists/top500/2022/06/
https://www.top500.org/site/50864/
https://luxembourg.public.lu/en/invest/innovation/meluxina-superordinateur.html
https://www.top500.org/lists/top500/2022/06/
https://www.top500.org/site/50882/
https://www.it4i.cz/en/infrastructure/karolina
https://www.top500.org/lists/top500/2022/06/
https://www.top500.org/site/50561/
https://sofiatech.bg/en/petascale-supercomputer/
https://www.top500.org/lists/top500/2022/06/
https://www.top500.org/site/50867/
https://macc.fccn.pt/

HagnpeBaparta
e LenTa: [lyckaHe B ekcnnoaraumsa Ha KOMMOTHLP
KOUTO MoXe Aa Hanpasu 1018 nayncnenus 3a
cekyHaa (exaFLOP)
o LUenTta e nocturHarta npe3s toHn 2022 B CALL!
e CraTtyc: top500.0rg

e TecrT: Linpack Benchmark
o 3apayva: PewaBaHe Ha cuctema oT NMIMHENHN ypaBHEHUS
o KnacupaHe: Camo 3a nMHeNHN ypaBHeHUA
o Pesynratu:
B Ry TeopeTnyHa makcumaria npovu3BoanTENHOCT

m  R,.c V3mepeHa nponssoamTenHocT

e PesynraTm:
o Top10: Camo 2 mawuHu B EBpona
o Ton500:
m  Bcuykn mawmvHm B Tabnuuarta ca ¢ nponsBoguTENHOCT >
1 petaFLOP
m [loBeyeTto mawwmHu ca B CALL
m Hwuto egHa mawwuHa He e B bbnrapus

e 3allo e HeoOxoaAMMO?

Rmax Rpeak Power
Rank  System Cores (PFlop/s)  [PFlop/s) (kW)
1 8,730,112 1,102.00 1,685.65 21,100
DOE/SC/0ak Ridge National Laboratory
United States
2 7,630,848 442.01 537.21 29,899
3 a, AMD Optimized 3rd 1,110,144 151.90 21435 2,942
z, AMD Instinct MI250X,
4 2,414,592 148.60 20079 10,09
ak Ridge
tes
5 Sierra €922, IBM POWERY 22C 1,572,480 94.64 12571 7,438
16H DIA Volta GV rail Mellanox EDR
nfiniband, IBM / NVIDIA / Mellanox
DOE/NNSA/LLNL
United States
6 Sunway TaihuLight - Sunway MPP, Sunway SW26010 10,649,600 93.01 125.44 15371
NRCPC
upercomputing Center in Wuxi
7 PEC X235n, AMD EPYC 7763 64C 761,856 70.87 93.75 2,589
2.456Hz, NVIDIA A 14 40 GB, Slingshot-10, HPE
DOE/SC/LBNL/NERSC
United States
8 NVIDIA DGX A100, AMD EPYC 7742 84C 555,520 6346 79.22 2,646
2.256Hz, NVIDIA A100, Mellanox HD and, Nvidia
NVIDIA Corporation
United States
9 Tianhe-2A 4,981,760 61.44 100.68 18,482
10 319,072 46.10 61.61 921

HPE

L de Calcul Intensif - Centre
National de |'Enseignement Suprieur

nent



https://www.top500.org/
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

Oonauwu



Ha kpaTko

e ATLAS nanonssa cobCcTBEHN, HAYYHN U
KoMepcuarHu.

e [Ipeonmctea
o KomepcumanHu: Npu Hyxxga OT MHOro pecypcu 3a KpaTko
Bpeme
o Hay4Hu: CnogensaHe Ha pecypcu 1 LleHa Mexay pasfinyHu
WHCTUTYTU M pasnuyHn obnacTtu Ha uscnegsaHe
o CobcTtBeHU: bbp3o 1M KOHTPONMPaHO YCBOSIBAHE Ha

pecypcu
e Hepoctatbumn
o KomepcunanHu: Ckbnu



NMpuHUMN Ha paboTa

ﬂ Cloud
)

Scheduler

HocTaBuynum Ha oGnayHum ycnyru

n ml Vicrosoft
Hl Azure

openstack .

CLOUD SOFTWARE Amazon EC2

Cucrtema 3a pasnpegensiHe
Ha 3agaum

4HTConad

#id High Throughput Computing

Motpebuten

@)
A

o
JY

;

M3anpawa
3agauv




NMpuHUMN Ha paboTa

- . Cloud Hanpasu mun BUpTyanHu

HocTaBuynum Ha oGnayHum ycnyru

a ml Vicrosoft
Hl Azure

openstack .

CLOUD SOFTWARE Amazon EC2

#§  Scheduler MalLnHK

Habntogasa
onaiukarta oT
3apauun

Cucrtema 3a pasnpegensiHe
Ha 3agaum

4HTConad

“Z4'High Throughput Computing

Motpebuten

@)
A

o
JY

;

M3anpawa
3agauv




NMpuHUMN Ha paboTa

Cloud Hanpasu My BUpTYanHm
Scheduler MaLlVHK

Habntogasa
onaiukarta oT
3apauun

Cucrtema 3a pasnpegensiHe
Ha 3anaqu

HICondur

thTh ughput Gomputing

Motpebuten

@)
A

o
JY

;

M3anpawa
3agauv

HocTaBuynum Ha oGnayHum ycnyru

n ml \icrosoft
Hl Azure

openstack .

CLOUD SOFTWARE Amazon EC2

Cb3aaBaHe

N Buorvanoda
E N BupTtyanxa
E MawwuHa

Ahi

Worker




n p“ H L"M " Ha pa6OTa HdocTtaBunumM Ha o6naYHM ycnyrm

n ml \icrosoft
Hl Azure

openstack .

CLOUD SOFTWARE Amazon EC2

Cloud Hanpasu My BUpTYanHm

Scheduler MaLlnHKn

Cb3aaBaHe

Habntogasa
onaiukarta oT
3apauun

Cucrtema 3a pasnpegensiHe
Ha 3anaqu

H'l'cOHdUr N Buprvanha

H gh Throughput Camputing E N BI/IpTyaJ'IHa
MawwHa
Motpebuten
Csbp3BaHe 1 E

@) N3NbIHEHME Ha ]
‘ v l 3aja4vn —

M3anpawa
3agauv

Worker




CobcTtBeHu obnaum - TpurepHa depma

Slots of Running jobs

e Pecypc - 120 000 sgpa
e l3nonseaHe - caMo KoraTto
He ce HabupaT gaHHK
e OO6GnayHo pelleHue:
o bbp3o ycBosiBaHe Ha

pecypcu

o Hsama Hyxpga oT
WHCTanupaHe

o CBeTkaBU4HO a

BpbLLaHe Ha pecypcu
npwn Hy>xga (kill)
e Bce ouwle He ce nsnonsea
MaKCUMarnHo R
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cnoageJsysieHm n3dymCliieHmns
(Volunteer Computing)



BOINC

BOINC Architecture
ATLAS Job
Management [
Application/Input data "
el it 5 BOINC Manager
i Schedul ‘
- e Client Tools
ARC CE
[ File Uploader
Application1 Application2 BOINC Manager
Validator Validator | N —
Client Tools

BOINC server Data Staging
Area

BOINC Server
Application1 Application2
Assimilator Assimilator




ATLAS@Home

Slots of Running jobs v

e OO6GpaboTtBa ~ 1% OT cumynmpaHuTe
cboutns B ATLAS

e CpaBHuM c ronsam b6esnnarteH
KOMMIOTbPEH LIEHTBHP

e He TO4YHO.. fOGpPOBONUMTE OYaKBaT
BCE NakK HAKaKkBa noaapbxka

e [onam noTeHuman B HAaCTONHUTE
KOMMOTPU NO YYPEXOEHNSA KOUTO HE
Ce U3KIT0YBAT HOLLHO BpemMe

= cloud_special 107K 618K 323K



»Windows © Linux Mac

Ko Hu nomara

1%

e BOINC e orpoMHO 06LLECTBO OT OTAAAEHM Xopa 1%

e MHoro ot 18X y4qacTBaT € HAKOJIKO NpoeKkTa eaAHOBpEeEMEHHO




N Hue nHcTtannpame BOINC

e Ha HoBOMpuUCTUrHanNMTe MallunHU B
LIEPH

e Ha malwnHu ¢ “"HeeeKTUBHU" yCnyru

e Ha mankm GRID cantose

e Ha canTtoBe C orpaHn4eHuns



Ob6o6LweHue

e GRID e Bce oLle TyKk 1 He ce 04YaKkBa CKOPO Aa CU TPbrHe

e Bce noseye opraHusauum n cnoHcopu n3bumpart antepHaTMBU Ha
KOHBEHLMOHASTHUTE KOMNIOTBPHN LIEHTPOBE - CYNnepKoOMNITpU, obnauu..

e Konabopauuata ATLAS ycneLwHo rm uHTerpupa n n3norsisea
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lvan.Glushkov@cern.ch
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