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KakbB e npobnema?



Ot ATLAS po Hay4Ha nyo6nukauus
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Ot ATLAS po Hay4Ha nyo6nukauus

lod Events / 1.5 GeV
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KakBo B e (6MN0) HYXXHO 3a OTKpUTHUE?

Mpe3 1930-Te *
« ~2 yYyeHW OT efHa AbprKaBa

e JINCT n XxummkKan

2l [pe3 1970-Te
« ~200 yyeHun ~10 gbpKaBun
4+ Meitndpeim

[Hec
« ~3000 yyeHu ~100 gbpx<aBu

s PasnpepeneHun nsuvucneHunsa
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[IaHHUTE



Konko ca paHHuTte ot ATLAS

[Mpounssexgame: 40 MHz x 1.5 MB = 60 TB/s
[laHHu == C++ 0beKTun
Bpeme 3a obpabotka: ~gHn T.e. ~ O(MB - GB)
[lpecsiBaHe B pearnHo BpeME:

o L1 Tpurep - Ha ekcnepumeHTa

o L2 Tpurep - ~140 000 agpa

SELECT SUM(bytes)/1000/1000/1000/1000/1000 FROM atlas_rucio.dids
WHERE did_type='D"
and datatype = 'RAW'

v

W

" &, ) E sQL | All Rows Fetched: 1 in 78.476 seconds
ﬁ} SUM(BYTES)/1000/1000/1000/1000/1000

1 01.2741272786692 | 1 PRB!
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KAK?!

91 PB!?

Konko Bpeme?
AmMu ako cobpkam?
AMuM ako Kornerata
Hanpasu no fo6bLP
anropuTtbMm 3a
MIOOHU?
Bcuuko otHayano?!

JPU3NK

=
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Konabopauua n ontumunsauus

e [pynupaHe Ha
aHannauTe no Temu -

91 PB!?

Konko Bpeme?

AMu aKko c6bpkam? XU Ic,

Amu aKo koneraTta

Hanpagu no fo6sLp CynepcmmeTpl/lM,
anropuThLM 3a Ek30TUKN

MIOOHU?
Bcuyko oTHayano?!

GB/MB

=

e (CenektupaHe camo
Ha JaHHUTE KOUTO ca
peneBaHTHU 3a
AageHus aHanua

Pasnpepenenun nsuncnenmsa B ATLAS. Yact 1: TPUA, YN 2023



CeneKkTupaHe Ha AaHHU
(ATLAS Derivation Framework)

---- --- NMpemaxBaHe Ha HeHYyXHaTa

Skimming
nHdopmauuma

Llenn cboutuns
e Yactu oT cbbutHusaTa
e XapakTepucTuKn Ha
cbbuTtnaTa
: e 3a BCEKM aHanus - OTAesHN
= OaHHN

<VARS> Slimming - <VARS>

Thinning
—_—

<VAR7> <VART>

pacuka: James Catmore
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UcTnHa n Teopus

Bxoaawun
HAHHU

[aHHM OoT geTekTOpa

TeopeTnuHun moaenu

OpraHu3supaHa,
LeHTpanusmnpaHa
06paboTKa Ha
BaHHU

TpurepupupaHe

PeKoHCTpyKLUA

- |

OTcasaHe n
copTupaHe

leHepupaHe

| |
Cumynauumsna

Avrutanusauusa
+ TpurepupaHe

PeKoHCTpyKUMA

| |

OtcasaHe u
copTupaHe

JlnueH wnu rpynos
aHanNU3 Ha AaHHU
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Bcuuko oowo..

ATLAS Data Overview =
Worldwide
1 000P
Monday, 18 Sep 2023
o Bytes: 819 793 719 502 038 000
e 820 PB! |

. 500P

250P

2010 2012 2014 2016 2018 2020 2022
Day
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N3uncneHus
(KONMKO M KakBW)



Konko nadyncnurtenHm
pecypcu HU TpadBaTt?



“Konkoto noBeu4e, Tornikosa noBeye!”

Meuo lMyx, 1966

Pa3npepenexun nsuncnenus B ATLAS. Yact 1: TPUA, BUYIM 2023



“Konkoto noBeu4e, Tornikosa noBeye!”

Meuo lMyx, 1966

“Uma camMo eiHO Hello, KOeTOo e No-XybaBo OT MbPHeHLUe

mea.. U ToBa ca aoBe rbpHeHua mepn.”
Meuo lNyx, 1966

Pa3npepenexun nsuncnenus B ATLAS. Yact 1: TPUA, BUYIM 2023



Konko nanoni3same?

PeyHuk

e Cnot - MACTO 3a eavH
npovwec 3ageneHo ot
Slots of Running jobs KOMMIOTBPHE hepMa
1.25 Mil
e 3apava (Job) -
1 Mil ) ,
W3non3saHo KonuyecTtBoTo “paboTa
(642 000) KoeTo TpsibBa aa ce

CMETHE Ha eduH CnoT

750 K

500 K

Konkoto noBeue,
O6ewano TONKOBa...
(391 000)  [o-6ep30
e |l3cnenBaHe Ha
noBeYye HOBM
onumu -
reHepartopu,
KOHuUrypaumu..

250 K

11/01 01/01 03/01 05/01 07/01 09/01

min max avg v

== atlas 279 1.14Mil 642K
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3a KakBO 'm uanonssame?

Bbbp3a [leTekTopHa ] AHanus

lFeHepupaHe ] Cumynauus

Slots of R

R —— " PeKOHCTPyKUMs MpecsBaHe ]
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N3uncneHusn
(kbae)



Pasnpnpepnenexnun nsuucneHusa B ATLAS: O630op

e Ekcneptun: > 200 (B pasnn4yHa cTerneH Ha 3aeTocCT)
o Cwucrtemata He Moxe aa paboTtn 6e3 Tax
@) Paspa60T|<a n nHTerpauna Ha HoBoBbBEOEHUA
o EkcnnoatupaHe / onepupaHe Ha cuctemara

e (LleHTpanusmnpaHun) ycnyru
o PasnpegensaHe Ha 3aga4dn - PanDA (ATLAS)
o PasnpegensaHe Ha aaHHu - Rucio (ATLAS)
o [lpexBbpnsaHe Ha pannose - FTS (WLCG)
o PasnpenensaHe Ha codpTyep - CVMFS (WLCG)

e OTpaneyvyeHn KOMMIOTBLPHM LIEHTPOBE (CanToBe)

GRID

O6naum, cynepkoMnioTpu, 4OO6POBOMYECKN N34NCEHUs (BbB BTOpaTta nekumsa)
Xapayep: pecypcu 3a obpaboTka 1 CbxpaHeHWe Ha AaHHU

.... N eKcrepTn Ha MeCTHO HMBO!
Pa3npepenexun nsuncnenus B ATLAS. Yact 1: TPUA, BUYIM 2023
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[NoTpebuten un pasnpeaeneHn U34YNCNEHUS:
NMpuHuunn Ha paboTa

@
Kbaoe / kon ca gaHHUTe KOUTO Cucrema 3a

nckam ga obpaborsam? - pasnpenensHe Ha JaHHU
(Rucio)

<4 [aHHn X, KonTto ce HammnpaTt
Ha cant Y

PeyHuk

e  Caur - (otganeyeH)

KOMMTbPEH LUEHTLP
Pasnpepenenun nsuncnenmsa B ATLAS. Yact 1: TPUA, YN 2023



[NoTpebuten un pasnpeaeneHn U34YNCNEHUS:
NMpuHuunn Ha paboTa

l

Kbae / kon ca gaHHUTE KOUTO

nckam ga obpaborsam?

<4 [aHHn X, KonTto ce HammnpaTt

Ha cant Y
Mckam ga u3anbiiHULL MOS

KoO BbpXy AaHHUTE X
A BEPXY A 3agayu

ATLAS cant ]

. rPya, snyn 2023

r

Cuctema 3a
pasnpeaensiHe Ha AaHHN
(Rucio)

J

.

Cuctema 3a
pasnpeaensiHe Ha 3agayun
(PanDA)

J

PeyHuk

Cawrt - (oTganeyeH)
KOMMIOTbPEH LEHTBHP



[NoTpebuten un pasnpeaeneHn U34YNCNEHUS:

NMpuHuunn Ha paboTa

l
-
Kbae / kon ca gaHHUTE KOUTO

nckam ga obpaborsam?

pasnpenensaHe Ha AaHHW

Cuctema 3a

(Rucio) y
<4 [aHHn X, KonTto ce HammnpaTt
Ha cant Y ( ~
Cuctema 3a
Mckam ga nsnbrnHuw most pasnpenensHe Ha 3agaydu
? KoA BbpXy AaHHUTE X
PesynTarti? A BbPXY [ 3anaun Q (PanDA) y
Pesyntatn / Owe
He e roToBO A
A

PeyHuk

ATLAS cant ]

. rPya, snyn 2023

e  Caur - (otganeyeH)
KOMMIOTbPEH LEHTBHP



KakBo e GRID

GRID e TexHOnorna KoATo no3sosigea onTUMU3NPaH, OTOPU3NpPaH 4OCTbM 40
pPecypcu - KOMMIOTbPHU U 32 CbXPaHEHUE Ha OaHHU - NPUHaanexalumn Ha
pPasnMYHn cobCTBEHMULIN.

Pa3npepenexun nsuncnenus B ATLAS. Yact 1: TPUA, BUYIM 2023



KakBo e GRID i

e VlpeaTa ce paxga npes 90-Te
e AHarnor Ha mMpexaTa 3a enekTpocHabasiBaHe

Pa3npepenexun nsuncnenus B ATLAS. Yact 1: TPUA, BUYIM 2023



KakBo e GRID llI

e Codtyep unu “GRID middleware” - paBa 4OCTbMN 4O XETEPOrEHHUTE
pecypcn Ha GRID ¢ obw nHtepdenc

o CE (Computing Element) - gocTbn 40 n34YncnuTenHm pecypcum
o SE (Storage Element) - goctbn 00 pecypcu 3a CbXpaHeHne Ha JaHHK

e [loTpebutenckn AOoCTbN - nAeHTUdUKaAUNA N YyIbIIHOMOLLABaHe
o Hsama kak ga nagem normH 1 napona Ha x10000 xopa Ha x100 canta
o  [Ourntanuu ceptudpukatn (x509-6asmnpanm)
m PaspaBaHu oT cepTuduumpanm “astoputeTHn natodHnumn” (certification authority)
m Baxwu 3a Bcekn GRID cant
m JlokanHo Ha canTa BCEeKM CalT CbOTBETCTBA Ha NIOKarneH akayHT (1 gedunHupa
npasaTa)

Pa3npepenexun nsuncnenus B ATLAS. Yact 1: TPUA, BUYIM 2023
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WLCG (The Worldwide Computing GRID)

YvyactBawm GRID-oBe:

Tier-2 sites

e EGI (European GRID Infrastructure) -
EBponenicka GRID nHppacTpukTypa

Tier-1 sites

e OSG (Open Science Grid) - GRID 3a
obwonoctbnHa Hayka (CALL)

e NDGF (Nordic Data Grid Facility) -
CkanaunHasckn GRID

Pa3npepenexun nsuncnenus B ATLAS. Yact 1: TPUA, BUYIM 2023



ATLAS Cawut

e Bceku cant (06MKHOBEHO) CE CbCTOU OT PECYPCU 3a CbXPaHEHME Ha OaHHN +

N34YncJrmTerniiHm MOLWHOCTHU
o Squid proxy cache - 3a pasnpocTpaHsiBaHe Ha copTyepa un “detector conditions” 6a3a gaHHM

e HuBa:
o Hwneo-0 (LLEPH)
Hueo-1 - JleHTOBM HOCcUTENN + HaAkom ycnyrn (FTS))
Hueo-2 - CantoBe ¢ nognucaH “gorosop” (Memorandum of Understanding - MoU)
HunBo-3 - HenocTosiHHKN pecypcu

O O O

Pa3npepenexun nsuncnenus B ATLAS. Yact 1: TPUA, BUYIM 2023



ATLAS Obnak

e Hama Huwo obuwo ¢ “obnayHn nsumncnenuns” (AWS, Google Cloud, 1 T.H.)

e Jlornyecka rpyna oT cantoBse
o EpuH cant ot HMBO-1 1N HAKOMKO HUBO-2 U HUBO-3
o Wnun B eanH reorpadCckn permMoH, Unu ot eamH U3TOYHUK Ha puHaHcnpaHe
e [logapbKKkaTa e npeaocTaBeHa OT EKUNUTE Ha OTAENHUTE obnaumn
o bnnso go cantoBete U TeEXHUTE NPOBNEMU
o Han-yecTo - Ha CcbLUKS e3UK
e OcTapsna KoHUenuus

o [uKTyBaHa OT OrpaHnU4YeHnst B MpEXoBUTE CKOPOCTU
o Bce oule ce nanonsea AOHSKbAE - NOAAPBXKKA.

Pa3npepenexun nsuncnenus B ATLAS. Yact 1: TPUA, BUYIM 2023



GRID komyHukauua npegu: Obnaum

Huso-1 HuBo-2 ]
[ Hueo-0 HuEo-3 ]
1 [ Hueo-2
HuBo-3 ]
Oobnak Y

X,Y = 'epmanusa, CALL, Utanus,
CkaHauHasus, ®paHuus,
BenunkobputaHus..

Pasnpepenenun nsuncnenmsa B ATLAS. Yact 1: TPUA, YN 2023



GRID komyHukauusa cera: ToranHa Mmpexa
(Full mesh)

HuBo-2 ]

[ o HuBo-3 ]
A
HuBo-3 ]
[ HuBo-1 HuBo-2
HUEO-3 [ToonobpeHo nanonsBaHe Ha:

[ HuBo-2 e Mpexa

Hueo-3 ] e KomnoTbpHU pecypcu

e (CbXxpaHeHue Ha gaHHU

Pasnpepenenun nsuncnenmsa B ATLAS. Yact 1: TPUA, YN 2023



Pona Ha HuBaTta: Huso-0

e Hueo-0

o Konwne Ha BCUMYKM MbPBUYHN OAHHM HA NIEHTOBM HOCUTENU
o [lbpBO HMBO Ha obpaboTka Ha gaHHUTe oT LHC

e LleHTpanHu ycnyrm B8 LUEPH (ctabunHocT)
PasnpenensHe Ha 3agayn - PanDA

PasnpenensiHe Ha gaHHW - Rucio

basa gaHHu - Oracle

[MpexBbpnsaHe Ha dannose - FTS (WLCG)

KelwuoBa nHpactpykrypa - Frontier

PasnpegensaHe Ha codpTyep - CVMFS - Stratum 0 (H1Bo-0)

O O O O O O

Pa3npepenexun nsuncnenus B ATLAS. Yact 1: TPUA, BUYIM 2023



Ponsa Ha Ha HuBaTa: HuBa 1, 2, 3

e Hwuea 1u 2 - gorosopeHu (pledged) KOMMOTBLPHU pecypcu u

ANCKOBU U JTEHTOBU HOCUTESIN

o CbXxpaHeHue Kornve Ha MbPBUYHUTE AaHHU U HA BTOPUYHU AaHHU
o Pasnukn mexagy HMBO-1 1 HNMBO-2
m JleHTOBM HOCUTENM (CamMO B HMBO-1)
m [logopbxka
e 24x7 3a HuBO-1
e B pamkute Ha paboTHMA OEH - HUBO-2
m Hskou HMBO-1 canToBe O0CTaBAT U LeHTpanHu ycnyru (Frontier, FTS)
e bnusocTt Jo canToseTe
e CurypHocCT Ha ycnyrata

Pa3npepenexun nsuncnenus B ATLAS. Yact 1: TPUA, BUYIM 2023



Mpexa

LHCOOPN
e Hwueo-0 v Hueo-1: LHCOPN
TW-ASGC ES-PIC CA-TRIUMF US-FNAL-CMS
167 1115 1 3152

117.103.96.020 193.109.172.024 206.12.1.0/24 1312252024
140.109.98.0/24 2001:67¢:1148:200::/64 206.12.9.0/29 131.225.160.0124
140.109.102.0/24 2001:67¢:1148:201::/64 131.225.184.0022
202 2001:67¢:1148:202:/64 131.225.188.0/22

e Hwueo-0,1u2: LHCONE (LHC

Open Network Environment)
o Konabopauua mexay Hay4Hu
opraHuMsaumm 1 YHUBEepCUTeTH =1L,
o  JunHaMU4HO nU3nonsBaHe Ha -
pecypcuTe, cnogernsiHe Ha
pasxoaute

192.108.45.0/24
192.108.46.0123
2a00:1398:104::/48

131.154.128.0117 193.48.99.04
2001:660:5009:9:

/64

‘FR—CC'&P@

mmmmm

o Layer3 pytupaH VPN

Pa3npepenexun nsuncnenus B ATLAS. Yact 1: TPUA, BUYIM 2023



Ouctpudbyumna Ha coptyepa: CVMFS
e CVMFS - CERN VM FileSystem

o MpexoBa gannoBa cuctema 6asnpaHa Ha http n onTummnanpaHa ga gocrtassa copTyepa
Ha eKCnepuMeHTUTE No canToBeTe ObP30 N CUTYPHO
o Hosusa codTyep ce noctass Ha Stratum-0 1 aBTOMaTUYHO Ce pennukmpa Ha BCUYKN
Spratum-1
o Han-ronsimaTa 4acT OT pensIMKMpaHoTO ce noema OT KelloBeTe (Squids) Ha BCekun eanH
canT
m KomnioTpuTe Ha BCcekn cant Yetat codpTyep camo OT FIOKanHUs KeLwl
m B cnyyan ye nokanHma kew He paboTn, KOMNKOTPUTE YeTaT OT CreaBaLoTo HUBO

e Bcwuukm ctaHgaptHu cantose B ATJIAC nsnonssat CVMFS
o TpsibBa Bpb3Ka C BbHLUHUS CBAT - HE paboTu Npu NOBEYETO CYNEPKOMMNIOTPU

Pa3npepenexun nsuncnenus B ATLAS. Yact 1: TPUA, BUYIM 2023



@) CernVM-FS Content Distribution

CERN
ﬂ \ NIKHEF
A
& FermlLab J R %
Prox _j (U.K) Prox
> y 2 —_— — - Y' =
< Hierarchy ‘ | — Hierarchy >
‘N
\ Stratum 0 R/W /
BNL DESY

ASGC

~~ (Taivan) _~

Ot Jakob Blomer
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N3uncneHusn
(kak)



N3uncnutenHu 3agavm:

a9
&U’ ATLAS Workflow and Workload Management

PanDA

Meta-data
handling

Physics Group
Production
requests

v tasks
|

EGEE/

Analysis

EGI :

Worker nodes

Distributed Data
Management

PanDA DB

oTApo 4

deduHuumn
PasnpeneneHn nsuncreHus:
s e e 3apgaya (Job) - kakBo TpsibBa Aa
Il [T ce CMeTHe Ha euH “KoMMITHLP”
e [lunot - manka nporpama KoATo ce
rrrrr n3npawia Ha canta v Buka

rrrrr v
peanHarta 3agadya OT cucremarta 3a

3agaum
e HPC - CynepkomMnoTbp

ATIIAC:

PanDA
server

e ProdSys2/DEFT - cucremara
KOSATO B3eMa efiHa 3asiBka
(request) n a pasnpenens

e Rucio - cucrtemara 3a gaHHu -
3anuceaHe, M3TpuBaHe,
npemecTBaHe, pennvkmpaHe 1 T.H.

e 3apanue (Task) - kakBo TpsibBa ga
ce nNpecMeTHe OT AaHHWU NOMyYeHu
npwv egHaKBM yCroBus

Cnang: Alexei Klimentov



CucTtema 3a pa3npeagensiHe Ha 3agayv B
ATIIAC

ELERR PanDA Workload Management System

@ Ready job
p Running j
PanDA concepts e s

- 7 Pilot
Rucio
4 2 Dataset lookup, file

.' locations and Site A
replication requests
(N —
) 288|000
'. o 0
‘BEEE LY
...-+*"" 7. Job dispatch ;
Y Site B
W:
. I
e L (] . (eS8 i [ B
e ;o 0
¥ L SR
Users and 6. Pilot -
groups submission -
& _SiteC
5.Howrr|a.ri§'(n_ BEEE
jobs N
| ) GEE
site X? .
PanDA Pilot scheduler
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3aKn4yeHue

e Pecypcute n gaHHUTe Ha pM3MKaTa Ha pu3nKkaTa Ha BUCOKNTE EHEPrnn ca
Cbu3amMepummn ¢ Ham-ronemmte B IT nHayctpuara

e be3 pasnpeneneHun nN34ncneHns cbBpemMeHHarta pmuanka Ha BUCOKUTE
eHeprmm He e Bb3MOXHa

e |I3nckBaHMATa KbM MHMPACTPYKTypaTa e ce yMHoXat npnbnnamtenHo 10
NbTW 3a cneasawmTe 10 rognHu

e BepoaTHu peweHus:
o  OnTummnampaHe Ha codptyepa
o HoBu TexHONOrMN - MaMHHO O0By4eHmne, aHanUTUKa, UCKYCTBEH UHTENEKT
o  OnTumMuMaMpaHe Ha M3NON3BaHETO Ha Xapayepa - Keww canTtoBe, AUPEKTHO YETEHE OT NEHTH,
o HoB TUN pecypcu - cynepkoMnioTpu, obnaun, HoOBU apxXUTEKTYpK (credpallarta nekuus)

Pa3npepenexun nsuncnenus B ATLAS. Yact 1: TPUA, BUYIM 2023



KakBoO He cnomMmeHaxme..

e Kak peluaBame KOW KONKO noTpebuten pecypcu ga nonyvn? Kak Hanarame u
KOHTpONuMpame pasnpenerieHneTo?

e Kak pewlaBame KOSKo pecypcu ga cu nomckame OT cCanToBeTe?

e KakBa e mepHaTa eamnHuua 3a pecypcen (HEPSPEC/HEPSCORE)?

e KakK ce pasnpenensTt Us4nucrnuTenHuTe 3agaymte B €guH cauT/KOMMOTbPEH
LEHTBLP?

Pa3npepenexun nsuncnenus B ATLAS. Yact 1: TPUA, BUYIM 2023
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CE (Computing Element)

computing | |
execution service
element \ )

—>» job submission interface local batch system interface

jobs
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Global Shares

Giobal share 1 Global share 1 Global share 1 Giobal share 1 Global share 2 Global share 2 Global sharz 2 Glabal share 2 Resource Work ¢
SCORE SCORE_HINEM MCORE MCORE_HIMENM  SCORE SCORE_HIMEM MCORE MCORE_ HIMEM
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Job generator r
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]
Lare
1 L™
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Site1 SCORE m Site2 SCORE Site3 SCORE

Sitel MCORE Site2 MCORE

Site3 MCORE
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